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Marpnqul u rpaQbr [cee4eHus r,r3 MareMaruKxJ

OcHoeHrn\d cnoco6ou paccyxgeuui n vareuarrzxe (sa pe4xuu ucrurrouenr.reu'))
Br,rcr)maer IeAJrKqr{r, T.e. ABZxeHrre or o6t4ezo t< vacrnuony. flornvry lr tfoplranr-
Hr,re onpeAeneur.rr MareMarr.rKr4 Aaror u narE6o:ree o6rqefi $oplre, a lr:rruoflpupyror
6onee qacrnrrMr,I no vlaeraM'1l,

$f|.1. Llro raKoe Marplqa, BeKTop, cKannp

Marpnqur.

Onpedenenue I. Mampu4eii A pasvepa mxn :eazbrBaerca nprMoyronbHuur ra-
6mrq.a us 3JreMeHToB uermopofi oroBopeHHofi nprrpoAbr (uucna, :nanz, cuMBoJrBr

u r. t); enettenmb, pacnorox(eHLl B m crpoKax u n crot6gax ra6;uqr,r, (oropbre

3aHla{epoBaHbr rrarj4)albHblMn ql,IcraMu

i:1,2,...,m 1,m t j:1,2,...,n 1,n
cneBa HarrpaBo x cBepxy sHI4r coorsercr eeuHo, E

Pasuep, ultu pasnepHocmb, mxn o3[asaeT, qTo y MaTpI{IlbI tn crpox u z crol6-
goa. Eclu m : n, to Marpr4ua Ha:ibrB aercn rceadpamuofi, - pstt yxazalnul, pa3Mepr{o-

crn rorAa ,qocraroqHo oAHoro fiapaMerpa: xoadpamuan .ttampuqa m-ao nopndrca.

tr{rraesno raxue Marpuqbl Mbr paccMarprrBaeM B AaHHoM noco6uu, u arpu6yr rea-
dpamuaa uacro 6yger onycxarrct.

cra:r4aprroe o6osnauenue rraarplruhr qepe3 ee 3teMeHTLI,

A: 1a..1.-u' (n1.1)

orpaxaer corJrarnenlre2) o6oguaqatr Marprlrrrr nponucurruu 6yneaun larl{Hcnoro
antfarNra (n gannou noco6lrrl - erqe u noJrltrcapHbrrt mpuQrolr u lpeAnoqrenr]e
or.{aercr 6yrne Z), a HX 3ireMeHTr,r - oAHoI{MeHHbrMri crpoqHbrMu 6yxnalru c ra-
pofi urNHr.lx rlHAeKcoB: nepesrft an.4exc, l. yra:srsaer HoMep crporr. a oropofi.
j, - HoMep cror6qa, Ha nepeceqedlll4 Koropblx pacnoJroxeu Aauurrii grerrdenr. Ha-
nplrMep,3arrrrcb <<a2k>> rirrri <<sleMenm (2, k)>> ozuauaer ft-r,ri crena sneuenr nropoil
cBepxy crpoKn. flpu :rou caM 3JreMegr ne o6sgaH Hecru B cBoeM ItMeHIz raxue
yKaJaHu, Ha ero MecronoroxeH(e, xort )To qacro 6smaer y4o6no B MareMaru-
rrecKr4x BhtKraAKax. Ec:ra trMt Marprlrlbl coAepxl.ir aHAeKc I{JrI-t rarofi-.nu6o erqe

t ) I4cKmoqen{ev qB[r ercx uero!. non ni namavamuu ea<oti undyr<4uu.

'z) B nexoropr,u py<oBoacrBrx l{cnoJJ63ytor npymue cro6r<n.
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np roxeH!4e. Marprlr-lbr rpa$br (cBeAeH 
'I 

t4s MareMaruK )

3HaqoK, ro o6H,rHo oH o3HaqaeT MoAlrq)rKaIIuIo rLI6o Ko,luqecTBeHHbrii BapriaH'r

HCXO.4HO Marpr4rlLr-

Ilpuuep IIl.
a) Kna4parHar varplr{a 2-ro nopr4xa

": [1 ;] (n1.2)

noKa3blBaer KarrecrBeHHblfi xaparTep BHyrpIn- tl Me)fiBI{AoBLtx orHo[IeIII{t B Knac-

clgecxoii crlcrelre Jlorru-BoJlbreppa KaK MoAerH coo6r.uecrea xl4ulHtrx xeprBa:
s,, : s:r:0 o:naqaer orc)"TcrBlle BHyTpLtBLIAoBoI-o pefynupoBaHl.It; sr2: + yKa-

3bBaer Ha yBejrltrteHlte cKopocrx pocra flonyJlllql l xlllqH]tKa B orBer Ha npupocT

fionyntllHrr xepTBsr; s2r : yKa3bIBaeT Ha [poTI4BOnOrOXHOe BJll-ltl{rle XI4lr(lIHKa

Ha nonyrqllurc xepTBbr.

b) Marpvua 3-ro nop.a4ta

(n1.3)

noJry reHa s cpe,4e MATLAB B pe3yrbrare oAHo(parHoro BLIIlorHeHH.s (oMaHAr,t

rand(3) - uw6opxr.r 9 ncengoc:rytaiilrllx qtceJr, paBHoMepHo pacnpeAeneHubrx Ha

orpe:xe [0, 1], u npegcrauenm Nx (c roqHocrbro Ao qerBeproro 3HaKa rlocne
gecxuruuoii tovxu) n Qopue Marpuubl 3 x3. BLIALIM, HanpnMep,'+ro ar.= 0.5469,
o, 0.95751..r' He onpelc,reao. E

I/puueaauue. B uarel',tarz.recrttx B;IKraAKax, rAe yqacrBylor BeJIUqItHI't c I4H-

AeKcaMr4, rropoii augexc o6uqno crasl4rcq lpocro psAoM c nepBbIM, KaK nora3a-
HO Bltlxe, HO 3TO MOXeT IIpI4BeCTIi K AByCMbICIeHHOCTII, KOIAa O,[I{H I13 ITHAeKCOB

npe,qcraBJrer co6oi apu$veruqecKoe BI'Ipa)KeHue. Tor4a lrcnolszy te zatxryo,
vro6rr or4emnr, nepBbri I.IHAeKc or BToporo I4 I{cKJIIotIIirL' HeoAHo3HaqHoe roJrKo-

eaune (cu. Vnpaxuenue 2). I
Kaxrle uueuno 6yrur,r r.rcno:rr':oeam s o6osHaqeHul Marpxll u IrlIAeKcoB pe-

lxaeT aBTop - BaxHo cJreALlTI' :a rev, uto6rr o6o:Ha.{eHLIt r: pa:HHx uecr oAuoii
pytonr{c}r 6rurN e4uuoo6pa:nrr lt He ron$maxroBarlr Apyr c ApyfoM.

Bexropur

B yue6ruxax lrareMarriKr{ seKmopbt onpe.qenqlorc.s KaI( 3reMeHT6I qeKmop btx

npocmpaHcma, B KoTopSx BLIIOJIHeH pt4 MaTeMaTrlqecxlrx aKcrloM. Ant uenefi
garuoro noco6m AocrarolrHo onpeAent{Tb Beflop Kar( qac'lHhtii c,'ryvaii ltarpuust.
Ho ue :a6uean , uro BeKTopsI o6pazyrcr nuneiiubte npocmpoHcmaa (cu. nuxe).

Onpedeteuue 2. Marpzqa pa:vepa lxn utm n x 1 Hagrmaetcq seKmopolvt - To'u-

Hee, ceKmopoM-cmporozT, xorga cocrot,tt lr: ognoii crpoxu, ustu aercmopo,u-cmon6-

4oat, Kor1a u3 o,&noro cror6ua. L
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rBeHr{blt BapvaHT

(Ii1.2)

lrsomeHllt B Knac-

r xlruHriK-x(epTBa:

'',IEI,A; 
S tz: + YKa-

i oTBeT Ha rlprpocr
&IE IIEC XI4IUHIiKA

G1.3)

TTOJIHEHI,I' KOMAHABI

pacflpeAenel{Hr'rx Ha

illTom 3r{aKa nocne
p,'$o a23: 0.5469:'

X)T BEJIITqI,IHLI C I{H-

r€pBbIM, Ka.]t noKa3a-

E OAI,IH I43 I.IHAEKCOB

troJG3yfrTe 3aruT)'ro,
o,4to3HaqHoe ToJIXO-

pml u IIHAeKCOB pe-

pa3Hbx MecT oAHOi

IpyroM.

iIeMeHTbr aeKmopttblx

a(clroM. Ant qeJler

rri cryrai uatPuqrr,
ucmea (cv^. uuxe).
xcL qeKmopoM - TOII-

rtt eewnopox-cmon6'

Sn.2. AphoMery.tecK?le onepa4lar c MarpuqaM fi BeKropaM]4

3anucr

x= [x,, x' x,1, y=Iyp...,y5]I ' (n1.4)

o3Haqaqr, rITo BexTop-crpoxa.r cocrol,rr pB Tpex KoivnoHeHm xt, x2, x3 (rpexuux
(gJreMeHToB varpzqu>r), a nerrop-cron6eq y - Lr3 rlrlrTrr KoiwnoHeHm yt, y2, y3, y4,
yr. Crpory llr, --., !r7 npeBpa 4ra B cron6eq onepaqnr mpaHcnoHupoeaHue, crtw-
ro;r xoropoii l HaxoArrrcr cnpaBa or crpoKr4 B tro3r4r1r.lu Bepxxero au.{exca. Ana-
rorarruo onpeAeJrrror u o6o3ua.raror rpaHc[oHr.rpoBaHHyro Marp]4qy. _flcno, uro
(.4' f : A jpra mo6ofi Marpr4rlr,r A, u zro qacro HcnoJrb3yror r alre6palrvecxux
BblKlan(ax.

3am.icr (IIl.4) lrnnrccrpl4pyer KoqBeHrruro no o6oguaqenasu: Bercropbr 3To
crporrHhre Jrarr{Hc(rie 6yirnr,r norq.rNnpuuM rglpcunont, }rx KoMnoHeHTbt , oAHo-
zMeuHrre 6yrcnrr crer:nru Ig4)crrBoM c HoMepoM KoMrroHer{Tbr Ha Mecre Hrrxuero
aHAeKCa.

Crannpur

Onpedenertue 3. Marpuqa pa3Mepa l/ I. u,ru serrop ur o4toi KoMnoHeHTbl,
Ha3blBaeT cfl c KAntp ot4.

Kax alrrepnarary qvc;lry uru KoMrroueHTe, {<cxaJrrp) ynorpe6:ralor, uro6rr
norL{ep K Fryr}, HeBeKroprylo rlp]Jpony o6r.,erra.

Ynpaxnenrn

1. 3anucam Bercop pa3Mepa 7x1, nepsas KoMnoHeHTa Koroporo paeua 1, a
ocra:rbHr,Ie peAcraenfiorco6oiqreHrr:
a) aplt $uerr.recroii nporpeccull c pa:nocmro 1;

6) reouerpuuecxofi nporpeccreu c n ovasanerrev' /2.
2. 3anzcarr serTop .t pa3Mepa 1 xz, y xoroporo:

a) rce Heuernrre xounoHeHTLr paBHhr HoMepy KoMnoHeHTbr, a Bce qerH;le -
HyJrro;

6) nao6opm.

$l-1.2. ApnQueruqecKre onepaqrll
c MaTp[4aM14 l,t BeKTOpaMn

Cnoxenue ta yMHoxeHle Ha r.trcto

Bbr orHqerct c MarpIlIIaM[ Tax xe,xar ra c o6rllHsrl,tt{ qrlcrraMrr, noeJteMeHmHo,
T.e. c Kax,qbIM It3 z2 oneueHron pesy:rlTara onepaqull c Marpl4qaMlz ] u c xax4ofi
r.r3 n xoMrroHeHr pe3yJrbrara orrepaqufi c BeKropaMrr. Hanplrlrep, ectu A: la,),
B: [br] - sr.o Marprlubr oAHoro pa3Mepa, a c - nro6oe qficro, To Mitrpv\br A +'B
u cA cy"rb
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A+ B:lqi+ b;,cA:lcaul. (rr2.l)

Pazy.ueercst,A-A=lar-a,,J: [0r] -0, u ectn cl0, roAlc:la-lcl.
Zs orux oueru4u6rx Ha6nroAesfifi MareMarrcKr{ Aenaror BbIBoA rITo Bce MarpI.I-

I-(br oAHoro pa3Mepa (a .racrnocru, nerroprt) o6pazyot nuuetiuoe npocmparrcmao:
pe3yrr,Tar nunefilrofi onepaquu (r.e. c:roNeurldesrqrrraHr.rr Marpuq unuln yMHo-

xeHr{' MaTpr{qLr Ha qucno) npeAcTaBllteT co6ofi varpnqy Toro )Ke pa3Mepa, T.e.

He BbxoAaT rr3 3aAaHHOro npocTpaHcrBa. OHo O6o:ua.raercs ]R"', (orIa gJre-

MeHTaMr4 flpocrpaHcrBa Bblcryna]or Marplrllbl pa3Mepa mxn, r,! Rn, rorga nerropsr
pa3MepHocTrr tx.

Oco6yro ponr r npur'roxeHxtx firpaer cfleqr{ar},Hoe rroAMHo)KecrBo npocrpaH-
crBa R' TaK Ha3brBaeMblfi notolrcumenuut tfi rcotryc (uxor4a toBopfl"f, nono)rca-

mensnuii opmanm), o6o:nauaeuslii Rl , Rl c R". Berrop x npunag:rexr.tr opraHry

Rl (t[opuamno x e R]), ec:ur n ronlro ecJrr4 Bce KoMTroHeHTri rlcK r'opa Heorpri-
IlarerbHhr ($opvamno x,20 Y j: I,2, ...,n); a roHyce coxpasrrorc.{ roJrbKo

pe3y;rbrarbr cJroxeHr{s BeKTopoB u )MHoxeHIrr BeKTopa na mo6oe noloxnte,tsuoe
qficno. flo (npaBr.rJry rrapaJrnenofpaMMD) Mhr cKJraALrBanu Berropbr (ua n:rocxo-
crir) eqe B rrrKoJrhHoM Kypce QI.r3rrKLI I{, J,naHo)Kar Berfop Ha ql{cJlo, pacrrrrrBaJrr4

LIJIII C)KnMaJrri ero nO AJrr.rHe, COXpaHtS IIO HaIIpaBJreHLrrO.

Crannproe npou3BeAeHHe BeKTopoB

3ro eule oAHa oTrepaquq HaA BerTopalrlr ug R'- o6osHaqr{M r.rx KaK x: [x,,:r,,...,
x,lu y: Apyr,...,l,l, - KoropFo onpenerslor KaK

< x, y> = xtyt+ x12+...+ x), {rr2.2)

I4: onpe4erenrla (1I2.2)3) vunuo, tro pe3ynbrar cKaJrrpHoro npor-r3Be.qeHrfi BeK-

ropoa 4eficrrnreJr;Ho npegcraBrllIer co6oro cxanxp.
Cxa,upuoe [porr3BeAeHr.re yilacrByer B oAHoM r{3 onpe4eneulrf, HopMbt GeKnn-

pa, x l:

I r ll':: <x, x >: x,2 I xr2 +...+ x,,1, (n2.s)

u (eercnudoea) paccmotr ut Me;r<Iy BexTopaMr.r x r4J, B npocrpaHcrBe R' xax nop-
MLI Ifi pa3HOCTH X JL, | :

ll x'yllt =("rr-lr)2-("y. v.2) -...+{x,, ,),,)?. (n2.6)

Ecnu Mnoxecreo (C) r<oun:rencur,rx uucen ru4a a * ib paccMarpr{Barr r(aK MHo-

xecrBo roqeK Ha KoMnrexcHot rrJrocKocrl.I, to a6comomuat euru\nHa, pllrw Mo-
dyza, xoun:rexcnoro r{ricJra ecr; HopMa nerropa la,6], coeAug.gtou{ero rorrKy c
HaqaroM KoopAuHaT:

la + iltl =lllu. b)ll: az +b= (rr2.t)

i) B le(oaopr,Jx pyleBo/xcrBax Ecrrorb3yro:r (pymBlc cKoOKlr BMecro rpcyronbHbrx.
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(rI2.1)

c = la..lcf .

o-I qJo BCe Marpl4-

E npocmpaHcmao:

rpl l r{n[/u ]MHO-
o xe pa3Mepa, T.e.

R.-"' , xorga e;re-

E , xor4a rerropsr

rFeCTBO npocTpaH-
foBopg ,T, no.ro)tcu-

xalnexllT opTaHTy

LI BerCOpa HeoTpx-

'\PATUIIOTC' 
TOJIbKO

G IIOJIOXI{TEJIb}IOE

rropr,r (ua n:rocxo-

ntc,ro, pacrtrllBaJrH

n xar x : [:r,, xr,.. .,

(tr2.2)

[pou3BeAeHuq Bex-

:vtti,t uopuu eercmo-

(II2.s)

paucrse R' xax nop-

,t.)'. (n2.6)

ruaTpuBaTs KaK MHO-

aeTuquHa, l4rtl Mo'

tr{Hjrrouero ToqKy c

Sn.2. AplaOMeTueecKue onepaq|,|u c MaTpuqaMr h BeKropaMfi

3aueqanue [I1. Hapx4y c eslcrugonoi nopuofi rzclo.nr:yror errle raK Ha3brBa-
exryw L r-nopaty, rJrH npoule I-ropnty, Ber$opa, paBHyro cyMMe uogy,rei ero KoM-
I]OHEHT:

llxll, : l:r,J + lrrl +...+ lr,l.
Korga ece KoMrroHeHTrr x- HeorpljrlareJrsurr, l-noplta cBoArzTc.{

cyMMe, KaK B cl)Arae cyMMapHoii qHcireuHocrrr N(l) nonyraquu c
crpyrrypofi x(r): .rr@ : ll x@ ll,. tr

Yusoxexne Marpnt4

no4po6no paccMarpr.rBaercr B craHAaprHbrx rcypcax nirHefiuoii anre6pr,r, r4e nrr-
BoAxrcr rrpaBr.rJro (crpoxy Ha cron6eq>>: .no6rr no.nywru (1,7)-sd :netrenr npo-

3BeAeHrrr warpuq A u B, nyatuo xaxgsrii e;reueur i-ofi cmporcu uamputlt t A y.u-
HoJrcumb a 9Jre.r eHm c mett )te HoMepoM s j-oM cmon6rye nampuqu B u c,,toJrumb
sce nonyuetn*te napnue npouseedeuua. floutlno, qro rro raKoMy npaBltJry Mo)xHo
rrepeMroxarb uutpu1st A u B :rro6trx couacoBaHHbrx pa3Mep oB mx n v nxk coor.
B€TcrBer{Ho, xorAa r{rcro cro:r6qon y coMHoxlrreJrq cJteBa paBHo rrucly crpox
cnpaBa; pe3ynbrar HMeer pa3MepHocr5 rx xk

Kna4parnrre Marprjr.{bt oArzHaKoBoro pasMepa m'm, oqeBuAuo, yAoBnerBoprror
c$opuynuponauuoMy npaBnny - Ka( B npor{3Be e*ny AB (cuuron npor.r:nege-
Hzr o ycKaerc.r croJlb )Ke qacro, KaJ{ N y vncen), TaI{ 14 B npol{3Beneuuu BA, ao
p$yJrbrar, aoo6rqe ronopx, pa3nvser'. AB + BA. Ll:at tytu cJroBaMu, lporrBeAeHue
uarpllq, noo6rqe l.oBopl., HeKoulttymamuaHo B ot:ulque or o6lrqHbrx qsceJr. ule
scerga ab : ba.

BaxHnfi qactnl,rfi c:ryuaii rcovlryrautBHocrll B [pott3BeAeHr.ln Mar.p]rq xtvreer
Mecro npx ),r[4Hoxeur{n nro6oi KBaAparuofi uarpr.rqsr ,{ cnpaBa rrnw creqa Ha ],ra-
mpw.y-eduruqy, ustu er)uuuutlyn uampu4y I,

1: r5,r, s,:[;' 'J!]"',;l; (i= L, ,m):Ar = rA: A Gr2.3)
Ha r:raenofi 4raroamu e4uuwuno Marpnubt crorr eArrnr4rl6r, Bo Bcex ocraJrb-

H6rx Mecrax - HyJrIt, l,t noroMy ell1e o4no o6osna.reaue Marpr4 rIrl-eAllHxurr Br,ItJtt_
,trITT TAK:

1: diag{I, l, . ,1}. (tr2.4)

(n2.8)

npocTo K rix
AucKperHoii

(n2.1)

!.ir6HLlx,

Ecnn gaa HeuyleB;rx qricJra a r{ b s:axlaso o6parur,r, ro ab - 1, u b:1la : a-\,
xor4a a I 0. C varpuqaun curyaqur aHarorurrua, Ho aHaJror ycJroBut a l0 nstrstt-
Aur HecxoJrrxo c:roxHee, cru. cne4lnorquii naparpa$.

3alrerlrv, vto npr.r )'r\4HoxeHua ,-Berropa Ha Marpuqy pa3Mepa n ^/? noJryqaerct
Ber$op pa3MepHocTy r, Ber(Top-cTpofta, KorAa cTpoky yMHoKaroT Ha MaTpnuy
cnpaBa, r.r nerrop-cron6eq, xorla ero ]MHoxaror Ha Marpr{qy c.lreea. 3ro greN{eH-

rapnoe uab:rrogeHve MareMarr4KLI Bblpaxalor cJroBaMu: nto6as, nxn.vrarpulJa A
3aAaer B npocrpaHcrue [&" npeo6pasoaaHue BerropoB (utu onepumop HaA Berro-
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paMu), npx.{eM 3ro npeo6pa3oBaHse nuHefi o (oneparsp nuneeu) - crr,r. VrpaNue-
nue 13.

Yn paxxenua

3. Bsr.f vc,rv r u,? uu<i.rrryn rco.trluua4un varpurA [i -1] " " [-1 -i] 
.

r<o:rf $uqneurairnr a u 6, r.e. onpe4erraTE BLrpa)KeHne AJr xvarpu4st aA + bB.

4. Bsrqrc,,rurr,r uueirtyto rcouluuo4un BeKropoBx li)", [-1] . *tO

$ugueulaluu a u b, T.e. orlpeAenlrrb Bbrpaxexr{e AJUI Bercropa ax + b/.
5. V6e4nmcr, vro uarpuqa S (fll.2) xorr,ruyrnpyer B npor43BeAeHr4ll c rpaHc-

nonraporaHuoii, r.e. [poBepLITb paBencreo SSr: Sr,S.

6. Zcno;lr:ya uarpuuy A (II i.3), :anNcars er,r6opny 9 ncea4oclyuafiusrx vN-
ceJr, paBHoMepHo paclpeAeneHusrx ua mpe:re [-1, l].

7. 3amlrcalt pe3yJrbrar cKarrpHofo npolr3BeAeHus BeKTopoB ([I2.2) v vuae
]Ipov3Be,4eHri.s MaTpuq noAxoAtrqero pa3Mepa.

$I1.3. 0npenerhrerb Marpnqbr n peueHhe crcreMbr
fl uHefi Hbrx afl re6pauqecKxx ypaBHeHhfr

lo6parHan Marprqal

Onpedeaumen xna4paruofi rraarplrqrr I o6osuauaercx detl (peNe lAl) u telx-
erc.r eaNHeiiuefi .rucrosofi xapaxreprcrur<ofi Marprirlbr: yc,roene o6parruocru,
ananonruuoe a f 0 a: rpegn4yulero naparpa<pa, BrJmsAr4T Arr Marpuq r<ax

derA + O. (m.l)
Taxax uarpuqa na3brBaerctr Heeupotrcdeuuoi (uxu ueoco6eunoi), rar nax uue-

er o6pamuyto varpw\y A I aHalor[qHoro cB oficrsa'. AA I : I= A l A. Bt tqcsumna
npl{Mepe, KaK Br,I:{I,tcJltercr o6parHaa Marp}lua Anr :a4annoit r,rarpzqr,r,4.

Ilpuuep II2. flycx, warpu4a A LIMeer pa3Mep 2x2 u s:relreursl

r) ?rA:l; _;1.

r.i paccMorpllM ee KaK Marpriqy, cocraBneHHyro n: xorQQuqaernoB cr4creM6r JrH-

uei H srx a.nre6pauvecrnx ypaaHeur.rii

BTOpO

T.e. irl
CTOTE

HCIl3B

Ly
HeHH'
(.Math

Corrla

ypaBHr

perxeH

eii Mar

flo:
HO)KI4T]

6eq per

Ynpan

8.

9.

10.

(rr3.2)

orHocI{TeJ rHo Hel{3BecrHbrx xr x2 r4 c nparoi uacrrro e erage nenropa-cron6qa

[1], l5]r. Peruax clrcreuy Mero,qoM rloAcraHoBKr'r zt rpaxeuust xr: 4x, l5xru':
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l4x1-xr=15,
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") <3a,rlarr>

eBre ,!a6o r



r) cM. YIIPa)KHe-

tfa21
l"B=t-= -il'
rrrrrpulst aA+ bB

r llr-r: [_;] c KorQ-

rrqa ax+ bY.

rBelel{I{Ii c Tpal{c-

ito cllyqafEbrx qu-

poe ([2.2) u ruge

e cHcTeMbl
lHHr

t (pexe lll) u rnm-
o*ne o6parlruocrlr,
fl uarpllq I(aK

G3.1)

rarori), rax xax ulrre-

=,{ rl. Bsrgcnnu sa

xarpuqsr l.
tgTI,I

I€IITOB CI{CTEMbI JII{-

G3.2)

t]e rerropa-cron6qa
ta xr: 4x, - llx, us

Sn.3. OnpeAen renb Marpxqbr x peuleHue crcreMH rl4HefrHbtx voaBHeHrit

Broporo ypaBHeHr.rr B nepBoe, HaxoAuu 2x, + 3(4x, 15):11 , orxylal4xr:56,
r.e. x, : 4, a 3Haqu! .n, : 1. flpocrora sroro perueHas o6rcaua, pa:ynaeerca, npo_
crore caraofi cLrcreMBr (n3-2), a s 6oree ciroxHHx cJryqrurx, c 66nslrlru quc:roiu
Her,SBecTIIbrx ItyxHLIe rroAcTaHoBtlr ganexo ue ouenugttr. E

Cyruecrayer o6rqr.rfi rr.reron penennx:lnrefinrx czcreu alre6pauuecnr.rx ypas_
HeH].Iii, u c rro3t4rlt4l4 noJrlfoBareJUr :rto6ofi conpeueuHofi clicreMbr eHqucreHr.ri
(Mathematica, Maple, MATLABa) u 4p.) rraerog BLr urnlrr cneAyroxlrM o6pa:ov.
Cor:rauro rpaBurry ),MHoxeHHr Marpr.rqbr I na nelnop-cron6.u [i]], "".r"r,
lpanaenufi (fI3.2) uoxno 3anacarl s 6oree xo\.rrarrH 

"w 
uurc eflrf:l il l. , ""

peureuae - ec;rr.i Mbr 3HaeM, wo vrurpuga A nenrrpoN4enuaxs), - ,"p"a o6puoya
eii Marpfirly, r.e.

[1)]=o-.l1ll= Iil (m.3)

floerorry gocrmouuo zadamao vatpr4rly l, 3anpoc[T6 ee o6palqeaze ll u pr_
Hoxs.rrr, c[paBa Ha rexrop-cron6eq npanofi .racrr.r, uro6rr no:ryvurr Be(rop_cro;t_
6eq pelrenufi cor:racro (II3.3).

Ynpaxxeuun

8. Peruum uepes o6panleme uarpllrlbr HecftoJrr,Ko cucrelr 14ranuenufi, ana_
JroruqHbrx (113.2), ornocure;rr:ro: a) rpex Hea3BecrH6rx; 6) nxrlr Heus_
Becrrrbrx, - 3aAaBaf caMocro.{Terr,Ho uiarpuqy A H Bercop npasoft vactr.
BtucHarr nonyrno, xan <Matlab> pean4pyer Ha 3a[poc: det(A).

9. 3aAam uarputly AB cr4MBor6HoM "* 17 
uol w y6egvrrct,qro detl

act- bc - detA1. ftpoyepnrr roxnecrBo: o, l: -bl/aer,<.oro
o6lxcnrer npnxqurrnan6Hyro pon6 ycJoBur (I3. 1t B 

'cyrqecreoea:lru 
o6-

parHoii Marpr-tuhr.

10. Brrqacnurr onpeAenrrrerrr{ detA, detB z det(AB) gta murpug A u B uz
Ynpaxuemu 3 u y6eg*nrcx, wo

det(AB) : 6s14' 6.,3 . (rr3.4)

Toxr,4ecrno (II3.4) cnparegrureo 4,rr KBa.Eparur,rx Marpr{q no6oro loptgna
n:1,2,...

*r I4c[or63oBarl I 4auuou uoco6nn, rlo AonycKaer 3aMeHy rJa ycMorpeHr:re .rnrareax. .{a.nee no
rencry <Matlab> oera,raer nr,l6panrr;,'ro urirarereM crcreMy Bsquclenui, a MAILAB 6qr raeu_
q€K - opurxnaJrbHyro crcreMy MAILAB.
5) B nporu*rov clyuae cricreMa ruHeir$rx yranuennii 6yler rnae* :ra6o 6eoxoueqrro Muoro po-
ruerurii, trt6o au olnoro peueHlu.
o) <€aAatu osuavaet BBeoT[ B (<Matlab)) [Mr MaTprubr (B AaIIIIoll cly-rae .A,) r suaveuax (vnclo_
erre r[6o c[]\rsort Hue) ocex ee eleueHroe.
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11.

12.

13.

I4cno:n:ryr roNgecrra (112.3) H (113.4), ,{or(a3arb, qro detl= 1. Ecru sa-

AaHa KBaAparHarr vurpuga A,ro qeMy paBeH onpenelr,r're:rs det(li)?
C nolrou(r,ro (Matl-ab>> y6e,4urrcr, alro onpeAerurens uarplrqsr (1.9) r,r:

$l.l paneu uy;lo.
Ha npnuepe uarpllqsr I us VnpaNuenur 3 (unu uHolr npuuepe ro er,r6o-

py vurare:rx) y6e4urlcr, -no uarpn.ru srfi orLeparop nuHeeH B npocrpaH-
crre R2 (coouercrBeHuo B Ri, r4e,t- ni;I6op uurareru). 3ro :Havur, vro
oneparop I rr€peBoAHT nr.rueiinyro nov6nuaqurc BeroopoB (cu. YnpaN-
Henue 3) B irriHefiHyrc xolr6unaquro ux o6pasoe c reMu )Ke xoeQ$uqu-
eHTaMu a u b. (DopManbHo 3To onpeAeneHne tuueiiuocmu BbrpdKaercs
paBeHcTBoM

l(gx + by): aAx + bAy, (ru,5)
r{oropoe cnpaBe&rr.rBo 4u no6of napu wlcen a n b (i[oprr.ra,uno V a, D e R) a
:no6ofi naprr aermpoB r rl1r H3 npocrpancma ff ($oplram,no V x, y e Rt)

$fl .4. Co6craeHHbre BeKropbl Marplrqbl
14 cooTBeTcTBypr4ne HM co6cTBeHHble ql,|cna

{eicreyr na eexrop -r B npocrpaHcrBe [-L' (sro .qeficrBne, uttu o6pas x, zanuu,t-
eaercx r<ax lx), r"rarpuvHrrii oneparop I lpeo6pa:yer Bexrop, rtax-To rloBopaqx-
ualr ero ulustu pacrsrueaq/cx\lMzs rro g,rrzne. Bo nropoM cryr{ae, T.e. KorAa Beaop
coxpaliJleT cBoe llpexHee HarrpaBJIelII{g, Ho Mo)KeT r43MeHr,rT6c{ rro AJrriHe, oH }ra-

ztlsaercg co6cme euuutu. @op tura:liruo,

OnpeDeneuue 4. fiycrs AaHbI KBa.qparHat varpuga A r-ro lopqAra v eHWe-

eoiiT) zevrop x il.{. F,ctu Av =}uv, rge }, - Heroropoe qucJro (Aeicrer.rre,rraoe r,rr{
KoMnreKcHoe, [por43Hocl4'rcs <:rxrr,r6gu), ro u I 0 nassrnaercr co6cmeeuuutr eex-

mopott (eigenvector) varpuryst A, a X ee co6cmeeHHbr.r't qucnoM (unu co6cmeen-
Hbutr sHaqeHueM, eigenvalue), orgeqa;orqnlr co6crBeHlroMy BeKTopy rr, Muoxecrro
ecex co6creeHusrx uncel lrarpuqrr ,{ Ha36lBaerct ee cn exmpon. J

Ilpuuep II3. PaccrraorpNrr.r Marpully

KOrOI

0-res

JIU, Harrl
qacru? I
vjl : [],
etqe \:

r| u xefrr

B IIpr
Maffptluy

Ee crc

Qoprraa:ru
poe uMeH

Kpume
pH lBn\K
KBaApaTHl

B cnyr
3aJIr{Cb JrI

BbtrJrrAeJl

detV : 0-

zadaay ut,

nei<rop [-i
Courac

HO HE3ABH

3aAaqH Ha

npaxTvqe(
uesrne. I
HyJIeBbrM C

HLIe BeKTO

T.e. cneKry

C yrerr
eTcfl poBH(

(rr4.1)

Comacuo Onpedeneuun 4, sexrop v : fv,, v, vjII + [0, 0, 0]r xa:uercl co6-
crBeHH6rM BeKTopoM Marpliqu U, ecnr.r ntrnorueHll ycnoBut

(r14.2)

7) Herryteeofr zuasur xorl 6r,r ol1rra u: rounovenr ue panna 0; o6o3saqaercr I 0, r,Ae 0:10, 0, .. .,0].
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letl = 1. Ecnu 3a-

reim det(l-r)?
rrarpurrH (1.9) n:

rpu,vepe no uu6o-
HeeH B TlpocrpaE-

). 3ro :nauur, .rro

opor (crra. Vnpa:n-
ror xe ro:$Qr4n-
rcmu Bb]pa)l<aeTcfl

(rr3.5)
r-nnoVa,b e R)la
ao Vx,y e Ri).

rqbl
t{l,lC,|a

n o6pas x, sanucu-
h?r{-To rloBopaq}l-

l: T.e. KorAa Bercop
r rro ArruHe, oH Ha-

ftopfrnl{a v HeHyJte-

I-ICTBI'TEIbHOE UJIU

coScmeanaua eex-

tsr {uttu co6cmeen-
opy v. Mnoxecrno
r.E

(rr4.r)

0]r rmrercx co6-

(r14.2)

=0,rae0:[0,0,...,0].

Sn.4. Co6crBeHHbte BeKTopbl MarpuLlbt 14 coorBeTcTBytoulue ru co6crsennste qrcna

KOTOphre cBo,4xTcr K cJreAylonIHM TpeM paBeHcTBaM:

(q + u2 I u3: Luy

\q+v2 I v3=1u2,
\u7 + u2 I v3: 7v3.

Ovenugnoe peruerirre crrcreMbr ypannenufi (II4.3) no:ryuaerca npu vt: v2: v3: 1 u l": 3 - o6osHaquN{ sro co6crseHHoe qucno }", = 3. Ecrr iru npynre? Irrioryi
Jrr.I, HanpI,IMep, paBencrBa BrllroJrnlrrbct npH r{yneBoM 3HaqeHur{ lenor? r.r npaeoi

.. uac'tu?,flporzeonorasan uit ner, u 3To 3r{aqvr, uro \: 0, HanprrMep, \pulvt,yz,
i url: tl, 1, 2) I 0 (y6egrzrecr no4craHourofi B KaxAoe r.r3 ypanueuuii (II4.3). A
; erqe \:0, lr fvr,v,vrJ: [1, 1,0] + 0. tr

i tlIHeiHar He3aB[cl,rMocrbBeKTopoB

B flpuuepe fI3 nafi4euo -tpu pa:jHba co6crner*rux Belcropa BbrnarrreM rfi B
lrarpuqy no cron6qarr.r:

(rr4.3)

(fr4.4)

Ee cro:r6qtr, geficrBr.ireJrLHo, BbrrjrtpT no-pa3HoMy, Ho B Teopr4r.r Marprrq ecrL
Qopvallnni tcpurepufi, uro6tr cy4rzrr o pa3nuHuu secxoJr;T(nx BeKTopoB, Koro_
poe rrMeHyercr runeiiuofi nesaeucu.l4ocmbn.

Kpumepufi l. Ilycls gantr z neroopoB tr, b, c, -.. ns npocrpaHcrna JR. Bexro-
pr,r sw$ oTcs JtuHeuHo H%aeucuMbLMu, eclr4 r4 TOIbKO ecJrr4 COCTaBreHHafl v3 rrux
xBagparHas Marpzqa Zne nupoxgeua, r.e. detZl 0. E

B c:ryrae (n4.4) detY: -6 f 0 u sna,mr, nafi4enaue B rrpr4Mepe BeKropbr oxa_
3arlrc6 ruHefHo He3aBr{cI-tMbIMI4. Ho ecla 6rr loc:regxufi cro:r6eu uamuurr I/
Br,rrJrrAeJr, Har4)IrMep, KaK 12,-2,41r, - Herroxoxe Br{errrHe Ha rrap"ur" 4"u, - ,o
detV : A, T.e. Berffoprr 6rlny 6g nuuefiuo 3aauclunbrMu- Orlo :uavur, qro, peua,
sadauy ua co6cmeeuaure neKmopbt MarpxqLr (II4.l), vu He Blpatse npeAnararb
nercop p,2,4]r n rauecrae vemeepmoeo uafi4euHoro perneHrry.

Conacuo o6rqei reopuz, B npocrpaHcrBe Il,Rt" He uoxer 6rrrr, 6o:ree n tuueit_
Ho He3aBacuMblx BeKTopoB x, coorBercrBeHHo, ue uoxet 6rr:11 6onee n peueuNf
3aAaqr4 Ha co6ctgeHurre BeKropsl Ha cauoir,r Aere, HX poBHo r? B 6o:rr,rntHcree
npaKTuqecKrrx cqruaeB, a Bor pa3rl{rrH6rx co6ctgel*trx suaveuui lloxer 6rns
MeHb[re. Y uarprqrr (II4.1) ux Bcero J]rlrrrL 4aa: 1,,: 3 u ],"r: ],r:0. Ho gnyv
ny:reer,ru co6crneaH;rM quc:raM coorBercrB)'Ior lrrlHefino ue:anxcurrcre co6crseu_
Ir6re Berflopbr, 14 TorAa roBoprr, qro KpamHocmb 3aavenux 1,,: 1,. : 0 panna ge1rl,
r.e. cneKTp Marprrqr,r U ecrr

^(o: {3,0,0}. (rr4.5)

C y-rerolr.t Kparrrocrll co6ctgeHHsrx rrucen, y Marplrr1rt nxn vx "ro)Ne oxailbrBa_
ercr poBHo z. @yn4auenra:bHar npr4rrnHa roMy coAepxfl.trcr n ocuonuofi reope_

f1 111v: lL 1 -11'
LL -2 0l
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np!4noxeHue. MarpLrubr y rpa$br (cBeAeHuq 143 MareMaruKu)

Me anr'e6pr,r MHofoqJreHoB oAHoii nepeMeHHoii. o qeM cKa3aHo B cJreAyrcxle napa-
rpaqle.

fleeuri co6creenxurfi aerrop, nrn co6creeurufi eerrop-crpora
O6e qacrr.r (:reea.a u npaea.a) paee crea Av = )rv lrs Onpegelearar 4 cyrb BeKro-

psr-cror6qrt (nocre BLmorHeI.IIrs onepaqnfi). Ho ero 3narru! Lrro ro )Ke paBeHcrBo

cnpaBeAJrr{Bo n AJUr BeKTopoB-cTpoI{ c ToMI4 xe KoMnoHeHTaMr, T.e. AJUI TpaHcrro-

HrrpoBaHHLrx uacrefi panencra: (Av)1 =L;r,lmu (no nparu.ry rpaHcrroHr.rpoBaHyt
nporlssege unx)

fAr =)'f . (n4.6)

llo rpanlr:ry 1,'rruoxenr4s (crpoKy na cro:r6eq>> JreBar qacrb paaeHcrna (114.6)

,4a9r BexTop-crpoKy, rj paBeHcrBo o3Haqae! rrro r{rlcro l, qsmerc.r co6crBeHHirM 11

psnAr,rpauutosttra lrarpnqrr,4. Moxno nora:at, qro r.l Anr r{cxoAuoii uarprilu
,4 nafigerc.a nercrop-crpoKa, b',Tana:r',,rro wA: )r ,.

3aAa.ry rroubKa co6creeHuoro rercropa-crpoKll cBoAr{M K noucxy co6crneHuoro
nemopa-cro:r6qa: ecJrrl y MarpI{u;I lr ecrs co6cteeHurrfi eexrop-cro:r6eq o6o-
3Ha.mr.r ero wr, To col-racHo onpeAeneHrrrc A1 f - Xnf . Tpauclonupyl o6e
qACTI{ DABCHCTBA. IIOJI!4{ACM

w A: ?'.w, (n4.7)

rrTo I{ TpeooBaJIocL,

flpune4en:*re paccyx,4eHus y6exgalor B ToM, qro, Bo-nepBbrx, crertrpbr Ma-

'rpuy A u Ar coznaAaro! r.e. L(A) : L(A\, u eo-Bropr;rx, KalxAouy co6creenNouy
uuc:r1t l, orrevaer nerrop-cron6eq Li He(orop;rf BexTop-crpoKa. flocregur.rfi ua-
3brBaror reebtM co6creeHHrrr'{ eerTopoM, KoJI6 cropo B npotzeegeuuu wA or{ crol{T
c.reea m lrarpraqrr ,4.

Yn paxueu un

14. Ilouelry o6 oguov yoroerau (f14.2) e rer<cre cxa:aHo (ecJrri BhrrroJrHeubr yc-
JroBr4r)>, T.e. KaK o HecKoJl,Kux ycJlosl4sx? Ole.{a"xa zrl.l tuy6oxltii cuuc:r?

15. Onuulrre cner{Tp Marprrqbl-eAnulrqrt (II2.4). Kaxon cnexlp 4lrarona,rrnofi
Marpnrtbr diag\d,, dr, ..., d,|?

16. flpouepurr n <Matl-ab>, qro Bce rpx BeKTopa, cocraBr4Brrr[e Marpuqy
(lI4-4), tr,rlsl:'orcx co6clneNurruu g:rq Marpr.irtrr U (n4.I) u 't'to detV: 6.

17. Oymqu.a abs(X) r cpe4e MAILAB Bo3Bpauaer a6co:rroruyro BeJrnqrrHy

apfyMeHTa , xoropr,Iii tr,toxer 6srrl cKantpoM, BeKTopoM unra rrarpr'rqefi;
B rrocJreAHrrrx AByx cnyqasx pe3yjlbTaT HMeeT Ty x{e pa3MepHocTb, r{To H

aplyMeHT. BrucHurr, KaKas KoMaHAa Bllqr{cJrrer a6conroruyro Berr.rt{}.rHy

r 4ocrynuoi cucreue <<Matl-ab>.

18. Ilapy BeKTopoB x u y Ha3hIBaIor opnxozo a.n bLtutu, ec'lnt r{x cKarqpHoe
[polr3BeAeHrre HyJreBoe: < r,.l > : 0. flor<asarr,, vro cro;r6qr,r Marpr.rr\b]

11L

(I

JI]

H(

nl
i9. Cr

c'I

20. Il.

3H

h)

H6

HIr

21. Pa

er{
tB.

B AaHHr

cm6eHHbrc

co6crseHH
uua )" (On1

14 3KBIIBfu-IE

Pacnuca
co6ofi cucr
|oHeHT Vt,

cltcreMbr ytr

CAAHCTBCHI

Ho co6crse
IIIeHI{e CJIeI

(.)"1 A) ox



I C-neAyroue napa-

TOp-CrpoKa

erfi.s 4 cyrb Ber0o-
I) To x{e paBerlcTBo

- T.e. Anf TpaHcrlo-
paEcnoHllpoBaHI4JI

G4.6)

, paBeHcrBa (114.6)

t' CO6CTBEHHbIM II
rcrolHofi MaTpirqLI

rcRJ co6cTBeHHoro

oP-cron6eq - 060-
fpancnonnpyr o6e

(n4.7)

,Bbtx, cneKTpbr Ma-

orry co6crnennouy
m- flocneAsrafi na-

remll # oH crorlr

I-III BLrnOJrHerISI yC-

n r,r,v6oxrli cvuc:r?
et-rp .{HaroHanlHou

raBrrBrrrue Marpl{qy
-l) u .rro delZ: 6.
TII0THyIO BerXqUHy
b\r rinl.I MaTprdlef;
EB\reprro cTl, qTo x
L-IIOTHYIO BEJIIIqI,IHY

ErrH HX CKaJr{pHOe

srol6qsr Marprru;I

Sfl .5. XapaKTeprcrugecKuli MHoro,lfieH KBaApaTHoi MaTpu4bt

(fI4.4) nonapuo oproroHa:rrHbr.,{oxa:aru, qro opr.oroHarbHhre Bermpbr
,rrueiiuo He3a B,,rcl.rM br. O6parHoe yrBepxleHHe HeBepHo- r.e.,rrHeiHo
He3aBI-rcnMLIe BeKToprr ne o6qgaHu 6r,rrr oproroua.nrurnrrz (nora:arr na
rpuvepax).

19. Cno:rsxo co6crBexHrr'rx BercropoB y Marpurl;r-egfiuuqsr (112.4) e lpocrparr_
crse i,a,.t'?? s [Ftr ? Cxo:nxo co6crBeHn6rx 3HaqeHzfi (c yverou xparrroctr)?

20. flycru c, neroropoe HeHyneBoe,am - :auttT)un uoe vuc:lo. !ora:arr,, uro
ecnu X, ecm co6crseHHoe gHaqenve lrarpraqrr,4, a y - coorBercrByronuu
co6crnenlrnfi aercrop, ro:
a) rexrop cl roNe qgrqetcs co6creenr{blM BeKTopoM M a:tpn4.s A c reM )fie
:uauenueu 1,;

b) cl, mmercx co6crgesurru gnaqeazeu ua:rpraqrr c.,4 c rerrr xe co6crseH-
HbrM BeKTOpOM y;

c) l,' ro:uerca co6crneusuu gnaqenzelr uarprzqsr 1' c reM xe co6crBeH-
riLrM BeKTOpOM y.

21. Paccuarpuyat co6crseHsoe quc sto )" *rarputlsr A xax Synrqurc l,(l) ceo_
ero MarpnqHoro apr)r.reHTa, noKa3ar6 Ha [pr.rMepax, uro ara Syax{zx Ne
ssJrtercs ad dumu en ofi . r.e.

),(A+ B)+X(A)+x(B).

$fl .5. Xapaxrephcr14qecKui l,,tHoroqneH
KBaAparHor Marp'tqbl

B 4auaou naparpaSe paccuarpuaaercx o6qufi vero4 pemenut sadavu na co6-
cmoeHHbte uucna sagauuofi. MarpHIILr A loptp,xa nxn. Cofiracao onpeleneHr4lo
cobcreeHHoro BeKTopa rl: [v,, ..., u,1. n orneqarcrlero eMy co6crseHr.roro :]Haqe_
nua )," (Onpedeaeuue 4), gonxno ettrorHrlTr,c.r paBeHcrBo

(n4.s)

(n5.1)

(ns.2)

(rrs.3)
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14 3KBXBaJIeHTHOe eMy

Av=),v (vf0)

()'I -A)v=0(vl0).

det()'I A):0.

Pacnucaruoe rlo KoMnoHeHTaM Bercopa y, paBeucrBo (fI5.2) npe4crar:rxer
co6ofi cycreuy lI: ru:runefiur,tx ypanHenxfi orHocvreJrLHo z Hcn3BecrHLIX KoM_
rroHeHT vr, .,., y,, npuqeM npaBar qacrB STof cucreMLr HyJreBalr. Ecnz uatpzqa
cr4creMbr ypaBHerrzi (re. uarpuqa ()vI - A)u :aaueu c.nyuae) uerupox4eHHa-,r, To
eArTHcrBeriHr,tM perreHueM Taxofi cHcreMLI rB:lrercf uyneaoe (r.e. r': 0, crvr. $II.3).
Ho co6creenHrrfi BeKTop He voxer 6rrrr HyJreBBrM no o[peAeJ]cHtrro, 3Haqu! pe_
[]eHHe creryer xcxafb roJIbI(o cpeAr4 Taxvx :naqegsfi ]", 4ru ro'ropsrx Marpnua(),1 Al or<azttsaercr nurpoxnenHoii. r.e.



npranoxeHhe. MarpuLlbr x apaobr (cBeAeH|4g r43 MareN4ar K )

Jleaal .racrr paneHcma (fI5.3) lpe4crae.mer co6ofi mrorowres crereur4 /?, Ko-

:t[t[uqr.renru Koroporo Bbrqr{cJrrrorct oco6rrv o6pasou no gJreMeHTaM Marpr{rlsr
,4 (nos$$uqueur npu cmapuei crenenu 1,, r.e. npn l', paeen +1, nplr fu'-r cylI-
Me sJreMeHroB I na ee rrtasHoii 4lratouarut) t( 1) ,..., cno6ogusrfi qnea paBelr

+detl). Sror r',rnoroqJreH Ha3blBaercfl xapaKmepucmltltecKrlu, a lpaexeriue (1I5.3)

l:::sbrBaercfl x(ipaKmepucmuqeaalM ypaBHeHr.reM nrarplqrr ,4. flo o6rqeii reopene
anre6prr, MHoror{reH n-ofi creneuu raveer n (c yverou rparuocrn) KoMrJIeKcHErx,

noo6qe roeop;r, rcopneii, rr:ru n peureunfi ypanneuur (115.3), re. z (c yreroM Kpar-
xocru) co6creeunrrx uucel uatpuqsr,4.

flocle4onare:rsnar noAcraHoBxa Kaxnoro 3 HaiiAeHHbrx gnaqen[fi l, g ru-
nefiuyro crlcrelry lparuenr.tii (fI5.2) no:eoller naiiru lr ece coorBercrBylorllue
co6ctseHHrte eeKTopr,l I (c rouuocrlro Ao cxantpHoro MHonsireJrr, cv. Vlpaxne-
srze 20a).

CorpelreHnrre cacreMrr gslqrlcreuuil o6:ra4aror crarnaprHb]Mr{ npoqeAypaMa
noucxa co6ctgegHr,Ix ilr4ceir u BexTopon :aganuoi uarpuryst A, roroprre r.r:6an,u-
rcT rlo:rb3oBarert or Heo6xo4nvocrl{ BbllroJrrurrb pyrr{HHne rrarr{, r.r3Jro)KeHHr,re

errure. Hanpral'.rep, MATLAB npeArramer craHAaprHyro dryHrqurc

[v, D] - eig(A), 1Tl5 4\

BxoAHETM apD/'I,{e}rroM rcoropoft oryxzr KBaAparHar Marpuqa Ao), a e xarecree
pe3yrr,Tara $ynxqn.r Bo3Bparqaer AuaroHarbH)'ro Marpnuy D roro rxe pa3Mepa c

co6crgeHuuvz .rrrcrraMrr Ha,{rlaronaml u rraarpnqy { cron6[6r Koropoii cyr6 coor-
BercrByrorqr.re co6creeHHHe seKropbr (auaror Marpnus V (tI4.4)).

Ynpaxxexun

22. Haiiru co6crsenHrre qacra u co6ctseHHbre BeKrophr Marprrqbl @4.1) c

rroMour;ro (<Matlab>. I4:-:a omz6oK oKpyrJreHr4r 3Haqeur.u l, voryr or:ru-
qaTr,cr oT qerLIX quceJr B caMllx MJlaArrrr4x pa3prAax, Ho rroqeMy <<Marrr.rH-

nar>> uarpuqa V 3aMerno orr[qaerc.{ or Marpr.rrlbr V (n4.4)'/ Kar vox<tto

ao6HTrcg Nx coenaaeHu.g?

23. Pacororpe',, Marpr{qy, : [: il KaK Mo4errb rlecnu ystx noTryrsrrulr c

AByMr Bo3pacrHbrMrr KraccaMLI, rAe flapaMerpbr s (0 <.s < l) ub> 0 cyrt
xoeSQllqlleuru Aoxr4Tr4t Ao BToporo Bo3pacra r4 poxAaeMocrrr B gToM

Bospacre coorBeTcrBeHHo. Haiirs no $opr"rylanr:

3) 3ra cyvva uasunaercr cJieaoM Marpfiurr rl o6o3[aqaercr ta,1 (or arfi. trace ) rrr Sp.4 (or ncm.

Spur). Coi]flacHo o6rqru noroNcuualr ameophr Ml,IorogJreHoo, nropoi xosQ$uqrcHr x( l) paBeF

cyMMe Kopseii Mnoroqresa, a Iix llpott3lel]e Ire - r<oo$Quqlrcury npl{ cBo6o]tHoM .rrcEe x( 1)*.

flo3"oMy tr,4 : ),r + ?", +. .,+ ), , a det .4 : 7', f, . . tr"',

e)B cnnarczce MAILAB rrc ,rcnorE3yrorcr OopMarbr <KypqrB>> u <<Nnpnr,rii rllpr$r), nprrHrrr,re
a AarHoM noco6llt'l A,'L o6o3FaqeBt{q BemopoB ri Nrarprjq.
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creleHl4 n, KO-

ETaM MaTpIIqbI
npr4 l"*t - claf-
sri v:reu panen

anneHlle (1I5.3)

r6u1ei reopeue
I XOMflJIEKCHI,IX,

.c yqeToM Kpar-

seHlrfi l, n nu-
[BercrBylotq]re
:, cu. Ynpaxne-

I rpoqeAypaMrr
roprre u:6arlx-
H, r{3JrOXeHHbre

I

(ns.4)

'), a n xagecrre
o xe pa3Mepa c

opoi c),"rb coor-

rpilrrEr ([4.1) c
r l" uorp or::u-

oqeMy ((MarrnH-

.4)? KaK r,roxruo

xI nonyntqul4 c

:l)lrb>0cyrr
rcMOCTI4 B 9TOM

) rua Sp ,4 (or neu.
r4resr x(-l) paBeH

t"o" tn"re x(-1)'.

[PHQT>, [pI-ImrL]e

- Sn.6, Oprpa$, accor-lxxpoBaHHbti c Marp qei. CBg3Hocrb 14 Hepa3noxlMocft,

a) xapaKTepr4crr4rrecxrafi Mnoro.rreH Marpr.rrlbr I (nponepurr c rroMorrlrro

c)

<MatLab>);
co6crneHHHe 3ua.reuux uarplrqu Z (KaK KopHr4 npr{BeAer{Horo KBaAparr{o-
ro ypaenerux);
co6crseuHrrfi BeKTop, orBesarorqufi no:roxa're.rsuouy co6crrennouy
tll.{cny, r4 TaKof, .rro cyMMa elo KoMnoHeHT parna 100 pu s : y2, b :8
(nponepur c novorqrro <Matlab>);
coorHorrrenve Me)nAy napaMerpaMn s r.r b, nprz xotopoM MoAenbua.t nony-
nfi\ul uMeer palHoaecue, T-e. KorAa MaKcHMaJrr,Hoe ro MoAyJIro co6creeH-
Eoe qr{cJro Marpaqu Z pa.auo 1.

24. Paccnorper t uurpuqy L: I l] KaK MoAerrb JlegxoeuaaAru nonyns-
qr r c AB}.r\rJr cTaAvsldrl pa3BrrTr4li, rge lapauerprr s (0 < s <1 ), 6 > 0 a r (0
< r <l ) cyrs xoeQSzqr.relrur goNurru go rropofi cra4ratr, poxgaeMocrr4 r.r

3aAepxxLl B sToi cTaAult cooTBeTcrBeHHO. Brmo:rsarr sagautu a)-d) lr:
rpe4n4yrqero VnpaNnenrza (s :agaanu d) -:rpu naparrlerpa).

$l-1.6. 0prpaQ, accoqlt l,tpoBaHHbtf c Marpt,lqei.
Cec3Hocrb H Hepa3no)Kt{Mocrb

Mareuanrqecxuv o6o6rIeur.reM pa3uofo poAa cxeM r.r AuarpaMM, rAe ecrb Ka-
Klle-m Kareropu:t rrlr4 coc"tosuvts, 14 cBs3u MexAy Hr4Mx, cn)Drurr tollnrue zpaQta

@r"ph) ae nyrarl c epaQuxon (plot) Syuxtluul lpatl cocrour r.r3 KonerrHoro
uucta eeptauuti) (vertices) u pe6ep (links), coelrlH.rrorrtrux Hexoropbre Beprnr.rubr.
Ec,rlr pe6parra rrpulaH;r onpeAeJresubre HanpaBtreHr4r, ro rpa$ na:rrnaror opueH-
mupoaaHHbtAl (corparqeuno opzparpou, digraph), a opueHrr{poBaHHue pe6pa ua-
sstaaror dyzanu (arcs) - nne 3aBLicIrMocrI.I or roro, r(aKylo uMeHHo feoMerpqqe-
cryo <$opnry onr rpxHtrMaror B Bu3yirnbHoM npeAcrae.nenuu oprpa$a.

Onpedenenue 5. Opzpa(t, accotluupoeautttti c aampu4efi A: lal (i,j :1,2,...,
n), cocrorar z: n BeprJl4r,3auyMepoBanHbrx B ToM xe noprAr(e, u orrpeAereHaoro
qncra Ayr, paBnoro qncly HeHyJreBbrx 3JreMeHToB z :r.'l.ttpuqe A; ecJrrr 3JreMeHT a--

I 0, ro coornercrB)'roqarr Alra r.rMeer HarrpaBr'reHneJr -+ i; ecnr a,,:0, ro lyri
7 --+ I s oprpa$e Her. E

rlacro N calto :naqenue HeuyJreBoro gJIeMeHTa a - B Btr1e .rr4cJrav u $opvalr-
aofi 6yx*r - u:to6pa:xaror aa coomercrnylorqefi gyre oprpa$a, r.i rorAa oH Ha3br-
BAeICA C3SeUleHHbLM, A CaMU 3ljAqeljl.jg. 6eCAMU.

IIp[Mep Il4- Ha puc. fI1 rz:o6paxenn oprpaQsr, accorlr4r.rpoBasHbre c Malpu-
qarurlz Jlecnu (a) u Jle$ronuua (6) u: Vnpaxlreuafi 23 u 24 coorsercrnenno. !

r0) I4nor4a eepurunu -uasstr,ato-r yuauu (nodes).
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np{noxeH e. Marpfiubr rpa$br (cBeAeHrg 143 MareMar K )

(116. r)

rAe Ar{aror{aJrbHhre 6toxu B u D cyrb KBaAparubre Marpr{r.{br [oprAKoB p r-r q coor-
eerc'reeuno (p + q : n), a rpanufi nepxnrafi 6;ror n: r+ylefi uMeer pa3Meppxq. I

<flepecrauoexa crpox tt ctor6qos c reMrz xe HoMepaMH)) o3Haqaer B cyrrlHocrr
nepeHyMepaqlrrc BepIIIHH accouuupoBaEHolo c iraarpuqefi oprpa$a, r.r l Onpege-
tlevwu '7 pew, riAer o raKoM noprAKe crpor n cro:r6qon, nprr KoropoM rrepBbre p
HoMepoB orAaHbI BeprrI4HaM, orBer{aloqulr 6:roqr B, a nocJreAylorque q HoMepoB

BepuHHaM 6:roxa D.
Ilpnruep Il5 (npodrncrenue). Marpnqu (115.5) npa D.:01,xe rpeAcraBneH;I

e e ae (116.1):
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Onpedeneuue 6. Oprpa$ Ha3r,rBaercs cuJtbHo catsnbtM, eclrr{ AJrfl mo6ofi naprr
aepmun I f j cywecreyer oplrerrrrrpoBaHuErii np (u: o4uofi rr;lu HecKoJrbxrrx

,4yr), negyrqui us eepurulru I nf. n
Ilplruep II5. Oprpa$rr ua plrc. fll cllnrno cergrrrr. Ho ecrH tsMecro coorBer-

crByrlull.lx l.1v varpxu pacc\rorpe'rb \4arptrubr 3-ro noprlra:

6) L:

12,ft'1 1

(r5.5)

- To accouxt4 poeannne oprpa$rr noreprror clrnsHylo cBt3Hocrl, KaK ToJrLXo

b,:0 (puc. lI2a,6): ner nyru r{3 BeprrlrHrr @ e O urn @. !

Pagnoxulasre Marplrqbl

Onpedaneutte 7. Murpuaa A pa3Mepa nxn -ua3btBaercfl pa3.notcu,vofi (unu npu-
eoduuoi), ecJrrr nepecraHoBKa HeKoropbx ee crpor u cro.n6qoB c reMr.i xe HoMe-

paMn npHBo.ry{T Marpuqy x 6.novHo-Al{arcHanbHoMy Br4Ay

[0 b2 6:"1

frr r, Ol
t0 52 rzl
; bz, bs> 0),

":f; '!, ;,1

(0<sr,sz<1;0<



Sn,6. Oprpao, accorlx14poBaHHHi c Marphqeli. CBg3Hocrb ,1 Hepa3roxl4t\4ocrb

p.
\__-,/

:nI ]rr nro6oi napbr
rof, ulN uecrolrrux

em BMecro coorBer-

(ns.s)

KAK TOJI6KO

zr trttcttu o ii (u tm np u -
aloB c TeMI4 Xe HOMe-

(116.1)

[oprIKoB p r{ q coor-
ueer pasuep pxq. I
o3naqaeT B cyrqHocrrr
p-pa$a, u r Onpe4e-
xr KsropoM rrepBbre /
!$rcqrre 4 HoMepoB -

0 .,1;xe npegcraa:rensr

Pnc.II2. Oprpa$n, accoqrarapoBaHEr,re c MarprqaMr (II5-5) nprr b. = 0.

a) L: ,6)L: (n6.2)

detl : det (-B) det (r) (n6.3)
(npoeeprre e <Matlab>). [nx pa::roxzuofi Marp]tqrr (XI A) orcroAa crreAye!
IITO

det(),1,4) : det(),10 - B)det(l"d -D), (176.4)

T.e. xapaxTepr,rcrzqecKoe )?aBHeHue (II5.3) pacna4aerc, Ha ABa:

detp,d,B):0, det(}.Iq ,):0. G6.s)
Ypannenrz;r ([16.5) o:aavalor, .rr-ro MHoztcecmao co1cmeemu.r qucer pa3rolcu_

noi nampu4t t cocmoum us co6cmeeuuttx qucal ee duazonataruux 6noxoe.3rm
Qaxr vorxer o6:rerqurr noucx co6crnensrrx snaqeuxfi :agaunoi varpuqrr :a cuer
IIOHI.iXeHI,t cTeneHx xapaKTepacTltqecKlrx MHOroqJreHoB.

Hepa:noxtl.t ue Marpll4bt r,t Kpurepx i Hepa3roxl,t Mocrn
Onpedaneuue 8. Marpnqa I Ha3brBaercfi rrcp(rlnocntani (unu ttenpueodutrofi),

ecru oHa He .{BrreTc.{ pa3no}KuMofi (npnnoAarraoi) r cuucle Onpegor eiilus 7 . D

-b,
i

-s ).

6)

al{ocTb,
n

-rnep+q-2+I:3.4
Eclu Marpu\a A pasnoxuMa, ro oua, orteBr.tAHo, coxpaHrer 3To cnoicrno npn

yMHo)xeHr-rr{ na:uo6oe qucro, - Hanpr.rMep, Ha (-l), - a raKxe npv ncrxofi aprrp_
Merr.rqecrofi oneparlr4ri c lro6oii guaroHalruofi rr,rarpuqefi, _ HalpxMep, upr{ cJro_
\<er:vu c varpr.rqefi-e4zxr.rqei L 3nawrr, Marpuqa ()"I , A) pastoxuMa Ha guaro_
HarrbHbre 6rcwr ().,1r- B)u Q"In D), rp I,u1 rr.rarpzqrr-e4nHnqbr nopr4KoB I
r'r 4 coorBercrBeuHo. TlgsecrHo raxxer qro onpeAenxre:r pa:loxnuofi Marpr4qbl
paBeH npotrBeAeHr.rro o[peAeJrxrelefi ee guaronalruux 6roxos:
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nphnoxeHhe. Marpn-lbr r rpadbr (cBeAeHrr u3 MareMarlK )

Hepa3nox{r.rMocrr, f,B.Il.geTcs BDKHbTM cBotcrBoM Marpr.rrIE] , B qacTHocTI.I, oHo
o6ecneqr4Baer fip]rMeHer{ue Ba)KHofi teopev;t (cu. cle4yroqui naparpaS). Heno-
cpe.{crBeHHo npoaepxrr, OnpeAereulre 7 lroxer oxagarlcx cJroxuoii sa4aveii, xor-
Aa opsAolr r? Bo3pacrae! a cmpoe ue (re. pacnonorreHne Hyneerrx-/neuyrenr,rx
:neueHron) 3aAaHHofi Marpr.rqbr,4 Herprieuanuro. Qro6r,r y6egr.rrscl, qro HyxHofi
nepecraHoBKrr He cyqecrBye! Hy)KHo npoBepr4Ts nl (n $axmopuan) rapuaHroe,
r.e. 5! - 120 BapHaHToB ;i..,r.e npu n: 5. Ogriaxo r{3Becrr{6r r.r 6olee s$$errraeHsre
cnoco6u nponepxr{ Hepa3JIo)Kr4Mocrri.

Kpumeputi 2. Marpu{\a A trcpa3noJtcr.ttta'torAa r., ToJtbKo rorAa, KorAa accoq}.rlt-
poBaHHbIfi c nero oprpa$ ren*erca cuttbHo catsuarv- fl

flpnvep fI5 c varpuqaulr (fI6.2) ul:rrocrpupyer [puMeHeHr4e Kpxrep {.
Kplrrepuii 3OOeKrqBeH, nocxonLKy Halrr4qae xJrrl orcyrcrBr4e Kaxoro-To nyru

He 3aBr4cur or rofoJ KaK 3aHyMepoBausr Bepu-.rHbr oprpa$a. n noroMy ornaAa-
er neo6xo4urr,rocrr, nepe6upars rou6znaropnoe qI,tcJIo [epecTaHoBoK (cTpoK H

cron6qoa c reMrr xe r{oMepaMr.r) ri3 OnpeAeneHr.rr 7.

Ynpaxreu un

25 . [oxasals,.rro r]o6aq noroxl4TeJlbHatr Marpltqa ,?xlz Hepa3Jroxr4Ma.

26. Kaxoii pasrvrep zlreer 6:ror C n varpuqe (fI6.l)?
27. [oxaszrs, qro:no6as Beprxxnajr cr,rJrbr{o cBtr3Horo oprpar}a npl.ln44lexnr

HeKOTOpOMy tluKJty, T.e. B Oprpase ecTr, nyTb, ee4yqni:i x3 Bepur4HEl tr
B Hee )Ke- (.Yrcasauue: paccMorperb Apyrylo Beprxuuy, nanpulrep, I : l,
Lt rrpuMeHrirb ABaxALr olpe,qenesre cr:rsgoi csxruocrrl.) Kaxogo t{axcu-
MarbHo Bo3Mo)KHOe r{r4cro nepruuH (6e: nonropenai) r rarou quxne?

28. Hairn co6crBeurrbre qucna Marpr4rl L (n6.2), llcnon*ys p*yrbrarLr
VnpaNueurfi 23 ra 24, cootroureHne (116.5) u ror rpuelranlutrfi $axr, uro
co6creeuHoe .rncro Marpr4qt t lx I paeHo ee eA HcrBeHHoMy 3JreMer,rry.

$f|.7. CneqranbHbrf Kracc Marptaq:
HeoTp!rLlaTen bHble KBaApaTHbte MaTphqbl

Onpedeneuue 9. Matpur\a A = fq,,] pa3Mepa rxru Ha3r,r Baercs treompu4ameqbuoii
(nonoctcumenwtoti), ecln aeorprzqareJllHbl (ronoxrnre,rtnn) Bce ee 3ireMeuTr,t:

a 20 (a > 0) V t,7: 1,2,...,n.D
Heorpuqarenrnr,t Marpr{qr,r n flpn:rrepe fI5 H noo6rqe MarpuUr,r Bcex MoAeneii

ArrHaMr.rKri rrorlyn{qnfi c .AlrcKperHoi crpyuypofi, KoJt6 cKopo HX sJreMeHTbl cyrb
4euorpaSuuecr<ue napaMerpbr, HeorpuqarerbHLte no onpeAeneHr,trc.

B Vnpaxrne:run 23.d) ynouxxy'ro maKcI{MaJrr,Hoe rro Mogylro co6creennoe vrEc-

Jro MarpHrlrr L - v teopuu Heorprrqare;rbHrrx Marpr4rl ono o6og*ra.raerc\ p(L) u
Ha3rlBaercf cneKmpa dbtM paduycott (sce co6crseHHsre qlrcJa EaxoArrcr BHy-
rpr4 rrnH Ha oKpy)KHocrr-r pat\vyca p(L) c rleHrpoM e rovre (0, 0) xolrnnexcnofi
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HOCTII, OHO

aQ). Heflo-
4arret, Kor-
r{er{yJreBsrx

TO Hy)KHOfi

Bapr4alrToB,

percrr.rsusre

a accoqlllt-

=pt1fl-
fo-To nyTx
!ry oTnaAa-
( (cTpoK r{

II{A.

HHAAJIEXI1T

BeprnxHbr jr
vep, I : 1,

0Bo MaKc]{-
qllKne?

pe3ynr,TaTr,r

ii Sarl u'ro

reMeHTy.

,uamenbHoi

3IEMEIITbI:

ex I'rogeneii
ireHTbr cyTh

reHHoe rIu c-
rcx p(L) u
)A.sTCr BHy-
rvnnexcnotr

Sn,7, CneqranbHHi Knacc MaTprLl: HeoTp14rlarenbHbte KBarqparHbre Marput-lbl

rtJlocxocrr4 O). @y'ngaMelrramnoe caoficrso HeorplrqareJrbHbrx Marpr.rq cocroxr
B ToM, qro rrx Ma(cvMaJrbHoe co6crseHuoe qacJro BcerAa geicrer.rre:nuoe (a ne
r<ounnexcnoe) r.r noJroxr4TeJrbHoe, r,r 3To cBoficrBo 3ash(cupoBaHo B Teoperre rlep-
poua-Opo6eirryca AJxr Heorpt4rIareJr;HLIX Marplrrr - MareMarrrqccxoM ocHoBaHliH
MarpuqHLrx MoAenei AuHaMuKu rrorIynruuii.

Teo peua Il eppo na -tDpo6el uyca

Teopena.Ilycrt,4 ueorpuqarensHar Hepa3JroxrrMaa Marpvr\a nxn, A * 0. Torla:
1) 

-n 
cnercrpe Marpr.llbr A ec;lt npocmoe (re. rparuocru 1) nonoxrnelruoe

'rHcro 
^r, 

coBnalarorqee co crrek-Tpat6HHlr paJrrycorr: l.(l): p(,4) > 0:
2) cyrqecrsyer no-ro;l:rrennmi codcrselnstri Be\Top (r. > 0t- oreeqarouur-r

co6crner*rouy ulrcrry 1,, > 0;
3) ecla e cnerrpe A ecrs h zrraqesratl i,, 7* -- -- i t I S i S z r_ ;:i..s;;:.:.::n:,=rr

no a6conrornofi serr.rqr4He co cfieKrpan6sbrlr pa.IEycov (;-- : p({L-;: l-____ i.::
Bce oHu pa3rurrHr,r n lr:urcrcr nopnarr,rr.r qnyvnena lt - p i, r.e- p-norcrm; a C
Ha orp)"Kr{ocrr.r pa,4r.ryca p c yr:ronrnr uarou 360o/ft;

4) necr cneKTp MarprzqLr A,re. aa6op roqe( {},r, Xr, - -,L0,}.,,., -.-,i.i e
nnocxocru C nepexogr.rr n ce6l xe npu rroBopore ruocxocru na yron 36}"lh.tii B

Iloloxnrelruoe co6crseHHoe qr4cro lr Ha:,brBarcT no-pa3HoMy: neppoHos Ko-
pem (uatye, ror4a uarpzqa .{ nono}KxreJrbHrur) , $po6enuycoeo uucno utu douu-
u aumuo e co6crseHgoe 3HaqeHrac.

3aneuauue lI2. Clerrp MarpLrqbr ylopsAoqeH no y6nnanr.rro a6co:rrornofi ee-
rasr.rHrr co6creesnrrx :Haqenyti paAr-r yAo6crBa $opnaynuporor, Ho B cr{creMax
(Matl.ab) noprAoK cire.{oBaHr4;r co6crBennbrx qucen B pe3ynbrarax str-{zcreHafi
lAOXgr rvreHl,l]lC-t. I

3aueuauue II3. Eclu MfipHL\a A pa3roxuMa, To rpr.rMeusrb reopeuy fleppo-
Ha-Opo6eunyca cneAyer I{ KaxIoMy 143 ee Hepa3ro)Kr4Mbrx AI.{afoHaJrLHLIx 6noros
(clr. Ynpa;*uenne 28). n

llprunruetocrb lr uMnpHMHTHBHocrb

Onpedeneuue 10. Beruquna ft a: nyxrra 3) {opuynapoBrr{ TeopeMbr Ha36rBaer-
cz uudexcotvt u.unpLo4umuaHocmu M?t;rpugst A. Ec\u h : 1, lro uarpnqa Ha:rruaelcr
npu umusHou, B rluoM clryalae - u.Mnpt*uumuenoil. D

Ilpuruep 116. Ilpnrr.tep pa3Jm.ruir B cneKrpe [puMrirr4BHofi ra uunpzurzrrmnofi
Marpuq noKa3aH ua pnc. II3 B xor{rr;rexcHoii rrJrocxocrrr C,.l4s l,l co6crBeuHbrx
qucer Ha o(pyxHocrrr panuyca p:1,, s nprr,,ruruBHoM clr1,^{ae JrexHT ToJrbKo
oAHo qficno Xr(A), a z rrMnpr4MgrHBHoM cryqae raKnx rpu: ],, n:rroc napa KoM-
nJreKcHo-conpfiKer*rlrx uzcen (rzngeKc lrr{npxMr4TrzBnoctr i panen 3). i

llro6rr onpe4en:.lrb aH.qexc uMrrprrltlTr.iBHocru y :a4auuoi Marpr.trlbr l, co-
BceM He obr3are:rbHo B;rrlncJrrrb ee crleKrp, a Aocraroqso o6parzmcn x oprpa$y,
accorlr4r.rpoBaHuoMy c MaTpnqefr

rrrClr., uanpralep, MapKyc, MulrK, 1972, $11.5.5.
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npfinoxeHrle. MarpHqbr Lr rpa$br (cBeAeHxg !43 MareMar!4K )

Puc. fI3. llprvepr,r cnerrpa npttMtr'rttRtoii 14 r{M[pr,rMr{Tr4B!:ott Marpxrll,r B KoM[rreKcrroii
II/IOCKOCTI,I.

Kpumepui 3. I4udercc u.unpuuumuerncmu h Hepa3Jro)rurMoii Marprrrlbr / paBeH

tnu6ontuteuy o6t4eswy danumenn (H.o.A.) ,qII.rH Bcex rIr4KJroB B accour{[poBaHHoM
c Hero opfpaser'z). n

flpuuep II5 (orouuauue).Ecstuu uarplrqax (116.2) 6.I 0, ro oprpa$, accoqr.rl4-

posaunsri c r:raauofi noAMarpuqeii 2x2 uarpvqu a) (pnc. fI la) cocrorn ri3 oAHom
rIr4K.rra ArrrH;r 2, a oprpat$, accoqlupoBaHHbrfi c raxofi xe no.4r'.{arpuqefi 6) (pnc.

ley as oAHoro qrrKJra Alrunrr 2 r.r o4uoro 4:rrzusr 1, r.e. H.o.g. {2, 1} : 1. Coor-
B€rcrBeHHo, h:2z cstytae a),u h:1 e cny-{ae 6). Hafi4erinrre raxulr o6pa:olr

3Haqeur.rs I nogreepxgarorcr pe3y;rbraraMri VnpaNnenrafi 23-24: a) ),r,, : +\Gb,

I, - l.l, 6rtr,.., = (r + ,l'rz + 4bs)/2. l, t ll.l. tr

r"lyecrauren unocrb \ K Bapxaq f,M greMeHroB Marpuqbl

Kaxgr,rfi :neneur Hepa3noxliMofi Marplqrr I KaK-ro BJrrlrgT Ha aenvuHy Spo-
6eHr,rycoea .rucra l,r, u rroroMy 1", ec'm $yHxqr.u, I,(,4), :rerr.reuroe uarpzqsr l.
I{uryuraeno .scHo, qro yBeJl4qeHr.te 3JIeMeHToB yBeJrl{qtBaer u 3Har{eHxe 1,1[4),

a Ha MaTeMaTIITIeCKOM r3brKe 3TO yCTaHOBJIeHO KaI( TeOpeMa O MOHOTOHHOM BO3-

pacraur4r.r 7,,(l) xax Qynxuur-r sreuesroe lr3). 3ra rfyrxqlrr MHofrrx rrepeMeHHsrx

o6na aer yacmruutuu npousaodut'tutl no KaxaoMy Ii3 Hr.rx, r.r $opuantHo MoHoroH-
HOCTL BLlpaXaeTC{ KaK

D),1A\l?u-'0 V r./ l-2..... n. (rr7.1)

12) Cu., nanprnep, Boeno4rn, Kytueqoe, 1984, S18.17.
rr)Cu., nanpruep, faxrr'raxep, 1967, $XIll.3, TeopeMa 6.
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Sn,7. CnequaflbHl,'i Kfiacc Marp!4q: Heorpl4qarenbHble KBa,qparHbte Marpuqr,l

8HCIfl
-- ,t" I"l\l
.\ |

-J_Jtpl
'/ 

|,l
__l

flo cuucrryr vacruofi rpousnoInoii sro u ecrl (rryBcrBure"nrHocrr 1", x na_
paa4l,lrlM) SJreMeHTa ari, KOrAa BCe OCTiL'rbEbre 3JreMeHThI OCTaTOTC' HeH3MeHHbr_
Mrl. KoJnrqecrBeHHoe BHp KeHr{e 3roI vyscrer.rte:rsHocrl, oxa36rBaerc, IoBolt;Ho
npocTbrM:

,h< M

B KoM[[eKcItoIi

,rrubr I paseH

tlrHpoBaHHoM

ra$, accoqr.rlr-

)rrT H3 OAHOTO

turefi 6) (pnc.
lrL - 1. Coor-
xrnr o6pa:ou

/.r.. : tvsD,

0?r, r(A) / 0a,, :'t,, tt, ! <v, w>, (rr'7.2)

r4e u : [v,, v2,.-., y,ft u w : fwr, x,... -. l- ] c\-Tb no:ro)Kr,rreJrbr*le co6ctgenuue
eerrop-cron6er1 u BeKrop-crpona, orBeqaolul{e t... a <r,. ry> _ ux cKaJrrrDHoe rrDo_
x ]Be.DeH ue (cM. ( n 2.2 )). llpasrl.ro ;mloxeHHr (crpox]. Ha cro_r6e u> norgon,er ja_
rrncarb Br,rpa)KeHue ArsMampuLlbt qyqcmeumet xocmu S1^l f : [a;.. (--1) ia I a elr:e
t|pou3BeneHrr EeKropoB:

S: v.w /<v,w>, (n;,-11

rAe cJreBa crot4T Berrop-cro:r6eq l, a cnpaBa - Bemop-crpoxa rr. Iosrolry <crpo_
no> r <<ctol6eIl>> !13 npaBaira ),r\,{HoxeH[t cocrorr roJrr,Ko Li3 oAHoro gJIeMeHTa _
cooTBeTcTByrorlelt KoMnoHeHTbr Bercropa.

Teopeua {Dpo6eruyca

llycrs A : I a,,] HeorplilareJrLnaf, Hepa3:roxbMar Marpr4qa n*n, A f 0, u :, :
s'. Lo, c)A4Ma ireMeHroB ee l-oi crporr. O6oruaqkM o - tnjn {t, } .

c f-Iz min tzr i Mt4 HxM)'.v H MaKCHT\rlM cpear.r crpoqlrbrx c).\4\r.

Teopeua. 3Ha.reaue 4ouuuanrHoro co6crseHHoro qucra Marplrqr,t ,4 naroaur_
C-SI\aeNAVOHI:

o. < l,r(l) < t.r4) n (r7.7.4)

I

:rlvuny Qpo-
r uarpzqu l-
ueHue l,(,4),
JTOHHOM BO3-

rrepeMeHHLIX

JHO MOHOTOH-

(n7.1)

l:cJrrz paccMo'rperb rpaHcrroHupoBauuyo varplrqy /, to ee seluvuarr u o r.r X
MOXHO OnpeAeJrHrr no crorr6uau M.arpw]J)t A. A eclu ncnouuu.l.h, LrTo cneKTpbr
Maapvr\r,r A 14 ee mpaHcnoHeHmu Ar coytagator, To nonyqaeM

Cnedcmeue. Cnpaae;trnra oueHKa (11.7.4), rge o.u I cyrb Mr4HnMyM u Maxcr{-
M1,na cpeAn cla4M no cro;r6uax. D

3ctueaanue fI4. Eclu l{arpurla A pa3no}t<uMa, a non }rlA) nonzMarr, MaKcrr_
MaJrbr{oe I.i3 neppoHoBrx suce-'r ee Hepa3Jloxr4usrx 6.noxon, ro yrnepxgeHue Teo-
peMLr raKxe cnpaBegluro. D

3ctwe,rauue fI5. Oqenxra (1I.7.4) ueao:naoxHo ynyquarb, z6o ecrr cv.tya1iau,
|ne o' : ),, (,4) : :1s). I

ra)Cu,, uanprsrep- \,Iapr<yc, Mrux, 1972. Slll.j-1.
ls)Cru- Vnpaxnelle 35.



npxnoxeHue. Marpxqb! r rpa$br (cBeAeHvrr xs [4areMaruKu)

HeorpuqarenuHbte Marplrqbr KaK << n poeKqroH Hbre>)

B MaTprrrHblx MotreIgx nonynnqri
C:roeo <<npoexquoHnsle>(<projection>) esrto B KaBbrrrKr.r noroMy, qro 3ror

craugaprur,rfi repMrllr o3Haqaer B Teopurr Marprzq coBceM He ro, r{To B MarpllqHhrx
MoAensx nonynruuf, a ul'.renuo, Marpw{a I (alH oneparop l) Ha3r]Baercs npoeK-

ultoHHou. ecIH

At: A. (rr8.1)

[eiicrslrrernuo, e.uzHoxAbr cnpoequpoBaB BeKTop Ha rurocxocrr, (u:ra cy:r.m
oleparop Ha Hexoropoe rroAnpocrpancreo), r:lrenrzrb pe3ynbrar noBTopHbrM lpo-
erlrlpoBaHueM yxe HeJrL3r. A a uarplrvnrrx MoAerqx nonylrqr.rii, T.e. B cncreMax
ypanHennfi nu4a

x(t + l):lx(t), t:0,I,2, ... , (u8.2)

c Marpuqei A ldl|)K}loi4 pa3MepHocrrr, cMErcJr (([poeKrlr{14> cocrolrr B rrpoABuxe-
Hnn BeKTopa.x(l) crpyKTypbr nonyrrrlr4r{ Ha oAuH rnar no BpeMer{H 14, pa3yMeeTc.{,

A2: A,r.e- A: I, nor4a I nerrrpoxgeunax, uoxer 6brrl Jrr.trrrb B oqeHb crreurralb-
Hbrx cJD rarx (YnpaNNeHue 37).

Teopeua fleppoira-Opo6eHlryca (SlI.7) /Iaer uHcrp)ar{eHr rrn alaunaa acu -
nmomullecKozo, T.e. npx 1 -) @, noBeAeHur eer(Topa x(l) r13 MoAeru (II8.2) ryra
nlo6oM crpoeHun Hepa3Jro)KltMofi MarpuIIbI I ra :rro6ou .4o[ycrHMoM HaqarbHoM
aexrope x(0). Vcx:u v.arpuga A rpnMHTLIBHa, clpaBeAnrdBrr npeAeJrbH6re coorHo-
IIICHI4q;

x(.t)t -+ * -+ ()"t)t x* 
,

fn, ecrrr 11 > I,
lim x(/):1x-, ecrA la: I,t-@ (0, ecrr.r 2, < 1,

(n8.3)

(il8.4)

P\c.II4.

Ynpaxr

29.

30.

32.

33.

31.

- aHaJroruiqHrle coorHorlleHuqM (1.i4)-(1.15) $i.2 a,rx qacrHLrx cnyqaeB crpo-
eHurr Marprlrlbr A: L- 3gea, xx > 0 ecrr gorr.ruaanrusrii co6crneHnrrf nerrop,
orreuaroulnii X,Q{: p(,1), c xopuoii, :aer.rcarqefi or Haqarrr,Horo nerropa x(0). B
xMrrpriMxrr4BHoM clyqae ponb panuonecuofi crpynryprr x* BbrnorHser npeAenb-
ual eerrop-r$ynnqur L(l; r(0)), nepl4oArqecxa{ ro I c lepno.qoM, paBHbrM tiHAeKcy
uMnpr-- rBHocTE r.rJlr{ ero AeJIHTeJI}O.

TBat Bce cxa3aHHoe BbrueJ Jrofrrky npuMeHeHr{r reopeMbr lleppoua
' 3aAaHHofi seorpuqarenLHoii Marpuqe I I'roxno r,r:o6pa:lrrr e elr4e

:,4cran:resuoii sa pnc. fI4. Cnoea <e.quucrneunrrfir* >0>> cnegyer

* qHcTBeHHocTb tanpaqJreHut,3anaHHofo B lRl,' AoMnHannsrlr co6-

14 L, 
-<' \M -tx, T e' C TOqHOCT6IO .4O )"I{HOX(eHIlt BeKTOpa Ha qITCJIO.

11)Clr., r,.
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Sn.7. CneluarrbHb i Knacc Marp U: HeoTpr4qarenbHbte KBaAparHbte MarpxllH

t!9T Cr.;-r5HOii
ro\ry, qfo SToT
'o B MaTpr,rqsHx

5tRaeTc npoeK-

(n8.1)

!-rB (Hnri cy3rrB

!TBTOPHI,IM NPO-

T.E. B CI,ICTEMAX

(n8.2)

a: B npoABrDKe-

I ia. pa3yMeercr,
q3HL, CneqI4aJrL-

3:fL:7]l34 ACUJtt-

.:t 4n8.2) npu
Id:f\I HAqAJILHOM

:f HBIE COOTHO.

\ \ ;(,{):r
\

(n8.3)

(n8.4)

Pnc,II4. Ilparr.ua nprr}reaerllr reope\rbr lleppoHa-Opo6erfifita K r{eorplflIare.:ll,Hoit \rar
pt4lle -A o6qero BrIa c nprrBieqeHrrert acao[llrapo;aEHoro a aerr o!.:::6a : --t

(,r1oro$e1 l{lovxora, 2002).

Ynpaxnenrn
29 . flpuvnrunna nr.r lr anpr4tla U (I74 .1) ?

30. ,{ora:arr 4ocrarounrri rpusuar npr.rMlrrr.rBuocrr4: ecffI xort 6BI o.qnH ri3

,{HaroHaJ'I6Hhrx 3JTeMeHToB Hepa3roxnMofi MarpvrI;r ueuyneeoii, tn t*ra-

rpxua npr.rMrlTr.rBHa. 
l0 o 1 |

31. Qerr.ry paBeH xHAeKc yMnprzMrrruBHocrr{ Marpurlbr u.lr o 0l, ra"
hrol

cr.rMBojr q o3HarlaeT yMHo)KeHIie MaTpr{rI 6 cMbtcre Ada,t|apd, T.e. noere-
.uentnuo? (Vxasanue: locrpollrb accoqr4upoBaHHbrfi oprpa$ u npr.rMe-

uml Kpnrepaii 3.)
32. 9ro voxso cKa3air6 o pa3Mepe lrarpuq n flpr.lr,.repe fl6 ?

33. Marpzqa A (rJ1.3), oqeBrrAHo, Hepa3rro)KuMa u no reopel'ae fleppo-
Ha @po6eHrayca llueer f,, ) 0 u coorgercrnyrcrqtrii rtoJlo)tfltreJrb-
nrrfi co6crsexnrrii nerrop. O6rqcuure rorla paynbmam clreAyrotqlix
MATlAB-ssrqncnenufi (noc:re eo:Bpara npoueAypbr rand x ee ucxo4no-
uy cocmxnnro):
>> A: rand(3), [V, D] : eig(A),
A= V- D:
0.8t4'1 0.9134 0.2785 0.6',752 4.7134 4.5420 {.1879 0 0
0.9058 0.6324 0.5469 4.'7375 -0.672'1 4.258'7 0 1.7527 0
0.1270 0.09'7 5 0.9s'.75 0.0120 4.)964 0.'7996 0 0 0.8399.
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. :-jlqaeB cTpo-
E-=rbx-r Ber(rop,

r,:rropa x(0). B
!Ec3T npeAen6-

:13:{6L\{ HHAeKCy

rrnr fleppona-
:r:a:lrrs e elrge
:- > 0> c;re4yer
re::rrrgrtlt co6'
i ::l: qIICJIO.



npufioxeH e. Marpraqbr r rpaoH (cBeAeH|4s 143 [4areMafl4Kh)

3gecr nepponon xop ew )u,:1 .7 527 oxa3arc.x Ha BTopoM Mecre, a orBer{aro-
rqNi evy co6crneuHlrfi Felclop (BTopoii cro:r6eq lrarpu:qrr'\ ompuryamanu-
rrorzT. llporlmopeur.rr Jrx 3ro r5aiKry 2) reopeltr Ileppoua @po6enayca?

33. Hafirra gouunanrHr,re co6crBeHs;re Berroprr uarpraq Z (fI6.2):
a) ne ucnolr:yl <Matlab>;
b) puMeHn.s cxMBo:rrHbre BhrqucreHus B (Matl-ab).
34. lloxa:ars, qro pe3ynbrar B;rqqcrexu{ Marpaqbr .{yBcrBr.rrerbHocrefi rro

$opuyle (II7.3) ue 3aBncr.rr or roro, KaKyro HopMy rrMeror co6crgesHlre
Berclopbl y 14 rr.

35. Marpuqa P : lp,i] Ha3bmaerc.{ cmoxacmu,lecxofi no cmot64ctu, ectu
c),MMa ee 3JreMeHToB B xax,4oM cronbqe paaua 1. ,{oxa:a*, qro cnex-
rpanbHbrfi pa,4riyc p(P) - 1 (Yrcasauue: ucnorrb3oBarb cBoficrno (117.4) lr:
reopeun (Dpo6euuyca.)

36. {oxasarr, rrro Marpuqa, o6parHas K HeBbrpo}r(AeHHoft croxacruee-
crofi varpNqe P, roxe ABrtterctr croxacrrzqecroi (Vxasanue: soc-
rroJtb3oBarhcr paBeHcrBoM Pe* = e*, rge e* - croxacrlrqecxltfi co6crseH-
nr,rii nexr:op, orBeqaro ltri co6crBeHHoMy 3Harrgnuro 1,,(P): 1.)

37. flpe4,roNurr, nprrMep Marprrrlrr Jleclu (i.8) $1.1 pa:uepa 2x2, Koropu
rBrurerc.s npoercquoauofi B o6oux cMhrcrax @8.1) u @8.2). Cyruecrnyer
.na raxoil npnMep pa3Mepa 3x3? Cpe.{H varplrrl ,rle$xowrva (2.5) xaxo-
ro-na6ygr noplgxa?

38. Cyuecrnyror ra uMrrpr4MrrrrrBHrre Marpaqsr Jle$xoetua (2.5) $2.1?
39. Kanor noprgor uarpuq, rr6x cfleftrpbr u:o6paxenrr ua puc. fI3? (Vxasa-

Hre: yqecrb Bof\4oxHocn xparusrx co6crseuHurx vuce,r.)
40. MATLAB-r[yHnqw, round(X1 oKpylrser I<a>KAErfi anevear lraccrana X go

Lleiroro qxcna. Kar no,'ryvnrr X c oKpyrneHtreM Ao 0.1? ao 0.01?

N|/-TEI

- 7, I-aurntt
2. lpocc:

llllio,-Ia-
3. 17t aro

A,lKI
4. ilustlro

ypaBHe

5. JTozoQt

crp)1re
coBperl
xa. T. I

6. Mapn't
BCHCTB-

7 . Cast..-e!,

Interpre
8. Loggl'ei
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a gTBeqarc-

puqqmenb-

e*ryca?

,socrefi no
Scrgenuue

want, ecstu
qm cneK-

D lTI7.4) ra3

Dt?mr4qe-
tntue: Boc-
i co5crseH-

-l
I roropar
ItrecrByer
tlS) mxo-

,*l-l?
E -' I Ja'a3d-

cmaX.qo
ll

fi l4TEpATypA Enfl [An bH Eiltil Ero qTEH 14fl

L. I-anmtrcuep @. P., 1967 - Teopux uarpuu. M.: Hayra. 576 c.
2. lpoccuau C-, Tepnep [., 1983- Marerraruxa gnx 6nonoron. M.: Brrclras

nrona. 383 c.
3. lt nxonoe B. n.,2008. MATIAB 7.*;R-2006 R2007: Canoy.rure,rr. M.:

!MK flpecc. 768 c.
4. Jlusyuosa t'l. A., IIIxpo6a C. II.,2007. Ma:rplqr r c cre,\cr -rl rer'rH6r.\

ypannenrafi. Pyxosogcmo x perrreHurc 3aAas. M.: @n:uar:mr. 3,<f c-
5. JloaoQem [.O' Eeaoaa II.H., 2007. Heorptqarenrnrre Marpr{rlbr h?r( rffi-

crpyMelrr MoAenr.rpoBaHxr Ar4HaMr.rxz nony:rrqui: Kraccuqecxle MoAeJtrr H
coBpeMeHHLre o6o6qeHur / / @yngaueurans,Har u nplrrt:ralHa;r MareMarrz-
Ka. T. 13. Ns 4. C. 145 164.

6. Maprcyc M, Muurc, X-, 1972- O6:op uo reopHli \rarplru H jualpxqHbtx Hepa-
seHcrs . M. : Ha>.xa. 232 c-

'7. Caswell H., 2001. Matrix Popularion Models: Consrnr:rioa- _{nalssli. ard
Interpretation. 2nd ed. Sunderland, MA: SinauerAssa-iara :" p-

8. Logofet D. O., 1993. Matrices and Graphs: Stability Problems in \Ixbrmsdcrr
Ecology. Boca Raton, FL: CRC Press. 308pp.
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