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BekTopHoe npoussefeHmne BEKTOPOB
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BekTopHoe npoussefeHmne BEKTOPOB

Onpeaenerue

Tpu HekOMMNaHApHbLIX BEKTOpPA a, b, ¢ B3aTble B
YKa3aHHOM Mnopsiake, obpasytoT npaByto
TPOWIKY, eC/n C KOHLIA TPeTbero BekTopa ¢
KpaTyaiiwuii NOBOPOT OT MEPBOro BEKTOPA @ KO
BTOPOMY BEKTOPY b eunen COBEPLLALUMCS
NPOTUB YaCOBOW CTPesKU, 1 JIEBYIO, €CAU NO

4aCOBOW.
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BekTopHoe npoussefeHmne BEKTOPOB

[IpaBas Tpoiika
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JleBas Tporika




BekTopHoe npoussefeHmne BEKTOPOB

Tak Kak Tpy HEKOMMIaHaPHbIX BEKTOPA
0bpasytoT basnc B NPOCTPAHCTBE, TO TaKXE
roBopsAT 0 NpPaBbIX 1 JieBbix ba3ucax.
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BekTopHoe npoussefeHmne BEKTOPOB

Tak Kak Tpy HEKOMMIaHaPHbIX BEKTOPA
0bpasytoT basnc B NPOCTPAHCTBE, TO TaKXE
roBopsAT 0 NpPaBbIX 1 JieBbix ba3ucax.
CooTBeTCTBEHHO, BCe Da3nChbl B MPOCTPAHCTBE
Pa3feNAtoTCAa Ha [Ba KNacca: KAacc npasbIx
basncos 1 Knacc nesbIx basmcos.
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BekTopHoe npoussefeHmne BEKTOPOB

Tak Kak Tpy HEKOMMIaHaPHbIX BEKTOPA
0bpasytoT basnc B NPOCTPAHCTBE, TO TaKXE
roBopsAT O MpaBbIX 1 J1IeBbiX ba3ucax.
CooTBeTCcTBEHHO, BCEe DAa3NChbl B MPOCTPAHCTBE
Pa3fensoTCA Ha [Ba KJIacca: KNacc npasbix
ba3ncoB n knacc nesbix basncos. Knacc, k
KOTOPOMY OTHOCUTCSI (PUKCUPOBaHHbIV basuc,
Ha3bIBAETCS €ro OpUeHTaLunen.
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BekTopHoe npoussefeHmne BEKTOPOB

Onpeanenerne

BekTopHbIM Npou3BeaeHmnem BekTopa a Ha
BEKTOP b Ha3biBaeTcs BEKTOP C, KOTOPbIiA
YAOBNETBOPSIET YCAOBUSIM:
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BekTopHoe npoussefeHmne BEKTOPOB

Onpeanenerne

BekTopHbIM Npou3BeaeHmnem BekTopa a Ha
BEKTOP b Ha3biBaeTcs BEKTOP C, KOTOPbIiA
YAOBNETBOPSIET YCAOBUSIM:

1) €13 n Lb:
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BekTopHoe npoussefeHmne BEKTOPOB

Onpeanenerne
BekTopHbIM Npou3BeaeHmnem BekTopa a Ha
BekTOp b Ha3blBaeTCA BeKTOP C, KOTOPbI
YAOBNETBOPSIET YCAOBUSIM:

1) €13 n Lb:

2) e] = |al - |b] - sin(a, b);
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BekTopHoe npoussefeHmne BEKTOPOB

Onpeanenerne

BekTopHbIM Npou3BeaeHmnem BekTopa a Ha
BEKTOP b Ha3biBaeTcs BEKTOP C, KOTOPbIiA
YAOBNETBOPSIET YCAOBUSIM:

1) €13 n Lb:
2) |€] = [a] - |b] - sin(a, b);

3) BekTopsl a, bnc 0bpasyoT npasyto TPOIiKY.
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BekTopHoe npoussefeHmne BEKTOPOB

Onpeanenerne

BekTopHbIM Npou3BeaeHmnem BekTopa a Ha
BekTOp b Ha3blBaeTCA BeKTOP C, KOTOPbI
YAOBNETBOPSIET YCAOBUSIM:

1) €13 n Lb:

— —.

2) |c] = |a] - |b] - sin(a, b);

3) BekTopbl @, b n ¢ 0bpasytoT npasyto TPOIiKy.
Obo3HauetHune: 3 X b nan [a) b).

!
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BekTopHoe npoussefeHmne BEKTOPOB

Aﬂl'e6paM‘-I€CKMe CBOVICTBA BEKTOPHOIo
NponN3BEAEHUA.
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BekTopHoe npoussefeHmne BEKTOPOB

Anrebpanyeckne cBOMCTBA BEKTOPHOIO
NpoVN3BEAEHNS:
1) aHTUKOMMYTaTNBHbI 3aKOH

Fxb=—(bx3),
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BekTopHoe npoussefeHmne BEKTOPOB

Aﬂl'e6paM‘-I€CKMe CBOVICTBA BEKTOPHOIo
NponN3BEAEHUA.

1) aHTUKOMMYTaTNBHbI 3aKOH
Fxb=—(bx3),
2) AMCTPUBYTUBHBIN 3aKOH
Fx(b+&) =axb+3ax¢
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BekTopHoe npoussefeHmne BEKTOPOB

Aﬂ/'e6p3M‘-I€CKMe CBOWCTBA BEKTOPHOIo
NponN3BEAEHUA.
1) aHTUKOMMYTaTNBHbI 3aKOH
Fxb=—(bx3),

2) AMCTPUBYTUBHBIN 3aKOH

Fx(b+&) =axb+3ax¢
3) accoynaTUBHLI 3aKOH OTHOCUTENBLHO
YNCNOBbIX MHOXUTENEN

—,

MEx b) = (\3) x b= & x (AE), NER. g
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BekTopHoe npoussefeHmne BEKTOPOB

[eomeTpuyeckoe cBOVICTBO BEKTOPHOIO
NpoN3BeAEHNS:
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BekTopHoe npoussefeHmne BEKTOPOB

[eomeTpuyeckoe cBOVICTBO BEKTOPHOIO
npon3BeaeHNS:

BekTopHoe npousBefeHne paBHAETCS HYNEBOMY
BEKTOPY TOrfa v TOMbKO TOrfa, Korga ero
MHOXUTENN KOJJIMHEAPHDI.
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BekTopHoe npoussefeHmne BEKTOPOB

[eomeTpuyeckoe cBOVICTBO BEKTOPHOIO
npon3BeaeHNS:

BekTopHoe npousBefeHne paBHAETCS HYNEBOMY
BEKTOPY TOrfa v TOMbKO TOrfa, Korga ero

MHOXWUTENN KONJTNHEAPHbI.
ax b=0<« 3al|b.
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BekTopHoe npoussefeHmne BEKTOPOB

Teopema (BekTopHOE nponsseseHne B
KOOPAUHATHOU ¢hopme)
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BekTopHoe npoussefeHmne BEKTOPOB

Teopema (BekTopHOe npousBeseHmne B

KOOPAUHATHOU ¢hopme)
DyCTb 3afiaHbl Ba BekTopa a = (ay, ay, az) n

b = (b, by, b,).
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BekTopHoe npoussefeHmne BEKTOPOB

Teopema (BekTopHOe npousBeseHmne B

KOOPAUHATHOU ¢hopme)
DyCTb 3afiaHbl Ba BekTopa a = (ay, ay, az) n

b = (b, by, b;). Torga

axb=|a a a,
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BekTopHoe npoussefeHmne BEKTOPOB

Teopema (BekTopHOe npousBeseHmne B

KOOPAUHATHOU ¢hopme)
DyCTb 3afiaHbl Ba BekTopa a = (ay, ay, az) n

b = (b, by, b;). Torga

axb=|a a a| =
by b, b,
a, a;|» |ax a;| - |ax a,

I — J
b, b,|  |bc b,|” " |by b,
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

1. lMnowanb napannenorpaMmma n TpeyrosbHUKa
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

1. lMnowanb napannenorpaMmma n TpeyrosbHUKa
(reomMeTpnyecKkuin CMbICA BEKTOPHOTO
Npon3BeseHus).
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

1. lMnowanb napannenorpaMmma n TpeyrosbHUKa
(reomMeTpnyecKkuin CMbICA BEKTOPHOTO
Npon3BeseHus).

[TocTpouM Ha BekTOpax a u b napainenorpamm

ABCD:
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

1. lMnowanb napannenorpaMmma n TpeyrosbHUKa
(reomMeTpnyecKkuin CMbICA BEKTOPHOTO
Npon3BeseHus).

[TocTpouM Ha BekTOpax a u b napainenorpamm

ABCD:

—»

b

A v — >

a
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

1. lMnowanb napannenorpaMmma n TpeyrosbHUKa
(reomMeTpnyecKkuin CMbICA BEKTOPHOTO

Npon3BeseHus).
[TocTpoum Ha BekTOpax a U b napannenorpamm
ABCD: B C
b
A

a
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

1. lMnowanb napannenorpaMmma n TpeyrosbHUKa
(reomMeTpnyecKkuin CMbICA BEKTOPHOTO
Npon3BeseHus).

[TocTpouM Ha BekTOpax a u b napainenorpamm

ABCD:

y ¢
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

[Thowaab napannenorpamma ABCD pagHa:
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

[Thowaab napannenorpamma ABCD pagHa:
Sapcp = AD - h
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

[Thowaab napannenorpamma ABCD pagHa:
SABCD:AD-h:AD°AB-Sing0
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

[MTnowanb napannenorpamma ABCD pagHa:
SABCD:AD-h:AD-AB-singoz
— |4] - |b| - sin( b)
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

[MTnowanb napannenorpamma ABCD pagHa:
Sagco = AD - h = AD - AB - sinp =
— |3] - |b| - sin(3 b) = |5 x b].
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

[MTnowanb napannenorpamma ABCD pagHa:
SABCD:AD'h:AD°AB-Sing0:
— |4 - |b| - sin(& b) = |3 x b|.
[Mnowane AABD pasHa nonosuHe nnoliaau
napannenorpamma ABCD:
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

[Thowaab napannenorpamma ABCD pagHa:
SABCD:AD'/‘I:f\\D°AB-Sing0:

— |4 - |b| - sin(& b) = |3 x b|.
[Mnowane AABD pasHa nonosuHe nnoliaau

napannenorpamma ABCD:
1
SaaBp = ESABCD-
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

Torpa nmeem
— ]_ —
Snap: ‘EX b| n SA:§‘5>< b‘

AT, Mogynb 1, Jlekuns 1.5 11 /23



[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

2. MoMEHT crabl OTHOCUTENBHO TOUKY
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

2. MOMEHT cuibl OTHOCUTENBHO TOYKM
(MexaHMYeCKuii CMbICJT BEKTOPHOTO
NPOU3BEAEHNS ).
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

2. MOMeHT cunbl OTHOCUTENBHO TOYKY
(MexaHMYeCKuii CMbICJT BEKTOPHOTO
NPOU3BEAEHNS ).

[lycTb kK Touke A npunoxeHa cuna F = /ﬁ n

nycTb To4ka O — HekoTopasi TOYKa NPOCTPaHCTBA.

AT, Moaynb 1, Jlekunsa 1.5



[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

. /B
S F
m
7 ©
N »
0~ Xy
N
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

I3 dbnsnkn nssecTHo, 4TO MOMEHTOM CUJbl
F otHocuTenbHo Toukn O Ha3biBaeTCs BEKTOP m,
KOTOpPbIA npoxoaunT Yepe3 Touky O un
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

a) nepneHANKyYIsPeH MAOCKOCTM, MPOXOASLLE
yepes Touku O, A, B;
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

a) nepneHANKyYIsPeH MAOCKOCTM, MPOXOASLLE
yepes Touku O, A, B;

6) YncneHHO paBeH MPON3BEAEHUIO CUJIbI HA
naeyo
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

a) nepneHANKyYIsPeH MAOCKOCTM, MPOXOASLLE
yepes Touku O, A, B;

6) YnCAeHHO paBeH MPOW3BEAEHNIO CUIbI HA
naeyo

7| — |AB| - ON — |AB| - |0l - sin(AE OA)
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

a) nepneHANKyYIsPeH MAOCKOCTM, MPOXOASLLE
yepes Touku O, A, B;
6) YnCAeHHO paBeH MPOW3BEAEHNIO CUIbI HA
njie4o
7| — |AB| - ON — |AB| - |OA| - sin(AB OA 23}
B) obpasyeT npaByto TPoliky C BEKTOpamu OA n

AB
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[TprnoxxeHNst BEKTOPHOTO MPOU3BELEHUS

a) nepneHANKyYIsPeH MAOCKOCTM, MPOXOASLLE
yepes Touku O, A, B;
6) YnCAeHHO paBeH MPOW3BEAEHNIO CUIbI HA
njie4o
7| — |AB| - ON — |AB| - |OA| - sin(AB OA 23}
B) obpasyeT npaByto TPoliky C BEKTOpamu OA n

b ”
CneposatensHo, m = OA X /@ =rx F.
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CMelLaHHOE NPON3BEAEHIE BEKTOPOB
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CMelLaHHOE NPON3BEAEHIE BEKTOPOB

OnpeneneHne
Ecnn BekTOp 3@ BEKTOPHO YMHOXUTL Ha BEKTOp b,

a NMOJIYYEHHbIVI BEKTOP CKANIAPHO YMHOXNTbL HA
BeKTOp a TO I'IOJ'Iy‘-IVITCﬂ HYHNCNO, HAa3blBaeMOE
cMelwaHHbIM np0|/|3Be,u,eH|/|eM BeKTOpOB
Fbuc
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CMelLaHHOE NPON3BEAEHIE BEKTOPOB

OnpeneneHne

Ecnu BekTOp & BEKTOPHO YMHOXUTL Ha BEKTOP b
a MOJIYYEHHbI BEKTOP CKaNIAPHO YMHOXUTL Ha
BEKTOP C, TO MOJYYNTCS YUCAO, Ha3bIBAEMOE
CMeLllaHHbIM NPOuU3BeAeHNEeM BEKTOPOB
ibue

O6osnadenrve: (3% b) - € abé,
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CMelLaHHOE NPON3BEAEHIE BEKTOPOB

Anrebpanyeckoe CBONCTBO CMELLIAHHOMO
NpoN3BEAEHNS:
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CMelLaHHOE NPON3BEAEHIE BEKTOPOB

Anrebpanyeckoe CBONCTBO CMELLIAHHOMO
NpoN3BEAEHNS:
B cmelwlaHHOM npoun3BefeH 3HaKW BEKTOPHOMO

N CKaNAPHOIro yMHON'(eHVIVI MOXXHO MEHATb
MECTaMW
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CMelLaHHOE NPON3BEAEHIE BEKTOPOB

Anrebpanyeckoe CBONCTBO CMELLIAHHOMO
NpoN3BEAEHNS:

B cmewaHHom MPON3BEAEHNN 3HAKWN BEKTOPHOIO

N CKaNAPHOIro yMHON'(eHVIVI MOXXHO MEHATb
MECTaMW

—,

(Fxb)-¢=3-(bx &)
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CMelLaHHOE NPON3BEAEHIE BEKTOPOB

[eomeTpuyeckne cBoicTBa CMELLIAHHOMO
NponN3BEAEHNS:
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CMelLaHHOE NPON3BEAEHIE BEKTOPOB

[eomeTpuyeckme cBOViCTBA CMELLAHHOMO
NpoN3BEAEHNS:

1. CmeluaHHOe Npon3BefeHNe PABHAETCS HYJIHO
TOrAa 1 TOJNbKO TOrAa, KOrAa ero MHOXUTENN
KOMMJIAaHAPHbI.
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CMelLaHHOE NPON3BEAEHIE BEKTOPOB

[eomeTpuyeckme cBOViCTBA CMELLAHHOMO
NpoN3BEAEHNS:

1. CmeluaHHOe Npon3BefeHNe PABHAETCS HYJIHO
TOrAa 1 TOJNbKO TOrAa, KOrAa ero MHOXUTENN
KOMMJIAaHAPHbI.

—.

(@x b)-c=0<« 3 bwn c komnnaHapHsbl.
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CMelLaHHOE NPON3BEAEHIE BEKTOPOB

[eomeTpuyeckme cBOViCTBA CMELLAHHOMO
npon3BeaeHNS:

2. Ha Tpex HekommnaHapHbIX BEKTOpax a, bu C,
BbIXOASALLMNX N3 OAHOI BEpLUNHbI, MOCTPOUM
napannenenunea,.
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CMelLaHHOE NPON3BEAEHIE BEKTOPOB

[eomeTpuyeckne cBoVicTBa CMELLIAHHOIMO
npon3BeaeHNS:

2. Ha Tpex HekommnaHapHbIX BEKTOpax a, bu C,
BbIXOASALLMNX N3 OAHOI BEpLUNHbI, MOCTPOUM

napannenennnen.

ol
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CMelLaHHOE NPON3BEAEHIE BEKTOPOB

[eomeTpuyeckne cBoMicTBa CMELLIAHHOIO
NPOU3BELNEHUS:

Torga obbem NocTpoeHHOro napasnenenunesa
OymeT YMCIeHHO paBEeH 3HAYEHNIO CMELIAHHOrO
NpPOM3BeAeHUs] BEKTOPOB a, bnc B3 TOMY CO
3HaKOM «MJItOCY», €CAN TPOiika BEKTOPOB NpaBsas,
N CO 3HAKOM «MWHYC», eC/in TPoiika — JieBasi.
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CMelLaHHOE NPON3BEAEHIE BEKTOPOB

Teopema (cmeLarHoe nponsseseHue B
KOOPAUHATHOU ¢hopme)
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CMelLaHHOE NPON3BEAEHIE BEKTOPOB

Teopema (cmeLarHoe nponsseseHue B
KOOPAUHATHOU ¢hopme)
[ycTs 3aganbl Tpn BekTopa ' = (ax, ay, az),
b= (b, by, b;) u ¢ = (c, ¢y, ;). Torga
ax a, a
3bé = b, b, b,|.

& ¢ G
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[TpunoXxeHNst CMelaHHOro NMPOU3BEAEHUS]
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[TpunoXxeHNst CMelaHHOro NMPOU3BEAEHUS]

1. BzaumHasi opueHTaumus BekTOpoB B
NPOCTPaHCTBE.
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[TpunoXxeHNst CMelaHHOro NMPOU3BEAEHUS]

1. BzaumHasi opueHTaumus BekTOpoB B
NPOCTPaHCTBE.

Echn 3be > 0, To Tpoiika BEKTOPOB 5;5;5
npagasi.
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[TpunoXxeHNst CMelaHHOro NMPOU3BEAEHUS]

1. BzaumHasi opueHTaumus BekTOpoB B
NPOCTPaHCTBE.

Echn 3be > 0, To Tpoiika BEKTOPOB 5;5;5
npasasi.

Ecnn 3bE < 0, To Tpoiika BEKTOPOB 5;5,5
neBas.
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[TpunoXxeHNst CMelaHHOro NMPOU3BEAEHUS]

2. Obbembl Nnapannenenunena n TpeyroabHo
nupamMunasl.
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[TpunoXxeHNst CMelaHHOro NMPOU3BEAEHUS]

2. Obbembl napannenenunena n TPeyroabHoONR
NMpamuasbl.

Obbem napannenenunesa, NOCTPOEHHOrO Ha
BEKTOpax a, b u C, paBeH

V = |3be],
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[TpunoXxeHNst CMelaHHOro NMPOU3BEAEHUS]

2. Obbembl Nnapannenenunena n TpeyroabHo
nupamMngbl.
Obbem napannenenunena, NOCTPOEHHOTO Ha
BEKTOpax a, bu?é paBeH

V = |3be],
a 0ObeM TPEYrobHON NupamMubl, NOCTPOEHHOI
Ha 3TUX »K& BEKTOpaX, ecTb

11,
Vi = =V = Z|3bc].
6 6
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