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OU3UKO-MATEMATUYECKHUE HAYKH | PHYSICAL & MATHEMATICAL SCIENCES

YIK 517.928 https://doi.org/10.33619/2414-2948/87/01

JTIOCTATOUYHOE YCJOBHUE CYHIECTBOBAHUSA JIOIOJHUTEJIBHOM 30HBI
B CUHI'VJIAPHO BO3SMYUEHHBIX KPAEBBIX 3A/TAYAX BTOPOI'O ITOPAJIKA

©Omapanuesa I'. A., ORCID: 0000-0003-1862-2142, SPIN-x00: 4741-5012,
Ouwickuil eocyoapcmeernnulii yuusepcumem, 2. Ow, Koipevizcman, guli.suiunl@gmail.com

SUFFICIENT CONDITION FOR THE EXISTENCE OF AN ADDITIONAL ZONE
IN SINGULARLY PERTURBATED SECOND-ORDER BOUNDARY PROBLEM

©Omaralieva G., ORCID: 0000-0003-1862-2142, SPIN-code: 4741-5012,
Osh State University, Osh, Kyrgyzstan, guli.suiunl@gmail.com

Annomayus. Viccnenyrorest kpaeBbie 3amaun Jupuxie, Hemana u PoOeHa 1uisi CHHTYISIpHO
BO3MYILIEHHOTO JMHEHHOr0 HEOJAHOPOAHOTO OOBIKHOBEHHOTO U depeHInaIbHOr0 ypaBHEHUS
BTOpPOTO mopsiaka. PaccMmarpuBaemble KpaeBble 3aJaddl MMEET TPpU OCOOEHHOCTH: CHHTYJSPHOE
IIPUCYTCTBUE MAJIOTO ITapaMeTpa; PeIIeHNE COOTBETCTBYIOLIETO HEBO3MYILIEHHOTO YPaBHEHUS UMEET
MOJIFOC k-TO MOPsIZIKA, U TONOJHUTENbHBIM NOrpaHUYHbIN c10i. CHUHTYISIpHOE IPUCYTCTBUE MAJIOro
napaMmerpa MOpOXKIAeT KIACCHYECKUI MOTPaHUYHBIM CIIOH, a 0cobas TOYKa COOTBETCTBYIOIIETO
HEBO3MYILIEHHOTO YpPaBHEHHMs IOPOKIAET BTOPOM MOrpaHMYHBIA ciod. B pesynprare y Hac
IIOJIYYUTCS JBOMHOM IIOIpaHUYHBIN CioM. HalgeHo [I0CTaTo4HOE YCIOBHE CYLIECTBOBAHME
JIOTIOJIHUTENIBHOTO MIOIPAaHUYHOI'O CJIOSL.

Abstract. Studies the Dirichlet, Neman and Robin boundary value problems for a singularly
perturbed linear inhomogeneous second order ordinary differential equation. The considered
boundary value problems have three features: the singular presence of a small parameter; the solution
of the corresponding unperturbed equation has a k£ order pole and an additional boundary layer.
The singular presence of a small parameter generates the classical boundary layer, and the singular
point of the corresponding unperturbed equation generates the second boundary layer. As a result, we
get a double boundary layer. A sufficient condition for the existence of an additional boundary layer
is found.

Knrouesvie cnosa: nBoIHON MOTpaHUYHBIN ClIOM, KpaeBas 3aj1ada, ocodasi TOUKa, CUHTYIISIPHOE
BO3MYILIEHUE, TOTIOJIHUTEIbHAsS 30Ha, OOBIKHOBEHHOE TP PepeHIInaIbHOE ypaBHEHUE.

Keywords: double boundary layer, boundary value problem, singular point, singular
perturbation, additional zone, ordinary differential equation.

Ilocmanoexa 3adayu. PaccMOTpUM JIByXTOUEUHbBIE KPAaeBbl€ 3a4a4H, TOPOXKICHHbIE JIMHEHHBIM
HEOJHOPOIHBIM OOBIKHOBEHHBIM TU(PepeHIINaTbHBIM YPABHEHHEM BTOPOTO TOpPSIKA C MajbIM
IapaMeTpoM IIpH cTapiel IPOU3BOIHOM:

e™ye"(x) + x*p(x)ye'(x) + (x*q(x) — e™r(xX))ye(x) = f(x),x € (0,1), (1

U OAHUM U3 T'PaHUYHBIX yCJ'IOBI/Iﬁ BuUaa:

(@O
@ BY Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 10
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Y:(0) = a,y.(1) = b, (2
y':(0) =a,y'’s(1) = b, (3)

V:(0) —ay’s(0) = a'ys(]-) + .By’s(l) =b, 4)

rae a, b — W3BECTHBIE MOCTOSHHBIC uucna, p,q,r,f € C*[0,1], £(0) # 0, 0<p(0), 0<g(0),
0<r(0), n>m, 1<k, (n, k, meN), a y.(x) — nckomas QyHKIUs, 3aBUCAIIAS OT MAJIOTO IapameTpa €.

OO6bryHO KpaeByto 3amady (1), (2) maseBaror 3amavein Jupuxie; kpaeByroo 3amady (1), (3)
Ha3bIBAIOT 33aucii Helimana; a 3amady (1), (4) Ha3pIBarOT KpaeBoii 3a1aucii Pooena [1-14].

B 3agaue Heiimana (1), (3) npeamonoxum, uto ((1)#0 u r(1)=0, a B 3amaue Pobena (1), (4)
notpedyem BoinoaHeHus yciosuit: p(1) — fq(1) # 0 u r(1)=0.

Tpebyercss HaAWTH JOCTAaTOYHOE YCIOBUE IMPU KAKUX COOTHONICHUS MapaMeTpoB N u M
MOSIBIISICTCS JOTIOJTHUTEIBHBIN IMOTPaHUYHBIN CITOH B KpaeBbIx 3ana4 Jupuxie (1), (2); Heiimana (1),
(3) u PoGena (1), (4) Ha orpeske [0,1], korma Mamblii mapaMeTp € CTPEMHUTCS K HYIIIO.

Ocobennocmu kpaegvix 3a0au /Jupuxne, Hetimana u Pobena. 3ameTum, 4TO MaJlblii mapaMeTp
€ IpUCyTCTByeT B quddhepeHmaibioM ypasHeHun (1) mpu crapimieit npousBoaHoii. [Toatomy, eciu
B BO3MYIIICHHOM UGG epeHIIMATLHOM YpaBHEHUH BTOPOTo nopsizka (1) hopMalibHO CUUTATb, YTO € =
0 (T.e. yOparh BO3MyNICHHE), TO MOPSAOK auDPepeHITNANTBHOrO YpPaBHCHHS TTOHMKACTCS W
COOTBETCTBYIOIIICE HEBO3MYIICHHOEC YypaBHEHUE sBIsieTcs auddepeHIranbHbIM — YpaBHECHUEM
MIEPBOTO MOPSIKA:

xkp(0)y'o(x) + x*q(x)yo(x) = f (x). )

[Tonmxenue mopsika ypaBHeHHs, npu € = 0, — mepBasgs 0COOCHHOCTh pPacCMaTpPUBAEMBIX
kpaeBbIx 3a1a4 Jupuxie (1), (2); Heitmana (1), (3) u Pobena (1), (4).

Btopas ocobennocTts kpaeBbix 3amad (1), (2); (1), (3) u (1), (4) — nuddepenunanpHoe
ypaBHeHue (5) umeer ocoOyro Touky npu x=0. Pemenue ypaBHeHus (5) He sBISeTCS INaIKOU
¢ynkuumeit Ha otpeske [0,1], KoTopoe CBOMCTBEHHO OMCHHTYISPHBIM 3a7a4aM IO TEPMHHOJIOTUH
A.M. Unbuna [1-14].

Hixe Mbl JOKaXXEM, YTO IIPH BBITIOJHEHHUU YCIIOBUA M <

n(k—1) o
n B OKpPCCTHOCTH 0c000i1 TOUKH

x=0 TOSBIISETCS €IIe OIMH TOTPAHUIHBIN CJION, KPOME KIIACCHUYECKOTO MIOTPAHUIHOTO CII0ST — TPEThS
0coOeHHOCTh KpaeBbIx 3ana4 Jupuxie (1), (2); Heitmana (1), (3) u PoGena (1), (4).

Kpaessie 3amauu (1), (2); (1), (3) u (1), (4) ¢ BbIIIEIEPEYNCICHHBIMU 0COOEHHOCTSIMH Ha30BEM
OWCHHTYJISIPHO BO3MYIICHHBIE 331a9H C JBOWHBIM MOTPAHUIHBIM CIIOEM.

Jlokaxxem Teopemy

ngck_:), To B 3amauax dupuxie (1), (2); Heitmana (1), (3) u Po6ena (1), (4)

B OKPECTHOCTU JIEBOM FpaHI/I‘lHOﬁ ToukHu x=0 CYHICCTBYCT C€UIC OOUH HOFpaHHQHLIﬁ CJIOI>’I, Kpome
KJIIACCUYCCKOI'0 IMOTPAHUYHOTO CJI04.

ﬂomaameﬂbcmea I[J'ISI A0Ka3aTcJIbCTBA TCOPEMBI ITOKAKEM, YTO B IOTPAHUYIHOM CJI0OC UMECCTCHA
ABa XapaKTCPHBIX MPEAcCia, KpOMEC BHCIIHETO, KOTOPELIC 6YJIYT BKJIFOYATh B ceOs JABa BHYTPCHHUX

Teopema. Eciu m <

Pa3IOoKEHHUS.
Haunem ¢ mocTpoeHns BHEIIHETO PEIEHUs y_(x) = u_(x) Kpaesbix 3ama4 (1), (2), (1), 3) u (1),

(4), koTOpbIX OyJEM HCKaTh B BUJIE:

- 6
U (x) = Z ejuj(x), ©

j=0

—G)
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rie u;(x) — moka HeusBecTHbIE PyHKUmi. DopmanbHO MoAcTaBnsAs psx (6) B ypasHenue (1),

[IOJIy4aeM:
Z gn+juji'(x) + xk Z gl (p(x)u]t (x) + q(x)u;(x)) — r(x) Z ey (x) = f(x),
Jj=0 Jj=0 Jj=0

npupaBHUBasg KOA(G(GUIUEHTHl NMPU OJUHAKOBBIX CTEIMEHSAX MAajoro IMapamerpa, MoJlydaeM
PEKYPpPEHTHbBIE COOTHOIICHHUS:

xkpu’y(x) + x*q(x)ue(x) = f(x),x € (0,1]; (7

x4 (O (0) + ¥ (0w (1) = T (X) = U], (%), ] € N, uy(x) = (8)
0,s <0.

Jlemma 1. Ypaaenue (7) ¢ COOTBETCTBYIOITUM KPAaeBbIM yCIIOBUEM

a)ug(1) = b,b)u's(1) = b,c) ug(1) + pu's(1) = b )
UMEET EIMHCTBEHHOE PELIECHUE NPEACTABUMOE B BUJE:

Uy (x) = CE(x) + E(%) jx {(s)
1 S p(s)
_ ),
e E(x) = e 'p®7, npou3BosibHas MOCTOSHHAS ¢ MPUMET COOTBETCTBYIOIIEE 3HAYEHHE B
3aBUCUMOCTHU OT KpaeBLIX yCHOBHP'I:

F()-bp(1) bp(1)-BF(1)
—b: b) ¢ = LDPAD. ¢ = 2PW=ArA)
a) c=b; b @ 9T 200

E~1(s)ds,

[Tpu f(0)=fo=0 umeem:
Upg(x) — k1,1<kEN x—0.

JlokazarenbcTBO. YpaBHeHHe (7) 3anUIIEM B BUIE:

q(x) f)
() + = U (x) = 5=,
o @) xfp(x)
xq(s)
ITonmyyeHHOE paBEHCTBO YMHOKAEM HA HHTETPUPYIOLIUN MHOKHUTEIb ef 157
x4(S) ;1 xq(s) x4(S)
wy(x)e” 1) et = LE_ fpges

% + —=uy(x)e
p(x) EION
Herpyano 3ameTuts, 4To

xq(S) x4(S) 4
<uo (x)ef1 p(s)ds> - {(x) Iips
@)
HNHuTterpupys nociieanee paBeHCTBO, MOJTydaeM 0011ee perieHue:
fx‘I(S) X f(f) ff‘I(S) fo(S)
uy(x) =e 1P(5) 1p(S) df +c 1P(5)
° RZIGK

i€ C — MPOU3BOJIbHAS TIOCTOSTHHAS.
_ *a(s) s
—_ 1
Beenem o6o3nauenue E(x) =e "), Torma mnoigydyeHHOe oOIlIee pelieHue MOXKHO

3aMnCcarh B BUJIE

w() = B [ 0SB ) dE + cB).

VYuurtbiBas KpaeBble yciaoBus (9) HaiiieM COOTBETCTBYIOIIME 3HAYEHHS] IPOU3BOIBHON
IIOCTOSIHHOM C:
B cnyuae a)uy(1) = b:

—G)
Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 12
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1
ug(1) = E(1)f 1) E~Y&)dE+ cE(1) @ uy(l) =c = c = b;

1 §p(©)

B cirydae b)u'y(1) = b (cHa4yana BEIYMCIUM IPOU3BOIAHYIO):

wo(x) = E'(x) fl s‘{z()if) E-1(8) dE + x]’:z(aa) +CE'(x) =
) q) _F - bp()
DT H TR T T @

B ciryuae ¢) uy(1) + fu’y(1) = b:
f@  q@® _bp(1) - Bf(D)
F (oD ) = D=

JlemMa noxasaHa.
[Ipumensis nemmy 1 mocnenoBareiabHO K ypaBHEHUSAM (8) € COOTBETCTBYIOIIMMU KPAaeBbIMU
YCIIOBUSIMU:
a)u;(1) =0,b)u’;(1) = 0,c)u;(1) + fu’3(1) = 0,j EN,
MIOJIyYHM €IMHCTBEHHBIE PEILIEHUS IPEICTaBUMbIE B BUJIE!
uj(x)=01<j<m'
X T(S)Ujm(S)—uj_ n(S)
u;(x) = ¢;E(x) + E(x )f )
I7ie NMPOU3BOJIbHAS MOCTOSHHAS ¢ MPHUMET COOTBETCTBYIOLIEE 3HAYEHUE B 3aBHCUMOCTU OT

E~Y(s)ds,m<j €N,

1 '_m 1 "’ 1
) 0’]) ; 7()”] €Y) u]—n()

q(1)

B (Dujm(1)~uj_p(1)
p(1)—-Baq(1)

;0) ¢ ==
[Ipu m (1 + ﬁ) < n uMeeM:

U1 (%) = —as 1),1<kEN x—0.

CrnenoBarenbHO, ps (6) MOXKHO TIPEICTaBUTh B BUJIE:

o em \J ) (10)

u(x) = <u0(x) + U (0)+.. +( — 1) Ui (x)+...

e il € c*[0,1],j =0,1,...

Psn (10) siBasieTcss acCHMIITOTHYECKAM OTHOCUTENFHO MAJIOTO MapaMeTpa € Ha UHTEpBaje X €
(“Vem, 1], a Ha otpe3ske x € [0, k_VE_m] HapYIIAeTCs CBOMCTBO aCUMITTOTUYHOCTH.

[IpoBenem neranbHOE HCCIENOBAaHME B OKpPECTHOCTH 0co00il Touku x=0. Jlns sToro B
OKPECTHOCTH JTOH TOUYKM CHAeNaeM pacTsKeHHe KoopauHaT (mpeoOpasoBanue) x=e%¢, o>0, Torma

dx=c%dt u dx’=¢?“d¢* u ypanenue (1) nepenumuiercs B BUJE:
d2y.(t
n-2e LX90 | cevapip(eary DX | ohaprgienyy, (o) -
—eMr(e“)y.(t) = f(eD), t € [0;8_“]'
W3 neBoii 4acTH MOCIEIHETO PABEHCTBA BBIIETHM IIABHYIO YacTh, Tak kak k¥ < gk-Da,
M0ATOMY IVIaBHAsl YacTh IPHMET BHI:

d2 yg(t) dys(t)
ghm20 2= eTDaip (4) =22 — eMr (e%6) e (8).

VYpaBHMBas MOPSIIKOB MOBEACHUS CIaraéMblX MO MajJoMy HapaMeTpy JABYX JIIOOBIX UJICHOB,
MMEEM COOTBETCTBYIOIINE XapaKTEPHBIE MTPEAEIIbI, BOSMOKHBI CIIEIYIOIIUE TPH CIyYan:

—®
Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 13
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1)n—2a=(k—1)a=>a=ﬁ; 2)n—2a=m=>a=?; N k—Da=m=a=

m
Y
n
B nepBom ciyuae, ecin a = o TO TOMyHHM:

nk-1) 42 n(k 1)
& k1 d°ye(t) +e
dt?

dye(t)

[Tyctb €™y, (t) = P, (t), Torma umeem Bpra)KeHI/Ie.

nk-1__ dzll)s(t) dip(t)
& k+1 <7+tk_dt >_lp€(t)

—m > 0, mosroMmy npu £—>0 IIABHOH YacThIO SBJIAETCH y_(t) M 31ECh

n(k—-1)
k+1

o o n
OTCYTCTBYET NpOU3BOAHAsA QYHKIMH y_(t) . IlosTOMY ciyuait a = 1 He OyaeM paccMaTpuBaTh.

[0 YCJIOBUIO

Bo Bropom ciyuae, ecnu a = % u eMy.(t) = Y.(t), To momyuum

d* e (t) k=Dn=m) . dipe(t)
ez Y (t) + ¢ 2 t —ar

. t
Y 3]1€Ch INIABHOW YaCThIO SABIISECTCS BBIPAXKCHUE! M — (1)

-~ o n-m
B KOTOPOH HNPUCYTCTBYCT HNPOU3BOJAHAS BTOPOI'O ITOPALAKA. HOBTOMy 9TOT ClIy4yau a = T

OyaeM HcCle10BaTh.
o o m
W nocnenuwmii cirydai, ecnu o = T eMye(t) = YP.(t), To NOITYYUM BBIpaKCHHUE:

2m 42
gn—m—m d :l/}tsz(t) + tk dlps(t) lpg(t)

t
ITaBHO# YacThIO KOTOPOTO SABNSETCS BBIpaXKeHHe: t/ —=—— u)g( ) — P (t).

9TO0T cnyqan TOXKEC 6y,Z[CM HCCJICAOBAThb, TAK KaK M 3JC€Cbh B [NIaBHOU dYacTu IPUCYTCTBYCT
IIpOU3BOAHAA IICPBOI'0 IIOPAIKA.

B PE3YJILTATE B HIOTPAHUYHOM CJIOC MBI ITOJTYYHIIM ABa XaPAKTCPHBIX IMPEACIIa, 9TO BO BTOPOM U
n(k—1)

B TPETHEM ClIyHdasax. HCpr,I[HO 3aMETHUTH, YTO €CJIN BBINOJIHACTCA PABCHCTBO M = , TO BCC OTH

TPH Cllydasi COBMAIYT, T. €. OyIyT OIMHAKOBBIMHU.
n-m m ) o o 9 vy
Tak xak > 7_; I03TOMY BTOPOH CiyHai OyZeT onuchIBaTh JEBBIH MOTPAaHUYHBIN CIIOH, a

TpeTuil ciydaili OyaeT ONUCHIBaTH IPOMEKYTOYHBIM TOTPAHUYHBIA CJIOW MEXIy JIEBBIM
MOTPaHUYHBIM CJIOEM M BHEHIHUM peunieHreM. Psan (10) Toxke moackasbiBaeT KakKUM JIOJIKHA OBITh
BHYTPEHHSAS IEPEMEHHAs B COCEIHEM IOIPAHMYHOM CJIOE€, KOTOPBIN IEPECEKaeTCsi C BHEIIHUM

k-1
peuIeHnuEM, T. €. X = = VE™ML.
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SJIEKTPO®PU3HUOJIOTMUYECKUAN AHAJIN3 PEAKgHﬁ MJIAZMAJIEMMbI
KJVIETOK Nitellopsis obtusa 1IPU CEJIEKTUBHOU MOAU®UKALIUN
EE CTPYKTYPHO-®YHKIHIUOHAJIbBHbIX KOMIIOHEHTOB

©Maxmyooesa III. C., Uncmumym 6omanuxu HAH Azepbaiioscana,
2. baky, Azepboatioscan, mayhmudovashirin656@ gmail.com

ELECTROPHYSIOLOGICAL ANALYSES OF THE PLASMALEMMA REACTIONS
OF Nitellopsis obtusa CELLS AGAINST SELECTIVE MODIFICATION
OF ITS STRUCTURAL AND FUNCTIONAL COMPONENTS

©Makhmudova Sh., Institute of Botany Azerbaijan National Academy of Sciences,
Baku, Azerbaijan, mayhmudovashirin656@ gmail.com

Annomayus. [IpoBeieHO COMOCTaBIEHNE KHHETUKN U3MEHEHHUSI MeMOpaHHOT0 oTeHIHaa (),
conpotruBnenuss (Ry) u wmemOpannoit emxoctu (Cy) mnpu MomudUKaUU  CTPYKTYPHO-
(GYHKIMOHAJIBHBIX KOMIIOHEHTOB IUIa3MalleMMbl KieTok Nitellopsis obtusa. Jnis 3neKTpOreHHON
IOMIbl IIa3MajJe€MMbl YCTAaHOBIEHBI: TOK KOpOTKOro 3ambikanus 0,09 A/m?, BHyTpeHHee
conporusienne 4 OMXM?, 3IeKTPOABUKYIIEH cHibl — 360 MB. AHAIN30M KHHETHKH U3MEHEHHUS @,
Ry, Cy ipu Mo UKalMU CTPYKTYPHO-(PYHKIIMOHAIBHBIX KOMIIOHEHTOB IJIa3MaJIeMMBbI BBISIBJICHO,
YTO AJIEKTPOEMKOCTh SIBISETCA MOKa3areiaeM ee JUNuAHON (a3pl. COBOKYMHOCTh YCTAaHOBIECHHBIX
(GakTOB O BIMSHUU CTAaHIAPTHBIX MOAM(DHUKATOPOB HA OCHOBHBIC AIIEKTPOPUZNOIOTHUECKUE
napaMeTpsl  IUIa3MaJe€MMbl  CBUACTEIbCTBYET O HAJIMYUKU OPraHUYECKOW CBSI3U  MEXKIY
(bYHKLIMOHATIBHON aKTUBHOCTBIO U (Da30BBIM COCTOSIHUEM JIMITHIHOTO OKPY)KEHUS (PYHKIIMOHAIBHBIX
TPy Ma3MaieMMBbl.

Abstract. The kinetics of changes in the membrane potential (¢), resistance (Rm) and membrane
capacity (Cm) were compared with the modification of the structural and functional components of
the plasmalemma of Nitellopsis obtusa cells. For the plasmalemma electrogenic pump, the following
are established: short-circuit current 0.09 A/m?, internal resistance 4 Ohmxm?, electromotive force
— 360 mV. The analyses of the kinetics of measuring @, Rm, Cm during the modification of
the structural and functional components of the plasmalemma revealed that the electrical capacity is
an indicator of its lipid phase. The totality of established facts about the effect of standard modifiers
on the main electrophysiological parameters of the plasmalemma indicates the presence of an organic
relationship between the functional activity and the phase state of the lipid environment of
the functional groups of the plasmalemma.

Knrouesvie cnosa: Bomopociau, KJIETOYHbIC MEMOPaHBI.
Keywords: Algae, cell membranes.

Wnentudukanuss TpaHCHOPTHOM (QYHKUIMU IUIa3MaJIeMMbl PACTUTENBHBIX KIETOK OOBIYHO
OCYIIECTBIISIETCS ITyTEM aHaJIN3a MEKTPOPU3N0IOTHYeCKUX 3((HEKTOB IK30Ir€HHOT0 BO3ICHCTBHS Ha
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OTJICJIbHBIE KOMIIOHEHTBl €€ HMOH TpaHCnopTHOM cuctembl [1, 2]. Ilpm 3ToM coBepHIEHHO
HE0OOCHOBAHHO HE YYHUTBIBAETCS BO3MOXHOE BIMSHHE MOAU(UKATOPOB Ha (pa3oBoe COCTOSHUE
MeMOpPaHHBIX JIMITUI0B, YTO TAK)KE MOXKET OTPA3UTHCS HA UX MOIU(UIMPYIOLUINX CBOUCTBAX. DTOMY
CTIOCOOCTBOBAJIO OTCYTCTBHE M3MEHEHHsI OCHOBHOTO IOKa3aress (a30BOro COCTOSHUS MEMOpaHBbI -
€e DIIEKTPUYECKON EMKOCTH NpU Pa3IUYHBIX BO3ACUCTBUAX, B MEPBUYHBIX HCCIEIOBAHUAX Ha
MeMOpaHaXx )KUBOTHBIX TKaHe# [3].

JlnuTenpHOE BpeMs TaKWe HCCIEIOBAaHUS Ha PACTUTENBHBIX OOBEKTaX MPAKTUYECKH HE
npoBoArIuCh. C Apyroil CTOpOHBI, He MpoBeAeHa nupdepeHuanys MEKTPOSMKOCTH Ha OT/IEIIbHBIC
CTPYKTYpHbIE (ha3bl MEMOpaHBbI, T. €. Ha PyHKLIHNOHAIbHBIE OCJIKU U JTUIUAHYIO (a3y, B KOTOPOl OHU
JIOKAJIM30BaHbl.  JTO0  MOMIO  Obl  CTUMYJIMpPOBaTb  OOBEKTUBHYIO  HHTEPIPETALUIO
anekTpodu3noaornueckux 3¢pdekroB MoaMPUKATOPOB TPAHCIOPTHHIX IMPOLECCOB, a TAKXKE HX
BO3MO)KHOTO BIIMSIHUS HA JIUMUIHYIO a3y MeMOpaHbl, KOTOpas SIBISIETCS CTEPUUYECKUM PETYISATOPOM
AKTUBHOCTH MEMOPAHHBIX OCJIKOB.

Ha ocHOBe BBIIIEH3I0KEHHOTO0, OCHOBHAs I1IeNIb HACTOsIIeH paboThl OblIa YCTaHOBIICHUE
muddepeHIrany  MEKTPOEMKOCTH Ha  OTHENbHbIE CTPYKTypHBIE (Da3pl IU1a3mMajieMMbl U
JanpHEHIIUI  aHamu3 31eKTpodusnonorndecknx APGEKTOB HCIOIB3YEMBIX MOAM(PHUKATOPOB.
JlocTrKeHre MOCTaBICHHON IIeNId OCYIIECTBICHO IyTEM HENPEPHIBHOW pPErucTparii KOMILIEKCa
AIIEKTPUYECKUX MMapaMeTPOB IUIa3MalleMMbl: MeMOpaHHOro noteHuana (¢), conporusieHus (Ry),
€MKOCTHOTO CONpoTUBIICHUS (Xc).

Obvexm u memoowl ucciedo8aHull

OObexkTaMu HaAIIMX HCCIEIOBAHUNA CIYXKUJIM MEXIOY3JIOBbIE KIETKH XapOBBIX BOAOPOCIEH
Nitellopsis obtusa. Pactenus BeIpamuBaiv B 1a00paTOPHBIX YCIOBHUAX B UCKYCCTBEHHOH MPYIOBOM
soze (MIIB) npu ocsemenuu 20 Br/m? u Temneparype 20-22°C. Monnslii cocras UIIB 6611 61130k
K COCTaBYy 03€pHOM BOBI, B KOTOopoii conepkanuck (MM/n): KH,PO4 — 0,1, CaCl, — 0,4, NaHCO;3
— 1, Mg(NOs3)2, — 0,1, MgSO4 — 0,1, pH=7,0-7,2.

Jliia o0OecrieueHrs TOYHOCTU U3MEPEHUs] IPUMEHSAEMOU IEKTPOPU3NO0IOTUYECKOW METOAUKHI
MOJIB30BAIMCH KJIETKaMH JUIMHON He Oosiee /= 20 mm [4]. lnameTp Takux KJIETOK HE TMPEeBBIMIal d=
0,5 mm. Kommiekce 3nekTpou3noaoruueckux napaMeTpoB U3MepsuId ¢ IPUMEHEHUEM UMIIETaHCHON
CHEKTPOCKOMHH, pa3paboTaHHOM ISl KIETOK HUINHApu4ecKkoi ¢opmsl [1, 2, 4]. Ona obecneunBaa
HENPEPBIBHYIO M JJIUTENBHYIO 3allUCh TPEX AEKTPOPU3NOIOTHYECKUX MapaMeTpPOB OIBITHON
KJIETKH: eMKOCTHOTO conpoTusiieHus (X¢), MeMOpanHoro noteHmnuaia (@) u conporusienus (Ry) [4].
N3-3a masioro conpoTuBiieHUs TOHOIIAcTa [S, 6] Ipy BBEICHUH U3MEPUTEIBHOTO MUKPOAJIEKTPOAA
B BaKyOJlb KJIETOK, U3BMEPEHHbIE HAMHU BEIMYUHBI @, Ry, Xc OTpakamu cCOCTOSHUSA IMJ1a3MaTUYECKOM
MeMOpaHbl. CyIIHOCTh NPUMEHSEMOH METOJUKH COCTOMT B TOM, YTO C IOMOUIbIO OIHOTO
BHYTPHUKIIETOUHOTO MUKPOIEKTPOIA (TOKOBOTO MUKPOIIEKTPOAA) U Hapyx HOTo Ag-AgCl-3nexkTpona
4yepe3 CepellMHy LWIMHAPUYECKOW KJIETKH IMPOITyCKAarT MPSIMOYTOJIbHBIE MMITYJIBLCHl TIOCTOSIHHOTO
TOKa MIOTHOCTBIO | MA/M?, UIMTENBHOCTBIO 1-2 CeK U TepeMeHHBIH Tok ¢ dactotoit 1-1000 I
[Tagenue HampspKEHHA 1O TIOCTOSIHHOMY M IIEPEMEHHOMY TOKaM CHUMAKOTCSI C TIOMOILBIO BTOPOTO
MUKPO3JIEKTPOa (M3MEPUTEIHHOIO MHUKPOIIEKTPO/Ia), BBEACHHOTO B KJIETKY Ha (PUKCHPOBAHHOM
paccToOsIHUM OT TOKOBOTO MHKpORJIEKTpoAa. EMKOCTHOE cOmpoTHBIIEHHE BBIIETSIIOCH OT OOIIETO
UMIIEIaHCA C IIOMOUIbK0 BEKTOPHOM JuarpaMmsel [6]. DJEKTpPOEMKOCTh E€AMHMLBI IUIOLIAaN

IUIa3MaTHYeCKOM MCM6paHLI BBIYMCJICHA I10 (bOpMy.TICI
1

C, =——
M 2nfX,
Ry BBIUKCTISIIN 110 BETUYMHE AIIEKTPOHUYECKOTO MOTeHIMANIa AQ (CABUT (v IPU MPOMYCKAHUU
TOKA) M CHJIE TOKA /, MPOIyCKAaeMOT0 Yepe3 CEePEeUHY KIETKHU:
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MeMOpaHHBIH MOTEHLUAT U3MEPSUIM KaK PAa3HOCTb MOTEHIHAIOB MEXIY H3MEpUTENIbHBIM
3JIEKTPOJOM, BBEJCHHOIO B BAaKyOJb KIETOK M JJIEKTPOJOM CpPaBHEHMs, PAaCIOI0KEHHOIO B
U3MEPUTEIILHON KaMepe.

Pezynemamut u oocyscoenue

Pa3bpoc 3HaueHMIT @y B CTAHAAPTHBIX YCIOBUSAX HAXOAWJCS B mpenenax —125 + —245 mB
cpennuM 3HaueHueM 168 +4 mB. Pacrnpenenenue ¢ 1mo 4uciiaM KJIETOK HE MOJYUHSIOCH 3aKOHY
HOPMAJIbHOTO paclpeiesicHusl, HO 3HAUUTENbHAs YacTh OMBITHBIX KJIETOK 00Ja/Jaiy MOBBIIICHHON
ANIEKTPOTEHHOW AaKTHBHOCTHIO. MeMOpaHHOE COMPOTHUBIECHUE OIBITHBIX KJICTOK BapbHpOBAIO B
npenenax 1,5-9 Omxm?, a uX anMeKTpHdecKie eMkocTu — B npezenax 0,44—1,33 mxdxem 2. Cpennue
3HAUEHMS ATUX BEJIWYUH N7 42 KIETOK B CTAaHJAPTHBIX YCIOBUSX cpeabl coctaBisiim Ry=4,1£1,0
Omxm?, Cy=0,9+0,05 MxdxcMm 2, cooTrBeTcTBeHHO. C TIpHMEHEHHEM 3aKOHOB BapHAIMOHHOM
CTaTUCTUKU MEXAy BelIMYMHaMHU Ry 1 ¢ ycTaHOBIIEeHa InHelHas 3aBucuMocTb Ry=0,032—-0,03 ¢.

Jlnst  ycTaHOBJIEHUSI OCHOBHBIX IIOKa3aTelied HMOHTPAHCIOPTHOM CHCTEMBI ILIa3MajieMMBbI
nposesied aHainn3 ee K'— xapakTepuCTuK, T. €. aHaJIu3 3aBUCHUMOCTEH ¢ U Ry oT konuenTpanun K*
B coctaBe HapyxxHO#l cpenbl (UI1B). Ha ocHoBe mpoBeneHHOro aHajn3a, B TPAHCIIOPTHOW CUCTEME
IIa3MeJIEMMbl  BBISBIEHBI JIBA THUIIA «IOJrOkuBymmx» K -xamanos. K'-kamamel Hapy»XHOTO
BoipsamieHus: (KKHB), kotopeie B akTUBHOM (IIPOBOJSIIEM) COCTOSSHUM HAaxXOIATCSA B JUAla30HE
MeMmbpanHoro noreHnuana —120 + —170 MB u K'-kanansl BHyTpennero soinpsmienus (KKBB),
KOTOpbIE B aKTHUBHOM COCTOSIHHE HAXOJSATCS B JManazoHe MeMOpaHHOro moteHmnuana —170 + —270
MB.

Ecnan oOparuTh BHHMaHME HAa MOHHBIA COCTAaB CpEibl, TO MOXXHO BHJETh, YTO B JIMAIIa30HE
aktuBaumn KKBB 1mazmanemMma HCHOBITBIBAET TPaJMEHT EKTPOXUMHUYECKOTO IOTEHIMasa
BECIINYHUHON ZFA9=9,6 x]JI>x/MOIIb. CnemoBaTeibHO, 1A MOJJIEPKAHUS rpajgveHTa
ANIEKTPOXMMHUYECKOTO MOTEHI[MaNa TaKoil TPOMaJHON BEMTMYMHOM TUIa3MalieMMa JOoJbKHa 00IaiaTh
BBICOKOW AJIEKTPOTE€HHOM AKTUBHOCTBIO.

DNEeKTpOreHHass  aKTMBHOCTh  IUIa3MaJieMMbl B TIEPBYIO  Odepelb  OMNpEeAeNsIeTCs
anektpoaBuxkytomeit cunoir (DIC) ee osmekrporeHHsix HacocoB. Jlns ompenenenus 31C
AIIEKTPOTEHHBIX TOMI TIa3MajeMMbl TPUMEHUIU Tpadudeckuit cnocod ['pagman-Cnaiimana [7].
MeTon OCHOBBIBAE€TCS HaA COIMOCTaBJICHHWE BOJIBTAMIIEPHBIX XapaKTEPUCTUK HATUBHOW U
MO (ULIMPOBaHHON HHrHOUTOpOM MeMOpanb! (PucyHok 1).
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Pucynok 1. Bosibr-amnepnas xapakrepuctuka ruiazmaiemmsl kietku Nitellopsis obtusa. J{nuna 1=18,2
mm, quametp d=0,46 mm, Cy =1,12 Mk®xcM 2, Ry= 6,2 OM*xM?, 1= 0,09 A/M?, DJIC=360 MB, Ry -4 Omxm?
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Ha Pucynke 1 mpexacrtaBieHa BOJbT-aMII€pHAs XapaKTEPUCTHUKA SJIEKTPOT€HHOW CHUCTEMBbI
masManeMMmbl Nitellopsis obtusa. Touku, mpocTaBiIeHHbIC HA TpauKe MOTYYCHBI BHIYUTAHUEM OT
opaMHAT HaTHBHOH (He 00paboTaHHOW HMHrHOMTOPOM) MeMOpaHBI COOTBETCTBYIOIIMX TOUYEK
MeMOpaHbl, 00pabOTaHHON cHeNU(PHUYECKAM HWHIUOMTOPOM TpaHCHpoTOHHBIX  H'-ATPasbl
murukiiorekcrikapoonuumuaom (JILK /L) B kontieHTpanum 5%10°°M.

ITo nanubM JuTeparypbl unruouposanne H'-ATPassl nox sausauem JIK]] nporcxomut 3a
cueT Grokuposanus H'-kanana Gpepmenta Monekynoi uaruburopa [2]. OQHAKO O HAIIMM JaHHBIM
s dext mHrHONUpoBanust nmomnsl noyn BiausHueM JIILIKJ[ compoBokmasncs Takxke CyIICCTBEHHBIM
M3MEHEHUEM OJJIeKTpoeMKocTH IiazmaneMmbl (Pucynok 2). CrnenoBarenbHO, B HPUCYTCTBHE
MHTHOUTOpA BO3MOKHO TaKXKe CTPYKTYpPHbIE H3MEHEHHUSI MJ1a3MaIeMMBbI.
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Pucynok 2. Kuneruka usmenenus ¢, Ry, Cy mnasmanemmsl kiaetku Nitellopsis obtusa mox iusiauem
10° u 5x10°% M xkonuentpaumii JLIKJ. Iludpsl Ha KMHETHYECKOW KPUBOM (@ OTPaKarOT 3HAYECHHS
3JIEKTPOEMKOCTH TUIa3MaieMMBI (B eMHUIAX MKDXCM 2) B COOTBETCTBYIOIIMX MOMEHTAX BPEMEHH

JUKJ] xopomio pacTBOpsA€TCs B OPraHWYECKUX PACTBOPUTENSAX, YTO CBHJETEIBCTBYET O
TUNO(QUIBHOCTH ero MoJieKyil. [IoaToMy BIIOJTHE BEPOSTHO €ro BKIOUEHHE B COCTAB JIMMUAHOM (a3bl
IUIa3MaieMM, TEM CaMbIM paspyuierue ero Fo qomena H™-ATPasbl. OqHO3HAYHBIA OTBET MO ITOMY
MTOBOJY MOXKHO IOJTyUUTh AU depeHnnanmeil MeMOpaHHOM eMKOCTH Ha JTUMHIHYIO U OeNIKOBYIO a3y
1azmManeMMbl. C 3TOH 1eNIbl0 HaMU NPEANPUHSATA CeIEKTUBHAs MOAU(UKaIUs COCTaBa JIUIUIHON 1
OenKoBoOH (ha3 m1a3ManeMMbl C IPUMEHEHHUEM COOTBETCTBYIOLIMX CPEACTB.

Jlis TecTUpOBaHUS TOBEAEHUS SIEKTPOEMKOCTH IIa3MalleMMbl NpU MoAU(DUKALUN ee
0enkoBOM (pa3bl MbI IPUMEHSUIN JBa TUIA MOAU(PHUKATOPOB MPOBOIUMOCTH OMOMeMOpaH OEIKOBOI
npupojbl. BanuMHOMUIMH, aHTHOMOTHK OENKOBOW MPUPOABI € IHUKIMYECKOM KoHpopmanuen
MOJIEKYJIbl U3BECTEH KaK IOJBUKHBIN MEPEHOCUMK OJHOBAJEHTHUX KaTHOHOB, OCYIIECTBIISIOIINN
CEJICKTUBHBI MEPEeHOC uepe3 KIETOYHYI0 W OununuaHyro meMmOpany. BximiodeHue B cocTas
nuTarensHOM cpeapl 107° M BanmMHOMHIIMHA JENONSPU30BaNa Ma3ManeMMy KIETOK, (¢ KOTOPBIX
Haxomwiuch B auana3zoHe aktuBaimun KKBB, B Tedenme 30 mma Ha 25-30 mMB (Pucynok 3).
Jlenonspuzanus IUIa3MajleMMbl  KJIETOK O] BIMSHHEM aHTHOMOTHKAa CONPOBOXK/ATach
yMEHbIIIeHueM MeMOpaHHoro comnpoTtusieHus Ha 25-30% (Pucynok 3), 4TO CBUAETENHCTBYET O
BKJIFOYEHHH IEPEHOCYHKA B COCTAB IUIa3MaJIeMMBl. JleCATHUKpPaTHOE YBEIMYEHHE KOHIEHTPALIUH
aHTHOMOTHKA B COCTaBE HapYy>KHOM Cpe/ibl HE BBI3BIBAJIO CYIIECTBEHHOE U3MEHEHUS BEIHUUH ¢, Ry
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Pucynok 3. Kunernka m3ameHeHwss MeMOpaHHOTO ToTeHImana (@) u comporupieHus (R.) kimeTku
Nitellopsis obtusa mpu mnociemoBaTensHOM BKIIOYEHMH B COCTaB HHTaTenbHOM cpeasl 107° mw 10° M
BanuHOMHUIHA. CTpenKkaMu BBEpX YKa3aHBl MOMEHTHI J00aBlicHHsS aHTHOMOTHKA B COCTAB MHUTATEILHOMN
cpenbl. CTpeikol BHH3 yKa3aH MOMEHT UCKITIOUCHHST aHTUOMOTHKA M3 COCTaBa MUTATEIBHOM CPEJIbI.

IIpu uckmroyeHHH aHTUOMOTHKA M3 COCTaBa IUTATEIbHON Cpelbl MPOMCXOIWIO IOJIHOE
BOCCTaHOBJIEHHE (), Ry Ha CBOMX NepBOHAYAJIbHBIX YPOBHSX B CTaHAAPTHBIX ycioBusAX. OnaHaKo Ha
(oHE PTUX COOBITHI AIEKTPOEMKOCTb IIa3MalIeMMbI OcTanachk Hem3MeHHOH (Pucynok 3). MnbiMu
CIIOBAMH, MOIYJISIIMS cocTaBa OelkoBOM (a3pl IMiiasMajleMMbl HE NPUBOJAMIO K 3aMETHOMY
U3MEHEHUIO €€ 3JIEKTPOEMKOCTH. AHAJIOIM4Has CUTyalus oOHapyKUBajlach NMPH MOJU(PHUKALUN
OeJIKOBOTO COCTaBa IJIa3MaJI€MMBbI MENTHIHBIM aHTHOMOTHKOM — IPAMHIIMITHOM A.

Xopomo W3BECTHO, 4YTO JIMHEWHAs KOH(pOpManus AaHTHOMOTHKA, COCTOSIIAs U3
15 ruapodOOHBIX aMUHOKHCIIOT, IIPU B3aUMOJEHCTBUN ¢ MEMOPAHHOM CTPYKTYpOi CBOpauuBasich B
cnupayib, B HeH (opMHpYeT HOHHYIO TMOpYy, T. €. HMOHHBIH KaHaJl, TPaHCHOPTUPYIOLIUH
MIPEUMYIIECTBEHHO OJHOBAJICHTHbIEC KAaTHOHHI [8].

O ¢dbopmMupoBaHNN MOHHBIX KaHAJIOB B IIa3MaJIEMME B HAIIUX U3MEPEHHSX CBUICTEIHCTBYET
ymensbIienue Ry memOpans Ha 30% mpu BBeZIEHUH B cOCTaB Hapy>kKHOMU cpenbl 10 HM rpamunuuHa
A. VYmenbmienne Ry mpoucxoansno Ha (oHE Aenoispu3aliy IJIa3MajleMMbl, KOT/la HUCXOAHBIE ¢
KJIETOK Haxonuiauch B auanasoHe aktuBaiuu KKBB. O ¢opMmupoBanuyn aHTHOMOTHKOM HOHHOTO
KaHaja CBUJETENIbCTBYET Takke (aKT MpOJIOHTHpPOBaHUS (45 MHH) €ro OTMBIBAHHE OT COCTaBa
wia3MaieMMbl. OTMeUeHHbIE 3JIEeKTPO(U3HONIOTHYECKHE PEaKUUH KIETOK TPOUCXOAMIN MpU
IIOCTOSIHCTBE 2JIEKTPOEMKOCTH IUIa3MaJIEMMbl. A COBOKYIHOCTHb YCTAHOBJIEHHBIX JaHHBIX I10
HEUYBCTBUTEJIBHOCTH AJIEKTPOEMKOCTH IUIa3MalleMMbl INPU MOIYJSIIMM €€ OEeIKOBOro cocTaBa
CBUJETEIBCTBYET O TOM, UTO 3JIEKTPOEMKOCTh MEMOpPAHbI, B OCHOBHOM, SIBISIETCS XapaKTEPUCTUKON
ee munuaHON (a3pl. OO0 ITOM MOXKHO YOEAMTHCS TaKXke MyTeM MOAU(HUKAIMKU COCTaBa JMIUIHON
¢a3zpl MemOpanbl. B 3ToOM mulaHe mpHUBIEKAaTeNbHBIM B HAIIMX MCCIEIOBAHUAX SBUIACH
anexkTpodusnonorndeckas peakius kietok Nitellopsis obtusa Ha BBeJEHUE B COCTAB HAPYKHOM
cpeabl MHKpPOMOJIsiHOM 1036l moHOB Co?'. Jlna Co?" XapakTepHO I eCTKOE CBA3BIBAHUE C
MOBEPXHOCTHIO JIUMHUJIHBIX MeMOpaH [9]. Takoe 00CTOATENBCTBO TOHKHO MPUBECTH K U3MEHEHUIO
UTOTOBOM  DJIEKTPOEMKOCTH IIa3MalieMMbl, 4YTO OOHapy)kKeHO B HalIMX HKCIEPUMEHTaX,
MPOBEICHHBIX HA MHTAKTHBIX KieTkax Nitellopsis obtusa (Pucynok 4).

Iocrosucto Ry Ha ¢one snekrpodusuonorudeckoil peakiuu noa smusauem10 ¢ CoCly
YKa3bIBacT Ha TO, YTO MOSABJIEHUE B CPEIE OKPYKEHUS UCCIIEyEMbIX KJIETOK KAaTHOHA HE 3aTparuBacT
OenkoByto (hazy miIazMalieMMbl, KOTOpas 0O0ecleuMBaeT €€ IMPOBOJUMOCTb. A 3JEKTpOreHHas
aKTUBHOCTb IUJIa3MajJieMMbl, NpoOUCXoAsmas Ha (OHE H3MEHEHUS DJIEKTPOEMKOCTH, SIBISETCS
pEe3yNIBTaTOM M3MEHEHHsE (pa30BOro COCTOSIHUS THapodoOHOro okpyxenus H'-ATPas.
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Pucynok 4. IIpoTokon 3amucu u3MeHeHMs mMoTeHnuana (@) u comportuBieHus (Ry) miazmanemMmbl
knerok Nitellopsis obtusa mox Biusuuem katmonos Co?'. I{udpamMu Ha KpHBOH ¢ yKa3aHbl 3HA4YEHHS
3JIEKTPOEMKOCTH (B €1MHALIAX MKD XCM %) B COOTBETCTBYOIMX MOMEHTAX BPEMEHH PETUCTPALMH TIOTEHIUANA
rta3mManeMMbl. CTpenKoi BBEpX YKazaH MOMEHT BKITIOUEHUS, CTPEIKON BHU3 MOMEHT UCKITFOUEHHS U3 COCTaBa
nutarensHoi cpensl 1078 CoCly

Jloka3areabCTBOM TaKOTO MPEAIIOJIOKEHNSI MOTYT CIIYKUTh PE3YJIbTaThl HAIMX MCCIECIOBAHUN
110 BO3/IeHCTBHIO OpraHudeckoro pacteoputens 1% (8x10~* M) mumetuncynsgpoxcuaa (JJIMCO) [10].
Tax xe kak B ciaydae Co>" ycuneHne »1eKTpOreHHOH aKTHBHOCTH ILIa3MaIeMMBbI IIPOMCXOIMIO Ha
¢done wusmeHenuss C, TPU TMOCTOSIHCTBE MEMOpPAHHOTO CONPOTHUBJICHUS. ODTH JaHHBIC TaKXKe
CBUJIETEIBCTBYIOT O TOM, YTO PETYSTOPOM JIEKTPOTEHHON aKTUBHOCTH MEMOPAaHbI, B TJAHHOM cepun
OTIBITOB, SIBIISICTCS JIMMUIHAS (ha3a IUIa3MajJeMMbl, TMoKa3aresieM ()a30BOTO COCTOSIHHUS KOTOPOM
CITy’KUT €€ 3JICKTPOEMKOCTb.

Buisoowi:

B pesynbrate wuccienoBaHMM yCTAHOBJIEHBI CIEAYIOUIUE IOJIOKEHUS (PYHKIMOHUPOBAHUS
IUIa3MaTHYECKOM MEMOpaHbl PAaCTUTEIbHBIX KIETOK:

- MOZLyJISILIUST TIepecTpauBaHUEM OEKOBOIO COJEp’KAaHUS WJIM BHECEHHEM IMOJUIMENTHAOB B
CTPYKTYpY IJIa3MAaTUYECKON MEMOpPAHbI HE U3MEHSIOT €€ FIEKTPUUECKYI0 EMKOCTb;

- DJIEKTpUYECKass E€MKOCTb OHOJIOTMYECKHX MeMOpaH ecThb [0Ka3aTelb CTPYKTYpHO
MOJISIPU3ALIMOHHOTO COCTOSIHUS UX JIMMUAHOMN (asbl.

- COBOKYIHOCTb ~ YCTaHOBJIEHHBIX  JaHHBIX O  BIMSHMM  MOJIU(UKATOPOB  Ha
3JIEKTPO(U3NOIOTHYECKHNE TapaMeTphl yKa3blBaeT Ha HaJU4We OPraHUYEeCKOH CBSI3UM MEXIY
(YHKIIMOHATIBHOW aKTUBHOCTHIO U (ha30BbIM COCTOSIHUEM JIMITUAHOTO OKPYKEHUS (YHKIMOHATIBHBIX
rpyni Mmia3MajaeMMBbl.
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Abstract. During the expeditions in the north-eastern part of the Lesser Caucasus in 2014-2016
and based on the results analysis of the collected herbarium and descriptor information three species
(Polypodium interjectum Shivas, Polystichum xillyricum (Borbas) Hahne, Cystopteris anthriscifolia
Fomin), one botanical variety (Polystichum aculeatum var. aristatum (Christ) A. Askerov) and one
new ecotype (Adiantum capillus-veneris L., “Dwarf plant — Ganja”) has been identified. The article
provides information on the three-dimensional spatial areas of the sites where these plants are found,
the taxonomy, morpho-biological variability and taxonomy types.

Annomayus. B xone s3kcneaniil B ceBepo-BoCcToUHYI0 yactb Manoro Kaskasza B 2014-2016
IT. ¥ 110 pe3yJIbTaTaM aHaJIn3a COOpaHHOM repOapHOii HH(OPMAIIMY ¥ TIOJIEBBIX OMTMCAHHUNA BBICIICHBI
tpu Buaa (Polypodium interjectum Shivas, Polystichum Xillyricum (Borbas) Hahne, Cystopteris
anthriscifolia Fomin), onna 0otanndeckas pasHOBUIAHOCTH (Polystichum aculeatum var. aristatum
(Christ) Askerov) u onun HOBbIN K0T (Adiantum capillus-veneris L., «KapnaukoBoe pacTteHue —
Isiamxa»). B crarbe TpuBEAEHBI CBEACHUS O TPEXMEPHBIX IPOCTPAHCTBEHHBIX —apeajax
MECTOHAXO)KJIEHUN 53THUX pACTEHHMH, TaKCOHOMHUH, MOP(O-OMOIOrHYEeCcKOil M3MEHUHMBOCTH H
TAKCOHOMUYECKHUX THIAX.

Keywords: taxonomy, Adiantum, Polypodium.
Knrouegvle cnosa: TakcOHOMUS, aTUAHTYM, MHOTOHOXKA.

The northeastern part of the Lesser Caucasus (within Azerbaijan) is one of the richest regions
of the Caucasus in terms of biodiversity. In this region of Azerbaijan there are many types of plant
species. Various research has been carried out on flora and biodiversity of the Lesser Caucasus.
Extensive research has been carried out in this region on high mountain plants and high-spore plants
[2-4] and many scientific articles have been published. However, systematic, ecobotanical features of
the ferns in Lesser Caucasus have not been thoroughly investigated.

Materials and Methods

The materials used of the study are the materials collected during expeditions in the north-
eastern part of the Lesser Caucasus in 2014-2016 and herbariums stored in the herbariums of the
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Institute of Botany and the Institute of Genetic Resources (AGRI) of Azerbaijan National Academy
of Sciences. The collected materials were analyzed in a cameral condition. In this study the
comparative analysis of morphological, systematic and ecological methods was used. For
clarification of nomencular issues was addressed to International Botanical Code (2009) and the book
published by Asgarov [2-4]. Macrotaxons were identified on the basis of some important sources of
classification of ferns [10-13].

In the studying area to obtaining of ecological parameters the Diva-Gis system was used.
Hipsometric altitude and area coordinates were measured by GPS model Garmin eTex 20.

Results and Discussions

The north-eastern part of the Lesser Caucasus is a geographical area called the North-East
Plateau of the Lesser Caucasus and is basically located in the "Small-scale Caucasian North" region
of the "Botanical-geographical zoning" scheme of Azerbaijan [1, 9, 10].

However, in the latter district, the southern border of the "KQ Shim." was slightly sought after
and partly covered the central part of the Lesser Caucasus.

Our study area is bordered by areas 400-500 meters above sea level, which are characterized
by wormwood, ephemeral-wormwood, wild-wormwood, desert and semi-desert plant species
covering Kura plain from the north.

It extends from the East to the Murovdag Range by covering the boundaries of the Samukh and
Goranboy administrative districts, in the south and south-west surrounded by Murovdag and Shahdag
ranges; and in the west from the Shahdag range to the territory of the Kur River in the territory of
Azerbaijan borders with Armenia.

Below there is information on the morphological and theological features of three species, one
species diversity and 1 new ecotype for the first time discovered for the north-eastern part of the
Lesser Caucasus as a result of the material collected from the research area in 2014-2016.

Fam. Polypodiaceae
Gen. Polypodium L.

1. P, interjectum Shivas 1961, Journ. Linn. Soc., Bot. 58: 29; Valentine, 1964, Phil. Europ. 1:23;
A. Bobr. 1974, Phil. euro. About USSR, 1:96; A. Askerov 1977, Bot. the magazine. 62: 1029.;
Kudryashova 2003, Consp. Fl. Cauc. 1: 156. — P. vulgare subsp. prionodes (Asch.) Rothm. 1929,
Mitt. Thur. Bot. Ver., N. F., 38: 106. — P. vulgare f. prionoides Asch. 1896, in Aschers. u. Graebn.
Syn. Mitteleurop. Phil. 1:94. — P. vulgare f. attenuatum Milde, 1867, Fil. Eur. Atl.: 92; Rzazade
1950, F1. Az. 1: 40. — P. serratum auct. non Cauc.: Fomin 1934, F1. USSR, 1: 89, p.p. — Intermediate
c.t.

It is described in Europe (Scotland). Typus: “St. Cyrus, Kincandineshire, Scotland”.

The root is covered by brown sequins. The leaves are longitudinal lens-shaped, the cuttings are
rounded to the ends of the segments, and 2-3 layers of dichotomic spines. The sorus are oval or
elliptical and are not covered. Cellular ring cells are 10 to 20. The spores are bean formed. 2n = 222.

It is often encountered epiphytic forms Mesophilic forest plant (basically peanut-forest) found
in 20-40 cm altitude in July-August.

Facing such a species related to European-Mediterranean in Azerbaijan (Talish) for the first
time was reported by Asgarov [3]. We have gathered around Goygol, Amirvar village of Dashkasan
region and Aschik forest area of Tovuz in the Lesser Caucasus.

Geographic latitude and longitude, altitude (m): N40°47.462'; E 45°35.636'; H 1209.

It is often hybridized with Polypodium vulgare and generates the Polypodium xmantoniae
Rothm. hybrid [2].
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Fam. Dryopteridaceae
Gen. Polystichum Roth

2. P. xillyricum (Borbas) Hahne 1904, Allg. Bot. Zeitschr. 10: 103; A. Askerov 1977, Bot. the
magazine. 62: 1027; A. AckepoB 2001, Ferns of the Caucasus:120; Kudryashova 2003, Consp. Phil.
Cauc. 1: 164; A. Askerov 2016, Azerbaijan. plant world: 59. — Aspidium *illyricum Borbas 1891,
Oest. Zeit. 41: 354. — Illiriy c.

It is depicted in Europe.

The main morphological characters are transitional between P. aculeatum and P. lonchitis. The
leaves are lens-shaped, 30-50 cm long, 4-9 cm wide. Trunks are short and grey and covered with lens
shaped. Segments are sloping, most triangular shapes, the veins in the leaves are fork shaped. Sorus
are at the end or in the middle of the arteries. Spores are not fully developed, often abortive (sterile).
2n=123.

It is a perennial, mesophytous plant found in 20 to 60 cm altitude, shady forests, up to the
middle mountain range in July-September.

This kind of species belonging to the European-Caucasian type of species [7, 8] was collected
from the Asrik forest area of Tovuz region and peanut forest form.

Geographic latitude and longitude, altitude (m): N40°47,462'; E 45°35.636'; H 12009.

It is a natural hybrid species between P. aculeatum and P. lonchitis.

3. P. aculeatum (L.) Roth 1799, Tent. F1. Germ.3, 1: 79; A. Askerov 1977, Bot. the magazine.
62: 1027; A. AckepoB 2001, Fens Caucasus: 115; Kudryashova 2003, Consp. Fl. Kavk. 1: 164. —
P aculeatum L. 1753, Sp. P1.: 1090. — P. lobatum (Huds.) Bastard 1809, Ess. F1. Maine Loire: 367;
Gross. 1939, FI. Cauc., 2, 1:22; Isaev 1950, Fl. Az. 1: 28. — Sturdy c. Thistle.

It is depicted in Europe. Typus: Herb. Linn. 1251/45.

This type of European origin is widespread in Azerbaijan and has several varieties, which
Asgarov (2016) considered that var. aristatum (Christ) Askerov are less common among them.

P aculeatum var. aristatum (Christ) Askerov 1983, Note systgeog (Thbilisi.), 39: 6; A. Askerov
2016 Azerbaijan plant world: 60. — Aspidium lobatum var. aristatum Christ 1891, Schweiz Bot Ges.
1:85.

The leafis covered with grey colored and there are 5 transmitters. The leaf is 2 times the feather
formed, the narrower and tough. The last follow of the second-row segments is larger (acroscopic)
than others; the segments are soft, covered with hairs and their edges are sharp. The sorus are oval,
located above the center of the veins, dental on the edge of the cover. The periscope of the spores is
wrinkling, the wrinkles are short, narrow, high. Some of the signs are close to Polystichum kadyrovii
Askerov & A. E. Bobrov, which is depicted in Talish.

It is a perennial, mesophytes (mainly peanut forest form) plant, found in shady forests in the
middle mountain range at the height of 25 to 100 cm, in July-September. It had been collected from
the Asrik forest area of the Tovuz region in the study area.

Geographic latitude and longitude, altitude (m): N 40°47.462'; E 45°35.636"; H 1209.

Fam. Athyriaceae
Gen. Cystopteris Bernh., nom. cons.
4. C. anthriscifolia Fomin 1911, Mater. Phil. Cauc. 1, 1:15; Fomin 1913, Pter. Phil. Cauc.: 15.
— C. fragilis (L.) Bernh. 1805, Journ. Bot. (Est.) 1, 2:27, p. Kudryashova 2003, Consp. FF Kavk. 1:
162. — C. fragilis var. anthriscifolia (Hoftm.) Luerss. Farnpfl. 457, f. 156; Isaev 1950, F1. Az. 1:19.
— Sharpleaf.
It is depicted in Europe. Typus: In collibus Europae frigidioiris.
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The leaves are 2 times feather formed, hairy and grey and the last row segment is pinched and
the veins are in the end of the segments. The sorus is located on both sides of the arteries; cover is
oval, lens-shaped, swollen. The surface of the spores is periscope. 2n = 168, 252.

It is a perennial, mesophytous plant at the height of 20-40 cm, in July-August, distributing in
rocky cracks the woods. We had been gathered from Amirvan village of Dashkasan district, Asrik
forest of Tovuz region, Ganja-Dashkasan highway, Bayan village and Khoshbulag settlement.

Geographic latitude and longitude, altitude (m): N40°30.594'; E 46°20.494°; H 1086.

Fam. Adiantaceae
Gen. Adiantum L.

5. Adiantum capillus-veneris L. 1753, Sp. P1.: 1096; Gross. 1939, Fl. Cauc., 2, 1:34; Isaev 1950,
FF. Az 1:38; A. Bobr. 1974, FF. euro. About USSR, 1:94; A. AckepoB 2001, Ferns Cauc: 58;
Kudryashova 2003, Consp. FF Cauc. 1: 155. — Majestic a. Lady s hair. It is depicted in South Europe.
Typus: Herb. Linn. 1252/8, 9.

The leaves are enlarged to length, 2 to 3 layers of feather forms: 10-35 cm long, bright green,
elegant and the edges of the leaves is a covering function. It is covered with bare or light curtains,
with a bright, black-brown colored. The last row segments are gentle, rounded oval, covering sores.
Sorus are long, located on the edge of the segments. Spores enter, radial symmetric. 2n = 60.

It is a perennial, mesophytous plant found in the height of 30 cm (our discovery — up to 10
cm) humid places, in June-August.

Several small populations of this type belonging to the Southern Palearctic range are known
from the Caucasus and Talish regions [5]. For the first time from the research area, we have been
gathered twice: around the city of Ganja, on the humid walls of the water well. The new ecotype of
this species, “Dwarf plant — Ganja” was found in the Amirvar village of Dashkasan district, near the
waterfall, and between the rocks and moss plants in 06. 09. 2015. This copy is typically selected by
typical magnificent adiant copies, with a small size and relatively dry biotopes.

Geographic latitude and longitude, altitude (m): N40°30.594'; E 46°20.494’; H 1086.

It 1s a rare species. Although partially protected, populations outside the specially protected
areas are in danger. It is relic, decorative plant. It is used for greenery, especially for water pools and
water fountains [2].
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©Gasimov H., Nakhchivan State University, Nakhchivan, Azerbaijan
©Ganbarov D., Nakhchivan State University, Nakhchivan, Azerbaijan
©Huseynov H., Nakhchivan State University, Nakhchivan, Azerbaijan
©Babayev Ya., Nakhchivan State University, Nakhchivan, Azerbaijan
©Seidov M., Nakhchivan State University, Nakhchivan, Azerbaijan

HUHTPOAYKUUSA Momordica charantia L.

©l'acvimos X., Haxuuesarnckuil cocyoapcmeennuiil yuugeepcumem, 2. Haxuuesamns, Azepbatiodcan

©I'anbapos /1., Haxuuesanckuii cocyoapcmeernnuiii ynusepcumem, 2. Haxuuesanv, Azepbaiioscan

O©I'ycentnos X., Haxuuesanckuii cocyoapcmeennuili ynusepcumem, 2. Haxuuesanv, Azepbaiiocan
©babaes A., Haxuuesanckuii cocyoapcmeennuiil ynueepcumem, 2. Haxuuesamns, Azepbatioscan
©Ceuooe M., Haxuuesanckuii cocyoapcmeennsiii ynugepcumem, 2. Haxuueeann, Azepbatiosxcan

Abstract. The article deals with the introduction of Momordica charantia L. plant in
Nakhchivan. This plant was discovered to be a new species for the flora of the Nakhchivan.
Momordica charantia L. has fully adapted to the soil and climatic conditions of the area and has
completed its vegetation period. The seeds of the plant were obtained, and it was recommended to
use them taking into account the farming characteristics of the species.

Annomayus. PaccMarpuBaercs mpouecc UHTpoAaykuuu Momordica charantia L. B ropone
HaxuueBanb. D10 pacTeHue ABIsETCS HOBBIM BUoM 171 propsl HaxuueBanu. Momordica charantia
L. nonHOCTBIO aganTUpoBajgack K NOYBEHHO-KJIMMATUYECKUM YCIOBUSAM MECTHOCTU. IMeeT moJTHbII
BEreTallMOHHBIA mepuoJ pa3Butusa. llomydeHbl ceMeHa pacTeHHs. ABTOpaMH PEKOMEH/I0BAaHO
HCIIOJIb30BaHUE CEMEHHOTO Pa3MHOXKEHHSI PAaCTeHMsI C YyYETOM arpoTEeXHHYECKHX OCOOEHHOCTEH
BHJIA.

Keywords: plant introduction, new species, pumpkins, berries, Momordica charantia.
Knrouegvle cnosa: MHTPOAYKINS PACTEHUN, HOBBIE BUJIBI, THIKBBI, STOJIbI, MHAMUCKHUHA OTypell.

Introduction

Favorable relief conditions of the Nakhchivan Autonomous Republic, peculiar soil-climatic
features, abundance of sunny days have influenced the formation of vegetation with rich flora here.
The species diversity and endemicity of these lands, which have a rich biodiversity, is primarily due
to the fact that the plants distributed in this area have different ecological conditions and the diversity
of physical and geographical conditions in the process of natural historical development. From this
point of view, plants from different regions, even neighboring and foreign countries, grow normally
in such soil-climatic conditions.

The study and application of the properties of introduced plants is of both experimental and
scientific interest. The transition to the flowering and fruiting phases also depends on the growing
conditions (i.e., altitude, temperature, agro-technical measures, etc.). One of the main issues is to
determine the degree of adaptation of the introduced species to the new climatic conditions and to
study the impact of the main ecological factors on the plant in the new ecological conditions. The
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study of these properties of introduced plants is of great importance in future scientific research with
such plants.

Materials and methods

Proper and timely implementation of agro-technical measures is of great importance in the
introduction of plants and the following agro-technical measures have been used [1]:

- Collection of plant samples from nature and storage before planting (time and method of
storage);

- Site selection, soil preparation for planting.

- Preparation of seeds for sowing.

- Ploughing and sowing (time and scheme);

- Irrigation.

- Agrotechnical care of the obtained twigs.

- Disease and pest control measures.

- Seed collection and propagation.

The timing and method of collecting plant samples from nature and storing them before planting
is one of the means of influencing their future development (https://clck.ru/33QQTA).

Discussion and conclusions of the study
The seeds of the Momordica charantia L. plant, which is not found in the cultural flora of the
Autonomous Republic, were brought from the Balikesr region of the sister country Turkey. In
Nakhchivan, seeds were planted in Huseynov Habib Tayyar’s yard in May. After receiving twigs, the
plant was agro-technically maintained (Figure 1). Thus, preventative measures were taken against
diseases and pests, the plants were irrigated in time and fertilizer norms were given correctly. The
plant bloomed in July. Fruits began to form in August, and in September the fruits were fully ripe.

Figure 1. Momordica charantia L.

Momordica charantia L. belongs to the genus Momordic (Momordica) of the family
Cucurbitaceae Juss. In regions with tropical climates, the Amazon Basin, East Africa, Asia, the
Caribbean, and the tropics and subtropics of Central America, 60 species of wild plants are found,
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mainly twining grasses. In South America and the Far East, it is cultivated as a food and medicinal
plant. Yellow and elongated Momordica charantia L. which differs from the red pomegranate, is
native to India. It is grown in the open in Russia and Crimea as an ornamental plant. In Azerbaijan,
this plant is also found in pomegranate orchards in Goychay.

In European countries, they are called bitter melon, bitter pumpkin, African cucumber, balsam
apple or balsam pear. The trunks of the pomegranate are very thin and long, they can be 5 metres or
more in height. The carved light green leaf plate is quite large. When in contact with it, you can get a
little burn like a nettle.

Momordica charantia L. a plant in the form of an annual or perennial ivy, blooms in summer.
The edges are soft, fan-shaped, toothed leaves. The flowering period of the pomegranate begins in
the early stages of the growing season. Its flowers are bisexual with bright yellow petals. Male flowers
on long stalks open for the first time. They emit a scent reminiscent of the scent of jasmine. Then
more female flowers begin to bloom. They are smaller than males and have shorter stalks. Pollinating
fragrant flowers is done by insects, so when they grow indoors, you will have to pollinate them by
hand to get fruit.

The formation of the ovary and the further development of the fruit is very fast. The fresh fruit
is covered with a convex, uneven crust with small hairs on it. Do not touch them with bare hands,
you can get a light but unpleasant burn. As they mature, they elongate and take on an elongated oval
shape, reaching a length of 20 cm and a diameter of 7 cm. The hairs fall off the fruit and the skin turn
yellow (yellow-orange). When the fruit matures, the skin is divided into 3 separate pieces, folded
back, and a large number of red-brown or white seeds appear. The seeds are 7-10 mm long and flat
[2].

The taste of the outer shell is close to that of an ordinary pumpkin, which is slightly bitter. The
fruits contain dark ruby pericarp seeds, the taste is close to dates. The appearance of the fruit can be
judged by its appearance. It begins to crack from the bottom, the thick petals open like a flower folded
upwards. The pericarp seeds, which can be up to 30 per fruit, are similar in appearance to pomegranate
seeds (Figure 2).

In Latin, momordica means to bite. Momordica charantia L. is widely used in pharmacy. If the
Momordica charantia L. is provided with plenty of water and sun, it can be grown even in the pot.
Since the juice of a plant that grows and bears fruit in the early spring is bitter, it is impossible to eat
it when it is not ripe enough. The fruits collected in the fall are used in the preparation of oil.

Pomegranate used in the treatment of most diseases, but also has a strong effect on
gastrointestinal disorders such as colitis and gastritis. Good for digestive diseases. It is also very
useful for the intestines, which are considered the second brain. Experts say that a spoonful of
pomegranate, honey and olive mixture a day will solve the problem of constipation in the intestines.

According to some studies, one of the benefits of Momordica charantia L. is to prevent tumors
and maintain cell health. It is said to be especially effective in breast cancer cells. It is a natural
antibiotic. All the substances in antibiotics are present in this plant. It also has very good effects on
body aches. It is known that in ancient times people used this pomegranate to treat burns. Vitamin E
is rich in protein and strengthens the immune system. It acts as a kind of shield against internal viruses
and reduces the risk of contracting diseases. It has an anti-inflammatory effect. This pomegranate is
the most beneficial for the liver in the body. It plays an important role in the regeneration and
cleansing of the liver. It is also good for skin diseases and reduces body fat. It balances blood cells.
When eaten in large quantities, this pomegranate renews blood cells by removing toxins from the
blood. In this way, blood sugar levels are normalized and easily consumed by diabetics. Pomegranate
is very useful for rheumatism and varicose veins. It also helps people to relieve rheumatic pain [3].

—®
Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 32



Bronnemens nayku u npaxmuxu | Bulletin of Science and Practice T. 9. Ne2. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/87

Figure 2. Fruits and seeds of Momordica charantia L.

Momordica charantia L. can be consumed by mixing it with honey. The ripe fruit is crushed in
a bowl, mixed with some honey, and in the morning it is drunk on an empty stomach with 1
tablespoon. In the absence of fresh fruit, strong pomegranate seeds, which are first cleaned, are cut
into small pieces and mixed with 1 kg of honey. People with diabetes are more likely to use olive oil.
After 6 months of storage in pure olive oil, a tablespoon of pomegranate is mixed with the same
amount of filter honey and taken on an empty stomach in the morning.

Momordica charantia L. is known as bitter or ground melon. The fruit is called "bitter melon"
and is especially popular in Okinawa (Japan). According to scientists, it can also help diabetics.
Researchers have found that bitter melon helps improve metabolic processes while normalizing
glucose metabolism. Bitter melon is a real storehouse of vitamins and is good for the human body.
They are found in all parts of it, including roots, young shoots, leaves, fruits, and seeds.

In folk medicine, the leaves are used to prepare drugs to relieve cough, hypertension and pain.
Oatmeal is used to rejuvenate the skin of the face and body and added to cosmetic masks. Mild and
powdered seeds are used in the fight against seasonal diseases, increase hemoglobin, strengthen
immunity, heal wounds, cuts, ulcers and as a diuretic. The use of fruits improves vision, helps reduce
the risk of cardiovascular disease, prevents decreased brain function.

Introduced for the first time in the region, Gomrat pomegranate (Momordica charantia L.) is a
new species for the flora of the Nakhchivan Autonomous Republic and its full adaptation to soil and
climatic conditions has been identified.

Recommendation
Taking into account the medical and economic characteristics of the plant, we recommend that
it be propagated generatively and grown on family farms.
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HYXHA JI1 OBJIACTb JOMHWHHUPOBAHUA
B UMUTALHMOHHbBIX MOAEJIAX POCTA JPEBOCTOEB?
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Tlepmckuti 2ocyoapcmeeHHblll HAYUOHAILHBLL UCCe008ameNbCKULl YHUgepcument,
2. [lepmwv, Poccus, rog-mikhail@yandex.ru

IS THE DOMAIN OF TREE DOMINANCE NEEDED IN SIMULATION MODELS?

©Rogozin M., ORCID: 0000-0003-3206-9881, Dr. habil.,
Perm State University, Perm, Russia, rog-mikhail@yandex.ru

Annomayus. 1lpoananu3upoBaHbl METOIMYECKHE ACHEKThl MOJENel APeBOCTOEB B padoTax
A. H. bopucosa u B. B. lBanoBa (nanee ABtopsl). PaccMoTpeHbl «001acTh TOMMUHUPOBAHUSD) U
«ONTHMAJBHBIE» JIEPEBbsI C HAWIYYIIMM COOTHOIICHHEM HX pPa3MEpOB M IIOJUTOHOB MUTAHMUS.
BrrsicHeHO, 4TO /11 HUX OBLTH UCIOJIb30BaHbl 3aBUCHUMbIE [IEPEMEHHbIE BEJIMYMHBI, YTO HE [TO3BOJISIET
CO3[1aBaTh M3 HUX aJIeKBaTHYI MMUTAIMOHHYIO Mozeib. OnHako ABTOpPBI BCE )K€ CO3/AlOT €€ B
abCTpaKTHOM BHJIE, pa3MelIas AePEBbs 1O IUIOMAAN 0e3 OKOH, YeTO B pealbHbIX JiecaX He ObIBaeT.
3areM ee CpaBHHUBAIOT C APYTroi aOCTpaKIuell — CTaTUYHBIMUA COCTOSIHUSIMHU JAPEBOCTOEB ITOJIHOTOM
1,0. Jlanee mo BbIBOAaM M3 pabOT APYruX aBTOPOB KOHCTPYUPYETCs €lle OfHa a0CTpakuus —
TabJIMIAa «ONTUMAIIBHBIX» MOJHOT, I11e B IpeBocTosix 50—120 neT ¢ uenbio yBeauueHus: GUToMacchl
KPOH PEKOMEHIYETCs TIOIepKUBaTh pyOkamu yxona mosHoTy 0,85-0,73. Jlns BepuduKanuu 3Toi
MoJien ABTOPBI UCIOIB30BAIN MPUPOCT 10 paguycy cTBoja. OJIHAKO OH HE OTpa)KaeT yBEIMUEHUE
3araca Ha BCEH TeppUTOPUH, T7ie IIPU pyOKe MOSABIAIOTCSA TEXHOJIOTHYECKHE KOPUIOPHI O€3 1epeBhEB,
3aHumaromue 15% miomanau. B kauecTBe nmpuMepa 0oObEKTUBHOTO MOAX0JA 00CYKAat0TCs paboThI
B. A. Yconbuesa u M. B. Poro3una. B nocnenneil ycTaHOBI€HO, UTO IJIOIIAAN TUTaHUS B BO3pacTe
30 ner BIMAIOT Ha auaMeTp jaepeBa B 55 mer smmb Ha 9,4+0,2%. [losTomy «obGnactu
JOMUHHMPOBAaHUS» MPUBEIN KPUTUKYEMBIX ABTOPOB K CO3JaHMIO MOJIeNeil, 3a mpeienaMu KOTOphIX
ocraiock 90% BIUSHUS HEYUYTeHHBIX (pakTopoB. C TOUKM 3peHMs TeOpUH PyOOK yxoaa ABTOPEI
WCTIOB30BAIM COMHUTENbHBIE HaydHBIE METONBI, O KOTOpHIX eme B 1970 rT. mpemynpexnanu
Be/IyIINE JIECOBOABI. PaccMOTpeHHBIE BapHaHTHI MOIETIel Ha OCHOBE 3aMMCTBOBAHHBIX U3 300JI0TUH
«obmacTeil JOMUHHMPOBAaHUSA» OBUIM, MO-BHAUMOMY, MOCIEJHUMH MOIMBITKAMU CO3JAaHUS YUCTO
KOHKYPEHTHBIX MOJieIel — B JIECOBOJACTBE HACTyIMJIa S3I0Xa CMEHBl MapajurMbl, KOraa B
JOTIOJTHEHNE K 3aKOHY E€CTECTBEHHOTO HW3PEKWBAHHS BBOAMTCS €IIE€ IATh 3aKOHOB DPAa3BHTHUS
JPEBOCTOEB.

Abstract. The methodological aspects of modeling the growth of stands in the works of
A.N. Borisov and V. V. Ivanov (hereinafter the Authors) are analyzed. The indicator “area of
dominance” and models of “optimal” trees with the best size ratio and proportional feeding polygons
are considered. It was found out that dependent variables were used in them, which does not allow
them to be used in adequate simulation models. However, the Authors still create from them a kind
of abstract model of a stand with a quasi-uniform placement of trees, where there are no windows
and clusters of trees, which does not happen in reality. Then the model is compared with another
abstraction — static states of stands with a completeness of 1.0. Next, a table is constructed-a model
of “optimal” completeness according to the conclusions of other authors, according to which, in
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stands of 50-120 years, it is recommended to maintain a completeness of 0.6—0.7 by thinning to
increase of phytomass of crowns. To verify the model, the Authors use an increase in the radius of
the trunk. However, such an increase does not reflect an increase in the stock over the entire area,
where technological corridors appear during care cutting, which are also not taken into account in the
models. As an example of a more objective approach, the works of V. A. Usoltsev and M. V. Rogozin.
In the latest work, it was found that the feeding areas at the age of 30 years affect the diameter of the
tree at 55 years only by 9.4+0.2%. Therefore, “areas of dominance” will lead to the creation of models
beyond which 90% of the influence of other factors will remain. From the point of view of the theory
of logging, the authors used dubious scientific methods, which were warned about by leading
foresters back in the 1970s. The considered variants of imitation models of the growth of stands and
models of care based on “areas of dominance” borrowed from zoology were, apparently, the last
attempts of this kind - the era of discussion of five new laws of the development of stands and
the period of changing scientific paradigms has come in forestry.

Knrouesvle crnosa: cTpykTypa IpeBOCTOS, KOHKYPEHLUS MEX1y pacTeHUSIMH, COTPYIHUYECTBO,
TaOJIHIIBI X014 POCTA, HMUTAIIMOHHBIC MOJICIIH.

Keywords: stand structure, plant competition, cooperation, growth progress tables, simulation
models.

Beeoenue

B mactosimiee BpeMs pa3BUBAIOTCS HCCIENOBAHUS POCTa APEBOCTOEB C HCIOJIB30BaHUEM
MHOTO(AKTOPHBIX Moxeiei [1, 2] ¢ aHaiM30M BHENIHMX M BHYTPeHHHX ¢aktopoB [3, 4] u
B3aMMOJICUCTBHEM JIepeBbEB B MHUKpolleHO3ax [5-9]. Takke pa3BuUBaeTCsI HNMUTAIUOHHOE
MOJICIUPOBAHHUE, T.€. pa3paboTKa MOAEIN KaKoi-TMO0 CUCTEMbI B BUIE MPOTrPaMMBbI U IIPOBEICHUE B
HEel pa3HOro poja MaHUMYJSIHA BMECTO SKCIIEPUMEHTOB € pealibHOl crcteMoil. MojenupoBaHue
SIBJIIETCS [IOMCKOM PEILIEHHUS 33/1a41 B 3alLIUIIIEHHOM OT PUCKOB MUPE MOJIENIEH, B KOTOPOM MBI MOXKEM
ommOarbcs, OTMEHATH OIEpallly, BO3BpAIIAThCS B MPOILIOE M HauuMHaTh Bce cHadaia [10]. Oto
MOTYT OBbITh OOBEKTHI B LIEJIOM WM UX OTJENIbHbIE CYIIIHOCTH — ITPOLECCHI U siBieHus [11].

K psaay paGoT y Hac BO3HUKIM BOIPOCHI O CTENEHH JOBEPHs K MX MPOrHO3aM KacaTelbHO
pa3BUTHA JIPEBOCTOEB MOCie pyOOK yXoja; B HUX BMECTO peajlbHOM MPOBEPKH PEKOMEHJALUH IO
yXOIy MpeJularaercsi UCIob30BaTh UMHUTAIMOHHBIe Mozenu [12, 13]. Takue mozpenu yaie BCero
UCTOJIB3YIOTCS IPU MOJIETUPOBAHUHU CIOXKHBIX CUCTeM. BMecTe ¢ TeM Mozenb npeicTaBiseT cooon
YIPOILIEHHOE OTOOpaKEHUE PealbHOCTH — MEHee JIeTaIbHOE U MEHEe CIIOKHOE BOCIPOU3BEICHHE
peanbHO CYIIECTBYIONIEr0 00bhEeKTa WK mporecca [ 14].

OnHako BMECTO MOMCKAa HOBBIX 3aKOHOMEPHOCTEHW ¢ TeM, 4TOObl BKJIIOYUTh UX B MOJENb U
crenarh ee 0ojee afeKBaTHOM, UCCIeI0BaTeNIM MHOT/IA UAYT CTapbIMU IyTSIMHU, CChUIAACh HA TO, YTO
MOJIENIb MO’KHO YIIPOCTUTH M BKJIFOUAIOT B €€ CLIEHApUI BO3JEMCTBHE TOJIBKO HA OUH U3 IIPOLIECCOB
— Ha Mpoliecc KOHKYPEHIIMHM MeXly JepeBbsiMu. Kak HU cTpaHHO, HO UcceoBaresnu pyook yxona,
uckiouas 3. . Harumosa u B. A. Yconsnesa [15, 16], naxke He NbITanuCh OLIEHUTh KOHKYPEHIUIO
KOJIMYECTBEHHO, CUMTAsl €€ MOYTH €IUHCTBEHHBIM ()aKTOpOM B (PUTOLIEHO3€, 3HAYMMO BIIUSIOLIUM Ha
poct nepeBbeB. B mocnenHell crarbe Ha 3Ty TeMy [12] oLleHKy pa3BUTHS APEBOCTOS YIPOLIAIN
BOOOIIE 10 OHOM JMIIb peakMy MOAETIBHBIX JE€PEBbEB B BHUJIE U3MEHEHUN MPUPOCTA MO PAAUYCy
ciycts 20 neT nocse pyooK, a TEOpETHUECKUE MOJI0KEHHS CBOJUINCH UCKITIOUUTENBHO K TOMY, YTO
JIepEBbsI 00J1/CHbI TIOBBIIIATH IPUPOCT MPH YBEIUYEHUH IUIONIaIel UX MUTAaHUSA. 3aMETHM, 4TO 3TO
TEOPETUYECKOE TOJIMKEHHE — JI0 CUX TOp paboyas eunomesd, N €€ HaJl0 JOKa3bIBaTh Ha PeabHBIX
pUMepax, Torjaa Kak JJIsi UMHUTAMOHHOW MOJIENT TOYEMY-TO JeNaloT MOoCciIabieHne, 1 CyMMalus
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JIepEeBbEB C HEKOTOPOM ONTHUMAJIbHOM «00IacThI0 JOMUHUPOBAHUS» Ha aOCTPAKTHOW IJIOLIAAU C
IJIOTHO MOJIOTHAHHBIMU MOJIUTOHAMU MUTAHUS AT 0)KUIAEMO BBICOKHMH 3amac ApeBeCUHBbI [ 12].

Onnako peanbHBIN APEeBOCTON He OyneT 3aIlMIIeH OT PUCKOB TaK, KaK 3TO MPOUCXOAMT B
MMUTAIIMOHHON MOJIENIH, HAapUMEP, OT IMOSIBICHUS OKOH, MPOTAJIMH U 0COOCHHO TEXHOJOTUYECKHUX
KOpUZIOPOB TpHU MpOBENEeHUU pPYOOK yXoAa, KOTOpble H3bIMAIOT a0 15% KHUBBIX JEpEBBEB.
NmMutanmoHHble MOJCIH TaKMX PpyOOK aOCTpakTHBI, U B psae pador ObLIo mokaszano [7, 13], daro
YBEIMYEHUE TPOAYKTUBHOCTH JPEBOCTOEB MOCJE HUX B PEAIbHOCTU HE MTPOUCXOIUT.

Mexly TeM Ba)KHO OTMETHUTb, YTO yke Oonee 30 €T, Kak B JPEBOCTOSIX JOKA3aHO HaJIU4ue
MIPOTUBOIOJIOKHOIO KOHKYPEHIIMHM Tpolecca — npoyecca compyoHuuecmea NepeBbeB. Tak, B
uccnenoBanusx B. M. TopsiueBa [17] nepeBbst B OnorpyIimax pa3HoCAT Ha 1—2 HeIenu MUKH CBOETO
MPUPOCTa O JAUAMETPY, TEM CaMbIM paCIpeAeiisis MEXIy CO00i Bpemsi U3bSTHUS MHUHEPAIbHBIX
pecypcoB MUTAHMS U3 TIOYBBI U PE3KO CHIKAsl KOHKYPEHIMIO B dKojornueckoi Huiie. Ho ABTopsl
3TO HUCKJIIOUUTEIBHO BaXXHOE JUIS PA3BUTUS JPEBOCTOS SIBIICHWE HE MPUHHUMAIOT BO BHUMAaHHE
COBEpIICHHO. B pesynbrare KOHCTpyHpyeTcs 0qHOOO0Kasi KOHKYpeHTHas Mozielb. B Takoil yceueHHOM
MMUTAlMOHHON MOJENN JEPEBbsl He umerom npasa COTPYIHUYAaTh, B TOM 4YMCIE OOpa30OBbIBATH
ouorpynmsl, (HakT CyIIeCTBOBAaHHS KOTOPHIX ABTOpPBI HE OOCYKIAlOT, Kak OyATO MX HE ObIBaeT
coBceM. Mexny Tem B MonoaHskax [18], B cpeanem Bo3pacte [19, 20] u B crienbIx HacaxIeHUsIX [7,
9] B Takux Ouorpymmnax pactyt 40—57% nepeBbeB. To ecTh OUOTPYIIIIBI MOABISAIOTCSA HE CIy4ailHoO,
BIIMSIIOT HA Pa3BUTHE JI0 MOJOBUHBI JIEPEBHEB U JOJIKHBI YUYUTHIBATHCS B UMHUTAITHOHHBIX MOJEIISIX
pocTa IpeBOCTOEB Kak HEM30exKHBIN arpulyT. Ho 3TOTO B IpeiaraeMbIx MOJIEISIX HET.

Lenv uccnedosanus: KpUTUUECKUN aHATU3 METOAMYECKOM OCHOBBI psA/la HAYYHBIX padoT, rie
KOHKYPEHIIMIO JIEPEBhEB MPEAJIaraeTcs OILICHHWBAaTh C IOMOINBIO BBEJIEHUS B Hay4dHbIH 00OpOT
TEPMUHOB «JIOCTYIHBIA PECypC» U «00JIaCTh JOMUHUPOBAHUS, 3aMMCTBOBAHHBIX U3 300JIOTHH.

Obvexmbl u Memoouka pabom

B kxadectBe 00BEKTOB ISl aHAIKM3a MCIIONB30BaHbl padoTel A. H. bopucosa u B.B. MBaHOBa
[12,22,23], 3. 5. Harumosa [15, 21] 1 paGoTsl C TPOTUBOIIONOKHBIMY B3TIsiAamu [9, 17, 24, 25]. Tlo
HUM TIPOBEJCHO CpPaBHEHHE psiia TNPUHIUNHUAIBHBIX TOJOXKEHUH B Pa3BUTHUU JPEBOCTOEB,
KOHKYPEHIIMM MEXAYy JEpeBbsIMU, yXOJa 33 HMUMH M HMMUTAUMOHHOM MOJEIHUPOBAHUM 3TUX
nporeccoB. PaccMOTpeHbl METOIMKA UCCIIEI0BAHUM M METOJUKAa MOAEIUPOBAHUS B KPUTHUKYEMBIX
paboTax B CpaBHEHUU C IPYyrUMU MeToaukamu [15, 21, 26], a Takxke peKOMEHIAIUHU JIJIS TPAKTUKH.
Metonuka paboOT — JIOTMUECKWU aHAIM3 M CPAaBHEHHE MCXOMHBIX MaTepUajioB, TEOPETUUYECKUX
MOJIOKEHH, METO/IOB aHaJIN3a, BIBOJAOB M PEKOMEH/IALIMI Y pPa3HbIX aBTOPOB.

Ananuz mamepuanos

B cratee A. H. bopucosa u B. B. IBanoBa (nanee ABropsl) ¢ Ha3BaHueM «lMuTanuoHHoe
MOJIETUPOBaHNUE POCTa COCHOBBIX ApeBocToeB» [12], koTopas nmoctynuia B penakuuo CuOUpcKoro
necHoro xypHana 08.02.2022 r., Mbl HauHeM ¢ 0030pa uTeparypsl. Cpasy ykakem, 4To OH ycTaped,
TaK Kak U3 23-X Tosbko 4 paboTsl omyonukoBansl B nocneanue 10 set. [Ipu aTom ymymieHa nenas
MoHorpadus [26], B KOTOpOH €CTh CCBUIKH Ha TPH CTaThH [27-29] mo Bompocam MOJAETUPOBAHUS
pocrta apeBoctoeB. 3areM Obulo emie nath crareid [30-34] u moHorpadus [9]. Utoro necsats (!)
MCTOYHHKOB 10 BOIPOCaM, KOTOpbIe N3y4yaroT ABTOPBI, U HU O/1HA HE ObljIa yIOMsiHyTa B cTathe [12],
Kak Obl 3aBepluaroield MUK paboT ¢ HOBBIMH TOAXOJAMH B HM3YYEHHH DPOCTa JIPEBOCTOEB.
CornacuMcs, 4TO «HE 3aMETUTHY» TAKOE YHUCIIO HOBBIX pPa0OT Ha HHTEPECYIOUIYI0 TEMY HEBO3MOXKHO,
TeM 0oJiee 4YTO MIECTh U3 HUX OBbLIM OIyOJMKOBaHBI B JIECHBIX *KypHanax. M3 Takoro ux ymomdanus
CIIe/IyeT, YTO ABTOPBHI HAMEPEHHO OTOPACHIBAIOT SKCIIEPUMEHTAIbHBIE (PaKThI TEX aBTOPOB, KOTOPHIE
HE YKJIQJbIBAIOTCSA B PAMKH UX TEOPETUYECKUX INPENCTABICHUM, CBA3aHHBIX C BBEACHUEM MOHATHH
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«JIOCTYTHBIA pecypcy» M «o0iiacTh JoMUHUpOBaHUs». Ho Torma Hamo ObUTO OBl KaK-TO OOBSICHHUTH
YUTaTEeNsIM, TOYEMY «BCE CTapoe J10J10i, paboTaeM Mo-HOBOMY». BeposiTHO, 3TO IMEHHO TOT ciyy4aii,
KOTJ]a KpacoTa TEpPMHUHOB OYapOBHIBAECT M aBTOPOB, M PELIEH3EHTOB, U unTareneil. I GnurensHOCTH
npurymsiercs. Ho pazdepem Bce 1o mopsiaKy.

Nudopmarnmonnsiii ciaex 3Tux TepMuHOB HauumHaeTcs ¢ 2013 1. oT ctarbu «MeToj OlEHKH
pacrnpeneneHusi pecypca MexXAy JepeBbsiMH B ApeBocToe» [22]. Ha cieayrouuii rog B xKypHaie
«JlecoBenenuey BbllLIa €1 O/1HA CTaThs [23]. B Hell «...[peyiokKeH METO/1 OLIEHKH pacipeesieHus
pecypca Mexy 0COOSIMU U COOOIIECTBAMH B SKOJIOIMUYECKOM HUIle. MeTo] OCHOBaH Ha BBIICICHUN
obnacreit momuHupoBanus (OJl), B KOTOphIX Kaxkaas OCOOb MM COOOIIECTBO OKa3bIBAIOT
JOMUHUpYIOLIEe BIUSHUE...». B cTaThe NMPUBOIUTCS TUHAMHUKA KOJIOHHM y3KOYEpErHOUW MOJEBKU
(KOHKYPEHTHBIX OTHOUICHHH CPEIH TPHI3YHOB) M CXEMa TOPU3OHTAIBHON CTPYKTYphl COCHOBOTO
JPEBOCTOSI. ABTOPBI YTBEP)KJIAET, UTO «...METOJ JAET a/IeKBaTHYIO OLIEHKY paclpeiesieHus: pecypca
Mexay ocoOsMu U cooOuiecTBamu, Torga kak metoabl llltepa, Baiie u np., ocHOBaHHBbIE Ha
OTIpe/IeTICHUH IIJIOLIa/Iel pOCTa, JAIOT CUCTEMaTHYeCKOEe 3aBbIIICHHE AJ11 0CO0EH MaJbIX pa3MepoB U
3aHMKEHUE — JUIsl KpyHHbIX 0co0eil. O1eHky ... Ha ocHoBe O/ TakuX pacxoXIEHUI HE Jar0Ty.

To ects ABTOpBI yTBEpKIAIOT, YTO UX METOJ TOYHEE U Jy4Ile, YeM BCe MpekHue Metoasl. Ho
MBI TOIBITaEMCS JI0Ka3aTh, 4TO 3TO He Tak. B craree [23] ABTOpBI IPHUBOAST IUArpaMMBI C
HECKOJILKMMHU COTHSIMH JIEPEBbEB B BO3pacTe 36 JeT, MOKa3bIBAIOIIHUE:

a) cBA3b MIIoIazei pocra no llrepy ¢ quamerpom crtBona npu R? = 0,52;

0) cBsA3b oOnacTeil JOMHUHUPOBAHHUS C JUAMETPOM cTBoJa Tpu R? = 0,79.

Ha ocHoBe 3Tux (hakToB ABTOPBI HAYaH YTBEPKAATh, UTO «...BBISABICHA TECHAS 3aBUCHMOCTh
JaMeTpa cTBONa jaepeBbes oT miomanyu ux O] mpu R? = 0,79». Ionyuaercs, gpaxm cészu ABTOpEI
IIPEBPATWIIN 8 3asucumMocms auaMerpa ctBosia or rwiomanu O/, a ganee, U3 3TOM 3aBUCUMOCTH,
MOSIBISIETCS.  PEKOMEHJAIMs Il MPAaKTHKH O TOM, YTO IUIONIAAh NUTaHHS JaepeBa (oOmacTh
JOMUHUPOBAHUs) HAJ0 HEMPEMEHHO yBelW4YuBaTh pyOkamu yxoxa. Kazamoch Obl, Bce BepHO. Ho
3[eCh MPOM30ILIA TMOJMEHA HEHTPaJbHOIO TEPMHHA «CBSI3b» HA TEPMHUH «3aBUCHMOCTH» (C
MOJYMHEHHUEM OJHOTO NMpU3HaKa Apyromy). Co3HaTeNbHO WM HEOCO3HAHHO 3aMEHsIS CJI0Ba, ABTOPbI
MOMAa/IaloT B HEKYI0 CEMaHTUUYECKYIO JIOBYIIIKY, BOBJIEKasl B HEE€ TAK)KE€ M YUTaTelNeH.

Opnako TepMuHBI 3TH pa3Hbie. (C643b — 3TO B3aMMO3aBUCHMOCTh WM MEXaHUYeCKas
COEIMHEHHOCTh OOBEKTOB; 3d8UCUMOCMb — W3MEHEHMsI OJHOM BEIMYMHBI, ONpe/essieMble uepes
WU3MEHEHUE JPYTUX, HE3aBUCHUMBIX MEPEMEHHBIX (B HAIIEM CIy4ae UMHU OO0JHCHbL Oblmb TIIOAAU
Oll); erusanue — BO3ACMCTBUE HA OOBEKT U MPUBOJAIIEE K U3BMEHEHHIO €ro CBOMCTB. U TyT BO3HUKaeT
€CTECTBEHHBIN Bompoc, aBisiercs it O/l nezasucumori nepemennoii eenununon? Ecnu sBisiercs, TO
nsmeHenue O] Oynmer BIuATH Ha W3MEHEHME Tuamerpa jaepeBa kak (akrop. Hy a ecnu O] —
3aBHCHMasl IEPEMEHHAsl BEJIMYMHA, YTO Toraa?

Urto0bI pazobpathcs, ucnonb3yeM padoty «Ilnomane nutanus aepesa: aHaau3 MeTooB» [33].
B Heii ckazaHo, 4TO MIOMIAASMH pOCTa paHee JeTanbHo 3aHuMancs 3. 5. Harumos (Ha KOTOporo kak
pa3 M cchlUIaloTcsi ABTOPBI), TOATOMY PacCMOTpUM ero padoty [15], rne cpaBHuBanuch 4 MeToaa:
U3MEpPEHUE PACcCTOSHUI MEeXIy NepeBbsSMH, MOJUTOHBI pocTa 1Mo bpayHy (C MpOCTBIM JeleHHueM
paccTosiHUI Mexay cocefsiMu), nmonuronsl no lITepy (¢ neneHneM paccTOSIHMM MEXAY COCENsIMU
MPOTIOPIIMOHAIIFHO pa3MepaM KpOH MX WM JHaMeTpaM), BEIOOPOYHBIE KPYTOBBIC IJIOMIAIKA U UX
BapHaHThI, BKIItoYas Metox Beiie. Itoru Obutn moaBeIeHBI B TOKTOPCKOM quccepranuu [21] u oHn
MOKa3ajd, 4YTO TPU METOAE TNPOCTHIX MOIUTOHOB MO bpayHy OblIM Hepeaku «abcypaHbIe
pe3yabTaThl», KOTja IUIOMAAN MUTaHus JepeBbeB 4 u 5 kiaccoB KpadTa okaspiBanuch 0ojbliie, 4em
y KpYIHBIX JiepeBbeB. TakkKe OTMEYaloCh, YTO B OCHOBE OOJBIIMHCTBA METOJOB JIEKHUT
MPENONIOKEHHE O TOM, YTO 4eM OOJIbIlIe pa3Mephl AePEBbEB, TEM OOJIbIIE O0IHCHbI ObiMb (KYPCUB
HAaIll) uX momaan nutanus. CeMb BApUaHTOB STUX MeToN0B 3. SI. HarumoB cpaBHUBAM MpHU OIICHKE
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YPOBHS CBSI3€H IUIOLIAIM TUTAHUS C IPUPOCTOM JEpeBa 3a S JIET Ha YEThIPEX y4acTKaX; BBIABUTAIOCH
MOJIO’KEHHE, YTO YEM BBIIIE 3T CBA3b, TEM TOYHEE U Jyulle MeTox [21].

3aMeTHUM, UTO MOCIIETHEE MTOJI0KEHUE CPa3y YBOAUT OLEHKHU B MOJIb3Y 3A6UCUMBIX NEPEMEHHBIX
genuyun (TIPOMOPIIMOHANBHBIX MOJIUTOHOB), KOTOPBIE YK€ HE MOTYT ObITh (hakTopamu. Kpome Toro,
MIPUPOCT IO PaJMYCy BCErNa CBA3aH C Pa3sMEPOM JIEpeBa M CUJIbHEE BCErO C JUAMETPOM, a U3
MPOMOPLHOHABHBIX MOJUTOHOB YHCTO MaTeMaTuyeckd (M0 METOAMKE WX BBICTPAWBAHUA) MPSIMO
CJIEyeT YBEIMUYEHUE IOJIMIOHOB BOKPYI KPYIIHBIX JIEPEBLEB U YMEHbIIEHHUE Y MeIKux. [Toaromy
arpUOPHO CBA3M IUIOIIAAH IUTAHUS C TPUPOCTOM OyyT Majbl B MeTone bpayna u Bcera OynyT BbIe
B METOJAaxX C MOJUIOHAMU IPONOPLHUOHAIBHOrO THHa. VIMEHHO 3TOT pe3yiapTaT U MHOJYYHIICA Y
3. 4. Harumosa [21, c. 305].

W3 Takoro mocTpoeHusi MOJIMIOHOB IUTAHUS CIEAYET, YTO €CIU JEPEBO KPYMHOE, TO OHO
«OTTATHBAET» Ha ce0s OONBIIYIO TUIOIIAAb TUTAHUS, T.€. 3aXBATHIBACT €€ M JOMUHHUPYET Ha HeW. DTO
metox llItepa. Ho B 6onee npoctom metone bpayHa 3Toro Het, ¥ eciiu IUIO0IIa (b TUTAHUS KPYITHOTO
JiepeBa OKa3bIBAECTCS MEHBIIE, YEM Yy MEJIKOTO, TO TaKOW pe3ysbTaT MPEICTaBIsIeTCs «abCcypIHbIM»
TOJIBKO B CIIy4ae MPUHATUS KOHKYPEHIIMU B KaYE€CTBE INIABHOTO IIPOLIECCa, KPACHOW HUTBIO UIYLIETO
yepe3 BCIO JKU3Hb JIEPEBBEB B HACAXJICHUHU, T.€. BIIOJIHE B JyXe KOHLENIMHU (PUTOIIEHO3a
B. H. Cykauesa [35] u yuenus Y. [lapBuHa, KoTOpoe OMOIOTH HUKAK HE MOTYT MPEOO0JETh U JI0JITO
TONYYTCS Ha MecTe B TeopeTuueckoM 1ane [36, 37]. Torna, ¢ 3TuX cTapbIX MO3UILIMIM, 3aXBaT AEPEBOM
cpeabl oOMTaHus BIIOJIHE JIOTUYEH U npoucxonut, no A. H. bopucoBy, TouHO Takke, Kak U MEXKIY
IIOCEJICHUSAMHU TIPHI3yHOB B UX KOJIOHMSX; B OJHOM M3 pabOT OH NMPHUBOAMT KAPTY C MECTaMHM HX
MOCEJICHUA, a PSIOM TMOKa3bIBaeT KapTy C TaKUMH K€ OOJacTSIMH JOMHUHUPOBAHUS Y JIEPEBHEB —
MOJIy4aeTcs BIIOJIHE MOAXoAsIIas aHanorus [23].

B mopensx pocra HacaKIEHUM Kak peryyisTopbl U BBOJIHBIE BEIMYMHBI HEOOXOAMMO BCErna
UCTIOJIb30BATh He3a8UCUMblEe NepeMeHHble GelUYUHbL, HA3bIBAEMbIe O0OBIYHO (PAKTOpAMH: 3TO BO3PACT,
JIeCOpacTUTENIbHAsT 30HA, TUIl YCIOBUM MECTOIPOM3pAcTaHus, KPyTU3HA M OPUEHTALUs CKIIOHA,
KOJIMYECTBO OCAAKOB, cyMMa 3¢ (EeKTUBHBIX TeMIieparyp u mpod. [lnomaaps nutanus nepesa Imo
BbpayHy Tak)ke OTHOCHUTCSI K MX YHUCIY U SIBJISETCS BEIMYMHOM, OOpaTHOM I'yCTOTE 1I€H03a U JIaBHO
HCIOJIb3YETCS B TaKCALMU KaK (aKTOp, MACHTUYHBINA T'YCTOTE IPEBOCTOSI.

OnHako MporopHUOHAIbHAs pa3MepaM JIepeBbeB IuIomaab nutanus no Llrepy, u Tem 6oiee
«00nacTh JTOMHHHMPOBAHHS» TMPSIMO 3aBUCAT OT pa3Mepa ILEHTPAlIbHOTO JepeBa; MpUYEM
A. H. BopucoBy yaanoch yCHIMTh 3Ty 3aBHCHMOCTB B 1,5 pasa 1o R?=0,79 Gnaromaps BBEIEHMIO
K03(PUIIMEHTOB M HOBBIX CIIOCOOOB MOCTPOEHUS MOIUTroHOB nuTanus. [loatomy miomanu O/l no
A. H. bopucoBy — 3TO 3aBUCUMBIE IEPEMEHHBIEC BEJIMUMHBI, M KaK YKa3bIBAJIOCH EIIE Ha 3ape JIECHOTO
monenupoBanust H. H. CBanoBsiM [38], oHM HE MOTYT HCIOIB30BATHCS KaK (PaKTOPHI, BIHSIONINE HA
X0Jl pocta apeBoctoeB. CienoBarenbHO, OHU OyAyT MaTeMaTHUYe€CKH HE KOPPEKTHBI KaK PETyJsTOPHI
Y B UMHUTAIIMOHHBIX MOJIEIISIX.

[Touemy ke cToJIb IBHBIE 3a0TyKICHNS OKa3aIMCh BOZMOXHBI, IPUYEM UX HEBOJIIbHOM JKepTBOIl
CTaJIM HE TOJIBKO ABTOPBI, HO U LIE€JIbI€ HAYYHbIE KOJIJIEKTUBBI, OTCTAWBAIOIINE TOJIBKO KOHKYPEHTHBIM
THUII B3aUMOJIEUCTBUS IEPEBHEB KAaK €IMHCTBEHHO BO3MOXKHBIA. HartoMHUM, 4TO MBI YK€ TOBOPHIIU O
3HakoBoM cratee B. M. TopsiueBa [17] u o mapTHepcTBe IepEBLEB — SBJICHUH, KOTOPOE COBEPILIEHHO
HE YYUTHIBAETCS B KOHKYPEHTHO-OPUEHTHUPOBAHHBIX MOJIEIISIX.

BeposATHO, n€n0 enie U B TOM, YTO MHOTHME HCCIIENOBATEIN MCIIOJIB3YIOT CIOBA «CBSI3b» U
«3aBUCUMOCTBY» KaK OJMM3KHE MO CMBICIY M JakKe PaBHO3HAYHBIC, U BBISBICHHBIE CBSI3U «BIPYI»
MPEBPALIAOTCS BO BIMSHUS NEPBOro MpU3HaKa Ha BTOPOM, O YeM MbI TOBOpUIIH Bbilie. Hanpumep,
HaliJleHa CBA3b IPUPOCTA JiepeBa ¢ AuaMeTpoM KpoHsl R? = 0,70. DTo cuitbHas CBA3b, HO 3aBUCHT JIH
IPUPOCT OT AMaMeTpa KpoHbI? be3yCcloBHO, OHU CBsI3aHbI, HO MPUPOCT 3A8UCUM (PUZUOTOSUYECKU
TOJIBKO OT paboThl (HOTOCHMHTE3UPYIOLIETO armapara, KOTOPbIi ces13a1n ¢ 00bEMOM JINCTHEB Ha JIEPEBE
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U C TUaMeTpoM KpoHBI. B cBoIO ouepens, AMaMeTp KpOHBI CBA3aH C AMaMETpoM cTBoisa. Bee atu
MIEPEMEHHbIE BETUYUHBI OTPaXalOT POCT AEPEBa, U OHU 83AUMOCEA3AHbL, KaK OBIBAIOT CBSI3aHbI YACTH
IIEJIOT0, KaK yacTu o01Iel puroMacchl AepeBa, U CBA3M 3TH BhicokHe. [1o3ToMy U1 onrcanus 3THX
CBSI3€H Henb3s UCNOoNb306amb TEPMUH «3aBUCUMOCTDY, CMbLCT KOMOpo20 — noduuneHue. Poct nepesa
3aeucum COBCEM OT APYToil EpeMEeHHOH — OT 00beMa JIMCThEB JIEPEBa, a TAK)KE KOCBEHHO OT 00beMa
KPOHBI, 10 KOTOPOM TaBHO OI[CHUBAIOT KU3HEHHYIO CHITY JIepeBbeB Mo KiaccaMm Kpadra.

[Touemy npuxonutTcs pazbsCHATH 3TH a3bl? Jla MOTOMY, YTO HEBHHMATEJIbHOE OTHOLIEHHUE K
TEPMUHAM MPUBOIUT K JIOTHYECKUM OLIMOKaM B HAy4YHBIX paboTax. BeposTHo, Ha momoOHOTO pona
3a0I1y>KJIeHUS TIOBJIHSUT M aBTOPUTET MEPBHIX UCCIIeA0BaTeel MIOIIAIu POCTa IepeBa ¢ UX, Ka3aioch
Obl, yOenuTeIpHON JIOTUKOM, IIe KaK pa3 U MPOU30IIIa [0 HeIOpa3yMEeHHIO MOJ00Has 3aMEeHa 3TUX
CTPOTUX TEPMHUHOB [5, 39].

Onnako BepHeMcs K ctarbe [12]. B Hell 0o MeToauke paboT ABTOPBI COOOMIAIOT CIIEAYIOIIEE.
«OOBIUHO OLIEHKY IOCTYITHOTO pecypca Aat0T MO IJIOMAAHN POCTA. ... Y 3TOT0 METO/Aa U aHAJIOTMYHBIX
€My €CTb psll HeJIOCTaTKOB. Bo-nepBbIX, HAa MOJUIOHBI pa30MBaETCs BCS TEPPUTOPUS, KOTIA Jae
MPOTAJMHBI MOTYT OBITh OTHECEHBI K IUIOMIAIN pOCTa JepeBa. BO-BTOPHIX, MpU pa3feieHUH 30H
BIIMSIHUSL MEX/Y JICPEBBSIMU ...MEHBIIEE JIEPEBO ...0TUYXIAET OT OOJBIIEr0 HEMPONOPIHOHAIEHO
OonbIIoil parMeHT IwIomamM pocTa. ...B Hacrosmeil paboTe B KauecTBE OIEHKU KOIMYECTBA
JIOCTYITHOTO pecypca HCIONb3yeTcsl IUIomaAb o0lacTh IOMUHHUpOBaHHUA. Merton obnacteit
JOMUHHPOBAHUSI CBOOOJICH OT YKa3aHHBIX BBIIIEC HEIOCTATKOB. B o0nacTu moMuHHpOBaHHS 0CO0b
OKa3hbIBacT JOMUHHPYIOLICC BJIUsSHHUC. .. HpI/I 5TOM npeamnoJiaracTces, qTo OHO IpsaMo
MPOIMOPLHMOHAIBHO pa3Mepy 0CO0M 1 0OpaTHO MPONOPIIMOHATIFHO KBaIpaTy PACCTOSHUS OT HEey.

Hcxons u3 3TUX COOOpakeHUH, mpu pa3padoTKe MUMHUTAIIMOHHOM MOJENU ObUIO BBIIABUHYTO
MOJIOXKEHHE: UCKITIOUUTD U3 pacueToB OJ] mporaiauHsel. 3a JEruTUMAIME 3TOT0 UCKITFOUEHUS ABTOPBI
Kak pa3 u obparmranuck k padore 3. SI. Harumona [ 15], rie Takoe UCKITIOYEHHUE BBIIBUTAIOCH KaK OJTHO
W3 YCJIOBHH JEWCTBHS MMHUTALMOHHOW MOJEIM pPOCTa JAPEBOCTOS; OJHAKO ABTOpHI IMOIUIA €Ule
Janbllie ¥ UCKIII0YaIH U3 obacTeld JOMUHUPOBAHUS JAaXKe YacTH HeOOIbIINX OKOH (PucyHoK).

! — xonrypel kpon; 2 — rpaniuse o0nacTeil J0MMHHPOBLHHY
3 — OOIOMEHNE CTEONOE IS]ICELEE.

Pucynok. Bug Ha apeBocToil cBepxy (cieBa) IO JaHHBIM ABTOPOB U BBIIEICHUE YEPHBIM I[BETOM
«HEJIOCTYITHOTO» pecypca Ha TOM e pUCYHKe (crpasa) [12]
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Ha stom pucyske cpeau nmpoekinii KpoH 68 AepeBbeB HepaclpeaeICHHAs IJI0Ia (b OKOH ObLTa
BbIJIEJICHA YEPHBIM I[BETOM, HO YK€ HaMU, KaKk KpUTUKaMU METO/a, U COCTaBUjIa MpuMepHo 6—7 %.
Canenys noruke ABTOPOB 0 «JIOCTYIIHOM PECYPCE», 3TO MECTA C «HENOCTYIIHBIM PECYPCOM», II€ KPOHE
1 KOpHSM JiepeBa pacTH 3a rpanuuei O] u ucrnonb3oBarh pecypchl NUTaHUs OTKa3aHO. To €CTh Takoe
pacnpeziefieHue pecypcoB MUTAHUS C HM3bSITHEM YacTH IUJIOLIAJM OKOH BBIJIBUTAeTCS KaK HEKHM
noctynar (yTBEp>KAeHHE, NpUHHMaeMoe Oe3 Joka3arenbcTB). OIHAKO OHO HE HMEET MecTa B
peanbHOCTH, TaK KaK KOPHU BCErJa IPOCTUPAIOTCS J1AJIEKO 3a MPOEKLUIO0 KpOHBI AepeBa. boiee Toro,
KOPHHU JIEPEBBEB JIAXKE CPACTAIOTCSI, U J10JIs1 TAKUX CPOCLINXCS KOPHIMH JIEPEBHEB Y COCHBI B OJTHOM M3
uccinenoBanuii gocrurana 60 %, W 3TO Aaliek0 HE EIUHCTBEHHOE CBUICTEIHCTBO KOOIEpAIUU
nepeBbeB [25, 41]. To ecTh B cBOEM MoJENU-UMUTALMU ABTOpPBI allpUOPU OTBEPTatOT BO3MOKHOCTh
HCIIOJIb30BaHUS IEPEBBIMU PECYPCOB NUTaHuUs 3a npeaenamMu O] 1 KOHCTPYHPYIOT MOJIEb C YUETOM
JMIIB CBETOBOM KOHKypeHuuu. Ho Torma Hajmo ObuIO T0Ka3arh, YTO KOHKYPEHIHS 33 CBET SIBISETCS
HauboJsee CUIbHBIM U3 MHOXKECTBA (DaKTOPOB; OAHAKO ABTOPHI 3TOTO HE ClIENald, U JOJI0 €€ BIUSHUS
Ha pOCTOBBIC MMOKA3aTeNH JiepeBa He 0003Ha4YmH (X0Ts B padote 3. S. Harumona [21] Takue maHHbIC
MMEJIUCh, W CBS3b IUIONIAJM TMHTAHUS C pa3MepoMm jepeBa mnpuoOmmxkaiack k 0,30). Bmpouewm,
npepiaraeMelii  ABTOpaMd METOZ Kak pa3 M IpeciefoBal Lelb YCWINUTh 3Ty CBS3b IIyTEM
UCIIONIb30BAHUS 3A8UCUMbIX NepeMeHHbIX B BUE «00nacTell JOMUHUPOBAHUS.

Ho sT0 emie He Bce orpaHuyeHus, BBOAUMbIE ABTOpaMU B UX MOJelH. B HUX BBOASTCS elle
yeTbipe (!) aOCTpaKTHBIX MOHSATHS U COOTBETCTBYIOIINE UM TOKazarenu. [lepeuncium ux.

Aobcmpaxyusa 1. ABTOpPBI B KAUECTBE TEOPETUYECKOTO KOHTPOJIS (T.€. KOHTPOJIsl a0CTPAKTHOIO)
HCIIONB3YIOT PSAbI JAHHBIX O POCTE APEBOCTOEB U3 cripaBouHuKa A.3. I1IBueHko ¢ coaBropamu [41],
Ha3bIBaeMbIX OO0BIYHO Tabmumamu xoma pocra (TXP), mpekpacHo 3Has 00 HMX HEIOCTaTKax.
HamomuumM, yto 3t TXP He 0TpakaroT poCT pealbHBIX APEBOCTOEB, TaK KAK PAIbl «IMHAMUKHN
TaKCaLlMOHHBIX TOKA3aTeIe B HUX crmamuynbl U3HA4AIbHO 1O CTI0co0y UX COCTABIIEHUSI HA OCHOBE
OJTHOMOMEHTHOT'O HaXOXJIeHHUsI B HaType OMM3KHX K moiHoTe 1,0 IpeBOCTOeB Mo Kiaccam BO3pacTa.
Cobupass ux BbIpaBHEHHbIC 3HAYCHHs B PAJl 10 MEpe yBEIUYEHHUS BO3pACTa, MOTydyanach Kak Obl
«IMHAMHKa» UX pocTa [26—28]. B peaqbHOCTH TaKOTO pOCTa y IPEBOCTOEB HE CYIIIECTBYET, U 00 3TOM
octopoxxHo ynomunai eme 50 jget Hazan B. B. Ky3emuues [42], xoTs B mocneaHeit ceoeit padore [43]
OH TaK M HE CMOT OOBEMHUTH B OJTHO LIeJI0€ (B MOZEIN pOCTa) MHOXKECTBO 3aKOHOMEPHOCTEN pocTa
JIPEBOCTOEB — IMHAMUKY T'yCTOTBI, BBICOT, JUAMETPOB, MOJHOTHI U MPOY., KOTOPbIE TaK U OCTAJIUCH
yacmamu mooeniu 0pesocmos (3aKOHOMEepHOCMAMUY), TIPUYEM OH HCIOJB30BaJl BCEr/la TEPMHUH
«JIMHaAMUKa» (MPOCTOE M3MEHEHUE MoKa3aTesiell BO BpEMEHM) JaXKe B ClIydae, €ciu ObUIM MPU3HAKU
Ka4€CTBEHHBIX U3MEHEHUH, T.€. IMEJIO MECTO Pa3BUTHUE JPEBOCTOSI.

Abocmpaxkyuu 2 u 3. JIns ux o0OCHOBaHHS ABTOpPHI MUIIYT CJIEAYIOIIEE «...XOA pOCTa
HOPMAaJIbHOTO JIPEBOCTOSI pacCMaTpUBaeTCsl Kak MPUMEpP HEKOTOPOro abCTPaKTHOTO IPEBOCTOS, U
HCIIOJNIb3YETCS JJIsl CPAaBHEHUS! C HUM JMHAMUKH POCTa MOJIEIbHBIX psiioB». To ecTh ABTOpHI OepyT
13 TabnMIl XoJa pocTa TMOoKa3aTeld CTaTHYHBIX COCTOSHUN ApeBocTtoeB ¢ momHotoit 1,0. Cpasy
3aMeTUM, YTO «JIMHAMHUKa POCTa MOJEIBHBIX PSIIOB» — 3TO BOOOIIE YTO-TO HOBOE U HEU3BECTHOE
Takcaropam, OOIIHi CMBICT KOTOPOTO HEMOHTEH. [[IOHATHO OJTHO — 3TO HE POCT APEBOCTOS; ITO PSJIBI
13 a0CTPaKTHBIX MMOKa3aTeNel, OTPAXKAIONUX HEKUH «POCT MOJIEIH». 3aTeM adCTparupoBaHue CBOEH
MoJien ABTOPBI YCHJIMBAIOT JajbIlIe: «...B 3TOM e KJIIU€ paccCMaTpUBAETCsl MOJEIIbHbBIN BapHaHT
2, B KOTOPOM MOJPa3yMEBaETCs, YTO MOCTOSHHO MOJICPKUBAETCS T'yCTOTa, oOecrmeunBaromas Soj
(rumoma s oomacTu JOMUHUPOBaHUS) B pazmepe 30 % OT miomaan cBOOOJHOTO pocTa iepeBay (ere
OJTHA BBOJIMMAs aOCTpaKIs, yxke TpeThs). [lomyyaeTcs, ¥To ABTOPHI 10 aHAJIOTHH CO CTAaTUYHBIMU
TXP co3nart HEKYIO MoOenb CMmamuyHblx cCOCmosaHul opesocmos (HO He MOJIeTTh POCTa) Ha OCHOBE
a0CTPaKTHOW I'yCTOTHI, pACCUUTHIBAEMOH Uepe3 Mo b CBOOOTHOrO pocTa JiepeBa U paBHou 30 %
ot Hee. To ecTh OyKBaJIbHO HA HAIIIKX INIa3aX HA OCHOBE ABYX MPEABIAYIINX a0CTPAKIIUMA POXKIAAETCS
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abcTpakuus TPeThs, U POXKIACTCS, 3aMETUM, 110 TEM K€ TEXHOJIOTHUSAM, KOTOpbIe MPUMEHSUTUCH MPU
paszpabotke crarnuHbiXx TXP B 1980-¢ rompr. Toapko TaM HaXOmWUIW APEBOCTOM ¢ MosHOTOW 1,0 M
BBIPABHUBAJIM MX TOKa3aTeld Ha rpadukax, a 31eCh MCIOIb30BaHA TYCTOTA, JIsl pacyeTa KOTOPOn
Opayii ONTUMAIBHYIO ISl KaXKI0TO BO3pacTa Soj M PACCUMTHIBAIM 1O Hell rycroty Ha 1 ra. Ilpoie
rOBOps, a0CTPAKTHO «pa3[ABUTANIN» U pa3Mellalid JepeBbsl TaK, 4TOObI BCS IUIONIA/b ObLa 3aHsATa
TOJIKO ONTHUMAJIbHBIMH «00IacTMU JOMUHUPOBaHUs». [lopasuTensHo, HO 3Ta aOCTPaKIKUs OYEHb
HAIIOMHHAET CTApYIO JOOPYI0 TOKTPUHY PAaBHOMEPHOTO pa3MmeleHus nepeBbeB! 1 oHa HacTOIbKO
cTapas, 4To 0 Hel cTanu 3a0biBaTh. Hy UTO 7€, HAOMHUM, 4TO pa3BeHYall €€ IPU3HAHHBIN aBTOPUTET
o pyokam yxona C. H. CennoB B cBoeM yueOHMKe 15151 cTyneHToB BY308B B 2005 1., T71€ OH OTMETHII,
4yTo Hemelnkue jecoBoabl emie 100 nmeT Hazaj yOeaMIUCh B HEBO3MOXKHOCTH €€ peallu3alluy Ha
npakTuke. Mbl ke B cBoeil kHure [9, c. 169] 3akpenuiau 3TOT BBIBOJA, OMUPASICh HA COOCTBCHHBIE
JaHHBIE U JJAaHHBIE JIPYI'MX YYEHBIX, B BUJAE «3aKOHAa HEPABHOMEPHOIO DPA3MELIEHUS JEPEBLEBY.
3aMeTUM, YTO MbI HE TOBOPUM 3/1€Chb HUYETO HOBOTO, a TOJIBKO OOBACHSAEM CIIOKHBIE ONEPALUU 110
abCcTpakTHOMY MOJIETTUPOBAHUIO CTPYKTYPBI JPEBOCTOEB O0Jiee MPOCTHIMU CIOBAMHU.

Abcmpaxyusa 4. BBerieHue B MMUTAILMOHHYIO MOJIENIb CAMOI'0 BaKHOTO IIOKa3aTess — IUIOIIa U
obactu joMuHUpPOBaHUS (Sos) — ABTOPBI 000CHOBAIN CIIEAYIOIIMM 00pa3zoM. [iist MoeTupoBaHus
ObUTH B34THI Soj1, paBHbIe 30 % OT 1uIoIaaM cBoOOIHOrO pocTa. B 3TOM ciyuae «...J1epeBbsi UMEIOT
XOpOIIO Pa3BUTYIO KPOHY M YCTOMUYUBBIN pocT». NHBIMH clloBaMH, B UMHUTAIIMOHHOW MOJETH BCE
TEPEBBS 6HE3ANHO NOYYAOM HEKYIO ONITUMAIIbHYIO Soj M HAUMHAIOT paboTaTh KaK aBTOMATHI, AaBast
IPUPOCT B COOTBETCTBUM CO 3HAYEHUSIMH NPUPOCTA AJI ONTUMAJIbHOM Soj— MpUpOCTa, B3ATOTO C
peanbHOM IMHUYU TPEHa, U 9TO eIMHCTBEHHBIE (hakThyeckue nanHble. Ho camoe mopazutenbHOE MBI
oOHapyXuiu B mpenpiayieid padore ABTopoB [44], rie Ui COCHAKOB B CIIEIMATbHON TaOIUIEe B
KaueCTBE ONTUMAJIbHBIX MPUBOAATCS NOIHOTHI OT 0,99 B 20 siet ¢ ux cuuxenuem 110 0,73 B 120 net.
[TpuBenem TekcT, 000CHOBBIBAIOIINI BBEICHHE STOW TAOIHIIBI, C COXpaHEHUEM opdorpadpu: «...mpu
CHIDKEHUU TIOJHOTBI CPEIHEBO3PACTHBIX U CIENBbIX HacaxAeHuil cooTBercTBeHHO 10 0,71-0,75 u
0,65-0,67 6ynet obecrieunBaThCsl MaKCUMallbHOE HakorieHne puromaccel kpoH (Harumos, 2000). C
npyroit croponsl, no ganHbM H. I1. Topaunoii (1991) npu cumwxenun nonHotsl o 0,58-0,61 B
CPEIHEBO3PACTHBIX COCHSKaX HaONOJaeTcsi MaKCUMaJlbHOE HaKOIUIEHHWE (UTOMAacchl KpOH, a B
IIPUCIIEBAIOIHNX, CIIEIBIX U MEPECTOMHBIX ATO Iporucxoaut npu nosnHote 0,60-0.63. C yBennyeHnem
Son mpupocT aepeBbeB MO 00beMy BHauajle BO3pacTaeT M JOCTUTaeT MakCUMyMa IpHU ee
omnpenaeneHHou BennuuHe. [lpu nanpHeieM Bo3pactanuu Soj IPUPOCT 10 00BEMY CTBOJIA OCTAETCS
Ha OJTHOM U TOM € YPOBHE WJIU JJaKe€ CHUXKAETCs 3a CUET pa3pacTaHus KpoH. Takue e TeHIeHIUU
IIpU yBEJTMUEHHUH IUIOIIaJiel pocTa oTMedeHsl U B padbote B. B. Kyzpmuuesa (2013)».

Ora derBepTas Mo cuery aOcTpakius poxnpaercs u3 pabor 3. f. Harumoma [21],
H. I1. Topnunoii [45] u B. B. Ky3smuueBa [42], u cTonb JyIMHHAS 1MTaTa ObUTa HYXKHA JJIsl TOTO,
YTOOBI MOHATH OJHY MPOCTYI0 MBICIb — Y ABTOPOB HeT oOpa3la g MOJAEIUPOBAaHUS B BHJE
€CTECTBEHHOTO psijia U3 JIpeBocToeB B Bo3zpacTe oT 20 1o 120 seT, U OHU KOHCTPYUPYIOT TaOIuILy-
MOJIENIb U3 IOJHOT, ONUPAsACh Ha BBIBOJBI APYTHX HccienoBareneil. Camoe BakKHOE, YTO M3 3TOU
TaOIUIIBI-a0CTPAKIIMN BBITEKAET PEKOMEHJAIMS MOJJEep)KUBaTh B JpeBocTosx crapue 50 et
nonHoty 0,6—0,7, HeoO6x0IUMYI0, T0 MHEHHIO ABTOPOB, JIJIs1 IOJTYUYEHUS BBICOKUX MPUPOCTOB.

[IpoTuBOpEUNBOCTH MOAOOHBIX PEKOMEHIAIIMI HA OCHOBE OHOM IMOJIHOTHI OTMEYaJach €Ile B
1970-e roas! psmoM JiecoBoioB. Bot uto mucan B crarbe «K Teopun pydok yxona» C.H. Cennos [48,
c. 122]: «IIpu uccnenoBaHusx, OCHOBaHHBIX Ha OJHOKPAaTHOM M3MEPEHUH, ONPEIENAETCA TEKYIUN
MIPUPOCT MHOYKECTBA PA3IMYHBIX JPEBOCTOEB. Pe3ynbTaThl rpynmupyOTCs M0 THUIAM Jieca, COCTaBy,
BO3pacTy U IOJIHOTE. 3aTeM paccMaTpUBaEeTCsl MPUPOCT APEBOCTOEB Pa3HOM IMOJIHOTHI, Oojee Uiu
MeHee OJJHOPOJHBIX 110 BCEM MTPOUUM Mokazatessim. [TonHoTa, KOTOpoi COOTBETCTBYET HAUOOIBIINN
IPUPOCT, OOBSABISIETCS ONTUMAIBHOW M J1aeTCsl PEKOMEHJAlMs pa3pekuBaTh JIPEBOCTOM /10 3TOU
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MTOJTHOTHI. YCTaHOBJICHUE WHTEHCUBHOCTH PYOKH IO TAaKOW METOAMKE MPUBOIUT K TPOTHBOPEUNBHIM
pe3ysbTaTaM, IETMKOM 3aBHCSIIMM OT CIydalHOCTeH mMomdopa OOBEKTOB. 3/1€Ch MMEIOT MECTO
CJICI[YIOH.[I/IC COMHUTCJIIBHBIC I[OHyH_ICHI/ISI. C'—II/ITaIOTCH paBHOHeHHBIMI/I JTAHHBIC O TCK}’H_IGM HpI/IpOCTe
KaK HCTpOHYTBIX IIpCBOCTOeB C yCTaHOBI/IBIJ_Ief/'ICSI HOJIHOTOﬁ U 3HAYUTCJIBHBIM OTIIAJOM, TaK H
JPEBOCTOEB, HEAABHO PA3pPEKEHHBIX JI0 TOH JKe IMOJHOTHI M HE UMEIOIIHNX cyXocTos. He mpuHumaercst
BO BHMMAaHHUE OTMaJ, pa3Mep KOTOPOro CBs3aH C MOJHOTOW. Uem Oosibllie MOJIHOTA, TEM Ipydee
OLIMOKH B ONPEEIICHUH MTOTHOTO IIPHPOCTAY.

To ecTh 00 OMACHOCTU KPYIHBIX OMIMOOK B MPOTHO3aX POCTa (2 MMUTAIMOHHBIE MOJIEIH KaK
pa3 v MpU3BaHBI 1aBaTh TaKKUE IPOTHO3bI) P OPUEHTAIIMH TOJIBKO HA IMOJTHOTY JIPEBOCTOCB MHOTHE
BEIyIIIHE JIECOBOMBI Ipeaynpeskaaiu eme 60 Jet Haza.

Obcyorcoenue pe3yiomamos

Wrak, BecbMa aBTOPUTETHBIE JIECOBO/IBI ITABHO MPEAYNPEKIAIN O COMHUTEIbHBIX C HAy4YHON
TOYKU 3PEHUS METOJAaX, MPU KOTOPHIX YUYUTHIBAETCS HE IOJIHBIM IPUPOCT, a MPUPOCT JUIIb IO
OT/IE€IbHBIM I10Ka3aTessIM, a TAKXKE IPU 00bEIMHEHUH APEBOCTOEB € pa3HOM uctopuei passurus. He
BBISICHEHHasl UCTOpUSl y JPEBOCTOEB, 3aJ€WCTBOBAHHBIX KaK MCXOIHBIM MaTepual, IO CYTH,
KaTacTpo(uyHa A MOJAEIMPOBAHUSA MX POCTa. 3[€Ch ClelyeT HAallOMHUTb, 4To B paborax [.
C. Pazuna [26-30] Obuto 1OKa3aHO, M 3TO OBLIO IVIABHBIM, YTO HCTOPHIO APEBOCTOS OYyKBAJIBHO
«3anuchIBaeT Ha ceds» cOer cTBoia, U ¢ Bo3pacta S0 JeT OH CTAHOBHUTCS TE€M, YTO MOXXHO Ha3BaTb
buonocuueckas Koncmawma, TIe KaKJIOW HayaJbHOM TycTOoTe B 3TOM BO3pacTe M cTaplile
COOTBETCTBYIOT CTPOI'O ONpeieieHHble 3HaueHHs coera. YeMm BblIllIe IyCTOTa B paHHEM BO3pacTe, TeM
MEHbIIIE COET, U OH COXpaHsAETCS MOCTOSIHHBIM B Bo3pacTe oT 50 g0 120 jer.

Kak Buaum, ABTopbl B cBoMX padotax [12, 23, 44| x0T ¥ NpUMEHWIN HEKUIM KOHIENTYyaIbHO
HOBBII IOAXO/ ITPH OLIEHKE KOHKYPEHLIUH JEPEBLEB Yepe3 «00JacT JOMUHUPOBAHUSY, TEM HE MEHEE
B TOYHOCTH [TOBTOPWJIM BCE T€ METO/Ibl aHAJIN3A JJAHHBIX U UX IPOBEPKU Yepe3 IPUPOCT MOJIEIbHBIX
JIEPEBbEB, a TAKKE CUHTE3a PE3yJbTaToOB ¢ 00bEAMHEHNEM TAKCALIMOHHBIX [TOKa3aTesiel aOCTPaKTHBIX
JPEBOCTOEB B CTaTHUHbIE psiibl, 0 KoTopblix B. B. 3arpeeB u C. H. CeHHOB npenynpexaaiu Kak o
COMHMTEIbHBIX. METO/IbI 3TH OTHIOJb HE HOBBIC, U OT/AEIbHbIE pabOThl CHOMPCKUX yueHbIX [43, 45],
TaK M He pa3paboTaBIINX MOJEIH X0/a pOCTa HA OCHOBE €CTECTBEHHBIX PSI0B JPEBOCTOEB, HE MOTYT
MIO3TOMY CIIY’KHTh B KauecTBe 00pa3lioB JaHHBIX C UX UCIOJIb30BaHHEM JUIsl pa3paOOTKU MOJEIH-
TaOmuibl [44] ¢ «ONTUMATBEHBIMIY TOJTHOTAMH.

I'maBHON OMIMOKOM B MMHUTAIMOHHBIX MOJEISIX ABTOPOB SIBISETCS UTHOPHUPOBAHHE MCTOPHU
r'yCTOTHI JpeBocToeB. Tak, B pabotre [12] B 01HY COBOKYITHOCTh COEIMHEHBI JPEBOCTOM B BO3pacTe
47 net co coerom ctBona 0,83—0,87 cm/m u apeBoctou B Bo3pacte 110—-120 net co coerom 1,13—1,52
cm/M. Ecnu cynute no cOery cTBona, TO 3A4€ch Kak MUHUMYM ueThipe (!) ucropun ¢popmMupoBaHus
JPEBOCTOEB C Pa3HOM HayaJbHOM I'yCTOTOM B Bo3pacTe 15—20 jeT: MCTOpHUS «BBICOKOW» I'yCTOTHI Y
47-netaux cocusaxoB (IIIT 5, 6, 7, 8k), «cpeaneit» rycrotsl y I1I1 9, «umxke cpenneit» y I 10 u
HCTOpUS pa3BUTHUA ¢ «Majoi ryctotoit» Obuia Ha [IIT 11 u IIIT 12k, rae coer cTBoia ObUT camblii
Oonbioil. Bee aTu rpynmnsl MpoOHBIX IUIOLIAeN MPUHAAIEKAT K Pa3HbIM TPACKTOPUSIM (MOETISM)
pasBuTua ApeBocToeB. HauanpHas rycrora B pelaroliedl CTENEHU ONPEAEIUT HUX POCT Ha
NECATUIIETUS BIEPEL, U 3TO 3aKOH, O KOTOPOM MBI ITHCAIU U PA3bACHAIU €r0 JAEHCTBUE YKE MHOIO
pa3 [26-32]. B cBsa3u ¢ 3TUM HCXOAHBIN MaTepuand y ABTOPOB B BHJI€ NMPOOHBIX IUIOIIAJCH B
MOJIOJTHSIKAX, B CPEJIHEM U CIEJIOM BO3pacTe HEMPUTOJIEH /1JIsl CPaBHEHHUS MEX1y co0oi U TeM Oosee
11 OObEAMHEHUS B OJTUH €CTECTBEHHBIH psijl pocTa IPeBOCTOEB.

Kak mo3uTHBHBII MOMEHT B MCXOIHOM MarepHuaje ABTOPOB OTMETHM 3aKJAIKy OIBITOB C
pa3peXMBaHUEM COCHSKOB I'yCTOTOM 34 ThIC. IIT./Ta B Bo3pacTe 13 €T ¢ MHTEHCUBHOCTHIO 92, 72 n
51% t.e. no rycrotsl 2900 wWT. /ra, KOTOpHIE IO Mepe yBEIUYEHHUsS Bo3pacTa OyayT OTHOCUTHCS K
pasHbIM TpaekTopusM pasutus. OmHAKO 4YUCIO U pasMep HpooOHbIXx miomanei (0,04 ra) mis
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CEPBE3HBIX MCCIICIOBAHUIN HETOCTATOUHBI. Tem Ooiiee, 9To B OHY MOJEIb ¢ 47-T€THUMHU COCHSIKAMH
10 COBMAJaloNeMy cOery CTBoOJa MX OOBEIWHHUTH MOXKHO OyIeT HEe CKOpo — cOer cTBojia B
MOJIOAHAKAX JTOJDKEH M3MEHUTHCS MOCIIE CTOJIb HHTEHCHBHBIX PYOOK.

A Tenepp BO3HUKAET INIaBHBIM BOIIPOC, IOYEMY K€ ABTOpPBI IPEANPUHSIN CTOJIBKO YCUIINN, HO
UCIIONIb30BAIM CTONIb MPOTHBOpeunBble MeTonnl? [l sTtoro obOparumMcs K ydeOHOMY HOCOOHIO
«OCHOBBI MOJICIUPOBAHUS cUCTEM» [ 14], rie TOBOPUTCS O TOM, YTO MOJETb MPEACTABISAET HE MPOCTO
YIPOIIEHHUE PEANTBHOCTH, a €€ 0TOOpaKeHHE Yepes MPU3MY ONPEACTICHHOTO TEOPETHUECKOTO MOIX0/a
M KOHKpETHas 3ajada, CTosas Mepea pa3padOTYMKOM, BO MHOTOM OIpeNeNseT TMOAXON K
MOJICIIMPOBAHMIO BBIOPAHHOTO Mpolecca. Ham mpencrassiercs, 4to nepex ABTOpaMH CTosla 3a/1ada
KaK-TO [10-HOBOMY O0OOCHOBaTh CHHYKEHHE MOJHOTHI CPEIHEBO3PACTHBIX U MPUCIEBAIOIINX COCHIKOB
pyOkamu yxona o 3HadeHuit 0,6—0,7, 4TO MPUBETCTBYETCS apeHIaTOpaMH KaK JIeTAIbHBIA CIIOCO0
IIOJly4YeHUsl JCLIEBOM JenoBoM JpeBecuHbl. W ABTOpBl Ui IPAKTHUECKOTO IPUMEHEHHUS
CKOHCTPYUPOBAJIU TaOIUIy «ONTHUMYMOB» IOJHOTHI [44], 0O KOTOPOH MBI TOBOPUJIU B ITYHKTE
«AbcTpaknuus 4». Tak, B Bo3pacte 50 set 3Ta moiaHota paBaa 0,85, B Bozpacre 80 ser — 0,78, B 100
net — 0,75. Y 03a004€HHOTO BBIPALIMBAHUEM CIIEJIOTO JIeca JIECOBOAA Cpa3y BO3HHUKAET BOMPOC — a
[IOYEMY HY)KHO 3aKaH4YUBaTh BbIpamuBaHue jeca Kk 100 rogam npu noaHote 0,75? [louemy He npu
nonHote 1,0 ¥ BbIINIE, KaK CTPEMHIIUCH K STOMY BCE TOKOJIEHUS PYCCKUX JIECOBOIOB? ABTOPBI
apryMEHTHUPYIOT 3TH IOHWKEHHSI TIOJTHOTHI TEM, YTO CCBIJIAIOTCS HA PaOOTHI, /1€ TaKHE MOJIHOTHI TAI0T
MaKCHMaJbHOE HaKOIUIeHHE (huTOMacchl KpOH. A 3a4eM OHO, 9TO HAKOIUIEHHE, €CIH JIPEBOCTOM
nocnen juist pyoku? Bexb Bo3pact pyOku st cocHsikoB I kimacca 6orurera 81-100 set. U Tabmutisn
HOPMAaJIbHBIX TPEBOCTOEB JJABHO CIYXKAaT B ’TOM OPUEHTHPAMH — UMEHHO I 3TOT0 UX CO3/IaBaJIH B
cBoe Bpems 1o BceM pernonam CCCP [41].

[To-BunuMoMmy, pasrajka 371ecb B TOM, UTO ABTOPHI BIIOJHE OJOOPSIIOT CHU)KEHUE MOJHOTHI 10
0,7 mocne mpopeXMBaHWM, a TAaKXKe MPOXOIHBIX PYOOK B JPEBOCTOSIX, OBIBIIMX Ipexae Ooiee
BBICOKOTIOTHOTHBIMU. Llemnblii psii uX cTareid MUMEHHO JJIsl 3TOT0 U ObLIT HAllMCaH, U BCE OHU OTBEYAIOT
MOHATHIO «HappaTUBa» — JTO KOIJA COAepXKaHHE CTAaTbu MOAOMPAETCS B 3aBHCHUMOCTH OT
3agyMaHHOTO uHama. A ¢uHAI y ABTOPOB BCETna OOUH — PYOKH yXo[a HYXHBI, IOTOMY YTO OHHU
0CBOOOXKIAIOT MECTO JUIsl Pa3BUTHUS KPOH («obnacTteld TOMMHUPOBaHUS»). B utore «reopernueckmn»
00OCHOBBIBAETCSI pa3pylICHUE CTPYKTYPhI MOJIHBIX APEBOCTOEB MPOPEKUBAHUAMH U MPOXOJHBIMU
pyOkamMu myTeM CHIKeHHs ux monHoTHl 0 0,73 k 120-netHemy Bo3pacty [44, c. 14]. Kak Buguwm,
UTOT OMH — BBIXOJ HAa HU3KYIO MOJHOTY, KaK I0Ka3aTeslb «ONTUMAaJIbHOCTH» WUMHUTAIIMOHHBIX
MOJIETIeN.

B nHacrosiiiee BpeMsi BOIIPOCHI COTPYAHUYECTBA JEPEBbEB M KOPHEBOI KOHKYPEHIIMH M3YUYECHBI
cnabo, W YacTO MX WIHOPHUPYIOT, OJHAKO M IO CBETOBOM KOHKYPEHLIMHM MHOIO HesicHoro. B
oOcyxknaembIx cTartbsix [12, 23, 44] ABTOopel Kak Obl NPUIUCHIBAIOT JIEPEBBSIM OTHOLIEHUS
JOMUHUPOBAaHUSI U TOJYUHEHUS 10 AHAJOTUU C KUBOTHBIM MHMPOM, a Jajie€ 3aMMCTBOBAaHHBIE U3
300JI0T'MH TEPMHUHBI BBIJAIOT 32 HOBBIM MOAXO/ B MOJCIMPOBAHUM POCTA APEBOCTOEB, HE 3a00TACH O
TOM, YTO HaJ10 OBUIO KaK-TO OOBSICHUTH 3TH TEPMUHBI B IPUMEHEHHHU K JIEPEBbIM Oojiee JeTalbHO B
BHUJly UX, KaK MOJaratoT ABTOPbI, UCKITIOUUTEIbHON BAXKHOCTHU ISl MOJIeTMpoBaHus pocTa. OJIHaKo
ujesl 3aXBara pecypcoB MHUTAHUS JEPEBOM HE HOBa. B yueOHHMKaxX MpOILIOro BeKa MOXKHO ObLIO
BCTPETUTh KOHIIETIIHNIO «JEpEBa-BOJIKa» — KPYIHOIO JIepeBa, KOTOPOE MOUIHOW KPOHOM «JIaBUJIO
cocefiei» M Memano uM pactu. OOpa3 CHIIBHO JEHCTBOBaJ Ha HEOKPEIIIHE YMBI CTYJIEHTOB U
3aroMuHaJICs Hatonro. HelHe «30010ruueckuii» oopas JepeBa MoIydns HOBBI UMITYJIBC B paboTax
A. H. bopucoBa B BUie TOCTPOCHHUSI «00JACTEe TOMUHUPOBAHMS KaK JIJISl )KUBOTHBIX, TaK W JJIS
JIepeBbEB 110 popMyIie, TJe YUUTHIBAIOTCS pa3Mephbl 0CO0H, pa3Mephl COCEIEN U PACCTOSHUS JI0 HUX.

OnHako «o0NacTh TOMHHHUPOBAHUS» 3aBUCHMa OT JMaMeTpa JepeBa (a Takke OT AuaMerpa
cocefiel, HO B MEHbIIEH CTENeHu), KOTOPbIi ¢ HEU30eKHOCTHIO CBSI3aH CO CBOMM IPHPOCTOM.
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[TosTomy "em Gomwiie O], TeM Gosnbiie quamMeTp AepeBa u TeM OoJjblne MpUpocCT. TyT BCe OYEHD
MIPOCTO, TIOTOMY YTO BCE OHM — 3aBHCHMBIE U CBSI3aHHBIE MEXIY CO0OI pacueTamMu NepeMeHHbIe
BEJIMYMHBI, ¥ HU OJJHA U3 HUX HE MOXET ObITh (DAKTOPOM, O YeM MbI TOBOpWIH Bhimie. OIHAKO B
MMUTAIMOHHOM MOJEIUPOBaHUU (TJ€ BO3MOXKHBI JIF0ObIE aOCTpakiuu) mpeayiaraemMas ABTOpaMu
3aBucumMas nepemenHas O]l HempaBOMEpHO HCIIONIB3YyEeTCsl Kak (DakTop, M 4yepe3 Hee MPOUCXOIUT
yBEJIMUEHUE IPUPOCTA, a Uepe3 MPUPOCT BOCCTAHOBJICHHE MOJIHOTHI U 3araca IpeBoCTos Mocie pyook
B CIICHAPHSIX UMUTAMOHHON Monienu. TyT MOJieNb BOOOIe HAaYMHAET padoTaTh KaK OTOPBAHHBIN OT
PEaNTbHOCTH TPOIIECC, B KOTOPOM MBI HACUUTAIH MpuU AOCMPAKMHBLIX OOnyueHus. ABTOPBI CaMH
YKa3bIBaIOT HA 3Ty €€ OTOPBAHHOCTh, TaK Kak OepyT naHHble n3 TXP HOpMalbHBIX APEBOCTOEB,
Ha3bIBasi UX «KaK MpUMep aOCTPAKTHOIO JAPEBOCTOS», HE YTOUHSISI CyTh ATOM abCTpakuuu. A CyTb
TaKOBa, YTO KOHCTPYUPYETCS UMUTALIMOHHAS MOJIE]Ib Ha OCHOBE TOTO, YETO HET.

3aMeTuM, 4TO MO BCEMH dTUMH HATPOMOXICHUSIMH a0CTPAKIM CKPHIBACTCS CBOCOOpa3Has
pEeMHKapHallUsg TEX METOJO0B, KOTOpble MPUMEHSIJINCh IMpU pPa3pabOTKe MHOXKECTBAa TalIHIl
CMAMUYHbBIX COCMOAHUL JIPEBOCTOEB, MOJHOE H3AaHHE KOTOPBIX C TPAJUWIUOHHBIM Ha3BaHHUEM
«Tabnuupl 1 MoOmenu Xoma pocTa W MPOAYKTUBHOCTU HACAXKIIEHUM OCHOBHBIX JIECOOOPA3YIOIIMX
nopoxa Cesepuoit EBpazun» Boiuio B 2008 1. [41].

W3 cBoux Mmopeneir ABTOpbI yOUPAIOT U TEXHOJIOTUYECKHUE KOPHAOPHI ¢ U3bATHEM 110 15%
KUBBIX JIEPEBBEB, 0€3 KOTOPBIX HE 00X0msaTcs pyOku yxona. BooOuie, mpoBepky mozeneil cuenarb
HETPOCTO, TaK Kak JIJIsl JOKa3aTeIbCTBA OJAarOTBOPHOCTHU YBEIWYEHUSI «00JIACTH JTOMUHUPOBAHUS
myTeM pyOKH cocelell Hy>KHbI TTOBTOPHBIC M3MEPECHHS 3alacoB Ha BCeW MPOOHOW IUTOIIAIH, a He
npocto (uxcanus U3MeHeHUd mnpupocta. YTtoObl yOETUTHCS B MPAaBUILHOCTH MOJEIH CJEIyeT
JI0Ka3aTh, YTO MOCJIe PYOKH YBEIWYHIICS CyMMapHBIH 00BbeM KpOH W oOImias ¢uTomMacca XBOU B
npeBoctoe. Torma OymeT MOHSATHO, YTO ATO CIIOCOOCTBOBAIO YBEIMYCHUIO TTpupocTa. Ho u mpupoct
JOJKEH OBITh M3MEPEH HE MO0 PaJuyCy CTBOJIA, a MO YBEJIWYEHHUIO 3araca JPEeBECHHBI Ha BCEM
y4acTKe, IPUYEeM yBEJIUYEHHUE TOKHO NEPEKPHITh yObLIb 3araca u3-3a MPopyOKH TEXHOJIOTHIECKUX
kopuaopoB. Ha Hamr B3msiz, 1u1st mosrydeHus 0e3yNpeuHbIX JaHHBIX JTy4dIlle BCEro JejaTh MOBTOPHLIE
M3MEPEHUs OKPYKHOCTH CTBOJIA y BCEX JIEPEBHEB, M TOTJIAa KEPHBI IPEBECUHBI OYIyT HE HYXKHBI, MIPU
B3SITHHM KOTOPBIX HAa MOJICIIBHBIX JIEPEBhSIX HEM30CKHBI CyOhCKTUBHBIC TTPEITOYTCHHUS.

Cnenyer Takke YNOMSHYTH M O TOM, YTO MPOM3OILIO B CaMOM Hadaje pa3paboTok
MMUTAIMOHHBIX Mojeneld pocTta apeBoctoeB. [lo-BuamMoMy, BIEpBBIE CEPbE3HO HUX Hayal
pazpabatsiBath 3. 1. Harumos [21]. Mxes cocrosna B KOHCTPyHPOBAaHUHM HEKOTOPOTO a0CTPAaKTHOTO
JPEBOCTOS U3 «ONTUMAIIBHBIX» JE€PEBHEB, B KAYECTBE KOTOPHIX U3 YKCIIa MOJCIIbHBIX JIEPEBHEB ObLIH
B3SITHI JIEPEBBI-CYOIHIEPHI C HAMITYUITUM COOTHOLIIEHHEM Pa3MepPOB CTBOJIA, MACCHI XBOH U TLJIOIAIN
nuTaHus. Moenb Takoro JpeBOCTOS B BHUAE TaOIHMIIBI OTpakaja Mpeaenbl TyCTOT M 3armacoB, HO
ONTUMAIBHBIX TOJBKO I oOmpeneneHHoro Bo3pacta; 3. . HarumoB oco0o oTmedan, 4to B
peaTbHOCTH OHU CHUKAIHMCH OBbI C BO3PAcTOM U OH BroJiHe nojiepxkuBai 3akoH [. C. Pa3una [30, 46]
U ero MOJAENd XOAa POCTa B 3aBHCHUMOCTH OT HaudajbHBIX TYCTOT. 3aMETHUM, YTO POMaHTHKa
MMUTAIMOHHOTO MOJIEIMPOBAaHUsI ObLIa CTOJNb yBJIEKaredbHa, uto 3. S. HarumMoB He 3aMeTHI OueHb
Ba)XHOE SIBJICHHE — KOHCTAHTY B MacCce€ XBOM B CBOMX COCHsIKax B Bo3pacte oT 50 mo 120 neTt; 06 sToi
KOHCTaHTE Mbl YIIOMSIHYJIM B HalleM ydeOHuke [47, c. 46-47].

B utore MOXHO KOHCTaTHMpOBaTh, YTO B Hadajie XXI BeKa MOAENHM W3 €CTECTBEHHBIX PAJIOB
pocta kak Haumboiee TpylZoeMKHe OBLTM OKOHYATENbHO 3a0BbIThl, U HauyajJoCh HMHTAIIMOHHOE
MOJICIUPOBAHNE HA OCHOBE «ONTHMAJIbHBIX» MOJEIBHBIX JI€PEBBEB, MOMOOHBIX TEM, KOTOPHIE
ucnionb3oBan 3. . Harumon. 13 Hux co3maroTcst Hekue abCTpakTHBIE MOJENU ¢ OoJiee I MEHEe
PaBHOMEPHBIM pa3MENICHUEM JIEPEBLEB IO IUIOMIAaU 0€3 OKOH M IporaiuH. Bece Ob1 HUYero, 1a BOT
He3aJlaua — B PEIbHOCTH Jieca X UMEIOT. bolee Toro, B Jiecy UMEIOTCS elle U III0THBIE OUOTPYIIIHI.
OT0 aTpulyTHI IPEBOCTOSI, U UX HACTOIHKO yOAUTETHHO MOATBEPKIAIOT MHOKECTBO UCCIICOBAHUN
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[6,17,19, 25, 32], npuyemM OKHa ABJISIIOTCS MECTAMU JIJI YCIICIIHOTO Pa3BUTHUSI MOAPOCTA OTHIOAb HE
Bceraa [9, 49], B cBs3u ¢ 4eM MBI Jlaxe cPOpMYyIUPOBAIIN «3aKOH HEPABHOMEPHOTO Pa3MEIICHUS
JIEPEBBEB B JIpeBOCTOAX» [47]. UrHOpHUpoOBaHUE €ro Tak:ke MPUBOAUT K HEAIEKBATHOCTH MOJICIIH.

OTH MOMEHTHI MBI yXke 00cyxkaanu panee [32, 33], u 31ech BHOBb oOpaiiaeM BHUMaHHE Ha TO,
YTO MOJEJIU JOJKHBI ObITh ITPOBEPEHBI B PEABHBIX HACAKICHUAX IO MEpe MX Pa3BUTHUSA, a HE IO
TabJIMIIaM CTaTUYHBIX COCTOSHUM peBOCTOEB [41], KOTOpBIE 11O TPATULMK U B MHOI'OM OLIMOOYHO
MPONOJDKAIOT HA3bIBaTh TAOIMIAMH «XO/a» POCTa, B KOTOPHIX OTPAXEHO KaK OBl JBMKEHHE BO
BpeMEHH (110 KjlaccaM BO3pacTa) TAKCALIMOHHBIX I10KA3aTeNIeN AJIs MOJIHBIX JIPEBOCTOEB, UMEIOLINX
Pa3HyI0 UCTOPHIO Pa3BUTHs 110 HAYAJIBHOM I'yCTOTE.

OtmeTuM ¥ eme oguH BaKHbIM MOMEHT. C HacTyIUIEHUEM BBICOKOW ITOJIHOTBI B JPEBOCTOSAX
HAUMHAET JeMCTBOBATh CaMbli CJIOKHBIM 3aKOH — 3aKOH I'€HETHYECKOI0 TOMEOCTAa3a YacTOT MPaBbIX
u neBbIX (popm nepeBbeB A.M. T'onukosa [47]. [Tuk monHOTH 00b19HO ipuxoauTcs Ha 30 JIeT, U eciu
€ro JIOMyCTUTh (YTO MPOUCXOAMT, KOTJA JIECOBOA IOXKUAACTCS «JU(PPepeHIalun» I1epeBbEB), TO
Torga (opMHUpPYeTCsl IPEeBOCTON ¢ MpeobiasiaHueM AepeBhEB-IUACPOB U3 MPaBbIX (OPM, XOPOLIO
MEPEHOCALINX KOHKYPEHLMIO U MaJlo HY)KIAIOLUXCA B JIOMOJIHUTEIBbHOM IUIOLIAAN HUTAHUS; C
BO3pacToOM HX Npeoliiaganue ycunusaercs. [lo3ToMy cHMkKeHue rycToThl mpounctkamu nociie 30 et
iy npopexxuBanusmu B 50-70 et onaspiBaeT 6€3HaAEAKHO, U TaKKe pyOKH yxoJa Oecrosie3Hbl s
90 % nepeBbeB-IUACPOB — OHU IPOCTO HE OyAyT CYIIECTBEHHO YBEIMYHMBATH pa3Mepbl KPOH U
npupocT. Kak pa3 He 3HaHME 3TOro 3aKOHa U IMPUBOAMT K TOMY, UTO JEPEBbS «HE CIIYILAIOTCS»
JIECOBOJA U HE OTBEUYAIOT B3aMHOCTBIO Ha yXO[ 32 HUMU. B CBS3U ¢ 1efiCTBUEM 3TOT0 HEYMOJIMMOTO
3aKOHA COBEPIICHHO HENPOCTUTENIBHO €r0 UTHOPUPOBATh B COBPEMEHHBIX UMUTALMOHHBIX MOJEIAX
pocra apeBoctoeB. Ero neiicTBue HauMHAETCS B MOMEHT CMBIKAHUS KPOH, [T03TOMY ()OPMUPOBaHHE
OIITHMAJIbHOW I'yCTOTHI CJIEyeT HaYMHaTh KaK MOYXXHO paHbliie, B Bo3pacte 10—15 siet; uMeHHO 3TOT
BO3pacT MHOTHE JIECOBO/IbI CUUTAIOT PELIAIOIINM ISl XOPOLIETro CTapTa U 3alycka MOZENN pocTa Mo
HYKHOM TPAaEKTOPUH Pa3BUTHsI, HAIPUMED, 110 MOZAEIISAM IUIAHTALIMOHHOTO BBIPAIIMBAHUS JIECA.

IIpu nmoucke MCXOIHOTO Marepuaia [yl pa3pabOTKU MOAENeH CleAyeT yUYUThIBaTh U TO, YTO
HAJ0 «3aleNuTh» Hayaslo pa3BuTus apeBoctos ¢ 10—20 net — 6e3 3Toro Mosiesb MOBUCAET B BO3IYXE,
HE MMeeT KOpHEH, U CCbUIKM Ha JAPYTHUX aBTOPOB HE NMOMOTYT €€ IMPAaBHJIBbHO BBHICTPOUTH. W Henb3s
BBIJIBUTATh TOJIBKO OJIHY T'MIIOTE3Y, a HAPPAa