Tema VII: Onpegenutenn

§ 1. Onpepenexne 1 OCHOBHbIE TEOPEMDbI

M.B.Bonkos

Vpanbckuii hepepasbHbiii YHUBEPCHTET,
V|HCTVITyT €CTECTBEHHbBIX HAYK N MAaTEMATUKWN,

kadpegpa anrebpbl v pyHAAMEHTANBHOR MHPOPMATIKN

2021/2022 y4ebHbiii rog,
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Akcuomsl on pepennTens

CornatieHne n obosHaveHune

[Jo ocoboro ykazaHusi CnoBo «maTpuua» byner o3HayvaTb KBagpaTHYyHO
MaTpULly Hagj HEKOTOPbIM — MPON3BOJIbHBIM, HO (DUKCUPOBaHHBLIM — nosiem F.
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Akcuomsl on pepennTens

CornatieHne n obosHaveHune

Jo ocoboro ykasaHus cioBo «MaTpuua» byaeT o3HayaTb KBagpaTHYyHo
MaTpuLy Had HEKOTOPbIM — NPOU3BOJIbHLIM, HO (PUKCUPOBaHHLIM — nonem F'.
MHoxecTBO BCex n X n-matpuy Hag F' byaem obosnavats yepes M, (F).
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Akcuomsl on pepennTens

CornatieHne n obosHaveHune

Jo ocoboro ykasaHus cioBo «MaTpuua» byaeT o3HayaTb KBagpaTHYyHo
MaTpuLy Had HEKOTOPbIM — NPOU3BOJIbHLIM, HO (PUKCUPOBaHHLIM — nonem F'.
MHoxecTBO BCex n X n-matpuy Hag F' byaem obosnavats yepes M, (F).

Ham 6ygeT ynobHo Mbicauts matpuuy A € M, (F) Kak CTpoKy CTON6LOB, T.e.
ecnn A; — i-ii cTonbey maTpuupsl A, 3anuceiBaem eé kak A = (A; Az ... A,).
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Akcuomsl on pepennTens

CornatieHne n obosHaveHune

Jo ocoboro ykasaHus cioBo «MaTpuua» byaeT o3HayaTb KBagpaTHYyHo
MaTpuLy Had HEKOTOPbIM — NPOU3BOJIbHLIM, HO (PUKCUPOBaHHLIM — nonem F'.
MHoxecTBO BCex n X n-matpuy Hag F' byaem obosnavats yepes M, (F).

Ham 6ygeT ynobHo Mbicauts matpuuy A € M, (F) Kak CTpoKy CTON6LOB, T.e.
ecnn A; — i-ii cTonbey maTpuupsl A, 3anuceiBaem eé kak A = (A; Az ... A,).

Onpegenetdue

OTobpaxetue det: M, (F) — F Ha3blBaeTCsi onpesemTeseM, eCam oHO
YAOB/IETBOPSIET CNEAYIOWMM TPEM aKCUOMAM:
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Akcuomsl on pepennTens

CornatieHne n obosHaveHune

Jo ocoboro ykasaHus cioBo «MaTpuua» byaeT o3HayaTb KBagpaTHYyHo
MaTpuLy Had HEKOTOPbIM — NPOU3BOJIbHLIM, HO (PUKCUPOBaHHLIM — nonem F'.
MHoxecTBO BCex n X n-matpuy Hag F' byaem obosnavats yepes M, (F).

Ham 6ygeT ynobHo Mbicauts matpuuy A € M, (F) Kak CTpoKy CTON6LOB, T.e.
ecnn A; — i-ii cTonbey maTpuupsl A, 3anuceiBaem eé kak A = (A; Az ... A,).

Onpegenetdue

OTobpaxetue det: M, (F) — F Ha3blBaeTCsi onpesemTeseM, eCam oHO
YOOB/IETBOPSIET CIEAYIOWMM TPEM aKCUOMaM:

Al ecnn A; = Ai+1, T0 det (Al LA Ai+1 . An) =0
(kococummeTpuHHOCT);
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Akcuomsl on pepennTens

CornatieHne n obosHaveHune

Jo ocoboro ykasaHus cioBo «MaTpuua» byaeT o3HayaTb KBagpaTHYyHo
MaTpuLy Had HEKOTOPbIM — NPOU3BOJIbHLIM, HO (PUKCUPOBaHHLIM — nonem F'.
MHoxecTBO BCex n X n-matpuy Hag F' byaem obosnavats yepes M, (F).

Ham 6ygeT ynobHo Mbicauts matpuuy A € M, (F) Kak CTpoKy CTON6LOB, T.e.
ecnn A; — i-ii cTonbey maTpuupsl A, 3anuceiBaem eé kak A = (A; Az ... A,).

Onpegenetdue

OTobpaxetue det: M, (F) — F Ha3blBaeTCsi onpesemTeseM, eCam oHO
YOOB/IETBOPSIET CIEAYIOWMM TPEM aKCUOMaM:

Al ecnn A; = Ai+1, T0 det (Al LA Ai+1 . An) =0
(kococummeTpudHoCTb);

All: ecnm A; = A, + A7, 710

ecnn A; = aAl, Todet(A1 A An) :adet(A1 AL An)
(monnnuneiinocTs);
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Akcuomsl on pepennTens

CornatieHne n obosHaveHune

Jo ocoboro ykasaHus cioBo «MaTpuua» byaeT o3HayaTb KBagpaTHYyHo
MaTpuLy Had HEKOTOPbIM — NPOU3BOJIbHLIM, HO (PUKCUPOBaHHLIM — nonem F'.
MHoxecTBO BCex n X n-matpuy Hag F' byaem obosnavats yepes M, (F).

Ham 6ygeT ynobHo Mbicauts matpuuy A € M, (F) Kak CTpoKy CTON6LOB, T.e.
ecnn A; — i-ii cTonbey maTpuupsl A, 3anuceiBaem eé kak A = (A; Az ... A,).

Onpegenetdue

OTobpaxetue det: M, (F) — F Ha3blBaeTCsi onpesemTeseM, eCam oHO
YOOB/IETBOPSIET CIEAYIOWMM TPEM aKCUOMaM:

Al ecnn A; = Ai+1, T0 det (Al LA Ai+1 . An) =0
(kococummeTpudHoCTb);

All: ecnm A; = A, + A7, 710

ecnn A; = aAl, Todet(A1 A An) :adet(A1 AL An)
(monnnuneiinocTs);

AIIL: det E = 1 (Hopmuposka).
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Akcuombl onpegenutens (2)

Mebi 3anucann akcnombl AI-AIIT chopmynamu; gagnm eweé n CaoBecHble
hopmMynnpoBKu.
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Akcuombl onpegenutens (2)

Mebi 3anucann akcnombl AI-AIIT chopmynamu; gagnm eweé n CaoBecHble
hopmMynnpoBKu.

Ecnun pgBa cocegHux ctonbua maTpuubl paBHbl, TO ee onpenenntens paseH 0.
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Akcuombl onpegenutens (2)

Mebi 3anucann akcnombl AI-AIIT chopmynamu; gagnm eweé n CaoBecHble
hopmMynnpoBKu.

Ecnun pgBa cocegHux ctonbua maTpuubl paBHbl, TO ee onpenenntens paseH 0.

1. Ecnwu i-ii ctonbew, maTpuLbl €CTb CyMMa ABYX CTONOLOB, TO ee
onpefenuTeNb paBeH CyMMe onpefennTeneil 4Byx MaTpul, Y NepBoii n3
KOTOpbIX -1 cToNbeL, 3aMeHeH Ha NepBoe C/laraemMoe, a y BTOPOI — Ha BTOPOeE.
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Akcuombl onpegenutens (2)

Mebi 3anucann akcnombl AI-AIIT chopmynamu; gagnm eweé n CaoBecHble
hopmMynnpoBKu.

Ecnun pgBa cocegHux ctonbua maTpuubl paBHbl, TO ee onpenenntens paseH 0.

1. Ecnwu i-ii ctonbew, maTpuLbl €CTb CyMMa ABYX CTONOLOB, TO ee
onpeaenunTenb paBeH CyMMe onpefennTenei AByX MaTpul, y Nnepeoii n3
KOTOpbIX -1 cToNbeL, 3aMeHeH Ha NepBoe C/laraemMoe, a y BTOPOI — Ha BTOPOeE.
2. Ecnu i-ii ctonbew MaTpuubl yMHOXUTL Ha « € F', To ee onpegenntens

YMHOXWUTCA Ha .
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Akcuombl onpegenutens (2)

Mebi 3anucann akcnombl AI-AIIT chopmynamu; gagnm eweé n CaoBecHble
hopmMynnpoBKu.

Ecnun pgBa cocegHux ctonbua maTpuubl paBHbl, TO ee onpenenntens paseH 0.

1. Ecnwu i-ii ctonbew, maTpuLbl €CTb CyMMa ABYX CTONOLOB, TO ee
onpeaenunTenb paBeH CyMMe onpefennTenei AByX MaTpul, y Nnepeoii n3
KOTOpbIX -1 cToNbeL, 3aMeHeH Ha NepBoe C/laraemMoe, a y BTOPOI — Ha BTOPOeE.
2. Ecnu i-ii ctonbew MaTpuubl yMHOXUTL Ha « € F', To ee onpegenntens

YMHOXWUTCA Ha .

OnpegenuTtens eanHNYHON MaTpuubl paseH 1.
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Wtak, onpegenuTesib — 3TO KOCOCUMMETPUYHOE MONUINHERHOE HOPMUPOBAHHOE
otobpaxenue ns M, (F) s F.
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Wtak, onpegenuTesib — 3TO KOCOCUMMETPUYHOE MONUINHERHOE HOPMUPOBAHHOE
otobpaxenue ns M, (F) s F.

BosHukaer TP €CTECTBEHHbLIX N HEOYEBUAHbLIX BOMNpOCa:
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Wtak, onpegenuTesib — 3TO KOCOCUMMETPUYHOE MONUINHERHOE HOPMUPOBAHHOE
otobpaxenue ns M, (F) s F.

BosHukaer TP €CTECTBEHHbLIX N HEOYEBUAHbLIX BOMNpOCa:

1. CyLLI,eCTByIOT NN Takne 0TO6pa)KeHI/I$I ONA KaXX[Qoro HatypajibHOro n?
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Wtak, onpegenuTesib — 3TO KOCOCUMMETPUYHOE MONUINHERHOE HOPMUPOBAHHOE
otobpaxenue ns M, (F) s F.

BosHukaer TP €CTECTBEHHbLIX N HEOYEBUAHbLIX BOMNpOCa:
1. CyLLI,eCTByIOT NN Takne 0TO6pa)KeHI/ISI ONA KaXX[Qoro HatypajibHOro n?

2. Ecnn cywecTBytoT, TO CKONbKO Takux OTObpaXkeHUli MOXeT BbiTb
npu KaXxgom n?
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Wtak, onpegenuTesib — 3TO KOCOCUMMETPUYHOE MONUINHERHOE HOPMUPOBAHHOE
otobpaxenue ns M, (F) s F.

BosHukaer TP €CTECTBEHHbLIX N HEOYEBUAHbLIX BOMNpOCa:
1. CyLLI,eCTByIOT NN Takne 0TO6pa)KeHI/ISI ONA KaXX[Qoro HatypajibHOro n?

2. Ecnn cywecTBytoT, TO CKONbKO Takux OTObpaXkeHUli MOXeT BbiTb
npu KaXxgom n?

3. 3auem HyXHbl Takue oTobpakeHuns?
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Wtak, onpegenuTesib — 3TO KOCOCUMMETPUYHOE MONUINHERHOE HOPMUPOBAHHOE
otobpaxenue ns M, (F) s F.

BosHunkaeT Tpu eCTeCTBEHHbIX N HEOHYEBUAHbIX BOMNPOCA:

1. CywecTBytoT /i1 Takme oTOBpaXkeHUst ANs KaXK4Oro HaTypasbHoro n?
2. Ecnm cywiecTBytoT, TO CKOJIbKO TaKnx OTOBpa)keHnii MOXeT BbITb
npu KaXxgom n?

3. 3auem HyXHbl Takue oTobpakeHuns?

CeFOp,HFI Mbl OTBETUM CHa4aJsia Ha BTOpOI7I BOMpPOC, a NOTOM Ha I'IepBbII7I.
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Wtak, onpegenuTesib — 3TO KOCOCUMMETPUYHOE MONUINHERHOE HOPMUPOBAHHOE
otobpaxenue ns M, (F) s F.

BosHukaer TP €CTECTBEHHbLIX N HEOYEBUAHbLIX BOMNpOCa:
1. CyLLI,eCTByIOT NN Takne 0TO6pa)KeHI/ISI ONA KaXX[Qoro HatypajibHOro n?

2. Ecnm cywiecTBytoT, TO CKOJIbKO TaKnx OTOBpa)keHnii MOXeT BbITb

npu KaXxgom n?

3. 3auem HyXHbl Takue oTobpakeHuns?

CerogHst Mbl OTBETUM CHa4afa Ha BTOPOI BOMPOC, a NOTOM Ha MEpBbIiA.

Y70 KacaeTcs TpeTbero, NOCTENEHHO CTaHeT BUAHO, YTO ONpPEeAenuTeNn CayKaT
NoMe3HbIM 1 YAOOHBIM TEXHUYECKUM CPeLCTBOM NUHeRHol anrebpbl, 6e3
KOTOPOro BO MHOIMX CJIyHasix MPOCTO HEBO3MOXXHO OBONTUCH.
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Wtak, onpegenuTesib — 3TO KOCOCUMMETPUYHOE MONUINHERHOE HOPMUPOBAHHOE
otobpaxenue ns M, (F) s F.

BosHukaer TP €CTECTBEHHbLIX N HEOYEBUAHbLIX BOMNpOCa:
1. CyLLI,eCTByIOT NN Takne 0TO6pa)KeHI/ISI ONA KaXX[Qoro HatypajibHOro n?

2. Ecnm cywiecTBytoT, TO CKOJIbKO TaKnx OTOBpa)keHnii MOXeT BbITb

npu KaXxgom n?

3. 3auem HyXHbl Takue oTobpakeHuns?

CerogHst Mbl OTBETUM CHa4afa Ha BTOPOI BOMPOC, a NOTOM Ha MEpBbIiA.

Y70 KacaeTcs TpeTbero, NOCTENEHHO CTaHeT BUAHO, YTO ONpPEeAenuTeNn CayKaT
NoMe3HbIM 1 YAOOHBIM TEXHUYECKUM CPeLCTBOM NUHeRHol anrebpbl, 6e3
KOTOPOro BO MHOIMX CJIyHasix MPOCTO HEBO3MOXXHO OBONTUCH.

OTMeTUM ewwg, 4TO BaXXHOCTb onpeaenuTeneii 6bina 0CO3HAHA OYeHb AaBHO
(na pybexe XVII u XVIII sekos).
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Wtak, onpegenuTesib — 3TO KOCOCUMMETPUYHOE MONUINHERHOE HOPMUPOBAHHOE
otobpaxenue ns M, (F) s F.

BosHukaer TP €CTECTBEHHbLIX N HEOYEBUAHbLIX BOMNpOCa:
1. CyLLI,eCTByIOT NN Takne 0TO6pa)KeHI/ISI ONA KaXX[Qoro HatypajibHOro n?

2. Ecnm cywiecTBytoT, TO CKOJIbKO TaKnx OTOBpa)keHnii MOXeT BbITb

npu KaXxgom n?

3. 3auem HyXHbl Takue oTobpakeHuns?

CerogHst Mbl OTBETUM CHa4afa Ha BTOPOI BOMPOC, a NOTOM Ha MEpBbIiA.

Y70 KacaeTcs TpeTbero, NOCTENEHHO CTaHeT BUAHO, YTO ONpPEeAenuTeNn CayKaT

NoMe3HbIM 1 YAOOHBIM TEXHUYECKUM CPeLCTBOM NUHeRHol anrebpbl, 6e3
KOTOPOro BO MHOTMX CJyH4asix MPOCTO HEBO3MOXKHO ObOWTHCh.

OTmeTuM ewwg, 4To BaXKHOCTbL onpegenuTeneli bbina oco3HaHa OYeHb AABHO
(na pybexe XVII u XVIII sekos). MapafokcanbHo, HO NOHSATME ONPeAennTens
MaTpuLLbl NOSIBUIOCE HAMHOMO paHblue, YeM NoHATUE MaTpuubi!
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HekoTopble cBoiicTBa onpeaennteneii

Ecnn kakoii-To ctonbey, matpuubl A coctonT n3 Hyneii, To det A = 0.
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HekoTopble cBoiicTBa onpeaennteneii

Ecnn kakoii-To ctonbey, matpuubl A coctonT n3 Hyneii, To det A = 0.

JokazatensctBo. Cneayet nz All: BoiHocum 0bwmnii mHoxuTens 0 us ctonbua,
COCTOSILLLETO U3 Hyneld. O
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HekoTopble cBoiicTBa onpeaennteneii

Ecnn kakoii-To ctonbey, matpuubl A coctonT n3 Hyneii, To det A = 0.

JokazatensctBo. Cneayet nz All: BoiHocum 0bwmnii mHoxuTens 0 us ctonbua,
COCTOSILLLETO U3 Hyneld. O

Ecan NnepecTaBnTb cocegHune CTOJ16LI,bI MaTpuubl, onpeaesnTeslb CMEHUT 3HAK.
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HekoTopble cBoiicTBa onpeaennteneii

Ecnn kakoii-To ctonbey, matpuubl A coctonT n3 Hyneii, To det A = 0.

JokazatensctBo. Cneayet nz All: BoiHocum 0bwmnii mHoxuTens 0 us ctonbua,
COCTOSILLLETO U3 Hyneld. O

Ecan NnepecTaBnTb cocegHune CTOJ16LI,bI MaTpuubl, onpeaesnTeslb CMEHUT 3HAK.

Jokazatenbcrso. Mycte A

= ( LA Aier . An). XoTum gokasaTb, 4TO
det(Al...AiAiJrl.. ):

— det (Al Ai+1 A; ... An) .
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HekoTopble cBoiicTBa onpeaennteneii

Ecnn kakoii-To ctonbey, matpuubl A coctonT n3 Hyneii, To det A = 0.

JokazatensctBo. Cneayet nz All: BoiHocum 0bwmnii mHoxuTens 0 us ctonbua,
COCTOSILLLETO U3 Hyneld. O

Ecan NnepecTaBnTb cocegHune CTOJ16LI,bI MaTpuubl, onpeaesnTeslb CMEHUT 3HAK.

Jokazatenbcrso. Mycte A

= ( LA Aier . An). XoTum gokasaTb, 4TO
det(Al...AiAiJrl.. ):

— det (Al Ai+1 A; ... An) . meem

Al 7 i+ 1
0= det(A1 Ai+Ai+1 Ai+Ai+1 An) =
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HekoTopble cBoiicTBa onpeaennteneii

Ecnn kakoii-to ctonbey matpuubl A coctonT n3 Hyneii, To det A = 0.

LHokazatenscrso. Cnepyet ns All: BoiHocuM obwmii MHoXuTenb 0 u3 cTtonbua,
COCTOALLEro U3 HyNei. O

Ecan NnepecTaBnTb cocegHune CTOJ16LI,bI MaTpuubl, onpeaesnTeslb CMEHUT 3HAK.

Jokazatensctso. Mycte A = (A1 A Aig An). XoTuM fokasaTb, 4TO
det (Al AiAiJrl An) = —det (Al Ai+1 A;. .. An) . meem

Al 7 i+ 1
0= det(A1 Ai+Ai+1 Ai+Ai+1 An) =

i 1+ 1 i i1

t 1+ 1 t 141
+ det(A1 Ai+1 A ... An)+ det(A1 Ai+1 Ai+1 An)
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HekoTopesle cBoiicTBa onpegenuteneii (2)
B paBHoii Hynto cymme

i+ 1 1 1+1

T 1+

i 141 i i+ 1
+det(A1 Ai+1 A ... An)"!‘ det(A1 Ai+1 Ai+1 An)

nepeoe u nocnegHee cnaraemble pasHbl 0 B cuny akcuombl Al
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HekoTopbie cBoiicTea onpeaenuteneii (2)

B paBHoii Hynto cymme

v 1+ 1 i i1
i 1+1 i 1+1
+det(A1 Ai+1 A ... An)"!‘ det(A1 Ai+1 Ai+1 An)

nepBoe 1N nocnenHee csaraeMblie paBHbI 08 cnny akKCMombl Al
3Ha‘-II/IT, CyMMa BTOPOro N TpPeTbEero cjaraeémMbix e€CTb 0, OTKyAa
det (Al AiAH—l An) = —det(A1 Ai+1Ai An) O
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HekoTopbie cBoiicTea onpeaenuteneii (2)

B paBHoii Hynto cymme

i+ 1 v 1+ 1

v 1+
i 141 i i+ 1
+det(A1 Ai+1 A ... An)"!‘ det(A1 Ai+1 Ai+1 An)

nepBoe 1N nocnenHee csaraeMblie paBHbI 08 cnny akKCMombl Al
3Ha‘-II/IT, CyMMa BTOPOro N TpPeTbEero cjaraeémMbix e€CTb 0, OTKyAa
det (Al AiAH—l An) = —det(A1 Ai+1Ai An) O

Ecnun nepectaButb gsa ctonbua mMaTpuupl, ONpeaenTelb CMEHUT 3HaK.
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HekoTopbie cBoiicTea onpeaenuteneii (2)

B paBHoii Hynto cymme

v 1+ 1 i i1
i 1+1 i 1+1
+det(A1 Ai+1 A ... An)"!‘ det(A1 Ai+1 Ai+1 An)

nepBoe 1N nocnenHee csaraeMblie paBHbI 08 cnny akKCMombl Al
3Ha‘-II/IT, CyMMa BTOPOro N TpPeTbEero cjaraeémMbix e€CTb 0, OTKyAa
det (Al AiAH—l An) = —det(A1 Ai+1Ai An) O

Ecnun nepectaButb gsa ctonbua mMaTpuupl, ONpeaenTelb CMEHUT 3HaK.

Jokazatenscrso. Mycte A = (A1 AL AL An). XoTum gokasaTb, 4TO
det(A1 Ai. .. AJ An) :—det(Al... A] A; ... An)
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HekoTopbie cBoiicTea onpeaenuteneii (2)

B paBHoii Hynto cymme

i+ 1 v 1+ 1

v 1+
i 141 i i+ 1
+det(A1 Ai+1 A ... An)"!‘ det(A1 Ai+1 Ai+1 An)

nepBoe 1N nocnenHee csaraeMblie paBHbI 08 cnny akKCMombl Al
3Ha‘-II/IT, CyMMa BTOPOro N TpPeTbEero cjaraeémMbix e€CTb 0, OTKyAa
det (Al AiAH—l An) = —det(A1 Ai+1Ai An) O

Ecnun nepectaButb gsa ctonbua mMaTpuupl, ONpeaenTelb CMEHUT 3HaK.

Jokazatenscrso. Mycte A = (A1 AL AL An). XoTum gokasaTb, 4TO
det(A1 Ai. .. AJ An) :—det(Al... A] A; ... An) [MpoBenem
VHOYKLMIO MO § — 4.
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HekoTopbie cBoiicTea onpeaenuteneii (2)

B paBHoii Hynto cymme

i+ 1 v 1+ 1

v 1+
i 141 i i+ 1
+det(A1 Ai+1 A ... An)"!‘ det(A1 Ai+1 Ai+1 An)

nepBoe 1N nocnenHee csaraeMblie paBHbI 08 cnny akKCMombl Al
3Ha‘-II/IT, CyMMa BTOPOro N TpPeTbEero cjaraeémMbix e€CTb 0, OTKyAa
det (Al AiAH—l An) = —det(A1 Ai+1Ai An) O

Ecnun nepectaButb gsa ctonbua mMaTpuupl, ONpeaenTelb CMEHUT 3HaK.

Jokazatenscrso. Mycte A = (A1 AL AL An). XoTum gokasaTb, 4TO
det(A1 Ai. .. AJ An) :—det(Al... A] A; ... An) [MpoBenem
uHaykumto no j — i. basa nugykuun j — i = 1 obecneunsaetcs csoiictsom D2.
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HekoTopeie ceoiicTea onpegenuteneii (3)

LWar uHaykuuu. Myctb j — ¢ > 1. imeem
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HekoTopeie ceoiicTea onpegenuteneii (3)

LWar uHaykuuu. Myctb j — ¢ > 1. imeem

i i1
det(A1 Az A]'_l AJ An)

=—det(A; ... Aj—1 ... A; A ... A,) TNO NPEANOOKEHNIO UHAYKLNM
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HekoTopeie ceoiicTea onpegenuteneii (3)

LWar uHaykuuu. Myctb j — ¢ > 1. imeem

i i1
det(A1 Az A]'_l AJ An)

=—det(A; ... Aj—1 ... A; A ... A,) TNO NPEANOOKEHNIO UHAYKLNM

:det(Al Ajfl Aj Ai ... An) no CBOWCTBY D2
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HekoTopeie ceoiicTea onpegenuteneii (3)

LWar uHaykuuu. Myctb j — ¢ > 1. imeem

i j—1
det(A1 Al Aj_l A] An)

:—det(Al A A Ay An) Nno NPEeANONOXKEHNIO UHAYKL NN
:det(Al Ajfl ( Aj A; ... An) no CBOWCTBY D2

=—det(A1 ... A; ... A AZ S A) Mo NPeAnonoOXeHNto nHaykuum. [
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HekoTopeie ceoiicTea onpegenuteneii (3)

LWar uHaykuuu. Myctb j — ¢ > 1. imeem

i j—1
det(A1 Al Aj_l A] An)

:—det(Al A A Ay An) Nno NPEeANONOXKEHNIO UHAYKL NN
:det(Al Ajfl ( Aj A; ... An) no CBOWCTBY D2

=—det(A1 ... A; ... A AZ S A) Mo NPeAnonoOXeHNto nHaykuum. [

Ecan ABa CTOJ16Ll,a MaTpuLbl paBHbl, TO €€ onpeae/InTeNlb PaBeH 0.
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HekoTopeie ceoiicTea onpegenuteneii (3)

LWar uHaykuuu. Myctb j — ¢ > 1. imeem

i j—1
det(A1 Al Aj_l A] An)

i j—13j
=—det(A; ... Aj_1 ... A; Aj ... A,) NO NPEANONOXEHNIO MHAYKLNM

i -1
:det(Al Ajfl Aj A; ... An) no CBOWCTBY D2

=—det(A1 ... A; ... A AZ S A) Mo NPeAnonoOXeHNto nHaykuum. [

Ecnn gBa ctonbua maTpuubl paBHbl, To ee onpeaennTens paseH 0.

JokazatenbctBo. MNepectaBum cTonbubl Tak, YTO paBHble CTONOLbLI CTaamn
cocepgtumu. Mo akcnome Al onpegenntens nony4veHHol maTpuubl paseH 0,
a no D3 oH NpOTMBOMNOJNIOXKEH ONpeAenTeNto NCXOAHON MaTpULbI. O
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HekoTopbie cBoiicTa onpegenuteneii (4)

Ecnn pBa ctonbua maTpuubl nponopuuroHanbHbl, To ee onpegenuTtens pasex 0.
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HekoTopbie cBoiicTa onpegenuteneii (4)

Ecnn pBa ctonbua maTpuubl nponopuuroHanbHbl, To ee onpegenuTtens pasex 0.

JokazatensctBo. Ecnn gea ctonbua nponopunoHanbHbl, OANH U3 HUX
NoJIyHaeTCss N3 LPYroro YMHOXEHNEM Ha HEKOTOPbI MHOXUTeNb v € F'.
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HekoTopbie cBoiicTa onpegenuteneii (4)

Ecnn pBa ctonbua maTpuubl nponopuuroHanbHbl, To ee onpegenuTtens pasex 0.

Jokazatensctso. Ecnn gsa ctonbua nponopunoHanbHbl, OAUH U3 HUX
NoJIyHaeTCss N3 LPYroro YMHOXEHNEM Ha HEKOTOPbI MHOXUTeNb v € F'.
BbiHecem « 33 3Hak onpegenuTtens no akcuome AL Mog 3Hakom
onpegenunTenst Moay4YnTCs MaTpuua C 4BYMSl paBHbIMU cTonbuamu,
onpeaenuTens koTopoii paseH 0 no ceolicTey D4. O
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HekoTopbie cBoiicTa onpegenuteneii (4)

Ecnn pBa ctonbua maTpuubl nponopuuroHanbHbl, To ee onpegenuTtens pasex 0.

Jokazatensctso. Ecnn gsa ctonbua nponopunoHanbHbl, OAUH U3 HUX
NoJIyHaeTCss N3 LPYroro YMHOXEHNEM Ha HEKOTOPbI MHOXUTeNb v € F'.
BbiHecem « 33 3Hak onpegenuTtens no akcuome AL Mog 3Hakom
onpegenunTenst Moay4YnTCs MaTpuua C 4BYMSl paBHbIMU cTonbuamu,
onpeaenuTens koTopoii paseH 0 no ceolicTey D4. O

Ecan k anemeHTtam Oo4HOro CTOJ16Ll,a MaTpunubl I'IpI/IGElBI/ITb COOTBETCTBYIOLLNE
3J1IEMEHTbLI Apyroro CTOJ'I6LI,a, YMHOX>X€HHbIE Ha KaKOW-TO 3JIEMEHT MOJISA, TO ee
onpenennTeslb HE NSMEHUTCA.
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HekoTopbie cBoiicTa onpegenuteneii (4)

Ecnn pBa ctonbua maTpuubl nponopuuroHanbHbl, To ee onpegenuTtens pasex 0.

Jokazatensctso. Ecnn gsa ctonbua nponopunoHanbHbl, OAUH U3 HUX
NoJIyHaeTCss N3 LPYroro YMHOXEHNEM Ha HEKOTOPbI MHOXUTeNb v € F'.
BbiHecem « 33 3Hak onpegenuTtens no akcuome AL Mog 3Hakom
onpegenunTenst Moay4YnTCs MaTpuua C 4BYMSl paBHbIMU cTonbuamu,
onpeaenuTens koTopoii paseH 0 no ceolicTey D4. O

Ecan k anemeHTtam Oo4HOro CTOJ16LI,a MaTpunubl I'Ipl/l6aBI/ITb COOTBETCTBYIOLLNE
3J1IEMEHTbLI Apyroro CTOJ'I6Ll,a, YMHOX>X€HHbIE Ha KaKOW-TO 3JIEMEHT MOJISA, TO ee

onpenennTeslb HE NSMEHUTCA.

Hokasatenscrso. Mycts A= (A1 ... Ai... Aj... A,). XoTum AokasaTs, 4TO
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HekoTopbie cBoiicTa onpegenuteneii (4)

Ecnn pBa ctonbua maTpuubl nponopuuroHanbHbl, To ee onpegenuTtens pasex 0.

JokazatenscTso. Ecnn gBa ctonbua nponopunoHasbHbl, OAUH U3 HUX
MOMy4aeTCs U3 APYroro YMHOXXEHMEM Ha HEKOTOPbIA MHOXUTeNb o € F.
BbiHecem « 3a 3Hak onpegenuTtens no akcuome AL lMNMog 3Hakom
onpefennTens noay4ymTcs MaTpuua ¢ 4BYyMsi paBHbIMU cToNbuamu,
onpegenuTens kotopoii paser 0 no ceoiictey D4. O

Ecan k anemenTtam Oo4HOro CTOJ16LI,a MaTpunubl I'Ipl/l6aBI/ITb COOTBETCTBYIOLLNE
3J1IEMEHTbLI Apyroro CTOJ'I6Ll,a, YMHOX>X€HHbIE Ha KaKOW-TO 3JIEMEHT MOJISA, TO ee

onpenennTeslb HE NSMEHUTCA.

Jokazatenscrso. Mycte A = (A1 AL AL An). XoTum gokasaTb, 4TO
det(A1 Ai. .. A] An) :det(A1 AZ+)\A] A] An) Nmeem

+det(A1... AAJA]ATL) =
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HekoTopbie cBoiicTa onpegenuteneii (4)

Ecnn pBa ctonbua maTpuubl nponopuuroHanbHbl, To ee onpegenuTtens pasex 0.

JokazatenscTso. Ecnn gBa ctonbua nponopunoHasbHbl, OAUH U3 HUX
MOMy4aeTCs U3 APYroro YMHOXXEHMEM Ha HEKOTOPbIA MHOXUTeNb o € F.
BbiHecem « 3a 3Hak onpegenuTtens no akcuome AL lMNMog 3Hakom
onpefennTens noay4ymTcs MaTpuua ¢ 4BYyMsi paBHbIMU cToNbuamu,
onpegenuTens kotopoii paser 0 no ceoiictey D4. O

Ecan k anemenTtam Oo4HOro CTOJ16LI,a MaTpunubl I'Ipl/l6aBI/ITb COOTBETCTBYIOLLNE
3J1IEMEHTbLI Apyroro CTOJ'I6Ll,a, YMHOX>X€HHbIE Ha KaKOW-TO 3JIEMEHT MOJISA, TO ee

onpenennTeslb HE NSMEHUTCA.

Jokazatenscrso. Mycte A = (A1 AL AL An). XoTum gokasaTb, 4TO
det(A1 Ai. .. A] An) :det(A1 AZ+)\A] A] An) Nmeem

+det(A1... AA]A]ATL) =

2D det (Ar... Ai. AL Ay). O
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Ba)kHble 3ameyvaHus

3ameyanue 1

Hokasatensctea ceolicts D1-D6 ucnonbsosanu Tosbko akcnombl Al n ATL
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Ba)kHble 3ameyvaHus

3ameyanue 1

Hokasatensctea ceolicts D1-D6 ucnonbsosanu Tosbko akcnombl Al n ATL
MosTomy 3T CBOICTBaA BLINOAHSAOTCA ANSA J1H060r0 KOCOCUMMETPUYHOIrO
nosmnunHeiHoro otobpaxketus ns M, (F) B F.
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Ba)kHble 3ameyvaHus

3ameyanue 1

Hokasatensctea ceolicts D1-D6 ucnonbsosanu Tosbko akcnombl Al n ATL
MosTomy 3T CBOICTBaA BLINOAHSAOTCA ANSA J1H060r0 KOCOCUMMETPUYHOIrO
nosmnunHeiHoro otobpaxketus ns M, (F) B F.

3ameyvanue 2

| A\

Ceoiictea D3 n D6 nokasbigatoT, Kak BeaeT cebsi onpeaenntens (|/| bonee
obLuo, 1t0boe KOCOCMMMETPUYHOE nonuaunHeliHoe otobpaxetrne us M, (F) B
F') npn anemeHTapHbix npeobpasosatusix I-ro n ll-ro pogos Hag cronbyamu.

M.B.Bonkos §1. OnpegeneHune n OCHOBHbIE TEOPEMbI
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Ba)kHble 3ameyvaHus

3ameyanue 1

Hokasatensctea ceolicts D1-D6 ucnonbsosanu Tosbko akcnombl Al n ATL
MosTomy 3T CBOICTBaA BLINOAHSAOTCA ANSA J1H060r0 KOCOCUMMETPUYHOIrO
nosmnunHeiHoro otobpaxketus ns M, (F) B F.

3ameyvanue 2

| A\

Ceoiictea D3 n D6 nokasbigatoT, Kak BeaeT cebsi onpeaenntens (|/| bonee
obLuo, 1t0boe KOCOCMMMETPUYHOE nonuaunHeliHoe otobpaxetrne us M, (F) B
F') npn anemeHTapHbix npeobpasosatusix I-ro n ll-ro pogos Hag cronbyamu.
A vMeHHO, npu KakxgoMm npeobpazosaHuu |-ro poga onpegennTens MeHsIET
3HaK, a npeobpasosanus ll-ro poga He nameHsOT onpeaenuTens.

M.B.Bonkos §1. OnpegeneHune n OCHOBHbIE TEOPEMbI
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Ba)kHble 3ameyvaHus

3amevanue 1

Hokasatensctea ceolicts D1-D6 ucnonbsosanu Tosbko akcnombl Al n ATL
MosTomy 3T CBOICTBaA BLINOAHSAOTCA ANSA J1H060r0 KOCOCUMMETPUYHOIrO
nosmnunHeiHoro otobpaxketus ns M, (F) B F.

3ameyvanue 2

| A\

Ceoiictea D3 n D6 nokasbigatoT, Kak BeaeT cebsi onpeaenntens (I/I bonee
obLuo, 1t0boe KOCOCMMMETPUYHOE nonuaunHeliHoe otobpaxetrne us M, (F) B
F') npn anemeHTapHbix npeobpasosatusix I-ro n ll-ro pogos Hag cronbyamu.
A nmeHHO, Npu Ka>xxJom npeobpasosaHum |-ro poga onpegenutens MeHsier
3HakK, a npeobpasosanus llI-ro poga He u3meHsioT onpegennTens.

Mostomy, ecnn maTpuua B nonyyaercst us matpuubl A npymMeHeHnem
HEKOTOPOIi NOCNEefOBaTENLHOCTN SJIEMEHTAPHbIX npeobpasosanumii I-ro u ll-ro
pofoB Hag cTtonbuamm, To Ans oboro KOCOCHMMETPUYHOrO NOJNINHERHOTO
otobpaxennsi D: My (F) — F (B 4acTHOCTW, 47151 onpeaenuTess)

D(A) = £D(B), npuyemM 3HaK 3aBUCUT TOJIbKO OT HETHOCTU 4Mcaa
npogenaHHbix npeobpasosatuii I-ro poga.

M.B.Bonkos §1. OnpegeneHune n OCHOBHbIE TEOPEMbI
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OnpepennTesnb BEpXHETPEYrobHOW MaTpuLbl

Mpegnoxexune

Onpe,qenvlTenb BerHeTpeyFOﬂbHOVI MaTpuLbl paBeH NPON3BEAEHUIO
€€ ANaroHaJibHbIX 2J1IEMEHTOB.
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OnpepennTesnb BEpXHETPEYrobHOW MaTpuLbl

MpeanoxeHune

Onpep,envlTenb BerHeTpeyFOﬂbHOVI MaTpuubl paBeH NPON3BEAEHNIO
€€ ANaroHaJibHbIX 2J1IEMEHTOB.

ail a12 a13 ... Qin
0 a2 a23 ... A2n

[okazatenscreo. NMycts A= [ 0 0 ass... asn

0 0 O ...ann
XoTum pokasatb, 4To det A = a11a22a33 -+ Ann  (*).
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OnpepennTesnb BEpXHETPEYrobHOW MaTpuLbl

MpeanoxeHune

Onpep,envlTenb BerHeTpeyFOﬂbHOVI MaTpuubl paBeH NPON3BEAEHNIO
€€ ANaroHaJibHbIX 2J1IEMEHTOB.

ail a12 a13 ... Qin
0 a2 a23 ... A2n

Aokazatenscrso. Mycts A = 0 0 ass...asn
0 0 O ...ann
XoTum pokasatb, 4To det A = a11a22a33 -+ Ann  (*).

Ecan a1 =0, to det A = 0 no ceoiictey D1. Ho n ai1a22a33 - - - @npn = 0,
T.€. PaBEHCTBO (%) B 3TOM CJly4ae BbIMOJIHSETCS.

M.B.Bonkos §1. OnpegeneHune n OCHOBHbIE TEOPEMbI



OnpepennTesnb BEpXHETPEYrobHOW MaTpuLbl

MpeanoxeHune

Onpep,envlTenb BerHeTpeyFOﬂbHOVI MaTpuubl paBeH NPON3BEAEHNIO
€€ ANaroHaJibHbIX 2J1IEMEHTOB.

ail a12 a13 ... Qin
0 a2 a23 ... A2n

Aokazatenscrso. Mycts A = 0 0 ass...asn
0 0 O ...ann
XoTum pokasatb, 4To det A = a11a22a33 -+ Ann  (*).

Ecan a1 =0, to det A = 0 no ceoiictey D1. Ho n ai1a22a33 - - - @npn = 0,
T.€. PaBEHCTBO (%) B 3TOM CJly4ae BbIMOJIHSETCS.

o . a2
Ecnn a11 # 0, To npubasum ko 2-my ctonbuy 1-i, yMHOXEHHbIA HAa ——,
ai
. . a3 o
K 3-My cTonbuy — 1-i, yMHOXEHHbIVi HA ———, ..., K n-My cTonbuy — 1-i,
ail
- A1n
YMHOXEHHbIA Ha ——.
ai
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OnpepennTesnb BEpXHETPEYrobHOW MaTpuLbl

MpeanoxeHune

Onpep,envlTenb BerHeTpeyFOﬂbHOVI MaTpuubl paBeH NPON3BEAEHNIO
€€ ANaroHaJibHbIX 2J1IEMEHTOB.

ail a12 a13 ... Qin
0 a2 a23 ... A2n

Aokazatenscrso. Mycts A = 0 0 ass...asn
0 0 O ...ann
XoTum pokasatb, 4To det A = a11a22a33 -+ Ann  (*).

Ecan a1 =0, to det A = 0 no ceoiictey D1. Ho n ai1a22a33 - - - @npn = 0,
T.€. PaBEHCTBO (%) B 3TOM CJly4ae BbIMOJIHSETCS.

o . a2
Ecnn a11 # 0, To npubasum ko 2-my ctonbuy 1-i, yMHOXEHHbIA HAa ——,
ai
. . a3 o
K 3-My cTonbuy — 1-i, yMHOXEHHbIVi HA ———, ..., K n-My cTonbuy — 1-i,
ail
- A1n
YyMHOXeHHbIi Ha ———. Mo D6 onpepennTtesib OT 3TOro He U3MEHUTCS.

aii

M.B.Bonkos §1. OnpegeneHune n OCHOBHbIE TEOPEMbI



OnpegenuTtens BepxHeTpeyroabHoii MaTpuust (2)

aii 0 0... 0
0 a22 a23 ... a2n
Ntak, det A =det A’, rope A’ = 0 0 ass...asn

0 0 0 ...ann
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OnpegenuTtens BepxHeTpeyroabHoii MaTpuust (2)

ail O O O
0 a22 a23 ... a2n
Nrak, det A =det A, rae A’ = | 0 0 ass... asn

0 0 0 ...ann
Ecnu azz = 0, 1o det A’ = 0 no ceoiictey D1. Ho n a11a22a33 - - - Gnpn = 0,
T.e. PaBEHCTBO (%) 1 B 3TOM CJly4ae BbINONHSETCS.

M.B.Bonkos §1. OnpegeneHune n OCHOBHbIE TEOPEMbI



OnpegenuTtens BepxHeTpeyroabHoii MaTpuust (2)

aii 0 0... 0
0 a22 a23 ... a2n
Ntak, det A =det A’, rope A’ = 0 0 ass...asn

0 0 0 ...ann
Ecnu azz = 0, 1o det A’ = 0 no ceoiictey D1. Ho n a11a22a33 - - - Gnpn = 0,
T.e. PaBEHCTBO (%) 1 B 3TOM CJly4ae BbINONHSETCS.

Ecnu a2z # 0, To aHanornyHbiMy npeobpa3oBaHusiMu OBHYAUM SaeMEHTbI
2-li cTpoKM crnpaBa OT @22, HE U3MEHAS onpeaenTeNb.
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OnpegenuTtens BepxHeTpeyroabHoii MaTpuust (2)

aii 0 0... 0
0 a22 a23 ... a2n
Ntak, det A =det A’, rope A’ = 0 0 ass...asn

0 0 0 ...ann
Ecnu azz = 0, 1o det A’ = 0 no ceoiictey D1. Ho n a11a22a33 - - - Gnpn = 0,
T.e. PaBEHCTBO (%) 1 B 3TOM CJly4ae BbINONHSETCS.

Ecnu a2z # 0, To aHanornyHbiMy npeobpa3oBaHusiMu OBHYAUM SaeMEHTbI
2-li cTpoKM crnpaBa OT @22, HE U3MEHAS onpeaenTeNb.

air 0 0 ... O
0 a2 0 ... 0
Monyuum det A = det A”, rge A” = | 0 0 ass... asn

0 0 0 ...ann
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Onpegenutens BepxHeTpeyroasHoii MaTpuust (3)

MoBTopsisi Te e apryMeHTbl, 3aK/04aem, 4To Anbo cpean AMaroHanbHbIX
snemenToB MaTpuubl A ectb 0, n Torga det A = 0 = a11a22a33 - * * Ann,
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Onpegenutens BepxHeTpeyroasHoii MaTpuust (3)

[MoBTopsisi Te )Xe aprymMeHTbl, 3aKJt04aeM, YTo Ambo cpeamn AuaroHaNbHbIX
snemenToB MaTpuubl A ectb 0, n Torga det A = 0 = a11a22a33 - * * Ann,
nnbo BCce AmaroHasbHble 3neMeHTbl oTanYHbl oT 0, n Torga det A =
ail 0 0 ... 0
O a2 O . 0
= det 0 00,33... 0

0 0 O ...ann
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Onpegenutens BepxHeTpeyroasHoii MaTpuust (3)

MoBTopsisi Te e apryMeHTbl, 3aK/04aem, 4To Anbo cpean AMaroHanbHbIX
snemenToB MaTpuubl A ectb 0, n Torga det A = 0 = a11a22a33 - * * Ann,
nnbo BCe AMaroHasbHble 3neMeHTbl oTan4YHbl oT 0, n Torga det A =

air 0 0 ... O 100...0
O a2 O 0 010...0
—det| O Oass... O | A andet |001-: 0
0 0 O ...ann 000...1
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Onpegenutens BepxHeTpeyroasHoii MaTpuust (3)

MoBTopsisi Te e apryMeHTbl, 3aK/04aem, 4To Anbo cpean AMaroHanbHbIX
snemenToB MaTpuubl A ectb 0, n Torga det A = 0 = a11a22a33 - * * Ann,
nnbo BCe AMaroHasbHble 3neMeHTbl oTan4YHbl oT 0, n Torga det A =

air 0 0 ... O 100...0

O a2 O 0 010...0
—det| 0 O ass... O | AU s andet | 001 0| AL

0 0 O ...ann 000...1

= 411G22Q33 ** * Qnn-
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Onpegenutens BepxHeTpeyroasHoii MaTpuust (3)

MoBTopsisi Te e apryMeHTbl, 3aK/04aem, 4To Anbo cpean AMaroHanbHbIX
snemenToB MaTpuubl A ectb 0, n Torga det A = 0 = a11a22a33 - * * Ann,
nnbo BCe AMaroHasbHble 3neMeHTbl oTan4YHbl oT 0, n Torga det A =

air 0 0 ... O 100...0

O a2 O 0 010...0
—det| 0 O ass... O | AU s andet | 001 0| AL

0 0 O ...ann 000...1

= 411G22Q33 ** * Qnn-

3ameyvaHune

Akcnoma AIII ncnonb3oBaHa TOIBKO Ha 3aKAOYUTENIbHOM LUATE.
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Onpegenutens BepxHeTpeyroasHoii MaTpuust (3)

MoBTopsisi Te e apryMeHTbl, 3aK/04aem, 4To Anbo cpean AMaroHanbHbIX
snemenToB MaTpuubl A ectb 0, n Torga det A = 0 = a11a22a33 - * * Ann,
nnbo BCe AMaroHasbHble 3neMeHTbl oTan4YHbl oT 0, n Torga det A =

ai1r 0 0 ... O 100...0
OCLQQO... 0 010...0

Cdet| 0 O a0 A e det|001... 0| Am
0 0 O ...ann 000...1

= 11022033 - * Ann- O

3ameyvaHune

Akcnoma AIII ncnonb3oBaHa TOIBKO Ha 3aKAOYUTENIbHOM LUATE.
Mostomy anst no6Oro KOCOCUMMETPUHHOrO MOJINJNHERHOrO OTOBPaXKeH st
D: My(F) — F n noboii BepXHETPEYroNbHON MaTpuLb

G11 Q12 ... Gln
0 a2 ... aan
A= . . . . umeem D(A) = ar1a22 - - ann D(E) = det A - D(E).
0 0 ...ann
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Teopema €ANHCTBEHHOCTMN

Teopema

[ns KaXx[oro HaTypanbHOrO 1 CyLECTBYET He BoJsiee OfHOrO OTODPaXKeHMs
det: M, (F) — F, ypoenersopsitowiero akcuomam AI-ATIIL.
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Teopema €ANHCTBEHHOCTMN

Teopema

[ns KaXx[oro HaTypanbHOrO 1 CyLECTBYET He BoJsiee OfHOrO OTODPaXKeHMs
det: M, (F) — F, ypoenersopsitowiero akcuomam AI-ATIIL.

: " . . b ‘. )
‘ M h hl n' @ e
5 :f" % L.
If it looks like a duck, 8

swims like a duck, pe
and quacks like a duck, '
|then it prohablgr is a duck.

17— sarnebody on e Wnb‘

.'9 ¥ P\ ) H'-

L
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Teopema €ANHCTBEHHOCTMN

Teopema

[ns KaXx[oro HaTypanbHOrO 1 CyLECTBYET He BoJsiee OfHOrO OTODPaXKeHMs
det: M, (F) — F, ypoenersopsitowiero akcuomam AI-ATIIL.

Lokasatenscrao. MNyctb oTobpaxenus dety: My (F) — F n
dete: My (F) — F yposnetsopsitoT akcmomam AI-AIIL. Jokaxem, 4To anis

ar a2z ... QAin-1  Qin
a1 azz2 ... G2n-—1 a2n
noboii maTpuubl A = : : : : BEPHO PAaBEHCTBO
An—110n—-12 .+.. Gn—1n—10n—1n
an1 An2 ... OGnn-—1 Ann

det1 A = deto A.
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Teopema €ANHCTBEHHOCTMN

Teopema

[ns KaXx[oro HaTypanbHOrO 1 CyLECTBYET He BoJsiee OfHOrO OTODPaXKEHNs
det: M, (F) — F, ypoenetsopsitowiero akcuomam AI-ATIIT.

Lokazatenscrso. MNycts otobpaxenuns dety: M, (F) — F n
dete: My (F) — F yposnetsopsitoT akcmomam AI-AIIL. Jokaxem, 4To anis

ail a2 ... Qin-1 A1n
a1 azz ... G2n-—1 a2n
noboii MaTpuLbl A= . . . . . BEPHO PaBEHCTBO
An—110n—-12 .+.. Gn—1n—10n—1n
an1 an2 ... Onn-—1 Ann

det1 A = deto A.

dnemeHTapHbIMK NpeobpasosaHusimMu |-ro u ll-ro pogos Hag cTonbuamu
npuseseM mMaTpuuy A K BepxXHeTpeyrosibHoli MaTpuLe

bi1 bi2 b1z ... bin

0 b22 b23 [N b2n
B = 0 O b3z... b3n

0 0 0 ...bun
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Teopema €ANHCTBEHHOCTMN

Teopema

[ns KaXx[oro HaTypanbHOrO 1 CyLECTBYET He BoJsiee OfHOrO OTODPaXKEHNs
det: M, (F) — F, ypoenetsopsitowiero akcuomam AI-ATIIT.

Lokazatenscrso. MNycts otobpaxenuns dety: M, (F) — F n
dete: My (F) — F yposnetsopsitoT akcmomam AI-AIIL. Jokaxem, 4To anis

ail a2 ... Qin-1 A1n
a1 azz ... G2n-—1 a2n
noboii MaTpuLbl A= . . . . . BEPHO PaBEHCTBO
An—110n—-12 .+.. Gn—1n—10n—1n
an1 an2 ... Onn-—1 Ann

det1 A = deto A.
DnemeHTapHbIMU npeobpasosaHuamu I-ro u ll-ro pogos Hag ctonbuamm
npusegem maTpuuy A K BepxXHETpeyrosibHoi maTpuue
b11 bi2 b1z ... bin
0 b2g bas ... ban
B=|0 0bss...0sn [ lMogckaska: Ha4yMHaeM C NPaBOro HUXHEro yrna.
0 0 0 ...bwn
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Teopema eguHcTeeHHocTU (2)

Torpa det; A = £dety B = £b11bos -+ bupn 1
deta A = £ dete B = £b11b22 - - - by, NPUYEM 3HAKM COBMAZAIOT, TaK KaK 3HaK
3aBUCUT TOJILKO OT YETHOCTM YUCNa NpogesiaHHbIx npeobpasoBaHuii |-ro poga.
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Teopema eguHcTeeHHocTU (2)

Torpa det; A = £dety B = £b11bos -+ bupn 1

deta A = £ dete B = £b11b22 - - - by, NPUYEM 3HAKM COBMAZAIOT, TaK KaK 3HaK
3aBUCUT TOJIbKO OT YETHOCTM 4MCia NpogenaHHbix npeobpasosanuii I-ro poga.

OTcropa det; A = dets A. |
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Teopema eguHcTeeHHocTU (2)

Torpa det; A = £dety B = £b11bos -+ bupn 1

deta A = £ dete B = £b11b22 - - - by, NPUYEM 3HAKM COBMAZAIOT, TaK KaK 3HaK
3aBUCUT TOJIbKO OT YETHOCTM 4MCia NpogenaHHbix npeobpasosanuii I-ro poga.

OTcropa det; A = dets A. |

N3 AO0Ka3aTeNIbCTBA TEOPEMbI €ANHCTBEHHOCTU N 3aME€YaHNA O 3HAYEHUN
KOCOCMMMETPUHYHOIo NoNNANHERHOrO OT06pa)KeHI/I$I oT BerHeTpeyroanoﬁ
MaTpuLbl NOJlyHaeM Ba>XHOE CnenCTBUE!

Cnepctsune

[Jns ntoboro KOCOCMMMETPUHHOTO MONIMHEHOTO OTOBpaXkeHus
D: M, (F) — F v noboit matpuupsl A BepHo paseHcTeo D(A) = det A- D(E).
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Teopema eguHcTeeHHocTU (2)

Torpa det; A = £dety B = £b11bos -+ bupn 1

deta A = £ dete B = £b11b22 - - - by, NPUYEM 3HAKM COBMAZAIOT, TaK KaK 3HaK
3aBUCUT TOJIbKO OT YETHOCTM 4MCia NpogenaHHbix npeobpasosanuii I-ro poga.

OTcropa det; A = dets A. |

N3 AO0Ka3aTeNIbCTBA TEOPEMbI €ANHCTBEHHOCTU N 3aME€YaHNA O 3HAYEHUN
KOCOCMMMETPUHYHOIo NoNNANHERHOrO OT06pa)KeHI/I$I oT BerHeTpeyroanoﬁ
MaTpuLbl NOJlyHaeM Ba>XHOE CnenCTBUE!

Cnepctsune

[Jns ntoboro KOCOCMMMETPUHHOTO MONIMHEHOTO OTOBpaXkeHus
D: M, (F) — F v noboit matpuupsl A BepHo paseHcTeo D(A) = det A- D(E).

Jokazatensctso. MNpueens matpuuy A K BepxHeTpeyronbHoi MaTpuue B,
nonyuum D(A) = £D(B)
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Teopema eguHcTeeHHocTU (2)

Torpa det; A = £dety B = £b11bos -+ bupn 1

deta A = £ dete B = £b11b22 - - - by, NPUYEM 3HAKM COBMAZAIOT, TaK KaK 3HaK
3aBUCUT TOJIbKO OT YETHOCTM 4MCia NpogenaHHbix npeobpasosanuii I-ro poga.

OTcropa det; A = dets A. |

N3 AO0Ka3aTeNIbCTBA TEOPEMbI €ANHCTBEHHOCTU N 3aME€YaHNA O 3HAYEHUN
KOCOCMMMETPUHYHOIo NoNNANHERHOrO OT06pa)KeHI/I$I oT BerHeTpeyroanoﬁ
MaTpuLbl NOJlyHaeM Ba>XHOE CnenCTBUE!

Cnepctsune

[Jns ntoboro KOCOCMMMETPUHHOTO MONIMHEHOTO OTOBpaXkeHus
D: M, (F) — F v noboit matpuupsl A BepHo paseHcTeo D(A) = det A- D(E).

Jokazatensctso. MNpueens matpuuy A K BepxHeTpeyronbHoi MaTpuue B,
nonyuum D(A) = £D(B) = +det B - D(E)
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Teopema eguHcTeeHHocTU (2)

Torpa det; A = £dety B = £b11bos -+ bupn 1

deta A = £ dete B = £b11b22 - - - by, NPUYEM 3HAKM COBMAZAIOT, TaK KaK 3HaK
3aBUCUT TOJIbKO OT YETHOCTM 4MCia NpogenaHHbix npeobpasosanuii I-ro poga.

OTcropa det; A = dets A. |

N3 AO0Ka3aTeNIbCTBA TEOPEMbI €ANHCTBEHHOCTU N 3aME€YaHNA O 3HAYEHUN
KOCOCMMMETPUHYHOIo NoNNANHERHOrO OT06pa)KeHI/I$I oT BerHeTpeyroanoﬁ
MaTpuLbl NOJlyHaeM Ba>XHOE CnenCTBUE!

Cnepctsune

[Jns ntoboro KOCOCMMMETPUHHOTO MONIMHEHOTO OTOBpaXkeHus
D: M, (F) — F v noboit matpuupsl A BepHo paseHcTeo D(A) = det A- D(E).

Jokazatensctso. MNpueens matpuuy A K BepxHeTpeyronbHoi MaTpuue B,
nonyuum D(A) = £D(B) = +det B- D(E) =det A- D(E). |
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Teopema eguHcTeeHHocTU (2)

Torpa det; A = £dety B = £b11bos -+ bupn 1

deta A = £ dete B = £b11b22 - - - by, NPUYEM 3HAKM COBMAZAIOT, TaK KaK 3HaK
3aBUCUT TOJIbKO OT YETHOCTM 4MCia NpogenaHHbix npeobpasosanuii I-ro poga.

OTcropa det; A = dets A. |

N3 AO0Ka3aTeNIbCTBA TEOPEMbI €ANHCTBEHHOCTU N 3aME€YaHNA O 3HAYEHUN
KOCOCMMMETPUHYHOIo NoNNANHERHOrO OT06pa)KeHI/I$I oT BerHeTpeyroanoﬁ
MaTpuLbl NOJlyHaeM Ba>XHOE CnenCTBUE!

Cnepctsune

[Jns ntoboro KOCOCMMMETPUHHOTO MONIMHEHOTO OTOBpaXkeHus
D: M, (F) — F v noboit matpuupsl A BepHo paseHcTeo D(A) = det A- D(E).

Jokazatensctso. MNpueens matpuuy A K BepxHeTpeyronbHoi MaTpuue B,
nonyuum D(A) = £D(B) = +det B- D(E) =det A- D(E). |

OTMeTUM elLue, 4TO [OKa3aTebCTBO TEOPEMbl €UHCTBEHHOCTMN YKa3blBaeT
NpakTU4ecKuii NyTb K BbIMUCAEHNI onpefenuTeneii (Mo cylecTBy — CHOBa
metog laycca).
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Teopema CyLLeCTBOBaHUA

Bce npegwectsytowme pesynbTaTsl Obiin YCAOBHBIMY — CTPOFO rOBOPS,
ux cnegosaso 6bl hopmynumposaTh Kak umnaunkaumm «Ecnn onpegenntens
CyLLEeCTBYET, TO ... >».
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Teopema CyLLeCTBOBaHUA

Bce npegwectsytowme pesynbTaTsl Obiin YCAOBHBIMY — CTPOFO rOBOPS,
ux cnegosaso 6bl hopmynumposaTh Kak umnaunkaumm «Ecnn onpegenntens
CyLLeCTBYeT, TO ... ». [lokakeM, 4To onpeaennTeNb CyLIeCTBYET.
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Teopema CyLLeCTBOBaHUA

Bce npegwectsytowme pesynbTaTsl Obiin YCAOBHBIMY — CTPOFO rOBOPS,
ux cnegosaso 6bl hopmynumposaTh Kak umnaunkaumm «Ecnn onpegenntens
CyLLeCTBYeT, TO ... ». [lokakeM, 4To onpeaennTeNb CyLIeCTBYET.

Teopema

[nsa Kaxkgoro HaTypanbHOro m CyliecTByeT otobpaxerue D, : M, (F) — F,
ypoeneteopsitotee akcnomam AI-AIIT.
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Teopema CyLLeCTBOBaHUA

Bce npegwectsytowme pesynbTaTsl Obiin YCAOBHBIMY — CTPOFO rOBOPS,
ux cnegosaso 6bl hopmynumposaTh Kak umnaunkaumm «Ecnn onpegenntens
CyLLeCTBYeT, TO ... ». [lokakeM, 4To onpeaennTeNb CyLIeCTBYET.

Teopema

[nsa Kaxkgoro HaTypanbHOro m CyliecTByeT otobpaxerue D, : M, (F) — F,
ypoeneteopsitotee akcnomam AI-AIIT.

Lokazatensctso. NIHaykuus no n.
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Teopema CyLLeCTBOBaHUA

Bce npegwectsytowme pesynbTaTsl Obiin YCAOBHBIMY — CTPOFO rOBOPS,
ux cnegosaso 6bl hopmynumposaTh Kak umnaunkaumm «Ecnn onpegenntens
CyLLeCTBYeT, TO ... ». [lokakeM, 4To onpeaennTeNb CyLIeCTBYET.

Teopema

[nsa Kaxkgoro HaTypanbHOro m CyliecTByeT otobpaxerue D, : M, (F) — F,
ypoeneteopsitotee akcnomam AI-AIIT.

Jokazatenbctso. Ningykums no n.
Baza unaykuyun. Mpn n =1 nonoxum Di(a) := a. CnpaBeannBoCTb akcMom
AII n AIIT o4eBugHa, a akcmoma Al Tpusuanunsupyercsi.
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Teopema CyLLeCTBOBaHUA

Bce npegwectsytowme pesynbTaTsl Obiin YCAOBHBIMY — CTPOFO rOBOPS,
ux cnegosaso 6bl hopmynumposaTh Kak umnaunkaumm «Ecnn onpegenntens
CyLLeCTBYeT, TO ... ». [lokakeM, 4To onpeaennTeNb CyLIeCTBYET.

Teopema

[nsa Kaxkgoro HaTypanbHOro m CyliecTByeT otobpaxerue D, : M, (F) — F,
ypoeneteopsitotee akcnomam AI-AIIT.

Jokazatenbctso. Ningykums no n.

Baza unaykuyun. Mpn n =1 nonoxum Di(a) := a. CnpaBeannBoCTb akcMom
AII n AIIT o4eBugHa, a akcmoma Al Tpusuanunsupyercsi.

Lar wHaykuum. MNycte n > 1 n nycTs

ail a2 ... Qin-—1 A1n
a1 a2 ... a2n-1 a2n
A= : : N . . — NPON3BOJIbHAA N X nN-MaTpuua.
an—110n—12 ... An—1n—10an—1n
an1 an2 ... OGnn-1 Ann
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Teopema cyuwiecteoBaHus (2)

3acbukcupyem kakoe-To yncno i, 1 < i < n, n gna kaxgoro j = 1,2,...,n
paccmoTpum (1 — 1) X (n — 1)-maTpuuy, koTopasi noay4aercs ecam
BbIYEPKHYTb -0 CTPOKY U j-ii cTonbew n3 matpuupsl A:

ailr ... Q1j-1 aiy airj+1 ... Qin
@i—11 .-+ Ai—15—1 Ai—15 Qi—15+1 .-+ Qi—1n
il ... Gij—1 Q; j Qij4+1 .. Qin —
Ai4+11 + -+ Ait1j—1 Ait1j5 Git+154+1 -+ Git+ln
anl ... QAnj—1 Anj Anj+1 ... QAnn
ailr ... QA1j-—-1 airj+1 ... Qin
Ai—11 -+ Ai—15—-1 Qi—14541 .. Qi—1n
J J+
Ai+11 -+ Qi4+15j—1 Ai+1 541 -+ Ai+ln
anl ... Anj—1 anj4+1 ... Qnn
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Teopema cyuiectsoBaHust (3)

Mo npepnonoxenunto nHaykumn otobparkerne Dyp_1: My_1(F) — F,
yoosnetsopsiowee akcmomam AI-AIII, cyuwiectsyer.
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Teopema cyuiectsoBaHust (3)

Mo npepnonoxenunto nHaykumn otobparkerne Dyp_1: My_1(F) — F,
yoosnetsopsiowee akcmomam AI-AIII, cyuwiectsyer.

B vactHoCTM, y Kaxgoit us n noayumswmxcs (n — 1) x (n — 1)-matpuy ecTb
onpegenutens. Monoxum

ail ... QA1j-—1 aij+1 ... Qin
Ai—11--- Ai—15—-1 AQi—145+1 ... Qi—1n
Mi]' = det J J
Qi411 « -+ Gi+15—1 AQit154+1 -+ Qit+ln
anl ... Anj—1 Anj+1 ... QAnn

n Hasosem A;; := (—1)"" M;; anrebpauyeckum gononHenuem snemenTta a;;.
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Teopema cyuiectsoBaHust (3)

Mo npepnonoxenunto nHaykumn otobparkerne Dyp_1: My_1(F) — F,
yoosnetsopsiowee akcmomam AI-AIII, cyuwiectsyer.

B vactHoCTM, y Kaxgoit us n noayumswmxcs (n — 1) x (n — 1)-matpuy ecTb
onpegenutens. Monoxum

ail ... QA1j-—1 aij+1 ... Qin
Ai—11--- Ai—15—-1 AQi—145+1 ... Qi—1n
Mi]' = det J J
Qi411 « -+ Gi+15—1 AQit154+1 -+ Qit+ln
anl ... Anj—1 Anj+1 ... QAnn

n Hasosem A;; := (—1)"" M;; anrebpauyeckum gononHenuem snemenTta a;;.

Tenepb nonoxum Dy, (A) := ai1Ain + -+ aijAij + - + ainAin, Te.
D, (A) ecTb cymMa Npon3BeAeHWNii 3/1EMEHTOB -7 CTPOKM MaTpuubl A
Ha ux anrebpanyeckue SONOSHEHNS.
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Teopema cyuiectsoBaHust (3)

Mo npepnonoxenunto nHaykumn otobparkerne Dyp_1: My_1(F) — F,
yoosnetsopsiowee akcmomam AI-AIII, cyuwiectsyer.

B vactHoCTM, y Kaxgoit us n noayumswmxcs (n — 1) x (n — 1)-matpuy ecTb
onpegenutens. Monoxum

ail ... QA1j-—1 aij+1 ... Qin
Ai—11--- Ai—15—-1 AQi—145+1 ... Qi—1n
Mi]' = det J J
Qi411 « -+ Gi+15—1 AQit154+1 -+ Qit+ln
anl ... Anj—1 Anj+1 ... QAnn

n Hasosem A;; := (—1)"" M;; anrebpauyeckum gononHenuem snemenTta a;;.

Tenepb nonoxum Dy, (A) := ai1Ain + -+ aijAij + - + ainAin, Te.
D, (A) ecTb cymMa Npon3BeAeHWNii 3/1EMEHTOB -7 CTPOKM MaTpuubl A
Ha ux anrebpaunyeckne gonosiHenus. Mposepum, 4TO Tak onpegeneHHoe
oTobpaxeHue ygosnetsopsieT akcuomam AI-AIIL
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Teopema cyuwiecteoBanus (4)

Haynem ¢ AIIL Ecan A ecTb eguHnyHas n X n-matpuua, 1o a;; = 0 npu Bcex
7 # j n a;; = 1.
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Teopema cyuwiecteoBanus (4)

Haynem ¢ AIIL Ecan A ecTb eguHnyHas n X n-matpuua, 1o a;; = 0 npu Bcex
i# jwai = 1. Moatomy cymma ainAit + -+ + aijAij + - + GinAin
cBoOaNTCA K opHoMy cnaraemomy A;; = (—1) VM = M.
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Teopema cyuwiecteoBanus (4)

Haynem ¢ AIIL Ecan A ecTb eguHnyHas n X n-matpuua, 1o a;; = 0 npu Bcex
i # j nai = 1. Mostomy cymma ajn As1 + -+ + aijAij + - + ainAin
cBoAMTCS K ogHoMy cnaraemomy A;; = (—1)" M;; = M;;. Mo onpegenennio
M;; ectb onpegenutens (n — 1) X (n — 1)-maTpuupl, Nosy4eHHOR npu
BbIYEPKMBAHUN U3 €4UHUYHONR N X N-MaTpULbl i-ii CTPOKM U i-ro ctosnbua:

1 .0 . 0
AN 1 . 0
0 ... 0 ... 1
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Teopema cyuwiecteoBanus (4)

Haynem ¢ AIIL Ecan A ecTb eguHnyHas n X n-matpuua, 1o a;; = 0 npu Bcex
i # j nai = 1. Mostomy cymma ajn As1 + -+ + aijAij + - + ainAin
cBoAMTCS K ogHoMy cnaraemomy A;; = (—1)" M;; = M;;. Mo onpegenennio
M;; ectb onpegenutens (n — 1) X (n — 1)-maTpuupl, Nosy4eHHOR npu
BbIYEPKMBAHUN U3 €4UHUYHONR N X N-MaTpULbl i-ii CTPOKM U i-ro ctosnbua:

1 .0 . 0
AN 1 . 0
0 ... 0 ... 1

MOHATHO, YTO NpPM BbIYEPKNBAHWN NONYHUTCS EAUHNYHAS
(n—1) x (n — 1)-maTpunua, onpeaennTens KoTopoii paseH 1.
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Teopema cyuwiecteoBanus (4)

Haynem ¢ AIIL Ecan A ecTb eguHnyHas n X n-matpuua, 1o a;; = 0 npu Bcex
i # j nai = 1. Mostomy cymma ajn As1 + -+ + aijAij + - + ainAin
cBoAMTCS K ogHoMy cnaraemomy A;; = (—1)" M;; = M;;. Mo onpegenennio
M;; ectb onpegenutens (n — 1) X (n — 1)-maTpuupl, Nosy4eHHOR npu
BbIYEPKMBAHUN U3 €4UHUYHONR N X N-MaTpULbl i-ii CTPOKM U i-ro ctosnbua:

1 .0 . 0
AN 1 . 0
0 ... 0 ... 1

MOHATHO, YTO NpPM BbIYEPKNBAHWN NONYHUTCS EAUHNYHAS
(n—1) x (n — 1)-maTpunua, onpeaennTens KoTopoii paseH 1.
Wtak, M;; = 1, n mbl gokasanu, 4to Dy, (E) = 1.
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Teopema CyLLeCTBOBaHUA (

Mpoeepum AL MMycts B maTpuue A pasHbl j-it u (j + 1)-ii cTtonbubi:

air ... Qij airj4+1 ... Qin
Ai—11 v+ Qi—1j5 Gi—15+1 ... Ai—1n

ail ... Qij Aij+1 ... Qin y Ok = Qk j+1 npn BCGXI{I:LQ,...,’I’L.
Ai+11 .. Ai415 Gi4154+1 ... Ait+ln

Anl ... Qnj Anj+1 ... QAnn
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Teopema CyLLeCTBOBaHUA

Mpoeepum AL MMycts B maTpuue A pasHbl j-it u (j + 1)-ii cTtonbubi:

air ... Qij airj4+1 ... Qin
Ai—11 v+ Qi—1j5 Gi—15+1 ... Ai—1n

ail ... Qij Aij+1 ... Qin y Ok = Qk j+1 npn BCGXI{I:LQ,...,’I’L.
Ai+11 .. Ai415 Gi4154+1 ... Ait+ln

Anl ... Qnj Anj+1 ... QAnn

B cyMmme ailAil 4+ -+ aiinj + aij+1Aij+1 4+ -+ amAm BCe C/araemble,
kpome j-ro n (j + 1)-ro, paeHbl 0, Tak kak M, npn £ # j,j + 1 — 310
onpegenutens (n — 1) X (n — 1)-mMaTpuupbl ¢ 4BYMS COCEAHUMU PaBHLIMK

ctonbuamu.
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Teopema CyLLeCTBOBaHUA (

Mpoeepum AL MMycts B maTpuue A pasHbl j-it u (j + 1)-ii cTtonbubi:

air ... Qij airj4+1 ... Qin
Ai—11 v+ Qi—1j5 Gi—15+1 ... Ai—1n

ail ... Qij Aij+1 ... Qin y Ok = Qk j+1 npn BCGXI{I:LQ,...,’I’L.
Ai+11 .. Ai415 Gi4154+1 ... Ait+ln

Anl ... Qnj Anj+1 ... QAnn

B cyMmme ailAil 4+ -+ aiinj + aij+1Aij+1 4+ -+ amAm BCe C/araemble,
kpome j-ro n (j + 1)-ro, paeHbl 0, Tak kak M, npn £ # j,j + 1 — 310
onpegenutens (n — 1) X (n — 1)-mMaTpuupbl ¢ 4BYMS COCEAHUMU PaBHLIMK
ctonbuamu.

VlTaK, Dn(A) = aiinj + aij+1A7;j+1. Mo ycnosuwo a;; = a;j+1, KPOMe TOro,
M;; = M; j4+1, Tak Kak npu BbIHYEPKUBAHWM -7 cTpokn n j-ro unm (j + 1)-ro
CTONBLOB NoNyyaeTcs ogHa 1 Ta ke MaTpuua.
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Teopema CyLLeCTBOBaHUA (

Mpoeepum AL MMycts B maTpuue A pasHbl j-it u (j + 1)-ii cTtonbubi:

air ... Qij airj4+1 ... Qin
Ai—11 v+ Qi—1j5 Gi—15+1 ... Ai—1n

ail ... Qij Aij+1 ... Qin y Ok = Qk j+1 npn BCGXI{I:LQ,...,’I’L.
Ai+11 .. Ai415 Gi4154+1 ... Ait+ln

Anl ... Qnj Anj+1 ... QAnn

B cyMmme ailAil 4+ -+ aiinj + aij+1Aij+1 4+ -+ amAm BCe C/araemble,
kpome j-ro n (j + 1)-ro, paeHbl 0, Tak kak M, npn £ # j,j + 1 — 310
onpegenutens (n — 1) X (n — 1)-mMaTpuupbl ¢ 4BYMS COCEAHUMU PaBHLIMK
ctonbuamu.

VlTaK, Dn(A) = aiinj + aij+1A7;j+1. Mo ycnosuwo a;; = a;j+1, KPOMe TOro,
M;; = M; j4+1, Tak Kak npu BbIHYEPKUBAHWM -7 cTpokn n j-ro unm (j + 1)-ro
cToNbLOB nonyyaeTcs ogHa n Ta e matpuua. MNoatomy

i " o
A = (D)™ M j0 = = (1) My = —(-1)" My = —Aj
u cnaraemble a;jAij N G;j4+1A: j41 YHNUTOXKAIOTCA.
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Teopema CyLLeCTBOBaHUA (

Mpoeepum AL MMycts B maTpuue A pasHbl j-it u (j + 1)-ii cTtonbubi:

air ... Qij airj4+1 ... Qin
Ai—11 v+ Qi—1j5 Gi—15+1 ... Ai—1n

ail ... Qij Aij+1 ... Qin y Ok = Qk j+1 npn BCGXI{I:LQ,...,’I’L.
Ai+11 .. Ai415 Gi4154+1 ... Ait+ln

Anl ... Qnj Anj+1 ... QAnn

B cyMmme ailAil 4+ -+ aiinj + aij+1Aij+1 4+ -+ amAm BCe C/araemble,
kpome j-ro n (j + 1)-ro, paeHbl 0, Tak kak M, npn £ # j,j + 1 — 310
onpegenutens (n — 1) X (n — 1)-mMaTpuupbl ¢ 4BYMS COCEAHUMU PaBHLIMK
ctonbuamu.

VlTaK, Dn(A) = aiinj + aij+1A7;j+1. I'Io ycnosuwo a;; = a;j+1, KPOMe TOro,
M;; = M; j4+1, Tak Kak npu BbIHYEPKUBAHWM -7 cTpokn n j-ro unm (j + 1)-ro
cToNbLOB nonyyaeTcs ogHa n Ta e matpuua. MNoatomy

A = (D)™ M j0 = = (1) My = —(-1)" My = —Aj

u cnaraemblie aij A N a;jy14;j+1 yHnatoxatores. Otcroga Dn(A) =0,
1 Mbl fokasanu, 4To akcrnoma Al BeinonHsieTcs.
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Teopema CyLLeCTBOBaHUA

Hakonew, nposepum AIL MycTtb j-ii ctonbewy maTpuubl A npeacTasieH B BuAe

! "

a1 ... Q15 +0ay; ... Qin

cymmbl AByx ctonbuos: | a1 ... aj; +ai; ... ain
! 1"

ant .- . anj+anj e Gnn
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Teopema CyLLeCTBOBaHUA

Hakonew, nposepum AIL MycTtb j-ii ctonbewy maTpuubl A npeacTasieH B BuAe
ail ... a'lj +a/1/]- ... Qln

cymmbl ayx ctonbuos: | ai1 ... aj; +ai; ... ain |. PaccmoTpum matpuup

! 1"
ant .- . anj+anj e Gnn
A/ A// . 6 ! 1"
" , Y KOTOPbIX 3/1IeMeHTbI j-ro cTonbua CyTb aj; W COOTBETCTBEHHO ay;,
k=1,2,...,n, a ocTaNnbHble cTONOUBLI Te Xe, 4yTo y A.
) ) b
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Teopema CyLLeCTBOBaHUA

Hakonew, nposepum AIL MycTtb j-ii ctonbewy maTpuubl A npeacTasieH B BuAe
ail ... a'lj +a/1/]- ... Qln

cymmbl ayx ctonbuos: | ai1 ... aj; +ai; ... ain |. PaccmoTpum matpuup

! 1"
ant .- . anj+anj e Gnn
A/ A// . 6 ! 1"
" , Y KOTOPbIX 3/1IeMeHTbI j-ro cTonbua CyTb aj; W COOTBETCTBEHHO ay;,
k=1,2,...,n, a ocTaNnbHble cTONOUBLI Te Xe, 4yTo y A.
) ) b

B cymme ainAin + - -+ aijAij + - - - + ainAin Kaxp0e cnaraemoe a;p A npmn

{ # j MmoxHo, npumensis k onpegenutento M;, akcmomy All, npeacraButh Kak
’ "

aiZAie —+ ai[Ai[.
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Teopema CyLLeCTBOBaHUA

Hakoney, npoesepum AIIL lMyctb j-ii ctonbewy maTpuubl A npeactaesieH B BUge
ail ... a'lj +a/1/]- ... Qln

cymmbl ayx ctonbuos: | ai1 ... aj; +ai; ... ain |. PaccmoTpum matpuup

! 1"
ant .- . anj+anj e Gnn
A/ A// . 6 ! 1"
" , Y KOTOPbIX 3/1IeMeHTbI j-ro cTonbua CyTb aj; W COOTBETCTBEHHO ay;,
k=1,2,...,n, a ocTaNnbHble cTONOUBLI Te Xe, 4yTo y A.
) ) b

B cymme ainAin + - -+ aijAij + - - - + ainAin Kaxp0e cnaraemoe a;p A npmn
{ # j MmoxHo, npumensis k onpegenutento M;, akcmomy All, npeacraButh Kak
’ " / " / / " "
aiZAie +4 ai[Ai[. Cnaraemoe a”AZ] eCTb (a” +4 U/Z])AZ] = a’z]Az] +4 a”AZ],

! " c o~ .
nockonbky M;; = M;; = M;; — Bef\b Npu BbIYEPKMBAHWUN i~ CTPOKN 1 j-FO
ctonbua us matpuy A, A’ nu A” nonyyaetcs ogHa v Ta ke mMaTpuua.
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Teopema CyLLeCTBOBaHUA

Hakoney, npoesepum AIIL lMyctb j-ii ctonbewy maTpuubl A npeactaesieH B BUge
ail ... a'lj +a/1/]- ... Qln

cymmbl ayx ctonbuos: | ai1 ... aj; +ai; ... ain |. PaccmoTpum matpuup

! 1"
ant .- . anj+anj e Gnn
A/ A// . 6 ! 1"
" , Y KOTOPbIX 3/1IeMeHTbI j-ro cTonbua CyTb aj; W COOTBETCTBEHHO ay;,
k=1,2,...,n, a ocTaNnbHble cTONOUBLI Te Xe, 4yTo y A.
) ) b

B cymme ainAin + - -+ aijAij + - - - + ainAin Kaxp0e cnaraemoe a;p A npmn
{ # j MmoxHo, npumensis k onpegenutento M;, akcmomy All, npeacraButh Kak
aicAy + aieAjy. Cnaraemoe ai;Aij ectb (ai; + aiy)Aij = aj; Al + ai; Al
nockonbky M;; = M{]- = M{; — BeAb NPY BbIYEPKUBAHWN -1 CTPOKK 1 j-TO
ctonbua us matpuy A, A’ nu A” nonyyaetcs ogHa v Ta ke mMaTpuua.
[Monyyaem, yto

Dn(A) = anAin + -+ aijAij + -+ ainAin =
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Teopema CyLLeCTBOBaHUA

Hakoney, npoesepum AIIL lMyctb j-ii ctonbewy maTpuubl A npeactaesieH B BUge
ail ... a'lj +a/1/]- ... Qln

cymmbl ayx ctonbuos: | ai1 ... aj; +ai; ... ain |. PaccmoTpum matpuup

! 1"
ant .- . anj+anj e Gnn
A/ A// . 6 ! 1"
" , Y KOTOPbIX 3/1IeMeHTbI j-ro cTonbua CyTb aj; W COOTBETCTBEHHO ay;,
k=1,2,...,n, a ocTaNnbHble cTONOUBLI Te Xe, 4yTo y A.
) ) b

B cymme ainAin + - -+ aijAij + - - - + ainAin Kaxp0e cnaraemoe a;p A npmn
{ # j MmoxHo, npumensis k onpegenutento M;, akcmomy All, npeacraButh Kak
aicAy + aieAjy. Cnaraemoe ai;Aij ectb (ai; + aiy)Aij = aj; Al + ai; Al
nockonbky M;; = M{]- = M{; — BeAb NPY BbIYEPKUBAHWN -1 CTPOKK 1 j-TO
ctonbua us matpuy A, A’ nu A” nonyyaetcs ogHa v Ta ke mMaTpuua.
[Monyyaem, yto

Dn(A) =ailia + -+ aijAij + -+ ainAin =
(Al 4 anAl) ot (aly Al abAL) et (A i Al) =
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Teopema CyLLeCTBOBaHUA

Hakoney, npoesepum AIIL lMyctb j-ii ctonbewy maTpuubl A npeactaesieH B BUge
ail ... a'lj +a/1/]- ... Qln

cymmbl ayx ctonbuos: | ai1 ... aj; +ai; ... ain |. PaccmoTpum matpuup

! "
ant .- . anj+anj e Gnn
n A”, y KOTOpbIX 3N1eMeHTBI j-ro cTonbUa CyTb @y ; U COOTBETCTBEHHO aj
k=1,2,...,n, a ocTanbHble CTONOLbI Te e, 4To y A.

Al

B cymme aiiAin + - -+ aijAij + - - - + ainAin KaXxp0e cnaraemoe a;p A npn
£ # j MmoxHO, npuMensia k onpegenutento M;, akcmomy All, npeacraButh Kak
aitAjy + aieAjy,. Cnaraemoe ai;Aij ectb (ai; + aiy)Aij = aZ]A’ + al. A;']
nockonbky Mi; = Mj; = M;; — BeAb npu Bbl4epPKNBAHUM i~ CTPOKM W j-rO
cTonbua ns maTpuy, A, A’ n A” nonyvaetcs ogHa 1 Ta e mMaTpuua.

[Monyyaem, yto
Dn(A) = anAia+ -+ aijAij + - + ainAin =
= (%‘11421 + ailAf;ll) + - (aZ]A +ay A ) 4+ 4 (amAm + ain Al ) =
(ailAf;l‘F EE +a§jA;j+ xx +ainAm) + (ailA;/ﬁ- 2 +a;;Aij+ e +ainA:;{n) =
=D, (A) + D, (A").
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Teopema cywecteoBarust (7)

Mbi nposepunu nepeyto 4acte Al lNoHATHO, 4TO BTOpasi 4acTb NpoBepsieTcs
BMOJIHE aHANIOrM4HO (N MeHee rPOMO3AKO). O
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Teopema cywecteoBarust (7)

Mbi nposepunu nepeyto 4acte Al lNoHATHO, 4TO BTOpasi 4acTb NpoBepsieTcs
BMOJIHE aHANIOrM4HO (N MeHee rPOMO3AKO). O

B KOHCTPYKUUN N3 [OKA3aTE/IbCTBA TEOPEMbI CYLLECTBOBAHUA NCMNOJb30BaslaCb
HEKOTOpas CbIAKCI/IpOBaHHaSI, HO NMPON3BOJiIbHasA CTPOKa.
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Teopema cywecteoBarust (7)

Mbi nposepunu nepeyto 4acte Al lNoHATHO, 4TO BTOpasi 4acTb NpoBepsieTcs
BMOJIHE aHANIOrM4HO (N MeHee rPOMO3AKO). O

B KOHCTpyKLMM N3 AOKa3aTeNbCTBa TEOPEMbI CYLLECTBOBAHUS NCMONb30BaNacCh
HeKoTopasi (bnKCMpoBaHHas, HO NPON3BOJIbHASA CTPOKA.

B cuny Teopembl €4UHCTBEHHOCTY HE BaXKHO, KaKylo CTPOKY bpaTb, — BCe
Bblpa>keHns Buaa a1 Ail + -+ aiin]- + ot ainAin [afyT OAuH N TOT XKe
pesynbTaT npu ntobom i.
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Teopema cywecteoBarust (7)

Mbi nposepunu nepeyto 4acte Al lNoHATHO, 4TO BTOpasi 4acTb NpoBepsieTcs
BMOJIHE aHANIOrM4HO (N MeHee rPOMO3AKO). O

B KOHCTpyKLMM N3 AOKa3aTeNbCTBa TEOPEMbI CYLLECTBOBAHUS NCMONb30BaNacCh
HeKoTopasi (bnKCMpoBaHHas, HO NPON3BOJIbHASA CTPOKA.

B cuny Teopembl €4UHCTBEHHOCTY HE BaXKHO, KaKylo CTPOKY bpaTb, — BCe
Bblpa>keHns Buaa a1 Ail + -+ aiin]- + ot ainAin [afyT OAuH N TOT XKe
pesynbTaT npu ntobom i. (OTMeTVIM, 4TO anpuopwn 3TO JaNIEKO He ouesmp,Ho).
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Teopema cywecteoBarust (7)

Mbi nposepunu nepeyto 4acte Al lNoHATHO, 4TO BTOpasi 4acTb NpoBepsieTcs
BMOJIHE aHANIOrM4HO (N MeHee rPOMO3AKO). O

B KOHCTpyKLMM N3 AOKa3aTeNbCTBa TEOPEMbI CYLLECTBOBAHUS NCMONb30BaNacCh
HeKoTopasi (bnKCMpoBaHHas, HO NPON3BOJIbHASA CTPOKA.

B cuny Teopembl €4UHCTBEHHOCTY HE BaXKHO, KaKylo CTPOKY bpaTb, — BCe
Bblpa>keHns Buaa a1 Ail + -+ aiin]- + ot ainAin [afyT OAuH N TOT XKe
pesynbTaT npu ntobom i. (OTMeTVIM, 4TO anpuopwn 3TO JaNIEKO He ouesmp,Ho).
Wtak, onpegenntens matpuybl paseH cymme npou3BefeHuii 31eMeHToB atoboii
€e CTpOoKW Ha ux anrebpamyeckme [ornoaHEHNS
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Teopema cywecteoBarust (7)

Mbi nposepunu nepeyto 4acte Al lNoHATHO, 4TO BTOpasi 4acTb NpoBepsieTcs
BMOJIHE aHANIOrM4HO (N MeHee rPOMO3AKO). O

B KOHCTpyKLMM N3 AOKa3aTeNbCTBa TEOPEMbI CYLLECTBOBAHUS NCMONb30BaNacCh
HeKoTopasi (bnKCMpoBaHHas, HO NPON3BOJIbHASA CTPOKA.

B cuny Teopembl €4UHCTBEHHOCTY HE BaXKHO, KaKylo CTPOKY bpaTb, — BCe
Bblpa>keHns Buaa a1 Ail + -+ aiin]- + ot ainAin [afyT OAuH N TOT XKe
pesynbTaT npu ntobom i. (OTMeTVIM, 4TO anpuopwn 3TO JaNIEKO He ouesmp,Ho).
Wtak, onpegenntens matpuybl paseH cymme npou3BefeHuii 31eMeHToB atoboii
€e CTpOoKW Ha ux anrebpamyeckme [ornoaHEHNS (pasﬂo»(eHMe no CTpOKe).
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