Tema: BeKTopbl M AeCTBUS HAX HUMU

OcHoBHbIC 3HAHHUS M YMEHHUSI.

3HaTh: ONpEIETICHUS BEKTOPa, KOJJIMHEApHBIX BEKTOPOB, 0a3uca; 3aKOHA CIIOXKEHUS BEK-
TOPOB, YMHOKECHMS BEKTOpa HAa YHUCJO; CKAJISIPHOIO IPOMU3BEIECHHSA [BYX BEKTOPOB, €TI0
cBO¥CTBAa W (pU3MUECKU CMBICT; (HOPMYNy CKaJIPHOTO MPOU3BEACHUS JABYX BEKTOPOB,
3aJJaHHBIX CBOMMHU KOOPJAUHATAMH, (OPMYIY JUIS BEIYMCICHUS YIiia MEXIy BEKTOpPaMHU.
YMeTh: BBUHCIATh KOOPAUHATHI, JJIMHY BEKTOPA, BBIACHATH KOJUIMHEAPHOCTH BEKTOPOB,
BBINIOJIHATH ACUCTBUS HAJl BEKTOPaMH.

ILnan:

1. Onpenenenue Bektopa. KomnneapHsie BeKTopbl. PaBHbIE BEKTOPHI.

2. Onepanuu HaJl BEKTOPaMHU.

3. JlekapToBa MpsIMOYTOJIbHASI CHCTEMa KOOPAMHAT Ha MIIOCKOCTH. KoopauHaThl BeKTODA.
Paznoxxenue BekTopa mo 6azucy. JnuHa BekTOopa. YCI0BHE KOJIJIUHEAPHOCTH BEKTOPOB
4. JleiicTBUs HajJ BEKTOpPaMH, 3aJaHHBIMH CBOWMHU KOOpJAMHATAMHU (CIIOXKEHUE W
BBIYMTAHHUE BEKTOPOB, YMHOXE€HHE BEKTOPa Ha YKCIIO).

5. CkanspHoe NMpou3BeIeHNE BEKTOPOB U €r0 CBONCTBA.

6. YcioBue neprneHuKyaspHOCTH ABYX BEKTOPOB.

7. CxanspHoe NMpou3BeIeHNE BEKTOPOB, 3aJaHHBIX CBOUMU KOOPAMHATAMHU.

8. Boluncnenue yria Mexxy BEKTOpamH.

9. KoopuHathl cepeIiHbI OTpe3Ka.

IlonsiTne BeKTOpaA

BeKTOPOM Ha3bIBaACTCA HaHpaBJ’IeHHHﬁ OTPE30K, 11 KOTOPOIro yKazaHO €ro Ha4ajlo U KOHECII:

AB

B nanaoM CJIyda€ HadaJloOM OTpEC3Ka SABJIACTCA TOYKaA ﬂ, KOHIOOM OTpE3Ka — TOYKa B . Cam
BCKTOP 0003HauYeH qepe3 AE . HanpaBneHne HMECT CYIICCTBCHHOC 3HAYCHHC, CCJIN

NepeCTaBuUTh CTPCIIKY B I[perﬁ KOHCI OTpPE3Ka, TO IIOJYYHUTCS BCKTOPD B4 , A 3JTO YiKC
COBEPIICHHO ):[pyl"Oﬁ BEKTOp. Ilonsatue BCKTOpPa y,Z[O6HO OTOXACCTBIATh C ABHMKXCHUEM
(1)I/I3I/ILICCKOI“O TCJ1a: COrJIaCuTECh, 3alTU B ABCPU TCXHUKYMaA UJIN BBIMTH M3 ;[Bepeﬁ TCXHUKYMa

— 9TO COBCPIICHHO PA3HBIC BCIIIHN.



OTI[GJIBHHC TOYKHU IIJIOCKOCTH, IIPOCTPAHCTBA YILOGHO CUUTAaTb TaK HAa3bIBACMbIM H)JI€6bIM

0
6EKmopom . V Takoro BCKTOPA KOHCI U HAYaJIO COBIIAJAArOT.

O crioco6ax 3ammucu BEKTOPOB:

1) Bextoppl  MOXHO  3amucaTh  JAByMsS  OOJIBIIMMHM  JIATUHCKUMU  OYKBaMH:
4B CD, EF..
* T 70 gorak panee. [Ipu aTom nepBast OykBa 00513aTeIbHO 0003HAYAET TOUKY-HA4aI0

BEKTOpa, a BTopasi OykBa — TOUKY-KOHEI] BEKTOpa.

MHor#e cpasy oGpaTHIN BHUIMAHHE HA NIAN0YKy 6e3 CTPeTouKy B 0003Hauenun 15 n ckazamm,

—
TaM e BBEpXY ellle CTPesIKy cTaBsT! BepHo, MOXKHO 3amucath co cTpenkoit: A5 | o momyctnma

o 3anuch 15 KOTOpPYI0 OyJdeM HCIO0JIb30BaTh B JajibHeilieM. B y4ueOHOW smTepaType

BBIJCIISIOT OYKBBI AKUPHBIM HIPUPTOM: AB oJipa3yMeBasi TEM CaMbIM, 4TO 3TO BEKTOP.

2) BexTopsl TaKXKe 3aIUCBIBAOT MaJIECHBKUMU JATUHCKUMH OyKBaMu:

ﬂ’b’c"" B YaCTHOCTHU, HaIl BECKTOP AE MOXHO I KpPaTKOCTHU 3allucaTb MaJICHBKOM

JATUHCKOM OyKkBOH % .

BeKTOp MOKHO OTJIOKUTH OT JIKO0OO0M TOYKM:

IlJIPIHOﬁ WK MOOYJE€M HEHYJIEBOI'O BEKTOpa AB HAa3bIBACTCA [JIMHA OTpPE3Ka AB . I[JII/IHa

HYJIEBOTO BCKTOpa 0 paBHa HYIIIO. JloruuHo. I[J'II/IHa BCKTOpa 0003HaUaeTcs 3HAKOM

48| |
MOIYJIA: , lﬂ | . Kax HaxXOJUTh JJIMHY BCKTOPA MbI Y3HACM YYTh ITO37KC.



KOJIJII/IHeapHLIe BEKTOPbI

I[Ba HCHYJICBBIX BCKTOpPA HA3BIBAIOTCA KOUIUHEAPHBbIMU, CCIIM OHHU JIC)KAT HaA OJIHON WIIH Ha

napaJijiCJIbHBIX IPAMBIX.

[Tyctes 1nBa HEHYNIEBBIX BEKTOpa 4B M LD KojumHeapHsl. Ecam mpu stom ayun AB u CD
COHAIpABJIEHBI, TO AE W CD HA3BIBAIOTCS COHANMPABJIEHHBIMH, a €CIH OTH JIy9d HE SIBJISIOTCS

COHAIPABJICHHBIMH, TO BEKTOPHI 4B U CD HA3bIBAIOTCS MPOTHBOMOJIO0KHO HATIPABJIEHHBIMH.

HyneBoit BeKTOp ycI0BUMCS CUNTATh COHAIIPABJIEHHBIM C JTHOOBIM BEKTOPOM.
3amuce [ 03HAYaeT, 4TO BEKTOPbI COHAIIPABJICHBI,

a 3amuchp & TVE. BEKTOPHI IIPOTUBOIIOJIOKHO HAIIPABIICHBI.

S
ﬁ/

puc. 2

JlBa BeKTOpa paBHBbI, €CJM OHH, €CJIH OHHM KOJUIHHEAPHBI, COHANPABJIEHbI M HMEIOT
OUHAKOBYIO JIJIHHY.

Ot m1000H TOYKH MOKHO OTIOKHUTH BCKTOD, paBHbIﬁ JaHHOMY, U IIPUTOM TOJIBKO OJHH.

HBa HCHYJICBBIX BCKTOPA HA3bIBAIOTCA IMPOTHBOIIOJOXHBIMU, CCJIIM HUX JIMHBI PaBHblI U OHU

IIPOTHUBOIIOJIOKHO HAITPpABJICHLI.



Onepauml HaJa BEKTOpaMu

B mIKOJIBHOM Kypce I€OMETpPUM pPacCMAaTpUBACTCA psAJ ACHMCTBUM M IPAaBWII C BEKTOPAMM:
COJCEHUe NO NPasuly MpeyoNbHUKA, CIONCEHUe NO Npasuny Nnapaileiocpamma, Rpasuilo
PAa3HOCMU 8EKIMOPO8, YMHOICEHUS 6eKMOPA HA YUCTO, CKANAPHOE NPOU3BEOEHUE EKINOPOS.

1. Caoxenune BeKTOPOB

- 10 MPaBUJIY TPEYroJlbHHUKA (VI BEKTOPOB, Y KOTOPBIX HET 00111ero HayaJja)

- K JUISL TOTO HY)KHO OT MPOU3BOJIBHON TOYKH
o —#  [IPOCTPAHCTBA OTJIOXKHUTH BEKTOP ZE
1‘::' paBHBIN 3, 3aTEM OT TOYKU B OTIIOKUTH
4 e BEKTOp BC, paBHbIi b .
&
4 ar £ Bexrop AC Ha3bIBaeTCS CyMMO# 3 1 b.
o — B
N ~ & - -
2 — Takum oOpazom & +BC=AC, JuIs TIOOBIX TPEX
AT B A,
C— . Touek A, Bu C.
&'
puc. 3

- 110 MPaBUJIY NapaJjjiesiorpaMma (1Jiss BEeKTOPOB ¢ O0LIMM HA4YAJI0M)
JUISL 3TOTO BEKTOPBI OTKJIAIBIBAIOT OT OJTHOM TOUKH.

-
[

puc. 4

2. BpluuTaHHMe BEKTOPOB:

Pa3sHOCTBIO BEKTOPOB @ U b Ha3bIBACTCsI TAKOIl BEKTOP,
CyMMa KOTOPOTO ¢ BEKTOPOM b paBHa BEKTOPY &.

wh
i
/1,

=

" Pa3HocTh & - b MOXkHO HalTH 10 hopmyIie
£ a-b=a+(-b),
rae (-b) - BeKTOp, MPOTHBOTIOIOKHBIN BEKTOPY b

pic. 5 & -OB=BA.



3. YMHO:KeHHEe BEKTOpa HA YUCJIO.

IIpousBeneHueM HEHYJICBOrO BekTopa % Ha YMCIIO A gBnsercs Takoit BEKTOP b , JJINHA

Al @ N = b
KOTOPOTO paBHa | | M, npu4éM BeKTOpel % u & COHAIPABJICHBI IIPU Az0 y

IIPOTUBOIIOJIOKHO HAIIPaBJIEHBI IIPU A <0,

HpaBI/IJIO YMHOKCHHA BEKTOpA Ha YUCJIO JICTYC IMOHATH C IOMOIIBIO PUCYHKA!

8|
o
]
N

| —

Paz6upaemcs 6omee aeTanbHO:

1) HanpaBnenue. Ecnmun MHOXUTETH A OTPUIATENbHBINA, TO BEKTOP MEeHsieT HANpaBJIeHue Ha
MIPOTUBOMIOJIOKHOE.

2) lnmna. Ecin muoskutens sakmoden B mpenetax ~ 1 <4 <0y 0 <4 <1 10 iimma sexropa

_ 1
F=—-a _

YMCHBIIACTCA. TaK, JJInHa BCKTOpa 2 B JBa pas3a MCHBUIC JIMHBI BEKTOpPa @ . Ecou

MHOXHTCIIb ’E' 10 MOAYyJIrO 60.]'IBI_HC CAVHUIBI, TO JJIMHA BEKTOPa YBCIIMYUBACTCSA B ’E' pas.

3) OOpaTrTe BHUMAHKE, YTO BCe BEKTOPbI KOJJIMHEAPHBI, [P 3TOM OJMH BEKTOP BBIPAKEH

qepes ApYroi, Harpumep, ¢ = —a OO0paTHoe Toe cpaBeIJIUBO: €CIH OJUH BEKTOP MOXKHO
BBIPA3UTh Yepe3 JAPYroi, TO TAKUE BEKTOPHI 0053aTEIbHO KOJUTMHEApHBI. TakuM 00pa3oM: ecJau
Mbl YMHOKaeM BEKTOP Ha YHCJI0, TO MOJYYHUTCS KOJJIHHEAPHBIH (110 OTHOLICHHUIO K
HCXOJHOMY) BEKTOP.

4) Bekrtopsl z.b.2 COHampaBleHbl. Bektopsl © 1 ¢ rakke coHarnpanieHbl. JI100oi BekTop
MEpBOM TPYIIBI MPOTUBOMOJIOKHO HAMpaBleH MO OTHOIICHHUIO K JIF0OOMY BEKTOpPY BTOPOI

IpYIIIBL

4. YMHOKeHHE BEKTOPOB - CKAJISIPHOE NPou3BeeHne (CM.HIKE)



IIpumep:

PaCCMOTpI/IM JABa IIPOHU3BOJIbHBIX HCHYJICBBIX BEKTOPA a n & .

g

Tpebyetcs HaillTH cyMMYy JaHHBIX BEKTOPOB.

B CHITY TOTO, 4YTO BCE€ BEKTOPBI CHUTAIOTCA CBO6OI[HI>IMI/I, OTJIOKHUM

BeKTOp ¥ 0T Konya BekTopa Z

CrnosxeHre BEeKTOPOB MO MPaBUILy TPEYrOJbHUKA 3aKIII0OYACTCS B CIIEAYIOLIEM: O KOHYA NEPBO2O
8EKMOPA HAPUCOBAMb 8MOPOLL BEKMOP, MAKIHCE YUUMbIEAs U €20 pa3Mep, U e20 HanpasieHue.

PesynbTupyromumM BeKTOpoM OyAeT BEKTOp, Hayauo KOTOPOro COBIAAAET C HayaJoM IEepBOTO
BEKTOpa, a KOHEI] - C KOHIIOM BTOPOTO

Ecnu BexTop & ormnoxuts ot Hauana BEKTOpa # , TO TOJYYUTCS SKBUBAJICHTHOE NPABUILO
napannenocpamma cloKeHus BEKTOPOB.



KOOP}II/IHaTBI BEKTOpPAa HA IIJIOCKOCTH

PaccmoTpuM BeKTOPHI Ha MIIOCKOCTH. M300pa3uM 1ekapTOBY MPSIMOYTOJIBHYIO CUCTEMY

KOOpAWHAT U OT Ha4adJla KOOPAHWHAT OTIIOXKUM €AUHUYHBIC BCKTOPLI I'n J .

BGKTOpBI I n g OPTOrOHAJIbHBI.

OpTroronanbubl = [lepnieHAUKY IS PHBI Pl

HoBble TepMUHBI: BMECTO MapajIeIbHOCTH U MEPIEHIUKYISIPHOCTH UCIIOJIb3YEM
COOTBETCTBEHHO CJIOBA KOJLIUHEAPHOCHb U OPMO2OHAILHOCHb.

PaccmaTtpuBaemble BEKTOPHI Ha3bIBAIOT KOOPAUHATHBIMH BEKTOPAMHU UM opTaMu. J[aHHbIE
BEKTOPBI 00pa3yroT 6a3uc Ha IockocTH. [IpocTeiMu cioBaMu, 6a3UC U HAYal0 KOOPIUHAT
3aJ1al0T BCIO CUCTEMY — 3TO (PYHIAMEHT.

I/IHOFI[a HOCTpOGHHHﬁ 0a3uc Ha3bIBAIOT OPMOHOPMUPOBAHHBIM 0a31COM IIJIOCKOCTH: «OPTO» —
IIOTOMY YTO KOOPAWHATHBIC BEKTOPHLI OPTOTOHAJIBHEIL, ITPUJIAraTCIbHOC ((HOpMHpOBaHHBIﬁ))
O3Ha4YacT C,I[I/IHPI‘IHI)IP'I, T.C. IJJIMHBI BEKTOPOB basuca PpaBHbI CANHUIIC.

O6o03nauenne: bazuc 0ObIYHO 3aMUCHIBAIOT B KPYTJIBIX CKOOKAX, BHYTPU KOTOPHIX B CTPOTrOi

i
N0CJ1e0BATEILHOCTH [IEPEUHCIIAIOTCSA 0a3UCHBIE BEKTOPLI, HAIIPUMED: @) .

KOOpI[I/IHaTHbIC BCKTOPBI HEJIB34 IICPCCTABIATE MECTaAMMU.

Jo60i BCKTOP v IJIOCKOCTH €AMHCTBCHHBIM 06p330M BBIPAKACTCA B BUC:

WL
rac 1= 72 YHUCJIA, KOTOPBIC HA3bIBAIOTCA KOOPAMHATAMM BEKTOPA B TaHHOM Oasmce. A camo

T=w 4w
BBIPQKCHHUE

— I". B
Ha3bIBACTCs PA3J0KECHHEM BEKTOpa v mo 6a3ncy ( ? J:I .



HIRL 1}

Hanpumep,

F="%+27F
Bexkrop 1o YepTeXy XOPOIIO BUIHO, UTO MPH Pa3yIo’KEHUHU BEKTOpa Mo 6a3ucy

HCIIOJIB3YIOTCSA TOJIBKO YTO PACCMOTPCHHBIC!

1) IpaBUIIO YMHOKEHHS BEKTOPA Ha YHCIIO: £ 1 2J ;

) L +2
) CIIOYXKEHHE BEKTOPOB TI0 MPABIITY TPEYTOJbHUKA: :

L= &§=-5
Bexropst b=a ¥ WIUTIOCTPUPYIOT B TOYHOCTH TNPABUJIO YMHOKCHHS BEKTOpa Ha

B=27

3 Z=-5
YHCII0, BEKTOP COHAIpaBJCH C Oa3HCHBIM BEKTOPOM ? , BEKTOP 4 Hampasnen

IIPOTHUBOIIOJIOXHO IO OTHOHICHUIO K 6aSI/ICHOMy BCKTOPY J

vy JaHHBIX BEKTOPOB OJHA U3 KOOPAHWHAT paBHA HYIIIO
A=2+0.7
F=0.1-57

i=11+40 4, J=01417F

A 0a3uCHBIE BEKTOPHI: (OHHM BBIp@XXKAIOTCS CaMU yepe3 ceost).

d=7-4; #=-3 -3

I/I, HaAKOHCII: - BBIYUTAHUE -3TO YaCTHBIN cnyqaﬁ CJIOXKCHHUA

-Pas3JIOKCHUA BEKTOPOB «A9» U «C€>» 3aIIMCBIBAOTCA B BUAC CYMMBI: d =1+ (_4J:I

F=-%+(-37 ;
) . LISpCCTAaBbTC CJIaracMbI€ MECTAMHU U MPOCIICAUTEC T10 YCPTCIKY, KaK YCTKO B

OTUX CUTYyalludX pa60TaeT CJIOKCHHUEC BEKTOPOB I10 MMpaBUITy TPCYroJIbHUKA.



F=v i4+w Jj
PaccMOTpeHHOE pa3ioKeHue BUIA

cucmeme opm (T.€. B CHCTEME €JMHUYHBIX BEKTOPOB). HO 3T0 He eqMHCTBEHHBIH CII0CO0 3anmicH

HWHOTIa HAa3bIBAIOT PA3JIOKCHUCM BCKTOpA 6

BEKTOPA, PaCIIPOCTPAHEH CIAEAYIOIIUNA BapUAHT:

ais 2)
YA,

£, -3
d(l,—4)
Z(-3-3)

W co 3HakoM paBeHCTBA:

7 =(32
h=(20
£=(0-5
d=(1-4
F=(-3-13)

JEL0Y GO
Camu 6a3MCHBIE BEKTOPBI 3aITHCHIBAIOTCS TAK: u

To ecTh, B KpyribIx cKOOKax yKa3bIBalOTCS KOOPAMHATHI BEKTOPA.

B nmpakTuueckux 3aauax UCIOIb3YIOTCS BCE TPU BapUaHTa 3aIlUCH.

Koopounamul eexmopoe nepecmaenams nenv3s. CTPoOro Ha mepBoM MecTe 3allMChIBAEM

KOOpJIMHATY, KOTOpasi COOTBETCTBYET €IAMHUYHOMY BEKTOpY !, CTPOr0 Ha BTOPOM

MeCTe 3aIlMChIBacM KOOpAUHATY, KOTOpasa COOTBCTCTBYCT CANHUYIHOMY  BCKTOPY J

y FLS w5
HGI/ICTBI/ITCJ'ILHO, u — 9TO BC/b JIBa Pa3HbIX BCKTOPA.

C koopauHaTaMH Ha TIOCKOCTH pa300paiuch.



Haxo:xnenue KOOPAMHAT BEKTOpPAa 10 IBYM TOYKaM

Al x; Bz, A5
Ecnu nanbl 1B€ TOYKH MJIOCKOCTH (2 ) 51 (x5, ) , TO BEKTOP A5 ymeer CIIEIYIOLIE
KOOPIHUHATHI:

E'ixz — X, ¥y~ )

N3 xoopaMHAT KOHIIa BEKTOPA HYXKHO BBIYECTh COOTBETCTBYIOLINE KOOPIAUHATH HAYAJIA
BeKTOpA.

IMpumep. J[aHbl 1BE TOYKH MJIOCKOCTH AT 51 B(-2,3) . HaliTu koopauHaTel BEKTOpa AB

Pemenne:
AB(—2-2.3-1)= AB(-4, )
nimn

AB=(-2-2 +(3-Dj=—-4+2] _ pasIioXkKeH 110 Gasucy.

B nensx nosicuenus n3o0pa3uM Ha KOOPAMHATHOW TIJIOCKOCTH

Ipumeuanue: O0sS3aTeNbHO HYKHO OHUMATh Pa3jinyine MexK1y KOOPAUHATAMH TOYeK U
KOOPAMHATAMM BEKTOPOB:

KOOlePlHaTLI TOYeK — 3TO OOBIYHBIE KOOPpAWHATLI B HpHMOYFOJ’IBHOﬁ CUCTCMC KOOpAMUHAT.
Kax(z[as[ TOYKa o6naL[aeT CTpOIruM MECTOM Ha IIJIOCKOCTH, U MEPEMCIIATh UX KyI[a'J'II/I6O HCIIB34.

77
KOOp)IPlHaTLI Ke BeKTDpa — 9TO €T0 Pa3JIOKCHHUEC 110 6a31/1cy ( ’ J:I , B JaHHOM

AB=—4 +2]
cliydae .

OTBer: AB(—4, 2)



Haxo:xaeHnue JJIUHBI OTpeE3Ka

JlnuHa 0603HavaeTCst 3HAKOM MOIYJIS.

Alx; ) " Bz 1)

Ecnu nassl AB€ TOYKM INIOCKOCTH , TO IJIMHY OTPE3Ka A8 poxmo

BBIYUCIIHUTH IO (hopmyrie

|"q‘8| = ‘J(xﬂ - ?"1:'2 + 0 - .J’lj'z

dopmyia JerKo BIBOASATCS ¢ MOMOIIBI0 Teopembl [Tudaropa.

IIpumep.

A-35) B

JlaHbl TOUKH -3 . Haiitu nnmuny oTpe3ka AB

Pemenne: o coorBeTcTByIOLIEH popmyie:

[48)= J1— (3 + (3-5)" = & +(-8F = 16164 =E0=4.5

Orney: 481= 45 en 894 g,

JInst HarJIATHOCTH YepTEXK
; S : :

OTpe3OK AB _ 9TO HE¢ BEKTOP, U NI€pEMEIIATEL €TO Ky,[[a'J'II/I60, KOHCYHO, HCJIb34. KpOMC TOTO,
€CJIX BbI BBITIOJIHUTE YCPTCK B Maciraoe: 1 ca. = 1 cMm (,ZLBG TETpAaaHbIC KJ'ICTKI/I), TO

y |45 = 8,94 en.
MOJIYYCHHBIN OTBCT

HU3MEPHUB IUIMHY OTPE3KaA.

MOZKHO IIPOBCPUTH OOBIYHOM J'IHHGfIKOfI, HCIIOCPCACTBCHHO

B otBeTe cTaBuUM Pa3SMCPHOCTD: «KCAUHULBI»— COKPAILICHHO «CI.».



HaxoxaeHnne 1JMHBI BEKTOpa

E v ':Vl » Vo :'
CJIM JIaH BEKTOP IJIOCKOCTH , TO €ro JIMHA BBIYUCISIETCS 110 hopMmyIie
T = v+

dopmyna (kak ¥ GOPMYIIBI JUTMHEI OTPE3Ka) JISTKO BBIBOASITCS C MOMOIIBIO TEOPEMBI
[Mudaropa.
A=335) | B(l,

Ipumep 1. [lans! TOukn -3 . Haiitu nnmuny BexTopa 4B

Pemrenne:

CHayvana HailiéM KoOOpJMHATHl BEKTOpa 4B .
AB(1- (-3}, -3-5) = AB(4,- §)
2

= "’1+V§

v
[To popmyne BBIYMCIIUM JJIMHY BEKTOpA!

(yanThiBaeM, 9T UMHA otpeska A papma mmmme BekTopa AZ ;

|AB|=[4B|= J4* + (-8) = /B0 =4:[5 en 834 e

|E| = 4«.5 em. = 8,9 e
OTBerT:

IIpumeuanue: He 3a0bp1BaeM yKa3bIBaTh Pa3MEPHOCTh — «eIUHHIIBI»! Beerna HyxHO
paccuuThIBaTh MPUOIMKEHHOE 3HAUCHHE, €CIIU ATOTr0 He TpedyeTcs B ycnoBun? OKpyrieHue
1enecooOpa3Ho MPOBOIUTH JI0 2-3 3HAKOB MOCIIE 3aMATOM.

BeinosHuM 4yepTex K 3amaye:

A(=35) Y

3nech peub UAET 0 BEKTOpe, a He 00 oTpe3ke. BEeKTop MOKHO epeMecTUTh B JIIOOYIO TOUKY
IUIOCKOCTH.

FeOMeTpI/ILIeCKI/I OYCBHUIHO, YTO AJIMHA OTPEC3Ka AL paBHaA IJIMHEC BEKTOpA AB . Tak xe
7 ; [45]= [45= 54
OYCBUIHO, UTO AJIMHA BECKTOPA 6yﬂeT Takoi xe. Ilo HUTOTY:



JleiicTBUSI ¢ BEKTOpPaMH, 32/IaHHBIMH CBOMMH KOOPIAHHATAMM
B niepBoii yacTi ypoka Mbl pacCMaTpUBaJIM IIPaBUIIa CI0KEHHUS BEKTOPOB U YMHOKEHUS
BEKTOpa Ha yrcio. Ho paccMarpuBaiy UX ¢ NPUHIMITAAIBHO -TPAQUUECKON TOUKH 3PEHHSL.
[TocMoTpuM, Kak JaHHBIE NTpaBUiIa pabOTAIOT AHATMTUUECKU — KOTJ1a 33aHbl KOOPAUHATBI

BEKTOPOB:

1) IlpaBuJio cJ10keHUs1 (BBIYMTAHUSI) BEKTOPOB. PaccMoTpuM /iBa BeKTOpa

¥=0n v W= (WL W
IUIOCKOCTH 1 va) u RURREY . st TOr0, 4TOOBI CIOKUTH BEKTOPHI,

H@O6XOZII/IMO CJIOKHUTH UX COOTBETCTBYIOIIME KOOPAUHATHI.

T+ =00 +wy v, +wy)

YactHbll ciyyail — popmyna pa3HOCTH BEKTOPOB:
V=W = W vy - Wy

7 = (w;
2) IIpaBUJIO YMHOKEHUSI BEKTOPA HA YMCJI0. J[J1s TOro 4TOOBI BEKTOP 0 v) YMHOXHUTb

Ha YHCII0 | HeOOXOAUMO KaX /Iy KOOPIUHATY JAHHOTO BEKTOPA YMHOKHUTH HA YHCIIO * :
AF = (A, Ay

IMpumep 1.

J1aHbI BEKTOPBI

@l —2) " B(2; 3
Haiitn

2@, a+k ,a-b

Penrenne:

27 =20 -2)=(2—4)

E+5={1;—2)+[2;3)=[1+2;—2+3}={3;1)
Z-b=(1-2-(23=01-2-2-3)=(-1-5
OTtBerT:

27=(2,-4), a+b=(31, a-E=(-1-5

Hpu,Meanue: UIepTexc B HO,Z[O6HLIX 3aa4yax CTpOUThb HEC HA10



Kak OonpeacJuTb KOJJIUHEAPHOCTD BEKTOPOB Ha IJIOCKOCTH?

P va), Wl wy) ObLJIM  KOJJIMHEAPHBI,

Heo0X0AMMO M JI0CTATOYHO, 4YTOO0BI HX COOTBETCTBYHWIIHE KOOPAUHATHI ObLIM
NPONOPUHOHATbHBI

Il.]'lﬂ TOr0 YTOOLI ABa BEKTOpa IIOCKOCTH

v = Adwy

v, = A,

IIpumep. IIpoBepuTh, KOJUIMHEAPHBI JIA BEKTOPBI
(-2, 4,51, -2) _

Pemenne: BrlsicHuM, CyliecTByeT JIn JJisl JaHHBIX BEKTOPOB KO3((ULIUEHT

MMPpONMOPIHHUOHAIIBHOCTHU A , TaKOﬁ, YTOOKI BEITIOJIHSIUCE paBE€HCTBA

v = Ay —2=11

= A=-2
vj=ﬂwg: d=A4-({=2)

SHAYUT, JTaHHBIC BEKTOPbI KOJUIMHCAPHBI.

NJIN, cpazy cOCTaBUTh IIPOIIOPLIUIO

o
W W, .
Y IOCMOTPETh, OYZIET JI1 OHA BEPHOH.

CocTtaBuM IPOIOPLHIO U3 OTHOIIEHUH COOTBETCTBYIOIIMX KOOPJAUHAT BEKTOPOB:
-2 4
1 - CokpamraeM: — 2=— ,

TaKHUM O6p2130M, COOTBETCTBYHOIINEC KOOPAUHATHI IIPOIIOPIIMOHAJIBHEI, CJIICAOBATCIIBHO, o ” 5

Ipumep 2. - TBOpUYECKUI TPUMED AJIsI CAMOCTOATEIbHOI0 PellIeHHs

Al &), b5,

[Ipu KaKOM 3HaYEHUHM MapameTpa “ BEeKTOpLI -3 OyAyT KOJIMHEAPHBI?

Moayunaocs? CBepum pemnienue:

A"

. wooow
Pemenue: cocmasum nponopyuro ¢ U3 coomeemcmayowux KOOpOUHAam 6eKmopog:

1 & 3
— ==
5 -3 5]

3
G=—=
Omeem: npu 5



CKaJmpﬂoe MPOU3BEACHHUEC BEKTOPOB

CHavaia mpo yroJ Mexay BeKTopaMu. PaccMoTpuMm CBOOOJIHBIC HEHYIICBBIC BEKTOPHI % u 5
Eci¥ OTIOXKHTb JAHHBIC BEKTOPHI OT MPOM3BONBHOM Toukn M | To monyumres kaprumKa,

KOTOPYIO MHOTHE YK€ IIPEACTABUIIM MBICIECHHO:

YT0J1 MEXy BEKTOpaMH LE 8] voxer npuHuMath 3HadeHus ot 0 1o 180 rpanycos
0° < (@, &) =180°

(@ &)

BKJTFOYUTENIHHO ! B nutepaType 3HaUOK yriia < 49acTo MPOITyCKAIOT U

MALIYT IPOCTO

Onpenenenue: CKalsipHBIM MPOU3BEICHUEM JIBYX BEKTOPOB & U & naspBaercs YUCJIO,
paBHOE NMPOU3BEACHUIO JUTMH 3TUX BEKTOPOB HAa KOCUHYC YIJla MEX/1y HUMHU:

T b= |¢Y| |§| cos. (@, B

Pe3yabTat ckansipuoro npousBeaenusi - YU CJIO!!!

Ipumep 1. Haiitu ckanspHOe IPOU3BECHHE BEKTOPOB % 1 & , €CITH
— — 7T
7= 2, =5, J@hl=—
fl=2. Bl=5 <@n-7

Pemenue: Vcnonszyem hopmyny
Fh = |§| |§| cost (@, &)

T 3

T _ =l 5] B e
7k =fg| [p| cos£@ By=25 cos = =10 = 5.3

(3HAYECHUS KOCHHYCA MOYKHO HAWTH B MpPUcOHOMEMPUIeckoi mabiuye).

OTtBeT: ah = 5“*1@
IIpumep 2. - npumMep sl CAMOCTOATEIBHOTO PEIICHUS

=7 Fl=3 W|=42 a
Haittu € | econ |C| |d| 2 , @ YTOJl MEXJly BEKTOpaMU PaBEH 1357,

JEJ:_B

£d = | |g] cos £@: d) =3 /2 cos135°= 342 [_T

Moayunaocs? CBepum:


http://mathprofi.ru/trigonometricheskie_tablicy.pdf

Teopema. CkassipHoe mpou3BezieHrue BEKTOpoB a{X1; Y1; Z1} u b {X2; Y2; Z2} BhIpakaeTcs
dbopmymnoit

ab= X1Xo+ Y1yt 2122

Caencrue 1. Henynesbie BekTopbl a{X1; Y1; Z1} u b{X2; Y2; Z»} nepneHaMKyISIpHBI TOT/1a U
TOJIBKO TOT' 1A, KOTa

X1Xot+ V1Yot 7127 = 0.

CaencrBue 2. Kocunyc yrina o MeXIy HeHYJIeBbIMU BekTopamu a2{X1; Y1; Z1} u b{X2; y2; 22}
BBIpaxkaeTcsi (GOpMyIon

L R P

cost= ———— = 7 2
“J{Xi + ¥y + 'm'fxz""?“z‘*Zz

(Yz2o0n naxooam no maonuyam bpaouca)

CBoJicTBa CKAJSIPHOI0 YMHOKEHHUSI BEKTOPOB:
1. 3220, mpuuém 32> 0 mpu 3=0.
2. ab =ba (mepeMecTHTEIbHBIN 3aKOH).
3. (2 +hb)c=ac+hbc (pacnpeaenuTenbHbIN 3aK0H).

4. (ka)b = k(ahb) (couerarenbHbIii 3aKOH).

IIpumep 3. Haiitu ckansgpHoe Mpou3BeACHUE BEKTOPOB:
@i —3) q 210

Pemrenne:

VoW =y gy |
3nech JaHBI BCKTOPBI IIJIOCKOCTH. ITo bopmyie :

ZE =2 (1) +(-5). 0= -2+0=-2

OtBer: -2



IMpumep 4. Haiitu yron Mexay BeKTopamu < u

L)

, €CJTM U3BECTHO, YTO

8

E|=4, Pp|=242, &

Pemrenne:

Ucnonwszyem dhopmyimy:

— ah 2 1 'x.IIE ﬁ
cos (@, B = — = —— =
AF 127 & B2
TO:
i(ﬁ;E:IZBIECOSEZE
2 4
L@ 5y =Z pan = 45°
OrtBer: 4

[Ipumeuanue: C nomowsblo CKAIAPHO20 NPOU3BEOCHUs 8EKIMOPO8 HAX0OSM PaOOmy NOCHOAHHOU

S

CUbl NO NepemMeujeHUr0 MamepuaibHol MoYKy Ha eekmop * .
[TycTh MaTepuaibHas TOYKA IMEPEMEIASTCS MIPSIMOJIIMHEHO U3 MOJI0KECHHS o
nonoxkenue B O/ JEUCTBUEM ITOCTOSHHON CHJIBI F ,

oOpa3yrolen yrou ? . BEKTOPOM

nepeMenieHus 4B =35 (puc. 2).

e J—

\'P

2 ° B W3 ¢u3uku n3BeCTHO, YTO paboTa CHUJIBI F npu
puc. 13. QusaiyecKuil CMbICA CKAnIPHO20 _ — —
npoussederis S A=F-S5-cos@
MNEPpEMCIICHU N paBHa )
TO €CTh
A=F-§.

Taxum 06pa3oM, paboTa MOCTOSTHHOM CUIIBI IPH MIPSIMOJIMHEIHOM MepeMEICHNN €€ TOUKU
IIPUJIOKEHUSI paBHA CKAJIIPHOMY IPOU3BEICHUIO BEKTOPA CUJIBI HA BEKTOP NEPEMEIICHMSL.



IIpumep 5.
Borsicauts, OynyT nu nepnesaukysipasiMu Bektopsl KL u MN, eciu

(35, 00—, M(s -1, AL 4)

Pemenne:
Haitném koopauHaTbl BEKTOPHI:

KL(—2-30-51=KL(-5.- 5
MN(1-8,4- (-1) = MN(-7, 5)

Breraucnum ux CKaJIApHOC MPOU3BCIACHUC!

KL MN=-5(-+(-5 5=35-25=10=0

3HauuT, BekTopel KL 1 MN He nepneHInKynspHbI.

OrtBet: Bektopsl KL 1 MN He neprieHIuKyaspHbl.

KoopauHaThl cepeIHHBI 0TPe3Ka HA MJIOCKOCTH

Koopaunatsl cepeaunbl otpeska A;A; paBHBI IOJYCYMMaM COOTBETCTBYIOIIMX KOOPJMHAT €r0
KOHIIOB.




KOHTpOJ’IbeIe BOIIPOCHI:

Uto Takoe BeKTOP?

Kakue BeKTOpbl Ha3bIBAIOTCS KOJUIMHEAPHBIMU?

Kakue BEKTOpBI SIBIISIFOTCSI paBHBIMU?

Kakue onepanuu BEINOJHSIOT HaJl BEKTOpamMu?

dopmyna pa3ioKeHUs BEKTOpa 1o 0azucy

Kak nHaiiTu koopauHaThl BekTopa ?

Kak naiitu yinny Bexktopa?

Kakoe 10JKHO BBITIOJHSATHCS YCIOBHE Y KOJUTHHEAPHBIX BEKTOPOB?

© o N AN RE

Kak BBIMONHSAIOT neHcTBUS HAJ BEKTOpPaMH, 3aJaHHbBIMHU CBOMMH KOOpJMHAaTaMu B

MPOCTPAHCTBE (CIIOKEHHE M BBIYMTAaHHE BEKTOPOB, YMHOXXEHHE BEKTOpa Ha

quciuo)?

10. ®opmyna nis BEIYKACICHUS] KOOPAWMHAT CEpEIMHBI OTpe3Ka

11. YTto Ha3bIBaeTCS CKASIPHBIM MTPOU3BEACHUEM BEKTOPOB?

12. B 4yeM 3akioqaeTcs yCIOBHE MEPIECHANKYIIPHOCTH IBYX BEKTOPOB?

13. ®opmyna ISt BBIYHMCICHUS CKAISAPHOTO TPOM3BENCHHS BEKTOPOB, 3aJaHHBIX CBOUMH
KOOpJIMHATaMH.

14. ®opmyna a5 BEIYUCICHUS YTJ1a MEX/1y BEKTOpaMH.

15. B 4em 3axirouaercss PU3NUECKUI CMBLT CKAJIIPHOTO TIPOU3BEACHUS?

BBINOJIHUTE 3a0aHNA:
Ipumep 1.

JlaHbI TOYKH A—45) |, BL-3)

Haiiu KOOpAWHATBI BEKTOPOB U UX JJIMHBI Az u BA .

IMpumep 2.

JlaHbl TOYKH A2 0), BT 1) - 4, 1:'_

BorsicHuTh, nepneHauKyinsapHel 11 BeKTopsl AB u BC, AB u AC.

Ecnu He neprneHAnKyIsSpHbl, TO HAUTH YroJl MEXAy HUMHU.

Ipumep 3.

JlaHBbI BEKTOPBI Z (=2, 6) , F=4i +42 K

BLIHCHI/ITB, KOJUIMHCAPHBI JIU BEKTOPHI @ U C.
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