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I. HekoTopnble IOHSATHUS TEOPUU CHUCTEM JIMHEHHbIX
YpaBHEHUIT

Sﬂer MbI OI'PaHNYINMCA [TIEPBOHaAYAJIbHBIMU CBEACHUAMN 1N HO,ZLpO6HbIM
N3JIOZKEHNEM O/JHOI'O M3 OCHOBHBLIX METO/0B pE€lI€eHNA CUCTEM JIMHENHBIX
ypaBuenuii: metoga I'aycca. /s permenns HEKOTOPHIX CUCTEM JIUHE-
HBIX YpaBHEHHII MOXKHO IPUMEHUTH (hbopmysibl Kpamepa.



I.1. OcnoBublie onpejesiennss Teopun CJIY

Onpenenenne 1. Cucremoii ypaBHEHUIA 0mHOCUMEADHO HEU3BECT-

HOLT X1, T2, . . ., Ty HAZLIGAETNCA GVPAAHCENUE 61U
(
filzr, 29, .. ) = gi(Ty, Tay - ., Ty,
< folxy, oy ... ) = go(x1, 2o, . .., Ty), )
\ f(x1, o, .o Tp) = gm(T1, T, ..., T).

Dmo ewvipasicenue npedcmasasem coboli 8vlcKa3viearue 00 00H08PEMEH-
HOT UCTNUHHOCTNU BCEXT YPAGHEHUT IMOT CUCTNEMDL.
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B ciaydae, Korjia ciucTeMa COCTOUT TOJIBKO U3 OJHONO YPaBHEHHUs, JIEBYIO
purypHyo ckobKy oOBIYHO He IUIIYT, TO €CThb I T
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2r —y =3 BMecTo {2x —y = 3.



I.1. OcnoBublie onpejesiennss Teopun CJIY

Onpenenenne 2. CucremMoii JUHEHHBIX YPaBHEHUIA 0MHOCUMENDHO
NEUBBECTVHBLY L1, T2, . . . , Ly HA3LLGACTNCA CUCMEMA YPASHENUT 61U

.
111 + A19T9 + ...+ ATy = bl,

911 + A99T9 + ...+ A9, = bg,

(2)

| ami7) + Aoty + ...+ Qpp Ty = by,

2de a;j — MEKOOPYIE YUCAA, Ha3bleaeMmole KOIDDUImEeHTAME 2Mmot Cu-
cmemul, u b, — makoce wucaa, Ha3v6aEMbIe CBOOOTHBIMYA YJIEHAMUI
cucmemuwt (2).
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B obmem ciydae a;; n b; ABigroTcsa sjeMeHTaMi HEeKOTOPOI'o KOJIBIIA.



I.1. OcnoBublie onpejesiennss Teopun CJIY
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cucmemuwt (2).

Ecau npu amom by =by=...=b,, =0, mo cucmema AUHETUHDBLT
ypasHeruti (2) nazvisaemcs OJHOPOISHON CHCTEMON JTMHEHHBIX
ypaBHeHuii (coxpawenrio OCJITY ).
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HeUHBr YypasHerull (2) nazwsaemcs HEOJTHOPOTHON CUCTEMOIA
suHelnbix ypaBuenuit (HCJLY ).



I.1. OcnoBublie onpejesiennss Teopun CJIY

Onpenenenne 2. CucremMoii JUHEHHBIX YPaBHEHUIA 0MHOCUMENDHO
NEUBBECTVHBLY L1, T2, . . . , Ly HA3LLGACTNCA CUCMEMA YPASHENUT 61U

.
111 + A19T9 + ...+ ATy = bl,

911 + A99T9 + ...+ A9, = bg, (2)

| ami7) + Aoty + ...+ Qpp Ty = by,

ede a;j — MEKOMOPLIE YUCAA, HA3DI6aEMbIC KOIDOUIUEHTAMM 9Mmoli cu-
cmembl, 4 bj — makdice wucaa, na3vieaemvie CBOOOJHBIMY YIeHAMM
cucmemuwt (2).

Haszpanne «cucrema JUHEHHBIX ypaBHEHNIT» 00yCJIOBIEHO TEM, 9TO BbI-
pakeHue a1ri + oXs + ...+ T, sBjsercsd JUHEHO KOMOMHAII-
el HeU3BECTHBIX T, L9, . .., L, C KOOMDPUIMEHTAMU (1, 9, . . . , (.



I.2. Hekoropnie ipodsiembr Teopun CJIY

KakoB Kpyr mpobjieM, KOTOPBIMU MBI JOJIKHBI 3aHUMaThCA B TEOPUN
CUCTeM JIMHEHHBIX ypapBHeHuii? Hayka pocrnpumHumaer m obpabdarbiBaeT
TOJILKO NHMOPMAINIO, TTPEJICTABIECHHYIO B OJ{HOM U3 CTaHJIAPTHBIX (DOPM.
I3 3T0T0 YyTBEPXKACHUS BBHITEKAIOT CJCAYIONINE 321891,

Bo-1iepBbIX, ciieyeT onpeaenTh HeCKOJILKO CTaHIaPTHBIX (POPM IIpe/I-
CTaBJICHUsI CUCTEMbI JINHEUHLIX YPaBHEHUI.
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CTaBJICHUsI CUCTEMbI JINHEUHLIX YPaBHEHUI.

Bo-BTOpbIX, aKTya/IbHBIM SIBJISIETCS BOIIPOC O PABHOCHIBHBIX ITpeobpa-
30BAHUSIX CUCTEMbl YPaBHEHUIA.



I.2. Hekoropnie ipodsiembr Teopun CJIY

KakoB Kpyr mpobjieM, KOTOPBIMU MBI JOJIKHBI 3aHUMaThCA B TEOPUN
CUCTeM JIMHEHHBIX ypapBHeHuii? Hayka pocrnpumHumaer m obpabdarbiBaeT
TOJILKO NHMOPMAINIO, TTPEJICTABIECHHYIO B OJ{HOM U3 CTaHJIAPTHBIX (DOPM.
I3 3T0T0 YyTBEPXKACHUS BBHITEKAIOT CJCAYIONINE 321891,

Bo-1iepBbIX, ciieyeT onpeaenTh HeCKOJILKO CTaHIaPTHBIX (POPM IIpe/I-
CTaBJICHUsI CUCTEMbI JINHEUHLIX YPaBHEHUI.

Bo-BTOpbIX, aKTya/IbHBIM SIBJISIETCS BOIIPOC O PABHOCHIBHBIX ITpeobpa-
30BAHUSIX CUCTEMbl YPaBHEHUIA.

B-Ttperbux, »KejarejibHO pa3padoTaTh aJIrOpUTM IIpeodpa3oBaHusd CHU-
CTeMBI ypaBHEHNI K HanboJIee BayKHBIM CTaHIapTHBIM (bopMaM Ipe/icTaB-
JICHUS.



I.3. Cranmaptable dpopMbl npeacTapienus CJIY

Leaws 1. Pazpabomamv cmandapmmovie dopmor npedcmasienus cucme-
ML ANUHETUHDLT YPasHeHUul.

st cosmanmst Jpyrux CTaHJapTHBIX (GOPM MPEJICTaBICHUS CHCTEMBI
JIMHEIHBIX ypaBHEHUII HAM HaJ0 ONPeAe/IMThCI C IeJsIMU UX CO3JIaHusl.
Haunem ¢ kommakrTaoctu. @opma ripejicrapiehis (2) HEPEJIKO OKa3bIBa-
eTCsl YPE3MEPHO T'POMO3IKOIM MIPU MOJIYyIeHUN (POPMYJ U APYIUX PE3YIb-
TaTOB TEOPETUYECKOI'0 aHaJIM3a.
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ai ai2 A1n b1

a1 a22 Aon b2
T+ To+ ...+ T, =

Am1 Am2 Amn bm

Mcnonb3yst «yMHOX>KeHne MaTPUIl Ha MaKPOYyPOBHE», IIOCJIeIHee pa-
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I.3. Cranmaptable dpopMbl npeacTapienus CJIY

Leaws 1. Pazpabomamv cmandapmmovie dopmor npedcmasienus cucme-
ML ANUHETUHDLT YPasHeHUul.

ai ai2 Ain b1

a1 a22 A2n b2
T+ To+ ...+ T, =

Am1 Am2 Amn bm

Hcronb3ysa «yMHOXKeHne MaTpull Ha MaKpPOypPOBHEes, Moc/e/iHee pa-
BEHCTBO, PABHOCH/IbHOE cucTeMe (2), MOXKHO PEJICTABUTH B BUJIE

ayip a2 ... QAaip Iy by
as1 Ao ... Aop i) b2

Am1 Am2 ... Amp Ln bm



I.3. Cranmaptable dpopMbl npeacTapienus CJIY

Leaws 1. Pazpabomamv cmandapmmovie dopmor npedcmasienus cucme-

ML ANUHETUHDLT YPasHeHUul.

Nrak, mobyio cuctemMy JIMHEHHBIX ypaBHEHUN (2) MOXKHO IpeJ-
CTABUTHL B BUJIe MaTpudHoro ypapaenuss AX = B, rie

aip a2 ... QAin I b1

as1 a2 ... a9 T2
A= " X = B =

Am1 Am2 ... Amnp I



I.3. Cranmaptable dpopMbl npeacTapienus CJIY

Leas 1. Pazpabomamv cmandapmmovie dopmor npedcmasienus cucme-
ML ANUHETUHDLT YPaSHEHUL.

Nrak, J00yIo crcTeMy JIMHEHBIX ypaBHeHNIT (2) MOYKHO TIPEJICTABUTh
B Bujie MaTpuuHoro ypapaenns AX = B, rie

a1 a1 ... Qain I bl

as1 Ao ... QA9 I bg
A p— n 5 X p— 3 B pr—

Aml Qm2 - . G, Tn b,

Huxxe ™Mbl mojpoOnee 3aiimMeMcss MaTPUIHBIMKM - YPaBHEHUSIMU  BHJIa,
AX = B. lInrepec K TaKiM ypaBHEHUSM BbI3BaH, B YACTHOCTH, TEM 00-
CTOATEIHCTBOM, UTO JJIsl OTHICKAHHUS 00PaTHON MaTPUITHI MOYKHO PEIIUTh
maTpuunoe ypapaenne AX = FE, rine E — ejnandHasg MaTPUIQ COOTBET-
CTBYIOIIE pa3MepHOCTH.



I.3. Cranmaptable dpopMbl npeacTapienus CJIY

Leaws 1. Pazpabomamv cmandapmmovie dopmor npedcmasienus cucme-
ML NUHETHOLL YPaSHEHUL.

Hemocratkom crucrembl ypashennii (2), KOTOPbI# COXpaHSIETCS U B
bopme (3) ocraercs HeoueBUHOCTD 3HAMEHUI TEPEMEHHDBIX, IIPH KOTO-
PBIX BBITIOJTHSIIOTCST BCE PABEHCTBA CUCTEMBbI (2) 1 MATPUYHOE ypaB-
Henue (3).



I.3. Cranmaptable dpopMbl npeacTapienus CJIY
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Henue (3).
Wemob3yst  CTpaTernio  MpUOPUTETHOTO — U3yUCHHUST

9KCTPEMAJIbHBIX CUTYyallldil, MOYKHO BBIJIEIUTH Hau-
bosiee  mpocTyro  QOpMY  HPEACTABJIECHUs  CUCTEM
JIMHEMHDBIX YPaBHEHUI:



I.3. Cranmaptable dpopMbl npeacTapienus CJIY

Leaws 1. Pazpabomamv cmandapmmovie dopmor npedcmasienus cucme-
ML NUHETHOLL YPaSHEHUL.

Heocrarkom cucrenmbl ypashennii (2), KOTOpbIi COXpAHSAETCST U B
dopme (3) ocraercst HEOUEBIIHOCTD 3HAUEHUIT TEPEMEHHBIX, TP KOTO-
PBIX BBIMOJIHSIIOTCST BCE PABEHCTBA CUCTEMBI (2) 1 MATPUYHOE ypaB-

Henue (3).

Mcnosnsys  CTPATErnio  HPUOPUTETHOrO — M3ydenns (. — .
)

9KCTPEMAJILHBIX CUTYAIllil, MOXKHO BBIJICTUTD HAH- Ty = Us:
)

Gosee  TpocTyio  OPMY  IPEJACTABJICHHsT  CHCTEM
JIMHEMHDBIX YPaBHEHUI:

Ty = Uy,
\



I.3. Cranmaptable dpopMbl npeacTapienus CJIY

Leaws 1. Pazpabomamv cmandapmmovie dopmor npedcmasienus cucme-
ML NUHETHOLL YPaSHEHUL.

Heocrarkom cucrenmbl ypashennii (2), KOTOpbIi COXpAHSAETCST U B
dopme (3) ocraercst HEOUEBIIHOCTD 3HAUEHUIT TEPEMEHHBIX, TP KOTO-
PBIX BBIMOJIHSIIOTCST BCE PABEHCTBA CUCTEMBI (2) 1 MATPUYHOE ypaB-

Henue (3).

Ncnonb3yst  cTpaTernio  NPUOPUTETHOIO  U3yUEHUSs ( L1 = U
)

9KCTPEMAJIbHBIX CUTYyallldil, MOYKHO BBIJIEIUTH Hau- Ty = Uy
)

Gosee  TpocTyio  OPMY  IPEJACTABJICHHsT  CHCTEM

JIMHEHBIX YpaBHEHUII: z, = U,

\
Taxum oOpasoM, aKTyaJbHOI siBjgerTcs 3ajada npusejenns CJIYV k
JTAHHOMY BH/LY.



I.3. Cranmaptable dpopMbl npeacTapienus CJIY

Leaws 1. Pazpabomamv cmandapmmovie dopmor npedcmasienus cucme-
ML NUHETHOLL YPaSHEHUL.

Heocrarkom cucrenmbl ypashennii (2), KOTOpbIi COXpAHSAETCST U B
dopme (3) ocraercst HEOUEBIIHOCTD 3HAUEHUIT TEPEMEHHBIX, TP KOTO-
PBIX BBIMOJIHSIIOTCST BCE PABEHCTBA CUCTEMBI (2) 1 MATPUYHOE ypaB-

Henue (3).

Ncnonb3yst  cTpaTernio  NPUOPUTETHOIO  U3yUEHUSs ( L1 = U
)

9KCTPEMAJIbHBIX CUTYyallldil, MOYKHO BBIJIEIUTH Hau- Ty = Uy
)

Gosee  TpocTyio  OPMY  IPEJACTABJICHHsT  CHCTEM

JIMHEHBIX YpaBHEHUII: z, = U,

\

Ha sy 3ajga1y MOXKHO BBINTU U U3 IPYTHX COOOPaAXKEHMII.



1.4. Pemenue CJIY

[lonsarue «perenne cuCTeMbl JUHEHHBIX ypaBHEHHUil» Ha IepPBLIT
B3IJIS I ABJIAETCS HECJIOZKHBIM.



I.4.1. Hactnoe pemnienne CJIY

Omnpenienenne 3. PerenneM (u4u 9acTHBIM peIlIeHHEM ) cucme-
Mot (1) naswsaemes maxoti nabop 3Havenut uy, Uy, . . ., Uy HEUSGECI-
HOIT T1, L9, . .., Ty, WIMO NPU NOICMAHOGKE IMUT 3HAYEHUT BMECTNO CO-

omeemcmaeyrnuwur NEPEMEHHLT 6 Kaotcdoe YpPasHEHUE CUCTNEMDL TLOAYUA~
EMCA GEPHOE 6HICKA3BIGAHUE.



I.4.1. Hactnoe pemnienne CJIY

Omnpenienenne 3. PerenneM (u4u 9acTHBIM peIlIeHHEM ) cucme-
Mt (1) nasvisaemes makotd HabOp 3HAMENUT Uy, U, . . . , Uy HEUSEECT-
MOIL L1, L2, -+« y Ty, WIMO NPU NOOCTNAHOBKE IMUT ZHAYENUT BMECNO CO-
OMBEMCMEYIOUUT NEPEMEHHDIT 6 KaHCIOE YPABHEHUE CUCTNEMDL NOAYUA-
eMCA BEPHOE GOICKAZDIBANUE.

Hanpumep, nHabop 3HadeHnit 3, —4 HEM3BECTHBIX, COOTBETCTBEHHO, I, 1

L 2yt =25

SIBJIsIeTCsl pellleHueM CUCTeMbl YpaBHEHU | TOCKOJIEKY
r—y=—1,

[IpU TOJICTAaHOBKE & = 3, Yy = —4 KayKjl0e U3 ypaBHEHUIl «IIpeBpaliaeT-

CdAd» B UCTUHHOC BbLICKa3bIBaHUE.



I.4.1. Hactnoe pemnienne CJIY

Omnpenienenne 3. PerenneM (u4u 9acTHBIM peIlIeHHEM ) cucme-
Mot (1) naswsaemes maxoti nabop 3Havenut uy, Uy, . . ., Uy HEUSGECI-
HOIT T1, L9, . .., Ty, WIMO NPU NOICMAHOGKE IMUT 3HAYEHUT BMECTNO CO-
OMBEMCMBYIOULUT NEPEMEHNBIT 6 KANCIOE YPASHEHUE CUCTNEMDL NOAY -
EMCA BEPHOE BHICKAZBIBANUE.

EcrecTBenHbIM 00pa30M BO3HUKAET BOIPOC O CTAHJIAPTHBIX (hOPMax 3a-
nanus perternst ypapuenust. [Ipuaiun Opursbl OKKama mpe/nchBaeT
110 BO3MOYKHOCTU OOOHTHCH Oe3 CYIEeCTBeHHO HOBBIX KOHCTpYKIHii. By-
JIEM OTTAJKHBATBCS OT PACCMOTPEHHBIX (popM (3) 3a/aHKsT CUCTEMBI
JINHENHBIX ypaBHeHuil (2).



I.4.1. Hactnoe pemnienne CJIY

Omnpenienenne 3. PerenneM (u4u 9acTHBIM peIlIeHHEM ) cucme-
Mot (1) naswsaemes maxoti nabop 3Havenut uy, Uy, . . ., Uy HEUSGECI-
HOIT T1, L9, . .., Ty, WIMO NPU NOICMAHOGKE IMUT 3HAYEHUT BMECTNO CO-
OMBEMCMBYIOULUT NEPEMEHNBIT 6 KANCIOE YPASHEHUE CUCTNEMDL NOAY -
EMCA BEPHOE BHICKAZBIBANUE.

B urore nosydaeM jiBe cTangapTHbIe (DOPMBI 3a/IaHns pelleHns ypaB-

HeHu4d: ,

Tl = Uy, X1 Uy

S B el B D

Lp = Up L Un,




I1.4.2. CoBMecTHBIE I HECOBMECTHBIE CHCTEMbI

Onpenenenne 4. Ecau cucmema (1) umeem xoms 6v 00no pewenue,

OMa HaA3bi6aEMCHA COBMECTHOM cucmemotl, ecal ace y amot cucmembl
peuerult Hem — mo HECOBMECTHOM.



I1.4.2. CoBMecTHBIE I HECOBMECTHBIE CHCTEMbI

Onpenenenne 4. Ecau cucmema (1) umeem xoms 6v 00no pewenue,
OHa HA3bIBAEMCA COBMECTHOM cucmemoti, ecau dice y Imoti cucmembol
pewenuti Hem — mo HeCOBMECTHOIA.

Cucrema ypaBHEHUI MOXKeT MMeTb He OJIHO pereHue. V3BecTHO, 4TO,
HaIpUMep, CHCTeMa JIMHEHBIX ypaBHEeHHi b0 HeCOBMECTHaA (HE HMeeT
periennit), b0 UMeeT eIMHCTBEHHOE pellleHne, JTubo UMeeT OeckoHeyHO
mno2o pemmennii. B gacraoctu, CJIYV He MOXKeT IMeTh POBHO 2 PEIIeHHSI.



I1.4.2. CoBMecTHBIE I HECOBMECTHBIE CHCTEMbI

Onpenenenne 4. Ecau cucmema (1) umeem xoms 6v 00no pewenue,

OMa HaA3bi6aEMCHA COBMECTHOM cucmemotl, ecal ace y amot cucmembl
peuerult Hem — mo HECOBMECTHOM.

Cucrema ypaBHEHUI MOyKeT MMeTb He OJHO pellleHue.



I1.4.2. CoBMecTHBIE I HECOBMECTHBIE CHCTEMbI

Onpenenenne 4. Ecau cucmema (1) umeem xoms 6v 00no pewenue,
OHG HA3VIBAEMCA COBMECTHOM cucmemoti, ecau oce Yy amoti cucmemol
pewerutl Hem — mo HeCOBMECTHOIA.

Cucrema ypaBHeHHUIT MOXKET UMeTh He OJIHO Pelllenie.

3BecTHO, UTO, HAllpUMeEp, CUCTEMa JIMHEHHBIX YpaBHEHUIT 1100 HECOB-
MeCTHa (He MMeeT peIeHwit), MO0 UMeeT eJMHCTBEHHOE pellieHre, JIHOO0
uMeer beckoneuro mroezo pemennii. B gacraocru, CJIY He MOXKeT mMeTh
POBHO 2 perenus. BriocsiencTBun MblI MOJAPOOHEE M3YUUM MHOHCECTNGO
pelleHnii cucreMbl JTUHENHBIX yYpaBHEHHM, a ceiigac oOCYJIUM BOIIPOC O
TOM, KaK MOYKHO 38JIaTh 9TO MHOYKECTBO.



I1.4.2. CoBMecTHBIE I HECOBMECTHBIE CHCTEMbI

Onpenenenne 4. Ecau cucmema (1) umeem xoms 6v 00no pewenue,
OHG HA3BIBAETNCA COBMECTHOM cucmemot, ecau swce y amotl cucmemol
pewenuti nem — mo HECOBMECTHOMA.

Cucrema ypaBHeHUil MOXKET UMETh He OJIHO PelleHHe.

Hanpumep, obiiee perieHne  CHCTEMBbl U3 OJHOTO  YPABHEHU
T — 2y + 32 = 2 MOXKHO IIPEJICTABUTh B BUJIE



I1.4.2. CoBMecTHBIE I HECOBMECTHBIE CHCTEMbI

Onpenenenne 4. Ecau cucmema (1) umeem xoms 6v 00no pewenue,
OHG HA3BIBAETNCA COBMECTHOM cucmemot, ecau swce y amotl cucmemol
pewenuti nem — mo HECOBMECTHOMA.

Cucrema ypaBHeHUil MOXKET UMETh He OJIHO PelleHHe.

Hanpumep, obiiee perieHne  CHCTEMBbl U3 OJHOTO  YPABHEHU
T — 2y 4+ 32 = 2 MOXKHO IIPEJICTaBUTh B BUJIE T =



I1.4.2. CoBMecTHBIE I HECOBMECTHBIE CHCTEMbI

Onpenenenne 4. Ecau cucmema (1) umeem xoms 6v 00no pewenue,
OHG HA3BIBAETNCA COBMECTHOM cucmemot, ecau swce y amotl cucmemol
pewenuti nem — mo HECOBMECTHOMA.

Cucrema ypaBHeHUil MOXKET UMETh He OJIHO PelleHHe.

Hanpumep, obiiee perieHne  CHCTEMBbl U3 OJHOTO  YPABHEHU
xr — 2y 4+ 3z = 2 MOXKHO IPEJICTaBUTh B BUJe T = 2 + 2y — 32.



I1.4.2. CoBMecTHBIE I HECOBMECTHBIE CHCTEMbI

Onpenenenne 4. Ecau cucmema (1) umeem xoms 6v 00no pewenue,
OHG HA3BIBAETNCA COBMECTHOM cucmemot, ecau swce y amotl cucmemol
pewenuti nem — mo HECOBMECTHOMA.

Cucrema ypaBHeHUil MOXKET UMETh He OJIHO PelleHHe.

Hanpumep, obiiee perieHne  CHCTEMBbl U3 OJHOTO  YPABHEHU
xr — 2y 4+ 3z = 2 MOXKHO IPEJICTaBUTh B BUJe T = 2 + 2y — 32.

Takyio 3a11Ch MOKHO UHTEPIPETUPOBATE CJIEYIONIUM 00PA30M: T Mbl
CUUTAEM «HACTOAIIEH HEM3BECTHON», & NepeMeHHble ¥, 2 — «IlapamMeTpa-
MU



I1.4.2. CoBMecTHBIE I HECOBMECTHBIE CHCTEMbI

Onpenenenne 4. Ecau cucmema (1) umeem xoms 6v 00no pewenue,
OHG HA3bLEAEMCA COBMECTHOM cucmemotl, ecau oce y amoti cucmemb
pewerutl Hem — mo HECOBMECTHOI.

Cucrema ypaBHeHHUIT MOXKET UMeTh He OJIHO Pelllenie.

Hampumep, o0rmiee pelienne cUCTeMbl U3 OJHOINO  ypaBHEHUd
xr — 2y 4+ 3z = 2 MOXKHO IPEJICTaBUTh B BUJe T = 2 + 2y — 32.

Takyio 3amuch MOYKHO UHTEPIIPETUPOBATD CJIETYIONINM 00PAa30M: T Mbl
CUNTaeM <«HACTOsAIEe!l HEM3BECTHOIY, a llepeMeHHbIe I, 2 — <«IlapaMeTpa-
MU

Ecin «mapamerpam» ¥, 2 1pujiaTh POU3BOJIbLHbIE 3HAYEHUS U BbI-
JUCJIUTE 110 popMmysie T = 2 4 2y — 32z 3HaUeHne «HacTOAIeN TepeMen-
HOIT» T, TO IOJIYIeHHbII HAOOp 3HAYEHUI IlepeMeHHbBIX T, Y, 2 OyIeT pe-
MeHneM UCXO/HON cucteMbl & — 2y + 32 = 2.



1.4.2. CoBMmecTHDBIE 1 HCCOBMECTHBIE CUCTEMBI

Dopwma 3amnucu pemieHus, peacTaBsionas codoii CUCTEMY BbIpazKe-
HUI JIJIs1 «HACTOSIIMX [IePEMEHHbBIX» Uepe3 Te lIepeMeHHbIe, KOTOPbhIe CUl-
TaIOTCd «IIapaMeTpaMuy, yaobHa JId caydasd, KOTja MCXOAHAd CHUCTEeMa
ObLa pejcTaBieHa B hopue (2). Ko xke nexonast cucrema ObLia mpe;i-
cTaB/ieHa B MaTpUIHOil hopme (3), TO U OTBET KeJIATeTHHO TTPEeJICTABUTh
B MaTpUUHON hopMme. DTO MOXKHO cjiejlaTh, HAIIPUMED, CJIEIYIONIM 00-
pPazoM.



I1.4.2. CoBMecTHBIE I HECOBMECTHBIE CHCTEMbI

O6oznaunm depes C, D 3Ha4YeHUs, COOTBETCTBEHHO, IIEPEMEHHBIX 1/, 2.
r=2+4+2C—-3D;

Torpa penieHne MOYKHO IpeJICTaBUTh B Buje ¢ y = C W
z=2D
T 2 1 -3 2 —3 C 2
y |=(10||+C| 1 |+D Ol=1(11 0 < D )+ 0
z 0 0 1 0 1 0

Takast popma rpejicTaBieHns oTBeTa (CM. TaKzKe [IPINED U [IPHMep) T10-
JIO?KEHA B OCHOBY CJICJIYIOIIEIO OIPEIC/ICHUA.



I.4.3. Obmiee penteane CJIY
Ompegenenne 5. Cucmema gynryud {goz-(C'l, Cy .o, Ch) ‘ 1<i< n}

HA3DIGAEMCA OOIIUM PEIIEHUEM cucmemol, ypasnenuti (2), ecau
BO-MIEPBLIX, Npu  A00ur  3Havenuar P, P, ..., P. nepemenHvix
(
xry = Spl(Pl)PQ)"')Pk‘))

b p A ACNAECMCA
C1,Cy, ..., Ck nabop < zy = 0B, By, s B, peULeHUeM

cucmemvt (2);

xnzgpn(P17P2,...7Pk‘>

\

(4 = . cucmemvt (2)

_ natidemes
To = U9,
BO-BTOPBIX, 044 1100020 PEWEHUA maxoti nabop “ucen

Ty = Uy, P17P27°"7Pn7
\
umo u; = @i( P, Py, ..., Py) das ecexi € {1,2,...,n}.

Paccmorpum pumep?




II. Metoanl pemenusa CJIY

YHHUBePCAJILHON PO yphl PelIeHnsl CIUCTeM ITPOU3BOJILHBIX YpaBHe-
HUII He CyIIecTByeT. B oTiinumne oT obieil cuTyamuu, JJid CUCTeM JIMHET-
HBIX ypaBHEHWI TaKue IPOIeAyphl JaBHO M3BECTHBI. MBI paccMOTpUM
TOJBKO 2 W3 HUX: perienne ¢ nomornipio hopmyst Kpamepa (mpume-
HIMA TOJIbKO K OTHOCHTEIBHO Y3KOMY KJIACCY JINHEHHBIX ypaBHEHU) U
pemerne Metojiom l'aycca. Ceiigac Mbl PaCcCMOTPUM METOJI PEIICHUSI,
ocHoBaHHBI Ha (hopmystax Kpamepa (perierue cucreMbl u3 n JinHedi-
HBIX YPABHEHUI ¢ 7 HEM3BECTHBIMH), & MOTOM IOPOOHO OOCY/TUM METO/I,
bosiee yHUBEpCaJbHBIN 1 60Jee 3pDEKTUBHBIN JIJId CUCTEM C OOJILITUM
YUCJIOM HEMB3BECTHBIX, TaK HasbIBaeMblil memod [aycca.



I1.1. ®opmyabr Kpamepa

Teopema 1 (Kpamep). ITycmo mampuya A xoadpduyuenmos cucme-
ML AUHETHBLT YypasHerutll (2) — ksadpammuas, mo ecmv m = n,
npuvwem det A # 0. Ilonoorcum A = det A, u, daa k{1,2,...,n}, obosna-
wum wepes Ay, demepmunanm mampuyol, noayuennot us A samenol
k-20 cmoabua cmosbyom c60000HVIT YNEHOB, MO €CTND

aii ... @ip—1 b1 aip41 ... aiy

ar1 ... A r—1 b2 ak+1 ... a9
Ay = det | % ’ ot "

an1 --. Apk—1 bn Ank+1 --- Qnnp

Tozda cnpasedausnv, cacdyrowsue Gopmyavt, Hadvieaemvie POPMYTIAMM

Kpamepa: ) = %

Paccmorpum nipumep ¢ maeeii Jjoka3zaTeabcTBa?



I1.1. ®opmyabr Kpamepa
(

X
xl — 561,
To = Xh
JokazaresbeTBO. [IycTh < 27— pemenne cucreMsbl (2). Uc-
_ *
| Tn =,

II0JIb3YS CBOMCTBA JIETEPMUHAHTA, MOy YaeM:



I1.1. ®opmyabr Kpamepa
(

xl — 561,
To = Xh
JokazaresbeTBO. [IycTh < 27— pemenne cucreMsbl (2). Uc-
_ *
| Tn =,

II0JIb3YS CBOMCTBA JIETEPMUHAHTA, MOy YaeM:

ayl ... Qrg—1 Q1 Aik4+1 --- Ain

)

A x*_det a’2,1 a’2,/€—1 a2,k; CLQ,]@_}_l CLQm
X =

an1 --- Ank-1 Ank Ank+1 --- Qpp



I1.1. ®opmyabr Kpamepa
(

X
xl — 561,
To = Xh
JokazaresbeTBO. [IycTh < 27— pemenne cucreMsbl (2). Uc-
_ *
| Tn =,

II0JIb3YS CBOMCTBA JIETEPMUHAHTA, MOy YaeM:

arl --- Ark-1 @1k Arg+1 --- Ain
a1 ... A2k—-1 Ak A2 k41 ... A2
A - xp = det ’ ’ ekt Ty =
an1 --- Ank—-1 Ank Ank+1 --- Qpp
%
ayl ... Arg—-1 A1 ipTp Q1 k+1 --- Q1p
*
— det a1 ... A2k—-1 A2kLy A2f4+1 ... A2n

*
anp1 --- k-1 An kX Qpk41 --- App



I1.1. ®opmyabr Kpamepa
(

*x

xl — 561,
To = Xh
JokazaresbeTBO. [IycTh < 27— pemenne cucreMsbl (2). Uc-
_ *
| Tn =,

II0JIb3YS CBOMCTBA JIETEPMUHAHTA, MOy YaeM:

*
ayl ... Ar k-1 Q1T Q1k+1 ... Q1p
*
A - 7" = det azil ... Agkp—1 @2k(Tp A2k+1 ... A2p
L xp =
*
an1 -+ Apnk—1 AngXy Ank+1 --- dnnp

Kaxk m3BecTHO, JIeTepMUHAHT HE U3MEHUTCS, €CJIM B MOC/IeJHEl MaTpHIle
3aMEHUTH k-ii cTosibernr cymMMoil k-ro crosbia ¢ JinHeiiHO KoMOuHalmeii
OCTAJIbHBIX CTOJIONOB. B KadecTBe KO3 DUIMEHTOB BbIOEpEM YHUCIA T]
JUI 1IepBoro crosidna, x5 — JJid BTOporo m T.J1. Torja sjieMeHT g-oif
CTPOKHU k-ro cToJi0a OyJI1eT UMEeTh BUI:



I1.1. ®opmyabr Kpamepa
(

X
xl — 561,
To = Xh
JokazaresbeTBO. [IycTh < 27— pemenne cucreMsbl (2). Uc-
_ *
| Tn =,

II0JIb3YS CBOMCTBA JIETEPMUHAHTA, MOy YaeM:

k
ayl ... Q1g—1 Q1T A1+l --- Alp
*
A - 2* = det as1 ... A2k—1 A2k, A2k+1 ... A2p
L xf =
k
an1 -+ Ank—1 AngXy Ank+1 --- Annp

Tornma smeMeHT g-0ii CTPOKHU k-ro cTojbIa OyaeT IMeThb BU/I:

* * * * *
Gq,17] + ...+ Qg k1T +aq 1Ty + Qg k+1% 41 4+ ...+ AgnTy,
vV TV
JUHEeNHAas KOMOWHAITNST JIMHeHas KOMOUHAIIS dJ1e-

9JIEMEHTOB 1epBbIX k — 1 MEHTOB IIOCJIeJHUX n — k
CTOJIOIIOB CTOJIOIOB




I1.1. ®opmyabr Kpamepa

JlokazaresbcTBO. CJie/IoBaTeIbHO,

n
*
ayr ... Arg—1 Z A1ply A1k+1 -+ Aln
p=1
n
%
At a1 ... Agk—1 Z aA2pLy, A2k+1 --- A2
" = p=1
n
*
a/n71 .« .. an’k_l Z an7pajp an7k+1 .« .. an’n
Ho nabop wucen xi, x5, ..., 2} dBisercs perieHneM cucteMbl (2), 1mo-

n
STOMY ) | Qg Ty = by, TO ecTh

p=1



I1.1. ®opmyabr Kpamepa

JlokazaresbcTBO. CJie/IoBaTeIbHO,

aii

?

21

n
*
p=1

aip—1 b1 aips1
asp—1 b2 @2p+1

Qp k—1 bn Qp k+1

a1,k+1

a2 k+1

Qp k+1

ain

?

a2 n

Qpn

ain

a2 n

Th*




I1.1. ®opmyabr Kpamepa

JlokazaresbcTBO. CJie/IoBaTeIbHO,

n
%
ayr ... Arg—1 Zch,pﬂﬁp a1 k+1 .-+ Q1pn
p=1
n
*
At — azi ... ak—1 ZGQ,prp agk+1 --- a2p
I p=1
n
*
anp1 --- Apk—1 Zan,pxp Ank+1 --- Qpnp
p=1
A

CiiejioBaTeibHO, Tf = %, 4TO U TPeHOBAJIOCH JOKA3ATD.

Paccmorpers npumep?




I1.2. Metox I'aycca: cay4daii e ITMHCTBEHHOI'O PellleHus]

Crauajia Mbl pacCcMOTPUM MeTo ['aycca (MeTo 1 HCKTIOUeHUST HEU3BECT-
HBIX) H& IIPOCTOM IIPUMEDE.

Metoj 'aycca pemenust CJIY HazbIBarOT erie Memodom UCKAIOUEHUA
neussecmuoir. Meron l'aycca ocHoBaH Ha IpeoOpa30BAHUSX CHCTEMBI
yVPaBHEHUI, MPUBOASIINX 3Ty CHUCTEMY K, B HEKOTOPOM CMbBICJIE, MaK-
cuMaJbHo mpoctoMmy Buay. CHadasa j1o0beMcst, 4TOObI, HaIpUMeEp, IIe-
peMeHHas X OCTajach TOJbLKO B IepBOM ypaBHeHUHU. Kak 910 cjenars?
PaccmorpuMm «apcenasi» jocTynHbix cpeacts. CHadasia paszdepeMmcsi, Ka-
Kue mpeodpas3oBatnsd JOIMyCTUMBIL. [Ipu perennn cucreMbl ypaBHeHH HaC
cefivac mMHTEpecyeT TOJbKO MHOXKECTBO pelleHuil 3Toil cucreMbl. 1TosTo-
MY JOIYCTUMBIMU CJIEJIYET CUMTATh TaKue Ipeobpa30BaHusi, KOTOpPble He
N3MEHAIOT MHOYKECTBO pelllennii cucteMbl ypaBHenuii. [Ipexk e gem mpo-
JIOJIPKUTH PEIlIeHIe 9TOr0 IpUMepa, pacCMOTPUM HECKOJIBKO HOBBIX ITOHSI-
THIA.



I1.2. Metox I'aycca: cay4daii e ITMHCTBEHHOI'O PellleHus]

Omnpenenenue 6. /[se cucmemv, ypasHenull Ha3vi8a0mMcs PaABHOCUITb-
HBIMU, CCAU MHOIHCECTNEO PEULCHUT NePEOT CUCTEMBL PAGHO MHOACECTNEY
peueruts 6mopot cucmemul YpasHeHul.



I1.2. Metox I'aycca: cay4daii e ITMHCTBEHHOI'O PellleHus]

Omnpenenenue 6. /[se cucmemv, ypasHenull Ha3vi8a0mMcs PaABHOCUITb-
HBIMU, CCAU MHOIHCECTNEO PEULCHUT NePEOT CUCTEMBL PAGHO MHOACECTNEY
peueruts 6mopot cucmemul YpasHeHul.

VnbpiMu cjoBaMu, CUCTEMBI ypaBHEHUN PABHOCHJILHBI TOTJIA U TOJBLKO
TOr/1a, KOTJIa BCAKOE pelleHne HepBOil CUCTEMbI ABJIACTCA PElIeHneM BTO-
poil cucTeMbl 1 HA0OOPOT, BCSIKOE pellleHne BTOPOIl cucTeMbl ypaBHEHMUIT
ABJISIETCS PEIIeHUeM I1ePBOil CUCTEMDI.



I1.2. Metox I'aycca: cay4daii e ITMHCTBEHHOI'O PellleHus]

Omnpenenenue 6. /[se cucmemo, YypasHenul Ha3vi6aomcs PaAaBHOCUAITb-
HBIMU, €CAU MHOHCECTNEO PEUEHUT NEePEOTL CUCTEMDL PAGHO MHOHCECTNEY
peweHutt 6Mmopotl cucmemol YpasHeHUU.

VnbpiMu cjoBaMu, CUCTEMBI ypaBHEHUN PaBHOCHJILHBI TOTJIA U TOJHKO
TOr/1a, KO/l BCAKOE pelleHne HepBOil CUCTEMbI SBJACTCd PEelIeHneM BTO-
poil cucTeMbl 1 HA0OOPOT, BCIKOE pelleHne BTOPOIl CUCTEMBI ypaBHEHMUI
ABJISIETCS PEIICHUEM I1ePBOil CUCTEMDI.

[Tepexon K mocse el hopMyIMpPOBKE OCYIIECTBIICH C TTOMOIIBIO OITpe-
JIeJIeHsT paBeHCTBa, MHOXKeCTB. JleficTBUTE/IbHO, IIyCTh A — MHOKECTBO
pelIeHnii IepBoil cucTeMbl ypaBHeHUil, B — MHOXKECTBO pelIeHuni BTOPOil
cucreMbl. Torja BeicKasbiBanue A = B, corjiacHo onpedenenuto paBeH-
CTBa MHOYKECTB, O3Ha4YaeT, ITO JII0OOoi s/1emeHT MHOXKecTBa A (TO ecTh
pelleHne MepBoil CHCTEMBI) SIBJISIETCST 9JIEMEHTOM MHOXKecTBa B (TO ecTh
pereHneM BTOPOil CHCTeMbI) U HA0OOPOT.



I1.2. Metox I'aycca: cay4daii e ITMHCTBEHHOI'O PellleHus]
PaccMmorpum ciejytomnine npeobpa3oBaHus CUCTEMbl YpPaBHEHMIT,

e [Ipoussesienuem ypasuenus f(xy,To,...,2,) = g(T1,22,...,Ty)
Ha 9HC/I0 A HazoBeM ypaBHenue A f(xy, To, . .., Ty) = Ag(T1, Ta, . . ., Tp);
e Cymmoit  ypasrennit  f(xy,xo,...,2,) = g(T1, Ty ..., Ty) 1
w(T1, T, ..., Ty) = v(T1, X2, ..., Ty) HA30BEM yDABHEHUE
flxy, o, ..., xy) +ul(xy, 9, ..., x,) =

= g(x1, T, ..., 2,) +U(T1, Tay ..., Tp).



I1.2. Metox I'aycca: cay4daii e ITMHCTBEHHOI'O PellleHus]

OKa3bIBaeTCd, JIJIsl PeIIeHusl CUCTeM JIMHEHHbIX YpaBHEHHI HaM J0CTa-
TOYHO OI'DaHUYIUTHCA CJICAYIOIIMMN HpeO6p&SOB&HI/IﬂMI/I CUCTEMBI YpaBHE-
HUIL:



I1.2. Metox I'aycca: cay4daii e ITMHCTBEHHOI'O PellleHus]

OKa3bIBaeTCd, JIJIsl PeIIeHusl CUCTeM JIMHEHHbIX YpaBHEHHI HaM J0CTa-
TOYHO OI'DaHUYIUTHCA CJICAYIOIIMMN HpeO6p&SOB&HI/IﬂMI/I CUCTEMBI YpaBHE-
HUIL:

® [IcpeCTaHOBKa ypaBHeHI/Iﬁ CUCTEMDI. I‘I&HpI/IMep7 pPaBHOCHUJIbHBIMU fB-

—T =y =2 —T =y =2
JIAIOTCS CUCTEMBl { 20+ 3y —2=1 u z+y+z2z=3 | Hoiayda-
r+y+z=23 20 +3y —z=1

eMble JIPYT U3 JIpyra IMepecTaHOBKO BTOPOIO U TPEThEr0 YPaBHEHMUII;



I1.3. D1emenTapHbIe TpeoOpa30BaHUsI CUCTEM ypaBHe-
HUMN

OKa3bIBaeTCA, JIJIsl PeIIeHns CUCTeM JIMHEHHBIX YpaBHEHHI HaM J0CTa-
TOYHO OI'DaHUYIUTHCA CJICAYIOIIMMN HpeO6paSOB&HMHMH CUCTEMBI YpaBHE-
HUN:

® [IepECTAHOBKA YPaBHEHUI CUCTEMBI;



I1.3. D1emenTapHbIe TpeoOpa30BaHUsI CUCTEM ypaBHe-
HUMN

OKa3bIBaeTCA, JIJIsl PeIIeHns CUCTeM JIMHEHHBIX YpaBHEHHI HaM J0CTa-
TOYHO OI'DaHUYIUTHCA CJICAYIOIIMMN HpeO6paSOBaHMHMH CUCTEMBI YpaBHE-
HIIA:

® [IepECTAHOBKA YPaBHEHUI CUCTEMBI;

® YMHOXKEHIE JIeBOIl 1 IpaBoil JacTeil Jifoboro ypaBHEHHSI CHCTEMbBI Ha
HeHyjaeBoe 9ucso. Hampumep, paBHOCHUIBHBIMU SIBJSIOTCS CHCTEMBI

—r—y =2 r+y=-—2
20+3y—z2z=1 nuq 2vx+3y — 2z =1, TaKk KaKk OHU 11Oy HaIOTCS
rT+y+z=3 rT+y+z=3

JPYT W3 JIpyra yMHOXKEHHeM MepBoro ypaBHeHust Ha —1 (TodHee, Ha
—1 YMHOXKAIOTCST JIeBasl U TIpaBasi YacTH [EPBOrO YPABHEHUS );



I1.3. D1emenTapHbIe TpeoOpa30BaHUsI CUCTEM ypaBHe-
HUMN

OKa3bIBaeTCA, JIJIsl PeIIeHns CUCTeM JIMHEHHBIX YpaBHEHHI HaM J0CTa-
TOYHO OI'DaHUYIUTHCA CJICAYIOIIMMN HpeO6paSOBaHMHMH CUCTEMBI YpaBHE-
HIIA:

® [IepECTAHOBKA YPaBHEHUI CUCTEMBI;

® YMHOXKEHIE JIeBOIl 1 IpaBoil JacTeil Jifoboro ypaBHEHHSI CHCTEMbBI Ha
HEHYJIeBOE YUCJIO;

e 3aMeHOl 0JJHOrO M3 YPaBHEHMII CHCTEMbI CYMMOI 9TOTO YpaBHEHUSI C
JUHeiHOM KoMOuHaImeil Ipyrux ypaBHeHui.



I1.3. D1emenTapHbIe TpeoOpa30BaHUsI CUCTEM ypaBHe-
HUMN

—T—y =2 r+y=-—2
Hanpumep, cucrembr { 20 +3y —z=1 u¢ 2x+3y—z=1
r+y+z=3 r+y+z+(—zr—y)—3

PaBHOCUJILHBI, TaK KaK BTOpasl CUCTEMa OJYYaloTCs U3 epBOU 3aMEHON
TPEThEro ypaBHEHUS Ha CYMMY TPETHEro ypaBHEHUs M€PBOH CUCTEMBI C
JIMHEITHON KOMOMHAITUEl epBOro n BTOPOTO ypaBHEHU ¢ Koddpuimen-
tamu 1 u, cooTBeTCTBeHHO, —3 (2 B mpaBoit actn — 9510 3+ 2 — 3 - 1).



I1.3. D1emenTapHbIe TpeoOpa30BaHUsI CUCTEM ypaBHe-
HUMN

OKa3bIBaeTCA, JIJIsl PeIIeHns CUCTeM JIMHEHHBIX YpaBHEHHI HaM J0CTa-
TOYHO OI'DaHUYIUTHCA CJICAYIOIIMMN HpeO6paSOBaHMHMH CUCTEMBI YpaBHE-
HIIA:

® [IepECTAHOBKA YPaBHEHUI CUCTEMBI;

® YMHOXKEHIE JIeBOIl 1 IpaBoil JacTeil Jifoboro ypaBHEHHSI CHCTEMbBI Ha
HEHYJIeBOE YUCJIO;

e 3aMeHOl 0JJHOrO M3 YPaBHEHMII CHCTEMbI CYMMOI 9TOTO YpaBHEHUSI C
JUHeiHOM KoMOuHaImeil Ipyrux ypaBHeHui.



I1.4. Teopema o0 paBHOCHJILHBIX IIPeOOPa30BAHUSIX
CJIY

Teopema 2. [Tycmo CJIV A noayuena uz CJIY B ¢ nomouwwro nocaedo-
BAMEALHOIT NPEOOPA306aAHUT 00H020 U3 CACOYOUUT BUI0E:



I1.4. Teopema o0 paBHOCHJILHBIX IIPeOOPa30BAHUSIX
CJIY

Teopema 2. [Tycmo CJIV A noayuena uz CJIY B ¢ nomouwwro nocaedo-
BAMEALHOIT NPEOOPA306aAHUT 00H020 U3 CACOYOUUT BUI0E:
— NEPeCMaHo8ka YPasHeHUT CUCTEMDL;



I1.4. Teopema o0 paBHOCHJILHBIX IIPeOOPa30BAHUSIX
CJIY

Teopema 2. [Tycmo CJIV A noayuena uz CJIY B ¢ nomouwwro nocaedo-
BAMEALHOIT NPEOOPA306aAHUT 00H020 U3 CACOYOUUT BUI0E:
— NEPeCMaHo8ka YPasHeHUT CUCTEMDL;

— YyMmnootcenue aecol u npacoti wacmet 00H020 U3 ypasHerut Ha HeKo-
MOPOe HEHYACBOE YUCNO N,



I1.4. Teopema o0 paBHOCHJILHBIX IIPeOOPa30BAHUSIX
CJIY

Teopema 2. [Tycmo CJIV A noayuena uz CJIY B ¢ nomouwwro nocaedo-
BaAMEALHBLT NPEOOPA308aAHULE 00H020 U3 CACOYULUL 8UI0E:

— NEPECMaHOBKA YPasHeHU CUCTEeMDbL;

— YMHOdHCEHUE N80T U NPasoli yacmetll 001020 U3 YpasHeHUl Ha HeKo-
MOPOe HEHYACBOE YUCNO N,

— 3amenoti 001020 U3 YpasHeHull Cucmemsv, CYMMOT 2Mmo20 YPasHeHUs C
AUHETHOT, KOMOUHAUUET 0CMANOHDIT YPABHEHUTL;



I1.4. Teopema o0 paBHOCHJILHBIX IIPeOOPa30BAHUSIX
CJIY

Teopema 2. [Tycmo CJIV A noayuena uz CJIY B ¢ nomouwwro nocaedo-
BaAMEALHBLT NPEOOPA308aAHULE 00H020 U3 CACOYULUL 8UI0E:

— NEPECMaHOBKA YPasHeHU CUCTEeMDbL;

— YMHOdHCEHUE N80T U NPasoli yacmetll 001020 U3 YpasHeHUl Ha HeKo-
MOPOe HEHYACBOE YUCNO N,

— 3amenoti 001020 U3 YpasHeHull Cucmemsv, CYMMOT 2Mmo20 YPasHeHUs C
AUHETHOT, KOMOUHAUUET 0CMANOHDIT YPABHEHUTL;

— ydasenuem us cucmemnt ypasrenuti mootcdecmsa 0 = 0;



I1.4. Teopema o0 paBHOCHJILHBIX IIPeOOPa30BAHUSIX

CJTY

Teopema 2. [Tycmo CJIV A noayuena uz CJIY B ¢ nomouwwro nocaedo-
BaAMEALHBLT NPEOOPA308aAHULE 00H020 U3 CACOYULUL 8UI0E:

— NEPECMaHOBKA YPasHeHU CUCTEeMDbL;

— YMHOdHCEHUE N80T U NPasoli yacmetll 001020 U3 YpasHeHUl Ha HeKo-
MOPOe HEHYACBOE YUCNO N,

— 3amenoti 001020 U3 YpasHeHull Cucmemsv, CYMMOT 2Mmo20 YPasHeHUs C
AUHETHOT, KOMOUHAUUET 0CMANOHDIT YPABHEHUTL;

— ydasenuem us cucmemnt ypasrenuti mootcdecmsa 0 = 0;

— dobasaernuem 6 cucmemy YpasHeHuth AUHETHOT KOMOUHAUUL YpPaBHe-
nutt cucmemn, B.



I1.4. Teopema o0 paBHOCHJILHBIX IIPeOOPa30BAHUSIX
CJIY

Teopema 2. [Tycmo CJIV A noayuena uz CJIY B ¢ nomouwwro nocaedo-
BaAMEALHBLT NPEOOPA308aAHULE 00H020 U3 CACOYULUL 8UI0E:

— NEPECMaHOBKA YPasHeHU CUCTEeMDbL;

— YMHOdHCEHUE N80T U NPasoli yacmetll 001020 U3 YpasHeHUl Ha HeKo-
MOPOe HEHYACBOE YUCNO N,

— 3amenoti 001020 U3 YpasHeHull Cucmemsv, CYMMOT 2Mmo20 YPasHeHUs C
AUHETHOT, KOMOUHAUUET 0CMANOHDIT YPABHEHUTL;

— ydasenuem us cucmemnt ypasrenuti mootcdecmsa 0 = 0;

— dobasaernuem 6 cucmemy YpasHeHuth AUHETHOT KOMOUHAUUL YpPaBHe-
nutt cucmemn, B.

Tozda cucmemv, A u B pasrocunvrot.



I1.4. Teopema o0 paBHOCHJILHBIX IIPeOOPa30BAHUSIX
CJIY

JlokazareabcTBO. Jlornmdeckas CTPyKTypa 39TOH TeopeMbl JJs Bac
MOYKET IT0Ka3aThCsi HEOOBIYHOI: 9TO CUCTEMa, TeopeM-UMIIMKAIUI THIIa
«ecsm cucrema B nosydena s cucreMbl A nepecTaHOBKOI JIBYX ypaBHe-
Huit cucrembl A, To cucrembl A u B paBHOCHIbHBI» U jip. [Iponoskenue
JI0OKa3aTe/IbCTBa MOYKHO PaccMaTpPUBATh KaK HEC/IOXKHOE YIIPaXKHEHHUE 110
TeMe «JI0Ka3aTe/IbCTBO TEOPEM».

Bosankim Bonpocei? Hyxken KkommMvenTapuii?

Paccmorpers npumep?



I1.5. Kparkoe onucanue merojia I'aycca

CreslaeM HEKOTODPbIE BLIBOJBI U3 pelietis npivepa. C IOMOIIbIO Me-
Tojia ['aycca nounck perenust cucreMbl jinHeiiHbx ypasuenuit (CJIY) ocy-
mecrBJIdeTCdg B 2 9Talla, Ha3blBa€MbIX NPAMHIM 1 05pamHT)LJ\/L XO0J0M MCE-
Toja [aycca.



I1.5. Kparkoe onucanue merojia I'aycca

CreslaeM HEKOTODPbIE BLIBOJBI U3 pelietis npivepa. C IOMOIIbIO Me-
Tojia ['aycca nounck perenust cucreMbl jinHeiiHbx ypasuenuit (CJIY) ocy-
mecrBJIdeTCdg B 2 9Talla, Ha3blBa€MbIX NPAMHIM 1 05pamHT)LJ\/L XO0J0M MCE-
Toja [aycca.

Ha I[IEPBOM 9Tall€ MbI ITOCTEIIEHHO MCKJ/IIO9a€M HEHN3BCECTHBIC U3 ypaB-
HGHMPL <HaXOUANINXCA HHZKE» TOI'O YpPaBHEHUA, C IIOMOIIBIO KOTOPOI'O
I[IPOBOAUTCA 9TO MCKJIIOYEHHUE: CHa4daJla C IIOMOIIbIO ITEPBOI'O YPpaBHEHUA
NCKJ/IIOYNJIX BO BTOPOM N TPETHLEM YPaBHCHUAX IMIEPEMEHHYIO X, IIOTOM C
[IOMOIIBIO BTOPOT'O UCKJ/IIOUUJIM B TPeTheM YpaBHEHUU IepeEMEHHYIO Y.



I1.5. Kparkoe onucanue merojia I'aycca

[Tpsimoit xom Meronma ['aycca MOYXKHO MCTOJIKOBATH TaKUM O0pPa30M:
yYpaBHEHUE, C IIOMOIIBIO KOTOPOI'O MbI HCKJIFO9a€M COOTBETCTBYIOILYIO
HEU3BECTHYIO U3 «HIXKeJIeXKalluXy YpaBHEHUI, ABJIsIeTcsl CBOeoOpa3HbIM
<KUHCTPYMEHTOM>.



I1.5. Kparkoe onucanue merojia I'aycca

[Tpsimoit xom Meronma ['aycca MOYXKHO MCTOJIKOBATH TaKUM O0pPa30M:
ypaBHeHne, ¢ MOMOIIbI0 KOTOPOI'0 MbI HCKJII0OYaeM COOTBETCTBYIOINLYIO
HEU3BECTHYIO U3 «HIXKeJIeXKalluXy YpaBHEHUI, ABJIsIeTcsl CBOeoOpa3HbIM
«uHCTpyMeHTOM». CHadasia Mbl TIOJIMOTaBIMBAEM STOT «UHCTPYMEHT», 10~
OuBasich eIMHUIHOIO KO3 PUIeHTa nepeji MHTepecyIoleil Hac mepeMeH-
HOI1.



I1.5. Kparkoe onucanue merojia I'aycca

[Tpsimoit xom Meronma ['aycca MOYXKHO MCTOJIKOBATH TaKUM O0pPa30M:
ypaBHEHHE, C I[OMOIIBI0 KOTOPOI'O Mbl MCKJIIOYaeM COOTBETCTBYIOIIYIO
HEU3BECTHYIO U3 «HIXKeJIeXKalluXy YpaBHEHUI, ABJIsIeTcsl CBOeoOpa3HbIM
«uHCTpyMeHTOM». CHadasia Mbl TIOJIMOTaBIMBAEM STOT «UHCTPYMEHT», 10~
OuBasich eIMHUIHOIO KO3 PUIeHTa nepeji MHTepecyIoleil Hac mepeMeH-
HOit. B mepBoM ypaBHEHHUN Hac MHTEpecyeT IepeMeHHasd T, BO BTOPOM
ypaBHeHHUN (TI0C/Ie «OUUCTKI» BTOPOTO U TPEThero ypaBHEeHuii oT x), —
9TO Y, B TPEThEM YpaBHEHUU (IOC/Ie «YIAJCHUsT> Y U3 TPETHEro ypaBHe-
HUST) — 9TO MepeMeHHast 2.



I1.5. Kparkoe onucanue merojia I'aycca

[Tpsimoit xom Meronma ['aycca MOYXKHO MCTOJIKOBATH TaKUM O0pPa30M:
ypaBHEHHE, C I[OMOIIBI0 KOTOPOI'O Mbl MCKJIIOYaeM COOTBETCTBYIOIIYIO
HEU3BECTHYIO U3 «HIXKeJIeXKalluXy YpaBHEHUI, ABJIsIeTcsl CBOeoOpa3HbIM
«uHCTpyMeHTOM». CHadasia Mbl TIOJIMOTaBIMBAEM STOT «UHCTPYMEHT», 10~
OuBasich eIMHUIHOIO KO3 PUIeHTa nepeji MHTepecyIoleil Hac mepeMeH-
HOit. B mepBoM ypaBHEHHUN Hac MHTEpecyeT IepeMeHHasd T, BO BTOPOM
ypaBHeHHUN (TI0C/Ie «OUUCTKI» BTOPOTO U TPEThero ypaBHEeHuii oT x), —
9TO Y, B TPEThEM YpaBHEHUU (IOC/Ie «YIAJCHUsT> Y U3 TPETHEro ypaBHe-
HUST) — 9TO TepeMeHHasi 2. [Ipn 9ToM Kakjblii pas 1moc/ie «u3roToBIeHUsT
MHCTPYMEeHTay (MOJIyUIeHusT e JMHUTHOrO KOI(hUIHEeHTa 1epeji COOTBeT-
CTBYIOIIEH [IEPEeMEHHOI ) caMa «MHCTPYMEHTaIbHas CTPOKay U BCE BbIIIe-
JIeyKallye CTPOKK OOJIBITE He M3MEHSIOTCs Ha MTPOTAXKEHNH BCETO MPSIMOTO
xoJ1a MeTojia [aycca.



I1.5. Kparkoe onucanue merojia I'aycca

B orimune oT npsiMoro xojia, Ha IPOTIYKEHUN 0OPATHOI'O X0/ MeTO/Ia
['aycca B KagecTBe «MHCTPYMEHTAJIbHON CTPOKI» MCIIOIB3YIOTCS HUYKHIE
CTPOKHN MaTpHUIlbl, 1 C UX IIOMOIIBIO NCKJ/IIO9a0TCA HEM3BECTHLIC U3 «BbI-
HIeJIe2KalluxX» ypaBHEHU.



I1.5. Kparkoe onucanue merojia I'aycca
[Ipsmoit xom MeTona ['aycca Ha MaTpPUUIHOM S3BIKE B PACCMATPIBACMOM
PIMEDE OCYHIECTBIIAICA CJICAYIONIAM 00Pa30M:;



[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo Bpems npsimMoro xoza Meroja Laycca Mbl IIOCTEHEHHO I10JIyYaJin
CJIMHUILI HA [JIABHOMN JIMArOHAJIN MATPUIILI, HAUMHAA C JIEBOI'O BEpPX-
HEro yrjia, OTOM IOJIYyYEeHHON «MHCTPYMEeHTaILHOI cTpoKoii» ¢ 1 Ha
PJIABHON JIMArOHAJN TOJydaeM HYyJIU HUZKe 9TOi eJuHudIKN (clieBa-
CBEPXY — BIIPaBO-BHU3):
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CBEPXY — BIIPaBO-BHU3):
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[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo Bpems npsimMoro xoza Meroja Laycca Mbl IIOCTEHEHHO I10JIyYaJin
CJIMHUILI HA [JIABHOMN JIMArOHAJIN MATPUIILI, HAUMHAA C JIEBOI'O BEpPX-
HEro yrjia, OTOM IOJIYyYEeHHON «MHCTPYMEeHTaILHOI cTpoKoii» ¢ 1 Ha
PJIABHON JIMArOHAJN TOJydaeM HYyJIU HUZKe 9TOi eJuHudIKN (clieBa-
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[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo Bpems npsimMoro xoza Meroja Laycca Mbl IIOCTEHEHHO I10JIyYaJin
CJIMHUILI HA [JIABHOMN JIMArOHAJIN MATPUIILI, HAUMHAA C JIEBOI'O BEpPX-
HEro yrjia, OTOM IOJIYyYEeHHON «MHCTPYMEeHTaILHOI cTpoKoii» ¢ 1 Ha
PJIABHON JIMArOHAJN TOJydaeM HYyJIU HUZKe 9TOi eJuHudIKN (clieBa-
CBEPXY — BIIPaBO-BHU3):
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[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo Bpems npsimMoro xoza Meroja Laycca Mbl IIOCTEHEHHO I10JIyYaJin
CJIMHUILI HA [JIABHOMN JIMArOHAJIN MATPUIILI, HAUMHAA C JIEBOI'O BEpPX-
HEro yrjia, OTOM IOJIYyYEeHHON «MHCTPYMEeHTaILHOI cTpoKoii» ¢ 1 Ha
PJIABHON JIMArOHAJN TOJydaeM HYyJIU HUZKe 9TOi eJuHudIKN (clieBa-
CBEPXY — BIIPaBO-BHU3):
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[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo Bpems npsimMoro xoza Meroja Laycca Mbl IIOCTEHEHHO I10JIyYaJin
CJIMHUILI HA [JIABHOMN JIMArOHAJIN MATPUIILI, HAUMHAA C JIEBOI'O BEpPX-
HEro yrjia, OTOM IOJIYyYEeHHON «MHCTPYMEeHTaILHOI cTpoKoii» ¢ 1 Ha
PJIABHON JIMArOHAJN TOJydaeM HYyJIU HUZKe 9TOi eJuHudIKN (clieBa-
CBEPXY — BIIPaBO-BHU3):
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[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo Bpems npsimMoro xoza Meroja Laycca Mbl IIOCTEHEHHO I10JIyYaJin
CJIMHUILI HA [JIABHOMN JIMArOHAJIN MATPUIILI, HAUMHAA C JIEBOI'O BEpPX-
HEro yrjia, OTOM IOJIYyYEeHHON «MHCTPYMEeHTaILHOI cTpoKoii» ¢ 1 Ha
PJIABHON JIMArOHAJN TOJydaeM HYyJIU HUZKe 9TOi eJuHudIKN (clieBa-
CBEPXY — BIIPaBO-BHU3):
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[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo Bpems npsimMoro xoza Meroja Laycca Mbl IIOCTEHEHHO I10JIyYaJin
CJIMHUILI HA [JIABHOMN JIMArOHAJIN MATPUIILI, HAUMHAA C JIEBOI'O BEpPX-
HEro yrjia, OTOM IOJIYyYEeHHON «MHCTPYMEeHTaILHOI cTpoKoii» ¢ 1 Ha
PJIABHON JIMArOHAJN TOJydaeM HYyJIU HUZKe 9TOi eJuHudIKN (clieBa-
CBEPXY — BIIPaBO-BHU3):

1 * % x| %k
(01* **\
0 0 x x| %k




[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo Bpems npsimMoro xoza Meroja Laycca Mbl IIOCTEHEHHO I10JIyYaJin
CJIMHUILI HA [JIABHOMN JIMArOHAJIN MATPUIILI, HAUMHAA C JIEBOI'O BEpPX-
HEro yrjia, OTOM IOJIYyYEeHHON «MHCTPYMEeHTaILHOI cTpoKoii» ¢ 1 Ha
PJIABHON JIMArOHAJN TOJydaeM HYyJIU HUZKe 9TOi eJuHudIKN (clieBa-
CBEPXY — BIIPaBO-BHU3):

1 * % x| %k
(01* **\
001 x|k




[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo Bpems npsimMoro xoza Meroja Laycca Mbl IIOCTEHEHHO I10JIyYaJin
CJIMHUILI HA [JIABHOMN JIMArOHAJIN MATPUIILI, HAUMHAA C JIEBOI'O BEpPX-
HEro yrjia, OTOM IOJIYyYEeHHON «MHCTPYMEeHTaILHOI cTpoKoii» ¢ 1 Ha
PJIABHON JIMArOHAJN TOJydaeM HYyJIU HUZKe 9TOi eJuHudIKN (clieBa-
CBEPXY — BIIPaBO-BHU3).

(1** **\
01 x x| %
001 x| %




[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo Bpems npsimMoro xoza Meroja Laycca Mbl IIOCTEHEHHO I10JIyYaJin
CJIMHUILI HA [JIABHOMN JIMArOHAJIN MATPUIILI, HAUMHAA C JIEBOI'O BEpPX-
HEro yrjia, OTOM IOJIYyYEeHHON «MHCTPYMEeHTaILHOI cTpoKoii» ¢ 1 Ha
PJIABHON JIMArOHAJN TOJydaeM HYyJIU HUZKe 9TOi eJuHudIKN (clieBa-
CBEPXY — BIIPaBO-BHU3):

(1**.**\
01 % ... x| x
001 ... x| =x

\ 00 0 .. *)



[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo Bpems npsimMoro xoza Meroja Laycca Mbl IIOCTEHEHHO I10JIyYaJin
CJIMHUILI HA [JIABHOMN JIMArOHAJIN MATPUIILI, HAUMHAA C JIEBOI'O BEpPX-
HEro yrjia, OTOM IOJIYyYEeHHON «MHCTPYMEeHTaILHOI cTpoKoii» ¢ 1 Ha
PJIABHON JIMArOHAJN TOJydaeM HYyJIU HUZKe 9TOi eJuHudIKN (clieBa-
CBEPXY — BIIPaBO-BHU3):

(1**.**\
01 % ... x| x
001 ... x| =x

\ 00 0. *)



[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo Bpems npsimMoro xoza Meroja Laycca Mbl IIOCTEHEHHO I10JIyYaJin
CJIMHUILI HA [JIABHOMN JIMArOHAJIN MATPUIILI, HAUMHAA C JIEBOI'O BEpPX-
HEro yrjia, OTOM IOJIYyYEeHHON «MHCTPYMEeHTaILHOI cTpoKoii» ¢ 1 Ha
PJIABHON JIMArOHAJN TOJydaeM HYyJIU HUZKe 9TOi eJuHudIKN (clieBa-
CBEPXY — BIIPaBO-BHU3):

{1**. >|<>|<\
01 % . | %
001. | %

\ 0 0 0 ... 1 *)



[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

/1** x| %k
01 % ... % *\
001 x| %k

\ 00 0.1 *)



[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

/1** x| %k
01 % ... % *\
001 x| %k

\ 00 0.1 *)



[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

1
(Lrroe o)
001 x| %

\ 00 0.1 *)



[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

1
(e
001 x| %

\ 00 0.1 *)



[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

1
(e
001 O] =

\ 00 0.1 *)



[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

1
FEReER(M
001 0] =

\ 00 0.1 *)



[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

(1** O*\
01 % ... 0 =
00 1 0] =%

\ 00 0.1 *)



[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

(1** O*\
01 % ... 0 x
00 1 0 =x

\ 00 0.1 *)



[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

(1**...0 *\
01

x ... 0] =

001 ... 0 =«

\ 0 0 0.1 *)




[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

(1% % ... 0] )
01

* ... 0 =

001 ... 0 =«

\ 0 0 0.1 *)




[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

(1% % ... 0] %)
010 . 0] =%
001. 0] =
\oob” 1*)




[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

(1% 0 ...0] )
010 . 0] =%
001. 0] =
\oob” 1*)




[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

(150 ...0] )
010 . 0] %
001. 0] =
\oob” 1*)




[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

(150 ... 0] *)
0O 10...0] =%
001 0 =

\ 0 0 0.1 *)



[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

(1*0...0*\
010 ... 0 =«
001 0 =
\0001*)



[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

(1*0...0*\
010 ... 0 =«
001 0 =
\0001*)



[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

(100...0*\
010 ... 0 =«
001 0 =
\0001*)




[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

100...0*\
010 ... 0 =«
001 0 =
\0001*)



[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

100 ... 0] *)
010...0 =«
001 0] =*

\ 0 0 0.1 *)



[Ipencrasienune merojia ['aycca Ha MATPUIHOM S3bIKE:

e Bo BpeMms IpaMOro xojia MeToja laycca MBI OCTENIEHHO ITIOJIyvasin
eJINHUIILI HA [JIABHOI JinaroHa/in MaTPUILbl, U HYJU — HUZKE Hee.

e Bo Bpems obparnoro xoja Meroja laycca Mbl ojiydaeM HYJIU BbIIIe
IJIABHOM JIMaroHa i, HauuHas ¢ PaBoro Kpad MaTpulisl Koddduiim-
eHTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX ):

100 ... 0] *)
010...0 =«
001 0] =*

\ 0 0 0.1 *)

«Pacrimdppopnizasgy momydeHHyl0 MaTpPHILy KaK CHCTEMY JIMHEHHBIX
ypaBHEHUI, rojydaeM uckomoe perterue uexoanoit CJIY.



I1.6. PynnamenrasbHas cucrema pemennii (PCP).
OynaMeHTaAIbHAST MATPUIIA
Tenepb paceMoTpuM DoJIee CIIOXKHBIN TIPUMED, B KOTOPOM PellleHne

He SBJIETC €JINHCTBEHHBIM.
a=2—1lc+ 8d + 5e,

b=1—6c+ 5d+ 3e,
Ipu perieHnn mpruMepa, B HeKOTOPLIX CIydadx Hac He OyJeT ycTpan-

@OPMCL aanucu orBeTa { IMpUMEHEHHaA HaMMn

BaThb. B Teopum JIMHEIHBIX TPOCTPAHCTB OoJiee ya00HOI siBjsteTcst op-
Ma 3alliCH, WCIOJb3YIONAas MOHATHE (YHIAMENMAALHOT CUCMEMbL De-
wenud. ousarune dyngamenTanbaoit cucrembr pernenuit OCJIY u ¢yn-
JIAMEHTAJIbHOI MATPHUIIbI Mbl PACCMOTPUM B TIJIaBe, OCBSIIEHHONI TeOpIn
JINHEHHBIX IIPOCTPAHCTB.



I1.6. PynnamenrasbHas cucrema pemennii (PCP).
(I)YH,Z[aMeHTaJIbHaﬂ MaTpuna

a=2—1lc+ 8d + 5e,
b=1— 6c+ bd+ 3e,
crucTeMbl ypaBHEHIIl npuMepa B COOTBETCTBUN C OIIPeJIesIeHeM 00-
IIero pereHus, jocrtarodHo nojokutb ¢ = Ch, d=Cy e = (5. To-

rjga o0Iee pelleHne MCXOIHONW CUCTeMbl MOXKHO IIpPEJCTaBUTL B BHJIE
a=?2 + —1101 + 802 + 503,
=1+ —6C; + 50, + 3C5,
c= Cl)
d= 027
€ = 03.

s Toro, 4ToOBI 3amucaTh 00IIee pellenne {



I1.6. PynnamenrasbHas cucrema pemennii (PCP).
(I)YH,Z[aMeHTaHbHaH MaTpuna

[Tociieguioro cucTeMy ypaBHEHUII 9aCcTO 3allCBIBAIOT B MaTPUIHOM
dopme, «UHAYCTPpUAILHYIO METOJNKY» TOJIYIeHId KOTOPOH MBI PACCMOT-

pum HuKe, B pasjesne [1.7:
a = 2+ —11C1+802+503,
b=1+ —6C, + 5C; + 3Cs,
c= Cl?
d= 027
€ = 03.



I1.6. PynnamenrasbHas cucrema pemennii (PCP).
OynaMeHTaAIbHAST MATPUTIA

a=2+ —11Cy 4+ 8Cy + 5C4, a 2 —11 8 5)
b=1+—6C + 5C, + 3Cj, b 1 —6 5 3
C:C1, C = 0 +Cl 1 +CQ 0 +Cg 0 5
d =, d 0 0 1 0
e= (4. e 0 0 0 1

YTO C IOMOIIBIO «YMHOKEHNs MAaTPUIL HA MaKpPOypPOBHE» IIpeJIcTaB-
JISIETCS B BUJIE



I1.6. PynnamenrasbHas cucrema pemennii (PCP).
OynaMeHTaAIbHAST MATPUTIA

a=2+ —11Cy 4+ 8Cy + 5C4, a 2 —11 8 5)
b=1+—6C + 5C, + 3Cj, b 1 —6 5 3
C:C1, C = 0 +Cl 1 +CQ 0 +03 0 5
d =, d 0 0 1 0
e= (4. e 0 0 0 1

YTO C IOMOIIBIO «YMHOKEHNs MAaTPUIL HA MaKpPOypPOBHE» IIpeJIcTaB-

JIAETCA B BHJIE
—11
—6
1
0
0

O Lo oL
Il

O OO =N
+

O = O Ut o

_ O O W Ot



I1.6. PynnamenrasbHas cucrema pemennii (PCP).

(I)YH,Z[aMeHTaJIbHaH MaTpuna
2a —3b+4c—d—e=0
a—2b—c+2d+e=0
Cucrema ypaBHEHUI { 4a—Tb+2c+3d+e=0 Ha3bIBACTCA 00HOPOO-
3a—5b+3c+d=0
5a—8b+Tc—e=0

HOU cucmemots ypasHerul, COOTBETCTBYIOIEM WCXOJHOI cucreMe
20 —3b+4c—d—e=1
a—2b—c+2d+e=0
da —Tb+2c+3d+e=1
3a—5b+3c+d=1
5a —8b+Tc—e=2



I1.6. PynnamenrasbHas cucrema pemennii (PCP).
OynaMeHTaAIbHAST MATPUTIA

11 8 5
—6 5 3
Matpuna O = 100 Ha3bIBAETCS dbyHmaMeHTaIb-
010
001
HO  MATPUIIEA  OJIHOPOJHOI  CHUCTEMBbI JIMHEHAHBIX  ypaBHEHUI
2a —3b+4c—d—e=0 ~11 8 5
a—2b—c+2d+e=0 —6 ) 3
da —Tb+2c+3d+e=0 , & CUCTEMa MATPHUII-CTOJIOIOB 1 ,fo],]o0
3a—5b+3c+d=0 0 1 0
da—8b+Tc—e=0 0 0 1

— dbyHIaMeHTaJabHOI cucTeMoii pelIeH’id 3Toil 0JJHOPOIHOI cucTe-
MbI JIMHEMHBIX YPaBHEHUI.

Hamr criocod nosnydenns pyHgaMeHTaIbHON MaTPHUIILI U3 «IIPeodpaszo-
BAHHOW» PACIINPEHHON MATPUIIbI ABJIACTCA «PEMECJICHHBIM ».



I1.6. PynnamenrasbHas cucrema pemennii (PCP).

(I)YH,Z[aMeHTaJIbHaﬂ MaTpuna
—-11 8 5

—6 5 3
Matpuna O = 100 Ha3bIBAETCS dbyHmaMeHTaIb-
010
001
HO  MATPUIIEA  OJIHOPOJHOI  CHUCTEMBbI JIMHEHAHBIX  ypaBHEHUI
2a —3b+4c—d—e=0 ~11 8 5
a—2b—c+2d+e=0 —6 ) 3
da —Tb+2c+3d+e=0 , & CUCTEMa MATPHUII-CTOJIOIOB 1 ,fo],]o0
3a—5b+3c+d=0 0 1 0
da—8b+Tc—e=0 0 0 1

— dbyHIaMeHTaJabHOI cucTeMoii pelIeH’id 3Toil 0JJHOPOIHOI cucTe-
MbI JIMHEMHBIX YPaBHEHUI.

Bojlee KOPOTKMil «MHAYCTpHUAJLHBIINY MeTOJ HOJIyIeHusl (PyHIaMeH-
TaJIbHONH MaTPUILbI, CM. PUC. 1, 1 puc. 2, Mbl paccMOTpuM B pasjese 1.7,
B IIPOIIECCE PelleHnsl COOTBETCTBYIOIIEr0 IpuMepa.



I1.7. Ilony4denne obimero pemenns OCJIY

Ceitgac MbI pacCMOTPUM <«HHIYCTPHAJILHBINY METOJ| MoJydeHns: pyH-
JaMEHTaJIbHOU CUCTEMBI PEIleHnil OJHOPOHON CUCTEMBI JIMHENHBIX YpaB-
HEHUI Tocjie TMpUBEJeHNST MaTPHUIbl ee KOdPMUIMEHTOB K yKa3aHHOMY
Brty. MuI Oynem uitocTpupoBarh BhIKIaAKu Ha mpumMepe OCJIY, co-
orsercTrytonieit HCJIY nmpumepa. Bee npeobpazosanust meroja ['aycca
OyJ1eM MPOBOJITH HA MATPUIHOM sI3bIKE (CM. CIIMCOK 3TUX 1TPeodpaso-
BaHUil /i MaTpuvaHOit popmbl 3anucu). Kak y»Ke orMedasioch,
MEeJbIO ATUX MPeodPA30BAHUI SABIAETCs MOJTyIeHne PABHOCUILHON CHCTe-
MBI YpaBHEHUI, y KOTOPOIT MaTpuIia KO3PMUITNEHTOB UMEET «eIMHNIHBIII
dparmeHT».



I1.7. Ilony4denne obimero pemenns OCJIY

B uacrTHocTH, 1pu perieHnn yIoMSHYTOTO IIPUMepPa [10J1yUeHa CIcTe-
Ma, MaTpuiia KodhQUIMEHTOB KOTOPOH MMeeT CJIeIyIomuil Bu| (CToI-
Oer1, cBOOOIHBIX YJIEHOB COOTBETCTBYIOMIEH OTHOPOJIHON CHUCTEMbl Mbl He
MUIeM, TakK KaK Mbl ceifdac 3annMaemcss cooTercrByiomieit OCJIY, a
JIJIsT OJTHOPOJHOM CHCTEeMbBI JIMHEHHBIX ypaBHEHUIT IIPU BceX MPeodpaso-
BaHUSIX MeTojia [aycca crosiber ¢cBOOOHBIX UJIEHOB OCTACTCS HYJIEBBIM)

1 011 =8 =5
01 6 =5 =3/



I1.7. Ilony4denne obimero pemenns OCJIY
1011 =8 =5
(0 1 6 —5 —3
IIEPBOI'O U BTOPOI'O CTOJIOIOB 9TOI MATPUIIHI.

). [Tpu sTOM «egmHUYHBIN DparMeHT» COCTOUT W3



I1.7. Ilony4denne obimero pemenns OCJIY
1011 =8 =5
01 6 =5 =3

IIEPBOI'O 1 BTOPOT'O CTOJIOIOB 3Toi MaTpuilbl. Bee HensBecTHbIE, OTBEYA-

). [Tpu sToM «egmHUYIHBIN DparMeHTs COCTOUT U3

FOIIIE 9TUM HOMEpaM CTOJIOIOB (B 1pumepe 510 a,b) OyjaeM cauTarh
«HACTOAIIMMI» HEM3BECTHBIMHU, & BCE OCTAJbHbIC HEM3BECTHbIE (B ITPI-
Mepe 3T0 ¢, d, €) — TapaMeTpaM.



I1.7. Ilony4denne obimero pemenns OCJIY
1011 =8 =5
01 6 =5 =3

IIEPBOI'O 1 BTOPOT'O CTOJIOIOB 3Toi MaTpuilbl. Bee HensBecTHbIE, OTBEYA-

. [Ipm aTom «eunnanbIil pparMenT» COCTOUT U3

FOIIIE 9TUM HOMEpaM CTOJIOIOB (B 1pumepe 510 a,b) OyjaeM cauTarh
«HACTOAIIMMI» HEM3BECTHBIMHU, & BCE OCTAJbHbIC HEM3BECTHbIE (B ITPI-
Mepe 3T0 ¢, d, €) — TapaMeTpaM.

Bynem nckarb dyHIaMeHTaIbHYIO CUCTEMY pelleHuil B Bujie Habopa
CTOJIOIOB, B KOTOPBIX BCE IapaMeTpbl HyJeBble, KpoMe OJIHOI0, PaBHO-
ro 1. B posin 3TOT0 «MCKIIOUNTENLHOTO TapaMeTpay, PaBHoro 1, cnadasia
BLIONpaeTcs IEPBBII ITapaMeTp, IOTOM — BTOPOIl IapaMeTp, IMOTOM —
TpeTuil napamerp, u T.II.



I1.7. Ilony4denne obimero pemenns OCJIY
1011 =8 =5
01 6 =5 =3

IIEPBOI'O 1 BTOPOT'O CTOJIOIOB 3Toi MaTpuilbl. Bee HensBecTHbIE, OTBEYA-

. [Ipm aTom «eunnanbIil pparMenT» COCTOUT U3

FOIIIE 9TUM HOMEpaM CTOJIOIOB (B 1pumepe 510 a,b) OyjaeM cauTarh
«HACTOAIIMMI» HEM3BECTHBIMHU, & BCE OCTAJbHbIC HEM3BECTHbIE (B ITPI-
Mepe 3T0 ¢, d, €) — TapaMeTpaM.

Bynem nckarb dyHIaMeHTaIbHYIO CUCTEMY pelleHuil B Bujie Habopa
CTOJIOIOB, B KOTOPBIX BCE IapaMeTpbl HyJeBble, KpoMe OJIHOI0, PaBHO-
ro 1. B posin 3TOT0 «MCKIIOUNTENLHOTO TapaMeTpay, PaBHoro 1, cnadasia
BLIONpaeTcs IEPBBII ITapaMeTp, IOTOM — BTOPOIl IapaMeTp, IMOTOM —
TpeTuil mapameTp, u T.II. JTY HPOIEJAYPY Mbl HA30BEM Ha HAIIEM CJISHIE
«IIPOTAaCKUBaHNEM €IUHUIKN depe3 IapaMeTPhIs.



I1.7. Ilony4denne obimero pemenns OCJIY

Ob6paTuTe BHUMaHe Ha TOT GaKT, YTO YNCIa B MATPUIIE ABJISAIOTCS KO-
adhpuruenmam epe] HeM3BECTHBIMMU, a IIPU «IIPOTACKUBAHUN €JIUHIIKH
gepes rnapaMeTpbl» Mbl TOBOPUM O 3HAYEHUALT NEPEMEHHBLT, TO €CTh Mbl
MPUJIAEeM KAKWEe-TO 3HAYEHUsT OJIHUM MePEeMEHHBIM (HEeM3BECTHBIM, KOTO-
pble Mbl CUUTAEM TTapaMeTpaMIit) U HAXO/MM COOTBETCTBYIOINIIE 3HATCHUST
JPYTUX TIEPEMEHHBIX («HaCTOSIIIIX» HeM3BeCTHHIX). Ha camom jefe ceii-
yac Mbl peliaeM CHUCTEeMY JIMHEHHBIX yPaBHEHUI, KOTOPYI MOXKHO IIPeJI-
CTABUTH B MATPUIHOM BHJIE
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Taxum oOpazoM, Bo BpeMs BBIIOJIHEHNA IIpeobpasoBanmii MeToa 'aycca,
MbI paboTaan ¢ koapduyuermamu epes HEM3BECTHBIMU, a ceiivac, Ha
STalle 3alliCU PEIIeHsI, Mbl «MAHUIIYJIUPYEM» C HEM3BECTHBIMU: <«IIPO-
TaCKUBAEM €JIMHUIKY» Yepe3 «IlapaMeTpbly X3, T4, L5, U BBIYUCIISIEM CO-
OTBETCTBYIOIINE 3HAUEHUSI «HACTOANINX HEM3BECTHBIX» T, T9.
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Hpyroit npumep: jgorycrtum, pemas Hekoropyto OCJIY meromom Tayc-
ca, MbI MTOJIYUW/IN CJIEIYIONIYI0 MaTPUILy KO3 MUIIEHTOB:
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«Eaunnunenii dparmeHTs B 9TOM cjydae o0pas3yloT BTOPOM, ISTBIA U
MecToil cToaONIBI 3Toi MaTpunbl. Ilporece nmomydenns QyHJIaAMEHTAIb-
HOW MATPUIII TPOUJLIIOCTPUPOBAH Ha PUC. 3 (BMECTO TOUYEK ® BCTABJISIEM
KOMIIOHEHTBI COOTBETCTBYIOIIEIO «aKTUBHOT'O CTOJIOIA» MATPUIILI KO-
uIeHToB ¢ OOPATHBIMEI 3HAKAMI).



Hpyroit npumep: jgorycrtum, pemas Hekoropyto OCJIY meromom Tayc-
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PaccMmoTpeTh ellle oAnH HNpuMep pelleHus OJJHOPOJIHOI cCuCTeMbl
JIMHENHbIX YPaBHEHU1?



I1.8. Ilonyuyenune yactuoro peuteausas HCJIY
Tenepb IIOCMOTPpHUM, KaK aHaJIOI'mM9IHad «MHAYCTPpHAJIbHAA TEX-
HOJIOTHSI» T03BOJIdgeT ObICTpo moJy4darh dactHoe penieane HC-

JIV.



III. OcHoBHBIE TeopeTHnYecKne pe3yIbTaThl
MBI paccMOTPUM HECKOJIBKO TEOPEM:
— teopemy Kponekepa-Karesim;
— TeopeMy 00 obiem perienunu HCJLY;
— TeopeMy O JImHeiHbIXx KomOouHanuax pemteaniit OCJIY;
— TeopeMy O pa3MepHocTH npocrtpaHcTBa pernenuiit OCJIY.



II1.1. Teopema Kponekepa-Kanesin

Teopema 3. C/IV AX = B cosmecmma mozda u moavko mozda, xo-
2da pane mampuuys, A pasen paney pacuupennots mampuuv (A ‘ B).

Jloka3aTeJabCTBO.
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Teopema 3. C/IV AX = B cosmecmma mozda u moavko mozda, xo-
2da pane mampuuys, A pasen paney pacuupennots mampuuv (A ‘ B).

JlokazaresbcTBO. Heobrodumocmo. 1lycThb
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Teopema 3. C/IV AX = B cosmecmma mozda u moavko mozda, xo-
2da pane mampuuys, A pasen paney pacuupennots mampuuv (A ‘ B).

JlokazareabcTBO. Heobxodumocms. Ilycts CJIV AX = B coBmect-
HA.
Hawm Hajio0 Jiokaszarb
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st JoKa3aTejbcTBa PaBEHCTBA OOBIYHO HMCIIOJIb3YIOTCH:
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® ceedenue K 08YM HEPABEHCMEAM: {



II1.1. Teopema Kponekepa-Kanesin

Teopema 3. C/IV AX = B cosmecmma mozda u moavko mozda, xo-
2da pane mampuuys, A pasen paney pacuupennots mampuuv (A ‘ B).

JlokazareabcTBO. Heobxodumocms. Ilycts CJIV AX = B coBmect-
HA.

Hawm wajio jokazarh pasencmeo (paBeHCTBO PAHTOB, TO €CTb THCEI).
st JoKa3aTejbcTBa PaBEHCTBA OOBIYHO HMCIIOJIb3YIOTCH:

® DABHOCUABHDLE NPEOOPA30BANU,

L <R,

L>R = L =R;

® coedenue K 08YM HEPaseHCMBAM: {

® memod «om npomueHo20».



II1.1. Teopema Kponekepa-Kanesin

Teopema 3. C/IV AX = B cosmecmma mozda u moavko mozda, xo-
2da pane mampuuys, A pasen paney pacuupennots mampuuv (A ‘ B).

JlokazareabcTBO. Heobxodumocms. Ilycts CJIV AX = B coBmect-
HA.

Hawm wajio jokazarh pasencmeo (paBeHCTBO PAHTOB, TO €CTb THCEI).
st JoKa3aTejbcTBa PaBEHCTBA OOBIYHO HMCIIOJIb3YIOTCH:

® DABHOCUABHDLE NPEOOPA30BANU,

L <R,

L>R = L =R;

® coedenue K 08YM HEPaseHCMBAM: {

® memod «om npomueHo20».

B nmannoMm ciydae Ipolile BCero NpUMeHUThL BTOPO U3 9TUX METOJIOB.



II1.1. Teopema Kponekepa-Kanesin

Teopema 3. C/IV AX = B cosmecmma mozda u moavko mozda, xo-
2da pane mampuuys, A pasen paney pacuupennots mampuuv (A ‘ B).

HokazareabcTBo. [Iycrs CJIV AX = B coBmecTHa.
Ouesnjiro, ato Rg(A) < Rg(A ‘ B), Taxk kak, 1o Teopeme 0 paBeH-
CTBE TPexX PAHIOB, PAHI PABEH CTOJIOIIOBOMY DaHTIy.
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2da pane mampuuys, A pasen paney pacuupennots mampuuv (A ‘ B).

HokazareabcTBo. [Iycrs CJIV AX = B coBmecTHa.
OcraJioch nokazath obparnoe nepasenctso: Rg(A) > Rg(A ‘ B).
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Hcnonb3ys ymHoOXKeHne MaTpull, Ha MaKPOyPOBHE I0JIydaeM, 9To
ecu cucrema JinHelHbX ypapHeHuit AX = B umeer pelenue, TO CTOJI-
Oenr B siBiisiercst simHeitHoit komOuHaIeil ¢cTo10110B MaTpuibl A.
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[losToMy, 110 TeopeMe O JIMHENHbIX KOMOMHAIIUAX 0a31UCHBIX BEK-
TOPOB, ODa3UC JIMHEITHOI 000JI0UYKN CUCTEMbI CTOJIONOB MaTpUIlbl A sIBJIs-
eTcst 6A3UCOM JIMHEHHON 000JIOUKH CHCTEMbI CTOJIONOB MAaTPHIlL (A ‘ B).
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Teopema 3. C/IV AX = B cosmecmma mozda u moavko mozda, xo-
2da pane mampuuys, A pasen paney pacuupennots mampuuv (A ‘ B).

HokazareabcTBo. [Iycrs CJIV AX = B coBmecTHa.

Hcnonb3ys ymHoOXKeHne MaTpull, Ha MaKPOyPOBHE I0JIydaeM, 9To
ecu cucrema JinHelHbX ypapHeHuit AX = B umeer pelenue, TO CTOJI-
Oenr B siBiisiercst simHeitHoit komOuHaIeil ¢cTo10110B MaTpuibl A.

[losToMy, 110 TeopeMe O JIMHENHbIX KOMOMHAIIUAX 0a31UCHBIX BEK-
TOPOB, ODa3UC JIMHEITHOI 000JI0UYKN CUCTEMbI CTOJIONOB MaTpUIlbl A sIBJIs-
eTcst 6A3UCOM JIMHEHHON 000JIOUKH CHCTEMbI CTOJIONOB MAaTPHIlL (A ‘ B).

Taxum obpaszom, crosibnosbie panru maTpuil A u (A ‘ B) cosnagaror.

CoriacHO TeopeMe O paBeHCTBE TPeX PAaHIOB II0JIyYaeM, 9YTO €CJIN
cucrema ypapHenuiit AX = B umeer perrenne, To pair Marpuibl A paBeH
paHry maTpuiisl (A ‘ B). HeobxonmocTs JlokasaHa.
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Jlocmamounocmo. Ilyers Rg(A) = Rg(A ‘ B).
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II1.1. Teopema Kponekepa-Kanesin

Teopema 3. C/IV AX = B cosmecmma mozda u moavko mozda, xo-
2da pane mampuuys, A pasen paney pacuupennots mampuuv (A ‘ B).

Jlocmamounocmo. Ilyers Rg(A) = Rg(A ‘ B).

CoriacHo Teopenme 0 paBeHCTBE TPEeX PAHTOB, 9TO 03HAYACT, ITO UX
CTOJIOIIOBBIE DAHTH COBIAJAIOT. SHATHUT, MaKCHMAJIbHAS JIMTHEHHO He3a-
BUCHMAsl CHCTEMa CTOJIONOB MATPUIBI A sBJISIETCS MAKCHMAJTHHON JIH-
HETHO He3aBUCUMOI cucTeMoil ¢ToI0oB MaTpuiibl (A ‘ B).
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Teopema 3. C/IV AX = B cosmecmma mozda u moavko mozda, xo-
2da pane mampuuys, A pasen paney pacuupennots mampuuv (A ‘ B).

Jlocmamounocmo. Ilyers Rg(A) = Rg(A ‘ B).

CortacHo TeopeMe O paBeHCcTBe TPexX PAHToB, 9TO 03HAYAET, YTO UX
CTOJIOIOBBIE PAHIM COBIIQJIAIOT. J3HAUYUT, MaKCHUMaJbHas JUHEHHO He3a-
BHUCHMas CUCTeMa CTOJIONOB MaTpUIlhl A sBJIgeTCs MaKCUMAJJILHOM JTH-
HETHO He3aBUCUMOI cucTeMoil ¢ToI0oB MaTpuiibl (A ‘ B).

CornacHo TeopeMe O JIMHENHBIX KOMOMHAINAX 0a3MCHBIX BEKTO-
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JINHEHO He3aBUCHUMO CHCTEMBbI CTOJIOIOB MaTpUIlbl A.



II1.1. Teopema Kponekepa-Kanesin

Teopema 3. C/IV AX = B cosmecmma mozda u moavko mozda, xo-
2da pane mampuuys, A pasen paney pacuupennots mampuuv (A ‘ B).

Jlocmamounocmo. Ilyers Rg(A) = Rg(A ‘ B).

CortacHo TeopeMe O paBeHCcTBe TPexX PAHToB, 9TO 03HAYAET, YTO UX
CTOJIOIOBBIE PAHIM COBIIQJIAIOT. J3HAUYUT, MaKCHUMaJbHas JUHEHHO He3a-
BHUCHMAag CHCTeMa, CTOJIOIOB MaTpullbl A sIBjIgeTcd MaKCUMAJILHOM Jin-
HETHO He3aBUCUMOI cucTeMoil ¢ToI0oB MaTpuiibl (A ‘ B).

CortacHO TeopeMe O JIMHETHBIX KOMOMHANAX O0a3MCHBIX BEKTO-
poB crosbern B siBiasiercs jnHeitHO KoMOMHaIMel 9Toi MaKCHMaIbHOMN
JINHEHO He3aBUCHUMO CHCTEMBbI CTOJIOIOB MaTpUIlbl A.

[Tociesinee yTBep K ieHIe € IIOMOIIbIO0 YMHOXKeH ST MATPUIL Ha, MaK-
poyposie jerko npejacrasuTh B Buje AX = B. Takum odopasom, CJIYV
AX = B umeer perierne, To ecTb COBMeCTHa. TeopeMa JloKazaHa.



II1.2. Teopema 06 obmem pemmennun HCJIY

Teopema 4. Obwee pewenue X1(Ch,...,Cp) HCJIIY AX = B umeem
sud Xo(Ch, s Cn) + X, 2de Xo(Ch, ..., Ch) — obwee pewenue OCJY

AX =0, a X — npoussosvroe purcuposarnnoe pewerue ucroonoti HC-

JIV AX = B.

Jloka3aTeabCTBO.
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Teopema 4. Obwee pewenue X1(Ch,...,Cp) HCJIIY AX = B umeem
sud Xo(Ch, s Cn) + X, 2de Xo(Ch, ..., Ch) — obwee pewenue OCJY

AX =0, a X — npoussosvroe purcuposarnnoe pewerue ucroonoti HC-
JIV AX = B.

HHokazarenbctBo. [lycrs Xo(C,...,C,,) — obiree pereHre coot-
BercrByiomieit OCJIY, X — IIPOU3BOJIbHOE (PUKCUPOBAHHOE pEIleHUe 1C-

xoanoit HCJIV.

Torna npu 006X 3HaUeHNAX HepeMmerHbix C1, ..., C), nMmeem

A (Xo(Ct,...,Cp) +X) = AXo(Ch, ..., Cp) + AX =



II1.2. Teopema 06 obmem pemmennun HCJIY

Teopema 4. Obwee pewenue X1(Ch,...,Cp) HCJIIY AX = B umeem
sud Xo(Ch, s Cn) + X, 2de Xo(Ch, ..., Ch) — obwee pewenue OCJY

AX =0, a X — npoussosvroe purcuposarnnoe pewerue ucroonoti HC-
JIV AX = B.

HHokazarenbctBo. [lycrs Xo(C,...,C,,) — obiree pereHre coot-
BercrByiomieit OCJIY, X — IIPOU3BOJIbHOE (PUKCUPOBAHHOE pEIleHUe 1C-

xoanoit HCJIV.

Torna npu 006X 3HaUeHNAX HepeMmerHbix C1, ..., C), nMmeem

A (Xo(C1,...,Cp) +X) = AX(Cy,...,Cp) + AX =0+ B =B,



II1.2. Teopema 06 obmem pemmennun HCJIY

Teopema 4. Obwee pewenue X1(Ch,...,Cp) HCJIIY AX = B umeem
sud Xo(Ch, s Cn) + X, 2de Xo(Ch, ..., Ch) — obwee pewenue OCJY

AX =0, a X — npoussosvroe purcuposarnnoe pewerue ucroonoti HC-
JIV AX = B.

HHokazarenbctBo. [lycrs Xo(C,...,C,,) — obiree pereHre coot-
BercrByiomieit OCJIY, X — IIPOU3BOJIbHOE (PUKCUPOBAHHOE pEIleHUe 1C-

xoanoit HCJIV.

Torna npu 006X 3HaUeHNAX HepeMmerHbix C1, ..., C), nMmeem
A (Xo(C1,...,Cp) +X) = AX(Cy,...,Cp) + AX =0+ B =B,

TO ecThb Ipu JIIOOBIX 3HadeHusix napamerpos Cf,...,C,, Marpuia-

cronter, Xo(Cy, ..., Ch) + X spastercst pemennem HCJIY AX = B.



II1.2. Teopema 06 obmem pemmennun HCJIY

Teopema 4. Obwee pewenue X1(Ch,...,Cp) HCJIIY AX = B umeem
6ud Xo(C1, . ..,Cp) + X, 20e Xo(C4, ..., Ch) — obwee pewernue OCY
AX =0, a X — npoussosvroe Purcuposanmoe pewenue ucxoonot HC-
JIV AX = B.

HokazaresibcTBo. Ocranoch J0Ka3aTb, UTO s JIIOOOIO peIleHIs
X HCJIY AX = B moxnO Tax 1oy106parh kouctanTer C, ..., C),, 9TO

X = Xy(Cy,...,Cp) + X,



II1.2. Teopema 06 obmem pemmennun HCJIY

Teopema 4. Obwee pewenue X1(Ch,...,Cp) HCJIIY AX = B umeem
6ud Xo(C1, . ..,Cp) + X, 20e Xo(C4, ..., Ch) — obwee pewernue OCY
AX =0, a X — npoussosvroe Purcuposanmoe pewenue ucxoonot HC-
JIV AX = B.

HokazaresibcTBo. Ocranoch J0Ka3aTb, UTO s JIIOOOIO peIleHIs
X HCJIY AX = B moxnO Tax 1oy106parh kouctanTer C, ..., C),, 9TO
X = X,(Cy,...,Ch) + X,

Paccmorpum pasnocts X — X.



II1.2. Teopema 06 obmem pemmennun HCJIY

Teopema 4. Obwee pewenue X1(Ch,...,Cp) HCJIIY AX = B umeem
6ud Xo(C1, . ..,Cp) + X, 20e Xo(C4, ..., Ch) — obwee pewernue OCY
AX =0, a X — npoussosvroe Purcuposanmoe pewenue ucxoonot HC-
JIV AX = B.

HokazaresibcTBo. Ocranoch J0Ka3aTb, UTO s JIIOOOIO peIleHIs
X HCJIY AX = B moxnO Tax 1oy106parh kouctanTer C, ..., C),, 9TO
X = X,(Cy,...,Ch) + X,

Paccmorpum pasnocts X — X.

Samerum, uro 510 penlenne OCJIY AX = 0, Tak Kak



II1.2. Teopema 06 obmem pemmennun HCJIY

Teopema 4. Obwee pewenue X1(Ch,...,Cp) HCJIIY AX = B umeem
sud Xo(Ch, s Cn) + X, 2de Xo(Ch, ..., Ch) — obwee pewenue OCJY

AX =0, a X — npoussosvroe purcuposarnnoe pewerue ucroonoti HC-
JIV AX = B.

JlokazareabcTBo. Ocrajoch J0Ka3aTb, 4TO Il J1I00OTO pelleHns
X HCJIY AX = B moxnO Tax 1oy106parh kouctanTer C, ..., C),, 9TO
X = X,(Cy,...,Ch) + X,

Paccmorpum pasnocts X — X.

Samerum, uro 510 penlenne OCJIY AX = 0, Tak Kak

AX —X) =



II1.2. Teopema 06 obmem pemmennun HCJIY

Teopema 4. Obwee pewenue X1(Ch,...,Cp) HCJIIY AX = B umeem
sud Xo(Ch, s Cn) + X, 2de Xo(Ch, ..., Ch) — obwee pewenue OCJY

AX =0, a X — npoussosvroe purcuposarnnoe pewerue ucroonoti HC-
JIV AX = B.

JlokazareabcTBo. Ocrajoch J0Ka3aTb, 4TO Il J1I00OTO pelleHns
X HCJIY AX = B moxnO Tax 1oy106parh kouctanTer C, ..., C),, 9TO
X = X,(Cy,...,Ch) + X,

Paccmorpum pasnocts X — X.

Samerum, uro 510 penlenne OCJIY AX = 0, Tak Kak

AX -—X)=AX — AX =



II1.2. Teopema 06 obmem pemmennun HCJIY

Teopema 4. Obwee pewenue X1(Ch,...,Cp) HCJIIY AX = B umeem
sud Xo(Ch, s Cn) + X, 2de Xo(Ch, ..., Ch) — obwee pewenue OCJY

AX =0, a X — npoussosvroe purcuposarnnoe pewerue ucroonoti HC-
JIV AX = B.

JlokazareabcTBo. Ocrajoch J0Ka3aTb, 4TO Il J1I00OTO pelleHns
X HCJIY AX = B moxnO Tax 1oy106parh kouctanTer C, ..., C),, 9TO
X = X,(Cy,...,Ch) + X,

PacemorpuM pastHoctb X — X,

3aMeTuM, 4TO 9TO perenue OCJIY AX =0, Tak KakK

AX-X)=AX-AX=B-B-=



II1.2. Teopema 06 obmem pemmennun HCJIY

Teopema 4. Obwee pewenue X1(Ch,...,Cp) HCJIIY AX = B umeem
sud Xo(Ch, s Cn) + X, 2de Xo(Ch, ..., Ch) — obwee pewenue OCJY

AX =0, a X — npoussosvroe purcuposarnnoe pewerue ucroonoti HC-
JIV AX = B.

JlokazareabcTBo. Ocrajoch J0Ka3aTb, 4TO Il J1I00OTO pelleHns
X HCJIY AX = B moxnO Tax 1oy106parh kouctanTer C, ..., C),, 9TO
X = X,(Cy,...,Ch) + X,

PacemorpuM pastHoctb X — X,

Samerum, uro 510 penlenne OCJIY AX = 0, Tak Kak

AX-X)=AX-AX=B-B-=0.



II1.2. Teopema 06 obmem pemmennun HCJIY

Teopema 4. Obwee pewenue X1(Ch,...,Cp) HCJIIY AX = B umeem
sud Xo(Ch, s Cn) + X, 2de Xo(Ch, ..., Ch) — obwee pewenue OCJY

AX =0, a X — npoussosvroe purcuposarnnoe pewerue ucroonoti HC-
JIV AX = B.

JlokazareabcTBO. OcTajioch Jl0Ka3aTh, YTO JJIsl JIIOOOr0 pelleHusl
X HCJIY AX = B moxnO Tax 1oy106parh kouctanTer C, ..., C),, 9TO
X = X,(Cy,...,Ch) + X,

PacemorpuM pastHoctb X — X,

Samerum, uro 510 penlenne OCJIY AX = 0, Tak Kak
A(XX)AXAXBBO

[losromy HaiiyTcst Takue 3HAUCHHA IapaMeTpoB Ci,...,Cp, 4TO

X — X =X(Cy,...,Cp), toects X = Xo(Cy, ..., Cp) + X, uto 1 Tpe-

OoBaJIOCh JJOKa3aTh. TeopeMma JoKa3aHa.



II1.2. Teopema 06 obmem pemmennun HCJIY

Teopema 4. Obwee pewenue X1(Ch,...,Cp) HCJIIY AX = B umeem
sud Xo(Ch, e ,Cn) + X, 2de Xo(CY, ..., C) — obwee pewenue OCAY

AX =0, a X — npoussosvroe purcuposarnnoe pewerue ucroonoti HC-
JIV AX = B.

Taxum obpaszom, Bompoc o cTpykType obmiero pemenust HCJIY cBo-
JIUTCST K BOIIPOCY O CTPYKType ODINEero pemieHusl COOTBETCTBYIOIIEro

OCJIVY.



I11.3. Teopema o JmnHeiiHBIX KOMOMHAIISIX PeHIeHUil
OCJIY

Teopema 5. Jlunetinan xomounavyus pewenutd OCJ/LY AX = 0 asaiem-
ca peuwsenuem smoti OCJIY.

JloKka3zaTeabCTBO.



I11.3. Teopema o JmnHeiiHBIX KOMOMHAIISIX PeHIeHUil
OCJIY

Teopema 5. Jlunetinan xomounavyus pewenutd OCJ/LY AX = 0 asaiem-
ca peuwsenuem smoti OCJIY.

HoxkazareabcTBo. [Tycts X1 1 Xy — pemenus OCJIY AX = 0. Hajgo
POBEPUTH, 9TO AX1 + Xy gapisercd perenuem 3toit OCJIY AX = 0.



I11.3. Teopema o JmnHeiiHBIX KOMOMHAIISIX PeHIeHUil
OCJIY

Teopema 5. Jlunetinan xomounavyus pewenutd OCJ/LY AX = 0 asaiem-
ca peuwsenuem smoti OCJIY.

HoxkazareabcTBo. [Tycts X1 1 Xy — pemenus OCJIY AX = 0. Hajgo
POBEPUTH, 9TO AX1 + Xy gapisercd perenuem 3toit OCJIY AX = 0.
ITO O3HAYAET, UTO HaJ0 MpoBepuTh paeHCTBO A (AXy + uXy) = 0.



I11.3. Teopema o JmnHeiiHBIX KOMOMHAIISIX PeHIeHUil

OCJIY

Teopema 5. Jlunetinan xomounavyus pewenutd OCJ/LY AX = 0 asaiem-
ca peuwsenuem smoti OCJIY.

HoxkazareabcTBo. [Tycts X1 1 Xy — pemenus OCJIY AX = 0. Hajgo
POBEPUTH, 9TO AX1 + Xy gapisercd perenuem 3toit OCJIY AX = 0.
ITO O3HAYAET, UTO HaJ0 MpoBepuTh paeHCTBO A (AXy + uXy) = 0.

DTO OYEBHJIHO, TAK KaK I10 CBOMCTBAM IIPOUBBEICHIS MATPUIL U B CILILY
Toro, uro X; u Xo — pemenust OCJIYV AX = 0, noysydaem



I11.3. Teopema o JmnHeiiHBIX KOMOMHAIISIX PeHIeHUil

OCJIY

Teopema 5. Jlunetinan xomounavyus pewenutd OCJ/LY AX = 0 asaiem-
ca peuwsenuem smoti OCJIY.

HoxkazareabcTBo. [Tycts X1 1 Xy — pemenus OCJIY AX = 0. Hajgo
POBEPUTH, 9TO AX1 + Xy gapisercd perenuem 3toit OCJIY AX = 0.
ITO O3HAYAET, UTO HaJ0 MpoBepuTh paeHCTBO A (AXy + uXy) = 0.

DTO OYEBHJIHO, TAK KaK I10 CBOMCTBAM IIPOUBBEICHIS MATPUIL U B CILILY
Toro, uro X; u Xo — pemenust OCJIYV AX = 0, noysydaem



I11.3. Teopema o JmnHeiiHBIX KOMOMHAIISIX PeHIeHUil

OCJIY

Teopema 5. Jlunetinan xomounavyus pewenutd OCJ/LY AX = 0 asaiem-
ca peuwsenuem smoti OCJIY.

HoxkazareabcTBo. [Tycts X1 1 Xy — pemenus OCJIY AX = 0. Hajgo
POBEPUTH, 9TO AX1 + Xy gapisercd perenuem 3toit OCJIY AX = 0.
ITO O3HAYAET, UTO HaJ0 MpoBepuTh paeHCTBO A (AXy + uXy) = 0.

DTO OYEBHJIHO, TAK KaK I10 CBOMCTBAM IIPOUBBEICHIS MATPUIL U B CILILY
Toro, uro X; u Xo — pemenust OCJIYV AX = 0, noysydaem



I11.3. Teopema o JmnHeiiHBIX KOMOMHAIISIX PeHIeHUil

OCJIY

Teopema 5. Jlunetinan xomounavyus pewenutd OCJ/LY AX = 0 asaiem-
ca peuwsenuem smoti OCJIY.

HoxkazareabcTBo. [Tycts X1 1 Xy — pemenus OCJIY AX = 0. Hajgo
POBEPUTH, 9TO AX1 + Xy gapisercd perenuem 3toit OCJIY AX = 0.
ITO O3HAYAET, UTO HaJ0 MpoBepuTh paeHCTBO A (AXy + uXy) = 0.

DTO OYEBHJIHO, TAK KaK I10 CBOMCTBAM IIPOUBBEICHIS MATPUIL U B CILILY
Toro, uro X; u Xo — pemenust OCJIYV AX = 0, noysydaem

Teopema jmokazaHa.



I111.4. Teopema o pa3zMepHOCTH HPOCTPaHCTBa pellle-

auit OCJIY

Teopema 6. Mnoowcecmso pewernutic OCJLY A, wnXx1 = Omx1 ABAA-
emcsa noonpocmparncmeom Aunetinozo npocmparcmea R™ pasmeprocmu
n—r, eder — pane mampuuovt A.

JloKa3aTeabCTBO.



I111.4. Teopema o pa3zMepHOCTH HPOCTPaHCTBa pellle-

auit OCJIY

Teopema 6. Mnoowcecmso pewernutic OCJLY A, wnXx1 = Omx1 ABAA-
emcsa noonpocmparncmeom Aunetinozo npocmparcmea R™ pasmeprocmu
n—r, eder — pane mampuuovt A.

HokazareabcTBo. Tor daxt, uro muokecTso perennit OCJIY sapiis-
eTCsI TIOJIIIPOCTPAHCTBOM, JIEIKO IIOJIYUUTD C IIOMOIIBIO KPUTEPUs 110/1-
IIPOCTPAHCTBA U T€OPEMbI O JMHENHBIX KOMOMHAISIX PeIleHni

OCJIY.



I111.4. Teopema o pa3zMepHOCTH HPOCTPaHCTBa pellle-
nuiit OCJIY

Teopema 6. Mnoowcecmso pewernutic OCJLY A, wnXx1 = Omx1 ABAA-
emcsa noonpocmparncmeom Aunetinozo npocmparcmea R™ pasmeprocmu
n—r, eder — pane mampuuovt A.

JlokazarebcTBO. OcTasioch JIoKa3aTh YTBEP:K/IEHUE O pa3MEpPHOCTH
npocTpaHcTBa pentennii. Coriacio TeopemMe 0 COBIAJICHNN TPeX PaH-
OB UMeeM, 4TO PaHI' MaTPUlbl KOI(MMUIMEHTOB PaBeH pasMepHOCTH
JINHEITHON 000JIOUKHM CHUCTEMbl CTOJIONOB MaTpulibl A KosdduimeHTon

OCJIYV AX = 0.



I111.4. Teopema o pa3zMepHOCTH HPOCTPaHCTBa pellle-
nuiit OCJIY

Teopema 6. Mnoowcecmso pewernutic OCJLY A, wnXx1 = Omx1 ABAA-
emcsa noonpocmparncmeom Aunetinozo npocmparcmea R™ pasmeprocmu
n—r, eder — pane mampuuovt A.

JlokazaTeabcTBO. OcTajioch JI0Ka3aTh YTBEP:KJIEHIE O PA3MEPHOCTH
npocTpaHcTBa pentennii. Coriacio TeopemMe 0 COBIAJICHNN TPeX PaH-
OB UMeeM, 4TO PaHI' MaTPUlbl KOI(MMUIMEHTOB PaBeH pasMepHOCTH
JINHEITHON 000JIOUKHM CHUCTEMbl CTOJIONOB MaTpulibl A KosdduimeHTon
OCJIY AX =0.

[TepenymepoBriBast, Tpu HEOOXOAUMOCTH, HEM3BECTHBIC, MOYKHO CUU-
TaTb, YTO IIEPBBIE I CTOJIOIOB MaTpuIlbl Koadgdunnenro A obpasyior
Dasuc JHeiiHoi 000/101UKI CHCTeMbI CTOJI0II0B MaTpuIlbl A.



I111.4. Teopema o pa3zMepHOCTH HPOCTPaHCTBa pellle-

auit OCJIY

Teopema 6. Mnoowcecmso pewernutic OCJLY A, wnXx1 = Omx1 ABAA-
emcsa noonpocmparncmeom Aunetinozo npocmparcmea R™ pasmeprocmu
n—r, eder — pane mampuuovt A.

JokazareabcTBO. CunTaeM, 4TO IIEPBBIE T CTOJIOIOB MATPUILBI KOI(D-
durmenToB A obpasyior Dasmc JiHeiHoil 000/JI0UKIT CHCTEMbI CTOJIOIOB
MaTpuibl A.

[lo TeopeMe o JIMHEHBIX KOMOMHAIIMAX Oa3MCHBIX BEKTOPOB
mMeeM, 9To Jitst Joboro j € {r+1,...,n} HaigyTes KodabOUIIEHTDE
Aljs - .-y Apj TAKHE, YTO



I111.4. Teopema o pa3zMepHOCTH HPOCTPaHCTBa pellle-
nuiit OCJIY

Teopema 6. Mnoowcecmso pewernutic OCJLY A, wnXx1 = Omx1 ABAA-
emcsa noonpocmparncmeom Aunetinozo npocmparcmea R™ pasmeprocmu
n—r, eder — pane mampuuovt A.

JokazareabcTBO. CunTaeM, 4TO IIEPBBIE T CTOJIOIOB MATPUILBI KOI(D-

dumumenToB A obpasyroT Daszuc JiHeiinoil 00010TKI CUCTEMBI CTOJIONOB
MaTpuibl A.

ay; a1 a12 Ay

a2, a21 22 Aoy

Qpj an1 an2 Any



I111.4. Teopema o pa3zMepHOCTH HPOCTPaHCTBa pellle-

auit OCJIY

a1, a1 12 Ay
a2 a21 22 a2y

= )\U + )\2]' + ...+ )\rj . (6)
Qpj Qn1 an2 Any

C HOMOIIBI0 TEOPEMBI O JIMHEMHBbIX KOMOMHAIIMSAX OA3MCHBIX BEK-
TOPOB JIOKayKeM, 4YTO CUCTeMa PelleHni

( >\11 )\12 ( AM
/\21 )\22 /\QT
7’1 r2 'r"r
SET I A DR (7)
0

PiUAY

siBjisieTcst Oaszucom moanpocTpancTsa pentenuit OCJIY AX = 0.




I111.4. Teopema o pa3zMepHOCTH HPOCTPaHCTBa pellle-

auit OCJIY

To, 1ro Kaxkblii sjieMeHT cucTeMbl (7) SBJSETCS PEIICHHeM 3TOf
OCJLY, oueBmjien: coriacHo paBerncTBam (6)

( Ak \
Ar
ai;p ... Qip 8
apl  --- Qnn _1

i/




I111.4. Teopema o pa3zMepHOCTH HPOCTPaHCTBa pellle-

auit OCJIY

To, 1ro Kaxkblii sjieMeHT cucTeMbl (7) SBJSETCS PEIICHHeM 3TOf
OCJLY, oueBmjien: coriacHo paBerncTBam (6)

( Ak \
>\rk

a11 A1y A1k
a1 ... QAip O oy as ok
-
= A\ + .o+ AN — =
Ap1 - .. Qpp
-1 Qn1 Anr Ank

i/



I111.4. Teopema o pa3zMepHOCTH HPOCTPaHCTBa pellle-

auit OCJIY

To, 1ro Kaxkblii sjieMeHT cucTeMbl (7) SBJSETCS PEIICHHeM 3TOf
OCJLY, oueBmjien: coriacHo paBerncTBam (6)

( Ak \
>\rk

a11 A1y A1k
a1 ... QAip O oy as ok
-
= A\ + .o+ AN — =
Ap1 - .. Qpp
-1 Qn1 Anr Ank

i/



I111.4. Teopema o pa3zMepHOCTH HPOCTPaHCTBa pellle-

auit OCJIY

Jluneiinast HE3ABUCUMOCTH CUCTEMBI (7) TakyKe OUeBHJIHA: €CJIN

)\11 AIQ A17‘ 0
)\7”1 )\7‘2 )\7“?“ O
a1 -1 + Qo 0 + ...ty 0 = 01,
0 1 0 0
0 0 ~1 0
To s Jiroboro HoMmepa k € {1,2,...,n —r} u3 cpasaenus (r + k)-it

CTPOKU MAaTpUIl U3 JIEBOU U IIPABOl dacTeil 1OocJie/IHero paBeHCTBa CJie-
ayeT, 4To oy = 0.



I111.4. Teopema o pa3zMepHOCTH HPOCTPaHCTBa pellle-
uuit OCJIY

Ocraoch MPOBEPUTDH TOJHOTY cucTeMbl (7), TO eCcTh 0CTAI0Ch yhe-
JIUTHCsT B TOM, 9TO Jitoboe perenne cucreMbl AX = 0 siBjisieTcst JTnHeHOI
KOMOMHATINEH MaTPUI-cToI010B u3 cucreMbl (7).



I111.4. Teopema o pa3zMepHOCTH HPOCTPaHCTBa pellle-
nuiit OCJIY
t
BosbuMeM 1ponssosibHoe pettenue ( 21 ... x, ) cucremst (7). Toraa
110 TeopeMe O JnHeiTHbIX koMOouHaIax pentenuii OCJIY pemenu-
eM 9TOIl CHCTeMBI sIBJISIeTCs TaKoil HabOp 3HaYeHUll IepeMeHHbIX:

I /\11 >\12 )‘17’ U1
Ty )\rl )\7‘2 )\'r'r Yr
Tyyo 0 ~1 0 0
Tn 0 0 -1 0

n—r

rAe Y = Tj — E TpyjAkj.
=1



I111.4. Teopema o pa3zMepHOCTH HPOCTPaHCTBa pellle-
nuiit OCJIY

T )\11 >\12 )\17‘ Y1

Ty )\rl )\7“2 )\TT Yr

Tyio 0 ~1 0 0

Tn 0 0 -1 0
n—r

TIe Yy = Tp — g Ty4 Ak 1lojcTaBisa sTo pelienue B ypaBHeHue, I10-

j=1
JlydaeM

0 - r
aix ... Qi Qle41 ... QA1n ay;j
— Yr _ ,
.. o 0 Y; A
0 pi - Qpp Gpptl - Gpp - Qnj



I111.4. Teopema o pa3zMepHOCTH HPOCTPaHCTBa pellle-

auit OCJIY

(o) (.

n

e T
cee A1 Qip41 ... Q1p y Q15
T _— .
- Qpr Apry1 --- App ]_1 Qnj
0

Ho nepsbie n ctos161108 MaTpuiibl A JIMHEHHO HE3aBUCUMBI (TaK KaK 9TO

basuc cucreMbl CTPOK MaTpuiibl A), mosroMy y; = ... =1y, = 0, TO ecThb
- A1 A12 A1y
; A Ao A
Tyt — Tyt _(1) + 42 _1(1) — ... T Xy 8
In

0 0 —1



I111.4. Teopema o pa3zMepHOCTH HPOCTPaHCTBa pellle-
nuiit OCJIY

T A11 )\12 Al?"
T >\r1 >\r2 /\7“7“
$T+I = Tyl _(1) + Tp42 1? — ... T Xy 8
n 0 0 ~1

BHaunt, cucreMa BeKTOPOB (7) sBisieTcss 6a3ncoM MPOCTPAHCTBA Pe-
menuit cucrembl AX = 0, B 9acTHOCTH, €r0 pa3MepHOCTL paBHA 1 — T,
YTO U TPeOOBAJIOCH JOKA3ATh.



II1.5. Teopema 06 obmiem permennun OCJIY

Teopema 7. Obwee  pewenue  OCJIY AX =0 umeem  6ud
CiXi+...+4C, X, 2de m=n—1r, n — YUCAO HEU3BECTMHVIT, T —
pare mampuust xoapduuyuernmos A, Xi,Xo, ..., X,, — basuc auneli-
nozo npocmparcmea pewernuti OCJY AX = 0.

JloKka3aTebCTBO.



II1.5. Teopema 06 obmiem permennun OCJIY

Teopema 7. Obwee  pewenue  OCJIY AX =0 umeem  6ud
CiXy+...40C, X, 2de m=n—1r, n — “UCAO0 HEUIBECMHBIL, T —
pare mampuust xoapduuyuernmos A, Xi,Xo, ..., X,, — basuc auneli-
nozo npocmparcmea pewernuti OCJY AX = 0.

Jloka3aTeJIbCTBO. DTa TeopeMa, siBISeTCAd HeIOCPEeICTBEHHBIM CJle/I-
CTBHEM H3 TEOpPeMbl O PpPa3MepPHOCTU IIPOCTPAHCTBA PeIIeHuit
OCJIY u TeopeMbl O JIMHEMHBIX KOMOMHAIIMSIX Oa3MCHBIX BEK-
TOpoB. TeopeMma J0Ka3ala.



I11.6. ®ynapameHTaIbHAsA MATPUIA
V3 yMHOXKeHUs MaTpull Ha MaKpPOYPOBHE IOJIy9aeM, UTO

Ch
Co

Ci X+ .ot Cp X,y = ,
Cm

rie ¢ = (Xng...Xm).



I11.6. ®ynapameHTaIbHAsA MATPUIA
V3 yMHOXKeHUs MaTpull Ha MaKpPOYPOBHE IOJIy9aeM, UTO

Cy
O Xy +...+0, X, = C2 ,
,
rie ¢ = (Xng...Xm )
Onpenenenne 7. Cucmema Xy, Xo, ..., X, Ha3vieaemcs PyHIaAMEH-

TaJibHOIT cuctemoii pemmennit OC/IYV AX = 0, a mampuua ¢ — PpyH-
JAMEHTAJIbHON MaTpPUIEn.



I11.6. ®ynapameHTaIbHAsA MATPUIA
V3 yMHOXKeHUs MaTpull Ha MaKpPOYPOBHE IOJIy9aeM, UTO

Cy
OXi bt CX =0 | 2|
,
rie © = (Xng...Xm )
Onpenenenne 7. Cucmema Xy, Xo, ..., X, Ha3vieaemcs PyHIaAMEH-

TaJibHOIT cuctemoii pemmennit OC/IYV AX = 0, a mampuua ¢ — PpyH-
JAMEHTAJIbHON MaTpPUIEn.

Mg Oyziem ucnosibzoBaTh abbpepuarypy @CP BmecTo dpasbl «hyH/1a-
MeHTaJIbHas CHCTeMa pelleHuits. «VHaycTpraibHasiy MeTOJINKa HAXOXK-
nennst CP Oblia HaMKM paccMOTpeHa IIPU PelIeHuN ITPUMEPOB.



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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