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I. HekoTopble NOHATHUS TEOPUU CUCTEM JIMHEMHBIX YPaB-
HEHUH

SIler Mbl O'PAHUYHUMCS [TEPBOHAYAaJIbHBIMHU CBEACHHUAMU U HOILpO6HbIM
U3JIO2KEHUEM OAHOI'0O M3 OCHOBHbLIX METOAOB pELICHHUS CUCTEM JIMHEHUHbIX
ypaBHenu#: metona laycca. /151 petieHust HEKOTOPbIX CUCTEM JIMHEHHbIX
ypaBHEHHIH MOXKHO NTPUMeHHThb hopmyJbl Kpamepa.



I.1. OcHoBHble onpenenenus Teopun CJ1Y

Onpepnenenue 1. CucreMod ypaBHEHUU OMHOCUNICAbHO HeU3B8eCHl-

HblX I1,X9,...,Ty HA3LBACMCA BOLPAMCECHUE suda
(
filzy, xo, ... xn) = g1(x1, 29, ..., Ty
) fQ(le?xQ?"'axn)292(x17x27"'7xn> (1)
L f’m(xla o, ..., xn) — gm(*xl)x% s 7:Un)

Imo soipaxcenue npedcmasasem coboil svickasvleare 06 00HO-
BPEMEHHOL UCMUHHOCTU 8CeX YPABHEHUL IMOLL CUCHIeMbl.

B cyiyuae, korna cuctema COCTOUT TOJIBKO U3 OJTHOTO YPaBHEHHS, JIEBYIO
urypHyto cko6Ky 06bIYHO He TMHUILYT, TO €CTb MUILYT 27 — 3 = 3 BMECTO
{20 —y = 3.



I.1. OcHoBHble onpenenenus Teopun CJ1Y

Onpenenenue 2. CucreMoi IMHEHHbBIX YPABHEHUH ONMHOCUIMENbHO HeU3BECTHbLX
1,22, ..., T, HAZBIBACMCA CUCMEMA YPABHEH UL 8Uda

1121 + 19T + . .. + a1y, = by
a211 + aos22x9 + ...+ AonTy = bg (2)
Am1T1 + QoXo + ... + Qun®n = by

ede a;; — HekomopoLe uucia, Hasvieaemvie Koagpuunenramu amotl cucmenot, u
b; — makoe yucaa', Hasvieaemole CBOGOIHBIMY YJI€HAMM CLLCITIEMbL (2).

B o611em cJiydae a;; 1 bj ABJIAIOTCS 9JIEMEHTAMH HEKOTOPOI'O KOJIbLA.



I.1. OcHoBHble onpenenenus Teopun CJ1Y

Onpenenenue 2. CucreMoi IMHEHHbBIX YPABHEHUH ONMHOCUIMENbHO HeU3BECTHbLX
1,22, ..., T, HAZBIBACMCA CUCMEMA YPABHEH UL 8Uda

a11x1 + a1y + ...+ apT, = by
a91T1 + A92T9 + ... + QopTy = bg (2)

Am1T1 + maT2 + . .« QppTy = bm

ede a;; — HekomopoLe uucia, Hasvieaemvie Koagpuunenramu amotl cucmenot, u
b; — makoice uucaa, Hasobieaemvle CBOOOAHBIMU UJdeHAMM cucmemol (2).

Ecau npu smom by =by=...=b, =0, mo cucmema AUHEUHOLX YpaBHE-
Hui (2) Hazvieaemcs OQHOPOJAHOM CUCTEMOM JUHENHbIX YPABHEHUH (COKpalyeH-
1o OCJ1Y)?.

2Kak npumep ucnosib30BaHust 310l aGOPeBUATYPbI, PUBEJIEM BbICKA3bIBAHHE OJIHOTO CTYJIEHTA MO M0-
BOJly NoJiydeHHOH UM olleHKH: «Ho g Benp Hates penienue stomy OCJIY!»



I.1. OcHoBHble onpenenenus Teopun CJ1Y

Onpenenenue 2. CucreMoi IMHEHHbBIX YPABHEHUH ONMHOCUIMENbHO HeU3BECTHbLX
1,22, ..., T, HAZBIBACMCA CUCMEMA YPABHEH UL 8Uda

1171 + a19T2 + ... + apx, = by
a211 + aos22x9 4+ ...+ AonTy = bg (2)
)

Am1T1 + maT2 + . .« QppTy = bm

ede a;; — HekomopoLe uucia, Hasvieaemvie Koagpuunenramu amotl cucmenot, u
b; — makoice uucaa, Hasobieaemvle CBOOOAHBIMU UJdeHAMM cucmemol (2).

Ecau npu smom by =by=...=b, =0, mo cucmema AUHEUHOLX YpaBHE-
Hui (2) Hazvieaemcs OQHOPOJAHOM CUCTEMOM JUHENHbIX YPABHEHUH (COKpalyeH-
Ho OCJ1Y). B npomusrom cayuae (mo ecmo ecau xoms 6oL 00ur U3 c80600HbLX
yneno8 omaudern om ) cucmema aurelHolx ypasrenui (2) nHazvleaemcs Heoa-
HOPOJHOW CUCTEMOM JUHeHHbIX ypaBHeHUH (coxpauwenrno HCJ1Y ).




I.1. OcHoBHble onpenenenus Teopun CJ1Y

O,ZLHOI;’I U3 IMPHUYHH, O6YCJIOBI/IBHJI/IX BBeJI€HHNEC HAa3BAHUA <KCHUCTEMA JIN-
HENHbIX ypaBHeHHﬁ» ABJIACTCH TOT d)aKT, 4yTO €CJIh (1, (9, . . . , Oy, — HHC-
Jla, TO YpaBHEHUE BUAA QX1 + QoXo + . .. + @, T, = [ HA3bIBACTCS JU-
HEeHUHbIM YPABHEHUEM OTHOCUTEJIbHO HEU3BECTHLIX L1, T2, ..., Ty.



[.2. Hekotopbie npo6aembl Teopun CJ1Y

KaKOB KpyT HpO6JI€M, KOTOPbIMH Mbl NOJIZKHbI 3dHUMATLCA B TECOPHH
CUCTEM JIMHEHHBIX YpaBHeHUH? Hayka BocnpuHumaeT U ob6pabaThiBaeT
TOJIbKO HH(hOpMAaLIMIO, IPEACTABIEHHYIO B OHON U3 CTAHAAPTHBIX (DOPM.
13 3TOro yTBEp2K/AE€HHUS BHITEKAIOT CJAENYIOIIME 3a1aul. Bo-nepBbIX, cie-
AYET OIPEAC/IUTb HECKOJIbKO CTAHAAPTHBIX (bOpM NpeacTaBJ€HUSA CUCTE-
Mbl JINHEUHDBIX YPABHEHUH.



[.2. HekoTopbie npo6Jembl Teopun CJ1Y

KaKOB KpyT HpO6JI€M, KOTOPbIMH Mbl NOJIZKHbI 3dHUMATLCA B TECOPHH
CUCTEM JIMHEHHBIX YpaBHeHUH? Hayka BocnpuHumaeT U ob6pabaThiBaeT
TOJIbKO HH(hOpMAaLIMIO, IPEACTABIEHHYIO B OHON U3 CTAHAAPTHBIX (DOPM.
13 3TOro yTBEp2K/AE€HHUS BHITEKAIOT CJAENYIOIIME 3a1aul. Bo-nepBbIX, cie-
AYET OIPEAC/IUTb HECKOJIbKO CTAHAAPTHBIX (bOpM NpeacTaBJ€HUSA CUCTE-
Mbl JIMHEUHBIX YPABHEHUH. BO-BTOPBIX, aKTyaJIbHbIM SABJSIETCS BOMPOC
O PaBHOCHUJIbHBIX TPEOOPA30BAHUAX CUCTEMbl YPABHEHHUH.



[.2. HekoTopbie npo6Jembl Teopun CJ1Y

KakoB kpyr npo6JsieM, KOTOPbIMH Mbl JOJ/GKHBI 3aHUMAThCS B TEOPUH
CUCTeM JIMHEHHbIX ypaBHeHUH? Hayka BocnpuHuMaeT u oOpabaThiBaeT
uHpopMalrio ToNbKO HHpOPMaLUIO, PEJICTABJEHHYIO B OJJTHOH U3 CTaH-
naptHbix popm. V3 3Toro yrBepKieHus BLITEKAIOT CJEAyIOLINE 3a1aUH.
Bo-nepBbix, cieayeT onpeneuTb HECKOJBbKO CTaHAAPTHBIX (hOPM Mpeji-
CTaBJIEHUS] CUCTEMbl JIMHEHHbIX YpaBHEHUH. Bo-BTOpbIX, aKTyaJbHbIM
SIBJISIETCS BOTIPOC O PABHOCHJILHBIX IPe06Pa30BaAHUSIX CUCTEMbI ypaBHe-
HUH. B-TpeTbuX, xKeJjlaTeJIbHO pazpadoTaTh aJropuTM npeobpasoBaHus
CUCTeMbl ypaBHEHUH K HauboJiee BaXKHbIM CTaHIAPTHLIM (popmMaMm npeji-
CTaBJIEHHS.



[.3. CranpaptHble ¢popmbl npeacraBaeHusa CJ1Y

Heasb 1. Paspabomame cmandapmHore hopmol npedcmasieHus Ci-
CHIeMblL AUHEUHbLX YPABHEHULL.

JlJis1 co3nanust Apyrux cTaHaapTHbIX (PopM MpeacTaBJeHHs] CUCTEMbI
JIMHEHHBIX YPAaBHEHUHA HAM HAJ0 ONPEIEJUTLCS C LUEJSIMH UX CO3JIaHHUS.
Haunem ¢ komnaktHocTH. Popma npejcTaB/eHus (2) HepeaKo oKa3biBa-
eTCsl Upe3MePHO TPOMO3JKOH MPH MoJyueHUH hOpMyJ U IPYTHX Pe3yJib-
TAaTOB TEOPETUUYECKOrO aHAJIU3A.



[.3. CranpaptHble ¢popmbl npeacraBaeHusa CJ1Y

Heasb 1. Paspabomame cmandapmHore hopmol npedcmasieHus Ci-
CHIeMblL AUHEUHbLX YPABHEHULL.

KoMnakTHOCTbIO U OOTaThIMU BO3MOXKHOCTSIMA OTJIMYAETCS annapar
MaTpUUHOH aarebpbl, MOSTOMY 0COOYIO POJib UrpaeT TOT (haKT, UTO CH-
CTEMY JIMHENHbIX YpaBHEHHUH (2) MOXKHO MPEeJACTABUThb B BUJIE



[.3. CranpaptHble ¢popmbl npeacraBaeHusa CJ1Y

Heasb 1. Paspabomame cmandapmHore hopmol npedcmasieHus Ci-
CHIeMblL AUHEUHbLX YPABHEHULL.

KoMnakTHOCTbIO U OOTaThIMU BO3MOXKHOCTSIMA OTJIMYAETCS annapar
MaTpUUHOH aarebpbl, MOSTOMY 0COOYIO POJib UrpaeT TOT (haKT, UTO CH-
CTEMY JIMHENHbIX YpaBHEHHUH (2) MOXKHO MPEeJACTABUThb B BUJIE



[.3. CranpaptHble ¢popmbl npeacraBaeHusa CJ1Y

Heasb 1. Paspabomame cmandapmHore hopmol npedcmasieHus Ci-
CHIeMblL AUHEUHbLX YPABHEHULL.

aii ai2 Ain b1

a1 a2 A2n, 52
xr1 + To+ ...+ T, =

Am1 Am2 Amn bm

]/ICHOJH)SYH KYMHO2KE€HHE€ MATPpHUILl HA MAKPOYPOBHE>», TIOCJIEJHEE Pa-
BEHCTBO MO2KHO IPEACTABUTbL B BUJIE

ai; aip ... Qaip I bl
as1 a9 ... Aop i) bg (3)

Al Qmo - . G, Tn b,



[.3. CranpaptHble ¢popmbl npeacraBaeHusa CJ1Y

Heasb 1. Paspabomame cmandapmHore hopmol npedcmasieHus Ci-
CHIeMblL AUHEUHbLX YPABHEHULL.

Hrak, mobyto cuctemy JUHEHHbIX YpaBHEHUH (2) MOXKHO MPeJICTaBUTh
B BUJIe MAaTpUUHOro ypaBHeHust AX = B, rjie

a1 a2 ... Qaip I b1

as1r Ao ... (A9 I9
A= " X = B =

A1 Am2 - - Qmn Ty b,



[.3. CranpaptHble ¢popmbl npeacraBaeHusa CJ1Y

Heasb 1. Paspabomamos cmandapmHore hopmol npedcmasieHus Cu-
cmemol AUHeLUHbLX YDABHEHULL.

Hrak, mobyto cuctemy JUHEHHbIX ypaBHEHUH (2) MOXKHO MPeICTaBUTh
B BUJIEe MaTpUUYHOro ypaBHeHust AX = B, rie

a1 aip ... aip I bl

as1 Ao ... (A9 Io bg
A p— n s X pr— 3 B pr—

A1 Qmo - . Gmp, Tn b,

Huxxe ™mbl monpoOHee 3alMeMCsl MATPUUHBIMH YPABHEHHUSMHU BHJA
AX = B. VHTepec K TaKUM ypaBHEHHUSIM BbI3BaH, B YACTHOCTH, TeM 00-
CTOATEJICTBOM, UTO JJ/IS OTbICKAHHUA OOPATHOW MATPHULIbI MOKHO PELIUTh
MaTpuuHoe ypaBHeHue AX = F, rie ' — eMHUUHAsi MaTpULIA COOTBET-
CTBYIOLLICH PA3MEPHOCTH.



[.3. CranpaptHble ¢popmbl npeacraBaeHusa CJ1Y

Heasb 1. Paspabomame cmandapmHore hopmol npedcmasieHus Ci-
CHIeMblL AUHEUHbLX YPABHEHULL.

Henocratkom cucrembl ypaBHeHUH (2), KOTOPbIH COXpaHSIeTCsl U B
thopme (3) ocTaeTcs HEOUEBUIHOCTb 3HAUEHHUH MEPEMEHHbIX, TPU KO-
TOPBIX BBIMTOJHSIOTCS BCE PABEHCTBA CUCTEMbI (2) U MaTpUUHOE ypaB-
HeHue (3).



[.3. CranpaptHble ¢popmbl npeacraBaeHusa CJ1Y

Heasb 1. Paspabomame cmandapmHore hopmol npedcmasieHus Ci-
CHIeMblL AUHEUHbLX YPABHEHULL.

Henocratkom cucrembl ypaBHeHUH (2), KOTOPbIH COXpaHSIeTCsl U B
thopme (3) ocTaeTcs HEOUEBUIHOCTb 3HAUEHHUH MEPEMEHHbIX, TPU KO-
TOPBIX BBIMTOJHSIOTCS BCE PABEHCTBA CUCTEMbI (2) U MaTpUUHOE ypaB-

HeHue (3).
Mcnosb3ysi  cTpareruio  NPUOPUTETHOTO — U3ydeHMS

9KCTPEMAJIbHbIX CHUTYaALMH, MOXKHO BbIJACJUTb HaK-
6oJiee TMPOCTyr0 (oOpMy MPEACTABJEHUSI CHUCTEM
JINHEUHDBIX YPABHEHUH:



[.3. CranpaptHble ¢popmbl npeacraBaeHusa CJ1Y

Heasb 1. Paspabomame cmandapmHore hopmol npedcmasieHus Ci-
CHIeMblL AUHEUHbLX YPABHEHULL.

Henocratkom cucrembl ypaBHeHUH (2), KOTOPbIH COXpaHSIeTCsl U B
thopme (3) ocTaeTcs HEOUEBUIHOCTb 3HAUEHHUH MEPEMEHHbIX, TPU KO-
TOPBIX BBIMTOJHSIOTCS BCE PABEHCTBA CUCTEMbI (2) U MaTpUUHOE ypaB-

HeHue (3).
Mcnosb3ysi  cTpareruio  NPUOPUTETHOTO — U3ydeHMS

9KCTPEMAJIbHbIX CHUTYaALMH, MOXKHO BbIJACJUTb HaK-
6oJiee TMPOCTyr0 (oOpMy MPEACTABJEHUSI CHUCTEM \
JINHEUHDBIX YPABHEHUH:

)
Tl = Uy,

Lo = U2;

Ty = Uy,

\



[.3. CranpaptHble ¢popmbl npeacraBaeHusa CJ1Y

Heasb 1. Paspabomame cmandapmHore hopmol npedcmasieHus Ci-
CHIeMblL AUHEUHbLX YPABHEHULL.

Henocratkom cucrembl ypaBHeHUH (2), KOTOPbIH COXpaHSIeTCsl U B
thopme (3) ocTaeTcs HEOUEBUIHOCTb 3HAUEHHUH MEPEMEHHbIX, TPU KO-
TOPBIX BBIMTOJHSIOTCS BCE PABEHCTBA CUCTEMbI (2) U MaTpUUHOE ypaB-

HeHue (3).
HMcnosb3yst cTpaTteruto  MPUOPUTETHOTO  HU3YUEHUS ( T1 = U’
)
9KCTPEMAJIbHbIX CHTYyalUHd, MOXKHO BbIIEJUTb HaHW- Lo = Us:
)
6o/iee  MpocTyio  (DOpPMY PEICTABJECHHSI CHCTEM
JIMHEHHbIX YPaBHEHHUHU: T, = U,
\

Takum o6paszom, akTyasbHOU sIBJsieTcs 3ajaaua npubeneHus CJIY K
JAHHOMY BHLY.



[.3. CranpaptHble ¢popmbl npeacraBaeHusa CJ1Y

Heasb 1. Paspabomame cmandapmHore hopmol npedcmasieHus Ci-
CHIeMblL AUHEUHbLX YPABHEHULL.

Henocratkom cucrembl ypaBHeHUH (2), KOTOPbIH COXpaHSIeTCsl U B
thopme (3) ocTaeTcs HEOUEBUIHOCTb 3HAUEHHUH MEPEMEHHbIX, TPU KO-
TOPBIX BBIMTOJHSIOTCS BCE PABEHCTBA CUCTEMbI (2) U MaTpUUHOE ypaB-

HeHue (3).

HMcnosb3yst cTpaTteruto  MPUOPUTETHOTO  HU3YUEHUS T1 = U’
)
9KCTPEMAJIbHBIX CHUTYalUH, MOXKHO BbIJIEJUTb HaH- Ty = Uy
)
6o/iee  MpocTyio  (DOpPMY PEICTABJECHHSI CHCTEM
JIMHEUHBIX YPABHEHUH: T, = Uy,

\

Ha 31y 3a1auy MOKHO BBIUTH U U3 JPYTHX COOOPaAKEHUH.



1.4. Pemienune CJ1Y

Onpenenenue 3. Pewienuem (uiu 4yacTHbIM pellieHUEM) cucme-
mot (1) Hasvieaemcsa maxkoi HAOOP 3HAYCHUL Ui, Us, . . ., U, HEU3-
BECMHOLLX X1,T2,...,T,, UMO NPU NOOCMAHOBKE 3MUX 3HAUEHUL
BMECMO COOMBEMCMBYIOWUX NePeMEHHbLX 8 Kaxidoe YpasHeHue
CUCmEeMbL NOAYUACICS BePHOE BbICKA3bIBAHUE.

Hanpumep, Habop 3HaueHUN 3, —4 HEU3BECTHBIX, COOTBETCTBEHHO, T, Y

. [ 2+ y? =25

ABJIICTCA PEeLIeHUEeM CHUCTEeMbl YpaBHEHHUH | TOCKOJIbKY
r—Yy=—1,

NPU MOJICTAHOBKE T = 3, Yy = —4 KaXK10€ U3 YPaBHEHUI «IIpeBpallaeT-

CA>» B UCTHHHOE BbICKdA3bIBAHHE.



1.4. Pemienune CJ1Y

Onpenenenue 3. Pewienuem (uiu 4yacTHbIM pellieHUEM) cucme-
mot (1) Hasvieaemcsa maxkoi HAOOP 3HAYCHUL Ui, Us, . . ., U, HEU3-
BECMHOLLX X1,T2,...,T,, UMO NPU NOOCMAHOBKE 3MUX 3HAUEHUL
BMECMO COOMBEMCMBYIOWUX NePeMEHHbLX 8 Kaxidoe YpasHeHue
CUCmEeMbL NOAYUACICS BePHOE BbICKA3bIBAHUE.

EcrecTBeHHbIM 06pa3oM BO3HMKAET BONPOC O CTaHAAPTHBIX hopMax
3afiaHusl pelleHns ypaBHeHus. [Ipunuun Oputesl Okkama npeanuchb-
BAET I10 BO3MOXKHOCTH OOOUTUCH 0€3 CYLIeCTBEHHO HOBBIX KOHCTPYKLHH.
bynem oTtasikuBaThCcs OT pacCMOTPEHHbIX (DOPM 3aJaHUsI CUCTEMbI JIH-
HeHlHbIX YypaBHeHUH (2), cTp.6 u (3), cTp.16.



1.4. Pemienune CJ1Y

Onpenenenue 3. Pewienuem (uiu 4yacTHbIM pellieHUEM) cucme-
mot (1) Hasvieaemcsa maxkoi HAOOP 3HAYCHUL Ui, Us, . . ., U, HEU3-
BECMHOLLX X1,T2,...,T,, UMO NPU NOOCMAHOBKE 3MUX 3HAUEHUL
BMECMO COOMBEMCMBYIOWUX NePeMEHHbLX 8 Kaxidoe YpasHeHue
CUCmEeMbL NOAYUACICS BePHOE BbICKA3bIBAHUE.

B urtore noJsiyuaem jiBe ctaHaapTHble POPMbI 3a1aHHs PellIeHUs YpaB-

HEHUSA: ,

1 = Uq; X1 Uy
To = U2; X9 Ug

1 . - N . (4)

Lp = Up L, Up,



1.4. Pemienune CJ1Y

Onpenenenue 4. Ecau cucmema (1) umeem xomsa 6vr 00HO peuie-
HUe, OHAQ HA3blBAemCcss COBMECTHOM cucmemoll, ecau e Y 3motl Cu-
crmembl peuleHuti Hem — N0 HECOBMECTHOM.



1.4. Pemienune CJ1Y

Onpenenenue 4. Ecau cucmema (1) umeem xomsa 6vr 00HO peuie-
HUe, OHAQ HA3blBAemCcss COBMECTHOM cucmemoll, ecau e Y 3motl Cu-
crmembl peuleHuti Hem — N0 HECOBMECTHOM.

CucremMa ypaBHEeHUH MOXKeT UMEeTb He 0JIHO pellieHue. M3BecTHO, UTO,
HampuMep, CUCTeMa JIMHEHHbIX YpaBHEHUH JIMOO HeCOBMeCTHA (He HMeeT
pelleHu# ), MO0 UMeET eIMHCTBEHHOE pellieHue, THO0 UMeeT becKoHeH -
HO MH020 pelieHuit. B yactnoctu, CJ1Y He MoxKeT UMeTh pOBHO 2 pellie-
HHUS.



1.4. Pemienune CJ1Y

Onpenenenue 4. Ecau cucmema (1) umeem xomsa 6oL 00HO peuie-
HUue, OHa Ha3bl8aemcsa COBMECTHOM CUCMEMOLL, eCAl Jice i Imoll cu-
crmemol peuleHutl Hen — 1Mo HeCOBMECTHOM.

CucremMa ypaBHEeHUH MOXKeT UMEeTb He 0JIHO pellieHue. M3BecTHO, UTO,
HampuMep, CUCTeMa JIMHEHHbIX YpaBHEHUH JIMOO HeCOBMeCTHA (He HMeeT
pelleHu# ), MO0 UMeET eIMHCTBEHHOE pellieHue, THO0 UMeeT becKoHeH -
HO MH020 pelieHuit. B yactnoctu, CJ1Y He MoxKeT UMeTh pOBHO 2 pellie-
HUs. BriocsiencTBUM Mbl MOAPOOHEE U3YUUM MHOHNCECHIB0 PEIIEHUNA CH-
CTEMbl JIMHEHUHBIX YPABHEHUH, a ceruac 0OCYIUM BOIIPOC O TOM, KaK MOXK-
HO 3a/J1aTh 9TO MHOXKECTBO.



1.4. Pemienune CJ1Y

Onpenenenue 4. Ecau cucmema (1) umeem xomsa 6oL 00HO peuie-
HUue, OHa Ha3bl8aemcsa COBMECTHOM CUCMEMOLL, eCAl Jice i Imoll cu-
crmemol peuleHutl Hen — 1Mo HeCOBMECTHOM.

Hanpumep, oOuiee pelieHue CHCTEMbl W3  OJHOTO  YPABHEHUS
T — 2y + 32 = 2 MOXKHO INPEACTABUTb B BUJIe T = 2 + 2y — 3z.



1.4. Pemienune CJ1Y

Onpenenenue 4. Ecau cucmema (1) umeem xomsa 6oL 00HO peuie-
HUue, OHa Ha3bl8aemcsa COBMECTHOM CUCMEMOLL, eCAl Jice i Imoll cu-
crmemol peuleHutl Hen — 1Mo HeCOBMECTHOM.

Hanpumep, oOuiee pelieHue CHCTEMbl W3  OJHOTO  YPABHEHUS
x — 2y + 3z =2 MOXHO NPEACTaBUTb B BUle = = 2+ 2y — 3z. Takyio
3aMKUCh MOXKHO UHTEPIIPETHPOBATH CAECAYIOLIMM 00PAa30M: & Mbl CUHTAEM
«HACTOSILLIEH HEU3BECTHOM», a MEPEMEHHbIE ¥, 2 — «TapameTpaMu». Ec-
JIW «rapametpam» ¥, z NMPpUaTh NMPOU3BOJbHbIC 3HAUEHHUS U BBIYMCJIHUTD
no gopmyse xr = 2+ 2y — 3z 3HAUeHHe «HACTOSILIEH TMEepPeMEeHHOU» ,
TO TOJIyUCHHbIA HAOODP 3HAUCHUH MEPEMEHHBIX ', ¥y, 2 OyJIeT pelleHHueM
MCXOJHOM CUCTEMbI x — 2y + 3z = 2.



1.4. Pemienune CJ1Y

dopma 3anucu pellieHus, NpeacTaBJsiollas co60l CUHCTEMY Bbipake-
HUH /151 KHACTOSILLIMX [TePEMEHHbBIX» Uepe3 Te NepeMeHHble, KOTOpble CUr-
TAlOTCSl «MapameTpamu», ynoOHa JJIsl cJydasi, KOrja MCXOJHasi CUCTe-
Ma Oblja npeacrtabJjeHa B hopme (2). Ecau ke ucxonHasi cuctema 6blia
npejacTaBjeHa B MAaTPUUHON opme (3), TO U OTBET 2KeJlaTesIbHO MpejicTa-
BUTb B MaTPUUHOH popme. DTO MOXKHO CllesiaTh, HANIPUMep, CJIeAYIOLLHUM
00pasoM.



1.4. Pemienune CJ1Y

O603Hauum uepe3d C', D 3HaueHHsl, COOTBETCTBEHHO, EPEMEHHBIX ¥/, 2.
x=2+2C —3D;

Torna peuieHue MOXKHO NPeACTaBUTL B BUIE { Yy = (; WJIH
z2=1D
x 2 1 —3 2 =3 C 2
y |=(0]|+C| 1 |+D O]l=11 0 ( D )+ 0
2 0 0 1 0 1 0

Takast hopma npeacTaBJ/ieHust OTBeTa (CM. TaKxKe [1pUMep U [pumep ) rno-
JIO?KEHA B OCHOBY CJIEJIYIOLETO OIpeiesIeHHsl.



1.4. Pemienune CJ1Y

Onpenenenue 5. Cucmema gynryuil
(,01(01, CQ, ceey Ck), @2(01, Cg, cey Ck), Ce ,gOn(Cl, Cg, ceey Ck)
Ha3bvieaemcsa OOULUM pelleHrueM cucmemol ypagrernuti (2), ecau

BO-NEPBbIX, Npu A100bLX 3HAUeHUIx Py, Py, ..., Py nepemernoix Cy,Cy,. .., Cl Ha-
I :Qﬁl(Pl,PQ,...,Pk),

$2:@2<P1,P2,...,Pk),

bop asaaemcs peuteruem cucmemol (2);

xn:@n(PbPQw"JPk‘)

Iy = uz,
T9 = U9, o
BO-BTOPbIX, 0.1 4100020 peuleHus cucmemsl (2) Hatidemca ma-
Kol Habop uucer Py, P, ...,P,, umo wu;=;(P,P,...,P;) 0a1 8cex

ie{l,2,...,n}.



I1. Metoap! pemienus CJ1Y

YHuBepcabHON MPOoLELyPbl PELLIEHUS] CHCTEM MPOU3BOJIbHBIX YpaBHe-
HUH He cyulecTByeT. B oT/iMuMe oT oOuled cUTyallH, IS CUCTEM JIK-
HeMHbIX YpaBHEHHH Takue Mpollelypbl JaBHO M3BeCTHbI. Mbl paccMoT-
PUM TOJIbKO 2 W3 HUX: pelieHue ¢ nomoliblo popmya Kpamepa (npu-
MeHHMMa TOJIbKO K OTHOCHTEJIbHO Y3KOMY KJlacCy JIMHEHHBIX YpaBHEHUH )
u pelienne metoaom laycca. Celluac Mbl pacCMOTPUM METOJ pelleHHUs,
OCHOBaHHbIA Ha opmynax Kpamepa (pellieHne cucTemMbl U3 n JIMHEH-
HbIX YpaBHEHHH C 1 HEU3BECTHBIMH ), @ TOTOM MOJAPOOHO OOCYAUM METO/,
6oJiee yHUBepCaJbHbIA U O0Jiee 3PPeKTHBHBIN Jis1 CUCTEM C OOJIbILIUM
YHCJIOM HEM3BECTHBIX, TaK Ha3biBaeMbll memoo [aycca.



[1.1. ®opmyasl Kpamepa

Teopema 1 (Kpamep). [lycmo mampuya A Kosgguyuenmos cu-
cmemol AUHEUHbLX ypasHeHuu (2) — Ksadpammuas, mo ecmo
m = n, npuuen det A # 0. [loarowcum A = det A, u, 0ra k{1,2,...,n},
0003HauUM Uepes N, OemepmMurHanm Mampuybl, noAYy4eHHot us A
damerol k-eo cmoabya cmoarbyom c60600HbLLX YACHOB, MO eCb

ai1 ... Arg—1 b1 Qg1 -.. a1y

as1 ... ao2k_—1 bg as r+1 ... a9
Ay = det | ’ et "

an1 --. Apk—1 bn anjk+1 «-- Qpn

Toeda cnpasedausol caedyroujue opmyaol, Hasoleaemole popmyaa-

mu Kpamepa: v, = ﬁ



[1.1. ®opmyasl Kpamepa
(

*
:El — 5131,
To = Th

Joka3zareabctBo. [lycth < 27— peulenue cuctembl (2).
%
| T =T

Mcnosb3ys cBOHCTBa JeTepMHUHAHTA, MOJyuyaeM:



[1.1. ®opmyasl Kpamepa
(

*

:El — 5131,
To = Th
Joka3zareabctBo. [lycth < 27— peulenue cuctembl (2).
%
| T =T

Mcnosb3ys cBOHCTBa JeTepMHUHAHTA, MOJyuyaeM:

ayl ... Arg—-1 a1k A g+1 --- Aip

a1 ... A2f-1 A2k A2k+1 ... A2
A-af=det| " ’ kA2 O I

K%

an1 --- Ank—-1 Ank Ank+1 --- Qpp



[1.1. ®opmyasl Kpamepa
(

*
:El — 5131,
To = Th

Joka3zareabctBo. [lycth < 27— peulenue cuctembl (2).
%
| T =T

Mcnosb3ys cBOHCTBa JeTepMHUHAHTA, MOJyuyaeM:

arl --- Arg—1 @1k Arg+1 --- QAin
A-x};:det asi ... A2k-1 a2k A2k+1 ... A2n a:;;:
Qp1 .. Apnk—1 Qpk Qpk+1 --- Apn
iy ... Q-1 Q1 ET; Olky1 --- Qg
_ et | Ger - a2k a2k Ty A2 ft1 --- A2y

*
an1 -+ Apk—1 An gl Ank+1l --- Unn



[1.1. ®opmyasl Kpamepa
(

*
:El — 5131,
To = Th
Joka3zareabctBo. [lycth < 27— peulenue cuctembl (2).
%
| T =T

Mcnosb3ys cBOHCTBa JeTepMHUHAHTA, MOJyuyaeM:

*
ail ... Argp—1 Q1 (T, A1k+1 ... A1p
*
A - ¥ = det a1 ... A2k—1 A2 T, Q2k+1 ... A2q
Xy =
*
Qp1 --- Apk—1 ApkXy Apnk+1 --- QApnp

Kak u3BeCcTHO, IETEPMUHAHT HE U3MEHHUTCS, €CJIM B MOCJEHEN MaTpHULLe
3aMEHUTb k-H cToJ0el cyMMOH k-ro cTosbua ¢ JMHEHHON KOMOWHALM -
el ocTaJibHbIX CTONIOLOB. B KauecTBe KO3(huiMeHTOB BbiOepeM uHcJaa
x] JJId epBoro cronabua, xrs — /g BTOPOro U T.J. Toraa 3/JeMeHT g-0u
CTPOKHU k-r0 cTONOLA OYJIeT UMETh BU/L:



[1.1. ®opmyasl Kpamepa
(

*
:El — 5131,
To = Th

Joka3zareabctBo. [lycth < 27— peulenue cuctembl (2).
%
| T =T

Mcnosb3ys cBOHCTBa JeTepMHUHAHTA, MOJyuyaeM:

*
ayl ... Q1k—1 Q1T A1+l --- Glp
*
A - 2* = det ay ... A2k-1 @2rTp A2k4+1 --. A2p
T
*
Apl --- Apnk—1 QnkTp Apkyl --- App

Torna sniemeHT g-o# cTpoku k-ro ctosbua Oynet UMeThb BUJL;

* * * * *
qu:Ul 4+ ...+ aq’k_lxk_L +a/q’]{;xk + Elq7/€+1xk+1 4+ ...+ aqu@

TV TV
JIMHelHash KOMOUHAUMS 3J1e- JIMHEeHHast KOMOUHALMS
MEHTOB NepBbIX k — 1 cToN6- 3JIEMEHTOB MOCJEHUX 1L — k

LIOB CTOJIOLIOB



[1.1. ®opmyasl Kpamepa

Jloka3aTteabcTBo. Cieg0oBaTeNbHO,

n
*
ayl ... Arg-1 Z A1ply A1k+1 -+ Aln
p=1
n
*
At — asi ... A2k-1 Z A2pXy A2f+1 --. A2n
T p=1
n
*
a/n71 .« o e a/n’k'_l Z aTL?pxp a/n7k+1 .« o . a/n’n
p=1
Ho HaGop uucen x7, x5, ..., x) ABJAAETCA pelleHHeM cucTembl (2), 1o-

n
STOMY ) Gy T, = by, TO €CT
p=1



[1.1. ®opmyasl Kpamepa

Jloka3aTteabcTBo. Cieg0oBaTeNbHO,

11

a2 1

n
*
a1 k-1 Zal,pﬂfp a1,k+1

p=1
n

*
Ao -1 D A2pT, (2411

*
Qp k—1 zan,pxp A, k+1

p=1
arjp—1 b1 aips1 .. aiy
a2 k-1 b2 aopi1 ... azy

p k—1 bn Apk+1 --- Ann

a1n

a2 n




[1.1. ®opmyasl Kpamepa

Jloka3aTteabcTBo. Cieg0oBaTeNbHO,

n
al ... arg-1 Zm,pﬂfz alk+1 --- A1pn
p=1
n
*
At — asi ... A2k-1 Zaz,pﬂfp a2 k+1 --- A2qp
"Ly = p=1
n
*
Ani -+ Guk—1 D GnpTy Gnjtl --- Gpp
p=1

* Al"k
CJie10BaTe/IbHO, T} = R, UTO ! TpebOBaJOCh J10KA3aTh.
Paccmorperh npumep?




I[1.2. MeTton laycca: cayuyail e JMHCTBEHHOTO pelleHUs:

CHauajia Mbl paccMOTpUM MeToj [aycca (MeToJ MCKJIIOUEHUS] HEU3-
BECTHbBIX ) HA [1POCTOM [TPUMEpE.

Meron laycca pewienns CJIY HasbIBalOT elile #emo0om UCKAO HeHUS
Heuzsecmnolx. Metop Taycca ocHoBaH Ha npeoOpa3OBaHUSIX CHCTEMbI
YPaBHEHUH, MPUBOASALIMX 3Ty CUCTEMY K, B HEKOTOPOM CMbICJIe, MAKCH-
MaJibHO npocTtomy Buy. CHauaJsa nobbeMcsi, 4ToObl, Hanpumep, nepe-
MeHHasl £ ocTaJjach TOJbKO B epBoM ypaBHeHUH. Kak 370 cnenath? Pac-
CMOTPHUM «apceHaJsi» J0CTynHbIX cpeacTB. CHauasa pazbepeMcsi, Kakue
npeoOpa3oBaHusl A0MyCTUMbI. [Ipu pellieHun cucTeMbl ypaBHEHUH Hac
cefuac HHTEpeCYeT TOJbKO MHOXKECTBO pellieHUH 3Tok cucteMbl. [TosTo-
My JIONYCTUMbIMH CJIeJly€T CUMTATh TaKhe NpeoOpa3oBaHUsl, KOTOPbIE He
M3MEHSIIOT MHOKECTBO PellleHUH CUCTeMbl ypaBHeHUH. [Ipex e uem npo-
JOJDKUATb pellleHrne 3TOro NMpumepa, pacCMOTPUM HECKOJIbKO HOBBIX MO-
HATHUH.



I[1.2. MeTton laycca: cayuyail e JMHCTBEHHOTO pelleHUs:

Onpepnenenue 6. /[se cucmemol ypasHeHut HaA3618ar0Mce PaBHO-
CUJIbHBIMU, €CAll MHONMECMBO peuleHutl nepsoi cucmemol pasHo
MHOMECMBY PEULeHUL 8MOPOLL CUCTIeMbL YPABHEHULL.



I[1.2. MeTton laycca: cayuyail e JMHCTBEHHOTO pelleHUs:

Onpepnenenue 6. /[se cucmemol ypasHeHut HaA3618ar0Mce PaBHO-
CUJIbHBIMU, €CAll MHONMECMBO peuleHutl nepsoi cucmemol pasHo
MHOMECMBY PEULeHUL 8MOPOLL CUCTIeMbL YPABHEHULL.

MHBbIMH CJIOBAMH, CUCTEMbI YPABHEHHUH PABHOCHUJIbHBI TOTJIA U TOJBKO
TOT/1a, KOTJ1a BCAKOE PellieHHe [TePBOM CUCTEMbI ABJIAETCHA PELIEHHEM BTO-
pOW CUCTEMbI U HA0OOPOT, BCAKOE PEIICHUE BTOPOU CUCTEMbl yPABHEHUH
ABJISCTCS PEILICHUEM IIePBOU CUCTEMDI.



I[1.2. MeTton laycca: cayuyail e JMHCTBEHHOTO pelleHUs:

Onpepnenenue 6. /[se cucmemol ypasHeHur Ha3618at0MCcs PaBHO-
CUJIbHBIMU, €CAll MHOMECMBO peuleHutl nepsoi cucmemol pasHo
MHOMCECmB8Y peuleHuti 8MopoL cucmemsl ypasHeHull.

MHbIMU cJIOBaMM, CUCTEMbI ypaBHEHHWH PABHOCHJIbHBI TOTAA U TOJbKO
TOI'J1a, KOTJ1a BCSIKOE pellieHUe ePBOH CUCTEMbI SIBJISIETCS PellleHHeM BTO-
pOH CUCTEMbI H HA0OOPOT, BCSIKOE pellleHUe BTOPOU CUCTEMbl YpaBHEHHH
SIBJISIETCS PellleHUeM MePBOH CUCTEMBI.

[lepexon K mnocJjienHell opMyJMPOBKE OCYLIECTBJEH C [OMOLIbIO
ornpejiesieHds paBeHCTBA MHOXKeCTB. JlelicTBUTENbHO, MyCTh A — MHO-
»KECTBO pellleHUH MepBOH CUCTEMbl YpAaBHEHUH, B — MHOKECTBO pelle-
HUHA BTOPOM cucTtembl. Toraa BeickadbiBanue A = B, coryiacHo onpede-
AeHUK PABEHCTBA MHOXKECTB, O3HAUAET, UTO JI0OOH 3JeMEHT MHOXKe-
cTBa A (TO eCcTh pellleHHe MePBOH CUCTEMbI) SIBJISIETCS 3JIEMEHTOM MHO-
»KecTBa B (TO eCTb pellleHueM BTOPOH CUCTEMbI) U HA0OO0POT.



I[1.2. MeTton laycca: cayuyail e JMHCTBEHHOTO pelleHUs:
PaccmoTtpum caenyonme npeo6pa3oBaHust CUCTEMbl YPAaBHEHHUH.

e [IpousBenenuem ypasuenus f(xy, zo,...,x,) = g(r1, 22, ..., x,) Ha
UKCJIO A Ha30BeM ypaBHeHue A f(x1, Xa, ..., x,) = Ag(x1, To, ..., Ty);
e Cymmont  ypaBHenuin  f(x1,x9,...,2,) = g(x1, 29, ..., 2,) W
w(ry, o, ..., Ty) = v(x1, X2, ..., T,) HA30BEM ypaBHEHHE
flry, xoy .o xy) +ulzy, Toy oo Ty) =

= g(T1, %2, ..., xy) +0(x1, Ta, . .., Ty).



I[1.2. MeTton laycca: cayuyail e JMHCTBEHHOTO pelleHUs:

OKa3bIBa€TCH, JJ1s pelie€eHusA CUCTEM JIMHEHUHBIX ypaBHeHHfI HaM J10CTa-
TOYHO OIPAHHUYUTLCHA CJIEAYIHOUIUMH Hp€O6paSOBaHHHMI/I CHUCTEMbI YpaB-
HEHUH:



I[1.2. MeTton laycca: cayuyail e JMHCTBEHHOTO pelleHUs:

OKa3bIBa€TC$I, JJ1s pelie€eHusA CUCTEM JIMHEHUHBIX ypaBHeHHfI HaM J10CTa-
TOYHO OIPAHHUYUTLCHA CJIEAYIHOUIUMH Hp€O6paSOBaHHHMI/I CHUCTEMbI YpaB-
HEHUH:

® [[€EpECTaHOBKA ypaBHeHHﬁ CHUCTEMDBI. HaHpHMep, PaBHOCHJIbHBIMH 1B~

—r—1y =2 —r—y =2
JIAIOTCA CUCTeMbl ¢ 22 +3y —z2=1 U z+y+2=3 ,noJyua-
rT+y+z=3 20 +3y—z=1

emble IPYT U3 Apyra nepecTaHOBKOW BTOPOTO U TPETHEro YpaBHEHUH;



[1.3. dnemeHTapHble NpeoOpa3oBaHUS CUCTEM ypaBHe-

HUH
OKaSbIBaeTCH, JJ1s1 pelieHus1 CUCTEM JIMHEUHBIX ypaBHeHHﬁ HaM J0CTa-

TOUHO OTPAHHUUYMUTBCS CJIENYIOUIMMH NTPpeoOpa30BAHUSIMU CUCTEMbI YpaB-
HEeHUH:

® [1CPECTAHOBKA YPABHEHUH CUCTEMBbI;



[1.3. dnemeHTapHble NpeoOpa3oBaHUS CUCTEM ypaBHe-
HUH

OKaSbIBaeTCH, JJ1s1 pelieHus1 CUCTEM JIMHEHUHBIX ypaBHeHHﬁ HaM N10CTa-
TOUHO OI'PAHHUYUTLCA CJECAYIOLIUMH Hp€06paSOBaHHHMI/I CHUCTEMbI ypaB-
HEHHUU:

® [1CPECTAHOBKA YPABHEHUH CUCTEMBbI;

® YMHOXKEHHE JIeBOU U npaBoﬁ yacTeH Jitoo60oro YpaBHEHHUA CUCTEMbI Ha
HEHYJIEBOE HYHUCJIO. HaHpHMep, PaBHOCHJIbHBIMH SIBJISIFOTCST CUCTEMbBI

—T =y =2 T+y=—2
204+3y—2=1 u{ 2x+3y — 2z =1, Tak Kak OHH [10Jy4alOTCs
r+y+z=3 rty+z=3

JPYT U3 Ipyra yMHOXKEHUEM MePBOro ypaBHeHUs Ha —1 (TouHee, HA —1
YMHO2KAI0TCS1 JIeBasi M MpaBasi 4aCTH MepBOro ypaBHeHHus );



[1.3. dnemeHTapHble NpeoOpa3oBaHUS CUCTEM ypaBHe-
HUH

OKaSbIBaeTCH, JJ1s1 pelieHus1 CUCTEM JIMHEHUHBIX ypaBHeHHﬁ HaM N10CTa-
TOUHO OI'PAHHUYUTLCA CJECAYIOLIUMH Hp€O6paSOBaHHHMI/I CHUCTEMbI ypaB-
HEHHUUH:

® [1CPECTAHOBKA YPABHEHUH CUCTEMBbI;

® YMHOXKEHHE JIeBOU U npaBoﬁ yacTeH Jitoo60oro YpaBHEHHUA CUCTEMbI Ha
HEHYJIEBOE YHUCJIO,

e 3aMeHOH OJIHOr0 U3 YPABHEHHIH CUCTEMbI CYMMOU 3TOTO YPaBHEHUS C
JIMHEMHOW KOMOWHALMEN APYTUX YPaBHEHUH.



[1.3. dnemeHTapHble NpeoOpa3oBaHUS CUCTEM ypaBHe-
HUH

—T =y =2 x+y=—2
Hanpumep, cucrembl 2z +3y —2 =1 uq 20 +3y —z=1
r+y+z=3 r+y+z+(—r—y) —3

PAaBHOCHUJIbHBI, TAK KaK BTOpasi CUCTEMA MOJYYaloTCA U3 IEePBOU 3aMEHOH
TPETHEro YPABHEHUA HA CYMMY TPETbero YPaBHEHHUS MEPBOH CUCTEMbI C
JIMHEHHO! KOMOUHALIMEH MEPBOTO U BTOPOTO YpaBHEHHUH ¢ KO3 dullMeH-
TaMu | U, COOTBETCTBEHHO, —3 (2 B paBoi yacTd — 3T0 3 + 2 — 3 - 1).



[1.3. dnemeHTapHble NpeoOpa3oBaHUS CUCTEM ypaBHe-
HUH

OKaSbIBaeTCH, JJ1s1 pelieHus1 CUCTEM JIMHEHUHBIX ypaBHeHHﬁ HaM N10CTa-
TOUHO OI'PAHHUYUTLCA CJECAYIOLIUMH Hp€O6paSOBaHHHMI/I CHUCTEMbI ypaB-
HEHHUUH:

® [1CPECTAHOBKA YPABHEHUH CUCTEMBbI;

® YMHOXKEHHE JIeBOU U npaBoﬁ yacTeH Jitoo60oro YpaBHEHHUA CUCTEMbI Ha
HEHYJIEBOE YHUCJIO,

e 3aMeHOH OJIHOr0 U3 YPABHEHHIH CUCTEMbI CYMMOU 3TOTO YPaBHEHUS C
JIMHEMHOW KOMOWHALMEN APYTUX YPaBHEHUH.



[1.4. Teopema o paBHOCHJbHbIX NpeoOpa3oBaHuax CJ1Y

Teopema 2 (o0 paBHOcUAbHBIX peoOpa3oBanusix CJY). fTyemo  cu-
cmema A MHeHbLX YPABHEHUL NoAYHeHa U3 cucmemol B aunetinolx ypasHeH Ul
C NOMOUbIO cepuu nocaedosamenvHolx npeobpados8aruil 00HO20 U3 CAeOYOWUX
8U008:

[. nepecmanosKa ypasHeHutl Cucmemol;

2. ymMHOMCeHUe NeBOU U NpaBoll Yacmell 00H020 U3 YPABHEHUI HA HEeKOMmopoe
HeHYAeB80€ UUCAO \;

3. 3ameHOoll 00H020 U3 YPABHEHULL CUCMEMbL CYMMOL 3MO20 YPABHEHUS C AUHell-
HOU KOMOUHayuetl OCMaabHolX YpasHeHU;

4. yoarenuem us cucmemol ypasrenuti moxcdecmsa 0 = 0;

5. dobasieHuem 6 cucmemy YpasHeHUuil MUHeUHOU KOMOURAYUU YpaBHeHUL CU-
cmemol B.

Toeda cucmemor A u B pagHocUAbHEbL.



[1.4. Teopema 0 paBHOCHJbHBIX NpeoOpa3zoBaHusax CJ1Y

Joka3areabcTBO. JIornueckas CTpykTypa 3TOH TeOpPeMbI [J1s1 BAC MO-
JKEeT 10Ka3aTbCsl HeOObIYHOM: 3TO CHCTeMa TeopeM-UMIIMKALMU THMa
«eCJId CUCTeMa B noJiyueHa u3 CUCTeMbl A repecTaHOBKOH JBYyX ypaBHe-
HUH cucTeMbl A, To cuctemMbl A U B paBHOCWIBHBI» U 1p. [IponoskeHue
J10Ka3aTeJIbCTBA MOXKHO PACCMATPUBATH KAK HECJIOXKHOE YIPazKHEHHE 110
TeMe «JI0KA3aTeJIbCTBO TEOPEM».

Bo3Hukau Bonpocbi? HyxeH kommeHTapuii?

Paccmotpers npumep?



[1.5. Kpatkoe onucanue metoaa laycca

CJieslaeM HEKOTOPbIe BbIBOJIbI U3 pellletis ripumepa. C noMoulbio Me-
Toja [aycca nouck peuieHusi cucteMbl JUHeRHbIX ypaBHeHUH (CJIY ) ocy-
IIECTBJISIETCS B 2 3Tara, Ha3blBAEMbBIX 1PSAMbIM U 0O PAMHbIM XOJ0M Me-

Toja l[aycca.



I1.5. KpaTtkoe onucanue meroaa laycca

CJieslaeM HEKOTOPbIe BbIBOJIbI U3 pellletis ripumepa. C noMoulbio Me-
Toja [aycca nouck peuieHusi cucteMbl JUHeRHbIX ypaBHeHUH (CJIY ) ocy-
HIECTBJIACTCH B 2 9Talld, HA3bIBA€MbIX N PAMbBIM 1 OépameLM XO010M Me-
Toja l[aycca.

Ha [IEPBOM 3Tall€ Mbl ITOCTEIIEHHO UCKJIIOUA€EM HEHU3BECTHbLIC U3 YPaB-
HeHHfI, KHaXoAsiUXCsli HU2Ke>» TOI'O ypaBHEHHS, C IMOMOILBLIO KOTOPOIO
[IPOBOJUTCS 9TO UCKJIIOUEHHE. CHAYaJia C IMTOMOIIbIO ITEPBOI'0 YPpABHEHHUS
UCKJIIOUHJIK BO BTOPOM H TPETbEM YPABHEHHAX IMEPEMEHHYIO X, [IOTOM C
[TIOMOLIbIO BTOPOI'O HCKJOYHUJIK B TPETLEM YPABHEHHHU IIEPEMECHHYIO Y.



I1.5. KpaTtkoe onucanue meroaa laycca

[Ipsimoll xon Mmetojna laycca MOXKHO HCTOJIKOBAThb TakKUM 0Opa3oMm:
ypaBHEHHE, C MOMOLIbID KOTOPOTO Mbl MCKJIIOUAEM COOTBETCTBYIOIILYO
HEH3BECTHYIO U3 «HUKEeJIeKALUX» YPABHEHUH, SIBJISIETCS CBOCOOPA3HbIM
«UHCTPYMEHTOM».



I1.5. KpaTtkoe onucanue meroaa laycca

[Ipsimoll xon Mmetojna laycca MOXKHO HCTOJIKOBAThb TakKUM 0Opa3oMm:
ypaBHEHHE, C MOMOLIbID KOTOPOTO Mbl MCKJIIOUAEM COOTBETCTBYIOIILYO
HEH3BECTHYIO U3 «HUKEeJIeKALUX» YPABHEHUH, SIBJISIETCS CBOCOOPA3HbIM
«MHCTpyMeHTOM». CHauaJsia Mbl MOJArOTABJUBAEM 3TOT <UHCTPYMEHT>,
N00UBasiCh €IMHUUHOIO KO3 ulleHTa nepesl HHTEPeCYIoLIEl Hac rnepe-
MEHHOH.



I1.5. KpaTtkoe onucanue meroaa laycca

[Ipsimoll xon Mmetojna laycca MOXKHO HCTOJIKOBAThb TakKUM 0Opa3oMm:
ypaBHEHHE, C MOMOLIbID KOTOPOTO Mbl MCKJIIOUAEM COOTBETCTBYIOIILYO
HEH3BECTHYIO U3 «HUKEeJIeKALUX» YPABHEHUH, SIBJISIETCS CBOCOOPA3HbIM
«MHCTpyMeHTOM». CHauaJsia Mbl MOJArOTABJUBAEM 3TOT <UHCTPYMEHT>,
N00UBasiCh €IMHUUHOIO KO3 ulleHTa nepesl HHTEPeCYIoLIEl Hac rnepe-
MEHHOH. B nepBoM ypaBHEHHUH HAC HHTEPECYET epeMeHHas £, BO BTOPOM
ypaBHEHHH (MOCJIe KOUUCTKHU» BTOPOTO U TPEThEro ypaBHEHUH OT ), —
9TO ¥y, B TPETbEeM ypaBHEHUHU (M0CJIe «ylajleHUs1» Yy U3 TPEThero ypaBHe-
HUS1 ) — 3TO NepemMeHHas 2.



I1.5. KpaTtkoe onucanue meroaa laycca

[Ipsimoll xon Mmetojna laycca MOXKHO HCTOJIKOBAThb TakKUM 0Opa3oMm:
ypaBHEHHE, C MOMOLIbID KOTOPOTO Mbl MCKJIIOUAEM COOTBETCTBYIOIILYO
HEH3BECTHYIO U3 «HUKEeJIeKALUX» YPABHEHUH, SIBJISIETCS CBOCOOPA3HbIM
«MHCTpyMeHTOM». CHauaJsia Mbl MOJArOTABJUBAEM 3TOT <UHCTPYMEHT>,
N00UBasiCh €IMHUUHOIO KO3 ulleHTa nepesl HHTEPeCYIoLIEl Hac rnepe-
MEHHOH. B nepBoM ypaBHEHHUH HAC HHTEPECYET epeMeHHas £, BO BTOPOM
ypaBHEHHH (MOCJIe KOUUCTKHU» BTOPOTO U TPEThEro ypaBHEHUH OT ), —
9TO Y, B TPETbEM YpPaBHEHHH (MOCJe KyIaJeHUsI» Yy U3 TPEThEero ypan-
HEeHUs1) — 3TO nepemeHHas z. [Ipu 3ToM Kaxkiblil pa3 nocJje «U3roToB-
JIEHUSI UHCTPYMEHTa» (MOJTydeHHUs1 € IMHUYHOTO KO3 duliMeHTa nepes co-
OTBETCTBYIOLLEH MepeMeHHOH ) caMa «MHCTPYMEHTaJIbHAsl CTPOKa» U BCe
BbILLIEJIeXKALIIUE CTPOKH OOJIbllIe HE U3MEHSIIOTCA Ha MPOTSKEHUH BCEro
npsiMOro xojaa Meroza laycca.



I1.5. KpaTtkoe onucanue meroaa laycca

B oT/iMuue oT NpsiMOro xoja, Ha NPOTAXKEHUH 0OPATHOTO X0J1a METO/1a
[aycca B kKauecTBe «MHCTPYMEHTAJIbHOH CTPOKU» UCITOJIb3YIOTCH HUXKHHUE
CTPOKHM MaTPHLbl, U C UX MIOMOILIbIO HCKJIHOUAIOTCSI HEU3BECTHbIE U3 <BbI-

LLIeJIeXKAlMX>» YpaBHEHHUH.



I1.5. KpaTtkoe onucanue meroaa laycca
[Ipsimoit xon meTosia [aycca Ha MATPUUHOM SI3bIKE B PACCMATPUBACMOM
[pumMepe oCymeCTBJIAJICH CJACAYIOUIUM o6pa30M:



[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULLbI HA TVIABHOW JAMAroHaJ/J i MaTpUlbl, HAYHHAA C JIEBOTO BEpX-
HEro yrJja, moToM IMOJIyYEHHOH «HHCTPYMEHTAJbHOW CTPOKOU» ¢ | Ha
[JIABHOU JMAroHaJid ToJiyuaeM HYJIM HHXKe 3TOH eIMHUUKH (cJjeBa-
CBEPXY — BIPABO-BHU3):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULLbI HA TVIABHOW JAMAroHaJ/J i MaTpUlbl, HAYHHAA C JIEBOTO BEpX-
HEro yrJja, moToM IMOJIyYEHHOH «HHCTPYMEHTAJbHOW CTPOKOU» ¢ | Ha
[JIABHOU JMAroHaJid ToJiyuaeM HYJIM HHXKe 3TOH eIMHUUKH (cJjeBa-
CBEPXY — BIPABO-BHU3):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULLbI HA TVIABHOW JAMAroHaJ/J i MaTpUlbl, HAYHHAA C JIEBOTO BEpX-
HEro yrJja, moToM IMOJIyYEHHOH «HHCTPYMEHTAJbHOW CTPOKOU» ¢ | Ha
[JIABHOU JMAroHaJid ToJiyuaeM HYJIM HHXKe 3TOH eIMHUUKH (cJjeBa-
CBEPXY — BIPABO-BHU3):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULLbI HA TVIABHOW JAMAroHaJ/J i MaTpUlbl, HAYHHAA C JIEBOTO BEpX-
HEro yrJja, moToM IMOJIyYEHHOH «HHCTPYMEHTAJbHOW CTPOKOU» ¢ | Ha
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULLbI HA TVIABHOW JAMAroHaJ/J i MaTpUlbl, HAYHHAA C JIEBOTO BEpX-
HEro yrJja, moToM IMOJIyYEHHOH «HHCTPYMEHTAJbHOW CTPOKOU» ¢ | Ha
[JIABHOU JMAroHaJid ToJiyuaeM HYJIM HHXKe 3TOH eIMHUUKH (cJjeBa-
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULLbI HA TVIABHOW JAMAroHaJ/J i MaTpUlbl, HAYHHAA C JIEBOTO BEpX-
HEro yrJja, moToM IMOJIyYEHHOH «HHCTPYMEHTAJbHOW CTPOKOU» ¢ | Ha
[JIABHOU JMAroHaJid ToJiyuaeM HYJIM HHXKe 3TOH eIMHUUKH (cJjeBa-
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULLbI HA TVIABHOW JAMAroHaJ/J i MaTpUlbl, HAYHHAA C JIEBOTO BEpX-
HEro yrJja, moToM IMOJIyYEHHOH «HHCTPYMEHTAJbHOW CTPOKOU» ¢ | Ha
[JIABHOU JMAroHaJid ToJiyuaeM HYJIM HHXKe 3TOH eIMHUUKH (cJjeBa-
CBEPXY — BIPABO-BHU3):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULLbI HA TVIABHOW JAMAroHaJ/J i MaTpUlbl, HAYHHAA C JIEBOTO BEpX-
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULLbI HA TVIABHOW JAMAroHaJ/J i MaTpUlbl, HAYHHAA C JIEBOTO BEpX-
HEro yrJja, moToM IMOJIyYEHHOH «HHCTPYMEHTAJbHOW CTPOKOU» ¢ | Ha
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULLbI HA TVIABHOW JAMAroHaJ/J i MaTpUlbl, HAYHHAA C JIEBOTO BEpX-
HEro yrJja, moToM IMOJIyYEHHOH «HHCTPYMEHTAJbHOW CTPOKOU» ¢ | Ha
[JIABHOU JMAroHaJid ToJiyuaeM HYJIM HHXKe 3TOH eIMHUUKH (cJjeBa-
CBEpPXY — BIPAaBO-BHU3).
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULLbI HA TVIABHOW JAMAroHaJ/J i MaTpUlbl, HAYHHAA C JIEBOTO BEpX-
HEro yrJja, moToM IMOJIyYEHHOH «HHCTPYMEHTAJbHOW CTPOKOU» ¢ | Ha
[JIABHOU JMAroHaJid ToJiyuaeM HYJIM HHXKe 3TOH eIMHUUKH (cJjeBa-
CBEPXY — BIPABO-BHU3):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULLbI HA TVIABHOW JAMAroHaJ/J i MaTpUlbl, HAYHHAA C JIEBOTO BEpX-
HEro yrJja, moToM IMOJIyYEHHOH «HHCTPYMEHTAJbHOW CTPOKOU» ¢ | Ha
[JIABHOU JMAroHaJid ToJiyuaeM HYJIM HHXKe 3TOH eIMHUUKH (cJjeBa-
CBEPXY — BIPABO-BHU3):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULLbI HA TVIABHOW JAMAroHaJ/J i MaTpUlbl, HAYHHAA C JIEBOTO BEpX-
HEro yrJja, moToM IMOJIyYEHHOH «HHCTPYMEHTAJbHOW CTPOKOU» ¢ | Ha
[JIABHOU JMAroHaJid ToJiyuaeM HYJIM HHXKe 3TOH eIMHUUKH (cJjeBa-
CBEPXY — BIPABO-BHU3):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.

e Bo Bpems o6paTHOro xona metoja [aycca mMbl nmoJiydaem HyJiM BbILIE
rJIaBHOU JiMaroHaJ/iv, HauMHasi ¢ paBoro Kpast MaTpuLibl KO3 puIm-
€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.
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rJIaBHOU JiMaroHaJ/iv, HauMHasi ¢ paBoro Kpast MaTpuLibl KO3 puIm-
€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):

1
(Lreoe o)
001 x| sk

\ 00 0.1 */



[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.
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€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):

1
(Lreoe o)
001 x| sk

\ 00 0.1 */



[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.

e Bo Bpems o6paTHOro xona metoja [aycca mMbl nmoJiydaem HyJiM BbILIE
rJIaBHOU JiMaroHaJ/iv, HauMHasi ¢ paBoro Kpast MaTpuLibl KO3 puIm-
€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.

e Bo Bpems o6paTHOro xona metoja [aycca mMbl nmoJiydaem HyJiM BbILIE
rJIaBHOU JiMaroHaJ/iv, HauMHasi ¢ paBoro Kpast MaTpuLibl KO3 puIm-
€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.

e Bo Bpems o6paTHOro xona metoja [aycca mMbl nmoJiydaem HyJiM BbILIE
rJIaBHOU JiMaroHaJ/iv, HauMHasi ¢ paBoro Kpast MaTpuLibl KO3 puIm-
€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):

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

\ 00 0.1 */



[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.

e Bo Bpems o6paTHOro xona metoja [aycca mMbl nmoJiydaem HyJiM BbILIE
rJIaBHOU JiMaroHaJ/iv, HauMHasi ¢ paBoro Kpast MaTpuLibl KO3 puIm-
€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.

e Bo Bpems o6paTHOro xona metoja [aycca mMbl nmoJiydaem HyJiM BbILIE
rJIaBHOU JiMaroHaJ/iv, HauMHasi ¢ paBoro Kpast MaTpuLibl KO3 puIm-
€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.

e Bo Bpems o6paTHOro xona metoja [aycca mMbl nmoJiydaem HyJiM BbILIE
rJIaBHOU JiMaroHaJ/iv, HauMHasi ¢ paBoro Kpast MaTpuLibl KO3 puIm-
€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.

e Bo Bpems o6paTHOro xona metoja [aycca mMbl nmoJiydaem HyJiM BbILIE
rJIaBHOU JiMaroHaJ/iv, HauMHasi ¢ paBoro Kpast MaTpuLibl KO3 puIm-
€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.

e Bo Bpems o6paTHOro xona metoja [aycca mMbl nmoJiydaem HyJiM BbILIE
rJIaBHOU JiMaroHaJ/iv, HauMHasi ¢ paBoro Kpast MaTpuLibl KO3 puIm-
€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.

e Bo Bpems o6paTHOro xona metoja [aycca mMbl nmoJiydaem HyJiM BbILIE
rJIaBHOU JiMaroHaJ/iv, HauMHasi ¢ paBoro Kpast MaTpuLibl KO3 puIm-
€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.

e Bo Bpems o6paTHOro xona metoja [aycca mMbl nmoJiydaem HyJiM BbILIE
rJIaBHOU JiMaroHaJ/iv, HauMHasi ¢ paBoro Kpast MaTpuLibl KO3 puIm-
€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.

e Bo Bpems o6paTHOro xona metoja [aycca mMbl nmoJiydaem HyJiM BbILIE
rJIaBHOU JiMaroHaJ/iv, HauMHasi ¢ paBoro Kpast MaTpuLibl KO3 puIm-
€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.

e Bo Bpems o6paTHOro xona metoja [aycca mMbl nmoJiydaem HyJiM BbILIE
rJIaBHOU JiMaroHaJ/iv, HauMHasi ¢ paBoro Kpast MaTpuLibl KO3 puIm-
€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.

e Bo Bpems o6paTHOro xona metoja [aycca mMbl nmoJiydaem HyJiM BbILIE
rJIaBHOU JiMaroHaJ/iv, HauMHasi ¢ paBoro Kpast MaTpuLibl KO3 puIm-
€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.

e Bo Bpems o6paTHOro xona metoja [aycca mMbl nmoJiydaem HyJiM BbILIE
rJIaBHOU JiMaroHaJ/iv, HauMHasi ¢ paBoro Kpast MaTpuLibl KO3 puIm-
€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):
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e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.

e Bo Bpems o6paTHOro xona metoja [aycca mMbl nmoJiydaem HyJiM BbILIE
rJIaBHOU JiMaroHaJ/iv, HauMHasi ¢ paBoro Kpast MaTpuLibl KO3 puIm-
€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):
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[IpencraBnenue meroja [aycca Ha MATPUUHOM SI3bIKE:

e Bo Bpems npsimoro xona merona laycca Mbl MOCTENEHHO MOJyYaJsu
eIMHULbI HA TJIABHOW JUAroHaJ i MaTPULbL, U HYJIU — HHUKE Hee.

e Bo Bpems o6paTHOro xona metoja [aycca mMbl nmoJiydaem HyJiM BbILIE
rJIaBHOU JiMaroHaJ/iv, HauMHasi ¢ paBoro Kpast MaTpuLibl KO3 puIm-
€HTOB (CIpaBa-CHU3Y — BJIEBO-BBEPX):

(100 ... 0] *)
010 0 «
001 0] *
\00.0“...1”;)

«Pacumdpopbizas» MOJydeHHYIO MaTpPHUIy KaK CHCTEMY JIMHEHHbIX
ypaBHEHHUH, noJryuaeM HcKomoe pelliende uexoanoit CJIVY.



[1.6. ®dPynHnameHTanbHasi cucrema peuwieHud (PCP).
dyHnaMeHTaJbHag MaTpULa

Tenepb paccmoTpum OoJiee cioKHbINA pUMep, B KOTOPOM pelleHne
He SABJISIETCS €JIMHCTBEHHBIM.

dopma sanucu OTBETa, IPUMEHEHHAs HAMU MPU pPeLIeHUn Nnpume-
pa, B HEKOTOPbIX CJlydasix Hac He OyJeT ycTpauBaTh. B Teopuu JinHer-
HbIX TPOCTPAHCTB GoJiee y10OHOH siBJsieTcs popMa 3arnucH, UCIOJb3yI0-
1ast NoHsiTue pyHoamermanoHou cucmemosl peuterutl. [Tousatue QyH-
nameHTaJJbHoi cucTeMbl petieHuit OCJIY u pyHnamenTanbHONR MaTpULLbl
Mbl PACCMOTPHM B TJ1aBe, MOCBSLIEHHON T€OPUU JIMHEHHBIX TPOCTPAHCTB.



[1.6. ®dPynHnameHTanbHasi cucrema peuwieHud (PCP).
dyHpameHTaNbHas MaTpULa

st Toro, utoObl 3anucaTh oOlllee pelleHHe CUCTeMbl YPaBHEHUU
npumepa B COOTBETCTBHHU C OlIPEACTICHUEM O6LL[€FO pemeHusa, 10CTaTou-

HO MOJIOXKUTb ¢ = (', d =y, e = (5. Torna obuiee pelieHne HCXo/1-
a=2+ —1101 + 802 + 503,
. b=1+ —6C; + 5Cy + 3Cs,
HOW CHCTEMbI MOXKHO MPEJACTaBUTh B BUJE { ¢ = C,
d= 027
€ = 03



[1.6. ®dPynHnameHTanbHasi cucrema peuwieHud (PCP).
dyHpameHTaNbHas MaTpULa

HOCJIQIIH}OIO CUCTEMY ypaBHeHI/IIU/I 4aCTO 34dllMCbIBAIOT B ManHQHOﬁ
dbopMe, «MHAYCTPHAJIbHYIO METOAUKY>» TOJyUe€HHSI KOTOPOH Mbl PACCMOT-

pUM HUXKe, B pazjeJe [1.7:
a=2+ —1101 + 802 + 503,
b=1+—6C + 5C; + 3C5,
Cc= Cl)
d= 027
€ = 03



[1.6. ®dPynHnameHTanbHasi cucrema peuwieHud (PCP).
dyHpameHTaNbHas MaTpULa

a=2+—11C; +8Cy + 5C5, a p 11 8 5
b=1+ —6C, + 5C, + 3Cs, b 1 6 5 3
c:Cl, Cc = 0 +Cl 1 +CQ 0 +Cg 0 ;
d = Cy, d 0 0 1 0
e = (4. e 0 0 0 1

UTO C MOMOIUIbIO KYMHOXKEeHWsI MAaTPUIL HA MAKPOYpPOBHE» MpeacTaB-
JIsleTCs1 B BUJIe



[1.6. ®dPynHnameHTanbHasi cucrema peuwieHud (PCP).
dyHpameHTaNbHas MaTpULa

a=2+—11C; +8Cy + 5C5, a p 11 8 5
b=1+ —6C, + 5C, + 3Cs, b 1 6 5 3
c:Cl, Cc = 0 +Cl 1 +CQ 0 +Cg 0 ;
d = Cy, d 0 0 1 0
e = (4. e 0 0 0 1

UTO C MOMOIUIbIO KYMHOXKEeHWsI MAaTPUIL HA MAKPOYpPOBHE» MpeacTaB-

JIAETCHA B BUJIE
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[1.6. ®dPynHnameHTanbHasi cucrema peuwieHud (PCP).

dyHnaMeHTaJbHag MaTpULa
2a —3b+4c—d—e=0
. a—2b—c+2d+e=0
CucremMa yYpaBHEHUH { 4a—T7b+2c+3d+e=0 Ha3bIBACTCd 00HOPOO-
3a—50+3c+d=0
ba —8b+Tc—e=0
HOU cucmemol YypagHeHuil, COOTBETCTBYIOLLENH HCXOJHOH CHUCTeME
2a —3b+4c—d—-—e=1
a—2b—c+2d+e=0
da —Tb+2c+3d+e=1
3a—50+3c+d=1
da—8b+Tc—e =2



[1.6. ®dPynHnameHTanbHasi cucrema peuwieHud (PCP).

dyHnaMeHTaJbHag MaTpULa
~11

—6

Marpuua ¢ = 1

0

0

Ha3biBaeTcsl (PpyHAAMEHTaJbHON MaTpPH-

S = O Ot o
_ o O W Ot

2a —3b+4c—d—e=0
. . . . a—2b—c+2d+e=0
LHEH OILHOPOILHOI/I CUCTEeMbI JIMHEUHDBIX ypaBHeHHH da —Tb+2c+3d+e=0 ,
3a—5b+3c+d=0
5a —8b+Tc—e=0
—11
—6
a CUCTeMa MaTpHIL-CTOJIOLIOB 1,
0
0

HOW CUCTEMOM peLIeHUN 3TOU OJHOPOJHOU CUCTEMbI JIMHEHHBIX YPaB-
HEHWH.

Hatu cnioco6 nosyuenusi pyHaaMeHTabHON MATPULbI U3 «TTpeoOpaszo-
BAHHOW» PACLIUPEHHOW MATPHULIbI ABJSETCS «PEMECJCHHBIM», O0JIee KO-

— ¢yHpameHTaNb-

— O Ot
_ O O W Ot

e}



POTKHH «HUHJYyCTPHAJIbHBII» MeTOJ MoJiyueHnus hyHJaMeHTaJbHOU MaT-
PHLIbI, CM. PUC. |, ¥ puc. 2, Mbl paCCMOTPHUM UyTh HUXKE, B pazjese [1.7, B
npolecce peteHus: COOTBETCTRYIOLICTO ITPUMepa.



[1.7. lonyyeHue oowero pemwenusa OCJY

Cefiuac Mbl paCCMOTPUM <HHJYCTPHAJIbHBIA» METOJI MOJydeHUsT PyH-
JNAMEHTAJIbHOM CHUCTEMbl PELICHUH OJHOPOJHOM CHUCTEMbl JIMHEHHbIX
ypaBHEHUH 1ocJie NpUBeeHHsI MATPULIbl €€ KO3(PHHUUIHMEHTOB K yKa3aHHO-
My BUy. Mbl Oy1eM WIOCTpUPOBATh BbikaaaKu Ha pumepe OCJIY, co-
otBercTBytouledt HCJIY npumepa. Bee npeo6pasoBanusi metona [aycca
OyJieM MPOBOJUTH HA MATPUUHOM $13bIKe (CM. CIIUCOK 3TUX npeodpaszo-
BaHUM 111 MaTpUuHOi popmbl 3anucu). Kak yxKe oTmedanoch, 1e-
JIbIO 3TUX NPeoOpPa30BaHUN SIBJISIETCS MOJyUeHHEe PABHOCUJIBHOW CHUCTe-
Mbl YpaBHEHHUH, Y KOTOPOU MaTpulia KO3 PULIMEHTOB UMEET «eJMHUUHbBIN
dbparmeHT».



[1.7. lonyyeHue oowero pemwenusa OCJY

B yacTtHOCTH, NpH pelieHUH YIOMSHYTOTO NpuMepa MnoJyueHa cucTe-
Ma, MaTpuua Ko3(p@UIHEHTOB KOTOPOH MMeeT CJeaylolri BU (CTOJ-
Oel CBOOOAHBIX WIEHOB COOTBETCTBYIOLIEH OJHOPOJHON CUCTEMbI Mbl HE
MulleM, TaK Kak Mbl cedyac 3aHuMaeMmcsi cootBeTcTBytowed OCJIY, a
JUIs1 OJTHOPOJIHOM CHCTEMbl JIMHEHHBIX YPABHEHUH MPU Bcex npeobpaso-
BaHUsAX MeToJa [aycca ctosibel] CBOOOAHBIX UJIEHOB OCTAETCS HYJIEBBIM )

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



[1.7. lonyyeHue oowero pemwenusa OCJY
( 1011 =8 =5
01 6 =5 =3
MEePBOro U BTOPOTO CTOJIOLIOB 3TOH MATPULIBI.

). [Ipu 3TOM «eIMHUUHBIA PparMeHT» COCTOUT U3



[1.7. lonyyeHue oowero pemwenusa OCJY

1011 =8 =5

( 01 6 —5 —3

MEPBOro U BTOPOrO CTOJIOLIOB 3TOM MATpPHUlbl. Bce HEM3BECTHBIE, OTBE-

yarolllye 3TUM HoMepaM CToJIOLOB (B npumepe 3To a, b) OyjaeM cuuTaTh

KHACTOALIUMHU>»> HEUSBECTHBIMH, a4 BCE€ OCTAJIbHbIE€ HECU3BECTHLIC (B Nnpu-
mMepe 3To ¢, d, e) — rnapaMeTpaMH.

>. [Ipu 3TOM «eIMHUUHBIA PparMeHT» COCTOUT U3



[1.7. lonyyeHue oowero pemwenusa OCJY
1011 =8 =5
( 01 6 =5 =3
MepBOro M BTOPOro CTOJOLOB 3TOM MaTpullbl. Bce Hen3BecTHbIe, OTBe-
yalole TUM HoMepaM CToJOLOB (B npumepe 3To a,b) OyJ1eM cuuTaTh
«HACTOSILLIAMU» HEU3BECTHBbIMH, a BCE OCTaJbHble HEU3BECTHbIE (B MPHU-
mMepe 3To ¢, d, e) — rnapaMeTpaMH.
bBynem uckath ¢yHaamMeHTaNbHYIO CUCTEMY pellleHHH B BUje HaGopa
CTOJIOLIOB, B KOTOPBIX BCE MapameTpbl HyJieBble, KDOME OJIHOIO, PABHO-
ro 1. B poJiu 3TOro «MCKJII0UUTENLHOrO NapameTpa», paBHoro 1, cHauasia
BbIOUpaeTCsl MePBbIA NMapameTp, MNOTOM — BTOPOH MapameTp, MOTOM —
TPETUH NTapaMeTp, U T.I.

>. [Ipu 3TOM «eIMHUUHBIA PparMeHT» COCTOUT U3



[1.7. lonyyeHue oowero pemwenusa OCJY
1011 =8 =5
( 01 6 —5 —3
MEPBOro U BTOPOrO CTOJIOLIOB 3TOM MATpPHUlbl. Bce HEM3BECTHBIE, OTBE-
yarolllye 3TUM HoMepaM CToJIOLOB (B npumepe 3To a, b) OyjaeM cuuTaTh
KHACTOALIUMHU>»> HEUSBECTHBIMH, a4 BCE€ OCTAJIbHbIE€ HECU3BECTHLIC (B Nnpu-
mMepe 3To ¢, d, e) — rnapaMeTpaMH.
bynem nckath dyHaaMeHTabHYIO CUCTEMY pellleHUHd B BHje Habopa
CTOJIOLIOB, B KOTOPbIX BCE MapaMeTpbl HYJeBble, KPOME OJJHOTO, PABHO-
ro 1. B poJi 3TOro «MCKJIIOUUTENBLHOIO apameTpa», paBHoro |, cHauagia
BbIOMpaeTCs MepBbId apaMmeTp, NOTOM — BTOPOM Mapamerp, MOoTOM —
TPETUH Mapamerp, U T.M. DTy NPOUEAYPY Mbl HA30BEM HA HALLIEM CJI9HTE
KIIPOTACKHBAHHUEM €JUHHUYKH HEPEI I[TAPAMETPLI>.

>. [Ipu 3TOM «eIMHUUHBIA PparMeHT» COCTOUT U3



[1.7. lonyyeHue oowero pemwenusa OCJY

OO6paruTe BHUMaHWe HA TOT (DAKT, UTO UMCJA B MaTpPULE SIBJSIOTCS
Koaghpuyuernmamu nepe HEU3BECTHBIMU, a MPH <IPOTACKUBAHUH €1 -
HUYKH yepes3 rapamMeTpbl» Mbl TOBOPUM O 3HAHUECHUAX NepemeHrblx, TO
€CTb Mbl MIPUJAEM KAKUE€-TO 3HAUEHHS] OJIHUM MEePEMEHHbIM (HEeH3BeCT-
HbIM, KOTOPbIE Mbl CUUTAEM [TapaMeTPaMM ) U HAXOJIUM COOTBETCTBYIOLIHE
3HAUEHHUs JIPYTUX MepeMeHHbIX («HACTOSILIMX>» HEU3BeCTHbIX). Ha camom
JleJie ceruac Mbl periaeM CUCTEMY JIMHEHHBIX YPaBHEHHH, KOTOPYIO MOZK-
HO TMPEICTaBUTb B MATPUUHOM BHJIE



[1.7. lonyyeHue oowero pemwenusa OCJY
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Takum o6pazom, Bo BpeMs BbiNoJHeHUS TpeobGpa3oBaHuil MeTosa [aycca,
Mbl paboTaJjiu ¢ Ko3gduyuenmamu nepes HEU3BECTHLIMU, a celuac, Ha
yTare 3arucy pellieHusl, Mbl «MaHUIYJHPYeEM» C HEM3BECTHBIMH: «IPO-
TaCKUBaeM €JIMHUUKY» uepe3 «MapamMeTpPbl» I3, T4, s, H BHIUHCJSEM CO-
OTBETCTBYIOLIME 3HAUEHHUS] HACTOSILIMX HEU3BECTHBIX» 1, X3.



[1.7. lonyyeHue oowero pemwenusa OCJY

(=)

(1 0 11 —8 —5) " _(o)
01 6 =5 =3 -\ 0
0

\ 0/

(=) (D)o ( )0 ()= ().




[1.7. lonyyeHue oowero pemwenusa OCJY
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[1.7. lonyyeHue oowero pemwenusa OCJY
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[1.7. lonyyeHue oowero pemwenusa OCJY
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[1.7. lonyyeHue oowero pemwenusa OCJY
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[1.7. lonyyeHue oowero pemwenusa OCJY
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[1.7. lonyyeHue oowero pemwenusa OCJY
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[1.7. lonyyeHue oowero pemwenusa OCJY
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[1.7. lonyyeHue oowero pemwenusa OCJY
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[1.7. lonyyeHue oowero pemwenusa OCJY
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KHACTOdALLUE»
HEN3BECTHbIE

«[apameTpbl»

T i) 1 0 0
— 1 0 11 -8 -5 —
< 0 1 6 -5 -3 )
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«aKTUBHBIA» cTOJIOEL]
«HACTOSILLIHE»
HeHU3BeCTHbIe «TapameTpbl»
I i) 0 1 0
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|
«aKTHBHBIH» CTOJIOEI]
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«AKTUBHBIH» CcTOJOEL]
Puc. 1.

—-11
—6
1
0
0
8
5
0
1
0
5
3
— 0
0
1



-5
-3

|
-8
)

1 0 11
01 6

|
-5
~3

-8
-9

1 0 11
01 6

Puc. 2.



Hpyro# npumep: nonyctum, petias HekoTopyto OCJIY mertonom [ayc-
Ca, Mbl MIOJIYYHUJIH CJEYIOLLYI0 MATPUILLy KOS(DPHIIMEHTOB:

21 3 200 -1
50 4-210 1
—2 0 =8 11 01 =6

«EqMHUUHBIA hparMeHT» B 3TOM cJiydae oO6pasyloT BTOPOH, MAThIN U 111e-
CTOH cTOJIOLbI 3TON MaTpulibl. [Ipouecc nosyuenus: yHpameHTasbHON
MaTpPHLbl TPOUJJIIOCTPUPOBAH HA PUC. 3 (BMECTO TOUEK @ BCTABJISIEM KOM-
MOHEHTbl COOTBETCTBYIOLLETO0 «aKTUBHOTO CTOJ0O1A» MaTpULIbl KO3 u-
LIUEHTOB C OOpaTHLIMH 3HAKAMH ).



Hpyro# npumep: nonyctum, petias HekoTopyto OCJIY mertonom [ayc-
Ca, Mbl MIOJIYYHUJIH CJEYIOLLYI0 MATPUILLy KOS(DPHIIMEHTOB:

21 3 200 —1
50 4-210 1
-2 0 -8 11 01 -6

1 000 1 0 0O 0
o o o o -2 =3 =2 1
2 1 3 2 00 -1 0100 0 1 0 0
50 4 -2 10 1 — 1 0010 |~ 0 O 1 0
-2 0 -8 11 01 -6 e o o o -5 —4 2 —1
o o o o 2 8 —11 6
0 0 01 0 0 0 1
Puc. 3.

PaccMoTpeTh euie oauH npumep peleHusi OAHOPOJAHOU CUCTEMbI
JUHEUHbIX YpPABHEHUM?



[1.8. ITonyueHue yuactHoro pewenuss HCJ1Y
Tenepb NoCMOTPUM, KaK aHAJOrMYHAsA KMHAYCTPUAJbHAs Te€XHO-
JOTUSI» MO3BOJSET ObICTPO NOJy4YaTh yacTHoe peweHue HCJIY.



[11. OcHOBHbIE TeOpeTHUECKHUE Pe3YabTaThbl
MbI pacCMOTPUM HECKOJIBKO TEOpeM:
— teopemy Kponekepa-Kanenanu;
— 1eopemy 00 o6mem pemwenun HCJ1Y;
— TeopeMy O JHMHelHbIX KoMOuHauusax peweHud OCJ1Y;
— Teopemy 0 pa3MepHOCTH npocTpaHcTBa peweHun OCJIY,



[11.1. Teopema KpoHekepa-Kanenau

Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-
eda pane mampuyol A pasen parey pacuupernrnot mampuuot (A|B).

JloKa3aTeJbCTBO.



[11.1. Teopema KpoHekepa-Kanenau

Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-
eda pane mampuyol A pasen parey pacuupernrnot mampuuot (A|B).

Joka3areabcTBo. HHeobxodumocme. [1ycthb



[11.1. Teopema KpoHekepa-Kanenau

Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-
eda pane mampuyol A pasen parey pacuupernrnot mampuuot (A|B).

Hoka3zareabcTBo. [{eobxodumocme. [lycts CJIY AX = B coBmecT-
Ha.
Ham nano nokasartb



[11.1. Teopema KpoHekepa-Kanenau

Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-
eda pane mampuyol A pasen parey pacuupernrnot mampuuot (A|B).

Hoka3zareabcTBo. [{eobxodumocme. [lycts CJIY AX = B coBmecT-

Ha.
Hawm nano nokasatb pagercmso (paBeHCTBO PaHTOB, TO €CTb UHCE ).

ILJIH JOKa3aTeJbCTBAa PABEHCTBA 0ObIYHO UCITOJb3YIOTCH.



[11.1. Teopema KpoHekepa-Kanenau

Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-
eda pane mampuyol A pasen parey pacuupernrnot mampuuot (A|B).
Hoka3zareabcTBo. [{eobxodumocme. [lycts CJIY AX = B coBmecT-

Ha.
Hawm nano nokasatb pagercmso (paBeHCTBO PaHTOB, TO €CTb UHCE ).

ILJIH A0Ka3aTE€JbCTBA PABCHCTBA 0ObIYHO UCITOJb3YIOTCH.

® DABHOCUAbHOBLE NPEobPaA30BAHUSL,;



[11.1. Teopema KpoHekepa-Kanenau

Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-
eda pane mampuyol A pasen parey pacuupernrnot mampuuot (A|B).

Hoka3zareabcTBo. [{eobxodumocme. [lycts CJIY AX = B coBmecT-

Ha.
Hawm nano nokasatb pagercmso (paBeHCTBO PaHTOB, TO €CTb UHCE ).

ILJIH A0Ka3aTE€JbCTBA PABCHCTBA 0ObIYHO UCITOJb3YIOTCH.

® DABHOCUAbHOBLE NPEobPaA30BAHUSL,;

L <R, _ h
® cgedenue K 0BYM HepaBeHCmaam: { L>R = L =R,



[11.1. Teopema KpoHekepa-Kanenau

Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-
eda pane mampuyol A pasen parey pacuupernrnot mampuuot (A|B).
Hoka3zareabcTBo. [{eobxodumocme. [lycts CJIY AX = B coBmecT-

Ha.
Hawm nano nokasatb pagercmso (paBeHCTBO PaHTOB, TO €CTb UHCE ).

J11s1 noka3areJibCTBA paBeHCTBA OObIYHO UCMOJb3YIOTCS:

® DABHOCUAbHOBLE NPEobPaA30BAHUSL,;

L <R, _ h
® cgedenue K 0BYM HepaBeHCmaam: { L>R = L =R,

® Memod «0m npPoOmuUBHO20.



[11.1. Teopema KpoHekepa-Kanenau
Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-
eda pane mampuyol A pasen parey pacuupernrnot mampuuot (A|B).

Hoka3zareabcTBo. [{eobxodumocme. [lycts CJIY AX = B coBmecT-

Ha.
Hawm nano nokasatb pagercmso (paBeHCTBO PaHTOB, TO €CTb UHCE ).

J11s1 noka3areJibCTBA paBeHCTBA OObIYHO UCMOJb3YIOTCS:

® DABHOCUAbHOBLE NPEobPaA30BAHUSL,;

L <R, _ h
® cgedenue K 0BYM HepaBeHCmaam: { L>R = L =R,

® Memod «0m npPoOmuUBHO20.

B JAHHOM CJiydae Ipolle BCEro IppuMeHUTb BTOpOfI U3 9TUX METOHOB.



[11.1. Teopema KpoHekepa-Kanenau
Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-

eda pane mampuyol A pasen parey pacuupernrnot mampuuot (A|B).

Hoka3zareabctBo. [Iycts CJIY AX = B coBmecTHa.
OueBunano, uto Rg(A) < Rg(A | B), Tak Kak, no reopemMe o paBeHcTBe
TpeX paHroB, paHT paBeH CTOJIGIIOBOMY paHTYy.



[11.1. Teopema KpoHekepa-Kanenau

Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-
eda pane mampuyol A pasen parey pacuupernrnot mampuuot (A|B).

Hoka3zareabctBo. [Iycts CJIY AX = B coBmecTHa.
OcraJgioch nokasatb o6patHoe HepaBeHCTBO: Rg(A) > Rg(A | B).



[11.1. Teopema KpoHekepa-Kanenau

Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-
eda pane mampuyol A pasen parey pacuupernrnot mampuuot (A|B).

Hoka3zareabctBo. [Iycts CJIY AX = B coBmecTHa.

Hcnosb3ys yMHOMeHue MaTpull HAa MakpoypOBHE TMOJIyuaeM, uTo
ecJiM cucteMa JiMHelHbix ypaBHeHui AX = B umMeer pellienue, To cToJ-
6ell B sinsiercst iuHeliHON KOMOUHALMEN CTOJOLOB MaTpHULIb A.



[11.1. Teopema KpoHekepa-Kanenau

Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-
eda pare mampuyol A pasen parey pacuuperroti mampuyol (A B).

Hoka3zareabctBo. [Iycts CJIY AX = B coBmecTHa.

HMcnosb3ysi yMHOXKeHUe MaTpull HA MakpOoypoOBHe MOJydyaeM, UTo
ecJIM cucTema JIMHelHbIX ypaBHeHHH AX = B nMeet pellieHue, TO CTOJI-
6ell B sinsiercst iuHeliHON KOMOUHALMEN CTOJOLOB MaTpHULIb A.

[TosToMy, 1o TeopemMe 0O JIMHEMHbIX KOMOMHAUUAX Oa3MCHbIX BEK-
TOpOB, 6a3UC JUHEHHOH 060JIOUKH CHCTEMbI CTOJIOLOB MaTPHLLbl A sIBJIsI-
ercst 6a3UCOM JIMHEHHOH 000JI0UKH CHCTEMbI CTOJIO110B MaTpHlibl (A | B).



[11.1. Teopema KpoHekepa-Kanenau

Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-
eda pare mampuyol A pasen parey pacuuperroti mampuyol (A B).

Hoka3zareabctBo. [Iycts CJIY AX = B coBmecTHa.

HMcnosb3ysi yMHOXKeHUe MaTpull HA MakpOoypoOBHe MOJydyaeM, UTo
ecJIM cucTema JIMHelHbIX ypaBHeHHH AX = B nMeet pellieHue, TO CTOJI-
6ell B sinsiercst iuHeliHON KOMOUHALMEN CTOJOLOB MaTpHULIb A.

[TosToMy, 1o TeopemMe 0O JIMHEMHbIX KOMOMHAUUAX Oa3MCHbIX BEK-
TOpOB, 6a3UC JUHEHHOH 060JIOUKH CHCTEMbI CTOJIOLOB MaTPHLLbl A sIBJIsI-
ercst 6a3UCOM JIMHEHHOH 000JI0UKH CHCTEMbI CTOJIO110B MaTpHlibl (A | B).

Takum o6pasom, cToa610Bble panru Matpuil A U (A | B) coBnagator.
p p p



[11.1. Teopema KpoHekepa-Kanenau

Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-
eda pare mampuyol A pasen parey pacuuperroti mampuyol (A B).

Hoka3zareabctBo. [Iycts CJIY AX = B coBmecTHa.

HMcnosb3ysi yMHOXKeHUe MaTpull HA MakpOoypoOBHe MOJydyaeM, UTo
ecJIM cucTema JIMHelHbIX ypaBHeHHH AX = B nMeet pellieHue, TO CTOJI-
6ell B sinsiercst iuHeliHON KOMOUHALMEN CTOJOLOB MaTpHULIb A.

[TosToMy, 1o TeopemMe 0O JIMHEMHbIX KOMOMHAUUAX Oa3MCHbIX BEK-
TOpOB, 6a3UC JUHEHHOH 060JIOUKH CHCTEMbI CTOJIOLOB MaTPHLLbl A sIBJIsI-
ercst 6a3UCOM JIMHEHHOH 000JI0UKH CHCTEMbI CTOJIO110B MaTpHlibl (A | B).

Takum o6pasom, cronbuoBbie panrd matpuil A v (A | B) coBnanator.

CorylacHO Teopeme 0 paBeHCTBe Tpex PaHroB MOoJydaeM, UTo eCJiu
cuctema ypaBHeHuid AX = B umeer pelieHue, To paHr MaTpulibl A paBeH
panry matpuiibl (A | B). Heo6xomuMocTh fokasana.



[11.1. Teopema KpoHekepa-Kanenau

Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-
eda pane mampuyol A pasen parey pacuupernrnot mampuuot (A|B).

Jlocmamounocmo. [1yctb Rg(A) = Rg(A | B).



[11.1. Teopema KpoHekepa-Kanenau

Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-
eda pane mampuyol A pasen parey pacuupernrnot mampuuot (A|B).

Jlocmamounocmo. [1yctb Rg(A) = Rg(A | B).
CorylacHO TeopeMe 0 paBeHCTBE TPeX PaHTOB, 3TO 03HAYAET, UTO HX
CTOJIGLIOBbIE PAHTH COBIA/IAIOT.



[11.1. Teopema KpoHekepa-Kanenau

Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-
eda pane mampuyol A pasen parey pacuupernrnot mampuuot (A|B).

Jlocmamounocmo. [1yctb Rg(A) = Rg(A | B).

CorJylacHO Teopeme 0 paBeHCTBe TpexX PAHT 0B, 3TO 03HAYAET, UTO UX
CTOJIOIIOBbIE PAHTH COBMAJAIOT.  3HAUUT, MaKCHMaJbHasi JHHEHHO He3a-
BUCHMAsl CHCTeMa CTOJIGIOB MaTpullbl A sBJISIETCS MAKCHMaJIbHOM JIH-
HEMHO He3aBUCUMOU CHUCTeMOH cToIO10B MaTpullbl (A | B).



[11.1. Teopema KpoHekepa-Kanenau

Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-
eda pare mampuyol A pasen parey pacuuperroti mampuyol (A B).

Jlocmamounocmo. [1yctb Rg(A) = Rg(A | B).

CorJjlacHo TeopemMe 0 paBeHCTBe Tpex paHroB, 9TO O3HAUAET, YTO UX
CTOJIOLIOBbIE PAHTH COBMAAAIOT. 3HAUYMT, MAKCHUMaJbHas IMHEHHO He3a-
BUCHMasi cMcTeMa CTOJOLIOB MaTpulbl A siBJsieTCS MAKCUMaJbHON JIK-
HEMHO He3aBUCUMOU CHUCTeMOH cToIO10B MaTpullbl (A | B).

CoryiacHo TeopemMe O JUHENUHbIX KOMOMHAUMAX 0a3MCHbIX BEKTO-
poB croJibel, B siBasiercs inHEeHHONW KOMOWHALMER 3TOH MaKCUMaJbHOM
JIMHEMHO HE3ABUCUMOMN CUCTEMbI CTOJIOLOB MaTPHULIb A.



[11.1. Teopema KpoHekepa-Kanenau

Teopema 3. CJIY AX = B cosmecmua moeda u moavko moeda, Ko-
eda pare mampuyol A pasen parey pacuuperroti mampuyol (A B).

Jlocmamounocmo. [1yctb Rg(A) = Rg(A | B).

CorJjlacHo TeopemMe 0 paBeHCTBe Tpex paHroB, 9TO O3HAUAET, YTO UX
CTOJIOLIOBbIE PAHTH COBMAAAIOT. 3HAUYMT, MAKCHUMaJbHas IMHEHHO He3a-
BUCHMasi cMcTeMa CTOJOLIOB MaTpulbl A siBJsieTCS MAKCUMaJbHON JIK-
HEMHO He3aBUCUMOU CHUCTeMOH cToIO10B MaTpullbl (A | B).

CoryiacHo TeopemMe O JUHENUHbIX KOMOMHAUMAX 0a3MCHbIX BEKTO-
poB croJibel, B siBasiercs inHEeHHONW KOMOWHALMER 3TOH MaKCUMaJbHOM
JIMHEMHO HE3ABUCUMOMN CUCTEMbI CTOJIOLOB MaTPHULIb A.

[Tocsiennee yTBepKAEHUE C NMTOMOIIBIO YMHOXKEHU MATPULL HA MaK-
poypoBHe Jerko npeiactaButh B Buae AX = B. Takum o6pasom, CJIY
AX = B umeert peliieHre, TO €CTb COBMeCTHA. Teopema JloKa3aHa.



[11.2. Teopema 00 o6 em pewenun HCJ1Y

Teopema 4. O6uiee pewenue X((Ch,...,Cp) HCJY AX =B une-
em 8ud Xo(Ch,...,Cn) + X, 20e Xo(C4,...,Cy) — obujee pewerue
OCJIY AX = 0, a X — npoussoavroe puKkcuposanHoe peluenue uc-
xoonoti HCJIY AX = B.

Jloka3aTeJbCTBO.



[11.2. Teopema 00 o6 em pewenun HCJ1Y

Teopema 4. O6uiee pewenue X((Ch,...,Cp) HCJY AX =B une-
em 8ud Xo(Ch,...,Cn) + X, 20e Xo(C4,...,Cy) — obujee pewerue
OCJIY AX = 0, a X — npoussoavroe puKkcuposanHoe peluenue uc-
xoonoti HCJIY AX = B.

Hoka3areabctBo. [lycts Xo(CYy,...,C),) — oflilee pelleHHe COOT-
BercTBytoed OCJIY, X — npousBo/ibHOe PUKCUPOBAHHOE pellieHHe UC-
xonHnou HCJLV.



[11.2. Teopema 00 o6 em pewenun HCJ1Y

Teopema 4. O6uiee pewenue X((Ch,...,Cp) HCJY AX =B une-
em 8ud Xo(Ch,...,Cn) + X, 20e Xo(C4,...,Cy) — obujee pewerue
OCJIY AX = 0, a X — npoussoavroe puKkcuposanHoe peluenue uc-
xoonoti HCJIY AX = B.

Hoka3areabctBo. [lycts Xo(CYy,...,C),) — oflilee pelleHHe COOT-
serctaytoteit OCJTY, X — npousBosibHOe GHKCHPOBAHHOE peLeHHE He-
xonHou HCJTY.

Torna npu n06bIX 3HaUeHUAX nepeMeHHbIX C', . . ., C), umeem

A(XO(Cl,...,Cm)+5(> — AXy(Cy,...,C,) +AX =0+ B =B,



[11.2. Teopema 00 o6 em pewenun HCJ1Y

Teopema 4. O6uiee pewenue X((Ch,...,Cp) HCJY AX =B une-
em 8ud Xo(Ch,...,Cn) + X, 20e Xo(C4,...,Cy) — obujee pewerue
OCJIY AX = 0, a X — npoussoavroe puKkcuposanHoe peluenue uc-
xoonoti HCJIY AX = B.

Hoka3areabctBo. [lycts Xo(CYy,...,C),) — oflilee pelleHHe COOT-
serctaytoteit OCJTY, X — npousBosibHOe GHKCHPOBAHHOE peLeHHE He-
xonHou HCJTY.

Torna npu n06bIX 3HaUeHUAX nepeMeHHbIX C', . . ., C), umeem

A(XO(Cl,...,Cm)+5(> — AXy(Cy,...,C,) +AX =0+ B =B,

TO €CTb Mpu JIObIX 3HaueHusix napamerpoB Cf,...,C,, marpuua-
cronben Xo(Ch, ..., Cp) + X siBasiercs petienvem HCJIY AX = B.



[11.2. Teopema 00 o6 em pewenun HCJ1Y

Teopema 4. O6uiee pewenue X((Ch,...,Cp) HCJY AX =B une-
em 8ud Xo(Ch,...,Cn) + X, 20e Xo(C4,...,Cy) — obujee pewerue
OCJIY AX = 0, a X — npoussoavroe puKkcuposanHoe peluenue uc-
xoonoti HCJIY AX = B.

Hoka3zareabcTtBo. OcTajoch J0KasaTb, UTO JJIs1 JIlOOOrO pellleHHus
X HCJIY AX = B moxHo Tak nojgobpatb KoHcTaHThl Cf, ..., C),, UTO
X= XQ(Cl,...,Cm)+X.



[11.2. Teopema 00 o6 em pewenun HCJ1Y

Teopema 4. O6uiee pewenue X((Ch,...,Cp) HCJY AX =B une-
em 8ud Xo(Ch,...,Cn) + X, 20e Xo(C4,...,Cy) — obujee pewerue
OCJIY AX = 0, a X — npoussoavroe puKkcuposanHoe peluenue uc-
xoonoti HCJIY AX = B.

Hoka3zareabcTtBo. OcTajoch J0KasaTb, UTO JJIs1 JIlOOOrO pellleHHus
X HCJIY AX = B moxHo Tak nojgobpatb KoHcTaHThl Cf, ..., C),, UTO
X:XQ(Cl,...,Cm)+X. .

Paccmotpum pasHocts X — X.



[11.2. Teopema 00 o6 em pewenun HCJ1Y

Teopema 4. O6uiee pewenue X((Ch,...,Cp) HCJY AX =B une-
em 8ud Xo(Ch,...,Cn) + X, 20e Xo(C4,...,Cy) — obujee pewerue
OCJIY AX = 0, a X — npoussoavroe puKkcuposanHoe peluenue uc-
xoonoti HCJIY AX = B.

Hoka3zareabcTtBo. OcTajoch J0KasaTb, UTO JJIs1 JIlOOOrO pellleHHus
X HCJIY AX = B moxHo Tak nojgobpatb KoHcTaHThl Cf, ..., C),, UTO
X =Xo(Ch,...,C) + X

PaccmoTpum pasHocts X — X.

3amerum, uyto 310 pewienne OCJIY AX =0, Ttak Kak
AX—X)=AX—-AX=B-B=0.



[11.2. Teopema 00 o6 em pewenun HCJ1Y

Teopema 4. O6uiee pewenue X((Ch,...,Cp) HCJY AX =B une-
em 8ud Xo(Ch,...,Cn) + X, 20e Xo(C4,...,Cy) — obujee pewerue
OCJIY AX = 0, a X — npoussoavroe puKkcuposanHoe peluenue uc-
xoonoti HCJIY AX = B.

Joka3areabcTtBo. Ocranoch J10KasaTb, 4TO JJIs1 JIIOOOrO pellleHus
X HCJIY AX = B moxHo Tak nojgobpatb KoHcTaHThl Cf, ..., C),, UTO
X =Xo(Ch,...,C) + X

PaccmoTpum pasHocts X — X.

3amerum, uyto 310 pewienne OCJIY AX =0, Ttak Kak
AX—X)=AX—-AX=B-B=0.

[Tostomy HanayTcs Takue 3HaueHusi napametpoB C1,...,C,,, 4TO
X—X= Xo(Cy,...,Ch), T0ectb X = Xo(Ct, ..., Cp) + X, uTo 1 Tpe6o-
BaJIOCh JIOKa3aTh. TeopeMa JoKa3aHa.



[11.2. Teopema 00 o6 em pewenun HCJ1Y

Teopema 4. O6uiee pewenue X((Ch,...,Cp) HCJY AX =B une-
em 8ud Xo(Ch,...,Cn) + X, 20e Xo(C4,...,Cy) — obujee pewerue
OCJIY AX = 0, a X — npoussoavroe puKkcuposanHoe peluenue uc-
xoonoti HCJIY AX = B.

Takum o6pasom, Bonpoc o cTpykrype obuiero petienust HCJIY cBo-
JUTCS K BOIPOCY O CTPYKType OOLIEro pelleHHsi COOTBETCTBYIOLLErO
OCJLY.



[11.3. TeopemMa 0 JMHENHbIX KOMOMHAUMSX pelleHUH
oCJ1y

Teopema 5. Jluneiinas komburnayus pewenutt OCJ/1Y AX = 0 sa8a1-
emcsa peuteruem amou OCJIY.

JloKa3aTeJbCTBO.



[11.3. TeopemMa 0 JMHENHbIX KOMOMHAUMSX pelleHUH

OCJ1y

Teopema 5. Jluneiinas komburnayus pewenutt OCJ/1Y AX = 0 sa8a1-
emcsa peuteruem amou OCJIY.

Hoka3areabcTBo. [Tycth Xy u Xy — petienust OCJIY AX = 0. Hano
npoBepuThb, UTo AX; + X siBasiercs pelieHrem 3tod OCJIY AX = 0.



[11.3. TeopemMa 0 JMHENHbIX KOMOMHAUMSX pelleHUH

OCJ1y

Teopema 5. Jluneiinas komburnayus pewenutt OCJ/1Y AX = 0 sa8a1-
emcsa peuteruem amou OCJIY.

Hoka3areabcTBo. [Tycth Xy u Xy — petienust OCJIY AX = 0. Hano
npoBepuThb, UTo AX; + X siBasiercs pelieHrem 3tod OCJIY AX = 0.
DTO 03HAUaeT, 4To Hal0 NPOBepUTH paBeHCTBO A (AX; + uXs) = 0.



[11.3. TeopemMa 0 JMHENHbIX KOMOMHAUMSX pelleHUH
oCJ1y

Teopema 5. Jluneiinas komburnayus pewenutt OCJ/1Y AX = 0 sa8a1-
emcsa peuteruem amou OCJIY.

Hoka3areabcTBo. [Tycth Xy u Xy — petienust OCJIY AX = 0. Hano
npoBepuThb, UTo AX; + X siBasiercs pelieHrem 3tod OCJIY AX = 0.

DTO 03HAUaeT, 4To Hal0 NPOBepUTH paBeHCTBO A (AX; + uXs) = 0.

DTO OUEBHJIHO, TAK KaK [0 CBOUCTBAM IPOU3BEJIEHHST MATPHIL U B CUJTY
Toro, uto Xy U Xy — petienuss OCJIY AX = 0, nosiyuaem

A (AXl + ,LLXQ) =



[11.3. TeopemMa 0 JMHENHbIX KOMOMHAUMSX pelleHUH
oCJ1y

Teopema 5. Jluneiinas komburnayus pewenutt OCJ/1Y AX = 0 sa8a1-
emcsa peuteruem amou OCJIY.

Hoka3areabcTBo. [Tycth Xy u Xy — petienust OCJIY AX = 0. Hano
npoBepuThb, UTo AX; + X siBasiercs pelieHrem 3tod OCJIY AX = 0.

DTO 03HAUaeT, 4To Hal0 NPOBepUTH paBeHCTBO A (AX; + uXs) = 0.

DTO OUEBHJIHO, TAK KaK [0 CBOUCTBAM IPOU3BEJIEHHST MATPHIL U B CUJTY
Toro, uto Xy U Xy — petienuss OCJIY AX = 0, nosiyuaem

A (AXl + /LXQ) = M\AX; + ,LLAXQ =



[11.3. TeopemMa 0 JMHENHbIX KOMOMHAUMSX pelleHUH
oCJ1y

Teopema 5. Jluneiinas komburnayus pewenutt OCJ/1Y AX = 0 sa8a1-
emcsa peuteruem amou OCJIY.

Hoka3areabcTBo. [Tycth Xy u Xy — petienust OCJIY AX = 0. Hano
npoBepuThb, UTo AX; + X siBasiercs pelieHrem 3tod OCJIY AX = 0.

DTO 03HAUaeT, 4To Hal0 NPOBepUTH paBeHCTBO A (AX; + uXs) = 0.

DTO OUEBHJIHO, TAK KaK [0 CBOUCTBAM IPOU3BEJIEHHST MATPHIL U B CUJTY
Toro, uto Xy U Xy — petienuss OCJIY AX = 0, nosiyuaem

A()\Xl + /LXQ) = M\AX; + ,LLAXQ =0+0=



[11.3. TeopemMa 0 JMHENHbIX KOMOMHAUMSX pelleHUH
oCJ1y

Teopema 5. Jluneiinas komburnayus pewenutt OCJ/1Y AX = 0 sa8a1-
emcsa peuteruem amou OCJIY.

Hoka3areabcTBo. [Tycth Xy u Xy — petienust OCJIY AX = 0. Hano
npoBepuThb, UTo AX; + X siBasiercs pelieHrem 3tod OCJIY AX = 0.

DTO 03HAUaeT, 4To Hal0 NPOBepUTH paBeHCTBO A (AX; + uXs) = 0.

DTO OUEBHJIHO, TAK KaK [0 CBOUCTBAM IPOU3BEJIEHHST MATPHIL U B CUJTY
Toro, uto Xy U Xy — petienuss OCJIY AX = 0, nosiyuaem

A()\Xl + /LXQ) = MNAX; —|—,LLAX2 =0+0=0.

Teopema nokasana.



[11.4. Teopema 0 pa3aMepHOCTH NPOCTPAHCTBA pelIEHUH
oCJ1y

Teopema 6. Mroxwcecmso peuteruti OCJY A, . Xx1 = 0,x1 2645~
emcs N0ONpoOCMpPaAHCMBOM AUHellHO20 npocmparcmsa R pasmep-
Hocmun — r, ede r — pane mampuyol A.

Jloka3aTeJbCTBO.



[11.4. Teopema 0 pa3aMepHOCTH NPOCTPAHCTBA pelIEHUH
oCJ1y

Teopema 6. Mroxwcecmso peuteruti OCJY A, . Xx1 = 0,x1 2645~
emcs N0ONpoOCMpPaAHCMBOM AUHellHO20 npocmparcmsa R pasmep-
Hocmun — r, ede r — pane mampuyol A.

Joka3areabcTBo. ToT dakrt, uto MHOKecTBO petieHHddl OCJIY siBasi-
eTCsl OJANPOCTPAHCTBOM, JIETKO MOJYUHUTh C MOMOLIbLIO KPUTEPUs M0/~
MPOCTPAHCTBA ¥ TeOpPeMbl O JUHEHWHbIX KOMOMHALMUSX pelleHui

OCJ1Y.



[11.4. Teopema 0 pa3aMepHOCTH NPOCTPAHCTBA pelIEHUH
oCJ1y

Teopema 6. Mroxwcecmso peuteruti OCJY A, . Xx1 = 0,x1 2645~
emcs N0ONpoOCMpPaAHCMBOM AUHellHO20 npocmparcmsa R pasmep-
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Joka3areabcTBo. OcTasnoch 10Ka3aTh yTBEPKIEHHE O PAa3MEPHOCTH
npocTpaHcTBa pelieHud. CorjlacHO TeopemMe 0 COBNAJeHUN TPeX paH-
rOB HUMeeM, UTO PaHI MaTPUlbl KO3(PHUIMEHTOB paBeH PasMepPHOCTH
JIMHEHHOHN 000JIOUKH CHCTEMbl CTOJOLOB MaTpullbl A KO3(DhpULIMEHTOB
OCJTY AX = 0.

[lepenymepoBbIBasi, Npu HEOOXOAUMOCTH, HEU3BECTHbIE, MOKHO CUH-
TaTb, UTO MepPBble 7 CTOJOLOB MaTpHlbl KO3PphuurueHtoB A o6pasyior
Daszuc JIMHEHHON 000JI0UKY CUCTEMbI CTOJIOL0B MATPHULIbI A.
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oCJ1y

a1 a11 12 a1y
a2; a21 a22 a2y

= )\1]' + )\2j + ...+ )\rj . (6)
Q5 Qn1 an2 Any

C nomoupio TeopeMbl 0 JJMHEHHbIX KOMOUHALUMSAX Oa3MCHbIX BEKTO-
pPOB JIOKaXKeM, UTO CUCTEMA PEeIIEeHUH

)\11 >\12 Ay \
)\21 )\22 Aoy

- .
SeT I - O (7)

o) V)

siBJIsieTcs1 6asucom noanpoctpancrea peweHud OCJ1Y AX = 0.
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To, uto Ka)abI 37eMeHT cucTembl (7) SABJSETCS pellleHUeM 3TOMH
OCJIY, oueBueH: corsiacHo paBeHcTBam (6)

( Atk \
A

aiylr ... Qip 8
Ap1 ... Qpp _1

i/
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[11.4. Teopema 0 pa3aMepHOCTH NPOCTPAHCTBA pelIEHUH
oCJ1y

JInHeliHast He3aBUCUMOCTb CUCTEMBbI (7) TaK2Ke OUeBHAHA. €CJIHU

A1 A1z A1y 0
)\T‘l )\7‘2 Arr O
ap | -1 | +ae 0| +...4+ap_p 0 | = 01,
0 ~1 0
0 0 -1 0
TO J/1s1 Jitoboro Homepa k € {1,2,...,n —r} u3 cpaBHenus (r + k)-ii

CTPOKH MATpPHILL U3 JIEBOU U MPABOH YACTEH IMOCJIEHEr0 paBeHCTBA CJie-
JyeT, uTo v, = 0.



[11.4. Teopema 0 pa3aMepHOCTH NPOCTPAHCTBA pelIEHUH
OCJ1y

OcTaJjioch NMPOBEPUTH MOJHOTY cucTembl (7), TO ecTh OCTaJoCh yoe-
JUTbCSI B TOM, UTO Jito6oe pelieHue cucteMbl AX = 0 sBJsIeTCS JUHEN-
HOW KOMOMHALMEN MATPHULL-CTOJOLOB U3 cucTeMbl (7).



[11.4. Teopema 0 pa3aMepHOCTH NPOCTPAHCTBA pelIEHUH
OCJ1y

Bo3bMeM Npou3BoJIbHOE pelleHue ( Ty ... Ty )t cuctembl (7). Torna
Mo Teopeme 0 JUHeUHbIX KoMOUHauusax pewenud OCJ1Y pelennem
9TOHU CUCTEMbI ABJIACTCH TAKOU HAOOD 3HAUCHUH [TEPEMEHHDIX:

x A1 A12 Ay (1
Ty )\rl )\7“2 )\rr Yr
Tr41 — er -1 — CUr+2 0 — ... — Iy 0 = 0 ,
Ty42 0 —1 0 0
Tn 0 0 —1 0
n—r

TIe Yp = Tp — E Tyt j N
j=1
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I /\11 >\12 )‘17' Y1
Ly )\7’1 )\7’2 )\7»7» y,,,
Tr41 — L1 —1 — Lyp49 0 — ... — Iy 0 = 0 ,
Lr42 0 -1 0 0
o 0 0 -1 0
n—r
rie Y = X — E Tr4jAk;. 110JCTaBIISAS 5TO pelleHHe B ypaBHeHHe, 110~
j=1
Jlyuaem
N

e T
0 aix ... Qi Qleq1 ... Q1n Qy;
_ Yr _ E )
nl --- nr n,r+1 .- n,n o ]:1 nj

0
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oCJ1y

n

T
0 aix ... Qi Qle41 ... QA1n Qy;
_ Yr _ )
Co) =0 o))
nl .- nr n,r+1 .- n,n o ]:1 nj
0

Ho nepBbie n cTo/1O10B MaTpUlibl A JIMHEHHO HE3ABUCUMBI (TaK KaK 3TO

6a3uC CHUCTEMbI CTPOK MaTpHllbl A ), TO3TOMY 41 = ... = ¥y, = 0, TO €CTb
2 A1 A12 A1y
.T )\7‘1 )\7‘2 >\rr
T I = Trt1 —1 T Tpy2 0 — ... T Ty 0
r 0 —11 0
n 0 0 ~1
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oCJ1y

2 A1 A12 ALy
33' )\7“1 )\7‘2 >\rr
IHI = Lrt1 _é T T2 1(1] — ... T Ty 8
n 0 0 ~1

3HauuT, cucTemMa BeKTOpoB (7) siBjsieTcs 6a3UCOM MPOCTPAHCTBA pe-
ienuit cucteMbl AX = 0, B YaCTHOCTH, €ro pa3MEpPHOCTb paBHA N — T,
uTO U TPeOOBAJIOCH I0KA3AaTh.



[11.5. Teopema 06 o6uem pemwenun OCJ1Y

Teopema 7. O6bwee pewernue OCJIY AX=0 umeem 8ud
O X1 +...+C,X,, eéde m=n—r,n— YUCLIO HEU3BECCMHbIX, T —
paxe mampuysl Kodagpduyuenmos A, Xy, X, ..., X,, — basuc au-
Hetino2o npocmparncmsa peuterutl OCJ1Y AX = 0.

Jloka3aTeJbCTBO.



[11.5. Teopema 06 o6uem pemwenun OCJ1Y

Teopema 7. O6bwee pewernue OCJIY AX=0 umeem 8ud
O X1 +...+C,X,, eéde m=n—r,n— YUCLIO HEU3BECCMHbIX, T —
paxe mampuysl Kodagpduyuenmos A, Xy, X, ..., X,, — basuc au-
Hetino2o npocmparncmsa peuterutl OCJ1Y AX = 0.

Jloka3aTeabCcTBO. DTa TeopeMa SBJISETCS HEMOCPEJCTBEHHBIM CJIe1-
CTBUEM M3 T€OPEeMbl O pa3MepPHOCTHU NpocTpaHcTBa peweHnin OCJ1Y
U TeopeMbl O JUHEHHbIX KOMOMHALUSAX 6a3UCHbIX BEKTOPOB. Teope-
Ma J0Ka3aHa.



[11.6. dynpameHTalbHAg MaTpULIA
I/IS YMHO2KCHHS MaTpHUl Ha MaKpoypOBHe Ho.nyqaeM, yTo

Ch
CiXy+...+0, X, = C2 ,
Chm

Fﬂeq): (X1X2Xm)
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I/IS YMHO2KCHHS MaTpHUl Ha MaKpoypOBHe Ho.nyqaeM, yTo

Gy
CiXy 4o+ CX =@ | 2|
C,
rne ¢ = (X1X2...Xm).
Onpenenenne 7. Cucmena Xy, Xo, ..., X, Ha3oleaencs pyHgaMmeH-

TajbHOM cuctemoit pewenud OCJIY AX =0, a mampuya ® — PyH-
JaMeHTaJlbHOU MaTpULEN.



[11.6. dynpameHTalbHAg MaTpULIA
I/IS YMHO2KCHHS MaTpHUl Ha MaKpoypOBHe Ho.nyqaeM, yTo

Ch
CiXi4...+Cp X, = @ C; ,

Chn

Fﬂeq): (X1X2Xm)

Onpenenenne 7. Cucmena Xy, Xo, ..., X, Ha3oleaencs pyHgaMmeH-
TajbHOM cuctemoit pewenud OCJIY AX =0, a mampuya ® — PyH-
JaMeHTaJlbHOU MaTpULEN.

Mbi 6yiem ucnosib3oBaTh abopeBuatypy @CP BmMecTo hpasbl «dyHaa-
MeHTaJsibHasl cucTeMa pelieHuid». «MuaycrpuanbHas» MeToIMKa HaX0xk-
nennst @CP Oblia HaMU pacCMOTPEHA MPU PELIeHUU ITPUMeEPOB.
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e-mail: melnikov@k66.ru, melnikov@r66.ru
cauthbl: http://melnikov.k66.ru, http://melnikov.web.ur.ru
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