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OﬂpeﬂeﬂeHI/Ie KBaTE€pPHNOHA

Koncrpyknuio Tejia KBATEPHUOHOB MOYKHO pacCMaTPUBATh KaK Pe3y/abTaT adbcTpa-
ITUPOBAHUS JIJIsT BEKTOPHOMN aJIreOPHI ¢ OllepaIusaMi CJI0YKEHNST 1 BEKTOPHOTO ITPOU3Be-
JIeHUsT BEKTOPOB B Tak Ha3biBaeMOM adOUHHOM MPOCTPAHCTBe (B KOTOPOM PACCMAaT-

PUBAIOTCS BEKTOPBI 1 TOUKH).



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,

a JUI IIPOM3BEIEHNS] BBOJSITCS JIOHNOJHUTE/IbHbIE COOTHOIIEHUS: 12 = j2 = k> = -1,



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,

a JUI IIPOM3BEIEHNS] BBOJSITCS JIOHNOJHUTE/IbHbIE COOTHOIIEHUS: 12 = j2 = k> = -1,
ij=k=—j-i,



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,

a JUI IIPOM3BEIEHNS] BBOJSITCS JIOHNOJHUTE/IbHbIE COOTHOIIEHUS: 12 = j2 = k> = -1,
ij=k=—ji, jk=i=—k-j



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,

a s IPOM3BEIEHIsS BBOIATCA JIOMOJHUTENbHBIE COOTHOIIEHUs: 2 = j° = k? = —1,
1-j=k=—j5-1, j-k=1=—-k-j3, k-i1=53=—i-k



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,

a s IPOM3BEIEHIsS BBOIATCA JIOMOJHUTENbHBIE COOTHOIIEHUs: 2 = j° = k? = —1,
1-j=k=—j5-1, j-k=1=—-k-j3, k-i1=53=—i-k

(a1 + bl’i + Clj + dll{i) (az + bgi + ng + dgk) =

= (aja2 — )+



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,

a JJIs IPOM3BCICHIUA BBOAATCA JOMOJHHTEJIBHBIE COOTHOMeHud: i2 = j% = k% = —1,
1-j=k=—j51, j-k=1=—-k-j3, k-i1=53=—i-k

(CL1 + bl’i + Clj + dll{i) (CLQ + bgi + CQj + ko) =

= (alGQ—blbz — C1Co — dldz) +



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,

a s IPOM3BEIEHIsS BBOIATCA JIOMOJHUTENbHBIE COOTHOIIEHUs: 2 = j° = k? = —1,
1-j=k=—j5-1, j-k=1=—-k-j3, k-i1=53=—i-k

(a1 + bli + Clj + dlk) (CLQ + bzi + ng + dgk) =
= (a1a2 — biby — c1c9 — dldz) + (albz + )i‘l‘



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,

a s IPOM3BEIEHIsS BBOIATCA JIOMOJHUTENbHBIE COOTHOIIEHUs: 2 = j° = k? = —1,
1-j=k=—j5-1, j-k=1=—-k-j3, k-i1=53=—i-k

(a1 + bli + Clj + dlk) (ag + bgi + ng + dgk) =
= (a1a2 — biby — c1c9 — d1d2) + (albg + asby + )i+



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,

a JUI IIPOM3BEIEHNS] BBOJSITCS JIOHNOJHUTE/IbHbIE COOTHOIIEHUS: 12 = j2 = k> = -1,
1-j=k=—j51, j-k=1=—-k-3, k-1=7=—1i-k

(a1 + bli + Clj + dll{)) (CL2 + bgi + ng + dgk) =
= (a1a2 — biby — c109 — dldg) + (Cleg + agby + c1dy — )i—l—



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,

a JUI IIPOM3BEIEHNS] BBOJSITCS JIOHNOJHUTE/IbHbIE COOTHOIIEHUS: 12 = j2 = k> = -1,
1-j=k=—j5-1, j-k=i=-k-j, k-i1=7=—1i-k

(a1 + bli + Clj + dlk) (CLQ + bgi + Czj + dgk) =
= (a1a2 — biby — c1c9 — dids) + (a1by + agby + c1dy — cody) i+



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,

a s IPOM3BEIEHIsS BBOIATCA JIOMOJHUTENbHBIE COOTHOIIEHUs: 2 = j° = k? = —1,
1-j=k=—j5-1, j-k=1=—-k-j3, k-i1=53=—i-k

(a1 + bli + Clj + dlk) (CLQ + bgi + ng + dgk) =
= (a1a2 — biby — c1c9 — dldg) -+ (Cleg + agby + c1dy — Czdl) 1+
+ (ayco + )j+



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,

a s IPOM3BEIEHIsS BBOIATCA JIOMOJHUTENbHBIE COOTHOIIEHUs: 2 = j° = k? = —1,
1-j=k=—j5-1, j-k=1=—-k-j3, k-i1=53=—i-k

(a1 + bli + Clj + dlk) (a2 + bgi + ng + dgk) =
= (a1a2 — biby — cico — dida) + (a1ba + agby + c1dy — cady) i+
+ (a1c2 + azey + )+



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,

a JUI IIPOM3BEIEHNS] BBOJSITCS JIOHNOJHUTE/IbHbIE COOTHOIIEHUS: 12 = j2 = k> = -1,
1-j=k=—j51, j-k=1=—-k-3, k-i=j=—i-k

(a1 + bli + Clj + dlk) (CLQ + bg’i + CQj + dgk) =
= (a1a2 — biby — cico — dida) + (a1ba + agby + c1dy — cady) i+
+ (a102 + asc; + diby — )] +



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,

a JUI IIPOM3BEIEHNS] BBOJSITCS JIOHNOJHUTE/IbHbIE COOTHOIIEHUS: 12 = j2 = k> = -1,
ij=k=—j-i, jrk=i=—k-j, k-i=j=—-i-k

(a1 + bli + Clj + dlk) (CLQ + bgi + Czj + dgk) =
= (a1a2 — biby — c1co — dida) + (a1ba + agby + c1dy — cady) i+
+ (a102 + ascy + diby — bldg)] +



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,

a s IPOM3BEIEHIsS BBOIATCA JIOMOJHUTENbHBIE COOTHOIIEHUs: 2 = j° = k? = —1,
1-j=k=—j5-1, j-k=1=—-k-j3, k-i1=53=—i-k

(8.1 + bli + Clj + dlk) (CLQ + bgi + ng + dgk) =

= (a1a2 — biby — c1c9 — dldg) -+ (Cleg + agby + c1dy — Czdl) 1+
+ (alcg + asC1 + dlbg — b1d2>] + (ald2 + ) k.



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,

a s IPOM3BEIEHIsS BBOIATCA JIOMOJHUTENbHBIE COOTHOIIEHUs: 2 = j° = k? = —1,
1-j=k=—j5-1, j-k=1=—-k-j3, k-i1=53=—i-k

(a1 + bli + Clj + dlk) (az + bgi + ng + dgk) =

= (a1a2 — biby — c1c9 — dldg) -+ (a1b2 + agby + c1dy — Czdl) 1+
+ (a162 + agcy + diby — b1d2>] + (aldg + asd; + ) k.



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,

a JUI IIPOM3BEIEHNS] BBOJSITCS JIOHNOJHUTE/IbHbIE COOTHOIIEHUS: 12 = j2 = k> = -1,
i-j=k=—j5-4, j-k=1=—-k-j, k-i=75=—1-k

(a1 + bli + Clj + dll{)) (CLQ + bgi + Czj + dgl{i) =

= (a1a2 — biby — c1co — dida) + (a1ba + agby + c1dy — cady) i+
+ (CLlcQ + agcy + diby — bldQ)] + (a1d2 + agdy + bicoy — ) k.



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + 27 + dok) =
= (a1 + az) + (b1 + b2) i + (c1 4+ ¢2) j + (di + do) K,

a JUI IIPOM3BEIEHNS] BBOJSITCS JIOHNOJHUTE/IbHbIE COOTHOIIEHUS: 12 = j2 = k> = -1,
1-j=k=—j-1, j-k=1=—-k-3, k-1=7=—1i-k

(a1 + bli + Clj + dlk) (CLQ + bg’i + Czj + dgl{i) =

= (a1a2 — biby — c1co — dida) + (a1ba + agby + c1dy — cady) i+
+ (CLlcQ + agcy + diby — bldQ)] + (a1d2 + agdy + bicy — b2C1) k.



OﬂpeﬂeﬂeHI/Ie KBaTCpPHHNOHAa

KBarepHronoM HasbIBaeTcss MHOTOUIEH (BbIpaxkenue) a + bi + ¢j + dk ot nepemen-
HBIX 7, ], k, 1€ a, b, ¢, d — nelicTBUTEIbHBIE YNCIA.

CymMma 1 mpou3BeJeHre KBATEPHUOHOB OIPEIE/IAI0TCA TaKyKe KaK COOTBET-
CTBYIOIIIE OIEPAIHU JIjIsi MHOTOUYJIEHOB HECKOJIbKUX ITePEMEHHBIX:

(a1 + bii 4+ c1j + dik) + (ag + bai + coj + dok) =
= (a1 +ag) + (b1 + ba)i + (c1 4+ 2) j + (di + da) k,
==k =-1 i-j=k=—j-i, j-k=i=-k-j, k-i=j=—i-k
(a1 + bri + c1j + dik) (ag + bai + cof + dok) =
= (a1as — biby — c1c9 — dids) + (a1be + asby + c1ds — cody) i+
+ (a1ca + agey + diby — bids) j + (ards + asdy + bica — becy) k.

9TO YMHOXKEHIE Ha3blBalOT YyMHOXKeHrneM ['paccMmana.
Paccmorpum npumep?



II. Teopema o0 Tejile KBATEPHUOHOB

TeopeMa 1 (0 TEeJie KBaTepHI/IOHOB). Aﬂee6pa KeaMEPHUOHOEB OTMHOCUIMEADBHO OTE-
pauuﬁ CAOAHCEHUA U YMHOHCEHUA KEATNEPHUOHOEB ABAACTINCA TILEAOM.



II. Teopema o0 Tejile KBATEPHUOHOB

TeopeMa 1 (O TeJie KBaTepHI/IOHOB). Aﬂee5pa KeaMEPHUOHOEB OTMHOCUIMEADBHO OTE-
pauuﬁ CAOAHCEHUA U YMHOHCEHUA KEATNEPHUOHOEB ABAACTINCA TILEAOM.

s mokazaTe/bcTBa TOI TeopeMbl HaJI0 MTPOBEPUTH BHITTOJTHEHNE AKCHOM TeJIa.



II. Teopema o0 Tejile KBATEPHUOHOB

TeopeMa 1 (O TeJie KBaTepHI/IOHOB). Aﬂee6pa KeaMEPHUOHOEB OTMHOCUIMEADBHO OTE-
pauuﬁ CAOAHCEHUA U YMHOHCEHUA KEATNEPHUOHOEB ABAACTINCA TILEAOM.

s mokazaTe/bcTBa TOI TeopeMbl HaJI0 MTPOBEPUTH BHITTOJTHEHNE AKCHOM TeJIa.

Tor daxT, 9T0 OTHOCUTETHLHO CIOXKEHUS ajredpa KBaTEpHUOHOB sABJSETCSA TPYII-
1101, OYEBU/ICH.

[IpoBepKy OCTAJILHBIX AKCMOM TeJia MOYXKHO OBLIO OBbI OCYIIIECTBUTH HEMTOCPEICTBEH-
HBIM BBIYUCJICHUEM, HO Mbl BbIOEpEM JIPYTOil My Th.



II. Teopema o0 Tejile KBATEPHUOHOB

Teopema 1 (O TeJie KBaTepHI/IOHOB). Aﬂee6pa KeaMEPHUOHOEB OTMHOCUIMEADBHO OTE-
pauuﬁ CAOAHCEHUA U YMHOHCEHUA KEATNEPHUOHOEB ABAACTINCA TILEAOM.

s mokazaTe/bcTBa TOI TeopeMbl HaJI0 MTPOBEPUTH BHITTOJTHEHNE AKCHOM TeJIa.

Tor daxT, 9T0 OTHOCUTETHLHO CIOXKEHUS ajredpa KBaTEpHUOHOB sABJSETCSA TPYII-
1101, OYEBU/ICH.

[IpoBepKy OCTAJILHBIX AKCMOM TeJia MOYXKHO OBLIO OBbI OCYIIIECTBUTH HEMTOCPEICTBEH-
HBIM BBIYHC/IEHHEM, HO MBI BBIOEpEM JIPYTOif yTh. A UMEHHO, IPUMEHUM CTPATEr IO
IIOCTPOEHUA MOJIEJIN.



II. Teopema o0 Tejile KBATEPHUOHOB

Teopema 1 (O TeJie KBaTepHI/IOHOB). Aﬂee6pa KeaMEPHUOHOEB OTMHOCUIMEADBHO OTE-
pauuﬁ CAOAHCEHUA U YMHOHCEHUA KEATNEPHUOHOEB ABAACTINCA TILEAOM.

s mokazaTe/bcTBa TOI TeopeMbl HaJI0 MTPOBEPUTH BHITTOJTHEHNE AKCHOM TeJIa.

Tor daxT, 9T0 OTHOCUTETHLHO CIOXKEHUS ajredpa KBaTEpHUOHOB sABJSETCSA TPYII-
1101, OYEBU/ICH.

[IpoBepKy OCTAJILHBIX AKCMOM TeJia MOYXKHO OBLIO OBbI OCYIIIECTBUTH HEMTOCPEICTBEH-
HBIM BBIYHC/IEHHEM, HO MBI BBIOEpEM JIPYTOif yTh. A UMEHHO, IPUMEHUM CTPATEr IO
IIOCTPOEHUA MOJIEJIN.

[TocTpoum Mojie/Th aJIredPhl KBATEPHUOHOB CPEJICTBAMI MATPUYIHON aJredphI.



I11. Marpu4uHoe npe/cTraB/ieHHe aJredpbl KBaTepHIO-
HOB
HeTpy o mpoBepuTh, 9T0 oToOpaskene, 3aaHnoe popMysIoii’

(a+bi+cj+dk)” =

(6 )05 D) re( ) +a(S0)

131ech 101 p¥ MOHUMAETCs: 00pa3 JIEMEHTa P OTHOCUTEJILHO JeficTBUS (PYHKIIUU ©.



I11. Marpu4uHoe npe/cTraB/ieHHe aJredpbl KBaTepHIO-
HOB
HeTpy o mpoBepuTh, 9To 0TOOpazKenue, 3aaHHoe popMyJIoi

a+bi c+di\
—c+di a—bi )

(6 )05 D) ee( ) +a(S0)

(a+bi+cj+dk)‘p:<

2351ech 1oJ1 p¥ MOHUMAETCs 00Pa3 JIEMEHTa P OTHOCUTEIBLHO JIeHCTBUS (DYHKIUH (p.



I11. Marpu4uHoe npe/cTraB/ieHHe aJredpbl KBaTepHIO-
HOB
HerpyaHo npoeputh, 910 oTOOparkeHue, 3ajlanHoe popMyIoit

a+bi c+di
—c+di a—b

3

(a+bi+cj+dk)” = ( (1)

SBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HAUHBIM TOMOMOPMU3MOM) ajredpbl KBATEP-
HUOHOB B aJiIrebpy MaTpHII.

83 1ech 10J1 p¥ MMOHUMAETCs 00Pa3 JIEMEHTa P OTHOCUTEIBLHO JIeHCTBUS (DYHKIUH (.



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
—c+di a— b

m+m+q+%V:( (1)
SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.

JleiicTBUTELHO, HAM HAJIO TPOBEPUTH BBITIOJTHEHUE (DOPMYJI:



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
—c+di a—bi

m+m+q+%V:< (1)
SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.

JleiicTBUTELHO, HAM HAJIO TPOBEPUTH BBITIOJTHEHUE (DOPMYJI:

((a1 + bli + Clj + dlk) + (CLQ + bgi + ng + dgk))gp =
= (a1 + bli + Clj + dlk)w + (CLQ + bgi + ng + d2]€)¢



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
—c+di a—bi

m+m+q+%V:< (1)
SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.

JleiicTBUTELHO, HAM HAJIO TPOBEPUTH BBITIOJTHEHUE (DOPMYJI:

((a1 + bli + Clj + dlk) + (CLQ + bgi + ng + dgk))(p =

: : . . 2
= (a1 + bii + 17 + dik)” + (ag + bai + co + dok)” 2)

((a1 + bii + c1j + dik) (ag + bai + c2j + dok))¥ =

. : . . 3
= (a1 + bll +c1) + dlk)so (CL2 + bQZ + co) + ko)¢. ( )



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
—c+di a—bi

m+m+q+%V:< (1)
SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.

JleiicTBUTELHO, HAM HAJIO TPOBEPUTH BBITIOJTHEHUE (DOPMYJI:

((a1 + bli + Clj + dlk) + (CLQ + bgi + ng + dgk))(p =

: : . . 2
= (a1 + bii + 17 + dik)” + (ag + bai + co + dok)” 2)

(a1 + bui + c1j + dik) (a2 + byi + c2j + dok))” =
= (a1 + bli + Clj + dlk)so (CL2 + bgi + CQj + dQ]{Z)<'0 .

Kaxk jokasarh paBeHCTBO?

(3)



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
—c+di a—bi

m+m+q+%V:< (1)
SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.

JleiicTBUTELHO, HAM HAJIO TPOBEPUTH BBITIOJTHEHUE (DOPMYJI:

((a1 + bli + Clj + dlk) + (CLQ + bgi + ng + dgk))(p =

: : . . 2
= (a1 + bii + 17 + dik)” + (ag + bai + co + dok)” 2)

(a1 + bui + c1j + dik) (a2 + byi + c2j + dok))” =
= (a1 + bli + Clj + dlk)so (CL2 + bgi + CQj + dQ]{Z)<'0 .
Kaxk jokasarh paBeHCTBO?
OOBIYHO NIPUMEHSETCsT OJIUH 13 TPEX CII0CODOB:

(3)



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
—c+di a—bi

m+m+q+&ﬁz< (1)
SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.

JleiicTBUTELHO, HAM HAJIO TPOBEPUTH BBITIOJTHEHUE (DOPMYJI:

((a1 4 byi + 1 + dik) + (ag + boi + o + dok))¥ = 2)
= (a1 + bli + Clj + dlk)w + (CLQ + bgi + ng + koZ)SO

((a1 —|—b1i—|—01j—|—d1]€) (a2+bgi+62j+d2]€))<‘0 = <3>
= (a1 + bli + Clj + Cllk)SZJ (CL2 + bgi + CQj + dQ]{Z)<'0 .
Kaxk jokasarh paBeHCTBO?
OOBIYHO NIPUMEHSETCsT OJIUH 13 TPEX CII0CODOB:
1) npusejienue pasercTBa L = R paBHOCHIBHBIME TPEOOPA3OBAHUSME K TOXKJIECTBY
(1ipu 0hOPMIIEHIE JIOKA3ATEIbCTBA MOJIYYCHHYIO [ETI0YKY PABEHCTB CJIEJIyeT BBIINCATH
B 0OPATHOM IOPSIIKE: OT TOXKJIECTBA K JIOKa3bIBaeMOMY paBeHCTBY L = R);



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
—c+di a—b

(a+bi+cj+dk)” = ( (1)

SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBATEP-
HUOHOB B aJiredpy MaTpHIl.
JleiicTBUTEILHO, HAM HAJIO TPOBEPUTH BBITIOJTHEHUE (DOPMYJT:

((a1 + bli + Clj + dlk’) + (GQ + bgi + ng + dgk))w =
= (a1 + b1+ c1J + dﬂf)w + (ag + bot + coJ + dzk)‘p

(2)

((a1 + b1t +c1g + dlk) (&2 + bot + coJ + dgk))w =
= (CL1 + bli + Clj + dlk)so (CLQ + bgi + CQj + koZ)SO .

Kak jgoka3aTh paBeHCTBO?

(3)

OOBIYHO NIPUMEHSIETCST OJIUH U3 TPEX CIIOCOOOB:
1) mpusejienne paBeHcTBa L = R paBHOCHJIBHBIMU TPEOOPA3OBAHUSIMU K TOXKIECTBY;
2) nokazaresbeTBO JBYX HepaBencts: L < R u L > R;



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
) )

. . (p_
(a+bi+cj+ dk) _<—c—1—di 0 bi

SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBATEP-
HUOHOB B aJiredpy MaTpHIl.
JleiicTBUTEILHO, HAM HAJIO TPOBEPUTH BBITIOJTHEHUE (DOPMYJT:

(a1 4+ b1t + c1j + dik) + (ag + bai + cof + dok))? =
= (a1 + b1+ c1J + dﬂf)w + (ag + bot + coJ + dzk)‘p

(2)

((a1 +bii + c1j + dik) (az + bai + coj + dok))” =
= (CL1 + bli + Clj + dlk)so (CLQ + bQi + CQj + dQ]{Z)<'0 .

Kak jgoka3aTh paBeHCTBO?

(3)

OOBIYHO NIPUMEHSIETCST OJIUH U3 TPEX CIIOCOOOB:

1) mpusejienne paBeHcTBa L = R paBHOCHJIBHBIMU TPEOOPA3OBAHUSIMU K TOXKIECTBY;
2) nokazaresbeTBO JBYX HepaBencts: L < R u L > R;

3) mpUMEeHeHne MeTOojia «OT IPOTHBHOTOY.



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
—c+di a—b

(a+bi+cj+dk)” = ( (1)

SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBATEP-
HUOHOB B aJiredpy MaTpHIl.
JleiicTBUTEILHO, HAM HAJIO TPOBEPUTH BBITIOJTHEHUE (DOPMYJT:

((a1 + bli + Clj + dlk’) + (GQ + bgi + ng + dgk))(p =
= (a1 + b1+ c1J + dlk’)@ + (ag + bot + coJ + dzk)‘p

(2)

((a1 + b1t +c1g + dlk) (CLQ + bot + coJ + dgk’))w =
= (a1 + bli + Clj + dlk)so (CLQ + bgi + CQj + ko)SO .

Kak jgoka3aTh paBeHCTBO?

(3)

OOBIYHO NIPUMEHSIETCST OJIUH U3 TPEX CIIOCOOOB:

1) npuBenenue paBeHcrBa L = R K TOX/IeCTBY;

2) nokazaresbeTBO JBYX HepaBencts: L < R u L > R;
3) mpUMEeHeHre MeTOojia «OT TIPOTHBHOTOY.

IIpumeHuM mepBbIii CITOCOD.



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
—c+di a—bi

m+m+q+%V:< (1)
SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.

,ZL.HH CJIOZKEHUA UMeEM, BbIYUC/IdA JIEBYIO YaCTh JOKa3bIBacMOI'O paBE€HCTBa (2)

(a1 + b1i + c1j + dik) + (ag + bai + coj + dok))? =



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
—c+di a—bi

m+m+q+%V:< (1)

SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.
J1tst cJioyKeHUsT UMeeM, BBIUUC/IsIsT JIEBYIO YacTh JOKA3bIBAEMOro paBeHcTBa (2)

((a1 + bli + Clj + dlk) + (CLQ + bgi + ng + dgk))w =
= (a1 + as + (bl + bg)l + (Cl + Cz)j + (dl + dg)k)go =



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
—c+di a—bi

m+m+q+&ﬁ:< (1)

SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.
J1tst cJioyKeHUsT UMeeM, BBIUUC/IsIsT JIEBYIO YacTh JOKA3bIBAEMOro paBeHcTBa (2)

((a1 + bli + Clj + dlk) + (GQ + bgi + ng + dgk))w =
= (a1 + as + (bl + bg)l + (Cl + Cz)j + (dl + dg)k)go =

:(a1+a2)<(1) (1))+(b1+bz)(é _2)+(Cl+02)<—(1) (1)>+(d1+d2)<(l)' é):



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
—c+di a—bi

m+m+q+&ﬁ:< (1)

SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.
J1tst cJioyKeHUsT UMeeM, BBIUUC/IsIsT JIEBYIO YacTh JOKA3bIBAEMOro paBeHcTBa (2)

((a1 + bli + Clj + dlk) + (GQ + bgi + ng + dgk))w =
= (a1 + as + (bl + bg)l + (Cl + Cz)j + (dl + dg)k)go =

:(a1+a2)<(1) (1))+(b1+52)(é _2>+(Cl+02)<—(1) (1)>+(d1+d2)<(l)' é):

_( (a1+a2)+i(b1—i—b2) (Cl+02)+i(d1+d2))
\ —(atc)ti(di+do) (a1 +az) —i(by+by) )



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
—c+di a—bi

m+m+q+%V:< (1)
SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.

TakumM 06pas3oM, JieBasi 4acTh JIOKA3bIBAEMOrO PABEHCTBA (2) MpUBeJIeHA B BUJLY

L—< (a1+a2)+i(bl+b2) (Cl+62)+i(d1—|—d2))
N —(Cl+02)+i(d1+d2) (a1+a2)—z’(bl+bg) '

Tenepsb mpeobpasyem MpaByio 4acTb paBeHcTBa (2):



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
—c+di a—bi

m+m+q+%V:< (1)

SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.
TakumM 06pas3oM, JieBasi 4acTh JIOKA3bIBAEMOrO PABEHCTBA (2) MpUBeJIeHA B BUJLY

L—< (a1+a2)+i(bl+b2) (Cl+62)+i(d1—|—d2))
N —(Cl+02)+i(d1+d2) (a1+a2)—z’(bl+bg) '

Tenepsb mpeobpasyem MpaByio 4acTb paBeHcTBa (2):

(CL1 + b1+ c1j + dlk‘)(p + (a2 + bot + g + dgk’)g) =



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
—c+di a—bi

m+m+q+&ﬁ:< (1)

SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.
TakumM 06pas3oM, JieBasi 4acTh JIOKA3bIBAEMOrO PABEHCTBA (2) MpUBeJIeHA B BUJLY

L—< (a1+a2)+z’(bl+b2) (Cl+62)+i(d1—|—d2))
N —(Cl+02)+i(d1+d2) (a1+a2)—i(bl+bg) '

Tenepn mpeobpasyeM MpaByio 4acTh paBeHCTBa (2):

(a1 + b1+ c1j + dlk‘)(p + (a2 + bot + g + dgk’)‘p =
B LO0Y, (i 0Y, 01N, (0 i),
A\ o) Mo =i )T —1 0 i o
. 10N, , (i 0, 01, , (0
“2\ 91 200 =i )72 21 0 2\io))



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
—c+di a—b

(1)

SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HAUHBIM TOMOMOPMU3MOM) ajredpbl KBATED-

(a+bi+cj+dk)“0:(

HUOHOB B ajiredpy MaTpHII.
Taxum o6pasom, JieBast 9acTh JOKA3bIBAEMOTO PABEHCTBA (2) MpUBEEHA B BUTY

L_< (a1+a2)+i(bl+b2) (C1+Cg)+i(d1+d2))
o —(Cl+62>+i(d1+dg) (a1+a2)—i(b1+b2) '

Teneps peobpasyem MpaByio 4acTh paBeHCTBaA (2):

(a1 4+ b1i + c1j + dik)” + (ag + boi + cof + dok)” =
:(a1<10)+b1(i Q)—I—C1< 01>+d1(0. Z))—*—
01 0 —i -1 0 i 0
(e (30)em (e 2 ) wa (2 1)),
01 0 —i -1 0 i 0

9TO MPUBOJAUTCA K IOJYYEHHOMY BBIIIE€ BBIPAXKEHWIO JIst JieBOi dacTu L paBeH-
cTBa (2).



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
—c+di a—bi

m+m+q+%V:< (1)
SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.

TakumM 06pas3oM, JieBasi 4acTh JIOKA3bIBAEMOrO PABEHCTBA (2) MpUBeJIeHA B BUJLY

L—< (a1+a2)+i(bl+b2) (Cl+62)+i(d1—|—d2))
N —(01+02)+i(d1+d2) (a1+a2)—z’(bl+bg) '

CiietoBaTesIbHO, IpaBas 9acTh PABEHCTBA (2) mpuBe/ieHa K TOMY Ke BUJLY, ITO I €ro
aeBas dacth. PaBeHcTBO (2) 10Ka3aHo.



I11.1. /TokazaTebCTBO HpeACTAaBUMOCTU
HerpyaHo npoepuTh, 9T0o oTOOparkeHue, 3ajlaHHoe popMyJIoit

a+bi c+di
) )

. . SD_
(a+bi+cj+dk) _(—c+dz' 0 bi

SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.

st jokaszarenbcTBa paBeHCTBa (3) JOCTATOYHO TPOBEPUTH COOTHOIIEHUS
==k =-1 i-j=k=—j-i, j-k=i=-k-j, k-i=j=—i-k, 410
He BBI3BbIBAET MPO0JIEM Y desI0BEKa, 3HAKOMOIO C Ollepaliieil Ipon3Be 1eHnst MaTPUIL,



I11.2. 3aBepinenue goka3zaTejabCTBa TeopeMbl 1
JlokazaHo, 4To oTOOparkeHue, 3ajaHHoe (POPMYJIOit

a+bi c+di
—c+di a— b

m+m+q+%V:( (1)
SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.

113 3TOro yTBepKIeHus C/IeJIyeT, 4TO Ollepaliis YMHOKEHIA KBATEPHUOHOB SIBJISIETCST

aCCOHI/IaTI/IBHOﬁ, IIOCKOJIbKY Ollepalld YMHOXKEHNA MaTpPHUIL aCCOOUaTHBHA.



I11.2. 3aBepinenue goka3zaTejabCTBa TeopeMbl 1
Takum obpaszoM, J0Ka3aHO, 9YTO 0TOOparKeHue, 3aJlaHHoe POPMYJIOit

(a+bi+cj+d/<)@:( at b ”d?) (1)
—c+di a—bi
SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.
113 3TOro yTBepKIeHus C/IeJIyeT, 4TO Ollepaliis YMHOKEHIA KBATEPHUOHOB SIBJISIETCST
ACCOIMATUBHOM, IIOCKOJIbKY Ollepallisl YMHOKEHIS MaTPHIl acCOIMaTHBHA.
JIncTpubyTNBHOCTH YMHOYKEHIS B ajiredpe KBaTepHIOHOB Telephb CJIeyeT U3 JIC-

TPUOYTUBHOCTUA YMHOYKEHUS MaTPHIIL.



I11.2. 3aBepinenue goka3zaTejabCTBa TeopeMbl 1
Takum obpaszoM, J0Ka3aHO, 9YTO 0TOOparKeHue, 3aJlaHHoe POPMYJIOit

a+bi c+di
) )

. . SD_
(a+bi+cj+dk) _(—c+dz' 0 bi

SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.

13 3T0OTO YTBEP:KIEHNS CIEIYET, YTO ONEPAIs YMHOKEHN S KBATEPHUOHOB ABJISIETCS
ACCOIUATUBHO, MTOCKOJbKY Olepallnsd YMHOXKEHN MaTPUI] acCOIMaTHBHA.

JncTpubyTNBHOCTEL YMHOXKEHHS B aIredpe KBATepHUOHOB Teleph CJIeIyeT U3 JUC-
TPUOYTUBHOCTUA YMHOYKEHUS MaTPHIIL.

CyiecTBoBaHEe 0OPATHOTO SJIEMEHTA OTHOCUTEIHLHO YMHOKEHIS KBATEPHUOHOB CJle-
JyeT u3 Toro, 4to orobpakenne (1) sBisieTcst MOHOMOPMU3MOM, KPUTEPUs CYIIe-
CTBOBaHMA O0OPATHON MATPUILI U HEBBIPOXKJICHHOCTU HEHYJIEBONH MaTPUIBI

a+bi c+di
—c+di a—W )’

(T.e. ecir XoTst OBbI OJinH KO3 uImeHT He pasen 0):



I11.2. 3aBepinenue goka3zaTejabCTBa TeopeMbl 1
Takum obpaszoM, J0Ka3aHO, 9YTO 0TOOparKeHue, 3aJlaHHoe POPMYJIOit

a+bi c+di
) )

. . SD_
(a+bi+cj+dk) _(—c+dz' 0 bi

SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.
113 3TOro yTBepKIeHus C/IeJIyeT, 4TO Ollepaliis YMHOKEHIA KBATEPHUOHOB SIBJISIETCST
ACCOIMATUBHOM, IIOCKOJIbKY Ollepallisl YMHOKEHIS MaTPHIl acCOIMaTHBHA.
JncTpnOy TUBHOCTH YMHOXKEHUS B ajiredpe KBATEPHUOHOB Telleph CJIe/IyeT U3 JIUC-
TPUOYTUBHOCTU YMHOYKEHIS MaTPHIIL.

a+bi c+di

—c+di a—bi|



I11.2. 3aBepinenue goka3zaTejabCTBa TeopeMbl 1
Takum obpaszoM, J0Ka3aHO, 9YTO 0TOOparKeHue, 3aJlaHHoe POPMYJIOit

(a+bz‘+cj+d/<)@:( at b ”d?) (1)
—c+di a—bi
SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.
113 3TOro yTBepKIeHus C/IeJIyeT, 4TO Ollepaliis YMHOKEHIA KBATEPHUOHOB SIBJISIETCST
ACCOIMATUBHOM, IIOCKOJIbKY Ollepallisl YMHOKEHIS MaTPHIl acCOIMaTHBHA.
JIncTpubyTNBHOCTH YMHOYKEHIS B ajiredpe KBaTepHIOHOB Telephb CJIeyeT U3 JIC-

TPUOYTUBHOCTUA YMHOYKEHUS MaTPHIIL.

a+bi c+di

g o = @b (a = bi) = (e di) (—c + di) =



I11.2. 3aBepinenue goka3zaTejabCTBa TeopeMbl 1
Takum obpaszoM, J0Ka3aHO, 9YTO 0TOOparKeHue, 3aJlaHHoe POPMYJIOit

(a+bz‘+cj+d/<)@:( at b ”d?) (1)
—c+di a—bi
SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.
113 3TOro yTBepKIeHus C/IeJIyeT, 4TO Ollepaliis YMHOKEHIA KBATEPHUOHOB SIBJISIETCST
ACCOIMATUBHOM, IIOCKOJIbKY Ollepallisl YMHOKEHIS MaTPHIl acCOIMaTHBHA.
JIncTpubyTNBHOCTH YMHOYKEHIS B ajiredpe KBaTepHIOHOB Telephb CJIeyeT U3 JIC-

TPUOYTUBHOCTUA YMHOYKEHUS MaTPHIIL.

a+bi c+di

_ N b N N2 32 2 2
et di a—bi = (a+bi)(a—bi) — (c+di)(—c+di) =a” +b" 4+ ¢+ d°.



I11.2. 3aBepinenue goka3zaTejabCTBa TeopeMbl 1
Takum obpaszoM, J0Ka3aHO, 9YTO 0TOOparKeHue, 3aJlaHHoe POPMYJIOit

(a+bz+cj+d/<)@:< at b ”d?) (1)
—c+di a—bi
SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.
113 3TOro yTBepKIeHus C/IeJIyeT, 4TO Ollepaliis YMHOKEHIA KBATEPHUOHOB SIBJISIETCST
ACCOIMATUBHOM, IIOCKOJIbKY Ollepallisl YMHOKEHIS MaTPHIl acCOIMaTHBHA.
JIncTpubyTNBHOCTH YMHOYKEHIS B ajiredpe KBaTepHIOHOB Telephb CJIeyeT U3 JIC-

TPUOYTUBHOCTUA YMHOYKEHUS MaTPHIIL.

a+bi c+di

_ N b N N2 32 2 2
et di a—bi = (a+bi)(a—bi) — (c+di)(—c+di) =a” +b" 4+ ¢+ d°.

a+bi c+di

. . SD _
Buaunt, marpuiia (a + bi + ¢j + dk)” = < et di a—bi

) obparTuMa, ecjiu XOTsl Obl

oJinH n3 KoadgdunnenTon He papeH (.



I11.2. 3aBepinenue goka3zaTejabCTBa TeopeMbl 1
Takum obpaszoM, J0Ka3aHO, 9YTO 0TOOparKeHue, 3aJlaHHoe POPMYJIOit

(a+bz+cj+d/<)@:< at b ”d?) (1)
—c+di a—bi
SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.
113 3TOro yTBepKIeHus C/IeJIyeT, 4TO Ollepaliis YMHOKEHIA KBATEPHUOHOB SIBJISIETCST
ACCOIMATUBHOM, IIOCKOJIbKY Ollepallisl YMHOKEHIS MaTPHIl acCOIMaTHBHA.
JIncTpubyTNBHOCTH YMHOYKEHIS B ajiredpe KBaTepHIOHOB Telephb CJIeyeT U3 JIC-

TPUOYTUBHOCTUA YMHOYKEHUS MaTPHIIL.

a+bi c+di

_ N b N N2 32 2 2
et di a—bi = (a+bi)(a—bi) — (c+di)(—c+di) =a” +b" 4+ ¢+ d°.

a+bi c+di

. . SD _
Buaunt, marpuiia (a + bi + ¢j + dk)” = < et di a—bi

) obparTuMa, ecjiu XOTsl Obl

oJinH n3 KoadgdunnenTon He papeH (.
Teopema 1 0 Tesle KBATEPHNOHOB JIOKA3aHA.



I11.2. 3aBepinenue goka3zaTejabCTBa TeopeMbl 1
Takum obpaszoM, J0Ka3aHO, 9YTO 0TOOparKeHue, 3aJlaHHoe POPMYJIOit

a+bi c+di
—c+di a— b

m+m+q+%V:( (1)
SIBJISIETCST MOHOMOPMU3MOM (T.€. OJIHO3HATHBIM TOMOMOPMU3MOM ) ajredpbl KBaTEP-
HUOHOB B aJiredpy MaTpHIl.

Paccmorpum npumep?



IV. FeOMeTpI/I‘{eCKaH naoreplperannygd KBaTepHMOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEePHMOHA, a BbIpazkeHnue bi + ¢ + dk — ero BEKTOpPHOI YacTbhIO:

CKaJIdpHasAd
gacCTb
a-+bi+cj+dk.
—

BEKTOpHaA
9aCTb



IV. FeOMeTqueCKaﬂ naorepiperanmda KBaTepHINOHOB

B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEepPHUOHA, a Bhipaxkenue bi + c¢j + dk — ero BEKTOPHOI YaCTbIO.

BeKT _EHOI/I qact bi + ¢j + dk kBarepunona a + bt + ¢j + dk conocraBuM BeKTOD
b i +cj +dk, 1.e BBejeM oTobpaxkenue 1) (popmyJioit

(bitcjtdk)! =bi +cj +dk. (2)



IV. FeOMeTpI/I‘{eCKaH naoreplperannygd KBaTepHMOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEePHMOHA, a BbIpazkeHnue bi + ¢ + dk — ero BEKTOPHOI YacThIO.

(bitcjt+dk)’ =bi+cj +dk. 2)

Nmeewm, B CHLTY ==k =-1, i-j=k=—j-i, j-k=i=—k-],
k-i=j=—1-k,
(b1i 4 c1j + dik) (bai + coj + dok) =



IV. FeOMeTqueCKaH naoreplperannygd KBaTepHMOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEepPHUOHA, a Bhipaxkenue bi + c¢j + dk — ero BEKTOPHOI YaCTbIO.

(bi+cj+dk)’ =b1 +cj +dk. (2)

Nmeewm, B CHJIY iZ=2=kK’=-1, i-j=k=—j-1, j-k=i=—k-j,
k-i=j5=—1-k,
(b1i + 1) + dik) (bai + caj + dok) =
= —b1by — c1co — dida +



IV. FeOMeTpI/I‘{eCKaH naoreplperannygd KBaTepHMOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEePHMOHA, a BbIpazkeHnue bi + ¢ + dk — ero BEKTOPHOI YacThIO.

(bi+cj+dk)’ =b1 +cj +dk. (2)

nmeem, B oay =5 =kK=-1 ij=k=—j-i, j-k=i=—k-j,
k-i=j=—i-k,
(i + 1 + dik) (bai + coj + dok) =
= —ble—ClCQ—d1d2+(Cld2 - )Z



IV. FeOMeTpI/I‘{eCKaH naoreplperannygd KBaTepHMOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEePHMOHA, a BbIpazkeHnue bi + ¢ + dk — ero BEKTOPHOI YacThIO.

(bi+cj+dk)’ =b1 +cj +dk. (2)

Nnmeewm, B CHLILY P==k=-1 ij=k=—j-i, jrk=i= k],
k-i=j=—i-k,
(b + 1 + dik) (bai + coj + dok) =
e —b1b2 — C1Co — dldQ + (Cld2 - Cle)i



IV. FeOMeTpI/I‘{eCKaH naoreplperannygd KBaTepHMOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEePHMOHA, a BbIpazkeHnue bi + ¢ + dk — ero BEKTOPHOI YacThIO.

(bi+cj+dk)’ =b1 +cj +dk. (2)

Nmeewm, B CHLTY ==k =-1, i-j=k=—j-i, j-k=i=—k-],
k-i=j=—1i-k,
(b1i 4 c1j + dik) (bai + coj + dok) =

= —blbg — C1C2 — dldg + (Cldg — CZdl) 1 + (b2d1 — )] +



IV. FeOMeTpI/I‘{eCKaH naoreplperannygd KBaTepHMOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEePHMOHA, a BbIpazkeHnue bi + ¢ + dk — ero BEKTOPHOI YacThIO.

(bi+cj+dk)’ =b1 +cj +dk. (2)

Nmeewm, B CHLTY ==k =-1, i-j=k=—j-i, j-k=i=—k-],
k-i=j=—i-k,
(b1i 4 c1j + dik) (bai + coj + dok) =

= —b1by — 19 — dydy + (Cldg — CZdl) 1+ (b2d1 — bldg)j +



IV. FeOMeTpI/I‘{eCKaH naoreplperannygd KBaTepHMOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEePHMOHA, a BbIpazkeHnue bi + ¢ + dk — ero BEKTOPHOI YacThIO.

(bi+cj+dk)’ =b1 +cj +dk. (2)

Nmeewm, B CHLITY ==k =-1, i-j=k=—j-i, j-k=i=—k-j,
k-i=j=—1i-k,
(b1i + 1] + dik) (bai + c2f + dok) =

= —blbg — C1Cy — dldg + (Cldg — CZdl) 1 + (b2d1 — bldg)] + (blCQ — ) k‘ =



IV. FeOMeTpI/I‘{eCKaH naoreplperannygd KBaTepHMOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEePHMOHA, a BbIpazkeHnue bi + ¢ + dk — ero BEKTOPHOI YacThIO.

(bi+cj+dk)’ =b1 +cj +dk. (2)

Nmeewm, B CHLITY ==k =-1, i-j=k=—j-i, j-k=i=—k-j,
k-i=j=—1i-k,
(b1i + 1] + dik) (bai + c2f + dok) =

= —b1by — c1¢9 — dyda + (c1dy — cody) @ + (bedy — bidg) § + (bica — bacy) k =



IV. FeOMeTpI/I‘{eCKaH naoreplperannygd KBaTepHMOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEePHMOHA, a BbIpazkeHnue bi + ¢ + dk — ero BEKTOPHOI YacThIO.

— — —
(bi+cj+dk)’ =bi +cj +dk. (2)
Nmeewm, B CHLTY ==k =-1, i-j=k=—j-i, j-k=i=—k-],
k-i=j5=—1-k,
(bri + c1j + dik) (bai + coj + dok) =
= —bi1by — c1¢9 — dyda + (c1dy — cody) @ + (bedy — bida) § + (bica — bacy) k =
t J k
:—(b1b2+01€2+d1d2)+ b1 C1 d1
bg Co d2



IV. FeOMeTqueCKaﬂ naoreplperannygd KBaTepHMOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEepPHUOHA, a Bhipaxkenue bi + c¢j + dk — ero BEKTOPHOI YaCTbIO.

(bitcjt+dk)’ =bi+cj +dk. 2)
t 7k
(bri + c1j + dik) (bai + coj + dok) = — (biby + ciea + dida) + | by 1 dy
bQ Co dg

CienoBaTesbHO, coryiacHo hopMyJsiaM BEKTOPHOI ajaredphl,



IV. FeOMeTqueCKaﬂ naoreplperannygd KBaTepHMOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEepPHUOHA, a Bhipaxkenue bi + c¢j + dk — ero BEKTOPHOI YaCTbIO.

(bi+cj+dk)’ =b1 +cj +dk. (2)
ik
(bri + c1j + dik) (bai + coj + dok) = — (biby + ciea + dida) + | by 1 dy
bQ Co d2

CienoBaTesbHO, coryiacHo hopMyJsiaM BEKTOPHOI ajaredphl,

(bri + c1j + dik) - (bai + coj + dok) =



IV. FeOMeTqueCKaﬂ naorepiperanmda KBaTepHINOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO

KBaTEepPHUOHA, a Bhipaxkenue bi + c¢j + dk — ero BEKTOPHOI YaCTbIO.

(bi+cj+dk)’ =b1 +cj +dk. (2)
ik
(bri + c1j + dik) (bai + coj + dok) = — (biby + ciea + dida) + | by 1 dy
bQ Co d2

CienoBaTesbHO, coryiacHo hopMyJsiaM BEKTOPHOI ajaredphl,

(bri + c1j + dik) - (bai + coj + dok) =

-1

- - - - - — - - - = - -
:—(bll +01J +d1k, b21 +02J +d2k)+ |:b11 —|—C1J +d1k, b21 +C2J +d2k]



IV. FeOMeTqueCKaﬂ naoreplperannygd KBaTepHMOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEepPHUOHA, a Bhipaxkenue bi + c¢j + dk — ero BEKTOPHOI YaCTbIO.

(bi+cj+dk)’ =b1 +cj +dk. (2)
ik
(bri + c1j + dik) (bai + coj + dok) = — (biby + ciea + dida) + | by 1 dy
bQ Co d2

CienoBaTesbHO, coryiacHo hopMyJsiaM BEKTOPHOI ajaredphl,

(bli+01j+d1]€)- (bgi—f—CQj—l—dgk) =
- - - - - - - - - - - —1¢7!
:—(bll +01J +d1k, b21 +02J +d2k)+ |:b11 —|—C1J +d1k, b21 +02J +d2k] =
-1

P
= = <(bli +ciJ+ d1k’)¢ , (ot + cof + ko)d}) + [(bﬂ +cg+ d1k)w , (bot + cof + ko)w}



IV. FeOMeTqueCKaﬂ naoreplperannygd KBaTepHMOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEepPHUOHA, a Bhipaxkenue bi + c¢j + dk — ero BEKTOPHOI YaCTbIO.

(bi+cj+dk)’ =b1 +cj +dk. (2)
ik
(bri + c1j + dik) (bai + coj + dok) = — (biby + ciea + dida) + | by 1 dy
bQ Co d2

Nrax, cormacuo opmysnaM — BeKTOpPHON — ajaredpbl, g KBaTCPHHOHOB
up = byt + cpg + dyk

¢—1
Uy - Uy = — (ulf, ug) + [uﬁb, u;/}} ,



IV. FeOMeTqueCKaﬂ naoreplperannygd KBaTepHMOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEepPHUOHA, a Bhipaxkenue bi + c¢j + dk — ero BEKTOPHOI YaCTbIO.

(bitcjt+dk)’ =bi+cj +dk. 2)
t 7k
(bri + c1j + dik) (bai + coj + dok) = — (biby + ciea + dida) + | by 1 dy
bQ Co dg

Nrax, cormacuo opmysnaM — BeKTOpPHON — ajaredpbl, g KBaTCPHHOHOB
up = byt + cpg + dyk

w—l w—l
Uy - Uy = — (ulf, ug) + [ulf, ug)] , U2 U] = — (ug, u%) + [ug}, uﬂ .



IV. FeOMeTqueCKaﬂ naoreplperannygd KBaTepHMOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEepPHUOHA, a Bhipaxkenue bi + c¢j + dk — ero BEKTOPHOI YaCTbIO.

(bi+cj+dk)’ =b1 +cj +dk. (2)
ik
(bri + c1j + dik) (bai + coj + dok) = — (biby + ciea + dida) + | by 1 dy
bQ Co d2

Nrax, cormacuo opmysnaM — BeKTOpPHON — ajaredpbl, g KBaTCPHHOHOB
up = byt + cpg + dyk

w—l w—l
Uy - Ug = — (uzf, uf) + [uzf, uﬂ , Uy up = — (uif, uf) — [ulf, u;q . (3)



IV. FeOMeTqueCKaﬂ naoreplperannygd KBaTepHMOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEepPHUOHA, a Bhipaxkenue bi + c¢j + dk — ero BEKTOPHOI YaCTbIO.

(bitcjt+dk)’ =bi+cj +dk. 2)
t 7k
(bri + c1j + dik) (bai + coj + dok) = — (biby + ciea + dida) + | by 1 dy
bQ Co dg

Nrax, cormacuo opmysnaM — BeKTOpPHON — ajaredpbl, g KBaTCPHHOHOB
up = byt + cpg + dyk

w—l w—l
Uy - Ug = — (uzf, uf) + [uzf, uﬂ , Uy up = — (uif, uf) — [ulf, u;q . (3)

[Tonyuaem dopMysIbl 111 CKAJIAPHOIO U BEKTOPHOI'O IIPOU3BEICHIA:



IV. FeOMeTqueCKaﬂ naoreplperannygd KBaTepHMOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEepPHUOHA, a Bhipaxkenue bi + c¢j + dk — ero BEKTOPHOI YaCTbIO.

(bitcjt+dk)’ =bi+cj +dk. 2)
t 7k
(b17 + e1j + dik) (bai + coj + dok) = — (biby + c1co + didy) + | b1 ¢ dy
bQ Co dg

Nrax, cormacuo opmysnaM — BeKTOpPHON — ajaredpbl, g KBaTCPHHOHOB
up = byt + cpg + dyk

w—l ql)—l
Uy - Ug = — (uzf, u?) + [uzf, uﬂ , Uy up = — (uif, uf) — [ulf, uﬂ . (3)
[Toayuaem hoOpMyJIBl I CKAJSIPHOTO U BEKTOPHOI'O IIPOM3BE/ICHIA:
1 1
(uqf, uf) =3 (uy - ug +ug - uy) [uzf, u;q =3 (uy - ug — ug - ul)w (4)

Paccmorpum mipumep?



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 11
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;/} =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

[t ] o] [ o] o] [l o] ] =



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

[t ] o] [ o] o] [l o] ] =

1
:—<[(U1'U2—UJ2'U1)¢, U;ﬂ + {(uQ-u3—u3-u2)¢, Ullq +

2
+ [(Ug'ul—ul'u?))w; Uﬂ) =



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

o) ] [ ) ] ) -
_ 1 vy vy
—§<[(U1'U2—U,2'U1) ,US}—F{(UQ'U:),—U?,'UQ) ,Ul}‘f‘
+[(U3'U1—U1'U3)wauép]):
1

:Z((Ul'Uz—uz'ul)us—U3(U1-uz—uz-U1)+

+ (ug - uz — ug - ug) ug — uy (ug - ug — usz - Ug) +

‘|—(U3'U1—ul-U3)’LL2—UQ(U3'U1—U1'U3))¢:



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ug)” (4)
B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

[t ] o] [ o] o] [l o] ] =

1

5 ([(ul-w—w-ul)d}, ug} -+ |:('U/2'U3_U/3‘UQ)¢ w} +

) U’l
+ [(Ug U1 — Uy - Ug)Qp, uépD

1

1 (urusug — usuyug — ug (ug - ug — usg - uy) +
+ (ug - uz — ug - ug) uy — uy (ug - ug — uz - ug) +

‘|—(U3'U1—ul-U3)’LL2—UQ(U3'U1—U1'U3))¢:



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

o) ] [ ) ] ) -
_ 1 vy vy
—§<[(U1'U2—U,2'U1) ,US}—F{(UQ'U:),—U?,'UQ) ,Ul}‘f‘
+[(U3'U1—U1'U3)wauép]):
1

= 1 (uugus — ugu Uz — Uzu U + UgU2UL+

+ (ug - uz — ug - ug) ug — uy (ug - ug — usz - Ug) +

‘|—(U3'U1—ul-U3)’LL2—UQ(U3'U1—U1'U3))¢:



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

o) ] [ ) ] ) -
_ 1 vy vy
—§<[(U1'U2—U,2'U1) ,US}—F{(UQ'U:),—U?,'UQ) ,Ul}‘f‘
+[(U3'U1—U1'U3)wauép]):
1

= 1 (uugus — ugu Uz — Uzu U + UgU2UL+

+ugUzty — usaty — up (U - ug — Uz - Ug) +

‘|—(U3'U1—ul-U3)’LL2—UQ(U3'U1—U1'U3))¢:



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

o) ] [ ) ] ) -
_ 1 vy vy
—§<[(U1'U2—U,2'U1) ,US}—F{(UQ'U:),—U?,'UQ) ,Ul}‘f‘
+[(U3'U1—U1'U3)wauép]):
1

= 1 (uugus — ugu Uz — Uzu U + UgU2UL+

FUUUT — UU2U] — UURUZ + U UZUL T

‘|—(U3'U1—ul-U3)’LL2—U2(U3'U1—U1'U3))¢:



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

o) ] [ ) ] ) -
_ 1 vy vy
—§<[(U1'U2—U,2'U1) ,US}—F{(UQ'U:),—U?,'UQ) ,Ul}‘f‘
+[(U3'U1—U1'U3)wauép]):
1

= 1 (uugus — ugu Uz — Uzu U + UgU2UL+

FUUUT — UU2U] — UURUZ + U UZUL T

+usuiug — urugug — ug (ug - up — Uy - U3))¢ =



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

[t ] o] [ o] o] [l o] ] =

1
:—<[(U1'U2—UJ2'U1)¢, U;ﬂ + {(uQ-u3—u3-u2)¢, Ullq +

2
+ [(Ug'ul—ul'u?))w; Uﬂ) =

1
= 1 (uugus — ugu Uz — Uzu U + UgU2UL+

FUUUT — UU2U] — UURUZ + U UZUL T
)1/) _

TUIUTU2 — UTUZUY — U2UIUT + U2ULUS



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

[t ] o] [ o] o] [l o] ] =

1
:—<[(U1'U2—UJ2'U1)¢, U;ﬂ + {(uQ-u3—u3-u2)¢, Ullq +

2
+ [(Ug'ul—ul'u?))w; Uﬂ) =

1
= 1 (ugugus — upuquz — Uzu U + UsULUL+

+ugugU; — U3U2UT — U1 UzUg + UUIUF
)1/) _

TUIUTU2 — UTUZUY — U2UIUT + U2ULUS



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

[t ] o] [ o] o] [l o] ] =

1
:—<[(U1'U2—UJ2'U1)¢, U;ﬂ + {(uQ-u3—u3-u2)¢, Ullq +

2
+ [(Ug'ul—ul'u?))w; Uﬂ) =

1
= Z (—UQU1U3 — U3U1U9 + U3U2U1+

FU2UzU — U3U2UL + UUZUL

+U3UTU2 — UTUZUY — U2UIUT + UQU1U3)1/) =



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

[t ] o] [ o] o] [l o] ] =

1
:—<[(U1'U2—UJ2'U1)¢, U;ﬂ + {(uQ-u3—u3-u2)¢, Ullq +

2
+ [(Ug'ul—ul'u?))w; Uﬂ) =

1
=1 (—uguyug — ugugug + uzusul+

FU2UzU — UUUL + UUZU2

+FU3UTU2 — UTUZUY — U2UIUT + 112111113)¢ =



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

[t ] o] [ o] o] [l o] ] =

1
:—<[(U1'U2—UJ2'U1)¢, U;ﬂ + {(uQ-u3—u3-u2)¢, Ullq +

2
+ [(Ug'ul—ul'u?))w; Uﬂ) =

1
= Z (—U3U1U2 + UsUuoU+

FU2UzU — U3U2UL + UUZUL

+U3UTU2 — UTUZUY — ’LLQUgUl)dj =



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

[t ] o] [ o] o] [l o] ] =

1
:—<[(U1'U2—UJ2'U1)¢, U;ﬂ + {(uQ-u3—u3-u2)¢, Ullq +

2
+ [(Ug'ul—ul'u?))w; Uﬂ) =

=12 (—usujug + usugui+

FUUzUT — U3UUT + UUZUL
)1/1 _

‘|‘113U_1U.2 — U1U3U2 — U2U3UT



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

[t ] o] [ o] o] [l o] ] =

1
:—<[(U1'U2—UJ2'U1)¢, U;ﬂ + {(uQ-u3—u3-u2)¢, Ullq +

2
+ [(Ug'ul—ul'u?))w; Uﬂ) =

1
= Z (U3U2U1+

FU2UzU — UUUT + UUZUL

(L
—Ui1uUzug — U2U3u1) =



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

[t ] o] [ o] o] [l o] ] =

1
:—<[(U1'U2—UJ2'U1)¢, U;ﬂ + {(uQ-u3—u3-u2)¢, Ullq +

2
+ [(Ug'ul—ul'u?))w; Uﬂ) =

1
= Z (1131,12l11“r‘

—|—U2U3U1 — UgU2U7q -+ U1U3UQ‘|‘

(L
—Ui1uUzug — U2U3u1) =



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

o) ] [ ) ] ) -

_ 1 vy vy

—§<[(U1'U2—U,2'U1) ,US}—F{(UQ'U:),—U?,'UQ) ,Ul}‘f‘
+[(U3'U1—U1'U3)wauép]):

1
= Z (ungul + U1U3U2+

v
—Ui1uUzUg — U2U3u1) =



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

o) ] [ ) ] ) -

_ 1 vy vy

—§<[(U1'U2—U,2'U1) ,US}—F{(UQ'U:),—U?,'UQ) ,Ul}‘f‘
+[(U3'U1—U1'U3)wauép]):

1
= 1 (1121,13111 + U1uzU2+

(U
—Uiuzug — 112113111) =



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

[t ] o] [ o] o] [l o] ] =

1
:—<[(U1'U2—UJ2'U1)¢, U;ﬂ + {(uQ-u3—u3-u2)¢, Ullq +

2
+ [(Ug'ul—ul'u?))w; Uﬂ) =

1
=1 (ugustg — uguguy)’ =



IV. I'eomeTrpuydeckas nHTEpIIpeTalingd KBATEPHUIOHOB
[Tonyanan GpopMysIbl I CKAJIAPHOINO U BEKTOPHOI'O ITPOU3BEICHUST:

1 1
(uqf, u;ﬁ) =3 (ug - ug + ug - uy), [uzf, u;ﬂ =3 (ug - ug — ug - ul)w (4)

B yacrroCTH, TIOJIyUaeM TOXKAeCTBO fKobOm:

[t ] o] [ o] o] [l o] ] =

1
:—<[(U1'U2—UJ2'U1)¢, U;ﬂ + {(uQ-u3—u3-u2)¢, Ullq +

2
+ [(Ug'ul—ul'u?))w; Uﬂ) =

1
=1 (uqusug — U1U3u2)w = 0.



IV. I'eomerpuyeckasi nHTepIIpeTalud TeJia KBaTepPHU-
OHOB
HOHY‘II/IHI/I (bOpMy.HbI JJIl CKaJIAPDHOI'O U BEKTOPHOT'O IIPOU3BEACHUM !

1 1
(ulf, u;/)) =3 (uy - ug +ug - uy) [u?, u;/’} =3 (uy - ug — ug - ul)w (4)

B uvacTHOCTH, nIOJTy9aeM TOXKJIecTBO fKoOu!:

Huif, u;q : u?ﬂ + Hug’, u}f] : uﬂ + Hug, uﬂ , ug’} = 0. (5)



IV. I'eomerpuydeckasi mHTepIIpeTaliisi KBaTepHIOHOB
B kBarepHmone a + bi + ¢j + dk ciaraemMoe a Ha3bIBAETCS CKAJIIPHOM YaCThIO
KBaTEepPHUOHA, a Bhipaxkenue bi + c¢j + dk — ero BEKTOPHOI YaCTbIO.
BeKT _EHOI/I gactu bi + ¢j + dk xBarepunona a + bi + ¢j + dk corocraBiieH BEKTOD
b i +cj +dk, 1.e BBejem 0T06pa>KeH1/1e Y i}bOpMXJ}OI/I
(bi+cj+dk)" =bi +¢j +dk. (2)

1 KBaTepHUOHOB @) + @pi +cpj + dpli’ rae p € {1; 2}

Up

w—l
(a1 + uqp) - (ag + uz) = ajas — <u1f, ug) + ajus + asug + [ui/’, u;/’} . (6)

A\ \ 7

TV TV

CKaJIdpHad 9aCTb BEKTOpHadA JaCTb



V. /lenenue B ajiredpe KBaTepHUOHOB

Beruucienune sjieMenTa, 06paTHOr0 OTHOCUTEJILHO IIPOU3BEIECHIA, MOYKHO C HOMO-
IBIO [IPEeJICTaBJICHNUs (B TAHHOM CJIydae — n3oMopdusMa), 3aganHoro popmysioii (1)
1 BbIaucsenns: ooparnoii Marpuiibl. OIHAKO, XOTEJI0Ch Obl UMETh ABHYIO (hOPMYILY
JLJIST HAXO0xKJIeHUsT 00paTHOrO 3JIeMEeHTa.



V. /lenenue B ajiredpe KBaTepHUOHOB

Beruucienune sjieMenTa, 06paTHOr0 OTHOCUTEJILHO IIPOU3BEIECHIA, MOYKHO C HOMO-
IBIO [IPEeJICTaBJICHNUs (B TAHHOM CJIydae — n3oMopdusMa), 3aganHoro popmysioii (1)
1 BbIaucsenns: ooparnoii Marpuiibl. OIHAKO, XOTEJI0Ch Obl UMETh ABHYIO (hOPMYILY
JLJIST HAXO0xKJIeHUsT 00paTHOrO 3JIeMEeHTa.

[Ipumennum crparernio noncka agagornm. Ajaredbpa KBATepHUOHOB SIBJISIETCS Pas3-
BUTHEM aJreOphbl KOMIUIEKCHBIX YHCEN, MO3TOMY MOYKHO IIOIPOOOBATDH BBECTH AHAJIO-
I'MYHbIE KOHCTPYKIUMN.



V. /lenenue B ajiredpe KBaTepHUOHOB
Ksarepumon a + bi + ¢j + dk = a — (bi + ¢j + dk) naszbiBaeTcst COMPS2KEHHBIM
KO KBaTepHuony a + bi + cj + dk.




V. /lenenue B ajiredpe KBaTepHUOHOB

Ksarepumon a + bi + ¢j + dk = a — (bi + ¢j + dk) naszbiBaeTcst COMPS2KEHHBIM
KO KBaTepHuony a + bi + ¢j + dk.

OueBujIHO, 9TO JIJIst JIIOOOIO KBATEPHUOHA (¥

a-a=(a+bi+cjit+dk)(a—bi—cj—dk)=a*+b+c+d (7)

MoKHO BBIUMC/IUTEL 9TO IPOU3BEACHUE «IIO0 YECTHOMY», HO IIPOIIE BOCIIOJIL30BATHCS
PeOMeTPUIECKOil MHTepIpeTalneil KBaTepHnoHa, TouHee, hopmynaamu (3):



V. /lenenue B ajiredpe KBaTepHUOHOB
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VI1.3. Jlemma o pa3jioxKeHuu 3JieMeHTOB U3 F' B cymMMy

Jlemma 3.ac FF = dbeRdcel a=b+c, npuvem anemen-
mot b u ¢ onpedeasromes 0OHO3HAYUHO.

Jloka3zaTeJabCTBO. DJIEMEHT @ SBIJETCS KOPHEM MHOIOYJICHA

0 2 1
agr” + ox + axr” + ...+ Ckn_|_1ZL’n+ .

HenpusojiumbiMu Ha 1 R sIBJIsIIOTCST TOIBKO MHOT'OUJIEHBI 1IE€PBOIl CTEIIeHN
U MHOTOYJIEHBI BTOPOI CTENEHN ¢ OTPUIATEIBHBIM JUCKPUMIHAHTOM.
Ecin a gBisiercss KopHeM MHOIOYJIeHa IIepBOil cTereHu (a: — 7), TO
a=v€R, orkyiaa=_a ,+_0 .
v ’ Yo N~ =~

cR cl
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Jlemma 3.a € FF = dbeRdcel a=b+c, npuuem anemen-
mul b u ¢ onpedeastomen 00HO3HAWHO.

Jloka3aTeJabCTBO. DJIEMEHT @ SIBIICTCS KOPHEM MHOIOYJICHA

0 2 1
apx” + ox + or” + .. 4

HerI/IBOﬂHMbH\/IH Ha/Jd R ABJIAIOTCA TOJIBKO MHOI'OYJICHDBI HepBOf/’I crelrieHau

NJIN MHOT'OYJIEHDBI BTOpOIL/’I cTelleHu C OTpI/ILLaTeJIbeIM rHI/ICKpI/H\/H/IH&HTOM.

ECHI/I a ABJIAETCHA KOpHeM MHOI'OYJIEHa HepBOﬁ cTelieHum ([E — ’}/), TO
a=~v€R orkytaa=_a +_0 .
v ’ YA N~~~

cR el
Ecin a sipisieTcs KopHeM MHOrodjieHa BTOpoil crenenn (% + yx + 0)

C OTPULATEIbLHBIM JUCKPUMUHAHTOM, TO
40 — ~2
20 = —y £/7?—46 = a=
<
< <

2

—7

+ 1
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Jlemma 3.ac FF = dbeRdcel a=b+c, npuvem anemen-
mot b u ¢ onpedeasromes 0OHO3HAYUHO.

JTokazareabcTBo. OcTagoch IPOBEPUThH OJIHO3HATHOCTE PasJiozKe-
HNA.
a:bl+61:bg+62:>61:(b2—b1)+62:>
2 2 2
= ¢ =(bo—01)"+c5+2(by— b))y .
1= )"+ 5+ 2( )¢y

TV TV

SN cR el
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Jlemma 3.ac FF = dbeRdcel a=b+c, npuvem anemen-
mot b u ¢ onpedeasromes 0OHO3HAYUHO.

JlokazarebcTBO. OCTajoCh IIPOBEPUTH OJIHOZHATHOCTE Pa3JiozKe-

HNA.
a=b+ci=by+c = Clz(bg—b1)—|—62 =
= C% = Ebg — b1)2 + Ci—l-g(bz :rbl)C%

R R el

Buauant, (b —by) =0 wumm o = 0.
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a=b+ci=by+c = Clz(bg—b1)—|—62 =
= C% = (bg — b1)2 + C% + 2(b2 — bl)CQ .
v A\ - >4 \ . - J/
eR eR el
Buauant, (b —by) =0 wumm o = 0.

B nepsBomM citydae

b2:b17 —
by +c¢1 = bs + ¢
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by = b1, N by = by,
by +c¢1 = bs + ¢ C1 = Co,
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Jlemma 3.ac FF = dbeRdcel a=b+c, npuvem anemen-
mot b u ¢ onpedeasromes 0OHO3HAYUHO.

JokaszateabcTBo. OCTaaoch MPOBEPUTL OIHOZHATHOCTEL PABJIONKe-
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a=b+ci=by+c = Clz(bg—b1)—|—62 =
= C% = (bg — b1)2 + C% + 2(b2 — bl)CQ .
v A\ >4 \ . J/

-~

R R el

Buauant, (b —by) =0 wumm o = 0.
B nepsBomM citydae

by = b1, N by = by,
by +c¢1 = bs + ¢ C1 = Co,

T.€. pas3J/iozZKEHNE OJHO3SHAYHO.
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Jlemma 3.ac FF = dbeRdcel a=b+c, npuvem anemen-
mot b u ¢ onpedeasromes 0OHO3HAYUHO.

JokaszateabcTBo. OCTaaoch MPOBEPUTL OIHOZHATHOCTEL PABJIONKe-
HNA.
a=b+ci=by+c = Clz(bg—b1)—|—62 =
= C% = (bg — b1)2 + C% + 2(b2 — bl)CQ .
v A\ >4 \ . J/

-~

R R el

Buauant, (b —by) =0 wumm o = 0.
Bo BTopom ciyudae

co =0, N co =0, N 1 = C =,
by +¢c1 = by + b1 +c1 = by bQZbl,

T.€. pas3JjiozKEHNE OJJHO3SHAYHO.
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Jlemma 3.ac FF = dbeRdcel a=b+c, npuvem anemen-
mot b u ¢ onpedeasromes 0OHO3HAYUHO.

JokaszateabcTBo. OCTaaoch MPOBEPUTL OIHOZHATHOCTEL PABJIONKe-
HNA.
a=b+ci=by+c = Clz(bg—b1)—|—62 =
= C% = (bg — b1)2 + C% + 2(b2 — bl)CQ .
v A\ >4 \ . J/

-~

R R el

Buauant, (b —by) =0 wumm o = 0.
Bo BTopom ciyudae

co =0, N co =0, N 1 = C =,
by +¢c1 = by + b1 +c1 = by bQZbl,

T.€. pas3JjiozKEHNE OJJHO3SHAYHO. Jlemma JOoKa3aHa.



VI1.4. Jlemma o noanpocrpaHcTBe [
Jlemma 4. Fcava,bel u a,08 € R, mo
c=axb+bxaeckR,
d=aa+ p3bel.

JloKka3aTebCTBO.
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Jlemma 4. Fcava,bel u a,08 € R, mo
c=axb+bxaecR, (12)
d=oaa+ 3bel. (13)

HHokazarenabctBo. [lycts cucrema {a; b; 1} sapiagercs nuneitno 3a-
BUICHUMOIA.

Torja Jiisi HEKOTOPBIX JefCTBUTEIbHBIX YUCeT 7, 0, €, He BCe U3 KOTO-
pbIX paBHbI (), UMeeM

vya+ob+ex1=0 =



VI1.4. Jlemma o noanpocrpaHcTBe [
Jlemma 4. Fcava,bel u a,08 € R, mo
c=axb+bxaecR, (12)
d=oaa+ 3bel. (13)

HHokazarenabctBo. [lycts cucrema {a; b; 1} sapiagercs nuneitno 3a-
BUICHUMOIA.
Torma Jiist HEKOTOPBIX JIEeHCTBUTE/ILHBIX TUCET 7Y, ), €, HE BCE U3 KOTO-
pbIX paBHbI (), UMeeM
a+0b+ex1l=0= ~vya =—0b—_c .
v \7/ ~

N~
cl el SIN



VI1.4. Jlemma o noanpocrpaHcTBe [
Jlemma 4. Ecava,bel u a,8€R, mo
c=axb+bxaecR, (12)
d=aa+ b€l (13)

HHokazarenabctBo. [lycts cucrema {a; b; 1} sapiagercs nuneitno 3a-
BUCUMOIA.
Torna Ji/1st HEKOTOPBIX AeHCTBUTEILHBIX YHCEN Y, 0, €, He BCE U3 KOTO-
pbIX paBHbI (), UMeeM
a+0b+ex1l=0= ~vya =—0b—_c .
v \7/ ~

N~
cl el SIN

[To 1emMe o pa3JjioXKeHn! 3JIEMEHTOB U3 F' B CyMMY II0JIy4aeM, 4TO
e = 0.
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Jlemma 4. Ecava,bel u a,8€R, mo
c=axb+bxaecR, (12)
d=aa+ b€l (13)

HHokazarenabctBo. [lycts cucrema {a; b; 1} sapiagercs nuneitno 3a-
BUCUMOIA.
Torna Ji/1st HEKOTOPBIX AeHCTBUTEILHBIX YHCEN Y, 0, €, He BCE U3 KOTO-
pbIX paBHbI (), UMeeM
a+0b+ex1l=0= ~vya =—0b—_c .
v \7/ ~

N~
cl el SIN

[To JilemMe 0 pa3J/I0’KEeHUN 3JIeMEHTOB U3 [’ B cymMMYy [0J1y9aeM, 9To
e = 0.
CuiejioBaresibHo, ya = —0b.



VI1.4. Jlemma o noanpocrpaHcTBe [
Jlemma 4. Fcava,bel u a,08 € R, mo
c=axb+bxaecR, (12)
d=oaa+ 3bel. (13)

HHokazarenabctBo. [lycts cucrema {a; b; 1} sapiagercs nuneitno 3a-
BUCUMOIA.
MpbI okazaJm, 9To ya = —ob.



VI1.4. Jlemma o noanpocrpaHcTBe [

Jlemma 4. Fcava,bel u a,08 € R, mo

c=axb+bxaecR, (12)
d=aa+ b€l (13)
HHokazarenabctBo. [lycts cucrema {a; b; 1} sapiagercs nuneitno 3a-
BUCUMOIA.
MpbI okazaJm, 9To ya = —ob.

Ho xorst Ob1 ojiuH 13 K03 duimeaTon v, 0 orandex ot (.
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HHokazarenabctBo. [lycts cucrema {a; b; 1} sapiagercs nuneitno 3a-
BUCUMOIA.
MpbI okazaJm, 9To ya = —ob.
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Jlemma 4. Fcava,bel u a,08 € R, mo

c=a*xb+bxack, (12)
d=oaa+ 3bel. (13)
HHokazarenabctBo. [lycts cucrema {a; b; 1} sapiagercs nuneitno 3a-
BUCUMOIA.
MpbI okazaJm, 9To ya = —ob.
[TosToMy MOYKHO CUHTATDL, YTO, Hampumep, v % 0 = a = ——b.
Orcrona

axb+bxa=
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) ) )
a*b+b*a:——b2+<——b2):—2<—> b e
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HHokazarenabctBo. [lycts cucrema {a; b; 1} sapiagercs nuneitno 3a-
BUICHUMOIA.

MpbI okazaJm, 9To ya = —ob.
[TosTOMYy MOXKHO cUnMTATh, 9TO, Haupumep, v # 0 = a = ——b.
Orcrona
0 0 0
axb+bxa=——b"+ (——zﬁ) = —2 (—) b>_ eR.
gl 0! V)

Buauut, popmysia (12) BepHa.
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[TosTOMYy MOYKHO CUMTATDH, YTO, Hampumep, v # 0 = a = ——b.
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—~—
el
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Buaqut, hpopmysia (13) BepHa.
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c=axb+bxaecR, (12)
d=oaa+ 3bel. (13)

JlokazaresbcTBO. OcraeTcsd paccMOTpeTh ciydail, Korja cucreMa
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Ecimn o = 0w B = 0, T0o yTBep:KieHne JIeMMbl OU€BH/THO.
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c=axb+bxaecR, (12)
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HokazareabcTBo. Ocraercsd paccMOTPETL Ciydail, Korja CUCTeMa
{a; b; 1} nuueiino He3aBUCUMA.
SHAYUT, MOYKHO cUnTaTh, 910 v # 0 m 3 # 0.
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Jlemma 4. Ecava,bel u a,8€R, mo
c=axb+bxaecR, (12)
d=aa+ b€l (13)

JlokazaresbcTBO. OcraeTcsd paccMOTpeTh ciydail, Korja cucreMa
{a; b; 1} nuneiino nesasucuva u o # 0 u G # 0.
IIo 1emMmMe o pa3JjioxkeHuu 3JeMeHTOB U3 [’ B cymmy

c=a*xb+bxa=_\ + ., d= b= :
Xt aa+ b= _pu + g
SIS el eR el
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(14)
(15)
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Cucrema {a; b; 1} nuneitno nesasucuva n o # 0 u G # 0.
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HOCTb 3, TO F' — 9T0 TeJ0 KBATCPHUOHOB.



VI1.6. dokazareabcTBO Teopembl Dpobennyca
Ocrajoch paccMoTpeTh cydail, Korja pasMepHOCTb ITOJITPOCTPAaH-
cTtBa [ GoJible 3.



VI1.6. dokazareabcTBO Teopembl Dpobennyca

OcTa/ioch paccMOTPeThb Caydail, Korja pasMepHOCTH IIOAIPOCTPaH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBATEePHUOHOB.

BosbMmes JinHeiino HezaBucumMyio cucteMy BeKTOpoB {i; 7; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.



VI1.6. dokazareabcTBO Teopembl Dpobennyca

OcraJjioch paccMOTpeTh ciydail, Korja pa3MepHOCTh MOANPOCTPaH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBaTEPHUOHOB.

Bosbmem JinHeiino HeszaBucumMyio cucTeMy BeKTOpoB {i; j; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.

B cuny seMMBbI 0 pa3jioyKeHUM 3JeMeHTOB u3 F' B cymMmMmy

a7ﬁ77€R7

S e — A
tkm=a+x, jJjxm=/0F+y, m=vy+ z, {x,y,zel.



VI1.6. dokazareabcTBO Teopembl Dpobennyca

OcraJjioch paccMOTpeTh ciydail, Korja pa3MepHOCTh MOANPOCTPaH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBaTEPHUOHOB.

BosbMmes JinHeiino HezaBucumMyio cucteMy BeKTOpoB {i; 7; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.

B cuny seMMBbI 0 pa3jioyKeHUM 3JeMeHTOB u3 F' B cymMmMmy

a7ﬁ77€R7

S e — A
tkm=a+x, jJjxm=/0F+y, m=vy+ z, {x,y,zel.

B cuiy smemmbl o mognpocrpancrse | t=m+ai + () + vk € 1.



VI1.6. dokazareabcTBO Teopembl Dpobennyca

OcraJjioch paccMOTpeTh ciydail, Korja pa3MepHOCTh MOANPOCTPaH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBaTEPHUOHOB.

BosbMmes JinHeiino HezaBucumMyio cucteMy BeKTOpoB {i; 7; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.

B cuny seMMBbI 0 pa3jioyKeHUM 3JeMeHTOB u3 F' B cymMmMmy

a7ﬁ77€R7

S e — A
tkm=a+x, jJjxm=/0F+y, m=vy+ z, {x,y,zel.

B cuiy smemmbl o mognpocrpancrse | t=m+ai + () + vk € 1.
W3 niuneiinoit He3aBucnMoCTr CUCTeMbl BeKTopoB {i; j; k; m} cie-
ayert, ato t # 0.



VI1.6. dokazareabcTBO Teopembl Dpobennyca

OcraJjioch paccMOTpeTh ciydail, Korja pa3MepHOCTh MOANPOCTPaH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBaTEPHUOHOB.

BosbMmes JinHeiino HezaBucumMyio cucteMy BeKTOpoB {i; 7; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.

B cuny seMMBbI 0 pa3jioyKeHUM 3JeMeHTOB u3 F' B cymMmMmy

a7ﬁ77€R7

S e — A
tkm=a+x, jJjxm=/0F+y, m=vy+ z, {x,y,zel.

Hokazano, uro 0 #t=m+ ai + #j + vk € L. [lo nemme o moampo-
cTpaHcTBe [

1xt =



VI1.6. dokazareabcTBO Teopembl Dpobennyca

OcraJjioch paccMOTpeTh ciydail, Korja pa3MepHOCTh MOANPOCTPaH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBaTEPHUOHOB.

BosbMmes JinHeiino HezaBucumMyio cucteMy BeKTOpoB {i; 7; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.

B cuny seMMBbI 0 pa3jioyKeHUM 3JeMeHTOB u3 F' B cymMmMmy

a7ﬁ77€R7

S e — A
tkm=a+x, jJjxm=/0F+y, m=vy+ z, {x,y,zel.

Hokazano, uro 0 #t=m+ ai + #j + vk € L. [lo nemme o moampo-
cTpaHcTBe [

vxt=1ixm—a+ Bk —vy) =



VI1.6. dokazareabcTBO Teopembl Dpobennyca

OcraJjioch paccMOTpeTh ciydail, Korja pa3MepHOCTh MOANPOCTPaH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBaTEPHUOHOB.

BosbMmes JinHeiino HezaBucumMyio cucteMy BeKTOpoB {i; 7; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.

B cuny seMMBbI 0 pa3jioyKeHUM 3JeMeHTOB u3 F' B cymMmMmy

a7ﬁ77€R7

S e — A
tkm=a+x, jJjxm=/0F+y, m=vy+ z, {x,y,zel.

Hokazano, uro 0 #t=m+ ai + #j + vk € L. [lo nemme o moampo-
cTpaHcTBe [

i*t:i*m—oz+5/€—”yj=x+ﬁ/€—7j



VI1.6. dokazareabcTBO Teopembl Dpobennyca

OcraJjioch paccMOTpeTh ciydail, Korja pa3MepHOCTh MOANPOCTPaH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBaTEPHUOHOB.

BosbMmes JinHeiino HezaBucumMyio cucteMy BeKTOpoB {i; 7; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.

B cuny seMMBbI 0 pa3jioyKeHUM 3JeMeHTOB u3 F' B cymMmMmy

a7ﬁ77€R7

S e — A
tkm=a+x, jJjxm=/0F+y, m=vy+ z, {x,y,zel.

Hokazano, uro 0 #t=m+ ai + #j + vk € L. [lo nemme o moampo-
cTpaHcTBe [

vxt=ixm—a+pPBk—vj=x+0k—vj €l



VI1.6. dokazareabcTBO Teopembl Dpobennyca

OcraJjioch paccMOTpeTh ciydail, Korja pa3MepHOCTh MOANPOCTPaH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBaTEPHUOHOB.

BosbMmes JinHeiino HezaBucumMyio cucteMy BeKTOpoB {i; 7; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.

B cuny seMMBbI 0 pa3jioyKeHUM 3JeMeHTOB u3 F' B cymMmMmy

a7ﬁ77€R7

S e — A
tkm=a+x, jJjxm=/0F+y, m=vy+ z, {x,y,zel.

Hokazano, uro 0 #t=m+ ai + #j + vk € L. [lo nemme o moampo-
ctrpancTBe I 1xt € [.
AHAJIOrHIHO MOXKHO JlIoOKa3aTh, 910 j xt € I, kxt € I.



VI1.6. dokazareabcTBO Teopembl Dpobennyca

OcraJjioch paccMOTpeTh ciydail, Korja pa3MepHOCTh MOANPOCTPaH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBaTEPHUOHOB.

BosbMmes JinHeiino HezaBucumMyio cucteMy BeKTOpoB {i; 7; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.

B cuny seMMBbI 0 pa3jioyKeHUM 3JeMeHTOB u3 F' B cymMmMmy

a7ﬁ77€R7

S e — A
tkm=a+x, jJjxm=/0F+y, m=vy+ z, {x,y,zel.

Hokazano, uro 0 #t=m+ ai + #j + vk € L. [lo nemme o moampo-
ctpanctBe | 1xtel, jxtel, kxtel.
1

[Tostoxkum N = ——t.

e



VI1.6. dokazareabcTBO Teopembl Dpobennyca

Ocrajioch paccMOTpPETh CIydail, KOTJga pPasMepHOCTb MOAIMPOCTPAH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBATEPHUOHOB.

BosbMmes JinHeiino HezaBucumMyio cucteMy BeKTOpoB {i; 7; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.

Mpt nanum Takoit n € I,uron? = =1, 0#i*xnecl, 0#j*xncl,
0#kxnel.



VI1.6. dokazareabcTBO Teopembl Dpobennyca

Ocrajioch paccMOTpPETh CIydail, KOTJga pPasMepHOCTb MOAIMPOCTPAH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBATEPHUOHOB.

BosbMmes JinHeiino HezaBucumMyio cucteMy BeKTOpoB {i; 7; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.

Mpt nanum Takoit n € I,uron? = =1, 0#i*xnecl, 0#j*xncl,
0#kxnel.

[lo tleMMe o BJIOXKeHUU TeJjia KBATEPHUOHOB B F

1kn=-nxit, jxn=-nxj, kxn=-nxk.



VI1.6. dokazareabcTBO Teopembl Dpobennyca

Ocrajioch paccMOTpPETh CIydail, KOTJga pPasMepHOCTb MOAIMPOCTPAH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBATEPHUOHOB.

BosbMmes JinHeiino HezaBucumMyio cucteMy BeKTOpoB {i; 7; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.

Mpt nanum Takoit n € I,uron? = =1, 0#i*xnecl, 0#j*xncl,
0#kxnel.

[To 1emMe o BJIO2KEHHH Tejla KBATE€PHUOHOB B [
1kn=-nxit, jxn=-nxj, kxn=-nxk.



VI1.6. dokazareabcTBO Teopembl Dpobennyca

Ocrajioch paccMOTpPETh CIydail, KOTJga pPasMepHOCTb MOAIMPOCTPAH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBATEPHUOHOB.

BosbMmes JinHeiino HezaBucumMyio cucteMy BeKTOpoB {i; 7; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.

Mpt nanum Takoit n € I,uron? = =1, 0#i*xnecl, 0#j*xncl,
0#kxnel.

[To 1emMe o BJIO2KEHHH Tejla KBATE€PHUOHOB B [
1kn=-nxit, jxn=-nxj, kxn=-nxk.

= -—N*xi%x)]=1%xN%7J =



VI1.6. dokazareabcTBO Teopembl Dpobennyca

Ocrajioch paccMOTpPETh CIydail, KOTJga pPasMepHOCTb MOAIMPOCTPAH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBATEPHUOHOB.

BosbMmes JinHeiino HezaBucumMyio cucteMy BeKTOpoB {i; 7; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.

Mpt nanum Takoit n € I,uron? = =1, 0#i*xnecl, 0#j*xncl,
0#kxnel.

[To 1emMe o BJIO2KEHHH Tejla KBATE€PHUOHOB B [
1kn=-nxit, jxn=-nxj, kxn=-nxk.

=-—-nxk=-nxixj=1%xnx%7j=



VI1.6. dokazareabcTBO Teopembl Dpobennyca

Ocrajioch paccMOTpPETh CIydail, KOTJga pPasMepHOCTb MOAIMPOCTPAH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBATEPHUOHOB.

BosbMmes JinHeiino HezaBucumMyio cucteMy BeKTOpoB {i; 7; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.

Mpt nanum Takoit n € I,uron? = =1, 0#i*xnecl, 0#j*xncl,
0#kxnel.

[To 1emMe o BJIO2KEHHH Tejla KBATE€PHUOHOB B [
1kn=-nxit, jxn=-nxj, kxn=-nxk.

kxn=-nxk=—-nxixj=1ixnx%xj=



VI1.6. dokazareabcTBO Teopembl Dpobennyca

Ocrajioch paccMOTpPETh CIydail, KOTJga pPasMepHOCTb MOAIMPOCTPAH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBATEPHUOHOB.

BosbMmes JinHeiino HezaBucumMyio cucteMy BeKTOpoB {i; 7; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.

Mpt nanum Takoit n € I,uron? = =1, 0#i*xnecl, 0#j*xncl,
0#kxnel.

[To 1emMe o BJIO2KEHHH Tejla KBATE€PHUOHOB B [
1kn=-nxit, jxn=-nxj, kxn=-nxk.

kxn=-nxk=-nxixj=ixn*xj=1ix%x(—j*n)=



VI1.6. dokazareabcTBO Teopembl Dpobennyca

Ocrajioch paccMOTpPETh CIydail, KOTJga pPasMepHOCTb MOAIMPOCTPAH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBATEPHUOHOB.

BosbMmes JinHeiino HezaBucumMyio cucteMy BeKTOpoB {i; 7; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.

Mpt nanum Takoit n € I,uron? = =1, 0#i*xnecl, 0#j*xncl,
0#kxnel.

[To 1emMe o BJIO2KEHHH Tejla KBATE€PHUOHOB B [
1kn=-nxit, jxn=-nxj, kxn=-nxk.

kxn=-nxk=-nxixj=ixn*xj=1ix(—j*n)=—kx*n.



VI1.6. dokazareabcTBO Teopembl Dpobennyca

Ocrajioch paccMOTpPETh CIydail, KOTJga pPasMepHOCTb MOAIMPOCTPAH-
ctBa [ Oosibiie 3. Mubl jiokazaju, 4ro Torjga ' BKiodaer B cedd TesIo
KBATEPHUOHOB.

BosbMmes JinHeiino HezaBucumMyio cucteMy BeKTOpoB {i; 7; k; m},
rje = =k=—1, ixj=—jxi=k, jxk=—kxj=1,
kxi=—1xk=17.

Mpt nanum Takoit n € I,uron? = =1, 0#i*xnecl, 0#j*xncl,
0#kxnel.

[To 1emMe o BJIO2KEHHH Tejla KBATE€PHUOHOB B [
1kn=-nxit, jxn=-nxj, kxn=-nxk.
kxn=-nxk=-nxixj=ixn*xj=1ix(—j*n)=—kx*n.

Caenoparesibio, 2k x n = (0, nporuBopevne.



VI. Teopema ®Ppobennyca
Teopema 2. [lycmov F' — meno, npuvem R C F
VieR VYyeF xxy=ysxux, (15)

di1,29,...,4, VzeEF dag,a,ay,...,a, €R
z=qop+ a1 + a9ty + ...+ oty

Tozda F' — smo aubo R, aubo C, aubo meso k8amepHUOHOS.

Teopema mokazamna.



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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