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HOPMA/IbHbIE NCEBAOPELUEHUA CUCTEM JIMHEUHbIX YPABHEHUIA

0-p mexH. Hayk C.I. EXU/IEBCKUW, kaHO. ¢pus.-mam. Hayk H.A. YPbEBA,
KaHO. ¢pus.-mam. Hayk O.B. TO/1YBEBA
(Monoykuii 2ocydapcmeeHHbiil yHusepcumem, benapyco)

Ha npaKTuKe 4acTo BCTpeYatoTca 3a4a4m, peeHne KOTopbIX AONKHO YA0BNETBOPATb
npoTnBopeumsbiM TpeboBaHUAM. B aTom cnyyae 3aadyy MOXKHO PewnTb KOMMAPOMMUCCHbIM
nyTém: y4OBNETBOPUTbL BCE TPeOOBAHUA NNLLIb A0 HEKOTOPOM cTeneHu. MycTb Takaa 3agaya
CBOAMTCA K CUCTEME SINHENHbIX YPAaBHEHWUI:

a X+t aX, =h, (1)
amlxl +..t aman = bm’
MaTpuyHaa ¢opma KoTopon umeet sug: AX =B.

B 06wem cnyyae (1) MoXKeT 6bITb HECOBMECTHOM, MO3TOMY ANA €€ peLleHnn Lieneco-

0b6pa3HO NPUMEHUTb MEeToA HaMMEHbLUNX KBaApaToB, TO €CTb HANTU TaKMe e€ NPUBANKEH-

Hble peweHus (NncesgopeweHna unm obobwéHHble pewenns) X = (Xl,Xz,...,Xn)T, 4yTO PYHK-
m

una F(X)=|AX - B|2 = Z:|aikxk —bi|2 byaeT MMeTb HanMeHblUee 3HaveHue [1].
i=1

Echm cuctema coBmecTHa, TO noboe eé peweHne B 06bIYHOM CMbICNe ABNAETCA eé
ncesgopeweHnem. HopmanbHbIM HasblBaeTCA NCeBAOpeLleHne, MMmetlolee HaMMeHbLUYHO

OANVHY  (Takoe nceBaopelweHue XO:(XlO,XZO,...,XnO)T, npu  Kotopom  dpyHKUMA

n
<I)(X):|X|2 :Z:|xi|2 MMeeT HaumeHbluee 3HayeHue) [2]. Ona nonyyeHMAa HOPManbHOro

=1

ncesgopeweHns ana (1) npumeHUm meToq, perynapusauum.
I. CocTaBUM dyHKUMIO

F.(X)=|AX - B|" +oX|" =]

i=1

. 2
zaikxk —b,

k=1

2 n
+o x|, (3)
k=1

roe a>0.

l.  Haitpném sektop X“, npu kotopom ¢yHkuma F, (X)mocturaetr muHumyma, npu-
PABHAB K HY/IO €€ YacTHble NPOon3BOgHbIE.

II.  Pewum nonyyeHHy0 Npu 3TOM CUCTEMY:

(A"A+aE)X® =A"B. (4)

lll. B Bektope X" nepergém Kk npegeny npu o— 0, M nonyuum HopmanbHoe
ncespopetweHue. B (4) matpuua A" nonydeHa M3 matpuupl A TPaHCNOHMPOBAHUEM M 3ame-
HOM 3/1EMEHTOB Ha KOMM/IEKCHO CONpAXEHHble. Ecnn A — aelicTButenbHan, To A' = A’ .
[na BbluncNeHUA BeKTopa X * npumeHuMsbl u apyrue G¢opmynbi:

X“=(A'A+0E)A'B, (5)
. < (Ae,B

x :z( : Z)ekl (6)
k=1 O+ Py
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- (1. B)

X*= A'f,, (7)
kZ:; a+p,”
rae  r —paHr (Mmxn)-matpuubl A; p,, Py, .., Py — HEHYNEBbIE CUHTYNAPHbIE YACAA MaT-
puubl A; e, €, .., e un f, f,, .., f —cuHrynapHble 6asucel npoctpaHcte X, 1 Y, .

Ecan matpuua A nopAagKa N M paHra I 3pmMuMTOBa MM CUMMETPUYECKas, TO Npume-
HUMa 1 dopmyna

(& B), B)
rey e 8)
k=1 (1+7\,
roe e, €, .. 6 — OPTOHOPMMPOBaAHHAA cuCTemMa COBCTBEHHbIX BEKTOPOB npeobpasosa-
HMA C maTpuuen A, npuHagnexalmx CO6CTBEHHbIM 3Ha4YeHNAM Ay, A,, ..., A, (A; 0 npu

i=1,2,..r).
MeToaom perynsapusaumm Hangém HOpMaNbHOE MCeBAOPELUEHME CAeAyHLen cu-
CTeMbl IMHENHbIX YPAaBHEHWN:

2X, — X, =1,
- X +X,+X%X =0, (9)
X, +2%; =1,
2 -1 0 X, 1
nmetowet matpuuHyro dopmy Buga AX =B, rae A=| -1 1 1|, X=X, |, B=|0].
0 1 2 X, 1

Noctpoum dyHkumio F (X) = |AX - B|2 + 0c|X|2 :
F (X)) = (2% — X, =12+ (=X + X% + %)+ (X, + 2%, D)2 + (X + X, + %) =
= 5%, +3X,” +5%," — 4% — 4%, —6X, X, — 2X X + BX,X; + 2+ 0X,” 40X, + aXy”).

Haiaém vacTHble npomssogHble F, (X):

oF, =B+a)x —3%,—%X,—2, ﬁ:—3x1+(3+oc)x2+3x3, ﬁz—xl+3x2+(5+a)x3—
0X, OX, OX,

MpupaBHAEM K HYAIO NOJly4eHHble YaCTHble MPOn3BOgHbIE:

(5+a)x, —3X, — X, =2,
-3X, + (3+a)X, + 3%, =0, (10)
—X +3%, +(5+a)x, =2.

Haliaém onpegenntens matpuubl cuctemsi (10):

5+a -3 -
A=| -3 3+a 3 =a’+130% + 360 .
-1 3 5+a
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Tak Kak o >0, 10, oueBnaHo, uto A # 0. Pewmnm (10) meToaom Kpamepa:

o 20+18 0. = 200+18
Yoo +1307+36° 7 T a?+130°+36
Bblumcnaa npegen obeux 4yacTed nocnegHux TPEX paseHcTB npu o — +0
. o« 1 o« 1 200+18 18 1
lim x" = lim x;" = lim ——————="—=~{, nonyuum HopmanbHoe ncesAopeleHne
a—+0 a—+0 o-»>+0 g +130°+36 36 2

cuctemsl (9): X :%(1;0;1)T .

OTMETUM, YTO METOoA, PErynspM3aLnmn cBogMTCA K MaTPUYHOMY ypaBHeHMto (4). Boc-
No/sib3yemMcs 3STUM COOTHOLLEHMEM AN NOMCKA HOPMa/IbHOMO NcesaopelleHma cuctemsi (1):

2 -1 0 2 -1 0 2 -1 0 5 -3 -1
AA=A"=|-1 1 1|, A*“A=|-1 1 1||/-1 1 1|=/-3 3 3|,
0 1 2 0 1 2 0 1 2 -1 3 5
100 a 00 2 -1 0)(1 2
aE=a/0 1 0|=|0 o O], A*-B=|-1 1 1|-|0|=|0],
00 1) |0 0 « 0 1 2/)l1 2
5+q -3 -1 X"
A"-A+oE=| -3 3+a 3, X =|x"|,
-1 3 5+ X,
540 -3 -1) % 2
(A"-A+aE)X*=A"-B=| -3 3+a 3| x“[=]0]|
-1 3 5+a)| X" 2

(G+a)x, —3X, — %, =2,
Monyyaem cuctemy <—3X +(3+a)X, +3%, =0, cosnagatowyto ¢ (10) u, cneposa-
X% +3%,+B+a)X; =2,
TENbHO, MMEILLYID TO e camoe HopmanbHoe ncespopeweHne X*. Ona (5) Hangém
(A"-A+aE)™":

o’ +8u+6 3a+12 o—6
o’ +13a® +36a o’ +130°+360 o +13a*+360
(A" A+aE)" = 3a+12 o’ +10a + 24 -30-12 .
o’ +130% +36a  o®+130°+360 o +13a’ + 360
a-6 -30.-12 o’ +8u+6

o’ +130% +36a  o®+1302+360 o +13a’ + 360

20+18
o +13a’ + 360
Torga X*=(A"-A+aE)"A"-B= 0 " Iim#:;

200+18 >0 +130° +36 2

o’ +130% + 360
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CooTBETCTBEHHO, HOPMa/ibHOE NceBAOpeLleHMe AaHHON CUCTEMbI YPaBHEHUI UMeeT
BUA;

1
X“==(101".
2
Ob6patmcs K cooTHOoWweEHMUIO (6). M3 NONy4YeHHOro CUHIYNSPHOrO Pas/ioXKeHUs mart-

1 1
puubl A M3BECTHO, YTO CUHTYNAPHbIN 6asnc MMeeT BUA: € :E.(—l,l,l)T, e, :ﬁ.(l,O,l)T ,

e, :%.(1,2,1)T; p,=3,p,=2, p;,=0,nbasuc f, f,, f; cosnancbasucom e, e,, €, (a8-

NALWMMCA U NpaBbiM, U neBbiM). OueBngHo, uto K =1,2; r =rangA =2, TaK KaK

) 2 -1 0
Ml=|2|¢0,M2=‘ 1 il=1¢0, M,=-1 1 1=0.
0o 1 2
Hangém X n3 OTHOLLEHWA X = ak E e+ A8, E e, rae
o+ p; a+p,
1 _3
2 -1 0 \/15 1 \é§ 1
Ae-B={-1 1 1| —=|0|=| —=|-/0]=0,
B g g
° W s
V3 V3
1 2
2 -1 0 2 1 5 1 A i
Ae,-B=[-1 1 1|| O0[|0|=| 0|]0[|=—, (Ae,-B)e,=2-(1 0 1),
1 2 V2
0 2| —|\1 — {1
V2 2
r . . T
o3 A Eek=0 2-1 0 1
kc10+ Py a+4
Mpu o — +0 nony4yum HopmanbHoe ncesgopelieHne X :%-(1,0,1)T .
Ona (7)) wvmeem: f—i-(lol)T f —i-(lol)T f —i-(lol)T
. 1 \/§ g \Jy ’ 2 \/E y ’ 3 \/6 1y ’
2
f b, f.b . 2
X*= 1b2-A-f1+ ZbZ-A-fz, f,-b=0, fz-bzi, A-f,=| 0 |,
a+p, a+p, 2 2
V2
r . . T
(f,-b)-A"-f,=2(1,01)" . Takum o6paszom, X“=Z fy bZ-A*-fk:Oer. Mpwu
ko1 o0+ p, a+4

1
a — +0 nonyynm HopmanbHoe ncesgopelueHme X = E-(l,O,l)T .
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