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Tabnuua 1
1. MoHATTA NoKa3sHMKOBOI PYHKLiT Ta ii rpadik

OzHaueHHs. lMokasHuKoeorw hyHKYi€lo Ha3MBaeTbcAa yHKLUiA Buay y=a”,
pe a>0ia=l.

lpadik nokasHMKoBOI GyHKLIT (eKCnoHeHTa)

a>1 O<axl

Yyt y=a*

A

0 x 0 X

2. BnacTnBOCTi NOKa3sHMKOBOT GpyHKLiT

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

2. O6bnacme 3HayeHs: Yy > 0. E(ax ) = (0; + °°)

3. OyHKyis Hi napHa, Hi HenapHa.

y=1

4. Toyku nepemuHy 3 ocamu KoopouHam: Oy {x =0, Ox |Hemae|.

5. MpomixXKu 3pOCMAHHSA i CNAOAHHS:
npu a>1 ¢yHkuia y=a” 3pocTae Ha BCili 06nacTi BUSHaUYeHHS;

npn 0<a<1 ¢yHKuia y=a” cnapae Ha Bcilh 06nacTi BU3HauUeHHSA.
6. [pomixku 3Hakocmanocmi: y >0 npu acix 3Ha4eHHAX x € R .
7. Hati6inbwozo i HalimeHWw o020 3Ha4yeHb hyHKUIA He MAE.
8. []ns 6yob-skux OiticHux 3HadyeHs U i U (a >0, b > 0) sukoHytombcsa pisHocmi:

u
auav zau+v (ab)” zaubu au zau—v (i] zi (au)v zauu

al) b u
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NMOACHEHHA N OBI'PYHTYBAHHA

O3HaueHHA. [MoKa3HUKOBOI (PYHKYi€l0 Ha3NBaETbCHA Puc. 11
nc. 1.

dyHKuia Bupgy y=a”*, pe a>0i a=1.

. % y
1
HaHpI/IKﬂaﬂ, y:2x’ y:(_) R y:(ﬁ) , y:TCx . 1 y:]_x

TMOKAa3HUKOBI (PyHKITiI. 2 2
3asHauuMo, 0 (QYHKUiA eudy y=a* ichye i npu

a=1. Tomi y=a”=1%, To6ro y=1 npum BCcix 3HAYEHHAX
xeR. Ane B npomy Bunagry QyHENiA y=1" ne nasusa-
emues nokasnurosow. (Cpadik Gynkmii y=1 — npawma,
300paskena ma puc. 1.1.)

Ockinpku mpu a>0 Bupas a” o3HaueHWH HpPHM BCixX AifiCHUX 3HaYeH-
HAX X, TO 00/ACMI0 BU3HAYEHHS NOKA3ZHUK080L PyHKUii y=a” € 6ci OiilcHi

wycaa.
CmouaTKy moOyayeMo rpadiku AedKNX MOKa3HUKOBUX (PYHKIIii, HaIIpu-

X
kaag y=2" i yz(g) , «3a TOYKaMMW», a IIOTiM mepeieMo 0 XapaKTepu-

CTHUKU 3araJIbHNX BJIACTMBOCTEN ITOKA3HWKOBOI (PYyHKITil.

X
. . 1
CrknajgemMo TabIHUII0 AeAKUX 3HAYeHb QYHKIIH y=2" i yz(—) .

2

1 1
x -3 -2 -1 -— 0 = 1 2 3

2 2

1 1 1 1
—9% — — — |—==0,7| 1 ~ 2 4 8
y=2 8 | 4 | 2 |2 V214

1)\ 1 1 1 1
y (2) V2 ~1,4 N 5 1 3

IToO6ynyemo Ha KOOpAMHATHIA MJIOIMMHI BiANOBiZHI TOUKM i cmosry4u-
Mo ix mnaBEMME JgiHismu. Orpummaemo rpadikm Qysrmin y=2" (puc. 1.2)

i yz(%) (puc. 1.3).
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Puc. 1.2 Puc. 1.3
yr ly=er ”
O O
[ \
/ \
4 4
(1Y \o
2 =T
TR IS
_—0——0/' '\1'-<b_
o R 8 U8 e P

Sk Gaummo 3 rpadikis, QyHKnia y=2* e 3pocmaruon QyHKIiEO,
X
a (pyHKIia yz(g) € cnadnoio (PyHKIli€0, AKi HaOyBalOTh BCiX 3HAUEHb i3
npomixkky (0;+co).

1 X
3ayBamkumo, 1o rpadik QyHKIil yz(g) MOJKHa ojlepskatu 3 rpadi-

Ka QyHKIii y=2% 3a J0IOMOron reoOMeTPUYHHUX IepPeTBOpPeHb. lIpuitmemo
1" 1 . 1)
f(x)=2%, roxi (5) =—=2""=f(-x). Orxe, rpadir Qymrmii yz(E)
236
cumerpuuHui rpadiky Qymrmii y=2% sigEocHo oci Oy (guB. HiAPYYHUK
nas 10 rmaacy’, m. 1.3) i Tomy, akmo QyHKIia y=2" € 3pocramodon, QyHK-

X
misa yz(z) 000B’sI3KOBO Oy/e CIIaIHOIO.
Buasnserbed, 3aBxau npu a>1 rpadir QysHEnii y=a® cxomwmii Ha
. . 1)
rpadik Gymrmii y=2", a npu 0<a<l — Ha rpadik QyHKIii yz(E)

(puc. 1.4).
T'padix morkasHMKOBOI (PDYHKI[II HABWBAIOTL €KCNOHEHMOMW.

* MaeThesa Ha yBasi mizpyunuk: MaremaTtuka (agrebpa i mouyaTKy aHajaidy Ta reoMmerpis,
piBeHB cTaHAApTy) : migpyd. aas 10 Ki. 3akjg. 3aran. cepen. oceitu / €. II. Hemin. —
Xapkis : Bug-so «Panok», 2018. — 328 c.
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Puc. 1.4 a Yy 6 Yy
y=a* y=a*
a>1 O<a<l1
_/1‘ bl\
0 x 0 2%

Sx Oyso mokasaHO BUINE, 061ACMI0 6U3HAYEHHA NOKA3HUKOGOL (QYHK-
yii y=a* (a>0, a#1) € 6ci diticni wucna: D(a*)=R.

Ob6nracmio 3nawenb QYHKYILT y=a”* € MHONUHa 6écix dodamHux wucen,
mob6mo gyuryia y=a” nabyeae minvku dodamHux 3Ha4enb, npuiomy 6yos-
AKe do0amHe YUCNO € 3HAYEHHAM (QYHKUIL, abo E(ax )=(0;+o<v).

Ile osmauae, mo rpadgik MOKasHMKOBOI PYHKIII y=a” 3aBxaum posmime-
HUE BuIIe Big oci Ox i Oymb-axa mpama, mapaJeabHa oci Ox i posrarmroBaHa
BUIIEe Bif Hei, mepeTuHae Ieil rpadik.

Ipu a>1 ¢ynkyia y=a”* 3pocmae na éciii 06nacmi 6u3HAUEHHA, A NPU
0<a<l Qyuryia y=a" cnadae na 6citi o6racmi 6u3HALEHHA.

O60rpyHTyBaHHsA O0JlacTi 3HaueHb Ta IPOMIiKKIB 3pOCTAaHHA ¥ cIagaHHA
MOKa3HUKOBOI (pyHKIII mpoBoaATh Tak. Ili BiIacTMBOCTI HepeBipAIOTH IIOCJi-
JOBHO IJIs HATypaJbHUX, IIiJINX, pallioHAJbHUX IIOKA3HUKiIB, a MOTIM yiKe
y3araJbHIOIOTh AJA AOBIIbHMX MiMCHUX ITOKA3HUKIB. YPaxoBYHOUM TI'POMi3/I-
KicTh TaKuX OOr'PYyHTYBaHb, MpUIMeMO iX 06e3 JOBeIeHHI.

Vci iHmni BIacTHBOCTI ITOKA3HUKOBOI (DYHKIIII JIETKO OOI'PYHTOBYIOTHCS 3a
JIOTIOMOT'0I0 IIUX BJIACTUBOCTEM. 1

dyuxuia y=a” ui napua, ni nenapra, ockineku f(-x)=a™* =—=#f (x)=a*

a

(3a osmauennam a#1). Taxox f(—x)#-f(x), ockinbrku f(-x)=a >0 (romy
1110 E(ax)z (0;+oo)), a —f(x)=-a*<0.
TouKM HEepeTHHY 3 OCAMU KOODAMHAT:
* 2padik pyHkyii y = a” nepemunac sico Oy y mouyi y =1 (giiicHo, Ha oci Oy 3HaueH-
Ha x=0,Togi y=a’=1);
* 2pacghik nokasHukoeoi pyHkuii y=a” (a >0, a #1)He nepemuHac gico Ox, 0CKinbku
Ha oci Ox y=0, a 3HaueHHA y =0 He BxoAWTb OO 06MACTi 3HAYeHb MOKAa3HUKOBOI
dyHkuii y=a”* (y=a” =0 Tinbkn npn a =0, ane 3a o3HaueHHaM a > 0).
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Ilpomisxcrku 3naxocmanocmi: y>0 npu écix OillcHux 3HAYEeHHAX X,
ockinmpkm y=a* >0 mpm a>0.

3asHauuMo IIle OJHY BJIACTUBICTH MOKA3HUKOBOI (GyHKIii. OcCKiinbKM
rpapik QyHENiI y=a” nepermraec Bick Oy B Toumi y=1, To, BpaxoByoOUn
3pocTaHHs (QyHKIII mpu a>1 Ta cmagamHa npu 0<a<1, omep:kyemMo Taki
CNniBBiOHOULeHHA Mid 3HAYEHHAMU QYHKUYII I 8i0n08iOHUMU 3HAYEHHAMU
apeymenma.

3HayeHHA aprymeHTa
3HayeHHA GyHKLii

npy a>1 npy O<a<l
y>1 x €(0;+co) x €(—o0;0)
O<y<1 x €(—c0;0) x €(0;+0o0)

Dynkyia y=a® He mae Hi HAUGINLWO20, Hi HAUMEHULOZO 3HAYEHD,
OCKiJbKM ii 00J1acTh 3HAUEHb — IIPOMIiXKOK (0;+oo), AKUM He MICTHUTL Hi
HANMEeHIIIOro, Hi HaMOiJBIIIOro 4Yuce.

BiactuBocTi moxkasHuKoBoi (yHKINiI, 3a3HaueHi B m. 8 Tabi. 1, a came:

u u
a“a’=a"""; (ab)" =a"b"; (a) =2 ; ¢ =a"""; (a”)vza””, — aHaJoriumi
b b a’
0 BJIACTUBOCTEH CTelleHeBOi (PYHKIIiI, AKi Oyso posriaaayTo B Kypci 10 xiacy.
Kpim cminpEMX BacTmBOCTEll TOKa3HUKOBOI QyHKIIT mpu a>1 i O<a<l1,
3a3HAYMMO JIesIKi 0COOJIMBOCTI «IOBEMiHKM» rpadiKiB MOKa3HMKOBUX (DYHKITIN
IpU KOHKPETHUX 3HaueHHAX a. Tak, Ha puc. 1.5 HaBemeHo rpadiku mOKasHU-

KOoBUX (QYHKIIA y=a” 14 BUNAAKiB, Koau

1 1
Puc. 1.5 ocHOBa a Ha0yBae 3HaueHb 2; 3; —; —.
y 2 3
1 1 IlopiBHIOOUM 1i rpadiku, MOKHaA 3pPOOU-
a=— a_g T BUCHOBOK: uuM OilbWoON € ocHosa a>1,
2 a=3 a=2

mum kpymiwe «nionimaemoscsa» zpadix QyHk-

uii y=a", aKwo mouka pyxaemvcs 6npaso,

i mum weudwe zpagik HaOAUNCAEMbCS 00

oci Ox, AKw,o0 mouka pyxaemuvcsa 61i60. AHa-

JoriuHo, uum meHuwow € ocnosa 0<a<l,
y=a* mum Kpymiwe «ni0nimaemuvcsay 2paix QyHk-
uii y=a“, AKwo mouka pYyxacmocsa 8.ieo,
i mum weudwe zpadix HabAUNIAEMBCS 00
oci Ox, AKWO MOYKA PYxXaemuvcs 6npaeo.
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3aBepIIyour PO3MOBY IIPO MOKA3HWKOBY (PYHKITiI0, 3BEPHEMO yBary Ha
Ti IPUUYNHU, AKi 3aBaKalOTh PO3MVIALATH MOKA3HUKOBI (GyHKIII 3 Big’eMHOIO
ab0 HYJIBOBOIO OCHOBOIO.

IMoxasuukoBa QyHKmia y=a” (a>0, a#1) osHauena mpu Bcix AilicHUX
3HaUeHHAX x. lleBHa piu, Bupas a” MoskHa posriaazatu i npu a=0, i opu
a<0, are B X BUOAJKaX BiH y:Ke OyJe O3HAUeHUH He IIPM BCiX AifiCHMX 3HAa-
yeHHAX X. 30KpeMa, Bupas 0° osHauenuii mpu Bcix x>0 (i Tomi 0 =0), a Bu-

pas (-2)" — IpU BCiX IiANX 3HAUYEHHAX X (HaIpUKJIAT, (_2)_3 = 1 =_l).

(-2 8

Yepes 11e 1 He 0epyTh 3a OCHOBY IIOKa3HUKOBOI (yHKIII a=0 (oTpumyemMo
crany Qyskiiro npu x>0) ta a<0 (ogep:KyemMo (PYHKIIiI0O, O3HAUEHY TiJIbKU
IIpU OKPEeMUX 3HAUEHHAX X, a camMe X €Z). Aje HaBeleHi MipKyBaHHSA IIIOIO0
JOILJIbHOCTL BOOPY OCHOBHM NOKA3HMKOBOI (PYHKIII He BIJIMBAIOTL Ha 00JIACTh
JNOIYCTHUMUX 3HaueHb BUpasy a”. Hampuxiaz, Ak OyJIo 3a3HadeHO BHUIIE, I1apa
3HaueHb a=-2, x=-3 BxoguThb g0 Horo O3, i 11e HOBOAMTHCS BPaxoBYBaTHU
Mg yac po3B’sA3yBaHHA MeAKNX 3aBIAHb.

P \

3a3HAYMMO, IO 3a AOIOMOIOI0 MOKA3HUKOBOI (PYHKIIII MOKHa ommcaTyu 3HAYHY
KiJBKicTB IpoIieciB, AKi Big0yBaOThCa B IPUPOII.
Hanpukimian, spocTaHHA KigbKocTi 6axkTepiii (3a BiACYTHOCTI HEraTMBHUX AJA 1X

pocTy (paKTOpPiB i HAABHOCTI BeJIMKOI KiJIbKOCTI MOKMBHUX PEYOBUH) BifOyBaeThCs 3a

sakoHOM N =5', ne t — wac mocaimxenna, N — 4ucio 6aKTepiii y KoJoHii.

3pocTaHHA KiJIBKOCTiI JepeBWHU Il Yac POCTY JepeBa BimOyBaeTbCcs 3a 3aKOHOM

A=A, .a®, ne A, — TIOYaTKOBa KiJBKiCTh nepeBuHU, A — KiJIbKiCTh JepeBUHU

yepes uac t, ki a — meski craui.

THuCK NOBITPS BMEHIIIYETHCSA 3 BUCOTOIO 38 3aKOHOM p = D, a7 ne P, — THCK Ha piBHi

MOps#, p — THUCK HA BUCOTI A, a i B — meaxki cradi.

Maca peuoBuHU TIIifi Yac pPagiOaKTUBHOTO pPO3MaJy S3MEHIIYETHCSA 3a 3aKOHOM
t

1\7
M=M, .(2 , e M | — nouaTrKoBa Maca pe4oBunu, M — maca B MOMeHT dacy ¢, T —

mepion HamiBposmaay peuoBuHu (TOOTO Uac, 3a AKUI PO3IaLaeThCs II0JOBUHA aTOMIB
3amanol peuoBuun). OcKiTbKY mepiogu HamiBpoanany IeBHUX PEeYOBUH n00pe Bigomi,
ITI0 3aJI€KHICTh 3aCTOCOBYIOTH JJIs BUSHAUEHHA BiKYy apXeoJIOTiYHNX 3HaXiTOK.

1
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NPUKNAQWN PO3B'A3YBAHHA 3ABAAHb

Mpuxnap 1. NopiBHANTE 3HaYE€HHA BMpPa3iB:

(ORC e

Po3B’A3aHHA KomeHTap
X

. 2 . Ypaxyemo, wo ¢yHKUiA
1) » Dyurmia y—(g) € CIAJHOIO0, OCKIIBKU yzax npu a>1 3poctaio-
—<1, Ttomy 3 HepiBHOCTI —3>-5 omep:KyeMO ya, a npn 0<a<l cnagHa.
3 OTxe, CrnoyaTKy NopiBHAEMO
9\ 2\7° 3aflaHy OCHOBY CTeneHs a
3 < 3) 3 OAVHULEIO, @ NOTIM, NOPIB-
7 * HIOIOUW apryMeHTU, 3p06Umo
2) » ®yukIia y= 7 € 3pOCTAaI0UY0I0, OCKijIb- BVMICHOBOK MPO CMiBBiJHOLLEH-
7 HS Mi>K 3a@aHVMW 3HAYEHHA-

KU > >1, Tomy 3 HepiBHOCTI 4 >3 onepIKyeEMO MU PYHKLUiT.

SORSOE

Mpuknap 2. lMopiBHANTe 3 OAMHULEID [OAaTHY OCHOBY CTeneHsA a, AKLWO BiAOMO, WO

BUKOHYETbCA HEPIBHICTb:
1 1

1) a\/g>a‘/ﬁ; 3 _7.

Po3B’A3aHHA KomeHTap
1) » Ocximbku /5 <+/11 i sa ymo- 3anaHi B KOXHill HepiBHOCTI BMpasn — Le
[lBa 3HaueHHA OyHKUIT y=a™.
Boto a'? > a*/ﬁ, To QpyHKIia y=a”

MpoaHanisyemo, Ake 3HauyeHHA OYHKUIT Bif-
e cunagHolo, otTike, O<a<l. noBifae OinblLIOMY 3HaUEeHHIO aprymeHTa (ons
LbOro crnoyaTky MOPIBHAEMO aprymeHTH).

2) » Ockinbku _l<_l i sa ymo- AKWwo 6inblIOMY 3HaUYeHHI0 aprymMeHTa Bif-
nogigae Ginblue 3HaueHHA GYHKLIT, TO GyHK-
- = uia y=a” e 3pocrawuow i a>1; akuwo
Bolo @ 3 <a 5,70 QyEknia y=a” BiANoOBifa€ MeHWe 3HauyeHHA GYHKUil, To
€ 3pocTapuol, OoTKe, a>1. dyHKuUia y=a” cnagHai O<a<1.

1 1
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Mpuknapa 3. MNo6yaynte rpadik dyHkuii: 1) y=1,7%; 2) y=0,3".
KomeHTap
Akwo a>0, 1o a* >0, oTxe, rpadik byHKUIT yzax 3aBXAW PO3TallOBaHUI BULle Bif

oci Ox. LUen rpadik nepetuHae Bicb Oy B Touui y=1 (ao = 1).
Mpn a>1 nokasHukoBa dyHKLiA 3pocTaE, oTxe, rpadikom dyHkuii y=1,7* 6yge kpusa
(eKcnoHeHTa), TOUKM AKOT NpW 36iNbLIEHHI aprymeHTa «MigHIMalTbCA» Bropy.
Mpu 0 < a <1 nokasHnkoBa GpyHKLiA cnagae, oTxke, rpadikom dyHkuii y =0,3" Gyae kpusa,
TOUKM AIKOT Npw 36iNblUEeHHI aprymMeHTa «OMycKaloTbCA» BHU3. (Haragaemo, wWwo, «onycKato-
UnCb» BHU3, rpadik HabNMXKaeTbca fo oci Ox, ane Hikonu ii He NepeTrHaE.)
LWo6 yTouHNTM noBefdiHKy rpadikis 3agaHnx GpyHKLiN, 3HaNAEMO KOOPAVHATU KiflbKOX [0-
[aTKOBUX TOYOK.

Po3B’A3aHHA

y
y=,.7" x -1 0 1 2
1 =1,7%
) » y=17 1 10
_/ Yy - 1 1,7 2,89
17
0 x
y
x -1 0 1 2
_ x
Ny=03" y 51 03 009
0 x

Mpuknag 4*. 306pasiTb cxemaTnyHO rpadik GyHKUiT y =

(3]

Po3B’A3aHHA KomeHTap
» IlocnimoBHO Gymyemo rpadiku: Cknapemo nnaH nobyaosu rpadika 3apa-
x x| HOT GYHKLIT 3@ JONMOMOro NocNifoBHUX
y= (l) - y= (l) N reoMeTPUYHKX NepeTBOPEHD (AMB. Nigpyy-
3 3 HUK ansa 10 knacy, n. 1.3).
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0 X
Yy
|x|
1 1
2 F(E)

0 x

Yy
0 x

-3

Y

________ 3

1\ )
0 oe(5) e
3ANMNATAHHA

—

1) Mn moxemo nobyaysatu rpadik dyHK-

1)* 1
L y=f(x)= E (ocHoBa a=§<1,

OTKe, MOKa3HUKoBa GyHKLiA cnagae).

2) MNoTim MmoxHa nobyaysaTy rpadik pyHK-

||
1
i y:g(x):(g) :f(|x|): npaBo-
pyu Big oci Oy (i Ha camin oci) rpadik
dyrkyii y=7£(x) 3anvwaerbca 6e3
3MiHW, | came UA 4YacTuHa rpadika cu-

MeTpuYHO BifobpaxaeTbca BiJHOCHO
oci Oy.

3) Micna yboro MoxkHa nobyayeaTu rpa-

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

||

) -8=g(x)-38:

napanenbHo nepeHecTn rpadik GpyHk-
it g(x) y3a80Bx oci Oy Ha -3 ogunHuLi.

4) Dani moxHa nobyaysatn rpadik 3apga-

(5)

yacTuHa rpadika ¢yHkuii y=¢(x),
po3TawoBaHa Buwe Big oci Ox (i Ha
caMiin oci), MOBMHHA 3anuwmnTUCa 6e3
3MiHK (ane Takmx Touok rpadik GyHk-
it yz(p(x) He MaE€), a YaCTUHa rpa-
¢dika, po3TawoBaHa HuKye Big oci Ox,
CMMETPUYHO BigOOparkaeTbCcA BigHOC-
Ho oci Ox (To6To Becb rpadik OyHK-
uii y=¢(x) notpibHo Bigo6pasuTn
CMMETPUYHO BiIHOCHO oci Ox).

HOi YHKUIT Y= =|(p(x)|:

ChopmystioiiTe O3HAUEHHSA MMOKA3HUKOBOI (DYyHKITIT.

2. TloGymyiiTe rpadikm moKasHMKOBOI QyHENII y=a* mpm a>1 Ta mpm
0<a<1 (BubepiTh KOHKPETHI 3HaUEHHA @). Uepe3 AKY TOUKY IPOXOIATH
rpadiku BCiX TOKA3BHUKOBUX (PYHKIiti?
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3. Kopucryrounchk rpagikoM NOKasHHKOBOI (QyHKNII y=a* (upu a>1 Ta
mpu 0<a<1), oxapakrepusyire ii BJIACTUBOCTI.
4. TlosicHiTb, K, BUKOPMCTOBYIOUW 3POCTAHHS UM CHAJAHHS BiAmOBigHOL
TOKa3HUKOBOI (DYHKIIil, MOPIiBHATU 3HAUYEHHS:
a) 7™ i7 6 0,7 10,7
BIPABU
1.1. VraxiTe, AKi i3 3amaHux (PYHKIIIN 3pOCTAalOTh, a AKi cIamarTh:
1 X
1) y=4% ) y=n"; ™ y=(§) ;
2" x ¢
2°) y=(§) ; 5) y=(V5-2)'; 8% y=2%
x , 1 x
39) y=(v3)'; 6%) y=(—) ; 9%) y=-5%.
J5 -2
1.2° TIlobymyiiTe rpadik QyHKIIii:
1) y=38%; 3) y=0,2%; 5) y=0,7".
x
2) y=(i) ; 4) y=2,5%
1.3. 3maroun, 1m0 a>b>1, 300pas3iTh cxeMaTHUYHO B OAHiII CHCTEMi KOOPAUHAT
rpadgiku QyHKIin y=a* i y=>b".
1.4. 3maigiTe 00JacTh 3HaUeHb (PYHKILII:
1) y=3"+1; 2) y=-5"; 3) y=7"-2.
1.5. IloOymyiiTe rpadik (QyHKITii: x| .
2 2
1 x
2) y=(1) t3; 4% y=5";
1.6. IlopiBHAliTe 3HaUeHHS BHUPAa3iB: AV 5\
1°) 35 i 34, 5) 0,53 i 0,5V7; 9) (g) i (Z) :
9|13 9|18
2°) (?) i (?) : 6) 22 i 23, 10) 0,271 i 51,
8 9
3°) 0,787%" i 0,787%¢; 7) (%J i (75) :

n (2) 1 (V2)" ) (ﬁf AL

2 2

15
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1.7.

1.8.

1.9.

1.10.

1.11.

PO3IJ1 1. MokasHmkoBa Ta norapmdmivHa PyHKLIT

ITopiBHSAIITE TOKA3HUKM CTEIEHS m i n, SKIIO BiJOMO, IO € IIPaBUJIb-
HOIO HEPiBHIiCTH:

1) 3,2 <3,2"; 4 0,99"<0,99"; 7 (V5-1)" <({5-1)";
o (3)>(3): 9 (E)-(E) e (E-1) <)

NERG O]

IlopiBHAlTE 3 OOUHUIIEIO NOJATHY OCHOBY CTENEHS @, AKIIO BiJOMO, IITO
€ TPaBUJILHOIO HEPiBHICTH: 1 1
1) a'%>q%; 3) a‘/§<aﬁ; 5) a 1"<a 8;
1
2) a®?<a3; 4) aJﬁ <a’; 6) a %% >a’£.
IlopiBHANTE 3 OAWMHUIIEIO 3HAUCHHSA BUPA3Y:
1
13)3 _
1) 0,012 3) (E) : 5) 0,007°; 7) 372,
1
L B
30 ) 5 . 5
2) 0,99'%°; 1) (E) ; 6) 1007°%; §g) (7) :

SAKuii BUCHOBOK MOJKHA 3pOOMTU IIPO 3HAK UYHCJIA X, SKIIO:

x
1) 3*=0,6; 2) (%) =10; 3) 10* =4; 4) 0,3*=0,1?
PoaramryiiTe uncia B MOPAAKY IX 3pocCTaHHS:

1
1) 23, 2715 22 92 gl4 4.

’

1 1
2) 0,3%, 1, 0,377, 0,32, 0,379, 0,33.

@ BuABiTb CBOI0 KOMMETEHTHICTb

1.12% YHacaizoxk panioakTuBHOro posmajy sa x nAi6 maca M, pedYoBHHHU

3ameHITyeThesa no macu M. Ileiri mporec Mo)KHA ommcaTu (hopMyJIO0

1\" M (1)
M=M,|—| . 3Bigcu =|— . ITokaxiTe rpaciuHo, aK 3i 3MiHOIO X
o\ 2 M, \2

3MIiHIOETHCS BimHOIIEHHA —— . BUKOpHCTOByOUM 3a HeoOXimHocTi moby-
0
moBaHmUi rpadik, maiiTe Biamosiai (TouHi abo HaOMM)KeHi) HA 3alIUTAHHAA.

1) V ckinbKM pasiB 3MEHIIUTHCA Maca PagiOaKTHUBHOI PEYOBUHU uepes
1,5 mobu; 2,5 mobu; 3 mobu; 4 moou?

2) CkinbKu yacy Mae MHUHYTH, 100 IOUaTKOBa Maca pagioaKTHBHOI
pevoBuHHN 3MeHIIHJIaca y 2,5 pasy; y 3 pasdy; y 4 pasu?



§ 2. P03B’A3YBAHHA
NOKA3HUKOBUX PIBHSAHb
TA HEPIBHOCTEi

2.1. HAlinPoCTIWI NOKA3HUKOBI

PIBHAHHA
Tabnuusa 2
a-q’ = gt Mpadik pyHkuii y=a* (a>0)
(ab) = a® b a>1 O<a<l1 a=1
u
a_v=au—v
a
a)’ a* !
(5 -5 Lt
(au )v —a® 0 5 0 X 0 26
m
Ya™ =an 3pocTae cragae cTana
OpieHTup Mpwuknag,
32x+4 — 9. 6x+3 — _36.
. p 332 ) KopeHiB HeMmae,
Mpn a>0ia#l Gy id—9 ockinbku 6° >0
PAC - (CO RPN flx)=g(x) ' AnA BCiX t.
x=-1.

Bionosgiob: kopeHiB
Bionosioe: -1. 1 Hemae. [




PO3[IJ1 1. MokasHmKkoBa Ta norapudmivHa QyHKLIT

3. 3BeieHHA feAKNX NOKa3HNKOBMX PiBHAHb A0 HANNPOCTiWINX
OpieHTnp Mpuknag,

1) AKwo niBa 1 NpaBa YaCTUHW MOKa3HW- 9x-3 4% \2
KOBOrO PIiBHAHHA MICTATb TiNbKN [O- - 16
OGyTKM, YacTKuM, KOpeHi abo cTeneHi, To
JOUiNMbHO 33 [OMOMOrol0  OCHOBHUX
dopmyn cnpobysati 3anucatn obuasi
YaCTUHWU PIBHAHHA AK CTENeHi 3 OfHIE

5 1
) 93 .92 _ 22 g3x3 _g3
24x I I

3x—3=l—4x; le.
2 2

OCHOBOIO.
. . 1
Bionosiob: —.
2
2) AKWO B OAHIN YacTUHi NOKa3HUKOBOrO
PiBHAHHA CTOITb UMCAO, @ B iHWIN YCi 5¥ _92.5%2_93

. kx

UfleHn MiCTATb BMUpa3 BY nokas- - _

e CTATE BUPa3 BUAY a™ ( OKas3 b 5% 2(52_2)223; 5%*2.93-93
HUKN CTeneHiB Bigpi3HAIOTbCA TiNbKM \ 5 o

. . x- L kX2 _ g0, — () 4—
BINMbHUMM uneHamu), To 3pyuHo B win 9 =1;8""=5"; x-2=0; x=2.
MCTUHI PIBHAHHA BUHECTM 33 AYXKW | pignogiae: 2
HalIMeHLLMI CTENiHb a.

NMOACHEHHA N OBI'PYHTYBAHHA

O3HauyeHHsA. [Toka3HUKOBUMU 3a3BMYall Ha3NBAKOTbCA PIBHAHHA, Y AKUX
NOKa3sHUK CTeNneHA MiCTUTb 3MiHHY, a OCHOBa LibOro CTeMneHA He MiCcTUTb
3MiHHOI.

Posriaremo HammpocTiiie MOKa3HUKOBE PiBHAHHSA
a*=b, (€]

e a>0 i a#1. OCKinbKM Ipu WX 3HAYEHHAX a (QYHKIIA y=a® CTpOro
MOHOTOHHA (3poctae mpm a>1 i cmamae mpu 0<a<l), TO KOXHOTO CBOTO
3HaUeHHs BOHA HAOyBa€ TiJIbKHW IPU OJHOMY 3HAuUeHHi aprymenTta. lle osHa-
yae, 10 piBHAHHA a” =b npu b>0 mae equnuii Kopiub. I1[06 ioro smaiiTu,
JOCTaTHBO TofaTu b y Buriagi b=a‘.

OueBUHO, 10 X=C — KOpiHb piBHAHHA a” =a°.



§ 2. P0O3B'A3yBaHHA MOKA3HWKOBUX PIBHSAHb Ta HEPIBHOCTEN

T'padiuno me mpoimtocTpoBano Ha pumc. 2.1.1.

Hanpuxknanx, 1mo6 pos’s3atu piBHAH-
HA 7=49, pmocraTHbO HoJaTH Ile PiBHAHHA
y BUIVIAIL 7* =72 { gamucaru ioro €IVHUN KO-
piap x=2.

Axmo b<O0, To piBHaHHA a* =b (upu a>0)
KOpeHiB He Mae€, OCKiIbKH a” 3aBXau Oijble
myaa. (Ha rpadikax, HaBemeHux Ha puc. 2.1.2,
npama y=>b He meperuHae rpadixk QyHrmii y=a*
npu b<0.) Hanpurnan, piBEamaa 7°=-7 =He
Ma€e KOpPEeHiB.

VY3araapHIOIOUM HaBeJeHiI BUIe MipKyBaH-
Hs OO0 PO3B’SI3yBaHHSA HAWMNPOCTIINIUX IOKas3-
HUKOBUX DPiBHSHBb, 3a3Haummo, 1o mpu a>0
i a#1 piBHAHHSA

af(x) — ag(x) 2)
piBHOCHUJIBHE PiBHIHHIO
flx)=g(x). @3

KopoTko 11e TBepA KeHHA MOKHA 3alIMCaTU TaK:
D npu a>0 i az1 a® = q8® o flx)=g(x).

IITo6 oO6rpyHTYBaTH IO PiBHOCHUJIBHICTH, I0-
CTaTHBO TOMITUTH, 1110 piBHOCTI (2) i (3) MOXKYTH
0yTu TPaBUJIBLHUMU TiJIbKU OJHOYACHO, OCKiJIBKU
dyHKIiA y=a' € cTPOro MOHOTOHHOIO i KOXMCHO-
0 CBOrO 3HAaueHHs HAOYBA€ TiJbKU TPU OJHOMY
3HaUYeHHi aprymeHTa t (ToO6To 3 piBHOCTI cTeme-
HiB (2) 000B’sI3K0BO BUIIJIMBAE PiBHICTL ITOKa3HU-
KiB cremnena (3)). Orike, yci KopeHi piBHAHHA (2)
(AKi mepeTBOPIOIOTH Ile PIBHAHHA HA MPABUJIBLHY
piBHicTB) OyAyTh i KOpeHsaMU piBHAHHA (3), Ta Ha-
BIIaKM, yCci KopeHi piBHAHHA (3) OyAyTH KOPEHIAMU
piBHAHHA (2). A 1e ¥ o3Hauae, 10 PiBHAHHA (2)
i (3) piBHOCHMJIBHI.

VYV maBimpocTimux BUHaIKaX IIif yac pPo3B’saA3y-
BaHHA ITIOKA3HWKOBUX DPiBHAHBL Tpeba 3a JOIOMO-
rOI0 OCHOBHUX (DOPMYJI Aili HaJ cTerneHAMU (IUB.
Tabs. 2) 3BecTH (AKIIO Ile MOXKJIMBO) 3ajaHe PiB-
HAHHA A0 BULY a™® = &

s pos3p’sisyBaHHA OiJIBIIT CKJIAJHUX IIOKAa3-
HUKOBUX PiBHAHb HAWUACTiIlle BUKOPUCTOBYIOTH

19

Pnc.2.1.2

a

y=a*
a>1
—/1
x
y=>b b<0
6
y=a*
O<a<l1

Y
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3aMiHy 3MiHHUX (3aCTOCYBAaHHS IILOT'O METOAY PO3IVIAHYTO maji, B Taba. 3)
ab0 BJIACTMBOCTI BiATIOBiAHUX (QYHKITiA.

Sx Bimomo, BCci piBHOCHUIBHI ITEePETBOPEHHSA PiBHAHHA 3aBXKAU BUKOHYIOTH-
csA Ha foro ob6iacti gmomyctrumux sHaueHb (OI[3), ToOTO Ha cminbHi# o6aacTi
BU3HAUEHHA BCiX (PYHKIIiN, AKI BXOZATHL OO 3alMCy IHOTO PiBHAHHA. AJje
B IIOKA3HMKOBUX PiBHAHHAX HaluacTiire 00JaCcTIO0 JOIYCTUMUX 3HAUEHDb € MHO-
JKMHA BCiX AIMCHUX umceJi. ¥ IUX BUIMaAKaX, AK npasuyio, O3 He 3HAX0AATH
i He 3amMCYIOTHL OO0 PO3B’A3aHHA PiBHAHHA (guB. mpukgazu 1-3 go m. 2.1).

dAximo & y mpomeci po3p’sI3yBaHHSA IIOKA3HMKOBUX PiBHAHBb PiBHOCHJIBHI
IIEPEeTBOPEHHSI BUKOHYIOTHCA He HA BCili MHOMKWHI AiICHUX YHCeJ, TO JOBO-
mutrbesa 3ragyBatu npo O3 (mpuraanm 4 go m. 2.1).

NPUKNAQWN PO3B'A3YBAHHA 3ABAAHb

Mpuknapg 1. Po3B’AXiTb piBHAHHA:
1)4% =64; 2) 55=-1; 3)12% *=1.
Po3B’'A3aHHA KomeHTap

1) b 4%=64; 4°=4%; x=3;

x . Mpw a>0 3aexan a* >0,
2) » 5"=-1 — kopeniB memae,

TOMy piBHAHHA 5% = —1 He Ma€ KopeHiB.
ockimbru 5° >0 saBxau;

2 i o Hwi pisHAHHA 38epemo o sugy a’™® = a4
3)» 12 =1; 12 =127; (e a>0i a#1)inepengemo fo piBHOCUIIb-
x2-4=0; x=+2. Horo pisHanHA f(x)=g(x).
Mpuknap 2. Po3B’AXiTb pPiBHAHHA:
0,5 2x-3
0,2)"" -2 1
p @27 7 =5-(0,04)""; 2) 2x~3x=(—) :
J5 6
Po3B’A3aHHA KomeHTap
1) » Banmane piBHAHHA PiBHOCUJIBbHE Jlisa i npasa yacmuHu 3a0aHUX pieHsHb
_l)x—0,5 48 mMicmame mineku 006ymku, 4acmku,
piBHHHHHM—1=5'(5_2) ; KopeHi abo cmeneHi. Y ybomy sunao-
52 Ky 017 38e0eHHA pIiBHAHHA 00 8udy
_ 1
5¥t05 5l 52, 5—x+0y5—§ _ glvl-2xed), a/® = g#) cnpobyemo sukopucma-
1 ’ ’ mu ocHogHi hopmysnu 0ili HAd cmene-
52 HAMU, Wob 3anucamu obudsi YyacmuHu
5% =52, _x=5-2x; x=5. PIBHAHHA SK CMeneHi 3 0OHIEI OCHOBOIO.

Bidnosidv: 5.



§ 2. Po3B'A3yBaHHA MOKAa3HUKOBKX

2) » BagaHe piBHAHHSA
piBHOCUJIbHE DiBHAHHAM
2x-3
(2:3)"=(671)"";

6x — 6—2x+3 .

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

Bidnosidv: 1.

PIBHSIHb Ta HepiBHOCTEN

Y nepwomy piBHAHHI Tpeba 3BepHYTW yBary Ha Te,
2 1 _ 4 1 _
wo 0,2=—=—=5",20,04=——=—=572
10 5 100 25
1
i \/5=52. OTxe, niBy i NpaBy YacTUHU LUbOro
PIBHAHHA MOXHa 3anmMcaTtu AK CTeneHi umcna 5.

[nAa nepeTBOpeHHA APYroro piBHAHHA NPUragaEmo,
o BCi GOpMynM MOXKHa BMKOPUCTOBYBATH AK 31iBa
HanpaBgo, TaK i cNpaBa HaniBo, HanNpukiag, gnAa nisoi
YaCTUHU LbOro PIBHAHHA CKOPUCTAEMOCS GOPMYIIO

a“b* =(ab)", 10610 2°-3*=(2-3)" =6~.

Mpuknapg 3. Po3B'AXiTb PiBHAHHA 32%t2 1 5.32%°2-86.

Po3B'si3aHHA

) 3amaHe PiBHAHHA PiBHOCUJIbHE
PiBHAHHAM

32%-2(34 1 5)=86; 32 2.86=86;

32v2-1, 32*2=30, 25x-2=0;
x=1.

Bidnosidv: 1.

Mpuknap 4% Po3B'AXIiTb PIBHAHHA
Po3B’A3aHHA

» OI3: x>0, beR.

PosrisgsHeMo gBa BUIIAIKU.

1)IIpu b=0 ogepxyemMo piBHAH-

HA 1‘/;=14_‘E, KOpeHi AKOTO
yci miticHi ywmcesa, M0 BXOOATH
013, TooTo x=>0.

KomeHTap

Y niBifl YacTUHI PIBHAHHA BCi YEHM MICTATb
BMpasu suay 3%% (nokasHuku cmeneHis 8iopiz-
HAMbCA MINTbKU 8i/TbHUMU Y4/ieHamu). Y Libomy
BMNAAKy 3pYyYHO BUHECTU 3a AYXKKM B NiBiN Ya-
CTVHI PIBHAHHA HaIMEHLWMI CcTeniHb Yyncna 3,
To6TO 3272,

(1+b2)&:(1+b2)4_\/;.

KomeHTap

Y 3afaHOMy PiBHAHHI X — 3MiHHa, b —
6ykBeHUN KoediuieHT (napameTp). Mpo-
aHanisyBaBlWN OCHOBY CTeMeHIB y LbO-
My PiBHAHHI, pO6VMO BMCHOBOK, WO Mpu
— Oyfb-AKMX 3HaYeHHsX b ocHoBa 1+ b2 >1.
i (o) OyHkuia y=a” npu a>1 e 3pocTaryolo,

anpu a=1 — cTtanoto (auB. rpadikn PyHk-

2)Tpu b#0 1+b%#1, i Toxi sanane uii y=a”, HaBepeHiy Tabn. 2).
PiBHAHHA piBHOCUJIbHE PiBHAHHIO OcHoBa 1+b2 npn b=0 popisHioe 1,

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

a npu BCiX iHWWX 3HAaUYeHHAX b — 6inb-
wa 3a 1.

; Po3rnAHEMO KOXHWI i3 LMX BUNAAKiB
okpemo: b=0 i b#0.

2
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3ANMATAHHA

1. IlosacHiTH, Yy AKMX BUIAAKAX MOKA3HUKOBe piBHAHHA a”=b (me a>0
i a#1) mae xopeHi. ¥ AKNX BUIAJKaX BOHO He Mae KopeHiB? Hasexits
OPUKJIAAU, MIPOIJTIOCTPYHTE iX TpadiuHo.

2. SIkomy piBHAHHIO PiBHOCHUJIbHE MOKA3HUKOBE PiBHAHHS a/® = g&& npu
a>0 i a#17? HaBenite mpuxjagm.

3* Yum sMiHUTBCA BiANOBiAL Ha 3anmuTaHHA 2, AKINO OJs OCHOBU CTeIleHiB
Oyae 3amaHO TiabKH oOMesKeHHs a>07?

BMPABU

Y saBmanuax 2.1.1-2.1.5 po3B’siKiThb piBHAHHA.

21.1. 1°) 4*=8; 8) 22 =2; 15) 3*-3=0;
2°) 3¥=9%*,; 9°) 2% =4; 16) 32 =81;
3°) 531=0,2; 10°) 2 =16; 17°) 23 =8;
40) T 1, 11°) 3% =— 18) 3x2—5x+8:9;
xz—x
5°) (%) =42, 12° 2%=32; 19) 25%=5%7;
6°) 3* 4 =9; 13°) 3 =0; 20%) 2%.3""1 =108 ;
7) 4% =96+, 14°) 5% =1; 21%) 3*.52*3 =45,

21.2. 1) (%) (%) _

S ()
5)\15) 5’

JO[ERH
8 8 64

2 2 x(x 2) -
213. 1) 2% = li : 3) (0,5)" -22*2=64""; 5) 2 ’ 2 =42 4% .
2
N 3*"
2) (—) =47*.871; g =9%;
8 27

1

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

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

1 x-1 1 x+1
3°) 4114 =320;  6) (g) _(EJ =4,8;
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Tabnuua 3

Cxema NowyKy njiaHy po3B’A3yBaHHA NOKa3sHNKOBUX PiBHAHb

OpieHTnp

1) Mo36byBaemoca  uMcnoBuUX
AOAAHKIB Yy MOKasHuKax
cTeneHiB  (BUKOPWCTOBYEMO
cnpaBa HaniBo OCHOBHI ¢op-
Mynn Ai Hag CTeneHAMY, Ha-
BefleHi B Tabn. 2).

2) AKWO MOXNMBO, 3BOAUMO
BCi cTeneHi (3i 3miHHOMO
B MNOKasHMKY) A0 OfHi€i
OCHOBW | BUKOHYEMO 3AMiHYy
3MIHHOI.

3) AKWO He MOXHa 3BeCTU BCi
cTerneHi A0 OAHIEl OCHOBMU, TO
npobyemo 3BecCTu iX A0 ABOX
OCHOB TaK, W06 ogep)katu
ofHopigHe PpiBHAHHA (ycCi
UNIeHN SAIKOFO MaloTb OfHAKO-
BUI CyMapHUI CTeniHb i AKe
PO3B’'A3YETHCA MOUNIEHHUM [i-
NEeHHAM 000X YaCTUH PiBHSAH-
HA Ha HanbINblWA CTeniHb
OJHI€l 3 [BOX oOfepXaHux
OCHOB).

Mpuknapg
41 _3.2* ~10=0.
» 4%.41-3.2-10=0.
YpaxoBytouu, Lo 4% = 22x, 3BOAVMO CTeneHi Ao oa-

Hiei ocHoBn 2:  4-22% -3.2¥-10=0.

BuKoHaBLWYM 3aMiHy 2% =, OTPMMAEMO PIBHAHHA
5

4t* -3t-10=0; t, =2, t, =
Y pesynbrati 06epHeHoi 3amiHn Maemo: 2% = 2, To6To
5
x=1,a60 2 =—— — KopeHiB Hemae.
Bionosiow: 1.
4*+3-6*-4-9"=0.
) 3Befemo BCi cTeneHi 4o ABOX OCHOB 2 i 3:

2%% 1 3.27.3% —4.3% =0,

Maemo ofHOpigHe PiBHAHHA (CymMapHMWIA CTeNiHb BCiX

uneHiB ofHakoBun — 2x). AnA oro po3s’A3yBaHHA
noainumMo o6uagsi yacTuHM Ha 32% % 0:

2x x
(E) +3(E) _4-0.
3 3
X
BukoHaemo 3amiHy (E) =1, 0o4epXnmo:
t?+3t-4=0;t, =1, t, = 4.

2 X
Y pe3ynbrati 06epHEHOI 3aMiHU MAEMO: (—) =—4 —

X
KOpeHiB HeMag, abo (—) =1, topi x=0.
Bionosiow: 0.
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4) B iHwwnx Bunajkax nepeHo- 65-9.9%_9.3¥ 118=0.
CMO BCi YNeHN PiBHAHHA
B OAVH 6iK i npo6yemo pos-
KnacTu ogepKaHuil Bupas
Ha MHOXHUMKMN abo 3acToco- o (ex .
BYEMO creuianbHi npuinomm 2 (3 _9)_2(3 _9)=0~
PO3B'A3yBaHHA, y AKUX BUKO- | 1€MEP MOXHA BUHECTM 33 iy>KKM CRiNbHNNA MHOMXHIK

) AKWwo nonapHo 3rpynyBaTh YeHM B NiBill YaCTUHI
PIBHAHHA i B KOXHIi Napi BUHECTU 3a AYKKW CNiNbHUIA
MHOXHVK, TO OAePKXMMO

pucmosyiomsca  enacmugo- | 3 —9:

cmi 8idNogiOHUX pyHKUiL. (37 -9).(2" —2)=0.
Tomi 3 -9=0 a6o 2* -2=0.
Opnep>KyeMO ABa PiBHAHHS:
1) 83¥=9, 100 x=2;
2) 2 =2, 100 x=1.
Bionosiow: 2; 1.

MOACHEHHA N OBI'PYHTYBAHHA

I posB’sisyBaHHSA OiJIBIN CKJIASHUX MOKASHUKOBUX PiBHAHB (ITOPiBHSIHO
3 TUMU, AKi Oysio posriaHyTo B n. 2.1) HaliyacTiime BUKOPUCTOBYIOTH 3AMIHY
3minHux. 11106 30pieHTyBaTHUCS, Y1 MOKHA BBECTU 3aMiHYy 3MiHHUX y 3aJaHO-
My IIOKa3HUKOBOMY PiBHAHHi, uacTo OyBae KOPUCHO Ha IOYATKY PO3B’A3yBaH-
HA N030Ymucs 4ucao8ux 000anki8 Yy NoOKA3HUKAX CMeneHis, BUKOPUCTOBYIOUN

dopmynu a“*’=a%a’ i a*V= a_v .
a
Hanpurknan, y piBHAHHIL
471 _3.2¥_10=0 )

samicte 4% szammcyemo moGyrox 4%-4' i omepskyeMo piBHAHHS
4%.4-3-2*-10=0, 2)
piBHOCUJIbHE 3a/laHOMY.
ITorim mamaraemocsi gci cmeneni (3i 3MiHHOI0O B TOKa3HUKY) 38ecmu 00

00HI€EL OCHOBU i BUKOHAMU 3AMIHY 3MIHHOL.
Hanpuknazn, y piBHaHHI (2) cTeminb 3 O0CHOBOIO 4 MOKHa 3amucaTy AK

X
CTemiHb 3 OcHOBOWO 2: 4% =(22) =2% ofepiKaTu PiBHAHHA

22¥.4-3.2-10=0. 3)
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Haramgaemo saranbHU OpieHTHP.

Arxwo y pieHaAHHI, HepieHOcmi ab0 MomoxicHOcmMi KiJbKa pas3ié npucym-
Hill 00uH i moil camuil supa3 3i 3MIiHHOW, MO 3PYYHO Uell 8UPA3 NOZHAYUMU
00Hi€w OYK6010 (H06010 3MIHHOI0). 9

3BepTaeMo yBary Ha Te, IO 2%* =(2x ) . Orxe, mo piBHAHHA (3) 3MiHHA
(GaKTUYHO BXOOUTH TiIbKU y BUTIALL cTelmeHA 2%, ToMy B IIbLOMY piBHAHHI
3pyuHO BBecTHu 3aMinHy 2% =t i omepskaTu KBaJpaTHe DiBHAHHSA

4t* -3t-10=0. @)
3HaX0AUMO KOPEHi IThOr0o PiBHAHHSA, & IOTiM BUKOHYEMO O0OEpHEHY 3aMiHY
(muB. po3B’si3aHHA, HaBeleHe B TabJs. 3).

3azHauMMoO, 1110 BUKOPUCTAaHHA AK OCHOBHUX (DOPMYJI Niil HaJx CTEeNeHAMU,
TaK i 3aMiHM 3MiHHOI Ta OOepHeHOI 3aMiHM 3aBXKIU IIPUBOAUTH OO PiBHSIH-
Hs, piBHOCHJIBHOrO 3amaHoMmy Ha #oro O3 (y piBHamHi (1) — Ha MHOKHUHIL
BCixX AifiCHMX YwmcCeJs), uepe3 Te IO BCi BKa3aHiI NEPETBOPEHHS MU MOXKEMO
BUKOHATHM 1 B OpAMOMY, i B 3BOpOoTHOMY Hampamiax. (OTike, Mm 3aBXIU
3MOXKEMO JOBECTHU, [0 KOKHUU KOPiHb OJHOTO PiBHAHHSA € KOpPEHEeM IPYTroro
 HaBIaKW, — aHaJOTiUYHO OOI'DYHTYBAaHHIO PiBHOCHJIBHOTO MEPEXONY MJIA
HAWIIPOCTIININX TOKAa3HUKOBUX PiBHAHBL y 1. 2.1.)

Y Ttumx BUNAgKax, KOJU BCi cTeleHi (3i 3MiHHOIO B NMOKAa3HUKY) y IIOKAa3-

D HUKOBOMY DiBHAHHI, AKe He 3BOAUTHCA 0e3II0CEPEIHBO O HAUIIPOCTIIIIOro,

He BIAETHCS 3BECTHM [0 OAHiei ocHOBH, MOTPiOHO cnpobysamu 36ecmu 6¢Ci

cmeneni 0o 080x OcHO8 mak, w00 odepicamu 00HOPiOHe PIBHAHHSL.

Hampuknan, posrisgHeMo piBHAHHA

4*+3-6°-4-9"=0. b)

Vci cremeni B mboMy PiBHSHHI MOKHA MOJaTH AK CTeIeHiI 3 ocHOBaMu 2

i 3, ocximerm 4% =(22)" =2%%; 9% =(32)" =3%%; 6% =(2.3)" =27 .3,
Onmep:KyeMO PiBHAHHSA
22% 1 3.2%.37-4.3%* =0. (6)
VYei ogHOUNEHM, PO3TAIOBAaHI B JiBifl YaCTWHI IIbOTO PiBHAHHSA, MAalOTh
creminp 2x (cTemimb ommounmeHa 2% -3% Tex mopiBHIOE X+ x=2x).
Haragaemo osnauenHsa i saranbHUil opieHTup (posriamytmit B m. 12.3
nigpyunuka niaa 10 Kiaacy).

OsHauveHHA. AKWO BCi YNeHn PiBHAHHA, Y NiBill i NpaBiil YacTUHaX AKOro cTo-
ATb MHOrOYl1eHu Bif ABOX 3MiHHUX (a60 Big ABOX ¢YHKLil oAHI€l 3MiHHOI),
MalTb OAHAKOBMII CyMapHUI cTeniHb, TO PiBHAHHA Ha3NBaETbCA OOHO-
pioHuUMm.

* fIkmo piBHAHHSA Mae Buriasg f=0 (xe [ — MHOrousieH), TO WNeTbCSA TIIBKU PO CTEIiHb
YjIeHiB MHOTOUJIeHA f, OCKIJIbKY HYIb-MHOTOUJIEH CTeIIeHI He MAae.
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Opientup. Possg’szyromv 00HOpiOHEe DiBHAHHSA NOYJEHHUM OilleHHAM 000X

1020 wacmuHn Ha HAUOiALWUL cmeniHb 00Hie€l 3 080X 00epiHaAHUX OCHOS8.

Omxke, piBHAHHA (6) € OmHOPIAHMM 1 HOTO MOYKHa PO3B’A3aTH IiJEHHAM
060x uactuH a6o Ha 22%, a6o ma 32*. Basmaummo, 1[0 IIPU BCiX 3HAUEHHSIX X
BUpa3u 22% § g2~ Bigminui Big mynda. OTike, mig yac mijleHHS Ha IIi BuUpasu
He MO’Ke Bim0OyTumcs BTpaTa KOPEHIB (AK Ile MOrjio OyTu, HaIpPUKJIAM, IJII
ONHOPIAHUX TPUTOHOMETPUUHMX DPIiBHSIHB) i B pesysabTaTri mijsieHHs 060X uYa-
CTUH PiBHAHHS Ha OyIb-IKUU i3 IIMX BUPAa3iB 3aBXKIU ONEPKYEMO PiBHIHHI,
piBHOCUJILHE 3a/IaHOMY.

Hanpuknan, akmo posmisuTu oduaBi yacTuHu piBHAHHA (6) Ha 3% #0,

22x 3.2x _3x 4.3236 ) 22x 2x
OIEPIKYEMO + - =0, abo mic/iag CKOpOUeHHA +3-——-4=0.
2x 2x 2x 2x x
3 3 3 3 3
B ocramHBOMY piBHAHHI BCi WieHWM MOKHaA TOAATH AK CTeNeHi 3 OXHIier0

2 2\ 2" , . 2\*
OCHOBOIO g, TOOTO: (g) +3-(§] —4=0, i BUKOHATH 3aMiHy (E) =t.
ITomanbite po3B’sA3aHHS ONEPsKAHOTO PIBHAHHSA IIOBHICTIO aHAJIOTiuHE PO3B’f-
3aHHIO PiBHAHHA (2).

IToBHe po3p’si3aHHA ILOI'O PiBHAHHS HaBeIeHO B Ta0J. 3.

Ckiamarooum TJaH PO3B’A3YBAHHSA OKPEMHX IOKAa3HUKOBUX DPiBHSAHD,
CJIi TmpuragaTH PO AOIIJIBHICTH NepeHeceHHs 8CiX UjleHi8 PIBHAHHS 8 00UH
0ik i nodaavwozo pO3KAAOAHHS
00epicanozo 8upasy HA MHOMCHU-

KU, HAIPUKJIAL i3 BUKOPHUCTAH- Ins po3p’A3yBaHHA NeAKHX IOKAa3HUKO-
HAM TIPYIyBaHHS UWIEHIB, SK Iie BUX piBHAHP MOMKHA BHKODPHCTOBYBATH
3po6iieHO B Tabu. 3 41 PiBHAHHS enacmueocmi 6i0nosionux Gyrnryii.

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

NMPUKNTAOWN PO3B'A3YBAHHA 3ABIAHb

. . 6 4
Mpuknap 1. Po3B'AXiTb PiBHAHHA _x_x—:]"
3 37 +1
Po3B'A3aHHA KomeHTap
) 3BacTocyBaBIIH 3aMiHy 3MiHHOI Y 3afaHe PiBHAHHA 3MiHHA BXOAMWTb TiNIbKK
3*=t, t>0, ogepryeMo y BUMAAA| CTENeHs 3 OAHIEI OCHOBOI: 3%, Tomy
6 4 3pyuHO 3acTocyBaTyi 3amiHy 3% =t i opepxatu

PR Lpo0boBe PiBHAHHA. 3HAaXOAMMO NOro KOpeHi,
. B a NoTiM BUKOHYEMO 0bepHeHY 3aMiHy.

Tgﬂl 6(t+1)_4t - t(t+1)’ AIK y>Ke 3a3Havanocs, 3amiHa i obepHeHa 3ami-

t°-t-6=0.3sigcn t; =-2, t; =3. Ha 3MiHHOT — Lie PiBHOCUJIbHI NepPeTBOPEHHS
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B pesyabrari oOepHeHol 3amMiHu 33/1JaHOr0 PIBHAHHA, ane nif yac po3B'A3yBaH-
pesy. p

MaeMo:

3" = -2 (xoperiB Hemace) a6o 3% =3,

Tomi x=1.

Bidnoesidv: 1.

HA ofepKaHoro ApPo6OBOro piBHAHHSA Tpeba
noa6atu npo Te, Wob He OTPUMATU CTOPOHHIX
KOpEeHiB (ans Lboro, Hanpukniag, AOCTaTHbO
ypaxysatu, wo t=3%>0, i Toai O[13 opepxa-
Horo piBHAHHA t #—1 i ¢ #0 6yae BpaxoBaHa
aBTOMATUYHO).

Mpuknaa 2. Po3s'AaxiTb piBHAHHA 2775 —3% =31 _2%

Po3B'A3aHHA KomeHTap
> 9%.93_gx_gx.gl  ox =0; 1) Mo36yBaemMocCsA UMCNIOBUX [OMAAHKIB Y MOKa3HM-
9.9% _4.3% =0| 3% £0; Kax CTel'I.EHi'B, nepeHocmmp B.Ci UNeHn PiBHAHHA
9f  4.3% B oAuH OiK i 3BogUMO NoAi6Hi uneHn. .
3—x— P =0; 2) 3BepTaEMO yBary Ha Te, WO CTeneHi BCiX UfeHiB

Biodnosidv: 2.

opepaHoro pisHaAHHA 9-2¥ — 4.3 =0 (3 gBo-
Ma ocHoBamu 2 i 3) ofHaKOBi (OOPiBHIOIOTL X),
OTXe, Ue PIiBHAHHA OJHOPIAHE, MOro MOKHa
pO3B'A3aTK [iNleHHAM 060X YaCTUH Ha CTeniHb
3 OCHOBOW 2 abo 3 i HanbiNbWyM MOKa3HU-

KoM — abo Ha 2%, abo Ha 37 .

Ypaxosytouu, wo 3* #0 npu BCix 3HAUEHHSX X,
y pe3ynbTaTi flineHHA Ha 3% OTPUMYEMO piBHAH-
HA, PiBHOCU/IbHE NonepeaHbOMY (a BifnNoBIgHO,
i 3apaHomy).

Ilix yac pos3B’sI3yBaHHA CHCTEM PiBHSHB, II[0 MIiCTATH HOKA3HUKOBI (PYyHK-
mii, Haluacrille BUKOPUCTOBYIOTHL TPAMUIIiliHI MeTOAM PO3B’sI3yBaHHA
CHUCTEM PiBHSHB: Memod nidcmano8Kku i memod 3aMiHU 3MIHHUX.

L . x+y=1,
Mpuknag 3. Po3B'aXiTb cuctemy piBHAHb ¢ y
4”7 +47 =5.
Po3B’A3aHHA KomeHTap
) I3 mepirioro piBHAHHSA CHCTEMU MAaEMO: AKLO 3 NepLloro piBHAHHA CUCTe-

Toxi 38 pyroro piBHAHHSA OJEPIKYEMO

4% + 417 =5, 1o6TO 4x+4—=5.
4.’)6

y=1-x.

MU Yy BUPA3NUTU Yyepes x i niacra-
BUTW B Apyre PiBHAHHA, TO OAep-
XUMO MOKa3HNKOBE PIiBHAHHA,
AKe MW B)Ke BMIEMO pPO3B'A3yBaTu

1

2]



28

PO3[IJ1 1. MokasHmKkoBa Ta norapudmivHa QyHKLIT

Buxonaemo 3aminy 4% =t, ¢>0, ogep:xyemMo
. 4 .
piBHAHHA t+— =5, 3 AKOr0 OTPUMYEMO PiBHAH-
t

ua t2 =5t +4 =0, w0 Mae KopeHi t,=1it,=4.

Bukonyemo obepHeny samimy. Omep:xyemo:
4% =1, roxi x; =0, abo 4" =4, sBinku x, =1.
3HaxoguMO BiATIOBiAHI 3HAUEHHA 3MiHHOI Y:

y=1-x.
SArmo x; =0, T0 y; =1;
AKITNo X9 =1, TO Yy, =0.

Bionosiov: (O; 1) R (1; 0) .

3AMATAHHA

(aHanoriyHo po Toro, AK ue 6yno
3po6ieHo B Npuknagi 2).

BuKoHytoum 3amiHy 3MiHHOI, ypaxo-
Byemo, wo t =4 = 0. Toai B onep-
XaHoOMy [pO6OBOMY pPiBHAHHI

4
t+7 =5 3HameHHUK t # 0. O0TXe,

ue gpobose piBHAHHA PIBHOCW/b-
He PiBHAHHIO t2-5t+4=0.

1. ITosAcHiIT, Ha HpHUKJIALaX, AK MOYKHA CKJACTHU IIJIAH PO3B’A3yBaHHS IIO-
KasHUKOBUX PiBHAHDB, SIKi He BAA€TbCA 0e3locepeaHbO 3BECTU 0 Hali-

TIPOCTIITNX.

2. flxky samiHy 3MiHHMX MOKHA BUKOHATH ITIiJi Yac PO3B’A3yBaHHA PiB-

HaHHA 42 +2.4*—-3=07? SIke piBHAHHA OZEPKUMO IIiC/Is BUKOHAHHS

3aminu?

3. HosicHiTh, YoMy piBHAHHA 5% =7% i 22¥+3.2%.5% —4.52* =0 ¢ ogmopiz-

Humu. JIK mMoskHa Ix poss’asaru?

6

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

3) 32*_2.3*=3;
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2.2.2.1) 495 -6-7"-7=0; 5) 257 14%=80;
X —-X

2) 64 -7.-8-8=0; 6)2;%;;= ;

3) 2% 4+92% =5, 7) 104" 10" =99;

4) 3% +32%=10; 8%) 10%0°% 1105 ¥ =11 .
2.2.3. 1°) 7*=9%; 4) 471 4 4.3% =3%2 4%,

2°) 5.3 -3.5"=0; 5) 2% +2%1 1272 —9.5% L 5¥H1,

1 1

3) 2x+3 _3x — 3x+1 _2x ; 6) 4x _3.76—5 — 3x+5 _2236*1 .
2.2.4. 1) 22 +2%.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. Posp’s:kiTh rpagiuHo piBHAHHS:

. 1\*
1) 27=83-x; 3) 5 =x+3;

«_(1Y. 1)
» =) Y

2.2.6% [oBeniTh, 110 PiBHAHHSA, HaBemeHi B 3aBmaHHi 2.2.5, He MAlOTh iHITUX
KOpPeHiB, KpiM 3HalijeHuX rpadidno.

2.2.7. Po3B’s:KiTh cucTeMy PiBHSHB:

47 =16, x+y=3,
1) {5x+2y—1=1; 3) {2x+2y:6;
1
2y-x _ =
2 |27 Tar 1) {xx v=2
3x—y+2:27 3" -37=24
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Tabnuus 4

1. padik nokasHUKoBOi PyHKLiT y=a”* (a>0 i a#1)

a>1

Yy
_ax 1
A

0 X

O<ax<l
Y
0 %

2. Cxema piBHOCUJIbBHUX NepeTBOPEHb HAMMPOCTIINX NOKa3HNKOBMX
HepiBHOCTEN

a>1

af(x)>ag(x) PN f(x)>g(x)

3HAK HepigHOCMI 36epieaemebca

2¥3 54,
p 2¥35 292

OyHKuia y=2" € 3pocTalouoko, OTxKe:

x—3>2; x>b.

Bidnosiowb: (5; +<>o).

O<ax<l

af(x) (x)

& fle)<glx)
3HAK HepigHOCMI 3MIHIOEMbCA
Ha npomuJsiexHuti

>af

Mpuknagn

0,7%>0,49.
» 0,7°7%>0,7%
QyHKUia Yy = 0,7t € CNajHoLo, OTXe:
x—3<2; x<b.

Bionosgioeb: (—oo; 5).
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3. Po3B’'AA3yBaHHA NOKa3HMKOBUX HepiBHOCTeN,
AKi 3BOAATLCA A0 HANNPOCTIlINX

OpieHTnp

I. 3a gonomorot piBHOCMAbHUX Nepe-
TBOpPEeHb (3a CXemMol pPO3B'A3yBaHHA
NMOKa3HUKOBUX PiBHSIHb, Tabn. 3) 3apaHa
HepiBHiCTb 3BOAUTHCA [0 HepPiBHOCTI
Bigomoro Buay (KBagpaTtHoi, ApoboBoi
Towo). MNicna po3B'A3yBaHHA ogepaHol
HEpPIBHOCTI NPUXOAMMO 4O HAUMPOCTI-
LUMX NMOKA3HMKOBUX HEPIBHOCTEN.

-2

NI

. 3aCTOCOBYEMO 3arajlbHUl MeToq iH-
TepBaniB — 3B0OAVMO 3afaHy HepPIiBHICTb
noeuay f(x) =0 iBUKOpUCTOBYEMO Ta-
Ky Cxemy.

1. 3nantm 043.
2. 3HainTy Hyni GyHKUiT f(x).

3.Mo3Hauntn Hyni ¢yHKuii Ha OA3
i 3sHanTm 3Hak f(x) y KoxHomy
3 NPOMIXKKiB, Ha siKi O/]3 po361Ba€ETb-
cA Hynamu.

4. 3anncaty BiAnNoBiAb, ypaxoBylun
3HaK HepiBHOCTI.

e

Mpuknag,

4% 47.2%-250.
b 4%.4+47-2°-2>0;
224472 -2>0.
BukoHaemo 3amiHy 2° =%, opepXumo
HepiBHICTb 442 +7t—2>0, MHOXWHa 1T

. 1
po3B'A3KkiB t<—2 abo t>— (QuB. pu-
CYHOK). 4
Y pe3ynbraTi 06epHeHOol 3aMiHM OTPYMAEMO
1
2% < -2 (po3B'askis Hemae) abo 2% >—,
3gigkn 2% >272 10610 x> 2.
Bionoasioeb: (—2;+oo).
3 +4" >1.

P Po3B'AKEMO HepiBHICTb MeTOAOM iH-
TepBaniB. 3afaHa HePIBHICTb PIBHOCK/bHA
HepiBHOCTi 3* +4% —T7>0.

MosHaunmo f(x)=3% +4% —17.

1)003: xeR.

2) Hyni pyukuii: f(x)=0;3*+4*-7=0.
Ockinbkn dyHkuia f(x)=3"+4* -7
€ 3pOCTaloyoio (AK Cyma ABOX 3pocCTalo-

unx GyHKLi), To 3HaueHHA 0 BOHa Haby-
Ba€ Ti/IbKM B OAHIl ToyLi 06nacTi BU3Ha-

wenns: x=1 (F(1)=3'+4'-7=0).
oyHKUii Ha O[3,
3Haxoaumo 3Hak f(x) y KoxHomy

3 MPOMIXKIB, Ha AKi po3buaeTbca O3
(OVB. PUCYHOK), i 3aNUCYEMO MHOXMHY

po3s'askis HepisHocTi f(x)>0.
Bionosiob: (1;+oo).

3) Mo3Hayaemo Hyni
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MOACHEHHA N OBI'PYHTYBAHHA

Posp’ss3yBaHHA HAWNPOCTIINNX IOKA3HUKOBUX HepiBHOcTel Bumy a” >b
(a6o a* <b), ne a>0 i a#1, r'pyHTyeTbCA HA BJIACTHUBOCTAX (PYHKIII y=a”,
AKa 3poctae pu a>1 i cmamae npu 0<a<1. Hanpukinan, mob6 sHAWTHU MHO-
JKUHY pPO3B’A3KiB HepiBHocTi a* >b mpu b>0, JocTaTHLO HoJATH b y BUTJIALL
b=a°. Onep:xyeMo HepiBHiCTBb

a*>a‘. @

Ilpu a>1 dysknia y=a” 3pocrae, oTKe, GiTBIIOMY 3HAUEHHIO (DYHKILil
BiAmoBizmae Oijbllle 3HAUEHHA apryMmeHTa, TomMy 3 HepiBHocTi (1) omep:xkyemo
x>c (3HakK IIiel HepiBHOCTi 30iraerhca 31 3HakoM HepiBHOCTI (1)).

IIpu O<a<1 ¢ymknia y=a” cnagae, oTke, OLILIIOMY 3HAUEHHIO (QYHK-
il BimmoBigmae MeHINe 3HAUEHHsS apryMeHTa, TOMY 3 HepiBHoOCTi (1) omep:xyemMo
x<c (3Hak Iiei HepiBHOCTI HIPOTUMJIEKHUU N0 3HaAKa HepiBHOcTi (1)).

TI'padiuno 1me mpoimtocTpoBano Ha puc. 2.3.1.

Hanpukinazn, mo6 poss’sasaru HepiBHicTs 5% >25, mocTaTHbO mozaTu ii
y Burani 5* > 52 , ypaxyBaTu, mo 5>1 (pymknmis y=>5" spocramoua, oTxe,
Opu TepexoAi BiJ TOPiBHAHHA (PYHKINA 0 IMOPIiBHAHHS apryMeHTIiB 3HaAK
HepiBHOCTiI He 3MiHIOETBHCS), i 3ammcaTu MHOKUHY PO3B’A3KiB: x>2.

3ayBaKuMO, III0 MHOMKMHY PO3B’A3KiB 3ama-

HOI HEPiBHOCTiI MOKHA 3alMCyBaTH y BUIJIALL He-
piBHOCTI x>2 a60 y BuUTIAAL TPOMisKKY (2;+c0). Puc. 2.3.1

Amnasoriuno, 106 pos3B’sg3aTu HEPiBHICTH A

1) .
(—) >—, IOCTAaTHBO IIOJATU I[}0 HEPiBHICTH b=
4 16 - )
. 1
Y BUIVIAIL (Z) >(Z) , ypaxyBaTu, IO Z<1

. 1)’ .
(pyHKITiA y:(z) cliajHa, OT:Ke, IPU IIepexoai

BiJi TIOPiBHAHHA (PYHKI[il [0 TOPiBHAHHS apry-
MEHTIB 3HAK HEPIBHOCTI 3MiHIOEThCA Ha IIPOTU- 6
JIe;KHUN), i 3amucaT MHOMKUHY PO3B’A3KiB: x<2.
YpaxoByiouu, M0 TPU OyAb-AKUX TOJATHUX
3HAYEHHAX Q 3HAYEHHS a” B3aBKAMu OlJbIIe
HYJIA, ofep:Kyemo, 1o mpu b<(0 HepiBHicTH
a” <b po3B’A3KiB He Mac, a HepiBHiCTL a” >b
BHUKOHYETHCS IIPH BCiX NiliCHNX 3HAUEHHAX X.
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Hanpuknan, HepiBHicTh 7° < —7 He Mae pPO3B’A3KiB, a MHOKMHOIO PO3B’SA3-
KiB HepiBHOCcTi 7*>-7 € Bci mificHi umcia.
VsaraabHIOIOUN HaBeAeHi BUINle MipKYBaHHS CTOCOBHO PO3B’sI3yBaHHSA Hali-

MIPOCTIIINX MOKAa3HUKOBUX HEPiBHOCTEH, 3a3HAUYUMO, II0 HIPH a>1 HepiBHicTHL

flx) g(x)

a >a piBHOCUIBLHA HepiBHOCTI [ (x)> g(x) ,anpu 0<a<l — HepiBHO-

eri flx)<g(x).

D ROpOTKO e TBEPIKEHHA MOMHAa 3alllCaTu TaK:

f(x) (x)

e akwo a>1,70 ' >a®"Y o f(x)>g(x) (3Hak HepisHocmi 36epizaembcs);

e akwo O<a<1,T0 af(x) > ag(x) o flx)<g(x) GHak HepigHOCMI 3MiHIOEMbCSA
Ha npomunexHudi).

» LLo6 obrpyHTYBaT! PIBHOCUSIBHICTD BiANOBIAHUX HEPIBHOCTEN, 4OCTAaTHLO 3a3Ha-
ynTK, Wo npu a>1 HepiBHOCTI

af(x) > (lg(x), (2)
f(x)>g(x) 3)

MOXYTb 6yTU MPaBUALHUMK TiNbKNU OIHOYACHO, OCKINbKM GyHKLia y=a' npu
a>1 € 3pocTaloyoto i 6inbwoMy 3HauYeHHI0 GyHKLiT BianoBigae binblie 3HaYeHHA
aprymeHTa (i HaBnaku: GinbWOMy 3HauyeHHIO aprymeHTa BiAnoBifae Ginblue 3Ha-
YyeHHA PyHKUii). OTXe, yCi po3B'A3KM HepiBHOCTI (2) (AKi NnepeTBOpIOOTD i Ha Mpa-
BUJIbHY YMCIIOBY HepiBHICTb) ByayTb i po3B'A3Kamu HepiBHOCTI (3), Ta HaBMaKW: yci
PO3B'sA3KM HepiBHOCTI (3) ByayTb pO3B'A3KamMy HepiBHOCTI (2). A Lie 03Hayvae, LWo
HepiBHOCTI (2) i (3) piBHOCUIIbHI.

AHAIOTiYHO OGI'PYHTOBYETHCA PiBHOCHJABHICTH HepiBHOcTelt a’ @) e

i flx)<g(x) npu O<a<l.

YV HafmpocTimux BUOAAKaX MiJ] Yac PO3B’A3yBaHHS MMOKA3HUKOBUX He-
piBHOCTel, AK i mig yac posB’sA3yBaHHS TMOKA3HUKOBUX pPiBHAHB, Tpeba 3a
JIOTIOMOT'0OI0 OCHOBHUX (DOPMYJI Aill HAJl CTENEHAMM 3BeCTU (AKIIO I1e MOKJIVIBO)

sazaHy HepiBHicTb mo BUAy a’ () 2ag(x) .

s posB’sisyBaHHSA OiJIBINI CKJIAJHUX HOKA3HUKOBUX HEPiBHOCTEN Hali-
YyacTillie BUKOPUCTOBYIOTH 3AMIHY 3MIHHUX abo éaacmusocmi 6i0nosioHux
Qynruiil.

AmnajoriuHo [0 PO3B’A3yBaHHS IOKA3HUKOBUX DPiBHAHB yCi pPiBHOCHJIBHI
IIePEeTBOPEHHsI HEPiBHOCTI 3aBiKAM BUKOHYIOTHCSA Ha ii 00JIacTi JOIIYyCTUMUIX
sHauenb (OI03), ToO6TO Ha cmigbHiNI o0JacTi BU3HAUEHHA A BCiX (PyHK-
i, AKi BXOAATH M0 3amucy Iriel HepiBHOCTI. {71 TOKa3HUKOBUX HEPiBHO-
cTeil AOCUTH YacTo 00JACTIO AONYCTUMUX 3HAUEHb € MHOMKMHA BCiX TiMCHUX

33



PO3[IJ1 1. MokasHmKkoBa Ta norapudmivHa QyHKLIT

yucesi. ¥ IUX BUNAAKaX, AK mpaBuio, O3 He 3HAXOJATH i He 3amMUCYIOTh
I0 po3B’sizamHA HepiBHocTi (mmB. mpukxaan 1). fAKimo K y mporeci pos3s’sizy-
BaAHHSA IIOKA3HUKOBOI HEPiBHOCTI PiBHOCHJIbHI IIEPETBOPEHHS BUKOHYIOTHCS HE
Ha BCii MHOMKWHI milicHMX uYwmcesJ, TO moBoauThcA BpaxoByBatu OJ[3 (mus.
mpuKJganm 2).

NPUKNTIAQWN PO3B'A3YBAHHA 3ABAAHb

2
Mpuknapa 1. Po3s'axiTb HepiBHicTb 0,6 6 >1.

Po3B’A3aHHA KomeHTap
x%2-Tx+6 0 . .
» 0,6 >0,6". 3anvwemo npaBy 4acTUHY HePIBHOCTI AK
. 0
Ockinbku Qynrniz y=0,6' ¢ cmaxa- cTeniHb uncna 0,6, To6to 1=0,6".

Ockinbkn 0,6 <1, To npu nepexopdi Big
NOPIBHAHHA CTEMEHIB 40 NOPIBHAHHA Mo-
3Bigcu 1< x <6 (gus. pucyHok 2.3.2). Ka3HWKIiB CTeneHs 3HaK HepiBHOCTI 3Mi-
HIOETbCA Ha MPOTUNEXHUI (OfepPKYyEMO
HepIiBHICTb, PIBHOCUIbHY 3aJaHin).

HOMO, TO X2 —Tx+6<0.

Pnc.2.3.2
+\ /+ [nAa po3s'A3yBaHHA ofep)kaHOI KBajpart-
1 i G HOI HepiBHOCTI BMKopuUCTaeMo rpadiyHy
intocTpadito.

Bionosiov: [1; 6].

Mpuknap 2. Po3B’AXiTb HepPIiBHICTb 3‘/; —32_*/; <8.

Po3B’'A3aHHA KomeHTap
> O3: x=>0. ) OckKinbkn piBHOCUNbHI Mepe-
3\/5 3 <8 TBOPEHHA HEepiBHOCTEl BUKO-
-2 8. .
gvx HyloTbc Ha OJ13 nouyaTKoBOi

. . . ovr _ HepiBHOCTi, TO BpPaxyeMo Lo

Bukonyemo saminmy smimnoi 3Y* =t (g> 0), OfI3. BUKOpUCTOBYI0UM hopMyTy

B pe3yJbTaTi OTpUMYEMO HepiBHicT, t——<8, at
t

u—-v __ - _
sAKa PiBHOCMJIbHA HEPiBHOCTI - Qb no36yBaemoca unc

2
t°-8t-9 <0 JIOBOrO A0faHKa B MOKAa3HUKY
¢ o CTeneHsa N ofep>KYEMO CTerneHi
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Ockinbku ¢ >0, onepxyemo ¢2 —8t —9<0. 3siz- 3 Of{Hi€I0 OCHOBOIO 3, WO A03BO-
cu —1<t<9. VYpaxosyrwoumn, mo t>0, maemo NAE BUKOHATU 3aMiHy 3MiHHOT
0<t<9. . 3% =t pe t>0.
BukoHylouun o0epHEHy 3aMiHY, OJepPKyeMO B ofiepaKaHiil HEpIBHOCTI 3HaMEH-
0<3'* <9. Toni HUK € AOOATHNM, TOMY LiI0 APO-
gVxr <32 60BY HEpIBHICTb MOXHa 3BeCTU

[0 PIBHOCUMBHOI 11 KBagpaTHOI.
MicnAa BWMKOHaHHA ob6epHeHOT
3amiHu Tpeba BpaxyBaTu He Tiflb-
0<x<4 ot

SXS 4. KN 3pocTaHHA yHKUIT y=3",

Bidnosidv: [0;4]. a it O[13 NoYaTKoOBOI HEPIBHOCTI.

DyHKIig Y= 3! gpocraroua, orike, \/; < 2. Ypa-
xoByiounu O[3, omep:xyemMo

Mpuknapg 3%, Po3B’AXiTb HepiBHICTb (3x —9)\/x2 —-2x-8 <0.

KomeHTap

3aflaHy HeCTpOry HepiBHICTb 3pyYHO PO3B'A3yBaTV METOAOM iHTepBaniB. 3anucyoun Bia-
noBigb, Tpeba BpaxoByBaTW, WO y 8UNAOKY, KOJIU MU pO38'A3YEMO Hecmpozy HepiHicmb
f(x) <0, yci Hyni pyrkuii f(x) marome ysitimu do eidnoeidi.

Po3B'si3aHHA

) Ilosmaummo f(x):(3x —9)\/x2—2x—8 .

1)OB: x2-2x-8>0. Tomi x<-2 a6o x>4 Puc. 233
(puc. 2.3.3).
2)Hyni dyskmii: f(x)=0; +\ /+

(3 -9)Jx? -2x-8 =0, N\ - A4 *x
Tomi 3 -9=0 a6o Vx®-2x-8 =0.

I3 meprroro piBHAHHA: X =2 — He BxoaAuTh 10 OI13;

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

3) osrauaemo Hyi dyukuii f(x) za OJI3, sHaxO- Puc.234
IuMO 3HaK [ (x) Y KOJKHOMY 3 IPOMisKKiB, Ha AKi

HyJaamu pos3buBaeTbesa O3 (puc. 2.3.4), i 3amu- x‘ F—

CY€eMO MHOKUHY po3B’askiB Hepisrocti f(x)<O0: =5 G
xe(—oo;—2] abo x=4.

Bionosidv: x e (—oo; - 2] U {4} .
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3AMATAHHA

1.

IloacHiTh, vy AKX BHIAAKaxX IIOKA3HUKOBI HepiBHocTi a*>b i a*<b
(e a>0 i a#1) maTh pO3B’A3KKM. ¥ SAKHUX BHUNAAKAX TaHI HepiB-
HOCTi He MalTh po3B’saskiB? Hasexmith mpuriaamgu. IIpoimtocTpyiiTe ix
rpadiuHo.

2. Skift HepiBHOCTI piBHOCHJIbHA [OKA3HWKOBA HepiBHicTH a’ @) 5, q&) npu
a>1; mpu 0<a<1? HaBenirs npurIagm.
BMPABU
Y saBmanHax 2.3.1-2.3.4 po3B’AKITH HEPiBHICTB.
1 x x2-Tx+6
2.3.1.1°) 2%>1; 5°) (3) >9; 9%) 0,3 *3 <1;
1 1 3—x x2-9x+8
2°) 2x>5; 6) (5) <4; 10%) 1,3 4 >1.
3) 3°>0; 7°) 5% >255 ;
x x—2
4) (l) <0; 8) (l) <16;
3 4
x x-1
2.3.2. 1) (3) +(3) 53, 1y 621 _Ligr_4<o;
3 3 2 3

2°) 323" 1.28; 5) 4*-2*1_8>0;

3) 321 18.3¥-3>0; 6) 9*-12-3"+27<0.
2.3.3. 1) 3*>5%; 3%) 22l _5.6% 1321 >,

2) 7 l<ox 4%) 5.3%* +15.52*1<8.15%,
2.3.4% 1) (2*—2)Jyx2-x-6 >0; 3) V6-3* -2 >3%+1;

2) (352-1)Jx2-2x-8<0; 4) V2551 1 >5%+2.



Tabnuus 5
1. Jlorapuédm uncna
O3HaueHHsA Mpuknagw

Jlozapugpmom 0o0amHo20 yucsa b 3a oCHo-
eooa(a>0, a+#1)Ha3snBaeTbcA NOKA3HUK
cTeneHs, Ao AKoro Tpeba nigHectn a, WwWo6

1
opepxatn b. 2) log7f=l, ockinbkn 72 =7 .
MosHaueHHs: log, b. 2

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

JAecamkoeuti nozapugpm — ye nozapucm 3a

ocHoegolo 10. 3) 11000 = 3, ockinbkn 10% =1000.
MosHaueHHs: log, b=1gb.

HamypaneHuti nozapupm — ye nozapugpm

30 0CHOBOI0 e (¢ — ippauioHarnbHe Yncso, Ha- 1 1 9 . 2 1
6nunKeHe 3HaYeHHs akoro e = 2,7). 4) N—5"=—4, OCKINbKN € = =—5".

e e
MosHaueHHs: log,b=1nb.

2. OcHoBHa norapu¢miyHa TOTOXKHICTb

a%’=p |, pe a>0, a%1, b>0 1) 8% =5; 2)10¥%=2.
3. BnactuBocTi norapuémis i popmynu norapupmyBaHHA
(a>0, a#1, x>0, y>0)
1) log,1=0 ﬂoeapud?M 00UHUUi 3a 6Y0b-AKOK OCHO-
8010 OOPIBHIOE HYJIIO.
2) log,a=1 Jloeapugm yucna, sike 36i2aemobCs 3 OCHO-

8010, OOPiBHIOE OOUHUUJ.

Jloeapugpm 0o6ymky 0o0amHux 4ducesn

3) log, (xy ) =log, x+log, y 00piBHIOE CyMi s102apuPMi8 MHOXHUKIB.

x Jloeapugpm yacmku 0oO0amHux yucesn
4) log,—=log,x—-log,y 0opisHIO€E pi3HUYi Tozapugmie OineHo20
y U OinbHUKa.
Jloeapugpm cmeneHs 000amMHO20 Yucia

OdopieHI0e 006ymMKy NOKA3HUKA cmeneHs
Ha 7102apugm 0OCHOBU Ub020 CMeneHs.

5) log, x" =nlog, x



38 PO3[IJ1 1. MokasHmKkoBa Ta norapudmivHa QyHKLIT

4. Qopmyna nepexoay Ao norapn¢$mis 3 iHIWOKW OCHOBOK

1
log,x= Ogbx,ne a>0,a#1,b6>0,b%1, x>0
log, a
. 1
Hacnipok: log,b=
log,a

NMOACHEHHA N OBI'PYHTYBAHHA

SAKI0 posrIaHyTH PiBHICTH 23 =8, To, 3HapuUMU OyAb-AKi ABa umcia 3 miei
piBHOCTi, MOXHA 3HAUTU TPETE.

Siasi?;ab LLlo Biaomo LLlo 3Haxogumo 3anuc Has3Ba
uncna2i3 umncno 8 8=293 cTeniHb
3 . KOpPiHb TPeTboro
= _3
2°=8 uncna 8i3 uncno 2 2=38 crenens
uncna 8i2 yncno 3 3=1log,8 norapudm

Ilepiri aBi omeparii, HaBemeni B Tabauri (IIigHeceHHA OO0 CTemeHs i J00y-
BaHHS KOpPEHs Nn-TO CTeIleHs), HaM yiKe BiZloMi, a 3 TPeTbOI — J102apuUphmMysaH-
HAM, TOOTO 3HAXOMKEHHAM JioTapu(Ma 3aJaHOTO UHCcia, — MU 03HAWOMUMOCS
B mpomy maparpadi.

Y BarajabHOMY BUIVISAL omepallia JorapuMyBaHHSA OO3BOJISIE 3 PiBHOCTI
a*=b (me b>0, a>0, a#1) 3HAlTH NOKA3HUK CTeleHs X. PesyiabraT BHUKO-
HaHHA Iiel omeparii nmosHauaeTbcsa log,b.

OzHaueHHsA. Jloczapu¢pmom 0o0amHoz0 yucaa b 3a ocHoeow a (a>0, a#1)
Ha3NBa€ETbCA MOKAa3HUK CTerneHsA, A0 sKoro Tpeb6a nigHecTn a, wWob opep-
)Katu b.

Hanpuxrnan, log,8=3, ockinpkn 23 = 8;

lo (l)— 2, OCKIJIbKH (1)2 _1.
gl 4 ’ 2 4 ’

2
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log, (i)=—2, OCKiNmbKu 472 =i.
16 16

BasHauMMo, 10 AJas gozaTHux uwncena b i a (a=1) piBHAHHA a” =b 3aB-
KU Ma€ €IVHNI PO3B’A30K, OCKiIbKM (PyHKIis y=a” HaOyBac BCiX 3HAYEHB
3 mpomikky (0;+0) i mpu a>1 € spocratouoio, a npu 0<a<l — cnagHow0
(puc. 3.1).

OTxe, KOKHOTO cBOro 3HaueHHA b>0 ¢ymkmia y=a® HabyBae TiIbKH
npu ogHoMy 3HaueHHi x. Tomy Onsa 6ydv-axux dodamuux yucen b i a (a#1)
piénanna a* =b mae edunuil kopinb x=log, b

Ilpu b<0 piBasaEa a*=b (a>0, a#1) He Mae KOpeHiB, oT:Ke, npu

<0 snauennsa supasy log,b mne icnye.

Hanpuxknan, He icHyioTh logg (-9), logl( 7, log, 0.

2
3a3HaunMo, IO iCHYIOTH Jorapudmu, AKi MaOTh BJIaCHI HA3BU.

Jlozapupm 3a ocnosorw 10 Ha3usarwmv 0ecAMKOBUM JOZAPUPMOM i NO3HA-
yawomos 1g.

Hanpuknan, log,,7=1g7, 1g100=1log;,100=2.

YV HemajekoMy MUHYJIOMY AeCATKOBHM JiorapudMaM BimmaBajiu mepeBary
1 CKJIazau OAysKe OeTalbHi TabauIli JecATKOBUX JiorapudMiB, AKi BUKOPHCTO-
ByBaJIMCS B PiBHUX OOUMCIEHHAX. B emoxXy 3arajbHOI KOMII'I0TepU3allii JecsT-
KOBi Jiorapu()Mu BTPaATUJIN CBOIO HMPOBiAHY PoJsib. Y CcydacHiil Haymi # TexHiiri
IIITPOKO BUKOPUCTOBYIOTHCA JIOTapU(PMU, OCHOBOIO AKUX € OCOOJIMBE UUCJIO €
(rax camo Bimome, AK i umcyo 7). Yueso e, AK i ymuciio m, — ippalioHaJibHe,
e=2,718281828459045... .

Jlozapugpm 3a 0ocHO80H0 e Ha3ueawmMb HAMYPAJLbHUM J02APUPGMOM i no-

3Hauarms In.

Hanpuxnaz, log,7=InT7, lnlzlogel:—l.
e e

Puc. 3.1 a 6
yhy=a* Yy
y=b a>1/ y=b
/ \ y=a*
1 e
0 I x l 0 x

39
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3a osHaueHHAM Jorapudma, axmo log,b=x, o a*=b (a>0, a#1, b>0).
SIKI10 B OCTaHHIO PiBHICTH HifiCTaBUTH 3aMiCTh X HOTO 3HAYEHHS, OAEP:KUMO
PiBHICTB, IKa HA3WUBAETHCSI OCHOBHOIO J0ZAPUMMILHOI MOMONCHICMIO:

log,b

a =b, ne a>0, a#1, b>0.

logq 2
Hanpukaaz, 5°%%=9, 107 =7, (%) 3 -9,

Y Bcix HaBemeHux HuKuUe Qopmynax a>0 i a=l.
1) 3 osmaueHHs Jorapudma ONEpPKYEMO, IO

log,1=0,
ockineru a’=1 (mpu a>0, a#l).
D Otixe, s0zapugm o0uHuyi 3a 6y0v-2K010 OCHOB0I0 0OPIBHIOE HYJIO.

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

D Otixe, s0zapugm uucna, axe 30i2aemuvcs 3 OCHOB010, O0PIBHIOE OOUHUUL.

3) Ilo6 ogmepskatu Gopmysny Jsorapudma nodytry xy (x>0, y>0), mo-
sHaunmo log,x=u, log,y=v. Toxi 3a osHaueHHAM JOorapudma

x=a"i y=a®. 4))

ITepeMHOKUBIIN TIOYJEHHO ABi ocTaHHI piBHOCTi, oTpumaemo xy=a"“"™".
3a o3HAUEHHSM JiorapudMa 3 ypaXyBaHHAM yYBeIeHUX ITO3HAUEHDb 3 OCTAHHBLOI
piBHOCTi ozmep:kyemo log, (xy) =u+v=log,x+log,y. Orxe,

log, (xy)=log,x+log,y. @)
Jozapupm dobymry OodamHux uuces OOPi6HIOE CYMi N02apPUPMiI6 MHOMC-
HUKIB.

. X
4) Amnasoriuno, 106 ozepsxatu ¢opmyay Jjgorapudpma uyactkum — (x>0,
Y
. . . .oX _
y>0), mocraTHLO moAiuTH modneHHO piBHOCcTi (1). Tomi —=a“"". 3a osHa-
Yy

YeHHAM Jorapu()Ma 3 ypaxyBaHHAM yBeJeHUX IMO3HAUEeHb 3 OCTaHHBLOI PiBHOCTI

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

log, —=log, x—log, y. 3)
Yy
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Jlozapupm wacmru dodamHux ducen 00piBHIOE pidHuui Jozapupmis dine-
H020 i OiNbHUKA.

5) IILo6 omepsxaru GopMyy Jorapudma creness x" (ze x>0), mo3HAUNMO
log, x=u. 3a osHauenusam sorapupma x=a", rogi x"=a"". 3a osHaueHHAM
jorapudma 3 ypaxyBaHHAM IOSHAueHH:A A u Maemo log,x" =nu=nlog, x.
OTixe,

log,x" =nlog, x. 4)

Jlozapupm cmenens dodamrnozo uucaa 00piéHIOe 000YymMKYy NOKA3HUKQA
cmenens HA J02aAPUPM OCHOBU Ub020 CMeENneHs.

1
VYpaxoByrouu, 1mo mupu x>0 ’\’/;zx” , 3a @¢opmynoo (4) Maemo
Ly
loga’\’/;:logax" =—log,x. Orxe, mpu x>0 Mo)xkHa KopuCTyBaTucsa ¢op-
n

MYJIOIO 1
n —
log,Nx =—log, x.
n
ITio dhopmyny Mo:KHa He 3alaM’sITOBYBaTH, a KOKHOTO pasy 3aluCcyBaTH
KOpPiHb i3 DOJZATHOTrO YMCJA AK BiATIOBiTHUII CTeIiHb.

IEKONIM JOBOAUTHCA 3HAXONUTH JIOTapudM ZOOYTKY Xy i B TOMYy BHIAAKY, KOJHI
uyncaa x i y Big’emui (x <0, y<0). Toxi xy>0 i log, (xy) icaye, ane popmyomw (2)
CKOPHCTATHCS He MOXKHA — BOHA OOI'PYHTOBAHA TiNBKM A JOJATHUX 3HAUEHD X i Y.
V Bunagry xy >0 maemo xy=|x||y|,iremep |x|>0 Ta|y|>0, orsxe, g morapudma
MOGYTKY | x || y| MosxHa ckopucTaTucs Gopmyitomo (2). Tomy mpu x <0 i y <0 mMosxemo
3amucaTu

IOga (xy)ZIOga (‘xHy‘)ZIOga‘x‘_._lOgu ‘ y"
Ognepsxana ¢opmyJsa cupaBegauBa i mpu x>0 Ta y>0, OCKiIbKU B I[bOMY BUTIAIKY

‘x‘:x i ‘y‘:y Orxe,

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

Amnasioriuao MosKHa y3araabHUTH ¥ hopmyau (3) i (4):

npu §>0 logagzloga‘x‘—loga‘y" ©)

npu x#0 logax2k=2kloga\x‘. 4"

1
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4. Dopmyna nepexoay Ao norapuPpmis 3 iHLWLOIO OCHOBOIO |

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

BukopwucToBytoun ana nisoi YacTvHu Uiei piBHOCTI dopmyny norapudma crenexs,

1
otpumaemo ulog, a=1log, x. 3Biacm u=—80% Ypaxosytoun, wo u=log,x,
OflePXKYEMO: 1 0gpd

o X
log, x=—20" e a>0,a%1,b>0, b1, x>0.
log, a

D Omxe, Jnozapugm 0odamHozo ducia X 3G CMApPO0 OCHOB0I0 @ O0OPiBHIOE

J02apU@PMY Ub020 CAMO20 HUCLA X 34 HOB8010 0CHO8010 b, nodiseHomy Ha
Jozapu@m cmapoi 0CHOBU a 34 HOB010 0CHO06010 b. M

3a JomoMOTroI0 OCTAaHHBOI (DOPMYJIM MOMKHA OAEp:KaTU TaKUU HaACAi0OK.
log, b
5bh”

3anumiemo log, b=
log, a

. Ypaxosyrounu, mo log,b=1, maemo:

log,b=— >, ze a>0, azl, b>0, b=1.
log,a

P .

Jlorapu(®Mu IIIMPOKO 3aCTOCOBYIOTHCS AJIA MOJEJTIOBAHHS PiBHOMAHITHUX IIPOIECiB
HaBKOJIUIITHBOTO KUTTA. Hampukrianm, 3a Bigomum mcuxo@isiosoriuHMM 3aKOHOM

Bebepa — ®PexHepa cuja p BiAUYTTs JIOJUHOI IIEBHOTO MOAPa3HUKA MIPOIOPIliiiHA
Jorapudmy imTeHCcHMBHOCTI S ILOro moxpasHuKa. ['yuHicTh (piBeHL 3BYKOBOIO
THUCKY) 3BYUaHHS MY3UYHUX iHCTPYMEHTIB, TOOYTOBUX IIPUJIALIB TOIO O0UMCIIOIOTH

S . .
3a (popmMysI0I0 p = IOIgS—, ne S — 3HaueHHA iHTEHCUBHOCTI 3BYKY, a S, — HUKHE
0

rpaHUYHe 3HAYeHHs IHTEHCHBHOCTI 3BYKY (AKImO S<S,, TO MU 3BYK B30BCiM
He uyemo). BenwuwmHy p BuUMIipIOOTH B Jerubesnax.
3asHayuMoO, 0 0Ee3MIMeYHOI0 [JIA CJIYyXy JIOIUHUA
BBa)KaOTh ryunictb 40-50 memmben — 1e iHTeH-
CUBHICTH 3BYyYaHHS 3BUYAWHOI po3dmMoBu. SIKIIO K BU
IPOCIYXOBYETE MY3UKY 3a JOIOMOTOI0 HABYIIHUKIB,
AKi BBIMKHEHi Tak, 1100 «IepeKpuuaTu» HaBKOJIUIII-
Hiff cBiT (TOOTO 3 iHTeHcHBHicTIO 80-100 memuber),
TO Iie IIKiJJIWBO AJA 3J0POB’SA i MOXKe IPU3BECTU O
THOTipIIeHH CJIyXy a00 ¥ 30BCiM 10 I'TYXOTH.

-
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NPUKNAAOWN PO3B'A3YBAHHA 3ABAAHb

Mpuknag 1. O6uncnitb:
1) log;125; 2) log ; 3.
27
Po3B’A3aHHA KomeHTap

yanOByIO‘-IVI O3Ha4YeHHA no-

— : 3 _ .
1) » log;125=3, ockineru 5° =125; rapudma, MoTpi6Ho niaibpa-

2) » log 3=_l, OCKLIBKH TV TaKU MOKA3HWUK CTerneHs,
o7 Wwob npu nigHeceHHi oCcHOBMU
1 norapudma Ao Uboro cTeneHs
(L) 3 1 1 _i_3 OflepXaTu YNCNO, AKe CTOITb Mif
27 ) % 1 1 ) 3HaKoM floraprdma.
(o) Har

Mpuknapg 2. 3anuwitb Po3B'A3KM HANMNPOCTIWNX NOKa3HNKOBUX PiBHAHD:

x 1)’ «_1
1) 57 =3; 2) | —| =10; 3) 10" =—.
3 3
Po3B'A3aHHA KomeHTap
3a o3HaueHHAM Jiorapudma: Ona 6yab-AakuMx popatHMX uucen b i a
1) » x=10g53; (a;tl) piBHAHHA a® =b Mae eauHuii

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

TpibHO MNigHECTN OCHOBY a, W06 oaepXa-

T b, Ha3MBaEeTbCA Nnorapmdmom b 3a ocHo-
1 =

3) » legg. ot a, Tomy x =log,b.

2) » x=log,10;
3

9 2
Mpuknapg 3. Bupasitb norapuém 3a ocHoBow 3 BuMpasy gTa (pe a>0 i b>0)
b

yepes norapndmm 3a ocHoBow 3 yncen a i b. (KopoTKo KaxkyTb: «npo-
norapudmynTe 3agaHuin BMpa3 3a OCHOBO 3».)

Po3B'A3aHHA KomeHTap
9742 3342 CnouaTKy 3anvLiemMo BMpa3un B YUNCENbHUKY
» logg = log, —5 = i 3HaMeHHVKY 3aJaHOro BMpasy fAK CTerneHi
\/g 5 yncen i GyKB.

bo
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1 MoTiMm ypaxyemo, o norapudm 4YacTku
=log;(3%a%)-logyb? = 3342 _ .
1 T— DOAATHNX uncen AOPIBHIOE Pi3HU-
=log;3% +logsa® —logsbd = b5

1 . . .
—3log,3+2logya-—logyb= Li norapnmis ynmcenbHmKa i 3HameH:vu;a,
5 a noTim Te, Wo norapudm fobyTKy (3 a )

1 . . . .
=3+210g3a—g10g3b. LOPIBHIOE CyMi norapudmiB MHOXHUKIB.

Mpuknapn 4. Bigomo, wo log,5=a, log,7=5. Bupasitb log, 700 uepes aib.

Po3B’A3aHHA KomeHTap

2 52 CnoyaTky nogamo umucno 700 sik fobyToK
> log, 700=1og2(7~5 2%)= cTeneHiB umcen 5 i 7 (3apaHux) Ta 2 (oc-
=log, 7+log, 52 +log, 2% = HOBM floraprdma), a NoTiM BUKOPUCTAEMO
B/IACTUBOCTI norapudmis Ta nigcTaBUMo
B OflepKaHWi Bupa3 3HauyeHHA log,5
=b+2a+2. i log,7.

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

3
. b
Mpuxknapg 5%. [ponorapudmyinTte 3a ocHoBot 10 BMpas a—.

2
C
Po3B'A3aHHA KomeHTap
ab® Ockinbkun norapmnédmm icHy0Tb TinbKn ans
» Armo ——> 0, To [JOJaTHYX YnCen, MU MOXeMo nponorapud-
5 MyBaTV 3aJaHUN BUPA3 TiNbKK Yy BUNAAKY,
ab 3 2 3
lg— =1g|ab |—lg|c |= ko 22> 0.
Cc 2
c
=1g(|a|~|b3 |)_1g|02|: 3 yMOBM He BUMAMBAE, WO B 3agaHOMy
5 BMpasi 3HauyeHHA a, b i ¢ popaTHi. Tomy
=lg|a|+1g|b |—21g|c|= 6ynemMo KopuCTyBaTMCA Y3arajbHeHu-

=1g|a|+31g|b|—2lg|c|. Mun dopmynamu norapudmysaHHa (2°-4"),
a TaKOX Ypaxyemo, Lo |ab3 |=|a|-|b3 |

[6°|=[6F, [e?[=lef"

Iaxonu moBomuThCA IIyKaTu BUpas, 3HaOuUu ioro Jsorapudm. Taky ome-
pamiio HasuBaIOTL NOMEHUII0BAHHAM.
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Mpuknapg 6. 3HangitTb x 3a Noro norapudmom:

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

Po3B'A3aHHA KomeHTap

1) » lgx=1g5h-21g3+3lg2; Kopuctytouncb popmynamm norapndmy-
BaHHA CrpaBa HasiBo, 3anMwemo npas.i
YaCTMHW 3adaHnX PIBHOCTEN Yy BUMMAAI
5.923 5.23 40 norapudma sKorocb Brpasy M.

lgx=I1g ;X —.
32 32 9 3 opepxaHoi pisHocTi log , x =log , M

oTpumyemo x =M.

lgx=1lg5-1g32 +1g23;

1
2) » log,x=—log, b+5log, c—log, p;
“ 2 “ “ aP (A 6yne nokasaHo B § 5, 3HaueHHA x,

LLIO 3aJOBOJIbHSAE PIBHICTb
log, x=1log, M, — ennnre)

1
log,x=1log, b2 +log, c® -log, p;

1 1
b2c® b2cd
log, x=log, ; X=
p

3ATNMUTAHHA

1. CdopmyioiiTe o3HaueHHA JorapudmMa IOJAaTHOTO Yucaa b 3a OCHOBOIO a
(a>0, a#l).

2. Skwuit jgorapudM HaA3UBAIOTh AECATKOBUM 1 SKUN — HaTypaabHuM?

Haseznites mpukaanu samucy i o0UMCIeHHS TaKHX Jorapudmis.

3. 3anuiriTs i oO6IPyHTYHITE OCHOBHY Jiorapu(dmiuny ToTOKHicTE. HaBemiTh
OpUKJIAAU 11 BUKOPUCTAHHSI.

4. 1) 3anwuirits popmynau jgorapudpmysBauua. Chopmyaioiite ix smict. Ha-
BEIiTh TMPUKJAAN BUKOPUCTAHHA IUX (HOPMYJI.
2%) O6rpyuTyiiTe popmyau JorapupMyBaHHSI.

5. 1) Bamurits ¢opMyay Iepexony Bif omHiel ocHOBU Jiorapudma A0 iHIIOI.
Hasenity nmpukaanzyu BUKOPUCTAHHA Iiel opMyJiu.
2%) O6rpyHutyiite Gopmysy mepexony Bif omHiei ocHOBM Jorapudma 0
igmmIoi.
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BMPABU
3.1° IlepeBipTe mpaBUJIbHICTH PiBHOCTI:
1) log,16=4; 3) log2i=—2; 5) log, 8=-3;
2
2) logy27=3; 4) log ;4=4; 6) log,,0,008=3.
3.2. O0yuciiTh: L
1°) log;25; 5) logy 9%) log,,, 5 (T-443);
2°) log, 64; 6°) log,1; 10%) log, , 5 (9+4v5).

3.3%

3.4.

3.5.

7
3°) 1og3%; 7% log, Y2¥2 ;
4°) logg 6 ; 8%) log, {747 ;

Kopucryiounchk o3HaueHHAM Jjorapudma, 3alulliTh PO3B’A3KU HAWIIPO-
CTillIMX TIOKA3HUKOBUX PiBHAHB:

1) 4=9; 3) 10 =11; 5) 0,2*=0,7;
1 x
2) (Z) =15; 4) 5% =19; 6) e*=3.
Kopucrytounch 0CHOBHOO JIOTAPU(PMiIUHOIO TOTOKHICTIO, CIIPOCTITH BUPA3:
1
log ; 6-2
2) 3loest; 4) 3,5'°%5'3; 6%) (l) R
3
IIposorapugmyiiTe Bupas 3a 3aJaHOI0 OCHOBOIO, AKI0 a>0, b>0, ¢>0:
12
2p3
1°) 10a3c* sa ocuosowo 10; 4) a 5 3a OCHOBOIO ¢;
[
0,1a%b°
2) a7 3a ocHoBoo 10; 5°) 9a7§/g 3a OCHOBOIO 3;
‘ 2
abp?

3°) azc\/b 34 OCHOBOIO €; 6) 34 OCHOBOIO 3.

1

c2
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3.6*%. IIpomorapudmyiiTe Bupas 3a ocuoBoio 10, aximmo ab>0 i c¢#0:
3 4
1) a®h°®; g) Yab 3) ——;  4) 100%abc? .

? T
(ab)s

3.7. Bigomo, mo logs;2=a, log;3=0>. Bupasirs uepes a i b:
1) log;15; 2) log;12; 3) log;30; 4) log;72.

3.8. 3HAUAITE X, AKIIO:
1) loggx=3logz2+0,5logs25—-2logg3;

2) lgx=é1g(5a)—21gb+5lgc;
2 1
3) 1gx=31gm+?lgn—glgp;
1) log3x=%10g38—210g320—310g32.

3.9. IlepetfigiTey v 3amamomy JiorapudMi J0 OCHOBU 3:

1) log, a; 4) logﬁa;
3

2) logga; 5) log,a.

3) log, a;

9

3.10*. O0uucCIiTL 3HAUEHHSA BUPA3Y:

+llog6 27

1) 610g\/§6 3

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

] 3+%log316
2) 3 %% ; 4) logy101glllog,,12log,,27.

3.11*, 3uaugiTo:
1) logg9, arxmo log,18=a;

2) loggy1lb, axmo log,;25=a.



§4. JIOTAPUDOMIYHA ®VHKLIA,

11 BIACTUBOCTI TA FPADIK

4.1. TPA®IK NOrAPUOMIYHOI ®OYHKLII
TA Ti BIACTUBOCTI S

O3HayeHHsA. JloeapugmiyHoto GyHKUYi€l0O Ha3MBaeTbCA (YHKUiA Buay
y=log,x, pe a>0, a#1.
1. Tpadik norapudpmiuHoi pyHKuUiT
OyHkuii y=a” i y=log,x (a>0, a#1) e B3aemHO 06epHEHMI GYHKLifMI, TOMY iX
rpadiky CUMeTPUYHI BIHOCHO NPAMOI Y = X.

y=log x, y=log x,
a>1 O<a<l1

2. BnactuBocTi norapudmivuHoi pyHKLiT

1. O6nacme gusHaueHHsa: x > 0. D(loga x) =(0;+ o)

2. O6bnacme 3HayeHo: y € R. E(loga x) =R
3. QyHKyisa Hi napHa, Hi HenapHa.
4. Touku nepemuHy 3 ocAMU KoopOuHam: 3 Biccio Oy , 3 Biccio Ox {

5. MpomixKU 3pOCMAHHSA i CNA0AHHS:
e npu a>1 ¢yHkuia y=log, x 3pocrac Ha BCiii 06nacTi BUIHaYEHHSA;
enpu 0<a<1 ¢yHkuia y=log, x cnapae Ha Bciil 06nacTi BUSHaYEHHA.

6. [IpomixKu 3Hakocmaaocmi:
eakwo a>1,70 y>0 npn x>1, y<0 npn O0<x<1;
esakwo O<a<1l,70 y>0 npn O0<x<1, y<O0 npn x>1.

7. Haiibinswozo i HatimeHWwoz2o 3Ha4eHb PYyHKUiA He MAE.

y:O,
x=1
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MOACHEHHA N OBI'PYHTYBAHHA

O3HauyeHHA. JlozapugmiyHolo ¢pyHKyielo Ha3mBaeTbcA ¢PYHKLUiA Buay
y=log,x, pe a>0, a#1.
ITokaxkemo, 1m0 A QYHKIiA € o0epHEHOW 10 QYHKIII y=a”.

* npu a>1 3poctae Ha MHOXVHI R,

Cnpasgi, nokasHukoBa dyHKuia f(x)=a
a npn 0<a<1 cnagae Ha MHoxuHi R. O6nacTio 3HaueHb QyHkUii f(x)=a”
€ NPOMIXOK (O;+oo). OTxe, AK Oyno nokasaHo B Nigpy4HuUKy ana 10 knacy, GyHk-
uia f(x) obopoTHa i Mae obepHeHy dyHKLi, 06NacTIo BU3HAUEHHS AKOI € NPO-
MoK (0;+c0) i 06nacTio 3HaueHb — MHOXMHa R. Haragaemo, wo ans 3anucy
popmynu obepHeHOT GyHKLi JOCTaTHBbO 3 piBHOCTI y =f(x) BUpa3nTK x yepes y
i B ofepxaHin dpopmyni ng(y) APryMeHT Mo3HauuTh yepes X, a QyHKLilo —
yepes y.

Tomi 3 piBHsAHHA y=a” (a>0, a#1) 3a 03HaYeHHAM florapudma OfepPKYEMO
dopmyny obepHeHoi dyHKUiT x=log,y, y AKil aprymeHT nosHauyeHo uepes y,
a OyHKUilo — vepe3 x. 3MiHIOUM NO3HAYeHHA Ha TpaauUilHi, oTpumyemo dop-
myny y=log,x — dopmyny pyHKUii, 0bepHeHOT Ao dyHKLiT y=a™.

Ax Bimomo, rpadikm B3aeMHO 00epHEHUX (ZYHKI[IM CHMETPUUYHI BiJHOCHO

npamol y=x. Omxe, rpadixk Qysrnii y=log,x (a>0, a#1) moxHa oxmep-
skatu 3 rpadika QyHKOII y=a® CcuUMeTPUUYHHM BiZOOpaKeHHAM BiJHOCHO
npamoi y=x. Ha pumc. 4.1.1 HaBemeHo rpadirkm Jorapupmivnmx QGYHKIIN

mag a>1 1 O<axl1.

Drpaq)m Jgorapudmiyaol QYyHKII] HaA3UBAIOTH J02APUPMILHOI0 KPUBOH.

Pnc.4.1.1
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BuactuBocri @ymENii y=log,x MoxHaA a00 BHBHAUNTHU 3 OJEP:KAHOIO
rpadika 1iei QyHKIii, abo o6r'pyHTYBaTH, CONPAIOUNCh HA BJIACTUBOCTI (DYHK-
oo X
mii y=a”.
. 3 BiANOBIZHUM OGrPYHTYBAaHHAM MOXHa O3HAaMOMWUTUCA, 3BEPHYBLUNCb A0 iHTEPHEeT-
U NigTPYMKM NigpyyYHUKa.

NPUKNAQWN PO3B'A3YBAHHA 3ABAHb

Mpuknapg 1. 3HanAaiTb 0651acTb BU3HaYeHHA YHKLUIT:

1) y=10g5(3—x); 2) yzlogl(x2+3); 3) y=10g7(x2—x).
3
Po3B’A3aHHA KomeHTap
1) » y=log5(3—x). Ockinbkn BUpas, WO CTOITb

nig 3Hakom norapudma, Mae
6yTN [OJATHUM, TO AN 3HAXO-
OKeHHa obnacTi BU3HayeHHA

O0sacThs BU3HAUYEHHS 3aJa€ThCA HEPiBHICTIO
3—x>0.3Bigcu x <3, To6TO D(y) = (—oo; 3).

2) » y=log, (xz +3), 3afaHoi OyHKUiT Tpeba 3Hai-
3 TW Ti 3HAYEHHA apryMeHTa Xx,

O6yiacTh BU3HAUEHHS 3aJa€ThCSA HEpPiBHIiCTIO npuv AKX BUPas3, WO CTOITb Nig
x2+3>0. 11a HEpiBHICTH BUKOHYETHCA ITPU BCiX 3Hakom norapuéma, byse fo-
IificEux sHaueHHAX x. OTxe, D(y) =R. AaTHVIM.

8) > y=log;(x*-x). Puc. 4.1.2
O6siacTh BU3HAUEHHA B3aJaeThbCd HePiBHIi-
crio x2—-x>0. Posp’sayoun I0 KBajpar- b /+
HY HepiBHicTb, omepkyemMo x<0 abo x>1 0 e i

(puc. 4.1.2). Orsxe, D(y)=(—c0;0)U(L;+).

Mpuknapg 2. 306pasitb cxeMaTUYHO rpadik GpyHKLii:
1) y=log,x; 2) y=log, x.
2
KomeHTap
O6nacTb BM3HAYEHHS D(y) oyHKUii y=log,x Taka: x>0, oTxe, rpadik Liei PyHKLT

3aBXXJW PO3TaoBaHUiA NpaBopyu Big oci Oy. Llei rpadik nepetuHae Bicb Ox y Touui x =1
(ockinbkm log,1=0).



§4.JlorapudmivHa dyHKLUifA, 1T BAACTUBOCTI Ta rpadik 51

Mpy a>1 norapudmiyHa GyHKLiA 3pocTae, oTxe, rpadikom dyHKLUi y =log , x byne nora-
pudmiyHa Kp1Ba, TOYKU AKOI MK 36iNblUEHHI aprymMmeHTa «nigHiMaTbCA Bropy».

Mpn 0<a<1 norapudmiynHa dyHKUiA cnajae, oTxe, rpadikom dyHKUii y =1log ; x Oyne

2
norapudmiyHa Kp1Ba, TOUKM AKOI NP 36iNblUEHHI aprymeHTa «OnycKaloTbCA BHU3Y.

o6 yTouHnTU noBegiHKy rpadikis 3agaHnx GyHKLiA, 3HANAEMO KOOPANHATU KilbKOX A0-
OAaTKOBUX TOYOK.

Po3B'si3aHHA

y
2//'/ 1124
1t 2

» y=logyx : :

|
—
\“g‘
—t
DO
I\
K
<
|
—
=)
—
DO

Y
« L 2 4
11 2
» y=log, x 5 ,
2 LISl e y 1 0o -1 -2
_2-

Mpuknap 3*. 306pasitb cxematnyHo rpadik GyHKuii y=1logs|x—2].

Po3B’A3aHHA KomeHTap
p ITocaimoBHO OyayemMo rpadikm: Cknagemo nnaH nocnifoBHOI NobynoBu
1) y=log,x rpadika 3afaHoi GyHKLIT 3a JONOMOroto
3 reomMeTPUYHMX NepeTBOPEHb.
Y

1) Mn moxemo nobypysatn rpadik dyHk-
/ it y=f(x)=log3x (ocHoBa nora-
pudma a=3>1, omxke, noraprupmiyHa

dyHKUiA 3pocTaE).
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2) Motim moxHa nobyaysatn rpadik
ynkuii y=g(x)=log|x|= (| x|)
(npaBopyu Bia oci Oy rpadik f(x) 3a-

Y o
nMwaeTbcA 6e3 3miHY, i LA cama YyacTrHa
rpadika cMMeTprUHO BifOOPaXKyeTbCA
BiAHOCHO oci Oy).

3) Micna uboro moxHa nobyaysBaTty rpa-
ik 3apgaHoi dyHKUiT y=log3|x—2|=
=g(x—2) napanenbHum nepeHeceH-

2) y=logs|x|

HAM rpadika GyHKUiT y=g(x) Y300BX

3) y=loga.|lx-2
)y g3| | oci Ox Ha 2 opuHWUi BNpaBgo.

KopoTkuii nnaH noGyaoBM LIYKAHOro

rpadika 3py4yHo 306pasuTn CxeMaTUyHO
y Takuin cnocioé:

2/3 x y=log;x - y=logs|x|>y=logs|x-2|.

D\

01

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

1) loggb>logsc; 2) loggsb>loggsec.
Po3B'A3aHHA KomeHTap
1) » Ockinbru QyHKIIiA Y KOXHOMY 3aBAaHHi 3afjaHi BUpa3n — Le 3HaueH-
y=logsx spocrarwua, To HA norapudmiuHoi GyHKUii y=log, x y Toukax b
U1 ZOfaTHUX umcen b i ¢ i c. BukopuctoByemo 3pocTaHHA abo cnafaHHA Bif-
3 HepiBHocTi loggb>logsc MoBIiAHOT GyHKLUil:
ozep:xyemMo b>c. 1) npu a=3>1 o¢yHkuia y=logsx e 3pocrato-
2) » Ockinbku QyHKIiA yoto, Tomy GiNbLIOMY 3HaUYeHHI0 QYHKLIT BignoBi-
y=log,;x cmagua, To [a€ Ginblue 3HaYEeHHA apryMeHTa;
IJIST JOLATHUX ymncea bic 2)npn a=0,3<1 PyHKuia y= logo,3 X € cnag-
3 HepiBHOCTI logo’3 b> 10g0,3 c Hoto, TOMy 6inblIOMy 3HaueHHIo yHKLiT Bianosi-

OmepxKyeEMO b<c. [a€ MeHLe 3HaYeHHA aprymeHTa.
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Mpuknap 5. MNopiBHANTE 3 OAUHKLEIO AOAATHE YMCIO a, 3Hatouu, wo log,6<0.

Po3B'A3aHHA KomeHTap

» Ockinsgm 6>1, a 3 ymoBH Yucna log, 6 i0 — Le aBa 3HaueHHA GyHKLIT
maemo, mo log,6<0=log,1 (ro6TO y=log, x. YpaxoBytloun 3anaHy HepiBHicCTb,

log, 6 <log, 1), ro pyuknia y=log,x = 3ACOBYEMO, AKOI € LA dYHKLiA — 3pOCTaio-
yoto abo cnagHoto, i 3rayemo, Lo BOHA 3po-

€ cnagHom, oT:ke, 0<a<l1. ;
ctae npu a>1 icnapaenpu O<a<1.

3ANMUTAHHA

1. CdoopmyaoiiTe o3HAUEHHA Jorapudmiumol QyHKIIii.

2. $x posramoBani rpadiku @ymruin y=a* i y=log,x (a>0, a=l)
BigHOCHO mpAmMoi y=x? BiamoBigp moscHiTh. IloOymyiiTe 3asHaueni
rpadiku gasa a>1 i O<a<l.

3. Kopucrymouncs rpadikom ¢ysrnii y=Ilog,x (a>0, a#1l), oxapaxre-
pusytitTe ii ByracTUBOCTI.

4. IlosicHiTh, AK, YpaxOBYIOUM 3POCTAaHHA a00 cHajJaHHS BiAIOBigHOI Jora-

pudmiunoi PYHKIIII, TOPiBHATH 3HAYEHH:

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

BMPABU

4.1.1. 3HaigiTe 00JIacTh BU3HAYEHHS (DYHKILi:
x|+5
1°) y=log,,(2x+6); 5) y=log, (2x2+1); 9% y=log3,1IxI—3;
8

2°) y=10g1(x—3); 6) yzlogn(x2+x+1); 10%) yzlogx(2x—x2);
6

2x -6
3) y=logﬁ(x2—1); ™) y=logo,——-; 119 y=log,, 4(5x-x2).
2
4) y=10g5,2<3x—x2); 8%) logﬁﬂ;

x—-3
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VY saBmanuax 4.1.2, 4.1.3 306pasiTh cxemaTuuHO rpadik 3amamoi pyHKITIL.

. 1°) y=loggx; 3°) y=logysx; 5) yzloglx;
6
2°) yzloglx; 4) y=log£x; 6) yzlogﬁx.
3
.1 yzlogz(—x); 4) y=log,x+3; ) y= log1(2x—4);
2
e
2) yzlogl(x—l); 5) y=-loggx; 8%) y=log4m;
4

3) y=log,(x+3); 6%) y=|log3|x : 9%) y=log,log,x.
. IlopiBHsATITe YyMCIa:

1) log,3,5 i log,4,5; 6) log ; 10 i log ; 20;

2 2
2) logy;1,3 i logy;1,1; 7) log,3 i 0
3) log,2 i log, 5; 8) 10,«;;7l i0;
5 5 8
4) logJ§2,3 i log\/§0,2; 9) logsz4 i 1;
5) log,5 i log,7; 10) 108’1% il.
4

. IlopiBHaAliTe momaTtHi umucaa 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 UKCJIO d, SAKIIIO:

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

2) loga%>0; 4) log,0,2<0.
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Tabnuua 7

(log, x) =——  (¥x) =—+

’ s 1 - -
(ax) =a”lna (Inx) :; xlna Y o1
(a>0,a —crana)  (x>0) (x>0,a>0, a#1,  (4a0Of3 npasoi
a — cTana) 4acTUHU Gopmyni)

(ex)’ =e”

MOACHEHHA N OBI'PYHTYBAHHA

IITo6 obrpyHTyBaTH (POpMYaUL NOXIOHUX NOKASHUKOB0L Ma J02apu@MmiiHoL
(yHKUiil, BUKOPHUCTAaEMO 0e3 MOBeJeHHsA BJIACTHBICTL (QYHKIII y=e* (BoHa
JTOBOIUTLCA B Kypci BHIOI MaTeMaTHKM'): moximHa QyHKIil y=e” mopiBHIOE
uii camiii pyHKIii y=e*, TOOTO

’
(e%) =e*.
» Akwo a>0, 3a 0OCHOBHOO NoraprdMiYHOI TOTOXHICTIO MAaEMO:

X
ax :elna :exlna-

Topi 3a NpaBUIOM 3HAXOLXKEHHA MOXiQHOI CKNageHoT GyHKLIT ofep>KyeMo:

(ax), = (exln“), =™ (y1na) =a* lna, To6T0 (ax), =a”*lna.

3a ofeprkaHo0 (hOPMYJIO MU MOYKEMO 3HANTU 3HAUEHHS ITOXiJHOI ITOKa3-
HUKOBOI (yHKIil nua Oynb-AKoro 3HaueHHA X. OTiKe, NOKA3HUK08A (PYHKUisA
Jugepenyiiiosna 6 KoxcHill mouyi obsacmi 6u3Ha4eHH s, a BigoBigHO, i Hene-
pepeHa 8 KOoX)CHill mouyi ceoei obaacmi 6usHavyenHs (TOOTO IpU BCixX mificHMX
3HAUEHHAX X).

» [nsanorapudmivyHoi pyHKLi cnoyaTky 3Haraemo noxigHy GyHkuii y =1nx, npuiima-
toun 6e3 goBefeHHsA iCHyBaHHA noxigHoi. O6bnacTb BU3HaueHHs uiei dyHKuii x>0,

10610 (0;+20). AKWo x>0, 33 OCHOBHOW JIOraPUPMIUHOI TOTOXKHICTIO MAEMO

'™ = x. Lin piBHICTb 03Hauae, 1o 3a ymoBn x>0 dyHKuii y=e™™ i y=x 36ira-

toTbcA (Ue opHa i Ta cama QyHKLiA, 3agaHa Ha MHOXUHI R, ), a oTxe, 36iratoTbca

* Haragmaemo, 1110 ¢ — ippamionaiabHe unciao, e=2,71828182... .
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IXHi noxigHi. BukopurctoBytoun ans niBoi YaCTUHW PIBHOCTI MPaBUIO 3HAXOLXKEHHA
noxifHOT cknafeHoi GyHKLii, ofepPKyeMO:

(eM*) =(x); e™*(Inx) =1, T06T0 x(Inx) =1. 3siacn (lnx),:l (ne x>0).
X

1 1 F (1 ! ,
Ockinbkn log, x=——=——Inx, 10 (log,=x) =(—1nx) =——(nx) =
Ina Ina Ina Ina
1 1 1

Ina x xIna

OTxe, (loga x)l =

(e x>0, a>0, a#1, a — crana).
xIna

’
dopmysa (x") =nx"" (zus. § 14 mizpyunuka nia 10 xiacy) 6yia 3saIpoIOHOBaHA
TITBKY [UIA IiJuX 3HaueHb n. JoBegemo, 1110 BOHA BUKOHYETHCS i MPU OYAb-IKUX
IifiCHUX 3HAUEeHHAX 7.

) AKwo n — poBinbHe Heuine uncno, To dyHKUis y=x" o3HauyeHa Tinbku npu x> 0.
Togi 33 OCHOBHOK NIOrapUPMIUHOID TOTOXHICTIO x” = ™% = ¢"I0%,
3a npaBunom obYMCIeHHA NOoXigHOI cknageHoT GpyHKLIT ofepKyemMo
(xm ), = (e"h‘x)/ =e"* (plnx) =x"n(nx) = x"n% =nx"1,
Orsxe, Hamzamai (GOPMYJIOIO (x"), =nx"! MokHa KopumeryBaTHCA IPH GYAb-AKUX
NiMICHUX 3HAUEHHAX 1 (HaragaeMo, Io B IIbOMY BUIIAIKY il MOHCHA 6UKOPUCMOB8YEAMU
MiNbKU NPU MUX 3HAYEHHAX X, NPU AKUX BU3HAYEHA Il nPA6a 1ACMUHA).

. 3 06rpyHTyBaHHAM dopMyny moxigHoi ¢yHkuii y=~¥x Ta npuknagamu poss’Asy-
BaHHA GiNbll CKNafgHVX 3aBAaHb i3 BUKOPUCTAHHAM MOXiAHWX MOXKHa O3HANOMUTUCH,
3BEPHYBLWNCb [0 IHTEPHET-NIATPUMKN MigpyYHUKA.

NMPUKNTAON PO3B'A3YBAHHA 3ABAHb

Mpuknapg 1. 3Hangite noxigHy GyHKUiT:

X

1) f(x)=s1n2x+eE; 2) flx)= Inx

cos3x
Po3B’A3aHHA KomeHTap

x MocnigoBHO BU3HAYA€EMO, Bifl AKOro

’ , ﬁ ’
1y Flx)= (s'mz x+e? ) = (sin%x) +(e 2 ) = BUpa3y 6epeTbca noxiaHa (OpieHTy-
I0UMCb Ha pe3ynbTaT OCTaHHbOI Ail).
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’

X
=2sinx(sinx), +e? (%) =

x
1 -
:2sinxcosx+5e2 =sin2x+
, Inx ’
2) » f'x)= =
cos3x

_ (Inx) cos3x —(cos3x) Inx _

(cosSx)2

1 ,
—cos3x—(-sin3x)(3x) Inx

= x =
2
cos” 3x
_ cos3x+3xsin3dx Inx
xcos® 3x

Y 3aBAaHHi 1 cnoyaTky 3HaxXO4MMO
NoxigHy Cymu: w+v) =w' +v.
[MoTim Ans KOXHOro 3 AojaHKiB
BUKOPUCTOBYEMO GOpMyny noxia-
HOI cknapeHoi GYHKUIT: 3Haxoan-
MO noxigHi u? 1a e* i MHOXMMO
Ha u’. OpgepxaHuii pesynbrat Ha-
XaHo cnpocTutn 3a dopmynoto
2sinxcosx =sin2x.

Y 3aBAaHHi 2 cnoyaTky 3HaXoAMMO

’
. u uv'v-v'u

MOXiAHy YacTkn: | — | =———,

v v
a Ans noxigHOT 3HAMEHHWKa BWU-
KopuctoByeMo dopmyny noxigHoi
cKnageHoi GpyHKLiT: 3Haxoanmo no-
XigHY COSU i MHOXMMO Ha u’.

Mpuknaa 2. 3anuwiTe PIBHAHHA AOTWMYHOI A0 rpadika OyHKUii y=xe® y Tou-

ui xg=1.
Po3B'A3aHHA

» Armo f(x)=xe”,
TO f(x0)=f(1)=€;

’
f'(x)=x"e* +(ex) x=e"+xe”.

Toxi f’(xo) =f'(1)=2e. Mincrasus-
OYM IIi BHAUYEHHS B PiBHAHHA JOTUY-

HOI y=f(x0)+f’(x0)(x—x0) , oflep-

JKYEMO: y:e+2e(x—1).

Ot:xke, y=2ex—e — IIyKaHe piB-

HAHHSA TOTUYHOI.

3ATMNTAHHA

KomeHTap

PiBHAHHA poOTMYHOT fJO rpadika PyHKUIT
y=f(x) y Touui 3 abcumcoio X Y 3aranbHo-
My BUMNALI 3aMMUCYETbCA TaK:

y=1(x0)+7"(x0)(x—2).
o6 3anucaty ue piBHAHHA ANs 3a4aHoI
byHKUiT, NoTpibHO 3HaNTK f(xo), noxigHy
f'(x) i 3HaueHHn f’(xo). [na BUKOHaHHSA
BiANOBIgHMX 06UYMCIEHb 3PYYHO MO3HAYUTK
3apaHy QyHKUilo yepes f(x), a ana 3Haxo-
IXeHHA 11 noxigHoi Bukopuctatn dopmyny
noxigHoi o6y TKy (uv), =u'v+v’u.

1. 3Banwunrite QopMyJau OJs 3HAXOMKEHHS MOXiTHWX MOKAa3HMKOBOI i Jio-

rapudmivaol PyHKITi.
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BIMPABU
Y saBmamHax 4.2.1, 4.2.2 snaigite noxigHy (QyHKIi.
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;
2) y=1%, 4) y=xlog,x
X
4.2.3. Posp’ssits mepiBaicts f’(x)>0, axuo:
19 flx)=e* —x; 3) flx)=xInx;
2°) f(x)=2x—Inx; 4) f(x)=(1-x)e?*.
4.2.4. 3HAUOITL 3HAUEHHS X, IIPW SKUX SHAUEHHsS HOXimgHol (GyHKIIil f(x):
a) mopiBHIOE HYJI0; 0) JOmATHe; B) Big'eMHe, SKIIO:
1) f(x)=x%lnx; 3) flx)= lnx
2) f(x)=x®-3lnx; 4) f(x)zx/zlnx.
4.2.5. BanumitTe piBHAHHA AOTHYHOI 10 rpadika dymkmii y=f(x) y roumi

4.2.6.

4.2.7%

4.2.8%

4.2.9.

3 abCIUCOI0 X, AKIIO:
x

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

oo|;| *"|;‘

2) flx)=tg2x, Xo= 4) f(x)=lnx—x, xo=1.

SHaiiniTe abcnucu X, TO4YOK rpadika GyHKIii y=1 (x), v axux mormy-
Ha [0 HBOTO YTBOPIOE KYT ( 3 NOJATHUM HAIPAMKOM oci Ox, SIKIIO:
1) f(x)=sin2x, ¢=0° 3) flx)=e*, ¢=135°.

2) f(x)=In2x, @=45°

BHafAiTe piBHAHHS noTwuHOi mo rpadika GyHrmii f(x)=e**, axmo

JOTWYHA TapajiebHa IpAMiil y=95x—8.

3HaAWOITh PiBHAHHA DOTUYHOI A0 rpadika (pyHKIil f(x)=e?’x72, AKIIO

IOTWYHA IapajieJbHa npaminn y=3x+17.

3HaligiTh HAWOiJbIle 1 HaliMeHINle 3HAYEHHS 3amaHol (GyHKIII Ha BKa-
3aHOMY BiZpisky:

1) flx)=x+e", [—1; 2]; 2) flx)= In(2x)-6x2+11x, [%, 2:|.



Tabnuua 8
1. OCHOBHi O3HAaYeHHA Ta CNiBBigHOLWEHHA
O3HauyeHHA. Jloeapud- Mpadik dyHkuii y=1log, x
mom 0odamHo20 d4uc- (a>0, a#1)
na b 3a ocHoeow a (a>0,
a>1 O<ac<l

a#1) HasuBaeTbca no-

Ka3HUK CTeneHs, A0 AKO- y y
ro tpe6a nigHectu a, wWo6
opepxartm b. /—
log,b=c & b=af 0/1 x
3pocTae cnajae

2. Po3B’AA3yBaHHA HaMnpocTiwWnMx norapupmiyHNX piBHAHb

OpieHTnp Mpuknag,
Akwo a — uncno (a>0i a#1) 10 log3(x—1)=2.
log,f(x)=c & flx)=a° » x—1=3% x=10.
(BUKOPUCMOBYEMO 03HAYEHHS 7102apUPHMA) Bidnosiow: 10.

3. BukopuctaHHA piBHAHb-HacNigKiB
OpieHTnp Mpwnknag,

AKLWO 3 MpUMyLLeHHs, Wo nep- log, (x+2)=2.

1lla PIBHICTb NPaBWNBHA, BNV 1) 35 o3pauennam norapudma ofepKyemo:
BAE MPaBUNbHICTb KOXHOI Ha- )
CTYMNHOI, TO rapaHTOBaHO ofep- X+2=x
XKYEMO PIBHAHHA-HACNIAKN. x;=-1, x5=2.

;x2—x-2=0;



60

PO3IJ1 1. MokasHmkoBa Ta norapmdmivHa PyHKLIT

Mpu sukopucmanHi Hacniokie | lNepesipka. x =—1 — CTOPOHHI KOPiHb (B OCHOBI NO-
He 8i06ysaembcs empamu Ko- | rapudma ofep>KyeEMO Bif'EMHe YMCo);

peHis N0Yamko8020 pieHﬁHH;?, x=2 — kopitb (log, (2+2)=2, log,4=2, 2=2).
asie MOXJ/1u8a NOABA CMOPOHHIX

KopeHis. ToMmy nepeBipKka ogep- | Bidnosgios: 2.
>KaHVX KOPEeHIB NiACTaHOBKO

B NMOYATKOBE PIiBHAHHA € CKNa-

JOBOI0 YaCTMHOI pPO3B'A3Y-

BaHHA.

4. PiBHOCMNIbHI NepeTBOpPEeHHA norapnpmiyHnx piBHAHb
3amiHa 3MiHHNX
OpieHTnp Mpnknag

Akwo y PIBHAHHA (H.epIBHICTb lgg x-2lgx—3=0.
ab0 TOTOXHICTb) 3MiHHa BXO-

AVTb B OAHOMY 1 TOMY camomy | P BuKoHaemo 3amiHy:

BUrNAZI, TO 3py4YHO BiAMNoOBIA- lgx=t: +2_9_3-0-¢t =—1 t =3.
HUI BUpa3 3i 3MiHHOIO MO3Ha- ' $ 12
unTK ofHieo 6ykBoK (HOBOW | OTxe, lIgx=—1 abo lgx=3.

3MiHHOI0). )
Toni x=10""=0,1 a6o x=10° =1000.
Bionosios: 0,1; 1000.
PiBHAAHHA BuAy logaf(x)zlogag(x) (a>0ia=#l)
OpieHTup Mpuknag
log, f(x)=1log, g(x) = log, (x? —2)=log (4x —5).
= 2
Fx)=g(x), o ¥ -2>0,
o1 f(x)>0, on3 4x-5>0.
g(x)>0 Ha uin O[13 3apaHe piBHAHHA PiIBHOCUIIbHE PIBHAHHAM

(ypaxosyemo O3 i npupigHtoe- x?-2=4x-5; x> -4x+3=0; x;=1, x,=38.
MO 8UPaA3sU, AKi cCmMosams nio 3Ha-

Kamu nozapudmie). x =1 — CTOPOHHIli KOPiHb

(He 3apoBonbHaEe ymosu O13);
x =3 — KOpiHb (3agoBosnbHse ymosu OL13).

Bionosioe: 3.
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PiBHOCMIbHIi NepeTBOPEHHSA PiBHAHDb B iHWIMX BUNagKax
OpieHTnp Mpuknag,

1) Ypaxosyemo OA13 3anaHo- log, (x+1)=3-1log, (x+3).
ro piBHAHHA (i yHUKaemo
nepemeopeHb, AKi Npu3go- | ) 0ﬂ3;{
0amb 00 38yxeHHs O/3).

x+1>0,

x+3>0.

2) Crexumo 3a TM, 106 Ha Ha uin O[13 3apaHe piBHAHHA PIBHOCUIIbHE PIBHAHHAM
003 KoxHe nepersopen- 1085 (x+1)+log,(x+3)=3; log, ((x+1)(x+3))=3;
HA MoxHa 6yno Buko- (x+1)(x+3)=2% x%+4x-5=0; x,=1, x,=-5.
HaTU AK y MPAMOMY, TaK
i y 3BOPOTHOMY Hanpsam-
Kax 3i 36epexXeHHAM npa-
BUIbHOCTi PiBHOCTI.

x =1 — KopiHb (3agoBonbHsE ymoBu O13);
X =—5 — CTOPOHHiIi1 KOPiHb

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

MOACHEHHA N OBI'PYHTYBAHHA

Haiinpocmiwium Jn02apumivHum pPi6HAHHAM 3a3BUYAll BBAYKAIOTH PiB-
HAHHA

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

Jlorapudmiuna (GyHKIisg 3pocrae (abo crmazae) Ha Bciii o0sacTi BU3HAUEH-
Hs, ToOTO TIpu X >0 (muB. rpadiku B m. 1 Tabs. 8), i TOMy KOMKHOI'O CBOTO
3HAUEeHHsA HaOyBa€ TiJIbKU IPU OAHOMY 3HAUEHHi apryMeHTa. ¥pPaxoBYIOUHU, IO
Jgorapudmiuna GpyHKIis HaOyBae BCix AifiCHMX 3HAUeHb, PiBHAHHS

log, x=c (€Y)

3aBKAU Ma€ €IWHUN KOPiHb, AKWI MOKHA BU3HAUUTH, CKOPHCTABIINCHL O3HA-
YeHHAM Jorapu@ma:

SIKINO pOSIJIAHEMO DiBHAHHS
log,f(x)=c 2

i BuKoOHaeMo saminy aminnoi f(x)=¢, To omep:kuMoO Haiinpocrime sorapudmi-
He piBHAHHSA log,t=c, AKe Mae eauHUI KOPiHb ¢ =a‘. Bukonyoun oGepHeHy
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3aMiHy, OIEpPsKyeEMO, IO PO3B’sI3KU pPiBHAHHA (2) 30iraloThCcsa 3 PO3B’A3KaMU
PiBHAHHSA
flx)=a®. ®)

Omxe, piBHAHHA (2) i (3) € piBHOcHIbHUMU. ¥ TaKuiél cmocid mMu 06-
I'PYHTYBaJU, 110 018 PiBHOCUNLHOZ0 NEPemE0PeHHS HAUNPocmiulozo iozapug-
MiuHo20 pienannsa (1) abo piBHAHHA (2) (AKe Mu TeX OyAeMO BiTHOCUTH [0
HAWIIPOCTIININX 3a YMOBHU, II[0 OCHOBA 4 € YUCJIOM) JOCMAmMHb0 8UKOPUCMAMU
03HAYeHHS J02apupma.

KopoTko e MoskHaA 3ammcaTu Tak: logaf(x)zc o flx)=af.

Haragaemo, 1110 BCci piBHOCHJIBHI IIepPEeTBOPEHHSA PIBHAHHSA BUKOHYIOTLCS
Ha #oro OII3. IIunsa piBuamus (2) O3 sazaersca ymoBoro f(x)>0. IIaa Bcix
KOpeHiB piBHAHHA (3) I yMOBa BUKOHYETHCS aBTOMATHUUYHO (Uepes3 Te II0
a>0). Tomy Oasa Haiinpocmiwux aozapu@mivnux pieéHanb OL3 moxHa He
3anucyseamu (OCKiIbKM BOHA BPaxXOBYETHCA aBTOMATUYHO TPHW IIEPEXOAi Bif
piBEAHHA (2) o piBHAHHA (3)).

Hanpurinan, piBHAHHA 10g5(2x—3)=2 piBHOCUJIbHE PiBHAHHIO 2x—3=5%,
KOpiHb AKOro x=14 i € KopeHeM 3aJaHOTO PiBHIHHSA. AHAJOTIYHO 3aIMCaHO
I posB’A3aHHA Hadmnpoctimoro piBHAHHA logg (x-1)=2 B Tabm1. 8.

YV npoueci posg’asyeannsa pi6HAHHA 20/106He — He 3az2ybumu 1020 KOpeHi,
TOMY Ba’KJUBO CTEKUTH 3a TUM, 1100 KOKE€H KOPiHb MEepIIOoro PiBHAHHSA
3aJIUIITABCS KOPEeHeM HACTYIIHOI'0O — V IIbOMY BUMNAAKY OHEP:KYEMO PiB-
HAHHA-HACTiIKU.

Haragaemo, 110 KOXXHUI KOPiHBb 3aJaHOTO PiBHAHHA IEPEeTBOPIOE HOro Ha
IIPaBUJIbHY UMCJOBY PiBHicTh. BukopucToByloun O3HaUeHHA KOPeHs PiBHAHHI,
MOKHa OOI'DYHTYBATH TaKWU OPIEHTHP: AKWO 3 NPUNYU,eHHS NPO NPABULL-
Hicmb nepuLoi pieHOCMi BUNAUBAE NPABULLHICMb KONCHOI HACMYNHOL, MU 00ep-
HCYEMO DiBHAHHA-HACAIOKU (OCKIIBKY KOMKHUI KOPiHb IIEPIIOro PiBHAHHA Oyae
KOpeHeM HAaCTYITHOro piBHAHHA). Haragaemo, 1110 Ipyu BUKOPUCTAHHI HACiOKiB
He Bifm0yBaeThCA BTPATU KOPEHIiB IIOYATKOBOTO PiBHAHHSA, ajie MOYKJIMBA MOABa
CTOPOHHIX KOPEHiB.

Tomy nepesipka 00epianHux KopeHié nidcmaHo8KO0W0 8 NoYamKose Pi6HsH-
HA € CKAa008010 LACMUHOI0 DO3E'A3YEAHHA NPU BUKOPUCMAHHI PiBHAHD-
Hacnidxkie.

IIpuknan posB’aA3yBaHHA JIOrapuU(PMiUYHOTO PIBHAHHS 3a JOIIOMOTOIO PiB-
HAHBb-HACJIAKIB Ta 0(pOopMJIEHHS TAKOT'0 PO3B’sI3aHHSA HaBeIeHO B II. 3 Tabi. 8.
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OpHuM i3 ¥acTO BHKOPHMCTOBYBAHHX PIBHOCHUJIbHUX ME€PETBOPEHDb PiBHIHD
€ 3aMiHa 3MiHHOI.

Haramgaemo sarajibHUII OpPi€HTHP, AKOrO0 MU AOTPUMYBAJUCA MiL dYac
posB’a3yBauHA piBHAHL y 10 Kiaci: sxwo 0o pienannsa (HepiBHOcTi abo To-
TOYKHOCTI) 3MiHHa 6x00umb 6 00HOMY U MOMY camomy 6uznsdi, mo 3pPYYHO
6i0no6i0HUllL 8upas 3i 3MIHHOI NO3Ha4yumu o0Hiel OYKE010 (HOB0I10 3MIHHOIO).

Hanpuknan, mo0 piBHAHHSA lgzx—Zlgx—Szo 3MiHHA BXOAUTDH TiJbKU
y Buriaani lgx, Tomy Oyd pO3B’sA3yBaHHSA IIHOTO PIBHAHHS OOIiJBHO BUKO-
puctatu 3aminy lgx=t, omep:KaTu KBaJgpaTHE PiBHAHHS t2-2t-3=0, sKe
Mae KopeHi t;=-1 i ¢,=3, a moTiMm BuUKOHaTu oOepHeHy 3aMiHy # onep:xa-
T Haumpocrimi gorapudmiuni piBusamHS lgx=-1 i lgx=3. Toxi sa osHa-
YeHHAM Jorapu@dma BU3HAUMMO KOPEHi 3aJaHOro PiBHIHHSI: x=10"1=0,1
i x=10%=1000.

VpaxoByioun, 1110 3aMiHa 3MiHHOI (pa3oM 3 00EPHEHOIO0 3aMiHOI0) € PiBHO-
CUJIBHUM II€PETBOPEHHAM DPIiBHAHHA HA OyAb-AKill MHOMKWHIi, AJIA BUKOHAHHSA
damMiHu He 000B’s13K0BO sHaxomuTu OJ[3 3amaHoro piBHAHHA. A Tic/igd BUKO-
HaHHs 00epHeHOol 3aMiHM MU ofep:Kaju HalmpocTimi jJorapudmiuni piBHAHHS,
o axux (ax Oysno mokasano Buie) O3 ypaxoByeTbesa aBromatumuHo. OTike,
y HaBeZeHomy pos3B’asanui O3 3agaHOro piBHAHHS BpaxoBaHa aBTOMATUYHO,
i Tomy O/I3 Mo:KHa He 3amucyBaTH OO0 po3B’ssaHHsda. Came Tak i odopmyeHo
PO3B’sAI3aHHA IILOTO PiBHAHHA B 1. 4 Tabiu. 8.

.\ 3 MNOACHEHHAM i O6rpyHTYBaHHAM iHWWX NPUKNAAiB PiBHOCUIbHUX MepeTBOPEeHb
U norapudmiyHMx piBHAHb, HaBefeHuX y M. 4 Tabn. 8, MOXHa O3HaNOMUTUCH, 3Bep-
HYBLUIWCb [0 iHTePHeT-NIATPUMKN Nigpy4YHUKa.

Bukonyouy piBHOCHIIBHI IepeTBOPEHHA JOrapu(MiuHUX PiBHAHB y OiabII
CKJIQTHUX BHIIATKAX, MOYKHA HOTPUMYBaTUCSA OPi€HTHUPA, AKUI 6yJI0 HaBeIEeHO
B 2.1 migpyunuka gasa 10 kiaacy:

1. Ypaxosyemo O3 3a0an020 pi6HAHHA.

2. Cmexcumo 3a mum, woo Ha OJ]I3 KoxicHe nepemeopeHHs MONHA O0YJL0
BUKOHAMU AK Y NPAMOMY, MAK i Y 360POMHOMY HANPAMKAX 3i 30epercenHaM
npasuabHOCMi pieHOCMI.

Hampuxaan, poss’sikemMo piBHAHHSA

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

3a JOTIOMOTOI0 PiBHOCUJIBHUX II€PETBOPEHD.
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x+1>0,
x+3>0,
a TOTiM, BUKOHYIOUU KOYKHe IIeDeTBODEHHs DiBHSAHHSA, CTEXKUTU 3a TUM, YU
mokHa Ha O[3 BMKOHATH Iie IIePEeTBOPEHHA I Y 3BOPOTHOMY HampAMKY. Ko
BIATIOBiAb CTBepAHA, TO BUKOHAHI IMepPeTBOPEHHA PiBHOCUJIBLHI. SIKIIMO K sAKech
IIePeTBOPEHHA AJA BCixX 3HaueHb 3MiHHOI 3 O/I3 MoKHA BUKOHATU TiJIBKH
B OJHOMY HANPAMKY (BiJ HOYaTKOBOrO PiBHAHHS [0 HACTYIIHOI'O), a AJIA Ii0T0
BUKOHAHHSA y 3BOPOTHOMY HAIPAMKY MHOTPiOHI dAKich mOZaTKOBI oOMe)KeHH,
TO MU OJEP:KMMO TiJIbKM PiBHAHHA-HACIIIOK, i OTpMMAaHi KOpeHi moBemeThCA
TIepPeBipATH TiICTAHOBKOIO B 3aJjlaHe PiBHAHHA.

3acTocyeMO 3a3HAUEHUH OPiEHTUD M0 PO3B’sI3yBaHHA PiBHAHHS (4).

IITo6 3BecTu 16 PiBHAHHA 0 HAWIIPOCTIIIIOT0, TEepPeHeceMo BCi YJjeHU
PiBHAHHSA, AKi MicTATH Jiorapu@Mi, B Horo JiBy uacTuHy. Omep:KMMO PiBHO-
cuJbHe PiBHAHHSA

Huns mporo mocratHbo BpaxyBatm Oll3 samamHoro piBHAHHA {

log, (x+1)+log,(x+8)=3. (5)

(PiBHOCUIBHiCTE piBHAHD (4) i () BUMIMBaE 3 BijoMOi TeopeMu: AKIIO 3 oxHiel
YaCTUHU PiBHAHHA IMEPEHECTHW B iHITY MOJAHKU i3 TPOTUJIEKHUM 3HAKOM, TO
OJIePsKMMO PiBHSHHS, PiBHOCHJIbHE 3aJaHOMY Ha OyAb-aKiii MHOKHHi. PiBHO-
CUJIBHICTh IMX PIiBHAHBL BUIIJIMBAE TAKOXK i3 TOrO, IO MM MOYKEMO HEpPenTH
He TinbKU Binx piBHOCTI (4) mo piBHOCTI (5), a I BUKOHATU 3BOPOTHE IIEPETBO-
PEeHHA, KOPUCTYIOUNCH BJIACTUBOCTSAMU YWCJIOBUX PiBHOCTE.)

VYpaxoByioumu, mo cyma Jjorapudmis goxmatraux (Ha Oll3) umces mopiBHIOE
Jorapudmy HOOYTKY, OJEeP:KYEMO PiBHSAHHS

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

Ha OJI3 samamoro piBHAHHA MOKHA BUKOHATH i 3BOPOTHE II€PETBOPEH-
Ha: ockimbku x+1>0 i x+3>0, To jorapudm mOOYTKY IOJATHUX UMCEJ
nIopiBHIOE cyMmi jorapudmiB MHOKHUKiIB. OTiKe, Bix piBHOCTi (6) MOKHa IIO-
BepHyTHCA 10 piBHOCTI (5), TOOTO Ie¥l Iepexi TeX IPUBOJUTH IO PiBHOCUJIB-
HOrO piBHAHHA. PiBHAHHA (6) — Ie Halimpocrimie JiorapudMiuHe pPiBHAHHSI.
Bono piBHOCHUJIBbHE PiBHAHHIO, AK€ OTPHUMYEMO 3a O3HAUEHHAM Jorapudma:
(x+1)(x+3)=2%. Buxonywoun PiBHOCUJIbHI IIepPEeTBOPEHHS OIepPsKaHOro piB-
HAHHA, MacMoO: x2+4x—5=0; x;=1, x4=-5.

OckinbKu Bci piBHOCHJ/IBbHI mepeTBOpeHHA BuKoHyBaJuca Ha O[3 samaHoro
piBHAHHSA, ypaxXxyeMo ii, migcTaBasgioun omep:KaHi KopeHi B oome:kenua OJ13:

e x=1 — KopiHb, OCKiNBLKY 3am0BoabHsAE yMOBU OI13;
e x=-5 He € KOpeHeM (CTOPOHHiI KOPiHb), TOMY III0 He 3a70BoJbHAe yMoBu OJ13.

Or:xe, 3a7jaHe PiBHAHHSA MAae€ TiJIbKU OOUH KOpiHb x=1.
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3BUYAHO, POBIJVIAHYTE PIiBHAHHA MOMKHA OYyJIO PO3B’sA3aTU 3 BUKOPUCTAHHAM
piBHAHB-HACHiIAKiB, 0e3 ABHoOrTo BpaxyBaHHA O3, ajme 3 mepeBipKoO oAep:KaHUX
PO3B’A3KiB IIiICTAHOBKOIO B TIOUaTKOBe pPiBHAHHA. OTiKe, MOYKHA CaMOCTiITHO 00upaTu
IIJIAX PO3B’A3yBaHHA PiBHAHHA: abo Ie OyJe BUKOPUCTAHHA PiBHAHBL-HACJIiIKiB,
a00 piBHOCUJILHI IIepeTBOPEHHSA 3aJaHOTO PiBHAHHA. AJie Ijda 0araThboX pPiBHIHB
MePeBipKy OMlep:KaHUX KOPEHIB BUKOHATU JOCUTH HEIPOCTO, a IJisd HepiBHOCTEH
B3araJii He MOYKHA KOpPUCTyBaTucA Hacaigkamu. Ile 1oB’A3aH0 3 TUM, 1[0 HE BAAETHCA
IepeBipuTH BCIO MHOYKMHY PO3B’A3KiB HepiBHOCTEe#, OCKiIbKM BOHA, AK IIPABUJIO,
HeckinuenHa. OT:Ke, I HePiBHOCTEHN TOBOAUTHCA BUKOHYBATH TiJIBKY PiBHOCHJIbHI
TIepPeTBOPEeHHS (IJ14 I[bOT0 MOKHA BUKOPUCTOBYBATU OPi€HTUPHU, IIOBHICTIO aHAJIOTIUHL

HaBeJIeHUM BUIIIE).

NPUKNAON PO3B'A3YBAHHA 3AB1AHb

Mpuknap 1. Po3B'AXiTb PiBHAHHA

lg(x—2)—%lg(3x—6)=lg2. 1)

Po3B'sAi3aHHA
» 2lg(x—2)-1g(3x-6)=21g2;(2)
1g(x—2)* —1g(3x—6)=1g2% (3)

(x—2)2
lgT_Gz=1g4; @)
(x-2)
sx6 ©)
(x-2)°=4(3x—6);  (6)
x%-16x+28=0; (7)
x;=2, xy=14.
Ilepesipka. Xx=2 — CTOPOHHIN

KopiHb (mim sHakom Jorapudma
otpumyenmo 0),

x=14 — KopiHb, OCKiJIbBKM MA€EMO:

1g(14—2)—%1g(3-14—6)=1g2;

KomeHTap

Po3B’seMo 3afaHe PiBHSAHHSA 3a JOMOMOroo
Hacnigkis. Haragaemo, o niod yac sukopucmad-
HA HAC/IOKi8 20/108He — 2apaHMysamu, wo
y 8UNAOKY, KOJIU nepuid pigHicme 6yoe npagusib-
Hoto, i HacmynHi mex 6y0yms npasusibHUMU.

o6 no3byTnca gpobosoro koedilieHTa, no-
MHOXWMO 06UABI YaCTUHU PiBHAHHA (1) Ha 2
(AKwWwo piBHicTb (1) MpaBWIbHa, TO 1 PIBHICTDb (2)
TeX npasubHa). AKLWo piBHOCTI (1) abo (2) npa-
BUJIbHI (NPW TUX 3HAUEHHAX X, WO € KOPEHs-
MU UMX PiBHAHD), TO MPW TaKUX 3HAYEHHSIX X
icHytOTb yci 3anucaHi norapudmu, Toai Brpasu
x—2 i 3x—6 popatHi. Ane gna gogaTtHUX a,
b, ¢ MOXHa ckopucTaTrca dopmynamm

2lga=1ga? 1gb—1gc=1g2,
C

oTKe, PiBHOCTI (3) i (4) Texx 6ynyTb NpaBub-
HUMK. YpaxoByioun, Wwo ¢yHKUia y=1gt
3pocTaloya, TO6TO KOXKHOrO CBOrO 3HaYeHHA
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1g12—%1g36=1g2;
1g12-1g+/36 =1g2;
12
lg—=1g2;
g 8 g

lg2=1g2.
Biodnosidv: 14.

PO3[IJ1 1. MokasHmKkoBa Ta norapudmivHa QyHKLIT

HabyBa€ TiNbKM MNPy OQHOMY 3HAYeHHi apry-
MEHTa, 3 PiBHOCTI norapudmis (4) ogepxyemo
PiBHICTb BigNoOBIAHNX apryMeHTiB (5).

AKLWO piBHICTb (5) NpaBubHA, TO 3HAMEHHMK
ApoOy BigMiHHWIA Bif HynA, i NicnA MHOXeH-
HA 060X Ti yacTuH Ha 3x —6#0 opepxyemo
NpPaBWbHY PIBHICTb (6) (O0TXe, i NpaBUSIbHY
piBHICTb (7)). OCKinbKM MU KOopUCTyBanuca
PiBHAHHAMM-HACigKaMn, HEOOXiAHO BUKOHATN
nepeBipKy 3HaMAEHNX KOPEHIB.

Mpuknapg 2. Po3B'sXiTb pPiBHAHHA log3(3x —8)=2—x.

Po3B’si3aHHA

3 3 -8=38%";
32
3x—8:3—x.
Buronaemo 3aminy 3¥ =t¢.
9
Onepsxumo: t—8=7;
t>-8t-9=0;
tl :9, t2:_1.

BukonasIu o6epHeHy 3aMiHy, OTPUMAaEMO:
3*=9, roni x=2,
abo 83 =—1 — kopeHiB HeMmae.

Biodnosidv: 2.

3ATNMNTAHHA

KomeHTap

AKLLIO pO3rNAHYTY 3aiaHe PiBHAHHA fAK
HamnpocTile forapudmivuHe, TO MOXKHa
CTBEPAXKYBATH, L0 3@ O3HAYEHHAM J10-
rapvdma BOHO PiBHOCUSIbHE PiBHAHHIO
3% —8=3%"". Ak yxe 6yno 3a3Haue-
HO paHiwe, Of13 3agaHOro piBHAHHA
2) 8% —8>0 pna BCix KOPeHiB PiBHAH-

HA (1) ypaxoBYeETbCA aBTOMaTUYHO,
3) ockinbkn 327% >0 3aBXAau. [ani pos-
B'A3YeEMO piBHAHHA (1) 3a cxemolo, Ha-
BefEeHOI0 B Tabs. 3 AN NOKa3HUKOBUX
PiBHAHb.

1)

Ockinbkn t=8>0, To t#0, i To-
My PiBHAHHA (2) piBHOCWUNbHE piB-
HAHHIO (3).

1. ITosicHiTh, Ha HpPHKJAJAX, AK MOXKHA PO3B’A3yBAaTH HANMIPOCTIIIi Jiora-
pudmivuHi PiBHAHHSA, KOPUCTYIOUNCH O3HAUEHHAM Joraprdma.

2. TloscuiTh, AK MoskHa posB’smzaru piBHaAHHA logs(x—2)=log; (x2-2):
a) 3a JOIOMOrOI0 PiBHAHb-HACJIIKiB;
0) 3a [IOIIOMOTOI0 PiBHOCUJIBLHUX II€PETBOPEHD.
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3. IlosAcHiTh Ha TPUKJIaAi BUKOPUCTAHHA 3aMiHM 3MiHHUX TiJ yac po3B’d-
3yBaHHA Jorapu(pMiuHMX PiBHAHL. ¥ AKWUX BUNAJKAX [IOIIJILHO BUKO-
pucTOByBaTH 3aMiHy 3MiHHUX?

BIMPABU
Y saBmaHax 5.1.1-5.1.5 posB’sKiTh piBHAHHI.
51.1% 1) logyx=4; 3) 10g4x=%;
2) loggpx=-1; 4) lgx=2.
51.2. 1°) log,(2x—1)=2; 3) log, (x%+2x-2)=0;
2°) log, (5x—-21)=-2; 4) 1g(3-x)=-1.
3
5.1.3.1°) 1lg(x+9)+1g(2x+8)=2; 3) 2log,x—log,(3x—-4)=1;

2°) logz(x+1)+logs(x+3)=1; 4) %log5(x—4)+élog5(2x—1)=log53.

5.1.4. 1°) log2x—4log;x+3=0; 3) log2x+logsx?=8;

1 1 3 9
2° + =1; 4) 1g°x“=8lgx.
) 3-lgx 1+l1gx ) le &

51.5. 1) log,(10-2%)=x+2;
2) 1g2+1g(47249)=1+1g(2%2 +1);
3) log,(6+77)=1+x;
4) log,2(4-3%~6)-log, (9% -6)=1.
5.1.6. Posp’s:kiTh rpadiuHo 3ajjaHe PiBHAHHS i mepeBipTe migcTaHOBKOIO, IO
3HalileHe 3HAUEeHHA X JiliCHO € KOPEeHEeM pPiBHAHHA:
1) log,x=3—-x; 3) log; x=x-1;
3
2) log3x=loglx; 4) lIgx=11-x.
2

5.1.7*. oBeniTp, 110 piBHAHHSA, HaBeleHi B 3aBmanHi 5.1.6, He MaOTh IHITUX
KOpeHiB, KpiM 3HaligeHUX rpadiuHo.
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Tabnuua 9

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

a>1
Yy
0/1 x
3pocTae

O<ax<l

cnagae

2. PiBHOCUNIbHI NepeTBOpPEHHA HaMNpoCTiWwMx norapndmiyHnx HepiBHOCTEN

a>1

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

o 1f(x)>0,

f(x)>g(x),
=1
g(x)>0

3HaK HepiBHOCMI He 3MIHIOEMbCH,

i spaxosyemeocs O/3.

log, (x-5)>3.
» Of3: x—5>0, T06TO0 X >5.

log, (x—5)>1og, 2%.

OyHkuia y=log,t € 3pocTalouoto, oTxe,

x-5>2% x>13.

Ypaxosytoun O[13, maemo x >13.

Bidnosiowb: (1 3;+ oo).

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

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

flx)<g (),

o 1f(x)>0, £(x)>0.

g(x)>0
3HaK HepiBHOCMI 3MIHIEMbCH,
i spaxosyemoca O/3.

flx)<g(x),
“|

Mpuknagn

log, (x-5)>3.
2
» OO3: x—5>0, T06T0 X >5.

1)
log, (x—5)>1log, (—) .
2 202
OyHkuia y=log, t € cnagHoto, oTxe,
2
3
1
x—5<(—) ;x<5i.
2 8
1
Ypaxoytoun O[13, Maemo H<x <b—.

1 8
Bionosgioeb: (5; 55).
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3. Po3B’A3yBaHHA 6inbw cknagHux norapudpmiyHnx HepiBHOCTEN

OpieHTnp

.3a [ONOMOrow piBHOCUIb-
HUX NepeTBOPEHb 3ajaHa
HEpPiBHICTb 3BOAUTbCA [0
HepiBHOCTI BiJOMOro BMAay.

Cxema pigHOCUIbHUX
nepemeopeHb HepigHoCMi

1) YpaxoByemo O[3 3apgaHoi
HepiBHOCTI (i yHMKaemo nepe-
TBOpEHb, AKI NPUBOAATb [0
3BYy»keHHA O[13).

2) Ctexxumo 3a TuM, LWOO Ha
O[3 KoXXHe nepeTBOpPEeHHA
MOXKHa 6Gyno BMKOHaTu fAK
y NpAMOMY, TaK i y 3BOpoOT-
HOMY HanpsAmKax 3i 36epe-
)KEeHHAM NpaBUIbHOCTI He-
piBHOCTI.

.3aCcTOCOBYEMO MeTOopf iHTep-
BasiB (3afaHa HepiBHICTb 3BO-
ANTbCA OO HepiBHOCTI BUAY

f(x)20).

Cxema
Memooy iHmepeaarnia

1) 3nanTin O3 HepiBHOCTI.
2) 3HanTun Hyni QyHKUiT f(x).

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

» OA3: x>0.Ha uin O3 3agaHa HepiBHICTb PiBHO-
CWJIbHA HEPIBHOCTAM

g +1gx) —1gx 2o, +1gx) —1gx =Zo.
(1g10+1gx)’ ~1gx>3; (1+lgx)’ ~lgx >3
BrikoHaemo 3amiHy 1g x =t.

OpepXumo HepiBHICTb (1+t)2 —t>3, T06T0
t24+¢t—-2>0, MHOXMHA po3B'A3KiB AKOI t < —2 abo
t>1 (oWB. pUCYHOK).

/+

o 1hisc0s

+\
-2

BrikoHaBLWY 06epPHEHY 3aMiHY, OTPUMAEMO:
lgx<-2 abo lg>1.
Togi lgx<1g1072 a6o lgx >1g10.
YpaxoBytoun, wo o¢yHKUia y=1gx € 3pocTatouoto,
OLEPXKYEMO: X < 1072 a6o x>10.
Micna BpaxyBaHHA Of13 maemo:
0<x<0,01 a6o x>10.
Bionoside: (0;0,01]U[10;+ o).

log, (2x+38)<2.

) Po3B'Aaxemo HepiBHiCTb MeToAOM iHTepBaniB. BoHa
PiBHOCW/IbHA HEPIBHOCTI

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

2x+3>0,
1) 0O3: yx>0,
x#1,

>0,

x
TOOTO {x £1.
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3) NosHaunTn Hyni GyHkuii Ha | 2) Hyni  dyHKuii: f(x)=0; log, (2x+8)-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 (ke ogepkKyemo
Ha aki O13 po36uBaeTbcA
HynsaMu,

4) 3anucatn Bignosigb, ypa-
XOBYIOUMN 3HAK HEPIBHOCTI.

3a 03HaueHHAM fiorapudma). Togi x%-2x-3=0;
x;=-1, xy=3. lo O[3 BXOAUTbL TiNbKN x =3,
omxe, f(x) mae eguHui Hynb x =3.

3) No3Hauyaemo Hyni ¢yHKUii Ha Of}3, 3Haxogumo
3Hak f(x) Y KOXHOMY 3 MPOMIXKKIB, Ha AKi po36u-
BaeTbcA O13 (oMB. PUCYHOK), | 3aMNCYEMO MHOXN-
Hy po3B'A3kis HepisHocTi f(x)<0.

= + —

0 1

0 ¢
&

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

i 3 NOAAICHEHHAM i OOIPYHTYBaHHAM CMOCO6IB PO3B'A3yBaHHsA NIOrapudMiYHNX HEPIBHO-
U CTell, HaBefeHVX B Tabn. 9, MOXHa O3HAMOMMWTUCA, 3BEPHYBLUWCb OO iHTEPHET-NIA-
TPUMKU MigpyYHMKa.

NPUKNAJL PO3B’A3YBAHHA 3ABAAHDb

Mpuknapg. Po3B'AXiTb HEpPIBHICTb logo’2 (3c—1)+log0,2 (x+8)>-1.

KomeHTap

Po3B’a)keMo 3afjaHy HepiBHICTb 3a JOMOMOrO PiBHOCUbHUX MepeTBOpeHb. AK i nig
yac po3B’A3yBaHHA PiBHAHb, ANA LUbOro JOCTaTHbO ypaxysamu O[3 3adaHoi Hepis-
Hocmi U cmexumu 3a mum, wo6 Ha O[3 KoxHe nepemeopeHHA MOXHA by10 BUKOHAMU AK
Yy NpAMOMY, Mak i y 380pOMHOMY HANPAMKAX 3i 36epexeHHAM NpasusibHOCMi HepigHOCM.
Ockinbkn Ha O[13 Bupa3u, Wo cToATb Nif 3HakoM norapudmis, € gogatHumm, To bopmyny
log,b+log,c=1log, (be) pna popaTHNX b i ¢ MOXHa BUKOPUCTOBYBATH AK Y NPAMOMY,
TaK i y 3BOPOTHOMY HanpsamKax. OTxe, BUKOHYIOUM NepeTBOPEHHA HEPIBHOCTI 3a i€t pop-
MYJ010, Ol PXKUMO HEPIBHICTb, PIBHOCUIbHY 3aaaHin (Ha i O43).

Llo6 ckopucTaTuUca BNAcTUBOCTAMM norapudmiuHoi GyHKUiT, 3anmwemo uncno —1 ak

A -1 . .

3HaYeHHs norapudmiyHoi GyHKLIT: —1=log02(0,2) (3po3ymino, wo i uo opmyny
MO>Ha BMKOPUCTOBYBATK K Y NPAMOMY, TaK i Y 3BOPOTHOMY HanpsAMKax) i Bpaxyemo,

-1 -1
2 1

0,2_1 :(_) :(_) 25'
e 10 5
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Po3B'sA3aHHA

x—-1>0,
> Oft3: {x+3>0.

Ha it O13 3amama HepiBHiCTh piBHOCHJIbHA HEPiBHOCTI

logo, ((x—1)(x+3))>log,(0,2) .

Tomi x>1.

DyHKIig y= logo,2 t € cmaguomw, omxke, (x—1)(x+3)< (0,2)_1 .

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

MuoxkvHA pO3B’A3KiB OCTAaHHBOI HEPiBHOCTL Puc. 5.2.1
Taka (puc. 5.2.1): -4<x<2.

+\ /+
VYpaxosytouu O3, omepsxyemo: 1<x <2, 4 % O

Bionosiov: (1; 2].

. Mprknag po3B'A3yBaHHA GiNbll CKMagHOT NOraprdmiyHOi HEPIBHOCTI HaBedeHO B iH-
U TepHeT-NigTPUMLI Nigpy4YHMKa.

3ATMMNTAHHA

1. ITosAcHiTH, Ha HPHKJALaX, AK MOYKHA PO3B’A3yBATH HANMIPOCTIIIi Jiora-
pudmiuHi HepiBHOCTi, KOPUCTYIOUMNCH BJIACTUBOCTAMU Jorapudmiuxoi

(PyHRITII.

2. IlosicHiTe Ha HPUKJIAAlI BUKOPUCTAHHSA METONY iHTePBAJIiB OJIs PO3B’d-
3yBaHHS JIOTapUMPMIUHIX HEPiBHOCTEI.

BIMPABU
VY saBmaHHAX 5.2.1-5.2.6 pPO3B’sKiTH HEPiBHICTH.
5.2.1°%1) loggzx>2; 3) logysx<1;
2) logypx>-1; 4) lgx<2.
5.2.2. 1) log,(8x—2)>2; 3) log;(8x—2)<2;
2) log, (5x-1)>-2; 4) log, (2x+1)>-1.

3 4
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5.2.3°

5.2.4.

5.2.5.

5.2.6*.

PO3[IJ1 1. MokasHmKkoBa Ta norapudmivHa QyHKLIT

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

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

1) 10g§x—310g3x+2>0;
1 1

+
3-lgx

>1;
1+1lgx

1) lgx+lg(x-9)>1;
2) logg, (x+4)+log,, (x-5)<-1;

1) logzlogylogy;x=>0;

2) log, Vx+12>1;

3) log,x<logg,(8x—6);
4) log,(2x-1)<log,(x+3).

3) log? x-4<0;
3

4) log?% x+log, x—2>0.
2 2

3) logz(ac2 —x—12)<3;
4) log, (x+1)+log, x>log 2.

3) logyx+log,2<2,5;

4) log,, . 3<0.
x—3

[lesiki nokasHMKOBI Ta norapudMiuHi PiBHAHHA i HEPIBHOCTI MOXHa pPO3B'A3aTH,
3aCTOCOBYIOUM BNACTMBOCTI BiAMOBIAHNX YHKLiA. 3 OCHOBHMMU NpUAOMaMu, AKi
BMKOPUCTOBYIOTb ANA LbOro, Ta NpuKnagammn po3B’A3yBaHHA PiBHAHb i HEPIBHO-
CTe MOKHa O3HaMOMWUTWUCb, 3BEPHYBLUNCb A0 iHTEPHET-NIATPUMKN MigPYyYHMKA.

Temn HaBYaNbHUX npoeKTiB

1. IToxkasHuKoBa (PYHKI[isI B HayIli, IPUPOAI W TexXHii.

2. Jlorapudpmiuna (GyHKIig B Haymi ¥ IPUPOHi.

3. 3acTocyBaHHS MMOKA3HUKOBOI i Jorapu@mMiuHoi (PYHKIIiNT B eKOHOMIIIi.
4. TlokasHuKOBiI I1 Jiorapu@MiuHi pPiBHAHHA i HepiBHOCTI 3 Imapame-

TpaMu.

Il BUKOHAHHS HPOEKTY CTBOPIOETHCS KiJbKa T'PYI, KOKHA Mae 3HAUTU

neBHY iH(pOpMAILifo.

PesysnbraTu pobOTH HaJ OPOEKTOM KOMKHA Ipymna O(QOpMIIOE y BUTIAXLI
KOMII'I0OTEePHOI IIpes3eHTallii, 3aXMUCT MPOEKTiB MOIiJbHO mpoBecTH y Gopmi

nebaris.

3 etanamu pobOTU HaL NMPOEKTOM MOXHa O3HaAMOMMUTUCA, 3BEPHYBLWINCb A0 iH-

TepHeT-NIATPUMKN NifPYyYHUKA.



3ABAAHHA ANA NiArotoBKn A0 OLIHIOBAHHA

TecTt N2 1

. SHaliTE obsacTh BU3HaUeHHA QyHKNII y=logy (6—2x).

A (—oo;+oo) b (—oo;—3) B (—oo;3) r (O;+oo) i (3;+oo)

. BHalifiTe 0o6sacTh 3HAYeHb QYHKIII y=-5"+2.

A (—oo;+<x>) b (—oo;—Z) B (—oo;2) r (—2;+<x>) i (2;+<>o)

. . - 1 . . .
PosB’skiTh piBHAHHA 21 szg i BKaXKiTh HPOMIiKOK, IO SKOTI'0 BXO-
IATh BCi MOro KOpeHi.

A (—e03—5) B [-5-2) B [-2;0) r[0;2) 0 [2;+)

. Posp’skiTe mHepiBHicTh log s (x - 3) >-1.

A (—o033) B (3;5] B (3;5) I [3;5) N [5;+e)

YcranoBith BiamoBigmicTs Mixk Bupasamu (1-3) Ta smavenHamu (A-T)
MuX BUPAa3iB.

1 Inlog,log; 25 2 g
2 lg25+1g4 B 1
3 p2logs3 ro

. Posp’saxiTe piBHaEHA 4-5° —-25.2%=0.

Posp’askirs pisHAHHA logy(x—1)+logs(x—5)=1. SIkmo BoHO Mae je-
KiJIbKa KOpeHiB, BHAWAITH iX MOOYTOK.

. Posp’sxiTh mepiBaicts 0,5%F —3-0,5% +2<0.

MponaiTb OHNaMH-TeCTyBaHHA Ha CalTi interactive.ranok.com.ua.
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/4 PO3IJ1 1. MokasHmkoBa Ta norapmdmivHa PyHKLIT

ITousaTTa moxasHUKOBOI (PyHKIII OyJ0 BBeJeHO Ha OCHOBI
cTereHeBol (DYHKIII 3 paljioHAJbHUM IIOKa3HUKOM, SKa
Mae OaBHIO icTopiio. 30Kpema JIpoGOBUMM ITOKa3HUKAMU
CTeIleHsA I HAWOPOCTIMIMMU MpaBUJIaMHU Oiii HaJ CTeIeHs-
MU 3 Apo0OBHMMH TOKas3HHUKaMmu omepyBaB y XIV cr.
dpanmnyspruit marematruk H. Opem (6. 1323-1382).
Bigomo, mo H. IIroke (61. 1445 — 6. 1500) posrasgas

cTemeHi 3 Bigx’eMHUMH 1 HYJIbOBUM IOKa3HUKAMU.
1

|. HblotoH C. CreBiH 3ampomoHyBaB pPO3yMiTH i an KOpPiHb (‘/E .
(1642-1727) Ane cucremaTuuyHO APOOOBI I Bim’eMHI MOKA3HUKH CTaB
sactocoByBatu I. HproToH.

Himenwsrkuit wmarematuxk M. Ilrtidems (1487-1567)
3aIPOIOHYBAB mo3HaueHHsS a°=1, sKmoO a#0, i BBiB
Ha3By noxkasnHuk (e mepekJian i3 HimMenbKoi exponent).
TepwmiH J0zapugm TOXOAMTH Bif CIOJYYEeHHS TI'PEIBKUX
caiB «jgoroc» (y B3HAUeHHI «BiAHOINIEHHA») 1 «apuTMOC»
(umuciyio) i mepekJaZaeThcsa AK Gi0HOWeEHHS Huces. Bubip
BuHaxiguukom Jorapudmi k. Hemepom (1550-1617)
Takoi Ha3Bu y 1594 p. MOSACHIOETHCSA THM, IO Jorapudmu
BUHUKJN BHACJIJOK 3iCTaBJIeHHS ABOX UYMCEJ, OJHE 3 AKUX
€ 4JIeHOM apu(MeTUUHOI ITporpecii, a Ipyre — reoMeTpUYHOI.
Jlorapupmu 3 ocuoBoio e yBiB k. Cmeiimen (1600—

1634), axwuit ckiap mepuri Tabauili A QyHrimii y=Inx.
HasBy ramypaavruii (mpupopHUil) nisa mboro Jiorapudma
sanpononysaB H. Mepkartop (1620-1687), axuii BuABUB,

. BepHynni
(1667-1748)

1
mo Inx — me mmoma girypu mig zineporow —.
x

Bauspke [0 cydyacHOro pPO3yMiHHA Jiorapu()MyBaHHSA
AK omneparii, obepHeHOI [0 MHigHECeHHS MO0 CTeleHd,
1. Eitnep ynepie 3’apuiiocsa B poborax [dak. Boamica (1616—1703)
(1707-1783) i U. Bepuymmi (1667-1748), a ocraTouHo 6yj0 yTOUHEHO
y XVIII cr. JI. Eitnepom (1707-1783). ¥V kuusi «Berym mo

aHasidy HecKinmueHHux» y 1748 p. Eitep chopMmyaoBaB cyuyacHe O3HAUEHHS
AK MMOKa3HUKOBOI, TaK i sorapudmiuHol (DyHKIIi!I i HaBiB iX po3KJagaHHA
y cTelleHeBi pAaM, 3a3HAYMB OCOOJUBY POJIb HATYPaJbHOTO Jorapudma.




Pospin 2

IHTEFPAN TA OO
3ACTOCYBAHHS

§ 6. lNepBicHa Ta T BNaCTUBOCTI
§ 7. BU3HayeHUN iHTerpan Ta MOro 3acToCyBaHHA

Y ubomy posgini Bu:
© O3HanoMuTecA 3 MOHATTAM MepBiCHOI, iHTerpana
i KpMBONiHIMHOI Tpaneuwii;
©  HaBuMTeCA 3HaXO4WUTW MepPBICHI Ta iHTerpanu,

a TAaKOX 3aCTOCOBYBATW iHTerpanu 4o BU3HAYEHHA
naoL, KPUBOMIHIMHNX Tpaneyin.



1. MepBicHa
O3HaueHHA
OzHaueHHA. OyHKuia F(x) Hasn-
Ba€TbCA NepeicHOI0 0NA PyHKYii | ni
f(x) Wa paHomMy npomixKy, AK-
wo Ana 6yab-AaKoro x i3 Lboro
NPOMIXKKY

F'(x)=f(x).

4

—oo;-l—oo

Tabnuusa 10

Mpuknag,

Ona  OyHKuil f(x)zx3 Ha iHTepBa-

nepeicHO € ¢YyHKLUinA

F(x)= xT' OCKINbKM

Ff(x)z(ﬁ) _L
4) 4

2. OCHOBHa BNaCcTUBICTb NepBiCHOI

BnacTtuBictb

Akwo $yHKUiA F(x) e nepBicHolo AnA GyHKLiT fx)
Ha gaHomy npomixKy, a C — foBinbHa cTana, To GpyHK-
uia F(x)+C Takox € nepBicHow AnA GyHKUiT f(x),
npn ybomy 6yab-AKy nepsicHy ana ¢yHkuii f(x)
Ha AaHOMY MPOMIXKKY MOXHa 3anucatv y BUrnagi
F(x)+ C, pe C — poBinbHa cTana.
Mpuknag
4
Ockinbkn pyHKuia F(x)= xT € nepgicHoto Ans GyHKUT

flx)= x% Ha iHTepBani (—oo; + oo) (amB. BULLE), TO 3G2as1b-
HUU 8u271A ycix nepsictux dna dyHkuii f(x)=x3 moxHa

X .
3anmcaTun Tak: T'i' C, ne C — poBinbHa cTana.

3. HeBu3HauyeHum’ iHTerpan

O3HaueHHA
O3HaueHHA. CYKYMHiCTb ycix nepBicHUX ana

paHoi yHKuUii f(x) HasmBaeTbca HesusHaye-
HUM iHmezpasnom.

HeBu3HaueHW iHTerpan no3HavyaTb CUMBOJIOM J.f(x)dx,
TOOTO

Jf(x)dx =F(x)+C,
e F(x) — ofHa 3 nepBicHUX ans GyHKLT f(x), aC—
JOBiNbHa cTana.

[eomeTpuryHUI 3micT
Mpadikm 6yab-AKux nepsic-
HUX AnAa 3apgaHoi GyHKUiT
OAEPXKYIOTb OfMH 3 OQHOro
napanenbHUM MNepeHeceH-
HAM y3a0BX oci Oy.

- \Z\\Q

Mpnknag,
4
Ix3dx =X 4 C,
4

OCKinbKM ansa

byHKUIT
f(x)zx3 Ha

iHTepBani
(—oo; + oo) yci nepBicHi

MOX»Ha 3anncatm Tak:
4

xT +C (guB. n. 2 Tabn. 10).
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4. MpaBuna 3HaxoAKeHHA NepBicHUX (NpaBuna iHTerpyBaHHA)

Akwo F — nepBicHa ansa f, a G — nepB.ic-

Ha ana g, To F+G — nepsicHa gna | 1) J.(f(x)+g(x))dx=Jf(x)dx+fg(x)dx

byHKUiT f+g.

MepeicHa dn1s cymu dopigHioe cymi nepsicHux | IHMe2pan eid cymu 0opieHioe cymi iHme-

0719 000aHKia. 2parnis 8id 000aHKie.

flkwo F — nepsicHa anA f, a c — ctana, | ) J.c-f(x)dxz ch(x)dx, e ¢ — crana.

To cF — nepBicHa anAa yHKUii cf.

Akwo F — nepBicHagnaf,akib— crani

Cmanui MHOXHUK MOXHA 8UHOCUMU 30 3HAK
iHmezpana.

1
(npuvomy k#0), To —F(kx+b) — 3)_[f(kx+b)dx=%F(kx+b)+C.

nepeicHa ana yukuii f(kx+b).

5. Tabnuua nepBicHMX (HeBM3HaYeHMUX iHTerpanis)

3aranbHUn BUMMAL,

OyHkuia f(x) nepsicHnx F(x)+C,
ne C — posinbHa cTana

0 C
1 x+C
x% (az-1) S
o+1
1
- In|x|+C
X
sinx —cosx+C
cosx sinx+C
1 tgx+C
coszx
1
—ctgx+C
sin x
e* e*+C
ax

Ix“dx =

3anuc 3a gONoOmoroto
HEBU3HAYE€HOIo iHTeraﬂa

jo-dx=c
de=x+C

1
xcx+

+C
o+1

(oe#-1)

d—x=1n|x|+C
X

Jsinxdxz —cosx+C

jcosxdx =sinx+C

dx

=tgx+C
COS X
.dx =—ctgx+C
sin X
jexdxzex+C
Jaxdxz ¢ ¢
Ina
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MOACHEHHA N OBI'PYHTYBAHHA

Y 10 kmaci My 3HaXOAMJIM MHOXiAHY 3amaHol (PyHKINI i 3acTocoByBaaun
1[I0 omepaIlliito — AudepeHIliloBaHHA — [0 PO3B’sI3yBaHHSA Pi3HOMAaHITHUX 3a-
mau. OpgHiero 3 TakuxX 3ajad OyJI0 3HAXOMKEHHSA IBUAKOCTI I NPUCKOPEHHS
IPAMOJIIHIMHOrO pyXy 3a BiZOMOIO 3ajekHicTIO Bix uacy koopamuatu Xx(t)

MaTepiaJbHOI TOUKU:
v(t)=x'(t), alt)=v"(t)=x"(t).

Hanpuknan, axmo B moyaTkoBuidl MomeHT uvacy {=0 mBuakicTs Tijsa
mopiBHioe Hymi0, TooTo v(0)=0, To B mpomeci BimpHOTO mamiHHA TiNO 3a
MIPOMiKOK dacy t (TOOTO Ha MOMEHT qacy t) mpoiige MIaax

t2
s(t)= L
2
IIBuaKicTs i TPUCKOPEHHS 3HAXOMATH 3a JOIOMOTOI0 Mu(epeHIlitoBaHHS:

v(t)=s’(t)=(g—;2) =§~2t:gt, alt)=v'(t)=(gt) =g.

AJjle Ba)KJIMBO BMITH He TiJIbKM 3HAXOAUTH IOXiAHY 3amamHol (GyHKILI,
a # posp’gdyBaTH OOepHeHy 3ajady: sHaxozuTu dyukmito f(x) sa ii saza-
Howo moxigmoro f’(x). Hampukiaz, y MexaHilli 4acTo LOBOLUTHCA BHU3HAUATH
KoopzuHary x(t), sHaroum sajiesxuicTs Bix uacy mBuaxocti v(t), a Takox
BHAXOAWUTH IIBUAKICTs v(¢), 38HAIOUN 3ayesKHICTH Bij uacy npuckopenusa a(t).
Buaxomuenasa Gyukmii f(x) sa ii sagamoro moxigmoro f’(x) HasuBaroTH oIme-
palieio iHmezpysarHs.

D Ot:xe, onepauis iHmezpysanHs € oOepHe-

How 00 onepauii dugepenuyirnsanus. Ote- IHTerpyBaHHA — Bif. JaTUH.
pamis iHTerpyBaHHA [O3BOJIAE€ 3a 3a/la- | integratio — BiTHOBIEHHA.
moto moximuowo f’(x) smaiit; (BizHOBUTH)

dyurnio f(x).
HaBememo o3HaueHHS IIOHATDH, IIOB’S3aHUX 3 OMEpAIli€l0 iHTerpyBaHHA.

OsHauenHAa. OyHkuia F(x) HasuBaeTbca nepeicHolo dna ¢yHkyii f(x) Ha pa-
HOMY NPOMIXKY, AKWO AnA 6yab-aKoro x i3 uboro npomixky F’(x)=7(x).

Hanpuxaan, ;ma dyHKIiL f(x)=3x2 Ha imTepsaJi (—oo;+<>o) nepBicHOO

e pyurmia F(x)= x® , ockimpru F’ (x)= ( ) =3x2.
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3asHaunuMo, 110 (GYHKI[isd x2+5 mae TaKy camMy MHOXiTHY (x3+5) =3x2.

OT:xe, QyHKIIiS x%+5 rakox € nepBicHOIO IJad PYHKINIT 3x% ma mHOMKUHI R.
3po3yMmijo, 1m0 3aMicTh uYmcaa 5 MOKHA IIiJCTAaBUTH OyIb-AKe 1HIIE YHCJIO.

Tomy 3amaua 3HAXOMKEHHS IepBicHOI mMae Oesiiu pos3B’sa3kiB. 3HaiTm Bei Imi

DPO3B’sIBKU J03BOJIAE OCHOBHA BJIACTHBICTH IEPBiCHOI.

D

mil

Axwo ¢ynxyia F(x) € nepsicnoro dna gyuxuii f(x) na danomy npo-
mixneky, a C — doginvna cmana, mo gyuxyia F(x)+C maxox € nep-
sicnoro dna gynxuii f(x). Ipu yvomy 6ydv-axa nepsicna ona Qymnk-
uii f(x) na Oamomy npomincky moxne 6ymu 3anucana y euznadi
F(x)+C, de C — dosinvha cmana.

Bupas F(x)+C HasuBaioTh 3a2a1bHUM 6UZLAO0M NePEicHUX IIa (GYHK-

f(x).

1) 3a ymoBoto ¢yHKLUia F(x) € nepsicHolo ans ¢pyHKLUii f(x) Ha feakomy npomix-
ky I. Omxe, F’(x)=f(x) mna 6yab-akoro x i3 uboro npomixky I. Toai

(F(x)+C) =F'(x)+C’ =f(x)+0=F(x),

10670 F(x)+C Tex € nepsicHoto ana dyHkuii f(x).
2) Hexait ¢yHkuia F,(x) — iHwa nepsicHa ana dyHkuii f(x) Ha Tomy camomy
npomixky I, To6to F(x)=f(x) ana scix xeI. Toai

(F(x)-F(x)) = F{(x)- F"(x) = f (x) - f(x) = 0.
3a ymoBoto cTanocTti ¢yHKuUii (8§ 16 nmigpyuHuka ana 10 Knacy), AKWoO noxioHa
dyHkuii Fy (x)— F(x) dopieHioe Hymo Ha npomixky I, mo us gyHKuis Habyeae de-
AKO20 cmasnozo 3HadeHHA C Ha ybomy npomixky. OTxe, ana BCix x el dyHKuia
F,(x)-F(x)=C. 3sigcn F, (x)=F(x)+C. Maemo: 6yab-aika nepsicHa ans GyHk-
uii (x) Ha JaHOMY MPOMIXKY MoKe OyTu 3anucaHa y Burnagi F(x)+C, pe C —
[OBiNbHa cTana.

Hampurkaan, ockinbku nada QyHKITII

f(x)=2x ma imrepsami (—°°;+°°) ofHi- 3azBuuail IpU 3HAXO/KeHHI Imep-

€I0

(cupaBai, F’(x)z(xz) =2x), TO 3arajib-
HUUM BUTJAL yCiX mepBicHUX (PyHKII aasa

3 mepsicHux € QyHEmig F(x)=x> Bicnoi ana ymkuii f(x) mpo-
MiKOK, Ha SKOMY 3aJaHO (DYHK-

mito f(x), He BrasyoTh. Ilpu
IIbOMY MAalOTh Ha yBasi IPOMiKKU

dyukmii f(x)=2x MoskHa sammcaru Tak: HAMGLIBINOT JOBKWH.

x2+C , e C — pmoBijgbHA cTaJja.

/9
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PO3[T 2. IHTerpan Ta MOro 3acTOCYBaHHS

T'eomeTpuuHMiT 3MicT OCHOBHOI BJIacTH-
Puc.6.1 | Y BOCTi TIepBicHOI: zpagiru 6ydv-axux nepsic-
T~ Hux Ona danoi gynxuii f(x) odeprcyomo
[~ 00un 3 00H020 NAPAJLELbHUM NEePEeHeCeHHAM
\/ y30o06ac oci Oy (puc. 6.1). Cmpaspi, rpa-
\y:w dix noBinpHOi mepeicmoi F(x)+C mosxHA
omepskaru 3 rpadika mepsicmoi F(x) ma-
x paJIeJIbHUM TI€PEHEeCeHHAM y3M0BXK oci Oy

"Ha C OgUHUIIL.

AR

Hexait ¢pyurumia f(x) mae ma neskomy mpomiskky mepeicay F(x). Toxi
3a OCHOBHOIO BJIACTUBICTIO NMEPBICHOI CYKYHIHICTH yCiX IepBiCHUX Iad (QPYHKIIiI
f(x) ma samamomy mpoMmiskKy samaerbcsa dopmyno F(x)+C, me C — no-
BiJIbHaA cTaJia.

O3HaveHHs. CYKYnHicTb ycix nepBicHUX AaHoi YHKLUiT f(x) Ha3MBaeTbcA He-
8u3Ha4yeHUM iHmezpasnom.

Hesusnayenuil inmezpas no3HaA¥vamwmv CUMBOJOM Jf(x)dx, modi
If(x)dx=F(x)+C, de F(x) — odna 3 nepgichux 0ns QYHKUIL flx), a C —

dogisvbHa cmaJa.
Y HaBemeHili piBHOCTI 3HAK | masusarors 3Hakom inmezpana, QOyHK-

mito f(x) — nidinmezpaavHorl QYHKUIEIO, BUPa3 flx)dx — nidinmezpaav-
HUM 6Upa3om, 3MiHHY X — 3MiHHOW iHmezpysanHsa i momamoxk C — cmaJgow
iHmezpysanHts.

Hampurknan, ax s3asHauajgocsd BUINE, 3arajJbHUNA BUIJISAA HEPBiCHUX IJIsd

dyuRIii flx)=2x 3alUCYIOTh TaK: x2+ C, orxe, J.Zxdx =x2+C.

IIi mpaBusa moxmiOHi mo BiamoBigHWMX mpaBua nudepeHIliloBaHHSI.

IIpasuno 1. Axwo F — nepsgicna 0as f, a G — nepsicha 0nrs g, mo
F+G — nepsicua onsa f+g.
Ilepgicha Ona cymu 0opieHIoE cymi nepsicHux 01sa 000aHKIE.

» Cnpasgi, AKwo F — nepsicHa ana f (y ubomMy KOpoTkomMy GpOpMyntoBaHHI Ma€eTbCA
Ha yBa3i, o dyHKUiA F(x) — nepsicHa ans byHKUiT f(x)), To F’=f. AHanoriu-
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HO, SIKWo G — nepeicHa ans g To G’ = g. Toai 3a NpaBuIomM 00UNCNIEHHSA NOXiAHOI
CYMU MA€EMO:

(F+G) =F'+G’'=f+g,
a ue  o3Havae, wWo F+G — nepsicHa gna f+g.
3a JAJOIIOMOI'0OX0 HEBU3HAYEHOI'O iHTeI‘paJIa IIe IIPaBUJIO MO HAa 3allucaTyu TakK:
[(F(x)+g(x))da = [ (x)dac + [ g (x)d,

TOOTO iHMmezpas 6i0 cymu OopieHioe cymi inmezpanig 6i0 0odaHKis.

IIpaBuio 1 mMokHA HOMIMPUTH HA OyAb-AKY KiJbKICTH HOJAHKIB (OCKIiJIb-
KM ToXigHa Bif OyOb-AKOI KiJbKOCTI HOJAHKIB HOPiBHIOE CyMi IOXimHUX mI0-
JaHKiB).

IIpasuno 2. Akwo F — nepgicna oaa f, a ¢ — cmaaa, mo cF — nep-
gicna 0as QpynKyii cf.

» Cnpasgi, AKkwo F — nepsicHa ana f, To F’=f. YpaxoByiouu, WO CTaNnin MHOXHMK

’
MOXXHa BUHOCMTY 3a 3HaK noxigHoi, Maemo (cF) =cF’=cf, a ue 11 03Hayae€, Lo
cF — nepsBicHa ana cf.

3a [I0IIOMOro0 HeBH3HAUEHOI'O iHTerpaJa Iie IPaBUI0 MOMKHA 3aIMCATH TaK:
Jc-f(x)dxzcjf(x)dx, Ie ¢ — craJja,

TOOTO CMALULl MHONHUK MONHA SUHOCUMU 34 3HAK iHmMezpaad.
IIpasuno 3. Akwo F — nepsicha 0asa f, a ki b — cmaani (npuvomy k+0),

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

» Cnpasgi, Aakwo F — nepsicHa ans f, To F’=f. YpaxoByoum npaBusio obuncneH-
HA NoXigHoI cknageHoi GyHKLii, Maemo:

(%F(kx+b)) =%F’(kx+b)-k=f(kx+b),
a ue 1 03Hauae, Wo %F(kx+b) — nepBicHa ana eyHkuii f(kx+b).

3a JOIIOMOI'0OI0 HEBH3HAYEHOI'O iHTeI‘paJIa e IIPpaBUJIO MOMKHAa 3alluCaThu TakK:

J.f(kx+b)dx:%F(kx+b)+C.
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Jia obumcaeHHA MepPBiCHUX (UM HEBU3HAUEHUX iHTerpaJsIiB), KPiM ITpaBMJI
3HAXOMKEHHS IIePBICHMX, KOPMCHO IaM’ATATH TaOJMUYHI 3HAUEHHS IIePBICHUX
s meAxkux (yHKIiH. Ix HaBememo B m. 5 rta6n. 10. o6 o6rpyHTyBaTH
MPaBUJILHICTh I[BOTO IYHKTY TAOJUIli, JOCTATHLO IIePeBipuTH, IO MOXigHAa Bin
ykasauoi mepBicHoi (0e3 craJsioro momauky C) mopiBHIoe s3amanint @yukiii. Ile
Oyae oO3HauaTH, IO PO3MISHYTa (PYHKIIiA MifiCHO € IIepBicHOIO AJs 3aJaHol
¢Gyukiii. OckijbKM B 3ammci BCixX IepBiCHMX y APYrifi KOJOHIII HPHUCYTHiN
craauii gogaHok C, TO 3a OCHOBHOIO BJIACTHBICTIO IEPBiCHHMX MOYKHA 3pOOUTH
BUCHOBOK, IO Ie 3araJibHUIM BUIVIAL yCiX IepBicHUX 3amaHoOl (PYyHKITIi.

Hasenemo oOrpyHTyBaHHA (PopMyJaH, 3a SIKOIO 3HAXOAATH IEPBiCHY A

byurmin x*.
@ Ons iHwnx GyHKUIN NPONOHYEMO MPOBECTM aHasIoriyHy MepeBipKy CaMOCTIMHO.

» Ona BCix x 3 o6nacti Bu3HaueHHa oyHKUii x* npu o#-1 noxigHa

’

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

ana oyHkuii x. Togi 32 OCHOBHOI BIACTUBICTIO MEPBICHUX 3araabHWin BUrNAL
ycix nepsicHnx gna ¢yHkuii x* npn o= -1 6yae Takum:

o+l
x
+C.
o+1
3a JOMOMOrol0 HEBM3HAUYEHOrO iHTerpana Le TBepOKEeHHA 3anucyloTb Tak:
o+1
X
jx"dx: +C (a#-1).
o+1

NMPUKNTAON PO3B'A3YBAHHA 3ABIAHb

1
NMpuknag 1. NepesipTe, un € dyHkuia F(x )=2Jx nepsicHoto ana GyHKuii f(x)= T
Ha npomixky (0;+co). *

Po3B’A3aHHA KomeHTap
3a O03HayeHHAM OyHK-
» F'(x)= (2\/_) \/— \/— » le i 03HAYAE, IO uis F(x) e nepsicHolo

dyernis F(x) e nepsicroro gus pyrrmii f(x)= % p;,ﬂ(j)y :I;LEI;C)f(x)’ AKIO
* .
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Mpuxknapg 2. 3Hangitb:

1) oaHy 3 nepsicHnx ana dyHKuii f(x)=x* Ha R;

2) yci nepsicHi ana GyHKLii f(x)=x4;

3%) Jx‘*dx.
Po3B’A3aHHA

1) » Opniero 3 mepBicHUX

s Qpysrnii f(x)= x*
Ha MHOXKUHI R € QpyHKRIiA

x5

F(x) = ?, OCK1JIBKM

5 ’
F'(x)= (x_) = l-5x4 =x*
5 5

2) » 3a OCHOBHOIO BJIaCTHUBi-
CTIO IIepPBicCHUX yci mepBic-

Hi g1a gysrmii f(x)= xt
MOJKHA 3aIllCaTU y BUTJIALL
%3

?+C, ne C — moBingbpHA

crasa.
4 x5

3%) » |x*dx=—+C,

> -

ne C — poBinbpHa crajia.

KomeHTap

1) NepBicHy ana ¢yHKuil f(x)=x4 Cnpobyemo

3HaNTK nigbopom. B mpoueci MoXHa MipKyBaTu
Tak: Wo6 nicns 3HaxXO@KeHHA MNOXigHOI onep-
xatn xt, noTpi6bHO GpaTh NoxigHy Big x°. Ane
(x5),=5x4, Wob6 noxigHa AopiBHIOBaNa x4,
[LOCTaTHbO MOCTaBUTU nepen PyHKLUiew x® ko-

- 1
edilieHT —.
¢ 5

MpocTiwe BrKoprcTtat popmyny 3 n. 5 Tabn. 10
(Tabnuui nepBiCHUX): OOHIiEO 3 nepsicHUX 018
yHkuii x* € pyHkuia

+1
xOL

a+l’

2) AKwo Mu 3Haemo odHy nepeicry F(x) dna ¢yrk-

uir f(x), Mo 3a OCHOBHOI BNACTUBICTIO NnepB.ic-
HWX 6ydb-siKy nepaicHy ons yrkuii f(x) moxHa
3anucamu y suenAoi F(x)+C, pe C — posinb-
Ha cTana.

3) 3a O3HaYEeHHAM Jf(x)dxz F(x)+C,

TOOTO HEBM3HAYEHWI iHTerpan jf(x)dx — ue
cneuianbHe NO3HaYeHHA 3arajsbHOro BUAY BCiX
nepBicHUX ana aaHoi dyHkuii £(x) (Akuit mun
BXe 3HaNLWIM B N. 2 pO3B'A3aHHSA).
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Mpuknapg 3. Ona GyHKuii flx)= \/; 3HalAiTb NepBicHy, rpadik AKOI NpoxoanTb Ye-

pe3 Touky M (9;10).

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

3araJbpHUM BUTJIAL yCiX mepBiCHUX AJA QYyHK-
wii f(x) raruii:

l+1

3
2 2 - 2 2
a +C="x2+C=2Vx? +C=ZxJx +C.
1 3 3 3
2t

3a yMoBoI0 rpadik mepBicHOI TPOXOIUTEH Uepes
TOUKY M(9;10), oTaKe, Ipu X =9 omepryemo

%-9\/§+c=10.

3Bigcu C=-8. Toxi mrykaxa mepsicua:

éx\/;—&

KomeHTap

CnoyaTKy 3anuwemo 3arajabHum
BUMNAL MNepBiCHUX ANA 3afjaHoil
byHKuUiT: F(x)+C. NoTim Brkopu-
CTAaEMO Te, WO rpadik ogep kaHoi
bYHKUIT npoxoanTb vepes TOuKy
M(9;10), oTxe, Npu x =9 3Ha-
yeHHsa ¢yHkuii F(x)+C popis-
Hio€e 10.

o6 3HaliTK nepBicHy ansa GyHK-
uii f(x)=+x, ypaxyemo, wo it
obnacTb BM3HaueHHA x = 0. Topi
Lo GYHKLiI0 MOXHa 3anmncaTtu Tak:

1
f(x)=x2 iBuKopucratv hpopmy-
Ny 3HaxXoAXeHHA MepBiCcHOI AnA
a+l

+C.

dyHKuii x%, a came:
o+1

. 3 nNpuKnagom po3B'A3yBaHHA Oifbll CKMAAHOrO 3aBAaHHS, MOB'S3aHOrO 3i 3Haxo-

U

nigpyyYHnKa.

3ATMNTAHHA

AXEHHAM I'IepBiCHI/IX, MO>KHa O3HaMOMUTUCA, 3BEpPHYyBWNCb OO0 iHTepHET-FIiﬂTpI/IMKVI

1.

4x,

. Banumuite 3aranpHUil BUMIAL mepBicHuxX A gysrmiin: x* (o=-1),

IoscHiTH, Vv AKOMY BUOAKy GyHKIi00 F(x) HasuBaroTh mepBiCHOW s
dyurnii f(x) za samamomy mpomikky. HaBegitTe nmpukiIamu.

. CopmyttoliTe OCHOBHY BJIACTHUBICTH MHEepBiCHUX i IpoisiocTpyiiTe ii Ha

IpuKJIagax.

. ChopmymioliTe mpaBuja 3HAXOMKEeHHA mnepBicHux. IloscHiTs, iX Ha mpu-

KJazax.

I[OBeI[iTB IIpaBuJia 3HAXOOHKEHHA HepBiCHI/IX.

1 . 1 1 .
—, sinx, cosx, , 5> e*, a* (a>0, a#1). IosacuiTs, K
x cos” x sin” x

ePeBipUTH MPAaBUJIBHICTh 3aINCY KOYKHOI TEPBiCHOI.
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BMPABU

VY saBmamHax 6.1, 6.2 moBemiTh, 10 (QYHKIiA F(x) — mepBicHA nJsa
dyarnii f(x) Ha 3asHaUeHOMY IPOMIKKY.

6.1 1) Flx)=x°, f(x)=5x", xe(—o0;+o0);
2) Flx)=x2, flx)=-8x"", xe(0;+c);

3 F)=1a", f()=x", xe(-wit)
4) F(x)=—%x_ﬁ, f(x)zx_7, xe(0;+oo)_

6.2. 1) F(x)zsinzx, f(x)zsian, xeR;
2) F(x)z%cost, f(x)=-sin2x, xeR;
3) F(x)=sin3x, f(x)=3cos3x, xeR;

4) F(x)=3+tg>, f(x)z%, xe(-mm).
2 2co0s? =

6.3. Ilepesipre, mo ¢yuruia F(x) e mepsicuoro nns dyurmii f(x). Suaiigite
3araJIbHUN BUTJIAA TEPBiCHUX A QYyHKITIT f(x), AKIIO:

1) F(x)=sinx—xcosx, f(x)=xsinx;

9) Flx)=vax?+1, flx)=—=—;

x2+1

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

1+x2

2
X

4) F(x)=x—%, f(x)=
V zaBmamEax 6.4, 6.5 BusHauTe, uu € Qynkuia F(x) mepsicHoo muas
dyukmii f(x) Ha 3a3HaUEHOMY IPOMiMKKY.

6.4°. 1) F(x)=3-sinx, f(x)=cosx, xe (—oo; +oo);
2) Flx)=5-x* flx)=-4x>, xe(—coj+oo);
3) F(x)=cosx-4, f(x)=-sinx, xe(—oo;+oo);

4) Flx)=x7+2, f(x)=2%, x €(0;+00).
X
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6.5.

6.6°.

6.7*.

6.8.
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1) F(x)=2x+cos§, f(x)zZ—%sin%, xeR;

2) Flx)=va-x%, f(x)=————, xe(-2;2);

4—x2
3) Flx)=—5, flx)=14-—, xe(0:+)
4) Flx)= 4xf flx)= 6J— €(0;+o0).

Y zaBmamHax 6.6, 6.7 3HaAWAITH 3araJbHUNA BUIVIAL IIEPBICHUX I
dyurmii f(x).

1) f(x)=2-x% 5) f(x)=x°
2) f(x)=x+cosx; 6) f(x)=i3—2;
X
3) f(x)=4x; ) flo)=1-—;
X
4) f(x)=-8; 8) flx)=x5.
1) f(x)=2—x3+L3; 6) f(x)=3sin2x;
X
2) f(x)=x—i5+cosx; 7) f(x)=(4—5x)7;
X
3) f(x)=x—12—sinx; 8) f(x)=—écos(x—%);
4) 7(x)=5x2-1; 9 fla)=—> .
(4-15x)

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

Ina ¢yuxmnii f(x) smaiimite mepsicmy F(x), mo HabyBae samaHoro
3HAQUEeHHs B 3a3HauYeHil TOuIli:

1) f(x):iz, F(%):—lz; 3) flx)=x%, F(-1)=2;
X

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

6.10°.

6.11.

6.12*

6.13%.

V saBganHax 6.9, 6.10 gra ¢yuxmii f(x) saiigite mepsicuy, rpadik
AKOI IIPOXOAUTH uepes TOUKy M.

1) f(x)=2x+1, M(0;0); 3) flx)=x+2, M(1;3);

2) f(x)=8x"-2x, M(1;4); 1) fx)=—x2+3x, M(2-1).

1) f(x)=2cosx, M(—%;l); 3) flx)= sm( 3) (_ _1)
2) fx)=1-2% M(-3;9); 1) f(x)—% (%3)

BuaBiTb CBOIO KOMMNETEHTHICTb

IIBuakicTe MaTepiaJIBHOI TOUKU, :Luo pyxaerncs HpHMOJIiHiI/IHO, 3aJaHa
OIUHATH X Big dacy ¢, SKIO BiJIoOMO, IO B IIOYATKOBUII MOMEHT Yacy
(t=0 c) Touka mepebOyBajsia B IIOUATKY KoopAuMHAT (U BUMIPIOETHCA
y MeTpax Ha CEeKYHIY).

.MarepiasbHa TOUYKA pPYXa€ThCA MNPAMOJIIHIAHO 3 NTPUCKOPEHHAM

a(t)=12t%+4. 3HaAUOITL 3aKOH PYXy TOYKM, SKIITO B MOMEHT dYacy
t=1 c ii mBugkicts nopiBaioe 10 M/c, a KoopauHata — 12 M (a BuU-
MipIOETBCS y MeTpaxX Ha CeKyHAY B KBajapari).

MarepianmbHa TOuKa Macoo m pyxaeTbcsa mo oci Ox mim gmieio cuam
F(t), maopamienoi B3moB:x Iiel oci. BamumitTe (GopMyIy 3aeskHOCTI
x(¢), sixkmo Bimomo, IO npu t=t, MBUAKICTE TOUKU AOPiBHIOE U,
a KooppuHata — X, (F (t) BuMIpIOIOTH V HBIOTOHAX,  — y CeKYH/aX,
UV — y MeTpax Ha CeKyHIy, m — Yy Kijgorpamax):

1) F(1)=6-9¢t, ty=1, vy=4, xy=-5, m=3;
2) F(t)=14sint, =T, Vg=2, xy=3, m="7T;

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

4) F(t)=8t+8, ty=2, v,=9, x,=7, m=4.

, Vg=2, xo=4, m=5;
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Tabnuusa 11

1. O6umncneHHs BM3Ha4yeHoro iHTerpana (popmyna HbrotoHa — Jlen6Hiua)

®opmyna
AKWwo ¢yHKUisa f(x) BM3HayeHa i Hene-
pepBHa Ha Bigpi3Ky [a;b] i Flx) —
Tl 4OBiNbHA MepBiCHa Ha LbOMY Bifpi3Ky

(F’(x) = f(x)), TO

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

a

Mpuknapg,

Ockinbkn gna ¢yHKUii f(x):x2 O[IHI€EI0
3

3 NepBiCHUX € OYHKLisA F(x)= % TO

2. KpuBoniHiiiHa Tpaneuis

O3HaueHHs

Hexanm Ha Bigpi3Ky [a;b oci Ox 3agaHo
HenepepeHy dyHKLUilo f(x), Aka Habysae
Ha HbOMY TiJIbK/ HEBI'EMHNX 3HaYEHb.

Qirypa, o6mexeHa rpadikom PyHKuiT
y= f(x), Bigpiskom [a;b] oci Ox i npsa-
mMumMm x=a i x=>, Ha3nBaeTbcA Kpu-
8oJ1iHiliHol0 mpaneyieio.

IntocTpauin

y=1(x)

S

O|d b %

3. Mnowa KpuBOAiHiNHOT Tpanewii

®opmyna

b O6uncniTb noLy

S= _[f(x)dx oirypu, obmexxeHoi
e niHiamm y =sinx,

T T
=0, x=—, x=—.
Y 3 2
306pa3smBLUK Ui NiHii,
OTPMMAEMO KPUBOSi-
HiHY TpaneLito.
T

Mpuknag
Y
=sinx
1
0 ESE
EIE T N
3 2
_1——

T

3 2
; L n 1
S = jsmxdxz—cosx = —COSE-FCOS 5 ZE'

L
3

Ll
3



§7.Bn3Ha4eHn iHTerpan Ta MOro 3acTOCYBaHHS 89

4. BnacTuBOCTi BU3SHaYeHUX iHTerpanie
b

[1dax=0 | [reddr=—[fdz  [(Fle)+go)dr=[r(drs sz
a a b a a

a

Ao dyHKLUiA f(x) HernepepBHa Ha [a;b]
b b i ce[a;b], 10
jk~f(x)dx:kjf(x)dx

a

b c b
Jf(x)dx = jf(x)dx+ff(x)dx.

MOACHEHHA N OBI'PYHTYBAHHA

fAx Oymo sasmaueno B § 6, inmezpysannsa — ue 0is, obepHeHa 00 Jugpe-
penuiosarHs. BoHa I03BoJIAE 3a 3amaHOI0 HMOXimHOIO (GyHKIII 3HaliTH (BigHO-
BUTH) 1110 (pyHKIif0. IToKaskeMo, 10 I oIepallis TiCHO IIOB’sI3aHa i3 3amadueio
obuuciieHHA oIl (irypu.

Hanpukiazg, y MexaHimi dacTo JOBOZWTHCA BUSHAUATH KoopauHaty x(t)
MaTepiaJbHOI TOYKWU, IO PYXAEThCA NPAMOJIIHINHO, 3HAIOUM B3aJIeKHICTH Ii
mBuAKOCT Bix wacy v(t) (maragaemo, mo v(t)=x’(t)).

PosriameMo cmoyaTKy BUIIAMOK, KOJM TOYKA PYXa€ThbCA 3 IIOCTiHHOIO
MBUJIKICTIO U=10,. 'padgikom mMBUIKOCTL B CuCTeMi KOOpAUHAT (t; v) € mpAMa
UV =0,, OapajenabHa oci gacy t (puc. 7.1). fKmo BBa)kaTu, 10 B IOYATKOBUI
mMoMeHT yacy t=0 Touka mepebyBaJjia B IOUYAaTKy KOOpPAWHAT, TO IILIAX S,
HIpoiifleHUIl Helo 3a 4ac f, 00UMCIIOITH 3a (hOPMYJIOI0 S=U,t. Beauumna vyt
IOPiBHIOE ILJIOINI S HPSAIMOKYTHHKA, 00Me:KeHoro rpadi-

KOM IIIBHJKOCTi, Biccio abciuc i ABOMa BEPTUKAJILHUMU
ONPAMUME, TOOTO IIJIAX TOUYKKM MOYKHA OOUUCIUTH SAK Puc. 7.1
mwirorny Girypu, posraimoBaHol mig rpadikoM IIIBUIKOCTI.

Posrisumemo Bumagoxk HepiBHOMipHOro pyxy. Te-
mep HIBUAKICTL MOXKHA BBaKaTW MOCTiHOIO TiJIbKU Ha
MaJIeHbKOMY BiApisky uyacy At. SKIO HMIBUAKICTE U S=v,t
aMiHOETBCS 3a 3aKoHOM v=0v(t), TO ILIAX, IPOMIeHN i1
3a Bimpisok uacy [t;t—i—At], HaOJIMKEHO BHUPAYKAETHCS 0

o~ [P
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Pnc. 7.2 Pnc. 7.3 Pnc. 7.4
v=o(t) v=u(t) Y y=f(x)
1 s
fatn] R T R S T h L
SN t 0|a bx

mobytrom v(t) -At, Ha rpadiky meii [o6yTOK NOPiBHIOE ILIOII MPAMOKYTHHKA
3i croponamu At i v(t) (puc. 7.2). TouHe 3HaUeHHA ILIAXY, IIPOMJEHOTO 3a
Biapisok wacy [t;t+At], nopiBHIOE momi KpuosinillHOl mpaneyii, BUOKpeM-
JeHol Ha IbOMY PHUCYHKY. Tomi Bechb ILIAX, IIPOHAEHUNA MaTepiaJbHOI0 TOU-
KOI0 3a Bifpisok uacy [O;t], MOKHa OOUYMCIUTH OOJABAHHSAM IIJOI] TAKUX
KPUBOJIHIAHUX Tpamelliii, ToOTO IIJIAX AOpPiBHIOBaTHMeE ILIOINI 3adapboBaHOL
dirypu mig rpadgikom mBupkocti (puc. 7.3).

Hasememo BimmoBigHi o3HaueHHS II OOI'PYHTYBAHHS, SAKi JT03BOJATL 3PO-
ouTH i MiIpKyBaHHS OiJBII CTPOTUMMU.

Hexaii ma Bigpisky [a; b] oci Ox 3amaHO HemepepBHY (QYHKIIO [ (x), sxa
HabyBae Ha IIbOMY BiJpPi3Ky TiJIbKH HEBiJ'€MHUX 3HAUEHb.

OsHauenHs. Qirypa, o6mexeHa rpadikom dyHkuii y =1 (x), Biapiskom [a;b]
oci Ox i npamummn x=a i x=b, Ha3MBAETbCA KPUBOJIiHilIHOIO mpaneyielo
(puc. 7.4).

Bigpizox [a; b] Ha3WBAIOTh OCHOB0K KPUBOJIHIIHOL mpaneuyil.

3’sicyeMo, SK MOYKHA OOUMCJMNTHU ILJIOITY KPUBOJIiIHiINHOI Tpamelii 3a m0-
HOMOroio mepBicHol guaa dymrmii f(x).

IMosuaunmo ueped S(x) mmomy xKpuBoiiHifiHOI Tpamerii 3 0CHOBOIO [a; x]
(puc. 7.5, a), me x — Oymb-AKa TOYKa BiApiskKa [a;b]. IIpu x=a Bigpi-

Puc. 7.5 a 6 B

Yy
y=1(x)
|

) [N
K

+ b
B>

]

®
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30K [a; x] BHPOIPKYETHCA B TOUKY, 1 Tomy S(a)=0; mpu x=b maemo S(b)=S,
Ie S — 1JoINa KPUBOJiHiINHOI Tpamelrii 3 OCHOBOIO [a; b] (muB. puc. 7.4).

» Mokaxemo, wo ¢yHkuis S(x) € nepsicHolo Ona ¢yHkuii f(x), T06TO0 WO

S’ (x)=f(x).

. . . .. . AS
BignoBiaHO A0 O3HaueHHs MNoXiAHOi NoTpibHo AoBecTn, wWo — — f(x) npw
Ax — 0. Ax
[na cnpouweHHA MipKyBaHb po3riAaHemo Bunagok Ax >0 (Bunagok Ax <0 pos-
rMAOAETbCA aHaNorivyHo).
Ockinbkn AS =S(x+Ax)—S(x), To 3 Toukn 30py reometpii AS — nnowa oiry-
pu, BUOKPEMEHOT Ha puc. 7.5, 6.
Po3srnaHemo Tenep NPAMOKYTHMK i3 Takol camoto mroweio AS, ofHi€lo 3i CTOpPiH
AKOTO € BiApi3ok [x; x + Ax| (puc. 7.5, 8). Ockinbkn dyHkuisa f(x) HenepepsHa, To
BEPXHA CTOPOHa LbOro NpsMOKYTHMKa NepeTrHaE rpadik ¢yHKLUIT B gesKin Touui
3 abcuucoto ce[x;x+Ax] (iHaKwe po3rnAHYTUN NPAMOKYTHUK abo MiCTUTb Kpu-
BOJiHIVIHY Tpaneuito, BUOKPEMIEHY Ha puc. 7.5, 8, abo MicTUTbCA B HilA, i, Bignosia-
Ho, ioro nnowa 6yae Ginbwoto abo MeHwWwoto Big naowi AS). Bucota npAMoKyT-
HuKa popisHioe f(c). 3a dopmynoto ol NpAMoKyTHUKa Maemo: AS = f(c)Ax.
. AS _ flo)ax

 Ax

OCKinbKu TOUKa ¢ NeXNTb MiXK TOUKaMu x i x + Ax, To ¢ NpAMYE [0 x, AKwo Ax — 0.
YpaxoByloun HenepepBHicTb ¢yHKLUii f(x), opepxyemo Takox, wo f(c)— f(x)
npy Ax — 0.

Top,

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

OTxe, i—s—>f(x) npu Ax —0. Le osHauae, wo S’(x)=7(x), T0610 S(x)
X

€ nepsicHoto ana dyHkuii f(x).

Ockinbru Qyarnia S(x) e mepeicuoro mis gyukuii f(x), To 3a 0cHOBHOMO
BJIACTUBICTIO HepBicHMX Gyab-aka inma mepsicaa F(x) mns gymxmii f(x) mios
BCix xe[a; b] BiZpisHsE€THCA Bif S(x) ma nocritiay C, ToOTO

F(x)=S(x)+C. (1)

106 smaittu C, migcraBumo x =a. Oxepsxyemo F(a)=S(a)+C. Ockinpku
S(a)=0, to C=F(a) i piBuicts (1) MOKHA BaIHCATH TaK:

S(x)=F(x)-F(a). 2)

VpaxoBymoouu, [0 IUION[a KpHBOJiHiNHOI Tpamemii mopisuie S(b),
migcraBiagemo y dopmyny (2) x=b i omepxyemo S=S(b)=F(b)-Fl(a).
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To6To, maomy KpuBOJgiHiWHOI Tpamenii (AwB. puc. 7.4) MOKHA OOUMCIUTH
3a (popmyiror0

S=F(b)-Fl(a), 6))
me F(x) — mosineHa mepsicHa nas gymrmii f(x).

Or:xe, OOUMCIIEHHS ILJIONII KPMUBOJIiIHIiIIHOI Tparellii 3BOAUTLCS IO 3HAXO-
moxenHs mepsicuoi F(x) mus dyurnii f(x), To6ro mo inrerpyBaHHS (yHK-
mii £(x).

O3HaueHHs. Pisinua F(b)-F(a) HasuBaeTb- ,

cA gusHayeHum iHmezpanom pyHkyii f(x) Ha Bamuc J' f(x)dx umranors:
BiApisKy [a;b]. a
«imTerpaJ Big a 1o b ed Bixg

Busnavenuil inmezpaJs no3HaLamwms mak: _ :
1KC € 1KC».

b
Jf(x)dx.

Yucsa a i b Ha3WBAIOTH MeHCAMU IHMEZPYBAHHA: @ — HUIKHBOIO MEXKEI0,
b — Bepxubo. OT!KE, 3a HaBeJEHUM O3HAUEHHAM

b
[1(x)dx=F(b)-F(a). )

a
D Dopmyny (4) HasuBaTH (popmynaoro Heiorona — JleibHina.
B sammci oGumcieHHs Bu3HaueHOTo imTerpasa pisuumio F(b)—F(a) mpu-
b b
, To6T0 F(x)| =
a a

fiHATo mosHauaru Tak: F(x) F(b)-F(a). Kopucryouncs ium

nmosHaueHHaM, opmyay HbrioroHa — JleiibHina MoKHaA 3amucaTd B TaKOMY
BUTJISi:

jf )dx=F( )‘sz(b)—F(a).

Hanpukmaan, ocrcim,}m o QyHKILiI f(x)=e* onmicio 3 nepBicHUX
1

e F(x)=e*, 10 J.exdxze
0

Y Tomy BI/II'IaIII-Cy xKonu ana ¢yekmii f(x) Ha Bigpisky [a° b] icHye BU-

1
x Ozel—eoze—l.

SHAUEHUH iHTerpas j f(x)dx, dyurmito f(x) HasuBaioTh iHmezposanoi Ha
sidpisry [a;b]. a
I3 popmyn (3) i (4) BunmuBae, 110 nAOWY KPUBONIHILHOT mpaneyii, oOmedice-
HOL zpagirkom HenepepsHoL i He8id €MHOL Ha 8i0Pi3Ky [a; b] dynruyii y=1(x),
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BlapZSTCOJVl b[a;b] oci 07x4l npﬂmum6u Puc. 7.6 y
x=a i x=»b (gus. puc. 7.4), moxHa 00- 1| y=cosx

b
yucaneamu 3a (Qopmyaorn S:Jf(x)dx. /\
.. . a 0| =« T x
Ile cmiBBimHOIIEHHA BimoOpaskae reo- ST
METPUYHHI 3MiCT BU3HAYEHOTO iHTEe-

rpaJa.

Hampuknazn, niomny KpuBoJIiHiTHOI Tpatelrii, oOMe:xkeHol rpaikom GpyHK-

il y=cosx, Binrpiskom [O; %:| oci Ox i mpamumu x=0 1 x =% (puc. 7.6), moxx-
T

6 I
N . 1 1
Ha oOuucauTu 3a (Qopmyaow S= J. cosxdx =sinx|6 = sm% —sin0= 5 0= 5
0

0
(B mporieci o6umnceHHA BM3HAUEHOTO iHTerpaJjia BpaxOBaHO, IO s (QYHKITII

f(x)=cosx ogmieio 3 mepBicuux e dyurmia F(x)=sinx.)

. Binblw geTtanbHO 3 obuMcneHHAM oW, i 06'eMiB 3a JOMOMOroO BU3HAYEHUX iHTe-
rpaniB MOXHa O3HAMOMUTUCA, 3BEPHYBLWMCb OO iHTEPHET-MIATPUMKU MNigpyyYHMKa.

V¥ samauax i3 Kypcy aire6pu i mouaTKiB aHaIisy Ha 00UMCIEHHA ILJIOII AK BiamoBias
Halfyacrimie HaBOAATH UYUCJOBe 3HaueHHA Ioimi. OCKiIbKM Ha KOOPAUHATHIN
IJIOIUHI, e 300pakeHo Girypy, 3aBKIu BKa3yIOTh OQUHUIII0 BUMIipy IIO OCAX, TO
MU Mae€MO 1 OAUHUITIO BUMipYy ILJIOIII — KBaapar 3i cTopoHoio 1.

Tukouu, 106 migKpecnTH, 1110 OfepKaHe YMCJIO BUPAKae caMe ILJIOIIY, BilmoBias 10

1 . .
OCTAHHBLOTO MIPUKJIAAY 3alUCYIOTh Tak: S=— (KB. Of.), TOGTO BKA3yIOTh KiJlbKiCTh
2

KBaApaTHUX OOUHUIIL. 3a3HAYNMO, 110 ¥ TAKUI CIIOCi0 3aIMCyIOTh TiJIbKU YMCIOBI
BigmoBini. SIKImo B peayibTaTi 06UMCIeHb IIJIOIi MU OIePIKaJiu, HAIPUKJIAL, S = 2a? ,
TO HiIKMX OAWHUIIH ILJIOIIi He 3alMNCYIOTh, OCKiJIbKU Bipi30oK a OyB BUMIipAHUI
Y AKUXOCH JJIHIHHUX ONUHUIIAX, 1 TOAI BUpas a? micruts iH(dopMarrio mpo KBagpaTHi
OIUHUII, Y IKUX BUMIiPIOIOTH ILJIOITY B IIbOMY BUIAIKY.

dopmya00UYN 03HAUEHHS BU3HAUEHOr'O iHTerpajia, MU BBasKaJu, I0 a<b.
JOoIiibHO POSMIMPUTH HOHATTS BUSHAYEHOTO iHTErpaJa.

Hna Bunmagky a>b mpuitMeMo 3a O3HAUEHHSAM, II[O
b

Jf(x)dx=—_Tf(x)dx. 5)
b

a
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g Bunmagky a=»>b TaxkoX 3a O3HAUEHHAM BBaKaTUMEMO, IO
a
[f(x)dx=0. (6)

dopmanbHe 3acTocyBanHA popmyau Hbrortoma — JleiibHima mo oOUmcC/IeH-
Ha iHTerpaJiiB y ¢opmynax (5) i (6) mae tarkuit camuii pesyabrar. Cropasmi,
AKII0 PYHKILiA F(x) e nepBicHOO Iy PyHKIHI [ (x), To

]l.f(x)dx=F(x)azF(a)—F(a)zO.

Taxo:x b

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

3a pomomorowo (¢opmyau HbooToHa — JIeI/I6H1ua JIETKO OOI'DYHTyBATU
¥ iHIIi BJIACTHBOCTI BM3HAYEHWX iHTerpaJiB, HaBeleHi B 1. 4 Tadm. 11.

Q O3HanomuTuch i3 BI}J,I'IOBI,E[HI/IM O6r'pyHTyBaHHFIM a TaKOXK 3 MOMKJIMBICTIO iHLWIOrO
O3Ha4Y€HHA BM3HaA4Y€HOro |HTerpana AKE BUKOPUCTOBYETbCA B KypCaX MaTEMATUYHOTO
aHan|3y, BN MOXeTe, 3BePpHYBLWNCb OO IHTepHeT I'II)ZlTpI/IMKVI I'II,EI,pyHHVIKa.

Kopucuo smarm, 110 BM3HAUEHUN iHTErpaj MIINPOKO BUKOPUCTOBYETHCS
IJIs ONHNCY Pi3HOMAaHITHUX IIPOIECiB y PisHUX HAyKaxX, HAIpUKJaL y (ismiri
Ta €KOHOMIIIi.

IT — pnckoHTOBaHa BapTiCTb FPOLLOBOrO MOTOKY,
I — WBMNAKICTb FPOLLOBOro NOTOKY,
P — PiyHa BifCOTKOBA CTaBKa,

f — NpoRyKTUBHICTD,
t — yac,
V — 06’em npogyKuii

t — yac
szzl(t)e_ptdt V:tff(t)dt
0 t

q — KinbKiCTb TOBapy,
P — uiHa ToBapy (BapTiCTb oANHNL),
(po; qo) — TOYKa piBHOBAru NONUTY i Npono3udii,

EKoHOMiKa

CS — HagMLWoK NS CroXuBaya,
PS — HapnnwoK BUPO6HUKa
d9

990
CS= [ p(g)dg—podo; PS=podo- | P(9)dg
0 0
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® — KinbKicTb TENIOTH,

A — poborTa, ¢ — TEeMNI0EMHICTb S — MnepemilLeHHs,
F — cuna, t U — LWBWUAKICTb,
N — noTy»KHicTb Q= J.c(t)dt a — NPUCKOPEHHA
Xy t 12
A= | F(x)dx . v=[a(t)dt
X1 ty
ty .\o ) o/. ty
A= JN(t)dt ®diznka s= Iv(t)dt
t / \ t
q — eneKTpPUYHWI 3apsag, m — Maca TOHKOTO CTPUKHS,
I — cuna Toky P — NiHiNHa ryctnHa
ty X2
41 Xy

NPUKJNIAAUN PO3B'A3YBAHHA 3ABJAHDb

i

4
. d
Mpuknag 1. O6uncnitb f f .
0 COs X
Po3B’A3aHHA KomeHTap
n k2 Ockinbkn gna GyHKuii f(x)z 35— MW 3Hae-
4 d 4 cos” x
> J' il =tgx =tg£—tg0= MO NepBiCHY: F(x)=tgx (gus. Tabn. 10), To
0 cos? x 0 4 3afaHunl iHTerpan MoXkHa obuncnmTn 6esnoce-
pefHim 3actocyBaHHAM popmynu HbtoToHa —
=1-0=1. JlenbHiua

Bidnosidv: 1. b

a

b
[f(x)dx=F(x)| =F(b)-Fl(a).
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PO3[T 2. IHTerpan Ta MOro 3acTOCyBaHHS
e
Mpuknapg 2. O6uncnite j(——x)dx.
X
1

Po3B'A3aHHA KomeHTap
I coci6 MoXnuBi ABa LWASXN 0OUMNCNEHHS 3aaHOrO iH-
4 Terpana.
» Insa gyuruii f(x)=—-x P
X

. . . 1 7 i
OJHi€I0 3 TIePBICHIX € by HKIis ) CnouaTKy 3HanTV NepBicHY ANA GyHKL

4
2 f(x)=——x, BUKopUCTOBYyIOUM NpaBuna
x ’
F(x)=4ln|x|——.To/:[i x
2 obuncneHHA nepsicHWX i Tabnuuio nepsic-
374 22 )3 HUX, @ NOTIM 3HaNTL iHTerpan 3a Gopmysoto
I ——x |dx= 41n|x|—7 = HbloToHa — JlelibHiua.
x

1 1

2) Bukopuctatn dopmyny

3° 1
=(41n|3|—7)—(41n|1|—7)= }(f(x)+g(x))dX=

=41n3-4. ¢ b b
11 cmoci6 =_[f(x)dx+_[g(x)dx
3 3
4 4d
4 _[(——x)dxzj—x —jxdxz . ¢ .
x x i 3anucaty 3agaHW iHTerpan sAK anre-
! ! ! 6paiuHy Cymy ABOX iHTerpanis, KOXHUNA i3
3 dx 3 3 x2 3 AKMX MOXHa 6e3nocepefHbo obuMCIUTH,
=4J——J.xdx=41n|x| —o| T AK y npviknagi 1 (ana nepworo JopaH-
1Y 1 1 Ka MOXHa TaKoX BuKopuctati dopmyny
) ) b b
=4(ln|3|—1n|1|)—(3——1—)= Ik-f(x)dx=k_[f(x)dx i BUMHeCTW cTa-
2 2 a a
—41n3—4. NN MHOXXHUK 4 33 3HAK iHTerpana).

3azaHuil iHTerpaa posryiamaioTh Ha BiAPisKy [1; 3], me x>0. Ane pu x>0 oxHiero

. 1 .
3 mepeicHux gua Gyrrnii f(x)=— e gyurmis F(x)=Ilnx. Tomy, BpaxoByIOUH, IO
x

3
dx . .
x>0, MOXKHa, HAIIPUKJIAJ, 3allucaTU, 10 J—=lnx . Xoua, 3BUYAWHO, HABEIEeHUI
X
1 1

BUIIE 3aIIUC IePBiCHOI TeK € mpaBuIbHUM (OCKiIbKY mTpu X >0 1n| x | =lnx).
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Mpuknapg 3. O6uncnite nnouwy ¢irypu, oomexeHoi npamumn x =1, x =8, Biccio Ox
i rpadikom GyHKUiT y=§/;.

Po3B’A3aHHA KomeHTap
) 3obpakyroun 3asHaueHi jginHii, 6aunmo, 1110 3a- 3apaHa dirypa € Kp1BORiHili-
mama (pirypa — KpuBoJdiHiliHA Tpameria (puc. 7.7). Holo Tpaneui€to, i Tomy Ti
MIoLLY MOXHa 00uUnCcnnTY 3a

dopmynoto

S= j.f(x)dx,

ge a=1, =8, f(x)z%/;.

Takox noTpibHO BpaxyBaTu,
WO Ha 3ajaHoMy BIAPI3KY
[1; 8] 3HayeHHa x>0, i 3a

L€l yMOBM MOXHa 3anmcaTtu
1

¥ = x5,

4

4
=3(83 —13)=3(384 —1)=£=11l.
4 4 4 4

Bionogiov: 1 li .

BIPABU
7.1.  OOuuciits iHTerpas: -
2 2 10
dx dx
1°) jx4dx; 4°) .[ ——; 7) J—2;
e 7 sin® x 1 X
4
K K
2 2 dx g
2°) J.cosxdx; 5) J.—z; 8) Js1n2xdx.
0 1 (2x+1) k3
4

3 b3
3°) Jx3dx; 6) JScosidx;
1 0 2
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HoBeniTs mpaBUIBHICTE PiBHOCTI:

T T
4 g L F ¥
1) J. 5 =de; 3) Jcosxdx: J. x2dx;
0 COoSs X 0 0 0
E

o . 4)}Qx+Ddx=ﬂx3—ﬂdx.
0 0

OG6uwucriTh iHTErpaJI:

2n
2n x 3 x X 2
1) J.sin—dx; 5) J(sin—Jrcos—) dx;
3 4 4
n 0
2 dx 2 3
2) | —; 6) |(1+2x) dx;
J.z N2x+5 '(';
L
31 12
3) j dx ; 7 J(1+cos2x)dx;
2 X
0 cos 3 0

oo
4) ng:g, 8){ X+~ Jda.

Y zaBmanHaAxXx 7.4—7.8 o00umciaiTh (IIOomepegHHO BUKOHABIIU PHUCYHOK)
miIomy Qirypu, ooOMesKeHOI 3aJaHUMM JiHigMM.

1) y=x*, y=0, x=-1, x=1;

2) y=x', y=1;

3) y=x2—4x+5, y=0, x=0, x=4;
4) y=x2—4x+5, y=5.

1) y=1-x%, y=0, x=0;

2) y=2-x%, y=1, x=-1, x=1;

3) y=—x2—4x, y=0, x=-3, x=-1;
4) y=—x%-4x, y=1, x=-3, x=-1.
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7.6. 1) y=x3, y=8, x=1;

T
2 =2cosx, y=1, x=——, x=—;
)y y 3 3

3) y=x2—2x+4, y=3, x=-1;

99

4) y=sinx _1 x=1 x——5—1t
y YTy 6’ 6
77. 1) y=4x-x2%, y=4-x; 3) y=x2, y=2x;
1
2) yz—g, y=2x, x=4; 4) y=6-2x, y=6+x—x2.
x
78. 1) y=x2—4x+4, y=4—x2; 3) y=x2, y=2x—x2;
2) y=x2—2x+2, y=2+6x—x2; 4) y=x2, y=x3.

@ U) BusaBiTb CBOIO KOMNETEHTHICTb

7.9. TlorpibHo modapbyBatu 3 oxHiel croponu 30 omHAKOBUX
IJIOCKUX MeTajieBux merajieii. Eckis merasi 300paskeHO
Ha puc. 7.8 (BepxHA MerKka HeTajli 3aJaeTbCcs rpadikom

GyHKIIL y=8\/; , & HIKHS — rpadikom pyHKIil y=x2,
ONVHUYHUN BiApisok Ha eckisi mopiBuioe 20 cm). CkinbKu
06aHoOK, 1o Mmictare mo 0,9 Kr ¢apbu, morpibHO HpuIbAa-
TH, AKINO 1A GapOyBaHHAa 1 M? MOBEPXHI BUTPAYAETHCS
130 r ¢apbu?

7.10. Ilixg miero cunmu F =10 H npy:KuHa pO3TATYETHCA HA 2 CM.
Axy poboTy mpu 1bOMY BUKOHYE cuJa F, SKIO 3a 3aKO-
Hom I'yka F=Fkx, ne x — pedopMmallisa mpy:Kunu, £ —
KoeditieHT (dpopmysaa ajad oOUMCIeHHA POOOTH HaBeje-
Ha y cxXeMi Imepej IIPHUKJAJaMU PO3B’sI3yBaHHSA 3ajadv).

7.11. Yomy ¢opmyna Herorona — JleiibHilla mMae Taxky HasBy?
3HangiTe BigmoBigHy iHdopMmaliiro B mepeski ImTepmer
i migroryiiTe HeBeJMUYKE IOBiJOMJIEHHS.

\UJUJ Temun HaBYaNbHNX NPOEKTIB
1. IIpaxkTuuHi 3acTOCyBaHHS iHTerpaJa.

Puc. 7.8

2. NudepeHniagbHi piBHAHHA Ta IX 3aCTOCYBAaHHSA [JIA MOZEJTIOBAHHS

PisHOMAaHITHUX ITPOIIECiB.
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IHTerpasbae ynciieHHA W IOHATTS iHTerpaJia BUHU-
KJIO uepe3d HeOoOXiMHiCTh 06UMCIeHHA IJIONT IJIOCKUX (i-
ryp Ta o6’emiB Tij. Ixel iHTerpaJbHOTO YUCI€HHA 0EPYTH
CBiif TOUaTOK y poboTax CTapoJaBHiX MaTeMaTHKiB. 30-
KpeMa, BasKJIMBe 3HAUEHHS [JI PO3BUTKY iHTErpaJbHOTO
YUCJIEeHHSA MaB Memold BUYepnyeaHHs, 3aIlPOIIOHOBAHUI
€sporxcom Kuimcerkum (61. 408 — 6. 355 pp. mo H. e.)
i BmockoHaseHuit Apximemom. 3a UM METOIOM MIJIs

00uMCJIEHHSA IJIOLI] IJIOCKOI (irypu HABKOJIO Hel OmuCY-

Apximen I0Th cTymiHYacTy (irypy i B Hel BOUCYIOTH CTYIIiHYACTY
(287-212 pp. Ao H. €) Gdirypy. 36iIbIIyIOUN KiTbKIiCTh CTOPiH OZEpIKAHUX MHO-
TOKYTHUKIB, 3HAXOQATHh TPAHUIIO, OO0 SAKOI NPAMYIOTH
miaomii cryminyactux ¢iryp (came Tak y Kypci reome-
Tpii Oyso moBemeHo (opMyJIy ILIOMIIL Kpyra). Apximern
nepenbauymB 06araTo ieil iHTerpaJibHOrO YMCJIEeHHA. AJje
MPOUIIIO OiJbII AK HiBTOPM THUCAYI POKiB, MepIn HixK
mi imei Oysio moBemeHO OO PiBHS YHCIeHHA. 3a3HAYU-
Mo, 110 maremaruku XVII ct., aki 3mobyau 6araTo Ho-
BUX pe3yJbTaTiB, Opaju 3a ocHOBY mparmi Apximesna.

T Nei6Hiy Y XVII cr. 6ysno 3pobseHo 6araro BiJKPHUTTIB CTOCOB-
(1646-1716) HO iHTerpaJbHOTO UMCJIEHHS, YBeIeHO OCHOBHi ITOHSATTS
i TepmiHU.

CumBout f yBiB I. Jleit6ouin (1675). Ileit 3HAK € 3Mi-
HEHOI0 JaTUHCHhKOIO OyKBoio S (mepira OyKBa cJjoBa
summa). Camé caoBo inmezpas ysis 1. Bepuyaai (1690).
Iz Bigomi BaM TepMiHM, ITIO0 CTOCYIOTHCA iHTErpaJbHOTO
YucJIeHHd, 3’ABuyancA 3HauHO nisHime. Tepmin nepsicra
@yYHKUYis, IO 3aCTOCOBYETHCA TeIep, 3aMiHUB IIOTIEPEHIO
Ha3By npumimuena Qyrryis, axky BBiB JK.-JI. Jlarpanx

(1797). JlaTuHCBKE CJIOBO primitivus MePeKJIaJaEThCA AK

K-J1. NarpaHx 3 :
(1736-1813) novamrosuii: (QyHKIig F(x):J'f(x)dx — ToYaTKOBAa



(abo mepsicua) aaa GyHKIII f(x), AKa yTBOPIOETHCH
3 F(x) mudepenniroBanuam. IloHATTA HesusnHauenHo20
inmezpana Ta 1oro mosHaueHHA BBiB JleiOHim, a mo-

b
3HAUEHHSA GBU3HAYEHO020 I[HMezpaa Jf(x)dx yBiB
JK.-B. ®yp’e (1768-1830). @

Cuoig 3ayBasKuUTH, IO IIPU BCifi 3HAUYIIOCTI Pe3yJIb-
TariB, 300yTux Marematrukamu XVII cT., iHTerpajabHO-
ro yucjaeHHA Ie He Oyno. HeoOximHo OyJI0 OKpecauTun
3araJibHi ifei, Ha AKX I'PYHTYEThCS PO3B’sI3yBaHHA Oa-
raTboxX OKpeMHuX 3a7ad, a TAaKO0K YCTAHOBUTHU 3B’SI30K
omepailliii gudepeHiroBanua i iHTerpyBaHHsa. lle Buko-
"Haau 1. Hetoron i I. JleitOnin, aKi BiAKpuIu HesaeKHO
oxwH Binm omHOro (hakT, BimoMumil IIif HaA3BOIO @opmyna
Hviomona — Jleit6niya. Tum camum ocTaTouyHO 0QOp-
MHUBCA 3arajbHuii meron. Tpeba Oyio Ie HaBUUTHUCS
3HAXOOUTU TepBicHI maa OaraThbox (GyHKIiI, ZaTH JO-
riudi OCHOBM HOBOI'O YMCJIEHHS TOIIO. AJie T'OJIOBHE BiKe
Oys10 3po0ieHo: audepeHItiaabHe i iHTEerpajbHe UNCJIEH-
Hs cTBOpeHo. MeToau iHTerpajbHOTO YMCJIEHHA aKTHUBHO
PO3BUBAJINCh Yy HACTYIIHOMY CTOJIITTI (Hacammepesn CJIif
HasBatu imeHa JI. Eiijiepa, sskuii 3aBepIIuB cUCTEeMaTHU-
He IOCJIiI)KEeHHsS iHTerpyBaHHA eJIeMeHTapHUX (PYyHKITiH,
tra M. Bepuynmi). Y DO3BUTOK iHTErpaabHOTO UHCJIEH-
Hs 3HAYHUI BHECOK 3pO0WJIM MaTeMaTUKU 3 YKpaiHnu
B. d. Bynakoscekuit (1804-1889) i M. B. Octporpan-
cekmii (1801-1862). Barato Teopem i ¢opmyna Octpo-
I'PaiCbKOTO BBIiHIIIM OO PiBHUX MaTeMaTUYHUX KYPCiB.
MaremaTukamM ychoro cBiTy moOpe Bimomi meTon iHTe-
rpyBauua OcTporpajacbKoro, mpasuio OcTporpaacbKoro,
dopmysa OcTporpaachbKoOro TOIIO.
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PO3[T 2. IHTerpan Ta MOro 3acTOCYBaHHS

3ABAOAHHA ANA NiArotoBkn A0 OLUIHIOBAHHA

. g pyurmii f(x)
1

Tect N2 2
=4x3 smHaigiTh nepBicHy, rpadik AKOI IIPOXOIUTH
yepe3 TOUKY (0, )
A F(x)=—x -1 B F(x)=x4 i F(x)=x4+1
b F(x)=x4—1 r F(x)z—x4+1

. Cepen HaBemeHUX HMKYe (PYHKIIM BKaKiTh Ty, IEPBICHOIO OJIA SKO1

€ QyHKIig F(x)zctgx+C.

A F(x)=— B f(x)=tex A f(x)=——%
COS X sin X
5 f(x)=-—5 r ()=
cos“ x sin“ x

. BHAUAITh 3arajbHUII BUIVISAA NOepBicHUX AJaA (GyHKIHEL f (x):cosx—ex .

A F(x)z—sinx—ex B F(x)zsinx—ex+C a F(x)zsinx+ex+C

b F(x)=sinx—e” [ F(x)=-sinx—e*+C
. YcraHOBiTH BiAmoBigHicTh Mik imTerpamamu (1-3) Ta iXHIMU 3HaUEHHS-

mu (A-T).

1 Al
1 I\/;dx 7

0 b —

1 24
2 2

Ix dx B 1

3

2 1 )

JET

1* 3

. SHaiifite miomy Qirypu, obmeskeHoi rpaikomM QyHKRUil y=—, Opd-

muMu x=1, x=4 Ta Biccio Ox.

MponpiTb OHNaMH-TeCTyBaHHA Ha CalTi interactive.ranok.com.ua.
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ENEMEHTH
KOMBIHATOPMKW,
TEOPIi NIMOBIPHOCTEN
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§ 8. EnemeHTV KOMbGIHaTOPWKK
§ 9. OCHOBHi NOHATTA Teopil NMOBIPHOCTEN

§ 10. MNoHATTA NPO CTAaTUCTUKY.
XapakTepucTuky pAagis AaHuX

Y ubomy posgini Bu:

©  cuCcTemMaTM3yeTe N y3aranbHUTE 3HAHHA N YMIHHA,
noB'A3aHi 3 KOMOIHAaTOPUKOLD, TEOPIEID NMOBIPHOCTEN
i MaTeMaTUYHOIO CTaTUCTUKOIO;

= o3HanomuTecqa 3 dopmynamu Ans obuMCneHHa yncna
nepecTaHoOBOK, PO3MillleHb i KOMOiHaLil;

© HaBuyMTeCA 3aCTOCOBYBATU MMOBIPHICHI XapaKTepuCTUKK
[0 aHanisy HaBKONMULWHIX ABULY A8 NPUAHATTA
NpaBuUIIbHUX pPilleHb.



Tabnuusa 12
Kom6iHaTopuka
Kombinamopuka — po3pin maTeMaThKK, Y AKOMY BMBYalOTb cnocobu BMbopy Ta po3mi-
LleHHA eNeMeHTiB AeAKOI CKIHYEHHOT MHOXKWHW Ha OCHOBI NMEBHNX YMOB.
Brb6paHi (abo BUOpaHi 1 po3milLeHi) rpyny enemeHTiB Ha3UBaloTb CNOJTYKAMU.

AKLLO BCi enemeHTM pi3Hi, TO 0lepP>KYEMO CroyKy 63 NOBTOPEHD, a AKLLO eTEMEHTU MO-
XYTb MOBTOPIOBATNCSA, TO CMOMYKY 3 MOBTOPEHHAMU. My Gyiemo po3rnagat Crosyku
6€3 NoBTOPEHD.

MepecTaHOBKM

Os3HaueHHsA. [fepecmaHoeKoI0 3 N eJleMeHMie Ha3NBaETbCA Gyab-AKa BNo-
pAAKOBaHa MHOXVMHa 3 n 3aflaHNX efleMeHTiB (TO6TO Taka MHOXUHG, 0nA
AKOI 8KA3AHO, AKUU esleMeHm po3mawosaHull Ha Nnepuiomy Micyi, AKUli — Ha opy-
20MY, ..., AKUU — HA n-my).

®opmyna uncna

o
nepectaosok (P,) UL

KinbKicTb pi3HMX WwWecTUundpoBux Yncen, ki MoXKHa CKa-

=n!
Py =nl, ctm 3 undp 1, 2, 3, 4, 5, 6, He NoBTOptOOUN Ui LdpU B of-
nen!=1-2-3-...-.n HOMY UMCi, AOPIBHIOE:
(HVITaIOTb: «eH d)aKTopian») P6 =6!=1-2-3-4-5-6=720.

Po3miweHHA

O3Ha4yeHHA. Po3miujeHHAM 3 n eleMeHmMie no k Ha3uBaEeTbcA Gyab-AKa
BrnopsAAKoBaHa MHOXWHa 3 k eNeMeHTIB, CKNajeHa 3 efleMeHTIB 3agaHol
n-enemMeHTHOI MHOXXWHW.

®opmyna uncna

n
po3MmilleHb (A,';) ALY

KinbKicTb pisHUX TpULMPOBMX YMCEN, AKI MOXHA CKNacTu

i n! 3undp 1,2, 3,4, 5, 6, AKWwo undpu He NOBTOPIOOTHCH,
A, Zm AOPIBHIOE:
: 3 6! —6!—1'2‘3'4'5'6—456—120

6~ (6-3)! 3!  1.2.3



§8.EneMeHT KOMOIHATOPWKM

Kom6iHauiil

OzHaueHHs. Kom6inayieio 6e3 noemopeHsb 3 n eleMeHmie no k Ha3sNBa€ETb-
ca 6yab-Aka k-eneMeHTHa NiAMHOXMNHA 3aAaHOI n-eNleMeHTHOT MHOXUWHMW.

®opmyna umcna

KoMOiHaLlin (C,’f) MNpuknag
ch_ n! I3. Knacy, Wo CKafaeTbcA 3 2? y‘-{5HiB, MOXHa Bubpatn 5 yu-
" e HiB ANnA YeprysaHHA no wkoni Cys cnocobamu, To6TO:
5 25! 25! 21-22-23-24-25
(3a 03HaUEHHAM Cys = =

BBaX<aloTb, WO C,? =1)

C51(25-5)1  51.201

1.2.3-4-5

=53130 cnocobamm.

[esKi BNacTMBOCTI Yncna KoMbiHaLin 6e3 NOBTOPEHb

CF=c"* zokpema C"=C"" =C° =1)

k B+l _ ~k+1
Cn + Cn - Cn+1

Cxema cKnapaHHA ninaHy pOSB'ﬂSyBaHHﬂ KOM6iHaT0pHI/IX 3agaud

MNpaBuno cymn

AKLo enemeHT A MOXHa BUGpaTn m Cro-
cobamu, a enemeHT B — n cnocobamu (npu
LbOMy BUBIp enemeHTa A BMK/IOYAE OQHO-
YyacHui BKOIp i enemeHTa B), T0 A abo B
MoxHa BU6bpaTtn (m+n) cnocobamu.

MpaBuno gobyTKy
AKLLO enemeHT A MOXXHa BUBpaTh m cnoco-
6amu, a nicnAa uboro enemeHtT B — n cno-

co6amu, To A i B moxHa Bubpatn (m-n)
cnocobamm.

Bub6ip ¢opmynnu

Yu BpaxoBYETbCA MOPALOK HACTYMHOCTI eNeMeHTiB y cnonyLi?
(]

n

Tak Hi
o
Yn BCi enemeHTN BXOAATb [0 CNONYKN?
()
Tak Hi
[ ) [ )
lNepectaHoOBKM Po3miweHHA KombiHauii
3 n! k n!
=n! A ch—-—_—"
B, =nl " " kNn—k)

~ -k
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NMOACHEHHA N OBI'PYHTYBAHHA

ITig ugac posB’sa3yBaHHA 0araTboxX MNPAKTUYHUX 3a4a4 JOBOAUTHCSA BUOM-
paTu 3 IEeBHOI CYKYIIHOCTI OOG’€KTiB ejeMeHTH, II[0 MalOTh Ti abo iHImi BJa-
CTHBOCTi, PO3MIIIyBaTHU IIi e€JeMEHTH B IIEBHOMY IIOPAAKY ToIro. OcKiabKu
B TaKUX 3ajJavax iferTbcs mpo Ti abo immri komOimaiiii 06’exkTiB, To Taki 3amaui
Ha3UBaIOTh KoMOiHamopHumu. Posminm maremMaTuku, y SAKOMY DPO3IUIALAIOTH
MeTOAUu PO3B’sI3yBaHHA KOMOIHATOPHUX 3aj/ad, HA3WUBAIOTb KOMOIHANMOPUKOI.
YV KomOimaTOpuIli PO3riIanaloTh BUOIp i PO3MillleHHSA eJIeMeHTiB HAesaKol CKiH-
YeHHOI MHOXKMHM Ha OCHOBI AKWXOCH YMOB.

Bubpani (abo BubpaHi i1 posmileHi) rpynu eseMeHTiB HA3UBAIOThH CNOJY-
kamu. SIKI0 BCi eeMeHTHU CIIOJYKH PisHi, TO OAEpPrKyeEMO CIIOJYKY 0e3 IIOB-
TOPEeHb, a AKIIO0 eJIEMEHTH MOKYTH IIOBTOPIOBATHUCS, TO OHEPIKYEMO CIIOJIYKY
3 IIOBTOPEHHAMU.

Hapgani B npomy poszaigi OymeMo po3ryIsfaTH TiJIbKU CIOJAYKU 0e3 IMOBTO-
peHb, ToMy He OyZeMO OKpPeMO BKas3yBaTU Ha Iie ¥ KOKHOMY BHUIIAIKY.

Posp’asyBanHa 0araTb0x KOMOIHATOPHHX 3a7au CIHPAEThCA Ha ABa OC-
HOBHUX IIpaBWJIa — NPABUJLO CYMU U npasuno 000ymky.

IIpasuno cymu

Axmo ma rapinmi sgexuts 5 rpym i 4 abayka, To Bubpatu onmH (QPYKT
(To6To Tpymry abo ab6ayko) MoxkHa 9 cmocobamu (5+4=9). Y saraibHOMY
BUTJIA] CIIpaBeIJINBe TaKe TBEPKEeHHS.

D Axmo exemenT A MoskHA BUOpaTH m cmocobdamu, a ejlemMedT B — n cmo-
cobamu (mpu HLOMY BHOIp ejleMeHTa A BUKJIOYAE€ OTHOYACHUN BUOIp
i exementa B), To A a6o B mo:xHa BuGpatu (m+n) cmoco6amm.

D IIpaeuno dobymry
dAKIimo B KpaMHUIII IIPOJAIOTh PYyYKH D BUAIB i 3omutu 4 BHULIB, TO
BuOpaTu Habip i3 pyuKm ¥ 3ommTa (TOOTO Imapy — PYYKY i 30MINT) MOKHA
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5-4=20 cmocobamu (OCKiJIbKU [0 KOYKHOI 3 5 PyYOK MOKHA B3ATU OyAb-AKUI
i3 4 zomwuTiB). Y 3araJbHOMY BUIJIAII Mae Micile TaKe TBepPAKeHH:.

Axmo ememeHT A MoOKHA BMOpaTM m cmocof6aMm, a IIcJaA I[LOTO eJie-
Mentr B — n cmoco6amu, to A i B mosxkna BuGpatu (m-n) cmocoGammu.

ITe TBepm:KeHHs O3HAUAE, IO OCKiJBKHU JJs KOMKHOTO 3 M eJIeMEeHTiB A
MOJKHA B3ATHU B MHapy OyIOb-IKUU 3 1 eJeMeHTiB B, TO KiJbKicTb map mopis-
HIOE JOOYTKY m-n.

IToBTOpIOIOUNM HaBeAeHi MipKyBaHHA AeKigbka pasiB (6igbir cTporo —
BUKOPHUCTOBYIOUM METOJ MAaTeMaTHYHOl iHAYKIIiT), omep:Kyemo, IO IIpaBHMJja
cyMu i DOOYTKY MOJKHA 3acCTOCOBYBATH IIPpU BUOOpPi MOBibHOI CKiHUeHHOI
KiJIBKOCTi eJeMeHTiB.

ITix yac posB’sa3yBaHHA KOMOIHATOPHUX B3aJau JOBOAUTHCA PO3TJIAIATH
He TiJIbKM MHOKWHU, y AKUX €eJIEMEHTH MOKHAa 3aIllicyBaTu B OyIb-AKOMY
TIOPAAKY, a ¥ TaK 3BaHi 6nopsadko8aHi MHOMCUHU. ] BIOPAJKOBAHUX MHO-
KUH CYTTEBUM € IOPAMOK PO3MIIeHHA IX eJIEeMEeHTiB, TOOTO Te, AKWIl eJe-
MEHT 3alMCcaHO Ha IIepIIoOMYy Miclli, AKUI Ha APyroMmy i T. A. 30KpeMma, SKIIO
OmH1I M Ti caMi eleMeHTH 3amnucaTH B PiSHOMY IOPAAKY, TO OTPUMAaEMO DPisHi
BriopAaKoBaHi MHOKUHHU. I[o6 BimpisHuUTM 3anuc yIOPAIKOBAHOI MHOMKWHU
BijJi HEBIIOPAJKOBAHOI, €JIeMEHTHU BIOPAAKOBAHOI MHOMKWHM YaCTO 3aIUCYIOTh
Y KPyINIEX OyKKaX, HaIPUKJIAI (1; 2;3)7&(1; 3;2).

Posrnanaroun BHOpAAKOBaHI MHOXKWHU, Tpeba BpaxoByBaTH, IO OAHY
i Ty caMy MHOKWHY MOKHa BHOPAAKYyBaTu mo-pisHomy. Hampukianm, MHOMKU-
HY 3 TPbOX YKCEJ] {—5; 1; 3} MOJKHA BIIOPAAKYBATH 3a 3POCTAHHSIIM: (—5; 1;3),
3a CIamaHHAM: (3;1;—5), 3a 3pOCTaHHAM aOCOJIOTHOI BeJIWYMHU UYHCTA:
(1;3;—5) TOIIIO.

Bynemo posywmiru, 1o, 014 mozo w06 3a0amu CKiHYeHHY 6nopadKosany
MHONCURY 3 N ejeMenmis, 00cmamub0 6Ka3amu, AKUil eseMeHm pPO3MilLeHO
Ha nepwiomy micui, AKuil Ha Opyzomy, ..., AKUiL HA Nn-my.

O3Ha4yeHHsA. Po3mMiujeHHAM 3 n eneMeHTiB No k Ha3MBa€eTbcsA 6GyAb-AKa BNo-
pAAKOBaHa MHOXWHa 3 k efleMeHTiB, CKllafieHa 3 efleMeHTiB 3ajjaHoi n-ene-
MEHTHOI MHOXNHN.

107
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Hampuknan, i3 MHOXMHM 3 TPhoxX Hudp {1; 5; 7} MOJKHA CKJIACTH TaKi
pO3MillleHHs 3 ABOX €JIEeMEeHTiB:

(15), (1,7), (57), (51), (7:1), (7:5).
KinpkicTe posmimieHs i3 n eleMeHTIB IO k IIO3HAYAIOTH A,’f (auTaroTs:
«A 3 n mo k»). Ik 6aumnmo, A§ =6.

p 3'ACcyemMO, CKiNlbKM MOXHa CKacTu
PO3MilleHb i3 n enemeHTiB MNo k. Puc. 8.1.1
CknapaHHA po3MilLeHHA YABUMO AK
MocnifloBHe 3anoOBHEHHA Ek Miclb, @ @@
AKi 6ygemo 300paxkaTv y Burnagi
KNiTMHOK (puc. 8.1.1). l l l l l
Ha nepwe micue My Mo»Kemo no-
MICTUTU OAWUH 3 n eNeMeHTIB 3aja-
HOT MHOXMHU (TOOTO enemeHT ans k Micipb
nepwoi KNiTMHKXU MOXHa BMOpaTU
n cnocobamu). Ha gpyre micue moxkHa BUOPATU TiNbKM OMH €NIeMEeHT i3 TuX, Lo
sanuwunuca, To067o 3 (n—1). Tenep yxe ABa enemMeHTU BUKOPUCTAHO i1 Ha Tpe-
TE MicLle MOXHa BUOPaATK TiNbKM OAUH i3 (n—2) enemenTi Towo. Ha k-Te micue
MOXHa BM6paTyh Tinbku oauH i3 n—(k—1)=n—k+1 enemeHTis (aus. puc. 8.1.1).
OcKinbku Ham NoTpibHO BUOPaTV enemMeHTV N Ha nepLue, i Ha Apyre, ..., i Ha k-Te
MicLle, TO BMKOPUCTOBYEMO MPaBWSIO JOOYTKY N OfepXKyeMo ¢popmyny umcna
po3MilleHb i3 n enemeHTIB no k:

Al =n(n-1n-2)-....(n-k+1).

n

KinbkicTe posmimiens i3 n ejieMeHTIB fe oz mKin
10 k Mo3HAUYAIOTh A,’f . A — mepia Jitepa
(dpaHIyspKOro cisoBa arrangement —
po3MinieHHA.

Hanpuxkinan, A2=3.2=6 (110
3biraeTbcd 3 BiAIOBIiZHMM 3HaUEH-
HSM, OIep’KaHUM BUIIIE).

ITig yac posB’sa3yBaHHS HAHIIPO-
cTimmX KOMOiHATOPHUX B3ajay Ba’KJWBO IIPAaBUJIBHO BuOpatu (QopMmysay, 3a
AKOI0 OyAyTh IIPOBOAUTHCH OOUMCIEHHS KiJbKocTi cmoayk. Ias mporo mgo-
CTATHHO 3’ICyBaTH:

® yyu 8paxo8yms NOPAOOK PO3MIUeHHS eleMeHMI8 Y COAYUL;
® yu gci 3a0ami esemenmu 8x00nb 00 00epPHAHOL CNONYKU.

Axio, Hanpukaan, TOPAIOK PO3MIINIEeHHS eJIEMEHTIB ypaxoBYIOTb 1 3 1
3alaHNX €JIEMEHTIB y CIIOJyI[i BUKOPHUCTOBYIOTH TiJIbKU K €JIeMeHTiB, TO
3a O3HAUEHHSAM Ile PO3MIIIEeHHSA 3 N eJeMeHTiB mo k.
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NPUKNAAOWN PO3B'A3YBAHHA 3ABAHb

Mpuxnapg 1. Ha 3maraHHA 3 nerkol aTneTuku npuixana KomaHga 3 12 cCnOpTCMEHOK.
CkinbkoMa cnocobamu TpeHep MOXKe BU3HAUYUTU, XTO 3 HUX MOOIKNTb
B ectadeTi 4 no 100 M Ha nepLIOMy, APYrOMY, TPETbOMY i YETBEPTOMY
eTtanax?

Po3B’A3aHHA KomeHTap

) KinbkicTs cmoco6iB BubGpaTu 3 aBa-
HAJISTH CIIOPTCMEHOK UYOTUPHOX MIJIS
yuacTi B ectadeTi JOpiBHIOE KiJIbKOCTI
poamimiens 3 12 eemeHTiB 1mo 4, ToOTO

A, =1211-10-9=11880.

Ona snbopy dopmynu Bignosigaemo Ha
3annTaHHA, HaBedeHi Buule. OcKinbku ana
CMOPTCMEHOK BaKNMBO, Y AKOMY MopAf-
Ky BOHU 6ynyTb 6irtn, TO NOpAROK PO3Mi-
LeHHA Nig Yac BUOGopy enemeHTiB ypaxo-
BYeTbcA. [lo ofjeprKaHoi CnonyKkn BXoaAaTb
He BCi 12 3apaHux enemeHTiB. OTXKe, Bif-
noeifgHa crnosyka — po3MileHHA 3 12 ene-
MeHTIB Mo 4.

Mpuknapg 2. 3HaNAITb KiNbKicTb TPULUMPPOBUX UMCen, AKi MOXKHA CKIacTu 3 undp 1,
2,3,4,5,6,7, akwo umdpu B YNCNi He NOBTOPIOIOTHCA.

Po3B’sA3aHHA

» KinpkicTs Tpunu@poBux umces, aKi
MOJKHA cKJacTu 3 cemu mudp 1, 2, 3, 4,
5, 6, 7, TOPiBHIOE YMCJY PO3MilIeHb i3 7
eJIeMeHTiB 1mo 3, ToOTO

A3=7.6-5=210.

Mpuknap 3*.

KomeHTap

[nsa Bnbopy dpopmynu 3'acoByemo, Lo ANA
yncen, Aki My 6yaemo cknagaTu, NopsaaoK
PO3MilLleHHA BPaxOBYETbCA N He BCi ene-
MeHTN BUbUpatoTbCa (Tinbkn 3 i3 3apaHmX
cemn). OTxKe, BignoBigHa cnonyka — po3mi-
LWEeHHA 3 7 enemMmeHTiB no 3.

3HanAiTb KinbKicTb TPMUNGPOBUX YMCeN, AKI MOXKHa CKNacTn 3 unop

1,2,3,4,5, 6,0, akwo undpn B YAC/i HE NOBTOPIOIOTHCA.

KomeHTap

Bnbip popmynu npoBoAsTb Tak camo, AK i B npuknagi 2. Ane Tpeba BpaxyBaTH, WO KON YNC-
No, CKNageHe 3 Tpbox Lndp, NoYmHaeTbca undpoto 0, To 1Oro He BBaXKatloTb TPULNPPOBKMM.
OTxe, pnA BIANOBIAI Ha 3anNUTaHHA 3afadi MOXHa CroyYaTKy i3 3ajaHunx 7 yndp yTBOpUTH
BCi Uncna, Wo cknagaTbea 3 3 umbp (AuB. Npuknag 2), a NOTiM Bif KiNbKOCTi ogeprKkaHnX
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yrcen BIgHATY KiNbKICTb TUX Yncen, AKi CKnageHi 3 Tpbox undp, ane noumHaTbea ymdpoto 0.
B ocTaHHbOMY BUMagKy My dpaktuuHo byaemo 3 ycix undp, Kpim Hyns (ix 6), cknagatn fBo-
undposi uncna. Todi ix KinbKiCTb JOPIBHIOE YNCY PO3MilLEHb i3 6 enleMeHTiB no 2 (anB. po3-
B'A3aHHS 3aBJaHHA).

TakoX MOXHa BUKOHaTV 6e3nocepefHE 06UMCNIEHHA, NOCNIAOBHO 3aMOBHIOYM TPY MicLA
B TPULMPPOBOMY UMCTTi 1 BUKOPUCTOBYIOUM MPaBuio JoOyTKy. Y LibOMy BUMAAKy 3pyYHO
YHAOUHUTY MipKYBaHHs, 306parkatoun BignoBigHi po3paan B TpUUMppOBOMY YNCHi y BUTIALI
KNITUHOK, HanpuKnag Tak:

6 MOXNUBOCTEN 6 MOXNUBOCTEN 5 MmoXxxnmBocTemn

Po3B’A3aHHA

» KinbkicTs TpunudpoBux ynces, ski MosKHa ckJacTu 3 7 iudp (cepen AKUX HEMAae
mudpu 0), TOPiBHIOE YNCITY PO3MiIeHb i3 7 e1eMeHTiB o 3, TOOTO A73 .

Aune cepeq saganux mudp € nudpa 0, 3 AKOI He MOKe IOUMHATHCA TPUIIU(PPOBE YUC-
Jgo. Tomy 3 posmiriens i3 7 egeMeHTiB M0 3 HEOOXiAHO BUIYUUTH Ti PO3MillleHHs,
y AKUX mepiuM egeMenToM € nudpa 0. Ix kigbkicTb ZOPiBHIOE YHCIY POSMIIIEHD
i3 6 ememeHTiB 110 2, TOGTO Ag. Omxe, IMIyKaHa KiJIbKiCTh TPUIIU(PPOBUX UUCEJI JO-
piBHIOE:

A3 - AZ=7-65-6-5=180.

3ANMATAHHA

1. ChopmyaroiiTe ¥ IOSCHITL Ha NPUKJIaZaX IIPABUJIO CYMH H IIPaBUJIO
IOOYTKY IJs1 PO3B’sI3yBaHHsS KOMOiHATOPHUX 3ajad.

2. IloscHiTh, AKY CKiHUEHHY MHOJKMHY BBA’sKalOTh yIopsakoBaHoio. Hage-
JiTh MPUKJIAAN BIOPAIKOBAHUX CKIHUEHHUX MHOXKWH.

3. IloscHiTh, III0 HA3WMBAIOTh PO3MIIIIEHHAM 3 1 eJIeMeHTiB 1o k 0e3 moB-
TopeHb. HaBemiTh ImpUKJIAIN.

4. 3anumiite GopMyay AJA OOUMCICHHS UYKCJa PO3MiIleHb i3 1 ejleMeHTiB
mo k 6e3 moBTOpeHb. HaBemiTh mpuKjaany ii BUKOPHUCTAHHS.

5% O6rpyHTyiiTe GOpMYIy OIS OOUMCIEHHS YHCJa PO3MillleHb i3 1 ejleMeH-
TiB mo k 0e3 IIOBTOPEHb.
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BMPABU

8.1.1°

8.1.2°

8.1.4*%,

8.1.5%,

8.1.10.

8.1.11%

8.1.12.

8.1.13%

Maemo 4 pisHi KomBepTHu 06e3 Mapok i 3 pisHi mapku. Ckimbkoma cmo-
cobaMy MOJKHA BHOpPATH KOHBEPT i MapKy OJid BigmpaBku Jjucrta?

¥V kopoOmi micrurbea 10 6inmx i 6 yopHmxX Kyab. CKijJIbKOMa CIIOCO-
0aMu 3 KOPOOKU MOYKHA BUTSITH:
1) ogHY Kyai0 OyAb-AKOTrO KOJIbLOPY; 2) nBi KyJuai pisHOro Koabopy?

.Y xopsuui jexxarp 12 abayk i 9 amesbcuuiB (yci pismi). IleTpuk

BuOUpae abo sa6aykKo, abo amesbcuH, micia uyoro Hapmifika BuOumpae
3 TuX (PPYKTiB, 1[0 3aJUIMUJINUCHA, 1 AOMYKO, i amesbcuH. CKigIbKU ic-
Hye Takux BuOopiB? Ilpu sakomy Bubopi Ilerpura B Hagiliku Gisnblme
MOJKJINBOCTelT BUOOPY?

HuruHi moTpidHo BukoHatu 4 Tectu npotarom 8 muiB. CKisibKOMa cIio-
cobaMu MOKe OyTH CKJIAJAeHWH PO3KJAajL il TecTyBaHHsA, SKINO B OOUH
IeHb BOHA MOXK€ BUKOHYBATU TiJIbKM OJUH TECT?

CkinbkoMa cmocobaMu MOKe PO3MICTHUTHCS POAMHA 3 TPHOX OCi0 y Uo-
TUPUMICHOMY KyIle, SKIIIO iHIIMX HacakKupiB y Kymne HeMmae?

. Iz 30 mpucyTHix Ha 360pax Tpeba BuOpaTu TroOJIOBYy Ta CeKperaps.

CkinbkoMa crmocobamMu Iie MOKHA 3po0ouTum?

. CkinpKOMa crocobaMu MOKYTh 3aWHATU IIepIlle, APyre i TpeTe MicIiis

8 yuacHuib (QinasbHOro 3abiry Ha aucraumiro 100 M (Ipumryckaemo,
110 BCi BOHM IIOKAKYTh Pi3HUU uac)?

. CkinpbKkoMa cmocobaMm MOKHa BUTOTOBUTU TPUKOJHLOPOBUII IIPAIop

3 BEePTUKAJbHUMU CMyTaMH, AKINO € MaTrepiaj 7 Pi3HUX KOJbOPiB?

. Ha mnomuni BigmiTuan 5 Touok. IX moTpi6HO mOBHAUMTH JATHHCHKUMU

oykBamu. CKimbKoMa crocobaMu Iie MO:KHa 3pobutu (y JIAaTUHCBKOMY
andasiti 26 O6yxB)?

Ckinbku yoTmpunu@poBUX YMCeJ MOXKHAa cKJjactu 3 mupp 1, 3, 5, T,
9, AKINO MUMPU B YKUCIL He MOBTOPIOIOTHCS?

CkinbKu yoTUpUIuU@POBUX UMCEJ MOXKHa ckJyactu 3 nudpp 0, 2, 4, 6,
8, akImo 1mudpu B YKUCIi He MOBTOPIOIOTHCA?

Ckinbku icuye ceMurniu)poBux Tese)OHHUX HOMEPIB, V AKUX yci mud-
pu pisHi i mepmia nmudpa BigmMinHA Bixg Hyma?

Crinbku pisdHuUX TpunudpoBux uuces (6e3 moBTOpeHHA Iu@P) MOXKHA
ckjactu 3 nmudpp 1, 2, 3, 4, 5 Tak, 100 omep:kaHi umcaa OyJIM:

1) mapuuMY; 2) kpatHUMU 5?

m
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MOACHEHHA N OBI'PYHTYBAHHA

O3HauyeHHs. ﬂepecmaHoeKom 3 71 e/leMeHTiB Ha3MBa€ETbCA 6ynb-ﬂKa BnopApR-
KOBaHa MHOMVHa 3 N 3afaHuX efieMeHTiB.

Haragaemo, 1110 BIopAgKOBaHA MHOMKMHA — IIe TaKa MHOMCUHA, 0N SKOL
6KQA3AHO, AKUIL eseMeHm PO3MIULeH0 HA nepuwiomy micui, axuil Ha opyzomy, ...,
AKUL HA n-my.

Hanpukaazn, mepecraBiasioun mu@pu B umcjai 236 (TyT MHOMKHHA UMD
{2; 3; 6} y'Ke BIOPSAAKOBAaHA), MOYKHA CKJACTU TaKi nepecmaHo8ku 6e3 nos-
mopenv: (2;3;6), (2;6;3), (3;2;6), (3;6;2), (6;2;3), (6;3;2) — ycwvoro 6 me-
PECTaHOBOK'.

KinpkicTh mmepecTaHoBOK i3 1 ejleMeHTIB mO3Ha-
yaiotk P,. fx Oaummo, P;=6.

DaxTUYHO IIepeCTaHOBKU 3 1 €JIeMEHTiB € pos-
MiIlleHHAMEA 3 71 €JIeMEHTiB II0 7, TOMY

KinbkicTh mepecTaHoBOK
3 n eJeMeHTiB mO3Ha-

" yaoTh P,. P — mepmra
P=A'=n(n-Dn-2)-..21. mitepa  (DPAHIYSBKOTO
N MHOMHUKIB cioBa permutation —

Ho6ytox 1-2-3-...-n mosnauaiorb n!. Tomy IIepecTaHOBKA.
ofiep:KaHa (popMyJia YuCJa MePecTaHOBOK 0e3 IMOB-
TOPEHb i3 n eleMeHTiB Mo)Ke OyTU 3ammncaHa TakK:

P, =n!=1.2-3-...-n.

Hanopurnazn, P,=3!=1-2-3=6 (110 36iraeTbcsa 3 BiAIIOBiAHMM 3HAUCHHSIM,
OJlep;KaHUM BUIIIE).

3a momomoro (pakTopianiB GopMyay AJId YHMCIA PO3MiIleHb 6e3 MOBTOPEHD

Af=n(n-1)(n-2)-....(n-k+1) (1)

k MHOKHUKIB

MOKHA 3ammcarTy B iHIIOMY BUMIALL. A IIHOrO MOMHOMKHWMO ¥ IOH1JIIMO
Bupas y dopmyii (1) Ha gobyrox (n—k)(n—k-1)-...-2-1=(n—k&)!. Ozep:xyemo:
A,'f:n(n—l)(n—Z)'...~(n—k+1)=
n(n-1)n-2)..(n-k+D(n-k)(n-k-1)...3-2-1 n!
) (n-B)(n-k-1)..321 CEDIN

* 3a3HAUMMO, IO KOYKHA TaKa II€PeCTAHOBKA BU3HAUYAE TPUIM(PPOBE UMCJIO, CKJAJEHE
3 nudp 2, 3, 6, Tak, 1[0 1u(GpPU B UKCIi He ITOBTOPIOIOTHCS.
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Omxe, dopmyna mid Yuciia Po3MillleHb 0e3 IMOBTOPEHb i3 N eJIeMeHTiB
mo k Moxke OyTu 3ammcaHa TakK:

k _
G ®

Ons Toro 1mio6 1i€ro (opmMyJsior0 MOKHA OyJI0 KOPHUCTYBATHCSA MPU BCiX
3HAUEHHAX k, 30KpeMa npu k=n-1 ta npu k=n, IOMOBMUJNUCSA BBayKaTH, II10:
1'=1 i 0!=1.
6! 6!
(6-5)1 11
3ayBayKuMoO, II0 B TUX BUNAJKAX, KOJU 3HAYEHHSA n! BUABJIACTLCI TYKe
BEJIMKUM, BiNIIOBiAl 3aJUINAIOTh 3allMCAHUMH 3a JOMOMOroio (haKTopiaJis.
30! 30!
(30-25)1 5! °

n!

Hanpuknazn, 3a dopmysoo (2) A65= 6!=1-2-3-4-5-6="720.

Hanpuknan, Az =

NPUKJNIAAUN PO3B'A3YBAHHA 3ABJAHDb

Haramaemo: nas BuGopy (popmyJiu mifg yac pos3B’sA3yBaHHS HAWIIPOCTIIINX
KoMOiHATOpPHUX 3a/lay AOCTATHHO BiATIOBICTM Ha 3alMTaHHA:
® yu 8paxosyomv nopa0oK PO3MiULeHHS eJleMeHmi8 iy CnoAYUi;
® yuy gci 3a0ani enemenmu 6x00amsv 00 00epHCAHOL CROAYKU?
SAxio, HaTpuUKIaL, TOPSAAOK PO3MIIIEHHS €JIEMEHTIB ypaxOBYyeThCcA 1 Bci
n 3aJaHUX eJIEMEHTIB BUKOPUCTOBYIOTHCS Yy CIIOJNYIli, TO 3a O3HAUEHHAM IIe
TIePecTaHOBKU 3 1 €JeMEeHTiB.

Mpuknapg 1. 3HalAiTb, CKiNbkoMa cnocobamm MOXHa BiCiM yYHIB BULIMKYBaTK B KO-
JIOHY NO OAHOMY.

Po3B’A3aHHA KomeHTap

» KimpkicTb criocobiB mopiBHIOE UmCITy Ina snbopy BignosigHoi dopmynn 3'saco-

IIepPecTaHOBOK i3 8 ejleMeHTiB. BYEMO BiANOBiAi Ha 3anNnTaHHA, HaBefeHi

To6To Buwle. OCKiNbKM MOpAAOK pPO3MilleHHA
efleMeHTIB YpaxoBYETbCA 1 yCi 8 3agaHuX

P;=81=1-2-3-4-5-6-7-8=40320. efleMeHTiB BUOMpaloTbCs, TO BignoBiAHi
CNnonyKkn — Lie nepectaHoBKM 3 8 ene-
MeHTiB. IX KiNbKicTb MOXHa 064nMcnnTK 3a
dopmynoto:

P, =n!=1.2-3-...-n.
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Mpuknapg 2. 3HanAiTb KiNbKiCTb Pi3HUX YOTUPMLNPPOBUX YNCEN, AKI MOXKHA CKACTU
3undp 0, 3,7, 9 (undpn B UMCNi He MOBTOPHOIOTLCS).

Po3B'sizaHHA

» 3 wortupbox mudpp 0, 3, 7, 9 mokHaA
omep:katu P, mepecraHoBok. Ause Ti
epecTaHOBKH, sgKi moumHamThes 3 0,
He OyAyTh 3aIUCOM YOTHUPHUIIU(GPOBOTO
uypcna — ix kinpkicTs P;. Toxi mryka-
Ha KiJbKicTh 4YOTUPHUIIU(PPOBUX UHCE]
IOPiBHIOE:

=1-2.3-4-1-2-3=18.

Mpuxknap 3*.

KomeHTap

OckinbKy NOpAROK PO3MiLLEHHA eNeMeHTIB
YPaxoBY€ETbCA | ANA ofep>KaHHA vyoTUpU-
undpoBOro umcsa NOTPibHO BUKOpPUCTATK
BCi eneMeHTU, TO NOTpibHa cnonyka — ue
nepecTaHoBKM 3 4 enemeHTiB. IX KinbKicTb
P,. Ane we noTpibHo BpaxyBaTu, L0 B 4O-
TMpMLMbPOBOMY UMCAi Ha NepLIoOMy Mic-
Ui He moxe cTosTu undpa 0. Takux umcen
Oyne CTiNbKY, CKINbKU PasiB MU 3MOXKEMO
BMKOHATV NepecTaHoBKM 3 3 unop, AKi 3a-
avwunucs, Tobto Pj.

3 pecATM KHUXKOK YoTmpu — nigpyyHuku. CKinbkoma cnocobamu

MO>Ha MOCTaBUTK Ui KHWXKKM Ha NONMLIO0 TaK, Wwob yci nigpyyHnKm
CTOANM MOPAL OAVH 3 OAHUM?

Po3B’si3aHHA

» Cmouarky OymeMo pOS3TJIAIATU
OigPpyYHUKU, IO CTOATH MHOPAL, AK
ogHy KHMKKY. Tozi Ha mosuili moTpi6-
HO poacraButu He 10, a 7 KHMKOK. Ile
MOsKHa 3pobuTtu P, crmocobamu.

VYV KoKHOMY 3 OJlepKaHUX HAOOpiB KHU-
JKOK IIle MOKHa BUKOHaTH P, mepe-
CTaHOBOK MiAPYYHUKIB. 3a mMpaBUJIOM
IOOYTKY HIyKaHa KiJbKicTb cmocobiB
JIOpPiBHIOE:

P, -P,=7!-4!=5040-24=120960.

KomeHTap

3apayvy MOXHa pO3B’'A3yBaTW y Ba eTanu.
Ha nepwomy eTtani ymoBHO Oynemo BBa-
XKaTtu BCi NigpyyYHUKM 3a 1 KHUXKY. Toai
OAEPXKUMO 7 KHUXKOK (6 He MigpyyHUKiB
i T yMOBHa KHVXKa-MigPYYHUK).

MNopAadoK po3MilleHHA enemeHTiB ypaxo-
BYETbCA, | BAKOPUCTOBYIOTbCA BCi €1IEMEHTU
(MocTaBMTY Ha NOAULIIO NOTPIOHO BCi KHUXK-
ku). OTXKe, BiNoBigHa cnonyka — ue nepe-
CTaHOBKM 3 7 enemeHTiB. Ix Kinbkicte — Py

Ha ppyromy eTtani po3B's3yBaHHA Oygemo
nepecTaBnATA MiX cobolo TiNbKK Nigpyy-
HuKku. Lle moxHa 3pobutn P; cnocoba-
Mu. OCKinbKn Ham NoTpibHO NepecTaBUTK
i NiAPYYHWKMW, i iHWI KHUXKW, TO BUKOPUCTO-
BYEMO MpPaBWo AOOYTKY.
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3AMUTAHHA

1. IlosicHiTBH, I1T0 HABWBAETHCA IIEPECTAHOBKOIO 3 NI €JIeMEHTiB 6e3 IOBTO-
pesb. HaBeniTs mpukaamu.

2. 3anumrits GOpMYyaY A OOUMCIEHHS UYMCJIa MEePEeCTAHOBOK i3 n ejleMeH-
TiB 6e3 moBTOpeHb. HaBemiTh mpukjagu ii BUKOPUCTAHHA.

3% O6rpyuryiiTe ¢opMysy AJaA O0UMCJIEHHS YKCJa IIepecTaHOBOK i3 n eJe-
MEHTiB 0e3 IIOBTOPEHb.

BMPABU

8.2.1°. CkinmproMa cmocobaMu 4 JIOAWHU MOKYTH PO3MICTHUTHCA HA YOTUPHU-
MicHil jgaBIi?

8.2.2°. Kyp’ep moBHWHEH PO3HECTH HMaKeTu B 7 pidHMX ycTaHOB. CKiJIbKM MapI-
pyTiB BiH Moxke BuOpaTu?

8.2.3° CrinbKM icHye BUpAasiB, TOTOMKHO PiBHUX HOOYTKY abcde, IIO OIep:KY-
IOThCS 3 HHOTO IEPECTAHOBKOI MHOMKHUKIB?

8.2.4° Onpra mam’ATae, II0 TeJe(dOH MOAPYTrH 3aKiHuyeTbcA mudpamum 5, 7,
8, amne sabyna, y AKOMY HOPAAKY IIi HUMPU PO3MIIIIeHO. YKaKiTh
HaMbiJbIle uncJo BapiaHTiB, 110 i goBemeTbcs Iepebparu, 100 3aTe-
JedoHyBaTH MOAPY3i (AKIIO BOHA IIaM’saTa€ BCi iHIIL mudpu HOMEpA).

8.2.5. Ckinbku mrecturnudpoBux umcesa (0e3 mOBTOpPeHHs Hudp) MOXKHA CKJia-
ctu 3 nudp:

D1, 2,56,78; 2)0, 2,5,6, 7 8

8.2.6. CKifbKHU cepel YOTHUPUIIU(PPOBUX UUCEJ, CKJIaAeHux i3 mudp 3, 5, 7,
9 (0e3 moBTOpPEeHHS ITU(PP), € TAKUX, IIO:

1) moumHatoTbcsa 3 nudpu 3; 2) xkpatHi 5?

8.2.7. 3uaiaiTe cymy nudp ycix 4oTUPUIM(PPOBUX UMCE], AKi MOYKHA CKJIACTHU
3 mupp 1, 3, 5, 7 (6e3 MOBTOpPeHHA IUPP y UUCII).

8.2.8. ¥V posKJIaZi HaA IOHEIIJIOK IIIiCTh YPOKiB: ayrebpa, reomerpid, iHosem-
Ha MOBa, icTopisd, (QisKyinbTypa, ximisg. CkijbkoMa cmocobaMu MOKHA
CKJIACTH PO3KJIAJ VPOKIB Ha Ieil JeHb TaK, I[00 ABa YPOKH MaTeMaTHUKU
CTOSIJIN TOCITiJIb?

8.2.9% CkinpKoMa crocobaMu MOKHA PO3CTAaBUTH Ha HOJMUIli 12 KHHUKOK, i3
AKX D KHUMKOK — Iie 30ipHMKM BipimiB, Tak, 100 30ipHUKU CTOAIU
IOpAJ y IOBiIBHOMY IIOPALKY?
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MOACHEHHA N OBI'PYHTYBAHHA

O3HaueHHs. Kom6iHayielo 6e3 noemopeHb i3 n enemeHmie no k HasMBa€eTbCA
6yab-AKa k-enemeHTHa NiAMHOXWHa 3afaHOI n-efleMeHTHOI MHOXXUHN.

Hanpukiazn, is maosxunn {a,b,c,d} Moxmua ckiactu Taki kom6inanii 6es
IIOBTOPEHDL i3 TPHOX €JIEMEHTiB: {a,b,c}, {a,b,d}, {a,c,d}, {b,c,d}.
KinekicTe KoMOiHaIiii 6e3 HMOBTOPEHL i3 7 €JIeMEHTIB II0 k II03HAUAIOTh

CHIMBOJIOM C,’f (UUTAIOTh: «YMUCJIO KOMOiHAIlil i3 n mo k» abo «iie i3 n 1mo k»).
Ax Gaunmo, Ci =4.

b 3'ACYEMO, CKiflbKM BCbOrO MOMHa CKNacT KomOGiHauill 6e3 NoBTOpeHb i3 n ene-
MeHTIB Nno k. [InA uboro BUKOPUCTAEMO BifOMi Ham GOPMyNN YMCa PO3MillleHb
i NnepecTaHOBOK.
CknapaHHA po3MillleHHA 6e3 MOBTOPEHD i3 77 eNleMeHTIB No k& NPOBeAeEMO Yy [Ba
etanu. CnoyaTky BMOGepemo k pPi3HUX efleMeHTIB i3 3ajaHoi n-efleMeHTHOI MHO-
YKUHU, He BPaxoBylOUM NopAanok Bubopy umx enemeHTiB (Tobto Bubepemo k-ene-
MEHTHY MiAMHOXWHY 3 n-eNeMeHTHOI MHOXWHW — KoMmOiHauilo 6e3 noBTopeHb

i3 n enemeHTiB MO k). 3a HalWMM MO3HAYEHHAM Lie MOXKHa 3p0obUTK C,’f crnocoba-
mu. Tlicnsa Uboro ofgepxaHy MHOXMHY 3  Pi3HIX efleMeHTiB ynopaakyemo. i Mox-
Ha BnopAaakyeatn P, =Fk! cnocobamu. OpepXxmnmo posmilleHHA 6e3 NoBTOpPeHb
i3 n enemeHTiB No k. OTXe, KiNbKiCTb po3MilleHb 6e3 NOBTOPEHb i3 11 enemMeH-

TiB No k BE! pa3iB Ginblwa 3a yMcno KombiHauin 6e3 noBTOopeHb i3 n ene-
k

A
MeHTiB no k, To610 A¥ =CF k1. 3sigcn CF ==, Ypaxosyiouu, wo 3a popmynoto

k!
) AF=—""_ (auB. n. 8.2), onepxyemo:
(n—k)

k n!

= 3

" Rl n-RN @

3 4! 1.2.3-4 RinpkicTs Kombinaniit 6es mo-

Hanpuknazn, Cf= 31(4—3)1 = 1.2.3.1 =% BTOPEHb 13 1 €JIEMEHTIB 110 £

IIO3HAYAIOTH CUMBOJIOM C,]f .

C — mnepma Jitepa dpaHity-
3BKOT'O CJOBa combinaison —
KoMOiHaIisg

o 30iraeTrnbca 31 3HAUEHHAM, OMEPKAHUM
BUIIIE.

Bukopucrosyiouun gopmyay (3), jerxo oo-
I'PyHTYBaTtu 8aacmusgicmev 1 uucnia KomOiHa-
uiit 6e3 nosmopenv, HaBemeHy B Tabm. 12.
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. n-k _ n! _ n! _ Ak
> 1) Ockinku G, _(n—k)!((n—(n—k))!_(n—k)!k!_C"'To

Cch=cr*. @)

Hasa Toro mo6 gopmyny (4) moxkHa OyJI0 BUKOPUCTOBYBATH i mpu k=n,
JOMOBMJIVCS BBaXKaTH, IO C,? =1. Toxi sa dopmyrnowo (4) C,; =C,? =1.

3ayBaskumo, 110 Gopmyay (4) Mo)KHA oTpuMaTH 0e3 O0UHCJIEHb 3a JOII0-
MOT'OI0 [OCHTH IIPOCTUX KOMOIHATOPHMX MipKyBaHb.

Koau mum BubGupaemo k mpeameriB i3 n, To n—Fk mOpeaMeTiB MU 3aJu-
maemo. SIKINo K, HaBOaKM, BUOpaHiI mpegMeTy 3aJHUINNMO, a iHIN n—-k —
BuOEpemMo, TO OAEPsKMMO CIIOci0 BuOOpy n—Fk mnpeaMeriB i3 n. 3asHauuMo,
10 MU OAEP:KAIU B3AEMHO O00HO3HAYHY 8i0nosidHicmb crocobiB BubGOpy k
i n—k upemmeris iz n. OTike, KiJIbKicThb TUX i iHIIUX CIIOCOOIB OmHaKOBA.
Agse ximexicts ogaux CF, a immmx C*, tomy CF=Cr™*.

Arxmo y gopmyni (3) CKOPOTHTH UYMCeNIBHUK 1 3HaMeHHHK Ha (n—k)!,
TO OTPUMAEMO (POPMYJY, 3a SKOIO 3PYUHO OOUMCJIIOBATHU Cf Opu MaJuxX 3Ha-
YeHHSX k:

k MHOKHUKIB k MHOKHUKIB
p nn-10n-2)..(n-k+1) nr-1D@m-2)..(n-k+1)
ck= = : )
k! 1-2-...-k
—
k MHOXKHUKIB
2 MHOMKHUKHI 3 MHOMKHHUKHI
—— ——
25-24 8-7-6

Hanpurnan, Cis= =25-12=300, C§W=8-7=56.

NMPUKNAON PO3B'A3YBAHHA 3AB1AHb

3ayBaKuMo, 110, K i paHilne, ajasa BubGopy (opMyJau IIig yac po3B’si3yBaH-

HA HaAWIPOCTIMNMX KOMOIHATOPHMUX 3aJad JOCTATHBLO BiJMOBiCTM Ha 3aMMTAaHHS:
® YU 8paxo8yemuvca nopa0oK PO3IMIULEHHA eJleMeHmi6 i cnoayuyi;
* yy gci 3a0ani eremernmu 86x00mob 00 00epHCAHOL CnOAYKU?

Ane pgns 3’scyBaHHS TOTO, IO 3aJaHa CIOJYKa € KOMOiHAIli€lo, gocTar-
HBO BimOBiCcTH TiJIBKM Ha Iepiile 3anuTaHHA (guB. cxemy B Tabu. 12). fAximo
NIOPANOK PO3MIIlleHHA eJIeMeHTiB He BPaxOBYETHCS, TO 3a O3HAUEHHAM Iie
KoMOiHaIili 3 n ejgemMeHTiB 1o k.

117
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Mpuknapg 1. 13 12 uneHiB TyPUCTUYHOT rpynu NoTpibHo BMGpaTn 3 yeproBux. CKinb-
KOoMa cnocobammu MokHa 3pobuTtu Lein Brbip?

Po3B’si3aHHA

» KinekicTe cmocobiB Bu-
6paru 3 12 TypucriB 3 uep-
TOBUX JTOPiBHIOE KiJIBKOCTi
KoMmOiHaIih iz 12 exemeHTiB
110 3, To0OTO
cs 12t 12t

12~ = =

31(12-3)1  31.9!

121110
1.2-3

=220.

KomeHTap

Ona Bnbopy BignosigHOT dopmynu 3'AcoByEMO Big-
MnoBifli Ha 3anNuTaHHA, HaBedeHi Bule. OcKinbKn no-
PAOOK PO3MilLleHHA eNleMeHTIB He BPaXoBYETbCA (AN
YeproBux He BaX/MNBO, Y AKOMY MOPAAKY iX BUbGepyThb),
TO BiAMNOBIAHa crosnyka € KombiHaLli€to 3 12 enemeHTIB
no 3. ina obuncneHHA MoXKHa BUKopucTati Gopmy-
nm (3) abo (5), y gaHomy BUnNagky 3actocyBanu ¢op-
myny (3):

k_ n!
T rin-R

Mpuknapg 2. 13 Ba3n 3 ¢pyKkTamu, y AKiA nexkutb 10 pi3HUX A6NYK i 5 pi3HUX rpyLu,
notpibHo BrMbpatn 2 Abnyka i 3 rpywi. CKinbkoma cnocobamm MoxHa

3po6UTK Takuin BUGIp?
Po3B’A3aHHA

» Bubparu 2 abayka 3 10 mo:KHa
0120 cnocobamu. Ilpu KosxHOMY BOODi
AOIYK TPYIIi MOKHa BuOpaTH C53 cro-
cobamu. Toxmi 3a mpaBuIOM HOOGYTKY
BubOip moTpibHUX (QPYKTIiB MOKHA BU-
KOHATH C120 -C53 cnocobamm.

OpmepsKyemo:

5 10-954.3

2
Cio G5 =5 125~ 120

KomeHTap

CnouaTky oKkpemo Bubepemo 2 A6nyka 3 10
i 3 rpywi 3 5. Ockinbku npu Bnbopi A6nyK
UM rpyLw NOPAAOK PO3MILLEHHA eNeMeHTIB
He BPaxXOBYETbCA, TO BiAMOBIAHI CNONYKN —
KOMOiHaLiT 6e3 NOBTOPEHb.

YpaxoBytouu, wo Tpeba Bubpatn i 2 A6ny-
Ka, i 3 rpyuwi, BUKOPNCTOBYEMO MpaBu-
no JobyTKy M MNepemMHOXYEMO ofep-
XaHi MOXNMBOCTI BMOOpPY A6MyK (Clzo)

i rpyLw (053 )
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3ATNMUTAHHA

1. ITosicHiTH, III0 HA3WBAETHLCS KOMOiHAIisIMM 3 71 eIeMeHTiB 1mo k 6e3 IIOB-
TopeHb. HaBenmiTh mpukIamu.

2. 3anuiite GopMysy AJA O0UMCJIEHHS Yucjia KOMOiHAIli# i3 n eleMeHTiB
mo k Ge3 moBTOpeHb. HaBemiTh mpuKJganu ii BUKOPHUCTAHHS.

3% OOrpyHTyiiTe (popMyay I OOUMCIEHHsS umcjaa KoMmOiHaIlliil i3 n ee-
MeHTiB 1o k 6e3 IMOBTOPEHb.

4. TTosicHiTh Ha MPHUKJAJaX, AK MOMKHA BUOMpPATH BiAIIOBiIHY (popMyay mminm
yac po3B’sA3yBaHHS HAMMPOCTIIINX KOMOiIHATOPHMUX 3amad.

BMPABU

8.3.1°. V¥ kuaci 7 yuHiB ycminiHo HaBuaoThcA MaremMaTuku. CKiJbKoMa CIIO-
cobaMu MOJKHa BUOpaTH 3 HUX 2 YUYHIB JJIA y4acTi B MaTeMaTUUHIik
oaimmiazni?

8.3.2°. ¥V wmarasunui «®Pinaresis» mpomaioTh 8 pisHMX HaGOpiB MapokK Ha
cnoptuBHY TeMaTuky. CKilbKoMa cmocobamMmy MOKHA BHUOpaTH 3 HHUX
3 Habopu?

8.3.3°. VYumam paau cunucok i3 10 KHMIKOK, IO PEKOMEHIOBAHO IPOUYUTATH
mig vac xauikyin. CkizbKoma crocobamMu yueHb (YUEHHISA) MOYKE BU-
Opatu 3 HUX 6 KHIIKOK?

8.3.4. Ha moauti cToiTh 12 KHIUKOK: aHIVIO-YKPaIHChKUH CJOBHUK i 11 XymoK-
HiX TBOPiB aHIIificbKoio MOBowo. CKiJbKoMa cmocobaMu UMTad MOXKeE
BUOpaTu 3 KHUMKKH, AKIIO:

1) cmoBHUK TOTPiOHUIT oMy 06OB’I3KOBO;
2) CIOBHUK IfoMy He MOTPiOHUIA?

8.3.5°% VY wuaci HaBuaroThea 16 xmomuwmkiB i 12 miBuaTox. [lyia mpubupamHs
TepuTOpPil MOTPIOHO BUAIIUTH YOTHUPHOX XJOMUYUKIB i TPHOX AiBUATOK.
CkinmbKoMa cmocobaMu Iie MOKHA 3pO0UTU?

8.3.6. Ilim uac sycrpiui 16 oci6 morucau omHe omHoMy pyKu. CKiIBKH BCHOrO
3p0o0JIEHO PYKOCTUCKAHB?

8.3.7. T'pyma omHOKJAacHUKiIB Ta ogHOKJacHHUIL i3 30 oci6 Bupimwmma ob6mi-
HaTucsa (Qorokaprxamu. CKiJIbKE BChOro (POTOKAPTOK MIOTPIOHO OYyJI0
IJIA IIHOI0?
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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.

CKiZIbKU IIepecTaHOBOK MO:KHa 3poboutu 3 OyKB cioBa XAPKIB?

Is 12 poGiTHUKIB-OYpUIBHUKIB TOTPiOHO BiapsauTu 5 masa pobGoru
B cycigmiii ob6usacti. CKinmbkoma crmocobaMy MOXKHA YTBOPUTH TaKy
Opuragy mJisd BigpsamgKeHH:?

CkinpkoMa pisHMMHU crocobammu 300pu, Ha AKux mnpucyTHi 40 ocio,
MOXKYTBh 00paTy 3 YMCJja CBOIX YUACHHUKIB ToJioBy 300piB, HOTO 3acTyI-
HUKa Ta cexperapa?

CKiJbKY NpAMUX JiHiHT MOMKHA IIPOBECTU uepesd 8 TOUOK, 3 AKUX HiAKi
TPpU He Jiekarb Ha ofaHi# mnpawmiit? (KoxHa mpamMa Mae TPOXOIUTU
uepes JBi 3aaHi TOYKU.)

CKiJbKM pisHEUX IATUIM(POBUX UYMCEJ MOXKHA 3aIlMCATH 34 JOIIOMO-
roro mupp 1, 2, 3, 4, 5, 6, 7, 8, 9 Oe3 iXx MOBTOpPEHHL?

Busnaute umco BCix AiaroHaJeil mpaBUJIBHOTO:
1) I’aATUKYTHUKA;

2) BOCBMUKYTHUKA;

3) mBaHAMIATUKYTHUKA

4) MATHAIIATAKYTHUKA.

CKiJIbKU pPiBHUX TPUKOJHOPOBUX IIPATIOPiB MOKHA 3POOUTH, KOMOIHY-
oYM 3 BEePTUKAJbHI CMyT¥u }KOBTOT'O, YOPHOT'O Ta YEPBOHOT'O KOJHOPiB?

CkinbKM pi3HUX IIJIOIMIMH MO’KHa IpoBecTH uepe3d 10 TOUYOK, AKIIIO
HiKi YOTHPU TOYKM He JIeKATh B OOHIM IIJIOIIMHi?

CKinbKY pisHUX MWATUIIM(POBUX YKCEJ MOKHA HAIMCATH 34 JOIOMO-
roro mupp 0, 2, 4, 6, 8 Ge3 ixX mOBTOPEHB?

Cepen mepectaHoBOK i3 mudpp 1, 2, 3, 4, 5 CKiagbKM Takux, IO He
mounHaIOTheA mudpooo 5? uumcaom 12? uwuciaom 1237

Cepen xombimamiii i3 10 6yxs a, b, ¢, ... 10 4 CKiJIbKM TaKuX, IO He
micTaTe OykBu a? OykB a i b?

Cepen posamimniens i3 12 6ykB a, b, ¢, ... IO 5 CKiJIbKM TaKUX, IO He
mictaTs OykBu a? OyKB a i b?



Tabnuus 13

1. BunagkoBi nogii

[ToHaTtTa

MNig ekcnepumeHmamu 3 8UNAOKOBUMU pe-
3ynemamamu (abo, KopoTile, 8undoKo-
8UMU eKcnepuMeHmamu) po3yMmiloTb Pi3Hi
eKCrnepuMeHTH, [oCiaN, BUNPOOOBYBaHHS,
CNOCTEPEXKEHHA, BUMIpPWY, pe3ynbTaTil AKNX
3anexaTtb Bif BMMAAKY i AKi MOXHa NOBTO-
puTn 6araTo pasiB B OAHAKOBMX YMOBaX.

Byab-AKun pe3ynbraT BUNagKoBOro ekcne-
PUMEHTY Ha3uBaloTb 8UNAOKOBOIO NOJIEHD.
YHacnigoK Takoro ekcnepumMeHTy La nogia
Mo>ke abo BifbyTucs, abo He BigbyTUCA.
BunaakoBi nogii 3a3Bnyan no3HavaloTb Be-
ANKUMW NiTepamMn TAaTUHCbKOTO andasiTy:
A BC,D,...

MNpuknagn
EkcnepumeHTn 3 pyneTkolo, NiAKMAAHHAM
rpanbHoro Kybuka, nigkngaHHAM MOHeTH,
cepia NOCTPiNiB OQHOro CTPINbLA NO OAHIN
i Ti camin mileHi, yyacTb y noTepei ToLo.

Mogii:

BMNafaHHA «repba», BUNAAaHHA «4MCIa»
npv NigKWAaHHI MOHETK; BUrpaw y noTe-
peto; BMNadaHHA MEeBHOI KifIbKOCTi OYOK
npw NiZKWAaHHI rpasbHOro Kybuka ToLwo.

2. MoHATTA, NnoB’'A3aHi 3 BUNagKOBMMU NOAIAMN B AeAKOMY eKCMepuMeHTi

Mogii By, B,, .., B, Ha3uBawTb pigHO-
MOX/TUBUMU, AKLLO B LAHOMY eKCMepPUMEHTI
HeMa€ HiaKMX NiacTaB BBaXkaTu, WO OfHa
3 HUX MOXe BifbyTucA nepeBaHille 3a
6yab-AKy iHLY.

Mopii A i B Ha3nBaloTb HECYMICHUMU, AKLLO
BOHW He MOXYTb BiabyTnuca ofHOYaACHO
B JAaHOMY eKCNnepUMEHTI.

Mogii Cy, C,, ..., C,, Ha3uBaloTb Hecymic-
HUMU, AKLIO KOXHa napa 3 HMX HeCcyMmicHa
B JAHOMY eKCnepuMeHTi.

Mopito U Ha3uBalTb 8ip02iOHO, AKLWO
B pe3yanaTi OAHOro eKCneprMeHTy BOHa
0060B'AI3KOBO BifOyaeTbCs.

B ekcnepurmeHTi 3 0gHOPA30BOro NigkmnaaH-
HA OQHOPIAHOI MOHETY NpaBKAbHOI popmMu
PIBHOMOX/IMBUMU € NOAIT:

A — BUNaB «repb,

B — BUNano «4uncron.

B ekcnepumeHTi 3 nigkngaHHA MOHETU
nopii A — Bunae «rep6» i B — Bunano
«YNCNIO» — HEeCYMICHI.

[lns eKcnepyMeHTY 3 NiAKUAAHHSA FpasibHO-
ro kybuka nogii C; — BunapaHHA 1 ouka,
C, — BunaganHa 3 ouok, C; — BrnagaH-
HA 5 ouok, C, — BMNafaHHA MapHOro unc-
/la OYOK — HEeCYMiCHI.

BvinagaHHA MeHLWwe 7 OYOK NpuY NigKUAAHHI
3BMYANHOIO rpasibHOro Kybuka (Ha rpaHax
AIKOro NMo3HayeHo Bia 1 40 6 OUOK).



Mopito & HA3MBalOTb HEMOXJ/IUBOID, AKLLO
BOHa He MoXe BiibyT1CA B JaHOMy eKcrie-
PUMEHTI.
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BunagaHHA 7 04oK Npu nNigkMAaHHI rpanb-
Horo Kybuka.

3. MpocTip enemeHTapHUX NoAinN

[MoHaTTa

Hexaln pe3ynbTaTom feAKoro BUNagKoBo-
ro eKCrneprMeHTy Moxe 6yTu TinbKy ofHa
3 MOMaPHO HECYMICHWX NOAIN Uy, Uy, ..., U,,.
Ha3zsemo Ui nogii enemeHmapHumu noois-
MU, @ MHOXMHY BCiX LIX Nogin

U={u1,u2,...,un} —

npocmopom esleMeHmapHux Nooid.

byab-AKy NigMHOXUHY NpOCTOPY enemeH-
TapHux nogin U BBakaTmemo BUNaAKo-
BOIO nopieio A.

Mpwuknag,

1. InA ekcnepumeHTy 3 NigKNOaHHA MOHe-
T efleMeHTapHUMK ByayTb nopii:

U, — BWMNaB «repb»,
Uy — BUNANO «HNCTIO».

Topi npocTip enemeHTapHux nogin 6yae

CKnagatuca 3 ABOX MOAin: U:{ul,uz}.

(Lli nogii nonapHO HecyMmicHi, y pe3ynbraTi

eKkcneprMeHTy 060B'A3KOBO BifbdyneTbcsa

o[jHa 3 Uux nogin.)

2. ina ekcnepuMeHTy 3 NigKNAaHHA rpasb-
HOro Kybrka enemeHTapHUMU MOXKYTb
6yTn nogii uy, u,y, Ug, Uy, U, Ug, A€
U, — BUNAMaHHA k OYOK, k=1,2, 3,4,
5, 6. Y ubomy BUNagKy NpocTip efiemeH-
TapHUX nogin byae cknagaTnca 3 Wectu
nogin: U = {ul, Uy, Us, Uy, Us, u6}.

4. KnacuyHe o3Ha4YeHHA NMOBIipHOCTI
(AnA piBHOMOXAMBUX eNNeMeHTapHUX NOoAiNn)

Hexan 3apaHO NpoCTip enemMeHTapHuX
NoAiN, yCi enemeHTapHi Nogii AKOro — pis-
HOMOXJIUBI.

VimosipHicmb nodir A — Le BigHOLWEHHA
yncna CNPUATINBUX ANA HET eNeMeHTapHNX
nogin (m) po uncna BCix PiBHOMOXNUBUX
eneMeHTapHUX nogin (n) y gaHomy ekcre-
PUMEHTI:

m
P(A)=—.

n

Mpuxknap
3HanpiTb iIMOBIPHICTb BMNagaHHA binblue
YOTMPbOX OYOK MPU NiAKMAAHHI FPasbHOro
KybouKa.

» Po3srnAaHemo AK enemeHTapHi nogil
WiCTb PIBHOMOXKNMBUX pe3ysbTaTiB NigKn-
JaHHA Kybuka — Bunano 1, 2, 3, 4, 5 abo
6 ouoK (oTKe, n=6). Nopia A — Bunano
Ginble 4 oyok. CNpuUATAINBMMYK ANA noaii A
€ TiNbKW [Bi efleMeHTapHi nogii — sunano 5
abo 6 ouok (TobTo m = 2).

Togi P(4)="2=2_1
n 6 3

VimoBipHicTb BiporigHoi (U) Ta HeMoXnBoi (@) nogpiir:

PU)=1

P(@)=0
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MOACHEHHA N OBI'PYHTYBAHHA

Ham ugacTo moBoguThCs IIPOBOAUTU PisHIi CIIOCTEpesKeHHs, MOCJinu, opaTu
y4JacTh B eKcIlepuMeHTax a0o BHUOpoOyBaHHAX. HJacTo TaKi eKclIepuMeHTH
3aBepIIYyIOThCS Pe3yJIbTaTOM, AKHI 3a3majierifb IepefdauuTy HeMOIKJIHBO.
Hampurkaan, Mu KYyIIyeMO JIOTEPEHHWII KBUTOK 1 He 3HAEMO, BUTPAEMO YU
Hi; DigKuUIZaeMO MOHETY i He 3HA€MO, IO BUIIaAe — <«YHCJIO» UM «TrepO». Uu
MOJKHA SIKMMOCHh UMHOM OI[IHUTHU IIAHCH IIOSABU Pe3yJbTaTy, AKMHA Hac IiKa-
BuTh? BifmoBigp Ha i 3amuTaHHA A€ PO3OiJ MaTeMaTHUKM, IO Ma€ HAa3BY
meopisa tmogipHocmeii. Mu osHalloMMMOCA TiJIBKM 3 OCHOBaMU IIiel Teopii.

D OmHVUM 3 OCHOBHUX IIOHATH, AKi PO3TIANAIOTHCA B TeOpii WMOBipHOCTEI,
€ TOHATTA eKCnepuMeHmy 3 6UunadKo8uMU pe3yabmamamu.

IIpukamoM TaKOro eKCHepUMEHTY MOKe OyTHM HiAKMAaHHSI MOHETH CYI-
Iero (pyTOOJBHOTO MATUy IIepel Oro IIOUYaTKOM i3 MeTOI0 BUBHAUEHHS, AKa
3 KOMaH]J IOYHe MaT4 i3 IIeHTpa II0JId.

ITig excrmepumenTaMu 3 BUIIaAKOBUMHU pesyabTaraMu (abo, KOPOTIIE, BU-
MagKOBUMU eKCIepUMeHTaMM) PO3yMiloTh pPi3HiI eKCcIepuMeHTH, JOCJiau,
BUIIPOOOBYBaHHS, CIOCTEPEXKEHHS, BUMIpU, Pe3yJbTaTH SAKUX 3ajeKaThb Bif
BUNAIKY 1 AKi MoOKHa IIOBTOPUTH Oararo pasiB B ogHaKOBUX ymoBax. Ha-
OPUKJIAJ, IIe cepid MOCTPiJIiB OAHOrO CTPiJbIA IO OAHIiN i Ti#i camiii mimreHi,
y4acTb y JoTepei, BUTATAHHSA IIPOHYMEPOBAHUX KYJIb i3 KOPOOKU, eKCIIepu-
MEHTHU 3 PYJIETKOIO, IMiAKUAAHHAM I'pPajJbHOr0 KyOMKa, IMiAKUIAHHAM MOHETH.

D Bynp-akuii pesyiabraT BUIAJKOBOIO €KCIEPUMEHTY HA3UBAIOTH 8UNAOKO-
8010 nodiero.

YHacHIiIOK eKCIepUMEeHTYy, AKWI PO3IJIALacThCs, IA IOAis MoKe abo
BimOyTucs, abo He BimbyTucs. 3a3HAUMMO, IO I KOYKHOIO BHIIAJZKOBOTO
EeKCIIEPUMEHTY 3BUYANHO 3a3JaJierifb TOMOBJSIOTHCSA, AKiI HOro pesyabTaTh
POBIIIANAIOTLCA AK eJeMEeHTapHi Iomii, a IIOTiM BUIIaJKOBA IIOMid PO3TJIAIa-
€ThCA AK IIIAMHOYKKMHA OTPUMAHOI MHOMKHHH (IuB. m. 3 Tabua. 13).

Hapani, ax nmpaBuyio, OyseMo mo3HavyaTyW BUMHAMKOBI IOAil BeJIMKWUMU Jia-
TUHCbKUMHU Jitepamu: A, B, C, D, ... .

ToBopssiun mpo BumamkoBi moxii, OymeMo BBaskaTw, IO BOHU IIOB’A3aHi
3 OOHUM KOHKPETHUM BHUMIAJKOBUM €KCIEePHMEHTOM.

3ayBarKuMoO, 10 O0araTo BasKJIMBUX i MOTPiOHMX (aKTiB Teopii WMOBipHO-
cTeil cmouaTKy Oy ofeprKaHi 3a JOIIOMOTOI0 AYsKe IIPOCTUX eKCIIePUMEHTIB.
BesnuKy poJsib y PO3BHUTKY Teopil MMOBipHOCTEll AK HAYKHU 3irpaam 3BUYaMHI
MOHETH Ta IpaJibHi KyOMKH.



124  PO3[IN 3. EneMeHTV KOMBIHaTOPYKY, Teopii MMOBIPHOCTEN | MaTeMaTVUYHOI CTaTUCTUKM

Ane mi monemu Ui Kyburu, ki posznsdaromuvcs 8 meopii ilmosipHocmeil,
€ mamemamuyHuMu O00pa3amu CnpasicHix momem i KYOukié (ToOMy IIPO
HUX iHOZi TOBOPATH, IO IIe MaTeMaTHUYHa MOHEeTa i MaTeMaTUUYHUHN I'pajib-
HUU KYOUK).

Hanpuknan, mamemamuuna moHema, SAKYy BUKOPUCTOBYIOTH y Teopii
MMoBipHOCTEl, I030aBjeHa 0araTboX SAKOCTell CIpPaB:KHBOI MOHeTH. ¥ Mare-
MAaTHYHOI MOHETH HeMa€ KOJbOpY, Po3Mipy, Baru Ta IiHu. BoHa He 3pobJieHa
Hi 3 AKOro Marepiajy ¥ He MOMKe CJIYKHUTHU ILIaTisKHUM 3acodom. MoHera,
3 MOIJISAY Teopil MMoOBipHOCTel, Ma€ TiJIbKU ABI CTOPOHU, OJHA 3 AKUX HA3U-
BaeTbCA «repb», a iHima — «uucjao». MoHeTYy KHAAIoTh, i BOHA MAaJa€ ONHIi€I0
3i cTopin yropy. HigsKux iHMIMX BJIACTUBOCTEH y MaTeMaTUYHOI MOHETU HEMAE.
MaremaTuuHa MOHeTa BBasKaeTbCca cumempuyrowo. lle o3Hauae, 110 KUHYTA
Ha cmin moHema Mma€ pi6HiI waHcu unacmu «zepbom» abo «wucaom». Ilpu
IIbOMY MAa€ThbCA Ha yBasi, IM0 HiAKWN iHINMWHA pPe3yJabTaT KUIJAHHA MOHETU
HEMOXKJIUBUM — BOHA He MOKe 3aryOuTucs, 3aKOTUBIIHNCH y KYTOK i, TUM
OiybIle, HEe MOKe «CTaTH Ha pedpo».

CmpaB:KHS MeTajJeBa MOHETa CJY:KHUTH JIUWIIE iJIOCTPAIli€lo AJis MaTe-
matTuuHoi MoHeTu. CHpaB)KHS MOHETa MOKe OyTHM TPOXUW BBIrHYTOI, MOKe
MaTu iHmI gedexTH, AKi BIJIMBAIOTHL Ha pe3yjbTaTu KuUAaHHA. IIpore, 1100
mepeBipuUTU Ha MPAKTUI AOCJiAM 3 NiAKUIAAHHAM MaTeMaTUYHOI MOHETU, MU
KHUJAEMO 3BUYAMHY MOHeTy (0e3 aBHUX HedeKTiB).

OcKinbKy CnpaBXHA MOHETA He € ifeaslbHO, U/ MOXKe CTaTUCA, WO BUMNaAaHHA «rep-
=/ 6a» gns cnpaBXHbOi MOHETWN Binbl IMOBIPHE, HiX BUMadaHHA «4ncia» abo HaBnakm?

[isHanTeca, un npoBoaunncA BIAMNOBIAHI AOCNIAXKEHHA Yy CBITi. AKWO TakK, TO AKi iX

pe3ynbTat? AK 3anexuTb pe3ynbraT Bif KpaiHW MOXOOXKEHHA MOHeTU?

T'panpunii KyOUK TAKOMK CAYKHUTH IIPEKPACHMM 3aco00M [Jis ijrocTparlrii
BUIIAAKOBUX IOAili. I'panbHUil KyOMK Mae OJUBOBHUIKHY icTopifo. I'pa 3 KyOuKa-
MU — OfHa 3 HakjaBHimux. Bona Oyna Bimoma B rimbokiii maBHuHi B IHaii,
Kurai, JIigii, €runti, pemii #i Pumi. 'panpui xyOuku sHaxomuau B €ruirri
(marytorbesa XX cr. 70 H. e.) i B Kurai (VI cT. 10 H. e.) mIpum POBKOIMKAaX
CTapOaBHIX ITOXOBAaHbB.

Ilpasunvri (cumempuyni) kybuku 3a6e3meUyIOTh OAHAKOBI ITaHCH BUIIA-
MaHHA KOKHOI rpaHi. I{ns mporo Bci rpaHi moBuHHI OyTM OZHAKOBOI IJIOIIII,
IJIOCKUMU ¥ ONHAKOBO IVIafieHbKUMU. KyOuk Mae OyTu came KyOiuHOI hopmu,
a Toro IeHTP Baru Mae 306iraTucs 3 TeOMEeTPUYHUM ITeHTPOM. BepiiumHu i pe-
Opa KyOMKiB MOBMHHI MaTu IpPaBUJILHY (opmy. SIKITO BOHM OKpYIJIi, TO Bci
OKPYIVIEHHSI MaioTh OyTu omHakoBuMH. OTBOPHU, AKI MApKyIOTh KiJIbKIiCTh OUOK
Ha I'paHAX, NOBUHHI OyTM IpocBepAseHi Ha omHakoBy rinubuny. CymMa OouoK Ha
MPOTUJEKHUX T'PAHAX IPaBUJIBLHOrO KyOmKa mopiBHioe 7 (puc. 9.1).
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Mamemamuyrnuil epaivHuil KYouK, TKUN

0OTOBOPIOETLCA B TeOpii HIMOBipHOCTEH, — IIe Puc. 9.1 .
mamemamuinuil obpas npasuavbH020 Kyou- — o’

Ka. Bumagauusa Bcix rpaHell piBHOMOIKJINBE. : o e ole o °
Ilomibmo mo MaTemMaTHUYHOI MOHETH, MaTe- sl ® 1etele ole
MaTUYHHNNA KyOMK He Mae€ Hi KoJIbOpy, Hi e o
po3mipy, Hi Baru, Hi iHIINX MaTepiaJbHUX o o

AKOCTel.

Hexaii mpoBemeHo AKUICh BUIIAJKOBUI eKcmepuMeHT. Ik 3asHauajiocs
BUIIle, MOTO pe3yJabTaTaMM € OeAKi BUIIaAKOBI momii. YHaCJiZOK TaKoro eKc-
IMepUMeHTYy KOJKHa 3 IOAill Mo:Ke abo BimOyTucs, abo me Bimbytucs. I1i momii
MOB’sI3aHi 3 KOHKPETHUM BUIAIKOBUM E€KCIIEPHMEHTOM.

O3HaveHHsA. MoAii Ha3MBaOTbCA piBHOMOXTUBUMU, AKLLO B flaHOMY eKcne-

PUMeHTi HeMa€e HIAKMX MiACTaB BBa)KaTu, WO OAHA 3 HMUX MOXe BigbyTucsa

nepeBa)kHille 3a 6yAb-AKY iHLWY.

Hanpuknan, B eKcmepuMeHTI 3 OZHOPA30BOTO MIiAKHAAHHA OIHOPiTHOL
MOHETH TPAaBUJbHOI (OPpMHU PiBHOMOKJIUBUMU € momii: A — Bumas «repb6»,
B — BUmaJ0 <«4UCJO».

O3HaueHHsA. Mopgii A i B Ha3nBalTbCA HECYMiCHUMU, AKLLO BOHN HE MOXKYTb
BiA6yTncA ogHOYaCHO B JAaHOMY eKCMepuMEeHTi.

Tax, B eKcIepuMeHTi 3 OZHOPA30BOr0 MHiAKUIAHHA MOHETH Iomii A —
BUIIAB «Tep0» i B — BUIIAJIO «YUCJI0» — HECYMiCHi.

Ilomii C;, C,, ..., C, HazsuBaOTh HECYMICHUMU, SKINO KOKHA IIapa 3 HUX
HecyMicHA B TaHOMY eKcuepuMeHTi. {714 eKcnepuMeHTy 3 MiAKUAAHHA TPaJib-
Horo kybOmka mogii: C; — BumagasHa 1 ouka, C, — BuUNaJaHHA 2 OYOK,
C; — BunaganHa 3 ouok, C, — BumajgavHa 4 ouok, C; — BUINAJAHHA
5 ouok, C; — BumamaHHA 6 ouoK — HecyMicHi (I piBHOMOXKIHUBI).

O3HaveHHsA. Mopgia U Ha3MBa€TbCA 8ipo2iOHOI0, AKWO B pe3ynbTaTi JaHOro

eKcnepumeHTy BOHa 060B’3K0BO BigbyaeTbcA.

Hanpuknaan, sunaganusa meHnre 10 ouox mpm OigKUTaHHI TI'PaJbHOTrO
KyOuKa (Ha rpaHAX SKOro mo3HaueHO Bix 1 mo 6 ouoK) € BiporigHomw mogiero.

OzHaueHHA. Mopia J Ha3MBaAETbCA HEeMOXJ/IUBOIO, AKLLO BOHA He MOXe Bif-

6yTncA B faHOMY eKCrepuMeHTi.

Hampuknan, Bunamzanusa 9 ouok mpu IiAKMIaHHI I'paJbHOTO KyOUKa —
HEeMOJXKJIMBA IIOMid.
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Hexait pesyabpTaToM OesaKOT0 BHIAJKOBOTO €KCIIEPUMEHTY MOKe OyTu
TiIBPKK OfHA 3 IIONApHO HECyMiCHUX IOII# Uy, Uy, ..., U,. HasBemo ix eie-
MeHmapHumMu nodiamu, a MHOKUHY BCIX IIUX TOHii Uz{ul,uz,...,un} —
npocmopom enemeHmaprHux nodiil.

Hamnpuknan, ngd eKCIepuMeHTy 3 HiAKUIaHHA MOHETU eJeMeHTapHUMU
nopiamu OyAoyTh: Uy — BUNAJaHHA «repba», U, — BUNAAAHHA «uucia». Toxi
IIPOCTip eJleMeHTApHUX IIOAill Oyle CKJaJaTUCsa 3 OBOX IIOHii: Uz{ul,uz}.
(i moxii HecywmicHi, i B pesyabTari eKCcIepuMeHTY O0OB’SI3KOBO Bin0ymeThCs
OoHA 3 WX MOMi.)

Iisg eKcmepuMeHTY 3 IiAKUAAHHS T'PaJbHOTO KyOMKa ejieMeHTapHUMU

HOAiAMU MOXKYTBH OyTH: u; — BHUIAJaHHA 1 OouKa, U, — BUIAJAHHA 2 OUOK,
Uu; — BHUNAJaHHA 3 OYOK, U, — BHUNAJaHHA 4 OYOK, Uy — BUNAJAHHA
5 OYOK, Uy — BHUIAJAHHA 6 O4OK. Y IbOMY BUIAJKY IIPOCTIp eJleMeHTapHUX

Iomifi Oyae CKJagaTUCA 3 IIeCTH MOMii: U={u1,u2,u3,u4,u5,u6}.

Bynb-aKky mimMo:xumHy IIpocTOpy ejeMeHTapHuX moxin U BBasKaTmMeMO
BUNAIKOBOIO moxmieto A. Hampukian, 1ad eKCIepUMeHTY 3 HiAKUIaHHA I'paib-
HOT'O0 KyOMKa BUIIAJKOBOIO € MHOoAia A — BUIIQJaHHSA IapHOI KiJIBKOCTi OUOK,
OCKiJIbKU Az{ug,u4,u6} — migmuoskuHa U.

Hexaii pesysmbraTom aedKOTo BUIIQJKOBOTO EKCIEPUMEHTY MOXKe OyTH!
olHA M TiJABKU OAHA 3 7 IOIIAPHO HECYMICHUX i PiBHOMOMKJIMBUX eJieMeHTap-
HUX Homit uy, Uy, ..., U, (T006TO mpocrip U enemeHTapHUX INOAiNl AaHOrO
BUMNAIKOBOTO EKCIIEPUMEHTY CKJIAJIa€ThCSA 3 PiBHOMOMKJIMUBUX €JIEMEHTapPHUX

mogit u;, Uy, ..., U,. I Hexall y JaHOMY eKCIepHMeHTi Iojia A moJArae

B TOMY, III0 BiZOyBa€eThCs OHA 3 M HAIepen

BUOKPEMJIEHIX eJIeMeHTapHUX MOomii u;

Byksa P (nmosHaueHHs HMOBip- Upys weer Uy TOOTO A:{uil’uiz"-"uim}
HOCTi) — mepia OykBa GpaH-

(Y IbOMY BUIIAJKY T'OBOPATH, III0 eJIeMeHTap-
Iy3bKOro cJyoBa probabiliteé

Hi moxii u; , u; , ..., U; CIPHUAITH oAl A).
abo JaTUHCHKOTO cJjioBa proba- 1 2 m
bilitas, 110 B IepeKJIai O3HAYAE HwmoBipHicTs moxmii A o3HaumMO SK Bif-
iLmosipHicmb. HOIIIEHHS YMCJa M eJeMeHTapHUX MOMAil, III0

COPUAIOTH IOAii A, MO 3arajJbHOrO YUCJIa N
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s o . . m
eJIeMeHTapHuX IIoAlM y OJaHOMYy €eKCII€EpMMEHTI, TOOTO AK B1AHOIIIEHHA —.
n

MmosipHicTs moxii A sBuuaiino mosuauarors P(A). Toxi
m

P(A)=—.

n
ITiero piBHiCTIO BHpa’KAETHCA KJAACUUHE O3HAYEHHs UMOBIpHOCMI, SKe

MOKHA Cc(OPMYJIIOBATH TAKUM UYMHOM.

O3HaueHHs. IKWO pO3rNAfAAETbCA NPOCTiPp PIBHOMOXKINBNX efleMeHTapHUX
nopii, To limosipHicmob Nodii A — Le BigHOLWEHHA Yncna CNpuATANBUX AN
Hel enemMeHTapHUX NOAIN A0 YMc/a BCiX PiBHOMOXKANBUX eleMeHTapHUX No-
Ai y naHOMY eKCrepuMeHTi.

Hanpukiaan, B excroepruMeHTI 3 IiAKMIAHHSI MOHETH PiBHOMOIKJINBUMU

eJeMeHTapHUMHU moxiamu € aBi (n=2) moxii: A — Bumas «rep6» i B — BuUmaJo
. m 1
«yucyo». Ilogii A cupusie TiTbKYW OOUH BUIIAJ0K (m=1), Tomy P(A):—:E.
. .. . 1 1
OueBuaHO, IO HMOBipHicTH momii B TaKOMK HOOPiBHIOE E: P(B)=E. Or:xe,
B EKCIIEPUMEHTi 3 OJJHOPA30BOTO IMiAKWAAHHS MOHETU HMMOBIipHIiCTH BUIIaJaHHA
. 1

«repba» (abo «umciia») MOPiBHIOE 5

Amnaoriuao oOI'PyHTOBYETHCS, III0 B €KCIEPUMEHTI 3 HMiJAKUIaHHS I'DaJib-
Horo KyOuka i#moBipricTs mozii A; — BumnaJo i ouok (i=1, 2, 3, 4, 5, 6)

) 1
IOpPiBHIOE rs

\ED O6rpyHTYiITE Le CaMOCTINHO.

3a3HaunUMO, IO KOJU B OyIb-AKOMY €KCIEePUMEHTi PO3TIAHYTHA HEMOYKJIU-
By momiro J, TO HeMae eJleMEeHTAPHUX MOAii, IO CIPUAIOTH Iiil momii, ToOTO
YKCJIO eJeMEeHTAPHUX IMOMiN, CIPUATINBUX IJA Hel, JOPiBHIOE HYJIIO (m=0),

i Toxi P(®)=2=0.
n

D Omxe, HMOBipHiCTP HeMOKJIUBOI TOmii mopiBHIOE 0.

Hanpuknazn, B ekcrmepuMeHTi 3 HmiAKuUAaHHA TI'PAJbHOr0 KyOMKa HNMOBIp-
HiCTB HEeMOKJINBOI momii A — BumaJjo 7 ouoKk — pmopiBHioe 0.
Ao B OyAb-AKOMY €KCIepUMEHTI POSIIAHYTH Biporigay momiro U, To
iif cupusioTh yei eseMeHTapHi moxii B mpoMy excmepumenti (m=n), i Toxi
n
P(U)=—=1.

n

127
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D Omxe, iiMoBipHicTh Biporigaoi momii mopisHioe 1.

Hanpukiaazn, B excmepuMeHTi 3 MiAKUZaHHSA TI'PajJbHOT0 KyOmKa IO-
nigs A — BumaJyio 1 ouko, abo 2 ouxku, abo 3 ouxku, abo 4 ouxku, abo 5 OUOK,

NPUKNAAOUN PO3B'A3YBAHHA 3ABAAHDb"

Mpuknap 1. Kopuctyouncb KNacMYHMM O3HAYE€HHAM MMOBIPHOCTI, 3HaNAEMO NMO-
BipHiCTb Mofii A — BMMagaHHA Yncia OYOK, KpaTHOro 3, Npu NigKugaH-
Hi rpanbHoro Kybuka.

Po3B’A3aHHA

) S 3asmauasiocs BUIE, B eKCIIEPUMEHTI 3 MiAKUAAHHA KyOuKa iCHy€e MIiCTh IIo-
apHO HECYMICHUX PiBHOMOIKJIWBUX eJieMeHTapHuX ImofAiil — BumaJo 1, 2, 3, 4, 5,
6 04OK (TaKOK MOKHA CKas3aTH, I0 MMPOCTip eJJeMeHTapHUX MOAill CKJIafaeThCA 3 IIIe-
CTU BKa3aHWX IIOIIAPHO HECYMiCHUX PiBHOMOKJIMBUX IOAil). CIPUATINBUMYU 1A
moxii A e TinbKu ABi eeMeHTapHI momii: Bumajio 3 ouku i BumaJio 6 ouok. OTike,

2 1

iiMoBipHicTs mogii A gopisaoe: P(A)= E = g

Mpuknapg 2. Metpo 1 MNaBno KWAawTb 3e1eHNN | GNaKUTHUIA TpanbHi KYOUKN i KOX-
HOro pasy NiApaxoByOTb CYMy OYOK, Wo Bunanu (puc. 9.2). BoHn gomo-
BUANCA, WO Y BUMAZKY, KON B Yeprosiii cnpobi B cymi Bunage 8 ouok,
Burpac etpo, a Konu B cymi Bunage 7 o4ok — Burpae aeno. Ym € ya
rpa cnpaeeannsoto?

Po3B’si3aHHA

» Ilpu KupauHi KYyOUKiB HA KOXKHOMY 3 HUX MOXKeE
Bunactu 1, 2, 3, 4, 5 a6o 6 ouok. KosxkHoMy uncay Puc. 9.2
O0UOK, AKi BUIaiu Ha 3eseHoMy Kyouky (1, 2, 3, 4,
5 abo 6 0ouOK), BigmoBizae IricTs BapiaHTiB umcia
OUOK, AKi BUMasu Ha OJakuUTHOMY KyOouky. OTike, Q @
yCBhOTO Ofiep:KyeMo 36 ImomapHO HECYMiCHUX PiBHO-

MOJKJIUBUX eJIEMEeHTAapHUX IOAili — pe3yJbTaTiB
IIbOT'0 eKCIIEPUMEHTY, IKi HaBeJeHO B TaOIUITi:

* ROMeHTap BEKJIIOUEHO B 3aIInC pOBB’ﬂSaHHH.
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(1;1) (2;1) (3;1) (4;1) (5:1) (651)
(1;2) (2;2) (3;2) (4;2) (5:2) (652)
(1;8) (2;3) (3;3) (4;38) (5;3) (6;3)
(1;4) (2;4) (3;4) (4;4) (5:4) (654)
(1;5) (2;5) (3;5) (4;5) (5:5) (655)
(1;6) (2;6) (3;6) (4;6) (5;6) (6;6)

(Y KoKkHiN mapi umces Ha MepPIIIOMY MiCIIi 3alIMCcaHO YMCJIO OYOK, K€ BUIIAJIO Ha
3eJIeHOMY KYOUKY, a Ha JPYTroMy MiCIli — YHCJIO OYOK, II[0 BUIIAJIO Ha OJJaKUTHOMY
KyOUKYy.)
Hexait mogis A o3Hauae, 1110 IpW KUAAaHHI KyOUKiB y cyMi BUIajo 8 0UOK, a momid
B — 110 Tpu KUAAaHHI KyOUKiB y cyMi Bumaao 7 0UoK.
s noxii A cipuATINBUMY € TaKi 5 pesyabrariB (eJeMeHTapHUX MOMiti):
(2;6), (3;5), (4;4), (5:3), (6;2).
Onsa noxii B cupuATINBUMY € TaKi 6 pe3ysbTaTiB (eJIeMeHTapHUX TOJii):
(1;6), (25), (3;4), (4:3), (5:2), (651).
Toni
5 6
P(A)=—, P(B)=—.
36 36
Omxe, mancis Burpatu B Ilasia 6inbime, Hizk y Ilerpa. To6To Taka rpa He 6y/e cirpa-
BEIJINBOIO.
3a3HaunMO, II[0 Pe3yJIbTATU eKCIePUMEHTY 3 HiJKUIaHHS ABOX I'PaJbHUX
KyOuKiB, HaBeleHi y mpukJaami 2, JO3BOJAIOTh O0UNCIUTH MMOBIPHOCTI ITOSBU
Tiel abo iHINIOI CyMM OUOK, IO BUIIAAAIOTH IPU IiSKMIAHHI JBOX T'PaJbHUX
KyOHKiB.

Cyma o4okK 2 3 4 5 6 7 8 9 10 11 12

o 1 1 1 1 1 1

WwmosipHicte — @ — | — | —  — = @ —= | = | = | = =
36 18 @ 12 9 36 6 36 9 12 18 @ 36

Mpuknapg 3*. 13 15 BUrotoBneHux Benocunedis 3 suABuanca 3 gedekramu. Aka
MMOBIpPHICTb TOrO, WO 2 Benocunenn, BM6paHi HaBMaHHA 3 Lux 15,
6ynyTb 6e3 pedekri?

Po3B’A3aHHA

» Hexaii moxia A mosisirae B ToMy, 1110 2 BuUOpaHi HaBMaHHA BeJOCUIIeAU OYAYTH

6e3 medekxTis. I3 15 Bemocunenis BubpaTu 2 MOKHA C125 cmocobamu (umcIo KoMOiHa-

129
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it i3 15 mo 2). Yei 11i Bubopu € piBHOMOKJIUBUMU Ii TTontapHo HecymicHuMu. OT:Ke,
3arajibHa KiJIbKiCTh PiBHOMOMKJIMBUX Pe3yabTaTiB (TOOTO 3arajbHa KiJbKiCTh eje-

MEHTapHUX MOiii) TOPiBHIOE 0125. CuopuATIUBAM Pe3yJIbTaTOM JJis momii A € Bubip
2 6esnederTHUX Bestocumexis i3 12 6esnedextrux (15—3=12). Omxe, uncio cupu-

ATIUBUX Pe3yaAbTaTiB (momiit) A moaii A mopiBHIOE 0122. 3Bifcu 0ZIepPIKYEMO

I A
p(a)-Clo_ 2112-2)1 _12:11 _ 22
0125 175' 1514 35
21(15-2)!

3ayBasKumo, IO 3aJIeKHO BiJ 3amaui, AKa pPO3IVIAAAETHCA, IJS OIHOTO
M TOro caMoro eKCIIEPMMEHTY IIPOCTip eJleMeHTapHUX IIOAiil MOKHa BBOIU-
™ y PisHi cmocobm. Hafiuacrimie ajgs mboro HesaJe:KHi eaeMeHTapHiI moxmii
nigbuparTh TaK, 00 moAis, HMOBiIpHiCTHL siKOI mOTpPiOHO 3HalTH, cama OyJja
eJleMeHTapHOI0 abo BUpasKajacAd deped CyMy eJeMeHTapHUX Momiii. Aje misa
TOro 1100 BUKOPUCTATU KJAaCHUYHEe O3HAUEeHHS KWMOBipHOCTi, mOTpPiObHO OyTH
BIIEBHEHUM, IIIO0 BCi BHUIijIeHi eJeMeHTapHi momii — piBHOMOMKJIMBI.

Hampuknan, ax yKe 3asHayvajoCh y 3ajadi IPo IMiAKUTAaHHA I'PAJIBHOTO
KyOMKa, IPOCTip eJeMeHTapHUX IIOHili MOXKe CKJIazarucsa 3 6 HesaJ eKHUX
PiBHOMOKJIMBUX IOAiNi — Bumagamua 1, 2, 3, 4, 5, 6 ouok. Aje SKIIO
B 3aJauvi IIPOCATh 3HAWTH HMOBIpHiCTHL BHUHAJAaHHS IIapHOT'O UIMCJIA OUYOK, TO
IIPOCTOPOM eJIEMEHTapHUX MOAiNl IJis IIbOTO €KCIEePUMEHTY MOYKe OyTH MHO-
JKMHA TiTBKU OBOX MOAiN: u; — BUNAaJaHHA IapHOI KiJBKOCTI OYOK, Uy —
BUIIaQJaHHA HENapHOI KiJILKOCTiI O4OK (OCKiJBKM IIi moxii IommapHO HecyMicHi
M y pesyabTaTi eKCIepuMeHTY OO0OB’SIBKOBO BimOymeTbcsA OOHA 3 ITMX TIOMiii).
ITi moxmii piBHOMOKJUBiI (ocKinbKu cepen umcen 1, 2, 3, 4, 5, 6 piBHO mO-
JIOBUHA MMapHUX i moJioBuHa HemapHux). OTiKe, 3a KJIACUYHUM O3HAUEHHAM

. . .. . 1 .
MMOBIpHICThP KOYKHOI 3 HUX JOPiBHIOE 3 3BUYaiinO, AKOM MU POBIJIAHY-

JU TepIIni 3 yKasaHuX IPOCTOPIB eJeMeHTapHUX IMOAiHf, TO TeXX 3MOIIu 0
posB’A3aTH; II0 3aJady: BChOI'O IOAiN — 6, a cupuATIuBuUX — 3 (BUIAJaHHA

mapuoro umcjaa ouok: 2, 4, 6). Toxi fimoBipHicTh, BumajaHHS IIAPHOT'O YHCJA

. 3 1
OUOK IOPiBHIOE E’ TOOTO 5

CopobyeMo BBeCTH IJs PO3B’sI8yBaHHsA Ili€l 3amaui Takuii mpocTip eJe-
MeHTapHUX IOJIN: u; — BUIAJAaHHS IIapHOl K1IbKOCTi OYOK, U, — BHUIIAJaH-
HA 1 ouKa, u; — BUIAJAaHHA 3 OUOK, U, — BUIaJaHHA 5 ouok. Ili moxii
IiICHO YTBOPIOIOTH MPOCTIP eJIeMEHTaPHUX IOAiN eKCHepUMEeHTY 3 IIigKuIaHHS
rpajbHOTO KyOMKa, OCKIJILKM BOHM IIOIIAPHO HECYMicHi i1 y pesyabTaTi eKc-
epuMeHTy O0O0B’A3KOBO Bif0yZeThbCs OmHA 3 IUX HOAili. AJie, KOPUCTYIOUHNCH
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TaKUM IIPOCTOPOM eJIeMeHTAPHUX MOAiil, MU He 3MOYKEeMO 3aCTOCYBATH KJIACHU-
He O3HAUeHHs MMOBipHOCTI, OCKiJIbKU, IK MU B:Ke 0aumJiu, BKasaHi eJeMeHTap-

Hi nozii He € PiBHOMOKJIMBUMMU: P(ul)zé, P(uz)zé, P(u3)=l, P(u4):—.

3ATNMNTAHHA

1

6 6

. ITosAcHiTH, 10 Take BUOAAKOBUM EKCIIEPUMEHT Ta BUIIAJKOBa MOIisd.

Hagenits mpukxaanu.

. ITosicHiITL, AKi momii BBa:KaioTh piBHOMO:KJIMBUMU. HaBemiTh mpuKJIagu
PiBHOMOMKJIMBUX Ta HEPIBHOMOMKJIMBUX moAiil. fIKi mozxii BBasKaioTh He-

cymicuumu? HaseniTs IpuKJIagu.

IlosicHiTh 3MicT KJiacMUYHOrO O3HAaueHHA WMoBipHOCTi. HaBenmiTh mpukJia-
mu. Ax mosHauaroTh iMoBipHicTh momii A?

. fIxky momiio BBaskarTh BiporigHoio, a AKy Hemo:kJjauBow? HapemiTh mpu-
Kjaanu. YoMy HOPiBHIOIOTH iMOBiIpHOCTI Biporigmol Ta HEMOMKJIMBOI ITOmiii?

BMPABU

9.1° VYraxKiTh, AKi 3 momiii y HaBedeHUX eKCIepuMeHTaxX € Biporigummmu,
AKI — HEeMOXKJIMBUMHU, AKi — IIPOCTO BUIATKOBUMU.
EkcnepumeHT Mogis

A w N =

w

1

BukoHaHHA nocTpiny

HarpiBaHHA Boau (Mpy 3BUYaNHNX YMOBAX)
YyacTb y notepei

YuacTb y 6e3nporpaluHin notepei

MigKnaaHHA 3BMYaNHOro rpanbHoOro Kybuka
MigKraaHHA 3BUYANHOrO FpanbHOro Kybuka
MNepeBipka poboTy A3BiHKa

BuTtAraHHA Kyni 3 KOPO6KU 3 GinuMmn Kynamm
BuTtAraHHs Kyni 3 KOpo6KM 3 6invMm Kynsmm

ButAraHHA gBOX Kynb i3 Kopobku 3 10 6inu-
MU 1 5 YOpHUMU KynAaMK

BuTtaraHHA KapTu 3 Kosiogn

[MonapgaHHA B Uinb

Boga nepetBopunaca Ha nig

Buv Burpaete, 6epyum yuactb y notepei
Bu He Burpaete, 6epyum yuacTb
y 6e3nporpaluHin notepei

Bunano 5 ouok

Bunano meHwe 8 oyok

Bn HaTucHynM Ha KHOMKY A3BiHKa,
a BiH He 3a/]3BOHUB

Butarnu yopHy Kynio
Butarnu 6iny kynio
BuTtarnn 6iny 1 yopHy Kyni

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.

9.14.

Haseznits mo Tpu mpuKJIagy BipOTiZHUX, HEMOMKJIMBUX i IPOCTO BUIIAI-
KoBuX moxiii. Ilpukaanu samuiiite y BUMIALl Tabauii (aus. BupaBy 9.1).

Bigomo, 1m0 Ha 100 Garapeiiok 3ycTpiuaroTbca 3 OpakoBami. fIka mo-
BipHiCTh KynmuTu GpaKoBaHy OaTapeiry?

Y wmarasunHi migpaxyBaju, mo 3Buuaiino 3 1000 TesieBi3opiB BUSABJISA-
eThbcsa 2 OpakoBaHHX. fIKa HMOBIpHICTH TOTO, IO TeJeBi3op, BUOpPAHUH
HaBMaHHSA B IIbOMY MarasuHi, Oyme OpakoBaHuUM?

3a crartuctukoi B micti N y cepemubomy 3a pik i3 1000 aBTomMOoGiJri-
CTiB 2 TIOTPAIISAIOTH B aBapito. fIka iMoOBipHiCTH TOTO, IIT0 aBTOMOOLIIiCT
y IIbOMY MiCTi Bechb pik mpoisguTh 06e3 aBapiit?

fAxa fimoBipuicTs Toro, mo B Kuesi conme siiime mHa saxozmi?
fka #imoBipHicTs TOrO, IO micas 31 rpymHsa Hactane 1 ciuma?

Y makeri sgexxars 20 semenux i 10 xoBTmx rpyir. fIKa HMOBipHiCTH
BUAHATH 3 makera rpyiny? fIka iMoBipHicTh BUMHATH 3 IaKeTa SA0IYKO?

Jlo ek3aMeHy 3 BHUINOI MaTeMaTUKMW Y TEXHIiUHOMY BUIIi BUKJAgad IIij-
roryBaB 24 Oineru. CrymenT AHIpiii He posibpaBcsa B ogHOMY OijeTi
i mysKe 0oiThbCcA MOTO BUTATHYTHU. SIKa WMOBipHiCTH TOro, 1110 AHIpPiiO0
JicTaHeThCA «HEIACJUBUi» OimeTr?

Ha sanuranasa BikTopuamu 0yao orpumano 1250 jgmcTiBOK i3 mpaBHIb-
HUMM BinoBigAMU, y ToMy uwmcii i Bamia. {14 Bu3HaAueHHA IIpusepa
BeyuMil TIOBUHEH HAaBMaHHS BUTATTU OJHY JIMCTiBKY. SIKa WMOBipHiCTH
TOTO, IO HPU3 JiCTAHETHCSI Bam?

Y gorepei 10 Burpamamx KBUTKiIB i 240 KBuTKiB 0e3 Burparmy. §Ika
WMOBipHiCTH BUTpaTH B II0 JIOTEPEI0, KYMUBIIU OAWH KBUTOK?

3adaua [['Anambepa. SIka AMOBiIpHiCTH TOrO, 110 IPU ABOX HiZKUTAHHAX
MOHETH XOoua 0 OQWH pas BHUIIaAe «Irepo»?

3a mepemory B TeJjerpi flHa omep:KuUTh TOJOBHUI

IpU3 — IIONOPOIK, SAKIIO 3a ONHY CIpPoOy Bramae, Puc. 9.3

y Axkomy 3 12 cexropiB Tabso (puc. 9.3) 3axoBaHmii

npus. fIka #moBipHicTs TOro, mo fAHa BUPYIIUTH 1T 213 4
?

y TOHOPOK? sl 6|78

Y gorepei 100 KBUTKiB, i3 HUX 5 BUrpamrHux. Ixa 9o |10l 1|12

MMOBipHicTE mporpairy?
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000000

9.15.

9.16.

9.17.

9.18.

9.19.

9.20.

Y xwumieni xJjomuymka Jexkarb 6 mouer (puc. 9.4). fIka fimoBipHicTh
BUIHATA HaBMAHHS MOHETY:

1) 3 HOMiHAJ/IOM, II0 € IMAPHUM YKCJIOM;

2) 3 HOMiHAJIOM, IO € HEIAPHUM YMCJIOM;

3) 3 HOMiHAaJioM MeHIIe 207

Ha xaprmi Cynepsioro (6 3 52) Jlammyo mosHaumB Homepu: 1, 2, 3, 4,
5, 6. Harana Ha cBoOili KapTiii mosHaumjaa Homepu: 5, 12, 17, 23, 35,
49. fx BU ragaeTe, BUTPAIl SKOr0 HaO0OPYy umMceJ OiJabII iMOBipHUIZ?
IlosicHiITH CBOXO BiAIIOBiZb.

Inna mosunauus y kaprii Cynepaoro (6 3 52) Homepu: 7, 11, 15, 29, 38,
40 — i Burpas. Toxi BiHm Bupimus, 110 I KOMOiHAIiA YMCeJ IAcJIUBa
i BiH Oyme Bigmiuatu ii y Bcix Tupaskax. Uu gificHo BiH 36iJBIIUTH CBOI
miamcu Ha Burpami? IToscHITE cBOXO BiAmOBiAb.

Y cymmi mexxars 12 uepBoHUX, 10 3emenHux i 3 KOBTHUX AOJIYKAa.

1) A6ayxo sSKOro KOJLOPY HMMOBipHiIlle BCLOTO BUUHATH HABMAaHHSA i3
CYyMKU?

2) flka fimMOBipHiCTH BUIHATH HaBMAaHHA:

a) A0myKo; 0) rpyIry; B) 3ejieHe s0JYKO; T) HEe UYepPBOHE S0JIYKO?

Bu Burpaere, AKINO KyJsd, BUNHATA HaBMaHHS 3 KOpPOOKH, Oina. Ky
3 KOPOOOK BUTiMHIiIIIe BUOpaTu IJid Ipu, 100 iMOBipHicTH Burparry Oysa
0iJIBbIIIOIO0, AKIIO:

* y KopoOI1i A sne:xkuth 15 6iaux Kyab i3 45;

¢ y Kopoo61i B nexuTts 40 6inux Kyab iz 120;

* y Kopoob1i B mexxars 22 6ii KyJri i 44 uepBoHi;

* y xopoO1i I mopiBHy 6inX, YepBOHUX i YOPHUX KYJIb.

I'paHi 3BMUYaiHOrO rpajbHOr0 KyOmKa mogapO0BaHO B YEPBOHUI 1 JKOB-
. - - . . . 1
TUH KoJabopu. VMIMOBipHiICTH BUIIafaHHS UYEpPBOHOI TpaHi MOPiBHIOE rE

. - .. . . 5 .
MMOBipHiCTh BUIIQJAHHA »KOBTOI rpaHi mopiBHioe —. CKiJIBKM 4epBOHUX
i 'KOBTUX rpaHeill y Kyouka? 6
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9.21.

9.22.

9.23.

9.24.

9.25.

9.26.

9.27.

9.28*,

Y xopoOIii moJoBMHA IIYKEPOK y UYEpPBOHUX OOTrOpTKAaxX, TpPeTmHa —
y CUHiX, pemita — Yy 3eJeHux. HaBMaHHA BUUHAIU OSHY ITYKEpPKY.
O06roprra AKOro KOJILOPY HalMeHIII iMOBipHA B Ijie€l myKepru? 3HANIITH
10 WMOBipHiCTB.

Y myxnaani nexkars 8 uepBoHUX, 2 cuHix i 20 zemeHmMX oJaiBIiB. Bm
HaBMAaHHSA BUMMAaETe OJIiBeIlb.

1) fAxa #imMoBipHiCTL TOTO, IO IIE:

a) YepBOHUII OJIiBellb;

0) JKOBTUII OJIiBeIlb;

B) He 3eJIeHUH ojiBelb?

2) Ky HaliMeHIIy KiJbKiCTL OJIiBIIiB MOTPiOHO BUMHATH, 10O 3 iMOBip-
HicTiO, AKa mopiBHIOE 1, cepen HuX OyB 3eJIeHUI OJIiBeIb?

Kugaiors ogHouacHo mBa rpajbHI KyOumKwu. SIKka HMOBipHiCTH TOTrO, IITO
cyMa O4oK Oyae mopiBHroBatu 127

Ha naBKy [OOBiJIBHMM YHMHOM CiZalOTh ABOE UYOJOBiIKiB i kimka. fAka
MMOBipHICTH TOTO, II[0 YOJIOBIKM ONHHATHCA IOPYyU?

Iz 5 kaprok i3 6ykBamu M, P, O, A, E HaBmanusa BuOuUpPaoTh 4 KapTKHU.
3uaiifiTe iMOBipHiCTH TOrO, 110, HOKJABIIN IX y PAL Yy TOMY IIOPAIKY,
y KoMy ixX BuOmpasu, oxep:xkatb cjaoBo MOPE.

Bunymeno maprito 3 500 sorepeiinux 6ineriB. ImoBipHicTh TOro, 10
mepiivii BuOpaHuii HaBMaHHSA Oijser i3 1miel maprii Oyme BuUTrpaIllHUM,
mopiBuioe 0,2. BusHaure KinbKicThb 6ijeTiB 6e3 suzpawly cepem Iux
500 6GimeTis.

Y KopoOIIi JekaTh Pi3HOKOJIBOPOBi KYyJIbKH, 3 AKX 30 uepBoHUX, 10 3€-
JIEHUX, a peIliTa — JKOBTi. 3’acyiiTe, CKIJIBKU KOBTUX KYJIbOK JIEIKUTH
Y KopoOIti, AKIIo MMOBIpHiCTh BUOODPY BUIAJKOBUM UMHOM 3KOBTOI KYJIb-
Ku popiBuioe 0,6.

Y TopOuHII JeKaTh 3 IYKEPKHU 3 MOJOYHOrO IITOKOJIAAy Ta M IIYKEePOK
i3 YOpHOTrO ITIOKOJIaAy. ¥YCi IIYKEPKW MalTh OTHAKOBiI (hopmy ¥ posmipwu.
fxoro HaiimeHnuiozo 3HaueHHs MOXKe HaOyBaTu m, SKIIO HMOBipHICTH
HaBMaHHS BUTATHYTH 3 TOPOMHKM IYKEPKY 3 MOJIOYHOTO IITOKOJIAIY
menrra sig 0,25?



MOACHEHHA N OBI'PYHTYBAHHA

Cmamucmuka — Hayka, wo eusuae, 00pobase i aHaNi3ye KiavKicHi Oa-
Hi Npo HAUPIZHOMAHIMHIWI MACOBL ABUULA 8 HUMML.

ExoHOMiUuHa cTaTHCTMKA BWBYAE 3MiHY I[iH, HOIUTY Ta HOPOIO3UILl Ha
TOBapu, IIPOTHO3YE 3POCTAHHS ¥ MaAiHHA BUPOOHUIITBA I CIOoKMBamHA. Me-
OIUYHA CTATHUCTUKA BUBYae e(eKTUBHICTh Pi3HUX JiKiB i mMeTomiB JiKyBaHHI,
MMOBIpHiICTP BUHMKHEHHS [OEAKOr0 3aXBOPIOBAHHA 3aJIe’KHO BiJ BiKy, crTa-
Ti, CIIAJAKOBOCTi, YMOB MKUTTf, MIKiAJIWBUX 3BUYOK, ITPOTHO3YE IIOIMIMPEHHS
emigemiii. llemorpadiuHa cTaTHCTHKa BUBUYAE HAPOAKYBaHICTh, UMCEJILHICTH
HaceJeHHsA, MOro ckJiaj (BikoBuii, HallioHAJbHUMN, mpodecifinmii). A € 11e
craTuCcTUKa (piHaHCcoBa, MOJATKOBA, OioJoTiuHa, METEOPOJIOTiUHA...

Cratuctuka Mae 06araToBiKOBY icTopiro.

V:ke B cTapoaBHBOMY CBiTi BeJii CTaTUCTHU-

Huil 00gik Hacenenusa. OmHaAK OOBiJIBHI Tay- CTaTuCTUKA — Bif JaTHH.
MaUyeHHS CTATUCTUYHUX JTaHUX, BiICYTHICTH status — cTaH.

cTporoi HayKoBoi 6a3M CTATMCTUYHUX IIPOTHO-

3iB HaBiTHL y cepemmui XIX cT. m1e He T03BO-

JISIIA TOBOPUTHU IIPO CTATHUCTUKY AK HayKy. Tinmbkum y XX cr. 3’aBuiaca
MaTeMaTHMYHaA CTAaTHUCTUKA — HayKa, AKa CIUPAEThCA HA 3aKOHU Teopii Hmo-
BipHOCTel. BusBuiaocs, I0 CTATUCTUUYHI MeTOAM OOpPOOKHM JaHMX i3 caMux
piBHMX TraJyry3edl "KUTTA MaloTh Oararo cmijgbHOro. Ile M03BOJIMIO CTBOPUTU
yHiBepcaJibHi HayKOBO OOI'PYHTOBAaHi METOAM CTATUCTUYHUX AOCJiIKeHb i 1e-
peBipKu craTucTUYHUX rimores. OTiKe, mMamemamuina cmamucmuka — e
po3ail mMaTreMaTHMKU, AKHI BHBYA€ MaTeMaTHYHI MeTOoxu OOpPOOKM #H BUKO-
PHUCTAaHHS CTATHCTUYHHUX JAaHUX I HAYKOBUX i NMPAKTUYHUX BUCHOBKIB.
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Y mareMaTHUHIN CTAaTUCTUIL PO3TIAZAIOTH METOIM, AKi HAIOTh MOKJIU-
BicTh 3a pe3yJbTaTaMMW €KCIIEPUMEHTIiB (CTATUCTUYHUMHU AAHWUMU) POOUTH
MeBHI BUCHOBKHU HMOBipHiICHOTO xXapakTepy.

MaremaTuuHa cTaTUCTHKA OiJIUTHLCSA HA OBi ITMPOKi rasrysi:

1) onucosa cmamucmuka, AKa POIIJIALAE METOOU OMIUCY CTATUCTUUHUX
ITaHUX, 1X TaOauuHe i rpadiuHe mMOmaHHSA TOIIO;

2) aHaaimuyHa cmamucmuka (Teopisd CTAaTUCTUUYHUX BHCHOBKiB), KA PO3-
raAgae oOpoOKy JaHUX, ONEeP:KAaHUX y XOJi eKCIepUMEeHTY, i (hopMysioBaHHA
BHCHOBKIB, II[0 MalOTh NPUKJAJHE 3HAUEHHS IJA KOHKPETHOI rajrysi JIroachbKol
gisnpHOCTi. Teopis cTaTMCTUUYHMX BHCHOBKIB TiCHO IIOB’sA3aHa 3 Teopi€io HmMo-
BipHOCTe# 1 6asyerbcsa Ha ii MaTeMaTHUYHOMY alapari.

Cepen OCHOBHUX 3ajau MaTeMATHUYHOI CTATHUCTHUKU MOYKHA 3a3HAUYUTH
TaxKi.

1. Ouinka tmogipHocmi. Hexali medka BUIIaJKOBa IOAiA Mae HWMOBIip-
Hictb p>0, ane ii 3HaueHHa Ham HeBimome. HeoOximHO oIiHuUTH IIf0 HMO-
BipHiCTH 3a pesysJbTaTaMu eKCIEPUMEHTIB, TOOTO PO3B’A3aTH 3aJauy IIPO OIliH-
Ky HMOBIpHOCTi uepes 4acToOTy.

2. Ouinka 3axony po3nodiny. Iocaig:KyeThbcsa medKa BUIIAJKOBA BeJINUU-
Ha, TOUHUUA BUpas OJs 3aKOHY POIIMOmiNy Kol HaMmM HeBimomuii. IloTpibHO 3a
pe3yJbTaTaMi €KCIIEPUMEHTIB 3HaWTH HAOJIMKEeHUI BUpa3 IJA (PYHKII, 110
3a/lae 3aKOH POBIOALIY.

3. OuiHka Yucno8ux Xxapaxkmepucmukx 6UnadKo6oi GeJUYUHU.

4. Ilepesipka cmamucmuuHux zinome3 (IpunyiieHb). HociaimKyeTbcs
Jesika BUIIQJKOBA BeJIMUYMHA. BUXOASUYM 3 IIEeBHUX MIipPKYBaHb, BHCYBAEThCS
rimoresa, HAIpUKJAaMd, IIPO POIIMOAia Iiel BumagkoBoi BeauumHU. IIoTpiGHO
3a pe3yJbTaTaMi €KCIEPMMEHTIB NPUAHATH a00 BiAXWJIUTH II0 TilmoTesy.

Pesynbraty mocaifikeHb, II0 MPOBOAATHLCA METOJAMU MaTEeMAaTHUUHOI CTa-
THUCTUKM, 3aCTOCOBYIOTHCS IJIA NPUUHATTA PillleHb. 30KpeMa, IijJ Jac IJIaHy-
BaHHA U opraHisariii BUPOOHUMIITBA, B HPOIECi KOHTPOJIIO SAKOCTI TPOAYKILii,
BUOOPY ONTHMMAaJBLHOIO Yacy HajJaAKu abo 3amMiHm [mifouoi amaparypu (Ha-
MPUKJIAJL, IPY BU3HAUEHHI Yacy saMiHM OBUIYHA JIiTAKA, OKPEMUX YACTUH
BEpCTAaTiB TOIIIO).

JAK i B KOKHIN HayIli, y CTaTHUCTUIII BUKOPUCTOBYIOTHCS CBOI cmeru@iuui
TepMminu i moHATTA. [eAki 3 HUX HaBemeHo B Tabja. 14. 3amaM’ATOBYBaTU iX
O3HAUeHHS He 000B’A3KOBO, MOCTATHHO PO3YMITH 3MiCT.
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Tabnuus 14
YacTto BXMBa- . . HaykoBui
. : 3MmicT TepMiHy - O3HaueHHA
HUN TePMiH TEPMiH
3aranbHum Te, 3Bigkn BnbMpatoTb FeHepanbHa MHOXWHa BCiX MOXIUBUX
pAL AaHnX CYKYNHiCTb pe3ynbTaTiB CrocTepeKeHHA
(BUMiptoBaHH=)

Bubipka Te, wo BUbGUpPalTh CTaTucTnyHa MHoOXuHa pe3ynbTaTie, AKi

BMGipKa, cTaTu- | peasbHO OfepXKaHi B JlaHOMY
CTUMHMI PAR, CNoCTepPEeXeHHi (BUMipIOBaHHI)

BapiaHTa 3HauyeHHs ogHoro 3 pe- BapiaHTa OpHe 3i 3HayeHb enemMeHTIB
3ynbTaTiB cnocrepe- BUOIpKM
>KEHHA (BMMIipOBaHHA)

Pap paHnx 3HaueHHsn BCix pe3ynb- BapiauiitHun YnopAaakoBaHa MHOXWHA
TaTiB CNOCTepeKeHHA  pAag BCiX BapiaHT

(BMMiptoBaHHA)

g BUBUEHHA Pi3SHUX MAaCOBUX SBUIIN IIPOBOAATHLCA CIIEIliaJibHiI CTaTuU-
CTHUYHI JOCTiIKeHHs. Bynb-aKe cTaTUCTUYHE MOCTiIKeHHS IIOUMHAETLCA 3 ITi-
JIeCIpPAMOBaHOI0 300py iH(opmarlii mpo sBuilie abo IIPoOIleC, IO BUBUYAETHCH.
Ilei#t eTan HasMBAIOThL eMANOM CMAMUCMUYHUX cnocmepedcersb. [lia oTpuMaH-
HsS CTaTUCTUYHUX NAHUX y PE3YyJbTaTi CIOCTEPEKEeHb CXOXKi eJeMeHTH esaKol
CYKYIIHOCTi MOPiBHIOIOTH 3a PidHMMU o3HakaMu. Hampukian, yuri 11 xkjaciB
MOKHA TOPiBHIOBATU 3a 3POCTOM, PO3MipOM OfAry, ycmirmrHicTio i T. . Bostn
MOKHa IIOPiBHIOBATH 3a JIOBIKMHOIO, JiaMeTpoM, Baroio, MaTepiajioM TOIIIO.
IIpakTuuHo Oyab-AKa o3HaAKa abo MoyKe OyTu OeslmocepeqHbBO BUMIipsHa, abo
MOJKe OJIEpsKaTh YMOBHY UYHNCJIOBY XapaKTEePUCTHUKY (AMB. TIPUKJIAJL 3 BUIA-
OTaHHAM «Trepba» W «umeaa» mpu migkuganai mometu B § 9). Omke, medaKy
O3HAKy €JIeMEHTiB CYKYIHOCTiI MOKHA PO3IJIANATH AK BUIIAJKOBY BEJUUYUHY,
1o HabyBae THUX UYMW iHINIUX YWCJIOBUX 3HAUEHD.

B mporieci BuBueHHA peasibHUX ABUIN YacTO OyBae HEMOIKJIUBO OOCTEIKY-
BaTHU BCi eJleMeHTU CYKyHOHOCTi. Hampukaam, TpakKTUYHO HEMOMKJINBO BUABUTU
poaMipu B3YTTsI y BCix Jiofeli IIaHeTH. A IepeBipuTu, HAIIPUKJIAL, HASIBHICTH
apKYIIIiB HEeAKICHOI PEHTTeHIBChKOI IJIIBKUM y BeJIMKili mapTii xoua I peaJib-
HO, ajie 0e3rury370, TOMY IO TIOBHA MepeBipKa IpusBele [0 3HUINEHHA Bciel
naprii miriBku.
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D VY momibHMX BUIIaAKAaX 3aMiCTh BUBUEHHS BCiX €JI€MEHTIB CYKYIHOCTi, AKY
Ha3WBAIOTh 2eHEepaJibHOI0 CYKYNHicmio, OOCTEXYIOTH ii 3HAUHY YaCTUHY,
o0paHy BUIIaAKOBUM YMHOM. 1[f0 yacTmHy Ha3WMBAIOTL 6UOIPKOI, & UUCJIIO
eJeMeHTiB y Bubipii — o6’emom 6ubipku.

dAxmro y BuGipii Bci oCHOBHI O3HaKuW TeHe-
pajbHOI CYKYHHOCTI MPUCYTHI B Ti#fl camiii mpo-

e . . . PenpesenraTuBauUit —
mopIrii i 3 Tielo caMoOO BiJHOCHOIO YacTOTOIO, Bij dhpam. représentatif —
3 AKOI0 JlaHA O3HaKa BUCTYIIa€ B 3ajaHiil reHe- IIPeICTABH B,

paJbHill CYKYIIHOCTI, TO I[}0 BUOIPKY HA3UBAaIOTh
penpe3zeHmanueHor.

Iamumuy cioBaMu, pempeseHTaTHBHA BUOIpKAa € MEHIIIO0 3a Po3Mipom, aje
TOUHOIO MOZEJIJII0 Tiel reHepaJbHOI CYKYIIHOCTi, Ky BOHA MAae€ BimoOpaskaTwu.
Y Ti#h mipi, y aKi#i BubipKa € penpe3eHTaTUBHOIO, BUCHOBKH, IO I'PYHTYIOTHCA
Ha BUBYEHHI Iiel BuOipKU, MOXKHA 3 BEJMKOIO YIIEBHEHICTIO BBasKaTU 3aCTO-
COBHUMM JIO0 BCi€l reHepasibHOI CYKYIIHOCTI.

D ITonaTTsa penmpeseHTaTMBHOCTI BifiOpaHOi CyKyIHOCTI He O3HAYa€, IO BO-
Ha IIOBHICTIO 3a BciMa O3HAKaMU IIPEJCTABJIAE T'eHEPAJIbHY CYKYIIHICTB,
OCKiJIBKY IIe IPaKTUYHO HEMOXKJIUBO 3abesmeunTu. Binibpama uactuHa
Mae OyTU pPenpeseHTATMBHOKI BiTHOCHO THMX O3HAK, AKi BUBYAIOTHCA.

IITo6 BuOipka OyJsia pempe3eHTATUBHOIO, BOHAa Mae OyTM BUOKpeMJeHa
3 I'eHepaJIbHOI CYKYIIHOCTI BHUIAJKOBUM UNHOM.
Haiiuacrime BUKOPHCTOBYIOTh TaKi BuAM BUOIPOK:

o Bnbipka o
(] ()
[ ) (] () [ )
BJflaCHe-BMMNagKoBa MeXaHivyHa TUNOBa cepirHa
. [loknagHille 03HANOMUTUCA 3 XapaKTepPUCTMKAaMM KOXHOro Buay BMOGIpOK BU MO-

U XeTe, 3BEPHYBLUNCb A0 IHTEPHET-NIATPUMKM MNiAPYYHMUKA.

fAK y:Ke 3asHavasoCsd, IPAKTUUYHO Oyab-AKa o3Haka X, AKa BUBUYAETD-
cs, abo GesmocepemHbO BUMIPIOETHCSA, ab0 MOKe Oep:KaTh YUCJIOBY Xapak-
TepucTuky. ToMy IepBHUHHI eKcOepmMeHTaJIbHiI TaHi, 10 XapaKTepusyIOTh
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BHOKpPEMJIeHY BUOIpKY, 3a3BUUai MOJAaHi y BUIVIAAL HAOOPY UYMCeJ, 3alIMCAHUX
TOCTiTHUKOM y TOPAIKY 1X HaIXOM:KEeHHS.

D

KinskicTh (n) uyncen y mpoMy HaOOpi Ha3UBAIOTH 00 €MOM BUOIPKU, & KiTb-

KicTe (m) 3’aBjeHb BapiaHTu (OJHOTO 3i 3HAUEHBb €JEeMEeHTiB BUOIpKM) —

uacmomorn eapiaHmu. Bl,Z[HOH.IeHH&I — Ha3UBaIOTb Bl1JHOCHOIO YacCTO-

Toio (W) BapiauTh. "

BukopucroByoun Iii DOHATTS, 3aIlIUIIIEMO CHiBBiITHOIMEHHA MidK HUMU

B pelpeseHTATUBHill BuObipIri.

» Hexat S — o06'em reHepanbHOi CyKymHOCTi, n — O06'€M penpe3eHTaTUBHOI

Mpuknagp.

BMOIpKK, y AKiN k 3HauyeHb AOCNigXKyBaHOI O3HaKM PO3MOAINEHO 3a YacToTa-

mn M,, M,, .., M,, pe ZMzn. Topi B reHepasnbHin CyKynHocTi yactotam M,

M,, .., M, OypyTb BifnoBigaTM 4acTOTU S;, Sy, .., S, TUX CaMMX 3HauyeHb

03HaKW, Wo 1y BMbipui (23=S).
3a 03HAUYEHHsM penpe3eHTaTUBHOI BUGIPKN ofep»KyEMO

M. S,
szfi:_L,
n S

fe i — nopAaKoBUI HOMEP 3HaUYeHHS O3HaKM (1 <i< k).

I3 UbOro cniBBIAHOLWEHHA 3HAXOAUMO

N

M.
s,=SW, (abo s,=S—L), 1<i<k. )

n

3HaK Z (curma,
YUTAIOTh: «CyMa») —
3HaK, YBeJIeHU

JI. Eitnepom giis
MOBHAUYEHHA CyMU
BCiX 3HAUEHb JEesTKOi1
BEJIMYUHU.

B3yTTeBni uex mae Bunycttn 1000 nap KPOCIBOK MOJIOAIXKHOIO daco-

Hy. [1ns BM3HaAUeHHsA TOro, CKiflbKN KPOCIBOK i AIKOrO po3Mmipy NOTPiOHO
BUMNYCTUTK, BYNn BUABNEHI po3mipu B3yTTA y 50 BUNAAKOBMM UYMHOM
BMOGpaHMX nianiTkie. Po3nogin po3mipis B3yTTA 3a yacToTaMu MojaHo

B Tabnuui:

Posmip (X) 36|37 38 39 40 41 42 43|44

Yactota(M) 2 o5 6 12 11 7 4

1 Y M=n=50

CKinbKM KpoCiBOK pisHOro po3mipy 6yae BurotoBnstn ¢pabpurka?
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Po3B’sA3aHHA

) Byzemo BBa)kaTu PO3MIAHYTY BuOIpKy o6’emom n =50 miamxiTkiB pempesenTa-
TuBHOW0. Toxai B rerepanbHiil cykymnHocti (06’°emom S =1000) kinrbKicTs KpociBOK
KOYKHOT'0 PO3Mipy IPOIOPITifiHa KiJIBKOCTiI KPOCiBOK BifmoBizHOTO po3mipy v BubipIri
(i 1151 KOYKHOT0 PO3Mipy 00UHMCIIOETHCS 3a (popmyaoio (1)). PesynbraTit pospaxyHKiB
OyaeMo 3amucyBaTy B TaGJIMITIO:

Po3mip (X) 36 37 38|39 40 41 42 43 44

Yactota (M) 5 6 12 11 7 4 2 1 YM=n=50

2
BigHocHa i 1 3 6 H 7 2

1
LA
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:

Po3amip 36 37 38 39 40 41 42 43 44

KinbKicTb KpociBOK 40 | 100 120 | 240 220 140 80 40 20

Y cinbChbKOMY TOCHOAAPCTBI 1A BU3HAUEHHA KiJIBKICHOTO CITiBBiZHOIIIEH-
HA BUPOOGIB PiBHOTO COPTY KOPUCTYIOTHCA TaK 3BAHUM BUOIPKOBUM MeEmOoOoM.
CyTs mpboro merony Oyne sicHa 3 OHUCY TAKOTO JOCJIIiTy.

Y KopoOIli peTesibHO HepeMilllaHMil TOPOX OBOX COPTIiB: 3e€JeHUH i1 3KOB-
TUH. JIOJKKOI0 BUTATAIOTH i3 Pi3HUX MicCIlb KOPOOKM IOPILii rOpoOXy, V KOMKHil
HOpIIil HMiAPaxoBYIOTh UMCJO JKOBTUX TOpoimuH M i umcjio BCiX TOPOIIUH n.
Jis Ko:xHOI IOopIrii 3HAXOMATH BITHOCHY YaCTOTY IIOABHU KOBTOI T'OPOIIMWHU
Wzﬁ. Tak pobiaTh k pasiB (Ha mpaxTuili s3asBuuaii 6epyTb 5<k<10)

n
i mopasy OOYMCJIIOIOTH BiTHOCHY YacTOTy. 3a CTAaTUCTUYHY HNMOBIpHIiCTH BU-
JIYUEHHSA JKOBTOI TOPOINIMHU 3 KOPOOKMW IIPUUMAIOTH CepemHe apudMeruyHe
OTPMMaHuX BimHOCHUX uactor W, W,, ..., W,:

W+ Wy +...+ W,
cep: & °
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3ATNMNTAHHA

1. TlosicmiTh, sKi 3aBOaHHA PO3B’A3YIOTH CTATHUCTHUKA W MaTeMaTHUYHAa
CTATUCTUKA.

2. Tloscuirs, AK BU pPO3yMi€Te TepMiHU: reHepasibHA CYKYIIHICTh, BUOipKa,
penpeseHTaTuBHA BuOipKa. HaBeniTh mpukJIamu.

BMPABU

10.1.1. B ypuBKY 3 XyI0KHBOI'O TBOPY HAesAKOro aBTopa obcsarom 600 ciaiB mie-
CJIOBA TPAIJISAIOTLECA 72 pasu. BusHauTe OpieHTOBHY KiJbKicTh mieciaiB
B ypuBky ob6carom 2000 ciiB mporo asropa.

10.1.2. Cepen BunagxkoBum umHOM Bubpanmx 100 mosgomux jaromeii, sKi BIIITKY
HOCSATH 0eMCcOOJIKM, IIPOBEJIN ONMMUTYBAaHHA ITPO KOJHOPOBi mepeBaru AJisd
IBOT0 BUAY TOJOBHUX yOOpiB. Pesdyibraty onmmTyBaHHA BimoOpaskeHO

B TaOJIMIIi:
Kouip Yopuuii  Yeppouuii Cuniit =~ Cipuit Binmuit | JKostuii  3enenuii
Yacrora 32 20 16 14 11 5 2

BBaskaoum posriaaHyTy BUOIPKY penpe3eHTATHBHOIO, 3aIIPOIIOHYI-
Te peKoMeHJAIlil ImBelHi# (adpuilli 3 KiJbKOCTI BUIYCKY 0eiicOOJIOK
KOYKHOT'O KOJIbOPY, AKIo (dadbpura mae Bunyctutu 30000 6eiic60JI0K.

10.1.3. Mos10K03aBO BUMYCKA€E€ MOJIOKO Pi3HOI KUPHOCTi. ¥ IPOAYKTOBUX Mara-
3WMHAX MicTa, IJisd AKUX 3aBOJ BUPOOJIAE MOJIOKO, OyJIO IPOBEIEHO OITH-
TyBaHHA 50 HaBMaHHA BUOPAHUX MOKYII[iB IIPO Te, AKOI JKUPHOCTI MO-
JIOKO BOHU CIIO’KMBAIOTh. Pe3y/ibTaTu ONUTYBAHHA HAaBEJEHO B TAOJIMILi:

HKupuicts mosoka (y %) 0 0,5 1 1,5 2,5 3,5 5

YacToTa 10 6 4 5 12 7 6

Barxaiouu posriAHYTY BuOIPKY penpe3eHTaTUBHOIO, 3aIIPOIIOHYHTE pe-
KoMeHJAITil MOJIOK03aBOAY IIOJI0 00’€MY BHUIYCKY MOJIOKA KOYKHOTO BUAY,
AKIIO MoJioKo3aBox Mae Bunyckatu 2000 jiTpiB MoJIOKa IHIOAEHHO.
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10.1.4. BusHauTre, SKy i3 3aIpOMOHOBAHWX BUOIPOK B OCTAHHBOMY CTOBIIITi
TabIUIl MOXKHA BBa’sKaTU pPelpe3eHTaTUBHOIO.

‘IO

20

30

[eHepanbHa
CYKYMHICTb

[MapTia ogHa-
KOBUX AieTanen
obcarom
10000 wTyK

Yci ek3ameHaUinHi
po60TN 30BHiLL-
HbOrO He3anex-
HOTrO OLiHIOBaHHSA
3 MaTeEMaTUKN BU-
NYCKHUKIB  LWKiN
MicTa

[MapTia wramno-
BaHWX aeTanen
obcarom

100 000 wTyK

binoH monoka

Ypoxan 3epHa
Ha nnowi 1000 ra

MeTa obcTexxeHHs

Bn3HaueHHA uncna
6pakoBaHuX pAeTa-
neny naptil

BuABneHHA cniBBig-
HOLWEHHA MK 4nc-
JIOM YYHIB, piBeHb
HaBYaNbHUX [OCAr-
HEeHb i3 MaTemaTuKmn
AKNX € AOCTATHIM,
cepefHim i BUCOKMM

Br3HaueHHsA cepep-
HbOI Macu petani
B MaprTil

BrnsHaueHHA Xwup-
HOCTi MonokKa (y Bia-
COTKax)

Bu3HaueHHA ypo-
YKaMHOCTI 3epHa Ha
Lbomy noni

Bunbipka

1) 100 peTanein, AKi nexatb nopag;
2) 100 peTanen, BUOpPaAHUX BUMALKOBUM uu-
HOM i3 Pi3HMX YaCTWH napTil

1) 10 poO6iT, y3ATUX BUMAAKOBMM UYMHOM i3
yrcna BCixX pobiT;

2) 100 poO6iT, y3aTX BUMAAKOBMM YMHOM i3
yrcna BCix pobiT;

3) 100 pobiT BMNYCKHVKIB OAHIET WKOMN

1) 2 petani;

2) 100 peTtanei, AKi BUrOTOBWUIN OCTAHHIMU;

3) 50 BUNaAKOBMM YMHOM BUOPaHUX AeTanemn
i3 naprii

1) Jloxkka MONOKa, fIka B3ATa 3 MOBEPXHi yepes
2 rop nicna Hagow;

2) CTaKaH MONOKa, HanuTuiA i3 6imoHa nicna
2 rofl OXONOAMKEHHS 1oro B norpeoi;

3) noXKa MOJIOKa, y3ATa MiCnA peTesibHOro ne-
pemilwyBaHHA MOMIOKa

1) Ypoxaln 3epHa 3 niBHiuHOro cxuny narop6a
nnoueto 1 ra;

2) cepepHe apudMeTMUHe BPOXKAMHOCTEN 3ep-
Ha 3 ABOX CYCiAHIX AinAHOK nsoweto 1 ra —
niBHiYHOrO i cxigHoro cxmnis narop6a;

3) cepepHe apudmeTnUHE BPOXKAMHOCTEN 3epHa
3 10 ginAaHoK, KoXHa 3 Akux nnoueto 10 co-
TOK BMOGpPaHa Ha noni BUNagKoBMM YMHOM
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Tabnuus 15
Mpuknap

PaHxn PyBaHHA pAARY AaHNX

Min paHxupysaHHAM psdy 0aHUX PO3YMIOTb
pO3TalyBaHHA efleMeHTiB LUbOro psagy
B MOPALKY 3POCTaHHSA (MAa€eTbCA Ha yBas3i,
O KOXHe HAcTymnHe 4ucno abo Ginblue,
ab0o He MeHLLIe nonepeaHboro).

AKWoO pap aaHuX BUOIPKK Ma€ BUMNsg
5! 3’ 7l 4! 6l 4’ 6I 9l 4I

TO MiCNA pPaHXUPYBaHHA BiH MepeTBo-
POETLCA Ha PAA

3,4,4,456,6,79 Q)

Posmax Bu6ipku (R)

Po3zmax eubipku — ue pisHULA MiXK Hall-
6inbwuyM i HalMEHW M 3HaYeHHAMU
BeNNYMHM y Bubipui.

Ona pagy (1) po3max BubipKu:
R=9-3=6.

Mopa (Mo)

Mooda — ue 3HayeHHA enlemeHTa BUGip-
KW, IKe 3yCTpiYaeTbCA YacTiwe 3a iHLwi.

Y pagi (1) 3HaueHHsA 4 3ycTpiyaeTbCcA Hai-
yacTiwe, otxe, Mo=4.

Mepgiana (Me)

MediaHa — ue TakK 3BaHe cepefVHHe
3HaYeHHA BMNOPAAKOBAHOro psaAy 3Ha-
YyeHb BUNAAKOBOI BEIMYNHM:

® AKWO KinbKicms Yucesn y padi HendpHa,
mo mediaHa — ye yucsio, 3anucaHe
nocepeouHi;

® AKWO KinbKicms yucen y padi napHa, mo
MmediaHa — ye cepeOHE dpugpmemuyHe
080X YUCes1, W0 CMOoAMb NOCepeodUHi.

Ona pagy (1), y skomy 9 uneHis, MefliaHa —
Le cepenHe (TobTo N'ATe) uncno — 5:

Me=5.
AKWO po3rNAHYTU pAL,
3,3,4,4,4,56,6,7,9,
y aAkomy 10 uneHis, To MefiaHa — Ue cepef-
HE apndMeTMUHE N'ATOrO i LWOCTOro YeHiB:

Me=25_45.
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CepepHe 3Hauenns (X) Bubipkn

CepedHim 3Ha4eHHAM 8UbIpKU Ha3MBaloTb | Hexall pap paHUX 3agaHuin Tabnuueto
cepefHe apudmeTnyHe BCiX umcen pagy | po3snoginy 3a yactotamu M:
JaHuX BUBIpKN.

AKLO B PAAI AAHNX 3aNMCaHi 3HAYEHHA X;, X 2 4 5 7
X9, X, (CEPEA AKMX MOXYTb OyTU 11 O4- M 3 1 9 9
HaKoBI), TO

S XXy t..tx,

X= ®) Y M=n=8.

n
AKWo BiAOMO, WO B pAAI AaHNX Pi3HI 3Ha- | Topi 3a popmynolo (2)
YEeHHA Xy, Xg, .., X; 3YCTpivaloTbCA Bif-

MOBIAHO A0 YacToT My, Mgy, .., M, (Topi X = 2+2+2+445454747 :ﬁ:4,25
ZM:n), TO cepefHe apudmeTuyHe 8 8
MOXHa 06unCioBaTH 32 GOPMynok abo 3a apyroto ¢popmynoto
X XMy + XMy + ... +x,m, = 2-3+4-1+5-2+7-2 =ﬁ=4 95
n ' 8 8

MOACHEHHA N OBI'PYHTYBAHHA

fx y:xe sasHauajocs, MPaKTUYHO OyAb-siKa o3HakKa X, AKa BUBYAETHCS,
abo OesmocepenHbO BUMIipPIOETHCHA, a00 MOYKe OAePIKaTH YHCJIOBY XapaKTePUCTH-
Ky. Tomy mouaTKOBi eKcliepmMeHTaJbHI MaHi, IO XapaKTepu3yHTbh BUIIJIEHY
BUOipKY, 3a3BUUAll MOJAHI Y BUIVIAAL HAOOPY UMCeJI, 3allMCAHUX JOCJIiTHUKOM
Yy HOPAAKY IX HaAXOm:KeHHs. SIKIo maHmx Oarato, To ofep:KaHuil Habip umces
BaYKKO OCATHYTHU ¥ 3pOOUTH 3a HUM SKiChb BHUCHOBKM IysKe CKJIamgHO. Tomy
TIePBUHHI AaHi MOTpe6yioTh OOPOOKM, AKa 3a3BUUail MOYMHAETHCSI 3 IX Tpy-
nmyBaHHA. ['pynyBaHHSA BUKOHYETHCA PISHUMH MeTOJaMMU 3aJIeKHO Bim meTn
IOCJIiI)KEeHHs, BUNY O3HAKH, IO BUBYAETHCA, i KiJTBKOCTI eKCIIepuMEHTAJIbHUX
maHux (00’emy BuOGipKm). AJle HaluacTillle rpymyBaHHS 3BOJUTHCS OO ITOHAH-
HS JaHUX y BUIVIAAL TaOIUIb, V AKWUX PisHI 3HaUueHHs eJIEMEHTiB BUOIpPKU
BIIOPAJKOBaHiI 3a 3pPOCTaHHAM i BKasaHi iX wacTtoTu (TOOTO KiJBKIiCTH KOMK-
HOTO eJieMeHTa y BuOipili). 3a HeoOximmocTi B 1ifi TaGAWIII BKa3yOTh TaKOMK
BiZHOCHI wacTOTH IJig KOKHOTO eJeMeHTa, 3allICAHOTO B IEPIIOMY PALKY.

D Taky TaOJMUII0 YacTO HASWMBAIOTh PAJOM posmoxiny (abo eapiauilinum
padom).
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Hanpuknazn, mexaii y pesyabpTaTi BUBUEHHs po3Mipy B3yTTa 30 xjomum-
KiB 11 KJacy OyJsio omep:kaHO HabOip umces (Pe3yJbTAaTH 3aMUCAHO B IIOPAIKY
onutyBauus): 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 spyunimme Oysmo aHaJsidyBaTH iH(poOpMAaIlito, y MOAIOHMX CHUTyaIlisdxX
YMCJIOBI JaHi CIIOYATKY PAHMICUPYIOMb, POITAIIOBYIOUHN iX Y MOPAIKY 3POCTaH-
Hsa (KOJIM KOYKHe HacTyIHe uumcjo abo Oisibiiie, a0 He MeHIIe 3a TOIEpPEIHE).
Y pesyabrari paHKUPYBAHHS OJEP:KYEMO TAKWI PsMI:

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.

ITorim ckaamaemo TabGauIlIO, Y IEPIIOMY PAAKY AKOI BKasdyeMo Bci pismi
3HAUEHHA ofepikaHoro paay ganmx (X — poswmip B3yTTa Bubpanux 30 XJoII-
yukiB 11 KJjacy), a B Apyromy pAAKYy — Iix udacrotu M:

X | 38 39 40 41 42 | 43 | 44 | 45
M 2 2 5 7 6 4 3 1 |n=)M=30

Onmep:KyeMO PAL PO3IOAiay o3Haku X, AKa PO3TVIALAETHCS, 32 UYaCTOTAMMU.
ITHoxi 3spy4yHO IIPOBOAMTH aHAJI3 PALY PO3MOMiJIY Ha OCHOBiI #oro rpadiunoro
300pasKeHHsd.

ITosmaunMo Ha KOOPAMHATHIN IJIOIIWHI TOYKH 3 KOOPAWMHATAMU (xl;ml),
(xz;m2), cees (xs;ms) i cmosmyummo ix mocaimoBHO Bifgpiskamu (puc. 10.2.1).

D OpmepskaHy JlaMaHy JIiHiI0O Ha3WMBAIOTH NOJiZOHOM 4ACMOM.

Puc. 10211 M
T |p===========sssssssssssssssssssszzz==g 9

Y .-y

0 ¢ 38 39 40 41 42 43 44 45 X

145
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O3Ha4eHHsA. MonizoHOM Yyacmom Ha3MBAETbCA NlaMaHa, BiApi3Kkn AKoi nocni-
AOBHO CMONYYalOTb TOYKN 3 KOOPANHATAMN (X3 ), (X957 )s ey (X431, )s
Ae X; — 3Ha4YeHHA PiSHNX eNleMeHTiB pAAy AaHuX, a m; — BiANOBIAHI iM
yacroTu.

AmnanoriuHo o3HAYa€ThCA W OYAYETHCA N0Ji2OH Bi0HOCHUX yacmom IJs
o3Haku X, dAKa po3rIamaeTbca (OyayOTbCA TOUKM 3 KOODAUHATAMU (xl;wl),
(xz;wz), oo (xk;wk), Je X, — BSHaueHHdA DIBHUX eJeMeHTiB pALy JaHUX,
a w; — BigmoBigHi im BigHOCHI wacToOTH.

SAxio mopaxyBaTy BiZHOCHI YacTOTU AJIA KOMKHOTO 3 Pi3HMX 3HAUYEHDb PAILY
JaHUX, PO3TJIAHYTOrO BUINE, TO PO3IMOAiJ 3HAUEeHL O3HAKW X, AKa POBTJIAIA-
€ThbCHA, 3a BiHOCHMMH YaCTOTaMM MOYKHA 3aJaTy TalJIMIIEIO:

X 38 39 40 41 42 43 44 45
iz0,07 lz0,17 Lz0,23 le,Z iz0,13 L=0,1 iz0,03
5 6 30 5 15 30

w Lz0,07
15 10

Yw=1

Taxko:x posmoxis 3HaueHb o3HaKW X, AKa PO3MVIANAETHCSA, 3a BigHOC-
HUMM YacTOTaMM MOJKHA MOJAaTH y BUIVISAAI IIOJirOHA BiTHOCHUX YacCTOT
(puc. 10.2.2), y Burmani Jiiiimoi giarpamu (pmc. 10.2.3) abo y Buriaami

Puc.1022| W
0,31
0,2 - 1--e

0,1 }-mmmmmmmeee o e R

ol R ! ! ! !
¢ 38 39 40 41 42 43 44 45 X
Puc.1023| W
0,31

e ——————

e [

38 39 40 41 42 43 44 45X
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KPYTOBOlI Aiarpamu, IIONEpemHBO 3aIIKUCaB-
Y 3HAUEHHA BiJHOCHOI YacTOTH Y BincoT- Puc. 10.2.4
Kax (puc. 10.2.4).

Harapmaemo, 1m1o s mo0OymoBu Kpyro-
BOI miarpamMm Kpyr Po30MBaETHCS Ha CEK-
TOPY, MEHTPAJbHI KYyTU AKWUX MIPOIOPIiii-
Hi BigHOCHEMM uYacTOTaM, OOUMCJIEHUM IJId
KOJKHOTO 3 PiBHUX 3HAUEHb DALY AaHUX.
3ayBaskKuMoO, III0 KpyroBa Aiarpama 306epi-
rae CBOIO HAOUHICTHL i BMPA3HICTH TiJABKU
Yy BHUOAAKY HEBEJUWKOI KiJIBKOCTi omep:ka-
HUX CEKTOpiB, B iHmomy Bumagry ii 3a-
CTOCYBaHHA MaJjoe(deKTuBHe.

SKm0 osHaKa, AKa PO3TIANAETHCHA,
HabyBae 0OaraTboxX PiBHMX B3HAUYEHb, TO II PO3MOAIJI MOKHA Kpallle YsSBUTHU
micjiss po30UTTA BCiX 3HAUeHb PAAY JaHHUX Ha KJjaacu. KijgbKicTs KJjaciB Mo-
JKe OyTum OyIb-sIKOI0, 3PYYHOIO IJIA MOCJHiAKeHHs (3a3Buuail iXx BUOMPAIOTH
y kimbkocti Big 4 mo 12). Ilpu mpomy BenuumHU (00’€MU) KJIaciB MaiTh OyTH
OMHAKOBUMU.

Hanpukinan, y Tabauili momgaxuo BimomocTi mpo 3apobitay miaaruio 100 mpa-
IIOIOYMX Ha OJHOMY HignmpueMCTBi (Y JeAKUX YMOBHUX OOUHUIAX). [Ipu mipomy
3HAUEHHA IJaTHI (OKPYIJIeHi 0 I[iJIOTO YmMcJia YMOBHUX OJWHUILH) 3TPYIOBaHi
B 7 KJjaciB, KokHUM# 00’emom y 100 yMOBHUX OAUHUIIH.

Bix 400 Bix 500 Bix 600 Bix 700 Biz 800 Biz 900 Bixg 1000

LUE 10 500 10 600 1o 700 zo 800 zo 900 x01000 zo 1100
Homep knacy X 1 2 3 4 5 6 7
YacTtoTa

(KinbKicTb 4 6 18 36 22 10 4

npawtotoumx) M
(mepeBipka: ZM =100).
Haouno wacToTHM# posmomis 3apmjaTHI 3a KJjacaMu MOMKHA NIOJaTH

3a pomomoror moJriroHa uactor (pumec. 10.2.5) abo croBmuacToi miarpamu
(puc. 10.2.6).
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Puc. 10.2.5 Punc. 10.2.6
M M
40+ 40+
O R e o NPy —
30T 30T
,,,,,,,,,,,,,,,,,,, N

200 ¢ 200
10t----—---7/-- ‘10 101-----—------- 8
PR e A S N Pl
0 ; : : ‘ : ; : 0 ﬁ t

| A A S I G ARG T

Inoni BuOipKYy BUIIAIKOBUX BeJUUYMH ab0 BCIO I'eHEpPaJbHY CYKVIIHICTH
X BEeJUUYUH NOBOAUTHLCS XapaKTepu3yBaTHU OOHUM umcjaoM. Ha mpakTuili ie
HeoO0XimHo, HAIPUKJIAL, OJIA ITBUAKOrO IOPiBHAHHS ABOX a00 OijbIlle CyKyII-
HOCTeli 3a 3arajbHOI0 O3HAKOIO.

PosrianeMo KOHKPETHUHA IPUKJIAI.

Hexait micaa aiTHix KaHiKyM npoBeau onutyBaHHA 10 xiBuar i 9 xjomiis
OIHOTO KJIAaCy BiJHOCHO KiJIBKOCTi KHUIKOK, IKi BOHUW IIPOYUTAJIU 3a KAHIKYJIU.

PegynwraTu Oysio 3anucaHo B mopsaaKy onutTyBaHHA. Omepskanau Taki pagm
YuCeJI:

Hisuara: 4, 3, 5, 3, 8, 3, 12, 4, 5, 5.

Xgonmi: b, 3, 3, 4, 6, 4, 4, 7, 4.

A y:xe sasHauajocs, 1100 3pyuHimie Oyao aHaJjisyBaTu imdopmarriro,
y mOAiOHMX BHIAAKAX UMCJIOBI JAaHI PaHMKHPYIOTH, PO3TAIINOBYIOUHM IX Y IIO-
pPAIKY 3pocTaHHA (KOJU KOKHE HAaCTyIIHe uucjo abo Oiyibiie, abo He MeHIIe
3a TomepenHe). ¥ pPes3yabTaTi paHKUPYBaHHA OAEPIKUMO TaKi paAgm:

Hisuara: 3, 3, 3, 4, 4, 5, 5, 5, 8, 12. (@)
Xgonmi: 3, 3, 4, 4, 4, 4, 5, 6, 7. 2)
Tomi posmozgin 3a wactroramm M BesuwuwmH: X — YNCJIO KHUMKOK, ITPO-
YUTAaHUX 3a KaHIKyJIM giBuatamMu, @ Y — UHNCJIO0 KHUIKOK, HPOUYUTAHUX 3a

KaHiKy.HI/I XJIOIIIIAMM, MOKHaA 3aJaTu Ta6JII/IHHMI/IZ
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X 3 4 5 8 |12 Y 38 4 5 6 T
M 3 2 3 1 1 M 2 4 1 1 1
Y M=n=10 Y M=n=9

IIi posmoxmisu MoOKHa MIPOLTIOCTPYBATH TAaKOK rpadiuHo 3a IOIIOMOIOI0
noJjirony uacror (puc. 10.2.7, a, 0).

Hasa mopiBuauHA pAxiB (1) i (2) BUKOPUCTOBYIOTH Pi3HI XapaKTEePUCTUKU.
Hagenemo neaxi 3 HuX.

Posmaxom psady uucen (nosHauaroTh R) Ha3WBAIOTH DIBHUII0O MiX HaH-
OinmpiuM i HaiMeHIINM i3 mux unces. OCKiIbKN MM aHAJi3yeMO BHOIPKY
JeKUX BeJIUYUH, TO po3max 6ubipku — Iie PisHUIA MiR Hal6inbImIuMm
i HaliMeHIINM 3HAYEHHAMM BEJIUYUHHU y BHOIpIi.

Hna pany (1) posmax R=12-3=9, a gaa p4a-
ny (2) posamax R-7-3=4. Ha rpajgirky posmax —
Ile OOBKMHA 00JIacTi BU3HAUEHHS IIOJITOHY YacTOT
(puc. 10.2.7).

Moga — Big maTuH.
modus — mipa,

: . IpaBUJo.
OpHieo 31 CTATUCTUUYHUX XapPaKTEPUCTUK PALY
ITaHUX € Ioro moda.
Punc. 10.2.7
a 6
M M
4 ¢} qpomsssssses L 4
- «----9 3 i
N ¥ 2f-----d |
L 1 . R o o
0 Em— : ; 0 R
123456 789101112 X 12 4 5 6 Y
J\fol Mo, Mo
o o R
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O3Ha4yeHHsA. Moda — ue Te 3HaYe€HHA eleMeHTa BUbipKK, AKe 3ycTpivaeTbcsa
yacTiwe 3a iHwi.

Mony mosmauaiote Mo.

Taxk, y pagi (1) aBi mogu — uucaa 3 i 5: Mo, =3, Mo, =5, a B pazgi (2)
ogHa moma — uwmciyio 4: Mo=4. Ha rpadiky moma — Iie 3HaueHHs abciucu
TOYKHU, AKA BiAmOBiZmae mMakcumymy moJirony uactot (puc. 10.2.7). 3asHauu-
MO, III0 MOAMW MOJKe I He OyTH, SAKIIO BCi 3HaUeHHS O3HAKMU, AKA PO3IJILa-
€ThCs, 3YCTPIUAIOTHCA OLHAKOBO UaCTO.

D Mony psany maHux sasBuUUYaill 3HAXOAATH TOMi, KOJU XOUYTh 3’sICYyBATH
IeAKUY TUIOBUI NOKAa3HUK.

Hampuknanm, Koiu BUBUAIOTHLCSA OaHI IPO MOIEJi YOJIOBiUMX COPOUOK, SIKi
IIPOLAJIi B MeBHUI JeHb B YHiBepMasi, TO 3pyYHO BUKOPHCTATH TAKHI IIOKAa3-
HUK, K MOJa, AKWH XapaKTepusye MOJejb, II0 KOPHUCTYETHLCS HANOIILIINM
onuTOM (BJIaCHE, ITUM i MOACHIOETHCS Has3Ba «MOZA»).

IITe ogHier0 CTATUCTUYHOIO XapPaKTEPUCTUKOI PAAY JAaHUX € Horo MemiaHa.

O3HayeHHs. MediaHa — ue TaK 3BaHe cepefNHHEe 3HAYeHHA BNOPALKOBaHO-
ro psgy 3HauyeHb.

Mepiany mosnauaroTs Me.
Meniana momisisge BOOPAAKOBAHUM PAJ HAaHUX Ha OBI piBHI 3a KiJbKicTiO
eJIeMeHTiB YacTUHMU.

D Axmo KigsKicTs yMces y pAai HemapHa, TO MeJiaHa — Il YHCJIO, 3a-
nucaHe IMOCepPeauHi.

Hanpukian, v pazgi (2) memapHa kinbkicts emementiB (n=9). Toxi ioro
MeIiaHOIO0 € YMCJIO, SKe CTOITh IocepeanHi, To0To Ha m’saToMy Miciti: Me=4.
3,3,4,4,4,4,5,6,7

4 — wmemiaHa
OTsxe, IPO XJIOMI[IB MOYKHA CKAas3aTH, IO OJHA MOJIOBHHA 3 HUX IIPOUYMHTAJIA

He Oinmblne 4 KHMIKOK, a Ipyra IIOJIOBUHA — He MeHIe 4 KHIKOK. (3a3Haummo,
n+1 )

10 y BUOAAKY HEIapHOTO 71 HOMEP CePeIHbOro UJeHa DAY AOPiBHIOE

D Axmo KinpKicTh YKces y pANi mapHa, TO MediaHa — Iie cepegHe apudme-
THYHE IBOX YHMCEeJ, II0 CTOATH IOCEePeIMHi.
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Hanpuknaz, v paxni (1) mapea kinskicts emementiB (n=10). Toxi itoro
MeIiaHOI0 € YMCJI0, sKe MOPiBHIOE cepefHbOMY apuMEeTHUYHOMY UMCEeJ, SKi

4+5 —4,5.

CTOSATH IOCEepPenrHi, TOOTO Ha II'ATOMY i IIocToMy Miciax: Me=
3, 3, 3,4,4,5,5,5, 8, 12
4,5 — meniana
OT:xe, TPO MiBUAT MOKHA CKasaTwW, III0 OJHA IOJIOBUHA 3 HUX MPOYUTAJIA
meHIe 4,5 KHMIKOK, a Apyra MoJIoBMHA — Oijabine 4,5 KHMKOK. (3a3HAaumMo,
0 y BUIMAAKY ITapHOTO 7 HOMEPW CEePefHiX UJIeHiB pANY MOPiBHIOIOTH %

n
i —+1.
5 )

O3HauyeHHA. CepeOHiM 3HaAYeHHAM 8UbipKU Ha3NBAETbCA cepefHe apudpme-
TUYHe BCiX Yncen pAapy AaHux BuGipku.

CepefHe SHAUEHHS [OSHAUYAKOTH X .
Axmo B panl maHMX 3anucaHl 3HAYEeHHA X;, Xy, ..., X, (cepem AKHX

MOXKYTh OyTHU U OZHAKOBi), TO
Xy HFXy+ . X

X: n
n
SIkmo BiZomoO, IT0 B PAAL JAaHUX Di3HI 3HAYEHHA X;, Xg, ..., X, 3yCTpida-
IOTHCS BiAIOBiZHO A0 WacCTOT my, My, ..., M, (Toxi ZM =n), TO, 3aMiHIOIOUN

OJHAKOBI HOJAHKM B UYMCEJbHUKY Ha BiAIOBimHI JOOYTKH, OZEP:KYEMO, IO
cepenHe apupMeTHuHe MOKHA O0UMCIIOBATH 3a (hOPMYJIOIO0

X (4)

n

OcranHio (GopMyay 3PYyYHO BHKOPHCTOBYBATH B THUX BHUIIAAKAaX, KOJIU
y BuOIpIIi pO3MmOAiJi BeJIMUYMHH 34 YaCTOTAMM 3aJaHO Yy BUIVIALL TaOJIMILi.
Haragaemo, 1mo posmoxmin 3a uactroramu M BenauuwmH: X — YNCJIO KHUKOK,
OPOUNTAHUX 3a KaHIKyJIM AiBuataMu, @ Y — UYHNCJI0 KHUIKOK, IPOUNTAHUX
3a KaHIKyJIU XJIONIAMM, OyJIO 3aJaHO TaKUMU TAOJUIIAMU:

X 3 4 5 8 12 Y 3 4 5 6 7

—
(=Y
—

M 3 2 3 1 1 M 2 4
Y M=n=10 Y M=n=9
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Toxmi cepenHi 3HAUEeHHA 3aJaHUX BUOIPOK IOPiBHIOIOTH:
_3:3+4-2+5-3+8-1+12-1 52

X ="2-52,
10 10

— 3-2+4-4+5-1+6-1+7-1 40

V= + + : + + :7»;4,4,

Ockinpkun X >Y, TO MO:KHa CKas3aTH, IO 3a OAWH i TOM caMUIl IIPOMIiKOK
yacy AiBYaTa B KJaci UYMTAIOTh OijIbIlle KHUKOK, HisK XJIOIIIi.

3ayBasKUMO, II[0 B IMOCIOHMKAX 31 CTAaTUCTUKHU MOAY, MeIiaHy ¥ cepelHe 3HAUEHHS
BubOipKM 00’€IHYIOTH OJHUM TEPMiHOM — Mipu UYeHmpaavbHOL meHnOeHyil, mifKpec-
JIIOIOYY TUM CAMUM MOXKJIMBICTb OXapaKTepU3yBATU PAL BUOIPKM OTHUM UHCJIOM.

He pna xKoskHOTO PAAY HaHUX Ma€e ceHC (DOPMaJbHO 3HAXOAUTHU IEHTPAJIb-

Hi TeHmeniii. Hampurkaan, AKINO MOCTiAMKYETHCA PAI
5, 5, 8, 110 5)

pivHNX TPUOYTKiIB YOTUPHOX JMoAel (y THUCSYaX YMOBHHUX ONUHUIIL), TO OUe-
BUIHO, 110 Hi mozma (5), Hi memiama (6,5), Hi cepenue 3HaueHHs (32) He Mo-
KYTh BUCTYHATH B POJIi €IMHOI XapaKTEepPUCTUKM BCiX 3HAUCHb PAAY JaHUX.
Ile mosicHiOETBCA TUM, IIT0 posmMax paxy (105) e€ cymipHuM i3 HaHGiIBLIIEM
3HAUEHHAM eJIeMeHTa PSmy.

Y manomy BHUOAAKy MOKHA IITYKATU IIEHTPAJbHI TeHIEHIii, HAIIpUKJAI,
Iaa yacTuHu pany (5):

5, 5, 8,

YMOBHO HA3BAaBIIN MOro BMOIPKOIO piuHOro MpuOYTKY HU3HLKOOIJIAYyBaHOI
YaCTUHU HACEJIEHHA.

Axmio y Bubipii cepemHe 3HaueHHSA CYTTEBO BiApisHAEThCA Big mMoawu,
TO WOTO HEZOPeUYHO BUOMPATH SAK TUIIOBY XapPaKTEPUCTUKY PO3IVIAHYTOI Cy-
KYIOHOCTiI JaHWX (UM OiJbIlle 3HAUEHHS MOJIM BipisHAETHCA BiJ cepemHBOrO
3HAUEHHA, TUM «OiJIbIII HECUMETPUUYHUM» € IIOJITOH YAaCTOT CYKYIHOCTI).

3ATMNTAHHA

1. IlosicHiITH, IIT0 HA3WMBAIOTh TOJIITOHOM YAacTOT O3HAaKMU X, sSKa PO3IJIs-
maeTbcsi. HaBenmiTh mpuxjgagy moOYAOBM IMOJIITOHY YacTOT i IOJiromy
BiJHOCHHX dYacCTOT.

2. Ha mpuknani pamy manmmx 2, 2, 3, b, b, 5, 13 moscHiTH, IO Take
posMax, MoAa, MeAiaHa Ta cepenHe 3HaUeHHA PAAY U maliTe BimmoBimHi
O3HAYEHHHA.
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BMPABU

10.2.1°.

10.2.2.

10.2.3°.

10.2.4.

Ha ocnoBi manmx Tabawuili momaiiTe y BUIVIAAL CTOBOUYACTOI i KPyrosoi
JiarpaM po3mOAiJl 3HaUEeHb NMeAKOl o3HaKm X.

X 1 2 3 4

0,3 0,4 0,2

X 1 2 3 4

w 0303 0,2 0,1

5
1) 2)

w 0,1 0,1

ITo6ynyiiTe 1mOJIiroH YacTOT i IOJIITOH BiAHOCHMX YacTOT 3HAYEHD le-
AKoi o3HaKM X, PO3MOAiJ AKOI mOZAHO B TAOJIMIIi:

X 1] 3

0

5
5

7
7

9
5

X 11 | 12 13

2

14 15

1

16
1) 2)

M| 3 M 6 5 3 3

Ha pwuc. 10.2.8 mobGymoBaHO II0JIi-
TOHU, IO iJIOCTPYIOTH POSIOIiJ
YacTOTU IMPOAAKiB MarasuHoOM
MPOTATOM THIKHSA KOMII'IOTEpPiB
(sesrena JiHis) i TeseBisopiB (cuHA
JiHisg).

VraxiTtes gBa nui, aKi Oesmoce-
PeIHBO CIAiAYIOTHL OSUH 3a ONHUM,

Pnc. 10.2.8

(0]
S

[=2]
S

KOoJIu:
1) ymcyo mpomaHUX
3pociio Oijbime, HixK

TeJaeBi3opiB
YMCJIO IIPO-

I
o

DO
(=}

ITaHUX KOMII'IOTEpPiB;

2) 4ymcJ0 MpPOJaHUX TeJeBi3opiB
301JIBIINJIOCS, a YUCJO IIPOJAAHUX
KOMII'IOTEPIB 3MEHIIIUJIOCS;

3) umcJIo MPONAHUX KOMII IOTEPiB
3pOCJIO, a YHCJI0 IPOJaHUX TeJe-
Bi30piB 3aJIMMINJIOCA THUM CAMIM.

Yuciio mpomaxis BUPoOOiB

ITz Br Cp Ut IIT Co Hp Iai

TUHHA

3HaAWOiTE posMax, MOAY, MemiaHy i1 cepefHe 3HAUEHHS PANY TAaHUX
IesKol BequunHU X:

1,1, 2 2, 2,3, 4, 4, 5;

2) -3, -2, 2, -1,0, 2, 2, 2, 3, 5.

IToGyayiiTe mOJIrOH YacTOT 3HAUEHb BeJuunHN X. YKaKITHL HAa PUCYH-
Ky po3Max, MOAy I MeAiaHy 3aJaHOrO PAAY JaHUX.
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10.2.5.

10.2.6.

10.2.7.

3uHaiifiTh posmMax, MOAY, MeIiaHy I cepenHe 3HaueHHsS BUOIpKH, 3a-
IaHol TabJUIleI0 PO3IMOAiNy 3HAUeHb BeIuuuHU X 3a YaCTOTAMU.

X 2 3 4 5 X -1 3 4 5 7
1 2)
M 3| 4 1 |3 M 2 3 4 41

IToGyayiiTe IOJIITOH YACTOT 3HAUYEeHb BeqUUYnMHU X. YKaXKITH Ha pu-
CYHKY po3Max, MOAY ¥ MeJiaHy 3aJaHOl CYKYIIHOCTI JaHUX.

Hiuara 11 kJacy Ha yporii GisKyJabTypu B CTPUOKaX y BHUCOTY IIO-
Kasaau Taki pesyabratu (y cm):

90, 125, 125, 130, 130, 135, 135, 135, 140, 140, 140.

3HaigiTE MOAY, Me[iaHy I cepeHE 3HAUEHHS Ili€el CYKYIHOCTI JaHUX.
fKe 3 1MMuX 3HAUEHHb HAWKpAIEe XapaKTepu3ye CHOPTUBHY IIiATOTOBKY
miBuar KJjacy?

3a maHuMU YKPaiHCHKOIO ITEHTPA OI[iHIOBAHHS SAKOCTi OCBiTM yUyacHHU-
ku 3HO 3 maremarukm y 2018 p. orpumanm Taki pesyabratu (maHi
arpymnoBaHi 3a kjacamu): 3 106484 yuacuumkiB 19806 He momosaiu
mopir, 26 301 yuacuuk orpumas Bixm 100 mo 120 Gaxis, 17783 — Big
120 mo 140 6auis, 18102 — Bixg 140 mo 160 6Gauxis, 14695 — Bixm 160
mo 180 6Gauis, 9797 — Bixm 180 mo 200 GaxiB. IlogaiiTe pesyabTaTu
TeCTYyBaHHSA 3a KJacaMM y BUIVIALI YaCTOTHOI TabauIli, mobymyiTe
MOJIITOH YacToT. BuaHauTe Mipu IleHTPaJbHOI TeHIEHI[ii BUOIpKU.

@\U BuABITb CBOIO KOMMETEHTHICTb

10.2.8.

10.2.9.

Kopucryiounch mepesketo IHTepHeT, 3HaWAiTh iH(pOpMAIifo 1100 PO3-
MOAiJIly 3a pacaMmu HaceJIeHHs KOKHOTO KOHTWHEHTY i HaceJeHHSA
3emHOI Kyiai B misomy. IToOyamyiiTe BigmoBigHi miarpamu. IocaimiTh
IVHAMiKy 3pOCTaHHS HaceJeHHA 3eMJii Ta AWHAMIKY 3MiHE HOTO
posmominy 3a pacamu 3a octanuHi 100 poxis.

HocaifiTh CIOKMBaHHA BAIIOI0 POAWHOIO ITPOTATOM POKY:

1) cBiskmMX OBOUiB, )PYKTIB Ta 3ejeHi;

2) xpym;

3) M’sca Ta M’ICHUX IIPOAYKTiB.

IloGynyiiTe miarpamu, IO iJIOCTPYIOTH 3aJI€KHICTH CIIOKUBAHHSA 3a-
3HAUEHUX IPOAYKTIB Bix mopu poOKy. 3pobiTh BucHOBKU. CKiJIbKU
Ballla POAMWHA CHOMKMBAE IMX IPOAYKTIB y cepelHbOMY Ha MicAIb
(y pospaxyHKY Ha OIHY 0co0y)?
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10.2.10.

10.2.11.

10.2.12.

Kopucryiouncs

i KinbKicTb . Kinbkicte . KinbKicTb
Ta6311/1ue10 posGyz0BI CTaHLin CTaHLUin CTaHLin
Kniscsroro 1960 5 1987 28 2010 49
MeTPOIIOJIiTeHY,

. . 1965 10 1992 35 201 50

moOyIyiiTe IOJiroH
O — 1971 14 2000 40 2012 51
CTaHIil 3a Iepiof 1976 17 2004 43 2013 52
1960-2013 pp. 1981 23 2008 46
Kopucryrouncs KinbkicTb Pik npoBeaeHHs onimniaan
TabJIUICI0 CTATH- 3000y TrX
ermuEmX namux momo  Meganei 1996 2000 2004 2008 2012 2016
KiJIBKOCTI MezmaJieid, 3onori 9 3 9 7 6 2
AKi 3700y1M yKpaiH- Cpi6Hi 2 10 5 5 5 5
ChK1 CIIODTCMEHH Ha BpoHsosi| 12 | 10 9 15 8 4

aitaix OmimMmificbRUX
irpax, moGymyiire:

1) moJstiroH 4acToT KiJIBKOCTI 30JI0TUX MeaaJieil;

2) MOJIITOH YacTOT 3arajibHOI KiJIBKOCTI MeaJieid;

3) KpyroBy paiarpamy poO3IOJiJy Mexajeil 3a BumaMu (30JI0Ti, cpibHIi
Ta OpoH30Bi) Ha irpax 2008 p.

Ycboro 23 23 23 27 19 1

Y Tabiuili momgaHo CTATHUCTUYHI JaHi Iogo KijgbKocTi memagei, sAKi
3100yau yYKpaiHChKi ImKoaapi Ha MiKHapOAHUX MaTeMaTUUYHUX OJIiM-
miagax y 2013-2018 pp.

IloGynyiiTe:

1) mosriroH yacToT 3araJibHOI KiJIBKOCTI MemaJiei;

2) cTOBMUACTY HAiarpaMy PO3MIOAiJIY 3arajbHOI KiJIbKOCTi

3m00yTHX MegaJjieil 3a POKaMU;

3)- HOHiPO-H factor KinbkicTb Pik npoBeaeHHs onimniagu
KlﬂbKO(iTl 30JIOTUX 306y TUX

MenaJeun; Meaaneii 2013 2014 2015 2016 2017 2018
4) KpyroBy niarpamy

. . 3onori 1 2 2 0 1 4
poOsnoALTY Me/:[aJIe.n Cpi6Hi 3 : : , . :
o2 punan (sonom, 3 i 1 1 4 2 0
cpibHi Ta GPOH30BI) POH3O0BI

Ycboro 5 6 6 6 5 6

Ha oximmiami 2015 p.
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Enemenraphi sagaui, ski misminre 6yau BigHeceHi mo
CTOXaCTUKH, TOOTO A0 KOMOiHATOPUKU, Teopii WMOBipHO-
cTell Ta MaTeMaTHUYHOI CTATUCTUKU, CTABUJIUCA U PO3B’S-
gyBanmuca e 3a uaciB Crapomasuix €runry, I'perii Ta
Puwmy. Ileit mepiog Tak 3BaHOI mepezicTopii Teopii #mo-
BipHOCTe# 3akKiHumBcsa B XVI cr. mpamamuy iTamxiicbKux
marematukis JI. Kapmano (1501-1576) «Kuura mpo rpy
B Kocri», H. Tapraasa (1499-1557) «3aranpHuii Tpak-
Tar npo umcyao ta Mipy», I. Tamimea (1564-1642) «IIpo

M. ®epma BUIMAQJAHHA OYOK IiJf 4ac I'pd B KOCTi». ¥ IIUX Opardx
(1601-1665)

yKe Qirypye HOHATTS HNMOBIpHOCTi, BUKOPHCTOBYETBHCS
TeopeMa OPO MMOBipHICTH JOOYTKY He3aJe:KHUX IOmii,
BUCJIOBJIIOIOTHCA NesIKi MipKyBaHHS IIIOJI0 TaK 3BaHOTO
3akoHy Beaukux umces. ¥ XVII-XVIII crt. muranaamu
Teopil HMOBipHOCTel IiKaBuaMCcA (paHIy3bKi MaTeMa-
tuku II. @epma (1601-1665) i B. Ilackaas (1623-1662),
HigepaaHacbKuil mMartemMaTuk X. I'roiirenc (1629-1695),
mBeiinapcbki maremarturku $1. Bepmyaai (1654-1705),

H. Bepnyani (1687-1759), A. Bepuyaai (1700-1782) Ta
B. Mackanb pociticekuit matemaruk JI. Einep (1707-1788). ¥V cBoix

(1623-1662) mpamnAaxXx BOHU BXKe BUKOPUCTOBYBAJIU TeOpeMU JOJaBaHHSA
i MHOKeHHS MMOBipHOCTEMH, IMMOHATTA 3aJIeXKHUX Ta Hesa-
JIeXKHUX IIOHil, MaTeMaTHUYHOT'O CIIOAiBaHHJI.

Benury posb y po3mOBCIOIMKEHHI ifeil Teopii fiMoBip-
HOCTell Ta MaTeMaTUYHOI CTATHUCTUKU Bimirpanam BUIATHI
ykpainceki marematuku B. f. BynakoBcbkuii (1804—
1889) ta M. B. Ocrtporpaacekuii (1801-1862).

IToganpimuii PO3BUTOK Teopii HMOBiIpHOCTEH mOTpe-
OyBaB yTOUHEHHs ii OCHOBHUX IIOJIOK€Hb. BesuKky po-

00Ty B I[bOMY HAIIPSAMKY IIPOBiB BHUAATHUI POCifiChKMIT

A. A. MapkoB >
(1856-1922) marematuk II. JI. YeOoumor (1821-1894). Moro yueHb



A. A. Mapxkos (1856-1922) craB BUJaTHUM MaTeMaTHUKOM
caMe BaBOAKU CBOIM JOCJIiMKeHHAM y Teopil WMoOBip-
"ocreii. Kumkka A. A. MapkoBa «HucienHsa HmoBip-
HOCTeli», Iepile BUTAHHSA AKOi Bimbymoca B 1900 p.,
a uyerBepre — y 1924 p., mporarom 6araTbox pPOKiB OyJa
HaWKpAaIolo cepes TUX, 3a AKUMU HaBYajucA 6ararto
MaiibyTHiX MaTeMaTHUKiB.

¥ XX cr. Teopis HMOBIpHOCTEN ITIOCTYIIOBO IIEPETBO-
pujiach Ha CTpOry akciomaruuny Tteopito. Ile Bimbymocs
3aBASAKU MpalgaM 0OaraTboxX MaTeMaTuKiB. AJie milicHO
BUPINTIAJbHUM €TAaloOM pPO3BUTKY Teopii HmMoBipHOCTe
crana npana A. M. Koamoroposa (1908-1987) «OcHoB-
Hi moHATTA Teopii IimoBipHOCTell» (Bumana B 1933 p.),
y AKifi BiH BMKJaB CBOIO aKCioMaTHMKy Teopii #MOBipHO-
cTeil. 3aBAAKU IIbOMY TeOpiss IMOBipHOCTeI cTaJsia HapiB-
Hi 3 iHIMIUMU MaTeMaTUUYHUMHU TiCIUIJIiHAMU.

Benuki pocArmenHa B Teopil IHMoBipHOCTE! Ta
MaTeMaTUYHIiN CTAaTHUCTUII MaJiu TAaKOX POCiHChKi Ta
ykpaimcpki wmaremaruku O. f. Ximumn (1894-1959),
€. €. Cayuskmii (1880-1948), B. B. I'memenko (1911-
1995) M. I. Tixman (1918-1985), B. C. Muxajesuu
(1930-1994), M. M. dAnpenxo (1932-2004), }0. M. €p-
moaneB (umap. 1936), I. M. KoBamenko (map. 1935),
B. C. Kopoamox (1925 p. u.), A. B. Ckopoxox (1930-
2011), A. ®@. Typ6in (map. 1940) ra inmi.

B ocraummiit yac Bce OiybIlle MaTeMaTHKiB 3BePTAIOTH
yBary Ha Teopiio irop — OAWH 3 HAIPAMKiB 3aCTOCyBaH-
HA Teopii #mosipHocTeii. Illupoxko Bimomi mociimsKeHHS
Hox. @. Hemra (1928—-2015), amepuKaHCHKOr0 MaTeMaTH-
Ka, jaypeara HoGemiBcbkoi mpemii (1994 p.), 3a moTu-
Bamu Oiorpadii axkoro 0yso 3HATO PiabM «Irpu posymy».

A. M. Konmoropos
(1908-1987)

M. 1. fippenko
(1932-2004)

Ix. ©. Hew
(1928-2015)
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3ABAOAHHA ANA NiArotoBkn Ao OLUIHIOBAHHA

TecTt N2 3

. Is mudp 1, 2, 3, 4, 5 ckaameHo Bci MOKJIMBI m’aATUIUPPOBi umciaa 6es

noBTopeHHA nudp. CKiJIbKY cepes MUX UYMCeJ TAKUX, AKI MOUYMHAIOTHCA
samucom «423»?
A 2 b 24 B 36 r 96 O 118

. Is marypaapHux umcen Big 1 mo 30 yueHb HaBMaHHSA Ha3WBA€E OIHE.

fxa fimoBipHicTH TOro, IO Iie YMCJIO Hemapme?
AL 5 L s 1 il gL
6 5 4 3 2

. ¥ KopoO611i jexarh 60 pi3HOKOJIHLOPOBUX KYJILOK: UePBOHi, CUHi I »KOBTi.

3’sicyiiTe, CKiJIbKU JKOBTUX KYJIbOK JIEKUTHh y KOPOOIli, SKIIIO MOBIp-

. . . 1
HicTh BUOODPY BUIIAJAKOBUM UMHOM KOBTOI KYJBKU JOPiBHIOE 3

A 10 b 15 B 20 r 30 A 40

. YcTaHOBITH BiAMOBiMHICTE MidK IeHTpaJbHUMU TeHAeHIiaAMu (1-3) BU-

Oipkm Ta ixmimu sHauenHaAMHU (A-T).

1 Cepenue smauenHs BuOipxkm: 10; 11; 10; 9; 8; 10; 8; 9; 9; 10 2 g’g
2 Moga Bumbipkm: 10; 11; 10; 9; 8; 10; 8; 9; 9; 10 B 9’7
3 Mepiama BuOipkm: 10; 11; 10; 9; 8; 10; 8; 9; 9; 10 - 1(’)

. P'panpHU KyOWMK miAKUAAOTHL ABiui. 3HaigiTh iMoOBipHicTH TOrO, IO

BUMAMe pisHa KiJbKICTh OUOK.

MpongiTb OHNaNMH-TeCTYBaHHA Ha caWTi interactive.ranok.com.ua.

Temun HaBYaNbHUX NPOEKTIB

Komb6imaTopuka B HaBKOJUIIHBOMY KHUTTi.

M MoBipHiCTH HABKOJO HAC.

BunanxoBi BesmuMHM HABKOJIO HAC i iX YMCJIOBI XapaKTepPUCTUKU.
YacroTra B CTATHUCTHUIL I PO3B’sI3yBAHHS €KOHOMIUHMX 3amad.
MaremaTnyHa cTaTUCTUKa HABKOJIO HAC.

Gu o=



I TEOMETPIA

Pospin 1
MHOIFOrPAHHUKH

§ 1. MHororpaHHuK i noro enemeHtu. Mprsma

§ 2. Mapanenenineq. NpAmMoKyTHWIA Napanenenineg

§ 3. MobynoBa nepepisi Npusmn 11 3agaui,
nos’A3aHi 3 nepepizamun

§ 4. Mipamina

§ 5. Po3TawyBaHHA BUCOTU B AeAKUX BMAAX Mipamig

§ 6. MNpaBuUNbHIi MHOrOrpaHHNKK

Y ubomy posgini Bu:

©  [eTanbHille O03HaoMUTeCh i3 MOHATTAM MHOTOrpaHHUKa,
3 NpM3MoIo, 30KpemMa Mnapaneneninegom, nipamigoo,
NPaBUIbHM MHOTFOrPaHHUKOM i pOo3rnaHeTe
XHi OCHOBHi BNacTUBOCTI;

© HaBuyMTeCA PO3B'A3yBaTW 3ajaui, NOB'A3aHi
3 MHOrOrpaHHUKamu.



Tabnuua 1
Mpusma
O3HayeHHs1 1 OCHOBHIi NMOHATTA

lMpu3moro Ha3NBaETbCA MHOrorpaHHUK, yTBOPEeHUI1 gBOMa
NAOCKNMM MHOTOKYTHMKaMU, L0 NieXKaTb Y Pi3HUX NoLWMHaxX
i cymiwaloTbcAa napanenbHUM NnepeHeceHHAM, i Bcima Bigpis-
Kamu, AKi cnony4valoTb BifNoBifHi TOUKMN LiINX MHOTOKYTHUKIB.

ABCDE i A;B,C,D,E; — ocHoB\ npu3mu;
AA,, BB, .. — 6iuHi pebpa;
ABB,A,, BCC,B;, ... — 6iuHi rpaHi;

AD; — piaroHanb npv3mu (Biapi3oK, Lo crnonyyae ABi BEPLINHU
Npu3Mu, AKi He HaneXxaTb OAHIN rpaHi).

Bucoma npusmu — nepneHANKYNAp, NpoBeAeHUI i3 TOUKMN

XUHY LbOro nepneHanKynapa TakoXK Ha3nBaloTb BUCOMOIO NPU3MU
(ue BiacTaHb Mi>K NAOLWMHAMM iT OCHOB).

AM | nn. ABCDE; A{M = H — Bucora.

BnacTtuBocTi

1) OcHOBM NpX3MK PiBHI.

ABCDE = A,B,C,D,E,

2) OcHoBM NPU3MIN NeXatb y NMapaneyibHNX niownHax.

mwi1. ABCDE ||un. A, B,C, D, E,

3) BiuHi pebpa Npr3mm NapanenbHi i piBHi.

AA, || BB, ||CCy ..;
AA]. = BBl = CC]. = ..

4) BiyHi rpaHi npn3Mn € napanenorpamamu.

ABB; A; — napanenorpam, BCC;B; — napanenorpam, ...

5) Mnowa 6iyHOT NoBEpPXHi NOXMNOI NPU3MKN LOPIBHIOE JOOYTKY nepumeTpa neprneHau-
KyNIAPHOro nepepisy nNpm3mMm Ha AOBXUHY GiuHOro pebpa.

Sﬁirm = PJ_ mepep AAI
(S6qu =Suppa, TSpec,B, + -+ SapE 4, )
S = Sﬁi‘{H + 2SOCH

IIOBH
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Mpama npusma

A p. Npusma Ha3nBaeTbCcA NpAMOIO, AKIWO iT GiuHi pebpa nepnex-
1\ ! AUKYNAPHi [0 OCHOB.
BY—TC, AA, 1 nn. ABCD,
A D BB, 1 nn. ABCD, ...
B C

BnacTtmBocrTi
1) BucoTa npsmoi npr3mu JOPiBHIOE GiYHOMY pebpy.
H=AA =BB;= ..
2) BiuHi rpaHi npAmoi Npn3Mm € NPAMOKYTHUKAMU.
ABB;A; — npamokyTHuk, BCC;B; — NpAMOKYTHVK, ...

3) Mnowa 6i4yHOT NOBEPXHi NPAMOT NPU3MK AOPIBHIOE JOOYTKY neprMeTpa OCHOBM Ha
BMCOTY Npu3mMu, TOOTO Ha JOBXMHY 6iYHOro pebpa.
Sﬁqu =P 'AAl

OCH

S = SquH + 2Socn

IIOBH

MpaBunbHa npusma

npﬂma npv3mMa Ha3nBa€ETbCA Npasu/ibHoOO, AKLLO i OCHOBU € npaBuibHNMN MHO-
FOKYTHUKaMn.

TPUKYTHa YOTUPUKYTHA N'ATUKYTHa LeCTUKYTHa
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MOACHEHHA N OBI'PYHTYBAHHA

Ar Oyno 3asHaUEHO B IiAPYYHUKY MOJA
10 xiacy, mesaki girypu, posmIsHyTi B Kypci cTe-
peomerpii, HasuBaioTh miiamu. HaouHo reome-
TPUYHE TiJI0O MOKHaA YABUTHU CO0i AK YaCTUHY
IIPOCTOPY, 3aUHATY (GisMUYHUM TijJloM i oOMerKeHy
oro moBepxHeo. Hamrpukiian, TOBEPXHA KyJai —
chepa — CKJIIAIAETBCA 3 YCiX TOYOK ITPOCTODY,
BiimasieHUX Bif OfHi€l TOUKWM — uyeHmpa — Ha
BificTaHb, AKa AOpiBHIOE paxiycy. 1[a moBepxHA
o0Melxkye Ky.io, 10 CKJIAJAETHCA 3 YCiX TOUYOK
IPOCTOPY, AKi BimmaJyieHi Big omHiel TOUKU —
uyewmpa — Ha BijcTaHb, He OiJBINY 3a paniyc.

Bimomi Bam Ky0, mapaJieselrimen, mpusMa
i mipamiza € MHOrorpaHHUKaMMU.

MHozozpaHHUK — 1€ TijJIo, TTOBEPXHA AKO-
T'O CKJIAQJAETHCS 31 CKiHUEHHOI'o YmMcja ILJIOCKUX
MHOTOKYTHUKIB (puc. 1.1-1.3).

O3HavyeHHsa. MHoOrorpaHHMK Ha3MBa€ETbCA
ONyK/IUM, AKWO BiH po3TallOBaHWil MO OAVH
6iK Big NNOWMHN KOXXHOro NJIOCKOro MHOro-
KYTHMKa 110ro rnoBepxHi.

Hanpuxkaan, ky6 (puc. 1.2) — onyrauii
MHOTOTpaHHUK. HeomyKJMii MHOTOTPaHHUK
300pasxeHo Ha puc. 1.3.

Kokuuii miaocKuii MHOTOKYTHUK, i3 AKUX
CKJIaJa€ThCA IIOBEPXHA MHOTOTPAHHUKA, HAa3U-
BaIOTh 2PAHHI0 MHO20ZpaHHUKa. I'paHi omykJjoro
MHOTOTPAHHUKA € TJIOCKUMM ONYKJUMU MHOTO-
kyTHuUKamMu. CTOpOHU rpaHell HasWBalOTL pedpa-
MU MHO202DAHHUKA, & BEPIINHU — GePpULUHAMU
MHO202PAHHUKAQ.

ITosscauMo ckasaHe Ha IpUKJIaLi Kyba (muB.
puc. 1.2). Ky6 — 1e omyKJauwii MHOTOIPaHHUK.
HMoro moBepxHsA CKJIAJAETHCA 3 IIECTH KBAJPaTiB:
ABCD, ABB,A,, ..., aKi e rpanamu ky6a. Pebpa

PO3IJT 1. MHororpaHHuKn

Puc. 1.1 6epuiura
¢ «————
A o 2PDAHb
& g
o
0
| peopo
Puc. 1.2
D, C,
A1 B1
D C
A B
Puc. 1.3
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Ky0a — cTOpoHH Iux KBajparis: AB, BB, ... .
Bepmmaamu Ky0a € BepIiuHU KBajaparis: A, B,
C, D, A, B, C;, D,. V¥ ryba mricte rpazei, — — —
IBaHAIIATL pebep i BiciMm BepriuH.

dAxio moBepxHIO Kyba (a00 iHIIIOrO MHO-
rorpaHHMKAa) pPO3pisaTuM MO OeKiJIbKOX MOoro
pebpax i pos3KJacTH Ha ILJIOIIWHiI, TO ONEPIKU- |
MO PO3TOPTKY IILOT0 Ky0a (MHOTOTpaHHHNKA).
IHaKIIe KarKydu, pPO320pmKoO0 MHO202PAHHUKQA
Ha3WBaIOTh 00’€THAHHSA CKiHUEHHOT'O UICJIa MHOTOKYTHHUKIB, AKi BigmoBimHO
IOPiBHIOIOTH TPAHAM IIHOT'0 MHOrorpaHHuka. Ilpm mbomMy BKas3yiooTh, AKi CTO-
PpoHU 1 BepIIMHM MHOTOKYTHUKIB 300pasKyioTh OOHI II Ti cami pebpa i Bep-
IMIWHA 3aJaHOTO MHOTOT'PAHHWKA, TOMY TOBHHHI CKJIEIOBATHUCS ONHE 3 OJHUM.
(CxieoBaHHA ABOX BiApisKiB — pIBHMX CTOPiH MHOTOKYTHHUKIB PO3TOPTKU
O3HaAua€e BCTAHOBJIEHHA MisK IXHiMM ToOuKaMmM TaKol BiAgmoBimHOCTi, 3a AKOI
30epiraeTbcA BificTaHb MiK OBOMAa MOOBLJIBHMMU TOYKAMU, a BiAIMOBigHI TOu-
KU BiZpisKiB OTOTOKHIOIOTH, TOOTO BBaXKAIOTh IX OAHIEI0 TOUKOIO PO3TOPTKIH,
OT:Ke, OJHI€I0 TOUKOIO 3aJaHOr0 MHOTOTPAHHUKA.)

IToBepxHIO OZHOTO MHOTOTPAaHHMKA MOYKHA PO3TOPHYTHU IO-pidHOMy. Ha-
IPUKJIAMN, Ha puc. 1.4 TOKasaHO KiJbKa PO3TOPTOK OMHOTO Kyoa.

Harapmaemo, 1110 nJoowia nogepxhni MHOz0ozpaHHUKAG — Iie cyMa ILJIOII yCix
oro rpaHeii. BoHa [OpiBHIOE IIJIOIII POSTOPTKHU 3aJaHOTO MHOTOI'PAHHUKA.

IIpocTum MHOTOrpaHHMKAM — Opu3MaM i mipamizam, aki OGyayTh oc-
HOBHMMHU O0’€KTaMM HAIIOTO BUBYEHHS B IIbOMY PO3[IiJi, — MH AaMO O3Ha-
YeHHdA, AKi, MO0 CyTi, He BHUKOPUCTOBYIOTH IIOHATTA Tija. PosriasgaTumemMo
reoMeTpuuHi (irypm, BU3HAUAOUM BCi TOYKHM IIPOCTOPY, AKi iM HaJe:KaTb.

Puc. 1.4 S

Puc. 1.5
O3HaueHHA. lpu3molo Ha3MBAETbCA MHO- D

rorpaHHMK, YyTBOpPeHUin ABOMa MAOCKUMU o
MHOTFOKYTHUKamu, WO sieXaTb y Pi3sHUX nio- E v X,
WuHaXxX i cymilwaloTbCcA NapanesnbHUM nepe-
HeCeHHAM, Ta BCiX BigpisKiB, wo cnonyua-
I0Tb BifAMOBiAHI TOYKM LINX MHOrOKYTHUKIB 1 D 1
(puc. 1.5). &

MHOroKyTHUKYU Ha3WBAIOTh OCHOBAMU NPU3- E ¢
MU, a BiApisKwu, IO CHOJYUYalOTh BiAmMOBigHI
BEPIINHU, — OiYHUMU pedpamu NPu3mu. A" ‘B
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164 PO3IJT 1. MHororpaHHmku

O3HauyeHHsA. Npn3ma Ha3NBAETbCA N-KYMHOI0, AKLLO iT OCHOBaMM € n-KYTHUKW.

Hagani posrnggarumMeMo TiJIbKU IPUBMU, OCHOBAMU AKHUX € OMYKJI MHO-
TOKYTHUKU. TaKi mpuaMu € onykiumu MHOZOZPDAHHUKAMU.

Ha puc. 1.5 3obpaxkeno m’atukytay npusmy ABCDEA;B,CiD,E,. Ii oc-
HOoBaMHu € mATUKyTHUKU ABCDE i A,B,C,D,E,, a Biapizok XX, cmomyuae
BimmoBimHi Toukm ocHOB. Biumi pebpa mpmsmm — Biapiskm AA;, BB,;, CC,,
DD,, EE,. Biuni rpari npusmu — mnapanenorpamu ABBA,, BCCB, ... .

YpaxoBy1oun BJIACTHBOCTI ITapaJieIbHOTO IePeHEeCeHHd, 3 O3HAUEeHHSA IIPU3-
MU OAEPKYEMO TaKi i BJIACTUBOCTI.

1. OcHOBM TpU3MHU PiBHI (OCKiJIBKU mapaJjiejibHe IepeHeceHHA — Ie PYX,
a MHOTOKYTHUKH, AKi CyMiIailoThbCsA PYXOM, € PiBHUMIN).

2. OcHOBHM MpPU3MM JIeKaTh y HMapajejbHHUX IIOIMHAX (OCKiJIBKU B pe-
3yJIbTaTi IIapaJeJIbHOTO IEePEeHEeCEHH:A IJIOIMHA NEePEeXOAWTh Y IapajeIbHy
oy (abo B cebe)).

3. Biuni pe6pa mpuaMu mapajeabHi i piBHI (OCKiJBbKM B pesdyJjbTaTi Ia-
paJIeIbHOTO TEPEHECEHHA TOUKU MEePEMiNIyIOTHCA 0 HapajeJbHuX (abo Takux,
10 30iraroThCdA) OPAMHUX HA Ty caMy BifCTaHb).

Ilogepxns npusmu CKJIaZaeTbcsd 3 ABOX OCHOB i OiuHOi moBepxHi. Biuna

D noeéepxHs CKJIANAETHCA 3 IapajesorpamMiB. ¥ KOKHOIO 3 ITUX IIapaJietio-
rpamMiB JBi CTOPOHU € BiATIOBiAHMMU CTOPOHAMMU OCHOB, a IBi iHImi —
cycigmiMmu GiuHMMU peOpaMu.

fx G6aummo, BU3HAUEHa B TaKWIl CIIoci0 mpmsMa Mae Bci Taki cami BaacTu-
BOCTi, 1110 OyJIM PO3MIAHYTI B mMiApyYHUKY aaa 10 KJjacy Ha OCHOBI HAOYHOTO
nmoHATTA npusMmu. Haragaemo nesdxi NOHATTS, MOB’s3aHiI 3 MPU3MAaMU.

Binpisok, 1o cmoayuae ABI BepHIMHM HPU3MHU, SKi He HaJeKaThb OMHIN
rpaHi, Ha3WBAOTH 0iA2ZOHALNLI0 NPUIMU.

O3HaueHHA. Bucomoto Nnpusmu Ha3sNBAETbCA NepneHANKYnAp, ﬂpOBEAEHVIVI

LbOro neprneHAnKynspa TakoXK Ha3uBalTb 8UCOMOI NPU3MU.

OCKiJIbKM TIJIOIIMHYM OCHOB IIPMBMM IapaJiejibHi, TO 6UCOmMOI0 NPU3MU
€ gidcmanv Mmixne naowuHamu ii ocHog (ToOTO BimcTaHb Bim OyAb-AKOI TOUKU
OfHi€I IJIOIMWHYW OCHOBUM OO0 TapaJjejbHOl ILJIONIMH! iHIOI OCHOBWM).

Takoxk Haragaemo (nuB. § 7 migpyunmka aas 10 Kiacy), 1o 3rigHO
3 IpaBUJAMHU IapajeJbHOTO MPOEKTYBaHHS 300pakeHHA IPU3MH OyIVIOTH
y Takuii cmoci6. Cmouarky OynyiooTh omHy 3 ocHOB F (puc. 1.6) — nmearwmit
IJIOCKUH MHOTOKYTHUK. IloTiM i3 BepImuH MHOTOKyTHUKA F IIPOBOAATH OiumHi
pebpa mpusMu y BUIVISAL IapajeJbHUX BiApiskiB piBHOI moB:xumHU. KiHII mux
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BiZIpi3KiB CHOJIyY4aIOTh i OEPIKYIOTH APYTY OCHOBY
mpusmu. HeBuaumi pe6pa 300paskyOTh MITPUXOBUMU
JiHiAMUA.

Iz BiacTuBOCTEll TIapajieIbHUX TIJIOIUH BUILIN-
Ba€, III0 Eepepisy IpusMu MJIOHIMHAMU, HapaJiesIbHU-
Mu OiuHMM pebpaM, € mapaJiesiorpaMaMu.

@ O6rpyHTYINTE L& CaMOCTIHO.

30KpeMa, mapajejorpaMaMy € TakK 3BaHi diazo-
HaJAbHI nepepi3u npu3mu — Iepepisu IPUSMU ILJIO-
IUHaAMH, IO IIPOXOIATH uepesd OiuHe pebpo i miaro-
HaJIb ocHOBU mpusmu (puc. 1.7).

3a3HAaYNMO, 110 IPU3MATUYHY (POPMY MAIOTh JeAKi Kpu-
cTaJiv, HAIIPUKJIAM icJaHACHPKHWU MIIaT, cMapari TOIIO.

Puc. 1.6

Puc. 1.7

OsHaueHHA. Mpu3ma Ha3MBa€ETLCA NPAMOIO, AKLLO 1T 6iuHi pe6Gpa nepneHau-
KyNApHi A0 ocHOB. AKWo 6iuHi pe6pa Nnpnsmn He NnepneHANKYNAPHI A0 oc-

HOB, TO NPN3Ma Ha3MBAETbCA NOXUJIOH0.

Y npamoi npuzmu éci OiuHi 2paHi € npAmMOKym-
HUKAMU.

3o0paskyoun IpaMy IpUsMy, 3a3Buuait 6iuHi pe-
Opa MPOBOAATHL BePTUKAJLHO (puc. 1.8).

BaacTtuBocti mpaMoi mpuU3MH.

1. Bucora mpsaMoi mpu3Mu JOPiBHIOE i1 GiuHOMY
peopy (ockinmbKu KoikHe Oiume pebpo IIEepPIEeHIUKY-
JSApHEe OO OCHOBUM i MOPiBHIOE BijmcTaHi MisK mapa-
JIEIbHUMHU TLJIOIITMHAMY OCHOB).

Puc. 1.8
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2. KoxHa OiuHa TpaHp NpaMoi MPUM3MHU NEPHEHIUKYIAPHA O OCHOB
npu3MHu (OCKiJIbKM KOKHaA OiuHa I'paHb HPOXOAUTL uepe3 OiuHe pebpo, mep-
HNeHIUKYJIAPHE 0 OCHOBW).

3. JiaronaapHi mepepisu mpsaMol NpusMu € NIPAMOKYTHUKAMM (OCKiJIBKU
KOXKHUM JiaroHaJbHUU Mepepis HNPoXoAUTL uepe3 OiuHe pedpo, IMepIeHIuKY-
JIIpHEe IO OCHOBU, TO BCi KyTH AiaroHaJbHOI'O IEPEpidy € MPAMUMU).

O3HaueHHA. NMpAma npu3ma Ha3NBaETbCA NPABUJIbHON, AKWO ii OCHOBM
€ NPaBUNbHUMU MHOFOKYTHUKaMM.

P )

dopma HpaBMIIBHOI IPU3MU YAaCTO BUKOPHUCTOBYETHCA B apXiTeKTypi, HAIIPUKJIAL
oynaiBia [lenTarona mae opMy IPaBUIbHOL I’ ATUKYTHOI IIPU3MU.

ITnowero 6iunoi nosepxhi npusmu (abo OiUHOIO MOBepPxXHEID) HA3UBAIOTH
cyMmy ILIOIN OiuHUX TpaHel. Iliowa no8HOI nogepxHi npu3mu NOPiBHIOE CyMi
oIl GiuHOI ITOBEPXHi Ta ILJIOIN, OCHOB.

Teopema 1.1. Mnowa 6iYHOI NOBepPXHi NpPsAMOI Npu3-
MU [OpiBHIOE BOBYTKY NepumeTpa OCHOBM Ha BUCOTY Puc. 1.9
npusmu, To6TO Ha AOBXKNHY GiuHOro pebpa.

» [NosepneHHA. BiyHi rpaHi NnpAMOI NPU3MN € NPAMOKYTHU- :
kKamn. OCHOBU LMX NPAMOKYTHMKIB € CTOPOHAaMN MHOTO- :
KYTHUKa, AKUN NIeXNTb B OCHOBI MPM3MK, a BUCOTK [O- !
PiBHIOIOTb AOBXUHI GiuHMX pebep (puc. 1.9). :
Topi nnowa 6i4HOT NOBEPXHI NPU3MIK [OPIBHIOE: I

Sgin =l +agl+. . +a,l=(a;+a,+...+a,) 1=PL, Rl N

ne a,, ay, .., @, — LOBXWHU pebep oCHOBU; P — nepu-
METP OCHOBW Mpu3MK; [ — JOBXWUHA GiYHUX pebep. M o 2
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Mpuknag. Y noxuniin npusmi NpoBeaeHO nepepis, AKMIA NepeTnHae BCi 6iuHi pebpa
i nepneHANKYNAPHUA [0 HUX. 3HaANZiTb nnowy 6i4HOT NOBEpPXHI NpuU3MK,
AKLWO NepuMeTp nepepisy AopiBHioe P, a AoBXUHa b6iuHoro pebpa L.

Po3B'A3aHHA

) IlnommHAa IPOBEAEHOr0 IIEPepPidy po3buBae IpPuU3My Ha
nBi vactunu (puc. 1.10). Puc. 1.10
3acTocyeMoO [0 OAHiel 3 HMX IIapaJjiejibHe IIepeHeCceHH:,
Yy pes3yJIbTaTi SKOTr0 OCHOBU HPU3MU CyMicTaATbeA. [Ipu 1bo-
MY OfEP:KUMO IPAMY IIPU3MY, OCHOBOIO SIKOI € Imepepis 3a-
IaHoi mpuaMu, a 6iuHi pebpa mopiBHIOOTH [. I mpuama Mmae
TaKy camMy OiuHy ITOBEepXHIO, 10 I 3amaHa. OTike, IJoIa
6iumHol OBepxXHi 3amaHo0l mpusMu gopiBHioe Pl.

3a3HaumMMo, M0 Tepepis mpuaMu, AKUN IepPeTUHAaE

D Bci OiuHi pebpa i mepumeHIUKYJIAPHUNA OO OiUHHX
pebep, HABUBAIOTH NEPneHOUKYAAPHUM Nepepi3om.
Tomy omepskaHuMII pes3yabTaT MOKHA CHOPMYJIIO-
BaTU TaK: nJaowa 6iuHol nosepxHi (abo 6iuHa no-
6epXHA) NOXULOL npusmu 0opienioe 000YmMKY nepu-
mempa nepneHoOuKYLAPHOZ0 nepepisy npu3mu Ha
dosxcuny OiuHozo pebpa.

Ilix uac posB’s3yBaHHA TAaKMX 3aJau HaWUyacTillle JOBOAUTHCS CIOUYATKY
OOI'PYHTOBYBAaTH SAKYCh BJIACTHUBICTL 3aJaHOI IIPOCTOPOBOI (irypm ado Tiaa
i TimBKM micaA TOro, AK IS BJACTUBICTH BCTAHOBJIEHA, BUKOHYBaTU OOUYMC-
JeHHs. 3BUUYAMHO, y 3aluci posB’si3aHHs MHOTPiIOHO OOI'PYHTOBYBATU TiJbKM
Ti TBEPIKEHHA, AKi OyIyTh BUKOPHCTAHI B XOJi IIOJAJIBIIIOr0 PO3B’sI3yBaHHI.

IIpononyemo cxemy posssasyséanns 3adaw Ha 00UUCNEHHS, TOB’SI3aHUX i3
MHororpaHHukamu (i timamu obGepTaHHA).

1. O6rpynmysamu po3smaulyéanHs 6UCOMU MHOZ0ZPDAHHUKA.

2. O6rpynwmysamu, w0 npocmoposi kymu” i npocmoposi 8idcmari™ nosxa-
YeHl NpasuJibHo.

* IIix MIPOCTOPOBUMM KYTaMM MAalOThCA HA yBasdi KYT MidK IPAMOIO i IJIOIMMHOI, KYT MM
IBOMA ILJIOIIMHAMH, JiHIHHUHE KyT IBOTPAHHOTO KYTa, KYT Mi’K MUMOOIKHUMU IPAMUMH.

* Ilimg TpOCTOPOBUMM BifCTaHAMMN MAaIOThCA Ha yBasi BificTaHb Bil TOYKHW MO IIJIOIIWHM,
BificTaHi MiK mapayieIbLHUMHU IIPSAMOIO i IJIOIIWHOIO, MiXK IMapajieIbHUMU IJIOIITUHAMU,
MiK MUMOOIKHUMU IPAMUMH.
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3. AKwo posenadaemuves nepepia MHOZ0ZPAHHUKA, MO 00T pyHmyeamu ilozo
popmy (AKWO us Popma BUKOPUCMOBYEMBCSA 0N PO36'A3YBAHH).

4. Akwo posensdaemuvcsa KOMOIHAUIA MHOZOZPAHHUKA | mila 00epMAaHHA,
mo onucamu 63aEMHe PO3MAULYEAHHA [XHIX esleMenmie.

5. Ha KoxcHomy Kpoui o0uuc/enb YyKa3amu, eJleMeHmu K020 MPUKYMHUKA
8U3HAYAIOMBCA, | AKULO0 6IH NPAMOKYMHUL, NOACHUMU YOMY.

3BUUAliHO, 1[5 CXeMa € OPi€EHTOBHOIO, aJie I BUKOPUCTAHHS JOIIOMAarae BIIO-
pAIKYyBaTH MipKyBaHHSA B MIpOIeci CKJIaJaHHS ILJIaHY PO3B’sI3yBaHHA 3aJadi.
Ile mos3BoJisie He MPOIYCTUTH iCTOTHI MOMEHTH IIifi Yac 3amuCy ii po3B’s3aH-
HA. Hagani odpopmiATrMEMO PO3B’A3aHHA 3aJadu Ha OOUMCJIEHHS, HaBeIEHUX

y OiAPYYHUKY, i3 BUKOPUCTAHHAM 3aIIPOIIOHOBAHOI CXEMU.

NMPUKNAOWN PO3B'A3YBAHHA 3A0AY

3apava 1. Mnowa Hanbinblworo fiaroHanbHOro nepepisy NPaBUIbHOT WECTUKYTHOT
npu3mmn gopiBHioe 48 cm?. 3HalAiTb nnowy 6iyHOI MoBepxHi Uiel npru3mum.

Po3B’si3aHHA

» 1) Hexait ABCDEFA,B,C,D,E,\F, —
3aJjaHa TOpaBWJIbHA  IIECTHUKYT-
Ha mpuama (puc. 1.11). B ocuoBi
MPaBUJIBHOI TPU3MU JIEKUTH IIpa-
BuJIbHUN miecTuKyTHUK ABCDEF.
Koxxkume Oiume peOpo IIpaBUJIb-
HOI mpm3Mm € ii BHCOTOIO, TOMY
BB, L nn. ABC.

Puc. 1.11
E1 D1
FI
A, B, C,
E D
F C
A B

KomeHTap

BrkopucTaemMo HaBefeHy BULLE CXeMy.

[ins o6rpyHTYBaHHA po3TallyBaHHA BUCOTU
[LOCTaTHbO NpuragaTty, Wo npasusibHa npu-
3Ma € npAMOl, Momy KoxHe 6idHe pebpo
npusmu € ii gucomoto.

3a yMOBOI0 3afaui 3 ycCix diaroHanbHuX ne-
pepi3iB NoTpi6bHO BMOpaTX HANGINbLIWNA.
OckKinbKK BCi giaroHanbHi nepepisn € npsa-
MOKYTH/MKamMM 3 PiBHUMW BUCOTaMu, TO
Hanobinbwrm i3 HMX 6yfe ToNn, y AKoro byne
Hanbinblua OCHOBa, TOOTO TaKWI, AKUIA NPo-
XOAUTb Yepe3 Haunbinbwy AiaroHanb npa-
BWIbHOTO LWeCTUKYTHMKA.

Ona obuncneHHA nnowi 6iyHOI NOBepPXHi
npaBUIbHOI NPU3MK 3HOBY CJif ypaxyBa-
TW, WO NpaBwUibHa NpU3Ma € NPAMOI0, TOMY
naowa 6iyHoOI nosepxHi NpasusibHOI NpU3MU
OopisHioe 006ymKy nepumempa OCHO8U HA
6iuHe pebpo.
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2)

3)

4)

5)

Yci pmiaromanabHi

roHaJSAM OCHOBU mnpuaMu. Tomy
HalOiIBIIINM € JiaroHaJbHUN IIe-
pepis, AKWH NOPOXOAUTL Uepes

HaWOiIBITy HiaroHasb ocHoOBU BE.

Toni Spgpp =48 cm®

Hexaii AB=ux,
y>0).

3a BJIACTUBOCTAMU IIPABUJILHOTO
mecTukyTHUKa BE=2AB=2x.
Tomy

Spgpgp, = BE-BB, =2xy=48 cm’.

3Bigcu xy=24 cm?.
Toxi

Sg;un =6AB-BB; =6xy=144 cn’.

Bionosiov: 144 cm?.

3apaua 2. OcHoBowo npsamoi npusmn  ABCA, B,C,

p 1) Ilpusma ABCA;B,C; (puc. 1.12) mpa-
Ma, OTKe, KoKHe 11 6iuHe pedPo € BUCOTOIO
npusmu, tomy BB; 1 nin. A, B,C;.

nepepisu 1mpa-
BUJIBbHOI MPUBMU — MIPSIMOKYTHU-
KH. IX BHCOTH [ODiBHIOIOTH OfHA
omHil i Oiumomy pebpy. OcHoBHU
IPAMOKYTHHUKIB JOPiBHIOIOTH Hia-

BB, =y (x>0,

Takok NOTPIGHO 3BEPHYTU yBary Ha Te, Lo
BCi 6iYHi rpaHi NpmM3mmn — piBHI NPAMOKYT-
HWUKW, TOMY 018 3HAX00KeHHA niowi 6iuHoT
nosepxHi npasusibHOI NPU3MU MOXHA 3HAU-
mu naowy OOHiel 6iYHOI 2paHi ma NOMHOXuU-
mu pe3ysibmam Ha Kisibkicme 6i4HUX 2paHeu
(Ha 6).

PoznounHatoun obumncneHHs, cig ypaxysa-
TV OPIEHTMP, HaBeAEeHUN B § 2 NigpyyHumKa
ana 10 Knacy: AKWo 8 yMosi 2eoMempuyHoi
3a0a4i Ha 0bYUCNIeHHA 83a2asli He 3a0aHO
8i0pi3Kku (abo 3a0aHi 8iOpI3KU | Kymu HeMOX-
J1UB0 06’€OHAamMu 8 3py4HUU 0/15 pO38'A3Y8AaHHSA
3a0ayi MpuKymHuk), mo 3azeuy4ad ygoosmeo
Hesidomuli 8iOpi3ok (ab6o Hegidomuli Kym, abo
Kinbka Hesidomux). Brixogaum 3 uboro, Tpeba
BBECTM HEBIAOMI Bigpi3Ku.

Kpim Toro, Bumory 3agayi 3py4yHo Bupasu-
TV Yyepes 3MiHHI. Lle go3BonuTb 3a 3agaHnm
CMiBBIgHOLWEHHAM MiXK 3MiIHHUMUK Ofep»KaTun
Bignosigb.

€ piBHOOeApEHUI TPUKYT-

HUK ABC, ctopoHu skoro AB=AC=5, BC=8. Bucota npusmun gopis-
HI0€ 3. 3HandiTb KyT Mix npamoio A;B i nnowwnHowo BCC,.

Po3B’si3aHHA

Pnc. 1.12

KomeHTap

Bukopuctaemo HaBefeHy Bulle
cxemy. [1na o6rpyHTyBaHHA po3Ta-
LYBaHHA BUCOTU [OCTaTHbO NpU-
ragaTvi O3HauYeHHA NPAMOI MPU3MU.
3a ymoBoOI0 3afaui NOTpPibHO BKa-
3aTn KyT MiX npamoto A; B i nno-
wyHoto BCC;, To6TO 3a 03HaueH-
HAM — Le KyT MK npamoto Ta ii
npoekKui€eo Ha U naowuny. LUlo6
ofepxaTun npoekuito npamoi A; B
Ha nnowmuHy BCC;, poctaTHbO
3 TOYKM A; npoBecTy nepneHau-
Kynap Ha nnowwuHy BCC;.
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2) 3a BIACTUBICTIO MPAMOI MPU3MU TLJIOITUHA OCHO-
Bu A;B,C, nepnenpuxymapHa o Giunoi rpaxi
BCC, B, . IIposenemo B mnomuni A, B;C; nepues-
murynap A;M 1 B,Cy, rogi AyM 1 . BCC,B;.
Orixe, Binpisok BM — mpoeknia npamoi BA;
Ha mromury BCCiB; i kyr AjBM — Ryt Mix
npamoo A;B i mnomunoo BCC;.

3) ¥ piBrHOGenpeHomy TpurkyTHuURYy A;B;C; Bix-
pisok A;M — Bucora, MefiaHa i Gicekrpuca,
rogi MB;=4.

4) Is mpamoryTHOro TpUKyTHUKA A;MB; onmepy-
emo: A,M =|AB?~B,M? =542 =3,

5) Is mpamoxyTHOTO TPpUKYTHHKA BB M
(BB,C,C — npAMOKYTHUK) OJepP:Ky€EMO:

BM =\BB?+B,M? =\3? +4% =5,

6) Is mpamoxyTHOro TpukyTHUKa A;MB

(AlMJ_ L. BCCIBI) omepsxyemo (puc. 1.13):
AM 3

tg £ A, BM = £-0,6.
BM 5

Puc. 1.13 Al
MU INB

Omxe, L A;BM =arctg0,6.
Bidnosidv: arctg0,6.

3ATNMNTAHHA

1. AKuii MHOTOTrPAaHHUK HA3WBAIOTh OIMyKJUM?

PO3IJT 1. MHororpaHHuKn

[nAa uboro BUKOPUCTAEMO Ta-
K npuinom: wob nposecmu
nepneHOUKynAp i3 Mo4yku 00
NJIOWUHU, MOXHA Yyepe3 3a0d-
HY MOYKY nposecmu NIOWUHY,
nepneHOUKyApHy 00 3a0aHOI
naowuHU, a nomim y no6yoo-
8aHil NIOWUHI hposecmu nep-
NeHOUKynAap i3 3a0aHOi' MoyKu
00 NpAMOI nepemuHy po3eJis-
Hymux njioWuH.

Y ubomy BUNAAKY HaBiTb He
noTpibHo GyayBaTU MepneH-
OVIKYNAPHY NAOLWMHY — GiuHi
rpaHi NpAMoI NpM3Mn NepneH-
OVKYNAPHI 4o OcHOB (i € npa-
MOKYTHUKaMM).

Jina noneaweHHa aHanizy npo-
cmoposux KoHiypauit Ha
KOXHOMY Kpoui 064ucsieHb
MOXHQ Cynpogooxysamu po3-
8A3y8AHHA 8UHOCHUMU NJIOC-
KUMU pucyHkamu (piBHobepnpe-
Horo TpukyTHuka A;B;C,
npamokyTHuka BB,C,C,
NPAMOKYTHOTO TPUKYTHMUKA
A MB — ocTaHHin 306pa-
KEeHO Yy HaBefeHOMYy pO3B'A-
3aHHi).

2. Illo Taxke rpaHb ONMYKJOTO MHOrOrpaHHHKA? pebdpo? BepiiruHa?

3. IIlo Taxke mpuama? ocHoBu mpusmu? OiuHi rpani? peodpa?

4. JloBeniThb, 1110 OCHOBU NPU3MHU JEKATh Yy IapajieIbHUX IIJIOIMHAaX i PiB-
Hi, OiuHi peOpa mapaJjesbHi I piBHi, OiuHi I'paHi — mnDapaJiesorpammu.
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5. IITlo Taxke BUCOTa MPU3MHU? AiaroHAJIb IPUIMU?
6. fIkoro (Qiryporo € mepepis mpuaMuM MJIOIITUHOI, MapajieIbHOK OiuHIM
pebpam, 30KpeMa AiaroHaJbHUI mepepis?
7. flka mpuama HasmBaeThCcA IpaMor? moxuiao? HassiTe i oOrpyaryiiTe
BJIACTMBOCTI TPAMOI IIPU3MU.
8. flka mpusMa HABWBAETHCA MPABUJIBLHOIO?
9. Illo Take mJoia 6iuHOI ITOBepXHi mpmaMu? IIOBHOI ITOBEPXHi HpusaMu?
10. HoBemiTk, 1110 ILoIa 0iuHOI MOBEPXHIi HIPAMOI IIPU3MU JOPiBHIOE ZOOYTKY
IIepuMeTpa OCHOBU HA BUCOTY IPU3MMU.
BIMPABU
1.1°. 300pas3iTh MHOTOTPAHHUK, AKUHA MAae:
1) mricte pebep; 2) Bicim pebGep; 3) meB’siTtb pebdep.
1.2°. Ha3BiTh MHOTOTPaHHUK, AKWI Mae HaWMeHINy KijabKicTh rpameit. CKijb-
KM B HBOT'O BepIIuH, pedep?
1.3°. OmgHa 3 rpaHeil MHOTOTpaHHUKA — II'SITUKYTHUK.
1) fAxy HaliMeHINy KiJgbKicTh pebep MOXKe MaTH Iefi MHOTOIDAaHHUK?
2) fAxy maliMeHINy KiJbKicTh I'paHeil MO:Ke MaTH Ileii MHOTOIPDAHHUK?
1.4°. CrijbKu miaroHaJjieii mMae n-KyTHa mpusma?
1.5° OgHe OiuHe peOpPO NPU3MU HEPIEHAWKYJIAPHE A0 IIJOIIMHU OCHOBH.
HoBenitTh, 1o iHImi OiudHi pebpa TeX NEPUEHAMKYJIAPHI OO MJIONIMHU
OCHOBH.
1.6. Biune pebpo MMOXMJIOI IPU3MHU 3aBAOBXKKMN 15 cM HaxwmjeHe A0 IJIOIIMHU
ocHoBM mig KyroMm 30°. 3HAWAITHP BUCOTY NPU3MU.
1.7. ¥Yci pebpa npasuabHOI TpukyTHOI nmpusmu ABCA,B,C; piBHi. 3HaizaiTsh
KyT mix npamumu CB; i AA;.
1.8. OcHOBOIO TIPAMOI TPUBMHU € POMO; AiaroHaJi MPU3MU AOPiBHIOIOTH 8 cM
i 5 cm, a Bucora 2 cm. 3HAUAITH CTOPOHY OCHOBH.
1.9. OCHOBOIO IIPU3MU € NPABUJILHHUI INECTUKYTHUK 31 CTOPOHOIO a, a 6iuHi

1.10.

rpaHi € kBaaparaMu. SHAHAITh AiaroHaJi mpuamu i miorii i1 giaronab-
HUX TIepepisis.

ILoma OCHOBM NPABUJIBHOI YOTHPUKYTHOL IPU3MHU AOpiBHIOE 144 cm?,
a Bucota — 14 cm. 3HAUAITH AiaroHajb IPU3MMH.

7
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1.11.

1.12.

1.13.

1.14.

1.15.

1.16.

1.17.

1.18%,

1.19.

PO3IJT 1. MHororpaHHuKm

Ilnoma GiuHOl MOBEPXHI MPABUIBHOI UYOTMPUKYTHOI HIPU3MHU JOPiBHIOE
32 m?, a maoma moBHOI mosepxHi 40 m2. SHAWAITH BUCOTY NPU3MMU.

Ilmomra 6iumoi rpaHi mpaBUJIBHOI YOTHPUKYTHOI IIPU3MU [JOPiBHIOE @.
SHaWIiTEL IJIONIY AiaroHAJILHOIO IIEpepisy.

3HAUAITh MJIOINY OiUHOI ITOBEPXHI NPaBUJIBHOI YOTMPUKYTHOI IIPUSMMU,
JiaroHaJb AKOI 3aBIOBKKU 4 YTBOPIOE:

1) 3 muomuHOI0 ocHOBU KyT 60°;

2) 3 muomuHO0 6iuHOi rpani KyT 30°.

Vei pebpa mpsamoi TpuKyTHOI mpusMu piBHi. Ilmomra O6iumoi moBepxHi
npusmu gopiBuoe 12 m2. 3HaiTL BHCOTY IIi€l mpUsMu.

Il;momia O6iuHOI 1OBEpPXHiI MPaBUJABHOI UYOTHUPUKYTHOI MPU3MU
ABCDA,B,C,D, 3 ocHoBolo ABCD nopiBHIoe 48 M?, a miomia mepepisy
ABC;D, 15 m?. 3HaiifiTh BHUCOTY IPHU3MH.

Bucora nmpsamoi mpusmu ngopiBHioe 15, i1 ocHOBOIO € piBHOOIUHA TpaIeia
3 Bucororo 10 i ocmoBamu 25 i 45. SHangiTh:

1) nomry 6iuHOiI TIOBEpPXHI TPU3MU;

2) myomy miaroHaJIBHOTO TEpPepisy ITpU3Mu;

3) mBorpaHHiI KyTu mpu OGiYHUX pebpax MPUSMU.

3a CTOPOHOIO OCHOBM @ i OiuHmMM peOpoM b 3HAKWIITHL MJIOIIY IIOBHOL
TIOBEPXHi TMPaBUJIBHOI TTPU3MMU:
1) TpuryTHOI; 2) YOTMPUKYTHOI; 3) IMIEeCTUKYTHOI.

Hiaronans BD; mnpasuibHOI doTupukyTHOI npusmu ABCDA;B,C;D;
3aBIOBMKKHN @ YTBOPIOE 3 ILIOI[WHOKO OiuHoi rpari BCC;B; kyT 30°.
SHagiTh:

1) KyT Mixk Ii€l0 miaroHaJIJIr0 i IIJIOIIMHOIO OCHOBW;

2) miomy piaroHaabHOTO Iepepisy BC;D,A;

3) miomy AiaroHaJbLHOTO Iepepisy BB;D;D.

BuaBiTb CBOIO KOMMNETEHTHICTb

ITigroryiiTe mpeseHTaIliio, MPUCBAYEHY BUKOPUCTAHHIO HNPU3M y OyIiB-
HuUITBi. Bukopucraiite gororpadii OyxmiBens y dopmi pisHOMaHITHHUX
IIPU3M.
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§2. NAPANEJIENINEA.
NPAMOKYTHUU NAPANENENINEA

Tabnuusa 2

Mapaneneninep

Mapaneneninedom Ha3NBaETbCA
npusma, B OCHOBI SIKOI IeXXK1Tb na-
panenorpam.

BnacTtuBocTi

1) Yci rpaHi napaneneninega — na-
panenorpamu.

2) MNpoTtunexHi rpani napanenenine-
[a napanenbHi i piBHi.

3) OiaroHani napaneneninega nepe-
TUHAOTbCA B OAHIM TOYli W TOu-
KOO MepeTuHy AinATbCA HaBMin.

(Touka O — cepeaunna A,C, BD,,
AC,, B|D)

MpAmMOKYTHUWIA napaneneninen

D, C, Mpamun napanenenines, 0CHOBOIO
| p AAKOTO € MPAMOKYTHUK, Ha3NBa€Tb-
! -7 CA npAMOKYMHUM ndpaneneni-
4, i d-~ B, nedom.
I P
c B ] r--/C
b~
///
7
A a B
BnactusocTi

1) Yci rpaHi npAMOKYTHOro napaneneninega — NPAMOKYTHUKN.

2) KBappat 6ynb-aKoi AiaroHani NpAMOKYTHOro napaneneninesa AOPIiBHIOE CyMi KBagpa-
TiB TpboX ioro Bumipis. d2 = a® +b% + ¢? (ACI2 = AB® + AD? +AA12)

3) Sgiun = Poow " AA; =2(AB+ AD)- AA, =2(a+b)c; S, = Seiun + 2Soen

OCH IIOBH
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Ky6
Ky6om Ha3nBa€eTbCA NPAMOKYTHUIA
napanenenineg, yci pebpa sikoro
pPiBHi.
BnactusocTi
a. d 1) Yci rpaHi kyba — KBagpatu.
@ 7 2) d:a\/g (d2:a2+b2+cz, ne
“a a — pebpo Kyba, d — piaroHanb
/ Ky6a).
2 2
e 3) S6qu. Kyba =4a ’ SIIOBH. Ky0a =6a
NOACHEHHA N OBI'PYHTYBAHHA
OzHaueHHs. lMapaneneninedom Ha3uBa-
€TbCA NpU3Ma, OCHOBOIO AKOI € Napane- Puc. 2.1 B C
norpam. 1
I3 osHaueHHs BUILIMBae, IO B Iapa- A D,
JeJemineni Bci rpaHi — mapaJejiorpaMu y
(puc. 2.1).
I'pani mapasesnenimena, 1mo He MaiOTh
CHiJIbHUX BepIIUH, Ha3UBAIOThb NPOMUJLEHC- B C
HUMU.
Teopema 2.1. MNpoTunexHi rpaHi napane- A D

nenineaa napanenbHi N piBHi.

» [oeepnenHa. Po3rnAHemo [OBiNbHI ABI MPOTWNEXHI rpaHi Napaneneninepa, Ha-
npuknag AA; BB i DD;C,C (puc. 2.1). Ockinbku BCi rpaHi napaneneninega —
napanenorpamu (y AKUX NPOTWAEXHI CTOPOHM nNapanenbHi), TO npama AA;
napanenbHa npamin DD;, a npama AB napanenbHa npamin DC. 3a o3HaKkoto na-
panenbHOCTI MAOLWNH OJePXKYEMO, LLO MAOLMHN PO3IMAHYTUX FPaHer napanenbHi.
I3 TOro, Wo rpaHi Nnapaneneninega — napanenorpamu, BUNAUBAE, WO Bigpi3Ku
AD, BC, A,D,, B,C; napanenbHi i pisHi. Toai B pe3ynbTaTi NapanesbHOro nepe-
HeceHHs Ha BekTop AD rpaHb AA, BB cymictutbea 3 rpaHHio DD;C,C. Otxe,
Ui rpaHi piBHi.
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AHanoriyHo 06rpyHTOBYIOTb  Mapanenb-
HIiCTb | PIBHICTb OYAb-AKMX iHWNX NPOTU- Puc. 2.2
NEXHWX rpaHen napaneneninega.

Teopema 2.2. [liaroHani napaneneninega y
nepeTuHawTbCA B OAHIN Touli i TOUKo 2
nepeTuHy [inATbCA HaBMin. D, A

» [loBepenHsa. Po3rnaHemo ski-Hebyab ABi »
JiaroHani napaneneninefa, Hanpuknag C 7 B
AC; i BD; (puc. 2.2). OckinbKu rpaHi I
A,B,BA  A,B,C,D, — napanenorpamu S
3i cninbHo cTopoHow A;B;, To iX CTO- D A
poHn AB i D,C,; napanenbHi (AB||A;B,

i D,C, || A;B,Toni AB|| D;C;),0Txe, nexarb

B OAHiN nnowwmHi. Lia nnowmHa nepeTnHae

NAOWMHN NPOTUNEXKHUX FPaHen naparne- Puc. 2.3

neninega no napanenbHux npamuix AD;

i BC,. Topi votvpukytHuk ABC,D; — C, B
napanenorpam. [liaroHani napanenenine-

fa AC; i BD; € giaroHanamu Lboro na- D A X
panenorpama, TOMy BOHW MepeTMHalTbCA P
” Toukoto nepetuHy O AiNATbCA HaBMin.
AnanoriyHo foBoaATb, Wo AiaroHani AC;
i DB,, a Takox piaroHani AC; i CA; ne- L

PEeTUHAIOTLCA | TOUKOIO MepeTUHy AiNATbCA

HaBnin. 3BiACK OAEPXKYEMO, IO BCi YOTMPKU D A
AiaroHani napaneneninefa nepeTnHaloTbCA

B OAHIN TOYLi 1 TOUYKOI MepeTuHy JinATb-

€A Hasnin.

Pde
(@

Is Teopemu 2.2 BumsiuBae, II0 TOYKA NMEPETHUHY [JiaroHaJjeil mapaJeJemni-
mexa € MOro IeHTPOM CHMeTpii.

» [loBepeHHsA. Bnbepemo [oBiNbHY NpsMY, WO NPOXOAUTb Yepe3 TouKy O — TOUKY
nepeTuHy fiaroHanen napaneneninega. Hexarn BoHa nepeTuMHaEe NOBEPXHIO Mapa-
neneninega B Toukax X i X; (puc. 2.3). Topi OX =0X; (ue BMNAUBAE, Hanpw-
Knag, i3 pisHocTi TpUKYTHUKIB AOX i C;0X;). Ane ue 11 03Hayvae, Wwo Touka O —
LEeHTp cumeTpil napanenenineaa.

fAx i O6yap-axka nmpusaMma, mapaJiesielines MOKe OYyTH NpaMuM i noxuium.
Y npamomy mapaJeserrinmeni 6iuHi peOpa IepHIeHIUKYJIAPHLI 0 OCHOB.
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PO3I1 1. MHOI’OFpaHHl/IKI/IJ

2. MpAMOKYTHMI napanenenineg

O3HaueHHs. MpAMuiA napanenenines, 0CHOBOK AKOro € NPAMOKYTHUK, Ha-

3NBAETbCA NPAMOKYMHUM napanenenineaom.

Is mHaBemeHOrO O3HaUeHHA BUIIJINBAE,
0 BCi I'paHi NPAMOKYTHOTO mapaJieselri-
nena — NOPAMOKYTHUKM, BUCOTa [OPiBHIOE
biumoMy peOpy i1 KOoxKHEe pedpo IepIeHInuKY-
JSpHEe 0 T'paHi, 3 KOO BOHO MAa€ TiJbKU
omHy cuinbHy TOouKy. CmpaBmi, HampuKJan,
AD 1 nn. ABB/A,; (puc. 2.4) 3a O3HAKOIO
HNePHeHAUKYJIAPHOCTI MPAMOI i MJIOITMHU,
ockinekun AD 1 AB it AD 1 AA,.

O3HayeHHA. MpAMOKYTHUIA napaneneni-
nep, yci pe6pa Akoro piBHi, Ha3MBa€eTbcA
Ky6om.

Harapmaewmo, 1o Bci rpani Kyba — kea-
dpamu.

|
|
|
A, = _ B,
T~~_._d
=
L_____:::Z:
cly MIIITTTIE
N
/: ”” \\\
A a B

g

3a3HaunMo, 1110 KPUCTAIN KYXOHHOI COoJIi MatoTh (hopMy Ky0a, a He3BUUHE PO3MilleHH S
Kyb6iuHuX GopM y OYAiBIAX JO3BOJIAE CTBOPIOBATH OPUTIHAJIBHY apXiTeKTYDPY.

~

JoB:XUHM HemapaJieJbHUX pedep MPAMOKYTHOTO IapaJjesiernimnena HasuWBa-
IOTh HOTO JiHillHUMU posmipamu (8umipamu). Y TPAMOKYTHOTO ITapaJjieselri-

mefa TPpU BUMIpH.
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Teopema 2.3. Y npamoKyTHOMY napaneneninegi Ksagpat 6yab-Akoi AiaroHani
JOPIBHIOE Cymi KBagpaTiB TPbOX Oro BUMIpIB.

» [osenenHa. PosrnaHemo npamokyTHui napanenenines ABCDA;B;C,D; (pvs.
puc. 2.4) i3 pgiaroHannio A,;C=d i Tpboma BuMipamu: AB=a, AD=b, AA, =c.
I3 npamokyTHoro TpukyTHuka ACA; 3a Teopemoto [lidaropa opep>Kyemo:
A,C% = AC? + AAL.
Ockinbkn AC = BD (ak giaroHani npAaMoKyTHMKa ABCD), TO 3 NPAMOKYTHOIO Tpu-
KyTHV1Ka ABD 3a Teopemoto lMidaropa ogepxyemo: BD? = AB%+ AD? =a® + b2
Topi A,C*= AC?+ AA} = BD® + AAZ =a® +b® + ¢ Omxe, d® =a® +b% +c>.
3asHaunmMo, 110 Ky0 € IPAMOKYTHUM IIapaJjeJelineoM, yci BUMipu SKOTO
IOPiBHIOIOTH OoAMH ogHOMY. Tomy, sSIKII[0 peOpo Kyba mOpiBHIOE a, a Iioro [mia-

roHaJIb — d, TO 3a TeopeMow 2.3 MaEMO: d2=a2+a2+a2, TOOTO d2=3a2,
oTike, d=a+/3.
Puc. 2.5

Y mnpaMoOKyTHOTO TapaJiejenimena, K D, C,
i B Oymb-AKOro mapaJieJelrimena, € IIEHTP CHU-
MeTpii — TouKa MepeTHuHYy HOro aiaroHaJei. A B

1 1

Y HBOrO € TAaKOK TPU ILJOIIMHU CHUMETpPii, IIo o
IPOXOAATh Uepes IEeHTP CHUMETpii ImapaJjiesibHO
rpauaM. Ha puc. 2.5 300pakeHo omHY 3 TaKUX 5 c

momuH. BoHa mpoOXOAUTH Uyepes cepesuHU! Uo-
TUPHOX TNapaJjeJbHUX pebep IapaJieserimezna.
Kinmi pebep € cUMETPUYHUMU TOUKAMU.
Sxkmro Bei siHifiHI po3mipu mapaJsesemninena
PiBHi, TO B HHOIO HEMAa€E iHINIUX MJOITUH CHUMe- Puc. 2.6
Tpii, KpiM BUIlleHa3BaHUX.
SArmo gBa JriHitiHI posmipm mapasesemni-
mefa OOPiBHIOIOTH OJWH OJHOMY, TO B HBOTO
e mre aBi muomuHu cuMetpii. Ili moomuam mia- |
TOHAJILHUX IlepepisiB 300paskeHo Ha puc. 2.6. :
Skmro Bei smimitini posmipu mapaJsesemnimena I
IOPiBHIOIOTHL OAUH OJHOMY, TOOTO BiH € KyOoM, L
TO IJIOIIMHA OyAb-AKOrO MOro AiaroHaJbLHOTO 4
mepepisy € miomuHoi0 cuMerpii. OTiKe, y KyOa N
eB’sITh TIJIOMUH cUMeTpii. g
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NPUKNAOWN PO3B'A3YBAHHA 3A0AY

3apava 1. 3HangitTe NaoLy NOBHOI MOBEPXHi NpAMOro napasnenenineaa, yci pebpa
AKOro JOPIBHIOIOTb OAWH OQHOMY, FOCTPUIA KYT B OCHOBI CTaHOBUTb 60°,
a MeHLlWa fiaroHanb OCHOBW AOPIBHIOE a.

Po3B'si3aHHA

» Hexait ABCDA,B,C,D; (puc. 2.7) —
3aJlaHUN NPAMUUA mapaJjejerninesn,
y axoro £ BAD=60°, AA;=AB=AD.

SAximo Bci cTopoHHM mapaJiesorpaMa
ABCD nopiBHIOIOTH OJHA OAHi, TO IIa-
pajesorpaM € poMOOM i ioro MeHIIa
IiaroHaJsb JEKUTH IPOTU I'OCTPOro Ky-
Ta, Tooro BD=a.

Ockinbku TpuKyTHUK ABD — piBHOGE-
IpeHui i3 kyrom 60°, To BiH piBHOCTO-
pouuiit. Otske, AB=AD=BD=a.

Tomi Syopy = St + 2Sgen =

IIOBH
=P,pcp - AA; +2AB-AD sin60° =
=4a~a+a2\/§=(4+\/§)a2.

Bionogiov: (4 + \/g)az.

KomeHTap

Ona obuncneHHA nnouwi 6iyHoi NoBepXHi
npAMOro napaneneninefa chif ypaxysa-
TV, WO NPAMUIA Napanenenines € NPAMoIo
npr3mMoto, TOMy mjowa 6i4YHOT NOBepPXHi
npAMOro napaneneninega [OPIBHIOE [0-
6yTKy nepumeTpa OCHOBY Ha 6iuHe pebpo.
Llo6 3HaTV CTOPOHY OCHOBU, [OCTAaTHbO
npuragaTt BigNoOBiAHWI onopHUI GaKT i3
Kypcy nnaHimeTpii: AKWoOo B piBHOGeapeHO-
My TPUKYTHUKY OfVH i3 KYTiB AOPiBHIOE 60°,
TO Liel TPUKYTHUK PiIBHOCTOPOHHIN.

TakoX cnif nam’saTaTy, Wo B poMbi MeHLWa
AiaroHanb NeXnTb NPOTK rOCTPOro KyTa.

Puc. 2.7 D, C,

A, B

D Cc

a
60°

A B

3apaua 2%, [liaroHanb NPAMOKYTHOro napaneneninefa p[opiBHWE d i yTBOpPIOE
3 MIOLWMHOI OCHOBM KYT 45°, a 3 NJIOWMHO OAHI€l 3 6iUHUX rpaHen —
KyT 30°. 3HangiTb naoLy NOBHOT NOBEPXHi Napaneneninega.

Po3B'sA3aHHA

» 1) Hexait ABCDA,B,C,D, — 3azanwnii mapa-
seneninen i3 giaromanmio BD;=d (puc. 2.8).
3a BJIACTHUBICTIO MPSAMOKYTHOTO MapaJeJelimne-

na D;D 1 nn ABCD i D,C; L nn. BCC,B,.

KomeHTap

BnKopncTtoByeEMO OCHOBHI
e/IeMeHTU CXeMU PO3B'A3yBaH-
Hs 3afja4 Ha obuncneHHs (auB.
§1,n.4).
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Puc. 2.8 Dl Cl
d
Al B,
30°
450 C
)y
A B

2) Toni DB — mpoeknia D;B Ha miomuHy rpa-
Hi ABCD, a C;B — mnpoernia D;B Ha niomu-
my rpari BCC,B;. Orxe, kyr D;BD — Kyt
Mixk npamoro D;B i minomwunoro rpaxni ABCD
(LDlBD=45°), a xyr D;BC; — Kyr Mmix
mpamoro D;B i mnomunoro rparmi BCC,B;
(£.DyBC, =30°).

3) Is mpamoxyrHOro tpuryrteuka D;BD ogep-

HYEMO:
DB=D,B-cos45°= d%;

J2

DD, =D;B-sin45°= dT.
4) Is mpamorxytHoro TpukyTHHKa D;BC; oxep-
sxyemo: D;C; =D;B-sin30°= %
5) I3 mpamokyTHoro TpukyTHuka BCD (ABCD —

d
npamorytHuk, DC=D,C, = E) OLEPIKYEMO:

2 2
BC=+DB?-DC? =,/%—% =%. Toni

Sosn = Seian T 2Seex = Papep - D1D+2DC-BC =

IIOBH

=2(DC+BC)-D;D+2DC-BC =

:(2£+1).M+2£.1=(@+1)d2,
2 2 2 2

2 2
Biodnosiov: (ﬁ#—%)d?

1) ObrpyHTyBaT!  pO3Tally-
BaHHA BMCOTM MHOrOrpaH-
HUKa.

2) O6rpyHTYyBaTH, WO NPOCTO-
poOBi KyTM 1 NpPOCTOPOBI
BifCTaHi MO3HaueHi npa-
BUJbHO.

3) Ha KoXHOMy KpoLi o6umc-
NeHb yKasaTW, efleMeHTun
AKOro TPUKYTHMKaA BU3Ha-
YaEMO, i AKWO BiH npAmo-
KYTHUI, MOACHUTA YOMYy.

Ona o6rpyHTyBaHHA po3Ta-
WYBAaHHA BMCOTU BPAXYEMO,
WO B NMPAMOKYTHOMY Mapa-
neneninepi 6yab-Ake 6iuHe
pebpo € ioro BMCOTOIO, a ANA
06rpyHTYBaHHA NPOCTOPOBUX
KYTiB NPUrafaemo, Wo KyT Mix
MOXUA0K 1 NIOWMNHOK — Le
KYyT MiXK 3a4aHOI0 MOXWUSIO0
i Tl NpoeKLUi€lo Ha PO3rNAHYTY
NAOLLNHY.

Ina obuncneHHA nnowi 6ivyHoT
NOBEPXHi MPAMOKYTHOro na-
paneneninega cnig ypaxysa-
TW, WO NPAMOKYTHUI Napane-
nenineg € npAMOI0 NPU3MOI0,
TOMY nsiowa 6iYHOT NOBEPXHi
NPAMOKYTHOro napanenenine-
[a fopiBHIOE fOOYTKY Nepume-
Tpa OCHOBM Ha 6GiuHe pebpo.
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3ANMATAHHA

1.
2.
3.

4.

5.
6.

7.

IlTo Taxe mapaneneminexn?
HoBeniTh, 1110 MPOTHJIEIKHI I'paHi mapaJesenimena ImapaJejbHi ¥ piBHI.

HoBeniTe, 110 HiaroHaJi mapaJieseninesa IepeTUHAIOTHCA B ONHIN TouIli
M TOYKOIO IEePeTHHY MiaAThCS HaBIIiJI.

Skuii mapaneneninesn HasuBaeThbcAa NpaMokyTHuM? I[Ilo Take simiiiai
po3Mipy IPSAMOKYTHOTO IapaJjeJemninena?

IITo Taxe Ky6?

HoBeniTe, 110 B IPAMOKYTHOMY IIapaJieJiellilie/i KBaapar giaroHaJi mo-
pPiBHIOE cyMi KBagpaTiB TPhOX HOro BUMIpiB.

CKiZbKHY ILJTOIIMH i IIeHTPiB cuMeTpil Mae NPAMOKYTHUH I1apaJiejemninen?

BIMPABU

2.1
2.2°

2.3°

2.4

2.5°

2.6°

2.7.

300pasiTh KimbKa pPiSHMX PO3rOPTOK MIPAMOKYTHOIO MIapaJeJerimesna.

CTopoHI OCHOBU IIPAMOKYTHOI'O IIapaJiejelnimena TOPiBHIOIOTHL 7 IM
i 24 mm, a BumcoTa mapaJeJeminena 8 aM. SHAWAITH IJIOMIIY AiaroHAJb-
HOT'O mepepisy.

3HalgiTe giaroHajsii NPAMOKYTHOTO ITapaJiejielrinefa 3a TpboMa HOTO

BUMipaMu:

1,2 2 2) 2, 5, 14; 3) 6, 6, 7.

3HAWOITh IIJIONIY IIOBHOI MHOBEPXHiI IPAMOKYTHOI'O IlapaJejelimena 3a
TphOMa HOro BUMipamu:

1) 2 cm, 5 cm, 10 cMm; 2) 4 cm, 6 cMm, 8 cMm; 3) 10 cMm, 12 cMm, 5 cwm.

Tpu rpani mapaJjenemninesa maiorh miaomi 1 m2, 2 M2 i 3 m2. 3HaigiTs
TJIOIITY ITOBHOI ITOBEPXHIi ITapaJiesielrimeza.

3HalgiTL HOBKUHY AiaroHaJti Ky0a, AKIIO IIJIOIa HOoro MOBHOI MOBEPXHi
mopisuaioe 150 cm?2.

CTOpoHHN OCHOBU IIPSAMOIO HapaJjiejenimnena MOPiBHIOIOTH 6 M i 8 M, KyT
MixKk muMu cropoHamu ctaHoBuTh 30°. Biune pebpo mapaJeserimena mo-
piBHIOE 5 M. 3HAWAITH MJIOITY HOBHOI IIOBEPXHi IIHOT'O IapaJejenimena.
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2.8. 3HaiiTe mioIiny OiuHOI IIOBEPXHI NMPAMOKYTHOTO mapaJjejemimena, sSK-
110 HMOT0 BHCOTA AOPiBHIOE A, ILJIOIIA OCHOBU @, ILJIOIIA AiaroHaJbLHOI'O
nepepisy M.

2.9. 3HaimiTh WOJOINY IIOBHOI IIOBEPXHI IPAMOKYTHOTO IIapaJjiejelrimena,
JiaromaJib AKOTO JOpiBHIOE 3 cM, a miaroHasi OiuHMX TpaHeilr 5 c™m
i 242 cm.

2.10. [liaroHa b TPAMOKYTHOTO IapaJiesiellilefia yTBOPIOE 3 #oro peGpaMu
kyru o, B, y. Hdosexits, mo cos?o+cos?P+cos?y=1.

2.11. OcHOBOIO IPAMOTO mapaJjejernimnena € pom6 i3 miaromamamu 6 cm i 8 cm;
miaroHaJsb Oiumoi rpami mopiBHioe 13 cm. 3HAWIITH ILIOINY IIOBHOI IIO-
BEepXHi mmapaJeJemninenaa.

2.12. OcHoBOIO TapaJjiejernineza € pomM0 3i cTOpoHOIO b i ToCcTpUM KyTOM O,
a Giuni rpami — mapaJsenorpamMu 3 roctpum Kyrtom [. Biume pe6po
mapaJiejeninena JOPiBHIOE a. SHAUIITH:

1) mmorry Giumoi ITOBepXHi ImapaJieJerrimena;
2) ILJIoIIy MEHIIIOT0 AiarOHAJILHOTO IIepepisy;
3) BHCOTy mapaJeJierimneaa.

2.13. Biune peOpo mpAMOro IapaJeJelrinefa JOPiBHIOE 5 M, CTOPOHU OCHO-
Bu 6 M i 8 M, a ogHa 3 miaromaJieii ocHoBum 12 M. 3HaWAiITL miaromaJi
mapaJeJjeninena.

2.14. Y npamoxyTHoro napaneineninesa ABCDA,B,C;D; Bimomi pe6pa AB=2,
AD=1 i giaronans AC; =3. 3HaiifiTs BificTans Mixk npamumu AB i B;C;.

2.15. CTOpoHU OCHOBM TPAMOTO IlapaJjeJelrinena AOPiBHIOIOTE 3 ¢cM i 5 cwm,
omHa 3 pmiaroHaJjieii ocHoBu 4 cMm. MeHIia miaroHajib IapaJjejemnimnena
YTBOPIOE 3 TJIOHIWMHOIO ocHOBU KyT 60°. 3HaAWAiTh miaroHasi mapaJeJe-
minena.

2.16* IoBenmiTh, 110 cyMa KBaJpaTiB ILJIOI OiYHMX T'paHEN HmpAMOTO IapaJeJe-
minmexa MOPiBHIOE cyMi KBaApaTiB IIJIOI HOTO JiaroHAJBLHUX Mepepisis.

2.17. Bucotra mpsMoro mapaJeJjellinmena ITOPiBHIOE \/g , OiaroHaJii #oro yTBO-
pooTs 3 ocHOBOIO KyTu 45° i 60° a ocHOBOIO € pomM0O. 3HAUTITH:
1) oy Giumoi IIOBepxXHi mapaJieJelrimena;
2) mIoIly TOBHOI ITOBEPXHi ITapaJieserrimesna.

2.18. CTopoHU OCHOBUM MIPSAMOTO IapaJjeJerninena mopiBHOOTL 13 cm i 14 cwm,
MeHIIIa MOoro AiaroHanab gopiBHioe 17 cm, a mioma ocHoBu 168 cm?.
3HaWAiTH IJIOINYy OiUHOI ITOBEpPXHi.
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2.19.

2.20%

2.21*%,

2.22.

2.23%,

&)

2.24,

@

IIpamMoKyTHHII mapaJeienines € HaOiIbI Y)KUBAHUM TiJIOM Y Oy IiBHUAIITBI.

3HalifiTh AiaroHasi mpAMOro ImapaJiejerimena, KodXHe pedpo sIKOro I0-
piBHIOE a, a ToCTpUi KyT B OCcHOBi 60°

CTOpOHI OCHOBM MPSAMOTO IIapaJjeJellimesa OOPiBHIOIOTh 2 ¢M i 5 cwm;
BiZicTaHb MiK MeHITMMHU 3 HuUX 4 cM, a OiuHe pebpo 22 cm. SHAULITH
IiaroHaJi ImapaJieJsemninesna.

OCHOBOIO IPAMOro IIapaJjiejiellilliefa € MapajejorpaM, MeHIIIa CTOPOHA
AKOro mopiBHioe 9 cM, a roctpuii Kyt craHoBuTh 60°. Binbima 3 mia-
roHajieii mapaJiejerimena gopiBHioe 29 cMm, a AgiaroHajb oro OiJbIrmol
6iumoi rpani 25 cM. 3HalAiTHL mJoIly GiuHOI MOBEepxXHi IapaJeJelrimena.

Y ry6i ABCDA,B,C,D, s3Hainite KyT Mix npamono AB; i miomu-
HOIO ABC,;.

Y npamokyTHOMY napanesenineni ABCDA;B,C;D, Bimomi pebpa AB=35,
AD=12, CC;=21. 3naigire KyT Mixk mromuramu ABC i A;DB.

BuaBiTb CBOIO KOMMNETEHTHICTb

IToxaxiTe Ha mpUKJIamax, IO OPAMOKYTHUII IapaJiejienines € HaiOiIbI
VKUBaHUM Tijiom y OymiBuHuiTsi. IligroryiiTe mpesenTalrio, y sKii
BUKopucTaiTe pororpagdii OymaiBesb, CTBOPEHUX i3 BUKOPUCTAHHAM MPs-
MOKYTHUX IapaJiejeninenis.

~
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§ 3.N06Y10BA NEPEPI3IB
NPU3MHU 1 3AMAYI, NOB’A3AHI
3 MEPEPI3AMM

IToGynoBa mepepidiB MHOTOTpaHHUKIB OyJia pPO3TIIAHYTa B Kypci reomerpii
10 kmaacy. as mo0OymoBU MOKHA BUKOPHUCTOBYBATHY BJIACTHUBOCTI IapaJsesibHOCTI
mpaMux i maomumH abo, HampuKJaazd, Merop ciaimiB. Haragaemo 1mi metomm.

1. BI/IKOpI/ICTaHHﬂ B/IaCTNBOCTEN napanenbHMX npamMmmnx i nAoOLWnH

Sximio 3amaHWiT MHOTOTPAaHHUK MICTHTH ITapaJiesibHI rpaHi, AKi meperu-
Hae ciuHa MJIOIMHA, TO 3a BJIACTUBICTIO ITapaJieIbHUX ILJIOMIMH IIPAMi Iepe-
TUHY CiYHOI ILJIOIMIMHHU i3 MMM TI'PAHAME IIapaJiejIbHi.

ITo6ynyemo mepepis npamoxyTHOro unapaJenemninena ABCDA,B,C,D;
(puc. 3.1, a) MJIOLIWHOIO, IO TPOXOAUTH uepes3 Touku K, L, M Ha ioro
pebpax (K e€AA,, LeBB;, M eCC;). Cnonryuaemo BimpiskamMmu mapu TOHYOK,
10 JIesKaTh B OAHIN I'paHi, — omep:Kyemo Bimpiskum KL i LM (puc. 3.1, 0),
3a AKMMH CiuHa ILJIOI[MHa IepeTuHae rpaHi ABB;A; i BCCB; sBiamosig-
vHO. IlpoTmie)xkui rpani mapaJesenimesa IONMAapHO ITapaJjiejibHiI, HAIIPUKJIAL
. AA, D, D||nn. BCC,B,.

Oroxe, ciuna mIomuHa neperuHae rpanb AA;D;D mno npawmiii KN, nmapa-
JesapHiNt npawmiii LM (upoBogumo KN ||LM, NeD;D i cnorydaemMo Bigpis-
kamu Touku N i M). Yorupurkyrauk KLMN — 1mrykKaHuii mepepis.

Imoni BuKOpmcTaHHA BJIACTHMBOCTEHN THapaJeIbHUX MPAMUX 1 IJIOIWH IIO-
€IHYIOTH 3 IHINIMMU MeTOJaMU IT00YZOBU TEepepisiB MHOTOTrpaHHUKIB.

Puc. 3.1 |

a B, (o} 6

Lo _l___
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Jia mobymoBu GiJIbII CKJIAAHUX TEPEepisiB MHOTOTPAHHUKIB 3PyYHO 3aCTO-
COBYBaTH Memo0 cidig: CIo4aTKy OyAVIOTH IPAMY I€PETHUHY CiUHOI IIJIOINHUI
3 IJIOIWHOIO AKOI-HeOyab rpaHi (cJijg ciuHol mJIoIuHM Ha Iill rpaHi), a moTim
yoKe 3HaXONATh TOYKM IIEPEeTUHY CiuHOl MJIONMHU 3 BiANOBigHUMU pebpamu
MHOTOrpaHHMNKA (a00 3 IXHiMU HpOaOBKeHHAMM). [HOAI HEoOXigHO POSTVIAHYTH
JOTIOMIKHI IIJIOMIMHY, I AKUX TaKOK OyOyeTbcA cjain ciunoi miomuuu (abo
cJaij 1miel MOMOMisKHOI ILJIOIIWHY Ha IJIOIIWHI AKO0I-HeOyah rpani).

Haragaemo: nia omepskanHa ciaigy (up4-
Mol b) miomumuau B Ha maomuuai o (puc. 3.2)
JIOCTATHBO 3HAWTU TOUKU IIEPETUHY IBOX TpHA-
MHUX IUIOIIUHHU O 3 IUIOIIMHOK [ (OCKiJIbKHU
oBi Touku, HanpukJgang A i C, ogHO3HAYHO BIU- B
3HauaoTh mpamy b). Touka mepeTuHy OyAL-IKOI z
NpsAMOI @ TWJONUHU [3 3 IJIONMHOKI O 3aBIKIN
JIEYKUTH Ha CJIIMOBI IJIOIIMHYN B Ha TJIOMWHI O
(Ha mpamiii b). (6}

OrpuMaBIliu ysBJEHHSA IIPO IapaJjiesibHe
i meHTpaJbHE IPOEKTYBAHHSA, MOYKHA YTOUYHU-
TH 3MIiCT METOAY CJifiB, HOB’A3aHOTO 3 BUKO-
PUCTaHHAM BiATOBiZHUX IPOeKIiii. JAKIIO PoO3TIAZATH CJifl CiYHOI IIJIOIIUHY
Ha IJIOIIMHI IIPOeKIrii, To pa3oM i3 KOMKHOIO TOUKOI0 MOKHA posriaamatu i ii
IIPOEeKI[il0 Ha I ILrommuuy. Tomi maa moOymoBuM BiAmoBigHOro ciaimy ciumol
IJIOIIIUHY JOBOAUTHLCS OBiUi 3HAXOAUTU TOUKHU IIEPETUHY HPAMOI U IJIOIIMHU
3a ABOMAa 3aJaHUMM TOUKaMM I[iei mpAMOl Ta iX NPOEKIiAMU Ha IJIOIIUHY.

Hexait, manmpukaag, mpsaMa a TPOXOIUTH 4Yepes TOUKU A i B, mpuyomy
Bimomi mapasienpHi (puc. 3.3, a) a6o menTpasbHi (puc. 3.3, 0) mpoekiii A’,
B’ mux Touok Ha ImaomuHy . Tomi Touka M mepeTuHy mnpsamoi a 3 ii

Puc. 3.2

Puc.3.3
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IIpoeKIriero — mnpaMol a’ (o mpoxoauTh uepe3d Touku A’ i B’) i Oyme
IIYKaHUM TIE€PETUHOM IIPAMOI 4 3 TJIOIUHOIO Ol.

Omke, 100 3HAWTU TOUYKY IEPETUHY MIPSIMOI 3 ILJIOIIMHOI TPOEKITiii,
JOCTaTHBO 3HAUTU TOUKY MEPETUHY HPAMOi 3 ii MPOEKI[i€lo Ha IO IJIOIIUHY.

TakuM YMHOM, AJIA IOOYIOBU IIepepi3iB MHOrOrpaHHHKIB METOJOM CJIimiB
MU MOXK€MO BHUKOPHCTOBYBaTHU IlapaJiejibHe HPOoeKTyBaHHs (y 3amavax, IIOB’s-
3aHUX i3 mpuamamu) abo meHTpaJbHe (y 3ajJauax, MOB’A3aHUX i3 Mmipamimoro).
YacTo 3a NJIOMIMHY IIPOEKIlil BHOMPAIOTH MJIOIIMHY OCHOBU MHOTOTDAHHUKA
(AK IIEHTP MPOEKTYBAaHHA — BEPIINHY ITipaMify, IPOTHUJEKHY OCHOBI).

3a [OIOMOIOI0 MeTOmy cilifiB mobymyemo mepepis kyba ABCDA,B,C;D;
TJIOITMHOIO, 1110 IPOXOAUTHL ueped Tpu Touku K, L, M, AKi jekaTh Ha IIOIapHO
MuUMOOIKHUX pebpax KybOa (puc. 3.4).

Posriiamemo mapaJjiesibHe TPOEKTYBaHHA 3aJaHUX TOUOK HA TJIOIIUHY
ocuoBu ABCD y HanpsaMKy Oiumoro pebpa Kyb6a. Toxi mpoekmiamu Todok K,
M, L 6ymyts Bigmosiguo Toukum A, M, L,, ne LL,||D;D (puc. 3.5).

3HalgeMo TOUKYy mmepeTuHy npsamoi LK, 10 JeXUTh y CiuHill maoiiuHi,
3 ILIOIIWHOI0O OCHOBU Kyb6a. IlepetrmromM mpamoi LK 3 ii mpoekmiero LA
i € mrykaHa Touka P, 110 HaAJIEXKUTh CiUHIN ILJIOMIWHI # IJIOIMWHI OCHOBU KY-
0a. OTike, ciuHA IJIOIIMHA IIePETHHAE OCHOBY KyOa mo mpamiii MP (ocKiabku
Touku M i P Hajle:KaTh AK CiuHiN momuHi, Tak i maomuui ocaoBu ABCD).
Ile i € camig ciumol muolMuHM Ha IJOINMMHI ocHOBuU KyOa. Touxka H mepeTuny
miei mpsamoi 3 pebpom AB gmae 1e OgHY TOYKY Iepepisy kKyOa. Cmosryummo
Toukm K i H, H i M Bigpiskamu.

Haji BUKOPHCTOBYEMO MapaJieIbHICTh MPOTUJIEIKHUX T'paHell Kyba, fAKi
ciuHa IIJIONIMHA IIepeTHHAaE IO MapajeJbHUX OpaMux. depes Touky L 1mpo-
BelleMO IpaMYy, IapajeabHy KH, i Touky ii meperuny 3 pebpom CC; Kyba
no3HauumMo OykBoio E. Cmomyummo Touku E i M Bimpiskom. Uepes Touky L
TaKOK IIPOBEIEeMO IpsaMy, mapaJjeiabHy HM, i Touky ii mepeTuHy 3 pedpom
A;D, Ky6a nosHauumo 0ykBowo F. Cnonyuumo touku L i F, K i F Bigpiskamu.

Puc. 3.4 I Puc35 | D L c
p,_ 1L c, . '1/« - ]
A, A~ <,
A, B, 1/ B, '\ E
/
/
D @ )" D Llo ¢

K
K¢ - M
M A\”’
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Ilecturkyrauk KHMELF i Oyme ImmyKaHuM ImepepisoM Ky0a 3aaHO0 ILIO-
IITUHOTO.

3a3HaumMMo, [0 ITOYMHATHU PO3B’sI3yBAaHHA 3aJa4y Ha OOUYMCJIEHHS, ITOB’S3a-
HUX i3 IIepepisaMmu MHOTOTPAaHHUKIB, MOKHA ABoMAa ILIgxamu. Hampukrian,
AKIIO B 3a7a4i MOTPiOHO 3HAWTHM MJIOIIY TEpepisy, TO CIIoYaTKy MOXKHA II00Y-
IyBaTU Iefl mepepis, BU3HAUUTU Horo (popMy, a IOTiM 3HAUTU HOTr0o IJIOILY.
Aune ockisbKku B 3amaui He BMMAararmTh IIOOyAyBaTU Iepepi3 MHOIOI'PDAHHUKA,
TO MOKHa IOYATH PO3B’A3YBAaHHA iHAKIIe: MPUNHATU, IO IEpepid yike IIo-
OyaoBaHMUM i, cOMpalmUYNCh HA BJACTHBOCTI IIapaJieIbHOCTI abo IIepIeHIuKY-
JIIPHOCTI MPAMUX i ILJIOIIUH, OOI'PyHTYBaTu (hopMy Iepepisy, a moTiM 3HAWTH
pioro 1moily (AWB. iHTEPHET-MiATPUMKY MiApYyUYHUKA).

Tako:xk 3a3dHAUUMO, IO iHOAI CJIiff CiYHOI MJIOITMHU 3PYYHO POITIALATH
He TiIbKM B 3aJadax Ha IIOOYyIOBY IlepepisiB, aje U y 3amavyax Ha OOUYHCJIEH-
HS KyTa MiK CiUHOIO IIJIOIIMHOIO I ILJOIIMHOIO ONHiel 3 rpameil mpusmu abo
mipamigu. ¥ Takumx BUIIAJKaX HAC YacTO He I[IKABUTH BUJI IIEPEpidy, TOMY
oro Mo:KHa He OyayBaTu I He OOT'PYHTOBYBaTH (IUB. iHTEPHET-IiATPUMKY
TiAPpYyYHUKA).

NPUKNAOWN PO3B'A3YBAHHA 3A0AY

3apaua 1. Y npamokyTHomy napaneneninegi ABCDA,B;C,D; ctopoHu ocHoBn AB
i AD popiBHIOOTb 5 CM | 6 CM BigNOBiIAHO, @ BUCOTa Napaneneninena 8 cm.
3HanAiTb nnowy nepepisy napaneneninega MAOWMHOW, WO MPOXOAUTb
yepes CTOpoHy ocHoBU AB i Beplunny C;.

Po3B’A3aHHA KomeHTap

» 1) OckinbKu mapaJiesenines IPAMOKYTHH!H, BrnkopunctoByeMo OCHOBHI ene-
TO HOro BUCOTOIO € OiuHe pebdpo, OT:Ke, 3a MEHTU CXeMU PO3B'A3yBaHHA 3aday

ymoBoto DD, =8 cwm (puc. 3.6). Ha obumncneHHs (gu.. § 1, n. 4).
1) O6rpyHTyBaTUM pPO3TaLlyBaHHA
Puc.3.6 D, C, BVICOTU MHOTOrpaHHuKa (y Lbo-
My BUMaZKy AOCTaTHbO Mpwura-
A, B, [aTh O3HAYeHHA 1N BNaCTUBOCTI
NPsSMOKYTHOIO napaneneni-

nepga).

D C 2) O6rpyHTYyBaTH, WO NPOCTOPOBI

KYTV 1 MPOCTOPOBI BiACTaHi No-
3HayeHi NpaBunbHO (y Ui 3a-
Jadi TaKMX eneMeHTIB HeMmae).
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2) Ilnomuau ocaoB ABCD i A;B,C, D, mnapa-
JIeJIbHI, TOMY CiuHA IJIOIIMHA [IePeTUHAE X
1o mapajyiebHuUX npaMux. CiuHa miaoiuHa
ABC, mnepeTwHae HI)XKHIO OCHOBY IIO IIpHA-
Mitt AB, a BepxXHIO — IIO0 MpAMili, gKa Ia-
pajienbHa OpaMiit AB i mpoxoauTh uepes
roury C;. Aye uepes Touky C; IPOXOZUTH
TIIBKM OfHA TpAMa, IapaJjiejbHa IIpd-
Mmiit AB, — ne npama C;D;. Ot:xe, mepepi-
soM € yotupukyTHuk ABC;D;, croporu AB
i C;D; saxoro mapanenbHi @I piBHi, TOOTO
ABC;D;, — mapamnesorpaMm. YpaxoByIUYH,
mo AD 1 AB i re, mo npsama AD — 1mpo-
exnia npamoi AD; ma nnomury ABCD,
ogep:xyemo, mo AD, 1 AB (3a Teo-
peMoio mpo Tpu mepueHaukyaapu). Orike,
ABC,;D; — npaMOKyTHUK.

3) Is mpamoryTHoOro TpUKyTHUKA ADD;

(DD, — Bucora napasueselminesa) MaeMo:

AD, =\/AD? + DD? = 62 +8% =10 (cm).

4) Toxi momia mepepidy HOPiBHIOE:
Snep =AB-AD;=5-10=50 (cm?).

Bionosiov: 50 cm?.

6.

3ATNMNTAHHA

3) Akwo

po3rnapaEerte  nepepis
MHOrorpaHHvnka, TO OOrpyH-
TyBaT! Moro Gopmy, AKLO Lo
dopmy BuKOpUCTOBYETE ANA
pOo3B'A3aHHSA (ONsi 0BUNCIIEHHSA
njowi OTPMMaHOro nepepisy
NnoTpibHO O6FpYHTYBaTW, WO
nepepizoMm € NPAMOKYTHUK).

4) Ha KoxHomy eTani obuncneHb

yKa3aTu, efleMeHTU AKOro Tpu-
KYTHMKa BW3HayaETe, i AKLWO
BiH MPAMOKYTHUW, MOACHUTU
yomy. 30Kpema, 06 O6rpyH-
TyBaTW, WO TPUKYTHUK ADD;
NPAMOKYTHWI, [OCTaTHbO YKa-
3atw, wo DD; — Bucota
napaneneninega (togi npsA-
ma DD, nepneHaukynapHa go
NJOLWMHN OCHOBWY, a Lie N 03Ha-
Yae, WO BOHA MeprneHanKynap-
Ha go npamoi AD, Wo nexuTb
Y Uil NNOLWMHI).

3 npuknagamu po3B'si3yBaHHS GiNbl CKMafHMX 3afad, MoB'A3aHMX i3 nepepizamu
Npu3M, MOXHa O3HaMlOMUTWCA, 3BEPHYBLUUCHb [0 iHTEPHET-NIATPUMKN NigpyyHMKa.

1. HaBeniTs mpuKJag BUKOPUCTAHHSA BJACTUBOCTEN IapajieIbHUX IIJIOIITUH
i mpAMUX 1y OOYAOBU TEpepisy MHOTOIpaHHUKA.

2. ITosicuiTs 3micT mMeTomy ciimiB moOymoBuM mepepisy MHOTOrpaHHHKA.
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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 YOTHPUKYTHOI HPU3MU ILJIOIIMHOIO, IO IIPOXOIUTH
yepes3 CTOPOHY OCHOBU ¥ OAHY 3 BEPIIWH JAPYrol OCHOBH.

IToOynyiiTe mepepid YOTUPUKYTHOI HPU3MU ILJIOIIMHOIO, IO IIPOXOIUTh
yepe3 TPU TOUKU Ha OiyHMX pebpax MPU3MU.

Biune pebpo mpaBUIbHOI TPUKYTHOI MPU3MU AOPiBHIOE 6 cM, a CTOpOHA
OCHOBM 8 cM. 3HAUITH ILJIOIY HEepepisy MPpU3MU IJIOIIUHOO, II[0 ITPOXO0-
IVTH Yyepe3 CTOPOHY HM)KHBHOI OCHOBU U ITPOTUJIEKHY BEPIINHY BEPXHBOI
OCHOBM.

CropoHU OCHOBU TpPAMOI TPUKYTHOI mpmsMu AopiBHiOOTH 10, 17 i 21,
a Bucora 18. 3HAWITHL ILJIOINY Iiepepisy, IO TPOXOAWUTH uepeld OiuHe
pebpo i MEeHITy BUCOTY OCHOBH.

Y npamifi TPpUKYTHIN npwsMi uepe3 CTOPOHY OCHOBU TiJ KyToM 45°
10 Hel TPOBENEHO ILJIOIMHY, IO IIePeTUHAE IPOTUJIe)KHe OiuHe pedpo.
SHAUIITH IJIONIY mepepisy, AKIMO IIJIOIAa OCHOBU MOPiBHIOE Q.
CTOpPOHU OCHOBHU IIPSIMOI TPHUKYTHOI HPU3MHU AOPiBHIOIOTL 13 cM, 37 cMm
i 40 cm, a Giume pebpo 20 cm. SHAKIITH:

1) niomy mepepidy mpU3MM ILJIOIIWHOIO, IO TPOXOAUTHL uepesd OiuHe
pebpo ¥ MEHIIy BHCOTY OCHOBU IIPU3MU;

2) oy mepepisy IPU3SMU IIJIOIIUHOI, IO IIPOXOAWTH Uepe3 CTOPOHY
ocHOBU mig KyToMm 30° o MJIOIMIMHU OCHOBH.

OcnoBoro npawmoi TpukyTHol npusmu ABCA,;B;C; € piBHOOeapeHUil Tpu-
kyTHUK ABC, ne AB=BC=25 cm, AC=30 cm. Yepes 6iune pebpo AA;
IIPU3MU IIPOBEAEHO IJIOIIVHY, IEPIeHUKYJIAPHY 10 pebpa BC. BusHaure
BHCOTY IIPU3MM, SIKIIO ILJOIA YTBOPEHOI'O Iiepepidy mopiBHmoe 72 cm?.
JiaroHasb OCHOBM IIPABUJBHOI UYOTHUPUKYTHOI NPU3BMU JOPiBHIOE
10\/5 cM, a Bucota 20 cMm. 3HAHIITDH:

1) nmory amiaroHaJIbHOTO TIEpepisy ITPU3MU;

2) myomnry mepepisdy, IO HIPOXOAUTH Uepe3 IIPOTHUJIEKHI CTOPOHU OCHOB
MIPU3MU;

3) mIoly Iepepisy IPWU3MHU, IO IIPOXOJUTH Uepe3 CTOPOHY OCHOBU i
KyToMm 45° mo Hel.

JiaroHajib OCHOBU IIPaBUJIbHOI YOTUPUKYTHOL IPU3MU JOPiBHIOE 4\/5 cM,
a giaroHaJib MPU3MK HaXWJeHa OO0 IJIOIIMHU OCHOBM Iimg KyTtom 60°.
3HalAiTh IJIOINY IIepepisy IPU3MU, III0 IPOXOAUTH Uepe3 CTOPOHY HIK-
HBOI OCHOBU W IIPOTUJIEKHY CTOPOHY BEPXHBOI OCHOBH.
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3.10%.

3.11%

3.12.

3.13%

3.14*%,

3.15.

OcHOBOIO TIPpAMOI TPUBMHU € TPAMOKYTHUIH TPUKYTHUK i3 Kareramu
20 cm i 21 cm. Yepes cepeawHy TinmOTeHY3u IEPUIEHIWKYJIAPHO N0 Hel
IIPOBEAEHO ILJIOIMHY. SHANMITh IJIOINY Iepepisy, AKImo OiuHe pedpo
mpusMu JopiBHIOE 42 cM.

3HaiAiTh mIonly 0iYHOI MOBEPXHi MPaBUJIBHOI TPUKYTHOI IPU3MU, IIJIO-
1I1a OCHOBY KOl MOPiBHIOE S, a IJIOIa mepepidy, IPOBEIEHOT0 Yepes3 CTO-
POHY OnHiel OCHOBU Ii IPOTUJICIKHY BEPIINHY iHIIIOI OCHOBHU, HOPiBHIOE Q.
Koxne pe6po npasuibHOI mectTukyTHOI npusmu ABCDEFA,B,C,D,E,F,
mopiBHIOE a. IloOymyiiTe mepepid MpuU3MHU IMJIOIIMHOIO, IO HPOXOAUTD:
1) uepes Bepmuru A, C i D;; 2) uepes BepmuEu A, B i E;.
OO0umcITiTh ILJIONII WX IIepepisiB.

Yepes miaroHasb OCHOBU MPABUJIBHOI YOTUPUKYTHOI MPU3MU IIPOBEIECHO
mepepis, mapaJieJJbHUM AiaroHai mpuaMu. SHAWAITHL IIJIOITY IIepepisy,
AKIITO BUCOTa IIPU3MU AOPiBHIOE 4 CM, a CTOPOHA ii OCHOBU 2 CM.

Y npaBuabHilI TPUKYTHiNI mpusMmi, KoKHe pebpo sAKoi AopiBHIOE a,
moOyayiiTe Tmepepis, IO MPOXOAUTH Uepe3 CTOPOHY OCHOBU I CepeiuHy
Bimpiska, AKUN CHOJIyYa€ IIEHTPU OCHOB. SHAWUIITH ILJIOINY IIepepisy
i KyT MiXK IJIOIIMHOIO Tepepisy ¥ IIJIOIIMHOIO OCHOBU.

BuasiTb cBOIO KOMMNETEHTHICTb

Hepe’ssnuii Ky0 i3 pedpom 28 cM IOTPiOHO PO3MUIATU TaK, 1100 MUJIKA
mpoiiia yepes Touku K, P i T Ha pebpax Kyba Taki, 1mo Touku K
i P poasramoBaHi Ha Bimcrami 7 cM Big HaMOIMKUOI BEpPIIMHU KyOa,
a Touka T — cepenmua BigmoBigmoro pebpa Kyb6a (puc. 3.7, a). Ak
moOyayBaTy Ha KyOi JiHii posmumiry?

Brasiseka. IIobyayiiTe BigmoBigHUI mepepis Ha 300pakeHHi Kybda i sHaii-
mite Bigcramb DX, me X — TOUKa INEPETUHY CiUYHOI IIJIOINIMHU 3 pe-
opom DD, (puc. 3.7, 0).

Puc. 3.7 a 6
B1 C1
Ke N K,
13 1 I-: D, T
T
B c
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Mipamiga

O3HaueHHsA. lipamioolo Ha3MBaETbCA

MHOTOrpaHHUK, WO CKJajaeTbcA i3 S
NNOCKOro MHOTOKYTHUKa (0cHoeu nipa- {
Miou), TOUKN, AKa He NeXUTb y NJowWu- /
Hi OCHOBU (8epwiuHU nipamiou), i Bcix !
BiAAPi3KiB, AKi cnonyvaloTb BepLINHY !
nipamign 3 TouKaMy OCHOBU. !

ABCD — ocHoBa nipamigu; L
S — BepLIKnHa nipamign; X4
SA, SB, BC, SD — 6iuHi pebpa;

ANASB, ABSC, ACSD, ANASD —
6iyHi rpaHi.

HWI i3 BEPLIMHN NipaMign Ha NAOLWMNHY OCHOBW.

SO — BucoTa nipamign,

Bucoma nipamiou — nepneHanKynsp, nposege- S
|
|
]

SO=H (SO L ABCD); |

|
|
|

Ssiam.nip =S as8 T SaBsc TSacsp +Saaspi

S

HOBH. IIip = Sﬁqu. oip + Socn

NMpaBunbHa nipamiga

Tabnuus 3

Mipamiga HasnBa€eTbCA NPABU/IbHOIO, AKLLO 1T OCHOBOIO € NPaBUIbHNII MHOTFOKYT-

HUK, @ OCHOBa BUCOTU 36iraeTbca 3 LEeHTPOM LibOro MHOroKkyTHMKa.
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[eAaki Bugn npaBunbHUX nipamig

TpukyTHa YoTnpukyTHa LlectnkyTHa
S S S
! ! E D
2 l
C
At A i y
g M 0 M (0) -
B A B A B
AN ABC — npaBunbHui; ABCD — kBagpar; ABCDE —
O — TOYKa nepeTuHy O — TouKa nepeTuHy NPaBWIbHUN LWECTUKYTHUK;
mefiaH (BncoT i bicekTpuc), AiaroHanen O — TouKa nepeTuHy
LEHTP BNUCaHOro piaronanen AD, BE i FC

1 onncaHoro Kin

SO — BucoTa npasunbHoi nipamign (SO L ma. ABC; O — ueHTp OCHOBW);

SM — anodema NpaBunbHOI Nipamian — sucota 6iuroi rpati (SM L BC).
BnactumBocrTi

1) Y npaBunbHin nipamigi 6iuHi pebpa piBHi 1 OAHAKOBO HaxXWJIeHi 4O MOLMHN OCHOBMU.
SA=8SB=SC=.., /SAO=/8SBO=/SCO-=..

2) BiuHi rpaHi npaBuNbHOI Nipamign — piBHI piBHOOeAPEHi TPUKYTHMKK, OAHAKOBO Ha-
XWIeHi 0 OCHOBMU.

ANASB=ABSC-=...

1 1
EPOCH -SM = EPOCH -1, pe I — anodema.

3) Sﬁi‘{H =
SOCH . . .
4) Sgiun = —cosq) ,he @=2LSMO — KyT Haxuny BCix 6i4HUX rpaHen Ao OCHOBU;
Seiun = Seiun. rp ' 10, A€ L — UYNCINO rPaHen.
5) S = Sﬁil{H + SOCH

IIOBH
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Mepepisn nipamign

B

liazoHaneHut  nepepi3 | MNepepi3 nipamign NAOWMWHOW, MapanenbHOK OCHOBI
nipamiou — nepepis nio- | nipamign.

wrHolo, Wo npoxoanTb | MnowuHa A;B;C; napanensHa nnowmHi ABC.

uepes ABa He CyCiaHi GiuHi | B nepepisi 00epXyemMo MHO20KYMHUK (Ha PUCYHKY —
pebpa nipamign. A A, B, C,), n00ibHUl MHO20KYMHUKY 0CHOBU (i oflep>KyemMo
fliaroHanbHuin  nepepis = Nipamigy SA; B;C;, nogi6Hy 3aaaHii nipamigi). IHwy vactu-
Hy 3agaHoi nipamign — mHororpanHnk ABCA;B,C; —

nipamign € TPUKYTHANKOM.
Ha3UBaIOTb 3Pi3aHOIO nipamiooro.

MOACHEHHA N OBI'PYHTYBAHHA

CoopmysaoeMo O3HaueHHs Mipamigu, aHa-
JIOTiYHEe O3HAUYEHHIO TIPU3MU. Puc. 4.1

fi
OzHaueHHsA. MMipamioolo Ha3MBAETbCA MHO- I:
rorpaHHuK, WO YTBOPIETbCA 3 MJIOCKOro I
MHOrOKYTHUKa — OCHO8U nipamiou, TOUKMu, :
fiKa He NeXUTb y MJIOWHI OCHOBU, — 8ep- 1
WUuHU nipamiou — i BcCix BigpisKiB, Wwo cno- ; :
nyyaloTb BepLIMHY nipamign 3 TouKamm oc- 1
HOBM (puc. 4.1). A i

é

Haramgaemo, 1m0 Binpiskm, sAKi cmoayua-
IOTh BEPIINHY IIipaMigy 3 BepIIMHAMU OCHOBH, C
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Ha3WBaIOTh OiuHuMmu pebpamu. Hanmpurmaazn, Ha puc. 4.1 ocHoBorO mmipamigm
SABCD € MHOTOKYTHUK (4oTMPUKYTHUK) ABCD, a GiuHuMu pebpamm — Bif-
pisxku SA, SB, SC, SD.

IToBepxusa mipamigu ckJaagaeThbcs 3 OCHOBHU I OiuHuMX rpameii. Kosxaa 6iu-
Ha rpadb € TPUKyTHUKOM. OfHi€i0 3 BEpIIMH IIHOTO TPUKYTHUKA € BEepIITHA
mipaMigu, a TPOTUJIEKHOI CTOPOHOI0 — CTOPOHA OCHOBHU IIipaMimu. 3oKpema,
y posmIAHYTi# mipamini Giummmuy rpamamum € TpurkytHuku SAB, SBC, SCB,
SAD. [na 3HaXONKeHHA NJAowi 0iuHol nogepxHi nipamidu NOCTATHBO 3HAUTH
cyMy ILgoIm ycix ii GiuHMX rpaHel, a AJid 3HAXOMKEHHSA NJAOULi NOBHOI Nno-
8epxHi nipamidu — cyMy IOl ycix ii rpaHeii:

Seian =Sasa8 tSasec T Sasep tSasaps

Shosn =Snasap TSasec +Sascp +Sasap +Saascp = Seian T Socu-

O3HaueHHA. Bucomoto nipamiou Ha3MBaETbCA NepneHANKYNap, npoBegeHni
i3 BepWwHM nipamign Ha nnowunHy ocHoBM (akwo SO L ni. ABCD, 1o SO —
BucoTa nipamign SABCD). [loBXWUHY LbOro nepneHAnKynsapa TakoX HasuBa-
I0Tb 8UCOMOIO hipamiou.

Os3HaueHHA. Mipamiga Ha3suBa€TbCA n-KymHoio,
AKLLO 1T OCHOBOIO € 1n-KYTHUK. Terpaeap — Bi. rper.

TpukyTHy mipamigy iHozi HasuBaloTh mempa- | OTHPUIDAHHUK.

edpom. Terpaenp, yci rpani sKoro — mIpaBUIbHI
TPUKYTHUKY, HA3BUBAIOTh NPABUJIbHUM Mmempaedpom.

Y n-kyrHiii mipamini maemo n+1 Bepmiumay, 2n pebep i n+1 rpaub.

Hapgani posrmamarmmeMo TiJIbKM IIipaMiny, y AKHX OCHOBU — ONYKJIi
mHOrokyTHUKU. Taki mipaminu e onykaumu mMHO202paAHHUKAMU.

BigmosigHo 10 mpaBmJ mapaJieJbHOT0 MPOEKTYBaHHS 300paskeHHs Iripami-
oy OyayroTh Tak. IlounmHAaOTh i3 300paskeHHs i1 0CHOBM — [IEeAKOr'0 IJIOCKOTO
MHOrOKyTHUKAa. IloTiM 300pasKyioTh BEpPHIMHY HOipaMiin, AKY CIOJYydYaloTh
OiuHMMU pebpaMu 3 BepHIMHAMU OCHOBHU (OUB., HampukJaazn, puc. 4.1). dArmrio
mOoTPiObHO 300pasuTy BUCOTY IIipaMigm, TO AJIs HAOUHOCTI ii 3asBmuaii 300pa-
JKYIOTh BEPTHUKAJBLHUM BiIpi3KoM.

3a3HauMMoO, III0 32 BJIACTUBOCTAMU IIapaJieIbHOTO TPOEKTYBAHHSA 300pakeH-
HA BUCOTHU Yy BUIVISAAI BEPTUKAJJIBHOTO Bifipiska He € 00OB’A3KOBMM — T'OJIOBHE,
1100 300pasKyBaHuil BifpisoK CIIOJyUYaB BEPIIMHY IIipaMigu 3 TOUYKOIO OCHOBH,
AKa € 300pasKeHHSM OCHOBM BMCOTH mipamigu (guB. Taxko:x Taba. 4 B § 5H).
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@

dopma nipamigu mupoxo
BUKODPUCTOBYETHCA

B apxitekrtypi. Hampukiazn
HoBUii BXix B JIyBp OyJio
30ymoBaHO y (popmi
nipaminu.

~

N

2. MpaBunbHa nipamiga

O3HauyeHHsA. Mipamiga Ha3MBa€EeTbCA NPABUIbHOO, AKLLO i OCHOBOIO € Mpa-
BUIbHUII MHOTOKYTHUK, @ OCHOBa BMCOTHU 36ira€Tbcs 3 LLeHTPOM LibOro MHO-
roKyTHuKa.

Ina moOymoBu 300pasKeHHs IIPAaBUJIBLHOI Iipamigum OyayloTh 300paskeHHS
BiIOBiTHOTO ITPAaBUJIBHOTO MHOTOKYTHHMKA (OCHOBU ITipaMinm) i iioro ieHTpa.
ITorim 3 oTpuMaHOTO IEHTPa IIPOBOAATL BUCOTY (AK 3a3HAUYAJIOCA BUIIE, IJIA
HAOYHOCTi BHCOTY 300pa’XKyIOTh BEPTHUKAJBHUM BiApisKOM) i mmo3HayarmTh Ha
Hi#l BepmuHy mipamigu. Iliciada 1mporo cmosiyuarTh BEPIINHY IIipaMigu 3 Bep-
IMUHAMW OCHOBU (AK B3aBKAM, HEeBUIUMI pedpa 300pasKyIOTh IITPUXOBUMU
JiHigMM]).

Y Taba. 3 HaBemeHi 300pasKeHHA MPABUJIBHOI TPUKYTHOI, YOTHPUKYTHOI
¥ mectuKyTHOI mipamin. Haramaemo, 1110 300paskeHHSIM IPAaBUJIBHOTO TPUKYT-
HUKa MOKe OyTU AOBIIbHUMN TPUKYTHUK, a IEHTP MIPABUJIBHOTO TPUKYTHUKA
(puc. 4.2) 300pasKyIOTh TOUYKOIO IIEPETHUHY MeJiaH TPUKYTHUKA-300paKeHHS
(nuB. iHTEpPHET-IIATPUMKY 0 § 7 migpydyHHKA
nnsa 10 wkiacy).

Biccwo npasuavHoi nipamiou HA3UBAIOTH M S
apAMYy, M0 MicTuThb il Bucory. OCKijnbKM BCi
6iuni pebpa mpaBuJIbHOI mipaMigu piBHI (BOHU
MalTh PiBHI mpoekiiii), To ii OiuHi rpami —
piBHiI piBHOOEApEHI TPUKYTHUKU.

@ O3zHaueHHA. BucoTta 6iuHOI rpaHi npaBunb-
HOI mipamign, npoBeAeHa 3 i BepwWHN, A
Ha3MBaETbCA anogemoro.

YpaxoByroumu, 1m0 Bci OiuHi rpami mipa-
Migu — piBHOOeApPEeHi TPUKYTHUKIM, POOMMO
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BIICHOBOK, IIf0 amodema (BMCOTa) € OJHOYACHO OiCEKTPHMCOI0 II MeIiaHOI0 Bin-
MoBigHOro piBHOOEApeHoro TpukyTHuKa. OTike, AKI0 SM — amnodema, mpose-
mera B rpaui SBC, To Touka M — cepenumHa ctopoHu ocHoBu BC (puc. 4.2).
Ockinbkm Bci OiuHi rpaHi mpaBuabHOI Imipamigu piBHiI, TO piBHUMU Oy-
IyTh i BigmoBimui BucoTH, TOOGTO amodemu. OTiKe, yci anogemu npasuabHOL
nipamiou pieHi.
3asHauumo, 1o Koau BC LSM, to OM 1L BC (3a TeopeMoOO IIPO Tpu
NepIeHAuKyaapu), Toxi KyT SMO — miHiiHWA KyT ABOTPAHHOIO KyTa OpU
pebpi BC, ToOTO Ile KyT Haxujay OiuHOI r'paHi M0 OcHOBM Iripamimzu. Ama-
JOTiUHO KyTaMH HaxXMJy OiuHMX T'paHell 40 oCHOBHM mipamigm € Kytu SNO
i SKO. YpaxoByiouu, 1110 OpAMOKYTHI TpukyTHuku SMO, SNO i SKO pisui
(3a rimorenysoro i kKarerom), oxep;rkyemo: L SMO=/SNO=/SKO. Orixe, yci
OiuHi epani npasuLbHOL nipamiou HaxuseHi nid pieHumu Kymamu 00 ii 0CHOBU.
Amnanoriuao 3 piBHOCTI IPAMOKYTHUX TPUKyTHHKiIB SAO, SBO i SCO (3a
rimorenysoio i Karerom) omepkyemo: /SAO=/SBO=/SCO. Ane ne ryru
Haxuyy OiuHux pebep mipamMinm [0 IJIONMIMHU OCHOBU, OTKe, yci OiuHi pebpa
npasuavHol nipamiou HaxuseHi nid pieRumMu Kymamu 00 nAOWUHU ii OCHOBU.
3as3HauMMoO, IO BCi HaBeJeHi pesyabTaTH CIPaBEIJIWBI He TiJAbBKMU IJId
TPUKYTHOIL, aJjie & A Oyab-AKOl IPaBUJBHOI IIipaMign, OCKiJIbKHU BCi 0OI'PYH-
TyBaHHA MOJKHA TOBTOPUTH AJIA OyAb-AKOl IPaBUJIBHOI mmipamimu.
Vci anmodemu mpaBuabHOI mipaminm piBHi; yci O6iuHi rpami mpaBUJIBHOI ITi-
D paminm HaxwuJeHi Imij piBHUMH KyTaMu A0 ii ocHOBH; yci GiuHi pebpa mpa-
BUJIbHOI HipaMinm HaxwuJjeHi g piBHUMH KyTaMu 0 ILJIOIITWHU ii OCHOBH.
Hasememo Ime ogHY KOPIMCHY BJACTHBICTh HNPaBUJILHOI Hipamimu.

Teopema 4.1. Nnowa 6i4yHOI NOBEPXHi NpaBUIbHOI NipamMign AOPIBHIOE OBGYTKY
niBnepnmeTpa OCHOBU Ha anodemy.

» [osBegeHHsi. Hexam CTOpOHa OCHOBM MPaBWbHOI NipaMign OOPIBHIOE a, YMUCNO
CTOpiH ocHoBU — 7. Togi nnowa 6i4HOI NOBepPXHi NipamMian JOPIBHIOE CyMmi naoLy
n 11 piBHMX 6iYHUX rpaHeln, TO6TO AOPIBHIOE Mo 6iYHOT rpaHi, TOMHOXeHOI Ha n:

1 an
Sﬁqu ZE(IZ'TL:?'l:pl,
e | — anodema, a p — niBNepUMETP OCHOBU Nipamian.

ILnomy GiunHol ImOBepXHi HpPaBUJIBHOI IipaMigum MOKHA TAKOMK OOUMCJINTH
3a (OpMYyJI0I0

S
j— OCH
Sﬁqu - ’
cos Q@
Ie ¢ — KyT Haxuyy OiuHMX rpaHell IO OCHOBU Iipaminmu.

3 06rpyHTYBaHHAM Li€i GOPMyNM MOXHA O3HaMOMWUTUCA, 3BEPHYBLWWCb [0 iHTep-
HeT-NiATPUMKN MiJPYYHMKa.

@
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Puc. 4.3
Ilepepis mipamigm mIOIMMHOIO, IO ITPOXOAUTH Ye-
pe3 il BepmmHY i mepeTwmHae ii OCHOBY, — IIe 3aBIK-
I TpuKyTHUK (puc. 4.3). 3oKpeMa, TPUKYTHUKAMU
€ 0iazoHaMbHI nepepisu — Tepepisy MJIOIMHAMU, IIT0
IIPOXOAATH uepes ABa He cycimHi 6iuHi pebpa mipamign
(puc. 4.4).
fAx i B samauax, moB’sa3aHUX i3 mpuaMow (IUB.
§ 3), mix yac moOyzmoBu abo POITIALY IepepisdiB Imi-
paMigu TJIOIIWHAMU, IO HEe IPOXOAATH Yepe3 Bep-
MINHY OipaMigy, MOKHAa BUKOPHCTOBYBaTH abo BJia-
CTUBOCTiI mapaJieJIbHOCTI ¥ IepHeHAUKYJIAPHOCTI
OIPAMUX 1 IJIOIUH, ab0 MeToxd CJimiB (AuUB. TAKOXK
§ 3 migpyunmka gnasa 10 kiacy). [as moOymoBu me- Puc. 4.4
pepisy mipaMmigm ILJIOI[WMHOIO JOCTATHBO MHOOYAyBaTHU
BiZipisKu mepeTuHy Ii rpaHeil i3 CiYHOIO IIJIOMTWHOIO.
3 npuknagom nobynoBu nepepisy nipamign mMeTonoM
CnifiB MO)KHa O3HaMOMWUTUCA, 3BEPHYBLUUCb AO iHTep-
HeT-NIATPUMKN NiJPYYHUKA.

@)

Tamuit ocobnuBUil BUIIaJ0K IIepepidy mipamigm —
Tepepis IJIOMIMHOK, IIapaJieJIbHOI0 OCHOBi Iripamimm.

BnactuBicTb. Y nepepisi nipamign nnowmHolo, na-
panenbHO0 OCHOBI, OEPKYEMO MHOTOKYTHUK, MO-
AiGHNN MHOroKYTHUKY OocHOBM (puc. 4.5) (a Takox
ofepKyemo nipamigy, nogi6bHy 3apaHin).
.~ I3 poBeAeHHAM Ui€l BNAaCTMBOCTI MOXHa O3HAaMOMUTUCA, Puc. 4.5
\U 3BEPHYBLINCb [0 iHTEPHET-NIATPUMKN MigpyYHMKa.

Iamia vactmHa mipamiguw, oTpuMaHa BHACJIIJIOK
mepeTuHy 3aJaHol IIipaMigu MOJIOMIMHOI0, MHapaJelb-
HOI0 11 OCHOBI — MHOTOTPAaHHUK, AKUUA HA3WUBAIOTh
3piszanot nipamidow. Ha puc. 4.5 1me MHOTOTpaHHUK 1 1
ABCA,B,C;.

T'pani 3pisanoi mipamigu, wo zexcams y napaneiv-

HUX NJAOWUHAX, HA3UBAIMb OCHO8AMU; iHNII rpani A
Has3uBaIOTh OiyHUMU TpaHsMu. Pebpa 3pisamHoi Imipa-
Mifgu, III0 He JIeKaTh y IJIOIMHAX OCHOB, Ha3WBAIOTh
6iuHumu pebpamu. OcHOBU 3pisaHoi mipaminu € momio-
HUMU MHOTOKYTHHKAaMU, OiuHi rpaHi — Tpamnerisamu. B
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3pisaHa mipamiza IMUPOKO BUKOPUCTOBYEThCA B TeXHiIi i apxiTekTypi. Hampukiasg,
KJIaBili KJjiaBiaTypu KOMII’I0Tepa YacTO BUTOTOBJIAIOTH Y (POpPMi 3pi3aHUX UOTHPU-
KyTHuUX mipamin. Taky camy dopmy MmMaroTh OyaiBiai ImcTturyty mucrentB B IHmia-
mamouici, CIITA.

Bucomoro 3pizanol nipamiou Ha3UBAIOTh NEPHEHIUKYJIAD, IPOBEIEHUN i3
OyIb-AKOI TOYKU OJHi€l OCHOBM Ha iHIITy OCHOBY (HArajga€emo, IO IHOT0 JOB-
JKMHa JOPiBHIOE BifcTaHi MisK ITapajieIbHUMH OCHOBaMM 3pisaHoi mipamimwm).

NPUKNAON PO3B'A3YBAHHA 3A0AY

3agaua 1. Y npaBWUbHIi YOTUPUKYTHI Nipamiai 6iuHe pebpo, Wo AopiBHIOE 8 M,
HaxuneHe O MOWMHN OCHOBM Mig KyToM 45° (puc. 4.6). 3HangiTb nno-
Ly MOBHOT MOBEPXHIi Nipamign.

KomeHTap

Mig yac po3B'A3yBaHHA 3adaui Ta i odopmneHHa go-

LiNbHO KOPUCTYBATUCA CXeMOto, HaBefieHo B N. 4 § 1.

Haragaemo oCHOBHi eTanu po3B'A3aHHA 3a Lli€l0 CXeMOI0.

1) O6rpyHTyBaTU pO3TallyBaHHA BWUCOTWM Nipamign
(y ubomy BuMNaAKy [OCTaTHbO BUMKOPWCTOBYBATU
O3HauYeHHA NpPaBWUbHOI Mipamign).

2) O6rpyHTYBaTH, WO NPOCTOPOBI KYyTU 1 MPOCTOPOBI
BiICTaHi MO3HauyeHi MPaBWIbHO (Ham 3afaHoO KyT
MiX GiYHMM pPebpoMm i MMOLWMUHOK OCHOBW, TOOTO
KyT MiXK UM pebpom i Moro npoekuieto Ha nnowu-
HY OCHOBW).

3) O6rpyHTYBaTV BUJ | pO3TallyBaHHA 3aaHOro nepe-
pi3y (y Wi 3agaui nepepily HeMaE).

Puc. 4.6

s
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4) Ha KkoKHOMy eTani obGunciieHb yKas3aTu, efleMeHTM AKOro TPUKYTHUKA BM3HAYaETe,
i AKWO BiH NPAMOKYTHU, MOACHUTA YOMY.

3a3HaunMmo: WwWob 06rpyHTYBaTK, WO TPUKYTHUK SAO NPAMOKYTHUIA, OCTaTHbO BKa3aTy, WO

SO — Bucota nipamian (togi SO L un. ABCD, otxe, SO L AO).

[inAa 3HaxomkeHHsA nnoLi 6iYyHOT MoBepPXHi NipamMian MOXHa BpaxyBaTy, WO BCi 6iuHi rpaHi
NpaBUbHOI Nipamign PiBHi, TOMy MOXHa 3HaNTW NIOLLY OAHIEI rpaHi 1 pe3ynbTaT NOMHO-
KNTU Ha 4.

Po3B'si3aHHA

» 1) Hexait SABCD (puc. 4.6) — samana mipamiga 3 6iuaum pedpom SA=8 cwm.
3a yMOBOIO mipaMiza mpaBuUJIbHA, OTKe, 0CHOBOIO ii Bucotu SO € 1meuTp O ocHO-
BU (TOUKa IepeTUHY AiaroHaseil kBagpara ABCD).

2) Ockinprku SO L un. ABCD, to AO — mpoexiisa 6iuroro pebpa SA Ha MIOIUHY
OCHOBH, TOOTO KyT SAO — KyT Haxuay 6iuHOTr0 pebpa SA M0 MIOIMHU OCHOBU
n £LSAO=45°.

3) I3 mpamoxyTHOTro TpukyTHUKAa SAO (SO — BucoTa mipamigm) MmaeMmo:

5

AO=SA cos45° = 8.72 =42 (cw).

4) 3a BiactusicTio miaromasei kagpara AO L BD i BO= AO, Ttoai 3 IpAMOKYT-
HOTO TpuUKyTHUKA AOB MaeMo:

AB=+AO? + BO? :\/(4J§)2+(4J§)2 -8 (cm).

5) Orxe, y saganiit mipamizni Bci pe6pa gopisrmoiors 8 cm. Toxi S, ., = AB?=64 cnm2.

2
AB%‘E =643 (cv?).

Seiuan =4Sx 455 =4
Toni SHOBH = S6itm + Socn = 64\/§ +64= 64(\/§ + 1) (cm?).
Bionosgidv: 64(\/§+1) cm?,

3 npuknagamy po3B'A3yBaHHA OiNbll CKMAAHUX 3afay, MOB'A3aHMX i3 Mipamigamu,
a TakoX 3i 3pi3aHVMMM Mipamigamu, MOXKHa O3HaMOMUTUCA, 3BEPHYBLUMCb OO iHTep-
HeT-NIATPUMKM NigpyYHUKa.

@

3ATMNTAHHA

1. Illo Taxe mipamima? ocHoBa mmipamimu? 6iumi rpani? pe6pa? Bucora?
2. IlTo Take mpaBuJbHA Iipamiza? BucOoTa mpaBUJIbHOI mipamigu? amodema?
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3%,

5%,

OO6rpyHTYyiiTe, I1T0 B MPaBUJIbHIN mipamimi:

1) yci 6iuni peOpa piBHi;

2) yci 6iuni rpani — piBHiI piBHOOEApPEHI TPMKYTHUKU, a BCi amodeMu
piBHi;

3) yci Oiumi rpami HaxmieHi mig piBHUMM KyTaMU IO OCHOBW;

4) yci 6iuni pebpa HaxWJIeHI TiJf PiBHUMH KyTaM# 10 IJIONIMHU OCHOBHU.

. IlTo Take GiuHa mOBepxHA mipaMigu? ITOBHA MOBEPXH: Iripaminm?

HoBeniTs, 1o miomma 0iuHOi MOBEPXHiI HMpaBUJIBHOI HipaMmigm AOpiBHIOE
IOOYTKY IHiBIIEpEMETpa OCHOBM Ha armodemy.

. fIxka dirypa € mepepisoM ITipaMimu IIJIOITWMHOIO, IO IIPOXOAUTH uepes ii

BepinuHy (i mepeTwHae OCHOBY mipamimm)?

BIMPABU

4.1°.

4.2°,

4.3.

4.4.

4.5.

4.6.

4.7.

4.8.

4.9,

Y mipamiai 31 rpaus. CKinbku B Hei pebep?

Bucora mpaBusibHOI YOTMPUKYTHOI mipamigm MOpiBHIOE 7 €M, a CTOPOHA
ocHOBU 8 cM. 3HaiigiTh, Oiumne pebOpo.

3a CTOPOHOIO OCHOBU a i OiunmM pebpom b 3HAHAITH BHCOTY IPABUJILHOL
mipamigu:

1) TpuUKyTHOI; 2) YOTHUPUKYTHOI; 3) IIeCTUKYTHOI.
3a CTOpPOHOIO OCHOBM a i Bucoroo H 3HalgiTh amodeMy IpaBUIBLHOL
nipamigu:

1) TpuKyTHOI; 2) YOTMPUKYTHOI; 3) IIeCTUKYTHOI.
3a CTOPOHOI0 OCHOBM @ i BucOTOO H 3HAWAITH IJIOITY HMOBHOI MOBEPXHi
MPaBUJIBHOI Iripaminm:

1) TpukyTHOI; 2) YOTMPUKYTHOI; 3) IIeCTUKYTHOI.
3HaigiTh IJIONTY TOBHOI ITOBEPXHi HMPABUJIBHOI IMTECTUKYTHOI mipaminu,
AKIOo i1 6iuHe pebGpo AOpPiBHIOE a i paaiyc KoJia, BOMCAHOTO B OCHOBY, 7.
IInomra GiuHOI MOBEPXHI MPaBUJIBHOI YOTHPHUKYTHOIL IIipaMigm mOpiBHIOE
14,76 Mm%, a muoma moBHOI moBepxHi 18 M2, 3HAWAITL CTOPOHY OCHOBU
1 BUcOTy mipaminu.

3HaWaiTh TyoIny OiuHOI IMOBEPXHi IPaBUJIBHOI TPUKYTHOI mipaminm,
AKINOo ii BucoTa mopiBHIioe 4 cM, a amodema 8 cMm.

3HaWgiTh TioIly OiuHOI MOBEPXHi NPAaBUJIBHOI TPUKYTHOI mipaminm,
AKINO OiuHe pebpo YTBOPIOE 3 IJIOIIMHOIO OCHOBU KyT 45° a cTopoHa
ii OCHOBU HOpPiBHIOE a.

199



200

4.10.

4.11.

4.12%,

4.13%,

4.14*

4.15.

&

4.16.

@

PO3IJT 1. MHororpaHHuKn

3HAUIITh TJIOITY IIOBHOI IOBEPXHI MPaBUJIBHOI TPUKYTHOI Iripaminm,
Ao ii amodema mopisuioe 10 cm, a Bucora 8 cm.

3a CTOPOHOI0 OCHOBM 4 3HAUAITH ILIOINY OiUHOI ITOBEPXHi IIpaBUJIBLHOI
YOTUPUKYTHOI mipaminu, mgiaroHaJbHUU MOepepisd AKOI PiBHOBEJIMKUN
OCHOBI.

Ilnoma Giumoi moBepxHi MPaBUJIBLHOI TPUKYTHOI IipaMmigu B 2 pasu 0ijib-
II1a 3a IJIOI[Y OCHOBHW. SHAWIITHL KyT Mi)K OiUHOI0 I'paHHIO I OCHOBOIO
mipamingu.

3HAWAITh ABOrPAaHHI KYTH NPH OCHOBI IPaBMJIBHOI IIipaMminu, ImJoIa
OCHOBU SAKOI JOpiBHIOE @, a 1mjoIna 6iuHoi moBepxHi S.

3HaANOITL CTOPOHY OCHOBM NPABUJILHOI YOTHUPUKYTHOL IIipaMmimm, AKIITO
ii Giume peOpo MOpiBHIOE 5 €M, a ILJIOIA IIOBHOI IToBepxHi 16 cm?2.
Ilentp ommiei 3 rpaHeit Kyba i cepeimHM CTOPiH TPOTUJIEIKHOI T'paHi
€ BepIIMHAMM IripaMinw. SHaAUAITh WJOITYy OiuHOI ITOBEepxXHi Iripaminm,
AKIO pebpo Kyba MOPiBHIOE a.

BuasiTb cBOIO KOMMNETEHTHICTb

ITigroryiiTe mpeseHTaIilo, IPUCBAYEHY BUKOPUCTAHHIO PiZHOMAHITHUX
mipamiz B apxiTexkTypi, amsaiiHi Tomio. BukopucraiiTe BimmoBimHi (o-
Torpadii.

Bukopucranus pisHOMaHiTHUX mipaMig B apxiTeKTypi.
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§5. PO3TALUYBAHHA BUCOTH
B AEAKUX BUAX NIPAMIA

Tabnuusa 4

S 1. Akwo BCi BiuHi pebpa nipamign piBHi, abo
HaxuneHi nig piBHUMK KyTamu [0
MOLMHN OCHOBY, ab0 YTBOPIOIOTb
piBHI KyTn 3 BUCOTOIO Nipamigun,

mo OCHOBAa BUCOTU Mipamign € ueH-
A B TPOM KOfa, OMNUCaHOro HaBKOJO
OCHOBMU (i HaBMaKw).

Cc

Akwo B nipamiai SABC: SA=SB=SC, | Akwo 8 nipamigi SABC:

abo £ SAO=/SBO=/SCO, SO Lnn. ABC iTtouka O — ueHTp
a6o ~ ASO =/ BSO=,CSO OMMUCaHOTO HaBKOJIO OCHOBM KONa,
i SO Lan. ABC mo SA=SB=S5C,

mo O — LeHTP ONMCaHOro HaBKOMO 2 SAO=28SBO=,SCO
ocHosu kona (OA=0B=0C). i £LASO=2BSO=/CS0.

[nA po3B’A3aHHA BUKOPUCTOBYIOTb MPAMOKYTHUN TPUKYTHUK SAQO, y AKOMy:
SO 1L AO, AO=R

£ SAO — KyT Haxuny 6iuHoro pebpa SA [0 NAOLWUHM OCHOBN.

omme — PaAlyc ONMCcaHOro HaBKOJIO OCHOBY KONa,

2. Aikwjo BCi GiuHi rpaHi nipamign yTBOptO-
l0Tb PiBHi KYTV 3 OCHOBOIO,
Mo OCHOBOI BUCOTK Mipamigmn

€ LeHTp Kona, BN1McaHoro
B OCHOBY (i HaBMNaKw).
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Akwo B nipamiani SABC rpaHi SAB, Akwo B nipamini SABC SO L . ABC
SAC i SBC oiHaKOBO Haxu- i Touka O — UeHTp Kona, BN1MCAHOro
neHi go ocHosun ABC (TobT1o B OCHOBY,

/SMO=/8SKO=/SNO —
BiANOBIAHI NiHINHI KyTW PiBHI)
i SO Lun. ABC,
mo O — UeHTp Kona, BNUCaHOro
B octoy (OK=OM =ON =r).
[nA po3B'A3aHHA BUKOPUCTOBYIOTb MPAMOKYTHUN TPUKYTHUK SOM, y sikomy:
SO L OM, OM =r — pagiyc BN1CaHOro B OCHOBY Kosa (oM L BC),
/. SMO — kyT Haxuny 6iuHoi rpaHi SBC 1o OCHOBU

(£ SMO — niHiiHWI KyT fBOrpaHHoro Kyta npu pebpi BC).

mo £ SMO=/SKO=/SNO
(to6T0 BCi 6iUHi rpaHi nipamign
HaxumeHi Nig piBHUMM KyTamm
[0 OCHOBM nipamign).

OCH

cos '
pe @=2SMO — KyT Haxusy BCix 6iYHUX rpaHein 4O OCHOBM.

[na nipamig Takoro Buay cnpasegnmea ¢popmyna Sy, =

3. AKWo TiNbKKM ABi CYMi>KHI GiUHi rpaHi
nipamign (@6o noxunoi npusamm)
O[HaKOBO HaxueHi O OCHOBY
abo cninbHe 6iuHe pebpo Uux rpa-
Hell YTBOPIOE PIiBHI KyTH i3 CyMixk-
K B HUMW 3 HUM CTOPOHaMM OCHOBW,
\ <& mo ue cninbHe 6iyHe pebpo Npoek-
A \/\ TYETbCA Ha NPAMY, WO MIiCTUTb
< BiceKTpUCy KyTa Mi>K CyMiP>KHUMM
M i3 UMM pebpom CTopoHamM
OCHOBW (i HaBMaKwn).
c Akwo B nipamigi SABC rpaHi SAB i SAC
OJIHAaKOBO HaxuneHi go ocHosn ABC
. (o610 2 SKO =/ SMO) a6o
/SAB=/SAC i SO 1L un. ABC,
mo AO — bicekTpuca kyta BAC
(a6o npama AO micTuTtb bicekTpucy
ol \3M KyTa BAC).
N\ | B Axwo B nipamiai SABC SO L 1. ABC
A i AO — bicekTpuca kKyta BAC (abo
npsama AO MicTUTb GiceKTpucy
KyTa BAC),
mo £ SKO=/2SMO (rpaHi SAB
i SAC ogHaKoOBO HaxueHi
go ocHosu) i £ SAB=/SAC.

Q¥ -+———_D0
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4. Akwo TinbKn ofHa b6iyHa rpaHb nipamigu
S nepneHanKynAapHa Ao NAoWwuHn
OCHOBW,
Mo BMCOTOIO Mipamigv € BUCOTA L€l
rpaHi.

Axkwo B nipamigi SABC:
o) mia. SAC Ln. ABC i SO L AC
C (Oe AC),
mo SO — BucoTa nipamian
(SO Lun. ABC).

5. Akwo pBi cymixHi GiuHi rpaHi nipamigm
nepneHANKYNAPHI A0 NAOLWKHN
OCHOBW,

Mo BUCOTOIO Nipamin € IXHE CninbHe
6iuHe pebpo.

A B Axwo . SAB 1 na. ABC
i mia.SAC 1L . ABC,

C mo SA — BucoTa nipamign
(SA Lun. ABC).

6. AKWo ABi HeCyMi>kHi GiuHi rpaHi nipami-
AV nepneHAnKYNApPHI 4O NAOLWK-
HWN OCHOBW,
mo BMCOTOIO Nipamifu € Bigpi3ok npsa-
B MOI, N0 AKOMY MepeTUHaTbCA
NAOLWWHY X rpaHen.

A Axkwo 1. SAB 1 . ABCD,
(o) D 1. SCD 1 nn. ABCD inn. SAB
nepetrHae na. SCD no npamin SO
(O € ILTI. ABCD),
mo SO — BncoTa nipamigu.

MOACHEHHA N OBI'PYHTYBAHHA

g po3B’A3yBaHHS 3aj7ad, IIOB’s3aHUX i3 mipaMimoo, yacTo OyBae 3pydHO
BUKOPHMCTOBYBATU II€BHi BJACTHMBOCTI IIipaMigm, siKi J03BOJSIOTH YTOUHUTH
posTralryBaHHs i BUCOTH I ypaxyBaTH HOro BiKe IIiJf yac IOOYJOBH PHUCYHKA
mo 3agaui. (3asHaumMoO, IO BCi 3alIpPOIIOHOBaHI HUMKUE OOBEIEHHS MOXKYTH
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204 PO3IJT 1. MHororpaHHmku

OyTu TpOBeleHi He TiJIbKU A TPUKYTHUX IIipaMmiz, 300paskeHuUX Ha PUCYH-
Kax, ajie ¥ IJd BCiX n-KyTHUX IIipaMif i3 BiIIOBIiZHUMU XapaKTepPUCTUUHUMU
BJIACTUBOCTSAMU.)

BnactuBictb 1. AKWwo Bci 6iuHi pebpa nipamign piBHi, abo HaxuneHi nig pis-
HMMUW KyTamu A0 MJIOWUHN OCHOBM, abo YyTBOPIOIOTb PiBHi KYyTU 3 BUCOTOIO
nipamiagu, To OCHOBa BMCOTU MipaMian € LLlEHTPOM KoOJia, ONMMCAHOro HaBKOJO
OCHOBU nipamign (i HaBNakwm).

» Nosepennsa. Cnpasgi, Hexan SO — BKUCOTa
nipamign SABC (puc. 5.1). lNoTpibHe TBEp- Puc. 5.1
IXKEHHA OfleP>KYEMO 3 PIBHOCTI MPAMOKYTHUX
TpuKkyTHUKIB SOA, SOB, SOC (pna posenex- S
HA MNPSAMOro TBEPHAXEHHA BMKOPUCTOBYEMO
PiBHICTb 3a cninbHUM KaTeTtom SO i rinoTeny-
3010 abo 3a cninbHUM Katetom SO i rocTpum
KyTOM, a AnA JoBeAeHHA obepHeHoro Teep-

IKEHHs1 — pPIBHICTb 3a ABOMa KaTeTamu). A

Hanpuknag, skwo Bci GiuHi pebpa nipamign (3
piBHi: SA=SB=SC, 170 3 piBHOCTi 3a3Haue- 0
HUX TPUKYTHUKIB ofepxyemo: OA =0B=0C. 0

OTxe, Touka O piBHOBigAaneHa Bif TOYOK A,
B, C i € uyeHTpoM Kona, onmcaHoro HaBKOJO
OCHOBW Mipamign — TpukyTHMKa ABC. (IHwi
npsaMi 1 06epHeHi TBepAKeHHA L€l BNacTUBO-
CTi 0Or'PYHTYIATE CaMOCTINHO.)

3a3HauMMoO, IO OJIA PO3B’A3yBaHHA 3ajad, IIOB’SI3aHMX i3 Imipamigamu
TAKOT0 BUAY, 3a3BUUYall BUKOPUCTOBYIOTH NPAMOKYTHUN TpUKyTHUK SAO,
y akomy SO 1L AO, AO=R (paziyc xoJia, OIIMCAHOrO HABKOJIO OCHOBH IIipami-
om), £ SAO — KyT Haxuay 6iuHoro pebpa SA 10 MJIOHIMHU OCHOBU (OCKIJIBKU
SO L ma. ABC, to AO — mpoekiiia pedopa SA Ha ILJIOIUHY OCHOBH).

@ .~ AHanoriyHo O6rpyHTOBYIOTbCA I iHWI BAACTMBOCTI, HaBefeHi B Tabn. 4 (06rpyHTYyi-
Te X CaMOCTIiHO, 3BEPHYBLUMCb 3a HEOOXiAHOCTI A0 iHTepPHeT-MIATPUMKM Nigpyuy-
HWKA).

BioactuBocti 1-6 (muB. Tabs. 4) yacTo MOBOAUTHCA BUKOPUCTOBYBATU HE
TiIBKY Tif 4yac samucy posB’si3aHHS 3ajad, IIOB’SA3aHUX i3 Iipamimoro, aJe
M mixm uyac moOyaoBM PHCYHKIB [0 TaKMX 3ajad. B OCTAHHBROMY BUIIAAKY



§5.Po3TalllyBaHHA BUCOTW B AEAKUX BMAAX MipaMig

CIIOYATKy B YMOBi 3a/jaui BUOKPEMJIIOIOTH (DPATrMEHTH, AKi ONMUCYIOTHCS BJIACTU-
BocTAMU 1-6, i Bu3HAUAIOTH PO3TAIIyBaHHS OCHOBU BucoTHu mipamigu. ITorim
300pasKyIOTh IPOEKIIiI0 OCHOBH IIipaMijamu, mosHaualoTh Ha Hiil Tourky O, dAKa
€ IIPOEKIIi€I0 OCHOBM BHCOTHU IIipaMigu (ypaxoBYIOUM BJIACTHMBOCTI HapaJejb-
HOTO TPOEKTYBaHHS), a MOTiM 3 OCHOBU BucOTH (Touka (O) BepTHKAJbHO (IJd
0iIbIIIOI HAOYHOCTI) IMPOBOAATHL BHUCOTY mipamimu SO i cIOJyYaroTh TOUKY S
i3 BepIIMHaMU OCHOBH.
Posrianemo sk mpukgan moOynoBY pPUCYHKa Ao 3axaui 1 (guB. madri).

OcHos01w nipamilu € npaAmMOKYMHUL MPUKYMHUK i3 Kamemom a i npu-
aezaum zocmpum kymom 60° SHaiidimv eucomy nipamidu, axuio éci ii
0iuni pebpa HaxudeHi 00 NAOWUHU OCHOBU nid kymom 45°.

CromouaTKy OyayeMo HpoeKIlifo ocHoBu Iripamimu. IIpoexiiiero mpsaMOKyT-
HOT'0 TPUKYTHHKA MOKe OYTH NOBiIbHUUA TPUKYTHUK. ToMy 300paskyemMo mo-
BimbHUM TPUKYTHUK ABC, AKuii € 300paskeHHsAM IIPIMOKYTHOrO TPUKYTHUKA,
i mosHauaeMo 300pa’KeHHA MPAMOro Kyra (HanmpukJiaz, npu BeprmumHi C, AK
IIOKa3aHO Ha puc. 5.2, a).

ITorim 3BepraemMo yBary Ha Ty 4YacTMHY yYMOBHU, AKa BiAmoBimae BJacTu-
BocTAM 1-6. 30Kpema, AKIIO Bci OiuHi pedpa mipaminm HaxwujeHi Imijg piBHUMUT
KyTaM’ [0 TJIOIIMHYW OCHOBU, TO OCHOBOIO BHCOTHU IIipaMifu € IIEHTpP KoJa,
OIIMCAaHOTO HABKOJIO OCHOBU mipaminm (Biractuicts 1). IleHTpoM KoJa, omumca-
HOT'O HAaBKOJIO IPAMOKYTHOTO TPUKYTHUKA, € cepenuHa rinmorenysu. Cepenmaa
BiIpidKa IPOEKTYEThCA B CEPeAMHY BifpisKa HpPoekIlii, ToOMy HPOEKI[i€i0 oc-
HOBU BucOoTH € TouKa O — cepenmHa Bigpiska AB. IIpoBogumo i3 Touku O
Bimpidok SO (06a:kaHO BEPTHUKAJBHO AJA OiJBIITOI HAOUHOCTI), AKUUN € 300pa-
JKeHHAM BUCOTH mipaminu (puc. 5.2, 6), i, crogydaiouu BigpiskamMu TOUKY S
iz BepmmHamMu TpuKyTHUKA ABC, ofep:KyeMo 300pasKeHHs 3aJaHOoi mipamign
SABC (puc. 5.2, 8). (Po3p’a3anusa Iiel 3amaui HaBemeHO HHM:KUe — 3ajmgada 1.)

Haragaemo, 1o mig yac posp’sisyBaHHA 3a7au Ha OOUMCIEHHS, IIOB’A3aHIX
i3 mipamigamu, HOIiJIbHO BHUKOPHMCTOBYBATH 3arajbHY CXeMy PO3B’sI3yBaHHSA
# 3ammcy 3ajady, IOB’SI3aHUX i3 MHOTOIDaHHUKOM, HaBegeHy B § 1.

Puc. 5.2 a 6 S B S
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NPUKNTAOWN PO3B'A3YBAHHA 3A0AY

PO3IJT 1. MHororpaHHuKn

3apauya 1. OcHoBoOW0 nipamign € MNPAMOKYTHUI TPUKYTHUK i3 KaTeTom a i npwu-
nernMMm roctpum Kytom 60°. 3HanfiTb BMCOTY Mipamign, AKWO BCi 1T
6iuHi pebpa HaxuneHi 4O NAOWMUHN OCHOBU MNig KyTom 45°.

Po3B'si3aHHA

» 1) Hexait ocHoBoI0 3amanoi mipamigu SABC
€ TpAMOKYTHUH TpuKyTHUK ABC i3 mpsa-
mum kKytrom C (BC=a, £ ABC=60°).
Ockinbku B 3amaHiil mipamigi Bci 6iuni pe-
Opa HaxXwuJeHi i PIBHUMU KyTaMu [0 IJIO-
IIMHNA OCHOBM, TO OCHOBOIO BmcoTu SO 1mi-
paMifu € IeHTP KoJja, OIMMCAHOTO HAaBKOJIO
ocHoBU mipaminm. IlenTpom koJia, omuca-
HOTO HABKOJIO MPAMOKYTHOTO TPUKYTHUKA,
€ cepeauHa TiMOTEHy3W, TOMY OCHOBA BUCO-
™1 SO — Touka O — IIe cepeauHa TimoTe-
"y3u AB (puc. 5.2, 8).

2) Ockinbku AO — mpoexkIris 6iumoro pedpa SA
Ha momuHy ocHoBu ABC, To KyT SAO —
me KyT Mik OiurHmM pebpom SA i miomm-
HOI0 OCHOBH (3a ymoBow 2 SAO =45°).

3) Is mpamokyTHoro TpukKyTHuUKa ABC omep-

BC a

cos L ABC B co0s60°
1
Toxi AO=EAB=a.

=2a.

smyemo: AB=

4) I3 mpAMOKYTHOrO TpuKyTHUKAa SAO
(SO — Bucora nmipamigm) maemo:

SO=A0-tg £LSAO=a-tg45°=a.
Bigmosige: a.

KomeHTap

MobynoBy 306pakeHHA Mipami-
oW 00 Ui€l 3apayi HaBeJeHO Ha
puc. 5.2. MNoTim gouinbHO BUKOpUY-
CTOBYBaTU CXeMy pPO3B’'A3yBaHHA
3a/jay Ha 0OUNCNEHHS, NOB'A3aHNX
i3 MHOrorpaHHukamu (ame. § 1, n. 4).

K 3aBXAW, Ha neplomy eTa-
ni po3B’A3aHHA OOFPYHTOBYEMO
po3TalyBaHHA BUCOTU nipamigu,
a Ha gpyromy — pos3TallyBaHHA
NPOCTOPOBOro KyTa MiX NpAMOIo
i nnowwmHoto, TO6TO Po3TaLlyBaHHA
KyTa MiX 6iuHum pebpom i nno-
LMHOI OCHOBW Mipamian (gocTtat-
HbO O6rpyHTYBaTM PO3TallyBaHHA
TiINIbKW OJHOroO KyTa, OCKiNbKK 3a
YMOBOIO BCi BOHW piBHi). Moganb-
WM eTanoM pOo3B'A3aHHA € Npo-
BeleHHA obuncneHb. 3anucyun
uen etan, NOTPIGHO Ha KOXHOMY
Kpoui BKa3yBaTu TPUKYTHUK, efe-
MEHTN AKOro BW3HAYaAEMO, i fK-
WO BiH NPAMOKYTHUN, MOACHUTK
yomy.

3apava 2.  OcHOBOO MipamMian € piBHOGELPEHUIN TPUKYTHUK 3 OCHOBOIO 6 CM i Biu-
HOI CTOPOHOI 5 cM (pwuc. 5.3). BiuHi rpaHi nipamign, wo mictaTb 6iy-
Hi CTOPOHU UbOro pPiBHOOGEAPEHOro TPUKYTHMKA, NePreHANKYNAPHI Ao
NAOWWHM OCHOBW, a TPeTA 6iYHA rpaHb HaxuaeHa 4O MIOWWHM OCHOBY
nig Kkytom 60°. 3HanAiTb BUCOTY nipamign.



§5.Po3TalllyBaHHA BUCOTW B AEAKUX BMAAX MipaMig

KomeHTap

AIK 3BMYaNHO, Ha NepLIOMyY eTani pPo3B’'A3aHHA OOrpyHTO-
BYEMO PO3TallyBaHHA BMCOTU nipamiamn (y nepuy yepry
BMKOPUCTOBYEMO OMNOPHi dakTu, HaBefeHi B Tabn. 4). Ha S
ZApyromy eTtani o6rpyHTOBYEMO PO3TallyBaHHA MPOCTOPO-

BOrO KyTa Mi>K GiYHOI FpaHHI0 1 OCHOBOIO Mipamigun.

Puc. 5.3

[ina nobynoBu NiHINHOIO KyTa ABOrPAaHHOrO KyTa 3 pe-

6pom BC B nnowmHi OCHOBY Nipamian NpoBefemo 3 oc-

HOBM BMCOTW NepneHankynap AM Ha pebpo BC. lNoTim

NoTPiIGHO CnonyunTn OTPUMaHy Touky M i3 BeplumHo S A

i BUKOPWCTATU Teopemy Npo Tpu neprneHanKynapu (ypa-

xoBytouu, wo AM — npoekuia noxunoi SM Ha nnowuHy M
OCHOBMN).

Pos3B’A3aHHA

) Hexait B ocuoBi mnipamigu SABC (puc. 5.3) JeKUTH PiBHOOEAPEHUN TPUKYTHUK
ABC (AB=AC=5 cm, BC=6 cwm). 3a ymoBoI0 cyMmisxui 6iuni rpaui SAB i SAC
TMEePHeHINKYIAPHI 10 MJIOIMMHN OCHOBU, TOMY BHCOTOIO IipaMinu € cmijbHe Oiune
pebpo mux rpaxeii, To6To SA — BucoTa mipamiau (SA 1 1. ABC). Y nnomiuni ABC
nposegemo nepuenguryasap AM 1 BC.
3a Teopemoro mpo Tpu nepunenaukyaapu SM 1 BC. Orxe, kyr SMA — ni”iiHTii
KYT IBOI'PAHHOro KyTa 3 pedbpom BC, a 3a ymosoro £ SMA =60°.

Iz mpamoxyTHoro TpukytHuka AMC (AM — Bucora, Mexniana it 6icekTpuca piBHO-

1
6eapenoro TpukyTHuka ABC, tomy CM = EBC =3 cM) MaeMo:

AM =y AC? —CM? =52 -32 =4 (cw).
I3 mpamokyTHOrO TPpUKyTHUKA SAM (SA 1 . ABC) OZIEPIKY€EMO:
SA =AM -tg60° =43 (cm).
Bidnosidv: 43 cm.

i LUle ogmH npuknag po3s’A3yBaHHA 3afjadvi 3 ypaxyBaHHAM pO3TallyBaHHA BUCOTU
U nipamign HaBefeHo B iHTepHeT-NiATPUMUI NigPYYHUKA.
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3ANMNTAHHA

1.

VKaKiTh posraiiyBaHHA OCHOBW BUCOTHU IipaMigu, AKIIO:

1) yci Giuni pebpa mipamigu piBHI a00 OAHAKOBO HAXWJEHI O IJIOIIMHU
OCHOBU;

2) yci 6iunHi rpani mipamigm omHAKOBO HaXWJIEHi IO OCHOBI;

3) TinmbKM ABi cymikHi OiuHi rpani mipamigu (a6o mOXMJIOI TPU3MN)
OOHAKOBO HaXWJeHi m0 ocHOBu abo ciijbHe OiuHe peOpo IIUX TI'paHen
YTBOPIOE DPiBHI KyTH i3 CyMiKHMMM 3 HUM CTOPOHAMM OCHOB;

4) tigpKu omHa OiuHaA rpaHb HipaMigu HePHEHAUKYISPHA OO0 MJIOHIMHU
OCHOBU;

5) mBi cymiskHi Giumi rpaHi mipamMigm TepIeHAWKYJIAPHI A0 TJIOITWHU
OCHOBM.

Hma KOMKHOTO BUIIAAKY TOOyayiiTe 300pasKeHHA BinmoBimmol mipaminm,
B OCHOBi AKOI JIEKUTH PiBHOOEIpeHMUIl NMPAMOKYTHHN TPUKYTHUK.

BMPABU

5.1°% OcHoBa mipamigu — TPAMOKYTHUK 3i cTropoHamum 6 cm i 8 cm. Koxue

5.2.

5.3%

5.4.

5.5°

5.6.

5.7.

boiume pebpo mipamigu npopiBuioe 13 cm. 3HalgiTh BucOTy mipaminu.
OcHoBa mipamigm — piBHOOENPEHUII TPUKYTHUK 3 OCHOBOIO 6 i BmCO-
Tof0o 9; yci Oiumi pebpa mipamigu mopiBHioloTh 13. 3HAHITH BHCOTY
mipamingu.

B ocHoOBi mipamigm JeXUTh IPAMOKYTHUN TPUKYTHUK i3 TilIOTEHY30!0 C.

Kosxkue Giume peGpo yTBOPIOE 3 ILJIOIIMHOI OCHOBU KyT [. SHaNIiTH
BUCOTY ITipaminm.

OcHoBa mipamigu — piBHOOEAPEHUII TPUKYTHUK i3 OIYHOIO CTOPOHOIO @
i KyToM mpu ocHOBi . ¥Yci Giumi pebpa mipamigm yTBOPIOIOTH 3 ii BuU-
COTOI0 KYyT (. 3HaAWAITH BHUCOTY Hmipaminu.

3HaigiTh miomly OiuHOI HOBepXHi mipamimu, AKIO MJoIa il OCHOBU
IOPiBHIOE ), a IBOTPaHHI KyTH IPU OCHOBL — .

OcHoBa mipamigm — TpuKyTHUK 3i cropoHamm 13 cm, 14 cm i 15 cwm.
Biune pebpo, mpoTujge:kHe cepedHill 3a JOBKUHOIO CTOPOHI OCHOBH,
MepIeHIUKYJIAPHEe OO0 IJIOINIMHU OCHOBM II mOopiBHIOE 16 cm. 3HaHmIiTH
ILJIOIITY ITOBHOI ITIOBEPXHIi Iripaminm.

OCHOBOIO YOTHPUKYTHOI mipamizu € pom0O, a Bci OiuHi pedpa mipamigm
piBui. [loBeniTs, 110 1A mipaMmifa € MTPaBUJIBLHOIO.
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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 JIe;KUTh TPUKYTHHUK 3i cTropoHamu 5, 6 i 7. Yei Giuni
pebpa mipamizm piBHI MiK c00010, i KOKHe 3 HUX YTBOPIOE 3 BUCOTOIO
mipamigu Kyt 60°. 3maiigiTe OiuHe pedOpo mipamimgu.

OcuoBa mipamigu — piBHOGenpernuit TpukyTauk ABC (AB=BC) 3 Ky-
TOoM A, 1110 JOpiBHIOE O.. Brcora mipamiam mpoxoguTh uepes IIeHTP KoJja,
BIIICAHOI'O B OCHOBY, i JOPiBHIOE OiuHili CTOPOHI TPUKYTHHKA OCHOBH.
3HalAiTh KyT HaXWJy OiUYHMX T'paHed mipaMigu OO OCHOBH.

B ocuoBi mipaminu MABCD nexuts pom0 ABCD i3 pgiaroHajsamMu
AC=6, BD=8, a Bci O6iuHi rpaHi yTBOPIOIOTH 3 OCHOBOIO KyTu 1o 45°.
3SHAUIITE:

1) Bucory mipaminu;

2) Bimcraub Bim BepmuHu M 10 pebpa OCHOBI.

OcHoBa mipamigu — piBHOGEAPEHUN TPUKYTHUK 3 OCHOBOIO 12 i 6GiuHOMO

PIOIOTH 3 OCHOBOIO IBOTPaHHI KyTu mo 45°

OcHoBa mipamigu — UPAMOKYTHUN TPUKYTHUK i3 Kareramu 6 cm
i 8 cm. VYci mBorpaHHi KyTu IIpM OCHOBI mipamimm mopiBHIOIOTHL 60°.
3HaWAiTH BUCOTY IIipaminu.

OcHoBa mipamigu — piBHOOeApPeHUWHA TPUKYTHUK 3i cropoHamu 40 cwm,
25 cm i 25 cm. Bucora mipamimzu 3aBHOBKKU 8 CM IIPOXOAUTEL Uepes
BEPIIIMHY KyTa OCHOBHU, IPOTHUJIECKHOI'O CTOPOHI 3aBHoB:KKU 40 cMm. 3Hali-
IiTh 1oy OiuHOI IMOBepxHi mipamigm.

OcHOBOI0O TipaMigm € TpaBUJIbHUNU TPUKYTHUK. OmHa 3 GiuHMX TrpaHen
mipamMifu meprneHAUKYJIAPHA OO IJOIIIWHU 11 OCHOBM, a OBl iHIII Haxu-
JeHi po Hel mim kytom o. Ilig AKmMM KyTaMy HaXWJEHI [0 IJIOIUHU
ocHOBHU Oiuni pebpa?

B ocHoBi mipamigu smekuTh pomM06 3i cTopoHoio a i Kyrom 60° Opmna
3 OiuHMX TpaHell ImipaMigu HepIeHAUKYJIAPHA OO HJOIIUHU ii OCHOBW,
a IBi cycimHi 3 HeO I'paHi YTBOPIOIOTH 3 OCHOBOIO KyTu II0 45°. 3HAHIITH
BUCOTY Iripaminmu.

BuaBiTb CBOIO KOMMNETEHTHICTb

CKiJIbKM KBaApaTHUX METpPiB IapyCUHH OyJI0 BHUKOPHCTAHO HA BUIO-
TOBJIEHHA HaMeTy 0e3 mHa, IO Mae (GOPMY HPaBUJIbHOI YOTHUPUKYTHOL
mipamiam, sKIimo BucoTa mipamigu mopisuioe 3,2 M, a cTopoHa ii ocHOBU
4,8 m? (Bpaxyiite, 110 Ha IIBU i1 00pisKy BuTpaueno 4 % Big sarajabHOI
KiJIbKOCTI mapycuumn).
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Tabnuusa 5
MpaBunbHi MHOrorpaHHUKMN

O3Ha4yeHHA. ONYKNAMIA MHOTOrpaHHUK HasNBa€ETbCA NPABUJIbHUM, AKLLO
ioro rpaHi € piBHUMU NPaBUIbHUMN MHOTOKYTHUKaMU 1 Y KOXKHIN Bep-
WMHI CXOAUTbCA OfHa 1 Ta cama KinbKicTb pebep.

Tun npaBuUbHOro Yncno Ymcno  Yucno

®opma rpaHi

Ne 9
MHOTOrpaHHKa rpaHen BeplwuH pebep

1 | Tetpaeap (UOTMPUrPaHHMK)

4 4 6
2 | lekcaepp (WecTUrpaHHUK),
abo ky6
: T+ O
: 1 1 6 8 12
Lo_1__
// —| / l_
Vs ™
3 | OkTtaegp
(BOCbMUrpaHHUK)
8 6 12

o



§6.paBuUbHI MHOTOrPaHHKKN

4 | |kocaegp
(ABaAUATUTPAHHMIK)

V4 \ 20
A / 4
5 | Nopekaepp
(ABaHaQUATUIPAHHKIK)
o, g

MOACHEHHA N OBI'PYHTYBAHHA

O3HayeHHA. ONyKNMI MHOTOrpaHHNK Ha3sNBa€ETbCA NPABUIbHUM, AKLLO 1OTO
rpaHi € piBHUMM NPaBUIbHNUMY MHOTOKYTHMKaMu N y KOXHill BEpLUNHI CXO0-

AUNTbCA OAHa 1 Ta cama KinbKicTb pebep.

IIpuknamoMm NTPaBUJIBHOTO MHOTOTPAaHHUKA € KYyO
(puc. 6.1): yci #ioro rpani — piBHi KBagpaTu, i B KO-
Hi#l BepHINHI CXOmATHCA TPU pedpa.

3 o3HaueHHsS NPaBUJBHOIO MHOTOTPAHHUKA BUILIU-
Bae, IO BCi Horo pedpa AOPiBHIOIOTH OmHe omHOMY. Ta-
KOYK MOJKHA [IOBECTH, II[0 B IIPAaBUJILHOMY MHOTOTDaH-
HUKY PiBHi BCi ABOrpaHHi KyTH, IO MICTATH ABI rpaHi
3i cmiabHUM pebGpoMm.

Hai16inpm mpocTvM TpPaBUJIBHUM MHOTOTDAaHHUKOM
€ TPUKYTHaA IIipaminma, yci rpaHi AKOi — NOpaBUJIbHI

12

12

20

Puc. 6.1

30

30
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TpuKyTHUKU (puc. 6.2), a B KOXKHIA BepIIWHI CXO-
IATbCA Tpu pebpa. OCKiJIbKM y IIHOTO MHOI'OIPAH-
HUKa BCHOTO UOTUPU T'PAHi, HOTO HA3BUBAIOTH TAKOXK
mempaedpom, 110 B IepeKJaAi 3 TpelbKol o3Hauae
«UOTUPUTPAHHUK».

Inoxi TerpaempoM Ha3WMBAIOTh TAKOXK MJOBILJIBHY
TpuKkyTHY mipamizy. Tomy y Bumagky, KoJam MOBa
Wae mpo IPaBUJIbHUN MHOTOIPAHHUK, T'OBOPUTHME-
MO — npasujbHuil mempaeop.

MuororpaHHUK, IpaHAMU SAKOTO € MNpPaBUJbHI
TPUKYTHUKYU W y KOMKHINM BEPINNHI AKOTO CXOAATHCS
yoTupu pebpa, 300paskeHo Ha puc. 6.3. Moro mo-
BEPXHA CKJAJAETHCSA 3 BOCBMU NPAaBUJIbHUX TPUKYT-
HUKiB, TOMy #oOro HasuBaiOTh oxmaedpom. MHoro-
TPaHHUK, TPAHAMU SKOTO € MPAaBUJIbHI TPUKYTHUKU
M Yy KOMKHIN BeplInHiI AKOro CXOAAThCA II'SITh pedep,
306paskeHo Ha puc. 6.4. loro moBepxHA CKIAAETHCA
3 IBAAIATA MPABUJIBHUX TPUKYTHUKIB, TOMY IOTO
Ha3UBAIOTh iKOCaedpoM.

OckinbKU y BepIIMHAX OIYKJOrO MHOTOI'PaH-
HUKa MOKe CXOIUTUCA TiJBKM TPW KBajApaTH, TO,
KpiMm Ky6a (puc. 6.1), iHmImMX TpPaBUIBHUX MHOTO-
TPaHHUWKIB, ¥ AKUX TPAHAMHU € KBajJgparu, He iCHYE.
Ky6 mae mricte rpaseii, Tomy Horo Iie HasHUBAIOThH
2excaedpom.

MuororpaHHUK, I'paHAMU SAKOTO € MOpPaBUJbHI
MATUKYTHUKYA W Y KOMKHiINT BepmimHi CcXOogAThCS
Tpu pebpa, 306paskeHo Ha puc. 6.5. Moro moBepxHs
CKJIafla€ThCA 3 ABAHAMIATU TPABUJIBHUX II'SITUKYT-
HUKiB, TOMYy HOro Ha3WBAIOTh 000eKaedpoi.

3asHaumMMo, IO y BEPIIUHAX OIIYKJOrO0 MHO-

D rorpaHHWKA HE MOYKYTb CXOAUTUCA YOTUPU
W OGijbpIlle TMPaBUJBHUX IIATUKYTHUKIB. Takoix
HE MOKYTH CXOAUTUCSA NPABUJIbHI MHOTOKYTHU-
KU 3 KijbKicTio cTOpiH Oisbiie Hixk m’saTh. Tomy
iHIIMX TPaBUJIBHUX MHOTOTPAHHUKIB He icHye,
i € TiTbKM I’ATH TPaBUJIbHUX MHOTOIPAHHUKIB:
TeTpaenp, rexcaeap (kKy0), OKTaeap, DOAeKaemp
i ikocaemp.

PO3IJT 1. MHororpaHHuKn

Puc. 6.2

Pnc. 6.3

Puc. 6.4

Puc. 6.5
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Puc. 6.6

A i pna iHIMIMX MHOTOTPAHHUKIB, MOJEN i NPaBUJILHUX MHOTOTPAHHU-
KiB MOJKHaA BUTOTOBUTH 3 PO3TOPTOK ab0 IreOMETPUUYHOT'0 KOHCTPyKTOopa. Ha
puc. 6.6 300pakeHO OZHY 3 MOKJIMBUX PO3TOPTOK momekaenpa (momaTKoBi
YACTUHU B MIPABMJBHUX II'STUKYTHUKAX IPU3HAUEHI I/ CKJICIOBAHHS BiJI-
MOBiIHUX TpaHel). 3a TaKOI PO3TOPTKOI0 MOYKHA BUTOTOBUTH, HAIIPUKJIA]I,
abaskyp 3i cremiagbHMX MaTepiajiB (3 ypaXyBaHHAM HPaBUJ IOKEKHOI 0e3-
nexu!)

P )

3ayBasKuMoO, 110 (QOPMYy NMPABUJIBHUX MHOTOTPDAHHUKIB Mae GiJBbIIICTL KPUCTAJIB.
Mu Bixe sragysajm, IO KpHCTaJU A0Ope BiomMoi BaM KYXOHHOI COJIi € KyOammu.
Y BupoOGHUIITBI ajdOMiHiI0 Ta KepamMiuHux (ap6 BUKOPUCTOBYIOTH aJIIOMOKAaJIi€Bi
TaJIyHU, MOHOKPUCTAJIHN AKUX MalOTh (DOPMY MPaBUILHOTO OKTaeapa. CHUpOBUHOIO A5
BUPOOHUIITBA CipuaHOl KUCJIOTH, CipKU i 3a/Ii3HOr0 KyIIoOpoCy € CipuaHuil KoJuyemaH
(mipuT); OCTAHHIM YaCOM BiH yce uacTillie 3aCTOCOBYETHCS AK JOOABKA IPU BUPOOIeHHL
memenTy. Kpucranu mipury MmaoTh opMy gJoaeKaenpa.

Kpuctan Kpuctan Kpucran
KYXOHHOI coni antoMOKanieBmx niputy
ranyHis

Q)({D@ 3HanpiTb 'y mMepexi IHTepHeT npuknagu Kpuctanis, siki MaloTb Gpopmy
pewTn 3a3HavyeHnX NPaBWUIbHUX MHOrOrPaHHUKIB.

- J
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NPUKNAJL PO3B’A3YBAHHA 3AAAM

3apava. 3HangiTb 4BOrPaHHi KyTn NpaBusib-
Horo TeTpaepgpa (puc. 6.7). Puc. 6.7 D

KomeHTap

MpaBunbHUN TeTpaeap € NPaBUIbHOK TPUKYT-

HOIO MipaMifoto, OCHOBOI AKOI MOXHa BBaXaTtu C
6yAb-AKy rpaHb Liboro TeTpaegpa. N
CnpaBpai, B OCHOBI IeX1Tb NPaBUAbHUA TPU- B
KYTHVK, @ OCHOBOIO BMCOTW MipaMian € LeHTp

Lli€El OCHOBW, OCKiNbKM PiBHI NOXWAi MatloTb PiBHI A
npoekuii.

OTXe, OCHOBOI BUCOTU € LIEHTP OMMCAHOMO KOMa, AKUIA Y NPaBUIbHOMY TPUKYTHUKY 36i-
ra€TbCA 3 LEHTPOM BMMUCAHOTO KOMa i € LEHTPOM LibOro NPaBUIbHOTO TPUKYTHMKA.

Q.

[ins nobynoBu NiHIHOro KyTa IBOrPaHHOro KyTa npu pebpi NnpaBuibHOro TeTpaeapa 3pyu-
HO BBaxaTu obpaHe pebpo pebpom OCHOBY TPUKYTHOI Nipamigun, NPoBECTY BUCOTY Nipamign
1 anodemy (To6TO BMCOTY) BiANOBIAHOT GIYHOI rpaHi 1 BUKOPUCTOBYBaTK TeOPeMy Mpo TpU
nepneHankynapu.

TakoXx fouinbHO BpaxyBaTy, L0 B 3aMpONOHOBaHil 3aflavi Ha 06UMCNEHH:A He 3aflaHo »Kof-
HOro Bifpi3Ka, TOMy AnA ii Po3B'A3yBaHHA 3pyYHO BBECTM HEBIAOMUI BiAPI3OK (Hanpuknag,
LOBXNHY pebpa TeTpaeapa).

Po3B'sAi3aHHA

» IIposememo 3 BepiuHu D mpaBuabHoro Terpaenpa ABCD Bucoty DN rpaui BCD
i Bucoty DO Tetpaenpa (puc. 6.7).

Axmo DN 1L BC, to ON 1 BC (3a TeopeMOI0 IIPO TPU IEPIEHANUKYJIAPH), TOMY KYT
DNO — niHiiauii KyT gBOrpaHHOro KyTta mpu peopi BC.
a3
Pt

ITosmauumo pebpo TeTpaeapa Yepes a, TOMAi BUCOTHU I'PaHeil JOPiBHIOIOTH

OcCKinbKM IPaBUJIBHUN TeTPaeap € NPaBUIbLHOI TPUKYTHOIO IipaMimoio, TO OCHOBA
BHCOTH MipaMigu — Ife IMeHTP NPAaBUJIbHOTO TPUKYTHUKA, AKUI € IIEHTPOM OIMca-
HOT'O i BIMCAHOTO B TPUKYTHUK KiJI.

VYpaxosyroun, mo ON 1 BC, ogepxxyemo: ON — pafiyc K0ja, BINCAHOIO B IIPAaBUJIb-
a3
6

HUM TPUKYTHUK, i ON =
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ON 1
I3 npamorkyTHOro rTpukyTauka DON omep:kyemo: cos L DNO=——= 6

1 DN g3 3’
Toni £ DNO = arccosg.

OueBUAHO, IIT0 ABOTPAHHI KyTH IIPU iHIINX pebpax TeTpaeapa € TAKMMU CAMUMU 34
BEJIMYMHOIO.

3ATMNTAHHA

1. fAKui#i MHOTOrpaHHUK HABUBAETHCA MTPABUJILHUM?

2. HasBiTh m’ATh TUIIB NpaBUJIbHUX MHOTOTDAHHUKIB i onMIIiThH iX.

BMPABU

6.1°. Yu € mpaBUJIBHUM MHOTOTPAHHUKOM:
1) moBisbHa mpaBuUJbHA Hipamizna;
2) moBinbHA MpaBuUJbHA TPU3Ma?
6.2°. Ym icHye mpaBUJILHUA MHOTOTPAHHUK, AKUU €:
1) mipawminoro; 2) mpusmoro?
6.3. MHororpaHHUK € 00’¢THAHHSAM JBOX IPABUJIBHUX TETPaeapiB, 110 MAIOTH
CcIinbHy ocHOBY. Uu Oyle TaKWii MHOTOTPAHHUK IpaBUAbHuUM? Homy?
6.4. fxi nygommHU cumeTpii Mae MpaBUIBHUI:
1) rerpaezp; 2) rekcaenp?
6.5. CrigbKM mIomUMH cuMeTpii Mae MpaBUIBHUIA:
1) oxTaenp; 2) momexaemp; 3) ikocaenp?
6.6°. Iljoma moBepxHi HpaBUIBHOI'O TeTpaexpa mopiBuioe 10043 cm?. 3Haii-
IiTs fioro peb6po.
6.7*. 3 opuiel BepmimHM KyOa IIPOBEJIN TPHU AiaroHaJi rpaHell i cHosyduIn
ixHi Kimmi Bigpiskamm. Um Oyge yTBOpeHa IIipaMijga IpaBUJIbHUM Te-
Tpaegpom? Biamosias oOrpyHTyiiTe.

@ BuABiTb CBOIO KOMMETEHTHICTb

6.8. IloOynayiiTe POSropTKU HPaBUJIbHNX MHOIOIPaHHUKiB. Buroroere 3 pos-
TOPTOK MOJeJIi MPaBUJIbHUX MHOTOT'PDAHHUKIB.
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Muororpanauku i, 30KpeMa, IpPaBUJIbHI MHOTOTPAHHUKMN 3 JaBHiX
yaciB mpuBepTaJU yBary BUEHHX, apXiTeKTOpiB, IIPeACTaBHUKIB OaraTbox
immux mpodeciit 3aBEAKM CBOi Kpaci, mockoHasocti Ta rapmonii. ITida-
ropifini 00OKHIOBAJIM IIPAaBUJIbHI MHOTOTDAHHUKU i BUKOPUCTOBYBAJHU iX
y cBoix (isoco)cbKUX TBOpaxX MPO CYTHIiCTH cBiTy. [leTasbHO ommcaB BJa-
CTHBOCTi NpPaBUJIbHUX MHOTOTPAHHUKIB AaBHBOTpelbKUU BueHuit IlmaToH
(429—-348 pp. 1o H. e.). CaMe TOMY IpaBUJIbHI MHOTOI'PDAHHUKY Ha3WBAIOTH-
cda Takoxk Tinamm Ilimartona.

IlpaBuJIbHUM MHOTOrpaHHMKaAM IIpUCBAYeHa ocTaHHA, XIII KHmra
smamenutux «Hauan» EBkaigma. VYeaing sa EBKJIigoM BUBUYEHHAM II'ATH
IpaBUIBHUX MHOTOTPAaHHUKIB 3ailimaBcsa Apximen (287-212 pp. mo H. 3.).
ITepeKoHABIINCL Yy TOMY, II[0 HE MOKXHA HOOYIyBaTH IMOCTUI IpPaBUJILHUI
MHOTOTPAHHUK, ApxiMen craB GyAyBaT# MHOTOTDAHHUKHU, V¥ AKUX I'PDAHAMU
Oyau NIpaBUJIbHI, ajle He OSHOMNMEHHI MHOTOKYTHMKM!, a B KOXKHII BepIu-

Hi, AK i y OpaBUJIBHUX MHOTOIDAHHHKAX, CXOAHWJACA OJHAKOBA KiJbKiCTH
pebep. Tax BiH orpumaB 13 HamiBIpaBUJIBHMX MHOTOrpaHHHKiB. B po6ori
BueHoro «IIpo MHOrorpaHHUKW», AKa 36eperyiacs A0 HAIIOTO Yacy, JeTaJib-

HO ommcaHi yci 13 mHororpanHukiB (puc. 1), Ha3BaHWX Ha YECTb BUYEHOTO
rimamu Apximena, i HaBegeHi BiAmOBiAHI pPHUCYHKU.




Kpim mpaBuapHUX i HamiBIpaBMJIBHUX MHOIOIPAHHHKIB, yBary mIo-
CIiHUKIB IIPUBEPTAIOTh TaK 3BaHi 3ipuacTi MHOrorpaHHuUKU. IcCHye TiJIbKH®
YOTUPUW IIPaBUJIbHI 3ipuacti mMHOrorpamHmku. Ilepmri aBa Oynm BigkpurTi
I. Kenaepom (1571-1630), a aBa immwux maiizke 200 pokiB mo Tomy moGy-
nysas JI. Ilyanco (1777-1859). Came ToMy mpaBuUJbHI 3ipyacTi MHOrOrpaH-
HUKMN HasuBawoTbcea Timamu Kemmepa — Ilyanco.

217

3ipuacTi MHOTOrpaHHUKN MOKHA OTPUMATHU, IIPO-
IOBXKUBIITY I'paHi abo pedpa JeAKUX IPaBUIBHUX MHO-
TorpaHHHKiB. 3 TeTpaenpa, Kyba ¥ okKTaeapa sipuacTi
MHOTOTDAHHUKM OJEpP:KaTu He MOXKHa. SIKII0 posriid-
HYTH [IOAeKae[p, TO IIPOJOBXKEHHS IOro pedep IIpu-
BOJIUTH OO0 3aMiHM KOXKHOI T'paHi 3ipyacTuM IIpaBUJIb-
HAM T ATUKYTHUKOM (puc. 2), B pe3yabTaTi BUHUKAE

Puc. 2

MHOTOTPAHHUK, AKWI HA3WBAIOTh MaJUM 3ipyacTum
momekaempom (puc. 3, a).

Sxio mpomoB:KyBaTH TpaHi JoJeKaenpa, MOMKJIMWBI JBa BapiaHTa pe-
sysbrary. Ilo-mepiie, K0 PO3TIAAATA IPABUJIbHI II'ATUKYTHUKU, TO OTPHU-
MaeEMO TaK 3BaHUN BeJWKUil momexaenp (puc. 3, 6). Ilo-gpyre, AKIO AK
rpaHi po3riazaTy 3ipuacTi I'ATHKYTHUKY, TO OJEP:KYEMO BeJIUKMH 3ipuac-
Tuil gomexaenp (puc. 3, 8).

Ixocaenp mae ommy 3ipuacty ¢opmy. IIpomom:kyrouu rpani ikocaenpa,
OIep’KYEMO BeJIMKUI 3ipuacTuii ikocaemp (puc. 3, 2).

Om:ke, cupaBiai iCHYIOTH TiJIbKM YOTHPH THUNU MNPABUJBHUX 3ipuacTux
MHOTOTPAHHUKIB.
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Bararo ¢opm 3ipuacTux MHOTOTPAHHUKIB MOMK-
Ha IIOMiTHUTH, CIOCTepirarum HaBKOJUIINHiIA cBiT. Ha-
OpUKJIaM, CHIKMHKU — Ie 3ipuacTi MHOTrOrpaHHUKU
(puc. 4). 3 maBHiX-IaBeH JIIOAW HAMaraJiucA OIIHMCATU
BCl MOJKJINBI THUINN CHIKHHOK, CKJAJZaJH CIeliajb-
Hi amyacu. 3apa3 BiIOMO KiJbKa THCAY PiBHUX THUMiB
CHI’KMHOK.

B enoxy BigpomxeHHA NpaBUIbHI MHOTOTPAHHUKU
HaJAuXaJn CKYJbIITOPiB, apXiTeKTOpiB, XYAOKHUKIiB.
Tak, Jleonapao nma Binui 3axomioBaBcsA TeOpiel0o MHOTOTPAHHHUKIB i yacTo
300pasKyBaB iX Ha CBOIX MHOJOTHaX. BiH mpoijiocTpyBaB 300pasKeHHAMU
IPaBUJIbHUX i HAiBIPaBUJIBLHUX MHOTOTDAHHUKIB KHUTY CBOT'O Jpyra UYeH-
ma Jyku ITawomi (1445-1514) «IIpo GoKecTBEHHY IIPOIOPIIifo». IHIIUM
BUIATHUM XYIOKHUKOM eImoxu BigpomkeHHs, AKHH TaKOXK 3aXOILJIIOBAB-
cA reomerpieo, 0yB A. [iopep. ¥ itoro Bimowmiii rpasiopi «Mesauxosrisa»
(puc. 5) Ha mepeAHBOMY ILIaHiI 300paskeHO gomeraenp. ¥ 1525 p. y cBoemy
Tpakrari «KepiBHUIITBO m0 BuMipioBauHs» [liopep MpuUAiauB yBary Ir'saTu
MPaBUJIBHUM MHOIOTPAHHUKAM, MOBEPXHI AKUX POBIVIAAAB AK rapHi Mozmesi
mepcueKTuBU. larocTpalliero BucHOBKiB [[fopepa Mo:KHa BBaKaTu 3HAMEHUTY
kaptuny CaasBamopa dani «TaemHa Beuepsi», Ha AKili 6auMMO IIepCIIeK-
TUBHE 300pa’kKeHHs IPaBUJIbHOIO Aoaekaeapa (puc. 6).

Puc. 5. A. Jiopep. Puc. 6. C. Jani. TaemHa Beueps
MenaHxonia
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3ABOAHHA ANA nNiArotoBkn A0 OUIHIOBAHHA

TecTt N2 1

1. BHaigiTe AiaroHasab MIPIMOKYTHOIO IIapaJjelelinena, IKI0 Horo BUMipu
IOpiBHIOIOTE 3 cM, 4 cM, 12 cMm.

Ab b 12 B 13 ri4 O 15

2. O0uwmciTh mioly 60iuHOI MOBEPXHi HMPAMOI IPU3MHU, OCHOBOIO SIKOI € IIa-
paesorpam 3i cropoHamu 6 cm i 14 cM, AKIO BHCOTa MPU3MU HOPiBHIOE
12 cm.

A 144 cm? b 168 cm? B 240 cm? I 336 cm? 1 480 cm?

3. OcuoBoro mipamigu SABCD, 3o0paske-
HOI Ha puc. 1, € KBaapar; Oiume pebpo Pnc. 1
SB mipamigu nepueHAWKYJISPHE [0
njomuHu ii ocHoBu, Touka M — ce-
penuna Bimpiska CD. YraxXiTh JiHiN-
HUM KyT OIBOT'PAHHOIO KyTa Iripaminum
mpu pebpi CD.

A ZSAB r ZSMB
b £ZSDB n £ZS8SCD
B ZSCB

4. JliaroHaJ b TPaBUJIBHOI YOTUPUKYTHOI NMPU3MU AOPiBHIOE d 1 yTBOpIOE
KyT ¢ 3 ILJOIIMHOI0 OCHOBM HIPU3MH. SHaAUAITH peOpPO OCHOBU IIPU3MU.
V2
2

. 2 .

A dcoso b d\/Esm(p B fsm(p r d\/Ecosq) i cosQ

5. OCHOBOIO TPAMOI TPUKYTHOI MPU3MHU € NPAMOKYTHUN TPUKYTHUK i3
kKareramu 10 cm i 24 cm. Bucora mpusmm mopiBHIOE 5 cM. SHAHIITH

IJIOITY IIOBHOI ITOBEPXHi IIPU3MMU.

A 120 cm? b 240 cm? B 350 cm? I 470 cm? O 540 cm?
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. TaHo 300pasKeHHs IMPaBUJBHOI IIECTUKYTHOI

mpusmu (puc. 2). Binbira giaronaas npusmu Puc. 2
IopiBHIOE 6 1 yTBOPIOE KYT O 3 ILJIOIIUHOIO
OCHOBH. YCTAHOBITH BiAIIOBimHICTHL MiK 3a1a-

I

HuMu BequunHamu (1-3) Ta BupasamMu s ix : ~ 6 :
obuncaenua (A-T). S
1 Bucora mpusmu A 3coso
2 CTopoHa OCHOBU IIPU3MU 5 6cosa
3 Ilgomia HaMOiJIBIIIOrO ]

IiaroHaJIbHOTO IIepepisy B 6sina

IPU3MU I 18sin2a

3HalgiTh W0y 6iuHOl MOBEPXHI MPaBUJIBHOI YOTMPUKYTHOI mipaminu,
BHUCOTa AKOi MOpiBHIOE 6 cM, a cTopoHa OcHOBH 16 cwm.

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

Temun HaBUYaNbHUX npoeKTiB

1. MHororpaHHUKM B apxXiTeKTypi YKpainum i cBiry.
2. TlpaBusbHi ¥ HamiBIpaBUJbHI MHOTOTPAHHUKHU.
3. T'eomeTpia B KpucTaJjax.

4. 3ipuacTi MHOTOTrpaHHUKH.



Pos3pgin 2
TIJIA OBEPTAHHA

§ 7. Uuningp
§ 8. KoHyc
§ 9. Kyna i cdepa

Y ubomy posgini Bu:
= O3HaMoMUTeCA 3 OCHOBHUMM TiNlaMu obepTaHHA:
LUNiHAPOM, KOHYCOM, Kyfelo Ta iXHiMX BNacTUBOCTAMU;

© HaBumMTeCA PO3B'A3yBaTV 3ajaui,
NnoB'si3aHi 3 Tinamm obepTaHHs.
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Tabnuua 6

Uuninap
Lunindpom (kpyzoeum yuniHOpom) Ha3NBa€ETbCA TiNo,
WO CKNafa€ETbCA 3 ABOX KPYriB, AAKi He ie)KaTb B OAHIN
NMOWMHI Ta CyMmillaloTbCA NapanenbHUM NnepeHeceH-
HAM, i BCiX Bigpi3KiB, W0 cnony4yaloTb BiANOBiAHI TOUKN
LMX KpYriB.
Kpyrvn — ocHosu yuniHopa.
Bigpi3Kku, Wwo cnonyvaloTb BIANOBIAHI TOUKW Kin KpyriB, —
maeipHi yuniHopa.
AA,, BB, — meipHi yuninopa.
LwvniHgp Ha3nBaeTbCcA NpAMUM, AKLLO Oro TBipHi nep-
NeHANKYAAPHI 0 NIOWNH OCHOB.
Y WKiNbHMX NigpyYHMKax:
YusiHOp = npamudl Kpyzosul YuaiHop

BnactuBocTi

1. OcHo8U YuniHOpa pigHi U napanenoHi.
OA=0,4,=R 1. AOB||nn. A0, B;
O — yeHmMp HUXHbOI OCHOBU,
O; — ueHmp 8epxHbOI OCHOBU.
2. TeipHi yuniHopa napanesnoHi U pigHi.
AA, || BB, AA, =BB,

3. Bucoma yuniHopa (8iocmaHe MiX NJOUWUHAMU OCHO8)
0opieHI0E 008XUHi MeipHOI. TakoX BMCOTOI Ha3MBaloTb
nepneHAnKynAap, NPoBefeHUn i3 6yab-AKOl TOUKM OfHi€l
OCHOBU Ha iHLUY.

H, ,,=AA, =00, 00, 1 n1.0AB
4. Y pe3ynbmami o6epmarHa NpAMOKYMHUKA HABKOJIO Lio2o
CMOPOHU AK OCi ymeoproeMbCA YUIHOP.
OMM0; — npAamMOKymHuk;
00, — sicb ymeoperozo yunindpa (OO || MMy ).
R ,,=0OM=0,M, H, ,,=MM, =00,
5. Sypy =TMR?, Sgi, =2TRH,

S =Sy +2S,,, =2nR(H + R)

IIOBH. IIUJI
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Mepepisn unninapa naowmHamm

OcboBuii nepepi3 yuniHgpa

4
01
T ABCD — ocbosuli nepepi3 (nepepis, Lo Npoxo-
BY 1 AnTb uepes Bicb OOy ).
[
: ABCD — npAMOKYTHUK;
S AD=d,, =2R; AB=H_,;
‘0 AB i CD — TBipHi unniHgpa
©
A

MNepepi3 ymniHgpa NAOLWMHOL, NapanenbHO NOro oci

M
»
Ol
?
:L. wr. KLM || 00;;
: KLMN — nNpAMOKYTHUK;
: .N KL i MN — 1BipHi unniHgpa,
[
‘O KL=H,,,
®
K

[Mepepi3 ynniHgpa NNOLWNHOK, NapanesbHOK NOro OCHOBaM

902

|

I lnowuHa, naparnesieHa NJIOWUHI OCHOBU YUJTIH-
: B apa, nepemuHae tioeo 6il-IHy NOBEPXHIO NO KOJ1Y,
TO wo aOpiBHiOE KOJ1y OCHO8U.

: Rnepepisy = RIII/IJ'I

0

-
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MOACHEHHA N OBI'PYHTYBAHHA

OsHaueHHsA. uniHOpom (TouHille, Kpy2oeum yuniHOpom) Ha3NBa€ETbCA Tino,
WO CKNAfa€ETbCA 3 ABOX KPYriB, AKi He NeaTb B OA4HIN NMOWWHI N cymiwja-
I0TbCA NapanefnbHNM NepeHeceHHAM, i BCiX Bifgpi3kKiB, Wo cnony4yaloTb Bif-
noBigHI Toukn Uux KpyriB (puc. 7.1). Kpyrn Ha3nBaloTbca ocHoeamu YusiH-
opa, a Biapi3Ku, Wo cnonyyaloTb BignoBiaHI TOUKM Kin KpyriB, — meipHumu
yuninopa.

OckiygbKM mapaJiesibHe ITIePEeHEeCeHHS € PYyXOM, TO OCHOBM IWJIiHAPA PiBHI.
OcCKiJbKM B pe3yJabTaTi mapaJieJbHOTO MepeHEeCeHH:A ILJIOIUHA IIePeXOquTh
y mapaJjenbHy IJIONINHY (200 B cebe), TO OCHOBM IWJIHApPA JeKaTh y mapa-
aeapHuX maonimHax. OCKiJILKM B pe3yabTaTi mapajielbHOTO IepeHeCceHHs TOU-
KM 3MIiIIIyIOThCSA II0 HapajieIbHUX OpaMux (ado mo mpaMux, fAKi 30iraroTbcs)
Ha Ty caMy BiJicTaHb, TO TBipHi IMIiHapa mapaJjejbHi il piBHI.

O3HayeHHA. luniHap Ha3sMBaEeTbCA NpAMUM, AKLLO NOro TBipHi NepneHANKY-
nApHi go naownH ocHoB: AA; | mi. ABO (puc. 7.1, 6).

Jajgi po3rasgaTuMeMo TiJBKM HPAMHH INWIIHAP, SIKUH HA3WBATHMEMO
IPOCTO IHMIIHIPOM.

Ipamuil yuainOp HAOYHO MOMCHA pO3easdamu SK mijo, YymeopeHe 8 pe-
3yavmami 00epmaHHsa NPAMOKYMHUKA HABKOJLO0 cmoporu Ak oci (puc. 7.2).

O3HaueHHA. Padiycom yuiiHOpa Ha3nBa€eTbCA pafiyc MOro ocCHOBW.

Puc. 7.1 a 6
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Puc. 7.2 Puc. 7.3 R

uol

M B

H
H
2nR
A0
[ ]

M

O3Ha4yeHHA. Bucomoto yuniHOpa HasNBa€eTbCA NepneHANKYNApP, NpoBefeHnin

i3 6yAb-AKOI TOUKWN OfHi€i OCHOBM Ha iHLWY.

Taxko:x BHCOTOI0 HA3WBAIOTH MOBXKHUHY IILOTO IEPHEeHAUKYJIIpa, TOOTO
BifcTaHb MidK NIJIOIMHAMMK HOro OCHOB. 3a3HAUMMO, IO BHCOTA IIMJIiHIpA
JIIOPiBHIOE 1Oro TBipHiil.

O3HaueHHs. Biccio yuniHOpa Ha3NBAETbCA NPAMA, L0 NPOXOAUTb Yepes LeH-

TpY AIOro OCHOB.

Bicy mapanenpHa TBipHUM.

Ilosepxnsa yuaindpa cruaamzaeTbcsa 3 OCHOB i OiunHol moBepxHi. BiuHy no-
6epXHI0 IWJIIHAPA YTBOPIOIOTH TBipHI.

SKImo moBepxHIO IMJIIHApPaA po3pisaTu II0 KoJlaX OCHOB i AKili-HeOyIb
TBipHill, a TOTiM POSrOPHYTH HA IJIOIMNHi, TO OJEPIKUMO PO3TOPTKY IMUJIiHIApPA
(puc. 7.3). BoHa ckgamaeThcsa 3 IPAMOKYTHUKA — PO3TOPTKU OiYHOI MOBEPXHi
OuJiaiHapa — 1 OBOX piBHMX KpyriB. SKmio pagiyc muiriagpa mopiBHIoe R,
a Bucotra — H, To fioro GiuHy IIOBEPXHIO PO3TOPTAEMO B MPAMOKYTHUK 3i
cropoHamu 2nR i H. Ilnomry miei posroprku 2nRH npuiiMaioTh 3a nJaowy
0iunol nosepxwi yuaindpa’. Orixe,

Sgiqy = 2TRH ,
ne R — pagiyc nmuainapa, H — fioro Bucora.
Toxi miomra mMOBHOI ITOBEPXHI IMJIiHApPA TOPiBHIOE:

S = Sgiuy +2S,., = 2nRH + 2nR? =2nR(H + R).

TOBH. IIVJI

* BisbIm cTporo o dhopmyiry 6yae obrpyurosaso B § 13.
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P \

O6’exTn nwaiHApUYHOI GOPMU UYACTO 3ycTpivaloTbcA y MOOYTI (HAIPUKJIAM,
KacTpyJis), TexXHimi (3ajisHuuHi 1ucTepHu, Tpyou) Ta apxiTekTypi (KOJIOHU, BeXKi,
30KpeMa 3HaMeHuTa Ilizarncrka Beka).

2. Nepepi3s ynningpa nnowmHammn |

Ilepepis murinapa MIOMIWHOIO, TapaJeIbHOIO MOro OCi, € IPAMOKYTHUKOM
(puc. 7.4).

IBi #ioro cropoHu — TBipHI IWJiHApa, a ABi iHIII — mapaJjesbHi X0Opau
OCHOB.
30KpeMa, IPAMOKYTHUKOM € 0CbOBUIL nepepi3 — Iepepis MuJIiHApa ILJIO-

IITUHOIO, IO ITPOXOAUTH uepes Horo Bick (puc. 7.5).

Teopema 7.1. MnowwmHa, napanenbHa NAOWWHI OCHOBMU LuAiHAPA, NepeTuHae
ioro 6iuHy NOBEpPXHIO MO KOJy, WO AOPIBHIOE KONy OCHOBM.

b JoeepenHsa. Hexaihi B — nnowwHa, napanenibHa NOWWHI OCHOBU LUWAiHApa
(pnc. 7.6). NapanenbHe nepeHeCceHHA B3LOBX HanNpAMKY OCi LUMNiHAPa, AKe CyMmi-

Puc. 7.4 Puc.7.5

M C
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B
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MU

WAE NAOWUHY B 3 NIOWKMHOK OCHOBU LUNIHAPA, TaKoX
cymillae nepepis 6iyHOI NOBepPXHi MAowWUHOW B 3 Konom
ocHoBu. OTXe, Nepepi3 € KOIOM, O AOPIBHIOE KOy OC-
HOBW.

O3HaueHHA. NMpuama Ha3MBaETbCA 8NUCAHOIO 8 YU-
NIiHOp (@ WMNiIHQP — ONUCAHUM HABKOJIO Nnpu3mu),
AKWO0 OCHOBM NMPU3MU BNMCaHi B KoJla OCHOB LU-
niHgpa.

I3 os3HaueHb mpuaMu ¥ MUIiHAPA POOMMO BHCHOBOK,
6iuni pebpa BImcaHOl B MUJIIHAP TPU3MU € TBipHU-
nuiaiggpa (puc. 7.7).

O3HayeHHsA. Mpn3ma Ha3MBaETbCA ONUCAHOIO HABKO-
J10 yuniHopa (a ununiHApP — enucaHum y npusmy), AK-
WO OCHOBU NPU3MM ONMCaHi HABKOJIO OCHOB LWJIiH-
Apa (puc. 7.8).

NMPUKNAOWN PO3B'A3YBAHHA 3A0AY

3apaua 1. OcboBuM nepepi3 uyuniHgpa — KBaApaTt, Miaowa AKOro AOPiBHIE Q.
3Hangite nnowy 6i4yHOI NoBepxHi UuniHapa.

Po3B'si3aHHA

» SIKIIO cTOPOHA KBapara 0CbOBO-
ro mepepisy (puc. 7.5) mopiBHioe X,
T0 X2 = @®. Bucora nuiinapa gopis-
HIOE X, AiaMeTp OCHOBU TAKOMK
mopiBaOE X (TOOTO 2R=x). OT-
me, Sguy=2nRH=7-(2R)-H=

=n-x-x=nx2=nQ.

KomeHTap

AKWO oCbOoBMI Nepepi3 uuniHgpa — KBagpar 3i
CTOPOHOI0 X, TO MO Nepepisy AOPIBHIOE x2.
Maemo piBHAHHSA x?= @, 3Bigkn x=+/Q .
3a3HauMMo, WO B 3afadi NOTPIGHO BU3HAUUTH
nnowy 6i4yHOi NoBepPXHi. Y popmyny 3HaUeHHsA x
BXOAUTMME B KBafpaTi, TOMy MOHa, He po3-
B'A3yloUM PIBHAHHA, 3anucaTty BUMOrY 3agadi
yepes x, a B oTpumaHy bopmyny nigcTaBuTL
3HaueHHs x2.
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3apaua 2*. Bucota ymniHgpa OOPIBHIOE 8 cM, pagiyc oc-
HoBU 5 cm (puc. 7.9). LuniHap nepeTHynu Pnc.7.9
NOLWMHOLO, NapanenbHO OCi, TaK, Lo B ne-
pepi3i oTpuManu KBagpart. 3HalgiTb BiACTaHb C

Bif, LbOro nepepisy Ao oci.

KomeHTap

BigcTaHb Big OCi 4O NapanenbHOI i1 NAOWMHN MOXKHA 3HaNTH

[0 ui€i nnowyHu. o6 3HanTy BiacTaHb Big Toukn O 0o CivHOI

,O
I
T
I
. . .. . . I
AIK BifCTaHb Bif Oyab-AKOi TOUKM OCi (Hanpuknag, Big Toukn O) B!
}
° I
MIOWMHW, AOCTAaTHbO MOMITUTHU, WO MOLWMNHA OCHOBU MepreH- IS
(0]

OVIKynApHa o nnowmHu nepepisy. Toai nepneHaukynap OH po
npamoi AB nepeTvHy nepneHanKynAapHUX NIOWKH € NepneH- A

ONKYNIAPOM A0 CiYHOT MAOLWMHN.

Po3B'si3aHHA

» Hexait mepepisa ABCD (puc. 7.9) mapaneasHuii oci OO; mnuainzpa
(AD=AB=8 cm, AO=5 cwm). Bigcraup mi»k Biccio i mepepisom nopiBHIOE Bif-
craui Big Touku O 10 mepepisy. Ypaxosyiouwn, 1o TBipua AD | mi. ABO , maemo:
mi1. ABCD 1 nn. ABO. Ilposegemo OH 1 AB, roxi OH 1 . ABCD, T0o6TO Bifpi-

30k OH — BifgcTaub Bif mepepisy mo oci.

Axmo OH 1 AB, to touka H — cepenuna Bifgpiska ABi AH =4 cm. Tozi 3 mpsmo-
KyTHOro TpukytHuka AOH snaxogumo: OH = \/ OA% - AH? = \/ 52-42 =3 (cm).

3apava 3%, 3HaugiTb nnouwy 6iYHOT MOBEPXHI MPABWUABHOT TPUKYTHOT NPK3MK, BMK-
CaHol B UWniHApP, pagdiyc OCHOBM AKOro JOpiBHIOE 8, a BUCOTa 3.

Po3B'si3aHHA

» Sfxmo npasuiabHa mpusma ABCA;B,C;
BIucaHa B muiuap (puc. 7.10), To BucoTa npu-
smu AA, popiBHIOE BHCOTI mumiIiEzpa, To6TO
AA, =3.

CTopoHa OCHOBHU NPHU3MM HAOPiBHIOE CTOPOHI
OIPaBUJILHOIO TPUKYTHUKA, BONCAHOI'O B KOJO
paziyca R=8. Tomi AB= R\/g = 8\/§.

OT}I{e, Sﬁi‘IH.Hp = PAABC 'AAl = SAB'AAl =
=3-83-3=723 (k. on.).

KomeHTap

AKLLO Npr3Ma BnMcaHa B UuiiHAp,
TO IXHi BUCOTW PiBHI 1 OCHOBa Npwu-
3MM BMMCaHa B OCHOBY LuAiHAPa.
Cnip TakoX ypaxyBsaTu, Lo BUCO-
Ta NPaBWIbHOI NPU3MK JOPIBHIOE
6iuHOMY pebpy.

CTopoHa OCHOBM 3ajaHoi npa-
BUNbHOI NPU3MN OOPIBHIOE CTO-
POHi a NPaBUIbHOrO TPUKYTHMKA,
BMNMcaHoro B Kono pagiyca R =8.
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Puc.7.10 Puc. 7.11

3ATMMNTAHHA

[na iT 3HaxoOKeHHA MOXKHa CKO-
puctatuca popmynoto a = R+/3

a
abo dopmynoo R =
opmy 2sin A

a=2RsinA=2Rsin60°=

B

=2R-73=R\/§.

Mo»Ha TakoXx ypaxyBaTu, WO
LeHTp O — TOYKa NepeTUHy BICOT,
MepiaH i 6iceKTpuc npaBUIbHOro
TpukyTHMKa ABC. I3 npAMOKYT-
Horo TpukyTHUKa AOH (puc. 7.11)
maemo: AH = AOcos30°, Tobto

, Toni

%=R%,TOAi a=R\/§.

1. IMoscHiTh, IMO0 Take Hmuaiuap (IpamMuii kpyrosuii muiainap). Ilo Take
TBipHA IMuIiHApa? OCHOBU HuJiHApa? OiuHa IMOBEePXHA MUJIiHApPA? BHCOTA

¥ Bicyp mumingpa?

2. fAxoro Giryporo € mepepis muIiHApPa IIJIOIMHOIO, IIapaJjiejIbHOI oro oci?
OChOBUI Tepepis muaingpa?

3. flkoio (iryporo € mepepisd muAiHAPa MOJIOMIMHOIO, HapaJjieibHOI0 IHOTo

ocHoBam? Binmosigb obrpyHTyiiTe.

4. TlosicHiTh, IITO TaKe PO3rOPTKAa ITMJIiHApPA.

5. 8anumritTe GopMyau I BU3HAUEHHS ILJIOIT OGiUHOI Ta MOBHOI MOBEPXOHBb

muJIiHIpa.

BMPABU

7.1°% Ym mae muiaiHAp:
1) mieHTp cuMeTpii;
2) Bich cumeTpii;
3) maomuHy cumeTpii?

Vramirs Ix.
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7.2°

7.3%

7.4.

7.5.

7.6.

7.7.

7.8%,

7.9%,

7.10.

711,

7.12%,

PO34IJT 2. Tina obepTaHHs

Pagmiyc ocHoBu mumriHgpa mopiBHIOE 2 M, BHCOTA — 3 M. SHAUTITh:
1) miaroHasib 0ChOBOI'O IIepepisy MMIiHApPA;

2) morty GiuHOI ITOBEepXHI IMUJIiHApPA;

3) IJIOIlly TOBHOI ITOBEPXHi ITMJIiHIpA.

IInoma GiuHol moBepxHi mMuIiHApa mopiBHIoe 72T, a Bucora 8. SHAHAITH
IiaMeTp OCHOBM.

OcbhoBuil mepepis HuJIiHIApPa — KBajaparT, MIJOIA SAKOro AOopiBHIOE S.
SHAUIITHL IIJIOITY OCHOBM ITMJIiHIpA.

Bucora nmuninapa mopiBuioe 6 cM, pamiyc ocHOBH 5 cM. SHAWUIITH ILIO-
1y IIepepisy, IPOBEAEeHOro IapaJjieibHO Oci ImuiaiHapa Ha BigcraHi 4 cMm
Big Hel.

Paniyc ocumoBu mwmiaingpa mopiBHioe 1, Bumcora 20, mioia mepepiasy,
nmapaJjejabHoOro oci, mopiBuioe 20 KB. ox. 3HAWAITH BiAcTaHb BiJ IIHOTO
nepepisy o oci mumiaiHapa.

HiaroHasb OCHOBOTO Tepepidy MUWJIiHApA JOpiBHIOE 48 cM, a KyT MixK
Ii€f0 AiaroHaJiIl0 ¥ Biccio muirinapa craHoBuTh 60°. 3HaANIITH:

1) BucoTy mmiaiHzpa;

2) paziyc OoCHOBU IIMJIiHApPA;

3) IJIOIIly OCHOBH ITHJIiHZIpA.

Y nuirinapi mapaJjieJibHO MOr0 OCi IPOBeAeHO MJIONINHY, IO BiiITUHAE Bif
Kosia ocHoBu nyry 120° [loB:KMHA Bimpiska oci MisK IeHTpaMu OCHOB
cramoBuTh 10 cM, BiAcTaHb Big oci mo ciuHOI ILJIOIMIMHU OOPiBHIOE 2 CM.
SHaigiTEL IJIOIIY IIepepisy.

3HaigiTe maoiny OiuHOI MOBEpPXHI IMIIiHApa, SKINO IIJIOIAa HOr'o OChO-
BOTO mepepisy mopiBHIOE S.

PosropTikoio 06iuHoi IIOBepXHiI IMIiHApPa € MNPAMOKYTHUK 3i CTOpOHAa-
mu 8 i 3. 3HaiaiTe TBipHY i pajiyc OCHOBUM HUJiIHApA, AKIIO Bimomo,
1o I1ei papgiyc Oiabmmmii 3a 1.

IInomia moBHOI moBepxXHi muiaiHapa mopiBHioe 2887 cm?. 3HANAITHL BU-
coTy ¥ pajiyc OCHOBM IMJIIHApPA, AKIIO Bigomo, 110 BHcoTa Ha 12 cm
binpIia 3a pagiyc.

Kyt misx TBipHOIO ImiiHapa i miaroHaJizo ochOBOTO IIepepisy IOpiB-
HIoe . S3HANAITHL Moy GiYyHOI HMOBEPXHi IMUIiHgpa, AKIIO IJIOIA HOTo
OCHOBHU [OPiBHIOE @.
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7.13. [Iiaromayb pO3TOPTKU OiuHOI MOBEPXHi ITH-
JniHgpa mopiBHIOE d i YTBODIOE KYyT @ 3 OC- Pnc.7.12
HOBOIO PO3TOPTKU. SHAUIITH ILJIOIINY IIOBHOI
TMOBEPXHI MuJaiHapa.

7.14*, OcpoBUM TIepepisoM IWJIiHApPa € KBajapar,
JiaroHajib SKOT'O JOPiBHIOE 10\/5 . 3HaNITH
miroiri 6iuHoi i MOBHOI ITOBEPXOHb IPaBUJIb-
HOI IIPpM3MU, BIIMCAHOI B Iell IMUJIIHAP, IK-
110 IIpu3Ma:

1) TpukyTHa;
2) YOTMPUKYTHA;
3) IIecCTUKyTHA.

7.15. TIpamokyTHUU mapaJiejienine]; onnucaHo HaBKOJIO IuiiHapa (puc. 7.12),
paziyc ocHOBU i BHCOTa SKOrO HOPiBHIOOTH 8. SHAWAITH MIJOIIY IIOBHOI
TIOBEPXHi MapaJiesenimneza.

@ BuaBiTb CBOI0 KOMMETEHTHICTb

7.16. Crinbkm 0aHOK, KOMKHa 3 SAKUX MicTuTh 2,8 Kr apbu, moTpiOHO mpu-
mbatu nasa apOyBaHHA B gBa mapu 10 3aKpUTHX MeTaJIeBUX I[UJIiH-
IpUYHUX O00uOK i3 miamerpoMm gHa 60 cm i BmcoTowo 85 cM, AKIINO AJIA
dapOysanua 1 M2 MeTaJieBOi IIOBepXHI B OAUH Iap BUTpadaeThea 120 r
dapbu?

717. ¥V maiicTepHi BUTOTOBUJIU [Ba OAHAKOBI Iy-
du y dopmi nmuringpa BucoToro 45 cMm i mia-
metpoM 45 cm. CKiJIbKM TKAHUHU MTiIILJIO
Ha OO0MBKY 000x my(diB (BKJIOUAIOUU [THO),
SAKIIO Ha IIIBU U 00pisaHHA IOJATKOBO OYJIO
Burpaueno 10 % rtxammaun? Bignosigs mo-
IaliTe B KBaJApaTHUX MeTpPaX, OKPYIJIMBIIK
oTpuMaHe 3HAYEHHA [0 AecATUX. BBaxkaii-
Te, Mo mw=3,14.

7.18. Insa s06epiraHHsa OeH3MHY IIOTPiOHO BUTO-
TOBUTH €MHICTBH, IO Mae (opmMy IIMIiHIPA
3 miaMeTpoOM OCHOBU 3 M i BmcoToio 4,5 M.
CKinpku JHCTiB 3aJisa miomieo 5 M2 KO-
HUN TOTPiOHO 3aKyIUTH OJII BUTOTOBJIEHHS
miel emHocti?
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§ 8. KOHYC

Tabnuua 7
Konyc

KoHycom (kpy2oeum KOHYycomM) Ha3sMBa€TbCA Tino, wWo
CKNafa€eTbcA 3 KPyra, TOUKM, WO He JIEXKNTb Y NIOWMHI
LbOro Kpyra, i BCix BigpisKiB, AKi cnonyy4yaloTb L0 TOUKY
3 TOUKamu Kpyra.

Kpyr — ocHosa KoHyca.
Touka S — sepwuHa KoHyca.

Bigpi3ky, wo cnonyyaloTb BepLUMHY KOHYCa 3 TOUKaMK Kona
OCHOBW, — MBIpHi KOHycd.

SA, SB — TBipHi KOHYCa.

KoHyc HasuBaeTbcsa npamum, akwo SO | 1. AOB
(O — ueHTp Kpyra ocHOBW).

Y WKineHUX niopy4HUKax:

KOHYC = npAMULl Kpy208UU KOHYC

BnacTuocrTi
1. TBipHi KOHyCa piBHi.
SA=SB= ..
2. H,,,=SO — Bncota KoHyca,
SO 1L un. AOB

3. Y pesynbraTi o6epTaHHA MPAMOKYTHOrO TPUKYTHUKA
HaBKOJIO Oro KaTeTa fK OCi yTBOPIOETHCA KOHYC.

A AOS — npamokyTHun, /. AOS =90°.
Mpama SO — Bicb KOHyca
R, . =AO, H, . =S0.
AS — 1BipHa, AS =1
4. Spen =TR?, Sgpuy =TRL,
S +8,,, =tRl+nR* =R(l+ R)

NOBH. KOH Sﬁqu



s

Mepepi3m KOHyca NAoOWMHaAMN

OcboBuiA Nepepi3 KoOHyca

AN SAB — ocbosul nepepi3 (nepepis, Lo NPoxo-
AnTb Yepes Bicb SO).

ASAB — piBHOGegpeHuin (SA = SB)
(SA i SB — 1BipHi)

Mepepi3 KOHyca NIOLMHOIO, L0 NPOXOAUTb Yepes oro BepLInHy

K

ASMK — piBHOGeapeHuit,
SM =SK (SM i SK — TBipHi)

MNepepi3 KOHyca NIOLWMNHOID, MapanesibHO NOro OCHOBI

§ 8. KoHyc
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lnowuHa, napanesnsHa nJIOWUHI OCHOBU KOHYCA,
nepeTMHaEe KOHYC No Kpyry, a 6iuHy NoBepxHio —
Nno KOsy 3 LIeHTPOM Ha OCi KOHYca.

mepepisy _&

R SO

YacTuHy KOHyCa, pO3TalloBaHy MiX OCHOBOIO KO-
Hyca i CiYHOIO NJIOLWMHOIO, HAa3MBaOTb 3Pi3AHUM
KOHYCOM.
Y pe3ynbtaTi 06epTaHHA NPAMOKYTHOT Tpanewii
(OAA101) HaBKOJ10 OCi, WO MPOXOAUTb Yepes
6iYHy CTOPOHY, NEPReHAVKYNAPHY OO OCHOB,
YTBOPIOETHCA 3pi3aHnI KOHYC.
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MOACHEHHA N OBI'PYHTYBAHHA

O3HayeHHA. KoHycom (TOuYHille, Kpy208UM KOHYCOM) Ha3MBa€ETbCA TiNo, WO
CKNaja€eTbCcA 3 Kpyra — OCHOBM KOHYCa, TOUKU, AKa He JIeXKUTb Y MIOWWHI
LbOro Kpyra, — BepLUMHUN KOHYCA, i BCiX BiAgpi3KiB, W0 cnony4yaloTb BepLumn-
HY KOHYyca 3 TouKaMmu ocHoBuU (puc. 8.1). Bigpisku, wo cnony4yaioTb BepLINHy

KOHycCa 3 TOYKaMM KoJjla OCHOBU, Ha3UBalTbCA MBIpHUMU KOHyca (Hanpu-
Knag, Ha puc. 8.1 Bigpi3kn SA i SB — TBipHi KOHyca).

O3HavyeHHA. KOHYC Ha3MBAETbCA NpAMUM, AKLLO NPAMA, WO Crojlyyae Bep-
WMHY KOHYCa 3 LLeHTPOM OCHOBWU, NeprneHANKYyAspHa 40 MIOWNHN OCHOBM
(Kwo Ha puc. 8.1, 6, SO L . AOB, T0 306pakeHNIN KOHYC — MPAMUIA).

Hami po3rmsagaTuMeMo TiJIbKM NPAMUN KOHYC, AKUH Ha3MBATUMEMO MPO-

CTO KOHYCOM.

Haouno npamuil kpyzoeuil koryc moxcHa poszasdamu AK MmiJo, ymeoperne

8 pesyavmami 06epmaHHs NPAMOKYMH020 MPUKYMHUKA HABKOLO 1020 Kame-
ma sk oci (puc. 8.2).

OzHaueHHA. Padiycom KOHyca Ha3nBaETbCA pafiyc NOro oCHOBM.

O3HaueHHs. Bucomoro KOHyca Ha3NBa€ETbCA NepNeHANKYNApP, NPoBefeHui i3
i0ro BepLUIMHUN Ha MIOLWMHY OCHOBW.

Yy IIpAMOI'O KOHyCa OCHOBa BHCOTHU 36iraeTrcAa 3 IIEHTPOM OCHOBU.

Puc. 8.1 Puc. 8.2
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§ 8. KoHyc

KU N\

IIpeameTu KOHiIUHOI (popMU UACTO 3ycTpivarOThCcA B MOOYTi (HAITpUKJIA, CBATKOBUM

KOBIIQUOK, PisKOK [IJIsI MOPO3UBAa), TeXHiIli (IaTPOH AJIA APUJIs) Ta apXiTeKTypi (mrmuiai
Cmaco-IIpeo6paskeHcbKoro cooopy (M. YepHiris)).

T

e T
P

g J

O3HaueHHA. Bicclo NpAMOro KpyroBoro KoHyca Ha3MBa€TbCA NpAMa, WO
MiCTUTb 10r0 BUCOTY.

Y mpsMoro KpyroBoro KoHyca BCi TBipHi piBHI (4K HOXWJIi, II0 MalOTh
piBHI mpoekIii — paxiycu ocHOBU KOHYcCA).

Ilosepxns KOHYyca CKJIAJAETHCA 3 OCHOBU i OiuHOI moBepxHi. Biyny no-
6epXHI0 KOHYyCa yTBOPIOIOTH TBipHi.

fAxio 6iuHy mOBEpPXHIO KOHYyCa po3pisaTu 3a AKO-HeOyIb TBiIpHOIO i Po3-
FOPHYTH Ha IJIOIIMWHi, TO omep:kuMo ii posroptky. Posroprka O6iumoi mo-
BepxHi KoHyca paziyca R 3 TBipHOIO [ € ceKTopoM pamiyca [, mOB:KHHa IyTU
AKOr0 MOPiBHIOE IOBXKMHI KoJia
OCHOBH, '1jo.§'r0 2nR (puc. u8.3). Puc. 8.3 A’
IInomy 1iei po3ropTKu mpuiiMa-
I0Th 3a nJaowy O0iuHOL noeepxhi
Konyca'. Bona y crimbku pasis S
MeHIIIa BiJ MJIOHII Kpyra papniy-
ca [, y CKiIbKHM pasiB JOBKMHA
Iyru cektopa 2mR wmeHIia Bif

JOBXKMHU KoJia pajniyca [, To6TO l g 2nR
S, 2nR .

2nl. Tomy 6;‘;“ =2Lnl’ 3BigKu; 04 R
TC [ |

Sgiqy = TRIL. A

* BiJIBIII CTPOTO If10 (popMyJIy Oyme 00-
rpyHToBaHo B § 13.
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236 PO3T 2. Tina obepTaHHs

IITo6 s3HaiiTH MJOITY TTOBHOI TTOBEPXHi KOHYyca, Tpeba M0 MJIOIIi #oro 6iumoi
TIOBEPXHi JAoJaTH IIJIOIY OCHOBU:

S = Syiun +Soen =MRI+TR? =R(I+R).

IIOBH. KOH

Puc. 8.4 S
Ilepepisz KoOHyca MJIOIIWHOIO, IO ITPOXO-
IUTH Yepes HOro BEPIIUHY, € PiBHOOEAPEHUM
TPUKYTHUKOM, OiYHi CTOPOHUW SIKOTO € TBip-
HUMU KoHyca (puc. 8.4). 3okpema, piBHOOeI-
PEHUM TPUKYTHUKOM € OCbOBUll nepepi3 Ko-
Hyca. lleit mepepis HIpPOXOOUTH UYepes3 Bichb
KoHyca (puc. 8.5).

Eo

Teopema 8.1. MNMnowmnHa, napanenbHa nno-
WMHi OCHOBU KOHYCa, NepeTUHA€E KOHYC Nno
Kpyry, a 6i4Hy NoBepXxH0 — MO KONy 3 LeH-
TPOM Ha OCi KOHyca.

™o

Puc. 8.5 S,
» JoeepenHa. Hexaln nnowuHa B, napanenbHa

MIOWMWHI OCHOBW KOHYCa, MEPETUHAE KOHYC

(puc. 8.6). Touka O; — TOYKa NepeTUHY MNno-

wyHM B 3 BucoTol KoHyca SO. lMnowuHa

SOB nepeTvHae napanenbHi MAOWWHU MO

napanenbHux npamux: AQO; || BO. Toai Tpu-

KyTHukn SO;A i SOB nogibHi, a ix cTopo-
Mzﬂ. 3Bia- &
OB SO B
-OB — nocTitHa BennyunHa.

R e
s

HW nponopuiiHi, To6To

SO
SO

Otxe, posxuHa Bigpiska O; A, AKUA NeXuntb Puc. 8.6 S
y nnowwHi B, € NocTiiHoIO, a Le 1 O3Hauae,
Lo nepepi3om naowWwmHN B 3 6iuHO NoBepx-
Hel KOHyCa € KOMO 3 LIEHTPOM Ha OCi KOHY-
Ca, a nepepizomM MAOWMHA 3 3 KOHycOM —
Kpyr. 1

Ilnomuua, mapaJiejibHa OCHOBI KOHYyca,
AKa IepeTUHae KOHYC, BiATMHAE BiJ HBO-
ro wmeHmwuii kKomyc (puc. 8.6). Yacruna, ~

&)
e B

o



§ 8. KoHyc

10 B3aJUINUJIacsd, Ha3UBAETHCA 3Pi3AHUM KOHYCOM
(puc. 8.7).

3pisaHuil KOHyC 00MEKeHO ABOMAa KpyramMm — Ho-
ro ocHogamu (IJIOIIUHU AKWUX IapajebHi) i 6iunol0
nosepxuerw. Bucomoiw 3pizan0z0 KOHYca Ha3UBAETHCHA
MEePIeHAUKYIAD, IIPOBEAeHUN i3 OyAb-IKOI TOUKM OIHi-
el OCHOBM Ha iHINY OCHOBY, HaOpUKJAN, Biapi-
ok (0,0, mio crosiydae IEeHTPU KPyriB ocHOB. [loB:ku-
Ha IIbOTO IIePIIEHANKYJIApa JOPiBHIOE BimcTaHi MiXK oc-
HOBaMHU 3pPi3aHOT0 KOHyca — 11 TaKOK HaA3WBAIOTh 8U-
comoiw 3pi3aH0z20 KOHYca.

Bigpisoxk AB, aKuii crojydae HaHOJMKUI TOUKK
Kism ocHOB, — m@giprHa (BOHa € dYacTwHOIO TBipHOI SB
IOBHOTO KOHYyCa, 3 SKOro OyB Oep:KaHUU 3pisaHuii
Kouyc (muB. puc. 8.6). IoB:kmHa mBOro Bimpiska AB
TaKOyK HAa3WBAEThCA MBIPHOI0 3Pi3aHOr0 KOHYycA.

YpaxoByiouu, 1o Ha puc. 8.6 miommuaa SOB me-
peTHHae napaJjesibHi IJIOIIMHYU OCHOB 3Pi3aHOr0 KOHYcCa
o mapajelbHUX NPAMHX, ofepskyemo, 1mo O,A| OB,
TOMY OCbOBUM nepepizom 3pi3an0z0 KOHYca € pieHOOIYHA
mpaneyis (ABCD nua puc. 8.8), i 3pisaHuil KoHYyc Mmodic-
Ha makox: posznsdamu K mino, ymeopeHe 00epmam-
Ham npamokymuoi mpaneuyii AO;0B Hasrono 6iuHOL
cmopornu 0,0, nepnendurynaprnoi do ocrose mpaneuyil.

OzHaueHHsA. MMipamidoa Ha3NBAETbCA 8NUCAHOIO 8 KO-
Hyc (a KOHYC — OnucaHum HABKOJI0 nipamiou), AK-
o OocHOBa MipamMiAn BnvcaHa B KOJMO OCHOBU KO-
Hyca, a BepLIMHOI0 Mipamign € BeplwMHa KOHyca
(puc. 8.9).

Iz mboro osmauenHsa omep:KyeMo, IO OiuHi pebpa
BIIMCAHOI B KOHYC IIipaMifu € TBipHMMHU KOHYyCa, BHU-
COTH Tipaminu i Komyca 36irarmThbecd, a pamgiyc KoHyca
IOpPiBHIOE pafiycy KoJia, OIMCAHOTO HABKOJIO OCHOBU
mipamingu.

Puc. 8.9
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O3HauveHHA. Mipamiga Ha3vBaeTbcA

ONUCAHOI0 HABKOJ10 KOHYca (a KOHYC — Pnc. 8.10

8NuUCaHum y nipamioy), AKWO OCHOBa |

nipamign onncaHa HaBKOMO Konia OC- |

HOBU KOHYCa, a BepLIMHO nipamign :

€ BepliunHa KoHyca (puc. 8.10). :
|

I3 mporo osHaueHHsS OAEP:KYEMO, IIIO
BUCOTH IIipaMimu I KoHyca 30irarmTbCd, A
a pajziyc KoHyca OOPiBHIOE pajiycy KoJja,
BIIICAHOTO B OCHOBY HipaMinu.

NMPUKNAAON PO3B'A3YBAHHA 3A0AY

3apaua 1. KoHyC nepeTHynu niowWMHOW, NapanefibHOK OCHOBI, Ha BiAcTaHi d Bif
BepLWMHW. 3HaNZiTb NoLWy nepepisy, AKLWO pafiyCc OCHOBM KOHycCa Ao-
piBHI0€ R, a Bucota H.

KomeHTap

3a Teopemoto 8.1 B nepepisi oaepkyemo Kpyr (puc. 8.11).

MnowmHa SO; A nepeTuHae napanenbHi NIOWWMHN No napanenbHux npammx: AO, || BO.
Topi TpukyTHVKM SO; A i SOB nogi6Hi, a ix CTOPOHK NPONOopLiHi. 3 ogepxaHoi Nponopuii
BW3HAYaEMO pafiyc nepepisy, AKUA NOTPIOeH ANA 3HaXOXKEHHA MOLi nepepisy.

Pos3B'A3aHHA

» Sxmo p — miommua, mapaJjeabHa ILIO-
IMHI OCHOBM KOHYyCAa, TO BOHA IIEPETUHAE Puc. 8.11 S
KOHYC II0 Kpyry 3 pagiycom O;A (puc. 8.11)
i SO=H, OB=R, SO,=d. Ilnomuna
SO;A mneperuHae napaJjenbHi IJIOIIU-

U
|
[
|
HU 1o napaienbHux npamux: AO; || BO. ; B
0,A SO (OX%
Toni ASO;A~ASOB === D
OB SO : A
0,A d dR I
TOOTO - = i 0,A="=. Omxe,
R H Y H O%__
rd2R? \.B

S n-0,A% =

nepepisy = .

H2



§ 8. KoHyc

3apgava 2¥%. 3HaWAiTb Niowy NOBEpXHi Tina, oTpMMaHoro obepTaHHAM piBHObGeape-
HOroO TPUKYTHMKA 3 BGiYHMMK CTOPOHAMM MO 8 CM i KYyTOM MiX HUMMN
120° HaBKOO NPAMOI, AKa MICTUTb BiUHY CTOPOHY TPUKYTHMKA.

Po3B’sizaHHA

) Hexaii piBHOOGeapenuit TpukyTHuUK ABC
(AC=BC=8 cm, L ACB=120°) oGepracrs-
cs HABKOJO oci, 1o MicTuTh cTopoHy BC
(puc. 8.12). IIposegzemo OA 1 BC.

VY pesynbTaTi 00epTaHHA MPAMOKYTHOT'O TPHU-
KyTHUKa AOB HaBK0JIO 0ci BO yTBOPIOETHCA
KOHYC, TOMY Bifipisok AB y pesyabTaTi 06ep-
TaHHA HaBKOJIO oci BO yTBopioe OiUuHYy mO-
BEPXHIO KOHYca 3 TBipHOIO AB i pamiycom oc-
HoBu AO.

Amnayoriuso B pe3yabTaTi o0epTaHHA IPIMO-
KyTHOTO TpukyTHHKa AOC HaBK0oJ0 oci BO yT-
BOPIOETHCA KOHYC, TOMY BiZipidoKk AC y pe3yiib-
TaTi obepTaHHs HaBK0JIO oci BO yTBOpIOE OiuHy
MIOBEPXHIO KOHYyca 3 TBipuo AC i pamiycom oc-
HOBU AO.

Toxi noIa moBepXHi OTPUMAHOTO Tijla JOPiB-
HIOE CyMi o GiYHMX HMOBEPXOHBb IUX KO-
HYCIB.

I3 npamokyTHOro TpukyTHIKa AOC
(£ ACO =60°) maewmo:

OA = AC-sin60°=4+/3 (cm).

I3 npamokyTHOro TpukyTtHuKa AOB
(L ABC = 30°) OZIePIKYEMO:

AO
AB=—"_-83 (cm).
sin30°
Tomi moBepxHA Tijla 00epTaHHA SOPiBHIOE
S=n-AO-AB+1n-AO-AC=

—1-43 -8J3 +1-4/3 -8=

- 961 +32v31=32(3+3 )1 (cm?).

KomeHTap

Mig uac po3s’A3yBaHHA 3apayv,
nos’A3aHnx i3 obepTaHHAM oiryp
HaBKOJIO OCi, CNif ypaxoByBaTy, L0
B pe3ynbTaTi 06epTaHHA NPAMOKYT-
HOro TPMKYTHMKa HaBKOMO KaTeTa
AK OCi YyTBOPIOETbCA KOHYC, a B pe-
3ynbTaTi 06epTaHHA NPAMOKYTHOI
Tpaneuyii HaBKONO GiYHOT CTOPOHW,
neprneHgnKynaApHoOi OO OCHOBMU
Tpaneuii, — 3pi3aHnin KOHYC. Tomy
JOUINbHO 3 KOXHOI BEPLUMHU 3aja-
HOrO MHOTOKYTHUKA, LLO HE NeXNTb
Ha oci obepTaHHA, NPoBeCTM nep-
NeHANKYNAP Ha BiCb i PO3rNAHYTH
NOBEPXHIO, AKY OMUCYE KOXHUMN
i3 Bigpi3KiB, WO He NeXxuTb Ha oCi
obepTaHHA.

Puc. 8.12
B
[ ]
=
13)
o0
20°
N -
Y

D¢ O? 9 A
|
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B ocHOBI nipamign nexxntb NPAMOKYTHUN TPUKYTHUK i3 KaTeTamu 6 Cm

i 8 cM. Yci 6iuHi pebpa nipamign HaxuneHi 4o NAOWMHM OCHOBM Mif Ky-
ToM 60°. 3HangiTh nowy 6iYHOI MOBEPXHi KOHYCA, ONNUCAHOTO HaBKOJIO

uiel nipamign.
Po3B’A3aHHA

» Hexant SABC (puc. 8.13) — 3sajgaHa
nipamiga. Ockinbku Bci i1 6iuHi pebpa HaXU-
JIeH1 i piBHUMU KyTaMU [0 IJIOIIMHUA OCHO-
BHU, TO OCHOBOIO ii Bucotu SO € IIeHTp KoJia,
ONMCAHOT'0 HAaBKOJIO OCHOBH IIipamMiau, AKU
Y OPSIMOKYTHOMY TPUKYTHUKY ABC j1eXuTh
y cepenunHi rimorenysu AB, To6TO Touka O —
cepenuHa AB.

Punc. 8.13

Ockinsku SO 1L ua. ABC, to AO — mpoek-
miss SA ma maomuny ABC, to6ro £ SAO —
KyT MisK 6iuHuM pebpom i muoniumuoio ABC
(£8A0=60°).

SKII0 KOHYyC onmcaHWilT HABKOJIO Iipaminu,
TO iXHi BepHIMHYU 36iraloThcA i KOJIO OCHOBU
KOHYyca onmcaHe HaBKOJIO OCHOBU Iripaminu,
TOOTO pajiyc ocHOBU KOHYyca mopiBHIOe OA,
a TBipHA KOHYca IopiBHIOE OiuHOMY pebpy SA
nipamigu.

I3 npamokyTHOro TpuKyTHuUKa ABC
(LC= 90°) omep:xkyemo: AB=10 cm. Toxi
AO=5 cm. I3 OpAMOKYTHOI'O TPUKYTHHUKA
AOS maemo: SA = _A0 10 (cm).

cos60°
Topxi mora 6iuHOl MOBEpXHi KOHYCA TOPiBHIOE:
Sgiqy =T AO-SA=1-5-10=5071 (cm?).

KomeHTap

KopuricHo BuKOpUCTOBYBaTU TPOXU
YTOUHeHY (AMB. N. 4 HMXKYe) 3aranbHy
Cxemy pO3B'A3yBaHHA 3aay, NoB'A3a-
HUX i3 MHOrOrpaHHmkamu (guB. § 1).

1)

2)

3)

4)

(9;]
-

O6rpyHTyBaTV po3TallyBaHHA
BMCOTM Mipamign (AKwo BCi 6iu-
Hi pebpa nipamign HaxuneHi nig
PiBHUMM KyTamu [O MAOWWHK
OCHOBW, TO OCHOBOI BWUCOTW Mi-
pamigun € LeHTp Kona, Onm1caHoro
HaBKOJI0 OCHOBM Mipamign, To6To
cepeamHa rinoTeHysw; ue cnig
ypaxyBaTu we fo nobynosu pu-
CYHKa A0 3ajaui).

O6rpyHTYyBaTH, WO MPOCTOPOBI
KyTW M NPOCTOPOBI BiAcCTaHi no-
3HaueHi npaBwIbHO (y Hac 3a-
JaHO KYyT MiX O6iuyHMM pebpom
i MIOWMHOI OCHOBM, TOOTO KyT
MiXK UMM pebpom i 1oro npoekLi-
€10 Ha MJIOLNHY OCHOBMW).
OO6rpyHTYBaTU BUA i PO3TallyBaH-
HA 3ajaHoro nepepisy (y Wi 3a-
[avi nepepi3n He po3rnAgaTbCA).
AKWo po3rnapgaeTbcAa KombiHauinA
MHOrorpaHHvKa " Tina obepraH-
HA, TO BKa3aTy B3aEMHe poO3Ta-
LYyBaHHA X efleMeHTiB (TinbKu Te,
wo Oyae BMKOPWCTaHO Mif 4ac
PO3B’A3yBaHHs).

Ha KoxHomy eTani o6uncneHb yKa-
3YEMO, efleMeHTM AKOro TPUKYT-
HMKa BW3Hayaemo. fAKWO Tpu-
KYTHVUK MPAMOKYTHWUA, TO MOAC-
HIOEMO YOMmy.



§ 8. KoHyc

3AMUTAHHA

. IlosAcwitpb, 1m0 Take KoHyc (upAMuil kpyrosuii kKouyc). Illo Take TBipHaA

KoHyca? ocHOBa KOHyca? OiuHa IIOBEepPXHS KOHyca? BHCOTA i Bick Komyca?

2. fAxoro (iryporo € mepepis KoHyca, II[0 IPOXOAUTH Uepe3 HOro BepIIuHY?
OChOBUII IIepepis Komyca?
3. fAxoro Qirypor e mepepis KOHyca MJOIIUHOIO, IIapaJeJbHOI0 HOro OCHO-
Bi? BiamoBigb oOTr'pyHTYMHTE.
4. TlosicHiTh, III0O TaKe PO3ropTKa OiuHOI IMOBEPXHi KOHYycAa.
5. 3anuiriTe opMyau i BU3HAUEHHS IIJIOIT GiUHOI I TTOBHOI HMOBEPXOHD
KOHYycCA.
6. ITosacHiTh,, AKa Imipamiza HasMBaeThCSI BOMCAHOIO B KOHYC, a AKa —
OIIMCAaHOI0 HABKOJIO KOHYCA.
BIMPABU
8.1°. Pagmiyc ocHOBM KOHyca JopiBHIOe 3 M, Bucota 4 M. SHAWAITH:
1) TBipHY KOHYyCAa;
2) myomry O6iuHOI IMOBEpPXHi KOHYyCA;
3) mJIOIy IIOBHOI IIOBEPXHi KOHyca.

8.2° Tasipua ronyca gopiBHOE 10 i HaxMJIeHa O IJIOIIWHY OCHOBY IIiJT KYTOM
30°. 3maiigiTh BHCOTY KOHYcCA.

8.3°. Bucora kKomyca mopiBHioe 8, a moBskmua TBipmoi 10. 3maiigiTs miamerp
OCHOBH KOHYcCA.

8.4°. Bucora Komyca mopiBHIOe 15, a miamerp ocHoBu 16. 3HAWAITh:

1) TBipHY KOHYyCAa;
2) mory GiuHOI ITOBEepPXHI KOHYCA;
3) ILJIOIIy IIOBHOI IIOBEPXHi KOHycAa.

8.5. Pagmiyc ocmoBu Komyca mopiBHioe R. OchoBuii Iepepisd KoHyca — IIps-
MOKYTHUHA TPUKYTHUK. SHAHAITH ILIOINY OGiuHOI IMOBEpPXHi KOHYyca.

8.6. Y piBHOCTOPOHHBOMY KOHYCi (B OCLOBOMY IIepepisi — IIpaBUJIBLHHUN TPH-
KYTHUK) pajiyc OCHOBU HopiBHIOE R. 3HAWITH IJIOINY Ilepepidy, IIpoBe-
JIeHOTO uepe3 ABi TBipHi, KyT MiK AKWMU AOPiBHIOE OL.

8.7. HoBeniTs, 1110 3 ycixX mepepidiB KOHYyca ILJIOIIWHOK, KA MPOXOAUTH Uepes

HOT0 BEPIINHY, HAWOIIBININI IEPUMETP MAa€ OChbOBUU IIepepis.
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8.8.

8.9°

8.10.

8.11.

8.12*%

8.13.

.

Yu mpaBuUJIbHO, IO 3 yCiX mIepepisiB KoHyca IJOIIWHOI, SAKa IIPOXO-
IUTH Uepe3 IOro BEPIINHY, HANOIJBINY IJOI[Y Ma€ OChOBHU mmepepis?
BigmoBiges obrpyuryiiTe.

Y ckinbKu pasiB 30iABMINTHCA IIJIOINA OiYHOI HMOBEPXHI KOHYyca, SKIIO
ioro TBipHY 30iabIIUTH BTPUYi (pajiyc OCHOBM 3aJIUIITAETHCA 06€3 3Mi-
Hm)? BigmoBigb o6r'pyHTyiiTe.

Bucora komyca mopiBuioe H. Ha sakiii BigcTaHi Bix BepmimHu Tpeba mpo-
BeCTHU ILIOIIUHY, IIapaJieibHy OCHOBI, 11100 ILIOIA IIepepisy JopiBHIOBaJIA
IIOJIOBUHI ILJIOIIi OCHOBU?

Yepes cepeninHy BUCOTU KOHYCA IPOBEIEHO MPAMY, IIapaJieibHy TBipHiI.
3HaAiTh MOBXKUHY BiApiska MmpaAMoi, AKWI PO3TAIOBAHUN ycepemmHi
KOHyCa, AKIIO AOBXKWHA TBipHOI mOpiBHIOE .

OcHoBOI0O ImipamMigym € NPAMOKYTHMUN TPUKYTHHUK i3 KareramMu 6 cm
i 8 cm, a BCi mBorpaHHi KyTu mIpu OCHOBI mopiBHioioTh 60°. 3HalmiTH
TJIOITY ITOBHOI ITOBEPXHi KOHYycCa, BIIMCAHOT'O B I[f0 IIipaMiny.

BuasiTb cBOIO KOMMNETEHTHICTb

o cTaHmapTHOrO HAOOPY IIOXKEXKHOI'o IIU- =
Ta, AKWHA IIOBUHEH OYTU B KOXKHOMY IIEXy
Ha MiAIPUEMCTBi, BXOOUTL KOHiUHE Bif-
po 3 miamerpom ocHoBu 30 cM i BHCOTOIO
35 cm. BigmosimasibHOMY 3a HOMKEKHY 0es-
MeKy Ha MOignpueMcTBI moTpibHO modapOy-
Batu 50 Takux Bizep (30BHi i 3cepenuHmM).
Y HbBOrO € ABi OaHKU uepBOHOI (hapbu, KOK-
Ha wmictute 0,9 Kr. Ym BucTtauuTh HOMY
dapbu, aximio aia papbysaunsa 1 M2 Merasry
BurpadaeTbea 120 r gpapobu?




Tabnuus 8

Chepai Kyna

Mepepi3 kKyni

Ceheporo Ha3MBaAETbCA TiNO, WO CKna-
BAETbCA 3 YCiX TOYOK NPOCTOPY, po3Ta-
WoBaHMX Ha 3ajaHin BipgcTaHi (R) Big
3agaHoi Toukm (0).

O — yeHmp cpepu;

OA — paodiyc cepepu; OA=R.

Y pesynbrati obepTaHHA NiBKOIa HAaBKOJIO
noro piameTpa ofepxyemo chepy.

Kyneio HasuBa€eTbcA Tino, wWo ckna-
BAETbCA 3 YCiX TOUOK NPOCTOPY, po3Ta-
LWOBaHMX Ha BifcTaHi, He GinbLwii 3a 3a-
BaHny (R), Big 3agaHoi Toukn (0).

O — yeHmp kyrni;
OB — padiyc kyni; OB=R.

Y pe3ynbraTi obepTaHHA NiBKPyra HaBKOJIO
Noro fiameTpa ogepKYeEMO Ky,
NAOLWMHOIO

by0db-akul nepepi3 Kysii NIOWUHOIO € KpY20M.

LieHTp uboro Kpyra — ocHoBa nepneHan-
Kynsapa, NpoBeAeHOro 3 LieHTpa Kyni Ha
CiYHY MNOLMHY.

O — ueHTp Kyni;
O; — ueHTp Kpyra nepepisy.
00, 1 o.

5 AOOLA: Ry = R2m — 00}
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Mepepi3, Wo npoxoanTb Yepes LUEHTP

(0]
o KyJli, HA3MBaETbCA BeJIUKUM KPYy20M.
\
R ~
o RBeJI.Icp = nyni
Mepepi3 Kyni gBoma naowmMHamm
: e pagiycu Kpyris nepepisis.
(oX 00,=00, & ry=r,
\ »
N 00, <00, & 1>
OV 2
MnowwnHa i npaAama, AoTUYHI Ao Kyni (cpepn)
HdoTnyHa nnowmHa [oTnyHa npama
M o a M o
* ?
| |
I I
| |
| |
I I
o* o*

MnowwmHa, wo mae 3 Kynew (cpeporo) MMpama, Aska HaneXxnTb AOTUYHIN Nao-

TiNbKM OAHY CMiNIbHY TOUKY, Ha3NBa€ETb- WMHI Kyni (cpepn) i npoxoauTb yepes

A 00OMUYHOI0 NJIOWUHOIO. TOUYKY AOTUKY, HAa3MBA€ETbCA O0OMUYHOIO
0o Kyni (ccpepu).
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BnactusocTi
Jomuura nnouwjuHa (npama) nepneHOuKynapHa 0o padiyca kyni (cgepu), nposedeHo20 8 mou-
Ky OOMUKY.
| HaBmaKu:

AKWO NJIOWUHA (npsama) npoxooume yepe3 mouky cghepu U nepneHOUKYIsapHA 0o padiyca,
NposedeHo20 8 Yo MOYKY, Mo 80HA 0OMUKAEMbCA 00 cihepu.

o — OM 1 o a— OM 1o
OOTUYHA NNOWWHA, | < (OM — AOTNYHa NpAMa, | & (OM —
M — TOuKa JOTUKY pagiyc Kyni) M — TouKa JOTUKY pagiyc Kyni)

MOACHEHHA N OBI'PYHTYBAHHA

Haramaemo ocHOBHiI o3HaueHHA.

O3HaueHHsA. Kysielo Ha3MBa€ETbCA TiNO, WO CKMAaAAETbCA 3 YCiX TOYOK MpoO-
CcTOpy, BigpaneHux Bif 3afaHOi TOUKM Ha BifcTaHb, He 6Ginbluy 3a 3agaHy.
Lia Touka HasMBaETbCA YeHMpPOM Ky/i, a 3afilaHa BigcTaHb — padiycom Kyi.

OsHaueHHA. paHMLUA Kyni Ha3MBa€ETbCA KYy/1b080I0 nosepxHelo, abo cgepoio.

OTXe, ToukaMmu chepu € BCi TOUKN Kyni, BigaaneHi Bif LieHTpa Ha BiAcTaHb,

o AOPIBHIOE pagiycy.

Bynb-axkuii Bimpisok, IO cIoJiydae IEHTP KYJIi 3 TOUKOIO KYJIbOBOI IIO-
BEpXHi, TaKOK Ha3WBAIOTL padiycom.

Os3HaueHHA. Bigpi3ok, AKNM cnonyvae ABi Tou-

KN KyNnbOBOi NMOBEpPXHi N npoxoautb Yyepes Puc. 9.1
LEeHTP Kyni, Ha3MBa€TbCcA diamempom KyJi. o
KiHui 6yab-AKkoro giameTpa HasuBalTbCA Oi- \

amMmempanabHO npomuJieXXHUMU moYykamu Kyni. \

Kynsa, max camo ax yunindp i Konyc, € mi- b
JOM 00epmarnHs. R »

Boma yTBOproeThca B pesyabTaTi 00epTaH- s
HA IIIBKPyra HaABKOJO HOro giamerpa sK oci
(puc. 9.1). Chepa mMosxe OyTH OTpUMAaHa B Pe3yJb- /
TaTi o0epTaHHS IIiBKOJIa HABKOJIO HOT0 giaMeTpa. -7
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/U N\

Kynai it chepu Ta iXHi yacTUHM MU YacTO CIIOCTEPIraeMo B MPUPOAi (HATIPUKJIA,
Conre, miaametu, GpykTtu) i mobyrti (raobyc, MuiabHI OyanbamiKkm), B TexXHIiIi
(KyJIBbKOBUH MiAIMUOHUK) I apxiTekTypi (myseit Biochepa (Moupeans, Kanana),
Kynouiu [lominikaHcbKoro cobopy Ta Be:ki Kopusakra (JIbBiB, YKpaina)).

2. Mepepi3 Kyni nnowmHo0

Teopema 9.1. byab-aKuii nepepis Kyni NAOWMHOW € Kpyrom. LieHTp uboro Kpy-
ra € OCHOBOI NepneHAuKynspa, NPOBeAeHOro 3 LeHTpa Kyni Ha CiuHy
NNOLWMHY.

) [doeeneHHA. Hexall o — ciyHa nnowmHa
n O — ueHTp Kyni (puc. 9.2). Npoeeagemo Puic. 9.2 I
nepneHAnKyNAp i3 LeHTpa Kyni Ha naowm-
Hy o i no3HauMmo yepe3 O; OCHOBY LibO- a
ro nepneHankynsapa. Hexan M — posinbHa
TOYKa Kyni, WO HanexuTb MAOWMHI o.. 3a
Teopemoto Miparopa OM?2 = 0012 +01M2.
Ockinbku BigcTaHb OM He 6Ginblia 3a pagi-

yc R kyni, 7o O;M <\/R®>-00} . Maemo:
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[OBiNbHa TOYKa nepepisy Kyni MIOWMHOK 0. POo3TaloBaHa Bif Toukn O; Ha Bif-

CTaHi, He GinbLwin 3a ,/R“Z—OOI2 , OTXKe, BOHa HanexuTb Kpyry 3 ueHTpom Oy

i pagiycom \/R2 —0012 .

| HaBnaku: 6yab-AKa Touka M LbOro Kpyra HanexuTb Kysi. A Lie 03Hayvae€, Wo ne-
pepi3om Kyni MIOWMHO O € KPYT i3 LeHTpoMm y Touui O;.

3a3HAYMMO, III0 KOJIM PO3IVIAHYTH Nepepid KyJi ABoMa IMJIONIMHAMHU O
i B, To omep:xkumMo B mepepisi gBa Kpyru pajgiycamum r; i r, BigmosimHO
(puc. 9.3).

Hexait O; i O, — OCHOBU IepIeHIUKYJIADPiB, IPOBeJeHHUX i3 IeHTpa
Kyai O wHa mmomueu o i [ Bigmoeimwo. ko paaiyc Kyuai mopiBaioe R, TO

r,=\R*-00? i r,=,R?>-00} . TlopiBusemo mi Bupasu. OEep:xuMO, IO

rp=ry, Toxai # Tinebkm Toxi, konu OO; =00,, a r <r, TOmi H TiNBKHU TOAI,
ko OO, >00,. Otrixe, piéHi nepepisu Kyii po3maul06ani Ha 00HAKOBUX 6i0-

cmansax 6i0 il yeumpa (i Haénaku), nepepis o6iavulozo padiyca po3maulo6aHuil
Ha meHwiil sidcmani 6i0 uenmpa kyai (i Hasnawku).

OsHaueHHA. MnowmHa, AKa NPOXOAUTb Yepe3 LeHTP Kyi, Ha3MBa€ETbCA
AiameTpanbHolo nnowuHoto. Mepepis Kyni diamvempanvHolo naowuHoro
Ha3nBa€ETbCA gesIUKUM Kpyzaom (puc. 9.4), a nepepis chepn — senukum
Kosiom.

Bynb-aka giamerpaJsibHa IJomuHAa KyJri € i1 miomuHoio cuMerpii. IlerTp
Kynai € ii meHTpoM cumerpii.

Pnc.9.3 Pnc.9.4
o Op I
— “
04 B N0
\ /p
O\V/rz
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OsHaueHHsA. MnowmHa, AKa mae 3 Kyneio (cpepoio) Tinbku ofHy CninbHy Tou-
Ky, Ha3MBaETbCA 0OMUYHOIO NJIOWUHOI0 00 KyJi (c¢hepu). CninbHa TouKa fo-
TUYHOI NAOWMHN i Kyni (cdpepun) Ha3MBa€eTbCA MOYKOO OOMUKY.

Teopema 9.2. loTMYHa NNOWMHA A0 Kyni NepneHANKYNsApHa A0 pagiyca, npo-
BEeAEHOro B TOUKY AOTUKY.

) [oBeneHHa. Hexaln nnowmHa o B TOY-

ui M nOTVKAETbCA A0 Kyfi 3 LEHTPOM Pnc. 9.5

y Touui O i pagiyca R (puc. 9.5). loBege-
Mo, wo OM 1 o. M M, «
Mpunyctmo, wo OM — noxuna Jo nno- ,’

wuHn o. [MpoBegemo nepneHAMKyNAap S

OM,; po nnowmHn o. OcKinbkn nep-
NeHAVKYNAP Ma€E [OBXKUHY, MeHWy Bif
AOBXWHWN noxunoi, To OM; <OM =R.
Ane Togi Touka M, HaneXxuTtb ogHovac-
HO i Kyni, i NAOWWHI o, a ue cynepeynTb
YMOBI, WO MOWMHa O — JOTUYHA [0
Kyni 1 y HUX TiNbKW OfHa CriflbHa TOYKa
M. OTxe, pagiyc kyni OM He moxe 6yTu
MOXWOK A0 AOTUYHOT MAOWMHA o, TOO-
T0 OM 1L .

Tako:x cupaBenuBe i obepHEeHe TBEePI:KeHHS: AKU,0 NJAOUWUHA NPOXOOUNMD

uepes mouxky M cgepu it nepnendukynrapua 0o padiyca, npogederozo 6 U0
MmoukKy, mo 60Ha domukacmsbcs 00 cepu.

\L"D O6rpyHTYINTE Ll CaMOCTIHO.

O3HaueHHsA. NpAma, AKa HaneXnTb JOTUYHIN NAOWMHI Kyni (cdpepm) i npo-
XOAUTb Yepes TOUKY AOTUKY, Ha3MBAETbCA 0omuYHOI0 00 Kyni (cghepu) B Wi
TOouLi.

Hanpurmaan, wa puc. 9.5 npama MM, — poruuHa g0 Kyui (cdepn).
OCKiJbKM JOTWYHA ILJIOIIMHA Ma€ 3 KYJel TiIbKKU OJHY CHIJIBHY TOUKY,

TO JOMuYHa NpPAMA MAE 3 KYyJeio MiabKu O00HY CRIAbHY MOYKY — MOUKY
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domuky. OCKiIbKM HOTUYHA TIPAMAa A0 Ky-
Ji JIKUTH Yy JOTUYHIN IIJIONIWHI, IO mep-
MeHIUKYJIApHa OO0 pajiyca, MIPOBEIEHOrO
B TOUKY [OOTHUKY, TO domuuHa npama 00
Kyai nepnendurxynsapHa 0o padiyca, npose-
0eHoz0 8 mouky domuky.

Tako:x Mae Micie @ oOepHeHe TBep-
MoKEeHHS: SKIO IIpsSMa IIPOXONUTH Uepes
TouKy M cdepu HepreHIuKYJISPHO 0 pa-
niyca, IIPOBEJEHOTO B I[I0 TOYKY, TO BOHA
IOOTUKAETHCA N0 cdepu.

\L"D O6rpyHTYINTE Le CaMOCTIHO.

3asHaunMo, II[0 BJIACTHUBOCTi, chopmy-
apoBaHi B Teopemax 9.1 i 9.2, mosBouis-
IOTh 3HAWTU B3B’SIB0K MiK B3a€EMHUM pO3-
TallyBaHHA KYJi ¥ IJIOMIMHU i BiACTaHHIO
OA=d Bim menTpa KyJai OO0 IJIOIUHMN Ta
paxmiycom R kymai. CupaBai, akmo d<R, To
ILJIOIIMHA MepeTUHae KyJo; AKmo d=R,
TO IJIOIIWHA JOTHUKAETHCA 10 KyJai; AK-
o d>R, To IJomIMHA 1 KyJad He MalOThb
cuiJibHUX TOuoK (puc. 9.6).

NPUKNAON PO3B'A3YBAHHA 3A0AY

3apaua 1. Y Kyni pagiyca 26 cm Ha BigcTaHi
10 cm Bi UeHTpa NpoBeAeHo Ciy-
Hy naowwmHy (puc. 9.7). 3Hangitb
naouly nepepisy.
KomeHTap
3rigHo 3 Teopemoto 9.1 Byab-AKUI nepepis Kyni
naowmHow € Kpyrom. LleHTp uboro Kpyra € oc-

HOBOIO MepneHANKYNApa, NPOBEAEHOro 3 LieHTpa
Kyni fo ciuHoi naowunHu. Tomy Ana po3B’'A3yBaHHA

249
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Puc.9.7
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MOTPIOHO 3 LeHTpa KyNi NPOBeCTV NePneHANKYNAP A0 CIYHOI NAOWMHN O.. JOBXMHaA LbOro
nepneHANKynApa € BifACTaHHIO Bif LieHTpa KyNi A0 CIYHOI MNOLWMHM.
KopurcHO TakoX ypaxyBaTu, WO A1 3HaXOAXEHHA NoLWi nepepisy — Kpyra — BUKOPUCTO-
ByBaTMMeMO dopmyny S = nR?, TOMY AOCTaTHbO 3HaNTN R?= 01A2 (i He 060B'A3KOBO
3HaxoauTu JoBXnHY O;A).

Po3B’A3aHHA

» IIpoBenemo nepreHAMKYJIAD i3 meHTpa Kyii O 10 ciuHOl IJIOIMUHT O i TO3HAYMMO
4yepe3 O; OCHOBY IIbOTO IIePIEHIUKYIAPA — IIeHTP Kpyra Iepepisy (puc. 9.7). Hexaii
O;A — pagiyc nepepisy, a OA — paniyc kyni (OA =26 cm). Ockinsru OO; L o, To
00, — Bincrans Bij nmenTpa Kyii go ciuroi miuomuan i O0; =10 cm. Toxi 3 mpamo-
kyrHOro TpuKyTHEKA 00;A Maemo: O;A% = 0A% —00f =26 -102 =576.

Oroxe, IJIOIIA IIEPEPidy JOPIBHIOE: Tt~01A2 =b5T67 (cm?).

3apgaua 2. Kyna 3 ueHTpom y Touui O foTrKa-

€Tbca Ao nnowmHn (puc. 9.8). Tou- Puc. 9.8
Ka A nexuTb y Ui naowuHi. 3Han-
[iTb BiACTaHb Bif TOUKN A 0O TOYKW A M a

OOTUKY, AKLWO BifCTaHb Bif Hel Ao
LeHTpa Kyni JOpIiBHIOE 25 cm, a pa-
aiyc kyni 15 cm.

KomeHTap 0°

3rigHO 3 Teopemoio 9.2 OTMYHA MIOWMHA A0 Kyni
neprneHAVKYnApHa JO pagiyca, NpoBedeHOro B TOUKY
LOTVKY, ane Togi  byab-AKa npaAma AOTUYHOT MoWwun-
HW NepneHAnKynApHa A0 LUbOro pagiyca Kyni.

Po3B'si3aHHA

» Hexait Touka M — TouKa JOTHUKY KyJai 3 miuommuom O i Aedo (puc. 9.8).
3a BiaactusicTio mormunHoi muaomumau OM 1l o, Tomi OM 1L AM . 3a ywmo-
Boro OM =15 cm, OA=25 cwm. I3 nmpamoxkyruoro tpukytHuxa OAM wmaemo:

AM =\JOA2 —OM? =252 —15% = 400 =20 (cu).

| ) 3 npvknagamu po3s’asyBaHHA Ginbly CKNafHUX 3afay, MOB'A3AHMX i3 Kynelo (30Kpema,
Ha KOMOiHaLilo MHOTOrpaHHUKIB i3 Kyneto), MOXHa O3HaliOMUTKCA, 3BEPHYBLINCL O
iHTepHeT-NIATPUMKN NigpyYHNKa.
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3AMUTAHHA

3*

IMoscHiTh, 0 Take Kyaa i chepa. [lo Take menTp Kymi? paxiyc i mia-
MeTp Kyuri?

fxoro Qiryporo e mepepis Kyiai miomuHO0? Illo Take BeJMKUil KpPyr
KyJIi? BeJlKe KOJO chepu?

Chopmy.tioiiTe if HOBEeAiTh TEOpeMy IIPO Iepepis KyJi MJIOH[HMHOIO.

SAx moB’asaHi MiK cobor pamiycu KpyriB — IepepisiB KyJi gBomMa ILIO-
IMUHAMHX 1 BifcraHi Big mmx KpyriB Ao meHTpa KyJai?

Yu Mae KyJd IeHTP cUMeTpii ¥ IJIONWHU CUMeTPii?

Ska mioiuMHa Ha3WBAETHCS AOTUUYHOIO ILJIOIIMHOIO 10 Kyii (chepm)?

. ChopmyatoiiTe i mJ0BemiTh BJIACTUBICTL JOTUUYHOI MJIOITWHU MO0 KYJIi.

fka mpsMa Ha3sWMBAETHCS AOTHUYHOI 0 Kyii (chepu)?

SIK posramioBaHi KyJsd 1 IJOIMMHA 3aJIeKHO Bif BiAcTaHi Bim IeHTpa
KyJai mo miomiumamn?

BMPABU

9.1°

9.2°

9.3.

9.4°.

9.5°

9.6.

9.7.

IImommua TPOXOAUTE Ueped IIEHTP chepu i IepeTuHaE ii Mo KOy, ITOB-
JKMHA AKOTO MOpiBHIOE 67. 3HaliTh miameTp cdepu.

3HaWAiTh MOBXKWHY JIiHII mepeTuHy chepm paxiyca d i miommeH, Bif-
IajieHol Binm meHTpa 1iiei cpepu Ha 3.

Ilnomuua BimmaseHa Ha BigcTamb 3 Bif meHTpa chepu paxgiyca 10. Ha
AKY HanOiJbIy BigcTaHb Bigmaseni Bim miel mmommuHu TOuKM cepu?
Vei BepmmHE KBagpaTa 31 CTOpoHOIO 8 aM Haje:KaThb cdepi pamiyca
9 nm. Ha akiit BiacraHi Bim meHTpa cgepu poaTamioBaHa IIJIOIIMHA
KBaapara?

Bepmuan npaMOKYTHHKA JeXaTh Ha cepi paxmiyca 10 cm. 3HaimiTh
BiZicTaHBp Big meHTpa cepu A0 IJIOIUHU NPIMOKYTHHKA, AKIIIO MHOro
miaroHasb mopiBHIOE 16 cM.

VYci BepmimHM TPaBUJIBHOTO TPUKYTHUKA 31 CTOPOHOIO 6 AM HajeXaTb
chepi paxmiyca 8 nm. Ha akiii Bigcrami Bim menTpa cdepu posTarroBaHa
ILJIOIIMHA TPUKYTHUKA?

Cdepa mpoxXoauTh UYepes yCi BEPIINHU NPAMOKYTHOTO TPUKYTHHKA 3 Ka-
Teramu 6 i 8, a meHTp cdepu BigmameHuil Bia IJIOIMMHY I[LOI'O TPUKYT-
HUKa Ha Bigcramp 12. 3maiigite pangiyc chepu.
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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.
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Kyna pagmiyca 3 moTukaeThcA A0 CTOPiH PiBHOCTOPOHHBOTO TPUKYTHUKA
B Toukax A, B i C. BusHauTe OOB:KHHY HAWKOPOTIIIOTO IMJISAXY MO IIO-
BepxHi Kyiai Bim Toukm A 10 TOUKU B, SKINO JOBKMHA CTOPOHU I[HOT'O
TPUKYTHUKA IOPiBHIOE 6.

Chepa pazmiyca 6 JOTHKAEThCA A0 IJIOMIMHU TPUKyTHUKA ABC y 1eHTpi
OIIMCAHOT0 HABKOJIO HHOTO KoJia. SHAWAITh BifcTaHb Bim 1eHTpa cdepu
0 BepINH TPUKYTHUKA, AKI0 AB=3, AC=4, BC=5.

Cdepa pagiyca 1,5 moTukaeTbcsa mo IJaoIMuHN TpukyTHuKa ABC y IeH-
Tpi BIMCAHOTO B HBOrO KoOJa. SHAWIITHL BifcTaHb Binm IeHTpa cdepu 10
CTOPiH TPUKYTHHKA, aKmo AB=6, AC=8, BC=10.

Cdepa mOoTUKAEThCA OO TPHOX CTOPiH TPUKYTHHKA 3i cTopoHamMu 5, H,
8. Bmaiigitey panmiyc chepu, AKINO i IIEHTDP JEKUTH y ILJIOIIUHI I[HOTO
TPUKYTHUKA.

Kyxao pagiyca 41 M mepeTHyaN ILJIOIIIMHOIO, PO3TAIIIOBAHOIO Ha Bimcrani
9 am Bim menTpa. SHAWIITL ILJIOIITY IIepepisy.

Yepes cepequHy pafiyca KyJi IIPOBEIEHO ILJIONINHY, NEePIeHAUKYIAPHY
o HBOrOo. SIK BiZHOCUTBCA ILJIOIIA YTBOPEHOTO IIEPEpidy A0 ILJIOINi Be-
JIUKOTO Kpyra?

[Bi mapaJsiesbHi IJIOIMMHUW IEepeTMHAIOTH cdepy pajiyca 5 Mo Kojgax
paxiycamu 3 i 4. 3HaUAITL BiACTAaHb MiXK IIJIOIIIMHAMU.

Chepa moTuraeThcs A0 OAHiel 3 mapajelbHUX IIJOIIHMH i IIepeTHHAE
iHmy mo Koy pagiyca 4. 3HalAiTh paaiyc chepu, SKIIO BiAcTaHb MiK
ILJIOIMHAMHU JOPiBHIOE 8.

Pagiyc xkyni mopiBHIoe R. Uepes KiHellb paziyca TPOBEeIeHO MJIOIIUHY
mig xyrom 60° mo HBOro. 3HAWOITH IIJIOIIY IIEPEpPisy.

BuaBiTb CBOIO KOMMNETEHTHICTb

Pagiyc semmoi kymi R=6000 xkm. Yomy mo-
PiBHIOE IOBKMHA IlapaJjieii, AKHII0 1i mmupoTa Puc. 9.9
cranoButh 60° (puc. 9.9)?

Micto N posramoBaHe Ha 60° miBHiUHOI MmIN-

poru. SAKmii MIAAX IIPOXOAUTH IEM IIYHKT X_9
. . <
npoTsaroM 1 ronx yHAaCJHiOK o0epTaHHSa SeMJIi \
. . . N
HaBKOJIO cBoel oci? BearkaiiTe, 1110 pagiyc 3em- 60° %

ai mopiBaIOE 6000 KM.



253

3ABOAHHA ANA nNiArotoBkn A0 OUIHIOBAHHA

TecT N2 2

. Iliaromasb OChOBOro mepepisdy muiainapa gopiBHioe 20 cm. 3HAUIITH

ILJIOIIIY OCHLOBOT'O IIepepisy, AKIMO pajiyc IUIiHApa AOpiBHIOE 6 CM.

A 36 cm? B 96 cm? B 120 cm? r 192 cm? O 200 cm?

. Tipua xomyca mopiBHOe 30 cM i HaxmieHa OO IIJIOIMHN OCHOBM Mif
KyToMm 60°. 3HaiimiTh BHCOTY KOHYCA. 30 \/g
A 15 cm B 153 e B 152 cem T . I 3043 cm

. Kyna 3 merarpom y Toumi O OOTUKAETh-

cd OO IIJIOIMWMHH O B Touli A (PHUCYHOK),
a Touka B jexuTh y miaomuHi o0, AB=a,
ZAOB=¢. 3nanzits paziyc Ryn%l

A asin@ B atgo o —

b acoso I actgo sne
. Kynto pagiyca 10 mepeTHy/IM IJIOIIMHOIO Ha

BizcraHi 6 Bim meHTpa. 3HAHIITH ILJIOIITY

mepepiay.

A 167 b 20m B 36m I 64n O 100xw

IMuniagp, ocboBUM IlepepidoM SKOTO € KBagpar i3 cropoHoio 20, me-
PeTHyJIM ILJIOIIMHOI0, IIapajieIbHOI OcCi IMJIiHApa, Ha BigctaHi 6 Bifg
IeHTpa. YCTAHOBiTH BigmoBimHicTs Mixk BeamumHamu (1-3) Ta ixHiMU
sHauenHAMu (A-T).

1 JloB:kwHa TBipHOI IMIiHApA II-S\ ;8
2 Ilnoma omep:KaHOTO IIepepisy 5 390

3 JloB:kmHa AiaroHaJi oJep:KaHOT'O IIepepisy r 441

. Uepes BepminHy KoHyca 3 BHcOToI 6 i pamiycom ocHOBU 4 TpoBeneHa

ciuHa MJIOIIMHA, AKa YTBOPIOE KyT 60° i3 IJIOMIMHOI OCHOBU. SHAUIITH
TJIOITY IIepepisy.
MpongiTb OHNaMH-TeCTyBaHHA Ha CalTi interactive.ranok.com.ua.

Temun HaBYaNbHUX npoeKTiB

1. Tina oGepranusa B apxiTeKTypi YKpaimm i csiry.

2. Tina obepranHsa B mpuUpOAil ¥ TeXHIIIi.

3. EnemenTtu chepuumoi reomerTpii, ii 3B’A30K i3 mpaKTHKOIO.
4. TeomerpuuHi GopMHU B HMOKPiBIASAX OyIiBesb.
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ITousTTa Tina obGepranusa Oysao Bimomo 1me 3amoBro mo dacie CrapomaBHBOI
Tperii. OsHavenHs mWIiHApa, KOHyca i Kyiai AK Tiax obepraHHA HaBemeHi
B «Hauamax» Epkmaiga (6amspko 300 p. mo H. e.). 3HauHA 3aciyra
B JOCJHIIKeHHI IMUX TiJI HaJIeKUTh MOT0 CyYaCHMKAM 1 HOCTiTOBHHUKAM —

€rnokcy (61us3pk0 408 p. mo H. e. — 6aU3BKO 355 p. 10 H. €.), ANONJIOHIIO
(61usbko 262 p. mo H. e. — 190 p. mo H. e.), Apximeny (61u3bpko 287 p.
mo H. e. — 212 p. mo H. e.). 3oxkpema AmnosuioHiii Ileps3pKuit y cBoiii

po6ori «Koniuni mepepisu» BCTaHOBUB, IO MEPETUHAMHY KOHIUHOI MOBEPXHI
MOXKYTh OyTH KOJIO, eJiirc, mapaboJsia abo rimepboJia.

HocuThk 1iKkaBe B3acTOCyBaHHS KYJb, BINCAHUX 1 ONKWCAHUX HAaBKOJIO
IpaBUJBHUX MHOTOTPaHHUKIB, sampomnoHyBaB I. Kemmep (1571-1630)
y cBoiii npani «Taemuuia ceirooymzosu» B 1596 p. Bin onucas cBiit morasn
HA TPUHIUI, AKUN 3yMOBJIOE opmMu ii posmipu opbiT BimomMux Ha TOI
yac miaaHer Comaumoi cucremu. Ha nymry Kemiepa, reomerpia CoHsuHOI
cucTeMu oOmIKCyBajacd Tak: «3eMJysd (3BicHO, opbita 3emii) € mipa Bcix
opbir. HaBkoso Hel omuiremo mozexaeznp. Ommcana HABKOJIO AoAeKaeapa
cdepa € chepa Mapca. Haskouio chepu Mapca onumremo terpaenp. Omucama
HaBKOJIO TeTpaenpa cdepa € chepa IOmirepa. Hasxoso cdpepu IOmitepa
omuiremo Ky0. Ommcana HaBKoJo Kyba cdepa € chepa Carypua. ¥ chepy
3emuti BouimieMo ikocaenp. Boucana B HbOTO cepa € chepa Beuepu. ¥V coe-
py Benepu Bmuiiemo okrtaenp. Boucama B HbOTO chepa € chepa Meprypisa».
Taxka mopmens CoHsuHOl cucremmu orpuMmasia HasBy «Kocmiunoro xyoOxas
Kemnepa (muB. pucynok). ITogansiri Bigkpurrsa Kemiepa npusBeau g0 Toro,
10 1 poboTa BTPATUIa CBOE IIePBUHHE 3HAUEHHS, OCKIJIBKY OPOiTH IJIaHeT
BUABUWJINCA He KPYrOBUMH, a einTuuHuMu. IIpore no kinma :xutrta Kemrep
BipuB y Te, IO iCHye mpmXoBaHA MaTeMaTHuHa rapmoHis Bcecsity.

l. Kennep «KocmiyHuin Ky6ok» Esknig
(1571-1630) Kennepa (6nm3bko 300 T. 4O H. 3.)
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Ob’€MU
TA NMJIOLLLI NOBEPXOHb
FEOMETPUYHUX TIN

§ 10. MoHATTA 06'emy Tin. O6'emn nNpmamn 1 LUNiHAPa
§ 11. O6'em noxmnoi npumm. O6'emn nipamign i KoHyca
§ 12. O6'em Kyni

§ 13. Mnowa noBepxHi

Y ubomy posgini Bu:
= O3HaMoMUTECA 3 MOHATTAMU OG'EMY Tifla Ta MOro MOBEpPXHi,
a Takox i3 dopmynamu o6'emis npusmu, nipamigu, UUNiHAPa,
KOHyca, Kyni, 3 dopmynoto nnoLyi noBepxHi Kyni;
© HaBUYUTECA PO3B'A3yBaTV 3afayi Ha 3HaXOLXeHHA o6'emiB
i Nnow, NOBEpPXOHb 3a3HayeHux Tin.



§ 10. NOHATTA 0B’EMY TIN.
065’EMW MPU3MU i LUAIHAPA

06’emm Tin

Tabnuus 9

1. MTOHATTA 1 OCHOBHi BNacTUBOCTI 06’emy
06’em — BeIMYMHA, WO CTAaBMTb Yy BiAMOBIAHICTb TiflaM Yy MPOCTOpPI HEBi'€EMHI AilCHI yncna.
BnactmBocTi

1. O6’em Tina B NpocToOpi € HEBIA'EMHVIM YMCITOM.
2. PiBHi Tina matoTb piBHi 06’emu.

3. AKwo Tino F noaineHe Ha YacTVHK, WO He MepPeTMHaTbCA, TO 06'eM Tina AOPIBHIOE
CyMi 06’eMiB NOroO YaCTuWH.

4. O6'em Kyba, pebpo AKOro AOPIBHIOE OAUHNLI JOBXUHY, LOPIBHIOE OAUHNLL.

2. leski dopmynu 3HaxXoAKeHHA 06’'emiB

D, C,
|
1. O6’eM NpAMOKYTHOro napaneneninesa :
LOpiBHIOE fOOYTKY TPbOX IOro BMUMIpIB: A, : B,
V=ab-c, )-1—) ————— ---JC
C b 7
ae a, b, c — pebpa NpAMOKYTHOro napa- it
neneninega. -
A a B

2. O6’em NpsAMoi NpU3MK AOPIBHIOE AOOYT-
Ky nnoLi il OCHOBM Ha BUCOTY:
V=SH.

;

3. O6’'eM NPsIMOrO KPYroBoro uuiHapa
V=nR* H

fe R — pagiyc ocHoBu, H — BucoTa
umniHapa. PE St

(
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NMOACHEHHA N OBI'PYHTYBAHHA

IIpo6ema obumciaenHsa 00’e¢MiB mpocTopoBux (iryp is mpamaBHiX duacis
mpuBepTajsia g0 cebe yBary BueHux. OOumciaeHHAM 00’eMiB HaMIpocTimimx
mpocTopoBux GQiryp saiimanuca Ilemokput (6amsbko 460 — 370 pp. g0 H. e.),
€smokc (6auspko 406 — 355 pp. mo H. e.), Apximen (0musbpxo 287 — 212 pp.
o H. e.). ¥ cepenHi BiKM o0umcJIeHHAM 00’€MiB IIpocTOpoBUX (hiryp saiimaiu-
ca I. Kenuep (1571-1630), B. KaBaawepi (1598-1647), I1. depma (1601-1665)
Ta iH. IHTerpasbHe UYMCIEHHSA, MOABY AKoro Hampukiumi XVII cT. moB’sa3yioTh
iz poboramu I. Heroroma (1643-1727) i I. Jleiibuima (1646-1716), mamo mo-
TY;KHUN MeToA OOUYMCJIeHHS 00’e¢MiB JOBiIBHUX IIpOCTOpPOBUX ¢Qiryp. I3 mum
MEeTOJOM BH O3HAWoMuTecsi B Kypci anrebpu i mouarkis amamizy. ¥ mbomy
pos3mijii My PO3rIAHEMO MOHATTS 00’€My, HOro BJIACTUBOCTi, CIlocoOu oOuIiC-
JIEHHsI 00’€MiB MHOTOTPAHHUKIB i Tis o0epTaHHSA, POSTIAHYTHUX Y IOMEePeqHixX
posninax.

Mo:xHa BBa)KaTH, IO IOHATTSA 00’€My B IIPOCTOPI IIEBHOIO Mipoi0 aHAaJIo-
riuHe MOHATTIO MJIONII Ha mJomuHi. O0’em — BeJaWUYWHA, IO CTaBUTh y Bil-
MOBigHICTH TijlaM y mpocTopi HeBim’emHi mificui umcia. 3a OOUHUIIO 00’€My
IpUAMalTh Ky0, peOdpo sSKOro MOPiBHIOE OAWHUIII BUMIPY NOBMKUHU. SIKIIO
3a OJUHUINI0 BUMIipy moB:KuMHU npuiimarTs 1 MM, 1 cm a6o 1 M, To 00’eMm
OEPKYIOTh ¥ KyOiunmx Mmimimerpax (Mm®), KyOiunmx caHTHMeTpax (cm®) abo
KybOiurux merpax (m®) Bigmosimno.

O6’em — umcyao V, 110 moKasye, CKIIBKM pasiB OSUHUIA BUMIpYy 00’eMy

i i1l vacTMHU YKJAAalOThCsd B 3aJaHOMY TiJi.

Ile umcao mMoske OyTH HATypaJbHUM, pallioHaJbHHM abo HABiTH ippairio-
HAJLHUM.
s o6’eMiB OIPOCTOPOBUX TiJi MAlOTh Miclle BJACTHUBOCTI, aHaJOTiuHi
BJIACTUBOCTAM ILJIOINT IIJIOCKUX (iryp (mams. Tabua. 10).
Tabnuus 10

BnactusocTi nnowy ¢iryp
. Mnowa ¢irypn Ha nnowuHi € HeBig'em-
HUM YNCSIOM
2. PiBHi ¢irypn matoTb piBHi nnowi
3. Akwo &irypy F nopfineHo Ha 4acTuHWU,
WO He nepeTMHaKTbCA, TO MoLwa BCiel
dirypv oopiBHIOE cymi niowy il YacTuH
4. Tnowa KBagpaTta, CTOPOHa AKOro [Ao-

PIBHIOE OOVIHWLI [OBXWHW, OOPIBHIOE
OANHNLL

BnacTrBocTi 06'emiB Tin y npocTopi

. 06’em Tina B npocTopi € HeBig'€EMHUM

YNCJsIoM

2. PiBHi Tina matoTb piBHi 06’emn
3. Akwo Tino F nogineHo Ha YyacTuHW, Wo

He nepeTuHalTbcA, To ob'em Tina Ao-
PiBHIOE CyMi 06’€MiB MOro YacTuH

.O6'em Kyba, pebpo AKOro [AOpPIBHIOE

OAVHULi JOBXWHW, AOPIBHIOE OANHULL

257
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O3Ha4yeHHA. [iBa Tina, Wo maloTb PiBHi 06’emun,
Ha3MBalTbCA pi6HOBE/IUKUMU. Puc. 10.1

Hanpukrian, piBHOBeIUKNMU € Tijla, CKJIaIeH1
3 OJHAKOBOIO umcJja PiBHUX KyOukiB (puc. 10.1).

A sHaxXom:KeHHs 00’eMiB TiJl 3py4yHO 00’€-
HyBaTHu IIeBHi Tija B KJjacu. I3 1ieto meToro cdop-
MYJIIOEMO 3arajibHe O3HAUeHHS IMIiHApA.

Hexaiti o i B — naBi mapasesnwHi miormu-
HU, [ — mpsama, 0 NepeTUHAE I[i IJIONWHN;
F — @irypa Ha oxmiit i3 mux mioomuu, F’ — ii

nmapaJjejgbHa IIPOEKIlid Ha iHIY MJOIIWHY B Ha-
npavMky npamoi [ (puc. 10.2, a). VYci Bigpiskwu,
10 CHOJYyYarTh TOUKU (irypu F 3 ixHiMu mpo-
eKI[iAMU, YTBOPIOIOTH (Qirypy B IIPOCTOpPi, AKY
HasBeMO yuJaindpom. @irypu F i F’ HasuBaoTh
ocHogamu yuniHopa. BimcrTaHb MidK IJIOIIMHAMU
OCHOB Ha3WBAIOTH BUCOMON0 UUJLIHOpA.

Y Bumaaky AKIO B O3HAUEHHI IMJIIHApPaA 3aMiCTh IIapaJieibHOI ITPOEKITil
OepeTbCsA OpPTOrOHAJIbHA, TOOTO MpAMa [ IMepHneHAUKYJAApPHA OO0 ILJIOIMIUH O
i B, To nuninap masueawTb npamum (puc. 10.2, 6). A axmo Hi, TO MUIIHID
HA3UBAIOTh NOXULUM.

3asHauumMo, IO 3 IO3UILiI 3arajJbHOr0 O3HAYEHHS NUJIIHAPA OKPEeMUM
BUIIQJJKOM TAKOr'0 ITUJIiHJpa € IpusMa.

Y BUmaAKy AKIIO ocHOBa F mwmiriHapa € KpyroM, TO IIMJIiHAP Ha3WBAIOTh
Kpyzosum. Paniie Mu posrigmanm TibKW TPAMI KPyroBi IuiaiHgpw i Ha3H-
BaJ® ix mpocto nuiaingpamu (y sadauax yb0zo po3diay nid cio80M «UUSiHOD»
MU MAKONC POYMimumemo npamuil kpyzoeuil yuaindp).

3HaligeMo GopMysay AJIs OOUMCIEeHHSA 00’eMy IPSIMOTO IIMJIIHIPA, OCHOBOIO
AKOTO € NOBiJIbHA oOMe:KeHa 3aMKHEeHa IIJIocKa (irypa.

Puc. 10.2
a l 6 !
R CF Y
\ -/ A 4
R O o
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Teopema 10.1. O6'em npamoro yuniHapa fopis-
HI0€ AO6GYTKY NoLyi N1Oro OCHOBM Ha BUCOTY. Pnc. 103

» CnouyaTKy poO3rnAHEeMO BUMAAOK, KOMU B OCHO-
Bi UWMMiHOpaA NeXnUTb KBafpaTt 3i CTOPOHOIO, IO
JOPIBHIOE OAMHMLI, a BMCOTa uuAiHApPa [OpiB-
Hioe H (puc. 10.3). OckinbKku 3agaHa oaMHULA H
BUMIPY AOBXMWHW i TI YaCTMHW YKNadaloTbCa y BU-
coti H pasiB, TO N OAUHNYHUIA Ky6 yKnagatu-
MeTbCs B LboMy LmniHapi H pasis, oTxe, 06'em
uuniHgpa gopisHioe H.
Tenep po3rnAaHemMo NpAMUA LUAIHAP i3 naouleto
ocHosu S i Bucotoo H. Brnokpemnmo B Hbomy 1
Wwap BucoToo 1, AKNIA € NPAMMM LUAIHAPOM i3
TIEI0 CaMOK OCHOBOIO, WO i 3aJaHuU UuUNiHAP
(pnc. 10.4). KoXHOMYy OfMHMYHOMY KBagpary,
WO NeXWUTb B OCHOBI UMMiHAPA, Bignosigatume
OAMHWYHUIA KYO, L0 MICTUTbCA B wWapi. Te, Wo
naoLwa OCHOBU UuMNiHAPa AOPIBHIOE S, 03HAYaE,
WO OANHUYHWUI KBagpaT i MOro yacTuHU yKnaga-
I0TbCA B OCHOBI uuiiHApa S pa3is. Tomy OguHNY-
HWUIA Kyb i NOro YacTUHU yKNagaTUMyTbCA B LWapi,
BMCOTa AKOro AopiBHIoe 1, S pasis, T06T0 06'em
BMIOKPEMJIEHOIO LWapy JopiBHIOBaT/ME S.
Te, wo BucoTa uuniHgpa AopiBHOE H, 03Hauag, H
O OAMHUYHUI BIAPI3OK i MOro YacTuUHW yKnaga-
toTbcA no Bucoti H pasis. OTxe, BugineHnn ogu-
HUYHUIM Wap i MOro YacTMHU yKnagaTumyTbCA
B LUMAiHApPI H pasis. 1
Maemo: oguHUYHUI KyO YyKnafaeTbcA B LWapi S
S pasiB i uen wap yknagaerbca B umningpi H
pasiB. OTXe, OAUHUYHWUIA KyO YKNnapgaTuMeTbCs
B unniHgpi S-H pasiB, T06T0 Mae micue ¢dop-
Myna

Puc. 104

V=S-H, (€))
ge S — nnowa ocHoBu, H — BWCOTa uuniHapa.

OcCKiJnbKY IPAMOKYTHUU ITapaJiejielines, IpAMa IpusMa i IpPaMUN KPyro-
BUA IMUWIIHAP € OKPEMHMM BUIIAAKAMH! PO3IVIAHYTOrO IIPAMOI'0 MUJIiHApPA, TO
3 opmysau (1) omep:KMMO TaKi HacIaigKH.
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Puc. 10.5 Puc. 10.6 Puc. 10.7
D, ¢,
R
A
1 B1
H H
c
b 2 c
S
A a B

Hacnigok 1. O6’em npAMOKyTHOro napaneneninega (puc. 10.5) gopiBHI0€ fo-
6YTKYy TPbOX Oro BUMIipiB, TO6TO Mae micue ¢opmyna V=a-b-c, me a, b,
¢ — pebpa TmpaAMOKyTHOTO mapaJteiemninena. (CpaBai, vy 1IboMy BUOAIKY
S=a-bic=H.)O06emKkyba V=a®, ne a — pebpo xyba.

@ Hacnigok 2. O6’em npamoi npusmu (puc. 10.6) gopiBHI0E fO6GYTKY nioLi iT oc-
HOBM Ha BUCOTY, TO6TO Mae micue ¢opmyna V =S-H, ne S — mjoIa oCHO-
BU, H — BuHCOTa IIPU3MMU.
@ Hacnipok 3. O6'em npAmoro Kpyrosoro uunaiHgpa (puc. 10.7), Bucota AKoro go-
piBHI0€ H i pagiyc ocHoBU R, 06uncnioeTbca 3a popmynoio V = nR? - H.

(CmpaBpni, y IboMy BUIAAKY Sanz.)

NMPUKJNTAOWN PO3B'A3YBAHHA 3A0AY

3apauya 1. OcboBuUI Nepepi3 NPAMOro KpyroBoro LusiiH-
Apa — KBagpat 3i ctopoHow a (puc. 10.8). Puc. 10.8
3HalngiTe 06’'em UmniHAapa.

o
1o}

—

KomeHTap

AKWO ocboBUI Nepepi3 uuniHgpa — KeBagpat (puc. 10.8), To B
Bncota AB uuniHapa AOPIBHIOE a i AiameTp ocHoBu A D Tex
[OPpiBHIOE a. AKWo pagiyc ocHoBu aopiBHIoE R, T0 2R =a, oT-

xe, R= %. [Hani BukopuctoByemo dopmyny ob'emy LuniHgpa

O.———————-—-’

V =nR’H. !
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Po3B'si3aHHA
) SxImo cTopoHa KBaapaTa ochoBoro mepepisy (puc. 10.8) mopiBHIOE a, TO BucoTa

. . a .o .
nuiaingpa H =a, a pagiyc ocaoBu R = E Toxi #toro 06’em mOPiBHIOE

3
Vansz%.

3apava 2. B ocHoBi npamoro napaneneninega

(puc. 10.9) nexutb pomb 3i CTOPOHOIO Pnc. 10.9
4 cm i roctpum Kytom 30°. 3Hamgitb D
06’'em napaneneninega, AKWO AiaroHanb 1 C,

noro 6i4HOI rpaHi gopiBHIOE 5 cm.
KomeHTap A B

Ockinbkn npAMUN Napanenenineg € NPAMOI0 NPU3MOIo, TO
OnA obuncneHHs noro o6'emy MoxHa ckopucTtaTmca op-
mynoto V' =S-H, pe S — nnowa ocHosu, H — BurcoTa D C
npusMuy, fika B NpAMi Npu3mMi JOPiBHIOE BiuHOMY pebpy.

[na o6uncneHHA nnowi pomoba, Lo NeXXMTb B OCHOBI, MOX- \300
Ha CKOPUCTATUCA TUM, O NJIOWA Napanenoepama 0opieHIOe A B
006YMKy CyMiXXHUX CMOPIH Ha CUHYC KYma Mix HUMU.

Po3B'si3aHHA

» Hexaii y npamomy napanenenineni ABCDA;B,C,D; (puc. 10.9) BC,=5 cwm,
ABCD — pom6: AB=BC=CD=AD=4 cmi £ BAD=30°.
Is npamoxyrHoro tpurkyTHuka BCC; (mapaneneminen mnpamuii, Tomy

C,C Lnn. ABCD) maemo:
C,C=BC?—BC® =5*—4% =3 (cm).
S,,, = AB-AD-sin30° = 44%:8 ().
Tomi V=S -H=S8,, C,C=83=24 (cu).

3ATMNTAHHA

1. IToscHiTe, 110 Take 00’eM Tija B mpoctopi. ChopmyroliTe OCHOBHI BJa-
CTUBOCTi 00’eMmy.

2. Chopwmy.tioiiTe 3arajbHe o3HaueHHA nuiainapa. [Ilo Take ocHoOBU, TBipHA
i BucoTa Takoro ImuJiHgpa?
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3. 1) Yomy gopiBHIOE 00°€M TIPAMOTO IUJIiHApPA (A5 3araJbHOTO PO3YMiHHSA
muriagpa)?
2%) O6rpyuryiitTe BigmoBigHy Qopmyy.

4. 3anuIite (popMyay s obUHCIeHHS 00’eMy:
1) TpsAMOKYTHOro IapaJieJierimnena;
2) mpsaMoi mpusMu;
3) mpAMOro KpyroBoro IUJIiHApPA.
IToscHiTh cumpaBemuBicTL ITUX (GHOPMYII.

BMPABU
10.1. Y moske ob6’eMm (pirypu B mpocTopi OyTu:
1) Bix’eMHUM 4YMCJIOM; 2) mynaem?

10.2° Yomy mopiBHIOE 00’¢M mpocrtopoBoro xpecra (puc. 10.10), aximo pedpa
Ky0iB, IIT0 HOr0 YTBOPIOIOTH, MOPiBHIOIOTH OTUHUILI?

10.3°. Yomy mopiBHIOE 00’eM MHOrOrpaHHMKA, 300paskeHoro Ha puc. 10.11 (yci
OIBOrPaHHi KyTu mpsami)?

10.4° 3uHaigiTh 06’€M MHOTOTPAHHUKA, 300paskenHoro Ha puc. 10.12 (yci mBo-
TpaHHi KyTH OpAMi).

10.5. Yepes nmBa mpoTHJIe:KHI pebpa Kyb0a IPOBENEHO ILJIOIIUHY. ¥ AKOMY
BiHOIIIEHHI IIA IIJIOIMHA AianTh 00’eM Ky0a? IlosicHiTh BimmoBinsb.

10.6. [liaronanp Kyba mqopiBHIoe 6 cM. S3HAUAITH HOro 00’€M.

Pnc. 10.10 Pnc. 10.11 Pnc. 10.12
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Puc. 10.13 Puc. 10.14

5
01 /900

10.7°. Buaigite 00’em V uacTUHU IMUJIiHApPA, 300pasKeHoi:
1) ma puc. 10.13; 2) Ha puc. 10.14.

10.8. OcHOBOIO TIPAMOI TPUKYTHOI IPU3MU € MPAMOKYTHUIN TPUKYTHUK i3 Ka-
teramu 6 cm i 8 cm, Bucora mpuamu gopiBHIOE 10 cMm. 3HAHAITHL 00’eM
miei mpuamwu.

10.9. 3HaiigiTh 00’€eM TPABUJIBHOI YOTHUPUKYTHOI TPU3MM, CTOPOHA OCHOBU
AKOl mopiBHIOE 6 cM, a BumcoTa 5 cM.

10.10. Ik s3MiHUTBCA 00’€M TPAMOKYTHOTO TapaJiesienimena, SKIIO:
1) oguu i3 itoro BuMIipiB 36iabIIUTH B 2 pasu;
2) nBa Pioro BuMipu 30iJIBININTH, KOKEH y 2 paswu;
3) yci Tpu i#oro Bumipu 30igbiiuTH B 2 pasu?

10.11. 3HAHAITh BUCOTY IIPABUJIBHOI YOTHPUKYTHOI HMPU3MH, SKIIIO CTOPOHA ii
ocHoBu nopisHIOE 20 cM, a 06’em 4800 cm?.

10.12. Yepes cepeHIO JiHiI0 OCHOBM TPUKYTHOI IIPU3MU IIPOBEJEHO IJIOIIUHY,
napaJjejabHy OiuHOMYy peOpy. ¥ AKOMY BiAHOIIEHHI IA ILJIONIMHA OiJIHUTH
00’em mpuaMu?

10.13. fIx BigHOCATHCA 00’eMU ABOX KyOiB: 3aJaHOrO i Horo mozesi, 3MeHIIIeHO1
B MacIiTabi:
1) 1:2; 2) 1:3; 3) 1:n?

10.14. BusHauTte 00’eM IIPAMOKYTHOTO IIapaJjejellinena, JiaroHaJlb SKOT0 JOPiB-
HI0O€ d 1 yTBOPIOE 3 TJIOIIMHOIO OCHOBU KYT O/, a 3 ILJIOI[WHOI OiyHOI
rpai — Kyt J.

10.15. ¥V nmpsaMomy mapaJieJierrinei CTOpOHU OCHOBU JOpiBHIOIOTH 16 cm i 10 cm
Ta yTBOPHOIOTE KyT 60°. MeHma amiaroHasb IapaJjejenimnesia yTBOPIOE
3 maomuHoo ocHoBu KyT 30°. BusHauTe 00’eM IIbOr'o IIapaJiejielrimeza.

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 GiuHoMy pebpy b 3HaimiTh 06’€M TpPaBUIBHOI
IpU3MU:

1) TpUKyTHOI;

2) YOTUPUKYTHOI;

3) IIeCTHUKYTHOI.

3HaligiTe 00’eM (pirypu, yTBOpPeHOI B pesyabTaTi o0epTaHHS KBaapara
HaBKOJIO MOT0 CTOPOHU, IO JOPiBHIOE d.

HiaroHanbs OChbOBOTO Tepepidy NUIIHApPaA AOPIiBHIOE @ i HaxXWJIeHA [0
ILJIOITWHY OCHOBU HiA KyTOM . 3HAUAITH 06’eM IuIiHAgpA.

IBa muJIiHIAPU yTBOPEHi 00epTaHHAM TOr0 CAMOI'0 HPAMOKYTHHUKA
HaBKOJIO KOYKHOI 3 HepiBHUX Horo ctopiu a i b. fIK BigHOCATHCA 00’eMU
MUX HUJIiHAPIB?

Y crinpKkm pasiB o0’eM IMJIiHIpA, OIIMCAHOIO HABKOJIO IIPaBUJILHOI
YOTHUPUKYTHOI IMPU3MHU, OibIINil 3a 00’eM IMJIIHApPA, BIKCAHOI'O B TY
camy mpusmy?

HoBeniTs, 110 OyAb-AKa ILJIOIIWHA, AKA IIPOXOAUTH Uepes IIEHTP Kyoa,
OiIUTh MOTr0 HA ABiI PiBHOBEJIWKI YaCTUHMU.

BuaBiTb CBOIO KOMMETEHTHICTb

Y umuaisgpuuHy OOCYAMHY JiaMeTpoM 8 CM i3 PigMHOI 3aHyPHJIN
nerasb. Ilpu 1IbOMy piBeHb pifmHM B mocynauHi migmsaBca Ha 10 cwm.
Axuii ob’em meraui?

Y nunimapuuHiii mocyauHi piBeHb pigumHH mocarae 20 cm. Ha axkii
BHUCOTi cTaHe pPiBeHb PiAMHM, SAKIIO IIEePeJUTH I B iHIIY TOCYIUHY,
miameTp sikol B 2 pasu OiiabIInii 3a mgiaMeTp HepInoi?

Ilepmuit Kyxouab yaBiui BuIuii 3a APyruii, IpoTe APYIruil y aBa pasu
HINPIINI, IPUYOMY O0MIBa MalOTh HMUJIIHAPUUYHY (opmy. O6’eM AKOro
KyXJid OiabImmin?

Ha mosuiii B marasuwHi cTOoATh ABI 0OaHKM abOpHMKOCOBOTO BapeHHS O-
HOro copry. OgHa Gamka y 2 pasu BHUINA 3a APYTY, IpoTe ii miamerp
y 2 pasu MeHminii. Bucoka 6anka Kormirye 23 rpH, a Hu3bKa — 43 TI'pH.
Ay 6aumky Burigmiire xKynoutu?
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§ 11. 05°EM NOXUNOI NPU3MM.
05’EMU NMIPAMIJIN | KOHYCA

Tabnuusa 11

1. MpuHuymnn KaBanbepi

Ao B pe3ynbTaTi NepeTuHy ABOX NPo-
cToposux Tin @; i @, nnowmHamu, na- @1 ¢2
panenbHUMM OJHIN i Ti Camin NNOLMHI, , ] /

. . / )
y nepepizax ofepxytotbca dirypu F o Ly h

i F, opHakoBoi nnoLyi, To 06'eMun BUXia-
HWX MPOCTOPOBUX TiNl PiBHI.

2. fleski Gopmynmn 3HaxXoAKeHHA 06'emiB

b &

1. 06’em noxunoi npusmu [OPiBHIOE AOOYTKY MOLi iT OCHOBM Ha BUCOTY.
V=SH
2. 06’em nipamiou [OPIBHIOE OfHIN TPeTUHI JOBYTKY nnoLi i1 OCHOBM Ha BUCOTY.

1
V==SH
3
3. 06’eM KOHyca [OPIBHIOE OfHIN TPeTVHi fJOOYTKY MOLLi 1Oro OCHOBW Ha BUCOTY.
1 1
V=-S-H=-nR?*H,
3 3

e R — pagiyc ocHosu, H — BKCOTa KOHyca.
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NOACHEHHA N OBI'PYHTYBAHHA

Posriarnemo meton ob6umciieHHs 00’€MiB IIPOCTOPOBUX (Piryp, 3aIrporoHO-
BaHMU itajaifickkum MarematukoMm B. KaBaapepi (1598-1647) i masBaHUM
srogom npuHIUIoM KaBajabepi. Bim mosasirae B Taxomy.

MpuHuun KaBanbepi. AKwo B pe-
3ynbTaTi NnepeTuHy ABOX NpPOCTO- Puc. 11.1
poBux Tin @; i P, nnowmHamm,

napanenbHUMUN O[HIN i TIM camin
NAoOWKNHI, y nepepiszax opepxKy- 1 2
loTbca ¢irypn F, i F, opHakoBoi 1 2
nnowi (puc. 11.1), To 06’emn BUXig-
HUX NPOCTOPOBUX TiN PiBHi.

Crpore OOr'pyHTYBaHHS IIPUHIIU-
ny KaBanbepi mpoBoauThCA B Kypcax
MaTeMaTHUYHOTO aHaJidy. 3a3HaYnMO B
imero OOI'PYHTYBaHHA IIHOTO IIPUHITU-
my. ¥aBuMmo, mo Tina @, 1 P, ckia-
IeHi 3 TOHKHUX INapiB OJHAKOBOI TOBIIUHU, AKi ONEP)KYIOTHCA B Pe3yJbTaTi
mepeTuHy Tin @D; i P, miomMMHAME, HapajelbHUMH JedAKil 3ajzaHiil 1mio-
muui (puc. 11.1). Tina, omepskaHi B KOKHOMY 3 IIMX TOHKHX INapiB, MOXKHA
HaOJIM)KEeHO BBasKaTH NpPAMUMHU IuaiHapamu. Toxmi 3 piBHOCTI mJIOI iX OCHOB
i piBHOCTiI BHCOT OJep:KyeMO, IIT0 PiBHI I 06’eMH YaCTWH 3aJaHUX ITPOCTOPO-
BUX Tin y KosxkHOMY mapi. Ore, piBHI I 06’emu Tin @; i D,, crIageHUX
i3 piBHUX YaCTWH y KOXKHOMY IIIapi.

Teopema 11.1. O6’em noxunoro uu-
niHgpa [OpiBHIOE AOOYTKY naouyi Puc. 11.2
I0ro OCHOBU Ha BUCOTY.
» na 3agaHoOro noxwusioro uuniHApa
3 ocHoBow F, nnowa Aol Aopis-
Hioe S, i Bucototo H po3rnsaHemo H
NPAMUA  UMAIHAP i3 Takow CaMoto
OCHOBOIO 11 BMUCOTOW. Po3Tallyemo ui F
[Ba LuMniHapY TakK, Wwob ix oCHOBW ne-
anv B OfHi nnowuHi (puc. 11.2).
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Topi nepepi3n uux LUMNIHAPIB NAOWMHAMK, NapanefbHAMN Uil NAOLWMHI, AafyTb
birypu, wo popisHiooTb dirypi F, oTXKe, BOHM MaTUMYTb PiBHi noLi. 3a npuHLK-
nom KaBanbepi MaeEMO piBHICTb 06'EMIB LUMNIHAPIB, @ OTXKe, AN 06UYMCIIEHHS 06e-
My MOXMSIOFO LUNiHAPA MOXHA CKOPUCTATUCA TiE camoro popmynoto, Wo M ans
06UMCIIeHHs 06'eEMY NPSAMOro LuniHApa:

V=SH,
ge S — nnowa ocHoBu, H — BucoTa unniHgpa.
OcCKiJbKHM MOXWJIa NPU3Ma € OKPeMHUM BUIIALKOM PO3IVISHYTOTO B IOBE-

meunHi Teopemu 11.1 moxmioro HUJIiHApPa, TO 3 HaBeleHOI Buile GOpMyJan
MaTHMEMO HACJIiJIOK.

@ Hacnipok. O6’em noxunoi npusmm 3 naoluleto ocHoBu S i Bucotoio H o6unc-
neTbca 3a popmynoro

V=S-H,
oe S — mJomia ocHoBu, H — BucoTa IPU3MHU.

CopmynoemMo 3arajbHe O3HAUEHHS KOHYCA,

110 J03BOJIsIE O0’€JHATHM B OMWH KJac POSTIAHYTI Puc. 11.3
pamimre KoHycH ¥ mipamigm.
Hexait F — d@irypa Ha miomuHi O, S — S

TOUKa II03a I[i€l0 ILIOIMHOI0. Bei Biapisku, 1o
cHoJy4JaroTh TOuKu Qirypu F i3 Toukoio S, yTBO-
pIOOTL (Qirypy B IpocTOpi, AKYy HA3UBATUMEMO
Konycom (puc. 11.3).

dirypa F Has3smWBaeThCA OCHOB8010 KOHYyCAa, TOY-
Ka S — gepwuHol KoHyca. IlepneHAUKYIAD, TIPO-
BeIeHUH i3 BEPIIMHYU KOHYyCa Ha MJIOIIUHY OCHOBH,
HA3WBAETHCA BUCOMOI KOHYCA.

Y Bunmagry akmo ¢girypa F € KpPyrom, KOHYC Ha3WBAETHCA KPYZOBUM.
SIKmI0 BHMCOTa KPYyroBOro KOHYCa HPOXOAUTH Yepe3 IeHTP OCHOBU, TO Ta-
KU KOHYC HA3WBAEThCA NpAMUM Kpyzosum. PaHimme Mu poa3ridgasud IpaMi
KPYToBi KOHycM ¥ HasWBaJIu iX IPOCTO KOHycamu'. 3a3HAUYMMO, IO OKPEMUM
BUIIQJJKOM KOHYCa B HOBOMY PO3YMiHHiI € TaKOX mipamizna.

¥V Bamauax OO IbOTO 1 PEIITH PO3MLIIB IiJi TEPMIiHOM «KOHYC» IIPOJOBIKYBATUMEMO
PO3yMiTU IpAMUil KPYyTroBuii KOHYC, a y3araJbHeHe IOHATTA KOHyca HaM IOTPiOHe TinTbKHu
IS CIIPOII[€HH JOBeeHHA OCHOBHUX (hOPMYJI O0UMCIeHH 00 €MiB.
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Bukopucrosyioun npuunun Kasaibepi, moBememMo TaKy TeopeMmy.

Teopema 11.2. flKwo ABa KOHYCU MalTb PiBHi BUCOTM I OCHOBM PiBHOI MJIOLLi,
TO iXHi 06'eMM piBHi.

Hexain KoHycn @; i P, MmaloTb BUCOTH, LWIO

JopiBHio0Tb H, a ocHOBM nnouleto S pos- Puc. 114

TalOBaHi B OfHIN nnowuHi o (puc. 11.4).

MpoBenemo naowurHy B, NnapanenbHy nio- D, D,
WWHI o, Ha BiacTaHi x Big Hei (0<x< H).

Topi ¢irypn F, i F,, wo yTBOpIOIOTHCA F F

B Mepepi3ax KOHyciB nnowwHolo [, no-

Li6Hi BignoBigHMM ocHoBaMm, i KoedilieHT p
nofibHocTi £ B 060X BMMNaAKax [AOPIBHIOE
BIQHOLIEHHIO BWCOT BiQNOBIgHNX KOHYCIB:
k=(H-x):H. Otxe, nnowi S; i S, ¢i-
ryp F, i F, BIiONOBIAHO BUpPaXaloTbCA
bopmynamu Sl=k2~S, S2=k2-S, TO06TO
BOHW piBHi. 3rigHO 3 npuHuunom Kaanbepi
Ma€EMO, O 06’'EMU KOHYCIB PiBHI.

Teopema 11.3. O6’em nipamign AOPIBHIOE OAHIN TpeTuHi JO6GYTKY nnowi ii
OCHOBM Ha BUCOTY.

Po3srnaHemo crnoyatky BUNagoK TPUKYTHOI Nipamign (AK YacTMHHMWIA BMMAZOK 3a-
rasibHOro KoHyca).

Hexann A;ABC — TpukyTHa nipamiga (puc. 11.5). lobyayemo ii go TpukyTHOI
npusmn ABCA, B,C,.

MnowmHn A;BC i A;B;C po36usaloTb Lo Npu3my Ha Tpu nipamign — A;ABC,
A;BB,C i A,CC,B, 3 BeplwuHamu B Touli A;.

Mipamign A;BB,C i A,CC;B; wmawTb

piBHi ocHoBun BB;C i CC;B,;, ockinbKku Pnc. 11.5

piaroHans CB; po36uBae napanesnorpam C
CBB,C; Ha [Ba PiBHi TPUKYTHUKN.

Kpim TOro, 3agaHi nipamign matoTb CrifibHY
BEPLUMHY, @ iXHi OCHOBWM nexaTb B OAHIN
nnowwuHi. OTKe, Ui nipamign matoTb Cnifb-
Hy BMCOTY. 3a Teopemoto 11.2 Ui nipamign
MatoTb PiBHi 06'eMu.

PosrnaHemo Tenep nipamign A; ABC
i CA,B,C,. BoHn matoTb piBHi ocHosu ABC
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i A;B;C; Ta piBHi BUCOTU (BOPIBHIOTb BUCOTI Npr3mu). Toai BOHM MaloTb PiBHI

06’emu.

OTxe, 06’eMM BCiX TPbOX PO3MNAHYTMX Nipamig PiBHi.

YpaxoBytoun, Wo ob6'eM NpuamMu [OPIBHIOE AOOYTKY MMOLWi OCHOBU Ha BMWCOTY,
opepxumo bopmyny o06’emy TpUKyTHOI Nipamigu:

v-1s.H,
3

ge S — nnowa ocHoBw, H — BucoTa nipamigu.

AKWO B OCHOBI Mipamign NeXxuTb JOBITIbHUIA MHOTFOKYTHUK, TO PO3rNAHeMO Tpu-
KYTHY nipamily 3 Takolo camoto BucoTtoo H i Takolo camoio niouieio ocHosu S.
3a Teopemoto 11.2 06’emn umx nipamia piBHi, 0TXKe, Mae micue dopmyna

1
V==S-H,
3
ae S — nnowa ocHoBu, H — BuUcCOTa nipamigw.

Teopema 11.4. O6’em KOHycCa OOPIBHIOE OAHIN TPeTUHi AOOYTKY njouli noro
OCHOBU Ha BUCOTY.

» [Ina 3afaHOro KOHyca 3 OCHOBOIO, MJo-
Wwa sKkoi gopiBHIoe S, i Bucotoo H pos- Puc.11.6
rMAHEeMO AKy-Hebyab nipamigy 3 Takumu
caMumm nnoueo ocHoBu S i Bucotowo H 1 2
(puc. 11.6). Togi 3a npuHUUNom Kaeanbe-
pi ofepXKyemMo, Wo 06’'eMun LMX Mipamign F F
i KOHyCa piBHi.
Ane gna o6’emy nipamign mae micue dop- P
Myma T T T T

v-1s.H,
3

ne S — nnowa ocHoBwu, H — BucoTa ni-
pamign. OTXe, BOHa Ma€ micue i ana ob'e-
My KOHyca (ae H — BncOTa KOHyca).

3oKpema, oA NPsAMOro KpyroBoro KOHyca, B OCHOBI AKOIo NeXuTb Kpyr pagiyca R

i BUcoTa sikoro gopisHioe H (Tomi S= nR?), mae Micue dopmyna

V:énRz-H.
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NMPUKNAAON PO3B'A3YBAHHA 3A0AY

3apgaua 1.

OcHoBa noxunoro napanenenine,qa — KBajpart 3 CTOpoHO 1 M. OpHe

3 BiUHKX pebep AOPIBHIOE 2 M i YTBOPIOE 3 KOXKHOIO i3 Npuneranx cto-
piH ocHoBM KyT 60°. 3HangiTb 06'em napaneneninega.

Po3B'si3aHHA

» Hexait ABCDA,B,C,D; (puc. 11.7) —
3alaHUN TIOXWJHUHN IapaJiejerninen
(ABCD — xBagpar, AB=1m, AA; =2 M,
L AAB=/ AA,D=60°).

IIposenemo Bucory A;0 mnapaenemninesna
A,0 1 1. ABCD. OckinbKu B IOXHUJIOMY
napaJiesenineni 6iune pe6po AA; yrBo-
pro€e piBHiI KyTH i3 CyMisKHMUMU CTOpPOHA-
MU OCHOBH, TO Iie Pe0po IPOEKTYEThCA HA
bicekTpucy Kyta BAD, To6TO Ha AiaroHajb
AC (O € AC) xBagpara ABCD. IIposexemo
OM 1 AB, toni A{M L AB 3a TeopeMoIo
IIPO TPU IEPIEHIUKYIAPUA. I3 IPAMOKYT-
Horo TpukyTHUKa AA;M Mmaemo:

AM = AA, -cos60°=1 (m).

I3 TPAMOKYTHOTO TPUKYTHUKA

AM__ 2 ().

cos45°

Is nmpamoxyrtHoro tpukytHuka AA,0O

MaeMo:
A,0=\|AA] - AO® =
=2 -(V2) =2 oo,

Tomi o6’em 3amaHOro mapaJjesemnimena
JIIOPiBHIOE:

V=S,p0p - 4,0=1+2 =42 ().

AOM maemo: AO =

KomeHTap

AKwWwo B noxuniii npm3mi (abo B nipamigi)
6iuHe pebpo YTBOPIOE PiBHI KyTW i3
CYMi>KHMMM CTOPOHaMM OCHOBWU, TO BO-
HO MPOEKTYETbCS Ha NMPSMY, WO MiCTUTb
GiceKTpUCy KyTa MiX UMMM CTOPOHaMK
OCHOBU (Tabn. 4). A OCKiNbKWU 3apaHi
piBHi KyTuW rocTpi, To 6iuHe pebpo AA;
NMPOEKTYBAaTUMETbCA Ha biceKTpucy
KyTa BAD (puc. 11.7), AKa B KBagparti
ABCD € piaroHannio AC.

[na obumcneHb 3pyYyHO 3 OCHOBU BU-
coTu napaneneninega (touyku O) npo-
BeCcTu B nnowuHi ocHosu OM 1 AB
i BMKOpPUCTOBYBaTM Teopemy Mpo
TPU nepneHAuKynAapu (ofepxnumo
A;M 1 AB). NoTim nocnigoBHO po3-
TAAHYTU MPAMOKYTHI  TPUKYTHUKM:
AAM (3Haxogumo AM), AOM (3Ha-
xognmo AO), AA,0 (3Haxogumo A;0).
Hani moxHa ckopuctatuca ¢popmynoto
Ana obuncneHHsa ob'emy noxmnoi npu-
smu V=S, . -H.

Puc. 117 | D, C,
A, B,
D C
60°
A 2770 B
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3apgaua 2.

OcHoBoto nipamign € NPAMOKYTHUI TPUKYTHUK i3 KaTeTamn a i b. Kox-

He i 6iyHe pebpo HaxmneHe [0 NAOWUHN OCHOBU Mif KYyTOM @. 3Hal-

LiTb 06’'em nipamign.
Po3B’'si3aHHA

» Hexait y mipamigi SABC (puc. 11.8)
TpuKyTHUK ABC NpAMOKYTHUHI
(£C=90°,BC=a, AC=D).
IIposenemo Bucotry mipamigu SO. Ockinb-
KH 3a YMOBOIO Bci 6iuni pebpa mipaminn
OIHAKOBO HaXWJIEHi [0 IJIOIINHYU OCHOBH,
10 O — LEHTP K0Ja, OIMCAHOTO HAaBKO-
JIO OCHOBH, TOOTO TouKa O — cepenmHa
rimorenysu AB. YpaxoByoouu, 1110 Bifpi-
30K AO — mpoek1ia 6iunoro pedopa SA
Ha ujomuny ABC, oaep:KyeMmo, IO
£ SAO — gyt Haxuuy OiuHOro pedpa
SA no mmomuuu ocHOBHU it L SAO=¢.
Iz mpamoryTHOro tpukytHuka ABC
OIEPIKYEMO:

AB=+vBC?+AC? =\a®+b?,

1 1
TOmi AOZEABZE a®+b? .

Iz mpamokyrtHOro TpuryTHHUKa SAO
MaeMo:

SO=AO~tg(p=%\/a2 +b2 tgo.
Opmep:ryemo:

=%\/a2 +b% tgo.

BC-AC-S0O=

w |~
Do |~

KomeHTap

CnouaTKy BM3HauMMO po3TaLlyBaHHSA BUCO-
TV Nipamigun: AKLWO BCi 6iuHi pebpa nipami-
[V O|HAaKOBO HaxuJleHi O MOLWMHM OCHO-
BW, TO OCHOBOI BMCOTW MipaMifn € LeHTp
OMMCaHOro HaBKOJI0 OCHOBW Kora (Tabn. 4).
Ak BiZOMO, LIeHTp Kona, onmcaHoro HaBKo-
N0 NPAMOKYTHOIO TPUKYTHUKA, NEXUTb
y cepefuHi rinoteHysu.

MoTiM BU3HAUMMO KYT Mi>K GiYHUM peb-
POM i MIOWMHO OCHOBMK (KYT MiX Mno-
XWUA0I0 | NAOLWMHOK — L KYT Mi>K NoXu-
Noto Ta i1 NPOEKUIE Ha Lo NOLWUHY).
Ona BukopuctaHHA dopmynm o6'emy

1
nipamign V= ESOCH -H  3Haxoaumo

SAapc = EBC~AC i BUcoTy mipamian SO

(i3 npaAamoKyTHOro TpuKyTHrKa SAO).

Pnc.11.8 S

3apava 3. 3HangiTb 06'eM YaCTMHM KOHYCa, 300parkeHoi Ha puc. 11.9.

KomeHTap

OcCKinbKy B OCHOBI Tifa, 306pa*eHOro Ha PUCYHKY, NIEXKUTb CEKTOP i3 LIeHTPaNbHUM KY-
ToM 90° TO MOro fyra CTaHOBMUTb YBEPTb YCbOrO KOJIa OCHOBU KOHYCa (AKUA MiCTUTb 360°).
BucoTa 3apaHoro Tina 36iraeTbcA 3 BUCOTOK KOHYCa, TOMY 3aJjaHe Tino CTaHOBUTb UBEpPTb
KOHYyca 3 pafiycom ocHoBu 12 i BucoToto 16.
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» Ha puc. 11.9 306paskeHa uBepTh KOHYycCa 3 pajiycoM
ocuoBu R=12 iBucororo H =16.

PO3[/T 3. O6'eMun Ta NnoLli NOBEPXOHb FEOMETPUYHUX TiN

Po3B’'A3aHHA Puc. 11.9 S

Toni V,,, = énRZH =768 (y6. 01.). 16
Omxe, V.= lVICOH = l-76815 =1927 (xy6. ox.).
4 4 (0] i
3AMATAHHA

1.

Chopwmy.rioiite npuHiiuia KaBaabepi 4/1a mopiBHAHHS 00’eMiB 1BOX Giryp
Yy IIPOCTOpi.

. 1) Yomy mopiBHIOE 00’€M IIOXHUJIOI IIPU3MIZ?

2%) OOrpyuryiitTe BimmoBigHy QopmyIy.

. Chopmy.aroiiTe 3arajbHe O3HaueHHsa KoHyca. II[o Take ocHoBa i BucoTa

TaKOro KOHyca?

. 1) Yomy pmopiBHIOE 06’eM Imipaminu?

2%) O6rpyuTyiiTe BiamoBiguHy (opmyiy.

. 1) Homy mopiBHIOE 00’eM KOHYyca?

2%) O6rpyuTyiiTe BiamoBimuHy (opmyiy.

BMPABU

11.1°. B ocHOBi moxuJjoro mapaJiejemninena JIe;KUTL poMmb i3 miaroHaasvu 6 cM

i 8 cm. Bucora mapanenenimema npopisuioe 10. 3HaigiTh fioro o6’eMm.

11.2° 3HaAUAITL 00’€M MMOXUJIOI IIPU3MM, B OCHOBI SIKOI JIEJKUTh NPAMOKYTHUK

11.4.

3i croponamu 4 cm i 5 cm, a GiuHe pebpo AopiBHIOE 8 cM i HaxmyeHe
IO ILJIOUIMHU OCHOBHU IIig KyToM 30°.

. OcHoBa MOXMJIOI MPU3MU — NPABUJBHUN TPUKYTHUK 3i CTOPOHOIO 2 M.

Opue 3 GiuHUX pebep AOPiBHIOE 4 M i YTBOPIOE 3 KOMKHOIO 13 IPUJIETIINX
CTOpPiH ocHOBU KyT 45°. 3HaAUAITL 00’€M IIPU3IMMU.

B ocmoBax moxwmioil mpusmMu — KBajpatu. Yum mpaBUIBHO, 110 OyIb-sKa
MJIOIIWHA, IO IIPOXOAWTH Uepes IeHTPW KBaApaTiB, HiJIUTh NPU3MY Ha
Bl piBHOBeJWKi 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.

Bepmmaamu mipaminu € Bci BepmmHM oxHiel OCHOBM T OfHA BepIIMHA
iHT0i OCHOBM TpuaMu. SIKYy YacTHHY 00’€My NPHU3MU CTAHOBUTH 00’€M
mipamigu?

3ualgiTe 06’eM mipaminu, BucoTa SIKOI JOPiBHIOE £, a B OCHOBi JIEJKUTH
OPSAMOKYTHHUK 31 cTopoHamMu a i b.

3HalgiTh 06’€M TPaBUIBHOI TPUKYTHOI IIipaMiau, CTOPOHA OCHOBU SIKOI
IOpiBHIOE a, BHUcoTa A.

3HaligiTh 00’€M MpPaBUJIBHOI YOTHPUKYTHOI mipaMminu, BucOTa AKOI I0-
piBHIOE h, a miaroHaJib OCHOBU d.

BusnaunTe 00’€M HpaBUJIbHOI YOTHPUKYTHOI Imipaminm, AKImo il mia-
TOHAJILHUM TepepisoM € IpaBUJIbHUN TPUKYTHUK 31 CTOPOHOIO, IO
nmopiBHioe 12.

3HaligiTh 00’€eM MIpPaBUJBLHOIO TeTpaeapa 3 pedpoM, Imo mgopiBHioe 1.
O6G’eM mpaBUJIBHOI IIECTUKYTHOI mipamizm gopisHioe 6 cm®. Cropona
ocHOBU JopiBHIOE 1 cMm. 3HaiigiTs, OiuHe pebpo mipamimu.

Biuni pe6Gpa TpukyTHOI mipamMigu B3a€eMHO IEPHEHIMKYISPHI, KOXKHE
3 HUX JOOopiBHIOE b. 3HAUAITH 00’eM mipaminm.

Ar sMmimuTbca 00’eM IpaBUMJBHOI Hmipamimu, AKIo Bucora ii Oyae
30isIbIIeHa B 11 pasiB, a CTOpOHA OCHOBUM 3MEHIIIeHA B CTiJIBKU K pPasiB?
Y Ky0 iz pebpomM, AKe mopiBHIOE 1, BIMCAHO IPABUJILHHUI TeTpaeap Tak,
110 HOT0 BepHIMHU 30iraroThCsA 3 YOTHPMa BeplinHaMu KybOa. Busmaute
o0’eM TeTrpaezpa.

3HaigiTh 00’eM OKTaenpa 3 pedpoM, sike mopiBHioe 1.
Bucora komyca mopiBuioe 6, TBipma — 10. 3HaiimiTe 06’eM Komyca.

Y cKinbKu pasiB 301JBIIUTHCA 00’€M KPYroBOTO KOHYCAa, SKIIO:

1) BucoTy 30iabIIUTH B 3 pasu;

2) paxiyc ocHOBU 30iJbIIUTH B 2 pasu?

Yu sMiHUTBCA 00’€éM KPYroBOI'O KOHYCa, AKIIO Pamiyc OCHOBU 30iJb-
muTH B 2 pasW, a BUCOTY 3MEHIIUTH B 2 pasu?

IMuniagp i KoHyc MaloTh CHiJIBHY OCHOBY i Bucory. O6umciaiTe 006’em
MUIiHApa, AKINo 00’eM KoHyca mopiBHioe 401 cms.

O0’em xomyca mopiBuioe V. IlapajieibHO OCHOBI KOHyCa IPOBEIEHO IIe-
pepis, 1Mo AiJIuTh BUCOTY HaBIij. YoMy HOpiBHIOE BigHOIIIEHHSA 00’¢MiB
OTPMMAaHUX YaCTHUH KOHyca?

HiameTp ocHOBU KOHYyca JOpiBHIOE 12 c¢M, a KyT IpuW BepPIINHI OCHOBOTO
nepepidy 90°. O6umcyiTs 06’eM KOHYyca.

273



2/4

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 0GEepPTAHHA PiBHOOEAPEHOr0 MIPAMOKYT- Pnc. 11.10
HOTO TPHKYTHHKA HABKOJIO KaTeTa, AKWI

IOpiBHIOE 3 cM.

S

PiBHOCTOpPOHHINI TPUKYTHUK oOepTaeTbCcA
HaBKOJIO CBO€I CTOpPOHU a. 3HAULITHL 00’eM
Tijla oOepTaHHS. 42

IIBa KoHycu oTpuMaHi oOepTaHHAM HePiB-
HOOEeIPEeHOr0o NPSAMOKYTHOTO TPUKYTHUKA
HaBKOJIO KOYKHOTO 3 KareTiB. Uu piBHi 00’e-
MU IIUX KOHYCiB?

3HalmiTL 00’eM YaCTHMHM KOHYycCa, 300parke-
HOI Ha pwmc. 11.10.

Konyc Bmmcano B mpaBujbHYy TPUKYTHY IIipaMigy 3i CTOPOHOIO OCHO-
BU a i BucoToro h. 3HaAWAITL Horo ob’eM.

Konyc ommcano HaBKOJIO IPaBUJIBHOI YOTHMPUKYTHOI Iipamigm 3i cTo-
POHOIO OCHOBU a i BucoTO0 h. 3HAUAITHL ¥oro ob’em.

BuaBiTb cBOIO KOMMETEHTHICTb

IlakeTuk aJa TOMAaTHOI ImacTu Mae (opmMy mipaMminu, B OCHOBI SAKOil
JIEKUTHh PiBHOOeAPeHUH TPUKYTHUK i3 piBHMMH cTopoHammu 12 cm
i kyrom 30° misxk mumu. Bucora mipamigu mopiBHIOE 6 cMm. O6umCIiTH
00’eM IMaxkeTHKa.

3HaNgiTL 00’eM MOMKEXKHOI'0 Biapa KOHiuHOI (popMM, SIKIIIO HOr'0 CTaH-
mapTHi posmipu Taki: miamerp ocuoBu 30 cm i TBipHa KoHyca 38 cwm.
Bigmosigps matiTe B JiTpax, OKPYIVIMBINU ii MO0 AecATHUX UYaCTHUH JiTpa.

Ilpu macumamHiI cumydvoro marepiajy y BUIVIAAI KyIu, OJU3bKOI 3a
¢opmMoI0 10 KOHYCA, IJI KOKHOIO CHIIYUOro MaTepiajy KyT HPUPOLHO-
ro yKocy (KyT HaXWJIy TBipHOI KOHYyCa IO MJIOIIWHU HOTO OCHOBHU) CBiit
i gy Bojiororo micKy BiH Habsum:KeHO mopiBHIoe 45° [lia GeTOHyBaHHS
migjgoru B igaJsibHi IMTKOJM IIPUBE3JIU ITiCOK, SIKMWHM BUCUIIAJUA B KYIIY,
mo mMae dopmy KoHyca, 3 TBipHOO 1,2 m. Ileit micok HeoOximHO me-
peHectu mo mpuminienus. CKinbku Bimep i3 mickom, micTkictio 10 I,
IOBEIeThCs IIePEeHeCTU M0 MPUMIileHHs?



v

§12.06°€EM KV

Tabnuusa 12
06’em Kyni

VziTCRg,
3

e R — pagiyc kyni.

NOACHEHHA N OBI'PYHTYBAHHA
PosrisimemMo muTaHHS PO 3HAXOIMKEHHS 00’€My KYJIi.
Teopema 12.1. O6’em Kyni pagiyca R Bupaxa€erbca ¢popmynoio
v =2 R3.
3
» Hexal 3agaHo niBKyno pagiyca R, 0CHOBa AKOI IeXKnTb Yy nMaowmHi o. Po3rnaHe-

MO UMNiHAP, OCHOBOIO AKOrO € Kpyr pagiyca R, po3TalioBaHUn y Tiil camiin nnowu-
Hi O, i 3 BUCOTOMO, AiIKa JOpPiBHIOE R (puc. 12.1).

Punc. 12.1 |
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Y unniHgp BNULLIEMO KOHYC, OCHOBOIO IKOIO € BEPXHA OCHOBA LMIIHAPA, @ BepLUM-
HOI — LIEHTP HWKHbOIT OCHOBU UuniHApa. [loBegemMo, Lo Tino, yTBOpeHe 3 TOYOK
uuniHgpa, Wo He noTpanuan BCcepefuHy KOHYcCa, i 3afjaHa NiBKynA MaloTb PiBHI
ob6'emn.

MpoBefemo nowmHy B, NnapanenbHy NAOWKMHI o, Ha BigcTaHi x Big Hel, 0 < x < R.
Y nepepisi NiBKyNi Li€l0 NIOWMHOK OfepXUMO Kpyr pagiyca Oy A= R? — x?
3 nnoweio S; =1-0,A% = n(R? - x2).

Y nepepisi gpyroro Tina ogep>KMMo Kinble, pagiyc 30BHILHbOro Kpyra AKOro fo-
piBHIOE R, a pagiyc BHYTPIlIHbOro Kpyra — x (OCKinbku TPUKYTHUK BO30, pis-
HobegpeHni i NPAMOKYTHUIA, To £ BO30, =45°). Mnowa Lboro Kinbusa JOPiBHIOE
nR% — nx? =TC(R2 —xz) i, OTXKe, OPIBHIOE MJOWi Nepepidy NiBKyni. 3a NPUHLM-
nom Kaanbepi ofilepKyemo, Lo niBkyna i nobygosaHe Tiflo MaloTb PiBHI 06’emu.
Ob6uncnumo uern 06’em. BiH fopiBHIOE pi3HULI 06'eMiB LUNiHAPaA N KOHYca:

2
ZnR3.
3

KOH

1

2 2

V __[/LIPIJI_[/ =7nR 'R—gﬂR ‘R=
O6’em Kyﬂi BABiLIi 6inblunin 3a 06’em I'IiBKyJ'Ii, OTXe, BUPaXKa€ETbCA (I)OpMyJ'IOIOI

V.

KyJIi

4
=—nR3.
3

NMPUKNTAOWN PO3B'A3YBAHHA 3A0AY

3apava 1. 3Hangitb 06'em Kyni, onmcaHoi HaBKOMO Kyba 3i CTOPOHOIO a.

Po3s’A3aHHA KomeHTap

» Iliaromans Kyba € giameTpom LleHmp Kyni, onucaHoi Hagkos1o Ky6a, 1exxums Ha
onucaHol HaBKOJIO HOTO KYJIi. cepeOuHi diaeoHani Kyba (Tofi BCi BepLuHU Kyba
‘ a\/g OynyTb NieXaTu Ha MOBEpPXHi Kyni), Tomy Aiaro-

Toni d}cyni =av3,a nym = P Hasb Kyba € fiameTpomM onrcaHoi Kyni.
3 [ani npuragyemo, Wo fiazoHane Kyba 3i cmopo-

4 3 Ta \/5 . .

Omxe, Viyy = gnR T Hoto a OopieHIoe a~+/3 , i BUKoprcToByeEMO dop-

4
myny o6’emy kyni V = ZnR3 peR— pagiyc
Kyni. 3
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3apgava 2*. 3HangiTb 06'em Kyni, BMMCAHOI B KOHYC, TBipHA AKOro JOPIBHIOE 12 cm
i HaxuneHa Jo NAOWWHN OCHOBU Nif KyTom 60°.

Po3B’sizaHHA

) PosriasamemMo ochbOBUII mepepis 3ama-
HOi KoMOGiHa1ii Tis. OcboBUM IIepepizom
KOHyca € piBHOOeIpPeHUil TPUKYTHUK
SAB, y skxomy cTopoHa SB mOpiBHIOE
TBipHi# KoHyca (SB=12 cwm), a Bucora
SO e Bucoroio xKouyca (puc. 12.2). Toxi
KyT SBO — KyT Haxuay TBipHOi SB 10
mromuHY ocHoBu i £ SBO =60°.

Ilepepisom kyxni € xpyr, pagiyc OO,
AKOTO IOpiBHIOBaTHMME paliycy Ky.JIi.
OckinbKU KyJis BOHcaHa B KOHYC, TO
Kpyr Oyae BOMCAHO B TPUKYTHUK. Tomi
Bispisok BO; — GicexkTpuca kyra SBO
i L0OBO, =30°.

I3 mpamMoKyTHOTO TpUKyTHUKA SBO
maemo: BO=SB-cos60°=6 (cm).

I3 mpamokyTHOro rpukyrauka OBO;
0LIEPIKYEMO:

00, =0B-tg30°=2/3 (cm).

Toxi 06’em KRyl TOPiBHIOE

V= %wOOf =323 (cn?).

3ATNMNTAHHA

KomeHTap

[1i0 yac po3s'a3ysaHHsa 3a0ay Ha KOMbIHAyito
misn 06epmMaHHa 3py4yHO p0o32/10amu 0CbO-
sull nepepi3 yiei KombiHaui.

OpeprkaBWwKn B nepepisi Kpyr, BNMCaHU
y TPUKYTHUK, CNif ypaxyBaTu, WO yeHmp
Kpyaa, 8nUCaHO20 8 MPUKYMHUK, € MOYKOIO
nepemuHy bicekmpuc Kymig mpuKymHuka.
Y piBHOGefpeHoMy TpUKYTHUKY SAB op-
Hi€lo 3 TaKux GiCeKTpUC € BMCOTa, Mefia-
Ha 1 GicekTpuca SO. [ina o6rpyHTyBaHHA
KyTa MiX TBIPHOIO i MNOLWMHOI OCHOBU
BPAaxXOBYEMO, WO Kym MiX NoXusiot i njio-
WuHor — ye Kym mix noxunoto SB ma it
npoekuyiero OB Ha yto naowjuHy.

[nsa o6umcneHHA ob6'emy Kyni pagiyca R Bu-

4
KopucToByemMo dopmyny V = gnR?’.

Puc. 12.2 S
Ol
A B B
0]

1. 1) Homy pmopiBHIOE 00’eM KyJi pamiyca R?
2%) O6rpyuTyliTe BiamoBigHy (opmMyIy.
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BMPABU

12.1°.
12.2°

12.3°

12.4°,

12.5.

12.6.

12.7.

12.8.

12.9.

12.10.

12.11.

12.12%,

12.13%,

Hiamerp xymai mopiBHioe 10 cm. 3HaiigiTh i1 06’eM.

3amano aBi ryusi. Pagiyc meproi Kysmi y aBa pasm OinbInuii 3a pajgiyc
Ipyroi. ¥ ckinbKu pasiB 06’eM meprImol KyJai Oiibinmii 3a 00’eM Apyroi?
¥V ckinbKu pasiB 30igbIIUTECA 00’eM KyJIi, AKIO i1 pagiyc 30iabInTu:
1) vy Tpu paswu; 2) y o’arp pasiB?

O6G’em opuiel Kyni B 64 pasu Oiapimuii 3a 00’eM iHImoi. ¥V CKiJIbKM
pasiB paziyc mepimoi Kyii Oinpminii 3a pagiyc inimoi xymi?

Ilepepis KyJi IJIOIMHOIO, BiAJaJIeHOIO BijJ IleHTPa KyJi Ha BiAcTaHb
8 cm, mae paziyc 6 cvm. 3HalAiTL 00’eM KY.Ii.

IMuniagp onmmcanuit HaABKOJO Kyiai. 3HaWAiTh 00°eM KyJi, AKIIO 00’eM
muainapa mopiBHioe 6 KyO. of.

Is meper’ssHoro muiiHgpa, BHCOTa SKOI'O AOPiBHIOE diaMeTPy OCHOBU
(piBHOCTOPOHHINM NUIAIHAD), BUTOUUIM HANOGIIBITY Kyat0. BusHaure,
CKIJIBKM BiJICOTKiB Marepias)y CTOUYMJIH.

3HaligiTh 00’eM KyJIi, OmmcamHoi HABKOJIO IIPABUJIBLHOTO TeTpaenpa 3 pe-
6poMm a.

Komyc Bmucano B Kyiio. Pamiyc ocHOBU KOHYyca IOPiBHIOE paniycy KyJIi,
00’eM KOHYyca JopiBHIOE 6 Ky0. on. SHAWIITL 00’€M KY.JIi.

BuasiTb cBOIO KOMMNETEHTHICTb

Minguuii Ky0, pedbpo ArKoro mopiBHioe 10 cMm, mepemjaBuUIu B KYJIIO.
3HangiTe pagiyc Kyai. (Brparamm merasly mii 4ac mepelniaBJIeHHS
3HEXTYUTE.)

ITorpi6bHO TWeperiaBUTM B OAHY KYJIIO OB YaBYHHI KyJi giamerpamm
10 cm i 20 cm. 3HagiTe miamerp HOBOI Kyii. (Brparamm merasy mifm
yac IepeljaBJIeHHS 3HeXTyHTe.)

€ mvaTok cBuHIIO Macoo 1 Kr. CKijnbKu Ky-

JBOK miaMeTpoM 1 cM MOJKHA BiIJIUTU 3 IILO- Puc. 12.3

ro mmarka? (['ycTuHa CBUHIIIO CTaHOBUTD 3700

11,4 r/cm®, BrTpaTamMu MeTaJy IMiJ dac Iepe- J ‘
IJIaBJICHHA 3HEXTYUTeE.) — T
PesepByap aad Bomu cCKJIaZae€ThbCA 3 ITiBKYJIL < o —
panmiyca R i mmiriHapa 3 TaKuUM caMuM pai- —
ycom ocHoBu (puc. 12.3). fkoi Bucotu h mo- ‘%;o o ]
BUHHA OyTH HOro MUIiHAPHUYHA YACTUHA, 1100 —_ =
00’eM ycnoro pesepsyapa gopisamoas 200 m3? —

. [
(Posmipu Ha pHUCYHKY HaBeIeHO B CaHTUMe- *
Tpax.)
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§ 13. NNOLLA NOBEPXHI

Tabnuusa 13

Mnouwi noBepxoHb Tin o6epTaHHA

Mnowa noBepxHi LuniHapa

S
=2nRH +2nR?=2nR(H +R),
Ae R — pagiyc unningpa,

H — ihoro Bucora. < R

= Sﬁqu + 2Socn =

IIOBH

=

P - <

Mnowa noBepxHi KOHyca

Sgiqy = TRI,
Stosn = Seiun +Soca =
=nRI+nR*=nR(l+R),
oe R — papiyc KoHyca,

| — noro TBipHa.

Mnowa noBepxHi Kyni

S=4nR?,
ne R — papgiyc Kyni.
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MOACHEHHA N OBI'PYHTYBAHHA

ITnowero nogepxHi MHO202PAHHUKG, 3a O3HAUEHHSAM, BBaKAIOTh CyMY
TLJION] T'paHeil MHOTOTPDAHHUWKA, 1[0 YTBOPIOIOTH ITI0 TTOBEPXHIO.

Hampuknanm, miomia moBepxHiI NpusMU CKJIAZAEThCA 3 ILJIOINL OiuHOI IIO-
BEePXHi II TJIOI OCHOB, a ILJIOINA MOBEPXHI mipaMigu CKJIAaZAeTbCA 3 TIJIOIIL
0iuHOl ITOBEpXHi I IIJIOIi OCHOBH.

¥V monepenuix maparpadax, COIMpaUYuCh Ha PO3TOPTKU ITUJIIHApPa U KO-
Hyca, Oyam ofep:kaHi (GopMyam s 3HAXOMMKEHHS IJIOII OiYHMX 1 IIOBHUX
moBepxoHb muiainapa (§ 7) i xkouyca (§ 8). Haramaemo ix.

D daa nmuaingpa:
Ss.... =2nRH ,

OlyH

S, onn = Seiun + 2S,en = 2TRH +2nR* = 2nR(H + R),

IIOBH O1YH

me R — pagiyc nmuirinapa, H — #oro Bucora.

D das xKonyca:

Seiqn = TR,
S, oon = Ssian + Soey = TRI+TR? =R(I+R),
me R — pagiyc xoHyca, [ — fioro TBipHa.

OpHak OJid 3HAXOM:KEHHs ILJIOIII TOBEPXHi KyJi PO3rOPTKY BUKOPUCTO-
ByBaTU HEMOKJMNBO, OCKiJIbKM TOBEPXHIO KyJi He MOKHa POSTOPHYTH Ha
mioruuy. ToMy CKOpmCTaeEMOCS iHIIIMM METOJOM BU3HAUEHH: IIJIOIIi ITOBEpPXHi
Kyui. IIig moolmero MOBEPXHiI Tijsia PO3yMITMMEMO T'PAHUITIO IIJIOIN OIMMCAHUX
HaBKOJIO HBOTO MHOrorpaHHukiB. IIpu 1mpoMy Mae BUKOHYBaTHCA yMOBAa, 3Tif-
HO 3 AKOIO BCi TOYKHM MOBEPXOHb ITMX MHOTOIDAHHUKIB CTAIOTh AK 3aBTOLHO
OJMM3bKMMU 0 TOBEPXHi 3aJaHOro Tija.

IImoma moBepxHi KyJri

» [nAa opepkaHHA GopMynu Nnowi NoBepxHi Kyni pagiy-
ca R onuvwemo HaBKOMO Hei AKNA-Hebyab OnyKuin MHO- Puc. 13.1
rorpaHHuK (puc. 13.1), AKWIA Mae n Manux rpaHen (yea-
KaTMMeMo, WO NiHilHI po3Mipu rpaHeli, TO6TO BifCTaHb
MiX Oyab-AKMMU ABOMA TOUKaMu Oy[b-AKOI rpaHi MeHLwa
BiA BeNMunHK €). Hexan S, — nnowa noBepxHi MHOro-
rpaHHMKa, TO6TO Cyma nnoLly ycix Aoro rpaHei. YABMMO,
WO OTPMMaAHUN MHOFOrpaHHUK CKMageHun i3 nipamia,
y AKUX BepLMHM 36iraloTbCA 3 LIEHTPOM KyJli, @ OCHOBa-
MU € rpaHi MHOrorpaHHuKa (puc. 13.2).
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3p0o3yMino, Wo BNCOTY LX Mipamif 4OPIBHIOWTb pagi-
ycy Kyni, a 06’em V, MHOrorpaHHuKa [OPiBHIOE CyMmi
06’emiB ycix nipamig i obumcnioeTbca 3a dopmynoto

V,= lSnR. )
3
3BigCK ofepXKyemo
3V,
S, = o 2

Tenep HeobMeXeHO 36inblUyBaTUMEMO UYNCIO 1L FPa-
Hell OMMWCaHOro MHOrOrpPaHHWKa TakK, Wob Halbinb-
WU PO3MIp € KOXHOI rpaHi MpAMyBaB [JO HynA.
Mpu ubomy ob'em V, onncaHOro MHOrorpaHHMKa

281

Puc. 13.2

O

3
AN
TN
1L NN

/
</ 7 Ef ‘AAE\ \>

npaAmyBatMme fo ob6’emy Kyni. [iiCHO, onMcaHWIn MHOTOrPaHHMK PO3TallOBaHWUIA
y Kyni 3 yeHTpom y Ttouui O i pagiycom R+¢ Ta MiCTUTb 3afdaHy Kynto pagiyca R.

4 4 4 4
Topi EnR3<Vn<§n(R+8)3. OcKinbku gn(R+e)3—>§nR3 npn €0, T0

iV, —>§nR3 npn € — 0. Ypaxosytoun ¢opmyny (2), ogepKyemo, o miowa S,

I'IOBerHi OMnNCaHOro MHOrorpaHHuMKa 3a HEOOMEXKEHOIO 3MEHLLIEHHS pO3MipiB

noro rpaHen (to6to npn € —0) npAmye fo BUpasy

4
3. —nR?

=4nR?. Tomy Be-

NNYNHY 4nR? npuinMatoTb 3a MoLy noBepxHi Kyni. OTxe, niowa nosepxHi Kyni

pagiyca R o6umcnioetbea 3a dopmynoto
S =4nR2.

SKII0 MHOTOrpaHHUK OIIMCAHO HABKOJO KyJi paxiyca R, To KyJasa Oyae 8nucaHoio

B 1€l MHOTOTPDAHHUK, ToAi 3 dopmynau (1) omep:kyemo, 1[0 pagiyc KyJii, BIImcaHOI

B MHOTOTPAHHUK, MOKHA 00uMca0BaTH 3a (GOPMYJIO0 R =

MHOTOTPAHHUKA, S

IIOBH

3V

, ne V — ob6’em

TIOBH

— ILJIo1IIa TIOBHOI HOBerHi MHOT'OT'PaHHHUKA.

3a3HaunuMoO, II0 METOH, PO3MIAHYTUN Mil Yac 3HAXOMKEHHS ILJIOMIi IIO-
BEPXHi Kyii, M03BOJIAE TAKOK BUSHAUUTHU NJOWL OiYHUX NOBEPXOHb UUAIHOpA
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i KoHyca. [Insg TBOrO MOXKHA PO3TVISHYTU NTPABUIH-
Hi n-KyTHI mpmamMu i mipaminwm, ommcaHi BigmoBimHO
HaBKoJio mwaiagpa (puc. 13.3) i Komyca (puc. 13.4).

Ilnomia GiuHOi MOBepXHi NMPaBUJIBHOI MPU3MU JO-
piBHIOE: Sgiuy oo = Poen  H (e Py IIepUMeTp OcC-
HOBU; H — BumcoTa mpusMmMu), a IJjoirna O0igyHOI moBepx-

. . . . 1

Hi IPaBUJIBHOI MipaMiAu AOPIBHIOE Sgy nip :EPocH'l
(me P,,, — mepumeTp OCHOBH; | — amodema mipami-
am). 3a HeoOMe:KeHOro 30iJBIIeHHS 7 ILJIOINa KOMKHOI
rpaHi ONMMCAHOTO MHOTOTPaHHUKA NMPAMYBaTUME 0 HY-
Jid i myora 6iuHol moBepxHi MuIiHApPa O0yae TPaHUIIEIO
IO OiYHWX TOBEPXOHBb OMMCAHUX IPU3M, a ILIOoIa
0iumoi mMOBepxHi KOHyca Oyme I'paHUIEIO ILIOIN OiUHMX
TIOBEPXOHb OMMCAHUX MipaMif.

YpaxoByiouu, IO 3a HEOOME:KEHOro 30iJbIITeHH N
epuMeTpu n-KyTHUKIB, OIMCAHUX HaBKOJO KiJI pamiy-
ciB R, HaOMM)KaTUMYThCA O JOBXKUHU KoOJia, TOOTO IO
2R, ofep:KyeMO 018 naouwi 6iuHol nosepxui yusindpa
hopmyry

Sﬁqu.an =2nRH ’
a 0na naowi 0iunol nosepxHi KoHyca GOPMYIY
S6itm. KOH nRI.

IIi cami ¢opmynu Mu oxepsKaju, BU3HAYAIOUU
ol OiYHMX MOBEPXOHb IMJIHIApa i KOHyca uepes
iXHi pPOBroOpTKMU.

NPUKNAOWN PO3B'A3YBAHHA 3A0AY

Puc. 134

3apava 1. 3HaigiTb naowy NoBepxHi Kyni, BNMCAHOI B KyO 3i CTOPOHOIO a.

Po3B'A3aHHA KomeHTap
» Pagiyc kyxai, Bmmcanol Akwo Kyna 8nucaHa 8 Ky6, mo i diamemp 00piBHIOE
B Ky0, HDOpiBHIOE TIOJIOBUHI CMOpoHi Kyba (Tofli KOXHa rpaHb Kyba byae AoTuy-
a .
croponu Kyba: R, =—. Hoto fio Kyni). . .
2 Jani 3HaxoAMmo papiyc Kyni 1 BMKOPUCTOBYEMO
OTxe, Sxym=4nR2=T5a2- dbopmyny Aansa obuMCNIeHHA oW NOBepXHi Kyni

S=4nR% pe R — pagiyc Kyni.
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3apaua 2*. HaBKONO Kyni ONMCaHO UMNiHAP, NoLWa NOBEPXHi AKOro JopiBHIOE 18.
3HangiTb naoLy NoBepxHi Kyni.

Po3B'si3aHHA

» Hexaii pagiyc Kymi gopiBHioe R (puc. 13.5), Toxmi
paziyc ocHOBU OIIMCAHOTO IMMJIIHAPA HOPiBHIOE R,
a Bucora H muiingpa gopisuioe 2R.

Ilomra moBepxHi MUJIIHIAPA JOPiBHIOE:

S = Spiun + 28 = 2nRH +2nR* =

IIOBH. IIUJI

=2nR-2R +2nR? =6nR2.

3a yMOBOO 6nR2=18. Toxi nR%2=3.

Ilomra moBepxHi KyJIi JOPiBHIOE:

S

KyJIi

Puc. 13.5

3ATNMNTAHHA

=4nR%=12.

KomeHTap

AKWwo yuniHop onucaHo HAaeKo-
710 Kyni, mo padiyc ocHosu
yuniHopa o0opigHwe paodiycy
Kysi, a diamemp Kysni 0opigHIO€e
sucomi yuniHopa. OCKiNbKK
B YMOBI L€l 3aaui Ha obumnc-
NIeHHA He 3afaHo »KOAHOro
BiApi3Ka, TO ANA po3B’'A3yBaH-
HA TaKol 3afjayi 3pyYHO BBECTU
HeBiJOMUN BiAPI3OK, Hanpu-
Knag pagiyc Kyni.

3a3HauMMo, WO 3 OfePKaHOro
PiBHAHHA (61’5R2 =18) Hemae
HeoOXigHOCTI 3HAXOAUTWN HEeBI-
aomuni pagiyc R — AoCTaTHbO
3anucaTtu Bignosigb yYepes R:
Sy =4nR? i spaxysaty,
WO BigMOBIAb BUpParkaeTbcA
yepes nR2.

1. IlosicHiITH, IK MOXKHA BUBHAUMUTH IIJIONIY IIOBEPXHi KYJIi.

2. Yomy [mopiBHIOE MJIOINA MOBEPXHI KyJi paxmiyca R?

3. IlosicHiTh, AK MOKHA BU3HAUUTH ILJIOIY IIOBEPXHI HuJIiHApa i KoHYyca,
He BUKOPHCTOBYIOUM MOHATTS PO3TOPTKU IXHBOI OiUYHOI IMOBEpXHi.

BMPABU

13.1°, Ilo1ia BeJMKOro Kpyra Kyiai mopiBuioe 9 cv?. 3HANAITH IIJIOI[Y IOBEpPX-

Hi KyJIi.

13.2° fK smiHuUTBCS IJIOIIA ITOBEPXHI KyJi, SKINO 30iJbIINTH pamiyc KyJi:

1) y 2 pasu;

2) y 3 pasu;

3) v n pasis?
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13.3.

13.4.

13.5.
13.6.

13.7.

13.8.

13.9.

13.10.

13.11%

13.12.

13.13*,

13.14.

PO3[/T 3. O6'eMun Ta NnoLli NOBEPXOHb FEOMETPUYHUX TiN

Busnaure, y cKimbKu pasiB IjIomia moBepxHi 3eMmJi 6ijbIia 3a ILJIOMITY
noBepxHi Micamsa. (Beaskaiite, 1110 giameTp 3eMJIi IpuOJIN3HO JOPiBHIOE
13 tuc. kM, giamerp Micama 3,5 Tmc. KM.)

Ilepepis KyJsi mJIOIIMHOIO, BimmaJieHOIO Bij IleHTpa KyJi Ha BigcTaHb
8 cMm, mae pagmiyc 6 cm. 3HaAiTHL IJIOIY HOBEPXHI KYJIi.

O0’em Kymai mopiBHioe 2887 M3, S3HAWAITHL IJIOINY MOBEPXHI KyJIi.
ILnomii moBepxoHBL OBOX KYJIb BigHOCATHCA AK 4:9. 3HaAlAiTL BimHo-
IIeHHA 1XHiX miameTpis.

IInomti moBepxXOHB MBOX KYJb BigHOCATHCA AK m:n. SIK BigHOCATHCA
ixui 00’emmu?

O0’eMu IBOX KYJIb BimHOCATHCA AK m:n. JIK BiZHOCATHCS ILJIOII IXHIX
TIOBEPXOHB?

Y cKinbKM pasiB IJIOINA MOBEPXHIi KYJIi, OIMMCAaHOI HABKOJO KybOa, 0ijb-
Ira 3a IJIONTY HOBEPXHi Kyji, BmuMcauol B Iei camMuii Ky6?

HoBeniTe, 1110 mJIOIIa ITOBEPXHi Tijla, YyTBOPEHOr0 00epTaHHAM KBajpara
HaBKOJIO CTOPOHU, MOPiIBHIOE ILJIOIII ITOBEPXHi KyJIi, IO Mae pajiycom
CTOPOHY KBajpara.

Hasxoso Kymni onmucano muaingp. SHAWIITEL BiAHOIIEHHS ILJIOIII ITOBEPX-
Hi Kynai go 1roiri IIOBHOI MHOBEpPXHI IMJIiHApa i1 BigHoIlIeHHs 00’eMa
KyJi Jo ob’ema mmaiHapa.

Y kyuai mo ogmH OiK Bif IleHTpa IIPOBEIEHO ABa IIapaJjiejibHi Iepepisu
miromamu 272,251 gm? i 992,25 am?, BizcTaHb MiXK mepepizaMu
nopiBaioe 20 nm. 3HAWAITH IJIOIIY ITOBEPXHi KYJIi.

Y cdepy BOmcano KOHYC, TBipHa SAKOI'0 JOPiBHIOE [, a KYT IIPU BEePIIUHIL
0CBhOBOT'O ITepepidy crtaHoBUTH 60°. 3HANAITH MJIOIIY cdepu.

BuaBiTb cBOI0O KOMMNETEHTHICTb

Ckinbru KisorpamiB ¢apbum moTpidHo aasa dap-
OyBaHHA HaIliBCcPepUIHOro Kymoay O3epsaHCchbKO-
ro xpamy (M. XapkiB, YKpaiHa), AKIIO aiaMeTp
ocuoBu Kymosa 10 m i ma ¢Qapbysanmma 1 wm?
moBepxHi BuTpauaetrbcsa 120 r gapbu (Bixmo-
Bimb OKpPyIIiTh M0 mecsatux). CkiabKu 0OaHOK
(hapOu mOTPiOHO 3aKYIUTHU, AKIINO KOXKHa OaHKa
mictutey 2,8 Kr?
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3ABAAHHA ANA NiArotoBKn A0 OLIHIOBAHHA

TecTt N2 3

1. OG’em ryba mopiBmioe 125 cm®. 3HaigiTe ILIOIY IIOBEPXHI Kyb6a.
A 25 cm? b 50 cm? B 100 cm? r 150 cm? O 300 cm?

2. OOuwmcraite 00’eM mmipamigu, SIKIIO BHCOTa IIipaMigm mOpiBHIOE 5 cM,
a OCHOBOIO ITipaMiay € MPAMOKYTHHK 3i cropoHamu 6 cm i 8 cwm.
A 30 cm? b 40 cm® B 48 cwm?® r 80 cm® 0 240 cm?®

3. OOumciits miormry 6iuHOI IMOBEPXHI KOHyCa, SIKII[0 MOro TBipHA IOPiBHIOE
10 cm, a BHCOTa KoHyca 8 cM.
A 121 cm? b 36n cm? B 60 cm? I 641 cm? I 80m cm?

4. YcraHOBITH BiAmOBimHicTH MiK yMoBoio TBepm:keHHs (1-3) Ta iioro
BucHOBKOM (A-T") Tak, 1100 yTBOPUJIOCA MpPaBUJIbHE TBEPAKEHH:.

1 AKmoo xoykHe pedpo Kyba 3MEHIIUTH BABiui, TO A He 3MiHUTBCA
o0’em Ky0Oa b 3MEHIINTHCA

2 fxmo Ko:xHEe peOdpo OCHOBU NHPU3MU 3MEHIITUTU BABiui
BABiui (He 3MiHIOIOUM ii BHCOTY), TO 06’€M ITPU3MU B 3MeHIIUTBLCA

3 dArmio Ko:kHe peOpPO OCHOBUM IIipaMigu 3MeH- B YOTHUPU pPasu
IIUTU BABiUi, a BHUCOTY mipamigu 30iJabIIuTH [ sMeHIIUTHCA
BABiui, To 00’eM mipamigmu y Bicim pasiB

5. 3Bmaiigites 00’eM Tijla obepTaHHS, YTBOPEHOTO O0EPTAHHAM IIPAMOKYTHU-
Ka 3i cropoHamMu 4 cM i 5 cM HaBKOJIO MEHIIIOI CTOPOHHU.

A 20m cm? b 407 cm? B 607 cm? r 80n cm® O 100w cm?
6. VYcraHoBiTH BiamoBimHicTh MiK sadapboBano ¢iryporo (1-3) Ta Tigom

obepranua (A-T'), yrBopeHUM 00epTaHHAM Ifiei Girypu HaBKOJO HPAMOI,
300paskeHol IIITPUXOBOIO JiHi€0.

1 2 3 A b B r
I I I

I I I

I I I

KBagparu IIpamoxkyTHa

TpameIis
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CropoHa OCHOBUM TIPaBUJBHOI TPWUKYTHOI mipamizm mopiBHIOE 12 cwM,
a Oiume peOpO YTBOPIOE 3 ILJIOIIMHOIO OCHOBM KyT 60° 3HAWAITH 00’eM
mipamingu.

A 144 cm® B 36V3 com® B 723 com® T 1443 ov® O 432V3 ov®

MponpiTb OHNAMH-TECTYBaHHA Ha CalTi interactive.ranok.com.ua.

Temn HaBYaNbHUX npOEKTiB

1. KomGinarii MHororpanHmuKiB i Tij obepraHHs B reomeTpii i HaBKO-
JUNIHBOMY JKUTTi.

2. Ob0uncysenHsa o0’eMiB i MmJOI IIOBEPXOHB MHOTOIPAHHMKIB Ta TiJ
o0epTaHHA 3a JOIIOMOIOI0 iHTerpaJis.

3. IlobOymoBa mepepisiB reoMeTpUUYHUX TiJl 34 JOIOMOTOI0 KOMII'IOTEPHUX
mporpam.

4. 3amaui DpaKTUYHOTO 3MicTy, HOB’sI3aHi 3i 3HaAXOmKeHHAM 00’€MiB
i mJIomy MOBEPXOHbL MHOTOTDAHHUKIB i Tis obOepTaHHA.



O0’eMu  JeAKUX MHOTOTPAHHUKIB yMiIM BSHAXOOUTHU IIe
B CrapomaBubomy €rumnri. Bike Apximen o6umciiroBaB 06’e-
MU He TiJIbKM MHOTOTPAHHUKIB, a I KOHyca, IWJIiHIApa Ta
KyJi i HaBiTh mapabosioina, rimepboJsoiga it eximcoiza obep-
TaHHA, a TAKOK ILJIOINII MOBEPXOHD ITUJIiHAPA, KOHYyCA 1 KyJIi.
HoBi meronu BusHaueHHA 06’€MiB reOMETPUUYHUX TiJl PO3-
pobuB itarnilicbkuit maremaTuk b. KaBaasepi (1598-1647).
Voro mipryBanHsS Gysiu He 30BCiM CTPOTMMU, OCKIIBKY BiH
MOCUJIaBCA Ha JesKi Ie He [J0BeleHi TBepAKeHHS, SAKi
BBa)KaB oueBUAHUMU. TilbKu 3romomM ix OyJIO TOBEIEHO
MeToZaMM MaTeMaTmuHOro aHaiidy. Ha cydacmomy erami
npuniun KaBaibepi € cTporo o6rpyHTOBAHUM MaTeMaTHAY-
HUM TBePIKeHHAM i TOMY JOBEJeHHs TeopeM IIpo ob’eMu
B HAIIIOMY HiAPYYHUKY, AKi cumparoThbca Ha npuHIun Ka-
BaJIbEPi, € IIIKOM KOPEKTHUMH.

Crpory cy4dacHy Teopito 06’eMiB i mioI po3spoduB Bimomuit
dpanmnyssruit marematuk A.-JI. JleGer (1875-1941).

Hnsa po3BUTKY INKiJbHOI reomerpii Garato 3poOuB Bu-
maTHU yKpaiHcbkuii marematuk M. B. Ocrtporpancbrumii
(1801-1862). Biu me y 1855—1860 pp. BumaB OigpydyHUK
3 reoMeTpiil y TppOX YacTHHAX.

3HaYHi HOCATHEHHS Y PO3BUTKY reoMeTpii HaJseKaTb Bimo-
mMoMmy ykpaincekomy marematuky I'. @. Boponomy (1868—
1908) — TBoOpII0 reoMeTpUUHOI Teopii ymces. 3oKpeMa BiH
IOCJIiI}KyBaB pisHi 3alIOBHEHHSA MPOCTOPY PiBHUMU MHOTO-
TPaHHUKAMU.

Baromuii BHECOK Yy PO3BUTOK TI'€eOMETPUUYHOI HAyKHU 3PO-
6unu yrpaincbki marematuku M. €. Bamenko-3axap-
yenro (1825-1912), C. M. IllarymoBchkmii (1859-1929),
0. C. Cmorop:xkeBcokuii (1896—1969), M. I. Kosanios
(1924-1988), O. B. Iloropesor (1919-2002) Ta 6Gararo
iHIIHUX.

ITpuramaemMo Taxko:k iMeHa YKpalHCBKUX JKiHOK, AKi saii-
MaJucAa MaTeMaTHYHOI0 HAayKOI0, IOIyJIAPU3aIli€el0o MaTe-
MaTUKU, 30epekeHHAM mHaM’saTi YKpaiHChbKUX MaTeMaTHu-
KiB, HaBUaJIM MaTeMaTUKHU MOJIOAb. PO3KakeMo MpPOo HUX
IOKJIaoHiIIe.

b. KaBanbepi
(1598-1647)

A. 1. Neber
(1875-1941)

I. ®. BopoHuit
(1868-1908)

287




288

K. A. Natmwea
(1897-1956)

PO3[T 3. O6'eMun Ta NnoLli NOBEPXOHb FEOMETPUYHUX TiN

Kaaemia fAxisama Jlatumesa (1897-1956) mapommiacsa
14 6epesua 1897 p. B Kuesi. Cepegnio ocBiTy BoHa 3710-
6ysa B Hpyriit skimouiii rimmazii (1916 p.), y 1921 p.
3aKkiHuymia kiHoui BuIi memaroriuni Kypcu (dismro-ma-
TeMaTUYHUN Bimmija), crajia mepiiomw B YKpalHi 'KiHKOIO,
AKa 3aXMUCTUJIA JUcepTalilo Ha 3400yTTA CTyIeHA KaH-
mumara QismKo-mMaTeMaTHUYHHX HaykK (3a Temoio «HaGuu-
JKeHe PO3B’A3YBaHHA 3a [JOIIOMOTOI0 CIIOCO0Yy MOMEHTiB
JiHITHUX audepeHIiaJIbHUX PiBHAHB, IO MAaKTb OCO-
6smBocTi B Koedimienrax» (1936 p.)), a moriMm — mOK-
TOPChKY muceprailiro (3a temoio «Hopmasbui po3B’ssku
JiHiiHUX pAudepeHNIiadbHUX PIBHAHL 3 NOOJiHOMiaJb-

Humu Koedimierramu» (1952 p.)). Cepen BaKJIMBOro HayKOBOI'O IOPOOKY
JlaTumreBoi — pocuigskeHHsA B rasysi aHasiTuuHOI Teopil mudepeHITiab-
HUX PiBHAHB, TeOopil KpaWoBUX 3ajau IJsd 3BUUYANHUX AU(EpeHIiaTbHUX
piBHSAHB, 30KpeMa Meronq Ppobeniyca — JlaTumieBoi 1y pos3B’A3yBaHHA
cucreM nudepeHIiaJbHUX PIBHAHDL i3 yacTuHHUMU moximummu. ¥ 1936 p.
B [HcTuTyTi MaremaTuku Bimbynacs cminbHa momoBias K. f. JlaTumiesoi Ta
M. KpaBuyka. Bararo ysaru Kaaszmis fkiBua mpumiisnia meromuili BUKJIa-
JlaHHA MaTeMaTHUKU. Bysa BoHa 11 y yucJi opranisaropis Ilepiioi Bceykpain-
CbKOI MaTemMaTuuHOI osimMmianu, aka mpoimia B KuiBcbkomy yHiBepcureri

B 1936 p.

[. M. MaTBieBCbKa
(Hap. 1930)

lanauna ITaBixiBma MatmieBchbka Hapomuiacs 13 aunmHsA
1930 p. B M. [uinpomerpoBchbk (Temep IIHiNpO), AUTHH-
cTBO mpoBena B Xapkosi, a B 1948 p. sakinumia IIKoO-
Jy 3 30JI0TOI0 Memasiio, y 1954 p. — JleHinrpaacbKuii
(rerrtep Caukr-IlerepOypr) yuiBepcurer, B 1958 p. saxwuc-
THJIa JUCEPTAIlil0 Ha 3J00yTTA CTyIeHA KaHaugata (Qisu-
KO-MaTeMaTUYHUX HAyK 3a pe3yjbTaTaMU BUBUEHHS He-
omy6isikoBaHMX apxiBHux pykonucis Jleomapma Eiinepa
3 Teopil umcesn. ¥ 1959 p. I'. II. MarBieBchbKa mepeixaJa
o Ysbekucrany, Ha OaTbKiBIUMHY 4Y0JIOBiKa, i 3aiimsdAiia-
cA icTopiero cxigHOI MaTeMaTWKM, OMAHYBABINU IJSA I[HO-
ro apabcbky MoBy. ¥ 1968 p. B TamkenTi gocuaimuHuiisa
3aXMCTUJA OOKTOPCHKY AMCEPTAIlil0 3a TeMOK «BueHHS
IIPpO YWUCJIO B cepefHi BiKW». 3roJoM BOHA cTajla dYJe-



HOM-KOpPecImoHAeHTOM AKaaemil Hayk Y30eKMUCTaHy, 3acCHAy:KeHUM IisiueM
HayKHU, JlaypeaToM mAep:kaBHoi mpewmii im. Bepyni. OcHoBHI HanpamMikm ii
IOCJIiI}KeHb — icTopiA MaTeMaTHUKHM i MaTeMaTHYHOI acTpoHOMii B Kpai-
Hax cepenqHboBiuHOro Cxomy, icTopia Teopii umces, pyxomucu JI. Eiinepa.
Ossra ApceniBHa Oumaiiiauk (1925-2001) wHapomunacsa
2 gunHa 1925 p. B cemi MaryciB, a IKiJIbHI poKu mpo-
Besa B micreuky Cwmina (tremep Uepkacbka 007.). ¥ poru
BitiHM poamua OiiiHMK eBakyioBajsacad o M. Ilepm (Po-
cis), me miBumHA 3aKiHUMJIa IIKOJY i BeTymuiaa Ha (Gisu-
Ko-MareMaTU4YHUil (axyabrer IlepMChKOTO Jep:KaBHOTO
yHiBepcuTeTy. BomHOuac BOHa BifBimyBasa cemiHap IIpo-
decopa MockoscbKkoro yaiBepcurery Codii AmoBCBHKOI,
Axa ¥ mopagmiaa OJb3i IPOAOBKUTH HaBUaHHSI B MOCKOB-
CBKOMY JnepsKaBHOMY yHiBepcuTeTi iMm. JlomoHocoBa. Ouib-
ra ApceniBua B 1947 p. 3 BiAgsHaKoOo 3aKiHuMIa MexXaHi-
Ko-MaTeMaTUUYHUN (aKyJabTeT yHiBepcuTeTy, B 1950 bp. 0. A. ORiiHUK
3aXMCTUJIA AUCEPTAIlil0 Ha 3H00YTTSA CTyIeHA KaHAuMgaTa (1925-2001)
disuko-maTeMaTnUHUX HayK 3a TemMom «IIpo Tomosoriro

mificHux aJsrebpaiuHMX KpUBUX Ha ajrebpaiuHiil moBepx-

Hi», a B 1954 p. — DOKTOPCBHKY AmcepTaIlliio 3a temoo «KpaiioBi samaui mgis
PiBHAHB i3 YaCTMHHUMM MNOXiJHUMH 3 MaJUM IIapaMeTPOM IIPH CTapIIIUX
nmoxigaux i 3amaua Komri ana HediHiiHMX PiBHAHL y IIJIOMYy», HEBIOB3i
craysa mpodecopoM i akamemikom. Ilparsa ykpaiHKu, sKa IIEpPIIO Yy CBIiTi
(Ha TO¥ yac) crasia JOKTOpOoM (isMKo-MaTeMaTUYHUX HayK y 29 pokis, OyJa
rinuo omimena. O. A. OnifiHuk orpumasia npemiro im. M. I'. YeborapbroBa
(1952 p.), mpewmiro im. M. B. JlomonocoBa 3a HaykoBi po6oru (I crymiusb,
1964 p.), imenny menanb Komexx me @panc (Ppaniisa), menanb I crymens
KapsoBa ymiBepcurery Ilparm (YUexis); Oyma obpaHa iHO3eMHUM UJEHOM
Iraniticekoi Akazgemii Hayk y ITamepmo (1967 p.), mouecHuM wieHom Exun-
Oyp3bKOr0o KOPOJiBChbKOTO ToBapucTBa Benukoi Bpurarmii (1984 p.).
Tanmuua Muxosaisaa Cura Hapoguiacsa 29 ciuna 1940 p. B m. Xapkis. Ilic-
s 3akinuenHa B 1962 p. mexaHiko-marematuuHoro (axyiabrery KuiBcbKo-
ro yHiBepcuUTeTy BOHA YCIIIMHO 3aiiMajsiacd B IHCcTUTyTi MaTemMaTuKu AKa-
meMii Hayk YKpaiHu IpaHUYHUMU TeopeMaMH’ Teopii BUITaJKOBUX IIPOIECiB
Ta ACUMIITOTUYHHMU OIIHKaAMHU Mip Yy (QPYHKIiIOHAJIBHUX IIPOCTOPAX; CTajia
KaHIumaToM (Qisuko-maremMaTuuHmx Hayk (1965 p.), omyOsikyBajia HU3KY
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BiloMuxX MaTeMaTHUYHMUX mpaib. Ta Oiabin Bimoma ii po6Gora 3i 36eperkeH-
HA IaM ATi Opo YKPaiHChbKUX MaTeMaTHKiB Ta MOBEpHEHHA YKpaiHi imeH
BJIACHUX MAaTeMaTHKiB cBiTOBOro piBHA, 30Kpema ['eopria Bopomoro, Mu-

I. M. Cuta
(Hap. 1940)

3. 1. CnenkaHb
(1931-2008)

xaitna Ocrtporpagcbkoro, Muxaina KpaBuyka, Muxoau
YaiikoBcbKoro, BixkTopa Bynsakoscbkoro. Cmpasa moua-
nacsa i3 BomopaakyBauHsa morua I'. Bopororo i M. Octpo-
rpagcbroro. Mami I'. M. Cura mpaijfoBajia Haj opramisa-
mielo MyseiB, CIOPYIKEHHAM HIaM’ ATHUKIB, CTBOPEHHAM
(GinpMiB, BUIYCKOM iMEHHUX T'DOIIOBUX i IOIITOBUX 3HA-
KiB, opraHisalii€eo MiKHapOAHUX HAYKOBUX KOH(EPeHIIil,
BUAAHHAM KHUKOK. I[o peui, BoHa Oyja He TiJIbKU CIIiB-
PemaKToOpoM IUX KHUMKOK, a M aBTOPOM apXiBHUX HOCJIi-
mxeHb. Boma — aBTOp moHaja miBcOoTHI mpams 3 ictopil
marematuku. ¥ 2001 p. came Iamuny Cuty Kabimer Mi-
"HicTpiB YKpainu 3aTBepauB cexkperapem OpranisaifiiiHoOTo
KoMmiTery 3 BigsHauenHs 200-ixittsa Mwuxaiima Octporpan-
CBhKOTO.

3inaina IBamiBna Caenkans (1931-2008) nmapoguiaca
16 xBirma 1931 p. B c. Ileuemxumi Ha Bosorogmiumai
(Pocia), kyau B 1930 p. i3 3amopisbpkoi obsacTti 6yao Bu-
cnano ii poaumuy. B 1949 p. ngiBumnHa pasom i3 6aTbKamMu
noBepHyJsacd n0 YKpaimm — pmo micra MesiTonons, ne
B 1953 p. 3 BifBHaKOI0 3aKkiHuYmMIa (hisUKO-MaTeMaTUUHU
daxyabrer MeaiTOMONBCHKOTO IENATOTiYHOTO IHCTUTYTY.
B 1962 p. 3imaiga IsBamiBma saxucTuia AucepTalliio Ha
3100yTTA CTyIeHA KaHAWAATa IeJarorivHmX HayK i3 Me-
TOAVKY BHUKJANAHHSI MartemMaturku. ¥ 1987 p. mepimoio
cepen xkiHok koJsmmaboro CPCP cranma moxkTopom Iie-
JaroTiuyHMX HAYK i3 METOAWKYM HaBYAHHS MaTeMaTUKU.
3. I. Crenkanb — mpodecop, OAHA i3 3aCHOBHUIb YKpa-
THCHKOI HAYKOBOI IITKOJIX 3 TeOpii Ta MeTOAWKYM HaBYaHHSA

MaTeMaTUKU B CEpPeNHiX i BHINMX 3aKJagax OCBiTH, aBTOp 6araTboX IIPO-
TpaM i MiAPYYHHUKIB A5 BUINOI i cepenuboi mKoau. Bei ykpaiHcehbKi mrkoam
IPOTATOM JIeCATH POKiB IparioBaju 3a HiApyYyHUKOM <«Ajnrebpa i mouaTku
ananigy 10—-11», manucauum 3. I. Cirenkaus y cmiBaBropersi 3 M. I. IIki-
aem ta O. C. [IyOuHUYK.



Karepuna JlorsuHiBHa IOmenko (PBauoBa) Hapoguia-
cAd B YUUTEJbCHKiNl poauHi (MOJIOAIINI OpaT TaKOK CTaB
akazemikom) 8 rpyaua 1919 p. B micreury Hurupun (Te-
nep Yepkacbka 001.). 3akimumima B 1942 p. Cepemgbo-
asificbkuii yHiBepcuter. ¥ 1966 p. BoHa 3axumcTuia AOK-
TOPCBKY [amcepraiiiio 3a Temowo «Jleaxki muramHsa Teopii
AJITOPUTMIYHMX MOB i aBTOMAaTHU3allid NOporpaMyBaHHA»,
crajia JOKTOpoM (isMKo-MaTeMaTUUYHUX HAYK, Ipodecopom
Kuiscwkoro yuisepcurety (1969 p.), 4ieHOM-KOpPECIIOHIeH-
ToMm Arazemii mayxk Ykpainu (1976 p.), uieHOM MiKHa-
ponuoi Axamemii komm’oTepHuX HayK i cucrem (1993 p.).
Karepuna JlorsuniBaa IOmenxko — aBTop mepimoi y cBiTi
MOBU HIpPOTrpaMyBaHHsS BHCOKOTO piBHA («AmpecHol MOBHU
IporpaMyBaHHSA» ), BUEHUI-KiOEPHETUK, 3aCHyKeHUN midd

|
K. J1. fOuieHko
(1919-2001)

HayKHU, mgificumit uwied MikHaponuol akagemili KoMII'IOTEPHUX HAYK, Jlaype-
ar mpewmii imeni B. M. I'mymikoBa, Haropom:xeHa opgeHoM KHATuHI Oabru.
Hina Onanacisaa Bipuenko (zap. 1930) — ykpaiHcbKa BueHa, MaTeMaTHK,
IOKTOp (hidMKO-MaTeMaTUUYHUX HAYK, Ipodecop, akageMik-cexperap Biimi-
JeHHA MareMaTuku Axanemii mayk Bumioi mkosu Ykpainmm (AH BIITY),
Bime-tipesugeaT AH BIITY, uren YkpaincbKoro, AMepukaHcbKoro, ABcrpa-
Jificbkoro, Beabriiicbkoro, Eqnuaoyp3bKoro, JIOHZOHCHKOTO MaTeMaTUYHUX
TOBapUCTB, roJjioBa HaykoBo-meTogmuHOol paau BceyKpaiHCBKOrO TOBapu-

CTBa MOJIITB’A3HIB Ta pelrpecoBaHUX.

H. O. Bipuenko BuBYaJia Teopiio y3araJbHEHUX aHATITUY-
HUX (PYHKIi#, Teopilo 3MimmaHMxX KpaloBUX B3ajay, CUH-
TYJApHI audepeHIianbHi PIBHAHHA 3 YaCTUHHUMM IIO-
XimHUMU, iHTerpaJbHi piBHAHHSA, CHelliadbHI (QYHKILI,
iHTerpaJibHi IIepeTBOPEHHS, iCTOPilI0 Ta METOAUKY Mare-
MaTHUKHU TOII0. AJie TOJIOBHOIO ciipaBoio »KuTta Hinm Bip-
YeHKO, AKOI0 BOHA 3aliMaeTbcs moHan 45 pokiB, cTajso xo-
CIII)KEeHHS JKUTTA 1 MaTeMaTHUyHOI cmamimuam Mwuxaiiiaa
KpaBuyka.

H. O. Bipuenko — 3acayskeHuii mpaiiBHUK 0OCBiTz YKpa-
iamu, aBTOopKa nmoHaa 500 HayKOBUX i HAYKOBO-METOAUYHUX
mpaib, 30KpeMa 20 KHU)KOK, BUIAHUX YKpPaiHCBKOIO, pPO-
CilicbKOI0, aHTJIINICHKOI0 Ta SAMOHCHKOIO MOBAMMU.

H. O. Bipuerko
(Hap. 1930)
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Pozpgin 1

§ 1. 14. 1) (L+); 2) (==030); 3) (-25+). 1.10. 1) «—»; 2) «—»; 3) «+»;
4) «+».

§2.21.1 1) %; 2) 2; 3) 0; 4) i; 5) %; 6) 2+6; 7) -3; 2; 8) 0; 9) 2;
10) 4; 11) xopeniB Hemae; 12) 5; 13) xopemiB 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) 15 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) 11; 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) (2); (21); 4 (3;1). 2.3.1. 1) (0;+c); 2) (-L;+); 3) R; 4) poss’sskis
nemae; 5) (—o03—2]; 6) (—oo35]; 7) [2,55+); 8) (05+e0); 9) [1;3)U[6;+);
10) [L;4)U[8;+ ). 2.3.2. 1) (—o;0); 2) (—o031); 3) [~1;+0); 4) (—oo51]; 5) (Z5+0);
6) [L2]. 2.8.3. 1) (-50); 2) (—o51]; 3) (—eo3—1]U[0;+); 4) [0;1].
2.34. 1) -2; [3;+=); 2) (—;-2], 45 3) (0;1); 4) (0;1).

§ 3.3.2.1) 2; 2) 3; 3) 2; 4 0,5; 5) -1,5; 6) 0; 7) %; 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) %1g|a|+élg|b|—21g ¢

.
u

3) 41g|c|—§1g|a|—§lg|b; 4 2+%lg|a|+%lg|b|+§lg|c|. 37. 1) b+l;

40 %/5_a~c5 m3~z/n72 .

2) 2a+b; 3) a+b+1; 4) 3a+2b. 3.8. 1) —; 2) Y~—— . 3 —— .

) ) ) ) S ) 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) 15: 5) 19: 6) 12. 3.11. 1) 2247V 5  2+a
3(2-a) 2(2-a)

3) b(3-2a) b(a+4)

ab+2 3(1+ab)’
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§ 4. 4.1.1. 1) (-3+%); 2) (3+); 3) (—es—1)U(L+eo); 4) (053);
5) R; 6) R; 7) (—o5—-2)U(3;+); 8) (2;3)U(3;+); 9) (—oo —3)U(8;+0);

10) (0;1)U(L2); 11) (1,5;2)U(2;5). 4.2.1. 1) 8e™; 2) e*——; 3) —e ¥ +5x%;
2 5% 1-lnx x lgx 1

4 . 4.2.2. 1) e**(5cosx—sinx); 2 ; 3 — ;

) 2x-1 ) x? ) 2dx +/xInl0

4) x2(310g2x+%). 4.2.3. 1) (0,5In0,5;+c); 2) (—o0;0)U(0,55+c);
n

1 1 1 1
3) (;,W,), 4) (L,5;+). 4.2.4. 1) a) T 6) ($,+oo), B) (0,$), 2) a) 1;
6) (L+); B) (0;1); 3) a) e; 6) (0se); B) (e5+00); 4) a) e2; 6) (e%+);
B) (032). 4.25. 1) y=———x+ "2 2) y=dx+1-T; 3) y=2; 4) y=-1.

f Wz
T Tk

4.2.6. 1) Z+?’ keZ; 2) 1; 3) 0. 4.2.7. y=5x+2. 4.2.8. y=3x-1.
4.29. 2) f,..=In2+5, f . =1n4-2.

max min

§ 5. 5.1.1. 1) 16; 2) 5; 3) 2; 4) 100. 5.1.2. 1) 5; 2) 6; 3) -3; 1; 4) 2,9.
51.3. 1) 1; 2) 0; 3) 2; 4; 4) 5. 5.1.4. 1) 3; 27; 2) 10; 3)— 9; 4) 0,1;

1; 10. 5.1.5. 1) 1; 2) 2; 4; 3) 0; 4) logz4. 5.2.1. 1) (9,+oo), 2) (0;5);
3) (0,55+); 4) (0;100). 5.2.2. 1) (2+); 2) (0,2;2); 3) (%;9) ) (-0,5;1,5

)-
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) B;g]; 4) (0;0,5]U[4;+). 5.2.5. 1) (10;+0);
2) [6;+); 3) (-4-3)U(4;5); 4) [L+e). 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. (-10).

Po3pin 2
§ 6. 6.4. 1) Hi; 2) Tak; 3) Tak; 4) ui. 6.5. 1) Tak; 2) tak; 3) Hi; 4) Tak.

5 2 7
6.6. 1) 2x—x?+C; 2) x?+sinx+C; 3) 2x2+C; 4) -8x+C; 5) x?+c;
4 4
1

6) —— —2x+C; T) x+——+C; 8) “—4+C. 67. 1) 2x->—
2x2 3x? 4 4

+C3
2x2
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2
X

2) —+L+sinx+C; 3) —l+cosx+C; 4) Ex3—x+C; 5) L(236—8)6+C;
2 2t x 3 12

6) 3 cos2x+C; 7 —i(4—5x)8+c; 8) —lsin(x—l)w; 9) ;3+C.
2 40 .3 4 15(x—15x)
6.8. 1) —1-10; 2) tgx—1; 3) XTH%; 4) —cosx—2. 6.9. 1) x%+x;

X
2 3 2
9) xP-x?+4; 3) ioxsl; 4y X 3%
2 2 3
3
2) x—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) 93 4) 4; 5) 2?n+1; 6) 78; 7) 7H-3; 8) 9,56. 74. 1) 0,4; 2) 1,6;

12
3) 91, 4) 102, 7.5. 1) 0,75; 2) 2; 3) T—; 4) 5=. 7.6. 1) 4,25; 2) 2./3 — 2%,
3 3 3 3 3
2,
3’
Tecr 2. 1. II. 2 1. 8. B. 4. 1-T, 2-B, 3-B. 5. 0,75.

3) 225 4) V3 —g. 7.9. 4 Gamrm. 7.10. 0,1 IIx.

Pospgin 3

§ 8. 8.1.1. 12. 8.1.2. 1) 16; 2) 60. 8.1.3. 2052; a6ayko. 8.1.4. 1680.
Brasiska. JominpHo 3a Micia BubOpaTm eK3aMeHH 1 po3MiigyBa-
™M mo HuxX 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) BunmagkoBa; 2) HeMOKJHBa; 3) BUIIaAKOBa; 4) HEeMOKJIUBA;
5) BumagkoBa; 6) HeMo:KJMBA; () BUIaAKoBa; 8) HeMo:kJamBa; 9) BiporimHa;
10) BumagkoBa; 11) BumagkoBa. 9.3. 0,03. 9.4. 0,002. 9.5. 0,998. 9.6. O.

9.7. 1. 9.8. 1; 0. 9.9. L 9.10. L 9.11. 0,04. 9.12. 0,75. 9.13. L
24 1250 12

9.14. 0,95. 9.15. 1) 0,5; 2) 0,5; 3) % 9.16. Burparmi piBHOMOIKJIMBI.
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9.17. Hi. 9.18. 1) Yepsone; 2) a) 1; 6) 0; B) 0,4; r) 0,52. 9.19. Bynp-axy.
9.20. 1 uepBoHa, 5 xoBTHUX. 9.21. 3eieHa, 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 UEPBOHWUIA | CWHIA | Cipuin | GINUIA | XOBTWUI | 3€NeHun
gzmbc"éf;bw 9600 6000 4800 | 4200 & 3300 @ 1500 600
10.1.3.
MunpHictb 0 0,5 1 1,5 2,5 3,5 5
KinbkicTb nitpis 400 240 160 200 480 280 240

10.2.4. 1) R=4; Mo=2; Me=2; )‘(:2% 2) R=8; Mo=2; Me=1; X=0,6.
10.2.5. 1) R=3; Mo=3; Me=3; )_(=3%; 2) R=8; Mo, =4; Moy,=5;
Me=4; )‘(:3%. 10.2.6. Mo; =135; Mo, =140; Me=135; )‘(:129%.

Tecr 3. 1. A. 2. 1I. 3. B. 4. 1-A, 2-T, 3-B. 5. %
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Po3gin 1

§ 1. 1.2. Tpuxkyraa mipamiza. 4; 6. 1.3. 1) 10; 2) 6. 1.4. n(n-3).
1.6. 7,5 cm. 1.7. 45°. 1.8. 4,5 cm. 1.9. 2a; av5; a®v3; 2a%. 1.10. 22 cwm.
5 2) a’V2. 1.14. 2 M. 1.15. 4 m.

a’J6
2 az\/g
1.16. 1) 150(2\/§+7) KB. on.; 2) 7553 xB. ox.; 3) 45, 135°. 1.17. 1) 3ab+ 5 ;

az\/g- az
4

; 3) —.
)2

1.11. 4 ». 1.12. @V2. 1.13. 1)

2) 4ab+2a?; 3) 6ab+3a%y3. 1.18. 1) 45° 2)

§ 2. 2.2. 200 am2. 2.3. 1) 3; 2) 15; 3) 11. 2.4. 1) 160 cm?; 2) 208 cm;
3) 460 cm2. 2.5. 12 M. 2.6. 53 cm. 2.7. 188 w2 2.8. 2JM?2+2Qn% .
2.9. 16 cm2. 2.11. 288 cm? 2.12. 1) 4absinfP; 2) 2absin%;

3) a\/sinZB—cos2Btg2%. 2.13. 13 M, 9 M. 2.14. 2. 2.15. 8 cm, 10 cwm.

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 cm?. 2.22. 30°. 2.23. arctg%.

§ 3. 3.3. 8J/21 cm2. 3.4. 144 xB. oxm. 3.5. Q\/§. 3.6. 1) 240 cm?;
2) 1603 cm? 3.7. 3 cm. 3.8. 1) 20042 cm?; 2) 10045 cm?; 3) 10042 cm?.

3.9. 1647 cm? 3.10. 580 cm2. 3.11. 6yQ%-S?. 3.12. 1) a%V6; 2) 342
4a2\/§
9

i BB, sBignosimuo Biapisku DX =BY =22 cM i 3’egHaTH HOCIiZOBHO TOYKH
Ha KOYKHIN IpaHi — OJep:KUMO JIIHII0 PO3IUIY.

§ 4. 41. 60. 5.2. 9 cm. 4.3. 1) b2 -2 2—“? 3) Vb2—qa?

4.4.1) \/H2+— 2)\/ L : 3) \/H2 3a” \F ,/H +‘11—2;
2) a +2a,/H2+— 8a f+3 JH? + 3L 4.6. 2r(\Brev3a®—r?).

3.13. 23 o 3.14. , 60° 3.15. MosxHa BigkiacTu Ha pebpax DD,
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. 4.10. 2883 cm?. 4.11. a2\7.
3a?

4.7. 1,8 M, 4 m. 4.8. 288 cm?. 4.9.

a*\15
4

4.12. 60°. 4.13. arccos% 4.14. \/5 cMm. 4.15.

§ 5. 5.1. 12 cm. 5.2. 12. 5.3. —th 5.4, L9 55 @

2sino cos®
352
12

. 5.6. 448 cm?.

1242

5.8. 5.11. 3.

5.9. arcctg(cos(xtgg). 5.10. 1) 2,4; 2)

5.12. 2\/§ cm. 5.13. 540 cm?. 5.14. arctg(%tga), arctg(%tgo&),

arctg(%tga). 5.15. “f. 5.16. 40 >

§ 6. 6.1. 1) Hi; 2) mi. 6.2. 1) Tak; 2) rak. 6.3. Hi. 6.5. 1) 9; 2) 15; 3) 15.
6.6. 10 cm. 6.7. Tax.

Teer 1. 1. B. 2. IT 3. B. 4. I 5. Il. 6. 1-B, 2-A, 3-T. 7. 320.

Po3pgin 2
§ 7. 71. 1) Tag; 2) Tak; 3) rak. 7.2. 1) 5 m; 2) 12n m?; 3) 20m ™2

S \/g

7.3. 9. 7.4. o 7.5. 36 cm?. 7.6. - 77. 1) 24 cm; 2) 1243 comg

3) 432n cm? 7.8. 40V3 cm2. 7.9. ©S. 7.10. 3, i 711. 18 cm, 6 cm.
T

d® cos® 0]

712. 4Qctge . 7.13. +d?singecose . 7.14. 1) 15043 xB. ox.,

187,5v3 k. om; 2) 200v2 xs. ox., 100(1+2V2) ks. om.; 3) 300 xB. ox.,

75(vV3 +4) kB. om. 7.15. 1024 xB. oxm. 7.16. 2 Gamkm. 7.17. 2,1 w2
7.18. 12 nawucris.
§8 81.1)5 m 2 15n m% 3) 24n M2 8.2. 5. 8.3. 12. 84. 1) 1T;

2) 136n xB. on.; 3) 200m kB. o 8.5. mRZ\2 . 8.6. 2R?sino.. 8.8. Tax.

H\/_

8.9. 3. 8.10. ——. 8.11. 0,757. 8.12. 12n cm2. 8.13. Bucrauurs.

§ 9. 91. 6. 92, 8t. 9.3. 13. 94. 7 om. 9.5. 6 cm. 9.6. 2V13 pwm.

27‘C\/§
3

9.7. 13. 9.8.

. 9.9, 6,56. 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. 6000 M.
9.18. 250 xwMm.

Teer 2. 1. T. 2. B. 3. . 4. T. 5. 1-B, 2-B, 3-T. 6. 83 .

Pospgin 3

§ 10. 10.2. 7 ry6. ox. 10.3. 76 xy06. oxm. 10.4. 52 ky6. om. 10.5. 1:1.
10.6. 2443 cm?. 10.7. 1) 131,251 y0. oxm.; 2) 84w Ky6. om. 10.8. 240 cm?.
10.9. 180 cm?®. 10.10. 1) 36iabmiuTbca B 2 pasu; 2) 36ijblIuTbcA B 4 pasu;
3) s6iapmuThea y 8 pasis. 10.11. 12 cm. 10.12. 1:3. 10.13. 1) 8:1; 2) 27:1;

3) n®:1. 10.14. d3sinosinBy/cos® o —sin?p . 10.15. 1120 cv?. 10.16. 1) ¢ b\/_
3a°b/3
.

2) a’b; 3) 10.17. ma®. 10.18. iﬂ:a cos?sing . 10.19. 2
a
10.20. 2. 10.22. 160n cm®. 10.23. 5 cm. 10.24. IIpyra.

§ 11. 11.1. 240 cm®. 11.2. 80 cm?®. 11.3. 4 m®. 11.4. Tax. 11.5. é

2 2
11.6. éabh. 117, “;‘f 11.8. 4% 119, 1443 xy6. on

V2

11.10. ETY Ky0. om. 11.11. 7 cm. 11.12.

V2

sis. 11.14. é ky0. ox. 1L15. =~ ky6. ox 1116. 1281 xy6. ox.

. 11.13. 3menmurscss y n pa-

m|°& o

11.17. 1) 36inbmuThea B 3 pasu; 2) 30iabiuTheda B 4 pasu. 11.18. 36iabMIUTh-
ca B 2 pasu. 11.19. 120m cm®. 11.20. 1:7. 11.21. 72 cm®. 11.22. 91 cm?.

3 2
1123, ™ 1124, Hi. 11.25. 26251 xy6. on. 11.26. "1 1197, T

11.28. 72 cwm?. 11.29. 8,2 n. 11. 30. =640 Bigep.

5007

§12.12.1.
T

cv®. 12.2. 8. 12.3. 1) 27; 2) 125. 12.4. 4. 12.5. 1043/4i CM.

12.6. 1039 cm. 12.7. 167. 12.8. 2000 5. 12.9. 4 xky6. ox. 12.10. 33%%.
a6 a6 2400 — 3431

12.11.

. 12,12, 24 ky6. ox. 12.13. . 12.14.

147n
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12.15. —— . 12.16. 2881 cov®, 19O s 12.17. EnRS(l—cosi).
250 3 3 2
3
12.18. 112 500 cv®. 12.19. 38?“ on? abo 34T s, 12.20. M

§ 13. 13.1. 36 cm?. 13.2. 36iapmurbesa: 1) yv 4 pasu; 2) y 9 pasis;
3) y n? pasis. 13.3. IIpu6ausso B 13,8 pasy. 13.4. 4001 cm?. 13.5. 1441 m2.

13.6. 2:3. 18.7. mJm :nJn . 13.8. ¥m? :Yn? . 13.9. V 3 pasu. 13.11. Bin-
HOIlleHHa 1Jomy 2:3, BigmomenHa o6’emis 2:3. 13.12. 4225n am?2.

13.13. %nlz. 13.14. =37,7 xr, 14 GaHOK.

Teer 3. 1. T. 2. T. 3. B. 4. 1-T, 2-B, 3-B. 5. II. 6. 1-A, 2-T, 3-B.
7. 1443 cmd.
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A Ky6 176
Amogema 191 Kyna 162, 245

B ]|
Bapiamiiiauit pag 144 Jlorapupm uucna 38
Benukuii kpyr 247 M

BigmocTtHa uacrtora BapianTu 139

BiactuBocTi BusdHaueHUX
inTerpaiis 93

— Jnorapudpmis 40

— (yuruii Jorapudmiunoi 48

— — TIOKa3HWKOBOI 9

Bubipxa 138 — onykuaunii 162
Bics xomyca 235 — mnpasuibHUM 211

Mepgianga 150

Meron saminm sminmamx 23
— imTepBainiB 31

— cJuinis 184
Muororpanuuxk 162

— muiaiagpa 225 Mopa 150
r (0]
TenmepanbHa cykymHicTL 138 06’em _257
— Bubipku 138
a — Komyca 269
MoTuuHa ILIOIIMHA OO0 KyJai 248 - Ryﬁ‘f‘ 260
— npama 1o KyJai 248 — Ky 275
— mipamigu 268
| — mnpusmu 260
Iarerpan BusHaueHHii 92 — — moxwmyoi 267
— HeBusHauenuit 80 — TOPAMOKYTHOTO
. napaJsesemninena 260
) 7 — nuaiagpa 260
UwmoBipHicTs momii 127 OO0uuCIeHHS IO KPUBOJiHiHAHOL
Tpamerii 92
K OcHoBHa JorapudmiuHa
KOMGiHaTOpHRa 104 ToToKHIiCTEL 40
Kowmb6inaris 6e3 mosToperb 116
Komyc 234 n
— npamuin 234 ITapaneneninen 174

Kpupominitina Tpanemisa 90 — OPAMOKYTHU# 176



MpeaMETHNI NOKaX4YMK

ITepsicHa 78

ITepBicHUX Tabauma 77

ITepepiz Komyca 236

— — ocwoBuit 236

— Kyuai 246

— mipamigu 196

— npusmu 183

— nuainapa 226

— — ocwoBuit 226
ITepecranoska 112

ITipamiga 192

— BHIHcaHa B KoHyc 237

— — B nuaiaap 227

— ommcaHa HABKOJIO KoHyca 238
— — — mumiaingpa 227

— mnpaBuabHa 194

ITnoma 6iumoi moBepxHi Komyca 280
— — — mpaBuJabHOI mipamigu 195
— — — mnpawmoi npusmu 166

— — — muainapa 280

ILnomia moBepxHi Kymi 281
ITnoma moBHOI moBepxHi KoHyca 280
— — — muaingpa 280

ITozii piBHOMOKIUBI 125

— HecywMmicui 125

IToxis Bumagxosa 123

— Biporigua 125

— HeMmoxkJuBa 125

ITosiron uacror 146

IIpaBuna imterpyBanusa 80
IIpaBuao mo6ytxy 107

— cymu 106

IIpusma 163

— mnpaBuabHa 166

— mpama 165

P

PiBHoBenuki ¢irypu 258

PiBuauua jgorapudmiuni 61

— TIOKa3HUKOBi 18

PosB’asyBanusa jgorapu@MidyHIX
piBHAHBL 59

— — mHepiBHOCTell 68
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