
rflABA 4. MoEEnH nonvl|flLlh14
c ABot4Hofr ctpvrtvpofr,

nor hBAPl4nnruul fr oHTorEH E3

$4.1. floxnrue u npuMepbt nonyneqrl,l
c ABoxHovr cTpyKTypol,l

flolruuo no:pacra unx craAlrn pa3Burux, 4p1rue na6nro4aevrre lpr'I:uaru (pa:-
Mep xirr Macca rena, $enorr,In, run vectoo6nraguq u r,r,.) To)I(e Moryr cJIy)KI{Tr,

ocr'roBaHrrfM:t .etl xlacclr$uxaquu oco6efi u BI,lIrBJreHHll onpeAe,reHHoii crpyKTy-
pbl B nonynrquu. Bo,tee toto, noruxa KoHl(perHoro I4ccJIeAoBaHI{t Moxer norpe-
6onat ruraccuQlrKarlril{ no AByM ocHoBaHIlIM oAHoBpeMeIIHo, x roraa crpyKTypa

nonyJrrll u nplro6peraer Bropoe Ir3MepeHHe. Ha:rpuvep, n ucroprluecxra nepsofi

varpuvnoii MoAeJrri nonyJUI{Nn c gnoiiHofi crpyrrypoilt) npeAnoJlaraJrocb, rITo

MHOfOJrerHee pacreHue 3aIIBeraeT ToJrbKo Iro AocrltKeHHH KpHTI4qeCKOTO pa3Mepa,

x loroMy x rsospacmrni crpyrcrype 4o6aur:rri crpyl(rypy pa3MepHyto (no onpege-

ireHHsrM lrHTepBaJraM Bo3Moxmoro paslrepa oco6u). ,{eofinax crpylcrypa [onyn{-
quu rpe6yer 4;ofinoii nyuepaqur.r no3MoxHbIX cocrolr'rui oco6u, rax 'rro Bepun-
uu fXI{ voxno pacnoJro}Klrrb B y3nax ueJroqucreHHoii <peruetxrn> ua nrocnocrlr,
KaK 9ro cAeJraHo B npuMepax, onl{caHusrx nuxre. tr4 ecnv o6a x:raccuQ}rqxpylorqux
[pr.r3HaKa Mofyr MeHsrr'cr 3a 0AI4H BpeMeHH6[ [iat ro fxIJ golxen orpa)Karr,

coorBercrByloulHe r.r3MeHeHI4s.

Ilpnuep 4.1. FIa prac. 4.1 noxa3au fXI{ ropc*rxlr:re cnoit Q)ipsacus fullonum),
TpaBrurrcrofo MoHoxapnnom BI{Aa, xoroprrfi o6r,rvno cuuraerct deynemtLu:v, Pac-

reuru xnaccr.rSuqripylorc{ rlo Bo3pacry I{ pa3Mepy (HarplrMep, AxaMerpy po3er-

xra), n oun :aqnerarcT 14 Aalor ceMeHa, AocrllrHyB Aocraro'ruo 6orl'rrrorc pa3Mepa.

BrrAe:reso 5 rognunux nospacrHlrx x;raccoB (0,1.2,3,4) u 4 pinnreplrlrx xrncca
(1, 2, 3, 4). llonolHeHlze Itonyntqltu nponcxoAltr B HyneBoM Bo3pacrHoM KJracce, It
flpopocrKrl He Mofyr l4Merb IrHoro pa3Mepa, KpoMe caMoro ua,loro. Vnoumyrui
BBIrre Kpr.rr[qecKufi pa:vep qBery qrlx pacreHl4ii 3aB]rcI.IT or Bo3pacra: 4-rerHue
3aqBeralor ),!l<e Bo BTopoM pa3MepHoM ttlacce, 3-,retHNe - HartaHag c rper;ero, a

2-ter:uue IrBeryT JII{IIrb B caMoM rlocre.4HeM.
glrorennocrr rpyrnlr oco6efi pa:ltepa i (i:1,.. -,4) u no:pacraT f :0,. .,4)e

MoMeHT neperucu t (t = 0, 1,...) o6o:uavaeu x,,(r), n ror4a uarpuqa pa:Iraepa 4x5

x(t) - [xa(t)] =

x1e(r) x;1(r) xrt(t) xpG) x1a(t)

O x21Q) xrr(t) xy(t) x2a(I)

0 
"3 

r 
(r) x32(t) 43(t) 4a(t)

0 0 xa2(t) xa3(t) xaaG)

(4 1)

') Law, 1983.
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54.1. noHrrxe x npr4Mepbr nonynrul4ri c ABoiHoi crpyKTypox
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!r.T :-:: n-.IocKocrll,
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Y, t: t :. : -' i t s .fu ll o nu m),

cn:o-:enutt:v.Pa}-
l!- -=ll-\reTpy po3eT-

d,:-;uom Pa:lr.''tePa.

! :iru3pHblx Kracca

r:r':-'rfioM Kjracce, fi
r-i:ro. YnownYrslii

f,i.: i?acra: 4-:rernue
Hlbsjl c TPeTIiefO, a

;a.raj (7 = 0, . . .,4) I
u-uua PasuePa 4x5

(4.1)
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pttc.4.1. fXIl oco6eli BoptcrKti necuoi Dipsacus Jullonum, uaccn$u4rapoaanlux lto
xpoHonorr4rrecKoMy Bolpacry L pa3NleprLoMy (naccy. Ilyclr'Ie KBaAParttlol coor-
BercrB).ror EeHa6nIo6,qaeMbIM pa3Meprio-Bo3pacrHblM cocrotHr4tM, ltrlprxoBbie
crpen(rr - lroflo]rselnrc nollyntlnt{ 3a l BpeMeHHdI; nlaa (aAaflrnPoBalio r'l3 Law
lqR3).

o rcr,rBaeT cocrorl re AaHHoii norlyJltqHll c ABoiiHofi Qtasaeptto-aospacmuoii)
crpyKTlpofi. Ee alel,regtu r2q, 136' J4ei J41 HeLI3MeHHO HyneBr,Ie, KOnb CKOpO pac-

reHr.rfi coorsercrByroqero pa3MepHo-Bo3pacrHoro craryca B noryruqlrr 6rrrr ne

uoxed).
fXId rona:maer, r{ro penpoAyKTIlBHbIMu tBJrtlorcll pa3MepHo-Bo3pacruble

rpyrnu (2, 4),(3,4),(4,2),(4,!u(,\ c xoor|$uquenravu pastv,no>xe:oux a, b,

..., e. 3ro :na.rur, rrro nonorHeHlje nonyntllHu B ro.4 I + I ecrb cyMMa

a x 42Q) 
+ b x q(t) + c x 

".(t) 
+ d x.o(t) + e x rr(t),

(l )\

Koropar AorDKHa 6um e,te*reurov (1, 0) rraarpuqu X(/ + 1) crpoeHut (4.1). K co-
xaJreHluo, HI{Kaxar Marpuua n:loAoeurootz 'F pasuepa 4x5 ue cnoco6ga o6ecne-
qrrrL 3ro lpr4 ),MHolKeHrrx (ro npanu.ny ((crpoxy Ha cron6eq)) ua X(t) (Ynpax-
uevue 4-2). flo:rouy nplrnuunrrii nu4 (2.1) u:tu (3. i) ocuoaHoro ypaBlreHu.s Ma-

rpnunoi MoAern HeBo3MoxeH An.s MarpfiqHoro npeAcraBJreHl.ia (4.1) crpyrryprt
11onyr{r{r4r4.

Ho czryaqlrro MoxHo ltcrpaBl4Tb, ecJlrt B6ITToJIHI{Tb KoHKameHaqulo Marpliqbl
(4.1) no cron6qanr, r.e. 3arllcarl' ee xar 5-:raxr'rui eexrop-cror6eq,

2)LIs-:aroro,vrorropoillHlleltcHa.rfiEaerctHcc1,ac0,tneMelnr'rr,'io6pa:yro,:lAecBHemaBrr)4o

Ata[oEat6, a rlepBylo I Laoouazol tqnb.



fnaBa 4, MoAerx nonyflgql4i c ABoiHofi crpyKrypoi: nofluBapl4aHrHbtt oHToteHe3

,\ f ry
(4 3)

rAe KaxAblii (3rallo) Bo3pacTa .i (i :0, ' '4, 
(<3TaxI{)) HyMepylorc{ cBepxy BHI43)

ecrl, B cBolo oqepeAb, 4-MepHLri nenrop-cro'n6eq

(4.4)

X(+ l): I X(r)

onncnearcnrui pa3MepHylo crpyrrlpy 7-ofi ao:pactrofi rpylnrt' r{elr'rpe rolrmo-

HeHTH BeKropa: Jcro(l),:r,,0(l), xoo(l) lr xor(l), coorBercrBylollllle sesa6ruoaaevm"t

KoMrroHeHTaM B crpyKType [oIIyntqI'IH, HeI'I3MeH]Io HyneBLIe npl nro6ou l Pa:-

MepHocrb g"n opul4.3-4; paBna coorBercrBeuso 4x5 - 20x1, u noroMy flpoeK- F2 '

r-Ir4oHHa.l Marpuqa I n ypaenenlll

ro(t)

\\t)
xz(t)

4Q)
xq(t)

- *20EN r

(4.5)

{4 6)

fIo
pacrH

s$gar
pe>> 4.

noEon

ar4ngT

cro:r6r

3aHrTMi

BeKrop

TpITqa

cllofl 74

IT^-

II IIOTC

nyreri.
OAI{H B

xe coc

pacrH6

at0HaJI

IXI
BO3paCl

ocTaT6(

II TOJ]LI

pexoA r
BO3pacl

Marpr{q
x oTpDr

eqeuy

o6r:aua urrers pa:uep 20x20 raKxe KaK I4 ee cocraBJUllolql4e T' + F = L '

Kaxurt Ne aoor*ruo 6ur"u crpoeurre MarpI4IlbI Z, 'lro6bl ypaBHeHI'Ie (4 5) uonio

estno,r Hgrscl?
HrzNec.ne4yrorqlle a6:aqn rexcta, ua6pauuoro 6o:ree uelruu upuQToM' Mox-

Ho lponycrl4Tb [pI4 nepBoM rrreHl-llI oHu aApecoBaHl'l ooranznalr' xe]ra]orrl4M

BHr4I{HyTb BO BCe AeTaJrH.

HaqneM on.gts c noronHeHut norIyJItulII4: ecl:u F - Marpl{qa rrJIo'4oBI'ITocrIl'

ro calmrii nepxullii ypoeeHl nepnom (<3Ta)Ka)) BeKTopa FX(l) AonxeH IlMerb 3Ha-

veuue (4.2), a Bce npoque (<3Taxlt)) -ocraBarbc't HyreBbrMlr' Iloc;re4nee ycJIoBI{e

aoo*ruo "i-on""t""l 
g:u :*o6srx HeorpullarerLublx BeKropoB X(t)' :nawm' n

MarDnqe F (3Taxru) c 1-ro no 4-srii qeJrl'r(oM I{yJeBLIe:

o lo ir, io..l,oo

-p-iq-i-.0-l,q-1-q-0i0l0l0 i0
_ o_io]_ o_ I _ o_ i_o -0i0i0 i0 i0

Cor.lracro npaBuny (crpoKy Ha cro:r6eq>>, ra:xgr'ri <<:rax> B '\larpuqe lts Aor-

xeH r4Merb llr; 4-yporuenrrx (<KBaprHp)) (pa:4e:rexHux B (4 6) (creHKaMltt I J

uo 4 <<xolrsalsu (r.e. 4 uarplruulrx oneueara) Ha KarKro\l )?oBHe Raj'KAota (KBap-

rlrpsu. fXI{ (puc. 4.1) rlorasbtBaer' r{ro penpoAyKr}IBHI'Ie cocrotHut Haxo'[tr-

ct roJlbKo Ha Bo3pacrHblx (3Ta)KaD) jl :2' 3' 4' orK'vtra Il c'.le'lyer Hanl'Irtue AByx

HyJreBblx (KBaprlip) Ha BepxHeM (<3Taxe) Marpuubl (4-6) lt rper HerpIlB[aJI;HbIX

<xnaprnp> Fr, F.,, Fn
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lnrrrri .-BePXY BHu3 )
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(4.4)

l-. l"."tp" oo*r,o-

|x ;r=a5:uo4aerlr'rv

lr mu ,::5ov t. Pa:-

I r -.-rorrY rPoex-

I| (4.s)

ftr-r= t..

F+e'=re 
(4.5) t'rorlo

p* ;Irqron, uox-

lmnprt- 
xenaloulllM

hfi:ii: :--ioloBurocrl4,
p :':-=i:tr lltrerb 3Ha-

I 1,,,,..--:tte" ycJloBue

lnn:a X1l), 3HaqI4! B

(4.6)

3,;rq31psqeF4o,l-
f -: : l ((creHKaM[)) L,

!r3r:8.3 KaxAot (KBap-

E :::,-":o.tr}Il4t IIaxoAf,T-

c:(:'3T Harur{I{e AByx

t :-:E\ HeTpI4BI'IaIbI{IJX

54.1. noHgTue ta npxMepb] nonynqqai c ABoriHot crpyKrypoi

flocuorplru renepb, Ha Kaxrrx pa3MepH6rx ypoBrux rl B r{anfi ((oMHaraD) Bo3-

pacrHr,rx (GBaprr{p)) pacrroJrararorcr xoeQQuqzeurrr pa3MHoxeHr.rr a, b, ..., e. Ko-
eS$rzqueur a aaxogr.rrcr B <rtnaprl4po> 2, b s (KBaprupe) 3, c, d, e u (<xBaprlr-

pe> 4. Bce or'rz o6r,rratot Ha caMblx BepxHHX ypoBHr:x cBor{x ((KBaprr4p), TaK KaK

nonorlreHlle no.tBrqercr roJILKo B nepBoM pa3MepHoM xJracce. flpu :rou a u D

crrArr B (KoMr{arax>> 4, tax xax uveuHo ryna nona.qa}or KoMrroHeHTLr .r4 2(t) 14 x$(t)
cron6qoe xr(l) E .rj(l) coorBercrBeHHo a3 nerropa (4.3), a roo${nquenrrr c, d, e

3aHr{Ma}or (c{oMHarr.r)) 2,3, 4, rrc oxr-lnarcrr rota]reHlrt r<olmonerr ;rrr(l), .r, o(t), x*(t)
BeKropar4(l) npu Bbrwrorenrm calroii nepxHefi xomonerrmr rercrop a F X (t).lrIrar, va-
rprzua (4.6) o6ecne.{.rBaer nonolHeuue (4.2), xorga lreuyneB},re K;rerrul ee Bepxlefo
cro.s rrMercT creA),Tolqee cTpoeHue:

F r,i :F-greHe3
j

(4.3)

Fz. :
000a
0000
0000
0000

000,
0000
0000
0000

o c d el

llill.-',
t} -,r1- E

flepexo4rr r ny,reB)'Io Bo3pacrlry'Io rpynny noMr{Mo nonoJrHeHltt HeBo3MoxHr,r,

r{ noroMy nepxuufi (<orol<>) MarpI{IIbI T' uz ypauueaut (4.5) qe:rmou cocrolrr I43

uynefi. Onpegerxrcqee clofictno eospacmuofi crpyr{l?bl cocroltr B ToM, qro 3a

o,4llu npenaeHn6fi rrrar Bo3pacr yBeJrr]quBaercr poBno Ha I - ner:aleprrer e rora

x(e cocro.{Hllu HJrrr ycKopeH}ILIx nepexoAoB, rar n l:laee 3. 3ro:Haurr, uro eo:-
pacrHr,re (fiBaprr{pLD AonxHBI QopMl4poBarr B Marpuge tr Tonbxo [epBylo rIoAAr{-

arOHaJIb, a Ha BCex OCTaJII'H6IX MeCTax CTOTT HyJII4:

(4.8)

fXIJ (puc. 4.1) noxa:mavr, uro sa 1 epevenu6ff l.rar pa:ruep oco6r.r:lo6oro
BO3paCTa, KpOMe rrOCJreAHerO r.r mo6oro pa:uepa, KpoMe caMoro KpyrrHofo, MoxeT

ocrarbcr B rrpe,qenax reKyu.{ero pa3MepHoro KJracca, rlr6o nepefirr e c.rre4yroqldl,

I,t roJrBKo caMrie MJIa.{ r{e pacrer{I4t cnoco6nsr Ha ycrcopenxsrii poc! T.e. Ha ne-
pexoA qepe3 oanH pa3MepHr'ri xracc. flo,rsas pa3MepHa, crpyKTypa Bo3Mo)KHa. B

Bo3pacrax jr = 2, 3,4, xoropm.r B npol43BeAeHlrlr trX ol.reqalor xterxu T*T,7,
Marpurlbr (4.8), r.r sHaulr, rraHupoBxa 3rr4x (<KBaprr{p) AoJrxHa 6bITL olsHaroBofi
u orpaxarorqeii Hey6rraanue pa:l'aepa co BpeMeHeM; B rrerre d nyxuo yql4rblBarr)

eule H ycKopeHHbd pocr:

f_o i o-; _o_i_o;_o_

Irlqi0l9i9l0t4t0l0t0
?r - | - - - I - -: -i- - - I - - -:- - -'-l oioi4ioio

Iolbioj4-io
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fnaBa 4. Mo6er!,1 nonyntqt,ti c EaofiHoi crpyKrypofi: nonxBapuaHrHui oHroteHe3
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B uarpraqe ?o Irenyrleeoi cro:r6eq lumr' oArin - no qucJly pa3MepHbIX xJraccoB

AalrHoro Bo3pacra, a e 4-olr cro:r6qe uarpHq d ny:ni crolr noroMy, qro pacle-

Hlrq 4-ro pa3NlepHofo Kracca Bcex peTIpoAyI{TI4BHbIX Bo3pacroB norubalor nocne

TOIO, t<aK npoll3BoA{T CeMeHa' .{r',rarona:rlnr're e:reMeuTbl o3HaqaIoT no;ru Tex pa3-

MepHo-Bo3pacrHllx fpynlr, oco6r'r xoroprx ne BblpocJlIl 3a rpaHl4lly cBoero pa3-

MepHoro Kjracca, noMI'IaroHilJIEHbte orpax{alor HopMa'lBHblE pocr Ir rlepexoA B

cneayroqufi KJracc; 3neMeHr { uor<assraaer 4onlo Bo3pacrHo-pa3lrepuofi rpynnu

(0, 1) co csepx6ucrpLlM pocroM. B cuny cuepruocru pacre[It Ha nyrlr K penpo-

AyKrlrrr.r Bc€ Marpulrbl (4.9) cy6croxacruq€cKlte no ctol6qau Cylalrapnoe uuc:ro

ux HeHyJTeBHX 3JIeMeHTOB COBIIaAaeT C qI4CiroM pa3MepHo-Bo3pacTHblx [epexoAoB

" ?[1:"JJffilfi'ffiu"' 
" 

uo.pacrHo-pa3Mep'oii crpvrrypofi (4.3-4) nog-

qrrHrerct )'paBHeHLxo (4.5) c uarplluefi Z, rluerorqeii crpoeHue varpugr; Jlec"'tu

(1.10), s xoropofi pons ro:S$uquenror '4o)KIzrI'Il u perrpoAyrlll'lu Br'rrlollnllor

4eriwe 1aorcu pazvtepa 4x4 lls cooreercrBylolql'Ix Koo{rSuqIlenrol B:lounoe crpo-

eHlie MarpuIlLI 1 ue uapyruaer ee HeorplrllareJlbHocr\,, a trcpa3tto3tclLrtocmb npu-

MumusHocmb rrpoBeptlorct, KaI( I{ flpexAe, rlo coorBercrlyrollenay |XIJ (VupaN-

neunr 4.5.4.6). He ecerAa oAuaKo BbItcHeHIle cl'LrBnofi csssHocri fXI{ no4aercl

BLr3yaJrbHoMy KoHTpoJIror u ner npnuoii cBtr:x MexAy Hepa3roxl4Mocrblo llpoex-

qllounofi nrarprlqn 6nounoro crpoeHllt 14 ee Kraccn'IecKom (cxe're'ra>>rl'

floc:le roro xax denozparfuuecKue nopaMempbi (ueHy'resste 3JreMeHTr'l Marpli-

rpr Z) nonyvator KoJrl4qecfBeHHya onpeAeneHHocrb, BLIqIlcJIteM ruepy l', npn-

cnoco6.rensocru :roranrnofi nonyJltquu KaK,4oMHHaHTHoe co6crgennoe quclo

nodxampu4at penpodyxmueuoeo ndpa (cv. {i1.2) c nor'aoxlblo craHAaprHoii npoqe-

4ypsr s <Matlab>, a rapre nporlue Kor[qecrBeHuble xapaKTepl.'jcrllKt{ Moae:]Lnola

nony:r.aqru/). D
3ctue,taHue 4.1. flocnon xy B Marpuqe L: (4.6) + (4.8) anaroua;rsslre 6lo-

Krl HyJIeBbIe, oTcIoAa cneAye! B rracTHocTl',l, qTO AaXe B CJIyqae ee pa3toxl4r'locTx

<6ecneqsoe> BbtqllcreHlie veplt tr, rar \4aKcuMa;IbHoro no a6co'llorHoii ec'ruqt{-

He 3HaqeHHr cpeaH Bcex qucer B creKfpe 4 (a ue rar l,r(4."") ee noaMafputlbl

p"rrpogyntt""oro rgpa) ne nour'uer Ila KoppeloHocrb pe3ynLrara (cu' raxxe 3a:

MeqaHnt 1.1, II3). n
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FrrdiHLIX KlraccoB

trr:- --\T: qTo pacTe-
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lc!{l: IOJII TeX pa3-

Fl:Ll; cBoefo Pa3-

i l:,;r lt nepexoA B

'{tn::x:pH oi fPynrrbl

* ;: n1u r PeuPo-
l l'"rolapuoe unclo

FA:-:;Di rlepexoAoB

r1:rii (4.3-4) no4-

w u-ttp:'rt\a Jlecnu

qr:;nt BbIlorHsIOT

t::e- Lrounoe crPo-

C-:t :..-'{-iLU O Cmb V nPU'

nerq; I-,,l(L{ (VnPax-

ur:-.: I-,{t l{ nogaercl
11:--81\rO gthlo npoeK-
.i f--r-3-'igTa))i).

f"a,:-:elteHTbl MArpn-

tc*;ert rtePY 1", nPu-

: :,:6--rgeusoe qnclo

l ::=uaprHoii llpoue-
IE::'-TTTIi}I MOACIbHOi

.=iarona:rsnge 6:ro-
q;: ee pa3JrOXIiMOCTr',I

:fto-rroruolt ge;ruqu-

I *-l ee rIoAMarPI4IIbI

i:3rgra (cM. Ta1{xe 3a-

54.1. noHerne np Mepbr nonynrq i c ABoriHori crpyKrypoi

Ilpuuep 4.2. Ceuepuatit o:reHr fi3AaBHa 6r'rl u ocrasrc.n saxHeiulara 6uoro-
rnqecKI4M pec]?cou, o6ecneur,rnalorql{M cyqecrBoBaHae MHorlrx KopeHHbIx Hapo-

gor Cenepas), ,4:rt Koropbtx 3Tor BIr,{ )KI{BorHbIx cra:r tltaBHI'IM SneMeHToM xo3tfr-
crgesuoi u xyAo)KecrBeHHofi rynrryprr. JLogu o4ouarnauru ceBepHBrx oneRei'i,

Ho ltpoAonlKaloT coAep)KaTIJ I'Ix Ha BoJIbHoM I{Jru nojryBoJlbHolt er'rlace. Hanpn-
Mep, oreHeBoAbr-caaMbr npaKrLIKyIor rlolryBoJlbHoe coAepxaHae oneuefi RangiJbr

tarandus tarandus :rulroii, crporraii KoHTpoJrL :a 6epelteuur'rvl,I caMKaMIi B rrepl4-

o,{ orena, MeqeHr,re HoBopox,4eHrlLrx lretroii o,teHeooga, so'lrlurtfi Bbmac JIeroM,

<tlMaHue), T.e. lorrcK u c6op oneHefi oceutn, uto6u poBep]4Tb I4x HaJrliqrle u

Slr:lrvecxue xongllur4l4, a rarcKe BbrrIoJrHI.ITb ItpoM6lcJtoBoe I-I36true xI{BorHbIx I43

craAas). KoHAurrvn HanptMyro 3aBLIctr or BeJIIiqI,IHr,I 3allacoB xlrpa, qro B cBolo

oqepeAs npoBeprrc! orIeHlrBaJI Aeno 6lporo xnpa noA y[aMu, lqynalor HacxoJ]T,-

xo n:roreu xpnrl yueii6).
Taxal npaxrrana Aaer oclloBaHlte BKJrIoqIrrb B crpyKTlpy nonynlrqltu, HapqAy

c Bo3pacroM xolBorHoro, ero Qu:r,tvecxufi craryc HanprrMep, B TepMaxax rpex
xareropni: cna6wii (w), uopaotant tfi (n), cutauatfi (s), ecrecrBexlto, c 3aBI'I-

cr.rMocrr,ro xoatltpuqueHroe Aoxlrrrts H rllloAoBlrrocrli or craryca. Craryc cyr{e-
cTBeHHO 3aBI{Crrr OT yCnOerdi :ulaonxr,I, u ec:rl{ [pHHtTL, uro :a 1 roA oH He Moxer
r.r3MeHr.irbcr 6oree .rer4 Ha oAHy Kareropulo B Ty llnfi nH)m crpol{y, ro nepexoALl

Mexry crarycaMu (y:rynlerue, coxpaHeHlle z:ru yr<ynureuue) AoJII<llBI onncbr-

r,arr,cs. mpuduazo u an m oii v'urrlrJefi. 3 x3

lrr 4 ol

'":lt' ', a. l'L0 iz pzl
rge a:7,2, ..., 16 HoMep roAuqHoro Bo3pacrHoro K:racca, B KoropoM B xoae

Aoxr{Tr{t Ao Bo3pacra a * 1 npor.tcxo,4ur ngveuesne/coxpaHeH}:Ie crarycoB l.t or
Koroporo coorBercrB),'Ioulfie noa$$r.rquenmr, soo6rqe roBopt, AoJrxH;I 3aBl.Icerb

(r nr,rpaxeuralr (4.10) era:aalrcuMocrs He noxa:aua).
Eclu eospacmno-cmamyctlyto crpyKT)?y lonynsquu caltoxr 3aAagarh, KaK ]i B

npeABrAyrIeM npliuepe, eexropov-cro:r6qor,r

X(r): k1(t), rdr), ..., x17(r)lr e R5r, (4 ll)
r4e xaxlqar rpofiratuce.r' x"(t): lx""(/), r",(l), r""(l)l npe.4craBnter pacrpeAeneHl{e

caMoK Bo3pacTa a no rpeM KareropuqM (w, n, s) B MoMeHT nepenfic]I l, To rl3Me-

HeHIIe crpyKrjpr,r MoAeJIbHoro cra,{a Ha rpevenu6lr are or I Ao I + 1 3alaer-
cs ypaBHeHrieM (4.5). Marpuqa tr Bo3pacrHo-crarycHblx nepexoAoB npuulrMaer
3Aecb cneAyroqut Br.rA:

5) Bacr<nr, 2009.
6) Bacrn:r,207J.
7)Olerrerorlr roaacp)r(iBalor coorlrotrrcuue flotoB s craae, aocraroquoo lrt lJaae)flloro orrro-

Aol.Boperllrr rronoBo3pelnx cauor (Eacxnu, 2009).

(4 r0)
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fnaBa 4. MoAefl!4 nonynflqui c ,qBoiHofi crpyKrypoi: noflrBaptlaHrHbri oHroTeHe3

(4.12)

rxe 0 o6o3naqaer rlenLdi 3x3 6lox Hy:reii Kaxgal rtarpnqa T,,cy6croxacrnuecxat

no cron6qav, TaK (aI< uMeI{Ho 3AecL yrrxrblBaerct cMeprnocrb B ToM qItcJIe, or

xurqHr.rKoB, puqeu uau6o:ree yx:nululr re:r.{ra oc,'Ia6renurtx uarepefi8)'

Bpaunufi neprzog (<ron>) Hacryflaer y ceBepHLlx o,reueii s cenu6pe-oxrx6pe

Ii K groMy MoMeHTy caMKl'I-cero:rerxrr yxe cnoco6nr'r K oruroAorBopeH(Io, xor.{

o:reHeBoAbr crapalorct He Aorlycxarb croll pauneii 6epeuennocru, Koropaq oc-

na6ltser u Marb, Ir rloroMcrno, u 6o:rrl:ltluct:no ceroJreroK ocralorct t'togsllll'to''

Aualoru.ruo, or caMor craplrre 8-9 rer crapalorcq Il:6aenxtrcl, Tax 
'{x 

rloroM-

crBo ora3r,IBaerc.{ MeJIKIIM x sJra6sIN45). Ho reoperr'rvecru penpoA}'IonBHaf, QyHX-
qus CaMOX coxpaHqgTct BIJ]OTL AO CaMOMTapIxeIo BO3paCTa, Ii flOTOMy MaTpliqa

nJroAoBr.r r ocrta I|pli H x Maer cne.Dytourn f Br.4:

n I o i ...1 o io
- :, L-'- r- - -r- --- - r -:-4i0l...iol0
---F---.1---F---+--oi4i..i0 i0
- - - F - - -l- - _ F - - - t_ - -: | . I n rftr L _J__ L_" L:-oioi.in"iortt'"1

(4.13)

(4 t4)

z6o nc
nI.{ He l
'I'HBHOI

cTaTyc

Kax
MaTprrr

I, rax r

.qeJIeHu

3cu,n

I{Oi.I Mal

orytln
KpuTepl
sue 4.7

3aut
HAJI qA(

Hoi (n(

(harvesl
I iIiH IlOr

BCeX Cal

$

B llp
ro 26 ne
qI{TEJIbII

xap(aca
(Ynpaxo
3JIEMEHl

trpaBrrna

nue 6orr
npopocl
poBaHlIE

BeKTOpe

uy:rn s (
neBot q,

flpoc'
6una pe

u) 9crens.
Io) JIo.oOe

rAe Kax{Abrfi 3x3 6troxF.,a:
eo:rpacra a. Tar,

F1:

3) Tvelaa et al., 2003.
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,i ahroreHe3

(4.12)

F.tl:.'\aCTI4qecKa{

- : -O\f qI'ICIe, OT

r:.€ia!'.
r 

= -r5pe-oKrt6pe
r--ifeHlrlo, xoTt
f -'"j- lioTopaf oc-
lll'il :ii 

'-'IOBLIMH4).:L ::N llx lloroM-
J:,-!::.rBHaJI oyHK-
l ,:-:,r\D MaTpnqa

(4.r3)

i : t:.-r\tcTBa caMoK

]
1

I

5 4.2. Calamagrostis eplgelos: ABoliHaq crpyKrypa 6e3 6floeHoro crpoeHl,ae

u6o noroMcrBo Bcex cefoJreroK cJla6oe, lr no-ax4uuoMy, #iv: 0 (c:ra6hre ceroJrer-
Kr4 He yqacTB)'IoT B pa3MHO)KeHnn): nOTOMCTBO CaMOK 6[arOnpUrTHOrc penpoAyK-
Tr.rBHOrO BO3paCTa HaCJeAyeT ROHAIIUHII MaTepH, a npeCTapeJrr,re CaMKU yXyA]nalOT

cTaryc noToMcrBa.

Kar u a npegrr4yrqeM flpxMepe, HyJreBlre AnaroHanbHl]e 6noru npoeKqaoHHofi
Marpllqbt L= T+ F o6ecrleqBBaror KoppeKTrrocTb (6ecne.rHoro> Bbrqr.rcreHr.rs MepLr

I, xax lraxcuvarsHoro no MoAynro co6crBeHHofo -{HcJra Dcei Marpullbt Z 6e3 BbI-

AeJreHr4{ ee fionMaTpuqbr penpo,{yKTrinuoro rApa (3aue.raHHe 4.1). n
3aMe,tanue 4.2. B nogo6ur,rx cJr].^{af,x Bonpoc o Hepa3J:loxuMocrr.r npoeKqr{oH-

noii lrarplrqsr ralreer rurrrr, Teoperlruecxri uHrepec, rprirreM orBer Ha Hero Mox(Ho
noryrrurr. arre6pariqecKlr c rloMorllblo (Matlab>, He nptMeHrr (fpa$Ir.recKnfi)
xpr.rreplrfi, r.e. He npoBeprt, tBnxercx :rn fXIJ cuJrbHo cBr3HbrM, cu. Vupaxne-
sue 4.1 . Z

3aueqauue 4.3- Marpuuaax MoAenL (4.1l-14) 6srna rocrpoeua KaK cocraB-
Hat qacr6 Mo,4eJrrl rrrra <pecypc rorpe6ureJrb) c rlerElo noltcxa oflTuMarb-
Hoii (no 3roHoMnrrecroMy Kprirep[n) crparen{}r exeroAHoro (c6opa ypoxa;r)
(harvesting) npoMLlcJroBoro I43r,.gr[s oreHei ]r3 cra,4ae). Korrmrroreputre lnillna-
UHH noKa3a,rlr. r.rro ycrorBrxascr npaKTuKa r3Lr rhr 'lHaqHTcJrbHoii 'racrr re,rr r I-.1

Bcex caMoK craprire l0 :ier 6lr.r:rra x onruuanr,nof. I

$ 4.2. Calamagrostis epigeios: ABof Hafl crpyKrypa
6es 6noqHoro crpoeHt,tf, Marp]Ltbt L

B flpuvepe 4.1 y uo4e:mnofi uarpzulr pasuepa 20x20 H3 400 ereMeHroe rort-
xo 26 nenyneeux raKr{e MarpI{qLI H a3sBaror pa3peJrceuuatau . lToustrtto, qro 3Ha-
qureJrbuar qacr6 Hy:iefi o6yc;ron:reHa pa3pe)KeHHocrsro calrofi uarpuqsr Jlec:ru
KapKaca, Hec),Tlero 6toxn 4x4, - qlzcJro raKr4x HyJreBbrx 6.:roxon panno (n 1)'
(YnpaNneulre 1.4), re. pacrer rar z2 c yne:ruuenHe;ra r. Ho ecrb erle HyneBrre
3JreMeHrr,r BFryrplr uenynenux 6:toxov (4.7) u (4.9), qro Bbr3BaHo onpeAeJreHHrrMr.r

npaBrrnaM{ pa3MepH6rx nepexoAoB (ranperamr Ha cHu)KeHr..ie pa3rdepa H yBerlrqe-
une 6olee qev ua 1 y scex no:pacroB, KpoMe caMoro r,f;ragurero) ll reu, vro pa3Mep

npopocrKoB He BbrxoArrr 3a rpaHnuy nepBoro pa3MepHoro x;racca. Ecrr Suxcu-
poBanH6re HyJrr{ 14 B crpyrType norryrrquu (4.1) ux nprilrJtocb coxpaHxrb r.r B

eerrope (4.3), vro6sr noryruu, 6:rovuoe crpoeuue Marpur-I6r l, a o peAereHHr,re

Hy:rr.r a 6loxax (4.9) o6ecneurcator coxpaHeHr.re 3Tr.rx xoMroHeHr HyJreBbtMr{ x B

:renofi uacrrz l4raauenr,rll (4.5), r.e. Ha KDIrAor{ rocJte.4yroqeM rrarc no BpeMeHr{.

f{pocrax uAes orKa3a or JrHIrrHI4x ;ry,reii e 4eyrvreprroii crpynrype nony;rlnltru
6srra pealrtosaua 15 ler ua:a4ro), u 3To cyrqecrBeHHo crrz3rrJlo pa3Mep rpoeK-

e) Herenlr, 1988.
ror Jloro$er, 2002.

I -.9:

(4.t4)
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fnaBa 4, MoAefl!4 nonynsq i c ABoiHofi crpyKrypofi: non4Bap|.1aHTHt'li oHToreHe3

pfic. 4,2. Lllrala odrorerrcsa s eii]||'lKa calafiagrostis epigeios. o6o:naverrta cTaltt'tir, p - rrpo

PocrKIa, i lol,ent{nbrrble pacretll4t, im - 
'{MMa'rypuble' 

v - B3pocllble Bl{prtntl/Ib

irble, gl, 92, 93 - renepartoane' ss - cy6ceulrllur're' s - cenl'Irbllr're (YraHoBa'

199s).

n) YnaHoBa, 1995,2015.
r2l V:rauosa u rp., 2008
rr) Yragoea u lrp,, 2007.
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W

quoutiofi Iuarplrqr,r. ,{annr,re, [ocJlyxI'IBIIrle noBoAoM An-x AByrlrepuoii crpyrrypsl

rronyll{qun, 6rrnu no:ryrenrr u: na6lrogeuui, rae B AonoJrHeHHe K craal'Ill oHTo-

reHeia y pacteHuii onpeae,rruru HX xpoHonolHqecKHI Bo']pacr'

BeilrliKr.l poga Calamagroslis - MHororernl4e rpaBtnrrcrble floJrl4xaprll4qecxr'Ie

3JIaK]j, pacT]4ldHe B I{poXoM AIIa a3oHe 3I\onorxtlecruo( ycnoB}'lii, B ocHoBHoM B re-

cax rr Ha r),Tax, - TpaAr,uuoHurrfi oGercr I€)AeHr4J{ B OTeqecTBeI{HOt UKOJIe rIOlTyJlt-

wioHHofi 6oraHLrK rtlt).Hapuc. 4.2 noKa3aHa rrlxalra oHToreHe3a BefHlIKa HaseMHoro C

epigeios , r17e s oum'tlre or [IKan Ha pl{c . 3 '1' s 3 '3 IlBeryruue pacr€HI'L{ pa3 rqalorcs

no cTeIIeHll pa3Bl,rur{t napqrliubHoro Iq/CT4 U tlHcry reHeparl4BHl'rx nO6erog na uo-

:rogbre(g,), 
"p"4t"uo.puatt"te 

(g) u crapsle (gr). reueparl4Bnble-r<ycrrt Ha pucyll<e

orqerJmBo BI4nHbI pa3:rr{tlll;l r uopQonorun pacrenrlfi Ha ttaN'4o[ r'I: craaufi' B:poc-

lrrfi napur.tammrii Kycr cocrol4T I'13 Mllontx pa3l{oBo3pacr}rr'x po3emqHblx' rIoJIIt-

qHKJrnecKLIx uurpaBaxliHa:ra.Hblx I{ 3l(crpaBanrHarbHblx no6erogr0tr12) llo crpyxry-

pe loariqHblx np pocroB B 3oHs LlnqeHlul Irycta 3ral€ rz npovNu llopSolo[lqecKl4M

rrprtHa(aM Mo){o{o orIpeAeJurl cro xpouo.flofllqecnafi Bo:pacr (s ro4ax)ri)'

fluonepnrrfi Yup, C. eptgeios 3aceJlter orKpt'Ir;Ie pacrllreirbHble coo6r{ecrna'

Kax Hanp]'IMep, ),qacrKl4 cnrolrlHux nslpy6ox eiIbHI'IKoB, 3a cqer 3KcreHcuBuoro

,*

&
j

i
)
Is

p

Pr4c, 4.3,

pocTa nolryjuluH
MO3alIKa OTAenr,l

cnlounoi nor.p
JIIIqAIOTC' OHII H

pacrH:ur cTpylfl]
3a orpax{aeT aAa

Ilonueapuaumuo
uuoroo6pasue n
Tarlutl rleHonon]

ExelogNr,re u
saneplreno) norii
JIIIqHOE qIICJ]O JI(

rorc.a oco6n pa:r
Hhrx lyreii pa3Br.

fXI{, noraoauu
Ha AB),a4epHofr x(

'orJloroQer u ap., 2(
ts) ,{uauemp npouzt
Ilapol{ ero To.reK.
r6) Xyriooa, Kovapot

Cxel

Kotr
n,Ilol



!F-: _eHe3 5 4.2. Calamagrostis epigeios'. ABoi4Hae crpyKrypa 6e3 6no\rHofo crpoeH e

'"1 ty{
lll ;/
*1:

' 7i*1

;{;,i'

I)-F
I

iL:,-€trtllt: p - rpo-
c,:i:l'le Bt4plt'lltr/I!-
::-.-:t'uue (Ynasoga,

:-cuofi crPYr<rYPu

13 ii craAuI'I OETO-

::o-lll]€pllliqecKI{e
.SOCHOBHOMBIC'
i,"rir ulione nonYJUl-

glu.a gagemtoro C.

*-HI I pa3l{qa}orcs

:*{ no6eros Ha Mo-

:rycrn. Ha Ptlqmre
i rr crarorfi. B:Poc-

DO3eroqHLX, ttorl'l-

B:Di-r2). llo cTpyKIy-

xop$onorluecrcll
rro.{ax)r3).

Gnbte coo6llectea,
qeT 3KCTeHCI{B}Ioio

Pu.. 4.3. CxeMarr.recKoe r'rso6paxentre Kono:,l. tir Calamagronis Eigeios B Macl[ra6e 1:20.

I(ourypr'r roro:'di B 2014 r [ol<a3asl,l IIyHKTt'IpoM. I - I(onoHr'I,I 1: AtraMetp,
nroqaJp So r 2014 r: ,{ Sr B 2015 r. PaBHr,t coorBercrtsedHo l.29 ta, Sr= 0.77 u't't
S, = 1.08 r'r'7;1I Kono1 s2irtnaMerP2.2l u,Sn = 1.97 uzuS,=2-77 ttz.

pocra rlorryJrrrlr4r4 nplt BereraraBHona pasvuoxeulrra. B nepBLre roAbl KoJIoHH3aqI'lIr

Mo3ar,rxa orAeJrLHsIx xo.nouui (cucreu napIIIraJIbHbIx rycron) eqe ne o6pa:roeala

cmrounofi noxpoB r{ KoJloHI4I4 I.IMeIor pa3rLrqI4MLIe rpaHlrl{br (puc. 4.3)ra) r5); pa3-

irr{qarorc{ oHrr }r no cragufino-nospacrHoMy cocraBy (Ta6r. 4.1)r]). Cra4ziiuo-no:-
pacrHa.{ crpy(Typa runrlunoii pacryrqeii norryntuur't c rlo;rHbrM IrI'lxJIoM oHToreue-

3a orpiDKaer alanraquoHHylo crpFrypy lorrynlqlrii n lByveuunx t[riroqenosax.
ITotueapuaumuoclrlt oHToreHe3a, BEIpaxeHHalI g fXIl oco6efi IaHHoro BI-IAa l{ax

unoroo6pa:ue nyreii pasru'rral pacreHxt, tBJuerc{ ocHoBHbIM MexaH}I3MoM aAajr-

Taqru rteHonoflyJUlqui pacrenuii r ycJIoBI.ltM cpe4lt o6r'rranlar6).

ENero4usre ua6nrogeuru (no eropoit no,toenue aerycra, Kot-Aa pa3BI'ITHe KycroB

sanepureuo) ror<a:brBalo! qro oAHa Ii ra )Ke craAltt oHTofeHe3a rlpoAoltlraerc{ pa3-

JrHqHoe qr4cJro Jrer y pzt3H6lx KycroB. T.e, cpeAll pacreunfi o.qnoii cra.4r'tu Bcrpeqa-

rorcl oco6r pasHoro xpoHonoruqecxoro Bo3pacra, a pasuoo6pa:Ne raHAI'lBI4Ayanb-

urrx nyreii pa:aurwr cpeAl4 pacrexllii onHoi xoronurl Mo)KHo npeAcraBl'rrb B BI'IAe

fXI{, noxasaunr,rx Ha plzc. 4.4. ?ru rpa$rr nocrpoeHbr, KaK I{ r llptrlrepe 4.1,

na geyuepuofi qeroulrc,treuuoi <<perrlerl(e) BceBo3MoxHrIx coctoqHLlfi kHAu EtlAy -

ra) Jloro$er u 1p., 20166.
6) fJua*emp flporl3Bom;rroro MnoxecrBa IIa n"'loc(ocrll - 3To MaKcuMar6Foe paccrotHr'Ie Me)I(,lly

[apor.r (]ro To.{eK.
16) XylcoBa, KoMapoD 1990.
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fnaBa 4. MoAenr nonynsuufr c ABoiHoi crpyKTypoi: non Bap[aHTHbrr4 oHroTeHe3

2014, aospacr rYcroo, I'o4ll2015, eo:pacr xycror, roal't

ss
43, 7, r, 12" 3, 0, 3, 0, 0, 4I 63, 23, 0, 22. l7 , 1. 3.2. 1.0.4

SS

16r,8,2,6,6,1, 1, 6, 0, 1, r,2,r,5lr
1207. 18. 0. 54. I8. 0 7. I 7. J. 0. l. 1-

3,41'

Ta6nqa 4.1

Cra4uiino-ro:pacrnat crpyKrypa aByx t<or,onufi Calanagros tis ep igei o r

e 2014 u 2015 ro.qax

Ilpuueuatore. llycmte aleirt't o3ilaqaloT, qro r\acrbl coo?BerarByorue ro cra^ i'iFo

uoapu""no- craryca He o6lapyxenu B AaHHoii (onoHw{, EyteBLle olcl'TcrBr,lc B 2014 ru6o

2015 ro1y.
Bemop flony.Iaerct B pe3)4]6Tare toH(aresaurz n ra6mluoi crpyKrypll rto crpo(alr 6e3 flycrr'rx

sqeeK.

aJrbHoro Kycra B TepMI{Hax (eospacm, cmaDu'), HO B orJll'{q}Ie Or flpeAbuyqero

HeHa1nndaet4bre cocrotHnt (nycrue xeagparl{Klr Ha pI'Ic 4' 1) agecs ne noKa3aHbl

BOBCe. He yqacTByloT oHx n B KOHKLImAtta4u' ABWepHOfi nonyJltu hoHHOi:i CTpyI(-

Typbr xoro;Iil4 B ;el{rop-cron6eq coorBercrByloqefi pa3MepHocrli (ra6rr' 4' 1) no

qHcJry 3alIlMepoBaHHbIX Bep lltH B fxII- 3roT BeKrop goxpaHteT B CyIIIHOCTIT Ty

)fie caMylo I4H(bOpMaUI'lrc O CTaAI',IiHo-Bo3pacrHoM cocTaBe KoJroHlII{' HO no3BOJUl-

eT _ B OTrrqfie oT Ta6ru.rHom npeAcTaBneHwr cTpyKTypLI - IICIIOJII'3OBaTb TpaAI'I-

qnoHHyro BeKropHo-MarpllqHylo 0opMy (3. i) ocnonuoro uoAenbHoro ypaBHeHl'lt'

gr,rcroeue 3HaqeHI4t xooQ$raquexron ol{ToreHerl4qecKI4x [epexoAoB' rrpficBo-

eHHLre cflJroInHbIM CTperKaM HAp]/lc.4.4, rIoJIyqeHLI, KaI{ I{ paHee e f:rane 3', u:

AaHHrJx rltla <u4euru$nqnponaHHbre oco6l'D), a xo:$Ququenru pe[poAyKIII'Iu

rroKa3ar{bl Ha IrrTpI4xoBI;tx Ayrax fxll B sopMe CHMBOJIbHbIX napaMeTpoB', lroA-

:rexau4rx xa:ru6poBKe, npocro KaK AaI{}' Tpaa'Iquu' Ha cauou geJle, 3Tor npoeKT

tMer qeJrl,Io n36aBI{TI'ct or penpodyKmu*ttoi ueonper)enetunctnu, cBoilalBoe^uoi4

rar.rHbrM aHaJlrI3a nag:elvrnoii vacrr4 pacrenl'rii (cu $3'3)' u c eroii Ilertlo [p}{-
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fnaBa 4. MoEefifi nonynsq i c flBoiHoi crpyKTypofi: non BapxaHTHbrt oHroreHe3

Pttc.4.5.

x(t):Lx{t 1), t:2015, (4.15)

yAoBrrerBop.f,erc{ B KDKAoil u3 l1 (4m Kononlu l) unu 14 (g:rx Ko:rouull 2) xou-

nor{eHT BexTopa .x(l) (Ta6n. 4.1) c y'reror''r coorBercrByloueii crpolor MaTpuqLI Z

(ra6:t. 4.2). B ouz.lue or ypaBHeHll{ (3.1), onncnmtorqero (rpoexql{Io)) nory-
nsulrouuoii crpylcrypbr Ha oAIIH Irrar B 6yAynlee, ypaBHeHHe (4.15) onucrtoaer

nepexoA B TeKylqee cocTotHl4e KOJTOHI4I{ Ir3 ee IpOIITJIOTOAHeTO COCTO'HIr', pelpo-

cneKTuBEo BoccraHoBr'IgHHOTO nO pe3ynbTaTaM pacKona. Ho :ro o6cto,Irersc:feo

HrrKax He Brr4ter Ha cnoiicrea uo4e;u, I'I B rlacrHoclu' Aouunantlroe co6crBeHHoe

82

OparMenr rpexne'rHeii rcolortnr (cucreltl fap{tranbHblx KycloB) Bel:iHtrKa

Calatnagrostis eptgeios ([o(a3an claryc AoqepHI'Ix (yc'roB ]Ia MoMeIlr pacKorla;

nepxnlti m4exc t o6o3uaqe tlr'l cra'ryca coorsercroyer tospacry t<ycra)'

vegulula) MeroAI4Iry BbIKanLIBaHt'tt ueloii ro:ronrau gefinura c coxpaHeHI'IeM Bcet

cr4creMLr KopHeBa IHr,Ix po.4l4TerLcKo-Aor{epHux cuseii. Atranu:upy.r Qparveu-
Tr,r c:l4creMbr cnl:efi, ornocllll4ecrr K KaxIoMy po.{ItrenbcKoMy xycry (1lrc' 4 5),

orrpeAen{nrr cragniiuo-no:pacruoii craryc poAurenq B nporruloM roAy u craryc

KarKAoro I43 ero noroMKoB no xopneourqnoii cBt3ll B Te(yrIeM ro.{y' B pe:ylsrare

noJryrriJru cxeMy BLIxITBaHI'II IroroMKoB AJUI Bcex craryc-cneqllSuuecxux poArj-

TeJrLcKI4x rpynn flo KoJroHIlI.r B qeno;r,r fulic. 4.6), nocle uero napauerpst a. &. '
n, o onpe,qenlrJrlt tlp-aMbrM rloAcqeroM rrs '4aHI{Lx pacxonon (ra6n, 4.2)'

I{e:rouuc:renurre flapaMerpbl a, b, . , n, o cxeMbr BbIxotBaHIl{ (puc' 4'6) 3To

qucJrr{reJrlr rex caMblx xo:$r}lrqueu'ron, Koropl'Ie rIoKa3aHLT Ha Ayrax penpoAyK-

uuri IXII (puc- 4.4), a B 3HaMeHareJItx cro:rr (a6conrornne) ur'rclenuocru coor-

BercrByloullrx poA[reJrbcKrrx rpynn e 20i4 ll, T.e. 3a I'oA Ao pacKola (ra6l 4 1)'

TeNt car{brIr,r seKTopHo-MaTpI'IqHOe ypaBHeHI'Ie

PIrc.4.6.
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T

:,

t
t46

i
x Y1

:f_

t6 i_. --:oB) Beti[r(Ka

a; {: }iagT PaCKOTIa;

lir--:. '.r_cra).

;:I.l.fEeHUeM BCei

rn4i::=]' opafMeH-

! i:-;--rl' (PI4c. 4.5),

l:\[ :0.1-Y l{ cTaryc

r'::;- B pe3ynr,Tare

@:rqecru{x poau-

Er:V3Tp6I .?, b, ...,
i.- -1.1).

m'r ,!fic.4.6) - ero

n -_1-nan 
perlpoAyK-

5O;:CHHOCTI'I COOT-

li&r[L1na (ra6n.4.1).

49

*r
lft

, 
IJI

*f 
ir,'-*--

5

(4.15)

:lt liLrloHl{u 2) KoM-

. :::otill r'laTpuqbl z
,:lOeXqUm) flOIIY-

e :.15) onucrreaer
i Jr-JTofHH'I, POTPO-

::: oSgtolrersctgo
a--={oe co6crseHHOe

Pvc.4.6, LXeMa BbrxrrBarrrr MonoAbrx r(opltetsr{rq ypacferrr,ft pa3Hrrx polr{,r,enbcKr,rx rp)mn
rro pe3y/rb1a'raM pac(olla IByx Ko]Lorlttir Calamqgrostb epigeios. qfcno rIoA r{3o-
6paxefiireM polnrennc(oro (ycra paBHo c)4lrMaploMy KonnqecrRy MonoAr,rx Kop
qeBr{r4 y po,4nrenet /IanHoro claryca; qxc./ro Bo3re,4oqepHero Kycra - (orlrrqecrBy
KycrorJ coo:rBercrB)4oqero craryca B rorronuenr4r (oroqr,tr{. Ilapauerpu 4 &, ...,
r?, o o3ilaqalof qnclla xrrFb]x /lorrepH]4x KycToR y poArirenet cooTBeTcaByDrrIeao
cTa'ryca.
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fnaBa 4. MoAent4 nonyngql4i c EBofrHofr crpyKTypofi: non!4BaptlaHrHbli oHToreHe3

Marprua I u ee norNtarp ua penpo\yKTl'tBHoro t,apa

3.4266
2.4361

.t/43 b l'7
23143 0

f /43 0

10143 0

l/43 0 0

000
0 2l'7 0

000
000
0 213 0

000
000
000
000
000
000
000
000

0 0000
0 0000
0 0000

et3 io
0 i0

0

ht3)00 s/3
1112 0

000000
000000
000000
000000
000000
000000
000000
000000

a/6t bl8
18 / 61 {.)

elt f t6i

0 0 0 3/6
0000
0000
t/6 0 0 0

0000
l/6 0 0 I/6

000000
000000
000000
000000
000000
000000

h/6 k/6
4t6 t)

s 161 0

14/61 0

0000
1/61 000
0000

2t61 0 0 1/6

0 2/8 0 0

3.9066
2.7'773
HE II3M.

138

l4

9

4

18

43

5

l

I

4

3

4

g"

gr

g,t

92'

e,'

;

s

k

I

grt

g"

g22

grt

g,"

qr4cno lr(r."") noAMarprIIIbI penpoayKTl'IBHoro tApa MarpHIIbI z (B6UeneHa [ITpI{-

xoBbrMli ;u;;.flMl4 B "ra6r. 4.2 c BbIqepKI{BaHI'IeM HeHy}KHbrx crpo( I{ cron6lloB)

no-npe)KHeMy cJI)ry{I{T KOJII'IqeCTBeHI{OiI Mepoii flpucfloco6:reggocru KolIoHIrI'l K

ycJroBrat\l cpelbl Ha aaHHOM BpeMeHHOM Ulare'
Ta6ru4a 4.2

Pe:ylrrarr'r ar,rvucreH[fi qxcra [popoclfrrx MoJ]oablx Kopneeuu (no cxeual'l puc' 4 6)'

coorBercrBylorqux I,(I). n yrouneHnoii ueprt npucroco6leHaocrra 4(Z)-'
(co acHo puc.4.4,4

' Macura6upyroqrfi unoNnrell Sn/Sr paBeH 0'7109'

"'p(L):X,(L"\ t' tlll - Z"'.ll (Jloroder ulp '2015'c'452)'
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-rB; oHTOreHe3

I , BLLleneHa rpl4-

---oK !l cron6lloB)
':-::jOCTH KOJ]OHI'II K

Ta(ttru4a 4.2

.-- .'rertan puc. 4.6),

ti:.-:--arlt,a(z)

3.4266
2.4361
2.4525

3.9066
2.'77'13

He r:I3M.

0
0
0

o
o
o
o
0
0
o

0

0

0

0

0

0

0

0

0

0

l' l)

:r 0

'0
.l 0

rl 0

n0
L)0
DO
00
It (J

00
00
0{J
00

ml

54.3, Kan/6poB{a npoexquonuori uarprllbr KaK peueHfle Aro$aHroBbrx ypaBHeHui

C:re4yer o.qHaxo yrrxrbrBarb, trro pocr r{ H3MeHeHue ctagni:ixo-ao:pactxoro
cocTaBa KoJIoHIlu Ha IaHHoM rxaxe conpoBo){Aam4cB U paunupeHrreM ee IInonIa-
.qH - or ,S0 ,4o ,Sr @uc. 4.3). Ecntr rpe6onaG, vro6sr rro4ejrr, onxcbrBaJra AuHaMrrxy
rronyJrrquu B TepMI{Hax ee momHocmu,T.e. qrlcJreHHocrr{ craryc-cneulr$uvecrcux
rpynrl sa eAl.rHr4qy rrnorlaAr4, To rr3 (4.15) cnegyer nHBecrrr )?aBHeHne ,4Jq Bexro-
poB x(l)/,S, ux(t l)lS^. Hnxe noxa:auo, KaK sro Aeraercq rexHuqecrlr.

,{eicrsururrno, paBeHcrBo (4.15) ocraercx clpaBeAJntBbrM, ecJlrr ero JreByIo
qacrr, ),Mlro)1{HTrr Ha BblpaxeHl{e Sr/,S, = 1, a rpanyo Ha ,S0/,90 : 1 :

S, x(r/S, : S.Zx(r 1)/S..

Orcroga, ge:rn o6e .ractr paneucrBa Ha,Sr, rrolr; raeM

x(r)/,S,: [(,S"/s,) Z] r(t - t)/S,. (4.16)

Pasencrso (4.16) o:Havaer, qro crpyr{T}pa nonyJrqqrlr4, BblpaxeHuaq qe-

pes n:rorHodrr, yrpaBntercq Marpl.rqefi Z, yrranoxennoii ua uacuma6upytott4uii
.t4troftumerb (So/S,). nlu ),MHoxeHIrI{ Marpuqr'r Ha qrlcJro ee govlrnanrHoe co6-

crBeHHoe 3HaqeHI.Ie X,, (xax u ece rpovue) yMHoxaerct Ha ro x{e caMoe qIrcJIo

(llpruroxeriue, $II.4, VnpaNnenue 20). flocxomny y pacryrqefi no,ronun Sn < S,,

uacrlrra6rlpyroqufi Ir,tuoxnrelr vensure I (ra6;t. 4.2).
Cpanunaax snavenur (So/S,)1,, y Aeyx xorourafi C- epigeios (ra6n. 4.2), r.uguNl,

rITo oHLI pa3JlurlaloTc{ npllMepHo Ha 120/o laxe B npeAenax oAHoro II rolo )Ke Me-

croo6rraxus. Ho B ueroM xapaKTepu3yror esrcoxul reMI pocra Mo,ronot ,'loKaib-

HoI{ flonyntul4ll.
3aueqauue 4.4. Bce lyrta penpoAyxurrr{ n fXI{ Ko:rounlr 2 rpnnagnentar pe-

npoAy(rl.rBHoMy f,.qpy, a y KonoHIrI4 1 gyra vI l} gi (repxuufi url4enc o6osuauaet

no:pacr) uaxognrcl sue .rgpa (puc. 4.4). 3ro :lravur, uro coorBercrByloulllii xoerf-

Suqnenr penpo4yr:ttuu kl43 HI-IKaK He BJrurer Ha eourvuny 1,,, Il oro cflpaBeAJII4Bo

MareMarnqecxn B cr4Jry pa3noxr{Mocrl4 Marpnqlt ,. Ho KorAa },, ar'rcrynaer rar
rraepa npracnoco6neHHocTx JIoKarLHoii tlotlyrrul.{u, }rlHopripoBaTl Bno.IJHe orpe-
ge,rennr,rfi nxna4 (t oco6ei craryca gl) e nono:rneHl{e flonyJrllqxrl }Ienr3l. B no-
go6urrx c:ryvarx uepy l,(Z) ueo6xoglruo AonoJHI{TE onpeAeneHHblM o6pa:lou17)

to p(L) (ra6r. 4.2'1. J

$4.3. Kanr6poBKa npoeKqxoHHoi Marpxrlbl
KaK peueHHe nuooaHroBbrx ypaBHeHui

B er<cnepr.ruemax, tAe BbIKarLrBzurrI He IIeJIbIe KoJIoHIru C. epigeios,a nnorqaA-

xu luxltr.lra), no rexHxqecrnM [p]tqHHaM He yaaBanoc]' orpeAeJII{Tb oAHo3HaqHo

sr4crra a, b, ..., n, o Br(naAbI poAItreJIbcKr,IX rpy n B rIorroJIHeHLie KarxAoro Ii3

17),r]orotber n .4p., 2015, c. 452, llprl.noNenue B.



fnaBa 4. lvlo,qenu nonynsq fi c ABoliHoi crpyKrypoi: non Bapl4aHrHbll4 oHToreHe3

Tpex crarycoB MoiloALIx KycroB (vr, gi,gl) - "a 
cxeMax BbIxI4BaHI4s' aHaJror{q-

HLtx pI,Ic. 4.4, r.e. s AaI{Ht'Ix coxpaut rracl' penpodynnueuast neonpedet euuocma

icv. $3.31. Ho cal,rl4 cxeMLI AaBaJrI'l Bo3Mo)KHocrb cocraBurL onpeaereul{ble }paB-

HeHr{, oTHOCTiTeJIbHO 3TLIX qXCeI, I4CXOA{ Ll3 OTIeBI{AH6IX COO6paXerufi: 163 lro-

ro.nbrx Kycra ctaryca vt c$opuupoaa,urcl I4s lroror{crBa 5 po4rare:rlcrulx rpynn'

22 xvcra craryca-gl - lr: noton'tcrsa 3 po4nrenlcrux rplrlrl H' uaxoHeq' I r<ycr

a,ratya" g! L, po4rrtan"; craryca vr; KpoMe roro' cylrr'lapuufi B(na'{ KalKAoi

po4llre:lbcroii rpyflrlbl B rIorIoJIHeHue fpex cralycoB (Hanpurraep' a +/* ft rpymlu

v1 g Koronuu 1) He Moxer flpeBbllrrarb qrlcJlo MoJrogr'rx xopnesurq (146) y aaunoi

rpynnn. floaronry, npoAoJlx(at rar Ar.t{ Bcex poAI'ITerbcKI{x BI{naJIoB 14 Bcex rpynfl'

,rpt*o4"* o 
"o"4yroqei 

cucreve lpaBueHl'li u llepaBeHcrB:

l t,b1Ltd.-e-163-
I f rp+h'22,
t " k=t-
I a + f + k1 146,b S3' c + g < 49, d + h < 5, e < 4'
t

4rr Koloxlrn 1 ra

cltcren
(xar lr
TAKIiX

xP-)"1
t),. .)
vbt npl
KTOHA"I

Per

ar{o

(4.1'7)

I 
a + b + c + d+ e + f:207,

"l ,*h+k+l+m:54'
I n+o:l'
la+g+n<146,b<14,c+

(4.18)

h <30, d + h < I0, e + I < 5,;f + m + o <26,

gr'

gr'

l

u2

gr'

4:ra Koronuu 2.- -Ctat"t", 
(4.17 1S) oco6enHrr reM, qro ql4cilo r{eu3BecrHr'x :auetro 6olrure

ur.rcna yparuenrdi, u 3To o3Haqaer /t eonpedeteuuocma B petueHlltx Aax(e tpr{ HaJrIi-

uuu orpinuveNrli, 3aAaHHLx HepaBegctgavu' Ho eclra ) recrb, qro Bce Aonycrl'IMble

perxeHl,rt [puHaAJIexGT MuoxecrBy ryezarr (n nonoxrlrelbHbrx B HarreM cfyqae) 'Iu-

""n u -*n"", HanplrMep, or $3.3, rae gpa neorrpeAeJlellHblx Koo$Slryteura pe-

npo4yxltltlt a u D lrorru nptll{Marr' ,z n6ue ssauegug na HeroropoM orpe3Ke B IrJro-

cxocir (a, b), - ro Heonpe.{eJleHHocrl' outaler;aer' Atze6pauuecrue Tpazueuut (t e'

B Br4Ae MHoror{reHoB orHocHTeJlbHo Heu:necrnsrx) c paql{oHaJIsHblMI'I Ko:QQluNen-

TaMrI n perlreHHtMu Ha MHo)KecrBe qerblx ql4cer Ha3bmatorcx dnoQaumoeatlE) .t:
r4MeHI{ a3yqa3 rero,rx r43Becr[oro MareMarI.IKa '4peBgocru' B cHcreMax (4'17-1'8)

MHOIOT{J1€}rI,I /uru€ fitnt, t.e, ueusnecrHble B Hux IIMe}OT CreneHl ne nr,rue nepnoii'

Pelrerrllfi y anoSaI'IToBI'rx cllcreM Moxer 6srlr Aoro:ugo llsoro B Ira[IeM

cJryqae flo qllcry BapuaHToB pas6lleum 4anuoi cyuvlr Ha 3aAaHHoe qHcJIo cra-

raenux (c ,{ortoJruureJrbHblMlt orpauuqeHl{tMr't), nepevuoNennoMy c aHarorultt-

HbIMU rrIICJraMrr.4nr nropoi:a.{aunofi C}MMLI 14,[:rX rperleil. Ho uaenoe. oro

qt4cro KoHew[o raxr'ru 6rt 6olrurnrt'r ono nr'r 6u:ro, - a 3Haqarr Bce 3Tu pe JeHtiJI

uoxso uafitl nyren nepe6opa Bcex Aonycrl{Mblx BapI'IaHToB Kaxtaoe IraiAeH-

Hoe perueHue,T.e. ua6op noloNnrerl;I{bx qI{ceJI t}' b, ", n, o' ynoBnerBopslo4'Ix

13)EauNrarcBa, 2007.
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,:F-!feHe3

E:at- aHarorfiq-
fr,r'E:tZTeltHOCmb

xr.,iFrHbIe ypaB-

x3,-iiii-t: 163 Mo-

n-:dKllx rpyruI,
$]l-i:Jt eu, I I(YCT

i :i;:a,l xaxAoi
;-i-krpynnu
r - -5 i -Y aaHHot
0,8 ,. raex rpynn,

(4 11)

$4.3. Karu6poexa npoeKlll4oHHoli Marp[qbt KaK peujeHue Axo+aHroBbtx ypaBHeHui

cr{creMe ypaBHeHufi u nepaeeHcru, $opulrpyer cBoro rpoeKrlr4onnyro uarpraqy Z
(xax noxa:axo s ra6n.4.2) co ceouru:Haveuueu 1.,(Z), u cpegu (xoueuuoro vr.rora)
TaKHX MaTpAq HaxonltM Te, qTo .4aIoT MIZHTiMaIJIbHOe LI MaKCr4MaJIbHOe 3HarIeHUe
1,, 1,.,n 

" 
l,,no, 

"oorsercrseHHo. 
TeM caMbrM rroJryqaeu onpe4enennrrfi i)uonasou

[l,,,,,,,, ],,-".] a:rr neonpe,4erenHux l,(Z), r:ru - nocne yro.taeuun yo p(L) zpauu-
ryu npucnoco6netn tocmtt (uuxtttoto lI nepxnroro),toxa:nnoii norryJ_rJlqun aaHHoro
KJroH:urbHofo BuAa c rroJrriBapnaHTHbtM oHToreHesoM (ra6"q. 4.3).

Ta6nutla 4.3

Pe:y,rr,rarr,l eltvllcleHl-Ir qllcra npopocurix MoJronbrx Kopueeurq rar< peureurzii
nuoQaHToBbrx ctlcreM ypatsHoxHi ri HepaBeHcrB I coorBercrayrcluue Altara3oHbt

(4.18)

j-,'-nt+o526,

. =.rergo 
6olrllte

fi. ::xe npH Hairl{-

n :!-3 .trOIrycTI'tMEIe

nc::rt crlruae) ur't-

r: ]:rQHqfieHTa pe-

Ifq{ olpe3Ke B IIJIO-

E!'j \paBHeHrlt (T.e.

Erar KossQI{4ToH-

t.:,iaamo6at13) - o

:a-':srrax (4.17-18)
3: 3:,rtlle llepBofr.
v:oro - B HallreM

:;---HOe qrrcJro cta-
L:,ruJ' C aHaror[q-
i- Ho r:raenoe, oro

:- ts;e 3TI.I peueHI4S

r. Ka;xnoe nafr,4es-

-. -LrB'leTBOptloiqt{x

zua'teuuir. Xr(L) u p(L) ttl. tla'rputt L nsra6rl4.2

2;

FH?

,{olo"rxnreau*re
orpaHuqeHrt
(4.20)/(4.21)

flo4narprqa penpoalxraenoro
xtpa, ee p,t,,;^, \--l' u p(L:)

3naqelr.rn

^.

KonoHtl, l, c{creMa (4.I7)

grt

grt

b

E

h

grt

grt

a-t.[1'k>c 1-g

b>e
c+g>_d+h

d+ h>b
eab

t94'70

%,%%,%%
7*o o o o

r/*o'%%
rof, o t/r, o o

%3 o Xzo o

(StlS t)h(L) e [2.27 4e . 2.6248]
p(L) e [2.2946,2.6331)

r08

3

48

1

3

I7

I

I

144

4

I

I

20

I

I

KoroHrr 2, cucreMa (4.18)

grt

gt"

grr

gr2

2

b

c
h

k

I
grt

a+g+n>c+h
b>d+k

c+h>_f+m+o
d+k>e+l
e+l3d+k

f + n't' o> b

9r,cno pelrenuii:

169390

%,%%%%%
,%, o o o o o

%,'%%/,%tftro/uo o o

%roooo%,%roooXo
(sots t)h(L) e 12.'7281 , 2.84141

p(L) = (So/St)Lt@)

r38

25

4

17

47

I

I
I

2

5

148

10

20

'7

2

20

36

10

3

3

2

3

4

C y.reroM MacDT a6xpyroqero MHoxnrenr So/Sr, paBHoro 0.7109.

87



fnaBa 4. lvloAeny nonyngqufi c ABoriHofr crpytsypoi: nonflBap!4aHrHbli oHroreHe3

I43BeCTHO, qTO npu BeIeTaTTiBHOM pa3MHOXeHr.rrr AJrsHr{OKOpHeBlrrrIHbrX 3JraKOB

aKTr{BHee BCeX pa3BnBa}OTCr MOJIOAT,Te KOpHeBr.rnIa Br4prUHUJrbHbrx paCTeH nfr nep-

Boro roAa xrr3HlIre) x c roAaMH gTa aKTI,IBHocrb cHfixaercr. ,{n.r Ko:roHun l ero
3KcleprHoe 3HaHr.re Br,rpaxaerc, c,regyorqei r.repapxuei uepaaencre:

Clvr)>Crgj ): C(g;): C tv'!r ' Ctg jt. (4.t9)

rge C(,..) o6o:uaqaer c),a,{MapHoe qlIcJIo )KzB6rx Aoqepxxx KycroB y poAare,left
gannoi crarycHoii rpynnrr20). AHairoruqHaq vepapxufl a;rs Koronrrr4 2 ssrmr4ur
TAK:

c(y,) > c (si) > cgtr)> c (.v,)>- c(g'zt)> c(Ei). (4.20)

B repurauax napaMerpoB d, b, ..., h, k, o vepapxuu (4.19 20) auporalorc.f cH-

CTCMAMI] HEPABCHCTB:

a+f+k>c+g>d+h>b>e (4.21)

(4.22)

BEB

BUA(

(.Cal

a
noE
182
cxyI(
j]o K)

rrpo!t

KOJII,I

xoAe

fIr
(puc.

B
KaK y

Ar.rT o

I,l3 OK

B1

CJIC B]

BATCJI

CKTI{B

3a cq(

nony.l

ao 10:

I.ICKJIX

I-ne o(
MOJTOI

42 to
BeltHm

Ha
HI4KOB

6epe:r
o6r,ev
Ka cTal

Tp.
srri
TI]HIiJI]

APYT !
MATOM.

qI,ICJICT

t') Yr,ar<

4rr Ko;roHuN I r't

a + g + n> c + h>J+ m + o> b> d + k> e + I

gnx Koloxan 2, u oaN HaKJraAbtBaIor AorroJrHr4TeJr;Hbr ol-paHnqeHr.rr Ha perreHllt
cacren (4.17) r.r (4.18) cooreercrneaao (ra6r.4.3).

Kax nuguo uz ra6t. 4.2 lr 4.3, roxuoe 3HaqeHue I, oxa3ueaercr 3axoHoMepHo

BrryTpr{ IrHTepBana Heonpe.qeJreHHocrl,l:

2.4361 e 12.2'149, 2.62481 4rrl Ko:roHun I u 2.'7713 e 12.7281, 2.84141 5u
Koloulru 2,

lI eecrl,4a 6rfi:ro x ero cepeAlrl{e, a caMI,I rrHTepBairbr yKa3brBalor Ha Bblcolqyro

cKopoc'l b pocra MonoAbrx KonoHHt.

$4.4. Crpyrrypa x KoHKypeHqrfl:
6epe:a no6ex4aer BeiHhK

Bce paccvorpenuble Bbrrrre Mo.4eJIu onllcbrBaJrrr AuHaMnKy oAHoBIrAoBbx nony-
nrquii c enl,rpenriei crpyrrypoi sne ltx e:alruo4eiicrBl4t c ApyrnMI4 srlgauu tpr-
ToueHo3a. l{o l'rarpllvarrfi $opr,rara:u B npl4Hqune AonycKael yver r:ar.nao4eii-

crerafi, uanpr.ruep, t{oHKypeH4uu Me)KAy BrIAaMLr, npurreM crpyxr}?a nonylrur.rfi
rro3BoJrrer BKjrroqr{Tb B MoAerL :<pr$ercru nsaauo4eiicrnnfi Mex.&y pa3JIr4qH6IMI{

cTpyKTypHbrMr.r rpynrraMlr KoHK)TLIpyIOqrIX BHAOB.

Tr-rnN.ruuii eapraanr cMeHbt AoMrrHrIpoBaHI,It BI{noB B rrr4poroM .{I{alra3oHe 3Ko-

rofr4qecrnx ycJrorufi 6rr,r usyven npl4 3apacraHuu cn,ronuux eupy6or erbHI{KoB

'e)Cepe6ptrcBa, 1961.

'zo) Jlorooqr a Ap., 20166.
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-:N--oteHe3

E3!i-]lt{blx 3JraKoB

r{ :ccreHui [ep-
r -":o--IoHuu 1 3TO

rr,c:i:

(4.1e)

::: s ]' poAl'ITenet

r,:;lt 2 srrm4ur

(4.20)

3 !,ila;KaloTct cI4-

(4.2r)

(4.22)

a:j} I Ha pellreHwl

B:Jg 3aKOHOMepHo

--1S1.2.84141 Altq

5ia1}or Ha BbICOKyIO

i

I
t
r

S4.3. Kanx6poBKa npoeKqlaoHHorz Marp ubr l(aK peu]eHr4e Afio$aHroesx ypaeueuui

s eeponeficxoii vacru Poccuu, e no1:ose roxsofi rafirr2r). flapy xonxypupyroqnx
eraaon o6pa:ora.nr.r 6epe:a roBlrcJrail (Betula pendula Roth) u eeiur.rx nagevssri
(Calamagrostis eplgelos (L.) Roth)'rr.

tr{coregoaaur.rr npoBoAr.{iru B TeqeHHe 10 ler xaNgsri ro4 na nocroxnuofi npo6-
xofi nnoulagra c yqeroM r4 MapKupoexofi scex rossr4sttuxcs 325 r,.rycroa eefiuura r.r

182 rrpopocrxoe 6epe:rr. ,fux xa-rxgofi oco6r.r orMeqaJrr{ Bo3pacr u oHToreHeruqe-
crq/ro craAuro. lera:rlurri aHaJrv3 xoAa oHTor-ene3a ralqlofi oco6rz (napuua.:uno-
ro xycra) BeferaryBHom nponcxor{Aeur.r.r seiinuxa lr oco6ei 6epes;,r ceMeHuor-o

npor4cxo)rqleHlu, npo]l:pacraloull{x coeMecrHo ua o4uoii rrJrorqaA(e, no3BoJrI.tJI

KoJrrlqecrBeHHo oIIeHIirb r-r3MeHeHLIs crpynr)4lbr noxycor eefiunna u 6epesrr n

xoAe cyrqeccnoHuoii cMeurr sefiHllxoeoro ny'ra na 6epe:oer,rii :rec (rafu. 4.4.4.5).

flera:rlnrrii ananu: passr.rrux 6epe3Htxa Ha Haqa:rbHbrx craAulx-
flo pe:ylsraralr Ha6nrogenufi 6r'r,ttr nocrpoensr fXI{ geinuna r.r 6epe:rrr

@uc4.1,4.8).
B fXIl uapuc. 4.8 ner crpenor, orpaxaroulrx npouecc Bocnpolr3BoAcrBa, TaK

KaK y noApocra 6ep*u orcyrcrayer BererarrrBHoe pa3MnoxeHrle fi He flpoxcxo-
4ur o6pasonanna celqrs. Bce oco6ra nosBr.florcr rr:l ceMjrH, nprlHeceHHbIx BerpoM
H3 OKpyxaroulero neca.

B pa:eurrn oruorueHzii seinura re 6epe:r,r na paHHux craAusx cyKqeccr4rr no-
c:re errpy6rn e:r;Hlrxa,4o 10-:relnero ro:pacra 6epe:rr, Bbr,qeJrrrorcr rpll trocreAo-
BareJrbHbrx 3ra[a. Ha uepeorl ux Hllx (1-4-fi roglr) Aouurlupyer eeiiuur (no npo-
eKrIlBHoMy roxprnuro). B pesy:rsrare 6rrcrporo saxsara cro6o4uoil reppnropla
3a cqer SKcreHctrBHoro Bererarr'rBHoro pa3Mr'ro)r{eHnr Qopmupyercx uHBa3r{oaHat

nonyJlgqlt{ c lrranefinsrv pocroM rrl4creuHocru or 12 KycroB Ha u2 e nepasrfi rog
go 105 xycros na  -fr,ro4 Ga61.4.4). Ilo4pocr 6epe:br B rror rreplroA npeAcraBrreH

I.rcKJrIorII4TerbHo Ilpopocrr€Mlr H roBeHl{JtrHbrMr.r pacreer4lMr4, u Ha 3 -ii ro4 Hell uo-

rue oco6n nepexo4rr B craAulo MonoAsrx r.rMMarypHbrx pacreulrfi (ra6,r. 4.5). 3ro
Monoga;r HHBa3]roHHaJr nonyJrtllxlr. Xorr o6rqa-a qr{cJreHHocrb 6epe: rrrcona (or
42 ao 100), oHr{ 3aHr.rMaror :re6omlroi x;.rgneussri o6rer'r u naxo4nrcr BHyrpIi
BeiiHr.rroBoro IloKpoBa.

Ha aropou srane (5-6-ii ro4u cyrqecolrr.r) 6epe:n rr,rxogm lr: rpaennoro eefi-
HriKoBoro rpyca u nepexoArr B uMMar)?Hoe cocrosrrrie im, (pnc.4.8). Ilo4pocr
6epe:sr uauuuaer yrHerarb gefir*rr :a cqer 3areHeHur n roDrouleur4;r 66mruero
o6reua pecypcoe BJrarH a Mr4HepaJlbHoro [riraHHq. Crpyrrypa nolylxuura seiuu-
r(a craHoBr{rcr Hoprua:rHoii ro:crov:reunofi e neplrog 4-6 rer cyrqeccul.r.

Tperuf eran HaquHaercq c 7-ro ro4a cyKqeccrrr{, xorga $opvtpyercx xo-
erri - yxe necuoii - 6epe:oerd QurorleHo3. Bepe:a nepexo4ur Bo B3pocnoe Bnp-
rI{HI'IJIbHOe COCTO{III4e, XpOHLI AepeBbeB He npOCTO CMblKaIOTC.fi, a lIepeI(pEIBaIOT

apyr npyta^ B pe3ynr,r are tsorHr{Kaer ,recsoe coo6ulecTBo co cBoriM va,rporlrzl
uarou. Konrypenrocnoco6socrr, 6epe:sr nospacrae! rrro BeAer rt coKparleHnro
rrr4creHHocru eeiir 4xa 4o 57 xycros na 8-ii ro4 cyKqeccuu. Ilonyn-rqur eeiicrr<a

il:

.1=OBHIOBbIX IIONY-

pi:rrrtu mgavu Qu-
e- ).reT B3aHMOA€'-

I j-,irlpa non}n'I{Irl{
}{lxl,v pa3rl{qHblMu

Jiio\t lHalla3oge 3Ko-

l nupy6ox e.nlulroo

'?r) V,ranona u 1p., 2005.
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FnaBa 4. MoAen nonynquui c ABofiHoi crpylcrypofi: nonuaapuautnurti ourorenes

I

I
l
l,l
uMee

Bripr
wts t
CTBOI

cTpe(

22) y],a

Ta6nu4a 4.4

Crpyrrypa nouynxqura neinur<a uo noronenualr n nepelre l0 ner

rrocJre BLIpyoKn Ha npooHofl nJlolqa,4x

IIoI{o-
JIeU!Ie

Ib{ rla6monellni
Bospacm oco6eii

aurt1993 1994 199s 1996 t99'7 1998 1999 2000 | 2001 I 2002
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2
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I
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l

im

c2

6

I 2 3 4 5

36 22
I

8

I
6

2

'7

7

2 3 4

34 ll
4

2
8
2

4
4

ss

s

8
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'|/,:;{roreHe3 S4.4, CTpyKTypa r KoHKypeHLl!'tr: 6ep$a no6e){Aaer BeiHuK

Ta6ru4a 4.4

i,,t ,rer

Td6r.uuq 4.5

Crpyrrypa nonynaquu 6epe:rr no floKoreErr{M B nepBue l0 ler
nocne er,rpy6ru ua npo6noi rutorqa4u

t0
AI,IIt

im

%

ss

9

tm

ss

lm

ss

7

im

ss

6

im

ss

5

ss

4

\ 4
4

ss

s

3

9

i 10 ss

2

1i
I
15

IIor<o-
JICII'e

fon llaontoaeHlrii
Bospacm ocodei

Ora;]:al,1993 1994 1995 1996 199',7 1998 1999 2000 2001 2002

2 J 4 J 6 7 8 t0

I

8 14

9 7 2

4 2

2 4 l 2

I I

p
j

i.,
i-,

2

l 2 J 4 -t 6 7 8 9
52

6 32 2

l6 4

6 t0 4

3 2 I
I

p

I
i.,
i.,

l

I 2 3 4 J 6 7

48

ll 2

19 6

12 8

2

3

2 I I

p

.l

itt
i.,

2 3 4 J 6 7

t9
l0 4

5 4

2

2

2 2

p

j
i0t
i*,

5

l 2 J
4

2

I

p
j

it'

rlveer tfparureurapnyro cra4lrfino-Bo3pacrnyrc crpyk-rlpy, cocrortqFo roJrr,Ko u3
Br{pmHulllHbrx, cybceHurbHbrx b ceHr.iJlbHbx xycroe. Taxar cfpyKrypa rlrll{qHa
g.m nonynaqnfi AJrlrsHoKopHeBriruulrx pacrerni, rroAAeplK,.rBalorqltx cBoe cyqe-'
crBoBaHr-re roJrr,Ko 3a cqer BereraruBHoro pa3MHoxeHI.uI nplr Qraroqenoruuecxou
crpeccez2). B raxolr ynrerenHoM cocrorHut4, HMer r{r4c:IeHHocrb onolo 50 rycroe

") Vaanom, [etllrr1ona, 2001 .



fnaBa 4, MoEen!4 nonynqu ri c ABofrHori crpyfiypofi; fionrBap[aHrHbri oHroreHe3

'|,3^t4;tg 1

F

C).

Pt

P'{c.4.7.

Puc. 4.8.

92

p

j

imr

I )tll tseriHraKa fia3eMrroao Calamagrostis epigeios. ystbr pe[rer(rr coorlercrR]aror
ra6nroTlaeuuu cra1trriuo-Bo3pacrrr'IM cocrotlltttM, cttnotrltt'te crpe/I(n oHTo-

retterrqeciotM fiepexoAaM n crapeultx) (flapaMcrpr,t 0603Haqaror rlacrorhl coor
serclByroqrlx nepexo4on), n;*ixrr.rprue crperrr<r,r - serera'rr,rBHoMy pa3Mrroxerlnro
(napanerp o6oenavae'r cpeAHee,Ira oJIIro poAr{Te/rbcKoe pacreHr4e AaHEoro c1a'fyca,
rlttcno rloroM(oB, I{oxtlRnrr4x Ao cocrofrrra vt). 3aryueranur're (oufypt'r roKa3br-

BamT colepxaHr{e arpernPoBarrrrr,lx Ma(PolPyu (ynaHoBa x Ap., 2008).

Bo3pacr, ro.tlEr

l )Kll6epe3br 6oporaB'l.arctir Betula pendula. 3aryuesatutue r<on rypbl IroKa3DIRaIor

coAepxaHrre alpernpoBarr.rt'Ix MaKporpynr (yrarrcsa rr Ap., 2008).

Ptrc,4.9.

IiJI}I HH)I{C.

pe3br B Te!
qIBAET CII

npriBOAHT

)I{I4BAHI.IIO

ro4r,r na6,r

MoAe.lr
UIeHI{e Ma:

fXI{ na p
TOpOM-CTO

tr(t): lin
rAe, KaK o(
HarIaeT Tpa

craH.qapTH

l:1 coou

.fAe MaTpHr

f){tl{ (puc.

2r) Vranosa lr

F
(J

imz



- oarroreHe3

i,'s6"_r. zoab,

1

E:x!! co oaBeTcTBJtloT

tEre crpenK - ou'ro-

t5a10T qacTorbl COOT-

rsaolry pa3MHOXeHfIO

E (eIaH[Oro cTaTyca'

Eae (oHT,'pt't Ilor(a3bl-

r rP-,2008).

L'a+Asr, rOABI 
>

9 l0

rre KoH'f }1t1'l [oKa3blBaoT

p.,2008).

94.4. Crpyrrypa u KoHKypeHqxF: 6epe3a no6exgaer BeiH K

120

10
F

()

b

t #1 t., t l l

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
foAu

J4gMerreunr o6rqr{x.ir{cneHnocTeri noflyrrquii BeiiHr(a r{ 6ep$rr no roAan na6arr-
Aer{:/ir (Ynallotla v Ep.,2008).

Pnc.4.9.

urt4 Hr.DKe, IIoII}tlsqllJI BeiHnKa Mo)KeT cTa6nlbHo cytqecTBoBaTs rlon IIoJIoroM 6e-
pe35r B TerreHr.te Arr.lTer6Hofo [epr4oAa. Beiirr4K Ha AafiHoM 3Tane cyxqec cvrt tlpa-
.rneaer cnoco6Hocrl oxa3LrBarL 3aMerHoe B:rllrlHve Ha KouKypeHTa, qro B rlrore
rrprrBoAur K rrpeo6JraAalrnrc y 6epe: nuyrpnerrAoBoff KoHrypeurlr4r-r rr caMor.Bpe-
xlrBaHvrc ApeBocror. Ar4HaMuKa qr.rcreHrrocrefi norryrrl'rJtrir Bei4:avna 14 6epestr:a
ro4r,r na6rro4erufi npegcraBnena napuc. 4-9-

Moge:rr rolnrypeHrlrrrr BeftHrrxa u 6eperr rocrpoena KaK pa3Br{Tue u coBMe-
IrleHrre MaTpr4qHbtx MoAerefi AI,rHaMxKr4 t43oJrI,IpoBaHHux nony:uqrafi23). Cor,racno
fXId ua puc. 4.7, crpyrcrypa norrymr{un BefiHra(a rpeAcraBneHa 18-vepntriu eex-
ropolr-cro:rbqov

w(t):limt,vt,f,f,tr',v5,g,2;gr',Ert,grt,gro,sst,JJ3,ss4,Js5,ss6,s3,safr,(4.23)

rge, xax o6r,r.rHo, BepxHnfi rrHAeKc Jara3brBaer Ha Bo3pacr B mAax, a curasor r 03-
Haqaer rpaHcrroHr,IpoBaHrre, rlo3BoJrtloulee 3arrr.rcar6 gror BeKTop n crpoxy. Torga
crauAaprHoe ( rHeinoe) lpannenue uarpr,runofi rr.ro4eJrrr npuHr4Maer Blrg (lroveHr
I : 1 coorsercrsver 1993 r.)

xt(t 1 l)- Lrw(t). r:1.2.....c, (4.24)

rne Marpxqa Lc uMeer pa:lrep18x18 r{ cJreAyrorqee crpoeHr{e B coorBercrBr{r4 c
fXtI{ (puc. 4.7):

'zr) Ylarona u 4p., 2008.
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FnaBa 4. MoAenr4 nonyngquri c ABofrHOi crpyKrypoi: no'|hBapraHTHbti oHToreHe3

l
III4E

JIOC

pye

fAe
eTn

AeHr

I]OC

pocl
C

JIrrll
JIfiI]]

IIIEU

IIO I']

TbI I
poB

HO-C

(ars
OHHI

/t(t) l

na6:r
K

HeiH
BCCI,I

azpea

JIO M

BEKT(

u 2te

puDItel

Bo:r

0 0 0 0 0 0 0 0 0 00 0 0 0

0 p, p, pz pt pspa pt 0 00 0 0 0

czo

(4.2s)
Lc:

Hyrenax nepBa:r crpora o3Haqaer orc)ncrBue pefyntpHoro ceMeuHoro 80306-

HOBJIeHI'I{, a nOITOiIHeHI{e nolrynqqau B pe3yJlbTaTe BereTaTI,IBHoro pil3MHoxeHl',Is

oxa3LlBaercr B cocrotHltr4 vr K MoMeHTy y:Iera.

Conraoro IXI| na puc.4.8, crpyrrypa nonyrulqfiu 6eper,r npegcraureua
1 9-lrepnrru nexropolur-cro:i6qov

b(t): lpt-j -1,j\, im,3- im,o. im15. im ra. imrs. im 16. 
v,5.

v 16,1t 11 , v 
18, 

v,9 , v rto, vr8, v] , vrto)',

a npoexqr{oHHar Marpu\a L" 19x 19 nputrfiMaer snA

(4.26)

io
bt b1 o

oob,o 0
0 0r1 o 0

00&5160
0 0 0 40

obsooo
0r,0400

o o o b,, 0

04,0 0 0

04,0440
ob,.046 0

0 0 04? 0

6000r,r0u o o o b,, o

,r0000
b21 oob'o

000r2r

(4.27)

:l
0 00
0 00

00c.0
00r,r.0 00000c60
0.,.s0000
00c,00000
0 c,o 0 0 0 0 0 0 0

0 0 0 0 0 0 c1, 0 0 0

0 0 0 0 0 0 0 0 0 c,,0
0c,,0 0 0 0 0 0 0 0 0 0

0 dra cr5 116 0 0 c,, c," c,o 0 0 c, 0

0c,,0c,,00000000cr0
0000.,00000000c,50
0 0 0 0 0 0 0 0 0 0 0 0 0 0 c,6 0'
0 0 0 0 0 0 0 0 0 0 0c,0 0 0 00
0 0 0 0 0 0 0 0 0 0 0 0 c" 0 0 00
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l
::r

i 3sroreHe3

(4.25)

l3\reHHOfO BO306-

(-io pa3MHO)KeHI'IS

:r'1 npeAcTaBreHa

(4.26)

(4.21)

S4.4. CrpyKrypa u KoHKypeHqhr: 6epe3a no6exAaer BeiHrK

rlocKoJrbxy perynrpHoe Boc[por.r3BoncTBo mcyTcrByeT B fxq, a Bo3o6HoBne_
Iiue nonylrrlxH IrpopocTKaMlr r.{ paHHr,rMI{ roBeHr4JrBHbtMr4 pacTeHr,rrrMti Ha6rroAa-
Jroc; Jrurlb B rrepBbre roAbr, )?aBHeHr{e (4.26) 4r,s, nonytaquu 6epe:lr uo4uQuqll-
pyercq K 3r.rAy

b(t+l) : Leb(t) + f(t), t : 1, 2, ..., 9, (4 28)

rAe Be(rop Bo3o6HoBneHfi{ /(l) : 0 pv t > 5 , a Mfl 6oJree paHHnx MoMeHToB I r4Me _

er HeHyJreBr,rMr4 ToJlr,r(o KoMrroHeHrr,r ptln uit1tl cot-JtacHo ra6n.4.6. Taroe nose_
AeHrie Beroopa ,.(/) He Mer{Jrer acvMrrTorr4uecxnx cnoficr n pemeuui ypasneuru (4.29)
no cpanneHzro c (4.26), y uacruocrr4, coxparurer oqeHrgi norenqaam,noii cxopocrlr
pocra nonyJrr{r4ll (aK AoMtrr{ar{THoro co6crse}tHoro qHc,Ta },, varpr.rqsr zu,

O4naro m.ruefiutrfi $opva:ru:u l,toxer aAeKBarHo oru4cBlBarb Ar4HaMrKy nony_
Jrttlxr-r JIIlIrrb Ha 3TaJre HeorpaHlrqeHnoro pocra, .reL,ry Ha srrpy6xe coorBercrByror
ulrrllL epBbre HecKoJr;Ko Jrer I]ocre HapyrrreHlrr JrecHoro coo6rqecrea. B /IanbHefi_
rrreM, KaK orMeqarocb Br,Iue, Bcrynalor e 4eiicttr.re MexaHx3MbI caMoperyJrrqm
no moTHocTI., 14 Bar-rMOI{OHKypeHrIulr, KoTopr,re cHuxaloT BhDnr,IBaeMocTL u TeM_
rrLI Bocnporl3BoAcrBa no Mepe pocra qltcreHHocrrr Beiulma a yee.irlrueHx, pa3Me,
pon 6epes. B voge:rn oro cHm(eHrre npoucxo.ql{T B coorBercrByron{r4x - Bo3pacr-
Ho-craAr.rfrHo-cnequ$uuecr<ux - Ko3S0r4 rlireHTax oHToreHeraqcsxux flepexoloB
(4rr eeilnrxa tz 6epe36r) 14 penpoAyKqr4rz (4;ra neinura), r.e. sJreMeurr,r npoeKrln-
oHHhrx MarprzrI ora3brBarorcr HeKoropblMt4 y6rrnarorqalrrl SyHrqlzxnm BexropoB
w(t) u b(t).llapauerpu erux rpyrxgrafi nognexar oqeuxe (ra,tu6poexe) no AaHHbrM
na6nrogeHlfi.

K coxanenuro, perrreH]le coorBercrByrolqxx MareMarvqecKr,rx 3araq ,qr.{ Heru_
HetHbtx Marpu.rH;rx oneparopoB L.(w, b) u Lu(w, b) (pasraepa lgxlg u 19x19)
BecbMa 3arpygHt4Teil6Ho, It M6r trcnoJlr3yeM o6srqur.ril B Taxrrx cllyqarx nplreM
azpezaquru efteMeHHr,rx cocTorHr4r MoAeIr4 B 6onee xpynntre o6pa:osaHlrx. !Iuc_
ro MaTeMaTIrqecT(I.t Bo3MO)KHr,rx Cnoco6oB pl364el':.trfl Ha6opa n3 n KoMIIoHeHT
Bemropa Ha ABa rro.4MHolKecrBa orpoMHo (2tB 2 = 262142 cloco6a,u, BefiHr{Ka
uZte 2:524 286 g,u 6epe:ru), Ho Ha rroMorrl; npxxo.qrr cogepxrarelr,ntre coo6-
paxeHLI{. B nonynxqun BefiHr4Ka rrpuHt'ulr yvacmut/ueyuactnuz r! ts€r€TarrrBHoM

Ta6ru4a 4.6

Boso6HoffieH[e nonytlu;qvfi nei.muxa (I) u 6epesu (,I) a panHte rogrr noc,re errpy6r<u
ua npo6uoii uorqagu, 1993-1998

foAbr, I \t) JQ)
I
2

3

4
5

6

I2
6

13

5

2

0

42
58

59
t9
4
0



anaBa 4. MoAen|, nonynflq i c ABoliHofr crpyKrypoi: non!4Bap!4aHTHbli oHroreHe3

p:r3MHoxeHr.ru BLrAeJrrer nBe Maxpofpynnbr pacreHni, a fXII OI4c. 4-7) novoraer:

oAHo3HaqHo orlpeAeJrlrrr ux xax penpodyxmuetryro

Ryctnapuuxoo6pavraie (uu:ropocr;re) $opun 6epe:rr nrox<uo o66e.u'IHI'ITL' B

rvraxporpynly S,

R: imt+ \)t+ v2+ vt+ v4+ gt2+ g13+ g"2

u nocmpenpodyrcmuauyn

P : v5+ gr3 + g.4+ ss2+ ss3+ ssa+ ss5 +,fs6+ s3+ s4.

S:pI+l+ j2+ j3+ imt3+ inxt4+ imrtl i.ro+ i.m25 + im"6,

a voloql;'e depeer,-e e rraar<porpynny I,
T : v 

15 
+ v 

16 
+ v ri 

+ v,8+ v,9+ v,l0+ vrt+ yro+ yrto.

(4.2e)

(4.30)

(4.31)

(4.32)

flpn:rolr arpemqltt llcxoansrx fXI{ 4aer oueeu4nuii pesy:nT ar: 3a 1 rrrar ro
BpeMeHIl KDI(Aoe pacreHt{e paHHei Maxpofpynnll Moxer:rn6o octarscx n neii,

:ru6o nepeiiru n cneAylorqyo, rAe KaKa.{-To qacrb pacreHllii AoxorBaer,(o nepenu-

cI{ cneAyronlet'o ro4a. I4 eaxno, qro KoHKypeHTHoe AoMl4HrrpoBaHHe npotBJUlerc.s

no-pa3HoMy cpenl crpynypHbrx rpynfl nony,uuli'i ABlx BH.IoB, r'e. ctarni'isas
cneqr.rQruuocrr racxoAoB KoHKlpeHIrI' { MexAy BI{AaMa He ),{paqeHa B pe3yJrETare

arpcraqurr nepeMeHHbrx.

Br,.recre c repeMeHHbrMll R, P, S, T alpe rpyeM no $opvylara (4.29)-(4.32)
ri coor BercrBy lo ultle fiv xcxoaHbre AatlHble no cra2l fi Ho-eo'lpacrloi cr pyrrype
nony:rrqraii, K coxa.ireuuro, r-Ig-:a He:tlluefisocrrl MarpI'IqHsIX oneparopoB MoAenrr

KOHKypeHIIXH, arpemrlHt rIepeMeHHbIX I{e npllBoAlrr aBToMarI'IqecIo4 K arpemql{H

ypannenlrfi, x ux [prIXo,[HTct nap(tMemptooeamo (:anucsraars e BHlIe I{eKorophlx

Qyrrxqufi c onpegenennr,rn na6opov lapaverpoe) :aHoBo corJracHo KoHlrenryaJlb-

noii cxeue xoHrypenrHr,rx srluHri (plc. 4.10). Ec;lll vepe: (l) u {l) o6o:uauzrl
ceMeHHoe so:o6Hosrenue seiiHli(a u 6epessr coornercrBeHno B llarlarbHbfe foA;l
na6:rro4euuii (ra&. 4.6) u ) Iecrb OaraHc nonorHeHus MaKporpynn cofJracHo

arpernpoBaHnr,rM fXI{, ro Mo,qeJrlrHa{ c}rcreMa I€ qerblpex }'paBHeHut orHocu-

rerbHo qer;rpex HeH3BecrHLIX SyHxuufi rpenaeuu ,R(r), P(t), S(t), T(t) ('rnclenHo-

creii coomercrrymullx Marpolpynn) npunrn'.raer eug

ln(r * r) : I(/) + R(r)l p(1 - c) f,(R(t), P(t), so, r@),

IPQ + D : R(t) p c f{R(t), P(t), s(t), r(l) + P(t) sf,(R(t), P(t), s(t), r(t)),
I'lsp+ ry - lJ(t)+ s(t))d(I b)f3(R(t),P(t),s(t),r(t)), (4.33)
Iirv D Su) b df,(Ru\. P(1).s0). ruD | (trQ)[A(TQ)\.

rge $yaruuul(...), ...,/(...) y6uealor no Kax(.qoMy H3 cBoHX apfyMeHroB, nprqeM

cocraB apryMeHToe y nax4ofi r.r: nux cnequSnqeH I{ 3a.{aercq rpaQoM BnutHllfi
(prc. 4.10)'?4).

2a)Asarmuqecrre srrporeuul erax $yuxll[i cM. B l]puoxcnlin K yrlagoBa li Ap., 2008.
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b,i cHTOaeHe3 $4.4. Crpyrrypa I KoHKypeHLlxe: 6ep$a no6s(Aaer BeiH K

:[ii. +.7) noMoi]aeT

:. (4.29)

- (4.30)

i .] L1 O5bEAI,IHI,ITI, B

:P:-'. (4.31)

. (4.32)

,::;TaT: 3a 1 urar lo
L' ocrarscl n rlei,
iii BaeT AO llepenll-

=Hrte npoqBlteTc{
:!-\B. T-e. cra.4r{I',IHiul

€aeHa B pe3yJILTaTe

?:.tz\t (4.29)-(4.32)
r3crHofi crpyKType

r:.iepaTopoB MOAen4

necKn K arpefa{nu
! B Blr,49 HeKoTopHx

r3cHo KoHqenTyaJrb-

:r n {l) o6o3Haqurr'

I B H aqa!'Il'Hble roAbl

-riDorpynn corJlacHo

]paBHeHHii OTHOCTI-

!tr). I(r) (uucreuHo-

I P(r), s(r), r(D),

r. (4.33)

r)-

apf)'MeHroB, npuqeM

fc{ rpasoM Bnufl:drli{

noea r 4p.,2008.

rl
(---\ cl
1PiL_- l

4
lo
I

<B

-_?\Z
"t,,\

4lvtl
llllpIY

il

(4.34)

(4 35)

Pnc,4.l0. Cxer"ra xouxypeurunx orHo eurri cpelr MaKporp)m[. Crpelr<,t osna.raror xera_
Ti,IBrloe Blrr,rrwr{e xorrx)?eq,ta c flapaMelpaMr, ,rrreucrr]Hocra4 d, 9,7, .,,, p ro.r_

. lrr,rt cMr,rcn Koropbrx tsbrreKae.r,r3 r]brpaxeurii 4rm Qprr<rlrirf (... ), ...,r(...) (4.33)
(YraroBa ra Ap., 2008).

Cucrevry ypanuenr.ri (4.33) rr.loNito npeAcraBr4rl r4 a rpagnqzouHori nexrop_
Ho-narpuuuofi Qoprue:

I (t + r): /4(* (t))7 (t),
rAe A (t): lR(t), P(t), S(t), f(llr BeKrop arperupoBannofi crpyrrypu coo6rqe_
ctea refrur.rn-6epeza, a 4(A) - Marpr{qa 4x4, anelrenrrr rmopoii cyrs (npeo6pa_
3oBaHH6re coorBerc:rByroqr.tv o6patou) Qyrxqzr.r r43 cr{creM;r (4-33), r.e. i(*) -
xeluHefinufi r,rarpuvntrii oneparop.

l Ipr.r uylerru qncJ'leHHocrrx Margorpynn, r.e. B orcyrcrBr.re nrznmlrpyroqux/
)THerarolrlrrx noryrurqnouurx s$$exroB, Bcef , ..., fo pae,m,t l u onepnop.4(.t1
ceogrlrcl r :rzaefiHoi.i MoAerri auperr4poBaHHbrx fXI{ c urecrrm lapaMerpaMu:

lp(l-c) 0 0
Ilpcs0

l[o.o.o.ol') I o o d(t_d)
I

[o 0 dh

Bce u3 Koropbrx, 3a HcrJrloqeHrlrgM, 6srrr voxer, p N d, no cwlc;ry venrure I
(VnpaxHeurle 4.11).

flpocreiilryro r.t:; no:uoxnrrx Qopu ne:rr.rneiinofi voguQr.rxaqnu MoAer[ AlzHa-
Mrrl4 nolyJrsq u c AficxperHoi crpyxrlpofi npeg:raran eqe canr fI. Jlec-rrlr (Leslie,
1948) r elr4e ,rzsefiuof $y:rxqull or cyuuapuofi qr.rcJreHuocrr.r ronyr.{qttx, rro_
craBreHuot B 3uaMenare.rr, uogr.rrpnqupyrcrqero $arcropa, o6rqero 4rx ncex geuo_
rpadlr.recxux napaMerpoB:

4 q) /4 (10.0.0.01t\At. kl'Xt,tt.



fflaBa 4. MoAenra nofiyfistluh c ABofrHofr crpyKrypoli: non Bap aHrHbti oHroreHe3

r4e l7l, osuavaer HopMy BeKTopa Zno cyMMe MoAy:reit xounouenr, k napaMerp

xanu6posxu.
lloulrgo, r{ro raKar Hemueiisas uogu$uraqux ll,rmma 6u BctKoro cMblc-

na cucreMy (4.33) xar MoAenB KoHKypeHqHI{ Mex{Ay rrorryJlrlrliJrMrr c BHyrpe}I-

neii crpyrcrypofi, o4uaro 4unepcuQrmalll4t 3HaMeHareJIt rlo cocraBy apryMellroB

Syrixqraiil(...),...,1(---) z no coorBercrBylorqlrM KoeQtlr.rqNenrav n :HaMeHareJIe

coxparurer 3ror cMbIcJI. B pesy,u,rare HertrnefiHas MoAenL xolrr)peHqriu (4.33)

npr{Hr.rMaer cJreAyrouHt Br.lA:

p(l - c)
R0+1): t(/) + R(/)l

(1 + aR(t))(1+ l3P(OXl + rs(4X1 + ciz(4) '

P(t+1): R(t) pc
(l + aR(r))(l + fP(oxl + I,S(t)Xl + 6T(4)

P(r)s (4.36)

( + fi(r))(l + eP(r))(l+ rrs(r))(l + 6?"(4) "

d(r- b)
s(l+1): t"r(l) + s(r)l

(1 + rS(t)Xl + riR(4Xl+ vP(0)(1 + 6?(0) '

S(t)db
T(t+I):

(1 + rs(t))(1 + pR(r)X1 + vP(r)(l + € z(r)

c 19 uapaverpauu, qrcJreHHHe 3HaqeHI4t Koropl,x HaxoArrJIII ryrelr xa.ru6poexr't

Mo,{eru rlo AaHHbrrr,r aa6;rrogeulri25). B r<a.recrse ra,ul6ponorxoro elr6paH o'rpe3oK

epeueuu6ro psna 1999-2002 ('rperlrfi rran cosl{ectHoi ALiI{aMuKI'1, prac. 4.9), r,ne

Korr4qecrBeHHble MexaHu3Mbr KoHKypeHqI.lu AoJIxHLI npoqBrtrbc.t s Hali6omuei
Mepe.

Ka.rn6poeannrre 3HaqeHr.r.{ napaMerpoB rlpeAcraBneHbr u ra6t. 4.7, a coorBer-
cr Byrouxe MoAeJthHbre rpaeKropLx (r,le s Ka'recrse Haqa,tbHttx ycrosui utrrut
AaHHLre 3a 1998 r. - lror'aeH1 npeAuecrByloul[fi orpe3xy xaltOponrt) r]oKa3aHbl

na pllc. 4.11. Mo4orsnrre rpaeKToplrll Bblxo.4tr Ha cralllroHapHbti ypoBeH6, r.e.

crpeM.f,Tcr K paa o6ecun, c HyneBbtM pa3MepoM MaKporpynnbt KycrapHaxoo6pa:-
uoii 6epe:u, egnncrneulroii e:pocroi 6epesoii (xa lpo6xoii rIJIoxraAI't 1 'l v'?) u
yMepeHHhrv14 pzr3MepaM H vaKporpynn BeiiH14Ka.

Taxoe noseAeHrre rpaenropufi nec,ryuafino r't efo MoxHo npeAcKa3arb, ucnoJrb-

3yr MeroA anatuza ycmoirausocmu paunoBectix no Jlnnytney, T.e. B orBer Ha 6tl3-

,+rylqettue \h rMeHeH14e) Ha'ranbHoro cocroglttat rpaerropllii se,ruHeiiHoi.i ctlcreMbl

(4.36) c ne npepureHr,Llr BpeMeHeM l. 3To Haqa,'IbHoe cocrosHrle rloJlaraeM paBHblM

'z5)Y,ranooa r 4p., 2008i ,'loroQer tr ap., 2011.
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>ri gHTOreHe3
1

$4,4, Crpyxrypa ra KoHKypeHqxF: 6epe3a no6e)(Aaer BeliH14K

r:;r- r - [apaMerp

1-.r gCxrOrO Custc-

:Lq\{lr c BHyTpe}l-
'L-,-irBy apryMeETOB

::*u B 3HaMeEaTeJIe

: r\lpeHuliu (4'33)

r7r 0)'

(4 36)

r r(t)'

Tlt)q
't + pT(t)'

t rlrev xa:ru6Poeru'l

r:ro eu6Pau orPe:or
r\!rixt{, prlc. 4.9), rae

:rBcc s Haa6orlnefi

-6:.4.1, a coorBer-

lrL|{ ycroBl4ii B3srbl

:ll5poext) nora3aubl

ii:rpHbtia YPoBeHI', r.e.

:-.: t',-vcrapullxoo6Pa:-
1-i n-ioulaArI 1 x lu'?) ll

::pelcxa:iaTb, I{ClloJIb-

:.-- T.e. B oTBeT Ha 603-

se-TlrHeiiHofr cucreMbl
-;1e nonalaeM paBHbrM

Ta6tuqa 4.7

JHaqeHru napaMeTpoB MaKponepexoAoB It KoHKypeHTHOTO BngrHI4r,
rron)AeHHbre ra.nu6por+xofi MoAenr.r (4.36) (JloroSer u ap., 20i 1)

o Peupo4yrrrarnrte oefi nurlr
! llocrpenpoAyKT[BHrre BeiHuKr.r
x Kycrapnuroo6pasurre 6ep0sr,r
0 Morogue geperu.a 6epesu

10 12 14 t6 18 20
fogr,r noc,re taua,ruoro MoMeHTa, /

30

tr

:
o
E

r(,

s(r)

Ptrc.4.1l. Tpaerropun uogerr (4.36), orranr6ponalrHo]i rro IaHIltrM 1999-2002 rr. nv qrc_
nerrrrocreri MaKporpl'l[. Havaalur,re ycloBr{r Axr rpae('r'oprlii rn6paar,r cor.lacrro
IairrbrM 1998 r (ynauosa ra Ap., 2008).
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fIapar'rerp 3HaqeHue flapauerp 3HaqeHue

p 1.8459 ( 0.0321

c 0.2621 t 0.0222

0.6667 tl 0.0356

d 0.8039 0 0.0681

b 0.0006 0

q 1.1013 U

0{, 0 0.4038

0.0272 E 0.2568

"'t 0.0382 p 0.1020

6 0.0013



fnaBa 4. MoAerr[ nofiyrrqufr c ABofrHoi crpyKrypoi: .ronfiBap aHTHbri oHToreHe3

pasHoBecr4ro, r.r HaxoAlM ero rtar perrreHr.re ypaBHeHlrii (4.36) l ru4e nocrorHHoro
(ue lreulroulerocx co speveuev) eercropa

lR(r), P(r), S(r), r(r)l = [R*, Pt',0, r*]. e.37)
Texnu.recxr4: noAcraBJUreM nocrorHHbre :nauennn R*, P*,0, T+ uuecro QyHn-

qzii epeueuu R(/), P(1), S(l), Z(l) u neByro tl npaByro uacru ypanHeHrfi (4.36) (c

3aAaHH6rMrr 3HaqeHusMr{ napaMerpoB 14 HyJreBbrM rrono:nenr.ren) fi peuaeM [ony-
qenHyro clcreMy r43 rpex JrrrHeiinbrx arre6par.rvecrux ypaBHeHHr orHocuTeJrr,Ho

rpex Her.BBecrHbrx R*, P*, 7* (rperre u: ypaeueHni (4.36) npeeparqaercr B rplt-
BuarbHoe paBeHcrBo 0 : 0) craa4aprHllMrl MeroAaMr4 ;rraseiisofi arre6pu (crra.

llpHroxenr.re, $fI.3). flonyuaenr paBuoBecue

a + : [R*, P*, 0, 14) : 127.787 l, 13.2479, 0, 0.9972]. (4.38)

3a,ve,ra ue 4.5. B repunuax MarpuqHoro onepnopa z4(* ) norrcx paBHoBecr.rt

o3saqaer peLleHLIe ne:rnreinoii :lanarrl4 Ha eAlrHuqsoe co6ctnenHoe gnaqeHller T.e.

orbrcKaHve raroro sexropa *.,'r'to /4(/-): *", t nz anre6pauvecru,

detW(7") 4:0, (4.3e)

rge 1 : diag{ 1, 1, l, I } - varpuqa rox(.qecrBe}IHoro npeo6pa:oeauux. Ilocro:rxy
3-l xounonenra *- sagana HyneM, arrc6paltuecxr.re nogpo6uocrz pe reHlrr co-
BnaaaloT c Bbrrtleonucaunul,tu. n

Cnertp uarpuqn z4(*.) s paBHoBecq[ (4.38) oxa:arcr r{erruKoM Buyrpr.r

oKpyxnocrfi eAr4Hr.rqHoro parvyca (VnpaNuenue 4.12) AocraroqHoe ycJroBlre

Ars roro, vro6rr gocraro.ruo MaJILre orK:roHeHut or paBnoBecriq ucr{e3aru co Bpe-

uexel,r (clrrrc:r zoxaaot tofi actotnmomuu ecrcoii ycmoivueocmu).
9nc:rennsre 3xcnepr.rMeHrr,r c MoAerrro (4.36) rryu orKroHeHri.{x or paB}roBec-

Horo HaqaJlbllofo cocror{Hlr-r Aaror rpaeKTopnlr, cxoAtlqliecs K paBHoeecuro (4.38)
(npuuep raxoro oKcrreprrMeHra c /{0): 161 12 412l't npe4cranneH na puc. 4.11),
qeM rlnnlocrprrpyror cnoicreo ycrofr-ruBocrLl, Teoper[qecKl ycraHoBreHHoe
Bbrue, rr ror $arr, uro orx:roneuxe [61 1241 2]r -/* ora3aJrocb (AocraroqHo
MAIIBIM)).

Hafiger*roe ycroivunoe cocrorHl.Ie MoAeJILI nJlJrrocrprapyer ua6nronaauruica
B rroJle ucxoA KoHK)4)eHrIur.r Me)KAy sefiHxxov 14 6epesoi.

94.5. YnpaxHeHnr

4.1 . Ecnu 6ll e xlr:Hensolr qr{KJre BopctHKLI Dipsacus Jitllonum (puc. 4.1 ) na-
6rrc4ancx e$t!enr ycadxtt {shrinkage), re. yMeHr,ueHrre pa3Mepa HeKoro-
psrx oco6efi craryca (3,3), rne lepear I(oopAr4Hara o3Harraer Bo3pac! To

KaKoe HanpaBJreHlre aue:lrr 611 4ononHHrensNue p€6pa e lX{ ?

4.2.,{oxa:arr,vroHuxararMarpxuannoAoBlirocruFpa:rlrepa4x5uecnoco6-
Ha o6ecne.rurs Bbrpax(eHrre (4.2) oleueura (1,0) n npou:aegenzu crJpaBa

100

HA

(cl

.. 4.3. IIp
T'. I

'qoI
4.4. tlo

30B

4.5. llor
(4.(
)t rl
s1.,

4.6. ABs
tlptL

4.7. *He

fafl
pa3\

HF(
npol
flpor
(Yxt
pa3\r

or rl
4.8. Bo:r

pacT
nepe

4.9. llpot
ra6,r
a) rr
b) rr

4. 10. Ilpor
a)B
a) et

(:+

4.11. O6t s
3Haqe

4.12. *Bt tg
cn ('

parIry

'?6) Hom, Johnsor':



m
,!i 3!r-roreHe3

l;:e nocTo.sHHOrO

... (4.37)
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:TI OTHOCI.ITCJIbHO
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i-.1 (4.38)

:JrtCK PaBHOBeClrt'r
iHoe 3HaqeHfie, T.e.

ieaxll,

(4.3e)

ieauna. IlocxolrrY
.'!rCTH peneHl{t co-

i ue--MKOM BHyTplI

J:arosHoe ycroBrie

LC llcqe3aJ]li co Bpe-

:ilrux oT paBI{OBec-

PaBHoBecI4Io (4.38)

3qreH Ha pl4c. 4.11),

:lifi ycTaHoBJregHoe

;a--rocb <<AOCTarortHo

eT Ha6nloAaBrr[iics

:ionum (Pnc. 4.1) ta'
Hrre pa3Mepa He(oTo-

o3l{aqaeT Bo3pac! To

ipa n fXI{ ?

|\repa 4x 5 se cnoco6-

rpoIr3BeAeI{UU CnpaBa

S4.5. YnpaxHeHfifl

Ha X(t) crpoenr.ifl {4.1)- (Y<asauue: r4cnorb3oBar6 [paBrrJro yM]roxeHrrt
(crpoKa Ha cTon6eq).)

4.3. flporepum coorBercrBr.Ie luexqay f){q fuuc. 4.1) n crpoeHueM Marpriubr
T (4.8-9). (Vxasar rue: loAc.rlrarB qncno pa3MepHo-Bo3pacrHbrx nepexo-

,&oB I HeHyleBbrx IJIeMeHTOB nlarprqul.)
flona:arr,, qro Marpsqa F (4.8) cy6croxacruuecxax. (VxasaHue: rrcrroJrl.-

:oearr, cy6croxacrl.rqecxoe ceoiicreo uarplrq (4.9).)
f{oxa:ars, qro Marpnlla [=T+F , r.e. c]MMa 6roqsslx lrarpnq (4.8) u
(4.6), cogepxarqux 6noKu (4.9) u (4.7) cooreercrBeHHo, rBirrercr pa3Jro-

xuMoii. Ka(oBbr pa3Mepbl ee noduampa4ut penpodyrcmueuoeo adpa (ctt.

$1.2)? (Yxasanue: lrcnoJlL3oBarb Kpurepuii nepasnoxn.vocrra nr $fL6.)
{nltelcg, nr.r lonMarpvua penpoA).KTHBHoro rApa x3 ynpa]KHeHufl, 4.5
npwvumueuort (cu. $n.7)?
EHepa:r:roxuuocrb ql4cJloBoii Marptrqbr I rrroxxo npoBepxrr,, He nplr6e-
rar K noMoulr4 opfpaoa, accoqr4,rpoBaHHoro c Hero (fXI{): uarpHqa I
pa3Mepa nxn Hepa3Jroxr4Ma, ecJrr4 r.r roJlr;Ko ecrx B Marpuqe (I + A)' I loer

HyrreBbrx 3reMeHroB26) (1 : diag{l, ..., 1}). Co:garr B cpe,{e (Matl-ab)
lporleAypy npoBepKlr Hepa3Jro)KzMocrr.r sa4aunofi r<ra4parnofi Marplrrlbr
IIpor43BonbHolo pa3Mepa,

(Vt<asatue: r{clloJrL3oBarb clzcreMH}To Syuxqlrro, Koropar onpeAeJrrer
pa3Mep 3aAaHHot MaTpI{IIbI, ]I onepaur{ro noD{.recKofr npoBeprol oTjlr.rqr4t

or Hynrr.)

Bo:lroxnr,r nlr perpecclrBHLre nepexo4rr n fXI-{ oco6eii nonylxqNlr c ro:-
pacrHoil lr,rlono.iruurenruofi crplrrypaMlr (onpeneteaue pezpeccuaHbrx

repexoAoB cM. B $3.lX
flpoeepurs (e <Matlab>) enrrorrHeHue pa;eHcraa (4. 15) gn.r reKropoB x3
ra6t. 4.I u I:tt
a) Marpuqbr Z u3 ra6t. 4.2;
b) uarpuq Z_., H L^^,u2ra6:l.4.3.

4. 10. flponeprzrr, Bce nrl napaMerpbr crorr Ha cBor4x [paBr4Jrbu6rx Mecrax (i,j):
a) e varpurte Z* (4.25);
a) n uarprzqe Z" (4.27). (Yxzrauue:3aq,MepoBarb KoMror{eHrLr BexropoB

@.2\ u (-26) qficrraMlr or 1 4o 18 r'r 19 cooreercrneHno.)
4.11 . O6rrcuur,, oqeMy napaMerprtp a dr varpuqe (4.35) r'aoryr npun:rr'.ram

3HaqeHut 6onE re 1.

4 .12 . +Bt t'tucsr;orr (c nouoqrro <<Matl-ab>) cneKrp M arpuubi 4(A') B paBHoBe-

cuu (4.38) 14 y6e4vrrct, qro oH JrexHT BHyrpu oxpy)ruocrx eAr.rHurrHoro

parryca. (Vosauue: zcno.nr:oeat ra6:r. 4.7.)

"') Hom, Johnson, 1990,'l'heorem 6.2.23.
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