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UccaepoBaTesbCcKue cTpaTerum
[eomeTpuueckast MojaeJib BEKTOPHOM

aareopbl
CranpapTHble CrIOCOObI 3alaHKs1 BEKTOPA
Onepauun BeKTOPHOMN ajireOpbl U JIpyrue yHKIMHU Ha BEKTOpax

BEKTO]Z)HO-CI’IMBOJII/I‘IGCK&H MOJ€Jb BEKTOP-

HOW aareopbl
CranpapTHble CrIOCOObI 3alaHKs1 BEKTOPA
[IpencraByeHue OTHOLICHUH B BUJIE PABEHCTB
HekoTopble KpuTepuu BEKTOPHON asireOphbl

KoopanHaTtHasi MojeJib BEKTOPHOM aJreopbl

[TocTanoBka 3aaiu 0 3alaHUH BEKTOPA C ITIOMOIIBLIO YHCEJI
JIlnneiinas KOMGHHaU,I/IH
DKBUBAJIEHTHOCTD ONHO3HAYHOCTHU U MUHHUMAJIbHOCTH
TeopeMa 00 KBUBAJEHTHOCTH MUHUMAJbHOCTU CUCTEMBI [TOPO2KIa-



IOLLIMX U OJIHO3HAYHOCTH PA3JIOKEHHUSA
OJIHO3HAYHOCTD W JIMHEHHAS HE3ABUCUMOCTD
Teopema o 6azuce npsmon
Teopema o 6asuce nIOCKOCTH
Teopema o 6asuce npoctpancTsa
Teopema 0 nuHeNHbIX KOMOUHALMAX OA3UCHBIX BEKTOPOB
KoopauHatel BekTopa .

— =
Teopema o koopanHaTax BekTopoB Aa u a + b
KpuTrepuil KosliMHeapHOCTH BEKTOPOB

[lepexon oT 0o gHOM MOJEJIHN K IPYTOH



2. BekropHag anre6pa u reomeTpus

BekropHas ajnre6pa U OCHOBAaHHAsl HA HEH aHAJIMTHUECKAsi TE€OMETPUSI
(haKTHUECKH «yOUJIN» <TPAJULIMOHHYIO» F€OMETPHIO B TOM CMbICJIE, UTO
reOMETPHUS U3 MATUCTPAJBbHOTO, LEHTPAJbHOTO HAMPABJCHUS PA3BUTHS
MaTeMaTHKH [lepeMecTHIach Ha repudepuro.

B 1KoJIbHOM Kypce MaTeMaTHKH BEKTOP MPAKTHUECKH OTOXKJIECTBJIS-
eTCsl C HalpaBJieHHbIM OTpe3KoM. Hacko/ibKo 3To gonyctumo? B Kakux
HarnpaBJIEHUSIX MOXKHO Pa3BUBATh UCCJIEI0BAHUE BEKTOPOB?

O,ZLI/IH U3 MEXAdHU3MOB BbIGOpa HallpaBJICHHUS HCCJAE€N0BAHHUS OCHOBAH
Ha cucmeme uccaedo8amenvcKux cmpameeuL'Z.



HUccaepoBaTenbckue CTpaTE€ruu

1) cTparerus MpUOPUTETHOTO H3YUEHHUS «IKCTPEMAJIbHBIX» CUTYyallHi;

2) cTparerusi IOMCKa aHaJIOTHH,

3) cTparterus nepexojia oT H3yueHHst OTAEJNbHOr0 00'beKTa K cHcTeMe 00'bEKTOB;
4) cTpaterus NpeiBKYyLLEHHUS;

D) cTpaTerusi moCcTpoOeHHst MOJIEIH;

6) cTparerust o6orauleH1si MOJEH;

7) cTpaTerust CMeHbl poJieli U IPUOPUTETOB.

Crparerusi npUOPUTETHOIO U3YUEHHUSI «KIKCTPEMAJbHBIX» CUTya-
LLMH TTO3BOJISIET, HATIPUMED, BBIACIUTh CIIelIMaJIbHbIE TUITbl BEKTOPOB: HY-
JICBOU U €JIMHUYHBIA, a TakxKe HauboJiee BaXKHble BAPUAHTbI B3AHUMHO-
r0 PaCMoJIOKEeHUS JIBYX BEKTOPOB: KOJJUHEAPHOCTb, OPTOTOHAJbHOCTh U
KOMIIJITAHAPHOCTb BEKTOPOB.



MCCJ]CILOB&TCJH)CKPIC CTpaTE€ruu
1) cTpaTerusi PUOPUTETHOTO U3YUEHHUS «IKCTPEMAJIbHBIX» CUTYalIUH;

2) cTparerusi IoMCKa aHaJIOTHH;

3) cTpaTerus nepexoja OT U3yueHHUs OTIAENbLHOr0 00bEKTa K CUCTEME 0O BEKTOB;
4) cTpaTerust NpeaBKyLIEHHUST;

D) cTpaTerusi oCTpoeHust MOJIEJIH;

6) cTparerust o6orauleH1si MOJEH;

7) cTpaTerust CMeHbl poJieli U IPUOPUTETOB.

Crparerusi noucka aHaJoruu MPUBOJUT B IEPEHOCY HEKOTOPbIX Te0-
METPUUECKUX TOHATUH B BEKTOPHYIO anreOpy, Hanmpumep, MOHATUS Ma-
PaAJIJICJIBHOCTH U MEPIEHIUKYJIAPHOCTH, TIEPEHOC TAKUX XaPAKTEPUCTHK
KaK JJIMHA, YroJl U JIP.



HUccaepoBaTenbckue CTpaTE€ruu

1) cTpaTerusi PUOPUTETHOTO U3YUEHHUS «IKCTPEMAJIbHBIX» CUTYalIUH;

2) cTparerusi IOMCKa aHaJIOTHH,

3) cTparerus nepexojia oT H3yueHHst OTAEJNbHOr0 00'beKTa K CHCTeMe 00'bEKTOB;
4) cTpaterus NpeiBKYyLLEHHUS;

D) cTpaTerusi moCcTpoOeHHst MOJIEIH;

6) cTparerust o6orauleH1si MOJEH;

7) cTpaTerust CMeHbl poJieli U IPUOPUTETOB.

Crtparerus nepexoja oT U3yueHUs OTAEJbHOI0 00 beKTa K CUCTe-
Me 00beKTOB B COUETAHUU C JIPYTUMHU CTpaTerusiMu ob6ecreunBaeT BBe-
JIeHUE orepaudid U OTHOLIEHWH Ha MHOXKECTBE BEKTOPOB M MepPexoji OT
M3yueHHs1 OT/IeJIbHbIX BEKTOPOB K TeOMeTPHUeCKHUM (hUTrypam.



HUccaenoBartenbckue CTpaTE€ruu

1) cTpaTerusi PUOPUTETHOTO U3YUEHHUS «IKCTPEMAJIbHBIX» CUTYalIUH;

2) cTparerusi IOMCKa aHaJIOTHH,

3) cTpaTerus nepexoja OT U3yueHHUs OTIAENbLHOr0 00bEKTa K CUCTEME 0O BEKTOB;
4) cTpaTerust NpeaBKyLICHHUST;

D) cTpaTerusi oCTpoeHust MOJIEJIH;

6) cTparerust o6orauleH1si MOJEH;

7) cTpaTerust CMeHbl poJieli U IPUOPUTETOB.

CTpaTeFl/lﬂ NpeABKYIIE€HHUS, KAK OébquO, [IO3BOJIAET CTPOUTDL I'MIIO-
TE3bI, 0O0OCHOBBIBATb HUX HJIH OIpoBepraTb, OCYWECTBJIATH ITOUCK pELIC-

HHUs 3a1a4 U 1P.



HUccaepoBaTenbckue CTpaTE€ruu

1) cTpaTerusi PUOPUTETHOTO U3YUEHHUS «IKCTPEMAJIbHBIX» CUTYalIUH;

2) cTparerusi IOMCKa aHaJIOTHH,

3) cTparterus nepexojia oT H3yueHHst OTAEJNbHOr0 00'beKTa K cHcTeMe 00'bEKTOB;
4) cTpaTerust Npe/IBKyLLEHHUS;

D) cTpaTerusi oCcTpoOeHHst MOJIEIH;

6) cTparerust o6orauleH1si MOJEH;

7) cTpaTerust CMeHbl poJieli U IPUOPUTETOB.

Crtparerusi NnoCTpOEHUs] MOJEJH SIBJSIETCS UCTOYHUKOM TAKHUX Ha-
MpaBJEHUH UCCJIC0BAHNS KAK BbIJIJICHHE CTAHLAPTHBIX CIIOCOOO0B 3a1a-
HHUsl PA3JHUHBIX OO'bEKTOB BEKTOPHOM asreOpbl, B YACTHOCTH, BEKTOPOB
¥ reOMeTpUUEeCKUX (PUryp, pacCMaTPUBAEMbIX KaK COBOKYITHOCTH BEKTO-
poB, POPMHPOBAHHIO JIPYTHX MOjieJied BEKTOPHOH anredpbl, MOJAEIUPO-
BAHHIO ONEepPALMi U OTHOLLICHUH U JP.



HUccaenoBartenbckue CTpaTE€ruu

1) cTpaTerusi PUOPUTETHOTO U3YUEHHUS «IKCTPEMAJIbHBIX» CUTYalIUH;

2) cTparerusi IOMCKa aHaJIOTHH,

3) cTpaTerus nepexoja OT U3yueHHUs OTIAENbLHOr0 00bEKTa K CUCTEME 0O BEKTOB;
4) cTparerust NpeaBKYyLIEHHUS;

D) cTpaTerusi oCTpoeHust MOJIEJIH;

6) cTparterust o6oralleH1s: MOJEH;

7) cTpaTerust CMeHbl poJieli U IPUOPUTETOB.

CTpaTeFl/lH 060ra1ueuml MO €U ITPUBOJUT KO BBEACHHUIO TAKUX 10~
HATHHU KaK CKaJIsIpHOE, BEKTOPHOE U CMEIIAaHHOE TTPOU3BEACHHUS, OllEpa-
LMK CJIOXKEHHUS BEKTOPOB U YMHO2KE€HHS BEKTOPA HA YHUCJIO. KaK [IpUME-
HeHHe 3TOU CTpaTerui MO2KHO paCCMaTpuUBATb BBEJICHHUE IMOHATHA KOM-
[IJITAHAPHOCTH BEKTOPOB.



HUccaepoBaTenbckue CTpaTE€ruu

1) cTpaTerusi PUOPUTETHOTO U3YUEHHUS «IKCTPEMAJIbHBIX» CUTYalIUH;

2) cTparerusi IOMCKa aHaJIOTHH,

3) cTparterus nepexojia oT H3yueHHst OTAEJNbHOr0 00'beKTa K cHcTeMe 00'bEKTOB;
4) cTpaterus NpeiBKYyLLEHHUS;

D) cTpaTerusi moCcTpoOeHHst MOJIEIH;

6) cTparerust o6orauleH1si MOJEH;

7) cTpaTerust CMeHbl poJieli U IPUOPUTETOB.

Ctparterusi cMeHbl poJjed U NPUOPUTETOB NMPUMEHSETCS TIPU Teo-
METPUUYECKOHU UHTEPIIPETALMU CUCTEM YPABHEHUH U JPYTUX BbIPAKEHUH,
a TakxKe MPU CO3JIaHUU aHAJUTUHUECKOW MeOMETPUU U PeLlIeHUH 3a/1au.



[eomeTpuueckast MojaeJib BEKTOPHOM ajareopbl

CranpapTHble CrIOCOObI 3a/1aHUsI BEKTOPA
Onepauuu BeKTOPHON ajreGpbl U Ipyrue GyHKIMH HA BEKTOPAX



3.1. CtanpapTHble cnocoObl 3aJaHUs BEKTOpaA
[loHsAiTHE HanpaBJ/JEHHOrO OTpPe3Ka SABJSCTCA OCHOB0U ONPEILJICHUS
BeKTOpa. Bekrop siBJsieTcss aOCTpaKTHbIM MOoHsATHEM. OCHOBHBIMU Xa-
pPaKTepUCTHKAMK BEKTOPA SIBJISIOTCS OAUHA U HanpasaeHue.
KoHKpeTHbI HamnpaBJ/ieHHbIH OTPE30K pacCMATpPUBAETCS KaK npeo-
cmasumens BeKTopa. [eomerpuueckas pabota ¢ BEKTOPOM OCHOBaHa Ha
MpoLeype OTKAaAbIBaHUSA BEKTOPA OT TOUYKH.
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Coranawenue 1 Ecau U — Hexkomopolll 8ekmop, mo cmardapmHeolll nepexood K
KOHKpemHomMy Hanpasaerromy ompesxky AA" ocywecmsaasemcs omraadol8ari-

—

—_— v
em sekmopa u om mouxu A. Ecau AA" — nanpasaennolli ompesok, mo AA" —
coomsemcmayrouuii sexmop. B uacmnocmu, HanpasaerHolii ompeszok AA" udem

u3 mouxku A 8 mouxky A, a sekmop AA" moxycem 6oime omaoxcen om 110601
mo4kKu.
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3.2. Onepaunu BEKTOPHOM ajare6pbl U Apyrue PyHKLUHU
Ha BEKTOpax

ba3oBble onepaiuuu BEKTOPHOU anreodpbi:

— cJlI02KeHHe (CyMMHpPOBaHHe ) BEKTOPOB: U + V (MTOroBbIi pHC.);
— YMHOKEHHE BeKTOPa Ha UUC/I0: AU ;

— BEKTOPHOE MPOU3BeJIeHHE BEKTOPOB (MTOTOBOE ONpejiesieHue ).

DyHKIMH, OTIpeaeeHHble HAa BEKTOpaX:
— MPOEKLHs BEKTOPa Ha OCb JIPYroro BEKTOPa,
— CKaJIsipHO€ MPOU3BeJIEHUE BEKTOPOB (OIpejie/ieHHe);

BropuuHblie onepauuu U (hyHKIUH, ONpe/ieeHHble Ha BEKTOpaX:
— CMellaHHOe NPOU3BeJIeHHE BEKTOPOB.
— JIBOMHOE BEKTOPHOE NPOU3BeIeHHE BEKTOPOB,
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Onpenenenuve 1 Cymmou sexkmopos u b naseisaemca ma-
H

1% — —_— —
KOl 8eKmop C, umo, ecau sekmopo. a, b u ¢ omaoxcumos om
% v H _> % H
npoussoavHotll guxkcuposanroti mouku O: OA=a, OB=b,
_> H
OC = ¢, moompesok OC 6ydem cosnadame ¢ 0Ua2OHAN6IO NA-

paarenroepamma co cmoporamu OA u OB.

\
a
é
b

—
a

PucyHok K onpejiesieHu1o
CYMMbI BEKTOPOB.
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OﬂpelleJleHl/le 1 CyM.MOﬁ 8exKmopos u b naseisaemcsa ma-
—
—

v — —
KOl 8eKmop ¢, umo, eciu sekmopo. a, b u ¢ omaoxcumos om
. . — N — —
npoussosvHotl guxkcuposanrot mouku O: OA=a, OB=b,
_> _)
OC = ¢, moompesok OC 6ydem cosnadame ¢ 0Ua2OHAN6IO NA-

paarenroepamma co cmoporamu OA u OB.

x _
b

é

b

—
a

PuUCyHOK K onipeie/ieHHI0
CYMMBbI BEKTOPOB.
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OﬂpelleJleHl/le 1 CyM.MOﬁ 8exKmopos u b naseisaemcsa ma-
—
—

v — —
KOl 8eKmop ¢, umo, eciu sekmopo. a, b u ¢ omaroxcumos om
. . — — — —
npoussosvHotl guxkcuposanrot mouku O: OA=a, OB=b,
% %
OC = ¢, moompesok OC 6ydem cosnadame ¢ 0Ua2OHAN6IO NA-

paaireroepamma co cmoporamu OA u OB.

B
x RN
b

—
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= PuUcyHOK K onipe/ie/ieHHI0
A CYMMbI BEKTOPOB.
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Onpenenenuve 1 Cymmou sexkmopos u b naseisaemca ma-
H

1% — —_— —
KOl 8eKmop C, umo, ecau sekmopo. a, b u ¢ omaoxcumos om
% v H _> % H
npoussoavHotll guxkcuposanroti mouku O: OA=a, OB=b,
_> H
OC = ¢, moompesok OC 6ydem cosnadame ¢ 0Ua2OHAN6IO NA-

paarenroepamma co cmoporamu OA u OB.

B
x _
b

—
a

= PucyHok K onpejiesieHu1o
A CYMMbI BEKTOPOB.



—

Onpenenenuve 1 Cymmou sexkmopos u b naseisaemca ma-
H

v — — —
KOU 8eKmop c, 4mo, ecau sekmopeo. a, b u ¢ omaoxmums om
% v H _> H H
npoussoavHotll guxkcuposanroti mouku O: OA=a, OB=b,
% H
OC = ¢, moompesok OC 6ydem cosnadanmo ¢ duaeoHavio na-

paarenroepamma co cmoporamu OA u OB.
B

—
a

= PuUcyHOK K onipeie/ieHHIo
A CYMMbI BEKTOPOB.



OnpenesieHne onepalyu YMHOMNCEHUA 8EeKMOPA HA YUCAO MOXK-
HO pacCMaTpUBaThb KaK pPe3yJ/ibTaT IPUMEHEHUS CTPATErMH IPUOPUTETHO-
ro U3y4eHHs IKCTPeMaJIbHbIX CUTYalHH (CJ0KEHHUsST PaBHbIX BEKTOPOB) U
CTpaTeruu MOoUcCKa aHajoruu. HanoMHuM, 4To yMHOXKEHUE HATYyPaJIbHbIX
ypces U3HavyaJlbHO OCHOBBIBAJIOCh HA KPATHOM CJIO?KEHUHU OJIHOTO U TOTO
JKe uMcJia, Harpumep

S5+5+5=5H-3.

A+a+... +a=AA+AA+.. . +A,_ A,
n cJaraeMblX

o —
rne AAy, A1As, ..., A, 1A, — NpeCcTaBUTE/M BEKTOpa &'.



OnpenesieHne onepalyu YMHOMNCEHUA 8EeKMOPA HA YUCAO MOXK-
HO pacCMaTpUBaThb KaK pPe3yJ/ibTaT IPUMEHEHUS CTPATErMH IPUOPUTETHO-
ro U3y4eHHs IKCTPeMaJIbHbIX CUTYalHH (CJ0KEHHUsST PaBHbIX BEKTOPOB) U
CTpaTeruu MOoUcCKa aHajoruu. HanoMHuM, 4To yMHOXKEHUE HATYyPaJIbHbIX
ypces U3HavyaJlbHO OCHOBBIBAJIOCh HA KPATHOM CJIO?KEHUHU OJIHOTO U TOTO
JKe uMcJia, Harpumep

S5+5+5=5H-3.

A+a+... +a=AA+AA+.. . +A,_ A,
n cJaraeMblX

A A — o
rne AAy, A1 Ao, ..., A, 1A, — nipeicTaBuTeN M BeKTopa a’. Kaxkibli u3
npejacTaBuTe el ObL MOJIydeH TpUMeHeHneM coriaiienus 1. Bee onn 06-
JIaJIAl0T OJIMHAKOBBIMHM XapaKTEPHUCTHKAMM.



OnpeﬂeﬂeHHe orepalvu YMHOMCEHUA seKmMopa Ha 4UC/10 MOXKHO paCCMaTPUBATh Kak pe3yJibTaT
NPUMEHEHHS] CTPATETMH TPUOPUTETHOTO H3YUEHHST IKCTPEMAJIbHBIX CUTYallMH (CJI0’KEHUST PABHBIX BEKTO-
pOB) U CTPATEruy MOUCKA aHAJOTHH.

AQta+... +a=AA+AA+.. . +A,_ A,
n cJlaraeMblx
rne AA, A1As, ..., A1 A, — NIPeICTABUTEHN BEKTOPA a . Kaxpiit u3
npeacTaBuTe/Ied ObLI OJyUeH MpUMeHeHueM coriatienus 1. Bee onn 06-
JIAJIA0T OIMHAKOBBIMH XapaKTepUCTUKAMHU. [ I0CKOJIbKY UX HarpaBJIeHUS
paBHbI, TO OHU OYYT JIeXKATb HA OJIHOU MPSIMOU, TOTJIA IJIMHOU BEKTOPa-
CYMMbI OYJIET CyMMa JIJIMH BEKTOPOB-CJIaraeMblX.

o)
b

A, A, Ay A, A,




PucyHok K onpenesieHno
na o MPOU3BEACHUS BEKTOPA Ha UUCJIO.

AA1+A1A2—|——|—An_1An:<4A1+AA1—|——|—AAL:71AA1
n CJlaraeMbix

Takum o6pazom, onepauus CaA0KEHU BEKTOPOB JJ1s1 CUCTEMbI U3 OJTHOTO
BEKTOPA PABHOCHJIbHA OMepPallid YMHOXKEHHUS] BEKTOPA HA YMCJIO CJlara-
eMbIX. Hucso cjiaraeMbix SIBJSIETCS YMCJAOM HATypaJbHbIM. Y MHOXKEHHE
BEKTOPA HA HATYPAJIbHOE UUCJIO ABJISIETCH OJIHOU U3 €XOPOLIUX>» IKCTPe-
MaJIbHbIX CUTyalUU# JJ/151 OOLIEro cJydasi yMHOXKEHHsI BEKTOpa Ha MPOU3-
BOJIbHOE UKCJIO. 3HAUMT, MOJYUeHHbIH pe3yJbTaT TpebyeT 06001IeHUS.



_)
Onpenenenue 2 Illpoussedenuem gekmopa a HA HUCAO \ HA30-
seMm 6eKmop X a, yo0BACMBOPAIOUUL CAeOYIOWUM MPeOOBAHUAM:

[)ecawn @ =0 uau =0, moN& = 0;



_)
Onpenenenue 2 Illpoussedenuem gekmopa a HA HUCAO \ HA30-
seMm 6eKmop X a, yo0BACMBOPAIOUUL CAeOYIOWUM MPeOOBAHUAM:

[)ecawn @ =0 uau =0, moN& = 0;
2) ecau & # 0 u)#0, mo

— —
a) seKkmop \'a KOAUHeapeH 8eKxmopy a’;



_)
Onpenenenue 2 Illpoussedenuem gekmopa a HA HUCAO \ HA30-
seMm 6eKmop X a, yo0BACMBOPAIOUUL CAeOYIOWUM MPeOOBAHUAM:

[)ecawn @ =0 uau =0, moN& = 0;
2) ecau & # 0 u)#0, mo

— —
a) seKkmop \'a KOAUHeapeH 8eKxmopy a’;
b) [NE| =) [&

.
)



_)
Onpenenenue 2 Illpoussedenuem gekmopa a HA HUCAO \ HA30-
seMm 6eKmop X a, yo0BACMBOPAIOUUL CAeOYIOWUM MPeOOBAHUAM:

l)ecaw a =0 uwmwA=0,mora = 0;
H
2) ecaua # 0 u)#0, mo
— —
a) 8eKmop \a KoAluHeaper 6eKmopy a;
— —
b) })\a‘z\)\\-‘a
— —
¢) ecar A >0, mo seKmopsl. @ u \Na COHAnpPasaeHol, a ecail
A < 0, mo sekmopsl. @ u\Na NPOMUBOHANPABACHAL.

.
)

= 2,5b




_)
Onpenenenue 2 Illpoussedenuem gekmopa a HA HUCAO \ HA30-
seMm 6eKmop X a, yo0BACMBOPAIOUUL CAeOYIOWUM MPeOOBAHUAM:

l)ecaw a =0 uwmwA=0,mora = 0;
H
2) ecaua # 0 u)#0, mo
— —
a) sBeKkmop \ a KOoAAUHeapeH 8eKmopy a;
— —
b) })\a‘z\)\\-‘a
— —
c) ecau N >0, mo sekmops. @ u Aa COHANPABACHbLL, A eCAlU
A < 0, mo sekmopoL @ 1 Na NPOMUBOHANDABACHL.

.
)

= 2,5b




_)
Onpenenenue 2 Illpoussedenuem gekmopa a HA HUCAO \ HA30-
seMm 6eKmop X a, yo0BACMBOPAIOUUL CAeOYIOWUM MPeOOBAHUAM:

l)ecaw a =0 uwmwA=0,mora = 0;
H
2) ecaua # 0 u)#0, mo
— —
a) 8eKmop \a KoAluHeaper 6eKmopy a;
— —
b) })\a‘z\)\\-‘a
— —
¢) ecar A >0, mo seKmopsl. @ u \Na COHAnpPasaeHol, a ecail
A < 0, mo sekmopoL @ 1 XA NPOMUBOHANDABACHDL.

.
)

= 2, 5b




[Ipoekiusi BeKTOpa HA OCb APYroro BeKropa
M3 puc. BUIHO, YTO OIHUM U3 €CTECTBEHHBIX CI1I0COOOB BBEIAEHUS MTPO-
— — o
eKIIMK BEKTOpa U Ha OCb BEKTOpa V siBJsIeTCS ee 3aJlaHue (hopMyJioi

— — = =
Hpvu:|u‘cos u, v ). (1)
H
u
H
u —_—
v 7V .
A%
[>—"B A
A B



[Ipoekiusi BeKTOpa HA OCb APYroro BeKropa

npy T = | cos (ﬁ) (1)

— —

[Ipu octpom yryie Mexjiy BeKTOpamMM U M V 3Ta MPOEKUUsT paBHA
JyiHe oTpe3ka ADB, a npu Tynom yrJyie NpoeKUHUsl paBHa JJIMHE OTpe3-
Ka AB, B3ITOI ¢ 0OpaTHBIM 3HAKOM.

<l



[Ipoekiusi BeKTOpa HA OCb APYroro BeKropa

npy T = | cos (ﬁ) (1)

— —

[Ipu ocTpom yryie Mexjiy BeKTopamMM U M V 3Ta MPOEKUUsT paBHA
JyiiHe oTpe3ka ADB, a npu Tynom yrje NpoeKUUsl paBHa JJIMHE OTpe3-
Ka AB, B3ITOI ¢ 0OpaTHBIM 3HAKOM.

<l



[Ipoekuus BeKTOpa Ha OCb APYroro BeKTopa
— — = =
Hpvu:|u‘cos(u,v). (1)

OcHoBHOM HenocTaTok dopmyJibl (1) — ee HECUMMETPUUHOCTb OT-
HOCHTEJILHO MepeMeHHbIX U H V. B JaHHOM cJjyuyae CHMMETPHUHOCTD
HEeTPYJHO 0OecrneunTh, IOMHOXKHB BbipaxKeHrne B MpaBod yacTH hopmy-
Jibl (1) Ha |7‘ B utore nosiyuaem KOHCTPYKIIHIO, HA3bIBAEMYIO CKaJAsIp-
HbIM NMPOKM3BeAeHUEM BEKTOPOB.



CkansgpHoe npou3BejieHHe

Onpenenenne 3 CKaasspHbIM MPOU3BENEHUEM HEHYACBLLX BEKNO-
—
—
pos a u b HazvlBaemcs 4uca0, onpedeisemoe 8olpatceHem

BB cos (?K) | @)

e~

- I
ede a, b — yeoa memdy sekmopanmu a u b. Ecau xoms 6oL 00uH
U3 MHONCUMeNell CKAAIPHO20 NPOU3BEOCHUS eCMb HYACBOL BEKMOp,
mo cKaasipHoe npoussedeHue Imux B8eKmMopos CUUmMaenics pas-
Hom 0.

N — T
CkaJisipHoe TIpOU3BeJieHHe BEKTOPOB a M b o6o3HauaioT Kak (a’, b)
H
H
WK Kak a b . B kauecTBe OCHOBHOTO Mbl TPUMeEM TepBoe 0603HAUEHHE.,



CkansgpHoe npou3BejieHHe

Onpenenenne 3 CKaasspHbIM MPOU3BENEHUEM HEHYACBLLX BEKNO-
—
—
pos a u b HazvlBaemcs 4uca0, onpedeisemoe 8olpatceHem

BB cos (?K) | @)

e~

- I

ede a, b — yeoa memdy sekmopanmu a u b. Ecau xoms 6oL 00uH
U3 MHONCUMeNell CKAAIPHO20 NPOU3BEOCHUS eCMb HYACBOL BEKMOp,
mo cKaasipHoe npoussedeHue Imux B8eKmMopos CUUmMaenics pas-
Hom 0.

b | p-a. (3)



BekTopHoe npou3BeaeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BeKTOpa B npocTpaHcTBe. Hano onpene/uTh onepaimio «BeKTOPHOE MPo-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.



BekTopHoe npou3BeaeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BeKTOpa B npocTpaHcTBe. Hano onpene/uTh onepaimio «BeKTOPHOE MPo-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.

UTO 3HAUUT «OMpPEAESUTh ONepaLuio» ?



BekTopHoe npou3BeaeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BeKTOpa B npocTpaHcTBe. Hano onpene/uTh onepaimio «BeKTOPHOE MPo-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.

UTO 3HAUUT «OMpPEAESUTh ONepaLuio» ?

[IpenctaBuUTh B OHON M3 CTaHAAPTHBIX (DOPM 3aJaHUS PYHKLMH:



BekTopHOoe npou3BeeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BeKTOpa B npocTpaHcTBe. Hano onpene/uTh onepaimio «BeKTOPHOE MPo-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.

UTO 3HAUUT «OMpPEAESUTh ONepaLuio» ?

[IpenctaBuTh B OIHON U3 CTAHJAAPTHBLIX (DOPM 3ajaHust PYHKIMU: rpa-
dukom, TabauLel, hopmyson.



BekTopHoe npou3sBeaeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BEKTOPA B IPpOCTpaHCcTBe. Hano onpenennuts onepanuio «BEKTOPHOE MPO-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.

UTO 3HAUUT «OMpPEAESUTh ONepaLuio» ?

[IpenctaBuTh B OIHON U3 CTAHJAAPTHBLIX (DOPM 3ajaHust PYHKIMU: rpa-
dbukom, Tabsnuei, hopmyJIoH.

Bapuantbl 3ananusi rpadukoM W TabJdlel BHIMSAAT OoJiee yeM COo-
MHHUTEJIBHO.



BekTopHOoe npou3BeeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BEKTOpa B pocTpaHcTBe. Hano onpenesuTh onepanmo «BEKTOPHOE MPOo-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.

UTO 3HAUUT «OMpPEAESUTh ONepaLuio» ?

[IpenctaBuTh B OIHON U3 CTAHJAAPTHBLIX (DOPM 3ajaHust PYHKIMU: rpa-
dbukom, Tabsnuei, hopmyJIoH.

Bapuantbl 3ananusi rpadukoM W TabJdlel BHIMSAAT OoJiee yeM COo-
MHHUTEJIBHO.

OcTaetcs BapyaHT 3ajaHus onepauru GopmyJio.



BekTopHOoe npou3BeeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BeKTOpa B npocTpaHcTBe. Hano onpene/uTh onepaimio «BeKTOPHOE MPo-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.

Kak 3agath onepauuio hopmyJioi?



BekTopHOoe npou3BeeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BeKTOpa B npocTpaHcTBe. Hano onpene/uTh onepaimio «BeKTOPHOE MPo-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.

Kak 3apath onepauuio ¢popmyJioi?

Hano B3sTh /1Ba NPpOU3BOJILHBIX BEKTOPA MPOCTPAHCTBA U ONUCATh pe-
3yJIbTaT orepaluu.



BekTopHOoe npou3BeeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BeKTOpa B npocTpaHcTBe. Hano onpene/uTh onepaimio «BeKTOPHOE MPo-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.

Kak 3apath onepauuio hopmyJion?

Hano B3siTh 1Ba MPpOM3BOJIbHBIX BEKTOPA MPOCTPAHCTBA U OMUCATh pe-
3yJIbTaT OMEePaLUH.

C 4ero HauaTh onucaHue?



BekTopHOoe npou3BeeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BeKTOpa B npocTpaHcTBe. Hano onpene/uTh onepaimio «BeKTOPHOE MPo-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.

Kak 3apath onepauuio hopmyJion?

Hano B3siTh 1Ba MPpOM3BOJIbHBIX BEKTOPA MPOCTPAHCTBA U OMUCATh pe-
3yJIbTaT OMEePaLUH.

C 4ero HauaTh OMUcaHUE?

MbI XOTHM MOJIYUUTh paBeHCTBO. [103TOMY NpUMEHUM «aJrOPUTM CO-
CTaBJICHUA YPABHEHUI».



BekTopHOoe npou3BeeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BeKTOpa B npocTpaHcTBe. Hano onpene/uTh onepaimio «BeKTOPHOE MPo-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.

[IpyMeHHUM «aJIrOPUTM COCTABJIEHUS YPABHEHUI >,

Ymo nado naimu?



BekTopHOoe npou3BeeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BEKTOpa B pocTpaHcTBe. Hano onpenesnts onepaiuio «BeKTOpHOE MPo-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.

[IpyMeHHUM «aJIrOPUTM COCTABJIEHUS YPABHEHUI >,

Ymo nado naimu? Bektop.



BekTopHOoe npou3BeeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BEKTOpa B pocTpaHcTBe. Hano onpenesnts onepaiuio «BeKTOpHOE MPo-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.

[IpyMeHHUM «aJIrOPUTM COCTABJIEHUS YPABHEHUI >,

Ymo nado naiimu? Bekrop. B kakom sude npedcmasum omeem?



BekTopHOoe npou3BeeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BEKTOpa B pocTpaHcTBe. Hano onpenesnts onepaiuio «BeKTOpHOE MPo-
M3BeJIeHUEe» HauboJee MepCreKTUBHBIM 00Pa3oM.

[IpuMeHUM «aJIrOPUTM COCTaBJIEHUS] YPABHEHUI».

Ymo nado naumu? Bekrop. B kakom sude npedcmasum omasem?
dopmyJiofi.



BekTopHOoe npou3BeeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BEKTOpa B pocTpaHcTBe. Hano onpenesnts onepaiuio «BeKTOpHOE MPo-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.

[IpyMeHHUM «aJIrOPUTM COCTABJIEHUS YPABHEHUI >,

Ymo nado naumu? Bekrop. B kakom sude npedcmasum omsem?
DopmyJioit. Beedem nepemertole.



BekTopHOoe npou3BeeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BEKTOpa B pocTpaHcTBe. Hano onpenesnts onepaiuio «BeKTOpHOE MPo-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.

[IpyMeHHUM «aJIrOPUTM COCTABJIEHUS YPABHEHUI >,

Ymo nado naumu? Bekrop. B kakom sude npedcmasum omsem?
Dopmydioit. Beedemn nepemerroie. O603HAUUM UCXOJHbIE BEKTOPbI Ue-
pes a u K, a pes3yJibTar ornepalyu — BEKTOPHOE MPOU3BEJIEHHE ITUX
BEKTOPOB — yepes3 C .



BekTtopHoe npousBeaeHre BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BEKTOpa B pocTpaHcTBe. Hano onpenesnts onepaiuio «BeKTOpHOE MPo-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.

[IpuMeHUM «aJIrOPUTM COCTaBJIEHUS] YPABHEHUI».

Ymo nado naumu? Bekrop. B kakom sude npedcmasum omsem?
dopmynoit. Beedem nepemernole. O603HAUUM HCXOJIHbIE BEKTOPbI Ue-
pes a u K, a pe3yJibTaT olepaldd — BEKTOPHOEe MPOU3BeJIEHHE 3THX
BeKTOpPOB — uepe3 ¢ . Cocmasum ypasuerue. 3nadenie KaKot xa-
PAKMepucmuKu 8ol4ucaum 08yms cnocobamu?



BekTopHOoe npou3BeeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BEKTOpa B pocTpaHcTBe. Hano onpenesnts onepaiuio «BeKTOpHOE MPo-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.

[IpyMeHHUM «aJIrOPUTM COCTABJIEHUS YPABHEHUI >,

Ymo nado naumu? Bekrop. B kakom sude npedcmasum omsem?
dopmynoit. Beedem nepemernole. O603HAUUM HCXOJIHbIE BEKTOPbI Ue-
pes a u K, a pes3yJibTar ornepalyu — BEKTOPHOE MPOU3BEJIEHHE ITUX
BeKTOpPOB — uepe3 ¢ . Cocmasum ypasuerue. 3nadenie KaKot xa-
pPaKmepucmuKku svtuuciumn 0syma cnocooamnu? Bekrop onpenessiercs
HarpaBJeHUEM U JUTUHOH.



BekTopHOoe npou3BeeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BEKTOpa B pocTpaHcTBe. Hano onpenesnts onepaiuio «BeKTOpHOE MPo-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.

[IpyMeHHUM «aJIrOPUTM COCTABJIEHUS YPABHEHUI >,

Ymo nado naumu? Bekrop. B kakom sude npedcmasum omsem?
dopmynoit. Beedem nepemernole. O603HAUUM HCXOJIHbIE BEKTOPbI Ue-
pes a u K, a pes3yJibTar ornepalyu — BEKTOPHOE MPOU3BEJIEHHE ITUX
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HarpaBJeHUEM U JUTUHOH.

Haunewm ¢ BoiGopa HanpaBJieHusl.



BekTopHOoe npou3BeeHUe BEKTOPOB

[ToctaBum 3ajauy B «hopmaTe CBOOOJHOTO UCCe0BaHusI». JlaHbl 1Ba
BEKTOpa B pocTpaHcTBe. Hano onpenesnts onepaiuio «BeKTOpHOE MPo-
U3BeJIeHUe» HauboJ1ee NnepCcreKTUBHBIM 00pa3oMm.

Kak BbIOpaTh HalpaB/eHHe BEKTOPa € — BEKTOPHOIO MPOU3Be/IeHHS
BEKTOpPOB & U b.



BekTopHOoe npou3BeeHUe BEKTOPOB

Kak BbIOpaTh HalpaB/eHHe BEKTOpa € — BEKTOPHOIO MPOU3Be/IeHHS
BEKTOPOB @ H b.

Bocnoab3yemcs uccienoBareibCKUMU cTpaTerusamu!!!

1) cTparerust NpUOPUTETHOTO U3YUEHUS] KIKCTPEMAJbHBIX» CUTYaLMH;

2) cTpaTerusi oMcKa aHaJloruu;

3) cTparterusi nepexojia OT U3yueHHUsi OTJeJbHOTO 00beKTa K CHCTeMe
00 BEKTOB;

4) cTpaTerus npeaBKYyllIeHHS;

D) cTpaTerusi MOCTPOEHUsT MOJIEIH;

6) cTpaTerus oboraieHust MOJEJIH;

7) cTpaTerdst CMeHbl poJield U IPUOPUTETOB.



BekTopHoe npou3sBeaeHUe BEKTOPOB
[IpuMeHeHHe HCCIeI0BATEJIbCKUX CTPATErui MokKa3aJso, uTo Hanbo-

—
JIe€ IIEPCITEKTUBHBIM SIBJSACTCA BAPHUAHT, KOI'Jld PE3YJbTAT € BEKTOPHOI'O
—

—
[IPOU3BECIICHUST BEKTOPOB a H b aBasercs OPTOroHAJIbHBIM K COMHO2KH -
—

—
TEJISIM, T.€. K BEKTOPAM a H b.
—

%
[To Kakyto CTOpOHY OT MJIOCKOCTH BEKTOPOB a W b 10/12KeH ObITb Ha-
H
npaBJieH BEKTOp C ?



BekTopHoe npou3sBeaeHUe BEKTOPOB
[IpuMeHeHHe HCCIeI0BATEJIbCKUX CTPATErui MokKa3aJso, uTo Hanbo-

—
JIe€ IIEPCITEKTUBHBIM SIBJSACTCA BAPHUAHT, KOI'Jld PE3YJbTAT € BEKTOPHOI'O
—

—
[IPOU3BECIICHUST BEKTOPOB a H b aBasercs OPTOroHAJIbHBIM K COMHO2KH -
—

—
TEJISIM, T.€. K BEKTOPAM a H b.
—

[To KaKylo CTOPOHY OT MJIOCKOCTH BEKTOPOB @ U b J0JuKeH ObITh Ha-
MpaBJieH BEKTOP C ?

$IcHO, 4TO 5TO BOMpOC coryallenusi. B 0CHOBY 3TOro corsauieHus no-
JIOXKUJIM TIOHATHE CUCTEMbl KOMIIJIAHAPHBIX BEKTOPOB, TPaBOM TPOUKH
BEKTOPOB W  JIEBOW TPOUKHU BEKTOPOB.



Cucrema KOMIIJIaHAPHbBIX BEKTOPOB

— T =
Onpenenenne 4 [osopam, umo a, b, ¢ — cucmema KoMjaaHap-

HbIX BEKTOPOB, ecau cyujecmsyem maxkas niockocmoe I u maxas
mouxka S Ha Hetl, 4mo 8 3My NAOCKOCHIb BKAOUAIOMCA HANPAB-
AeHnole ompedku SA, SB u SC, noayuenHole omxaiadovl8aruem om

— T —
mouKku S 6eKmopos, coomsemcmeento, a, b u c.



Cucrema KOMIIJIaHAPHbBIX BEKTOPOB

— T =
Onpenenenne 4 [osopam, umo a, b, ¢ — cucmema KoMjaaHap-

HbIX BEKTOPOB, ecau cyujecmsyem maxkas niockocmos 11 u maxas
mouxka S Ha Hell, 4mo 8 3My NAOCKOCHIb BKAOUAIOMCA HANPAB-
AeHnole ompedku SA, SB u SC, noayuenHole omxaiadovl8aruem om

— T —
mouKku S 6eKmopos, coomsemcmeento, a, b u c.

—



Cucrema KOMIIJIaHAPHbBIX BEKTOPOB

— T =
Onpenenenne 4 [osopam, umo a, b, ¢ — cucmema KoMjaaHap-

HbIX BEKTOPOB, ecau cyujecmsyem maxkas niockocmoe I u maxas
mouxka S Ha Hetl, 4mo 8 3My NAOCKOCHIb BKAOUAIOMCA HANPAB-
AeHnole ompedku SA, SB u SC, noayuenHole omxaiadovl8aruem om

— T —
mouKku S 6eKmopos, coomsemcmeento, a, b u c.

—



Cucrema KOMIIJIaHAPHbBIX BEKTOPOB
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Cucrema KOMIIJIaHAPHbBIX BEKTOPOB
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Onpenenenne 4 [osopam, umo a, b, ¢ — cucmema KoMjaaHap-

HbIX BEKTOPOB, ecau cyujecmsyem maxkas niockocmoe I u maxas
mouxka S Ha Hetl, 4mo 8 3My NAOCKOCHIb BKAOUAIOMCA HANPAB-
AeHnole ompedku SA, SB u SC, noayuenHole omraiadovl8aruem om
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mouKku S 6eKmopos, coomsemcmeento, a, b u c.




Cucrema KOMIIJIaHAPHbBIX BEKTOPOB

— T =
Onpenenenne 4 [osopam, umo a, b, ¢ — cucmema KoMjaaHap-

HbIX BEKTOPOB, ecau cyujecmsyem maxkas niockocmoe I u maxas
mouxka S Ha Hetl, 4mo 8 3My NAOCKOCHIb BKAOUAIOMCA HANPAB-
AeHnole ompedku SA, SB u SC, noayuenHole omxaiadovl8aruem om

— T —
mouKku S 6eKmopos, coomsemcmeento, a, b u c.




[lepeiTu:

K ONPEJICJICHUIO KOMILJIAHAPHbBIX BEKTOPOB,

K OTIPEIACJEHHIO 11PABOU TPOUKHU BEKTOPOB,

K OMPEJIeJICHUIO JIEBOU TPOHUKHU BEKTOPOB,

HayaJly Onpeae/ieHHst BEKTOPHOIO IPOU3BEJICHHUS] BEKTOPOB,

MPOJIOJIZKEHUIO OTNPEICJICHUA BEKTOPHOTO NPOU3BEACHHSA BEKTOPOB,

OKOHYaTeJIbHOH (hOPMYJUPOBKE OTpe/iesieHHsI BEKTOPHOTO MPOU3Be/Ie-
HUA BEKTOPOB.



[IpaBas TpoMKa BEKTOPOB

— T —
Onpenenaenue b [Tycmo a, b, C — HEKOMALAHADHbLE BEKMODOLL
Y )
— —

o4 = aB — y
uSA=a, SB=b, SA= c. Toeda ynopsadouennas mpoika
HEKOMNAQHAPHbIX 8KMOPO8 &, K, C Hasblsaemcs npaBoi TPOi-
KOW BEKTOPOB, ecau spaujerue om HanpasieHnoeo ompeska SA K
HanpasaieHHomy ompesky SB no kpamuatuietl u3 oye s8uOumcs us

mouxku C' Kak spauieHue npomus 4acoBoll Cmpeixku.
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JleBasi TpOMKa BEKTOPOB

Onpenenenue 5 ¥nopsadouenHas mpolka HEKOMHAAHAPHHLLX BEK-
ﬁ

H ﬁ (14 \id £id
mopos a, b, ¢ Ha3vbiBaemcs NnpaBoi TPOMKON BEKTOPOB, eC.u NO-
cAe nepeHroca Hauaaa 8cex mpex 8eKmopos 8 00Ky MouKy spauie-

—

H (% [
Hue om sekmopa a K sekmopy b no kpamuatiuiei us dye suoumcs

H v
C KOHUA seKrmopa C KAK spauleHue rio 4acosou cripeaxe.

ry C
< A
a
S —
> C
b
b
B

— —
Ecnu a,b,c

— JieBag  TpoHKa
BEKTOPOB, TO MPABBIMU
TPOMKaMH  BEKTOPOB

— T =
OyayT a,b,—c,
H

— —

b, a, ¢ up.



BekTopHOoe npou3BeeHUe BEKTOPOB

Hanomuum, uto Mmbl PELIHIIM, UTO PesyJbTar 'C’ BeKTOPHOTO MPOH3Be-
JleHUsl BeKTOPOB a M b JI0JI2KEH ObITh OPTOTOHAJIEH K COMHOKHTEJISIM.
BbiG0p TOro, B KaKyl0 CTOPOHY OT [JIOCKOCTH BEKTOPOB a H b OyJIeT Ha-
MpaBJieH BEKTOP C, OyJleT onpeensThbes CoralleHHeM: MpoLiKa 6eK-
mopos a; b; ¢ doaxcra 6oime npasotl mpoiKoll.



BekTopHOoe npou3BeeHUe BEKTOPOB

OcTanoch ONMpPeNeJqnThCs C JJIMHOMN peayJbTaTa ¢ BEeKTOPHOTO MPOU3-
BeJIcHUsI BEKTOPOB @ H b.

Bocnoab3yemcs ucciaenoBarebCKUMU cTpaTerusamu!!!

1) cTpaTerust NpUOPUTETHOTO U3YUEHUST KIKCTPEMAJbHBIX» CUTYaLMH;

2) cTpaTerusi oMcKa aHaJloruu;

3) cTparterusi nepexojia OT U3yueHHUsi OTJeJbHOTO 00beKTa K CHCTeMe
00 BEKTOB;

4) cTpaTerus npeaBKYyllIeHHS;

D) cTpaTerusi MOCTPOEHUsT MOJIEIH;

6) cTpaTerus oboraieHust MOJEJIH;

7) cTpaTerdst CMeHbl poJield U IPUOPUTETOB.



BeKTOpHOC Nnpon3BeacHUE BEKTOPOB

N —>
Onpenenenne 5 BekTopHbiM npousBeaeHuem sexnopos a u b
o — 1 —
Hasovleaemcs s8eKkmop, obosHauaemolll wepes [a, b} ur a x b,
obaadarowuil caedyrowumu C80UCMBAMIU:
- — — )

L. ‘ a, b” :‘a| : ’b‘ -sm(gogj);

— 17 —
2. |'a, b| nepneHdurkyiipern COMHONCUMENIM, M.e. BeKmopam A U

L |

b;

— 7 [= .
3. a,b,|a, b} 0bpasyom npasyio Mpotiky 8eKmopos.




CMeLIaHHOE NPOU3BeJeHHe BEKTOPOB

[ToCKOJIbKY pe3yJ/IbTaToOM BEKTOPHOTO YMHOKEHHST BEKTOPOB CHOBA SIB-
JISleTCsl BEKTOP, TO OH MOKeT y4acTBOBAaTb BO BCEX BHIAX YMHOMKEHHS
BeKTOPOB. [IpH ero BeKTOPHOM YMHOKEHMM Ha HEKOTOPbIH C MoJyda-
eM JBOHHOE BEKTOPHOE TIPOU3BEIcHHE, pacCMOTpeHHoe Bhile. Ocraercs
OTIPEIeJHTD, UTO GY/IeT Pe3yJbTaToOM CKaJIsiPHOrO YMHOKEHHS BEKTOPHO-
ro MPOM3BeJIeHHs] BEKTOPOB Ha MIPOU3BOJIbHBIH BEKTOP C .
Onpejeenue 6 CMelaHHbIM NPON3BEICHHEM BEKTOPOB a b C
HA3bLBACMCSL HUCAO, Onpedessemoe Hopmysol

abC = ([3?] ?) (4)



JIBoiiHO€ BEKTOpHOE NpoU3BeleHUE BEKTOPOB

B COOTBETCTBHH CO CTpATEruel MPUOPUTETHOTO U3YUEHHS IKCTPEMaJb-
HbIX CUTyaUMH ObLI0 Obl MHTEPECHO HU3YUYUTb PE3yJ/bTaT KPATHOIO MPHU-
MeHeHHs1 onepauuu. OObIUHO paccMaTpPUBAETCsl KpaTHOE MPUMEHEHHe
Orepauuu K OJHOMY KM TOMY K€ BEKTODPY, HO B JIaHHOM CJiyuae yxKe
[E); 3] = 6), MOCKOJIbKY MOJIyJib 3TOTO BEKTOPA — HYJIEBOH, CM. Ollpe-
JICJICHUE BEKTOPHOTO MPOU3BEICHHUSI.



JIBoiiHO€ BEKTOpHOE NpoU3BeleHUE BEKTOPOB

B COOTBETCTBHH CO CTpATEruel MPUOPUTETHOTO U3YUEHHS IKCTPEMaJb-
HbIX CUTyaUMH ObLI0 Obl MHTEPECHO HU3YUYUTb PE3yJ/bTaT KPATHOIO MPHU-
MeHeHHs1 onepauuu. OObIUHO paccMaTpPUBAETCsl KpaTHOE MPUMEHEHHe
Orepauuu K OJHOMY KM TOMY K€ BEKTODPY, HO B JIaHHOM CJiyuae yxKe
[E); 3] = 6), MOCKOJIbKY MOJIyJib 3TOTO BEKTOPA — HYJIEBOH, CM. Ollpe-
JICJICHUE BEKTOPHOTO MPOU3BEICHHUSI.

[TosTOMY M3BECTHOCTb MOJYUYHUJ TOJBKO OJHUH PE3YJbTAT B 3TOM Ha-

— |37 —=
[IPpAaBJICHUH. 9TO PEIYJILTAT U3YUCHUST BbIPA2KEHHUS |: a |:b , C :|] , KOTO-
PO€ HAa3bIBACTCSI IlBOﬁHblM BCEKTOPHbBIM INPOU3BEJEHUEM.



BekTOpHO-CUMBOJIMYECKAsl MOJI€JIb
BEKTOPHOM ajareopbl

CranpapTHble CrIocOObI 3a/1aHUsI BEKTOPa
[IpencraByieHue OTHOLIEHUH B BUJIE PABEHCTB
Hekoropblie KpuTepuu BEKTOPHON areOphbl



BekTopHo-cuMBoOJMUeCcKas MOieJb BEKTOPHOM aareopbl
B matemaTuke HauboJiee MomnyJasipHbl 3HAKOBO-CHMBOJIMUECKHE MOJIE-
JI, TIO3BOJISAIOLIIME 3aMEHUThL PAbOTy ¢ 0O bEKTaMH Ha ONEPUPOBAHHUE C UX
0003HAYEHUSIMH, UJIEHTU(HKATOPAMHU:

— = =
e 2, p,m..;

eCM,OF, MT...

VIHbIMK CJIOBAMH, HCCJIEOBAHKS B BEKTOPHOK aire6pe oCHOBAHbI Ha
BEKTOPHOM HCUHUCJICHHUH.

BarkHelIUMy  HHCTPyMeHTaMH Juisi  06paGoTKH  MH(OpMaLMK B
BeKTOpHO—CHMBOﬂquCKOﬁ MOJICJ/JN ABJAKOTCA mOﬂfcdecmE}eHHbte npe-
06pasosanus ajareOpanueckhx BbIDAXKEHUH U PABHOCUAbHBLE Npe-
06paszosaruss paBeHcTB. VIMEHHO MOSTOMY CTOJb BaKHO MPeACTaB-
JSITb OTHOLLUEHUsI U CBOUCTBA BEKTOPHbIX OHepaLLI/Iﬁ B BHUJIC TOXKICCTB.
EcrectBenno, uto peub uperT 06 onepaLusix, ONPEJeJEeHHbIX B PaMKax
BeKTOpHO—FeOMeTqueCKOﬁ MO/JICJIN.




CranpapTHble cnocoObl 3aJaHUSl BEKTOpa
B BEKTOPHO-CHUMBOJMUYECKOW MOJ1€JIM BEKTOPHOM aare0pbl
B pamkax BEKTOPHO-CUMBOJIMUECKOH MOJEJM CTaHAAPTHBIH Crnocob
3aJIaHUSA BEKTOpA COCTOUT B MPEACTABJICHUHU BEKTOpAa KAaK pe3yJ/brara
NPUMEHEHUS oTlepalliid BEKTOPHOH aJreOpbl K HEKOTOPOMY HAab0opy BeK-
TOPOB.



npeILCTaB.HeHI/le OTHOILLUEHUH B BUJ€ paBE€HCTB

240, b£0, CT#0

KoanuHeapHoCTb

2 =\b:




[IpeacraBaeHue OTHOLWIEHUH B BUJEe PAaBEHCTB

240, b£0, CT#0

KoanuHeapHoCTb

2 =\b:

OpTOroHaNbHOCTD

F (?; K) = 0;




[IpeacraBaeHue OTHOLWIEHUH B BUJEe PAaBEHCTB

240, b£0, CT#0

KoanuHeapHoCTb
| b 2 =)\b:
OpTOroHaNbHOCTD
— - =

1L b (a;b>:0;
KomnJsaHapHocTb

—\& +ub (@b <)=0




[IpeacraBaeHue OTHOLWIEHUH B BUJEe PAaBEHCTB

240, b£0, CT#0

KoanuHeapHoCTb

2| b 2 =)\b:
OpTOroHaNbHOCTD

2 Lb (3@ p) =0
KomnJsaHapHocTb

T =)\a+ub (@b <)=0

BbluncieHus 3HaueHU BeJUYHUH
IIHHA BeKTOpa & | & | a| = \/(E); a);




[IpeacraBaeHue OTHOLWIEHUH B BUJEe PAaBEHCTB

240, b£0, CT#0

KoanuHeapHoCTb
- — - —
allb a=\b;
OpTOroHaNbHOCTD
N — -
a 1L b (a; b) = 0;
KomnJsaHapHocTb
— — e — 3 —
c =Xa+ub ab c)=0
BoluvcaeHus 3Ha4eHUHU BeJUUYUH
—. — — — =\,
IIHHA BeKTOpa & | & | ]a|:\/(a; a);
-
- T - (a; b)
— — —
yromnMexay a u b: a' b cosa b =————=%
H
2| |p]




HekoTopble KpuTepuu BEKTOPHOM ajaredpbl

HekoTopble Kputepuu (a 6), b = 6, T # 6)

Ocobennocms  pacnoao- | Xapakmepucmuueckoe
HCeHUL 8eKMOPO8 c80licmso
- —
KoJssinneapHocTb a=>\b
Ly N — —
(mapaJiyieJibHOCTh ) {a, bw =axb=0
s B
OpTOroHaNbHOCTD (a’,b)=ab =0
—7 —
KommaHapHoCTh abc=0
— 1 — o —7 —
a,b,c —npapasgTpoiika| a b ¢ >0
BEKTOPOB
— 7 — o — 71—
a,b,c — jaeBag Tporika| a b ¢ <0

BEKTOPOB




KoopanHaTtHasi MoieJib BEKTOPHOM ajreopbl

[TocTanoBKa 3ajauu 0 3aJJaHUM BEKTOPA C MOMOIIbIO UHCEJ

JInHennass KomOMHaLIUSA

DKBUBAJIEHTHOCTb OJJHO3HAUHOCTH H MMHUMAaJIbHOCTH

Teopema 06 5kBHBaJIEHTHOCTH MUHUMAaJIbHOCTH CUCTEMbI ITOPOXK1a-
IOLMX U OJTHO3HAYHOCTH PasJioxKeHH s

OJ1IHO3HAUHOCTb U JIMHEHHAs] HE3AaBUCHMOCTD

Teopema o 6asuce npsiMmon

Teopema o 6a3zuce NJa0CKOCTH

Teopema o 6a3uce nmpocTpaHCTBa

Teopema o nuHelHbIX KOMOUHALMSAX 6A3UCHBIX BEKTOPOB

Koopaunatel BekTOpa .

- —
Teopema o KoopiMHaTax BekKTopoB Aa U a + b
Kputepuii KoJJIMHEapHOCTH BEKTOPOB



[locTaHOoBKa 3a1ayM 0 3aJaHMU BEKTOPA C MOMOLLbIO Yrce
BeKkTopHO-CUMBOJIMUECKAST MOJIEJIb [TO3BOJISIET CBECTH OlNepalu U OT-
HOLUEHUSI K B8eKmMoOpHolm pagerHcmsam. OnHaKo HauOoJee MOLIHbIHA
AHAJINTHUECKHUN amnmnapaT B MaTeMaTHKe Pas3BUT /Il YUCAOBbLX pa-
sencmas. [losToMy Ham cJienyeT paspaboTaTh cTaHAapTHYIO hopMy 3a-
JIAaHUSI BEKTOPA, MO3BOJISIIOLLYIO CBECTH MPOOJIEMbl BEKTOPHON asredphbl K
4UCAOBbLM PABEHCTBAM U HEPABEHCTBAM.

eab 1 Hatimu cnocob setbopa maxoti cucmemol 8eKmMmopos, 4noobol
A0001L 8eKMOP MOHCHO ObIAO BbLPAZUMb Yepe3 BeKMOopbl IMOLL CU-
CIeMblL C UCNOAb30BAHUEM ONEPALUULL YMHONMEHUL BEKMOPA HA HUC-
10, CA0dHceHU 8eKmopos. Takoe npedcmasierue 8eKmopa movl Moe-
AU 6ol 834Mb 8 Kawecmase cmaHoapmnoeo npedcmasieHusl 8eKmMo-
pa u cgecmu 3a0aHue 8eKmopa Kk Habopy YUCA08bLX NAPaAMempos.




Heab 1 Hatimu cnocob sotbopa maxoti cucmemol 8eKmMopos, 4noobol
200011 BEKMOP BbLPAZUMb Hepe3 BeKMOpbL IMOLL CUCIMEeMbL C UCHLOAb-
308AHUEM ONEPAUUL YMHONCEHUS BEKMOPA HA YUCAO, CAOHCEHUS
sekmopos. Takoe npedcmasienue seKmopa mol mo2au Ovl 8351Mb 8
Kavecmse cmaHOapmHo20 npedcmasieHis 8eKmopa t c8ecmiu 3a-
darue Bekmopa Kk Habopy YUCA0B8bLX NAPAMENPOS.

— 7 =
[TocTpouM NMpou3BOJIbHBIE KOMOUHALIMKA BEKTOPOB a’, b, C':

3(?—2(?—?+2§))—(?+§> =



Heab 1 Hatimu cnocob sotbopa maxoti cucmemol 8eKmMopos, 4noobol
200011 BEKMOP BbLPAZUMb Hepe3 BeKMOpbL IMOLL CUCIMEeMbL C UCHLOAb-
308AHUEM ONEPAUUL YMHONCEHUS BEKMOPA HA YUCAO, CAOHCEHUS
sekmopos. Takoe npedcmasienue seKmopa mol mo2au Ovl 8351Mb 8
Kavecmse cmaHOapmHo20 npedcmasieHis 8eKmopa t c8ecmiu 3a-
darue Bekmopa Kk Habopy YUCA0B8bLX NAPAMENPOS.

— 7 =
[TocTpouM NMpou3BOJIbHBIE KOMOUHALIMKA BEKTOPOB a’, b, C':

3(?—2(?—?+2§))—(?+§> =

3¢ -6 +6C—-12b—-3a - Db =



Heab 1 Hatimu cnocob sotbopa maxoti cucmemol 8eKmMopos, 4noobol
200011 BEKMOP BbLPAZUMb Hepe3 BeKMOpbL IMOLL CUCIMEeMbL C UCHLOAb-
308AHUEM ONEPAUUL YMHONCEHUS BEKMOPA HA YUCAO, CAOHCEHUS
sekmopos. Takoe npedcmasienue seKmopa mol mo2au Ovl 8351Mb 8
Kavecmse cmaHOapmHo20 npedcmasieHis 8eKmopa t c8ecmiu 3a-
darue Bekmopa Kk Habopy YUCA0B8bLX NAPAMENPOS.

— 7 =
[TocTpouM NMpou3BOJIbHBIE KOMOUHALIMKA BEKTOPOB a’, b, C':

3(?—2(?—?+2§))—(?+§> =

3 —6a46¢—-12b—-3—b=-Ta—13b +97C.



Heab 1 Hatimu cnocob sotbopa maxoti cucmemol 8eKmMopos, 4noobol
200011 BEKMOP BbLPAZUMb Hepe3 BeKMOpbL IMOLL CUCIMEeMbL C UCHLOAb-
308AHUEM ONEPAUUL YMHONCEHUS BEKMOPA HA YUCAO, CAOHCEHUS
sekmopos. Takoe npedcmasienue seKmopa mol mo2au Ovl 8351Mb 8
Kavecmse cmaHOapmHo20 npedcmasieHis 8eKmopa t c8ecmiu 3a-
darue Bekmopa Kk Habopy YUCA0B8bLX NAPAMENPOS.

I pyro# npumep:
o (28— 4b) —7(5C —37) =



Heab 1 Hatimu cnocob sotbopa maxoti cucmemol 8eKmMopos, 4noobol
200011 BEKMOP BbLPAZUMb Hepe3 BeKMOpbL IMOLL CUCIMEeMbL C UCHLOAb-
308AHUEM ONEPAUUL YMHONCEHUS BEKMOPA HA YUCAO, CAOHCEHUS
sekmopos. Takoe npedcmasienue seKmopa mol mo2au Ovl 8351Mb 8
Kavecmse cmaHOapmHo20 npedcmasieHis 8eKmopa t c8ecmiu 3a-
darue Bekmopa Kk Habopy YUCA0B8bLX NAPAMENPOS.

I pyro# npumep:
oz<25>—ﬁg>) —y(6¢ —3@) =20a — (aﬁ)g— (v6) € —3ya =



Heab 1 Hatimu cnocob sotbopa maxoti cucmemol 8eKmMopos, 4noobol
200011 BEKMOP BbLPAZUMb Hepe3 BeKMOpbL IMOLL CUCIMEeMbL C UCHLOAb-
308AHUEM ONEPAUUL YMHONCEHUS BEKMOPA HA YUCAO, CAOHCEHUS
sekmopos. Takoe npedcmasienue seKmopa mol mo2au Ovl 8351Mb 8
Kavecmse cmaHOapmHo20 npedcmasieHis 8eKmopa t c8ecmiu 3a-
darue Bekmopa Kk Habopy YUCA0B8bLX NAPAMENPOS.

I pyro# npumep:
oz<25>—ﬁg>) —y(6¢ —3@) =20a — (aﬁ)g— (v6) € —3ya =



Heab 1 Hatimu cnocob sotbopa maxoti cucmemol 8eKmMopos, 4noobol
200011 BEKMOP BbLPAZUMb Hepe3 BeKMOpbL IMOLL CUCIMEeMbL C UCHLOAb-
308AHUEM ONEPAUUL YMHONCEHUS BEKMOPA HA YUCAO, CAOHCEHUS
sekmopos. Takoe npedcmasienue seKmopa mol mo2au Ovl 8351Mb 8
Kavecmse cmaHOapmHo20 npedcmasieHis 8eKmopa t c8ecmiu 3a-
darue Bekmopa Kk Habopy YUCA0B8bLX NAPAMENPOS.

Boisod. Takum o6pasom, Jio60e BblpaXKeHHE OT BEKTOPOB
— — — o
ai,az,...,a, C UCIOJb30BAHHEM OlEpaluil «yMHOXKEHHE BeKTopa Ha
UUCJIO» U «CJIOKEHHE BEKTOPOB» MOXKHO MPEICTaBUTh B BUJIE

— — —
o1y + wag + ...+ apayg,

TIe aq, (g, . . . , Oy — HEKOTOPbIE UUCIA.



JIuHelHas KoMmOUHALMA

Onpenenenne 7 Boipascerue

— — —
oja; + asag + ...+ a,an, (9)
v v v — —> —>
Hasoleaemcs AUHEUHOU KombuHayuell 8eKmopos aj,as,...,an
c Koaghduyuenmanu oy, o, . . ., Q.

BbiBo: B KauecTBe CTaAHJAPTHOTO MpPeACTaBJeHUs BEKTOPA MOXK-
HO B3fITb €r'0 pa3JioXKeHUe B JUHEHHYI0 KOMOWHALMI0O HEKOTOPOTO
(buKcupoBaHHOTro Habopa BEKTOPOB.



BbIBOJ: B KauecTBe CTAaHAAPTHOTO NMpeACcTaBJeHHUs BEKTOPA MOXK-
HO B3SITb €ro pa3JjoXXeHue B JUHEHHYI0 KOMOWHALMIO HEKOTOPOTO
(buKcupoBaHHOro Habopa BEKTOPOB.

CnenoBaTesibHO, 11eJ1b |, CBSI3aHHYIO C TIOMCKOM CTaHJAAPTHOTO Mpes-
CTaBJIEHHSI BEKTOPOB, MOXKHO YTOUHUTD CJEAYIOLIMM 06pa30M.



BbIBOJ: B KauecTBe CTAaHAAPTHOTO NMpeACcTaBJeHHUs BEKTOPA MOXK-
HO B3SITb €ro pa3JjoXXeHue B JUHEHHYI0 KOMOWHALMIO HEKOTOPOTO
(buKcupoBaHHOro Habopa BEKTOPOB.

CnenoBaTesibHO, 11eJ1b |, CBSI3aHHYIO C TIOMCKOM CTaHJAAPTHOTO Mpes-
CTaBJIEHHSI BEKTOPOB, MOXKHO YTOUHUTD CJEAYIOLIMM 06pa30M.

eab 2 Haiimu cnocob svibopa makoii cucnemol 8eKmopos, 4noobol
200011 BeKMOop MOHCHO OblL0 ObL npedcmasums AUHelHOU Komou-
Hauuel seKkmopos 3motl cucmenol. Takoe npedcmasgierue 8eKmo-
pa mol moeau Ovl 831Mmo 8 Kauecmae cmanoapmnoco npedcmasie-
HUS BeKmopa.



Heab 2 Hatimu cnocob sotbopa maxotl cucmemol 8eKmMmopos, 4noobol
A10001L BEKMOp MOHCHO ObLA0 ObL npedcmasums AUHEUHOU KoMOu-
Hayuetl sekmopos amoii cucmenol. Takoe npedcmasierue 8eKno-
pa moL moeau OvlL 831Mo 8 Kauecmase cmandapmqoco npedcmasie-
HUSL BEKMOpA.

J11s1 BBIOOpa TakKOM CHCTEMbI BEKTOPOB MONpoOyeM MPUMEHUTh HCCJle-
JIOBATEJIbCKHUE CTPATErHH.



Heab 2 Hatimu cnocob sotbopa maxotl cucmemol 8eKmMmopos, 4noobol
A10001L BEKMOp MOHCHO ObLA0 ObL npedcmasums AUHEUHOU KoMOu-
Hayuetl sekmopos amoii cucmenol. Takoe npedcmasierue 8eKno-
pa moL moeau OvlL 831Mo 8 Kauecmase cmandapmqoco npedcmasie-
HUSL BEKMOpA.

J11s1 BBIOOpa TakKOM CHCTEMbI BEKTOPOB MONpoOyeM MPUMEHUTh HCCJle-
JIOBATEJIbCKHUE CTPATErHH.

Mcnosb3yst cTpateruto npuOPUTETHOTO U3YUEHUST SKCTPEMaJIbHbIX CH-
Tyalui, XoTeJoch Obl MUHMMAaJbHON (hOpMbl MPeICTaBJIeHHsI BEKTOpa,
KOTOPBIA Obl OJTHO3HAUYHO €r0 ONPEAL/ISN B JAHHOW CUCTEME BEKTOPOB.



Heab 2 Hatimu cnocob sotbopa maxotl cucmemol 8eKmMmopos, 4noobol
A10001L BEKMOp MOHCHO ObLA0 ObL npedcmasums AUHEUHOU KoMOu-
Hayuetl sekmopos amoii cucmenol. Takoe npedcmasierue 8eKno-
pa moL moeau OvlL 831Mo 8 Kauecmase cmandapmqoco npedcmasie-
HUSL BEKMOpA.

J11s1 BBIOOpa TakKOM CHCTEMbI BEKTOPOB MONpoOyeM MPUMEHUTh HCCJle-
JIOBATEJIbCKHUE CTPATErHH.

Mcnosb3yst cTpateruto npuOPUTETHOTO U3YUEHUST SKCTPEMaJIbHbIX CH-
Tyalui, XoTeJoch Obl MUHMMAaJbHON (hOpMbl MPeICTaBJIeHHsI BEKTOpa,
KOTOPBIA Obl OJTHO3HAUYHO €r0 ONPEAL/ISN B JAHHOW CUCTEME BEKTOPOB.

HMcrnosb3yst 3Ty cTpaTeruio, 1aHHYIO 1ieJib CBOJIMM K Psily BOITPOCOB.



Heab 2 Hatimu cnocob sotbopa maxotl cucmemol 8eKmMmopos, 4noobol
A10001L BEKMOp MOHCHO ObLA0 ObL npedcmasums AUHEUHOU KoMOu-
Hayuetl sekmopos amoii cucmenol. Takoe npedcmasierue 8eKno-
pa moL moeau OvlL 831Mo 8 Kauecmase cmandapmqoco npedcmasie-
HUSL BEKMOpA.

[lepsvoiii sonpoc: 6yaeT Jiu OTHO3HAUHBIM CTAHIAPTHOE MPEACTABJICHUE
BEKTOpA uepe3 BbIOPAHHYIO CUCTEMY BEKTOPOB (T.€. MOXKHO JIM MIpejicTa-
BUTb BEKTOP JIByMSI Pa3JIMUHbIMH KOMOUHALMSIMH (PUKCHPOBAHHOK CUCTE-
MO BEKTOPOB).



Heab 2 Hatimu cnocob sotbopa maxotl cucmemol 8eKmMmopos, 4noobol
A10001L BEKMOp MOHCHO ObLA0 ObL npedcmasums AUHEUHOU KoMOu-
Hayuetl sekmopos amoii cucmenol. Takoe npedcmasierue 8eKno-
pa moL moeau OvlL 831Mo 8 Kauecmase cmandapmqoco npedcmasie-
HUSL BEKMOpA.

[lepsvoiii sonpoc: 6yaeT Jiu OTHO3HAUHBIM CTAHIAPTHOE MPEACTABJICHUE
BEKTOpA uepe3 BbIOPAHHYIO CUCTEMY BEKTOPOB (T.€. MOXKHO JIM MIpejicTa-
BUTb BEKTOP JBYMS pa3JMUHbIMH KOMOHHALMSIMH (PUKCUPOBAHHOM CUCTe-
MO BEKTOPOB).

Bmopou sonpoc: Kakoe MUHUMaJIbHOE KOJIMUECTBO BEKTOPOB JIOCTaA-
TOYHO JI/151 CTAHJIAPTHOTO MPEJICTaBJEHHSsI BEKTOPA.



JKBUBAJEHTHOCTb OJHO3HAYHOCTU U MUHUMAJIbHOCTH

[lepsoiii Bonpoc: 6T Jid OTHO3HAUHBIM CTAHIAPTHOE MPEICTABJICHUE
BEKTOpA uepe3 BbIOPAHHYIO CUCTEMY BEKTOPOB (T.€. MOXKHO JIM TpejicTa-
BUTb BEKTOP JIByMsl Pa3JIMUHbIMH KOMOUHALMSIMU (PUKCHPOBAHHOM CUCTE-
MO BEKTOPOB).

Bmopou sonpoc: Kakoe MUHUMaJIbHOE KOJIMUECTBO BEKTOPOB JIOCTa-
TOUYHO /151 CTAHJIAPTHOTO MPEJICTABJIEHHUST BEKTOPA.

DTH BONPOCHI MOABOJAT K POPMYJIHPOBKE TPeOOBAHUE COOTBETCTBYIO-
LLIUX 9KCTPEMAJIbHbIX XapaKTEPUCTUK CUCTEMbI BEKTOPOB, & HMEHHO:



JKBUBAJEHTHOCTb OJHO3HAYHOCTU U MUHUMAJIbHOCTH

[lepsoiii Bonpoc: 6T Jid OTHO3HAUHBIM CTAHIAPTHOE MPEICTABJICHUE
BEKTOpA uepe3 BbIOPAHHYIO CUCTEMY BEKTOPOB (T.€. MOXKHO JIM TpejicTa-
BUTb BEKTOP JIByMsl Pa3JIMUHbIMH KOMOUHALMSIMU (PUKCHPOBAHHOM CUCTE-
MO BEKTOPOB).

Bmopou sonpoc: Kakoe MUHUMaJIbHOE KOJIMUECTBO BEKTOPOB JIOCTa-
TOUYHO /151 CTAHJIAPTHOTO MPEJICTABJIEHHUST BEKTOPA.

DTH BONPOCHI MOABOJAT K POPMYJIHPOBKE TPeOOBAHUE COOTBETCTBYIO-
LLIUX 9KCTPEMAJIbHbIX XapaKTEPUCTUK CUCTEMbI BEKTOPOB, & HMEHHO:

— — —
1) BbI6GOp CcHCTEMbl BEKTOPOB {al, as, ..., an} JIOJI?KEH TapaHTHPOBATh
OJIHO3HAUHOCTHL MPeJICTaBJIeHUs] BEKTOpa B BUJIE (D);

— — —

2) MUHMMH3allMs1 YMCJ1a BEKTOPOB B CUCTEME {al, as, ..., an} [pH yCJ10-
BHH, U4TO JIIOOOH BEKTOP PaCKJ/aJblBAeTCs B JUHEHHYIO KOMOMHALIMIO
BEKTOPOB 3TOU CUCTEMBI.



JKBUBAJEHTHOCTb OJHO3HAYHOCTU U MUHUMAJIbHOCTH

OnHuM W3 nposiBjeHUH 3(PEKTHBHOCTH CTPATETHU MPHOPHUTETHOIO
M3yUeHHs IKCTPEMAJbHBIX CUTyalUH ABJISIETCS TOT (DAKT, UTO 3TH Tpebo-
BaHHS OKA3aJUCh PABHOCHJIbHbBIMH!



CHauajia JIOKa)KeMm, 4TO ecJiu JIoOOH BEKTOP PacKJajJblBAETCS 10
— — —>
b= {al, as, ... ,an} 0JIH03HauHO0, To cucTeMa b siBJsieTcs MUHUMAJIb-
HOM CHCTEMOU MOPOKIAIOLIHX.



CHauasia J0Ka)KeM, UTO eCJid JI0OOH BEKTOp PaCKJIaJbIBAETCS 10

— — —
b= {aj,az,...,a,} onnosuauno, To cucrema b siBssiercst MuHUMATD-
HOM CHCTEMOU MOPOKIAIOLIHX.

— — — o
[Tycts cucrema b = {aj,as,...,a,} He sAB/IsIeTCS MUHHMAJILHOH CH-

CTEMOMH [TOPOXKIAAIOLIHNX.



CHauasia J0Ka)KeM, UTO eCJid JI0OOH BEKTOp PaCKJIaJbIBAETCS 10

— — —
b= {aj,az,...,a,} onnosuauno, To cucrema b siBssiercst MuHUMATD-
HOM CHCTEMOU MOPOKIAIOLIHX.
— — — o
[Tycts cucrema b = {aj,as,...,a,} He sAB/IsIeTCS MUHHMAJILHOH CH-

CTEeMOI1 MOPOXKAAIOLIUX.
He orpaHnunBas o6LHOCTH pacCy:KAeHHH, MOXKHO CUMTATh, UTO M0CJIe
— , — — — o
yraneHust a, cucrema B’ = {aj, as,...,a,_1} ocraercst cucreMoii no-
PO2KAAIOLLUX.



CHauasia J0Ka)KeM, UTO eCJid JI0OOH BEKTOp PaCKJIaJbIBAETCS 10

— — —
b= {aj,az,...,a,} onnosuauno, To cucrema b siBssiercst MuHUMATD-
HOM CHCTEMOU MOPOKIAIOLIHX.
— — — o
[Tycts cucrema b = {aj,as,...,a,} He sAB/IsIeTCS MUHHMAJILHOH CH-

CTEMOH TTOPOKAAIOLIUX.
He orpaHnunBas o6LHOCTH pacCy:KAeHHH, MOXKHO CUMTATh, UTO M0CJIe
— , — — — o
yraneHust a, cucrema B’ = {aj, as,...,a,_1} ocraercst cucreMoii no-
POXKIAIOLLLKX.
— — —> —
Torna a, = Mja; + as + ...+ \_1an_1.



CHauasia J0Ka)KeM, UTO eCJid JI0OOH BEKTOp PaCKJIaJbIBAETCS 10

— — —
b= {aj,az,...,a,} onnosuauno, To cucrema b siBssiercst MuHUMATD-
HOM CHCTEMOU MOPOKIAIOLIHX.
— — — o
[Tycts cucrema b = {aj,as,...,a,} He sAB/IsIeTCS MUHHMAJILHOH CH-

CTEMOU MOPOKAAOLIHX.
He orpannunBasi 0OOLIHOCTH paCCyXKACHUH, MOKHO CUUTATh, UTO MOCJIE

— , — — — o
yraneHust a, cucrema B’ = {aj, as,...,a,_1} ocraercst cucreMoii no-
POXKIAIOLLLKX.

— — — —
Torna a, = Mja; + as + ...+ \_1an_1.
CJieoBaTebHO,

{ETI>1:A1'3—1>+)\2'3_2>+---+>\n1'an1

— =
An = anp,



CHauasia J0Ka)KeM, UTO eCJid JI0OOH BEKTOp PaCKJIaJbIBAETCS 10

— — —
b= {aj,az,...,a,} onnosuauno, To cucrema b siBssiercst MuHUMATD-
HOM CHCTEMOU MOPOKIAIOLIHX.
— — — o
[Tycts cucrema b = {aj,as,...,a,} He sAB/IsIeTCS MUHHMAJILHOH CH-

CTEMOU MOPOKAAOLIHX.
He orpannunBasi 0OOLIHOCTH paCCyXKACHUH, MOKHO CUUTATh, UTO MOCJIE

— , — — — o
yraneHust a, cucrema B’ = {aj, as,...,a,_1} ocraercst cucreMoii no-
POXKIAIOLLLKX.

— — — —
Torna a, = Mja; + as + ...+ \_1an_1.
CJieoBaTebHO,

an=MA-aj+X-az+...+N\_1-an1+0-ap,,
a,=0-a3+0-az+...+0-a, 1+ 1-a,,



CHauasia J0Ka)KeM, UTO eCJid JI0OOH BEKTOp PaCKJIaJbIBAETCS 10

— — —
b= {aj,az,...,a,} onnosuauno, To cucrema b siBssiercst MuHUMATD-
HOM CHCTEMOU MOPOKIAIOLIHX.
— — — o
[Tycts cucrema b = {aj,as,...,a,} He sAB/IsIeTCS MUHHMAJILHOH CH-

CTEMOU MOPOKAAOLIHX.
He orpannunBasi 0OOLIHOCTH paCCyXKACHUH, MOKHO CUUTATh, UTO MOCJIE

— , — — — o
yraneHust a, cucrema B’ = {aj, as,...,a,_1} ocraercst cucreMoii no-
POXKIAIOLLLKX.

— — — —
Torna a, = Mja; + as + ...+ \_1an_1.
CJieoBaTebHO,

an=MA-aj+X-ag+...+N\_1-an1+0-ap,,
a,=0-a3+0-ay+...+0-a, 1+ 1-ay,,



CHauasia J0Ka)KeM, UTO eCJid JI0OOH BEKTOp PaCKJIaJbIBAETCS 10

— — —
b= {aj,az,...,a,} onnosuauno, To cucrema b siBssiercst MuHUMATD-
HOM CHCTEMOU MOPOKIAIOLIHX.
— — — o
[Tycts cucrema b = {aj,as,...,a,} He sAB/IsIeTCS MUHHMAJILHOH CH-

CTEMOU MOPOKAAOLIHX.
He orpannunBasi 0OOLIHOCTH paCCyXKACHUH, MOKHO CUUTATh, UTO MOCJIE

— , — — — o
yraneHust a, cucrema B’ = {aj, as,...,a,_1} ocraercst cucreMoii no-
POXKIAIOLLLKX.

— — — —
Torna a, = Mja; + as + ...+ \_1an_1.
CJieoBaTebHO,

an=MA-aj+X-ag+...+N\_1-an1+0-ap,,
a,=0-a3+0-ay+...+0-a, 1+ 1-ay,,

Ho 0 # 1.



CHauasia J0Ka)KeM, UTO eCJid JI0OOH BEKTOp PaCKJIaJbIBAETCS 10

— — —
b= {aj,az,...,a,} onnosuauno, To cucrema b siBssiercst MuHUMATD-
HOM CHCTEMOU MOPOKIAIOLIHX.
— — — o
[Tycts cucrema b = {aj,as,...,a,} He sAB/IsIeTCS MUHHMAJILHOH CH-

CTEMOU MOPOKAAOLIHX.
He orpannunBasi 0OOLIHOCTH paCCyXKACHUH, MOKHO CUUTATh, UTO MOCJIE

— , — — — o
yraneHust a, cucrema B’ = {aj, as,...,a,_1} ocraercst cucreMoii no-
POXKIAIOLLLKX.
— — — —
Torna a, = Mja; + as + ...+ \_1an_1.
CJieoBaTebHO,

— — — — —

an:)\1-a1+>\2-a2+...+)\n_1-an_1+0-an,

— — — — —
ap,=0-a;+0-a3+...+0-a,_1+1-a,,

HO 0 # 1. DTO NPOTUBOPEUMT OINPENEJEHHUIO O/IHO3ZHAUHOCTH PA3JIOKEHUS,

nostomy cucmema b asagemea munumarorol cucmemoi nopoxcoa-
rouux.



Tenepb JOKa)KeM, uTO ecJM cHcTeMa B siBjseTcss MHHMMAJbHOM
CHCTEMOH TOPOKAAIOIIMX, TO JI0OOH BEKTOP packJ/aiblBaeTcs 10
— — —
b= {aj,az,...,a,} oxHosHauHo.



Tenepbp nokaxkem, uto ecau cucrtema b dABasgercs MUHUMaJIbHOU
CUCTEMOH TMOPOXKJAIOILIUX, TO JIOOOH BEKTOP pPacKJ/aJblBAETCs T10
b= {aj,as,...,a,} 0o1HO3HAUHO.

B Marematuke HaubOoJsiee MOLIHBIM SIBJSIETCS] AHAAUMUYCCKUL Anna-
pam obpabomku pasercmas. TpebGoBaHUe 0JIHOZHAYHOCTH PaA3JI0XKEHHS
Ha si3blKe PABEHCTB (eCJIM HMeeM JIBa Pa3JI0KeHHUsT OJJHOIO M TOTO XKe BEK-
TOPA, TO 3TH PA3JIOKEHHUS COBMAJAIOT, T.€. COBMAJIAI0T COOTBETCTRYIOLLIHUE
KO3 (PULIMEHTDI ) «HA I3bIKE PABEHCTB» BbINJISIUT CJAEAYIOLIMM 00pa3oMm:



Tenepb JOKaxKeM, uTO ecjau cucTeMa B siBjsieTcsl MHHMMAsbHOM
CHCTEMOHl TOPOXKAAIOLINX, TO JI0G0H BEKTOpP PpacK/aAblBaeTcsl Mo
b= {aj,as,...,a,} 0o1HO3HAUHO.

B maTematnke HanGoJiee MOLIHBIM SIBJSETCS AHAAUMUYECKUL anna-
pam obpabomku pasercms. Tpe6oBaHHe 0JHO3HAUHOCTH Pa3/I0KEHHUS]
Ha fI3bIKe PABEHCTB (€eCJIM UMeeM J1Ba Pa3ozKeHHs OJHOTO U TOTO Ke BeK-
TOpA, TO 3TH PA3JIOKEHUST COBMAAIOT, T.€. COBMAAAIOT COOTBETCTBYIOLIHE
KO3(PHULMEHTBI ) «Ha S3bIKE PABEHCTBY BBITVISAUT CJEAYIOLIMM 06Pa30M:

(
1 :ﬁla

Qg = 3o, (6)

2] +oagt. . . a,ay = fiag+Bast. . A Ban = 4

| On = .



Tenepp nokaxkem, uTo ecau cucteMa b sBJsieTcsi MHUHUMAaJIbLHOH
CUCTEMOH TMOPOXKAAIOLIMX, TO JIOOOH BEKTOP packKJ/aiblBaeTcsi 10
— — —
b= {aj,az,...,a,} oxHosHauHo.
Hano nokasatn, uto

(
1 :617

Qg = [, (6)

a18T1>+042a_2>+. ) .+0zn87ﬁ = 518T1>+528T§+. ) .‘|—5na—r>1 = <

\ a, = Oy,



Tenepp nokaxkem, uTo ecau cucteMa b sBJsieTcsi MHUHUMAaJIbLHOH
CUCTEMOH TMOPOXKAAIOLIMX, TO JIOOOH BEKTOP packKJ/aiblBaeTcsi 10
— — —
b= {aj,az,...,a,} oxHosHauHo.
Hano nokasatn, uto
(

Q1 = 617
Qo = ,

a1?T1>+042a_2>+. : .—|—ana:>1 = 513:)4_52554_. . ‘|‘5na_r>1 = 2 = [ (6)
\ an — ﬁn

[TycTb ayay + awas + ...+ apay = f1a1 + foaz + ... + [yan.



Tenepp nokaxkem, uTo ecau cucteMa b sBJsieTcsi MHUHUMAaJIbLHOH
CUCTEMOH TMOPOXKAAIOLIMX, TO JIOOOH BEKTOP packKJ/aiblBaeTcsi 10
— — —
b= {aj,az,...,a,} oxHosHauHo.
Hano nokasatn, uto
(

Q1 = 617
Qo = ,

a1?T1>+042a_2>+. : .—|—ana:>1 = 513:)4_52554_. . ‘|‘5na_r>1 = 2 = [ (6)
\ an — ﬁn

[TycTb ajay + awas + ...+ apay = (13 + foas + ... + [yan.
— — —
Torna (ay — G1)a;+ (e —G2)as+ ...+ (a, —By)an= 0.



Tenepp nokaxkem, uTo ecau cucteMa b sBJsieTcsi MHUHUMAaJIbLHOH
CUCTEMOH TMOPOXKAAIOLIMX, TO JIOOOH BEKTOP packKJ/aiblBaeTcsi 10
— — —
b= {aj,az,...,a,} oxHosHauHo.
Hano nokasatn, uto
(

Q1 = 617
Qo = ,

a1?T1>+042a_2>+. : .—|—ana:>1 = 513:)4_52554_. . ‘|‘5na_r>1 = 2 = [ (6)
\ an — ﬁn

[TycTb ajay + awas + ...+ apay = (13 + foas + ... + [yan.

Torna (a; —B1)ag +(ag— Bo)ag + ...+ (a, — By an= 0

[Tycth x0Ts1 6B 0HA U3 pasHocTel (a; — (3;) oTaiMuHA OT HyJs. De3s
orpaHuueHust OGIIHOCTH MOXKHO CUMTaTh, UTO (v, — (3,,) # 0.



Tenepbp nokaxkem, uto ecau cucrtema b dABasgercs MUHUMaJIbHOU
CUCTEMOH TOPOXKIAIOLIMX, TO JIIOOOH BEKTOP PacCKJ/aJAblBACTCS 10

— — —

b= {aj,az,...,a,} oxHosHauHo.
Hano nokasatn, uto

(

Q] — 617

— — — — — — Qg = 3o,
aiag+apas+. .. faya, = fhai+Ghas+. . . +0,a, = <

| = B

[TycTb ajay + awas + ...+ apay = (13 + foas + ... + [yan.
Torna (a; —B1)ag +(ag— Bo)ag + ...+ (a, — By an= 0

[Tycth X0Ts1 6B OHA U3 pasHocTel (o; — (3;) OTJIMUHA OT HY.JIs.

orpaHuueHust OGIIHOCTH MOXKHO CUMTaTh, UTO (v, — (3,,) # 0.

a1 — 09 — Oy 1 — —
e S V- e B b S o Sl
ﬁn_an 671_0471 ﬁn_an

(6)

bes



Tenepp nokaxkem, uTo ecau cucteMa b sBJsieTcsi MHUHUMAaJIbLHOH
CUCTEMOH TMOPOXKAAIOLIMX, TO JIOOOH BEKTOP packKJ/aiblBaeTcsi 10
— — —
b= {aj,az,...,a,} oxHosHauHo.
Hano nokasatn, uto
(

Q1 = 617
Qo = ,

&13:>+aga_2>+. : .—|—ana:>1 = 513:)4_52554_. . ‘|‘5na_r>1 = 2 = [ (6)
\ an — ﬁn

I/ITaK, NPpEeaIoJOKEHUE O HEOAHO3HAYHOCTH PAa3JI02KEHHA, HAIIPUMED,

o, # B, TIPUBOJIUT K PaBEHCTBY

a1 — Q9 — Oy 1 — _
ﬁn_an 671_0571 ﬁn_an




Tenepp nokaxkem, uTo ecau cucteMa b sBJsieTcsi MHUHUMAaJIbLHOH
CUCTEMOH TMOPOXKAAIOLIMX, TO JIOOOH BEKTOP packKJ/aiblBaeTcsi 10
— — —
b= {aj,az,...,a,} oxHosHauHo.
Hano nokasatn, uto

(
Q1 = 617
Qo = ,
a1?T1>+042a_2>+. : .—|—ana:>1 = 513:)4_52554_. . ‘|‘5na_r>1 = 2 = [ (6)
\ an — ﬁn

Mrak, npennooxeHue 0 HEOJHO3HAUHOCTH PasJiOxKeHUs, HalpuMep,
o, # B, TIPUBOJIUT K PaBEHCTBY

— ap— G-  ay— By, Q1 — Bno1——
an=—"a+————ag+...+ An_—1.
ﬁn_an 671_0571 ﬁn_an
y — — —
3uaunr, cucremaB’ = {aj, as,...,a,_1 } Toxe, Kak u B, siBasercs cu-

CTEMOM [TOPOXKIAAIOIIHNX. CJIGILOBaTeJIbHO, CUCTEMA IOPOKIAAIOLIHNX b ne
ABJIACTCHA MI/IHI/IMaJIbHOI;I, [IPOTHUBOPEUHE.



Teopema 00 3KBMBaJI€ HTHOCTU MUHUMAJIBbHOCTHU CUCTEMbI TOP 0K~
AA0WMUX U OJTHO3HAYHOCTH Pa3J0oxKeHus
Takum o6pasom, nokazana

Teopema 1 (06 9KBUBAJEHTHOCTH OJJHO3HAYHOCTH U MUHUMAJIbHOCTH CUCT. NOPOXKJ. )

JItobotl BEKMOp pacxﬂadbzeaemwz no cucmeme BeKmopos
— — —

b= {al, as,... ,an} 00HO3HAUHO Moeda u moabko moeda, Koeda

cucrriema 8eKropos b asiaemca munumarvHoU cucmemotil nopoac-

daroujux.



OILHOSHa‘{HOCTb M JUHeHHass He3aBUCUMOCTbD

O/IHO3HAUHOCTh (o = 5,
&1a_1>+@2£+"'+@”a_1>1:613:>+---+5n?n:> ) 042:527
\ Oy = 671

pPaBHOCHJIbHA w50

(041—61)§1>+...—|-(04n—ﬁn)a_ﬁ:6> =

(6)

(7)



OILHOSHaqHOCTb M JUHeHHass He3aBUCUMOCTbD

OIHO3HAYHOCTh

— — — — —
a1a; + asas + ...+ ayan= f1a; + ...+ G,a5

pPaBHOCHJIbHA

(o —B)ar+...+(a, —Ban=0 <

H
)\154‘)\28—2)—{—...—}—)\”&—;1: 0 <= «

p
alzﬁh
— < 042:527
kan:ﬁn-
¢ a
a1 61_07
\an_ﬁnzoa
()\1:7
Ay =0,

(6)

(7)

(8)



O1HO3HAYHOCTb M JTUHEHHAs HE3aBUCUMOCTD

JIvHeliHasi KOMOMHALMST BEKTOPOB, B KOTOPOH KO3 (HUIMEHTbI PaBHbI
HYJI10, Ha3bIBAETCS TPUBHAJIBHON. Ycs0B1E (&) MOXKHO MPEACTABUTH B BU-
1ie yI0OHOH /151 3allOMHHAHHUS «CJIOBeCHOU hopmyJibl»: Toasko mpu-
BUANbHAA NUHEUHAA KOMOUHaUUA daem HYAeB0lU 8eKmop.

Onpenenenue 8 Cucmema s8ekmopos {a_{, as,. .., anl} Ha3b6l8AEMCS
AUHEUHO He3as8ucumotll moeda U moabKo moeda, Koc0a moab-
KO mpusuaivHasa AMuHeuHas Komburayuia daem HYyresou 8eKmop.
B npomusHom cayuae: ecau AUHeUHAs KOMOUHAUUSL PABHA HYAIO U
xoms 66l 00UH U3 ee KO3IGPDuyueHmos omauuer om HYyasl, Mo oHa
HA36L8aeMCcs AUHEUHO 3a8UCUMOL.



O1HO3HAYHOCTb M JIMHEHAasl HE3aBUCUMOCTD
B npouecce BbiBoja yc/i0BUS (8) Mbl I0OKa3aJik CJEIYIOLLYI0 TEOPEMY:

Teopema 2 (KkpuTepuit 0JHO3HAYHOCTH pa3gaoxeHus) Bexmop pac-
KAQObLBACMCA 8 AUHELHYIO KOMOUHAYUIO 8EKMOpPOS ay,as, . .., a,
00HO3Ha4UHbIM 0Opazom (6) moeda u moavko moeda, Koeda cucme-
MQ BEKMOPOB {a—{, as, ..., anl} ABALEMCS NMUHCIUHO He3aB8UCUMOLL.



OpHO3HAYHOCTD U JIMHEWHAsl HE3ABUCUMOCTD

TpeGoBaHue 0IHO3HAUHOCTH UCKOMOW CUCTEMbI BEKTOPOB MbI OCYIIE-
CTBUM, BbIOpPAB JIMHEHHO HE3aBUCUMYIO CUCTEMY BeKTOpoB. Heobxonumo
JUIsl IMHEHHO HE3aBUCHUMbBIX CUCTEM BEKTOPOB OCYLIECTBUTb BTOPOE Tpe-
O60BaHUE€ — MHHUMAaJIbHOCTH KOJIMUECTBA BEKTOPOB B CUCTEME (JIJIs1 BbI-
paxkeHus1 JIoO0ro BEKTOpa uepe3 BeKTopbl 3TOH cucteMbl ). L5t yno6cTBa
BBEJIEM TePMUH /11 0003HAUEHHSI CUCTEMbI BEKTOPOB, COOTBETCTBYIOLLECH
BbIJIBUHYTbIM TPeOOBAHUSM.

Onpenenenue 9 MakcumarvHotl AUHeIHO HE3ABUCUMOLL CUCMEMOL]
U3 n BEKMOPOB HA3bLBACNICS CUCMEMA:

1) aunetino HesagucUMAsL;

2) maxas, umo npu dobasieHuu K Heil 1100020 8eKmMopa noAy4a-
emcs AUHEeUHO 3a8UCUMAS CUCMEMA.

Onpepnenenue 10 Maxkcumarorasa aunetno Hezasucumas ynopsaoo-
HEeHHAS CUCIemMa BeKMopos8 Ha3vl8aenics 6a3Uucom.



Onpenenenue 9 MaxkcumaroHotl AUHEUHO HE3QB8UCUMOLL CUCNIEMOU
U3 N BEKMOPOB HA3bLBACHMICS CUCTIEMA:

1) auHetiHo He3asuCUMASL;

2) makas, umo npu dobasieHuu K Hell 11006020 8eKmMopa noay4a-
emcs AUHEeUHO 3a8UCUMAS CUCMEMA.

Onpeneaenne 10 Maxcumarvras auretiHo HezasucumMas ynopaoo-
HeHHAs CUCMeMA BeKMOPO8 HA3blBAemcs 6aA3UCOM.

3ameuanue 1 YnopsdouenHocmos cucmemol 03HaAUAeN, 4MO 8 Bbl-
OpaHHOL cucmeme HaAM BaHeH NOpPIO0OK nepeliLLC/LQHLLﬂ BEKMO-
H
H
p03 Hcmpumep, ynopsadouerHole cucmemv. 8eKmopos a, b, c u

b a, C pasauyHbL.



[Ipumepbl 6a3ucos

[Iycte L — HekoTopas npsmas, P — myockocTb. BekTopom nps-
MOM L Ha3zoBeM JI0OOH BeKTOp, 00JaAALIMUI CASAYIOLUIMM CBOUCTBOM:
€CJIM €r0 OTJIOKUTh OT JIOOOU TOUKU NMPAMOK L, TO KOHELL [MOJYYEHHOTO
HaIPaBJEHHOIO OTPe3Ka OyAeT MPUHAJICKAThL NPAMOU L.



[Ipumepbl 6a3ucos

[lyctb L — HekoTOpas npsamasi, P — maockocTb. BekTropom npsi-
MOM L Ha3zoBeM JI0OOH BeKTOp, 00JaAALIMUI CASAYIOLUIMM CBOUCTBOM:
€CJIM €r0 OTJIOKUTh OT JIOOOU TOUKU NMPAMOK L, TO KOHELL [MOJYYEHHOTO
HaIPaBJEHHOIO OTPe3Ka OyAeT MPUHAJICKAThL NPAMOU L.

BekTopom nuockoctu P HazoBeM JIOOOH TaKOH BEKTOP, UTO KOHeELL
HalpaBJEHHOI0 OTPe3Ka, MOJYUYEHHOr0 OTKJAJAbIBAHUEM 3TOr0 BEKTOpa
OT MPOU3BOJIbHOW TOUKH IJIOCKOCTHU P, IPUHAJICXKHUT MJIOCKOCTH P.



Teopema o 6a3uce npsimoi

Teopema 3 (o 6a3uce npsamoi) Cucmema u3 00HO20 HEHYALBO2O
BEKMOPA NPAMOL 18As.emcsi 6a3Ucom IMOoil NPAMOLL.

ILO Ka3aTeEJdbCTBO.



Teopema o 6a3uce npsimoi

Teopema 3 (o 6a3uce npsamoi) Cucmema u3 00HO20 HEHYALBO2O
BEKMOPA NPAMOL 18As.emcsi 6a3Ucom IMOoil NPAMOLL.

é O O
Joka3areabcTBO. [lycTh @' — HeHyJ/1eBOM BEKTODP HA MPAMOH.



Teopema o 6a3uce npsimoi

Teopema 3 (o 6a3uce npsamoi) Cucmema u3 00HO20 HEHYALBO2O
BEKMOPA NPAMOL 18As.emcsi 6a3Ucom IMOoil NPAMOLL.

— o o
Joka3areabcTBo. [IycTb @' — HeHyJieBOU BEKTOP Ha MpsAMOH. Bce

[3) %
BEKTOPbI MMPSIMOH KOJIJIMHEAPHBI. Cucrema BEKTOPOB { a } ABJIACTCHA JIU-
3] (1) ﬁ _>
HEUHO HE3ABHUCUMOMH, TAK KAK PABEHCTBO x a = 0 BBITNOJIHAETCS TOJBKO

— o
npu a = (), MOCKOJIbKY BEKTOP & — HEHYJIEBOH.
OcTaJjioch MoKasartb, 4To



Teopema o 6a3uce npsimoi

Teopema 3 (o 6a3uce npsamoi) Cucmema u3 00HO20 HEHYALBO2O
BEKMOPA NPAMOL 18As.emcsi 6a3Ucom IMOoil NPAMOLL.

— o o
Joka3areabcTBo. [IycTb @' — HeHyJieBOU BEKTOP Ha MpsAMOH. Bce

[3) %
BEKTOPbI MMPSIMOH KOJIJIMHEAPHBI. Cucrema BEKTOPOB { a } ABJIACTCHA JIU-
3] (1) ﬁ _>
HEUHO HE3ABHUCUMOMH, TAK KAK PABEHCTBO x a = 0 BBITNOJIHAETCS TOJBKO

— o
npu o = 0, NOCKOJbKY BEKTOp & — HEHYJICBOH.
OcTaJjioch NoKa3aTh, UYTO 3Ta CUCTEMA BEKTOPOB SIBJISIETCS MAKCUMaJb-
HOUW Cpeay JIMHEHHO He3aBUCUMbIX. Kak 3To 10ka3aTh?



Teopema o 6a3uce npsimoi

Teopema 3 (o 6a3uce npsamoi) Cucmema u3 00HO20 HEHYALBO2O
BEKMOPA NPAMOL 18As.emcsi 6a3Ucom IMOoil NPAMOLL.

— o o
Joka3areabcTBo. [IycTb @' — HeHyJieBOU BEKTOP Ha MpsAMOH. Bce

[3) %
BEKTOPbI MMPSIMOH KOJIJIMHEAPHBI. Cucrema BEKTOPOB { a } ABJIACTCHA JIU-
3] (1) ﬁ _>
HEUHO HE3ABHUCUMOMH, TAK KAK PABEHCTBO x a = 0 BBITNOJIHAETCS TOJBKO

MpH o = 0, MOCKOJILKY BEKTOp @ — HeHyJ1eBOK.

OcTaJioch N0Ka3aTb, YTO 3Ta CUCTEMA BEKTOPOB SIBJISIETCS MAKCHMaJlb-
HOW CpeJin JIMHEHHO He3aBUCUMbIX. Kak 3To 1oka3aTh? MakcuMaJibHOCTh
TAKOU CUCTEMbl BEKTOPOB 03HAYAET, UTO



Teopema o 6a3uce npsimoi

Teopema 3 (o 6a3uce npsamoi) Cucmema u3 00HO20 HEHYALBO2O
BEKMOPA NPAMOL 18As.emcsi 6a3Ucom IMOoil NPAMOLL.

— o o
Joka3areabcTBo. [IycTb @' — HeHyJieBOU BEKTOP Ha MpsAMOH. Bce

[3) %
BEKTOPbI MMPSIMOH KOJIJIMHEAPHBI. Cucrema BEKTOPOB { a } ABJIACTCHA JIU-
3] (1) ﬁ _>
HEUHO HE3ABHUCUMOMH, TAK KAK PABEHCTBO x a = 0 BBITNOJIHAETCS TOJBKO

npu o = (), MOCKOJIbKY BEKTOP a — HEHYJIEBOH.

OcTaJioch N0Ka3aTb, YTO 3Ta CUCTEMA BEKTOPOB SIBJISIETCS MAKCHMaJlb-
HOM cpelu JJMHEHHO He3aBUCHMBbIX. Kak 3To nokaszath? MakcuMaabHOCTD
TAKOU CHUCTEMbl BEKTOPOB O3HAUAET, UTO NMPU J0OABJEHUH B Hee JH000-
ro BEKTOPA MJOCKOCTH TMOJIYyUYaAIOIIAsICsl CHCTEMA BEKTOPOB OKAXKETCS JIH-
HEMHO 3aBUCUMOH.



Teopema o 6a3uce npsimoi

Teopema 3 (o 6a3uce npsamoi) Cucmema u3 00HO20 HEHYALBO2O
BEKMOPA NPAMOL 18As.emcsi 6a3Ucom IMOoil NPAMOLL.

— o o
Joka3areabcTBo. [IycTb @' — HeHyJieBOU BEKTOP Ha MpsAMOH. Bce

[3) %
BEKTOPbI MMPSIMOH KOJIJIMHEAPHBI. Cucrema BEKTOPOB { a } ABJIACTCHA JIU-
3] (1) ﬁ _>
HEUHO HE3ABHUCUMOMH, TAK KAK PABEHCTBO x a = 0 BBITNOJIHAETCS TOJBKO

npu o = (), MOCKOJIbKY BEKTOP a — HEHYJIEBOH.

OcTaJioch N0Ka3aTb, YTO 3Ta CUCTEMA BEKTOPOB SIBJISIETCS MAKCHMaJlb-
HOM cpelu JJMHEHHO He3aBUCHMBbIX. Kak 3To nokaszath? MakcuMaabHOCTD
TAKOU CHUCTEMbl BEKTOPOB O3HAUAET, UTO NMPU J0OABJEHUH B Hee JH000-
ro BEKTOPA MJOCKOCTH TMOJIYyUYaAIOIIAsICsl CHCTEMA BEKTOPOB OKAXKETCS JIH-
HelHO 3aBucumon. M3 OHpeﬂ,e.HeHHH NPOU3BEICHUS BeKTopa Ha YHCJIO
CJIEJlyeT, uTO ILJIH JIIOOOro BEKTOpa b NpSAMON UMeeM b —\a , OTKYJ1a

—>

A-a—b=0.



Teopema o 6a3uce npsimoi

Teopema 3 (o 6a3uce npsamoi) Cucmema u3 00HO20 HEHYALBO2O
BEKMOPA NPAMOL 18As.emcsi 6a3Ucom IMOoil NPAMOLL.

— o o
Joka3areabcTBo. [IycTb @' — HeHyJieBOU BEKTOP Ha MpsAMOH. Bce

[3) %
BEKTOPbI MMPSIMOH KOJIJIMHEAPHBI. Cucrema BEKTOPOB { a } ABJIACTCHA JIU-
3] (1) ﬁ _>
HEUHO HE3ABHUCUMOMH, TAK KAK PABEHCTBO x a = 0 BBITNOJIHAETCS TOJBKO

MpH o = 0, MOCKOJILKY BEKTOp @ — HeHyJ1eBOK.
%K Orpesie/ieHHs IPOU3BE/ICHHS BEKTOPA HA HHC/IO CJlezLyeT_:{To ST
JIIOO0ro BEKTOpa b NpsSAMOK UMeeM b =)a ,OTKylaA-a — b = 0.
Takum o6pasoM, MoJyunJIv MpeJcTaBIeHHe HYJeBOTO BEKTOpa B BHjlE
JMHEHHON KOMOUHALMK A - & + (—1) b = 0,5 KOTOpPOH eCTh HeHyJie-
Bble KO9(hPULUUEHT: A - @ + (—1) b=0.
—~~

£0



Teopema o 6a3uce npsimoi

Teopema 3 (o 6a3uce npsamoi) Cucmema u3 00HO20 HEHYALBO2O
BEKMOPA NPAMOL 18As.emcsi 6a3Ucom IMOoil NPAMOLL.

— o o
Joka3areabcTBo. [IycTb @' — HeHyJieBOU BEKTOP Ha MpsAMOH. Bce

[3) %
BEKTOPbI MMPSIMOH KOJIJIMHEAPHBI. Cucrema BEKTOPOB { a } ABJIACTCHA JIU-
3] (1) ﬁ _>
HEUHO HE3ABHUCUMOMH, TAK KAK PABEHCTBO x a = 0 BBITNOJIHAETCS TOJBKO

— o

npu o = 0, MOCKOJIbKY BEKTOP & — HEHYJIEBOH.
IZE Orpesie/ieHHs IPOU3BE/ICHHS BEKTOPA HA HHC/IO CJlelLyeT uTo_JuIs

H
JIIOO0ro BEKTOpa b NpsSAMOK UMeeM b =)a ,OTKylaA-a — b = 0.

Takum o6pasom, Moyunsiv MpeacTaBJeHre HYJJeBOTO BEKTOpa B BHJIE

o — R
JUHEeHHOH KomMOuHaimu: A - a + (—1) b = 0. ITostomy npu no6asse-

~—
£0
o —

HHH JII0GOr0 BEKTOPA MPSIMOIT K CHCTeMe { @ } cHCTeMa BEKTOPOB CTaHO-

BUTCsI JINHEHHO 3aBrcuMoi. Teopema nokasaHa.



Teopema o 6a3uce NJI0CKOCTH

Teopema 4 (0 6a3uce naockoctu) Cucmema uz 110661x 08Yx AuHell-
HO He3a8UCUMbLX B8EKMOPO8 NAOCKOCMU A8A5emca 0a3ucom amot
NAOCKOCMU.



Teopema o 6a3uce NJI0CKOCTH

Teopema 4 (0 6a3uce naockoctu) Cucmema uz 110661x 08Yx AuHell-
HO He3a8UCUMbLX B8EKMOPO8 NAOCKOCMU A8A5emca 0a3ucom amot
NAOCKOCMU.

— 1 —
Joka3areabctBo. [lycTh cuctema § a, b ¢ BEeKTOpoB . a

MJIOCKOCTH sIBJIsIeTCs JIMHEHHOo He3aBucumon. Ham ocra- K
€TCHA N0KAa3daTb €€ MdKCUMAJIbHOCTD. /



Teopema o 6a3uce NJI0CKOCTH

Teopema 4 (0 6a3uce naockoctu) Cucmema uz 110661x 08Yx AuHell-
HO He3a8UCUMbLX B8EKMOPO8 NAOCKOCMU A8A5emca 0a3ucom amot
NAOCKOCMU.

— 1 —
Joka3areabctBo. [lycTh cuctema § a, b ¢ BEeKTOpoB . a

MJIOCKOCTH SIBJISIETCS JIMHEHHO He3aBUCHUMOHK. Hawm octa- %, K
€TCS JI0KA3aTh €€ MaKCUMaJIbHOCTh. d /

HMubimu ciaoBamu HaJa0 J10Ka3aTb, UTO IIPH ,ZLO68BJI€HI/II/I JIIOOOT'0 BEKTO-
H

pa d MJIOCKOCTH B 3Ty CUCTEMY OHA CTAHET JIMHEHHO 3aBUCUMOH, T.€. UTO
JIJ1s1 HEKOTOPBIX Uuces «, 3, 7y, He BCe U3 KOTOPbIX paBHbI 0, UMEET MeCTo

PaBEHCTBO & @ + ﬁg + vg - 0.



Teopema o 6a3uce NJI0CKOCTH

Teopema 4 (0 6a3uce naockoctu) Cucmema uz 110661x 08Yx AuHell-
HO He3a8UCUMbLX B8EKMOPO8 NAOCKOCMU A8A5emca 0a3ucom amot
NAOCKOCMU.

— 1 —
Joka3areabctBo. [lycTh cuctema § a, b ¢ BEeKTOpoB . a

MJIOCKOCTH SIBJISIETCS JIMHEHHO He3aBUCHUMOHK. Hawm octa- %, K
€TCS JI0KA3aTh €€ MaKCUMaJIbHOCTh. d /

M HbIMM cJIOBaMM HaJI0 10Ka3aTh, UTO MPH J06aBJEHUH JIIOOOTO BEKTO-
pa d miocKkoCTH B 3Ty CUCTEMY OHA CTaHET JIMHEHHO 3aBUCHMOM, T.€. UTO
JI1S1 HRKOTOPBIX UHCe v, ﬁ;fy, He BCe H3 KOTOPBIX PaBHbI 0, nMeeT MeCTo
paBeHctBo aa + b +~vd = 0.

$lcHo, uTOo v # 0, HHAYe, BONPEKH YCJOBHIO, TMHEHHO 3aBUCUMOH OblJa

s
Obl HCXOJHAsI CUCTeMA { a,b }



Teopema o 6a3uce NJI0CKOCTH

Teopema 4 (0 6a3uce naockoctu) Cucmema uz 110661x 08Yx AuHell-
HO He3a8UCUMbLX B8EKMOPO8 NAOCKOCMU A8A5emca 0a3ucom amot
NAOCKOCMU.

— 1 —
Joka3areabctBo. [lycTh cuctema § a, b ¢ BEeKTOpoB . a

MJIOCKOCTH SIBJISIETCS JIMHEHHO He3aBUCHUMOHK. Hawm octa- %, K
€TCS JI0KA3aTh €€ MaKCUMaJIbHOCTh. d /

HMubimu ciaoBamu HaJa0 J10Ka3aTb, UTO IIPH ,ZLO68BJI€HI/II/I JIIOOOT'0 BEKTO-
H

pa d MJOCKOCTH B 3Ty CUCTEMY OHA CTAHET JIHHEHHO 3aBUCUMOH, T.€. UTO
1J1sT HEKOTOPBIX uuces a, (3, 7y, He BCe U3 KOTOPbIX paBHbl 0, UMeeT MecTo
N — — —
paBeHcTBOva + b +vd = 0.
— a_, [P
Mtak, v #0,0otkynia d = ——a — —b.
Y Y



Teopema o 6a3uce NJI0CKOCTH

Teopema 4 (0 6a3uce naockoctu) Cucmema uz 110661x 08Yx AuHell-
HO He3a8UCUMbLX B8EKMOPO8 NAOCKOCMU A8A5emca 0a3ucom amot
NAOCKOCMU.

Joka3areabctBo. [lycTh cuctema {E),E)} BEKTOPOB @

MJIOCKOCTH SIBJIsIeTCS JIMHEHHO He3aBucumon. Ham octa-  _f, —

eTCsl JI0KA3aTh €€ MAaKCUMaJIbHOCTb. d b/'
JIMHelHash 3aBUCUMOCTb CHCTEMbl BEKTOPOB {E), E: H)} pPaBHOCHJIb-

— o — .
Ha d = ——a — —b. Mubimu CJIOBAMH, HAM HAA10 HAUTH TAKHE KO9(b—
Y Y

(bULHEHTBI A U [, UTO d=)7 + ,ug



Teopema o 6a3uce NJI0CKOCTH

Teopema 4 (0 6a3uce naockoctu) Cucmema uz 110661x 08Yx AuHell-
HO He3a8UCUMbLX B8EKMOPO8 NAOCKOCMU A8A5emca 0a3ucom amot
NAOCKOCMU.

— 1 —
Joka3areabctBo. [lycTh cuctema § a, b ¢ BEeKTOpoB . a

MJIOCKOCTH SIBJISIETCS JIMHEHHO He3aBUCHUMOHK. Hawm octa- %, K
€TCS JI0KA3aTh €€ MaKCUMaJIbHOCTh. d /

WMrak, HaMm Hajxo HaUTH Takue KOI(PMUUMEHTBI A W p, 4UTO
— N —
d =Xa +ub



Teopema o 6a3uce NJI0CKOCTH

Teopema 4 (0 6a3uce naockoctu) Cucmema uz 110661x 08Yx AuHell-

HO He3a8UCUMbLX B8EKMOPO8 NAOCKOCMU A8A5emca 0a3ucom amot
NAOCKOCIIU.

H

b

— 1 —

Joka3areabcTBo. [lycTh cuctema ¢ a, b ¢ BeKTOpoB a

MJIOCKOCTH sIBJIsSIeTCsl JIMHeHHO He3aBUcUMOM. Ham ocra-
eTCsl 10Ka3aTb €€ MAKCUMaJbHOCTb. 3

Mrak, Ham Hajxo HaWTH Takue KOI(DPUUUMEHTBI A W f1, UTO
d=)\a + ME)

Jlnst yno6ceTBa 3apuKcHpyeM Ha MJA0OCKOCTH TOUKY O U OTJIOXKUM BeK-
TOPBI a, K, H) OT 5TOU TOUKH.



Teopema o 6a3uce NJI0CKOCTH

Teopema 4 (0 6a3uce naockoctu) Cucmema uz 110661x 08Yx AuHell-
HO He3a8UCUMbLX B8EKMOPO8 NAOCKOCMU A8A5emca 0a3ucom amot
NAOCKOCMU.

H
b
— 1 —
Joka3areabctBo. [lycTh cuctema {a, b} BEKTOPOB a
MJIOCKOCTH SIBJIsIETCS JIMHEHHO He3aBucuMon. Ham ocTa-
eTCsl JI0KA3aTh €€ MAaKCUMaJIbHOCTb. d
WMrak, HaMm Hajxo HaUTH Takue KOI(PDUUHMEHTBI A W f, 4UTO
— N —
d =Xa+ub
Jlnst yno6ceTBa 3apuKcHpyeM Ha MJA0OCKOCTH TOUKY O U OTJIOXKHUM BeK-
— 17 7 o
Topbl @, b, d OT 3TOH TOUKH.



Teopema o 6a3uce NJI0CKOCTH

Teopema 4 (0 6a3uce naockoctu) Cucmema uz 110661x 08Yx AuHell-
HO He3a8UCUMbLX B8EKMOPO8 NAOCKOCMU A8A5emca 0a3ucom amot

naiocrocmu.
H

b
— 1 —
Joka3areabcTBo. [lycTh cuctema ¢ a, b ¢ BeKTOpoB a

MJIOCKOCTH sIBJIsSIeTCsl JIMHeHHO He3aBUcUMOM. Ham ocra-
eTCsl 10Ka3aTb €€ MAKCUMaJbHOCTb. d

Mrak, Ham Hajgo HaWTH Takue KOIDPUUMEHTBI A W f1, UTO
d=)\a + ME)

Jlnst yno6ceTBa 3apuKcHpyeM Ha MJA0OCKOCTH TOUKY O U OTJIOXKHUM BeK-
TOPBI a, K, H) OT 5TOU TOUKH.



Teopema o 6a3uce NJI0CKOCTH

Teopema 4 (0 6a3uce naockoctu) Cucmema uz 110661x 08Yx AuHell-
HO He3a8UCUMbLX B8EKMOPO8 NAOCKOCMU A8A5emca 0a3ucom amot

naiocrocmu.
H

b
— 1 —
Joka3areabcTBo. [lycTh cuctema ¢ a, b ¢ BeKTOpoB a

MJIOCKOCTH sIBJIsSIeTCsl JIMHeHHO He3aBUcUMOM. Ham ocra- Aa
eTCsl 10Ka3aTb €€ MAKCUMaJbHOCTb. d

Mrak, Ham Hajgo HaWTH Takue KOIDPUUUMEHTBI A W f1, UTO
d=)\a + ME)

Jlnst yno6ceTBa 3apuKcHpyeM Ha MJA0OCKOCTH TOUKY O U OTJIOKUM BeK-
TOPBI a, K, H) OT 5TOU TOUKH.



Teopema o 6a3uce NJI0CKOCTH

Teopema 4 (0 6a3uce naockoctu) Cucmema uz 110661x 08Yx AuHell-
HO He3a8UCUMbLX B8EKMOPO8 NAOCKOCMU A8A5emca 0a3ucom amot
NAOCKOCMU.

H
b
— 1 —
Joka3areabctBo. [lycTh cuctema {a, b} BEKTOPOB a
MJIOCKOCTH SIBJIsIETCS JIMHEHHO He3aBucuMon. Ham ocTa- A&
b
eTCsl JI0KA3aTh €€ MAaKCUMaJIbHOCTb. a d

WMrak, HaMm Hajxo HaUTH Takue KOI(PMUUHMEHTBI A W p, 4UTO
d=)\a + ME)

Jlnst yno6ceTBa 3apukcHpyeM Ha MJA0OCKOCTH TOUKY O U OTJIOKHUM BeK-
TOPBI a, K, H) OT 3TOHU TO‘{KH._)

Takum o6pasom, paBeHctso d

Ma, JIOKa3aHbl.

N —
Aa + b, aBMmecTe ¢ TeM U Teope-



Teopema o 6a3uMce npocTpaHcTBa

Teopema 5 (o0 6a3uce npoctpanctBa) Cucmema u3 A0ObLX mpex
HEKOMNAAHAPHBLX BEKMOPOB NPOCMPAHCMBA AB8A1emcs 6a3ucom
Moo NpoCmMparHcmsa.

ILOKaSaTeJleTBO UCITIOJIb3YET Ty 2K€ UACH0, UTO U 1O0KA3AaTEJILCTBO TCO -
PEMbI 4 0 Gasuce MJIOCKOCTU C €CTECTBEHHBIMU OTJIMUUSIMH.



Teopema o 6a3uMce npocTpaHcTBa

Teopema 5 (o0 6a3uce npoctpanctBa) Cucmema u3 A0ObLX mpex
HEKOMNAAHAPHBLX BEKMOPOB NPOCMPAHCMBA AB8A1emcs 6a3ucom
3M020 NPOCMPAHCMBA.

— 1 —
HJoka3areabctBo. [lycth ¢ a, b, ¢ ; — cucrtema HekomIJaHap-
H
HbIX BEKTOPOB U d — MpPOU3BOJIbHBIA BEKTOp MpocTpaHcTBa. OTio-

»KUM 3TH BEKTOPbI OT MPOU3BOJILHON PUKCUPOBAHHOHN TOUKHM O, IOJYYUM

— N — — — s
HarnpaBJieHHble Takue oTpe3ku, uto OA=a, OB=b, OC= c,
— —

OD = d.



Teopema o 6a3uMce npocTpaHcTBa

Teopema 5 (o0 6a3uce npoctpanctBa) Cucmema u3 A0ObLX mpex
HEKOMNAAHAPHBLX BEKMOPOB NPOCMPAHCMBA AB8A1emcs 6a3ucom
3M020 NPOCMPAHCMBA.

— 1 —
HJoka3areabctBo. [lycth ¢ a, b, ¢ ; — cucrtema HekomIJaHap-
H
HbIX BEKTOPOB U d — MpPOU3BOJIbHBIA BEKTOp MpocTpaHcTBa. OTio-

»KHM 3TH BEKTOPbI OT NPOU3BOJIbHOH (DHKCHPOBAHHOU TOUKH O, MOJYyUUM
— —  — — T
HarnpaBJieHHble Takue oTpe3ku, uto OA=a, OB=b, OC= c,
— —
OD = d.
Ecau D npuHaaiexxkut oaHo# u3 nyockocteid: OAB, OAC wau OBC,
TO JOCTATOUHO COCJAThCsI HA Teopemy 4 0 6asuce MI0CKOCTH.



Teopema o 6a3uMce npocTpaHcTBa

Teopema 5 (o0 6a3uce npoctpanctBa) Cucmema u3 A0ObLX mpex
HEKOMNAAHAPHBLX BEKMOPOB NPOCMPAHCMBA AB8A1emcs 6a3ucom
3M020 NPOCMPAHCMBA.

— 1 —
HJoka3areabctBo. [lycth ¢ a, b, ¢ ; — cucrtema HekomIJaHap-
H
HbIX BEKTOPOB U d — MpPOU3BOJIbHBIA BEKTOp MpocTpaHcTBa. OTio-

»KUM 3TH BEKTOPbI OT MPOU3BOJILHON PUKCUPOBAHHOHN TOUKHM O, IOJYYUM

— — — — T

HarnpaBJieHHble Takue oTpe3ku, uto OA=a, OB=b, OC= c,
— —
OD=d.

[TosTOMYy MOKHO cuMTaTh, UTO [ HE MPUHAJIEKUT MJIOCKOCTIM OAB,

OACunOBC.



Teopema o 6a3uMce npocTpaHcTBa

Teopema 5 (o0 6a3uce npoctpanctBa) Cucmema u3 A0ObLX mpex
HEKOMNAAHAPHBLX BEKMOPOB NPOCMPAHCMBA AB8A1emcs 6a3ucom
3M020 NPOCMPAHCMBA.

— 1 —
HJoka3areabctBo. [lycth ¢ a, b, ¢ ; — cucrtema HekomIJaHap-
H
HbIX BEKTOPOB U d — MpPOU3BOJIbHBIA BEKTOp MpocTpaHcTBa. OTio-

»KHM 3TH BEKTOPbI OT NPOU3BOJIbHOH (DHKCHPOBAHHOU TOUKH O, MOJYyUUM

— — — — T

HarnpaBJieHHble Takue oTpe3ku, uto OA=a, OB=b, OC= c,
— —
OD=d.

PaccmotpuM napaJiiesienunesi, orpaHuueHHbld nuockocTsiMu OAB,

OAC n OBC, a takxke napaJijieJibHbIM UM IJIOCKOCTSIMH, TPOBEIEHHBIMH

uepes D.



Teopema o 6a3uMce npocTpaHcTBa

Teopema 5 (o0 6a3uce npoctpanctBa) Cucmema u3 A0ObLX mpex
HEKOMNAAHAPHBLX BEKMOPOB NPOCMPAHCMBA AB8A1emcs 6a3ucom
3M020 NPOCMPAHCMBA.

— 1 —
HJoka3areabctBo. [lycth ¢ a, b, ¢ ; — cucrtema HekomIJaHap-
H
HbIX BEKTOPOB U d — MpPOU3BOJIbHBIA BEKTOp MpocTpaHcTBa. OTio-

»KUM 3TH BEKTOPbI OT MPOU3BOJILHON PUKCUPOBAHHOHN TOUKHM O, IOJYYUM

— — — — T

HarnpaBJieHHble Takue oTpe3ku, uto OA=a, OB=b, OC= c,
— —
OD=d.

Hanpassenubiit oTpe3dok O D — auaroHaJsib napaJjienunena — npeji-

ctaBuM B Bujie cymMbl pebep OA’, OB ' n OC’, rae A’ Touka nepeceuenus

npsiMmoit O A ¢ JIOCKOCThIO, TPOXOAsLIEH yepe3 D napaJuiesibHo MJI0CKO-
ctu OBC u .1,



Teopema o 6a3uMce npocTpaHcTBa

Teopema 5 (o0 6a3uce npoctpanctBa) Cucmema u3 A0ObLX mpex
HEKOMNAAHAPHBLX BEKMOPOB NPOCMPAHCMBA AB8A1emcs 6a3ucom
3M020 NPOCMPAHCMBA.

— 1 —
HJoka3areabctBo. [lycth ¢ a, b, ¢ ; — cucrtema HekomIJaHap-
H
HbIX BEKTOPOB U d — MpPOU3BOJIbHBIA BEKTOp MpocTpaHcTBa. OTio-

»KHM 3TH BEKTOPbI OT NPOU3BOJIbHOH (DHKCHPOBAHHOU TOUKH O, MOJYyUUM
— N — — — s
HarnpaBJieHHble Takue oTpe3ku, uto OA=a, OB=b, OC= c,
— —
OD=d.
Torna

OD = OA' + OB + OC'" =




Teopema o 6a3uMce npocTpaHcTBa

Teopema 5 (o0 6a3uce npoctpanctBa) Cucmema u3 A0ObLX mpex
HEKOMNAAHAPHBLX BEKMOPOB NPOCMPAHCMBA AB8A1emcs 6a3ucom
3M020 NPOCMPAHCMBA.

— 1 —
HJoka3areabctBo. [lycth ¢ a, b, ¢ ; — cucrtema HekomIJaHap-
H
HbIX BEKTOPOB U d — MpPOU3BOJIbHBIA BEKTOp MpocTpaHcTBa. OTio-

»KHM 3TH BEKTOPbI OT NPOU3BOJIbHOH (DHKCHPOBAHHOU TOUKH O, MOJYyUUM
— N — — — s
HarnpaBJieHHble Takue oTpe3ku, uto OA=a, OB=b, OC= c,
— —
OD=d.
Torna

OD = OA' + OB + OC' = aOA + OB + ~OC,




Teopema o 6a3uMce npocTpaHcTBa

Teopema 5 (o0 6a3uce npoctpanctBa) Cucmema u3 A0ObLX mpex
HEKOMNAAHAPHBLX BEKMOPOB NPOCMPAHCMBA AB8A1emcs 6a3ucom
3M020 NPOCMPAHCMBA.

— 1 —
HJoka3areabctBo. [lycth ¢ a, b, ¢ ; — cucrtema HekomIJaHap-
H
HbIX BEKTOPOB U d — MpPOU3BOJIbHBIA BEKTOp MpocTpaHcTBa. OTio-

»KHM 3TH BEKTOPbI OT NPOU3BOJIbHOH (DHKCHPOBAHHOU TOUKH O, MOJYyUUM
— N — — — s

HarnpaBJieHHble Takue oTpe3ku, uto OA=a, OB=b, OC= c,
— —
OD=d.

Torna

— —

OD =0A+ 0B +0C"=a0A + 0B + ~OC,

o

d =aa +3b +q7C.

Teopema nokazana.




Teopema 0 JiMHEHHbIX KOMOUHALMAX 0A3UCHbIX BEKTOPOB
O6006111eHHEeM JaHHbIX TEOPEM SIBJISIETCS CJEAyIoLIast TeopeMa.

Teopema 6 (o auneitnbix kom6unauusx asucuwix sexropos) KOHeuHas cucmema
sekmopos b asasemcs 6azucom npocmparcmsa U moeda u moabKo
moeda, K0eda 8blNOAHAIOMCA cAedyoujue 08a YCA0BUA:

1) b — auneiino nesasucumas cucmena;

2) scakuti sekmop npocmparcmea U npedcmasum 8 suoe AuHeli-
HOU KoMOUHayuu 8exkmopos cucmemol b.

Jloka3aTteJbcTBO. [{eobxodumocme.



Teopema 0 JiMHEHHbIX KOMOUHALMAX 0A3UCHbIX BEKTOPOB
O6006111eHHEeM JaHHbIX TEOPEM SIBJISIETCS CJEAyIoLIast TeopeMa.

Teopema 6 (o auneitnbix kom6unauusx asucuwix sexropos) KOHeuHas cucmema
sekmopos b asasemcs 6azucom npocmparcmsa U moeda u moabKo
moeda, K0eda 8blNOAHAIOMCA cAedyoujue 08a YCA0BUA:

1) b — auneiino nesasucumas cucmena;

2) scakuti sekmop npocmparcmea U npedcmasum 8 suoe AuHeli-
HOU KoMOUHayuu 8exkmopos cucmemol b.

Joka3areabcTBOo. f[{eobxodumocmo. BodbMeM NMPOU3BOJILHBIA BeK-
Top x U3 U ¢ 6a3ucom {ey, ..., e,}. Torna {ey, ..., e,, x} — JuHelHO 3a-
BUCHUMasi CUCTEMA BEKTOPOB (B CUJIy MAKCUMAJIbHOCTH B).



Teopema 0 JiMHEHHbIX KOMOUHALMAX 0A3UCHbIX BEKTOPOB
O6006111eHHEeM JaHHbIX TEOPEM SIBJISIETCS CJEAyIoLIast TeopeMa.

Teopema 6 (o auneitnbix kom6unauusx asucuwix sexropos) KOHeuHas cucmema
sekmopos b asasemcs 6azucom npocmparcmsa U moeda u moabKo
moeda, K0eda 8blNOAHAIOMCA cAedyoujue 08a YCA0BUA:

1) b — auneiino nesasucumas cucmena;

2) scakuti sekmop npocmparcmea U npedcmasum 8 suoe AuHeli-
HOU KoMOUHayuu 8exkmopos cucmemol b.

Hoka3zateabcTtBo. [feobxodumocms. [lodTOMy I MOAXOASILIMX
snemeHTOB noJist K umeem Ajey + ...+ \ye, + pxr = 0, 1 He Bce KO3 (-
duumentsl pashbi 0.



Teopema 0 JiMHEHHbIX KOMOUHALMAX 0A3UCHbIX BEKTOPOB
O6006111eHHEeM JaHHbIX TEOPEM SIBJISIETCS CJEAyIoLIast TeopeMa.

TeopeMa 6 (0 JIMHEWHbIX KOMOUHALUAX GA3UCHBIX BEKTOPOB) Koneunas cucmema
sekmopos b asasemcs 6azucom npocmparcmsa U moeda u moabKo
moeda, K0eda 8blNOAHAIOMCA cAedyoujue 08a YCA0BUA:

1) b — auneiino nesasucumas cucmena;

2) scakuti sekmop npocmparcmea U npedcmasum 8 suoe AuHeli-
HOU KoMOUHayuu 8exkmopos cucmemol b.

Hoka3zateabcTtBo. [feobxodumocms. [lodTOMy I MOAXOASILIMX
snemenToB nossi K umeem Ajeq + ...+ \e, + ux = 0, U He Bce KO3 (-
duurenTsl paBHbl 0. Ecsin 661 1 = 0, T0 B 661710 Obl IMHEHHO 3aBUCUMOM
CHUCTEMOH, cJIe0BaTebHO, 4 # (. 3HAUUT, & sIBJsIETCS IMHEHHOH KOMOU -
HalMel BeKTopoB U3 b.



Teopema 0 JiMHEHHbIX KOMOUHALMAX 0A3UCHbIX BEKTOPOB
O6006111eHHEeM JaHHbIX TEOPEM SIBJISIETCS CJEAyIoLIast TeopeMa.

Teopema 6 (o auneitnbix kom6unauusx asucuwix sexropos) KOHeuHas cucmema
sekmopos b asasemcs 6azucom npocmparcmsa U moeda u moabKo
moeda, K0eda 8blNOAHAIOMCA cAedyoujue 08a YCA0BUA:

1) b — auneiino nesasucumas cucmena;

2) scakuti sekmop npocmparcmea U npedcmasum 8 suoe AuHeli-
HOU KoMOUHayuu 8exkmopos cucmemol b.

Jloka3zareabcTBO. /[ocmamouHoCe.



Teopema 0 JiMHEHHbIX KOMOUHALMAX 0A3UCHbIX BEKTOPOB
O6006111eHHEeM JaHHbIX TEOPEM SIBJISIETCS CJEAyIoLIast TeopeMa.

TeopeMa 6 (0 JIMHEWHbIX KOMOUHALUAX GA3UCHBIX BEKTOPOB) Koneunas cucmema
sekmopos b asasemcs 6azucom npocmparcmsa U moeda u moabKo
moeda, K0eda 8blNOAHAIOMCA cAedyoujue 08a YCA0BUA:

1) b — auneiino nesasucumas cucmena;

2) scakuti sekmop npocmparcmea U npedcmasum 8 suoe AuHeli-
HOU KoMOUHayuu 8exkmopos cucmemol b.

Hoka3zareabcTBo. /[ocmamournocmo. Tot dakr, uto b — makcu-
MaJibHasi IMHEHHO He3aBHCUMasi CUCTeMa — OUeBHJIEH, TOCKOJbKY BCSI-
KWW Ipyrod BEKTOP BbipaxkaeTcs uepe3 BeKTopbl U3 b. Teopema nokasana.



SHawumocmos meopem o0 baauce 3aKA0UACMCA 8 MOM, YMO OHU
NO3BOAAIONT HAM ONpPedeaunto MUHUMANbHOE KOAMUECmBO 8eKNo-
pos (U ux xapakmepucmuKku ), HeobXxo00umblx 0AsL ONUCAHUSL OCHOB-
HolX eeomempuyeckux obovekmos. Hyiv-sexmop sadaem mouxy,
HeHYyaesol BeKmop onpedeasent HanpasieHue npPamoi, 08a HeKoa-
AUHEAPHOLX BeKMOPa ONUCLLBAIONT MOOO0L BEKMOpP COOMBEemcmay-
rowetl NA0CKOCMU, Mpu HeKOMRAAHAPHbLX BeKmMopa — A000l 8eK-
mop mpexmepHo2o NPoCcmparHcmasa.



KoopauHaTbl BeKTOpa

Kputepuii 2 0lHO3HAUHOCTH Pa3JIOXKEHUS U TeopeMa 6 O JIMHEHHbIX
KOMOWHALMsSAX Oa3UCHBIX BEKTOPOB MO3BOJIMJW JOCTUTHYTb LEeJH 2, U
NPeA0CTaBUIIN YCJA0BHE, 00eCIeurBatollee 0JJHO3HAUHOCTh PA3JI0XKEHHS
BEKTOpa 1o 6asucy.

Eciu b = {?1; €9 ..o ?n} — 6a3nc, TO KaKIOMY BEKTOpY X
Mbl OJHO3HAUHbIM 00pPa3oM CTaBUM B COOTBETCTBME HabOp KOOp-
auHat (Ay; ...; A,) STOrO BeKTOpa TOrJa M TOJIbKO TOT/a, KOrja
X =MN€1+X€s+...+ )\, €, Tor (hakT, uTO y BeKTOpa < KOOp-
JMHATHI paBHbL (A1; ... A,), 0OBIUHO 3AMMCHIBAIOT TAK: X (A1 ...; Ap).
Takum o6pasom, koopdunamel sexkmopa onpedeasomcs popmy-
A0u

?(Al;...;An)@?:)\1€>1+)\2?2+...+)\n€>n. (9)



KoopauHaTbl BeKTOpa
B JjanbHe#leM «I0 yMOJIYaHWIO» B MNPOCTPAHCTBE (PUKCHPYETCS

TaK Ha3blBaeMbli OPTOHOPMUPOBAHHbIA Oa3uc < i, j, k ¢, s

— — —
KOTOPOTO  CNpaBe/IMBbl  yTBepxKJaeHust 1) |i|=]]j|= k‘ =1;
- 2 T o o T = = 3 .
2) i,j = l,k:J,k:§; 3){ i,]J, k} — TMpaBasi TPOUKa

BEKTOPOB.



KoopauHatbl BeKTOpa
[TosToMy «mo ymosiuanuio» opmyJia (9) yrounsercs caeayommm o0-

d30M:
P —

— —
T (v y 2) & r=xi+yj +zk. (10)
B yactHoCTH, 1J151 BEKTOPOB MJIOCKOCTH

H
T (2 y) & ?:x_i>+yj.



KoopauHaTbl BeKTOpa

[TosToMy «mo ymosiuanuio» opmyJia (9) yrounsercs caeayommm o0-
pa3oM:

T (2 y; 2) & ?:xT%—yT%—zE}. (10)
— — — —
A(A1; Ags A3) & OA=A11 + A ) + Ask. (11)

Bruumanne! Pasencrea (10) n (11) urpatot kntodesyto posib Ans
KOOPAMHATHOTO METOZA B BEKTOPHONR anrebpe U aHaNNTNYECKOl reoMeTpuu
(Cc KOTOPOVi Mbl MO3HAKOMUMCS HUXKE).



KoopauHaTbl BeKTOpa

JlocTuxkenue nenu 2, cTp.151, mosBoJisieT onpeae/uTb HOBbIA THIT MO-
neneil BekTopoB. KJtoueBasi ujesi, MoJioxKeHHasi B OCHOBY 3TOH Mojie-
JI, COCTOUT B TOM, UTOObI 3aME€HUTH PabOTy C BEKTOPOM Ha pabOTy Co
CTPOKOH (HJIM CTOJIOLIOM ) €70 KOOPJIMHAT, YTO MO3BOJISIET OBICTPO CBOJAUTD
BEKTOPHbIE PABEHCTBA K CHCTEMAaM YHCJIOBLIX paBeHCTB. Takum o6pasom,
B cJlyuae ycrexa oJMH U3 HauboJiee TPYJL0EMKHUX 3TAINOB pellleHus 3a1a-
UM 3HAUMTEJIbHO yrpoliaercs. Mrak, npocToi U B3aUMHO OJHO3HAUHbIN
croco6! mepexosa oT BeKTOpa K CTPOKE €ro KOOPAMHAT, ONpeiesieMblil
paBeHCTBOM ( 10), BbIIBUraeT Ha MepBbId MJ1aH CJAEAYIOULYIO Leb.

'[Ipu puxcupoBanHoM BeIGope Gasuca.



KoopauHaTbl BeKTOpa

Leab 2 /[as 2106020 omHoulenus u onepayuu Ha MHOMcecmase 8ekx-
Mopos Haumu cmaroapmmoslii cnocob npedcmasieHus 3moeo on-
HOUWLeHUS UAL Onepayul ¢ LOMOWbI0 hopmys 041 Koopdurnam ek-
mopos. Kopomko mo. bydem opmyauposams smy yeab KaKk mpe-
bosaHue «chopmyauposame... Ha A36lKe KOOPOUHAM».



e I T
Teopema o KoopauHaTtax BeKTopoB Aa u a + b
[IepBbIM pe3ysibTaTOM JIOCTHKEHUS LU 2 SABJSETCS CJelylollas Teo-

pema.

Teopema 7 (o koopaunarax sekropos A@ u @ + b) [1ycmo sexkmop a umeem
H

Koopdunameol (ay; as; az), a sekmop b — (by; by; bs). Toeda cnpased-
AUBbL cAedYyrouile YMBepHOeHU:

1) sekmop \a umeem koopouramol (Aaj; Aag; Aas);

H
2) sekmop a + b umeem koopduramel (a1 + by, as + bo, az + b3).



—

Mma-+b

H
Teopema o0 KoopauHaTax BEKTOPOB A a

H
Teopema 7 (o koopaunarax sektopos A na + b) [Tycmo sexkmop a umeem
H
Koopdunameot (ay; as; ag), a sekmop b — (by; by; b3). Toeda cnpased-
AUBbL cAedyrouiue YmeepuoeHus:

1) sekmop \a umeem koopouramol (Aaj; Aag; Aas);
_)
2) sekmop a + b umeem Koopdurameot (ai + by, as + by, as + bs).

JlokasatenbctBo. 1). I1o YCJIOBHIO BEKTOpP @ HMMeeT KOOpAMHATHI
(a1; ag; az). 3Hauut, B cuity paBerctsa (10), ctp.227,
a=ai+aj +azk = Xa :)\<a1 1 +ao] —|—a3k) —
— — —
= (Aa1) 1 +(Aa2) j + (Aa3) k.

Eule pas ucnosb3ysi paBeHcTBO (10), c1p.227, nonyyaem Tpebyemoe
yTBepP KJIeHHE: BEKTOP A MMeeT KOOPAHHATLI (Aaj; Aay: Aas).



H
— =
Teopema o KoopauHaTtax BeKTopoB Aa u a + b

b) [Tycmo sexkmop a umeem
(by; bo; b3). Toeda cnpased-

TeopeMa 7 (0 KOOpPJAMHATAX BEKTOPOB \ A U a +
ﬁ
Koopdurnamot (ay; as; az), a sekmop b —

AUBbL cAedyrouiue YmeepuoeHUs:
1) sekmop Na umeem koopduramel (Aay; Aag; Aas);
2) sekmop a + f umeem Koopourameol (ay + by, as + by, az + b3).
Joka3zareabcTBo. 2) CoryiacHo paBeHcTBY (10), cTp.227,
= —
Foaitmjtak, o g
b :bl 1 —I—bQJ —l—bgk
— - — — — —
= (CL1 1 +a9 ] +a3k> + <b1 i +0y] —|—b3k) =

—

- -
:(a1+b1) 1 —|—(CL2—|—b2)_] —I—(CL3—|—b3) k.



—

Mma-+b

H
Teopema o0 KoopauHaTax BEKTOPOB A a

b) [ycmo sexkmop & umeem

Teopema 7 (0 KOOp/IMHATaX BEKTOPOB \a M
(by; bo; b3). Toeda cnpased-

a+

ﬁ
Koopdurnamot (ay; as; az), a sekmop b —
AUBbL cAedyrouiue YmeepuoeHUs:

1) sekmop Na umeem koopduramel (Aay; Aag; Aas);
2) sekmop a + f umeem Koopourameol (ay + by, as + by, az + b3).
Joka3zareabcTBo. 2) CoryiacHo paBeHcTBY (10), cTp.227,
— 7 7 37
a+b=(+b)i+(aa+0b)j +(as+b3) k.

B cuay pasenctsa (10), ctp.227, nosyyaem TpebyeMoe yTBep:KJIEHHE:
_>

BEKTOP a + b umeer KOOpaMHATHI (a1 + by; as + by; as + b3). Teopema

JI0Ka3aHa.



H
— =
Teopema o KoopauHaTtax BeKTopoB Aa u a + b

b) [ycmo sexkmop & umeem

TeopeMa 7 (0 KOOpPJAMHATAX BEKTOPOB\A U a + b
(by; bo; b3). Toeda cnpased-

H
Koopdurnamot (ay; as; az), a sekmop b —

AUBbL cAedyrouiue YmeepuoeHUs:

1) sexmop Na umeem koopdunamor (Aay; Aag; Aaz);

_>
2) sekmop a + b umeem Koopdurameot (ai + by, as + by, ag + bs).

CJleIlCTBl/le 1 (0 KOOpJAMHATaX JUHEHHOW KOMOUHALUH ) Ecau BEeKMop K Umeerr
H

KOOpduHambL (ay;a9;a3) u sekmop b (b1; bo; b3), mo sekmop

Aa + b wumeem Koopdunamot (Aay + pbi, Aag + puba, Aas + ubs).



KoopaunHaTthbl

Teopema 8 (o koopaunarax sekropa AB) Ecau  Koopdunamo, mouex A
u B pasnot (Ay; Ay A.) u coomsemcemsenno (By; By; B.), mo
—

AB =0B — OA, nosmomy Koopoduramos. sekmopa AB pasHbl
(B, — Ay B, — Ay B, — A,), mo ecmo

AB=0B-O0A=(B,—A) 1 +(B,—A)J +(B.—A) K. (12)

JloKa3aTeJbCTBO.



KoopaunHaTthbl

Teopema 8 (o koopaunarax sekropa AB) Ecau  Koopdunamo, mouex A
u B pasnot (Ay; Ay A.) u coomsemcemsenno (By; By; B.), mo
—

AB =0B — OA, nosmomy Koopoduramos. sekmopa AB pasHbl
(B, — Ay B, — Ay B, — A,), mo ecmo

AB=0B-O0A=(B,—A) 1 +(B,—A)J +(B.—A) K. (12)

JlokazaTeabCTBO. DTO MPSIMOE CJIEACTBHE U3 COMJIALIEHUS] O CBSI3U
BEKTOpA W HalpaBJieHHOro oTpe3ka, u3 dopmyJbl (11), u Teopembl 7 o
H

— —
KoopJMHaTax BeKTopoB Aa U a + b.



Kputepuii KoJJIMHEAPHOCTU BEKTOPOB

Teopema 9 (kpuTepuil KONJIMHEAPHOCTH BEKTOPOB) /(19  HeHyae-
H

H
soLx 8exmopos a u b, umerouux koopourameol (a,; a,; a.) u coom-
semcmeerHo (by; by; b.), caedyroujue ymeepicoeHus pasHOCUNbHOL:

_)
H
1) sekmopor @ u b KoaiuneapHoL;

2) cywecmayem makoe YucAo A\, 4mo cnpaseodaussl pageHCcmaso

b =)\7 (13)
b, = A\a,,

U cucmema pasercms b, = Aay, (14)
b. = \a..

Joka3areabcTBO. PaBHOCHILHOCTL yTBep2KIeHUH 1) 1 2) noJyueHa B
X0J1€ I0Ka3aTe/bCTBa TeopeMbl 3. PaBHOCUIbHOCTD paBeHCTB (13) u (14)
cJie/lyeT u3 teopemnl 7. Teopema jokasaHa.



5.1. HanpaBasiouime KoCcMHyCbl

YacTo B MPUJIOXKEHHSIX BEKTOP HCIOJb3YeTCs TOJbKO JJ1s1 3aJIJaHHUs Ha -
npasaerust, TpU 3TOM JAUHA BEKTOPa HeCcyllleCTBeHHa. TakoBa, HarpH-
Mep, CHUTyalusl NPH 3aJaHUM OCH B MPOCTPAHCTBE, TO €CTb NPAMOL C
YKA3aHHbIM Ha Hell HanpasaeHuem. Takasi ocb onpeaesieTcs A00o6im
BEKTOPOM, MapaJijie/lbHbIM TOI OCH M COHANpaBJ/eHHbIM” ¢ Heill. B 3Tom
cJlyuae MHOTJA YKA3bIBAlOT He KOOPOUHAMbL BEKTOPA, a TAK Ha3bIBaeMble
HanpagpJsilollMe KOCUHYCbI, TO €CTb TPOHKY UMCEeN COS (v, COS [3, COS 7,
rae «, 3,y — yrJbl, o6pasyemMble BEKTOPOM HJIH OCbIO C KOOPJAMHATHbI-
MM OCSIMH, COOTBeTCTBeHHO, Ox, Oy, Oz.

2HaNpaBJICHHBIM B Ty K€ CTOPOHY, a HE B IPOTHBOIOJIOKHYIO.



5.1. HanpaBasiouime KoCcMHyCbl
1 OnycTuM neprneHIuKyJsipbl

Ha ock Ox (ochb abeuuce),




5.1. HanpaBasiouime KoCcMHyCbl
1 OnycTuM neprneHuKyJsipbl

Ha ock Ox (ochb abeuuce),




5.1. HanpaBasiouime KoCcMHyCbl
1 OnycTuM neprneHuKyJsipbl

Ha ock Ox (ochb abeuuce),

S
/3>

Y



5.1. HanpaBasiouime KoCcMHyCbl
1 OnycTuM neprneHuKyJsipbl

Ha ock Ox (ochb abeuuce),
Ha ocb Oy (0Cb OpAMHAT),

Q
/D
/%



5.1. HanpaBasiouime KoCcMHyCbl
1 OnycTuM neprneHuKyJsipbl

Ha ocb Ox (ochb abeuuce),
Ha ocb Oy (0Cb OpAMHAT),




5.1.

Z

HanpaBasilouiue KOCMHYCbI

u

OnycTuM nepreHuKyJasipbl
Ha ock Ox (ochb abeuuce),
Ha ocb Oy (0Cb OpAMHAT),
Ha ocb Oz (0Ch aNMJMKar).



5.1.

Z

HanpaBasilouiue KOCMHYCbI

u

OnycTuM nepreHuKyJsipbl
Ha ock Ox (ochb abeuuce),
Ha ocb Oy (0Cb OpAMHAT),
Ha ocb Oz (0Ch aNMJUKaT).



5.1. HanpaBasiouime KoCcMHyCbl
g BesmunHbl cosa, cos (3, cosy HasblBa-

I0TCS HaNMpaBJSlOUMMH KOCHUHYCaMH
BEKTOpa.




5.1. HanpaBasiouime KoCcMHyCbl
<1 BesuunHbl cosa, cos (3, cosy HasblBa-

¢ A I0TCSI HanpaBJSlOUIUMU KOCHHYCaMH
BEKTOPA.

Cnpoeuupyem Touky A Ha mJoc-
KOCTb £OYy U CIPOELUPYEM MOJYUEHHYIO

¥ rouky B Ha ocu Oz u Oy.




5.1. HanpaBasiouime KoCcMHyCbl

Zt

C

BesuunHbl cosa, cos (3, cosy HasblBa-
I0TCSI HanpaBJSlOUIUMU KOCHHYCaMH
BEKTOpa.

Cnpoeuupyem Touky A Ha mJoc-
KocTb xOy U CIIPOoeLUPyeM MOJYyUEHHYIO
Touky B Ha ocu Oz u Oy.

PaccmoTpum cJiyual, Korja OA si-
JISIeTCsl OPTOM, T.e. MMEET eJMHUUHbIN
MOJlyJb (JJIMHA paBHa ).



5.1. HanpaBasiouime KoCcMHyCbl

é BesuunHbl cosa, cos (3, cosy HasblBa-
I0TCSl HanpapJslOUIMMU KOCHUHYyCaMHu
BEKTOpA.

Cnpoeuupyem Touky A Ha mJoc-
KocTb xOy U CIIPOoeLUPyeM MOJYyUEHHYIO
Touky B Ha ocu Oz u Oy.
PaccmoTpum cJiyual, Korja OA si-
JISIeTCsl OPTOM, T.e. MMEET eJMHUUHbIN
MOJyJb (JJIMHA paBHa |).




5.1. HanpaBasiouime KoCcMHyCbl

é BesuunHbl cosa, cos (3, cosy HasblBa-
I0TCSl HanpapJslOUIMMU KOCHUHYyCaMHu
BEKTOpA.

Cnpoeuupyem Touky A Ha mJoc-
KOCTb £OYy U CIPOELUPYEM MOJYUEHHYIO
Touky B Ha ocu Oz u Oy.

—
Paccmorpum cayuai, korna OA sB-
JISIeTCsl OPTOM, T.e. MMEET eJMHUUHbIN
MOJlyJb (JJIMHA paBHa ).

1=0A>=0B?+ AB? =



5.1. HanpaBasiouime KoCcMHyCbl
<1 BesuunHbl cosa, cos (3, cosy HasblBa-

¢ I0TCSI HanpaBJSlOUIUMU KOCHHYCaMH
BEKTOpa.

Cnpoeuupyem Touky A Ha mJoc-
KocTb xOy U CIIPOoeLUPyeM MOJYyUEHHYIO
Touky B Ha ocu Oz u Oy.

PaccmoTpum cJiyual, Korja OA si-
JISIeTCsl OPTOM, T.e. MMEET eJMHUUHbIN
MOJlyJb (JJIMHA paBHa ).

1=0A%?=0B%*+ AB%>=0B?+ cos’*~y =



5.1. HanpaBasiouime KoCcMHyCbl
<1 BesuunHbl cosa, cos (3, cosy HasblBa-

¢ I0TCSI HanpaBJSlOUIUMU KOCHHYCaMH
BEKTOpa.

Cnpoeuupyem Touky A Ha mJoc-
KocTb xOy U CIIPOoeLUPyeM MOJYyUEHHYIO
Touky B Ha ocu Oz u Oy.

PaccmoTpum cJiyual, Korja OA si-
JISIeTCsl OPTOM, T.e. MMEET eJMHUUHbIN
MOJlyJb (JJIMHA paBHa ).

1=0A?=0B?+ AB? = OB? 4 cos’>y = OP% + OQ? + cos*y =



5.1. HanpaBasiouime KoCcMHyCbl
<1 BesuunHbl cosa, cos (3, cosy HasblBa-

¢ I0TCSI HanpaBJSlOUIUMU KOCHHYCaMH
BEKTOpa.

Cnpoeuupyem Touky A Ha mJoc-
KocTb xOy U CIIPOoeLUPyeM MOJYyUEHHYIO
Touky B Ha ocu Oz u Oy.

PaccmoTpum cJiyual, Korja OA si-
JISIeTCsl OPTOM, T.e. MMEET eJMHUUHbIN
MOJlyJb (JJIMHA paBHa ).

1=0A%= OBZ—i—AB2 OB? + cos? vy = OP% + OQ? + cos® y =

= cos® a + cos? 3 + cos? .



5.2. Teopema 0 HanpaBJAAOLIUX KOCUHYCAX
M OpTe BEKTOpa

Teopema 10 B cucmene koopournam Oxyz

HANPasAfOWUe KOCUHYCbL COS L, COs [3, Cos 7y
H

geKkmopa a pasHbl KoopouHamam opma

— — —
smoeo sexkmopa 8 OHb { i,j.k }

JloKa3aTeJbCTBO.



5.2. Teopema 0 HanpaBJAAOLIUX KOCUHYCAX
M OpTe BEKTOpa

Teopema 10 B cucmene koopournam Oxyz

HANPasAfOWUe KOCUHYCbL COS L, COs [3, Cos 7y
H

geKkmopa a pasHbl KoopouHamam opma

— — —
smoeo sexkmopa 8 OHb { i,j.k }

H
Jloka3areabcTBO. [TycTb a MMeeT KOOPAMHATDI (ay; Gy; ).



5.2. Teopema 0 HanpaBJAAOLIUX KOCUHYCAX
M OpTe BEKTOpa

Teopema 10 B cucmene koopournam Oxyz

HANPasAfOWUe KOCUHYCbL COS L, COs [3, Cos 7y
H

geKkmopa a pasHbl KoopouHamam opma

— — —
smoeo sexkmopa 8 OHb { i,j.k }

H
Jloka3areabcTBO. [TycTb a MMeeT KOOPAMHATDI (ay; Gy; ).
PaccmarpuBasi n3o6pakeHHble Ha PUCYHKE MPSIMOYTOJIbHbIE TPEYroJib-

HUKHU ANOAD, AOBD, ANOC D, nojiyuaem uto



5.2. Teopema 0 HanpaBJAAOLIUX KOCUHYCAX

M OpTE BEKTOpa

Teopema 10 B cucmeme koopournam Oxyz ¢ D

HANPasAfOWUe KOCUHYCbL COS, cos [3, cos 7y
H
gekmopa a pasHol KoopouHamam opma
— — —>}

amoeo sekmopa 8 OHb { i,j,k

H
Jloka3areabcTBO. [TycTh a MMeeT KOOpAUHATHI (ay; Gy; ).
PaccmatpuBas nzo6paxkeHHble Ha PUCYHKe MPSIMOYTOJIbHbIE TPEYTOJIb-

HUKH AOAD, AOBD, ANOC D, nojiyuaem uto
a, = ‘5)| cos /AOD = ‘Eﬂ COos (v,
ay = ‘?} cos /BOD = ‘?‘ cos 3, =
a, = ‘?‘ cos /COD = ’E>| COos 7y



5.2. Teopema 0 HanpaBJAAOLIUX KOCUHYCAX

M OpTE BEKTOpa

Teopema 10 B cucmeme koopournam Oxyz ¢ D

HANPasAfOWUe KOCUHYCbL COS, cos [3, cos 7y

—
gekmopa a pasHol KoopouHamam opma
- — —>}

amoeo sekmopa 8 OHb { ), k

H
Jloka3areabcTBO. [TycTh a MMeeT KOOpAUHATHI (ay; Gy; ).
PaccmarpuBasi n3o6pakeHHble Ha PUCYHKE TPSIMOYTOJIbHbIE TPEyroJib-
HUKH AOAD, AOBD, ANOC D, nojiyuaem uto

ax:‘ |cosZAOD—‘ !cosoz cosa = a,/
ayz‘a}COSZBOD—‘a‘COSﬁ, = cosﬂ:ay/‘§>|,
a, = ‘H>|cos /COD = ’E>|cosy cosy = a,/ ’E>|




5.2. Teopema 0 HanpaBJAAOLIUX KOCUHYCAX

M OpTE BEKTOpa

Teopema 10 B cucmeme koopournam Oxyz ¢ D

HANPasAfOWUe KOCUHYCbL COS, cos [3, cos 7y

—
gekmopa a pasHol KoopouHamam opma
- — —>}

amoeo sekmopa 8 OHb { ), k

H
Jloka3areabcTBO. [TycTh a MMeeT KOOpAUHATHI (ay; Gy; ).
PaccmarpuBasi n3o6pakeHHble Ha PUCYHKE TPSIMOYTOJIbHbIE TPEyroJib-
HUKH AOAD, AOBD, ANOC D, nojiyuaem uto

ax:‘ |cosZAOD—‘ !cosoz cosa = a,/

ayz‘a}COSZBOD—‘a‘COSﬁ, = cosﬂ:ay/‘§>|,

a, = ‘H>|cos /COD = ’E>|cosy cosy = a,/ ’E>|
_

— — =
b =cosai +cosfBj +cosyk =



5.2. Teopema 0 HanpaBJAAOLIUX KOCUHYCAX

M OpTE BEKTOpa

Teopema 10 B cucmeme koopournam Oxyz ¢ D

HANPasAfOWUe KOCUHYCbL COS, cos [3, cos 7y

—
gekmopa a pasHol KoopouHamam opma
- — —>}

amoeo sekmopa 8 OHb { ), k

H
Jloka3areabcTBO. [TycTh a MMeeT KOOpAUHATHI (ay; Gy; ).
PaccmarpuBasi n3o6pakeHHble Ha PUCYHKE TPSIMOYTOJIbHbIE TPEyroJib-
HUKH AOAD, AOBD, ANOC D, nojiyuaem uto

ax:‘ |COSZAOD—‘ |cosoz
H
ayz‘a}cosZBOD—‘a‘cosﬁ,é cosﬂ:ay/‘a|,
— — —
azz‘a|cosZCOD:’a|cos*y cos*y:az/’a|.
— - — Ko @7, G, P
i

b =cosai +cosfj +cosvk =——=1i+—=7]j +
E{EY



5.2. Teopema 0 HanpaBJAAOLIUX KOCUHYCAX

M OpTE BEKTOpa

Teopema 10 B cucmeme koopournam Oxyz ¢ D

HANPasAfOWUe KOCUHYCbL COS, cos [3, cos 7y

—
gekmopa a pasHol KoopouHamam opma
- — —>}
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a, = ‘ a}COSZBOD— ‘ a‘cosﬁ, = cosﬂ:ay/‘5>|,

a, = ‘H>|cos [/COD = ’E>|cos*y cosy =a,/ ’E>|
ngOSCY_i)—I—COSﬁT—l—COS’}/?: }%‘?+%T+ ‘%Z)}ﬁzl?i‘?.
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TeopeMa JOKa3adHa.




[lepexon oT 0oqHOU MOJEJH K IPYTOH



Tabaunua

BekTopHOo-reomerpuieckasi MoaeJb

L.

CKaJisspHoO¢€

BEKTOpHOE

CMeEllaHHO€

— - Y g
a=a;1 +ayj +ak,

— — — —
b=byi+byj +b.k,

— —
— o .
C =cC1l+¢) +¢c

H
k

(3, b)=3ab

@, bl=axb

ol

—
—
ab

(pe3-T — uMcJI0) (pe3-T — BEKTOP) (pe3-T — uucJI0)

On- (8, b) = ). @, b|La; |abc=(7, b7

BN — _) —
pe-|=1|a|-|b|cos/a,b a,b]Lb,
e 2)|[7.5]| =
Ae-
e — 2| |b|sin/7&, b;

— —
3) a,b,[a,b] —

npaBasi TPOMKa.




Tabaunua 2.

BCKTOpHO-CI/lMBOJIl/l‘leCKaH MOJ€Jb

CKaJisspHoO¢€

BEKTOpHOE

CMeEllaHHO€

—

— —

. . H
a=a;1 +ayj +ak,

—

— — —
b=byi+byj +b.k,

— - - -
C=ci+c¢j+tck

(3, b)=3ab @, bl=axb ab<T
(pe3-T1 — qHCﬂo) (pe3-T — BEKTOP) (pe3-T — uucJI0)
Co-| (@, b)=(b,a) [d.b]=-[b,a} |([@ b]¢)=
e6a ( ) [b ) ])
JUHEHHOCTb 10 BCEM COMHO}KHTGJIHM
(a,a)=|al% {H), b neprenn- | |2 b < ‘ paBeH 00be-
(@, 3)=0o KyJsipeH  TapaJijesio- | My napaJuiesienureia c

rpaMMy CO CTOpPOHAMHU
H
H
a, b, njowanb KoTo-
N
poro paBHa || a’, b

pe6pamu a, K, <




Tabaunua 3.
KoopauHaTtHas moaedib
CKaJsipHOe€ BEKTOPHOE cMellaHHoe
— - - - = — - - - — —
a=a;1+ayj +tak, b=b1i+bj)+bk, c=ci+c¢j+ck
— — — — —
(a,b)="ahbh [@,b]=a x b abyc

(pe3-T — uMcJI0)

(pe3-T — BEKTOP)

(pe3-T — uucJI0)

KO-
opod

(@, b) =
= a,b, + ayb, + a.b,

®opmyaa “6an muHyc 1ab”: {E), [3, ?]} = K(E),




Cnacub6o

3d

BHUMaHue!

e-mail: melnikov@k66.ru, melnikov@r66.ru
cauthbl: http://melnikov.k66.ru, http://melnikov.web.ur.ru

BepHyTbcsl K CIUCKY Npe3eHTalun?
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