METO[1 TAYCCA.



rlyCTb 3a/laHa CUCTEMaA U3 M ypaBHEHMﬁ CNn Hen3BeCTHbIMU:

( ai1X4 o aA12X9 ol aA13X3 + .-+ A nXn = bl
a21x1 + azzxz + a23X3 + + aann — bz

A

\Am1X1 + Ao Xy + AzXz + -+ QX = by

CocTaBuM a51s1 Hee paclUMpPEHHYO MaTpuLy, oTaenuns ctonbew
npaBblX YacTen BepPTUKaSIbHON YepTon:

P=(A|B) =| az1 asz .. azp|b,

Kaxpana CTpoKa paclunMpeHHOM MaTpuLLbl ABAAETCA 06pa3om 04HOro ypaBHEHUSA :
3/1EMEHTbI a;; U306paxKatoT KO3GPGULUMEHTbI NPU HEN3BECTHDIX;

snemeHT b; n3o6paxaer PABYI0 HacTb

BEPTUKAJIbHAA YEPTa M3O6¥QQ%QF%K

paBeHCTBa.



BCNOMHUM 3neMeHTapHble NpeobpasoBaHns, He M3MEHSIIOLLME peLLeHne
CUCTEMBR g pacLumpeHHon maTpuLbl cuctemsl P

HEPECTYNBREka nobbix asyx cTpok;

*nepecTaHOBKa Mtobbix Asyx ctonbuos, KPOME CTONIELA NPABbIX YACTEW
(CTONBEL, NPABbIX YACTEM MEPECTABNATb HENb3A);

*YMHOXEHNEe 31eMeHTOB Nt0bon cTpoKn Hauncno a # 0 ;

*CIOXKEeHMe NtobbIX ABYX CTPOK.

MeTtopn Naycca cocTounT B nocriegosaTenlbHOM UCKITHOYEHUN HEU3BECTHbIX C
NMOMOLLIbIO 3fIEMEHTapPHbIX Npeobpa3oBaHUN.
BbluncneHnunsa nposoadaTcs B ABa 3tana, HasbiBaembix [NPAMbBbIM n OBPATHBIM

mwaSOBaHMH KO3 (PMLINEHTOB NPUN HEU3BECTHLIX U NPaBblX YaCcTemn
CUCTEMbI YOOOHO BbINOMHATL B MaTpuU4HoOu oopme.

SAMEYAHWE: pekomeHayeTcs HyMmepoBaTb CTOSMOUbI UNKU MPOCTaBNATb NoA
cTonibuamm COOTBETCTBYOLLME HEN3BECTHBLIE:

P = (AlB) = aszq A3y ... A3n b3




lpsimou xo0

[MpnBegem pacluMpeHHY MaTpuLy cuctembl P k cTyneHyaTomy BUay
MOMOLLbIO 3NIEMEHTapHbIX Npeobpas3oBaHUi :

1 a;; " a1y Qir4r 0 Qg by \
0 1 - azy Gpy1 ™ Qg b.z
0 0 ‘ 1 Grry1 ™ G by
0 0 0 0 0 br+1
\o 0 - 0 0 - 0 bm/
X1 X2 ... Xy Xpp1 ... Xp
Bo3aMoXxHBbl |) cpean uncen b, 4, ..., b, ecTbxoTa bbl 04HO,
nBe He paBHoe HyAt, Hanpumep: b, # 0

cUTyauum:

Il) Bce uucna b, 4, ..., b,,, paBHbI HYAO:
br+1= ;...,bmzo



1 ay; a1+ Qipyr ™ Qqp b, \

0 1 = ay, azry1 = Gy b.z

0 0 - | 1 Gryy1 " Grp b,

0 0 - 0 0 - 0 briq
\ 0 O - 0 O - 0 b, /

X1 X2 .. Xy Xr41 -« Xn

Ecav cpean uncen b, 4, ...,b,, ecTb xoTa bbl 04HO, HE paBHOE HY/IO,
Hanpumep: b, # 0, TO 3TO O3HAYaeT, YTO B CUCTEME €CTb YpaBHEHMeE:

0%y +0:x,4+-4+0-x,=Dbpp 1 #0,

KOTOpO€E HE UMEET

peLleHunn,
Ecav cpaBHUTbL paHru maTtpuy, Torang A =r,arang P = r + 1; no Teopeme

KpoHeKepa-Kanennn cuctema

HecQBMecCTHa.
PelleHne 3akoH4YeHO, 0OpaTHbIM X0 MeToAa Maycca He

HY>XXEH. 3
Kakon oTBeT crieqyer Aatb

P



Il) Echv BCce uncna b, 4, ..., by, pasHbl Hymto: b4 = 0;...,b,,, =0,

1 a; a1y Aupyq ™ Qin bl\
0 |1 = azy Qypp1 ™ Gyn b,
0 0 | 1 Qrppq ™ G b,
O 0 R O O - 0 0

\0 0~ 0 0 = 0 0/
X1 X2 .. Xy Xr4+1 Xn

3TO 3HauuT, yto rang A = rang P = r, N CUCTEMA YPaBHEHWUN
Bbigenum 6a3ncHbIi MUHOP 1 oT6poiti liynEBbie cTpoku:

1 ayp a1y A4t A b,
0 |1 = az,| az,r41 = azy b,
0 0 1 Arr+1 - Gn br
xl x?.. TR xr x'r‘+1 e xn

OcTaHeTCcs YKOPOUYEHHAsA CUCTEMA U3 T© YPaABHEHUN.



O6pamHbIU x00

1 _a;; = a1y Q1941 " A by
0 |1 = az,| az,+1 = azy b,
0 Q l Arr+1 - G br
X1 X2 oox, Xry1 .. Xp

B YKOpOYEHHOUN CcUCTEME U3 T YPABHEHUM
BO3MOXHbI ABa

S \

Cnyyari Cnyyan
me]no Hen3BeCTHbIX l-Imcn% Hen3BeCTHbIX
N PaBHO PAHry CUCTEMbI T°: n 6o/blle paHra CUCTEMbI T :
n=r n>r

[Touemy HEBO3MOXEH n<r?

o o A I



Cnyyan 1
YYUcno HEU3BECTHbLIX N PAaBHO PaHIry cuctembl r: N = T

TO €CTb MaTpunua CUMCTEMbI CTalla

TPEYronbHOM : 1 a, .. a b,
0|1 .. a, b,
0 0 .. |1 by,

x1 xz le

Ecnn BepHyTbCA K ypaBHEHNAM, TO

I'IOJ'IyLlI/IM
( X1 + A12X, + aA13X3 + .-+ A1nXn = b1

< Xy + Ay3X3 + -+ A Xy = by

\ Xn = b,

Peluaga nocrnegoBaTesfibHO YpaBHEHNA CUCTEMbBI CHN3Y BBEPX, KaXkablW pas
6y/:|,eM UMETb AiENOo C ypaBHEHNEM, COAEPXKaLLMM TOJ1IbKO OA4HO

HeHﬁB@BT#%%emﬁ X1, X7, ..., X, ONpPeAenaeTca oaqHO3HA4YHO, TO eCTb CUCTEMA
mmeet EAMNHCTBEHHOE peweHue.

(Ha3blBaeTcH



Cnyvau 2

Yncno Hen3BecTHbIX N OO/bLUE paHra CUCTEMBIT : L > T

1 a1 " A1yl QA1rs1 ™ Qun b4
0 [1 - apy aZr-I:l agn b,
0 0 1_ Arr+1 = G br
Ixy xo ox. 0 x.0q ... Xp
BA3NCH CBOBOH
blE blE

B 6a31CHbIN MMHOP BOLWU KOIDPUUMEHTBI NPU HEN3BECTHLIX X1, X5, ..., X;;
Ha3oseM nx bA3VNCHBbIMI.

HensgecTHble X,y 1, ..., X;,, HE BOWeAwMe B 6a3ncHbIM mnHOP, Hazosem CBOBOAHbIMMW

BOIMPOC: ckonbko cBODOAHbIX

HEeN3BECTHbIX?
OTBET: cBoH60OAHbIX HEU3BECTHLIX kK =n — 1



[Mepengem ot MmaTpuyHOM POPMbI 3annUcCK K

YPaBHEHUAM:
1 a5 " a14 Q1441 ™ Qip by
0 |1 = az, Qyr41 = Ao b,
0 0 1 Arr+1 = Gn br
Ixg X2 XV 2y o Xp
BA3NCH CBOBOOH
blE blE

(X1 + Q1pXp + Ay3X3 + -+ A Xy + A pyp1Xppq T+ QX = by
Xp + Qp3X3 + -+ App Xy + Qg py1Xppq + o+ AopXy = by

\ Xt Qprp1Xppq Tt QpepXp = br
I I
| BA3VICH | CBOBO[H
blE blE
MNpuaagmm cBOB6OAHBIM NepeMEHHbIM Mbble 3HaYEHUs U NOACTaBUM VX B
ypaBHEHMS: g = Gy
Xry2 = (3

xn = CTL —-Tr



(X1 + 12X, + Ay3X3 + -+ Ay X + Ay G + -+ a1,C = by

< Xo + Qy3Xx3 + -+ Ay Xy + Qg g1 Gy + -+ Az G = by
\ PR A C IR G = br
| |
I BA3NCH I CBOBOOH
] bIE ] blE

Bbipa3sum 6asncHble nepeMeHHble Yepes cBoboaHbIe. [151s1 9TOro nepeHecem
B MpaBYyo YaCTb YpaBHEHUW criaraemMble co CBOOOAHBbIMU NEPEMEHHBIMU
(M3MEHMB 3HaK Ha NPOTUBOMOMNOXHbLIN!!):

(x1 + A% + ay3x3+ -+ A Xp = by — Ay 4101 — - — a1, G
) Xp + Qp3X3 + -+ AppXy = by — Ay 310 — -+ — A Oy
\ Xy = br - arr+1(‘1 -t arnCn—r

Bbluncnnm 6asncHble nepeMeHHble(kak B criyyae 1), peLuasi nocrneaoBaTeribHO
ypaBHEHWUS CUCTEMbI CHU3Y BBEPX.

[MpuaaBas cBOOOOHBbIM NEepPEMEHHbBIM ApYyrme 3Ha4YeHud, nosiy4num apyrue
3HadyeHuna 6asncHoix. Cuctema oyoet umetb bECKOHEYHOE MHOXXECTBO

PELLEHWA. (Ha3blBaeTcH

L e e e e e e e e e o mE m e m



[Tpumep 1

2Xq1 — Xy + X3 = —2
PelwnTb cuctemy ypaBHEHUU METOO0M X1 + 22, + 3x3 = —1
[aycca: _ _ —
SELIEHW Mpsimoii Xy = 3%, —2x3 =3
; x00
2 -1 1—2:] 1 2 ><(2)><(1)
Pp=|11 2 3|-1 2 -1 1 —2 +‘
1 -3 =213 ~\1 -3 -213 N
X1 X2 X3 X1 Xy X3
1 2 3 —il
~ 1-(=2)+2 2-(-2)—-1 3-(-2)+1{(-1D)-(-2)—-2 | =
1--1)+1 2-(-1)-3 3-(-1)—-2[(-1)-(-1)+3
X1 X2 X3
1 2 3 |-1 1 2 3 |1—1 /1 2 3|1
= (0 =5 —501(—5)(0 1 1]0 |x5 — 01 1[0
0 -5 =54 ~ \0 -5 -5l4 7~ N0 0 0|4,

X1 X X3

) by = # 0; cuctema HecoBmecTH OTBET : HeT

— NAIIIALIIALA



|

b m&mrwm(

1 2
0 3
1 1

[Tpumep 2

PelunTb cnctemy ypaBHeHUN METO40M

Fagcca: 5
PELWEHW TlMpsamou

xo0

1

N1 /1 2 1
8(J o 3 =2
4/)<t 0 —1 -2

1
0
0

X1

2
1
3

X2

1
2

X3

4 1 2 1
0) x(=3) ~ (O 1 2
8/ <« 0 0 -8

rang A = 3;
rang P = 3;
n= 3;

Cunucrema coBmecTHa,

chnyyanm 1.

n<r




O6pamHbIl x00

= =)=

Ol N
_ N

X1 X2 X3

x2+2(—1)=0, Xy = 2,

x1+2:2—-—1=4; x;,= 1,

X1 1
OTBE X=(x2>=(2>
T: X3 —1

[loma caenaTtb
nNDORaAaNV\/

X1+ 2x, +x3=4
x2+2x3=0
X3=—1



[Tpumep 3
PelunTb cnctemy ypaBHeHUN METO40M

Faﬁcca: .
PEWWEHWN [lMpsmou
E:

X1+ 2x;, +x3=4
3x2_2.X3=8
—x1+4x2 —5x3 — 12

xo0
1 2 1| 4 1 2 11 4 1L 2 12 g
P={o 3 -2|8],~(0 3 2|83 [o _§§x(—6)
-1 4 5112 —4 1 16
> 06 —4 16<—+,
X1 X2 X3
1 2 |1 |4
- o4 2|8
3|3
\0 0 0 [0 rang A = 2:
rang P = 2;
n= 3;

Cuctema coemecmHa,
criyyam 2.



O6pamHbIlU x00

1 2 1 4 X1+2X2+X3=4
2| 8 ~
0 1 |—=| = 2 8
< 3 3 X2_§X3=§
| ¥1 X2 X3
BA3NCH CBOBOOH
blE AA
x3:C,
_8 _8+ZC
*2 —372T 373w
X1+ 2 +C=4; x 7C
4 7C
3 3
OTBE X=| 8 2 ,rae C — ntoboe uucno.
T —+—=C
3 3

[loma C,EI,eJ'IaTb



