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Tnasa 13. SJIEMEHTAPHBIN AHAJIN3 ITOTPEIITHOCTEM

13.1. IIpenBapuTtesbHble 3aMeYaHUSI

Permnenue 110604 BBIMUCINTEIHLHON 3329 MOYKHO TIPEJCTABUTH (POPMYIIOi
y = F(2). (13.1.1)

3necy z € C* — BEKTOp MCXOIHBIX JAHHBIX, y € C™ — BeKTOp pe3ysabTaToB, F' — oneparop, aeicreyiomuit n3 C”
B C™.

B peasbHOIt cuTyaluu BEKTOP & COIEPXKUT HEOIPEIEJIEHHOCTh, T.€. "Ha BX0/1" OZaeTCst He BEKTOP X, 8 HEKOTOPBIN
apyroit BekTop Z. TOoYHO Tak ke OmepaTrop peaju3yercss HeTOYHO, T.e. (PaKTHIeCKH pPaboTaeT HEKOTOPBIH JpYyToi
oneparop F.

Takum 06pa3oM, BMECTO TPeOYeMOro pe3yJsIbTaTa Y, Mbl nojiydaeM "Ha Bbrxoe " HeKOTOPLIN APYroil pe3ysabTaT ¥.
ITycrs § = F(Z). Torma MOXKHO 3amucarhb, 4TO

Ay=i-y=(i-7)+@-v = (F@ - F@) + (F@ - F(2)).

MBI NpeICTaBIIN TIOTPEITHOCTD Pe3ysbTaTa B BHE CyMMbI ABYX ciaaraeMblx . Ilpu stom ATy = F(Z) — F(z) —
IIOrPELIHOCTD, BO3HUKAIONIAA [IPH TOYHOH PeaIM3aliy BBIYHCIUTEIHHOIO AITOPUTMA U3-33 IOTPELIHOCTH B MCXOJHBIX
nanuex, a AMy = F(T) — F(T) — norpemsocTs, BO3HUKAOMAA U3-33, HETOYHOM Peaju3alii aIrOPUTMA.

CyuleCTBy 0T Pa3/IMIHbIE HAMMEHOBAHMS! JJIs1 3TUX COCTABJsAOmuX. Mb1 Oygem nazwiBars Ayr mpanchopmupo-
sannoli nozpewnocmvio, a Ayy — nozpewnocmovio memoda.

B Hpeﬂblﬂyﬂ[ﬂx rJji1aBaxX MbI I'[pe,QIIO.HaI‘aJH/I7 49TO BCE€ UCXOJHbIE JJTaHHbIE paCCManI/IBaeMbIX 3334 3aJaHbl TOYHO
U TOYHO BBINOJHSIOTCA apudmMernydeckue oneparmu. QOMHAKO B JAeHCTBUTENBHOCTH U B MCXOAHBIX JAHHBIX OOBIYHO
UMEETCsl HEONPEIEIEHHOCTD (TaK KaK OHU SIBJISIIOTCS, KAK IPABUJIO, MO0 Pe3yJIbTaTaMu U3MEPEHNUit, 1100 Pe3yibTaTaMu
BBIYUCJICHN ), 1 apUDMETHIECKIE ONEPANUY BBIOJHSIOTCS 00 ¢ OKPYTJIEHUEM, MO0 ¢ yCeIeHUEM. JTO MPUBOAUT K
HOSIBJICHUIO B PE3YJILTATAX HEOLPEIEIeHHOCTH , 663 OLEHKM KOTOPOH 0/Ib30BATHCS ITUMU PE3yJIbTATAMY HeJib3s1. MoryT
[OSIBJIATHCS ¥ HECYLIECTBYIOLIME HA CaMOM Jejie "pemrenus "3a1a4.

Ipumep. (cm. m.1.1). Pemast 09eBUAHO HECOBMECTHYIO CHCTEMY

Tz + 9y =16
142 4+ 18y = 32.01

meromom laycca-ZKopmana 6e3 BbIOOpa BEAYIIEro 3JIEMEHTa ¢ MOMOIIBI0 MUKpPOKaJbKyasTopa MK-56, monygaem "ot-
n
BET ':

xr = —6427.571, y = 38890.667.

[IponmmocrpupyeM npobieMy reOMeTPHIECKU.

Kak u3BecTHO, smHeiiHOE anrebpamdeckoe ypaBHEHME ¢ ABYMs EPEMEHHBIMU 333€T HA IJIOCKOCTH HPSMYIO,
a cuCrema u3 ABYX TAKMX ypaBHEHWi — mapy npsiMbix. Ecau marpuna k03d)@uIueHToB CucremMbl He BBIPOKIEHA, TO
NPsIMBIE HE APAJIIEJIBHBL ¥ IMEIOT €ANHCTBEHHYI0 TOUKY [IEPECEUeHNsl, KOOPAUHATHI KOTOPOH — €IMHCTBEHHOE PEIIEHHE
cucremst (puc. 13.1).

Puc. 13.1

Hasnmaue HEOMpeAeIeHHOCTH B NCXOMHBIX JAHHBIX (K03dbdunuenTax u ¢cBOOOJHBIX YJI€HAX CUCTEMBI) TPEBPAIa-
€T KaXKIYIO MPAMYIO B 1IeJIioe CEeMencTBO IPSAMBIX. B YaCTHOM CJIyYae, KOTda HEONpeaeJIEHHOCTh COACPXKUTCA TOJIBKO B
CBOOOIHBIX YJICHAX, MPSIMBIE KAzKIOTO CEMEHCTBA TTapaJLIeIbHbI MEXK LY COOOM, M KasKI0e YPABHEHUE CUCTEMbI TIOPOZK 1A~
et "roscryo"upsiMyio (m0JI0Cy, TOMIMHA KOTOPOi pacTeT ¢ pocToM HeonpezaesaeHnoctd. "Pemenuem' cucremsr Tenepnb
sIBJIsTeTCs1 0Opas3yomasicss npu nepecedenuu "rosctoix'mpsiMbix "TosicTas"Touka , pazMepbl KOTOPON XapaKTePU3YIOT
HEONPEIIeHHOCTh pertenust (puc. 13.2).
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Puc. 13.2

Ecnu marpuna ko3dduinmeHTOB CHCTEMBI OPTOrOHAIBHA, TO TPSMbIE MEPIEHIUKYJISIPHBI, U Pa3Mepsl "perre-
Husi"Oy Iy T TOrO Ke MOPSIIKA, YTO U MUPUHA, TOJIOC. Kcm yroa Mexay mosiocamu 6JIM30K K HYJIHO, TO PA3MePbI PEIeHuU st
MOTYyT BO MHOTI'O Pa3 MPEBBIMIATH MUPUHY MOJOC. [Ipu mapasjieibHbIX 2Ke TPSIMbIX MOXKET BO3HUKHYTH 'pelienve, He
CylIecTByIomee B TOuHOi apudmeruke (puc. 13.3).

Puc. 13.3

OTu reoMeTpUUecKUe MOCTPOEHHUsI IOKA3BIBAIOT (XOTS U HE IOKA3BIBAKOT), 9TO "IUIOXuMu' IBJSIOTCS CUCTEMBI,
OJIM3KHUE K BBIPOXKJIEHHBIM. UTOOBI IPUIATH 9TOMY BBIPAYKEHUIO TOYHBIN CMBICI, HAM MOTPEOYeTCsI BBECTU HEKOTOPHIE
HOBBIE TTOHATUSA.

13.2. Hopma maTpuriibt

st kBaapaTudHoii GOPMbI, MOPOXKIEHHON IPMUTOBON MaTpuieil A, U3BECTHO HEPABEHCTBO (CM. 11.9.2)
(A2, 2) < Mg - 1|1, (13.2.1)

rae Amaez — Haubouibliee COOCTBEHHOE YMCIO0 MATPUILL A.
ITycts Teneps B — npousBosibHas MaTpulia pasmepa m X n. 13 (13.2.1) creayer, uaro
|Bz||* = (Bz, Bx) = (B*Bz,z) < 0pqp - [|2]*  nom

mazx

|1Bz|| < omaz - 2], (13.2.2)

TI€ Opmae — HAMOOJIBIIEE CUHTYIISIPHOE Yucyio Marpuibl B. Eciu BekTOp T Henyaesoti, TO, pa3meaus Ha ero HopMmy obe

gactu (13.2.2) , nonyuum

Bz
||||$||” < Omaz- (13.2.3)

TMokaxkem, uto B (13.2.3) paBencrBo mocruraercs. Ecim v — mpaBbiil, & 4 — JIEBbIA CHHTYJISPHBIE BEKTOPHI,
COOTBETCTBYIONIME HAMOOIBIIEMY CUHTYJISIPHOMY 4uCIy, TO (cM. 1m.10.1):

Bv
1Bl = lomastl = omaz = Omaclvll = 181 ol 1 APl = o

Teomerpuueckast naTepIperanus HepaBeHcTBa (13.2.3) 0ueBuAHA: IPH yMHOXKEHUY HEHYJIEBOIO BEKTOPA Ha, MAT-

PHIly CJIeBa eBKJIHI0BA HOPMA, 3TOr0 BeKTOpa m3MeHsercs. Hopua BekTopa B R® — 9T0 IyIHHA COOTBETCTBYIOIIETO €My

B
HAIIPABJIEHHOIO OTPe3Ka. I109TOMYy €CTeCTBEHHO HA3BATH OTHOLIECHUE ||||$T|H "koadduimenTom pacrskeHus'" BeKTopa

sToit Mmarpuneii. Torma nepasercTso (13.2.3) mokasbiBaeT, 9TO KOIMDMUIMEHT PACTSKEHUS JJIsl KAXKIOH MATPUIIBI HE
MOKeT OBITH HOJIBINE, YeM ee HAuOOJIbIee CUHTYJISIPHOE YUCIIO.

Omnpenenervie. HopMoii MaTpuIlbl HA3BIBAETCS €€ HAMOOJIbINEE CUHTYJISIPHOE YUCIIO

| Bz]]
B|| = = . 13.2.4
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3ameuanne. MbI yke oTMeUaan paHee, YTO HOPMa BEKTOPA B JIMHEHHOM NPOCTPAHCTBE MOXKET BBOAUTHCS Pa3-
mr4gHbIME criocobaMu. COOTBETCTBEHHO MOSIBATCS PA3JIMYHbIe HOPMBI MATPUIBL. EcCian B AByX KOHEUHOMEDHBIX JIMHEH-
HBIX mpocTpaHcTBax X u Y BBeZEHBI HOPMBI BEKTOPOB || - ||x u || - ||y coorBercTBeHHO, TO JMHElHOMY OmepaTopy,
HOPOXKJEHHOMY Marpureil B, MOXKHO COIOCTABUTH YHCIIO

| Bz|ly
B .y = max .
1Bllxy =g llll x

DTO YMCIO HABBIBAIOT HOPMOH OnepaTopa (HOPMOH MATPHIBI).
MbI BCIONB30BAMY [IPK ONIPEIEICHIN HOPMbI MATPHIB! €6%KAud0o6Yy HOPMY BeKTOpa. [103TOMY IIOIHOE HAMMEHO-
BAHME 3TOH HOPMBI — HOPMA, NOUUHENHAA e6KAUD060T HOpME 6eXmopa.

VYcranoBuM CBOMCTBA MAaTPUYHON HOpMBI (J11060).

‘ 1. ||Bl| >0 - cneayer u3 onpezneneHnst HOPMbI MATPHILBI

[|B]| =0<«= ||Bz|| =0 mnsa moboro z € C" <= Bxr =60 gusmoboro z € C"' <= B =0 uynesas Marpula.

2. |[Bl=0<B=0.|

llaBz|| || B||
[|aB|| = max = |a| - max = |a|-||B]|-
o#0 ||zl o#0 |||

3. llaB| = o] |BI|]

Hna moboro x € C*
I(A + B)z|| = [|Az + Bz|| < ||Az|| + || Bz|| < [|All - [lzll + 1 BII - [|=]] = (| All + [|BI]) - [|]]-

Orcrona
A+B Al +1B])) -
14+ Bl = max JAL B o o QAUSUBID Dell gy .
o0 [|z]| o#0 lll

4. |4+ B <[4l +B].]

[(AB)z|| = [[A(Bx)|| < [|All - [[Bz[| < [|A[| - [|B]| - [l[|- TTosromy

1B = max [ABI . AI-IBI- izl
I || e

5. |AB| < ||All - [IB].]

= [IA[l- IB]]-

Crenyromupe CBOMCTBA BEPHBI JJIsi MATPUYHON HOPMBI, N0duuHeHHot eexAiudo8oti nopme 8eKmopa.

B 1.10.1 moka3aHo, 9YTO CHHTYJIsIpHBbIE uynciaa Marpun, B* n B cosnanarot. IlosTomy

6. 11B*[|=BI|.|
Eciu B — obpamumas marpuna, To |B71|| = %@, TAK KAK eCau o2 — cobCTBenHoe uncio marpun B*B u
mwn

BB*, 10 coberrennoe wncio Marpunpt (B~1)*B~! = (BB*)~! = L. Wrak, 0,40 (B71) = — L.
o Omin(B)

R

VYMHOXKeHNe Ha YHUTAPHYIO MATPUIy He M3MeHsSeT HOpMY BeKTopa. Ilosromy

8. Hopma yHmTapHO# MaTpUIBI PABHA €IWHUIIE.
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13.3. TpanccopMmupoBaHHasi HOTPENTHOCTh PEIIEHUS
cuCTeMBbI JIMHEWHBIX ajire0pandecKnx ypaBHEHUH.
Yucnao 06yc/IoBJIEHHOCTA MaTPUIbI

IIycrs B cucreme
Ax =10 (13.3.1)

HEBBIPOXKIEHHAs N X N-MaTpuia A n3BeCTHA TOYHO U BCe apuMETHIECKIE ONEPAIU BbIIOJHSIOTCS 063 OKpYriIeHui
U yCedeHuil, a CBOOOAHBIA YWIEH COEPKUT NOTPEITHOCTD, T.€. dbakTudecku BMecTo cucreMbl (13.3.1) pemaerca cucrema

Az + Az) = b+ Ab.
Borunrast u3 sroro ypasaenus (13.3.1), nonyunm
A-Az=Ab wm Az=A""-Ab. (13.3.2)
ITo ceoiictBam marpuanoil HOpMbr u3 (13.3.1) u (13.3.2) umeem
Bl < 1ALl llzll; 1Azl < |A7] - [1Ab]).

IlepeMHOXXWB 3TH HEPABEHCTBA, IOy UM

- Az _ Ab
60 1aall < 141 14~ ol - fal, - we. Lo < pap - amry- el
Bseas nonsitue "OTHOCUTE/IbHAS IOPEIIHOCTD"
Jacl o, 1A
ox = , O0b=—m)
ol 0
npuaeM K OCHOBHOMY HEPDAaBEHCTBY
oz < cond(A) - 6(b), (13.3.3)

rae cond(A) = || A - [|A7!|| - Tax HasBIBaEMOE “UCAO 06YCAOEACHHOCTIU MATDPHTIBT A.

U3 (13.3.3) BUAHO, 9TO OTHOCUTE/IbHAS IOIPEIIHOCTD PE3YJILTATA [IPU TOYHO U3BECTHON MATPUIE U TOYHOM BbI-
MOJHEHUK APUMMETHIECKUX OIEePAIUi MOXKET NPEBBICUTh OTHOCUTEJIBHYIO MOIPENIHOCTD MCXOMHBIX JAHHBIX He Oonee,
yem B cond(A) pas.

IMokaxkem, aro B (13.3.3) Moxker gocrurarbes paseHcTBo. Ecin nam "ouennb He moBe3no"u £, Ax — npaBbie CUH-
[yJISIPHBIE BEKTOPBI MATPHUIBI A, IPUYEM I COOTBETCTBYET HAMOOJIBIIEMY CHHTYJISIDHOMY 9HCIY, & A% — HAUMEHbIIEMY,
TO

lzll =1, [lAz||=1, dz=1;

Omin
Ibl] = [|Az]| = omaz, [|AD]| = [[AAz|| = omin, 6b= ;

Omazx

ox 1 _
5p = Omas = Al - |A™"]] = cond(A).

mwn

Pe3ynbrar, 09€BUIHO, HE M3MEHUTCS, e £ M AZ He COBIIAJAIOT C CUHTYJISPHBIMUA BEKTOPAMH, & JIUIIH KOJLIU-
HEAPHBI UM.

Takum 06pa3oM, 9UCI0 00YCIOBIEHHOCTH MATPHUIIHI KOI(MD@MUIIMEHTOB CHCTEMbI JIMHEHHBIX aJIre0panviecKux ypas-
HEHM — 9TO HanbosbIee 3HaUYeHue "KoddduimenTa ycuieHus " OTHOCHTEIBLHOM TOTPEITHOCTH B 33aHIKN CBOOOIHOTO
wrena. [lpu permennn "mmoxo 00yCIOBIEHHOM " CUCTEMBI, T.€. CUCTEMBI, MATPUIA KOIDDUIIMEHTOB KOTOPOil nMeeT DOJTb-
Ioe 9ucy0 06yC/IOBIEHHOCTH, MOXKET IIPOMCXOAUTD (ake npu TOUHOM apudmernke!) karacrpodudeckas morepst T09-
HOCTH.

ITokaxkem, KAK MOKHO KOHCTPYHPOBATh I1JIOXO 00yCJIOBJIEHHbIE CUCTEMBI.

Mpuwmep. Jdust marpunsr A = [ ]{T (1)] N > 0 umeem

2
A4 = [1 N ﬂ Paea(l) = X2 — (N2 + 22+ 1,
. N?4+2+4+N-y/N2+4 ) .
Amaz (A% A) = 2 >N +1, Apin(4A*4) = Y (A7 A)
cond(A) = Imaz(4) _ (Amaa(A"4) 2 = Amac(A*A) > N> +1(!)
Um'm(A) Amin (A*A) e ‘



89

Urak, npu pernennu 3Toi cucremb (BCEro-TO B yPABHEHNs ) OTHOCUTEIbHAS IOTPEITHOCTD 33JaHNsi CBOBOIHOTO
4IeHa MOXKeT TpaHChOPMUPOBATHCA B OTHOCHTEILHYIO TIOTPENTHOCTD pe3y IbTaTa, yCuamsimch Gomee, vem B N2 pas!

Ananus TpaHCHOPMUPOBAHHOI TOTPEITHOCTH YCIOXKHSIETCSI, €CJIU OIIMOKY TMPUCYTCTBYIOT W B MATPHIE KOID-
dunpenTos. B npemosnozkennu, YTO OTHOCUTEJIbHbBIE [TOTPEIIHOCTH MCXOJHBIX JAHHBIX MaAbL, MOHCHO NOKA3AMb, YN0

' 0A+ b
1 —cond(A) -§(A)

0z < cond(A)

(3mech §A — oTHOCHTENBHAS TOTPEITHOCTD 33IAHUST MATPHIBI KOI(DDUImenTos).
PaccMOoTprM HEKOTOPBIE CBOMCTBA M8, 00YCIOBJIEHHOCTH:
1. cond(A™1) = cond(A) (cnenyer w3 onpenesenmus).
2. cond(A*) = cond(A4), mak xax [|A*|| = ||4].
3. cond(aA) = cond(A) npu a #0, Tak Kax

cond(aA) = [lad| - [|(ad) 7 | = |a] - [[A]l - |a™"| - |A7H]| = cond(A).

3ameuanue. Beiryer cyeBepue (Hesenoe, Kak BCE CyeBEpHs), CBSI3BIBAIOIIEE IOIPEIIHOCTY PELIEHNs] CUCTEMBI JIH-
HEWHBIX anTe0panvYeckux ypPaBHEHUH C BEJIMYUHON ONPEIESINTENs e MaTpulbl K03 dunuenTor. M3 10ka3aHHOTO BHITIE
BUJIHO, 9TO MPOM3BOJBHO MEHSISl BEJIWYIMHY TOTO ONPENeauTeNsi (yMHOXKAsE MATPUIY KOI(DOUIMEHTOB HA DABINIHBIE
YMCII), MBI HE MEHSIEM 9UCIO OOYCIOBIEHHOCTH. IIpHBEIeHHBIN BRINIE NTPUMED MOKA3BIBAET, YTO HE MEHsISI BeJIMIUHY
1 0
N 1
JIEHHOCTH. DTOT IPUMED MOKA3BIBAET TAKKE, 4TO DOOJIBIIOE YUCI0 00YCIOBJIEHHOCTH MOXKHO IOJYYUTh U Y MATPULBI
HEOOJIBIIOrO [OPSIKA.

4. cond(AB) < cond(A) - cond(B), tak KaK

onpenemurens (det ([ ]) = 1 npu mo6om N), Mbl MOXKEM MOJYIUTH CKOJIb YLOAHO OOJBIIOE YUCIO O0YCIOB-

cond(AB) = [|AB| - [(AB)~'| < [IAll - 1Bl - |[A7] - [B~| = cond(A) - cond(B).

5. cond(A) > 1, Tak Kax
1 = cond(I) = cond(A - A™") < cond(A) - cond(A™") = (cond(A))*.
6. Ecm U — yHuTapHas MaTpuIa, To
cond(U) = ||| - [UTHI = U]l - IU*]| =1-1=1;
cond(AU) < cond(A) - cond(U) = cond(A), A= (AU)U*, mnosromy

cond(A) < cond(AU) - cond(U*) = cond(AU). Orciona cond(AU) = cond(A).

Tak e nokaseiBaercs, 9o cond(U A) = cond(A).

Sameuanus. 1. TTorpermHoCcTy UCXOIHBIX JAHHBIX HE MOTYT OBITH U3BECTHBI MO ompejeiernio. OObIYHO y1aercs
MOJIYYUTh JIUIIH HEKOTOPYIO UX OLEHKY CcBepxXy. COOTBETCTBEHHO, M JIJisi MOTPEIHOCTH PE3YJILTATA, MOYKHO IMOJIYIUTh
TOJILKO HEKOTOPYIO OLICHKY.

2. Ilonyyenue TOYHOrO Pe3yJ/bTATA HIPU '3allyMJIEHHbBIX " MCXOAHBIX JAHHBIX HEBO3MOXKHO. IIoaromy Tpancdop-
MHPOBAHHYO [IOIPELIHOCTh YaCTO HA3BIBAIOT "HEyCTpaHuMoii" .

13.4. @akTopU3anus MaTPUI ¥ YUCIO 00YCIOBJIIEHHOCTH

Kak yxe ynoMuHaI0Ch, Ipy PEIEeHNN 33,1349 JIMHEHHOM aaredpbl UCHOIB3YIOTCS PA3JI0KEHNS MATPHUIL] HA, MHO-
JKUTEJH CIEeNUAIbHOrO Buia. B CBsi3u € 9TUM PACCMOTPUM BOIPOC O BIIUSIHUU TAKOIO PA3JIOXKEHMSI HA TPAHCHOPMUPO-
BaHHYIO [IOI'DENIHOCTD.

Wrak, mycTb cucrema
Az =b (13.4.1)

PeIIaeTCs ¢ IOMOIIBLI0 (paKTOpU3auu MaTpuubl A:
A=A, A,
T.€. BMecTO cucreMbl (13.4.1) pemaiorcs mocien0BaTENbHO JBE CUCTEMBI:

Ay=0, Axx=y. (13.4.2)
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Ecmu BexTop b mmeer morpermHocTs Ab, T0 BekTOp y Gyer momyden ¢ morpemHocTbio Ay = AT - Ab, a BexTop

T — C MOTPENTHOCTHIO
Az =A7" Ay =A7" - A7' - Ab= (A1 45) 1 - Ab= A 1Ab. (13.4.3)

Ka3ajoce Obl, MOrPENIHOCTD Pe3ysbraTa He 3aBUCUT OT crnocoba daxropusarmu. OIHAKO B HAMUX BBIKJIAIKAX
MBI yIYCTH/IM U3 BUY, 9TO [IPU PEIIeHNH IIePBOil CUCTEMbI K TPaHC(OPMUPOBAHHON HOTPENTHOCTH IIPUOABUTCS IIOrDell-
HOCTH MeTOa Ay, BHI3BAHHAS HETOUHOCTHIO MAIMUHHOMN aprudMeTuku. [Ipu perennn BTOpoii CUCTEMBI 3Ta MOTPEITHOCTh
WIPaeT_pOJb TIOTPENTHOCTH B MCXOJHBIX JAHHBIX M MOPIKJAeT JOMOTHUTEIbHYIO TPaHC(HOPMUPOBAHHYIO MOTPEITHOCTH
A;t - Ay. Tlostomy 6oNbITOe 3HAMEHHEE HMEIOT YHCIa O0YCIOBIEHHOCTH MATPHI-COMHOMKUTENCH, U X TPOM3BEICHHe
€CTECTBEHHO CYUTATH KPUTEPUEM KAYECTBA (DAKTOPU3AIMHA.

OueBUIHO, YTO ITO MPOU3BEICHUE HE MEHbIIE YUC/Ia, 00YCIOBICHHOCTH (haKTOPU3YEMON MATPUIIBI, T.€. HUKAKAS
dakropuzalys He MOXKeT yrydmuTh " aoxyo " Marpuy. OqHako Heyaadnast dpakropusanus Moxker "ucnopTuTs" naxe
X0pOoIo 06yCIOBICHHYI0 MATPUILY.

Ipumep. Mpomssenem LU-pasnoxkenne yHUTAPHON MaTpUnbl (€€ IUCI0 OOYCIOBJICHHOCTH PABHO €IUHUILIE)

cos(p)  —sin(yp)

A= oo ein) gy [ 10

sin(p)  cos(yp) 1 0 1
cos(¢)
IIpu 0 < ¢ < % nonoxkum B TpuMepe u3 m. 13.3 N = tg(yp). Torma cond(L) > 1+ tg?(p) = m'

IIpu 3HaueHuUsX P, OMIUBKUX K %, MOJIyYAIOTCSI OYEHD ILJIOXO ODYCJIOBJIEHHBIE MATPHUIIbL. DTOT TPUMED MOKA3BIBAET, B
YaCTHOCTH, YTO 33 MCKJIIOUYEHUEM CIIEIUAJIBHBIX CIy4aeB He cyiemyer crpouth LU-pasnoxenue 6€3 BbIOOPA BEAYIETO
3JIEMEHTA.-

Xoporwwmmu coiictBamu obnagaer () R-pasnoxenue:
cond(Q) =1; cond(R) = cond(Q*A) > cond(A); cond(A) = cond(QR) > cond(R).

Urak, cond(R) = cond(A).

Tak ke [OKa3bIBAETCs, YTO B CHUHTYJAspHOM pasnoxenun A = UXV* umeer mecro pasencrBo cond(X) =
cond(A).

IMpuBenem eme npumep, Korpa "xopomeii"okazpiBaercs mogudukanusi LU-paznoxenusi. Moocno noxazams,

ymo uporecc LDU-pa3yioxKeHus] MOJIOXKUTEIBHO ONPEJEJIEHHON SPMUTOBON MATPHUIBI TPOXOIUT 0e3 MmepecTaHOBOK
CTPOK ¥ CTOJIONOB, puyeM 310 pasioxkenue umeer sug A = U*DU. Torma npu x # 0

(Dz,z) = (U TTAU ', 2) = (A- (U '), U z) >0

u, B wactnocrn, dj; = (De@ ey >0, j=1,...,n.
O6osmaus DY/2 = diag [V/di1,. .. ,\/dyn), mOTyTIM
A=U*D'?DY?U = H*H, (13.4.4)

rne H = DY2U - Bepxuss TPEYTOIbHAST MATPHUIIA.
Nmeem

cond(H) = Omaz (H) - (/\maw(A)

@ 13.4.4 X ! 0 i -
opMyJIa .4.4) Ha3BIBAETCS Pasaosceruem XOAeYK02o NONOHCUMEALHO ONPEJeNeHHOT MAMPUYDLL, & OCHO
BAHHBIA HA HEM MeTOJ, PelleHusl JIUHEAHBIX CUCTeM — Memodom X0AeyKr020 Uiu Memodom KeadpamHoz0 KOPHA.

)1/2 = (cond(A))"/?.

1 Angpe-JIyun XOJIEIIKUA (1875-1918) — dpannmy3ckmit BOeHHEI! reone3uct. M300peTeH b UM AJIrOPUTM IIUPOKO IPUMEHSUJICS DA
pelIeHny 33434 reOe3uH, HO OmyOJnKOBaH OBLI JIMIIL IIOCJIE CMEDPTH aBTOpPa, B 1924 r.



