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Omeem: 50\/5 .

Tpumep 2.5. BEIUNCITUATH IIHHBI JparoHaned u TUIOTIA

4, TTOCTPOEHHOTO Ha BEKTOpax s5=k-jub=1+j+k.
Pewenue. Kak BUIHO 13 PHC. 9

d, —G+b=1+2k,
d,=b-a=i+2j
Haiinem JITUHBL ;maroaaneﬁ:

ld|=E+2" =5,
|| =27 =45

ReeHNs, HalIeM UIomaab Ia-

12~8~5~5-sin45°:50ﬁ.

b TIapajuieno-

TpamMm

Puc.9

3masi CBOMCTBO 2 BEKTOPHOTO mpou3

pannenorpaMMa, HOCTpOSHHOFO Ha BEKTOpax au o

i J Kk

- I AL By PY )
S:(axb\:o | 1:’~21~]+k‘:\1 3Py =) "t =46,
111

Omeen: \/E ,d =d, :\/g g

—4 mpuiokeHa K TOUKE A 2;-L1 .
1O Hauana KOOpIHaT.
u O 3amaercs BEK-

Mpumep 2.6. Cuna F=32

Onpe)lemm; MOMEHTBI STOM CHUIIBI OTHOCHUTEID

Peuseniie. MOMEHT CHIIBI F oTHOCHTENBHO TOYK
topom OAx F.

HaitneM KOOpAMHATBI BEKTOPA OA= 2;—1;1 . Torma MOMEHT CHUIIB

F oTHOCHTENHHO TOUKU Q%

[ K|
M=OdxF=]2 -1 1
3 2 4

=27 +117 +7k .

Omeem: 2T +11j + Tk .
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ITPUMEPBI C PEHIEHUSIMUA

Ilpumep 3.1. Haiitm cMemaHHOE TMPOW3BELEHHE BEKTOPOB
a=(2-L-1), b={L;3%-1),u 6= (114).
Pewenue. ITo dpopmymne (3.2) nHaxomum
2 -1 -1
@c=1 3 -1=24-1+1+3+4+2=33,
1 1 4

Omeem: 33.

Hpumep 3.2. Haiitn 06beM TpeyrombHOH MUpaMHBl C BEPLIMHAME
A2;2;2), B4;3;3), C(4;54) u D(5,5,6) .

Pewenuye. Ha puc. 10 cxematuyno D
usobpaxena mupamuna ABCD. O6sem

1
mupamMusl Vopasen i obbema mapaiuie-

JIENUTIENa, TOCTPOCHHOTO Ha BEKTOPax
AB, AC u AD ; oTcroma u3 teopemsl 3.1

1 &
3aKJIF04YaeM, 4To \Y paBeH g abCOTIOTHOM

BCJIMYMHBI CMEINAHHOTO MPOU3BEICHUS G

AB AC AD . Haiinem KOOpIMHATEI BEK- Puc. 10

TOPOB FB, E " Kﬁ, COBITATAOIIUX C
pebpaMu MHpaMUIBL:

AB=(21;1) ; AC=(23;2), AD=(3:3:4) .

Ho dopmyne (3.2) Haxomum CMeIIaHHOE TPOM3BENEHHE BEKTOPOB
AB, AC u AD:

2
B AC AD=|2 =7,
) 3

(S B VS
e S

HTaK, V:l7:
6

[N

[}
X
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Omeem: \V = —7— ’
6

Hpumep 3.3. Tlokasath, 4To BekTOpel @=—i +3j +2k,
b=27 - 37— 4k, §=-37 + 127 + 6k KOMILIAHAPHBI, U Pa3I0KUTh BEK-
TOp € IO BEKTOpaM & u b.

Peutenue. Y3 Teopemsr 3.1 H3BECTHO, YTO VIS KOMILUIAHAPHBIX BEKTO-
POB CMEIIaHHOE TIPOU3BE/ICHNE PaBHO HyI 0. HalineM cMenranHoe mpons-

BEIECHUE BEKTOPOB 4, b, ¢ mo hopmyre (3.2):

=1 -3 2
abt=|2 -3 —4/=18+48+36-18-36-48=0.
-3 12 6

Cmemannoe mpomsBeneHne abc =0, ceg0BaTeNbHO, BEKTOPH KOM-
TITaHAPHEL.

Pasnoxenne BekTopa C 10 BEKTOpaM & W D MOHO 3ammcath B clie-
IYIOIIEM BHJIE:
c=ad+pb, a,feR.

IMoncTapisas KOOpAUHATEI BEKTOPOB &, b, ¢ B mOCIENHIO0 bopmyny u
3arurceIBas TIOJTYYEHHOE BEKTOPHOE PaBEHCTBO B KOOpI[PIHaTHOﬁ q)OpMC,
TOTYYUM CIIEYIONIYIO CHCTEMY ypaBHEHHI:

“3126)=a —1;32 + B(2,-3,4) .
Pemmim ee oTHOCHTENBHO @ U 3 :

—a+2p=-3; f=4 fid 5

o = i i + i3 P .
3a-38=12; :{a : ;.:{a " 2’_3_:{; 1’
2&-4[3:6; a— ﬁ_’ ﬂ+ ,st =1

Torma pasnoxenue BekTopa G 10 BekTopaM @ u b umeer Bu:
B c=54+b.
Omeem: BEKTOPbI KOMITIAHAPLL; C =54 +

SN
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3aganHus Qs CAMOCTOSITELHOTO pelIeHHust
o TeMe «BekTopHOe MpoU3BeIeHIE»
I'pynna A

14. Jlaner BexTopsl a= 2;5;7 u b= 1;2;4 . Haiitu KOOPTUHATEI

X, Y, Z BEKTOPHOTO Mpou3BeeHUT X b .
Omesem: 6;—1;—1 .

24. Onpenemmth W TIOCTPOHTH BEKTOp &@xb, €CIH: 1) a=37,
b=2k;2) @=i+j, b=i—j;3) a=2i +37, b=37+2k. Haitru &
KaXJIOM CITydae IUIOIa b apasieorpaMmMa, TOCTPOSHHOTO Ha BEKTOpax
aub.

Omeem: @xb pasHo: 1) ~67;2) -2k ; 3) 6 —47 +6k . Tlnomans
paBHa: 1) 6; 2) 2; 3) 2\/2—2—,

34. Jlauwr BextOopel a= 2;-3;1 , b= -3;,2 u €= 1;2;3 . Bu-
UMCTUTE @xb XC W @x bx¢ .

~7;14;—7 ; @x bxc¢ = 10;13;19 .

OtBetr: axb xc

4A. BBMMHCIHT IIIONANb TPEYTONbHUKA C BepimmHamu A 7;3;4 |
B 10,6 uC 4,52 .

Omeem: 24,5.

5A4. Haiiti momans napaienorpamMma, ToCTPOSHHOTO Ha BEKTOpax
a=m+2i w d=2m+i,rae M U il — eIUHUYHBIE BEKTOPEI, 00pasyro-
e yrom 30°.

Omeem: 1,5.

64. Cuma F = 2;-4;5 npunoxkena x touke M 4;-2;3 . Ompene-
JIMTh MOMEHT 3TOH CHIIBI OTHOCHTEBHO Toukd A 3;2;—1 .

Omeem: —4;3;4 .




image10.jpeg
gallaHl/Iﬂ JAJIA CAMOCTOATEIBHOTI'0 pellIeHU A
o Teme «CMelmIaHHoe npou3sBeaeHNEe TPEX BEKTOPOB»
I'pynna A )
14. Haiitm cMemaHHOE NpOM3BENEHHE BEKTOpPOB &=[1;

s \

Omeem: 4.

2A4. Haiiti 00BeM TPEYTOIBHOM TUPaMUIBI C BEPIIHHAME A(iO;O;l} 5
B‘;2;3;5¥, C(6;2;3 u D(3;7;2).

Omeem: 20.

3A. Onpenenuth, Kakoii sBisieTcs Tpoiika &, b, € (mpasoii wmm je-
BOW), eciu:

iy d=k, B=il; B=J1 3 &=1; b=k, 8=7} 5§ d=l+];

G

Omeem: 1) ipaBast; 2) 1eBast; 3) BEKTOPbI KOMITUIaHAPHBL.

44. BexTops! a, b, ¢ , 00pasyIolue IpaByIo TPOHKY, B3aUMHO Iep-

TNeHTUKYIAPHEL. 3Had, uTo |3 =4, 5’ =2, |¢|=3, erancnuTs & bg.
Omeem: 24.
54. Tloctpouts  BekTOpsl ~ d=1i + ] + al , b=7- 2] =m

C=3i —3j +4k , moxa3aTb, 4TO OHM KOMIUIAHAPHBI, U Pa3JIOKUTh BEKTOP

C 1Mo BekTOopam a u b .

Omeem: BeKTOPBI KOMIUTAHAPHBI, C=d +2b .
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2. BEKTOPHOE I[TPOU3BEJIEHUE

2.1. OnpenesieHyie BeKTOPHOTO IPOU3BENEeHHUSI

Bextopst &, b u G HasbsaoTcs KOMRIAHAPHBIMU, €CTIN OHU JIEKAT
B OJIHO¥ MIIOCKOCTH HJIN B MAPaIENbHBIX TIOCKOCTSIX.

Tpotika BekTOPOB Ha3bIBAETCS ynOpaAdOUeHHOIL, cC YKa3aHo, KaKkoi
W3 HUX CHMTACTCH TEPBEIM, KaKOH — BTOPBIM, Kakoil — TpeTbum. Hampu-

Mep, B 3aHUCH  &,0,C BEKTOp & CYUTAeTCst nepeeiM, b — BTOpEIM, G —
TPETBHM; B 3amucu  b,C,& Bektop b — mepmeiii, ¢ — BTOPOMH, & — Tpe-
THH.

Vnopsaouennas Tpoika HeKOMIITaHaPHEIX BEKTOPOB HAa3bIBAETCS
1pasoit, eCIv TocIe TPUBEACHHS HX K OOIIEMY Hadaly U3 KOHIA TpeThbe-
0 BEKTOpa KPaTYaHllInii TIOBOPOT OT TIEPBOTO KO BTOPOMY BHACH coBep-
ITAIOIKMMCS IPOTHB YaCOBOH CTpenku. B mpoTHBHOM ciiydae Tpoiika Ha-
3BIBAETCS JICBOM.

Onpenenenne. Bexmopuvim npouseedenuemn 6eKmopa @ Ha BEKTOD

b maseiBactes BekTOp &xb, KOTOPBIH
ONPEIENAETCSA TPEMS YCITOBUIMH:

d@xb

1) mmmna BEKTOpa axb paBHa

‘é”ls’sin(p, TIe ¢ — yrol MeXIy Bek-

TopamMu & u b, T.e. ‘éxbl YHUCIIEHHO

paBeH IUIOMANM  IapajuleliorpaMMa,
TIOCTPOEHHOTO Ha BeKTOpax a u b ;

2) BekTOp a@xh TIePIEHAUKYIIS-

PCH KaXKIIOMy M3 BEKTOpOB @ u b ;

3) BEKTOpEI a, b, axb 00pasyloT MpaBylo TPOHKY BEKTOPOB
(puc. 8).

2.2. OCHOBHBIE CBOICTBA BEKTOPHOTO NPOM3BeEH s

i

l.Ecmm @ u b — xonnnHeapusie BekTopsl, T0 dxb =0 &@xd =0

16
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2. JtMHa BEKTOPHOTO MPOH3BE/ICHAA HEKOUIMHCAPHDBIX BEKTOPOB au
b pasma miomagy S TapaIeNorpaMma, IOCTPOSHHOro Ha 3TUX BEKTO-
pax (puc. 8) :
S= 'Zz xb ' .
Orcroza, TUIoNaab TPEYTOJIbHIKA

S:%‘EXE]A

3. axb=-bxd (cBOICTBO AHTHKOMMYTATHBHOCTH).

4. G xb=A dxb (CBOWHCTBO COYETATEILHOCTH MO OTHOMICHUIO K

CKAIAPHOMY MHOXHTEIIHO).
5. G+b xC=dx¢+bx¢ (CBOMCTBO pacrpeleNnuTebHOCTH OTHO-

CUTENBHO CyMMBI BEKTOPOB).
6. MomeHT cwibl: M =FxF, Thoe ©© — pajuyCc-BEKTOp TOUKH, F -
cuna, TIPUIIOKEHHAs K TOUKE.
2.3. BuipakeHue BeKTOPHOTO NPOU3BeIeHUs

yepe3 KOOPAWH aThbl BEKTOPOB

Teopem a. Eciu BeKTOpsl & 1 b 3amaHbl CBOMMH KOOpAWHATAMU
a= XI;Y‘;Z1 ) b= X,;Y,;Z, , TO BEKTOPHOE IPOM3BE/CHIE BeKTOpa &
Ha BEKTOP b ompeernsieTcst HopMyIIoi

axb= Yz, -YZ ; ZX, -Z,X 3 XY, -X.Y
3ty GopMyTy C TIOMOLIBIO ompeenuTeneil BTOPOro MopsaIKa MOKHO 3a-
nncath B BUIE
QXI;: Y Z, ,_X\ Z, . X, 4
YZ Zl ' XZ Zl ’ XZ Y’Z

WU 4epe3 CHMBOJ’I’H‘{SCKI/H‘/‘I ONpEeHEIUTEIb TPETHETO TIOpsAKa:

s

.—: Y\ ZI = X1 Z] = Xl Yl
= =71, +k .
Y. Zz }\1 Zz X Yl

17
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3. CMELIAHHOE ITPOU3BEJEHUE TPEX BEKTOPOB

3.1. Onpene.ﬂeﬂne " I‘eOMeTp“‘leCKHﬁ CMBICJI CMEIITAHHOTO MPOM3BeIeHUsT

Omnpenenenne. Cuemannsim npouseedenuem Tpex BeKTopoB &, b

C Has3BIBAaETCH YHCJIO, PABHOE CKAILIPHOMY TIPOU3BEICHUIO BEKTOpA & Ha

BEKTOPHOE TIPOU3BENEHHE BeKTOPOB b 1 €, T.e.

L]

a- bxc
Crenyromas TeopeMa BbIpaKaeT TeOMETPHUECKHH CMBICI CMEMIAHHO-
T'O IPOU3BEEHUS.

T eopewma3.1. Cvenrannoe npoussenenue &- b x¢ | paBHO 06be-

My V' mapamienenime/ia, I0CTPOEHHOTO Ha BeKTOpax &, b, T, B3SATOMY
CO 3HaKOM «+», ecu Tpoitka &, b, & — mpasas, co 3HaKoM «», ecinu
Tpolika a, 5, ¢ — nmeeas. Eciu xe &, 5, C KOMIITaHAPHEI, TO
@ bxé =0.

Caencrue. 13 TeOpeMBI BEIBOIUTCS TOXIECTEO

& bx¢ = axb -¢, (3.1)

T.€. 3HAKM «*» M «X» B CMEIIaHHOM IIPOU3BEIEHUH MOKHO MEHSTH MeC-
TaMH.

B cuny Tommecta (3.1) cMermaHEBIe TPOW3BENEHMS 5~( Exc"} u

/

[ @xb)-¢ MOXHO 0603HAUHUTE GoTee NIPOCTBIM CUMBOJIOM &lG .

3.2, Bupameﬂne CMEIIAaHHOI0 MPOU3BEACHUSA
Hepes KOOpAUHATHI BEKTOPOB

Teopema3.2. Ecim ekroprr @, b, ¢ samans ceoumu KOOpIIH-
HaTaMu:

a=X,%n.7,, 6:1X2»stzz‘ ’ 6:‘_X37Y,:=Zs,’

TO CMEMIAHHOE NMPOU3BENCHUE &hC ompeensiercs popMyIoi

XY Z
gbe=\X, ¥ Z,|. (3.2)
X, Y, Z

3 3

23
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HPUMEPHI C PEIIEHUSIMUA

Ipumep 2.1. Tanst ‘é] =10,

6[:2, &b =12. Berauciuts ’éxl;|.

a 3 3
Pewenue. Vcrions3yst GpopMyIibl cosgﬂ:T u sin“@+cos =1,
ale

TIe ¢ — yToN MesKIy BeKTopaMu & u b , Haiinem sing 0<¢@<r7 :

TOT}I& TIO OMPEICIICHUIO BEKTOPHOTO IIPOU3BEAECHUS UMEEM
. i 4
|axb|:[a]-{b|-sm¢:10-2-5:16.

Omeem: 'éxl;‘ =16.

ITpumep 2.2. Bextopsl @ u b o6pasyior yron 40:27”. 3Has, 910

la|=1,

bl =2, BEIYUCITUTE:

5

1) 8xk ;2) 28+5 x a+2

Pewernue. 1) TTo onpeeneHi0 BEKTOPHOTO TPOU3BEICHI:

axb 2:[1-2-sin2~”}: 2-sin(7r7£D :(2~sinzj—=
5 3 3
_[Z-J;J =3,

2) Ucnonw3ys cBolicTea 1, 3 u ompenenenne BEKTOPHOI'O TIPOU3BejIe-
HUSA, Haliem

28+b x G+2b =2axG+2Ax2b +bxd+2bxb =

=ddxb—dxb=3axh,
OTKyJa
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Omeem: 1) 3; 2) 27.

IMpumep 2.3. JTauet toukn A 2;-1;2 , B 1;2;—-1 u C 3;2;1 . Hait-

THA KOOPAUHATBI BEKTOPHBIX HpOHSBeI{CHHﬁZ

1) ABxBC ;2) BC-2CA4 xCB.

Peuenue. HaﬁﬂCM KOOpIANHATHI BEKTOPOB T\E, B—C‘ 5 C—A, C_B'C
AB= 1-2;2— -1 ;=1-2 = —1;3;-3 ;

BC= 2;0;2 ; CA= —1;-3;1 ; CB= —2;0;—2 .

I 7 K
o . Jg =5 1 =g 1 3
1) ABxBC=|-1 3 -3|=i = + =
0 2 5 D 20
2.0 2
=6 —47 -6k ;
2) 2CA= -2;-6;2 ; BC-2Cd= 4:6;0 ;
i 7 K
. 6 o] -l4 o
BC-2C4 xCB=|4 6 0|=i -7
0 -2 |2 2
2 0 -2
4

+k

6 i
0‘:—121' B 412k

Omeem: 1) 6?—41176/; 32) —1217+8]—'+12/€.

Mpumep 2.4. Bexropsl @ u b cocrasnaror yrom 45°. Haiitu mmo-

mangb TPEeyrodbHUKA, IIOCTPOCHHOTO HA BeKTopax a—2b u 3a+2b , ecnmu

&l =[5|=>5.

Peuwienue. Haliiem BEKTOPHOE MIPOU3BEIEHHE BEKTOPA & —2b Ha BEK-

TOp 3a+2b:

G-2b x 3G+2b =3Gxd+2axb—2bx3dG-2bx2b=_8axb.

Tak xax 110 YCIOBHIO 3a1a49d MU3BECTHBI JIWUHBI BEKTOPOB é, b u

YTOJ METy HUMH, BEIMHCIINM IUTOMIAAb TPEYTONBHIKA, TOCTPOSHHOTO Ha
9THX BekTopax. MTaxk,

19:




