
rflABA 3. MoAE'|U nonynflquLl
c ycl|OxHEH H bl M x143H EH H bt M 4l'1 KITOM :

YCKOPEH KIf 14 BO3BPATbI

$3.1. XrerexHbrfr qlrKn ta uJKara oHToreHe3a

I4: npe4u4yr.qefi rnaB;r Mbr y3Hairlr, qro 6uororuqecroe 3uaHr.re, neo6xoguvoe

Arr nocrpoeHrxr Marplrvnofi vogerrE, $opva:ru:onano r erlge fXII zparpa tcus-
HeHHozo ryurc a oco6eii gannoro eu4a. Ha calrou 4ere Qop*ra.nn:aqlu naqlrnaercr
eue paHbrxe, c raK Ha36lBaeMofi utrcanat oumozeuesa onpeAeJreHrrr AricKperr.r;rx
cragrEfi, xoroprre oco6a npoxo4rr nocJreAoBareJrbHo B cBoeM pit3Brrrrrl.r or pot(,qe-
nux 4o ru6e;ru, - a f,KI{ crpo}rrct corJlacHo cBeAeHurM o roM, rtaK orv cra4rfil
rrporeKaror B peairbHsrx ycJoBu.tx Ha6:nogelrrlfi unu excttepvMeHTa c KoHh?erHbrM
rnaroM BpeMeHI.t.

Ilpulrep 3.1. Ha puc. 3.1 npe4crar:rena [rraJra oHroreHe3a npoJroMHuKa aJr-

6agcroro Androsace albana rpaBtHllcroro ,illo HoKapnuKa (r.e. qeeryrqero :rums
o.qHaxAr,r n xlrsur.r), Koropbrfi 3aHeceH n KpacHyro KHury, KaK peAKr{fi er4 na rpa-
ur.rqe apea:rar). B reueparueuofi $a:e pacreHux 3arlBeraror u npor43BoAqr ceMe-
Ha, BnocJreAcTBrir4 rrpocblnaTorluecs Ha noBepxsocT;, nocJle qero oruuparor, B
na6nro4euu-ax Ha rrocrotHHlrx npo6usrx nlorqa4xax2) [pocJIexIrBaJrI{ r.BMeHeH}rt

B CraTyce KaxAoro pacTeHr4fl AaHHoIo BlrAa c MoMeHTa npeAr,uyruel{ repenrlc}l
roA Ha3an rr perucrpr.rpoBanl,I flolroirHeHlle nonyJrrquu. lloHarHo, rtro B peaJrbHo-

cTLI IOIIOJIHeHIIe npOI4CXOAIIT B pe3ynlTaTe npOpaCTaHU{ CeMJIH, T.e. nOslre Oco6ll
norBr.rrorcr B craryr4 npopocrra, veny e fXIJ coorBercrByer penpoAyr{rtrBHat

Ayra pl 6 g(puc.3.2). O4naxo x MoMeHry oqepeAHofi nepenacr.r qacrr, [popocr-
KoB, rrorBr4Brrruxcx necnofi, nperparl{Jlacb yxe B roBeHI[roB, a B orAeJrr.Hbre foAbr

A Ke B uMMar)4)Hbre pacreHus, TaK vro n fXIJ rorelrrorcr BTopar n rperr,r Ayru
penpo4yxqnu j 6guim6g.

Eqe ogua oco6ennoctr xrr3HeHHoro quxJra cocrorir B ycKopeHHoM pa-sBI,ITI.Iu

HeKoropbrx npopocTKoB: 3a oAI]H roA oHh ycneBaror poilTn roBeHunlHyro craArrro
H AocrnqL r.rMMarypnyro, -reMy B f){I{ coomercrnyer ayra pl q im (plrc. 3.2).

B pesy:mrare pa:MepHocrb BeKTopa crpyrcrypu :roi nonynxqlur x(l) paeua 5 lr
rpu coxpaHeHun ecrecrBeHHoro roptAKa ero rouroHeur, x(l) : lpl(t), j(t), im(t),
u(l), g(l)lr, rpoexrlnoHHar Marpwla L: ?+ F naoge.riu

x(t + 1) : Lx(t), t : 0, l, ... (3 1)

npr-rHr]Maer BUA

1) https ://cicon. ru/androsace-albana-kk. html

') JloroQer r ap., 20176.
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53.1. X 3HeHHbri r-l Kn fi urKana oHroreHe3a

0
0

nqHH
x IHKJIOM:
rbl

trmreHe3a

E :ri:i:Eue, neo6xogulroe
tx --,AJl - zparla ucus-
mr:I3iiuH,{ Haqr4HaeTcs

P-\"J:]EHHqAUCKPETHbIX
Era 33BIrTr4r,I OT pO)KAe-

:; :L}]t. KAK STII CTAANI{

p,xav3Fra c KoHKpeTHbIM

r:=e3a npoJIoMHlIKa an-
; r,-e. qBeTyIqeIO JII4IIIb

*-ii peAXHt BI,IA Ha rpa-
ilT rr [poI43BoA.sT ceMe-

!tr:le qeIO OmrUparOr B
L1:-l exil4Bajln Li3MeHeHlIt
:pe-lbuyqeli epeflHcr
?SJITHO, qTO B p?AJILHO-

ElurH. T.e. uosue oco6u
:B\€r penpoAj,a.uI{BHat

]enHcII qacTb rrpopocT-
L a B OTAeJrbHEIe IOA6r -
r BTOpa.r H TpeT6.{ Ayrr4

', c Kop eH H o.I4 pa3BltTllr.r

i Fo BeHHJIbHyTO CTanxrc
: pl q im @uc.3.2).
i1-uulru x(t) panna 5 u
nr) : [pt(t), j(t), im(t),

(3.1)

L=

00
00
00
/0

(3.2)

0000a
0000b
0000c
00000
00000

c 3JreMeHToM (3, 1) = e > 0, xoroputfi BbrBonrrr crpyh'rypy Marpltqbl It3 K:racca

Jle$xonuua (2.6), uo coxparrrer o6rqee npozpeccuzrne HarIpaBJIeHI4e Bcex oHTore-

Heruqecxnx nepexoAon r fXI{. !

r*,1

rftr'/b4[
Prc.3.1. lllKara oHlofeHe3a flpolouarra an6aucroro Androsace albana: pl npopocrr<r;j -

IoRerrn/rbirtle pacreltr'u; im lrnruaryprr,Ici v - Btlpr'!,IFl4,rbrlItei g reHeParr4Brrble
(Iuro+cr u nP..20176)
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Puc,3,2. flKl] fiponoMrrfi<a ar6aucxolo Androsace albana: o6ossa'teHxt l<a( Ha Pr,rc. 3.I.
Culotuuue crpexr<lr o6o3lta.Iaxl'f orrrorcueu{qec(4e rlepexo4hr) urpr4xolfie -
4yru PenponyKII rf.
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fnaBa 3. nonyngqtl c ycnoxHeHHbrM xt43HeHHbrM r-lr4KJloM: ycKopeHfiF 14 Bo3Bparbt

Boo6qe, npu noc:re4oratemuofi uyuepaqnr.r craguil n coorBercrByrorqllx Bep-

urus fXIL Ay.y O - @, cooreercreyouryro 3rreMeHry r,. Ma:rprrrl;r nepexoAoB

T, 6yvev csrrrur, npozpeccultlbtv epexo4oM, ecrr4 i > j, u pezpeccusHbtr4, ecJru

)KeHbr B TpeyroJrbHr.rKe HIt)Ke DIaBHOH AI.IarOHanU, a pefpecCriBHbrM B

TpeyroJrr.HnKe BbIIIIE HEE'.

IlpoexquonHue Marpr4rlbr, crpoeHrrro Koropbrx orBerraer f)KI{ ro:nxo c npo-
fpeccrrBHbrMrr nepexo,qaMr4, 6t tnu uasn.a-utt uampu4cLuu "AozoQemao). flpo4or:xas

Qopruy:ry (2.6) ftaru 2, no.ryuaerra grx uarpnq Jloro$era

Logofet: LeJkovitch +
0

0
*0

(3.3)

(xpynuuii ny:r obosnavaer rpeyrorbHBlfr
rpuq o6rqero nu4a

6:ror Hynefi), a Am rrpoeKqrroHHbrx Ma-

0
*0

::

Lgen = Logofet +

0*
0

0

'.. : :

0*
(3 4)

hrc J.3

Prtc.3.1

rioTop(

r*ri n
H3 Be!
sa6:lc
B CTAT

E pefr.j

E. cau

3aneuauue 3.1 . Ec:rrl v.arpwp L (3.2) sagaua qrrcJreHHo, To Arr BbrrrucreHu.{

cnerrpa Z He BaxHo, cqr{TaeM JIrr MLI grreMeHTbr a r.r b rcoe$QraqueHTaMrl perlpo-

.4yxqrrr{, perpeccr{nHr,rx nepexo4or (KorAa oHr{ MeH;rrre 1) rl:rrl ux clnrrvroii. Ho A:r.s

oqennu roe$$uqrieHToB no 4annr,Iv ua6nrogeHui (r e. atr^ rcanu6poercu Nrarpnu) .

4euorpa$uuecrufi crrlr,rcn nos$@lrqueuror [puHrIanuanbHo saxeH. BaxeH oH

rr BcroAy, rAe npu BllqrrcJreHr{r1 fipoqnx MoAeJTBHLIX xapaKTepI.IcTr{K r.rcrroJrb3yroT

npegcrar:renlre Z : T+ F.E
Ilpuuep 3.2. Ha puc. 3.3 npegcrasleua rrrnaJra oHToreHe3a ne:a6ygovurzSa

xasxa3ctoro Eritrichium caucasicum rpaBsHncroro nonuKapnuKa (r.e. qeeryrqe-

ro HecxoJrbxo pa: e xu:uu) KaBKa3cKoro gHAeMr.rqHofo Bblcoxoroploro Br{Aa,

r) x oguaqaqr oreMetrT, r<oropnii voxer 6r'nr' rloJrox{rrrcJrr,HbrM.
a) K,roqrcsa, 2004-
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F
53.1. X 3HeHHbri rl Kn !1 uKana oHToTeHe3a

;r]:BJTCTByIOIIIIX Bep-

: U:IPHIT6I NCPEXOAOB

t _:eapeccuaHbrM, ecrv
::3e\o.qaM, pacnono-

L: RrpeccI4BHLIM - B

: I--iill ronr,Ko c npo-
! J : -:m d). lipo4o:rxa-a

i'l ?\

I tcu:

Prc 3.3.

![ ::\EIiLluoHHblx Ma-

Y

'ri@(3.4)

- :.] ].IJI BEIqI,ICJIEHU'

lic !&teHTaMr,r penpo-
e ;r cyr,avofi. Ho g.rr
r;tuSpoexu tvrarpw\)
i:, Balr(eq. BaxeH oH

+:!CTHK r,rcrroJl63).roT

=e:a ne:a6ygovur.rra
rrz,rz (r.e. rlBeryrle-
;;;oKofopHoro Brr,4a,
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Osroreneurqecrne cral\fiu Eritrichiufi caucasicum: pl - npopocrrr; j - roreilorr-
rf,le PacTerrrr; va BrprrHrrni.Ilue ,r BsPocnbre qe(BeTy lr{e; g reHepaTr{BHr,re;

gt - repMrfianbHo renepalBusle ()lororfer r'r Ap.,2016a).

pwc,3.4. Ipa$ xnenerltoro qr,Iua uesa6yTloulrra(a i(aB(a3cKoro Eritrichium caucasicufii

o6o3ga.reqr{t l<aK Ha prc. 3.3.

KOTOpOTO CqUTaTOT XopOTKOxr.rByIIIlrM (ShOrtJiVed) MHororetsuxou5). I4lluaryp-
Hhrii nepHoA He BLrAeJUIerct; ecrrt oAIrH rr3 reHeparLIBHr,IX no6eroB o6pa3oBancq

rrs BepxyneqHofi rorrxu, To flocre qBereHltt pacreHlie noru6aer (craqua gt). B
Ha6nloAeHu.{x Ha rrocrofHHblx npo6Hbrx nnoqaaxax5) pocJrexxBaJll{ u3MeHeHIrs

B craryce KaxAoro pacreHlt.s BIiAa c MoMeHTa npenbr.Ayulefi rrepenrcl{ roA Ha3aA

14 p€n4crprjpoBanr{ nonorHeHue fiorlyJxlulru. Kar< ra e flpuuepe 3.1, uoeue oco6rz

E. caucasicum no{Brs}orct B craAI.IIt npopocrra, oAHaKo nocJleAyrorqrzfi nepexo4

') ,[oror]cr r,rp.. 2016a.
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fflaBa 3. nonyngql,,lt4 c ycroxHeHHbrM xtl3HeHHb|lM UuKnoM: ycKopeHrq r Bo3Bparb]

pl ) j nporicxoAnr AoBoJrbHo 6srcrpo, e flpeAenax oAHoro Bereral1l{oHHoro rreprl-

o4a. Iloorovy e fn{IJ @nc. 3.4) cra.{ upluj o6reArtrenH e oaHy j, nyAa lr nponc-
xoArir ronoJrHeHrre noflyJltqliu oT AByx poAtrren6cKrtx rpynn - penpoAyKTI4BHLre

AyrH j *1 g u j ^ gt. Ognaxo pa::rnuNtb rroroMcrBo poar.rre:reil gnyx pa:nrrx cra-

4lrfi Heno:uoNno AocryrIHbIMIr MeroAaMI4 na6rro4enr,rx, I.I 3To Bbr3LIBaer orpeAe-
JresHrre rpyAHocrr.r e xarrz6porrce uarplqrr Z, o ueu nofiAer peqb ulrNe e $3.3.

Hapr4y c rIocJIeAoBareJIbHbIMIl nepexoAaMrr Ir3 craAIIm B craAlrlo 3a oAIrH roA Ll

ycKopeHneM v et gt, ua6:Iloga"urcr rarc{te 3aAepxKlr B cra4uxx v n g, o6:stcHl4Mble

TeM, qTO HeKOTOphIe BLIpTI'IHI'IJILHLI9 pacTeHlfi HaKanJIIIBaIOT peC)?CI'I AJUI IIJIO,IIOHO-

rrreHrrr AoJrbrrre oAHoro roAa, a KoporKlrfi aereraqnottusti ce3oH npl{BoAnr K ToMy,
qro He Bce reHeparxBHbre pacreHHt ycneBaor pea,'lB3oears ceoi uaroruteHHsti no-

TeHquaJr nJroAoHoneHns5). BaNHofi oco6esnoctuo f}KI{ mlxercr p ezpeccueuut fi
nepexoA v <- g Kax cJIeAcrBI{e He6naronpumurrx KJltMarI{qecKr.IX yoronltfi u ne-

xBaTruI pecypcoB IeHepaTI,IBHbIM paCTeHrxrM AJUI rIBeTeHItt B TeK)'IIIeM Ce3OHe.

B pesyrsrare pa3Mepuocrb Berropa crpyrrypsr rroii nonynrquu x(t) pazna 4

14 rrpr4 coxpaHeHurr ecrecrBeHHoro noptAKa ero KoMnoIreH! x(t): U(t), v(t), g(.t),

gr(r)]r, npoerqlronnar ua:rpuqaZ: I+ F Ir.rogema (3.1) nplrulzuaer nH4

,Ir
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cpeAcr
Ecr

cTa4us
HeHyJr(

poAur€
B MOMc

penpot

7)Caswel

, (3s)

c anevenrolr (2, 3) : e > 0, qro BbIBoAI{r crpoeHue L s ruacc o6rqlrx npoexquon-
Hhrx Marpr4rl cu. (3.3) (3.4). n

Hecrrorpx na 6onee cro)I{Hoe crpoeHlre, npoexquoHHa{ Marprrqa L : T + F
coxpaHrer cnon $yn4aueuramHrre csofictea - 6stu' ueomputqamatuofi (L 2 O)

u HMerB B KaqecrB e T cy6cmoxacmuuecxyn t,z.arpugy (cM. onpeAeJreHrre e $2.3) co

cleKrpanbHbrM paAliycou p(I) < l. flo-npexuel'ty Heposlto)tuMocmt rrrarputlt't L
3KBr{BaJreHrHa cuntuoii ceqsuocmz fXI{, a uudercc aunpunumuz ocmu Hepa3no-

xuuofi ua,puqsr onpeAeJUlerct rlepe3 AJTHHbI qIlKJroB B oprpa$e (Ilpu:roxeute,

$II.7). Ilo-npexnevy $yrrlcuI,lIl R,(L) (2.I7) o6nagaer nn4zraropurnr.r ceoiicreou
(2.16), xorr .{oriuarerbcrBo 3Toro MareMarhrrecxoro tfaxra AJI.a npoeKlllroHHbrx

rraarpnq o6qero crpoeHlrt (3.4) gorroe BpeMt ocraBaJroct nepeureuuoil :agaueii
Teopux Marpuu a 6slro nolyteuo rt.tuis ueaasHour.

I{ no-npexneuy, uro6u nafirr,r },,(Z) rl flpoque KoiruqecrBeHHr,Ie xapaKrep]Icrx-
Krr norryJrrqr l, warpu;y L u:yxuo xa'tu6poeal?rb, T.e. or;IcKarb KorurrecrBeHHbre

3HaqeHr,IJr ee gJreMeHToB - deuozparluuecKux napa.l'tempos rronyn.{qufi - ro IiMe-

rorrlr4Mcr 3Mnr{pxqecKr.rM AaHHLIM. C:regyolqlre naparpaSlr coAepxar rlpr{Mepr,I
pemeHr4r 3Tofi 3a.raqv.

6 Kar crcAcrrre 6o.nee o6ulei:i reopnn odropateoeou roppexqui [eorpnua'relrbutlx NIarp[Ir
(Protasov, Logofet, 201 4).
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E:,1_fi H BO3BpaTbt 53.2. (ylAeHrlaQxLl14poaaHHbre oco6ln> |4 Kan 6poBKa npoeKq[oHHo, Marpuqbl

-rauHoHHofo neplr-
r-q. j, KyAa n rponc-
- - PenpoAyKTnBHbre

Ei! iByx pa3H6tx cra-
': 3bl3trBaeT onpeAe-
:Er6 rnrxe B $3.3.
:1IIIO 3a OAI.TH rOA I1

rr. \' rr g, odbrcHr.IMbre

l:-,:br AlIr ruroaoHo-
[E F-pr{BOII,tT K TOMy,

f r: :.: axoruIeHHbrii IIo-
f;gt -:x pe2peccusH btu
[5rt\ ycJIoBHt H He-
tr-'ae\t ce30He.

Jr,rurrr .r(l) paBHa 4
r:t - u(t), v(t), g(t),
EV;3I BI]A

$3.2. <<hEexrrQuqnpoeaxrrte oco6n>>

u ranu6poera npoeKunoHxofr uarpuqut

Marpuunrre MoAeJn4 ALII{aMuKr{ nonynsquu oAuoro 6r'tonoruqecxoro B}rAa c

gncrperHofi crpyxrypoii (uanpnvep, cmadufiuofi utru pasaepuoi) u nepeKpLl-

BalorluMxc.s noKoreHl{rlMu qacTo I-IMeIoT AeJro c TnrIoM Aauurx. xoropuii 6nlt
HagsaH "u,{eururfuqllpoeauurte oco6u" ('identified individuals')7): xax4yro
oco6r u:yuaevoro Br4Aa MapKrlpyrcr (ulu rpurczpylor Ha nnaHe yqacrra, ecnu
peqb HAer o npuKpenJreHuBlx opranusltax), onperen.slor ee craryc e u:6pau-
soii unane (uanpavep, uiKare oHmozeHesa), u orclex<unalor I43MeHeHlt.s cra-
ryca rcex oco6eii HecKoJrLKIix nocireAoBareJrbHLIx norconeur'rfi. I{urepeal uex-
Ay rrocJreAoBarenrHrrMrl neperrlrctMlr coBlaAaer o6rrqno c aroM MoAeJIu ro
BpeMeHx, ]r noroMy B 3Tax AaHHrIX Saxruuecxu coAepx(arct ceegeHlra o6o

Bcex nepexoAax, cocrosB l:,lxcs :a lpoue4lrui uHTepBa,rl coDracHo npllHt-
rorray fXI{. 3ro nogrorser BbIqxcJII-ITb rcoeQt(tuquenmat nepexodort (eeca ua

Ayrax IXII) HenocpeAcrBeHHo I'I3 AaHHsIX Kalr. Llacmombl coorB€rcrBylotqfix
co6srl.rii.

Vacmomo clyuafinoro co6rlras B cept4l,t l4crlr,ITaHufi xasHsarcl orHolne-
Hne qucra Hcnltranufi, B Koropr,Ix Aanrtoe co6nrlre cocrotJlocb, x o6qeuy
rrr4cry ucflbrraHr-rii. .{:r.a co6urua, cocro{Iqeto B nepexoAe LI3 craal.Ill c HoMe-

poMjr B craAl{ro c Horr,reponr I aa renyrleM Iuare oT MoMeHTa t Ao t + 1, (ucrslTa-
HrreM)) cJryxllr perucrpauu.fl I43MeHeeut nrrl coxpaHeHlt{ craryca o4Hoii oco6u
x3 rpyrtnLrJ, x qlrcJlo Hx panuo:rr(l) - coorBercrBylorqeii rounonesre BeKropa

nony:uquouuoii crpyrrypbl x(r) (a a6co:rrorHblx ql{cJleHHocrllx). Vacmoma

fiepexoAa @ * @, r.e. sJ]eMeHr x, Marpnrl6l T: f.r), paB]Ia ro orperene-
Huro qncJry 1/ 0 + l) oco6eii, corepurllBrlrlix 3ror nepexoA, noAeneHHoMy Ha

<<o6!ree -{ucro ucn.sltaur,rii>>, r.e.

. (3.5)

:'6uli-\ npoeKrluoH-

u:],plUaZ:T+F
i;:metanofi (L Z 0)
<:lreuue n $2.3) co
'*ttocma uarpugst L
r:JaHocmu HepiBJro-
:epe (flpuloxeuze,
riopHbIM cBotcTBoM
:-is npoeKrIHoHHLIX
:oe[eHHoi 3aAasefi

sbre xapaKTepncTl.r-

- KONI'qECTBEHHbIC

'rr:xrrlHrr - IIo ruMe-

!-olepxaT [pI4MepbI

-,TUATCNLH6IX MATPIIq

r4(t): Ni(t + I)/xj(t). (3.6)

tllrcnurell Lr 3uaMeHareJrb srofi gpo6tz I43BecrH6t r13 AaHITLIX na6nrcrennfi
B MoMeHTr,r t u t +1, qro u o6ecnequnaer ra:ru6poexy MarpI4IIbI (l) seno-
cpeAcrBeHHo r,r3 AaHHhrx AByx nocne,4oBa'ferI'Er'Ix epeIIuceii.

Eclu lono.nuesze nonyrtl{I4l{ na6nro4aerc;r B cra,4xlt c nolrepolr I = 1, a
cr anv'l c HoMepoM Jr eAIlHcrBeHHat pelpo.AyKTllBHat, To coorBercrBylouril'l
neuy:renoii ereuenrf- uarp ut\rt nnodoeumocmu F(t) ecrt' cpe,4Hee (ua o4uy
poArireJrbcr(yrc oco6r) vnc:ro loroMKoB, o6napyrrennrrx n ua'ralrwoi cragr,rr't

B MoMeHr I + 1. O6rqee qrcno rroroMxoB ecrr:r,(l + 1), orxy4a rcoetl,tcpuqueum

penpodyx4uu

f,)(t) : x,(t + l)lx (t), (3 7)

')Caswell, 2001, c. 134.
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fnaBa 3. nonyflsr.lxr4 c ycnoxHeHHbtM xt43HeHHbrM l-ll4KfloMi ycKopeH q 14 Bo3Bparbl

Ta6nwla 3.1

Crpynrypa qenonony\sr\uu A. albana no roaant corJracHo AaHHbr[r Ha6atogenai
(JloroQer u ap., 20176)

Ctaaws 9ucrennocrl cra4uiinrx rpyrlrt r ro4 na6nro,qenna

2009 2010 2011 2012 2Q13 2014 2015 2016

pl 37 30 19 49 19 16 4 IO

J 110 48 4) 86 t37 98 19 29

Illl 99 55 87 95 34 t0 I3

35 26 57 58 73 50 20 l6
13 4 6 3 4 2

r{ 3TO 3Haqr,rr, rrro MarpHIIa -F rarxre xam,t6pyercx HelocpeAcrBeHHo fi3 ,qaHHLIx
gryx cocegxr,x ro BpeMeHrr nepenucefr. cvryauvfryctro)KH.sercr, Korna penpo.4)'K-

lrlusrx cragui s fXIJ 6onee oaHo;, u raKfie flpr{Mepbr ro)Ke paccMarpl.IBarorc.{

,4aIIee.
Ilpnruep 3.1 (npobo,nrceuue). ,{annne S-:rersero paga na6mogeunfi :a qeno-

nonynruuefi A. albana Ha nocroqHHbrx npo6nrrx nnoua,qKax rrpeAcraBJrelrbr B

ra6l. 3.1 e euge a6co:rrorHrrx q[creHHoctefi craguiusrx rpynn no roAaM rlepenrl-
cr48). flo OopMyne, aHanorl4qHof (3.7), orcro4a ertuttcn.{eM xoo$4)IrqxeHrbl perpo-

Iyxuulr a, b u c g:r-a varplrql; L(/) crpoeuvfl (3.2):

a(t) : pl(t + 1)ls(t), b(t) =jo(t + l)/c{t), c(t): it'no(t + \)lc(t), (3.8)

rAet(l + 1) 3ro rorroJraeHue B craA? .j j. r.e. re IoBeHHJrLHlte pacreHld, Korophrx

He 6ruro s fiepenucfi npomnoro roAa, a lmo(l + 1) - fioflorHeHl{e B cra4lur im, r.e.

Te IrMMaTypHBre pacrcHr.rr, Koropbrx ge 6srno B tepefluc]r npomnoro ro4a. Oop-
MAJII'HO

Pesynmar

foa
reperu,r

2009

2010

2011

2012

2013

20t4

2015

4(r + l) : l(r + 1) - N",(r + 1), imo(t + 1) : im(t + 1) -
- //3r(1+ 1) - 1/3r(t + l) -r/.30+ 1)' (3 e)

rae {,(r + 1) 9To re roBeHr.rJr6l, Korophle BbrpocJrr{ r.r3 npopocrxoB nporrrnoro
roAa; ff3r(/ + 1) Te ]rMMarypHbre pacreHr4r, Korop6re BLrpocnu r.r3 npopocrKoB
npolr;roro roga; N,r(r + l) - re ulrvarypHbre pacreHus, (oroplre BbrpocJrr.r rr3 roBe-

Hr.rJroB rrpotrl]roro rcna; Nrr(l + 1) Te I4MMar)4)nbre, Koropbre 3aAepxaJrrlcs g oroii
cTaAr{r{ c nporrrJroro roAa.

Karr4al nepenuc; AaBaJra eule LI AaHHLre no <rl4eH'ru$nqlrpoBauH6lM oco-
6sM> - Bce vrc,ra 1y'..(l + l), y.racrnyoutlle B BbrqncJIeHI4z nooQQuquerror ne-
pexoAoB no $opr'ryre (:.6), r.e. 3rreMeHroB c(t), d(t), . .., (t) varpuqu Z(l) crpo-
eHur (3.2). Pe:y:rlrarrr euqucrenllfi peAcraBJleHbr s ra6J. 3.2 - HarIt,EHocrI{

3) ,rloroQer r 4p., 20176.
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E-L'e r.1 BO3BpaTbl S3.2, <hAeHTu*xqvpoBaHHble oco6!4> u Kanr6poBxa npoexquoHHoi [4arpn-lbl

!jil:iHKt

:015 2016

I t0

I9 29

t0 13

20 l6
1 2

Ta6nu4a 3.1

r=-.*r na6lro4euu[

if:3iHHo H3 AaHHbrX
::i- iorla peflpolyK-
I]: :acc]faTpuBaloTcs

i:-:r-tleHHfi 3a rlelro-
ri.i- trpejlcfaBjTeHll B

= _o rotraM nepenu-
r:':--ilUIIeHTbI pe pO-

- -E.), (3.8)

: :l--TeHHr, KOTOpBIX

:a: B cTaArau im, T.e.

r,r::loro rcAa. OOp-

?;-l)-

(3.e)

Cl,rlcTKOB IIpOffnOIO
:'i'rr I.r3 npopocTr(oB
iie BLIpocJrr,I I.I3 rOBe-

::l-fep)Kaj]Hcb B STO'

;:IIlrpoBaHHsrM OCO-

:io3QoxqlteHToB rle-
rrarpuqn Z(t) crpo-
-1.2 HatJrrAHocrrr

Ta1nwqa 3.2

Peay;rrraru rax;r6ponrr,r uarpr,rqu (3.2) gnx A. albana o Ea:n:nbrM ra6[. 3.1

53

foA
flepenncu

Marprrra I(l) ^(L(t))R(z(r))
R,frfl)

Ber.rop x*,
Yo

.100 xl tl/(;[t; r")

2009

0000r%,
Yrrooor/r,
'/n "/t* u/, o %,
o o /. 'n/n o

o0o%r0

0.s661
0.0066
0.6743

10.61

l8 20
16 99
5l.59
2.60

39.68

2010

oo0ot%
t/No0or4
/. ""/or '%t o %
o 0 3/55 2%6 0

o 0 o /ru 0

1.2243
6.2052
L4150

15.90

31.99
18.25

32.83
1.03

t4.97

2011

ooo0o%
/r,, o o o %
u/ro "/*'/* o "%
o o to/4 4%7 0

00o/uo

r.5779
21.9375
2.69t4

f rzzo I
| 30.40 

l

| 3e.3e 
I

| 124s 
I

L 055 l

22.15

2012

oo0ot%
/orooo\3%
,Yoo otk t,/u 0 %
o 0 23/sx 4%8 o

o0o/r"o

1.2641
5.13t8
l 5109

6.01

43.15

29.6',7

19.56

1.60

13.06

20t3

00001%
0000q81
%, t%., t%t o %
o o 'y'* YT o

0 0 o %ro

0.6345
0.0193
0.6678

ltrcl
| 41.s4 

|

| 14.34 
|

l28.sl
| 1.85 l

14.45

2014

oo0o%
0000r%
'/to '/ot %o o %
0 0 /34 t%o o

0 0 0 /o, o

0.3988
0.0050
0.4428

I rr.zr I
| 56.64 

I

| 1r.6e 
I

| 17.46 
|

| 3.50 l

t2.64

2015

oo o o r%.f

o o o o ,%l
o%n/'n o %l
o o '/tu '/"n o 

I0 0 o %o 0]

0.8382
0.27 57
0.8479

f r r.r:
) 32.27

| 2r.60

| 31.27

L 3.71

8.17



fnaBa 3. nonyflqql4v c ycfloxHeHHbtM xt43HeHHbtM l-l{KnoM: ycKopeHl4t 14 Bo3Bparbl

pa,4u B Br4Ae paquoHanbHblx qlrcejr. llcJ]lr 3aHyMepoBaTb MoMeHTLI l1epenl{cll KaK

I:0, l, ..., 7 ri eocnom:]osarrcx ra6n. 3.1, To HerpyAHo y6egurlcx (no npaslr:ry

yMHo)KeHur (crpoKa Ha cro;r6eq>), q"ro ypazHeHut xa.tu6poercu (3.1) euno:rHeuu ,.

AJUr Ka)KAOTO r.r3 sTrrx BOCbMrl 3HaqenUii I (vlpaNueH],e 3.2).

flo saAaxnofi qucnoBoii Marpuqe tr(t) crangaprna"r npoueAypa B cltcreMe
(Matlab)) Bbrqr.rcJrrer o6sr.IHo gecr cnexrp MarpHt-{EI n cooreetclnytorque co6-

cfBeHHLre BeKropbl, orKyAa c:reAyer esr6pars 3HaqeHI{e AoMHHaHTHofo co6crnes-

Horo qI{cJIa l, ra cootnercrayrcqai elry co6creeHul'rii eexrop x* - MaHyarr'Ho

,ru6o a:rropnrvnvecxu. Kax ycrofivuBylo crpyKrypy flonyJlt t1I4H, BeKrop x* nupa-

xalof B AoJr{x r4nr,r npoqeHrax, er'r6Hpat coorBercrBy}ouee ycJIoBI.{e HopMI'IpoBKlI.

Kax n n 4auHrx ra6:r. 3.1, B paclpe/xeneHl.Itx r* ,xour.rnupyror c nepeMeHHbtM

ycnexoM BeferarHBHbre rpyrlnbl npx Hrlqro)I(Ho Manoi.i aore reHeparl4BHblx pac-

TeHrdi.

3naqr.rre;rsnrrii pa:6poc s 3Haqenurx l,(Z(l)) (ra6l. 3.2) no o6e cropollbr or
1,, : I roropur o cyurecrBeHHr'Ix u3MeneHlt{x o" foAa K I'oAy reK yc,roeuii cpe-

Abr, KoTopSte olpeAentnr BbIXrrBaHne Ll nonorHeHl{e nona.nsnoil nortytllguu A.

albana. I{ro6t t Aarb nporHo3 o cyAr6e srofi noryruquu B AonroBpeMeHnoii nep-

cneKrllBe, ucxoAfi n: ncero plga ua6:uoAe:rul, gce roAlaulrsre uarpuqr,t I(r) nyxuo
KaK-To ycpeAHn'r b H BbrrrrcJIr,i rb ,,oMxHaHTHoe co6c t eeuHoe utlclo ycpenuexuoii

Marprrqi,r KaK flpaBrrJrbHo 3To cAe::tarb, orll{cauo B cnel-(HaJIB}ILIX ny6,'nmaqu;txel,

Lr Her Hr,rxaKux ocgogaur.rfi rloJlararb, rITo cpeAHee apr.r$uerlruecxoe ceMI4 m,4HtI-

ssrx rsaqesr.ri l,(Z(l)).lacr alerBarHbrii npol H03.

po4o:rxar reuy uudurcamopol nomeHqllaqbltozo pocma (I'lllP, $2.3), :ave-
rr.rM, qro cr.rMBoJrbHat t[opua (3.2) Marpxll6l Z ll $opvynsl (2.21), (2.17) ttozuo-

,rqror uafiru Bbrpalr<eHst grx Ro(I), R,(Z) (c nor'aorurto cltMsomHofi anre6psr x
(Matlab)) B cneAylorleM BIIAe:

Rn(L): hl(adJ + ae + bf + c)/l(I - sX1 01,

R,(L): adftl+ aehl + bftl+ chl gk+ g+ k,

orKyAa Bn.qHo, uro R,(I) HecKoJII'Ko npoqe Arr BbrqLrcJreHLIt, vev Ro(Z). I'Ix :na-
rreHHq Arr roAHqnrx uarpuq I(l) tpeAcraBJleHbl B 3-elra cTo:r6ue ra6:r-3-2,uouu
noATBepx,qaror rlHAl4l(aropHr.le csoic:rea gauurtx Qytquii, B6lpaxeHHLIe ycJlo-

Bl.uMu ( 2.16).

3aroHouepno, uro y xaxgofi ro4zunofi uarpaqrt ecrl' cnoii gouuHaHrntrii co6-

crseHHutfi net<rop xt (onpe4e:renrsrii c 1'osHocr6ro Ao yMuoxeHu.{ na uuc:ro) -
ycmofruueoe pacnpeAeJleHue, K KoropoMy crpeMll;rac; 6u ctpyxrypa nortyrsquu
x(t), ectu 6u rwarpnqa I(r) He MeHtJIacb co speluenen I (cu. cooruoureuxe (II8.3)
e flpnnorrenur). Hacxo.rsxo AaJreKa rexyllar ctpyrrypa x(l) (supaxeHnar e lpo-
qeHrax) or ycroff.rnroil, rloKa3;IBaer noc:re.quufi crol6eq ra6n. 3.2. Paccrosnrle

e) ,rloroQer r.r 2rp., 20 J 7a, 6.
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rrce-r'' h Bo3BpaTbl

r:'.::Tbr nepeflucl.I KaK

[-€:irbc.{ (no npanv:ry
r -i ' I 3.1) BbIrIoJrHeHbr

T,r-L'. l:.+pa B cllcTeMe
:lr: --crByloulre co6-
ru: :-:::THofo co6cTBeH-
cr:a -r= - MaHyaJrbHo

Dr - "i:- BeKTop -rx BLIpa-
i | :-, siia HopMI{poBI(It.

Sfir':'l: C nepeMeHHblM

1:] -:iepaTHBHbrx pac-

I -,- ode cropolrlr or
:::-. :a\ .vcnoBllli cpe-
u--. :: :l-r nony,rrqulr l.

-r 
:, .'.r speMeHHoii fl ep-

;c ''lr-ruuu z(t) uyxuo
It: ;:i-lto ycpeAHeHHofr

u:: ::l nr,6:ruraqr.rlxe),
:'- 

=3J{Oe CeMH toAtq-

n; IIIIP, 92.3),:aue-

". : :1). (2.17) no:ao-
in,r :*.--rLHoii a.rre6plr r

(3.10)

(3.11)

:r-r- c.\r Ro(r). I4x 3Ha-

:-.:5ue ra6r. 3.2, u ouu
!r- 3slpaxeHHble ycIO-

r: :i :o\trrHaHTHbtii co6-
E )rieHHr Ha qxcro)
r:f]lTypa rorynrqwr
r .-ooruoureme (fIS.3)
"- ' BtlpaxeHHat B npo-
::5.r.3.2. PaccrosH[e

^0,i=:llr,-zll1,

S3.2. <l4geHTraQl,4Lll,'rpoBaHHbre oco6r>> u xanu6poexa npoeKqfloHHoi Marpuqbr

A(1,, z) uexay cmoxacmuqecKxLtt Ber{ropaMr.r Ju u z (KoHeqH6rMr4 pacrpe,aenexr4r-

un, cu. Vnpaxneuue 35 n flpr.rroxeulrr.r) u:ltep.aror no ReiQutlvlo):

(3.12)

rge ll ... I, ecrL l-Nopua eercropa (IlpluoNeur.re, ([2.8)). Cor:racno olpeAeJ]eHr.ro
(3 -12), paccmonnue KefiQutla Moxer nplmr4MarL 3HarreHrrs or 0 4o 1 (ulr.r ao
100%, ecrlr pacnpeAeneHr{Jr npeAcraBJreHrJ B nporreHrax) - cv. Yupaxuenne 3.4.

Cornacro o6qeii reopr4u (flpu:roxenlre, $II.7), ec:ru Malpuqa Z rplrlrurunna,
To o6oe Haqa[bHoe paclpeAeJreHl4e .x(0) crpeMr4Tcs r( Ha[paB]reHra]o ycrofi.quBo-
ro eexropa x* upfi nocJreAoBareJILHoM yMHo)KeH]r4 ua uarpuqy I. Ilosrolry yga-
JreH:{ocrb Ha6JrroAaeMofi crpynr)pbl flonyJrsqu].r or ycroiiqqBoi Mo)KHo Bbrpa]Kars
B Mr4Hr{MaJrLHoM qr4cJre rraroB s, noore xoroprrx (nopulrponaunsrii) eeKrop t'-t(0)
oKaxerc.r, HanpflMep B 5yo-oi1 otpecrHocrr4 .t* (yflpaxHeHrre 3.6). ,$ra nauar,-
HLrX BeKTOpOB r-r Marplru rI3 Ta6n, 3.1 r.r 3.2 coorsercrBeHHo 3HaqeHr4r s r{3MeHffoT-
cr B Ar{arra3oHe or I ao 8. f]

Ilo,rsgosareasn MATLAB:
Marpuqy Z pa:ir.repa 5x5 rr.roxno :aAarr, qrrcJreHHo, Ho nytrue Haqarrj c ee c!rM-

BoJrbHoro Br{.qa -poBHo raK,I(a( IroKa3ano e (3.2) ura61.3.2, coxpaHirtr HarrrA-
Hocrb rl ylpouar KoHTpoJrL onerraroK. ,ftr:roro B KoMaHAHoM oKHe MATLAB
BbINOIHqCM CIEAYIOTII{C KOMAH.qbI:

>> syms a b cd ef h k I m positive;

>>L=[0000a; d000b; efh0c; 00k10; 000m0] !g:"1
>L=
0, 0,0,0, al
d,0, 0,0, bl
ofhOnl

0,0, k, t, 0l
0, 0, 0, m,0l

lanee, uro6rr rorqrurrrr,, HanpvMep, lrarpuqy L(0) 2009-ro ro4a, BbrnoJH.{eM
>> a-30/1 3; b=4ol 13; c=31 13; d=8137 ; e=2137 ; f=221 110; h=28199; k=7 199;

l=19/35: m=1/35:

Lo=sym(eval(L); Enlerl
>>L0=

0, 0, 0, 0, 30/131
8t37, 0, 0, 0, 401131
2137 , 1t5, 28199, 0, 3/131
0, 0, 7t99, 19/35, 0 l

Kor,raH4a JroruqecKofo cpaBHeHr.lt, roropar B MATLAB o6o3Ha.reHa ,{BoiiHBrM

3HaKoM :: , rorr,roraer y6egrnrcr B ToqHocru ra,rrl6pomu, r.e. B BLInouHeHI.tI,r pa-

reumaa Z(0).r(0) : x( 1):

0, 0, 0, 1t35, 0 1

1')) Keyfrtz, 19'77 .
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ffiaBa 3, nonynguh14 c ycJroxHeHHbrM xx3HeHHbtM r-ll4KnoM: ycKopeHhg 14 Bo3Bparbl

>> (L0.x0) == x1 Enter I
>> ans=1

'l

1

1

1

(((l) o3Ha-{aer noJr}roe coBrIaAeHUe B coorBercrBylorqefi rounouenre cpaBHzBae-
rarrx aer<ropon).

Br,rgos 6li6ruore-rnoii Qynxqlur eqg c uac,roeofi lrarpnqei s xaqecrne gxoguoro

apryMeHTa l,r,4By\,rr BLrxoAHbrMr{

>> [V D] = eig(eval(10))
Bo3Bparqaer gce co6ctgeggrre qr4c:ra Ha Ar4aroHaJII{ Marpuubl D u cooraercray-
totque co6crseHHbre Berropll n eu4e cron6qoe Marpr4rlbt V s ro^{ xe noprAre
cregoBaHr4;r. Haxo4r.ru (nNsyamno nrz6o arropxmruuecxlr) nonoxure,rsusrfi gua-
roua:rsnrrfi sleueHT c MaKcI.IMaJrLHrtir.r vogyleir.t (cyqecrByer no reopeue fleppo-
ua (Dpo6enxyca, flpruoNenrae, $f{.7) - e ganuorra cryqae oH oxa3a:rcr lepBbrM - u
rrpr.rBoArrM pe3ynbrat BLrqr4cJreHr.rt co6creeHHttx BeKTopoB B coorBercrBue c re-
opllef, r.e. yga!'rreM Hrqro)KHo MaJryIo MulrMyro .+aarb nepaozo cro:r6qa varpuqrr
V roraaruofi '--"---,

>> xoeq = real(V(:,1)) ilqq !
(o6o:naveuue x0eq sauerqaer x* lnfr t: 0). .{alee HopMHpyeM 4ouuuaurnsri
co6cr seH Hsrfi sexrop:

>> xOeq = xOeq/sum(x3eq )-100 Enter I

u oKpyr)ueM ero KoMnoHenrbr Ao 2-roftEiifiinoro 3saKa:

>> xOeq = round(xOeq*100)/1oo Enier 
I

ftr ocranrHux gsaqenafi I - l, . ..l6T6ilraau4br aHaJronrqHbr. Pesy:maru no-
Ka:a:*r s ra6r. 3.2.

Eclu R0sym, Rlsym cpr BbrpaxeHr.r{ (3.10), (3.11) coorBercrBeHHo, ro no-
cJre 3a,r(aHn{ ua6opa napauerpos a, b, ..., k, I rrapy sHaqeHz[ [HAnKaropoB n3
ra6,r. 3.2 noryLraeM nouauaoi;i

>> eval(lROsym; R'lsym]) Enter j

$3.3. <<HgeHrhQtaqupoBaHHbre oco6u or He!t3BecrHbtx
po[}|reneu>> h pen poAyKTr4BHan HeonpeAerreHHocrb

Ecru e xare oHToreHe3a Ir coorBercrBelruo n fXI{ ecrr, HecKoJrbKo penpo-

Ayrrr{BHbrx cra4r.ri, rcax, Hanpl4Mep, y ue:a6ynounura E. caucasicum (puc.3.3,
3.4), ro a oqepeAHoM rronorHeHl4n flonynrq]tu fracrByer rroroMcrBo or poA]rre-
:reii pa:r*rx cra.4uii, no pa:nnqurb Ltx AocrynHr,tMrr MeroAaMr.r HeBo3MoxHo AOKe
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EEqr H BO3BpaTbl

nt- !'l:eHTe CpaBHI.IBae-

* ! --ilcecrBe BxoAHofo

E-; D r cooTBeTcTBy-

. 3 TO\I )Ke nOp'rAKe

:,r*oxltTeJrbHbri ALIa-
E: r0 reopeMe fleppo-
r : _iit3a-rcr nepBbtM rr
s .'ooTBeTcTBue c Te-

r..--- .-rojr6r]a MaTpr,rrlbr

E-l'3]( ,{OMHHAHTHI,Ifr

r-j{i,i. Pe3yJIbTaTbt no-

):':3ercTBeHHO, TO IIO-
:'t:-:at'i riHAUKaTopoB I{3

HEH3 BECTH bIX
3.qe'|eHHOCTb

l-5 HecKOIbKO pelpo-
:i:rcasicum (plrc. 3.3,
:JTO\TCTBO OT pOAIlTe-

^!Gr HeBO3MOXHO AaXe

S3.3, <LlAeHT OuqxpoBaHHbreoco6!,r penpoAyxl4BHag HeonpeAeneHHocrb

Ta6ru4a 3.j
Crpyrqpa ueuolottylst\uu E. caucasicum Do toaaM cotlracHo aaHHbrM Ha6rpreHui

(IioroQer u gp., 20166)

Craarur tlhcrcHHoti'b fla[kiiHt-lx fp)mn n rol sa6.nro,resrs

2009 2010 2011 2012 2013 20t4

J 149

80

10

4

3l
136

9

1

150

t29

l0
3

211

:181

'1

119

296

6

I

99

t66

ll
4

B c;ryqae AaHHrIX Turra (rzAeHTx$nqrrpoBaHHLre oco6n)). Comacuo ocHoBHoMy
MoAeirLnoMy ypaBHeHriro (3.1) lr npe4craele:a:aro L: Z +f', e)KercAHoe rorroJr-
HCHI4E CCT},

-r(r+1) - Tx(t): Fx(t). (3.13)

3gecr nerroprr x (l +1) u x(r):.rsnecrHrr rls AaHHbrx r.r Marprrqa I orxam6pona-
Ha AO rrrrcJra, TaK qTo JreBar qacTb (3.13) o[peAeJreHa oAHo3HaqHo ,4nr KaxAoro
u3 3ua.reHufi l, AocrynHofo B AaHHr,rx. flpaaax uacrr,, KaK pe3yr6rar ),r{r{ox(eHr4t
Marpr4qBr Ha BeKTop, npeAcraBnrer co6oii eer<rop-cro:r6eq, ua.ra:rlHue xoMnoHeu-
Tr,r Koroporo Bbrpa)KeHbt qepe3 KoMrroHeHTrr x(l) ll sleveuru -F HeI,I3BecrHbte
ro:Qtpuqueuru pa3MuoxeHnr, a ocraJrbH;re xoMrroHeHTLr HyneB.ble. Ec:rz pac-
cMarpnBalb Bexropxo-MarpnqHoe ypanueuue (3.13) noKoMrroHeHTHo, To Herpr.rBlr-
alrsHrrix l(oMrloHeur e lpaeofi -racru 6yAer cronmo, cKollsno B fXI{ ecrr cra,1ufi,
fge norB.lrrercl [onoJrHeHrre (rpu ctaauu n flpuir,repe 3.1, ogua n flpHvepe 3.2).
Herz:secrsLrx B I{axAoM JpaBHeHr.Ir{ croJlbKo, cKonLKo penpoAyrTl4BHbrx rpynn B

crpynrype nortymqura (o,{Ho Heu3Becruoe I llpuvepe 3.1, gea r tlpnuepe 3.2).
Yparueuae (3.13) orpaNaer 6anauc nonontrctnta, tt, Korna .uvarlo Helr3BecrHbrx

xoo$Suqlrenros pit3MHorlreHu.s 6o:rr,lre .rzc:ra ypanneHuii, Hx cBr{3HBax)rqux, 3Trr
rcoeQQuqaerru onpeAeireHbr HeoAHo3HaqHo - curyaq ufr, Ha3Ba:r,Has. penpodyrcmue-
ttofi neonpedenemncmbtot)).3ro xe l4laaneune 3aAaer orpaHuq eu:r-t te t)uanazout t
.qoflycrr4Mbrx 3Ha.reHr.tii Ant HeorrpeAeJIeHHbIX napaMerpoB MoAeJrr4, a cne,4oBa-
TeJIbHo, I4 Ar4ana3oH Bo3Molrublx 3HaqeHzi co6creeHuoro qac,ra 1,. nDoenuuonnofi
Marpriubr, uepr,r npucnoco6leunocrx ua6.nro4aeuofi noryr:rxqrzu-

flpuuep 3.2 (npodonreuue). B I){I { He:a6ygov sura E. cqucasicum (puc. 3.4)
ABe pelpoAyl$I4BHbrx craAlru, a [onoJrHeHr4e norBJUrercg ToJ'IbKo B oAHoi c-ra-
guu j. 3uavur, 6ananc nononneuun (.3.13) cBoAr.rrcr K eArrHcrBeHHoMy nznefinouy
VDABHEHI'IIO

j(t+1):as(t)+bst(t), (3.14)

rye.i(t + 1), g(t) u g/(t) usaecrrrlr u: galll,xr2) ma <<zaerrtr$u4rporaHutre oco6ra or.
Her€BecrHr,rx poArme:refi> (ra6:r. 3.3), a HerceecrHrre au b - ero roe$$uquenru pa:-

")JlorcOer, 2010.
t2),{orooer n rp., 2016a.
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nplIcnoco6]'rcHHocTr,r I1

I'oa
rlcpo[ttcfi,

t
Marpuual(r)

Vparnenuc (3.14);

AEAIIA3OH d,
Itana:on D

l{rara:on 7",(lr)

2009

00ab
u%on */* %o o

o u/* %oo
0 0 xoo

lla + 4b:31;
[0,3ll10],
10.3r/11

0.9035 0.9949

2010

0 0 ab
t%, to%ru % o

o %ze %o
o 7ne /no

9a 1'b = 1501

[0, r50/9],

[0, 150]

L2460 1.5201

2011

00ab
'%so 

to/trn /to o

o /rrn %o o

o %rn %oo

10a + 3b:2ll
[0,2ll10],
[0,2rU31

1.24'76 1.4948

20t2

0 0 ab
tt%u tt%r, % o

o %r, oo
o o %o

9a+]b=119i
10, 1r9/91,

10, 119/71

0.92r1 1.1004

2013

0 0 ab
u/rr, 

"o/tou % o

o /.u %o
a /rge oo

6a+b=99:

lo,99/6),

[0, 99]

0.7864 0.8588

fnaBa 3. nonyngLlu!,r c ycJtoxHeHH5lM xl,43HeHHblM l-ll4KJlol\r: ycKopeHfig 14 Bo3Bparbl

Ta6nuqq 3.4

flpoerqllounue uarpr .lbl t Art lte3a6ynoqul-{Ka t caucttsicum, ratu6poraHHble

no aaHrrbrM neperuceii r uorrlegrlt r x t +l 
' 

t-r coorBercrByloulhe rpaHuubl Mepbl

MHOr{eHrrr, HecyllJ-ur eB ce6e penpodyKmusHytu HeonpedaneHHocmb, nocl{oJll'{y BK[aI.bt

poAr.rTeJlrcKr4x fplTrII reHeparHBHoi LI TepM]rHaJILHo feHepaf[BHoia - He AlrooepeH-
rlr{poBaHbl B cyMMapHoM IlOrIOjrHeHIrH [OrD/ntIdI,IU. BlreCre c TeM, ]IeonpeAeJleHHble

cool
IIo:

_-l{dT c

nepe\r
BAHH6I

_loBllr
Kpaiu
i_(
;roir nr

iro-rlq
Bp

q3Hlt9

OTBET

O-fIIH I

-1aHHE

93.4

5or
cKo-nLl

IAHIj*I
H_'rr{ cl

BCe 4l
B |CHE

HOM C(

Ec,-

.7u, ft
O TAK!

eT 3aA

\lOAeJI

eduHu)

BAHHA]

:1HtH0
14\'

Ka)KAC
napaverprr au 6 otpaH geHbl Bnoitr{e onpeAeJlel{. ,rMI't rpaHHqaMI4:

0 < a S j(t + l)lg(t), 0 s b 
= 

j(t + 1)tgt(t)

(VrpaNnenue 3.7), te. I{MeIor BrloJIHe onpeAeneHHble duanazottt'r

3HaqeHuit:

5B

(3.15)

AOnycTllMbIx

jt Xlru
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1, Mapl
rrep. Kc



Ef-r,r H Bo3BpaTbl S3.4, KorAa 3aqBeraer u cKoflbKo fier xuBer ManonefHnK?

lrraaa:on 1,,(Q

Ta6nu4a 3.4

r- r-:ru6poBaHHLIe
l' : JaHIIIlbl Mepbl

r;- [ocKoJIbIg/ BKJraABr

3:ror"r He AHo4epeH-
i\{- HeonpeAsreHHble
t\t}I:

(3.15)

;JsrHbr AOrrycTHMbrx

a € 10, j(t + 1)/s(t)1, b € [0, j(t + r)/st(t)], (3.16)

- cooTBercrByrorlue orpe3Kr4 rrucnoBoH ocr.r,

flosroMy KaxAar rr3 rsru Marpuu L(t) (t : 0, 1, ..., 4, ra6r.3.4) rpeAcraB-
nser co6oi qerroe ceMeiicrBo uurpw\ L(.t): z(l) + {-F(l)}, B KoropoM Marprrlbr
nepexoAoB T(f ra:rH6poeaHn oaHo3uaqHo no Aaur*rurr) Tnrra (riAeHT]r(b]rqr{po-

eannr,re oco6u>>, a <{Heu3BecrHbte poAllreJrr{) AonycKalor mo6yro narpuqy rlo-
.{oBr.rrocrr.r -F(l) 3reMenrbr roropoii ygoalerBop.{ror orpaHr.tqeHrrrM (3.14)-(3.15).
KpaiiHue roqKll ar-rana3oHov au b pocravstxror 3KcrpeMaJIbHbIe 3Haqer{Ht Ir-i I.I

7u,-", (Ynpaxuenrae 3.8), 3aaaBa.{ TeM caMbIM epaHurlbt npucnoco6nenuocmu gau-
Hofi nonyrqqrrrr B ToM MecTe I{ Ha roM orpe3Ke BpeMe}r}r or t Ao / +1, rAe ri KorAa
noryrreHbr AaHHr,re AJrr r€rrri6poBKx ruarpuqu Z(r).

B pa:Nsre roA6r orpe3oK []"r-r,, lr-",] oxa36maercs no paiHbre cropoHbr or 3Ha-

veuru l, : 1, ornevarorqero cra6u:nHoi nony;urlr4r.r, a B oAHoM cJryqae coAep)Kr.IT

I suyrpr ce6ff (Ta6n. 3.4). Tarofi c,rry"lc i He ocraBrfler uaHcoB Ha onpeAereHHbri
orBer o cyAL6; rleHorrony:urlult B TepMItHax ee pocra vnx y6*n:a, Ho ,qaer enle
o,urH noBoA,qnr ocpeAHeHr.rs [poeKul{oHHbrx MaTp{rI no BceMy speueuuoruy pl4y
4anurrx (cv. 3ave.raHNe 3.3).

93.4. Korga 3aqBeraer h cKonbKo rer )Kr,rBer MarorerHilK?

Eoranuru cql4Talor ne:a6yAovnur E. caucasictrm MoJtonemHu.;4 sl.t,[o\4r3) - Ho

croJrbro rer B cpeAHeM xuByr ero npencraBnTenr4 xors 6sr g o4uov lrecroo6u-
raHlra? Orsernrr Ha 3Tor Bonpoc HeBo3MoxHo, npocro lJUrAr Ha DKI{ (plrc. 3.4)
urn cyMMlrpys AaHHrre rrrna <u4enrr.r$rtpporaunsre oco6r.o>. Brzgno, uro ecru
Bce rrAgT <(Iro rrJTarry)), To pacreHlre Moxet:aqeecrr na 3-uii roA Nu:ru re octatlc.s
e reueparraenoii craAur4, Ho ltarat-To vacrr, pacrenlrfi 3aAepxr4Baercr B Bererarr,rB-

HoM cocrorHr,rH, a KaKcr-To norr6aer He roxrlB .qo uBereHrr.
Ecnn 6rr paccMarpr{Ba:racr Bo3pacrHat crpynrypa nolyJrrqritr (wrarpwp JIec-

rru,lrraBa 1), ro flKI{ (puc. 1.2,2.1) yxe 4aeal 6sl 6olee onpe,{ereHHsre orBerrr
o racux 6o3pacmHux B cyrr\Hoc'u1 floKa3areJrrx, no cmadu uan crpyrTypa Aera-
er 3aAaqy ux oueHrtu Herpr4Bltanruoii. O,4Haxo 6peMn ptlcytcrByer s craAr-riiHoi
MO,qeJrII B BXAe OlpeAeneHHOrO epenrennoro uara, u gToT l]raf Mo)I{eT cJryxrr]Tb

edunuryefi us.MepeHut Bo3pacrHr,rx xapaKrepncrlrK uo.qerrnoii nony.nrqrzu. OcHo-
BaHHaq Ha 3TOM MeTOAIKa nOIy.rI4Ia Ha3BaHVe (BO3paCTHbre rroKa3aTeJrb r.13 CTa-

gufilroii ,r.ro4e:ru>> ('age-specific traits from stage-structured models'ra).
I4Aeononrqecxu lreroAllKa paccMarp Baer r,t:MeHeHHe IUIH coxpaHeHlle craryca

xalnAofi oco6r.r 3a o4lln rnar KaK oqepeAHoe co6rrrxe v napxoscxofi 4erut\s) co6st-

'" XMLr,leB np.. 2005.

'a) Caswell,2001, p. 116.
t5) Mopxoccxaa 7ent,trtru 4eno Maproaa, onpeAeieHHbrii Tr.n cny'rairroro poqccca. cv.) Hanpn-
uep, Keueru, Cnen:r, 1970.
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FnaBa 3, nonyngq I c ycrloxHeHHbtM xl43HeHHbrM r-l!4KnoM: ycKopeHus 11 Bo3Bparb]

qfic.,'ra rI
qltHbt tll
HA CTa&l

Haps.
5u, Han;
co6snn;
He\{ qrc
-laHHoirt
crotHHe
eospocnl

IIpu
-teTHero
pot noK
tpu:g.a Q
Pe3ynEri

Puc,3,5. Oplpa$ nr.rpryalr,rroli MapKoBc(ori {enr'r KaI{ IoronHeHr{e oHToreHert4qecKorl qa

crr'r l)I{U pr{c. 3.4.

rr.rii, a rexunvecxu orrwpaercs ua ror $aro, qro rrepexoAHar uacrr Z npoexrluon-
noi:i uarpraqrr L ectr ry6cmoxacmuqeuratt Marpnqa (cv. onpele:reuue n $ 2.3).
Eil cooreercrryer nodzpaQ ,{cxoAHoro fXI{ 6e: Ayr perpoAyKrlrlu. Bnogr.ru r
Hefo &orfojl l.f r4Tcjf r,Hoe cocTorHHe (,rr6erurr u flo,[yqaeM oprpa$ eupmyanwroir no-
z"tor4uroule tlenu Mapxosa (jtuc. 3.5) u ee nepexoduyto uampu4y

P:lol:"u'

0

c
0

0

0

d

f
k

0

e

h

I

0

0

0

0

0

0
0

0
(3.16)

l-c l-d-[-k | -e-h-l I

flo nocrpoennro uarpNqa P (3.16) rnmerc;r cmoxacmuqecrcofi (sce cro:r6qo-
BbIe c),MMbr paeuu 1), I{ 3To Aaer ocHoBaHHe cqrirarb ee uarpuqei nepexodut tx
ceponmuocmeii 4r,rcxperuoii vapnoecxofi qenu c coorBercrByro luM oprpa$ou
nepexonoB (puc. 3.5). B reopuN MaproBcxr.rx qeneii cocrorl{ne d ellprya,rrnofi
qenu r,racca$uqupyercs KaK nozrot4arou4ee\6) (absorbing), nona.4tur B Koropoe
rlerrb ocraercq raM HaBcerAa. MoxHo BLIqucrHTb cpeAHee uucro (lrareuarr,rue-
cKoe oxl14aHue c,ryuafinoro .rvcra) uraroa, Ha Koropbrx qenr 6yger HaxoAr,rrr,ct
B 3aAaHHoM Heno ot4aroule. cocrotHrlrr Ao MoMeHTa rrorJrorleHrlJr. Ilogpo6xee,
ecrx noAMarpr{qa Q uarpuqsl P onucsrsaer Bce nepexoAbr Mexny Henor;rorqaro-
uruMr.I cocro.flHurMlt, To 3JreMeHT n ,,rlyudaveumaaouo watpugsl

N : lnrT= g - Q)', r : diag{1, ..., 1}, (3.17)

[pelcraBnter co6ofi cpe4uee qr.rcJro uaroB, Koropoe qenb rrpoBeAer B HerrorJro-
qamnleM cocTosHr4u r Ao MoMeHTa rIoDIorIeHuJr, ecJru Hcxo.qHoe cocTotHl{e ecTI}'
j. \lcxolq vsj, npoqecc voxer no6usan B piBruqHblx cocrorHr.rrx l, npe4crae-
JreHH;rx Bjl-oM c'l'o.l6qe, r'r norony cyMMbr no cro:r6qau lrarpuqsr N cym cpe4une

r6) Kevenz, Cne,r,r, 1970.
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E€-;'s x BO3BpaTbl

rrra i _i:oreHeTtlqecKot{ qa

I =,:6 r npoeKqnoH-
:r:€:e-teHue B $ 2.3).
q,:-l.xulrri- Bro4nv n

=rz: supmyauttofi no-
rt;:a;

S3.4. Kor4a 3auBeraer u cKoflbKo rer xrBer ManonerHhK?

cr.rcra rxaroB, npoBeAeHHLr€ B K KAOM H3 HenoD'Ioulalo Irx cocTosHxr4. JTr4 BeJlr-
rruHr,I uMelor cllttctt o:;tcudaeuofi npodonctcumandrocmu r<lt3nr4 (liJb expectancy)
Ha crallvrl, ornevarorqefi ganHoMy cron6qyrT).

Hapx4y c ru6e:ruo flpoucxo.4tr u nr:t;e co1atmun B x]tHeHHoM ur{K;re oco-
6u, uanpuuep, nepaoe qlemeHue y onl4KapnHoro pacreHrzr, r.r y Ka)KAoro raroro
co6blru.{ u c:ryuafiuofi qenn ecrb cBoe BpeMr cltlznaH A, BbrpaxeHuoe B cpeA-

HeM qr4cjre rlaroB Ao ero HacrynJreHr.rr. Haiiru sro qucJro Mot(Ho, HaAcrpouB Ha

4anxou fX{ raryro Br4pryanbx}To qenr Mapxoaa, y noropofi nor:rorqaroulee co-
cTorHue cooTBeTcTByeT cMbrcjly I.{cKoMom Bo3pacTHoro rroKa3aTeJur Hanpr4Mep,

aospacmy n ep eo 20 qa em et tut -

Ilpnruep 3.2 (npoDonreuue). floxltl, cxonrxo e cpeAHeM xfl4Byr oco6u va:ro-
nernero nu4a E caucasicum, rloMoraer rlrapKoBcKaJr <nagcrpoiixa>>, oprpadr xoro-
poi noxa:au ua ptc.3.5, a lepexoAHat Marprirla r4Meer crpoeHue (3.16). Iogx{a-
rpuqa Q lr: $opuy:ru (3.17) coelagaer B Aar{HoM cryqae c ucxognofi uarpuqeii Z
Pe:y:rr,rarr,r rr,rurzcreuufi g:rx varpvr\ T(t) w ra6n. 3.4 npegcrannensr e ra6r. 3.5.

Ta6tru4a 3.5

OxuAaelra.r rpo,{oJrxrireJrbuocrb xli3uu E. caucatsicum aa crar4rlrx, Bbrqr4cJreHrarr AII{
Ka;Kgoii r.rs Marpu! T(t) (Ta6]\.3.4) u ycpegxeuuzur no cra,4xrM lpx oruocure.unoii

crpyrq?e nonyJrrquu x(l) (ra6:1. 3.3)

(3.16)

..-i-orr (sce crol6qo-
cl.:::uei nepexodrtt'tx
r:31rollluM opryaQoM
::r"re d nlrpryalr,noii
- :onaAat B KoTopoe
: 

=lic,-ro 
(MaT€MaTIfie-

=. 5raet HaxoAurlcf,
::::reHlrq. flo4po6uee,
lra;fifl, HenorJro[dalo-
:;l]bl

-. (3.r7)

,::loBeAeT B HerrorJro-

'*{oe cocTorHHe ecTb

::DsHHrX t, IpeAcTaB-
:;tulr N cyrr cpe4nl.re

foa
nep€IIucI

t

lloyutrpt4a Q
nepexo4uoi'i varplrqu P

Bap ryanr,Eot qe t

(Dyu4auenraurnar uarprqa
N: (r - Q)'

OxrijlaeMat
npoAo,'rxr4TenLIIocr'6
ra craAr-rrx j, v, g, gt;
cpearrrr no cTaarrrM

2009

I o o o ol
l%* "/* %o o 

I

I o u/'o %ool
lo o Xool

1 0 0 0l
2.8'72 6.2s2 4.4e4 o 

I
0.308 0.674 1.910 0 

|

0.031 0.067 0.191 l ]

4.2r,',1.03,6.60, 1

5.lu

20r0

tr

0 00
t*/tzu % o

%x %o
%ru %o

1000
3.208 5.849 4.387 0

0 .239 0 .435 1 .452 0
0.074 0.134 0.226 |

4.52,6.42,6.06, 1

6.04

20ll
r o o ol

2.668 s.26s 2.633 O 
I0.r8r 0.357 1.429 0 
|

0.r37 0.270 0.510 1l
3 .99, 5 .89, 4.57 , 1

4.82

t7) @opr,ryaa pn cmaudapmtrozo omxtottetrlt cn) Jaiilroro qtc,la nraroB Taloke ,€Becrrra (Kelrcur,
Cnem, 1970, c. 113).
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OrcoHva ue ma6t. 3.5

foA
llePeII'ICr:I

t

floTluarpuqa Q
repexoAHoii MarptuLl P

eup lya.nruoii qenu

<DyHAaMeHTan!,IIar Ma'rpuqa
N: (I Q)',

Oxrlaaevar
r!poAotxl,lTeJ'rr'rroc't6
Ha cra,xHrx j, v, g, gt;

cpe/xHff llo cTaautM

2012
t=3

I o o o ol
l "%t' "%"t % o 

1

| 0 %", o ol
lo o %ol

1000
4 .89'7 7 542 5 .028 0
0.162 0.250 r.167 0

0.018 0.028 0.129 1

6.08,7.82,6.32, 1

6.'.17

2013

r000
0.3866 2 2 0

0.0r76 0.0912 i.5912 0

0.0052 0.0n0 0.02'70 |

| .41 , 2.12, 3 .62, 1

1.94

3sasenr.rs flr,v fiq+ Ne cnyraiino palntr 1 (Vnpa:*rneute 3.9), IIo ocraJrl'HT'Ie

3reMeHTLr dryu4aveural*roi MarpuqLl MeHtlorcr{ c roAoM rlepenl4cx, KoJrb cltopo

rcMeHrercr caMa Marpl{qa (/). CoorBercrBeHHo MeHfsrcs I'1 oIIeHKa [poAoJIXI{-

TerbHocrrr xu3Hrr, ol rAaeMofi ua pa:Hux craAlarx (HairpuMep, or noJlyropa Ao

6 rer Ha HaqansHofi ctaguu), Ho rloqeMy oHa I'tHBapI{a}IT}Io Bo3pacraer Ha cJIeAy-

rorleii craAlrr.r, 6o:ree 6rusroii x :aBepIIreHHIo rtrnHeHHofo III4KIIa? 3ror unuvlrii
lapaAoKc o6r,gcrllrercl tev , uro cpednsn JrpoAoJr)KrlTeJrBHocrb xI'13H}{ yt{flTllBaer

scex oco6ei loxalrnoii flonyntquu, B ToM qacJle u noru'r6nltx. A caepmuocmu

(re.4onorHenue c),'r'narr cro:r6qa 7go 1) Hapanuefi craAril{ 3aMerHo Bbl[Ie, qeM Ha

noc:re.4yroqlrx (ra6:r. 3.5): naprupyer c roAoM I or 35 ao 80% (VnpaNuenne 3.10).

llpoAorngreJLHocrb, ycpeAHeHHzuI no craAljtM )KI43HeHHofo qI'IKJra locpeA-
crBoM BeKropaJ(/) orrocllTenbHot crpyKr)QEl nonyn,IrIHI'r, I4cnr'lrblBaer rIpI'IMep-

Ho re x(e Bapr{aunrj c roAoM neperlucl{, qro I,I Ha caaAuu j. Bp;rg nu ee :HaqeHllt Il3-

Merrrcr cyxlecrBeHHo c aaMeuoii ?roro Belcropa Ha ycrofirr.rnyro crpynrypy x*(l)
(VnpaxrHeuue 3.11). !

EclIl,t oreer Ha Bonpoc <<Cnolrxo Jrer )KuBer lralolerrrrlx?>> rcrarr' 6e: y'reta
pacrerufi, norr'r6arorqux B Mo.IIoAoM Bo3pacre, To npu,qercf cHaqaJla orBeruTb Ha

ronpoc <Kaxon (a cpegue*t) eospacm nepaozo qaemeHuu?>r Kax r'Inoii <<eospacruoii

roKa3areJrr, ra: cra4nfinofi MoAeJrIiD, on norpe6yer raroii uo4uQnra.qul{ Blrpry-

alrr'rofi nouoruaroqefi qenN MapKoBa, Koropat 6yAer orBe'Iarb AplroMy cMBIcny

IIOKA3ATCI'.

Ilpuuep 3.2 (npodontr,cetrue).I4cxogusrii llKI\ E. caucasicum Q;uc 3.4) noxa-

3LIBae! qTO IIOCne npopacTaHu{ pacTeHI'Ie Mox{eT 3aIIBecTIl MI'IHI'jtMy\{ qepe3 ,4Ba

foAa B craAr.rur g HnH gt (rro AaHHblMr8) ue pauee 4-ro roga xu:nlr), uo ro3MoxHbM

3a,4epxKr4 B BereTaTlIBHOM COCTO'HIIII, KOTOpLIe OTOABI4TaIOT HaCTyrIJrelIIre TaKoI'o

13) Kasagr{esa a ,1p., 2016.
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(oDeHr49 14 BO3BDaTbl

e 3.9), Ho o crilJrbHbre
H nepenr{cH, KonI; cKopo
cr tr oqeHKa npoAoJrxrr{-
parep, oT rroJryTopa Ao
IO BO3paCTaeT Ha CneAy-

D UITKIIA? 3TOT MHI.IMbIi
ItrcTB XI43Htt yL .rTbrBaeT

r6urux. A cuepmHocmb
rr 3aMeTHo Bbrrne, qeM Ha

ff6 (Vnpaxuenue 3.l0).
seHHoro qr4Kla IIocpeA-
trj HCnhrTbBaeT npr.iMep-
Bpxa nu ee snauenr.rx us-
f wrnyo crpl'rrypy x* (l)

nx?>> zcrarr 6e: yvera
C' CHAqAIA OTBCTIiTb HA

r Kax unofi <<eospacrnofi
fi rro.u.r$unaqnu eupry-
8eqafb ApyroMy cMhrcJry

:asicum (puc. 3.4) nora-
:rE Ii{HHr.rM),'r,f qepe3 ABa
Nt3Hr4), Ho Bo3MoxH6I r4

tot Hacq,r:reHIae TaKoro

Oxr4aelran
rlpoaotxlrTeJrbHocTl>

!IIa craAnrx j, v, g, gt;
' cpe,qHff no cTaar.rrM

6.08,'7.82,6.32, t:
6.',77

Orcou.lauue ma(lr. 3,5

1.41,2.12,3.62,It

S3.4. Korga 3aqBeraer cKorbKo Jrer xlBer ManoflerH K?

ai
\/1

affi-)
t\

Ptrc.3.6. OprpaQ ar.rpryanbnoii MapKoBcKott qelt{ Ant Bblrixcresr4rl Bo3pacra nepBoto 4Be-

Ter,dxtry E. caucasicum.

co6brrrxr. 9ro6sr nrrqllc:rr.rrr cpedHui 6$pacm (lg) nepnoro IlBereHl{fl, B qenr c

rpa$ou nepexogoB, orBeqalorlnM Marpl4qe 7 (pxc. 3.5), ruecro scex nepexoAoB l{3

cocro,{Hnfi g u gt BBoAr4M nepexoAhl B HoBoe no|jro lam lee cocrotHlte <<AoxllTb

Ao pe[po,{yKqrrD), rbd (ceproduced-before-dying)) - 5-oe no crlery. I:rasHrrv
ycnoBueM ,qo)i{xrrr{ cJr}DKIzT orcyrcrBl,Ie cMeprr{ocrll Ha 6onee paHHIrx cra,4l{tx, lI
noroMy ycnoeHaa MapKoBcKat qenb Ire coAepxfiT cocro.{Htrl d (pllc. 3.6). Tor4a
nepexoAHarr MaTpr{qa ycJroBHofi rrornouarouleI ltapnoncxofi qenu npNHvMaer BI'IA

0

0

0

0

001I

c eJreMeHTaMv 2-ro cron6qa - ycJIoBH;IMI4 BepoqrHocrtMu rrepexoAoB I43 cocro-
sHrra v, - KoTopbre HlDr{Ho nepecqHraTL Ir3 tcxoAltr'rx Ko3soxqlreHroB 4f tr c
yqeroM croxacrr4qHocrr4 Marpl.Iqbr P (3.18). Cornacno (3.17) nueera

N= (I g)':g (3.1e)

63

0000
I Aoo
nfnn
otoo

(3. r 8)

o o o ol
o;ool

t\ Iolool/'
o t o ol



fnaBa 3. nonyngql4u c yctloxHeHHbllv x,l3HeHHblM qrKnoM: yciop€'lt1tl t1 Bo3Bparbl

r1e; :(tl(d+.[+k),7 :f l(d+f+k), h:hl(d+.f-l)' a napa\Ierpbl d,f,kuz-
eecrHu r,ts ra6r- 3.4.

CurmomHoe eg.tllclenrle o6paruoi uarplrqsr no $oprry:le (3' 19) :aer

1 0 00
r(t-b l/0-r) o o

ir<r-dl jr(-0 t o

Erg-it Er(-q o t

(3.20)

(3.2t)

IITO COBnal

>> d=1

. Ag=lr
Ag=

12.18

!:r-r rpc
rreHfi.{ napt

3aue,ran
B pa3HHe fr

TAIOI(E HCOI

rensao 7u (r
psry na6rnr

rl(e noKa3al

NO AHAJIOIH

Penpo.ul

6yaovnuxa

,4yl{ruBHbIX
BaeTct B oi
pa3MHOXeH

Aonyc(aeT I

ypaBHeHurr

Io6urr<
cragnfi n o;

IEHHOCTCH

HOe ]?aBH€

c MarpHuet
v(t), s(t), sl

c BeKTOpOM

HLlt, OTBeqZ

'?o) ,tororler u
2t) I'eottenpu,
Ha3ElAatoT BeJ

Tpurualsnue uuclla rrlafoB e 3-ev 4-or4 cron6qax NenolHe coorBgrcrB]'ror

oprpa$y eupryamHoii qenu (puc. 3.6), a c;n'rua 1-ro cro'r6qa, pannar

r+(+ f + k)t(\ - d),

,f;
c ) reroM paBeHcrBa 4 '.1 -k I yflpouraerct ao

1tp dtrl it.
3axonouepno, uro cyvlra (3.21) cpeguai Bo3pacr nepBoro qnereHus (lg)

poBuo Ha I rog 6olrure epeMeHH ox{IrAaH f uBereHu{ Ha craAI4I'I v'

Cor.racno ra6:r.3.4 uveelr, uanpuMep' B rcA neperrlcu}}Il: ld'f,kl=[101,7'
4)1129' orxylp i : atg+7+ E):r01l1l2vAg* 12 ter B utrrte rogt'r suaveHur

iapauerpoy d,.f, k l43MeHtlorct I{ nora:arenl lg naprupyer B ItHTepBane or 12 Ao

28 rer (VnpaxHeuue 3.12). il
3aueuauue 3-2. Ap uQlreruuecxr'l crolr' 6omrrnte :naqerurq lg creAy{rr I'I3 tBHoro

npeo6ra4alurr napaNrerpa d HaA ocra,rrsnblMll H coorBsrcreytorqeii bml:ocnr nepo;rr-

"o""" 
J * 1, a cogepxarorHlui esmo4 cocronr nT ou,'rro 6onnul+IcrBo pacreHhd

Maronemltezo su'a E. caucasicltm 3arep)LrrBarorct B Bgrerarl'IBHoM cocrotHllu r{a

,qonfl4e roAbl, HaKannIrBaq pecx)cLl IpIt IIBereIrlllI' fim.rremnocur BpeMeHHOTO p{Aa

1anurrxre), o.renu4uo, He Aocrarorlno, rrro6sl perucrpuponam ral<rx <4omoxarureii>,

u ct\ra Mero,4l.'Ic4 B mM, rtTo oHa no3BoJUIeT <€aurtHyrb :a ropu:oar" gauxsx !
Ilorr,:onarerqM MATLAB:
Buquc:renr.re varpuuN(3.19) Ant pa3HbIX ua6opoe napaMerpoB d'./' kpeatu-

3yeM cneAyar{I4M na6opo,rl xolrau4:
>> syms d f kdcfCkc PgsjliY9; 6 = t0 0 0 0;1 dc0 0; 0 fc0 0;0 kc0 0l;

51 = igye(a)-(O))^(-1) : Enter I
t\=

1, 0, 0, 0l
-1l(dc - 1), -1l(dc - 1), 0, 0l
-fc/(dc - 1), -fc/(dc - 1), 1, 0l
-kc/(dc - 1), -kc/(dc- 1),0, 11 ,

re) Jloro0er u Ap., 201'6a,201'7a.

o4



x { 1=Sparbl $3,5. Moxer nra arperaqrfl !a36aBflrb or peapoAyKr!4BHoli Heonpe,qeneHHocrfi?

qro coBnaAaer B cyrrlHocrlr c (3.20). ,{ailee, alt t : 2 (ra6* 3.4) rmolHneu:
>> d=1O11129. f=71129; k=4-1129; dc = d/(d+f+k);

An= 1+(2-rlc\tl1-rtcl Enter i
^Y ' uv,, _l

Ag=
12.1818

,{:u npovux suavexr.rfi I nosropxen 3Ty crpohJ, lt:MeHxr uyrxurru o6pasou sna-
-renur napalterpor. !

3axeqauue 3.3. 3naqr.rre:nr*re Bapl{aqtlu Bo3pacrHblx noKa3are,leii, no,ry.reuutrx

B pa3ur,re ro.&r nepenlrcu o4uofi .u roii xe :Ioxa.nrsofi nonymnyu, E. caucasicum, a

TaKXe HeorrpeAener{Hocrr, Hacqer rollo}KeHlrl Mepbr rlplrcnoco6renuoctLt },, ot:nocra-

re.mno l, (ra6:r. 3.4) crarar npo6:reMy ocpeAHeHJtl roAtrlrHbrx rvrarpuq I(r) no ncelry
prgy Ha6JroAel rii. 3agava paccuarpunaercl n 6olee npo4elrHlrrx ny6:rrzKaqurx20),

rre noxa3aHo, rrro ycpe,ryum ua6op npoerlrl{onabx Marpnu crenye'r zmttemputrecKlI,

no a}]aJrof11id c zeoMempuaectat'u cpedH&u rIoJIoxo{TeJIbHbx ']I{cerzl). !

$3.5- Moxernu arpera4uc r36aBHrb
or pen poAyKTl,rBHOfr Heonpe[efl eH Hocril?

Penpog,yrrurua.r HeonpeAeJleHHocrb Bo3HIrKaer npu xa;ru6ponxe MoAerH He3a-

6lqouurzra E. caucasicum, nmoMy qro B ero xtt3HeHHoM LII{xre ecrh ABe penpo-

AyrrrrBurrx ranuu {g r't gt), a loroucruo pa3Hbrx poAurerbcrrx oco6efi clreilu-
naerc.r s oAHofi cra4m j. flolrouy ,{ea craguiHo-cnequ$r.tuecnrx xooSQrlquenra
pa3MHoxeHr{r (a u b) cznsaus't roJrbro o.qHuM rurueiissrlr ypaBHeHIleM (3.14), uro

4onycxaer 6ecnoxer{Ho MHoro perfier*rii. Heorpe4enenHocrb I4cqe3aer, I(or/la B 3roM

)llaBHeHUr{ ecTr, ToJILKO OAHO HeLBBeCTHOe, LI Torna OIIO BbIqI{CJUIerCt OAHO3HaqHO-

[o6urrcx 3rofo MoxHo nyreM dzpezaquu (cnusuus) AB]x pelpoAynrlrBHblx
cragu:i. z o4ny (ga, pnc. 3.7), uuc:reunocm Koropoi, ga(1), cx,iraAblBaerc.a Ir3 qrlc-

reuuocrefi pacreHui, ua6nro4aeuux Ha craAlzsx g u gt. Tor4a ocHoBHoe Mo.4eJI6-

HOE VDABHEHI{E

x(t + 1): L(t)x(t) (3.22)

c r"rarpirqei Z(t) pazvepa 4x4, crpoeHux (3.5) ra c BerffopoM crpyKTypn x@ - [@,
v(t), g(t), gt(t)lr ynponraercs Ao ypaBHeHlrt

y{.t + 1): L,"(t)t(t) (3.23)

: 1..f, k ns-

(3.20)

--:r: -. i'lcTBl/rIOT

(3.21)

I Lr::elu (lg)
!'r
t ;_ -: :rl = [101,7,
!d 1: -;I 3HaqeHI4t

E*:::rre m 12 go

lL::t::.-r ]B 
'BHOTOr* :--a1.}cni Beposr-

tUir--:.leO PaCrenUii
trf :M ,-OCTO'HI 4 Ha

n .lerrenn6ro pr,qa

E'-' :!1-lm)Xl{TenefD),

c*: :arn*x. n

r:::,:e d,.f, k pea:ru-

l':00;0kc00l;

c eercropou y(t) : lj(t), v(t), eQ) + gt(t)Jr u varpuueii Z"r(l) pa:Mepa 3x3 H crpoe-
Em, orBeqaro lefo arp€rr4poBaHHoMy fXI{ (plrc. 3.7), re.

'zo) 
Jloro$er H gp., 2017a, 6.

2t) feotternpuvecrun cpedrul,v Lrecxott't<uxi IIa[pIrMep, nrru, rloJrox[teJrttr6lx tucet a, b, c, d, e,

fia3brBaror BeJltrrl]lry c: iGbcde .
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ftaBa 3. nonynguul4 c yctoxHeHHblM xl'l3HeHHblM uLlKnoM: ycKopeH g 14 Bo3Bparb'

.- {)

-"-@._uJ:gp\4--r'/\9
Pttc, 3.7.

L:
o o ol Io o a

c d al+1000
o f+k fr I Io o o

(3 24)

(3.27)

(3.28)

fr
rcpcr

I

201

20t

B KoropoM cJIeBa cronr HoBat nepeMenr.rax ga(r + l), nepBoe cjlarae\loe cnpaBa co-

Aepxr'rr npexHrolo nepeMerlH].ro v(l) s nonov KaqecrBe' a Bropoe c-'laraeMoe rlpo-

cro BHpaxaeM qepe3 I{oByIo nepeMenuyro ga(t) u Hoaufi xo:$$u[rleHT i :

201

201

2013,t

Y

@

lll(ll sega6tAo.Ilttxa Fritrichiu l caucasicuTtl c eA''lHcrBeHrlol"l PenPoAy(TtRHot

craAraeii ga p$y./Ibl'aroM arperaqt{I{ refiePa.l.J'tBfiblx craAtfi g 14 gt'

Huxe noragarro Texl{uqecKll' IIoqeMy 3IeMeHTbI c, d, f + k 3Toii MaTpI{uLl co-

xpaH{ror rrpexHl4e 3r{aqeHl{t r{3 lrcxognoi (uearperuponalruofi) MoAeJ]I{ rl noqeMy

non"nttot"" tp" 
" 

ovstx stev^euta Q,Q ,fu
flepexo4 or nexropa -t(l) e lexropy y(/) s varel''rarure Ha3brBaro't sclMeHou nepe-

,"nnr* , to ypu"lrelrlu 4lx y(t) Heo6xogur'lo rnnecru u: npe>xneii cucreMbl )paB-'".tti 
fz.zz\'" r'rarpuueii 1j.5;, a rarureuuo (olycrar HaDlqaHocru paAr o6osHa're-

nue (l) :au.rcuuocrl't glleMellroB MarpI4lIbI or /):

lj(t +t) = ac(t)+b?t(t)'

lvQ+\:ci(t)+dv(t)+eg(t)' G.2s)

ls(r+t): fi(t)+hs1),

lstQ +D = kv(t) +ts(t)

C:toxlIB noqleHHo 3-e lr 4-oe ypaBHeHI,l' cIicTeMIJ (3.25), no:ryuaev uosoe

)?aBHeHfie

s0 +1) + s{r +1) : (f + k)v(t) +(h + D s(t). (3.26)

(.h +DeG): hsa(t)'

B pe:y:rs:rare ypaa neuue (3 .26) np[Hl]Maer KaHoHHqecKlt]-l BILI:

sa(t +I)= (f +k)v(t) + itsa(t)

KaK cocraBHat qacT; BeKropHo-Marpl4rlHom )paBHeHut (3'13)' a Helceecm*i roetf$r't-

r&errr i noMacrcs r<anrl6pome m npexrux (nearpenrponanr*x r rar**x (ra6l 3 '3-4)'
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GETATb]

/1?4\

qj-Iplrqbl co-
*r::::i n noqeMy

:\ :;ueiroi nepe'
:"i ;Teltbl )rpaB-

ts? :-ij--,. ,l oSo3Haqe-

(3.2s)

5 ". :l-+.{aer,'t uonoe

-' :- I ,. (3.26)

3;:-:3\toe clpaBa co-

lEt.ie !--raraeMoe npo-

rbl::I:IITCHT ft :

(3.27)

* 3!i-1:

(3.28)

=rcBecn$rii 
KogOQr{-

. :arurx (ra6l. 3.3-4).

53.5. Moxer nr arperaufii u36aBl4rb or penpoAyKrrlBHoi HeonpeAefleHHocrr?

Ananoruuno nocrylaeM rlo orAeJrbHocrli c [epBbtM It BTopbtM ypaBHeHI:t.{Mr4 r.r3

cllcrelr.rlr (3.25):

jlr .ll- agdt). vlt tll V +k)v\t) + e]o\t). (3.2e)

u rroJrlqaeM coofBercrB),'roufie IoMnoHeHrLr Be(mpHo-Marpu-*rom lparueruu (3.23).

Baxuo, uro norsre xoe$$r.Iqze;rrsr 6 ,s ,h xanu6pyancr o.qHo3HaqHo uo ypaB-

neruxrr (3.28), (3.29) u npexuuM AaHH;rM - cv. ra6:r. 3.6, Ir 3ro floJrHocrrro
r{cxraqaerHeonpeAeJreHHocrLrr3pacrreroBrroMarpuaattL^,(t),t:0,1,2,3,4.

K coxanenuro, onHo3HaqHag rcatu6pyetvtocmt lrarpuusr I"n ero nznr neo6-
xoAxMoe, uo He docmamo,rne ycltoBue yclexa arperaqriz e rt6aa:reuuu or pe-

nponyxrunuoii HeonpeAeneHHocrn. Bax<qo erqe, .rro6r.r nory.leHHoe suaueulle 1,,

arpernponaHnoi rraarpuuu (2"") oKa3a:Iocb oAHHM rr3 donycmustatx neonpeAeneH-

nr,rx :rnaqeHni X,, ,4o arperaqnN, re. qro6rr 1,,(2,") nonaAalo B nHTepBaJr [,rni,r,
L..".l u: ra6r. 3.4. 3ro ycnonue co6mo4aercx npN t:0,I,2,3, uo Hapylreno nplt
I : 4 (ra6,n. 3.6), r'r 6olee roro, 1.,(2"*(4)) oxa:arocr 6o:rr,nre 1 , torAa rax Auana:os

Ta6tu4a 3.6

Arperlrpoeanuue crpy(Typbr rro[yjrrquw E. caucasicum, nepecqmaHHbre
no ra6r. 3-3, npocKrlr{oHHbre Marpvrlbr, ncpccquraHHltc no'ra6n. 3.3,

:,r coorBercrByrou{ae 3HaqeH[r Mepbr [pucnoco6neuuocru I,
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AfpeflrpoBafiHat
crpyxrypa y(l) MaLprua L"r(l)

MIfi lMa,rbHat
cyMMa cTpo(rrj

dL^"4))
,1r(Z,e(t))

2009

Itrl
ootxo

u%* Yto %o

o u/to 
%o

0.0750

0.948s
€

2010

l#l
0 0 'ii_]

'%t 
toYrru

0 ,xru 0.2809

1 .2939
e

L^tmin, ^t l

2011

l'# l

,i^r, ,rt,""/:f
o Tttn %, ]

o.'7466

t.3323
e

2012
211

181

16

loo"%uI t31/ t5t/ 6/
| /21r /18t /t6
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2013,2014
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u/rrn 

"%nu %
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fnaBa 3. nonyflgtlur'l c ycnoxHeHHbllv x[3HeHHbtM t-ll'1Kno!'l: Yc(ot€rHfl x Bo3Bparbl

HeonpeAereHHocrn [lr-h,I'.^"1 .:rexur e 3ToNl c-Ia]ae rte'-rl{kro\t c-reBa or 1 I'IHLI-

Mrr croBaMI'I, arperaqlrt ricKa3rrJla pearbHylo cHryauHro He ro--ILI(o xoJlliqecrBeH-

Iro, Ho I{ (aqecrBeHHo, rpencl(a3llBag pocr nonyjut[ttli artecro ee 15stlt'r'

Fleygaua cJry,^lllnacb Jlqltrb B oAHoM cJlyqae I43 IIfiT]I' n ro]{) ecrb Ilpocroe Ma-

,"*-"u""no" o6rqcHeHue. llo reopeue opo6euuyca (flpllroxeune, $II.7) 4oull-

naurHoe co6ctseHuoe qucro Heorplluarerl'Hoi Marpuur'I I ofpaHl{'{eHo cHH3y I'1

cBepxy coorBercrBeHuo Mllul4Manbgofi u uaxclllra'rrnoi rt: clttr ee 3reMeHToB

no crlloKaM, T.e.

6Ut<)"ttAl<>Ul,

3.3.

3.9. \

3.10. E

I,
3.11.l

fl
o

3.12. B

M

3.13. It
Ti

rne rsr.,tr - min{:,}. t(,4)=max{t,}.I=i",,. cpaeunn renepb MhHr4-
'';" l-rJ' 1

MajrbH6re crpoqHble cyn',rr'',rlr o (2"*.) y afperupoBaHH.blx Marpllu u: ra6l' 3'6 (ouu

rrn"t-ut", u tp"trei ctpone; E coorsetcreyroqui'i eepxneii tpanrlqefi I'1,* a1;

alra3oHa HeoIrpeAeJleHHOCrI{ us ra6r'' 3 4: npn I : 0, 1, 2, 3 :HaueHlle t (t"s(l))

3aMerno MeHblre, ueu 1.,.""(l)' uo

o (r""(a)) = 0.8875 6o.rr'nre,'rem l.i'*(4) : 0'8588' (3'31)

orcro4a no reopene opo6ewryca ).,(I,r(4)) > o (I"*(4)) > )",."'(4)' qro u o6r'-

r{c}fier HeyAaqy arperaul{x IIpH I - 4'

Ilo:rovy losynr <Arperaqnt nporl4B HeonpeAeJleHHocrlt!) ylvtecreH n urb

TaM, fAe ycnoBlre, [porl4BolroJloxHoe (3'31), BbrnorHqercfl Ars Bcex MoMeHToB

lepenucu I I'I3 floneBI'IX ,4aHnsrx. A paccvorpeHHr'rfi glrrrre cnyvafi - oro npunep'

rAe ynporleHlre MoAenr{ HeAOnycTrIMO, TaK KaK OHO CyIIIeCTBeHHO I',ICKa)KaeT pe-

aJrblrylo KapTLIHy.

3aueqattue 3.4. Orponanoe npeuMyqecrBo AaHHbIx fllrra <ll4eurllQlluuponau-

Hbre oco6fi> cocrol{T B ToM, qro olllrt rlo3BoJl{Ior xanu6poearl [poeK[IroHHyIo

Marpriqy y)Ke Ha oAHoM epeuenu6lr lrare' Te' no AaHHblM neperrrcll B ABa rro-

cJreAoBaTel6Hbtx MoMeHTa BpeMeHH. FIO roraa Iraros HecKoJIbKO, 3TO npg]iMyule-

"tuo 
o6opu"t"u"rcs tl 6orlll]ofi npo6'reuoii l4:-:a 6onluloro pas6poca :naveuulr

MoAeJIsHl,tx xapaKTep{crl{K, rtoJlyqaeMr'lx Ha KaxaoM urare (ra6:r' 3'2' 3'4 6)' u

coorBercrByroudefi Heo4nosnavHocrl{ MoAeirbHblx nporHo3oB Kar lapuanr npo-

rHo3a, rlcxoAtlllero I43 Bcefo AocTynHolo pt'[a AaHHblx' N{oxHo peKoMeHAOBaTb

ocpeAHeHLIe oAHoIlafoBBIx npoeKuIloHHLIx uarpuu I(l) - cv' 3ateqarrue 3 3 u

CCbIJIKII TAM )KE. LI

(3.30)

$3.5. YnPaxuerrn

Yxaxrzre rpl4 npuHulrfluanbHLlx orrfiqlr'l IXIJ or uxa:rn oHToreHe3a c

rev xe na6oPola cra,4uii.

a4
l

t
I

3.6. r
T

-l

t
3.7. r

B

3.8. *

J
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53.6. YrpaxHeHfie

3.2. flporepurr nbrrrorHeulle paBcHc'rB KanLl6poBKI-r (3.1) 4:rx ecex uarprq r.l:

Ta6r. 3.2 14 coorBercrByrorqux BeKTopoB.r(l) u3 Ta6n. 3.1.

3.3. Br,rquc:rurr (e <Matlab>) aolrzHaHluble co6ctseHHrte qacra r coorBer-
crnyrorqlle co6crBeHHLIe Belcropbl Marprrr\ L(t) 1B Ta6r. 3.2, a rarxe :Na-
rreHu.s coorBercuytorqux tr{flP (3. 1 0), (3. I 1 ).

3.4. !oxa:au, qro MaKcr.rMaJIbHo Bo3Mo)r{Hoe pdccmot ue Kefifuuqct v.exgy
napofi croxacnrvec(xx BeKropoB (crra. onpe4eneurae (3.12)) pauno 1.

3.5.,{onasaru, uro ecJIIr BeKTophI Jr lr z BL4)axeH6r B gollx, a paccro*rue Kefi-

Suua lreN4y ulrvfi lr1rrrHo nonf]Irrr B rlpoldeHrax, To B rIpoIreHTbI MoxHo
[epecqr{TarE mroBblii p*yrbrar B Ao]Itx.

3.6. Br,r.licru'm (n <Matlab>) paccroruNe Kefi$aqa MexAy HopMripoBaHHbrM

ner.roporrr x(l) us Ta6t. 3.1 H coorBercrB),lorqurlr co6crseHHrrr4 BeICopoM

x* ug ra6:r. 3.2. Cro:rsno norpe6yercr ruaron c nocroauuofiZ(0), T.e. rrpri

I = 0, .rro6br aro paccro.sHxe ),rreHrlrrrnJrocb Ao 5o/" ? C t'i..arpuueit L(2)?
3 .7 . tr4cxoga *ts paneacrea (3 . 1 4) I{ cMLIcJra rrapaMerpoe a u b , ,{oKa3arb Hepa-

seucrsa (3.15).

3.8. *,{oxasarr, qro 3(crp€MaJrbHbre 3HaqeHr.s },r-i, r.r )ur-.* y Marpuq u: ra6n.
3.4 ,4ocrmarorcs r xpafirux tovxax guala:ouoe (3. 16).

3.9. O6t sclture, nouevy e ra6:r. 3.5 nrr: noo:1 rtrnapnantro 4rt Kai(Aoro l.
3.10. Br,rqr.rc:rrzrr cMeprHocrb (n %) ua cragrarx j, v u g ue:a6y4o.rar.tra

E. caucasicum (ta6l. 3.5)
3. 1 1. Ycpegunrr no craAlrtM cpeAHIoIo npo.qomrurenlHocrr, xIr3HI4 Ha cra'4rl-

rx )ltr-r3Henr{ofo quxta E. caucasicum (ra6t.3.5), ucnonl:yr ycrofiuunyro
orHocr4re:rbHyro crpymypy r* .

3-12- Bt t tucsrz:t cpegaufi nospacr nepBoro llBereHut y E. caucasicum no $op-
rryre (3.21) n gaHnrru ra6l. 3.4 4nx ecex ler repenncu.

3.13. f{ponepam Br,rrroJIHeHI4e ra,ru6poroualx paBeHcrB (3.23) no 4aI*rrm
ra6r.3.6.

: --rxl3y tr
'1lE\leHToB

13.30)

..!:IE!! \THHI'I-

-:u:-.-- -:.6 (osu
:il i-.-, Ax-
: : (I""(t))

(3.31)

:-=roIlo6'b-

1 .1I'} TCH JIIIIIIb

}|:\ ]{ol\leHTOB

- ]ro npl4Mep,

rr;KaxaeT pe-

ir* -4"**tt"ot*t)*
It€5jiJIl B aBa [o-
!rc. ]1 npellMyule-

t p'.::ri' ,-]ca 3HaqeH[t

Ff:- l.l. 3.4-6)'u
t !.-: eaPnanr nPo-

E i 3KO\{9HAOB&Ib

u- ,:,:treqauue 3.3 u

:rl:3-'il'l oHTOreHe3a c
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