Tema 5

BekTopHa ajareopa

Bektopom Ha3zuMBaeThCs HANpsIMIICHUH Bipi30K, SIKUH MO3HAYal0Th 4B (A-TI0OYaTKOBa
Touka, B — kiHnena) abo npocrto a .

I[OB)KI/IHa BCKTOpa a HA3UBAECTHCA Horo MOAYJEM 1 ITO3HAYAETHCS ‘a‘ .

BexTop, noxuHa sikoro AopiBHIO€E 0, HA3UBAETHCS HYJIBOBUM 1 M0O3HAYAETHCSA 0.

OIMHUYHUM Ha3UBAETHCS BEKTOP JOBKMHA SKOTO JOPiBHIOE 1.

Bexkropu, siki exars Ha mapajiebHUX NpsaMux (a00 Ha OJHIN MPsAMIii), Ha3UBAIOTHCS
KOJIIHEAPHUMH.

Bekropu, ski nexarsb B IapajeidbHUX IUIONIMHAX (200 Ha OJHIN IUIOIIUHI),
HA3UBAIOTHCS KOMILIAHAPHUMU.

BekTtopu Ha3uBaloThCs PiBHMMHM MiX €000, SKIIO BOHU KOJIIHEApHI, OJIHAKOBO
HaIpsMJICH] 1 piBHI 32 MOJTYJIEM.

JIiniiiHi onepauii Hax BEKTOpaMHu.
Cymo10 a+6 /BOX BEKTOPIB @ 1 ¢ HA3MBAETHCSA BEKTOP, HAIPSIMIIEHUH 3 MOYATKY

BEKTOpa a B KIHELb BEKTOpa 6 3a YMOBH, IO KiHEIb BEKTOpa a 1 MOYaTOK BEKTOpa 6
30irarotecs (puc. 5.1).

Puc. 5.1
Ile Tak 3BaHE MPaBWJIO TPUKYTHHKA. SIKIIO BEKTOpPH 3BEJCHI IO OJIHOTO IMOYATKY, TO

—

BUKOPUCTOBYIOTh PIBHOCWJIbHE TPABWIIO Mapajenorpama: cymMa a+g € BEKTOp, IO
CHIBMAJa€ 3 TIEIO [larOHAUII0 Mapajeiaorpama, MmoOyJOBaHOTO Ha LMUX BEKTOpax, sKa

BUXOJUTH 13 CIIJILHOTO IIOYATKY BEKTOPIB @ 1 8.
Cyma KkiIbKOX BEKTOPIB — 11€ BEKTOP, SIKU 3aMHUKa€ JamMaHy, MOOyI0BaHy 3 TaHUX
BEKTOpIB (pucC. 5.2).

d+b+¢

Puc. 5.2

Pi3HMIII0 BEKTOPIB @ 1 6 PO3IJIAAAIOTH K CyMy BeKTOpiB a 1 (-6) (puc.5.3).
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Jo0yTkom niiicHoro umcia A Ha BEKTOp @ Ha3UBAaIOTh BEKTOP 6 = Ad, JOBXKHUHA

, @ HampsiM 30iraeTbes 3 HAMpsMOM BekTopa a npu A >0 1 mpoTHIIeKHUIA

SIKOTO ‘6‘ = ‘/IHa
omy pu A <0.
MHOX1HA BEKTOP1B YTBOPIOE JIIHIMHUHN TIPOCTIp.

—_—

JliniiiHOI0 KOMOiHaLi€l0 BEKTOPIB @y, a8y, ..., A, 3 JIACHUMHU KoedimieHTaMu A,
Ay, ..y Ay HA3UBAETHCA JOBUIBHUMA BEKTOP @ BUIY:
a=Aa +Aa, +..+4,a,,0en eN (5.1).

SKI110 BEKTOp MOJAHUMN y BUIJIS JIHIMHOI KOMOIHAIIT AESIKUX BEKTOPIB, TO KaXYTh,
110 BiH PO3KJIA/IEHUI 32 UMM BEKTOPAMHU.

—_—

Bekropu a,, a,, ..., 4, Ha3UBaIOTh JiHIHO 3aJIEKHUMH, SKIIO X04a O OIMH 3 HUX €

JIHIAHOIO KOMOIHALI€ 1HIIHUX. B IpPOTHBHOMY BHUIIAJKy BEKTOPHM HA3UBAIOTh JIiHIHO
He3aJIeXKHUMM.

Po3MipHicTB JIIHIHHOTO MPOCTOPY — 1€ MAKCUMAJIBHO MOJIMBA KUIBKICTh JIIHIMHO
HE3AJIEKHUX BEKTOPIB B HHOMY.

Ko PpO3MIPHICTh JIHIKHOTO MPOCTOPY BEKTOPIB JAOPIBHIOE N, TO OyIb-siKa
BIIOPSIKOBAHA CYKYMHICTB 3 N JIIHIWHO HE3aJIEKHUX BEKTOPIB B HHOMY Ha3UBAETHCS 0a3MCOM
JIHIAHOT 0 MPOCTOPY.

ba3uc Ha3uBaeTbCS OPTOHOPMOBAHUM, SIKILIO HOTO BEKTOPH MONAPHO OPTOTOHANbBHI 1

onuuunyHi. [IpuiiaaTo B mpocTopi Takuii 6asuc mo3uavatu i, |, K, a Ha maommai 1, | 1
Ha3uBaTH AekapToBuM. Toji po3kian Bekropa (5.1) mo 6asucy i, J,K mMarmme BHIIISI:
a=ayi+ay,j+a,k (5.2)

Koedimientn po3kinany (5.2) Ha3MBalOTHCA KOOPAMHATAMM BEKTOpa a. B oMy
BUIIAJIKY BUKOPUCTOBYIOTH ITO3HAYCHHS:

—

a:{ax,ay,az} (5.3)
JlekapToBOI0 MNPSMOKYTHOK CHCTEMOK KOOPIAMHAT B TIPOCTOPI HA3UBAETHCS

CYKymHICTh Touku (O (MOYAaTKy KOOpAHWHAT) 1 OpTOHOpMOBaHOro Oasucy. Ilpsimi, mo
npoxonasTh 4yepe3 T. O B HAMpSMKY Oa3WCHUX BEKTOPIB, HA3WBAIOTHCS KOOPAUHATHUMU

0CSIMM, a2 KOOPJAMHATH BEKTOpA a - 1€ MOro MpoeKIli Ha KOOpJIMHATHI oci (puc. 5.4).
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A
BICh aIuIiKaT

BiCh OpJMHAT

»

@)
R 4

BiCh abcuuc

Puc. 5.4
PaziycoM — BEKTOpOM I, TOYKHU NPOCTOPY M HA3UBAETHCS BEKTOP, 110 3 €AHYE T. O
3 T. M. KoxHiit T. M npocTopy CTaBUThCSA y BIAMOBIIHICTh TPIMKa YUCET — KOOpPAMHAT il
paniyca — BEKTOpa, sIKi IpUHHATO To3Havyatu: M (X,Y,2).
Harmpsim BekTOopa ¢ BU3HAYA€ThCS KyTaMH ¢, [, ¥, YTBOPEHUMH 3 OCSIMU KOOPJMHAT

OoX, oY, OZ.
KocuHycu nux KyTiB (HanpsIMHI KOCUHYCH BEKTOpPa) BU3HAYAIOTHCS 32 (POpMyTIaMH:

a a
cosa == = X2 =
‘a \/ax +a,” +a,
(5.5)
a a
cosfB=—; cosy =—%
A

HanpsiMHI KOCHHYCH BEKTOpa OB’ s13aH1 CITIBBIHOIIEHHSIM:
2 2 2
cos“a+cosf+cosy=1 (5.6)
Koopaunaramu OAMHUYHOTO BEKTOPA € HOT0O HAMPSIMHI KOCUHYCH:

-

e= {cosa,cosﬁ,cosy} (5.7)

J100yTOK BEKTOPIB.

[. CkansspauM J00yTKOM BEKTOPIiB a 1 6 HAa3UBAETHCS YHUCIO, SIKE JTOPIBHIOE
N00YyTKY MOJYJIB IUX BEKTOPIB HA KOCUHYC KyTa ¢ M1 HUMHU:

5%;:‘5‘- ;cosq) (5.8)

BaacTuBocrTi.
1. d-b=b-a; (5.9)
2. a(é+c)=a-6+a-c (5.10)
3. (Aa)-6=a(1-6)=A(a-6), LR (5.11)
4 a-a=[d (5.12)
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5. dxmo a#016#0,10 a-6=0, TOxi 1 TUILKK TOAI, KoK a L 6 (5.13)

6. cosp= a6 (5.14)

—

a .

‘

CxausipHi 100yTKH OPTiB 0ceil KOOPAMHAT:
—2 )
' -k =1 (5.15)
i-j=i-k=j-k=0 (5.16)

II. BekTopHEM 100yTKOM BEKTOPIB @ 1 6 (a X 6 ) HA3UBAETHCS TPETi BEKTOP C, AKHIMA
BU3HAYAETHCS] HACTYITHUM YMHOM (pHC. 5.5):
1)  Moxayns BekTopa C JJOPIBHIOE IUIONI Mapajieiorpama, IOOYZOBaHOIO Ha

BEKTOpax a 1 6:
C

—

6|SIN@, e @ - KyT MiXK BeKTOpamu 8 1 6 (5.17)

a

‘

s

2) cla, cLle 1yTBOpIOE MpaBy TPiKy 3 BEKTOPaMU a 1 6.

Puc. 5.5
BaacTuBocrTi :

1) 6 xd=—dxé (5.18)
2) SIxmo @ #0i 6 #0, 10 @x6 =0 Toxi 1 TMTIIE TOMI, KOJIH ¢ [ 6 KOJIIHEapHi. (5.19)
3) (1d)x6=adx(18)=A(ax8) (5.20)
4) Gx(E+C)=axé+adxc (5.21)

BexTopHi 100yTKH KOOPAUHATHUX OPTiB:
ixi=]xj=kxk=0 (5.22)
ixj=—]xi=k; xk=-kxj=0;kxi =—ixk=7]. (5.23)
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[II. Mimanum A00yTKOM YHOPSAAKOBAHOI TPIAKHA BEKTOPIB (Zz ,6,C ) Ha3UBAETHCS
YHCII0, SIKE TOPIBHIOE CKATISIPHOMY TOOYTKY BEKTOpa d X 6 Ha BEKTOP C -

(d,é,c)=(axé)-c (5.24)

Mimanuit 1o0OyTOK d,6,C 1O MOAYJIIO JOPIBHIOE 00’ €My Mmapasenemnineaa, mooy10BaHoTo Ha

MHUX BCKTOpAax :

V napan. = ‘(C_i 6 EX, (5.25)
a 00’€M BIAMOBITHOT TPUKYTHOT MIpaMiJIH :
1. _ .
V nip. = g‘(a,e,c)(. (5.26)
BaacTuBocri .
1) Axkmo a#0,6#0,c#0, To aéc =0Toal 1 TUIBKK TOMIi, KOJIU BEKTOPH
KOMITJIAaHAPHI1 (5.27)
2) dxmo aec>0, To ynopsiikoBaHa Tpilika BEKTOPIB MpaBa (puc. 5.6), a

akio déc <0, To — miBa (puc. 5.7).

= o
L b
B 3
Puc. 5.6 Puc. 5.7
3) (@x&)-c=a-(6xc). (5.28)
4) (@,6,6)=(6,¢,a)=(¢,d,é). (5.29)
5) (6,a,¢c)=—(d,6,¢); (¢,6,d)=—(a,é,c);(a,c.6)=—d,é.c). (5.30)
Hexaii BexTopu @,6,C 3a7aHi B IEKapTOBOMY Oa3ucCi :

~ (5.31)
C= {CX ,Cy ,C, },
TOJI :
1°. a+b =(a, b, )i +(a, b, )j+(a, b, )k; (5.32)
2°. JIo6yTOK BeKTOpa & Ha CKAISAPHUIA MHOKHHK A BU3HAYAETHCS (HOPMYIIO:
Ad=Aa,i +4a,] +AaK. (5.33)

—

1 a : : ~
3o0kpema, Ko A = F, TO BEKTOP F Mae JOBXHHY, PiBHY 1, 1 HampsiM BeKTOopa 4.
a

Lleil BexkTOp Ha3MBarOThb OAMHMYHHUM BEKTOPOM BeKTOpa d 1 NO3HayaroTh dy. Takum

YHHOM,
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| o1

dy =—,abo a=da, (5.34)

Q,

3°. Bextop AB, ne A( X1,Y1,Z1 ) - mO4aToK, a B(X,,Y,,Z, ) - KiHEIlb BEKTOpPa, MOKHA
NPEJCTaBUTH Y BUIJISLII

AB=r, -1y, (5.35)

_—

ne I, - paalyc-BeKTOp TOukH B, a r, - paaiyc-Bexktop Touku A. OTxe, po3kiag Bektopa AB
3a OpTaMH Ma€ BUTIIS;

AB = (X, =X, ) (Yo —Y1)j +(2, — 21 )k (5.36)

_—

0 . . . .
4°, JloxxuHa BekTopa AB crmiBmajae 3 BiICTaHHIO Mk ToukaMu A 1 B:

‘AB‘:d:\/(Xz—X1)2+(Y2—Y1)2+(22—21)2- (5.37)
5°. HampsiM BekTOpa AB BH3HAYA€THCS HAPSIMHUMHU KOCHHYCAMI:
Cosa:u; Cosﬁ:u; Cosy:u; (5_38)
d d d
6°. a-b=a,b, +a,b, +a,b,; (5.39)
i J k
7°. dxb=ja, a, a, (5.40)
b, b, b,
a, a, a,
8. (abc)=|b, b, b, (5.41)
Cy Cy G
9°.  Sxuio Bigpisoxk M 1M, posninenuii T. My BigHOUIEeHHI A, TOOTO
MM
1 — ﬂ,,
MM,
TO pajilyC-BEKTOP T. M 3HaAXOAUTHCS 32 (POPMYIIOIO:
potAn (5.42)
1+4
10°. YMoBa kostiHeapHOCTI BeKTOPIB & i b:
& %y 8 _ ). (5.43)
b, b, b, ’
11°. YMOBa mepIeHINKyIPHOCTI BEKTOPIB & i b:
a.b, + ayby +a,b, =0 (5.44)

[TonoxeHHsT TOYKH Ha TUIOMIMHI MOXXHA BU3HAYUTH 32 JIONIOMOTOIO TMOJSPHOI CUCTEMU
KOOPJAMHAT, siKa 3a71a€Thcs TOukoro O (mosrocom) 1 mpomeHeM Op (TTOJISIPHORO BICCIO).
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JloBimbHAa TOYKa IUIOMMHU M Oyne MaTd Bl TOJSPHI
@>0

0 .

KOOPAUHATH: p:‘OTI‘ 1 goz(,o;A W) (puc.5.9) ne

p>00<p<2rx.
Puc.5.9

MiX MOJISAPHUMH 1 NMPSIMOKYTHUMH JI€KQPTOBUMH KOOpJAMHATAMU I1CHYE HACTYITHHUM
3B'A30K:

x=pCoSp,y=psing; (5.45)
,o:w/X2 + y2 ,tg(p:X (puc.5.10)
X
¥
L Mixy)
a‘ |
5 e/
by |
=, | AP !
0| x=pgcos e X
Puc.5.10

I[Ipukaaau po3B’si3aHHA TUNIOBHUX 327134

Hpuxnan 1.
B tpukytHuky ABC: AM = MN = NB, ne M,N € AB.

3HaNTH BEKTOP CM , SIKIITO CA= é;@ =b.

Po3B’si3ann.
Maemo E:B—é. OTxe, AM :b%a_
Ockinbkn CM =CA+AM , 1o CM =&+ ;a — Za;b
BignoBiab: 2d+Db
3
Ipuxaan 2.

Paniycamu-Bekropamu BepumiH AABC € ry,I, 1 ;. 3HallTH pajaiyc-BEKTOP TOYKH

NepeTHHY Me/l1aH TPUKYTHHUKA.
Po3B’si3aHHA.

_—  —

Maemo: BC=r,—r;; BD==—2; AB=r, —1;;
2
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_— —

r;—r, —»_r2+r3—2r1_

AD=BD+AB= +r,—-r =231
2
— 22— )
AM :§AD ( D-cepeauna BC ; M - TOYKa NIEPETUHY MEJIiaH).
421 L = = 4l —2r — ~ fAr,
AM :%’ r=0M :rl+A|\/| :#4_&,360 r 172773
. L+ +r
BignosBinn: 1 =123
3
Hpuxnan 3.
3amani Bektopu a =(2;0;-2)i b =(-2;1;2).
3HaANTH MIPOEKIII0 BEKTOpa c=2d+bua BEKTOD b.

Po3B’si3aHHS.
3HalaeMo BEeKTop C :

C=2(21 =2k )+ (=21 + J+2k)=2i + J — 2k, o610 T =(2;1;-2).
b-c 2(-2)+1-1+(-2)-2 7
‘5‘ NA+1+4 3

BignoBian: - % .

Tom np66 =

Ipuxaan 4.
BusHaunty, npu SKMX 3HAYSHHSX m 1 n Bekropu a=(—6;m;2) i b=(n;4;-1)
KOJIIHEApHI.
Po3p’si3aHHs:
: . : -6 m 2 _
3 YMOBH KOJIIHEAPHOCTI IBOX BEKTOPIB (5.43) MaeMo: — = 1 = - oTxke, M=-8;
n —
n=3.
BinnoBias: m=-8; n=3.
Hpuxaan S.
3HaifTy KyT Mixk BekTopamu  a =1 +2]+3k i b =61 +4] -2k
Po3B’s13aHHS.
OCKUIbKM a - 6 = ‘a -|8|cCOS @, TO

cosp_ 16+2:4+3:(2) 8
J1+4+9-J36+16+4 +/14.-214

Otxe, @ = arccos% .

_2
=
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. . 2
Binnosiab: ¢ = arccos 7

IMpuxaan 6.
3HalTH TUIONLYy Mapajenorpama, modymoBaHoro Ha Bekropax d+3b i 38+b, sxmio

=1, (a*b)=230°.

Po3B’sa3anus.
Maemo

(a+3b)x(3d+b)=3axa+axb+9bxa+3bxb=3.0+axb-9axb+3-0=-8axb
OCKiNIbKU dxd=bxb=0: bxd=-dxb.

OTxe, S:B‘Qxﬁ‘:&l-l-sinSOO =4

Bignosinn: 4.

—

=

IMpuxaan 7.
3HaiTH 1oy TpUKyTHHKAa PQR, 3amanoro BepmHamu P(1;2;3); Q(—1;3;0);

R(-2;-3;-5);.
Po3B’sa3anus.
[Tnoma TpukyTHHKa PQR JOPIBHIOE MOJIOBHMHI IUIONI Hapayesiorpama, nmooyaoBaHOTO

Ha BeKTOpax PQ i PR.
OCKUJIBKH ?Q =(-2;1,-3); PR= (—3;-5;-8); 1 3a popmyioro

- -

i ]k
PQxPR=|-2 1 -3 =-23{-7]+13k, o0
-3 -5 -8
1 l=— — 1 5 =3 -5 747 3
Swor =S ==|POx PRl ==~/232 +724+132 = Y20 _° /g3,
APQR 2 napan. 2‘ Q ‘ 2 2 2

BignoBiab: g@ .

Ilpuxaan 8.

3HaiTH 00’ €M TpUKYTHOT mipamiau 3 BepimHamu A(2;2;2); B(4;3;3); C(4:;5:4);
D(5;5:6).

Po3B’s13aHHS.

3HaiiieMo BekTopH AB, AC, AD, siKi CITiBIafaroTh 3 peGpaMu mipamiu:

AB=2i+j+k; AC=2i +3]+2k; AD=3i +3j +4K.
3HailiieMo MilaHui T00yTOK ITUX BEKTOPIB 3a hopmyoro (5.41):
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2 3

3 20 |2 2
=2 -1 +1 =2-6-1.-2-1-3=7
3 4 (3 4 3 3

w w P
N

2
(AB.AC,AD)=|2
3

—_—

A&KEKBLnﬂ%pzz.
6

—

Ockinbku V,,,, 1
© 6

BignosBinn: %

Hpuxnanx 9.

3maittu (d—b )(b-¢)(c-4a)

Po3B’si3aHHS.

Tak six (a—b)+(b—¢)+(S—4)=0, To ui BekTopy KoMIUIaHapHi (puc. 5.8).

Puc. 5.8

Orxe, Mimanuii 1oGyTok rux sexropis (d—b )(b—€)(€—-4d)=0
Binnosiae: 0

Hpuxnan 10.

JloBecTH, 1110 BEKTOPH b =(1;9;-11);; c=(-1,6;-6); d= (—2;-3;5) xommiaHapHi.

Po3B’s13aHH4.

OCKiIbKM BEKTOpU KOMIUIAHApHI TOM1 1 TUTBKHM TOJI, KOJW iXHIA MilmaHuN J00yTOK
JOPIBHIOE HYJIIO, 3HAUIEMO:

1 9 -11

(5,6,&): -1 6 -6/=1(30-18)-9(-5-12)-11(3+12)=12+153-165=0
-2 -3 5

OTtxe, (6 .C a )=O 1 BEKTOpH 6,6 ,J KOMILTaHaPHI.

Hpuxnan 11.
JloBeniTh, IO BEKTOpHU §={2;1;3};6{2;—3;1} 1 6:{1;2;1} YTBOPIOIOTH 0asuc, i

PO3KIIAJIITh BEKTOP B = {0;11;3} 3a UM 0a3uCcoM.
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Po3B’si3anHs
JlaHi BEKTOpH YTBOPIOIOTH 0a3uc, SKIIO BOHM HEKOMIUIaHApHI. 3HANIEMO MIIIaHHUM
TO0OYTOK:

2 1 3
(@bc)=lz -3 1=1020,
1 2 1

Otxe, a,bC - 6asuc. Togi p=aa+ fb+ycC, ne a,f,y - KOOpaAUHATH BEKTOpa P B

—_—— -

Oasuci ap,c.
Maemo:
O-i+11]+3R:a(2i+]+3E)+ﬂ(2i—3]+§)+ y(i+2]+§),
abo
0-i+11j+3k=Qa+28+7)i+(a—3B+2y)j+Ba+ B+y)k.
JlicTaemo cucTeMy piBHSHbD:

20 +2p +y=0 a=1
a—3f0+2y =11, 3Biaku | f=—-2.
3a+p+y=3 y=2

Otxe, B —a-2b+2c.

Hpuxnax 12.
3HaANTH MOJSPHI KOOPAUHATH TOuku M (1; V3 ) 1 moOyayBaTH ii Ha TJIOIIHHI.

Po3B’sizanns
Skimo moroc cmiBMajae 3 MOYaTKOM KOOPJAMHAT, a TOJISIpHA BICh — 3 JOAATHIM

y

HanpsMoM oci abcuuc, Mmaemo: tgep === —J/3.
X

3 )
Otxe, ¢ = gﬂ' , TaK siKk Touka M 3Haxonuthces B 1V uBepri;

p= x2+y2 :\/12+(—\/§)2 =2.

OTtxe, M(Z;gﬂ'j.

/ \\
/ \
- S .
N
\ ~.
\ N
\R_ﬁ// ~.
~
Puc.5.9



5.1.
5.2.

5.3.
5.4.

5.5.
5.6.

5.7.
5.8.

5.9.

5.10.

5.11.

5.12.
5.13.

5.14.

5.15

5.16.

5.17.

5.18.

5.19.

3agaui

—

[To manum BekTopaM a 1 b moOymyBatu BekTopu 2d — b-ib-1/24.

Y tpukytauky OAB nani Bektopu a = C?A ib= O_)B. 3HalTH BEKTOpHU MA i
IVTB , 1e M — cepeauna ctopoun AB.

OO6YHMCINTH KOOPANHATH BEKTOPIB ABi BA , ko A(3,-1;1), B(-1;1;0).
O6umciuT Moxynb BekTopa a={-1;3;6 }.

OOuuncnauT KoopAuHatTy Z Bekropa a ={4;-12;z}, skio ‘5‘ =13.

Busnauntu Touky N, 3 siKOI0 cIiBmajgae Kinelp Bekropa a ={3;-1;4}, akio ioro
II0YaTOK CIiBMHaaae 3 Toukoro M(1;2;-3).

OOYHnCINTH KOOPAMHATH OJUHUYHOIO BeKTopa it BekTopa a={12;-15;-16}.
Bekrop a yrBoproe 3 ocsimu OX i OZ kyrtn a=120° i y=45°. Sxuit kyT BiH
yTBOpIOE 3 Biccto OY?

Busznauntn KoopAauHAaTH TOYKH M, SKIIO 1i paaiyc-BEKTOpP YTBOPIOE 3
KOOPJAMHATHUMHM OCSIMH OJTHAKOB1 KyTH 1 HOTO MOJYJIb JIOPiBHIOE 3.

Bekropu a 1 b yTBOPIOIOTH KyT ¢=60°, mpraomy ‘é‘ =5, a ‘E‘=8. Buznauntu
a +E\ ila 6\
3amaHi JBa BEKTOpU a 2{3;-2;6}~ 1 62{-2;1;0}. BI/ISHa‘{I/ITI/I_b IPOCKIli Ha
KOOpIMHATHI OCi BEKTOpiB: a) d+b; 0)-1/2b; B)2a +3D.
3HaNTH JOBXKUHY BEKTOpA a=20i + 30] —60K i iforo HaIpsiIMHI KOCUHYCH.
Hosectu, mo ABC/] — Tpanertisi, sSIKIIO
AB=a+2b,BC=—-4a—b,CD =-5a-3b.
3HalTH TOBKUHY BEKTOpa a=mi+ (m+ 1)] +m(m+ 1)E.
3agaHuil po3Kiaj] BEKOTpa C 1o 0azucy I,],E . _=16i -15] +12K . BusHauutu
PO3KJIaa 1O bOMY XK 0a3ucy BEKOTpa d, sxuif napasebHAN BEKTOPY C i mac
MPOTUJIC)KHUIN HAMPSIMOK, 32 YMOBH, 1110 m =75.
3amaHi TpU BEKTOpa 52{3;-1}, 6={1;-2}, c={-1;7}. BusHauuTH pPO3KIAL
BEKTOpa B=5+E+E no 6azucy 5,6.
3amaHi TpH BEKTOpa p ={3;-2;1}, aZ{-l;l;-Z}, F={2;1;-3}. 3HAWTH PO3KJIa]
BEKTOpa 6:{11;-6;5} o 6asucy B a r.

Bekropu aib YTBOPIOKOTH KyT ¢=2/3 71 BiOMO, 1110 |5 |=3, |6|=4. OOuucnuTy:
a)a-b; 6)(a+b)%; B)(3a-2b)(a+2b).
Sxiif yMOBI MOBHHHI 3aJI0BOJIBHSTH BEKTOPHU ai 5, 00 BEKTOP a+b OyB

NepIEHANKYIIPHUEA 10 BekTopa a-0h?
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5.20. Bexkropu aib YTBOPIOIOTHh KyT =716, Ipuaomy |§|=J§ : |§|=1. O6uncnutu
KyT MIJK BEKTOpaMH 6:5+E 1 a=a-g.

5.21. 3agani BEKTOpH: a= {4;—2;—4},5 = {6 ;—3;2}. O0uncaInTH:
2) @—bf; 6) (2a—3b)a+2b)

5.22. Bektop E, KOJIIHEapHHUI BEKTOPY §={6;-8;-7,5}, YTBOPIOE TOCTPUHN KYT 3 BiCCIO
OZ 1 #ioro Mmoynh |E|=50. 3HaANTH KOOpIUHATH E

5.23. 3amaHi TpU BEKTOPH: 5=3i_—6i-E, E=| +4i-5E i c=3i -4] +12K .
O6uucnutu np- (5 +E):)

5.24. 3HaﬁTH)30BHimI{ciﬁ KyT nipu BepiuHi B tpukytauka ABC: A(-1;-2,4), B(-4;-2;0),

C(3;-2;1).

5.25. 3nHaiiTu mionly mapaienorpama, mo0y/I0BaHOTO Ha BEKTOpax a=6i +3] —2ki

b=3i—2]+6k.

5.26. 3anmani |a|=10, |b|=2i a-b=12. O6uncouTu |axb|.

5.27. 3naiiTu moury TpUKyTHUKA 3 BepumuHamu A(1,2,0), B(3;0,-3) i C(5,2,6;).

5.28. Bepmnu miipamiay 3HaxXoaaThes B Toukax A(2;3,4), B(4,7;3), C(1,2;2),
D(-2;0;-1). OOGumciutu : a) mionry rpadi ABC, 0) momyy mepepisy, IO
MPOXOJUTH qepes cepenuny pedep AB, AC 1 AD.

5.29. BekTopu a, b, C K1 YTBOPIOIOTh HpaBy TPIHKY, B32€MHO NEPIEHANKYIISPHI.

OOYHCITUTH MilIaHU# I[06yTOK(a C) SIKIIIO |a| 4, |b| 2, |C| 3.
5.30. JloBectn, 10 BEKTOPH a=2i- 2k b-l+2]—3k c=3i- 4j+7k

KOMILTaHapHI.

5.31. OGuucnutu 00’eM Tipaminu, BEPIIMHU SIKOI 3HAXOAATHhCS B Toukax O(1,1,2),
A(2;3;-1), B(2;-2;4), C(-1;1;3).

5.32. 3amani Bepmmnu terpaenpa: A(2;3;1), B(4;1;-2), (C(6,3;7), D(-5;-4;8).
3HalAITh TOBKUHY MOTO BUCOTH, IPOBEIEHOT 3 BepiuHu D.

5.33. O6uncmut 00°€M TPUKYTHOI MNPU3MH, TOOYJAOBaHOI Ha  BEKTOpax

={7:6:1},b=1{4;0;3},c = {3:6:4}.
5.34. Hoeectn, mo touku A(5;7;-2), B(3;1;-1), (C(9;4;-4) i D(1;5;0) namexars
OJIHIH ITUIOIIMHI.

5.35. JloBecTH, 10 BEKTOpHU 5:i+]+mﬁ, 6:i+]+(m+1)R i Ezi—]+mE HE
OymyTh KOMIUTAHAPHUMU 1P M € R.

5.36. JloBectu KOMHJ’IaHapHiCTB BEKTOPIB abic , SIKIIIO axb+bxc+cxa=0.

5.37. 3apnani nBa BEKTOPH @ = {8:4;1}, b= {2;-2;1}. 3HaI/ITI/I BEKTOp C, KOMILIAHAPHHH
JI0 BEKTOPIB aib, HepHCHJII/IKYJISIpHI/II/I 10 a, piBHUI HOMy 3a JOBXHHOIO i

TaKuM, 110 YTBOPIOE 3 BEKTOPOM b TYIIUH KYT.
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5.38.

5.39.

5.40.

5.41.

5.42.

5.43.
5.44.

O06’em Terpaeapa V =5, Tpu HOro BepIIMHU 3HAXOIAThCS B Toukax A(2;1;-1),
B(3;0;1) i (C(2;-1;3). 3HaiiTi KOOpAUHATHA YETBEPTOI BepirHK D, SKIIO BOHA
JIeXKUTH Ha ocl Oy.
B terpaenpt OABC Bupaszutu uepe3 Bektopu OA,0OB,OC Bektop ﬁ, SKIIO
Touka E — cepenuna pebpa O4, a touka F — nepetnn menian tpukytauka ABC.
3HaliTH TpeTe pedpo KyOa, NMEPEKOHABINUCH, MO BeKTOpH a=7i+6]—6K i
b=6i+ 2] +9K MoxHa po3risaaT sk pedpa Kyoa.

o

[TobynyBaTi TOYKH, 3a7aH] MOJSIPHUMH KOOPJIWHATAMHU: A(lo;% ), B(3;T)’

1 T 2z _ _ Iz
C(O,E), D(l,g), E(4,?), F(0;0), G(2;0), L(S,T).

3HalTH JIEKapTOBI MPSIMOKYTHI KOOPJWHATH TOUYOK A(242 ;% ), B(3;2?7[) 1
/s
C(2;—).
(25

. . : T . 3r
3HaWTH BiACTaHb MiXK Toukamu M(3; Z) i N(4; E ).
3HANTH MOJIAPHI KOOPAMHATH TOUKH A1, CUMETPUYHIH ToUIll A( p;¢) BIIHOCHO:
a) TOJSApHOiI oci; O) Mmojrca; B) MOPsIMOi, MO MPOXOIUTH uepe3 IMOJI0C
NEPHEHANKYJIIPHO 10 TOJIIPHO] OCI.

5.45. 3naiitu Bigctanb Mk ToukamMu M (01;0,) 1 My( 0550, ).
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