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Bi4 ABTOPIB

Jio0i peB’'ATUKNACHUKN Ta AeB'aTUKacHuUL,!

¥ npoMy HaBUAJIBHOMY POIIi B IPOOBYKUTE BUBYATH T'€OMETPiI0.
CroomiBaemocs, 110 BU BCTUTJIN HOJIIOOUTHU ITI0 BaXKJWBY I KPACUBY
HayKy, a OTiKe, 3 iHTepecoM OyJeTe ollaHOBYBAaTH HOBi 3HaHHA. Mu
Ma€eMO HaJilo, IO IIbOMY CIIPUATHUME HiAPYUYHUK, AKUN B TPUMAETE
B PyKax.

Osuaitomrecs, Oyab JacKa, 3 IOro CTPYKTYPOIO.

Iligpyunuk momijieHo Ha II'ATh maparpadiB, KOXKHHN 3 SKUX
CKJIAIaEThCSA 3 MYHKTIB. ¥ IMMYHKTAaX BUKJIAJEHO TEOPETUUYHUN MaTe-
pian. BuBuarouu iioro, oco0JauBYy yBary 3pepraiiTe Ha TEKCT, AKHUI
HAJPYKOBAHO KUPHUM HIPUQPTOM, HUPHUM KYPCUEOM 1 KYpcu6oM;
TaK Yy KHU31 BUOiJIEHO O3HAUEHHS, IIPABUJA Ta HaWBaKJIUBIIIL Ma-
TeMaTUYHI TBEePIKEeHHS.

3a3BuYail BUKJA][ TEOPETUUHOTO MaTepiasy 3aBepIIyeThCA IIPU-
KJIagaMu Po3B’sidyBaHHA 3axad. 1li 3anucu MOKHA PO3TJIALATH AK
OJMH i3 MOMKJIMBUX 3Pa3KiB opOopMJIEHHS PO3B’sI3aHHH.

Jo KoXHOro MyHKTY AiOpaHO 3amadvi OJisd CAaMOCTiMHOI'O Po3B’s-
3yBaHHSA, HNPUCTYHATHA OO SKUX PAAUMO JIHIIE IIiCJId 3aCBOCHHS
TeopeTnuHOTO MaTepiany. Cepes 3aBIaHb € AK OPOCTi ¥ cepenHi 3a
CKJIaIHICTIO BIpPaBU, TaK i CKJIamHi 3amaui, 0co0JIMBO Ti, 1110 TO3HA-
yeHO 3ipoukoro (¥*). CBol 3HAHHA MOJKHA IEPEeBipUTU, PO3B’A3yH0UN
3amaui B TecToBill (popmi, posmimieni B KiHIi KoKHOro maparpada.

KoxkHU OYyHKT 3 HeIIaDHUM HOMEDPOM 3aBEPIIYEThCA PYOPUKOIO
«Cmocrepiraiite, pucyiite, KOHCTpYyIOiiTe, (pauTasyiite». [[o Hei mi-
OpaHO 3amaui, AJaA PO3B’A3yBaHHS SAKMX MHOTPiOHI He cmemiaabHi
TeoOMeTPUYHi 3HAHHS, a JIUIIe 3JA0POBUN TJy3H, BUHAXIIJINBiCTDL
i kmiTanuBicTs. Ili 3agaui KopucHi, K BiTaminu. BoHU 70IOMOXKYTH
BaM HABUUTHUCSA IPUIMATU HECIOAiBaHi 11 HecTaHAAPTHI pillleHHA He
TiILKY B MaTeMAaTHIIi, a ¥ y KUTTi.

ARImo micaa BUKOHAHHS JOMAIITHIX 3aBJaHb 3aJUIIAETHCA BiJlb-
HU yac i Bu xouere AisHATHCA 6iJbIle, TO PEKOMEHIYEMO 3BEPHY-
THUCA 10 pyopuru «Kosu 3pobaerHo ypoxu». Marepian, BUKJIageHu
TaM, HempocTuii. Ajie TUM IliKaBillle BUIpoOyBaTy CBOI cuim!

HepsatiTe! Baxxaemo ycmoixy!

LLlaHOBHI KOonern ta Kkone>xaHku!

Mu gy:xe cmomiBaemMocs, 110 e IIiAPYYHUK CTaHe HaZiHHUM I10-
MiUYHMKOM Yy Balllifi HeJIerKill Ta IJISXeTHill mpalli, i OygeMo IIupo
pani, SKIO BiH BaM CIIOH00aEeThCs.

Y KHu3i gibpaHo BeJUKUHI i pisHOMAaHITHUI AUIAKTUYHUN Ma-
Tepian. IIpore 3a oamH HaBUaJbHHUI PiK yci 3amaui posB’ssaTtu
HEeMOJKJINBO, Ta B IIbOMY ¥ Hemae morpedbu. Pasom 3 Tum HabaraTo
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Big aBTOpIB

3pyuYHillle TpamoBaTy, KOJIM € 3HAUHUY 3amnac 3amau. lle mae Mmosx-
JUBICTH peasridyBaTu HPUHIIUMOMN piBHEeBOi mudepeHIiaiii Ta ingu-
BiZyasbHOTO MigX0oay B HAaBUAHHI.

Y mHaBuanbpHi¥ Iporpami 3 mMaTeMaTUKU [OJId YUYHIB Ta yUeHUIb
5—9 KJaciB s3akjgagiB 3araJibHOI cepeqHBOI OCBIiTM 3a3HAUEHO TaKe:
«3MicT HAaBUAJBHOT'O MaTepialy CTPYKTYPOBaHO 3a TeMaMU BiIIOBiI-
HHUX HAaBYAJIbHUX KYPCiB i3 BU3HAUEHHAM KiJBKOCTi rOAWH Ha iX BU-
BueHHA. TaKuil pO3MOAiJl 3MiCTy i HAaBYAJILHOI'O Yacy € OPi€HTOBHUM.
YuuresieBi Ta aBTOpaM HifPYYHUKIB HaJA€ThCA IIPABO KOPUT'YBATHU
Moro 3aJIe’XKHO BiJf MPUAHATOI METOAMYHOI KOHIIEIITil...» .

3BajKauUW Ha HaBeJeHe, MU BU3HAJIU 3a JOIliJIbHE IIePEeCTaBUTHU
HaBYaJbHUI MaTepiaJ AJedKNX TeM BiIIOBiTHO J0 aBTOPCHKOI KOHIIEII-
mii. Ile mae smMory icTOTHO ypi3HOMAaHITHUTY AUAAKTUYHUHN MaTepias
OigpyJYHUKA.

BrakuTHUM KOJBOPOM MO3HAUYEHO HOMEPU 3a/1au, 1110 PEKOMEHIY-
IOThCS JIJIA JOMAIITHBOI POOOTH, IMyPILYPOBUM KOJIHOPOM — HOMEPH 3a-
Iad, AKi Ha PO3CY YUNTENI / YINTEIbKHY (3 ypaxyBaHHAM iHIUBiIyaIb-
HIX OCOOJIMBOCTEIl YUHIB Ta YUEHHIIH KJIACY) MOYKHA PO3B’ A3yBaTH YCHO.

Marepian pybpuku «Kosu 3po0JieHO YPOKU» MOXKe OyTH BU-
KOPUCTaHUI IJs opraHisarmii po0OTM MaTeMAaTHUYHOTO TI'ypTKa Ta
haKyJIbTaTUBHUX 3aHATD.

Bakaemo TBopUOro HATXHEHHS U TEPIIiHHA.

@A@@ © j’i% SRS

YMOBHI MO3HAYEHHA

3aBIaHHs, 1110 BiAMIOBiJalOTh ITOYATKOBOMY Ta CEPEIHLOMY
PiBHAM HaBYAJbHUX JOCATHEHD;

3aBIaHHs, IO BiIOBiZAIOTHL MOCTATHHOMY PiBHIO HAaBUAJIb-
HUX JOCATHEHbD;

3aBIaHHS, IIT0 BiAIIOBiJaI0OTh BUCOKOMY PiBHIO HABUAJbHUX
JIOCATHEHD;

3aJjaui g MaTeMaTUUYHUX I'YPTKiB i (haKyIbTaTUBIiB;
KJITOUOBi 3a7jaui, pe3yabTaT AKX MOKe OyTU BUKOPUCTAHUHA
mig yac po3B’sA3yBaHHA iHINIUX 3a1adY;

JIOBEJIEHHSI TeopeMH, IO BiAMOBifla€ HOCTATHHBOMY PiBHIO
HaBYaJbHUX JOCATHEHD;

IOBeIeHHsS TeopeMH, IO BiflTOBizlae BUCOKOMY PiBHIO
HaBYaJbHUX JOCATHEHD;

IOBEeJeHHSI TeopeMu, He 000B’A3K0OBe JJIs1 BUBUEHHS;
3aKiHUEHHS NOBeIeHHS TeOpPeMU, PO3B’A3aHHSA 3a1adi;

pyopura «Kosu 3po6IeHO YPOKI».



PO3B'A3YBAHHA 1
TPUKYTHUKIB

=
Y ubomy naparpadi B1 Ai3HAETECS, L0 ABMSIOTb COO0I0 CUHYC, /
KOCUHYC i TaHreHc kyTa o, ge 0° < o < 180°.
Bu HaBuMTECSH 32 ABOMA CTOPOHAMU TPUKYTHMUKA Ta KYTOM MiX
HYMW 3HAXOOUTW TPETIO CTOPOHY, & TakoX 3a CTOPOHOIO Ta ABO-
Ma NpUAernMMm 0O HEei KyTaMu 3HaxoauTu ABi iHWi CTOPOHMU
TPUKYTHUKA.
Y 8 knaci BU HaB4MNMCS PO3B’A3yBaTU NPSAMOKYTHI TPUKYT-
HUKN. BuB4MBLLIN MaTepian Lboro naparpada, BM 3MOXeETE
p0o3B’a3yBaTu Oyab-5Ki TOUKYTHUKMW.
Bu pisHaeTecs npo HOBI GopMynu, 3a JONOMOIOK AKUX MOXHA
3HAXOAUTU MJIOLLY TPUKYTHMKA.

1. CMHyC, KOCMHYC | TaHreHc KyTa Big, 0° no 180°

IToumarTsa cuHyca, KOCUHYCa M TaHTeHca I'OCTPOro KyTa BaM
BimoMmi 3 Kypcy reometpii 8 kiacy. Posimupumo 11i OHATTS I
IoBijbHOTO KyTa O, me 0°<o <180°.

VYV BepxHill MiBILIOIIWHI KOOPAMHATHOI IIJIOITUHYU PO3TJISHEMO
OiBKOJIO i3 IIEHTPOM y IIOYATKY KOOPAMHAT, Pajiyc SIKOr0o JOPiB-
HIoe 1 (pumc. 1.1). Taxke miBK0J0O HA3UBAIOTH OMUHUYHUM.

Bynemo rosoputu, mo kyry o (0°<a <180°) BigmoBimae Tou-
Ka M ogumHWYHOrO miBKoJa, axirno LMOA=ao, ge Touku O i A
MaoTh BimmoBigao Koopamuatu (0; 0)i (1; 0) (puc. 1.1). Hampu-
KJajn, Ha pucyHKY 1.1 KyTry, axuii mopiBuioe 90°, Bimmosimae

Touxka C; KyTy, Akuii gopiBHioe 180°, — Touka B; KyTy, AKHUI
mopiBaioe 0°, — Touka A.
YA
Cl1
M
o
B N A,
-1 0] 1 x
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Hexait o — rocrpuit KyT. PIOMy BimmoBizmae mesdAxKa TOU-
Ka M (x; y) nyru AC onmuauuHOTO niBKOJa (puc. 1.2). ¥V npsamo-
KyTHOMY TPpuKyTHUKY OMN Maemo:

ON . MN
coso,=——, sinot=——.
OM OM

Ockinpru OM =1, ON =x, MN =y, T0O
cos o =x, sin o =y.
OT:ke, KOCUHYC i CHMHYC TOCTPOTO KyTa O — IIe BiAmoBigHO
albcruca i opamHaTa TOUuKu M OOUHWYHOTO HiBKOJIA, SKa Biamo-
Bijae KyTy O.

OTrpuMaHU# Pe3yabTaT IigKasye, SK 03HAUNTH CUHYC i KOCHU-
HyC OOBiJbHOTrO KyTa o, me 0° <o <180°.

YA .l/hl
______ M (x; y)
y M. ———————— sin o
o AN la_ | Y .
-1 0] x 1 x -1 coso. O 1 x
Puc. 1.2 Puc. 1.3

Ozmauvennsa KocuHycom icunycom Kyra o (0° < o < 180°)
Ha3WBAIOTh BingmoBigHO adcuucy i opaguHaty TOuku M omuHUY-
HOTO MiBKOJIA, TKa BimmoBimae kyrty o (puc. 1.3).

Kopucryrouncs um o3HaueHHAM, MOYKHA, HAIIPUKJIAL, yCTa-
HoBuUTH, 10 sin 0°=0, cos 0°=1, sin 90°=1, cos 90°=0,
sin 180° =0, cos 180°=-1.

Armo M (x; y) — [OoBiJbHA TOYKA ONWHWYHOIO ITiBKOJIA,
7o -1<x<11i0<y<l. Omxe, mma Oyab-gaKOTO KyTa 0, nOe
0° <o <180° maemo:

(e}
AN

sino <1,

< o
—1<coso<l.
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SKII0 OO — Tymnuii KyT, To abcIiirca TOUYKH, 110 BifmIoBimae 11po-
MYy KYTY, € Big’emuo0. OTiKe, KOCUHYC TYIOro KyTa € Big eMHUM
yucjaoM. CrpaBelinBe W Take TBEPI:KEeHHS: SKIMO cos o < 0,
TO 00 — TYOHI a00 PO3TOPHYTUI KYT.

Puc. 1.4

Iz Kypcy reometpii 8 KJjiacy Bu 3HAE€Te, IO A OYyIb-IKOTO
TOCTPOT0 KyTa Of BUKOHYIOTHCSA PiBHOCTI:

sin (90° — o) = cos a,
cos (90° — o) =sin o

IIi dhopmyau 3aIUIIAIOTECA CIIPABEIIUBUMY TaKOMXK aJd o = 0°
ignsa o=90° (mepekoHalTecss B I[bOMY CAMOCTiiHO).

Hexait kyram o i 180°— o, me o= 0°, o #90° i o= 180°,
BigmoBigaroTs Touku M (x5 y;) i N (x,; Y,) OZMHUYHOIO IIiBKOJIA
(puc. 1.4).

IIpamoryTtHi TpuryTHUKT OM M, i ONN, piBHI 3a rinnoTeHy3010
ta roctpuM KytoMm (OM =ON =1, ZMOM,= Z/NON, = a). 3Bincu
Yy =Y 1 x5=—x,. OTRE,

sin (180° — o) =sin o,
cos (180° — o) = —cos o

IlepexonaiiTecss caMOCTiliHO, IO IIi PiBHOCTI 3aJIHINAIOTHCS
npasuabHuMU a8 o= 0°, oo =90°, o= 180°.

SAKImIo0 o0 — rocTpuUil KyT, TO, IK BU 3HAETE 3 KypCcy reoMeTpil
8 KJacy, € cupaBeJINBOIO0 TOTOMKHICTh, IKY HAa31MBAIOTH OCHOBHOIO
TPUTOHOMETPUYHOK TOTOKHICTIO:

sin?o +cos?2a =1
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IIa piBHicTs 3ammmraerbcsa mpaBuabHOIO Aasa o =0° o=90°
o = 180° (mepexkoHaiiTecsa B IIbOMY CAMOCTiHHO).
Hexait oo — Ttynuit kyT. Toxi kyt 180° — o € roctpum. Maemo:
sin? o, + cos? o, = (sin (180° — a))? + (—cos (180° — a))? =
= sin? (180° — o) + cos? (180° — ) =1.
Oroxe, piBHicTb sin? o+ cos? =1 BHKOHyeTBhCA MO BCiX
0°<a<180°.

Osunauenns Tamrencom kyra a, e 0° <o <180°i o # 90°,

. o
Ha3WBalOTh BiTHOIIEHHS , TOOTO
cos O
sin o,
tgo=
COS X

Ockinbku cos 90°=0, To tg o0 He BusHaueHUu aaa o= 90°.

OueBugHO, 110 KOoKHOMY KyTy O (0°<0o<180°) BimmoBimae
€0uHa TOUKa OQUHUYHOTO IiBKoJa. OT:Ke, KOXKHOMY KYTY O Bif-
IIOBiflae eoWHE YMCJO, AKe € 3HAUYeHHAM cuHyca (KocumHyca,
rauredca miua o = 90°). Tomy 3amexHicTh 3HaUEeHHA cuHYyca (KO-
CHUHYyCa, TaHTeHCAa) BiJ BeINUNHN KyTa € PYHKIIIOHAJIBHOIO.

dyukIii f(o) = sin o, g(o) =cos o, k(o) =tg o, axi Bigmosiga-
IOTh UM PYHKI[IOHAJIBHUM 3aJI€KHOCTSAM, HA3WBAIOTH TPUTOHO-
MEeTPUYHUMHU (PYHEIIAMHE KyTa O.

O—w 3agaua 1. osexits, mo tg(180° — o) = —tg .
Poss’asanHna

tg (180°— o) = sin (180°—-0) _ sina

:—Smaz—tgoc.4

cos (180°-a) —cosa cos o

3amaua 2. 3maigits sin 120°, cos 120°, tg 120°.
Pose’asannsa. Maemo:
J3

sin 120° = sin (180° — 60°) = sin 60° = ?;
c0s120° = cos (180° — 60°) = —cos 60° = _%;
tg 120° = tg (180° ~ 60°) = —tg 60° = —/3. <
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S © N =

0o~N O

12.
13.
14.

|p;— \1

X NMPAKTUYHI 3SABAAHHS I

/s

. 9lke niBKOMO Ha3MBalOTb OAUHUYHUM?
. MoscHiTb, y siKOMY pasi roBopsATh, L0 KYTY o Bignosigae Touka M

OOVHWNYHOro niBKona.

. LLlo Ha3mBaloTb cUHYycoM kyTa o, ae 0° < a < 180°7?

LLlo Ha3MBalOTb KOCUHYCOM KyTa o, Ae 0° < o < 180°?

. Yomy popieHioe sin 0°, cos 0°, sin 90°, cos 90°, sin 180°,

cos 180°?

. Y aknx Mexax 3HaxoOAaTbCs 3Ha4yeHHs sin o, akwo 0° < o < 180°7?
. Y aKknx Mexax 3HaxoOAaTbCa 3Ha4YEeHHS cos o, AKLWwo 0° < o < 180°7?
. 9AKnM 4ncnom — goJaTtHUM YU BiL'EMHUM — € CUMHYC FOCTPO-

ro Kyta? CUHYC Tyrnoro Kyta? KOCUHYC rOCTPOro kyta? KOCUMHYC
Tynoro kyrta?

. 9KUM KYyTOM € KyT o, aKkwo cos a < 07?
10.
11.

Yomy popisHioe sin (180° — a)? cos (180° — a)?

9Ik NoB’A3aHi Mix coB0 CMHYC i KOCMHYC OJHOIO i1 TOro camoro
kyTa?

LLlo Ha3MBaloTb TaHreHCOM kyTa o, ae 0° < oo < 180°i a = 90°?
Yomy tg o He BM3Ha4veHun ansa o = 90°7?

9Ky 3aranbHy HasBy MaloTb GYHKLUIT f(o) = sin o, g(o) =cos a
i h(a) =tg a?

1.1.° HakpecniTh oguMHNYHE MHiBKOJO, Y3SBIIM 34 OJMHUUYHUKI
TaKUH Bigpisok, JOBXKMHA AKOT0 B 5 pasiB OijbIa 3a CTOPOHY
KJIiTUHKY 3omuTa. I1o0yayiiTe KyT, BEPIINHOIO AKOTO € IIO-
YaTOK KOOPAMHAT, a OGHI€I0 3i CTOPiH — mojaTHAa IIiBBich oci
abcruc:

) 1
1) KocuHYC SKOTO JOPiBHIOE g;

2) KocuHyc sgKoro mopisuioe —0,4;
3) cunyc sxoro mopiBHioe 0,6;

4) cuHyc AKOro mAopiBHIioe 1;

5) KocuHyc sSKoro mopiBHIoE 0;
6) KocuHyc AKOro mopisHiOE —1.
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@L BrMPAB/ I

1.2.° Homy mopiBHIOE:

1) sin (180° — o), akmio sino =

.
2

W | =

2) cos (180° — o), akmgo cos a=0,7;

3) cos (180° — o), AKIIO COS O = —%;

4) tg (180° — o), axmo tg a=-5?
1.3.° Kytu o i f cymixkui, cosa = —%.

1) Bumaiigits cos .
2) fAxwuii i3 KyTiB o0 i B € rocTpum, a AKUN — Tynum?
1.4.° 3ualigiTs 3HAUEHHSA BUPa3y:

1) 2 sin 90° + 3 cos 0°; 4) 6 tg 180° + 5 sin 180°;
2) 3 sin 0° — 5 cos 180°; 5) cos? 165° + sin? 165°;
3) tg 23°-tg 0°- tg 106°; 6) sin 0° + sin 90°

cos 0° — cos 90°

1.5.° O6uuCIiTh:
1) 4 cos 90° + 2 cos 180° — tg 180°;
2) cos 0° — cos 180° + sin 90°.

1.6.° Homy mopiBHIOE CHHYC KyTa, AKIIO I0T0 KOCUHYC JOPiBHIOE:
1) 1; 2) 0?

1.7.° HYomy mopiBHIOE KOCHUHYC KyTa, AKIIIO MOT0 CUHYC JTOPiBHIOE:
1) 1; 2) 07

1.8.° 3uaiigiTe sin 135°, cos 135°, tg 135°.

1.9.° Bmaiigits sin 150°, cos 150°, tg 150°.

1.10.° Yu icHye KyT O, OJd AKOTO:

1) sin(x:%; 3) cosoc=§; 5) cos a=1,001;

2) sin a0 =0,3; 4) cos . =-0,99; 6) sinazé?
1.11.° 3HaiigiTh:

. 3 .
1) cos o, AKIITO s1noc=g i 0°<a<90°%
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2) cos o, akmo sino=— i 90°<a<180°%

w
~| &

3) cos 0, AKIMO sino = ;
4) sin o, axio cos o =—0,8;

. 4 .
5) tg o, aKImo sin o :g i 90°<a<180°.

1.12.° 3uaigite:

| o

1) cos 0, aKIo sino=—;

w

2) sin o, AKIIO COS O =

.
’

TR

3) tg o, akiro cosoc:ﬁ i 0°<a<90°.

1.13.° Uu € npaBUJIbHUM TBEPAKeHHS (BiAIOBiIL OOI'PYHTYIATE):
1) KocuHyC rOoCTPOro KyTa OLIBIINI 3a KOCUHYC TYIOTO KyTa;
2) icHye Tynui KyT, CHHYC i KOCHHYC SKOTO PiBHi;
3) icHye KyT, CHHYC i KOCUHYC AKOTO JOPiBHIOIOTH HYJIIO;
4) KoCcHMHYC KyTa TPUKYTHUKA MOJKe JOPiBHIOBATH BiJl’€MHOMY
YUCIY;
5) cuHyC KyTa TPUKYTHUKA MOKe NOPiBHIOBATHU BiJ €MHOMY
YUCIY;
6) KocuHyC KyTa TPUKYTHHKA MOKe JOPiBHIOBATHU HYJIIO;
7) cuHyC KyTa TPUKYTHHUKA MOJKe JOPiBHIOBATHU HYJIIO;
8) KocuHyC KyTa TPUKYTHHKA MOKe mopiBHioBaTHm —1;
9) cuHyCc KyTa TPUKYTHHUKA MOXKe JOopiBHIOBAaTH 1;
10) cunyc KyTa, BiIMiHHOTO Bif IpAMOT0, MEHIIINN Bif cuHyca
MIPSIMOTO KYyTa;
11) KocuHyYC POSTOPHYTOrO KyTa MEHIIINH Bifl KocumHYyca KyTa,
BiIMiHHOTO BiJ PO3TOPHYTOTO;
12) cuHyCcu CyMisKHUX KYTiB piBHi;
13) KocuHyCH HEpiBHMX CYMiKHHX KYTiB € IIPOTHUJIECKHUMU
YuCIaMu;
14) AKIII0 KOCMHYCH OIBOX KYTiB pPiBHi, TO piBHI & cami KyTu;
15) akmio cuHycH IBOX KYTiB piBHi, TO piBHI I cami KyTwu;
16) TaHTeHC TOCTPOro KyTa OiMbINuil 3a TaAHTEHC TYIIOTO KyTa?
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1.14.° IlopiBHAlTe 3 HyJeM 3HAUEHHSA BUPA3y:
1) sin 110° cos 140°; 3) sin 128° cos? 130° tg 92°;
2) sin 80° cos 100° cos 148°; 4) sin 70° cos 90° tg 104°.
1.15.° 3uaiigiTs 3HAYeHHSA BUPA3Y:
1) 2 sin 120° + 4 cos 150° — 2 tg 135°%;
2) 2 cos? 120° — 8 sin? 150° + 3 cos 90° cos 162°;
3) cos 180° (sin 135° tg 60° — cos 135°)2.
1.16.° Homy mopiBHIOE 3HAUEHHS BUPAa3Yy:
1) 2 sin 150° — 4 cos 120°;
2) sin 90° (tg 150° cos 135° — tg 120° cos 135°)2?
1.17.° 3HaligiTh 3HaUeHHsS BUPAa3y, He KOPUCTYIOUNCH KAJIbKY-

JISITOPOM:
sin 18° : cos 18° : 3) tg 18° .
sin 162° cos 162° tg 162°
1.18.° 3HaigiTh 3HaUYeHHsS BUPAa3y, He KOPUCTYIOUNCH KAJIbKY-
JISITOPOM:
sin 28° : cos 49° : 3) tg 14° .
sin 152° cos131° tg 166°

1.19.° 3uaiifgiTh cymMy KBaApaTiB CHHYCIB yCiX KYyTiB IPAMOKYT-
HOTO TPUKYTHHUKA.

1.20.° 3gaigiTe cyMy KBaApaTiB KOCHHYCIiB yCiX KyTiB mpsiMo-
KYTHOTO TPUKYTHUKA.

1.21.° ¥V TpukytHury ABC Bimomo, mo /B =60° touka O —
IEeHTpP BIMCAHOIO KoJja. Yomy mopiBHioe Kocuuyc Kyta AOC?

1.22.° Touka O — IeHTP KoJia, BOHcaHoro B TpukKyTHuUK ABC,

3
cos ZBOC = 5 SHAUOITL KYT A TPUKYTHUKA.

BMPABWU ANA MOBTOPEHHS IS

1.23. Bucora mapajejorpamMa, IpoBeJeHa 3 BEePINUHN TYIOTO
KyTa, DOPiBHIOE 5 CM i HiJINTH CTOPOHY MapajejorpaMa Hasb-
oijg. TocTtpuit KyT mapaJjenorpama gopiBHioe 30°. S3HaAlIiTH
miaroHaJsb mapaJiejiorpama, IIPOBeIeHy 3 BepPIIMHU TYIIOro
KyTa, i KyTH, AKi BOHA YTBOPIOE 3i CTOPOHAMM IapaJejiorpama.
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1.24. IIpsama CE mapanenbHa O0iuHiii croponi AB Tpamertiii ABCD
i miauTk ocuoBy AD Ha Bixgpisku AE i DE raki, mo AE =7 cwMm,
DE =10 cMm. 3HalgiTh cepeaHIo JIiHil0 Tparmerrii.

(]
f/ )
,_ﬁ' roTtyemocs 4o BUBYEHHA HOBOI TEMV Il

1.25. [IBi cTOpoHU TPUKYTHUKA AOPiBHIOITL 8 cM i 11 cm. Um
MOYKe KYT, IPOTHUJIECKHUN CTOPOHI 3aBAOBMKKU 8 cM, OyTH:
1) Tynum; 2) mpamum?
Bigmosias oGr'pyHTYIATE.

1.26. ¥V tpurytHury ABC mnpoBemeHo Bucory BD, /A =60°,
ZC =45°, AB =10 cm. 3uaiigite cropony BC.

1.27. 3uatigites Bucory BD tpurkytHuKa ABC i mpoekItiro cTopo-
Hu AB ma npamy AC, axmuio Z/BAC =150°, AB=12 cwMm.

CNOCTEPITAVNTE, PUUCYWTE,
KOHCTPYIOWUTE, ®AHTA3YWUTE

1.28. IlokaKiTh, 110 OyAL-AKUI TPUKYTHUK MOKHA pO3pisaTu
Ha 3 YACTUHU TaK, IO 3 OTPUMAHUX YACTUH MOKHA CKJIACTHU
MPAMOKYTHUK.

2. Teopema KOCUHYCIB

I3 mepmroi o3Hakm pPiBHOCTI TPUKYTHUKIB BUILJIUBAE, IO ABi
CTOPOHU Ta KYT MiK HUMUY OAHO3HAUHO BU3HAUAIOTH TPUKYTHUK.
Or:xe, 3a BKA3aHUMU eJleMeHTaMU MOJKHA, HAIIPUKJIAJ, SHAUTU
TPETI0O CTOPOHY TPUKYTHUKA. SIK Ile 3pobuTu, IIOKasye Taka
TeopeMa.

Teopema 2.1 (teopema rocunycis). Keadpam cmoponu
mpukymuura 0opiéHioe cymi k6adpamié 060X iHWUX CMOPIH
MiHYc nod6oeHul 006YymoK Yux cCmopin i KOCURYyca Kyma misxe
HUMU.

Hosedennsa. © Posrnamemo TpukytHuk ABC. Ilosememo,
HAIIPUKJIAL, II10

BC? = AB®> + AC* —2AB- AC - cos A.
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MosxkauBi Tpu BUIagKU:
1) KyT A roctpuii;
2) KyT A Tynuii;
3) KyT A IpAMUii.
ITepwuii sunadok. Hexait Kyt A rocrpuii. Toxi xoua 6 oguu
i3 kyTiB B a6o C € rocTpum.
e Hexait ZC < 90°. IIpoBegemo Bucory BD. BoHa moBHiCTIO
Hase:xxatume TpukyTHuky ABC (puc. 2.1).
Y npAMOKYTHOMY TPUKYTHUKY ABD:
BD=AB-sin A, AD=AB-cos A.
Y npamoxyTHomMy TpuKyTHUKY BDC: BC?=BD? + CD? =
= BD? + (AC — AD)? = AB? -sin® A+ (AC — AB-cos A)’ =
= AB® -sin® A+ AC® —-2AC-AB-cos A+ AB® -cos® A =
= AB? - (sin® A+ cos® A)+ AC®* —2AC- AB-cos A =
= AB® + AC®> —2AB- AC - cos A.

B B
A D c D A C
Puc. 2.1 Puc. 2.2

e Hexait /B < 90°. IIposememo Bucoty TpukyTHuka ABC i3
BepmiuHEu C. BoHa moBHicTi0O Hajmemxatrume TpuKyTHuUKY ABC.
HoBeneHHA /14 IIHOTO BUIIAAKY aHaJoriuHe po3radarayTomy. IIpo-
BeJiTh OO CaAMOCTiHHO.

Hpyeuit sunadox. Hexa#t xyr A tynwmii. IIpoBenemo BuCOTY
BD tpuryruuxa ABC (puc. 2.2).

Y npamoryTHOMY TpuKyTHUKY ABD: BD = AB-sin ZBAD =
= AB-sin (180° - £LBAC) = AB-sin ZBAC,
AD=AB:cos Z/BAD = AB-cos (180°—- ZBAC) =—AB - cos ZBAC.
V mpamMokyTHOMY TpuKyTHUKY BDC: BC? = BD? + CD® =
= BD? + (AC + AD)* = AB? -sin® ZBAC + (AC — AB - cos Z/BAC)® =
= AB® + AC* -2AB- AC - cos Z/BAC.
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Tpemiii sunadox. Hexait xyr A nmpamuii B
(puc. 2.3). Toxi cos A=0. Tpeba goBecTu, II10
BC?=AB? + AC?. 11z piBHICTh BUILIUBAE 3 TEO-
pemu Ilidaropa misa rpuxkyrauka ABC. 4

JloBeseHHA TeopeMM KOCHHYCiB IIOKasye, 4 C
o meopema Iligpazopa € okpemum sunadrKom
meopemu KOCUHYCi8, @ meopema KOCUHYCL8 Puc. 2.3
€ y3azaavHennam meopemu Ilighazopa.

SAx1o cKkopucTaTUCa TO3HAYEHHAMU JAJIA JOBKUH CTOPiH i Be-
JAUYuH KyTiB TpukyTHuka ABC (guB. ¢opsair), To, HanpuKJIamI,
IS CTOPOHU, MOBKWHA AKOI HOPiBHIOE @, MOKHA 3alINCaTH:

a?=0b%+ c¢% — 2bc cos o

3a [DOIOMOTOI0 TeopPeMM KOCWHYCiB, BHAIOUW TPU CTOPOHU
TPUKYTHUKA, MOKHA BUBHAUUTHU, UM € BiH TOCTPOKYTHUM, TYIO-
KYTHUM a00 IPAMOKYTHHUM.

Teopema 2.2 (HacJailoOK 3 TeopeMHU KOCHHYCIiB).
Hexaii a, b i ¢ — 0o6iunu cmopin mpukKymHuka, npuLomy
a — 0doeéxuHa 1020 Halbinbwoi cmopornu. Axuo a’ < b’ + ¢?,
mo mpukymuuk € zocmpoxkymuum. Axwo a* > b’ + ¢?, mo mpu-
KymHuk € mynokymuum. Axwo a’=>b’+c?’, mo mpukymuuk
€ NPAMOKYMHUM.

HosedeHnHsa. © 3a TeopeMOI0 KOCUHYCIB
a?="b%+c? — 2bc cos a.

3Bincu 2bc cos o= b2+ ¢? — a?.

Hexait a® < b? + 2. Toni b% + ¢2 — a? > 0. 3Bigcu 2bc cos o > 0,
T00TO cos o > 0. Tomy KyT O rocTpmHii.

OcCKinbKY @ — MOBXKMHA HAWOIJMBIIOI CTOPOHU TPUKYTHUKA,
TO HOPOTH I[i€l CTOPOHU JEKUTHh HAWOIMBIIUNA KYT, SKUHA, AK MU
moBenu, € roctpuM. OTiKe, V IIbOMY BUNAAKY TPUKYTHHUK € TO-
CTPOKYTHUM.

Hexait a® > b% + c2. Toxi b% + ¢2 — a? < 0. 3Bigcu 2bc cos o < 0,
T00TO cos o < 0. Tomy KyT o Tynuii. OT:Ke, y IIbOMY BUIIAAKY
TPUKYTHUK € TYIOKYTHHUM.

Hexait a® = b% + ¢2. Toxi 2bc cos o= 0. 3Bincu cos o = 0. Orxe,
o =90°. ¥V npoMy BUNAAKY TPUKYTHUK € IPAMOKYTHUM. €
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O-w 3agaua 1. JloBexiTs, 0 cyMa KBajpaTiB giaroHasueii
mapaJiejjorpamMa OOPiBHIOE CyMi KBaApaTiB ycixXx #Oro CcTOpiH.
Poszs’azannsa. Ha pucyary 2.4 306pa-
C  xeno mapanemorpam ABCD.
Hexait AB=CD =a, BC=AD =b,
¢ ¢ /BAD=oq, Toni ZADC =180° - o.
Iz TpukyTHUKAa ABD 3a TEOpPEMOIO KOCH-
HYCiB OTPpUMYy€EMO:
Puc. 2.4 BD?=a?+ b% — 2ab cos o. (1)
Iz TpurkyTHUKA ACD 3a TEOPEMOIO KOCH-
HYCiB OTpUMYy€EMO:
AC?=a%+b? — 2ab cos (180° — o). 3Bigcu
AC?=a?+ b%+ 2ab cos a. (2)
Homasmiu piBaocti (1) i (2), orpumaemo:
BD? + AC? = 2a? + 2b*. 4

B b

A b D

3amaua 2.V Tpurkytauky ABC cropoHa AB Ha 4 cM 6inbIma 3a
cropony BC, /B =120°, AC = 14 cm. 3HaigiTe cropouu AB i BC.
Poszs’a3anHnsa. 3a TeOPEMOIO KOCUHYCiB
AC? = AB® + BC* —-2AB- BC - cos B.
Hexait BC =x cm, x > 0, Toni AB = (x + 4) cm.
Maewmo:
142=(x +4)>+ x? — 2x (x + 4) cos 120°%

196:x2+8x+16+x2—2x(x+4)-(—§);

196 =2x2+8x+ 16 + x (x +4);
3x2+12x — 180 =0;
x2+4x — 60=0;
x; =6; x,=-10.
Kopius —10 He 3amoBoabHse yMOBY x > 0.
Oroxxe, BC=6 cm, AB=10 cm.
Bidnoeidw: 10 cm, 6 cm. 4

3amgaua 3. Ha croponui AC tpukyrHuxka ABC mo3HauYeHO
Touky D Tak, 1o CD : AD =1 : 2. 3Haiigits Bigpisoxk BD, AKIIO
AB=14 cm, BC=13 cm, AC =15 cwm.
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Poss’as3anHsa. 3a TeOPEMOIO KOCUHYCIiB A
3 TpukyTHuUKa ABC (puc. 2.5) oTpuMyeMo:
AB? = AC* + BC®> -2AC - BC -cos C.

, AC” + BC® — AB? D
3Bigcu cosC = =
9AC - BC
2 2 2 B C
152 +132 —14 225+169-196 33 oo, 2
- - — T . nucC. .
2.15-13 2.15-13 65 c.2.5

Ockinbku CD : AD=1: 2, To CD=§AC= 5 (cm).
Toxi 3 Tpukytauka BCD oTpumyemo:

BD2=302+CD2—2BC-CD-cosc=132+52—2-13-5-§=128.

Orsxe, BD=+/128 =82 (cm).
Bidnoeidv: 82 cm. 4

3amaua 4. [IBi cToOpoHM TPHUKYTHMKA JOPiBHIOIOTH 23 CM
i 30 c™m, a menmiana, mpoBemeHa 0 OiMBIIOI 3 BimoMuUX CTOpPiH, —
10 cm. 3HAHAITL TPETIO CTOPOHY TPUKYTHHUKA.

Poss’asannsa. Hexaii y TpukyTHury ABC Bigomo, 1110
AC =23 cm, BC =30 cm™, Bigpisok AM — wmegiama, AM =10 cMm.

Ha npopossxenni Bigpiska AM 3a Tou-
Ky M Bigxjaazemo Bigpisoxk MD, axuii
nopiBaioe wmenpiani AM (puc. 2.6). Tonai
AD =20 cwm.

Y uworupuryrauky ABDC piaronaui
AD i BC Toukoio M IepeTuHy miIAThCS
HaBmia (BM = MC 3a ymoBowo, AM =MD
3a moOyaoBoo0). OTiKe, YOTHPUKYTHUK
ABDC — mapaJjiejorpam.

OckiJbKM cyMa KBajJpaTiB giaroHaJieii mapaJjeJjorpama go-
piBHIOE cyMmi KBajaparTiB ycix #oro cTtopiH (OuB. KJIIOUYOBY 3aja-
gy 1), To

Puc. 2.6

AD?+ BC?=2 (AB? + AC?).
Toxi
202+ 302 =2 (AB? + 23?);
400 +900 = 2 (AB? + 529);
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AB?=121;
AB=11 cmMm.
Bidnogidwv: 11 cm. 4

p -
[ 9 .
1. Cohopmynionte Teopemy KOCUHYCIB.
2. TOCTPOKYTHUM, MPAMOKYTHMUM Y1 TYNOKYTHUM € TPUKYTHUK 3i
cTopoHamMu a, b i ¢, ne a — JoBXWHA Moro HalbiNbLIOT CTOPOHN,
AKLLLO:
1)a?<b?+c? 2)a?>>b%>+c% 3)a?=b%>+c??
3. 9k noB’aA3aHi Mi>Xk cobOotO AjiaroHani Ta CTOPOHM Napanenorpama?

e
W BMPAB/ HT

2.1.° 3uanigiTe HeBimoMy cTopoHy TpuKyTHUKa ABC, AKIIO:
1) AB=5 cm, BC=8 cm, /B =60°;
2) AB=3 cm, AC=22 cm, ZA=135°.

2.2.° 3uaiigiTe HeBimoMy cTopoHy TpukyTHuUKa DEF, AKINO:
1) DE =4 c¢m, DF =2+/3 cm, ZD = 30°;
2) DF=3 cm, EF =5 cm, ZF =120°.

2.3.° CTopoHu TPUKYTHHKA AOpiBHIOIOTHL 12 cm, 20 cm i 28 cwm.
3HaUmiTL HANOINBIINT KYT TPUKYTHUKA.

2.4.° CTOpOHU TPUKYTHUKA JOPiBHIOIOTH J18 cM, bem i 7 cMm.
3HaAUOIThL cepeHiii 3a BEJIMUYNHOIO KYT TPUKYTHUKA.

2.5.° YcTaHoBiTh, TOCTPOKYTHUM, IPAMOKYTHUM YU TYIOKYTHUM
€ TPUKYTHUK, CTOPOHU SKOT'0 JOPiBHIOIOTH:
1)5cm, Temi 9 cm; 3) 10 cm, 15 cm i 18 cm.
2)5cm, 12 cm i 13 cwm;

2.6.° CTopoHN TPUKYTHUKA JOPiBHIOIOTHL 7 ¢cM, 8 cM i 12 cm. Yn
€ TJaHUN TPUKYTHUK TOCTPOKYTHUM?

2.7.° loBeaiTh, 110 TPUKYTHUK 3i cTopoHamMu 8 ¢m, 15 cmi 17 cm
€ IPIMOKYTHHM.

2.8.° Cropouu mapaJjieaorpaMa IOPiBHIOIOTH 2J2 emi 5 cM,
a ofuH i3 KyTiB mopiBHIioe 45°. 3HalimiTh miaromaJi mapaJie-
Jorpama.
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2.9.° Y rpanenii ABCD sBimomo, mo BC| AD, BC =3 cwm,
AD =10 cm, CD =4 c™m, £D = 60°. 3uaiigiTs miaronayi Tpare-
Imii.

2.10.° Ha cToponi AB piBHOCTOPOHHBLOTO TpuKyTHUKa ABC TI0-
3HaueHo Touky D Tak, 1m0 AD : DB=2 : 1. 3uaiigiTes Bigpi-
30k CD, sarmio AB =6 cwMm.

2.11.° Ha rinorenysi AB npsaMokyTHoOro TpukyTHuka ABC 1mo-
3HauyeHo Touky M rtak, 1mo AM : BM =1 : 3. 3uaigits Bia-
pisoxk CM, akmio AC = BC =4 cwMm.

2.12.° [IBi cTOpOoHU TPUKYTHUKA HOPiBHIOIOTE 3 ¢M i 4 c¢M, a CUHYC

. . 35 .
KyTa MK HUMMW OOP1BHIOE T 3HaI/I,I[1TI: TPETIO CTOPOHY

TpuKyTHUKA. CKiTbKY PO3B’sI3KiB Mae 3amaua?

2.13. ¥ tpurkytaury ABC Bimomo, 1o £C =90°, AC =20 cwm,
BC =15 cm. Ha cToponi AB mosHaueHO TOuKy M Tak, IO
BM =4 cm. 3Haigites Bigpisox CM.

2.14." Ha mpomoB:keHHi rimoreny3u AB OpAMOKYTHOTO PiBHO-
6enpenoro TpukyTHuka ABC 3a Touky B mos3HaueHO TOUKy D
rak, 1mo BD = BC. 3uaiigits Bigpisok CD, SKIIO KaTeT TPU-
KyTHUKa ABC mOpiBHIOE 4.

2.15.° Y rmpurkyraury ABC sBigomo, mo ZC=90°, AB=13 cwm,
AC =12 cm. Ha npogoB:kenHi rimorenysu AB 3a Touky B 10-
3HaueHo TOuKy D Tak, 1o BD = 26 cm. 3Ha#aiTs Bigpisox CD.

2.16.° IleuTp KOJIa, BIMCAHOTO B IPAMOKYTHUHN TPUKYTHUK, 3HA-
XOAUTHCA Ha BifcTauaXxX a i b Big ximmis rimotenysu. S3HAAIITH
rinoTeHy3y TPUKYTHUKA.

2.17. Touka O — 1EeHTP KoJa, BIucaHoro B TpukyTHuk ABC,
BC=a, AC=b, LZAOB =120°. 3naiigits cropony AB.

2.18.° [IBi cTOpOHU TPUKYTHUKA, KYT MisK AKUMU nopiBuioe 60°,
BifHOCATBHCS K D : 8, a TpeTs cTopoHa gopisuioe 21 cm. 3Ha-
HOiTh HeBiJOMi CTOPOHU TPUKYTHUKA.

2.19.° JIBi cTopoHU TPUKYTHUKA BimHOCATHCA AK 1:2 \/g i yTBO-
POIOTH KyT, BelInunHa SKoro ctaHoBuTh 30°. Tpers cropona
TPUKYTHUKA ITOPiBHIOE 2 J7 em. 3HaAUITL HEBITOMi CTOPOHU
TPUKYTHUKA.
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2.20.° Cyma 1BOX CTOPiH TPUKYTHUKA, AKi YTBOPIOIOTH KYT BEJIHU-
ypHOIo 120°, mopiBHIOE 8 cM, a TOBKHWHA TPETHOI CTOPOHU —
7 cm. 3HAUAITH HEBiIOMi CTOPOHM TPUKYTHUKA.

2.21.° ]IBi cTOPOHU TPUKYTHUKA, KYT MiK AKuMU HopiBHIOE 120°,
BigHOCATHCA AK 5 : 3. 3HAUAITH CTOPOHU TPUKYTHUKA, AKIIO
ioro mepumeTtp mopiBuioe 30 cMm.

2,22, JIBi cTOpOHM TPUKYTHHKA AOpPiBHIOIOTH 16 cm i 14 cwM,
a KyT, MIPOTUJEKHUUA MEHIIIN i3 BimoMuX CTOPiH, HOpPiBHIOE
60°. 3HalAiTh HEBiIOMY CTOPOHY TPUKYTHUKA.

2.23.° IBi cTOpOoHU TPUKYTHUKA AOPiBHIOIOTH 15 cm i 35 cwm,
a KyT, IPOTUJIEKHUY OiJBIIiN i3 BiTOMUX CTOPiH, HOPiBHIOE
120°. 3uaiigiTy nepuMeTp TPUKYTHUKA.

2.24.° Ha croponi BC tpurkytauka ABC mosHauesno Touky D Tak,
mo CD =14 cm. 3Hatnaite Bigpisok AD, aximo AB =37 cwMm,
BC=44 cmi AC=15 cm.

2.25.° Ha croponi AB TpurkytHuxa ABC mosHaueHO TOukKy K,
a Ha npomoB:xeuHi ctoponu BC 3a Toury C — Tourky M. 3Ha-
nmite Bigpisok MK, aximo AB=15 cm, BC=7 cm, AC=13 cmMm,
AK =8 cm, MC =3 cmM.

2.26.° OgHa 3i cTopiH TPUKYTHUKA y 2 pasu OijbIna 3a Ipyry,
a KyT MiK mumMm cropoHamu ctaHoBuTh 60°. IloBemiTh, 1110
ITaHUN TPUKYTHUK € IPAMOKYTHHUM.

2.27.° [loBemiTh, II0 KOJUW KBaJgpaT CTOPOHU TPUKYTHUKA MIO-
PiBHIOE HEIOBHOMY KBaJpaTy CYMH OBOX iHINIUX CTOPiH, TO
OPOTUIECKHUN Iili cTOpoHi KyT mopiBuioe 120°.

2.28.° oBenmiTh, 1m0 KOJU KBaJgpaT CTOPOHU TPUKYTHUKA [O-
PiBHIOE HEIOBHOMY KBaJpaTy Pi3HUIIL ABOX iHINIMX CTOPiH, TO
TPOTUJIEKHUH Iill CTOPOHI KyT mopiBHIOE 60°.

2.29.° [IBi cTopoHu mapaJjejorpamMa AOpPiBHIOIOTH 7 cMm i 11 cwm,
a omHa 3 miaroHaseil — 12 cm. 3HAUAITHL APYry OiaroHab
mapaJjeJjorpama.

2.30.° Hiaronasi mapajesorpama mopiBHIO0OTHL 13 cm i 11 cwm,
a oxgHa 3i cTopim — 9 cm. 3HAWAITEL IepuMeTp Imapajeorpama.

2.31.° [Tiarouasai mapaJiexorpama gopiBHiOIOTH 8 cm i 14 cwm,
a oxHa 3i cTopiH Ha 2 cM 6isbIna 3a APyry. SHAUAITHE CTOPOHUT
mapaJjeJjorpaMma.



2. Teopema KOCUHYCIB 21

2.32.° CropoHu mapaJiesorpamMa mopiBuooTh 11 cm i 23 cm,
a ¥moro miaroHaJui BimHocaThCA aK 2 : 3. S3HAUAITHL AiaroHaui
rmapaJeJjorpama.

2.33. ¥V rpamnenii ABCD sBigomo, mo AD| BC, AB=5 cwMm,

BC=9cm, AD=16 cm, cos A= 1 3uaigite cropouny CD
Tpamelrii. !

2.34.* Y rpanenii ABCD sBimomo, mo AD || BC, AB=415 cMm,
BC=6 cm, CD=4 cm, AD =11 cm. 3HaiaiTh KocuHyc KyTta D
Tparmnerrii.

2.35.* 3uaiigite piaromanb AC uvotupukyTHuka ABCD, saKIo
HaBKOJIO HbOI'O MOJKHA omucaTu KoJio i AB=3 cm, BC =4 cwm,
CD=5cm, AD =6 cm.

2.36.° Yu MmoxkHa OIIMCATH KOJ0 HaBKOJO YoTUpPpuKyTHUKa ABCD,
akmo AB=4 cm, AD=3 cm, BD=6 cm i ZC = 30°?

O—w 2.37." IloBexiTh, 1110 IPOTH OiIBIIOro KyTa IapaJjejorpama
JeXKUTH Oiynbina miaronans. ChopmysaioiiTe Ta HOBeIiTHL 06ep-
HeHe TBePI KeHHs.

2.38. CTopoHU TPUKYTHUKA HOPiBHIOOTHL 12 c¢Mm, 15 cm i 18 cwm.
3HaUAITh OiCeKTpUCy TPUKYTHUKA, IIPOBEIEHY 3 BePIINHU
oro HaibOiIBIIIOTO KyTAa.

2.39.” OcHoBa piBHOOEAPEHOr0 TPUKYTHUKA MAOPiBHIOE 5 cM,
a 6iuma cropoHa — 20 cMm. 3HaAUIITE OiceKTpuCy TPUKYTHUKA,
IIPOBEIeHY 3 BEPIINHU KyTa IIPU HOTO OCHOBI.

2.40. CropoHU TPUKYTHUKA JOPiBHIOIOTH 16 cm, 18 cm i 26 cMm.
3HalmiTh MefiaHy TPUKYTHUKA, IIPOBEIEHY M0 HOro 6iIbInoi
CTOPOHU.

2.41.** OcHoBa piBHOOEAPEHOr0 TPUKYTHUKA HOPiBHIOE 4 J2 cMm,
a MeziaHa, IIpoBeJeHa A0 0iUHOI CTOPOHHU, — 5 cM. SHAUIITH
0iuHy CTOPOHY TPUKYTHHKA.

2.42.° [IBi cTOpoHU TPUKYTHUKA OOpPiBHIOIOTH 12 cMm i 14 cwm,
a MefmiaHa, IpoBeAeHAa A0 TPETHOI CTOPOHM, — 7 ¢cM. SHAUIITH
HEBiIOMY CTOPOHY TPUKYTHUKA.

2.43. Y tpukytaury ABC Bimomo, mo AB =BC, ZABC =120°.
Ha npomos:kenHi Bigpiska AB 3a ToOuKy B mo3dHaueHO TOUKY D
Tak, 1o BD = 2AB. JloBeniTh, m1o TpukyTHuk ACD piBHOOE -
peHuii.
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O—w 2.44." JloBexiTh, [0 B TPUKYTHUKY 31 cTOpoHaMu a, b i ¢
.. 1 .
BUKOHYEThCHA PiBHICTE m, = E 2a® +2b% — ¢%, ne m, — Mepi-

aHa TPUKYTHUKA, IPOBeJeHa 0 CTOPOHU, AOBIKMHA SKOI J0-
piBHIOE C.

BMPABWU AJi MOBTOPEHHS I

2.45. ¥V woui nmposegeno miamerp AC i xopay AB, AKa IOPiBHIOE
pazmiycy KoJja. 3HaUOiTHL KyTu TpukyTtHuka ABC.

2.46. OnuH i3 KyTiB, YyTBOPEHUX IPU IepPeTUHi GiceKTpucu KyTa
mapaJjeJjorpaMa 3 MOoTo CTOPOHOIO, TOPiBHIOE OJHOMY 3 KYTiB
mapaJjejorpaMa. 3HalIITL KyTU IapaJiejiorpama.

2.47. Y tpukyrauk ABC Bumcano mapaiuesorpam ADEF Tax,
10 KyT A y HUX CHiIbHUNA, a Touku D, E i F majge:xars Bif-
noBimuo cropouam AB, BC i AC TpukyTHUKA. 3HAHIITH CTO-
pouu mapasieaorpama ADEF, axkimo AB=8 cm, AC=12 cwMm,
AD : AF =2 : 3.

[
,_g&' roTtyemocs oo BUB4YEHHA HOBOI TEM/ Il
2.48. 3uangite Ky ADC (puc. 2.7), axmo LABC = 140°.

D

B
¢ T\
-5
A A
A
B c (o

Puc. 2.7 Puc. 2.8 Puc. 2.9

2.49. 3uaiigite Ky ABC (puc. 2.8), armo LADC =43°.
2.50. Bigpisok AB — miameTp KoJia, pagiyc AKOro mopiBHioe R,
ZABC = o (puc. 2.9). 3uaiigite xopay AC.
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3. Teopema cnHyciB

Ilig yac moBemeHHS HU3KM TEOPEM i PO3B’sI3yBaHHS 0ararbox
3aJlau 3aCTOCOBYIOTH TaKy JIEMY.

Jlema. Xopda xona dopientoe dobymry diamempa ma cunyca
6y0b-1K020 6NUCAHOZ0 KYma, AKUL CRUPAEMBCA HA Y10 XOPIY.

Hosedennsa. © Ha pucynry 3.1 Bigpisok MN — xopza KoJa
i3 meuTpom y Touli O. IIpoBememo
miamerp MP. Toxi /MNP =90° ak
BIIMCAHUMN KYT, IO COUPAETLCS Ha
miamerp. Hexai#i BeamumHa BIIMCA-
"HOoro xKyra MPN popiBaioe o. Tomi
3 OPAMOKYTHOrO TpuKyTHuUKa MPN
OTPUMYEMO:

MN = MP sin o. (1)

VYeci Bnucani KyTu, SKi cIupaoTh-
csa Ha xopay M N, nopiBHIOIOTHL O a60
180° — a.. OTike, ixXHiI cuHyCcH piBHI.
Towmy orpumana piBHicTh (1) cripaBen-
JuBa IJs BCiX BOMCAHUX KYTiB, AKi
crnuparThesa Ha xopay MN. 4

Iz apyroi o3Hakm PiBHOCTI TPUKYTHUKiIB BUILJINBAE, IO CTO-
pOHA Ta ABa HPUJErJIUX A0 Hei KyTH OAHO3HAUHO BU3HAUYAIOTH
TpUKYTHUK. OT:Ke, 38 BKA3aHUMU eJIeMEeHTAMH MOKHAa 3HANUTHU
OBi iHIIL CTOPOHM TPUKYTHUKA. SIK Ile 3po0uTH, MigKasye Taka
Teopema.

Teopema 3.1 (teopema cunycis). Cmoponu mpukymunu-
K@ nponopuiiliHi cuHycam nPoOmuielrHux Kymia.

Hosedennsa. © Hexait y tpukyTaury ABC Bigomo, mo AB =c,
BC =a, CA=b. loBexemo, II10
a b c

sin A B sin B B sinC’
Hexaii pagiyc onucanoro koJa rpukytanka ABC nopiBHioe R.
Toxi 3a aemoro a = 2R sin A, b=2R sin B, ¢ = 2R sin C. 3Biacu

tJL_b_c_zR4

sinA sinB sinC
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Hacaigox. Padiyc kona, onucarnozo HaA6K010 MPUKYMHUKA,
MOJMCHA 001UCAUMU 3d POPMYLOIO

a

R=

. b
2 sin o

de a — 006%%CUHA CMOPOHU MPUKYMHUKA, 0. — 6eLUYUHA NPO-
Muneinozo yili cmoponi kyma.

3amaua 1. ¥V tpurkytHury ABC Bimomo, IIo AC=+/2 cMm,
BC=1 cm, £B=45°. 3uaigite KyT A.

Po3s’s3aHHA. 3a TEOPEMOIO CUHYCIB
BC _ AC
sin A sin B

Toni
BCsin B 1-sin45° */E.f_ 1
ac 2 2T 2
Ockimbru BC < AC, to LA < /B. OT:Xe, KyT A — rocTpuii.

sin A =

1
3Bimcu, ypaxoByoumn, 1o sin A = > orpumyemo LA =30°.
Bidnosidw: 30°. 4

3amaua 2. Y tpurkyTHurky ABC Bimomo, IIo AC =42 cM,
BC=1 cm, LA =30°. 3uaiigits KyT B.
BC AC

Poss’aszanHsa. 3a TeopeMOIO0 CUHYCiB = . Tonmi
sin A sinB
, ACsinA 2
sinB=——=—,
BC 2

Ockinprku BC < AC, to LA < ZB. Tozai Kyt B Mmoxxe OyTH AK
rocTpuMm, Tak i Tynum. 3Bimcu B =45° abo /B=180° —
— 45°=135°.

Bidnogidw: 45° a6o 135°. 4

3amaua 3. Ha croponi AB TpukyTHuka ABC mo3HaueHO
TouKky D Tak, mo £/BDC=vy, AD=m (puc. 3.2). 3HauigiTh Bif-
pisox BD, axmo ZA=a, £B=.

Poszg’aszannsa. Kyr BDC — 30BHINIHI#I KyT TPUKYTHUKA
ADC. Tonpi ZACD + LA =/BDC, sBincu ZACD =y — .
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Iz rpuxkyTHUKA ADC 3a TeOpeMoI0 CUHYCiB OTPUMYEMO:

cD _  AD
sin ZCAD  sin ZACD'
Oue, Cp_ ADSINZCAD __msino ¢

sin ZACD  sin(y-o)
Is TpukyrHuUKa BCD 3a TEOpeMOIO CH-
HYCiB OTPUMY€EMO:

BD _  CD d Y B

sin ZBCD  sin ZCBD' A m D B
Orixe, P 3.2

: Uc. o.
BD = CD sin £BCD _
sin ZCBD
__ msinasin(180°—(B+y)) msinasin(B+7)
sin B sin (Y — o) sin B sin (Y — o) '

Bidnosgiduv: m sin o sin (B +7)

sinpsin(y-o)
3amaua 4. Bigpisok BD — 6icexktpuca Tpukytuuka ABC,
ZABC =30°, ZC =105° (puc. 3.3). 3uaiigiTe pagiyc KoJia, OIu-
CaHOT0 HABKOJO TpuUKyTHUKA ABC, SKIIO pamiyc Koja, omuca-
HOTO HaBKOJIO TPpUKyTHUKA BDC, mopiBHioe 8 J6 cm.
c Poss’asanna. Hexait R, — pagiyc

D KOJIa, OIIMCAaHOI'O HaBKOJIO TPUKYTHHKAa
BDC, R, =86 cm.
A B

Ockinbku Bigpisox BD — GicexkTpuca

1
Puc. 3.3 TPUKYTHUKA, To LCBD = ELABC =15°.

I3 TpukyTHuUKa BDC OoTpUMYy€EMO:
/BDC =180° — (£CBD + £C)=180° — (15° + 105°) = 60°.
BC

3a HacJigKoOM 3 TeopeMHu CUHYCiB —————— = R.. 3Bizncu
P YO SeinzBDC 1

BC = 2R, sin ZBDC = 2-8/6 sin 60° = 24/2 (cwm).

Iz Tpukyrauka ABC oTpumMyeMo:
/A =180° — (LABC + £C)=180° — (30° + 105°) = 45°.



26 § 1. PO3B'A3YBAHHA TPUKYTHWKIB

Hexait R — mrykaHuil pajiyc KoJia, OINCaHOr0 HaBKOJIO TPU-
KytHuka ABC.

Toni i=R, 3Bigcu R = BC = 24\/5 =24 (cm).
2sin A 2sin A 2sin 45°
Bidnogidv: 24 cm. 4
.I) 0000
o

1. 9k 3HanTm xopAay Kona, SKLio BiAOMO AiaMeTp Kofa Ta BAUCaHUi
KyT, IKWUIA CNUPAETLCSA Ha L0 Xopay?

2. ChopmynonTe TEOPEMY CUHYCIB.

3. 9k 3HanTK paaiyc kona, ONMCaHOro HaBKOJIO TPUKYTHMKA 3i CTO-
POHOI0 @ Ta MPOTUNEXHUM LA CTOPOHiI KyTOM aL?

W BMPAB/ HmTT

3.1.° 3uaiinits cropouny BC tpukyrHuka ABC, 300paskeHoro Ha
pucyHkKy 3.4 (IOBKUHY BifpiskKa JaHO B CAHTHMETPAaX).

s5]

(

N
ot

o
o]

6+/2 6
£60°
45°
a2 © A C

Puc. 3.4 Puc. 3.5

3.2.° 3uaiiniTh KyT A TpuKkyTHUKa ABC, 300pakeHoro Ha PUCYH-
Ky 3.5 (moB:KUHU BipisKiB JaHO B CAHTUMeETPAX).

3.3.° 3uaiigits cropouny AB Tpukytauka ABC, axio AC = \/E cM,
ZB=120°, ZC = 45°.

3.4.° Y tpurkyrauxy ABC Bigomo, mo AB=12 cm, BC =10 cwm,
sin A =0,2. 3uaiigits cuayc Kyrta C TPUKYTHHUKA.

3.5.° ¥V rpurytaury DEF Bimomo, mo DE =16 cm, /F =50°,
/ZD = 38°. 3uaiifgits cropouy EF.
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3.6.° Y rpuryruuxry MKP Bigomo, 1o KP=8 cm, LK =106°,
/P =32°. 3uaiigits cropouny MP.

3.7.° [Ina s3HaxXomKeHHsA BimcraHi Big Toukm A mo msBinui B,
sdKa poaTalloBaHa Ha Apyromy Oepesi piukm (puc. 3.6), 3a
JIOTIOMOT'0I0 BiX, PyJeTKY Ta IPUJaAy IJisd BUMipIOBaHHA KY-
TiB (TeomoiTy) mosHauMIu Ha MicieBocTi Touky C Taky, IO
ZBAC =42°, ZACB =64°, AC = 20 m. fK sumaliTu BifcTaHb Bif
TouKu A o a3Binuni B? 3HaWIiTh 110 BifcTaHb.

[

Puc. 3.6

3.8.° ¥V rpuryrauky ABC Bimomo, mo BC=a, ZA=qa, ZC =Y.
3nanngiTe croporu AB i AC.

3.9.° [Iiaronans mapaJjejorpaMa AOpPiBHIOE d i yTBOpPIOE 3 IOTO
cTopoHAMM KyTH O i . S38HaAWAITL CTOPOHU mmapaJiejorpama.

3.10.° 3maiigite KyT A TpukyTHUKa ABC, AKIIO:
1) AC=2 cm, BC=1 cm, LB =135°
2) AC=+2 cm, BC=+/3 cm, /B =45°.
CKiJbKM PO3B’A3KIB Yy KOMKHOMY 3 BUIIAAKIB Mae 3agaua?
Bigmosias oO0r'pyHTYyIiTE.

3.11.° Yu icuye Tpuryrtuuk ABC rtakwuii, mo sin A=0,4, AC =
=18 cm, BC =6 cm? BigmoBinbs oOr'pyHTYyIiTE.

3.12.° ¥V tpuxkyruury DEF Bimomo, mo DE =8 cwMm, sin F=0,16.
3HaimiThL pagiyc KoJja, OINCaHOI'0 HaBKOJIO TPUKyTHUKA DEF.

3.13.° Pagiyc koJia, omucaHoro HaBKoJIO TpukyTHuKa MK P, no-
piBHIOE 5 cM, sin M =0,7. 3uaiigits cropouny KP.
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3.14.° Ha npopgos:xenHi cropouu AB tpuxyTHuka ABC 3a Tou-
Ky B mosmaunau Touky D. S3HAHAITH pagiyc Koja, OINCAHOTO
HaBKoJI0 TpukyTHuUKa ACD, aximo LABC =60°, ZADC =45°,
a pagiyc Koja, OIMCAHOTO HaBKOJO TpukytHuxa ABC, mo-
piBHIOE 4 cM.

3.15.° Paxiyc KoJsa, omrcaHoro HaBKOJIO TPUKyTHUKA ABC, nopiB-
HI0€ 6 cM. 3HAHAITH pagiyc KoJja, OIMCAaHOTO HABKOJIO TPUKYT-
Huka AOC, ne O — ToUuKa IepeTuHY O0iCeKTPUC TPUKYTHUKA
ABC, arkmio ZABC = 60°.

3.16.° BukopucToByooun naHi pucyHka 3.7, 3sHaHAiTL Bigpi-
80K AD, akmo CD=a, /BAC =Yy, /DBA =0.

B A
B
Y o p
C a D A C B m D
Puc. 3.7 Puc. 3.8

3.17.° BuxkopucToByioun naHi pucyHka 3.8, sHaiaiTh Bigpisok AC,
sikito BD=m, Z/ABC = o, ZADC = p.

3.18.° Ha ctoponi AB tpukytHuka ABC mosHaumiam TOYKy M
Tak, mo LAMC =¢. 3uaigites Bigpisok CM, armo AB=c,
LA=a, LACB =Y.

3.19.° ¥V Ttpurkyraurky ABC Bigomo, mo ZA =a, £ZB=. Ha cro-
poui BC mosnaumau TOouky D Tak, mo LADB=¢@, AD=m.
3HangiTe cropony BC.

3.20.° ToBemiTs, 1110 OiceKTprca TPUKYTHUKA JiJIUTH HOTO CTOPOHY
Ha Bifpisku, JOBXKUHU IKUX 00€pHEHO IIPOIOPIiiiHi cuHycam
OPUJIErJNX IO Iliel CTOPOHMU KYTiB.

3.21.° [IBi cTOpoHU TPUKYTHUKA HOPiBHIOIOTE 6 cM i 12 cMm, a Bu-
coTa, IIpoBeJieHa 0 TPeThoi CTOpoHu, — 4 cM. S3HAHAITL pamiyc
KO0JIa, OIMCAHOT0 HABKOJIO JAaHOT0 TPUKYTHUKA.

3.22.° 3mangiTh paziyc KoJja, OINCaHOTO HABKOJIO piBHOOEIpPEHO-
ro TPUKYTHUKA 3 OCHOBOIO 16 cMm i 6iuHOIO0 cTopoHOoio 10 cMm.
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3.23.° CtopoHa TPUKYTHHUKA IOopiBHIOE 24 cM, a pajiyc omucaHo-
ro Koma — 8 \/§ cMm. YoMy mOopiBHIOE KYyT TPUKYTHUKA, IIPO-
TUJIEKHUN TaHiil cTOPOHi?

3.24.° Tpaca mjsa BejocuiiegucTtiB Mmae OpMy TPUKYTHUKA, ABa
KyTu ssKoro gopisHoOTH 50° i 100°. MeHITy CTOPOHY IILOTO
TPUKYTHUKA OOUWH i3 BeJIOCUIIeAUCTiB IpoiKa:Kae 3a 1 rox. 3a
AKUI yac BiH mpoime Bcio Tpacy? Biamosins momaiiTe B rogu-
HaX, OKPYTJIUBIIU 11 0 JECATUX.

3.25. ¥V rtpuryraury ABC Bimomo, mo AC=b, LZA=0q, ZC =Y.
3HanigiTe 6icekTpucy BD TpUKYTHUKA.

3.26.°° OcHOBa piBHOOEIPEHOTO TPUKYTHUKA JOPiBHIOE @, IPOTHU-
JeKHUU 1 KyT mopiBHIOE 0. SHAUIITH 6iCeKTPUCY TPUKYTHU-
Ka, IPOBe/IeHY 3 BEePIIMHU KyTa IPU OCHOBI.

3.27.” [loBeniTh, KOPUCTYIOUNCH TEOPEMOIO CUHYCIB, 1110 GiceKTpu-
ca TPUKYTHUKA OiJINTHL MOTr0 CTOPOHY HA BiApPidKMU, MOBKUHU
SAKNMX IIPOIOPIIiiHI MpHUaerJuM cTopoHam!.

3.28.* OcHoBu piBHOOIUHOI Tpamellii gopiBHIOIOTL 9 c™m i 21 cwM,
a Bucora — 8 cM. S3HAUIITh paziyc KoJja, OIIMCAaHOTO HABKOJIO
Tparmerii.

3.29.*° Bigpisok CD — 6icekTpuca TpukyTHuka ABC, y SKomMy
/A =0, ZB=p. Yepes TouKy D IpOBEeIEHO MPAMY, AKa Ia-
panenbHa ctopoHi BC i meperuHae ctopony AC y rTouri E,
npuuomy AE = a. 3HangiTe Bigpisoxk CE.

3.30.° Memiana AM tpurkytHuka ABC mopiBHIOE m i yTBOpIo€E 3i
croponamu AB i AC xyTu o i B BigmoBigzo. 3HAKAITE CTOPOHN
AB i AC.

3.31.” Megiana CD tpukyTtauka ABC yTBopIoe 3i croponamu AC
i BC kytu o i B Bigmosiguo, BC = a. 3uaiigite memiany CD.

3.32.** BucoTtu rocTpoKyTHOTO TPUKYTHUKA ABC epeTuHaThC

B Touri H. JloBeniTh, 110 pajiycu KijJ, omucaHMX HABKOJIO
TpukyTHUKiB AHB, BHC, AHC i ABC, piBHi.

! Haramaemo, II[0 TBEPAKEHHA 3 BUKOPHCTAHHAM TEOPEMH IIPO
OpOIOpPILifiai Bigpisku 6yao moBemeHo B miapyuumky: A. I'. Mepsasxk,
B. B. ITonoucekuii, M. C. fdAkip. 'eomeTpisa : migpyu. mas 8 K. 3aKjaamiB
3ar. cepen. ocBitu. — X. : INimuazia, 2021. Jaxi mocunaTumemocsa Ha
el miapyuyHuK Tak: «I'eoMmeTpisa. 8 Kiac».
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3.33. oporm, saki cmoayuaioTs cema A, B i C (puc. 3.9), yTBO-
PIOIOTH TPUKYTHUK, IPUUOMY mopora i3 cema A mo ceaa C 3a-
acarbTOBaHa, a moporu i3 cemxa A o cesna B ta i3 cema B mo
cena C — rpyuToBi. [loporu, aki BegyTs i3 cena A mo cin Bi C,
YTBOPIOIOTH KYT, BeJIMUNHA AKoro 15°, a moporu, ski BegyTh i3
cesna B o cin A i C, — KyT, Benuunua axoro 5°. IlIBugkicTe
PyXy aBTOMOOiIA MO acdaabTOBaHiA mJopo3i y 2 pasu GiabIima
3a IMBUAKICTh OTO PYyXY IIO I'PYHTOBi#. AKuil miaax sudpatu
BOJil0 aBTOMOOis, 100 AKHAWIIIBUAIIE AicTaTucd i3 ceaa A
o ceaa B?

Puc. 3.9

3.34.°° Moporu i3 cin A i B cxomarbca Oina possuaru C
(puc. 3.10). Hopora i3 cesa A 10 PO3BUJIKU YTBOPIOE 3 IOPO-
roio i3 cema A B ceso B kyT, BenrnumHa sxoro 30°, a mopora is
cesia B 10 po3BUJIKU YTBOPIOE 3 AOPOTOI0 i3 cesa B B ceno A
KyT, BeauuynHa akoro 70°. OgHouacHO i3 cesa A 10 PO3BUIIKU
BUixaB aBTOMOOiNb 31 mBuaKicTio 90 KM/TOM, a i3 cema B —
aBTOOycC 3i mBuaKicTio 60 KM/ron. XTO 3 HUX HEPIITIUM J0ine
0 PO3BUJIKU?

=== 1259

Puc. 3.10
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BMPABU AJ11 MOBTOPEHHS I

3.35. BicekTpucu KytiB B i C npamokyTHuKa ABCD niepeTuHaTh
cropony AD y toukax M i K Bimmosimmo.

Hosexnits, mo BM =CK. B
3.36. Ha pucyury 3.11 DE| AC, FK | AB. F
VramxiTh, AKi TDPUKYTHUKU HaA IIOMY PHU- D E

CYHKY TOAi0Hi.

3.37. Ha croponi AB kBaapara ABCD mosHa-
yeHo TOUKY K, a Ha cTopoHi CD — TOUYKYy
M rax, mo AK : KB=1: 2, DM : MC = Puc. 3.11
=3 : 1. 3HalaiTe cTOpoHy KBaapara, akmio MK =13 cwm.

[
/7f )
WZ X7 roTyEMOCS A0 BUBYEHHS HOBOI TEMIA I

3.38. P03B’AKiTh IPAMOKYTHUM TPUKYTHUK:
1) 3a nBoMa xaTeramMu a="7 cM i b =35 cm;
2) 3a rimorenysoio ¢ =17 cm i kaTeToMm a = 8 cMm;
3) 3a rimoreHy3010 ¢ =4 cM i rocTpuMm KyToM o = 50°;
4) 3a xaTeTOM a = 8 CM i IPOTUICKHUM KyTOM O = 42°.

C'- CMOCTEPIFAATE, PUCYITE,
oY KOHCTPYIONTE, ®AHTA3YMNTE

3.39. ¥V koo pazgiyca 1 cm Bumcano n’ATUKyTHUK. [loBeaiTs, 1110
cyMa JIOB:KHUH HOTO CTOPiH i miaromaseii menina Big 17 cm.

4. Po3B'A3yBaHHSA TPUKYTHUKIB

Po3p’a3aTu TPUKYTHUK O3HaUYa€ 3HANUTU HeBimoMi ioro cTopo-
HU Ta KyTH 3a BiIOMUMU CTOpPOHaAMu Ta Kyramu'.

¥V 8 kyjaci Bu HaBUUIUCSA PO3B’A3YBATU MPAMOKYTHI TPUKYT-
HuKKU. TeopeMu KOCHHYCIB i CHHYCiB JalOTh 3MOTY PO3B’sA3aTHU
OyIb-AKUN TPUKYTHUK.

1Y samauax IbOro myHKTY Ta Bapasax 4.1-4.9 npuiiHaTo mosHa-
YeHHA: d, b 1 ¢ — MOBKUHU CTOPiH TPUKYTHUKA, O, P i Y — BeIuumHuU
KYTiB, IPOTUJIEKHUX BiIIIOBiIHO CTOPOHAM 3 JOBXKUHaAMU a, b i c.
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Y HacTymHUX 3aJauax 3HAUEHHS TPUTOHOMETPUUHUX PYHKI[IH
OymeMo 3HAXOAUTH 34 JOIOMOTOI0 KaJIbKYJIATOPa i OKPYTIJIIOBA-
THU IIi 3HAYEHHS 0 COTUX. BeJIuuyuHU KyTiB OymeMoO 3HAaXOAUTHU
3a JOIIOMOIOI0 KaJIbKYJATOPA M OKPYIJIIOBATHU IIi 3HAUEHHS [0
onuHUIL. OOUMCIIOIYN MOBKHUHU CTOPiH, pe3yJbTaT OymzeMo
OKPYIJIIOBATHU O JECATHUX.

3amaua 1. Po3’skiTh TpuKyTHUK (puc. 4.1) 3a CTOPOHOIO
a=12 cm i gBoma kytamu 3 =36°, y=119°.

Pos3s’a3aHHA. BUKOPUCTOBYIOUM TEOPEeMY PO CYyMYy KYTiB
TPUKYTHUKA, oTpuMmyemo: o0 = 180° — ( +v) = 180° — 155° = 25°,
asinf

b
3a TeopeMoI0 CUHYCIiB —— = .a . 3Bigcu b= — . Maemo:
sinB sino sin o
12sin 36° 12-0,59
p=209D ~16,9 (cm).
sin 25° 0,42

3HOBY 3aCTOCOBYIOUU TEOpEMY
CUHYCiB, 3aIUIIIEMO:
c a

siny sina

Puc. 4.1 Bpinen ¢ = 25BY
sin o
Maewmo:
12sin119° 12sin61° 12-0,87
o= sin _12sin 3 ~24,9 (cm).
sin 25° sin 25° 0,42

Bidnoegidv: b ~ 16,9 cm, ¢ = 24,9 cMm, o= 25°. 4

3amaua 2. Po3B’sKiTh TPUKYTHUK 3a ABOMa CTOPOHAMU
a=14 cm, b=8 cm i kKyTom Yy = 38° MixK HUMHU.
Po3s’a3anna. 3a TeopeMoio KocuHycis ¢ = a? + b% — 2ab cos .
3Bimcu
c®=196+64-2-14-8 cos 38°~260—224-0,79 = 83,04;
c~9,1 cMm.
Hairi maemo:
a?=b%+c% — 2bc cos o
2 2 2 2 2 2
Cos oL = b-l-c——a; COS O = w ~-0,34.
2bc 2:8:9,1
3Bimcu o ~ 110°.
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BukopucToByHOUM TeopeMy HpPO CyMy KYTiB TPUKYTHHUKA,
OTPUMYEMO:
f=180° - (. +7y); P~ 180° — 148°=32°,
Bidnosgidv: ¢~ 9,1 cm, o0 ~ 110°, § ~ 32°. 4
3agauya 3. Po3B’s:KiTh TPHUKYTHHK 3a TpPbOMa CTOPOHAMU
a=T7cMm, b=2 cMm, c=8 cmM.

Poss’aszannsa. 3a TeopemMoo KocuHyciB a?=b%+c¢? —
— 2bc cos o. 3Bigcu

b’ +c* —a® 4+64-49
cosa:#; cosoo=— =0,59.
2bc 2:-2-8
Orpumyemo: o ~ 54°.
. a b .
3a TeopeMoI0 CHHYCiB — =——. 3Bincu
sino  sinB
b si ) 2sinb4° 2-0,81
sinf = SanL; sinf = SH; =~ =0,23.
a

OckinbKu b — HOB:KUHA HAWMEHIIIOl CTOPOHH! JAHOTO TPUKYT-
HHUKAa, To KyT € roctpum. Toxi smaxogumo, mo  ~ 13°.
BukopucToByHUn TeopeMy MHpPO CyMy KYTiB TPUKYTHHUKA,
OTPUMYEMO:
y=180° - (a+B); y=~180°—-67°=113°.
Bidnosidv: o~ 54°, B~ 13°, y~ 113°. 4

3amaua 4. Po3B’saKiTh TPUKYTHUK 3a ABOMAa CTOPOHAMH Ta
KyTOM, IIPOTUJICKHUM OIHiN 3i cTOpiH:

1)a=17cm, b=6 cm, o= 156°;

2)b="7cm, c=8 cm, P=65%

3)a=6cm, b=5 cm, p=50°.

. b .
Pose’asanna. 1) 3a TeopeMoro CUHYCiB 'a =——. 3Biacu
sina  sinf
. b si . 6sin156° 6sin24° 6-0,41
sin p = s1n0c; sin P = sin _6sin 5 ~0,14.
a 17 17

OCKiJIbBKM KYT O JaHOTO TPUKYTHUKA TYIUii, TO KyT [ € ro-
crpum. Toxi smaxomumo, 110  ~ 8°.

BuUKOpPHUCTOBYIOUM TeopeMy IpPO CYMy KYTiB TPUKYTHUKA,
orpumyemo: Y= 180° — (o + B); v = 16°.
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. a c
3a TeopeMOI0 CUHYCiB =

sin o siny.
asinY. c~17s'1n16°~17-0,28

3Bincu ¢ = ; =11,6 (cm).
sin o sin 156° 0,41
Bidnosidv: p~8° v~16° ¢~ 11,6 cm.
2) 3a TeopeMOI0 CUHYCiB -
sinB siny
i 8sin 65° 8-:0,91
3Bigcu siny = cslbfnﬁ; siny = SH; = =1,04 >1, mo
HEMOJKJIBO.
BidnosgiOdv: 3amaua He Ma€ PO3B’ A3KY.
. b .
3) 3a TeopeMOI0 CUHYCIiB .a =——. 3Bigcu
sino  sin P
. i . 6sin50° 6-:0,77
s1n0c=a%nﬁ; sino = SH; = 5 = 0,92.

Mosxausi gBa Bumagku: o, ~ 67° abo oo ~ 180° — 67°=113°.
Poarisaemo Bunamgox, xKoam o ~ 67°.

BukopucroByoun TeopeMy IpoO CyMy KYTiB TPUKYTHUKA,
OTPUMYEMO:

y=180° — (0.+B); ¥ ~ 180° — 117° = 63°.
Cc

3a TeopeMoOI0 CHUHYCiB b = .
sinf siny
bsiny o~ 5 sin 63° _ 5-0,89
sinp ’ sin50° 0,77
Posraamemo Bunmamok, xKouam o ~ 113°.
Bukopucrosyrouu TeopeMy OPO CyMy KYTiB TPUKYTHUKA,
OTPUMYEMO:
y=180° — (o +P); vy~ 180° — 163°=17°.
Ockinbru ¢ = bsin Y, TO ¢ = 5sinl™ 50,29 ~ 1,9 (cm).
sin sin 50° 0,77

Bidnogide: a~67°, y~63° c~58cm abo a=113° y~=
~17° ¢~ 1,9 cm. 4

3Bincu ¢ =

~5,8 (cm).

'I) -
. )
LLlo o3Hayae po3B’aA3aTu TPUKYTHUK?
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@ BMPAB/ HEETT

4.1.° Po3B’sKiTh TPUKYTHUK 3a CTOPOHOIO Ta ABOMA KyTaMU:
1) a=10 cm, B=20° y=85°% 2) b=16 cm, oo =40°, §=110°.
4.2.° Po3B’sKiTh TPUKYTHUK 34 CTOPOHOIO Ta ABOMA KyTaMMH:
1)b=9 cm, =35° y=70°% 2)c=14 cm, f=132°, y=24°.
4.3.° Po3B’siKiTh TPUKYTHUK 3a ABOMA CTOPOHAMU Ta KYTOM MixK
HUMMH:
1) b=18 cm, ¢ =22 cm, o= 76°;
2) a=20cm, b=15 cm, y=104°.
4.4.° Po3B’s:KiTh TPUKYTHUK 3a IBOMA CTOPOHAMU Ta KYTOM MiK
HUMMH:
1)a=8cm, c=6cm, p=15° 2)b=Tcm, c=5 cm, o= 145°.
4.5.° Po3B’s1KiTh TPUKYTHUK 3a TPHOMAa CTOPOHAMMU:
a=4cm, b=5cMm, c=T cwm;
2)a=26 cm, b=19 cm, c =42 cwm.
4.6.° Po3B’AXKiTh TPUKYTHUK 3a TPhOMAa CTOPOHAMM:
1)a=5cm, b=6 cm, c =8 cwm;
2)a=21cm, b=17 cm, ¢ =32 cm.
4.7.° Po3B’s13KiTh TPUKYTHUK, Y AKOMY:
1) a=10 cm, b=3 cm, f=10°, KyT O rocTpuii;
2)a=10 cm, b=3 cm, p=10° KyT O Tynmii.
4.8.° Po3B’sikKiTh TPUKYTHUK 3a JBOMA CTOPOHAMU Ta KYTOM,
AKUHN JeKUTh IIPOTU OJHiel 3 TaHUX CTOPiH:
1)a=7cm, b=11 cm, p=46° 3)a=T7cm, c=3cm, y=27°.
2)b=15cm, c=17 cMm, P =32°;
4.9.° Po3B’sKiTh TPUKYTHUK 34 JBOMA CTOPOHAMHU Ta KYTOM,
AKUHN JIEXKUTHh IPOTHU OOHiEl 3 JaHUX CTOPiH:
1) a=23 cm, ¢c=30 cm, y=102%
2) a=18 cm, b=25 cm, o= 36°.
4.10.° Y mpurytaury ABC Bigomo, 110 AB = BC = 20 cm, LA =T70°.
SHaANIITE:
1) cropony AC;
2) memiany CM;
3) GicexTpucy AD;
4) paxmiyc onmucaHoro Kojsa TpukytHuka ABC.
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4.11.° Hiaromanb AC piBHOGiuHOI Tpamerii ABCD (BC || AD) mno-
pisuioe 8 cm, LCAD =38°, /BAD = 72°, 3HalaiTh:
1) cTopoHu Tpareirii;
2) paxmiyc omucaHoro Kojsa TpukytHuka ABC.

4.12. OcuoBu Tpameirii fopiBHO0OTL 12 cMm i 16 cMm, a 6iuHi cTO-
poru — 7 cMm i 9 cm. 3HalAiTHF KyTH Tparmerltii.

BMPABWU AJ14 MOBTOPEHHS I

4.13. BicexTpuca xyra B mapanesorpama ABCD nepeTuHae oro
cropory AD y Touri M, a npomoB:KeHHsa cTopouu CD 3a TOUKY
D — vy Toumni K. 3maiifits Bigpisok DK, aximo AM =8 cwm,
a ImepuMeTp mapaJiejorpama gopiBaioe 50 cM.

4.14. IlepumeTp OLHOTO 3 ABOX IIOAIOHMX TPUKYTHUKIB Ha 18 cMm
MEeHIIINI Bif mepuMeTpa APYroro TPUKYTHUKA, a ABI Bixmo-
BiIHi CTOPOHUM IUX TPUKYTHUKIB MOPiBHIOIOTH 5 cM i 8 cwm.
3HalIiTh IEPUMETPU JaHUX TPUKYTHUKIB.

[
o |
/5 Y TOTYEMOCS A0 BUBYEHHA HOBOI TEMW IR

4.15. Touka M — cepenuna croporu CD npsi- B C
mokyTHuKa ABCD (puc. 4.2), AB=6 cwm,
AD =5 cm. YoMy JOpiBHIOE IJIOIIA TPHU-

KyTHuka ACM?
4.16. Ha croponi AC tpuryrauka ABC 1mo- ‘
3HaueHo TOuKy D Tak, mo ZADB=oq.

A D

M

. 1 .
Hosenite, mo S, = EAC - BD sin L. Puc. 4.2

E@ TPUTOHOMETPIS — HAYKA MNMPO BUMIPIOBAHHSA
TPUKYTHUKIB

Bu 3maere, mio crapomaBHI MaHAPIBHUKMN OpPi€eHTyBaJHnCA 3a
30pAMU Ta IIJIaHeTaMMH. Bouu morin AJOCUTHh TOYHO BU3HAUUTHU
MicIlesHaxXOMKeHHA Kopabys B oKeaHi ab0 KapaBaHy B IIyCTeJIi
3a pO3TaIlyBAaHHAM CBiTma Ha HeOocxwmai. IIpum mpomMy omHHM
3 opieHTupiB OyJsa BHcOoTa, HAa SAKY IigHIMaJocsd Haa TOPU30H-
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TOM Te a0o iHIme HeOecHe CBITMJIO B HaHill MiclieBOCTi B meBHUI
MOMEHT dYacy.

3po3ymiso, 110 6e3mocepesHLO BUMIPATH 1[I0 BUCOTY HEMOMK-
auBo. Tomy BueHi cTany po3podIATI METOAY HEIPIMUX BUMipIO-
Baub. TyT icTOTHY POJIb BifirpaBajo po3B’si3yBaHHs TPUKYTHUKA,
IBi BepIIMHU SKOTO Jie:KaJii Ha IMOBepXHi 3emJi, a Tpersa Oyna
3opeio (puc. 4.3) — Bimoma Bam 3amaua 3.17.

N/

N

-
>~

Nl

Puc. 4.3 Puc. 4.4

151 po3B’A3yBaHHSA MOAIOHNX 3a7]aU CTAPOSABHIM acTPOHOMAM
MOTPiOHO OyJI0 HABUMUTHUCA 3HAXOAUTU B3aEMO3B’SI3KU MiK eje-
MeHTaMU TPUKYTHUKA. Tak BUHUKJIA TPUTOHOMETPisA — HaAyKa,
sSKa BUBUYAE 3aJIEKHICTh MijK CTOPOHAMM Ta KyTaMU TPUKYTHUKA.
Tepmin «TpuroHomerpisi» (Bif IpelbKUX CJIiB «TPUTOHOH» —
TPUKYTHUK 1 «MeTpeo» — BUMIipIOBAaTH) 03HAYAE «BUMipIOBaHHS
TPUKYTHUKIB» .

Ha pucyuky 4.4 sobpakeno mneHtpaabHuii Kyr AOB, axuii
nopiBHIOE 20.. I3 mpaMoKyTHOTO TpuKyTHUKAa OM B Maemo: M B =
= OB sin a. OT:ke, AKIIO B OAMHUYHOMY KOJi BUMipPSATH ITOJIOBUHU
IOBIKUH XOP[, Ha AKi CIMPAIOTHCA IeHTPaJbHiI KyTU 3 BeJINYU-
"Hamu 2°, 4°, 6°, ..., 180°, To TaKMM UYMHOM MM OOUMCJINMO 3HA-
YeHHS CUHYCiB KyTiB 1°, 2°, 3°, ..., 90° BinmoBigHO.

Buwmipoouu T0BKUHU ITIiBXOPH, JaBHBOT'PEIlb-
kuit acrponom Iimmapx (II ct. mo H. e.) cKJaB
TepIi TPUTOHOMETPUYHI TaOIMILi.

3HAYHUIT BHECOK Y PO3BUTOK TPUTOHOMETPIi 3po-
ouna INimaria Anxexcampapiiicbka (6. 350—-370 —

415), aka pasom 3i cBoiMm 6aTbkoM TeoHom AJek-
CaHIPiICbKUM CKJajla KOMeHTapi A0 BUYeHHd
IITonemea mnpo Ttpuromomerpito xopxa. I'imartia
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3alimMaJjiacs 00UMCIeHHAM aCTPOHOMIUHUX TaOJIMIlh, CTBOPEHHAM
acTpoJisabii — mpuiany AJs BUSHAUEHHS IITHUPOT i TOBTOT B aCTPO-
HOMii, siKka BMKOPUCTOBYBaJacs [IJisi BU3HAUEHHS IIOJOMKEHHS
CoHIis, 3ipoK Ta IIJIaHeT.
IToHATTS cuHyca if KocuHyca 3’ ABJSIOTHCA B TPUTOHOMETPUY-
HUX TpakTarax iHmilcbkux ydyenmx y IV-V cr. H. e. ¥ X cT.
apabcbKi BUeHi omepyBaju MOHATTAM
TaHreHca, sKe BUHUKJIO 3 TOTpe6 T'HO-
MOHIKM — YYeHHS IIPO COHAYHUU TO-
IUHHUK (puc. 4.5).
Y €spormi nepiroio poboTo0, Y AKil
TPUTOHOMETPiA PO3TJIAfaacs K OKpe-
Ma Hayka, OyB TpakraT «II’aThb KHUT
Puc. 4.5 PO TPUKYTHUKM BCiX BUIIB», yIepIie
HazpykoBauuit y 1533 p. Moro aBro-
pom OyB HimMenbKuii yuenuit Periomouran (1436—1476). Ileit :xe
BUEHHNI BiIKPUB i TeopemMy TaHTeHCiB:

() B-v y-o
a—b_tg 9 b—c_tg 9 c_a_tg 9

+B’ a +y’ B +a’
a+b tgazﬁ b+c thZY c+a tgyga

oe a, b i ¢ — [OBXUHU CTOPiH TPUKYTHUKA, O, P i Y — Beau-
YMHU KYTiB TPUKYTHUKA, IPOTUJICKHUX BIiAMIOBIZHO cTOpOHAM
3 IJOBXKUHaAMHU a, b i c.

CyuacHOro BUTJIAAY TPUTOHOMETpPiss Habyjaa B pobOTax BeJIH-
Koro marematuka Jleonapna Eiinepa.

JleoHapp Einep
(1707-1783)

BunpoaTtHuii matematuk, isnk, MexaHik
i acTpoHOM, aBTOp NoHa 860 HaykoBMX
npaup, 4neH MNMetepbyp3bkoi, bepniHCbKOI,
Mapnsbkoi akagemin Hayk, JIOHOAOHCBKOro
KOPOJIIBCbKOro TOBapucTBa, baraTtbox
iHLUMX aKkageMin Ta HayKOBMX TOBaApPUCTB.
IM’a Elinepa 3ycTpidaetbcs Manxe
B yCix 061acTaX MaTeMaTmKn: TEOPEMM
Ennepa, TotoxHoCTi Ennepa, kytn, OyHKLUIT,
iHTerpanm, GopmMmynn, PiBHAHHS,
NigCTaHOBKM TOLLLO.



5. DopMynu Ans 3HaXoOXKeHHs MIOoLLi TPUKYTHIMKA 39

5. ®opmynu gns 3HaXoa )KeHHs
NAoLLi TPUKYTHUKA
Iz xypcy reomerpii 8 Kjacy Bu 3HaeTe, M0 ILJIOINY S TpPHU-

KyTHUKA 3i cropoHamu a, b i ¢ Ta Bucoramu h,, h, i h, MOKHaA
o0UMCaAUTH 3a PopMyJIaMU

1 1 1
S=—ah, =—bh, =—ch,.
2 2 2
Temep y Hac 3’aABMJIAcA MOXKJIMBICTE OTPHMATH Ie KiTbKa

dbopmyn nnas 3HAXOAKEHHS IJIONII TPUKYTHUKA.
Teopema 5.1. Ilnowa mpukymnuxka 0OpPi6HIOE NONOBUHI
0ob6ymky 060x 1020 CMOPIH i CUHYCA KYma Mix HUMU.
JTosedennsa. © Posriasinemo TpukyTHUK ABC, 1oia sikoro
nopiBuioe S, Takuii, mo BC=a, AC=bi ZC =vy. [loBemgemo, 110

1
S =—absin
> Y

Mo:xkauBi Tpu BUIAIKU:

1) xyT y roctpuii (puc. 5.1);
2) Kyt Yy Tynuii (puc. 5.2);
3) KyT Y IpAMUIA.

B
a a
T L1800y
! A
A b D C b C
Puc. 5.1 Puc. 5.2

Ha pucynkax 5.1 i 5.2 npoBenemo Bucoty BD TPpUKYTHUKA
ABC. Tomi S= %BD -AC = %BD - b.

I3 mpamoxyTHOTrO TpuKyTHUKA BDC y mIepiiioMmy BUIIAAKY (IUB.
puc. 5.1) orpumyemo: BD = a sin vy, a B ipyromy (ausB. puc. 5.2):
BD =a sin (180° —y)=a sin Y. 3Biacu nasa IBOX HmepIIUX BUMIAM-

1
KiB maemo: S = Eab sin y.
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Axmo Kyt C npamuii, To sin y=1. {14 OpAMOKYTHOTO TPU-
KyTHuka ABC i3 KaTteramMu a i b maemo:

S = lab = lab sin 90° = lab siny. <
2 2 2

Teopema 5.2 (bopmyna I'epouna'). IInowy S mpurym-
HUKa 3i cmopornamu a, b i ¢ moxra obwuciumu 3a Gopmynoro

S=Jp(p-a)(p-b)(p-o),

de p — 1iozo nignepumemp.

Hosedenns. © Posrasinemo TpukyTHUK ABC, II0Ia AKOT0
mopiBuioe S, Takwuii, mo BC =a, AC=b, AB = c. J[loBegemo, 110

S=Jp(p-a)(p-b)(p-o).
Hexaii ZC =vy. 3anumiemo opMyJy IOl TPUKYTHUKA:

1 1
S = Eab siny. Bsigcu S® = Zazb2 sin® y.

3a Teopemoio KocuHyciB ¢ =a?+ b? — 2ab cos Y.
2 2 2
a”+b" -c
2ab
Ockinbku sin2y=1 — cos?y=(1 — cos y) (1 + cos Y), To:

S? = iazb2 (1-cosy)(1+cosy)=

=la2b2-(1—a2+b2_62j(1+a2+b2_02]:
4 2ab 2ab

Toni cosy =

_1 e 2ab-a’ -b>+c® 2ab+a’+b’ -
4 2ab 2ab
1
= (€ ~(@=b)")(a+b)’ ~c)=
_c—a+b c+a-b atb-c a+b+c
2 2 2 2
_(a+b+c)-2a (a+b+c)-2b (a+b+c)—2¢c a+b+c
2 2 2 2
! Tepou AnekKcaHIpPiWiCbKUN — NaBHBOIPENBbKUNA yUYEHUH,

AKui KB y I cT. H. €. Moro maremaTmuni mpali € eHIUKJIOIIEIi€r0
IPUKJIATHOI MaTeMaTUuKU.
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_2p—2a.2p—2b 2p-2c 2_p
2 2 2 2
Beizen S=p(p-a)(p-b)(p—c). 4

=p(p—-a)(p-b)(p-o).

Teopema 5.3. I[Inowy S mpukymHuka 3i cmoponamu a, b
i ¢ mosxcna obuucaumu 3a popmynoro

o abe
4R

de R — padiyc kona, onucarnozo HA6KONL0 MPUKYMHUKA.

Hosedennsn. © Posrasinemo TpuKyTHUK ABC, maoIa sikoro
nopiBHioe S, Takuii, mo BC =a, AC=b, AB =c. [JoBegemo, 110

abce .
S = R e R — pagmiyc ommcaHoro KoJja TPUKYTHHKA.

Hexait /A = 0. 3anumiemo GopMyay ILIOINI TPUKYTHUKA:

1
S = Ebc sin o.

: a
I3 memu 1. 3 BuIIMBAE, II0 Sin o = E

. 1 . 1 b
Toxi S=—bcs1noc=—bc-i=ﬂ.
2 2 2R 4R
3ayBa)KuMO, IO LOBEJeHa TeopeMa OAa€ 3MOry 3HAXOIUTU

paziyc ommMcaHoOTo KoJia TPUKYTHUKA 38 ()OPMYJIO0

g abe
45

Teopema 5.4. Ilnowa mpukymHuka 0opiéHioe dobymKy
11020 nienepumempa ma padiyca 6nNuUcCanH0zo Koaa.

Tosedennsa. © Ha pucyHry 5.3 B
300paskeno TpuKyTHUK ABC, v akuii N
BOMCAHO KO0JIO pafxiyca r. IloBegemo, M

mto o)

. ¢

Ie S — II0Ia JaHOTO TPUKYTHUKA,
p — #oro miBmepumeTrp. Puc. 5.3




42 § 1. PO3B'A3YBAHHA TPUKYTHUKIB

Hexaii Touka O — IIeHTD BIIMCAHOTO KOJa, AKEe JOTHUKAETHCS
o cropiu Tpukytauka ABC y toukax M, N i P. ILioia TpukyT-
Huka ABC popiBuioe cymi ot TpukyTHukis AOB, BOC i COA:

S =8,08 +Sgoc + Scoa-

IIpoBememo paxiycu B Touku goTuky. Orpumyemo: OM 1 AB,

ON 1 BC, OP 1 CA. 3sincu:

S,,=~OM-AB=2r.AB;
2 2
1 1
Spoc = =ON - BC=—r- BC;
2 2
1 1
Sups = ~OP-AC=1r. AC.
2 2
Orxe,
S:%r-ABJr%r-BC%r-AC:r-W:pr.4

Teopemy 5.4 ysarajJbHIOE TaKa TeopeMa.
Teopema 5.5. IInowa onucanozo mHoz2oKymHuka 0OpieHI0O€
0ob6ymky lozo niénepumempa ma padiyca 6nucarnozo Kona.
HoBeniTh 1110 TeopemMy camocTiiiHo (puc. 5.4).
3ayBaXKuMoO, III0 TeopeMa 5.5 mae 3Mory 3Ha-
XOAUTHU Pajiyc BIMCAHOTO KOJa MHOTOKYTHHKA 34
GopMmMyI0I0

Puc. 5.4 p

O—w 3apmaua 1. JloseniTs, mo miomy S mapajejorpama
MOJKHAa O0UHCJUTU 3a (POPMYJIOIO

e a i b — MOBXUHM CYCiIHIX CTOpPiH mapaJjiejorpama, ot — KyT
MiK HUMU.

Pos3s’aszaHnnsa. Posraaaemo napaaemnorpam ABCD, y aKoMy
AB=a,AD=0b, /BAD = o (puc. 5.5). IIpoBegemo giaronanas BD.
Ockinsxu AABD = ACBD, To 3aIIuIlIeMO:

S,z =28 451 :2-%absinoc:absinoc.4
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B C C

Puc. 5.5 Puc. 5.6

O-w 3apmaua 2. JloBeziTh, 110 ILJIOIIA OIYKJIOTO YOTUPUKYT-
HUKA MOPiBHIOE TMOJIOBWMHI AOOYTKY Iforo miaroHajeii i cumyca
KyTa MiK HUMIH.

Pos3s’aszannsa. Hexant kyt misk giaromanamu AC i BD doTu-
puxkytauka ABCD popiBaioe ¢. Ha pucyury 5.6 LAOB = ¢. Toxi
/ZBOC = ZAOD =180°—-¢ i ZCOD = ¢.

Maewmo:

Sapen = Saos + Sgoc + Scop + Spoa =

:%OB-OA-sin(p+%OB-OC-sin(180°—(p)+

+%Oc.0D-Sin(p+%OD-OA-Siﬂ(lSO"—(p):
:%OB(OA+OC)-sin(p+%OD(OC+OA)-sin(p=
:%OB-AC-sin(p+%OD-AC-sin(p:%AC(OB+OD)-sin(p=
=%AC-BD-sin<p.4

3amgaua 3. CTopoHU TPUKYTHUKA JOPiBHIOIOTL 17 cM, 65 cm
i 80 cm. SHaliAiTH HAMEHIITY BUCOTY TPUKYTHUKA, pagiycu #oro
BIICAHOTO ¥ OIIMCAHOTO KiJ.

Pose’asannsa. Hexait a=17 cm, b =65 cm, ¢ =80 cm.
17+ 65+ 80

3HaliieMo IIiBIepuMeTp TPUKYTHUKA: P = I E— =81 (cm).
ILnomy TpukyTHuUKA obuucanmo 3a ¢popmyJioo I'epoHa:
S=Jp(p-a)(p—b)(p—c)=+81(81-17)(81-65)(81-80) =

=,/81:64-16 =9-8-4=288 (cm?).
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HaiimenIoo BHCOTOI0 TPUKYTHHKA € BHCOTAa, IIPOBEIEHA M0
oro HaOiIbIIOI CTOPOHM, HOBMKUHA SIKOI HOPiBHIOE C.

) 1 2S 2.288
Ockinbku S=-—ch,, To h,=—= =7,2 (cm).
2 c 80
. S 288 32
Pagmiyc Bomcanoro Koma r=—=——=— (cMm).
p 81 9

Paniyc onucanoro koJja

p_abe _17-65-80 17-65-5 5525

—_— = (cm).
48 4-288 4-18 72
2 2
Bidnosgidv: 7,2 cm, % cM, 5?—25 cm. 4
0000

3

6.

7.

. 9K MOXHa 3HaNTW NNOLLY TPUKYTHUKA, AKLLO BiZOMO ABi MOro

CTOPOHU Ta KYT MiX HUMUN?

. 3anuwite dopmyny fepoHa ons 064MCNEHHS MOLL TPUKYTHUKA.
. 9K MOXHa 0BUYMCINTI NAOLLY TPUKYTHUKA 3i CTOPOHaMU a, b i ¢

Ta pagiycom R onucaHoro kona?

. 9Kk MOXHa 3HaNTU paaiyc OnMcaHoro kKosfla TPUKYTHUKA, SKLLO

BiAOMO MOLLY TPUKYTHUKA Ta Oro CTOPOHN?

. 9K MOXHa 3HanTK NAoLWy TPUKYTHUKA, SKLWO BiAOMO MOro nie-

nepuMeTp i pagiyc BNMcaHoro kona?

AK MOXHa 3HaNTK padiyc BNMCAHOro Kosa TPUKYTHUKA, SKLLO
BiLOMO MJIOLLY TPUKYTHUKA Ta MOro CTOPOHN?

Yomy O0piBHIOE NaOLWA ONMMCAHOr0 MHOFOKYTHMKA?

e
W BMNPAB/ I

5.1.° BuaigiTe miomy TpukytHuka ABC, AKIIO0:
1) AB=12 cm, AC=9 cm, LA =30°;
2) AC=3 cm, BC=6+2 cm, ZC=135°.
5.2.° 3mangiTe maoily TpuKyTHuKa DEF, aKIno:
1) DE=T7 cm, DF =8 cm, D =60°;
2) DE=10 cm, EF =6 cm, ZE =150°.
5.3.° ILlnoma tpuxyrtuuxka MKN gopisuioe 75 cm?. 3HaigiTh
croporny MK, axiqo KN =15 cm, ZK = 30°.
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5.4.° 3HaiifiTh KyT MiK mammMu cTopoHaMu TpuKyTHuka ABC,
AKIIO:
1) AB=12 cm, BC=10 cm, mioIa TPUKYTHHUKA IOPiBHIOE

30\/§ cM?;

2)AB =14 cm, AC = 8 c™, ILIOINA TPUKYTHUKA JOPiBHIOE 56 cM?.

5.5.° IInoma tpurkyruuxa ABC popisBuioe 18 cm?. Bimomo, mio
AC=8 cm, BC=9 cMm. 3uaiigits Kyt C.

5.6.° 3HaliAiTh IJIOIY PiBHOOEAPEHOTO TPUKYTHUKA 3 OiUHOIO
cTopouoo 16 cm i Kyrom 15° mpu OCHOBI.

5.7.° 3HaiimiTh MOy TPUKYTHUKA 31 CTOPOHAMMU:

1) 13 cm, 14 cm, 15 cm; 2) 2 c™m, 3 cMm, 4 cMm.
5.8.° 3HafifiTL IOy TPUKYTHUKA 3i CTOPOHAMI:
1) 9 cm, 10 cm, 17 cMm; 2) 4 cm, 5 cm, 7 cMm.

5.9.° 3HaligiTh HAIMEHIITYy BHUCOTY TPUKYTHUKA 31 CTOpOHaAMU
13 cm, 20 cm i 21 cMm.

5.10.° 3HaigiT, HAWOIABITY BHUCOTY TPUKYTHHUKA 31 CTOpOHAMU
11 cm, 25 cm i 30 cm.

5.11.° IlepumeTp TPUKYTHUKA AOPiBHIOE 32 cM, a pajiyc BIuca-
HOro Kojsla — 1,5 cM. S3HAHAITEH MJIOITY TPUKYTHUKA.

5.12.° ILiomia TPUKYTHUKA JOpiBHIOE 84 cM2, a Hioro mepuMerp —
72 cm. 3HaUAITH pajiiyc BOIMCAHOTO KOJa TPUKYTHHUKA.

5.13.° 3HaiifiTh pagiycu BIIMCAHOrO Ta OMMCAHOTO KiJ TPUKYT-
HUKa 3i cTopoHaMu’:
1) 5cm, 5cemi 6 cm; 2) 25 cm, 29 cm i 36 cMm.

5.14.° 3gaigiTe pamiycu BIIMCAHOTO Ta ONMCAHOTO KiJ TPHUKYT-
HUKa 3i cropomamu 6 cm, 25 cm i 29 cMm.

5.15.° 3uaiigiTh IJI0Iy mapaJjejgorpaMma 3a oro croponamu a i b
Ta KyTOM Ol MiK HUMU, AKIIO:
1) a=5+2 cm, b=9 cMm, o =45%
2)a=10 cm, b=18 cm, ao=150°.

5.16.° YoMy mopiBHIOE ILJIOINA ITapajejorpaMa, CTOPOHU SKOTO
IopiBHIOOTL 7 cM i 12 cMm, a oguH i3 KyTiB — 120°?

5.17.° 3uaiigite miaorry pomba 3i cTopoHo 9 J3 emi KyToMm 60°.

5.18.° [liaroHayi OIMyKJIOTO YOTHPUKYTHUKA IOPiBHIOIOTH 8 cM
i 12 cMm, a xKyT Misk HUMU — 30°. 3HAUAITH ILJIOITY YOTHPU-
KYTHHUKA.
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5.19.° 3HaiigiTh MOy OMYKJIOTO UYOTHUPUKYTHHUKA, AiaroHaJi
AKOTO TOPiBHIOIOTH 3J3 cmi4 cM, a KyT Misk HUMHU — 60°.

5.20.° 3uaiigiTe 6iuHy CTOPOHY PiBHOOGEAPEHOT0 TPUKYTHUKA,
ILIOIA SAKOro mopiBHIOE 36 cm?2, a KyT mpu BepmuumHi — 30°.

5.21.° fIxuit TPUKYTHUK i3 JBOMAa HAaHWUMHU CTOPOHAMHU Ma€ Haii-
OinpIry 1LIoImy?

5.22.° Yu mooKe IJIOIAa TPUKYTHUKA 3i cTopoHamu 4 cM i 6 cm
JIOopiBHIOBATU:
1) 6 cm?; 2) 14 cm?; 3) 12 cm??

5.23.° JIBi cycimHi cTopoHu mapaJiejorpamMa BiZIOBigHO JOPiBHIO-
IOTh JBOM CYCiZHIM CTOPOHAM IPAMOKYTHHKA. YoMy JOPiBHIOE
TOCTPUH KYT IapaJiesorpama, sSKIIo Horo IJIoIa BABiUi MeHIIa
Bif mJIoIli IpAMOKYTHUKA?

5.24.° 3HaligiTey BimgmomieHHs moil S; i S, TPUKYTHUKIB, 30-
OpasKeHUX Ha PUCYHKY 5.7 (IOBKMHU BipisKiB mJaHO B caH-
TUMETPAaX).

4
a 0 8
Puc. 5.7

5.25.° Bigpisok AD — OicexTpuca tpukyTHuka ABC. Iliomia
TpukyTHUKa ABD popisuioe 12 cm?, a TpukyrtHuka ACD —
20 cm?. 3maiigiTh BimHOmeHHs cropouu AB gmo croponm AC.

5.26.° 3HaANIITH IOy TPUKYTHIKA, CTOPOHA SIKOT0 JOPiBHIOE 4,
a mpuiersi 1o Hei KyTu HopiBHIOOTH [ 1 Y.

5.27.° Pamiyc Koja, ommcaHOTO HABKOJIO TPUKYTHUKA, AOPiB-
HIO€ R, a Ba KyTHU TPUKYTHUKA AOPiBHIOIOTH O i . 3HAKIITH
IJIONTY TPUKYTHUKA.

5.28.° ¥V mpuryruury ABC Bimomo, mo AC=b, Z/A=0a, Z/B=0.
3HaAUOITH MOy TPUKYTHUKA.
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5.29.° ¥V tpukytaury ABC xyT A mopiBHIoe o, a Bucotu BD i CE
ITOPiBHIOIOTH BiAmOBimHO A, i h,. S3HAUAITEH MJIOITY TPUKYTHU-
ka ABC.

5.30.° Bigpisox BM — Bucora tpukytuaunka ABC, BM =h, ZA=q,
Z/ABC = . 3uaitgite miaomly tpukyrauka ABC.

5.31.° ¥ TpukyTHUK 3i cTropornamu 17 cm, 25 cm i 28 cm BIicaHo
KOJIO, IIEHTP SKOTO CIIOJIYUEHO 3 BEePIIMHAMU TPUKYTHUKA.
SHaAUAITh IJIOINI TPUKYTHUKIB, AKi IPU IIbOMY YTBOPUJINCS.

5.32.” Binpisox AD — 6icexkTpuca TpukytTauka ABC, AB =6 cwm,
AC =8 cm, /BAC =120°. 3uaiigite 6icekTpucy AD.

5.33.* 3uaiiaiTh ILJIOITY Tpalellii, OCHOBU K01 MopiBHIOIOTE 10 cM
i 50 cm, a 6iumi croporu — 13 cm i 37 cm.

5.34.** OcuoBu Tparmelrii JopiBHIOIOTL 4 ¢cM i b c¢M, a miaroHami —
7 cm i 8 cM. 3HaligiTh IOy Tparmerrii.

5.35. Bingpisku BM i CK — BUCOTHU T'OCTPOKYTHOTO TPUKYTHUKA
ABC, /A =45°. 3HaigiTh BigHOIIEHHSA ILJIOII TPUKYTHUKIB
AMK i ABC.

5.36." CTopoHu TPUKYTHUKA JOPiBHIOIOTEL 39 cM, 41 cm i 50 cm.
3HalgiTh pagiyc Koja, IeHTP AKOT0 HAJEXKUTh OiJbIIiii cTo-
POHi TPUKYTHUKA Ta AKe JOTUKAETLCS OO ABOX iHIITMX CTOPiH.

5.37. BepiuHU TPUKYTHUKA CIIOJYUYEHO i3 I[EHTPOM BIIMCAHOTO
B HBOTO KoJjia. IIpoBeneHi BifipidKu pos3OMBAaIOTh HaHUU TPU-
KYTHUK HA TPUKYTHUKU, IUIOI[I AKMX MOPiBHIOIOTH 26 cm?,

28 cm? i 30 cm?. 3HAHAITE CTOPOHM SAHOTO TPUKYTHUKA.
. 1 1 1 1 .
5.38.” loBenits, mo — +—+—=—, ne hy, hy i hy — MOBXKUHU
h, h, h,

BUCOT TPUKYTHUKA, ' — pajiyc BIIMCAHOTO KoOJa.

BMPABWU AN MOBTOPEHHS IS

5.39. IleprneHAUKYIAD, IPOBENEHUN i3 BePIINHY IPAMOKYTHUKA
o fioro miaroHaJi, OiJiUTh HOTo KyT y BimHomieHHi 4 : 5. Bu-
3HAUTE KYT MiK ITUM HNePIEeHANKYJISIPOM i IPYToio AiarOHAJLIIO.
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5.40. Cepenusa siuis MK tpamernii ABCD (BC || AD) nmopiBHIOE
56 cm. Yepes cepeauuy M cTopoHU AB IIPOBEAEHO IIPAMY,
sAKa mapajesabua ctopori CD i mepeTtuHae ocHOBY AD y Toulli £
TakK, o AE : ED =5 : 8. 3HaligiTh OCHOBU TpameIrii.

5.41. Bigpisoxk CD — 6icekTpuca TpukyTHuka ABC. Hepea Tou-
Ky D mpoBeneHoO IpsaMy, AKa mapajesbHa npaminn AC i mepe-

tuHae ctopony BC y touni E. 3uaiinits Bigpisoxk DE, AKIO
AC=16 cm, BC =24 cwm.

[
; rotyemocs 40 BUBY4EHHS HOBOI TEMI/ I

5.42. 3HaWAiTh CyMy KYTiB OIYKJIOr0 CEMUKYTHUKA.
5.43. Yu icHye ONYKJUN MHOTOKYTHHK, CyMa KYTiB SKOTO I0O-
PpiBHIOE:
1) 1080°; 2) 1200°?
5.44. Yu icHye MHOTOKYTHHUK, KOMKHHUI KYT AKOr'0 JOPiBHIOE:
1) 72°; 2) 171°?
5.45. Yu € mpaBUJIbHUM TBep:KeHHA (BiATIOBiAL OOIPYHTYITE):
1) AKIO BCi CTOPOHM MHOTOKYTHHKA, BIIMCAHOTO B KOJIO, PiBHI,
TO ¥ yci ioro KyTu Te’X PiBHI;
2) AKIO BCi KyTHM MHOTOKYTHUKA, BIIMCAHOTO B KOJIO, PiBHI,
TO ¥ yci 10ro CTOPOHM TeK PiBHi;
3) AKIIO BCi CTOPOHM MHOTOKYTHNKA, OIMCAHOTO HaBKOJIO
KoJia, piBHIi, TO # yci #ioro KyTu TeXX pPiBHi;
4) AKIIO0 BCi KYyTHM MHOTOKYTHUKA, OIIMCAHOTO HAaBKOJIO KOJIa,
piBHi, TO ¥ yci #ioTO CTOPOHU TeK PiBHi?

CMOCTEPITAUTE, PUCYWUTE,
KOHCTPYIOWTE, ®AHTA3YWUTE

5.46. Jlano kBazpat posmipom 99x99 kimitunox. Kosxmy Kiri-
TUHKY KBagpara modapboBaHo B yopHHUit abo B 6imii Koiip.
HosBosgeTbCs oqHOUacHO mepedapOdyBaTu Bei KIITHHKY AeAKO-
IO CTOBIIIIA a00 AEeAKOTO PAAKA B TOI KOJip, KJIITHHOK SKOTO
B IILOMY CTOBIIIIi a00 B IIbOMY PAIKY M0 IepedapOoByBaHHS
Oyso maiibinpmie. Yu 3aB:K A1 MOKHA JOOUTICA TOTO, 100 yci
KJITHHKY KBaJpaTa CTaJW OJHAKOBOTO KOJLOPY?




30BHIBMMCaHe KONO TPUKYTHMKA 49

@ 30BHIBNMUCAHE KOJIO TPUKYTHUKA I

IIpoBenemo GiceKTpucu ABOX 30BHIITHIX KYTiB i3 BepHimHaMu
Ai C rpukyrauka ABC (puc. 5.8). Hexaii O — TouKa mepeTuHy
nux Oicextpuc. Toxmi Touka O piBHOBigmaiena Bim npavmux AB,
BC i AC.

IIpoBememo Tpu mepmnenazukyasapu: OM 1 AB, OK 1 AC,
ON 1 BC. 3posywmino, mo OM =OK =ON. Otr:xke, icHye K0JO i3
meHTpoM y Toulli O, AKe TOTUKAETHCA OO CTOPOHU TPUKYTHUKA
Ta IPONOB:KEHb MIBOX iHINMUX #ioro cTopiH. Take Koyio Ha3MBAIOTH
30BHiBIHCAHUM KoJioM TpukyTHuKa ABC (puc. 5.8).

Ockinsxu OM = ON, to Touka O HaJEeXUTh OiceKTpuci Kyra
ABC.

Bynb-aAKuii TPUKYTHUK Mae€ TPU 30BHIBOMCAHUX KoJja. Ha
pucyHKy 5.9 ixHi meuTpu nmosuaueno O,, Oy i O.. Pagiycu mux
KiJ mosHaumMo BipmoBimwHO 7, 7,1 7.

3a BJIACTUBICTIO HOTUUYHUX, NPOBEIEHUX MO0 KOJIa UYepes
onuy Touky, maemMo: CK =CN, AK =AM (puc. 5.8). Toni
AC=CN +AM. Or:xxe, nmepumerp TpukyTHuka ABC 10piBHIOE
cymi BM + BN. Ane BM =BN. Toxi BM = BN =p, ne p — miB-
nepumeTrp TpukyTHUKa ABC.

Puc. 5.8 Puc. 5.9
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Maemo:

S,ise :SOAB+SOCB—SOAC:§OM-AB+%ON-BC—%OK-AC:

1 +b+c—-2b 2p—-2b
=§rb(c+a—b)=rb-a 2c =r,- pz =r,(p-b).

. S
3Bigcu r, = —b, me S — maoma TpukyTHuka ABC.
p —

. S S
AHaJIOI‘ltIHO MOMHA IIOKa3aTu, IIo ra = N rc =
—-a p—c
BMPAB/ I
. 1 1 1 .
. I[OBe,Z[lTB, o —=— +—+—, er — panlyc BIIMCAHOI'O KOJia

r r r
a b c

TpukyTHUKa ABC.

. HoBexmiTh, 110 ILIOINY S IPAMOKYTHOIO TPUKYTHHKA MOMKHA

obumcauTu 3a popmysow S=r,*r, 1e r. — pajiyc 30BHiBIIH-
CaHOTO KOJIa, AKe JOTUKAETHCSA OO0 TillOTeHYy3W TPUKYTHUKA,
r — paIiyc BIIMCAHOrO KOJIa JAHOI'0 TPUKYTHUKA.

. Y piBHOCTOPOHHIN TPUKYTHUK 3i CTOPOHOIO @ BIIMCAHO KOJIO.

Jlo KoJa ITpoBeIeHO JOTUYHY TakK, IO BiAPi3OK MOTUYHOI, AKUN
HAJIEXKUTh TPUKYTHUKY, OOPiBHIOE b. SHAUIITHL IIJIONIY TPU-
KYTHHKA, AKUU I JOTHYHA BiATHMHAE BiJ PiBHOCTOPOHHBLOTO
TPUKYTHUKA.

. ¥ uorupukytTHuKky ABCD niaronanb BD neprneHIANKYJIAPHA 10

cropoau AD, LADC =135°, /BAD = /BCD =60°. Hosexnirs,
mio miaroHaynb AC e GicekTpucoro Kyta BAD.

Brasiska. [oBeniTh, 1m0 Touka C — IeHTP 30BHiBIIMCAHOTO
KoJia TpuKkyTHUuKa ABD.

. Y tpurytaury ABC Kyt B popisuioe 120°. Bigpiskum AN,

CF i BK e 6icekrpucamu TpukyTHukKa ABC. J[oBemiTh, IO
KyT NKF nopiBuaioe 90°.

Brasiexa. Ha mpomoB:kenHi ctopouu AB 3a ToOuKy B mo3Ha-
yumo Touky M. Tomi ZMBC = /ZKBC =60°, To6To IIpOMiHbL
BC — b6icexTpuca 3oBHinTHLOr0 KyTa M BK TpuKkyTHUKAa ABK.
3Bifcu BUILINBAE, 110 TOYKA N — IIeHTP 30BHIBIIMCAHOTO KOJIa
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TpukyTHUKa ABK. AHajloriuHo Mo:KHa TOBECTH, IO TOU-
Ka F — IeHTp 30BHiBIMCaHOTO Kojia TpukyTHUKa BCK.

. Cropona xkBagpata ABCD nopisuioe 1 cm. Ha cropomax AB
i BC nmosuaunau Touku M i N BiAmoBimHO Tak, 110 IepUMeTP
TpukyTHUKa M BN nopiBHioe 2 cm. 3HaiaiTh KyT M DN.
Brasiska. [loBeniTh, 1110 Touka D — IIEHTP 30BHiBIIMCAHOTO
KoJsia TpukyTHUKa MBN.

3ABAAHHS Ne 1 «MEPEBIPTE CEBGE» B TECTOBIA ®OPMI

. fIxa 3 piBHOCTe#l € IpaBUILHOIO?
A) cos (180° — o) =sin o
B) cos (180° — o) =cos o
B) sin (180° — o) = cos «;
I') sin (180° — o) =sin o.

. fIxa 3 HepiBHOCTEIl € TPABUIBLHOIO?
A) sin 100° cos 110° > 0;

B) sin 100° cos 10° < 0;

B) sin 100° cos 110° < 0;

I') sin 100° cos 90° > 0.

. 3HANOITh TPETIO CTOPOHY TPUKYTHUKA, AKIIO ABi IOTO CTOPOHU
IOPiBHIOIOTH 3 ¢cM i 8 cM, a KyT Misk HumMu gopisuioe 120°.

A) NCYd cvm;  B) 7 cwm; B) 9 cwm; I J32 cm.

. SIXuUM € KyT, 110 JeKUTDH IPOTH OiJIbIITOI CTOPOHN TPUKYTHUKA
3i cropornamu 4 cm, 7T em i 9 cm?

A) T'ocTpum;

B) rynuwm;

B) nmpamum;

I') ycraHOBUTH HEMOIKJINBO.

. Ky mixx m1BOMa cropoHaMu TPUKYTHUKA, OfHA 3 AKUX Ha 10 cMm
Oinpia 3a apyry, gopiBHIOE 60°, a TpeTsa cTOpoHa AOPiBHIOE
14 cm. fka moB:KuMHa HaiOiNABIIOI CTOPOHU TPUKYTHUKA?

A) 16 cwm; B) 14 cwm; B) 18 cwm; T') 15 cwm.
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6. lliaronani mapaJsesorpama gopiBHIOIOTE 17 cm i 19 cMm, a fioro
CTOPOHM BimHOCATHCI AK 2 : 3. YoMy mOpiBHIOE IIEepUMETP
napaJjeJsiorpama?

A) 25 cm; B) 30 cwm; B) 40 cwm; ') 50 cwm.

7. Y mpukytaurky ABC Bigzomo, 1m0 AB =8 cm, ZC =30°, LA =45°.
3HanigitTe cropony BC.

A) 842 cm; B) 442 cm;  B) 1642 em; T) 1242 cwm.

8. Yomy mopiBuioe BimHomienuHsa AC : BC cTOpiH TPUKYTHUKA
ABC, akmo ZA=120°, /B =30°?

A) g; B) V/3; B) g; r) %

9. V mpukytauky ABC Bimomo, 1110 AB=4.2 cm, ZC=135°.
3HaUmiThL JiamMeTp Ko0Ja, OIMMCAHOTO0 HAaBKOJIO TPUKYTHUKA.
A) 4 cwm; B) 8 cwm; B) 16 cwm; ') 2 cm.

10. fAxoro HaOiABIIOr0 3HAUEHHS MOXKe HaOyBaTHU ILJIOIINA TPHU-
KyTHUKA 3i cropoHamu 8 cm i 12 cm?
A) 96 cm?;
B) 48 cwm?;
B) 24 cwm?;
T") yecranOoBUTH HEMOIKJIUBO.

11. 3HaiigiTe cymMy pajZiyciB BOMCAHOTO Ta OMMCAHOTO KiJl TpU-
KyTHUKA 3i croponamu 25 cm, 33 cm i 52 cm.
A) 36 cwm; B) 30 cwm; B) 32,5 cwm; I') 38,5 cm.

12. [IBi cTopoHU TpUKYyTHUKA HOopiBHIOIOTE 11 cMm i 23 cm, a me-
miaHa, mpoBedeHa OO0 TPeThoi cropouu, — 10 cm. SHalmiTh
HEBiJIOMY CTOPOHY TPUKYTHUKA.

A) 15 cm; B) 30 cwm; B) 25 cwm; ') 20 cm.
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FOJIOBHE B NMAPATPA®DI 1

Kocunyc i cunyc
Kocunycom i curycom KyTa o (0°<a<180°), axkomy Bigmo-

Bimae Touxka M OZMHWYHOTO IIiBKOJIA, HA3WBAIOTh BiIIIOBiITHO
abcrucy i opamHATY TOUKU M.

Tanrenc
Tamremcom Kyra o, Ae 0°<o<180° i o= 90°, masuBamTh
sin o

BigHOIIIEHHSA .
cos O

Teopema KOCHHYCIB

KBagpar cTopoHu TPUKYTHUKA JOPiBHIOE CYyMi KBaJgpaTiB IBOX
iHITUX CTOPiH MiHYC IMOABOEHMI MOOYTOK IIMX CTOPiH i KOoCH-
Hyca KyTa MiK HUMU:

a?="b?%+c? — 2bc cos a.

Hacaigok 3 TeopeMu KOCHHYCIB

Hexait a, b i ¢ — @OOBXKUHU CTOPiH TPUKYTHUKA, IPUIOMY
a — IOBMKHUHA Horo Hanbiasmiol croponu. Axio a? < b? + ¢2?,
TO TPUKYTHUK € TOCTPOKYTHHM. AKIio a? > b%+ ¢?, To Tpu-
KYTHUK € TYHOKyTHHM. JIKImo a?= b2+ ¢?, TO TPUKYTHUK
€ MPAMOKYTHUM.

Jlema mpo xopay KoJia

Xopzaa xoJja JOpiBHIOE JOOYTKY AiaMeTpa Ta CUHyca OyIb-sIKOTro
BIIICAHOI'O KyTa, SKHUI CIIMPAETHCA HA I[I0 XOPAY.

Teopema cunyciB

CTOpOHM TPUKYTHUKA IIPOIOPIiAHI CMHYycAM NTPOTUJIEKHUX
KyTiB:
a b c

sinoe  sinf siny
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dopmynu Oy 3HAXOMKEHHSA IO TPUKYTHUKA

1
S ==absin
5 Y

®opwmy.a Tepoma: S=./p(p—a)(p-b)(p-c)
_abe
4R
S =pr

(I)opMyJIa OJIA SHAXOOJKEeHHA pa;[iyca KoOJa,
BIIMCAHOI'O B TPUKYTHHURK

r=—
p

dopmynu IIa 3HAXOMKEHHA pajaiyca KoJja,
OMMCAHOT0 HABKOJIO TPMKYTHHKA

R= a
2sin o
_abc
48

Ilmoma MHOTOKYTHHKA, OIIMCAHOT0 HABKOJIO KOJIa

ILioiia MHOTOKYTHUKA, OMMCAHOTO HABKOJIO KOJA, MOPiBHIOE
IoOyTKY iforo miBmepumerpa Ta pajiyca BIMCAHOI'O KoOJa.



7

NPABWJIbHI 2
MHOIOKYTHUKIA =
9

Y ybomy naparpadi BU AOiBHAETECH, SKi MHOTOKYTHUKW Ha3nBa-
I0Tb NPaBuMibHMMU. BuBunTEe BNACTMBOCTI NpaBUIbHUX MHOIO-
KYTHUKIB. [li3HaeTecs, g9k 3a OMOMOrol LMPKYAa Ta NiHInKn
OyayBaTu Oesiki 3 HUX.

HaBunteca 3HaxoomTn pagiycu BNMcaHoro M onrucaHoro Kin npa-
BWJIbHOFO MHOIOKYTHUKA, OOBXMHY AYyry KOna, rioLlj cekropa
Ta CerMeHTa Kpyra.

6. MpaBnbHI MHOrOKYTHUKM Ta TXHi BIaCTUBOCTI

Os3nmauvenus. MHOTOKYTHUK HAa3WBAaKOTh NMPaBUJBHHUM,
SIKIIO B HHOTO BCi CTOPOHU PiBHIi Ta BCi KyTH piBHIi.

3 IeAKUMU NPaBUJILHUMU MHOTO-

KYTHUKaMU BU ByKe 3HaMoMi: piBHOCTO-

POHHIiNI TPUKYTHUK — IIe IIPaBUJbHUN

TPUKYTHUK, KBaapaT — Ile IPaBUJIb-

HU#T yoTUPUKYyTHUK. Ha pucyuky 6.1

300pa’keHO0 NPaBUJbHI I'ATUKYTHUK

i BOCBMUKYTHUK. Puc. 6.1
OsHatoMuMOCs 3 AeAKUMU BJIACTUBOCTSIMU, IO ITPUTAMaHHI

BCiM IpaBUJIBHUM N-KYTHUKaM.

Teopema 6.1. Ilpaéunvrulli MHO20KYMHUK € ONYKAUM
MHOZOKYMHUKOM.

I3 moBemeHHSAM Ifiel TeopeMU BUM MOYKeTe O3HAMOMUTHCSA Ha

c. 60-61.
180° (n — 2)

n
CmopaBai, OCKiTBKM cyMa KYTiB OONYKJIOTO N-KYTHHKA JOPiBHIOE
180°(n — 2) i Bci KyTu piBHiI, TO KOKHUM i3 HUX TOpPiBHIOE
180° (n - 2)

n

KokHUM KyT IPpaBUIBLHOTO N-KYTHUKA JOPiBHIOE
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Y npaBmabHOMY TPUKYTHUKY € TOUYKAa, PiBHOBiAmajseHa Bifg
ycix #ioro BepInmH i Big ycix fioro ctopin. Ile Touka mepeTuny
0iceKTpuc MpaBUILHOTO TPUKYTHUKA. TouIli mepeTuHy amiaroHa-
Jel KBajJpaTa TeX HNpHMTaMaHHa aHajoriuHa BjgacTtuBicTb. Te,
110 B OyAb-AKOMY IIPABUJIBHOMY MHOTOKYTHHUKY € TOUKAa, PiBHO-
BimmasieHa AK Big ycix #oro BepInuWH, Tak i Big ycix #ioro cropiH,
IiITBEPIKY€E TaKa TeopeMa.

Teopema 6.2. Bydv-akuil npasunibHUl MHOZOKYMHUK € AK
6NUCAHUM Y KOO, MAK i ONUCAHUM HABKONO KOLA, NPULOMY
YyeHmpu Oonucanozo ma 6nNUCAH020 Kin 36izaromuvces.

Hosedennsa. © Ha pucynry 6.2 306pakeHO NpPaBUJILHUN
n-KyTHUK A AA;...A,. lloBereMo, 1110 B HHOT'O MOKHA BIIMCATH
I HaBKOJIO HHOTO MOJKHA OIUCATH KOJa.

IIpoBenemo GicekTpucu KyTiB A, i A,. Hexait O — Touka iXHbBO-
ro niepetuny. Criosryunmo Touku O i A;. OCKIIBKY B TPUKYTHUKAX
OA.A, i OAA; xytu 2 i 3 piBui, Aj/A,=A,A; i OA, — cmoinbHA
CTOPOHA, TO I[i TPUKYTHUKY PiBHi 3a IMepPIIIOi0 03HAKOIO PiBHOCTI
TpuKyTHUKiIB. KpiMm Toro, KyT; 1 i 2 piBHi 9K mOJIO0BUHU PiBHUX
KyTiB. 3Bimcu TpukyTHUK OA,A, — piBHOGEIPEHMI, OT:Ke, PiBHO-
oenpenuM € TpUKyTHUK OA,A;. Tomy OA, = OA, = OA,.

Coonyuatoun Touky O 3 BepmuHamu A,, A;, ..., A, 1, 4,,
aHAJOTiUHO MOJKHA MoKasaTu, 1110 OA; =0A,=...=0A,_ ,=0A,.
TakumM YMHOM, IJS MHOTOKYTHUKA A A,A;...A, icHye Touka,
piBHOBigmasena Bif ycix #ioro BepmmH. Ile Touka O — 1EeHTP
OIMCAHOI0 KOJa.
A4
A, o
| >
AX) A,
n—-1
NV u
A, A, A M B

Puc. 6.2 Puc. 6.3
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Ockinbku piBHOOenpeHi TpukyTHuUKU OAA,, OAA;, OAA,,
..., OA,_,A,, OA A, piBHi, To piBHi i ixHi BucoTH, TIpOBenaeHi
3 BepmumHu O. 3Bifcu poOMMO BHUCHOBOK: Touka O piBHOBigma-
JeHa Bifg ycix cTopin mHOrokyTHmKa. OTike, Touka O — IeHTP
Bnucasoro xKoua. 4

TouKy, fiKa € IEHTPOM OIMCAHOTO Ta BIIMCAHOTO Kij mpa-
BUJIBHOTO MHOTOKYTHWKA, HA3WBAIOTH IEHTPOM IPABUIBLHOTO
MHOTOKYTHHMKA.

Ha pucyury 6.3 3006paskeHo (pparMeHT IPaBUIBHOTO N-KYTHUKA
i3 meuTpom O Ta cTopoHOIO AB, MOBKHUHY SIKOI MO3HAUNMO Q,.
Kyt AOB HazuBaoTh HEHTPAILHUM KYTOM IIPaABUJIHHOTO MHOTO-

360°
KyTHHMKa. 3po3ymino, mo LAOB= .
n
VY piBHOOGegpeHOoMy TPUKYTHUKY AOB mposegemMo Bucoty OM.
. 180°
Toni ZAOM = Z/BOM =——, AM:MB:%”.
n
Iz TpukyTHUKa OM B OTPUMYEMO, IO
I T an180° oM =2 = a;80°'
sin ZBOM 9sin —20 tg ZBOM 2tg 0
n n
Bigpiskm OB i OM — pagiycu BiZIIOBifHO OmMCAHOTO Ta

BOMCAHOTO KiJ NPaBUJIBHOTO N-KYTHUKA. SIKIMO IXHi JOBRKUHU
no3”auuTu R, i r, BigmoBigHO, TO OTpUMAaHi pe3yabTaTH MOYKHA
3amucaTu y BUIJIALL (popMy.I:

a
R =——" —
n 1 o
25inﬂ

n
r = %
n 180°
2tg ——

n

IligcraBuBiiu y 1i popMyau 3amicTs n umuciaa 3, 4, 6, orpu-
MaeMo OPMYJIH AJIs 3HAXO/KEeHHs PagiyciB OmMMcaHoro Ta BIU-
CaHOr0 KiJM [ HPaBUJILHUX TPUKYTHUKA, YOTUPUKYTHUKA M
IIeCTUKYTHUKA 3i cTOpoHOIO a (auB. Taba. Ha c. 58).
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KinpkicTh cTOpiH mpaBuIb-
P P n=3 n=4 n==6
HOTO N-KYTHUKA
Paziyc omucanoro Koja R, = a3 R, = ﬂ Rs=a
3 2
. a3 —— a3
Pagiyc Buucanoro xoJsa r, = 5 179 Ty = 5

3 oTpUMAaHUX Pe3yJbTAaTiB BUILIMBAE, II[0 CTOPOHA IPABUJIb-
HOT'O INIeCTUKYTHHKA MOPiBHIOE pamiycy HOT0o OIIMCAHOIO KoJia.
Temep Mo)KHa 3anIuCATH AJTOPUTM HOOYAOBU IIPABUILHOTO IIIEC-
TUKYTHUKA: BiJ HJoBiabHOI Touku M KoJia MOTPi6GHO MOCTIiTOBHO
BiIKJIamaTH XOpau, AKi JOPiBHIOIOTH panxiycy (puc. 6.4). Takxum
YMHOM OTPUMYEMO BEPIINHU IPABUJILHOIO IIECTUKYTHUKA.

A

C
Puc. 6.4 Puc. 6.5 Puc. 6.6

CoosyuuBINIM Uyepes ONHY BEPIINHU IPAaBUJIBHOTO IIIECTUKYT-
HUKAa, OTPUMAEMO IIPAaBUILHUN TPUKYTHUK (puc. 6.5).

st mo0ynoBU IPaBUIBHOTO YOTUPUKYTHUKA JOCTATHRO B KOJIi
IIPOBECTH JBa NepreHAuKyaapuux giamerpu AC i BD (puc. 6.6).
Toxai wornpuryTauk ABCD — KBajpar (JOBeAiTh Ie CaMOCTiiTHO).

k1o mobymoBaHO IPaBUILHUN N-KYTHUK, TO JETKO MO0yayBa-
TU TPABUJBbHUN 2n-KyTHUK. [[JId 11bOT0 TOTPiOHO 3HAWTU Ccepenu-
HY BCiX CTOPiH n-KYTHUKA Ta IPOBECTU PAJiyCU OIIMCAHOI0 KOoJa
yepes orpuMaHi Touku. Toxi KiHmi pamiyciB i BepmimHu JaHOTO
n-KyTHUKa OyIyTh BEPIIMHAMU IPaBUJILHOTO 2n-KyTHUKa. Ha
pucyHKax 6.7 i 6.8 moxkasamo mo0ynoBy IpaBUJIbHUX 8-KYTHUKA
Ta 12-KyTHUKA.
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Puc. 6.7 Puc. 6.8 Puc. 6.9

3amaua 1. Yu icHye nIpaBUJIbHUN MHOTOKYTHUK, KYT SKOTO
mopiBuioe: 1) 155°; 2) 177°? Y pasi cTBepaHOi BiATIOBimi BKaXKiTh
BUJ MHOTOKYTHUKA.

1) Hexaii n — KiJbKiCTh CTOPiH IIIYKAHOTO NIPABUJILHOTO
MHOTOKYTHHKAa. 3 OQHOTO OOKYy, cyMa IOro KyTiB AOpiBHIOE
180°(n — 2). 3 mpyroro 00Ky, 1a cyMma mopiBHIoe 155°n. Otike,
180°(n — 2) =155°n; 25°n = 360°; n = 14,4. OckinbKu n Mmae 0yTu
HaTypalbHUM YHCJIOM, TO TAKOTO IPABUJIBHOTO MHOTOKYTHHKA
He icHYye.

2) Maemo: 180°(n — 2)=177°n; 180°n — 360°=177°n; n=120.

Bidnosidv: 1) He icuye; 2) icHye, Ile — CTOABAAIIATUKYT-
HuK. 4

3amaua 2.V KO0JIO BIMCAHO ITPABUJILHUN TPUKYTHUK 31 CTO-
poHoio 18 cm. 3HAKUIITh CTOPOHY IPABUJIBHOTO IIECTUKYTHUKA,
OITICAHOI'0 HABKOJIO IIHOTO KoJa.

Pos3s’aszannsa. Pagiyc KoJsa, OIMCAaHOTO HABKOJO IIPAaBUIIhL-

a3

HOTO TPUKYTHHKA, OOYMCIIOITH 3a (GopmMyrnon R, = 3 e

a — IOBXKHMHA CTOPOHU TPUKYTHUKA (puc. 6.9). OT:xe,

R3=¥=6\/§ (cn).

3a yMOBOIO pafiyc KoJia, BIIMCAHOI'O B IIPABUJILHUI III€CTU-
KYTHHUK, JOPiBHIOE PafiyCcy K0Ja, OMMCAHOrO HABKOJO IPABUJIbL-

b3

HOT'O TPUKYTHHKA, TOOTO 7y = R, =6 V3 cm. Ockinbkn T, = >
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Ie b — [OOBKMHA CTOPOHU NPABUJIBHOIO INECTUKYTHUKA, TO

or, 2-643

b="6=-2""N% _12 (cm).

NN

Bidnogidwv: 12 cm. d

p B
¢ 1. AKMA MHOFOKYTHUK HAa3MBaOTb NPaBUIbHUM?
2. 9Ky iHWy Ha3BYy Ma€ NPaBUIbHUIA TPUKYTHUK?
3. 9Ky iHWY Ha3By Ma€ NPaBUIbHUM YOTUPUKYTHUK?
4. HaBKOMIO 9KOro NpaBuibHOr0O MHOMOKYTHMKA MOXHa onucaTu
KOno?
5. Y akuin npaBuIbHMN MHOFOKYTHUK MOXHa BAMcaTn KOno?
6. 9k posTalwoBaHi OAMH BIAHOCHO OOHOrO LLEHTPU BAMCAHOro Ta
OMNMCaHOro Kin NpaBmMiIbHOr0 MHOIOKYTHMKA?
7. Lo Ha3uBaloTb LLEHTPOM NPaBuiIbHOrO0 MHOIOKYTHMKA?
8. 3anuuwite popmynn pagiycie BNMCaHOro Ta ONMUCaHOro Kin npa-
BUJIBHOIO 7-KYTHUKA, TPUKYTHMKA, HOTUPUKYTHUKA, LUECTUKYTHUKA.
9. Onuwitb NOOYO0BY MPaBULHOIO LLECTUKYTHUKA.
10. Onuwitb NOOyO0BY NPaBUIIBHOIO YOTUPUKYTHUKA.
11. 9k, maoun nobynoBaHMn NPABUSbHUIA 7-KYTHUK, MOXHa Noby-
OyBaTU NPaBUIbHUIA 21-KYTHUK?

E;b{ NMPAKTUYHI SABAAHHS I

6.1.° HaxpecJuiTs K0J10, pagiyc ssKoro mopisHioe 3 cm. IToOyayiiTe
BIIIICAHUM y IIe KOJIO:
1) npaBUJILHUI ITECTUKYTHUK;
2) IpaBUJIbHUN TPUKYTHUK;
3) mpaBUJIbHUI ABAHANIIATUKYTHUK.

6.2.° HakpeciiTh K0JI0, pamiyc sakoro mopiBHioe 2,5 cm. IToOy-
IyWTe BIIMCAHUI Y IIe KOoJo: 1) IpaBUJIbHUA YOTUPUKYTHUK;
2) IpaBUJIBHUN BOCBMUKYTHUK.

BMPAB/ T

6.3.° 3HANAIT, KYTH MPAaBUJIBHOTO N-KYTHUKA, STKIIO:
1) n=6; 2)n=9; 3) n=15.
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6.4.° 3HaAITH KYyTU IPABUJIbHOIO:
1) BoCbMUKYTHUKA; 2) mecATUKYTHUKA.

6.5.° CKinbKY CTOPiH Mae MpaBUJABHUN MHOTOKYTHUK, KYT AKOTO
IOPiBHIOE:

1) 160°; 2) 171°?

6.6.° CKiIbKY CTOPiH Mae MPaBUJILHUN MHOTOKYTHUK, KYT SIKOTO
JIOPiBHIOE:
1) 108°; 2) 175°?

6.7.° Hu icHye mpaBUJIbHUN MHOTOKYTHUK, KYT AKOTO JJOPiBHIOE:
1) 140° 2) 130°?
6.8.° CKijJbKHY CTOPiH Ma€ MPaBUJIbHII MHOTOKYTHUK, SIKIIO KYT,

. . . 1
CYMI)KHHUMU 13 KYTOM MHOTOKYTHHNKAa, CTAHOBUTH 5 KyTa MHOTI'O-

KyTHuUKa?

6.9.° BusHauTe KiJIbKiCTh CTOPiH MPaBUJILHOTO MHOTOKYTHUKA,
SAKIO oro KyT Ha 168° OinbImuil 3a CyMisKHUI i3 HUM KYT.

6.10.° CKinbKM CTOpPiH Ma€ MPaBUJIbHUIN MHOTOKYTHUK, BIIHCA-
HUH ¥ KOJIO, AKIIO I'PaJfyCHA Mipa AYTH OIMKCAHOTO KOJa, AKY
CTATYE CTOPOHA MHOTOKYTHHKA, JTOPiBHIOE:
1) 90°; 2) 24°7

6.11.° 3HaimiTh KiJIbKiCTh CTOPiIH IIPAaBUJIBLHOTO MHOTOKYTHHUKA,
IeHTPAJIbHUHA KYT AKOTO JOPiBHIOE:
1) 120°; 2) 72°.

6.12.° Hexait @ — JOB:KHUHA CTOPOHH IIPABUJIBLHOTO TPUKYTHUKA,
R i r — BigmoBimHO pamiycu HOro OIMCAHOIO Ta BOHCAHOTO
Kijg. 3amoBHITH Ta0aMI0 (JOBKUHU BiIpisKiB mJaHO B CAHTHU-
MeTpax):

a R r

63

443




62 § 2. MPABUJIbHI MHOTOKYTHWKN

6.13.° Hexait a — moB:XKMHA CTOPOHM KBazpara, R i r — Bigmo-
BilHO pajgiycu HOTo OIMCAaHOTO Ta BIIMCAHOTO Kij. 3alOBHITH
Ta0MUII0 (JOBKUHN BiApPi3KiB JaHO B CAHTHMETPAX):

a R r
8

V2

6.14.° Bucora nmpaBUJILHOTO TPUKYTHUKA AopiBHIOE 15 cM. Homy
IOpPiBHIOE pamiyc:
1) onmcaHoro KO0JIA; 2) BOmcaHoro KoJa?

6.15.° JliaroHayb KBajpaTa AOpPiBHIOE 6 J2 cm. Yomy mopiBHIOE
paxiyc:
1) ommcaHoro Ko0Ja; 2) BuucaHoro Koja?

6.16.° Pagiyc xoJia mopiBuioe 12 c¢cM. 3HATIITH CTOPOHY BIICAHOT'O
B IIe KOJIO IIPaBUJILHOTO:
1) 1IeCTUKYTHUKA; 2) IBaHAOIATUKYTHUKA.

6.17.° Pagiyc KoJia JOpiBHIOE 8+/3 cm. 3HaNIIThL CTOPOHY OIIH-
CaHOT'0 HABKOJIO I[LOI'0 KO0JIa IPABUJILHOI'O IIIECTUKYTHUKA.

O—w 6.18.° loBesiTs, 1110 pajiyc KoJa, ONMCAHOTO HABKOJO Ipa-
BUJIBHOTO TPUKYTHUKA, YABiui GiabIIuii 3a pagiyc KoJa, AKe
BIIIICaHE B el TPUKYTHUK.

6.19.° Pagiyc xoja, omrcaHOTO HAaBKOJIO IIPABUJILHOTO TPUKYT-
HUKAa, Ha 4 cM OiabIIuii 3a pajiyc BOMCAHOTO KoJja. SHAUIITE
paziycu BIIMCAHOTO I OIIMCAHOI0 KiJl Ta CTOPOHY TPUKYTHUKA.

6.20.° CropoHa npaBUJIbHOTO MHOTOKYTHUKA JJOPiBHIOE @, pajaiyc
ONMCAHOTO KoJia AopiBHIoe R. 3HaAWAiTH pagiyc BIMCaHOTO
KoJia.

6.21.° Pagiycu BmimcaHOTo i1 ONMMCAHOTO KiJ MPaBUJIBHOTO MHO-
TOKYTHHUKA JOPiBHIOIOTH BiAmoBigHO 7 i R. 3HAUAITHL CTOPOHY
MHOTOKYTHUKA.

6.22.° CropoHa MIPaBUILHOTO MHOTOKYTHHUKA JOPiBHIOE @, pagiyc
BIMCAHOT'O KOJIa JOPiBHIOE 1. SHAWAITE PajJiiyc OImcaHoro KoJa.
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6.23.° HaBkoJ0 KOJIa OOMCAHO IIPABUJIBbHUU MIECTUKYTHUK 3i

CTOPOHOIO 43 cm. Braiinits CTOPOHY KBajapaTa, BIIMCAHOTO
B IIe KOJIO.
6.24.° V K010 BIMCAHO KBAaApaT 31 CTOPOHOIO 6+/2 cM. SHaiAiTh

CTOPOHY IIPABUJIBHOTO TPUKYTHUKA, OMMMCAHOTO HABKOJIO ITHO-
ro KoJa.

6.25.° JliameTp Kpyra mopiBHioe 16 cm. Yu MoKHaA 3 HLOTO BU-
pisaTu kBazpat 3i cTopono 12 cm?

6.26.° fikum mae OyTH HaWMeHINIWII giaMeTp KPYrJoi KoJionau,
1100 i3 Hei MosKHA 0YJI0 BUTOTOBUTH OPYC, MOIIEPEUHUM IIepe-
pisoM SKOro € MpaBUJIBHUIN TPUKYTHUK 3i cTOpoHOIO 15 cMm?

6.27.° dxum Mae OyTH HaIMEHIIINI JiaMeTp KPYIJIol KOJoau, 11100
i3 Hel MoskHAa 0yJI0O BUTOTOBUTH OpPYC, IIOEPEUYHUM IIepepizom
SIKOTO € KBagpatT 3i ctopoHo 14 cm?

6.28.° CKijJbKY CTOPiH Mae IPaBUILHUI MHOTOKYTHUK, KYT SAKOTO
Ha 36° GinbIIuil 3a MOT0 IMEeHTPATbHUN KyT?

6.29.° Kyt MixK pagiycaMu BIHCAHOTO KO0Jia TPABUJILHOTO MHOTO-
KYTHUKA, IPOBEIeHNMH B TOUKHU JOTUKY IILOTO KO0JIA 0 CYCi-
HiX CTOPiH MHOTOKYTHUKA, nopiBHIOE 20°. 3HANWAITH KiTbKiCTH
CTOPiH MHOTOKYTHUKA.

6.30.° [ToBexmiTw, 1110 BCi miaroHasi MpaBUJILHOTO I’ AITUKYTHUKA
piBHI.

6.31.° loBemiTh, 1110 KOXKHA JiarOHAJIL IIPABUJIBHOTO I’ ATUKYTHUKA
mapaJiejibHa OJHIiH i3 OT0o CTOpPiH.

6.32.° Croisbua xopaa ABOX KiJi, I110 IePeTUHAIOTHCS, € CTOPOHOIO
MIPaBUJILHOTO TPUKYTHNKA, BINCAHOIO B OJHE KOJO, i CTOPO-
HOIO KBajJpaTa, BIIMCAHOI'O B Apyre Kojo. [loB:KuHA 1Tiel Xxopau
IOpiBHIOE a. 3HAUAITH BifcTaHb MiK IIEHTpaAMU Kij, SKIITO
BOHU JIEXKATh:
1) mo pisHi 60Ku Bif xopam; 2) mo oauH GiK Bim xopau.

6.33.° CoinpHa xXopaa ABOX KiJi, IIT0 IePeTUHAIOTHLCA, € CTOPOHOIO
IPaBUILHOTO TPUKYTHUKA, BINCAHOTO B OJHE KOJIO, i cTOpO-
HOIO IPABUJIBHOTO INIECTUKYTHUKA, BINCAHOTO B APYyre KOJIO.
HoB:xkuHa 11iei xopau mopiBHIOE a. 3HAWAITH BiACTaHb MiXK
IeHTPpaMU Kij, AKIIIO BOHU JIeKaTh:
1) mo pisHi Ooxu Big xopau; 2) mo oguH OiK Big xopmm.
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6.34.° YV K010 BIIICAHO IPABUJIBLHUNA TPUKYTHUK i HABKOJIO HBO-
TO OIMCAHO MPABUILHUN TPUKYTHUK. SHAUAITHL BiJHOIIEHHS
CTOPiH IIMX TPUKYTHUKIB.

6.35.° Y KOoJ0O BIMCAHO HPABUJBHUU IIECTUKYTHUK i HABKOJIO
HBOT'O OIIMCAHO IPABUJIBHUN IECTUKYTHUK. SHANUIITL BigHO-
IIeHHS CTOPiH IIUX MIECTUKYTHUKIB.

6.36.° [ToBeniTs, 10 CTOPOHA IPABUIBHOIO BOCBMUKYTHUKA O-

piBHIOE RA+2-— \/§ , 1e R — paxiyc #ioro onmcaHoro KoJa.
6.37.° JoBemiTy, 1110 CTOPOHA MPABUJIBHOTO ABAHAAISATUKYTHUKA

IOPiBHIOE R\/2—\/§ , 1e R — paniyc #ioro ommcaHoOro koJa.

6.38.° fIxkuii posmip OTBOpPY KJIOUa AJiA IIECTUTIPAHHOI ralKu,
OCHOBHU AKOI MaioTh (GopMy MHPaBUJILHOIO IMECTUKYTHHUKA
(puc. 6.10), AKIIO IMIMpUHA TPaHi TaliKum AOpiBHIOE 25 MM,
a 3a30p Mixk rpamamMu rakm i xaoua — 0,5 mm?

25

Puc. 6.10

6.39.° 3HaligiTh MIOINY IPABUJIBHOTO BOCBMHUKYTHUKA, SKIIO
paziyc ommmcaHoTo HABKOJIO HBOTO KoJia HopiBHIOE R.

6.40.° 3HaigiTh HiaroHaJi Ta IOy IPABUJILHOTO MIECTUKYTHU-
Ka, CTOPOHA SKOTO MOPiBHIOE a.

6.41. Kytu xBagpara 3i cTopoHoo 6 c¢cM 3pisaju Tak, II[0 OTPHU-
MaJIi TIPaBUJbLHUA BOCBMUKYTHUK. SHAUIITH CTOPOHY YTBO-
PEHOT0 BOCBMUKYTHUKA.

6.42.” KyTu npaBUJILHOTO TPUKYTHUKA 31 CTOPOHOIO 24 cM 3pisa-
JU TaK, II0 OTPUMAJU IPABUILHUN IIeCTUKYTHUK. SHAUIITh
CTOPOHY YTBOPEHOI'O IMEeCTUKYTHUKA.

6.43.** 3HaligiTh miaroHaJi IPaBMJIbHOTO BOCBMUKYTHHKA, CTO-
poHAa SKOTO0 TOPiBHIOE a.
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6.44.° Y npaBuIbHOMY IBAHAAIATUKYTHUKY, CTOPOHA AKOIO JO0-
PiBHIOE @, IIOCJIIJOBHO CIIOJIYUMJIA CEPEIUWHU IIeCTH CTOPiH,
y3ATUX Uepes OAHYy. SHAUIITh CTOPOHY IIPAaBUJILHOTO IIECTH-
KYTHUKA, AKUN YTBOPUBCA IIPU IIBOMY.

6.45.° Y nmpaBUJIbHOMY BOCBMUKYTHHUKY, CTOPOHA IKOTO TOPiBHIOE
a, TMOCJIiJOBHO CIIOJIYUYUIN CEPEeINHUI YOTUPHOX CTOPiH, Y3ATHUX
yepes OAHY. SHAWIIThL CTOPOHY KBajpaTa, AKUN YTBOPUBCS
IIpH IILOMY.

6.46." ®opMy AKMX PIBHUX IPABUILHUX MHOTOKYTHUKIB MOMYTh
MaTHu AOIIEeUYKHU IIapKeTy, M100 HUMU MOXKHA 0yJIO BUCTEJIUTH
migiory?

6.47.* J[laHO MpaBUJIbHUM IIIECTUKYTHUK, CTOPOHA SIKOT'O JOPiBHIOE
1 cm. Kopucryounch TiIbKHY JiHiIHTKOIO, TOOYAYiTE Biapisok
3aBIOBXKKU 7 CM.

BMPABWU AJi1 MOBTOPEHHS I

6.48. Koo moxginmeno Ha 5 pisuux ayr: UAB = UBC =UCD = UDE =
=UAE. 3HaigiTh:

1) /BAC; 2) /BAD; 3) /BAE; 4) ZL/CAD; 5) Z/DAE.

6.49. Ha oxniii cTOpOHI KyTa 3 BePIIUHOIO B TOUIli A ITO3HAUUIIN
Touku B i C (Touka B snexuth Mmixk Toukamu A i C), a Ha Apy-
ritt — Touku D i E (Touka D jexkuTh Mik Toukamu A i E),
npuuomy AB =28 cm, BC=8 cm, AD =24 cm, AE =42 cwMm,
BE =21 cwm. 3naiigiTes Bigpisox CD.

6.50. OcHoBa piBHOGEAPEHOr0 TYHOKYTHOTO TPUKYTHUKA JI0-
piBHIOE 24 cM, a paziyc KoJja, OINCAHOTO HABKOJO HLOTO, —
13 cm. 3HAHAITH IOy TPUKYTHUKA.

6.51. Yepes TouKy A 10 KoJa IpoBeAeHO ABi moruuni. Bigcrannb
Bim TouKm A IO TOUKM JOTUKY JAopiBHIOE 12 cMm, a BimcTaHb
MiX ToukaMu JOTUKY — 14,4 cm. S3HAHAITL pajgiyc KoJa.

@ NPO NOBYAOBY NPABUJIbHUX n-KYTHUKIB I

HoBememo, 110 OyAb-AKMI MIPABUJIBHUN N-KYTHUK € OIMYKJINM
MHOTOKYTHUKOM. [IJIf IIbOTO JOCTATHHO IOKAa3aTHu, IO B OyIb-
AKOMY MHOTOKYTHHKY € Xoua 0 OAMH KyT, MeHInuit Bim 180°.
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Toxi 3 Toro, 1m0 B IpaBUJABHOMY N-KYTHUKY BCi KyTHU piBHIi, BU-
IJINBATHMeE, III0 Bci BoHM MeHIIi Big 180°, ToOOTO MHOTOKYTHHUK
Oyme OIMyKJIMM.

Posrasaremo moBiIbHMII MHOTOKYTHHUK i IPAMY @, SKa He Ma€
3 HUM CIIiJIBHUX TOUOK (puc. 6.11). I3 KoKHOI BepIIIMHU MHOTO-
KYTHUKA OIMYCTUMO IIEePHEeHAUKYJIAD Ha OPAMY d.

IlopiBHABIIN AOBKUHU IIUX IIEePIEHIUKYJISIPIB,
A MU 3MOKEeMO BUOPATH BEPIIINHY MHOTOKYTHUKA, IKa
HaiMeHIIle BigmayieHa Bif mpamoi a (AKIMO TaKuxX
BepIIUH KilbKa, To Bubepemo Oyab-aKy 3 Hux). He-
xXai If0 BJIACTUBicThL Mae BepmnuHa A (pme. 6.11).
Puc. 6.11 UYepes Touky A mpoBeseMo IpAMYy b, mapajeiabHy

npamii a. Toxi KyT A MHOTOKYTHHKA JIE€KUTH B OJI-
Hili miBmomuHi BimzHOCHO mpamoi b. Omxe, LA < 180°.

Bu BmieTe 3a mommoMoroo ImUpKyJIa Ta JiHiIAKY OyayBaTH Ipa-
BUJIbHUI 4-KYTHUK, a OTiKe, i 8-KyTHUK, 16-KyTHUK, 32-KyTHUK,
TOOTO OYAL-AKMHI 2"-KYyTHUK (n — HaTypaJibHe 4Yucio, n > 1).
YMminua mobyayBaTy IPaBUJIBHUN TPUKYTHUK Ia€ MOKJIUBICTH
moOyAyBaTU TAKMWI JAHIIOMKOK i3 IPaBUJIBHUX MHOTOKYTHHUKIiB:
6-KyTHUK, 12-KyTHUK, 24-KYyTHUK i T. 1., TOOTO OyIb-AKHUI
3+ 2"-KyTHUK (n — HaTypaJibHe YHCJO).

3agauy mo0yI0BU IPABUJILHUX MHOTOKYTHHUKIB 3a JOIIOMOTOIO
OUPKYJSI Ta JiHIAKKM BHBYAJIHU Ie JaBHLOTPEIbKiI IeOMeTpH.
3oKpeMa, KpiM 3a3HAUEHUX BUINEe MHOTOKYTHHKIiB, BOHH BMiJIu
OymyBaTu OpaBUJIbHI 5-KYTHUK i 15-KyTHUK, IO € DOCUTH He-
IIPOCTOI0 CIPaBOIO.

CraponmaBHi BueHi, AKi BMinu GymyBaTu
OyIb-AIKUH i3 IPAaBUIBLHUX N-KYTHUKIiB, Ie
n=3,4,5,6, 8, 10, Hamaraiucs po3s’sa3aTu
mio 3azavy i giua n =17, 9. Im e e Brasocs.
Yzaraii, 6iybIlle ABOX THCAY POKiB MaTeMa-
TUKU He MOTJIM 3PYIIUTHCS 3 MiCI y BU-
pimienHi miel mpobaemu. Y 1796 p. Beaukuii
HiMenbkuii Mmatematuk Kapa @piapix I'ayce
3Mir 3a AOIIOMOTOIO IUPKYJIA Ta JiHil-
Kapn ®pigpix Ku moOyayBaTu NpaBUJIbHUN 17-KYTHUK.

Faycc Y 1801 p. I'aycc mosiB, 110 IIUPKYyJEeM Ta

(1777-1855) JiHIAKOI0 MOXKHA MOOYAyBaTU MPABUIBHUN

b

a
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Nn-KyTHUK TOLL I TinbKu Toxi, xoau n=2% ne keN, k> 1, abo
n=2" *pPy*...* D,, Oe B — Iille HeBifi’€MHe UHCIIO, D, Py +--»

p, — PisHIi mpocTi uncaa BUAY 2" +1, me m — uine HeBig eMHe
41CII0, AKI HasmBalooTh TpocTuMu uyncaamu @epmal. 3apas Bizo-
MO JIMIIIe II’ATh IpocTux uwmces Pepma: 3, 5, 17, 257, 65 537.

T'aycc HagaBaB CBOEMY BiIKPUTTIO HACTiJIBKM BEJMKOTO 3HA-
YyeHHs, 1[0 3al0BiB 300pasuTu 17-KYTHUK Ha CBOEMY HAATPOO-
Ky. Ha moruapHi#n nauTti 'aycca 1poro pucyHka Hemae, IIpoTe
nam’atHukK ['ayccy B BpayuimBeiisi cToiTh Ha CiIMHAAIATUKYTHOMY
IOCTaMEeHTi.

7. AoBXuHa Kona. MNnowa kpyra

Ha pucyury 7.1 300pakeHO IpaBUJIbHI 4-KYTHUK, 8-KyT-
HUK i 16-KyTHUK, BOUCAHI B KOJO.

Mu 6aunmo, 1110 Ipu 30iJbIIIeHH]I KiJTBKOCTi CTOPiH IpaBUJIb-
HOTO n-KyTHUKAa Horo nmepumeTp P, yce MeHIIle ¥ MeHIIIe Biapis-
HAETbCA Big moB:xuHU C OIMCAHOIO KOJIa.

Tak, I HaAIIOTO IPUKJIALY MOKHA 3alIUCATH:

C—-—P,>C—Pg>C — Py

IIpu HeoOMe:KeHOMY 30iJbIITeHH]I KiJIBKOCTI CTOPIiH IpPaBUIb-
HOT'0 MHOTOKYTHUKA HOTr0o mepuMeTp O0yae AK 3aBrOJHO MaJio Bif-
pisHATHCA Big moB)KmHU KoJja. lle osnauae, 1o pisauii C — P,
MOJKHA 3pOOMTH MEHINOI0 Bix, mampukaazn, 107¢, 107° i saarami
MEHIIIOIO Bifi OyIb-AKOr0 JOJAaTHOTO YUMCJA.

—
o
\

Puc. 7.1 Puc. 7.2

1 T’ep ®Pepma (1601-1665) — (ppaHIy3bKMIA MaTeMaTUK, OJUH
i3 ynmaTopiB Teopii umcelr.
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Posrasanemo n1Ba npaBUIBHUX N-KYTHUKH 3i cCTOpOHaAMu a,, i a,,
BOMCAHUX Yy KOJa, pajiycu AKUX NopiBHIOIOTH R i R’ BigmoBimHO
(puc. 7.2). Toxi ixui mepumerpu P, i P, MOXHa OOUYUCIUTHU 3a
dopmyaamMu

180° 180°
P =na,=n-2Rsin , P/=na,=n-2R’sin .
n n
3Bincu
P, 2R )
P/ 2R’

n
Il piBmicTh, cmpaBemsuBa npu OyAb-AKOMY 3HAYEHHI n
(n — HaTypaJgbHe 4uncJo, n > 3). [Ipu HeoOMe:KeHOMY 30i/IbIIIEH-
Hi 3HAueHHA 1 mepumeTpu P, n P, BinmoBigHO OyIyTh AK 3aBrOJ-
HO MaJio Bigpisuartuca Big mos:xkuu C i C' ommcanux Kimn. Tomi

. . . P
Ipu HeoOMe;KeHOMY 30iJIbIIIeHHI n BigHOIIIEHHS F” Oyme AK 3a-

n

.o . Cc
Br'OJTHO MaJIO BiAPiBHATHMCSA Bi BigHOIIIEHHA o 3 ypaxyBaHHAM

. o 2R
piBHOCTi (¥*) IOXOAMMO BUCHOBKY, III0 UMCJIO Py AK 3aBTOJLHO

.. . Cc .
MaJIoO BiApisHAETHCSA Big umcJa E A 11e MOKJINBO JIMIIIE TO.i,

C 2R C c’
KON — = , TOOTO =

Cc’ 2R’ 2R 2R’
OcTanHsa piBHIiCTHL O3HAUaAE, IO 01A 6CIX Kil 6i0HOUWEHHA
dogrcunu kona 0o diamempa € OOHUM i MUM CAMUM YUCLOM.
I3 kypcy maTemaTuku 6 Kjaacy BU 3HaETe, IO 1€ YKUCJO IPU-
WHSATO IMMO3HAYATHU T'PEIbKOI0 OYKBOIO T (UUTAIOThH: «IIi»).

. . C
3 piBHOCTI R =T OTPUMYEMO POPMYJIY OIS OOUNCIEHHS JOB-

JKHMHHU KoJia:

C=27R

Yucyio © € ippamioHaabHUM, OTKe, HOT0 He MOMKHA IIOza-
TH y BUTJAAI CKiHUEHHOTO JeCATKOBOIO Apo0y. 3asBuuail mpu
po3B’si3yBaHHi 3amau 3a HaOJMKeHe 3HAUEHHS T IPUNMAaIOTh
yucJo 3,14.
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Bungaruuii naBHbOTpenbKuii yuenuit Apximen (III cr. mo H. e.),
BUPA3UBIIIN Yepe3 JiaMeTp OIIMCAHOT0 KOJia IepUMeTpP HPaBUIb-

10 1 . .
HOro 96-KyTHMKA, YCTAHOBUB, IO 3H<n<3;. 3Bigcu i BU-

mJIuBaE, 1o T ~ 3,14.

3a 0TIOMOTO0 CyYaCcHUX KOMII IOTEPIiB i creliaJbHUX IIporpam
MOKHA OOUMCJIUTH YMCJO T 3 BeJIMUEe3HOI TouHicTio. HaBememo
s3anuc uyucjaa 1 i3 43 nudpamMu micia KOMH:

m=3,1415926535897932384626433832795028841971693... .

VY ciuni 2019 p. 6yao obumciaeno 31 415 926 535 897 mudp
yucsa 7 micsa komu. Leit paxt 6ysio 3aHecerno 1o Kuuru pexopais
T'inneca. Haifisiporigmime, 1meii ¢paxT Oyae 3aHeCeHO B UeproBe
Bunanusa Kuuru pexopaiB 'immeca. AJjie 1iTKOM BIIEBHEHO MOMK-
HaA CTBEPAKYBAaTH, IO caMe YIMCJI0 y KHHu3i He Oyme HaBeIeHO,
OCKiJIBKU AJIA IILOTO IIOTPiOHO OyJI0 6 Maiixke 17,5 MJIH CTOPiHOK.

3uaiigeMmo (opMmyJsay AJaA OOUMCICHHS TOBMUHMN Oy KoJa
3 rpagycHo0 Mipoio n°. OCKiJIbKM rpagycHa Mipa BChOTO KoJia
mopisuioe 360°, To moBXKMHA AYyTU B 1° TOpiBHIOE 2R = ﬂ Tomi

360 180
TOBXKUHY [ Ayru B n° 00UMCIIOIOTHL 3a (OPMYJIIOIO

_7mRn

180

Busegemo Gopmyay ajis oOumMCIeHHS ILIOIII Kpyra.

3BepHEMOCA 3HOBY nO0 pucyHka 7.1. Baummo, 1o mnpu 30ijb-
IIeHHi KiJTbKOCTi CTOPiH TPaBUIBLHOTO N-KYyTHUKA HOTo ILomia S,
yce MeHIIIe W MeHIle BimpisHaeTbca Bim miromti S Kpyra. IIpum
HeoOMeXeHOMY 30iJbIeHHI KiTbKOoCTi

CTOPiH IOro ILIOIA HAOJIMMKAETHCSI I0 0
ILJIOIIL KpyTa. 180°
Ha pucynkry 7.3 3o0paxkeHo ¢par- n

MEHT IIPAaBUJIBHOTO nN-KYTHHKa iz
meaTpoMm y Touni O, 3i cTOpoHOIO
AB=a, i pagiycom ommcaHOTO KOJa,
axuii gopiBHioe R. OmycTuMo mepmneH- [ |

nuryJasap OM ua cropouny AB. Maemo: A M B
1 1 180°
S o8 =EAB-OM=§an R cos . Puc. 7.3
n
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OckinbKku pamiycu, IPOBeAeHi y BEpPIIMHU IIPABUJIBHOTO
n-KyTHUKA, Po30MBAIOTh HOTO HA N PiBHUX TPUKYTHUKIB, TO
IJIoIa n-KyTHUKA S, y n pasiB 0inbIa 3a MJIOIY TPUKYTHU-

. 1 180° .
ka AOB. Togi S, =n-S,,; :§n-an - R cos . 3Bigcu
n
1 180°
S, ==P -Rcos , (¥%)
2 n
ne P, — mepuMeTp JaHOTO NPaBUJIBHOTO N-KYTHUKA.
. . 180°
IIpu HeoOMe:xkeHOMY 30i/IbIIIeHH] 3HAUEHHA N BeJIMYNHA
n
180°

OyIe AK 3aBrogHO MaJo Bigpismaruca Bix 0°, a orTyke, COS
n

Habamxatumerbea 0 1. Ilepumerp P, HabGJIMKaTUMETHCA IO
mos:xkunu C KoJia, a mioia S, — mo mioirni S kpyra. Toxi 38 ypa-

. . 1
XyYBaHHAM PiBHOCTI (*¥) mMo:xkHa 3amucaTtu: S = EC - R.

I3 miei piBHOCTI oTpumMyemMO (OpMYyJIy IJIsI 3HAXOMKEHHS
IJIOIIL KpyTa:

S =nR?2

Ha pucynky 7.4 pagiycu OA i OB giisaTh KPyr Ha ABi yacTu-
HU, AKi 3adapboBaHo B pisHi Koabopu. KokHy i3 mmux yacTuH
pasom i3 pamiycamu OA i OB Ha3WBalOTh KPYTrOBHM CEKTOPOM
a00 IIPOCTO CEKTOPOM.

3posymigo, 110 Kpyr pagiyca R mo:kHa mominutu Ha 360 pis-
HUX CEKTOPiB, KOXKeH 3 AKuX mictutume ayry B 1°. Iliomia Ta-

nR*

KOro CeKTopa IOPiBHIOE Toxi maomry S cekrTopa, SKuUii

MiCTUTB IyTy KoJia B n°, 00UMCIIIOIOTL 3a (hOPMYJI0I0

_ mR’n
360

Ha pucynkry 7.5 xopma AB mgiinTh KpPyT Ha ABi uacTuHU, AKi
s3adapboBaHO B pisHi Koabopu. KOoKHY i3 IIMX YacTHUH pasoM i3
xopmoio AB Ha3WBalOTL KPYTOBHM CErMEHTOM a0o IIPOCTO Cer-
MeHTOM. Xopay AB mpu IIbOMY Ha3WBAaIOTh OCHOBOIO CETMEHTA.
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Puc. 7.4 Puc. 7.5 Puc. 7.6

106 sHaiiTm WJOIly cerMeHTa, 3a)apOOBAaHOTO B POYKEBUIT
KoJIip (puc. 7.6), Tpeba Bif ILIOIIi ceKTOopa, AKUI MiCTHUTL XOPAY
AB, BigaaTu mioiny TpukyTHuka AOB (Touka O — IIeHTP KpPy-
ra). II1o6 s3HaiiTH MJIOIY cerMeHTa, 3adapOboBaHOTO B OJTAKNTHU
KoJIip, Tpeba mo ILJIOIIi ceKTopa, AKWil He MicTuTh xopay AB,
ITomaTHu ILIoiny TpukyTHuka AOB.

Axmro xopma AB € miameTpoM Kpyra, TO BOHA OiJIUTH KPYT Ha

IBa CETMEHTH, SKi Ha3mBaOTh HmiBKpyramu. ILiromry S miBKpyra
2

T
00UYMCIIOITE 3a POPMYJI0I0 S =

, e R — paniyc kpyra.

3amaua 1. J[oBKuHA Oyru KoJja, pamiyc sxoro 25 cMm, I0-
piBHIOE T cM. S3HAWAITH rpagyCcHY Mipy Oyru.
180!

s nRn
Pos3s’aszannsga. I3 popmyan [=—— oTpumyemo: N = .
180 TR

Oroke, IIYKaHa rpagycHa Mipa

o CD
ne :(18075] _ 7,20. / \
w-25
B E

Bidnogidwv: 7,2°. 4

3amgaua 2. ¥V Koio i3 mentpom O,

pazxiyc skoro mopiBHIOE 8 cm, BOuU- A F

CaHO TIIPABUJBbHUIN BOCBMUKYTHUK \ /

ABCDEFMK (puc. 7.7). 3uaiimgiTh mio- —n

IIi ceKTopa Ta cerMeHTa, AKi MicTATH

nyry AB. Puc. 7.7
Poss’asannsa. Kyt AOB — neHTpaJlbHUN KYT IPaBUILHOTO

360 — 450,

BOCBMUKYTHUKA, Tomy ZAOB =
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Tomi mrykaHa ILjIoia ceKTopa JTOPiBHIOE:

2
.82.4
S =22 g1 (eu2),
360
IIJjIomga cerMeHra.
S, =85, —8,.,=81- %OA2 sin ZAOB = (8m—162) (cas?).

Bidnoeidv: 8n cm?, (8n—16\/§) cm?. 4

p -
i ¢lke BigHOLWIEHHS No3Ha4alTb 6yKBOO 7T?

HaagiTb HabnmxxeHe 3HaYeHHSs YMcna 1 3 TOYHICTIO 40 COTUX.
3a ako GopMysiIoln 004YUCNIOITb A0BXUHY kona?

3a ako GopMysIo 0BYUCNIOTb A0BXUHY Ayri kona?

3a ako GopMysIon 0BHYUCNIOTbL MOLLY Kpyra?

MOACHITb, Ky reoMeTpUYHyY @irypy HasnBaloTb KPYroBMM CEKTO-
pom.

3a akoto GopmMynoo 064MCII0ITL NJIOLLY KPYroBOro cektopa?
[MoACHITL, AKy reoMeTpuyHy @irypy HasuBalTb KPYroBUM cer-
MEHTOM.

9. TOACHITb, IK MOXHA 3HANTU NOLLY KPYrOBOro CerMeHTa.

ouhrON=

© N

BMPAB/ HTT

7.1.° 3HaHAITh JOBKUHY KOJIA, AiaMeTp SAKOro HOPiBHIOE:
1) 1,2 cm; 2) 3,5 cm.
7.2.° 3HalAiTh JOBXKUHY KOJIa, pajgiyc AKOro SOPiBHIOE:
1) 6 cm; 2) 1,4 m.
7.3.° 3HalAiTh ILJIOITY KPyra, pamiyc AKOTo HOPiBHIOE:
1) 4 cm; 2) 14 gwm.
7.4.° 3HalimiTL IJIOITY KPyra, JiaMeTp AKOro HOPiBHIOE:
1) 20 cm; 2) 3,2 mm.
7.5.° BHAHAITE IOy Kpyra, JOBKHHA KoJa SIKOIr'o JopiBHIOE /.

7.6.° O6umcaiTh MJIOITY IIOIIePEeYHOro IIepepisy aepesa, sKe B 00-
xBaTi craHoBUTL 125,6 cM.
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7.7.° fIx 3MiHUTBCA OOBXKUHA KOJIa, SKIIO MOro paaiyc:
1) 36inpmuT; y 2 pasu; 2) 3MeHIIUTHU B 3 pasu?

7.8.° Pagiyc koJa 36igbmuan Ha 1 cm. Ha ckinbKu 36iabinaacs
IIpu IIBOMY IOBXKHHA KoJja?

7.9.° JloB:KuUHA B3eMHOr0 eKBaTopa HaOJUKEeHO MJOpPiBHIOE
40 000 000 m. BBaskarouwn, 1o 3emasd Mae Gopmy KyJjai, 06-
yucJiTh 11 pagiyc y xigomerpax.

7.10.° O6unciiTh JOBKUHY YepPBOHOI JiHil, 300paskeH0i HA pu-
CYHKY 7.8.

y

Puc. 7.8

7.11.° K 3mMiHUTBCS ILJIOINA KPyTra, AKIIO HOro pamiyc:
1) s6inbmuT; B 4 pasu;
2) ameHIIUTH B 5 pasiB?

7.12.° O0unCIiTh MJIOILY 3aIITPUXOBaHOI (irypu, 300parkeHol
Ha pUCYHKY 7.9.

Puc. 7.9
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7.13.° O0umncaiTh MmOy 3amTpuxoBaHoi ¢irypu (puc. 7.10),
AKIIO MTOBXKWHA CTOPOHU KJITMHKHU JTOPiBHIOE a.

TN

PN
NN

Puc. 7.10

7.14.° IlpomatoTbcsa MJAMHIL [aBox BuAiB: giamerpom 30 cm
i 20 cm. Axiio Bci MAMHIIL MalOTh OJHAKOBY TOBIIUHY, TO
y AKOMY BUIIQAKY IIOKYIIelb 3’icTh OiibIe: Koau 3’ iCTh OOUH
BeIUKUUA MJNHEIb UM JBa MEHIIUX?

7.15.° 3HAKITh JOBXKUHY K0JIa, OINCAHOT'0 HAaBKOJIO IPABUJILHOTO
TPUKYTHUKA 31 CTOPOHOIO a.

7.16.° 3HalOiTHL JOBKUHY KO0JIA, BIIMCAHOTO V KBaapaT 3i cTopo-
HOIO a.

7.17.° 3ualigiTh IJIOIY Kpyra, OIMCAHOTO HABKOJIO KBaJgparTa 3i
CTOPOHOIO d.

7.18.° 3HalgiTh IJIOIY KPyra, BIIMCAHOTO B MPABUJBHUN IIIecC-
TUKYTHUK 31 CTOPOHOIO Q.

7.19.° 3HanigiTh IJIOMIIy Kpyra, BIIMCAHOTO B HNPABUJIbHUUA TPU-
KYTHUK 31 CTOPOHOIO 4.

7.20.° 3maigiTh IOy Kpyra, OIMMCAHOTO HABKOJIO IPAMOKYT-
HUKa 3i croponamu a i b.

7.21.° 3uHaiifiTh MJIOIIY Kpyra, OIIMCAaHOT0 HAaBKOJIO PiBHOOempe-
HOTO TPUKYTHUKA 3 6iUHOIO CTOPOHOIO b 1 KyTOM Ol IIPU OCHOBI.

7.22.° 3HaUAITh OOBMKUHY KOJa, ONMNCAHOTO HABKOJIO IIPAMO-
KYTHUKA 31 CTOPOHOIO @ i KyTOM O/ MiX JaHOIO CTOPOHOIO Ta
ITiaroHAJLJII0 IPAMOKYTHIKA.
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7.23.° Pagiyc kosa mopiBHIOE 8 cM. 3HAWIITHL MOBKUHY IYTHU
KoJIia, TpajlycHa Mipa AKOl JOPiBHIOE:
1) 4°; 2) 18°; 3) 160°; 4) 320°.

7.24.° [loB:xuHA OyrW KoJia mopiBHioe 127 cm, a ii rpagycHa
Mmipa — 27°. 3HaiifiTh pagiyc KoJa.

7.25.° JloB:KUHA OyTru KoJja pagiyca 24 cMm mopiBHIOE 3T cM. SHAU-
IiTh TpafycHY Mipy Oyru.

7.26.° O0uuncaiTh MOBKUHY AYTHM eKBaTopa 3eMJii, rpagycHa
Mipa Kol mopiBHIOE 1°, AKIIO pamiyc eKBaTopa HaOJIMMKEHO
mopiBHIOE 6400 KM.

7.27.° Pagiyc xpyra mopiBHIOE 6 cM. S3HAWIITH ILJIOIIY CEKTOpA,
AKIIO I'paAgyCHAa Mipa MOro Ayru JOPiBHIOE:
1) 15°; 2) 144°; 3) 280°.

5 . . .
7.28.° Ilio1ta cekTopa CTAaHOBUTH 3 IOl Kpyra. SHaAHIITH

rpagycHy Mipy #oro mayru.
7.29.° Ilnora cekTopa AopiBHIOE 67 avm2. 3HAKIITH TpaAyCcHY Mipy
IYTH I[bOTO CEeKTopa, SAKIINO paaiyc Kpyra mopiBumioe 12 mm.

. 5T .
7.30.° Ilnomia ceKkTopa JOPiBHIOE o cM?, a rpagycHa Mipa gyru

I[LOTO CEKTOpPa CTAHOBUTL (5H°. S3HAUAITHL paaiyc Kpyra, dac-
TUHOIO AKOT0 € HaHUil CeKTOD.

7.31.° Yu mMo2Ke CEKTOp Kpyra O0yTu fioro cermeHTOM?

7.32.° 3HanaiTh IJI0IIy KPYTOBOTO CEIMEHTAa, AKIIO pagiyc Kpyra
IOpPiBHIOE 5 cM, a TpaAycHa Mipa Ayru cerMeHTa OOPiBHIOE:
1) 45°; 2) 150°; 3) 330°.

7.33.° 3HAUOITH ILJIOITY KPYTI'OBOT'O CETMEHTa, AKIITO Pagiyc Kpyra
IOopiBHIOE 2 cM, a IrpaJycHa Mipa Iyru cerMeHTa OOPiBHIOE:
1) 60°; 2) 300°.

7.34.° Koneca aBTOMOOiJisE MamoTh giamerp 65 cM. ABTOMOOLIL
ime 3 TAKOIO IIBUAKICTIO, 1110 KoJieca pobJsaTh 6 00epTiB 1mmoce-
KyHAu. SHAUOITHL IIBUIKICTH aBTOMOOLIS B KiloMeTpax 3a
roauHy. BinmoBigbs OKPYyIrJaiTh 10 HecATHX.

7.35.° 3HalAiThL MOBXKUHY OYI'H, AKY OIKCYE TOAUHHA CTPiJIKa
3aBIOBXKKMU 6 cMm 3a 1 rop.
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7.36.° 3HAHOITL JOBKUHY AYTH, AKY ONMNCYE XBUJIMHHA CTPiIKa
3aBIOBKKHN 24 cM 3a 40 xB.

7.37.° Pagiyc Kosa 36inbinuan Ha a. [{oBemiTh, 1110 JOBMKUHA KOJa
30ijpIInIacsa Ha BeJUUNHY, AKa He 3aJeKUTh Big pamiyca
IaHoTo KoJia.

7.38.° CtopoHa TPUKYTHHKA AOPiBHIOE 6 cM, a mpujeryi mo Hei
KyTu gopisuoo0Th 50° 1 100°. 3HalAiTHL JOBKUHU AYT, HA AKi
BEPIIUHU TPUKYTHUKA TiJISITh OIMMCAaHe HaBKOJO HLBOTO KOJIO.

7.39.° CtopoHa TPUKYTHUKA OOPiBHIOE 53 CM, a TPUJeryi
o Hel KyTH JOPiBHIOIOTH 35° i 25°. 3HaiimiTh MOBXKUHU OYT,
Ha AKi BepIIMHN TPUKYTHUKA AiJISATH OIMMCAaHE HABKOJIO HHOTO
KOJI0.

7.40.° Ha kareri AC npsamoxyTtHoro TpukyTHuKa ABC (£C = 90°)
AK Ha giamerpi moOymoBaHO KOJIO. SHAUAITH JOBKUHY OYT'U
IIOTO KOJIa, fAKa HaJEeXKUTh TPUKYTHUKY, SKINo LA = 24°,
AC =20 cwm.

7.41.° Kyt mpu ocHOBi piBHOOEAPEHOT0 TPUKYTHUKA TOPiBHIOE
70°. Ha BuCOTi TPUKYTHUKA, IKA IIPOBEJIEHA OO OCHOBHU i JO-
piBHIOE 27 cM, AK Ha AiaMeTpi moOymoBaHO KOJIO. SHAWIITH
IOBXKUHY IyTHW KOJIa, AKA HAJEKUTb TPUKYTHUKY.

7.42.° Bigpisoxk AB posbunm Ha n BigpiskiB. Ha KoxXHOMY 3 HUX
AK Ha giamerpi moOyayBasu miBKoJio. Ilio mito moBTOpMIIH,
po30UBIIK JaHUil BiApisox Ha m BimpiskiB. 3HaWAiTH BigHO-
MIeHHS CyM JOBXKUH ITiBKiJ, OTPUMaHUX y HIEPIIOMY A APYTro-
My BUIaIKaX.

7.43.° JoBemiTy, 110 mJOIa MiBKpyra, modyaoBaHOTO Ha rimore-
HY3i IPAMOKYTHOTO TPUKYTHUKA AK HaA
miamerpi (pumc. 7.11), mopiBHIOE cymi
IJIOII IiBKPYTiB, MOOYZOBAHUX Ha HOTO
KaTeTax AK Ha JiaMeTpax.

7.44.° JIBi TpyOuU, giamMeTpu SKUX JOPiBHIO-
1ors 30 cm i 40 cM, moTPi6bHO 3aMiHUTHU
OIHi€eI0 TPYDOOIO 3 TAKOIO K IPOIIYCKHOIO
smatHicTio!. AKMM Mae GyTu miamerp
miei Tpyo6u? Puc. 7.11

! TIponyCcKHa 34aTHICTh BOLJOINPOBigHOI TpyOu — Iie Maca
BOJU, AKa IIPOXOIUTH Uepes IIOIePeYHUI ITepepis TPyou 3a OTUHUIIIO Yacy.
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7.45.° Ha ckijJbKM BifICOTKIB 30i/JIBIINTLCS ILIOINA KPyra, SIKIIO
toro paziyc 36insmmury Ha 10 % ?

7.46.° Y Kpyr BIHCAHO KBaApaT 3i CTOPOHOIO a. SHAUAITH MJIOITY
MEHIIIOTO i3 CerMeHTiB, OCHOBOIO SKHUX € CTOPOHA KBajpara.

7.47.° 3 nucra xepcrti, AKuil Mae GopMy Kpyra, BUpisaau mpa-
BUJILHUH IIECTUKYTHUK HaOiabol miomli. CKiabKM BimcoT-
KiB sxepcTi minmio y Bigxomu?

7.48.° Y Kpyr BIWCAHO NPaBUJIbHUNU TPUKYTHUK 3i CTOPOHOIO a.
SHAUMITL IJIOIIMY MEHIIIOT0 i3 CerMeHTiB, OCHOBOIO SAKUX €
CTOPOHA TPUKYTHUKA.

7.49.° Y KpyroBuili cexkTop, pajiyc AKOro gopiBHioe R, a IieH-
TPaJIbHUN KYT CTAaHOBUTH 60°, BircaHo Kpyr. SHAUAITH MJIOITY
IIOT'0 KpyTa.

7.50.” 3HaiigiTh MOy Po3eTKU (3ammTpuxoBanoi ¢irypu), ska
300paskeHa Ha pucyHky 7.12, akiio cropona kBagpara ABCD
IOPiBHIOE A.

A D
Puc. 7.12 Puc. 7.13 Puc. 7.14

7.51.” IIpu moOya0oBi YOTHMPHOX AYT i3 IIEHTPaMHW y BepIIHMHAX
kBagpatra ABCD i pagiycamm, $Ki mDOpPiBHIOIOTH CTOPOHi
KBajzpara, yreopujacs ¢irypa, oOMeskeHa YepPBOHOIO JIiHi€l0
(puc. 7.13). 3HalgiTy HOBKUHY Iiel giHil, AKIIO JOBKUHA
CTOPOHU KBajapaTa AOPiBHIOE a.

7.52.* (3amaua Iimmoxparal). HaBKoIO IPAMOKYTHHUKA OMMCAJIN
KOJIO Ta Ha KOXKHill I0T0 CTOPOHI K Ha AiaMeTpi moOyayBau
miBkoJ0 (puc. 7.14). [MoBexiTs, 1110 cyma oI 3ahapboBaHUX
diryp (cepnukis I'inmoxkpaTa) JOPiBHIOE ILJIOIi IPAMOKYTHHKA.

! Tinnmokpar XiocsKkuili — maBHLOrpenbKuii reomerp (V cT. 10 H. €.).
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7.53.** JlBa kBagpaTu 3i cropoHamMu 1 cM MaiOTh
cuinpuuUM 1meHTpP (puc. 7.15). Homemirs,
110 ILJIOMHIA IXHBOI CIiIbHOI YacTruHH OiabIna

3
3a —,
4

@ BMPABU AN NOBTOPEHHS Il Puc. 7.15

7.54. 3HaliaiTL cTOPOHY pomba, SAKIMO HOro BHCOTA JOPiBHIOE
6 cM, a KyT MisK cTOpoHOIO pomba Ta OAHiel0 3 miaroHasei
mopiBuioe 15°.

7.55. Bicekrpuca Kyra A npamoxytHuka ABCD npiauts #ioro
cropony BC ua Bigpisku BM i MC zaBgoB:xku 10 cm i 14 cm
BigmoBizHo. Ha Bizmpisku aK0i fOBKUMHU 115 OiceKTpuca JiJIUTh
JiarosHaJyib IPIMOKYTHHKA?

7.56. Cyma KyTiB mpu OinbIriii ocHOBI Tpameriii mopiBuioe 90°.
JloBeniTh, IO BificTaHb MiXK cepefMHAMU OCHOB Tpamelrii jgo-
piBHIOE TiBPi3HUIII OCHOB.

N
s _.
,- rotyemocs 4o BMB4YeEHH4 HOBOI TEMI/ Il

7.57. Yomy mopiBHIOE BificTaHb MiK TouKamMu A i B KoopAuHATHOI
opaAMOi, AKIIO:

1) A 3)i B (7); 3) A (=2) i B (-6);
2)A (-2)i B (4); 4) A (a) i B (b)?

7.58. HakpeciiTh Ha KOOPAMHATHIN IIOIMUHI Bigpisok AB, 3Ha-
UOiTHh 3a PUCYHKOM KOOPAMHATH CePEIMHM BipisKa Ta II0piB-
HAUTe IX i3 cepegHiM apu(pMETUUYHUM BiATIOBIAHUX KOOPAMHAT
TOuOK A i B, AKIIO:

1) A (-1; —6), B (5; —6); 3) A (3; —5), B (—1; 3).
2) A (3; 1), B (35 95);

7.59. IlobynyiiTe Ha KoopAMHATHIN maoimuui TpukytHux ABC
i smHammiTe #oro cropoHu, saArkmo A (5; —1), B (-3; 5),
C (-3; —-1).

7.60. ¥V aAKili KoopamHATHiN UBEPTi 3HAXOAUTHCA TOUKA:
1)A(3;-4); 2)B(-3;1); 3)C(-4;-5); 4) D (1;9)?
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7.61. YV aKiii KoopAnHATHil YBEPTi 3HAXOAUTHCSI TOUKa M, SKIIO:
1) ii abcmuca gomaTHa, a opAuHATA Bil €MHA;
2) mo6yToK ii abcrucu Ta OPAUHATH — BiJl’€MHE UHCJIO;
3) ii abciuca i opguHaTa Big’ eMmi?
7.62. I11o MosKHa cKasaTH IPO KOOPAUHATHU TOUKU A, AKIIO:
1) Touka A jmexuTh Ha oci abciuc;
2) TouKa A JeXUTh Ha OCi OpAUHAT;
3) Touka A JIe;KUTh Ha OiceKTpuci 4eTBepPTOTO KOOPIAUHATHO-
o KyTa;
4) Touka A JeXUTh Ha 0iCeKTPUCiI TPETHOTO KOOPAUHATHOTO
KyTa;
5) Touka A JIeKUTH Ha OiceKTpuci mepIIoro KOOPAMHATHOTO
KyTta?
7.63. YKaKiTh KOOpPAMHATU BepIIUH NIpaMOKyTHuKa ABCD
(puc. 7.16).

177
B C(7; 4)
y A
B(—4; 3) C
-
A(-2; 1) D
0 x
a ] -
0 x
177
A(-1;1) B
Hl -
0 x
A D(-1; -5)
|
)
D C(2; -2)

Puc. 7.16
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CMOCTEPITAUTE, PUCYWUTE,
KOHCTPYIOWUTE, ®AHTA3YWUTE

7.64. Ha mromuai modHaunam Kigbka TOYOK. [ledAki 3 HUX IO-

(hapOyBau YepBOHUM KOJHOPOM, PEIITY — cuHiM. Bimomo, 1110
TOUYOK KOKHOT'O KOJIBOPY HEe MEeHIIe TPhOX i KOAHI TPHU TOUKU
OJTHOT'O KOJBOPY He JieKaTh Ha OfHIN npamiii. [oBexmiTs, 110
AKiCh TPU TOUKM OJHOTO KOJIBOPY € BepIIMHAMU TPUKYTHIU-
Ka, Ha CTOPOHAX AKOI0 MOXKe JieXKaTu He 0iJbIlle IBOX TOUOK
1HIIIOTO KOJIBOPY.

3ABJAHHS Ne 2 «TEPEBIPTE CEBE» B TECTOBIN >OPMI

. 3HalmiTh KiJbKiCThL CTOPIiH HPaBUJIBHOTO MHOTOKYTHUKA,
AKIIo fioro KyT mopiBHIOE 170°.
A) 30; B) 36;
B) 32; I') Takoro MHOTOKYTHUKA HE iCHYE.

. Homy mopiBHIOE IEHTPAJIbHUHA KYT HPABUJIBHOTO AECATUKYT-
HUKa?
A) 18°% B) 36°; B) 144°; ) 10°.

. Axuit HaWGIABIIINH IIEHTPATbHUN KYT MOKEe MaTH MPAaBUJIbLHUN
MHOTOKYTHUK?
A) 90°; B) 150°;
B) 120° I') me moxHa BKa3aTu.

. ¥ KOJI0O BIMCAHO IPaBUJbHUN INTECTUKYTHUK, CTOPOHA AKOTO

IopiBHIOE a. 3HAUAITH CTOPOHY TPUKYTHUKA, OIIMCAHOTO HAB-
KOJIO IIHOTO KOJIa.
a3
P

A) 2 B) B) av/3; T) 2a+3.

3 .
3 ’

. Homy mopiBHIOE pagiyc KoJja, BINCAHOTO B IPABUJIbHUH IIIeC-

TUKYTHUK, MEHIIIA AiaroHaJb AKOro AopiBHIOE 12 cM?
A) 6 cv; B) 6+/3 cm; B) 243 em;  T) 12 cwm.

. SHANIITH JOBKUHY OYTU KOJIa, I'pagycHa Mipa sSIKOl JOpPiBHIOE

207°, akmio pagiyc Koma — 4 cM.
A) 23 cwm; B) 4,6 cwm; B) 231 cwm; ') 4,6n cm.
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7. SIKy yacTMHY WJIOIi Kpyra CTAHOBUTH IJIOIA CEKTOpa, IleH-
TpaJbHUN KYT SKOT0 mopiBHIOE 140°?

7 7 7 7
A) —; B) —; B) —; L) —.
) 9 ) 12 ) 15 ) 18

8. Boucanuit y Kojo KyT, AKui mopiBHioe 40°, cnumpaeThcsa Ha
Iyry 3aBAOBKKU 8 cMm. fIKa moB:KuHa maHOTO Koja?

A) 72 cm; B) 72n cwm; B) 36 cwm; I') 36w cm.

9. fxoro mae OyTH SOBKHHA XOPAHM KOJIa, PaIiyC AKOIr'0 JOPiBHIOE
R, 11100 DOBXKUWHU OYyT, Ha AKi KiHII 1iel Xopau AijidaTs Koo,
BimHocuiuca ak 2 : 1?

RA3.

A) R; B) 2R; B) — = I) RS
10. Ha pucyuky so0pakeHO BIHCaAHUI B

y komo TpukyTHuxk ABC, /A =30°,

BC = a. YoMy mOpiBHIOE IIJIOITA CETMEH- a

Ta, OCHOBA SIKOr0 cTarye ayry BAC?

2 2
A) & (2n+3\/§); B) ¢ (10n+3\/§); A
12 12

a’ (2n—3\/§). I a’ (10n—3\/§)

12 ’ 12 '

11. ¥V mpuryrtaury ABC Bimomo, mo LA =20°, £C=30°, AC=
=14 cm. Koso i3 meHTpoM y Toulli A JOTUKAETLCS MO IIPA-
moi BC. 3HaUIiTh JOBKUHY IyTU IILOTO KO0JIa, AKa HAJEXKUTh
TpukyTHUKY ABC.

30° c

B)

A) T cM; B) T cM; B) Tn cM; I L CcM.
18 9 12 6

12. Paxgiyc xoJia, OmMCaHOTO HABKOJIO HNPAaBUJIBLHOTO MHOTOKYT-
HUKAa, JopiBHIOE 6 \/g CM, a pajiiyc BIIMCAHOT'O B HHOT'O KOJIa —
9 cm. CKiTbKY CTOPiH Mae MHOTOKYTHUK?

A) 6; B) 12; B) 9; T) 18.
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FOJIOBHE B NMAPATPA®I 2

IIpaBuIBLHUN MHOTOKYTHUK

MHOTOKYTHUK Ha3WBAIOTh HPAaBUJIBHUM, SIKIIIO B HBOTO BCi
CTOPOHU PiBHi Ta BCi KyTH pPiBHI.

BaacTtuBocTi mpaBUIBHOTO MHOTOKYTHHEKA

e [IpaBubHUY MHOTOKYTHUK € OITYKJNM MHOTOKYTHUKOM.

e Byab-AKuil TpPaBUILHUN MHOTOKYTHUK € SK BIHCAHUM
Y KOJIO, TaK i ommcaHuM HaABKOJIO KOJa, IPUUYOMY I€eHTPHU
OMMCAHOT0 Ta BIMCAHOTO KiJ 30iraroTbes.

®dopmysnu oy1s1 3HAXOIKEHHSA PaiiyciB OMMCAHOTO Ta BIIUCAHOTO
Kiax MIPpaBUJABHOIO MHOT'OKYTHHEKA

KinbkicTb
CTOPiH IIPaBUIb-
HOTO N-KyTHUKAa
3i cTopoHOIO @

. a
Paniyc R =—— a~3 a2 B
. 180° | R, = R, = Rs;=a

OIIMCAHOI'0 KoJia 2s8in —— 3 3 4 2

Paﬂlyc rn = 180° a \/g
BIIMCAaHOT'O KoJia 2tg —

JoB:xuHa KoJa
C=2mnR
JdoB:xxkuHa myru Kojga B n°
_ TmRn

180
Ilnoma kpyra

S =nR?
IlLnoma cexropa, IKMIl MiCcTHUTH Ayry KoJja B n°
_ nR’n
360




JOEKAPTOBI KOOPOUHATIA
HA MJIOWWUHI

53

BuByatoum matepian uboro naparpada, BM po3wmMpuTe CBOi
3HAHHS NPO KOOPAMHATHY MIIOLLNHY.

By HaBuUnTECA 3HAXOAUTU OOBXWHY BiApidka Ta KOOPAUHATU

MOro cepeaviHy, 3Hakuu Koopa,

MHAaTU NOro KiHLiB.

OTpuMaeTe ysaBNEHHS NPO PIBHAHHA (irypu, BUBEAETE PiBHAHHS

NPSMOT Ta Kona.

O3HanomnTecs 3 MeTo10M KOOpAMHAT, AKNIA Jae 3MOry Po3-
B’A3yBaTV reoMeTpuYHi 3agadi 3acodbamu anrebpu.

8. BigcTtaHb MiXk gBOMa TOUYKaMM
i3 3agaHUMmM KoopauHaTamMu.
KoopauHatu cepeauHu Bigpiska

Y 6 kJaci Bu ozHamoMuJauc

g 3 KOOPAMHATHOIO IIJIOIIIMHOIXO,

TOOTO 3 IJIOIIWHOIO, HA AKifl 300paskeHO ABi MepHIeHAUKYIAPHIL
KoopaumHaTHI npawmi (Bick abciuc i Bich opamHAT) 3i CHiIbHUM
moYaTKOM Bimriry (puc. 8.1). Bu BmieTe 300paskaTu Ha Hili TOUKU
3a IXHiMH KoopAuHATAMU i, HABIIAKW, 3HAXOAUTU KOOPAWHATHU
TOUKHU, BifMiueHOI Ha KOOPAMHATHIN IIJIOIITMHI.

Y4

-

Bicv opdunam

Bicv abcuuc

2

1

3 X

Puc

. 8.1
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JloMoBmMIMICS KOOPAUMHATHY ILJIOINHY 3 Biccio x (Biccio abcrruic)
i Biccro y (Biccio opauHAT) HA3WBATY NJIOIIMHOIO XY .
KoopamaaTtu TouKy Ha MJIOMIWHI XY HABUBAIOTH JeKaPTOBUMH
KOOpAMHATAMHM Ha YecThb (ppaHIly3bKoro martematuka Pene [le-
Kapra (guB. omoBimanHa Ha c. 110, 111).
Bu snaere, aK 3HaXOOUTU BiACTaHb
MiK JBOMAa TOUKaMMU, 3aJaHUMMU CBOI-

P P % MU KOOpAWHATAMY Ha KOODAWHATHIM
2 .o .
! npamiii. Iaa touok A (x;) i B (x,)
Puc. 8.2 (puc. 8.2) maemo:

AB= |x2 — Xq].

HaBuumoca smaxoguTu Bimcramb Mik Toukamu A (x5 y,)
i B (%35 Ys), 3aJaHUMU Ha IJIOMIUHI XY.

Posrismemo Bumamox, Kou Bipisok AB He mepHeHIUuKYJIAP-
HUU 0 JKOOHOI 3 KOOPAMHATHUX oceili (puc. 8.3).

Yepes Touku A i B mpoBeeMo IPSAMi, IePIeHINKYJIIPHI 10
KoopAuHATHUX oceii. OTpuMaeMo IPAMOKYTHU TpuKyTHUK ACB,
y arxomy BC =|x,— x|, AC=|y, - y,|. 3Bincu AB?=BC?+AC?=
= |x2 - x1|2 + |y2 - yl|2 = (x5 — x,)* + (Y2 — Y1)

Toni dopmysy Bimcrami misk Touramm A (x;; y;) i B (X2 Ys)
MOJKHA 3aIlMCaTh TaK:

AB:\/(xz _x1)2 + (Y, _y1)2

JoBeniTs caMmocTiiiHo, 1110 1A (PopMYyJia 3aJIUIIAETHCA IIPABUAIb-
HOIO i IJIs BUIAAKY, KOJHU BiIpisoxk AB IepHIeHIUKYJAAPHUIN 0
onHiel 3 oceit KoopAMHAT.

Hexait A (x;; y;) 1 B (x5 Y,) — TOUKU IUIOIUHY XY. SHATIEMO
KoopamHATHU (X; Y,) Touku M — cepenuHm Binpiska AB.

Posrnsmemo Bumamok, Koiu Biipisok AB He mepIneHIuKYIAP-
HUH J0 KOIHOI 3 KOOpAMHATHUX ocell (puc. 8.4). BrasxkaTumemo,
10 X, > X; (BUImagoK, KOIu X, < X;, PO3TJIALAETHCA aHAJIOTIUHO).
Yepes Touku A, M i B mpoBegeMo OpsaMi, IePIeHIUKYIAPHIL 10
oci abcruc, sSKi MEepeTHyTH 1[I0 Bich BiAmoBigHO B TOuKax A;, M,
i B,. 3a reopemoro Daseca A, M, = M,B,, Toxi | x, — x,|=|x, — x,|.
OckinbKU X, > X, > X;, TO MOXKEMO 3aIUCATHU: X, — X; = Xy — X,.
3Bincu

Xt x,
Xg=——
2
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yA yA
A(xy; yh)
yb--2A4 (x5 9) 1
M
Ysl e ; B (x, y,) B(x2; ys)
: : _ A M B
0] x, X, x 0| %1  xo x5 x
Puc. 8.3 Puc. 8.4

Amnajioriuno MoKHa IIOKas3aTH, II0

_Ntys
0 2
DopmMyan A 3HAXOMKEHHS KOOPAMHAT CEePeIuHHU Biapiska
3aJIUINAIOTLCA MPABUJIBHUMU U y BUINAAKY, KOJU Bigpisox AB
HepHueHANKYJIAPHUN M0 ofHiel 3 oceli KoopauHaT. oBeniTs 1ie
caMocCTiifHO.

3amaua 1. [loBeniTh, III0 TPUKYTHUK, BEPIIUHAMU SKOTO
e touku A (—1; 7), B (1; 3) i C (5; 5), € piBHOOEAPEHUM TPSIMO-
KYTHUM.

Pos3s’a3anusa. BukopucroByouu (GopMyJay BimcTaHi Mixk
IBOMAa TOUKaAMU, 3HAWIEMO CTOPOHU IAHOTO TPUKYTHUKA:

AB=\J(1+1) +(3-7)* =/4+16 =+/20;
BC=(5-1)* +(5-3)° =+/16 + 4 =~/20;
AC=(5+1)* +(5-7) =/36+4 =/40.

Or:xe, AB = BC, To6T0 TpukyTHuk ABC piBHOOGEIpEHMI.
Ockinpku AB? + BC? = 20 + 20 =40 = AC?, to TpukyTaux ABC
npaMokyTHuii. 4

3amaua 2. Touxka M (2; —5) — cepenuHa Bigpiska AB,
A (—1; 3). 3uaiigiTh KoOpAUHATH TOUKU B.

Pose’azannsa. llosaauumo (xz; yz) — KOOPAUHATU TOUKHU B,
(x4; Yy, — roopauHaTu TOUKU A, (X,;5 Y,) — KOOPAUHATHU TOU-
Ku M.
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+Xp

. X,
Ockinpru “4 "B — x  TO OTPUMYEMO:
2

M

-1+x,

2
—1+x3=4; xz=5.

=2

Amnajsoriuuo

Yat¥s _ . 3+Yp _ 5
T_ M 9 — T Y

yp=-13.
Bidnosidv: B (5; —13). <

3amaua 3. [oBenits, 110 woTupuKyTHUK ABCD 3 BepIimHaAMHT
BToukax A (2; —1), B (1; 3),C (-3; 2)i D (—2; —2) € IpAMOKYT-
HUKOM.

Poss’azannsa. Hexait Touka M — cepenuna miaronasi AC.
Toxi
_x,tx, 2-3

x =——=-0,5;
M 2 2
+ -1+2
WET SR =0,5.
2 2

Orxe, M (—0,5; 0,5).
Hexait Touka K — cepenuna giaromanai BD. Toxi
_Xptx, 1-2

X =TSR =R =05,
_Yst¥p _3-2_, 5
K 2 2 ’

Or:xe, K (-0,5; 0,5).

Taxum unaom, Touku M i K 30iraroorscs, ToOTO aiaroHaJi 4o-
TupukyTHUKa ABCD MaioTh CIiIbHY cepeanHy. 3Biicu BUILINBAE,
110 YoTUPUKYTHUK ABCD — mapaJjiesorpam.

3HalimemMo miaroHaJsi mapaJejgorpama:

AC = /(-3-2)° +(2+1)* =+/34,
BD =/(-2-1)% +(-2-3)* =/34.

Or:xe, miaroHauri nmapaJseagorpama ABCD piBHi. 3Bifgcu Bumiu-
Bae, 1[0 Ilell mapaJejorpaM € NpAMOKyTHUKOM. €
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p 00000 |
® 1. ¢k 3HaNTK BiACTaHb MiXK ABOMA TOYKAMW, AKLLO BiAOMO iXHi KO-
opanHaTn?
2. 9k 3HANTX KOOpPAMHATM CepeamnHu Bigpiska, SKLWO BiAOMO KOOp-
OMHATU MOro KiHLiB?

@ BMPAB/ T

8.1.° 3uaiigiTe BigcTanb Mixk Toukamu A i B, SKIIO:
1) A (10; 14), B (5; 2); 2) A (-1; 2), B (4; -3).

8.2.° 3uaiigits Bigcraus Misk Toukamu C i D, aKImo:
1) C (-2; -4), D (4; —12); 2) C (6; 3), D (7; —-1).

8.3.° Bepmiuaamu TpukyTHuUKa € Touku A (—1; 3), B (5; 9),
C (6; 2). Hosenith, mo TpukyTHUK ABC piBHOOEAPEHUIA.

8.4.° [loBexmiTh, 1o Touxa M (0; —1) € IeHTPOM KoJa, OIIHCAa-
HOT'0 HaBKoJO TpukyTHuKa ABC, akmio A (6; —9), B (—6; 7),
C (8; 5).

8.5.° HoBexiTh, mo Kytu B i C tpukyrHuka ABC piBHi, AKIII0O
A (5; =7), B (-3; 8), C (-10; —-15).

8.6.° 3HaligiTe KoOpAUHATH cepeduHu Bimpiska BC, aAKIIO:
1) B (5; 4), C (3; 2); 2) B (—2; -1), C (-1; 7).

8.7.° Touka C — cepenuHa Bigpiska AB. 3HAWAiTh KOOPAUHATU
TOUKU B, AKIIO:
1) A(3; —4), C (2; 1); 2) A (-1; 1), C (0,5; —1).

8.8.° Touka K — cepenuHa Bigpiska AD. 3anoBHITH TAOJIUIIO:

Touka Koopnunatu ToOuKu
A (-3;1) | (-8;2)
D |(-1;-3) (-9; 2)
K (-4;6) | (1; 2)

8.9.° Buaiigite memiany BM TPUKYTHUKA, BEePINUHAMU SIKOTO
e Touku A (3; —2), B (2; 3) i C (7; 4).

8.10.° Nano Tourku A (—2; 4) i B (2; —8). 3HaiaiTs BigcTaHb Bix
moYaTKy KOOPAMHAT OO0 cepeauHU Bimpiska AB.



88 § 3. IEKAPTOBI KOOPANHATU HA MNOLLWHI

8.11.° [ToBexniTh, 1110 TPUKYTHUK 3 BEpIIIMHAMHU B TouKkax A (2; 7),
B (-1;4)iC (1; 2) € TpAMOKYTHUM.

8.12.° Touku A (—1; 2) i B (7; 4) € BepmImHAMU IPAMOKYTHOTO
TPUKYTHUKA. YU MOKe TpeTsA BepIINHA TPUKYTHUKA MATHU
KOOpIMHATHU:
1) (75 2); 2) (25 -3)?

8.13.° Yu jse:xaTh Ha ONHIiN TpAMill TOUKHU:
1) A (—2; -7), B(-1; -4) i C (5; 14);
2) D (-1; 3), E (2; 13) i F (5; 21)?
Y pasi cTBepaHOil BiAmoBimi BKaKiTh, AKa 3 TOYOK JIEXKUTh
MiK gBOMA iHIIIMMH.

8.14.° HoBexmits, mio Touku M (—4; 5), N (-10; 7) i K (8; 1) Je-
JKaTh HA ONHIN IMPAMIiN, Ta BKaXKiTh, AKA 3 HUX JIEXKUTH MIiXK
IOBOMA iHIIIMMM.

8.15.° IIpu saxomy sHaueHHi X BigcTanpb Mixk Toukammu C (3; 2)
i D (x; —1) mopiBHIOE 57?

8.16.° Ha oci abciuc 3HalgiTh TOUKY, IKa piBHOBiggaJeHa Bin
Touok A (—1; —1) i B (2; 4).

8.17.° 3HAHAITh KOOPAUHATH TOUKHU, IKA HAJEMKUTh OCi OpAuHAT
i piBHOBigmanena Bix Touoxk D (—2; —3) i E (4; 1).

8.18.° 3HaligiTs KOOPAUMHATH TOUKHU, AKa iIUTHL Bigpisox AB
y BigHommenui 1 : 3, paxywouu Bixg Touku A, akmo A (5; —3)
iB(-3; 7).

8.19.° Yorupuryruuk ABCD — mnapainejorpam, A (—5; 1),
B (—4; 4), C (—1; 5). BuaiigiTs KoopauHaTy BepinuHu D.

8.20.° Yorupurkytauk ABCD — mapajaeaorpam, A (—2; —2),
C 4; 1), D(-1; 1). BuaiigiTh KOOpAUHATU BepIiuHU B.

8.21.° [loBexniTh, 1o yoTupukyTHUK ABCD 3 BepIIuHaMu B TOUKaX
A (=2; 8), B(3; -3), C (6; 2) i D (1; 13) ¢ mapasesorpaMoM.

8.22.° [ToBemiTs, 110 YoTUPUKYTHUK ABCD 3 BepIInHaMu B TOY-
kKax A (-3; -2), B (-1; 2), C (1; -2) i D (-1; —6) € pom6Gom.

8.23.° [ToBeniTh, 110 4oTUPUKYTHUK ABCD 3 BepHmimHaMu B TOY-
kKax A (—2; 6), B (-8; —2), C (0; —8) i D (6; 0) ¢ xBagpaToMm.

8.24.° Touxku D (1; 4) i E (2; 2) — cepenunu cropia AC i BC
TpukyTHUKA ABC BifmoBigHo. 3HAUAITHL KOOPAMHATU BEPITUH
AiC, akmo B (—3; —1).
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8.25.° 3HaigiTh JOBKUHY BiipidKa, KiHIII SKOTO HaJIEXKaTh OCAM
KoopAauHAaT, a cepenuuoio € Touxa M (—3; 8).

8.26.° 3uaiigiTh Koopamuatu BepminHu C PiBHOCTOPOHHBLOTO
rpukyTHuka ABC, akio A (2; —3) i B (—2; 3).

8.27.° 3HalimiTh KoopAMHATU BepINUHU E PiBHOCTOPOHHBLOTO
TpukyTHuka DEF, axmo D (—6; 0) i F (2; 0).

8.28. V¥V tpuryrHury ABC Bigomo, mo AB = BC, A (5;9),
C (1; —3), moxyii KoopauHaT TouKu B piBHi. 3HAHAITE KOOP-
IUHATH TOUKHU B.

8.29.* 3maiifiTes KoopauHATHU BCiX Touok C oci abcIiic Takux, Imo
TpukyTHUK ABC piBHOOGempenuit i A (1; 1), B (2; 3).

8.30." 3HaiaiTh KOOPAWHATH BCiX TOYOK B oci opAuMHAT TaKuXx,
o TpukyTHuK ABC npamoxkytuuii i A (1; 3), C (3; 7).

@ BMPABU AJ1 MOBTOPEHHS I

8.31. ¥V tpurkyruury ABC Bimomo, mo £C =90°, AB=9 cwm,
BC =3 cm. Ha rinorenysi AB mosHaueHo TOuKy M Tak, IO
AM : MB=1 : 2. 3uanigits Bigpisox CM.

8.32. 3uaiigite Kyt pomba, AKIO KYT MiK BMCOTOIO Ta Hiaro-
HAJLJII0 pomM0a, IPOBeIeHNMHU 3 OAHi€l BepIIuuu, fopisHioe 28°.

8.33. [liaromans BD mapainemorpama ABCD nopiBHIOE 24 cwM,
Touka £ — cepenuna cropouu BC. 3HaimiTh Bigpisku, Ha AKi
npama AE ginutk giaromanas BD.

[
,&' roTyemocsd 40 BUBYEHHA HOBOI TEMI/1 Il

8.34. Toura A (1; —6) — 1eHTP KoJa, Touka B (10; 6) HaIeKUTH
npoMy KoJuy. YoMy mopiBHIOE pamiyc KoJja?

8.35. Bigpisox CD — miameTp Koja. 3HAWIAITH KOOPAUHATH II€H-
Tpa KoJjia Ta pamiyc koJja, akio C (6; —4), D (—2; 10).

8.36. fdxa dirypa € rpadikom piBHAHHA:
Dy=1; 3) x=-2; 9) xy=1;
2)y=3x — 4 4) (x+2)*+(y — 3)°=0; 6) y=x?
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9. PiBHSIHHSA ¢irypu. PiBHAAHHSA Kona

I3 kypcy anrebpu 7 KJjacy BU 3Ha-
ere, AKy (irypy HasmBaioThb rpadi-
KOM pPiBHAHHA. Y IbOMY IIYHKTI BU
o3HAlOMUTECA 3 MOHATTAM PiBHIHHS
dirypu.

Koopauuatu (x; y) KOKHOI TOU-
Ku mapaboJiu, 300pakeHOl Ha puU-
cyHKY 9.1, € po3B’sA3KOM PiBHAHHS
y = x2. ] HaBMaKu, KOKHUM PO3B’ A30K
PiBHSHHA 3 ABOMA 3MIHHUMH Y = X2

Puc. 9.1 € KOOpPAUHATAMU TOUKH, IKA JICKUTH

Ha IIifi mapa6osi. ¥ mbomy pasi ro-

BOPSATH, 1[0 PiBHAHHSA ImapaboJu, 300paskeHoi Ha pUcCyHKY 9.1,
Mae BUTJISAMA Y = X2,

YA

RY

0

Osnauvennqa PiBHauaam ¢irypu F, 3aganHoi HA MJIOIIH-
Hi Xy, HA3UBAIOTh PiBHAHHA 3 JBOMAa 3MiHHUMH X i Yy, AKe Mae€
TaKi BJIaCTHUBOCTI:
1) akno ToukKa HaJexKuTh (Qirypi F, To il KoopauHATH
€ PO3B’SIBKOM JTAHOTO PiBHAHHSI;
2) Oymp-AKuil po3B’A30K (X; y) JAHOTO PiBHAHHA € KOOPIMHA-
TaMM TOYKHM, KA HaJe:KUTh Qirypi F.

Hanpuraan, piBHAHEA IpAMOi, 300paskeHol HA PUCYHKY 9.2,
mae Buraan y=2x — 1, a piBHAHHA rinmepbosu, 300pakeHOi Ha

1
pucyHkry 9.3, Mae BUrianm y =—.
X

7y y A\
\
1 1
x \T
ol/ 1 X —— o] [1 x|

Puc. 9.2 Puc. 9.3
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IIpuitaaTo roBOPUTH, IO, HATPUKJAL, PiBHAHHA y=2x — 1

iy= 1 3aal0Th IIPAMY Ta TinepboJy BiAmoBimwHo.
X

SKmIo naHe PiBHAHHSA € piBHAHHAM (irypu F, To mMio Qirypy
MOXKHA POo3TiamaTu Sk reomerpudse micie Touoxk (I'MT), koop-
OIUHATU SKUX 3aJ0BOJILHSIOTH JaHe PiBHAHHSI.

Kopucryounch nmuMm MipKyBaHHAMU, BUBEIEMO PiBHAHHS
KoJia pazgiyca R i3 meHTpom y Touti A (a; b).

Hexait M (x; y) — moBinbHA TOUYKA

manoro xoJja (puc. 9.4). Togi AM=R. Y4
BukopucroByroun ¢opmysy Bigcrani M (x: )
MiK TOUKAMM, OTPUMAEMO: Y
J(x—a) +(y-b)} =R.
3BiIl;CI/I A (.a; b)
(x —a)’+(y - by’=R% (*) >
M 0 SN— x
W IIOKasajiu, IO KOOPAMHATH
(x; y) moBinbHOI TOukM M maHOTO KOJa
Puc. 9.4

€ po3B’sA3KoM piBHAHHA (¥). Temep moka-
JKeMO, 1110 OyAb-sIKUH Po3B’sA30K piBHAHHA (x — a)? + (y — b)? = R?
€ KOOpAMHATAMHU TOUKH, IKA HAJEKUTL HAHOMY KOJY.

Hexait mapa uucen (x;; y;) — JOOBiJIbHUI PO3B’A30K PiBHAH-
Ha (¥).

Tomi (x, —a)?+ (y, — b)>= R2.

Bsincu \(x, —a)® +(y, —b)* = R.

IIa piBHicTp moxasye, mo Touka N (x;; y,) BimgmaseHa Bifg
meHTpa koja A (a; b) Ha BimcraHb, IO AOPiBHIOE pamiycy KoJia,
a oT:ke, Touka N (x;; ;) HAJEKUTHb JAHOMY KOJY.

OT:xe, MU JOBEJIX TAKy TeopeMy.

Teopema 9.1. Pienanna rkona padiyca R i3 yenmpom
y mouuyi A (a; b) mae 6uznad

(x—a)*+(y —b)’=R®

IIpaBuabHUM € 1 Take TBepHKeHHA: O0Ydv-saKe PDi6HAHHA 8UOY
(x—a)’+(y —b) =R? 0ea,biR— desaki wucaa, npuiomy R> 0,
€ pieHAHHAM Koaa paldiyca R i3 yenmpom y mouui 3 KoopouHa-
mamu (a; b).
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SIKII0 IMEeHTpoOM KoJia € IIoYaTOK KoopaumHAT (pumc. 9.5), To
a=b=0. VY npomy pasi piBHAHHA KOJIa Ma€ BUTJIALI
x?+ y? = R2.

yi 3amaua 1. CraanitTs piBHAHHSA KoJa,

miaMeTpoM SKOTO € Bimpisok AB, SKIIO

RY

€ cepeauHOIO AiamMeTpa, TO MOXKEeMO 3Ha-
Ty xoopmuuHatu (a; b) meurpa C Koja:
-5+7

\
R
A (-5;9), B (7; -3).
R Pos3s’a3anHa. OCKIIBKHY IIEHTP KOJIa
QJ

a =1,

Puc. 9.5 9-3

Omxe, C (1; 3).
Pagiyc xosa R mopisuioe Bimpisky AC. Tomi R?=(1+5)%+
+(8 —9)="72.
Ot:xe, IIIyKaHe PiBHAHHSA Ma€ BUIJIAL
(x— 1)+ - 3)2="72.
Bidnosidw: (x — 12+ (y — 3)2=72. 4
3amaua 2. [loBenirs, 1o piBusgHES X%+ y2+ 6x — 14y + 50 =0
3aJla€ KOJIo. S3HAWAITH KOOPAWHATHU I[eHTPa Ta pamiyc Iboro KoJa.
Poss’azannasa. Illojgamo maHe piBHSHHA y BUIISgl (x —a)? +
+(y — b)? = R%:
x2+6x+9+y?— 14y +49+50 — 568 =0;
(x+3)2+(y — 7)?=8.
Or:xe, maHe PiBHAHHSA € PiBHAHHSAM KOJa i3 IIEHTPOM y TOY-
i (—3; 7) i pagiycom 2 J2.
Bidnoside: (—3; 7), 2/2. 4

3amaua 3. JloBeniTh, IO TPUKYTHUK 3 BEePIIUHAMU B TOU-
Kax A (—2; -3), B(1; 3) i C (5; 1) € IpAMOKYTHUM, i CKJIAAIiTh
PiBHAHHSA KOJia, OIIMCAHOTO HaBKOJO TpuKyTHUKa ABC.
Pos3s’a3anHsa. 3HAIEMO KBaJApaTU CTOPiH JAHOTO TPUKYT-
HUKA:
AB?2=(1+2)?+(38+3)2=45;
AC? =(5+2)2+(1+3)2=65;
BC?2=(5 - 1)2+(1 - 3)2=20.
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Ockinpxu AB? + BC? = AC?, To faHUl TPUKYTHUK € IIPSIMOKYT-
HUM i3 mpamMuM KyToMm npu BepmmuHi B. IleHTpoMm ommcaxHoro
KoJia € cepeaunua rimorenysu AC — touka (1,5; —1), pagiyc KoJsa

J65

R=tac=Y%
2 2

OT:xe, ITyKaHe PiBHAHHSA Ma€ BUTJIAN

(x-1L5)%+(y+1)* = i—5

65
Bidnogidwv: (x—1,5) +(y +1)* =I.4

p -
® 1. Lo Ha3mBaoTb PIBHAHHAM dirypu, 3a4aHoi Ha NIOLWMHI Xy ?
2. Aknin BUrIA[ Mae pPiBHAHHSA Koa i3 LLeHTPOM Yy Touui (a; b) i pa-
niycom R?
3. Akui BUrMag Mae PiBHSAHHSA KOMA i3 LEHTPOM Y NoYaTKy KOOpAMHAT
i pagiycom R?

@ BMPAB/ HNT

9.1.° BusHauTre 3a PiBHAHHAM KOJia KOOPAWHATU MOT0 IIEHTpA
Ta pamiyc:
1) (x — 8)*+(y — 3)*=25;
2) (x+5)2+y?=9;
3) x2+y?="T;
4) x2+(y +1)2=3.
9.2.° CkyaaziTh piBHAHHSA K0Ja, AKIIO BiIOMO KOOPAUHATU HOTO
menTpa A i paxgiye R:
1) A(3; 4), R=4;
2)A (-2;0), R=1;
3) A (T; -6), R=+2;
4) A (0; 5), R=+/7.
9.3.° CryaamiTh piBHAHHSA Ko0Ja, SAKIIO BiIoMO KOOPAUHATU HOTO
nenTtpa B i paniyc R:
1) B(-1;9), R=9;
2) B (-8; -8), R=1/3.



94 § 3. IEKAPTOBI KOOPANHATU HA MNOLLWHI

9.4.° BusHauTe KOOPAMHATH IIEHTPA Ta Pamiyc KoJja, 300pakeHoro
Ha pucyHky 9.6, i samuiriTe piBHAHHSA IILOTO KOJIA.

v
vk
0 3 x m .
W—IO x
a 8
YA YA
2 6
[ ]
0 x 0 4 x
) 2
Puc. 9.6

9.5.° Pagiyc Koja i3 menTpoMm y Toulli A mopiBuioe 4 (puc. 9.7).
CxiamiTs piBHAHHS IIHOTO KOJA.

Y A
0
&p
a

Puc. 9.7

RY

]y
b

9.6.° IloObynyiiTe Ha KOOPAMHATHIN IJIOMMHI KOJIO, PiBHAHHS
SIKOTO MA€ BUTJIAM:
1) x2+y?=4; 2) (x+1)2+(y — 2)?=25.
9.7.° Ilobyny#iTe Ha KOOPAWHATHIN IIJOIIMHI KOJO, PiBHAHHS
sikoro mae Burasag (x — 4)2+y?=9.
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9.8.° Koo 3amano piBaauusam (x + 6)% + (y — 1)? = 10. 3’sacyiire, aki
3 Touok A (—3; 0), B (-5; —-2),C (1; 0), D (—4; 3), E (-7; —3),
F (—9; 0) nexxatn: 1) Ha KoJti; 2) ycepeanHi Koja; 3) 1mo3a KOJIOM.

9.9.° Y manexuthb Koay (x — 2)%2+ (y + 2)>=100 Touka:
1)A(8;-8); 2)B(6;-9); 3)C(-3;7); 4)D(-4;6)?

9.10.° CrJyagiTh piBHAHHS KoJia i3 meHTpoMm y Touli M (—3; 1),
AKe mpoxoauTh uepes Toury K (—1; 5).

9.11.° CkaamiTy piBHAHHS KoJa, AiaMeTpoM SKOTO € Biapisox
AB, akmio A (2; =7), B (—2; 3).

9.12.* losenits, 110 Bigpisox AB € miamerpom kosa (x — 5)%+
+(y+4)*=17, axmo A (1; -5), B (9; —3).

9.13.° losexnits, 1o Bigpisoxk CD e xopmoio Koua x2+ (y — 9)2 =
=169, akmo C (5; —3), D (-12; 4).

9.14." CryiamiTh piBHAHHA K0Ja, IIEHTPOM AKOTO € Touka P (—6; 7)
Ta AKe JOTUKAEThCA J0 OCi opauHAT.

9.15.° CraamiTh piBHAHHSA KOJa, IIEHTP AKOT0 3HAXOAUTLCS Ha
nmpamiin y=-5 Tta AKe NOTHMKAeTbCA A0 oci abcmmc y Touri
S (2; 0).

9.16.° Ckinbku icuye Kia, Aki mpoxomsaTh uepes TOUuKy (3; 5),
pamiycu AKUX TOPiBHIOIOTH 3\/5 i IMeHTPpU AKUX HaAJEXKAaTh
oci opauuaT? 3anuNIiTh PIBHAHHA KOMKHOTO TAKOT'O KOJAa.

9.17.° CkaamiTh piBHAHHSA KOJa, AKe IPOXOIUTL UYepes3 TOUKU
A (—4; 1)i B (8; 5) i meHTp AKOTO HAJNEKUTH Oci abcifuc.

9.18.* losenits, 110 Koo (x + 6)*>+ (y — 3)? = 36:
1) moTuKaeThbCA 0 OCi OpAMHAT;
2) mepeTuHae Bich abcIuc;
3) He Mae CHiJTbHUX TOYOK 3 Ipamoio y = 10.

9.19.” YcraHOBiTh, Ul € HaHe PiBHAHHSA PiBHAHHAM KoJja. ¥ pasi
CTBEPAHOI BiAIOBiAi BKaXiTh KOOPAWHATH IleHTpa Ta paaiyc R
IILOTO KOJIa:

1) x2+ 2x+y? - 10y — 23 =0;
2) x2 - 12x+y?+4y +40=0;
3) x2+y?+6y+8x+34=0;

4) x2+y? — 4x — 14y +51=0.
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9.20.** [ToBemiTh, 1110 AaHe PiBHAHHSA € PiBHAHHAM KO0J1a, 1 BKaXKITD
KOOPAMHATH IIeHTpa Ta paniyc R 1poro KoJja:
1) x2+ y?>+ 16y + 60 = 0; 2) x®+y? - 8x+4y+15=0.
9.21. JloBeniTh, IO TPUKYTHUK i3 BepIImHAMU B TOUYKAX
A (-1; -2), B (-1; 2), C (5; 2) ¢ IPAMOKYTHUM, i CKJIaIiTh
PiBHAHHSA KOJIAQ, OINCAHOTO HABKOJIO IILOTO TPUKYTHUKA.
9.22.° CxkaagiTey piBHAHHA KoOJIa, pajiyc sSKOTO OOPiBHIOE 5 Ta
AKe mpoxonuTh uepesd Touku C (—1; 5) i D (6; 4).

9.23.° CraamiTh piBHAHHA KO0JIa, paJiyc AKOTO IOPiBHIOE \/ﬁ
Ta AKe IpPoxonuTh uepes Touku M (—2; 1) i K (—4; —-1).

9.24. CraafiTs PiBHAHHS KO0JIA, AKe MTOTUKAETHCA OO KOOPIU-
HaTHUX ocell i mpamoi y = —4.

9.25.° CKyaamiTh piBHAHHSA KO0JIA, SKe JOTHUKAETHCA M0 KOOPIH-
HaTHUX ocel i mpsamoi x = 2.

9.26.* CryagiTh piBHAHHA KO0JIA, AK€ IPOXOIUTEL UYepe3 TOUKIH:
1) A (-3; 7), B (-8, 2), C (-6, —-2);
2) M (-1; 10), N (12; -3), K (4; 9).

BMPABWU AJ1 MOBTOPEHHS I

9.27. BicexTpuca xkyta B mapanenorpama ABCD mnepeTuHae oro
cropony AD y Touni E, AB=BE =12 ¢m, ED =18 cm. 3Ha-
UOiTh IJIOIIY IIapaJjejorpaMa.

9.28. IlepueuauKyIAp, ONYIIEHUH i3 BEPIINHN HPAMOKYTHUKA
Ha #oro miaroHajb, AiJIWTH ITI0 AiaroHajJb Ha BiApisKuW 3aB-
IoBKKKU 9 cm i 16 cm. 3HalAiThL IepuUMeTp MPAMOKYTHUKA.

9.29. V¥V piBHOOIUHY Tpamellito BICAHO KoJo pazgiyca 12 cm. OgHa
3 OiYHIUX CTOPiH TOUKOIO HOTHUKY OiJINThCS HA OABa BiApisKwu,
OIUH 3 AKUX MOPiBHIOE 16 cM. S3HAKWAITH IJIOIIY TpAaIelrii.

CMOCTEPITAUTE, PUCYWUTE,
KOHCTPYIOWUTE, ®AHTA3YWUTE

9.30. Ha nromuui mosHaumiay Touyku A i B. 3a JOIOMOTOIO JIMIIIE
MupKyJIs mobdyayire Touky C Taxky, 1106 Touka B 6ysa cepenu-
HOIO Bimpiska AC.
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10. PiBHSIHHA npamMoOT

Y momepegHBOMY HYHKTi, PO3TJIs-
naroun kKojao Ak ['MT, piBHOBimmaie-
HUX BiI 7aHOl TOUKU, MU BUBEJIU HIOTO
piBEAHHA. [usa Toro 1mo6 BuBecCTH
PiBHAHHSA IPAMOI, PO3TJISHEMO ii AK
I'MT, piBHOBigmajeHux Bim ABOX ma-
HUX TOYOK.

Hexait a — sagama npsama. BuOe-
pemo aBi Touxku A (xq; y,) i B (%55 Ys)
TakK, mobu mpAmMa a Oyjga cepemuH-
HUM IepIeHIUKYJIApoM Bimpiska AB
(puc. 10.1).

Hexait M (x; y) — moBinbHa Touka mpsamoi a. Toxi 3a Baac-
TUBICTIO CepequHHOTO MepPIeHAuKYJISpa BiApiska BUKOHYETHCS
piBaicTe MA = M B, T00TO

Y= +(y-1,) =(x—x,) + @ -,)". (*)
Mwu mokasanu, 1o KoopamHatu (X; y) moBinbHOI Toukm M
OpsaMoi a € pos3B’sA3KoM PiBHAHHS (¥).
Temep mokKa:keMo, IO OyAb-IKUI PO3B’SI30K pPiBHAHHA (¥)
€ KOOpAMHATAMU TOUKHU, SKA HAJEXKUTh JaHIN mpaMmii a.
Hexait (xy; y,) — IOBiIbHUI PO3B’sI30K PiBHAHHA (¥).

TOI(i \/(xo _x1)2 +(y0 - yl)2 = \/(xo _x2)2 +(y0 - y2)2' HH piB'
HicTb o3Hauae, mo Touka N (x,; Y,) PiBHOBigmaseHa BiJ TOUOK
A (x5 Y1) 1 B (x93 Ys), OTKe, TouKa N HaJIEKUTh CEPEIUHHOMY
MepHIeHAuKYAAPY Biapiska AB, To0TO npAMiil a.

TakuM ymHOM, MU IOBEJH, IO PiBHAHHA (¥) € PiBHAHHAM
IaHOol IpPAMOI a.

IIpore 3 Kypcy anrebpu 7 KJjacy BM 3HAETe, 1[0 PiBHAHHSA
npaMoi mMae HabaraTo HpOCTiuii BUTJSAL, a came: ax + by =c,
Ie a, bic — meaki umcia, npudyomy a i b He JOPiBHIOIOTH HYJIIO
onuouacHo. IToxkaxkemo, 1110 piBHAHHA (¥*) MOKHa 3BECTHU IO Ta-
KOT'O BUTJIALY.

Ilinmecemo oOuaBi yacTuHY piBHAHHA (¥) 1o KBagpara. Maemo:

(x—x)*+ (W — Y1)’ =(x — .+ (y — y)*.
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Poskpuemo ny:xxu Ta 3BemeMo moaioHi goganku. OTpuMaemMo:

2(xy—x) x+2 (Y, — Y1) y=x3+y5 — xf — yi.

Tlosmaumsmmm 2 (x, —x,)=a, 2 (Y, —y,)=b, x2+y —x? - y?=c,
oTpUMaeMoO PiBHAHHSA ax + by = c.

Ockimbku Touku A (xq; y;) i B (x5 y,) € pisHuMuU, TO X0ua 0
OoJHA 3 PiBHUIB X, — X; 1 Y, — Y, He mopiBHioe myaio. OTiKe, UmC-
Ja a i b He JOPiBHIOIOTH HYJIIO OJHOYACHO.

TakumM YMHOM, MU JOBEJN TaKy TEOPEMY.

Teopema 10.1. PigHAHHA NPAMOL Ma€ U2l

ax+by=c,

de a, bi ¢c — Odeaki wucaa, npuiomy a i b ne dopieHioroms
HYLI0 00HOUACHO.

€ mpaBUJIBHUM i TaKke TBePAKEHHs: 0Y0b-aKe PIBHAHHS 8UOY
ax+by=c, 0e a, bic — deaki yucaa, npuiomy a i b He dopis-
HI0OIOMb HYJLI0 00HOUACHO, € PIBHAHHAM NPAMOL.

Ao a=b=c=0, To rpadikom piBHAHHA ax + by =c € Bca
mirommuHua xy. Axmo a=b=01i ¢ # 0, To piBHAHHA He Mae
PO3B’A3KiB.

Iz Kypcy anrebpu 7 KJjacy BM 3Ha€ETe, IO PiBHAHHSA BUIY
ax + by = ¢ Ha3WMBAIOTH JiHINHUM PiBHAHHAM 3 JBOMA 3MiHHUMU.
PiBHAHHA IpsaMOi € OKpeMUM BUAOM JiHiliHOTO piBHAHHA. CxeMa,
3o0paskeHa Ha pucyHKy 10.2, imocTpye ckasaHe.

Jlinifini piBHAHHS
3 IBOMA 3MiHHUMN

PiBuanusa
IPAMUX

Puc. 10.2

Tako:k Ha ypokax aarebpu B 7 Kjaci Mu npuiinaau 6e3 I0-
BeJleHHA TO# (akT, mo rpadikom gimifinol QyHKHIii y=kx +p
€ mpsaMa. 3apas MU MOKeMO Iie JOBECTH.
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Ilepenumiemo piBHAHHA Y = kx + p Tak: —kx +y = p. Mu otpu-
MaJiu PiBHAHHA BUAY ax + by =c Oaasa BUNAAKY, Koau a = —k,
b=1, ¢c=p. Ockinbku B 1iboMy piBHAHHI b # 0, TO MU oTpUMaIn
PiBHAHHSA IPSAIMOi.

A uym Oyab-IKYy IPAMY Ha ILIOITWHI MOYKHA 3a1aTH PiBHAHHAM
BUAy Yy = kx + p? BianmoBigp Ha Iie 3anuTaHHA 3alepevHa.

Piu y tim, 1110 mpAMa, mepOoeHIUKYJISAPHA A0 oci abciuc, He
MosKe O0yTu rpadikom (PyHKIII, a oT:Ke, He MOXKe OyTU 3aJaHa
piBHAHHAM BUIY Y = kX + p.

Paszom 3 TuM, AKIO B piBHAHHI IpAMOi ax + by = ¢ mOKJacTu

- C
b=0, To Fioro Mo:kHa HmepemucaTu Tak: X =—. Mwu orpumanu
a

OKpeMHuil BHUJ PiBHAHHS OPAMOI, YCi TOUKU AKOI MaiOTh OIHA-
KoBi abciucu. OT:Ke, 1A IpAMAa IEePIeHANKYIAPHA 0 oci abcItuc.
Ii HasMBaIOTH BepTUKAIHHOIO.

Kouu b # 0, To piBHAHHA TpAMOI ax + by = ¢ MOYKHa 3amIrcCaTu

a c a C

Tak: Yy =——x+—. IlogHayuBmu —— =%k, —= p, OTPUMAEMO DPiB-
b b b b

HAHHA J = kX + D.

Or:xe, akuo b=01ia # 0, mo pienanna npamoi ax +by =c
3a0ae gepmukanvry npamy; akuwo b = 0, mo ye pieHanHA 3a-
dae HegepMUKANLbHY npamy.

PiBHSHHS HeBePTUKAJIbHOI IPAMOI 3pYyUYHO 3aIllICyBaTU y BU-
raani y = kx + p.

Y maBemeHili TaOmuIli ysaraibHeHO MaTepiaj, PO3STJISHYTHUMN
y I[bOMY ITYHKTI.

PiBuanusa 3HaueHHs a, b ic T'padik
b+0,
. . HeBepTrurkaabHa mpama
aic— oymb-Aaki
b=0,a =0, B
epTUKaJbHA IIPIMa
ax+by=c |¢ — Oynb-ake
a=b=c=0 VYea koopanHaTHA

TJIOIIMHA

a=b=0,c#0 —
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3agaua 1. CKiaamiTh piBHAHHA IpPAMOi, SKa IPOXOIUTH
yepes TOUKMH:

1) A (-3; 5)i B (—3; —6); 2)C (6; 1)i D (—18; =7).

Poss’azannsa. 1) OckinbKu mami TOUYKM MaioTh pPiBHiI a0-
cucu, To IpaAMa AB € BePTUKAJIBHOIO. 11 DIBHAHHA Mae BUTJIAL
x=-3.

2) OckinbKu maHi TOUKM MalOTh pisHi aberucu, To npama CD
He € BepTUKaJbHOIO. Toai MOMKHA CKOpPUCTATHCA DPiBHAHHAM
npamol y Buraani y = kx + p.

ITligcraBuBim KoopauHaty Touok C i D y piBHAHHA Y = kX + P,
OTPUMYEMO CHUCTEMY PiBHSHL:

6k+p=1,
-18k+ p=-"1.

b

. 1
PosB’s3aBIiim 10 cUCTEMY PiBHAHBb, 3HAXOAWMO, II[0 k=—
3

p=-1.
1
Bidnosidwv: 1) x=-3; 2) y=§x—1- <

3amaua 2. 3HaWAITh IePUMETP i IJIOITY TPUKYTHUKA, O0OMe-
JKeHOoTOo mpAMoIio bx + 12y = —-60 Ta ocaMu KOOpAMHAT.

Pose’a3annsa. 3HAWIEMO TOUKMW MEPETUHY AAHOI TPAMOIL
3 0CsAIMU KOOPAWHAT.
3 Biccio abciuc: pu y = 0 orpumyemo 5x =—-60; x =—-12.
3 Biccro opauHat: npu x =0 oTpu-
myemo 12y =—-60; y =—5.
Orike, maHa mpaAMa W oci Koopau-
\A Y HaAT 00MEXKYIOTh IPAMOKYTHUN TPUKYT-
HUK AOB (puc. 10.3) 3 BepmuHamMu

-12
\B A (-12; 0), B (0; —5) i O (0; 0). 3ma-

_5\ igmemo cropoHu TpuKyTHUKA: OA =12,
Puc. 10.3 OB=5, AB=+AO?+ BO? =13. Toxi

MIyKaHi mepuMeTp i maomia BiAmoBiTHO

YA

Ry

1
nopiBaOIOTE P=0A + + OB + AB = 30, S ZEOA-OB = 30.
Bidnoeidwv: P=30, S=30. 4
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1. dkui BUrnag Mae piBHAHHA NPSAMOI Ha NAOWWHI xy?

2. 9k NPUMAHATO Ha3MBaTW NPSIMY, YCi TOYKU SKOT MaloTb OLHAKOBI
abcumcun? Ak posTalloBaHa U npsiMa BiAHOCHO oci abcunc?

3. Yun 6yap-ske niHilHe PIBHAHHA 3 ABOMA 3MIHHUMW € PIBHAHHSAM
npsamMoi?

4. Y aKkoMmy BUMSAi 3pyYHO 3anuCyBaTu PIBHAHHSA HEBEPTUKaNbHOI
npsamMoi?

5. Yn Byab-aKy NpsaMy Ha MIOLLMHI MOXHA 3a4aTW PIBHAHHSAM BUAY
y="kx+p?

6. 3a AKoi yMOBM PiBHSAHHSA NPSMOI ax + by = ¢ € PIBHAHHAM BEpPTU-
KanbHOI NPAMOI? HEBEPTUKANBHOI NPAMOI?

W BMPABN HT

10.1.° fIki 3 mamuxX PiBHAHDL € PIBHAHHAMU MIPAMUX:

‘v

1) 2x — 3y =5; 5) -3y =5;

2) 2x — 3y =0; 6) 2x + 0y =0;
3) 2x% — 3y =5; 7) Ox + 0y =0;
4) 2x =5; 8) 0x +0y =57

10.2.° 3uaiigiTh KOOPAMHATU TOUOK HepeTuHy npamoi 4x — 5y = 20
3 ocAMU KoopamHaT. Uy HaJMeKUTh Iill mpaAMiil Touka:
1) A (10; 4); 2) B (6;1); 3)C (-1,5; 5,2); 4) D (—1; 5)?

10.3.° 3HaliiTh KOOPAUHATU TOYOK IEPETUHY NPAMOI 3x + 4y = 12
3 ocamu kKoopauHat. fIka 3 Touok M (—2; 4) i K (8; —3) Ha-
JIEKUTD Il mpamMiin?

10.4.° CxkaagiTh piBHAHHA OpPAMOI, KA IPOXOAUTL Uepes TOou-
Ky A (6; —3) i mepunenauKyJaapHa 10 oci x. AKi xKoopauHaTH
Mae TOUKa MepeTuHy Iiei mpamoi 3 Biccio x?

10.5.° CkaazmiTh piBHAHHA NPAMOI, AKA MPOXOAUTH Uepe3 TOU-
Ky B (5; —8) i nmepnengurkyaapHa no oci y. ki KoopauHaTu
Ma€e TOUKa MepeTHHY Iiiei mpAmoi 3 Biccio y?

10.6.° CxaanmiTh piBHAHHS TPAMOi, AKa IPOXOAUTH uUepes TOu-
Ky C (—4; 9) nmapajgeinbHO:
1) oci abciuc; 2) oci opauHAT.
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10.7.° CknamiTe piBHAHHA NPAMOI, AKa MPOXOIUTDH YePe3 TOUKN:
1) A (1; -3)i B (—2; -9); 3) E (—4; —-1)i F (9; —-1);

2)C (3; 5)i D (3; —10); 4) M (3; —-3)i K (-6; 12).
10.8.° CryiazmiTh piBHAHHA OPAMOI, AKa IPOXOAUTH YepPe3 TOUKN:
1) A (2; -5)i B (—3; 10); 2) C (6; —1)i D (24; 2).

10.9.° 3HafigiTh KOOPAMHATH TOUKU IIEPETUHY IPAMUX:
Dy=3x—-7iy=5x+9;
2)2x — Ty=-161i6x+ 11y =16.

10.10.° BHafigiTh KOOPAMHATH TOYKM IMEPETUHY IPIMUX:
Dy=-4x+1iy=2x —11;
2)3x+2y=101ix — 8y=12.

10.11.° Touxku A (-6; —1), B (1; 2) i C (—5; —8) — BepiuHHI
TpukyTHUKA ABC. CKIagiTh PiBHAHHA IPAMOI, AKa MiCTUTH
meniany AK TpUKyTHHKA.

10.12.° Tourku A (—3; —4), B (—2; 2), C (1; 3)i D (3; —2) — Bep-
muay Tpanenii ABCD (BC || AD). Cknanits piBHAHHSA IPAMOI,
AKa MICTUTH CepenHIo JIiHiio Tparmermii.

10.13.° Abcrricu cepenuH 6iYHMX CTOPiH Tpamerii piBHi. Yu MOXK-
Ha CTBEPIKYBaTH, 110 OCHOBHU TPAaIleIlil meprIeHaAnKYyJAAPHL 10
oci aberuc?

10.14.° 3uaiigiTe mepuMeTp TPUKYTHUKA, OOMEIKEHOTO OCSIMU
KoopamHar i nmpamoio 4x — 3y =12.

10.15.° 3HaiigiTh IOy TPUKYTHUKA, OOMEKeHOI0 OCSIMU KOOpP-
IWHAT i mpaMo Ty — 2x = 28.

10.16.° 3HalgiTh IJIOITY TPUKYTHUKA, OOMEKEHOTO MPAMUMU
. 9 .
3x+2y=61iy= —Zx Ta BicCIO ODAWHAT.

10.17.° [ToBexiTs, 110 Koo (x — 5)2+(y — 5)?*=9inpamax+y="17
IIePEeTUHAIOTHCA, Ta 3HAWAITE KOOPAMHATH TOUYOK IXHBOI'O
IepeTuHy.

10.18.° [loBeniTh, 110 mpAMa X + Yy =95 € JOTUUYHOIO OO0 KOJia
(x—3)? ++ (y + 2)? =8, i 3HANAITHL KOOPAWHATA TOYKHU JOTUKY.

10.19.° HoBexniTk, 1110 Koo (x —4)?+ (y — 2)?=11i npsamva 3x +y =3
He MAITh CHIIbHUX TOUOK.
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10.20.” 3maiigiTh BimcTaHb Bim MmMOYATKy KOOpPAWMHAT OO IIPS-
Mol 5x — 2y = 10.

10.21.* 3maiimiTe BifcTaHb Bifl IOUYATKY KOOPAUWHAT MO IPAMOIL
x++y=-8.

10.22.* 3uatigite goB:KUHY xopau Kojaa (x +1)2+ (y — 2)2=25,
fAKa JIEKUTh HA IPAMIill y = 3x.

10.23.** CkiamiTh piBHAHHA reOMETPUYHOTO MiCIA IIEHTPIiB KiJ,
AKi mpoxoaaTh uepes Touku A (1; —7) i B (—3; 5).

10.24.** CriaamiTh piBHAHHSA reOMETPUYHOIO MiCIls IEHTPiB KiJ,
AKi mpoxoaaTh uepesd Touku C (2; 3) i D (—5; —2).

10.25.* 3HaiigiTh KOOpAUMHATU TOUKHU, SIKA PiBHOBiAgaJjeHa Bif
oceii xoopauHAT i Big Touku A (3; 6).

10.26.” 3HaiigiTh KOOPAWMHATU TOUKHU, SIKA PiBHOBiggaJjeHa Bif
oceil koopauHar i Bim Touku B (—4; 2).

10.27.* CkiafiTe piBHAHHA KoJia, AKe IPOXOAUTL Uepes3 TOou-
Ku A (2; 0) ta B (4; 0) i HeHTp AKOro HAJNEKUTL IIPAMIN
2x + 3y =18.

10.28.* CkiagiTh piBHSAHHS reOMETPUYHOIO MiCIlS IEHTPiB Kii,
pamiyc aKuX OOPiBHIOE 5 Ta AKi BiATMHAIOTHL HaA oci abcIiuc
XOPIY 3aBAOBXKKU 6.

BMPABWU AJi MOBTOPEHHS IS

10.29. TiaronaJyi mapaJjesiorpaMa IOPiBHIOIOTE 6 J2 emi 8 cM,

a KyT Mi’K HUMH CTaHOBUTHL 45°. 3HAUIITH CTOPOHU HapaJie-
JorpaMma.

10.30. Ogua 3i cropim TpuKyTHHKA Ha 15 cm Oinbina 3a apyry,
a BHCOTa, IPOBeleHa M0 TPeThOl CTOPOHU, AiAWTh ii Ha Bin-
pPisKu; 3aBHOBXKEKM 32 cM i 7 cM. S3HAUAITHL IEepUMETP TPUKYT-
HUKAa.

10.31. IlenTp KoJa, OIMMCAHOTO HABKOJIO PiBHOOIUHOI Tpamerrii,
JEeXKUTh Ha Ii OinbIIifi ocHOBi. 3HAKWIITE pagiyc Koaa, SAKIITO
miaroHaJsb Tpameiii gopiBuioe 20 cMm, a Bucora — 12 cm.
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11. KytoBumn koeiuieHT npsiMo’i

Posriaremo piBHAHHA y = kx. BoHO 3amae HeBepTHUKAJIBHY
IpAMY, KA IPOXOAUTH Uepesd IMoYaToK KOOPAUHAT.

ITorkaxxkemo, o mpami y =kx ta y =
kx+ b, ne b # 0, mapaJjenbHi.

Tourku O (0; 0)i C (1; k) HanmexxaThb
npamit y=kx, a Tourkum A (0; b) i
B (1; k+ b) Hamexxkats npamiii y = kx + b
(puc. 11.1). Jlerko nepekoHaTucs (3po-
0iTh IIe caMOCTifiHO), IO cepeauHU
miaronaneit AC i OB 4OTUPUKYTHUKA
OABC sb6iratorbesa. OTixe, YOTUPUKYT-

Puc. 11.1 eunk OABC — mapajesorpam. 3Bincu
AB| OC.
Termep Mu MOKeMO 3POOUTH TAKUA BUCHOBOK:

akuwo k, =k, i b, # by, mo npami y=kx+b, i y=~k,x+b,
napanenvhi (1).

Hexait npama y = kx nepeTuHae OUHUYHE IIiBKOJIO B TOUILi
M (%45 Yo) (puc. 11.2). Kyr AOM HazuBaioTh KYTOM MisK TaHOIO
NPAMOIO Ta JOJATHUM HAIPAMOM OCi abciiuc.

Armro npama y = kx 36iraerbca 3 Biccro abciuc, ToO KyT MisK
I[ielo OpPAMOI0 Ta MOAZATHUM HAIPSIMOM OcCi abGCIimc BBasKaloTh
piBauM 0°.

yA yA
) \
M ‘9‘4)
X5 <&
(%93 Yo) %é? %%6
\(X o
-1 e 1, 0 %
B 0 A x N
Puc. 11.2 Puc. 11.3

dAxmro npama y = kx yTBOPIOE 3 JOAATHUM HAIIPAMOM Oci aberimc
KyT O, TO BBa)KalOTh, 110 ¥ mpaMa y = kx + b, agKa mapaJiejbHa
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npamiil y = kx, TaKOYK YTBOPIOE KYT O 3 JOJZATHUM HAIIPSIMOM OCi
abcmuc (puc. 11.3).
Posrngumemo mpamy MO, piBHAHHA AKOI Mae BUTJIALI
in o
y=kx (puc. 11.2). drxmo £MOA=o, TO tga= Sme_Yo,
coso X,

. .o Y,
Ockinbku Touka M (x,; y,) HAJIEXKUTh Npamiit y = kx, To ~> = k.
X,
0

3Bigcu k =tg .
TaxkuMm urHOM, AJId IPAMOIL Yy = Bx + b oTpuMyeMoO, IO

k=tg a,

Ie O — KYyT, SKUHA YTBOPIOE IS IPAMa 3 JOJaTHUM HAIIPAMOM OCi
abcmuc. Tomy KoeditieHT £ HasWBaIlOTh KYTOBUM Koe(ilieHTOM
miei mpamoi.

Konu HeBepTUKaJIbHI IpaMi mapaJieibHi, TO BOHU YTBOPIOIOTH
piBHI KyTm 3 momaTHuUM HampsaMoMm oci abcmuc. Toxi TanreHcu
X KyTiB piBHIi, OT:Ke, piBHI i ixHi KyTOBi KoedimiernTn.

Takum yuHOM,

akuwo npami y=kix+b; i y=~kyx+b, napanenvHi, mo
k,=Fk, (2).

BucuoBku (1) i (2) 06’egHaeM0 B OTHY TEOPEMY.

Teopema 11.1.IIpamiy=~kx+b,iy=Fk,x+b, €enapanens-
Humu modi i minvku modi, konu k, =k, i b, # b,.

3amaua. CKiIagiTh PiBHAHHSA OPAMOi, SKa IPOXOIUTH Uepes
TouKy A (—4; 3) i mapanenbHa npawmiit y = 0,5x — 4.

Poszs’asannsa. Hexaili piBHAHHA IIyKaHOI IPAMOi y = Bx + P.
Ockinpku g npama i npama y = 0,5x — 4 napanenbHi, To ixHi
KyTOBi Koe(itienTu piBui, To6TO £ =0,5.

Or:xe, mrykaue piBHAHHA Mae Burian y = 0,5x + p. YpaxoBy-
ouu, IO JaHa OpAMa IPOXOAUTh uepe3 Touky A (—4; 3), orpu-
MY€EMO:

0,5:-(-4)+p=3.

3Binmcu p = 5.

lykane piBHarHA Mae Buraan y = 0,5x + 5.

Bidnosidv: y=0,5x+5. 4
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1. lMoSACHITL, WO Ha3MBalTb KYyTOM MiX MPSAMOK0 Ta AOAATHUM Ha-
npsiMmom oci abcuuc.

2. Yomy BBaxaloTb PIBHMM KyT MiX MPSMOIO, sika napanenbHa oci
abcumc abo 36iraetbCs 3 Hel, Ta AOAATHUM HaNpPsIMOM OCi
abcumc?

3. LLlo Ha3uBaloTb KyTOBUM KOEDILIEHTOM NPSAMOi?

4. 9k noB’a3aHi KyTOBUI KOEQILiEHT NPAMOI Ta KyT MiXK NPAMOLO
1 mogaTHUM HampsaMoM oci abcuuc?

5. CohopmynionTte HeOOXiOHY i 4OCTATHIO YMOBY NapanenbHOCTi ABOX
HEBEPTUKANbHUX NMPAMUX HA KOOPAUHATHIN MJIOLVHI.

‘Y

BMPAB/ HT

11.1.° Yomy mopiBHIOE KyTOBUil Koe(illieHT mpAMOi:
Dy=2x-T; 3)y=x+10; 5) y=4;
2) y=-3x; ) y=5-x; 6) 3x — 2y =4?

11.2.° ki 3 mpamux y=6x — 5, y=0,6x+1, y:§x+4, y=

=2 - 6xiy=600+0,6x mapanenbui?

11.3.° fAke umcyo Tpeba mifcTaBUTU 3aMiCTh 3ipouKu, 11100u OyIu
napaJieJJbHUMU IIPAMi:
Dy=8x—-14iy=+x+2;
y=#%x-1iy=3 — 4x?

11.4.° CxkaamgiTh piBHAHHS IPAMOI, IO IIPOXOAUTDH Yepes IMOYATOK
KoopAuHAT i mapaJjiesibHA IIPAMiii:
1) y=14x — 11; 2)y=-1,15x+ 2.

11.5.° CximamiTes piBHAHHA IPAMOI, SKa HIPOXOAUTH UYepes3 TOu-
Ky A (—3; 7) i KyToBU#l KoedillieHT IKOI MOPiBHIOE:
1) 4; 2) -3; 3) 0.

11.6. CkaagiTh pPiBHAHHA NPAMOI, SKa IPOXOAUTH Uepes TOU-
Ky B (2; —5) i kyTroBuit Koepinienr axkoi gopisaoe —0,5.
11.7.° CkaagiTh pIiBHAHHA IIPAMOI, SAKa IIPOXOAUTL dYepes

Touky M (—1; 9) i mapanenbHa OpaAMili:
Dy=—Tx+3; 2) 3x —4y =-8.
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11.8.° CxaamiTs piBHAHHS IPAMOI, KA IIPOXOAUTEL Yepe3 TOUKY
1
K (—g; 10) i mapasenpHa TpAMiii:

1) y=9x — 16; 2) 6x+2y="1.

11.9.° CxaamiTs piBHAHHS IPAMOI, KA IIPOXOAUTEL Yepes3 TOUKY
A (2; 6) Ta yTBOPIOE 3 TOJAaTHUM HAIIPSIMOM OCi abCIIuC KyT:
1) 60°; 2) 120°.

11.10.° CknamiTh piBHAHHA IPAMOI, AKA IPOXOAUTH Yepe3 TOUKY
B (3; —2) Ta yTBOPIOE 3 JOJATHUM HAIIPAMOM OCi abCIliC KyT:
1) 45°; 2) 135°.

11.11.° Cxaaznite piBHAHHS OpsaMoi, 300paskeHOl Ha PHCYH-
Ky 11.4.

vi v
/ .
3
30° _ 307 -
- 0 x 0 243 ¥
a 0
Puc. 11.4

11.12.° BusuauTre, Ui mapajebHi IpaMi:
1) 2x —by=91iby — 2x=1;
2)8x+12y=15i4x+6y=9;
3) Tx—2y=121 7x — 3y =12;
4) 3x+2y=31i 6x+4y=6.
11.13.° HoBexiTh, 1m0 npami 7x — 6y = 3 i 6y — Tx = 6 mapaienbHi.
11.14. CknagiTe piBHAHHA OpAMOI, AKa MapajieJbHa TPAMIiHA
y=4x+ 2 i nepetuHae npamy y =—8x + 9 y rTourni, mo Hae-
JKUTH OCi opAuHAT.
11.15. CraagiTh piBHAHHSA OPAMOI, gKa IapajelbHa IPIMii
y=3x+4 i neperunae npamy y=-4x + 16 y Touri, mo Ha-
JIeKUTH oci aberuc.
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11.16.* CkiaagiTh piBHAHHS IPAMOI, AKA IEePHEHANKYJIAPHA 10
upamoi y = —x + 3 i npoxoauTs yepesd Toury A (1; 5).

BMPABWU AN MOBTOPEHHS I

11.17. B onykjaomy 4oTUpuKyTHUKY ABCD 6GicekTpucu KyTiB A
i B meperunaioThed B Toulri O (puc. 11.5).
Hosenits, mo KyT AOB mopiBHIOE IIiB-

B
cymi KytiB C i D. N
11.18. Bucora pomba, IIpoBefeHAa 3 BEPIIIH- ‘
HU HOro TyIoro KyTa, JiJIUTL CTOPOHY A <
pomMba Ha Bigpiskm 7 cm i 18 cm, paxy-
I0UM BiJ BEPIIMHU T'OCTPOrO KyTa. 3Ha- C
iaiTe giaronasi pomoa. D
11.19. Megiaru piBHOGEIPEHOTO TPUKYTHH-
Ka gpopiBHioloTh 15 cm, 15 cm i 18 cwm. Puc. 11.5
3HaUIiTh MJIONTY TPUKYTHUKA.

CMOCTEPITAUTE, PUCYWUTE,
KOHCTPYIOWTE, ®AHTA3YWUTE

11.20. fdxoro HaliMeHIIIOT0 3HAUEHHS MOXKe HabyBaTU paniyc
Kpyra, 3 SsKOro MOKHA BUPisaTM TPUKYTHUK 31 cTOpoHAMU
2cm, 3 cMm, 4 cm?

[ METOAKOOPAVHAT mmmmm—

Mu gacrto ropopumo: upsima y = 2x — 1, mapaboua y = x%, KoJio
x2+y?=1, TMM caMUM OTOTOKHIOIOUM (irypy 3 ii piBHAHHSIM.
Takwuii migxing gae 3MOry 3BOAUTHU 3a4ady IIPO HOIITYK BJIACTHUBOC-
Tel (pirypm mo 3amadi IIpo AOCTiAKeHH:A il PiBHAHHA. Y IIbOMY
i IMoJArae CyThb METOAY KOOPAMHAT.

IIpoinmrocTpyemMo ckasaHe Ha TAKOMY IPHUKJIAMII.

I3 HaouHWMX MipKyBaHbL OUEBHIHO, IIO IpPAMAa i KOJO MalOTh
He OinbIlle ABOX CHiJIBHMX TOYOK. IIpoTe Iie TBEpI KEeHHS He
€ aKciomMoro, TOMYy HOTO IIOTPiOHO JOBOIUTH.
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115 samaua 3BOOUTHCA A0 MOCTiAKEeHHS KiJTbKOCTI PO3B’sI3KiB
cruCTeMU PiBHAHD
ax+by=c,
(x—m)* +(y-n)* = R?,
Ie uncJa a i b ogHouacHO He JOPiBHIOOTH HYyI0 i R > 0.

Po3B’sa3yroun 1110 cucTeMy MeTOJOM ITiZICTAHOBKM, MU OTPHIMA-
€MO KBaJpaTHe PiBHAHHS, IKe MOKe MaTH JBa PO3B’sA3KHU, OJUH
po3B’sI30K abo B3araji He maTu pos3B’aA3KiB. OTiKe, AJaa TAHOIL
CHCTEeMH iCHYE TPU MOKJIMBUX BUMAIKMU:

1) cucrema Mae ABa PO3B’SIBKM — MpPAMAa I KOJIO MepeTuHa-

IOThCA Y JBOX TOUKAaX;
2) cucreMa Ma€ OIUH PO3B’A30K — IIPAMAa JOTUKAETHCA 0 KOJIa;
3) cucteMa He Ma€ pPO3B’A3KIB — mpsaAMa I KOJO He MAaioTh
CIILIBHUX TOYOK.

3 KOKHUM i3 IIUX BUOAAKIB BU 3yCTpiuasucs, pos3B’A3yHun
samaui 10.17-10.19.

MeToa KOOpPAUHAT € 0COOIMBO e(PpeKTUBHUM YV TUX BUIIALKAaX,
KOoJIi TOTPibHO 3HAWTH Qirypy, yciMm Toukam sSKOI IpUTaMaHHA
3aJaHa BJIaCTUBicTh, ToOTO 3uarTu I'MT.

ITosmauuMmo Ha maomuHi ABi Touku A i B. Bu mobpe 3HaeTe,

. . MA
sIKOT0 (hiryporo € reoMeTpuuHe Micie TouoK M TaKkux, 1110 VB =1.

ITe cepequunmMit neprneHanKyasap Biapiska AB. IlikaBo 3’scyBaTu,

AKY (irypy yTBOpPWOIOTHL yci Toukum M, oasa AKuX ﬁ:k’ e

1
k # 1. PosB’s:keMo 1110 3amauy ajs k= 5

Ilnomuny, Ha AKill mo3HaUe-
HO TOuKu A i B, «IIepeTBOPUMO»
B KOOpPAMHATHY. 3po0MMO Iie TakK: M (x; y)
3a MOYaTOK BiIJIiKy BubepeMo Tou-
Ky A, 3a OTMHUYHUNA BimTpisox — .
Bimpisox AB, Bichk abcmuc mpo-
BeJeMO TaK, IIo0 Touka B maia
rkoopauuaTtu (1; 0) (puc. 11.6).

Hexait M (x; y) — noBinbHaA
TOuKa IyKauoi girypu F. Puc. 11.6

(=]
=
]Y
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Toxi 2MA = MB; 4MA? = MB?. 3Bigcu
4 (*+yY)=(x — 1Y +y%
3x2+2x+3y2=1;

2 1
W +x+y’ ==
3 3

, 2 1 5, 4
X+-x+—+y =—;
379 9

(x+1]2+y2=é (*)
3 9

Oroxe, armo Touka M (x; y) HamexkuTth dirypi F, To ii Koop-
IUHATH € PO3B’A3KOM piBHAHHA (¥).

Hexaii (x;; y,;) — meaxuit po3B’sa30K piBHAHHA (¥). Toxi serxo
mokasatu, 1o 4 (x,2+ y,?) = (x; — 1) + y,2. A 1e o3Hauae, 1110 TOU-
Ka N (x;; y,) € Takoro, mo 4NA2= NB?2. Toxi 2NA = NB. Orxe,
Touka N HajmeKuTh (irypi F.

Takum umHOM, piBHAHHAM Girypu F € piBHAHHS (¥), TOO-

TO (pirypa F — 1Ie KOJIO i3 I[EHTPOM y TOYIIi 0(—§; 0) i pami-

2
COM —.
yeom g

1
Mu pOBB’HBaJII/I 3agavy Jjid OKpeMOoro BUIIAAKy, KOJIN k= 5

MosxkHa mokasaTu, IO ITYKaHOIO (irypoio mjasa Oyab-aKOro mo-
matHoro k # 1 Oyme kKoso. Ile Koyio HasmBaiOTh KOJOM AmoJ-
JoHig'.

@ AKBYAYBANN MICT MDK TEOMETPIEIO
TA AJITEBPOIO

Ines koopauHAT 3apoguiaca OysKe JaBHO. AmKe IIe B JaBHUHY
JIIOAY BUBYAJM 3eMJIO, CIOCTepiraam 30pi, a 3a pesyJbTaTaMu
CBOIX JOCJi[KeHb CKJIALAIN KapTHU, CXEMU.

' Anonnoui#t Ilepresvruii (III-1II cT. 10 H. €.) — JaBHBOTPEI[b-
KUl MaTeMaTUK i acCTPOHOM.



Sk OynyBanu MicT Mixx reomMeTpieio Ta anrebpoto 1M1

YV II cr. 1o H. e. TaBHBOTPEIbKUN yueHui limmapx ymepiie
BUKOPHUCTAB i/1el0 KOOPAWHAT AJIs1 BUBHAUEHHSA MICI[s PO3TaIlly-
BaHHA 00’€KTiB Ha MOBepxHi 3eM.i.

JIuirte B X1V cr. ¢ppaunysskuii yuenuit Hikoaa Opem (6113bKO0
1323-1382) ymepiie 3acTocyBaB y maremarturli igeio Iinmmapxa:
BiH po30UB IJIOIIMHY Ha KJIITHHKU (AK PO30MTO apKyIIl BaIlloro
30IIKUTa) i TTOYAB 3aJaBaTU MOJIOKEHHSA TOYOK IITUPOTOI0 ¥ JOB-
TOTOIO.

OpHaK BeJaMUYe3HI MOJKJIMBOCTI 3acTocyBaHH: Itiel imei OyJm
poskpuri guiiie B XVII cT. y poboTax BumaTHUX (PPAHITY3bKUX
mareMmatukiB II’epa ®@epma i Pene Jlexapra. ¥ ¢BOIixX mpaiax Iii
BUEHi MOKasaiu, K 3aBOAKU CUCTEMi KOOPAWHAT MOKHAa Iepe-
XOJUTH BiJ TOUOK JIO UmcCeJ, BiJ JIiHill 10 piBHAHB, Bix reomeTpii
o ajreopu.

ITonpu Te mio II. @epma omyOiKyBaB CBOIO POOOTY Ha Pik
pamime 3a P. Jlekapra, cucTteMy KOOPAMHAT, AKOI0 MU ChOTOJHI
KOPHUCTYEMOCS, Ha3MBAIOTh AeKapToBoio. P. JlekapT y cBoiii pobo-
Ti « MipKyBaHHS IPO METOI» 3alIPOIOHYBAB HOBY 3pPYUYHY OYKBEHY
CUMBOJIiKY, KOI0 3 HE3HAUYHUMU 3MiHAMU MU KOPHUCTYEMOCS
crorogui. Caizom 3a [lekapToM MU IMO3HAYAEMO 3MiHHI OCTaHHIMU
OyKBaMu JIaTUHCBHKOTO andasity X, Y, 2, a KoedilienTu — mep-
mumMu: a, b, ¢, ... . 3BUYHI HAM MMO3HAYEHHS CTemeHiB x2, y3, 2°
irT. o. Trakoxk yBiB P. Ilexapr.

Mep Pepma PeHe [ekapTt
(1601-1665) (1596-1650)
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3ABJIAHHS Ne 3 «MEPEBIPTE CEGE» B TECTOBIV dOPMI

1. fAxi xoopauHaTu Mae cepenuHa Bigpiska AB, akino A (—6; 7),
B (4; —9)?

A) (=5; 8); B) (=5; -1);
B) (-1; -1); I') (-1; 8).

2. Yomy mopiBHioe Bifgcrans mixk Toukamu C (8; —11)i D (2; —3)?
A) 100; B) v296;
B) 10; ') V164.

3. Aki roopamuaT Mae meHTP KoJa (x — 5?2+ (y+9)2=16?
A) (55 -9); B) (5; 9);
B) (=5; 9); I) (=55 -9).

4. ITleHTpoM SIKOTO 3 JaHUX KiJI € MOYaTOK KOOPAMHAT?
A)x?+(@y - 1)Y=1; B) x2+y?2=1;
B) (x — 1)2+y2=1; ) (x -1+ - 1)2=1.

5. 3maigites pamiyc xoJja, miamerpoM SAKOro € Bimpisok MK,
akmo M (14; 12) i K (-10; 2).
A) 26; B) 25;
B) 13; I 5.

6. fxi KoopauHaTU TOUKM mepeTHHY mpamoi dx — 3y = 15 3 Bic-
cro aocruc?
A) (05 —5); B) (0; 3);
B) (=5; 0); ) (35 0).

7. Yorupukyrauk ABCD — mapaJiesiorpaM. 3agaHo TPU MO0
Bepmuuau: B (—2; 3), C (10; 9), D (7; 0). 3HaiigiTe KooOpau-
HATU BepIINHU A.

A) (1; 6); B) (=5; —6);
B) (19; -3); ) (6; 5).

8. fxi xoopmmHaTH Mae TOUKAa OCi OpAMHAT, PiBHOBigmaieHa
Big Touok A (—3; 4) i B (1; 8)?
A) (=5; 0); B) (5; 0);
B) (0; —5); ') (05 5).
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9. 3matigiTe abciucy Touku npsamoi AB, opauHATaA AKOI JOpiB-
Hioe 2, akmo A (—7; 4), B (9; 12).
A) 8,5; B) 4;
B) —-11; ) -2.

10. Yomy mopiBHIOE BificTaHbL Mi’K TOUKOIO IIEPETHUHY HPAMUX
x—y=41ix+3y=12 ra Touroro M (1; 7)?
A) 5; B) 5/2;
B) 50; ) 2+5.

11. fAxum € piBHAHHA NPAMOI, M0 HPOXOAUTL YepPe3 TOUKY
P (—1; 6) mapanenbHo npamii y =2x — 57?

A)y=6 — 5x; B) y=5x — 6;
B) y=2x+8; ') y=2x - 8.
12. Yomy mopiBuioe pagmiyc koma x2+ y?+ 14y — 12x+ 78 =0?
A) T B) 14;
B) 7; T) J14.

FOJIOBHE B NMAPATPA®I 3

Bincranp MixK gBOMa TOUKaAMMH

Bincraup misk Toukamu A (x5 y,) 1 B (x,; y,) MOKHa 3HaAUTU

3a popmyioro AB = \/(x2 —X; )’ + (y, - !/1)2 .

Koopaunatu cepemuHu Bimpiska

Koopounaru (x,; y,) cepenuHu Bimpiska 3 KiHmamum (x;; y,)
i (x5; y,) MOXKHA 3HAUTH 3a (hOpMYJIaAMU:
_ x4t _ %ty

b

Xy 9 Yo 9

PiBusguusa ¢girypu

Pisuauuam ¢irypu F, 3amaHol Ha NJIOMMHI Xy, HA3UBAIOTh

PiBHAHHA 3 [BOMAa 3MiHHUMH X 1 y, AKe Mae Taki BIacTUBOCTI:

1) akmio Touka HaJEKUTh Girypi F, To ii KoopauHaATH € PO3-
B’SI3KOM JAHOTO PiBHAHHS;
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2) O0yab-AKuil Po3B’A30K (X; y) JAaHOTO PiBHAHHS € KOOPAUHA-
TaMU TOUKHU, AKa HaJIeKUTh Qirypi F.

PiBuauua xkoaa

PiBuanusa koJsa pazgiyca R i3 menTpom y Toulii A (a; b) mae
puraan (x — a)®>+ (y — b)>=R2.

Bynb-sike piBuanus suny (x —a)>+(y — b) =R?%, nea,bi R —
Iesaki uwmcia, mpuuomy R > 0, € piBHAHHAM KoJia panmiyca R
i3 meHTpOM y TOUIli 3 KoopauHaramu (a; b).

PiBHsIHHS TIpsAMoOi

PiBuanua npamol mae Buraag ax + by =c, ge a, bi ¢ — peaxi
YucJia, IPUYOMY @ 1 b He JOPiBHIOIOTH HYJIIO OJHOYACHO.
Bynb-ake piBHaHHA Buny ax+by=c, ge a, b i ¢ — peaxi
ypcJga, IPUUOMY a i b He MOPiBHIOIOTHL HYJIO OJHOYACHO,
€ PiBHAHHAM OPAMOi.

Armo b=0 i a # 0, To piBHAHHA TpaAMoi ax + by = c 3amae
BEePTUKAJBHY IPAMY; AKINO b = 0, To Ile piBHAHHSA 3ama€ He-
BEePTUKAJbHY IPAMY.

KyroBuii koedimieHT npsamoi
KoedinienT k£ y piBHAHHI npamoi y = kx + b HABUBAIOTH KYyTO-
BUM Koe(iI[ieHTOM IIpsAMOi, i BiH MOpPiBHIOE TaHreHCY KyTa,
SAKUH YTBOPIOE I IPsSMa 3 TOAATHUM HAIpsaIMoM oci abcruc.

HeoOximHa i mocTaTHA yMOBa IMapaJjejJbHOCTI HEBEPTUKAJIbHUX
MPIMUX
Ilpami y = Bix + b, i y = kyx + b, € mapanesbHUMY TOI1 ¥ TiABKYT
Tomi, Koau ky =k, i by # b,.



BEKTOPU
%\

BuByaloum maTtepian uboro naparpada, Bu Ai3HAETECH, LLIO
BEKTOPU BUKOPUCTOBYIOTb HE TisibkK Y i3unLi, a i y reoMeTpii.

Bwn HaBunTecs noaaBaTtu i BidHIMaT BEKTOPU, MHOXUTW BEKTOP

Ha YMCNo, 3HAXO0OUTU KyT MibXK JBOMa BEKTOpPaMm, 3aCTOCOBYBaTH
BNACTUBOCTI BEKTOPIB A1 PO3B’A3yBaHHA 3aaay.

12. NMoHATTSA BeKTOpa

Bu 3maere O0araro BeJHMUYNH, SKi BU3HAUYAIOTHCS CBOIMU UMC-
JIOBUMU 3HAYeHHSMWU: Maca, IIJoIla, HOB:KHHAa, 006’eM, uac,
TeMIleparypa Tomio. Taki BeJMUMHU Ha3WBAIOTh CKAJAPHUMU
BeJIMYUMHAMHU a00 CKaJApaMHu.

Iz Kypcy Gisukm Bam Bimomi BeJIWUMHU, AJIA 3aJaHHA TKUX
HeIOCTaTHBhO 3HATH TiJIbKU iXHi umciioBi 3HauenuA. Hampukian,
AKIIO Ha MPYKUHY Aie cuaa 5 H, To He 3posymino, um Oyme mpy-
JKHMHa cTucKaTucs abo poararysatucsa (puc. 12.1). ITorpibuo 11me
3HATHU, y SKOMY HaIpaMi aie cuia.

Puc. 12.1

Benuuunu, AKi BUBHAYAIOTHCS HE TiILKM UYHCJIOBUM 3HAUEH-
HAM, ajie ¥ HAmpsSMOM, HAa3WBAIOTh BEKTOPHUMM BeJIWYMHAMU
a0o BexTopamm'.

! Tepmin «BexkTOp» ymepire 3’siBuBcsa B 1845 p., 1i0ro BBiB y BXKUTOK
ipnanacbkuit MmaTemMaTuk i acrporom B. I'aminbToH.
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Cuna, mepeMillieHHs, MIBUAKICTL, IPUCKOPEHHA, Bara — IIPU-
KJIaA BEKTOPHUX BEJUYMH.

€ BekTOpU U y reoMeTpii.

Posrnamemo Bigpisoxk AB. AKImo Mu HJOMOBUMOCSA TOUKY A
BBasKaTW MOYATKOM Bifpiska, a Touky B — IOro KiHiiem, TO
TaKui BiApisoK Oyae XxapaKTepu3yBaTUCA He TIJIbKU JTOBMKUHOIO,
ajie 1 HampsAMOM Bix Touku A mo Toukm B.

fAximo Bkasamo, AKa TOUKA € MOYAaTKOM BifpisKa, a siKa TOU-
Ka — Moro KiHIeM, TO TaKUH Bi]pi30K HA3MBAIOTH HANIPAMICHUM
BigpiskoM a60 BEKTOPOM.

BexTop 3 mouarkom y Touri A Ta KiHIeMm y TouIi B mosHa-

4alTh Tak: AB (YUTAlOTh: «BeKTOp AB»).
Ha pucyukax BeKTOp 300pakaioTh BiIpiskoM 3i cTpinkoio, ska

BKasye ioro Kimemns. Ha pucyuky 12.2 zobpakeno BexTopu AB,
CD i MN.

C a _
L ] _’\ /
D 7 c v / N
A KN ~2_ -

Puc. 12.2 Puc. 12.3 Puc. 12.4

1 mosHaYeHHS BEKTOPiB TAKOK BUKOPUCTOBYIOTH MaJIi OYK-
BU JIATUHCBKOTO asdaBiTy 3i cTpinkoio 3Bepxy. Ha pucynkry 12.3

300pasKeHo BeKTopu a, b i c.

BekTop, y sKOro mouaTok i KiHernb — OJHa ¥ Ta caMa TOYKa,
HA3WBAIOTh HYJBOBHM BEKTOPOM a00 HYJb-BEKTOPOM i ITO3HA-

yaoTh 0. AKIo mouaTok i KiHelb HYJILOBOTO BeKTOpa — Iie

TOuKa A, To iioro Mo:kHa mosHauuTu i Tak: AA. Ha pucyHky
HYJILOBUII BEKTOP 300pakaioTh TOUYKOIO.

Monaysem BeKTOpa AB Ha3WBaIOThH IOBXKUHY Bimpisxa AB.

AB

Mogyns BekTOpa AB 1m03HAYAIOTH TaK: » & MOIYJb BEKTO-

a

pa a — Tak:

Moaynb HyJIbOBOTO BEKTOPa BBAXKAIOTh PiBHUM HYyJIi0: | 0 | =0.
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Os3umauyennsa. HeHynboBi BeKTOpH Ha3WMBaIOTHh KOJiHeap-
HU MU, SKII0 BOHU JIESKATh Ha INapajejbHUX NpAMHUX a0 Ha
OMHINi MPAMii.

HynboBuii BeKTOP BBAXKAIOTh KOJIiHEAPHUM OyAb-IKOMY BEK-
TOPY.

Ha pucynky 12.4 3o00pakeHO KoJiHeapHi BeKTOpu a, b
i MN.

Toit dakrT, 1110 BeKTOpPU a i b KoJiiHeapHi, IO3HAUAIOTH TaK:
allb.

Ha pucysky 12.5 HeHyJIbOBi KoJriHeapHi BeKTOopu a@ i b on-
HaKOBO HampsaMJeHi. Taki BeKTopM HA3WBAIOTH CIIiBHAIIPSIMJIE-
HUMH # mumyTs: @ 11 b.

e 2 // i

Puc. 12.5 Puc. 12.6 Puc. 12.7 Puc. 12.8

Axwo a ||b i bl c, mo alc.

AHajoriuHy BJIaCTUBiCTh MAIOTh i CIiBHAIpAMJIEHI BEKTODPH,
TOOTO AKW,0 aTlTtibTle, moallTe (puc. 12.6).

Ha pucyury 12.7 HeHyJIbOBi KoJiHeapHi BeKTOpHU aib
nmpotwieskHo HanpamieHi. [leit paxkT mosHauarTh Tak: aTlb.

Osumauvenusa. HeHy1b0Bi BeKTOpPH HA3MBAIOTh PiBHUMH,
SIKIIO IXHiI MOAyJIi piBHI i BOHM cmiBHampamieHi. Byns-saki gBa
HYJIbOBUX BEKTOPH PiBHi.

Ha pucyuky 12.8 300paskeHo piBHiI BeKTOpU aib. ITe mo-
3HAYAIOTH TaK: @ =b.

PiBHicTh HEHYJIHOBUX BEKTOPiB aib O3HAauae, IIo alTo
i |al=[b

HeBa:xko mosecTwu, 1m0 Ko a =b i b=c, 10 a =c. Ilepe-

KOHaMTecA B I[bOMY CAMOCTIHHO.
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YacTo, TOBOPAYM IIPO BEKTOPU, MU HEe KOHKDPETU3YEMO, SKa
TOUYKa € IIoYaTKOM BeKTopa. Tak, Ha pucyHKy 12.9 300pakeHo

BEKTOP a4 Ta BeKTOPU, PiBHI BeKTOpy a. KoxHuHuii i3 HUX TaK0oxK
MIPUNHATO HA3WMBATHU BEKTOPOM a.

Ha pucyuky 12.10, a 300paskeH0 BEKTOP a Ta TouKy A. AKImmo
MO0y IOBAHO BEKTOP ATB, piBHUII BEKTOPY E, TO TOBOPATH, IO

BEKTOP a Bigkmameno Bix Touku A (puc. 12.10, 6).

/ z B
/ A
N
a a 0
Puc. 12.9 Puc. 12.10

IToxaxxemo, aK Bim moBinbHOI Touku M BigKJIacTH BEKTOD,
PiBHUI JaHOMY BEKTOPY a.

SIKII[0 BEKTODP g HYJBOBUI, TO IIIYKAHNM BEKTOPOM Oy/e BEK-
Top MM.

Temep posriIgHEeMO BUIIALOK, KOJU a #0. Hexait Touxa M

JIeKUTh Ha OPAMili, sKa MicTuTh BeKTOp a (pumc. 12.11). Ha it

npsAMiil icayioTs aBi Touku E i F raki, mo ME =MF =| a | Ha
BKAsaHOMy DHCYHKY BekTop MF HOpiBHIOBaTHME BEKTOPY d.
Horo it moTpi6HO BU6GpPATH.

Aximo Touka M He HAJIEKUTH NPAMil, AKA MiCTUTL BEKTOP E,

TO yepes3 TOUKy M IIpoBeneMo IPAMY, ifi mapaieasny (puc. 12.12).
ITomanpia mobymoBa aHaJIOTiuHA BXKE PO3TIAHYTIN.

F

Puc. 12.11 Puc. 12.12
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Bid 3adanoi mouku moxcHa sidkiacmu milvKu 00UH 8eKMmMop,
pienuil danomy.

3amaua. [[lano worupukyrauk ABCD. Bigomo, 1110 AB=DC
i |AC|=|BD

. Busnaure Bunm worupukytauxa ABCD.

Poss’szanns. 3 ymou AB= DC Bumiusae, mo AB| DC
i AB=DC.

Orsxe, voTupuKyTHUK ABCD — mapaJjiejorpam.

PiBuicTh | AC | =| BD | o3Hauae, 10 AiaroHaJNi YOTUPUKYTHU-

Ka ABCD piBHi. A mapaJjesorpaMm 3 piBHUMHY JiaroHAJISIMHU € IPA-
MOKyTHuUKOM. €

‘[) -

o .
. HaBegitb npuknagn cKangapHMxX BeJIM4nH.

1
2. 9Ki BENMYMHN Ha3MBalOTb BEKTOPHUMMN?
3. LLlo B reomeTpii Ha3mBalOTb BEKTOPaAMN?
4. $Kki 3 BEeNMYMH € BEKTOPHUMMU: Yac, Bara, NPUCKOPEHHS, iMNyJsibC,
Maca, NepeMilleHHs, WAsX, naoLwa, TUCK?
5. Ykuin Biopi3ok Ha3nBalTb HANPSMIIEHUM Bigpi3koM abo BeKTOo-
pom?
6. 9k nosHauyalTb BEKTOP 3 Mo4YaTKOM Yy Touui A Ta KiHuem
y Touuji B?
7. 9Akuin BEKTOP Ha3nBalOTb HY/ILOBUM?
8. LLlo Ha3uBaTb MOAyNEM BEKTOPA AB?
9. Yomy AOpPIBHIOE MOAYJb HYNIbOBOIO BEKTOPA?
10. $ki BeEKTOpW HA3MBalOTb KOJiIHEAPHUMN?
11. fk no3HavaloTb cniBHaNPSMEHi BEKTOPU? NPOTMNEXHO HANpsam-
neHi Bektopun?
12. $ki BEKTOPM Ha3MBalTb PIBHUMN?

I
—

N
Od
J \
12.1.° Ilosumaure Tpu Touku A, B i C, aKi He jJexaThb Ha ONHIN

NMPAKTUYHI SABAAHHS I

npamiii. HakpeciiTe BeKTOPU A—B, BA i CB.
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12.2. Karep i3 Touku A mepemicTuBcsa Ha miBHiU Ha 40 KM
y Touky B, a morim Ha 3axix Ha 60 kKM i3 Touku B y Touky C.
Bubpasiu maciiitab, HaKpecaiTh BEKTOPHU, AKi 300pakaioTh
mepeMillleHHs 3 TOUKU A B Touky B, i3 Touku B y Touky C,
i3 Touku A B Touky C.

12.3.° Hakpecaite TpukyTauxk ABC. HakpecaiTh BeKTOp, CIIiB-
HanpsaMmaeHuil i3 BekTopoMm CA, TOUYATKOM SKOTO € TOUY-
Ka B.

12.4.° TaHO BEKTOP a ta TouKy A (puc. 12.13). Bigknazgite Bix

TOYKU A BEKTOD, PiBHUN BEKTOPY a.

A

<

a
|

Puc. 12.13 Puc. 12.14

12.5.° Tano BEeKTOP b i Tourky B (puc. 12.14). Bigkaagits Bin

TOuKu B BeKkTOp, piBHUIT BeKTOpPY b.

12.6.° ITosnaure Touku A i B. HakpecJsiTh BEKTOD BC, piBHUI

BeKTOpPYy AB.

12.7.° HakpecaiTh BeKTOp a Ta mosHauTe Touku M i N. Bin-

KJaOiTh BiJl IIMX TOYOK BEKTOPHU, PiBHI BEKTOPY a.

12.8.* Hakpeciits TpukyTauk ABC i mosHaute Touky M — ce-
penuny cropouu BC. Bixg Touku M BigkjaamiTh BeKTOP, PiBHUHI

BeKTOpPY AM, a Big Touku B — BeKTOp, piBHHNI BekTOpy AC.
HoBeniTs, 1110 KiHII MOOYL0BAHUX BEKTOPiB 30iraioThbes.

12.9.% Hakpecaits TpukyTHuk ABC. Big Touok B i C BigkIamiTh
BeKTOpH, BiamoBimuo piBui BekTopam AC i AB. Hosexnirts,
10 KiHIii mo0yzoBaHUX BEKTOPiB 30iraroThes.
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e\

BMPABN HmT

12.10.° YraxiTh piBHI BeKTOpH, MOYATKU M KiHI[I SKUX 3HAXO-
IATbCA y BepiImHax KBagpara ABCD.

12.11.° Y pom06i ABCD piaromaji mepeTuHaOThbcA B Touli O.

VKaxiTh piBHI BEeKTOpPHU, MOUATKU M KiHII SKUX 3HAXOIATHCS
y Toukax A, B, C, D1iO.

12.12.° fKi 3 BeKTOpPiB, 300pakeHNX HA PUCYHKY 12.15:

1) piBHi; 3) IpOTUJIEKHO HAIPAMJIEHI;
2) cuiBHAIIPAMJIEHI; 4) xonineapui?
a g
// b //
P A
[N T
> 142
d |
A 7
_ D
e \” -
Puc. 12.15

12.13.° Touku M i N — BigmoBiguo cepenuuu cropia AB i CD
napajaenorpama ABCD. YKaxiTh BEeKTOPHU, MOUYATKU i1 KiHIIL
AKUX 3HAXOOAThCA B Toukax A, B, C, D, M i N:

1) piBui BekTOpY AM;
2) KoJriHeapHi BEKTOPY 65;

3) mpoTue:KHO HanpsaMJeHi 3 BeKTopom NC;
4) cuiBHanpsamieHi 3 BekTopom BC.

12.14.° Hexait O — TouKa IlepeTUHYy AiaroHaJei mapaJejorpamMa
ABCD. YKaiTh BEKTOPH, IIOYATKY 1 KiHI[I AKUX 3HAXOIATHCS
B Toukax A, B, C, D i O:
1) piBHi; 3) IpOTUJIEKHO HAIPAMJIEHI.
2) cuiBHaNIpPAMJIEH];
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12.15.° Touku M, N i P — BingmosigHo cepenunu cropia AB, BC
i CA tpuryrtuuka ABC. VKaXiTh BEeKTOpHU, MOYATKU U KiHITL
AKUX 3HAXOAATHCSA B TouKax A, B, C, M, N i P:

1) piBHi BeKTOPY MN;
2) kosiHeapHi BexTOpYy AB;

3) IpOTUIEKHO HampsaMJIeHiI 3 BeKTopom MP;
4) cuiBHanmpamJeHi 3 BeKTopoMm CA.

12.16.° Yu € mpaBUJIBLHUM TBEPAKEHHS:

1) akmo m =n, TO |m|:|n ;

b

2) axmro m=n, To EIIE;
3) AKWO M #n, TO |;nd|¢|;|‘7

O—w 12.17.° loBeniTs, 1m0 Koau 4OoTUPUKYTHUK ABCD — napa-
nesorpam, To AB = DC.

12.18.° Busnaure Bujg dyoTupukyTHuUKa ABCD, AKIIO EHR
i BC| DA.

12.19.° Busnaute Buj 4oTUPUKyTHUKA ABCD, SKIIO BEKTOPU
BC i AD xonineapsi i |@|¢| AD |

12.20.° 3uaiigiTe Moayai BEeKTOpPiB a ib =
“_|a
(puc. 12.16), AKIIO CTOPOHA KJIITMHKH [I0- N~
piBaIOE 0,5 CcM™m. 5
. —
12.21.° ¥V mpamoryTHuky ABCD Bimomo, 10
AB =6 cm, BC =8 cm, O — TouKa IIepeTuHy
miaroHasieii. 3HAWIITE MOAYJIi BEKTOPiB EA, Puc. 12.16

BO i OC.
12.22.° Y npamokyTHuKy ABCD niaroHaJi mepeTuHalOTHLCA B TOU-
AO | =6,5 cM. 3HaAUIITHL

i O. Bimomo, 110 |TB|=5 cM,
MOJYJi BEKTOPiB BD i AD.

12.23.° Bigomo, 1110 AB=DC. Yu moxHA CTBEPIKYyBaTH, IO
Touku A, B, C i D € BepiiuHaMu mapaJjegorpama?

12.24.° Binomo, mo AB = DC. ki e piBHi BeKTOpH 3amaioTh
Touku A, B, C i D?
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12.25.° Jamo uotupukyTHuk ABCD. Bimomo, 110 AB=DC
i | AB | =| BC | Busnaure Buj votTupukytauka ABCD.

12.26.° Hamo yorupukytuuk ABCD. Bigomo, 1110 BeKTOpPU AB

i CD &xoJuineapni Ta |A—C | :| BD | Busnaure Buj UoTHPHU-
Kytauka ABCD.

12.27.° Illo MoKHA CKal3aT! IPO BEKTOP A—B, AKImo AB=BA?

12.28." ¥V npamorkyTHomy TpUKyTHUKY ABC Touka M — cepenmHa
rimorenysu AB i /B =30°. 3HaiigiTh MOAYJi BEKTOpPiB AB
i Mé, akimo AC = 2 cMm.

12.29.° ¥V npamorytaomy TpuKyTHUKY ABC (£LC =90°) memiana
CM popiBHIOE 6 cM. 3HAWIITE MOAYJIL BEKTOPiB AB i Zé,
Ao LA = 30°.

12.30.° Bigomo, 110 BexTopu b i c Hekogimeapui. BekTop a
KOJIiHeapHUI KOKHOMY 3 BEKTOPiB bic. HoBeniTs, 110 BeK-
TOP a e HYJHLOBUM.

12.31.° Bigomo, 1110 BeKTOpHU AB i AC KosiHeapHi. [loBeiTs,

o Touku A, B i C nexaTh Ha ofHiN npamiii. Uu € mpaBuIb-
HUM oOepHeHe TBepIKeHHA: AKIIo Touku A, B i C je:xaTsb Ha
OIHIN TpPAMili, TO BEKTOPU AB i AC KoJriHeapHi?

O-w 12.32.° [lna yorupbox Touok A, B, C i D Bimomo, 110
AB=CD. HoBenits, 110 cepenunu BiapiskiB AD i BC 36ira-
oTbeA. JloBemiTh oOepHeHe TBEPAKEHHA: AKIIO CepeIuHNt
BizmpiskiB AD i BC 36irarmoTncs, TO AB=CD.

12.33." Bizomo, mo MO = ON. HoBenits, 1o Touka O — cepenu-
Ha Bigpiska MN. JloBeniTh oOepHeHe TBEPIKEHHS: AKIITO
Touka O — cepenuHa Bifgpiska MN, To MO =ON.

BMPABWU AJ1 MOBTOPEHHS IS

12.34. OguH i3 KyTiB mapaJiesiorpaMa JOPiBHIOE HiBCyMi TPhOX
iHImux foro KyTiB. S3HAWAITHL KyTHU HapaJiejorpama.
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12.35. ITepuMmeTp OAHOTrO 3 ABOX MOAIOHUX TPUKYTHUKIB Ha 8 cM
OLIBIIMI 3a IIePUMETP APYroro TPUKYTHUKA. SHAUIITh IIepu-
MeTpHU JaHUX TPUKYTHUKIB, AKINO KoedimiedT momibmocTi

1
IOPiBHIOE §

12.36. Ha cTroponax BC i AD pom6a ABCD 1mi03HaueHO BigIIOBiTHO
Touku M i K taki, mo BM : MC=KD : AK =1 : 2. 3gaigits
Bigpisox MK, axio AB=a, ZABC =60°.

13. KoopauHatun BekTOopa

Poasrnaremo Ha KoopAauwHATHIN maomIMHI BeKTOp a. Bigkna-

JIeMO BiJ MOUATKY KOOPAMHAT piBHUI fiomy BeKkTOop OA (pumc. 13.1).
KoopaguHaraMu BeKTOpa @ HA3MBAIOThL KOOPAWHATH TOUKHU A.

3amnuc a(x;y) o3HAUaAE, IO BEKTOP @& Mae KoopamHATH (X; Y).

YA YA
AI _______ y Y b
! 1 B
o g 2 RNANE
<
7
Puc. 13.1 Puc. 13.2

Yucsna x i y Ha3WBAIOTh BiAIOBIAZHO MEePHIOI0 Ta APYTOI0 KO-
OpIMHATAMH BEKTOPA @& .

3 o3HaueHHS BUIIJIUBAE, 1[0 Pi6HiI 6eKMOpPU MaAOMb PiEHI
6i0no06idni koopdunamu. Hanpukiaas, KOXKHUN i3 PIBHUX BeK-
TOpiB E, bic (puc. 13.2) mae koopauuatu (2; 1).

CupaBenyiuBe ¥ o0epHeHe TBePAKEeHHS:

AKUW,0 6i0N06i0HI KOOpOUHAMU 6eKMOPi6é Pi6Hi, MO PiGHi U
cami 6ekmopu.

CropaBai, AKIO BiAKJACTU TakKi BEeKTOPH BiJ IOUYaTKy KOOD-
OIUHAT, TO IXHi KiHIi 30iraTuMyThCs.

OueBUIHO, IO HYJLOBUII BeKTOp Mae KoopauHatu (0; 0).



13. KoopanHaTth BekTopa 125

Teopema 13.1. Axwo mouru A (xy; y,) i B (x,; y,) 6idno-
6i0HO € nowamkom i KiHyem éeKmopa a, mo wucna x,— x,
i y,— y, Oopieéntoromdv 6i0no6idno neputiti i dpyeziti Koopduna-
mam éexmopa a.

Tosedennsa. © Hexall BeKTOD E, PiBHUI BEKTOPY E, Mae
KoopauHatu (a; a,). [loBememMo, 110 Ay = Xy — X1, Ay =Ys — Yi-

Axmo a=0, 10 TBEPAKEHHSA TEOPEMU € OUEBUIHIM.

Hexait a #0. Bingkaamemo Big mouaTKy KOOPAWHAT BEKTOP
O—M, PiBHUII BEKTOPY AB. Toxi xoopamuaTu Touku M mOpPiBHIO-
0Tb (a;; a,).

OckinbKu TB:W, TO, CKOPHUCTABIINCH PE3yJILTATOM 3a-

maui 12.32, mo:xeM0 3poOUTH BUCHOBOK, II[0 CePeINHN BiIpisKiB
OB i AM 3b6iratorbesa. Koopaunatu cepenus Bimpiskis OB i AM

0+x, O+ x, +a +a
BimmoBigHO ,Z[OpiBHIOIOTb( 5 Z, zyzj i( 12 L. ! 5 2). Toxmi

O+x, x +a, O+y, y +a, L . . .
= > = . Ili piBHOCTi BUKOHYIOThCA ¥ TOMI,
2 2 2 2
rkoau Touka O 30iraeTncsa 3 TOUKOIO B abo Touka A 30iraerncs
3 TOUKomo M.

3Bincu a, =x, — Xy, @y =Y, — y;. 4

I3 popmynm BimcTaHi MisK ABOMA TOUKaMU BUILJIMBAE, 1110 KOJIA
BEKTOp g Mae KoopaumHatu (a,; a,), TO

— | _ 2 2
|a |—\/a1+a2

3amaua. /laHo KoopAWHATHM TPHOX BEPIIWH TapaJjiejiorpama
ABCD: A (3; —2), B (—4; 1), C (-2; —3). 3uHaiigiTh KOOpaAUHATU
BepiuHu D.

Pos3s’aszannsa. Ockinbku yoTupukyTauk ABCD — mapaJie-
norpam, To AB= DC.

OTixe, KOOPAWHATHU ITUX BEKTOPiB piBHI.

Hexai#t koopauuaty Touku D mopiBHIOIOTH (x; y). Hyia sHa-
XOI:KEeHHS KOOPAMHAT BEKTODPiB AB i DC CKOPUCTAEMOCS T€O-
pemoro 13.1.
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Maemo:
AB(-4-3;1-(-2))=AB(-7;3); DC(-2-x; -3—y). 3Bincu

-T7T=-2-x, |x=5,
3=-3-y; |(y=-6.

Bidnoegidw: D (5; —6). <

3

wn =

5.

MosACHITb, WO Ha3MBaTb KoopAMHaTaMmM OAHOro BEKTOpPA.
LLlo MOxHa ckasatn Npo KOOPAMHATU PIBHUX BEKTOPIB?

. Lo MoxHa ckasaTu nNpo BEKTOPW, BiAMNOBIOHI KOOPANHATU AKUX

piBHi?

. 9K 3HaNTN KOOPAMHATM BEKTOPA, SKLLO BiJOMO KOOPAUHATU NOIro

noyartky Ta KiHua?
Ak 3HaNTXU MOAY/b BEKTOPA, AKLLO BiAOMO MOro KoopamHaTmn?

//h
IE@\ L NMPAKTUYHI 3ABAAHHS I

13.1.° 3a momoMoroi0 IUPKYJA Ta JiHIKU MOOyIyHTe TOUKY,
KOOpPAMHATY SIKOI MOPiBHIOIOTH KOOPAMHATAM JIAHOT'O0 BEKTO-
pa a (puc. 13.3).

YA YA
A
a a P adl
1
- — o[ 1 £
(0] x i Bk
Puc. 13.3 Puc. 13.4

13.2.° BigknagiTe Bif mouaTKy KOOPAMHAT BEKTOPU E(—3; 2),
b (0; —2) 1 c(4; 0).

13.3.°

Bigknazmite Bim Toukm M (—1; 2) BeKTOpPHU E(l; -3),

b(-20) i ¢ (0; —1).



13. KoopanHaTth BekTopa 127

@ BMPAB/ W

13.4.° 3uaiifiTh KOOPAWHATH BEKTOPiB, II[0 300pakeHi Ha pu-
cyury 13.4.

13.5.° 3HaigiTh KOOPAUHATHA BEKTOpPa E, SAKIIO:
1) A (25 3), B (-1; 4); 3) A (0; 0), B (=2; —8);
2) A (3; 0), B (0; —3); 4) A (m; n), B (p, k).

13.6.° [aro Toury A (1; 3) i BeKTOpD a (—2; 1). 3maiigiTe Koop-
IUHaATH ToOuku B Taxoi, 1o BA=a.

13.7.° Hauo Touku A (3; —7), B (4; —5) i C (5; 8). 3HaiigiTh KO-
opauHATU TOUYKU D Takoi, Imo AB=CD.

13.8.° Bixg Touku A (4; —3) BigKJIameHO BEKTOP E(—l; 8). 3ma-
UIiTh KOOPAWMHATH KiHIISA BEeKTOpAa.

13.9.° aro Touku A (3; —4), B (—2; 7), C (-4; 16) i D (1; 5).
HoBemiTs, 1110 CB = DA.

13.10.° MoBeniTh, 110 4OoTUPUKYTHUK ABCD 3 BepImimHaMu
B Tourkax A (1; —=5), B (2; 3), C (-3; 1) i D (—-4; —7) € mapa-
JIeJIOTPaMOM.

13.11.° Cepex sextopis a (3; -4), b (-4;2), ¢ (3;V11),
d (-2; —4), e (—1; -2 \/6) i f (—4; 5) sHaiigiThL TakKi, 1110 MaOThH
piBHI Momyi.

13.12.° Jamo Touku A (1;-4), B (-2;5), C(1+a; -4+b)
i D (-2 +a; 5+b). loBemiTs, AC|=| BD

13.13.° 3uaiigiTey yci 3HaueHHA X, IIPU AKUX MOAYJL BEKTOpa
E(x; —8) mopisuioe 10.

13.14.° Ilpn AKUX 3HAUEHHAX J MOZAYJb BEKTOpa 5(12; y) no-
piBHIOE 137

13.15.° Bigpisok BM — wmepmiana TpukyTHuka ABC i3 BepinHa-
mu A (3; —5), B (2; —3)i C (—1; 7). 3uaiiniTh KOOpAUHATHU Ta
MOAyJIb BekTOpa BM.
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13.16.° Touka F minuts ctropony BC nmpamoxkyTauka ABCD y Bif-
HorteHHi 1 : 2, paxyroun Bix Bepiuau B (puc. 13.5). 3HaHAITE

KoopamHaTu BeKTopiB AF i FD.

LN \

A
3 5 a4 E ¢
0 C D X 6 T T
F
_4 _________ D=
0] 8 x
B A
Puc. 13.5 Puc. 13.6

13.17. Touxa E — cepeguua ctroporu AC npamokyTHuka OACD
(puc. 13.6). 3uaiigiTe KoopaguHatu BeKTopiB DE i EO.

13.18.° Mozxyas BekTopa a gopiBHioe 10. Moro mepimra Koopzau-

HaTa Ha 2 6iybIlIa 3a Apyry. SHAWAITH KOOPAUHATH BEKTOpa a .
13.19.° Mogyap BeKTOpa c IopiBHIOE 2, a OTr0 KOOPAMHATHU

piBHi. 3HaNAITE KOOPAMHATI BEKTOpPA c.

13.20.” Touku A (2; 5) i B (7; 5) — BepIINHU TPAMOKYTHUKA
ABCD. Moaynab BeKTOpa BD mopiBHIOE 13. 3HAUIITE KOOP-
auHatu Touok C i D.

13.21. Touxu A (1; 2) i D (1; —6) — BepIIMHU TPIMOKYTHUKA
ABCD. Monynb BeKTOpa AC mopiBuioe 17. 3HalgiTh KOOP-
nuHatu BepinuH B i C.

@ BMPABWU AN MOBTOPEHHS I

13.22. JIpa piBHEX piBHOOEAPEHNX TPUKYTHUKU B C
ADB i CBD (AB = BD = CD) maioTh CIiJIbHY
O0iuny cropony (puc. 13.7). Busmaure Bun
yorupukyTHuka ABCD. A D

13.23. IlepumeTp TpUKYTHUKA HOPiBHIOE 48 cM,
a fioro OiceKTprca JiTHUTh CTOPOHY TPUKYTHI- Puc. 13.7
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Ka Ha BifpisKm 3aBIOBKKU b cM i 15 cM. 3HAHAITH CTOPOHU
TPUKYTHUKA.

13.24. Biuna cropoHa piBHOOiIUHOI Tparmerii, omucanoi HaBKOJO
KoJia, TOPiBHIOE a, a OAWH i3 KyTiB — 60°. 3HaWAITH IOy
Tparerii.

CMOCTEPITAUATE, PUCYWUTE,
KOHCTPYIOWUTE, ®AHTA3YWUTE

13.25. Yu moxxHa 3 KBagpara 3i cropoHoio 10 cMm BupisaTu KilTbKa
KpyriB, cyma giameTpiB aAKux 6igbirna 3a 5 m?

14. JopaBaHHS i BigHIMaHHA BeKTOpIB

Axmro Tizo mepemicTuiaocs 3 Touku A B Touky B, a morim i3
Touku B y Toury C, TO cymMapHe mepeMilieHHA 3 TOUKU A B TOU-
Ky C IpUpOMHO WOJATHU y BUTJIALI BEKTOpPa AC, BBaskaoun
Imell BEKTOP CyMOIO BEKTOPiB AB i ﬁ, t06T0 AB+ BC = AC
(puc. 14.1).

B e
a A
: B
C C
B
Puc. 14.1 Puc. 14.2

Ileit npukJaan migKasye, K BBECTH IIOHATTA CyMHU BEKTOPiB,
TOOTO K AOMATH OBa HAHUX BEKTOPHU aib.

Bidkaademo 8i0 0oginvHol mouku A eekmop AB, pieHUIl 8eK-
mopy a. dani 6i0 mouxu B eidxnademo eexmop BC, pi6Huil

sexmopy b. Bexmop AC Ha3usarmb CyMOI BEKTOPiB a i b

(puc. 14.2) i 3anucyromeo: a+b=AC.

OmnucaHuii aJrOpUTM [O0JaBaHHSA JBOX BEKTOPiB HA3WBAIOTH
MPaBUJIOM TPUKYTHHUKA.
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IIa masBa moB’sA3aHa 3 TUM, IO KOJU BEKTOPU a ib me
€ KoJiHeapHuUMU, TO Touku A, B i C € BepmnHamMu TPUKYTHUKA
(puc. 14.2).

3a mpaBMJIOM TPUKYTHHKA MOKHA M0OJaBaTU U KOJiHeapHi
BexTopu. Ha pucyuky 14.3 BeKTOD AC IOPiBHIOE CyMi KoJIiHe-
apHUX BEKTOpPiB aib.

a b a b
_—— _——
A C B A B C
—— g e

a 0
Puc. 14.3

Orxe, 0na 6ydv-axux mpvox mouwox A, B i C eukonyemoca
piéHicmb AB+BC = AC, sika BUPaKae IPaBUJIO TPUKYTHUKA
JUIsI ToJaBaHHS BEKTOPIB.

Teopemwa 14.1. Axwo xoopdunamu éexmopié a i b 6id-
noeidno dopigniooms (a; a,) i (b;; b,), mo koopdunamu eexmo-
pa a+b dopisnrwwmos (a,+ by; a,+ b,).

ﬂoee@ennﬂ © Hexaii Touku A (xl, yl), B (xz, Y)iC (x55 ys)
Taki, 110 a =AB i b = BC. Maewmo: a +b = AC. Hosegemo, 1110
KOOpAMHATU BEKTOpa AC IOPiBHIOIOTH (a, + by; a,+ b,).

3HaigeMo KOOPAMHATYI BEKTOPiB E, biAC: a (X, =205 Yy — Y1)
5(.963 — X35 Y3 — Ys)> A_C.(xs — X35 Ys — Yy)-

Maemo:

E+5=Zé(x3 - X5 Yy —y1)=Zé(x3 — Xyt Xy = X3 Y=Yy + Yy —Y)-

3 ypaxyBaHHSAM TOTO, IO Xy — Xy = @y, X3~ X5 = b, Ys — Yy = ay,
Ys — Yy = by, OTPUMYyEMO: a +b =AC (a, +b;a,+0,). 4

3ayBarKeHHS. OHI/ICYIO‘-II/I IPABUJIO TPUKYTHUKA JIJIA 3HAXO-
IPKeHHSI CyMH BEKTODiB @ i b, MM BifKJIanu BEKTOp a Bix Io-
BiIbHOI TOuKU. SIKIITO TOUKY A 3aMiHUTH TOYKOIO Al, TO 3aMiCTh
BEeKTOpa AC AKUHA TOPiBHIOE CyMi BEeKTOPiB a i b, OTPUMAEMO

IeAKUIT BEeKTOP AlCl. I3 Teopemu 14.1 BumninBae, 110 KOOPAUHATHA
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BekTopiB AC i A,C, nOpiBHIOWOTE (a, + b5 a, +b,), ooxe, AC = A C,.
ITe osnauae, 110 cyma BEKTOPiB @ i b He 3ayeKUTh BiJ TOro, Bix

SAIKOI TOUKHM BiIKJIaZEHO BEKTOP d .

BiactuBocTi momaBaHHS BEKTOPiB aHAJOTIiUHI BJIAaCTHUBOCTSIM
ImoIaBaHHS duceI.

Hna 6ydv-axux éexkmopie a, b i ¢ 6ukonyrOmMbca piHOCMI:

1) a +0 =a;

2) a +b =b +a — mepecraBHa BJIACTUBiCTb;

3) (a + b)+ c=a+ (b + c) — CIIOJIYYHA BJIACTHUBICTD.

g noBeleHHA IIUX BJIACTUBOCTEM MOCUTH IOPIBHATHU Bif-
OOBimHI KOoOpAMHATH BEKTOPiB, 3alMcaHMX y OpaBiii Ta JiBii
yacTuHaX piBHOCTeli. 3pobiTh Ie caMOCTiiiHO.

CyMmy TphOX i OisbIlle BeKTOPiB 3HAXOASATH TaK: CIOUATKY OO-
IaI0Th IIEePIINA 1 IPYTruii BeKTOPH, IIOTIiM O OTPMMAHOI'0 BEKTOpa
JIONAIOTh TPeTii BekTop i T. 1. Hanpukaan, a +b +c¢ = (a +b ) +c.

3 mepecTaBHOI Ta CIIOJIYYHOI BJIACTUBOCTEM MOMABAHHS BEK-
TOPiB BUILIMBAE, IO IIPU AOAABaHHI KiJIbKOX BEKTOPiB MOXKHAa
MiHATH MicIIAMU JOMAHKHU Ta PO3CTABIATH AVKKH Y OyAb-AKUI
cmocio.

VY (disui gacto JOBOAUTHCA MOAABATHU BEKTOPH, Bimxjaameni
Bix oxmiel Toukn. Tak, AKIIO N0 Tijla OpuKIageHo cuau F, i F,
(puc. 14.4), To piBHOAiliHa IUX cuUJI AopiBHIOE cyMmi F| + F,.

JJ1a 3HaXOMKEeHHA CYMHU IBOX HEKOJIiIHEapHUX BEKTOPiB, Bif-

KJaJleHuX Bi onHiel TOUKU, 3pYUYHO KOPUCTYBATUCA IIPABUJIOM
mapaJjiejiorpaMa IJisi ToJlaBaHHA BEKTOPiB.

Hexaii moTpi6HO 3HAWTU CyMy HeKOJIiHeapHUX BEKTOPiB AB
i AD (pwuc. 14.5). Bigxmagemo BexTop BC, piBHUII BekTopy AD.

Puc. 14.4 Puc. 14.5
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Toxi AB+ AD = AB+ BC = AC. Ockinbku BEKTOpHU BC i AD
piBHi, To yoTupukyTHUK ABCD — mapaJjejorpamMm 3 miaroHaj-
a0 AC.

Hagenmeni mipxkyBaHHS ITO3BOJISIOTH C(HOPMYIIOBATH IIPABUIIO

napaJiesorpama s 0aBaHH HeKOJIiHeapHUX BeKTODIB a i b.
Bidxknademo 8i0 008in1bHOL mouKu A 8exmop AB, pisHull 8ek-

mopy a, i sexmop AD, pisHuil sexkmopy b. ITo6ydyemo napa-

senoepam ABCD (puc. 14.6). Todi wyxana cyma a+b dopigH10€

eexmopy AC.
Ozuauvennsa Pi3HMIleI0 BeKTOPiB ¢ i b HA3MBAIOTh TAKMIi
BEKTOP C, CyMa SKOT0 3 BEKTOPOM b MOPiBHIOE BEKTOPY & .
ITumryTe: ¢ =a —b.
IToxaxxemo, K MOOYyAyBaTU BEKTOP, PiBHUI Pi3HUIIL 3aJaHUX

BEKTOPiB aib.

Bixg moBinbHOI Toukm O BigKJaageMO BEKTOPHU OA i 61?, Bif-
MMOBiTHO PiBHI BeKTOpam aib (puc. 14.7). Tomi BeKTOP BA
IopiBHIOE pisHMIT a-b. Cupaspi, OB + BA = OA. Or:xe, 3a
O3HAUEHHSIM PIiSHUII ABOX BEKTOPiB o?x-@:ﬂ, TOOTO
a —-b =BA.

_— —_—
_ b a b

B C A

Puc. 14.6 Puc. 14.7

Ha pucynky 14.7 BexkTtopu OA i OB nHexoxineapui. IIpore
OTIMCAHUM aJTOPUTM MOYKHA 3aCTOCOBYBATHU I /I 3HAXOMKEHHS

pisuumi KosimeapHux BeKTOpiB. Ha pucyHkKy 14.8 BexTOp BA

IOPiBHIOE Pi3HUIIL KOJIiHeapHUX BEKTOPiB a i b.
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a b a b
—_— —— —_— >
B 0] A O B A
L - - 3 —e—p

a 0

Puc. 14.8

Or:xe, 0na 6y0v-akux mpvox mouwoxk O, A i B eukonyemoscs
pienicmv OA —OB = BA, axka Bupa’kae MpaBUJIO 3HAXOIKEHHSA
Pi3HHUII TBOX BEKTOPiB, BiAKJIaJeHUX Bim omHiel TOUKM.

Teopema 14.2. Axwo xoopdurnamu éexmopié a i b eid-
nogidno dopisentoroms (a; a,) i (by; b,), mo koopdunamu éexmo-
pa a-b dopisnioroms (a, — by; a, — b,).

HoBeniTs 1110 TEeOpPEMY CaMOCTiiiHO.
I3 Teopemu 14.2 Bumiamsae, 110 A OyOb-AKNX BEKTOPiB a

i b icHye efuHHI BEKTOp ¢ TaKWi, mo a —b =c.

Osnmauennsa. [IBa HeHyJIbOBUX BEKTOPHM HA3UBAIOTHh IIPO-
THJIEKHUMU, AKIIO IXHi MOIYJIi PiBHI i BEKTOPH MMPOTHJIEIKHO
HAIIPAMJIEHI.

AKIT0 BeKTOPU a i b IPOTUIEKHi, TO TOBOPSATH, IO BEK-
TOP G TPOTUIEKHUHN BEKTOPY b, a BEeKTOpP b IIPOTUIEKHUI
BEKTOPY 4.

BekTopoM, IPOTHIEKHUM HYJIbOBOMY BEKTODPY, BBaKAIOTh
HYJbOBUI BEKTOP.

BeKTOp, [IPOTHIEXKHNUA BEKTOPY @, [MO3HAYAIOTH TAK: —d.

3 o3HaueHHSA BUILJINUBAE, IO IPOTUJIEKHUM BEKTODPY AB
e Bextop BA. Tozi dns 0yo0v-axux mowox A i B euxkonyemovca
pieénicmv AB=—-BA.

I3 mpaBuJia TPUKYTHUKA BUILJIUBAE, IO

7 +(-a)=0.

A i3 1miei piBHOCTI BUILIIMBAE, IO KOJU BEKTOP a mae KOoop-

nuuatu (a,; a,), TO BEKTOP —a Mmae KoopauHaTtu (—a;; —a,).
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Teopema 14.3. Jasn 6ydv-axux éexkmopié a i b 6ukony-
€mbca piéHicmb a-b=a+ (—5).

JJia noBeleHHA AOCTATHHO IIOPiBHATH Bi-
OOBifTHI KOOPAMHATH BEKTOPiB, 3alMCaHUX
- y mpaBiii Ta JiBiit vacTuHaX piBHOCTI. 3p0OITH
e CaMOCTiHfHO.

Teopema 14.3 mae 3mory 3BecTHu BigHiMaH-
HA BeKTOplB 7I0 MONABAHHA: w00 8i0 sexmo-

pa a si0Hamu 8eKmop b, moxHa do eex-

_—

8|
S

Puc. 14.9 mopa a dodamu 6exmop b (puc. 14.9).

3anaua. [iaronansi mapanemorpama ABCD mepeTUHAIOTHCSA
B Touri O (puc. 14.10). Bupagzits BekTopu AB, AD i CB uepes
BEKTOPU CO=a i BO=b. B

C
Posze’asanna. OCkinbKkm TOU- V
Ka O — cepenuHa Bigpiskis AC i BD, %)
10 OA=CO=q i OD=BO=b.
Maemo: A D
AB= ‘B“E_ —OA-BO=-a -b; Puc. 14.10
AD=0D - OA b-a;
CB=-AD=a -b. 4
p 0000 ]
o

1. OnuwiTe NpaBmMNO TPUKYTHUKA 151 3BHAXOAKEHHSA CYMU BEKTOPIB.

2. 9ka pIiBHICTb BUpPAXae NpaBuiO TPUKYTHMKA O/ 3HAXOOXKEHHS
CYyMW BEKTOPIB?

3. Homy OopiBHIOTbL KOOPAMHATK BEKTOPA, PIBHOrO CyMi ABOX Aa-
HMX BEKTOPIB?

4. 3anuwiTb PiBHOCTI, AKi BUpaxxatoTb BNAaCTUBOCTI A0AAaBaHHSA BEK-
TopiB.

5. Onuwitb NpaBmao Nnapanenorpama ansg 3HaxooKeHHsi CyMmn gBOX
BEKTOpIB.

6. fAKnii BEKTOP Ha3MBalOTb PISHULIEIO ABOX BEKTOPIB?

7. $lka piBHICTb BUpaXae NpaBmio 3HAXOAXKEHHS PISHULL OBOX BEK-
TOpiB, BiAKNageHUX Big, OQHIET TOUYKK?
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8. HYomy OOpiBHIOTL KOOPAVHATM BEKTOPA, PIBHOMO Pi3HUL OBOX
JAHVX BEKTOPIB?
9. 9ki BEKTOPM HA3MBAKTb NPOTUIEXHUMN?

10. 9k Nno3Ha4alTb BEKTOP, NPOTUIEXHWI BEKTOPY a?
11. 9k MOXHa 3BECTU BiHIMaHHA BEKTOPIB A0 A0A03aBaHHS BEKTOPIB?

2
f= MPAKTVYHI 3ABJIAHHS! IE—

14.1.° 3a momomoroi mpaBuja TPUKYTHUKA HOOyAyiTe CyMy
BEeKTOPiB a i b, 300pakenux Ha pucyHky 14.11.

14.2.° 3a momoMorom IIpaBuja mapajejorpaMa mooyayiTe cymy
BEeKTOPiB a i b, 3o06pakenux Ha pucyHky 14.11, a—a.

14.3.° [Ins BeKTOpiB a ib, 300pakeHux Ha pucyHky 14.11,

mo0yaAyiiTe BEKTOP a-b.

5 @ ;
a \
0 8

d e

|| Nl
1 &
||

S

Sl | Sl
- Q S|

Puc. 14.11

14.4.° Hakpecaite TpukyTHuxk ABC. Bigkmaagite Big Toukm A
BEKTOD, HPOTUJIEKHUIN BEKTOPY:
1) AB; 2) CA; 3) BC.

14.5.° HaRpeCJIITI: TmapaJiesiorpam ABCD. Ho6y;[y1/1'1‘e BEeKTOpU
BC+ BA, BC+DC, BC+CA, BC+ AD, AC + DB.

14.6.° Hakpecaite TpukyTHuk MNP. IloOyayiiTe BeKTOpU

MP+ PN, MN+ PN, MN + MP.
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14.7.° Hakpeciaite mapasegorpam ABCD. IloGyayiiTe BeKTOpU
BA - BC, BA-DA, BA-AD, AC- DB.

14.8.° Hakpecaith TpukyTHuk ABC. IloOyayiiTe BeKTOpHU
AC-CB, CA-CB, BC-CA.

14.9.° ITosumaure yotupu Touku M, N, P i Q. IloGynyiiTe BeKTOP
MN + NP + PQ.

14.10.° [Ins BeKTOPiB a,bic, 300paskeHnx Ha PUCYHKY 14.12,
no0yayiiTe BEKTOP:
1)a+b+c; 2)a+b-c; 38) —a+b+ec.

f
_ /e
— v L
@/ i
/ a

a 0 8

Puc. 14.12

14.11.° BigxaazgiTs Big ogHiel TOUKYM TPU BEKTOPU, MOAYJIi AKUX
piBHi, Tak, 100 cyMa ABOX i3 HUX OOPiBHIOBAJAa TPETHOMY
BEKTODPY.
14.12.° Bigraaznite Big ogHiel ToOuKu e B
TPU BEKTOPU, MOAYJiI AKUX piBHI,
Tak, 100 iXHA cyMa OOopiBHIOBaJa
HYJIb-BEKTODPY. Ae
14.13." Ina Touork A, B, C i D, 300pa- o
JKeHuX Ha pucyHky 14.13, mobynmyii-
Te TaKuii BEKTOp X, II[00 Puc. 14.13
AB+CB+CD+x =0.
14.14.° Hakpecuaite TpukyTHuK ABC. IlodoynyiiTe Taky Tourky X,
m100:
1) AX =BX + XC;
2) BX = XC - XA.
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@ BMPAB/ mT

14.15.° Iamo TpukyTHUK ABC. BupasiTh BEKTOD BC yepes3 BeK-
TOpH:
1) CA i AB; 2) AB i AC.

14.16.° Tamo mapaiaenorpam ABCD. BupasiTe BeKTOpHU AB, BC

i DA uepes3 BeKTOpPU CA=aiCD=c.
14.17.° Jawmo napasenorpam ABCD. BupasiTh BeKTOpPH AC, BD

i BC uepes BeKTOPU BA=ai DA=b.

14.18.° Hawuo mapaaemorpam ABCD. BupasiTh BeKTOpPU BC DC
i DA uepes3 BeKTOpPU AB=di BD=b.

14.19.° HoBexnits, mio aaa Oyab-aKuxX Touok A, B, C i D BukKo-
HYETHCS PiBHICTB:
1) AB+ BC = AD + DC; 3) AC+CB- AD = DB.
2) CA-CB= DA - DB;

14.20.° HoBexiTp, 1o mia O0yab-axkux Touok A, B, C i D BukKo-
HY€TbCA PiBHICTH:
1) BA + AC = BD + DC; 3) BA- BD+ AC = DC.
2) AB- AD=CB-CD;

14.21.° Touku M i N — cepeaunu Bl,ZIHOBII[HO CTOle BA i BC
TpukyTHuKa ABC. Bupasits BEKTODH AM NC MN i NB
yepes3 BEKTOPU BM=miBN=n.

14.22.° Y napanenorpami ABCD giarosaJii mepeTuHAaOThCA B TOU-
i O. [loBexniTs, 110 OA+0OB+0C+0D=0.

14.23.° Hauo wotupukyTHuk ABCD i mesaxy Touxky O. Bimomo,
10 AO +0B=DO +0C. HoBemiTs, 1110 YoTupuKyTHUK ABCD —
rmapaJjeyorpam.

14.24.° ,I[aHo YOTUPUKYTHUK ABCD i pesry Tourky O. Bimomo, 110

OA-0D=0B-0C. HoBenmiTh, 1110 YoTUPUKYTHUK ABCD —
mapaJjieJiorpam.
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14.25.° Jlano BeKTOpHU a (4; 5) i b( 1; 7). 3HaigiTh:
1) KoopauHATH BEKTOPiB a+bia —b
2) |a+b]|ila-b].

14.26.° Hano tourku A (1; —3), B (4; 5), C (—2; —1) i D (3; 0).
SHaUIiTh:
1) xoopamHATH BEKTOPiB AB+CD i AB- @;
2) | AB+CD|i | AB-CD|.

14.27.° Cyma BeKTOpiB 3(5; -3) i E(x; 4) DOpiBHIOE BEKTODPY
5(2; y). 3HaAUAITE X i y.

14.28.° Cyma BeKTOpiB E(x; -1) i 17(2; Y) IOpiBHIOE BEKTODPY
cT(—3; 4). 3Haigits x i y.

14.29.° J1ano BeKTOp MN (3; —5). 3HaligiTh KOOPAUHATH BEKTO-
pa NM.

14.30.° CtopoHa piBHOCTOPOHHLOTO TPUKYTHUKA ABC mopiBHIOE
3 cM. 3HAUIITL | AB+ BC |

14.31.° KareT piBHOOEAPEHOr0 MPAMOKYTHOI0 TpUKyTHUKA ABC
(£C =90°) mopiBHIOE 4 cM. 3HAHAITE | AC +CB |

14.32.° Tlano tourn N (3; -5) i F (4; 1). Buaitgite | ON — OF

, ne O — noBijnbHA TOUKA.

14.33.° IlnmaBumxa 3i mBHUAKiCTIO \/§ M/C BiZHOCHO BOAU IIepe-
IJINBAE PiUKy B HAIIPSAMI, IePHeHINKYIAPHOMY [0 IIapajeib-
Hux OeperiB. IlIBuakicTs Teuii mopiBHIOEe 1 Mm/c. Ilig arum
KyTOM [0 HaIpPAMY, IEePIeHIUKYJISIPHOMY HO Oeperis, mepe-
Mimaerbea maaBumnxa’?

O—w 14.34.° [loBeniTh, mo Aasa OyAb-AKUX N TOUYOK A, A,, ...,
A, BUKOHYETBHCS PiBHICTH

AA +AA +AA +...+A A =AA.

14.35.° [loBexmiTh, 110 AJjA Oyab-AKUX TOuoK A, B, C, D i E Bu-
KOHYEThCA PiBHICTH
AB+BC+CD+DE+EA=0.
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14.36.° BupasiTh BeKTOD AB yepes BEKTOPU
a, b, c id (puc. 14.14).

14.37.° Y napamemorpami ABCD touku M, N
i K — cepenuHu BimmoBigHO cTopim AB,
BC i CD. BupasiTh BeKkTOpHU BA i AD
yepes BEeKTOpPH MN=m i KN=n.

Puc. 14.14

14.38.° YV mapanaemorpami ABCD piaromaJri
IePeTHHAIOTLCSA B Toqul O. Bupasitb BeKTOpHU BA i AD yepes
BEKTOpU DO=a i OC=b.

14.39.° qOTI/IpI/IKYTHI/IK ABCD — TapaJIesorpam. I[OBe,I[lTI: 10:
1)AD BA + DB-DC = AB; 2) AB+CA-DA=0.

14.40.° Y mpurytHury ABC npoBeneno meniany BM. [loBeniTs,
110:
1) MB+BC+MA=0; 2) MA+AC+ MB+BA=0.

14.41.° [JoBeniTh, 1110 IJifd HEKOJIiHEApHUX BEKTOpPiB a i b BU-
KOHYETBhCS HEPiBHICTH | a+b |<| a |+| b |

14.42.° ToBeniThb, III0 AJs HEKOJiHeapHUX BEKTOPiB a i b Bu-
KOHYEThCS HEPiBHICTH | a-b |<| a |+| b |

14.43.* Jly1s HeHYJIHLOBUX BEKTOPiB aib BUKOHYEThCA PiBHICTH
|E+l7|:| a |+| b | HoBemits, 110 aTTb.

14.44. Jlyia HeHyJIHOBUX BEKTOPIB aib BUKOHYETHCA PiBHICTH
|E—5|:| a |+| b | HoBemiTs, 1110 aTlb.

14.45.” Yu mosxe OyTH HYJILOBUM BEKTOPOM CyMa TPhOX BEKTOPiB,
MOZYJIi AKMX HOPiBHIOIOTH:

1) 5; 2; 3; 2) 4; 6; 3; 3) 8; 9; 18?

14.46. Hiaronasi YOTUPUKYTHUKA ABCD D mepeTuHaoTECA B TOY-
i O. Bigomo, 1110 OA+0OB+0C+0D=0. HoBexiTh, 110
qoTupuKyTHUK ABCD — mapaJiesorpam.

14.47. Bexropu MN, PQ i EF IIOIIapHO HEeKOoJIiHeapHi, Ipu-
qoMy MN + @ +EF=0. HoBenith, mo icHye TPUKYTHUK,
CTOPOHHU SIKOT'O AOPiBHIOOTH Bimpiskam MN, PQ i EF.
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14.48. [oBexmiTh, mo muas mapasaenorpama ABCD i moBimbHOI
TouK1 X BUKOHYETHCA PiBHICTH XA+ XC=XB+ XD.

14.49. [Tano aBi Toukum A i B. 3HaAifiTh reoMeTpuUUYHE Miciie
TouoK X TaKuX, IO |@+B—}Z |=| AB |

14.50. Haro aBi Toukm A i B. 3HaAWAiTHL reoMeTpUUYHE MicIie
TouoK X TaKuX, IO |A—B+ﬁ |=| ﬁ|

14.51. Becnsap i3 Touku A mepemnpaBse€ThCS Uepes PiuKky 3aB-
mupmiku 240 M 3i cTamoo BJIACHOIO IMBUAKICTIO, CIIPAMOBY-
I0UM Hic Y0BHA MEePIEeHIUKYIAPHO OO IPOTHUIEKHOro Oepera.
Yepes 4 XB UOBEH IIPHUUAIIOE O IPOTUIECIKHOTO Oepera B TOU-
i C, poarallloBaHill HIKUe 3a Teuiero Big Toukum A mHa 48 M.
3HalAiTh MIBUAKICTh Teuil Ta IMBUAKICTL UYOBHA BiZHOCHO
OeperiB piuku.

14.52.* Karep i3 ToOUuKu A mepemnpaBJs€ThCSI uepes PiuKky 3aB-
murpmiku 300 M 3i crasoio BiacHo mBuaKicTo. Yepes 100 ¢
KaTep IPUYAJIOE MO0 HPOTHUJIEKHOTro Oepera B Touri B. Ilpa-
Ma AB meprneHAUKYJAApPHA A0 MapajelbHuX OeperiB piuxu.

IIBuakicTh Teuil piukm; \/§ m/c. Ilix akum KyToM mo Oepera
piuku OyJo cupsMOBaHO Hic KaTepa?

14.53.* Megianu tpukyTHuka ABC nepetnHaoThess B Touri M.
Hosenits, mo MA+ MB+ MC=0.

14.54.* Ha croponax TpuxkyTHuka ABC y 30BHimHi#i 6ik II0-
oymoBano mapasemorpamu AA,B;B, BB,C,C, CC,AA. Ilpawmi
AA,, B,B,, C,C, notapHo HenapaJieabHi. [loBemiTh, 1110 icHYyE
TPUKYTHUK, CTOPOHU AKOTO MOPiBHIOIOTH Bimpiskam AA,,

BMPABWU AJi1 MOBTOPEHHS I

14.55. Y tpukytauk ABC Bnucano napajaenorpam CDMK Tak,
o Kyt C y HUX CcIinbHUii, a Touku D, M i K HalexaTb Bij-
noBigHo croponam AC, AB i BC TpuKkyTHUKA. SHAUAITH CTO-
pouu napajeaorpama CDM K, AKIIT0 H0OT0 IIepUMETpP TOPiBHIOE
20 cm, AC=12 cm, BC=9 cwm.
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14.56. Tpu Koja, pagiycu AKUX AopiBHIOOTL 1 cMm, 2 cm i 3 cm,
TIOIIaPHO JOTUKAIOTHCSA OJHE OO0 OSHOTO 30BHIIIIHIM YMHOM. 3HA-
UOiTh pamiyc KoJia, sIKe IIPOXOANTh Uepeld MeHTPU JaHUX KiJ.

14.57. [ToBeniTh, 110 MJIOIA MPABUJIBHOTO IIIECTUKYTHUKA, BIIU-
3 .
CaHOTO B K0JIO, CTAHOBUTH " ILJIOINi IPABUJILHOTO IIIECTUKYT-

HHUKa, OIIMCaHOI'O HaBKOJIO IIBOI'O KOJIAa.

15. MHO)XeHHSl BeKTopa Ha 4Mcno

Hexait naHo HeHYJIbOBUU BEKTOP a. Ha pucyHkKy 15.1 3o-
OpasKeHO BEKTOP AB, piBHUIT BeKTOPY a+a, i BEKTOD CD,
PiBHMII BEKTODPY (—E)+(—E)+(—E). OueBujgHO, 110

|4B|-2|a| i aBMa,

|¢h|=3|a|icpila. %A/,/YBC

BexTop AB mosHauaioTh 2a i BBa:KaioTh, IO
“ . D
MOro OTPUMAHO B Pe3yJIbTAaTi MHOKEHHS BEKTOpPa

a Ha uyucao 2. AHajgoriuHo BBaXKalOTh, II[0 BEK- Puc. 15.1

TOP CD OTPUMAHO B Pe3yJbTATi MHOKEHHS BeK-
TOpa a4 Ha 4mcyIo -3, i 3aIuCyOTh: CD=-3a.

Ileit mpukaang migkasye, K BBECTU IIOHATTA «MHOMKEHHS
BEKTOpA HA YHCJIO».

Ozunauenns. JIoGYTKOM HEHYJIbOBOTO BEKTOpa a4 i umc-
aa k, BiTMiHHOTO Bim HyJIfA, HA3WUBAIOTh TAKUI BEKTOD 5, 1o0:

1 [b]=|k|[a];

2) axmo k > 0, To 5TT¢7; akmo k < 0, To b Tla.

ITuimyTs: b=Fka.

if Axmro a=0 abok= 0, To BBA)KAIOTh, IO
3% ka =0.
\/5 a Ha IZ)HCYHKY 15.2 306pakeHo BeKTOpu a,
Puc. 15.2 —2a, Za, J3a.
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3 03HaueHHs BUILINBAE, IO
l-a=a,
-1-a =-a.

Tako:k 3 0O3HaUeHHs BUILIUBAE, 10 koau b = ka, mo éexmo-
pu a i b KonineapHi.

A aKIo BeKTOpU aib KOJIiHeapHi, TO UM MOYKHA IIOJATU
BEKTOP b Y BUTJISAI1 JOOYTKY ka ? Bigmosins gae Taka TeopeMa.

Teopema 15.1. Axu0 6ekmopu a i b xonineapniii a #0,
mo icnye make wucno k, wo b =ka.

Hosedennsa. ® fdAxio b=0, To npu k=0 oTpuMyeMO, IO

b=ka.
Axrio 5¢6, TO abo ETTE, a6o a TLb.

e R ;
1) Hexait a TT b. Posrasaemo BeKTOp ¢ =ka, me k:H
a
Ockinpru k > 0, TO c T E, oTIKe, cTo. Kpim Toro, c |=
=k | a |=| b | Takum ymHOM, BEKTOPU bic CcIIiBHAIIpAMJIEH
Ta ixHi Moxysi piBHi. 3Bigcu b=c=ka.
- _ ;
2) Hexait a Tl b. Posrasuemo BEeKTOp ¢ =ka, ne k= —H.
a

Il bOro BUIAAKY 3aBEpIIiTh JOBeJeHHsA caMocTiiino. 4

Teopema 15.2. Akwo 6exmop a mae koopdunamu (a,; a,),

mo éekmop ka mae xoopdunamu (ka,; ka,).

Hosedennsa. ® drio a=0 abo k= 0, To TBEpPAKEHHS TeO-
peMu oueBUIHE.
Hexait a #0 i k # 0. Posrusaremo BexTop b (ka,; ka,). Ilo-

KaKeMo, II10 b=ka.
Maewmo: |b |—\/(ka1) +(kay)? =|k|a +a] =| k| | a |
Bigxmaagemo Bif HoanKy KOOpPAMHAT BEKTOPH OA i OB

piBHiI BigmOBiZHO BeKTOpam a i b. Ockinbku npama OA 1mpo-
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XOAUTH Uepes MOUaTOK KOOPAMHAT, TO il piBHAHHA Ma€ BUTJIAL
ax +by=0.
IIi#t opawmiiit HamexxuTs Touka A (a,; a,). Toxi
aa,; +ba,=0. 3Bigcu a (ka,)+ b (ka,) =0.
Or:xe, Touka B (ka,; ka,) Te:x HamexkuTh npamiii OA, Tomy
BEeKTOpHU OA i OB KoJIiHeapHi, TOOTO EIIE.

IIpu k > 0 ymcaa a, i ka,; MawTL oxHA-
KoBi 3HaKu (ab0 00uIBa JOPiBHIOIOTH HYJIIO).
Tarky caMy BJIACTUBICTbL MaiOTh YHCJa d,
i ka,. OToxe, ipu k£ > 0 Touku A i B jgexaThb A
B ONHiNI KOOPAWMHATHIN uBepTi (200 Ha OHO-

B YA

MY KOODAUHATHOMY IIPOMeHi), TOMy BEKTOPU 0 >
OA i OB cuiBHampamaeni (puc. 15. 3),

to6T0 a TT5. IIpu k < 0 BexkTOpPHU OA

i OB ¢ OPOTHUIEKHO HATIPAMJIEHUMU, TOOTO

PR Puc. 15.3

OT:xe, MU OTPUMAJIH, IO b =ka. <

Hacxinox 1. Bekmopu a (a,; a,) i b (ka,; ka,) konineapHi.

Hacxigor 2. Axkwo eexmopu a (a; a,) i b (b; b,) Konine-
apui, npuwomy a+#0, mo icnye make wucno k, wo b, = ka,
i bz = kazo

3a gomomMoroo TeopeMu 15.2 MOKHA JOBECTH TaKi BJIaCTUBOCTIL
MHOYKEHHSI BEKTOpa Ha YMCJIO.

HAna 6ydv-axux wucen k, m i 6ydov-axux éexkmopié a, b éeu-
KOHYIOmMbCA pi6HOCM:

1) (km)a =k (m&j) — CIIOJIYYHA BJIACTUBICTBD;
2) (k+m) a=ka +ma — mmepiia Po3moAijbHA BJIACTUBICTE;

3) k (E + 5) =ka + kb — npyra posmomiibHA BJIACTUBICTH.

Hia moBemeHHS IIUX BJIACTUBOCTEH MTOCUTL HOPiBHATU Bin-
OOBimHI KOOpAMHATH BEKTOPiB, 3alMCAHUX y IIPAaBUX i JiBUX
yacTuHaX piBHOCTeli. 3pobiTh Ie caMOCTiiiHO.

IIi BnmacTuBOCTiI HAlOTHL 3MOTY IEePETBOPIOBATH BUpPAa3U, SAKi
MiCcTATh CyMy BEeKTOPiB, PiBHUITI0O BEKTOPiB i JOOYyTOK BeKTOpa
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Ha Y1CJI0, aHAJIOTiYHO TOMY, K MU II€PETBOPIEMO ajrebpaiuHi
Bupasu. Hanpukian,

2(a -3b)+3(a+b)=2a —6b +3a +3b =5a —3b.

O-w 3apaua 1. [loBesiTh, 110 KON OA = kﬁé, 10 Touku O,
A i B nexxaTh Ha OHIiI IpaMiii.

Poss’a3anHs. 3 yMOBU BUILIUBAE, IO BEKTOPU OA i OB
KoJrineapHi. [{o TOro K IIi BeKTOPH BiAKJIaAeHO Bil onHiel Tou-
ku O. Orxe, Touku O, A 1 B nexars Ha onHil npamiii. 4

O-w 3apmaua 2. Touka M — cepenuna Bigpiska AB i X —

. . 7 V(o -3
noBinbHa Touka (puc. 15.4). HoBenits, mo XM = 3 (XA + XB).

Po3e’a3anHs. 3aCTOCOBYIOUH ITpA- A
BUJIO TPUKYTHUKA, 3aMIUIIIEMO:

XM = XA + AM; M
XM = XB+ BM.
Homamo 11i ABi piBHOCTI: X

: - . s Puc. 15.4
Ockinbku BekTopu AM i BM mupo-

TuiexHi, o AM + BM = 0. Maemo: 2XM = XA + XB. 3Bincu
XM = % (X4 +XB). 4

3amaua 3. [loBeniTs, 110 cepeqMHU OCHOB TpAaIIellii Ta ToOUuKa
TIePeTUHY IPOJOBIKEHbD i1 OiUHMX CTOPiH Jie;KaTh HA OMHIN IIPAMIiii.
Poszg’asannsa. Hexaii Touku M i N — cepegunu ocaoB BC
i AD rpamnenii ABCD, O — Touka nepetuny npamux AB i CD
(puc. 15.5).
3aCTOCOBYIOUM KJIOUOBY 3a7auy 2, 3allUIIEMO:
1

Wz%(ﬁﬂﬁ), m=5<a+@).

OckinbKu @IIHA i 56”0?, o OB=FkOA i 56:k10—ﬁ, e
k i By — pedaxi umcia.

Ockinskn ABOC ®AAOD, 1o 28 = 9€

. Omxe, k=F,.
D
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Maewmo:
W:%(@“Tc):§<m+k@):ké<m+@:km

I3 xarouoBoi 3agaui 1 BumIuBae, o Touku O, M i N nexaThb
Ha ofHii npsamiii. 4

Puc. 15.5 Puc. 15.6

3amaua 4. [JoBenits, 1o Koau M — TOUKA IePEeTUHY Me[Ti-
aH tpukyTHuUKa ABC, To MA+ MB+ MC=0.

Poss’asannasa'. Hexaii Binpisku AA,, BB, i CC, — mexnianu
TpukyTHUuKa ABC (puc. 15.6). Maewmo:

AAlzé(A—B+E);

B—B:=§<§A+Ea);
c—q=§<@+a>.

3Bimcu

AA1+B—B:+c—cj=§(ﬁ+B‘A+Ea+@+Zé+6A)=6.

. . 2
I3 BiracTuBOCTI MemiaH TPUKYTHUKA BUILIUBAE, 1110 AM = gAAl-

Toni MA = —gAAl.

2 2—
Amnanoriuso MBz—gBBl, MC=—§CC1.

1Y BragiBmi mo sazaui 14.53 HaBemeHo iHIIM criocid poss’si3aHHA
3agaui 4.
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3Bincu

MA+MB+MC:—§AA1—§BBI—§CT?1:
Qi —
=—§(AA1+BBI+CCI):O. <
N

1. Wo Ha3uBaoTb 4OOYTKOM HEHYNLOBOIO BEKTOPA a i yucna k,
BiOMIHHOrO Bifg Hyna?
2. Yomy popisHioe nobyTtok ka, skwo k=0 abo a =07?

‘v

3. Lo MoxHa ckasaTtu Npo HEHYJIbOBI BEKTOPU ai 17, AKLLO b = kg,
ne k — pesike yicno?

4. Binomo, Wo BeKTopun aib KOJliHeapHi, Nnpuyomy a#0. 9«
MO>XHa BNPA3NTN BEKTOP b yepes BEKTOop a?

5. BekTop a mae KoopavHatu (aq; a,). YoMy OOpPIiBHIOIOTL KOOPAU-

HaTW BeKTopa ka?

6. LLlo mOXxHa ckasaTtu nNpo BEKTOPU, KOOPAMHATU SKNX A0PIBHIOIOTb
(ay; ay) i (kay; kay)?

7. 9k noB’a3aHi Mix cob0l0 BiANOBIAHI KOOPAVMHATU KOMiHEAPHUX
BexTopiB a (a,; a,) i b (b; b,)?

8. 3anuwitb cnony4Hy Ta PO3NOAisbHI BNIACTUBOCTI MHOXEHHS BEK-
TOpa Ha 4ucro.

s
Y\ NMPAKTUYHI 3ABOAHHS IS

15.1.° JlaHO BeKTOpPU E, bic (puc. 15.7). ITobynyiiTe BeKTOP:

— 1- 2— 1—
1) 2b; 2) —=c; 3) —a; 4) ——a.
) ) 3 )3 ) 5
15.2.° [Taro BekTOopu @, b i ¢ (puc. 15.7). IlobyayiiTe BeKTOP:
1— —~ 2—
1) —a; 2) -2b; 3) ——c.
) 5 ) ) 3

15.3.° [lTano BeKTOpPHU aib (puc. 15.8). ITobynyiiTe BeKTOP:

- 1— — -~ 1 1— 2-
1) 2a +b; 2) —a +b; 3) a—=b; 4) ——a ——b.
3 2 3 3
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@
@ ™
LT
b| |¢ b
Y
Puc. 15.7 Puc. 15.8

15.4.° TlobynyiiTe nBa HEKOJIiHEADHUX BEKTOPU x i 17 ITosnaure
moBinbHy Touky O. Bixg Touku O BigKJIamiTh BEKTOD:

- - 1— - — 1-
1) 3x +y; 2) x +2y; 3) —Ex +3y; 4) —2x—§y.
15.5.° Ilobynyiite Tpu Touku A, B i C Taki, mro:
1) AB=2AC; 3) Eé:%ﬁ;
2) AB=-3AC; 4) TC:—%B—C.

15.6.° Hakpecuits TpukyTHUK ABC. IlosHaute Touky M — ce-
penuny cropouu AC.

. . . . . 1—
1) Big Touku M BigKJIaIiTh BEKTOD, PiBHUN BEKTOPY ECB.
2) Bim Touxkm B BigKJamiTL BEKTOP, pPiBHUN BEKTOPY
11— 1—
—BA +—BC.
2 2
15.7. Harpecaits Tpameriito ABCD (BC || AD). Ilosuaure TOu-
Ky M — cepenuny cropoHu AB. Big toukum M BigkJagiTh
11— 1—
BEKTOpD, PiBHUII BEeKTOpPY EBC +EAD.
15.8.° Hakpeciits TpukyTHUK ABC. IIoOyayiiTe BEeKTOp, PiBHMI
1— .
BEKTOPY gAC, Tak, 11100 oTro MoYaTOK HajleKaB CTOpoHi AB,

a Kimenb — croponi BC.
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@ BMPAB/ HT

o . . . o 1— —
15.9.° 3uaiigiTe MoAyJIi BEeKTOpiB 3m Ta —Em, AKII0 | m |= 4

. . . — 1-— . . .
15.10.° dxwuii i3 BekTOpPiB, 3a UM —ga, CIIiBHATIPAMJIEHUH i3

BEKTOPOM a, sAKIo a #0 ?
15.11.° BusuauTe, COiBHATPAMJICHIMU YH IPOTUIEIKHO HATIPIM-
JEeHUMHU € HeHYJIbOBi BeKTOpUu a i b, AKMIo:

1) b =2a; 2)3:—%5; 3)b=v24a.
C |a |
3HaLITh BigHOIIIEHHS m

15.12.° BupasiTh BeKTOp ]7 3 piBHOCTI:
- I — 1— — -
1) g =3p; 2) AC=-2p; 3) P =9 4) 2p =3q.
15.13.° ¥V nmapanenorpami ABCD giaroHasri mepeTnHAaOTHCA B TOU-
i O. BupasiTs:
1) BekTop AO uepes3 BexTop AC;
2) BEKTOp BD yepes BEKTOP E;
3) BeKTOp CO yepe3 BEKTOP AC.
15.14.° Y napaJIeJIorpaM1 ABCD pgiarounauri IePeTHHAIOTECH B TOU-
111 o, AB= a, AD=b. Bupasits BeKTOD AO yepes BEKTOpU
aib.
15.15.° ¥ mapanaemorpami ABCD na piaromani AC mosHadyeHO

Touky M Tak, 110 AM : MC 1:3. BI/Ipa31TL BEKTOD MC
yepes3 BEeKTOpU a i b e a= AB b=AD.

15.16.° Y mapaiaesnorpami ABCD Touxka M — cepeauHa CTOPO-
Hu BC, AB=a, AD =0b. Bupasits Bektopu AM i MD uepes

BeKTOpPHM a i b.
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15.17.° Y rtpurkyrauxy ABC touku M i N — cepeguHHU CTOPiH
AB i BC BignoBigzo. BupasiTh:

1) BekTop MN uepe3 BEeKTOP @;
2) BEeKTOp AC yepes BexkTop MN.

15.18.° Ha Bigpisky AB 3aBmoB:KKMU 18 cM mosHaueHo Touky C
Tak, 1o BC =6 cm. BupasiTb:

1) BexTOp AB yepes BEKTOP E;
2) BEKTOD BC yepes BEKTOP IB;
3) BEeKTOp AC yepes BEKTOP BC.

15.19.° Jarno BeKTOp a (—4; 2). 3uaiigiTh KOOPAWHATU Ta MOIY-

. . o 1—,
Ji BexTOpiB 3a, ——a i —a.
2 2

15.20.° TaHO BeKTOP b (—6; 12). 3HalIiTH KOOPAMHATHU Ta MOLIY-

JIi BEeKTOPiB 25, —151 —b.
6 3
15.21.° [Tazo BeKTOP 3(3' -2). fdxi 3 BekTOpiB 5(—3; -2),
¢ (=6; 4), d (g —1j ( 1; —5)1 f (-3+/2; 24/2) xonineapsi
BEKTOPY a?
15.22.° Jlano BeKTOpPHU 5(3; -3) i 5(—16; 8). 3HalgiTL KOOpau-
HATU BEKTOpA:
1) 24 +1p; 2) 10435, 3) a-3%.
2 3 4 8
15.23.° Hano BekTopu m(-2; 4) i n (3; —1). 3HaligiTHF KOOPAU-
HATU BEKTOPA:
1) 3m+2n; 2) —%E+2E; 3) m—3n.

15.24.° Ha croponax AB i AC tpukytHuka ABC 1m0o3Ha4YeHO BiJ-
noBiguHo Touku M i N Tak, 1mo AM : MB=AN : NC=1: 2.
Bupasits BekTOpD MN yepes BEKTOP CB.

15.25.° Touxku O, A i B ne:xaTh Ha onHii nmpamiii. [loBemiTs, 10
icHye Take uucJo k, 1o OA = kOB.
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15.26.° Ha cTroponax AB i BC mapaJjaenorpama ABCD mosHaue-
HO Bimmosimmo Toukm M i N Ttak, mo AM : MB=1 : 2,

BN : NC 2 : 1. BupasiTs BeKTOp NM yepe3 BEKTOpPU
AB=ad i AD=b.

15.27.° Ha cropouax BC i CD napanenaorpama ABCD 1mo3HaueHO
Bigmosiguo Touku E i F Tak, mo BE : EC=3 : 1 CF : FD =

=1 : 3. BupasiTb BeKTOp EF yepes3 BeKTOpHu AB=d i AD=b.

15.28.° JloBemiTh, IO BEKTOPHU AB i CD KoJIiHeapHi, SKIITO
A (1; 1), B (3; —2), C (-1; 3), D (55 —6).

15.29.° Cepen Bextopis a (1;-2), b (-3;-6), c (-4;8)
id (-1; —2) yraxiTh mapu KoJiHeapHUX BEKTOpPiB.

15.30.° Maro Bexropu m (4; —6), n (—1; 2)1 E (3; —%). VraxKiTh
napu CHiBHAIPAMJIEHUX 1 TPOTUJIEKHO HANPAMJIIEHUX BeEK-
TOpiB.

15.31.° 3uHaiifiTy 3HaUYEeHHA X, IPU AKUX BEKTOPHU E(l; x) i
b (E, 4) KoJliHeapHi.

15.32.° Ilpu AKWX 3HAUEHHAX Y BEKTOPU 5(2; 3) i 5(—1; y)
KoJrineapHi?

15.33.° [laHo BeKTOP b (-3; 1). 3HalgiTL KOOpAMHATHA BEKTOPA,
KOJIiHeapHOT'0 BEKTOPY 5, MOJYJIb SIKOrO BABiui OinbIInii 3a
MOJYJIb BEeKTOpa b. Crinbku posB’sa3KiB Mae 3agaua?

15.34.° 3HaiiaiTe KoopAUHATH BEKTOpa m, MIPOTHUJIEIKHO HATIPAM-
JIEHOT'O BEKTOPY ;(5; -12), axiio | m |= 39.

15.35.° 3HalgiTh KOOpPAMHATH BeKTOpPa E, CIIiBHAIIPAMJIEHOT'O
3 BEKTOPOM b (-9; 12), akro | a | =5

15.36.° [loBexmiTh, 110 YOTHPUKYTHUK ABCD 3 BeplIimHAMU
A (-1; 2), B(3; 5), C (14; 6) i D (2; —3) € Tpameriico.

15.37.° HoBexnits, o Touku A (—1; 3), B (4; =7) i D (-2; 5) ne-
JKaThb HA OOHIN mpsaMii.
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15.38.* Tano Bexropu a (1; —4), b (0; 3) i ¢ (2 —17). BraiixiTs
Taki uncaa x i y, 110 c=xa + yg.

15.39.* ¥V mapasesnorpami ABCD miaroHaJii mepeTHHAIOTLCA B TOU-
i O. Ha croponi BC nosHaueno Touky K Tak, 1o BK : KC =
=2 : 3. BupagiTtb BeKTOp OK yepes BEeKTOpU AB=a i AD=b.

15.40." Hiaronasi votupukyTHuka ABCD nmepeTUHAIOTHCS B TOY-
mi O Tak, mo AO : OC=1: 2, BO : OD=4 : 3 Bupasl'rb
BEKTOpU AB BC CD i DA yepes3 BEeKTOpHu OA=a i OB=b.

15.41. Ha cropouax AB i BC tpukyTHuka ABC mo3HaueHo Bif-
noBiguHo Touku K i F rak, mo AK : KB=1:21iBF : FC=

=2 : 3. Bupasits BeKTOpPU A—C, ﬁ, KC i KF yepes BEKTO-
pu BK=m i CF=n.

15.42.** Ha ctopouax AC i BC TpukytHuka ABC mosHauYeHO Bij-
nosBizguo Touku M i N Tax, H.:oAJ\/[ MC=1:3iBN:NC=
=4 : 3. Bupasirts BeRTopI/I BA, AN BM i NM yepes BeK-
TOpPU BN=Fk i AM = p

15.43.” Menianu Tpukyruuka ABC mepeTuHaTheA B TouIli M.

Bupagsits BekTop BM uepes BeKTOpU BA i BC.

15.44.** 3a 10IIOMOr0I0 BEKTOPiB JOBEAITH TEOPEMY IIPO CEPEIHIO
JiHil0 TPUKYTHUKA.

O-w 15.45." Touku M, i M, — cepenunu Binpiskis A,B; i A,B,

. . . 1
BigmosigHo. Hosexnits, mo M, M, = E (AlA2 + BIB2).

15.46. BukopuctoByioun 3agauy 15.45, moBeniTh TeopeMy IIpo
CepemHIO JiHil0 TpameIii.

15.47. Touku M i N — Bigmosimuo cepeaumuu miaromaJeir AC
i BD uorupukytauka ABCD. BukopucroByiouu 3agauy 15.45,

JOBeIiTh, IO MN = % (E — D—C)

15.48. Touku M i N — BigmoBiguo cepemuumu mgiaronaseint AC
i BD rpanenii ABCD (BC || AD). BukopucToByIOUMN 3agady
15.45, goBexmits, mo MN || AD.

15.49. Ha crtoponi AC tpuxkyTHuka ABC mosHaueHo TOuKy M

TakK, mo AM : MC =2 : 3. oBeniTs, 1110 BM:§ﬂ+§FC.
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15.50.* Ha cropoui BC tpurkyrtuuxa ABC mosHaueHo TOUkKy D
- 91—
Tak, mo BD : DC =1 : 2. [loBexiTsk, 110 AD=§AB+§AC.

15.51.% TosexniTh, 1[0 iCHY€ TPUKYTHUK, CTOPOHU SKOI'O LOPiB-
HIOIOTh MeJiaHaM JaHOTO TPUKYTHUKA.

15.52.* Touku M, i M, — cepenunu Bigpiskis A,B; i A,B, Biamo-
Biguo. [loBexmiTh, 110 cepenmum Binpiskis A A,, MM, i BB,
JexKaTh Ha ONHIiN mpAMiii.

15.53.* Ha croponi AD i Ha giarouani AC napaJsemnorpama ABCD

. . . 1 .
mo3HaueHOo BigmoBiguHo Touku M i N Tak, IIo AM=gAD i

1 . . -
AN = EAC. HoBemits, 1o Touku M, N i B jpexars Ha OmHi#

opaMiii.

BMPABU AN MOBTOPEHHS I

15.54. Menumia ocHoBa Ta 6iuHa cTOpoHA pPiBHOOIUHOI Tpamerii
mopiBHIOIOTE 12 cm. YoMy mopiBHIOE cepenHsA JiHiA Tparelrii,
AKIITO OOAMH 3 ii KyTiB mopiBHIoe 60°?

15.55. [liaromani mapaJsesorpamMa mopiBHIOIOTH 6 cm i 16 cwMm,
a omHa 3i cTopim — 7 cm. SHAUAITE KYyT MiK miaroHaJasMu
mapaJjeJjiorpaMa Ta Horo IJIOILY.

15.56. 3uaiigiTe xopay Koja pazgiyca R, kiHIli aKoi po30uBaOTh
e KOJIO Ha IBi AyruW, OJOB:KUHU SIKUX BimHOCATbCA AK 2 : 1.

CMOCTEPITAUTE, PUCYWUTE,
KOHCTPYIOWUTE, DAHTA3YUTE

15.57. Hawmo xBagpar posmipom 101 x 101 riaituary. KritTuakn
KBazpara po3dapOyBajam B IIaXOBOMY MHOPAIKY B UOPHUHA
i 6iymit KOJMBLOPU TaK, IMO ITeHTPajJbHA KIITHHKA BUABUJIACS
yopHoI0. {14 KOKHOI mapu pPiBHOKOJBOPOBUX KJITHHOK Bif-
KJaJaloTh BEKTOP, IOYATOK SKOro 306iraerncsa i3 IeHTPOM
YOPHOI KJIITMHKU, a KiHelb — i3 1meHTpoM 06inoi. HoBemirs,
110 cyMa BCiX BiJIKJIaJleHUX BEKTOPiB MIOPiBHIOE HYJIb-BEKTODY.
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@ 3ACTOCYBAHHS BEKTOPIE I

IIpu 3acTocyBaHHI BEKTODIiB /0 PO3B’sI3yBAHHA 3aJad UacCTO
BUKOPHUCTOBYIOTH TaKy JIEMY.
. e . AM m
Jlema. Hexati M — maxa mouka 6i0piska AB, o —— = —
n
(puc. 15.9). Todi dnsa 6ydv-axoi mouku X 6UKOHYEmMbCA pis-
Hicmb

n m

XA+ XB.

m+n m+n

XM =

Hosedennsa. Maewmo: XM -XA=AM.

Ockinprxu AM =—"— AB, to AM = —"_AB.
m+n m+n
Bamumemo: XM — XA = m AB.
m+n
Ockinpru AB=XB- XA, TO MaeMo:
XM-XA=--"_(XB-XA); XM=XA--" XA+ " XB;
m+n m+n m+n
XM = XA + XB. 4
m+n m+n

3ayBasKUMO, IO IIA JeMa € y3araJbHeHHSIM KJII0UOBOI 3aja-
yi 2 m. 15.

B X
A

X M

K
Puc. 15.9 Puc. 15.10

3amaua. Hexaii M — TouKa mepeTHUHY MeiaH TPUKYTHUKA
ABC i X — posinbHa Touka (puc. 15.10). loBeniTs, 1110

XM=§(ﬂ+ﬁ+ﬁ).
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Pos3s’aszannsa. Hexat Touka K — cepeanuHa sigpiska AC.
Maemo: BM : MK =2 : 1. Toxi, BUKOPHUCTOBYIOUH JIEMY, MOKHA
3amucaTu:

XM= XB+2 XK= xB+2.1(X4+X0)=
3 3 3 3 2
=%(ﬁ+ﬁ+ﬁ). <

IMoBemeMo BEKTOPHY PiBHICTB, AKAa OB’ s3y€ IBi Uym0oBi' TouKn
TPUKYTHUKA.

Teopema. Axuwo mouka H — opmoyenmp mpuxkymnura
ABC, a mourka O — yenmp 11020 onucanozo Koid, mo
OH =0A + OB+ OC. (*)

Hosedennsa. [nsa npAMOKYTHOTO TPUKYTHUKA PiBHICTH (¥)
€ OYeBUIHOIO.

Hexait tpurkytauk ABC He € npaMOKyTHUM. OIIyCTUMO 3 TOU-
Ku O mepuneugukyasap OK Ha croporny AC tpukyrHuka ABC
(puc. 15.11). ¥V rypci reomerpii 8 wKJyacy Oyio moBemeHO, IO
BH = 20K.

B

H
K
\
P

Puc. 15.11

Ha nmpomeni OK mosnauuMmo Touky P Tary, 1o OK = KP. Toxi
BH = OP. Ockinbku BH ||OP, T0o uorupukytTHuk HBOP —
rmapaJiesorpam.

3a mpaBMJIOM IIapaJjejiorpaMa OH = OB+ OP.

! MarepiaJ Ipo YyZOBI TOUKM TPUKYTHHKA AUB. y HiAPYYHUKY
«I'eomerpis. 8 kmac».
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Ockinbku Touka K € cepemmuoio Bimpiska AC, TO B 4YOTHUPH-
KyTHUKY AOCP pmiaromaji TOYKOIO IIEPETUHY MiJATHCS HABILJI.

Otoxe, IIel YOTUPUKYTHUK — IapaJjejorpam. 3Biacu OP =0A +OC.
Maemo: OH = OB+ OP =0B+0A +0C. 4

3BepHEMOCSH T0 BEKTOpHOI piBHOCTI XM = % (ﬂ +XB+ X—C),

me M — Touka meperuny Menmian TpukyTHuka ABC. OcKinbKu
X — [moBinbHA TOUYKA, TO PiBHICTH 3aJUINAETHCS IPABUJIbHOIO,
AKIo 3a TouKy X BuOpaTu TOUYKy O — II€HTP ONMCAHOTO KOJIa
TpukyTHuKa ABC.

Maemo: 30OM =0OA + OB+ OC.

Bepyumu mo yBaru piBHicTB (¥), OTPUMY€EMO: 30M =OH.

I1a piBHicTh o3Hauae, 1m0 Touku O, M i H jmexarTb Ha ONHil
nopaMmiii, AKy HasuBawTh npamor Eitnepa. Haramaemo, 1o 1o
YyIOBY BJIACTUBICTH OYJIO TOBENeHO B IMiAPYUYHUKY AJA 8 Kiacy,
aJie B iHIIMH cmocio.

16. CkansipHMN AO0OYTOK BEKTOPIB

Hexaii a i b — nOBa HeHYJIbOBUX Ta HeCHiBHATIPAMJIEHUX
BEKTOPU (puc 16.1). Big goBinbuoi Touku O BlIIKJIa,ZIeMO BEKTO-
pu OA i OB BimmoBigHO piBHI BeKTOpam aib. Bennuuny

KyTa AOB Ha3suBaTUMEMO KYTOM MiK BEKTOpaMu aib.

Ky mixx BeKTOpamu a i b mosHAYAOTH TAK: L(E, b ) Ha-
OpuKJag, Ha pucyHKy 16.1 L(g, 5) =120° a ma pucyHky 16.2
£(m, n)=180°.

_E N\

B mooow
120° D
O§/7A

Puc. 16.1 Puc. 16.2
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SAKII0 BexkTOPU aib CIIiBHAIIPAMJIEHiI, TO BBaKaloTh, IO
A(E, 5) = 0°. dAxro xoua 6 ogUH i3 BEKTOPiB a abo b HYJIbOBUI,
TO TAKOK BBAXKAIOTh, II[0 L(a—, 5) =0°.

Ot:xe, 0 Oyab-AKUX BEKTOPiB a ib mae MicIie HepiBHiCTE:

0°< £(a, b)<180°.

BexTopu a i b HasuBaoOThH HNePHeHTUKYIAPHUMHU, AKITO KYT
Mixk HuMEU gopiBuioe 90°. ITuinyTs: alb.

Bu BMmieTe momaBaTu i BigHiMaTH BEKTOPH, MHOMKHUTH BEKTOP
Ha uymcio. Tako:k i3 Kypcy (ismku BU 3HAETE, IO KOJHU IIif

BIIMBOM IOocCTifiHoi cuinm F Tijmo mepemicTuiaocs 3 TOUKum A
B TouKy B (puc. 16.3), To BuUKOHaHa MexaHiuyHa pobGora [O-

PiBHIOE | F | | AB |cos<p, e (sz(F, E)

F, F,
¢ ¢

A B
Puc. 16.3

Buknanene Builie migkasye, IO AOIiJIBHO BBECTU IIe OTHY
Iif0 HaJ BEeKTOPaMMU.

Os3unauvenns. CKaaXgapHUM HOOYTKOM JTBOX BEKTOPiB
Ha3WBAIOTh TOOYTOK IXHiX MOIYJIB i KOCMHyCa KyTa Misk HUMH.

CranapHUil JoOYTOK BEeKTOPiB a 1 b mo3HaAualmTh TaK: a-b.
Maewmo:

E-5=|E||E|cos4(g, 5)

dAxmro xoua 6 ogmH i3 BeKTOpPiB a abo b HYILOBUIi, TO OUe-

BUHO, IO a-b=0.
2

Hexait a =b. Toxgi a -b =a -a :|a||a |cos0°:|a

CRaJIHpHPIfI ,I[06YTOR a-a Ha3uBalOTh CKAJAPHUM KBaaApPaToOM
— —2

BEeKTOpPa a i IOo3HAYaIOTh a .
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2
, TOOTO ckanaphuil keéadpam

—2 —
Mu orpumanu, IO a :| a
éexmopa dopiéHnioe k6adpamy 1Lozo mooyns.

Teopema 16.1. Ckanapuuil 006ymox 060x HeHYLbOGUX GeK-
mopie 0opiéntoe HYato modi i minvku modi, Konu yi 6eKmopu
nepneHouKynApHi.

Hosedennsn. © Hexait alb. IOosememo, 110 a-b=0.

Maewmo: A(E, 17) =90°. 3Bincu a-b :| a | | b |cos 90° =0.

Hexaii Temmep a-b=0. HoBememo, 1110 alb.

3anuiiemMo: | a | | b |cos L(E, 5) =0.

b | #0, To cosé(ai 5) =0.
3Bincu L(E, I;) =90° To6T0 a L b. 4

Teopema 16.2. Ckanapuui do6ymox eéexmopie a (a,; a,)

OcKinbpKU |a |¢0 i

i b (b; b,) moxna o6uucrumu 3a Gopmynor

a-b=ab, +a,b,

Hosedennsa. ® Crmouarky pos-

TJISTHEMO BUINAA0K, KOJIU BEKTOPU 4@ _ ' B
ib HEeKOoJIiHeapHi. /

Bigkisagzemo Bif moyaTKy KOOPIM-
nar sextopu OA i OB, Bigmosizmo o A
piBHI BekTOpam a i b (puc. 16.4). 0 j
Toni /(a,b)=ZAOB.

3acTocyeMo TeopeMy KOCUHYCiB /10 Puc. 16.4

TpukyTHUKa AOB:
AB? =0A® + OB® —20A - OB - cos ZAOB.
3Bincu

OA -OB-cos ZAOB = %(OA2 +OB® - AB®).

Ockinbrn | a |=0A i|b |= 0B, 10 OA-OB-cos ZAOB=a -b.
Kpim toro, AB=O0B-0A =b - a. 3sizcu A—B(b1 —-a,; b, —a,).
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— 1 — 12 — |12 — |2
Maewmo: a +b =§(| a | +| b | —| AB| ) Cxopucrasmiuch ¢op-

MYJIOIO SHaXOIKEeHHA MOAYJA BEKTOpPpa 3a oro KoopaumHaTamMu,
3aIInuIlneMo:

a5 =7 ((af +ab)+ (o +8) - (b, @) - (b, - a,)).
Cmopomyooun Bupas, AKNI 3aInCAaHO B IpaBiii YacTUHi ocTaH-
HBOI PiBHOCTI, OTPUMYEMO:
E-gzalbl +ayb,.
Posrasaremo BunamoK, KOJIM BEKTOPU aib KoJIiHeapHi.
Axmo a =0 a6o b =0, T0 0OYEBUAHO, WO @ -b = a,b, +a,b,.
Axrio a#0 ib ¢6, TO icHye Take 4uucJjo k, 1Mo b :kg,
To0TO b, = ka,, b, = ka,.
Armio £ > 0, To 4(5, 5) =0°. Maewmo:

ﬂ|cos0°:|k||E|2:k(af+a§):

a-5=a-(ka)=
=a,-ka, +a,-ka, =ab +a,b,.
Bunanok, xoau k < 0, posrasabTe camocTiiino. €
Hacainox. Kocunyc kyma mix HeHYLbO6UMU 6eKMOPAMU
a (a; a,) i b (b; b,) moxcna o6uucrumu 3a Gopmynoio

ab, +ayb,
Ja& +a? - \[b? +b?

cos 2 (a b ) *)

Hosedennsa. © 3 osHaueHHA CKaJIHpHOI‘O IOOYTKY BEKTOPiB

aib BUILINBAE, IO cosé(a b) |_ ||b| CKopucTasIIiuch

TeopemMow 16.2 i opmysioo 3HaXOAKEeHHS MOAYJIA BEeKTOpa 3a
0ro KOOpAMHATAMU, OTPpUMyeEMO (popmyay (¥). 4

3a momomoroio TeopeMu 16.2 JerkKo JoBeCTHU Taki BJIACTUBOCTI
CKAJIAPHOTO HOOYTKY BEKTOPiB.

Jna 6ydv-axux eexmopie a, b, ¢ i 6ydv-akozo wucna k
6UKOHYIOMbCA PIEHOCMIL:

1) a-b=b-a — ImepecTaBHA BJIACTUBICTD;
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2) (kg) b=k (E . 5) — CIIOJIYYHA BJIACTUBICTBD;

3) (E + 5) .c=a-c+b-c — pOBIOIijibHA BJIACTUBICTE.

g moBeeHHSA ITUX BJIACTUBOCTEI JOCTATHBO BUPASUTH Ueped
KOOpAWHATH BEKTOPiB CKAJAPHI MOOYTKM, 3amucaHi B IpaBuUx
i 1iBUX yacTMHAX PiBHOCTEH, Ta MOPiBHATH iX. 3pobiTh IIe caMo-
cTiiiHo.

IIi BracTuBOCTi pa3oM i3 BJIACTUBOCTAMHU JOJaBAHHSA BEKTOPiB
i MHOKEeHHA BEeKTOpa Ha YHCJO JAIOTh 3MOTY ME€PEeTBOPIOBATHU
BUPAa3u, AKI MiCTATL CKAIAPHUN JOOYTOK BEKTOPiB, aHAJOTIUHO
TOMY, SK MU IIePeTBOPIOEMO ajredpaiuHi Bupasu.

Hanpuraan,

— —\2 — — — — — — — — — —
(a+b) :(a +b)-(a +b):(a +b)-a +(a +b)-b =
—ad tb-a+a-b+b =a +2a-b+b .

3amaua 1. 3a JO0IOMOI'0I0 BEKTOPiB HOBEIiTH, II[0 AiaroHaJri
poMba ImeprneHIuKyIApPHi.

Pos3s’aszannsa. Ha pucyary 16.5 sobpaskeno pom6 ABCD.
Hexait AB = E, AD=b. OueBugHO, 110 | a | :| b | 3a mpaBUJIOM
mapaJjejiorpaMa MaeMo: AC=a +b i BD=-a +b. 3Bigcu

—_— — — — — —2 —2 — 12 — 2
AC-BD=(a+b)-(-a+b)=b —-a =|b]| -|da| =0.

Otxe, AC 1. BD. 4

3amaua 2. Bimomo, 110 | a |=3, | b |=1,
/(a, b)=120°. Bmaiiairs |24 —30 |.

Poszg’a3aHns. OCKITbKY CKATAPHUN KBaapaT

BEKTOpa JOPiBHIOE KBajapaTy HOTO MOAYJA, TO

|24 35 | =(2a -3b) . Beincn

|20 ~35 |=(2a ~36) =\1a’ —12d -5 + 95" =

Puc. 16.5

_Ja|a [ -12]a |5 |cos £(a.5)+9]5 [ =

=J36+18+9 =463 =37.
Bidnogidwv: 37. 4
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3amaua 3.V TpukyTHuKy ABC Bimomo, 1m0 AB =4 cm, BC =
=63 cMm, ZABC = 30°. 3uaiigite meniany BM.
Po38’a3aHHsA. 3aCTOCOBYIOUN KJIIOUYOBY 3amauy 2 m. 15, 3a-

numemo: BM = % (EA + EE’) (puc. 16.6). 3Bigcu

B mzzi(ﬁﬂ?c)zz
=i(ﬂ2+21§i-§6+§62):
A
~1(BA[ +2|BA|| BC|cos 2zaBC+| BG[) =

M 4 \/_

) (16+48I —+108j 49.

c 2
Puc. 16.6 Or:xe, BM?=49; BM =7 cwMm.

3

Bidnosidwv: 7 cm. 4

. OnuuWiTk, 9K MOXHa NobyayBaTu KyT, BENMYMHA AKOrO AOPIBHIOE

KYTY MiX ABOMA HEHYIbOBMMW Ta HECMiBHANPAMIIEHMMWN BEKTO-
pamu.

. Homy OOpPIBHIOE KYT Mi>XX ABOMA CriBHANPsSMAEHUMM BEKTOPaMMN?
. HYomy popiBHIOE KYT Mix BekTopamun a i b, fkwo xo4a 6 ogviH

i3 HUX HYNIbOBUIN?

¢k no3HavalTb KyT MiX BekTopamn a i b?

Y SKnx Mexax 3HaxoauTbCs KyT MK Oyab-aKMMKU BEKTOpaMn a
i b?

¢ki BEKTOPU Ha3MBalOTb NEPNEHANKYASPHUMN?

LLlo HasmBatloTb ckansspHUM 0OOYTKOM [BOX BEKTOPIB?

LLlo Ha3uBaloTb CKansipHMM KBaapaTOM BEKTopa?

YoMy OOpIBHIOE CKansapHWUA kBagpaT BekTopa?

Cdopmyniolite ymMOBY NepneHAnKYNAPHOCTI ABOX HEHYIbOBUX
BEKTOpIB.

. Wo sunnusae 3 pisHocti a -b =0, akwo a #0 i b #0?
. 9k 3HANTK ckanapHuii 0OOYTOK BEKTOPIB, AKLLO BiAOMO iXHi KO-

opanHatn?
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13. 9k 3HaNTN KOCMHYC KyTa MiX ABOMA HEHYJIbOBMMU BEKTOPaMU,
AKLLO BiAOMO iXHi kKoopamMHaTn?
14. 3anuwitb BNAaCTUBOCTI CKaNSPHOro A00YyTKYy BEKTOPIB.

E.;a l'i NMPAKTNYHI SABOAHHS IS

16.1.° Ho6y,uy1/1're KYT, BEJIMINHA AKOTO IOPiBHIOE KYTY MIiXK
BeKTOpaMu aib (puc. 16.7).

16.2.° H06y,u;y1/1Te KYT, BEJIMYUHA SKOTO IOPiBHIOE KYTy MiXK
BekTOpamMu m i n (puc. 16.8).

AN
\:i
s}

Puc. 16.7 Puc. 16.8 Puc. 16.9

16.3.° Ha pucyHky 16.9 300paxeHO BEKTOD a (moB:KMHA CTOPO-
HU KJiaituaku popisuioe 0,5 cm). Bigkmaazite Big Touku A

BEeKTOp b Takwmii, I10 |I7 |=3 cMm i 4(5, 17)=120°. CKinpKu

posB’s3KiB Mae 3amaua?

@ BMPAB/ T

16.4.° Ha pucyuky 16.10 306paskeHo piBHO-

B

cTOpoHHI# TpuKyTHUK ABC, Menianu AM
i BK saxoro mepeTwWHawThCA B Touli F.
3HaUAITh KYyT MijK BEKTOpaMU: M
1) BA i BC; 5) AB i BK;
2) BA i AC; 6) AM i BK; A = c
3) BC i AM; 7) CF i AB.

Puc. 16.10

4) AB i AM;
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A D

Puc. 16.11 Puc. 16.12

16.5.° Ha pucyury 16.11 306paskeno kBaapat ABCD, miaronaui
SAKOTO MepPeTUHAIThCA B Toulli O. 3HANIITL KYT MiXK BEKTO-
pamu:

1) AB i DA; 3) AB i CA; 5) BO i CD.
2) AB i AC; 4) DB i CB;

16.6.° 3HalifiTh CKaJAPHUII JOOYTOK BEKTOPiB aib, AKIIO:

1) |a|=2 |b]|=5 «(a,b)=60%

2) |a'|=38, |b|=2+2, 2(a,b)=135°
3)|a|=4, |b|=1, 2(a,b)=0°
4)|E|=§, b|=6, £(a,b)=180°
5) |a|=0,3, |b]|=0, £(a,b)=137.

16.7.° 3HangiTh CKAIAPHUNA JOOYTOK BEKTOPiB mi ;, AKIITO:
1) |m|=72, |n'|=4, 2(m, n)=45%
2) |m|=8, |n|=+3, 2(m,n)=150°.

16.8.° 3HaiigiTh CKAJIAPHUNA JOOYTOK BEKTOPiB a i 5, SAKIITO:
1) a (-1, b(;-3); 3) a(l; -4), b(s;2).
2) a(-51), b(2);

16.9.° 3HaiigiTh CKAJAPHUIA JOOYTOK BEKTOPiB m i n, AKIIO:

1) m(3; -2), n(1; 0); 2) ﬁ@; —1j, n(6; 9).

16.10.° Ha pucyuky 16.12 zo6paskeHo pom6 ABCD, y axomy
AB=6, ZABC =120°. 3HaiifiTh CKaJIIPHUI JOOYTOK BEKTOPiB:
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1) ABi AD; 3) ABi DC; 5) BD i AC; 7) BD i AD.
2) ABi CB; 4) BC i DA; 6) DB i DC;

16.11.° ¥ rpuxkyrauxky ABC sBigomo, mo ZC =90°, A =30°,
CB :_2 3H_&?I,Z[iTB c_RaJmIE/H?I ,uo6y_T0R @Topim
1) AC i BC; 2) AC i AB; 3) CB i BA.

16.12.° 3HaiaiTs podoTy cusm BeauunHoo 6 H 3 mepemintenusa

Tijla Ha BifcTaHb 7 M, AKIIO KYT MiK HaIpAMaMWU CHJIMU Ta
mepeMiteHHsa gopiBuioe 60°.

16.13.° 3uaiifiTh KOCHMHYC KyTa Mi’K BeKTOpaMu E(l; -2)i
b(2; -3).

O-w 16.14.° Ixkuii 3HaK Mae CKaNgpHUI NOOYTOK BEKTOPiB,
AKIIO KYT MiK HUMU:
1) roctpuit; 2) rynuii?

O—w 16.15.° Bigomo, 110 CKaaspHHUIL JOOYTOK BEKTOPIB €:

1) ZomaTHUM YMCJIOM; 2) Bix’eMHUM UKCJIOM.
BusHauTe BuA KyTa MijK BEKTOpPaMMU.

16.16." Y piBHOCTOPOHHBOMY TPUKYTHUKY ABC, CTOpOHA SAKOTO
nopiBuioe 1, menianu AA, i BB, nepeTuHalThca B Toulri M.
OO0unCIiTh:

1) AA, -BB,; 2) BM-MA,.

16.17.° Tourka O — 1eHTP IpaBUJILHOTO miecTukyTHuKka ABCDEF,
CTOPOHA SKOro mopiBHIOE 1. O0UHCIiTh:

1) BA-CD; 2) AD-CD; 3) AO-ED; 4) AC-CD.

16.18.° IIpu AaxkoMy 3HaUeHHi X BeKTOpU a 3 x) i 7)(1; 9) mep-
MeHIUKYIAPHi?

16.19.° Bigomo, mo x # 01y # 0. [loBexiTs, 1110 BEKTOPU a (x5 y)
i z(y; X) TepneHInKYJIAPHi.

16.20.° IIpu AKuUX 3HAUEHHAX X BEKTOPU E(Zx; -3) i TJ(x; 6)
MePIeHIUuKYJIapHi?

16.21.° IIlpn AKOoMy 3HAUeHHi Yy CKaJApHUIl MTOOYTOK BEKTOPiB
a(4;y) i b(3; —2) mopisuoe 147
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16.22.° [Ipy AKUX 3HAUEHHAX X KYT Mi)K BeKTOpaMu 5(2; 5)
i b(x;4): 1) rocrpuit; 2) rynuii?
16.23.° 3HaligiTh KOOPAUMHATH BEKTOpPAa b, KOJIiHeapHOT0 BEKTO-

py a (3; —4), axmo a-b=-100.
16.24.° Bigowmo, 1110 BEKTOPHU aib HeKOJIiHeapHi Ta | a | = | b | #0.

IIpu aKux 3HaUeHHSIX X BEKTOPH a +xb Ta a —xb mepieH-
IUKYIAPHi?

16.25.° BekTopu a+bia-b meprneHIuKyaapHi. [loBeaiTs, 1110
la'|=[o].

16.26.° Binomo, mo | a |=3, |b|=22, £(a, b)=45°. Buaiigirs

CKaIAPHUI TOOYTOK (25 - I;) - b.

16.27." S3HalifiTh CKANAPHUN N00YTOK (E - 23) . (E + Z), AKIIO
la |=]b|=1, z(a,b)=120°.
16.28: Binomo, mo |a|=+3, |b|=1, £(a, b)=150°. Buaiigirs
| 2a +50 |.
16.29: Bigomo, mo |m|=1, |n|=2, £(m, n)=60°. Bmaiigirs
| 2m -3n |

16.30.° [oBeniTh, 1m0 4oTUpuKyTHUK ABCD 3 BepIInHaAMH
A(3;-2),B(4;0),C(2;1)i D (1; —1) € TpAMOKYTHUKOM.

16.31.° loBeniTs, 1m0 yoTupukyTHUK ABCD 3 BepHmimHaMu
A (-1; 4), B (—2; 5), C (-1; 6) i D (0; 5) € kBagpaTOM.

16.32.° 3HalifiTh KOCMHYCH KYTiB TPUKYTHUKA 3 BEPIIUHAMU
A(1;6), B(—2;3)iC (2; -1).

16.33.° 3uafigite KyTum TpuKyTHuUKa 3 Bepmuuamu A (0; 6),
B(443;6) i C(33; 3).
16.34.° [loBexmiTh, 110 1151 OYAb-AKUX JBOX BEKTOPiB aib Bu-

KOHY€EThCSA HEePiBHICTH —| a | | b |<a b <| a | | b |
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16.35.° BusHauTre B3aeMHE PO3MIII[eHHS OIBOX HEHYJIbOBUX BEK-
TOpPiB @ i b, AKIIO:
1) a-b=|al|b|; 2)a-b=—|al|b]
16.36.** 3HaiimgiTh KyT MisK BeKTOpaMu m i ;, AKIITO
(m +3n)-(m -n)=-11, |m |=2, |n'|=3.

16.37."° 3HangiTh KyT MisK BeKTOpamMu a i 17, AKIIO

(;+5‘).(;+25)=§, a|=|v|=1.

16.38. ¥V tpuryraury ABC Bimomo, mo ZC=90°, AC=1,
BC = x/§ . HoBexmits, mio tioro mexianu AK i CM neprneHIUKY-
JSAPHI.

16.39.” ¥ worupurytuury ABCD niaronani AC i BD neprneHIuKy-
JApHIi Ta mepeTuHaoThea B Toulli O. Bigomo, mo OB=0C =1,
OA =2, OD = 3. 3uaiigite KyT Mik npamumu AB i DC.

16.40. Y tpuryrHury ABC mpoBemeno mexmiany BD. Bimomo,

NG

o ZDBC =90°, BD = TgAB 3uaiigite KyT ABD.

16.41.* Ha croponax AB i BC tpukyraurka ABC y 30BHiIIHiN GiK
mobynoBauo kBagpatu ABMN i BCKF. [loBenits, 1110 MegiaHa
BD tpurkyranuka ABC nepneHguKyasapHa g0 npamoi MF.

BMPABWU AJi MOBTOPEHHS IS

16.42. Touxka M — cepenuna giaroHani AC OmyKJOTO0 YOTUPU-
KytHuxka ABCD (puc. 16.13). [loBeniTh, 1110 YOTUPUKYTHUKU
ABMD i CBMD piBHOBeEJIUKI.

16.43. IlepueHAUKYJIAP, IPOBEAEHUN i3 TOUKK
ImepeTUHy AiaroHaJeii pomb6a, JiJIUTH H1OTO
CTOPOHY HA Bifpi3KM, OAUH 3 AKUX HA 7 CM 4 C
OinpIuil 3a Apyruii. SHAUAITL MEPUMETP
pomba, SIKIIO oo BHCOTA JOPiBHIOE 24 cM.

16.44. Ha BucOTi mpaBUJIBLHOTO TPUKYTHHKA Puc. 16.13

B

D

3i croponoio 6 J3 cm ax ma miameTtpi mmo-

OymoBaHO KOJO. SHAWMITHL MOBXKUHY AYTH IBOTO KOJa, AKa
poaTairioBaHa IIo3a TPUKYTHUKOM.
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3ABJIAHHS Ne 4 «MEPEBIPTE CEGE» B TECTOBI ®OPMI

1. fAxka 3 HaBeJeHUX BEJUUYUH € BEKTOPHOIO?
A) Maca; B) miBugKicTh;
B) 06’em; T') uac.
2. YoMy mOpiBHIOE MOIYyJbh BEKTOpPA, IIOUYATOK i KiHEIb SKOTO
36iraroTnca?
A)1; B) 5;
B) —-1; ) 0.
3. Ilano mapanaenorpam ABCD. flka 3 maHux piBHOCTeii € IIpa-
BUJILHOIO?
A) AB=DC; B) BC = DA;
B) AB=CD; T) AC=BD.

4. Bimomo, 1m0 AM = MB. SIxe 3 IaHUX TBEPAKEHb € IPaBUJIb-
HUM?
A) Touxka B — cepenuHa Bimpiska AM;
B) touka A — cepenuna Bimpiska M B;
B) touka M — cepenuHna Bimpiska AB;
T') Touka M — BepuInHa piBHOOEAPEHOTO TPUKYTHUKA AM B.
5. Hawmo touxku A (—3; 4) i B (1; —8). Touka M — cepenuua Bin-
piska AB. 3HaiimiTs KoopauHATH BeKTOpa AM.
A) (2; -6);  B) (—2; —6);
B) (=2; 6); T) (65 -2).
6. Ilpu axomy 3HAUEHHi X BEKTOpPU a (x;2) i b (—4; 8) xoxine-
apHi?
1
A) -1; B) 1; B) 0; ) >
7. fIlxka 3 mamux piBHOCTEH € IPaBUJILHOIO?
A) AB+ BC = CA4;
B) AB+ BC = AD + DC;
B) AB- AC = BC;
I') AB+BC+CD=DA.



3aBpaHHs N2 4 «[epeBipTe cebe» B TeCTOBIV opMi 167

. lTarHo BeKTOD a (\/g, —2). SKuii i3 BEeKTOPiB JOPiBHIOE BEKTO-
py J3a'?

A) m (1; -2+3); B) p(3;-2);

B) n (-3; —2+/3); T) ¢ (3 -243).

. Touka M — cepenuna cropoau BC tpuryruuxa ABC. fdxa
3 TaHUX PiBHOCTEN € IIPaBUJILHOIO?

A) AM = AB + AC;

B) AJW=E+%A—C;
- 11— 1—

B) AM =_AB+_AG;

T) AJV[z%E—%A—C.

10. BHaiiT cCRANAPHUIL T0OYTOK BeKTOPIiB a (2; —3) i b (3; —2).

A) 12; B) 0;
B) —-12; T) 6.
11. IIpu sxomMy 3HAUEHHi X BEeKTOPU E(Zx; -3) i 17(1; 4) mep-
HNeHIUKYIAPHI?
A) —-6; B) 12;
B) 3; T) 6.
12. 3gaiigiTh KOCHMHYC KyTa MiX BeKTOpaMu 5(5; -12) i
b (-3; 4).
A =, B) -2
65 65

65 1
B) —; ) —.
) 63 ) 2
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FOJIOBHE B NMAPATPA®I 4

BekTop
SKI10 BKasaHo, AKa TOYKAa € IOYaTKOM Biapiska, a sKa ToOU-
Ka — HOoro KiHIleM, TO TaKWi BiIpi30K Ha3MBAIOTHh HAIPSIM-
JIeHUM BigpiskoM ab0 BEKTOPOM.

Kouaineapui BekTopu
HenynboBi BeKTOpM HasuBaIOTh KOJIiHEADHUMM, AKIIIO BOHU
JeKaTh Ha MapajieJJbHUX npAMux abo Ha omHin nmpawmiit. Hy-
JBOBUI BEKTOP BBAKAIOTh KOJiHEADHUM OYAb-AKOMY BEKTODPY.

PiBHi BekTOpH
HenynaboBi BeKTOpU Ha3dWMBaIOTh PiBHUMM, AKIIO iXHI Momysi
piBHi I BoHU cHiBHaOpAMJeHi. Byab-aKi 1Ba HYJIbOBUX BEK-
TOpHU PiBHI.
PiBui BexTOpu MaioTh PiBHI BigmoBigHI KoopamHATH. SIKIIO
BimIOBiAHI KoopAMHATH BEKTOPiB PiBHi, TO piBHIi I cami BeK-
TOPH.

Koopaunatu BekTOpa
Ao Tourkm A (x5 y;) i B (x,; y,) BiATIOBimHO € mouyaTKoOM
1 xkiHIeM BeKTOpa E, TO UHCJa X,— X; U Y,— Y, OJOPiBHIOIOTH

BimmIOBimHO IepIIiit i Apyrii KoopaumHaTaM BEeKTOpa a.
Moagyas BeKTOpa
ArImo BeKTOp @ Mae KoopauHatu (a,; @,), TO | a |= «/af +a.

IIpaBuia momaBaHHSA IBOX BEKTOPiB
IIpaBuI0 TPUKYTHUKA

Bigkaamemo Big moBiibHOI TOUKH A BEKTOP E, piBHUI BEK-
TOpY E, a Big Toukm B — BeKTOp B—C, 7

. o . v /
piBHUI BeKTOpPY b. Bextop AC — cyma
BEKTOPiB aib. @ A
Hna 6yab-AKUX TPhOX TOUuOK A, B i C

C
B

BUKOHYETHCA PiBHICTH AB + BC = AC.
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IIpaBuio mapajesorpama

Bi,u}cn_ai:[eMo Big moBinbHOI TOUKH A Bek- B ?
Top AB, piBHui BEKTODY 4, i BekTop ¢ 3 c
AD, piBaUii BexTopy b. IloGyayemo ma-

panemorpam ABCD. Toxi BeKTOp AC —

cyMa BeKTopiB a i b. A D

Koopaunatu cymu BeKTOPiB
SAKIO KOOPAMHATH BEKTOPiB aib BiITIOBiTHO MOPiBHIOIOTH
(ay; ay) i (by; by), TO KOOPpAMHATU BEKTOpa a+b IOPiBHIOIOTH
(a;+ by; a,+by).

BimactuBocTi momaBaHHA BEKTOPiB
Hasa 0yab-aKUX BEKTOPiB E, bic BUKOHYIOTHCSA PiBHOCTI:
1) a+0 =a;
2) a+b=b+a — IepecTaBHA BJIACTUBICTH;

3) (E + 17) +tc=a+ (17 + E) — CIIOJy4YHA BJIACTHUBICTb.

PisHunga BekTopin

PisauIEeo BeKTOPiB a i b HasWBAOTHL TAKWUI BEKTOP Z, cyma
SIKOTO 3 BEKTOPOM b IOPiBHIOE BEKTOPY a.

s 6yab-axkux TpboxX Touok O, A i B BUKOHYETbCA PiBHICTH
OA - OB = BA.

KoopauHatu pisHUIII BEKTOPiB

SAKIO KOOPAUMHATH BEKTOPiB aib BiIIOBiTHO MOPiBHIOIOTH
(ay; ay) i (by; by), TO KOOpAMHATU BEKTOpPa a-b IOPiBHIOIOTH
(a;—by; ay—by).

IIpoTune:xHi BeKTOPHU

[Ba HEHYJIHOBUX BEKTOPU HA3MBAIOTh NPOTUJIEKHUMU, SKIIIO
ixHi MoayJsi piBHiI #I BeKTOPU HNPOTUJIEIKHO HAIPAMJIEHI.

s 6yab-aKkmux TouoK A i B BUKOHY€ETHCA PiBHICTD AB=-BA.
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MHO:KeHHS BeKToOpa Ha YHCJIO

Ho6yTKOM HEHYJIHOBOTO BEKTOPa @ i umcia k, BiIMiHHOTO Bix
HYJs, Ha3UBAIOTh TaKUUA BeKTOpP b, IIO:
D [o|=|k|]al;

2) akmo k£ > 0, To ETTE; akimio £ < 0, To b Ta.

Axmro a=0 abo k= 0, TO BBAXKAIOTH, IO ka =0.

fAximo BeKTOp a Mae KoopauHatu (a,; d,), TO BeKTOp ka Mae
Koopamuatu (ka,; ka,).

BaacTuBocTi KoJiHEApHUX BEeKTOPiB

fAximo BekTopu a i b KomiHeapHi, mpuuomy a # 0, To icHye

Take 4ucio k, im0 b =ka.

SKI10 BeKTOPU E(al; a,) i I;(bl; b,) xomnineapHi, mpuyomy

a+# 6, TO icHye Take uwmcJio k, mo b, = ka, i b, = ka,.

BaacTuBocTi MHOMKeHHS BEKTOpAa HA YMCJIO0

Ha 0ynb-axkux yucea k, m i 0yab-IKUX BEKTOPiB a , b Bu-
KOHYIOTHCS PiBHOCTI:

1) (km) a=Ek (mg) — CHIOJIYYHA BJIACTHUBiCTBH;

2) (k+m) a=ka +ma — mmepIiia po3moaiJibHa BJIACTUBICTD;

3) k (E + I;) =ka +kb — Ipyra posIIoAijibHa BJIACTUBICTE.

Cranxapuuit 100yTOK BEKTOPiB

CranapHuM J0OYTKOM [IBOX BEKTODPiB HAs3SMBAIOTH LOOYTOK
ixHiX MOAYJiB i KOCUHyCca KyTa MiK HUMMN:

E-5:| E| |l7 |cos£<ai 17)
CranapHUil moOyTOK BEKTOPiB E(al; a,) i E(bl; b,) moxHa

obuncauTu 3a GopmyJow a -b =ab, +a,b,.
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BamacTtuBocTi cKaJIAPHOTO MOOYTKY

s 6yab-AKUX BEeKTOPiB a, b, ¢ i O0yab-axoro uucia k Bu-
KOHYIOThCSA PiBHOCTI:

1) a-b=b-a — ImepecTaBHA BJIACTUBICTD;
2) (ka) b= k(a b) — CIIOJIyYHa BJIACTHUBICTB;
3) (a + b) a-c+b-c — DO3MOALIBLHA BIACTHBICTD.

YMoOBa NMEPHEHIUKYJIAPHOCTI TBOX BEKTOPIB
CrangpHuii oOYTOK MBOX HEHYJIBOBUX BEKTOPiB MOPiBHIOE
HYJIIO TOAL ¥ TiJIBKY TOMi, KOJIU I[i BEKTOPU IEePIeHINKYIAPHI.

Kocunye KyTa Misk IBOMa BeKTOpaMu

Kocuryc Kyra Mik HeHyJbOBUMHU BeKTopamu a (a;; a,) i

b (b,; b,) mMoxkHA OOuMCIUTH 3a (DOPMYJIOIO
apb; +a,b,

Jai +aZ - \Jb? + b2

cos £ (5, 5) =



NMEPETBOPEHHA

FTEEOMETPUYHI § 5*

Y uboMy naparpadi BM fi3HaETeCs, Lo Take NepeTBOpPeHHs dirypu.
O3HaromMuTecs 3 TakMMK BUOAMWU NepeTBOpPeHb, K napanesnbHe
nepeHeceHHs, LieHTpanbHa CUMETPIsi, 0CbOBa CUMETPIsS, MOBOPOT,
roMOoTEeTifA, NOAIOHICTb.

Bu HaBYMTeCS 3aCTOCOBYBATW BACTUBOCTI MNEPETBOPEHb Mif, HYac
PO3B'A3yBaHHA 3a/la4 | LOBEAEHHS TEOPEM.

17. Pyx (nepemiwieHHs) girypwu.
MapanenbHe nepeHeceHHs

IIpuxkaanx 1. Ha pucyary 17.1 306paskeHo Bigpizok AB, mps-
My a i Toury O, AKa He HAJEXKUThb Hi IpAMil a, Hi mpamii AB.
Koxnit Touri X Bigpiska AB mocTaBUMO Yy BiAIOBigHiCTH TOY-
Ky X; npamoi a tak, mob touku O, X i X, jexanu Ha OOHIN
npamiti. Touri A BigmoBizaTume Touka A,, Tourii B — Touka B;.
3posymijo, mio Bci Taki Toukm X, yTBOPIOIOTH Bigpisoxk A,B;.

Puc. 17.1

Mu Bxasasu mpaBuUjIO, 3a JOIOMOTO0I0 SKOT0 KOMKHIiN Tourli X
Bimpiska AB mocTaBJIeHO y BimmoBigHicTh equHy TOuKy X, Bin-
pisxa A;B;. ¥ npoMy pasi roBopATh, 1110 Bigpisok A,B; orpuMaHO
B pes3yJIbTaTi mepeTBOPEeHHA Bimpiska AB.



17. Pyx (nepemilleHHs) dirypu. MNapanenbHe nepeHeceHHs 173

IIpurkaang 2. Ha pucyuky 17.2 3o6pakeno miBkoso AB
i mpamy a, napayeabny giamerpy AB. Koxuit Touni X miBkoJsa
MOCTaBUMO Y BiAmoBiAHicTh TOUuKy X, IPsIMOi a TaK, I1o6u mpsaMa
XX, OyJya meprneHIUKYJISIPHOI 10 IpAMOi a. 3podymiJo, 1o Bci
Taki Touku X, YTBOPIOIOTH BiApis3ok A,B;. ¥ mboMy pasi ropo-
pATHb, 10 BiApisoK A,;B; oTpUMaHO B Pe3yJbTaTi IIEePETBOPEHHS
miBkoja AB.

A B

\

N |~

Puc. 17.2 Puc. 17.3

IIpuxkaaxg 3. Hexawt 3amano geArKy ¢irypy F i BeKTOD a
(puc. 17.3). Kosxwuiii Tourti X ¢irypu F mocTaBUMO y BilIOBigHICTE
Touky X, Taky, mo XX, =a. YHacCIilOK TaKoro IlepeTBOPeHHHA

dirypu F orpumaemo ¢irypy F; (puc. 17.3). Take mepeTBopeHHS
¢dirypu F HasmBaioTh HmapajejJbHUM NepPeHEeCeHHAM Ha BeK-
TOP a.

Vs3araabHuMO HaBeAeHi TIPUKJIAIN.

Hexaii 3agano geaxy ¢irypy F. Koxkuiii Touni ¢girypu F mo-
CTaBUMO Y BiIIOBiAHICTS (3icTaBMMO) 3a IIEBHUM HIPABUJIOM JEAKY
TOYKY. ¥cCi oTpuMaHi 3icTaBjeHi TOUKU yTBOPIOIOTH Qirypy F;.
ToBopsarTs, 1m0 ¢irypy F, orpuMaHo B pe3yJbTaTi HepPEeTBOPEHH ST
¢irypu F. IIpu npomy ¢irypy F,; HasuBaioTh odpasom ¢irypu F,
a ¢irypy F — mpoob6paszom dirypu F,.

Tak, y mpukaaxni 1 Bigpisoxk A,;B; € obpasom Bimpiska AB.
Touka X, € o6pasom Touku X. Bigpisok AB — 1e nmpoo6pa3s Bif-
pisxa A,B;.

3BepHEMO yBary Ha Te, 110 B nIpukKJani 3 girypa F mopiBHIOE
cBoemy obpasy F,. IlepeTBopeHHsd, onucaHi B mpukaagax 1 i 2,
TaKol BJIACTUBOCTI He MAaloTh.
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fAxi :x BlacTMBOCTI MOBUHHE MaTU IIePEeTBOPEHHS, 11100 00pas3
i mpoobpas 6ynu piBHUMEu (Qirypamu? BusaBaseTrbcs, IO I0-
CTaTHBO JUIIle OJHi€el BJIaCTUBOCTi: IepPEeTBOPEHHs Mae 30epiraTu
BiicTaHb MidK TOUKaMM, TOOTO AKINO A i B — JIOBiIBHI TOUKHU
dirypu F, a Touku A, i B, — ixHi o6pasu, To Mae BUKOHYBaTHUCSHA
piBHicTs AB = A, B;.

Oszuauenusa. IleperBopenns dirypu F, ake 30epirae Bizcrann
MisK TOYKaMM, HA3UBAIOTh PyXoM (nmepemimeHHaAM) dirypu F.

Axrmo kokHINA Touni X ¢pirypu F mocTaB/ieHO Y BiIIOBiAHICTE
Mo camy TOUYKy X, TO TaKe IlepeTBOpeHHs (irypm F HasuBa-
IOTH TOTOKHMM. IIpu TOTOXKHOMY IIepeTBOpPeHHi obpasom i-
rypu F e cama ¢irypa F. OueBumHO, 1110 TOTOKHE IIePETBOPEHHS
€ PYXOM.

Mu 1aBHO BUKOPHCTOBYEMO MOHATTSA «PiBHICTH Qiryp», xoua
He JTaBaJid MOMY CTPOTOTO O3HAYEHHS.

Ha Te, 110 pyx moB’sa3aHuii i3 piBHiCTIO Qiryp, yKasyoTh TaKi
BJIACTHUBOCTI PyXYy.

AKWOo nepemeopenna € pyxom, mo:

® 00pa30m NpPAMOL € NPAMQA;

e obpa3om 6idpiska € 8i0pi3ok, pieHUll 0AHOMY;

e o6pasom Kyma € Kym, pieHuil 0aHoMY;

® 00pa3om MPUKYMHUKA € MPUKYMHUK, PIBHULL daHOMY.

HoBemeHHA IMMX BJIACTUBOCTEN BUXOIWTH 3a MEXKi pO3TIIALY-
BAHOTO KypCy reoMeTpii.

BuacTuBocTi pyxy migKasyoTh Take O3HAUEHHS.

Osumauennsda. [IBi pirypu Ha3UBAIOTHh PiBHU MU, TKIIO iCHYE
PyX, Ipu IKOMY omHa 3 JaHuX Qiryp € odopasom gpyroi.

3amnuc F = F, osuauae, 1o ¢irypu F i F, piBHi.

fAxio icuye pyx, mpu akomy dirypa F,; € obpazom dirypu F,
TO 000B’S3KOBO iCHYE PyX, IIpu AKoMy ¢irypa F € ob6pasom i-
rypu F,. Taki pyxum HasuBaiOTh B3AEMHO O0€pPHEHUMHU.

3ayBakeHHA. Panimne piBauMu dirypamMu Mu HasuBaau Taki
dirypu, aki sbiranuca nmpu Hakgagauui. TepMmin «HakJIagaHHA»
iHTYITHBHO 3pO3yMinuii, i B HAIIIOMYy ysIBJIeHHi BiH mOB’sI3aHUI
i3 HaKJaZaHHAM peaJbHUX TijJ. Aje reomerpuuHi ¢irypu me
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MOKHAa HaKJacTH B OYKBaJbHOMY PO3YyMiHHI 11boro ciaoBa. Temep
HakJamaHaa Girypu F Ha Qirypy F; MOKHA POBIJIALATH IK PYX
dirypu F, npu axkomy ii o6pasom € dirypa F;.

TepMiH «pPyX» TAKOK aCOIIIIOETHCA 3 IIEBHOIO (Di3MUHOIO Ii€t0:
3MiHOIO MOJIOXKEHHS Tija 6e3 medopmarrii. Came i3 mium moB’A3aHA
mosiBa IIbOTO TepMiHa B marteMmaruili. IIpore B reometpii mpen-
MeTOM [OOCJiM:KeHHs € He Ipollec, AKUH BimOyBaeThcs B dyaci,
a JiiIe BJacTUBOCTI irypu ta ii oopasy.

Te, 10 306pakeHni Ha pucyHKy 17.3 ¢irypu F i F, piBHi, 3po-
3yMijJ0 3 HAOUHOTO cUpPUUHATTA. CTpore oOIPyHTYBAHHSA IIHOTO
daKTy mae Taka Teopema.

Teopema 17.1 (BmacTuBicTh MapalelbHOTO MEepPeHe-
cennsn). Ilapanenvie nepenecenna € pyxom.

Hosedennsa. ® Hexait A (x; y,) i &
B (x,; y,) — noBinbHi Touku ¢dirypu F /
(puc. 17.4), Touku A, i B; — ixHi Big-
moBigHI o0Opasu Ipum mapajleJlbHOMY

mepeHeceHHi Ha BEKTOP E(m; n). Ho-
Begemo, 1mo AB=A,B,. F
Maemo: AA, = BB, —a. Bexrtopu

AA, i BB, MmaoTh KoopauHaTu (m; n).

Puc. 17.4

Or:xe, KoopauHaTaMu TOUuoK A; i B; € BiATOBigHO mapu umcel
(x;+m; y,+n) i (xy,+m; y,+ n).
3HaligemMo BigcraHb Misk Toukamu A i B:
2 2
AB=\J(x, - %, + (v, - ,)*.
3HaiizemMo BigcTaHb MiK TouKamu A; i Bi:

A B, :\/(xz+m_x1_m)2+(yz+n_y1_n)2 =

2 2
= (@, — )" + (@, - )"
Orixe, Mu mokazainu, 1o AB = A,;B;, To0TO apaJjiejbHe Iepe-
HeceHHdA 30epirae Bigcrans Mixk Touxamu. €
Hacaigox. Axwo ¢gizypa F, — obpa3 ¢izypu F npu napa-
nenvHomy nepenecenni, mo F,=F.
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SRR

SETETSTaTETONT

Puc. 17.5

IT1o BiracTUBiCTH BUKOPUCTOBYIOTH IIPY CTBOPEHHI MaJIIOHKIB Ha
TKaHUHAX, IIIaJepax, IOKPUTTAX IJs Hifjoru Toiro (puc. 17.5).

dAximro dirypa F, € obpazom dirypu F
IIpU IapaJieIbHOMY IepeHeceHHi Ha BeK-
TOP E, To (hirypa F e obpasom ¢irypu F,
IIpU mapaJieIbHOMY IePeHECeHHi Ha BeK-
TOP -a (puc. 17.6). IlapasenbHi nepene-

CEHHS Ha BEKTOpU a i —a € B3aeMHO

00epHEHUMY PyXaMu. Puc. 17.6

O-w 3amaua 1. Koxxniit Touni X (x; y) girypu F mocrasie-
HO y BimmomimuicTs Touky X, (x + m; y+n), ne m i n — sanmasi
yucsaa. [loBeniTe, 110 Take nmepeTBopeHHA Qirypu F € mapaiesib-
HUM IIepeHeCeHHAM Ha BEKTOp E(m; n).

Pos3g’asannsa. Posraaaemo BeKTop a (m; n). 3ayBaKuMo,

o KoopaumHaTu BekTopa XX, gnopiBHMOIOTH (m; n), ToOGTO
E{: =a. Omxe, omucaHe epeTBOpeHH: (hirypu F — mapases-
He IlepeHeCeHHs Ha BEKTOp a. 4

3amaua 2. Touka A, (—2; 3) € obpasom Touku A (—1; 2) mpu
napaJjejJbHOMY IIepeHeCeHHI Ha BeKTOP a. 3HaAUIITh KOOPAUHATHU
BeKTOpa a i KoopamHaTu obpasy Touku B (—=7; —3).

Pos3s’a3anHs. 3 yMOBU BUILJIUBAE, IO A—A; =a. 3Bigcu
a (-1 1).

Hexaii B, (x; y) — o6pas Touku B (—=7; —3). Tonxi E:E,
T06TO X + T=—-1iy+3=1. 3Bigcu x=-8, y=—-2.

Bidnogidv: a (-1; 1), B, (-8; —2). €



17. Pyx (nepemilleHHs) dirypu. MNapanenbHe nepeHeceHHs 177

3amaua 3. [lamo kyTt ABC i mpaAMYy p, He mapaJieJbHY JKOIHii
3i cropin mboro kyta (puc. 17.7). IloGynyiiTe mpamy p,, Imapa-
JeJIbHY TPAMiil p, Tak, MO0 CTOPOHMW KyTa BiATWHAJIM HA Hi#
BiZpiBoOK 3amaHOl MTOBKUHU a.

a A M A
\ A
N
B B
D C p \/E\C
Bl

Puc. 17.7 Puc. 17.8

Po3s’a3aHHA. PosrissHeMo BeKTOP MN Takuii, mo MN || p
i | MN |: a (puc. 17.8). Ilobynyemo nipomiab B,A,, aKuii € 06-
pasom mpomeHs BA mpu mapajsieIbHOMY IIepeHEeceHHiI Ha BeK-
TOp MN. TlosHaummo TOuKy meperuny mnpomeniB BC i BA;
oykBowo E. Hexait F — mpoob6pas Touku E mpu mapajiebHOMY
nepeHeceHHi, 1110 posrisanaeTbed. Tomi FE = M—N, TOOTO | FE | =a
i FE| p.

Hageneni MmipkyBauHs IiIKa3y0OTh TAKUHN aJITOPUTM IIOOYIOBM:

1) smaliTu obOpas mpomens BA Ipu mapajieIbHOMY IIepeHe-

CeHHi Ha BEKTOp W;

2) MO3HAUYUTHU TOUKY IlepeTuHy npomeHns BC i3 moOymoBaHUM
obpasom;

3) uepes3 3HAAEHY TOUKY IIPOBECTU IIPAMY p;, HapajejbHy
npamin p. IIpsama p, Oyae mykasomo. €

p -

1. OnuwiTk, WO Take NepeTBOpPeHHs dirypu.
2. HagepniTb Npuknaan NepeTBoOpeHHs Piryp.
3. Onuuwitb nepeTBopeHHst dirypu F, ake Ha3nBaloTb NapanesbHUM

nepeHeCceHHaM Ha BEKTOP a.
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B

Y akomy pasi ¢pirypy F, HazueatoTe o6pasom oirypu F, a dirypy
F — npoo6pasom oirypu F,?

ke nepeTBOpEHHS dirypn Ha3MBalOTb PyXOM?

ke nepeTBOpeHHs dirypy Ha3nBaloTb TOTOXHUM?
Cdopmyniorite BNaCTUBOCTI PyXy.

9ki ogi dirypn Ha3vBaloTb PIBHUMN?

OnuLwiTe pyxu, ki HA3MBaOTb B3AEMHO 0OEPHEHMMMU.
Cdopmyniorite BNaCTMBICTb NapanenbHOro NepeHeceHHs.

AkrMun pyxamu € napanesibHi nepeHeceHHs Ha BEKTOpU a i —a?

" oovaNOoO

1
1

LE‘; 1\ MPAKTUYHI 3ABAAHHS IEE—

17.1.° Ha pucysky 17.9 306paxeno kyt AOB i npamy p, He Ia-
panenbHy iioro cropoHam. KoxkHiit Touri X croponu OA 1mo-
CTaBJIEHO Y BimmoBimHicTh Taky TouKy X, cropouu OB, 1110
XX, || p (rouni O nocrasyeHo y BianoBigHicTs Touky O). Ilo-
OoynmyiiTe obpas Toukm M i mpoobpasd Toukum K mpu mamomy

neperBopenHi npomensa OA. fAxka ¢dirypa € obpazom mpowme-
s OA?

A B
- /E/
A
(0
K B
a

p F

Puc. 17.9 Puc. 17.10

17.2.° Ha pucyHry 17.10 zo6paxeHo Bimpisox AB i mpamy a.
Kosxmiii Touri X Bigpiska AB mocTaBjieHO y BiAmoBigHiCTB
OCHOBY IIePIIeHAUKYJISPa, OMYIIeHoro 3 Touku X Ha IPAMY d.
ITo6ynayiiTe o6pas Touku E i mpoodpas Touku F mpu mamomy
mepeTBopeHHi Bigpiska AB. Uu icCHYIOTh TOUKH IPAMOI a, AKi
He MaoTh mpoobpasy? IlobyayiiTe oopas Bigpiska AB.

17.3.° IlooynyiiTe obpasu Bigpisxka AB i nmpomensa OM mpu ma-
paJjieIbHOMY IlepeHeceHHi Ha BeKTop a (puc. 17.11).
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B —
// — a ~]
A a —
N Mo
o~———_ = Q
Puc. 17.11 Puc. 17.12 Puc. 17.13

17.4.° Ha pucyuky 17.12 npsama a € o0pas3oM AessK0oi IpAMOoi mpu
mapaJie;JbHOMY IIepeHeceHHi Ha BeKTOp m. IToGynyiiTe mpooo6-
pas mpAmoi a.

17.5.° Koo iz meutpom O; € o6pasom KoJia i3 meHTpoMm O mpu
rmapaJieJIbHOMY IIepeHEeCeHHi Ha BEKTOP a (puc. 17.13). Bin-
KJIAIiTh BEKTOP a Bixg Touxu M.

17.6.° IloGynayiiTe ob6pas mapabGonam y = x? mpu HapaaeIbHOMY
nepeHecerHi Ha Bektop: 1) a (0; 2); 2) b (=1; 0); 3) ¢ (-1; 2).
SanuiriTe piBHAHHA o0pady mapabosu y=x? mpu ZaHOMY
rnapaJieJIbHOMY IepeHeCeHHi.

17.7.° TlobyayitTe o0pas Kojaa x%+ y? =4 npu mapajeJbHOMY IIe-
peHecerHi Ha BekTOp: 1) a (2 0); 2) b (0; —1); 3) ¢ (2 —1).
Sanuiiitek piBHIHHA 06pasdy Kosa x2 + y?=4 mpu gaHomy ma-
pajieIbHOMY IIepeHeCeHHi.

17.8.° IIpsama a noTukaeThes o miBKoaa AB i3 meraTpom y Tourli O
(puc. 17.14). 3agaiiTe sKe-HeOyIb IePETBOPEHHS, IIPU AKOMY
npsMa a € obOpasom miBKosia AB 3 «BHKOJOTHMM» TOUKA-
mu A i B.

A o, B Ao
B

C D

Puc. 17.14 Puc. 17.15

17.9.° Bamaiite sKe-HeOyAb IEePETBOPEHHS, IIPH SIKOMY Bimpi-
30K CD € obpasom Bigpisxka AB (puc. 17.15).
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17.10.° PosrisaaeMo KoJ10 paziyca r i3 menrpom y Toutri O. Kox-
Hi#t Touni X KoJia mOCTaBUMO Yy BifmOBigHICTD TOUKY X, AKa

. 1 .
HaJlexKuTh pagiycy OX, rary, mo OX, = Er. fAxa dirypa €

o0pasoM 3agaHoro Kojaa? Uu € pyxoMm omrcaHe IepeTBOPeHHA?

17.11.° Namo kyT AOB (puc. 17.16). Koxxniit Tourii X croponu OA
IIOCTABUMO Y BiTIOBiIHICTE TOUKY X, AKa HAJIE:KUTh cTOpoHi OB
i me:xuTh Ha KoJti pagiyca OX i3 meutpom O (Tourii O mocTaBUMO
y BigmoBimHicTs Touky O). fAka dirypa € o6pasom cropouau OA?
JloBeniTh, 1110 ONMCcaHe MEePETBOPEHHS € PYXOM.

A

Puc. 17.16

17.12.° Tarno kytr MON. Koxuiit Touni X croponu OM mocra-
BUMO Y BinmoBigHiCcTh Taky TOuKy X, cropoHu ON, 1110 TIpsiMa
XX, nepuenaukyasapHa no 6icekrpucu Kyra MON (touri O
mocTaBuMO y BigmoBigHicTs Touky O). [loBexmiTs, 1110 onmucaHe
TIePETBOPEHHA € PYXOM.

17.13.° [Tano npamy a i Bigpisox AB, AKWH He Ma€ 3 HEIO CITiJb-
HuX TouoK. KoxkHill Touri X Bimpisxa AB mocTaBUMO Yy Bif-
TOBiTHICTHL OCHOBY MHEPIEHANKYJIAPA, ONYIIEHOr0 3 TOUKU X
Ha mpamy a. lIpu sKoMy B3a€eMHOMY PO3MIiIlleHHI IPsaIMOi a
Ta Bimpiska AB ommcame IepPeTBOPEHHS € PyxXom?

17.14.° Touku A, i B, He HajexaTh npamiiit AB i € oopasamu Bif-
MOBiTHO TOUOK A i B mpu mapajieIbHOMY IIepeHeceHHi TpsaMoil
AB. JloBeniThb, 1110 YOTUPUKYTHUK AA,B,B — mapaJjejgorpam.

17.15.° Touku A, i B; € obpasamMu BiAmOBigAHO TOUOK A i B mpmu

mnapaJieJJbHOMY IlepeHeceHHi Bigpiska AB. 3HAWAITh Bigpizok
A,B,, akmio AB=5 cM.
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17.16.° BexTop m nmapajeapHuil npamiii a. fAxa dirypa € o00-
pasom mpaMoi a mpu Ii mapajgelbHOMY IlepeHeceHHI Ha BeK-
TOP m?

17.17.° Mamo mapanesorpam ABCD. fIkuii BeKTOp 3ajmae ma-
panesbHe IIepeHEecCeHHs, IIpu SKoMy cTtopoHa AD e obGpasom
croporu BC?

17.18.° Yu icmye mapajesbHe TepeHECEHHS PiBHOCTOPOHHBLOTO
TpukyTHUKa ABC, npu skxomy cropoHa AB € o6pasoM cTopo-
Hu BC?

17.19.° 3uaiigiTs TOUKHY, AKi € obpasamu Touok A (—2; 3)i B (1; —4)
IIpU mapaJiebHOMY II€pPeHeCeHHi Ha BEeKTOp a (-1; -3).

17.20.° Yu icHye mapaJjieabHe IIepeHeceHHs, IPU SKOMY 00pasom
Touku A (1; 3) € Toura A4, (4; 0), a o6pasom Touxku B (—2; 1) —
rouka B, (1; 4)?

17.21.° Ilpu mapajelbHOMY IIepeHEeCEeHHi Ha BEKTOD 3(2; -1)
obpasom Touku A € ToukKa A, (—3; 4). 3HalAiTh KOOPAUHATHA
TOUuKH; A.

17.22.° Touxka M, (x; 2) € obpasom Touku M (3; y) nupu mapa-
JeJbHOMY IIepeHeceHHi, npu akomy Touka A (2; 3) € o6pazom
MOYaTKy KoopAwHAT. SHAUIITH X i y.

17.23.° CKinbKu icHye mapajelbHUX IIepeHeceHb NPAMOI a, Ipu
axux ii oopasom € mpama a?

17.24.° PosrassaeMo (irypy, IIMo CKJIAJZAEThCS 3 YCiX TOUOK, AKi
HaJIe)KaTh CTOPOHAM NIPAMOKYTHMHKA. ONHUIIITL sSKe-HeOyIb
mmepeTBopeHHA Iiei ¢irypu, mpu sxomy il o6pasoM € KoJo.

17.25.° PosrassaeMo (irypy, IIMo CKJIAZAEThCS 3 YCiX TOUOK, AKi
HaJIe)KaTh CTOPOHAM IPAMOKYTHHKA. ONHUIIITL sSKe-HeOyIb
mepeTBopeHHA Iiei ¢irypu, mpu AxKoMmy ii oopasom € ¢irypa,
AKa CKJIAJAEThCA 3 YCiX TOUOK CTOpPiH pomoba.

17.26.° Bigomo, 110 mIpu IepeTBOpeHHi (Qirypmu F ii o6pasoMm €
ma cama irypa F. Uu MOKHa CTBepIKyBaTH, IO Iie IIepe-
TBOPEHHS € TOTOKHUM?

17.27.° llano tourku A (3; —2) i B (5; —4). Ilpu napanseabHOMY
nmepeHeceHHi Biapiska AB o6pasoM IOro cepeiuHU € TOYKa
M, (—4; 3). 3HaiigiTs 00pasu TOUOK A i B mpu TakoMmy mapa-
JIeJIbHOMY II€PeHEeCeHHi.
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17.28.° Touxku A (1; 3), B (2; 6), C (—3; 1) € BepmmHaMu Imapa-
geadorpama ABCD. Ilpu nmapajgenbHOMY IepeHeCeHHi mapaJie-
aorpama ABCD o6pasoM TOUKMU IIePEeTHUHY HOTo miaromaJiei €
Touka O, (—2; —4). 3uaiigiTe o6pasu Touok A, B, C i D npu
TaKoOMYy ITapajieIbHOMY IIepeHeceHHi.

17.29.° 3uaiigiTe piBHAHHS KOJa, AKe € o0pasom Koja x2+y2=1
Opu IapajelbHOMY HepeHeCceHHi Ha BEeKTOp a (-3; 4).

17.30.° 3uaiiniTh piBHAHHA mapabosin, AKa € o6paszoM mapadoan
Yy = x% mpu mapajeJbHOMY TlepeHeCceHHI Ha BEeKTOP a (2; -3).

17.31.> IToOyayiiTe Tpallellito 3a OCHOBAMU Ta AiarOHAJISIMU.
17.32.> IIoOyayiiTe Tpalellio 3a YOTUPMa CTOPOHAMIU.

17.33. IloGynayiiTe BiApisoK, piBHUI i mapajeJbHUN TaHOMY
Bimpisky AB, Tak, 1100 OAWH HOT0 KiHelh HajJaeKaB AaHik
OpaMiii, a IPyruii — JaHOMY KOJIY.

17.34. Tlob6ynyiiTe XOpAy AAHOTO KOJia, SKa JOPiBHIOE Ta Iapa-
JelbHa TaHOMY Bimpisxky AB.

17.35.* IIoOyayiiTe YOTUPUKYTHUK, ¥ SKOI'0 IPOTUJICKHI CTOPOHH
[MOIIapHO HellapaJiesibHi, 3a YOTUPMAa KyTaMX Ta JBOMA IIPOTH-
JIEKHUMU CTOPOHAMU.

17.36.* Y axomy Mmicii moTpi6Ho mo0y- A

nyBatu mict MN dyepes piuky, AKa M
pos3Iinise aBa HaceJeHUX NYHKTH A

i B (puc. 17.17), u1o6u nmuiax AMNB

O0yB maiikoporimum (6eperu piuxu N B
BBaYKAEMO IIapajieIbHUMU IPSIMU-

MU, MiCT HepHeHIUKYJIAPHUNA IO Puc. 17.17

OeperiB piukwm)?

BMPABU ANA MOBTOPEHHS IS

17.37. Yepes3 KOKHY BepPIINHY TPUKYTHUKA IPOBENEHO IPIMY,
napaJieJbHy IPOTUJIEKHI cTopoHi. YoMy TOPiBHIOE IepUMeTP
TPUKYTHUKA, AKUA YTBOPUBCA NPU IHOMY, AKIIO IIEPUMETP
IaHOTO TPUKYTHHUKA HopiBHIOE 18 cm?

17.38. JloBeniTh, 1110 YOTUPUKYTHUK 3 BepinuHamu A (—3; —4),
B (0; 3),C(7;6)iD (4; —1) e pombOM, i 3HAAITH HIOTO MJIOILY.



18. OcboBa cumeTpis 183

17.39. ¥V npaMoKyTHY Tpaleriio BummcaHo Kojio. Touka JOTUKY
mojmiisae Oinbiry 3 6iuHMX cTOpiH Tpamerii Ha Bigpiskm 4 cMm
i 25 cMm. 3HaAUAITH MOy Tpamelrii.

CMOCTEPITAUTE, PUCYWUTE,
KOHCTPYIOWUTE, ®AHTA3YWUTE

17.40. Ycepennui npaBUIBHOTO IMIECTUKYTHUKA 31 CTOPOHOIO 1 M
poararioBaHo 7 TouokK. JloBemiTh, IO cepea HUX 3HAUAYTHCS
2 TOUKM, BifcTaHb MijK SKMMU He OijbIra 3a 1 M.

18. OcboBa cnmeTpis

Oznauvennda. Touku A i A, HA3UBAIOTh CUMETPUUYHUMH
BigHOCHO mpamMoi [, AKmio nmpaMa l € cepeIMHHNM IepIIeH/T!-
KyjasipoMm Bigpiska AA, (puc. 18.1). dxmo Touka A HaJeKUTH
npamiii l, To il BBaKalOTh CHMETPHYHOIO caMiil co0i BimHOCHO
npamoi L.

yA l
A A
:*1 ----------- : F_x | x I
= o
Puc. 18.1 Puc. 18.2 Puc. 18.3

Hanpuxaan, Touku A i A,, y AKUX OpAUHATU PiBHi, a abciu-
Ccu — IIPOTHJIEKHI YMcja, CUMEeTPUYHI BiJHOCHO OCi OpAuMHAT
(puc. 18.2).

Poaraauemo ¢irypy F i npawmy [. Komxuiit Touri X ¢irypu F
HOCTaBUMO Y BilIIOBiAHICTH cuMeTPUUHY ifi BigHOCHO mpsamoi [
TouKy X;. YHACJIiIOK TaKOro IepeTBOpeHHA QPirypu F oTpuMaeMo
dirypy F, (puc. 18.3). Taxe nepeTBopeHHda Qirypu F Ha3mMBaIOTh
0CHhOBOIO cuMeTpicro BigHocHO mpamoi l. Ilpamy [ HasuBawTH
Biccro cumertpii. I'oBopATs, 1m0 dirypu F i F; cumerpuuHi Bia-
HOCHO TIpsMoi /.
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Teopema 18.1 (BmacTtuBicTh 0cb0BOi cumeTpii). Ocvo-
6a cumempisn € pyxom.

Hosedennsa. © BubGepemo cucreMy KOOPAUHAT TaK, I00
Bich cumeTpii 30iramacs 3 Biccio opaumuar. Hexait A (x; y,) i
B (x,; y,) — nmoBinbHi Toukmu ¢irypu F. Toxi Tourkm A; (—x4; Y1)
i B; (—xy; y,) — ixHi BigmoBigHi 00pasu mpu OCbOBili cumerpii
BimHOCHO Ooci opamHaT. Maemo:

AB=/(x, - %,)* + (y, - 1,)*;

AB = \/(_xz —(-x, ))2 +(y, -y, )2 = \/(_xz +x )2 +W,—y )2 = AB.
Mu orpumanu, 1o AB = A, B;, ToOTO 0ocboBa cuMeTpis 30epirae
BizcTasb Mik Toukamu. OT)Ke, OCbOBa CUMETDPiA € PyXOoM.

Hacainox. Axwo ¢izypu F i F, cumempuuni 6i0HOCHO
npamoi, mo F =F.

O3uauenHsa. @Dirypy Ha3MBaIOTh CHMETPHUYHOI BigHOC-
HO mpamoi [, Km0 I KOMKHOI TOUKM mMaHOol (irypu Touka,
CHMETPUYHA il BiTHOCHO IIPAMOI [, TAKOK HAJEKHUTH Wil dirypi.

IIpawmy [ masuBaioTh Biccro cumerpii girypu. Taxkox roBopars,
o ¢irypa mae Bick cumerpii.

Hagenemo npukaagu ¢iryp, ki MmamoTh Bick cuMeTpii.

Ha pucynky 18.4 300pakeHO piBHOOeIpeHUII TPUKYTHUK.
IIpsama, ssKa MicTUTH AOTO BUCOTY, IIPOBEIEHY 10 OCHOBH, € BicCIO
cuMeTpil TPUKYTHUKA.

Bynb-akuit kKyT Mae Bick cuMeTpii — Iie mpsaMa, SKa MiCTUTH
tioro 6icexkTpucy (puc. 18.5).

PiBHOCTOPOHHI# TPUKYTHUK Ma€e Tpu oci cumerpii (puc. 18.6).

IBi oci cumeTpil Mae Bigpis3ok: Iie HOro cepeMHHMI IIePIIeH-
IUKYJIAp i mpAMa, sKa MicTUTh 1ei Bigpisok (puc. 18.7).

A < A

Puc. 18.4 Puc. 18.5 Puc. 18.6 Puc. 18.7
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Puc. 18.8 Puc. 18.9 Puc. 18.10

KBagpar mae wotupu oci cumerpii (puc. 18.8).

IcuyroTh Girypu, ski maioTh 0e3J1iu oceit cuMeTpii, HAITpuKJIam
Ko0J0. Bynb-sika mpsima, 110 IIPOXOANTh Yepes IeHTP KoJia, € HoTo
Biccio cumeTpii (puc. 18.9).

Besuiu oceit cumeTpii Mmae i mpsaAMa: cama mpaMa Ta Oyob-aAKa
npsama, IIepueHIuKyJIsapHa O0 Hel, € 11 ocamMu cuMeTpii.

3amaua 1. Hakpecaniu HepiBHOOeapeHUt TpuKyTHUK ABC.
ITpoBenu mpamy [, sxa micturh OicexTpucy xyra C. Ilotim pu-
CYHOK BUTEPJIN, 3aJUIIUBIIN Juile Touku A i B Tta npamy L.
BigmosiTe TpukyTHUK ABC.

Poss’aszanna. Ockinbku mpsama [ € Biccio cumerpii Kyrta
ACB, 1o Touka A; — obpas Touku A mpu cuMeTpili BigZHOCHO
npamoi | — magexuth npomenio CB. Toxi mepeTuHOM IPAMUX
l i BA, e BepmuHa C mrykanoro TpukyTHuka ABC (puc. 18.10).

IIi mipKyBaHHS IIiAKa3yiOTh, AK MOOYAyBATH INYKAHUUA TPU-
KYTHUK: OyAyeMO TOUKYy A,, CUMeTpuuHy TouIlli A BigHOCHO
npamoi [. 3HaxoauMo BepiiuHy C AK TOUKY IIEPEeTUHY IPAMUX
liBA,. 4

3amaua 2. Touxa O HaJdeXKuTh rocrpomy KyTy ABC
(puc. 18.11). Ha croponax BA i BC KyTa 3sHauiaiTh Taki Touku E
i F, mobu nmepumetp TpukyTHuKa OEF OyB
HaIMEeHIIIM. A

Poses’aszanna. Hexait Touku O, i O, —
obpasu Touku O IIpU CHUMETPisiX BiZHOCHO
npamux BA i BC BignoBigmo (puc. 18.12),
a mpama 0,0, meperuHae cropou BAi BC B C
y Toukax F i F Bigmosiguo. [loBegemo, 1110
Touku E i F — 1mykaHi. Puc. 18.11

(0]
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3ayBaskuMo, 110 Bigpisku EO; i EO cuMeTpuuHi BiZHOCHO

npamoi BA. Omxe, EO, = EO. Aunajnoriuno FO = FO,. Toxi nepu-
meTp TpukyTHuKa OEF nmopiBuioe moB:kuHi Bigpiska O,0,.

ITokaxkemo, 110 TOOYIOBaHUM TPUKYT-

A HUK Ma€ HAaWMEHIINH IIePUMeTP 3 MOIKJIM-

Bux. Posrasaemo TpukyTHuk KOM, ne K

i M — poBiJIbHI TOUKM BiAIIOBigHO ITPOMEHIB

0 BA i BC, npuuomy Touka K mHe 36iraerbcs

B 3 Touko E abo Touxa M He 3b6iraerncsa

Mw C 3 rouromw F. 3posymino, mo KO = KO,

o, i MO =MO,. Toxi nmepumMeTp TPUKYTHHUKA
KOM popiBuioe cymi O, K + KM + MO,.
Puc. 18.12 IIpore O,K + KM + MO, > 0,0,. 4
p . 000 |
([

1. {Aki TOYKM HA3MBAIOTb CUMETPUYHUMU BiAHOCHO NPSIMOI [? Hk
Ha3MBaloTb Npsmy [?

ki dirypy Ha3vBaloTb CUMETPUYHMMUN BiAHOCHO NPSIMOT [?
CdopmynioriTe BNAaCTUBICTb OCbOBOI CUMETPIi.

Ky BNacTUBICTb MalTb irypu, CUMETPUYHI BiAHOCHO NPSAMOi?
Mpo aky ¢irypy kaxyTb, W0 BOHA Ma€ BiCb CUMETPIi?

Hasenite npuknagn @iryp, siki MatoTb BiCb CUMETDIi.

RN

¥a)
;@& NMPAKTUYHI SABOAHHS I

18.1.° IToOyxayiiTe oopasu Giryp, 306paskeHnx Ha pucyuHkry 18.13,
npu cuMeTpil BimtHOCHO mpaMoi [.

Puc. 18.13
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18.2.° Haxpecyaits TpuKyTHuUK. [loOyayiiTe TPUKYTHUK, CHMe-
TPUYHUN HOMY BiJHOCHO NPAMOI, SKa MIiCTHUTH OOHY 3 HOTO
cepemHix JiHIN.

18.3.° Touku A i B cumeTpuuHi BigHocHo npsamoi [ (puc. 18.14).
IToOynayiiTe mpamy [.

s B
°K

Ae °C Ae

*B l
Puc. 18.14 Puc. 18.15 Puc. 18.16

18.4.° IIpoBexiTs mpami a i a,, AKi nmeperuHamoTheA. [loOyayiiTe
IPsAMY, BiTHOCHO AKOI IpAMa a, OyJe CHUMeTPUUHOIO IIPAMiii a.
CrinbKu po3B’A3KiB Mae 3amaua?

18.5.° IIpoBexiTh mapasenbHi mpami a i a,. [lobyayiiTe mpamy,
BiIHOCHO AKOI mpAMa a, 6yJe CUMETPUUYHOIO IPAMil a.

18.6.° ITo6ynyiiTe pom6 ABCD 3a iioro Bepiuaamu B i C Ta mips-
Moo [, sKa micTuTh #ioro miaromanas BD (puc. 18.15).

18.7.° Ilo6ynyiiTe piBHOOeAPeHUN TPUKYTHUK ABC 3a BepIIIMHOIO
A, Tourkow K, sxa Hale:Xuth O0iunmiii cropoui BC, i mpsamoio,
sIKa MiCTUTH BUCOTY, ITPOBeleHy n0 ocHOBU AB (puc. 18.16).

18.8.° IloguBiThcsa Ha pucyHok 18.17 uepes CKIAHY IPOOiIpKY,
3alIOBHEHY BOJ0I0. YoMy neski OYKBU B IPYroMYy CJIOBi BU-
SABWJINCSA NEePEBEPHYTUMMU, & B IMEPIIOMYy — Hi?

A
CE30H
AOLLIB
B
Puc. 18.17 Puc. 18.18

18.9.” Kousa i3 menTpamm O; i O, maoTh OBi coinbHiI TOUKM
(puc. 18.18). 3a 1OIIOMOT0I0 TiILKHU ITUPKYJISA OOy AYIATE KOJa,
CUMETPUYHI JaHUM BigHOCHO Ipsamoi AB.
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18.10.° IIpama [ mpoxoauTs uepe3 cepeAuHy Bimpiska AB. Uu
000B’sI3K0BO TOUKU A i B € CHMETPUUYHUMHY BiTHOCHO ITPsAMOi [?

18.11.° IoBeniTsh, 110 IIPsAMAa, AKA MICTUTH MeliaHy PiBHOOEIPEHO-
ro TPUKYTHUKA, IIPOBEJEHY J0 OCHOBI, € HOro Biccio cumeTpii.

18.12.° Ha pucyuky 18.19 300pakeHo piBHOOeAPEHUN TPUKYT-
HUK ABC i npamy [, sKa MiCTUTh HOTO BHUCOTY, IIPOBEIEHY
no ocuoBu AC. Bigpiskum AM i CN — Mepmianu TPUKYTHHUKA.
YraxiTs o0pasu Touok A i B, megianu CN i cropouu AC npu
cuMeTpii BigHOCHO TpsMoi [.

B

A C
l

Puc. 18.19 Puc. 18.20

18.13.° JloBeniTh, IO mpAMA, SKa IPOXOAUTH Uepe3 cepeaumHu
OCHOB pPiBHOOiuUHOI Tpamerrii, € ii Biccio cumeTpii.

18.14.° Ha pucyuky 18.20 3o0paskeHOo piBHOOIUHY Tpaleliio
ABCD i npamy [, AKka OIPOXOAUTh Uepe3 cepeauHU ii OCHOB.
YraxiTs oopasu Touok B i D, giaromanai AC i ocaoBu BC npu
cuMeTpiil BigHOCHO IIpsaAMOi /.

18.15.° oBenits, m1o mpami, AKi MicTaTk giaromasi pomba, €
Woro ocaAMu cumerpii.

18.16.° HoBexmiTsb, m10 mpaAMi, AKI IPOXOAATH Uepes cepeaumHu
OPOTWJIEKHUX CTOPiH TPAMOKYTHHNKA, € IOT0 OCAMU CUMeTPii.

18.17.° Tourku A, i B, € BignoBiguo obopasamu TouoK A i B mipu
ochoBiii cumeTpii. Bimomo, mo AB =5 cm. 3HaigiTh Bigpi-
30K A,B,.

18.18.° HoseniThb, 110 IpsAMa, sIKa MIiCTHUTH OiCeKTpHCY KyTa, €
oro Biccio cumeTpii.
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18.19.° 3maiigiTh KOOPAMHATU TOYOK, CHUMETPUUYHUX TOUKAM
A (—2; 1)i B (0; —4) BigHOCHO OCeli KOOPAMHAT.

18.20.° Tourku A (x; 3) i B (—2; y) cuMeTpuYHi BiTHOCHO:
1) oci abcmuc; 2) oci opauHar.
SHanmits x i y.

18.21.° O6pasom mpAMoi a Ipu cuMeTpii BimHOCHO IpAMOi [ € cama
npaMa a. Ike B3aeMHe PO3MillleHHS OpaAMuUx a i [?

18.22.° loBeniTh, 10 TPUKYTHUK, AKUN Mae Bichk cuMeTpii, €
piBHOOEAPEHUIM.

18.23.° loBenmiTh, 110 TPUKYTHUK, AKUN Mae ABi oci cumertpii,
€ piBHOCTOpOHHIM. UM MOKe TPUKYTHHUK MaTU PiBHO ABi oci
cumeTpii?

18.24.° loBeniTh, 1110 KOJIX MapaJjiejiorpaM Mae€ PiBHO ABi oci cu-
MeTpii, To BiH € a60 IPAMOKYTHUKOM, a00 poM6GOM.

18.25.° loBeniTh, II0 KOJIW YOTUPUKYTHUK Ma€ YOTHPHU OCi cu-
MeTpii, TO BiH € KBaapaTOM.

18.26.° Koxa is niearpamu O, i O, mepeTnHAaOTHCA B Toukax A i B.
HoBemiTe, 110 Touku A i B cuMmerpuuHi BigHocHO mpamoi O,0,.

18.27.° Touka M Hajmexurtb npamomy Kyty ABC (pumc. 18.21).
Touku M, i M, — obpasu Touku M npu cuMmerpii BimHOCHO
npamux BA i BC signoBiguo. JloBemiTsh,

o Touku M,, B i M, nexaTh Ha OmHIi# A

IpAMIiii. M
18.28.° 3uaiifiTh KOOPAMHATH TOUOK, CHMeE- M,

TpuuHuX Toukam A (—2; 0)i B (3; —1) Bin-

HOCHO IIPAMOi, KA MiCTHUTH OiceKTpucu: B [ |

1) mepiioro Ta TPeThHOTO KOOPAMHATHUX
KyTiB; 2) IPyroro Ta 4eTBEPTOTO KOOPIHU-

HaTHUX KYTiB. ' M
18.29.° Touku A (x; —1) i B (y; 2) cumeTpuyHi ?
BiTHOCHO IIPAMOI, AKa MiCTUTEL OiceKTpuU- Puc. 18.21

CHU TIEePIIIOTO Ta TPETHOTO KOOPAWHATHUX
KyTiB. S3HAUAITH X i Y.

18.30.” Touku A i B jneaThb y Pi3sHUX IMiBIJIOIIMHAX BiJHOCHO
npamoi a. Ha nipamiit a sHaiigiTe Taky Touky X, H100u mps-
Ma a mictuia O6icekTpucy Kyta AXB.
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18.31. Touku A i B jexaTh B OQHiN MiBIJIOMIMNHI BiJHOCHO IpH-
Mol a. 3HAUAITh HA OPAMIill a Taky TOUuKy X, IOOW ITpOMeEHi
XA i XB yTBOpIOBAJIH i3 I[i€l0 IPAMOIO PiBHI KyTH.

18.32.° Touku A i B jexxaTh B OHIN MiBIJIOIMHI BiJHOCHO
nopamMoi a. S3HAWAITh Ha OpaMiii a Taky Touky X, miob cyma
AX + X B 0yJyia HaliMeHIIIOIO.

18.33.* Ilo6ynyiiTe TpukyTHuk ABC 3a mBoma cropoHamMu AB
i AC (AB <ACQC) i pisaunero kytiB Bi C.

18.34.* Touku C i D nesxarhb B OAHIM HiBIJIOIINHI BiIHOCHO IIPs-
moi AB (puc. 18.22). Ha npawmiit AB 3HaiaiTh Taky TOUuKy X,

mo ZAXC = % ZDXB.

C

A X B

Puc. 18.22

18.35.% ToBeniTh, IO ILIOIA OIYKJIOrO YOTHPUKYTHUKA ABCD
1
He IIePeBUINYE (AB-CD+ BC- AD).

18.36.* Tano TpukyTHuk ABC. 3HAAAITL TOUKY, CUMETPUYHUNI
0o0pas AKOoi BiTHOCHO Oy Ab-IKOI CTOPOHU TPUKYTHUKA JIEXKUTH
Ha KOJIi, OIIMCAHOMY HaBKOJIO I[bOTO TPUKYTHUKA.

BIMPABWU A1 MOBTOPEHHS IS

18.37. Ilepumerp mapaJjaeaorpama ABCD popiBHioe 48 cwm,
AD =17 cm. AKy cTopoHy mapajejiorpaMa IepeTHHae OiceK-
Tpuca Kyta B? 3HaiigiTh Bigpisku, Ha AKi OicexTpuca IiauTh
CTOPOHY IapaJiejorpama.

18.38. [IBa TpUKYTHUKM MAalOTh IO ABi PiBHiI CTOpoHU, a cyMma
KYTiB Mi’K BiIIIOBiHO PiBHUMU CTOPOHAMU IIUX TPUKYTHUKIB
nmopiBHioe 180°. loBeniTs, 1110 faHi TPUKYTHUKY PiBHOBEJIUKI.

18.39. Ilauo Touku A (5; 2), B (=7; 1)i C (1; —5), Bigpisoxk AM —
meniaHa TpukyTHuka ABC. CxkiaanmiTs piBHAHHS mpamoi AM.
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@ MEPLLIA BCEYKPATHCbKA ONIMMIAAA
IOHUX MATEMATUKIB

CnoogiBaemocs, 1o 3agaua 18.36 Bam cogobaiacs i Bu Biguy-
JU pagicTh ycmixy, pos3B’ssasinu ii. I1a 3agayua Bapra yBaru Ime
¥ Tomy, 1110 B 1961 p. ii 6yJ10 3aIIpOIOHOBAHO YUACHUKAM IIEPIIIOL
Bceykpaincskoi omimMImiagyu 0HUX MaTeMaTHUKiB.

Vsarami, marematuuHi omiMmiagm B YKpaimi
MalOTh JaBHIO Tpaguilifo. Ilepira micbka osimmiazga
IOHUX MaTeMaTukiB BimbOysaacsa B 1935 p. y Kuesi.

Cepen oprauisaropiB Ilepiioi BceyKkpaincbKkoi mMaTe-

MaTuuHOI oaiMmiagy B 1936 p. Oyj1a MaTeMaTUKUHSA

K. d. Jlatumesa. Bigroai munysao mouan 80 pokis, Knaegin

i 3a me#l yac MaTeMaTHYHI OJIiMIIiagm cTajau IJIs AkiBHaA
f0araTboX TAJIAHOBUTHUX INMKOJSAPIiB mepmmuMm Kpoxkom Jlatuwesa
Ha ILIAXY A0 HaykoBoi TBopuocTi. Crorogmi taki (1897-1956)
imena, ax O. B. IToropesnos, C. I'. Kpeita, M. O. KpacHocenbCcbKuii,
B. T'. [Ipiurdensma, Bimomi BchoMy HAyKOBOMY CBiTOBi. ¥ci BOHU B pis-
Hi poKku OyJIr IIEePEeMOKIIAMMN MaTeMaTUYHUX OJiMIIian B YKpaiHi.

Xouemo i3 3aJ0BOJIEHHAM 3a3HAUNTH, IO I 3apas3 MaTeMaTUUHi
omimmianu B YKpaiHi gyske nmomyadapHi. [lecaTKU THUCAY IITKOJIA-
piB i IMIKOJSPOK HAIIOI KpaiHM Ha PisHUX eTamaxX 0epyThb y4acThb
y IIbOMY MaTeMaTUuYHOMY 3MaraHHi. [{o opraumisarii Ta mpoBeneHHsa
oJIiMITia[l 3aIy4YalOTh HAaMKPAIUX IPeICTaBHUKIB i IpeAcTaBHUID
HaYKOBOI I 0CBiTAHCHKOI cuiibHOTH. CaMe 3aBAAKMN iIXHBOMY €H-
Ty3iasMy Ta mpodecionanaisaMy xoMauga Y KpaiHu TigHO IIpeacTas-
JIs€ HAIlly KpalHy Ha MiKHAPOAHUX MaTeMAaTUYHUX OJIiMIOiamax.

Onekcin Cenim Mapk Bonoanmup
BacunboBuy FpuroposBuny OnekcaHppoBuY lepwoHoBUY
Moropenos KpenH KpacHocenbcbkun  [ApiHdenbn,

(1919-2002) (1917-1999) (1920—1997) (1954 p. H.)
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Pagumo # Bam, 1061 miTu, 6paTu y4yacTb Yy MATEeMATHUUYHUX
oaimMmiamax. Huykue Mum HaBomgmMoO Heski samaui mepimoi Bee-
yKpaiHchbKol oliMmiamy oHUX MaTeMaTHKiB. BumpoOyiiTe cBoi
CULJIN.

1. Kouo, Baoucane B TpPUKyTHUK ABC, TOTUKAETHCA 10 MO0 CTO-
pin y Tourkax K, L, M. Hexai#t Tourku O,, O,, O, € meuTpamu
KiJ, 30BHiBIIMCAHUX y IIed caMuii TPUKYTHUK. [{oBecTu, 1110
mpukyTHUKYU KLM i O,0,0; nonioHi.

2. VcepenuHi mpAMOKYTHMUKA, ILIOINA AKOro 4 M2, po3MiIeHo
7 IPAMOKYTHUKIB, IPUUOMY ILJIOIA KOMKHOTO 3 HUX JOPiBHIOE
1 m2. JloBecTu, 1110 IPUHANMHI OBa NPIMOKYTHHUKKM MAIOTh

. " .1
CIILJIBHY YaCTHHY, ILJIOIIa AKOl HEe MEHIIIa HIX — m2.
7

3. Hexaii cTOpOHN YOTHPUKYTHUKA BiAIOBiZHO HOPiBHIOOTHL 4,
b, ¢, d, a tioro mioia mopiBHioe S. loBecTu, 110

S<i(a+c)(b+d).

19. LeHTpanbHa cnmeTpis. NMosopoT

Osnauvennsa. Touku A i A, Ha3UBAIOTh CUMETPHUYHUMHU
BigHOCHO TOouku O, axkmo Touka O € cepeauHOI0 Bimpiska
AA, (puc. 19.1). Toury O BBaskalOTh CHMETPHUYHOIO caMiil cOO0i.

Hanopurkaan, Toukn A i A,, y akux gk abciucu, Tak i op-
1

OUHATN — MOPOTHWJIEKHI YmcJ/ia, CHMETPUYHI BiTHOCHO TOYATKY

KoopauHat (puc. 19.2).

A 1

1

Puc. 19.1 Puc. 19.2
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Posraaremo ¢irypy F i Touxky O. KosxHiii
Tourli X ¢irypu F mocTaBUMO y BiIIOBiAHICTH
cuMeTpuunHy iti BigzHocHO ToukKu O TOUKy X;.
YHacaiok Takoro mepeTBopeHHs (irypu F
orpuMaeMo ¢irypy F; (puc. 19.3). Take mepe-
TBOpPeHHA Qirypu F HasuBaioTh EHTPAJIHHOK0
cumertpiero BimHOCHO Touku O. Toury O Ha-
3WBAIOTh IEeHTpoM cuMeTpii. Takok TroBo-
pATh, 110 (irypu F i F, cuMeTpUYHi BigHOC-
HO Touku O.

Teopema 19.1 (BmacTUBiCcTh IeHTPAJABbHOI cUMeTpii).
Ilenmpanvna cumempia € pyxom.

Hosedennsa. © Bubepemo cucTeMy KOOPAMHAT TaK, I[00
meHTp cuMeTpii 36iraBca 3 mouatkom kKoopauHat. Hexait A (x4; y;)
i B (xy; y,) — nmoBinmbHi Toukm ¢Qirypm F. Tourku A, (—x;; —y,)
i B; (—xy; —y,) — BigmoBigHO ixHi 00pasu IIpu IEeHTPAJIbHIN cu-
MeTpil BifHOCHO mouaTKy KoopauHat. Maemo:

AB= \/(x2 - x1)2 + (yz - y1)2’
AB, = (=, — (=x))* + (~y, — (-y,))* =
= \/(_xz + xl)2 + (_yz + yl)2 = AB.
Mwu orpumanu, 1o AB=A,B;, ToOTO IleHTpaJbHA CUMETPid

30epirae BigcTanb Mixk Toukamu. OT:Ke, ITeHTPaJIbHA CUMETPis €
pyxom. 4

Hacaigmor. Axwo ¢izypu F i F, € cumempuinumu 6i0HOCHO
mouku, mo F =F,.

O3uvauenHs. Dirypy Ha3UBaIOTh CHMETPUUYHO BigHOC-
HO Touku O, AKIIO OJd KOKHOI TOUKM JaHoi (pirypum Touka,
CHUMeTPUYHA Tif BiTHOCHO ToukM O, TaK0K HAJEKUTDH il dirypi.

Tourky O HazuBaIOTh HeHTPOM cuMeTpii dirypu. Takox roso-
pATH, 110 (hirypa Ma€e mEeHTP cCUMETPii.
Hasememo mpuxiaamu ¢iryp, Sxi MamoTb
A o B meuTp cumerpii.
ITenTpom cumetpii Bimpiska € fioro cepe-
Puc. 19.4 nuHa (puc. 19.4).
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Touka mepeTuHy AiaroHajiell mapaJiejorpamMa € Moro IeHTPOM
cumeTpii (puc. 19.5).

3 x <\
4 X, D x A\

Puc. 19.5 Puc. 19.6

IcuyroTs irypu, aki maioTs 6esiiu 1eHTpis cumerpii. Hampu-
KJIaJ, KOKHA TOUKA IIPAMOI € ii 1meHTpoM cuMeTpii.

Tako:x 6esitiu meuTpiB cumeTpii Mmae irypa, sika CKJIaTAETHCA
3 IBOX MapaJieJIbHUX NPAMUX. Byab-Ka TOYKa IPsAMOi, PiBHO-
BigmaseHol BiJ IBOX HAHUX, € IEHTPOM CHMETPii posrismayBaHol
dirypu (puc. 19.6).

O-w 3apmaua 1. JloBexiTh, 1110 06pa3oM AaHOI IpAMOI | mpu
cumeTpii BigHOCHO ToukM O, sika He HAJEKUTDh IPAMIil [, € mpama,
napaJjiejibHa JaHii.

Po3s’a3annsa. OCKIIbKY IIeHTPAJIbHA CUMETPisa — Iie PyX, TO
obpasom npamoi [ Oyae npama. asa modyqoBu IIPAMOI JOCTaTHBO
3HANTH OBi OyIb-AKi 11 TOUKHU.

BubGepemo Ha mpsawmiit [ moBinbHI
Touku A i B (puc. 19.7). Hexaii Touku
A, i B, — ixui o06pasu npu IeHTpaIb-
Hi#f cumerpii BigHocHo Touku O. Toxi
npama A,B; — o6pa3 npamoi .

Ockinpxu AO = OA,, BO = OB, xyTu
AOB i A,OB, piBHi AK BepTUKAaJbHI,
To TpukytHuKu AOB i A,0B, piBHi
3a IEePIIOI0 03HAKOIO PiBHOCTI TPUKYT-
HuUuKiB. 3Bigmcu /1= /2 (puc. 19.7).
Orike, 3a 03HAKOIO mapaseabHux npsamux [|| A,B,. 4

Puc. 19.7

3amaua 2. Touka M Hamexurs Kyry ABC (puc. 19.8). Ha
croporax BA i BC kyra nmobyayiite tTaki Touku E i F, 1106 Tou-
Ka M OyJa cepenuHoio Bigpiska EF.
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Poss’asannasa. Hexait mpama A, B, — obpas npamoi AB mipu
meHTpadbHilT cuMmeTpii BigHocHo Touku M (puc. 19.9). IlosHa-
yuMo O0yKBoio F TouKy mepetuny npamux A;B; i BC.

A E A
Bl
oM
B
B C
C A/lﬁ
Puc. 19.8 Puc. 19.9

3uaiigemo npoobpas Touxku F. OueBUIHO, 110 BiH JEKUTH Ha
npamit AB. ToMy [OCTaTHBO 3HANTU TOUKY IEPETUHY IIPAMUX
FM i AB. TlosHauumo 110 TOuKy OykBowo E. Toxi E i F — mry-
kaHi Touku. €

BuBuarouu HaBKOJHUIIHIN CBiT, M YacTO 6auMMO HPUKJIAIU
nposaBy cumetrpii B mpupoxi (puc. 19.10). O6’ekTu, AKi MaoOTh
Bich a00 IIeHTP cUMeTPii, JIETKO CIPUNMAIOTHCS Ta MPUEMHI IJIA
oueii. Hemapma B CraposmasHiii I'pertii ciioBo «cumeTpid» cayry-
BaJI0 CHHOHIMOM CJIiB «TapMOHisI», «Kpaca».

Puc. 19.10

Ines cumeTpii MIUPOKO BUKOPUCTOBYETHCA B 00Pa30TBOPUOMY
MUCTEITBi, apxiTeKTypi & TexHimi (puc. 19.11).

Puc. 19.11
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Ha pucynky 19.12 zo6pasxkeno Touxku O,
' X, X, i X, raki, mo OX, =0X,=0X,
/X,0X = /X,0X = a. 'oBopaTs, 1110 TOUKA
o X, € obpasom Touku X TpU IMOBOPOTiI HaAB-
[0 XY K0JI0 eHTpa O mpoTH TOAUHHUKOBOI CTPiJI-
KM Ha KyT o. TaxoX roBOpsTh, IO TOUYKA
X, — 1e o6pa3 Touku X IIpu MOBOPOTi HAB-
2 kKoo meHTpa O 3a TOTMHHUKOBOIO CTPiJIKOI0
Ha KYT .
Touky O HasuBaIOTh HEHTPOM IMOBOPOTY,
KYT 0. — KYTOM IIOBOPOTY.

Posraamemo ¢irypy F, Touky O ta KyT o. KosxwHiii Touri X
dirypu F mocTaBuUMO y BiAmoBimHiCTH TOUKY X, AKa € o6pazoM
Touku X MIPU IMOBOPOTi HABKOJIO IeHTpa O IPOTH TOJUHHUKO-
BOi cTpinkm Ha KyT o (aKmio Touka O HameXuTh (irypi F, To
iit sicTaBiseThCcA BOHA caMa). YHACIiTOK TAaKOT0 IepPeTBOPEHHS
dirypu F orpumaemo pirypy F, (puc. 19.13). Taxe mepeTBopeH-
Ha (irypu F Has3swBaiOTh MOBOPOTOM HaBKOJO IeHTpa O mporu
TOOMHHUKOBOI CTPiJKM Ha KYT o.. Touky O Ha3WBaIOTL HEHTPOM
TIIOBOPOTY.

P

Puc. 19.12

Puc. 19.13 Puc. 19.14

AmasoriuHo 03HAUAIOTEH IIEPETBOPEHHS IIOBOPOTY (irypu F 3a
TOAMHHUKOBOIO CTPiJIKOIO Ha KyT o (puc. 19.14).

3ayBasKuUMO, IO IeHTPAJIbHA CUMETPiA € ITOBOPOTOM HABKOJIO
ImeHTpa cuMeTpii Ha KyT 180°.

Teopema 19.2 (BnactuBicTts moBopoty). ITogopom €
pyxom.

JloBeniTh 1110 TeopeMy caMOCTiHiHO.
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Hacainox. Axwo ¢isypa F, — ob6pa3 ¢izypu F npu no-
éopomi, mo F =F,.

3amgaua 3. awmo npamy a i Tourky O mosa Heio. IloOyxmyiiTe
obpas mpAMOi a mpu IMOBOPOTiI HaBKOJO TouKu O IIPOTH TOAUH-
HUKOBOI CTPijKM Ha KyT 45°.

Pos3s’aszannsa. OCKiIbKH IIOBOPOT — IIe PYX, TO oOpasom
npamoi a 6yae npama. [[aa moOyaoBu IpAMOI JOCTaTHBO 3HAUTH
nBi Oyab-aki 11 Touku. Bubepemo Ha mpaMiii a goBiibHI Touku A
i B (puc. 19.15). Ilo6ygyemo Touku A, i B; — ixui 0o0pasu npu
HOBOPOTi HAaBKOJIO TOUKM O NPOTH TOAMHHUKOBOI CTPIiIKM Ha
kyT 45°. Toxi npsama A,B, — o6pas npamoi a. 4

A 4
E
M P
B F\ C
Bl
Puc. 19.15 Puc. 19.16

3amaua 4. Touxka P Hamexuts KyTy ABC, aje He HAJIEKUTH
ioro croponam. IloOyamyiiTe PiBHOCTOPOHHI# TPUKYTHUK, OJHA
BEPINIMHA SKOTO € TOUKoI0 P, a aBi inmii HamexkaTs ctoponam BA
i BC kyra ABC.

Poszs’ssannsa. Hexaii nipsama A,;B; — o6pas npamoi AB npu
IMOBOPOTi HABKOJIO IeHTpa P ImPOTH TOAMHHUKOBOI CTPiIKU Ha
KyT 60° (puc. 19.16). IlosHaunmo GYyKBOIO F TOUKY MEPETUHY
npamux A,;B; i BC.

Hexait Touka E — mpoobpas TOUKHU F IIpU PO3TIALYBAHOMY
noBopori. Touka E Hame:xuth cropoHi BA xyra ABC.

IIi mipKyBaHHA MiAKa3yIOTh, AK MOOYAyBaTU IIYKAHUUN TPU-
KYTHUK.

Bynyemo npamy A,B; AK ob6pas npamoi AB mpu MmOBOPOTi
HaBKOJIO IleHTpa P mpoTuM rOAWHHUKOBOI CTpiJKu Ha KyT 60°.
Hexait F — Touka nmepetuny npamux A;B; i BC.

Bynyemo kyt M PF, 1o nopiBuioe 60°. Hexaii npami MP i AB
neperuHaioTbed B Touri E. Ila Touka i € mpoodopasom Touku F.
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Maemo: PF=PE i Z/FPE =60°. Omxe, TpukyTHuk EPF piB-
HOCTOpPOHHI. 4

? |

—h

. 9Ki TO4KM Ha3MBaTb CUMETPUYHMUMMN BIOHOCHO TOYKM O? FK Ha-
31BaoTb TO4KYy O7?

ki dirypn Ha3nBaloTb CUMETPUYHUMM BIOHOCHO TOYKM O7
CdopmynionTte BNACTUBICTb LEHTPaNbHOI CUMETPII.

4Ky BnacTuBiCTb MaloTb dirypm, CUMETPUYHI BiGHOCHO TOYKN?
Mpo saky dirypy roBopsith, WO BOHA MAE LEHTP CUMETPII?
Hagepnitb npuknagu @iryp, aki MaloTb LEHTP CUMETPII.

OnunwiTe NEpPeTBOPEHHS NOBOPOTY HABKOJIO TOYKN.
CdopmynionTte BNAaCTUBICTb MOBOPOTY.

9Ky BNacTMBiCTb MalTb irypu, sIKLWO ogHa 3 HUX € 06pasom
ApYyroi npy NoBOPOTI?

RN AWN

Ei;b{& NMPAKTUYHI SABAAHHS I

19.1.° Haxpecaite TpuryTHuk ABC i mosmaure Toury O, sKa
He HajdeXuThb nomy. IloOymyiiTe TPUKYTHUK, CUMETPUUHUNA
maHoMmy BimHOCHO Touku O.

19.2.° Hakpeciits TpukyTHuk ABC. IloOyayiiTe TPUKYTHUK,
CUMETPUYHMI JaHOMY BilHOCHO cepeuHU CTOPOHU AB.

19.3.° HaxpecJiTs K0JI0 i1 TO3HAUTE Ha HbOMY TOUKY. I[1o0ymyiiTe
KO0JIO, CUMETPHUYHE JAHOMY BiJHOCHO IIO3HAUYEHOI TOUKMH.

19.4.° TloGynyiiTe 06pas Bixpiska AB Ipu MOBOPOTI HABKOJIO II€H-
Tpa O IPOTU TOAMHHUKOBOI CTPiJiKM Ha KyT 45° (puc. 19.17).

O
\v g

B

C

Puc. 19.17 Puc. 19.18
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19.5.° Ilob6ymyiiTe 06pas TpuKyTHUKA ABC Ipu IIOBOPOTi HABKOJIO
meuTpa O 3a TOAMHHENKOBOIO CTPiiKoio Ha KyT 90° (puc. 19.18).

19.6.° ITo6ynayiiTe nmapaseaorpam ABCD 3a iioro BepiuuHamum A
i B ta Toukoio O meperuny ioro miaromaJeit (puc. 19.19).

19.7.° lano nBi mapaJsenbHi npami a i b (puc. 19.20). 3naiigiTs
TOYKY, BiTHOCHO SAKO1 IIpAMa a 0y/le CHMEeTPUYHOI0 IPAMil b.

19.8. Ha pucyury 19.21 zo6pakeHo aBa piBHuUX Bimpisku AB
i BC, npuuomy LABC =60°. 3Haigite Touky O Taky, 1m1o0
Bizmpisok AB 0yB o6pasom Bigpiska BC mpu IOBOPOTiI HABKOJIO
Touky O IPOTU TOAMHHUKOBOI cTpinku Ha KyT 120°.

B

Ae
°0 b A C M

Puc. 19.19 Puc. 19.20 Puc. 19.21 Puc. 19.22

19.9.° Ha pucyuky 19.22 300pakeHO ABa PiBHUX HEepPIEHIUKY-
agpHux Biapiskm MN i NK. 3uaiigite Toury O Takry, 1100
Bigpisox NK OyB ob6pasom Bigpiska M N mpu IIOBOPOTi HABKOJIO
Touku O 3a TONIMHHUKOBOIO CTPijIKoI0 Ha KyT 90°.

19.10.* IloGynyiiTe Qirypy, sxa He Maec ocell cuMeTpii Ta o6pasom
AKOI € 1151 cama (pirypa mpu IIOBOPOTI HABKOJIO MEAKOl TOUKM:

1) ma xyT 90°; 2) Ha KyT 120°.

—

W BMPAB/ I

19.11.° Miaromani mapanemorpama ABCD B M C
nepetuHailoTheA B Touri O (puc. 19.23). v
Touka M — cepemguua ctopouu BC. Q
Yraxirte obpasu Touok A, D i M, cTto- 4 D

poumu CD, miaronani BD mpu cumerpii

BizHOCHO TOuKH; O. Puc. 19.23
19.12.° JloBeniTh, 1110 TOUKA IIEPETUHY Iia-

roHaJiell mapaJiejorpamMa € foro IeHTPOM CHUMeTpii.
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19.13.° doBeniTh, 1110 KOJO MAa€ IMEHTP cuMeTpii.

19.14.° Tourku A, i B, € obpasamu BiamoBimHO TouoK A i B mipu
cuMeTpii BiTHOCHO TOUKM, AKa He HaJNEeKUTh npamiit AB. I[o-
BeIiTh, IO YOTUPUKYTHUK ABA,B, — mapaJiesiorpaMm.

19.15.° 3uaiigiTh KOOPAMHATHU TOYOK, CHUMETPUUYHHUX TOUKAM
A (3; —1) i B (0; —2) BigHOCHO:
1) mouaTKy KOOpPAUHAT; 2) Trouku M (2; —3).

19.16.° HoBexiTh, 1110 00pasoM IIPAMOI, sIKA IMPOXOIUTL Uepel
IEeHTP CUMeTPil, € I caMa mpsMma.

19.17.° Touku A (x; —2) i B (1; y) cumeTpuuHi BiZfHOCHO:
1) mouaTKy KOoOpAauHAT; 2) rouku M (—1; 3).
SHanxmite x i y.

19.18.° Ha pucyury 19.24 3o6paskeHo ¢irypu, aki cKageHo 3 pis-
HuX miBKpyriB. fAKi i3 nmux ¢iryp npu meBHOMY IIOBOPOTi
HaBKoJ10 Touku O Ha KyT O, e 0° <o < 180°, 36iratorbcs 3i
cBoiMu obpasammu?

@u?ﬁ/r\a&//\o{\% 0%

a 0 8

Puc. 19.24

19.19.° Megmiaunu piBHOCTOPOHHBLOTO TpuKyTHUKa ABC mepeTu-
HaoThea B Touri O (puc. 19.25). Yramxits o6pasu Touox C,
C, i O, cropouu BC, meniauu BB,, Bigpiska OC,, TPUKYTHU-
kKa A;B;C, mpu moBopoTi HaBKOJO TOUKM O IPOTU TOAUHHU-
KOBOI cTpinku Ha KyT 120°.

A B
Fé io \C
E D

Puc. 19.25 Puc. 19.26
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19.20.° Touxka O — 1eHTp TpaBUIbHOIO IecTuKyTHUKA ABCDEF
(puc. 19.26). Yraxith obpasu croporu AF, miaronaini BF,
miaronaisi AD, mectukytuauka ABCDEF
IpU IOBOPOTi HaBKoso Toukum O 3a ro- B C
IUHHUKOBOIO CTPLIKOIO Ha KYT:
1) 60°; 2) 120°.

19.21.° Oiaronamni kBagpata ABCD mepeTu- (o)
HatoThedA B Toutti O (puc. 19.27). YkaxkiTs
obpasu Touok A, O i C, cropornu AD, A D
miaroHasi BD mpu IIOBOPOTI HaBKOJIO
Touku O 3a TOZVMHHUKOBOIO CTPiJIKOIO Ha Puc. 19.27
KyT 90°.

19.22.° [loBeniTh, 110 TPUKYTHUK HE Ma€ IeHTPa cuMeTpii.

19.23.° [loBeniTh, 110 MPOMiHb He Ma€ IeHTPa cCUMeTpii.

19.24.° JloBeniTh, 110 KOJW YOTUPUKYTHUK MAa€ IIEHTP cUMeTpii,
TO BiH € ImapaJjieJorpaMoM.

19.25.° Koxa i3 mearpamu O, i O, cumeTpuuHi BimHocHO Touku O
(puc. 19.28). IIpama, sKa IPOXOAUTH Uepes IEHTP CUMEeTpii,
ImepeTuHAa€E mepine KOJIo B ToOUKax A; i By, a agpyre — y To4-
Kax A, i B,. HoBenits, mo A;B; =A,B,.

-

A

1
Puc. 19.28

19.26.° BepminHa A piBHOCTOPOHHBOTO TPUKYTHUKA ABC € 11eH-
TpoM moBopoTy Ha KyT 120°. 3HaiiaiTe Biapisok BC,, Ae TouKa
C, — obpa3s Touku C mpu 3aJaHOMY IIOBOPOTi, AKImo AB =1 cwM.
CrinbKu po3B’A3KiB Mae 3amaua?

19.27.° Bepmnuaa A kBagpata ABCD € 11eHTPpOM HOBOPOTY IIPOTU
TOAMHHUKOBOI cTpinku Ha KyT 90°. 3maiimites Biapisox CC,,
e Touka C, — obpas Touku C mpu 3aJaHOMY IIOBOPOTi, SKIIIO
AB=1 cwMm.
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19.28.** BepmuHu ogHOTO IIapaJjejorpaMa JiesKaTh Ha CTOPOHAX
APyToro: 1o OAHiY BepIIUHI HAa KOKHiM cTopoHi. [loBeaiTh, 110
TOUKM IEePeTUHY JiaroHaJIel IMUX IapaJjejiorpaMiB 36iramoTses.

19.29. Tourku A i C Hale:xaTh TOCTPOMY KTy, ajie He JIe:KaThb
Ha #oro cropoHax. IloOyayiite mapaaemorpam ABCD Tak, 1100
Touku B i D jekanu Ha CTOPOHAX KyTa.

19.30.** IIoOynyiiTe BiApi3oK, cepeAWHOI0 AKOTO € JaHa TOYKA,
a KiHI[I HaJe)XaTh JaHUM HellapaJIeJbHUM IIPAMIM.

19.31. Touka M manxexuts KyTy ABC i He HaJIeXKUTH HOTO CTO-
pouam. IToOynyiiTe piBHOOEAPEHUH IPAMOKYTHUN TPUKYTHUK,
BepInHA IIPAMOIr0 KyTa SKOro € TOuKoro M, a aBi iHmri Ha-
JexxaTth cropoHaMm BA i BC BigmoBigHO.

19.32.* Ha cropoui BC piBHOCTODPOH-
HBOTO TPUKYTHUKA ABC MO3HAYMIT
Touky D. ITosa rpukyraukom ABC
mo3HaumJanm TOUKy E Tary, III0
TpuKyTHUK DEC piBHOCTOpPOHHIiN
(puc. 19.29). Hosexits, 110 Toura C
icepenqunu M i K Bimpiskis BE i AD
BiJIIOBiIHO € BepIInHAMU PiBHOCTO-
POHHBOI'O TPUKYTHUKA. Puc. 19.29

19.33.* IloOyayiiTe PiBHOCTOPOHHIM
TPUKYTHUK TaK, 11106 f0r0 BEPIINHYU HAJIEMKAIN TPHOM JAHUM
mapajeJbHUM IPAMUM.

19.34.% TIo6yayiiTe poM0, TOUKOIO IEPETUHY AiaroHaIel AKOro €
laHa TOYKAa, a TPU BEPIITUHY HAJEKATh TPHOM JaHUM IIOITapHO
HermapaJeJbHUM IPIMUM.

19.35.* Ha croponui CD xBazgpata ABCD mosHaueHo TOUuKy E.
BicexTpuca kyra BAE nepetunae cropouny BC y touri F. Ilo-
BeliTh, 110 AE = BF + ED.

19.36.* ¥V piBHOCTOPOHHLOMY TPUKYTHUKY ABC BHOpaHO TOU-
Ky P Tak, mo ZAPB =150°. [loBeniTh, IO icCHy€e IPAMOKYT-
HUHA TPUKYTHUK, CTOPOHU SAKOTO MTOPiBHIOIOTH Bigpiskam PA,
PBi PC.
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BMPABU AJ1 MOBTOPEHHS I

19.37. 3uaiigitTe croponu TpurkyTHuka ABC, arkmo A = 30°,
/B =45°, a Bucora, mpoBejieHa 3 Bepiituau C, TOpiBHIOE 4 CM.

19.38. Ha oci a6cuc 3HafigiTh TOYKY, PIBHOBiAZAIeHY Bil TOYOK
A (—2; 4)i B (6; 8).

19.39. V piBHOOeApeHNII TPUKYTHUK BINCAHO K0JI0. Touka qoTu-
KY IiiuTh OiuHy CTOPOHY TPUKYTHHKA yV BigHOmeHH] 25 : 12,
paxyiouu Bif BepIInHY PiBHOOEAPEHOr0 TPUKYTHUKA. SHAUTITH

paziyc BIMCAHOI'O KOJIa, SAKINO ILJIOIa TPUKYTHUKA JOPIBHIOE
1680 cm?2.

CMOCTEPITAUTE, PUCYWUTE,
KOHCTPYIOWUTE, ®AHTA3YWUTE

19.40. ITosuauTe Ha MJIOIIUHI 6 TOUOK Tak, 100U OYAL-AKI Tpu
3 HUX OyJIM BepIInHAMU PiBHOOEIPEHOro TPUKYTHUKA.
20. MNopi6HicTb diryp’

Ha pucyuky 20.1 3o6paxxeno Toukm O, X i X, Takri, mro
OX, =20X. ToBopars, mo Touka X; — Ime obpas Touku X Ipu
romorerii i3 meaTpom O Ta KoedimienTom 2.

'/r/’)'( .4/9/,3(
(0] X ' X,
Puc. 20.1 Puc. 20.2
Ha pucyuky 20.2 zo6paxeno toukm O, X i X, Takri, mro

S 1—
00X, = —EOX. T'oBopsaTs, 110 Touka X, — Iie o6pas Touku X mpu

- .. 1
romorerii i3 mearpom O Ta KoedimieHTOM s

! Marepiang IyHKTY, AKHAA BiJHOCUTHCA IO rOMOTETiI, € HE06OB  A3-
KOBUM /[JI1 BUBUEHHS.
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¥Ysaraimi, axmo touku O, X i X, € Takumu, 110 E{j = kOX,
ne k # 0, To TOBOPATH, 110 Touka X; — Ie 06pa3 Touku X mpu
romorerii i3 meaTpom O Ta KoedimiecaTom k.

Toury O HasUBAOTH IEHTPOM TI'OMOTETii, Yyrcyio £ — Koedi-
miearoMm romorerii, £ # 0.

Posrasguemo ¢irypy F i Touxky O. Koxniit Touni X ¢irypu F
IIOCTaBUMO Yy BimmoBigHicTh TOuKy X, AKa € o0pasom Touku X
mpu romorertii i3 eaTpom O Ta KoedimienTom k (Ao Touxka O
HajmexuTh Qirypi F, To iii sicraBiadeThca BoHa cama). ¥ pe-
3yJbTaTi IILOTO IlepeTBOPeHH:A (irypu F orpumaemo ¢irypy F,
(puc. 20.3). Take nmeperBopeHHs irypu F Ha3mBaOTh TOMOTETIi€CI0
i3 menTpom O Ta KoedimierTom k. TaKoK roOBOPATH, M0 Qiry-
pa F, romoreruuna ¢irypi F i3 nmenrpom O Ta KoeditieaTom k.

Puc. 20.3

Hanpuknan, sa pucyury 20.4 tpurytHuxk A,B;C, romo-
TeTnuHU TPUKyTHUKY ABC i3 mentpom O Ta KoedimieHTOoM,
AKun nopiBHIoe —3. Takok MOKHA CKasaTu, M0 TPUKYTHUK ABC
TOMOTETUYHUN TPUKYTHUKY A,B;C; i3 THUM caMuM IIeHTPOM, aJje

.. . . 1
KoedimieaTom romorerii, AKMHA LOPiBHIOE 3

Puc. 20.4 Puc. 20.5
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3asmauumo, 110 upu k =—1 romoreria iz meurpom O € IeH-
TpaJbHOIO cuMeTpieto i3 meuTpom O (puc. 20.5). fAxmio =1, To
TOMOTETifl € TOTOXKHUM IIePEeTBOPEHHAM.

OueBugHO, 110 Ipu £ # 1 i B # —1 romoreTis He € pyxoM.

Teopema 20.1. IIpu zomomemii ¢picypu F i3 roegiuien-
mom k yci eidcmani misc ii mouxamu 3mintoromoca 6 | k | pasis,
mobmo axu,o A i B — doesinvni mouxu ¢izypu F, a mouku A,

i B, — ixHi 6i0no6i0Hi 06pa3u npu zomomemii 3 Koegiyiecn-
mom k, mo A,B,=| k| AB.
Hosedennsa. © Hexait Touka O — mentp romorerii. Toxi

OA, = kOA, OB, = kOB. Maewo:
A,B, =OB, —OA, = kOB -kOA = k(OB - OA) =k AB,

T06T0 A,B,=| E | AB. ¢

Hacaimox. Axwo mpukymnux A,B,C, zomomemuunuil
mpurymuuky ABC i3 koegiyienmom zomomemii k, mo
AA,B,C, > AABC.

Ilna moBemeHHSA IHOTO TBEPAKEHHS JOCTATHBO CKOPUCTATUCS
TeopeMoro 20.1 i TpeThOI0 03HAKOIO MOAIOHOCTI TPUKYTHUKIB.

T'omoTeTiaAa Mae HUBKY iHINTMX BJIACTUBOCTE.

Ilpu zomomemii:

® 00pa3om npamoi € npama;

e ob6pa3om 6idpiska € 8i0pi3oK;

e obpa3om Kyma € Kym, aKuil 0opieHIOE 0aHOMY;

® 00pa3om MpPUKYMHUKA € MPUKYMHUK, N00iOHUll 0aHOMY;

® 00pa3om KOLQ € KOJO0;

® NJOWG MHOZOKYMHUKA 3MiHIoEMbCs 8 k? pasis, de B — Ko-

eQiyienm zomomemil.

ITi BIacTUBOCTI BU MOKeTe JOBECTU HAa 3aHATTAX MaTeMaTUU-

HOTO T'ypPTKa.

3a3HaueHi BJIACTHMBOCTI roMoTeTii BKasyoTh HaA Te, IO Ie
IepeTBOPEHHS MOXKe 3MiHUTH po3Mipm ¢irypu, aje He 3MiHIOE
ii popmy, TOOTO IIpU romoTeTii o6pas i mMpoobpas € MOmiOHUMU
dirypamu. 3ayBaskmmo, 10 B Kypci reomerpii 8 KJjacy, Koau
#Iaoca mpo momibHicThb (iryp, My gaBaju O3HAUEHHS JIMIIIE
HOoAi0HUM TPUKYTHHUKAM. 3apas3 03HAYMMO IIOHATTA IIOAiOHOCTL
I TOBinbHUX Qiryp.
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Ha pucynky 20.6 dirypa F, romoretruuna ¢irypi F, a ¢iry-
pa F, cumerpuuHa ¢irypi F, BigHOCHO TIpsaMoi [.

F l F

1 2

Puc. 20.6

T'oBopsars, mo ¢irypy F, orpumano 3 ¢irypu F y pesyiabrari
KOMIIO3MIIil TBOX IIEPETBOPEHb: TOMOTETIii Ta 0ChbOBOI cuMeTpii.

Ockinbku F,=F,, To Qpirypu F i F, maroTs ogHakoBi opmu,
ajie pisHi posmipu, TOOTO BOHU € TOAiOHUMHU. ['OBOPATH, IIO
dirypy F, orpumano 3 ¢irypu F y pesyabTaTi mepeTBOPEeHHS
noxioHoCTi.

Ha pucynky 20.7 dirypa F, romoretruuna ¢irypi F, a ¢iry-
pa F, — o6pa3s ¢irypu F, npu geaxkomy pyci. TyT TakoX MOKHaA
CTBepIKyBaTH, 1o ¢Girypu F i F, moxibHi.

Puc. 20.7

3i ckasaHOro BUILJIMBAE, IO AOIIJIbHO HNPUAHATH TaKe O3HAa-
YeHHs.

Osunauenns. [IBi ¢irypu HasuBawTh MOXiOHUMU, AKIIO
OHY 3 HUX MOKHA OTPUMATH 3 APYrol B Pe3yabTaTi KOMITO3HIIil
IBOX IEPEeTBOPEeHb: TOMOTETII Ta PyXxy.

ITe os3nauenusa ismocTpye cxema, 3o06paskeHa Ha pucyHry 20.8.
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( IToni6HicTE ): ( T'omoreria ) + ( Pyx )

Puc. 20.8

Sanuc F ~©F osnauae, mo ¢irypu F i F, nogi6ri. Taxox
TOBOPATH, 10 Qirypa F; — obpas ¢irypu F mpu mepeTBOpPeHHi
MOAiOHOCTI.

I3 maBemeHOTo O3HAUYEHHS BUILIUBAE, IO NPU NEPemMeE0pPeHHI
nodionocmi iecypu F eidcmani mixc il mouKamu 3MiHIOWOMbCA
6 00HY UL my camy KinvKicmb pasie.

OCKiIBbKM TOTOKHE IMEePEeTBOPEHHS € PYXOM, TO 3i cxemu, 30-
Opaskenoi Ha pucyury 20.8, BUILINBAE, IIT0 TOMOTETiA — OKPEeMUIi
BUNAMOK IIEPETBOPEHHS MOAiOHOCTI.

Hexait A i B — poBinbHi Toukm ¢Qirypu F, a Touku A, i B, —
ixHi oOpasu mpu nepeTBopenHi moxioHocTi. Touku A, i B, HaylexaTh

. . . . . A B
Girypi F,, axa moai6ua ¢irypi F. Yucmao k= ﬁ Ha3UBaIOTh KO-
egimienTom nmoxioHoCTi. I'0oBOPATH, 110 (hirypa F; noxioHa dirypi F
iz roedimienTom moxmioHOCTI K, a dirypa F mopmi6ua ¢irypi F; is

. . .1
KoediirieHToM momioHOCTL ;

3ayBaKuMO, IO IIEPETBOPEHHS IIOAiOHOCTI 3 KoedimieHTOM
k=1 e pyxoMm. 3Biicu BUILIUBAE, IO PYX — OKPEMUH BUIIATOK
IepeTBOPEeHHS IOAiOHOCTI.

3 mepeTBOPEHHAM ITOAIOHOCTI MM YacTO MaeMO CIpaBy B IIO-
BeAKgenHOMY KUTTi (puc. 20.9). Hanpukaan, yHaACTiIOK 3MiHU
MacIiuTady KapTu OTPUMYEMO KapTy, IMOAiOHY mawiii. dororpa-
(¢is — 1me mepeTBOpeHHsA HeraTuBa B IONiOHe 300pasKeHHS Ha
doromanepi. [lepeHocAYM 10 CBOTO 30IITUTA PUCYHOK, 3pO0TeHUT
yuuTeJeM Ha IOIIIi, BU TAKOXK BUKOHYETE IIePeTBOPEHHS IOLi0-
HOCTi.

Puc. 20.9
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Teopema 20.2. BionoweHnHAa niou, nodi6GHUX MHOZOKYMHU-
Kie dopieéHnioe keadpamy Koegiyienma nodibrocmi.

JloBeneHHA i€l TeopeMU BUXOAUTH 3a MeKi pPO3TJIAIyBaHOTO
Kypcy reomerpii. Mu mosememo ii 1yt OKpEMOTO BUIIAAKY, PO3-
TJIAHYBIIY TOAi0HI TPUKYTHUKU.

Hosedennsa. © Hexait TpukyTHuK A,B,C; — 00pa3 TPUKYT-
Huka ABC mpu mepeTBopeHHI momiOHOCTI 3 KoediimienToMm £k
(puc. 20.10). Cropona A,C, — o6pas croporu AC. Toxi A,C, =
=k - AC. IlpoBememo Bucory BD. Hexait Touka D, — o6pa3 Tou-

Ku D. OckinbKu Tpu IepeTBOPeHHI momiOGHocTi 30epiraroThesa

KyTHU, TO Bimpisox B,;D; — Bucora tpukytHuka A,;B;C,. Toxi
B D, =k-BD. Maemo:
1AC B, D
Sape, 9 vt V"1 k-AC-kE-BD

K. <

S

1 .
 ABC EAC-BD AC-BD

B

Puc. 20.10 Puc. 20.11

O-w 3apgaua 1. [loBeniTs, 1110 06pa3oM IPAMOI [ IpKU rOMOTeTii
i3 meuTpom O, AKUH He HATEKUTH IIPAMiii [, € mpsAMa, ImapaaeabHa
IaHin.

Po3s’aszanusa. I3 BaacTuBocTeil roMoTeTili BHIIJIMBAaE, IO
obpasom npamoi [ 6yge npama. aa modyaoBu MpaMoi JOCTaTHBO
sHaiTU OBl Oyab-aki il Touku. Bubepemo Ha mpamiit [ moBinbHi
Touku A i B (puc. 20.11). Hexait Touku A; i B; — ixHi obpasu
mpu roMmoTerii i3 merTpom O Ta KoeditienTom k£ (pucysox 20.11
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BigmoBimae Bumaaky, koau k > 1). Toxi mpsama A,B; — ob6pas
npsamoi AB.

IIpu moBemenni Teopemu 20.1 Mu mmoxkasaau, IO E =FkAB.
Orxe, AB|| A B,. 4

3amaua 2. Y roctpokyTHuil TpuKyTHUK ABC BOUIIITH KBa-
IpaT Tak, 100 ABi OoT0 BEpPIIIMHU JIeKaJd BiAIIOBiZHO Ha CTOPO-
Hax AB i BC, a gBi iummi — Ha ctoponi AC.

Poses’aszanns. I3 goBinbuOI TOouku M cropouu AB omycTHMO
neprneHIuKyaap M@ Ha ctopony AC (puc. 20.12). ITobymayemo
KBagpaT MQ@PN rtak, 11100 Touka P jexxana Ha npomeni QC. He-
xaii mpoMmiab AN meperuHae cropouy BC y Touri N;.

Posraamemo romoreriio i3 meHTpoM A Ta KoedimieHTOM

1 . P
k=——. Toxi Touka N, — o6pas Touku N mpu Iiii romoTerii.

Oo6pasowm Bigpiska MN e Bigpisok M,N,, ne Touka M, HaJIeKUTb
npomeH0 AB, npuyomy M, N, || MN. Aranoriuso Bigpisox N P,
TaKuii, 1mo Touka P, Hajse:xurs npomeno AC i N, P, || NP, € o0-
pasom Bigpiska NP. Orxke, Bimpisku M N, i NP, — cycizni
CTOPOHU INTyKaHOTO KBajapara. I[Jia s3aBepllieHHA HOOYIOBU 3a-
JIIIIAJIOCS OIYCTUTH IepIeHAuKyasap M,Q, Ha cropony AC. 4

B
M, N,
C
zal /‘\
4 Q PQI P1 ¢ A D B
Puc. 20.12 Puc. 20.13

3amaua 3. Bigpisok CD — BHCOTa IPAMOKYTHOT'O TPUKYTHU-
kKa ABC (£C =90°). 3uaiiniTe pagiyc r BIUCAHOTO KOJia TPUKYT-
Huka ABC, AKI0 pagiycu Kija, Bomcanux y TpuKyTHuUKU ACD
i BCD, BimmoBigHO DOPiBHIOIOTH 1y 1 Iy.

Poszg’asannsa. OCKiTbKU KYyT A — CIIJIBbHUN IJIA IPAMOKYT-
HUX TpuKyTHUKiIiB ACD i ABC, TOo 1li TPUKYTHUKU IOAi0HI
(puc. 20.13). Hexaii xkoediiieHT momiOHOCTi mopiBHIOE E;.
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,
OueBuzgno, mo k, =-1. Amanoriuno ABCD © AABC i3 koediri-
r

T.
€HTOM moaibHoCTi k, = 2.
r
ITosrauumo mwiomti TpukyTaukis ACD, BCD i ABC BigmoBigHO
S;, S, 1 S. Maewmo:

2
Si_pelhy S g n
S r2’ S z2 2
2 2
+ S, +S
3Bigcu 4! 2r2 =1 21,
r S

Orpumyemo, mo r’ =717 +r}, TOOTO 1=} +717.

Bidnogidv: \ri +r}. 4

‘I) -
¢ 1. Y akomy pasi roBopsTh, WO Toyka X, € obpa3om Toukn X npu
romMoTeTii i3 ueHTpoM O Ta koedilieHToM k?
2. ONnwiTb NepeTBOPEHHS dirypn F, ke Ha3nBaloTb FOMOTETIEIO i3
ueHTpom O Ta KoediuieHToOM k.
3. 9K 3MIHIOETBCS BiACTaHb MiXXK TOYKAMM NPU FrOMOTETIi 3 KoediLi-
EHTOM E?
4. ChopmynionTe BNacTUBOCTI FOMOTETIl.
5. dki dirypu Ha3vBaoTb NOAIGHUMUN?
6. YoMy OOpPIBHIOE BiAHOLLIEHHS NAOLLL MOAIOHNX MHOIOKYTHUKIB?

|p— \:l‘
=) MPAKTUYHI 3ABIAHHS! I

20.1.° TIlobymyiiTe o6pas Bigpiska AB
(puc. 20.14) opu romoretii i3 merTpom O A
Ta Koe(iIieHToOM:

1) k=2; 9) k=-1. NUB
2 O

20.2.° Hakpeciits Bigpisox AB. IloGynyiiTe
o0pas IIbOro BiZpisKa mpu romorTeTii 3 Ko- Puc. 20.14
edimiearom k i merTpom:
1) y Toumi A, k= 3;



20. MoaibHicTb diryp 21

2) y Touni B, k=-2;
3) y cepenuui Bimpisxa AB, k= 2.
20.3.° Hakpecaits Ko0J10, pagiyc AKOro JOpPiBHIOE 2 cM, i IMO3HA-

yre Ha HbOMY TOUuKy A. IloOyayiiTe oOpas IbOro KoJa IIpu
roMmoTerTii 3 KoediiieuTom k i menTpom:

1
1) y menTpi Koisa, k= 5 k=2;

2) y Toumni A, k=2, kz—%.

20.4.° Haxpeciaite TpuryTHuk ABC. Ilo06ynmyiiTe o0pas IIHOTO
TPUKYTHUKA IPU TOMOTeTii 3 KoedimieaTom k i meHTpOM:
1) y Toumi B, k=3;

1
2) y Toumnti C, k :—5;
) 1
3) y Toumni A, B=—;
2
1
4) y cepenuni cropouu AB, k=—;
2
1
5) v cepenuni croponu AC, k= 3

20.5.° Haxpecaits TpukyTHUK ABC. 3HAHUAITh TOUKY IEPETUHY
ttoro memian. IToOyayiiTe o6pas IIHOr0 TPUKYTHUKA IIPU T'OMOTE-
Til i3 IEHTPOM y TOUIIi IIePeTUHY Horo MeaiaH i KoedirieHTOM:

1 1
1) k=2; 2) k=—; 3) k=——.
) ) k=3 ) 5

20.6.° Hakpecuits mapaaensorpam ABCD. Touky mepeTuny ioro
miaroHasen mosuHaure OykBoio O. IloOyayiiTe oO6pas 1pOro ma-
panesorpaMa mpu romorertii i3 meaTpoMm O Ta KoedilieHTOM:
1) k=2; 2) k=-2.

20.7.° Haxpecaits kBagpat ABCD. IlooyayiiTe o6pas I1LOT0 KBa-
apara IIpu roMoTeTii 3 KoedilieHToM k i mmeHTpoMm:

1) y Touri A, k& =%; 3) y Toumni C, k= 2.
2) y Toumni B, k=-2;
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20.8.° OpieuTyounch 3a KJIITHHKAMU, HAKPECTITh II’ ATUKYTHUK
ABCDE (puc. 20.15). Ilo6ynyiite n’atukytauk A,B,C,D.E,

. . .. . .1
momioHuii mamomy 3 KoedimieHToM momibHOCTL >

C
N
N
N
B \\
N
N
E D
.
/
I
A
Puc. 20.15

20.9.° Ha pucyuky 20.16 Touka A, — o6pa3 Touku A mpu ro-
moreTii i3 mentpom O. IloOyayiiTe ob6pas Touku B mpu Iriit

TOMOTeTii.
a4 A 0 B
B
S 4
a 0 ? 1:11
Puc. 20.16 Puc. 20.17

20.10. Ha pucyury 20.17 Touxka A, — obpas TouKu A mpu Tro-
MorTeTii 3 koedimientom: 1) k = 3; 2) k= —2. [lobyxayiiTe eHTp
TOMOTeTii.

20.11.° Ha pucynky 20.18 3so6paxeno npamMoKyTHux ABCD
Ta Touku A, i D,, AKi ¢ obpasamu BiamoBimHO TOuoK A i D
mpu mepeTrBopeHHi moxioHocTi. [loOyayiiTe 00pas MIPSIMOKYT-
Huka ABCD npu 1npomMy nepeTBopeHHi. CKiTbKU pPo3B’sI3KiB
Mae 3azaua?
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A B
Dl
8 lc A D C
A Cl
Al D 1
Puc. 20.18 Puc. 20.19

20.12.° Ha pucyuky 20.19 3o6pakeno nmpamokyTauk ABCD Tta
Touku A, i C,, AKi € obpasamu BiammoBigHO Touok A i C m1pu; mepe-
TBOpeHHi moxibuocTi. IToOyayiiTe o6pas npamorkyTauka ABCD
Ipu IIboMy IiepeTBopeHHi. CKilbKU po3B’A3KiB Mae 3amaua?
20.13.° IlooyayiiTe obpas TpukyTHuka ABC mpu mepeTBOPEeHHi
MoAi0HOCTi, IKe € KOMIIO3UI[i€I0 IBOX MePeTBOPEeHb: TOMOTETIl
i3 meuTpom O i KoepimienTom k=2 Ta ocboBOi cuMmeTpii Bif-
HocHO npsamoi [ (puc. 20.20). YKaxiTs KoedilieHT mogioHoCTi.

A l

» ?

(0] B b

Puc. 20.20 Puc. 20.19

20.14. HakpecaiTs K0J10, pagiyc axkoro mopisuioe 2 cm. ITosHa-
uyre Touky O Ha Bimcraui 4 cm Bixg fioro meuTpa. IloOyayiiTe
00pas IbOro KoJia IPU IIePeTBOPEHHI Momi6HOCTI, SKe € KOM-
MMO3UIII€I0 IBOX IEePEeTBOPeHb: roMoTeTii i3 meuTpom O Ta KO-

. 1. .
edimierTom k£ =— i moBopory i3 nmeaTpom O 3a TOAMHHUKOBOIO

cTpinKoio Ha KyT 45°. YKamiTh KoedimieHT moxi6bHOCTI.
20.15.° Ha pucyury 20.21 300pakeHo ABi mapajielbHi mOpaMi a
i b. IloGymyiiTe IeHTP rOMOTETiI, IpU AKOMY IpaMa b € 00-
.. 1 1
pasom npamoi a 3 Koedimienrom: 1) k=2; 2) k= 5; 3) k= 5
Ckinbku po3B’sA3KiB Mae 3amaua?
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20.16.° Haxpecuits Tpamnerniio ABCD, ocuoBa BC skoi y aBa pasu
meniIa Big ocaoBu AD. IToGyayiiTe meHTP roMoTeTii, mpu AKik
Bimpisoxk AD e o6pasom Bimpiska BC i3 KoedimieaTom:
1) k=2; 2) k=-2.

@ BMPAB/ T

20.17.° Y nmapanenorpami ABCD Touka D; — cepeamHa CTOPO-
Hu AD. IIpu romoretii i3 meHTpoM A Touka D; € 00pa3om TOU-
ku D. 3HaigiTh KoedimieHT romoreTii. YKaxXKiTh, AKI TOUKU
€ obpaszamu TouoK B i C mpu 11iii romorerii.

20.18.° ki 3 diryp, sobpaskeHux Ha pucyHKy 20.22, 36iramorbcsa
3i cBoiMu obpasaMu mpu romoreTii i3 meaTpom O Ta Koedilri-
eatom kB > 01ik = 1?

Puc. 20.22

20.19.° dxi 3 diryp, soopakernux Ha pucyuky 20.23, 36iraoTbes
3i cBoiMmu oOpasamu mpu romorerii i3 mernTpom O Ta Koedilri-
eurom k < 0?

Puc. 20.23
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20.20.° Megiaau tpuryTHuka ABC mepeTHMHAIOTHCA B TOUINL
M (puc. 20.24). 3uaiiniTe KoediiieHT romoTeTii i3 IMTEHTPOM:
1) y Tourni B, nipu sakiit Touka B, € o6pazom Touku M;
2) y Touni M, ipu aKiii Touka A; € 00pasomM TOUKU A;
3) y Toumni C, npu akiit Trouka M e obpasom Touku C;.

20.21.° Mepianu tpurytHuxa ABC
mepeTuHawThCea B Touli M
(puc. 20.24). YraxiTb Koedirri-
€HT i I[eHTP roMoTeTii, mpu AKik
TpukyTHUK A, B,C, € 06pasom Tpu-
Kytauxka ABC.

20.22.° Y trpukytuury ABC menianu
AA,, BB; i CC, mepeTuHaOThCA
B Tourti M. Touku K, Fi N — ce-
penunu BigpiskiB AM, BM i CM
BimmoBigHO. YKaXKiTh KOoe(iIlieHT 1 IeHTp rOMOTeTil, IIpu AKil
TpuKyTHUK ABC € obpazom TpuKyTHuUKa KFN.

20.23.° 3uaiigitTe obpasu Touok A (—2; 1), B (3; 0) i D (0; —6)
npu romorertii i3 meaTpom O (0; 0) Ta KoedimierTOM:

1) k=2 2) k=3; 3)k:—%; 4)k:—%.

Puc. 20.24

20.24.° Touka A, (—1; 2) — o6pas Touku A (—3; 6) mpu romore-
Tii i3 IIEHTPOM y MOYaTKy KOOpAMHAT. SHAUAITH KoedirieHT
roMOTeTii.

20.25.° ILnomri 1BOX MOLI0OHNX TPUKYTHUKIB TOPiBHIOIOTEL 28 cm?
i 63 cm?. Opma 3i CTOPIiH IEPIIOro TPUKYTHUKA JOPiBHIOE 8 cM.
3HaNIiThL CTOPOHY APYTOT0 TPUKYTHUKA, TKA BiATIOBigae gaHiit
CTOPOHIi IIepIIoro.

20.26.° BigmoBigHi cTOPOHU ABOX MOAIOHUX TPUKYTHUKIB MTOPiB-
Hi010Th 30 cM i 24 cm. ILnoia TpukyTHIUKA 3i cTopoHoio 30 cm
nopiBuioe 45 cm?. S3HAWAITE IJIOINY APYTrOro TPUKYTHUKA.

20.27.° Ilmoma TpuKyTHUKA HJopiBHIOE S. YoMy HOPiBHIOE IIIOIIA
TPUKYTHUKA, AKUI BiATHHAE BiJ JaHOTO #OTO cepenus JiHia?

20.28.° Ilmomia TPUKYTHUKA MOPiBHIOE S. 3HAUAITE MJIOIY TPU-

KYTHUKA, BEPIIINHU SIKOTO — CEePeJNHU CepPeqHiX JiHil faHoro
TPUKYTHUKA.



216 § 5. TEOMETPUYHI MEPETBOPEHHA

20.29.° Bigpisok MN — cepennsa JgiHia tpurytuuxa ABC
(puc. 20.25). YKaxiTh KoedimieHT i meHTp romorertii, mpu
AKiN:
1) Bigpisok AC € obpasom Bigpiska MN;
2) Bigpisox M N e obpasom Bimpiska AC.

B P

N Tq

A C
Puc. 20.25 Puc. 20.26

20.30.° ITapayienbHi IPAMi ITepeTUHAIOTH CTOPOHU KyTa A B TOU-
kKax M, N, P i Q (puc. 20.26). Bigomo, mo AM : MP=3 : 1.
VYrakiTh KoedimieHT i meHTp romoTeTii, mpu AKiii:
1) Bigpisok P € obpaszom Bigpiska MN;
2) Bigpisox M N e obpasom Bimpiska PQ.

20.31.° ITapanenpni Bigpisku BC i AD Taxki, 1m0 AD = 3BC. CKinb-
KU iCHY€ TOUOK, IIT0 € I[eHTPaMU T'OMOTEeTii, Ipu AKiii oOpasoM
Bigpiska BC € Bimpisoxk AD? [l KOKHOI TaKOI TOUKY BU3HA-
uyre KoedimieHT romoreTii.

20.32.° Kouxa i3 menrpamu O, i O, Ta pagiycamu R i r BigmosBigzo
MaloTh 30BHIiMHIN moTuk y Touri O (puc. 20.27). HoBexnirs,
10 KoJ10 i3 mentTpom O; € ob6pasom KoJja i3 meratpom O, mpu

. . .. R
romoTerTii i3 meaTpom O Ta KoedimieHTOM ——.

o
&@ o

Puc. 20.27 Puc. 20.28

20.33.° Kouaa i3 nearpamu O, i O, Ta pagiycamu R i r BigmoBigHO
MaioTh BHYTPIimHi# gfotuk y Touri O (puc. 20.28). [loeniTs,
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110 Ko0J10 i3 1merTpom O; € ob6pasom KoJa i3 meraTpom O, mpu

. . .. R
romoTerTii i3 meaTpom O Ta KoedimieHTOM —.
r

20.34.° KoJio i3 mteaTpom O moTuKaeThea 10 npamoi a. JloBeniTe,
1o obpas IpOro KoJja mpu romoretii i3 meuTpom A, 1e A —
IoBimbHA TouKa mpamoi a (puc. 20.29), moTukaeTbea m0 Iiel
OIpsAMOl.

Puc. 20.29

20.35.° Touka A (2; —3) — ob6pas Touku B (8; 6) npu romorerTii
i3 meutpom M (4; 0). S3uaiigiTe KoedimieuT romorerii.

20.36.° Touxa A (—7; 10) — o6pas Touku B (—1; —2) npu romo-
TeTii 3 KoepimienTom —2. S3HAHAITL IIEHTP TOMOTETiI.

20.37.° Toura A, (x; 4) — ob6pas Touku A (—6; y) npu romorerii
i3 mMeHTPOM y HMOUYATKY KOOpAMHAT i KoedilieHTOoM:

l)k:%; 2) k=-2.

SHanmits x i y.

20.38.° Toukra A, (4; y) — ob6pas Tourku A (x; —4) npu romoreTii
i3 menTpom B (1; —1) i koedimienTom £ =—3. 3HakgiTe x i y.

20.39.° Cepennsa JiHiag TPUKYTHUKA BiATWUHAE BiJ HLOTO Tparle-
Iiro, Iaoirna AKoi gopiBuioe 21 cm?. S3HAWAITH IJIOIY SAHOI'O
TPUKYTHUKA.

20.40.° IIpsama, napaJjaeabHa ctopoHi AC rpukytauka ABC, mepe-
THHAE #oro cropouny AB y touni M, a ctropony BC — y Tou-
i K. 3Haiigites maoiny TpukyTHuka ABC, akimo BM =4 cwm,
AC=8 cm, AM = MK, a noimia TpukyTHuka M BK mopiBHIOE
5 cm?.

20.41.° IIpomos:xenHsa Oiunux crtopia AB i CD rtpamerii ABCD

mepeTUHAIOTLCSI B ToUulli F. S3HAWAITH IOy Tpalellii, SKImo
BC : AD =3 : 5, a mnoma tpukyTauka AED nopisuioe 175 cm?.
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20.42.° Ha pucyury 20.30 300paskeHo miaH miKoau. O0uumciaiTs,
SAKY ILJIOIIY 3aiiMae ITKO0JIa, AKIMO IJIaH HaKPecJeHO B MacIII-
rabi 1 : 2000. [loB:XmMHA CTOPOHU KJIiTUHKY AOopiBHIOE 0,5 cM.

Puc. 20.30

20.43.* 3ualigiTe o6pas3 npAmMoi y = 2x + 1 ipu romoTeTii i3 1MeH-
TPOM Yy HMOUYATKY KOOpPAMHAT i Koe(ilieHTOM:
1
1) k=2; 2)k:—5.
20.44. 3uaitgiTs 06pas xoaa (x + 2)? + (y — 4)? = 4 npu romorerii
i3 IIEHTPOM y IIOUATKY KOOPAMHAT i Koe(ilieHToM:

1
1) k=2; 2) k=-2.

20.45. [IBa KoJsia MalOTh BHYTPIiIIHIiN HoTuUK. Yepes TOUKY mO-
TUKY IIPOBEJIEHO JBi IPaAMi, AKi IepeTHHAIOTh KOJia B TOUKAX
A,, A,, By, B, (puc. 20.31). Hosexits, mo A B, || A,B,.

A

B

2

Puc. 20.31 Puc. 20.32
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20.46.° [IBa KoJia MaIOTh 30BHIMTHINA JOTHUK. Yepes TOUKY HJOTUKY
IIPOBeNEHO ABi mpsaMi, AKi mepeTMHAOTh KOJa B TOUKax A,
A,, B, B, (puc. 20.32). llosexits, mo A,B, || A,B,.

20.47. Touka A HamexuTh Koy (puc. 20.33).
3HaliTh TeOMETPUUYHE MicIle TOUOK, AKi €
cepeiMHaMU XOPJ AAHOTO KOJa, OOHUM i3
KiHIiB AKUX € Touka A.

20.48.” JIsa roja MaloOTh BHYTPIIIHIA DOTUK,
IPUYOMY MeEHIIIe KOJIO IPOXOAUTHL uepes
1meHTp OinbIroro. [loBemiTh, 110 MEHIIIE KOJIO Puc. 20.33
OiINTh HABIIJM OyAb-IKY XOPAY OiJbIIIOTO
KoJla, AKa IMIPOXOAUTH Uepe3 TOUKY MTOTUKY.

20.49. Taso tpurytHuk ABC i moBinbuy Touky M. IloBe-
IiTh, II0 TOYKHW, CUMEeTPUYHi Toulli M BiJHOCHO cepeinH CTO-
pin TpuxkytHuUKa ABC, € BepIIMHaAMM TPUKYTHUKA, PiBHOTO
IaHOMY.

20.50.* IIo6ynyiiTe TPUKYTHUK 3a ABOMA HOTO KyTaMHU Ta paji-
YCOM OIIMCAHOI'0 KOJAa.

20.51. TloOymyiiTe TPUKYTHUK 3a ABOMA MOTO KyTaMHU Ta paji-
yCOM BIIMCAHOTI'O KOJAa.

20.52.* Bigpisok AC — wmaiibinbiia cropona TpukyTauka ABC.
Brumrite y TpukyTHUK ABC ODPAMOKYTHUK, CTOPOHU SKOTO
BigHOCATHCA AK 2 : 1, Tak, 11100 ABi BepIInHMU 0iJIbIIOI CTOPO-
HU OIPIMOKYTHHKA JiesKaiu Ha cTopoHi AC TPUKYTHUKA, a OBi
immi BepmmHuM — Ha cTopoHax AB i BC.

20.53.* Bigpizok AB — xopza gaHoro Koaa, Touka C — nosiibHa
TOUKAa I[bOr0 KoJia. SHAWIITh reoMeTprUUYHEe MicIle TOUOK, AKi
€ TOUYKaMUu IepeTUuHy MemiaH TpuKyTHUKiB ABC.

20.54.* Hano aBi Touku A i B ta npamy [. SHAWITE reoMeTpUYHE
MicIle TOUOK, AKi € TOUKaMHu IIePeTUuHY MeJiaH TPUKYTHUKA
ABC, ne C — pmoBinbHa TOUKa IpAMOi /.

20.55.* Touxa M Hanexuts Kyry ABC, ajle He HAJIEKUTHL HOTO
cropouaM. ITo6yayiiTe KO0, AKEe JOTUKAETHCA 10 CTOPiH KyTa
i mpoxoguTh yepes Tourky M.
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BMPABU A1 MOBTOPEHHS I

20.56. 3uaiigiTs miolry pomba Ta pamiyc KoJia, BIIICAHOTO B poMO,
AKIO Iforo miaroHaJui mopiBHIOIOTHL 12 cm i 16 cm.

20.57. 3uaiifiTe nepuMeTp TPUKYTHUKA, YTBOPEHOTO IIPU IIepe-
TuHi npamoi 3x + 4y = 24 3 ocaAMHU KOOPAWHAT.

20.58. [IBa Kosa MAalOTh 30BHIIIHi#T JOTUK y Touli A, Touku B
i C — TOYKH HOTUKY OO0 IUX KiJM iXHBOI CIiJIbHOI JOTUYHOI.
Hosenits, mo Kyt BAC npamuii.

Eg 3ACTOCYBAHHS MNMEPETBOPEHb ®II'YP
NP PO3B'A3YBAHHI 3A0AY

ITepeTBopenHsa ¢iryp — edeKTUBHUI MeTOHI PO3B’sI3yBaHHS
faraThb0X reoMeTpHUUHUX 3amad. IIpoisrocTpyeMo Iie Ha IPUKJIA-
Iax.

3amaua 1. Ha cropouax AB, BC i CA rocTpOKYTHOTO TPUKYT-
Huka ABC mobynayiite Taki Touku M, N i P BigmoBimHo, 1moou
nepuMerp TpuKyTHuUKa MNP OyB HalMEHIIIIIM.
Pos3s’aszanns. Hexaii P — poBinmbHa Touka ctoponu AC
TpurkytHuka ABC, Touku P, i P, — ii o0pasu mpu cumeTpii Bif-
HOocHO npamux AB i BC BigmoBigHO
(puc. 20.34). IIpama P,P, neperu-
Hae crtopouu AB i BC BigmoBigHO
B Toukax M i N. I3 pos3B’sa3yBaHHsdA
sagaui 2 . 18 BumiImuBae, 1o 3 Ie-
PUMETPiB yciX TPUKYTHUKIB, AJd
AKX Touka P (ikcoBaHa, a TOUKH
Puc. 20.34 M i N manexxats cropouam AB i
BC, nmepumetrp TpukyTtHuKa MNP
e HatimenmmuM. Ileit mepumeTp JopiBHIOE MOBXKUHI Binpiska P, P,.
3ayBaKuMO, 10 Bifpidok EF — cepenHs JiHiA TPUKYTHUKA

1
PPP,. Toxi EF =_RP,.

Ockinvku /BEP + /BFP =180°, to touku P, E, Bi F jnexartb
Ha ogHOMY KoJi 3 miamerpom BP. 3Bimcu EF = BP sin B. Otxe,
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IOB)KUHA Bigpiska EF Oyme HaliMeHIIIO IIPY HANMEHIIIIN JOBKIU-

Hi Bigpiska BP, To6To Toxi, Koau BP — BucoTta Tpukytauka ABC.
Ha pucyury 20.35 Bimpisok BP — Bucora Tpukyrauxa ABC.

Anaropurm mobOymoBu Touok M i N 3pos3yMmiauit 3 pucyHKa.

Is moOymoBu BUILIWBAE, IO IIEPU-
MeTp OyIb-IKOTO iHIITOr0 TPUKYTHUKA,
BEpPIINHU AKOTO JeKaTh Ha CTOPO-
Hax TpukyTHuka ABC, 6inbmuii 3a
nepumerp TpukyTHuka MNP. Towmy
MIYKAHUN TPUKYTHUK € ETUHUM — IIe
moOoynoBaHUil TPUKYTHUK MNP.

MosxHa mokasaTtu (3pobiTs 1e camo-
cTifiHo), 1m0 Touku M i N € ocHOBaMU
BICOT, ITPOBeIEeHNX BiAIIOBigHO 3 Bep-
muH C i A rpukytauka ABC.

OTiKe, BEPIIUHYU IITYKAHOTO TPUKYTHUKA — II€ OCHOBU BUCOT
manoro TpukytHuka ABC. Takuii TPUKYTHUK HAa3WBAIOTh OPTO-
nenTpuyauM. 4

P C

Puc. 20.35

3amaua 2. Touka O — TIIeHTP NOPABUJIBHOTO N-KYTHUKA
AA,.. A, (puc. 20.36). Oosexirs, mo OA, + OA, +...+ OA, =0.

Pose’asannsa. Hexait OA, + OA, +...+ OA, =a. Posriaremo

o

moBOPOT i3 meraTpoM O Ha KYT , HAIpUKJIa[[, IPOTU T'OJUH-

n
HUKOBOI cTpinku. IIpu Takomy IepeTBOpeHHi 00pasoM mAaHOTO

n-KyTHUKa Oyze el caMuii n-KyT-
Huk. OTiKe, IITyKaHa cymMa He 3Mi-

HUTBHCA. A IIe MOXKJIMBO JIUIIIE TOLI,

A, ko a =0. 4
» 3amaua 3. YcepenuwHi TPUKYT-
' ‘ Huka ABC, yci KyTu AKOT0 MeHIITi
A Big 120°, smanigiTe Taky Touky T,

A -
’ ' 1m06 cyma TA + TB + TC 6yna maii-
MEHIIIOIO.
4, 4, Poszs’aszanna. Hexain T — po-

BiJIbHA TOYKAa JAaHOTO TPUKYTHHKA
Puc. 20.36 ABC (puc. 20.37).
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Posrismemo mosopot i3 menTpom A mHa Kyt 60° 3a romuH-
HUKOBOIO cTpinkoio. Hexait Touxku T, i C; — ob6pasu Touok T
i C Bigmosimuo (puc. 20.37). OCKiJIbKU IIOBOPOT € PYyXOM, TO
T,C,=TC. OueBugno, 110 TpukKyTHUK ATT, € PiBHOCTOPOHHIM.
Tomi AT =TT,.

T

Puc. 20.37 Puc. 20.38

Maemo: TA+TB+TC=TT,+ TB+ T,C,.

3posymino, mo cyma TT, + TB + T,C, € HaliMeHIII00, SIKIIIO
Touku B, T, T, i C, nmexars Ha omHilt mpamiii. OcKiabku
/£1=/2=60° 1o 1A ymMoBa BHUKOHYBATHMEThCSA TOHi, KOJU
/£3=/4=120°.

Ockinmbru vyt AT,C, — 06pas3 Kyta ATC mmpu BKazaHOMY IIO-
BOpPOTi, TO Mae BuKOHyBaTucda piBHicTs LATC =120°.

Omxe, Touku B, T, T, i C, HaneKaTUMYTh OAHIT TPAMiii Tomi
¥ TinpKu Toni, Kouu LATB = ZATC =120°. 3Bincu L/BTC =120°.

Takum umaOoM, cyma TA+ TB+ TC Oyme HallMeHIIIOI0, SKIIO
/ZATB = /BTC = ZATC =120°.

3uatitu Touky T MOMKHa, HampukJjazn, mooymyBaBmu I'MT,
3 axux Bimpisku AB i AC Bumguo mig kyramu 120° (puc. 20.38).

3posymino, Mo Koam oxumH i3 KyTiB TpuryrtHuka ABC He
menmuii Bix 120°, To ToukKa mepeTmHY HOOyIOBAaHHX OYT He
Oyme posMillleHa BcepeAnHi TPUKYTHUKA. MoKHa MOKa3aTH, IO
B TPUKYTHUKY 3 KyToM, He meHmuM Bixm 120°, Touka T, cyma
BificTaHe# Bif AKOI 1O BepIIWH TPUKYTHUKA € HAWMEHIIO0, 30i-
racThbCA 3 BEPIINHOIO TYmoro Kyra. €
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3amaua 4. Bigpisgku AA,;, BB, i CC; — BHUCOTH T'OCTPOKYT-
HOrOo TpuKyTHUKA ABC. [loBemiTh, ITIO pajiyc OINMCAHOTO KOJia
TpukyTHUKa ABC yaBiui OGinpimmii 3a pajgiyc ommcasHoro KoJia
TpukyTHUKa A,B,C;.

Poszs’ssannsa. Hexaii mpamvi AA,, BB, i CC, nepeTuHaOThH
omucaHe KoJio TpukyTHuKa ABC BigmosigHo B Toukax M, N i P
(puc. 20.39). Hosexemo, 1m0 HA, =AM, ne Touka H — opro-
meuTp TpukyTHuka ABC.

A
P
2
Cl
N
Bl
H
1
C 3 Al B
M
Puc. 20.39

Maewmo: Z1 = £2=90° - ZABC.

Kytu 2 i 3 piBHi aK Bmmcasi, mjo cuupamTbea Ha Oyry MB.
Orwxe, L1 = /3.

Toxi B TpukyTauky HCM Bigpisoxk CA, € 6iceKTpucoio Ta BU-
coTOI0, a OTXKe, 1 Mengianow. 3Bigcu HA, =A; M.

Amnajnoriuro moxkHa moBectu, 1mo HB, = BN, HC,=C,P.

Temep 3po3ymino, 10 TPUKYTHUK MNP roMOTeTUYHUN TPU-
KyTHUKY A,;B;C, i3 meatpom H i xoepimienrom 2. Toxi pazmiyc
ONMCAHOTO KoJa TPuKyTHuKa MNP yasiui Ginbinuii 3a pangiyc
OMMMCAHOT0 KoJia TPUKYTHUKA A,B;C,. 3aIuInuniocs 3ayBakKuTH,
mo TpukyTHuKU MNP i ABC Buncani B ogue i1 Te came KoJyo. 4
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3ABJIAHHSA N 5 «MEPEBIPTE CEGE» B TECTOBIV POPMI

1. Axwuit i3 BigpiskiB, 300parkeHUX Ha PUCYHKY, MOKe OyTHU 00-
pasom Bimpiska AB mpu pyci?

A) MN; B) PQ; B) EF; T) DC.
AL AL E D
P
_ F
D
A Q C

2, YraxiTs piBHAHHA 00pasy IpaAMOi y = 2x TPy apaebHOMY
epeHeceHHi Ha BEKTOP a (0; 1).
A)y=2x+1; B)y=x+1;
B)y=2x-1; Ny=x-1.

3. fka 3 mpaMux, 300paskeHUX Ha PUCYHKY, MOKe OyTH 00paszoMm

IpAMOI @ mpu mapajelbHOMY IIepeHeceHHi?
A) b; B) ¢; B) d; ) a.

b c |d

a

RN

4. fka 3 yxkasanux (Qiryp Mae TiabKM OOHY Bich cuMeTpii?
A) Ksagpar; B) mapab6oa;
B) koio; T') Bigpisox.

5. Ilpu akwx sHaueHHAX X Ta y Touku A (—1; y) i B (x; 6) cu-
MeTpHuYHi BigHOCHO oci abcruc?

A)x=-1, y=6; B) x=-1, y=-6;
B) x=1, y=-6; ') x=1, y=6.

6. fIxa 3 yxazanux ¢iryp Mmae meHTp cumerpii?
A) TpuKyTHUK; B) Tpamerris;

B) Bigpisoxk; ') xyr.
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7. flka 3 yKasaHuUX (iryp mae 1meHTp cuMeTpii Ta Bick cumeTpii?
A) PiBHOCTOPOHHIN TPUKYTHUK;

B) mapamesorpam;
B) piBHOOiuHA Tpamelris;
I') mpawma.

8. Ilpu akux 3HaueHHAX X Ta y Touku A (x; 7) i B (—4; y) cu-
METPUUYHI BiJHOCHO IIOYATKY KOOPAMHAT?

A)x=4,y=-7; B)yx=-4,y="7;
B)x=4,y="7; ') x=-4, y=-"17.

9. Touka O — 1eHTD TPaBMILHOTO BocbMUKyTHUKA ABCDEFKM
(muB. PpHUCYHOK). YKaxXiTh o0pas cropouu EF mpu IOBOPOTi
HaBKo0JI0 Touku O 3a TOAMHHMKOBOIO CTPiMIKOI0 Ha KyT 135°.
A) AB; B) BC; B) AM; ') CD.

10. ITpomos:kenusa 6iunux cropia AB i CD rtpamnerii ABCD mepe-
TUHAIOTHCA B Toulli M (OAuB. PUCYHOK). YKaKiTh KoedimieHT
romoTerii i3 meHTpoM y Toumi M, mpu aki# Biapisox BC e
obpasom Bimpiska AD, akmio AB : BM =17 : 2.

2 7 2 9
A) =5 B) - B) —; r) —.
) 7 ) 2 ) 9 ) 2

M
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11. Touka M (6; —3) — o6pa3 Touku N (2; 1) mpu romorerii
. 1 .
KoedimienTom 3 VKaxiTh KOOPAMHATH IEHTPA rOMOTeTil.

A) (55 -2); B)(-5; 2);
B) (8; —1); r) (-8; 1).

12. IIpsama, mapajyieabHa cTopoHi AB TpukyTHuka ABC, meperu-
Hae fioro cropouny AC y Touli E, a cropony BC — y Tourii F.
3HangitTe miaomty tTpukytauka CEF, akmo AE : EC=3 : 2,
a mwiromia TpukyTHUKa ABC gopisHioe 75 cm?.

A) 36 cm?; B) 30 cm?;
B) 50 cm?; ') 12 cm?.
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FONOBHE B NAPAITPAD®I 5

Pyx (mepemimeHHs1)

IleperBopenusa ¢irypu F, ke 36epirae BigcTaHb MixK TOUKaAMU,
Ha3WBAIOTh pyxoM (mepemimtenuam) ¢irypu F.

PiBHi dirypu

[Bi dirypu HasMBaOTHL PiBHUMH, SKIIO iCHYE PYX, IIPU IKOMY
onmHa 3 maHux (Qiryp € obpasom Apyroi.

IlapanenbpHe IMepeHeceHHsT

Armo Toukn X i X, e rakumu, mo XX, =a, TO TOBOPATS,
110 Touka X, — Iie o6pasd Touku X IpH ImapajejibHOMY mepe-
HeCceHHi Ha BEKTOp a.

BaxacTtuBOCTi MapaseabHOT0 IMEepPeHeCceHHsT

ITapanenbHe mepeHECeHHA € PYXOM.
Aximo ¢irypa F;, — obpas ¢pirypu F npu mapajaelbHOMY Iepe-
HeceHHi, To F; =F.

OcsoBa cumertpisa

Touku A i A; Ha3WBAIOTh CUMETPUUYHUMHU BifTHOCHO mpAMOi [,
AKIO mIpAMa [ € cepeIMHHUM IEePIeHIUKYJIAPOM Biapiska
AA,. dxmo Touka A HaJIEeKUThb HpAMiit [, To i BBa)KaOTh
CUMETPUYHOIO caMilt cobi BimHOCHO mpsamoi /.

BaacturocTi 0ch0BOI cumeTpii

OcboBa CUMETPiag € PYyXOM.
Axrmro ¢irypu F i F; cumeTpuuHi BifHOCHO IpAMOi, TO F = F}.

®dirypa, axa Mae Bich cumerpii

dDirypy HazmBalOTh CUMETPUYHOIO BiTHOCHO IIPAMOI [, AKIITO
IJIA KOMKHOI TOUKU AaHol (irypu Touka, CUMeTpUYHA i Bif-
HOCHO IpPAMOi [, TaKOXK HaJeXUTh mit ¢irypi. Ilpamy [ Ha-
3WBAIOTh Biccio cumeTpii dirypu.
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IenTpansHa cumeTpisa

Touku A i A, Ha3UBAIOTh CUMETPUUYHUMHU BigHOCHO Touku O,
akio Touka O e cepenuuoio Biapiska AA,. Touky O BBa)KamoOTh
CUMETPUYHOIO caMiii cobi.

BaacTuBocTi meHTpaIbHOI cUMeTpil

IlenTpanbHa cuMeTpisa € pyxom.

Axnto gpirypu F i F; cumeTpuuHi BigHOCHO TOUuKU, TO F = F|.
®dirypa, sxa Ma€ EHTP cUMETPiil

®irypy HasMBaIOTh CUMETPUYHOIO BimHOCHO TOUKM O, SKIIIO
IJIA KOXKHOI TOUKU JaHol irypu Touka, CUMeTpuuYHa iif Bif-
HOcHO Touku O, TaKOXK HaJeKUTL it ¢irypi. Touxky O Ha-
3WBAIOTh IeHTPOM cuMeTpil Qirypu.

BaactuBocti moBopoty

IloBopoT € pyxowm.

Ao girypa F; — o6pas ¢irypu F mpu moBoporti, To F; =F.
T'omoreTis

Skmo Touku O, X i X, € Takumu, mo OX, = k5}?, ne k=0,

TO TOBOPATH, 1110 TOUuKa X, — Iie o6pa3 TouKu X Ipu roMore-
Tii i3 meuTpom O Ta Koedimienrom k.

BaacrusocTi romorerii

ITpu romoretii ¢irypu F i3 xoedimierTom k yci BigcTrani mixk
ii Toukamu 3miHIOIOTHCA B | kB | pasis, To6TO AKmO A i B —
IoBinbHI Touku Girypu F, a Touku A, i B, — ixHi BimmoBigHi
o6pasu Ipu romoreTii 3 KoedinienTom k, To A,B,=| k | AB.

IlopioHicTh

[Bi dirypm HaZuBaIOTh TOAIOHUMU, AKIIO OAHY 3 HUX MOKHA
OTPUMATH 3 IPYTroi B Pe3yIbTaTi KOMIIO3UIIil JBOX IIePETBOPEHb:
TOMOTeTii Ta pyxy.

ILaomuri mogiOHUX MHOTOKYTHUKIB

Bigwmomenns mioI mogi0HMX MHOTOKYTHHKIB JOPiBHIOE KBa-
apary koedimieHTa mogioHOCTI.
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21. BnpaBu gnsa NnoBTOPeHHS Kypcy reomMeTpii
9 knacy

1. Po3B'13yBaHHSA TPUKYTHUKIB

21.1. JIBi cTopoHu TpUKyTHUKA nopiBHIOOTH 4 cMm i 10 cm, a cu-
. . 4 . .
HyC KyTa Mi’X HUMH DOPiBHIOE 5 3HAUOITH TPETIO CTOPOHY

TPUKYTHUKA.

21.2. Y napaaenorpami ABCD Bimomo, mo AB =2 cm, AD =4 cwm,
/BAD = 60°. 3aaigiTs KocuHyc KyTa MisK nmpavmumu AC i BD.

21.3. YcTaHOBiTH, TOCTPOKYTHUM, IPAMOKYTHUM YU TYIIOKYTHUM
€ TPUKYTHUK 3i croponamu: 1) 4 cMm, 4 cm, 5 cm; 2) 5 cm, 6 cMm,
9cm; 3) bem, 12 cm, 13 cMm.

21.4. Ogua 3i cropin TpuKyTHuUKA mopiBuioe 21 cMm, a aBi immri
CTOPOHU BigHOCATHCA AK 3 : 8. 3HAWAITHL HeBimOMi cTOpOHU
TPUKYTHUKA, AKIIO0 KYyT MisK HUMHU mopiBHioe 60°.

21.5. OgHa 3i cTOpiH TPUKYTHUKA OOPiBHIOE 3 CM, a ApPyra CTO-

poHa — \/7 CM, IPUUYOMY KYT, IPOTUJIEKHUHA APYTii CTOPOHI,
nopiBHIOE 60°. 3HAKWIITE HEBIZOMY CTOPOHY TPUKYTHUKA.

21.6. OxHa 3i cTopin mapaJjenorpama Ha 4 cM OinbIlia 3a ApPyry,
a fioro miaroHaJi gJopiBHIOIOTHL 12 cMm i 14 cm. 3HAWAITE Iepu-
MeTp mapaJjejiorpamMa.

21.7. YV tpamenii ABCD Bimomo, mo BC| AD, AD =8 cwMm,
CD=4 \/§ cMm. Koo, sske mpoxoauTs uepes Touku A, Bi C,
nepetunae npamy AD y touni K, ZAKB =60°. 3uaiigits Bia-
pisok BK.

21.8. OcHoBU Tpatmerrii fOopiBHOTL 3 ¢cM i 7 cM, a 6iuHi cTopo-
HU — 6 c™ i b cM. 3HaAAiTh KOCMHYCU KYTiB Tpamerrii.

21.9. Koo, Brnucane B TpukyTHUK ABC, HOTUKAETLCSI OO CTO-
poau AB y tounii D, BD=1 cm, AD=5 cm, LABC =120°.
3HaungiTe Bigpisox CD.

21.10. CropoHu TPUKYTHUKA HJOpiBHIOIOTL 11 c¢M, 12 cm i 13 cm.
SHaNIiTEL MegiaHy TPUKYTHUKA, IPOBEAEHY A0 Horo 6iJbImoi
CTOPOHU.
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21.11. 3HaigiTs OiceKTpuCcy TPUKYTHUKA, SIKa TiJIUTHL MOT0 CTO-
POHY Ha BipisKM 3aBIOBKKIU 3 CM i 4 ¢cM Ta yTBOPIOE i3 ITi€t0
CTOPOHOIO KYT, 1110 HopiBHIOE 60°.

21.12. Bigpisox BD — 0icextpuca tpuxkytuuka ABC, BD =a,
LA =45°, Z/C ="75°. 3uaiigite Bigpisox AD.

21.13. 3uaiigiTh BiAHOIIEHHS CTOPiH PiBHOOEIPEHOTO TPUKYTHU-
Ka, OIUH i3 KyTiB AKOTro mopisHoe 120°.

21.14. YV tpukytaury ABC Bigomo, mo AC =6 J3 cm, ZABC =
=60°. 3HalgiTe pamiyc Kojga, AKe IIPOXOAUTH Uepes IeHTP
BOmcaHoro kKoja TpukyTHuka ABC ta Touku A i C.

21.15. [IBi cTOpoHY TPUKYTHUKA JOPiBHIOIOTL 5 ¢cM i 8 cMm, a KyT
Mik HUMET — 60°. 3HalAiTL paziyc KoJa, OIMcanoro HaBKOJIO
JaHOr0 TPUKYTHHUKA.

21.16. 3gaigiTe OicekTpucy TpukyTHUKa ABC, IpOBeeHy 3 Bep-
muHu A, akmo /BAC=o, AC=b, AB=c.

21.17. BicexTpuca xyra BAD mnapanenorpama ABCD meperuHae
cropory BC y Touni M. 3uHaiigiTh mioily TpuKyTHuKa ABM,
armo AB=4 cm, Z/BAD =60°.

21.18. 3HalaiTy HAWOIABINTY BUCOTY, Pagiycu BOUCAHOTO W OIIM-
CcaHoTo0 KiJ TpuKyTHUKA 3i cTropoHamu 4 cm, 13 ecm i 15 cwm.

21.19. Pagiycu aBox Kija mopisuioroTs 17 cm i 39 cMm, a BigcTaub
Mix ixHiMu reaTpamMmu — 44 cMm. S3HAUAITH JOBXKUHY CIIiIJIBLHOI
XOpAU JaHUX KiJ.

21.20. O6uucaiTs Moy IapaJjejsorpaMa, ofHa 3i CTOPiH AKOTO
mopiBHIOE 15 cMm, a miaronasni — 11 em i 25 cwm.

21.21. OcuoBu Tpamnernii gopiBuioioTs 16 cm i 44 cm, a 6iuHi cTo-
poru — 17 cm i 25 cm. 3HAHAITH ILJIOIIY TpAaIertii.

21.22. OcuoBu Tparmerii gopiBu00OTE 5 cM i 12 cm, a giaronami —
9cmi 10 cMm. 3HAWAITE MJIOILY TpameIrii.

2. NpaBubHI MHOrOKYTHUKU

21.23. 3HalAiTH IOy IPAaBUILHOTO N-KYTHHUKA, SKINO pamiyc
BIIMCAHOTO B HHOT'O KoJIa JOpPiBHIOE 6 cM, a n mopiBHIOE: 1) 3;
2) 4; 3) 6.

21.24. Y KoJI0 BIHCAHO KBaapaT 3i cTopoHoo 4 cM. 3HAHIITH
ILIOIY IPAaBUJILHOIO TPUKYTHUKA, BIIMCAHOIO B IIe caMe KOJIO.
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21.25. 3uaiigiTs, BiAHOIIMEHHS ILJIOIN MPABUJIbHUX TPUKYTHUKA
Ta MIeCTUKYTHUKA, BINCAHUX B OJHE i Te caMe KO.JIO.

21.26. CepeauHu CTOPiH MPaBUJIBHOTO ABAHAAIIATUKYTHUKA CIIO-
JYYUIN Yepes OOHY Tak, IO OTPUMAHOIO ()irypoio € mpaBuJIb-
HUH IIeCTUKYTHUK. SHAUIITEL CTOPOHY JaHOI'O JBAHAMIIATUKYT-
HUKAa, AKIIT0 CTOPOHA YTBOPEHOIO IIIeCTUKYTHUKA JOPiBHIOE A.

21.27. oB:XMHA Oyru KoJjia AOpiBHIoE 67 cM, a ii rpagycua
mipa — 24°. 3HaigiTh pajgiyc KoJa.

21.28. Ha kareri AC npamorkyTaoro TpukyTauka ABC (£C = 90°)
AK Ha giaMeTpi moOymoBaHO KOJIO. SHAUIITH JOBKUHY OYTU
IIHOT'O K0JIa, KA MICTUTHCA 1034 TPUKYTHUKOM i1 BIITHHAETHCA
rimorenysoio AB, axio LA =42°, AC=8 cwm.

21.29. CropoHa KBazpara JOPiBHIOE 2 V2 cwm. Braiigite nosxu-
HY OyTW OMMCAHOT'O KOJIa JAaHOTO0 KBajapara, KiHIAMU AKOI €
IBi HIOTO CyCiiHi BepIIIUHU.

21.30. Bigcranp Mmik IeHTpaMu OBOX KpyriB paziyca R mopis-
Hioe R. 3HaigiTe miaomly ¢irypu, siKa € COiJIbHOI YaCTHHOIO
IIUX KPYTiB, i JOBXKUHY JIiHii, 1110 0OMesxye 110 Qirypy.

21.31. Ilnoma kpyrosoro cekropa gopisuioe 2,4m cv?. SHAUAITH
rpagycHy Mipy AYTH IILOTO CEKTOpa, AKIIO paaiyc Kpyra mIo-
piBHIOE 4 cM.

21.32. [liameTp KoJeca BaroHa II0i3fia METPOIIOJiTEHY JOPiBHIOE
78 cm. 3a 2,5 xB Kojgeco pobuth 1000 obepriB. 3HAUAITH
MIBUIKICTh IOI371a METPOMOJIiTEeHY B KijloMeTpax 3a T'OAUHY.
BiamoBigb OKpPyTJIiTE 0 OECATUX.

21.33. 3HalgiTh JOBKUHY K0JIa, BIIMCAHOTO B CETMEHT, JOBXXUHA
IYyTU SKOT0 JOPiBHIOE m, a rpagycHa Mipa mopisuioe 120°.
21.34. [To koJa, pagiyc sKoro mopiBHioe R, IpoBeaeHO ABi JOTHY-
Hi, KyT MiK axumu nopiBuioe 60°. 3HaiigiTes miomty Qirypu,
00MeKeHOl HJOTUUHUMM Ta MEHIIIO 3 AYyr, KiHIAMU SKUX €

TOUKU JOTUKY.

3. lekapToBi KOOpANHATN Ha NAOLMUHI

21.35. BepmnuamMu TpPUKyTHUKA € Touku A (—4; 1), B (-2; 4)
i C (0; 1). HoBexith, mo TpukyTHUK ABC piBHOOempeHM!Ii,
i 3HAHOITL MOTO ILJIOIIY.
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21.36. 3HaiIiTH KOOPAWHATHA TOUYKHU IIEPETUHY CEePEINHHOTO Iep-
OeHIUKYJIsapa Bimpiska AB 3 Biccio abciuc, aximo A (5; —3),
B (4; 6).

21.37. 3HaiIiTH KOOPAUHATY TOUKHU IIEPETUHY CePeInHHOrO0 Iep-
neHguKyadpa Bigpiska CD 3 Biccio opaunat, akiio C (2; 1),
D (4; -3).

21.38. [MoBenits, 110 4oTUpUKyTHUK ABCD 3 BepUIinHaMu B TOY-
rkax A (-12; 6), B(0; 11), C (5; -1)i D (—=7; —6) € kBagpaTOM.

21.39. Touka M (5; —2) € ogHUM i3 KiHIiB miameTpa KoJia, TOU-
ka N (2; 0) — meHTp Koja. 3HAUAITH KOOPAUHATU APYTOTO
KiHIIA miameTpa.

21.40. YcTaHOBiTh, UM JexxkaThb Touku A (—4; —3), B (26; 7) i
C (2; —1) ma oxuiii mpamiii. ¥ pasi cTBepaHOi BigmoBimi BKa-
JKiTh, AKa 3 TOUOK JIEKUTh MiXK JBOMA iHIIIUMMU.

21.41. JoBeniTh, I[0 TPUKYTHUK, BEPIIMHAMU SKOTO € TOUKU
A (5; 1), B(9; -2)iC (7; 2), upAMOKYTHUI, i CKJIAmITh PiB-
HAHHSA KO0JIa, ONMMCAHOI0 HABKOJIO HHOTO.

21.42. YcraHOBiTE, un € Bigpisox CD miamerpom xoia (x + 2)2 +
+(y — 3)? =52, axmo C (-8; 7), D (4; —1).

21.43. Koo, IeHTP SIKOT0 HAJIEXKUTHL OCi OPpAMHAT, IIPOXOIUTH
yepe3 Touku A (1; 2) i B (3; 6). Hu HaNeKUTL IBOMY KOJY
Touka C (—3; 4)?

21.44. Koo i3 meuTpom y Touri M (—5; 3) moTUKaeThcsA OO0 Oci
opAvHAT. 3HANAITHF KOOPAWHATH TOUOK MEPETUHY KoJia 3 Bic-
cio abciiuc.

21.45. 3HaigiTe KOBKUHY JiHiI, 3aHaH0l PIBHAHHAM

x2+y?—2x+4y —20=0.

21.46. CxaangiTh piBHAHHA OPAMOI, AKa IPOXOAUTHL Uepe3 TOU-
Ky P (—3; 5) i xyToBuii KoepitieHT AK0i mopiBHIOE 6.

21.47. CkianiTh piBHAHHA IPAMOI, KA IPOXOAUTH Uepes TOUKY
S (—1; 4) ta yrBoproe KyT 135° 3 momaTHUM HaAIpPAMOM oOcCi
abcruc.

21.48. CrianmiTh piBHAHHA OTPAMOI, KA TPOXOAUTH Uepes3 TOUKY
A (—3; 1) mapasensHO npaMmiit bx + 3y = 6.

21.49. 3HalgiTh PiBHAHHSA I€eOMETPUYHOrO MiCIA IIeHTPiB Ki,
AKi mpoxonaTrs uyepes Touku A (—3; —2) i B (2; 5).
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4. BeKTOpW Ha MNOLWMHI

21.50. [IBi Bepmuuu npamMokyTHuKa ABCD — touku A (3; 2)
i B (3; —4). Moaynb BekTopa BD popisuioe 10. 3HaigiTh
KoopauHaTtu Touok C i D.

21.51. Hiarouani mapaaenorpama ABCD 7 ¢
epeTuHaThLCI B ToUIli O (pnc 21.1).
Bupasits _BEKTOpH CD i AD yepes 0
BEeKTOpU CO=ad i OB=b. A >h
21.52. Yorupurkytuuk ABCD — mapa-
Puc. 21.1

JejorpamM. SHAUIITh:
1) BA-CD-CB; 2) AB—-DA-BD+CD; 3) AD- BA - AC.
21.53. 3maiifiTh MOAYJb BEKTOpa n=38a - 25, e a 1 -2),
b (-1; 3).
21.54. Touku E i F — cepenuuu cropia AB i BC mapasenorpama
ABCD Bl,Z[l'IOBl,Z[HO (pI/IC 21.2). BupasiTh BEKTOD EF yepes

BEKTOPU BC=a i CD=b.
21.55. Ha cropouax BC i CD mapamnenorpama ABCD mo3HaueHO

rouku M i K BigmoBimmo, mpuuomy BM = iBC, CK = gCD

(puc. 21.3). Bupasite BekTopu AM i AK uepe3 BeKTOpU

AB=a i AD=0.

B F c B M c
E
i
A D A D

Puc. 21.2 Puc. 21.3

21.56. Ha cropouax AB i BC tpukyrauka ABC mosHaueHo Taki
Touku D i E Bl,Z[IIOBlL[HO, 110 AD:DC=1:2,BE:EC=2:1.

Bupagzits BekTOpPHU BC AB, AC AE i CD yepes BEeKTOpPU
BE=a i AD=b.
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21.57. Yu KoJiHeapHi BeKTOpH MN i ﬁ’, aximo M (4; —1),
N (—6; 5), K (7; =2), P (2; 1)?

21.58. 3HaiigiTh 3HAUYEHHS kK, IpU AKOMY BEKTOPU E(k; -2)
i 5(6; 3) xoJiHeapHi.

21.59. Jano BeKTOPU a 3-2)1i b (x; 4). Ilpu axomy 3HaueHH]
X BUKOHYETBHCS PiBHICTH a-b=1?

21.60. 3uaiigiTe KocmHycH KyTiB TpuKyTHukKa ABC, aKII0
A (-3; —4), B (2; —3), C (3; 5). YcTaHOBiTh BUI TPUKYTHHUKA.

21.61. Jaro BeKTOPHU a 2;-1i b (1; —2). 3uaiigiTh 3HAUEHHA M,
Opu AKOMY BEKTOpPU a+mb ib NepHeHANKYIAPHI.

21.62. 3maiiniTh KOCHMHYC KyTa MiK BeKTOopaMu a =3m +n

i 5=ﬁ—2;, SAKIITO |E|:|E|:1 imln.
21.63. Jlano BexTopu a (2 —4) i b (-1; 1). BraiigiTs:
Dl]a-b|; 2)|2a+b]

21.64. CryaamiTh piBHAHHA OPAMOI, AKa TOTUKAETHCA M0 KoJja i3
neatpom M (0; —4) y Touri A (5; —3).

5. leomeTpUUHi NepeTBOPEHHS

21.65. ITpu mapajyeabHOMY IepeHeceHHi oopasom Touku A (3; —2)
e Touxka B (5; —3). fAxka Touka € o6pazom Touku C (—3; 4) npu
IIbOMY IapaJieIbHOMY IIepeHeceHHi?

21.66. ITooynyiiTe oopasu Touok A (1; —3), B (0; -5)i C (2; 1)
Opu mapajieJIbHOMY IIepeHeceHHiI Ha BeKTOp E(—Z; 1). 3anm-
IIiTh KOOPAUWHATH MOOYZOBAaHUX TOUOK.

21.67. ITano touxu C (7; —4)i D (—1; 8). IIpu B
mapajeJbHOMY IepeHeceHHi o0pa3oM ce-
penunuu Binpiska CD € Touxka P (—1; —3).
3HaNIITh KOOPAMHATH TOYOK, SAKi € 00-
pasamu Touok C i D.

21.68. Ha pucyuky 21.4 CB=CD, ZACB= ~ 4 D
= /ACD. [HoseniTw, 1m0 Touku B i D cu-
MeTpuyHi BigHOCHO mpamoi AC.

Puc. 21.4

21.69. 3HaligiTh KOOPAMHATH TOUYOK, CUMETPUUHUX TOUILi
K (4; —2) BimHOCHO Ocell KOOPAMHAT i MOUYATKY KOOPAWHAT.
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21.70. 3uanigits x i y, akmo Touku A (x; —2) i B (3; y) cume-
TPUYHI BiHOCHO oci aGcItuc.

21.71. Hamo mpomiab OA Ta TOuky B, 110 HOMYy He HaJIEKUTD.
IToOymyiiTe TPOMiHb, CUMETPUUHUN JAHOMY BiTHOCHO TOUuKHu B.

21.72. Yu cumetrpuuni Touku M (—-3; 10) i N (—1; 6) BigzHOCHO
rouxku K (1; 4)?

21.73. SanuiiTs piBHAHHA KO0JIa, IKe CUMeTPUUYHE Koay (x + 4)? +
+ (y — 5)*=11 BigHOCHO:

1) mouaTKy KOOPIAUHAT; 2) rouku M (—3; 3).

21.74. Jawmo Touku K i O. IlobyayiiTe Touky K,, sika € o6pasom
Touku K mpum moBopoTi HaBkoJo Touku O: 1) ma Kyt 130°
MIPOTU TOAMHHUKOBOI cTpinku; 2) Ha KyT 40° 3a rOTUHHUKO-
BOIO CTPLJIKOIO.

21.75. [Tano Bigpisoxk AB i Touky O, sgKa oMy He HaJIEKUTb. I1o-
OynmyiiTe Bigpisok A,B,, AKUii € o06pa3oM Bigpiska AB mpu moBO-
pori Ha KyT 50° HaBK0J0 TouKM O 3a TOMMHHUKOBOIO CTPiJIKOO.

21.76. Ha axuii KyT Tpeba IIOBEePHYTU MPAMOKYTHUK, BiIMiHHMIH
Bil KBagpaTa, HaBKOJO HOT0 IIeHTpa cuMeTpii, 1106 #oro oo6-
pasom OyB Iieil caMuil MIPAMOKYTHUK ?

21.77. TlobynyiliTe TPUKYTHUK, FOMOTETUUYHHIN NAHOMY TYIIO-
KYTHOMY TPUKYTHUKY, SAKIIO I[€HTPOM TIOMOTETil € IeHTp
OIMCAHOT0 KOJia TPUKYTHUKA, KoedimieHT romoreTii k= —2.

21.78. O6paszom Touku A (8; —2) mpu romoTeTii i3 1IEHTPOM Y IIO-
YaTKy KoopAauwHaT € Touka B (4; —1). 3HalmiTh KoediiieHT
roOMOTeTil.

21.79. CTropoHu ABOX MPAaBUJILHUX TPUKYTHUKIB JOPiBHIOIOTH 8 cM
i 28 cm. Homy mopiBHIOE BiZHOIIIEHHS iXHiX MJIOII?

21.80. MuoOrOKyTHUK F, momiOHU#T MHOTOKYTHUKY F, 3 KoedillieH-
ToMm noxibuocti k. Byksamu P,, P,, S;, S, T03HaUeHO BiATIOBiTHO
iXHi mmepuMeTpM Ta TMJIOIi. 3alOBHITh MOPOKHI KIITHHKHI
B Ta0JIMIIi.

P, p, S, S, k
19 64 16

12 36 7
35 4 100
21 36 2
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21.81. IIpsama, mapaJjielbHa CTOPOHI TPUKYTHUKA 3aBIOBXKKU
6 cM, OiMuTh Horo Ha ABi (pirypm, MIIIOIII AKUX BiTHOCATHCS
ak 1 : 3. 3uaigiTh BigpisoK Iiel mpsamoi, 1110 MiCTUThCA MiK
CTOPOHAMMU TPUKYTHUKA.

21.82. Ha cropoui BC xBagpata ABCD mosHauuam TOUKYy M
Tak, mo BM : MC=1 : 2. Bigpisku AM i BD nepeTuHaOTLCA
B Toulli P. 3HaHAIiTEL IOy TPUKYTHUKA BPM , AKIIO IJIOIIA
TpukyTHUKA APD mopiBHioe 27 cm?.

21.83. IIpomoB:kennsa O6iunux cropia AB i CD tpamenii ABCD
IepeTUHAIOTLCA B Toulli M. S3HAHAITE ILJIOINY Tpamellii, SKImo
AB : BM=5:3, AD > BC, a muomia Tpukytauka AMD no-
piBHIOE 32 cM2.

21.84. ¥V rtpuryruury ABC Bimomo, mo AB=BC =13 cmM,
AC =10 cwm. [To Koja, BINCAHOTO B Ieli TPUKYTHUK, ITPOBEIEHO
IOTUUYHY, sSKa mapajeibHa ocHOBi AC Ta IepeTuHAae CTOPOHU
AB i BC y roukax M i K BimmoBigHo. OGUHUCIIiTh HJIOIY TPU-
kyrauka MBK.

21.85. Ha mpomoB:kenHsax menian AA,, BB; i CC, TpuKyTHUKa
ABC mosumaumjau BiamoBiguo Tourkum A,, B, i C, Tak, 1mo

AA, = %AAI, BB, = %BBI, C.C, = %cc1 (puc. 21.5). BraitaiTs

IJIOITY TPUKYTHUKA A,B,C,, AKINO 1joIna TpukyTHuka ABC
mopisuioe 1 cm?.
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Bu npogoB:KkuTE BHOCKOHATIOBATH HABUYKY KOPUCTYBAHHA KOMII 0-
TepoM, 110 iX Habyau B 7 i 8 Kjacax, OMaHOBYBATHU HOBi iHCTpyMeHTHU
Ta HOBi mporpamHui 3aco6u. Haramaemo, 1110, KpiM 3aBiaib, HaBeIeHUX
Yy IIbOMY PO3/Jisi, BU MOKeTe BUKOPHUCTOBYBaTU PisHOMaHiTHI Iporpamu,
CTBOPEHI 1A BUBUYEHHA IIKiJIBHOTO Kypcy reomerpii. Bu moxxere 3Bep-
TaTUCA M0 TJI00aIbHOI Meperki IHTepHeT IJid MOIIYyKY TaKUX IIporpam
Ta iHmoil momaTkoBOl iHMopMaIil 1o Kypcy reomerpii.

Y nmigpydyHUKY HaBeJleHO CTHCJIi icTopmuHi BizomMocTi mpo 3HaMme-
HUTUX YUYEHUX, Ipalli AKMX II0B’A3aHi 3 TeMaMu, II[0 BUBYAIOTHCA. 3a
JIOTIOMOT0I0 I106aJIbHOI MepesKi IHTepHET BU MOYKeTe oTpuMaTu 6ijbIie
ingopwmarnii npo ixui 6iorpadii Ta HayKOBi BiZKpUTTA.

Axo Bu maanyeTe BubpaTu mpodeciio, 1o moTpedye mocTiiHO BU-
KOPHCTOBYBAaTH 3HAHHA 3 MAaTEMaTUKU, TO MOYKHA IIOYATH OIIAHOBYBATHU
MareMaTuuHi maketu (Hampukiaan, Mathcad, MATLAB i r.1.), aki
MiCTATH HOTY)KHUH iHCTPYMeHTapiii AJid MaTeMaTHUYHUX OOUYMCJIEHb,
TeOMEeTPUYHUX MOOymoB ToIno. 1A MalibyTHLOrO iH;KeHepa HeoOXix-
HUMU € 3HaHHA iH)KeHepHOlI rpadikm Ta BMiHHA OyayBaTH CKJIagHI
KpeciaeHHA (HaO0yTH IIMX 3HAHb MOXKHA, HAIPUKJAJ, KOPUCTYIOUUCH
naxerom AutoCAD). Bu moKeTe omaHOBYBaTHU IIi IIpPOTpPaMHi 3acobu,
BUKOHYIOUM 3aBAAHHSA 0 Kypcy reoMerpii.

Y mpomy posaisii HaBemeHO 3aBAAaHHA, AKi BU MOXKeTe BUKOHYBA-
T 3a JOIIOMOTOI0 KOMII'I0OTepa B Mipy BUBUEHHS BiINOBiTHUX TeM.
ITepeBaskHO Ile 3aBAAaHHA Ha MOOYJOBY TeOMETPUYHUX Qiryp, AKi Bu
BUKOHYBaTHUMeETe 3a JOIIOMOTO00 rpadiuyHOro pefakTopa, Ta 00UKUCIIeH-
Hf, AKi BU MOXKeTe BUKOHYBATH 3a JOIOMOTOI0 KaJbKyJaTOpa ado
MaTeMaTUYHUX HaKeTiB.

Kpim nux saBmaHb, BU MOYKeTe BUKOHYBATU 3aBIAHHS 3 PYOPUKU
«IIpakTuuHi 3aBIaHHA» He JINIIE B 30IIUTi, a ¥ 3a ZOIOMOIOI0 Tpa-
¢iunoro pemaxTopa.

3HauHA YacTMHA Kypcy reomerpii 9 Kiacy mpucBAdUeHa NeKapToO-
BUM KOOpAMHATAM Ha IJOIWHI, PIBHAHHAM AedKux Qiryp. 3aie:xHo
Bil MOJKJIMBOCTEH MOBU IPOTPaMyBaHH#A, AKY B BUBYAETE HA yPOKaX
indopmaTuku abo caMoOCTiiiHO, PEKOMEHIYEMO HAIMCATU IIPOTpaMu
s 300pasKeHHs Ha €KPaHi KOMII'I0Tepa TOYOK i3 3aJaHUMU KOOPIU-
HaTaMW; OIPAMUX i Kija i3 damanumu piBHAHHAMU Toino. 1li saBmanHsA
MOJKHa BUKOHYBATH Ha YpPOKax iHdopMaTuKu abo Iig vac mos3akKJaacHol
poboTu i3 camMoCTi#HOTrO BUBUEHHs IporpamMyBaHHA. Huikdue HaBeIeHO
HaAUIIPOCTIIi 3aBAaHHA; Y3ABIIN 1X 3a ifei, BU MoKeTe caMOCTiITHO IpH-
IyMyBaTH HOBi 3aBaHHA Ta CTBOPIOBATH IIPOTPAMU JJIA iX BUKOHAHHA.
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Cunyc, kocunyc i Tanresc Kyrta Big 0° mo 180°

1. HaBuiThcsl 00YMCIIOBATH TPUTOHOMETPUYHI (PYHKIIT KyTa, a TaKOXK
3HAXOIUTH BEJIUUYNHY KyTa 3a 3HAUEHHAMU HOTO TPUTOHOMETPUUHUX
(byHKIIi 3a JOIIOMOT0I0 KaJIbKYJIATOPA.

Teopema KOCHHYCIB
2. IIpointocTpyiiTe HACHIOK 3 TEOPEMU KOCHUHYCIiB 3a JOIOMOTOO I'pa-

(iuHOTO pemaxToOpa TAaKUM UNHOM.

Bubepithr Habip momaTHUX UYHceJ, AKi 3aJ0BOJBHAIOTL YMOBY
a? < b?+ ¢, e a — HaiOiIbIIe yncao 3 BuOpauux. Ilo0ymyiiTe Habip
BiZpiskiB i3 3amaHuMu JOBKUHAMU a, b i ¢. CKIamiTh i3 1ux Bigpiskis
TPUKYTHUK. Y1 BUABUBCA BiH rocTpokyTHUM? Bukonaiite Taki cami aii
s yMoB a? > b%+ c? i a? =b%+ ¢%. Yucna a, b i ¢ MaoThb 3aJ0BOJBHATH
yMoOBY a < b +c.

Teopema cunyciB

3. 300pasiTh MOBiIbHUI TPUKYTHUK, BUMIipANWTE 3a JOIOMOTOI0 3aCO-
60iB rpadiuHOro pemaxTopa MOro CTOPOHU Ta KyTu. IlepeBipre, um
BUKOHYETHCA TeopeMa cuHyciB. O0UMCIIeHHSA IIPOBOALTE TaKOXK 3a
IOIIOMOT'0I0 KOMII ' IoTepa.

Po3B’aA3yBaHHA TPUKYTHUKIB. DOPMYIH I 3HAXOMKEHHS
TLUTONIi TPUKYTHUKA

4. 3aBmanud mi. 4, 5, Aki T0TPeOYIOThH 3HAXOIKEHHA 3HaUeHb TPUTO-
HOMETPUYHUX (PYHKI[iH i IpoBeleHHs 3HAUHOI'0 00CATY 00UMCIEHb,
BUKOHYITE 3a JOIIOMOTOI0 KOMII'IoTepa.

IIpaBuabHI MHOTOKYTHUKM Ta iXHi BJIaCTHUBOCTI

5. Ilpunymatiite, sk OyAyBaTU OPaBUJIbHI MHOTOKYTHUKU. PO3TISHBTE
IBa cmocobu: 1) BuKopucTaiiTe Teopemy 6.2 i popmyny Ajasa odoumc-
JIEHHA BeJIWYUHU IIEHTPAJHLHOTO KyTa BINCAHOTO MHOTOKYTHUKA;
2) BuKopucraiiTe iHGOpPMAIil0 IPO BEJUUYNHY KYyTa HPABUIBHOTO
MHOTOKYTHUKA Ta JOBKUHY HOT'0 CTOPOHMU.

ITobynytiTe KimbKa TPaBUIBHUX MHOTOKYTHUKIB i3 3ajaHOI0 Kijb-
KicTio cTOpiH.

e

Hoskuna koaa. Ilmoma kpyra

7. O0uncaiTh KiTbKa pasiB HJOBKUHY KOJIA Ta ILJIOINY KPyra, BUKOPIC-
TOBYIOUM HAOJIMIKEHHS YKCJa T 3 Pi3HOI TOUHICTIO.
Yu € B KAIbKYJATOPi a00 MaTeMaTUUYHOMY IaKeTi, SKUM BU KOPUC-
TyEeTeCs, 3aCO0U ) BUKOPUCTAHHS CTAHIAPTHOI'O 3HAUYEHHA ymucyaa n?
3 AKOI0 TOUHICTIO IIOZAIOTh YHMCJIO T IIi 3acobomu?
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BigcTanp mMik I1BOMA TOYKAMH i3 3aJaHUMHM KOOPAMHATAMM.
Koopnunatu cepemunu Bigpiska

8. BinpmricTs rpagivHEuUX pegakTOpPiB HMOMAIOTh ITOJIE IJIs KPECJIeHHS
y BUIIAAI KoopAWHATHOI muommHHU. [ociaixiTh, AKMM YMHOM 3a-
IaloThCcsd KOOPAWHATU TOYOK Ha Ii# muoimuHi. [IpogymaiiTe, sk Bu
MOKeTe BUKOPHUCTOBYBATHU Iieli iHCTPyMeHTapiil O/ BUKOHAHHS
mo0yI0B.

PiBuanua ¢irypu
9. fIk1o B BUBUAETe MaTeMaTUUHI ITaKeTH, TO MOKeTe IxHiMu 3acoba-
MU To0yAyBaTHU KibKa JOBIMbHUX (iryp i3 3agaHuMu piBHAHHAMU.

10. BuBuarpouu mporpaMyBaHHSA Ha YpPoKax iHMOpPMaTHUKU, BU MOJKETE
CTBOPUTH CBOI 3aco0u 1j1a 300paskeHHA HA eKpaHi KoM 1oTepa Giryp
3a 3aJJaHUM PiBHAHHSIM.

11. 3HaiixiTs y rimobanbHiN Meperki [nTepHeT iHMOPMAaIIito mpo TpucTpoi
IS aBTOMATHU3AaIliil KpecaspcbKuX pobiT (Taxk 3BaHi maoTepu, aHTJI.
plotter). Uum cxo0:ki Ta UMM Bifpi3HAIOTHCA NPUHIUOU IOOYIOBU
300paskeHb Ha eKpaHi KoMn’ioTepa i Ha mamepi miaorepa? O3HaioMm-
Tecd 3 MOHATTAM «dUepernarmiadya rpadikar.

12. HanumriTs nporpamy, gKa 3a 3aJaHUMU 3HAUEHHAMU BEJIUYUH @, b
i ¢ poOuUTHL BUCHOBOK, AKa (irypa € rpadikom piBHAHHA ax + by =c,
BUBOJUTH MMOBiIOMJIEHHS TIPO ITe Ta 300paskae 1ei rpad)ik Ha eKpaHi
KoMII foTepa.

KyroBuit koedinienT npamoi

13. Axki 3acobu rpadiuHoro pegjakTopa MOMKHA BUKOPUCTATH, IIO0OHU II0-
OyayBaTU MPAMY i3 3aJlaHUM KYTOBUM KoedirieHToM?

14. Hamnuinits mporpamy, AKa 3a 3aJaHUMHU 3HAUEHHAMHN BeJIUYUH k
i b 6ymye 300parkeHHA IpAMOI Y = kx + b Ha eKpaHi KomII'foTepa.

IlonarTa BekTOpa

15. 306pasiTh 3a momomororo rpadiuHoro pegakTopa KijibKa BEKTOPIB,
AKi imrocTpyioTh 3mict . 12 migpyunuka. JKuii iHCTPyMeHT BU BU-
KOpHCTAa€ETE AJIsI T00YJ0BU KOJiHEapHUX BEKTOPiB? CIIiBHATIPAMIIEHUX
BEKTOPiB? MPOTUICKHO HANIPAMICHNX BeKTOpiB? Busmaure momyri
mo0ymoBaHUX BEKTOPiB. fIK Ie 3pobuTu HaimpocTimie?

Koopaunatu BekTOpa

16. 306pasiTsy Ha eKpaHi KoMI’I0Tepa AeKapTOBY CUCTEMY KOODAMHAT,
BuOEpiTh 3pyuHUI OAMHUUYHUI BiApisox. 3amaliTe KoopamHATHU
BEKTOpa Ta KOOPAMHATHU AeAKOl TouKu. BigkaamiTe Bix 1miei Touku
BEKTOp i3 3aJaHUMU KOOpAMHATAMMU.
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JlomaBaHHA i BiTHiMaHHA BEeKTOpiB

17. HapucyiitTe KiJbKa AOBiJIbHIUX BEKTOPiB. 3a MJOIOMOI'0I0 SAKOTrO iH-
cTpyMeHTa rpadiyHOro pemaxTopa HaWIPOCTillle 3HAXOAUTU CYMY
¥ pisHHUIIO IIUX BEeKTOPiB?

MHo:XeHHs BEeKTOpa Ha YHCJIO

18. Hapucyiite noBinibHUI BEKTOp i 3amaiiTe KibKa HJOBLIBHUX UUCES
(HaTypaJabHUX, IiauX, ApoboBux). Ilo6yayiiTe BeKTOpHU, AKi € IO-
OyTKaMu HapHCOBAHOTO BEKTOPA Ta ITUX UMCEJ.

CransapHuii 100yTOK BEKTOPiB

19. ITo6ynyiiTe Ha KOOPAMHATHIN IIJIOMMHI ABa MOBiJIBHUX BEKTOPH.
3HaWIiTh BeINUNHY KyTa MiK HIMHU 3a JOIOMOTOI0 HACIIAKY 3 Teo-
pemu 16.2. IlepeBipTe oTpuMaHUil pe3yJIbTAaT, BUSHAUYUBIIN KYT MiK
UM BEKTOpaMH 3a JOIOMOIOI0 3aco0iB rpadiuHoro pemaxrtopa.

T'eomeTpuuHi mepeTBOPEeHHS

20. BusmauTe, aKi 3acobu rpadiuHoro pemaxTopa IaiOTh 3MOTy BH-
KOHYBaTH IlepeMimieHHs ¢irypu. AKi Buau mepeMilleHHA MOMKHA
peaJizyBaTu 3a iXHBOIO JOIIOMOTOH0?

21. 3uaiiaiTs 3aco6u rpadivHOro pegakTopa, 3a JOIIOMOI0I0 AKUX MOXKHA
mooyayBartu: 1) ¢irypy, cumerpuuny mamiii ¢irypi BigHocHo manoi
npsamoi; 2) girypy, cuMeTpuuHy AaHii Girypi BiiHOCHO JaHOI TOUKM;
3) dirypy, romoTeTuuHy maHiit ¢irypi.

22. 3uaiiaiTs 3aco0u rpadiuHOro pegakTopa, 3a JOIIOMOI0I0 AKMX MOXKHA
mooyayBatu Qirypy, momibHy mamiii mosBinbHi#l ¢irypi. dAxi sacobu
Tpeba BUKOPUCTATH, 100 Ii (irypu Oyam momibHUMM i3 3agaHuM
KoediiierTom?
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BIANMOBIAI TA BKA3IBK 40O BIMPAB
NE) NiE) 12 V35

111.3) 3 460 -3 4y 0,6. 1.12. 1) 12 460 —12; 9y Y32
4 4 13 13 6

1.15. 1) 2-+/3; 2) -1,5; 3) —/3-2. 1.16.1) 3; 2) g 1.21. —%.

1.22. 120°. 1.23. 10 cm, 30°, 120°. 1.26. 5/6 cm.
2.3. 120°. 2.4. 45°. 2.10. 27 cm. 2.11. V10 cm. 2.12. V21 cm

a6o V29 cm.  2.13.13 cvm.  2.14. ay2++2.  2.15. 389 cwm.
2.16. \Ja> +b*> +ab~2.  2.17. Ja*+b>—ab.  2.18.15 cm, 24 cwm.

2.19. 2 cwm, 4\/§ cm. 2.20. 3 ¢cm, 5 cm. 2.21. 10 cm, 6 cm, 14 cwm.
2.22. 6 cm a6o 10 cm. 2.23. 75 cm. 2.24. 13 cm. 2.25. 79 cwm.
2.29. 14 cm. 2.30. 34 cm. 2.31. 7T c™m, 9 cm. 2.32. 20 cm, 30 cm.
2.33. 8 cm. Brasiska. IIpoBeniTh uepes BepiiuHy B npamy, mapaJieib-
HY cTopoHi CD, i posrisiHbTe TPUKYTHUK, AKUHA IPU IILOMY YTBOPUBCH.
2.34. g 2.35. g oM. 2.36. Hi. 2.38. 10 cm. 2.39. 6 cu.

2.40. 11 cm. 2.41. 6 cm. 2.42. 22 cm. 2.47. 4 cm, 6 cMm.

3.14. 26 cm. 3.15. 6 cw. 3.16, — 25B g4y msinosinp
cos (B+7y)siny sin (a0 —B)
3.1g, csinosin(@ty) 4.4 msinosine g4 90 399 25
sin y sin ¢ sin B sin (a0 + ) 3

bsinasiny

3.23. 60° a6o 120°. 3.24. 4,5 rox.  3.25.

. o
sin (o + y) cos

a cos g 85
3.26. — 2 328. 5 cMm. Brasiska. lllykanuii pagiyc MOKHA

sin (45O + S—OL)
4

3HAWTH K pajfiyc KoJja, OMMCAHOIO0 HABKOJIO TPUKYTHHKA, CTOPOHA-
MK SIKOTO € OJHa 3 OCHOB, OiuHa cTOpoHa Ta AiaroHaJib Tpamelrii.

n o 9 si
3.29. 2SM% . isiexa. Tosexirs, mo CE = DE. 3.30. —mSinb
sin B sin (o + B)
2m sin o . .
——— . Brasiexa. Ha mpogoB:kxenui memianu AM 3a Touky M mo-
sin (a0 + B)
sHauTre Touky K Ttary, mo AM = MK, i 3acTocyiiTe TeopeMy CUHYCiB IO
in (o0 +
rpukyTEUKA ACK 260 TpukyTHUKa ABK. 3.31. “S;LB) 3.32. Bra-
sin o

3iexa. Bupasite xkytu AHB, BHC i AHC uepes KyTu TpukyTauka ABC.
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3.33. llIBuamie moixatu uepesd ceno C. Brasiska. IlpuiimiTh BigcTaHb
MiX AKUMU-HeOYb ABOMA ceJlaMU 3a @ i BUpa3iTh uepes3 a BimcraHi
Mix immwumu cenamu. 3.34. ABTobyc. 3.37. 12 cwm.

4.12. 107°, 73°, 132°, 48°. Brasigka. IIpoBeniTh uepes OmHY 3 Bep-
IIWH MEHINIOI OCHOBU WPAMY, IlapaJiejibHy OiuHiil cTOpoHi Tpamerii,
i poBTIAHBTE TPUKYTHUK, AKUHA IpU IIboMy yTBOopuBcA. 4.13. 9 cMm.
4.14. 30 cm, 48 cm.

5.4. 1) 60° a6o 120°; 2) 90°. 5.5. 30° a6o 150°. 5.9.12 cm.

5.10. 24 cu. 5.11. 24 e 5.12. g e, 5.13. 1) g o, 2—85 s 2) 8 o,

2 . .
145 v 5.14. 2 cm, % oM. 5.25. 3 : 5. 5.26, L SPSNY 5 o0n o

2sin (B+7)

2 . .
x sin o sin B sin (o +f).  5.28. b sinosin (OHB). 5.29. ﬂ
2sin B 2sina
2 .
5.30, — " snp 24

—_— . 5.31. 51 cm?, 75 cm?, 84 cm?. 5.32. — cmM.
2 sin a sin (o + PB) 7

Brasiexa. CkopucraiTecs TuM, 10 S,pe = Supp + Sicp. 9.83. 360 cm2.
Brasiska. IIpoBeniTh uepes oguH i3 KiHIIiB MeHIIIOI OCHOBU Tparmemii
npsaMy, IapajejbHy OiuHiNl cTopoHi Tpameliii, Ta 3HAWAITHP BUCOTY
TPUKYTHUKA, AKUH 14 IpsAMa BigTuHae Big Tpamerii. 5.34. 12 \/5 cm?.
Brasiexa. Hexait ABCD — nana tpanenis, BC | AD. Ilposenits uepes
Bepiuay C mpamy, AKa mapajgeiabHa npamiit BD i nepetunae npamy AD
y Touri E. JloBemitsh, 1o TpukyTHUK ACE Ta mama Tpameriss piBHO-

1
—AK - AM sin A

S
Beauki. 5.35. 1:2. Bxasieka. —4MEK — 21 =cos® A.
Sapc EAC «- ABsin A

5.36. 19,5 cm. 5.37. 13 cm, 14 cm, 15 cMm. 5.39. 10°. 5.40. 91 cwm, 21 cwm.
5.41. 9,6 cMm.

2 2
6.20. \|R? —%. 6.21. 2VR’ - 1. 6.22. |r? +“:. 6.26. ~ 17,4 cm.

a(3+\/§)

6.27. ~ 19,8 cm. 6.28. 5 cTopin. 6.29. 18 cropin. 6.32. 1) T;

2) a(3;\/5)_ 6.33. 1) 2“3*/5; 2) Y3 6341 : 2. 635 V:2.

3
3a® \/5
2

6.38. 4,4 cv. 6.39. 2R% /2. 6.40. a+/3; 2a;

.6.41.6 (vV2-1) em.

6.42. 8 cm. 6.43. a\2++2, a(V2+1), a4+22. 6.44. @
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a(2+\/§)

6.45. —5 6.46. TpukyTHUKIB, a60 KBaJgpaTiB, a00 IITECTUKYTHU-

kiB. Brasiexa. HaBkoJio omHiel TOUKM MOKHA BUKJACTH CTLIBKU J0O-
IIeYOK, V CKiJIbKM pPas3iB KyT IIPU BEPIIUHI AOINEYKN, AKUN JOPiBHIOE

180°(n -2 180°(n -2 2
M, MeHImii Big 360°, To6To 360° : 80°(n-2) _ 2n
n n n—

JTOITIEUOK.

3HauUeHHS BUPasy Mae OyTu HaTypaabHuUM uuciaoM. OCKiabKH

n—
2n  2n-4+4 4 c D K
= =2+ , TO 3HAYEHHS
n-2 n-2 n—-2
4
BUpPa3y —y Mae OyTu HaTypaJbHUM YHC- R E
n—

aom. 6.47. Brasisexa. Hexait ABCDEF —
MPaBUJbHUIN INTECTUKYTHUK (ZUB. pUCY-
HOK), K — Touka meperuny npamux CD
i EF. Toani AK — myKaHuU# BigpisokK.
6.49. 18 cm. 6.50. 96 cm2. 6.51. 9 cm.

25(n-22)

A F

Ao 3apaui 6.47

255 -3
7.25. 22,5°.7.30. 6 cm.7.32. 1) 22 v 2) % o’
gy VALY o gag ) 2oBVE L ) 10me8E
12 3 3
7.38. 27 cwMm, I()_n cM, 20—“ cm. 7.39. @ CcM, @ CcM, 20—n cM
3 3 18 18 3

7.40. S?TC cMm. 7.41. 6m cm. 7.42. 1 : 1. Brasiseka. [oBexiTh, 110 B

.. . 1
000X BUIIAAKAX CyMa MOBKHUH MHiBKiJ ZOpPiBHIOE EnAB 7.44. 50 cMm.

2 2
747.~17,3 %. 17.48. M 7.49. “’: .

2
746, =2

2
7.50. a® (g—l). 7.51. %. Brasiska. Posrasubre TPpUKyTHUK AND

i moBexiTs, 110 BiH piBHOCTOpOHHIiH. 7.52. Brasieka. Cyma Mol ycix
3adapboBaHuXx i HesaapOOBaHUX CEPIUKIB JOPiBHIOE CYyMi IJIOII ABOX
KPYTiB, fiamMeTpu AKUX € CYCIAHIMU CTOPOHAMU NPAMOKYTHUKA, a cyMa
miont HesahgapbOBAaHUX CEPHIUKIB i MPAMOKYTHHKA MOPIBHIOE IIJIOIIII
Kpyra, giaMeTp AKOTro € IiaroHaJJI0 NpAMOKYTHUKA. [IoKaKiTh, 110 I1i
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cymu piBHi. 7.53. Brasiexa. CrninbHa yacTuHa KBa-

. . . . 1
IpaTiB MiCTUTB KPYT, pajiyc AKOT0 AOPiBHIOE 3 cM

(muB. pucyHoxr). 7.55. 130 cMm, 312 cMm. 7.56. Bra-
17 17

3ieka. Yepes cepeamHy MEHIIIOI OCHOBU TPOBEIITH

mpsMi, mapajeabHi 6iYHUM cTOpOoHAM Tparmerrii.
Ao 3apavui 7.53 8.13. 1) Tax, Touka B JeXuTh Mixk ToukamMu A

i C; 2) mi. 8.15. x=7 abo x=-1. 8.16. (3; 0).
8.17. (0; 0,5). 8.18. (3; —0,5). 8.19. (-2; 2). 8.20. (3; —2). 8.24. A (-5; 3),
C(7; 5. 825 2J73.  8.26.(33;23) ado (-33;-23).
8.27. (-2; 4/3) a6o (-2; —~4/3). 8.28. (3; 3) abo (-6; 6). Brasisxa.
Posraaubre nBa Bunagku: B (a; a) abo B (a; —a). 8.29. (5,5; 0), (3; 0),
(=1; 0). Brasiexka. Posraaubre Tpu Bumagrku: AC = BC, AC=AB
i BC=AB. 8.30. (0; 6), (0; 4), (0; 3,5), (0; 8,5). Brasiska. Po3rasaHn-
Te Tpu Bunaaxku: AC?+ BC?=AB? AB?+ BC?=AC?, AC?+ AB?= BC?
8.31. \/33 cm. 8.32. 56°, 124°. 8.33. 8 cm i 16 cm.

9.16. IBa koma: x2+(y—11)2=45 1 x?+(y+1)?=45. 9.17. (x — 3)? +
+ y?=50.9.19. 1) Tak, Touka (—1; 5) — 1menrp KoJsa, R = 7; 2) ui; 3) Hi;
4) Tak, Touka (2; 7) — meuTp Koja, R = V2. 9.20. 1) Touka (0; —8) —
meHTp KoJsa, R=2; 2) Touxka (4; —2) — 1meHTp Koma, R= J5.
9.21. (x — 2)2+y2=13. 9.22. (x — 2)?+(y — 1)2=25 abo (35—3)2
+(y—8)2=25. 9.23. (x+5)*+(y—2)2=10 a6o (x+1)?+(y+2)*=
9.24. (x — 2)?+(y + 2)?=4 a6o (x + 2)? + (y + 2)> = 4. Brasiska. ,I[laMeTp
IIyKaHOI'o KoJia AOpiBHIOE BificTaHi MisK Biccio aberuc i mpsimoro y = —4,
a IeHTP KoJia HAJIeKUTh OiceKTpuci TpeThoro abo 4eTBepPTOTO KOOPAM-
HaTHOrO KyTra. 9.25. (x — 1)2 + (y —1)2=1 a6o (x—1)*+(y+1)?=1.
9.26. 1) (x+3)2+(y—2)2= 2) (x+1)*+(y +3)2=169.
9.27. 180+/3 cm?. 9.28. 70 cm. 9.29. 600 cm?2.
10.7. 1) y=2x—-5; 2) x=3; 3) y=-1; 4) 5x+3y=6. 10.8. 1) y =

=-3x+1; 2) x —6y=12. 10.9. 1) (-8; —31); 2) (-1; 2). 10.10. 1) (2; —7);

2) (43 ~1). 10.11. y = —0,5x — 4. 10.12. y = %x —%. 10.14. 12. 10.15. 28.

10.16. 6. 10.17. (2; 5), (5; 2). 10.18. (5; 0). 10.20. 102:/)5

Ilykana BimcTaHb MJOPiBHIOE BUCOTI TPUKYTHUKA, OOMEIKEHOTO OCAMU
KoopauHAT i gaxor npamoro. 10.21. 4 V2. 10.22. 34/10. 10.23. x - 3y =
= 2.10.24. Tx + 5y =—8. 10.25. (3; 3) ado (15; 15). 10.26. (—2; 2) abo
(-10; 10). 10.27. (x - 3)2+(y —4)*=17. 10.28. (y—-4)(y+4)=0
10.29. \10 cm, /58 cm. 10.30. 104 cv. 10.31. 12,5 cwm.

. Brasiska.
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11.5.1) y=4x+19; 2) y=—3x—2; 3) y="7. 11.6. y=—0,5x — 4.
11.7. 1) y=—Tx+2; 2) 3x—4y=-39. 11.8. 1) y=9x + 13; 2) 3x +y =
=9.11.9. 1) y=x/3+6-23; 2) y=—x/3+6+23. 11.10. 1) y =

x\/g x 3

=x—-5; 2)y=—x+1. 11.11. a) y:T+3; 0) y:—T+2.

11.12. 1) Tak; 2) rak; 3) mi; 4) mi. 11.14. y=4x +9. 11.15. y =3x — 12.
11.16. y=x + 4. 11.18. 30 cm, 40 cm. 11.19. 144 cm?.

12.26. ITpamoxkyTHUK abo piBHOOGiIuHAa Tpameria. 12.34. 60°, 120°.
12.35. 4 cu, 12 cu. 12.36. 313
HY B npamy, napajeabHy npamiit M K.

13.16. AF (-2; 2), FD(2;4). 13.17. DE(-4;6), EO (-4; —6).
13.18. a (-6; —8) abo a (8 6). 13.19. ¢ (v2; v2) a6o ¢ (—v/2; —2).
13.20. C (7; 17), D (2; 17) a6o C (7; —=7), D (2; —7). 13.21. B (16; 2),
C (16; —6) a6o B (-14; 2), C (—14; —6). 13.23. 20 cm, 7 cm, 21 cm.
a*\3

P
14.45. 1) Taxk; 2) rak; 3) ui. 14.46. Brasigka. [lokaxiTh, 1110 KOX-

. Brasiska. IIpoBeniTh uepes BepIIu-

13.24.

HUU i3 BEKTOpPiB OA+0C i OB+0D IOPiBHIOE HYJIb-BEKTOPY.
14.48. Brasiexa. Ioctrarbo mokasaru, mo XA—XB=XD-XC.
14.49. Koso pagiyca AB i3 meutpom y Tourii A. 14.50. CepenmuaHMHA
nepuneHAUKYyasap Biapiska AB. 14.51. 0,2 m/c, \/m M/c. 14.52. 60°.
14.53. Brasisxa. Hexait Binpisok AA, — menmiana tTpukytHuka ABC.
Ha npomos:xkenni Bigpiska AA; 3a Touky A, BiaxkJamiTe Bigpisox A,D,
pisanit MA,. 14.54. Brasiexa. Maemo: A,A +A B + B B,+B,C, +
+C,C,+C,A, =0, A B, +B,C,+C,A, =0, sBincu A,A + BB, +C,C, =0.
14.55. 4 cm, 6 cm. 14.56. 2,5 cm.

15.31. —4; 4. 15.32. -1,5. 15.34. m (-15; 36). 15.35. a (-3; 4).

15.38. x= 2, y=-3.15.39. OK = 0,54 —0,15. 15.43. BM = %E + %B—C.

15.45. Brasisxa. 3 oguoro 6oxky, M,M, = M,B, + BB, + B,M,. 3 npy-
roro Oory, M,M,=MA +AA, +AM, [Jojaiite ni pisHOCTI.
15.51. Brasiska. Hexait Binpisku AA,, BB, i CC; — MeniaHu TPUKYTHU-
ka ABC. CkopucraiiTecs TUM, 110 A—A1 + BB, +CC, = 0. 15.52. Brasisxa.
Cropucraiitecsa samaueio 15.45 i karouoBoio 3amauero 1 m. 15. 15.53. Bra-

3iexa. BupasiTs BeKTOpH! BM i BN yepes BeKTOPHU BA i BC. 15.54. 18 cm.
15.55. 60° 24+/3 cm2 15.56. R+/3.
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16.17. 1) %; 2)1;3) %; 4)0.16.20. -3i3.16.21. -1. 16.23. b (-12; 16).

16.24. -11i 1. 16.26. 4. 16.27. —0,5. 16.28. /7. 16.29. 2./7. 16.32. %,

o, % 16.33. 30°, 60°, 90°. 16.36. 0°. 16.37. 120°. 16.38. Brasisxa.

Hexaii CA = a, CB=b. Toai CM = %a%z, AR = _;+§5. Buafigits
CKaAJISAPHUI TOOYTOK CM - AK. 16.39. 45°. Brasisxa. Hexait OB = 5,
oC=c. Bupasits BekTOpU AB i DC yepe3 BeKTOpU b ic.16.40. 30°.

1

Brasiska. ﬁ=—(ﬁ+ﬁ). 3Bincu BD =

1(BD-B4A+BD-BC),
2 2

BD = %| BD || BA |-cos ZABD. 16.41. Brasiexa. BD = %(ﬂ+%),

MF = MB+ BF. SaIHUIINI0Ca mokasarTu, 1110 BD-MF =0.

16.43. 100 cm. 16.44. 67 cm.

17.13. Ilpu AB]|la. 17.23. Besmiu. 17.29. (x + 3)2+ (y — 4)?=1.
17.30. y = x? —4x + 1. 17.31. Brasisrxa. Hexait ABCD — mrykana Tpa-
nemnia (BC || AD). IlobynyiiTe o6pas miaronasai BD mpu mapaJjebHOMY

mepeHeceHHi Ha BEKTOD BC. 17.33. Brasisxa. ITo6ynytiTe o6pas mamoi
OpaAMOl IpU TapajeJbHOMY IIepeHeCeHHI Ha BEeKTOp AB (abo E&)

PosrisHbTe TOUKY IepeTUHY 00pasy 3 JaHuM

C KOJIOM. 3ayBasKHUMO, 1110 KOJIU IT00yAOBaHUI

B obpas i raHe KOJI0 He MaloTh CILJILHUX TOYOK,

TO 3amada He Mae po3B’sa3Ky. 17.35. Brasis-

ka. Hexait ABCD — mykauuii YOTUPUKYT-

HUK 3 ganuMu ctopoHamu AB i CD (mus.

A p DbucyHok). PosrisaHeMo mapajieibHe IepeHe-

CeHHA CTOPOHU AB Ha BEKTOD BC. Tpukyr-

Ao 3apaui 17.35 HUK A,CD wmo:xHa mobyayBaTH 3a [OBOMA

croporamu CD i CA,=BA ta xyrom A,CD,

axuii gopiBaoe /BCD — (180° — ZABC). TpukyTHuk AA,D MOXKHa II0-

OynyBaTu 3a cTopoHOI0 A;D i nBoma mpuieraumu kyrtamu AA;D i ADA,.

17.36. Brasisxa. Hexait Touka A; — obpas TouKu A mpu mapajeabHO-

My IIepeHeceHHi Ha BEKTOP MN. Croayuits Touku 4, i B. 17.37. 36 cMm.
17.38. 40. 17.39. 490 cm?.

18.21. a 1 I a6o mpawmi a i | 36iratoreca. 18.24. Brasisxa. SIK1o

YOTUPUKYTHUK Ma€ Bich cuMeTpii, To o6pasoM OyAb-sIKOI H0TO BEpIIU-
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HU € BEPIIUHA I[HOT'0 CAMOT0 YOTUPUKYTHUKA. BubepiTh NeAKy BepIIu-
HY mapaJjejorpaMa Ta PO3TJISHbTe ABi MOKJMBOCTi: ii o6pasom € abo
cycinua BepiimHa, abo mporuie:xkna. 18.27. Brasiexa. Kyrtu M,BA
i MBA e cumerpuuHuUMHY BigHocHo npsamoi AB. Otixke, /M BA=/MBA.
Amnanoriuao ZM,BC = ZMBC. 3anummuioca mokasartu, mo L M,BM, =
=180°. 18.28. 1) A, (0; —2), B, (-1; 3); 2) A,(0; 2), B,(1; —3). 18.29. x =
=2, y=-1. 18.30. Brasiexa. Hexait Touka A; — ob6pas Touku A mnpu
cumeTpii BizHOCHO mpsamoi a. Toxi Touka meperuHy npAmMux a i A;B
Oyme MIyKaHOO. 3ayBaskKMMO, II[0 KOJU TOUKU A i B cuMeTpuuHi Bin-
HOCHO TpPSAMOi a, To 3amaua Mae 6e3siu pos3B’aA3kiB. AKIimo Touku A i B
piBHOBigmasieHi, ajle He CUMETPUYHI BiTHOCHO IIPAMOI a, TO 3ajmadya He
Mae poss’asky. 18.32. Brasiexa. Hexait Touka A; — obpas Touku A
mpu cuMeTpii BizHOCHO nipAMoi a. Toxi Touka nepetuny npamux a i A;B
oyne mrykanoio. 18.33. Brasisexa. Hexaii TpukyrHuk A;BC — o6pas
TpukyTHUKA ABC 1Ipu cuMeTpii BiTHOCHO CePeIUHHOTO IIePIeH UK YJIA-
pa Bigpiska BC (muB. pucyHok). Tpukytauk ACA, Mo:KHa o0yayBaTu
3a Bigomumu croponamu AC i A;C (A,C =AB)
Ta KyToM ACA,, AKUil JOPiBHIOE PiBHUIIL KYTiB
B i C. 18.34. Brasisxa. Hexait Tourka C, cu-
metpuuHa Toulli C BimHOCHO mpsamoi AB. Ilo-
OynmyiiTe Kojo i3 menTpom y Touri C;, AKe J0-
TUKAaeTbcsaA Ao npamoi AB. IlpoBenmiTh uepes
Touky D morudHy f0 noGysoBaHoro koxa. la 4 -
IOTUYHA IepeTMHae npamy AB y mykaHii /VC
tourti. 18.35. Brasiska. Hexait ipsama [ — cepe- A

IVHHUNA nepneHAukyaap niaronami AC. Tou-

kKa B; cumerpuuHna Touri B BigHOCHO npamoi [. Ao sapauvi 18.33
CkopucraiiTecda TUM, 1110 YOTUPUKYTHUKYU ABCD

i AB,CD piBHoBenuki. 18.36. Touka nepetTuny Bucot TpukyTHuxa ABC.
18.37. CD; 7 cm, 10 cm. 18.39. y=0,5x - 0,5.

19.22. Brasisxa. Ilpunyctumo, 1mo TpuKyTHUK ABC Mae IeHTp
cumertpii. Toxi, mampukanm, o6pasom BepiiuHu A € BepriuHa B. Omixke,
IeHTp cuMeTpii — 11e cepenuHa ctopoHu AB. IIpoTe B IbOMY BULIIAAKY
o6pas Bepmiuau C He HajmexaTuMme TpukyTHUKY ABC. 19.24. Brasiska.
IIpu neHTpaNbHIN cuMeTPii 06pPa30M CTOPOHU MAaHOTO YOTHUPUKYTHUKA
€ CTOPOHA IIHOTO CAaMOT0 YOTUPUKYTHUKA. Jlaji cKopucTaiiTeca KIHOYO-
Boto 3amauero 1 m. 19. 19.25. Brasisxa. IIpu cumerpii BimHOCHO TOUKU O
00pasu TOUOK A, i B; HayieKaTh KoJy i3 meHTpoMm O,. OcKinbKu o6pasom
mpsaMoi, AKa IPOXOAUTH Uepes3 IeHTP CUMeTpii, € g caMa ImpsaMa, TO
obpasu Touok A, i B; TaKo:K Hajexarb npamiit A,B;. OT:xe, Bigpisok
A,B, — obpa3 Bigpiska A,B;. 19.26. 2 cm a6o 1 cm. 19.27. 2 cm. Bka-
3iexa. Ilpu posriAamyBaHOMY IIOBOPOTiI Touka B € obpasom Touku D,

B
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Touka C; — ob6pasom Touxku C, Touka A — oOpasom Touku A (quUB.
pucyHok). Or:xke, TpuKyTHUK ABC, — 00pa3 TpukytHuka ADC. 3Bincu
LABC, = LZADC =90°. Or:xe, Touku C;, B i C nexaTh Ha OGHiN IPAMiii.
19.28. Brasiskxa. Po3ryiigHbTE IIEHTPAIbHY CUMETPIil0 i3 IIEHTPOM y TOU-
i mepeTuHy AiaroHaJjei ommoro 3 mapajeaorpamiB. 19.29. Brasiska.
3HaligiTe cepenmuy Bimpiska AC, a majai ckopucraiiTecs samadeio 2
u. 19. 19.30. Brasiexa. Hexait O — pnana Touka, [, i [, — manmi npami.
ITo6ynyemo o6pas npsamoi [, mpu cumerpii BizrocHo Touku O. OTpuma-
eMo mpamy [/ (ZUB. PHCYHOK), fKa IlepeTHHAe mpamy l, y Toumi E.
3Harigemo 1mpoodpas Touku E mpu posraanyBaHiii cumerpii. OueBugHoO,
10 BiH Mae Hajexkatu npamin [;. OTike, TOuKa, cuMeTpuyHa TOoUIi E
BigHOCHO TOUKM O, TaKOXK HAJIEKUTH MPAMIN [;.

Ce 0

do sapaui 19.27 Ao sapaui 19.30

19.31. Brasiseka. Ckopucraiitecsa ifeeio pos3s’a3yBaHHA 3agayi 4 m. 19.
19.32. Brasigka. PosrasaHeMo MOBOPOT i3 meHTpoM y Toulli C mpoTu
TOAVMHHUKOBOI cTpikm Ha KyT 60°. IIpu Takomy moBopoTi oOpasamu
TouoK E i B 0yayTh Bigmosiguo Touku D i A. Otixe, Bigpisok AD i iioro
cepeaguua K OyayTh BimmoBimHO obpasammu Bimpisxka BE i iioro cepe-
nuau M. 19.33. Brasisxa. Hexaii [, 1, i l; — pnani napanesnsHi npawmi,
O — posinpHA TOuKa mpamoi l, (zuB. pucyHok). Ilpama I — o6pas
opamoi [, mpu MOBOPOTi HaBKOJIO TOUKK O IPOTH TOZUHHUKOBOI CTPiJI-
KU Ha KyT 60° — meperunae npamy [, v Touni M. 3Haiigemo npoobpas
Touku M mpu 3amaHomy moBopoTi. OueBUIHO, IIIO0 BiH HAJIEKUTH IPA-
wmiii [;. Tomy gocraTubo BigKimacTu Big npomens OM KyT, 110 LOPiBHIOE
60°. 19.34. Brasiexa. Hexait O — nana Touka, [y, l,il; — maui npami.
ITo6ymyiiTe Bimpisok AC, cepeanHoIo SKOro € Touka O, a KiHIli HaJIexaTh
upamum [, i ,. Ileit Binpisok € oxHiero 3 miaromaseir pomba. 3HAUAITE
TOUYKY IIePeTUHY IPAMOI /; i3 cepeIMHHUM NepPIeHAUKYJIAPOM Bipiska
AC. 19.35. Brasiska. PosrisHeMo ITOBOPOT i3 ITEHTPOM y TOUIi A TIpo-
TU TOAWHHUKOBOI cTpiku Ha KyT 90°. IIpu mpomy moBOpoTi o6pasom
Bigpiska AD Oyne Binpisok AB (muB. pucyHok). Hexait Touka E; — 00-
pas Touxku E. Toxi rpukytauxk ABE, — o6pas Tpukytuuka ADE. 3Biz-
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cu AABE,=AADE. Toni DE =BE,, AE=AE,, /E,AB=/EAD.
Maewmo: JZE.,AF =/E.AB+ /BAF = /EAD + /FAE = /FAD. Aune
/FAD = Z/E,FA. Or:xe, TpukyTHUK AE F piBHOGenpenwnii i AE, = E F.

B
l1 N / -
l2 N_O El B c
! \/
v/ M
1 A D P

1
Ao 3apauvi 19.33 Ao 3apaui 19.35 Ao 3apaui 19.36

19.36. Brasisxa. Po3rassHeMo ITOBOPOT i3 IIeHTPOM y TouIli A 3a TOIUH-
HUKOBOIO CTPiIKOoI0 Ha KyT 60° (guB. pucyHok). IIpu mpomy moBopoTi
obpasom TpukyTHuUKA ABP 6yne TpukyTHUuK ACP; (Touka P; — ob6pas
Touxku P). 3Bigcu LAP,C=/ZAPB=150° Tpuxkyrauxk APP; piBHOCTO-
pouHiii. Toxni LAP,P=60°. Omxe, LPP,C=90° 3anumuiaocs 3ayBa-

12
sxkurH, mo P,C=PBi PP,=AP. 19.39. TO cM.

20.20. 1) 1,5; 2) —%; 3) g 20.24. % 20.25. 12 cm. 20.26. 28,8 cm?.

S
20.28. E 20.29. 1) k=2, Touxka B ab6o k =—2, TouKa mepeTuHy mia-
rouaJseii Tpameriii AMNC. 20.34. Brasigka. Hexaii jane KoJio TOTUKA-
eTbcsa no0 npamoi a B touri M. Touka M, — obpas Touku M mpu ro-

morerTii i3 meHTpoM A. OcKiIbKU 00pa3oM IPsMOI a € I cama IIpsaMa,
TO TouKa M, HajmeKuUTh nNpaAMiil a. [TokaxiTse, 1110 00pas gaHOTO KoJia

1
Ta IpsAMa @ MalTh TiIBKU OAHY CIiJbHY TOuky M. 20.35. s Bka-

siéra. Ba osHauemmam romorerii MA = EMB. 3HaWIITE KOOpAUHATHA
BekTopiB MA i MB. 20.36. (—3; 2). 20.37. 1) x=-3, y=8; 2) x =12,
y=-2.20.38. x=0, y=8. 20.39. 28 cm?. 20.40. 20 cm?. 20.41. 112 cm?.

1
2043. 1) y=2x+2; 2) y=2x— 3> Brasiska. Ckopucraiitecsa TuM, IIo

KyToBUi KoedimieHT mykanol npsamol gopisuioe 2. 20.44. 1) (x +1)% +
+(y—22=1; 2) (x—4)2+(y +8)*=16. 20.45. Brasisxa. Ilpama A,B,
€ obpasom mpsamoi A;B; mpu romorerii i3 1eHTPOM y TOYIll JOTHUKY Ta
KoedimienToM, AKUI NOPiBHIOE BigHOIIEHHIO OiJBIIIOrO pajiyca a0
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mewuroro. 20.47. Koso, ke € 006pas3oM maHOTO KoJia IIPU TOMOTeTii i3
.. 1 .
IeHTpoM A Ta KoedirieHToM 3’ 3a BUHATKOM Touku A. 20.49. Brasiska.

TPUKYTHUK 3 BepIIMHAMHU B OTPUMAHUX TOYKAX € 00pasoM TPUKYT-
HUKa 3 BepIIMHAMHU B C€PeAUWHAX CTOPiH JAHOI'O TPUKYTHUKA IIPU TO-
morerTii i3 mentpom M i xoedimienTom 2. 20.50. Brasisra. IlooyayiiTe
IOBiIbHUM TPUKYTHUK, MBA KYTU AKOTO HOPiBHIOIOTH JBOM TaHUM K-
Tam. OOuIIiTh HABKOJIO HHOr0 Kojo. IIlykauuit TPUKYTHUK € o6pasom
o0y I0BaHOI'0 TPUKYTHMUKA IIPU TOMOTETIi i3 IIeHTpOM y MOBiJbHil
TOUIIl Ta Koe@iljieHTOM, 1110 JOPiBHIOE BiTHOIIIEHHIO JAHOTO pajiyca Io
pazniyca mobymoBanoro kojaa. 20.52. Brasigka. [luB. po3B’A3aHHs 3a-
maui 2 m. 20. 20.53. Bra3sieka. Po3rassHbTe TOMOTETIIO i3 I[eHTpoM

.o . .. 1
y cepenuHi Bigpiska AB i KoepimieaTOM 3 20.54. IIpsama, Axa € 00-

pasoMm mpsamoi [ mpm romortetii i3 meHTpoM y cepenuHi Binpiska AB
. . 1 .
i koedimienTom 3 3a BUHATKOM TOUKU HepeTuHy npaMux AB i I (AKIo

Taka Touka icuye). 20.55. Brasiska.
IToGyayiiTe moBijbHE KOJIO, AKe TOTH-
Ka€EeThCS 10 CTOPiH KyTa (AUB. PUCYHOK).

M _ Hexait M, — ogHa 3 TOYOK IEPETHUHY
1 npamoi BM 3 moOymoBaHUM KOJIOM.
PosriaapTe TOMOTETIIO i3 IeHTPOM

y Tourni B i KoedimieHTOM, IIIO0 JOPiB-

C HIOE BigHOIIEHHIO

. 3ajaua Mae
1

Ao sapaui 20.55 nBa poss’sasku. 20.56. 96 cm?, 4,8 cMm.
20.57. 24.

JT++/3-2
2421

21.5. 1 cm abo 2 cm. 21.6. 36 cm. 21.7. 4 cm. Brasiska. OCKiabKu
rpanenias ABCK e Buucanowo, to AB=CK. Toxi /KAC=/AKB,

21.1. 217 cm a6o 241 cm. 21.2. . 21.4. 9 cv, 24 cm.

AC =BK. 21.8. i; —i; —1; l. 21.9. V111 cm. 21.10. 9,5 cm.
16 16 8 8

21.11. 12 cm. 21.12. a22. 21.13. 1:1:4/3. 21.14. 6 cwm.

21.15. 7;/5 cm. 21.16. ﬂ. Brasisrka. Cxropucraiiteca Gop-

o
b+ c¢)sin —
( ) 9
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MYJIOO OJIA o0uMCIeHHA HJIOH.Ii TPUKYTHHKa 3a ABOMa CTOPOHaMM Ta

KyToM Mixk HummMu. 21.17. 4\/5 cm?. 21.18. 12 cmMm, Z CcM, 68—5 CM.

21.19. 15 cm. 21.20. 132 em2. 21.21. 450 cm2. 21.22. 36 cm?2.
21.24. 643 cm2.  21.25.1:2. 21.26. 2a(2-+3). 21.27. 45 cm.

2
21.28. 32% . 21.30. M; 4rR. 21.31. 54°. 21.33. 3™
15 6 3 4
2
21.34. W. 21.36. (-9; 0). 21.37. (0; —2,5). 21.41. (x — T)’ +

+ (y+0,5)*=6,25. 21.42. Tax. 21.43. Tax. 21.44. (-1; 0), (-9; 0).
21.45. 10m. 21.46. y=6x + 23. 21.47. y=—x + 3. 21.48. y=—§x—4.

4 V2

21.49. 5x + Ty = 8. 21.61. s 21.62. o 21.64. 5x +y =22.
21.81. 3 cm abo 3+/3 cm. 21.82. 3 cm?. 21.83. 27,5 cm?.

21.84. % cm?. 21.85. % cm?. Brasiska. Tpukytaurk A,B,C, € 006-

.. 5 .
pasom TpukyTHuKa ABC mnpu romoTerii 3 KoedimierTom _Z i merTpPOM

y Tourli mepetTuny Menian TpukyTtHuKa ABC.

BIAMOBIAI 4O 3ABAAHD
«MEPEBIPTE CEGE» B TECTOBIV ®OPMI

Si‘;ﬁﬁﬁ 1234|567 |8|9]|10]11]12
1 r B|A|B|A|T |A|B|B|B|T|B
2 B|B|B|A|lA|T|T|B|T|B|B|A
3 B| B|A|B|B|T|B|T|B|B|B|A
1 B|Ir|A|B|A|A|B|T |B|A|T|B
5 B|A|T|B|B|B|T|A|B|B|A|T
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