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OnpeneseHue KBaTepHUOHA

KoHCTpyKIIMIO Tejla KBATEPHUOHOB MOXKHO paccMaTpUBaTh Kak pe-
3yJIbTaT abCTparupoBaHus Jisi BEKTOPHOU ajreOpbl ¢ OrepalusiMi CJI0-
JKEHUS] U BEKTOPHOIO MPOU3BEJICHUSI BEKTOPOB B TaK Ha3blBaeMoOM ad-
(PMHHOM MPOCTPAHCTBE (B KOTOPOM PACCMATPUBAIOTCS BEKTOPbI U TOUKH ).



OnpeneneHne KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:



OnpeneneHne KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =

:(a1+a2)+(61+b2)i+(01+62)j+(d1—|—d2)k,



OnpeneneHne KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =

:(a1+a2)+(b1+b2)i+(61+62)j+(d1+d2)]€,

a JUisi  1Ipou3dBeA€HHsA BBOIAATCH  JAOINOJIHUTEJbHbIE COOTHOLUEHHSA:
=gt =k = -1,



OnpeneneHne KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =

:(a1+a2)+(b1+b2)i+(61+62)j+(d1+d2)]€,

a JUisi  1Ipou3dBeA€HHsA BBOIAATCH  JAOINOJIHUTEJbHbIE COOTHOLUEHHSA:
=0t =k*=—1, i-j=k=—7j-1,



OnpeneneHne KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =

:(a1+a2)+(b1+b2)i+(61+62)j+(d1+d2)]€,

a JUisi  1Ipou3dBeA€HHsA BBOIAATCH  JAOINOJIHUTEJbHbIE COOTHOLUEHHSA:
==k ==1, i-j=k=—j-4, j-k=i=—k-j,



OnpeneneHne KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =

:(a1+a2)+(b1+b2)i+(61+62)j+(d1+d2)]€,

d JJIA [TPOHU3BEACHHU A BBOJATCA JOITOJIHUTECJIbHbBIC COOTHOIIEC-
HUS: =2 =k*==1, i-j=k=—j-1, j-k=1i=—k-],
k-i=j=—i-k



OnpeneneHne KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =

:(a1+a2)+(b1—|—b2)i+(Cl+62)j+(d1+d2)]€,

d JIJIA [TPOHU3BEACHHU A BBOJATCA JOITOJIHUTECJIbHbBIC COOTHOIIEC-
HUS: =2 =k*==1, i-j=k=—j-1, j-k=1i=—k-],
k-i=j=—i-k

(a1 + b1t + c1j + dik) (ag + bai + cof + dok) =
= (alaz — ) +



OnpeneneHne KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =

:(a1+a2)+(b1—|—b2)i+(Cl+62)j+(d1+d2)]€,

a JIJIA [TPOHU3BEACHHU A BBOJATCA JOITOJIHUTECJIbHbBIC COOTHOIIEC-
HUS: iZ=3?=k*=-1, i-j=k=—j-1, j-k=i=—k-j,
k-i=j=—i-k

(a1 + byt + c1) + d1k> <a2 + bat + C2) + ko) -
= (alag—blbz — C1Co — d1d2> +



OnpeneneHne KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =

:(a1+a2)+(b1—|—b2)i+(Cl+62)j+(d1+d2)]€,

d JIJIA [TPOHU3BEACHHU A BBOJATCA JOITOJIHUTECJIbHbBIC COOTHOIIEC-
HUS: =2 =k*==1, i-j=k=—j-1, j-k=1i=—k-],
k-i=j=—i-k

(a1 + bii + c1j + dik) (ag + bai + c2j + dok) =
= (a1as — biby — c1c9 — didy) + (ayba + )it



OnpeneneHne KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =

:(a1+a2)+(b1—|—b2)i+(Cl+62)j+(d1+d2)]€,

d JIJIA [TPOHU3BEACHHU A BBOJATCA JOITOJIHUTECJIbHbBIC COOTHOIIEC-
HUS: =2 =k*==1, i-j=k=—j-1, j-k=1i=—k-],
k-i=j=—i-k

(al + bl'L + Clj —l— dlk) (az —|_ bQZ —|— CQj —{— d2k> =
— (CL16L2 — b1b2 — C1C9 — dldg) + (a1b2 + a2b1 + )H—



OnpeneneHne KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =

:(a1+a2)+(b1—|—b2)i+(Cl+62)j+(d1+d2)]€,

d JJIA [TPOHU3BEACHHU A BBOJIATCA JOITOJTHUTECJIbHBIC COOTHOIIE-
HUS: ==k =-1, i-j=k=—j-4, j-k=i=—k-j,
ki=j=—i-k

(a1 + bii + c1j + dik) (ag + byi + coj + dak) =
= (a1a2 — blbg — C1Cy — dldg) + (CleQ + a2b1 + Cldg — )’H—



OnpeneneHne KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =

:(a1+a2)+(b1—|—b2)i+(Cl+62)j+(d1+d2)]€,

d JJIA [TPOHU3BEACHHU A BBOJIATCA JOITOJTHUTECJIbHBIC COOTHOIIE-
HUS: ==k ==1, i-j=k=—j-4, j-k=i=—-k-j,
ki=j=—i-k

(a1 + b + c1j + dik) (ag + bai + 25 + dok) =
= (a1a2 — b1by — 1090 — dldg) + (CleQ + asby + c1dy — Czdl) 1+



OnpeneseHue KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =
= (a1 +az2) + (b1 +by)i+ (c1+c2)j+ (di +do) kK,
a JJs1  TIPOMU3BEJEHUSI  BBOJATCS  JIOMOJIHUTEJbHbIE  COOTHOLIE-
HHUSI: =2 =k=-1, i-j=k=—j-i, j-k=i=—-k-j,
k-i=3=—1i-k

(al + bl’L + Clj + dlk) (CLQ =+ bQZ -+ C2j + ko) -
= (&1&2 — b1b2 — C1Cy — dldz) + (a1b2 + CLle + Cldg - Cle) 1+
+ (ajca + )i+



OnpeneseHue KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =
= (a1 +az2) + (b1 +by)i+ (c1+c2)j+ (di +do) kK,
a JJs1  TIPOMU3BEJEHUSI  BBOJATCS  JIOMOJIHUTEJbHbIE  COOTHOLIE-
HHUSI: =2 =k=-1, i-j=k=—j-i, j-k=i=—-k-j,
k-i=3=—1i-k

(a1 +b1i + 17 + dik) (ag + bai + coj + dok) =
= (&1&2 — b1b2 — C1Cy — dldz) + (a1b2 + CLle + Cldg - Cle) 1+
+ (a102 + ascqy + )] +



OnpeneseHue KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =
= (a1 +az2) + (b1 +by)i+ (c1+c2)j+ (di +do) kK,
a JJs1  TIPOMU3BEJEHUSI  BBOJATCS  JIOMOJIHUTEJbHbIE  COOTHOLIE-
HHUSI: =2 =k=-1, i-j=k=—j-i, j-k=i=—-k-j,
k-i=j=—i-k

(a1 4 bii + ¢15 + dik) (ag + bai + ¢of + dok) =
= (&1&2 — b1b2 — C1Cy — dldz) + (a1b2 + CLle + Cldg - Cle) 1+
+ (CL162 + ascy + dibgy — )j +



OnpeneseHue KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =
= (a1 +az2) + (b1 +by)i+ (c1+c2)j+ (di +do) kK,
a JJs1  TIPOMU3BEJEHUSI  BBOJATCS  JIOMOJIHUTEJbHbIE  COOTHOLIE-
HHUSI: =2 =k=-1, i-j=k=—j-i, j-k=i=—-k-j,
k-1=j=—i-k

(a1 + by + c1j + dik) (ag + byi + c2f + dok) =
= (&1&2 — b1b2 — C1Cy — dldz) + (a1b2 + CLle + Cldg - Cle) 1+
+ (CL162 + ascy + diby — bldz)j -+



OnpeneseHue KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =
= (a1 +az2) + (b1 +by)i+ (c1+c2)j+ (di +do) kK,
a JJs1  TIPOMU3BEJEHUSI  BBOJATCS  JIOMOJIHUTEJbHbIE  COOTHOLIE-
HHUSI: =2 =k=-1, i-j=k=—j-i, j-k=i=—-k-j,
k-i=3=—1i-k

(8_1 + b1e + c1) + dlk) <a2 + bat + C2) + d2k) -
= (&1&2 — b1b2 — C1Cy — dldz) + (a1b2 + CLle + Cldg - Cle) 1+
+ (a102 + asey + diby — bldg)] + (a1d2 + ) k.



OnpeneseHue KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =
= (a1 +az2) + (b1 +by)i+ (c1+c2)j+ (di +do) kK,
a JJs1  TIPOMU3BEJEHUSI  BBOJATCS  JIOMOJIHUTEJbHbIE  COOTHOLIE-
HHUSI: =2 =k=-1, i-j=k=—j-i, j-k=i=—-k-j,
k-i=3=—1i-k

(a1 + bri + c1j + dik) (ag + byt + c2f + dok) =
= (&1&2 — b1b2 — C1Cy — dldz) + (a1b2 + CLle + Cldg - Cle) 1+
+ (alcg + asey + diby — bldg)] + (a1d2 + asd; + ) k.



OnpeneseHue KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =
= (a1 +az2) + (b1 +by)i+ (c1+c2)j+ (di +do) kK,
a JJs1  TIPOMU3BEJEHUSI  BBOJATCS  JIOMOJIHUTEJbHbIE  COOTHOLIE-
HUS: ==k =-1, i-j=k=—j-4, j-k=i=—k-7,
k-i=3=—1i-k

(a1 + b1t + 15 + dik) (ag + bai + cof + dok) =
= (&1&2 — b1b2 — C1Cy — dldz) + (a1b2 + CLle + Cldg - Cle) 1+
+ (a102 + asey + diby — bldz)] + (a1d2 + asd; + bicy — ) k.



OnpeneseHue KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =
= (a1 +az2) + (b1 +by)i+ (c1+c2)j+ (di +do) kK,
a JJs1  TIPOMU3BEJEHUSI  BBOJATCS  JIOMOJIHUTEJbHbIE  COOTHOLIE-
HUS: ==k =-1, i-j=k=—j-i, j-k=i=—k-7,
k-i=3=—1i-k

(a1 4+ b1i + c1j + dik) (ag + bai + cof + dok) =
= (&1&2 — b1b2 — C1Cy — dldz) + (a1b2 + CLle + Cldg - Cle) 1+
+ (a102 + asey + diby — bldz)] + (a1d2 + asd; + bicy — bZCl) k.



OnpeneneHne KBaTepHUOHA

KBatepHHOHOM Ha3bIBaeTCs MHOrOUJIeH (BbipaxkKeHue) a + bi + cj + dk
OT MepEeMEeHHbIX 7, J, k, TIe a, b, ¢, d — JNEUCTBUTEJIbHbIEC YUCIIA.

Cymma 1 npou3BeeHUe KBATEPHUOHOB OIPEJIE/ISIIOTCS TaKXKe Kak
COOTBETCTBYIOLIME OMNEPaALMU JIJIsT MHOTOUJIEHOB HECKOJIbKHUX TepeMeH-
HBIX:

(a1 + b1t + 17 + dik) + (a2 + bat + o7 + dok) =

= (a1 +CL2) + (bl—l—bg)’i-l— (C1+62)j+ (dl—i—dg)]{,
d JJIA [TPOHU3BEACHHU A BBOJATCA JOITOJIHUTECJIbHbBIC COOTHOIIEC-
HUS: ==k ==1, i-j=k=—j-4, j-k=i=—k-7,
k-i=97=—1-k
(a1 + byt + c1) + d1k> <a2 + bot + c2) + ko) —
= (a1a2 — biby — 19 — dldz) + (a1b2 + asby + c1dy — Cle) 1+
+ (alcg + ascy + diby — bldg)j + (aldg + asdy + by — bgcl) k.



ITO YMHOXKEHHUE Ha3bIBalOT yMHOkKeHueM [paccmana.
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II. Teopema o Tesie KBATEPHUOHOB

Teopema 1 (0 Tese KBaTepHUOHOB). Areebpa KesamepHUOHOB8 OmM-
HOCUMENbHO ONEepPauyull CAOMCCHU U YMHOMEHUL KBAMEPHUOHOB
ABALEMCS M eN0M.

51 noKkazaresbCTBa 3TOM T€OPEMbI HAJI0 MPOBEPHUTH BbIMOJHEHHUE AK-
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Teopema 1 (0 Tese KBaTepHUOHOB). Areebpa KesamepHUOHOB8 OmM-
HOCUMENbHO ONEepPauyull CAOMCCHU U YMHOMEHUL KBAMEPHUOHOB
ABALEMCS M eN0M.

51 noKkazaresbCTBa 3TOM T€OPEMbI HAJI0 MPOBEPHUTH BbIMOJHEHHUE AK-
CHUOM TeJa.

Tot hakT, YTO OTHOCHTEJILHO CJIOXKEHHS ajirebpa KBaTePHUOHOB SIBJISI-
eTCsl TPYNMnou, OUeBUIEH.

[IpoBepKy OCTaJIbHbIX aKCUOM TeJia MOXKHO ObLJI0 Obl OCYLIECTBHUTb
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II. Teopema o Tesie KBATEPHUOHOB

Teopema 1 (0 Tese KBaTepHUOHOB). Areebpa KesamepHUOHOB8 OmM-
HOCUMENbHO ONEepPauyull CAOMCCHU U YMHOMEHUL KBAMEPHUOHOB
ABALEMCS M eN0M.

51 noKkazaresbCTBa 3TOM T€OPEMbI HAJI0 MPOBEPHUTH BbIMOJHEHHUE AK-
CHUOM TeJa.

Tot hakT, YTO OTHOCHTEJILHO CJIOXKEHHS ajirebpa KBaTePHUOHOB SIBJISI-
eTCsl TPYNMnou, OUeBUIEH.

[IpoBepKy OCTaJIbHbIX aKCUOM TeJia MOXKHO ObLJI0 Obl OCYLIECTBHUTb
HEMoCcpeJACTBEHHLIM BbIUHCJIEHHEM, HO Mbl BbibepeM JPyrod myTb. A
UMEHHO, MPUMEHUM CTPATernio MOCTPOEHUST MOIEJIN.

[TocTpouM Mojenb ajnre6pbl KBATEPHHOHOB CPEJCTBAMM MATPUYHON
ajareopbl.



[11. MaTpuuHoe npeacraBjaeHUe ajareopbl KBATEPHUOHOB
HeTpyaHo npoBeputh, uto oToOpakenue, 3afgannoe Gopmysodi!

(a+bi+cj+dk)” =

() (o ) () (),

131echb 1oJ1 p¥ MOHUMAaeTCst 06pa3 3JeMeHTa p OTHOCHTEJIbHO JICHCTBUS PYHKLMH .



[11. MaTpuuHoe npeacraBjaeHUe ajareopbl KBATEPHUOHOB
HeTpyHo NpoBepuTh, uTo 0ToGpaKeHue, 3ajaHHoe hopMyJIoi-

a + bi c—i—di)

—c+dt a— b

() (o ) () ()

(a+bz'+cj+d/~c)¢—<

23/1ech NoJL p¥ noHUMaercst 06pa3 3/7eMeHTa p OTHOCUTENBLHO AeHCTBHUS (DYHKLNH .



[11. MaTpuuHoe npeacraBieHUe ajaredopbl KBATEPHUOHOB
HeTpyHo NpoBepuTh, uTo 0ToGpaxeHHe, 3ajanHoe hopmyJoki’

a+bi c+di
) (1)

g o _
(a+bi+cj+dk)” = (—c+dz’ 0 b

SIBJISIETCSI MOHOMOP(U3MOM (T.€. 0/1HO3HAUHBIM ToMomMopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.

33/1echb o1 p¥ MOHUMaeTCsi 00pa3 37eMeHTa p OTHOCUTEJIbHO IEUCTBUS (PYHKIIUH .
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SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.
JlelicTBUTENIbHO, HAM HAJI0 TPOBEPUTD BhINOJHEHUE (hopMYy.I:



[11.1. loka3aTeabCcTBO NpeacTaBUMOCTH
HetpynHo npoBeputh, uTo oToOpakeHue, 3ajaHHoe GopMyJiou

a+bi c+ di
) (1)

. . 90_
(a+bi+cj+dk)” = (—c+dz’ 0 b

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.
JlelicTBUTENIbHO, HAM HAJI0 TPOBEPUTD BhINOJHEHUE (hopMYy.I:

(a1 + bri + c1j + dik) + (as + bai + coj + dok))? =
= (a1 4 bii + c1j + dik)? + (ag + boi 4 2 + dok)?



[11.1. loka3aTeabCcTBO NpeacTaBUMOCTH
HetpynHo npoBeputh, uTo oToOpakeHue, 3ajaHHoe GopMyJiou

a+bi c+di
) (1)

. _ o
(@ +bi+cj+dk)” = (—c+di a— bt

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.
JlelicTBUTENIbHO, HAM HAJI0 TPOBEPUTD BhINOJHEHUE (hopMYy.I:

(a1 + bri + c1j + dik) + (as + bai + coj + dok))? =

2
= (a1 + byi + c1j + dik)” + (ag + byi + coj + dok)” (2)

((a1 + bii + c1j + dik) (ag + bai + coj + dok))” =

3
= (ay + byi + c1j + dik)” (ag + baoi + o + dak)” . (3)



[11.1. loka3aTeabCcTBO NpeacTaBUMOCTH
HetpynHo npoBeputh, uTo oToOpakeHue, 3ajaHHoe GopMyJiou

a-+br c+di
—c+di a— b

(a+bi+cj—|—dk)90—( (1)

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.
JleficTBUTE/IbLHO, HAM HAJI0 TPOBEPUTH BhiNOJJHEHUE hopmy.i;

(a1 + bri + c1j + dik) + (as + bai + coj + dok))? =

2
= (a1 + byi + c1j + dik)” + (ag + byi + coj + dok)” (2)

((a1 + bii + c1j + dik) (ag + bai + coj + dok))” =
= (a1 + bii + c1j + dik)? (ag + bai + cof + dok)” .

Kak n0kasaTh paBeHCTBO?

(3)



[11.1. loka3aTeabCcTBO NpeacTaBUMOCTH
HetpynHo npoBeputh, uTo oToOpakeHue, 3ajaHHoe GopMyJiou

a+bi c+di
—c+di a— b

(a+bz'+cj+dk)9”—( (1)

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.
JleficTBUTE/IbLHO, HAM HAJI0 TPOBEPUTH BhiNOJJHEHUE hopmy.i;

(a1 + bri + c1j + dik) + (as + bai + coj + dok))? =

2
= (a1 + byi + c1j + dik)” + (ag + byi + coj + dok)” (2)

((a1 + b1t +c1y + dlk) (ag + bot + o + dgk))w =
= (Cll + b1t 41 + dlk)w (CLQ + bot + o + ko)go .
Kak n0kasaTh paBeHCTBO?
OObIYHO TPUMEHSIETCS OJIMH U3 TPEX CIOCOOOB:

(3)



[11.1. loka3aTeabCcTBO NpeacTaBUMOCTH
HetpynHo npoBeputh, uTo oToOpakeHue, 3ajaHHoe GopMyJiou

a+br c+di
. . (1)
—c+di a—bi

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/IHO3HAUHBIM ToMomMophuzmom) aj-
reOpbl KBATEPHUOHOB B aJre6py MaTpHLL.

JlelicTBUTE/IbHO, HAM HAJI0 TPOBEPUTH BhiNoJHEeHUE hopmy.i;

(@ + byi + €1 + dik) + (az + bai + c2 + dak))” =
= (a1 + byt + c1j + dik)* + (ag + bei + coj + dok)”

(CL1 + b1t +c1y + dlk) (CLQ + bot + o + dgk))(p =
= (a1 + b1t 4+ + dlk)gp (CLQ + bot 4+ o + dgk)gp .
Kak 0kasaTh paBeHCTBO?
OObIUHO MPUMEHSIETCS OJIMH U3 TPEX CMOCOO0B:
1) npuBenenue paBeHcTsa L = R paBHOCHJbHBIMH NpeoOpa3oBaHUsI-
MU K TOXKJECTBY (MpH 0(hOPMJIEHHH JI0KA3aTeJbCTBA MOJYyUeHHYIO Lenoy-

(a+bz'+cj+dk)9”:(

(2)

(3)



Ky PABEHCTB CJIC/LyeT BbIMUCATb B 0OOPATHOM MOPSJAKE: OT TOXKJIECTBA K
JI0Ka3blBaeMoOMy paBeHCTBY L = R);
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HetpynHo npoBeputh, uTo oToOpakeHue, 3ajaHHoe GopMyJiou

a+br c+di
. . (1)
—c+di a—bi

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/IHO3HAUHBIM ToMomMophuzmom) aj-
reOpbl KBATEPHUOHOB B aJre6py MaTpHLL.

JlelicTBUTE/IbHO, HAM HAJI0 TPOBEPUTH BhiNoJHEeHUE hopmy.i;

((ay + b1i + c1j + dik) + (ag + boi + cof + dok))” =
= (a1 + byt + c1j + dik)* + (ag + bei + coj + dok)”

(CL1 + b1t +c1y + dlk) (CLQ + bot + o + dgk))(p =
= (a1 + b1t 4+ + dlk)gp (CLQ + bot 4+ o + dgk)gp .
Kak 0kasaTh paBeHCTBO?
OGBLIUHO IPUMEHSIETCS OJIUH U3 TPEX CIIOCOBOB:
| ) npuBenenne paBencTBa L = R paBHOCHJIbLHBIME [Tpe06pa30BaHUsIMHU
K TO2KIECTBY,

(a+bz'+cj+dk)9”:(

(2)

(3)



2) 1oKazaTesJbCTBO JBYX HepaBeHcTB: L < R W L > R,



[11.1. loka3aTeabCcTBO NpeacTaBUMOCTH
HetpynHo npoBeputh, uTo oToOpakeHue, 3ajaHHoe GopMyJiou

a+br c+di
. . (1)
—c+di a—bi

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/IHO3HAUHBIM ToMomMophuzmom) aj-
reOpbl KBATEPHUOHOB B aJre6py MaTpHLL.

JlelicTBUTE/IbHO, HAM HAJI0 TPOBEPUTH BhiNoJHEeHUE hopmy.i;

((ay + b1i + c1j + dik) + (ag + boi + cof + dok))” =
= (a1 + byt + c1j + dik)* + (ag + bei + coj + dok)”

(CL1 + b1t +c1y + dlk) (CLQ + bot + o + dgk))(p =
= (a1 + b1t 4+ + dlk)gp (CLQ + bot 4+ o + dgk)gp .
Kak 0kasaTh paBeHCTBO?
OGBLIUHO IPUMEHSIETCS OJIUH U3 TPEX CIIOCOBOB:
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K TO2KIECTBY,

(a+bz'+cj+dk)9”:(

(2)
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2) 1oKazaTesJbCTBO JBYX HepaBeHcTB: L < R W L > R,
3) IpUMEHEHHE METO/1A €OT MPOTHBHOIOY.



[11.1. Joka3aTeabcTBO NpeacTaBUMOCTH
HetpynHo npoBeputh, uTo oToOpakeHue, 3ajaHHoe GopMyJiou

a+bi c+di
—c+di a— b

(a+bz'+cj+dk)*”—( (1)

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.
JlelicTBUTENIbHO, HAM HAJI0 TPOBEPUTD BhINOJHEHUE (hopMYy.I:

(a1 + bri + c1j + dik) + (as + bai + coj + dok))? =

2
= (a1 + byi + c1j + dik)” + (ag + byi + coj + dok)” (2)

((a1 + b1t +c1y + dlk) (ag + bot + o + dgk))w =
= (Cll + b1t +c1J + dlk)w (CLQ + bot + o + ko)SO .
Kak n0kasaTh paBeHCTBO?
OObIYHO TPUMEHSIETCS OJIMH U3 TPEX CIOCOOOB:
1) npuBeneHune paBeHcTBa L = R K TOXA€ECTBY;

(3)



2) noKasaTeJibCTBO ABYX HepaBeHcTB: L < R u L > R;
3) NpUMeHeHHE MeTo/1a €OT MPOTUBHOIO».
[IpuMeHuM nepBbid cnocoo.



[11.1. loka3aTeabCcTBO NpeacTaBUMOCTH
HetpynHo npoBeputh, uTo oToOpakeHue, 3ajaHHoe GopMyJiou

a+bi c+ di
) (1)

. . 90_
(a+bi+cj+dk)” = (—c+dz’ 0 b

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.

st cyioxKeHus1 uMeeM, BbIUMCJISIS JIEBYIO UaCThb JIOKA3blBAEMOIO pa-
BeHCTBa (2)

(@ + byi + €1 + dik) + (az + bai + c2 + dak))” =



[11.1. loka3aTeabCcTBO NpeacTaBUMOCTH
HetpynHo npoBeputh, uTo oToOpakeHue, 3ajaHHoe GopMyJiou

a+bi c+di
—c+di a— b

(a+bz'+cj+dk)9”—( (1)

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.

st cyioxKeHus1 uMeeM, BbIUMCJISIS JIEBYIO UaCThb JIOKA3blBAEMOIO pa-
BeHCTBa (2)

(@ + byi + €1 + dik) + (az + bai + c2 + dak))” =
= (CL1 + as + (bl + bz)Z + (Cl + 02)]' -+ (dl + dZ)k)SO —



[11.1. loka3aTeabCcTBO NpeacTaBUMOCTH
HetpynHo npoBeputh, uTo oToOpakeHue, 3ajaHHoe GopMyJiou

a+bi c+ di
) (1)

. . 90_
(a+bi+cj+dk)” = (—c+dz’ 0 b

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.

st cyioxKeHus1 uMeeM, BbIUMCJISIS JIEBYIO UaCThb JIOKA3blBAEMOIO pa-
BeHCTBa (2)

(@ + byi + €1 + dik) + (az + bai + c2 + dak))” =
= (Cbl + as + (bl + bg)Z + (Cl + 02)]' -+ (dl + dZ)k)SO —

=(a1+a2)((1) (1)>+(b1+b2)(8 _2>+(01+02)<_(1) (1))+(d1+d2)(



[11.1. loka3aTeabCcTBO NpeacTaBUMOCTH
HetpynHo npoBeputh, uTo oToOpakeHue, 3ajaHHoe GopMyJiou

a+bi c+ di
) (1)

IBJISIETCS MOHOMOPMU3MOM (T.€. OJIHO3HAUHLIM TOMOMOP(MU3IMOM) aJi-

reOpbl KBATEPHUOHOB B a/1reOpy MaTpHULL.
51 CI0XKEeHUsT UMeeM, BBIUUC/ISS JIEBYIO YACThb JIOKA3bIBAEMOIO pa-

BeHcTBa (2)
(a1 + b1t + c1j + dik) + (ag + byt + 27 + ko))so _
= (a1 +ag+ (by + b2)i + (c1 +c2)j + (di + do)k)” =

—(CL1+&2)((1)(1)) (b bg)(é_2>+(01+c2 (_1()) d1+d2
)
)

L o
(a+bi+cj+dk)” = (—c—l—di 0 b

_ (a1+a2)+z’(b1+bg) (Cl—l—CQ +Z dl—l—dg
—(C1+62)+i(d1+d2) (a1+a2 —Z b1—|-bg



[11.1. loka3aTeabCcTBO NpeacTaBUMOCTH
HetpynHo npoBeputh, uTo oToOpakeHue, 3ajaHHoe GopMyJiou

a+bi c+di
—c+di a— b

(a+bz'+cj+dk)9”—( (1)

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.
Takum oOpasom, JieBasi 4acTh JI0Ka3blBAEMOro paBeHcTBa (2) npuBe-

JIeHa B BUJLY

L( (a1+a2)+z'(b1+bg) (Cl+02)—|—i(d1+d2))
- —(Cl+62)+i(d1—|—d2) (a1+a2)—i(bl+b2) .

Tenepb npeo6pasdyem npaByto uacTb paBeHcTBa (2):



[11.1. loka3aTeabCcTBO NpeacTaBUMOCTH
HetpynHo npoBeputh, uTo oToOpakeHue, 3ajaHHoe GopMyJiou

a+bi c+ di
) (1)

. . 90_
(a+bi+cj+dk)” = (—c+dz’ 0 b

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.
Takum oOpasom, JieBasi 4acTh JI0Ka3blBAEMOro paBeHcTBa (2) npuBe-

JIeHa B BUJLY

L( (a1+a2)+z'(b1+bg) (Cl+02)—|—i(d1+d2))
- —(Cl+62)+i(d1—|—d2) (a1+a2)—i(bl+b2) .

Tenepb npeo6pasdyem npaByto uacTb paBeHcTBa (2):

(a1 + b1i + c1j + dik)?” + (ag + boi + o7 + dok)” =



[11.1. loka3aTeabCcTBO NpeacTaBUMOCTH
HetpynHo npoBeputh, uTo oToOpakeHue, 3ajaHHoe GopMyJiou

a + bi c+dz‘)

—c+di a—bi (1)

(a+bi+cj+dk)90—(

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomMophuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.
Takum oOpasom, JjieBasi 4acTh JI0Ka3blBAEMOro paBeHcTBa (2) npuBe-

JIeHa B BUJLY

L_( (a1 + az) +1 (b1 + by) (C1+62)+z’(d1+d2)>
- —(Cl+02>—|—i(d1—|—d2) (a1+a2)—z'(bl+b2) .

Tenepb npeo6pasdyem npaByto uacTb paBeHcTBa (2):

(a1 + b1i + c1j + dik)” + (a9 + boi + o7 + dok)” =

(@ (od) (6 e (o) +al))






[11.1. loka3aTeabCcTBO NpeacTaBUMOCTH
HetpynHo npoBeputh, uTo oToOpakeHue, 3ajaHHoe GopMyJiou

a + bi c+dz‘)

—c+di a—bi (1)

(a+bi+cj+dk)90—(

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomMophuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.
Takum oOpasom, JjieBasi 4acTh JI0Ka3blBAEMOro paBeHcTBa (2) npuBe-

JIeHa B BUJLY

L_( (a1 + az) +1 (b1 + by) (C1+62)+z’(d1+d2)>
- —(Cl+02>—|—i(d1—|—d2) (a1+a2)—z'(bl+b2) .

Tenepb npeo6pasdyem npaByto uacTb paBeHcTBa (2):

(a1 + b1i + c1j + dik)” + (a9 + boi + o7 + dok)” =

(@ (od) (6 e (o) +al))



or) o ) e (o) e (50)

UTO MPUBOJUTCS K MOJYUeHHOMY BbIlll€ BbIPAXKEHHUIO /151 JIeBOH YacTh L
paBeHcTBa (2).



[11.1. loka3aTeabCcTBO NpeacTaBUMOCTH
HetpynHo npoBeputh, uTo oToOpakeHue, 3ajaHHoe GopMyJiou

a+bi c+di
—c+di a— b

(a+bz'+cj+dk)9”—( (1)

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.

Takum oOpasom, JieBasi 4acTh JI0Ka3blBAEMOro paBeHcTBa (2) npuBe-
JieHa B BUJLY

L( (a1+a2)+z'(b1+bg) (Cl+02)—|—i(d1+d2))
- —(Cl+62)+i(d1—|—d2) (a1+a2)—i(bl+b2) .

CsienoBaTe/ibHO, MpaBasi 4acTh paBeHcTBa (2) NMpUBEJEHA K TOMY XKe
BUJLy, UTO W €ro Jiepasi uactb. PaBeHncTBo (2) nokasaHo.



[11.1. loka3aTeabCcTBO NpeacTaBUMOCTH
HetpynHo npoBeputh, uTo oToOpakeHue, 3ajaHHoe GopMyJiou

a+bi c+ di
) (1)

. . 90_
(a+bi+cj+dk)” = (—c+dz’ 0 b

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.

Ilnsi nokazaresbcTBa paBeHcTBa (3) JOCTATOUHO TPOBEPUTH CO-
oTHOweHUsl 2= j2=k*=—1, i-j=k=—j-4, j-k=i=—k- 7,
k-1=7= —t-k, uTO HE BbI3bIBACT NMPOOJIEM y UEJOBEKA, 3HAKOMOIO C
ornepauyed Npou3BeIeHUs1 MaTPHULL.



[11.2. 3aBepuieHne g0Ka3atejbCcTBa TeopeMbl |
JlokazaHo, uto otob6paxKeHue, 3ajlaHHoe PopMyJIoH

a+bi c+di
—c+di a— b

(a+bz'+cj+dk)9”—( (1)

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.

13 37010 yTBepKIeHHUS CJelyeT, UYTO orepalus yMHOXKEHHUST KBATEPHHU -
OHOB SIBJISIETCS1 ACCOLMATUBHOM, TTOCKOJIbKY Olepalusi yMHOXKEHHUS MaT-
PHULL aCCOLIMATHUBHA.



[11.2. 3aBepuieHne g0Ka3atejbCcTBa TeopeMbl |
Takum o6pazom, 1okaszaHo, yTo oToOpakeHue, 3ajaHHoe PopMyJIoH

a+bi c+ di
) (1)

g o _
(a+bi+cj+dk)” = (—c+dz’ 0 b

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.

13 37010 yTBepKIeHHUS CJelyeT, UYTO orepalus yMHOXKEHHUST KBATEPHHU -
OHOB SIBJISIETCA ACCOLMATUBHO M, TOCKOJbKY ONepauust YMHOXKEHUS MaT-
PHUIL ACCOLMATHUBHA.

JnctpubyTUBHOCTL YMHOXKEHHUS] B ajreOpe KBAaTEPHHOHOB Telepb
CJIelyeT U3 TUCTPUOYTUBHOCTH YMHOXKEHUS MATPHIL.



[11.2. 3aBepuieHne g0Ka3atejbCcTBa TeopeMbl |
Takum o6pasom, 10Ka3aHo, 4To 0ToOpaKeHue, 3ajaHHoe GopMyJI0i

a+bi c+ di
) (1)

. . 90_
(a+bi+cj+dk)” = (—c+di 0 b

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.

13 37010 yTBepKIeHHUS CJelyeT, UYTO orepalus yMHOXKEHHUST KBATEPHHU -
OHOB SIBJISIETCA ACCOLMATUBHO M, TOCKOJbKY ONepauust YMHOXKEHUS MaT-
PHUIL ACCOLMATHUBHA.

JnctpubyTUBHOCTL YMHOXKEHHUS] B ajreOpe KBAaTEPHHOHOB Telepb
CJIelyeT U3 TUCTPUOYTUBHOCTH YMHOXKEHUS MATPHIL.

CylllecTBOBaHHE OOPATHOIO 3JIeMEHTa OTHOCHUTEJbHO YMHOXKEHHS KBa-
TEPHUOHOB CJIEJlyeT U3 TOro, YTo oToOpaxeHnue (1) sBaseTCI MOHOMOP-
(hU3MOM, KpUTEPHUS CyllleCTBOBAHUS 0OPaTHOW MAaTPULLbl U HEBBIPOXK-



JIEHHOCTH HeHYJIEBOH MaTPHILbI
a-+bi c+di
—c+di a—"0bi )’

(T.e. ecsii XOTs1 Obl OMH KO3hHLHeHT He paBeH 0):



[11.2. 3aBepuieHne g0Ka3atejbCcTBa TeopeMbl |
Takum o6pazom, 1okaszaHo, yTo oToOpakeHue, 3ajaHHoe PopMyJIoH

a+bi c+di
—c+di a— b

(a+bz'+cj+dk)9”—( (1)

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.

13 37010 yTBepKIeHHUS CJelyeT, UYTO orepalus yMHOXKEHHUST KBATEPHHU -
OHOB SIBJISIETCA ACCOLMATUBHO M, TOCKOJbKY ONepauust YMHOXKEHUS MaT-
PHUIL ACCOLMATHUBHA.

JnctpubyTUBHOCTL YMHOXKEHHUS] B ajreOpe KBAaTEPHHOHOB Telepb
CJIelyeT U3 TUCTPUOYTUBHOCTH YMHOXKEHUS MATPHIL.

a+bi c+di
—c+di a— b




[11.2. 3aBepuieHne g0Ka3atejbCcTBa TeopeMbl |
Takum o6pazom, 1okaszaHo, yTo oToOpakeHue, 3ajaHHoe PopMyJIoH

a+bi c+ di
) (1)

g o _
(a+bi+cj+dk)” = (—c+dz’ 0 b

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.

13 37010 yTBepKIeHHUS CJelyeT, UYTO orepalus yMHOXKEHHUST KBATEPHHU -
OHOB SIBJISIETCS1 ACCOLMATUBHOM, TTOCKOJIbKY Olepalusi yMHOXKEHHUS MaT-
PHUIL ACCOLMATHUBHA.

JnctpubyTUBHOCTL YMHOXKEHHUS] B ajreOpe KBAaTEPHHOHOB Telepb
CJIelyeT U3 IUCTPUOYTUBHOCTH YMHOXKEHHUST MATPHLL.

‘ atbi et di) b (a—bi)—(crdi) (— i) —

—c+di a—bi




[11.2. 3aBepuieHne g0Ka3atejbCcTBa TeopeMbl |
Takum o6pazom, 1okaszaHo, yTo oToOpakeHue, 3ajaHHoe PopMyJIoH

a+bi c+ di
) (1)

g o _
(a+bi+cj+dk)” = (—c+dz’ 0 b

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.

13 37010 yTBepKIeHHUS CJelyeT, UYTO orepalus yMHOXKEHHUST KBATEPHHU -
OHOB SIBJISIETCS1 ACCOLMATUBHOM, TTOCKOJIbKY Olepalusi yMHOXKEHHUS MaT-
PHUIL ACCOLMATHUBHA.

JnctpubyTUBHOCTL YMHOXKEHHUS] B ajreOpe KBAaTEPHHOHOB Telepb
CJIelyeT U3 IUCTPUOYTUBHOCTH YMHOXKEHHUST MATPHLL.

‘ atbi et di) b (a—bi)— (ot di)(—c+di) = a 4624+ dP.

—c+di a—bi




[11.2. 3aBepuieHne g0Ka3atejbCcTBa TeopeMbl |
Takum o6pazom, 1okaszaHo, yTo oToOpakeHue, 3ajaHHoe PopMyJIoH

a+bi c+ di
) (1)

g o _
(a+bi+cj+dk)” = (—c+dz’ 0 b

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.

13 37010 yTBepKIeHHUS CJelyeT, UYTO orepalus yMHOXKEHHUST KBATEPHHU -
OHOB SIBJISIETCS1 ACCOLMATUBHOM, TTOCKOJIbKY Olepalusi yMHOXKEHHUS MaT-
PHUIL ACCOLMATHUBHA.

JnctpubyTUBHOCTL YMHOXKEHHUS] B ajreOpe KBAaTEPHHOHOB Telepb
CJIelyeT U3 IUCTPUOYTUBHOCTH YMHOXKEHHUST MATPHLL.

‘ atbi et di) b (a—bi)— (ot di)(—c+di) = a 4624+ dP.

—c+di a—bi




3uaunt, matpuua (a + bi + cj + dk)* = atbi et dz. ) ob6paTuMa,

—c+di a—bi
eCJIM X0Ts1 Obl 0JIMH U3 KO3 dulineHToB He paBeH 0.



[11.2. 3aBepuieHne g0Ka3atejbCcTBa TeopeMbl |
Takum o6pazom, 1okaszaHo, yTo oToOpakeHue, 3ajaHHoe PopMyJIoH

a+bi c+ di
) (1)

g o _
(a+bi+cj+dk)” = (—c+dz’ 0 b

SIBJISIETCSI MOHOMOP(HU3MOM (T.€. 0/1HO3HAUHBIM ToMomopdhuzmom) aj-
reOpbl KBATEPHUOHOB B ajire0py MaTpHIL.

13 37010 yTBepKIeHHUS CJelyeT, UYTO orepalus yMHOXKEHHUST KBATEPHHU -
OHOB SIBJISIETCS1 ACCOLMATUBHOM, TTOCKOJIbKY Olepalusi yMHOXKEHHUS MaT-
PHUIL ACCOLMATHUBHA.

JnctpubyTUBHOCTL YMHOXKEHHUS] B ajreOpe KBAaTEPHHOHOB Telepb
CJIelyeT U3 IUCTPUOYTUBHOCTH YMHOXKEHHUST MATPHLL.

‘ atbi et di) b (a—bi)— (ot di)(—c+di) = a 4624+ dP.

—c+di a—bi




a+bi c+di 06DaTIHMA
—c+di a—bi P ’
eCJIM X0Ts1 Obl 0JIMH U3 KO3 dulineHToB He paBeH 0.

Teopema | o Tesie KBaTEpHUOHOB JI0Ka3aHa.

3uauuTt, MaTpuua (a + bi + c¢j + dk)” =



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-

HOB
B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM

yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
yacTblo.



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4acTblo.

BekropHo# uacTu bi + cj + dk kBatepHuoHa a + bi + cj + dk cono-

— —
cTaBUM BekTOop b i + ¢ j + dk, T.e BBeneM oto6paxkeHue 1) popmyJion

(bitcjtrdk) =bi+cj +dk. (2)



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4yacTblo. | | o

(bi+cji+dk)’ =bi +cj +dk. (2)

Mmeem,Bcunyi’ =2 =k’=—-1, i-j=k=—j-4, j-k=i=—k-
k-i=j5=—i-k,

(b1i + 1 + dik) (boi + cof + dok) =



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4yacTblo. | | o

(bi+cji+dk)’ =bi +cj +dk. (2)

Mmeem,pcunyi? =j? =k*= -1, i-j=k=—j-i, j-k=i=—k-
k-i=j5=—i-k,

(byi + c17 + dik) (bai + coj + dok) =
= —b1b2—6102—d1d2+



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4yacTblo. | | o

(bi+cji+dk)’ =bi +cj +dk. (2)

Mmeem,Bcunyi’ = j2=k’=—1, i-j=k=—j-i, j-k=i=—k-],
k-i=j7=—i-k,

(b1i + c17 + dik) (bai + coj + dok) =
= —b1b2—0102_d1d2+<cld2 - )Z



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4yacTblo. | | o

(bi+cji+dk)’ =bi +cj +dk. (2)

Mmeem,Bcunyi’ = j2=k’= -1, i-j=k=—j-i, j-k=i= k-],
k-i=j7=—i-k,

(b1i + c17 + dik) (bai + coj + dok) =
— —b1b2—6102—d1d2+<cld2 - Cle)i



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4yacTblo. | | o

(bi+cji+dk)’ =bi +cj +dk. (2)

Mmeem,Bcunyi’ =2 =k’=—-1, i-j=k=—j-4, j-k=i=—k-
k-i=j=—i-k,

(bri + 1 + dik) (boi + cof + dok) =
= —biby—cico—dida+(crdy — cady) i+ (body — ) j+



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4yacTblo. | | o

(bi+cji+dk)’ =bi +cj +dk. (2)

Mmeem,Bcunyi’ =2 =k’=—-1, i-j=k=—j-4, j-k=i=—k-
k-i1=j=—1-Kk,

(bri + 1 + dik) (boi + cof + dok) =
= —biby—cico—dida+(c1dy — cody) i+ (bady — bidy) j+



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4yacTblo. | | I

(bi+cji+dk)’ =bi +cj +dk. (2)

Mmeem,Bcunyi’ = j2=k’=—1, i-j=k=—j-i, j-k=i=—k-],
k-i=j5=—i-k,

(bli +c1j + dlk) (bgl + o) + dgk) =
= —blbg—clcg—d1d2+<61d2 — Cle) i—i—(bgdl — bldg)j+(blcg — )k =



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4yacTblo. | | I

(bi+cji+dk)’ =bi +cj +dk. (2)

Mmeem,Bcunyi’ = j2=k’= -1, i-j=k=—j-i, j-k=i=—k-],
k-i=j5=—i-k,

(bll —+ Clj + dlk) (bgl —+ CQj —+ dgk) =
= —ble—Clcg—d1d2+(Cld2 — Cle) i—i—(bgdl — bldg) j—|—(b1€2 — bgcl) k =



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4yacTblo. | | o

(bi+cji+dk)’ =bi +cj +dk. (2)

Mmeem,Bcunyi’ =2 =k’=—-1, i-j=k=—j-4, j-k=i=—k-
k-i=j5=—i-k,

(b1i + c17 + dik) (bai + coj + dok) =
= —biby—cicy —dida+(c1ds — cady) i+ (bady — brda) j+(bicy — bocy) k =
ik
= — (blbg + cic9 + d1d2) +101 c dy
bg Co dg



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4yacTblo.

(bi+cj+db)’ =bi +cj +dk. (2)
(bl’i +c17 + dlk‘) (bQZ + cog + dgk) = — (b1b2 + c1co + d1d2)+ by ¢ di
by ¢z dy

CJie0BaTe/IbHO, COTJIacHO (hopMyJiaM BEKTOPHOM anrebpbl,



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4yacTblo.

(bi+cj+db)’ =bi +cj +dk. (2)
(bl’i +c17 + dlk‘) (bQZ + cog + dgk) = — (b1b2 + c1co + d1d2)+ by ¢ di
by ¢z dy

CJie0BaTe/IbHO, COTJIacHO (hopMyJiaM BEKTOPHOM anrebpbl,

(bli +c1J + dlk) . (bQZ + coJ + ko) -



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4yacTblo.

(bi+cj+db)’ =bi +cj +dk. (2)
(bl’i +c17 + dlk‘) (bQZ + cog + dgk) = — (b1b2 + c1co + d1d2)+ by ¢ di
by ¢z dy

CJie0BaTe/IbHO, COTJIacHO (hopMyJiaM BEKTOPHOM anrebpbl,

(bli +c1J + dlk) . (bQZ + coJ + ko) -

—1
—

- - - - - - -
:_<b11 +aj +dik, i+ +d2k)+ [b11 +aj +dik,byi +coj +d2k] =



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4yacTblo.

(bi+cj+db)’ =bi +cj +dk. (2)
(bli + 1) + dlk) (bQZ + g + dgk) = — (b1b2 + ci1co + dldg)—i— by ¢ dy
bQ () d2

CJiefoBaTesbHO, COTJIaCHO (hopMyJ/iaM BEKTOPHOM alredphl,

(bli +c17 + dlk) . (bQZ + o) + dgk) =
- - - - - - — - - - — -7
= (T +aT +d K, b1 46 +BK)+ [T +a] +dk, b1 +6] +dk| =

=— ((bli +c1j + dik)Y, (boi 4 cof + ko)¢) + [(bli +c1j + dik)Y, (boi 4 cof + ko:)ﬂ



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4yacTblo.

(bi+cj+db)’ =bi +cj +dk. (2)
(bl’i +c17 + dlk‘) (bQZ + cog + dgk) = — (b1b2 + c1co + d1d2)+ by ¢ di
by ¢z dy

Hrak, cornacno gopmynam sektopHoi anredpbl, s KBATEPHHOHOB
uy = byi + ¢p7 + dpk

¢—1
UL Uy = — (u‘f, ug>+[uqf, u;ﬂ ,



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4yacTblo.

(bi+cj+db)’ =bi +cj +dk. (2)
(bl’i +c17 + dlk‘) (bQZ + cog + dgk) = — (b1b2 + c1co + d1d2)+ by ¢ di
by ¢z dy

Hrak, cornacno gopmynam sektopHoi anredpbl, s KBATEPHHOHOB
uy = byi + ¢p7 + dpk

1 !
winm= (ol ] == i )it ]



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4yacTblo.

(bi+cj+db)’ =bi +cj +dk. (2)
(bl’i +c17 + dlk‘) (bQZ + cog + dgk) = — (b1b2 + c1co + d1d2)+ by ¢ di
by ¢z dy

Hrak, cornacno gopmynam sektopHoi anredpbl, s KBATEPHHOHOB
uy = byi + ¢p7 + dpk

¢t Pt
U-Uy = — (u‘f, uf)—k[uqf, u;p] ;U U = — (uqf, uf)— [uqf, ug] :



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4yacTblo.

(bi+cj+db)’ =bi +cj +dk. (2)
(bl’i +c17 + dlk‘) (bQZ + cog + dgk) = — (b1b2 + c1co + d1d2)+ by ¢ di
by ¢z dy

Hrak, cornacno gopmynam sektopHoi anredpbl, s KBATEPHHOHOB
uy = byi + ¢p7 + dpk

ot 1
Uty = — (u%7 Ug)—l— |:u11b’ qup] y  U2rU] = — (Uzib, Ug)— |:U1f, ug] .

(3)

[Tosiyuaem popMyJibl /11 CKAJSIPHOTO U BEKTOPHOT'O TIPOH3BE/IEHHS



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4yacTblo.

(bi+cj+db)’ =bi +cj +dk. (2)
(bl’i +c17 + dlk‘) (bQZ + cog + dgk) = — (b1b2 + c1co + d1d2)+ by ¢ di
by ¢z dy

Hrak, cornacno gopmynam sektopHoi anredpbl, s KBATEPHHOHOB
uy = byi + ¢p7 + dpk

¢t Pt
U-Uy = — (u‘f, uf)—k[uqf, u;p] ;U U = — (uqf, uf)— [uqf, ug] :



[Tosiyuaem popMyJibl /11 CKAJSIPHOTO U BEKTOPHOTO TIPON3BEIEHHUS

1 1
(ulf, uf) =3 (uq - ug + usg - ul)w, [uqf, uﬂ =5 (uy - ug — ug - ul)w
(4)



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
HOJIY‘II/IJIH q)OpMy.HbI JJIs1 CKAJIIPHOTO U BEKTOPHOI'O ITPOU3BEACHHSA:

1 1
(uqf, ug]) =3 (uy - ug + usg - u1)¢, [uzf, ug} = — (uy - ug — Uz - u1)¢

2
(4)
B yacTtHOoCTH, nOJTydaeM TOKaeCcTBO SIKOOU:

R R e R R R T



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
HOJIY‘H/IJIH q)OpMy.HbI JJIs1 CKAJIIPHOTO U BEKTOPHOI'O ITPOU3BEACHHSA:

1 1
(uqf, ug]) =3 (uy - ug + usg - u1)¢, [uqf, ug} = — (uy - ug — Uz - u1)¢

2
(4)
B yacTtHOoCTH, nOJTydaeM TOKaeCcTBO SIKOOU:

R R e R R R T

1
:—([(Ul'UQ—UQ‘Ul)w, u}ﬂ + [(Ug'Ug—’LLgJ,'UQ)l/), ’LL%]‘F

+ [(ug-ul—ul-Ug},)w, u;p]) =



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
HOJIY‘H/IJIH q)OpMy.HbI JJIs1 CKAJIIPHOTO U BEKTOPHOI'O ITPOU3BEACHHSA:

1 1
(uqf, ug]) =3 (uy - ug + usg - u1)¢, [uqf, ug} = — (uy - ug — Uz - u1)¢

2
(4)
B yacTtHOoCTH, nOJTydaeM TOKaeCcTBO SIKOOU:

R R e R R R T

1
:—([(Ul'UQ—UQ‘Ul)w, u}ﬂ + [(Ug'Ug—’LLgJ,'UQ)l/), ’LL%]‘F

+ [(u3°u1—U1'U3)w, UIQPD =
1

:ZL((Ul'UQ—UQ"U/l)Ug—’U/g(Ul'UQ—UQ‘U1)+

+(U2'U3—U3'UQ)U1—Ul(U2°U3—U3'U2)—|—



+(U3-u1—u1-U3)u2—u2(U3-u1—u1-ug))wz



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
HOJIY‘H/IJIH q)OpMy.HbI JJIs1 CKAJIIPHOTO U BEKTOPHOI'O ITPOU3BEACHHSA:

1 1
(uqf, ug]) =3 (uy - ug + usg - u1)¢, [uqf, ug} = — (uy - ug — Uz - u1)¢

2
(4)
B yacTtHOoCTH, nOJTydaeM TOKaeCcTBO SIKOOU:

R R e R R R T

1
:—([(Ul'UQ—UQ‘Ul)w, u}ﬂ + [(Ug'Ug—’LLgJ,'UQ)l/), ’LL%]‘F

+ [(u3°u1—U1'U3)w, UIQPD =
1

=7 (urugug — uguiuz — ug (g - Uy — Us - Up) +

+(U2'U3—U3'UQ)U1—Ul(U2°U3—U3'U2)—|—



+(U3-u1—u1-U3)u2—u2(U3-u1—u1-ug))wz



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
HOJIY‘H/IJIH q)OpMy.HbI JJIs1 CKAJIIPHOTO U BEKTOPHOI'O ITPOU3BEACHHSA:

1 1
(uqf, ug]) =3 (uy - ug + usg - u1)¢, [uqf, ug} = — (uy - ug — Uz - u1)¢

2
(4)
B yacTtHOoCTH, nOJTydaeM TOKaeCcTBO SIKOOU:

R R e R R R T

1
:—([(Ul'UQ—UQ‘Ul)w, u}ﬂ + [(Ug'Ug—’LLgJ,'UQ)l/), ’LL%]‘F

+ [(u3°u1—U1'U3)w, UIQPD =
1

= Zl (U1UQU3 — UUL U3 — U3ULUY + UsULUL T+

+(U2'U3—U3'UQ)U1—Ul(U2°U3—U3'U2)—|—



+(U3-u1—u1-U3)u2—u2(U3-u1—u1-ug))wz



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
HOJIY‘H/IJIH q)OpMy.HbI JJIs1 CKAJIIPHOTO U BEKTOPHOI'O ITPOU3BEACHHSA:

1 1
(uqf, ug]) =3 (uy - ug + usg - u1)¢, [uqf, ug} = — (uy - ug — Uz - u1)¢

2
(4)
B yacTtHOoCTH, nOJTydaeM TOKaeCcTBO SIKOOU:

R R e R R R T

1
:—([(Ul'UQ—UQ‘Ul)w, u}ﬂ + [(Ug'Ug—’LLgJ,'UQ)l/), ’LL%]‘F

+ [(u3°u1—U1'U3)w, UIQPD =
1

= Zl (U1UQU3 — UUL U3 — U3ULUY + UsULUL T+

+uguzty — Uzt — Uy (U - Uz — Uz - Us) +



+(U3-u1—u1-U3)u2—u2(U3-u1—u1-ug))wz



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
[Tonyunin hopMyJibl JIIs1 CKaJIIPHOTO U BEKTOPHOTO MPOU3BEIEHHS:
1 1
(ulf, ug) =3 (uy - ug + us - ul)w, [uqf, u;q =5 (uy - ug — usg - ul)w
(4)

B uactHocTH, nosiyuaem ToxkaecTBO AK0OOU:

(1] )+ [ ] )+ 1] )

1
= 5 ([(ul 'UQ_/U/Q'Ul)w, U;Z}:| + |:(/U/2 'Ug—U3'u2)¢, uﬂ +

+ [(U?, "UL — U 'U3)¢> u‘ﬁ’]) =
1
= Zl (U1UQU3 — U2U1U3 — U3ULU2 + U3U2U1‘|‘
+UgU3UT — U3ULU] — UTULUZ + U U3U2F

+(u3-u1—u1-u3)u2—u2(u3-u1—ul-u;;))w:



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
HOJIY‘H/IJIH q)OpMy.HbI JJIs1 CKAJIIPHOTO U BEKTOPHOI'O ITPOU3BEACHHSA:

1 1
(ulf, ug) =3 (uy - ug + us - ul)w, [uqf, u;q =5 (uy - ug — usg - ul)w

(4)

B uactHocTH, nosiyuaem ToxkaecTBO AK0OOU:

R R e R R R T

1
:—([(?“'UQ—UQ'Ul)w, U;Z}:| + |:(U/2"U/3—U3'U2)¢, uﬂ—l—

2
+ [(U3'U1—U1'U3)¢7 u‘ﬁ’]) =

1
= Zl (U1UQU3 — UQULUZ — U3UTUY + UsU2ULT+
+UgU3UT — U3ULU] — UTULUZ + U U3U2F

gty — wyugy — un (us - 0y — uy - ug))” =



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
HOJIY‘H/IJIH q)OpMy.HbI JJIs1 CKAJIIPHOTO U BEKTOPHOI'O ITPOU3BEACHHSA:

1 1
(ulf, ug) =3 (uy - ug + us - ul)w, [uqf, u;q =5 (uy - ug — usg - ul)w
(4)

B uactHocTH, nosiyuaem ToxkaecTBO AK0OOU:

R R e R R R T

1
= 5 ([(ul '/U/Q_/U/Z'ul)wa u;,q + |:(U,2 -U3—U3'U2)¢, ugb] +
+ [(U?, "UL — U 'U3)¢> u‘ﬁ’]) =
1

+UgU3UT — U3ULU] — UTULUZ + U U3U2F

+U3UIUY — UTU3U2 — UU3UT + UQUﬂLg)w =



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
HOJIY‘H/IJIH q)OpMy.HbI JJIs1 CKAJIIPHOTO U BEKTOPHOI'O ITPOU3BEACHHSA:

1 1
(ulf, ug) =3 (uy - ug + us - ul)w, [uqf, u;q =5 (uy - ug — usg - ul)w
(4)

B uactHocTH, nosiyuaem ToxkaecTBO AK0OOU:

R R e R R R T

1
= 5 ([(Ul'UQ—UQ'ul)wa ug’} -+ [(Uz'u3—u3'u2)¢> Uﬂ +
+ [(U?, "UL — U 'U3)¢> u‘ﬁ’]) =
1

+UgU3U1 — U3U2U] — UpUoU3 + UU3ULF

+U3UIUY — UTU3U2 — U2U3UT + UQUﬂLg)w =



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
[Tosryunsin hopMyJibl 1J1sT CKAJIIPHOTO M BEKTOPHOTO MPOU3BEIEHHUS
1 1
(ulf, ug) =3 (uy - ug + us - ul)w, [uqf, u;q =5 (uy - ug — usg - ul)w
(4)
B yacTtHoCTH, MoJIyyaeM TOKaeCcTBO SIKOOU:
(1] )+ [ ] )+ 1] )
1
= 5 ([(ul 'UQ_/U/Q'Ul)w, U;Z}:| + |:(/U/2 'Ug—U3'u2)¢, uﬂ +
+ [(U/g U1 — UL 'U3)¢, ug)]) =
1
=7 (—uguiug — uzu Uy + UsusUy+
+usuzu; — U3UU + UTUUSF

+U3UIUY — UTU3U2 — U2U3UT + UQUﬂLg)w =



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
HOJIY‘H/IJIH q)OpMy.HbI JJIs1 CKAJIIPHOTO U BEKTOPHOI'O ITPOU3BEACHHSA:

1 1
(ulf, ug) =3 (uy - ug + us - ul)w, [uqf, u;q =5 (uy - ug — usg - ul)w
(4)
B uactHocTH, nosiyuaem ToxkaecTBO AK0OOU:
] ]+ [ 5] ]+ [ ] -
1

25([(U1°U2—UQ'U1)w, U;Z}:| + |:(U/2"U/3—U3'U2)¢, uﬂ—l—

+ [(U3'U1—U1'U3)¢7 u‘ﬁ’]) =
1

=7 (—uguiug — uguius + uzusU+
+usuzu; — U3UU + UTUUsF

+U3UIUY — UTU3U2 — U2U3UT + UQU1U3)w =



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
[Tonyunin hopMyJibl JIIs1 CKaJIIPHOTO U BEKTOPHOTO MPOU3BEIEHHS:
1 1
(ulf, ug) =3 (uy - ug + us - ul)w, [uqf, u;q =5 (uy - ug — usg - ul)w
(4)
B uactHocTH, nosiyuaem ToxkaecTBO AK0OOU:
(1] )+ [ ] )+ 1] )
1
= 5 ([(ul 'UQ_/U/Q'Ul)w, U;Z}:| + |:(/U/2 'Ug—U3'u2)¢, uﬂ +
+ [(U?, "UL — U 'U3)¢> u‘ﬁ’]) =
1
= 1 (—U3U1UQ + UsULUL+
+usuzu; — U3UU + UTUUSF

+U3UIUY — UTUSUD — U2U3’LL1)¢ =



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
[Tonyunin hopMyJibl JIIs1 CKaJIIPHOTO U BEKTOPHOTO MPOU3BEIEHHS:
1 1
(ulf, ug) =3 (uy - ug + us - ul)w, [uqf, u;q =5 (uy - ug — usg - ul)w
(4)
B uactHocTH, nosiyuaem ToxkaecTBO AK0OOU:
(1] )+ [ ] )+ 1] )
1
= 5 ([(ul 'UQ_/U/Q'Ul)w, U;Z}:| + |:(/U/2 'Ug—U3'u2)¢, uﬂ +
+ [(U?, "UL — U 'U3)¢> u‘ﬁ’]) =
1
= Z (—U3U1UQ + UsULULF
+usuzu; — UsUU + UTUUSF

+UsgUuiUy — UIU3UL — u2u3u1)w =



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
[Tonyunin hopMyJibl JIIs1 CKaJIIPHOTO U BEKTOPHOTO MPOU3BEIEHHS:
1 1
(ulf, ug) =3 (uy - ug + us - ul)w, [uqf, u;q =5 (uy - ug — usg - ul)w
(4)
B uactHocTH, nosiyuaem ToxkaecTBO AK0OOU:
1] ] ] ] ). ) -
1
= 5 ([(ul 'UQ_/U/Q'Ul)w, U;Z}:| + |:(/U/2 'Ug—U3'u2)¢, uﬂ +
+ [(U?, "UL — U 'U3)¢> u‘ﬁ’]) =
1
= Z (U3U2U1+
+usuzu; — UsUU + UTUUsF

(O
—Uuiusuy — U2U3U1) =



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
[Tonyunin hopMyJibl JIIs1 CKaJIIPHOTO U BEKTOPHOTO MPOU3BEIEHHS:
1 1
(ulf, ug) =3 (uy - ug + us - ul)w, [uqf, u;q =5 (uy - ug — usg - ul)w
(4)
B uactHocTH, nosiyuaem ToxkaecTBO AK0OOU:
1] ] ] ] ). ) -
1
= 5 ([(ul 'UQ_/U/Q'Ul)w, U;Z}:| + |:(/U/2 'Ug—U3'u2)¢, uﬂ +
+ [(U?, "UL — U 'U3)¢> u‘ﬁ’]) =
1
= Z (113112111‘|’
+uouzu; — ugloUy + UjU3ULF

(O
—Uuiusuy — U2U3U1) =



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
HOJIY‘H/IJIH q)OpMy.HbI JJIs1 CKAJIIPHOTO U BEKTOPHOI'O ITPOU3BEACHHSA:

1 1
(uqf, ugj) =3 (uy - ug + usg - u1)¢, [uqf, ug} =5 (w1 - ug — ug - u1)¢
(4)
B yacTtHoCTH, MOJTydaem TOKaeCTBO SIKOOU:

[t ] ] [ ] ] [ ] o] =
1
= — ([(Ul 'UQ—UQ'U1)¢, u}ﬂ + [(Ug'Ug—Ug'U,Q)w, Ullb] +
+ [(Ug'm _Ul'u3)¢7 Uﬂ) =
1

= Zl (UQU,g,ul + UjU3U2+

(O
—Uuiusuy — U2U3U1) =



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
HOJIY‘H/IJIH q)OpMy.HbI JJIs1 CKAJIIPHOTO U BEKTOPHOI'O ITPOU3BEACHHSA:

1 1
(uqf, ugj) =3 (uy - ug + usg - u1)¢, [uqf, ug} =5 (w1 - ug — ug - u1)¢
(4)
B yacTtHoCTH, MOJTydaem TOKaeCTBO SIKOOU:

[t ] ] [ ] ] [ ] o] =
1
= — ([(Ul 'UQ—UQ'U1)¢, u}ﬂ + [(Ug'Ug—Ug'U,Q)w, Ullb] +
+ [(Ug'm _Ul'u3)¢7 Uﬂ) =
1

=7 (uguguy + uiusus+

v
—Uuiusuy — 112U13U11) =



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
HOJIY‘H/IJIH q)OpMy.HbI JJIs1 CKAJIIPHOTO U BEKTOPHOI'O ITPOU3BEACHHSA:

1 1
(uqf, ug]) =3 (uy - ug + usg - u1)¢, [uqf, ug} = — (uy - ug — Uz - u1)¢

2
(4)
B yacTtHOoCTH, nOJTydaeM TOKaeCcTBO SIKOOU:

R R e R R R T

1
:—([(Ul'UQ—UQ‘Ul)w, u}ﬂ + [(Ug'Ug—’LLgJ,'UQ)l/), ’LL%]‘F

+ [(ug-ul — Uy -u;),)w, u;p]) =
1 )¢

= é_l (U1U3U2 — U1uUsUuU2



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
HOJIY‘H/IJIH q)OpMy.HbI JJIs1 CKAJIIPHOTO U BEKTOPHOI'O ITPOU3BEACHHSA:

1 1
(uqf, ug]) =3 (uy - ug + usg - u1)¢, [uqf, ug} = — (uy - ug — Uz - u1)¢

2
(4)
B yacTtHOoCTH, nOJTydaeM TOKaeCcTBO SIKOOU:

R R e R R R T

1
:—([(Ul'UQ—UQ‘Ul)w, u}ﬂ + [(Ug'Ug—’LLgJ,'UQ)l/), ’LL%]‘F

+ [(ug-ul—ul-Ug},)w, u;p]) =

1
= Z <U1U3UQ — U1U3’LL2)¢ = 0.



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB
HOJIY‘II/IJIH q)OpMy.HbI JJIs1 CKAJIIPHOTO U BEKTOPHOI'O ITPOU3BEACHHSA:

1 1
(uqf, ug]) =3 (uy - ug + usg - u1)¢, [uzf, ug} = — (uy - ug — Uz - u1)¢

2
(4)
B yacTtHOoCTH, nOJTydaeM TOKaeCcTBO SIKOOU:

Huﬁ/’, uf] : u?f] + Hug, u;ﬂ : uﬂ + Hu?f, uﬂ : uﬂ =0. (5)



IV. TeomeTpuueckas MHTepnpeTauusi TejJa KBaTEPHHUO-
HOB

B kBatepuuone a + bi + c¢j + dk cnaraemoe a Ha3bIBAeTCS CKAJASIPHOM
yacTbl0 KBaTepHUOHA, a BbipaxkeHue bt + c¢j + dk — ero BEeKTOPHOM
4acTblo.

BekropHo# uacTu bi + ¢y +d dk kBatepHuoHa a + bt 4 cj + dk cono-

CTaBJIEH BEKTOP bi + CT +d k T.€ BBeJleM OTO6p_a>)K€HI/I€ Y hopmyJioi
(bi + ¢j + dk)" —bi +cj +dk. (2)

Tt KBaTePHUOHOB @y + byt + ¢,j + dpk, e p € {1; 2}:

Up

¢—1
(a1 + uqp) - (ag + ug) = ayas — (uzf, ug) + aius + asuy + [uqf, u;ﬂ .

\ 7 \ 7
~~ ~~

CKaJlsipHasi 4aCTb BEKTOPHAs1 4aCTb

(6)



V. JleneHue B airedope KBaAaTEpHUOHOB

BblunciieHne sjemeHTa, 0OpPaTHOTO OTHOCHUTENbHO MPOU3BEJEHHUS,
MOKHO C MOMOIIbIO MpeACTaBJIeHHs (B JAHHOM cJiyyae — H30MOP(H3-
Ma), 3afaHHoro gopmysaoit (1) u BbluKMcaeHUs1 0OpaTHOW MATPHUILbI.

OjnHako, XxoTesoch Obl UMETh SABHYIO (hOPMYJy JJIsl HAXO0XKJIeHHs1 o6paT-
HOI'O 3JIEMEHTA.



V. JleneHue B airedope KBaAaTEpHUOHOB

Bbluncienue sjemeHnta, 06paTHOMO OTHOCHTENbHO TMPOU3BEJEHMUS,
MOXKHO C MOMOLIbIO MpeACTaBJIeHHs (B JaHHOM cJiyuae — H30MOP(HU3-
Ma), 3ajaHHoro opmyaoi (1) u BbluMcaeHUsi 0OPaTHON MaTPHULLbI.
OjHako, XoTesoch Obl UMETh SIBHYIO (opMyJly [Jisi HAX0XKaeHHs o6paT-
HOTO 3JIEMEHTA.

[Ipumenum ctpateruto noucka ananoruu. Asnrebpa KBaTepHHOHOB
SIBJISIETCS PA3BUTHEM aJIre0pbl KOMIIJIEKCHBIX UUCEJT, TO3TOMY MOXKHO MO-
npo6OBaTh BBECTH aHAJNOTMYHbBIE KOHCTPYKLMMN,



V. lleneHue B anredpe KBATEpPHUOHOB
Ksarepuuon a+ bi + ¢j + dk = a — (bi + ¢j + dk) Ha3biBaeTcsi co-
Npsi>KEHHbIM KO KBaTePHUOHY a + bi + ¢j + dk.




V. JleneHue B airedope KBaAaTEpHUOHOB

Ksarepuuon a+ bi + ¢j + dk = a — (bi + ¢j + dk) Ha3biBaeTcsi co-
Npsi>KEHHbIM KO KBaTePHUOHY a + bi + ¢j + dk.

OueBHJIHO, UTO JJIs1 JIIOOOT0 KBaTEPHHUOHA

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

MOKHO BBIUHCJIUTL 3TO MPOU3BEJIEHHE <TI0 YECTHOMY>, HO MPOLIE BOC-
M0Jb30BATbCA NEOMETPUUECCKOU MHTEpIpeTalued KBaTePHUOHA, TOUHEE,

hopmyanamu (3):



V. JleneHue B airedope KBaAaTEpHUOHOB

Ksarepuuon a+ bi + ¢j + dk = a — (bi + ¢j + dk) Ha3biBaeTcsi co-
Npsi>KEHHbIM KO KBaTePHUOHY a + bi + ¢j + dk.

OueBHJIHO, UTO JJIs1 JIIOOOT0 KBaTEPHHUOHA

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

MO02KHO BBIUMCJIUTbL 3TO MPOU3BEJIEHHE <110 YECTHOMY>», HO MPOllle BOC-
M0J1b30BaThCsl T€OMETPUUECKON MHTEpIpeTalell KBaTepHUOHA, TOUHEE,
thopmynamu (3): ecau u — BEKTOpPHAs 4aCTh KBATEPHUOHA, TO

a0 =



V. JleneHue B airedope KBaAaTEpHUOHOB

Ksarepuuon a+ bi + ¢j + dk = a — (bi + ¢j + dk) Ha3biBaeTcsi co-
Npsi>KEHHbIM KO KBaTePHUOHY a + bi + ¢j + dk.

OueBHJIHO, UTO JJIs1 JIIOOOT0 KBaTEPHHUOHA

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

MO02KHO BBIUMCJIUTbL 3TO MPOU3BEJIEHHE <110 YECTHOMY>», HO MPOllle BOC-
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