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I. JInneitnasg koMOUHAA

Onpenenenne 1. JImHeitHOIT KoMOuHammeit mampuy, X1, Xo, ..., X,
c KoadpbummenTaMm A, Ao, ..., A, HA3b6AEMCA MAMPUUG

A X+ Xo+.. 4+ AN, - X,



II. JInneitnas dyHKIUs

[TorstTe nuneiinoit byHknum OyJAET CYIIECTBEHHO 0OODIIEHO B TeO-
pun JmHeinbix npocrpancTs. Celiuac Mbl OPPAHNYUMCS CJICJLY FOIIIM
«IICEBJIOOTIPEIC/ICHICM » |

ITyemv 6 mnoorcecmeaxr A" u A” xaxum-mo obpazom onpedeaenv, one-
payuu, coomsememeenno, + u +", u das 100020 saemenma X u3z no-
aa K onpedenenv, onepavuu X' u N («ymmooicenuas na A anemenmos,
coomsememeenno, us A" u A”). OPynruyus f: A" — A" naswsaemcs

auHelHol (YyHKIEH, ecau 044 A1006LT IAEMEHMOB A1, Ao ... Ay U
MOOBIT INEMENMOG A1 A . . . | Ay MHodicecmea A’ umeem mecmo pasen-
cMe0o

fNar+ Noao+ .. 4+ Noay) = N fla)+" N flaa)+". . .+" N fla,). (1)



II. JInneitnas dyHKIUs
Kax pazobparbcs ¢ HOHSITHEeM JIMHeHHON (pyHKInn?



II. JInneitnas dyHKIUs
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II. JInneitnas dyHKIUs
Kax pazobparbcs ¢ HOHSITHEeM JIMHeHHON (pyHKInn?
EcTb 1Ba TUIIOBBIX criocoda:
— paccMOTPEHHE JIOCTATOUYHO OOJIBIIONO YKC/Ia IPUMEPOB;



II. JInneitnas dyHKIUs
Kax pazobparbcs ¢ HOHSITHEeM JIMHeHHON (pyHKInn?
EcTb 1Ba TUIIOBBIX criocoda:
— paccMOTPEHHE JIOCTATOUYHO OOJIBIIONO YKC/Ia IPUMEPOB;
— aHajn3 onpejeaeHus (MoJgyIeHne CJIe/ICTBI).



II. JInneitnas dyHKIUs
Haunem ¢ npumepos juHeiinbix yHknmit. JImaefinbivMu GyHKIUAME
ABJISIOTCL:

1. pyHaKIM, KaxKJI0My BEKTOPY CTaBsIlas B COOTBETCTBUE €0 IPOEK-
IAI0 Ha HEKOTOPYIO OCh.



II. JInneitnas dyHKIUs
Haunem ¢ npumepos juHeiinbix yHknmit. JImaefinbivMu GyHKIUAME
ABJISIOTCL:

1. pyHaKIM, KaxKJI0My BEKTOPY CTaBsIlas B COOTBETCTBUE €0 IPOEK-
IAI0 Ha HEKOTOPYIO OCh.

2. fi;(X) — dynxuns, xaxoit marpuie X crapsiasg B COOTBETCTBHE
9JIEMEHT MaTpPHIbl X, CTOSAIINI B ¢-TOIl CTPOKE, J-TOM CTOJIOIE MaT-
punnl X .



II. JInneitnas dyHKIUs
Haunem ¢ npumepos juHeiinbix yHknmit. JImaefinbivMu GyHKIUAME
ABJISIOTCL:

1. pyHKIM, KaxKJI0My BEKTOPY CTaBsIIas B COOTBETCTBUE €TI0 IPOEK-
IAIO0 Ha HEKOTOPYIO OCh.

2. fij(X) — dyukuns, xaxjoir marpuie X crassiias B COOTBETCTBHE
9JIEMEHT MaTPUIlbl X, CTOSIINI B ¢-TOIl CTPOKE, j-TOM CTOJIOIIE MaT-
punnl X.

3. tr(X) — cJieq kBajipaTHoOii MaTpuibl X — cyMMa 971eMEeHTOB TJIaBHOI
JIMAroHam MaTpUIbl X ;
11 12 ... Tin

21 T2 ... Top
tr =211 +Zo2 + ...+ Tpn.

Tnl Tp2 ... Tpn



II. JInneitnas dyHKIUs
[Tpumepom Henmbeitnoit yHKINKT SABJIAETCA (DYHKINSA, KazKJIOMY BEK-

TOPY ILJIOCKOCTU WJIM HPOCTPAHCTBA CTaBsIIIasi B COOTBETCTBHUE MOIYJIb
9TOI'0 BEKTODA.
Kak jnoxkaszarh HeJIMHEeHOCTD !



II. JInneitnas dyHKIUs
[Tpumepom Henmbeitnoit yHKINKT SABJIAETCA (DYHKINSA, KazKJIOMY BEK-

TOPY IJIOCKOCTU WM IMPOCTPAHCTBA CTaBdAIlllasd B COOTBETCTBUE MOJYJb
9TOI'0 BEKTOPA.

Tak Kak JUHEHHOCTb ONPEJEIIeTCsd ¢ IMOMOIILIO TOXKIECTB, TO OIIPO-
BEPrHyTh JIMHEHHOCTHb MOYKHO C IIOMOIIBIO KOHTPIIPUMeEPa, HAIIPUMED, Ta-
KOI'O:

1"‘.]‘ — —
L e




I11. Kpurepun jmuHeiiHocT (PpyHKIU

Teopema 1 (kpurepuu juHeitHOCTH (DYHKIUN). Fcau oaa 110601
INEMEHMOB a1 Ao, az U3 A u by;by; by us B evinoansaomes mootcdecmaa
1) (a1 + as) + a3 = a; + (as +' a3) (onepavyus +' na mmoocecmee A ac-
coyuamuena); 2) (by +" by) +" by = by +" (by +" b3) (onepayus +" na
MmHooicecmee B accoyuamuena); U Oas Kaxcdoz2o anemenma o 10-
s K na mmoorcecmeaxr A u B onpedenenvt odHomecmmvie 0nepat,iu
o' u, coomeememeenno, o («ymmootcenues Ha o INEMEHMOE U3 MHO-
orcecms A u, coomeememeenno, B) mo caedyrouue ycarosus aKeusa-
aewmuo: 1) dynwuus f 0 A — B asasemcea aunetnot; 2) oas
dynruuy f evnosnsemes moocdecmeso

fNay + plaz) = X' far) +" 1" f(az); (2)

3) Ona dynrkyuu f evinosnsromen moscdecmea

flar 4+ a2) = f(ar) +" flaz) u  f(d'a) =" f(a). (3)



JlokazaTreabCcTBO. BTopoe m TpeThe yTBepyKJeHne SBASIIOTCA JacT-
HBIM CJIy4aeM JimHeifiHocTn (GyHKuun. 3 BTOporo yreep:KiaeHust JTuHeii-
HOCTh pyHKIMN f Jokaxkem wmijrykiueii mo n. Ecim B dhopmyne (1)
[OJIO?KUTb M = 2, TO IOJIYUYUM YTBeprKJeHue BTOporo nyHkra. baza jio-
Ka3aHa.



JlokazaTreabCcTBO. BTopoe m TpeThe yTBepyKJeHne SBASIIOTCA JacT-
HBIM CJIy4aeM JimHeifiHocTn (GyHKuun. 3 BTOporo yreep:KiaeHust JTuHeii-
HOCTh pyHKIMN f Jokaxkem wmijrykiueii mo n. Ecim B dhopmyne (1)
[OJIO?KUTb M = 2, TO IOJIYUYUM YTBeprKJeHue BTOporo nyHkra. baza jio-
KazaHa.

Hokaxkem tmar unjayknuu. Ilyers k> 2 m crnpaBeiuBoCTh (hopMy-
7el (1) mookaszamna Jiist JTFOOOTO HATYPATBHOTO 9HCTA 7, HE MTPEBOCXO/IsI-
mero ancyia k. Torga, coryacHo ToxK/1ecTBY (2) U rUIIOTE3€ MHYKIUN

f(Mar+ MNoao + 4+ N4+ Nay,) =
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HBIM CJIy4aeM JimHeifiHocTn (GyHKuun. 3 BTOporo yreep:KiaeHust JTuHeii-
HOCTh pyHKIMN f Jokaxkem wmijrykiueii mo n. Ecim B dhopmyne (1)
[OJIO?KUTb M = 2, TO IOJIYUYUM YTBeprKJeHue BTOporo nyHkra. baza jio-
KazaHa.

Hokaxkem tmar unjayknuu. Ilyers k> 2 m crnpaBeiuBoCTh (hopMy-
7el (1) mookaszamna Jiist JTFOOOTO HATYPATBHOTO 9HCTA 7, HE MTPEBOCXO/IsI-
mero ancyia k. Torga, coryacHo ToxK/1ecTBY (2) U rUIIOTE3€ MHYKIUN

f(Mar+ MNoao + 4+ N4+ Nay,) =

= f((Nar+ Mgz + o+ Ny y) + M) =



JlokazaTreabCcTBO. BTopoe m TpeThe yTBepyKJeHne SBASIIOTCA JacT-
HBIM CJIy4aeM JimHeifiHocTn (GyHKuun. 3 BTOporo yreep:KiaeHust JTuHeii-
HOCTh pyHKIMN f Jokaxkem wmijrykiueii mo n. Ecim B dhopmyne (1)
[OJIO?KUTb M = 2, TO IOJIYUYUM YTBeprKJeHue BTOporo nyHkra. baza jio-
KazaHa.

Hokaxkem tmar unjayknuu. Ilyers k> 2 m crnpaBeiuBoCTh (hopMy-
7el (1) mookaszamna Jiist JTFOOOTO HATYPATBHOTO 9HCTA 7, HE MTPEBOCXO/IsI-
mero ancyia k. Torga, coryacHo ToxK/1ecTBY (2) U rUIIOTE3€ MHYKIUN

f(Mar+ MNoao + 4+ N4+ Nay,) =
= f((Nar+ Mgz + o+ Ny y) + M) =

= f ( la1 4+ Nag + .+ A;_la;_l) +" N flay,) =



JlokazaTreabCcTBO. BTopoe m TpeThe yTBepyKJeHne SBASIIOTCA JacT-
HBIM CJIy4aeM JimHeifiHocTn (GyHKuun. 3 BTOporo yreep:KiaeHust JTuHeii-
HOCTh pyHKIMN f Jokaxkem wmijrykiueii mo n. Ecim B dhopmyne (1)
[OJIO?KUTb M = 2, TO IOJIYUYUM YTBeprKJeHue BTOporo nyHkra. baza jio-
KazaHa.

Hokaxkem tmar unjayknuu. Ilyers k> 2 m crnpaBeiuBoCTh (hopMy-
7el (1) mookaszamna Jiist JTFOOOTO HATYPATBHOTO 9HCTA 7, HE MTPEBOCXO/IsI-
mero ancyia k. Torga, coryacHo ToxK/1ecTBY (2) U rUIIOTE3€ MHYKIUN

f(Mar+ Noag +' o4+ N+ Nay) =
=f (( 1ar+ Noas + .o+ N _qay_ )+ Ak%) =
= f(Mar+ Nag +' .+ N qay ) +7 N f(a)) =
= N/ flar) +" Ao flag) +" ... +" N flar—1) +" N f(ag).

CoriacHO TIPUHIUITY MaTEMATHIECKON HHAYKIUE [TOJYIIINA, UYTO N3
vIBepzK /et (2) cieyer uHeiHocTh GyHkiun f.



Ocrajioch JJ0Ka3aTh, 910 u3 hopMmyil (3) cieyer ToxKecTBo (2):

fNar +' plag) = f(Nar) +" f(p'ag) = X' flar) +" 1" f(ag).

Kpurepun nmneitHocTt (PyHKINKM JTOKA3aHbI.



I'V. IlepecTtanoBku (IIOJCTAHOBKM )

Onpenenenne 2. IlepecTaHOBKOI AU MOACTAHOBKOM Ha MHOdICE-

cmee 1 Hasvieaemcs 63GUMHO O00HO3HAYHOE 0mobpastcerHue
muoorcecmsa §) na' cebs.

Ipemior «Ha» O3HAYAET, UTO BCAKHUI d71eMeHT u3 ) mMmeer 1mpoobpas B {2 OTHOCUTEIHLHO JaHHOM
IIepECTaHOBKH.



I'V. IlepecTtanoBku (IIOJCTAHOBKM )

Onpenenenne 2. IlepecTaHOBKOI AU MOACTAHOBKOM Ha MHOdICE-
cmee {1 Hasweaemcs 83aAUMHO 00HO3HAYHOE 0MOobpastcerue
MHoocecmea ) Ha cebs.

Hac ceituac wnrepecyer cayuait 2 ={1,2,...,n}. Takaa nepecra-
HOBKa sIBJIdgeTcd (PYHKIMEH ¢ KOHEYHOI 00JIacThIo OIpeaescHus, I10-
9TOMY €€ MOXKHO 3ajlaBaTh Tabjunein 3uadenuii. Ilycrs f — mnpouns-
BOJIbHASI TIepecTaHOBKa Ha MHOXKecTBe {1,2,...,m}, ¢ Takoit Tabsurei:

rxr |1 2 ... n

f(x)lay as ... a,|




I'V. IlepecTtanoBku (IIOJCTAHOBKM )

Onpenenenne 2. IlepecTaHOBKOI AU MOACTAHOBKOM Ha MHOdICE-
cmee £ MHa3vBaemcA 63aUMHO 00HOZHAYHOE OMOOPANCEHUE MHOIICE-
cmea $) na ceba.

[Iycte f — mpousBosibHasi epectaHoBKa Ha MHOZKecTBe {1,2)... n},
r |1 2 ... n

f(x)lay as ... ap|
[TorbrTaemMest ONTUMU3UPOBATL 9Ty 3allUCh JII PACCMATPUBAEMOTO

¢ Takoil TabJnIeil:

Kiacca (byHKImA. Y Ji000fi mepectaHoBkr Ha MHOXKecTBe {1,2,...,n}
epBasi CTPOKa OJIMHAKOBA (C TOYHOCTBIO JIO apryMeHTa 3Toi (hyHKIHN).



I'V. IlepecTtanoBku (IIOJCTAHOBKM )

Onpenenenne 2. IlepecTaHOBKOI AU MOACTAHOBKOM Ha MHOdICE-
cmee £ MHa3vBaemcA 63aUMHO 00HOZHAYHOE OMOOPANCEHUE MHOIICE-
cmea $) na ceba.

[Iycte f — mpousBosibHasi epectaHoBKa Ha MHOZKecTBe {1,2)... n},
x |1 2 ...n

flx)|lay ag ... ay,
HOBKAX 9TON0 MHOXKECTBa, MEPBYI0 CTPOKY TabJIMIlbl 0OBITHO He IHIIYT,

C Takoil TabJmIeil: . IlosTomy, roBopst o mepecta-

a BO BTODOIii cTpoke omyckaror oboznadenne f(x). Takum obpasom, BMe-

Lo 1234
CTO, HAIIPUMED, «IIEPECTAHOBKA S, 3ajlaHHas Tab el >
s(x)|2 4 31

MUIIYT «fepecTaHoBka (24 3 1)».



I'V. IlepecTtanoBku (IIOJCTAHOBKM )

Omnpenesienne 3. Ecau f — nepecmanoska mmoocecmsa {1,2, ..., n}
U w, v — makue aaemenmor mnosicecnea {1,2,... n}, umo u < v u

f(u) > f(v), mo napa (f(u); f(v)) Ha3bI6aEMCA MHBEPCUei nepecma-
noexu f.

Kak pazobparbcest?



I'V. IlepecTtanoBku (IIOJCTAHOBKM )

Omnpenesienne 3. Ecau f — nepecmanoska mmoocecmsa {1,2, ..., n}
u o u, v — maxue aaemenmo, mmoorcecmea {1,2,. ... n}, umo u < v u
f(u) > f(v), mo napa (f(u); f(v)) Ha3bI6aEMCA MHBEPCUei nepecma-
noexu f.

Hanpumep, s nepecranoBgu (3; 1; 2) MHOXKECTBO BCeX HWHBEp-
cuii cocront u3 aByx ssementon: {(3; 1); (3; 2)}. st mepecranoBku
(2; 4; 1; 3) MHOXKECTBO BCEX MHBEPCHI COCTOUT U3 TPEX JIEMEHTOB!

{(2;1); (4 1); (4 3)}.



I'V. IlepecTtanoBku (IIOJCTAHOBKM )

Omnpenesienne 3. Ecau f — nepecmanoska mmoocecmsa {1,2, ..., n}
U w, v — makue aaemenmor mnosicecnea {1,2,... n}, umo u < v u

f(u) > f(v), mo napa (f(u); f(v)) Ha3bI6aEMCA MHBEPCUei nepecma-

noexu f.

MokHO cCcKazaTb, 4YTO WHBEpPCHS O3Ha4YaeT HapyIIeHHe IOPIIKa
1 <2< ...<n, upoucxojgiiee I110J] JieficTBUEM IllepeCTaHOBKU f . ObI-
710 u < v, a nocje geiicrsust f nomyuaem f(u) > f(v). Takum obpaszom,
KOJINUECTBO MHBEPCUIl 11epecTaHOBKKM f — 9TO KOJIMYECTBO BCEX «HAPY-
IIeHUIT» OpsIJIKa, «BHOCUMbBIX» II€pEeCTaHOBKOH [ B I10C/IE0BATE/ILHOCTD

1,2,...,n.



V. I/IHBapI/IaHTHOG orpeaesjienne 1€repMmHaHTa

Omnpenesienne 4 (MHBapUaHTHOE ONpe/eJieHne JIeTEPMUHAHTA).
Eeau A — xsadpammas mampuua pasmeprocmu n X n, mo ee demep-
MUHAHMOM UAU ONPEDCAUINENACM HA3LIGAEMCA YUCAO

Z Z o Z (_1)u(p1;~-~;pn)alpl gy e G,y (4)

pre{lion} pae{lin\{p1}  pae{lin\{p1ip2;ipn—1}

2de 1 (p1; ... Dn) PABHO HUCAY BCEXT PA3AUMHOIT UHGEPCUl Nepecina-
HOBKUY, (P1, - - ., Pn)- Jemepmunarnm mampuyor A 06viuno 06031HawaeMCA

vepes |A|  uau  det (A).



V. I/IHBapI/IaHTHOG orpeaesjienne 1€repMmHaHTa

Omnpenesienne 4 (MHBapUaHTHOE ONpe/eJieHne JIeTEPMUHAHTA).
Eeau A — xsadpammas mampuua pasmeprocmu n X n, mo ee demep-
MUHAHMOM UAU ONPEDCAUINENACM HA3LIGAEMCA YUCAO

Z Z o Z (_1)u(p1;~-~;pn)alpl gy e G,y (4)

pre{lion} pae{lin\{p1}  pae{lin\{p1ip2;ipn—1}

2de 1 (p1; ... Dn) PABHO HUCAY BCEXT PA3AUMHOIT UHGEPCUl Nepecina-
HOBKUY, (P1, - - ., Pn)- Jemepmunarnm mampuyor A 06viuno 06031HawaeMCA

vepes |A|  uau  det (A).

BamMmeuanue. Moryr BO3HUKHYTL COMHEHMS B KOPPEKTHOCTH 3TOIO
OIpeJIeIeHNUsI, TAK KaK MbI He JIOKa3a I, 4To PyHKIM, 3a1anHas hopMy-
01t (1) = p; SIBJISIETCS TIEPECTAHOBKOM. MBI He ¢JIe/1a/lin 9TOr0 OTOMY,
4TO B3aUMHAs OJJHO3HAYHOCTL (PYHKIUY (0 CJICJIyeT U3 TOIO, YTO COIACHO
paBeHcTBY (4) HOMEpaA P1, . . . , Py HOMAPHO PA3IUIHBIL.



V. I/IHBapI/IaHTHOG orpeaesjienne 1€repMmHaHTa

Omnpenesienne 4 (MHBapUaHTHOE ONpe/eJieHne JIeTEPMUHAHTA).
Eeau A — xsadpammas mampuua pasmeprocmu n X n, mo ee demep-
MUHAHMOM UAU ONPEDCAUINENACM HA3LIGAEMCA YUCAO

Z Z o Z (_1)u(p1;~-~;pn)alpl gy e G,y (4)

pre{lion} pae{lin\{p1}  pae{lin\{p1ip2;ipn—1}

2de 1 (p1; ... Dn) PABHO HUCAY BCEXT PA3AUMHOIT UHGEPCUl Nepecina-
HOBKUY, (P1, - - ., Pn)- Jemepmunarnm mampuyor A 06viuno 06031HawaeMCA

vepes |A|  uau  det (A).

Kak pazobparbcst?



V. I/IHBapI/IaHTHOG orpeaesjienne 1€repMmHaHTa

Omnpenesienne 4 (MHBapUaHTHOE ONpe/eJieHne JIeTEPMUHAHTA).
Eeau A — xsadpammas mampuua pasmeprocmu n X n, mo ee demep-
MUHAHMOM UAU ONPEDCAUINENACM HA3LIGAEMCA YUCAO

Z Z o Z (—1)“(7”1;"';7’“)@12,1 Clpy e Ay, (4)

pre{lion} pae{lin\{p1}  pae{lin\{p1ip2;ipn—1}

2de 1 (p1; ... Dn) PABHO HUCAY BCEXT PA3AUMHOIT UHGEPCUl Nepecina-
HOBKUY, (P1, - - ., Pn)- Jemepmunarnm mampuyor A 06viuno 06031HawaeMCA

vepes |A|  uau  det (A).

Kak pazobparbcst?

OOBIYHO NPUMEHSIETCs JIBa BapHaHTa: pPacCMOTpPeHue IIPUMepPOB
WJIH aHAJIU3 OlpejiesieHnst (B YaCTHOCTH, U3yUeHne CBOMCTB ¢ MOMOIIBIO
ITOJIyUeHUsT CJICJICTBUIT, JTOKA3ATEbCTBA TEOPEM ).



VI. CBoiicTBa JieTepMUHAHTA
Tenepb npuMeHuM Jpyroil criocod yCcBOEHUsI MOHSITUS JeTepMUHAHTA;
[IOJIYyYEeHUEe CJIeJCTBUI U3 oNpeie/IeHus.



VI1.1. Teopema o paBHOIIpaBu CTPOK 1 CTOJIOIIOB

Teopema 2 (0 paBHOIIPABUU CTPOK U CTOJIOIOB). /44 210001
Keadpamnoti mampuyv, A cnpasedauco pasencmeo det(A') = det(A).

HokazarenbcTBo. [Tycts B = A'. Coracno dhopmyiie (4) nomydaem

Z Z e Z (_1)M(p1;m;pn)b1p1 ) b2p2 BRI bnpn -



VI1.1. Teopema o paBHOIIpaBu CTPOK 1 CTOJIOIIOB

Teopema 2 (0 paBHOIIPABUU CTPOK U CTOJIOIOB). /44 210001
Keadpamnoti mampuyv, A cnpasedauco pasencmeo det(A') = det(A).

HokazarenbcTBo. [Tycts B = A'. Coracno dhopmyiie (4) nomydaem

Z Z e Z (_1)M(p1;m;pn)b1p1 ) b2p2 BRI bnpn -



VI1.1. Teopema o paBHOIIpaBu CTPOK 1 CTOJIOIIOB

Teopema 2 (0 paBHOIIPABUU CTPOK U CTOJIOIOB). /44 210001
Keadpamnoti mampuyv, A cnpasedauco pasencmeo det(A') = det(A).

HokazarenbcTBo. [Tycts B = A'. Coracno dhopmyiie (4) nomydaem

Z Z e Z (_1)u(p1;---;pn)b1p1 ) b2p2 BRI bnpn -

_ Z Z o Z (_1)u(ql;---;qn)a1q1 gy - O s

rjie [epecTaHoBKa ¢, 3ajatnas gopmynoit q(k) = qi, sBisieTcs odpat-
HOIT K IepecTaHoBKe p, 3ajanHoit popmysoit p(k) = py.



VI1.1. Teopema o paBHOIIpaBu CTPOK 1 CTOJIOIIOB

Teopema 2 (0 paBHOIIPABUU CTPOK U CTOJIOIOB). /44 210001
Keadpamnoti mampuyv, A cnpasedauco pasencmeo det(A') = det(A).

HokazarenbcTBo. [Tycts B = A'. Coracno dhopmyiie (4) nomydaem

Z Z e Z (_1)u(p1;---;pn)b1p1 ) b2p2 BRI bnpn -

_ Z Z o Z (_1)u(ql;---;qn)a1q1 gy - O s

rjie [epecTaHoBKa ¢, 3ajatnas gopmynoit q(k) = qi, sBisieTcs odpat-

Dk
Ham ocrasocs nokasathb, 9to ft (py;. .. ;0n) = 1 (q1; -5 qn).

HOIT K IIepecTaHoBKe P, 3ajannoil ¢popmyiioii p(k)



VI1.1. Teopema o paBHOIIpaBu CTPOK 1 CTOJIOIIOB

Teopema 2 (0 paBHOIIPABUU CTPOK U CTOJIOIOB). /44 210001
Keadpamnoti mampuyv, A cnpasedauco pasencmeo det(A') = det(A).

HHokazareabcTBo. [lepecranoBka ¢, 3ajannast hopmyioit q(k) = q,
SBJIsSIETCsT OOPATHOT K IepecTaHoBKe p, 3ajaHuoil dhopmyioit p(k) = py.
Ham ocrasock nokasarb, 910w (p1;...;pn) = p(qe; - - -5 qn)-

Kak 310 J10Ka3aTL?



VI1.1. Teopema o paBHOIIpaBu CTPOK 1 CTOJIOIIOB

Teopema 2 (0 paBHOIIPABUU CTPOK U CTOJIOIOB). /44 210001
Keadpamnoti mampuyv, A cnpasedauco pasencmeo det(A') = det(A).

HHokazareabcTBo. [lepecranoBka ¢, 3ajannast hopmyioit q(k) = q,
SBJIsSIETCsT OOPATHOT K IepecTaHoBKe p, 3ajaHuoil dhopmyioit p(k) = py.
Ham ocrasock nokasarb, 910w (p1;...;pn) = p(qe; - - -5 qn)-

Kaxk 310 nokazarn? Mbl K HACTOSAIIEMY MOMEHTY HE JJOKA3a/IN [IPAKTH-
JECKN HUKAKKUX YTBEPKJCHUiT 0 (DYHKIINN L.



VI1.1. Teopema o paBHOIIpaBu CTPOK 1 CTOJIOIIOB

Teopema 2 (0 paBHOIIPABUU CTPOK U CTOJIOIOB). /44 210001
Keadpamnoti mampuyv, A cnpasedauco pasencmeo det(A') = det(A).

HHokazareabcTBo. [lepecranoBka ¢, 3ajannast hopmyioit q(k) = q,
SBJIsSIETCsT OOPATHOT K IepecTaHoBKe p, 3ajaHuoil dhopmyioit p(k) = py.
Ham ocrasock nokasarb, 910w (p1;...;pn) = p(qe; - - -5 qn)-

Kaxk 310 jokazars? Mbl K HACTOSIIEMY MOMEHTY He JOKa3aJi IPaK-
TUYCCKHM HUKAKUX yTBepzkaeHuii o gyuxmum . Ilosromy, pasymeerca,
JI0KA3aTe/ILCTBO OCHOBBLIBACTCS Ha OlPEJIC/ICHUAX.



VI1.1. Teopema o paBHOIIpaBu CTPOK 1 CTOJIOIIOB

Teopema 2 (0 paBHOIIPABUU CTPOK U CTOJIOIOB). /44 210001
Keadpamnoti mampuyv, A cnpasedauco pasencmeo det(A') = det(A).

HHokazareabcTBo. [lepecranoBka ¢, 3ajannast hopmyioit q(k) = q,
SBJIsSIETCsT OOPATHOT K IepecTaHoBKe p, 3ajaHuoil dhopmyioit p(k) = py.
Ham ocrasock nokasarb, 910w (p1;...;pn) = p(qe; - - -5 qn)-

MBI OKazkeM, 9TO BCAKOI MHBEPCUM IePEeCTAHOBKU P B3aUMHO OJI-
HO3HAYHBIM 00Pa30M COOTBETCTBYET MHBEPCUS II€PECTAHOBKHA (.



VI1.1. Teopema o paBHOIIpaBu CTPOK 1 CTOJIOIIOB

Teopema 2 (0 paBHOIIPABUU CTPOK U CTOJIOIOB). /44 210001
Keadpamnoti mampuyv, A cnpasedauco pasencmeo det(A') = det(A).

HHokazareabcTBo. [lepecranoBka ¢, 3ajannast hopmyioit q(k) = q,
SBJIsSIETCsT OOPATHOT K IepecTaHoBKe p, 3ajaHuoil dhopmyioit p(k) = py.
Ham ocrasiocsk nmokasath, 9To f (pr;...;Pn) = (G155 qn).

MbI HOKazKeM, 9TO BCSIKOH MHBEPCUN IMEePECTAHOBKIU P B3AUMHO O/I-
HO3HAYHBIM 0OPa30M COOTBETCTBYET MHBEPCHUs IiepecTaHoBku ¢. Ilo
onpejiesiennio obpartHoii dyukiun nmeem pasenctBa q(p(k)) = k,

plq(k)) = k.



VI1.1. Teopema o paBHOIIpaBu CTPOK 1 CTOJIOIIOB

Teopema 2 (0 paBHOIIPABUU CTPOK U CTOJIOIOB). /44 210001
Keadpamnoti mampuyv, A cnpasedauco pasencmeo det(A') = det(A).

HHokazareabcTBo. [lepecranoBka ¢, 3ajannast hopmyioit q(k) = q,
SBJIsSIETCsT OOPATHOT K IepecTaHoBKe p, 3ajaHuoil dhopmyioit p(k) = py.
Ham ocrasiocsk nmokasath, 9To f (pr;...;Pn) = (G155 qn).

MbI HOKazKeM, 9TO BCSIKOH MHBEPCUN IMEePECTAHOBKIU P B3AUMHO O/I-
HO3HAYHBIM 0OPa30M COOTBETCTBYET MHBEPCHUs IiepecTaHoBku ¢. Ilo
onpejiesiennio obpartHoii dyukiun nmeem pasenctBa q(p(k)) = k,
p(q(k)) = k. TlosTomy 9rCI0 WHBOJIIONUI TIEPECTAHOBKU ¢ PABHO THCITY
IIEPECTAHOBOK P.



VI1.1. Teopema o paBHOIIpaBu CTPOK 1 CTOJIOIIOB

Teopema 2 (0 paBHOIIPABUU CTPOK U CTOJIOIOB). /44 210001
Keadpamnoti mampuyv, A cnpasedauco pasencmeo det(A') = det(A).

HHokazareabcTBo. [lepecranoBka ¢, 3ajannast hopmyioit q(k) = q,
SBJIsSIETCsT OOPATHOT K IepecTaHoBKe p, 3ajaHuoil dhopmyioit p(k) = py.
Ham ocrasock nokasarb, 910w (p1;...;pn) = p(qe; - - -5 qn)-

eiicTBUTENIbHO, JIIs JIOOBIX HOMEPOB U,V CYIHIECTBYIOT HOMEpPa &,
raxue, uTo ¢(z) = u u q(y) = v, orxyna p(q(z)) = p(u) u p(q(y)) = p(v),
Te. x = p(u) uy = p(v). Ilosromy

{ u < v N { q(z) < q(y);

p(u) > p(v) T >y



VI1.1. Teopema o paBHOIIpaBu CTPOK 1 CTOJIOIIOB

Teopema 2 (0 paBHOIIPABUU CTPOK U CTOJIOIOB). /44 210001
Keadpamnoti mampuyv, A cnpasedauco pasencmeo det(A') = det(A).

HHokazareabcTBo. [lepecranoBka ¢, 3ajannast hopmyioit q(k) = q,
SBJIsSIETCsT OOPATHOT K IepecTaHoBKe p, 3ajaHuoil dhopmyioit p(k) = py.
Ham ocrasock nokasarb, 910w (p1;...;pn) = p(qe; - - -5 qn)-

TaxuMm o00pas3oM, Mbl JOKa3aJd, MEXKIY MHBEPCUSIMU II€PeCTaHO-
BOK P M ¢ CYIIECTBYET B3aMMHO OJIHO3HAYHOE cooTBeTcTBHE. ITo3ToMy
w(p1; .- pn) = w(qu;- .- qn) 4, CIEOBATETHHO, TEOPEMa, JJOKA3aHA.



VI1.2. Teopema o nepectaHoBKe JIBYX CTPOK (CTOJIOIOB)
B JIeTEPMUHAHTE

Teopema 3 (0 mepecTaHOBKe JIByX CTPOK B JIETEPMHUHAHTE).
Ecau mampuya B noayuena uz mampuuse A nepecmarosrot deyx cmpok
uau deyr cmoabuos, mo det(B) = — det(A).

Jloka3aTeabCTBO.



VI1.2. Teopema o nepectaHoBKe JIBYX CTPOK (CTOJIOIOB)
B JeTepMUHAHTE

Teopema 3 (0 mepecTaHOBKe JIByX CTPOK B JIETEPMHUHAHTE).
Ecau mampuya B noayuena uz mampuuse A nepecmarosrot deyx cmpok
uau deyr cmoabuos, mo det(B) = — det(A).

JokazareabcTBO. be3 orpannyennst 0OITHOCTH PacCy»KJIeHUI 10cTa-
TOYHO JIOKA3aTh 9TO YTBEPXKJAEHUE TOJBKO JJIs Caydas IIepecTaHOBKHU
cTpok. IlepecTtaHoBKy JHOOBIX ABYX CTPOK MOXKHO IIPEJICTABUTH B BHJIE
ITOCJIELOBATC/ILHOT'O BBIIIOJIHCHNA HEHETHOI'O YUCJIa IIEPECTaHOBOK U@I)Ti()f'T
CTPOKH CO CTPOKOII ¢ HOMepOM k.



VI1.2. Teopema o nepectaHoBKe JIBYX CTPOK (CTOJIOIOB)
B JeTepMUHAHTE

Teopema 3 (0 mepecTaHOBKe JIByX CTPOK B JIETEPMHUHAHTE).
Ecau mampuya B noayuena uz mampuuse A nepecmarosrot deyx cmpok
uau deyr cmoabuos, mo det(B) = — det(A).

HHokazarenbcTBo. U3 hopmyiib (4) crejyer, 9T0 HaM OCTAIOCH JI0-
Ka3aTb N3MEHEHNE Ha HEYETHOE YMCJI0 KOJINYeCTBa MHBEPCUI 1IPU Iepe-
CTaHOBKE II€PBOIl CTPOKU CO CTPOKOI ¢ HOMEPOM k.



VI1.2. Teopema o nepectaHoBKe JIBYX CTPOK (CTOJIOIOB)
B JIeTEPMUHAHTE

Teopema 3 (0 mepecTaHOBKe JByX CTPOK B J€TEPMUHAHTE).

Ecau mampuya B noayuena uz mampuuse A nepecmarosrot deyx cmpok
uau deyr cmoabuos, mo det(B) = — det(A).

JlokazareabcTBO. Tak, ocranoch j1oKa3aTh, 9TO

1(pr;- o) — 1 (Dk; D2 -+ o Dk—1; P1; Dkt 15 - -+ Dn)

€CTb 41CJIO HeYeTHOC.



VI1.2. Teopema o nepectaHoBKe JIBYX CTPOK (CTOJIOIOB)
B JIeTEPMUHAHTE

Teopema 3 (0 mepecTaHOBKe JByX CTPOK B J€TEPMUHAHTE).

Ecau mampuya B noayuena uz mampuuse A nepecmarosrot deyx cmpok
uau deyr cmoabuos, mo det(B) = — det(A).

JlokazareabcTBO. Tak, ocranoch j1oKa3aTh, 9TO

1(pr;- o) — 1 (Dk; D2 -+ o Dk—1; P1; Dkt 15 - -+ Dn)
€CThb YUCJIO HEeYEeTHOE.

Ob6o3naunM 4depe3 f u g GYHKINH, 3aJaHHble TaD IuIell

z |1 2 ... k=1 k k+1 ... n

fx)|p1 P2 oo Deo1 Dk Pkii --- Pn
g(x) | px P2 .- Pr-1 D1 Dri1l .- Dn




VI1.2. Teopema o nepectaHoBKe JIBYX CTPOK (CTOJIOIOB)
B JeTepMUHAHTE

p(pis- . sPn) = p(Pk;P2; -+ - i PE—15 P15 Ph+1s - - -3 Pn) €CTD MACTO HEUET-
x |1 2 ...k—=1k k+1 ... n
noe. | f(x) p1 pa ... Pr-1 Pk Pktl .- DPn

9(x) Pk P2 --- Pk-1 P1 Pir1 .- DPn
[lycThs cpemm umcen ps;...;pr—1 «Q HITYK OOJBIIE, 9eM Pj, & OCTaJIb-

Hble (kK — 2 — «v) 9ucesl — MeHbIIe, UYeM Pk, U CPEJH TUCeN Po; . .. Pr_1
B MTyK MeHbIe, 4eM Py, a octajbhblie (kK — 2 — 3) qucen — 6oJiblie,
qeM pi.



VI1.2. Teopema o nepectaHoBKe JIBYX CTPOK (CTOJIOIOB)
B JeTepMUHAHTE

p(pis- . sPn) = p(Pk;P2; -+ - i PE—15 P15 Ph+1s - - -3 Pn) €CTD MACTO HEUET-
x |1 2 ...k—=1k k+1 ... n
noe. | f(x) p1 pa ... Pr-1 Pk Pktl .- DPn

9(x) Pk P2 --- Pk-1 P1 Pir1 .- DPn
[lycThs cpemm umcen ps;...;pr—1 «Q HITYK OOJBIIE, 9eM Pj, & OCTaJIb-

Hble (kK — 2 — «v) 9ucesl — MeHbIIe, UYeM Pk, U CPEJH TUCeN Po; . .. Pr_1
B MTyK MeHbIe, 4eM Py, a octajbhblie (kK — 2 — 3) qucen — 6oJiblie,
qeM pp. Torjga npu nepeMerienny 9iucia pyp B HUKHEH CTpPOKe Tab IuIibl
Ha [IepBOE MECTO 34 CYeT U3MEHEHUsI IOJI0ZKEHIs YUCIa Pg, OTHOCUTEILHO
YUCEJL P2 . . . Ph—1, C OJIHOI CTOPOHBI, KOJIMYECTBO MHBEPCUA YMEHBIINT-
cst Ha (v (3a CUeT YhcesT U3 9TOTO CIUCKA, KOTOpbIe OOJIbINe Yncia pi) U,
C JIpYroil CTOPOHDI,



VI1.2. Teopema o nepectaHoBKe JIBYX CTPOK (CTOJIOIOB)
B JeTepMUHAHTE

p(pr;. . ipn) — p(Pr;P2; - - - PE—1; D1 Pht1; - - - Pn) €CTH THCIO HEUET-

x |1 2 ... k=1Fk k+1 ... n

noe. | f(x) p1 pa ... Pr-1 Pk Pktl .- DPn

9(x) Pk P2 --- Pk-1 P1 Pir1 .- DPn
[lycThs cpemm umcen ps;...;pr—1 «Q HITYK OOJBIIE, 9eM Pj, & OCTaJIb-
Hble (kK — 2 — «v) 9ucesl — MeHbIIe, UYeM Pk, U CPEJH TUCeN Po; . .. Pr_1

B MTyK MeHbIe, 4eM Py, a octajbhblie (kK — 2 — 3) qucen — 6oJiblie,
gyeM pp. Torya 1npu nepemerienuy 9ucia py B HUZKHE cTpoke Tab/Iuilbl
Ha [IepBOE MECTO 34 CYeT U3MEHEHUsI IOJI0ZKEHIs YUCIa Pg, OTHOCUTEILHO
YUCEJL P2 . . . Ph—1, C OJIHOI CTOPOHBI, KOJIMYECTBO MHBEPCUA YMEHBIINT-
cst Ha (v (3a CUeT YhcesT U3 9TOTO CIUCKA, KOTOpbIe OOJIbINe Yncia pi) U,
¢ Jpyroii cTopoHbl, yBeaunantcst Ha (K —2 — a — 1) (3a cuer uuncen us
9TOIO CINCKA, KOTOPbIE MEHBIIe TUCTa P ).



VI1.2. Teopema o nepectaHoBKe JIBYX CTPOK (CTOJIOIOB)
B JeTepMUHAHTE

p(pr;. . ipn) — p(Pr;P2; - - - PE—1; D1 Pht1; - - - Pn) €CTH THCIO HEUET-
z |1 2 ... k—1 %k k+1 ... n

noe. | f(z)|p1 p2 ... Pr-1 Pk Pkyi - Dn

9(x) |pr P2 -+ Pr1 D1 Pkrl - Pa
[Ipn nmepemerniennn umncia p; B HUXKHEH CTpoKe TabIUIbI B CTOJIOEIL C

HOMEPOM K 3 CUCT U3MEHCHUs [10JIOKEHUST TUC/Ia P OTHOCUTE/ILHO TUCET
P2 ... Pk_1 KOJIMIECTBO MHBEPCUM YMEHBIINUTCA Ha (3 U OJIHOBPEMEHHO
yBesmuantest Ha (kK — 2 — 3). Kpome Toro, ojaa u3 nap (py; px) wim (py; p1)
SIBJII€TCSI MHBEPCUElL.



VI1.2. Teopema o nepectaHoBKe JIBYX CTPOK (CTOJIOIOB)
B JeTepMUHAHTE

p(pis- . sPn) = p(Pk;P2; -+ - i PE—15 P15 Ph+1s - - -3 Pn) €CTD MACTO HEUET-
x |1 2 ...k—=1k k+1 ... n
noe. | f(x) p1 pa ... Pr-1 Pk Pktl .- DPn

9(x) |pr P2 -+ Pr1 D1 Pkrl - Pa
[Ipn nmepemerniennn umncia p; B HUXKHEH CTpoKe TabIUIbI B CTOJIOEIL C

HOMEPOM k 3a cUeT U3MEHEHUsI TOJI0YKEHUS YNC/Ia P OTHOCUTEIBHO UnCe
P2 ... Pr_1 KOJMIECTBO MHBEPCUIT YMEHBIINTCs Ha (3 U OJIHOBPEMEHHO
yBesmuantest Ha (kK — 2 — 3). Kpome Toro, ojaa u3 nap (py; px) wim (py; p1)
SIBJIFIETCSl NHBEPCUEIL.

[TonmoxxkuMm € paBHBIM 1, eciin p; < pp U paBHLIM —1 B IPOTUBHOM CJIY-
gae. Torua



VI1.2. Teopema o nepectaHoBKe JIBYX CTPOK (CTOJIOIOB)
B JeTepMUHAHTE

p(pis- . sPn) = p(Pk;P2; -+ - i PE—15 P15 Ph+1s - - -3 Pn) €CTD MACTO HEUET-
x |1 2 ...k—=1k k+1 ... n
noe. | f(x) p1 pa ... Pr-1 Pk Pktl .- DPn

9(x) |pr P2 -+ Pr1 D1 Pkrl - Pa
[Ipn nmepemerniennn umncia p; B HUXKHEH CTpoKe TabIUIbI B CTOJIOEIL C

HOMEPOM k 3a cUeT U3MEHEHUsI TOJI0YKEHUS YNC/Ia P OTHOCUTEIBHO UnCe
P2 ... Pr_1 KOJMIECTBO MHBEPCUIT YMEHBIINTCs Ha (3 U OJIHOBPEMEHHO
yBesmuantest Ha (kK — 2 — 3). Kpome Toro, ojaa u3 nap (py; px) wim (py; p1)
SIBJIFIETCSl NHBEPCUEIL.

[TonmoxxkuMm € paBHBIM 1, eciin p; < pp U paBHLIM —1 B IPOTUBHOM CJIY-
gae. Torua

p(pi;- . ipn) — 1 (DE; P25 - - PE—15D15 Dkt 1} - - - i Pn) =



VI1.2. Teopema o nepectaHoBKe JIBYX CTPOK (CTOJIOIOB)
B JeTepMUHAHTE

p(pis- . sPn) = p(Pk;P2; -+ - i PE—15 P15 Ph+1s - - -3 Pn) €CTD MACTO HEUET-
x |1 2 ...k—=1k k+1 ... n
noe. | f(x) p1 pa ... Pr-1 Pk Pktl .- DPn

9(x) |pr P2 -+ Pr1 D1 Pkrl - Pa
[Ipn nmepemerniennn umncia p; B HUXKHEH CTpoKe TabIUIbI B CTOJIOEIL C

HOMEPOM k 3a cUeT U3MEHEHUsI TOJI0YKEHUS YNC/Ia P OTHOCUTEIBHO UnCe
P2 ... Pr_1 KOJMIECTBO MHBEPCUIT YMEHBIINTCs Ha (3 U OJIHOBPEMEHHO
yBesmuantest Ha (kK — 2 — 3). Kpome Toro, ojaa u3 nap (py; px) wim (py; p1)
SIBJIFIETCSl NHBEPCUEIL.

[TonmoxxkuMm € paBHBIM 1, eciin p; < pp U paBHLIM —1 B IPOTUBHOM CJIY-
gae. Torua

p(pi;- . ipn) — 1 (DE; P25 - - PE—15D15 Dkt 1} - - - i Pn) =
=—a+(k—-2—a)—fF+(k—-2-0)+e=



VI1.2. Teopema o nepectaHoBKe JIBYX CTPOK (CTOJIOIOB)
B JeTepMUHAHTE

p(pis- . sPn) = p(Pk;P2; -+ - i PE—15 P15 Ph+1s - - -3 Pn) €CTD MACTO HEUET-
x |1 2 ...k—=1k k+1 ... n
noe. | f(x) p1 pa ... Pr-1 Pk Pktl .- DPn

9(x) |pr P2 -+ Pr1 D1 Pkrl - Pa
[Ipn nmepemerniennn umncia p; B HUXKHEH CTpoKe TabIUIbI B CTOJIOEIL C

HOMEPOM k 3a cUeT U3MEHEHUsI TOJI0YKEHUS YNC/Ia P OTHOCUTEIBHO UnCe
P2 ... Pr_1 KOJMIECTBO MHBEPCUIT YMEHBIINTCs Ha (3 U OJIHOBPEMEHHO
yBesmuantest Ha (kK — 2 — 3). Kpome Toro, ojaa u3 nap (py; px) wim (py; p1)
SIBJIFIETCSl NHBEPCUEIL.

[TonmoxxkuMm € paBHBIM 1, eciin p; < pp U paBHLIM —1 B IPOTUBHOM CJIY-
gae. Torua

p(pi;- - ion) — 1 (Dr P25 -+ Ph—13 D1 Pt 15 - - 3 Pn) =
=—a+(k—2—a)—0+(k—-2—-0)+e=2k—2—a—0)+e.



VI1.2. Teopema o nepectaHoBKe JIBYX CTPOK (CTOJIOIOB)
B JeTepMUHAHTE

p(pis- . sPn) = p(Pk;P2; -+ - i PE—15 P15 Ph+1s - - -3 Pn) €CTD MACTO HEUET-
x |1 2 ...k—=1k k+1 ... n
noe. | f(x) p1 pa ... Pr-1 Pk Pktl .- DPn

9(x) Pk P2 --- Pk-1 P1 Pir1 .- DPn
[Tonoxxkum € paBHbIM 1, eciin p; < pr U paBHbIM —1 B IPOTUBHOM CJIy-

qae. Torua

(P pn) — 1Pk D2 -+ Dhm15 D1 Pht 1 - - -3 Pn) =
=—a+(k—2—a)—0+(k—-2-0)+e=2k—2—a—0)+e.

Taxum 0b6pasoM, 93TO YHUCIIO ABJAETCI HeUEeTHLIM. TeopeMa JloKa3aHa.



VI1.3. CaencrBue 06 oiMHAKOBBLIX CTPOKAaX B JIeT€PMMU-
HAHTEe

CaencrBue 1 (06 0IMHAKOBBIX CTPOKAX B JieTepMUHAaHTE). Ecau

6 mampuue A ecmv dee odunarxosvie cmpPoru U 084 00UHAKOBHIL
cmoabua, mo det(A) = 0.

JloKa3aTeabCTBO.



VI1.3. CaencrBue 06 oiMHAKOBBLIX CTPOKAaX B JIeT€PMMU-
HAHTEe

CaencrBue 1 (06 0IMHAKOBBIX CTPOKAX B JieTepMUHAaHTE). Ecau
6 mampuue A ecmv dee odunarxosvie cmpPoru U 084 00UHAKOBHIL
cmoabua, mo det(A) = 0.

JlokazarebcTBO. CoracHo TeopeMe O paBHOIPABUN CTPOK M CTOJIO-
IIOB MOYKHO OI'PAHMYHMTLCS CJydaeM, Korja B MaTpuile A coBiajaror
CTPOKM C HOMepaMu ¢ U j, rje ¢ # 7. ObosHauum depe3s B marpuity, 11o-
JIYIEeHHYI0 U3 MaTpHIlbl A 1epecTaHOBKOIl CTPOK ¢ HOMepaMu ¢ U j.
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CaencrBue 1 (06 0IMHAKOBBIX CTPOKAX B JieTepMUHAaHTE). Ecau
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CTPOKM C HOMepaMu ¢ U j, rje ¢ # 7. ObosHauum depe3s B marpuity, 11o-
JIY9eHHYIO U3 MaTpullbl A IepecTaHOBKO#l CTPOK ¢ HoMepamu ¢ u j. B
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VI1.3. CaencrBue 06 oiMHAKOBBLIX CTPOKAaX B JIeT€PMMU-
HAHTEe

CaencrBue 1 (06 0IMHAKOBBIX CTPOKAX B JieTepMUHAaHTE). Ecau
6 mampuue A ecmv dee odunarxosvie cmpPoru U 084 00UHAKOBHIL
cmoabua, mo det(A) = 0.

HHokazarenbcTBo. CoriacHO TeopemMe 0 PABHOIPABUN CTPOK U CTOJIO-
0B MOYKHO OIDAHMYUTBCS CJAydaeM, Korja B Marpuiie A cOBHAJIAIOT
CTPOKHU ¢ HOMepaMu ¢ U j, rje ¢ # j. Obosnaunm depe3 B marpuity, mosry-
YeHHYIO U3 MaTpHIlbl A 11epecTaHOBKON CTPOK ¢ HoMepaMmu ¢ u j. B cuy
paBeHCcTBa 9TuX cTpok uMmeeM A = B, orkyna det(A) = det(B). C npy-
O CTOPOHBI, COTIACHO TE€OPEMe O TIePECTAHOBKE JIBYX CTPOK (CTOJIOIOB)
B jerepvunante, nmeeM det(A) = — det(B).



VI1.3. CaencrBue 06 oiMHAKOBBLIX CTPOKAaX B JIeT€PMMU-
HAHTEe

CaencrBue 1 (06 0IMHAKOBBIX CTPOKAX B JieTepMUHAaHTE). Ecau
6 mampuue A ecmv dee odunarxosvie cmpPoru U 084 00UHAKOBHIL
cmoabua, mo det(A) = 0.

Hoka3zaresibcTBO. CoriacHO TeopeMe 0 PABHOIPABUN CTPOK U CTOJIO-
0B MOKHO OIDAHMYHUTLCS CJydaeM, KOrjla B MaTpuiie A COBIaJAioT
CTPOKM C HOMepaMu ¢ U j, rje ¢ # 7. ObosHauum depe3s B marpuity, 11o-
JIYUeHHYIO W3 MaTPUIbl A MEepecTaHOBKOI CTPOK ¢ HoMepamu i u j. B
cuyty paBeHcTBa 9TuX CTpok mveeM A = B, orkyna det(A) = det(B).
C Japyroff CTOPOHBI, COMJIACHO TEOPEME O [EePECTAHOBKE JIBYX CTPOK
(crosbrio) B serepmunante, nmeeMm det(A) = —det(B). Cuenona-
tesibHo, det(B) = det(A) = — det(B), orkyna det(B) + det(B) = 0, Te.

det(A) = det(B) = 0, uTo n TpebOBAIOCH JIOKA3ATD.



VI1.4. Teopema 06 yMHOXX€HUM CTPOKHU (CTOJIOIA) HA
YUCJI0 B JIETEPMUHAHTE

Teopema 4 (06 ymMHOXKeHUM CTPOKHU (CcTOJI011a) Ha Ymncjao B det).
Ecau mampuya B noayvwena us mampuyve A ymmoorcenuem 00noti u3
CMPor Ul 001020 U3 cmoaby06 Ha wucio A, mo det(B) = A - det(A).

Jloka3aTeabCTBO.
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Teopema 4 (06 ymMHOXKeHUM CTPOKHU (CcTOJI011a) Ha Ymncjao B det).
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JIeJIeHIsT JleTepMUHAHTA.

Ocropoxkuo! Paccmorpum nipumep?



VI1.4. Teopema 06 yMHOXX€HUM CTPOKHU (CTOJIOIA) HA
YUCJI0 B JIETEPMUHAHTE

Teopema 4 (06 ymMHOXKeHUM CTPOKHU (CcTOJI011a) Ha Ymncjao B det).
Ecau mampuua B noayuena usz mampuuyve A ymmooscenuem 00noti u3
CMPor Ul 001020 U3 cmoaby06 Ha wucio A, mo det(B) = A - det(A).

JokazaTeabCcTBO. DTO OUEBUIHOE CIEJICTBIE paBeHCTBA (4) U3 orpe-
JIeJIeHIsT JleTepMUHAHTA.

Ocropoxkuo! Paccmorpum nipumep?

Kak mokasbiBaeT 1ipuBeieHHbIN npuMep, das8 Mampuust A pa3-
MEPHOCTU L X N UMEEM MECTNO PABEHCIMEO0

det(AA) = A" det(A). (5)



VI.5. CiiencTtBue o JieTepMUHAHTE C ITPONOPIIMOHAIb-
HBbIMU CTPOKAaMU

CaencrBue 2 (0 JieTepMUHAHTE C MPOMOPIIMOHATIBHBIMU CTPOKAMIE
Ecau 6 mampuue A ecmov dee nponopuuonasvHvie cmpoxu, 1mo

det(A) = 0.

JloKa3aTeabCTBO.



VI.5. CiiencTtBue o JieTepMUHAHTE C ITPONOPIIMOHAIb-
HBbIMU CTPOKAaMU

CaencrBue 2 (0 JieTepMUHAHTE C MPOMOPIIMOHATIBHBIMU CTPOKAMIE
Ecau 6 mampuue A ecmov dee nponopuuonasvHvie cmpoxu, 1mo

det(A) = 0.

Jloka3aTeJabCTBO. DTO yTBEp:KJIEHHE BbITEKAET U3 TeopeMbl 4 00
VMHOZKEHIH CTPOKH (CTOJIONA) Ha 9UC/I0 B JIeTEPMIHAHTE U CJIJICTBUA |
O JIeTEPMUHAHTE MATPUIIBI C OJIMHAKOBBIMU CTPOKAMH.



VI1.6. Teopema o JIMHEITHOCTH JIeTEPMUHAHTA 10 CTPOKE

Teopema 5 (0 JTMHEHHOCTHU JiIeTEPMUHAHTA 10 CTPOKE). [Tycmy
mampuuve A, B u C cosnadarom, xpome i-moti cmpoxu, npuuem
w = au+ fv, 2de u,v,w - i-Mmule CMPOKU MAMPUL, COOMEEMCMBEEH-

no, A, B u C. Tozda det(C) = avdet(A) + B det(B).



VI1.6. Teopema o JIMHEITHOCTH JIeTEPMUHAHTA 10 CTPOKE

Teopema 5 (0 JTMHEHHOCTHU JiIeTEPMUHAHTA 10 CTPOKE). [Tycmy
mampuup, A, B u C cosnadarom, kpome i-moti cmporu, npuuem
w = au+ fv, 2de u,v,w - i-Mmule CMPOKU MAMPUL, COOMEEMCMBEEH-

no, A, B u C. Tozda det(C) = avdet(A) + B det(B).

KommenTapmii. Takum obpazom, ecin det pacemaTpuBaTh, KaK PyHK-
IUIO OT ¢-TO CTPOKU MATPHUII A (TO €CTh MPEJIIOIAraeTCst, ITO apry-
MeHTBI (byHKIK det pasIndaioTest TOJbKO ¢-TOH CTPOKOii), To det stBiisi-
eTcst JIMHeHOW (DYHKIMed (CM. 1prvep 1 <<K()H'l‘plII)I~L\IO1)>>).



VI1.6. Teopema o JIMHEITHOCTH JIeTEPMUHAHTA 10 CTPOKE

Teopema 5 (0 JTMHEHHOCTHU JiIeTEPMUHAHTA 10 CTPOKE). [Tycmy
mampuuve A, B u C cosnadarom, xpome i-moti cmpoxu, npuuem
w = au+ fv, 2de u,v,w - i-Mmule CMPOKU MAMPUL, COOMEEMCMBEEH-

no, A, B u C. Tozda det(C) = avdet(A) + B det(B).

JlokazaTeJabCTBO TeopeMbl. [oropopuMcs KpaTKOCTH pajid B 9TOM
JIoKazaTesibeTBe B hopmysie (4) 3aMEeHUTH <«IEMOYKY» CHMBOJIOB CYMMI-

pOBaHUs Z Z N Z

pre{l;.n} poe{l;ini\{p1}  pn€{l;ni\{p1;p2;-iPn—1}

3aMEHNThb Ha OJUH CUMBOJI Y . C y94eTOM 9TOro COrIAIeHUsT NMeeM



VI1.6. Teopema o JIMHEITHOCTH JIeTEPMUHAHTA 10 CTPOKE

Teopema 5 (0 JTMHEHHOCTHU JiIeTEPMUHAHTA 10 CTPOKE). [Tycmy
mampuuve A, B u C cosnadarom, xpome i-moti cmpoxu, npuuem
w = au+ fv, 2de u,v,w - i-Mmule CMPOKU MAMPUL, COOMEEMCMBEEH-

no, A, B u C. Tozda det(C) = avdet(A) + B det(B).

Jloka3aTeJabCTBO TEOPEMDBI.

det (C) =) (=1)PWrmay, - (o, + Boig,) - - - Gy, =



VI1.6. Teopema o JIMHEITHOCTH JIeTEPMUHAHTA 10 CTPOKE

Teopema 5 (0 JTMHEHHOCTHU JiIeTEPMUHAHTA 10 CTPOKE). [Tycmy
mampuuve A, B u C cosnadarom, xpome i-moti cmpoxu, npuuem
w = au+ fv, 2de u,v,w - i-Mmule CMPOKU MAMPUL, COOMEEMCMBEEH-

no, A, B u C. Tozda det(C) = avdet(A) + B det(B).

Jloka3aTeJabCTBO TEOPEMDBI.
det (C) =) (=1)PWrmay, - (o, + Boig,) - - - Gy, =

Alpy * et Qg+ oo s App, T

+ Z(—l)“(pl;‘“;pn)alpl e By, =



VI1.6. Teopema o JIMHEITHOCTH JIeTEPMUHAHTA 10 CTPOKE

Teopema 5 (0 JTMHEHHOCTHU JiIeTEPMUHAHTA 10 CTPOKE). [Tycmy
mampuuve A, B u C cosnadarom, xpome i-moti cmpoxu, npuuem
w = au+ fv, 2de u,v,w - i-Mmule CMPOKU MAMPUL, COOMEEMCMBEEH-

no, A, B u C. Tozda det(C) = avdet(A) + B det(B).

Jloka3aTeJabCTBO TEOPEMDBI.

det (C) = Z(—1)M<p1+~;pn>a1pl (Ui, + Bu) . Gy, =

plv 7pTL . . ) . B
—ozg Alpy e e " Ujp; oo v * Qpp, T

p(pis.ip , _
+ﬁ§ ”alpl-...-vzpi-...-anpn—



VI1.6. Teopema o JIMHEITHOCTH JIeTEPMUHAHTA 10 CTPOKE

Teopema 5 (0 JTMHEHHOCTHU JiIeTEPMUHAHTA 10 CTPOKE). [Tycmy
mampuuve A, B u C cosnadarom, xpome i-moti cmpoxu, npuuem
w = au+ fv, 2de u,v,w - i-Mmule CMPOKU MAMPUL, COOMEEMCMBEEH-

no, A, B u C. Tozda det(C) = avdet(A) + B det(B).

Jloka3aTeJabCTBO TEOPEMDBI.

det (C) = Z(—1)M<p1+~;pn>a1pl (Ui, + Bu) . Gy, =

plv 7pTL . . ) . B
—ozg Alpy e e " Ujp; oo v * Qpp, T

+ﬁz T T
:adet( )+ G det (B).



VII. uayKTuBHOE BBIYUCJEHUE JIeTEPMUHAHTA

Haine BocupusiTie Mupa, OCHOBAHHOE Ha, IIOHSITUU MOJIE/IH, IIPEJIoia-
raeT Bblje/IeHHEe B OObEKTe COCTABHBIX 9JIEMEHTOB, YCTAHOBJICHIE XapaK-
TepUCTUK 1 oTHomIeHuit. Hanpumep, onpejiesenne 4, oCHOBAHO Ha pas-
JIOZKEeHUN JleTepMuHanTa B cymmy. Kaxkioe ciaraemoe B opmysie (4)
SIBJISIETCS BEChbMa HEIIPOCTBIM [IJIsT BBIUUC/IEHUsI. Y IIPOLIEHHUSI IIPOIecca
BBLIUNCJICHIS MOYKHO JIOOUThCs AByMd IyTsiMu. Hanbosee sdp ek TuBHBIM
BapraHTOM sIBJIsieTCsI IIpeobpas3oBaHie MCXOHON MaTpUIlbl K BULY, OoJiee
VJI0OOHOMY JIJIsl BBIYHCJICHUsI, [IpUYeM IIpeodpasoBaHue JI0JIXKHO IIPUBO-
JINTH K [IPEJICKa3yeMOMY M3MEHEHUIO 3HAUYeHUs JIeTepMIHAHTA,



VII. uayKTuBHOE BBIYUCJEHUE JIeTEPMUHAHTA

BwmecTe ¢ TeM mmeercst ele oJuH CIOCO0, NPaKTHIECKN 3HAYUMBbI He
TOJIBKO JIAd ITPaKTHYICCKNX BbIUII/ICﬂeHI/Hk/’I7 HO 11 B TEOPETUICCKUX BbIKJIA/I-
Kax. Mbl IpIMEHNIN €0 B X0JIe N3YUYeHUsT MaTpuaHoil aaredpnl. Mbl cBe-
JIM YMHOZKEHNE MaTPULl K YMHOzKEHNIO MaTpPUIbI Ha l\lE%TPMLL.\'—(7'1‘().;'16€LL n
MATPUIILI-CTPOKIT Ha MaTpuily. TakuM odpa3oM, Mbl B HEKOTOPOM CMBIC-
JIE CBEJIM N3Yy4YC€HUE HNCXOJIHOI'O O6rb€KTa K aHaJIOT'MYHbIM O6'beKTaM, HO
HEKOTOPOI'O CIeudUIecKoro Bujia, 4acTHOro ciaydas. 11omo00HbI 110/1X0/1
OKa3aJICA IIJIOJOTBOPHBIM M IIPpWU U3YYICHUU JETCPMUHAHTA MaTPUIIbI.



VII. uayKTuBHOE BBIYUCJEHUE JIeTEPMUHAHTA

BwmecTe ¢ TeM mmeercst ele oJuH CIOCO0, NPaKTHIECKN 3HAYUMBbI He
TOJIBKO JIAd ITPaKTHYICCKNX BI)IUII/I(EJIGHI/IT/’I7 HO 11 B TEOPETUICCKUX BbIKJIA/I-
Kax. Mbl IpIMEHNIN €0 B X0JIe N3YUYeHUsT MaTpuaHoil aaredpnl. Mbl cBe-
JIM YMHOZKEHNE MaTPULl K YMHOzKEHNIO MaTpPUIbI Ha l\lE%TPMLL_\'—(7'1‘().;'16€LL n
MATPUIILI-CTPOKIT Ha MaTpuily. TakuM odpa3oM, Mbl B HEKOTOPOM CMBIC-
JIE CBEJIM N3Yy4YC€HUE HNCXOJIHOI'O O6rb€KTa K aHaJIOT'MYHbIM O6'beKTaM, HO
HEKOTOPOI'O CIeudUIecKoro Bujia, 4acTHOro ciaydas. 11omo00HbI 110/1X0/1
OKa3aJICA IIJIOJOTBOPHBIM M IIPpWU U3YYICHUU JETCPMUHAHTA MaTPUIIbI.

HerepMuHaHT sBjsieTcss PyHKIMEH oT keadpamnoti MaTpuiibl. [ToaTomy
€CTCCTBECHHDBIM ABJIACTCA BbIJACJICHUE B I/ICXO,ZLHOI;’I MaTpue «KBadpaTHbIE
[HOAMATPUILIBI>.



VII.1. Munop u ajarebpamieckoe JOIIOJITHEHUE

Omnpenenenune 5. [lycmv A — mampuua pasmeprocmum X n, k — na-
mypasvHoe wucao u purcuposarv, nomepa 1 < 11 < g < ... < i < m,
1< <jg2<...<jr<n. Toeda MaTpuUiein-MmHOPOM, NOCMPOECH-
HOM HG CMPOKAT € HOMEPAMU 11,19, ...,1 U CMOAOUAT C HOMEPAMU
9192, - - 4 Jk, Ha3wBaEMCcA mampuua B, noayuennas us mampuuyve A
BHIUEPKUBAHUEM 6CET CMPOK € HOMEPAMU, OMAUNHHLMU OM HOMEPOB
11,12, - -+, Uk U BHYUEPKUBAHUEM CMOADUOE C HOMEPAMU, OMAULHDLMU O
HOMEPOB 11, J2, - - ., Jk. emepmunanm mampuyvi-muropa B nasvieaem-
cA MUHOPOM Mampuuv, A, nocmpoennvim Ha CMpoKaxr ¢ HOMEPAMU
11,12, . . ., Lk U CMOAOUALT C HOMEPAMU J1, ]2, - -+ 5 Jk-



VII.1. Munop u ajarebpamieckoe JOIIOJITHEHUE

3amedanue 1. OOvuno 6 cA0680COMEMAHUY MATNPUUA-MUHOD ONYC-
KA0M MEPMUH <MAMPUYG>, U 2080PAM MUHOP. Taxum obpaszom, 6 ka-
KOM UMEHHO CMBICAE UCNLOABIOBAH, MEPMUH <MUNOD», HEODXOOUMO YCMa-
HABAUBAMD € NOMOULHIO AHAAU3E KOHMEKCMA.

KomMenTapnil K 3aMedaHuio.
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3amedanue 1. OOvuno 6 cA0680COMEMAHUY MATNPUUA-MUHOD ONYC-
KA0M MEPMUH <MAMPUYG>, U 2080PAM MUHOP. Taxum obpaszom, 6 ka-
KOM UMEHHO CMBICAE UCNLOABIOBAH, MEPMUH <MUNOD», HEODXOOUMO YCMa-
HABAUBAMD € NOMOULHIO AHAAU3E KOHMEKCMA.

KomMenTapnil K 3aMedaHuio.

Onpenenenne 6. /aia xeadpammotli mampuuv, A JOIMOJIHATEIbHBIM
MHMHOPOM JAeMENMa Q;; 6 mampuue A nasvieaemes demepmuranm M;;
MAMPUUDBL, NOAYUEHHOT U3 MAMPUUDL, A BBUEPKUBAHUEM CMPOKU C HO-
MEPOM T U CMOAOUA C HOMEPOM j .



VII.1. Munop u ajarebpamieckoe JOIIOJITHEHUE

3amedanue 1. OOvuno 6 cA0680COMEMAHUY MATNPUUA-MUHOD ONYC-
KA0M MEPMUH <MAMPUYG>, U 2080PAM MUHOP. Taxum obpaszom, 6 ka-
KOM UMEHHO CMBICAE UCNLOABIOBAH, MEPMUH <MUNOD», HEODXOOUMO YCMa-
HABAUBAMD € NOMOULHIO AHAAU3E KOHMEKCMA.

KomMenTapnil K 3aMedaHuio.

Onpenenenne 6. /aia xeadpammotli mampuuv, A JOIMOJIHATEIbHBIM
MHMHOPOM JAeMENMa Q;; 6 mampuue A nasvieaemes demepmuranm M;;
MAMPUUDBL, NOAYUEHHOT U3 MAMPUUDL, A BBUEPKUBAHUEM CMPOKU C HO-
MEPOM T U COADUA C HOMEPOM. j.

Onpenenenune 7. /[rs xeadpamroti mampuus, A ajredpamdecKnMm
JIOTIOJTHEHUEM IACMENMA Qjj 6 Mampuye A nazveaemcs npoussedenue
wucaa (—1)™* nwa donoarumenvrvitt Munop sremenma a;; 6 mampuye A.



VII.2. Teopema o pa3jioKeHuu JieTepMIHAHTA 110 CTPO-
Ke UJIN CTOJIOITY

Teopema 6. |A| = Z A+ Akm = Z Ak Ak, (6)
m=1 m=1

ede Ay, — aneebpauveckoe donoaHeHue INeMEHMA Ay 8 Mampuue A.



VII.2. Teopema o pa3jioKeHuu JieTepMIHAHTA 110 CTPO-
Ke UJIN CTOJIOITY

n n

Teopema 6. |A| = Z Qe+ Ak = Z Ak Ami, (6)

2de Ay — anzebpauneckoe donoAHenue INEMERMA Ay, 6 Mampuye A.

Kommenrapwuii. [Ipunvenenue ojnoit u3 dhopuyit (6) HazbiBaeTcst pac-
KPBITHEM JeTEPMUHAHTA 110 CTPOKe (MU CTOJIOIY) ¢ HOMepoM k.



VII.2. Teopema o pa3jioKeHuu JieTepMIHAHTA 110 CTPO-
Ke UJIN CTOJIOITY

Teopema 6. |A| = Z A+ Akm = Z Ak Ak, (6)
m=1 m=1

ede Ay — anzebpauveckoe oNOANENUE INEMENMNG Ak 6 MAMPUUE A

Jloka3zaTeabCcTBO. Ijes cocTouT B TOM, 9TOOBI CBECTH PACCYKICHUs
K CJIydalo, Korja B Marpuie X Bce 3JIeMEHThI ToC/IeHell CTPOKH HyJle-
BbIe, KPOME CaMOro IOCJIETHEr0 M3 3JEMEHTOB IOCeHell CTPOKH, T.€.
SJIEMEHTA Tpy,. HeTpyJIHO 1MOKa3aTh (MbI 9TO ¢JleJIaeM HUKE), 9TO JieTep-
MUHAHT TaKOIl MaTPHUIIbl PaBEH IIPOU3BEIEHUIO YNC/IA, Ly, HA MUHOP 3TOT'O
s7IeMeHTa B MaTpuie X.



VII.2. Teopema o pa3jioKeHuu JieTepMIHAHTA 110 CTPO-
Ke UJIN CTOJIOITY

n n

Teopema 6. |A| = Z ey, * A = Z Qe * Ak (0)

JokazaTreabcTBo. [IpecraBum k-10 cTpoky mMaTpuiibl A B Bujie



VII.2. Teopema o pa3jioKeHuu JieTepMIHAHTA 110 CTPO-
Ke UJIN CTOJIOITY

n n
Teopema 6. |A| = Z ey, * A = Z Qe * Ak (0)
m=1 m=1
JokazaTreabcTBo. [IpecraBum k-10 cTpoky mMaTpuiibl A B Bujie
(a1 ar2 ags ... agn)=

:(Clkl 0 0 ... O) +



VII.2. Teopema o pa3jioKeHuu JieTepMIHAHTA 110 CTPO-
Ke UJIN CTOJIOITY

n n

Teopema 6. |A| = Z ey, * A = Z Qe * Ak (0)
m=1 m=1
JokazaTreabcTBo. [IpecraBum k-10 cTpoky mMaTpuiibl A B Bujie
(a1 ar2 ags ... agn)=
:(Clkl 0 0 ... O)‘|‘

+(O aro 0 ... O)—|—



VII.2. Teopema o pa3jioKeHuu JieTepMIHAHTA 110 CTPO-
Ke UJIN CTOJIOITY

n n

Teopema 6. |A| = Z ey, * A = Z Qe * Ak (0)

JokazaTreabcTBo. [IpecraBum k-10 cTpoky mMaTpuiibl A B Bujie

(ar1 ar2 axz .. apn)=
:(Clkl 0 0 ... O) +
+ (O a2 0 ... O) +
+ (0 0 apz ... 0) +



VII.2. Teopema o pa3jioKeHuu JieTepMIHAHTA 110 CTPO-
Ke UJIN CTOJIOITY

n n

Teopema 6. |A| = Z ey, * A = Z Qe * Ak (0)

JokazaTreabcTBo. [IpecraBum k-10 cTpoky mMaTpuiibl A B Bujie

(ak1 ar2 akz - .. agn) =
:(a;ﬂ 0 0 ... O) +
+ (O a2 0 ... O) +
+ (0 0 apz ... 0) +

—



VII.2. Teopema o pa3jioKeHuu JieTepMIHAHTA 110 CTPO-
Ke UJIN CTOJIOITY
n n

Teopema 6. |A| = Z ey, * A = Z Qe * Ak (0)

JokaszareabcTBo. CorsacHo Teopeme 5 0 JIMHeIHOCTH JeTepMUHAHTA,
IIO CTPOKE HaM OCTaJIOCh HNOKa3aTb, 9TO



VII.2. Teopema o pa3jioKeHuu JieTepMIHAHTA 110 CTPO-
Ke UJIN CTOJIOITY

Teopema 6. |A| = Z ey, * A = Z Qe * Ak (0)
m=1 m=1

JlokazareabcTBo. CorjiacHo TeopeMe H 0 JIMTHEHHOCTU JeTepMIHAHTA,
110 CTPOKe HaM OCTaJIOCh JI0Ka3aTh, ITO

( ail ce al,j—l alj 0,1,]’4_1 cen A1n \
ak-11 --- Qg-14-1 Qg-1j Ok—-1j+1 --- Ak—1n _
det 0 ... O Qg 0O ... 0 = ag;(—1)" M.
Ap+1,1 -+ Ak415-1 Ak+1,5 Qk+15+1 --- Ak+ln

\ a/n]_ D a/n7]_]_ a/n] an’]+1 DY a/nn /



VII.2. Teopema o pa3jioKeHuu JieTepMIHAHTA 110 CTPO-
Ke UJIN CTOJIOITY

Teopema 6. |A| = Z n * A = Z Ak - Ak (0)
m=1 m=1

KoMmmeHnTapuit K TeopeMe 0 pasjIoyKeHUN JeTePMIHAHTA 110 CTPOKE UJIN
CTOJIOIY



VII.2. Teopema o pa3jioKeHuu JieTepMIHAHTA 110 CTPO-
Ke UJIN CTOJIOITY

n n

Teopema 6. |A| = Z ey, * A = Z Qe * Ak (0)

m=1 m=1
HokazareabcTBo. O003HaYNM OCIIEHIO MaTPUILy Yepes3 A, 1 de-

pe3 B — marpuity, mosrydentyio u3 A j mocsie/[oBaTeIbHOM [ePeCcTaHOBKO
cHadasa k-it u (k 4 1)-it cTpok,
IIOTOM....



VII.2. Teopema o pa3jioKeHuu JieTepMIHAHTA 110 CTPO-
Ke UJIN CTOJIOITY

Teopema 6. |A| = Z ey, * A = Z Qe * Ak (0)
m=1 m=1

HokazareabcTBo. O003HaYNM OCIIEHIO MaTPUILy Yepes3 A, 1 de-
pe3 B — marpuity, nostydennyo u3 A 1ocsie10BaTe bHOM [ePecTanoBKOI
caauasia k-it u (k + 1)-it cTpok,
noroMm (k + 1)-it u (k + 2)-it u T.11.

(BCero IePECTAHOBOK )...



VII.2. Teopema o pa3jioKeHuu JieTepMIHAHTA 110 CTPO-
Ke UJIN CTOJIOITY

Teopema 6. |A| = Z ey, * A = Z Qe * Ak (0)
m=1 m=1

HokazareabcTBo. O003HaYNM OCIIEHIO MaTPUILy Yepes3 A, 1 de-
pe3 B — marpuity, nostydennyo u3 A 1ocsie10BaTe bHOM [ePecTanoBKOI
caauasia k-it u (k + 1)-it cTpok,
noroMm (k + 1)-it u (k + 2)-it u T.11.

(Bcero (n — k) mepectaHoBOK),
a 3aTeM...



VII.2. Teopema o pa3jioKeHuu JieTepMIHAHTA 110 CTPO-
Ke UJIN CTOJIOITY

Teopema 6. |A| = Z ey, * A = Z Qe * Ak (0)
m=1 m=1

HokazareabcTBo. O003HaYNM OCIIEHIO MaTPUILy Yepes3 A, 1 de-
pe3 B — marpuity, nostydennyo u3 A 1ocsie10BaTe bHOM [ePecTanoBKOI
caauasia k-it u (k + 1)-it cTpok,
noroMm (k + 1)-it u (k + 2)-it u T.11.

(Bcero (n — k) mepectaHoBOK),
a 3areM j-ro u (j + 1)-ro cToso1os,
[IOTOM...



VII.2. Teopema o pa3jioKeHuu JieTepMIHAHTA 110 CTPO-
Ke UJIN CTOJIOITY

Teopema 6. |A| = Z ey, * A = Z Qe * Ak (0)
m=1 m=1

HokazareabcTBo. O003HaYNM OCIIEHIO MaTPUILy Yepes3 A, 1 de-
pe3 B — marpuity, nostydennyo u3 A 1ocsie10BaTe bHOM [ePecTanoBKOI
caauasia k-it u (k + 1)-it cTpok,
noroMm (k + 1)-it u (k + 2)-it u T.11.

(Bcero (n — k) mepectaHoBOK),

a 3areM j-ro u (j + 1)-ro cToso1os,

noroM (7 + 1)-ro u (j + 2)-ro cToJI010B n T. 1.
(Bcero IePECTAHOBOK ).



VII.2. Teopema o pa3jioKeHuu JieTepMIHAHTA 110 CTPO-
Ke UJIN CTOJIOITY

n n

Teopema 6. |A| = Z Qmn * Apy, = Z R (0)

m=1 m=1
HokazareabcTBo. O003HaYNM OCIIEHIO MaTPUILy Yepes3 A, 1 de-

pe3 B — marpuity, nostydennyo u3 A 1ocsie10BaTe bHOM [ePecTanoBKOI
caauasia k-it u (k + 1)-it cTpok,
noroMm (k + 1)-it u (k + 2)-it u T.11.
(Bcero (n — k) mepectaHoBOK),
a 3areM j-ro u (j + 1)-ro cToso1os,
noroM (7 + 1)-ro u (j + 2)-ro cToJI010B n T. 1.
(Bcero (n — j) mepecTaHOBOK).
KommenTapuit K Teopeme 0 pasjiozKeHun JeTepMUHAHTA 110 CTPOKE I
CTOJIOIY



[To reopeve 3 det (A;) = (—1)"" "= det (B) =

( b11 ce bl,j—l bl,j Ce bl,n—l alj \
bk—lJ ce bk—lJ—l bk—1g ce bk—Ln—l Ap—1,5
k+j
= (—1) 7 det bk,l c bk,j—l bk,j ce bk,n—l Ak+1,5

bn—lJ e bn—lJ—l bn—lj e bn—Ln—l Qn

0 ... 0 0 ... 0 ay )




[To Teopeme 3 det (A;)

( b11 bl,j—l b1,j bl,n—l ay; \
bk:—l,l . bk—l,j—l bk:—l,j bk:—l,n—l ak—1,5
k+j
= (=1)"det | by bpj—1 by Dkn—1  Qry1
bn—l,l bn—l,j—l bn—l,j bn—l,n—l Qn
0 0 0 0 agi
J

(—1)"F+7=J det (B)

_ (_1)k+j Z(_1>M(p1;---pn—1) by, + bapy -

riae » | 0obo3HATaeT CJIeYIONYIO [EeMoIKy CHMBOJIOB CYMMUPOBAHUSI:

p1e{l;...;n—1} poe{l;..;n—1}\{p1} Pn—1€{L;..sn—1}\{p1;p2;.-;Pn—2}

- 'bn—l,pn—l " Ak,



[To teopene 3 det (A;) = (=1)"**"=J det (B) =
J

( ai al,j_l a1,j+1 A1n alj \
ag—-11 -+ Ak—15-1 Ag—-145+1 ... Ag—-1n Ak-1;
_ k+j
—(—1) ! det ag+1,1 -« Ok415-1 Af415+1 - -+ Aktin Akt1j
an1 ce. Qpj—1 Apj+1 - - Ann, Qpj
\ 0 ... 0 0 ... 0 ay )

- (_1)k+j Z(_1>u(p1;-..pn—1) ’ blpl ’ b2p2 T 'bn—l,pn—l " kg,

riae » | obo3HaTaeT CJIeYIONYIO [EeMoIKy CHMBOJIOB CYMMEIPOBAHUSI:

p1e{l;...;n—1} poe{l;..;n—1}\{p1} Pn—1€{L;..sn—1}\{p1;p2;.-;Pn—2}



[To reopeve 3 det (A;) = (—1)"" "= det (B) =

( ai Ce al,j_l a1,j+1 ce A1n alj \
ag—-11 -+ Ak—15-1 Ag—-145+1 ... Ag—-1n Ak-1;
_ k+j _
— (—1) ! det ag+1,1 -« Ok415-1 Af415+1 - -+ Aktin Akt1j =
an1 ce. Qpj—1 Apj+1 - - Ann, Qpj
\ 0 ... 0 0 ... 0 ay )

- <_1)k+j Z(_1>u(p1;-..pn—1) ’ blpl ’ b2p2 T 'bn—l,pn—l " kg,

CyMMa 110 3/IeMeHTaM oC/Ie/Hell cTPpOoKU MaTpuilbl B BbIpouiach B 0J1-
HO CJIAraeMoe, TaK KaK BCe 3JIEMEHTBI T0C/IeiHell cTpoKn MaTpuilpl B my-
JIeBble, KPOME IOCJIEJIHErO U, CJIeJI0BATENHHO, BCE OCTAJIbHBIE ClaraeMble
cymmbl (4) pasabt 0.



[To reopeve 3 det (A;) = (—1)"" "= det (B) =

( ai al,j_l a1,j+1 A1n alj \
ag—-11 -+ Ak—15-1 Ag—-145+1 ... Ag—-1n Ak-1;
_ k+j
—(—1) det ag+1,1 -« Ok415-1 Af415+1 - -+ Aktin Akt1j
an1 ce. Qpj—1 Apj+1 - - Ann, Qpj
\ 0 ... 0 0 ... 0 ay )

- <_1)k+j Z(_1>u(p1;-..pn—1) ’ blpl ’ b2p2 T 'bn—l,pn—l " kg,

Corytacuo hopmyiie (4) BeIpakeHue

Z(_l)u(m;-.-pn_ﬂ h1py bapy b1,

pPaBHO JACTEPMUHAHTY MaTPUIIbI



bij-1 by

bi—1j-1 br—1;
brj—1 bk

bn—lJ—l bn—lJ

bLn—l

bk—Ln—
bhn—l

bn—Ln—

)

1




bij-1 by

bi—1j-1 br—1;
brj—1 bk

bn—l,j—l bn—l,j

ay,j—-1 aij+1

ag—-1,5-1 Ak—1j+1
Ak+1,j—1 Qk+1,5+1

Ap,j—1 Qp 41

bl,n—l \

bk—l,n—l
bk:,n—l

Ak—1n
Af+1n

Ann )




[ b b by biaer )

bi—11 -+ bp—1j—1 bp—1; .. Drp—1,-1
b]g,l e bk,j—l bk,j ce bk:,n—l

\bn—l,l bn—l,j—l bn—l,j bn—l,n—l)

( a1y cee Q151 arj+1 - -- A1n \
o ag-11 -+ Qkg—1;-1 Ag-145+1 ... Ag—-1n
Ak+11 -« - Qk+15-1 Ak+145+41 --- Ak+1n

\ ajnl « o o a/n,]_l a/n’j_.l_l o« o o a/nn )

HlerepMuHAHT TOCJIEIHENI MATPUIlbl HIPEJICTaB/IsgeT cOD0I JTOIOTHUTEh-
HbIIT MUHOD 3JIEMEHTa af; B NCXOJHON MaTpuiie A. Teopema joxazaHa.



VII.2. Teopema o pa3jioKeHuu JieTepMIHAHTA 110 CTPO-
Ke UJIN CTOJIOITY

Teopema 6. |A| = Z Qmn * Apy, = Z R (0)
m=1 m=1

Paccmorpers npumep?



VII.3. MuHop, 1ONOJIHUTEAbHBIIT K MAHOPY

( 32 1 -2 4)

4 1 0 1 1
2 -2 -1 -1 3
1 5 7 5 —1

\:3 32 3 2

PaccMoTrpuM MUHOD, ITOCTPOEHHBII Ha, CTPOKax ¢ HoMepamu 1 u 4




VII.3. MuHop, 1ONOJIHUTEAbHBIIT K MAHOPY

( 3 2 1 -2 4\

4 1 0 1 1
2 =2 -1 -1 3
-1 5 7 5 -1

\—3 3 2 3 2

PaccMoTrpuM MUHOD, ITOCTPOEHHBII Ha, ¢TPOKax ¢ HoMepamu 1 u 4




VII.3. MuHop, 1ONOJIHUTEAbHBIIT K MAHOPY

( 3 2 1 -2 4\

4 1 0 1 1
2 =2 -1 -1 3
-1 5 7 5 -1

\—3 3 2 3 2

PaccMoTpuM MUHOp, HOCTPOEHHBIN Ha cTpoKax ¢ Homepamu 1 u 4
1 CTOJIONAX ¢ HOMEpaMu 2 U 5:




VII.3. MuHop, 1ONOJIHUTEAbHBIIT K MAHOPY

( 3[ 2] 1 —2] 4))

41 11 0 1] 1
2|—=2|—-1 —=1| 3
—1| 5 7 5|—-1

\—3 3] 2 3] 2

PaccMoTpuM MUHOp, HOCTPOEHHBIN Ha cTpoKax ¢ Homepamu 1 u 4
1 CTOJIONAX ¢ HOMEpaMu 2 U 5:




VII.3. MuHop, 1ONOJIHUTEAbHBIIT K MAHOPY

(3] 2] 1 —2] 4]\
4 1] 0 1] 1
2/—2/-1 —1| 3

—1] 5] 7 5[-1

\ 3] 3 2 3] 2/

PaccMoTpuM MUHOp, HOCTPOEHHBIN Ha cTpoKax ¢ Homepamu 1 u 4
1 CTOJIONAX ¢ HOMEpaMu 2 U 5:

2 4
My 43425y = ‘ 5 1 '



VII.3. MuHop, 1ONOJIHUTEAbHBIIT K MAHOPY

(3] 2] 1 —2] 4]\
4 1] 0 1] 1
2/—2/-1 —1| 3

—1] 5] 7 5[-1

\ 3] 3 2 3] 2/

PaccMoTpuM MUHOp, HOCTPOEHHBIN Ha cTpoKax ¢ Homepamu 1 u 4
1 CTOJIONAX ¢ HOMEpaMu 2 U 5:

2 4
My 43425y = ‘ 5 1 '

MwuHOp mocTpoeHnblil Ha OCTAJbHBIX CTPOKAX U CTOJIONAX,
T.€.



VII.3. MuHop, 1ONOJIHUTEAbHBIIT K MAHOPY

(3] 2] 1 —2] 4]\
4 1] 0 1] 1
2/—2/-1 —1| 3

—1] 5] 7 5[-1

\ 3] 3 2 3] 2/

PaccMoTpuM MUHOp, HOCTPOEHHBIN Ha cTpoKax ¢ Homepamu 1 u 4
1 CTOJIONAX ¢ HOMEpaMu 2 U 5:

M 2 4

1: 4} {2: 5} —

{ ) }7{ ) } 5 -1 )

MI/IHOp HOCTpOGHHblﬁ Ha OCTaJIbHbBIX CTPOKaX 1 CTOH6H&X,

T.€. M{Q; 3;5}1,{1; 3; 4}



VII.3. MuHop, 1ONOJIHUTEAbHBIIT K MAHOPY

(321—24\

4 1 0 1] 1
2| 2| -1 —1| 3
—1] 5] 7 5[-1
\—3 3] 2 3] 2|

PaccMoTpuM MUHOp, HOCTPOEHHBIN Ha cTpoKax ¢ Homepamu 1 u 4
1 CTOJIONAX ¢ HOMEpaMu 2 U 5:
M 2 4
1;4}{2;5) =
{ ) }7{ ) } 5 —1 )
MwuHOp mocTpoeHnblil Ha OCTAJbHBIX CTPOKAX U CTOJIONAX,

T.€. M{Q; 3;5}1,{1; 3; 4}



VII.3. MuHop, 1ONOJIHUTEAbHBIIT K MAHOPY

(321—24\

4 1 0 1] 1
2| 2| -1 —1| 3
—1] 5] 7 5[-1
\—3 3] 2 3] 2|

PaccMoTpuM MUHOp, HOCTPOEHHBIN Ha cTpoKax ¢ Homepamu 1 u 4
1 CTOJIONAX ¢ HOMEpaMu 2 U 5:

. 4 0 1
My 43425y = ‘ 51 ' M5y s =] 2 -1 -1
-3 2 3

MwuHOp mocTpoeHnblil Ha OCTAJbHBIX CTPOKAX U CTOJIONAX,

T.€. M{Q; 3;5}1,{1; 3; 4}



VII.3. MuHop, 1ONOJIHUTEAbHBIIT K MAHOPY

(321—24\

4 1 0 1] 1
2| 2| -1 —1| 3
—1] 5] 7 5[-1
\—3 3] 2 3] 2|

PaccMoTpuM MUHOp, HOCTPOEHHBIN Ha cTpoKax ¢ Homepamu 1 u 4
1 CTOJIONAX ¢ HOMEpaMu 2 U 5:

. 4 0 1
My 43425y = ‘ 51 ' M5y s =] 2 -1 -1
-3 2 3

MwuHOp mocTpoeHnblil Ha OCTAJbHBIX CTPOKAX U CTOJIONAX,
T.6. Myo. 3. 51 {1, 3; 4}, HA3bIBALTC
MHUHOPOM, JIOIIOJTHUTEJIbHBIM K M1, 43 (9. 51.



VII.3. MuHop, 1ONOJIHUTEAbHBIIT K MAHOPY

Onpenenenne 8. [[ycmv 1 <141 <19 < ... <1 < n,

1< <p<...<in<n, 1<p1<pr<...<pni<n,

< <@p<...<g-r<n,

npuvwem {p1; ..okt ={1; 2, ..o nP\{ig; .. i),

{ar - qurt =41 2 s nP\{du -5kt

Toeda munop My, . 3 fg1i g} > TOCTMPOCHNDLT HA CIMPOKAT € HOMEDA-
MU D1y« oy Puk U CMOADUAT € HOMEPAMU (1, . . ., (p_f, HA3VEAECTNCA 0=
IIOJTHUTEJILHBIM & MUHOPY Mj . iy (o iy, TOCIPOEHHOMY HA CTNPO-

9

Kax ¢ HOMEPAMU 11, . .., 1 U CMOAOUAT C HOMEPAMU J1, . . ., Jk.



VII.4. Anrebpandeckoe I0NoJHEHNE K MIHOPY

i 00603HAYEHUAL -
Onpenenenue 9. B O onpedeneHua 8 aJjredo
pamyeckKuM  JOMNOJIHEHHEeM K  MHUHOPY  HA3BIGACMCA  HUCAO

, . , o — (1\ate itttk
A{Zl§~~§@k}7{]1§-~-53k} ( 1) M{p1;m;pn_k}7{q1;.-.;qn_k}'



VII.4. Anrebpandeckoe I0NoJHEHNE K MIHOPY

i 00603HAYEHUAL -
Onpenenenue 9. B O onpedeneHua 8 aJjredo
pamyeckKuM  JOMNOJIHEHHEeM K  MHUHOPY  HA3BIGACMCA  HUCAO

, . , o — (1\ate itttk
A{Zl§~~§@k}7{]1§-~-53k} ( 1) M{p1;m;pn_k}7{q1;.-.;qn_k}'

HeTpyano nougaTnb, 9To

] ) ] oy — (11—t Gk
A{Zl;~-~élk}a{]1§--~§]k} ( 1) " " M{p1;'.-;pn_k},{qu-.-;qn_k}'



VII.4. Anrebpandeckoe I0NoJHEHNE K MIHOPY

i 00603HAYEHUAL -
Onpenenenue 9. B O onpedeneHua 8 aJjredo
pamyeckKuM  JOMNOJIHEHHEeM K  MHUHOPY  HA3BIGACMCA  HUCAO

, . , o — (1\ate itttk
Afigsin L) (=1) Mpy:.spp i} {aritn i)
HeTpyano nougaTnb, 9To

] ) ] oy — (11—t Gk
A{Zl;~-~§lk}a{]1§--~§]k} ( 1) " " M{p1;'.-;pn_k},{qu-.-;qn_k}'
B camowm Jiete,

_ A\p1t+ APk Ttk _
( 1) M{pl;---;pn_k},{q1;-~-;qn—k}_
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_ A\p1t+ APk Ttk _
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= (=) TR TR M gt} =
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] ) ] oy — (11—t Gk
Afigssinh it = (=1 ! " Mpsip b dase

9

-;Qn—k‘}'
B camowm Jiete,

_ A\p1t+ APk Ttk _
( 1) M{pl;---;pn_k},{q1;-~-;qn—k}_

(=i —...—pptn—J1—...—Jk _
= ( 1) M{pl;-.-;pn_k},{m;-u;qn_k} -

A N S R S _
= (—1) Mipy: p b fari o} =
Yucno —41 — ... — 4 — J1 — ... — Ji SABJIASIETCI YETHLIM TOTJIa U TOJILKO
TOT/A& YUCAO 41 + ...+ 1 + J1 + ...+ Jp — HETHOE.
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— A{il;...;

IS REIIRRY IS



VII.5. Teopema Jlamiaca

Teopema 7. I[lyemv A —  mampuua  padmeprocmu N X n U
1<t <io<...<1tp<n. Toeda detA pasen cymme npoussede-
nutl euda

My iy D)~ Ainesinh i}
no ecem donycmumvim - ji;...; 0k, 2de 1< jp<...<jp<n u
Y R anzebpaudeckoe 0onoaHeHue K MUHO-

Py M{ils---;ik},{jl;---;jk}'



VII.5. Teopema Jlamiaca

Teopema 7. I[lyemv A —  mampuua  padmeprocmu N X n U
1<t <io<...<1tp<n. Toeda detA pasen cymme npoussede-
nutl euda

My iy D)~ Ainesinh i}
no ecem donycmumvim - ji;...; 0k, 2de 1< jp<...<jp<n u
Y R anzebpaudeckoe 0onoaHeHue K MUHO-
PY Myiy; iy G-

Jloka3aTeJabCTBO 3TOil TeopeMbl Mbl IIPUBOJUTL He OyIeM.
Paccmorpers npumep?



VII.6. Teopema o0 KoMOHMHAIIIN CTPOK U CTOJIOIIOB B
AeTepMIHAHTE

Teopema 8 (0 KOMOMHAIMM CTPOK M CTOJOIOB B det). Ecau mam-
puyot A u B cosnadarom, xpome t-moti cmpoku, npurem t-mas cmpoka
mampuuvt B asasemes cymmoti i-moti cmporxu mampuun A u Aunetinot
KOMOUHAUUY 0cmasvhulr cmpok mampuyos A, mo det(B) = det(A).



VII.6. Teopema o0 KoMOHMHAIIIN CTPOK U CTOJIOIIOB B
AeTepMIHAHTE

Teopema 8 (0 KOMOMHAIMM CTPOK M CTOJOIOB B det). Ecau mam-
puyot A u B cosnadarom, xpome t-moti cmpoku, npurem t-mas cmpoka
mampuuvt B asasemes cymmoti 1-moti cmporu mampuuv, A u Aunetinoi
KOMOUHAUUY 0cmasvhulr cmpok mampuyos A, mo det(B) = det(A).

KomMmmenTapmii. B jjaHHOII TeopeMe pedb UJIET JeTepMUHAHTAX MaT-
PUII, KOTOPbIE OTJINYAIOTCs JIMHETHOIT KoMOnHartieit crpok. ITosTomy ecre-
CTBEHHO, YTO B HallleM JOKa3aTeJIbCTBE MbI OyJIeM OIUPaThCd Ha Teope-
MYy D O JIMHEHHOCTU JeTepMUHAHTa 110 cTpoKe. CoBepIIeHHO eCcTeCTBEHHO,
4TO JOKA3aTeJIbCTBO TEOPEMbl Mbl HAUHEM C IIePeBO/a YCJAOBUA U 3aKJIIO-
YeHUs TeOPEM Ha A3bIK PaBEHCTB.



VII.6. Teopema o0 KoMOHMHAIIIN CTPOK U CTOJIOIIOB B
AeTepMIHAHTE

Teopema 8 (0 KOMOMHAIMM CTPOK M CTOJOIOB B det). Ecau mam-
puyot A u B cosnadarom, xpome t-moti cmpoku, npurem t-mas cmpoka
mampuuvt B asasemes cymmoti 1-moti cmporu mampuuv, A u Aunetinoi
KOMOUHAUUY 0cmasvhulr cmpok mampuyos A, mo det(B) = det(A).

HokazareabcTBo. [lycTh crpoka V; ¢ HoMepoM ¢ maTpuilbl B nmeer
BI/I

V; = Z )\jUj T.C. bzk: = Z )\j&jk,
j=1 j=1

rae A; = 1 u U; — i-a crpoka Marpuiibl A. Oboznauum yepes A j MaTpuily,
[IOJIYUEHHYIO0 U3 MaTpuilbl A 3aMeHOl CTPOKH C HOMEPOM % Ha CTPOKY
MaTpHUIbl A ¢ HOMEPOM 7.



VII.6. Teopema o0 KoMOHMHAIIIN CTPOK U CTOJIOIIOB B
AeTepMIHAHTE

Teopema 8 (0 KOMOMHAIMM CTPOK M CTOJOIOB B det). Ecau mam-
puyot A u B cosnadarom, xpome t-moti cmpoku, npurem t-mas cmpoka
mampuuvt B asasemes cymmoti 1-moti cmporu mampuuv, A u Aunetinoi
KOMOUHAUUY 0cmasvhulr cmpok mampuyos A, mo det(B) = det(A).

n n
Joka3aTeabcTBO. V; = E AiUj, re. by, = g A, tae Ay = 1.
Oboznaunm yepes A MaTpuily, HOIyUeHHYIO U3 MaTPUIbl A 3aMeHoi

CTPOKHU C HOMEPOM ¢ Ha CTPOKY MaTpuibl A ¢ HOMEpOM j.
[To Teopeme 5 o JMHERHOCTH JeTepMUHAHTA 110 CTPOKE OIPeeuTe b
MaTpuibl B nipejcTtaBuM B Bujie



VII.6. Teopema o0 KoMOHMHAIIIN CTPOK U CTOJIOIIOB B
AeTepMIHAHTE

Teopema 8 (0 KOMOMHAIMM CTPOK M CTOJOIOB B det). Ecau mam-
puyot A u B cosnadarom, xpome t-moti cmpoku, npurem t-mas cmpoka
mampuuvt B asasemes cymmoti 1-moti cmporu mampuuv, A u Aunetinoi
KOMOUHAUUY 0cmasvhulr cmpok mampuyos A, mo det(B) = det(A).

n n
Joka3aTeabcTBO. V; = Z AiUj, re. by, = Z A, tae Ay = 1.
J=1 J=1
Oboznaunm yepes A MaTpuily, HOIyUeHHYIO U3 MaTPUIbl A 3aMeHoi
CTPOKHU C HOMEPOM ¢ Ha CTPOKY MaTpuibl A ¢ HOMEpOM j.

det(B) = i )‘j det (AJ) .



VII.6. Teopema o0 KoMOHMHAIIIN CTPOK U CTOJIOIIOB B
AeTepMIHAHTE

Teopema 8 (0 KOMOMHAIMM CTPOK M CTOJOIOB B det). Ecau mam-
puyot A u B cosnadarom, xpome t-moti cmpoku, npurem t-mas cmpoka
mampuuvt B asasemes cymmoti 1-moti cmporu mampuuv, A u Aunetinoi
KOMOUHAUUY 0cmasvhulr cmpok mampuyos A, mo det(B) = det(A).

n n
Joka3aTeabcTBO. V; = Z AiUj, re. by, = Z A, tae Ay = 1.

j=1 j=1
det(B) =) " Ajdet (A;).
j=1

CorulacHo ciiejicTBIIO 1, MMeeM Jyist HOMepOB j # 4, uto det (A;) = 0.
CiieioBaTe/IbHO, YIUTBIBAST PABEHCTBO \; = 1, moJydaem



VII.6. Teopema o0 KoMOHMHAIIIN CTPOK U CTOJIOIIOB B
AeTepMIHAHTE

Teopema 8 (0 KOMOMHAIMM CTPOK M CTOJOIOB B det). Ecau mam-
puyot A u B cosnadarom, xpome t-moti cmpoku, npurem t-mas cmpoka
mampuuvt B asasemes cymmoti i-moti cmporxu mampuun A u Aunetinot
KOMOUHAUUY 0cmasvhulr cmpok mampuyos A, mo det(B) = det(A).

n n
Joka3aTeabcTBO. V; = Z AiUj, re. by, = Z A, tae Ay = 1.

J=1 J=1

det(B) =



VII.6. Teopema o0 KoMOHMHAIIIN CTPOK U CTOJIOIIOB B
AeTepMIHAHTE

Teopema 8 (0 KOMOMHAIMM CTPOK M CTOJOIOB B det). Ecau mam-
puyot A u B cosnadarom, xpome t-moti cmpoku, npurem t-mas cmpoka
mampuuvt B asasemes cymmoti i-moti cmporxu mampuun A u Aunetinot
KOMOUHAUUY 0cmasvhulr cmpok mampuyos A, mo det(B) = det(A).

n n
Joka3aTeabcTBO. V; = Z AiUj, re. by, = Z A, tae Ay = 1.

J=1 J=1

det(B) = zn: Ajdet (A;) =



VII.6. Teopema o0 KoMOHMHAIIIN CTPOK U CTOJIOIIOB B
AeTepMIHAHTE

Teopema 8 (0 KOMOMHAIMM CTPOK M CTOJOIOB B det). Ecau mam-
puyot A u B cosnadarom, xpome t-moti cmpoku, npurem t-mas cmpoka
mampuuvt B asasemes cymmoti i-moti cmporxu mampuun A u Aunetinot
KOMOUHAUUY 0cmasvhulr cmpok mampuyos A, mo det(B) = det(A).

n n
Joka3aTeabcTBO. V; = Z AiUj, re. by, = Z A, tae Ay = 1.

j=1 j=1
det(B) =) " Ajdet (A)) =
j=1

:...+)\¢_1-O+1~det(A)+)\i+1-O+...+)\n-0:



VII.6. Teopema o0 KoMOHMHAIIIN CTPOK U CTOJIOIIOB B
AeTepMIHAHTE

Teopema 8 (0 KOMOMHAIMM CTPOK M CTOJOIOB B det). Ecau mam-
puyot A u B cosnadarom, xpome t-moti cmpoku, npurem t-mas cmpoka
mampuuvt B asasemes cymmoti i-moti cmporxu mampuun A u Aunetinot
KOMOUHAUUY 0cmasvhulr cmpok mampuyos A, mo det(B) = det(A).

n n
Joka3aTeabcTBO. V; = Z AiUj, re. by, = Z A, tae Ay = 1.

j=1 j=1
det(B) =) " Ajdet (A)) =
j=1

:...+)\¢_1-O+1-det(A)—|—)\i+1-O+...+)\n-0:det(A).



VII.6. Teopema o0 KoMOHMHAIIIN CTPOK U CTOJIOIIOB B
AeTepMIHAHTE

Teopema 8 (0 KOMOMHAIMM CTPOK M CTOJOIOB B det). Ecau mam-
puyot A u B cosnadarom, xpome t-moti cmpoku, npurem t-mas cmpoka
mampuuvt B asasemes cymmoti i-moti cmporxu mampuun A u Aunetinot
KOMOUHAUUY 0cmasvhulr cmpok mampuyos A, mo det(B) = det(A).

n n
Joka3aTeabcTBO. V; = Z AiUj, re. by, = Z A, tae Ay = 1.

j=1 j=1
det(B) =) " Ajdet (A)) =
j=1

:...+)\¢_1-O+1-det(A)—|—)\i+1-O+...+)\n-0:det(A).

Teopema moxKazaHa.



VII.7. IIpu3Hak BbIPOXKJAE€HHOCTU MaTPUIIbl

Teopema 9 (npu3HAK BBIPOXKJIEHHOCTU MATPUIIbl). Fciu odna u3
cmpokx mampuuv, A asasemca Aunetnot KoMOUNAUUET O0CMAALHOLT

Cmpox usu 00ur u3 cmoabuos A asasemcea aunetinot xomburayuet
0cmanvnulr cmoabyos, mo det(A) = 0.



VII.7. IIpu3Hak BbIPOXKJAE€HHOCTU MaTPUIIbl

Teopema 9 (npu3HAK BBIPOXKJIEHHOCTU MATPUIIbl). Fciu odna u3
cmpok mampuuv, A asagemea Auneinott Komounayuets 0cmanvHoLr
Cmpox usu 00ur u3 cmoabuos A asasemcea aunetinot xomburayuet
0cmanvnulr cmoabyos, mo det(A) = 0.

KomMmenTapmii. OkasbiBaeTcs, 9T0 YTBEPKJeHUEe MOYKHO YCUJIUTD JI0
KpPUTEpHs, T.€. CIPaBEJINBO W O0OpaTHOE: €CJM JCTEPMUHAHT MaTPHUIIbI
HYJIEBOII, TO XOTsI ObI OJ{HA CTPOKA MATPUIIbI SIBJISETCA JTMHEIHHOI KOMOU-
HaIlHel OCTAJIBHBIX CTPOK (AHAJIOIUIHO U JIJIsT CTOJIOIOB). DTO yTBEPIK 16
HUE COCTaBJICT CcojiepzKanne KPUTepusd BbIPOXKICHHOCTU MATPUIILI,
JJIs1 JoKa3aTeJabCTBAa KOTOPOW MBI IIPUBJIEYEM allllapaT, CYIIeCTBEHHO BbI-
XOJAINI 3a Ipeaesbl alapaTa MaTpUIHON aJreOpHhl.



VII.7. IIpu3Hak BbIPOXKJAE€HHOCTU MaTPUIIbl

Teopema 9 (npu3HAK BBIPOXKJIEHHOCTU MATPUIIbl). Fciu odna u3
cmpok mampuuv, A asagemea Auneinott Komounayuets 0cmanvHoLr
Cmpox usu 00ur u3 cmoabuos A asasemcea aunetinot xomburayuet
0cmanvnulr cmoabyos, mo det(A) = 0.

JHokazareabcTBO. B cuiy TeopeMbl 3 0 IlepecTaHOBKE JIBYX
CTPOK (CTOJIOIIOB) B JeTePMUHAHTE, HEe OTPAHUINBas ODIIHOCTH Pac-
CY2KJIEHUI, MOXKHO CYUTATh, YTO N-agd CTPOKa ABJAETCS JUHEHHON KOM-

n—1
Qpj = E )\kam.
k=1

ounaleil ocTajbHbIX:



VII.7. IIpu3Hak BbIPOXKJAE€HHOCTU MaTPUIIbl

Teopema 9 (npu3HAK BBIPOXKJIEHHOCTU MATPUIIbl). Fciu odna u3
cmpok mampuuv, A asagemea Auneinott Komounayuets 0cmanvHoLr
Cmpox usu 00ur u3 cmoabuos A asasemcea aunetinot xomburayuet
0cmanvnulr cmoabyos, mo det(A) = 0.

JloKa3aTeabCTBO.

n—1
Apj = E )\kak,j.
k=1

Torna, npubdapiisist K n-HOI CTPOKe MaTpUIlbl A JIMHEITHYI0 KOMOUHAIIIIO
OCTaJILHBIX CTPOK € Ko punmenTamMu, nMeIonuMI oOpaTHble 3HAKHU, T10-
JIyIUM HYJIEBYIO CTPOKY.



VII.7. IIpu3Hak BbIPOXKJAE€HHOCTU MaTPUIIbl

Teopema 9 (npu3HAK BBIPOXKJIEHHOCTU MATPUIIbl). Fciu odna u3
cmpok mampuuv, A asagemea Auneinott Komounayuets 0cmanvHoLr
Cmpox usu 00ur u3 cmoabuos A asasemcea aunetinot xomburayuet
0cmanvnulr cmoabyos, mo det(A) = 0.

JloKa3aTeabCTBO.

n—1
Apj = E Akak,j.
k=1

Torna, npubdapiisist K n-HOI CTPOKe MaTpUIlbl A JIMHEITHYI0 KOMOUHAIIIIO
OCTaJILHBIX CTPOK € Ko punmenTamMu, nMeIonuMI oOpaTHble 3HAKHU, T10-
JIyIUM HYJIEBYIO CTPOKY.

CoryiacHO TeopeMe 8 0 KOMOMHAIIMN CTPOK U CTOJIOIOB B JleTepMUHAaH-
Te JIETePMUHAHT NP 9TOM He U3MEHNTCA. «PacKpbiBasgy 10 MOJIyUeHHON
HYJIEBOII CTPOKe, MOJIYYUM HYJIEBOIT JleTepMUHAHT. TeopeMa JloKa3aHa.



VII.8. Teopema o gerepMmMHaHTe MOJIypacHaBIIeiicsd
MaTPULbI

Teopema 10 (0 geTepMHUHAHTE 1101y PACIABINENCS MATPUILHI).
ITyemo A wm v Cphyyn — K6adpamuvie mampuun,. Tozda

Amxm Bmxn o
det ( 0. Cnxn) = det(A) det(C),

Amxm Omxn o
det ( B Cnxn) = det(A) det(C),

ede Opyq — NYALEAA MAMPUUG PASMEPHOCTIU P X (.



VII.8. Teopema o gerepMmMHaHTe MOJIypacHaBIIeiicsd
MaTPULbI
JlokazaTeJabCTBO. Dyjem BecTn WHJIYKINIO 10 KOJUYIECTBY CTPOK

A B
warpus A, Thvers D = (G

MUHAHT I10 IIEPBOMY CTOJIOILY, 110/Ib3YsICh TeopeMoii 6 0 pa3jioXKeHuun

). «Packpoem» 10T nerep-

AeTepMHNHaHTa 110 CTPOKE MJIN CTOJI6Hy3

m—+n m

det D = Z din (=1 MY = Z ai(—1)" MY,
i=1

1=1

.
d11 = ai1,
TaK KaK <
dml = Am1,
L dm_i_l’l — « o o — dm_i_n’l — O.



VII.8. Teopema o gerepMmMHaHTe MOJIypacHaBIIeiicsd
MaTPULbI
JlokazaTeJabCTBO. Dyjem BecTn WHJIYKINIO 10 KOJUYIECTBY CTPOK

A B
warpus A, Thvers D = (G

MUHAHT I10 IIEPBOMY CTOJIOILY, 110/Ib3YsICh TeopeMoii 6 0 pa3jioXKeHuun

). «Packpoem» 10T nerep-

AeTepMHNHaHTa 110 CTPOKE MJIN CTOJI6Hy3

m—+n m

detD =) dn(=1)"MP = " an(-1)""MP.
1=1

i=1
B wactHOCTH, eciin m = 1, TO yTBep:KJieHue J0Ka3aHO, TaK KaK B 3TOM
ciaydae aj; = det A n MB = det C.



VII.8. Teopema o gerepMmMHaHTe MOJIypacHaBIIeiicsd
MaTpULbI
JloKka3aTeabCTBO.
m-+n m
detD =) dn(=1)""MP = " an(-1)""MP.

i=1 i=1
[Tycte Tenmepnr m > 1 u jAad 4ucjia CTPOK, MEHBIIEro 39TOro 3Hade-
HUST M, YTBepKJeHne BepHo. Samernm, 9to i ¢ € {1,2,...,m} mu-
HOD ME npeJicTaBiiseT coOoil JJeTepMUHAHT 0Ty PacaBIleiicss MaTPUIIbI

(i,1) (i) .
A(m—l)x(m—l) B(m—l)xn , TJIe MaTpHuIla Agz’gl)x(m_l) oJIydeHa U3

Onxm CTLXTL

MATPpUIlbl A BblUEpKUBAHUEM ¢-ii CTOKHM U IIePBOTO CTOJIONA, & MaTpU-
(2)

(m—1)xn — BPICPKIBAHHEM -1t cTpokn. [lo peanonoKennio nHIyK-

(2,1)
(m—1)x(m—1)

1a B

I[UM, TaK KaK YUCJI0 CTPOK B MaTpuie A MEHBIIIE 177, TO



VII.8. Teopema o gerepMmMHaHTe MOJIypacHaBIIeiicsd

MaTpULbI
JloKka3aTeabCTBO.
(,1) (1
MiIl) — det A(m—l)x(m—l) B(m—l)xn —
nxm Cnxn
=det A{7V |y - det Gy = MA - det C.

Ciie10BaTEIbHO,



VII.8. Teopema o gerepMmMHaHTe MOJIypacHaBIIeiicsd
MaTPULbI
JloKka3aTeabCTBO.

(i,1) (i
Aﬁ?—cmt<lAWLUXWZD Bmmnxn>-—

= det A"V

A
(m—1)x(m—1) - det Can — Mz’l - det C.

Ciie10BaTEIbHO,

det D = Z an (=) MY - det C = <Z ai(— HZMZ?) - det C =

= det A det C,

YTO W TPeOOBAJIOCH JIOKA3ATD.



VIIL.9. CaeacrBue o JieTepMUHAHTE TPEyroJbHOI MaT-
PUIIbI

CraencrBue 3. J[emepmunanm mpey20abHot MAmpuyb. Paser npous3ee-
0EHUIO INEMEHMOB 2AG6HOT JUA2OHAAL.



VIIL.9. CaeacrBue o JieTepMUHAHTE TPEyroJbHOI MaT-
PUIIbI

CraencrBue 3. J[emepmunanm mpey20abHot MAmpuyb. Paser npous3ee-
denuro anemenmos 2406100 JUua2onal.

Jloka3aTeJabCTBO MOYKHO OI'PAHUYINTDL CIydaeM BepXHeil TpeyToibHOI
MAaTPHIILI B CUJIYy TEOPEMbI 2 O paBHONPABUM CTPOK M CTOJIOIIOB.



VIIL.9. CaeacrBue o JieTepMUHAHTE TPEyroJbHOI MaT-
PUIIbI

CraencrBue 3. J[emepmunanm mpey20abHot MAmpuyb. Paser npous3ee-
denuro anemenmos 2406100 JUua2onal.

JokazareabcTBO. [IpuMennM MH /1Y KIIMAIO 110 YUCJIY CTPOK MATPUIIHI.
OtrmeruM, 9TO cjiydail MaTpulbl pasmMepHocTu 1 X 1 dpopmasibHO He yI0-
BJICTBOPAET YTBEPKJCHUIO TEOPEMBI, IMOCKOJIbKY <«II0 3PaBOMY CMBICJTY »
B IIPpOU3BECJCHUN HE MOZKET OBITH TOJIBKO OJMH COMHOZKUTEJIb. O,ZLH&KO B
MaTeMaTHuKe O6bI‘{HO HCIIOJIB3YIOTCA IIpaBUJIa JJIgl CUMBOJIOB CYMMUPOBa-
HIsT 1 1POUBBE/ICHIS, 9TO MMO3BOJISIET YTBEPZXKAaTh, YTO TeopeMa BepHa
JlayKe JJ1sl OJIHOJIEMEHTHON MaTpPUILbI.



VIIL.9. CaeacrBue o JieTepMUHAHTE TPEyroJbHOI MaT-
PUIIbI

CraencrBue 3. J[emepmunanm mpey20abHot MAmpuyb. Paser npous3ee-
denuro anemenmos 2406100 JUua2onal.

JokazareabcTBO. [IpuMennM MH /1Y KIIMAIO 110 YUCJIY CTPOK MATPUIIHI.

«/J171s1 OIMCTKU COBECTH» PACCMOTPHUM TaK»Ke C/Iydail MaTpPUIILI PasMep-
HOCTHU 2 X 2:

ailz a2
O a99




VIIL.9. CaeacrBue o JieTepMUHAHTE TPEyroJbHOI MaT-
PUIIbI

CraencrBue 3. J[emepmunanm mpey20abHot MAmpuyb. Paser npous3ee-
denuro anemenmos 2406100 JUua2onal.

JokazareabcTBO. [IpuMennM MH /1Y KIIMAIO 110 YUCJIY CTPOK MATPUIIHI.

«/J171s1 OIMCTKU COBECTH» PACCMOTPHUM TaK»Ke C/Iydail MaTpPUIILI PasMep-
HOCTHU 2 X 2:

ailz a2
O a99




VIIL.9. CaeacrBue o JieTepMUHAHTE TPEyroJbHOI MaT-
pUILbI
CraencrBue 3. J[emepmunanm mpey20abHot MAmpuyb. Paser npous3ee-
denuro anemenmos 2406100 JUua2onal.
JokazareabcTBO. [IpuMennM MH /1Y KIIMAIO 110 YUCJIY CTPOK MATPUIIHI.
«ﬂﬂﬁ OYHCTKHN COBECTHU» PAaCCMOTPUM TaKzKeE Cﬂyqaﬁ MaTPpUIbI pa3MEp-
HOCTH 2 X 2:

ailz a2

= a1 - ax — 0-app = ay - axn.
O a99

baza nngyknum Jjokaszana.



VIIL.9. CaeacrBue o JieTepMUHAHTE TPEyroJbHOI MaT-
PUILIbI

CaenctBue 3. /lemepmunanm mpeyzosvnoti Mampuubl Pacer npouee-
DEHUIO INEMEHMOE 20a68H0T JUG2OHANU.

HokazareabcTBO. /lokarkeMm mar nngykiun. [lycts n — dnciao cTpok
MaTpuibl A, nipudeMm n > 2 1 i JII0OOH TPEeyroJibHOM MaTPUIThl ¢ YUC-
JIOM CTPOK, MEHBIIINM 71, TeopeMa BepHa. lorja 1o Teopeme 10 o je-
TepMUHAHTE MNOJIypacnaBiiieiics MaTpUIlbl U IPeIoJI0XKEHNI0 TH-
JIYKITUN TMEeeM



VIIL.9. CaeacrBue o JieTepMUHAHTE TPEyroJbHOI MaT-
PUIIbI

CraencrBue 3. J[emepmunanm mpey20abHot MAmpuyb. Paser npous3ee-
0EHUIO INEMEHMOB 2AG6HOT JUA2OHAAL.

Jloka3aTeabCTBO.
aj; a2 ... QArp—1 Q1n
0 ap ... au1 Aoy,
0 0 ... An—1n—1 An—1n—1
0o 0 ... 0 Ann




VIIL.9. CaeacrBue o JieTepMUHAHTE TPEyroJbHOI MaT-
PUIIbI

CraencrBue 3. J[emepmunanm mpey20abHot MAmpuyb. Paser npous3ee-
0EHUIO INEMEHMOB 2AG6HOT JUA2OHAAL.

Jloka3aTeabCTBO.
aj; a2 ... QArp—1 Q1n
0 ay;p a2 ... Qainp-—1
a2 ... A2n-1 A2n, 0

o a2 ... A2np—1 B
= a/nn =

0 0 ... An—1n—1 An—1n—1 0 0

coe Qp—1n—1
0o 0 ... 0 Ann
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PUIIbI

CraencrBue 3. J[emepmunanm mpey20abHot MAmpuyb. Paser npous3ee-
0EHUIO INEMEHMOB 2AG6HOT JUA2OHAAL.

Jloka3aTeabCTBO.
aj; a2 ... QArp—1 Q1n
0 ay;p a2 ... Qainp-—1
a2 ... A2n-1 A2n, 0

o a2 ... A2np—1 B
= a/nn =

0 0 ... An—1n—1 An—1n—1 0 0

coe Qp—1n—1
0o 0 ... 0 Ann

= Qa1 -as ... - App-



VIIL.9. CaeacrBue o JieTepMUHAHTE TPEyroJbHOI MaT-
PUIIbI

CraencrBue 3. J[emepmunanm mpey20abHot MAmpuyb. Paser npous3ee-
0EHUIO INEMEHMOB 2AG6HOT JUA2OHAAL.

Jloka3aTeabCTBO.
aj; a2 ... QArp—1 Q1n
0 ay;p a2 ... Qainp-—1
a2 ... A2n-1 A2n, 0
o a2 ... A2np—1 B
= a/nn =
0 0 ... An—1n—1 An—1n—1 0 0
cee Qp-1n—1
0o 0 ... 0 Ann
= Qa1 -as ... - App-

[Hlar nagykiun pokazad. CormacHo NPUHIAIY MaTeMaTHdeCKOl WHTYK-
UM YTBEPXKICHIE TeOPEMbI BBIIOJIHSIETCS JIJI J1I000# TPeyrobHOi MaT-
PUILBI.



VII.10. Teopema o geTepMmrHaHTe IIPOU3BEJECHNUS MaT-
pun

Teopema 11 (o gerepMuHaHTe Npou3BejieHUs MaTpull). [Tycmo
A u B xeadpamuvie mampuyor. Toeda det(AB) = det(A) det(B).

JloKka3aTebCTBO.



VII.10. Teopema o geTepMmrHaHTe IIPOU3BEJECHNUS MaT-
pun

Teopema 11 (o gerepMuHaHTe Npou3BejieHUs MaTpull). [Tycmo
A u B xeadpamuvie mampuyor. Toeda det(AB) = det(A) det(B).

JlokazaTeabcTBO. Cpejin JI0Ka3aHHBIX TEOPEM B 3aK/II0UEHUN TOJILKO
OII‘HOP’I TEOPEMBI IIPUCYTCTBYET YTBEPZKIACHUE O IIPOU3BEIACHUN JETEPMU-
HaHTOB: 3T0 TeopeMa 10 0 JeTepMUHaHTE MOJIypacHaBIIeNCcd MaT-
purnibl. [TosToMy MBI paccMOTPUM J0Ka3aTeJIHLCTBO, OCHOBAHHOE Ha 3TOI
TeopeMe.



VII.10. Teopema o geTepMmrHaHTe IIPOU3BEJECHNUS MaT-
pun
Teopema 11 (0 geTepMuHaHTe IPOU3BeAeHUsT MATpUIL). [lycmo

A u B xeadpamuvie mampuyor. Toeda det(AB) = det(A) det(B).

JokazareabcTBO. [lo Teopeme 10 o JierepMuHaAHTE IOJIypac-
maBIIercd MaTPUIIbl, UMeEM

by b ... by, =1 0 ... 0 \

bor by ... by, O —1 ... 0

bpi bpo ... bpn 0O 0o ... —1
det A -det B =det B - det A = det b

0 0 0 ai;lr a1 ... Qip

0 0 0 a21 Q@29 ... QAgp

\ 0 0 0 ap1 Ap2 ... ann)



VII.10. Teopema o geTepMmrHaHTe IIPOU3BEJECHNUS MaT-
pun

by by ... by, -1 0 ... 0 \
b21 b22 e bgn 0 -1 ... 0
bt b2 .. b 0 0o ... —1
det A -det B =det B - det A = det b
0 0 0 ay;pr a1 ... QAip
0 0 0 a21 Q29 ... Q9
\ 0 0 0 Ap1 Ap2 ... am)

B nocieaeit Marpule ¢ moMoIblo «MUHYC-€UHUIL> B CTOJIOIAX C HOMe-
pamu (n + 1), ..., 2n NOJyIUM HYJIN B «BepXHe# 9acTu» (MepBbIX 1 CTPO-
Kax) ee mepBoro crojibma. Bocmoib3yemest TeM, 9TO 110 CBOMCTBY 8,
JeTePMUHAHT MaTPHUILI U3 MIPaBOil YacTH MOC/IeIHEr0 PaBEHCTBa HE M3-
MEHHTCSI, €CJIM K ee IepBOMY CTOJOIY NpuOaBUThL JUHEHHYIO KOMOU-
HAIMIO CTOJIOIOB ¢ HOMepaMu N+ 1,n + 2,...,2n ¢ kKoddpdumueHTamn
bi1, 021, . .., by1. Iosyunm



VII.10. Teopema o geTepMmrHaHTe IIPOU3BEJECHNUS MaT-
pun

by b ... by, —1 0 ... 0 \
bgl b22 c. bgn 0 -1 ... 0
bpi bne oo by 0 0 ... —1
det A - det B =det B - det A = det e
0 0 RN 0 a1 A12 ... QAip
0 0 e 0 21 Q@29 ... QAgp
\ 0 0 ... 0 auy Gu ... Qpn )
( 0 bg ... by, —1 0 ... 0 \
0 byy ... by O —1 ... 0
B 0 buz oo bpn 0 0 ... —1
det A' det B — det allbll —+ a12b21 + ... alnbnl 0 c.. 0 ai; Qi ... QAin
aglbn + a22b21 + ... agnbnl 0 e 0 21 Q@29 ... QAgp

\ anlbn + an2621 + ... annbnl 0 ce 0 Ap1 Ap2 ... QApp )



VII.10. Teopema o geTepMmrHaHTe IIPOU3BEJECHNUS MaT-

puiL

det A - det B = det

( ;

0
a11011 + a2boy + . ..
a21b11 + (lggbgl 4+ ...

\ ap1b11 + apobay + ...

bi2
b22

bn2
alnbnl 0

Q2p, bnl 0

annbnl 0

Tenepp aHaJOTMIHLIM 00pA30M  IMOJYYUM HYJIN B

~-1 0 0 \
0 -1 0
0 0 -1
11 A2 A1n
Q21 A22 A2p,

IIEPBbIX T CTPO-

KaX BTOPOI'o CTOH6H& IIOCJIeTHE MaTpulbl, [HJd Y9€I'0 K €€ BTOPO-

My CTOJIOMY IpubaBUM JIMHEHHYIO KOMOWHAIIMIO CTOJIOIIOB C HOMEpPaMMU

n+1,n+2,...,2n ¢ kKoaspdbunuearamu boq, bas, . .

., boy,. Tlosryunm



VII.10. Teopema o geTepMmrHaHTe IIPOU3BEJECHNUS MaT-
pun

( 0 bs ... by, =1 0 ... 0 \
0 by ... by O —1 ... 0
- 0 buo .o baw O 0 ... —1
det A‘ det B T det aubll + a12b21 + ... alnbm 0 . 0 11 A2 ... Qin
a21b11 + a22621 —+ ... a2nbn1 0 e 0 91 A22 ... QAgp

\ anlbn + angbgl + ... annbnl 0 ce 0 Ap1 Ap2 ... QApp )



det A - det B = det

a1

21

Qn1

a12

Q22

Ap2

A1n

Q2n

A, )




VII.10. Teopema o geTepMmrHaHTe IIPOU3BEJECHNUS MaT-

puIy
[Ipogomkas B TOM »Ke Jyxe, Ha 1-0M IIare moJydnM
0 0 0 -1 0 ... 0
0 0 0 0 -1 ... 0
0 0 0 0 0 ... —1

n n n
E aljbﬂ E aljbjg E aljbjn ai; a1 ... Qip
n n n

E (lgjbjl E agjbjg E agjbjn 21 A9 ... QA9p

J=1 Jj=1 J=1

det A - det B = det

’VL n

K E am i1 anjbjg E anjbjn aAp1 Ap2 ... am)

J=1 Jj=1

[Tomensiem mectamu mepByio u (n + 1)-f0 ¢TpoKH (J€TEPMUHAHT CMEHUT
3HAK), MOTOM — BTOPYIO U (7 + 2)-10 CTPOKU (JIeTePMUHAHT BHOBbH CMe-
HUT 3HaK), u T.J. [locie n-it mepectanoBku cTpoK B cuity Teopembl 10 0
JeTEPMUHAHTE TIOJIYPACHIABIICHCS MATPHIIBI, Oy UM



VII.10. Teopema o geTepMmrHaHTe IIPOU3BEJECHNUS MaT-
pun

( E aljbjl E aljbjg E aljbjn a1 aiz2 ... aln\

j=1 j=1 j=1
Zagjbjl Za2jbj2 Zagjbjn ag1 Ag2 ... QA9n
j=1 j=1 j=1
Zanjbﬂ Zanjbjg Zanjbjn Ap1 Qp2 ... QApp
j=1 j=1 j=1
0 0 0 -1 0 ... 0
0 0 0 o -1 ... 0
K 0 o ... 0 0 0 .. —1)
-1 0 ... 0
— (~1)"det (AB) - ( 0)—(—1>”det<AB>-<—1>”—
0o 0 ... -1

= det (AB), 4r0 n TpeboBaIOCH JOKA3ATD.



VII.11. Teopema o pazjoKeHuUM JgeTEPMHUHAHTA IIO
«Yy2KOM» CTPOKE

n n
Teopema 12. Ecaup # q, mo Y aipAig =0 u > a,iA, = 0.
i=1 j=1

JloKka3aTebCTBO.



VII.11. Teopema o pazjoKeHuUM JgeTEPMHUHAHTA IIO
«Yy2KOM» CTPOKE

n n
Teopema 12. Ecaup # q, mo Y aipAig =0 u > a,iA, = 0.
i=1 j=1

JloKka3aTebCTBO.

PaCCMOTpI/IM I/IJIJIIOCTpaTI/IBHIﬂﬁ 1HHpmmMep K ﬂOKaBaTeJII)CTBy?



VII.11. Teopema o pazjoKeHuUM JgeTEPMHUHAHTA IIO
«Yy2KOM» CTPOKE

n n
Teopema 12. Ecaup # q, mo Y aipAig =0 u > a,iA, = 0.
i=1 j=1

n

JlokazarenbcTBo. [lokaxkem Tosibko Y a;,A;, = 0, BTopoe paBeHCTBO
i=1

JOKasbiBaeTcsd anajgornino. Pacemorpum marpuiy B, B KoTopoit b;; = a;;

JJl Beex 4, 7, KpoMme j = q. s j = g nosoxkum by, = a;,. Taxum obpa-
30M, MaTpuiia B nosydena n3 maTpuibl A yjajgeHueM ¢-Toro cToJiona u
3aMEHOIT ero Komueil p-roro croyidna MaTpunbl A.



VII.11. Teopema o pazjoKeHuUM JgeTEPMHUHAHTA IIO
«Yy2KOM» CTPOKE

n n
Teopema 12. Ecaup # q, mo Y aipAig =0 u > a,iA, = 0.
i=1 j=1

JokazareabcTBo. Marpuiia B nosydena uz marpuibl A yiajgeHuem
¢-TOTr'O CTOJIOIA U 3aMEHOI ero Kommeil p-toro crosbdma Marpuibl A. C
OJIHOI CTOPOHHI, 110 CJIEACTBUIO 1 O JeTepMUHAHTEe MATPUIILI C PaB-
HbIMu cTpokamu, det(B) = 0, Tak Kak B Heil p-Thlii U ¢-ThIi CTOJIOIDI
OJINHAKOBBI.



VII.11. Teopema o pazjoKeHuUM JgeTEPMHUHAHTA IIO
«Yy2KOM» CTPOKE

n n
Teopema 12. Ecaup # q, mo Y aipAig =0 u > a,iA, = 0.
i=1 j=1

JokazareabcTBo. Marpuna B nosydena nz marpuiibl A yiajieHn-
eM @-TOTO CTOJIOIA W 3aMEHOIl ero Komueil p-Toro crojbiia MaTpuilbl A.
C onnoit croponsr, det(B) = 0. C apyroii croponbl, 1o Teopeme 6 o
pPa3JIOYKEeHNN JeTEePMUHAHTA MO CTPOKE WJIA CTOJIOIY

n n

det(B) = zn: b@'qA;q = Z a/z'pA;q = Z aipAz'qa
1=1

1=1 1=1



VII.11. Teopema o pazjoKeHuUM JgeTEPMHUHAHTA IIO
«Yy2KOM» CTPOKE

n n
Teopema 12. Ecaup # q, mo Y aipAig =0 u > a,iA, = 0.
i=1 j=1

JokazareabcTBo. Marpuiia B nosydena uz marpuibl A yiajgeHuem
¢-TOI'0 CTOJIONA M 3aMEHOI ero Komueil p-Toro cTojbia MaTpuibl A.

0= det(B) = zn: biqA;q = zn: a/ipA;q = zn: aipAig,
=1 1=1 1=1

TaK Kak ajredpandeckue jonosnennus A, B marpune A u Aj B MaTpy-
e B coBmajiaior, MocKoJIbKY HpH MX BBIYHUC/IEHUH CTOJI0EI ¢ HOMEpPOM
¢ BBIYEPKUBAETCH, a 9TO €JIMHCTBEHHBIH CTOJI0CI], KOTOPBIM OTJIMYAI0TCS
maTpuiibl A u B. CoiicTBo j10Ka3aHo.

IIpumep ncnojib30BaHUsI CBOMCTB JE€TEPMITHAHTA,



VIII. I'eomeTpuyeckasi uHTepHpeTanus JeTEPMUHAHTA,

PaccMoTprM IJIOCKOCTD ¢ JIEKAPTOBOI MPAMOYTOJILHON CUCTEMOI KOOP-
JHaT xOy, I MHOXKECTBO BEKTOPOB, BBIXO/IAINNX N3 HavaJla KOOPJANHAT.
[Iycte 1, j — enMHUYHbIE BEKTOPHI KOOPIMHATHBIX OCEil.



VIII. I'eomeTpuyeckasi uHTepIIpeTanmns ,ZLeTepMI/IHaHTa
H

PacemorpuM GyHKIMO S, KazKI0H Iape BEKTOPOB a = dy 1 + ay J :

— —

L] L] a/:L' a/y
b =0, 1 +b, ) craBdallyio B COOTBETCTBUE YNCJIO

by b,




VIII. I'eomeTpuyeckasi uHTepIIpeTanmns ,ZLeTepMI/IHaHTa
H
Paccmorpum dyHKIumio S, KaxKjoii 11ape BeKTOPOB a =a,i + ay J :

- - Ay a/y
b =0, 1 +b, ) craBdallyio B COOTBETCTBUE YNCJIO bob
X
— - 7 ’ Y
Haunem ¢ npocroro ciydad: nycts a8 =a, i u b =b, j . Obosna-

_ —
quM depe3 A Komer] BeKTopa a , uepe3 B — KoHel| BeKTopa b, n pac—

CMOTPHM TIPAMOYTOJIbHIK OAC’B MOCTPOEHHDLIH Ha BEKTOpaxX a, b

B /b C

-

J1 1 aA




VIII. I'eomeTpuyeckasi uHTepIIpeTanmns ,ZLeTepMI/IHaHTa
H
Paccmorpum dyHKIumio S, KaxKjoii 11ape BeKTOPOB a =a,i + ay J :

- - Ay a/y
b =0, 1 +b, ) craBdallyio B COOTBETCTBUE YNCJIO bob
X
— - 7 ’ Y
Haunem ¢ npocroro ciydad: nycts a8 =a, i u b =b, j . Obosna-

_ —
quM depe3 A Komer] BeKTopa a , uepe3 B — KoHel| BeKTopa b, n pac—

CMOTPHM TIPAMOYTOJIbHIK OAC’B MOCTPOEHHDLIH Ha BEKTOpaxX a, b

%
B b ¢
iti @A

a, 0

— 77\
TomaS(a,b) =1 0o,




VIII. I'eomeTpuyeckasi uHTepIIpeTanmns ,ZLeTepMI/IHaHTa
H
Paccmorpum dyHKIumio S, KaxKjoii 11ape BeKTOPOB a =a,i + ay J :

- - Ay a/y
b =0, 1 +b, ) craBdallyio B COOTBETCTBUE YNCJIO bob
X
— - 7 ’ Y
Haunem ¢ npocroro ciydad: nycts a8 =a, i u b =b, j . Obosna-

_ —
quM depe3 A Komer] BeKTopa a , uepe3 B — KoHel| BeKTopa b, n pac—

CMOTPHM TIPAMOYTOJIbHIK OAC’B MOCTPOEHHDLIH Ha BEKTOpaxX a, b

%
B b ¢
iti @A

a, 0

0 b, = a,b,

Torga S (E), g) =




VIII. I'eomeTpuyeckasi uHTepIIpeTanmns ,ZLeTepMI/IHaHTa
H
Paccmorpum dyHKIumio S, KaxKjoii 11ape BeKTOPOB a =a,i + ay J :

- - Ay a/y
b =0, 1 +b, ) craBdallyio B COOTBETCTBUE YNCJIO bob
X
— - 7 ’ Y
Haunem ¢ npocroro ciydad: nycts a8 =a, i u b =b, j . Obosna-

_ —
quM depe3 A Komer] BeKTopa a , uepe3 B — KoHel| BeKTopa b, n pac—

CMOTPHM TIPAMOYTOJIbHIK OAC’B MOCTPOEHHDLIH Ha BEKTOpaxX a, b

H
b C
iti @A
Torna S (3,?) = ' ag bO = a,b, — 910 JMbO IOMAJL TPAMO-
Y

yrospanka OACB, nmmubo 3HadeHne 3Toil ILIOMIAIM, B3SITOE CO 3HAKOM
«MUHYC».



VIII. I'eomeTpuyeckasi uHTepHpeTanus JeTEPMUHAHTA,

[Tycts A — mpousBosibHOE BellecTBeHHOE Uncao. OO03HAUNM depes
B |B, ' C
|
— } b —
—
C' xomer, BekTOopa b +Aa: A a \JA (1epTexk cooTBET-

CTBYeT OTpHIATETHLHOMY 3HaueHNO A). B cuity cBoiicTB jlerepMmuHaHTa

S(?,KH?) :S(H,F).



VIII. I'eomeTpuyeckasi uHTepHpeTanus JeTEPMUHAHTA,

[Tycts A — mpousBosibHOE BellecTBeHHOE Uncao. OO03HAUNM depes
B |B, ' C
|
— } b —
—
C' xomer, BekTOopa b +Aa: A a \JA (1epTexk cooTBET-

CTBYeT OTpHIATETHLHOMY 3HaueHNO A). B cuity cBoiicTB jlerepMmuHaHTa
S (?,§+>\3) S (H,F).

OrmernMm, uTo mioiaan npsmoyroibinka OAC B u napaJsuiesiorpam-
Ma OAC'B' rakzke paBHbL. 1103TOMY 3HadeHue S (3), b + A?) 110 MO-

JIYJIIO paBHO IwIomaan napasuieaorpamMma OAC'B' .



VIII. I'eomeTpuyeckasi uHTepHpeTanus JeTEPMUHAHTA,
Terepb Bo3bMeM MPOM3BOJILHOE BEIIECTBEHHOE YHUCIO [, U 0003HATNM

B/

O//
Cl

A/
A

H
qepe3 A’ KoHel| BeKTOpa a + [ (b + )\E)):

C  omHOIl  CTOpPOHBI, IO  CBOICTBaM

JdeTepMUIHaHTa uMeeM

S (? + ,u(g> +A\a), b + )\3)) =95 (H), b+ A?), ¢ Jpyroit cropo-

ubl, mwioniau napasiesorpammos OAC'B" u OA'C” B’ pasubl.



VIII. I'eomeTpuyeckasi uHTepHpeTanus JeTEPMUHAHTA,
Terepb Bo3bMeM MPOM3BOJILHOE BEIIECTBEHHOE YHUCIO [, U 0003HATNM

1/

B C o

_ C

qepe3 A’ KoHel| BeKTOpa a + [ (b + )\E)): A

C  ojHO#l  CTOPOHLI, 10  CBOICTBAM  JIeTEpMUHAHTA  MMEEM

— — —

S (? +u(b +23a), b + )\3)) =95 (H), b + A?), ¢ Jpyroit cropo-

ubl, mwioniau napasiesorpammos OAC'B" u OA'C” B’ pasubl.
— e —\ —
Takwum obpasom, 3Hauenne S (a +u(b +Xa), b+ A a) 110 MOJLY-

JII0 paBHO 1iommaau napasieaorpamma OA'C" B’



VIII. I'eomeTpuyeckasi uHTepHpeTanus JeTEPMUHAHTA,

CiegoBaTeIbHO, Mbl MOYKEM C(HOPMYJIMPOBATH IPABUIIO: AOCONIOMHAA
o [

0

no20 Ha eexmopar i + 03 j u~yi +9j.

GEAUHYUHA HYUCNA pacHa TL./LOUQCLdU napaninsenoepamma, NOoCmpoeH-

AHaJIOrMIHO MOXKHO II0Ka3aTh, 4YTO GOCOMOMMHAA BEAUMUHA YUC-
a; @, a
aa det | by b, b, pasna  0bsemy napassesenuneda,  MoOCMpo-

Cx Cy C:
enno20  wa - eexkmopar ap; i +a,j +ak, b1 +b,] +b.k wu
— — —

c;1 +¢, ) +e k.



VIII. I'eomeTpuyeckasi uHTepHpeTanus JeTEPMUHAHTA,

CiegoBaTeIbHO, Mbl MOYKEM C(HOPMYJIMPOBATH IPABUIIO: AOCONIOMHAA

«
GEAUHYUHA HYUCNA pacHa TL./LOUQCLdU napanstcaoepamma, nocmpoeH-
Y

0

no20 Ha eexmopar i + 03 j u~yi +9j.

AHaJIOrMIHO MOXKHO II0Ka3aTh, 4YTO GOCOMOMMHAA BEAUMUHA YUC-
a; @, a
aa det | by b, b, pasna  0bsemy napassesenuneda,  MoOCMpo-

Cx Cy C:
enno20  wa - eexkmopar ap; i +a,j +ak, b1 +b,] +b.k wu
— — —

c;1 +¢, ) +e k.
3Hadenne 9TOro JeTepMUHaHTa Ha3bIBAIOT ellle OPUEeHTUPOBAHHOI
ILIOIIAJIBIO UM, COOTBETCTBEHHO, OPUEHTUPOBAHHBIM 00HEMOM.



IX. Akcuomarnm4aeckoe olpeaesienne JeTepMrnHaHTA

OKa3bIBaeTCA, paCCMOTPEHHAs TeOMeTpUIecKast MTHTEePIIPETAIsI JIeTep-
MIHAHTa IIPUBOANT K BeCbMa HEOXKIJIAHHOMY® pe3y/IbTaTy. A HMMEHHO,
crpaBeJI/InBa CJeJIyiollas TeopeMa.

2rIpI/I HpI/IHHTOﬁ HaMHM CXeME€ MU3JIOZKEHUA ITOHATUA JEeTECPpMUHAHTA.



IX. Akcuomarnueckoe olpeaesienne JeTepMrnHaHTA

Teopema 13 (06 akcMOMATHYECKOM OIpEAeJIEHUN JIETEPMUHAHTA)
ITyemo dynrxyua det™ xaorcdoti xkeadpammoti mampuue cmasum 6 coom-
BEMCMBUE YUCAO, NPUUEM BHINOAHAIOMCA CACOYIOULUE YMBEPAHCIEHUA:

1. ecau mampuua B noayuena us mampuyo, A ymmooicernuem i-mot
cmpoku na wucao X, mo det”(B) = A - det"(A);

2. ecau mampuyae B noayuena uz mampuuys A npubasienuem % i-mot
cmpoxe dpyeoti cmpoku mampuyve A, mo det”(B) = det™(A);

3. ecau B — edunuyunas mampuya, mo det”(E) = 1.

Toeda det™(A) = det(A).



IX. Akcnmomarmyeckoe olpeaesienne JeTepMrnHaHTA
Jloka3zaTeabCTBO TeOpPEeMbl 00 AKCMOMATHIECCKOM OIIPEJIe/IeHNN JIeTeD-
MUHAHTa MBI IPUBOJUTHL HE OYJIeM, ¢ HIM MOXKHO O3HaKOMUTLCS, Hallpu-

mep, B yaeonuke «Kypom A. I'. Kypc Bbiciieit anredbpsr.— M:. Hayka.—
1968.— 431 c.».



Cracu6o

3a
BHUMaHUue!

e-mail: melnikov@k66.ru, melnikov@r66.ru

caiiter: http://melnikov.k66.ru, http://melnikov.web.ur.ru

BepuyThca K cnucKy npe3eHTanmii?
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