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B3AMMHOE PACHOJIOXEHHE ABYX NPAMBIX,
3AJAHHBIX YPABHEHHEM NIPAMOMN
C YIJIOBBM KO3OOPHUUHEHTOM
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NPAMbBIE WU YT1bl HA NNOCKOCTU

BUIBI YIJIOB

IMpsimoii yron
a = 90°.

Tymoit yron
90°< a < 180°.

Pa3pepHyTbIi yron
o = 180°.
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YR

Octpbiit yron
0" <o <90

>< BepTuKaNibHBIE YIJBI PABHBL.

o
’ CMeXHBIE YIJIbl COCTABIAIOT
’ B cymMme 180°:
o/ B o+ B = 180°.
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B »a70if xHHre Cco6paH H CHCTEMATH3HPOBAH <30JIOTOM
GoH» 3NEeMEHTApPHOMH reoMeTpuM. Marepuan npeiCTapIcH MAKCH=-
MAJIbHO HAMINAHO: KAKIOE YTBEPXICHHE NMPOHLNOCTPHPOBRHO <I0-
BOPAIEM» DHCYHKOM. DTO 3HayMTeNbHO obnerdur BaM mouck
HYXHOH MHGOpMALIMH, a TAKKEC NOMOXET €€ UCNONb30BaTh: JIyd-
1IE ONMH Pa3 YBHIETD, 9eM JECHATb Pa3 MPOYMTAT.

Ecan Bn — mMEOIBHMK, MHMHA3HCT HWIH JHIEHCT, CIIpaBOY-
HHMK TIOMOXET BaM yBHIeTh IVIaBHOE B KAXAOH TeMe, HAIJSAHO
TIpelICTABUTh OCHOBHBIC CBOMCTBA reoMeTpHIeCKHX dHIyp, GHICTPO
HalTH 9eprexy U HOPMYIBI, NOJNE3HLIC NPH pellCHHM 3anad. Bu
CMOXNCeme ROAB3I06GMBCA CNPAGONHUKOM HE3GBUCHMO OM mO0z0, RO
xaxomy yuebnuxy Bui usynaeme zeomempuro & mxoae. ,

Ecin B — aburypmenT, XHura nmoMoxer BaMm cHcreMaru-
3MPOBAaTh CBOM 3HAHMS MO TEOMCTPHH KNe3G6UCHMO Om mo20, RO

Kaxomy yseOnuxy Bot uzynasu 2eomempuio ¢ wxose.

Ecim B — yauress, armcnpanoqmn(namnamemlx
yaem#koB u3baBur Bac oT Hen36eXHOro BHINIMCHBAHHA Ha JOCKEe
OCHOBHEIX (POPMY/ ¥ DHCOBAHHS uYeprexeli, ocBoGOXIas Aparo-
IIeHHOE BpeMsl YPOKa IJIsl pelicHHA 3a1a4.




[image: image72.png]6 TaanHumempus

VIJibl C COOTBETCTBEHHO IMAPAJLIEIbHBIMH CTOPOHAMM

PO o

JIu6o pasHsl, 1u6o cocraBsior B cymme 180°.
VIJibl C COOTBETCTBEHHO MEPIIEHAHUKYASAPHBIMHA
CTOPOHAMH }
- . A
JIn6o paBHBbI, 6o coctarisior B cymme 180°.

YIJIbl, OBPA3YIOLIUECS ITPH NNEPECEYEHHN
JBYX IPIMBIX TPETBEH TPAMOM

A e

BHyTpeHHUe HakpecT siexaume | BHYTpeHHHE OJHOCTOPOHHUE

= == ¢

BHewHue Hakpect nexalue BxeuiHue 0oIHOCTOPOHHUE

T &

CoOoTBETCTBEHHbIE
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NAPANNENbHBLIE NPAMbIE
TaK Ha3bIBaIOTCH NPAMbIE, KOTOPbIE HE NepeceKaloTC.

IIPU3HAKH M CBOACTBA MAPAJUIEJBHBIX ITPSMBIX

/ /
pé A
/ /

BHyTpeHHHE HaKpecT JieXallue CymMa BHYTpeHHMX
YIJIbI paBHHL ONHOCTOPOHHHX YIJIOB
‘pasHa 180°.

/ /
/~ 4

) CyMMa BHEITHMX
BHelmHHe HaKpecT Jiexaliue ONHOCTOPOHHMX YIVIOB
YIJIBI PaBHBI. pasHa 180°.
CooTBeTCTBEHHbIE YIVIEI PABHHI.
a c
c 4 [
L
b b
JBe npsaMeie, HAse npsmure,
TiapaJUieNbHbIe TPEThel, TePIIEHAMKYISPHEIE TPETHEH,
napajie/bHBL: TapaJUIeNbHAL:
@lle, bllc) = allb. (ale, blc) = allb.
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IPH3HAKH H CBOMCTBA
MAPAJUIEJIbHBIX ITPAMBIX (upoaoiaxenne)

Teopema ®aneca
Ecym napajuienbHble NpsiMbie,
nepecekaloliye CTOpPOHH! YIia,
OTCEKAIOT Ha OAHOH CTOpOHE yIia
paBHEIE OTPE3KH,
TO OHH OTCEKAIOT PaBHKIE OTPE3KH
H Ha Apyroii CTOpOHE yria.

BepHo u 00paTHOE: €CITH HEKOTOpHE NpAMElE, HE
nepecexaouecs BHYTPH YI7Ia, OTCEKAIOT HAa ONHOM CTOpPOHE
yIVla paBHEIE MeXAY coGol OTpe3Ky H Ha IpYToii CTOpOHE ToXe
PaBHbIE MeXIy cobOi OTPEe3KH, TO TaKHe INpPsIMbIe MapajUleIbHBI.

llapaJmeJlemeAnpmme, TIepeceKalonHe
CTOPOHHI YI7Ia, OTCEKAIOT Ha CTOPOHAX
YI/ia PONIOPLMOHATBHEE OTPEe3KH:
a_b
c d -

- TEPIIEHIHKYJIAP H HAKIOHHBIE

ZN

Y paBHBEIX

M3 nByx
HAKJIOHHBIX,
HaxaoHoi NpOBEJEHHBIX H3 HaKIOHHEIX,
. OIHOM M TOI Xe TIPOBCICHHBIX H3
IlepneHnuxkynsp TOUKH, IPOEKIMH ONHOI M TOH Xe
Xxopode oboit pasHi. Bepon | TOTKH Gonelie Ta,
HaKJIOHHOMH, obpaTHoe: echH y XoTOpoit
TNpoBeACHHOMK MPOEKLMH PaBHbI, NPOCKUMA
) K NIpAMOH TO paBHMH H Gonse. BepHo
H3 TOi Xe TOYKH. HAK/IOHHEIE. u obpaTHoe.
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TPEYIrOJIbHUKMH
NPOU3BONbHbLIA TPEYFONIbHUK

COOTHOINIEHHAA MEXJY CTOPOHAMH
H YIJIAMH

HepaseHCTBO TPEYrOJbHHKA
JIio6asi CTOpOHA TpeyroJbHUKA
MEHBIIEe CYyMMBI
HIBYX APYTHX CTODOH,
HO GoJbiie MOy
MX Pa3HOCTH:
la—bl<c<a+b.

P

Cymma Y2108 TPEYTONBHAKA
paBHa 180°: o +f +y=180°.

IIporus Gonslueil cTOpoHbI
B TPEYTOJILHUKE JICXHUT
-Gonpumit yron: b>a < p>a

0

" Buewnuii yeon TpeyroqbsHAKA

PaBeH CyMMe JBYX BHYTPEHHHX
YI7TIOB, HC CMECXHBIX C HUM:
’ 8=a+f.

A

Teopema EOCHHYCOB:
¢? =a? + b2 — 2ab cosy.

[ a
b
&
b
c

Teopema CHHYCOB:
a b __c
sino.  sinf siny
310 oTHOLIEHHE paBHO 2R,
rae R — panuyc
ONMUCAHHOH OKPYXHQCTH.
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MPH3HAKH PABEHCTBA TPEYTOJIBHHKOB

AN

VAVAYVAVA

fo JIBYM CTOPOHAM

ITo oxHoii cropoe | ITo TpeM cTOpOHaM.

H YTy MeXay H IByM
HHMH. NpIeKALHM
K Hell yraM.
NPU3HAKH NMOAOBHSA TPEYTOJbHHUKOB
A NNy
. C [3 C;
. Mo nBym Tlo OByM paBHEIM Ilo TpeM
HPONSPUAOHANIBHEIM |~  YIIaM. NpPONOPLHOHALHEIM
CTOpOHaM CTOpOHaM:
H YITy MEXIy HUMH: a_b_c
a_b —=am =
==, b, ¢
P a; /] 1

CBOWCTBO NMPAMOM, MAPANJIEIBHOH
CTOPOHE TPEYTOJbHHKA

Tpsamas, napawiensHast
OIOHOMN M3 CTOPOH TPEYIOJIbHUKA
H nepecexaolias Ase Apyrue

CTOPOHbI TPEYTOJILHUKA,
OTCEKAET TPEYrOJIbHUK,

TIONOGHEIH NaHHOMY. .
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CBOMCTBA MEAUAH

Tpu MeAHaHEI ePECEKAIOTCH
6 odnoli mouxe,
KOTOpas Beerda HaXOAHTCH
6Hympu TPEYTONBHHKA
(LeHTP MACC TPEYTONIBHHKA).

MeanaHE TOYKOM TiepeceyeHHs
~ JeNsITCs B OTHOLIEHMH 2 : 1,
CYHTAs OT BEPIIMHLIL.

Kaxnast MeiMaHa Je/IMT TPEYIONbHHK HA 2 PaBHOBEIHKMX
TPEYToNbHAKA (OXMHAKOBOMN IUIOIIANH).

TpH MenHaHH ACHST
TPEYroNbHAK
Ha 6 PaBHOBEJIHKHX
TPEeyrONbHAKOB.

JLAMBa MEIHAHKI

m, SEN T I p

2
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3AMEYATEJIbHBIE THHHH B TPEYTOJIBHHKE

Meduana — otpe3ok, coeARHAIOMMMT
BEPIIMHY TPEYIoJbHHKA
¢ cepeMHOR
nponmonexameﬁ CTOPOHHI.

Buccexmpuca — oTpe3ok, KOTOphli
COEOMHSET BEPUINHY TPEYTONbHHKA
¢ TOYKOM Ha IpoTHBOJIEXKAlIEH cTOpoHe
M [eJIMT BHYTPEHHHUH YTOJ IOMNOJaM.

Buicoma — nieprieHEUKynAp,
OIyILIEHHBIH M3 BepIINHBI
TPEYTONIPHHKA HA NPSAMYIO,
COIEPXALYIO
NPOTHBOJICKALYIO CTOPOHY
TPEYTOJILHHKA.

B3auMmnoe pacnojoxenne
MeAHAHB, GHCCEKTPHCHI M BHICOTHI
B nm060M TpeyronbHuKe GuccexTpHca
JICXHUT BHYTPH yIIa, 06pa3oBaHHOIO
BRICOTOI B MEIUAaHOM,
TPOBEACHHBIMH M3 TO e BEPLIMHEL.

Cepedunrvii nepnendukysap —
 mipsiMasi, TIEPIICHAHKY/SIPHAS
.CTOPOHE TPEYrOIbHHKA
U Jenqinas ee Hnornonaam.

Cpednns aunUs — OTPE30K,
COEAMHSIOIINI CEPEaMHBI | )
IBYX CTODOH TPEYTOJLHHKA.






[image: image5.png]14 Haanumempus

CBOMCTBA BBICOT

TpsiMeie, cofepXalllHe BHICOTEI
TPEYTONbHAKA, NEPECEKAIOTCS
8 00HoU moyxe. DTa TOUKa
HA3LIBAETCA OPMOKERINPOM.

OpTOUEHTP OCTPOYTONBHOTO
TPEYTONBHUKA JIEXHT BHYTPH
TPEYrONLHHUKA.

opmoyeHi

opmOoUERTY OPpTOLEHTP NPSIMOYTOJILHOTO
TPEYTONBHUKA
COBIIANACT C BEPUIHHON
MpSIMOTO YIJIa.

“Yopmouenmp OpTOUEHTP TYTIOYTOILHOTO

T TPEYTOJIbHHKA JICKMT

BHE TPEYTONbHHKA

(Ha PHCYHKE TPEYTOJIbBHHK
BbiZIE/ICH CEPRIM LBETOM,

a NMpoAOJIXKEHMs] BHCOT M CTOPOH,
0oGpa3ylomux Tynoii yron, :
TIpOBEACHE! YHKTHPOM).

BRICOTHI TPEYTONbHEKA
06paTHO NPONOPUMOHATLHE
€r0 CTOpPOHaM:

hihyih =

b-'N

A
e

Jlnvna BbICOTH
h, = bsiny =csinp;

a a
a+b+c
7

e p=

B2 2Jp(p-a)(p-b)(p-c),
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CBOHCTBA BHCCEKTPHC

TpH GHcceKTpHCH
TiepeceKaloTcs
6 o0noli mouxe,
KOTopasi BCeraa JIEXHT
éHympu TPeYTOJIbHHKA.
Ora TOuKa ABNIACTCH
YeHmpom eNUCanHoU

OKPYNCHOCTIU.

BHccekTpHCa JeMHT CTOPOHY
TPEYrobHUKa Ha OTPE3KH,
TIPOTIOPLIHOHAJILHEIE ABYM
APYTUM CTOPOHAM:

a_b

a, ¢

a4

BucceKTPHCH BHYTPEHHETO M BHELLHETO YITIOB HEPHeHOUKYARPHYL.

Ecii GHCCEKTpHCA BHEMIHETO YIVa TPEYroJbHUKA TIEPeceKaeT

TNIPORODKEHHE NPOTUBONEXAllel CTOPOHHI, TO 0 = —’£ .
7 AD  AC
“JImMEA GHCCEKTPHCH
2bccos%
I =
‘ b+c

12 = be - be,
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CBOUCTBA CPEJIHEW JHHHHA

Cpenusis mUHMS napavieIbHa
ONHOM M3 CTOPOH TPEYTONBHHKA
H paBHa ee NOJIOBHHE:

MN || AC: MN-=—;-AC.

OHa OTCeKaeT TPeYroNbHHK,
nonoGHbI faHHOMY,
¢ ko3dduunenToMm nogobus 1/2.

Tpu cpenHye THHUA TPEYTONMbHHKA
JIENIAT €10 Ha 4 paBHBIX
TpeYronbHHKa, NMOXOOGHBIX
JaHHOMY,
¢ ko3dduuneHTOM Moxobua 1/2.

BIITMCAHHAA H OINMCAHHASA OKPYXHOCTH

B mo60it TPeYTONbHUK.
* MOXHO 81UCAMb OKPYICHOCM®,
LleHTp BIHCAHHOM OKPYXHOCTH —
b TOYKa nepecedecHHsi GHCCEKTPHC.
r Panuyc BMcaHHOM OKPYXHOCTH

r=58/p, 1ae S — wiowank

[4 a+b+c
TPEYIONbHUKA, p = 2 .

Oxono moBoro TpeyroNnbHHKA
MOXHO ONUCAMb OKPYHCHOCD.

LleHTp onMcaHHON OKPYXHOCTH —
TOYKA TEpecedYeHHs CepeAMHHbIX

@ NepNEHANKYNISAPOB.
Panuyc onncaHHOMH OKpYXHOCTH
Rr=2& :
45’ ;

rae § — IUIOWAAb TPEYTONbLHHUKA.
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CBOUCTBA
CEPEAMHHBIX NEPNEHIHKYJISAPOB

TpH cepeaNMHHBIX NEPNICHAMKYNSIPa NEPECEKAIOTCSA 8 00HOW mouKe.
DTa TOUKA SBISETCHA LEHMPOM ONUCAHHOU OKPYICHOCMU.

B cnyuae ocmpoyeoasnozo

' TPEYTroJIbHHKA TOYKa
TepecedeHNs CepPeIMHHBIX

| MepneHIHKYNApoB
(LeHTp onMcaHHOH
OKDPYXHOCTH)
NEXUT GHympu TPEYTONbHUKA.

B cnydae npamoyeonsrozo
TPEYTONbHHUKA TOYKA
nepecevdeHHs CepeIMHERIX
NEPNEHAMKYNApOE
(ueHTp onucaHHO#
OKPYXHOCTH) coenadaem
¢ CepeduHoli 2unomeny3u.

B cnyyae mynoyzoavnozo
TPeyroNLHHKA TOYKA
niepecedeHHsI CEPEAMHHLIX

NEPNeHRHKYASIPOB
(ueHTp ommcaHHOH
OKPYXHOCTH)

JIEXHUT 6HE MPEY20AbHUKA.

CBOVICTBO CEPEITMHHOTO NEPNEHAMKYJISIPA
H BECCEKTPHCH

IpononxeHue GHCCEKTPUCH
TepeceKaeTCsl ¢ CepeIMHHBIM
NEePIeHANKYNIAPOM B TOYKE,
) nexaniei Ha OKPYXHOCTH,
OITHCAaHHOM OKOJO
TPEYrONILHHAKA. i
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PABHOBEAPEHHbIU TPEYIrONbHUK
TaK Ha3bIBaeTCA TPEYronbHUK, Y KOTOPOro ABe CTOPOHb! PaBHbI.
PaBHbie CTOPOHb! HA3bIBAIOTCS GOKOBLIMU CTOPOHAMM,
a TPeTLA CTOPOHA — OCHOBAHWEM.

CBOMCTBA M NPU3IHAKH
PABHOBEAPEHHOI'O TPEYIOJIbHHKA
MpuBeaeHHbIE HUXe YTBEPXAESHUA ABASIOTCA KaK CBOWCTBaMM,
TaK U npu3Hakamu pasHoGeJpeHHOro TpeyronbHuKa,

TO €CTb ABNATCR HEOBXO0OUMBLIMU U BOCMAaMOYHBLIMU YCTIOBUAMU
TOro, YTO TPEeYronbHUK — pasHoGeapeHHbId. 3To o3HavaeT:

1. Ecnn TpeyronbHuk — pasHoGeapeHHbId, To AnA Hero
cnpaBefnuBbLI 8ce cnefylowme yTBepXaeHus.

2. Ecrv ANA TpeyronbHuKa crpasBennueo xoms 6b 0GHO
W3 crepyIoLMX yTBepXaeHwWH, T0 O — paBHOGeAPeHHbIN.

Yrisl, npwiexaiue
K OIXHOH M3 CTOPOH
(OCHOBAHHIO)
PaBHEIL

Menuana, 6uccekTpHca
M BHICOTA, TMPOBEACHHLIE

g) <> K OHOIt M3 CTOPOH
L (ocHOBanMIO),
Mmeduana T buccexmpuca COBHAAAIOT.
gvicoma
TpeyronsHUK uMeeT

OIHY OCh CHMMETDHH.
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NJAOMALbL TPEYTOJbHHKA

Yepe3 CTOPOHY H BHICOTY,
NpOBENCHHYIO K Heil:
1

= iah, .'

Yepes ABe CTOPOHH H YTOI
MeXIy HHMH:

1 ..
=—ab .
s 2a.amy

Lok

Popmyaa I'epona
Yepe3 TpH CTOPOHBI:
5=Jrp-a)p-b)p-0),
a+b+c
2

Ime p=

Yepe3 NOJMYNIEPHMETP H PaHYC
BIHCAHHON OKPYXHOCTH:
§ = pr,
a+b+c

e p= >

Yepe3 NpoH3BEACHUE CTOPOH
M paguyc OMMCaHHOM
OKPYXHOCTH:

abe

S=ﬁ‘
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NPAMOYTOfibHbIA TPEYIONbHUK
Tak Ha3bIBaeTCA TPEYTONbHUK, Y KOTOPOTO OAWH YTON NPAMON.
CTOpOHB!, Npunexaiume K NPAMOMY YTy, Ha3bIBAIOTCA KaTeTamm,
a CTOpoHa, NpoTUBONEXAaLLasi NPAMOMY YNy — rMMoTeHy30i.

MMPA3HAKH PABEHCTBA
NPAMOYTOJBHBIX TPEYI‘OJIBHHKOB

‘N h Ilo nBymM kareram.

.Tlo onHOMY XaTteTy
¥ THTIOTEHY3€.

Io xarery
H TpWiexXaueMy
.OCTPOMY YIIIy.

IIo xarery
M NPOTHBOJIEXALIEMY
OCTPOMY yTaIy.

To runorenyse '
¥ OCTPOMY yIy.

Al
dalal
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NMPU3HAKH NOJOBHA

NPAMOYTOJIPHBIX TPEYTOJIBHHUKOB

AN

o onHOMY ocTpoMy yray.

o npOnOpLHOHANLHOCTH
JBYX KATETOB.

N

>~

Ilo nponopLHOHATHRHOCTH
KATETa M THIOTEHY3EI. -

"TEOPEMA TIH®ATOPA

CyMMa KBaJpaTOB KATETOB
paBHa KBa[paTy TMIOTECHY3HI:
a?+b2=c2

CnpasennnBo n o6pamnoe
YTBEPXICHHE: €CJH /IS CTOPOH

c a, b, ¢ TpeyronbHHMKa

BHITIOJIHSICTCS COOTHOLICHHE
a?+ b2 =¢?
TO TPeYFONBHHK SBISETCS

TIPSIMOYTOJILHBIM,
TpHYEM CTOPOHRI d U b —

€ro KaTeThl,
a CTOpOHa ¢ — TUINOTEHY3a.
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COOTHOUIEHUA MEZIK.IIY CTOPOHAMH H YITIAMH
B ITPAMOYTOJIBHOM TPEYTI'OJIbHUKE

2 _sino= cos(90°—a)

c

g = cosa = 8in(90°—a)
% = tea = ctg(90°a)
2 - ctga = 900

CBOMCTBA NMMPOEKLIHI KATETOB

BoicoTa, onyweHHas
Ha TUNOTeHY3y, SABNAeTCH
CPEIHHM TPONIOPLHOHANBHBIM
MeXIY MPOESKIMIMH KaTeTOB
Ha THNOTEHY3Y:

-_--Z—:> Vd ;acbc. ,

Kaxapiii XKateT siBiasieTcsi
CPENHUM MPOTIOPIIMOHANBHEIM
MEXAY TMIIOTCHY30M
¥ MIpOeKIiHeH 3TOro KateTa
Ha THIIOTCHY3Y:

>[R

BricoTa BeIpaxaeTrcs 4Yepes
CTOPOHHI M NPOEKLNH KATETOB:

% 2 2=, p-%__ab
a c¢ «© c a. +b,
i=£:b2=b¢c.

b ¢

YACTHBIE CIYYAH
" NPAMOYTOJBHBIX TPEYIOABHHKOB
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OKPYXHOCTH, BIHCAHHAA
B IPIMOYTOJbHHNA TPEYTOJBHHK

" Panuyc BOMCAHHOM OKPYXHOCTH:

b = ab
0 a+b+c’
, r=a+b—c'
2

OKPYXHOCTbH, OMTHCAHHASA
O0KOJO MPAMOYIOJBHOIO TPEYITOJNbHHEKA |

IlenTp ONMHCAHHON OKPYXHOCTH

/{\ COBMAAAeT ¢ cepeAnmeH. -
m IMIOTCHY3H], a PaNyC paBeH
— MOJIOBHHE THITOTEHY3bI:
=<
T2
— MeAHuaHe, MpoBeACHHON

K TMIIOTeHY3e: R =m,.

IUIOHIALD NPAMOYIOJBbHOTI'O
TPEYIOJIbHHUKA

Yepes KaTeTH: S = %ab.
Yepe3 KaTeT M OCTPHIH yrom:

Yepes runoTeHysy u moboit u3
OCTpHIX YITIOB:

s= %c’ sin 20 = %c’ sin2p .
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YHETbIPEXYTOlNbHUKU

BHUABI YETBIPEXYTOJBHUKOB

NpOU3601bH bl
HEMBIPEXY20AbHUK

== ===\

a+P+y+3=360°

Inomans
(9epe3 nMaroHamm
M yron MeXZY HUMH):
g didising
2
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YETBIPEXYTOJbHAK, OMUCAHHBIA OKOJIO
OKPYXHOCTH :

YeThipexyroNnsHHK MOXHO OINHCATh
c ) OKOJIO OKPYXHOCTH, €CJTH CyMMBI
[POTHBOJIEXAUMX CTOPOH PaBHAIL:

b a+c=b+d.

Ecnu yeThpeXyrolbHEK OMHCAH OKOMO

a OKPYXHOCTH, TO CyMMBI
TIPOTHBOJICKAHINX CTOPOH PaBHBLI.
Inowans: S =pr, rae p= _a_+b-;_c+d (nonynepuMeTp),

r — panMyc BAMCAaHHOM OKPYXHOCTH.

@opmMyna S = pr CTIpaBeIHBA JUIS1 4106020 uuorpyron‘hliﬁm,
ONKCAHHOTO OKOJIO OKPYXHOCTH. -

YETBIPEXYTOJIbHHK, BIIHCAHHEIA B OKPYXHOCTD

= YeThIpeXyTONPHHK MOXHO BITHCATh B
/ OKPYXHOCTb, €C/TH CyMMa NMPOTHBOICXAMIHX
yrioB paBHa 180°: a + y = B + 8§ =180°,
Ecmu 4eThIpeXyrobHUK BNHCAH B OKPYXHOCTD,
TO CyMMEI IPOTHBOJIEXAIINX YITIOB paBHHI 180°.

Teopema IlTonemen
CyMMa NpoM3BEeAECHHI NPOTHBOJIEXKAIUX CTOPOH
PaBHa NPOM3BEACHHIO JMHaroHaJe:
ac + bd =dud,.

IInowans
S=Jp-a)p-b)(p-c)p-4d),

me p= 3-:—1’%31—‘1 (monynepuMeTp).
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NAPANNENOIrPAMM
Tak Ha3bIBAETCA YETLIPEXYTOMbHUK,

Y KOTOpOro nNpoTHBONexXalue CTopoHbl NapannebHbl.

CBOMCTBA U NNPH3IHAKH NAPAJIIEJIOTPAMMA

MNpuBeaeHHbIe HYXE YTBEPKAEHNA ABNAIOTCA KaK CBOACTBAMM,
TaK W NpM3Hakamu napannenorpamMma, To eCTb SBRAIOTCA
HEOoBXOOUMBIMU U GOCMAaMOYHbIMU YCROBUAMM TOTO,
YTO YETLIPEXYroNbHUK — napannenorpamm. J1o osHavaer.

1. Ecnun yeTbipexyronsHuK — napannenorpamm, To AnNA Hero
cnpaBeAmBbi 8Ce CrefyloLumMe YTBepXASHNA,

2. Ecnu Ann YeTbipexyrofibhuka cnpaBeanmeo xoms bl 00HO W3
cheayiowmX YTBepXaeHui, To OH — napannenorpaMm.

Ilpomnonexmlnné
CTOPOHHI
~ TIONapHO aBHHI.

Iporusonexaine
) CTOPOHHI :
PaBHH H NApAUICIALHBL.

TIpoTHBoOEXALIHE VIV
NONApHO PaBHH.

: : CyMMa YI7ioB,
g} NpHIEXAIMX K Mobok
CTOpOHe, paBHa 180°:
6\ o+ B =180°

JlHaroHanH TOYKOMH
nepecedeHus
) JAENSTTCA TIONOMNAaM.





[image: image15.png]Jemupexyzoavhuxu 27

CBOMCTBA M NMPHU3HAKH IMAPAJIEJOTPAMMA
(opoponxenne)

CymMa Mpamn JAuaroHanei
paBHa CYMME KBANDAaTOB
BCEX CTOPOH:
d*+ d?=a*+ B+ '+ d*.

Kaxpas aAHaroHanb ACJIHT
YETHIPEXYTONMBHUK
Ha ZiBa PaBHBIX TPCYTQMBHHKA.

O6e nHArOHANM OENAT
9eTHIPEXYTONEHHUK
Ha YETHIPE PABHOCEAUKUX
TPEeYTroNbHHMKA
(onmHaKOBOH IUIOWIALH).

Touka nepeceyeHust
AMaroHaneM sipsercst
UEHTPOM CHMMETPHH.
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NJIOIMAAD HAPAJIJIENOTPAMMA |

Yepes cTOpOHY
h H ONyIIEHHYIO Ha Hee
> ‘ BHICOTY:
S = ah, = bhy .

b Yepes nBe npuiexalIne
CTOPOHEI
M YTON MeXNy HHMM:
a S = ab sina. .

CBOMCTBO ITIPOH3BOJIbHOTO YETHIPEXYTOJILHHKA,
CBSI3AHHOE C ITAPAJUIEJIOTPAMMOM

Ecnu coenunuts
OTpE3KaMH
CepeMHbl COCEHHX
CTOPOH moGoro
YETHIPEXYTOJILHHKA,
MONYYHTCH
MapaJuIeNIorpaMM.
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POMB

Tak Ha3bIBaeTCS Napannenorpamm, y KOTOporo BCe CTOPOHb PaBHbI.

CBOMCTBA U IPU3HAKH POMEBA

MpuBeaeHHbIe HUXe YTBEPXAEHWUA ABNAIOTCA Kak CBOXCTBaMM,
TaK U NnpusHakamu pomGa, To ecTb ABNAITCA HEOGXOOUMbIMU U
GocmamoyHbIMU YCIIOBUAIMU TOTO, YTO YETLIPEXYTONBHUK — POMG.
370 o3HavaeT:

1. Ecnu yeTbipexyronbHUK — poM6, To Ans Hera cnpaseAnuBbl éce
cneayioLme YTBEPXKAEHUS.

2. Ecnu ans YeTbIpeXyronbHuka cnpaBeAnuBo Xoms 6b! 00HO U3
: cneayoLuX yTBepXAeHUi, TO OH — pomb.

Bce CTOPOHBI paBHBL. .1

i

JluaroHany NepneHAUKYIAPHBI
¥ TOYKOM TnepecedeHns
IeNsITCS TIOTIoNaM.

06¢c auaroHanM SIBIAIOTCH
OHnccexTprcaMH
BHYTPEHHHX YIJIOB.

Mpsamsie, conepxaiye
[IYaTOHAJIH,
SIBISIIOTCS OCSIMH CHMMETPHH.
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OKPYXHOCTb, BIIHCAHHAS B POMEB

B mo6oit poM6 MOXHO BnMcaTh
OKPYXHOCTbD. .
7 BIIHCAHHO¥# OKPYXHOCTH
YAOBRNETBOPSIET COOTHOLICHHAM:

rae d; v d; — auaroHanu pom6a,
@ — €ro CTOpOHa.

Touka KacaHHs BIMCAHHON OKDPYXHOCTH
ACIHT CTOPOHY poMGa Ha OTpesKH,
CBA3aHHbIE
C €ro JHarOHAJIAMH
H pazMycoM BITMCAHHOMN OKPYXHOCTH
CNEAYIONMMH COOTHOMIEHHUSIMH:

d, = 2J4H - 4B,
d, = 2JBH - 4B,
r=JAH -HB.

NJIOINAAD POMBA

Yepes cTopoHy M BrCOTY: S = gh.
Yepes cropony
H paaMyc BIIMCAHHOM OKPYXHOCTH:
S8 = Zar.
Yepes cropoHy H yron pom6a:
S = a?sina.
4d;
2

Yepes nuaroHam: S =
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PABHOCTOPOHHUWA TPEYITONbHUK

Tak Ha3LIBAETCA TPEYrONbHMK, Y KOTOPOTO TPU CTOPOHbI PaBHBbI.
PaBHOCTOPOHHMIA TPEYTONLHUK HA3LIBAETCA TaKkKe

NpasWIbHbIM TPEYTONBHNKOM.

CBOMCTBA M NPU3IHAKH
PABHOCTOPOHHETIO TPEYTOJIbHHKA
TMpnBeAeHHble HXE YTBEPXAEHUA ABNAIOTCA KaK CBOACTBaMM,
TaK W NpU3HaKaMn PaBHOCTOPOHHErO TPeyrofbHIKa,

TO eCTh ABNAIOTCA HEOBGXOAUMBIMU U OOCMAMOUHBIMU YCIIOBUSIMU
TOrO, YTO TPEYroNbHUK — PABHOCTOPOHHWA. 3TO O3HauaeT:

1. Ecnun TpeyronbHUK — paBHOCTOPOHHMIA, TO ANA HEFO CnpaBenuBbL!
ace cnegylolwme yTBep)XaeHUN,

2. Ecnu ans TpeyronbHuka cripaBenueo xoms 6b! 00HO
13 CNeayloumx yTeepXaeHui, To ol — paauocropouﬂuﬁ

f ? Bce yrIBl paBHBL. o ‘Mb

. Kaxpnas MenmaHa cOBNAZaeT
¢ b6uccexTpucoil M BEICOTOM,
NpoBeIcHHBIMH M3 TOl Xe BepLIMHEI.

,‘\ LIcHTpBI BNUCAHHOMN H ONUCAHHON

2B OKPYXHOCTEH conna.nam

q L@A (Plx PamHyCHL: r = R=2r)
7 _/ , 7' T

120° TpeyronsHuK obnanaer
noeopomHol CHMMETpPHE:
OH He H3MEHseTCS
Tpu noBopoTe Ha 120°.

BBICOTA H IUIOIDALL: h = % ; J-

3t - 3J_R’
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OKPYXHOCTb, OITHCAHHAA
OKOJIO NIPAMOYTOJIBHAKA

Oxo710 /1106010 NPSAMOYTOIBHHKA
MOXHO OIHCAaTh OKPYXHOCTD.

Panuyc onucanHo# OKpyXHOCTH

d
d b R=7’

a me d =va® + b* — nHaroHams
\/ TIPSIMOYTO/IbHHKA.

NIOmMAAB MPAMOYIOJbHHKA

Yepe3 CTOPOHHL:
S =ab.

Yepe3 AHAroHaIb M YIOA MEXIY
JHarOHAISIMHU:
d’siny

S =
2

CBA3b MEXIY ITPAMOYTOJABHUKOM H POMBOM

Eciu COeTHHHTE OTpe3KaMu
CepeAMHBI COCEAHMX CTOPOH
m06oT0 TIPAMOYTONbLHMKA,
nony4urcsi pom6.

Ecnu coeaAMHUTh OTpe3KaMu
CEpPEeAWHbI COCCIHHUX CTOPOH
moboro pom6a, nomyIuTCS
TIPAMOYTOJIbHHK.
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NPAMOYIonbHUK

Tak Ha3biBaeTCA NapannenorpaMM, y KoToporo Bce Yriibi NpsiMble.

CBOWCTBA U NPA3HAKH NPAMOYTOJIbHHKA

MNpuBeAeHHbIe HAXe YTBEPXAEHUA ABNAIOTCH Kak CBOACTBaMU,
TaK 1 Npu3HaKamu NPAMOYTOfibHUKA, TO eCTb SBIISIOTCH
HEOOX0OUMBIMU U 3OCMamotHbLIMU YCTIOBUSIMM TOTO,

YTO YETbIPEXyronNbHUK — NPAMOYTONbHUK. TO O3HaYaeT:

1. EcnM YeTbipexyronbHUK — NPAMOYTONbHMK, TO ANS Hero
cnpaBefinuBbl 6C6 CreayloLune yTBepXaeHUs.
2. Ecnm anna qempexyronbﬁum cnpasennueo xoms 6bl 0OHO 13-
cneaylowmx YTBEpXAEHUHA, TO OH — NPSAMOYTONbHUK.

JMaroHamM paBHEI
M TOYKOH mepecedeHUst
HETATCS TOTIONAM.

JlBe CTOPOHLI NMAPAJVICTBHEI
H YIJIH, NIpWIeXalnue
K OOHOMN M3 3THX CTOPOH,
TipsIMEIE.

JIBe MPOTHBOJIEKALINE CTOPOHEI
PaBHH ¥ YIJIH, TIpWIEXalnue
K OIHOM M3 3THX CTOPOH,
TIpsIMEIE.

IlepneHaukynsipsl K CTOpOHaM,
MPOXOASIIHE
T 4yepe3 MX CEpeliMHbl,
SRISIOTCH OCSIMH CHMMETPHH.
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'‘KBAOPAT

Tak HasbiBaeTCA NPAMOYTOfNbHUK, Y KOTOPOro BCe CTOPOHbI paBHbI.

CBOMCTBA M IIPH3HAKH KBAJIPATA

MNpusefeHHbie HKe YTBEPKACHUA ABNNIOTCA KaK CBOWCTBaMM,
TaK M Npu3Hakamu KBagpara, To eCTb SBNSIOTCA
HEOEX00UMBIMU U AOCMaMOYHBIMU YCNIOBUSIMU TOTO,
4TO YeTbiPpexyronbHuK — KBaapar. 3To 03Hayaer:

1. Ecrm YeTbipexyronbkuk — KBagpart, To AnA Hero cnpaseanuebl

ece cneqyioLme yTBepXaeHus.

2. Ecnu Ans YeTbipexyronbHuka cnpaBeanveo xoms 6kt 0OHO U3
cneayilowwmx YTEepXaAeHuH, To OH — KBazapar.

Bce CTOPOHEI paBHEI }
M CpelH BHYTPEHHHX YITOB
ecTh NpSAMOoii yroJ.

s

JIMaroHasau paBHBHI,
TiepIEeHAMKYIAPHBL
H, TIepeceKascCh,
HEISITCS NOTIoNIaM.

YeTBIpeXYTOJLHHK MMEET ¥embipe OCH
CHMMETPHH:
— NpsiMble, TICPIICHAHKYJISIPHbIC
CTOPOHAM M NIPOXOASILHE
4epe3 MX CepEIHHbI;
— TIpSIMBIC, CONEPXalllHe THATOHAIH.

YeThipeXyToNbHUK obnanaeT
nO60pOMHOIi CUMMETPHEH:
OH HE M3MEHSETCH
TpH mosopote Ha 90°.
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" OKPYXHOCTH, OITHCAHHAA
. OKOJIO KBAJIPATA

Oxono KBaapara MOXHO
ONHCAaTh OKPYXKHOCTb.

N
- Panuyc omacanHot
OKPYXHOCTH BHIPAXAETCS

: Yepe3 CTOPOHY @ KBaJpara
A €ro JuaroHans d cnenylonmu
: obpasom:
N~ R _4d
V22

OKPYXHOCTbD, BITHCAHHAA
B KBAJ.'[PAT

- \ B xpajpar MOXHO
BIIKCATh OKPYXHOCTD.
/ ’ Panuyc BITHCAaHHOM
OKPYXHOCTH PaBEH
TIOJIOBHHE CTOPOHMI:
\_ y e
2

IIJIO]]IAJIB KBAJIPATA

" Yepes CTOPOHY:
S=a2
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TPANELUMA
Tak Ha3bIBAeTCA YeThIPeXyronbHUK, y KOTOporo
ABe CTOPOHL! NapannenbHbl (OCHOBaHMUAY),
a fABe Apyrue — He napannenbHsb! (GOKOBbIE CTOPOHbI).
Tpaneuyun ¢ pasHbiMU GOKOBLIMW CTOPOHaAMW Ha3biBaeTCA
pasHoGoko#i (pasHoBeapeHHOA, paBHOGOYHOM).

BJEMEHTHI TPATIELIH A

N
a,b — ocnosanus (af b), h — ebicoma (OTPE3oK, |
- ) COEAMHAIOMMA OCHOBAHHA
m,n — 6oKoGbie CIMOPOHY, H TiepTIeHAUKYAPHEI UM),
dy, dy — duazonanu, MN — cpednas sunus

(oTpe3ox, coenuHsIONTHH

cepeIMHE! GOKOBBEIX CTOPOH).

NJIOIMAAL TPAITEIITHHA

Yepes nonycyMMy OCHOBaHHI
M BRICOTY:
=——oH}h.
2
N Yepes cpeaHIO THHHIO
M BBICOTY: .
S =MNh.
Yepes AHATOHATH
M YTON MEXTY HUMH:
’ dd,sing
S22
2
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CBOMCTBA TPAIIEIIMH

Cpennas muuus
napajuieJIbHa OCHOBAHHMAM,
PaBHA, HX NOJIYyCYMME M AEJIHT
JM060ii OTPE30K ¢ KOHLIAMH,
JIeXalMMH Ha TIPAMBIX,
COZEePXAIHUX OCHOBAHMSI,
(HampuMep, BLICOTY TpamneLyH)
Tiononam:

MN|a, MN| b, MN =22

2

CyMMa yIioB,
NpHIeXaluX K moboit 6oKoBoH
CTOpoHe, paBHa 180°:

o+ p = 180°,
y+8=180°,

TpeyronsHUKH
AOBu DOC,
.00pa3oBaHHbIE GOKOBRIMHM
CTOPOHAMH
H OTpEe3KaMM JHMaroHaiei,
PaBHOBENUKH
(MMEIOT paBHLIE TUIOIIANH).

A D
AAOD u ACOB nono6un

Tpeyronsunku AOD u COB,
o6pa3oBaHHBIC OCHOBAHHSAMH
H OTPEe3KaMH AMaroHasueH,
NoaoGHEL.

KoapduumeHT nogobus k
PaBeH OTHOLIEHHIO OCHOBAHMIA:

AD
k==—.
BC

OTHoleHne WoWAKel ITHX
TPEeyroNbHMKOB PaBHO k2.
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OKPYXHOCTb

NMPAMBIE H OTPE3KH,
CBSI3AHHBIE C OKPYXHOCTbBIO

VIJIbI, CBA3AHHBIE C OKPYXHOCTBIO
YTJIOBASI MEPA IYTH OKPYXHOCTH

VIn0B0ii Mepoit Iyri OKpYXHOCTH SRNSETCH LEHTPANBHEIN yrom,

KOTOpHIH onupaeTcs Ha 3Ty AyTy.

PAXHAHHASA MEPA YIJIA

Yron B ofivH pagnaH paBeH LeHTPanbHOMY YT1y, OfMPaIoWeMyCs .
Ha Ayry, ANWHA KOTOPON paBHa paauycCy OKPYMHOCTH.

~ 1 pagnaH = 57°17'45",
e
=

180

z

n paguad = 180°,

%pannau=90°.
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CBOMCTBA TPAINIEIIHH (npononxenne)

Jio6oit OTpe3oK, COeTHHAIOLIHIA
OCHOBaHHS H MPOXOASALIMI

B X ¢ Yepes TOUKY NepecedeHust
" RMATOHAJeH Tpanelny,
Ienurcs 3Toi Toukoi
B OTHOIICHAH
ox _sc
oY AD:

A Y. D
. 310 CripaBeIMBO, B TOM YHCIE,
IS caMHX XHAroHaseH

H BBICOTHI.

Jhobyio pasnoboxyio manémm

MOXHO BIIMCAaTh B OKPYXHOCTb.
Boucath B OKPYXHOCTb MOXHO
moabko PAaBHOBOKYIO TPaNeLHIO.

Ecnu Tpaneuus onucana oKojio
OKPYXHOCTH, TO TPEYTOJIbHUKH
AOB n DOC npsamoyronsHEE
(Touka 'O — LEHTP BIHCAHHOM
OKPYXHOCTH).

BBICOTHI 3THX TPEYTOJILHHKOB,
ONyLICHHLIC Ha THIOTEHY3H,
PaBHHI pagHyCcy BIMCaHHOM
OKPYXHOCTH,

a BHICOTA TpAalleM paBHA
IMaMeTpy BITMCAHHOH
OKPYXHOCTH.
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CBOHACTBA BIIUCAHHBIX YIJIOB

/By

BrnmcaHukbIi yron paBeH IIONOBHHE
LEHTPaJILHOTO, ONIMPAIOLIEToCs
Ha TY Xe AyTy:

=2
B=3-

Bce BIHCaHHBIE YIIBI, ONHpAIOLIHECSH
HA OIHY M Ty Xe OyTY, PaBHEL

Bce BOmcaHHBIE VIR, ONAPAIOIIHECH
Ha OIHy M Ty Xe Xopay,
BepIIMHEI KOTOPHIX JIEXAT
1I0 ONHY CTOPOHY OT 3TOH XOpZAbI,
PaBHBI.

Jhio6as mapa yrioB, ONMMPalOLIUXCS
Ha ONHY M TY X€ XOpAY, BepIIHHEI
KOTOPRIX JIEXAT MO pa3sHhle CTOPOHEI
XOpABI, COCTABISIIOT B cyMMe 180°:

o+ B = 180°.

DO BB C

Bce BIHCaHHBIE YIVIbI, OMHPAIOLIHECS
Ha AHaMeTp, MpsAMBIE.
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YILJIBl MEXAY XOPAAMH, KACATEJBHBIMH
N CEKYIIUMH

Yron Mexay
nepeceKalouHMHUCH
XOpIaMH:

_a+P
Y= 2 "

Yron Mexny ceKyLIMMH,
NepeceKAIOLIMMHCSH
BHE OKPYXHOCTH:

_B-o
= —2-— .

‘Yron Mexny KacaTeabHOM
M CeKylneii:

_B-a
r=

Yron Mexay
KacaTelbHbIMH:

_B-o_

2

=nN—0.

‘
,
3

‘Yron Mexny xacaTenbHOM
H XOpAO#:

Y=

STk
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COOTHOIEHMA MEXAY JJIHHAMHU XOPH,
OTPE3KOB KACATEJIBHBIX H CEKYIIIUX

Orpesxu
nepeceKaAoUMXCs
, XODJ CBS3aHEI
‘ COOTHOIICHHEM!
‘ ab =cd.

B Orpesxn
KacaTeJIbHBIX,
TMPOBEAEHHEIX
A3 OTHOM TOYKH,
A PaBHBEIL:
AB = AC.

c

AB* = AC - AD.

A Ksanpar orpeska
v KacaTteJibHOM paBeH
) TIPOH3BEICHHIO
OTpPE3KOB Cexyueit,
TMPOBENCHHON U3
TOMH Xe TOYKH: ’

Iponseenenns
OTPE3KOB CEKYIIHX,
TPOBEAECHHBIX
H3 ONHOH TOuKH,
PaBHEL
AB-AC=AD . AE.
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CBOMCTBA XOPJ,

Ecnu xopanl paBHOYIANCHEI

OT LIEHTPa OKPYXHOCTH,
TO OHM PaBHHI. -

Ecnu Xopasl paBHHI,
TO OHM PABHOYAANEHEI
OT LIEHTPA OKPYXHOCTH.

Bonbiuas u3 ABYX Xopa
HaxoxuTcsT Gmnke
K LIEHTPY OKPYXHOCTH.

Haubonpiiast xopra
SIRNSETCS TUAMETPOM.

Ecnu quaMeTp AeAuT XOpAy MOIoNaM,
TO OH TEPIEHAMKYJSIPEH €.

Ecnn nuaMeTp NeprnieHAUKYIIAPEH XOpae,
TO OH AENHT €€ IOTOoNaM.

®OD0LW

JInMHa XOpAbL:

I=2Rsin%=2RsinB.
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B3AHMHOE PACIIOJIOXEHHE
ABYX OKPYXHOCTEH.
OBIIME KACATEJBHBIE
O6iuel kacaTenbHO#H K ABYM OKPYXHOCTAM Ha3biBaeTcs npsiMas,
Kacaiowancs oGenx okpyXHOCTeH.

OnHa OXpYXHOCTB JIEXHT BHYTDH
ﬁ APYTOH — OOLIMX KACATEIbHBIX HET.
Paccrogune Mexny uenTpamMu
OKPYXHOCTSH MEHBIIE Pa3HOCTH

Hux panuycoB: OOy < Ry - Ry.

OnHa OKPYXHOCTb KacaeTcsi APYToi
HM3HYTPH — OKPYXHOCTH HMEIOT
onHy obLuyIo TouKy M, nexainyio
Ha npsaMoii 0,0, .

OznHa o61as KacaTeNnbHasl @ NPOXOTHT
4epe3 3TY TOYKY H NepIeHANKYISApHA
npsmMoi 0;0;.

PaccrosiHne Mexny LEHTpaMu
OKPYXHOCTeH paBHO Pa3HOCTH
ux paguycos: 0,0, = R, - R,.

OKpyXHOCTH TIEpEeCeKaloTc —
HMeIoT ABe obmux Touxu M u N.

Ectb 1Be 001X KacaTeNBHELIX a U b.
Ecm panuychl OKpyXHOCTEH paBHHI,
TO KacaTebHEIE TIapanneabHBl,
a ec/M paguychl He paBHMI, TO
KacaTeJIbHbIe TIepeceKaloTCsl B TOYKE,
nexalneit Ha npsimoit 0;0;.

O6mast xopaa MN neprieHRUKYNsIpHa
npsiMoii 0;0; 1 enuTcs e
nononam: MN 1 0,0, ; MK = KN.

PaccTosinne MeXay LEHTpaMH
OKpyXHOcTel Gonblue pa3HOCTH HX
PARHMYCOB, HO MEHBILE CYMMEI:

R - Rh<0,0,< R+ R,
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CBOMCTBA AVT H XOPJ

O O

PaBHLIC OYTH CTATMBAIOTCH Jyru, 3aKmodeHHEIE MEXIY
paBHEIMH XOpIaMH. NApaVICIBHEIMH XOPJIaMH,
PABHLI.

BJHHA AYTH H OKPYXHOCTH

Jnuna gyrm: I=or JIInHa OKPYXHOCTH:
(yron o. B pagHaHax). L =2nr.

NJIOINALL KPYTA H ETO YACTEH

Inomans Kpyra: S = arl,

ITnowmans cexropa: S = %c:nr2
(yron o B panHaHax).

Ilnomans cerMeHTa: S = %(o; - sina)r?

(yron o B panuanax).
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MHOIOYroJibHUKu

IPOU3BOJBHEINI MHOTOYIOJbHUK

CyMMa BHYTpPeHHHX YIJIOB
n-YTOJIbHUKA:

o +o, + ... +a, =180°(n-2).

CyMMa BHELIHUX YITIOB N-yTOIbHUKA:
By +By+ ... +B, =360°.

CymMMa BHEUIHHX YIJIOB
He 3agucum oOT n.

Yucno N guaroHaieit n-yronsHHMKa:

_nn-3)
N——z-—.

Yucno K TpeyroibHUKOB, Ha KOTOpbIE
pa3buBaeTcs n-yroJbHUK
AHATOHATAMH, BBIXOJSIIAMH U3
OJHOM BEPLIMHBI:

K=n—-2





[image: image90.png]Okpywnocmo 45

B3AMMHOE PACIIOJOXEHHE
IBYX OKPYXHOCTEN
(upopoaxenne)

OnHa OKpYXHOCTb KacaeTcs Apyroi
CHapyX# — OKPYXHOCTH HMEIOT
onHy o6mylo Touky M,

JieXalnyio Ha npsamMoit 0,0;.

EcTb TpH o6IIMX KacaTeJIBHEIX.

OnHa u3 HEX (@) IPOXQUMT uYepe3
TOYKY KACAHHA OKpYXHOCTEH

M TIeprieHAMKYNIIpHa npsiMoit 0,0;.
Ecnu pagMychl OKPYXHOCTEH paBHBI,
TO JABe JIpyTHe OfIIHe KacaTeNbHbIe
(b ¥ ¢) napannenbHsI, a eca
PaIMYCHl He PaBHHI, TO 3TH
KacaTeNbHbIe NIEPECeKAIOTCH rque
nexaiyeit Ha npsamoit 0;0;.

Paccrosmue MeXay LUeHTpaMH
OKpPYXHOCTEH PaBHO CyMMe HX
pamuycoB: OO, = R+ Ry .

OnHa OKpYXHOCTb JIEKHT BHE APYTOii.

EcTb ueThipe o6umux TENBHBIX:
JBe M3 HUX (@ u b) Ha3mIBaKOTCA
BHYTPEHHUMH
M BCEIIa Nepecexalorcs B TOUKe,
nexamued Ha orpeske 0;0;.
JBe mpyrue obimue KacaTeNbHbIE
(¢ ¥ d) Ha3RIBAIOTCS BHEIIHUMH.
Ecnu paguMychl OKpyXHOCTEH paBHBEI,
TO BHElIHHE KacaTelbHEIe
napaUie/bHlL, a eC/IH PaTHychl He
PaBHB], TO BHEINHHE KacaTeJIbHble
TiepeceKaloTcsl B TouKe, Jexailed Ha
npsaMmoii 0;0;.

PaccrosiHne MeXIy LieHTpaM#
OKPYXHOCTEH GoJblIe CyMMBI HMX
paguycoB: O,y > R+ Ry .
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. FEOMETPUYECKUE MECTA TOYEK

TeomeTpuyeckMM MECTOM TOueK Ha3biBaeTCs urypa,
YAOBNETBOPRAIOWAn 08YM YCTIIOBUAM:
1. Bee Toukmu curypsl 0GnagaloT AaHHbIM CBOACTBOM.

2. Bce Toukn, oGnanaiolme AaHHLIM CBOVCTBOM,

npuHaanexar aToi gurype.
HEKOTOPBIE TEOMETPHYECKHE MECTA TOYEK
HA ILNOCKOCTH
K Oe
e & Oxpyxcnocmp —
- MHOXECTBO TOUEK,

¥ 3 HAXOAALMXCS R
‘\ Ha NaHHOM DacCTOSTHHH
E ° oT nanHo# Touku 0.
*© ¥

% N

Cepedunnuiii .
nepnenduxyasp
K OTPe3Ky C KOHLAMH B
IBYX JAHHBIX TOYKAX —
MHOXECTBO TOYEK,
PaBHOYAANEHHEBIX OT
ZBYX NaHHBIX TOYEK.

Jae npamue,
20MEMPUUECKOe MECMO MOoHeK napannensHEle JaHHOM
M HaxoIslHueCs

1 Ha JaHHOM
- ] dannas npaman [ PACCTOSHHM
I OT Hee —
] MHOXECTBO TOYEK,
2CeOMempu4ecKoe Mecmo moyex YAaNeHHBIX
OT DAHHOH NpsAMOM
Ha JAHHOE PacCTOSHME.
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TIPABHJIBHBIE MHOTOYTOJIBHHKH

Tak Ha3biBAIOTCS MHOTOYTONILHUKM, Y KOTOPbIX BCE CTOPOHLI PaBHbI

¥ BCE yrNbl paBHbl. /11060 NpaBUAbHLIA MHOrOYTONLHUK MOXHO
BMKCATb B OKPYXHOCTL W ONUCATL OKOMO OKPYXHOCTH.

COOTHOWEHWUA MEXXAY CTOPOHON NPABUNBLHOIO

MHOTOYTOfIbHUKA

W PAJMYCAMW BMUCAHHON U ONUCAHHON OKPY>KHOCTER
(06Go3HaYeHHs: @ — CTOPOHA, r — PAAHyC BITHCAHHOM
OKPYXHOCTH, R — paguyc ONMHCaHHOH OKPYXHOCTH)

ruepeaa | Ruepeaa | avepesr | a uepes R
TPEYTONIBHHK r==2_1 R=2 | a=2/3r | a=+3R
2,3 V3

[
KBazpaT r=% R= "2 a=2r "a3=(2R
LIECTHYTONBHUK ,=_@ R=a a=£ a=R
2 V3
. n- HHK = a R= a = 180° = in 130°
yrome " el | g I |7 e e 2Ren T
n n

NNOWAML NPABUNBHLIX MHOrOYFrONbHUKOB

yepe3 a yepes r qépea R
2 2
TPeyTONLHHIK S= ‘/a" § =343 - .“_3‘/?
KBaipar S =d S =4r S =2R
UICCTHYTONBHHK | ¢ 3‘/5‘.’2 § =237 S= 33R
. 2
N-YTONMbHUK i s=%.; S=rn tg%.: S=%R’nsiu£ i
. 4tg—
n
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NPEOBPA3OBAHHSA ®PHUIYP

Hapaareasusii nepenoc

Bce Touxu ¢urypu cMeinaorcs
B OAHOM M TOM X€ HallpaBJICHHH
Ha OHO M TO Xe PacCTOsIHHE. *

Tlosopor

Bce Touku $HIyphl NOBOPAYHMBAIOTCS
Ha OfHH H TOT X€ YIon ’
BOKPYT OHOH H TOH Xe TOYKM —

LEHTpa MOBOPOTA.

IIpeoGpazoranne cUMMETPHH
OTHOCHTEJBHO TOYKH

Kaxzast Touka GUTYpH EpexXomuT
B TOYKY, CHMMETPMYHYIO i
OTHOCHTEILHO (PHKCHPOBAHHOH
TOYKH — LICHTPa CHMMETPHH.
JInst IIOCKOCTH 3T0
Tnpeo6pasoBaHue COBNANAcT

" ¢ moBopoToM Ha 180°
(BOKDYT TOli X¢ TOYKH).

ITpeoGpazosanmne CHMMETDHH
OTHOCHTE/IbHO HPAMOiH

Kaxpas Touxka ¢urypsl nepexoaut
B TOYKY, CHMMETPHYHYIO el
OTHOCHTENLHO (PHKCHPOBAHHOMN
npsiMOi — ocH CHMMCTPHH. |
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NMPEOBPA3OBAHUSA ®UI'YP (npononxenue)

JBixenne

" IlpeoGpa3zopanne ¢urypui,

TIPH KOTOPOM PacCTOSIHHS MEXIY
MOGEIMH COOTBETCTBEHHLIMH
TOUKAMH (DUIYpEI COXpaHsIETCS.

IIpnvepamu aBUXeHUI ABRNTIOTCS
Napa/UIe/IbHALA NepeHoC, OBOpOT,
npeobpasoBaHAs CHMMETPHH
OTHOCHTEJIPHO TOYKH M NpSIMOi.

Tomorerns

Bce ToYKH $HIypH cMemaiorcs
BIOJIb NPAMBIX, NPOXONSMMK. ..
depes ONHY H Ty Xe TOYKY
(UEHTP TOMOTETHH) TaK, YTO

O, = k-04,,

OB, =k-OB nr.n

Benuuwna k HasniBaeTcs
K03 dUIHEHTOM TOMOTETHH.
IIpn k = — 1 romoreTHs coBnanaer
¢ npeobpa3zoBaHHEM CHMMETPHH
OTHOCHTEJIBHO TOYKH.

ITono6ne

Tpeo6pasoBanne HUrypsi,
TIDH KOTOPOM PAacCTOSIHUSI MEXTY
JIIOOBIMM COOTBETCTBEHHBIMH
TOYKAMH M3MEHSIOTCH B OHO
M TO Xe uncno pa3. [Ipumep
nonobus —
npeo6pazoBaHHe TOMOTETHH.

ITrowadu nodobusx uzyp OTHOCHTCS KaK KBaIlpaThl MX JIMHEHHBIX
PasMepoB (HanpuMep, COOTBETCTBYIOLIMX CTOPOH, BEICOT,
TIEPHMETPOB, PAXNYCOB H T.IL).
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HEKOTOPLIE TEOMETPHYECKHME MECTA TOYEK HA ITOCKOCTH
(npoxoicxeHue)

IIpamas, napannenpHas
NIBYM NAHHEIM TIPSIMEIM
| . u naxonmwasics
1 2eomempuneckoe mecmo moyex[] B8 ONHHAKOBOM
PACCTOSHUH OT HUX —
: MHOXECTBO TOUeK,
YIQIEHHBIX OT ABYX
NAPAUISBHEIX TIPSIMEIX
Ha OIHO H TO Xe
PACCTOSHHE.

00HAa U3 08yX OGHHNX NPAMBIX

00HA U3 O8YX BAHHHIX NPIAMBIX

OT CTOPOH yTJia.
~\eeomempunecxoe
Mecmo mouex

N

Mee dyau oxpywcnocmu
pasHux paduycos
(3a McxmoueHneM
KpalfHHX To4eK),
ONHpalolHecs Ha
JaHHBIHA OTPE3OK —
MHOXECTBO TOYeEK,
M3 KOTOpHIX NaHHEIH
OTpPe30K BHIEH
IOl AAHHELIM YIJIOM.
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BHJIbl CHAMMETPHH ®UTYP

Ilepenocuas

@urypa He naMeHsieTCH
TIPH MapajulelbHOM MepeHoce.
IIpuMep: npsiMas He U3MEHAETCs TIpH
TIapaJUIeIbHOM TNEPEHOCE
BIOJb caMoii cebs.

90° 120° oBopoTaas

Ha HEKOTOPbIi Yro.
HpuMephl: KBagpaT He U3MEHSIETCS
@ NpH noBopoTe Ha 90° BOKpyr
LIeHTpa, PABHOCTOPOHHMIL

@ TPEYTONbHHK — TIPH NMOBOPOTE

\ - j \ @urypa He H3MeHseTCd TPH TIOBOPOTE
[ ]

Ha 120°, OKpYXHOCTb — TIPH
TIOBOPOTE Ha JII060H yron.

L CHMMETpHS OTHOCHTE/IBHO TOYKH

®Purypa He U3MEHSIETCH TIPH

TIpyUMepsI HEHTPATLHO-CHMMETPUYHBIX |
duryp: napannenorpamM, rpadux
byHKUMH y = X" NIpH HEYETHOM H.

! CHMMETDHA OTHOCHTE/IbHO
( ! \ npamoit (3epkanbaas)

1

' @urypa He U3MeHseTCS

TIpH MpeoGpa3oBaHNM CHMMETPHH

} y OTHOCHTENIBHO TNIPAMOH.
i IpuMepsl: paBHOGeIPEHHBIH
B SR R TPEYTONbHHK, NIPSIMOYTOIbHHK
' 0 (aBe ocH cHMMeTpUH),
1
1
T

'_..”
npeo6bpa3oBaHUN CUMMETPHH
0 x  OTHOCHTENHHO TOYKH.
)
/\

1
1
1
1

paBHOGOKas Tpameuus, rpadux
GYyHKIMH y = X TIDH YETHOM .
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YPABHEHME NPAMOW

‘OBIIIEE YPABHEHHE NPAMOK
ax +by +c=0
(x03ddHUIMEHTH @, — KOOpIUHATH BeKTOpa (2;5) ,
NEPNCHAMKY/ISIPHOTO JAHHOM NpsAMoit).

YACTHBIE CIIYYAH

NIPAMAS, TTPOXOOAIIAS 9YEPE3 HAYAJIO KOOPAWHAT
TIOA YTJIOM K KOOPAUHATHRIM OCAM
(TPA®HK ITIPIMOH IPOIIOPIIMOHANIBHOCTH)

¥ @#0,b20,c=0) > ax+by=0
R -0,
=t

IPAMAS, TIAPAJUIEJIBHAA OCH x

1 @=0,620,c20) = by+c=0
— ¢
1) . | X y-—;
TIPAMAS, TIAPAIUIENBHASL OCH y
I ’t @#0,6=0,c20) = ax+c=0
. o ¢
| 7] x x=-7
VPABHEHHME OCH X
yT ) @=0,b20,c=0) = by=0
OI ‘ x; y=0
YPABHEHME OCH y
"‘I @#0,b6=0,c=0) = ax=0

0| = x=0
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VPABHEHHE NPAMOM )
C YIIOBBIM KOS®OPHIHEHTOM

y=kx+b k=tga
y y
~ 0| X o] N\ *

k> 0 mpu 0° <a <90° k<0 mpu 90° <o < 180°

YACTHBIE CIYYAH

I'PA®HK MIPSIMOM IIPONOPLIMOHATBHOCTH

yL//, L b=0k=0
y=kx

¢
o ..

TNTPAMAS, TIAPAJUIEJIBHAA OCH x

re k=0,b20
0 % y=5
VPABHEHHE ITPSIMO,

TIPOXOMAIIEN YEPE3 IBE 3AIAHHBIE TOYKU

G -y)0; -x) =(x-x)¥;, -»)

y
%y) Ecmu x, #x,, y, #¥,, 9T0

(x sy ) / 0 k4 YPaBHEHHUC MOXHO 3aIlUCaTh
1 1 y _ yl ~ X - xl
V=0 %%

B BHIOC

YPABHEHUE MIPIMOU B OTPE3KAX HA OCAX
Xom x. Y _y

—— —
> a b
O (a0~ %

(a#0, b= 0)
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BSA]‘IMHOE PACIIOJIOXKEHHE ABYX ITPAMBIX,
3AJJAHHBIX OBIIMM YPABHEHHEM NPAMOH

h: aqygx+bhy+e=0; h: amyx+bhy+tc=0

COBITAIAIOIIHE NTPAMBIE
- Hma Ans
T4, k03¢ GHLUUEHTOB  IPOHM3BOJILHBIX
L a;, by, ¢, : k03¢ pHLHEHTOB
>  OTJHYHBIX OT a, by, ¢
/ . X pyns:
' a b ¢ {alb2 =ab
a b o a0, = ax6y
TIAPAJUTEJIbHBIE TTPAMBIE

y I a_h 28 ab, =.ab
A / o boo ac, #a,¢

TEPECEKAIOUIMECS ITPSIMBIE

y .
I‘\y z—;*% ab, #ayb

NEPNEHAUKYISPHBIE ITPSIMBIE

Iw/ %=_% ayiy + by = 0

0
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AOEKAPTOBbI KOOPOAUHATDI

OcH KoOpJMHAT:
ye —
ock x — och abeumce,
Yo A(X; Y9 ocb y — och opauHar.
Touka O — Hayano KOOPIMHAT.

JIi060ii TOYKE IIOCKOCTH

0 X, X COTIOCTAaRIAIOTCA /1Ba IHCA:
abcnmcca Xy M OpAMHATA )p.

DTH YMCAA HA3KIBAKOTCSH
JIEKAPTOBBIMH KOOPAMHATAMH
JAHHOMN TOYKH.

yu/' B y) chmam:«e MeXay IByMS
A(x; y)o
17} % AB=\(x, - %)’ + (0 - y)
. KoopauHaTs
y Bix5 3 CEpENHHbI OTpE3Ka:
Al )T Coy) +x,
0 x =T
' y= NtV
U

KoopauHaThl TOYKH, AeNAINEH

OTPE30K B 3alaHHOM OTHO-
y B(x; y) AD
IIEHHN: eI — = —L | To
Alx; y) D(x,y) DB «,

0 x % Oy
x= X + x,
o, +0, o)+,
®
y= y + b
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KOOPAHHATH Tom NEPECEYEHMA ABYX llP!IMHx
h: ayx+by+e =0 b mx+bhy+tco=0 (ab =ab)

Wi

h:y=hx+b (k=k)

SIBNAIOTCA PelieHHEM CHCTEME! YPaBHECHHIA:

I].' y=k|x_+ b],

. ax+by+c =0 y=kx+h
YT\ L ax+by+e,=0 y=kx+b

/ oTKyma OTKyAa

> _ 66—~ __ﬁ__bl
TN | el [
y, = HEL29C; y kb kb

' ab-ah’ * o htk

YPABHEHHE OKPYXHOCTH

C LIICHTPOM B Ha4aJIe¢ KOOPAHHAT:

?+y' =R,

C uenTpoM B TOUKE (X0; Jo):
(x-x)* +(y -y = R
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Tax Ha3bIBaIOTCA BENUYUHDLI, KOTOPbIE XapakTepU3ayioTCH YUCTIEHHLIM
3HayeHneM u HanpaeneHuem. Ha ueprexax BexTopbl n3oGpaxaloTcs
B Bue HarnpasneHHbiX 0Tpe3koB. [inuHa oTpe3ka HasbiBaeTcst
moaynem (aGconoTHOR BENWYMHOMR) BeKTopa.

OBO3HAYEHHS BEKTOPOB
- 7 win AB,
/B Iie A — Hayano BEKTOpa,
/ B —xoHen BekTOpa.

OGo3nayenne MOLys: |a| wnu| 4B .

HYJIEBOHW BEKTOP :
Tak Ha3biBaeTCA BeKTOp, KOHeL| KOTOporo coBnagaer ¢ uauanom
Ha yepTexax Tako# BekTop u3oGpakaeTcs TOUKOR U oﬁosmaa'rcﬂ 0.
MogAynb HyneBsoro BeKTopa paBeH Hyrnio,
a ero HanpaBneHue He onpeieneHo.

KOJUIMHEAPHBIE BEKTOPBI

Tak uéausa»o‘rca BEKTOpbi, Nexallye Ha oHON NPAMON
UNK Ha NapannenbHbIX NPAMbIX.
(HyneBo# BEKTOp CYMTAETCA KONnuHeapHbiM NoGoMy BeKTopy.)

BHUABI KOJUTMHEAPHBIX BEKTOPOB

COHANpAB/ICHEME DPOTHBONOJIOAKHO HANPABJICHHbIE

= —

;' DPOTHBONOJIOXKHBIC
-~

W

]|
1]

|
g
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AEACTBHA HAN BEKTOPAMH
CIOXEHHE ABYX BEKTOPOB

npasuno _
mpeyzonbHuka gz p  Cymma gByX BEKTOpOB HAXOOHMTCS
€ MOMOILBIO TIPABIWIa

- TPEYroNLHUKA
¢ WIH NIpaBHIa NapajUlesIorpaMMa:

c=a+b.
- _.*" npasuao
.»" ' napaaneaozpamma

B Jns mobbIX Tpex ToueK A,B,C
CIpaBe/UTHBO COOTHOILCHHUE:
C AB+BC=AC

CIIOXEHHE HECKOJBKHX BEKTOPOB

b CyMMa HECKOJIBKMX BEKTOPOB
HAXOIHUTCH AHANIOTMYHO

CYMME ABYX BEKTOPOB

C NMOMOUIBIO NpaBHAa
MHOTOYTO/IbHHKA,

- _ = _ KOTOpoe sBseTcs: 06obeHHeM
d=a+b+c NpaBWIa TPEYTONbHHKA.

oy
o

' BEIMMTAHHE BEKTOPOB

Pa3HOCTh ABYX BEKTOPOB
aud — 3TO BEKTOp C,
KOTOPHIH B CYMMe C BEKTODOM b
JlaeT BeKTOp 4d :

b+t=a > ¢t=a-b.

BexTop ¢ MOXHO HAaiTH TaKXe,
CKJIafIbIBasl C BEKTOPOM d

BEKTOp — b , IPOTHBONICNOXHEK
BEKTOpY b :
c=a+(-b)

|
gl
gl
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JAEHCTBHMSA HAJ BEKTOPAMH (apomoaxenne)

YMHOXEHHE BEKTOPA HA YUCIJIO

IpoussencHue BeKTOpa @
Ha 4YHCcNo A — 3TO
KOJUIMHEapHbIi eMy
BEKTOp Ad,
COHanpaBIeHHBIH
C BEKTOpPOM @, ecnH A > 0,
M HanpaBJICHHbIH

NIPOTHBOTIONIOXHO EMY,
ecmu A <0,

‘Monyns Aa ynoBreTBOpSET »
COOTHOUIEHHIO:

|»al<aHal.

e L

CKAJIIPHOE YMHOXEHHE BEKTOPOB

CxansipHOE NIPOM3BCACHHE & -b BEKTOPOB @ M b — 3TO wuco,
PaBHOE TIPOM3BENCHMIO MOIYJIEH BEKTOPOB Ha KOCHHYC YITa

MeXny HUMH:
Zi-b=|¢7|-|5|-cosq>.
Monyns BekTOpa F]:Jﬁ-b’=w/¢7_1. _—
b

o= 90° 90° < ¢ < 180°
7-5=0 [@-5<0
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KoopavHaramu BexTopa HasbiBaloTCA
Pa3HOCTV KOOPAWHAT KOHUA W HaYana-BekTopa.

HA IMIOCKOCTH

7% T

Yyp====

. |

&

KoopauHaTel BexTOpa
a(a,;a,):

axy =X — X,

G =N—n

Monyns BekTOopa

[@= aZ +a}

k2

B MPOCTPAHCTBE

KoopauHarhl BeKTOpa
a(a,a,;a,):

ax =X — X1,

a4y =y~ n

G =2 2
Monyns BexTOpa

|| = Ja2 +a? +a?

KoopanHaTbl BekTopa He U3MEHSIIOTCA NPW fapannenbHoM nepeHoce.
Y paBHbIX BEKTOPOB KOOPAWHATbI PaBHbI.
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JEUCTBHSA HAJA BEKTOPAMH

B KOOPAHHATHOM NPEACTABJIEHHH

HA IUIOCKOCTH B ITPOCTPAHCTBE
,CMWHME%mme
c=a+bh
¢ =ax + by ey =agt b
oy=aytb cy=ayt+b
VQ=Q+Q
BBIYATAHHUE BEKTOPOB:
c=a-b
o =ay — by o =a; — by
¢ =a,—b ’ cy=ay—b,
g =a;—b

VYMHOXEHHE BEKTOPA HA YMCJIO:

b=Aa
by = Aay by = Aay
by = Aay by = ra,
b, = Aa,

s = ab, + a)b

CKAJIIPHOE YMHOXEHMUWE BEKTOPOB:
s=a-b

s = ab, + ab +ab,
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B3AUMHOE PACHIOJIOXEHHME BEKTOPOB

YToJI MEXITY BEKTOPAMH

F B KOODAMHATHOM NPEACTABACHHH:
- Ha TUIOCKOCTH:
b ab, +a,b,
KocuHyc yria Mexay COSP = —m==m—ree——s
BEKTOpPaMH HAXOIMTCS v +a, b + by
H3 COOTHOIICHHUS
- B NPOCTPAaHCTBE:
cosg =2~ b ab, +a,b, +ab,
7 al |Z| cosp =

2, 2, 2 T2 Bt
Ja, +a, +a; -be +b, + b

HEPITEHOUKYJIAPHBIE (OPTOIOHAJIBHBIE) BEKTOPEL
A

a B X00PAMHATHOM HPEICTABICHHH:
E—— Ha IUIOCKOCTH:
b aghy, + ayb, =0,
CxansipHoe NnpousBefieHHe
. paBHO HYJO: B NPOCTPAHCTBE:
a.b=0. axby + ayby + azh, = 0.
-- KOJUIMHEAPHBIE BEKTOPHL

a . B KOOPAHHATHOM HPENCTABICHHH:
b . KOOPIAHHATH BEKTOPOB
/ nponopuuonanbibL, TO €CTh

YAOBJICTBOPAIOT COOTHOLICHHUSAM:

/ Ha TUVIOCKOCTH: axby = ayby,
/ (ecnu ay, b;# 0, TO =+ = y),

Monyns ckansgpHOro ' b b,

TPOM3BEAECHHSI BEKTOPOB ab, = a,b,
PaBEeH NPOM3BEACHMIO B NpOCTPaHCTBE: b, ab
HMX MOOyNeH: *, v

BB om0 %o
Y
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PA3JIOXEHHE BEKTOPA HA MJIOCKOCTH
IO IBYM HEKOJIJIHHEAPHBIM BEKTOPAM

Ha nnockocty 0603 BekTOp ¢
MOXET ORITb NpPEACTaBNEH
B BHJIe CYMMEI IBYX BEKTOPOB,
COOTBETCTBEHHO
KOJUIHHEApHKIX ABYM
3aJaHHBIM HEKOJUIMHEADHBIM
BeKTOpaM @ M b :

_C=ha+ub,
Ioe A M p — YHCHa.

Takoe npeacTaBlIeHHe
Ha3bIBACTCS PAIOXECHHEM
BEKTOpA 1O ABYM 3afAHHBIM
BEKTOpaM. e

Pa3noxwurts BeXTOp
Ha IUVIOCKOCTH TIO ABYM
3adannbim HEKOJUTHHEaPHEIM
BEKTOpPaM MOXHO :
eduncmeennoim o6pasoMm.

i

PA3JIOXEHHE BEKTOPA B IPOCTPAHCTBE I10
TPEM HEKOMIITAHAPHBIM BEKTOPAM

(KomnnaHapHbIMK Ha3bIBaIOTCH BEKTOPbI,
napannenbHbie OHOW W TOW Xe NNoCcKoCcTH)

B npocTpascTee moBoil BekTop d MOXeT GHITh TIpeACTaBNeH B
BHC CYMMBI TpEX BEKTOPOB, COOTBETCTBEHHO KOJUIMHEAPHLIX

TPeM 3a0aHHBIM HEKOMIUIAHAPHBIM BEKTOpaM @, b u C:
d =\d +upb +vé,
rae A, B M v — YHMcha.

Taxoe HpeAcTaBIeHHE Ha3KIBACTCS Pa3noXeHUEM BEKTOpa
TIC TPEM 3aJaHHBIM BEKTOPaM.

PasnioxuTs BEKTOp B IIPOCTPAHCTBE MO TPEM 3dOQHHbIM
HEKOMIUTAHAPHBIM BEKTOPAM MOXHO eQuHCMEeHHsM 0Bpa3oM.
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PA3NIOXEHHE BEKTOPA
MO KOOPAUHATHBIM BEKTOPAM
KoopauHaTHbie BeKTopbl (OpTh) HanpaBneHb! BAONDL Ocei KoopAUHaT.
Moaynu aTux BeKTOpPoB paBHb! 1.
O603HaYCHHA KOOD/IMHATHLIX BCKTOPOB:

HA IWIOCKOCTH B NPOCTPRECTBE

it 0), j(0; 1) it 6 0), j(0; 1 0), k(©; 6 1)
WIN WIH
(1 0), £(0; 1 Z(L 0; 0), ,(0; L; 0), &(0; 0; 1)
y
2
1
j
0 i1 2 3Ix

Jlloﬁ)ﬂ Bemp a MOXHO Pa3NioXHTh €NMHCTBEHHEIM 06pa3oM
110 KOOPIAMHATHBIM BEKTOpaM:

a=a,i+a,j

d=ai +a,j+ak

X

Ko3ddHIMEHTH pa3ioXeHHs @; ABIAIOTCH
TIPOEKIMAMH BEKTOpa @ Ha OCH KOODIMHaT.





[image: image41.png]CTEPEOMETPHUA

NPAMbBIE U NJTOCKOCTU
B NPOCTPAHCTBE

CHOCOBH 3AJAHHSA TOYKH
Touka B NPOCTPaHCTBE OQHO3HAYHO ONpeAeNnsieTcs:

< A

JIByMS nepeceKajolHMUC INepecexaommMHcs TIPIMOIL 1
TPSMBIMH. TVIOCKOCTBIO.

Ay

Tpems1 NONApHO NePeCEKAIOMHMACS TIOCKOCTSIMH,
€CJIH NpsIMBIe TiepecedeHns IUIOCKOCTelH nepecexalored.

CIIOCOBBI 3AJIAHHMA NMPAMOM
MpsAmas B NPOCTPaHCTBE OAHO3HAYHO ONpeflenseTca:

JiByMsl TOYKAMH. JIByMs nepeceKaloluMUCS
TUIOCKOCTHIMH.
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CIIOCOBBI 3AJAHHAA MJIOCKOCTH
MnockocTs B NPOCTPaHCTBE OAHO3HAYHO onpeaenseTca:

= oB TpeMsi TOYKaMH,
, HE NeXallMMH
4 - Ha OZHO# TPAMOIL.
: oC
= HByms
; . NepeceKalOUMMHCS
>< \ TPAMBIMH.
o Asymst
_a TIapaJUIeTBHEIMH TIDSMEIMH.
\ b

IIpsamoit u TOYKOM,
He JeXalueil Ha Heil.

=
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NAPANNENbHOCTb NPAMBIX
. W NNOCKOCTER

IMAPAJUIIEJIBHBIE MPAMBIE |

Tak Ha3bIBaIOTCA NPAMbIE, KOTOPbIE NIEXAT B OAHON NIOCKOCTU
U He NepeceKaloTcs,

TIPU3HAK NAPAJUIETLHOCTH TIPAMBIX

JiBe mpsMEle, TIApaJUIeIbHbIE
TPeTheH, *
TapaJUte/IbHE MEXAY coBoli:

@llc, blicy = allb

MAPAJUIEJBHBIE IPIMASL H IIOCKOCTh

Mpsimas U NNOCKOCTb Ha3bIBaIOTCA napannenbHbIMK,
€CNn OHU He nepeceKaloTCA.

TIPA3HAK ITAPAJLUTIEJIbHOCTH IIPAMOM U IUIOCKOCTH

Ecnu npsmasi, He TpHHaIeXamias
JAaHHOM IUTOCKOCTH, NMapa/Ule/IbHa
ONHOM M3 NPAMBIX 31Ok
IUIOCKOCTH,

TO OHa NapajUleNbHa
3TOH TUIOCKOCTH:
lla, bea, aca) =bffa.

NPAMOM, IIAPAJLIEIbHONA JAHHOM IUIOCKOCTH

Jliobasi I0CKOCTh, MPOXOASAILAS
Yyepe3 NPAMYIO NapaUIebHYIo

- ZaHHOH IUIOCKOCTH, NGO
: napaJUleibHa 3TOH TUVIOCKOCTH,
d

6o mepecexaer ee Mo NpsAMOIA,
napajUieyibHON JaHHOM NpsIMOii:

(bcB, Hlay = Pllowm alb.
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IMAPAJIJIEJIbHBIE ITOCKOCTH
Tak HasbIBaIOTCA NAOCKOCTH, KOTOPble HE NepeceKaloTCs.

IMTPU3HAKHU MMAPAJUIEJIBHOCTH TUIOCKOCTE#

Ecnu 1Be nepeceKalommecst
MpsiMble OOHOM IJIOCKOCTH
COOTBETCTBCHHO TIApaUIE/IbHBI
JBYM TIEPECEKRIOLIMMCS
TIPSMBIM JPYTO# IJIOCKOCTH,
TO 3TH ILIOCKOCTH
TapauieIbHbIL:

(alla,, bllb)=allp.

pd i
N

L 7

Ecau Kaxaas U3 IBYX AaHHBIX
IJIOCKOCTeH napajuiesibHa
TPETbEH TUIOCKOCTH,

TO JaHHBIC ABE IUIOCKOCTH
napajuieibHbl Mexay coboii:

lly, Bily) = «llp.

CBOICTBA TAPAJUIEJBHBIX IUIOCKOCTEH

Ecnu nBe napannenbHble
MJIOCKOCTH TIepeceKaloTcsi
TPETbel TUIOCKOCTHIO,

TO JIMHHM TIEPECEYEHUS
IUVIOCKOCTEH
MapaJuie/IbHbI:

allp = allb.

Orpe3ku NapaieibHbIX
MPSIMBIX, 3AKJIIOYEHHBIE
MEXIY ABYMSI NAPaLUICIbHBIMU
TUIOCKOCTSIMH, PaBHBL:

(||, al|6) > AB=CD.
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NEPNEHAUKYNAPHOCTb NPAMbIX
WU NNOCKOCTEMN

NEPIIEHOUKYIISIPHOCTD IMPIMBIX
MpsiMble Ha3bIBaOTCA NEPNeHAUKYNISIPHbIMK,
€CNKU OHM NepeceKkaloTcs Nod NPSMbLIM YINoM.

ITPH3HAK HEPHEHAHKYMPHOCW NPAMBIX

JiBe mepecexalolnecs NnpsiMble,
a, 7 2 o TapajuieNibHble
COOTBETCTBCHHO ABYM
NEPNEHRHKYISAPHEIM TIIPSIMBIM,

% b, / TNepNeHAHKYSPHBI:
J; B

(alb, a,llb,, a\Lla,)) = bLb,.

TMEPIIEHAHUKYIIAPHOCTD ITPIMOM U INIOCKOCTH
MpAmas, nepecekaioLlas NNOCKOCTb, Ha3blBaeTCcs NepneHAUKYNSPHON
3TOI NMOCKOCTH, ECNW OHa NEpreHauKynsipHa noGoii NpsIMoi,
nprHagnexadle NNOcKocTU
W NPOXOAsLLEA Yepes TOYKY NepeceveHus.

TIPU3HAK NEPIEHMKYJIAPHOCTH MIPAMOM U TUIOCKOCTH

Ecnu nipsiMasi nepleHAUKYNISIpHA IBYM
TiepeceKaoUMMCs NPsIMbIM JaHHOM
IUIOCKOCTH, TO OHa NEepPNeHIUKY/ISIPHa
3TOH IUIOCKOCTH:

(albvalc)=ala.

NPAMBIE, NEPTIEHIUKYJIAPHBIE INIOCKOCTH

Jlpe npsiMble, TepNEHAMKYAPHbIE
OOHOM M TOM Xe TUIOCKOCTH,

napauieibHbI.
/X X/ Ecnyu onHa u3 OBYX napa.rmemnﬁx

TIPSIMBIX NIEPNIEHAUKY/ISIDHA NAaHHON
TJIOCKOCTH, TO W ApyTasl npsiMast
NEPNEHANKY/ISPHA 3TOH IJIOCKOCTH.
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. IIPSIMAS, IEPTIEHAMKYJIAPHASL IVIOCKOCTAM

IpsimMasi, nepneHAUKY/ISIpHAs
ONHOM W3 ABYX MapaieNbHbIX
TUIOCKOCTEH, NepIieHAHKY/ISIpHA
M ApYToli TUIOCKOCTH.

j%. JIBe IJIOCKOCTH,

! nieprieHIHKYSpHEIE
OfHOM M TOH Xe TPSAMOIA,
NapauieNbHbl.

NEPNEHAUKYJISAPHOCTE IIOCKOCTEN
Mepecekalomecs MNOCKOCTU HA3bIBAIOTCH NepneHaAUKYNAPHLIMA,
€CIU TPETbA NNOCKOCTL, NEPreHAUKYNAPHas NPAMOA NepeceyeHns
3TUX NOCKOCTE!, NepecekaeT UX No NepreHAUKYNSPHLIM NPSMBIM.

TMIPH3HAK IEPTIEHIHKYJIAPHOCTH ILUIOCKOCTER

.

ITnockocTH NepNeHINKYNSAPHEI,

€CJTH OHA M3 HUX CONEPXHT

NepTIIeHAUKYJISIP K APYToii INIOCKOCTH:
(@aca,alB) = alp.

V.

CBOMCTBO NEPIIEHAMKYJIAPHBIX IUIOCKOCTEA

Eciu miockocTy nepreHanuKynspHEI,
TO TIpsiMasi, Jiexallas B OGHOM M3 HUX
M NEPNICHAMKYISPHAS JTHHHH
TiepeceyeHnsl IIOCKOCTENH, .

W NEPICHANKY/ISIPHA IPYTOH IUIOCKOCTH:
‘ (alp,aca,alb) = alp.
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NEPNEHAUKYJIAP U HAKJIOHHBIE

IMepneHauKynsip Kopode
mo060# HaKIOHHOM,
TIPOBENCHHOM K IUVIOCKOCTH
M3 TO} Xe TOYKH.

Y paBHBIX HaKIOHHBIX,
NPOBEACHHRIX K TUIOCKOCTH
M3 ONHOH TOYKH,
NPOEKIIMH PaBHHI. .

W3 n1BYX HaKJIOHHBIX,
NPOBEACHHBIX U3 ONHOH
TOYKH, OOJIBILE Ta,
y KOTOpoii npoeKuus 6oiblie,

Teopema 0 Tpex HepUEHAHKYIAPAX
(conepXuT dea yTBEPXINEHHS:

' npsiMoe M obpaTHoe)

Ecnu npsiMas, nexaiuas B IiocKOCTH
M NPOXOIAIIas Yepe3 OCHOBAaHHE
HAKJIOHHOH, TIepIIeHAUKYIsIpHA
NPOeKUHH HAKJIOHHOM,

TO OHa NEePNeHAMKYNSAPHA
M caMoil HaKIIOHHOM.

Ecnu npsiMasi, nexaluas B TIOCKOCTH
M MpoXoJsiiast Yepe3 OCHOBAHHE
HaKJIOHHOH, NEPNEeHAUKY/SIPHA
HAKJIOHHOH, TO OHa NepreHAMKYIAPHA
M TIPOEKUHH HAKIOHHOH.
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CKPELIUBAIOIMHECH INPAMBIE

TaK Ha3biBaIOTCA NPAMbIE, KOTOPbie HE NeXaT B OAHOH NNOCKOCTH
(T0 ecTb He NapannenbHsl U He NepeceKkaloTcA).

NPU3HAK CKPEUIMBAIOLIHXCH IPAMBX

Ecnu ogHa M3 ABYX JaHHBIX IPAMBIX
nepecexaeT IOCKOCTh,
B KOTOpO# JIeXHT Apyras npsmas,
¥ TOYKA NEPEeceUCHHs
TPSAMON ¥ TUIOCKOCTH
HE TIPHHAIJICXHT APYroi npsaMoi,
TO JaHHbIe NPSAMbIe CKPELIHBAIOTCS.

PACCTOSSHHUE MEX]Y CKPEIIMBAIOINUMHUCA MPAMBIMHA

DN
\\>

Yepes ABe CKpeIMBAIOLIHECH NPSAMbIE
MOXHO NPOBECTH JBE NAapajUIe/IbHbIE
TUIOCKOCTH (euHcmeennum o0pasom).

Paccmosnuen

MeXIY CKpPCIIMBAaIOIMMHCS IIPAMBIMH

Ha3bIBacTCA pacCTOAHHE
MEXNY 3THMH TUTOCKOCTAMH.

OBIIMHA NEPNEHAUKYJIAP K IBYM CKPEIIUBAIOIIHMCS ITPAMBIM

o6uwuil
nepneHouKyaap

Taxk Ha3BIBaeTCsl OTPE3OK,
TEPNIEHANKY/IPHBIN Kaxao# H3 OByX
CKPELUHBAIOLIUXCS NPAMBIX, KOHIIbI
KOTOPOTO JIEXAT Ha 3THX NPSMBIX.
JinuHa obuiero nepneHAUKyaspa
PAaBHa PacCTOSTHHIO MEXIY
CKPEILIMBAIOIIMMHCS TIPIMBIMH.

YTOJ MEXAY CKPEIIHBAIOIIMMHCHA ITPAMBIMH

Tax Ha3bIBaeTCA YTON MeXIY
nepeceKaloLIHMHACS TPSIMBIMH,
COOTBETCTBEHHO TIApasUIe/IbHBIMH
JBYM JaHHLIM CKPEIHBAIOIIHMCS
npameM. (OnHAa U3 YNOMSTHYTBIX
TIEPECEKAIOLIUXCHA NPAMBIX
MOXET COBNANaTh
¢ OXHOM M3 CKPElHBAIOILINXCA.)
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¥YIJIbl B IPOCTPAHCTBE

YroJ MEXIY NPAMOM U IUIOCKOCTBIO

/ Tak HasbIBAETCS YTOT MEXIy TIPSMOi
/ M €€ MPOEKIMEH Ha IIOCKOCTD.

JBYTPAHHBIN VIO

Tax HasbiBaetcsi purypa, obpasoBaHHas
ZBYMSI TIOJTYIUIOCKOCTSIMH
C obuiel OTpaHHYHBAIOILEN UX .
npsiMo#t (3Ta TpsiMasi Ha3bLIBAETCS
peOpoM IBYTPAHHOIO yT/a).

JIMHEWHBIYA YIOJ IBYIPAHHOI'O YIVIA

Tak HA3BIBA€TCSI YO MEXAY ABYMS
JIy4aMH, O6pasyloLMucs

1 TIPH NepeceueHMH ABYTPAHHOTO YIIa
IUIOCKOCTBIO, NEPNCHAUKY. SIPHOH
’.ﬁ > peGpy ABYTPaHHOIO YTJa.

Mepoii ¢ ABYTpaHHOTO yTNIa SIBIsETCS
Mepa COOTBETCTBYIOIIETO MY
nuHeitHoro yrna: 0° < ¢ < 180°.

YroJl MEXAY TLUIOCKOCTAMU
JlBe miepecekaiolHecs MIOCKOCTH
onpeeslioT YeThipe ABYTPaHHBIX YIJia.
VI' ' CyMMa IBYX TaKHX YIVIOB, MMEIOLINX
/X (@ obulyo rpalb, pasHa 180°. YoM
‘ ‘ MeXAY IUIOCKOCTSIMH Ha3bIBaIOT
MEHBIIWH U3 9THX YITIOB:

0° < o 90° (Ecmu ¢ = 90°,
IUIOCKOCTH NEPICHAMKYISPHBI.)
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NMPU3MA

TaK Ha3biBaeTCA MHOTOTpaHHUK, ABE rpaHu KOTOPOro (OCHOBaHUSA) —
paBHble N-yronbHUKKY, Nexatiue B napannenbHbIX NNOCKOCTSX,
a ocranbHble n rpaHeit (GokoBble fpaH) — napannenorpammb.
Mpu3amMa Ha3biBaeTca NpaBunbHOM,
€CNW OHa NPAMAA N ee OCHOBaHWSt — NpaBvibHble MHOTOYrONbHUKK.

nepneHouKyasproe
ceuenue

HaxknonHnasi npusma

sbicoma

1
)
1
1
1
1
1
1
]
]
s

IIpsiMasi ApuU3Ma

TUIOIIAAB ITOBEPXHOCTH U OFBEM ITPH3MbI

Haknonsas npu3Ma IIpamas mpu3ma
BoxoBas Seox = Peewrl, Soox = PociH,
[OBEPXHOCTH rae Py — mepuMeTp rae Poey — TepuMeTp
NepreHANKYISPHOTO OCHOBaHHSI,
CeYECHHUS, H — BhIcOTa
! — nnuHa G0KOBOTO
pebpa
TonHas Snom = Seox T 2-Socn Snom = Seox T 2-Socu
TIOBEPXHOCTh i
Obem V= Sceuw!, V= SoewH,
e Seeq — IUIOLIANB e Spey — MAOLIAND
TiepIIeHAHKYISIPHOTO OCHOBaHHSI MPHU3MBI,
CeYeHHs, H — BricoTa.
| — 6oxoBoe pebpo
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MAPAJIIEJIENTHITIE],
Tak HasblBaeTcA NPU3Ma, OCHOBAHUA KOTOPOM — NapannenorpamMbi.

Bce rpanu napamwnenenunena —
TapaJUIeIOTPaMMEI.

TIporuBonexaliue rpaHu
napajuiebHbl H PaBHBI,

Bce yernipe nuaroHanu
TIEPECEKAIOTCSL B OAHOH TOYKE M
TOYKOH TMepecedeHMsl AeITCS
NoTIoNaM. :

Touxa nepeceueHus AMaroHanei - -
LEHTP CHMMETPHH.

CymMMa KBajIpaTOB IHATOHANEH paBHa CyMMe KBA[paTOB BCEX
pebep:

d} +d} +d} +d? = 4a* + 4b* + 4c?

IIpsamoii napaanenenunen:
60KoBBIC pebpa MepreHAMKYIISPHEI

]
:
1
' OCHOBaHHAM.
L‘;l_ N BoKOBbIE TPaHH — npAMOyeOsbHUKLL,
- a OCHOBAHHS — HAPAANCA0ZPAMMSL.

IIpaMoyronbubil napaienenunes;
TpsSIMOH TapaJUleNIeNUIC, OCHOBAHHUS
L KOTOPOTO — HPAMOY20AbHUKU.
"\d Bce nuaroHanu paBHEL
— Ksaznpar nuaroHanu paseH cymme
g" » KBapaToB pedep, HCXOOSLIMX H3
= b onmoit BeputnueL d? =a’ + b? +¢?.
Shoms =2 (ab + be + ac); V = abe.

T Ky6:
. BCC IPaHHM — KBAJIPaThl.

A Bce pe6pa paBHBIL.
@-‘“-- d= \/54; Shom = 6a%, V' =d.
a
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NMAPAMUOA

Tak Ha3blBaeTCR MHOTOrpaHHUK, 0AiHa rpaHb KOTOpPOro (OCHOBaHue) —
MHOrOYrofibHWK, a Bce ocTansHble rpaHu (bokosbie) —
TPeyronbHUKKU, UMmelouwme obiiyio BepLuMHy (BepluMHa Nnupamuab!).

YceyeHHON NupamMnzon Ha3bIBAeTCA YacTb NUPaMUbLI,
3aKMNIOYeHHas MeXy ee OCHOBaHWEM U CedeHueM nupamugbl,
napannenbHbiM OCHOBaHMIO.

TIPABHJIBHAS TUPAMHUJIA
Mupamuaa Ha3bIBaeTCA NPaBUNLHOR, CNU OCHOBaHWe ee —
NPaBUNLHLIA MHOTOYTONBHUK, @ BEPLUNMHA MPOLUPYETCA B LUEHTP
OCHOBaHMA.

BoxoBbie rpaHu —
. paBHbIe paBHOGEAPCHHEIE

anogema | TPCYTOJIbHHKH.
BoxoBbie peGpa paBHHIL.

AnioeMBl paBHBL
(anogbemoii mupaMuabI
Ha3skIBaeTCA
BBLICOTA ee GOKOBOM IPaHH).

PSRN AP
+ >

ITPABHUJIbHASI YCEYEHHAA MTUPAMHIIA

ewcoma H anogpema !

BokoBule rpaHu —
paBHEIe paBHOGOKHUE
Tpaneuun.

Boxosbie pebpa paBHHI.
AnodeMu paBHEI.
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IJIOIIALDB MOBEPXHOCTH H OBBEM
TMPOU3BOJIbHON IMTUPAMH/IbI

s

Iupamuna Vceuennas NHPaAMKIA
Boxosas Soox = 2.5 5 Soox = 2,51 5
NMOBEPXHOCTH =1 i=l
. rae §; — IwIolansL OXHOM | rae .Sy — 1owans ONHOH
GOKOBOH IpaHH BOKOBO# rpaHH
Spomt = Seox + S + 5,
HNonnas e § — mwiowank
nosepxsocth | Stomt = Seox + Socu HIXHEro OCHOBAHNSA,
' § — TUIOIIAND BEPXHETO
OCHOBaHUS
1
Obmbem =3 H Soon V=§H.<s+s+,/s—s)

TUIOIIALL TIOBEPXHOCTH U OBBEM
ITPABUJIBHON ITAPAMHUJIBI

Tupamuna Ycedennas nupamMuaa
1 1
SGox=§P‘I’ S60x=E(P+P)"’
Bokosas e P — nepuMetp tae P — nepumerp
10BEPXHOCTD OCHOBAHMS, HMXHETO OCHOBaHHSI,
! — anodema P — TIepHMETP BEPXHETO
OCHOBaHMS,
| — anogema
snom—l = sﬁox + s + S,
Monnas e S — womans
nosepxHocTh |  Snomt = Seox + Socn HIDXHETO OCHOBAHHA,
§ — TUIOWAnb BEPXHETO
OCHOBaHHSA
O6bem V=%H-S°m L g (s+5+45)
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TENA BPALLEHUA
IUIHHAP KOHYC YCEYEHHbBIA |
MPSMbIM KPYroBbiM | MPAMBIM KpYroBbIM KOHYC |
UMIMHAPOM KOHYCOM HaabipaeTcsi | 1k HasbiBaeTcs
4acTb Kowyca,

HaablBaeTcs urypa,
nonyyeHHas npn
BpaLeHuu
NPSIMOYroNbHUKA
BOKpYr oc#,
cofepxatyen
OfHY W3 ero CTOpOH.

curypa, nonyyeHHan
npy BpaLLeHuM
NPAMOYTOMNbLHOTO
TpeyronbHuka
BOKPYT OCH,
coaepxawien
ero KareT.

orpaHu4eHHas ero
OCHOBaHWEM ¥
ceyeHuem,
napannenbHbIM
OCHOBaHMUIO.

IIOIIALDB ITOBEPXHOCTH H OFBEM ITWIHHIPA

Boxkosas TMonnas O6beM
TIOBEPXHOCTh TIOBEPXHOCTD : :
Seox = 2nRH Stom = 2nR(R + H) V=rnRH

NJIOIIAAD ITOBEPXHOCTH H OFBEM KOHYCA

Konyc Yceuennaniii Konyc
Bokosas _ -
nosepxnocts|  Soox = TRL Seox = (R + L
Honxas

TIOBEPXHOCTH Snoms = nR(R + L)

Spom = ©(R + AL + nR2 + =R

OoveM

V= E‘ﬂRzH

1

y= %nH(RZ + R+ R)
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COEPA. HIAP

Ccpepoit Ha3biBAETCA MHOXECTBO BCEX TO4eK NPOCTPaHCTBa,
HaXOASLMXCA Ha JaHHOM paccTonHUN R oT AaHHOW Toukn O.

Liapom Ha3bLIBAETCH MHOXECTBO BCEX TOYEK NPOCTPaHCTBa,
Haxo4ALWuUXcA o1 ﬂaHHOﬁ ToukKn O Ha paccToaHuy,
He 6onbLUEM aHHOTO PacCTOSHWA R

Ccbepa ABNAETCA NOBEPXHOCTLIO LWapa.

@ Tnowans cdepst S = 4nR2
O6neM mmapa V = %nR3

\_

YACTH IIAPA

IIIapoBoii cermeHT

a Obsem V = %nHz(3R - H)
Inowans cerMEHTHOM

R
) TIOBEPXHOCTH
Seox = 2 nRH
I apoBoii cexTop
6 O6tem V = %nR’H
Inomans nosnHOl NOBEPXHOCTH
o Snomt =nR(2H+J2RH—H2)
ITaposoii caoii
==X
V= %uH’ +%1t(r11 +i)H
ITnomans 6oxoBoit
R TIOBCPXHOCTH

Seox = 2 TRH





[image: image56.png]82 Cmepeomempus

BMUCAHHbLIE U ONUCAHHbIE TENA*

IMUJIHHIAP, OMUCAHHBIA OKOJIO TPU3MBI

Am—me——cac—————
LT e pppp——

n
H
n
"
1l

~a
P
gl

s

~

\ W4

HuiHHAP MOXHO OIMCATh OKONO
TIPAMOI NPHU3MEI, €CJIH e
OCHOBaHHE — MHOTOYTOJIBHHK,
BITHCAHHKIA B OKPYXHOCTb.

Panuyc uunuHapa R paBeH
panMycy 3Toli OKPYXHOCTH.

Ocb UHIMHApPA JIEXHUT
Ha OAHOI npsMoi
¢ BhicoTOl H NpH3MEI,
COeAHHAILEH
UEHTpPHl OKPYXHOCTEH,
OIHCaHHBIX OKOJIO
OCHOBaHHH NPH3MBI.

IAJUHAP, BHIUCAHHBIA B IPH3IMY

2

prm——————————

______ .
N

U S

]

\

AL 1 L

>

LuaHHADp MOXHO BITHCAaTh
B NPSAAMYIO NIPH3MY, €CIIH
€¢ OCHOBAHHE — MHOIOYTOJIbHHK,
ONHCAHHBIN OKOJIO OKPYXKHOCTH.
Panuyc wiwmHHApa r paBeH paguycy
9TOH OKPYXHOCTH.

Ochb UWIMHIpPa NeXHUT
Ha OHOMN npsiMo¥
¢ BhicoTol H mpH3Mhl,
COeAUHSIOIIEH
HEHTPH! OKPYXHOCTEH,
BNIHCAHHBIX
B OCHOBaHMS TIPH3MBI.

* Ha pucyHKaX 3TOTo pasfeia OIHCAHHOE Tejio M300paxeHo Kak
npo3payHoe. PaccMOTpeHE HaubGoMnee 4acTo BCTPEYAIOIIHECS

KOMOHMHALIMH TeJl.
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KOHYC, ONMCAHHBIN OKOJIO I PAMHUBI

A S

v

KoHyc MOXHO omnucaTb
OKOJIO NUPaMHUAEI,
€CJIM €6 OCHOBaHHE —
MHOTOYTOJIBHUK,
BIHCAHHBIA B OKPYXHOCTD,
a BepILUMHA MUMPAMHIbI
NpoeLUpyeTCs B UEHTP
3TON OKPYXHOCTH.
Paguyc konyca R
paBeH paguycy 3Toi
OKPYXHOCTH,
a bicoTbl H KOHyca
W TIHpaMMIBI COBNAAAIOT.

KoHyc MOXHO BIMCAaTh
B ITMPaMHIY,
€CJIH €€ OCHOBAaHHE —
MHOTOYTONIBHHK,
OTMCAHHBIN OKOJIO
OKPYKHOCTH,
a BEpLIMHA NMUPAMMIbI
npoeuupyercs
B LIEHTP 2TOl OKPY>XHOCTH.
Paguyc koHyca r
PaBeH panuycy 3Tou
OKPYXHOCTH,
a BbicoTsl H koHyca
U TIMpaMMAbl COBNAAAIOT.
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IDAP, ONMUCAHHBIA OKOJIO UMJIHHIPA

Ilap MoXHO onHcaTh
oxono moboro
(npsIMOTO KpYroBoro)
HIWIMHIDA.

OKpYXHOCTH OCHOBAHHI
UWIMHApA JIeXaT Ha
TIOBEPXHOCTH 112pa.

HenTp wapa aexur
Ha CEpelMHe BHICOTHI,
Tipoxoasiuei
4Yepe3 och LWIHHAPA.

CeyeHue IUIOCKOCTHIO, TIPOXOMsLIEH
Yyepe3 och UMIMHApA
(oceroe ceyeHHue)

Panuyc wapa R,
panuyc UWIMHIOpA 7
M BbICOTa HMAUHApa H
CBA3aHbI
COOTHOILEHHEM:
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IIAP, BOIUCAHHBIN B HHJIUHAP

IIap MOXHO BNMCATh
TONBKO B TAaKOM
UWIHHAP, BHICOTA
KOTOpOTO paBHa
JHAMETPY OCHOBAHHS
(TaKoit UWWIMHAD
Ha3kIBaeTCH
PAaBHOCTOPOHHHM).

Iap xacaercs
OCHOBaHMIi UWIMHIAPA
B HX LCHTpax -

1 60KOBOMH
TIOBEPXHOCTH
LUMIHHIPA 1O
OKPYXHOCTH
60JB1IOrO Kpyra uiapa,
TapaieTbHOH
OCHOBaHMSIM
LMIHHAPA.

CedeHHE IUIOCKOCTHIO, NPOXOAsien
4epe3 och LWIHHApA (0ceBoe ceyeHHe)

Paauyc wapa R paBeH
PAnHycy UMIHHIpA T,
a [uaMeTp Iuapa paBeH
BBICOTE LYIHADPA:

R=r,
2R=H.
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AP, OMHCAHHBIX OKOJIO KOHYCA

IIlap MoXHO onucarh
0KOJIO JI06OTO KOHYyCa.

OKXpyXHOCTb OCHOBAHHA
KOHyca ¥ BeplUMHA
KOHyca JiexaT
Ha MOBEPXHOCTH HIapa.

HenTp mwapa nexur
Ha OCH KOHYyca
M COBMNajacT
¢ LEHTPOM
OKDYXHOCTH,
OMHCAHHOMH OKONO
TpeYroNbHHUKA,
SIRJISIOIETOCS OCEBEIM
CeyeHHEeM KOHYca.

CedeHHe IUIOCKOCTBIO, NPOXOISILEH
yepes och KOHyca (0ceBoe ceYeHHe)

Panuyc wapa R, panuyc
KOHYca 7 M BBICOTa
KoHyca H cBsizaHbl
COOTHOIICHHCM:

R*=(H-R?+r.

10 cooTHOMIEHHE
CNpaBEUTHBO H B TOM
cnydae, xorga H <R.

SN SRSV |
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IIAP, BIKCAHHBIA B KOHYC

CeueHME TUIOCKOCTBIO, POXOAsILEH
yepe3 och KOHyca
(oceBoe ceyeHue)

IIIap MoXHO BrHcaTh
B J1OGOH KOHYC.

Iap xacaetcs

OCHOBaHHS KOHYCa

B €T0 LIEHTpE

M GOXOBOH
TIOBEPXHOCTH KOHYCa
IO OKPYXHOCTH,
nexaliei B IWIOCKOCTH,
TIapauIeIbHOM
OCHOBaHHIO KOHYCA.

IleHTp wapa JeXHT
Ha OCH KOHYca
M coBnlazaeT
C LEHTPOM
OKDYXHOCTH,
BIIMCAHHOH
B TPEYTOJIbHHK,
SBISIIOLHICS OCEBbIM
CEeYEeHHEM KOHYCa.

Paguyc mapa R,
paauyc KoHyca r
U BBICOTa KoHyca H
CBsI3aHBI
COOTHOLIGHHEM:

O ——————
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Ilap MoxHO onucaTsb
OKOJIO TIPH3MBI,
€CJIH OHa npsiMast
M €€ OCHOBAHHUSA
SIBISIOTCA
MHOTOYTOJIBHHKAMH,
BITMCAHHBIMH

B OKPYXHOCTbD.

IleHTp 1wapa nexuT Ha
CEPEeIHHE BBICOTHI
TIPU3MBI,
COCTHHAKLIEHA LIEHTPHI

CeueHne TONYIIOCKOCTHIO, OKPYXHOCTEH,
TIpoXonsIleii Yepe3 LeHTp OIHCaHHEIX OKOJIO
mapa 1 60KoBoe pe6po OCHOBAHHH NPU3MBI.
npusmsl. (Ilonymnockocts
OTrpaHHYeHa NPSIMOI,
napaiebHoi 60XoBOMY
pedpy npusMsl
M IIpOXomsiuiei
epes LeHTp 1apa.)

Panuyc mapa R, Beicora
npusmsl H u panuyc
OKPYXHOCTH F,
ONHUCAHHOI OKOJIO
OCHOBAHHS MPH3MBI,
CBSI3aHBI
COOTHOUIEHHEM:

2
R = (%) +r2.
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IIAP, BIIMCAHHBIA B MTPAMYIO IPH3MY

CeyeHne MoJyTIOCKOCTBIO,
nepneHTUKYISpHOR
60KOBOi1 TPaHH TIPH3MBI
M NpOXoAsiue Yepe3
BBICOTY NIPU3MBI,
COEIHHSIIOLIYIO LEHTPBI

OKPYXHOCTCH,
BITHCAaHHLIX B OCHOBaHMS.

IIIap MoxXHO BIHCATh
B NIPAMYIO NpU3MY,
€CJIK e¢ OCHOBAHMUS
SBISAIOTCH
MHOTOYTOJIBHUKAMH,
ONMHCAaHHBIMM OKOJIO
OKPYXHOCTH,

a BBICOTA MPH3MBI
PaBHA JHAMETPy
3TOH OKpPYXHOCTH.

Panuyc BnucanHoro
1Iapa paBeH panuycy
3TOM OKPYXHOCTH.

HenTp mapa nexur
Ha CEPCAUHE BLICOTHI
TIPH3MEI,
CcoeaUHSIOLIeH
LEHTPbl OKPYXHOCTEH,
BIIMCAHHBIX
B OCHOBAaHMA NPH3MBEI.

Panuyc mapa R,
BBICOTa MpU3MBI H U
panuyc OKpYXHOCTH T,
BIHCAHHOM
B OCHOBaHHE TPHU3MEI,
CBSI3aHbI
COOTHOLICHUAMM:
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IIAP, OIIMCAHHBI A
OKOJIO NPABHJIbHOMN ITHPAMHU I

' IMlap MoxHO omucaTs

OKOJIO JTI060iH
TIPaBMJIbHOH
IIUPAMHILI.

UeHTp wapa 1eXuT Ha
TpAMOH, cogepxameit
BBICOTY MHPaAMHAB!

- M COBMAJIaeT ¢ LUEHTPOM
OKPYXHOCTH,
OTHCAHHOMN OKOJIO
PaBHOGEAPEHHOTO
TpEYronkHuKa,
6oxoBoil cTopoHoii
KOTOpOTO SIBJISIeTCSH

6okoBoe pe6po
CeyeHHe MOMYIIOCKOCTBIO, TIHpaMuzL],
TIpOXOZsIUIeH Yepe3 LEeHTp mapa a BEICOTOM — BBICOTa
4 6okoBoe pe6po NMUpaMHIEI. TMHPaMH/bI.
([MonymnockocTs orpaHuyeHa Paxuyc wapa pasen
TIPSIMOH, TIpoXoAsIIei paaMycy 3Toi
Yepe3 BbICOTY ITHPAMMIBL. ) OKPYXHOCTH.

Panuyc wapa R, Bricora
nupaMunsl H u panuyc
OKPYXHOCTH 7,
OTIHCaHHOM OKOJIO
OCHOBAHMS NMTHPAMHNKI,
CBA3aHbL
COOTHOILECHHEM:

R =(H-R?!+r.
BT0 COOTHOLICHHE

CIIPaBe/UTHBO H B TOM
ciayvae, xorna H <R.
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HIAP, BIHCAHHEBINA
B NPABHJIBHYIO MHPAMHUAY

Ceuenue NONYIUIOCKOCTBIO,
npoxoasieH yepe3 USHTP 1Iapa ¥
anodeMy MMpaMHAbL.
(ITonymiockocTh orpaHHYeHa
TpsMoii, mpoxondiueH yepes
BEICOTY IMpPAMHIEL)

HlIap MoxHO BIHCaTb
B JI0OYIO NPaBWIBHYIO
TIHpaMuay.

LIeHTp wapa aeXuT Ha
BBICOTE ITHPaMMIbI
M COBIAZaeT ¢ UCHTPOM
OKPYXHOCTH,
BNHCAaHHOH B
paBHOOEIpEHHEIN
TPEYTOJNBHHK,
GOKOBOJ CTOPOHOM
KOTOpOTO SIBASICTCSH
anodema (BbicoTa
6OKOBOM rpaHu)
TIHPaAMHUIHI,
a BBICOTOH — BBICOTE:
TIHpaMUIBIL.
Paauyc wapa paseH
panuycy 3Toi
OKPYXHOCTH.

Pannyc wapa R, BbicoTa
mupamunbl H 1 panuyc

OKPYXHOCTH 7,
BITHCAaHHON B

OCHOBAaHHC NMHUpPAMHIBI,
CBA3aHBI
COOTHOILUCHHEM:

R r

H‘R=\l}f{’+r2
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OEKAPTOBbI KOOPAUHATDI

OcH KOOpIHHAT:

z ock x — och abcumcee,
OCh ¥ — OCh OpIMHAT,
Y, 0Ch Z — OCh anIUIMKAT.

70
-—Tﬁ(xoi Yoi 2 Toyka O — Hayano KOOPAMHAT.

JI1060i1 TOYKEe TIPOCTPaHCTBa
CONOCTABNAKOTCS TPH YMCHA: -

______ 127y abcmcca Xy, OPAMHATA Yo
W anIuriKaTta .

DTH uKCcla HAa3bIBAIOTCA AEKAPTOBBIMH
KOOPAMHATAMH JAHHOH TOYKH.

PaccrosiHue MeXny AByMsA TOYKAMH:

B(x;;y::2) AB= J(xl —x2)2 +n _)’1)2 +(z -Zz)z
KoopaMHAaTH CepeHHbI OTpE3Ka:

X tx

==

At ,

Ax;; Y15 2) 2

X z=Zl';'Zz.

X

y

KoopauHaTsl ToUKH, AeNsIIENR OTPE3OK
B 33JaHHOM OTHOLIEHHH:

AD o
B(x,: s ecm —=—L 10
(X2 Y25 2) DB a, >
Dix . v: 2 x= oy X + oy %
a; +.o, o+,
y= 2 1+ Ly,
) y o +a, oy +o,
Ay o, o,
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YPABHEHHE IINIOCKOCTH
ax +by +cz+d=0

(x03chULUMCHTH a,b,c — KOOPAHHATEI BEKTOPa (a,b,0),
TIepreHAUKY/ISIPHOTO JaHHOH TIOCKOCTH)

YACTHBIE CTYYAU YPABHEHHUS THNIOCKOCTH

k4

<wv

d=0 = ax+by+cz=0

TInockocTh IPOXOOHT Ycpe3
HaYaJlo KOOPIHHAT.

a=0 = by+cz+d=0
InockocTh NapajulebHa OCH X.

(a=0,d=0) = by+cz=0
TL10CKOCTh TIPOXOAMT YEpe3 OCh X.

b=0 = ax+cz+d=0
ITnocKoCTh MapauieNbHa OCH Y.

(6=0,d=0 = ax+cz=0
TL10CKOCTD MPOXOIMT Yepe3 ocChb Y.

c=0 = ax+by+d=0
InockocTh NapauiebHa OCH Z.

(c=0,d=0) = ax+by=0

TLTOCKOCTh MPOXOAMT Yepe3 OCh Z.
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YACTHBIE CJIYYAH YPABHEHUA IULIOCKOCTH
ax +by +tcz+d=0

(npojomxeHue)

zl\

X
@=0,6=0 = cz+d=0

IInockocTs napannenvHa
IUIOCKOCTH Xy.

X
(@=0,b=0,d=0) = ¢cz=0

IltockocTs coBnanaeT
¢ TUIOCKOCTBIO XY

X
(@=0,¢c=0) = by+d=0

ITnockocTs mapanienbHa
IVIOCKOCTH XZ.

X
(@=0,¢=0,d=0) = by=0

ITnockocTs coBnanaet
C IUIOCKOCTBIO XZ.

zl\

X
" (b=0,¢c=0) = ax+d=0

ILnockocTs mapannenbHa
IUTOCKOCTH YZ.

Pz

X ' y

(b=0,c=0,d=0) = ax=0

InockocTs coBnagacT
C IUIOCKOCTBIO 2.

YPABHEHHME IUIOCKOCTH B OTPE3KAX HA OCAX

X, Y, Z_
a+b+c 1

@20, 60 c=0)
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B3AHMHOE PACTIOJIOXEHME
IBYX MIOCKOCTEH

a: agx+bytez+d =0
. @)X +b2'y+CZZ+d2=0

COBIIAJAIOIIME IIJIOCKOCTH
st JAns MPOK3BOMBHBIX
ko3¢ dunmeHTOB ko3 dunmueHTOB
a, by, ¢, dj, ay, by, ¢, dy:
OTJIMYHBIX OT
ab, =a
Y a]zz azjl
162 = 44y
o _b_o_4d
“Z b ad, = a,d,

TIAPAJUIEJIBHBIE TNIOCKOCTH

ab, =y
ﬂ:ﬁ:c_l;gﬂ a,c, = a6,
o b o 4 ad, #a,d,

NEPHEHAUKVIISAPHBIE IJIOCKOCTH

aa, +bb, +cc, =0
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Yroj MEXIOY ABYMS IUIOCKOCTAMH
(MEHBIIMH U3 IBYX CMEXHBIX YIJIOB)

a: ayxt by teztd =0
o mxthytortd=0

LIS
laia, + bib, +cicy

V& + 8] +c - Jai + B +c}

cosp =

\

YPABHEHHE C®EPBI

x2+yr+ =R,

C 1eHTpPOM B ToYke (Xp, o, 20):

C HCHTPOM B Ha4yane KOOpAMHAT.

(x - xo)2 +(y —}"0)2 +(z - Zo)z’

=R?
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