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$2.1. l-locrynarbr Mo[ertr, rpaQ xnaxeHHoro q]lKra
H Marplrqa IleQroenva

I{: nocrynaron voAenr.r Jlec,ru (l:rasa 1) nal6o:rlmue rpyAHocrll B nparrTllqe-

cKr4x npl-IJroxeHrlgx BLI3bIBaer no:rox{eHue o MaxcuMajrr,HoM Bo3pacre M, noute

AocrnxeHt4r Koroporo norlr6alor uce oco6u nonylxqrau. C:rslrxov 6onlruoe :na-
veaue M rapanrrlpyer orcyrcrBl{e o co6eit clap:lle M, Ho 3HarlureJrbHo noBllrrraer
pa3MepHocrb npoexqraonuoi Mirlp[IIbI It yBerl{qliBaer vuc:ro geuorpaSllqecKrrx

rtapaMerpoB, noArexattlxx oIreHKe. 3aHr,txeHsoe ggaqenue M w,l6pacuBaer Il3 Mo-

AeJrrr peaJrbHo cyqecrB)'Iorqylo LracrL nonynlrqfiu. floerouy nrr6op xompernoro
znaqetug M s KaqecrBe <<:o:torofi cepeAr{H6D) onupaerc.tr Ha slcnepmHoe 14 e ue,
qro cB.rcaHo c loit ustu ngoi creneu;ro npol'r3BoJra lKcrlepra. Orrcas m nocrylara
MaKCHMaJIbHOIO BO3paCTa - [epBBrIi aI' HaBCTpeqy peaJrbHocTH l',l BMecTe c TeM -'
:a rpauuqu $opva:nrva Jlecrn.

Ilp:luep 2,1. Marpuvnaa MoAeJrb .{IrHaMI{KI{ rlony;rlrqx]i 6elon,teuero oplaua
Haliaeetus pelagiczs sa Caxalusel) rlcnoJr*yer fXI{, noxa:auurlit na puc. 2.1

Bpeuenuoil rrrar MoAeJrrl fipllHer paBHh]M I ro4y. vro coorBercrByer ql4Krry pa3-

MlroxeHr.rr 6e:ron:re.rero opnaHa, a crpyltr)?a nonyJltllurr perncrpupyerc.{ B Mo-

MeHT 3aBepueHr4jr OTIepeAHOI-O rIIlIOla pa3MHOXeHUrI, T. e. HeIIOCpeACTBeHHO ne-

peA BLUreroM nreHlloB Ir3 rne:g. Xrtueuutrfi qlr,r cocton'r 3 rrlecrl4 ro,4{qHLrx

Bo3pacrHLrx KjraccoB: cnerxx, poAI4BIxI4ect B TeKynIeM ce3oHe (/rv). rljlloc rltrl'
KJraccoB MoJroAbrx lrliq Bo3pacra I-5 rct (iml, im2, ..., im5), n eglruoi rpyrnsr
r:poc:lrx nrrlq (ad)2) 6es ),'Ka3agz.g ux MaxclrMailbHoro B ospacra M. Buecro Hero,

Hapq.[,y co cra]'rAaprnbrMri napaMerpaMlr uoAe.irt Jlecln - ao:pacnrocneqr,tQnve-

crnaN xoeS$rlqueurav'u P,, Pr,..., P6 nclrkrrnr Eo cneAyloqero Bo3pacra, -BBo-
Ar4rcr .{orro:rHrrremxsrfi napauerp P,o - Aota rex vspoc:rux oco6efi (nne :aancu-

Mocrlr or ux $anrzuecxoro nospacra), Koropbre coxpaffllorc{ B rrortyrsqltu eue

Ha oAuH rIr4KJr pa3MHO)KeHLIt 14 npHHOCtT TIOTOMCTBO.

Ifnodoeumocma F 
"u 

(uttu xoerl1tfuu4uenm penpodyx4uu e repMuHororl'lu MoAerI{

Jlecnz) ecrr cpe4uee (na oAHy B3pocnyrc oco6br)) qucno Bl'lparqeHHblx nreHlroB.

flocxonr,xy s 4anuoi MoAeJTLI AoxI'ITLIe flpeAlrrecrByer pa3MHox{eHllrc, nJ]oAoBIr-

TOCrr, BxOArrr B )paBHeHI'Is C yqeroM cMeprHocTu r ganuofi rplmle (P,,,t x F"); "ro

xe orrlocuTcr u r 5-leruuu oco6.trt\4: x Kouuy IlI4KJra oHI'I Aocrlifalor rlonotso3pe-

Jrocrlt 11 BHocrr ceoii ernar B nororHeHl'Ie rrorryrtquu c xo:t[tfuqaenrov Pux F^.

r) Povanoc, Macrepor, 2008.

'z) Coxpanerl,r opruruarbgHe aBTopcKrlc o6o3naYetrr,trt.
r) IIpu coo'rnoruenns flolroB B norrylltwi, 1:1 B cocraB 'irrcnefiIlocflI Moxrlo B(]noqarb o6a [ota
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fnaBa 2. lvloAenx nonyflsl]l4lr co crap't itHoi4 crpyKrypoi

Ptrc.2.l. fXII 6erolneqero opnaEa Haliaeetus pelagicas (Pouauoa, MacrepoB, 2008). lloAc-
HEH]4' B TCKCTE.

B pe:yr;rare pa-:MepHocrr Bexropa crpyr(ypbr 3rofi onyrflr\:nu x(t) paB*a 7 u
IIpoeKrlr4olrHar MaTpr.rqa,4 MoAeJrrr

x(t +l) : Ax(t), r= 0, 1, ... (2.1 )
npIiHI4MaeT Br4A
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(2.2)

Or x.naccr.r.recxoii Marpxult Jlecru oua orJruqaerc.{ ruIlt6 Harur{rreM rroJro)xu-
Te;rbHoro Ar4aroHaruHoro o:reuenra (7, 7) rtapatretpa P ,, xoropr,tii lorrror llg6a-
Blrrbcr or npecJroByroro MaKcr.rMaJrsuoro nospacra M fXI{ (puc. 2.1), overtgno,
curbFro cB{3eH, r e. Marp}rUa A (2.2) uepnnox<r.rMa, r.r uMeeT quxl tI g:urutr I
6:raro4apr e:reuenry arr: P^,> 0. Orcrc4a c.ile4yer, rrro Marpuua I (2.2) riepar-ro-
Nrlua (cv.IIpuroNexlre, $fI.6) r npr.rwrunHa (rav ;r<e, $fI.7, VnpaNuenue 30), a
corJracHo |peAeirbHoMy coorHorxeHnro (1.14) 4unaullxa x(l) crpeuurcx K reoMe-
Tp[qecKoMy pocry c noxa:arorera ]",(l).

Onpegoreaxr,te euure 4eruorpatfNrrecrue napaMerpr,r aBToprr MoAeJlIl oueHrr-
ru no co6cmegg6tM noreBlrM H nrlrepa.r)pHllM aaHHbrM [r rlol(a3arl{, rrro Aarl<e

npr{ caMErx on'IItMHcTr,rqHLrx crleHapusx TaM, tAe Ar.S OAHO3HaTTHbIX OTIeHOK He

xBarano AaHHbrx, floreHrlqar pocra nonyJr{rluu },](A) : 0.9914 < 1, u romno rac-
(yccTBeHHoe cHuxeHrre flpecca xlrDlHItqecTBa aaBano nepc[eKr4By MealreHHoro
pocra: l"r(l) :1.0062 >1. A

B oruolrenrau B3pocir6rx oco6ei s llpnuepe 2.1 cge:rauo B cyrlHocrr.r ro, Ha
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I

d :.:.r8, 2008). llo.sc-

:.r. -r(r) paBHa 7 ri

(2 1)

| (2.2)

".j
-:Iq eM ITOJIO)KI{-

:!r]'i noMor q36a-

:. l. I ), o.{eBn,qHo,

:;ua'r d a,lr.IHbr 1

. -J (2.2) Hepas-rro-

pa;xueuue 30), n
.le\rHTct K reoMe-

r \roaeirH oqeHrj-
33ajru, rtTo Aa)Ite
r{Hbrx oueHoK He

< I, n rolrxo r,tc-

rrBy MeaJreHr.roro

r).rIIHO CTr{ TO, Ha

S2.1. nocrynarbr MoAen , rpa$ xu3HeHHoTo r.l Kna u Marpxqa UeOKoBtl.{a

qTo B I4CTOpr{t4 Marpr4qHr,rx Mo.4eneii ylr,ro 20 nera), 3aMe[a so3pacma \<aR oc-
HoBaHrl{ AJUr x,raccu$ur<aqzu oco6efi Ha cmadun paseutua. 3ro He :tna':an, uro

Bo3pacr 6e3Bo3BparHo yIIreJr LI3 Mo,{eJI}I, BeAL coxpaHl,ucq cBt3aHHblt c Ht4M waz

no epeMetru, 14 [o3)r(e (lnaBa 3) l{Ll yrl.r4ull, KaK Mo)KHo (BepHyf6)) Bo3pacr B cra-

AriiH)'ro Monerb.

Ilocne4oeareltub\e crarpw pa3Barvfl opraHlr3MoB pa3ahlx BI,IAoB I'I3f{aror

B pa3HErx 6uo;roruqecrn AItcqrnJII4Hax It rIpHcBaIrBaIor I.IM coorBercrBytotqlle

Har{MeHoBaHrur. Kax u eo:pacr6, u6I HyMepyeM nocJIeAoBareJIbHbIe cruf,i4vl 'lr4cra-
uu s - 1,2,..., S u u:o6paNaeM I4x Bep[IItHaMu e |;KII (cu. ar.txe $ 2.2), uo npo-

6nema a rou, qro craAr{x pa3ar4Tufr, ttar [paBI.IJ]o, He I{MeIor cro:I; ;xe xecrxoro
(<paclucaHl.I.x>) cMeH Bo BpeMelIH, xax no:pacr6. Ha nonorqr nprxonqr caMonem-

tu (selfJoops, unu l -4ux,tt'r L5 ) npN rex nepmuuax @, e cragrlrx xoroprrx oco6ll

Bhna Moryr 3anepxarbcr nonee o.4Horo spetleuHoro uara.

Coo'reercreyrorqui't duazonamnur )ne aHn npoeKut'roHaofi Merrpr4tfbL, nmr Ko-

etp$u4uenm sadep:tcKu B cranvrr s, - aro 4oll r. (0 < r, < 1) rex oco6efi na crar.trlkl

s, Koropble HI,IKyI{a He rrepexoAtr B TeqeH}le cJreAylouefo uara, a coxpaHtlorcfl B

sroi xe crallru. I,Ix qzcreunocTb K cJIeAyIoqeMy MoMeHTy BpeMeHu I + I paB-

Ha /" J" 0), r{ oua rrorroJlHtercx oco6;rr,ru, npIirreAIIrrIMH lr: npeArt4yuleil cragnr't

(s 1) r xonulecree r'. 
, 
x"-, (l), rAe s"-, o6o:Ha'raer relept' roetfl{lutpeum docrcumun

oco6ei craguu (s 1) Ao cleayroltefi, s = 2,3, ..., M. A cavat nepear cra,quiual
rpynta nonoJrruercx, rax o6rtvno, noroMCTBoM or po4nre,rei ecex perpoAyKTI'IB-

Hr,rx craglrfi (r.e. rex, r,{e 6" I 0), B ToM qIrcJIe, or caMblx IoHbrx, ecru oHI'I Ha 3To

cnoco6nn s cll:ry oco6enuocrei xN:ueauoro qrrx;la, orpoKeHHLIx e fXIl.
B pe:yrrrare, ypaBHeHr4.{ (l.l) flpe)I{Hl4e ypaBHeHlit ,4oxurus x3 MoAerH

Jlec:ru noryvaror etrle no oAHoMy cnaraeMoMy:

;r,(t + 1): s, 
, 
x., (t) + r,x,(t), i:2,3,...,M, (2 l)

a rJraBHar Ar.raroHanb rpoeKqltoHHoii varpuqrr Z u: uo4oru

-{(r+1):(r+4x(t): Lx(t),t:0,1,..., (2.4)

noly'raer na60p napaMerpoB ,", cpe,4l{ I{oropblx ecrb HeHyneBBIe. flosrony varpu-
qa [prlHuMaeT Br{A

(2.s)

a)Cra"6r Lelkovitch, 1965, ].Brr,qera cBgr qepe3 20 ler noc,re nepooii ny6:rt'margr P.H. Loslie.

Eolee parrnnc pa6orbr c la(Itr{rr MarptqaMu HeII3BecrItLl.

&, * r, &, b*-, b*l
sr :! 0 Sl

-l0 s: 0 0J.
'l

n I s,v-r ?k I

L:
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fnaBa 2. MoAefl flonyflgql,1x co craA,4iHofr crpyKrypori

Marpuur,r Z crpoeuur (2.5) ua:uralor "lz amputlanu "Ue(txoautra; nx crpoeHlre
o6o6ryaem uarpuqy Jlecru n roM cMLIcJre, rlro rocJreAH{r ecrt uacmuuti cnyuait
(2.5), rge ece xosQtluqlrenrrr :agep)rGr.r r- paBHbr HyJtro. 3Ta cBr3r, .qBlx repMr.rHoB

orpax(er-ra B crpyxrypuofi <lopvy:re

Lefkovitch = Leslie + diag{r u r r, ..., r r\,

bt ...

Jro

0

0

su-l

bM

:] 
Q6,

/.r'
I

pe
adul

{
1

Prrc 2.2.

t2

0

qTO Aaer ocHoBaHfie cquTaTE Marplrqy Jlecllr (c ee HeHyJreBbrMu nepaoft crporcoi
u nepeoil noggrzaroua,lrro) npzuqunuaJlbHblM (cxeJreToM> Bcex npoqHx crpoeHr.rfi

npoeKr]r4oHHot MaTpr.rqr,r.

Eonee cnoxsoe crpoeHxe Marpr4UEI JleQrosraua Z = T + F (2.6) flo cpaBHe-

Hr.Irc c Jlecru (1.8) pealusoaauo B ee flepexoAHoii qacrr-r I, n ono Aaer noBoA
BLI{cHl.tfb, Karyro poJrb rrrpalor crpoKr{ n xaKyro cro:r6qu s npoerqnonuofi
Marplrue L. Ec;nu BcrloMnnrb rrpaBrrJro rroclpoeHlrs oprya$a, accoqar{poBaH-
Horo c 3a,{aHHofi Murp:a\\eir (llprroxeuue, $fI.6), r.e. B HarrreM c:ryuae fXI{,
accoqxrrpoBaHHofo c npoeKqr{oHHoii uarpaqeii z, ro craNoeurcq {cHo, rrTo B

crpoxe c HoMepoM i (i : 1 , 2 , . . . , 114) cronr napaMerpbr, orBercrBeuHrre 3a Bce

3axoAbr Ayr (crpelox) B Beprlr.rHy c 3TLIM r{oMepoM, a n cro:r6qe c HoMepoM
j (j: 1,2, ..., M - napaMerpsr Bcex Ayt; ucxoArtrtux u: erofi repnunr,r (cu.
pvc. 2.1 Lr narpzqy (2.2)).

lo6an:rexlre l -qnx,ron s f)I(II He Moxsr rrMeHr.rrb cBoiicrBo rpa(ba 6brrb rirri
He 6b\Tb cuJtbno ca ubtM (cu. llpuloNenue, 5II.6), 14 rroroMy Marpnqa JIedKo-
BHqa, Kax u JIecJrLr, trcpa3roJrctrMa rorAa Ii roJrrKo rorna, KorAa xo3$$uqNeur pe-
rpoAyKr{ru e Suna:tnoil craguu bri 0 (cu. prEc. 1.1), r.e. rorga nocrpenpoAyr-
raxusrx cragai B )rol:rueHHoM rlriKJre Her. Te rre l-qur:rsr n fXI{ o6ecneuunalor
t4 npllMunlucrrocmb KaxAoii Hepa3Jro)Kl4Moii uaBHoii noAMarpuqr,r (IIpunox<enrze,

$II.7, Vnpaxuenre 30), KorAa ryaO crrm,Ho cBq3HbrM He lsmercs. TaKrlr4 o6pa:ou
r.rcxrroqaerct III4KnLrqHocTL J(/) B acuMnToTuKe npH I -) co, qro He r{cKJrroqae! Bo-

06 Ie roBopr, Ko;re6areJrr,Hofo xapaKTepa cxoAlrMocru x(l) K paBHoBecHofi crpyK-

rype.x*- corrracHo ycrroBr4rM (1. I 4-l 5).

3ro:navlrl qro AoMnHaHTHoe co6creeHHoe .rucro Ir(I) r.r rrpoqr4e Ko:]uqe-

crBeHHbIe xapaKrepricrr.rKl{ uarplrqsr Z 4aror aneKBarHoe rrpeAcraBreHr{e o A}rHa-
MlrKe noly;raqlru co cra/(fliiHoii crpynrypoi rcax u r cnyqae crpyKT),pbr Bo3pacr-
nofi. la:ree vu yBH,qHM, KaK 3ro npoucxoAltr B lparmarecKrlx npr4Mepax.

1..,

92.2

Cxerta
B yCnOBHl

onpe,{ete
caliginost
OI1JIO.{OTB

cbr o6pa3r
qepBeii. I
IOgesunr
rBJI'e'rCg
6u cranor
pa3 B Terr(
qerElpe nl

Or Qol
pauEli cTi

5) 9exasor



S2.2. fxq naueHHoro qepBq Aporrectodea caliginosa craAr4iHag MoAerrb

I;1..2: HX CTpoeslle
t :-ic|nHbrf,t cltysai4
r:3 ]B}x TepMHHOB

(.2.6)

n .'epBori crpoKoi
:;L'<iUx cTpoeHui

- :.5 | no cpaBHe-

5 :qo _faeT IoBoA
: -:loSKuItoHHofr
L :-'COTIHI-IpOBaH-

Ev r_-r\-cae fxIL
le: j9 fcHoJ qTo B

:::33HH6Ie 3a BCe

-r5re c HoMepoM

:ii 3eprlHHr,r (cM.

: :?aQa 6brr6 r-rrr4

IlsfpHr]a JIeoIto-
t;!',]4$HqneHr pe-

:r irocTpenpoAyr{-

J-! o5ecnevuraror

= (flpa:roxeulre,
r- Taruu o6pa:ov
{: rrcKJlroqael Bo-
iHoBecHofr crpyK-

lpoque xorl,Iqe-
raB,-IeHxe o ,quHa-
)\.k-ryphr Bo3pacT-

lr\{epax.

-4:

cocoon

/. -.

1,.\\'' ' .'|

Prrc.2.2, CxeMa pa3tsr4rrcr r pa3MHoxerr4t ualneHfioro .gepF.t Aporrcctodea caliginosa QToro

Qer', Klovrola,2002). IIotcIre[I4A B re(cre.

u cTaghilHag Moflenb

Cxeraa pasrnrru a pa3MHo)KeHI4t nalneHHoro qepBt Aporrectodea caliginosa
B ycJroBllrx lloAlrocxoer.t .npeAcraBlreHa Ha pvc. 2.2 KaK noc:reAoBarelEHocr;
onpefleJreHHr,rx cocrorHr{fi or Ko(oHa ,4o pefipoAyKrfiBHbrx craAltii. oco6u A.

caliginosa - reprua$po4utr, r.e. l,rMelor noroBbre opraHbr o6or4x rroJIoB, o,4nal{o

onnoAorBopeHr.re y Hux nepeKpecrHoe5). flocne c apr4Ba*vr rlpot4cxoAtr npoqec-
crr o6pasonaulr.a u c6pacrrnaunx KoKoHa, BHyrpI4 Koropom HaqliHaerc.{ pa3BI{TrIe

vepeeii. Tor4a xe y Hux rrof,BJrtlorct Bce opfaubl, KpoMe rronoBoro annapara.

IOgesunlnrre oco6rl nuxoglr zs xo(oHa, a qepe3 Hexoropoe BpeMt I{a I4x reJle rlo-
rBj]{ercr rrorcoK, rrro coorBercTByer soplruponaHuto nonoBblx )Kere3. Aajlee oco-
6u craHossrcs rroJroBo3peJrbrMu H npon3BoA{T I(oI(oHLI HecKoJIbKo (Ao qerblpex)

pa3 B TeqeHrre cBoero xIr3HeHHoro qr(ra, cooTBeTcTBeHHo rleMy y HIlx B6IAertroT
qgrsrpe [ocJreAoBareJr6HLre craalrlr (adultl - adult4).

Or $opualr,Horo fXIJ cxenaa plrc. 2.2. orstu\aetcq Jlltttrb reM, rrro Her HyMe-

pa]-]xu craauir B.rBIroM BuAe It orcyrcrBy}or nernu 3aAep}KKIt oco6eil n craglr.rx

t.**a

ffi1il,,'
0

'Ll

.'2

02.2. fxq naueHHoro tepen Aporrectodea caliginosa

5) t{exaHoscxa.r, 1960.
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fnaBa 2. l\,'loAeflrl nonyrr9tll4l4 co craA!4iHoti crpyKrypofr

bu+

.t:

l.0
Z\
t 5 J-s"lYr
\ rn: )

0.9

-sa2)

Pvc.2.3. l'Xfll llafierlHoro qepBt Aporrectodea cqliginosa

,4oree oAHoro uata IIo BpeMesH Lt (p14c. 2-3)- Oarruuecxal gnr4TerbHocTb al
Aor)xHa 6brr6 yBs3aHa c AJrr4TeJr6HocTbro cTaArifi, r4 aaplraur IXI{, [peAcTaB-
nenubrii Ha puc. 2.3, nosnonrer oflpeAenr.rr; BenHqHHy Al (Vlpaxruenr.re 2.1).
Hyuepaqna cran:ai4 B rrx ecrecrBeHHoM flopqAre, HarruHa.s co craAul4 KoxoHa,
gaer 6-lrepnrrfi BeKrop.r(l) nonymqxoHHoii crpyrTyphr, B KoropoM Mo)KHo
coxpaHlrTr, H coAepxareJrr.Hbre o6o3HaqeHrrr ero KoMrrolreHT r,(t) (nexupusllr
Kypc uBoM)'.

x(t) : lx,(t), x,(t), .. ., rru(r)l' : lc(t), j(t), aI (t), a2(t), a3(t), a4(t))"t, (2.7)

- BaxHo JIHITIr co6,rro4art ycrauoe,rexHs i nops4on lrx cne,qoBaHl4r B Ber<rope,r(t).
Tor4a nononueuue [orryJrsrlrru B cranus KoKoHa 3a oAuH Bpelrenuoi u]af Al =

I nogvunxercx ypaBHeHHlo

c(t + 1): b^,al (t) + b^,a2 (t) + b^,a3 (t) + b^4a4 (t),

yp b.r, -.., b 
^o 

- cmaduinocne4uQuaecrcue xoaQ$raqnenru penpolC,rrunlr, r4Melo-

uxe cMbrcn cpeAxero (Na onuy oco6L coorBercrByro leii cragnz) vrzc:ra orJ'toxeH-
HLIx KoKoHoB, coxpaH.qlouux xrz:xecnoco6HocrL K cneAyroxreMy MoMeHTy Bpe-
MeHH (cM. VnpaNuerule 2.2). lloc:reAyrorqHe ypaBHeHrrfl (2.3) npuutrir,raror raxofi
BII.tr:

0.8

(2 8)

0.:
0.6

0.1

'loroq

' CoGr
I laPa

-ccl
f)]oIl.l

B IIO.r
;{G nc

flprrro
,tep;6:Ii

pe-(01
vgroir.
codcrn
xo.nrT.

tl-'Ill c{

orc!'rc
Coi

0.-1

j(t + 1) : s 

"c 
(t) + r jj (t),

a|(t + l) : s j (t) + r a1aL Q),

a2(t + l) : s 

^,al 
(t) + r ^a2(t),

a3(t + 1): s 

^ra2 
(t) + r^.a3 Q),

a4(t + 1): s.ra3 (t) + r^oa4 (t),
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iar 3--IbHOCT6 al
-i.l l- npe4crae-
- =.:.ueur:a ) |\

--:-f,lItIt KoKollar
_:opo]l Mo)KHO

: r i HexI,rpHLrM

;rrrt]r, Q7)
"E 3 BeKropeJ(l).
3:Iroii n]ar Al -

l'IiuHH, uMero-
ii(c,'Ia oTJIoxeH-
. \rolreHTy Bpe-
;IIIH\{AIOT TAI{OE

(2.8)

/1\
-ss->( 6 )yrt

\ ra+ )

S2,2. T}l<U flalleHHoro 9.epBfl Aporrectodea caliginosa h craAhriHar MoAenb

Ta1nuqa 2.1

,[ouunanruoe co6crrenuoe unc;ro ],, uarpuqu (2.10) z cooroercrnyror4rii
co6crBeHHbrii BeKfop e B 3aB]dcvMoc't\1or BerurruHH napaMerpa Jc

L: (2.e)

I Co6cuermldi rexrop, [opMrrpoBalf$Iii yclroerev lle ] , - 100 r npcgcraelcnu ori crporcori.
'") llapa ror"tnrexcuo-co[pr](eulJ6lx co6crBetllrLlx q{ceJr.

- c coorBercrByrorqrrMr4 Ko3QQrrrIHeHTaMH s", s;, .!.1' sa2' ^ta3 AoxxTlit Ao cJIe-

nyloqefi craAu 14 ry roP r uz, rut, rnt 3aAepxrur B cra4vfi Te(yuei. Marpr]qa
L: (T + F)us ocrroBHoro Mo,qeJl;Horo ypaBHeHI4t (2.4) r.rrr.reer ror4a crpoeHlle

b.r b": b,: $"a

0800
%raoG
sgtr;:*0
ft*.%:o
ll 0 ssg 7aq

B rlorrHoM coorBercrBHrl c fXI{ (puc. 2.3) a lpanner{mwu (2.7 8)-

fXI{ ua puc. 2.3 cursao ceszet, KorAa craAlriiHtu{ rpynfla a4 ,qaer )KlnHecnoco6-

HOe noroMcrBo, T.e. Korla ,a4 > 0. TorAa Marprqa (2.9) uepa::roxnMa (Kpumepui 2,

fJpruoNernre, $1I.6); osa [p]:IMrirItBHa, ecnl4 xors 6tr o4an us Io3O$I{IIHeHmB 3a-

AepxKr-I /j, f u5 f ;2' r 
^3' 

/"4 orJrr{qeH or HyJu. flo3mMy [pt{ ffo6oM HaqaJII'HoM BeKTo-

pe -x(0) (2.7) Ar4HaMr4Ka.{(l) nplr6JrlD(aerc{ x reoMerpxrlecKoMy pocry ),,r/x* Belcropa

yc'mii.{i.rBoii craAafiHoii crpyrrypu x* > 0 (gouunarnHoro co6creeHHoro nerropa),

co6crBeHHarr ,trm4Ha xoropom, ]!r*ll, :arucnr or -x(0) (flpuroxeHrre, $f1.7). A rpor.rc-

xo4r4T Jrr4 3TO npu6n]l1lX<elHl1re XOne6AmetbHbLM l4I:iJd.l,tOHOmOt Hbbt o6peBoM,T,g MeIj{IOT

t4JIl CoxparrJtror cBoii 3HaK KoMfloHer bt pa3Hocrr4 (x(l) x+), 3aBr4cnr or Hutuqusl
orcyrcrBr]f KoMnJteKcHo-conp')(eHHblx co6crBeHH6x qI{ceJI B cneKfpe Marpuubl t,

Comacno 3MnHpuqecxr4M AaHHI'IMor loreHqr{aJlrJl{o I{eHyjreBbre 3JIeMeHrb] Ma-

6) Jloro{vr, Kro,rrooa, 2002 (nocre ocpernexua c*onuttx rrmpuq).

00
.s- rr

Cs.
80
00
00

s l,r e"), Y, r,.,r"'
c J a2 a3

1.0 1.0604 13.1 67 .5 9.6 1.7 4.1 4.0 0.6514 r 0.0613i

0.9 1.0491 13.5 66.5 9.6 t.8 0_6523 i 0.0614i

0.8 1.0372 13.9 65.1 9.7 1.8 0.6535 t 0.0614i

0.1 1.0243 14.4 61.9 9.8 1.9 4.8 5.2 0.6s49 r 0.0614i

0.6 1.0104 14.9 62.3 9.9 1.9 5.1 5.9 0.65b7 t 0.0612i

0.5 0.9953 15.6 60.5 9.9 1.9 5.5 6.6 0.6591 r 0.0607i

0.4 0.9785 16.3 58.2 9.9 1.9 6.0 7.7 0.6623 + 0.0598i

0.3 0.9593 17.1 10.0 2.0 6.5 9.0 0.6667 x0.05771

0.2 0.9369 18.1 51.7 9.9 2.1 7.2 11.0 0.6730 t 0.0533i



fnaBa 2. lvloAefl nonyngu 14 co craArriHoli crpyKrypofr

rpt4 ubr (2.9) (,&euorpa$lrvecxr.re naparvrerprt) orreHeHr,r cneayrorqrau o6pa:ov:

L"=

| % ,r/r*

000
000
/tooo
'%o 

26%oo o

o t'/o* */t

01

'%t o

t/ 43//15 /',73

o ,%,

00

0

Jc

0

0

0

0

(2 10)

cm6umellbHol

TOB MaTpI{Ubl

,s(z )

rAe cr{MBoJr I
q),EcTBnTeJI6

TpoB MOAenH

TeJI6r{OCT5 },1

B44no, vr
tr, r,r caurri <

Barox+rx B ro

Berr{Ko, o qer

Qyuru+to oa

$ynr<uurz c n

Jx.tHeiHoM cn

34ecr npr
paBEo 3JIeMel

3Hagaer ocm
KOrAa npxpal

cru (2.11) rc
1.C

T.e. ocTaToql
geruquHoi t

rHHetHoe nl

$ynxqratl 1.,(

ny>, xolAa rll

Kax noxa

1.,(r",,,) = 1,

0.6. Hafirr.t :
no 6sr:ro 6u
0.53, 0.530, (

t) Cu., nanpuivt

flpuqeM AaHHbrx 6r,uro uegocrarouHo, vto6rr AocroBepHo oueHrrrb napaMerp

^s" (0 < s. < 1) AoJrro KoKoHoB, ,qalorll4x nonorsell.re n mneur.usuoi cra4.nz
(cnr. ra6:r. 2.1).

Brrqacirensq ("Matlab") rrol<a3bmaror (ratt.Z-2), wo npu MaKcrrManLHo Bo3-

Mo)KHoM 3r{aqeuuu4: 1 govr,ruaurnoe co6crseHHoe qxc:ro lr(I"_): 1.0604,rumr
He3HaqrireJrrrHo npeBblxaer 1. flpu ynrenslrenltu sc 3aKoHoMepHo cHnxaercg H 3Ha-

ueuNe 1,, (cu. Ipu:roxeur.re, cnoiicreo (II7.1)), r npu s" = 0.5 oHo lrre venrlue 1. B
ycrofiwrnofi cra4ufinoi crpyrcrype ronynaquu (rexrope e) .qoMltHrlpysr IoBeHr{Jtb-

fiafl cra4yl', r.r 3Ta crpyKTlpa Hapluraer, B orJrriqr4e or Bo3pacrHoii. ynpasll'enroir
lrarpuqeii Jlec:ru, csoiicrso (<reBocropoxHero cnerrpu ($ 1 .2). Harrir{r.re KoMrrJreKc-

Ho-conp.txeHHblx co6creeHHHx .tncer o6ecneqr.reaer xore6arenrnrrii xaparcrep cxo-
gr.rvocrv r ycroiiunsofi crpyrrype x*.

VnenrueHne s" - 1 sa 0.1 c:rugr.rr:o 3HaqeHlre 1,, na0.0i13 (ra6t.2.2), u eror
$arr ecrs qacrHoe npo.sBrenue o6uleii Kapraabr tlyscmeumenbHocmu )t,(L) x rla'
puaqusM sreMeHroe uarpuqn Z (cu. $ 1.3), noropax o\ucblBaercfl rtampu4efi ays-

To6nu4a 2.2

I{n,rrocrpaqlu uu4nraroproro ceoiicrua fiyuxuwit R,,(L) u Rr(L)
q,ra uarpuqr,r (2.10) npn pa:ru.rHrx :HaqeHurx [apaMcrpa J.

S Il R R

1.0 1.0604 r.886s i 1.0040

0.9 1.0491 t.6979 i t.0032

0.8 1.0372 1.509? 1.0023

0.'7 1.0243 r.i206 r.0015

0.6 1.0104 1.1319 1.0006

0.s10074.. 1.0000 0.999999... I _000000

0.5 0.9953 0.9+3t 0_9997

0.4 0.9785 0.75J6 0_9989

0.3 0.9593 0.5660 0.9980

0.2 0.9369 0.tr:t 0.9972
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52.2. fXLl narneHHoTo 9.epBs Aponectodea caliginosa v craAuftHas Mo,qenb

f =1\{ o6pa3oM:

I
:

(2.1 0)

:aii{rrTL lrapaMeTp
:E€::;l-rbHoii cTa.qfifi

I rv-:i{cIu\faJIBHO BO3-

I*r= 1.0604,rzut
!: -'aI|;+iaerct IE 3Ha-
st -,-xe rteHsl e 1. B
cltpveT roBeHujrb-
:-:oii- ylpaelxevofi
H:-nrqte xolr,rn,rexc-

3*=-rr-r xapaKTep cxo-

:a5-r. 2.2), lr sror
,.:ccmu ),r(L) x na-
r:s.uampu4ei qys-

To6nu4a 2.2

cmcumenauocmu S(L). Brruncnennr lo Qopuyne (1.25) wn HeHyJeBbIX 3JreMeH-

roB MarpHrIbI (2.10) galor rarylo KaprlrHy:

.s(, ):

a a 0318't 0.2624 0.1666 0.0398

0.53280.5650 @ A A A
a 0.0799 0.2322 A O A
a a 0.0425 0.03sr @ q
a a a 0.0825 0.0524 a
a' @ @ 0 0.0508 0.0i21

, (2.11)

t: R.(L)
13tO3 S.

-:ari
:l
-l

=
-_latJ,UI

-i-
-l)l
,].t

rAe crrMBoJr O crour sa ueclax HyJIeBrIX 3JreMeHToe uarpuur,r 2"," rz o3Haqae! rrro
q)tscrBrlrelrr,Hocrr )", no ornoueul{rc I( BapuarIlrrM HecyqecrByrorunx fiapaMe-

TpoB Mo,qenu H€ HMeeT cu;rcna (xou $opua,rruo Mo)r{}Io BEIqIicJI}rTb rr}EcTBLI-

Telrrrr{ocrb }., r eapuauruin Jrro6oro rJIeMeHTa Hepa:loNnvoii Marprubr).

Blrguo, uro pa:nue oJreMeHfr,r Marprrqr'r 2". no-pa:Honay BlM.{Ior Ha BeJrnqlztry ee

1", n cawrff (erlrrrerr,Hr,rfi) fiapaMerp 3To gJreMeHT (2, 2), lols, oco6eii, rrpe6l'F

Baro4lrx B roBeHn'I6Hofi cTaA ri Aonee oAgoro mara. Bstusuue napaMerpa s" Taxx(e

Berr4xo, o qeM cBuAere.mcrnyer r.r rd6r. 2.2. Oguaxo ecrur paccMarpnBar6 2\,r(2".) rax

QynKqr. o oAHoro napaMefpa s", To LBBecrHafl Soprryna T3iilopa &rrt npu6]MrxeHuq

Syuxuuu c noMorrlLlo ee flpou3BoAnlix B ToqKe tc : 1 u npraparqenirx apryuenraT) s

nxHenHoM cnrrae npuHr4MaeT BItn

1.,(s"):1.,(1) + Ar" a)"r/As" + Res,(s"). (2.12)

3gecr npzpanleuae aprlueHTa ecrb At" : 
"" 

- 1, :xaveHue npor.rsaoaxoi dl",/ds"
paano areneury (2,1) uurputJu (2.11) corllacro ero onpegeneuuro, a Resr(s") o6o-
3*uraer ocmamoquuii ,tnen npu6:ruxeulrr, xoroprrfi cau npra6rlrn<aerct K Hynlo,
KorAa npr4panleHue Arc ,4ocraroqHo MaJIo.

Kor4a s" - 0.9, $opv.ylla (2.12) c yrerov ra6n. 2.2 u uurpu4u tllrcrBl{renr,Ho-

cru (2.11) mer

1.0491:1.0604 + (-0.1)0.5328 + Resr(s"): 1.0071 + Res,(s"), (2.13)

re. ocraroqsr,ri qrelr paBeH 0.0420, N 3ro 3Haqlr! rITo nplrpauleHne apryMeHTa

senr.{uHofi e 0.1 c:rauroM BenI{Ko (HeAocrarouno lta:ro), qto6r't rzcno:rgosam

mrseinoe npra6:rrlxeur,re (t.e. (2.12) 6es oc,t.aroquoto uleua) Arx ne,rzucfisoti

S1'nrquu I,(s"). 3ro npr.r6:ruxenne ,{eicteurersHo rpu6;rnNaercr K (opuruHa-

rry>, Kor/xa npnpaqeHlre sc KaK MrrHLIMyr{ Ha noptAoK Mel{brlre, T.e. ne 6o:ree 0,01.

Kar noxasunaer ra6t. 2.2, MoAerbHat nonynltlln{ 6yner cma6unrnofi, r.e.

),r(2",,,) : 1, eoru napauerp sc npusuMaer He(oropoe 3HaqeHHe s"' uex4y 0.5 u
0.6. Hafru :ro :naqeHrre c roqHocrblo, cKarrteM, Ao 5-m 4eclrlrvHoro 3llaKa, Mox-
no 6r,l:ro 6lr nyreu [ocJ]eAoBareJrLHoro nog6opa :uavarqlrx qurpp noc:re s" : 0.5:

0.53, 0.530, 0.5300, 0.53006, 0.530069..., - Ha6rtola.{ B (MatLab)-BI'IqI'IcreHIinx,

7) Cu., rranpuucp, KopH, Koprr, 1974, rIyH(T 4.10-4.
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ffiaBa 2. Mo,qen noBynqqu[ co cra.q iHoli crpyxrypoi

KaK 3Haqaulafl qu$pa, ua i 66nula.r recrupyevoi, aaer l,(s") >1. MoxHo peurarl
cooTBeTcTByrorqyto B6rqucJrriTeJft,Hylo 3aAarly, T.e. HcKaTE perxeHr.re )paBHeHus

det(I".(.r") -{):0 (7.14)

orHoclrre:rbHo Her.3Becruoro .rc craHAaprHbrMrr cpe.qcrBaMr.r <Matl-ab>. I{o ropa:-

,{o npoue Mo)r{Ho Hai4"tv cralvnktup)roIr1ee 3nar{eHr-re s.t c nououqrrc $ynxqut,
orucaHsofi B cne.4yro IeM naparpaQe.

92.3. 14xgnrarop noreHqhanbHoro pocra &(Ll
u Apyrue hHA!|KaTopbl

Hecrrao, px Ha ycJroxHeHtre l',roAe;ru Jlec:ru no cpaBueHr4ro c no4e:rtro J1e$rco-

Brqa 6o:rsure Alr e fXI{ u coorBercrBeHHo 6o:rsme neny.leerix sJreMeHToB B

rpoexquonxoii ualpuqe, noAre)Kar.{}rx oIIeHKe, c),'LlecrByer nerxo Bbtqr.lcJrr{Mat

$yuxqua erux sleuenron, R,(I), auanorruHar (1.17) u clyxarqar' undurcamopo.tt
nom et tyucutbHo pocma \AIIP, potential -grow th inclicator, P GF)), xcllopiur yKa36rBa-

er Ha rroJro)r(eHue 1.,(Z) Ha uuc.noeofi ocu ornoume;*uo I c.legylouluv o6pa:ou:

ropae,

SECTB€

nplj t,
(2.17)

BX(

Ec-r

(2.10).

KOT

an!

-ai
Br

nplr5r

flpr

Ba
3BAHHI

H}iH H]

Ilifi, V

oco6ei
qIO }I

TO,-IHC

3-uit
IIOKO"iI(

Ma
pad, v
XOAHT

rIr(
cKlii (

eT AO-r

HOMep

IIOKA3I

xpaHt'

ro) Cass
r') B Ntq
D) http:,

(2.1.s)

Ecru raxar QyHxqua cyqecrBye! To rrpocrLrMn JrorfiqecK].rMri BbrKJraAKaMrj

(Ynpaxueue 2.6) us yctoeui.t (2.15) c:re4yer BbrnorrHeHr4e aHaron4qHLrx ycJo-
nr.rii, r4e 1", n R, nolremlHcl MecraMll. 3ro :navur, qro ycJroBrr gKBtrBaJreHTHrI:

r< 1l r< 1)
r,(r) l: 1[ e n, (z) l: rI

\> tl b1l
(2.16)

(ctavso.n :xrzsaleHTHocrl4 <+ ttuTaeTc.s ttan ((ecJrr{ rr roJtr,Ko ta rolrxo ec:rr.r>>).

Boo6rqe roropl, ycroeur (2.16) He .qaror oAHo3Har oro r.i KoHcrpyr iBHom onpe-

4enenrlx I4IIP xax $yHx4aa Marputfirrx 3reMerrroB (cu. VnporueHr.re 2.7). Ho o6e-
nraHHarr Bbrrrle lpocrora r.rHAr4Karopa R,(Z) o6.a:ana oreayrorqelry ero nrrpaxenlrroe):

Rl(r)- I -p(L:I lt-l der(1 t). (2.r'7)

rge p(Z) ecrb xapaKrepr.rcrlrqecKr.rfi norrr.rHoM Marpaqu L, a p(L; l, : 1 ) : det(/ Z) -
ero 3HaqeH[e g ro.rxe l, - I .

Iloasloear e,rqru MATLAB:
KoaQQlrqzearu xapaKrepr.rcrvqec(oro noJrr{HoMa :aaannofi vc,roeoI varpn:

qsr I pa:rraepa MxM nosty.tarcr c rroMorqbro crau4apruoff $ynxuuu poly(L), xo-

o) Teplruu npe4roNel o crarr,ax Jloro$er, 2002; Logof€t, 2008.
e) ,rlororfel lieaoaa, 2007.
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>-. Moxxo peruarr
:e:-:ire .vpaBHeHI{t

:. (2.14)

. J.1::Lab>. Ho ropa:-
r --r.!0[t6ro Qluxqzu,

rla &[0

: rro:e-ltro ,TeQxo-
,..:3;N 3neMeHTOB B

: -:::i\O BLI tlIlCJIlIMait
-":="s unduxamopou

" -liJropar yKa36IBa-

::. -Jutulr o6pasov:

(2. i 5)

i!;t\tlt BStKJIanXaMI{

--r]ofHqHLrx ycJro-
:;.! ftsBIi BAJ]EHTHLI:

(2.r6)

i ro,lhxo ecnl4))),
: --ip\40r.rBHof 0 onpe-

=euue 2.7). Ho o6e-

:. 3fo Br,rpDKeHHIO,r:

(2.17)

: i,:1): det(I- I) -

i-i vucnoeoi uarplt-
urrtrar poly(L), xo-

S2.3. flHA Karop noreHu aflbHoro pocra R,(L) fi Apyfl4e uHAhKaroprj

TOpa, Bo3Bpaqaer BeKrop-crpoll.J rB (M + 1) Ko3OOuIIHeHToB, naqusal c 1 g xa-
rrecrBe Ko3SSnq eHra npu crap efi crplealr 1", re. nprz )"M. 3uauenue rIoJrIiHoMa

npu ), : I - gro nonpocry cyMMa Bcex ero KosoQluueHroB, Lt noroMy Bb]pa){eHue

(2.17) nonyvaror nbEoBoM crpoKlt
>> 1-sum(poly(L))
B r(oMaHAHoM oKHe MAILAB.
Ecnrl laarplqa L cogeprxur cI.IMBoJrbHbIe 3JreMeHTbt, KaK, I{arpI'IMep, Nlarpllqa

(2.10), ro euecro $yuxrJuu poly yBt:rrearor tfynrqrzro charpoly:
>>'1-sum(charpoly(Lem)),
KOTOpar BO3Bpa IaeT B AaHHOM CJryqae:

ans= (2489659901-sc)/290832000000+660987/664000 (2.18)

- a6coJrolro ro-{Hoe BrrpDKeHIte AJII R,(f,",,). tr
B npaxr.ruecxr.rx cfiTyalllt:rx a6co:norno rorluoe BBIpalKeHue (2.18) 3aMeIIqeM

nplt6:luxenuuu c AocraroqHoii To.{HocrLro, HanpliMep,

R,(r".) : 0.0085605 s" + 0.9954623. (2.19)

llpnpaearear ero I. rerxo Haxod]t\4 cra6u,rurupytollee JHaqeHxe sc1:

s! : 1t - o.sos+any0.0085605 - 0.530074... rv 0.53007.

B aurnorsuqHofi rureparype 6o.:ree nonynxpen gpyroii uu4lmarop - Rn(L), u.a-

:sauarrfi aucmoii cxopocman penpodyt<1uu (net reproductive rateta)') Ha ooaona'

Hr{r.r Huxecre.4yrorqero. florrycrun, e reryrqraii MoMeHT BpeMeHt{ I - 0 n nony:ra-

rtrlu, ynpaBlureMofi rrarpuqefi Z = 7* l?, uo:uuxno noroe noxonenrze (qenerution)

ooo6ei, vucnenHocrl Korop;rx BhlpaxeHa BeKTopoM g(0) T oii )xe pa3MepHocrll,
r{ro r-r Bexrop nolynsqlioaaofi crpyl.Ilpr'r. Tor4a sa I ll-lar gro IroKoJreHI4e Aaer no-

norrHeHr{e nonynrrlr4rr B Kom{rrecrBe Fg(0), :a 2-oii IrIilr'- B KorlHqecrBe FTg(0), za

3-uii - FT'g\O) r{ T.A., T.e. cyaaaprn'tii ercnad e runotueuue norryrl:g;z^u or oltt{oro

noltoreHus 3a norHoe BpeMJI ero )xl{3Hr.rll ) paleu cylrrr,re 6ecKoHeqHom p,l4a BeKTopoB

.Fs(0) + Frs(O) + FT2g(0) +...: F(/+ T+ 12+...)s(0) (2.20)

Marpuqsr e cxo6xax npanoii vacru BbIpaJ(eHI{t (2.20) o6pa:yor cmenertttoi
pad, u. ou cxoAr.rrcr, KorAa p(I) cnexrpa,r su-sIii pa4r,ryc Ma'rpullrr I He npenoc-

xo,anr 112).

rlro6u srucHr.irr, KorAa BblnoJrHtgrct 3To ycJ'roBI.Ie, ucnolaxltu gevorpaQuue-

crorfi cvrrc:r 3JreMeHroB Marpllubt L B o6Iuev cir1ruae sJIeMeIIT lu > 0 nora:ltaa-
er 4o.nro oco6ei B cranwlr uouep j, rompr're 3a oaI{H rrrar nepexopT B craAlllo c
HoMepoM l. 3ro:uauu1 qro cyMMa Bcex sJIeMeEToBjr-ro cro:r6qa (j : 1,2, ., M
ftoxa3;rBaer AoJrro rex oco6eii e cra1ara j, Koropble K cJreAyouleMy MoMeHTy co-

xpaHqrc.s no aceii nonylluuu. flcuo, sro AoJUr raxux oco6ei panna 1 - d, rle

'o) Cas$'€ll, 2001, $5.3.4.

") B r,.roacm,sux nonyrrrqwrx orto uoNer 66nr' u 6ecrone.tn6lM, cM. $2.4.
t2) hltp : //edu. sernam. ru/book sm,tnalh3 2.php? id: 87 c
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aflaBa 2. Mo,qenu nonynnulax co craEuiHoti crpyKTypoi

d, > 0 - crrlepruocrs na crzauu j. Ecm crraepruocrt na raxoi-ro craAI'IIr HyreBar,

TO C),MMa 3JIeMeHTOB B COOTBeTCTByTIj]eT\I CrO,r6Ue paBUa 1: ec,ra cyvua B Kax,4oM

cro;r6qe paena 1, ro lrarpaua T cmoxacmuvecrcan ( pu:roxeHue, Vnpaxnenrle
35). B o6uterr c:rFae cyMMa 3,leMeHroB B K KAoM cro.r6qe lrarpsqrr 7nenpenoc-
xo4ur 1. Taxlre lrarplrqsl Ha3bIBaIor ty6cmoxacmuuecKrLuu) 14 t4x cneKrpanbHble

paAnycbr, p(7) > 0, geiicrBureJrbHo, He rlpeBocxo4rr I (Ynpaxnem4e 2.12).

Llrax, psl (2.20) cxolurcl lr ero cylrua (no ana:rorvu c y6blBarouleii reoMerpLl-

vecroii nporpeccueir) pavua F(I I ) L. By4y'li neorpuqare:rr'nofi, 3ra Marpllqa

r.rMeer corrraclro reopeMe fleppoHa Opo6exzyca (llpllrroxesne, $II.7) gorlN:raur-

Hoe co6crseHuoe qncro, coBraAalorlee c ee cneKTpaJIbHbIM pa,{rlycoM, oHo-To Ii
cnyxl4T HHAUKaTOpOM

Rn(/): o[F(I I) '1. (2.2 l )

Cogepxaren;nsri cMLIcir cJ ,IMLI BexropoB n resoi qacru nrrpaNenur (2.20)

Aaer HaAexAy, qro Marpl4qa F(I - T ) I srulel ua cyar6y uonynqall B TepMI4-

Hax ee pocra ulu y6sllu rax xe, KaK n AoMuHaHTHoe co6crseHHoe uuclo l,
uarpuqr,r Z, a r4MeHHo, 4aer y6unr florly;Ulquu, xorga Ro < 1, pocr, xor4a Ro > 1,

u cra6lrru:aquro fipr paBeHcrBe Rn e4nunqe. (Dopua,rrao gro o3Harlaer SKBI4Ba-

JreHrHocrL Bcex ycnorui;i (2.1 6) alr $yllxquu Ro(I), ze. unduxamoprtoc ceoicmeo

$yHrrlnu R^(I) (2.21), u zro caoilcrBo ycrauoBner{o KaK MareMarltqecxufi $anrr3),
np[r{eM Arr uarpzq tr ropas4o 6olee o6rqero crpoeurula), vel't y uarpnu Jle$ro-
erua (2.5)-(2.6).

llpuuep 2.2. Ha rpnuepe MarpLIqLI (1.9) y6eguvcr, qro B cryrrae MarpI4IrI'l

Jlecln ZIIP Ro(Z) corna4aer c R,(l). IlpelcranneHue uarprluu (1.9) B BI'IAe cyM-

MLr ee lepexoAHoi u penpo4yxrunsofi qacrefi oqenr.rano:

53

0

rrocJre qero oraraeuue pl4a (2.20) npull.Ilralor c:re4yrorqrzii nrg:

0 00
01[
0 8fl
0 00

s:sesq 0 0

1r) Cushing, Yicang, 1994.

'o) Li, Schneider, 2002.
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ro cTa4fiI.t HyreBas,
:I C)I}IMA B KDKAOM

:=re- YnpaxHeHr4e
:rrrirr ZHe upeBoc-
! tl]i cneKTpa.[5Hr,re

:-::HHe 2.12).
;.:mueii feoMeTpH-
ii{or"rj 3Ta MaTpHrIa

:- iII.7) AoMr.iHaHr-
:;i1'coM, oHo-To ll

(2.21)

.-;pa'/KeH:da (2.20)
r\:\sr\r4h B TepMIt-
:::EHHOE TIIICJIO }"I

:'-1!-r- KOrAa -lRo > 1,

: -13ilaqaeT 3KBHBa-

:rtDHoe caoucmao
E:-iice c Kr.iii 0aKrrr),
.l lrarptrq JIe$Ko-

: .'-nrlae MaTpI4IIbt

n I 1.9) B BrrAe cyM-

52,3, ly'HAxKarop noreHrlranbHoro pocra R1(L) 14 Apyrre nHAuKaropbr

Bce crenealr uarpnrlr,r ?, Haqr4Haf, c 5-oii, oxa3anr'rcb paBHrrMu HyneBoii Marp r{ue,

trolTBepxAa.s reM caM;rM cMhIcJr rlapatverpa M: 5 KaK MaKcr4MaJrLHo Bo3MoxHoro
Bo3pacra oco6efi B uoAe:ru JIec:rlr. OrcloAa cyMMaBcex creneHei,rraqr{HaJr c nyreroii
I0- d ror5r.reuuar ctoxeHr4eM lltrri cJrataeMrrx me6o rax c)MMa 6ecxoHerlHoro
prAa no H3Becruofi tpoplry:re, ecm

nocJte qero HyreBhre crpoxr,r Marplruu F o6nyruror B rrpou3BeAeHltl Bce crporl4,
KDOME NEDBOii:

+ b4s1s2s3) (brst I b^srsu) (h + b4h)

a 1 o o ool
I r. 1 0 0 0l

I + Tt + T2 + T3 + To: (I T),:l srsz sz 1 0 01,

I trt. 525: s3 f 0 |
Lslsz-s3s4 s2s3s4 s3sa sa lJ

,; 
:l

o ol
0 0l
0 0l

0
0

0
0

0
0

0
0

0
0
0
0

0

tu%nn

t3t/ 60//400 /83

(2.22)

5! 0l
0 0l^ ol,; 0l
001

c 0.1

c 0l
c 01,

0 0l
col

Crpoeune lrarpuqu (2.22) - zro uacrNuii cnyraii 4uaroaa:nuoi uarpl 16r, r.e.

F(I -T)': diag{&rstsn + &as1s25s, 0, o, 0, o},

a cnercrp AuaroHa:rsnofi uarpuqr,r ero ua6op ee ,Er4aroHarbHrrx e:reuenron (cv.
Vnpaxnenue 15 s flprrioxeHun). Iloerouy cnempa:nnrrfi pa.qlryc p[F(1-O ']
oH xe AoMHHaHTHoe co6crseHHoe qlrcJlo - paBeH MaKcr{MaJrbHoMy AnaroHaJrbHo-
r\'ry 3neMeHry - sneMeHry (1, l) e gauuou c:ryvae:

PIF(I T)'l: b.srs, I &*srsrsr.

Taxuu o6pa:ov, I4.IIP RoQ) (2.21) corna4aer c Rr(r) (1.16), vro u rpe6ona-
rocl. I

V uarpuq Jlerfro Bvqa cv'tya\v,s, c I{IIP Ro@) u R,(Z) yxe znax.

Ilpnruep 2.3. Marplrrla,Ile$noeaua (2.10) gnx nortystxquu A. caliginosct utreer
BIiA:

0

,tc
ooo0%.t%oo

0
L -T +F:

t%t

t/ 43/./15 /',73

13/ ',7/
./'73 /aO

1\/

0 780
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faaBa 2. lMoAerru flonynrq!4 co craA!4iHoti crpyKTypoi

Ta6ru4a 2.3

tr4urccrpaunr uuAr'rKaropHoro cBoficrna $yurunii Ro(Z) r R,(Z) ana uarpuqu (2.10)

npu pa3nHqHl,lx 3Ha'IeHI4'X napaMeTpa s"

l"r p
__0 R__l

1.0 1.0604 1.8865 1.0040

0.9 1.049 r 1.69'79 1.00t2

0.8 t.0312 1.5092 1.0023

0.7 1.0243 1.3206 I .0015

0.6 1.0104 1.1319 1.0006

0.53007 4. . 1.0000 0.999999.. 1.000000

0.5 0.9953 0.9433 0.9997

0.4 0.9'18s 0.7546 0.9989

0.3 0.9593 0.5660 0.9980

0.2 0.9369 0.3't73 0.9972

npuqeM e,{uHcTBeHHas HeHyreBar (nepsar) cTpoxa Marpr4rlBr -l?,,, orpaNaer ror
Sarr, vro nononueHne nonyJllrlrl4rl lpol{cxoAuT ToJrEKo B o,nuoit (nepBofi no c.{ery)
cra,4ur.r xfl.{3HeHHoro quxla (rrac. 2.3). B 4anrneiureu (l:raea 3) 6y4er BrrAHo, qro

TaK 6LIBaer He BcefAa, Ho B AaHHoM cJlyqae HyneBoe ((Tero) Marpl{qLr -F cyqe-
crBeHHo o6rerqaer BLFrxcreHLIe Ro(Z) no Sopvyre (2-21), ocranmx B Marpliqe
l7"*(1 f.,") I ronrro nepeyro ueHyJreByrc crpoKy (xax ra n cnyvae lrarpuqu Jlec:ru) :

, (2.23)

MEH-s'

ETC{ K

pa3.B(
BbINOJI]

>> forr
n
IIos

KaK Cnt

Bu
cIIeqHr

B qe\{

s;:u
XEHfiE

OTHOCI

Hap

c Moae

reopeT
afoHail
o4lorc
fOBBC

Pacr

K]{x Bp

Itrpl{ I

LltI]4 - r

HLIe qt

Ha BTOI

Jrl

Ha Tpe

F (I-T \-I :

2489659901s"11319694000 * * '. :k *

0

B Koropofr A[.{ orblcKaHrfl cneKTpaJIr'HoI'o paAlryca BaxeH rHtllb nepBbM ee SJreMeHT.

Ilo,rseosare,.rsN{ MATLAB:
Marpmly-eaunuqy pa3Mepa nxn 4aer Oyrxuar qye(rt). Ilosmuy BbFILIcrIeHIrt ro

$oprr,ryne (2.23) c saAaHubrMr{ orMBorII'_Ho uanplalaw Tem lr Fem esmomrxeu crpoxoii

>> Fem.(eye(6) - Tem)^(-l), : q!i9. 
I

Koropa.{ Bo3Bpaqaer cnMBoJIbHyIo Mnpw\y (2.23).

flocre roro rcax I4IIP Ro ra R, :a,4aHrr coorBsrcrBylorquMl BbIpa)KeHI{tMI4

R0Lem u Rl Lem c cuMeoroM sc, ux qlrcJreHHbre 3HaqeHr.rr rpr4 KoHKporH6IX 3Ha:
r{eHHfx sc loryqaeM ]IocJIe,4oBaTgJrbHbIM BbInOJIHeHr4eM CTpOXU

>> sc=1 [eval(R0lem), eval(Rl Lem)] Enter I

1.8865 1.0040
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Ta6ru4a 2.3

r rrarpuqu (2.10)

i

-F_ orpaNaer ror
, ;epBoft no cqeTy)
fger elr4No, uro

lr.lrpuubr F cylre-
:::B-IrJr B MaTptrqe
: rrarpuqr,r Jleclr.r) :

I

I

|, (2.23)
I

I

alBbti ee 3reMeHT.

.ry' BLITMCJTeHIIt no
5 O-rHrreM cTpoloi

,1rr BEIpa)KeHlItMH

I \iOHKPETHbIX 3HA.

S2.4. Eule pa3 o A aroHanbHbrx sreMeHTax rpoeKl/oHHoi Marp qbl

rren.sr (1> Ha rry?KHoe 3HaqeHne. OAHaII(AII riclo:rHeHHatr crpoKa BHoBb flpeAJlara-

ercr K ncnoJrHeHnro B xoMaHAHoM oxHe, ecrll HDr(aTb r!'laBr lry (<1r H)DKHoc !fr{c,To

pa3. Eonbrnee qncro 3xalraqrlx qr.iQp I oreere noJryqalor nocne (o,qlroKparHoro)

BbITIOJTHeHIi{ KOMaHAbT

>> format long
Ti

Ilosrouy c norlrvecxofi toqnocrsrc

R oQ. ) 
: 248965990 1s" /13 1 9694000,

KaK cle(rparrLHbrfi paauyc warpuqvt (2.23).

(2.24)

Bsrpaxeur,rl (2.19) u (2.24, oqeB.[tAHo, He coBrlaAalor, ]ro Kax,{oe v: grlx o6e-

creqnBaer rrnAuKaropnoe ceoicreo (2.16) e conocraBrleHl{x c },,(2",,) @afu.2-3),
B qeM JrerKo y6e1ttbct nogcra:roeroi gnaqennfi s" r,tg ra6n. 2.2. 3Haqeuue

s"t : 0.530074..., uafigennoe r.r3 ]?aBHeHxr R,(t"-) - 1, o6parqaer n 1 r.r nnpa-
Neuue Rn(L.^) (2.24).8*tltto,'fio I4[IP pema:or sa4avy uIr4r'xaqr'ru noloxeur'rx l,
ornocurerrr so l, Ho uurax ue :a4aqy anlpoxcuMauuu 1,,. n

$2.4. Eqe pa3 o At,taroHanbHbtx sneMeHTax
npoeKqroHHor Marpuqbl

Hap.agy c neocnopriMblMlr npeliM)'Iqecreaurz lrogelN Jle$rosuva no cpaeHena:o

c MoAeJrrro Jlecnrl, oaa co,4ep)KI{T ,'I Heycrpa}Ilrurrii (l patmar arom Qopuau:ua)
reoperuuecrufi l,tsBIH, cBoIiM cyulecrBoBal{I{eM o6.tsaHxr'li1 noro)K:umetlHbLtt ilr4'

aroHaJrbHbrM 3reMeHTaM MarpuIIbI L Q.5), 6mropapx (ompI'IM HelryneBoii BKJIar'l

oAr{oro noKoJreHI,It B norrorHeHue IrorryJr;tllljr4 Bo3Moxeu sa 6ecrogeqnolr qucre lt-ta-

roB B coorBercrBlru c (2.20).

Paccvorpuu, HanplrMep, cynr6y rropoii cra4uiiHofi rpynnLl Ha HecKoJrb-

xux npevenuilx ruarax l: 0, 1,2, ... . Cornacno nepsoMy u: ypanrieuuii (2.3)
(npu I : 2) no:ryvaeM Ha rlepsoM Ilrare:

rr(1) : s' ;r' (0) + rrx, (0),

rrJru npri HaqaJr;nofi crpynrype -r(0): [x,,a,0,...,0,]r,r4er, LId noJloxarerl-
H5IE qIICJIA:

rr(I):srx,+r"a;
Ea BropoM lrare c yqeroM fiepBoro, re. paaeHcrna (2.25):

(2.2s)

xr(2): s,r,(1)+ rr:rr(l): s,:r,(1)+ r, (s,x, * rra): s tx,(l)i rrs ,x, + rr2 a;

Ha rperLeM rxare c yqeroM Btoporo, epBoro H pacKpblBat xBa,{pargr,te cr<o6xr'r:

x2Q): s Jt(2) + r 2x"(2): s,x,(2)+ rr[s,:r,(1) ir, s,:r, + rr'?a] :
:sr xr(2) + /r,tr tr(1) + rr2 s ,x,+rrt a;



FnaBa 2. MoEenla flonynqqr!4 co c:agxfiHoi crpyKrypoi

r.r r.,4., rra rrrare I > 3 c yverov ( 1) u rcex npegr,I;0,'rlrux uaroB

rr(l) :sr xr(/ -1 ) + r rx:2(.t -\) s,x,(t -1) + r2[sr "rr(/ 2) + r rx (.t 2)):
:s, x,(l ...1) + rrs, :r,(t 1) + + r 

12 
s rx r(l 3) + ...'r s, r,Q') x, * rr' a - (2-26)

Cepur ypaoneHrfi (2.26) toxazunaer, rrro Ha KaxAoM Irrare l: 0, 1, 2, ... lo
nropofi cragrlilnoii rpynne npuclrcrByer I.IeKoropaq Ao:rs oco6eii u3 Ha.Ia,'Il'Hoii

r(orooT5r. a uMeHHo.

a, rra, r12 a, f 
"1 

a, -.., r'.'a. (2.27)

flocxornry r,< 1, nocre4onarorHocrs (2.27) y6lrnaer ll crpeulrrct K HynIo [pLI
I -) co. TeM He MeHee, xax<gr,rfi ee .r:reH orJruqer{ or r"ryJrrr, T.e. qacrr, Haqa,rbHoii rorop-
mr oco6eii, Bo3pacr Komphrx rro cMLIcJry rcrneaeu (sctouauM lrapaMerp M us $2.1)
coxpaH.{ercr B norryrr4tlu 6ecroueauo gotro.

3ror napa4oxc <eeqnoi xlt:gu> ue Mernaer nprlMeHenraro uogelll JleQxonu.ra,

l.16o <<neqHa.g) qacrb noflyJrrrlll4lt co BpeMeseM craHoBl{Tc.t cno,rs yro4uo ua,lofr
I-r Bo3Hlrratoua{, KaK cJre,qcrBxe, cucreMarl{qecxat oura6xa cranoeurct MeHbflie
ge,'lllquHrtr5)

rrM*tl(I r.), (2 28)

Koropyn MoxHo cpaBlrrrBat c ourN6xaltu :runupr{qec(Ltx .{aHHrrx. B ftaee 4 \asr

paccMorpr.rM rrln uo.4elefi, KoropLle I436aBreHbr or rlapaAol(ca <<geqsoii xugnl,Irr

H cnoco6gsr socnporr3BoAaTr, 4aanrre ua6mogeHufi c reoperuuecxu a6co:nornoii
TOqI]OCTLIO.

$2.5. YnpaxHernn

2.1. 9euy paeNa A:tr.rreJrbHocrb epelrenuoro rrrara Al B MoAeJIIl, coorBercrBy-
rorqefi f,KI{ ua puc- 2.3'} (Vxasauue: qacrb oHroreHe:aj -+ a1 -+a2-->a3
-+ a4 ynragrruaercr a I rog.)

2.2. l4cxogl. uz cvrrcla xoo$$uqlreHroB penpoAyKrlr4u b^r, ...,b* (52.2),,qona-

xtrTeJ ,lTo l-.tx KoJt/L{ecTBeHHLle jHaqeHu, ue npceocxo4lr l.
2.3. KaKosa no.qNrarpura perpoAyrflIrBHoro rApa Marplrurr (2.9), rorga b"o : 0?

Koraa 0". : 6.0 : 0?

7-4. Bsnucatr ycnoBvfl, nns. MaTpLIITEI (2.9), npu Koropslx xapaKrep cxo,,xl.tMo-

cru r(l) x parxoneclroil crPyrqpe:
a) ro:re6aremusrii;
b) lroHoronnrri.
flpuuecrr.r comBercrBylourlle qlcrerHble npllMep;r.

2.5. C nouorqrro (Matlab)) npoBepurr, c[paBe5nl4Bocrb yrBepxAeHrrt o [o-
pr.{Ke np}rpanleHr4t apr}MeHra B npu6.rlrx<eHuu (2.12) (2.13).

15) Logofet, 1993, $3.1.A.
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S2.5. YnpaxHeHMt

a:

- -)l-
.' - t!:' a. (2.26)

: ': 0. 1, 2, ... eo
i-erl n: Ha.ra,rtHoii

(2.27)

}[-i--q K HJOI}O npr{
; :::iaBHOt KOr'0p-

n:'rsTp M rs 52.1)

::::u Jledtxonnva,
:--: )TOAHO ManOH

::oBttTcs MeHbrue

(2.28)

=i'i.Bhase4Mrr
. Be.rHoi xrl3Hu)
::--rlr a6co:ttotgofi

:?1. cooTBeTcTBy-

-+ a1 >a2-+a3

.- r.. (92.2), aora-
: l.
l-9 i. xoraa 6.0: 0?

:paKrep cxoAHMo-

Bep;{(IeH { o IIo-
r t?l

2.6. ,{ona:arr or nporuBHoro, qro n3 ycrorldi (2.l5) cJre,4yer cnpaBeAJruBocrb

aHalorurrHbrx ycronlri, rge 1,, lr R, nonenr.nucb MecraMH.

{oxa:am, qro ecru HeKoropat $1uqlx R(L) *rl'ercr, tr{IIP, re. yloe'rer-
Boprrer BceM ycJroBlltM (2.16), m analrorlnurrMri csoicrgaMr'r o6:ra4aror u

$ynrcquu R(Z)'?, R(Z)r, .. . llpurryuars uuoit nprn'rep neoAno:Haquocnr tr4IIP.

a) Ecnz ganHr,re ua6lro4euuii noKa3rrBaror Haluqrae oco6efi crapuei no-
:roeope,rof c'raguu a4 B crplxr)?e nonyJUrrlr{u A. caliginosa B TeqeHI4e

HecxoJrbKrix Jre! To AonycrxMo Jru 3HaqeHr4e ra.r = 1 y :leuenra (5, 5) va-
rpust r (2.9)2
b) Kaxorr,ry nocrynary MoAeJrIr (2.4) cooreercrsyer :naueuue r"n = 1 y t,re-
neHra (6, 6) uarpuqsl (2.9)?

2.7.

2.9. flpoeepurs 4asurre ra6r. 2.2 u 2.3, ucnom,syx <Matl-ab>.
2.10. Kaxoeo MaKcr.rMaJTbrroe 3HaqeHHe I,, ecrn yeenuurnar; (r 4orycrrmrx

npe4erax) sreveHr (5, 5) uarpuqst (2.10)?

2.71. *Haiinu )", Marpr{rrr,r (2.10), rorga ee eleuelrr (1,6) paneu 0, a (6, 6) pa-

seH 80/83, npn AaHHbIX 3HaqeHrrtx npoqllx napaMerpoB r.r.Jc: 0.3. (Yrca-

3a ue'. cv.. Logofet, 2013.)
2.12. I4ssectuo, qro crreKrparbHstir pannyc cmoxacmu'tecrcoii Marpr.rr.{6r paBeH

116). AoKa3arr. or [porriBHoto, qro ecJ]r.r B Marprrqe 17ecrr, cro.r6eq, cyu-
Ma 3JreMeHroB Koroporo venr,ue l, ro p(4 < 7. (.Vxasarrue: cu. flpuno-
xeaue, caoiicrno (1I7. 1).)

2.13. Eclu se npr4Hr4Marb nocryJrar (Be-rHofi xo{3Hta> ($2.4), ro Bo3Moxr'rLr Jr4

3na.retul- r M, = f ,: 7 n narptlue (2.5)?

16 Cv., rranpr.rvcp, Horn, Johnson. 1990, $8.7; Ynpaxuerue 35 n I lprrlloNeaau.

2.8.
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