AHanuntTu4yeckasi reomeTpus
Jlekuyuu Ne2—4

Bexkmopnbi



1. BeKTOopbl B
NPOCTPaHCTBE



BekTop — HanpaBneHHbIU OTPE3OK.
B

|
a

a

~

A

BA — NPOTUBOMOJIOXKHbIV AB

BA =-AB

BekTopbl KONNMMHeapHbl, €Criv OHW neXxat
Ha O4HOM NN Ha napannenbHbIX NPAMbIX.
HyneBoi BekTop 0 KonnuMHeapeH
nobomy BEKTOPY



INyun (nonynpsameie) AB n CD Ha3biBalOTCA
OAVHaKoBO HarnpassieHHbIMn (AB 11 CD) ecnu:

OHM NapannenbHbl U ogHa u3
nexat B 04HOU NonynpaMbIX
NONTynnoCKOCTMU C NPUHAONEXUT
rpaHuuen AB. apyrov
B D




MycTb ecTb ABa BekTopa AB 1 CD .
Toroa, ecnn AB=CD, 10

1. AB=CD

2. (AB)TT(CD)

Teopema.

[TyCcTb eCTb NPOn3BOSibHbIE T.A 1 BEKTOP a .
Torpa cyuwecTtsyeT eUHCTBEHHbIN

BEeKTop AB=a .

[1lpy 9TOM BA NPOTUBOMNONOXEH ARB
N —a NPOTMBOMNOJSIOXKEH « .



2. JInHenHble onepauun
Hag BeKTopamMmu



l. Cymma BeKTOopoB a U b —
Takou BEKTOp ¢,
Hayarno KOToOporo cosnagaeT C Havasriom a,

a KoHeLl — C KOHUOM b

(Mpn 9TOM b OTIIOXKEH C KOHLUA & ).

b

Ol
I
Q|



MCTBa onepaLunn CNnoXeHuns

(

€CTb HYNEeBOMN ANIEMEHT).
O (ecTb 0DOpaTHbIN 3NIEMEHT)



[loka3aTenbCTBO KOM MYTaTUBHOCTW.

Pa3obpaTtb
Aoma




Jloka3aTenbCTBO acCOLMaTUBHOCTW:

Pa3obpatb
Aoma A b o




CnoxeHne n BEKTOPOB:




Il. Pa3HOCTb BEKTOPOB @ U b —
Takon BEKTOp ¢,4YTO b +¢c =a

CywecTtBoBaHue “
€AWHCTBEHHOCTb
AoKa3aTb AoMa




lll. YMHOXeHune BeKTopa Ha Yucno.

ra =0
1. BekTopbl @ U b — KOMMMHEeapHb!.
2. [p|=1|-I]
3.0 1™ a ecnn A>0
b T4 aecrmmi<0



CBoncTBa onepaumm YyMHOXEHUS
BEKTOPA Ha YMCII0

(EANHNYHBIW SNIEMEHT).

1.1-a=a

2. A-(n-@)=(r-p)-@ (accoumaTMBHOCTB).
3. K(J + 5) =A@ +Ab (QUCTPUBYTUBHOCTD).
4. (L+p)a@=2ra+pua (AMCTPUBYTUBHOCTD).



3. llnHenHas
3aBUCUMOCTb
BEKTOpPOB



OnpepeneHue 1.

JlnHenHaga KOMOMHALIMA BEKTOPOB a,,Q,,...,a, —

n

9TO BblpaXeHue Bnga A,a, +A,a, +...+A a_ .

HenctButenbHble Yncna A, ,A,,...,A, —

n

KOS PUNUNEHTLI IMHENHON KOMDUHaL M.



OnpepeneHue 2.

BekTophbl a,,a,,...,a, Ha3biBAlOTCA

NTIMHENHO 3aBUCUMbIMU,

€CINnu CYLLEeCTBYET NUHenHas KoMOnHaLus

9TUX BEKTOPOB A, a, +A,a, +...+A a =0.

[Tpnyem, cpean KoadPNLUMEHTOB 3TOU
KOMOUMHaLUMN eCTb HeHyJ1eeble Yncna.



OnpepeneHue 3.

BekTophbl a,,a,,...,a, Ha3biBaAlOTCA

NMIMHEWHO HE3aBUCUMbIMU,

€CJ1IM OHU He ABNAITCA NMHENHO 3aBUCUMbIMM.



OnpepeneHue 4.

Bektopsbl @,,a,,...,a, — IMHEAHO HE3ABUCHMbI
ecnv Bcerga us Toro, 4To
AT, +A,a, +...+A a =0

BbITEKAET, YTO A, = A, =...=A =0.



TeopeMbl O IMHEUMHOU 3aBUCUMOCTH
(poka3aTtb goma)
1. Ecnn cpegu BekTOpOB @, ,4,,...,a, €CTb

HyneBOW BEKTOpP, TO BEKTOPbLI &,,q,,...,a, —
NTMHEWHO 3aBUCUMBI.
2. Ecnv cpegu BekTOpOB @, ,4Q,,...,a, €CTb

k (1 < k< n) NMMHENHO 3aBUCUMBbIX BEKTOPOB, TO
TOrga Bce BEKTOphbl @,,Q,,...,a  JINHENHO
3aBNCUMDI.

3. Teopema 0 KONMMHeapHbIX BEKTOpax.
Ecnm @||b nb =0, T0 I\ TAakoe, YTo @ = Ab .



JInHenHble KOMOUHaAUMN OBYX BEKTOPOB

Teopema.

[1Ba BekTOpa @ U b NUHENHO 3aBUCUMBI
TOraa v TONbKO Toraa,

Korga OHW KOMSIMHEapPHb!.




JInHenHble KOMOUHaAUMN OBYX BEKTOPOB

Teopema.
[1Ba BekTOopa a U b NMUHEUHO 3aBUCUMDI

TOraa v TONMbKO TOraa, //

KOraa OHU KOJIJTMHEAPHDbI.

YTBepXaeHue |

Ycnosue




[loKka3aTenbCTBO

1) MycTb @ U b NMHENHO 3aBUCUMDbI.




[loKka3aTenbCTBO

1) MycTb @ U b NMHEWNHO 3aBUCUMDbI.

3T0 3HAUUT, YTO CylecTByeT @ +ub =0
npuyém A =0 ynn 1 #0



[loKka3aTenbCTBO

1) MycTb @ n b NUHENHO 3aBUCUMBbI.

3T0 3HAUUT, YTO CylecTByeT @ +ub =0
npuyém A =0 ynn 1 #0




[loKka3aTenbCTBO

1) MycTb @ n b NUHENHO 3aBUCUMBbI.

3T0 3HaUMT, UTO cylecTByeT Ad +ub =0
npuyém A =0 ynn 1 #0

CnepoBaTenbHO, @ U b konnuHeapHbl
(B COOTBETCTBUM C ONpeaerneHnem
NPOu3BEeJEHNS BEKTOPA HA YNCHO).



2) MNyctb a u b KONNMHeapHbI.




2) [Nyctb a u b KONNMHeapHbI.

a)Ecnn 6 =0, 10 @ 1 b NNHeNHo 3aBNCKUMBbI (MO
Teopeme 1).



2) [Nyctb a u b KONNMHeapHbI.

a)Ecnn 6 =0, 10 @ 1 b NNHeNHo 3aBNCKUMBbI (MO
Teopeme 1).

6) Ecnu b # 0, To no TeopemMe 0 KONNMHEaPHbIX
BEKTOpax a = Ab .



2) [Nyctb a u b KONNMHeapHbI.

a)Ecnn 6 =0, 10 @ 1 b NNHeNHo 3aBNCKUMBbI (MO
Teopeme 1).

6) Ecnu b # 0, To no TeopemMe 0 KONNMHEaPHbIX
BEKTOpax a = Ab .
CnepoBaTenbHo, @ —Ab =0,



2) [Nyctb a u b KONNMHeapHbI.

a)Ecnn 6 =0, 10 @ 1 b NNHeNHo 3aBNCKUMBbI (MO
Teopeme 1).

6) Ecnu b =0, TO N0 TEOPEME O KOMIMHEAPHbIX
BeKTOpax @ = Ab .

CnepnosaTtenbHo, @ —Ab =0

KoadbdnumeHTbl nMHENHOWU KOMOUHaUun: —1 u A.

Takum obpasom, @ n b nNHEenHo 3aBUCUMBI.



CneancrBue

Ecnn BekTOopbl @ 1 b He KOnnuHeapHs,
TO OHW NUHENHO HE3AaBUCUMBI.



CneancrBue

Ecnn BekTOopbl @ 1 b He KOnnuHeapHs,
TO OHW NUHENHO HE3AaBUCUMBI.

3amMmeyaHue.
[1Ba BekTOpa Bcerga MOXHO NnepemMecTuTb Tak,

4YTO OHW OyAyT neXxaTtb B OAHOM NITOCKOCTMW.




JINHEUHbIe KOMOUHAUNUN TPEX BEKTOPOB

OnpepeneHue.

BekTopbl Ha3bIBalOTCA KOMMNMaHapHbIMN,
€CNnn OHU NexXxaT B OJHOW NIIOCKOCTU
Oyaydn OTNOXEHHLIMU N3 OOAHOW TOYKU
NN e napannenbHbl OAHOW NIOCKOCTMW.




JINHEUHbIe KOMOUHAUNUN TPEX BEKTOPOB

OnpepeneHue.

BekTopbl Ha3bIBalOTCA KOMMNNaHapPHbIMN,
€CNnn OHU NexXxaT B OJHOW NIIOCKOCTU
Oyay4un OTIOXEHHLIMU N3 OOHOW TOYKU
NN e napannenbHbl OAHOW NIOCKOCTMW.

Q|

/



Teopema. B

Tpw BekTopa @,b N ¢ NNHENHO 3aBUCUMBI
TOrga v TONbKO TOrAa,

KOraa OHM KOMIMJ/1aHapHbl.




[loKka3aTenbCTBO

1) MycTb @,b 1 ¢ NNHENHO 3aBUCUMBI.




[loKka3aTenbCTBO

1) MycTb @,b 1 ¢ NNHENHO 3aBUCUMBI.

3T0 3HAuUT, YTO cylecTByeT AG +ub +ve =0
NPUYEM ecTb XOTS Bbl OAMH HEHYNEBOM
KO3 (PULNEHT.




[loKka3aTenbCTBO

1) MycTb @,b 1 ¢ NNHENHO 3aBUCUMBI.

3T0 3HAuUT, YTO cyLlecTByeT AQ +ub +ve =0
NPUYEM eCTb XOTS Bbl OFMH HEHYEBOW
koapduumeHT. MNMyctb v=0,




[loKka3aTenbCTBO

1) MycTb @,b 1 ¢ NNHENHO 3aBUCUMBI.

3T0 3HAuUT, YTO cylecTByeT AQ +ub +ve =0
NPUYEM eCTb XOTS Bbl OFMH HEHYEBOW
koapduumeHT. MNMyctb v=0,

_ K-
Tor,u,a = ( a+ = b @ @ —oca+Bb




[loKka3aTenbCTBO

1) MycTb @,b 1 ¢ NNHENHO 3aBUCUMBI.

3T0 3HAuUT, YTO cyLlecTByeT AQ +ub +ve =0
NPUYEM eCTb XOTS Bbl OFMH HEHYEBOW
koapduumeHT. MNMyctb v=0,

Toraa 52—(%54—%5):@5@5: 0@ +Bb
a P

Takum o6pasom, ¢ = od +Bb




b Bb
CnepnoBaTenbHO, @ ,b 1 ¢ KomMnnaHapHsbI.



2) MycTb @,b 1 ¢ KkoMnnaHapHsbI.



2) MycTb @,b 1 ¢ KoMNnaHapHsbI.

PaccmoTpum gBa cny4yas.



2) MycTb @,b 1 ¢ KoMNnaHapHsbI.

PaccmoTpum aBa cny4as.

a) Cpean @ ,b n ¢ ecTb Napa KonnmMHeapHbIX
BEKTOPOB.



2) MycTb @,b 1 ¢ KoMNnaHapHsbI.

PaccmoTpum aBa cny4as.

a) Cpean @ ,b n ¢ ecTb Napa KonnmMHeapHbIX
BEKTOPOB.

[1To TeopemMe 2, ecnun eCcTb Napa KoNfIMHeEapPHbIX
(a 9Ta Nnapa NMHENHO 3aBMcuma), To 1 Bce 3
BEKTOpPA NMUHENHO 3aBUCUMBI.



6) Cpean @, b n ¢ HeT KONMNUHeapHbIX
BeKTOpoB. OTAOXUM @ ,b N € N3 OOHOW TOYKMW.



6) Cpean @, b n ¢ HeT KONNUHeapHbIX

BekTopoB. OTNOXuM @ ,b N ¢ 13 0OOHOM TOYKMW.
A’ C




6) Cpean @, b n ¢ HeT KONMNUHeapHbIX

BeKkTopoB. OTNOXumM @ ,b N ¢ 13 0gHOM TOYKMW.
A’ C

CB'|| 0A
CA'| OB



6) Cpean @, b n ¢ HeT KONMNUHeapHbIX

BeKkTopoB. OTNOXumM @ ,b N ¢ 13 0gHOM TOYKMW.
A’ C

CB'|| 0A
CA'| OB

A" n B’ cywectsytoT (Haye OA ||OB)
c =0A"+0B’




a=0,torna @ n OA' — konnuHeapHbIe.
AHanoquHo.

b #0,3Haunt, b n OB’ — konnuHeapHble.



CnepoBaTenbHO:
1 OA'=)\a; OB’ = },lg_ OTKy,EI,a c =Aa+ },lg _
AG+ub—¢ =0




CnepoBaTenbHO:

3 OA'=La; OB =ub  Otkypa ¢ = 1@ +ub
ra+ub—-—c=0

KoatpdomnumeHTtbl NMHENHOW KOMOUHauun: A, u, —1.
CnepoBaTenbHO, 6,5 N C JIMHENHO 3aBUCUMBI.




Cnencreus

1. Ecnn BekTopbl @, b 1 ¢ HeKoMnnaHapHbl,
TO OHW NUHENHO HE3ABUCUMBI.



Cnencreus

1. Ecnn BekTopbl @, b 1 ¢ HeKoMnnaHapHbl,

TO OHW NIMHENHO HE3aBUCUMBI.

2. Cpegun TpeX HEKOMIMNAaHaPHbIX BEKTOPOB He
MOXeT ObITb Mapbl KONNMMHEAPHbIX BEKTOPOB U HE
MOXeT ObITb HU OHOro HYNIEBOrO BEKTOPA.



Cnencreus

1. Ecnn BekTopbl @, b 1 ¢ HeKoMnnaHapHbl,

TO OHW NIMHENHO HE3aBUCUMBI.

2. Cpegun TpeX HEKOMIMNAaHaPHbIX BEKTOPOB He
MOXeT ObITb Mapbl KONMMHEAPHbIX BEKTOPOB U HE
MOXeT ObITb HU OHOro HYNIEBOrO BEKTOPA.

3. Ecnu BekTopbl @ ,b 1 ¢ koMnnaHapHbl, a

BEKTOPbI @ U b — HEKOJ1JTIMHEAPHbI, TO

CYLLLECTBYIOT Takme yncna A v, 4to € =Aa +ub
1 Takoe pas3noxeHne egMHCTBEHHO.



JInHEenHasg 3aBMCUMOCTb YeTbIPEX BEKTOPOB

Teopema.
JTtobble YeTbipe BeKTOpAa NIMHENHO 3aBUCUMBbI
(B 3-X MEPHOM MPOCTPaHCTBE).

[loka3aTenbCTBO
pa3obpaTb
aoma




[loKka3aTenbCTBO
Bo3bMEM npon3BosibHble BEKTOPLI @, b, ¢ n d..



[loKka3aTenbCTBO
Bo3bMEM npon3BosibHble BEKTOPLI @, b, ¢ n d..

PaccmoTpum gBa cny4yas.



[loKka3aTenbCTBO
Bo3bMEM npon3BosibHble BEKTOPLI @, b, ¢ n d..

PaccmoTpum gBa cny4yas.

a)Cpean a, b, ¢ n d ectb Tpolika
KOMMNNaHapHbIX. Torga ata Tpovka JIMHEUHO
3aBmcuma. CriegoBaTtesnibHO, Bce 4 BEKTOpa
NMMIMHENHO 3aBUCUMBbI.



6) Cpean @, b, ¢ n d HeT TPONKM KOMMMaHaPHbIX.



6) Cpean @, b, ¢ n d HeT TPOWNKM KOMMMaHaPHbIX.

OTtnoxum a, b, ¢ n d n3 ogHOM TOYKMW.



6) Cpean @, b, ¢ n d HeT TPONKM KOMMMaHaPHbIX.

OTtnoxum a, b, ¢ n d n3 ogHOM TOYKMW.

c
C

D




6)Cpean a, b, cn d HET TPOWKV KOMMMaHaPHBIX.

OTtnoxum a, b, ¢ n d n3 ogHOM TOYKMW.

c
C

Yepes T.D nposeném DD, || OC



6) Cpean @, b, ¢ n d HeT TPONKM KOMMMaHaPHbIX.

OTtnoxum a, b, ¢ n d n3 ogHOM TOYKMW.

c
C

D

Yepes T.D nposeném DD, || OC
D1 — Touka, B koTopon DD1 nepecekaeT

MNIOCKOCTb BEKTOPOB @ N b .



Ecnun Obl 3T0 6bINO He Tak, TO DD 6bifo Obl

napansienibHO NNOCKOCTU (a»b )



Ecnun Obl 3T0 6bINO He Tak, TO DD 6bifo Obl

napannenbHO N0CKOCTY (J»b), re. 0C| (5»5),
a 3TO HEBO3MOXHO, MOCKOMbKY BCE BEKTOPbI
HeKoMMMaHapHbI.



Ecnun Obl 3T0 6bINO He Tak, TO DD 6bifo Obl

napannenbHO N0CKOCTY (J»b), re. 0C| (5»5),
a 3TO HEBO3MOXHO, MOCKOMbKY BCE BEKTOPbI
HeKoMMMaHapHbI.

d =0D, + DD




a

a,b n OD, _ xomnnanapHbl, npuuém @ n b —
HEeKOMNMMHeapHs!.



a,b n OD, _xomnnanapHbl, npuuém @ n b —
HEeKOMNMMHeapHs!.

CneposatensHo, OD, =A@ +ub (cnepcteme 3).



a,b n OD, _xomnnanapHbl, npuuém @ n b —
HEeKOMNMMHeapHs!.

CneposatensHo, OD, =A@ +ub (cnepcteme 3).
DD, y ¢ —konnuHeapHsbl, € # 0 . 3nauut, DD, = v



d =\ +ub +ve - A& +ub+ve—-d=0



d =\ +ub +ve - A& +ub+ve—-d=0
KoadhpurumeHTbl NMHENHON KOMOUHALNW:
A, u, v, —1.



d =\ +ub +ve - A& +ub+ve—-d=0
KoadhpurumeHTbl NMHENHON KOMOUHALNW:
A, u, v, —1.
CrnenoBaTtenbHo, @, b . ¢ n d nMHenHo
3aBMCUMBI.



CnencrtBue.
Ecnn @, b n ¢ HekomnnaHapHbl, TO NOOON BEKTOP

d MOXHO NpeacTaBUTb B BUOE NIMHENHOM

KOMOVHauum @, b un c.




CnencrtBue.
Ecnn @, b n ¢ HekomnnaHapHbl, TO NOOON BEKTOP

d MOXHO NpeacTaBUTb B BUOE NIMHENHOM

KOMOVHauum @, b un c.

To ecTb, CyLLEeCTBYIOT A, U, v Takne, 4YTo
d=Aa+ub+vc



4. NoHATHMe
O ba3uce



OnpepeneHue 1.

Bynem roBopuTb, 4To 3 Bektopa @, b nc
obpa3syoT ba3nc B npocmpaHcmee, ecrin OHU
a) NNMHEVHO HE3aBNCUMBbI;

6) nobon BeEKTOpP MOXKHO NpeacTaBuTL B BUAE

JIMHENHOM KOMOWHaLMM BEKTOPOB @, b n C .



OnpepeneHue 2.

Bynem roBopuTb, UTo 2 BEKTOpa @ 1 b 0BpasyioT

6asnc B MNNOCKOCTU 1, ECIU OHU
a) NNMHEVHO HE3aBNCUMBbI;

6) 1 nobon BEKTOP B MIIOCKOCMU TT MOXHO
npeacTaBuUTb B BUAE JIMHEMHOWU KOMOUHaLMK

BEKTOpOB @ U b .




Teopema.

JTrobas Tporka HeKoMMIIaHapPHbIX BEKTOPOB
obpasyeT 6a3nc B NPOCTPaHCTBE.

JTtobble gBa HeKONNMMHeapHble BEKTOPA,
nexatwiune B NyocKoCTU it, 0bpasyeT basmnc
MNNOCKOCTU T.



[loKka3aTenbCTBO
1.TlycTb @, b U ¢ HekoMnnaHapHbI.



[loKka3aTenbCTBO
1.MycTb @, b n ¢ HekomnnaHapHbl. Torga oHu

NTMHENHO HEe3aBUCUMbI, U Torga @ =Aa +ub + ve



[loKka3aTenbCTBO
1.MycTb @, b n ¢ HekomnnaHapHbl. Torga oHu

NTMHENHO HEe3aBUCUMbI, U Torga @ =Aa +ub + ve
B cooTtBeTcTBUMM ¢ OnpegeneHmnem 1 oHu
obpa3syoT basuc.



[loKka3aTenbCTBO
1.MycTb @, b n ¢ HekomnnaHapHbl. Torga oHu

NTMHENHO HEe3aBUCUMbI, U Torga @ =Aa +ub + ve
B cooTtBeTcTBUMM ¢ OnpegeneHmnem 1 oHu
obpa3syoT basuc.

2. [1Nns1 NNOCKOCTU A0Ka3biBAaETCA aHaNOrM4Ho.



KoopauHaTtbl BeKkTopa oTHOCUTENbHO 6a3uca

[ycTb @, b, ¢ —Ba3nc B NPOCTPaHCTBE.



KoopauHaTtbl BeKkTopa oTHOCUTENbHO 6a3uca

[ycTb @, b, ¢ —Ba3nc B NPOCTPaHCTBE.

Torga ons noboro BekTopa _d :
d=Aa+ub+vc



KoopanHaTtbl BeKTOpa oTHOCUTENbLHO 6a3uca
[ycTb @, b, ¢ —Ba3nc B NPOCTPaHCTBE.

Toraga ons noboro BekTopa _d :
d=Aa+ub+vc

A, W, v — KoopaMHaTbl d OTHOCUTENBHO @, b | C:
d(k,u,v)



Teopema 1.
KoopauHaTbl BEKTOpA OTHOCUTENBHO Ba3nca
onpenenarTca OQHO3HAYHO.




[loka3aTenbCcTBO



[loka3aTenbCcTBO



[loka3aTenbCcTBO

Myctb @, b, ¢ —6asuc

d=Aa+pb+v,c
Oonyctum:; @ =A,0 + 1,0 +v,C
Toroa



[loka3aTenbCcTBO

=A,a+ub+v,ce (1)

NonycTum: = hy@ + Hyb + VyC (2)

Toroa B B

(1)-(2)=0=(A, —2y)a+ (1, —1y)b + (v, —v,)C
CnepoBaTenibHO, BCe KO3(POULMEHTLI 3TON
KOMOMHaLUMKX paBHbl HYIHO:

A~ %, =0
By — Uy =

v, —v, =0



[loka3aTenbCcTBO

=A,a+ub+v,ce (1)
NonycTum: = hy@ + Hyb + VyC (2)
Toroa
(1)-(2)=0=(A, —2y)a+ (1, —1y)b + (v, —v,)C

CnepoBaTenibHO, BCe KO3(POULMEHTLI 3TON
KOMOMHaLUMKM paBHbl HYIHO:

A —A,=0 A=A,

Hy —Hg = TO eCTb Ry = Hy

v, —v, =0 vV, =V,



[lpu3HaK paBeHCTBa BEKTOPOB.

BekTopbl paBHbI TOrga U TONbKO Toraa,
Korga ux KkoopgmHaTbl OTHOCUTESNbHO OOHOrO
basnca paBHbl.




Teopema 2.

[1pn crnoXxeHnn BEKTOPOB MX KOOpAUHATDI
CKnagblBaloTCs, a Npn YMHOXEHUU BEKTOpa Ha
4YMCMO BCe KoOopaAnHaTbl BEKTOpPa YMHOXAKTCA Ha
9TO 4unCro.




[loka3aTenbCcTBO
Myctb @, b, ¢ —Basuc.



,E|,0|<a3aTer|bCTBo
Myctb @, b, ¢ —Basuc.
d =Aa+pub+ve

d, = h,a@+u,b +v,c



[loka3aTenbCcTBO

[lyctb b, ¢ —Basuc.
d =Aa+pb+ve
d, = h,a@+u,b +v,c

d+dy,=(A +hy)@+ (1, +1y)b + (v, +v,)T



[loka3aTenbCcTBO
[lyctb b, ¢ —Basuc.
d =Aa+pb+ve
d, = h,a@+u,b +v,c
d+dy,=(A +hy)@+ (1, +1y)b + (v, +v,)T

KoopauHaTtbl BEKTOpa
(az1 + dz)
OTHOCUTENbHO ba3unca




[loka3aTenbCcTBO
[lyctb b, ¢ —Basuc.
d =Aa+pb+ve
d, = h,a@+u,b +v,c
d+dy,=(A +hy)@+ (1, +1y)b + (v, +v,)T

KoopauHaTtbl BEKTOpa
(d, +d,)
OTHOCUTEINbHO Da3nca

ad, = (ak,)a + (op, )b +(av,)c



5. lNpoekuyuna
BeKTopa
Ha OCb



w

\

o) ST

|

|

|

i_|
Al

[Mpoekunen AB Ha ocb 1 Ha3bIBAETCS YNCHO,
paBHOe AnHe oTpe3ka A'B’,

B3SITOE CO 3HaKoM «+», ecrimt A'B' TT u
W B3SITOE CO 3HaKoM «—», ecrim A'B' Tl u .




OnpegeneHue 1

Yrnom mexay Bektopamu @ un b
ABNAETCS Yron mexay nyd4amm a v b.




OnpegeneHve 2

Yrnom mexay BeKTOPOM @ U OCbO U
Ha3blBaeTCA yron mexay a

N NPOU3BOSIbHLIM BEKTOPOM,

OHOHarpaBJi€eHHbIM C OCbO u.




np, o = ‘6‘ +COS

[Tpoekuns a Ha u
paBHa NpPon3BedeHNIO ANNHbI Q
Ha KOCUHYC yrna mexay a U u.

| IOKA3ATb IOMA |




6. AddpunHHLIE
KoopAUHaTLbI



1) ApdbunHHBIE KOOPAUHATHLI B MPOCTPAHCTBE

3agatoTcs 6asmucom @, b | c
n Toukon O — Ha4Yanom KoopamHar.



2) ApdburHHBbIE KOOpAUHATLI JTIOO0N TOYKU M —
koopAuHaTbl Bektopa OM

(oTHOCUTEnbHO 6asuca a, b, ¢).



3) Kaxxgomn Touke npocTtpaHcTtBa M
OAHO3HA4YHO COOTBETCTBYET

Tponka addUHHbLIX KoopauHaT A, W, V: M (,p,v)

T.K. ntobon Bektop OM
MOXET ObITb €MHCTBEHHbIM CIOCOOOM
pa3noxeH no 6asncy a, b, c:

OM =ia +ub +ve



7. NpAMoyronbHbIe
AeKapToBbI
KOOpAWHAaTDLI
BeKTOpa






Myctb @, b, ¢ —Basnc, NPUYEM:
-el-1,

1) lal =
yalb, ble, alc,

Takowm 6asuc \v»J> k) Ha3blBaeTCH
OPTOHOPMMPOBAHHbLIM 1 OPTOrOHaNbHbIM.

7




KoopauHaTthl BeKTopa
OTHOCUTENBLHO OPTOrOHAaSIbHOIO
OPTOHOPMUPOBAHHOIo basuca
Ha3bIBalOTCH
NPAMOYrofnbHbIMU AEKaPTOBLIMU
KoopAuHaTaMun BEKTOpa.



[MpsAMoyronbHble AeKapTOBbI
KOOPANHATLI BEKTOPA

PaBHbI MPOEKLNSAM 3TOro BeKTopa
Ha OCW KOOpPAWHAT.



[MpsAMoyronbHble AeKapTOBbI
KOOPANHATLI BEKTOPA

PaBHbI MPOEKLNAM 3TOro BeKTopa
Ha OCW KOOpPAWHAT.

<}




[MpsAMoyronbHble AeKapTOBbI
KOOPANHATLI BEKTOPA

PaBHbI MPOEKLNSAM 3TOro BeKTopa
Ha OCW KOOpPAWHAT.

d=x-i+y-j+z-k
roe

X =np,.d
y:npoy67




JInHenHble CBOMCTBA NPOEKLUMN BEKTOPa HA OCb

Teopema
1) "P, (c_z+ 5) =np,a+ npug
2) np,A@ = A-np,a




8. CkansipHoe
npou3BeneHue
BEKTOPOB



OnpepeneHue
CkansapHoe nponsBeaeHne OByX BEKTOPOB

a un b —aTtoumcno,
paBHOE NPOU3BEAEHUIO ANTNH 3TUX BEKTOPOB
Ha KOCUHYC yrna Mexay HUMMU.




OnpepeneHue
CkansapHoe nponsBeaeHne OByX BEKTOPOB
a n b —a10 vncno,

paBHOE NMpon3seaeHno AJiMH 3TUX BEKTOPOB
Ha KOCUHYC YyrTla Mexay HUMN.

O6o3HaYeHVE: (55) =a-b= <C_"ab> .



OnpepeneHue
CkansapHoe nponsBeaeHne OByX BEKTOPOB

a un b —aTtoumcno,
paBHOE NPOU3BEAEHUIO ANTNH 3TUX BEKTOPOB
Ha KOCUHYC yrna Mexay HUMMU.

O6o3HaYeHVE: (55) =a-b= <C_"35> .

Onpenenexue: @b =@l b cos o



OnpepeneHue
CkansapHoe nponsBeaeHne OByX BEKTOPOB

a un b —aTtoumcno,
paBHOE NPOU3BEAEHUIO ANTNH 3TUX BEKTOPOB
Ha KOCUHYC yrna Mexay HUMMU.

O6o3HaYeHVE: (55) =a-b= <C_"35> .

Onpenenexue: @b =@l b cos o

Buiuncnenue: @b =|alnp,b =|b|np,a



CBoMCTBa CKansipHOro npovsBeaeHus
1) @ L b Torpga v Tonbko Toraa,

Koraa (55) =0




CBoMCTBa CKansipHOro npovsBeaeHus
1) a L b Toraa v TOrbKO Toraa,
Koraa (ab) =0
2) Yron mexany HeHyneBbIMn G 1« b
OCTpPbIN (Tyrown) Toraa v TonbKO Toraa,

KOora ux ckansipHoe nNpousseneHne
bonbLue (MeHbLUE) HYNA.




Anrebpanyeckue cBoncTBa
CKansapHOro npousBeneHus

1) @-b =b-a (KOMMYTaTUBHOCTb);




Anrebpanyeckue cBoncTBa
CKansapHOro npousBeneHus

1) @-b =b T (KOMMYTATUBHOCTb);

2y (A@)b = r(ab) (accoumaTBHOCTB);




Anrebpanyeckue cBoncTBa
CKansapHOro npousBeneHus

b =b-@ (KOMMYTATUBHOCTBb);

)5 7‘( )(aCCOLI,I/IaTI/IBHOCTb)

b+C)=a-b+a C (OMCTPUBYTUBHOCTD).



Anrebpanyeckue cBoncTBa
CKansapHOro npousBeneHus

a-b=>b-a (KOMMyTaTVBHOCTb);

ra )b 7‘( )(aCCOLI,I/IaTI/IBHOCTb)

b/

)
)

3) @ (b+c)=a-b+a C (OQMCTPUBYTMBHOCTB).
)

- - _ _ 12
a=a’ :‘a‘-‘a‘-cost‘a '

Q|
Q|
\Y
=
Q|



Teopema

CKanﬂpHoe NPOV3BEAEHNE BEKTOPOB

a=a,-i+a, j+a,-k yb=>b-1+b,

B |El,eKapTOBIDIX KOOPAUHaTax paBHO
a-b=ab +ab, +ab,

-] +b,-k



65:‘6‘-‘5‘-0%@



65:‘6‘-‘5‘-0%@
55_

b

COS (P = —
al-



65:‘6‘-‘5‘-0%@
55_
al- |

COS (P =

—12 —2 — —2 2 2 2
‘a‘ =a° = ‘a‘:\/a :\/a1+a2+a,3



65:‘6‘-‘5‘-0%@
55_
al- |

COS (P =

—12 —2 — —2 2 2 2
‘a‘ =a° = ‘a‘:\/a :\/a1+a2+a,3

AHanor4Ho: ‘5 ‘ = Jbf + b2 + b




65:‘6‘-‘5‘-0%@
55_
al- |

COS (P =

—12 —2 — —2 2 2 2
‘a‘ =a° = ‘a‘:\/a :\/a1+a2+a,3

| 12 2 2
AHanNorMyHo: ‘b‘ = b7 + b2 + b
a.b, +a,b, +a.b,

2 2 2 2 2 2
\/al +a, +a, -\/b1 + b, + b;

COS(p =



65:‘6‘-‘5‘-0%@
ab
al o
‘6‘2 =a = ‘6‘:\/?:\/af+a22+a§

=1 [p2 2 2
AHanNorMyHo: ‘b‘ = b7 + b2 + b
a.b, +a,b, +a.b,
\/al2 +a. +a; \/bf +b, +b;

CnpaBeanmBo AJ13 BEKTOPOB, 3a4aHHbIX
NPAMOYIOSIbHbIMW AEKapPTOBbIMU KOOPANHATAMM.

COS (P =

COS(p =




9. NpaBble n neBble
TPOUKU BEKTOpPOB
N CUCTEMbIl KOOPAUHAT



OnpepenexHue 1

Tpu BeKTOpa Ha3biBalOTCA

YyNnopsa04YEHHON TPOUKON (MU NPOCTO TPOWKON),
eClnn yKasaHo,

Kakou U3 HUX ABMAETCA MepBbiM,

Kakon — BTOPbIM

N KaKON — TPETbUM.




OnpepenexHue 1

Tpu BeKTOpa Ha3biBalOTCA

yNnopsa04YEeHHON TPOUKON (MU NPOCTO TPOWKON),
eClnn yKasaHo,

Kakou U3 HUX ABMAETCA MepBbiM,
Kakon — BTOPbIM

N KaKON — TPETbUM.

[Ipnmep.bi:
abc acb cab

S
Sl
o



OnpepneneHue 2

Tporika HekoMnaHapHbIX BEKTOPOB abc
Ha3blBaeTCcd rnpaBoun (1lesou),

ecnu (nocne npueeaeHUs K obLemy Hadvarny)
BbIMOJSIHEHO O4HO U3 CrieayLKnX YCNOBUN:




YcnoBue 1.
OTU BEKTOPbI PACMNOSIOXKEHbI TaK,
Kak MOTyT ObITb PaCrnonoXeHbl

bonbLOoW, yKasaTelbHbIM U CpeaHU NarnbLbl
npasoun (NeBOoNn) pyKu;




YcnoBue 2.

BekTop ¢ pacnonaraetcd no Ty CTOPOHY
OT MJIOCKOCTMN,

onpenensiemMon BeKktopamm @ u b,
OTKyJa KpaTyanlmin NoBOpoT OT @ K b
Ka)keTCcA coBepLuaroLmmcs

NPOTUB YaCcOBOW CTPESIKA (MO YacoBOW CTpernke)
— aHarnor «npasuna bypaByunKkar;




YcnoBue 3.

Haxogdack BHYTPU TENEeCHOoro yrna,
obpas3oBaHHOro Bektopamu a ,b ,c,

Mbl BUAWUM NOBOPOT OT @ K b N OT HEro k ¢
coBepLualoLWnmMcs

NPOTMB YaCOBOW CTPESIKM (MO YacoOBOU CTPETIKE).




3amMeyvaHue:
[ToHATME npaBou U NEBOU TPOUKU TEPAET CMbICIT
ONns KoMnnaHapHbIX BEKTOPOB.




3amMeyvaHue:
[ToHATME npaBou U NEBOU TPOUKU TEPAET CMbICIT
ONns KoMnnaHapHbIX BEKTOPOB.

Ecnu aoBe Tpouku BEKTOPOB 0be npaBsble,
nnn obe nesBble, TO rOBOPAT,

YTO 3TN TPOWUKU OOHON OpUEHTaLUMN.

B npoTuBHOM cny4yae roBopAr,

YTO OHM NPOTUBOMOMNOXHOW OpMUEHTALUN.



Bcero 13 Tpéx Bektopos @,b,C
MOXHO COCTaBUTb Takue LIEeCTb TPOoekK:



Bcero 13 Tpéx Bektopos @,b,C
MOXHO COCTaBUTb Takue LIEeCTb TPOoekK:

a,b,c b,c,a c,a,b —npaBag (nesas) Tpoika



Bcero 13 Tpéx Bektopos @,b,C
MOXHO COCTaBUTb Takue LIEeCTb TPOoekK:

®‘I
Q)
Nl
QI

a, ,a ¢,a,b —npaBas (nesas) Tpolika

O

S|
Q|
S|
Q|
S|
S
S|
S|

a — neBasl (NpaBas) Tponka



OnpepneneHue 3.

APPUHHaAa nnm gekaptoBa cMcTemMa KoopaunHat
Ha3blBaeTCd rnpaBoun (1lesou),

ecnu Tpu 6asncHbIX BEKTOpPA

obOpasyloT nNpasyto (JIeBY0) TPOUKY.




OnpepeneHue 3.

APPUHHaAa nnmn gekaptoBa cMctemMa KoopanHat
Ha3blBaeTCd rnpaBoun (1lesou),

ecnu Tpu 6asncHbIX BEKTOpPA

obOpasyloT nNpasyto (JIeBYH) TPOUKY.

Ecnu cneunanbHO He OroBopeHo, TO
paccMaTpMBalOTCH TONbKO NpaBble TPOMNKMU
BEeKTOPOB U CUCTEeMbl KOOPAUHAT.



10. BeKkTOpHOE
npoun3BeageHue
BEKTOpPOB



OnpepeneHue

BekTopHbIM Npon3BegeHNEM BEKTOPOB @ U b
Ha3blBaeTCsA BEKTOP C, KOTOPbIM yOOBNETBOPSET
YCINOBUSAM:




OnpepeneHue

BekTopHbIM Npon3BegeHNEM BEKTOPOB @ U b
Ha3blBaeTCA BEKTOP C, KOTOPbIM yOOBNETBOPSET
YCINOBUSAM:

f &

S

Q|



OnpepeneHue

BekTopHbIM Npon3BegeHNEM BEKTOPOB @ U b
Ha3blBaeTCA BEKTOP C, KOTOPbIM yOOBNETBOPSET
YCINOBUSAM: :

1) |E|:|6|-‘5‘-sin(p C

S

Q|



OnpepeneHue

BekTopHbIM Npon3BegeHNEM BEKTOPOB @ U b
Ha3blBaeTCA BEKTOP C, KOTOPbIM yOOBNETBOPSET
YCINOBUSAM:

1) |E|:|6|-‘5‘-sin(p

f &

2)ycla, ¢lb

S

Q|



OnpepeneHue

BekTopHbIM Npon3BegeHNEM BEKTOPOB @ U b
Ha3blBaeTCA BEKTOP C, KOTOPbIM yOOBNETBOPSET
YCINOBUSAM: :

1) |E|:|6|-‘5‘-sin(p C

2)ycla, ¢lb

S

3) a,b, ¢ — npaBas TpoWnka.

Q|



OnpepeneHue

BekTopHbIM Npon3BegeHNEM BEKTOPOB @ U b
Ha3blBaeTCA BEKTOP C, KOTOPbIM yOOBNETBOPSET
YCINOBUSAM:

il —

1) |E|:|6|-‘5‘-sin(p C

2)ycla, ¢lb -
3) @,b,¢ — npaBasi Tpoiika.

O603HaYeHNs: N
[65}, ((7><5), (7><5, (6/\5) O



[eomeTpunyeckue CBOUCTBaA
BEKTOPHOro npou3BeneHus

1) Ecnu @ u b — konnuHeapHble, TO [55}:0.



[eomeTpunyeckue CBOUCTBaA

BEKTOPHOIro ripoun3BeneHus

1) Ecnim @ n b — konnuHeapHble, TO [55}:0.
2) nvHa (Moaynb) BEKTOPHOro nNpon3BeaeHmns

[ab] paBHa nnowaan S napannenorpaMmma,
MOCTPOEHHOro Ha NPMBEAEHHbIX

K 0bLLeMy Ha4any BekTopax a@ un b .



[eomeTpnyeckue cCBOUCTBaA
BEKTOPHOro npov3BeneHus

1) Ecnu @ u b — konnuHeapHble, TO [55}:0.
2) nvHa (Moaynb) BEKTOPHOro nNpon3BeaeHmns

[55} paBHa nnowagu S napannenorpaMmma,
NOCTPOEHHOIO Ha NPUBEAEHHbIX
K OBLLEMY Hayany BekTopax @ u b .
b~ B
Swap. _— ‘[a b | \ =S,

-
e
-
-

a



OnpepeneHue.

OpTOM NPOM3BONLHOIO HEHYIEBOIO BEKTOPA C
Ha30BEM €OUHNYHbIN BEKTOP, KOMNIMHEApPHbIN ¢
N UMEIOLLIMN OUHAKOBOE C C HarpaBlieHMe.




[eomeTpunyeckue CBOUCTBaA
BEKTOPHOro npov3BeneHus

3)|ab]=5,, -

e =

Q|

S

Q|

S




Anrebpavnyeckue cBOoUCTBa
BEKTOPHOro ripou3seneHus

1) [‘75} = —[5‘7} — aHTUKOMMYTaTUBHOCTb



(7

(a

Anrebpavnyeckue cBOoUCTBa
BEKTOPHOro ripoun3seneHus

b =
a)b | =

|: :| — dHTUKOMMYTAaTUBHOCTDb

[a b } — accouMaTUBHOCTb



Anrebpavnyeckue cBOoUCTBa
BEKTOPHOro ripou3seneHus

1) [ } — aHTMKOMMYTaTUBHOCTb
a

2) _( )5}: [ b} — accoumaTmuBHOCTb
[

3) | (@a+b)e|=[ac

Q|

|+ [55} — ANCTPUBYTUBHOCTb



N —

w
h ) —— ) —— ) ——
I

AN

Anrebpavnyeckue cBOoUCTBa
BEKTOPHOro ripoun3seneHus

@b |=~[ba@ | _ aytkommyTaTMBHOCTS

0‘[‘7 b} — accoUMaTUBHOCTb



11. CmelwaHHoOe
npouniBeneHume
BEKTOPOB



Obo3HayeHue: (075_5)



Obo3HayeHue: (075_5)

[ycTb JaHbl TPM NPOU3BOSIbHBLIX BEKTOpa @,b un ¢



Obo3HayeHue: (075_5)

[ycTb JaHbl TPM NPOU3BOSIbHBLIX BEKTOpa @,b un ¢
Ecnu BekTop @ BEKTOPHO YMHOXaeTCs

Ha BekTop b,



O6o03HavyeHue: (075_5)

[ycTb JaHbl TPM NPOU3BOSIbHBLIX BEKTOpa @,b un ¢
Ecnu BekTop @ BEKTOPHO YMHOXaeTCs

Ha BeKTop b,

a 3aTeM Mony4nBLLMNCA NMPU 3TOM BEKTOP [‘7 b}
cKangapHO yMHOXaeTca Ha BEeKTop ¢,



Obo3HayeHue: (075_5)

[ycTb JaHbl TPM NPOU3BOSIbHBLIX BEKTOpa @,b un ¢
Ecnu BekTop @ BEKTOPHO YMHOXaeTCs

Ha BekTop b,

a 3aTeM Mony4nBLLMNCA NMPU 3TOM BEKTOP [‘7 b}
cKangapHO yMHOXaeTca Ha BEeKTop ¢,

TO B pe3yrnbTaTe Nony4yaeTcs YMCno ab|ec
Ha3bIBAEMOE CMeWaHHbIM MPou3sedeHUeM

BEKTOpoB @ ,b un c.



Obo3HayeHue: (075_5)

[ycTb JaHbl TPM NPOU3BOSIbHBLIX BEKTOpa @,b un ¢
Ecnu BekTop @ BEKTOPHO YMHOXaeTCs

Ha BekTop b,

a 3aTeM Mony4nBLLMNCA NMPU 3TOM BEKTOP [‘7 b}
cKangapHO yMHOXaeTca Ha BEeKTop ¢,

TO B pe3yrnbTaTe Nony4yaeTcs YMCno ab|ec
Ha3bIBAEMOE CMeWaHHbIM MPou3sedeHUeM

BEKTOpoB @ ,b un c.
def

(@bc) =|ab |e



Teopema.

CMeLLaHHOe Npoun3BeaeHue [ab}z
paBHO 0ObeMY napannenenunena,



Teopema.

CMeLuaHHoe nponseeaeHue | 20 [

paBHO 0ObeMY napannenenunena,
NOCTPOEHHOIo Ha NPUBEOEHHbIX

K 0bLLeMy Havyany BekTopax a,b n c,



Teopema.

CMeLuaHHoe nponseeaeHue | 20 [

paBHO 0ObeMY napannenenunena,
NOCTPOEHHOIo Ha NPUBEOEHHbIX

K 0bLLeMy Havyany BekTopax a,b n c,
B3SiITOMY CO 3HAKOM MNIIOC,

ecnun Tponka abc npasas,



Teopema.

CMeLuaHHoe nponseeaeHue | 20 [

paBHO 0ObeMY napannenenunena,
NOCTPOEHHOIo Ha NPUBEOEHHbIX

K 0bLemy Havyany BekTopax a,b u ¢,
B3ATOMY CO 3HAKOM MJItOC,

ecnmn Tpounka abc npaBas,

N CO 3HAKOM MUHYC,

ecrnn Tpouka abc neBasi.



Teopema.

CMeLuaHHoe nponseeaeHue | 20 [

paBHO 0ObeMY napannenenunena,
NOCTPOEHHOIo Ha NPUBEOEHHbIX

K 0bLLeMy Havyany BekTopax a,b n c,
B3ATOMY CO 3HAKOM MJIOC,

ecnmn Tpounka abc npaBas,

N CO 3HAKOM MUHYC,

ecrnun Tpouka abc neBasi.

Ecnu e BeKTopbI a,buc KOMMIaHapHbl,

TO [‘75}5 PaBHO HYTIO.






Cneancreus.

1) CnpaBeanuBo paBEHCTBO [‘76}5 = ‘7[ bﬂ .
370 NO3BOMSIET 3aNUCbIBaTb CMELLAHHOE

npon3BeeHne TPEX BEKTOPOB @ ,b un ¢

NpocTo B BuAe abc unu (‘765).



2) HeobxogmmbiM 1 OOCTaATOYHbLIM
yCIIOBMEM KOMMMAHAPHOCTU TPEX BEKTOPOB
SABMAETCHA PaBEHCTBO HYIIIO

NX CMELLUaHHOro Npoun3BeeHus.



3) CmellaHHOE npon3BegeHmne Tpex BEKTOPOB,
OBa U3 KOTOPbIX KOMNMMHeapHbl, paBHO HYIIIO.






5) ObbeM TeTpasgpa,
NOCTPOEHHOIo Ha NPUBEOEHHbIX

K 0bLLeMy Havyany BekTopax a,b n ¢, paBeH:

memp.

L




12. BeKTOpHOE

N CMellaHHoe

npoun3BeneHus
BEKTOpPOB

B AeKapPTOBbIX

KoopAauHaTax.



1) BekTOpHOE Npon3BeaneHue

a=1{x,y.2} b={x,52,)



1) BekTOpHOE npowsBep.eHMe
az{xlaylazl}; { XosY9s< }
j

ab |-

k

l

Xy
Xo Y

—
—

<
<

\V]
\]




1) BekTOpHOE npowsBep.eHMe
az{xlaylazl}; { XosY9s< }
j

ab |-

k
1 yl <
2

X
x2 y2

l

—

\}

CnepncrtBue.

Ecnn BekTopbl @ 1 b KonnMHeapHbl, TO UX
KoopAWHAaTbl NponopLUUOHanbHbI:



1) BekTOpHOE Npon3BeaneHue

a=1{x,y.2} b={x,52,)
- ;g
ab)-

<
<

l

Xy
Xo Y

—
—

\V]
\]

CnepncrtBue.

Ecnn BekTopbl @ 1 b KonnMHeapHbl, TO UX
KoopAWHAaTbl NponopLUUOHanbHbI:

YN _h _ &

Xo Yo %




2) CMewaHHOE Npon3BeaeHue
az{xlaylazl}; b :{xzayzazz}; c

{x3’y3’23}



2) CMewaHHOe Npon3BeaeHue
az{xlaylazl}; b :{xzayzazz}; c

{x3’y3’23}

(665):352 Y, 2,




CnepncrtBue.

HGOGXO,EI,I/IMbIM M A4OCTATOYHbIM yCJ'IOBI/IeM
KOMIMJ1aHapPHOCTU TPEX BEKTOPOB ABJIAETCA
PABEHCTBO HYMIO onpeaennTens

xl yl 21
Xy Yy Z9|=0

X3 Y3 <3




12. [IBONHOE BEKTOpPHOE
npounsBeaeHue.



[TlycTb OaHbl
TPU NPOU3BOSIbHbLIX BEKTOpa @,b un C.



[TlycTb OaHbl
TPU NPOU3BOSIbHbLIX BEKTOpa @,b un C.

Ecnn Bektop O BEKTOPHO YMHOXaeTcst
Ha BEKTOpP C,



[TlycTb OaHbl
TPU NPOU3BOSIbHbLIX BEKTOpa @,b un C.

Ecnn Bektop O BEKTOPHO YMHOXaeTcst
Ha BEKTOpP C,

d BEKTOP a4 TakKXe BEKTOPHO YMHOXaeTCAH

Ha BEKTOpHOE npouaseaehme | ¢ |



[TlycTb OaHbl
TPU NPOU3BOSIbHbLIX BEKTOpa @,b un C.

Ecnn Bektop O BEKTOPHO YMHOXaeTcst
Ha BEKTOpP C,

d BEKTOP a4 TakKXe BEKTOPHO YMHOXaeTCAH

Ha BEKTOpHOE npouaseaehme | ¢ |

TO Nony4aroLnncs npm 3ToM BEKTOP [5[55]]



[TlycTb OaHbl
TPU NPOU3BOSIbHbLIX BEKTOpa @,b un C.

Ecnn Bektop O BEKTOPHO YMHOXaeTcst
Ha BEKTOpP C,

d BEKTOP a4 TakKXe BEKTOPHO YMHOXaeTCAH

Ha BEKTOpHOE npouaseaehme | ¢ |

TO Nony4aroLnncs npm 3ToM BEKTOP [5[55]]

HAa3blBaA€TCH
ONBOWUHbLIM BEKTOPHbIM MNMpoun3sejeHnemMm.



Teopema

[ns ntoObix BEKTOPOB @ ,b 1 ¢
cnpaBeanuea goopmyna

‘@[ be||=b(ac)-c(abd)



Teopema

[ns ntoObix BEKTOPOB @ ,b 1 ¢
cnpaBeanuea goopmyna

‘@[ be||=b(ac)-c(abd)

To ecTb, UMeeM pas3HOCTb
OBYX CMeLlaHHbIX Npon3BeaeHUn:



Teopema

[ns ntoObix BEKTOPOB @ ,b 1 ¢
cnpaBeanuea goopmyna

‘@[ be||=b(ac)-c(abd)

To ecTb, UMeeM pas3HOCTb
OBYX CMeLlaHHbIX Npon3BeaeHUn:

«bau» MUHYC «Lab»



