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II. ccnepoBaTesibcKne cTpaTerumn

Bekrophast ajredpa u oCHOBaHHAasI Ha Hell aHAJIUTUYECKasl FeOMeTPus
dakTHIecKn «yOmany <«TpaJuluOHHYI0» T'€OMETPHUIO B TOM CMBIC/IE, ITO
reoMmeTrpud n3 MaluCTpaJibHOI'O, HEHTPAJIbHOI'O HallpaBJIEHHUA PaA3BUTHA
MaTeMaTHKHI IIepeMecTIIach Ha 1nepudepuio.

B mkosbHOM Kypc€ MaTEMAaTUKN BEKTOP IIPAKTHUYECKU OTOzKICCTBJIA-
eTcsl ¢ HalpaBeHHbIM oTpe3koM. Hackosibko 910 jonyctumo? B Kakux
HallpaBJIEHUAX MOXKHO pa3BUBaTb UCCJICJOBaHUE BeKTOpOB?

OﬂI/IH N3 MEXaHN3MOB BbI60pa HallpaBJICHUA NCCJIENO0BaHNsl OCHOBaH Ha
CUCTNEME UCCALIOBAMENBCKUL CTTL]?G?TMZU??.



I1.1. Crpareruss NpuopUTETHOIO MU3YyUYEHHUS <«IKCTPe-

MaJIbHBIX» CI/ITyaHI/Iﬁ

I/ICCJIeﬂOBaTeJIbCKI/Ie CTpaTrerumn

1) crparerusi IPUOPUTETHOTO U3YUEHUSI «IKCTPEMAJBHBIX» CHTYAIUL;

) CTpaTerust MOUCKa AHAJIOTUH;

) cTpaTerus mepexojia OT U3yUeHUs: OTJIEJbHOIO OObEKTa K CHCTeMe OObeKTOB;
) cTpaTerus IpeJBKYIIeHUs;

) cTpaTerus MOCTPOCHUST MOJIEJIH;

) cTparerus OOOTraIeHnst MOJIEIIH;

)

Crparerusi IpUOPUTETHOTO M3YyYEHUS <«3IKCTPEMAJIbHBIX» CH-
Tyalil 1103BOJIIET, HAIIPUMED, BbIJIEJIUTh CIIENUAIbHBIE TUITBI BEKTOPOB:
HYJIEBOII U €IMHIMYHBIN, a TaKxKe HamboJiee BaXKHble BapuaHThl B3aUMHO-
o PacHoJIOKEeHUs JIBYX BEKTOPOB: KOJLIMHEAPHOCTH, OPTONOHAJIBHOCTD 1
KOMILJIAaHAPHOCTh BEKTOPOB.



I1.2. Crparerusa noucka aHaJioruu

I/ICCJIe,I[OBaTeJIbCKI/Ie cTparTrerumn
1) crparerusi IPUOPUTETHOTO M3YUECHUSI «IKCTPEMAJIbHBIX» CHTYAIUi;
) CTpaTerud IoOUCKa aHaJIOI'H;
3) cTparerus mepexoja OT U3yUeHUsl OTIETbHOIO 0OObEKTa K CHCTeMe 0ObEKTOB;
4) cTparerusi IpPeIBKYIIEHNS;
5) cTparerust OCTPOEHHsT MOJIEJIH;
6) crparerus 0OOTAIEHNsT MOJIEI;
)

Crparerust momckKa aHaJIOTUM [IPUBOIUT B IIEPEHOCY HEKOTOPHIX
reOMETPUIECKNX ITOHATHI B BEKTOPHYIO aaredpy, HaIIpuMep, HOHSITHS 11a-
PaJLICJIBHOCTA U TEPIEHIUKYIAPHOCTH, TIEPEHOC TAKUX XapaKTEPUCTUK
KakK JIJIMHA, YTOJd U JIP.



I1.3. Crparerusi nepexojia OT U3y4YeHHUS OTAEJIHLHOI'O

00beKTa K CUcreMe 00ObeKTOB
I/ICCJIeﬂOBaTeJIbCKI/Ie CTpaTrerumn
1) crpaTerusi IPUOPUTETHOTO U3YUEHUSI «IKCTPEMAJBHBIX» CUTYAIUI;
2) cTparerus MOUCKa AHATIOTUH;
3) CTpaTGFHH HGpGX(),ZLa oT I/IBy‘IGHI/IH OTACJIbHOI'O O6’b€KTa K cucremMe O6’1)€KTOB;
4) crparerus IpeJBKYIIEHHUS;
5) CTpaTeFI/IH HOCTPOGHI/IH MO,H‘GJH/I;
6) crparerust oboraieHust MOJIEJIH;
)

Crparerus mnepexojaa OT U3y9YeHUH OTAEeJILHOIO 00bEKTa K CH-
creMe O0OBEKTOB B COUYETAHUU C APYTUMH CTPATETHsSIMHI 0DECIeYnBaCT
BBeJIcHUE Oollepaluii 1 OTHOIICHU Ha MHOXKECTBE BEKTOPOB U IIEPEXO0J] OT
U3y4YeHUsl OTJAEJIbHBIX BEKTOPOB K I'€OMETPUUECKUM (DUIYPaM.



I1.4. Crparerusa npeaBKyIlleHUs

I/ICCJIe,I[OBaTeJIbCKI/Ie cTparTrerumn
1) crparerusi IPUOPUTETHOTO M3YUECHUSI «IKCTPEMAJIbHBIX» CHTYAIUi;
) CTpaTerud IIONMCKa aHaJIOI'UnU;
3) cTparerus mepexoja OT U3yUeHUsl OTIETbHOIO 0OObEKTa K CHCTeMe 0ObEKTOB;
4) cTparerust IPeBKYIIEHNS;
5) cTparerust OCTPOEHHsT MOJIEJIH;
6) crparerus 0OOTAIEHNsT MOJIEI;
)

Crparerng mpeaBKyIIeHnd, KaK 00ObIYHO, II03BOJISIET CTPOUTDH T'HIIO-
Te3bI, 000CHOBBIBATE UX WJIN OIIPOBEPraTh, OCYIIECTBIATH HOUCK PeIIeHNs
3a1a4 1 JAp. OHa ocHOBaHa Ha U3YUYEHUM CUTYyalllM, KOI'Ja Ie/b YZKe J10-
CTUTHYTA, U, HA OCHOBE aHaJIM3a 3TOI CUTyallll, OIpe/IeJICHIH CII0COO0B
JIOCTUZKEHUS LEJIU.



I1.5. Crparerus nocTpoeHuss MOAEIN

I/ICC.TIe,ILOBaTe.TIbCKI/Ie crpaTerum

1) crparerusi IPUOPUTETHOTO M3YUECHUSI «IKCTPEMAJIbHBIX» CHTYAIUi;

) cTpaTerus MOUCKa aHAJIOTUH;

) CcTpaTerns mepexojia OT U3yUeHUsT OTIEJIbHOIO0 O0BEKTa K CHCTeMe OObeKTOB;
) cTpaTerus MpeIBKYIIeHNnsT;

) cTpaTerns MoCTPOEHUsT MOJIEJIH;

) cTparerus OOOTAIEeHUsT MOJIEIH;

)

Crparerusi IIOCTPOEHNS MOJIEJIN SBJISIeTCA UCTOYHUKOM TaKMX Ha-
IpaB/iennii ucceaeoBans KakK BbljieJeHue CTaHJapTHBIX CIIOCOO0B 3a/1a-
HUS pa3/InIHBbIX 00bEKTOB BEKTOPHOMN a/iredphl, B 4aCTHOCTH, BEKTOPOB
1 reoMeTprIecKux (puryp, paccMaTpuBaeMbIX KaK COBOKYITHOCTH TOYEK
(OTOXKJIECTBIISIEMBIX € PaJNyC-BEKTOPAMU 9TUX TOUEK ), (hOPMUPOBAHUIO
JIPYIUX MoJesieil BEKTOPHOI aJireOpbl, MOJACINPOBAHUIO OIIepaIuii M OT-
HOIIIEHUU 1 JP.



I1.6. Ctparerust oboranieHns 1 peayImpoBaHNSA MO/Ie-

JIN
I/ICC.He,ZLOBaTeJIbCKI/Ie cTparTrerumn
1) crparerusi IPUOPUTETHOTO M3YUEHUSI «IKCTPEMAJIbHBIX» CHTYAIUi;
) CTpaTerud IIONCKa aHaJIOTU;
3) cTparerus mepexoja OT U3yUeHUsl OTIETbHOIO 0OObEKTa K CHCTeMEe 0ObEKTOB;
4) cTparerusi IpPeBKYIIEHNS;
5) cTparerust OCTPOEHUsT MOJIEJIN;
6) crparerus 0OOraIeHNsT MOJIEJIN;
)

Crparerng oboramieHuss 1 pPeayIdPOBAHIS MOJEJIN IIPUBOIUT
KO BBEJIEHUIO TaKUX MHOHATHUII KaK CKaJIIpHOe, BEKTOPHOE U CMellaHHOe
[IpOU3BeJIeHNs, ollepalliil CJI0XKeHUsT BEKTOPOB U YMHOYKEHUS BEKTOpa Ha
qnca0. Kak mpumenenne 9Toil cTpaTeruu MOXKHO paccMaTpUBaTh BBEJIe-
HUe HMOHSATUS KOMILJIaHAPHOCTU BEKTOPOB.



I1.7. CrpaTerusa cMeHbI poJieil 1 IIPUOPUTETOB

I/ICC.TIe,ILOBaTe.TIbCKI/Ie crpaTerum

1) crparerusi IPUOPUTETHOTO M3YUECHUSI «IKCTPEMAJIbHBIX» CHTYAIUi;

) cTpaTerus MOUCKa aHAJIOTUH;

) CcTpaTerns mepexojia OT U3yUeHUsT OTIEJIbHOIO0 O0BEKTa K CHCTeMe OObeKTOB;
) cTpaTerus MpeIBKYIIeHNnsT;

) cTpaTerns MOCTPOEHUsT MOJIEJIH;

) cTparerus OOOTAIEeHUsT MOJIEIH;

)

Crparerusi cMeHbI poJieii 1 IPUOPUTETOB IPUMEHAETCA IIPHU T'eo-
MeTPpUYECKOl nHTepipeTalun CUCTeM YpaBHEHU 1 JPYruX BbIparKeHuii,
a TaKyKe IIPU CO3JIaHUU aHAJIUTUYECKON TeOMeTPUM U PElleHnn 3a/1a4.



I11. 'eomeTpuyeckasi MoJieJib BEKTOPHOII aJIredphl
CranjgapTHbIe cII0COObI 3aJaHld BEKTOPa
Omnepaluy BeKTOPHOI ajredpwl 1 JIpyrue GyHKIUN Ha BEKTOpax



II1.1. CrapgapTHBIE CIIOCOOBLI 3aJJaHNS BEKTOPA
[TonsTue HAITPABIEHHOTO OTPE3KA ABJIAETCA 0CHOB01 OTIPeIeIeHNsT BEK-
TOpa. BGKTOp ABJIAETCA a6CTpaKTHbIM ITIOHATHUEM. OCHOBHI)IMI/I XapaKTe-
PUCTUKAMHI BEKTOPA SIBJISIOTCS OAUHA I HANPABAEHUE.
KoHKpeTHBI HallpaB/IeHHBII OTPE30K paccMaTpUBaeTcs Kak npedcma-
sumMeAsb BeKTopa. L eomerpudeckast paboTa ¢ BEKTOPOM OCHOBaHa, Ha, IIPO-
e ype OTKJIa/bIBaHUsI BEKTOPa OT TOYKU.



I11.2. Coryanienne o HalrpaBJIEHHOM OTpPe3Ke

— (¥ (¥
Coraamenue 1. Ecau U — nexomopwitl eexmop, mo cmandapmmoiii ne-
pexod ¥ Konkpemmomy nanpasaernromy ompesky AA" ocyuecmensemesa
- o
omraadvsanuem sexmopa U om movwku A. Ecau AA" — nanpasaerivii

—

ompesox, mo AA" — coomseemcmeyrowuti sexmop. B wacmmuocmu, na-
—

npasaennoiti ompesox AA" udem usz mouxu A 6 mouxy A', a eexmop AA’
Mootcem 6vims omaoaHcen om A060T MoK,

!/

£l

Pucynok x omnpejienennio
A paBeHCcTBa BEKTOPOB.



I11.2. Coryanienne o HalrpaBJIEHHOM OTpPe3Ke

— (¥ (¥
Coraamenue 1. Ecau U — nexomopwitl eexmop, mo cmandapmmoiii ne-
pexod ¥ Konkpemmomy nanpasaernromy ompesky AA" ocyuecmensemesa

H / (7
omxsadvearuem sexmopa W om mouxu A. Feau AA" — nanpasaermnoi
—

ompesox, mo AA" — coomseemcmeyrowuti sexmop. B wacmmuocmu, na-
—

npasaennoiti ompesox AA" udem usz mouxu A 6 mouxy A', a eexmop AA’
Mootcem 6vims omaoaHcen om A060T MoK,

U B’
v PUCYHOK K OIIPee/IeHIIO
A
B C

paBEHCTBa BEKTOPOB.



I11.2. Coryanienne o HalrpaBJIEHHOM OTpPe3Ke

— (¥ (¥
Coraamenue 1. Ecau U — nexomopwitl eexmop, mo cmandapmmoiii ne-
pexod ¥ Konkpemmomy nanpasaernromy ompesky AA" ocyuecmensemesa

H / (7
omxsadvearuem sexmopa W om mouxu A. Feau AA" — nanpasaermnoi
—

ompesox, mo AA" — coomseemcmeyrowuti sexmop. B wacmmuocmu, na-
—

npasaennoiti ompesox AA" udem usz mouxu A 6 mouxy A', a eexmop AA’
Mootcem 6vims omaoaHcen om A060T MoK,

/
% :
ﬁ
v Pucynok x omnpejienennio
A
D.
B C

paBEHCTBa BEKTOPOB.
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Coraamenue 1. Ecau U — nexomopwitl eexmop, mo cmandapmmoiii ne-
pexod ¥ Konkpemmomy nanpasaernromy ompesky AA" ocyuecmensemesa

H / (7
omxsadvearuem sexmopa W om mouxu A. Feau AA" — nanpasaermnoi
—

ompesox, mo AA" — coomseemcmeyrowuti sexmop. B wacmmuocmu, na-
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npasaennoiti ompesox AA" udem usz mouxu A 6 mouxy A', a eexmop AA’
Mootcem 6vims omaoaHcen om A060T MoK,
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—
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Pucynok x omnpejienennio
A paBeHCcTBa BEKTOPOB.
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Coraamenue 1. Ecau U — nexomopwitl eexmop, mo cmandapmmoiii ne-
pexod ¥ Konkpemmomy nanpasaernromy ompesky AA" ocyuecmensemesa
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omxsadvearuem sexmopa W om mouxu A. Feau AA" — nanpasaermnoi
—

ompesox, mo AA" — coomseemcmeyrowuti sexmop. B wacmmuocmu, na-
—

npasaennoiti ompesox AA" udem usz mouxu A 6 mouxy A', a eexmop AA’
Mootcem 6vims omaoaHcen om A060T MoK,
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Pucynok x omnpejienennio
paBeHCcTBa BEKTOPOB.
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— (¥ (¥
Coraamenue 1. Ecau U — nexomopwitl eexmop, mo cmandapmmoiii ne-
pexod ¥ Konkpemmomy nanpasaernromy ompesky AA" ocyuecmensemesa

H / (7
omxsadvearuem sexmopa W om mouxu A. Feau AA" — nanpasaermnoi
—

ompesox, mo AA" — coomseemcmeyrowuti sexmop. B wacmmuocmu, na-
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npasaennoiti ompesox AA" udem usz mouxu A 6 mouxy A', a eexmop AA’
Mootcem 6vims omaoaHcen om A060T MoK,

Al

Pucynok x omnpejienennio

/ PABEHCTBA BEKTOPOB.
—
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6 C u coorBercrBeHHo C' B Touky D.



I11.2. Coryanienne o HalrpaBJIEHHOM OTpPe3Ke

— (¥ (¥
Coraamenue 1. Ecau U — nexomopwitl eexmop, mo cmandapmmoiii ne-
pexod ¥ Konkpemmomy nanpasaernromy ompesky AA" ocyuecmensemesa

H / (7
omxsadvearuem sexmopa W om mouxu A. Feau AA" — nanpasaermnoi
—

ompesox, mo AA" — coomseemcmeyrowuti sexmop. B wacmmuocmu, na-
—

npasaennoiti ompesox AA" udem usz mouxu A 6 mouxy A', a eexmop AA’
Mootcem 6vims omaoaHcen om A060T MoK,

Al

D/

W

¢’ PucyHok K onpejeneHunio

paBEHCTBA BEKTOPOB.
H
W BekTops! nepenecenbl u3 Touek A, B

H
W
C

6 u coorBercrBeHHo C' B Touky D.



I11.3. KonnuHeapHOCTH BEKTOPOB

\_>

b

B cBssu ¢ TeM, 4TO BEKTOP MOXKET OBITH OTJIOXKEH OT JIF0OOI TOUKM, T10-
HSITHE «TIAPAJIIEbHOCTD TPSIMBIX U OTPE3KOB» (BKJIIOUAsT HAIIPABICHHBIE
OTPE3KU) HEKOPPEKTHO JIOCJOBHO TT€PEHOCUTH Ha BEKTOPHI.



I11.3. KonnuHeapHOCTH BEKTOPOB
H&HpaBﬂeHHble OTpGSKI/I I[TOJIYIEHHBIE OT- P

a
KJI1aJIbIBaHUEM a u b OT YKa3aHHBIX TOYEK, \

JIeZKaT Ha ITapaJljleJIbHBIX ITPAMDbIX.

\_>

b

B cBssu ¢ TeM, 4TO BEKTOP MOXKET OBITH OTJIOXKEH OT JIF0OOI TOUKM, T10-
HSITHE «TIAPAJIIEbHOCTD TPSIMBIX U OTPE3KOB» (BKJIIOUAsT HAIIPABICHHBIE
OTPE3KU) HEKOPPEKTHO JIOCJOBHO TT€PEHOCUTH Ha BEKTOPHI.



I11.3. KonnuHeapHOCTH BEKTOPOB
H&HpaBﬂeHHble OTpGSKI/I I[TOJIYIEHHBIE OT-

KJIa/JIbIBaHUEeM a n b OT YVKa3aHHBbIX TOYEK,
JIeZKaT Ha ITapaJljleJIbHBIX ITPAMDbIX.

\B)

B cBssu ¢ TeM, 4TO BEKTOP MOXKET OBITH OTJIOXKEH OT JIF0OOI TOUKHM, T10-
HSITHE «TIAPAJIIETbHOCTD TPSMBIX U OTPE3KOB» (BKJIIOUAsT HAIIPABICHHBIE
OTPE3KU) HEKOPPEKTHO JIOCJOBHO TTI€PEHOCUTH Ha BEKTOPHI.



I11.3. KonnuHeapHOCTH BEKTOPOB
H&HpaBﬂeHHble OTpGSKI/I I[TOJIYIEHHBIE OT-

KJIa/JIbIBaHUEeM a n b OT YVKa3aHHBbIX TOYEK,
JIeZKaT Ha ITapaJljleJIbHBIX ITPAMDbIX.

B cBs3u ¢ TeM, 4TO BEKTOP MOXKET OBITH OTJIOXKEH OT JIF0OOI TOUKHM, T10-
HSITHE «TIAPAJIIEIbHOCTD TPSIMBIX U OTPE3KOB» (BKJIIOUAsT HAIIPABICHHBIE
OTPE3KU) HEKOPPEKTHO JIOCJOBHO TIEPEHOCUTH Ha BEKTOPHI.



I11.3. KonnuHeapHOCTH BEKTOPOB
H&HpaBﬂeHHble OTpGSKI/I I[TOJIYIEHHBIE OT-

KJTa/IbIBAHIEM @ 1 b OT YKa3aHHBIX TOYEK,
JIEYKAT Ha NapaJlIeIbHBIX HPSIMbIX.

RN - .
Ornoxkum a u b or roukn O. O

B cBs3u ¢ TeM, 4TO BEKTOP MOXKET OBITH OTJIOXKEH OT JIF0O0I TOUKHM, T10-
HSITHE «TIAPAJIIETbHOCTD MPSIMBIX U OTPE3KOB» (BKJIIOUAsT HAIIPABICHHBIE
OTPE3KU) HEKOPPEKTHO JIOCJOBHO TTEPEHOCUTH Ha BEKTOPHI.



I11.3. KonnuHeapHOCTH BEKTOPOB
H&HpaBﬂeHHble OTpGSKI/I I[TOJIYIEHHBIE OT-

a
KJTa/IbIBAHIEM @ 1 b OT YKa3aHHBIX TOUEK,  _,
a
JIEYKAT Ha NapaJlIeIbHBIX HPSIMbIX. \
RN -
Ornoxkum a u b or roukn O. O
—

B cBssu ¢ TeM, 4TO BEKTOP MOXKET OBITH OTJIOXKEH OT JIF0OOI TOUKM, T10-
HSITHE «TIAPAJIIEbHOCTD TPSIMBIX U OTPE3KOB» (BKJIIOUAsT HAIIPABICHHBIE
OTPE3KU) HEKOPPEKTHO JIOCJOBHO TI€PEHOCUTH Ha BEKTOPHI.



I11.3. KonnuHeapHOCTH BEKTOPOB
H&HpaBﬂeHHble OTpGSKI/I I[TOJIYIEHHBIE OT-

a
KJla/[bIBAHIEM @ 1 b or yKa3aHHBIX TOUEK,  _
a
JIeXKaT Ha HapaJlie/IbHbIX HPSIMbIX.
RN -
Omyoxkum a u b or Toukn O. O _

B cBs3u ¢ TeM, 4TO BEKTOP MOXKET OBITH OTJIOXKEH OT JIF0OOI TOUKHM, T10-
HSITHE «TIAPAJIIEbHOCTD TPSIMBIX U OTPE3KOB» (BKJIIOUAsT HAIIPABICHHBIE
OTPE3KU) HEKOPPEKTHO JIOCJOBHO TIEPEHOCUTH Ha BEKTOPHI.



I11.3. KonnuHeapHOCTH BEKTOPOB
H&HpaBﬂeHHble OTpGSKI/I I[TOJIYIEHHBIE OT-

a
KJla/[bIBAHIEM @ 1 b or yKa3aHHBIX TOUEK,  _
a
JIeXKaT Ha HapaJlie/IbHbIX HPSIMbIX.
RN -
Omyoxkum a u b or Toukn O. O _

[Tonydennnle HalpaBeHHbIE OTPE3KU Te-
1eph JiexkaT Ha 00not u motl sice npAmMotl.

B cBssu ¢ TeM, 9TO BEKTOP MOXKET OBITH OTJIOXKEH OT JIF0OOI TOUKHM, I10-
HSITHE «TIAPAJIIEbHOCTD TPSIMBIX U OTPE3KOB» (BKJIIOUAsT HAIIPABICHHBIE
OTPE3KU) HEKOPPEKTHO JIOCJOBHO TTEPEHOCUTH Ha BEKTOPHI.



I11.3. KonnuHeapHOCTH BEKTOPOB
H&HpaBﬂeHHble OTpGSKI/I I[TOJIYIEHHBIE OT-

KJIa/IbIBAHIEM a 1 b OT YKa3aHHBIX TOYEK,
JIEZKAT Ha MapaJijleJIbHbIX IPsIMbIX.
RN -
Omyoxkum a u b or Toukn O. O _
[Tonydennnle HalpaBeHHbIE OTPE3KU Te-
1eph JiexkaT Ha 00not u motl sice npAmMotl.

B cBssu ¢ TeM, 4TO BEKTOP MOXKET OBITH OTJIOXKEH OT JIF0OOI TOUKHM, I10-
HSITHE «TIAPAJIIETbHOCTD TPSIMBIX U OTPE3KOB» (BKJIIOUAST HAIIPAB/ICHHBIE
OTPE3KU) HEKOPPEKTHO JIOCJOBHO TI€PEHOCUTH Ha BEKTOPBI.



I11.3. KonnuHeapHOCTH BEKTOPOB
H&HpaBﬂeHHble OTpGSKI/I I[TOJIYIEHHBIE OT-

KJIa/IbIBAHIEM a 1 b OT YKa3aHHBIX TOYEK,
JIEZKAT Ha MapaJijleJIbHbIX IPsIMbIX.
RN -
Omyoxkum a u b or Toukn O. O _
[Tonydennnle HalpaBeHHbIE OTPE3KU Te-
1eph JiexkaT Ha 00not u motl sice npAmMotl.

[TosToMy B BEKTOpHOI ajredpe roBOpsiT He O «Iapajlie/bHbIX», a O
KOJIJIMHEAPHBIX BEKTOPaXx.



I11.3. KonnuHeapHOCTH BEKTOPOB
H&HpaBﬂeHHble OTpGSKI/I I[TOJIYIEHHBIE OT-

KJIa/IbIBAHIEM a 1 b OT yKa3aHHBIX TOYEK,
JlexKaT Ha IlapaJiie/IbHbIX IPsAMbIX.
0 aunb 0

TaoxkuM a u b or Toukn O. O _
[Tonydennnle HalpaBeHHbIE OTPE3KU Te-
1eph JiexkaT Ha 00not u motl sice npAmMotl.

—_— -

Onpenenenne 1. Bexmopwvr & u b nasvearomces KoOJdInHEAPHBIMHA,
ecAl



I11.3. KonnuHeapHOCTH BEKTOPOB
H&HpaBﬂeHHble OTpGSKI/I I[TOJIYIEHHBIE OT-

KJIa/IbIBAHIEM a 1 b OT YKa3aHHBIX TOYEK,
JlexKaT Ha IlapaJiie/IbHbIX IPsAMbIX.
RN -
Ornoxkum a u b or roukn O. O
[Tonydennnle HalpaBeHHbIE OTPE3KU Te-
1eph JiexkaT Ha 00not u motl sice npAmMotl.

—
—
Omnpenenenue 1. Bexkmopor & u b naswearomcs KOJIJIMHEAPHBIMU,

eCAU HANPABAEHHDLE OMPE3KU, NOAYYEHHBLE OMKAGIDIBAHUEM IMUL BekK-
Mmopos om Purcuposarnoti Mok,



I11.3. KonnuHeapHOCTH BEKTOPOB
H&HpaBﬂeHHble OTpGSKI/I I[TOJIYIEHHBIE OT-

KJIa/IbIBAHIEM a 1 b OT YKa3aHHBIX TOYEK,
JlexKaT Ha IlapaJiie/IbHbIX IPsAMbIX.
RN -
Ornoxkum a u b or roukn O. O
[Tonydennnle HalpaBeHHbIE OTPE3KU Te-
1eph JiexkaT Ha 00not u motl sice npAmMotl.

—
—
Omnpenenenue 1. Bexkmopor & u b naswearomcs KOJIJIMHEAPHBIMU,

eCAU HANPABAEHHDLE OMPE3KU, NOAYYEHHBLE OMKAGIDIBAHUEM IMUL BekK-
Mopos om Purcuposanoti moyuku, Aedcam Ha 00not npAmoT.



I11.4. Oneparuu BeKTOpHOIi ajaredbpbl n Apyrue pyHK-
U1 Ha BEKTOpax

Ba3zoBbie onepalrmu BeKTOPHOI aaredphl:

— cI0sKenne (CyMMupoBanue) BeKTopos: U + V' (HTOroBblil puc.);
— YMHOKEHHE BEKTOpa Ha IHCI0; AU ;

— BEKTOPHOE POU3BEJIEHNEe BEKTOPOB (HTOrOBOE OTpe/Ie/IeHIE).

OTHomIeHnsT HA, MHO>»KECTBE BEKTOPOB:
— KOJIJIMHEAPHOCTH BEKTOPOB;
— KOMILTAaHAPHOCTh BEKTOPOB;

DOyuKIMK, olpeaeeHHbIe Ha BEKTOPaX:
— NIPOEKIMA BEKTOPA Ha OCh JIPYTOr0 BEKTOPA;
— CKaJIsIPHOE MTPOM3BEJICHIe BEKTOPOB (OIpe/ie/ieHNne);

Bropuunbie onepariuu n (pyHKIUN Ha BEeKTOpax:
— CMeIIaHHOE IPOU3BE/IeHNE BEKTOPOB;
— JIBOITHOE BEKTOPHOE IPOU3BEJICHNE BEKTOPOB.



I11.4.1. CymMa BeKTOpPOB

—
H o
OHpe,Zl;eJIeHI/Ie 2. Cymmoti 6e1<:m0p0 a u b nasweaemcs maxot

6eXMOp C, WMo, €CAU BEKMOPHL A Lu < OMAOICUTIL 01 np0u3-
60AbHOT gﬁumupO@aHHou mouru O: OA = a, OB — b OC =

mo ompesox OC' 6ydem coenadams ¢ duaz2oHaib0 NAPANAENOPAMMA CO
cmoporamu OA u OB.

\
a
é
b

Pucynok x omnpejienennio
CYMMBI BEKTOPOB.

o «IIpaBuyo
napaJieorpaMmas
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S5+5+5=3-5.
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Taxmm oOpa3oM, orepalnd CI0XKEHNT BEKTOPOB JJIsi CUCTEMBI U3 OJIHOTO
BEKTOPa PaABHOCUJIbHA OllepaIliy [IPOU3BE/ICHUA BEKTOPa Ha YUCJIO Clara-
eMbIX. dHCI0 claraeMbIX SIBASETCS IUCIOM HATypaJbHBIM. Y MHOXKEHIE
BEKTOPa Ha HATYPAJbHOE YUCJIO ABJISCTCS OJIHON U3 «XOPOIIUX» IKCTPe-
MaJIbHBIX CUTYAIUil JI/Is1 OOIIEro ciydast YMHOYKEHUsT BEKTOPa Ha, IIPOU3-
BOJIbHOE YHUCJI0. SHAYUT, [OJIyUEHHbII pe3ysibTaT TpedyeT 0O000IIeHMS.
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BbIpayKeHne B mpapoit gactu (opmyssl (2) Ha |7‘ B wntore nosydaeMm
KOHCTPYKIIAIO, HA3bIBAEMYIO CKAJIAPHBbIM NPOU3BEeAeHUEM BEKTOPOB.



IT1.7. CkajisipHoe nmpousBeeHe BEKTOPOB

Onpe,ue.neHI/Ie 6. CKaJgapHBIM OPOU3BEIAECHUEM HEHYACCHIT GEKMO-
pos a u b HA3BLEACTNCA YUCAO, ONPEICAAEMOE BDIPAINCEHUEM

— e — =
(?,b)nﬁeabd‘f!a\ \bycos(?j), (3)
— = —
2de @, b — yeon meocdy sexmopamu @ u b. Ecau xoma 6o 0dun

u3 Mroorcumened CRANAPHOZ0 HPOUSSGdGHUﬂ ecmm HyJLGSO?j, 6ERMOP, ™Mo
CRANAPHOE npou3€ede%ue 2MmMux 6€KMOPO6 CHUMAEMCA PAGHHIM 0.



IT1.7. CkajisipHoe nmpousBeeHe BEKTOPOB

Onpe,ue.neHI/Ie 6. CKaJgapHBIM OPOU3BEIAECHUEM HEHYACCHIT GEKMO-
pos a u b HA3BLEACTNCA YUCAO, ONPEICAAEMOE BDIPAINCEHUEM

(3,?)@631)*]‘;51\ blcos(a, b ), (3)

/\
—

ede Q,K — yeon meocdy sexmopamu a u b. Ecau woma 6v 0dun
U3 MHOACUMENET, CKAAAPHO20 NPOUSGEIEHUA ECTNL HYAEGOT 6EKMOP, MO
CKANAPHOE NPOU3BEJeHUE IMUL BEKMOPOS CHUMAEMCA PASHIM (),

B kauecTBe OCHOBHOIO MBI IIpUMEM IIepBOe 0003HAYEHHE CKAJISAPHOIO

—_— -
oboznavenus: | a, b ).

Paccmorpum nipumep?



I11.8. BekTopHOoe npoun3BeaeHne BEKTOPOB

[TocTaBuMm 3ataay B «dopmaTe cBOOOJIHOIO UCCae0BaHUs». JaHbl 1Ba
BEKTOPa B IIpocTpaHcTBe. Hajlo onpene/inTh onepaiun «BeKTOPHOE 1IPO-
n3BeJIeHIey HanOoJIee MePCIeKTUBHBIM 00Pa30M.

[IepeiiTn K orpeieIeHIIO KOM-
IJIAHAPHBIX BEKTOPOB, IIpaBOil
U JIEBOI TPOIKU BEKTOPOB?
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[IpejicTaBuTh B 0J{HOM U3 cTaHIAPTHBIX (OPM 3a1aHust PyHKIIH:
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[IpejicTaBuTh B 0JIHOM U3 cTaHIAPTHLIX (hOPM 3a1aHusT PYHKIHI: IPa-
dukom, Tabmmreit, popmyIoii.
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[IpesicraBuTh B 0JIHOM U3 CTaHJAPTHBLIX POPM 3aJiaHus PYHKIUU: IPa-
dukom, Tabmmreit, popmyIoii.

BapuanTer 3ajannsg rpadukoM u TabauIeil BINISIAT Oojee 9eM Co-
MHUTEJILHO.
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[IpesicraBuTh B 0JIHOM U3 CTaHJAPTHBLIX POPM 3aJiaHus PYHKIUU: IPa-
dukom, Tabmmreit, popmyIoii.

BapuanTer 3ajannsg rpadukoM u TabauIeil BINISIAT Oojee 9eM Co-
MHUTEJILHO.

OcraeTcst BapuaHT 3a/laHus onepann GopMyJIoi.
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Kaxk 3ajiaTh oneparuio ¢popmyioi?
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C 4ero HavyaTh onucanue’

MpI XOTUM 1Oy IUTh paBeHcTBO. [JoaToOMY IpUMEHNM CTpaTEernio co-
CTaBJIEHUsI YpaBHEHMIA.



I11.8. BekTopHOoe npoun3BeaeHne BEKTOPOB

[TocTaBuMm 3ataay B «dopmaTe cBOOOJIHOIO UCCae0BaHUs». JaHbl 1Ba
BEeKTOpa B IIpocrpancrBe. Hajto onpeeuTs onepalinio «BEKTOPHOE 1IPO-
n3BeJIeHIey HanOoJIee MePCIeKTUBHBIM 00Pa30M.

[IpuMeHUM CTpATErnI0 COCTABJIEHUsI yPaBHEHMIA.

Ymo nado natimu?
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Hagnem ¢ BeIOOpa HaIIpaB/IeHHS].
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[TocTaBuMm 3ataay B «dopmaTe cBOOOJIHOIO UCCae0BaHUs». JaHbl 1Ba
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Kax BbIOpATh HAIIPABJIEHHE BEKTOPA € — BEKTOPHOIO [IPOM3BEICHISI

—_ -
BEKTOpOB & 1 b .



IT1.8. BekTopHoe npou3BejicHie BEKTOPOB

Kak BbiOpaTh > HallpaBJIeHie BeKTOPa C — BEKTOPHOI'O IIPOU3BE/IEHIs]
BEKTOPOB @ 1 b .

Bocnosb3yemcs nccinemoBaTeabcKuMn crparerngamm!!!

1) cTparerusi IPUOPUTETHOTO U3YIEHUsT «IKCTPEMABHBIX> CUTYAIHI;

2) cTpaTerus MonucKa aHaJOrUi;

3) crparerus mnepexojia OT M3YUEHUs OTJEIBHOTO 00hEKTa K CHCTEME
00'bEKTOB;

4) cTparerus MpejiBKYIIeHU;

5

6) cTparernst 0OOTAIEHNST MOJIE/IH;

7

CTpatrerud IMoCTpoeHud MOJCIIN;

CTpaTernsd CMEHBI I)OJIOI/I 1 IIPpHUOPUTETOB.



I11.8. BekTopHOoe npoun3BeaeHne BEKTOPOB

[IpuMmenenne nccieoBaTeIbCKUX CTpaTeruil moxkasaJo, 4To HauboJiee
IIEPCIIEKTUBHBIM HBHHGTCH BJ)I/IaHT KOI'la p€3yJIbTaT E) BEKTOPHOI'O 1IPO-
N3BEJCHNA BEKTOPOB a n b ABJIACTCA OPTOI'OHAJIbHBIM K COMHOZKHTE-

—

JISIM, T.e. K BeKTOpaM a u b . .

—

[To Kakyi CTOpOHY OT IIJIOCKOCTH BEKTOPOB & 1 b JgomKeH ObITh
—>c
HaIlpaBJIeH BEKTOp C 7



I11.8. BekTopHOoe npoun3BeaeHne BEKTOPOB

[Tpumenenune ucciaegoBaTeIbCKIX CTpaTeruil mokasaJsio, 4To Hambosee
IePCIIEKTUBHbBIM HBHHGTCH BAPMAHT, KOI/IA Pe3yJIbTaT "C BEKTODPHOI'O IIPO-
U3BeJIeHUsT BEKTOPOB a u E SIBJISIETCSI OPTOIOHAJIbHBIM K COMHOZKHTE-
JISIM, T.€. K BEKTOpaM a 1 b

[To kakyto CTopOHy OT IIJIOCKOCTH BEKTODOB & N b JTOJIZKEH OBITh
HAIIPABJIEH BEKTOD C !

Acro, 9TO 3TO BOIpPOC CcoryiallleHus. B 0oCHOBY 3TOro corJalleHnd
TIOJIOXKUJIA IIOHSITHE CHUCTEMbI KOMILJIAHAPHBIX BEKTOPOB, IIPaBOIi

TPOUWKMN BEKTOPOB U JIEBOM TPOMKMN BEKTOPOB.
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Onpenenenune 7. [osopam, wmo a, b, ¢ — cucmema KOMILJIaHAP-

HbIX BEKTOPOB, ccAau cywecmaeyem makasd NaoCkoCIMb IT u maxas mou-
xa S Ha HBlj 1Mo 6 IMmy nAOCKOCMb 6KANYYAN0MCA HANPABAEHHDBIE OTNPES-

kuSA, SB uSC, nmy%%%me OMKEAGODIBAHUEM O, MOYKU S 6EKMOPOS,
coomeememeenno, a, bu<.
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IlepeiiTn:

K OIIPEJICJICHUIO KOMILJIAHAPHBLIX BEKTOPOB,

K OIIPEJCJICHUIO 11PABOIl TPOUKN BEKTOPOB,

K OIIPEJICJICHUIO JICBOI TPONKN BEKTOPOB,

K HadaJIy OllpeJie/IeHUsT BEKTOPHOIO IIPOU3BE/IeHN BEKTOPOB,

K IIPOJIOJIZKCHUTIO OIIpeJieIeHIs BEKTOPHOIO MTPOU3Be/IeHUS BEKTOPOB,

K OKOHYATE/JIHHON (POPMYJIHPOBKE OIPeJIe/IeHIsI BEKTOPHOTO IIPOU3Be-
JICHIST BEKTOPOB.



I11.10. IIpaBas Tpoiika BEKTOPOB

ﬁ H
Onpez[e.neHI/Ie 8. Hycmb a b, C — HEKOMNAGHAPHDIE GEKMOPDL U

SA a, SB b , SC c Tozda ynopadovwennas mpoiirxa Hexom-
NAGHAPHOLT 6€KMOPO6 & , b C nasvieaemcs MpaBoil TPOMKOi BEKTO-
POB, €CAU BPAWEHUE OM HANPABAECHH020 ompeska S A ¥ HanpasieHHOMY
ompesxy SB no xpamuatiwed uz dye sudumcs us mouxu C' xax spause-

HuUe HPOTTLU_GE Yaco60U CMmpenru.
b

|
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I11.10. IIpaBas Tpoiika BEKTOpPOB
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I11.11. JleBas Tpoiika BEKTOPOB

OnpeﬂeﬂeHHe 9. Vnopadouennas mpolixa HEKOMNAGHAPHIT BEKMOPOS

. b, C naswsaemca neBoil TPOMRKOIH BEKTOPOB, €CAlU NOCAE nepe%o-
€ HAMAA0 6CET MPET GEKMOPOG 6 0011y MOYKY 8PaULEHUE OM Se%mopa a
K 6EKMOPY b no Kpamuatiwet uz dye sUOUMCA ¢ KOHUG 6eKmopa € Kak
BPAWEHUE NO YACOBOT CMpeNKe.

a ¢ — T —

Ecm a,b,c —

= A JeBasgd TpPOUKa BeK-

= TOPOB, TO IIPaBbIMU

TpolKaMU  BEKTOPOB

6 a,b,-¢

yayT a, , —C,

S B) — —
< ; &, C 1 JIp.
ﬁ
b
b
B



IlepeiiTn:

K OIIPEJICJICHUIO KOMILJIAHAPHBLIX BEKTOPOB,

K OIIPEJCJICHUIO 11PABOIl TPOUKN BEKTOPOB,

K OIIPEJICJICHUIO JICBOI TPONKN BEKTOPOB,

HavaJIy Oollpe/ie/IeHns BEKTOPHOI'O IIPOU3BEJICHN BEKTOPOB,

ITPOJIOJIZKEHUTIO OIpe/Ie/IeHIs BEKTOPHOT'O HPOU3Be/IeHN BEKTOPOB,

OKOHYaTeIbHOI (hOPMYIUPOBKE OIpeJIe/IeHIs] BEKTOPHOT'O IIPOU3Be/Ie-
HUS BEKTOPOB.



I11.12. BekTopHoe npousBegeHne BEKTOPOB: (popMyJin-
pyeM oIIpejejeHne

Harmomunm, qTo MBI PCIIILIH, “ITO PE3Y/IbTaT 'C BEKTODHOI'O IIPOH3BE-
JIeHIST BEKTOPOB & I b JIOJIZKEH OBITH OPTOrOHAJIEH K COMHO}KI/ITGJIHM
Bribop Toro, B KaKon CTOPOHY OT ILIOCKOCTH BEKTOPOB & N b oyaer
HAIPABJICH BEKTOP C, GyJleT OIPEIeIsIThCs COIVIALICHIEM: MPotika 6€k-
mopos &: b: € doascna Gvms npacotl mpotiroi.

B dusuke ¢ moHsitmeMm 1paBoil TPOIKU BEKTOPOB Bbl CTAJIKHBAJIKICD,
HalpUMep, 1P POPMYJIUPOBAHIE «IIPABILIa OypPABINKA>.



I11.12. BekTopHoe npousBegeHne BEKTOPOB: (popMyJin-
pyeMm onpejelieHue

OcTraJjioch OHpelLeJII/ITbCH C JUIMHOf pe3ysibraTta € BEKTOPHOIO IIPOH3-
BEJICHUST BEKTOPOB @ 1 b

Bocmoab3yemcsa mncciiegoBaTeabcKuMu crparerusamMm!!!

1) CTpaTerugd INpuopruTeTHOI'O U3YICHUA «IKCTPEMAJIbHBIX» CL’I'l‘}"”CLLLL’lf”I;

2) CTpaTerusd 1oncCKa aHaJIOI'nu,

3) crparerus nepexojia OT M3YUEHHs OTJEIBLHOTO 00hEKTa K CHCTEME
00bEKTOB;

4) cTparerus 1pejiBKYIIeHU;

5)
6) CTpaTerudd ()6()1"(1LU€11MH MOJIEJIN,

)

7

CTpatTerud MMoCTpoeHuA MOJCIIN;

CTpaTeruga CMEHBI POJ 1eil 1 I[TPUOPUTETOB.



I11.12. BekTopHoe npousBegeHne BEKTOPOB: (popMyJin-
pyeM oIIpejiejieHue

— -
Omnpenenenne 10. BeKTopHBIM OpOM3BEAECHUEM 6eKmopos a u b

3 — I
HA3DIBAEMCA 6EKMOP, 0003HAMAEMDBIT YEPE3 [a, b] usu a X b, obaa-

darouyuti credyruumMu c8olCMBaAMIU:
- = _ — '
J.Ha,b”:‘a|-’b -81n(903>5>),

_>—>} —

0o
1

ﬁ
a’, b | opmozonanen x sexmopy a u x eexmopy b ;

— 17 = .
3. a,b, [a, b} obpasyrom npasyro MpoUuKry 8EKIMOPOSs.

Paccmorpum nipumep?



I11.13. CmentanHoe 1npounsBejieHIe BEKTOPOB

[TocKoIbKY pe3yabTaToM BEKTOPHOI'O YMHOXKEHHSI BEKTOPOB CHOBA, SIB-
JIACETCA BEKTOP, TO OH MOZKET y9aCTBOBATH BO BCEX BH/IaX YMHOZKCHWA
BEKTOPOB. [Ipn ero BeKTOpHOM YMHOXKEHUU Ha HEKOTOPDIi < OJTy 9a-
eM JIBOIiHOe BEKTOPHOE IPOM3BeAeHNe, paccCMOTpeHHOe Hike. Pac-
CMOTPHUM pPeE3YyJ/IbTaT CKaJIAPHOI'O YMHOzKEHN A BEKTOPHOI'O ITPOU3BEICHN A
BEKTOPOB Ha MPOU3BOJIBHBII BEKTOD c.



I11.13. CmentanHoe 1npounsBejieHIe BEKTOPOB

[TocKoIbKY pe3yabTaToM BEKTOPHOI'O YMHOXKEHHSI BEKTOPOB CHOBA, SIB-
JIACETCA BEKTOP, TO OH MOZKET y9aCTBOBATH BO BCEX BH/IaX YMHOZKCHWA
BEKTOPOB. [Ipn ero BeKTOpHOM YMHOXKEHUU Ha HEKOTOPDIi < OJTy 9a-
eM JIBOIiHOe BEKTOPHOE IPOM3BeAeHNe, paccCMOTpeHHOe Hike. Pac-
CMOTPHUM pPeE3YyJ/IbTaT CKaJIAPHOI'O YMHOzKEHN A BEKTOPHOI'O ITPOU3BEICHN A
BEKTOPOB Ha MPOU3BOJIBHBII BEKTOD c.

OI&))G,HGJIGHI/IG 11. CmeniaHHBIM  OPOU3BEJIEHNEM  BEKTOPOB
— 7 — .
a’ b ¢ wnasweaemca wucao, onpedeasemoe Hopmyaofi

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



111.14. /IBoiiHOe BeKTOpHOE IIPOU3BEAEHIE BEKTOPOB

B cooTBercTBUN cO cTpaTerneil NpMOPUTETHOrO N3y IeHNT SKCTPEMaIb-
HBIX CHTyaIuii ObLIO Obl MHTEPECHO M3YUUTh Pe3yJbTaT KPaTHOIO IPHU-
MeHeHust onepanur. OOBIMHO paccMaTpPUBAETCsl KpaTHOE IpUMEHeHMe
olepaluu K OJIHOMY M TOMY K€ BEKTOPY, HO B JIQHHOM CJy4ae YzKe
[3; 3] = ﬁ, IIOCKOJIbKY MOJIYJIb 9TOI'0 BEKTOPa — HYJEBOII, CM. ompe-
AeJieHe BEKTOPHOI'O IIpOoMU3BEeACHNA.



111.14. /IBoiiHOe BeKTOpHOE IIPOU3BEAEHIE BEKTOPOB

B cooTBercTBUN cO cTpaTerneil NpMOPUTETHOrO N3y IeHNT SKCTPEMaIb-
HBIX CHTyaIuii ObLIO Obl MHTEPECHO M3YUUTh Pe3yJbTaT KPaTHOIO IPHU-
MeHeHust onepanur. OOBIMHO paccMaTpPUBAETCsl KpaTHOE IpUMEHeHMe
olepaluu K OJIHOMY M TOMY K€ BEKTOPY, HO B JIQHHOM CJy4ae YzKe
[5); 3] = ﬁ, IIOCKOJIbKY MOJIYJIb 9TOI'0 BEKTOPa — HYJEBOII, CM. ompe-
AeJieHe BEKTOPHOI'O IIpOoMU3BEeACHNA.

HOSTOMy N3BECTHOCTDL IIOJIYHMJI TOJIbLKO OJHMH pPE3yJibTaT B 9TOM Ha-
H

— —
[IPABJICHUN: 3TO PE3YJbTAT U3YUYECHUS BbIPAKEHUS [a; [b; C H, KOTO-

po€ Ha3bIBaCTCA ILBOfIHbIM BEKTOPHBIM IIpOMU3BEJCHNEM.



I11.15. @opmyna «bam MuUHycC abd»

— T —
Teopema 1. /[aa mobwvixr sexmopos a’, b, ¢ umeem mecmo paseHcmeo

(popmysa «bay, munyc 1ab»)



I11.15. @opmyna «bam MuUHycC abd»
H
Teopema 1. /s 41060z 6ekmopos a, b, C umeem Mecmo pasencmeo

(popmysa «bay, munyc 1ab»)
@, |b.%||=b (@) -¢(a. D). (5)

Jloka3aTeJabCTBO 9TOil TEOPEMBI B PAMKaX BEKTOPHO-T'€OMETPUIECKOI
MOJIEJIN SIBJIsIeTCd BechbMa IpoMo3iKuM. MBI IIpoBeieM ero 1mo3xKe cpe/l-
CTBaAMM KOOP/IMHATHOI MOJIEJIN.



IV. BekTopHOo-cuMBoJIndecKass MOJieJIb BEKTOPHOI aJI-
reOphI
CranjapTHbIe CII0COObI 3a/aHIs BEKTOPa
[Ipescrapinenne oTHOLIEHNI B BIJIe PaBEHCTB
HekoTopnie KpuTeprun BEKTOPHOIT ajireOphl



IV. BekTopHOo-cuMBoJIndecKass MOJieJIb BEKTOPHOI aJI-
reOphI

B marematuke nambdosiee HOIIYJIAPHBI SHAKOBO-CUMBOJIMYECKHUE MO/C-
JIN, TIO3BOJIATONINE 3aMEHUTH PA0OTy ¢ 00beKTaMI Ha OIePUPOBAHHE C UX
0003HaYEHUSIMY, UACHTU(UKATOPAMMU:

— = =
e a, p,m..;

o« CM,OF, MT...

HBIMU ci0BaMU, MCCJIEJIOBAHUSI B BEKTOPHOI ajiredOpe OCHOBaHbLI Ha,

BEKTOPHOM HNCHYHNCJ/ICHNU.



IV. BekTopHOo-cuMBoJIndecKass MOJieJIb BEKTOPHOI aJI-
reOphI

B marematuke nambdosiee HOIIYJIAPHBI SHAKOBO-CUMBOJIMYECKHUE MO/C-
JIN, TIO3BOJIATONINE 3aMEHUTH PA0OTy ¢ 00beKTaMI Ha OIePUPOBAHHE C UX
0003HaYEHUSIMY, UACHTU(UKATOPAMMU:

— = —
e a. p,m..;

)

o« CM,OF, MT...

Baykneiimumu  wHCTpyMeHTaMu  Jijisi  0O0paboTku  uHMOpMalul B

BEKTOPHO-CUMBOJINIECKOM MOJIE/IN SABJISIIOTCS MOAHCOECMBENHBLE NPEe0dDa-
306a1UA ANTEOPAMICCKIX BBIPAXKEHUN W PAGHOCUNDHBIE NPEOOPA30GANHUA
paBeHncTB. VIMEHHO MO3TOMY CTOJb BayKHO IIPEJICTaBISATH OTHOIIEHHUS U
CBOICTBa BEKTOPHBIX OIlepalliil B BIJE TOXKJIECTB. KcTecTBeHHO, YTO pedb
uJIeT 00 orepalngx, olpeleJeHHbIX B paMKaxX BEKTOPHO-IeOMEeTPIICCKON
MOJICJIN.



IV.1. CrappaptHBIe CIIOCOOBI 3aJaHUsA BeKTOpa B
BEKTOPHO-CUMBOJINYECKOII MOJeJa BEKTOPHOI aJjred-
PhI

B pamkax BEKTOPHO-CUMBOJINYECKON MO CTaHIaPTHBIN cI10c00 3a-
JITaHNs BEKTOPa COCTOUT B IIPEJICTABJICHUN BEKTOpPaA KaK pes3y/abTrara Ipu-
MEHEHHUsI ollepalliii BEKTOPHOIT a/iredphbl K HEKOTOPOMY HabOPY BEKTOPOB.



IV.1. CrappaptHBIe CIIOCOOBI 3aJaHUsA BeKTOpa B
BEKTOPHO-CUMBOJINYECKOII MOJeJa BEKTOPHOI aJjred-
PhI

B pamkax BEKTOPHO-CUMBOJINYECKON MO CTaHIaPTHBIN cI10c00 3a-
JITaHNs BEKTOPa COCTOUT B IIPEJICTABJICHUN BEKTOpPaA KaK pes3y/abTrara Ipu-
MEHEHHUsI ollepalliii BEKTOPHOIT a/iredphbl K HEKOTOPOMY HabOPY BEKTOPOB.

Hamnpumep, BeKTOpbI B BEKTOPHO-CUMBOJINIECKON MOJIE/IN IIPeICTaBIe-

— —
HBI BbIDazKeHUsIMU BiJa 2@ — 3 b, [25> —3b, 3] +a.



IV.1. CrapgaptHble cmnocoObl 3aJlaHUg BeKTOpa B
BEKTOPHO-CUMBOJINYECKOII MOJeJa BEKTOPHOI aJjred-
PHI

B pamkax BEKTOPHO-CUMBOJINYECKON MO CTaHIaPTHBIN cI10c00 3a-
JIaHUS BEKTOPa COCTOUT B IIPEJCTaBICHUN BEKTOpa KakK pe3yJbrara Mpu-
MEHEHHUs ollepaluii BEKTOPHOI aJreOpbl K HEKOTOPOMY HADOPY BEKTOPOB.

OCHOBHBIMI ~ cpejicTBaMU  00PabOTKM  MHGOPMAIUA B BEKTOPHO-
CUMBOJITIECKON MOJEIN BEKTOPHOI aredphl ABJSIOTCA IPeodpa3oBaHus.
[Tosromy HaM cieayeT 3apUKCUPOBATL OTHOIIEHUA U CBOWCTBA PACCMOT-
PEHHBIX BBIIIE Ollepalliii B BUJIe PABEHCTB: CBOMCTB aJredbpamdecKoii
IIPOEKIINN BEKTOPA HAa OCh JIPYTI'Or'o BEKTOPA, B HaCTHOCTH, CBOMCTB
BEKTOPHOI'O NPOU3BEAEHUS, a TakK:Ke CBOMCTB aJjiredpamvecKoii
IIPOEKIUUN, U CBOMCTB CKAJIAPHOTO NIPOU3BEJIeHNS BEKTOPOB,



IV.2. CBoiicTBa onepamnuii cjio2keHus BEKTOPOB 1 IIPO-
N3BeJeHNs BEKTOPa Ha YUCJIO

1. X 4+Y =¥ 4+ X (KOMMyTaTUBHOCT);



IV.2. CBoiicTBa onepamnuii cjio2keHus BEKTOPOB 1 IIPO-
N3BeJeHNs BEKTOPa Ha YUCJIO

1. X 4+Y =¥ 4+ X (KOMMyTaTUBHOCT);

2. (X +y)+7Z =X+ (y + Z) (acconuarusnocrs);



IV.2. CBoiicTBa onepamnuii cjio2keHus BEKTOPOB 1 IIPO-
N3BeJeHNs BEKTOPa Ha YUCJIO

1. X 4+Y =¥ 4+ X (KOMMyTaTUBHOCT);

2. (X +y)+7Z =X+ (y + Z) (acconuarusnocrs);

%
3. st BekTopa 0 (Hauaa0 U KOHEI KOTOPOTO COBIAJIAIOT), U JTFOOOTO

— — —
BEKTOpa X BBINOJIHsIETC paBeHCTBO X + 0 = X (cyIecrBoBatme
HYJIEBOTO BEKTOPA);

Kaxas-mo epomosdrasn opmyauposka. ..



IV.2. CBoiicTBa onepamnuii cjio2keHus BEKTOPOB 1 IIPO-
N3BeJeHNs BEKTOPa Ha YUCJIO

1. X 4+Y =¥ 4+ X (KOMMyTaTUBHOCT);
2. (X +y)+7Z =X+ (y + Z) (acconuarusnocrs);
3.X+0=% (cymecTBOBaHIE HYJIEBOTO BEKTOPA);



IV.2. CpoiicTBa onepanmii cjI0KeHnsI BEKTOPOB U IIPO-
n3BeacHmndad BEKTOpPa Ha Y9UCJ10
X +y =y + X (KOMMYTaTHBHOCTD);

(X +¥Y)+7Z =X+ (y +7) (accomuaruBHOCTb );

—
= X (cyImmecTBoBaHUe HYJIEBOIO BEKTOPA);
N — .
JIsh J1o0boro BekTopa X u3 V' ocyliecTByeT BEKTOpP — X TaKoi, UTo

X+ (-%X)=0;

+(— X

=



IV.2. CpoiicTBa onepanmii cjI0KeHnsI BEKTOPOB U IIPO-
n3BeacHmndad BEKTOpPa Ha Y9UCJ10
X +y =y + X (KOMMYTaTHBHOCTD);

(X +¥Y)+7Z =X+ (y +7) (accomuaruBHOCTb );



IV.2. CBoiicTBa onepamnuii cjio2keHus BEKTOPOB 1 IIPO-
N3BeJeHNs BEKTOPa Ha YUCJIO

+Y =¥ + X (KOMMyTATHBHOCTS);

+)+ 7 =X + (¥ +7) (accommanmiocrs);

5. MX +Y) =AX + Y
6. AN+ )X =X +uX;



IV.2. CpoiicTBa onepanmii cjI0KeHnsI BEKTOPOB U IIPO-
n3BeacHmndad BEKTOpPa Ha Y9UCJ10
X +y =y + X (KOMMYTaTHBHOCTD);

(X +¥Y)+7Z =X+ (y +7) (accomuaruBHOCTb );

H
= X (cyImmecTBoBaHUe HYJIEBOIO BEKTOPA);

= W o
ol
s

N — .

I JIF0O0ro BeKTopa X u3 V' CcyIecTByeT BEKTOp — X TaKoil, 9ITo
— —

(—=x)=0;

o
=



IV.2. CpoiicTBa onepanmii cjI0KeHnsI BEKTOPOB U IIPO-
n3BeacHmndad BEKTOpPa Ha Y9UCJ10
X +y =y + X (KOMMYTaTHBHOCTD);

(X +¥Y)+7Z =X+ (y +7) (accomuaruBHOCTb );

H
= X (cyImmecTBoBaHUe HYJIEBOIO BEKTOPA);

= W o
ol
s

— — .
711 J1I000r0 BeKTOpa X 13 V' CyIIeCTBYeT BEKTOP — X TaKoii, 4To
— —

o N



IV.3. CpoiicTBa ajaredbpamdeckoii NpoeKIuu BeKTOpa
Ha OChb JAPYIroro BEKTOpa

— —
1) npy (b —i—?) =1upy b +1py C.



IV.3. CpoiicTBa ajaredbpamdeckoii NpoeKIuu BeKTOpa
Ha OChb JAPYIroro BEKTOpa

1) npy (g + ?) = Hpgg> +1py C.
— —
2) mp (Ab) = A-1upz b, rie A — aucio.



IV.3. CpoiicTBa ajaredbpamdeckoii NpoeKIuu BeKTOpa
Ha OChb JAPYIroro BEKTOpa

1)Hp5?<i;%—7?):zln}gi?%-HpQT?.
— —
2)Hp3?(Al)> = A-1upz b, rie A — aucio.

JlokazaresibcTBO. 1)

B

N
b
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2)Hp3?(Al)> = A-1upz b, rie A — aucio.

JlokazaresibcTBO. 1)

B

ol
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IV.3. CpoiicTBa ajaredbpamdeckoii NpoeKIuu BeKTOpa
Ha OChb JAPYIroro BEKTOpa

1) npy (K + ?) = Hpgg> +1py C.
— —
2) mp (Ab) = A-1upz b, rie A — aucio.

JlokazaresibcTBO. 1)

/ /
= upyAB +upyB'C' =



IV.3. CpoiicTBa ajaredbpamdeckoii NpoeKIuu BeKTOpa
Ha OChb JAPYIroro BEKTOpa

1) npy (K + ?) = Hpgg> +1py C.
— —
2) mp (Ab) = A-1upz b, rie A — aucio.

JlokazaresibcTBO. 1)

= v N 1
np3 (b - c) =1npz AC" = npz AB +1upzB'C' =

; I,
= HpgAB + HprC =



IV.3. CpoiicTBa ajaredbpamdeckoii NpoeKIuu BeKTOpa
Ha OChb JAPYIroro BEKTOpa

1) npy (K + ?) = Hpgg> +1py C.
— —
2) mp (Ab) = A-1upz b, rie A — aucio.

JlokazaresibcTBO. 1)

= v N 1
np3 (b - c) =1npz AC" = npz AB +1upzB'C' =

/ 1/ N —
=nupzAB +upzBC" =upyz b +1upz .

a a



IV.3. CpoiicTBa ajaredbpamdeckoii NpoeKIuu BeKTOpa
Ha OChb JAPYIroro BEKTOpa

1)Hp5?<i;%—7?):zln}gi?%-HpQT?.
— —
2)Hp3?(Al)> = A-1upz b, rie A — aucio.

JlokazatesibCcTBO. 2)

B

N
b



IV.3. CpoiicTBa ajaredbpamdeckoii NpoeKIuu BeKTOpa
Ha OChb JAPYIroro BEKTOpa

1)Hp5?<i;%—7?):zln}gi?%-HpQT?.
— —
2)Hp3?(Al)> = A-1upz b, rie A — aucio.

JlokazatesibCcTBO. 2)

—_— s —

AC = )\A



IV.3. CpoiicTBa ajaredbpamdeckoii NpoeKIuu BeKTOpa
Ha OChb JAPYIroro BEKTOpa

1)Hp5?<i;%—7?):zln}gi?%-HpQT?.
— —
2)Hp3?(Al)> = A-1upz b, rie A — aucio.

JlokazatesibCcTBO. 2)

—_— s —

AC = )\A



IV.3. CpoiicTBa ajaredbpamdeckoii NpoeKIuu BeKTOpa
Ha OChb JAPYIroro BEKTOpa

1)Hp5?<i;%—7?):zln}gi?%-HpQT?.
— —
2)Hp3?(Al)> = A-1upz b, rie A — aucio.

JlokazatesibCcTBO. 2)

—_— s —

AC = )\A



IV.3. CpoiicTBa ajaredbpamdeckoii NpoeKIuu BeKTOpa
Ha OChb JAPYIroro BEKTOpa

1)Hp5?<i;%—7?):zln}gi?%-HpQT?.
— —
2)Hp3?(Al)> = A-1upz b, rie A — aucio.

JlokazatesibCcTBO. 2)




IV.3. CpoiicTBa ajaredbpamdeckoii NpoeKIuu BeKTOpa
Ha OChb JAPYIroro BEKTOpa

1) npy (K + ?) = Hpgg> +1py C.
— —
2) mp (Ab) = A-1upz b, rie A — aucio.

JlokazatesibCcTBO. 2)

—_— s —

AC = )\A

A=

Yreepxenue 2) cieayer us nopobus NABB' ~ AACC.



IV.4. 'eomeTpuydeckue cBoiicTBa CKaJIIPHOT'O IIPOU3Be-
JAeHUsI BEKTOPOB

1 (?,B}) = ‘5)‘ Hpgg> = |B>’ Hpg?; 2. (&, ﬁ) = (K, a);
3.8+ b,¢)=(7,¢)+(b,7),
— —
(a,b+7<¢)=(a,b)+(a, <)
4. (\a, K) — (&, )\g) =\ (7, g), rae A — 4UCo;
y o
5. Kpurepuii oproroHaabHOCTH HEHYJIEBBIX BEKTOPOB: a U b mepren-

— g
JIMKYJIAPHBL TOr/a U TOJIBKO TOrJia, KOTJa ( a, b) = 0;
—_— — . — 2.
6.(&, a>_‘a’ )
7. popmyJia i BHIYUCJIEHUS CKAJIAPHOIO IIPOMU3BeIeHUs C I10-
MOIIBbIO KOOPJAMHAT BEKTOPOB.



IV.4. 'eomeTpuydeckue cBoiicTBa CKaJIIPHOT'O IIPOU3Be-
JAeHUsI BEKTOPOB

1.(a,b)=|2a Hpggz ‘K’Hpg?; 2. (?,ﬁ):(g,?);
3. (& 1ﬁ,?) - (@, )+ (b, ),
(@,b+7¢)=(a,b)+(a, <)
— N = . e .
4. (Na,b)=(a, Ab)=X-(a, b), rue A — aucJo;
O _, = .
5. a L b rorga u Tosbko Tora, Koryia (a’, b)) = 0;
6. (a,a)=l|al;

JokazaTeabcTBO. Bce 9Tu cBOiicTBa ABASIOTCS OUYEBUIHLIMU CJIE/I-
CTBUSIMU OIIpeesieHNs CKAJIIPHOI'O NPOou3BeleHnsl, OolIpeaesieHU
IIPOEKIIN BEKTOpa Ha OCh JPYTIOoro BEKTOpa, HEIOCPEJICTBEHHOTO
cJIeIYIONIEero U3 HUX CBOHCTBa 1, a TakKe CBOMCTB ITPOEKIIUN BEKTO-
pa Ha ochb Apyroro BekTopa. Paccmorpers npumep?



IV.5. CpoiicTBa BEKTOPHOI'O IPOMN3BEeJIEHNSI BEKTOPOB
— T —
AHTUKOMMYTaTUBHOCTbD: [a, b] = — [b, a}.

JInHeitHOCTD IO ITEPBOMY COMHOXKHTEJIIO
— — — —
— — — — — — —
[a+b,c]:[a,c]+[b,c}, il [)\a,b}:)\[a,b].
CileACTBHe U3 aHTUKOMMYTATHBHOCTH W JIMHEITHOCTH: JIMHEHOCTD

110 BTOPOMY COMHOXKHUTEJIIO. Paccmorpum nipumep?
— —
o —
Kpurepuii KosrinmaeapHOCTHA [a : b] = 0 Torsa u TOJILKO TOT/Ia, KO-

— —
rna a u b KoJIMHeapHHI.

—
(X] H
I'eomerpuyeckuii cMbICII: [a : b} — BEKTOD, lleplieH-
JIMKYJIAPHBII ITapaJjieorpaMMy, MMOCTPOEHHOMY Ha BeK-
— =

—
Topax a u b, npuuem YUCJIEHHO PaBEH I1JI0-
1A/ 9TOro IapaJuiejiorpaMMa.

KoopaunartHast (popMyJia BBIYUCICHUS | @ ﬁ
pAa pMy. ; D



IV.5.1. /loka3zaTejIbCTBO aHTUKOMMYTATUBHOCTH BEK-
TOPHOI'O IIPOU3BEAEHNS




IV.5.1. /loka3zaTejIbCTBO aHTUKOMMYTATUBHOCTH BEK-
TOPHOI'O IIPOU3BEAEHNS




IV.5.1. /loka3zaTejIbCTBO aHTUKOMMYTATUBHOCTH BEK-
TOPHOI'O IIPOU3BEAEHNS

[z,ﬁ :_[ﬁ,z}.
Acno, aro [E), K} ‘ = ) [B}, ?} |
([3,?”: Y \K sna, b = :|[§,3H




IV.5.1. /loka3zaTejIbCTBO aHTUKOMMYTATUBHOCTH BEK-
TOPHOI'O IIPOU3BEAEHNS

@, b|-—|b,7].
Acno, aro [E), K} ‘ = ) [B}, ?} |
|2@.B]|=[a]|b|snd, b =|b| [@]snb, @ =||b. 7]




IV.5.1. /loka3zaTejIbCTBO aHTUKOMMYTATUBHOCTH BEK-

TOPHOI'O IIPOU3BeICHUS
— —

— —
a,b|=—|b,a

5] [ [5.4]
[a b} [b a} _)g

Ocrajioch POBEPUTH IPOTUBOHAIIPABJIEHHOCTH BEKTOPOB | &,

b7

Acno, uTo

u



IV.5.1. /loka3zaTejIbCTBO aHTUKOMMYTATUBHOCTH BEK-
TOPHOI'O IIPOU3BEAEHNS

ESES A

ﬁ
-
ﬁ



IV.5.1. /loka3zaTejIbCTBO aHTUKOMMYTATUBHOCTH BEK-
TOPHOI'O IIPOU3BEAEHNS

ESES A

=



IV.5.1. /loka3zaTejIbCTBO aHTUKOMMYTATUBHOCTH BEK-
TOPHOI'O IIPOU3BEAEHNS

ESES A




IV.5.1. /loka3zaTejIbCTBO aHTUKOMMYTATUBHOCTH BEK-
TOPHOI'O IIPOU3BEAEHNS

EIE

[3,?



IV.5.1. /loka3zaTejIbCTBO aHTUKOMMYTATUBHOCTH BEK-
TOPHOI'O IIPOU3BEAEHNS

EIE




IV.5.1. /loka3zaTejIbCTBO aHTUKOMMYTATUBHOCTH BEK-
TOPHOI'O IIPOU3BEAEHNS

@, b|-—|b,7].

SHAYUT, BEKTOPHI [Ef,l)] 10} [l),?f] IIPOTUBOHAIIPABJICHBI, U
— —
[=0]|=|[F=]|

BOMCTBO JJOKA3aHO.




I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

@+b.¢|=[2,¢+[b, ¢ u @ p|=a[7.b]



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

— — — —
@+b.¢|=[2,¢+[b, ¢ u @ p|=a[7.b]
BTopoe yTBepxK1eHHE ClleIyeT HEeIIOCPEICTBEHHO U3 OMPeIeIeHIs BeK-
TOPHOI'O IIPOU3BEJEeHUd OIpeJiejieHId onepaliiil YMHOXKEeHUd BeK-

TOpa Ha YUCJIO U Olpe/e/IeHUs IMIPAaBOl TPOMKU BEKTOPOB U JIEBOM
TPOMKMN BEKTOPOB



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

@+b.¢|=[2,¢+[b, ¢ u @ p|=a[7.b]

OcTraeTrcs JloKa3aThb 11epBoe YTBEP:KIeHUE.



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]

l

C R 6 R4
HadaJia IIPOBEPUM, 4YTO IJId T € IN 1 JIOOBbIX BEKTOPOB X, Y,

X +7y.,y]|=[X.Y]. (6)



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]

l

Crauaiia IpoBepuM, 4To st T € R 1 J06bIX BEKTOPOB X, Y,
X +7Y.,¥]=[X.7]. (6)

— —
FEcan BEKTOPbI X, Y KOJUIMHEapPHbBI, TO YTBEPzKIACHNE OICBU/IHO. BH&‘{I/IT7
MOzKHO CHYHUTaTb, 9YTO OHMW HE KOJIJIMHEaPHBDI.



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]

l

Crauaiia IpoBepuM, 4To st T € R 1 J06bIX BEKTOPOB X, Y,
— — — — —
[X +TY, y] = [X, y] :

- =
Mozkno CHUTaThb, 9TO X M Yy HE KOJIJIMHEapPHBDI. BexkTo-

(6)
— — — —
ppl X, X +TY, Y KOMILIAHAPHBI, TO €CTh MapaJljie/b-
HbI HEKOTOPOI ILJIOCKOCTH. X\



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]

l

Crauaiia IpoBepuM, 4To st T € R 1 J06bIX BEKTOPOB X, Y,
X +7Y.,¥]=[X.7]. (6)

- =
Mozkno CHUTaThb, 9TO X M Yy HE KOJIJIMHEapPHBDI. BexkTo-

— — — —

ppl X, X +TY, Y KOMILIAHAPHBI, TO €CTh MapaJljie/b-

HbI HEKOTOPOI ILJIOCKOCTH. X\
R
Yy



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]

l

C R 6 R4
HavaJja MpoBepuM, 4To Jijisd 7 € R u J100bIX BEKTOPOB X, Y,
— — — — —
X+7y.¥|=|X.Y]. (6)
— =
MO}KHO C‘II/IT&TB7 yTO X U y HE KOﬂﬂI/IHea,prI. BeKTO-

— — — —
ppl X, X +TY, Y KOMILIAHAPHBI, TO €CTh MapaJljie/b-
HbI HEKOTOPOI ILJIOCKOCTH. X\ /X +71Y

Puc. 3.



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]

l

—
CravaJia poBepuM, 9T0 A1 7 € R 1 JI0OBIX BEKTOPOB X, Y,
— — — — —
xX+7Y. Y] =[X¥]. (6)
- =
MokHO cuuTaTh, YT0 X Uy He KOoJUIMHeapHbl. BekTo-
— — — —
pbl X, X + 7Y,y KOMILIAHapHbI, TO €CTh Iapaslje/b-
HbI HEKOTOPOI ILJIOCKOCTH. X\ /X +71Y
B — — — — —
eKTOPbI [X +7Y, y] u [x, y] HepIeHINKYJISIPHbI
9TOI TLJIOCKOCTH, 3HAYHUT, 9TH BEKTOPbHI KOJIMHEAPHEI. Puc. 3



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]

l

Crauaiia IpoBepuM, 4To st T € R 1 J06bIX BEKTOPOB X, Y,
X +7Y.,¥]=[X.7]. (6)

- =
Mozkno CHUTaThb, 9TO X M Yy HE KOJIJIMHEapPHBDI. BexkTo-

_—
— — — — TY
ppl X, X +TY, Y KOMILIAHAPHBI, TO €CTh MapaJljie/b-
HbI HEKOTOPOI ILJIOCKOCTH. X\ /X +71Y
— — — — —
BekTopnl [X +TY, y] 17} [x, y] [epIeHIUKYJIAPHbI 7
9TO IJIOCKOCTH, 3HAYUT, 3TU BEKTOPLI KOJIJINHEAPHDI. Puc. 3.

I3 onnpeaesieHusi IpaBoOii TPOMKM cileyeT, 9YTO BEK-
— — — — —
TOPbI [X +TY, y] u [X, y] COHalIPABJIEHBI.



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]

l

Crauaiia IpoBepuM, 4To st T € R 1 J06bIX BEKTOPOB X, Y,
X +7Y.,¥]=[X.7]. (6)

— —
\YAS I[TOKasaJiin, 9TO €CJIinM X N Yy HE KOJIJIMHEapHbI, TO

— — — — — 7‘?
BEKTOPBI [X +TY, y] 10} [X, y] KOJJIMHECAPHBI U
COHAIIPaBJICHBI. %\ X +7y
OCT&HOCb ,ILOK&S&TB paBeHCTBO ,ZLJII/IH BeKTOpOB —
— - — - — y
X+7y,y] n [X,¥] Puc. 3.



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]

l

Crauaiia IpoBepuM, 4To st T € R 1 J06bIX BEKTOPOB X, Y,
X +7Y.,¥]=[X.7]. (6)

— —
\YAS I[TOKasaJiin, 9TO €CJIinM X N Yy HE KOJIJIMHEapHbI, TO

— — — — — A coc”
BEKTOPBI [X +TY, y] u [X, y] KOJIJINHEeapHbl U o
coHallpaBJIeHbI. X\ / N/
— — — — —
JIIMHBI BEKTOPOB [X +7TY, y] n [X, y] YUCJICH- O vy C
HO paBHBI IJIOHIaANM PaBHOBEJIMKUX IapaJljejJorpaMMOB Puc. 3.

OAC'C w OC'C"C.

Dopmyita (6) mokazaHa.



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]

b =b + 3¢ HepHeHg:LI/IKyﬂﬂprI BeKTOpy



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]

X +7Y.,¥]=[X.¥]. (6)
Tenepnb JoKazKeM [? + F ?} = [? E}} + {g, ?}

W

— — —
Heprﬂ;HO oji0bpaTh uncia «, 3 Tak, 4ToObl BeKTopa &' = a +«a C U
%

C:

b =b + B°C HepIeHNKYIISPHBI BEKTOPY

{o— (F +a7,%) = (7,€)+a(<,7)
H
C



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]
X +7y,¥]=[X,¥]. (6)
Tenepnb JoKazKeM [? + F ?} = [? E}} + {g, ?}
Heprﬂ;HO 1o106paTh ancaa a, 3 Tak, 9To6bl BeKTopa a' = a +a'C u
b =b + B°C HepHeHNKY/ISAPHLI BEKTOPY C :
( (2, ¢C)
a=—
0= (T +a@,T) = (3,C)+a(C. ), <)
H
~(b+pe)=(b.C)+s5@e) 7). (b.7)
5 - = =)
\ ( c,C )






I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-

n3peacHumd 110 11€epBomMy COMHOZKHUTEJIIO

} KOMIIJIaHapPHBI.

3HAYUT,



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]

1
[leperecem Bce BEKTOPbI B OJHY TOUKY, D
KoTopyto obosHauuMm Oykpoii . IlycTb DA
/
AVA" B'.B" D', D" — Kkouupl BeKTOpOB, b B
g = =2 ENg ,
COOTBETCTBEHHO, a’', |a’, c|, b’ A

— — — @)
b.¢|, &+b. |3+ b T -



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]

1
[lepeneceM Bce BEKTOPbI B OJIHY TOYKY, D
KoTopyto obosHauuMm Oykpoii . IlycTb DA
/

AVA" B'.B" D', D" — Kkouupl BeKTOpOB, b B

g ! = BN /
COOTBETCTBEHHO, a’', |a’, c|, b’ A
— — — @)

I -/ / -/ I

[b’c}’ a’+ b, [a+b’c}' Puc. 4.

Bamerum, uro AA'OA” ~ AB'OB" ~ AD'OD", upuuem koahduiu-

—
eHT 110/1001sT paBeH ‘ C ! [Tostomy OA”D"B" — napaJuienorpamm.



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]

[leperecem Bce BEKTOPbI B OJHY TOUKY, D
KoTopyto obosHauuMm Oykpoii . IlycTb DA
AVA" B'.B" D' D" — xonupl BEKTOPOB, B’ B
g ! = /
COOTBETCTBEHHO, a’, [a : c], b’ Al
1 = —, . — . ) = @
[b’,c}, a'+ b’ [a’+ b’,c} Puc. 4.
— —
[34 b',?] _ [OA'+OB’,?} _OD" =



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]

[leperecem Bce BEKTOPbI B OJHY TOUKY, D
KoTopyto obosHauuMm Oykpoii . IlycTb DA
AVA" B'.B" D' D" — xonupl BEKTOPOB, B’ B
g ! = /
COOTBETCTBEHHO, a’, [a : c], b’ Al
1 = —, . — . ) = @
[b’,c}, a'+ b’ [a’+ b’,c} Puc. 4.
— —
F?+b@?}zﬁmy+037?}=0D"=

— 0A"+ OB" =



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]

[leperecem Bce BEKTOPbI B OJHY TOUKY, D
KoTopyto obosHauuMm Oykpoii . IlycTb DA
AVA" B'.B" D' D" — xonupl BEKTOPOB, B’ B
g ! = /
COOTBETCTBEHHO, a’, [a : c], b’ Al
1 = —, . — . ) = @
[b’,c}, a'+ b’ [a’+ b’,c} Puc. 4.
— —
[34 b',?] _ [OA'+OB’,?} _OD" =

—0A" +OB" = [OA’, ?} + [o_fg', ?] _



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

Wb e =2, ¢+ [p. ¢ w [x@p|=2[7.B]

[leperecem Bce BEKTOPbI B OJHY TOUKY, D
KoTopyto obosHauuMm Oykpoii . IlycTb DA
AVA" B'.B" D' D" — xonupl BEKTOPOB, B’ B
g ! = /
COOTBETCTBEHHO, a’, [a : c], b’ Al
1 = —, . — . ) = @
[b’,c}, a'+ b’ [a’+ b’,c} Puc. 4.
— —
[34 b',?] _ [OA'+OB’,?} _OD" =




I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

X+7y.¥]=[X.¥ (6)
@, <] =[a.<]. [b. €| = |p.<], |2+b,¢|=d 7



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

X+7y.¥]=[X.¥ (6)
@, <] =[a.<]. [b. €| = |p.<], |2+b,¢|=d 7

Vctosb3yst oIy IeHHOe PaBEHCTBO
— —

A4 b, T = [3, €]+ BT

- =

1 paBeHctBa (6), (7), mosydaem [a + b,

H
|3+, < -



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

X+7y.¥]=[X.¥ (6)
@, <] =[a.<]. [b. €| = |p.<], |2+b,¢|=d 7

Vctosb3yst oIy IeHHOe PaBEHCTBO
— —

A4 b, T = [3, €]+ BT

- =

1 paBeHctBa (6), (7), mosydaem + b,

a
= [@+ b ] = [a ]+ b e =



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

X +7y,¥] =[X.7]. (6)
@, ¢]=[a. <], [p.¢|=|p.<], [2+b, €] =|d <]

Vctosb3yst oIy IeHHOe PaBEHCTBO
— —

A4 b, T = [3, €]+ BT

- =

1 paBeHctBa (6), (7), mosydaem + b,

a
— |+, =[a.<]+|p.<| = [, <]+ b, <]



I1V.5.2. Jloka3aTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
U3BeAeHUs 110 IIEPBOMY COMHOXKUTEJIIO

— — — —

— — — — — — —
[a+b,c}:[a,c]—|—[b,c} u [Aa,b]:A[a,b].
JIMHEeHOCTh BEKTOPHOI'O NPOU3BEICHUSI 110 1IePBOMY MHOXKUTEIIO JIOKa-

3aHa.



I1V.5.3. Jloka3zaTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
3BeIeHUs 110 BTOPOMY COMHOXKHNTEJIIO

@b+ =|ab|+[a €] u [Tb|=2[7.B].



I1V.5.3. Jloka3zaTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
3BeIeHUs 110 BTOPOMY COMHOXKHNTEJIIO

[z,§+?] _ [3

—

[+[@e] w [@ab]=2[3.b].

+?}:

ol o



I1V.5.3. Jloka3zaTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
3BeIeHUs 110 BTOPOMY COMHOXKHNTEJIIO

[z,§+?] _ [3

—

[+[@e] w [@ab]=2[3.b].

ol o

+e|=-[p+e 7| -



I1V.5.3. Jloka3zaTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
3BeIeHUs 110 BTOPOMY COMHOXKHNTEJIIO

@b+ =|ab|+[a €] u [Tb|=2[7.B].



I1V.5.3. Jloka3zaTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
3BeIeHUs 110 BTOPOMY COMHOXKHNTEJIIO



I1V.5.3. Jloka3zaTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
3BeIeHUs 110 BTOPOMY COMHOXKHNTEJIIO



I1V.5.3. Jloka3zaTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
3BeIeHUs 110 BTOPOMY COMHOXKHNTEJIIO



I1V.5.3. Jloka3zaTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
3BeIeHUs 110 BTOPOMY COMHOXKHNTEJIIO



I1V.5.3. Jloka3zaTebCTBO JIMHEMTHOCTI BEKTOPHOTO IIPO-
3BeIeHUs 110 BTOPOMY COMHOXKHNTEJIIO



,Z[ Ka3aTeJIbLCTBO KpI/ITepI/ISI KOJIJIMHEAPHOCTU
H

ﬁ
O Torjga M TOJILKO TOTAA, KOI'JIa aub KOJI/IMHEAPHBI.



IV.5.5. Jloka3aTe/IbCTBO TI'eOMEeTPUIECKOIO CMBICJIA
BEKTOPHOTI'O IIPON3BeIeHU
H

I'eomeTpuyeckuit CMBICJI: [E), b} — BEKTOD, IepIIeH-

JIMKYJISIPHBIIA MapaJiieJorpaMMy, ITOCTPOCHHOMY Ha BEK-

— =

= B]

—
Topax a u b, npudem YUCJIEHHO PaBEH ILJIO-
A/ 3TOrO MapaJiiejorpaMmMma.

DTO ciieICTBueE N3 olpeJgesieHnsd BEKTOPHOI'O IIPOU3BEJACHNA.



IV.5.6. CBoiicTBa cMmelIaHHOIO IMPOU3BEAEHUS BEKTO-
POB

Feo./vtempuuecnuﬁ, CMBLC/ST CMEWAHHOZ0 np0u3860€’H,’U,ﬂ
BEKMMOPOB.

H
YrBepxkaenue [V.1. ‘3 b ?‘ paser 00seMy NAPAANEAENUNEDL ¢ PED-
— T —
pamu a, b, c.

Kpumeputi npasoli u ne80l mpoliku 8eKMopos:
y — 17— y
YrBepxkaenuue 1V.2. Tpotika sexmopos a, b, ¢ asasemca npasot

o — 71—
(ne60ti) mozda u moavko mozda, xoeda a b ¢ >0 (coomsememesenno,
— 10—
abc <0)
Kpumepuili KomnaarapHocmu 6eKmMopos:

—
— —
YrBepxkaenue 1V.3. Bexmopw a, b, c xoumnaanapro, mozda u

ﬁ
— 71—
moavko moezda, xozda a b ¢ = 0.



IV.5.6. CBoiicTBa cMmelIaHHOIO IMPOU3BEAEHUS BEKTO-
POB

Ioauaurnetirocms cmewaroz20 npousee(?euu.ﬂ, 6EKMO-
pos:

YrBepxkaenue [V .4.

(a g ﬁﬁ) Cd=-aacd+gbecd:
a <ozg> + 8¢ d=—aabd + 6??3;
ab (a c + 63) —aab< + B?Kﬁ.

H’U,’IC./LU"{,BC’ICOG c80UCMmB0 CMeuwaHH020 npou3eedenuﬂ:

YrBepxkaenue [V.5.

— — — —
— 1 — —— —— —— el R ——
abc=bca=cab=—-bac=—-—cba=—ach.



IV.5.6. CBoiicTBa cMmelIaHHOIO IMPOU3BEAEHUS BEKTO-
pOB

Ilepedém x woopdunamuoti popmyae 8viuuUCAEHUS CME-
WaHH020 NpoussedeHus, WIN IIPOJOKUM PasBUTHE BEKTOPHO-
CUMBOJINIECKON MOj1ej11 !



IV.5.7. I'eomeTrpuveckuii cMbICJ CMENIAHHOIO IPOU3-
BeleHHsI BEKTOPOB

H
YrBepxkaenue [V.1. ‘5) b ?‘ paser 006eMy NAPAIIEAENUNEDD ¢ Ped-

—
— —
pamu a, b, c.

Jloka3aTeabCTBO.



IV.5.7. I'eomeTrpuveckuii cMbICJ CMENIAHHOIO IPOU3-
BeleHHsI BEKTOPOB

H
YrBepxkaenue [V.1. ‘5) b ?‘ paser 006eMy NAPAIIEAENUNEDD ¢ Ped-

—
— —
pamu a, b, c.

Joka3zaTteabcTBo. [lo onpeenennio

abe—(|a.b|. )= |[3. ] mr ] €



IV.5.7. I'eomeTrpuveckuii cMbICJ CMENIAHHOIO IPOU3-
BeleHHsI BEKTOPOB

H
YrBepxkaenue [V.1. ‘5) b ?‘ paser 006eMy NAPAIIEAENUNEDD ¢ Ped-

—
— —
pamu a, b, c.

Joka3zaTteabcTBo. [lo onpeenennio

abe—(|a.b|. )= |[3. ] pe 5| €

[TosTomMy B cujiy JHMHENHOCTH CKAJSIPHOTO
IIPOU3BE/ICHHUS MOKHO CUHTATH, TO TPoiiKa
BEKTOPOB ? b ? — mpaBasi, B HpOTI/IBHOM CIIY-
qae MOYKHO 3aMEHUTb BEKTOP € Ha — C | ‘{TO He
M3MEHUT abCOJIOTHON BeJIMINHDL YHCIa a b c.



IV.5.7. I'eomeTrpuveckuii cMbICJ CMENIAHHOIO IPOU3-
BeleHHsI BEKTOPOB

—
—7 —
YrBepxkaenue [V.1. ‘ abc ‘ paser 006eMy NAPAIIEAENUNEDD ¢ Ped-
— T —
pamu a, b, c.
HokazareabcTBo. [lo onpenenennio

—

abe—(|a.b|. )= |[3. ] mr ] €

CorjiacHO cBOIiCTBaAM BEKTOPHOI'O ITPOM3Be- —
e a, b
JeHUs, [a, b} JUC/IEHHO paBeH ‘
—
C
H
ﬁ
b\ a
O



IV.5.7. I'eomeTrpuveckuii cMbICJ CMENIAHHOIO IPOU3-
BeleHHsI BEKTOPOB

H
YrBepxkaenue [V.1. ‘5) b ?‘ paser 006eMy NAPAIIEAENUNEDD ¢ Ped-
— T —
pamu a, b, c.

Joka3zaTteabcTBo. [lo onpeenennio

—

abe—(|a.b|. )= |[3. ] mr ] €

|

-

>

CorjiacHO cBOIiCTBaAM BEKTOPHOI'O ITPOM3Be- [_>
a

H
H
JeHUs, [a, b} JUC/IEHHO paBeH




IV.5.7. I'eomeTrpuveckuii cMbICJ CMENIAHHOIO IPOU3-
BeleHHsI BEKTOPOB

—
—7 —
YrBepxkaenue [V.1. ‘ abc ‘ paser 006eMy NAPAIIEAENUNEDD ¢ Ped-
— T —
pamu a, b, c.
HokazareabcTBo. [lo onpenenennio

—

abe—(|a.b|. )= |[3. ] mr ] €

COFJI&CHO CBOlICTBaM BEKTOPHOI'O IITpon3Be- [_> K}
— a
—_— Y
ACHUI, [a , b} YHUCJIEHHO paBeH IIJIOIIa/n 1
-
[TapaJijieJioO'paMMa Ha BEKTOpax a ., b .
—
H
ﬁ
b< a
O



IV.5.7. I'eomeTrpuveckuii cMbICJ CMENIAHHOIO IPOU3-
BeleHHsI BEKTOPOB

H
YrBepxkaenue [V.1. ‘5) b ?‘ paser 006eMy NAPAIIEAENUNEDD ¢ Ped-

—
— —
pamu a, b, c.

Joka3zaTteabcTBo. [lo onpeenennio

—

abe—(|a.b|. )= |[3. ] mr ] €

COFJI&CHO CBOlICTBaM BEKTOPHOI'O IITpon3Be- [_> K}
— a
—_— Y
ACHUI, [a , b} YHUCJIEHHO paBeH IIJIOIIa/n 1
-
[TapaJijieJioO'paMMa Ha BEKTOpax a ., b .
H
Ip [3 ?] C paBHa JJIMHE OTPE3Ka OH, TO €CTb H -
H
ﬁ
b< a
O



IV.5.7. I'eomeTrpuveckuii cMbICJ CMENIAHHOIO IPOU3-
BeleHHsI BEKTOPOB

H
YrBepxkaenue [V.1. ‘5) b ?‘ paser 006eMy NAPAIIEAENUNEDD ¢ Ped-
— T —
pamu a, b, c.

JlokazareabcTBO. [lo onpejienenuio
— — —
—71 — — — — —
abc = ([a, b] : c) = Ha, b” 'Hp[gg} c.
CorjiacHO cBOIiCTBaAM BEKTOPHOI'O ITPOM3Be-
H
H
[a, b} YUC/IEHHO paBeH ILJIOIIa 1
_)

—
napaJijiesilorpaMMa Ha BeKTopax a, b .

JeHUH,

H
np [3 K] ¢ pasHa junHe oTpe3ka OH, To ecThb




IV.5.7. I'eomeTrpuveckuii cMbICJ CMENIAHHOIO IPOU3-
BeleHHsI BEKTOPOB

H
YrBepxkaenue [V.1. ‘5) b ?‘ paser 006eMy NAPAIIEAENUNEDD ¢ Ped-

—
— —
pamu a, b, c.

JlokazareabcTBO. [lo onpejienenuio
— — —
—71 — — — — —
abc = ([a, b] : c) = Ha, b” 'Hp[gg} c.
CorjiacHO cBOIiCTBaAM BEKTOPHOI'O ITPOM3Be-
H
H
[a, b} YUC/IEHHO paBeH ILJIOIIa 1
_)

—
napaJijiesilorpaMMa Ha BeKTopax a, b .

JeHUH,

H
np [3 K] ¢ pasHa junHe oTpe3ka OH, To ecThb

JUIMHE  BBICOTBI  Tapaliiesieniie/a ¢ pebpamu

— —
a,b,c.




IV.5.7. I'eomeTrpuveckuii cMbICJ CMENIAHHOIO IPOU3-
BeleHHsI BEKTOPOB

H
abc|

YrBepxkaenue [V.1. ‘ paser 006eMy NAPAIIEAENUNEDD ¢ Ped-

—
— —
pamu a, b, c.

Joka3zaTteabcTBo. [lo onpeenennio

abe—(|a.b|. )= |[3. ] mr ] €

[ —'

— —
lrak, Ha, b” - TIP [? K} C UHUCJEHHO PaBHO [

— T —
obbeMy mapaJuiesenuiea ¢ pebpamu a’, b, ¢,
9T0 1 TPeDOBAJIOCH JOKA3ATh.




IV.5.8. Kpurepuii npaBoii 1 JieBOii TPONKI BEKTOPOB

—

(9 — — (9
YrBepxkaenue 1V.2. Tpotika eexmopos a’, b, ¢ asasemca npasotl
—

o —7T—
(ne60ti) mozda u moavko moeda, koeda & b ¢ >0 (coomeemcmeerno,
— 71—

abc <0)
Jloka3aTeJabCTBO.



IV.5.8. Kpurepuii npaBoii 1 JieBOii TPONKI BEKTOPOB

—
(9 — — (9
YrBepxkaenue 1V.2. Tpotika eexmopos a’, b, ¢ asasemca npasotl
. — 71—
(ne6oti) moeda u moavko moeda, koeda & b € >0 (coomsemcmeento,
—
— 1 —
abc <0)
,ZLOKaBaTeJIBCTBo

ECJH/I a, b C — mpasast TPOHKa BEKTODPOB, TO
ab< > (), OCKOJIBKY 9TO YHUCJIO paBE(Q 00be-
My napaJliesieliieia Ha BeKTopax a, b, €.




IV.5.8. Kpurepuii npaBoii 1 JieBOii TPONKI BEKTOPOB

—
(9 — — (9
YrBepxkaenue 1V.2. Tpotika eexmopos a’, b, ¢ asasemca npasotl
—

—
o —
(ne6oti) moeda u moavko moeda, koeda & b € >0 (coomsemcmeento,
—
— 1 —
abc <0)
Jloka3aTejbCTBO.
— T — .
Ecim a, b, ¢ — seBag Tpoiika BEKTOPOB, TO
=
o — — o
Tpoiika a, b, (—'C) siBjsieTcs npaBoit, moaTomy

LX)

B CWJIY JIMHEMHOCTU CKAJIAPHOI'O ITPOMU3BE/IE-

Hnda




IV.5.8. Kpurepuii npaBoii 1 JieBOii TPONKI BEKTOPOB
ﬁ

(9 — — (9
YrBepxkaenue 1V.2. Tpotika eexmopos a’, b, ¢ asasemca npasotl
. — 71—
(ne6oti) moeda u moavko moeda, koeda & b € >0 (coomsemcmeento,
ﬁ
— 1 —
abc <0)
Jloka3aTeabCTBO.
— T — .
Ecmn a’, b, ¢ — JeBasg Tpoiika BEKTOPOB, TO
—
. - — o
Tpoiika a, b, (—'C) siBjsieTcs npaBoit, moaTomy
B CUJTy JINHEMHOCTHU CKAJIAPHOTO IIPOn3Be/ie-

st 0 < ?K(—?) =




IV.5.8. Kpurepuii npaBoii 1 JieBOii TPONKI BEKTOPOB
ﬁ

(9 — — (9
YrBepxkaenue 1V.2. Tpotika eexmopos a’, b, ¢ asasemca npasotl
. — 71—
(ne6oti) moeda u moavko moeda, koeda & b € >0 (coomsemcmeento,
ﬁ
— 1 —
abc <0)
Jloka3aTeabCTBO.
— T — .
Ecmn a’, b, ¢ — JeBasg Tpoiika BEKTOPOB, TO
—
. - — o
Tpoiika a, b, (—'C) siBjsieTcs npaBoit, moaTomy
B CUJTy JINMHEMHOCTHU CKAJIAPHOTO IIPOn3Be/ie-

s () < E)K(—?) = <[E>, g} ,(—?)) —




IV.5.8. Kpurepuii npaBoii 1 JieBOii TPONKI BEKTOPOB

—
(9 — — (9
YrBepxkaenue 1V.2. Tpotika eexmopos a’, b, ¢ asasemca npasotl
. — 71—
(ne6oti) moeda u moavko moeda, koeda & b € >0 (coomsemcmeento,
—
— 1 —
abc <0)
,ZLOKaBaTeJIbCTBo
Ecin a b — JleBasg TPOIKa BEKTOPOB, TO

—>
— o
Tpoiika @, b, (=€) AB/seTcs NpaBoil, I0ITOMY

B CIJIY IMHEMHOCTU CKaJIIPHOI'O IPpOU3Be/ie-

st 0 < K( )z([a,g},(—?wz




IV.5.8. Kpurepuii npaBoii 1 JieBOii TPONKI BEKTOPOB

—
(9 — — (9
YrBepxkaenue 1V.2. Tpotika eexmopos a’, b, ¢ asasemca npasotl
. — 71—
(ne6oti) moeda u moavko moeda, koeda & b € >0 (coomsemcmeento,
—
— 1 —
abc <0)
,ZLOKaBaTeJIbCTBo
Ecin a b — JleBasg TPOIKa BEKTOPOB, TO

—>
— o
Tpoiika @, b, (=€) AB/seTcs NpaBoil, I0ITOMY

B CIJIY IMHEMHOCTU CKaJIIPHOI'O IPpOU3Be/ie-

st 0 < K( )= <[a,§},(—?)>:

= (7],

):_33?.




IV.5.8. Kpurepuii npaBoii 1 JieBOii TPONKI BEKTOPOB

—
(9 — — (9
YrBepxkaenue 1V.2. Tpotika eexmopos a’, b, ¢ asasemca npasotl
. — 71—
(ne6oti) moeda u moavko moeda, koeda & b € >0 (coomsemcmeento,
—
— 1 —
abc <0)
,ZLOKaBaTeJIbCTBo
Ecin a b — JleBasg TPOIKa BEKTOPOB, TO

—>
— o
Tpoiika @, b, (=€) AB/seTcs NpaBoil, I0ITOMY

B CIJIY IMHEMHOCTU CKaJIIPHOI'O IPpOU3Be/ie-

st 0 < K( )= <[E>,B>} ,(—?)) =

([ ,K],?):—?K?

— — .

CiietoBarenibHo, &, b, ¢ — JieBasi Tpoiika BEKTOPOB TOI'JIa U TOJIHKO
—
C

=
Torma, korna a b ¢ < 0. CBOHCTBO 10Ka3aHo.



I1V.5.9. Kpurepuii koMnjiaHapHOCTU BEKTOPOB

—
— —
YrBepxkKaenue 1V.3. Bexmopv. a, b, ¢ xomnaarapnor mozda u

H
—7 —
moavko moezda, xozda a b ¢ = 0.
JloKa3aTeabCTBO.



I1V.5.9. Kpurepuii koMnjiaHapHOCTU BEKTOPOB

—
— —
YrBepxkaenne 1V.3. Bexmopw a, b, c xomnianapnor mozda u

H
— 71—
moavko moezda, xozda a b ¢ = 0.
Jloka3zaTe/IbCTBO. DTO 0UYEBHUIHOE CJIEJCTBIE U3 I€OMETPUIECKOTIO
CMBICJIa CMEIIaHHOI'O IIPON3BeIeHNsT BEKTOPOB.



1V.5.10. lloamamHeiiHOCTH CMeEINaHHOI'O IIPOu3Bejie-

HIsI BEKTOPOB

@a+ﬁﬁ)?3:a;?3+5§?3,
a (oz b + ﬁ?) d=-aabd + 63?3;
—aabc+4abd.

— —
— —
ab (a c +p3 d)
Jloka3aTeIbCTBO. DTO CBOICTBO ABJIACTC CJCJICTBUEM OIIpeIesie-
HNsd CMEIaHHOI'O IIpoM3BEJeHNdA BEKTOPOB, JMHENHOCTA CKaJIAp-
HOT'O 1 JINHEHHOCT! BEKTOPHOI'O MPOU3BEICHUS BEKTOPOB.



IV.5.11. llukinyeckoe CBOMCTBO CMEMIAHHOI'O IPOU3-
BeleHHsI BEKTOPOB

JloKka3aTebCTBO.



IV.5.11. llukinyeckoe CBOMCTBO CMEMIAHHOI'O IPOU3-
BeleHHsI BEKTOPOB

— — — — —— —
— 1 — —— —— —— — ——
abc=bca=cab=—-bac=—-—dba=—-—ach.
Jloka3aTeJabCTBO. DTO OYEBUJIHOE CJEJCTBUE U3 T'€OMETPUIeCKO-
Iro CMbICJIa CMEMNIAHHOI'O IIPOU3BEJIEHNS B COUETAaHUN C KPUTEPUEM
IIpaBON M JIEBOI TPOMKW BEKTOPOB U KPUTEPUEM KOMILJIAHAPHO-
CTU BEKTOPOB.



IV.6. lIpeacraBiieHne OTHOIIIEHNWIT B Ble PABEHCTB

240, b£0, CT#0

KoanmHaeapHocTb

2| b a=\b:




IV.6. lIpeacraBiieHne OTHOIIIEHNWIT B Ble PABEHCTB

240, b£0, CT#0

KoanmHaeapHocTb

2| b a=\b:

OpTOroHaJIbHOCTH

a 1L b (Q;B}):O;




IV.6. lIpeacraBiieHne OTHOIIIEHNWIT B Ble PABEHCTB

240, b£0, CT#0
KoanmHaeapHocTb
2| b a=\b:
OpTOroHaJIbHOCTH

a L K (3; K) = 0;
KommnianapHocTb

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




IV.6. lIpeacraBiieHne OTHOIIIEHNWIT B Ble PABEHCTB

240, b£0, CT#0
KoanmHaeapHocTb
2| b a=\b:
OproronajibHOCTb
a L K (3; K) = 0;
KommnianapHocTb
c:)\3>+,ug> (?§?>:O;
Boranciaennst 3HadeHuii BeJIMIuH
jumna sekTopa & | @] 7| = /(7 @);




IV.6. lIpeacraBiieHne OTHOIIIEHNWIT B Ble PABEHCTB

a#0, b#0, c#0
KoanmHaeapHocTb
I — —
allb a=\b;
OpTOroHaJIbHOCTH
— —
— —
a 1 b (a; b) = 0;
KommnianapHocTb
— —
— — — —
c=Xa+ub (abc>:0;
Boranciaennst 3HadeHuii BeJIMIuH
— — — — —
jumna sekTopa & | @] 7| = /(7 @);
- —
e~ e~ a . b
yroon Mexxay a u b: ab cosa b = —
@] [b]




IV.7. HekoTropble KpuTepun BEeKTOPHOII aJreophbl

Hekotopsie kputepuu (a° # 0, b # 0, ¢ # 0)
Ocoberrocms — pacnosodce- | Xapaxmepucmuieckoe
HUA BEKMOPOB c601CcMme60o

— =
KosinaeapHOCTD a=Mb
— -  —
— —>
(mapasieIbHOCTD ) {a, bl=axb=0
. I
OpToroHaIbHOCTh (a,b)=ab =0
— 7 —
KowmiriaHapHOCTD abc=0
— T — . — 7 —

a,b, c — npapag Tpoiika | a b ¢ > 0

BEKTOPOB
— —
— — . — 71—

a,b,c — jneBag Tpoiika| a b ¢ <0

BEKTOPOB




Koopaunarnast Mojiejib BEKTOPHOII aJiredphbl

[TocTranoBka 3aj1a4m 0 3a/laHUNM BEKTOPA € IIOMOIIBIO YNCET

JIuneiinas KomOMHAIMA

ODKBUBAJIEHTHOCTH OJHO3HAYHOCTH U MUHUMAJIbHOCTH

Teopema 00 9KBUBAJIEHTHOCTH MHUHUMAJbHOCTU CHCTEMbI MOPOK1a-
IOIIUX ¥ OJHO3HAYHOCTHU PA3JIOYKEHUSI

OJIHO3HAYHOCTH U JIMHEHasi He3aBUCUMOCTh

Teopema o Oasuce psMoii

Teopema o Hazuce MIOCKOCTH

Teopema 0 Oasuce IPOCTPAHCTBA

Teopema 0 JIMHEHHBIX KOMOMHAIIUSX OA3MCHBIX BEKTOPOB

Koopimnarer BeKTOpa

DopMyJIbl JIJIs1 BRITUCIEHNI ¢ TIOMOIIBIO KOOPAUHAT



V.1. lloctanoBka 3ala1 O 3aJaHUN BEKTOPaA C IIOMO-
b0 Ynce]

BekTopHO-cuMBOINYeCcKass MOJEIb [I03BOJIET CBECTU OIEPaIli M OT-
HOIIIEHUA K 6eKMOpHoLM pasercmeam. Oanako Hambosee MOIIHBI aHa-
JIMTUYECKUIT allllapaT B MaTeMaTHKe Pa3BUT IS YUCAOBLLT PABEHCME.
[TosToMmy HaM cieayeT pa3padoTaTh CTaHJIAPTHYIO POpPMY 3aaHUs BEK-
TOpa, MO3BOJISIONLYIO CBECTH ITPOOJIEMbl BEKTOPHOMN aIredphl K 4ucA06biM
paBeHCTBaM M HEpaBEHCTBAaM.

Heas 1. Hatimu cnocob evibopa maxoti cucmemovl 6eKmopos, 4mobwi A1o-
001l 8EKMOP MOAHCHO ObLAO BLIPA3UMD UEPE3 BEKMOPLL IMOT CUCMEMDL C
UCTOABIOBAHUEM ONEPAUUTT NPOUBEICHUA BEKMOPA HA YUCAO, CAONHCEHUS
sexmopos. Taxoe npedcmasaenue 6eKmopa Mol Mo2Au Obl 83AMb 6 Ka-
wecmee cmandapmmoz2o npedcmasietus 6eKMOpa U C8eCMU 3a0AHUE BEK-
mopa K Habopy YUCA0BBIT NAPAMEMPOS.



Ilean 1. Hatimu cnocob ewvbopa maxoti cucmemovt 6EKMOPos, 4¥mobvl A0-
001l BEKMOP BLIPA3UMD YEPE3 GEKMOPBL IMOT CUCTEMDBL C UCNOAD30CA-
HueM onepayuti npou3sedenus 6EKMoPa Ha YUCAO, CAOHCEHUA BEKMOPOS.
Taxoe npedcmasaerue 8eKMOPa Mol MO2AU ObL 83AMb 6 KAYECMEE CMAH-

dapmmo20 npedcmasieHus 6EKMOPa U C8ECU 3adaHue 6eKmopa x Habopy
YUCAOBDIT NAPAMEMPOS.

—
a

o]
o

[TocTpoum npousBoIbHBIE KOMOUHAIINE BEKTOPOB

)

3(¢-2(a-<+2b)) - (F+Db)=



Ilean 1. Hatimu cnocob ewvbopa maxoti cucmemovt 6EKMOPos, 4¥mobvl A0-
001l BEKMOP BLIPA3UMD YEPE3 GEKMOPBL IMOT CUCTEMDBL C UCNOAD30CA-
HueM onepayuti npou3sedenus 6EKMoPa Ha YUCAO, CAOHCEHUA BEKMOPOS.
Taxoe npedcmasaerue 8eKMOPa Mol MO2AU ObL 83AMb 6 KAYECMEE CMAH-

dapmmo20 npedcmasieHus 6EKMOPa U C8ECU 3adaHue 6eKmopa x Habopy
YUCAOBDIT NAPAMEMPOS.

%
a

o]
o

[TocTpoum npousBoIbHBIE KOMOUHAIINE BEKTOPOB

3(?—2(?—?+2§))—(3+?) _
b

3¢ 6@ 4+6C—12b — @ —



Ilean 1. Hatimu cnocob ewvbopa maxoti cucmemovt 6EKMOPos, 4¥mobvl A0-
001l BEKMOP BLIPA3UMD YEPE3 GEKMOPBL IMOT CUCTEMDBL C UCNOAD30CA-
HueM onepayuti npou3sedenus 6EKMoPa Ha YUCAO, CAOHCEHUA BEKMOPOS.
Taxoe npedcmasaerue 8eKMOPa Mol MO2AU ObL 83AMb 6 KAYECMEE CMAH-

dapmmo20 npedcmasieHus 6EKMOPa U C8ECU 3adaHue 6eKmopa x Habopy
YUCAOBDIT NAPAMEMPOS.

[TocTpoum npousBoIbHBIE KOMOUHAIINE BEKTOPOB

3(¢-2(a-<+2b)) - (F+Db)=

—

3¢ -6 4+6C—-12b—-a —-b=-7a —13b +9¢.



Ilean 1. Hatimu cnocob ewvbopa maxoti cucmemovt 6EKMOPos, 4¥mobvl A0-
001l BEKMOP BLIPA3UMD YEPE3 GEKMOPBL IMOT CUCTEMDBL C UCNOAD30CA-
HueM onepayuti npou3sedenus 6EKMoPa Ha YUCAO, CAOHCEHUA BEKMOPOS.
Taxoe npedcmasaerue 8eKMOPa Mol MO2AU ObL 83AMb 6 KAYECMEE CMAH-

dapmmo20 npedcmasieHus 6EKMOPa U C8ECU 3adaHue 6eKmopa x Habopy
YUCAOBDIT NAPAMEMPOS.

[pyroit mpumep:
a (28 - 4b) — (0 -37) =



Ilean 1. Hatimu cnocob ewvbopa maxoti cucmemovt 6EKMOPos, 4¥mobvl A0-
001l BEKMOP BLIPA3UMD YEPE3 GEKMOPBL IMOT CUCTEMDBL C UCNOAD30CA-
HueM onepayuti npou3sedenus 6EKMoPa Ha YUCAO, CAOHCEHUA BEKMOPOS.
Taxoe npedcmasaerue 8eKMOPa Mol MO2AU ObL 83AMb 6 KAYECMEE CMAH-

dapmmo20 npedcmasieHus 6EKMOPa U C8ECU 3adaHue 6eKmopa x Habopy
YUCAOBDIT NAPAMEMPOS.

pyroit mpumep:

a(2§>—ﬁg) —y(6¢ —3a) :2043—(04@3}—@5)?—37?:



Ilean 1. Hatimu cnocob ewvbopa maxoti cucmemovt 6EKMOPos, 4¥mobvl A0-
001l BEKMOP BLIPA3UMD YEPE3 GEKMOPBL IMOT CUCTEMDBL C UCNOAD30CA-
HueM onepayuti npou3sedenus 6EKMoPa Ha YUCAO, CAOHCEHUA BEKMOPOS.
Taxoe npedcmasaerue 8eKMOPa Mol MO2AU ObL 83AMb 6 KAYECMEE CMAH-

dapmmo20 npedcmasieHus 6EKMOPa U C8ECU 3adaHue 6eKmopa x Habopy
YUCAOBDIT NAPAMEMPOS.

pyroit mpumep:



Ilean 1. Hatimu cnocob ewvbopa maxoti cucmemovt 6EKMOPos, 4¥mobvl A0-
001l BEKMOP BLIPA3UMD YEPE3 GEKMOPBL IMOT CUCTEMDBL C UCNOAD30CA-
HueM onepayuti npou3sedenus 6EKMoPa Ha YUCAO, CAOHCEHUA BEKMOPOS.
Taxoe npedcmasaerue 8eKMOPa Mol MO2AU ObL 83AMb 6 KAYECMEE CMAH-
dapmmo20 npedcmasieHus 6EKMOPa U C8ECU 3adaHue 6eKmopa x Habopy
YUCAOBYLT NAPAMEMPOG.

— — —

Buwisod. Taxum 00pasoM, Jj11000e BhIparKeHne 0T BEeKTOPOB ajg, asg, . . . , an
C UCIOJIBL30BAHIEM OIllepalliil «yMHOXKEHIE BEKTOpPa Ha YUCI0» U «CJIO-
JKeHIe BEKTOPOB» MOYKHO IIPEJICTABUTHL B BHU/IE

— — —>
o1y + apag + ... + apay,

rje aq, s, ..., Q, — HEKOTOPbIC YUCJIA.



V.2. JInuneitHag KoMOMHAIIMA

Onpenenenne 12. Buipaotceriue

— — —
o1y + apag + ... + apay, (8)
o o o _— — —
HA3LIBAEMCA AUHETUHOT KOMbOUHAUUET 6exmopos aq,asg,...,an
¢ KoAaPPuuueHmamu o, o, . . ., Q.

BoiBoji: B KadecTBe CTaHAAPTHOIO IIPEACTABJIEHHS BeEKTOPa
MO2KHO B3STh €ro pa3JjIoyKeHNne B JIMHEITHYI0 KOMONHAIINIO HEKO-
TOPOro (pMKCHPOBAHHOTO HAabOpa BEKTOPOB.



BriBoji: B KadecTBe CTaHAAPTHOI'O IpeJCTaBJIEHUsI BEKTOPa
MO>KHO B34Th €ro pas3JioKeHNe B JNHEITHYI0 KOMOMHAITIIIO HEeKO-
TOPOro (PpMKCUPOBAHHOI'O HabOpa BEKTOPOB.

CaejioBaTeIbHO, 11eJ1b 1, CBSI3aHHYIO C IOMCKOM CTaHJIAPTHOIO IIpPEj-
CTaBJIEHUs BEKTOPOB, MOXKHO YTOUYHUTDH CJIEIYIOIIIM 00Pa30M.



BriBoji: B KadecTBe CTaHAAPTHOI'O IpeJCTaBJIEHUsI BEKTOPa
MO>KHO B34Th €ro pas3JioKeHNe B JNHEITHYI0 KOMOMHAITIIIO HEeKO-
TOPOro (PpMKCUPOBAHHOI'O HabOpa BEKTOPOB.

CaejioBaTeIbHO, 11eJ1b 1, CBSI3aHHYIO C IOMCKOM CTaHJIAPTHOIO IIpPEj-
CTaBJIEHUs BEKTOPOB, MOXKHO YTOUYHUTDH CJIEIYIOIIIM 00Pa30M.

Henp 2. Haiimu cnocob 6vibopa maxotl cucmemov, 8eKMOPos, 4mobvl A10-
601 6exmop MOXHCHO ObLAO Obl npedcmasumsd AUHETHOT KoMbUuHa-
yueti eekmopoas smoti cucmemul. Taxoe npedcmasierue 6eKmMopa Mol
MO2AU Dbl 83AMDB 6 KAMECMBE CMAHIGDPMH020 NPEICABAECHUL BEKIMOPA.



Ilean 2. Hatimu cnocob ewvbopa maxoti cucmemov, 6EKMOPOs, 4mobvl A0-
601 6eKMOpP MOMCHO ObLAO Obl npedcmasumsd AUHETUHOT KombUuHa-
yuell 8exmopos smoti cucmemul. Tarxoe npedcmasierue exmopa Mol
MO2A1U OBl 83AMY 68 KAYECMEE CMAHIAPMHO20 NPEICNMABAECHUL BEKMOPA.

st BBIOOpa TakKoil cuCTEeMBbI BEKTOPOB IOIPOOyeM HPUMEHUTH HCCTIe-
JIOBATEJIbCKUE CTPATETr NN,



Ilean 2. Hatimu cnocob ewvbopa maxoti cucmemov, 6EKMOPOs, 4mobvl A0-
601 6eKMOpP MOMCHO ObLAO Obl npedcmasumsd AUHETUHOT KombUuHa-
yuell 8exmopos smoti cucmemul. Tarxoe npedcmasierue exmopa Mol
MO2AU ObL B3AMB 8 KAYECMBE CMAHIAPMHO20 NPEICMABAECHUA BEKMOPA.

st BBIOOpa TakKoil cuCTEeMBbI BEKTOPOB IOIPOOyeM HPUMEHUTH HCCTIe-
JIOBATEJIbCKUE CTPATETr NN,

Vcrionb3yd cTpaTernio NpuOPUTETHOIO U3YyUeHns SKCTPeMasbHbIX CH-
Tyallnii, XOTeJI0Ch Obl MUHIMAJILHOM (pOPMBI TPEJICTaBIEHIA BEKTOPA, KO-
TOPBINt OBl OHO3HATHO €r0 OIpe/Ie/isds B JJaHHON cCHUCTeMe BEKTOPOB.



Ilean 2. Hatimu cnocob ewvbopa maxoti cucmemov, 6EKMOPOs, 4mobvl A0-
601 6eKMOpP MOMCHO ObLAO Obl npedcmasumsd AUHETUHOT KombUuHa-
yuell 8exmopos smoti cucmemul. Tarxoe npedcmasierue exmopa Mol
MO2AU ObL B3AMB 8 KAYECMBE CMAHIAPMHO20 NPEICMABAECHUA BEKMOPA.

st BBIOOpa TakKoil cuCTEeMBbI BEKTOPOB IOIPOOyeM HPUMEHUTH HCCTIe-
JIOBATEJIbCKUE CTPATETr NN,

Vcrionb3yd cTpaTernio NpuOPUTETHOIO U3YyUeHns SKCTPeMasbHbIX CH-
Tyallnii, XOTeJI0Ch Obl MUHIMAJILHOM (pOPMBI TPEJICTaBIEHIA BEKTOPA, KO-
TOPBINt OBl OHO3HATHO €r0 OIpe/Ie/isds B JJaHHON cCHUCTeMe BEKTOPOB.

Vcrionb3yd 9Ty cTpaTeruio, JTanuyio Ielb CBOAUM K Psily BOITPOCOB.



Ilean 2. Hatimu cnocob ewvbopa maxoti cucmemov, 6EKMOPOs, 4mobvl A0-
601 6eKMOpP MOMCHO ObLAO Obl npedcmasumsd AUHETUHOT KombUuHa-
yuell 8exmopos smoti cucmemul. Tarxoe npedcmasierue exmopa Mol
MO2AU ObL B3AMB 8 KAYECMBE CMAHIAPMHO20 NPEICMABAECHUA BEKMOPA.

Ilepswiti sonpoc: Oyner Jin OJHOZHAYHBIM CTAHIAPTHOE IIPEJICTABICHUE
BEKTODa 1depe3 BBIOPAHHYIO CHCTEMY BEKTOPOB (T.e. MOXKHO JIH 1TPEJICTa-
BUTDL BEKTOP JIBYM$ PA3IMIHLIMU KOMOUHAIUSIMEI (DUKCUPOBAHHOI crucTe-
MO#i BEKTOPOB).



Ilean 2. Hatimu cnocob ewvbopa maxoti cucmemov, 6EKMOPOs, 4mobvl A0-
601 6eKMOpP MOMCHO ObLAO Obl npedcmasumsd AUHETUHOT KombUuHa-
yuell 8exmopos smoti cucmemul. Tarxoe npedcmasierue exmopa Mol
MO2AU ObL B3AMB 8 KAYECMBE CMAHIAPMHO20 NPEICMABAECHUA BEKMOPA.

Ilepswiti sonpoc: Oyner Jin OJHOZHAYHBIM CTAHIAPTHOE IIPEJICTABICHUE
BEKTODa 1depe3 BBIOPAHHYIO CHCTEMY BEKTOPOB (T.e. MOXKHO JIH 1TPEJICTa-
BUTDL BEKTOP JIBYM$ PA3IMIHLIMU KOMOUHAIUSIMEI (DUKCUPOBAHHOI crucTe-
MO#i BEKTOPOB).

Bmopoti éonpoc: Kakoe MEHUMAJILHOE KOJMYECTBO BEKTOPOB JI0CTATOY-
HO JIJIsT CTAHAaPTHOIO IPEJICTABIEHNs] BEKTOPA.



V.3. 9KBUBaJEHTHOCTDL OJHO3HaAYHOCTU
N MUHNUMAJIBHOCTN

Ilepswiti sonpoc: Oyner Jiu OJHOZHAYHBIM CTAHIAPTHOE IIPEJICTABICHUE
BEKTOPa 1depe3 BBIOPAHHYIO CHCTEMY BEKTOPOB (T.e. MOXKHO JIH ITPEJICTa-
BUTDL BEKTOP JIBYM$ PA3IMIHLIMU KOMOUHAIUSIMEI (DUKCUPOBAHHOI crucTe-
MO#i BEKTOPOB).

Bmopoti sonpoc: Kakoe MUHIMAJIbHOE KOJIMIECTBO BEKTOPOB JOCTATOY-
HO JIJIsI CTAHJAAPTHOIO IPEJICTABIEHUs] BEKTOPA.

DTU BOIPOCH MOJBOJIAT K POPMYJIUPOBKE TPEOOBAHUN COOTBETCTBYIO-
MIAX 9KCTPEMAIbHBIX XapPaKTEPUCTUK CHCTEMbl BEKTOPOB, & NMEHHO:



V.3. 9KBUBaJEHTHOCTDL OJHO3HaAYHOCTU
N MUHNUMAJIBHOCTN

Ilepswiti sonpoc: Oyner Jiu OJHOZHAYHBIM CTAHIAPTHOE IIPEJICTABICHUE
BEKTOPa 1depe3 BBIOPAHHYIO CHCTEMY BEKTOPOB (T.e. MOXKHO JIH ITPEJICTa-
BUTDL BEKTOP JIBYM$ PA3IMIHLIMU KOMOUHAIUSIMEI (DUKCUPOBAHHOI crucTe-
MO#i BEKTOPOB).

Bmopoti sonpoc: Kakoe MUHIMAJIbHOE KOJIMIECTBO BEKTOPOB JOCTATOY-
HO JIJIsI CTAHJAAPTHOIO IPEJICTABIEHUs] BEKTOPA.

DTU BOIPOCH MOJBOJIAT K POPMYJIUPOBKE TPEOOBAHUN COOTBETCTBYIO-
MIAX 9KCTPEMAIbHBIX XapPaKTEPUCTUK CHCTEMbl BEKTOPOB, & NMEHHO:

— — —
1) BBIGOP CHCTEMBL BEKTOPOB {a7, a3, .. .,an | J0JKECH IapaHTHPOBATH
OJIHOBHATHOCTD TPEJICTABICHUA BeKTOpa B Bije (8);

— — —

2) MUHUMUI3AINS YUCIa BEKTOPOB B CUCTEME {al, az, ..., an} [Ipu ycJo-
BUM, YTO JIIOOOI BEKTOP PaCKJIaJblBaeTCs B JIMTHEHHYI0 KOMOMHAIIIIO
BEKTOPOB 3TOI CUCTEMBbI.



V.3. 9KBUBaJEHTHOCTD OJHO3HaAYHOCTU
n MUHNUMAJIBHOCTN

OpHuM 13 1posiBieHnit 3POEKTUBHOCTH CTPATEIn HPUOPUTETHOIO
N3yYeHUs SKCTPEMAJIBHBIX CUTYallNil dBJIsIeTCA TOT (DaKT, ITO 9TH Tpedo-
BaHUSI OKA3aJIICh PABHOCUIbHBLIMMU!



CHauaJjia JIOKakeM, 4TO ecjii JIIo0OH BEeKTOP pacKJIaJIbIBAETCs 110
— — —
b = {al, az,..., an} OJITO31AYTII0, TO cUcTeMa DB sBjsieTcss MUHIMAJIb-
HOU CUCTEMOU TTOPOXKJIAIOIINX.



CrauaJsia JOKaxKeM, 4YTO ecjiu JI0OOH BEeKTOp PACKJ/IaJIbIBACTCA 110
— — —
b = {al, as, ..., an} OJIHOBHATHO, TO cucTeMa B siBsieTcss MUHUMAJIb-
HOU CUCTEMOU TTOPOXKJIAIOIINX.
— — — .
[Iycts cucrema b = {al, as, ... ,an} He SIBJISIETCI MUHUMAJILHON CH-
CTEeMOI TTOPOZKJIAIOINX.



CrauaJsia JOKaxKeM, 4YTO ecjiu JI0OOH BEeKTOp PACKJ/IaJIbIBACTCA 110
— — —

— e . onad -
b ai,as,...,a, OJHO3HATHO, TO cUcTeMa b sBisieTcss MUHIMAJIb
HOU CUCTEMOU TTOPOXKJIAIOIINX.

— — — .

[Iycts cucrema b = {al, as, ... ,an} He SIBJISIETCI MUHUMAJILHON CH-
CTEeMOI TTOPOZKJIAIOINX.

He orpanmdmuBasi oOIIHOCTH PaCCyzKJIEHUI, MOXKHO CYUTAThL, UTO IIO-

— y — — — .

ce ynaJieHus: a’, cucrema B’ = {al, as,..., an_l} OCTaeTCd CUCTEMOII
TIOPOXK TAFOITIX.



CHauaJjia JIOKakeM, 4TO ecjii JIIo0OH BEeKTOP pacKJIaJIbIBAETCs 110
— — —
b = {al, as, ..., an} OJITO31AYTII0, TO cUcTeMa DB sBjsieTcss MUHIMAJIb-
HOU CUCTEMOU TTOPOXKJIAIOIINX.
— — — .
[Iycts cucrema b = {al, as, ... ,an} He SIBJISIETCI MUHUMAJILHON CH-
CTEeMOI TTOPOZKJIAIOINX.
He orpanmdmuBasi oOIIHOCTH PaCCyzKJIEHUI, MOXKHO CYUTAThL, UTO IIO-
— R — — — .
ce ynaJieHus: a’, cucrema B’ = {al, as, ..., an_l} OCTaEeTCsl CUCTEMOI
TIOPOXK TAFOITIX.
— — — —
Torma a, = \ja; + Asas + ...+ \,_1an_1.



CHauaJjia JIOKakeM, 4TO ecjii JIIo0OH BEeKTOP pacKJIaJIbIBAETCs 110
— — —
b = {al, as, ..., an} OJITO31AYTII0, TO cUcTeMa DB sBjsieTcss MUHIMAJIb-
HOU CUCTEMOU TTOPOXKJIAIOIINX.
— — — .

[Iycts cucrema b = {al, as, ... ,an} He SIBJISIETCI MUHUMAJILHON CH-
CTEeMOI TTOPOZKJIAIOINX.

He orpanmdmuBasi oOIIHOCTH PaCCyzKJIEHUI, MOXKHO CYUTAThL, UTO IIO-

cjie yaaJIeHus a, cucrema B’ = {a_{, 55, el m} OCTACTCS CHUCTEMOI
IIOPOYK TAIOIUX.

Torna ay, = \jay + Aodg + ... + A\p_1an_1.

CireoBaTe/ILHO,

an=A-a;+A-as+...+ N\ 12y 1

— =
An = anp,



CHauaJjia JIOKakeM, 4TO ecjii JIIo0OH BEeKTOP pacKJIaJIbIBAETCs 110
— — —
b = {al, as, ..., an} OJITO31AYTII0, TO cUcTeMa DB sBjsieTcss MUHIMAJIb-
HOU CUCTEMOU TTOPOXKJIAIOIINX.
— — — .

[Iycts cucrema b = {al, as, ... ,an} He SIBJISIETCI MUHUMAJILHON CH-
CTEeMOI TTOPOZKJIAIOINX.

He orpanmdmuBasi oOIIHOCTH PaCCyzKJIEHUI, MOXKHO CYUTAThL, UTO IIO-

cjie yaaJIeHus a, cucrema B’ = {a_{, zTﬁ, el %?—1)} OCTACTCS CHUCTEMOI
IIOPOYK TAIOIUX.

Torna ay, = \jay + Aodg + ... + A\p_1an_1.

CireoBaTe/ILHO,

an=A-a;+X-a+...+ N1 a5 1 +0-ag,
a,=0-a3+0-az+...+0-a, 1+ 1-ay,,



CHauaJjia JIOKakeM, 4TO ecjii JIIo0OH BEeKTOP pacKJIaJIbIBAETCs 110
— — —
b = {al, as, ..., an} OJITO31AYTII0, TO cUcTeMa DB sBjsieTcss MUHIMAJIb-
HOU CUCTEMOU TTOPOXKJIAIOIINX.
— — — .

[Iycts cucrema b = {al, as, ... ,an} He SIBJISIETCI MUHUMAJILHON CH-
CTEeMOI TTOPOZKJIAIOINX.

He orpanmdmuBasi oOIIHOCTH PaCCyzKJIEHUI, MOXKHO CYUTAThL, UTO IIO-

cjie yaaJIeHus a, cucrema B’ = {a_{, 55, el m} OCTACTCS CHUCTEMOI
IIOPOYK TAIOIUX.

Torna ay, = \jay + Aodg + ... + A\p_1an_1.

CireoBaTe/ILHO,

an=A-aj+X-a+...+N\_1-a,1+0-ag,
a,=0-a3+0-az+...+0-a,1+1-ay,,



CHauaJjia JIOKakeM, 4TO ecjii JIIo0OH BEeKTOP pacKJIaJIbIBAETCs 110
— — —
b = {al, as, ..., an} OJITO31AYTII0, TO cUcTeMa DB sBjsieTcss MUHIMAJIb-
HOU CUCTEMOU TTOPOXKJIAIOIINX.
— — — .

[Iycts cucrema b = {al, as, ... ,an} He SIBJISIETCI MUHUMAJILHON CH-
CTEeMOI TTOPOZKJIAIOINX.

He orpanmdmuBasi oOIIHOCTH PaCCyzKJIEHUI, MOXKHO CYUTAThL, UTO IIO-

cjie yaaJIeHus a, cucrema B’ = {a_{, 55, el m} OCTACTCS CHUCTEMOI
IIOPOYK TAIOIUX.

Torna ay, = \jay + Aodg + ... + A\p_1an_1.

CireoBaTe/ILHO,

an=A-aj+X-a+...+N\_1-a,1+0-ag,
a,=0-a3+0-az+...+0-a,1+1-ay,,

o 0 # 1.



CrauaJsia JOKaxKeM, 4YTO ecjiu JI0OOH BEeKTOp PACKJ/IaJIbIBACTCA 110
— — —
b = {al, as, ..., an} OJIHOBHATHO, TO cucTeMa B siBsieTcss MUHUMAJIb-
HOU CUCTEMOU TTOPOXKJIAIOIINX.
— — — .

[Iycts cucrema b = {al, as, ... ,an} He SIBJISIETCI MUHUMAJILHON CH-
CTEeMOI TTOPOZKJIAIOINX.

He orpanmdmuBasi oOIIHOCTH PaCCyzKJIEHUI, MOXKHO CYUTAThL, UTO IIO-

cjie yaaJIeHus a, cucrema B’ = {a_{, zTﬁ, el m} OCTACTCS CHUCTEMOI
IIOPOYK TAIOIUX.

Torna ay, = \jay + Aodg + ... + A\p_1an_1.

CireoBaTe/ILHO,

— — — — —
an:)\1-a1+)\2-a2+...+)\n_1-an_1+0-an,
— — — — —
ap,=0-a;+0-a3+...+0-a,_ 1+ 1-ay,,

HO 0 # 1. DTO IPOTUBOPEUNT OIPEILTEHUIO OJIHOZHATHOCTI DABIOKEHITY,

IOTOMY cucmema B aeasemes Munumaivbioti cucmemoti noporcoaro-
WU,



Temepb JloKaxkKeMm, 4YTO ecjud cucremMa B siBjsieTcsi MUHUMAJIbHOIM
CHUCTEMOI HOPOXKJIAIOMINX, TO JII00OI BEKTOpP pacK/IaJbIBaeTCs 110
— — —
b = {al, as, ..., an} 0JIHO3HATHO.



Temnepp jloKaykem, 4TO ecan cucremMa B sBisieTcss MUHIMAJILHOI
CHCTEMOIl MOPOXKJIAIOIINX, TO JIHOOOH BEKTOpP PaCKJIabIBAETCI 10
b = {a_{, as, ..., ET,;} 0JIHO3HATHO.

B maremarnke HamboJsiee MOIIHBIM SIBJISETCS AHANUMUYECKUT annapam
obpabomxu pasercms. TpeboBanue 0JJHOZHAYHOCTH PA3JI0XKEHUSI Ha, I3bI-
Ke PABEHCTB (€C/IM MMeeM JBa Pa3/IoKeHUs OJJHOTO U TOTO JKe BEKTOPA,
TO 9TH PA3JIOZKEHHSI COBIIAIAIOT, T.€. COBIIAAI0T COOTBETCTBYIOIIIE KO-
(DUIHEHTDI) «HA S3BIKE PABEHCTBY BBITVISIIUT CJIEIYIOMINM 00PA30M:



Temnepp jloKaykem, 4TO ecan cucremMa B sBisieTcss MUHIMAJILHOI
CHCTEMOIl MOPOXKJIAIOIINX, TO JIHOOOH BEKTOpP PaCKJIabIBAETCI 10
b = {a_{, as, ..., ET,;} 0JIHO3HATHO.

B maremarnke HamboJsiee MOIIHBIM SIBJISETCS AHANUMUYECKUT annapam
obpabomxu pasercms. TpeboBanue 0JJHOZHAYHOCTH PA3JI0XKEHUSI Ha, I3bI-
Ke PABEHCTB (€C/IM MMeeM JBa Pa3/IoKeHUs OJJHOTO U TOTO JKe BEKTOPA,
TO 9TH PA3JIOZKEHHSI COBIIAIAIOT, T.€. COBIIAAI0T COOTBETCTBYIOIIIE KO-
(DUIHEHTDI) «HA S3BIKE PABEHCTBY BBITVISIIUT CJIEIYIOMINM 00PA30M:

.
a1 = 617

Oy = 527 (9)

Ay +avag+. . . taay = fay+Fast. .+ Gan = <

Oy = 571



Tenepb J0KaxkeM, 4YTO e€CJId cucreMa b sBisieTcs MUHUMAaJILHOM
CUCTEMOI IOPOXKJIAIOIIUX, TO JIIOOOH BEKTOP PaACKJ/IaIbIBAETC 110
B — — —

= {3.1, ag, ..., an} O/ITHOBHAYHO.

Haio nokasaTh, 4T0

4
ap = [,

Qg = 627 (9)

ara)+asas+. . .+aan = fai+has+. . .+ 5,a, = <

\ an:ﬁn-



Tenepb J0KaxkeM, 4YTO e€CJId cucreMa b sBisieTcs MUHUMAaJILHOM
CUCTEMOI IOPOXKJIAIOIIUX, TO JIIOOOH BEKTOP PaACKJ/IaIbIBAETC 110
B — — —

= {3.1, ag, ..., an} O/ITHOBHAYHO.

Haio nokasaTh, 4T0

(

ay = [,
o = ,

BBt i = BuE Bt . B = { 2T (g
\ Qpy = ﬁn

IIycTn ozla_1>+042a_2>+...+Ozna_r>1=ﬁlgl>+52§2>+...+ﬁngﬁ.



Tenepb J0KaxkeM, 4YTO e€CJId cucreMa b sBisieTcs MUHUMAaJILHOM
CUCTEMOI IOPOXKJIAIOIIUX, TO JIIOOOH BEKTOP PaACKJ/IaIbIBAETC 110
B — — —

= {3.1, ag, ..., an} O/ITHOBHAYHO.

Haio nokasaTh, 4T0

(

ay = [,
o = ,

BBt i = BuE Bt . B = { 2T (g
\ Qpy = ﬁn

IIycTn ozla_1>+042a_2>+...+Ozna_r>1=ﬁlgl>+52§2>+...+ﬁngﬁ.
Torna  (ay — Bi)as + (ag — o) az + ...+ (q, — By) an =



Tenepb J0KaxkeM, 4YTO e€CJId cucreMa b sBisieTcs MUHUMAaJILHOM
CUCTEMOI IOPOXKJIAIOIIUX, TO JIIOOOH BEKTOP PaACKJ/IaIbIBAETC 110
B={a & —

= {3.1, ag, ..., an} O/ITHOBHAYHO.

Haio nokasaTh, 4T0

(

ay = [,
o = ,

BBt i = BuE Bt . B = { 2T (g
\ Qpy = ﬁn

[lycts 1@y + Qeag + . .. + apay = f1ag + Boag + ... + Buay.

Torna  (cy—B1)ag + (s — F)ag + ...+ (o, — By) an =

[Tycte x0Ts1 OBI OjfiHA U3 pasHocTedl (o — (3;) orTuuHa oT HyJist. bes
OrpaHuveHus: OOMHOCTH MOYKHO CIUTATh, 9TO (ay — (3,) # 0.



Tenepb J0KaxkeM, 4YTO e€CJId cucreMa b sBisieTcs MUHUMAaJILHOM

CHUCTEeMO1 [IOPOXK Jatomnux, TO JII00011 BEKTOP pacCKJladblBacTCA 110

— — —
b = {al, as, ..., an} 0JIHO3HATHO.
Haio nokasaTh, 4T0

(

] = 617

— — — — — — Qg = 3o,
11 +0Qoas+. ..+, = 613.14—62&2—%. . .—|—6nan = <

\ o, = By

IIycTn Oéla_1>—|—()z28._2>+...+&n3:>12513:>+62£+...+ﬁn8:>1.
Torna  (ay — Bi)as + (ag — o) az + ...+ (q, — By) an =

[Tycts x0Tst ObI OjfiHA U3 pazHocTedl (v — (3;) OTJIMUHA OT HYJIS.

OrpaHuveHus: OOMHOCTH MOYKHO CIUTATh, 9TO (ay — (3,) # 0.

— ar— B  ar— Ba_, A1 — Pn1—
ag=—"—"a +————ag+...+ an 1.

671_0471 ﬁn_an 671_0571

Bbes



Tenepb J0KaxkeM, 4YTO e€CJId cucreMa b sBisieTcs MUHUMAaJILHOM
CUCTEMOI IOPOXKJIAIOIIUX, TO JIIOOOH BEKTOP PaACKJ/IaIbIBAETC 110
B={a & —

= {3.1, ag, ..., an} O/ITHOBHAYHO.

Haio nokasaTh, 4T0

(

ay = [,
o = ,

BBt i = BuE Bt . B = { 2T (g
\ Qpy = ﬁn

MTak, npeamosoxKeHne O HEOJHOBHAYHOCTH PAas3JIOXKEHUs, HaIlpUMED,

a, # [3,, IPUBOJUT K PABEHCTBY
=i ar— -1 — Bp1——
a,=———a; + as + ...+

P U— dn—1-
672_0% Bn_@n 571_@71 "




Tenepb J0KaxkeM, 4YTO e€CJId cucreMa b sBisieTcs MUHUMAaJILHOM
CUCTEMOI IOPOXKJIAIOIIUX, TO JIIOOOH BEKTOP PaACKJ/IaIbIBAETC 110
B={a & —

= {3.1, ag, ..., an} O/ITHOBHAYHO.

Haio nokasaTh, 4T0

(
a1 = 617

Qg = 627 (9)

ara)+asas+. . .+aan = fai+has+. . .+ 5,a, = <

\ oy = ﬁn
Tak, npejmosozKenne 0 HEOJIHO3HAUYHOCTH DPAa3JIOKeHUs, HallpuMep,

a, # [3,, IPUBOJUT K PABEHCTBY

— CV1—51—> Qo — Oén—l—ﬁn—l—>

2 —
a,=—a;+——ags+...+ an_1.
672_0% Bn_@n 571_@71
] — — —
Suauut, cucrema b’ = {al, as,... ,an_l} ToxKe, Kak 1 B, gaBisiercsa

cucremoii mopoxkaatonux. CiaegoBaTe/bHO, CHCTEeMa HOpoXKIaronux b
HE SBJIETCA MUHUMAJILHONM, ITPOTUBOPEYNE.



V.4. Teopema 00 3KBUBAJEHTHOCTH MUHHMAJIbBHOCTH

CUCTEMDI IIOPOZKJAIINNX 11 OJHOSHAYHOCTHN PA3JI0zKe-
HNA

Taxum obpaszoM, jJoKa3aHa,

Teopema 2. w60t exmop packiadviBaemcs no cucmeme GeKmopos
— — —

b = {al, as, ..., an} 00103HAHO Mo20a U MoAbKo mozda, Ko2da cucme-

ma eexmopos B asasemes murnumansvroti cucmemoti nopoAHcoaouLuL.



V.5. O,Z[HOSH&‘{HOCTB 1 JINHEeTHasA HE3aBUCUMOCTDH

OJIHO3HAUHOCTD ( a = By,
@1a:>+a2a_2>+"'+ana_r>1:61§1>+...—|—ﬁna_1>1i < 042:627
\ Ckn — 671

PABHOCHJIbHA, o — B—0,

(1 —B)a+...+(an—By)an = 0 <

O‘n_ﬁn: )



V.5. O,Z[HOSH&‘{HOCTB 1 JINHEeTHasA HE3aBUCUMOCTDH

)
OJIHO3HAUHOCTD ar = [,

Q9 = ,
C1E 4 Bt B B .t Bl = 4 2T (g)

\an:ﬁn-
PaBHOCUJIbHA - o1 — By =0,
(g —pag+... + (o, — By)ag = 0 <= (10)
O‘n_ﬁn: )
()\1: )
MNE B b A ANA = O e 4 T

’ (11)
A, = 0.




V.5. O,Z[HO3H8,LIHOCTB 1 JINHEeNHAas1 He3aBUCUMOCTbD
JIuneitHas KoMOMHallMsl BEKTOPOB, B KOTOPOil KO3(pUIMEHTH paB-

HBI HYJII0, HA3bIBAETCsT TPUBHAJIBbHOMN. Yesosue (11) MOXKHO MpeIcTaBuTh

B BUJE YIOOHOH s 3allOMHUHAHUS <«CJI0BeCcHO# dopMmyibiy: Toavko

MPUBUANLHAA AUHETHAA KOMOUHAUUSA daem HYAEB0U Bek-
mop.



V.5. O,Z[HO3H8,LIHOCTB 1 JINHEeNHAas1 He3aBUCUMOCTbD
JIuneitHas KoMOMHallMsl BEKTOPOB, B KOTOPOil KO3(pUIMEHTH paB-

HBI HYJII0, HA3bIBAETCsT TPUBHAJIBbHOMN. Yesosue (11) MOXKHO MpeIcTaBuTh

B BUJE YIOOHOH s 3allOMHUHAHUS <«CJI0BeCcHO# dopMmyibiy: Toavko

MPUBUANLHAA AUHETHAA KOMOUHAUUSA daem HYAEB0U Bek-
mop.

— — —

Onpenenaenne 13. Cucmema 6exmopos {al, as, ... ,an} HA3DIBAENCA
AUHETUHO HEe3a8UCUMOT moz0a u moavko mozda, ko20a MOABKO
MPUBUAALHAA NUHETHAA KOMOUHAUUA daem HYyAes0l sexmop. B npomue-
HOM CAYMAE. ECAU NUHETHAA KOMOUHAUUA PABHA HYAW U oM Ovl 00uH

U3 ee KoaPPuuUeHmos 0mAUUEH 0M HYAL, MO OHA HA3BIBAEMCA AUHET-
HO 3a6UCUMOU.



V5 O,Z[HOSH&LIHOCTB 1 JUHenHas He3aBUCUMOCTD
B mporiecce BiBojIa yestoBust (11) MbI JJOKA3A/H CICIYIONIYIO TEOPEMY':

Teopema 3 (Kputepuii 0JTHO3HAYHOCTU Pa3JIoXKeHust). Bexmop
PACKAGOMGAEMCA 6 AUMETIHYI0 KOMOUNGUWIO GEKMOPO6 a7, as, . . ., an
odnosnaumvm obpazom (9) moeda u moavko moezda, koeda cucmema
6EKMOPO6 {ET{ Ay, ... ,ETS} ABAAEMCA MUHETHO HE3ABUCUMOT.



V.5. O,Z[HO:SH&‘*IHOCTB 1 JINHEeNHAas1 He3aBUCUMOCTbD

TpeboBanne 0JIHOBHATHOCTH MCKOMOM CHCTEMbI BEKTOPOB MBI OCYIIe-
CTBUM, BBIOpaB JIMTHEHHO HE3aBUCHUMYIO CHCTeMYy BeKTOopoB. Heobxommmo
JIJTsl JIMHEHHO He3aBUCUMBIX CUCTEM BEKTOPOB OCYIIECTBUTL BTOPOE TPe-
boBaHMe — MUHUMATHLHOCTH KOJIMIECTBA BEKTOPOB B CHCTEME (J1J1sT BbIpa-
YKeHUsT JTI0O0T0 BEKTOpa depe3 BeKTOPhI 9Toil cuctembl). s yaobersa
BBeJEM TEPMUH JIJId 0003HAUCHUsT CHCTEMbI BEKTOPOB, COOTBETCTBYIOINICH
BbIJIBUHYTHIM TPEOOBAHMSIM.



V.5. O,Z[HOSH&‘{HOCTB 1 JINHEeTHasA HE3aBUCUMOCTDH

Onpenenenne 14. MakcuMaJibHOI JIMTHEITHO HE3aBUCHUMOI CHCTe-
MO U3 N 6EKMOPOS HA3BIBAECTNCA CUCTIEMA:
1) aunetino nesasucuman;

2) makaa, wmo npu dobasaenuu K Het 4100020 6EKMOPA NOAYUACTNCA AU~
HETMHO 3ABUCUMAA CUCTILEMA.



V.6. baza u 0a3uc

Omnpenenenne 14. MakcuMaJibHOI JIMHEITHO HE3aBUCUMOI CUCTe-
MO U3 N 6EKMOPOE HA3BLBACTNCA CUCTNEMA:

1) aunetino nezasucuman;

2) maxas, wmo npu dobasaenuu K Het 100020 6EKMOPA NOAYUAECMCA AU~
HETHO 3A6UCUMAA CUCTIEMA.

Onpenenenne 15. Maxcumanrvras AUHEHO HE3ABUCUMAA YNOPAJOUEH-
HAA CUCTNEMA BEKMOPOE HA3bLeaAeMCs 6A3UCOM.



V.6. baza u 0a3uc

Omnpenenenne 14. MakcuMaJibHOI JIMHEITHO HE3aBUCUMOI CUCTe-
MO U3 N 6EKMOPOE HA3BLBACTNCA CUCTNEMA:

1) aunetino nezasucuman;

2) maxas, wmo npu dobasaenuu K Het 100020 6EKMOPA NOAYUAECMCA AU~
HETHO 3A6UCUMAA CUCTIEMA.

Onpenenenne 15. Maxcumanrvras AUHEHO HE3ABUCUMAA YNOPAJOUEH-
HAA CUCTNEMA BEKMOPOE HA3bLeaAeMCs 6A3UCOM.

3amedanue 1. Vnopadouennocms cucmemovl 03Havaem, 4mo 6 6ulopaH-

HOTL CUCTNEME HAM BAHCEH NOPAJOK NEPEUUCACHUA_GERMOPOG. Hanpumep,
— — — —

ynopsadovenrnie cucmemov, sexmopos a, b, ¢ u b, a, ¢ pasiuuno.



V.7. lIlpumepsnl 6a3ucoB

[lycts L — nexoropas mnpsamasi, P — 1mockocTh. BeKToOpoM Mipsi-
Moii L HazoBeM Ji000i BEKTOD, 0018 Ial0MINil CJIeYIOIIIM CBOHCTBOM:
eCJI ero OTJIOXKUTH OT JIF0OOH TOYKHU HpsiMOil L, TO KOHEIL MOJIyYeHHOIO
HallpaBJIEHHOI'O OTpe3Ka OyJleT NpUHa/IeyKaTh HpsMoii L.



V.7. lIlpumepsnl 6a3ucoB

[lycts L — nexoropas mnpsamasi, P — 1mockocTh. BeKToOpoM Mipsi-
Moii L HazoBeM Ji000i BEKTOD, 0018 Ial0MINil CJIeYIOIIIM CBOHCTBOM:
ecJIl ero OTJIOXKUThL OT JiI000# TOUKM MPsAMOil L, TO KOHEI[ 1101y YeHHOI'0
HAIIPABJIEHHOI'O OTPe3Ka OyJIeT NpUHa IIeKaTh HpsIMoil L.

BekTopom miockoctu P HazoBeM Jir000II TAKOH BEKTOD, UTO KOHEI]
HAIIPABJIEHHOT'O OTPE3Ka, I0JIYYeHHOI'O OTKJIaJIbIBAHKEM STOI'0 BEKTOpa
OT IIPOU3BOJIBLHON TOUKHU ILJIOCKOCTH P, NpUHAIEXKUT ILJIOCKOCTH P,



V.8. Teopema o Da3uce npsaMoii

Teopema 4 (o 6a3uce mpsimoii). Cucmema u3 00H020 HEHYACE020 Gek-
mopa NPAMOT ABAAEMCA 0a3UCOM IMOT NPAMOTL.

JloKa3aTeabCTBO.



V.8. Teopema o Da3uce npsaMoii

Teopema 4 (o 6a3uce mpsimoii). Cucmema u3 00H020 HEHYACE020 Gek-
mopa NPAMOT ABAAEMCA 0a3UCOM IMOT NPAMOTL.

H - -
JokazareabcTBo. [lycth a — HeHysIeBoil BEKTOp Ha IPAMOIi.



V.8. Teopema o Da3uce npsaMoii

Teopema 4 (o 6a3uce mpsimoii). Cucmema u3 00H020 HEHYACE020 Gek-
mopa NPAMOT ABAAEMCA 0a3UCOM IMOT NPAMOTL.

H - -
HokazareabcTBo. [lycTh a — HenyneBoil BekTop Ha mpamoil. Bce

- —
BEKTOPHI NIPsIMOiT KoJutrmHeapHbl. CrcTeMa BEKTOPOB { a } ABJISIETCS JIU-
. . — =
HelTHO He3aBUCUMOIl, TaK KakK paBeHCTBO @ & = (0 BBINOJIHAETCS TOJIBKO

H -
pu « = 0, IOCKOJIbKY BEKTOP a — HEeHYJIeBOI.
OcraJjioch oKasarh, 9TO



V.8. Teopema o Da3uce npsaMoii

Teopema 4 (o 6a3uce mpsimoii). Cucmema u3 00H020 HEHYACE020 Gek-
mopa NPAMOT ABAAEMCA 0a3UCOM IMOT NPAMOTL.

H - -
HokazareabcTBo. [lycTh a — HenyneBoil BekTop Ha mpamoil. Bce

- —
BEKTOPHI NIPsIMOiT KoJutrmHeapHbl. CrcTeMa BEKTOPOB { a } ABJISIETCS JIU-
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HelTHO He3aBUCUMOIl, TaK KakK paBeHCTBO @ & = (0 BBINOJIHAETCS TOJIBKO
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npu @ = 0, IIOCKOJIbKY BEKTOP & — HEHYJIEBOIL.
OcTaJjioch 110Ka3aTh, YTO 9Ta CUCTEMa BEKTOPOB SABJISETCS MAKCHIMAa b
HOII cpeJin JINHEeITHO He3aBUCUMbBIX. Kak 910 Jloka3aTh?



V.8. Teopema o Da3uce npsaMoii

Teopema 4 (o 6a3uce mpsimoii). Cucmema u3 00H020 HEHYACE020 Gek-
mopa NPAMOT ABAAEMCA 0a3UCOM IMOT NPAMOTL.

H - -
HokazareabcTBo. [lycTh a — HenyneBoil BekTop Ha mpamoil. Bce

- —
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OcTaJjioch 110Ka3aTh, YTO 9Ta CUCTEMa BEKTOPOB SABJISETCS MAKCHIMAa b
HOII cpeju JINHEeTHO He3aBUCUMBbIX. Kak 910 joka3aTh? MakcuMaIbHOCTD
TaKOll CUCTEMbI BEKTOPOB O3HAYAET, YTO



V.8. Teopema o Da3uce npsaMoii

Teopema 4 (o 6a3uce mpsimoii). Cucmema u3 00H020 HEHYACE020 Gek-
mopa NPAMOT ABAAEMCA 0a3UCOM IMOT NPAMOTL.

H - -
HokazareabcTBo. [lycTh a — HenyneBoil BekTop Ha mpamoil. Bce

- —
BEKTOPHI NIPsIMOiT KoJutrmHeapHbl. CrcTeMa BEKTOPOB { a } ABJISIETCS JIU-
. . — =
HelTHO He3aBUCUMOIl, TaK KakK paBeHCTBO @ & = (0 BBINOJIHAETCS TOJIBKO

1npu @ = 0, IIOCKOJbKY BEKTOP a HEHYJIeBOIA.

OcTaJjioch 110Ka3aTh, YTO 9Ta CUCTEMa BEKTOPOB SABJISETCS MAKCHIMAa b
HOII cpeju JINHEeTHO He3aBUCUMBbIX. Kak 910 joka3aTh? MakcuMaIbHOCTD
TaKoll cuCcTeMbl BEKTOPOB O3HAYaeT, UTO Ipu J00aBJIeHUN B Hee JII000To
BEKTOPA IJIOCKOCTH IOJIYYaIOI[asCd CUCTEMa BEKTOPOB OKayKeTCs JIMHEe-
HO 3aBUCHMOIA.



V.8. Teopema o Da3uce npsaMoii

Teopema 4 (o 6a3uce mpsimoii). Cucmema u3 00H020 HEHYACE020 Gek-
mopa NPAMOT ABAAEMCA 0a3UCOM IMOT NPAMOTL.

H - -
HokazareabcTBo. [lycTh a — HenyneBoil BekTop Ha mpamoil. Bce

- —
BEKTOPHI NIPsIMOiT KoJutrmHeapHbl. CrcTeMa BEKTOPOB { a } ABJISIETCS JIU-
. . — =
HelTHO He3aBUCUMOIl, TaK KakK paBeHCTBO @ & = (0 BBINOJIHAETCS TOJIBKO

npu o = 0, MOCKOJIbKY BEKTOP a HEHYJIEBOIA.

OcraJjioch 1oKa3aTh, YTO 3Ta CUCTEMa BEKTOPOB sIBJISIETCST MAKCUMAJIb-
HOM cpeJin JIMHEeHO He3aBUCUMBbIX. Kak 910 jlokazarh! MaKciuMabHOCTh
TaKOi CHCTEMbl BEKTOPOB O3HAYACT, YTO IpU J00ABJICHUN B Hee JIF0OOTo
BEKTOPA ILJIOCKOCTU MOJYUAIOIAICA CUCTEMa BEKTOPOB OKaYKeTCsl JIMHET-
Ho 3aBucuMoit. V3 ompejenenns POUBBE/ICHUA BEKTOPA Ha UCIIO CJle-

-
zLyeT 4TO_JIIsA JII000T0 BEKTOPA b npsiMoii mMeeM b = \@, oTKyIa
—

A\E-b=0



V.8. Teopema o Da3uce npsaMoii

Teopema 4 (o 6a3uce mpsimoii). Cucmema u3 00H020 HEHYACE020 Gek-
mopa NPAMOT ABAAEMCA 0a3UCOM IMOT NPAMOTL.

H - -
HokazareabcTBo. [lycTh a — HenyneBoil BekTop Ha mpamoil. Bce

- —
BEKTOPHI NIPsIMOiT KoJutrmHeapHbl. CrcTeMa BEKTOPOB { a } ABJISIETCS JIU-
. . — =
HelTHO He3aBUCUMOIl, TaK KakK paBeHCTBO @ & = (0 BBINOJIHAETCS TOJIBKO

npu o = 0, IOCKOJIBKY BEKTOD & — HEHYJIEBOI.
U3 onpesesenns npousse;ienns BEKTOPa, Ha THCIIO CHEAYeT, 47O s
7110000 BEKTOpA, b npsiMoii uMeeM b =A@, otkyra A- @ — b = 0.
Taxnm 06pasom, HOJIy /M IPeJCTABICHIE HYJIEBOIO BEKTOPA B BHJIC
jneitnoil koMbunanun A - a + (—1) b = ﬁ, B KOTOPOIl €CTh HEeHYJIEBbIe
—

koabunmentsr: A - a + (—1) b=0.
20



V.8. Teopema o Da3uce npsaMoii

Teopema 4 (o 6a3uce mpsimoii). Cucmema u3 00H020 HEHYACE020 Gek-
mopa NPAMOT ABAAEMCA 0a3UCOM IMOT NPAMOTL.

H - -
HokazareabcTBo. [lycTh a — HenyneBoil BekTop Ha mpamoil. Bce

- —
BEKTOPHI NIPsIMOiT KoJutrmHeapHbl. CrcTeMa BEKTOPOB { a } ABJISIETCS JIU-
. . — =
HelTHO He3aBUCUMOIl, TaK KakK paBeHCTBO @ & = (0 BBINOJIHAETCS TOJIBKO

npu o = 0, IOCKOJIBKY BEKTOD & — HEHYJIEBOI.

I3 ONPEJIC/ICHUS TPONBBC/ICHILA Bg{fropa Ha, YUCJIO CJIG,ZLyGT _4TO s
7110000 BEKTOpA, b npsiMoii uMeeM b =A@, otkyra A- @ — b = 0.

Taxum obpazoM, MOTyININ HPEJICTAB/ICHUE HYJICBOIO BEKTODA B BHJIC
mmmeiinoil Kombunamuu: A - a + (—1) b = 0. [Tosromy mpu jro6asiie-

—~~
£0

HUU JII0OOI0 BEKTOpa IPAMOIl K CUCTEME {?} CHCTEMa BEKTOPOB CTaHO-
BUTCs1 JINHEIHO 3aBucnuMoii. Teopema jgokazaHa.



V.9. Teopema o0 Da3uce NJIOCKOCTHI

Teopema 5 (0 6a3uce maockoctu). Cucmema u3 A1000x 08YT AUHET-

HO HE3ABUCUMDIT 6EKTOPOE6 NAOCKOCTU ABAAETNCA bazucom Imot n.aoc-
rocmu.



V.9. Teopema o0 Da3uce NJIOCKOCTHI

Teopema 5 (o 6a3uce mimockoctu). Cucmema us A100vx d6YT AuHel-
HO HE3ABUCUMDIT BEKMOPOE NAOCKOCNU ABAAEMCA 0A3UCOM IMOT NAOC-
KOCTI.

=
H
JlokazareabcTBO. [IycTh cucrema { a, b} BEKTOPOB “ &

[IJIOCKOCTH dBJIdeTcd JIMHEeHHO HelaucuMoi. Ham ocra- —
eTcs JOoKa3aTh e MaKCUMAaJIbHOCTD. /



V.9. Teopema o0 Da3uce NJIOCKOCTHI

Teopema 5 (o 6a3uce mimockoctu). Cucmema us A100vx d6YT AuHel-
HO HE3ABUCUMDIT BEKMOPOE NAOCKOCNU ABAAEMCA 0A3UCOM IMOT NAOC-
KOCTI.

=
H
JlokazareabcTBO. [IycTh cucrema { a, b} BEKTOPOB “ &

IIJIOCKOCTHU sIBJIsIeTCs JIMHEHO He3aBucuMoil. Ham ocra-  _F, —
eTCsl JI0OKa3aTh €€ MaKCUMaJIbHOCTD. d /

I/IHbIMI/I cJI0BaMI HaJI0 JOKa3aTh, 9TO PN JOOABICHUN JIOOOI0 BEKTO-
pa d mnockocTn B 9Ty CHCTEMY OHA CTAHET JIMHEHHO 3aBUCUMOIl, T.e. UTO
LTSI HeKOTOprX qHcen o, ﬁ Y, HE BCE U3 KOTOPBIX PABIIDI 0, nMeeT MecTo
paBercTBo ava + B b —|—7d = 0.



V.9. Teopema o0 Da3uce NJIOCKOCTHI

Teopema 5 (o 6a3uce mimockoctu). Cucmema us A100vx d6YT AuHel-
HO HE3ABUCUMDIT BEKMOPOE NAOCKOCNU ABAAEMCA 0A3UCOM IMOT NAOC-
KOCTI.

=
H
JlokazareabcTBO. [IycTh cucrema { a, b} BEKTOPOB “ &

IIJIOCKOCTHU sIBJIsIeTCs JIMHEHO He3aBucuMoil. Ham ocra-  _F, —
eTCsl JI0OKa3aTh €€ MaKCUMaJIbHOCTD. d /

I/IHbIMI/I CJIOBaMU HaJI0 JIOKA3aTh, YTO IIPU JI00ABJIEHUN JIIOOOTO BEKTO-
pa d ILJIOCKOCTU B 9TY CUCTEMY OHa CTAHeT JIMHEeIHO 3aBUCUMOIL, T.€. 4TO
JIJIs HeKOTOprX qucel a, ﬁ Y, HE BCE U3 KOTOPBIX PABHEI 0, nMeeT MecTO
paBercTBo ava + B b —|—7d = 0.

fcno, aTo v # 0, nHade, BONIPEKU YCJIOBUIO, JTUHEHO 3aBUCUMON ObLiIa

— -
OBI MCXOJIHAsI CUCTEMA, { a,b



V.9. Teopema o0 Da3uce NJIOCKOCTHI

Teopema 5 (o 6a3uce mimockoctu). Cucmema us A100vx d6YT AuHel-
HO HE3ABUCUMDIT BEKMOPOE NAOCKOCNU ABAAEMCA 0A3UCOM IMOT NAOC-
KOCTI.

=
H
JlokazareabcTBO. [IycTh cucrema { a, b} BEKTOPOB “ &

IIJIOCKOCTHU sIBJIsIeTCs JIMHEHO He3aBucuMoil. Ham ocra-  _F, —
eTCsl JI0OKa3aTh €€ MaKCUMaJIbHOCTD. d /

I/IHbIMI/I cJI0BaMI HaJI0 JOKa3aTh, 9TO PN JOOABICHUN JIOOOI0 BEKTO-
pa d mnockocTn B 9Ty CHCTEMY OHA CTAHET JIMHEHHO 3aBUCUMOIl, T.e. UTO
LTSI HeKOTOprX qHcen o, ﬁ 7, He BCE I3 KOTOPDLIX PaBHEBI (), IMEET MeCTO
DABEHCTBO (v & —i—ﬁb —|—7d -0,

— a_, (B

NUrak, v # 0, orkyna d = ——a — —



V.9. Teopema o0 Da3uce NJIOCKOCTHI

Teopema 5 (o 6a3uce mimockoctu). Cucmema us A100vx d6YT AuHel-
HO HE3ABUCUMDIT BEKMOPOE NAOCKOCNU ABAAEMCA 0A3UCOM IMOT NAOC-
KOCTI.

=
H
JlokazareabcTBO. [IycTh cucrema { a, b} BEKTOPOB “ &

IIJIOCKOCTHU sIBJIsIeTCs JIMHEHO He3aBucuMoil. Ham ocra-  _F, —

eTcd N0oKa3aTb €€ MaKCUMaJIbHOCTD. d
— —

o —
JImHeitHas 3aBUCUMOCTE CUCTEMbI BEKTOPOB { a,b,d } pPaBHOCUJIbHA

— a_, [— 3
d = ——a — —b. lubivu ciioBamMu, HaM HaJIO0 HallTu Takue Kodhdu-

v v — _ —
mueHTsl A n pu, ato d = a +ub



V.9. Teopema o0 Da3uce NJIOCKOCTHI

Teopema 5 (o 6a3uce mimockoctu). Cucmema us A100vx d6YT AuHel-
HO HE3ABUCUMDIT BEKMOPOE NAOCKOCNU ABAAEMCA 0A3UCOM IMOT NAOC-
KOCTI.

=
H
JlokazareabcTBO. [IycTh cucrema { a, b} BEKTOPOB “ &

IIJIOCKOCTHU siBJIeTCsd JIMHeHO He3aBucumoil. Ham ocra-  _*, K
eTCsl JI0OKa3aTh €€ MaKCUMaJIbHOCTD. d /

_>I/ITaK, HaM_ HaJ10 HalTH Takwe KOI(PPUIMEHTHI A U 4, HUTO
—
d=Xa+ub



V.9. Teopema o0 Da3uce NJIOCKOCTHI

Teopema 5 (o 6a3uce mimockoctu). Cucmema us A100vx d6YT AuHel-
HO HE3ABUCUMDIT BEKMOPOE NAOCKOCNU ABAAEMCA 0A3UCOM IMOT NAOC-
KOCTI.

—
— 17 Ob —
JlokazareabcTBO. [IycTh cucrema { a, b} BEKTOPOB a
[IJIOCKOCTHU SBJIFETCd JIMHEHO He3aBucuMoil. Ham ocra-
eTcd JIOKa3aTh €€ MaKCUMAaJIbHOCTD. 3

_>I/ITaK HaM_ HaJ10 HalTH Takume KOI(PPUIMEHTHI A U f4, HUTO
d=)a +u b

st yﬂcﬁcma 3aduKkcupyeM Ha IJI0CKOCTH TOYKY O U OTJIOZKIM BeK-
Topel @, b, d or sT0il TOUKH.



V.9. Teopema o0 Da3uce NJIOCKOCTHI

Teopema 5 (o 6a3uce mimockoctu). Cucmema us A100vx d6YT AuHel-
HO HE3ABUCUMDIT BEKMOPOE NAOCKOCNU ABAAEMCA 0A3UCOM IMOT NAOC-
KOCTI.

—
RN — b
—
JlokazareabcTBO. [IycTh cucrema { a, b} BEKTOPOB a
[IJIOCKOCTHU SBJIFETCd JIMHEHO He3aBucuMoil. Ham ocra-
eTcd JIOKa3aTh €€ MaKCUMAaJIbHOCTD. d

_>I/ITaK HaM_ HaJ10 HalTH Takwe KOI(PPUIMEHTHI A U 4, HUTO
d=)a +u b

st yﬂcﬁcma saduKkcupyeM Ha IJI0CKOCTH TOYKY O U OTJIOZKIM BeK-
Topel @, b, d or sT0il TOUKH.



V.9. Teopema o0 Da3uce NJIOCKOCTHI

Teopema 5 (o 6a3uce mimockoctu). Cucmema us A100vx d6YT AuHel-
HO HE3ABUCUMDIT BEKMOPOE NAOCKOCNU ABAAEMCA 0A3UCOM IMOT NAOC-
KOCTI.

—
RN — b
—
JlokazareabcTBO. [IycTh cucrema { a, b} BEKTOPOB a
[IJIOCKOCTHU SBJIFETCd JIMHEHO He3aBucuMoil. Ham ocra-
eTcd JIOKa3aTh €€ MaKCUMAaJIbHOCTD. d

_>I/ITaK HaM_ HaJ10 HalTH Takwe KOI(PPUIMEHTHI A U 4, HUTO
d=)a +u b

st yﬂcﬁcma 3aduKcupyeM Ha IJI0CKOCTH TOYKY O U OTJIOZKIM BeK-
Topel @, b, d or sT0il TOUKH.



V.9. Teopema o0 Da3uce NJIOCKOCTHI

Teopema 5 (o 6a3uce mimockoctu). Cucmema us A100vx d6YT AuHel-
HO HE3ABUCUMDIT BEKMOPOE NAOCKOCNU ABAAEMCA 0A3UCOM IMOT NAOC-
KOCTI.

—
RN — b
—
JlokazareabcTBO. [IycTh cucrema { a, b} BEKTOPOB a
[IJIOCKOCTHU SBJIFETCd JIMHEHO He3aBucuMoil. Ham ocra- A&
eTcd JIOKa3aTh €€ MaKCUMAaJIbHOCTD. d

_>I/ITaK HaM_ HaJ10 HallTH Takume KOI(PPUIMEHTHI A U 4, HUTO
d=)a +u b

st yﬂcﬁcma saduKkcupyeM Ha IJI0CKOCTH TOYKY O U OTJIOZKUM BeK-
Topel @, b, d or sT0il TOUKH.



V.9. Teopema o0 Da3uce NJIOCKOCTHI

Teopema 5 (o 6a3uce mimockoctu). Cucmema us A100vx d6YT AuHel-
HO HE3ABUCUMDIT BEKMOPOE NAOCKOCNU ABAAEMCA 0A3UCOM IMOT NAOC-
KOCTI.

H
—
JlokazareabcTBO. [IycTh cucrema { a, b} BEKTOPOB

[IJIOCKOCTH dBJIdeTcd JIMHEeHHO HelaucuMoi. Ham ocra-

eTcd N0oKa3aTb €€ MaKCUMaJIbHOCTD. ,LLb

lTak, HaM_ HaJ10 HallTH Takume KOI(PPUIMEHTHI A U 4, HUTO
é
d=)a +u b

st yﬂcﬁcma saduKkcupyeM Ha IJI0CKOCTH TOYKY O U OTJIOZKUM BeK-
Topel @, b, d or sroii TOUKH.

N —

TaKMM o6pa30M, pPaBEHCTBO d Aa + b, aBMecTe ¢ TeM U Teope-

Ma, JIOKa3aHbl.



V.10. Teopema o 6a3uce mmpocTpaHcTBa

Teopema 6 (o 6a3uce mpoctpancrBa). Cucmema u3 A000L MpPex

HEKOMNAGHAPHOLT BEKMOPOE NPOCMPAHCMBA ABAACMCA 0A3UCOM IMO20
NPOCMPAHCMEA.

JlokazaTeabCTBO HUCIIOIL3YET Ty Ke W0, UTO U JI0Ka3aTeTHCTBO
TeoOpeMbI 5 0 Da3uce IJI0CKOCTH ¢ eCTeCTBEHHBIMI OTJIMINSIMU.



V.10. Teopema o 6a3uce mmpocTpaHcTBa

Teopema 6 (o 6a3uce mpoctpancrBa). Cucmema u3 A000L MpPex
HEKOMNAAGHAPHOIL GEKMOPOE NPOCMPAHCMEA ACAAEMCA 0A3UCOM IMO20
NPOCMPAHCMEA.

— T —
HokazareabcTBO. IlycTh {a, b, c} — cHucTeMa HeKOMILIaHap-
—
HBIX BEKTOPOB U d — HPOU3BOJILHBIN BeKTOp IpocTpaHcTBa. OTiio-

YKIM 9TU BEKTOPBI OT IIPOU3BOJILHOMN CbI/IKCI/IpOBaHHOI/I TOYKII O, HOﬂquM
—
—
HAIIPAB/ICHHBIC TAKHC OTDE3KH, HUTO OA=a, OB = b, OC =

OD=d.



V.10. Teopema o 6a3uce mmpocTpaHcTBa

Teopema 6 (o 6a3uce mpoctpancrBa). Cucmema u3 A000L MpPex
HEKOMNAGHAPHYT 6EKMOPOS NPOCMPAHCINGEG AGAAEMCA 0A3UCOM IMO20

NPOCMPAHCMEa.
— T —
HokazareabcTBO. IlycTh {a, b, c} — cHucTeMa HeKOMILIaHap-
—
HBIX BEKTOPOB U d — HPOU3BOJILHBIN BeKTOp IpocTpaHcTBa. OTiio-

YKIM 9TU BEKTOPBI OT IIPOU3BOJILHOMN C]Dg?l/lpOBaHHOI/I TOYKII O, HOﬂquM
HAIIPAB/ICHHBIC TAKHC OTDE3KH, HUTO OA=a, OB= b : OC =
OD=d.

Eciun D npunajyiexkut onnoit u3 miockocreit: OAB, OAC nin OBC,
TO JIOCTATOUYHO COCJIATBCSI Ha TeopeMy H 0 6asuce 1mI0CKOCTH.



V.10. Teopema o 6a3uce mmpocTpaHcTBa

Teopema 6 (o 6a3uce mpoctpancrBa). Cucmema u3 A000L MpPex
HEKOMNAAGHAPHOIL GEKMOPOE NPOCMPAHCMEA ACAAEMCA 0A3UCOM IMO20
NPOCMPAHCMEA.

— T —
HokazareabcTBO. IlycTh {a, b, c} — cHucTeMa HeKOMILIaHap-
—
HBIX BEKTOPOB U d — HPOU3BOJILHBIN BeKTOp IpocTpaHcTBa. OTiio-

YKIM 3TU BEKTOPbI OT IIPOU3BOJILHOI Cbgﬁl/lpOBaHHOI/I TOUKH O, HOﬂqu/IM
HAIIPAB/ICHHBIC TAKHC OTDE3KH, HUTO OA=a, OB= b : OC =
OD d.

[TosToMy MOYXKHO cuuTaTh, 9T0 [ He HpUHaIeKNAT 110cKocTsIM OAB,

OAC n OBC.



V.10. Teopema o 6a3uce mmpocTpaHcTBa

Teopema 6 (o 6a3uce mpoctpancrBa). Cucmema u3 A000L MpPex
HEKOMNAAGHAPHOIL GEKMOPOE NPOCMPAHCMEA ACAAEMCA 0A3UCOM IMO20

NPOCMPAHCMEa.
— T —
HokazareabcTBO. IlycTh {a, b, c} — cHucTeMa HeKOMILIaHap-
—
HBIX BEKTOPOB U d — HPOU3BOJILHBIN BeKTOp IpocTpaHcTBa. OTiio-

YKHUM 9TH BEKTOPBI OT IIPOU3BOJILHOI C]Dg?l/lpOBaHHOI/I TOUKH O, HOﬂquM
HAIIPAB/ICHHBIC TAKHC OTDE3KH, HUTO OA=a, OB= b : OC =
OD=d.

PaccmoTpuM napasuiesienniiesi, orpaHundeHHbiil miockoctssMu OAB,
OAC 1 OBC, a tak:ke napaJsiiebHbIM UM ILIOCKOCTSIME, IPOBEICHHBIMIM
yepes D.



V.10. Teopema o 6a3uce mmpocTpaHcTBa

Teopema 6 (o 6a3uce mpoctpancrBa). Cucmema u3 A000L MpPex
HEKOMNAAGHAPHOIL GEKMOPOE NPOCMPAHCMEA ACAAEMCA 0A3UCOM IMO20
NPOCMPAHCMEA.

— T —
HokazareabcTBO. IlycTh {a, b, c} — cHucTeMa HeKOMILIaHap-
—
HBIX BEKTOPOB U d — HPOU3BOJILHBIN BeKTOp IpocTpaHcTBa. OTiio-

YKIM 9TU BEKTOPBI OT IIPOU3BOJILHOMN Cbgﬁl/lpOBaHHOI/I TOYKII O, HOﬂquM
HAIIPAB/ICHHBIC TAKHC OTDE3KH, HUTO OA=a, OB= b : OC =
OD=d.

Hamnpagsienmsiit orpesok OD — auaronaJib HapaJlennie/a — IpeJcTa-
uM B Buje cymMmMmbl pebep OA’, OB u OC’, rne A’ Touka nepecedenust
npsamoit OA ¢ IJI0CKOCTBIO, IIPOoXoAdineil yepe3 D rnapaJiieibHO ILJI0CKO-

cru OBC u 1.1



V.10. Teopema o 6a3uce mmpocTpaHcTBa

Teopema 6 (o 6a3uce mpoctpancrBa). Cucmema u3 A000L MpPex
HEKOMNAAGHAPHOIL GEKMOPOE NPOCMPAHCMEA ACAAEMCA 0A3UCOM IMO20
NPOCMPAHCMEA.

— T —
HokazareabcTBO. IlycTh {a, b, c} — cHucTeMa HeKOMILIaHap-
—
HBIX BEKTOPOB U d — HPOU3BOJILHBIN BeKTOp IpocTpaHcTBa. OTiio-

YKIM 9TU BEKTOPBI OT IIPOU3BOJILHOMN Cbgﬁl/lpOBaHHOI/I TOYKII O, HOﬂquM
HAIIPAB/ICHHBIC TAKHC OTDE3KH, HUTO OA=a, OB= b, OC =
OD=d.

Torna

7 / / /

OD =0A+0B"+0C" =




V.10. Teopema o 6a3uce mmpocTpaHcTBa

Teopema 6 (o 6a3uce mpoctpancrBa). Cucmema u3 A000L MpPex
HEKOMNAAGHAPHOIL GEKMOPOE NPOCMPAHCMEA ACAAEMCA 0A3UCOM IMO20
NPOCMPAHCMEA.

— T —
HokazareabcTBO. IlycTh {a, b, c} — cHucTeMa HeKOMILIaHap-
—
HBIX BEKTOPOB U d — HPOU3BOJILHBIN BeKTOp IpocTpaHcTBa. OTiio-

YKIM 9TU BEKTOPBI OT IIPOU3BOJILHOMN @@MpOBaHHOM TOYKII O, HOﬂquM
HAIIPAB/ICHHBIC TAKHC OTDE3KH, HUTO OA=a, OB= b : OC =
OD=d.

Torna

— —

OD =0A"+0B" +0C"=a0OA+ OB +~0C,




V.10. Teopema o 6a3uce mmpocTpaHcTBa

Teopema 6 (o 6a3uce mpoctpancrBa). Cucmema u3 A000L MpPex
HEKOMNAAGHAPHOIL GEKMOPOE NPOCMPAHCMEA ACAAEMCA 0A3UCOM IMO20
NPOCMPAHCMEA.

— T —
HokazareabcTBO. IlycTh {a, b, c} — cHucTeMa HeKOMILIaHap-
—
HBIX BEKTOPOB U d — HPOU3BOJILHBIN BeKTOp IpocTpaHcTBa. OTiio-

YKIM 3TU BEKTOPbI OT IIPOU3BOJILHOI Cbgﬁl/lpOBaHHOI/I TOKH O, HOﬂquM
HAIIPAB/ICHHBIC TAKHC OTDE3KH, HUTO OA=a, OB= b : OC =
OD d.

Torna

7 / / / A

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

O_T)Ky,ILa

d=aa +p b +57C.

Teopema ngokazana.




V.11. Teopema o0 JMHENHBIX KOMOMHAIIUAX Oa3MCHBIX
BEKTOPOB

O0o01IeHIEeM JIAHHBIX TEOPEM ABJISIeTCs CJIEIYIoNnIast TeOPEMaA.

Teopema 7 (0 JINHEHHBIX KOMOMHAIMAX Ga3MCHBIX BEKTOPOB). Koneunasn CUu-
cmema eexkmopos B aeasemcesa 6azucom npocmpancmea U mozda u
Moavko moezda, K0206 GLINOAHANMCA CAdyowue 064 YCAOBUA:

1) B — aunetino nesasucumas cucmema;

2) ecaxuil sexkmop npocmpancmea U npedemasum 6 sude aunetinot
KOMOUHAUUY 6EKMOPOS cucmemov, B.

JlokazaresbcTBO. Heobxodumocmo.



V.11. Teopema o0 JMHENHBIX KOMOMHAIIUAX Oa3MCHBIX
BEKTOPOB

O0o01IeHIEeM JIAHHBIX TEOPEM ABJISIeTCs CJIEIYIoNnIast TeOPEMaA.

TeopeMa 7 (0 JINHEHHBIX KOMOMHAIMAX Ga3MCHBIX BEKTOPOB). Koneunasn CUu-
cmema eexkmopos B aeasemcesa 6azucom npocmpancmea U mozda u
Moavko moezda, K0206 GLINOAHANMCA CAdyowue 064 YCAOBUA:

1) B — aunetino nesasucumas cucmema;

2) ecaxuil sexkmop npocmpancmea U npedemasum 6 sude aunetinot
KOMOUHAUUY 6EKMOPOS cucmemov, B.

JlokazarebcTBO. Heobxodumocms. BosbMeM IPOUBBOJIbHBIN BEKTOP
x u3 U ¢ 6asucom {ey,...,e,}. Torna {ey,..., e,, v} — nuneitno 3apu-
cUMasl CUCTeMa BEKTOPOB (B CHJIy MaKCHMAJIbHOCTH B).



V.11. Teopema o0 JMHENHBIX KOMOMHAIIUAX Oa3MCHBIX
BEKTOPOB
O0o01IeHIEeM JIAHHBIX TEOPEM ABJISIeTCs CJIEIYIoNnIast TeOPEMaA.

Teopema 7 (0 JINHEHHBIX KOMOMHAIMAX Ga3MCHBIX BEKTOPOB). Koneunasn CUu-
cmema eexkmopos B aeasemcesa 6azucom npocmpancmea U mozda u
Moavko moezda, K0206 GLINOAHANMCA CAdyowue 064 YCAOBUA:

1) B — aunetino nesasucumas cucmema;

2) ecaxuil sexkmop npocmpancmea U npedemasum 6 sude aunetinot
KOMOUHAUUY 6EKMOPOS cucmemov, B.

JokazareabcTBO. Heobxodumocms. TlodTomy st OIXOSIINX D16~
MeHTOB 11oJid K nmeem ey + ...+ \e, + puxr = 0, u He Bce Koahpuiiu-
eHTbl paBHbI (.



V.11. Teopema o0 JMHENHBIX KOMOMHAIIUAX Oa3MCHBIX
BEKTOPOB
O0o01IeHIEeM JIAHHBIX TEOPEM ABJISIeTCs CJIEIYIoNnIast TeOPEMaA.

TeopeMa 7 (0 JINHEHHBIX KOMOMHAIMAX Ga3MCHBIX BEKTOPOB). Koneunasn CUu-
cmema eexkmopos B aeasemcesa 6azucom npocmpancmea U mozda u
Moavko moezda, K0206 GLINOAHANMCA CAdyowue 064 YCAOBUA:

1) B — aunetino nesasucumas cucmema;

2) ecaxuil sexkmop npocmpancmea U npedemasum 6 sude aunetinot
KOMOUHAUUY 6EKMOPOS cucmemov, B.

JokazareabcTBO. Heobxodumocms. TlodTomy st OIXOSIINX D16~
MeHTOB Tosid K mmeem Aje; + ...+ A\e, + pxr = 0, u He BCce Koappu-
muenTsl paubl 0. Ecim 661 =0, To B ObL10 OBl JIMHENRHO 3aBUCUMOI
CHCTEeMOI, cieJloBaTe/IbHO, i # 0. SHAYUT, & sABJIdeTCs JuHeiiHoli KoMOu-
Haluell BeKTopoB n3 bB.



V.11. Teopema o0 JMHENHBIX KOMOMHAIIUAX Oa3MCHBIX
BEKTOPOB

O0o01IeHIEeM JIAHHBIX TEOPEM ABJISIeTCs CJIEIYIoNnIast TeOPEMaA.

Teopema 7 (0 JINHEHHBIX KOMOMHAIMAX Ga3MCHBIX BEKTOPOB). Koneunasn CUu-
cmema eexkmopos B aeasemcesa 6azucom npocmpancmea U mozda u
Moavko moezda, K0206 GLINOAHANMCA CAdyowue 064 YCAOBUA:

1) B — aunetino nesasucumas cucmema;

2) ecaxuil sexkmop npocmpancmea U npedemasum 6 sude aunetinot
KOMOUHAUUY 6EKMOPOS cucmemov, B.

JlokazareabcTBO. /[ocmamourocms.



V.11. Teopema o0 JMHENHBIX KOMOMHAIIUAX Oa3MCHBIX
BEKTOPOB

O0o01IeHIEeM JIAHHBIX TEOPEM ABJISIeTCs CJIEIYIoNnIast TeOPEMaA.

TeopeMa 7 (0 JINHEHHBIX KOMOMHAIMAX Ga3MCHBIX BEKTOPOB). Koneunasn CUu-
cmema eexkmopos B aeasemcesa 6azucom npocmpancmea U mozda u
Moavko moezda, K0206 GLINOAHANMCA CAdyowue 064 YCAOBUA:

1) B — aunetino nesasucumas cucmema;

2) ecaxuil sexkmop npocmpancmea U npedemasum 6 sude aunetinot
KOMOUHAUUY 6EKMOPOS cucmemov, B.

JokazaTeabcTBO. /[ocmamounocmsy. Tor dakr, yro B — Makcn-
MaJbHas JIMHERHO He3aBUCHMasl CUCTEMa, — OUeBHUJIeH, IIOCKOJIbKY BCAKMI
JIPYyToil BEKTOp BhIparkaeTcs depe3 BeKTopbl n3 B. Teopema jgoxazarna.



SHAYUMOCND MEOPEM 0 ba3uce 3aKAOUAEMCA 6 MOM, YIMO OHU NO3-
BOAANOM, HAM ONPEIEAUMD MUHUMANDHOE KOAUYECTNB0 6EKMOPO6 (U UL
TAPAKMEPUCTNUKY,), HEOOTOOUMDLT OAA ONUCGHUA OCHOBHDLT 2€0MEMPUYE-
cxkux obsexmos. Hyav-eexmop 3adaem mouky, nenyresoli 6exmop onpe-
denAem HANPABAEHUE NPAMOTL, 060 HEKOANUHEAPHDIT BEKMOPG ONUCHIGA-
10m A10001 6eKMOP COOMBEMCMBYIOULET NAOCKOCTAU, MPU HEKOMNAGHAD-
HOLT GEKMOPa — N10001 GEKMOP MPETMEPHO20 NPOCTPAHCMEA.



V.12. KoopJuHaTbl BEKTOPA

Kpurepuit 3 0JlHO3HAYHOCTH PA3JIOXKEHUsT U TeopeMa 7 O JIMHEeHHBIX
KOMOMHAINAX OA3UCHBIX BEKTOPOB IIO3BOJIMIN JIOCTUTHYTH eI 2, 1
IpeJI0CTaBUIIA yCJIOBHeE, obecliednBaloliee OJHO3HAUYHOCTD Pa3/I0yKeHHsI
BEKTOPA 110 Das3ucy.

— — — —

Ecim B = { €1, €9; ... en} — 0aznc, TO KaKJIOMYy BEKTOPY X
Mbl OJHO3HAYHLIM 00pa3oM CTaBUM B COOTBETCTBUE HabOp KOOp-
quHat (Aq; ...; A,) 9TOro BeKTOpa TOrjla MW TOJBKO TOIJA, KOT/a
— — — — —
X =M\ €1+ es+...+ A\, €, Tor dpakr, 4To y BeKTOpa X KOOPIU-

_>

HATBI PaBHBL (A1 ...; A,), OOBIYHO 3aIUCBIBAIOT TakK: X (A1) ...; Ay).
Takum obpazoM, KoopduHaAMbBL B8EKMOPA ONpedeasromcs @op-
MYA0U

?()\1; ce >\n) = ?:)\1?14—)\2?24-...—}—)\”?”. (12)



V.12. KoopJuHaTbl BEKTOPA

B janbHeiimem «I10  yMOJYaHUIO» B IIPOCTPAHCTBE (PUKCUPYET-
— = =
cd TaK Ha3bIBaeMblil OPTOHOPMHPOBAHHBIA Oa3uc i,j.,k

)
—

— —
JUIsT KOTOPOTO CIIPABEJTMBLI yTBep KeHus 1) |1 | = ‘ j ‘ = ‘k =1;
- 5 T S o =T -
2)i,j=1i,k=j,k =5 3){ i,j, k}npaBaﬂTpoﬁKaBeK—



V.12. KoopJuHaTbl BEKTOPA
[Tosromy «110 ymostaanuto» hopmyiia (12) yTouHsgeTest Cieyiommm 00-
pPasoM: _

ﬁ
T (2 y; z)@?:x—i)erj +zk. (13)

B YaCTHOCTHU, JId BEKTOPOB IIJIOCKOCTH

T (7 y) & ?:x—i>+yT.



V.12. KoopJuHaTbl BEKTOPA
[Tosromy «110 ymostaanuto» hopmyiia (12) yTouHsgeTest Cieyiommm 00-

pPasoM:

T (2 Yy 2) & ?:xTerTJrzE). (13)
— — — —
A(Ay; Ay A3) & OA=A11 + A )] + Ask. (14)

Braumanue! Pagencrea (13) u (14) urpatoT kitoueByto posib ans
KOOPAMHATHOTO METOZA B BEKTOPHONR anrebpe U aHaNNTNYECKO reoMeTpuu
(c KOTOPOI MBI MO3HAKOMUMCS HUXKE).



V.12. KoopJuHaTbl BEKTOPA

HocTzkenne nean 2, ¢rp.310, mo3BoJIgeT ONpeae/IuTh HOBBIH TUII MO-
Jesieit BeKkTopoB. KirtodeBasi mjes, MOJIOYKeHHast B OCHOBY STOH MOJE/H,
COCTOUT B TOM, YTOOBI 3aMEHUTH pabOTy ¢ BEKTOPOM Ha pabOTy CO CTPO-
KOI (1111 ¢TOJIOIOM ) 10 KOOPJIMHAT, ITO MO3BOJISIET OBICTPO CBOJIUTH BEK-
TOPHbBIE PABEHCTBA K CHCTEMaM UHCI0BLIX paBeHCTB. Takum obpasoMm, B
caydae ycrexa OJuH M3 Haubojiee TPYJIOEMKUX ITallOB peIIeHusl 3ajla-
g1 3HAYUTEIBLHO YIIpolaeTcd. VTtak, mpocToil n B3auMHO OJHO3HAYHBII
crocob! 1epexojia 0T BeKTOpa K CTPOKE ero KOOPJMHAT, OlpejlesiseMblil
paBeHcTBOM (13), BBIJBUTAET HA MEPBBIN [LIAH CJEIYIONIYIO 1e/Ib.

Ipu cdbukcupoBaHHOM BBIOOpE Oasuca.



V.12. KoopJuHaTbl BEKTOPA

Henws 2. Jlaa mobozo ommowenus U ONepavut 1a MHOIMICECTEE GEKMO-
PO8 nalmu cmandapmmviii cnocob nPedcmasieHus IMo20 OMHOUEHUA
UAU ONEPAUUL ¢ NOMOUBI POPMYA OAA KOOPOUHAM 8EKMOPOS8. Ko-
POMKO Mbl OYdem HopMYAUPOBAML IMY UeAd Kak MpPedbosaHue «chopmy-
AUPOBAMD. .. 1A A3BIKE KOOPIUHAM.».



V.13. ®opmyJibl JJisd BBIYUACJIEHUI C IIOMOIIBIO KOOP-
ANHAT

ens 2. /laa 1100020 ommowenus 1w ONepayul 1o MHOACECTNGE BEKMO-
PO8 Halmu cmandapmmvili cnocob npPedcmasAeHUs IM0o20 OMHOUEHUA
UNU ONEPAUUL C NOMOULLIO POpMYA OA8 KOOPOUHAM 8eKmopos. Ko-
POMKO Mol Oydem Gopmysuposams Imy uesv Kax mpebosanue «chopmy-
AUPOBAMD. .. HA A3BIKE KOOPOUHAM».

PesynbTaThl JoCTHXKEeHUS 11eJ11 2 TPeJICTaBIeHbl B CEIYIONIX Teope-
MaX.



V.lSi}. TeopemMa O KOOpAMHATAX BEKTOPOB \a u

a-+b

Teopema, 8. ITycmv sexmop a umeem xoopdunamst (a; as; as), a cek-
H
mop b — (by;ba; b3). Tozda cnpasediusol ciedyrouyue ymeepocoenu:
1) eexmop \a umeem woopduramus (Aai; Aag; as);
—
2) sexmop @ + b umeem woopdunamuvl (ay + by, as + ba, as + bs).

Jloka3aTeabCTBO.



V.lSi}. TeopemMa O KOOpAMHATAX BEKTOPOB \a u

a+b

Teopema, 8. ITycmv sexmop a umeem xoopdunamst (a; as; as), a cek-
H

mop b — (by;ba; b3). Tozda cnpasediusol ciedyrouyue ymeepocoenu:

1) eexmop \a umeem woopduramus (Aai; Aag; as);
—
2) sexmop @ + b umeem woopdunamuvl (ay + by, as + ba, as + bs).

ﬁ
HokaszaresibeTBo. 1). [lo ycioBuio BekTop & mmeer KOODMHATHI
(a1; as; az). Buaqaut, B cuty paBencTsa (13),

— — —
?Z&li—FCLQj —|—CL3k = )\3:



V.lSi}. TeopemMa O KOOpAMHATAX BEKTOPOB \a u

a+b

Teopema, 8. ITycmv sexmop a umeem xoopdunamst (a; as; as), a cek-
H

mop b — (by;ba; b3). Tozda cnpasediusol ciedyrouyue ymeepocoenu:

1) eexmop \a umeem woopduramus (Aai; Aag; as);
—
2) sexmop @ + b umeem woopdunamuvl (ay + by, as + ba, as + bs).

ﬁ
HokaszaresibeTBo. 1). [lo ycioBuio BekTop & mmeer KOODMHATHI
(a1; as; az). Buaqaut, B cuty paBencTsa (13),

— —

— — — —
A=mita] tak = A?:A(ali tasj +a3k>:



V.lSi}. TeopemMa O KOOpAMHATAX BEKTOPOB \a u
H

a-+ b
H
Teopema 8. [lycmv sexmop a umeem xoopdunamol (a1; as;as), a 6ex-

H
mop b — (by;ba; b3). Tozda cnpasediusol ciedyrouyue ymeepocoenu:

1) eexmop \a umeem woopduramus (Aai; Aag; as);
—
2) sexmop @ + b umeem woopdunamuvl (ay + by, as + ba, as + bs).

ﬁ
HokaszaresibeTBo. 1). [lo ycioBuio BekTop & mmeer KOODMHATHI
(a1; as; az). Buaqaut, B cuty paBencTsa (13),
— —

— — — —
A=mita] tak = A?:A(ali tasj +a3k>:

—

= ()\Cll) T + ()\ag) T + ()\&3) k.



V.l?;i}. TeopemMa O KOOpAMHATAX BEKTOPOB \a u

a-+b

H
Teopema 8. [lycmv sexmop a umeem xoopdunamol (a1; as;as), a 6ex-

H
mop b — (by;ba; b3). Tozda cnpasediusol ciedyrouyue ymeepocoenu:

1) eexmop \a umeem woopduramus (Aai; Aag; as);
—
2) sexmop @ + b umeem woopdunamuvl (ay + by, as + ba, as + bs).

HoxkazaTenbcrso. 1). 1o yejioBuio BeKTOp @ HMeeT KOOpAMHATLI
(a1; as; az). Buaqaut, B cuty paBencTsa (13),
_ e = - e =
a=a1i1+aj +tazk = Xa :)\(all + as j —|—CL3k> =
- — —
= ()\Cll) 1 + ()\ag) J + ()\&3) k.
Eme pas ucnosb3yst paBeHctBo (13), mosydaem Tpebyemoe yTBep:K e
HHe: BEKTOP A @ HMeeT KOOPAUHATH (Aai; Adg; Aas).



V.lSi}. TeopemMa O KOOpAMHATAX BEKTOPOB \a u
H

a-+ b
H
Teopema 8. [lycmv sexmop a umeem xoopdunamol (a1; as;as), a 6ex-

H
mop b — (by;ba; b3). Tozda cnpasediusol ciedyrouyue ymeepocoenu:

1) eexmop \a umeem woopduramus (Aai; Aag; as);

_,
2) sexmop @ + b umeem woopdunamuvl (ay + by, as + ba, as + bs).

HHokazarenbctBo. 2) CortacHo paBeHcTBY (13),

— — —
{X—ali—i—agj +ask,
H

— — —
b=bi+bj+bk



V.13.1. Teopema o0 KoOpAmHATAX BEKTOPOB \a WU

BE—

a—+b

Teopema, 8. ITycmv sexmop a umeem xoopdunamst (a; as; as), a cek-
H

mop b — (by;ba; b3). Tozda cnpasediusol ciedyrouyue ymeepocoenu:

1) eexmop \a umeem woopduramus (Aai; Aag; as);

_,
2) sexmop @ + b umeem woopdunamuvl (ay + by, as + ba, as + bs).

HHokazarenbctBo. 2) CortacHo paBeHcTBY (13),

— 7 Y ¥
a=ai+aj +azk,
— — — —
b:bll +b2J —I—bgk



V.lSi}. TeopemMa O KOOpAMHATAX BEKTOPOB \a u
H

a-+ b

—
Teopema 8. [lycmv sexmop a umeem xoopdunamol (a1; as;as), a 6ex-
—

mop b — (by;ba; b3). Tozda cnpasediusol ciedyrouyue ymeepocoenu:
1) eexmop \a umeem woopduramus (Aai; Aag; as);

—
2) sexmop @ + b umeem woopdunamuvl (ay + by, as + ba, as + bs).

HHokazarenbctBo. 2) CortacHo paBeHcTBY (13),

— — —
a a,11 +CI/2J +a3k
H
b = b1+b23 +b3k

_>_>

— — — —
~ a4+ b= (ali tay +a3k) (bli Y by ] +b3k) _



V.lSi}. TeopemMa O KOOpAMHATAX BEKTOPOB \a u
H

a—+b

Teopema, 8. ITycmv sexmop a umeem xoopdunamst (a; as; as), a cek-
H

mop b — (by;ba; b3). Tozda cnpasediusol ciedyrouyue ymeepocoenu:

1) eexmop \a umeem woopduramus (Aai; Aag; as);

_,
2) sexmop @ + b umeem woopdunamuvl (ay + by, as + ba, as + bs).
HHokazarenbctBo. 2) CortacHo paBeHcTBY (13),
— — —
a a,1 i +CI/2J +a3k
i
b = T +b2 j +b3k

— < . -
= a+b:<a11 + a9 ] +a3k) (b11 -l—bgj—l-bgk):
:(a1+b1)_i>—|—(a2+bg) (a3+b3) k



V.l?;i}. TeopemMa O KOOpAMHATAX BEKTOPOB \a u
H

a—+b

Teopema, 8. ITycmv sexmop a umeem xoopdunamst (a; as; as), a cek-
H

mop b — (by;ba; b3). Tozda cnpasediusol ciedyrouyue ymeepocoenu:

1) eexmop \a umeem woopduramus (Aai; Aag; as);

_,
2) sexmop @ + b umeem woopdunamuvl (ay + by, as + ba, as + bs).

HHokazarenbctBo. 2) CortacHo paBeHcTBY (13),
— 7 Y ¥
a+ b= (a1+bl) 1 —|—(CL2—|—b2) J +(a3—i—b3) k.
B cujly PaBeHCTBa (13), noygaem Tpebyemoe yTBEpZKJCHUE: BEKTOD

a + b rMeeT KoopanHatThl (ay + by; as + by; as + bs). Teopema noxasza-
HA.



V.13.2. CneacrBue o KoopanHATaX JWHEIHOI KOMOU-
HAINN

H
C.HG,Z[CTBI/IG 1 (0 KOOpJMHATAX JUHEWHOl KOMOMHAINN). Eeau 6ERMOP a ume-
H
em Koopdunamo, (ay;as;az) u eexkmop b — (by;be;bs), mo eexmop
H
H
Aa + b umeem xoopdurnamor (Aay + pby, Aag + b, Aas + ubs).



V.13.3. Teopema o KoopJuHaTaX BEKTOpa AB

Teopema 9 (o koopmunarax sexropa AB). Feau — koopdunamv,  mover A
u B pasuve  (Ay; Ay AL) u o coomeememeenno (By; By B.),  mo
—

AB=0B — 0OA, nosmomy xoopdunamuv, eexmopa AB  pashbl
(B, — Ay; By — Ay B, — A.), mo ecmo

— — —
AB=0B—-0A=(B,—A,) i +(B,—A,) j +(B.—A.) k. (15)

Jloka3aTeJabCTBO.



V.13.3. Teopema o KoopJuHaTaX BEKTOpa AB

Teopema 9 (o koopmunarax sexropa AB). Feau — koopdunamv,  mover A

u B pasuve  (Ay; Ay AL) u o coomeememeenno (By; By B.),  mo
s

AB=0B — 0OA, nosmomy xoopdunamuv, eexmopa AB  pashbl
(B, — Ay; By — Ay B, — A.), mo ecmo

— — —
AB=0B—-0A=(B,—A,) i +(B,—A,) j +(B.—A.) k. (15)

JloKa3aTeJIbCTBO. DTO IPSIMOE CJICJICTBUE U3 COIJIAIICHUS O CBSI3U
BEKTOpa U HAlpPaBJIeHHOTO O0Tpe3Ka, u3 (hopmysbl (14), u Teopembl 8 0
—

- =
KOOpJMHATaX BEKTOpoB Aa n a + b.



V.13.4. Teopema 0 BbIYHCJIEHUN CKAJISAPHOI'O IIPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT

—
_)HyCTb HAM HU3BECTHbl KOODJMHATBI BEKTOPOB: & (Uy, Ay, As) U

b (by, by, b.). Kak ¢ moMorpo 9Tux KOOp/UHAT HANTU CKaJISIPHOE M1PO-

H
n3BejeHne (E), b )?



V.13.4. Teopema 0 BbIYHCJIEHUN CKAJISAPHOI'O IIPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT

—
__}IyCTb HAM HU3BECTHbl KOODJMHATBI BEKTOPOB: & (Uy, Ay, As) U

b (by, by, b.). Kak ¢ moMorpo 9Tux KOOp/UHAT HANTU CKaJISIPHOE M1PO-
— =\,
u3BejeHue | a, b )’
ITosyuum camocTosiTeJiIbHO (POPMYJIMPOBKY U JIOKA3aTe b-
CTBO?



V.13.4. Teopema 0 BbIYHCJIEHUN CKAJISAPHOI'O IIPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT

Teopema 10. Ecau @ (a,,a,,a,) u K(bx,by,bz), mo

(?, f) = azb, +a,b, + ab.. (16)

okazaTeIbcTBO OBLIO MOJIYYEHO B XOJe PeIlens IIPruMepa.



V.13.4. Teopema 0 BbIYHCJIEHUN CKAJISAPHOI'O IIPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT

Teopema 10. Ecau @ (a,,a,,a,) u K(bx,by,bz), mo

(?, g) = azb, +a,b, + ab.. (16)

Paccmorpers npumMmep nmpuMmeHeHmst?



V.13.5. Teopema 0 BblUHnCJIE€HUN BEKTOPHOTO ITPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT

Teopema 11. Ecau @ (a,,a,,a.) u i?(@”bwng7n0

- - —
e s T b
[axl tay§ +a.K,by i +by] +bzk]: a a, a |- (17)
b, b, b.

JloKa3aTeabCTBO.



V.13.5. Teopema 0 BblUHnCJIE€HUN BEKTOPHOTO ITPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT

Teopema 11. Ecau @ (a,,a,,a.) u K(bx,by,bz), mo

- - —
e s T b
[axl tay§ +a.K,by i +by] +bzk]: a a, a |- (17)
b, b, b.

JHokazareabcTBO. HemocpeacTBeHHO W3 omIpeiesicHUsT BEKTOPHOTO
IIPOM3BEICHNSA C/IE/IYIOT PABCHCTBA

7.7



V.13.5. Teopema 0 BblUHnCJIE€HUN BEKTOPHOTO ITPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT

Teopema 11. Ecau @ (a,,a,,a.) u K(bx,by,bz), mo

- - —
e s T b
[axl tay§ +a.K,by i +by] +bzk]: a a, a |- (17)
b, b, b.

JHokazareabcTBO. HemocpeacTBeHHO W3 omIpeiesicHUsT BEKTOPHOTO
IIPOM3BEICHNSA C/IE/IYIOT PABCHCTBA

i,J)| =k,

[—.> —.>] -



V.13.5. Teopema 0 BblUHnCJIE€HUN BEKTOPHOTO ITPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT

Teopema 11. Ecau @ (a,,a,,a.) u K(bx,by,bz), mo

- - —
e s T b
[axl tay§ +a.K,by i +by] +bzk]: a a, a |- (17)
b, b, b.

JHokazareabcTBO. HemocpeacTBeHHO W3 omIpeiesicHUsT BEKTOPHOTO
IIPOM3BEICHNSA C/IE/IYIOT PABCHCTBA

— — — — —
L=k 7T =



V.13.5. Teopema 0 BblUHnCJIE€HUN BEKTOPHOTO ITPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT

Teopema 11. Ecau @ (a,,a,,a.) u K(bx,by,bz), mo

- - —
e s T b
[axl tay§ +a.K,by i +by] +bzk]: a a, a |- (17)
b, b, b.

JHokazareabcTBO. HemocpeacTBeHHO W3 omIpeiesicHUsT BEKTOPHOTO
IIPOM3BEICHNSA C/IE/IYIOT PABCHCTBA

— — — — — —
IR SR S



V.13.5. Teopema 0 BblUHnCJIE€HUN BEKTOPHOTO ITPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT

Teopema 11. Ecau @ (a,,a,,a.) u K(bx,by,bz), mo

- - —
e s T b
[axl tay§ +a.K,by i +by] +bzk]: a a, a |- (17)
b, b, b.

JHokazareabcTBO. HemocpeacTBeHHO W3 omIpeiesicHUsT BEKTOPHOTO
IIPOM3BEICHNSA C/IE/IYIOT PABCHCTBA

— — — — — — — —
L=k 7T =K [Tk =



V.13.5. Teopema 0 BblUHnCJIE€HUN BEKTOPHOTO ITPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT

Teopema 11. Ecau @ (a,,a,,a.) u K(bx,by,bz), mo

- - —
e s T b
[axl tay§ +a.K,by i +by] +bzk]: a a, a |- (17)
b, b, b.

Hoka3zaTenbcTBO. HenocpejicTBeHHO U3 ollpejie/ieHus BEKTOPHOIO
IIPOUBBEJCHUS CJIEAYIOT PABEeHCTBa
[laj]:ka [J?l}:_ka |:.]7k:|:1

)



V.13.5. Teopema 0 BblUHnCJIE€HUN BEKTOPHOTO ITPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT

Teopema 11. Ecau @ (a,,a,,a.) u K(bx,by,bz), mo

- - —
e s T b
[axl tay§ +a.K,by i +by] +bzk]: a a, a |- (17)
b, b, b.

JHokazareabcTBO. HemocpeacTBeHHO W3 omIpeiesicHUsT BEKTOPHOTO
IIPOM3BEICHNSA C/IE/IYIOT PABCHCTBA

— — — — — — — — — — —
IR SR R S A EE T T



V.13.5. Teopema 0 BblUHnCJIE€HUN BEKTOPHOTO ITPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT

Teopema 11. Ecau @ (a,,a,,a.) u K(bx,by,bz), mo

- - —
e s T b
[axl tay§ +a.K,by i +by] +bzk]: a a, a |- (17)
b, b, b.

JHokazareabcTBO. HemocpeacTBeHHO W3 omIpeiesicHUsT BEKTOPHOTO
IIPOM3BEICHNSA C/IE/IYIOT PABCHCTBA

— — — — — — — — — — — —
EE I S P O I S R PO



V.13.5. Teopema 0 BblUHnCJIE€HUN BEKTOPHOTO ITPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT

Teopema 11. Ecau @ (a,,a,,a.) u K(bx,by,bz), mo

- - —
e s T b
[axl tay§ +a.K,by i +by] +bzk]: a a, a |- (17)
b, b, b.

JHokazareabcTBO. HemocpeacTBeHHO W3 omIpeiesicHUsT BEKTOPHOTO
IIPOM3BEICHNSA C/IE/IYIOT PABCHCTBA

— — — — — — — — — — — —
EE I S P O I S R PO

T -
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V.13.5. Teopema 0 BblUHnCJIE€HUN BEKTOPHOTO ITPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT

Teopema 11. Ecau @ (a,,a,,a.) u K(bx,by,bz), mo
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[axl tay§ +a.K,by i +by] +bzk]: a a, a |- (17)
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V.13.5. Teopema 0 BblUHnCJIE€HUN BEKTOPHOTO ITPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT

Teopema 11. Ecau @ (a,,a,,a.) u K(bx,by,bz), mo

-~ T

— — - - — — o
[axl +a, ) +ak,b,1 +b,] +bzk]= a; a, a; |- (17)
b, b, b,
- 2 = [Tl T [T =
ﬂOKaBaTeﬂbCTBO.[I,J}:k, [J,k]zl, [k,l]:J.

Vcronb3ysa JMHEHHOCTh BEKTOPHOI'O HPOU3BEAEHUSI, IT0IyIaeM



V.13.5. Teopema 0 BblUHnCJIE€HUN BEKTOPHOTO ITPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT
i A b vd i ki By
Jloka3aTeJabCTBO. [1,‘]} =k, [_],k] =i, [k, 1} =j.
Vcnonb3ysa JuHEeAHOCTh BEKTOPHOI'O HPOU3BEAEHUSI, [I0yIaeM

— —

[a, b} = [axl +a,j +ak,by1 +b,] —|—bzk} —

— — — — — —

:axbx[l, i]+axby[i,j}+a$bz[i,k}+
N — N—— N —
— —

+ayb$[3,1}+ayby[J,J}+aybz[J,k]+
—— —— ——

—_ — —_ = e
+a.b, [k, i}+azby [k,j]Jrazbz [k, k] -
N——



V.13.5. Teopema 0 BblUHnCJIE€HUN BEKTOPHOTO ITPOU3Be-

A€HNA C IIOMOIIIbIO KOOPpAMUHAT
e B i B sl i b s
,Z[OKaBaTeJIbCTBO.[l,‘]}:k, [J,k]ZI, [k,l]:J.

Ncnonb3yst ImHeiTHOCTh BEKTOPHOTI'O IIPOMN3BEIeHNSs, [10JIy4aeM
— - - — — —
[a, b} = [ax 1 +a,) +ak,b,1 +0,] —|—bzk} =

- — — — - —
:axbx[ ]+axb [ J}+axb [ ,k}+
H/—/ H/—’ ——

-0 % =73

— — — — — —
+ayb$[3 1}—|—ayb [J J}—Fayb [J k]
—— —— N——

J



V.13.5. Teopema 0 BblUHnCJIE€HUN BEKTOPHOTO ITPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT
i A b vd i ki By
Jloka3aTeJabCTBO. [1,‘]} =k, [_],k] =i, [k, 1} =j.
Vcnonb3ysa JuHEeAHOCTh BEKTOPHOI'O HPOU3BEAEHUSI, [I0yIaeM

— —

[a, b} = [axl +ay,j +ak, 0,1 +0,] —|—bzk} —
— — —

- — —
+a,b, (— k) +a,b, 0 +a,b, 1 +

—

—|—aszT> + a.b, (—T) +a,b, 0 =
- (aybz - azby) _i> - (a/ajbz - a/zbgj) T + (agjby - aybaj) ? =



V.13.5. Teopema 0 BblUHnCJIE€HUN BEKTOPHOTO ITPOU3Be-
JeHUd C IIOMOMIbIO KOOPAMHAT
i A b vd i ki By
Jloka3aTeJabCTBO. [1”]} =k, [J,k] =i, [k, 1} =j.

Ncnonb3yst ImHeiTHOCTh BEKTOPHOTI'O IIPOMN3BEIeHNSs, [10JIy4aeM
— - - — — —
[a, b} = [ax 1 +a,) +ak,b,1 +0,] —|—bzk} =

— (ayb. —a.by) T — (agh. — a.by) § + (s, — aybs) K =
- - o
1 ]

=\|a, a, a,

b, b, b.

Teopema joxkazana.
Paccmorpers npumep?



V.13.6. Teopema 0 BbIYUMCJIEHUU CMEIITAHHOTI'O MPOU3-
BeJIEeHUsI C ITOMOIIBIO KOOPJAMHAT

—

Teopema 12. Ecau @ (az,ay,a.), b (by,b,,b.) u € (cu ey c),
mo
ay Gy G
abc=|b b b . (17)
Cx Cy Cu

JlokazaTeabCTBO.



V.13.6. Teopema 0 BbIYUMCJIEHUU CMEIITAHHOTI'O MPOU3-
BeJIEeHUsI C ITOMOIIBIO KOOPJAMHAT

Teopema 12. Ecau a (ay,ay,,a.), g(bx,by,bz) u € (s ey ),
mo
ay Gy G
abc=|b b b . (17)
Cx Cy Cu

JlokazareabcTBO. Vcnonb3ysa TeopeMbl 0 BBIUMUCJIEHUUN CKAJIAPHO-
—

. — 1 —
I'0 1 BEKTOPHOI'O IPOU3BeAeHNI, IToslydaeM a b ¢ =

Ay Qy
= | b, b, b.

Cr Cy Cs



V.13.6. Teopema 0 BbIYUMCJIEHUU CMEIITAHHOTI'O MPOU3-
BeJIEeHUsI C ITOMOIIBIO KOOPJAMHAT

Teopema 12. Ecau a (ay,ay,,a.), g(bx,by,bz) u € (s ey ),
mo
ay Gy G
abc=|b b b . (17)
Cx Cy Cu

JlokazareabcTBO. Vcnonb3ysa TeopeMbl 0 BBIUMUCJIEHUUN CKAJIAPHO-
—

. — 1 —
I'0 1 BEKTOPHOI'O IPOU3BeAeHNI, IToslydaeM a b ¢ =

ay a, a,
- b.’I,‘ by bz

C(L’ Cy C-v

~



V.13.6. Teopema 0 BbIYUMCJIEHUU CMEIITAHHOTI'O MPOU3-
BeJIEeHUsI C ITOMOIIBIO KOOPJAMHAT

Teopema 12. Ecau a (ay,ay,,a.), g(bx,by,bz) u € (s ey ),
mo
ay Gy G
abc=|b b b . (17)
Cx Cy Cu

JlokazareabcTBO. Vcnonb3ysa TeopeMbl 0 BBIUMUCJIEHUUN CKAJIAPHO-
—

. — 1 —
I'0 1 BEKTOPHOI'O IPOU3BeAeHNI, IToslydaeM a b ¢ =

Ay Gy G
= (ayb, — a.by) c; — (azb, — a.by) ¢y, + (azb, —ayby)c. = | by b, b,
Cr Cy Cs



V.13.6. Teopema 0 BbIYUMCJIEHUU CMEIITAHHOTI'O MPOU3-
BeJIEeHUsI C ITOMOIIBIO KOOPJAMHAT

Teopema 12. Ecau a (ay,ay,,a.), g(bx,by,bz) u € (s ey ),
mo
ay Gy G
abc=|b b b . (17)
Cx Cy Cu

JlokazareabcTBO. Vcnonb3ysa TeopeMbl 0 BBIUMUCJIEHUUN CKAJIAPHO-
—

. — 1 —
I'0 1 BEKTOPHOI'O IPOU3BEACHNI, ITo/lydaeM a b ¢ =

Ay Gy G
= (ayb, — a.by) c; — (azb, — a.by) ¢y, + (azb, —ayby)c. = | by b, b,
Cr Cy Cs



V.13.6. Teopema 0 BbIYUMCJIEHUU CMEIITAHHOTI'O MPOU3-
BeJIEeHUsI C ITOMOIIBIO KOOPJAMHAT

Teopema 12. Ecau a (ay,ay,,a.), g(bx,by,bz) u € (s ey ),
mo
ay Gy G
abc=|b b b . (17)
Cx Cy Cu

JlokazareabcTBO. crnonb3ysa TeopeMbl 0 BBIUMUCJIEHUUN CKAJIAPHO-

. —7T— — 7| =
I'0 1 BEKTOPHOI'O Ipou3BeAeHNnil, moydaeM a b ¢ =(|a, b |, ¢ ) =

Ay Gy G
= (ayb, — a.by) c; — (azb, — a.by) ¢, + (azb, —ayby)c. = | by b, b,
Cr Cy Cs



V.13.6. Teopema 0 BbIYUMCJIEHUU CMEIITAHHOTI'O MPOU3-
BeJIEeHUsI C ITOMOIIBIO KOOPJAMHAT

Teopema 12. Ecau a (ay,ay,,a.), g(bx,by,bz) u € (s ey ),
mo
ay Gy G
abc=|b b b . (17)
Cx Cy Cu

JlokazareabcTBO. Vcnonb3ysa TeopeMbl 0 BBIUMUCJIEHUUN CKAJIAPHO-

. —7T— — 7] =
I'0 1 BEKTOPHOI'O IPOU3BeAeHNI, TofiydaeM a b ¢ = (| a, b |, ¢ | =

Ay Gy G
= (ayb, — a.by) c; — (azb, — a.by) ¢, + (azb, —ayby)c. = | by b, b,
Cr Cy Cs



V.13.6. Teopema 0 BbIYUMCJIEHUU CMEIITAHHOTI'O MPOU3-

BeJceHnAd C IIOMOIIIbIO KOOPAMMHAT
%

Teopema 12. FEcau @ (ag,a,,a.), b (by,b,,b.) u € (cp,cyc),
mo
ay Gy G
abc=|b b b . (17)
Cx Cy Cu

JokazaTeabCcTBO. Vciio/b3ys TeopeMbl 0 BBIUNCICHNNA CKAJISIPHO-

. —7T— — 7| =
I'0 1 BEKTOPHOI'O Ipou3BeAeHNnil, moydaeM a b ¢ =(|a, b |, ¢ ) =
— — — — — —

Ay Gy G
= (ayb, — a.by) c; — (azb, — a.by) ¢y + (azby, —ayby)c. = | by b, b.

Cr Cy C.



V.13.6. Teopema 0 BbIYUMCJIEHUU CMEIITAHHOTI'O MPOU3-
BeJIEeHUsI C ITOMOIIBIO KOOPJAMHAT

— e —
Teopema 12. Ecau & (ag,ay,a.), b (by,0,0.) u ¢ (c,cyc),
mo
. ay Gy Q.
ab<c=|b b b | (17)
Cx Cy Cs

JlokazaTeabcTBO. lcronb3ysa TeopeMbl 0 BBITUCJIEHUN CKAJIAPHO-

. — 10— — 7| =
I'0 I BEKTOPHOTIO [IPOu3BecHuil, moydaeM a b ¢ = (|a, b |, ¢ | =

= ((ayb, — a.b,) T — (azb, — a.b,) 7 + (azb, — ayb,) X, ¢, 7 +¢,5 + %)
Ay Gy G
= (ayb, — a.by) ¢ — (azb, — a.by) ¢y, + (azb, — ayby)c. = | by b, b,

Cx Cy C:
Teopema joKazaHa.



V.13.7. @opmyaa «dbanm—Iiiad» AJis {E), [K, ?H

— T —
Teopema 1. /lasa aobox sexmopos a, b, € umeem mecmo pacencmeo

(Popmysa «bay, munyc vab»)
@, |b.<||-b (@) -T (3. D). (17)

JloKa3aTeabCTBO.



V.13.7. @opmyaa «dbanm—Iiiad» AJis {E), [K, ?H

— T —
Teopema 1. /lasa aobox sexmopos a, b, € umeem mecmo pacencmeo

(Popmysa «bay, munyc vab»)
@, |b.<||-b (@) -T (3. D). (17)

—
H °
HokazareabcTBo. Bribepem OHB, urobObl a Obui napaJuieser 1 .

Torna a =
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Teopema 1. /lasa aobox sexmopos a, b, € umeem mecmo pacencmeo

(Popmysa «bay, munyc vab»)
@, |b.<||-b (@) -T (3. D). (17)

—
H °
HokazareabcTBo. Bribepem OHB, urobbl a Obui napaJuiesiern 1 .
—

ﬁ °
Torma a =a, 1.
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Teopema 1. /lasa aobox sexmopos a, b, € umeem mecmo pacencmeo

(Popmysa «bay, munyc vab»)
@, |b.<||-b (@) -T (3. D). (17)
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H °
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—
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Torma a =a, 1.
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— [77 —
= .
JleBast qacTb paBeHcTBa (H) paBHA: [a, [b, C H =



V.13.7. @opmyaa «dbanm—Iiiad» AJis {E), [K, ?H

— T —
Teopema 1. /lasa aobox sexmopos a, b, € umeem mecmo pacencmeo

(Popmysa «bay, munyc vab»)
@, |b.<||-b (@) -T (3. D). (17)

—
H °
HokazareabcTBo. Bribepem OHB, urobbl a Obui napaJuiesiern 1 .
—

— .
Torma a =a, 1.
BoraucinM 1eBy1o U IpaByIo YacTH PaBEHCTBa ¢ ITOMOIIHIO KOOPIMHAT.

— [77 —
= .
JleBast qacTb paBeHcTBa (H) paBHA: [a, [b, C H =

— — — —
— [am i, (bye. —bocy) 1 — (bees — bocy) § + (bocy — bycy) K | =



V.13.7. @opmyaa «dbanm—Iiiad» AJis {E), [K, ?H

— T —
Teopema 1. /lasa aobox sexmopos a, b, € umeem mecmo pacencmeo

(Popmysa «bay, munyc vab»)
@, |b.<||-b (@) -T (3. D). (17)

—
H °
HokazareabcTBo. Bribepem OHB, urobbl a Obui napaJuiesiern 1 .
—

— .
Torma a =a, 1.
BoraucinM 1eBy1o U IpaByIo YacTH PaBEHCTBa ¢ ITOMOIIHIO KOOPIMHAT.

JleBas qacTh paBeHcTBa (5) paBHa: [?, [K, ?H =
— — — —
— [am i, (bye. —bocy) 1 — (bees — bocy) § + (bocy — bycy) K | =

— —
= a, (bycy — bycy) j + ay (e — bycs) k.



V.13.7. @opmyaa «dbanm—Iiiad» AJis {E), [K, ?H

— T —
Teopema 1. /[aa ao0bvix sexmopos a’, b, ¢ umeem mecmo pasencmeo

(Popmysa «bay, munyc vab»)
@, |b.%||-b (@) -T (3. D). (17)

— s
Jloka3aTeJabCcTBO. & = a, 1 .

[?, [?7 ?” = a, (bycy — bycy) T + a, (b,cp — bc) K.
H
a

= = < N
[TpaBast gacTh JJoKa3bIBacMOI'o paBeHcTBa: b (a , C ) . b
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Teopema 1. /[aa ao0bvix sexmopos a’, b, ¢ umeem mecmo pasencmeo

(Popmysa «bay, munyc vab»)
@, |b.%||-b (@) -T (3. D). (17)

— s
Jloka3aTeJabCcTBO. & = a, 1 .

[?, [?7 ?” = a, (bycy — bycy) T + a, (b,cp — bc) K.
H
a

—
[TpaBasg JacTh JIOKa3bLIBAEMOTO PaBEHCTBA: b ( : )

—

— — —
e (bxi —|—byj —I—bzk)axCx— (Cxl +CyJ +Czk)a$b$



V.13.7. @opmyaa «dbanm—Iiiad» AJis {E), [K, ?H

— T —
Teopema 1. /[aa ao0bvix sexmopos a’, b, ¢ umeem mecmo pasencmeo

(Popmysa «bay, munyc vab»)
@, |b.%||-b (@) -T (3. D). (17)

— s
Jloka3aTeJabCcTBO. & = a, 1 .

[?, [?7 ?” = a, (bycy — bycy) T + a, (b,cp — bc) K.
H
a

= = < N
[TpaBast gacTh JJoKa3bIBacMOI'o paBeHcTBa: b (a , C ) . b

— — —

— — —
e (bxi —|—byj —I—bzk)axCx— (Cxi +Cyj +Czk)a$b$:

— — —
= (byaycy — cpazby) 1 + (byazcy — cyarby) j + (b.azc, — c.azby) k =



V.13.7. @opmyaa «dbanm—Iiiad» AJis {E), [K, ?H

— T —
Teopema 1. /[aa ao0bvix sexmopos a’, b, ¢ umeem mecmo pasencmeo

(Popmysa «bay, munyc vab»)
@, |b.%||-b (@) -T (3. D). (17)

— s
Jloka3aTeJabCcTBO. & = a, 1 .

[?, [?7 ?” = a, (bycy — bycy) T + a, (b,cp — bc) K.
H
a

= = < N
[TpaBast gacTh JJoKa3bIBacMOI'o paBeHcTBa: b (a , C ) . b

— — —

— — —
e (bxi —|—byj —I—bzk)axCx— (Cxi +Cyj +Czk)a$b$:

— — —
= (byaycy — cpazby) 1 + (byazcy — cyarby) j + (b.azc, — c.azby) k =

— —
= a, (byc, —cyby) j +ay (bcy —c.by) k.



V.13.7. @opmyaa «dbanm—Iiiad» AJis {E), [K, ?H

— T —
Teopema 1. /[aa mobwvixr sexmopos a’, b, ¢ umeem mecmo paseHcmeo

(popmysa «bay, munyc 1ab»)
[z, [K,?]] :K(a,?)_?(a,ﬁ). (17)

— 7
Jloka3zaTeJbCTBO. a = a, 1 .

[E), [K, ?” = a, (byc, — bycy) T + a, (b.cy — byc,) ?
.
a

= = < e
[TpaBas JacTh JJoKa3bBAEMOIO paBeHCTBa: b (a, C ) . b

— —
= a, (byc, —cyby) j +ag (bcy —c:by) k.

Taxum obpasoM, JieBas 1 IpaBasi 4aCTH JIOKa3bIBAeMOT0 paBeHcTBa (5)
SKBUBAJICHTHLIME [IPEOOPA3OBAHUSIMEI MbI IPUBEJIN K OJIHOMY U TOMY 7K€
BhIpaxkKenuio. Popmysia JoKazaHa.



V.13.8. Kpurepuii KoJLInHEAPHOCTU BEKTOPOB

ﬁ
—
Teopema 13. /[aa nenyaesoir sexmopos a u b, umerowuxr xoopdu-

namot (az; ay; az) u coomsememeenno (by; by; b.), caedyrowue ymeep-
HCOEHUA PABHOCUNDHDL:

N
1) sexmopu, & u b KoasureapHwl;

2) cywecmsyem maxoe wucao X, 4mo cnpasediuso PaseHcmeo

b =\7, (18)
b:c - )\al’a

PABHOCUNDHOE CUCTNEME PABEHCME b, = Aay, (19)
b, = A\a..

JloKka3aTeabCTBO.



V.13.8. Kpurepuii KoJLInHEAPHOCTU BEKTOPOB

—

—
Teopema 13. /[asa nenyseswvixr eexkmopos a u b, umerowuxr xoopdu-
namol (az; ay; az) u coomsememeenno (by; by; b,), caedyrowue ymeep-

oHCOeHUA PABHOCUNHDL:
R
1) sexkmopovr @ u b KoasumeapHol,

2) cywecmeyem makoe wucao X, 4mo cnpasediuso pasenHcmeo

b =\7, (18)
b, = Aa,,

PAGHOCUADHOE CUCTEME PABEHCMNE b, = Aay, (19)
b, = \a..

JloKa3aTebCTBO.

PaBHocuibHOCTE yTBepsKIeHU 1) 1 2) MoyUueHa B XoJie JI0Ka3aTe h-
crBa TeopeMbl 4 0 Gasuce mpsimoii. PaBHocuibHOCTE paBeHCTB (18)
i (19) creayer uz Treopembr 8. Teopema jokazaHa.



V.14. Hamnpapjigioniye KOCUHYChI

YacTo B IpMIOYKEHNAX BEKTOP MCIOJIb3YETCA TOJBLKO JIJIA 3aJaHus Ha-
NPasAEHUA, TIPU 9TOM OAUHAG BEKTOpPa HeCyllecTBeHHa. TakoBa, HalpH-
Mep, CUTyalldd MIpHU 3aJaHUui OCH B IIPOCTPAHCTBE, TO €CTb NPAMOU C
YKa3aHHbBIM HA Het HANPABAEHUEM. Taxkast ocb OlpeaeJidercd N100bIM BEK-

? ¢ neit. B sToMm cy-

TOPOM, IapaJljieJIbHbIM 3TOI OCH U COHallPaBJIEHHbBIM
yae MHOIJIA YKa3bIBAIOT HE K0OpOuHaAMbL BEKTOPA, & TaK Ha3blBaeMble Ha-
ITPaBJISAIONINE KOCHUHYCHI, TO €CTh TPOIKY YUCET COS v, COS [3, COS 7Y, IJie
a, (3, — yrJbl, oOpasyeMble BEKTOPOM WJIM OChIO ¢ KOOPJIMHATHBIME OCsI-

mu, coorsercrsentno, Ox, Oy, Oz.

2HallpaBJICHHBIM B Ty K€ CTOPOHY, & HE B IIPOTUBOIOJIOZKHYIO.



V.14. HampapJjigioniye KOCUHYCbhI
< OnycTuM HepreH nKyJIspbl

Ha ocb Oz (ochb abernuec),




V.14. HampapJjigioniye KOCUHYCbhI
< OnycTuM HepreH nKYyJIspbl

Ha ocb Oz (ochb abernuec),




V.14. HampapJjigioniye KOCUHYCbhI
< OnycTuM HepreH nKYyJIspbl

Ha ock Oz (och abenuec),

S
AN



S
AN

. HaHpaBHHIOH_II/Ie KOCHHYCHBbI

OIyCTUM [epIeHINKYJIsIPb
na och Ox (och abenuce),
Ha ocb Oy (0cb OpUHAT),



. HaHpaBHHIOH_II/Ie KOCHHYCHBbI

OIyCTUM HepIeHInKYJIsIPb
na och Ox (och abernuce),
Ha ocb Oy (0cb OpUHAT),



V.14. HampapJjigioniye KOCUHYCbhI
< OnycTuM HepreH nKyJIspbl

- Ha ocb Oz (ocb aberuce),
Ha ocb Oy (ocb opjuHAaT),
Ha ocb Oz (OCh alIIuKaT).




V.14. HampapJjigioniye KOCUHYCbhI
< OnycTuM HepreH/ nKyJIspbl

- Ha ocb Oz (ocb aberuce),
Ha ocb Oy (ocb opjuHAaT),
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I0TCS HAITPABJIAIOIINMA KOCUHYCAMU
BEKTOPA.




V.14. Hamnpapjigioniye KOCUHYChI
~ Benmmunnbl cos a, cos 3, cos 7y Ha3bIBaIOT-

C
Cd  HAIPABJLAIONIAMUA KOCUHYCAMU
BEKTOPA.

Crpoerupyem  Touky A Ha  IL10C-

KocTb xOy U ClIpoeIupyeM I10JIyYeHHY 0

¥ rouky B na ocu Oz u Oy.




V.14. Hamnpapjigioniye KOCUHYChI

zZ

C

Bemannbl cos ar, cos 3, cosy Ha3bIBAIOT-
csl  HAIIPABJIAOIAMUA KOCHHYCAMH
BEKTOPA.

Crpoerupyem  Touky A Ha  IL10C-
KoCTh £OY 1 CIIPOEIUPYEM IOy IeHHY IO
TouKy B Ha ocu Ox u Qy.

Paccmorpum ciyyaii, korjga OA siBiisi-
eTcsi OPTOM, T.e. UMEET €IUHUIHBIM
MOTyJTh (fyimHa paBHa 1).
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zZ
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V.14. Hamnpapjigioniye KOCUHYChI

~ Benmmunnbl cos a, cos 3, cos 7y Ha3bIBaIOT-
¢ csl  HAIIPABJIAOIAMUA KOCHHYCAMH
BEKTOPA.

Crpoerupyem  Touky A Ha  IL10C-
KoCTh £y 1 CHIpOEUpYeM 0Ty YeHHYIO

TouKy B Ha ocu Ox u Qy.

Paccmorpum ciyyaii, korjga OA siBiisi-
eTcsi OPTOM, T.e. UMEET €IUHUIHBIM

MOTyJTh (fyimHa paBHa 1).

1=0A?=0B? + AB> = OB? + cos’y =



V.14. Hamnpapjigioniye KOCUHYChI

~ Benmmunnbl cos a, cos 3, cos 7y Ha3bIBaIOT-
¢ csl  HAIIPABJIAOIAMUA KOCHHYCAMH
BEKTOPA.

Crpoerupyem  Touky A Ha  IL10C-
KoCTh £y 1 CHIpOEUpYeM 0Ty YeHHYIO

TouKy B Ha ocu Ox u Qy.

Paccmorpum ciyyaii, korjga OA siBiisi-
eTcsi OPTOM, T.e. UMEET €IUHUIHBIM

MOTyJTh (fyimHa paBHa 1).

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



V.14. Hamnpapjigioniye KOCUHYChI

zZ

C

1= OA2 OB?+ AB? =

= cos? a + cos? 3 + cos? .

Bemannbl cos ar, cos 3, cosy Ha3bIBAIOT-
csl  HAIIPABJIAOIAMUA KOCHHYCAMH
BEKTOPA.

Crpoerupyem  Touky A Ha  IL10C-
KoCTh £OY 1 CIIPOEIUPYEM IOy IeHHY IO
TouKy B Ha ocu Ox u Qy.

Paccmorpum ciyyaii, korjga OA siBiisi-
eTcsi OPTOM, T.e. UMEET €IUHUIHBIM
MOTyJTh (fyimHa paBHa 1).

OB? + cos? v = OP? + OQ?* + cos® y =



V.14. Hamnpapjigioniye KOCUHYChI
~ Benmmunnbl cos a, cos 3, cos 7y Ha3bIBaIOT-

C
Cd  HAIPABJLAIONIAMUA KOCUHYCAMU
BEKTOPA.

Crpoerupyem  Touky A Ha  IL10C-

KocTb xOy U ClIpoeIupyeM I10JIyYeHHY 0

¥ rouky B na ocu Oz u Oy.

OpT — 5TO BEKTOp, UMEIOIINI eJInHII-

HBII MOJYJIb (JiTHHA paBHA 1).

CrpapeJIylnBo 1 oOpaTHOE: JJIs HAITPABJISIONINX KOCUHYCOB BEKTOPA

cos” a + cos® B + cos®y = 1,

— — —
T.e. BeKmop cosa 1 +cos3 j +cosvk sasasemca opmom.



V.15. Teopema o HanpaBJASIOIINX KOCUHYCAX
1 OPTe BEKTOPAa

Teopema 14. B cucmeme xoopdunam Oxyz
HANPABAANULUE KOCUHYCDL COS (v, COS (3, COS Y 6ek-

—

mopa a pasHvl KoOPAUHAMAM OPMa IMO20 GEk-
-~ 7

mOpasOHB{l,J,k}.

JloKka3aTebCTBO.
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V.15. Teopema o HanpaBJASIOIINX KOCUHYCAX
1 OPTe BEKTOPAa

Teopema 14. B cucmeme xoopdunam Oxyz
HANPABAANULUE KOCUHYCDL COS (v, COS (3, COS Y 6ek-

—

mopa a pasHvl KoOPAUHAMAM OPMa IMO20 GEk-
-~ 7

mOpasOHB{l,J,k}.

—
JlokazareabcTBo. [lycrs a nmeer KOOPAMHATEL (G Gy @)
Paccmarpubas nzobpaskenHble Ha PUCYHKE HPSMOYTOIbHbBIE TPEYTOJIbHN-

ku NOAD, AOBD, AOC D, nojsydaem 9T0



V.15. Teopema o HanpaBJASIOIINX KOCUHYCAX
1 OPTe BEKTOPAa

Teopema 14. B cucmeme xoopdunam Oxyz
HANPABAAIOUUE KOCUNYCHL COS Cr, COS (3, COS 7Y BEK-

—
mopa a  pasHvl KOOpAUHAMaAM OPMa IM0o20 Gek-

— = —
mOpaGOHB{i,j,k}.

H
JlokazarenbcTBo. [lycrh @ uMeer KOOPJMHATDL (Gy) Gy ).
Paccmarpusas nzobpaszkeHnble Ha PUCYHKE HPSMOYIOJIbLHBIC TPEYTOJIbHU-

ku NOAD, AOBD, AOCD, nojiydaem 4To
G, = ’E>| cos LZAOD = ‘3‘ Ccos a,
ay = ’3} cos ZBOD = ‘?‘ cos 3, =
a, = ‘E)’ cos ZCOD = ‘E>| COS 7Y
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—
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-
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H
JlokazarenbcTBo. [lycrh @ uMeer KOOPJMHATDL (Gy) Gy ).
Paccmarpusas nzobpaszkeHnble Ha PUCYHKE HPSMOYIOJIbLHBIC TPEYTOJIbHU-

ku NOAD, AOBD, AOCD, nojiydaem 4To
ax:’ |COSZAOD—‘ |cosoz cosoz:ax/|a :
ay:’a}COSLBOD:‘a‘COSﬁ, = cosﬁzay/‘3>|, =
L= ‘E)’coleOD = ‘E>|cosv cosy =a,/ ‘?‘
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H
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—

— - —
b =cosai +cosfj +cosyk =
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ax:’ |COSZAOD—‘ |cosoz cosoz:ax/|5>,
a,=|a|cos ZBOD = |a|cos B, = cosf=a,/|a|, =
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chosozT%—cosBT%—cost): % T%—%T%— a_i f:%ﬁ_
R A E Y
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V.15. Teopema o HanpaBJASIOIINX KOCUHYCAX
1 OPTe BEKTOPAa

Teopema 14. B cucmeme xoopdunam Oxyz
HANPABAANULUE KOCUHYCDL COS (v, COS (3, COS Y 6ek-

—

mopa a pasHvl KoOPAUHAMAM OPMa IMO20 GEk-
-~ 7

mOpasOHB{l,J,k}.

JloKka3aTebCTBO.
= - - = a7 a4, o a4, =
b =cosai +cosBj +cosrk =— 1 +—=j +—=-k =
EY N Y
5= | Lw| = L=

Teopema joxkazana.




V1. BekTopHas ajredpa Kak MOJeJIb-Tpuajga: pe3oMe
MpI cucremMaT3upyeM MoJiydeHHbIe PE3YIbTAThI, HCIOJIB3YS, B OCHOB-
HOM, BEKTOPHO-CUMBOJINYECKYIO 1 KOOPANMHATHYIO MOJCJ/IN.



VI.1. CBoiicTBa cKaJIIpHOI'O IIPOU3BedeHNS BEKTOPOB

1) (@, b)=|a|mpgb = |B> npp a’;
2) (@, b) = (b, )
3)(@+b,¢)=(a,¢)+(b, <),
— —
(a,b +7<C)=(a,b)+(a, <)
AR, b)=(F, Ab)=X- (&, D), e A — ucio;

H
o —
5) Kpurepuii opToroHaibHOCTH HEHYJIEBBIX BEKTOPOB: & U b mepiieH-

_, —
JUKYJISIPHBL TOTJIAa U TOJIBKO Torjia, Korja (a, b)) = 0;
6) (2, ) =|a[*

— — —

— — — —
7) Ecm @ =a;i +asj +ask, b=b1i +bj +bk, rorna

— I\
( a, b) = a1by + asbs + asbs. (20)



VI1.2. CpoiicTBa BEKTOPHOI'0O IPON3BEeJIEHNS BEKTOPOB
— T —
AHTUKOMMYTaTUBHOCTbD: [a, b] = — [b, a}.

JInHeliHOCTD:

b
. — 7 ~
Kpurepuii kojuimHeapHocTu: | a, b} = 0 Torma m TOJBKO TOIJA,

—_— —
Korja a u b KoJImHeapHBI.

—
o —
I'eomeTpuyeckuii cMBICJI: [a : b} — BEKTOp, IIepIIcH-
JIUKYIAPHBIN [TapaJsiieorpaMMy, TOCTPOEHHOMY Ha, BeK-
— -

—
Topax a u b, npudem YUCJIEHHO PaBEH ILJIO-
a1 3TOrO MapaJiiejorpaMmMma.




VI1.2. CBoiicTBa BEKTOPHOI'O IIPOU3BeAcHNS BEKTOPOB
AHTUKOMMYTAaTUBHOCTb.

JInHEeiHOCTD.

Kpurepnii KoamHeapHOCTH.

I'eomeTpuydeckuii cMbICJI.

Teopema o0 BbIMUCJIEHNN BEKTOPHOI'O NPOM3BEAEHNS C IIOMOIIbIO
KOOPJAMHAT:

- o =
1]
=|a; ay, a;

b, b, b

7 =
[axl +ay,) +a,

|
\'O‘
=

+
@Q“
Qo
_|_
Sa
W




VI1.3. CBoiicTBa cMelIaHHOTO NPOn3BeIeHsT BEKTOPOB
T'eomempuyueckuti cMbiCA CMEUWAHHO20 NPOU3BEIEHUS BEK-
TMOPo8:

—— — T =

a’ b c’| paBen obbeMy napaJsuienenuiena ¢ pebpamu a, b, ¢
Kpumeputi npasoli u aesoti mpoliku 8eKmopos u Kpume-
puu ’I{tOMn./LaHap’H,OCTnu
a b c > (0 < Tpoiika BEKTOPOB a B c SIBJISIETCSI [IPABOIA;
a b c < 0 & Tpoiika BeKTopOB a, b, C sBIsETCS JIEBOI;
BN —
ab’c =0 < Bekropnl @, b, € KOMILJIAHADHEL.
Ioauaurnetinocms cmewarHHo20 NPou3sedeHUs 8eKMOPO8:



VI1.3. CBoiicTBa cMelIaHHOTO NPOn3BeIeHsT BEKTOPOB
T'eomempuyueckuti cMbiCA CMEUWAHHO20 NPOU3BEIEHUS BEK-
TOPOo8s.
Kpumeputi npasoli u nesoli mpoiliku 6eKmopos.
Kpumepuli KOMNAGHAPHOCTU BEKIMOPOE.
Ioauaurnetinocms cmeuwarHH020 NPou3sedeHUs 8eKMOPOS.
Iuxauveckoe ceolicmeo cmeuwaHHo20 NPou3BedeHUs.:
abc=-bcda-c¢ab--bac—-c¢ba--ach.
Teopema o 8bLlYUCAEHUU CMEULAHHO20 NLPOU3BEIEHUS, C NO-
MOULBIO KOOPOUHAM:



VI1.3. CBoiicTBa cMelIaHHOTO NPOn3BeIeHsT BEKTOPOB
T'eomempuyueckuti cMbiCA CMEUWAHHO20 NPOU3BEIEHUS BEK-
OPo8:
Kpumeputi npasoli u nesoli mpoliku 6eKmopos:
Kpumepuli KoMnaaHAPHOCMU B8EKIMOPOS:
Ioauaurnetinocms cmeuwarHHo20 NPou3sedeHUs 8eKMOPO8:
Iuxauveckoe ceotlicmeo cmeuwarHHo20 NPou3eedeHUs:
Teopema o 8bLuuUCAEHUU CMEULGHHO20 NPOU3BEIEHUS C NO-
MOULBIO KOOPOUHAM:



Cracu6o

3a
BHUMaHUue!

e-mail: melnikov@k66.ru, melnikov@r66.ru

caiiter: http://melnikov.k66.ru, http://melnikov.web.ur.ru

BepuyThca K cnucKy npe3eHTanmii?
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