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[aHHoe wuccnenoBaHWe NpeacTaBnseT Matemarude-
CKYl0 MOZenb (hU3NOMoMMKN pasBuTUS OTKPLITOM pacTu-
TENbHON CUCTEMbI B YCIIOBUSIX JaNeknx oT paBHoBecus. B
OTMYMeE OT CYLLECTBYHLMX NOAXOMOB, Halla Mogenb no-
CTPOEHa Ha CUCTEME YpaBHEHWI, OMUCHIBAOLLMX KOHKY-
peHupio 3a cybeTpaT, BOSHUKAIOLLYIO B YCMOBUSX CTpecca,
Mexay Tpemsi MaBHbIMM KOMMApTMEHTaMW KyNnbTYpHbIX
PaCTEHWNA — KOPHEM, CTEBNEM U NUCTBEHHLIM MOKPOBOM.
O6MeH C BHELUHEN CPeao MPOMCXOAMT NO ABYM KaHamnam
— Yyepes NNUCTbSA U KOPHEBYHD CUCTEMY. BHyTpEHHMIA kaHan
ynpaeneHus 3afaH B BUAe (DYHKUMW OrpaHUYeHus Ha Be-
nnumHy Bromaccel pacTeHus Yepe3 bruomacchl 0TAemNbHbIX
CTPYKTYpHbIX YacTeit. KusHecnocobHocTb mogenu 6Gbina
npoBepeHa Ha npuMepe MoZenu (Pu3MoNor pPasBuTUS
TomaTtoB. [loBeaeHne CUCTEMbI U3yyanock Npu ABYX pas-
HOBWJHOCTSIX 3KCTPEMAnbHbIX YCMOBMIA — HEJOCTATOK M-
TaTembHbIX BELLECTB B NOYBE, 0DE3BOXMBAHNE UMW HEKPU-
TUYECKOE MEXaHUYECKOe MOBPEXOEHWe KOpHS C 3aTpyd-
HEHHbIM MepeHocoM cybeTpaTa, a Takke HU3KUA YPOBEHb
WM OTCYTCTBME COMHEYHOrO U3ny4yeHus. B nepeom cnyyae
MOZJernb MoKa3biBaeT MepecTpoiky CUCTEMbI MOCRe He-
CKOMbKWX YPOBHEN KonebaHuii K yCTOMYMBOMY COCTOSHMIO C
Hu3kuM noTpebneHnem cybetpaTta M nepepacnpeseneHu-
€M Macc NUCTbEB, cTeDNs 1 KopHs. Bo BTOpOM cnydae
pacyeTbl MOKa3blBaKT 3HAYNTENbHOE nofasneHue 6umo-
Macchl NMCTOBOTO MOKPOBA M NepepacnpeaeneHme Macc B
nonb3y cTebns u kopHs. OgHako 1 B 3TOM Cryyae, nocrne
nepuoaa HeycTOAYMBOCTH, CUCTEMA adanTUpyeTes U npu-
XOAUT K YCTOMYNBOMY COCTOSIHUIO C Maccol cTebns, npe-
BbILIAKOLLEN MACChl OCTanbHbIX CTPYKTYP. [Ans Kaxaoro us

PaCcCMOTPEHHbIX Cly4aeB MOCTPOEHbI (ha30Bble TPAEKTo-
puK NoBeaeHUst BoMacChl KOMNAPTMEHTOB M Cy6CTPaTOB.

Keywords: biological evolution, external factors, envi-
ronmental parameters, open systems, stress, adaptation.

This study presents a new mathematical model of the
physiology of the plant open system development under
the conditions that are far from equilibrium. Unlike the ex-
isting approaches, our model is based on the equations
describing competition for the substrate that occurs under
stress between the three main compartments of cultivated
plants - the root, stem and leaf system. The exchange with
the external environment occurs through two channels -
through the leaves and the root system. The internal con-
trol channel is defined as a function of limiting the plant
biomass through the biomass of the individual structural
parts. The model viability was tested through the example
of physiological model of tomato development. The sys-
tem’s behavior was studied under two varieties of extreme
conditions - a lack of nutrients in the soil and a low level or
lack of solar radiation. In the first case, the model shows
the restructuring of the system after several levels of fluc-
tuations to a stable state with a low consumption of sub-
strate and redistribution of the leaves, stem and root mass-
es. In the second case, the calculations show a significant
suppression of leaf cover biomass and mass redistribution
in favor of the stem and root. However, even in this case,
after a period of instability, the system comes to a stable
state with the mass of the stem exceeding the mass of
other structures. For each of the cases considered, phase
trajectories of the evolution of the compartment’s biomass
and substrates are constructed.
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BeeneHue

B npouecce pasBuTus pacTUTENbHOTO OpraHm3-
Ma Mbl BUOMM NPOXOXOEHWE HecKonbkux 0606-
LeHHbIX ha3 BereTauuu: pocT, LBeTeHue, nrogo-
HOLEHnEe. B crnyyae MHOTOMETHUX PacTeHW unu
NNOAOBLIX AEPEBLEB 3TOT LIMKIT MOXET MOBTOPATH-
CS MHOrOKpaTHO B TeYeHWe BCel xXwu3Hu. MNepexon
OT OAHOW asbl K APYron CBS3aH C PasnU4HbIMM
MopdporeHamm, akTMBaLus KOTOpbIX 0BycrnoBneHa
aKTUBaLMen N NHMBMPOBAHNEM COOTBETCTBYHOLLMX
(bepMeHTOB. PacTuTeNbHbIN OpraHn3M He MOXeT
BeckoHeYHO HapaluuBaTb Maccy Aaxe B cnyyae
HEOrpaHMYEHHOTO KONMYeCcTBa NUTaTenbHoro cyb-
cTpaTa v uaeanbHbIX YCNOBUA — CYLLECTBYIOT pery-
NATOPHbIE MEXaHW3Mbl, OrpaHWYMBalOLLME MOTOKM
BELLECTBA M SHEPrMM B CUCTEME W, TEM CaMblIM,
COXPaHsIoLLMe YCTONYMBOCTL CUCTEMBI K paspyLue-
HU0. JBOMIOLUMS (IM3NYECKOW CUCTEMBI, CTPYKTYpa
KoTopon 0OycnoBneHa cunamu B3auMOLENCTBUS
Mexay MUKpovacTUuamu, CBsi3aHa LEnuKkoM C
BHELUHUMM YNPaBASKOLMMU NapameTpamu, B TO
Bpemsi kak buonornyeckas cuctema obsisaHa cBoe-
My PasBUTUIO BHYTPEHHEN ynpaBnsioLwen QyHKLnu,
nMetoLLeit 0bpaTHY0 CBA3b C NapameTpamm BHeLU-
Heil cpedpl. YNpasnsowmM napamMmeTpom Mopgo-
reHesa SBNSETCSA BPEMS.

Bynem noHumartb ycToinumBOCTL BUONOrMYecKon
CUCTEMbI KaK MPOLECC COXPaHEHUS €€ (YHKLMO-
HanbHbIX CBOMCTB ¥ NapamMeTpoB MpU Hannyum
BHELUHWUX JOKPUTUYECKMX BO3MyLleHMA. C  aTou
TOYKM 3peHus cuctema Oyaet HasblBaTbCs YCTOM-
4MBOA, €CMIN NpU BO3LENCTBUM BHELUHEro BO3MY-
LieHWS, HE NPEBbILLAILLErO KPUTUYECKOE, CUCTEMA,
Bblii M3 PaBHOBECHOTO COCTOSHUSI Yepe3 onpe-
AENEHHbIN NMPOMEXYTOK BPEMEHU, CHOBA BEPHETCS
B PaBHOBECHOE COCTOSIHWE C HOBbIMM MapameTpa-
MW, OTPaXKaloLLWMK NPOLLeCC aganTtauuu.

Obulee ypaBHEHWE 3BOMOLMN CUCTEMbI MOXKET
ObITb 3an1caHo B BUAE:

& = Ful A) 4 Fope (6, 8) + F (x(1), (1)
[ X — BeKTOp cTonbeL| napamMeTpoB CUCTEMB;

A — Habop BHELIHMX NapaMeTpoB, BO3AENCTBY-
IOLLWX Ha CUCTEMY;

Fi,(x,A) - dyHkums, xapaktepusylolas
BHYTPEHHYE NOTOKN 1 UMbl B CUCTEME;

F,..(x,A) - dhyHkums, xapaktepusytowas
BHELLHIE NOTOKN U CUMbl, KOTOPbIMI 0BMEHNBaETCS
CUCTEMA C BHELLHEN Cpesom;

Fﬂf(x(f'l]) — BHYTPEHHSIS ynpaenswowas
yHKLMS.

lNepBble ABe (PYHKLMM B NpaBOM YacTh ypaBHe-
HMs (1) onpeenslT 3BOMIOLUMIO NOBOIA HEXNBON
cuctembl. [locrnegHee cnaraemoe npaBoW YacTut
ypaBHeHus (1) — ynpasnstowas yHKUMS — Xxapak-
TEpHa NMWb Ans 6MOMNorMyeckux CUCTeM W onpe-
[EenseTcs 9KCMpeccuen reHoB, MpoLEeccoM, nepe-
[AOWMM  HACNeLCTBEHHYIO  MHOpMauuMo, ¢
YNpaBnaWy pa3BUTUEM CUCTEMbI, WHAMBULY-
anbHbIM AN Kaxaoro buonornyeckoro oobekTa.

B pabote paccmoTpeHa 0606LieHHas Mogenb
pasBUTUS PaCTUTENbHOTO OpraHuaMa npu yyeTe
coBCTBEHHOW YNPaBRSIOLLEN (OYHKLMK.

Mopenb cuctemsl

A3BECTHO, YTO MHTEHCMBHOCTb POCTOBbLIX MPO-
LLeCCOB SBMSIETCH OLHON M3 (DYHKUWUIA pacTeHun,
Hanmbonee MOMHO OTPaXaloLMX COBOKYMHOCTb Me-
TabONMYECKMX U3MEHeHUn npu  nbbiX  Buaax
ctpecca [1, 2]. MHTeHCcMBHOCTL pocTa (HapalumBa-
HWe Bromacchl) M3MEHSIETCA B 3HAYNTENBHON CTe-
neHn 1 BbICTPO pearMpyeT Ha U3MEHEHUS YCMOBUA
BHELLUHE Ccpedbl, NO3TOMYy MHOrME MeToabl Auwa-
THOCTUKM 6a3snpytoTCa MEHHO Ha 3TOM nokasaTere
npu onpegeneHn CTeneHn YCTOMYMBOCTU pacTu-
TeNbHOro opraHuama. Kpome Toro, LUMPOKO M3BECT-
Hbl (PaKTbl KOHKYPEHTHOTO OTHOLUEHUSI MeXay pas-
NNYHBIMKU - CTPYKTYPHBIMA OpraHamn pacTeHun 3a
(DM3MONOTMYECKN aKTUBHBIE U NUTATENbHbIE BELLe-
CTBa B nepuop crpecca. Tak, B COLBETUSX Kymb-
TYPHbIX 311aKOB W B KPOHax NMOAOBbIX JEpEBLEB B
aHOMarnbHbIX KIMMaTUYECKUX W MOTOAHbBIX YCOBM-
X 6onee NooBKHbI 3aNOXMBLUMXCS 3aBA3eN MOryT
onacTb. B nepuog cTpeccoB ycKopsoTCs NpoLEeCChI
CTapeHus 1 ONafeHNs HKHUX NUCTLEB, NPU 3TOM
npoucxoauT nepepacnpegeneHne nuTaTenbHbIX
BellecTB B nonb3y Gonee MOMOAbIX NUCTbEB, B
YaCTHOCTH, U3 HUKHUX B BEPXYLLIEYHbIE.

Takum 06pa3om, B 3KCTpeMarbHbIX YCIOBUSX
MOJenb pPasBWUTUA  PacTUTENbHOrO  OpraHu3ma
[OMKHa B Borblueit CTeneHM OCHOBbLIBATLCA Ha
KOHKYPEHTHbIX OTHOLLEHUSX MeXZy opraHamm pac-
TeHUs 3a cybcrtpat. B nepuog ctpecca K KneTtou-
HbIM MexaHu3mMam agantauun 4o6aBnsTCs HOBbIE
MeXaHu3Mbl B3aMMOLENCTBUS OpraHoB Ha opra-
HU3MEHHOM YpOBHE [3, 4].

Mol Byaem paccmatpuBaTb MOZENb 9BOMOLMM
CTPYKTYPUPOBAHHOW PacTUTENIbHON CUCTEMbI, NPO-
CrexvBasi 3a [ByMs OCHOBHbIMW NapameTpamu B
nepwog ctpecca — buomaccon u cyberpatom. Ecnu
pacTeHus Ha OpraHU3MEHHOM YPOBHE, Mbl UMeeM
TPU MaKpOKOMNapTMEHTa: MUCTbs, CcTebens U
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KopeHb. [1ns NNoAoBbLIX 4epeBbEB MOXHO paccmar-
puBaThb YeTbIPEXKOMNApTMEHTamNbHYI0 MOAEeNb: nu-
CTbsl, BETBM (Noberu), CTBON 1 KOPHEBAs cMCTEMA.

OpfHa 13 BO3MOXHbIX 9KCTPeMarbHbIX CUTyaLuid
MOXET COCTOSITb B CHWXEHWUM (DYHKLMM KOPHEBOM
CMCTEMbI, BbI3BaHHOM, HanpuMep, GonbLion Benu-
YMHOWM COMPOTUBMEHUS NpU TpaHcnopTe cybeTpata
(MexaHu4eckoe MOBPEXAEHWE), UNK 3arps3HEHNEM
MOYBbI, HEAOCTATKOM BOMbLUMHCTBA HEOOXOAMMBIX
BELLECTB U1 U3BbITKOM BOAbI, APYTMU CIIOBaMMK,
HapyLeHWeM MNpoHULAeMocT MembpaH Ha Kre-
TOYHOM YPOBHE KOPHEBOW cucTEMbI. B aToM cryyae
CUCTEMA MMEET OnpeerneHHbI BpEMEHHON 3anac
ANS aganTauui K M3MEHMBLUMMCS BHELUHUM YCIO-
BMSAM, Aa)Xe €CNW NPOAOIKUTENBHOCTD HAPYLLEHWIA
NPEBbILLAET BPEMS aKTUBHOW KU3HELEeATENbHOCTY
pacTeHus.

m () - =22 ]

my—a-my- (b, —my)> —y-my-m,

B otnnune oT cywecTByowmx 61onormiyeckmnx
Mogenen Oygem paccMaTpuBaTb  OTAENbHbIE
CTPYKTYPHbIE YacTW pacTeHWs, HaxoAsLlerocs B
9KCTPEMarnbHbIX YCMOBUSX, Kak KOHKypupytoLme
Mexzgy cobom 3a cyberpat [5-7]. He byaem pasge-
natb obuyyo Bromaccy Ha CTPYKTYpHYt M 3ana-
CEHHYI0 4acTu, CUMTasi, YTO U3MEHEHUsI B 3TUX Ya-
CTAX YYTEHO B KOI(hMLMEeHTaX 3afayum, a mMacchl
OTAENbHbIX CTPYKTYPHBIX YaCTen pacTeHNst HOPMK-
poBaHbl Ha 0bulyto Bromaccy. Kpome Toro, yuuTbl-
BaeM TpaHCnopT cybctpaTta Mexay OTAEeNbHbIMM
CTPYKTYPHBIMM YaCTAMM U OrpaHUYEHNS HA MaKCu-
ManbHOe 3HayeHue Macchl, 3aJaBaemMoe [eHOTU-
MoM, OKa3sblBaloLiee BRUsHME Ha SBOIOLMIO Macc
yacTel Yepes B3aMMogencTeue Mexay Humu. To-
roa cucTemMa YpaBHEHUM AN MacChl MUCTHEB,
cTebns 1 KopHs my, ma, M3 C COOTBETCTBYOLMMM
ypaBHEHMSMU Ans cybcTpaToB S1, S, S3 OymeT
UMeTb BUA;:

-

my;—a-my (b, —m,)"—y-m,;-m,

m, () - 222 |

l'|||—'

T

m, —a-my-(by —m,)-(by —mgz)—y -my -m, mg

2L ' 2

f dm,(t) _ p-s,(t)
dt k4, (t)
de (t) _ pg, (£}
e [Vl T kte,lt)
dmglt) _ pzle)
dt k+s(t)
) ds,(t) _ [5,—=, p-gqlt)
Car [T L k43, (t)
r.!mslzr:l _ ,1.4-33':2'? .
dr k+s,(t)
dzg(t) S,— 5y
( il Charal

B aTux ypaBHeHWsX p — yaenbHas CKopocTb po-
CTa, NPUHATas HaMW OAMHAKOBOW NS BCEX CTPYK-
TYPHbIX YacTel. YYTeHo, 4TO 3Ta BenYMHa
YMEHbLUAeTCcs Mo Mepe ucyepnaHus cyberpata s1.
KoappmumeHT k — KOHCTaHTa CBA3bIBaHWUS Cyb-
ctpata. llepsoe cnaraemoe npaBoW YacTu NoKa3sbl-
BaET, YTO CKOPOCTb pocTa Bruomacchl NponopLmo-
HanbHa Buomacce. Btopoe cnaraemoe ectb orpa-
HW4YeHMEe Ha ybbinb (NpUpocT) Bromacchl 3a cyet
OrpaHuyeHns B pocte ctebns (ctBona). TpeTbe
cnaraemoe nokasblBaeT ybbinb Guomaccsl 3a cyeT
KOHKYPEHLMM CO CTOpPOHbI cTebns (cTtBona). Bo
BTOPOM YPaBHEHUW ANSi CKOPOCTU U3MEHeHUs cyb-
cTpata B NUCTbSX NEpPBOE Crnaraemoe B NpaBoM
YacTu — npupocT cybeTpaTa 3a CYeT NOCTaBKM Mpo-
LYKTOB (POTOCKHTE3A V4, BTOPOE CrlaraemMoe — CKo-
POCTb YyTWUNM3auum cybetpata NUCTbSMW, TPeTbe
cnaraemoe — BbIHOC cyGcTpaTta B cTebenb 3a cyeT
PA3HOCTW UX KOHLEHTPALMI C YAENbHOWM CKOPOCTHIO
3 v conpoTuBrneHuem TpaHcnopty ri. Bpems pe-
nakcauumm npouecca 3Bonwouuu cybetpata T
OCTaBsieM OMHAKOBbLIM Ans BCeX cybCTpaToB 3a-

,u-s!':r':l ] 1
— m.(t)]-=
ktsg () 3[ ] T

[la4n, 4y1obbl 13bexaTb OONbLIOrO KONMMYyecTBa na-
pamMeTpoB.

Ckopoctb pocta Guomaccel ctBona (cTebns)
3apaetcs TpeTbuM ypaBHeHnem. OHa nponopuyo-
HanbHa camoi Buomacce C Y4eTOM YMEHbLUEeHMS
cKopoCTU noTpebnexnss cybctpata no Mepe ero
MCYEPNaHNS, OrPaHMYEHNsI CKOPOCTW 3a CYeT [0o-
CTVXXEHMS NIUCTbAMW 1 KOPHEM NpPEeAEenbHbIX 3HaYe-
HUM Buomacchl by un bs — BenuunHamu, 3agasae-
MbIMU TEHOMOM U YBbinn, CBSA3AHHOM C KOHKYPEH-
e cTebns ¢ NUCTbSIMU 1 KOPHEM 3a cybeTpaT co
CKOPOCTbO YBbInn y. YeTBEpTOE ypaBHEHUE Onu-
CbIBAET CKOPOCTb M3MeHeHust cybctpata crebns.
McTouHukamm cybetpata cTebns SBnswTcs TpaHc-
nopT cybcTpara M3 NUCTLEB W KOPHS, a yObinb CBS-
3aHa ¢ yTunuaauuei cybetpata crebnem co ckopo-
CTbI0, MPOMOpLMOHansHOM Macce cTebns. lstoe un
LIeCTOe YPaBHEHNS OMUCHLIBAKT CKOPOCTb M3MEHe-
HWMS mMacchbl 1 cybcTpaTa KopHs. 3aech vo — UCTOY-
HUK cybcTpaTta nocne nepepaboTkun MUHEpPAnbHbIX
BELLECTB, MOJyYeHHbIX M3 NOYBbI C 3afaHHON 3g-
(PEKTMBHOCTBHO.
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PesynbTathbl M 06CyxaeHune
BHauane paccmoTpum cuTyaumio, Koraa no He-

W3BECTHOM MpWUYMHE 3aTpyaHeH TpaHcnopT cyb-
cTpata Mexay ctebnem u kopHem. B atom cnyvae

B3aMMOAENCTBME MEXY ABYMS 3TUMM CTPYKTypa-

MW CKa3blBaeTCH Ha YAenbHbIX CKOPOCTSX YOblnn

Bromacchbl, 1 Mbl (hakTU4eCckn UMeeM ABE CBSA3aH-
HblE€ CMCTEMbl IMCTBEHHOM Macchl 1 cTebns u aB-
TOHOMHOE CyLLECTBOBaHWE KOpHS. Pellaem cucre-
My (1) ¢ HayanbHbiMu ycnosusmu m1(0) = 0.1,
m2(0) = 0.1, s1(0) = 0, s2 (0) = 0. be3pa3mepHsble
napameTpbl 3agayun npumem B Buge: w =1, k = 1,
a=02,b1=26,b2=24,1t=08, vi =14. Cra-
LIMOHApHOE peLLEHe NEPBbIX YETbIPEX YPaBHEHMIA
NoKasblBaeT CyLLEeCTBOBaHWE [BYX YCTONYMBLIX CO-
CTOSIHUA cucTeMbl. Hauborbluyl YyBCTBUTESb-
HOCTb CMCTEMa MPOSIBNSET NO OTHOLIEHWIO K npe-
AEnbHO BO3MOXHBIM 3HaYeHnsaM bromaccel cTebns
W nnucTbeB. Ha pucyHke 1a npeactaBneHa BpeMeH-
Has 9BoNOLMSA Bromaccsl MIUCTLEB M cTebns, a Ha
pucyHke 16 — cybeTpaToB B NUCTbAX W cTEbne.
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Puc. 1. BpemeHHas 3agucumocmb 6uomacchb!
nucmeee u cmebns (a). BpemenHas 3agucumocmsb
cy6cmpamoe e nucme u cmebne (6).
Kpusenbie 8 kpacHom yseme — 6uomacca
u cy6ecmpam nucma, CUHUU NYHKMUp —
6uomacca u cybcmpam cmebns

N3 pucyHka 1 BMaHO, 4TO CMCTema nocre
HavarbHbIX CYLIECTBEHHbIX konebaHuin nocTeneHHo
afanTupyeTcs K yCTOMYMBOMY COCTOSHWIO C pasnu-
yatowencs buomaccon nuctbe u ctebns. OgHako
HEe3Ha4NTeNbHOE M3MEHEHWe napaMeTpoB b1 1 by
MPUBOAMT K TPUTTEPHOMY pexumy — nepebpocy cu-
CTeMbl B HOBOE MOMOXEHWE paBHOBecUs ¢ obpar-
HbIMU 3HAYEHWAMM Macc NUCTLEB U CTebns. Takas
cuTyaums nsobpaxeHa Ha pucyHke 2a, 6.
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Puc. 2. 3sontoyusi 6uomacchi co 8peMeHeM (a)
u cy6cmpama co epemeHem (6).

IMpu He3HayumenbHOM 8apbupPOBaHUU
npedenbHO donycmumol Macchbl cmebnsa cucmema
npoxodum Yyepe3 3Ha4yumesbHbIlU NPOMEXYMOK
Heycmouyugo20 cOCMOsHUSI U adanmupyemcsi
K HOBbIM YCJI08USIM C NPeBbIWEeHUeM Macchl
cmebns Had maccol nucmbes. CuHull nyHKmup —
Macca u cy6cmpam cmebnisi, KpacHasi cniowHasi
NuHus - Macca u cy6cmpam nucmees

Ha pucyHke 3 npeacTaBneHbl (pa3oBble Tpaek-
TOPUM Macc IUCTbEB W CTEDNS, COOTBETCTBYHOLMX
peLleHuno, NpeacTaBfieHHoOMy Ha pucyHke 1. Kak
BWOHO U3 PUCYHKOB, [Ans 3TUX Macc WMeeTcs
YCTOMYMBBIA (DOKYC CO 3HayeHusamm mi= 7.02 u
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m2 = 0.2. B 70 xe Bpems 3HauyeHus cybeTpaTtoB
61m3kn 1 MMetoT 3Havermns $1=0.23, s = 0.18.

®dasoBble TpaekTopuu CybCTPaToB NPUBEAEHDI
Ha pucyHke 4.

a 2[] T T
10r -
4 m; o -
dt
- 10r -
_2{:' | |
0 3 10 13
1m
'1[' T T T
b
= ."‘J-----"\ ‘i\. —
r * %
"'.-’ b ‘-. \-.
d et e e
— 12 ofF :1.: =i o : 1 -
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Puc. 3. ®azoebie mpaekmopuu Macc ucmbes
u cmebns. Ycmoliyuebil ookyc coomeemcmeyem
3Ha4yeHusIM npueedeHHbIX macc ms= 7.02 um;=0.2.
Ha nesom pucyHke hazoeasi mpaekmopus
macc siucmbes, Ha npagom — cmebnsi

[Mpeanonoxum, Y4To BCe Tpu cUCTEMbI paboTaroT
6e3 HapyweHuin TpaHcnopTta cybcTpaTtoB, UMbl
NMeeM [Ba UCTOYHMKA cybcTpaTta — (hOTOCMHTES U
NOCTYNNeHNe BELLECTB Yepe3 KOPHEBYKD CUCTEMY.
OpHako nmeeTcs HeoCTaTOK CONHEYHOrO M3nyye-
Hus. Monaras napameTp v1 = 0.2 B 8 pa3s MeHbLue
HeobX0AMMOro M OCTaBNSAS HEU3MEHHbIM OCTaflb-
Hble napameTpsbl (v2 = 1.8, y = 0.9), nonyunm B Ka-
YecTBe peLLeHuin cuctembl 6 ypasHeHun (1) pe-
3ynbTaTt, NoKasaHHbIN Ha pucyHke 5. Kak BugHo u3
puUCyHka, bruomacca nUCTbEB 3HAYMTENBHO MOAaB-
NAETCH U CTPEMUTCH K MUHUMATIbHOMY 3HAYEHUIO.
B 10 e Bpemsi Gruomacca ctebns u KopHs Bo3pac-
TAKT 40 MaKCUMAmbHOrO 3HaYeHns 2, npudem ans
cTebns ¢ 3anasabiBaHWeM N0 OTHOLLEHWO K Mac-
CaM NUCTBEB U KOPHS, @ 3aTeM Macca KOPHS pesko
ybbiBaeT 40 MUHUMYMa BMECTE C MacCon NNCTLEB.

Macca cTebns meaneHHo ybbiBaeT U CTpEMUTCS K

MWHUMarbHOMY 3Ha4YeHNIo.
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Puc. 4. ®azoebie mpaekmopuu 3800y uu
cy6cmpamos. Crieea nokazaHa mpaeKmopust
cy6bcmpama nucmses, cnpasa — cmebnsi.
Tpaekmopusi kpueol Hamambigaemcsl
Ha ycmoliyusebIli ¢hokyc,

Ha4anbHoe 3Ha4yeHue Kpueoll — s1(0) = 0, s2(0) = 0

m3

ml. ma2,

Puc. 5. BpemeHHast 3gontoyusi 6uomacc nucmees,
cmebnis u kopHsi. Habnodaromes mpu nepuoda
adanmayuu pacmeHusi K U3SMEHUBLWUMCS yC/108 UM
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Ha pucyHke 6 nokasaHa 9BONMKOLMS KOHLEHTpa-
unm cybetpatoB. Hanbonbluee 3anasgpiBaHue no-
Ka3blBaeT M3MeHeHne Buomacchl ctebns. AganTa-
LMt KOPHEBOW CUCTEMBI K HOBbIM YCIIOBUSIM MMEeT
TP Nepuoga HeyCToN4YMBOCTU, KOPPENMPOBaHHbIE
C U3MEHEHMEM KOHLiEHTpaummn cybetpata. HecmoT-
PS Ha OTNNYME OT HYNS UCTOYHMKA cybeTpata Kop-
HS1, €r0 aKTUBHOCTb MOJABNSAETCH OAHOBPEMEHHO C
aKTUBHOCTBIO NIUCTLEB.
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Puc. 6. 3eontoyus cy6cmpamoes.
Habnwoodaemcs konebaHue KoOHYyeHmpayuu
cy6cmpamoe ¢ yMeHbWarow,umcsi nepuodom
u amnnumyadoti

3aknioyeHue

PaccMoTpeHbl yCroBus W napameTpbl MOAENM,
ONMMCbIBAKOLLEA PEXMMbI afanTauun pacTeHun K
N3MEHSIOLLMMCS BHELLUHAM YCNOBUSAM U YYUTbIBAKO-
Liei TaKke BHYTPEHHWE OrpaHuyeHus. JBOMoLmS
cucteMbl Oblna u3yyeHa Npu BO3AENCTBUM [BYX
BHELUHMX (hakTopoB: 1) HeAOCTaTOK MUTATENbHbIX
BELLECTB WK Braru B MOYBE W 2) HU3KUA YPOBEHb
WK OTCYTCTBME CONHEYHOrO M3nydyeHus. Hepocra-
TOK cybctparta, MOCTynarLwero M3 KOpPHEBOW Cu-
CTeMbl, NPUBOAWT K nepepacnpeaeneHnio macc
NINCTBEHHOMO MOKPOBa, CTEONS M KOpHA M nocTe-
MEHHOMY NEpexoay CUCTEMbl K YCTOMYMBOMY CO-
CTOSIHWIO C MOHWXEHHBIM NOTpebneHnem cyberpata
nocne OnpedeneHHoro nepuoaa HeycTOMYMBOCTM.
Mpy PE3KOM CHUXEHWUWM YPOBHS COMHEYHOro W3ny-
YeHWs 3HauMTENbHO nopaenseTcs Guomacca nu-
CTbEB U MPOWUCXOAMUT pacnpenenexne buomacc B
nonb3y ctebns u kopHs. OgHako 1 B aTOM Cryyae,
nocne nepuoga HeyCTOAYMBOCTH, 3HAYUTENBHOMO
MO CPaBHEHWIO C NEPBbIM AKCTPeMarbHbIM hakTo-
pOM, cucTeMa CTabunuampyetcs ¢ mMaccon crebns,
NpeBbILAOWEN Maccbl apyrux cTpyktyp. O6Hapy-
KEHa BbICOKast YyBCTBUTENLHOCTb MOZENN U nepu-
O0B ajanTauun K BENMWYMHE OrpaHNyeHun, 3apda-
BaeMbIX FEHOMOM Ha MaKCUMarbHO BO3MOXHbIE

Maccbl CTPYKTYPHbIX YacTen pacTeHUN 1 BCero pac-
TeHusi, obecneunBarowmx Gonblume  nepuoabl
YCTONYMBOrO Pa3BUTHS.
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S.A. Devyatkin, D.V. Bochkarev, V.D. Bochkarev, T.F. Devyatkina

BMOOBOW COCTAB W OBUIUE COPHbIX PACTEHVIV! B MOCEBAX APOBOI'O PAICA
B YCNoBUAX IOrA HEHEPHO3EMHOW 30HbI POCCUX

WEED SPECIES COMPOSITION AND ABUNDANCE IN SPRING RAPE CROPS
IN THE SOUTHERN NON-CHERNOZEM ZONE OF RUSSIA

Knroyeenie cnoea: spogoli panc, CopHble pacmeHus,
8udosoli cocmas, YUCHEHHOCMb, 8CMPEYaeMoCmb, KNacc
nocmosiHcmea, 00MUHUPYowjUe 8udb!.

B nocnegHue rogbl nnowaam nNocesoB SPOBOM panca
Ha tore HeyepHO3eMHON 30HbI Poccun 3HaunTenbHO yBe-
nmannncs. OfHAKO COPHBIA KOMMOHEHT arpodUTOLEHO30B
AaHHON KyNbTypbl U3ydeH HegoctaTouHo. C Lenbio uayde-
HWS BMOOBOTO COCTaBa W rnokasatenei obunms COopHbIX
pacteHuit B 2017-2019 rr. 6binu npoBeaeHsl obcnenosa-
HWS NoceBOB ApOBOro panca B Pecnybnuke Mopgosus.
Mnowanb o6CNeaoBaHHBIX MOCEBOB COCTaBMMA OKOMO
1000 ra. YyeTbl npoBoaunu B hasy BETBMEHMS panca (ko-
Hey Ill pekagbl vioHs). B nocesax spoBoro panca obHapy-
eHo 40 BMOOB COpHbIX pacTeHuit u3 18 cemencts. Cte-
MeHb 3aCOPEHHOCTU XapaKTepU3yeTCs Kak O4eHb BbICOKas
(B cpegHem — 157 wt/M2). Tun 3acopeHnst — manoneTHe-
KOPHEOTNPbICKOBbIA. Hanbonbluylo NOTHOCTL NOMyNALMM
06pasoBbIBany ManoneTHWe ABYAONbHbIE COPHAKM — 58%
oT obuleit 3acopeHHoCcTU. W3 Hux 28% npuxoamnock Ha
creuynan1anpoBaHHble B NOCEBaxX panca COPHSKM M3 ce-
mencTBa KanycTtHble. [lons MHOroNneTHUX ABYOONbHbIX
cocTaBnsana nuilb 6% ot obuei 3acopeHHocTn. OpHako
Haubornee TpyOHOUCKOPEHUMbIE BUObI, BLIOHOK NONEBOI U
00aAK LIETUHUCTBIA, WMENM BbICOKYIO CTeneHb pacnpo-
CTpaHeHus. ManoneTHue 0gHOAONEHbIE BIAbI COCTABNANM
24% ot obLwen 3acopeHHOCTH, OBCIOr 0ObIKHOBEHHBIN OKa-
3ancs cambIM 4acTo BCTPevatoLMmcst COpHbIM BUOOM B
noceBax JaHHOW KynbTypbl. TakuMm obpasom, cuctema 3a-
LMTLI SIPOBOrO panca OT COPHAKOB B YCMOBWAX tora He-
YepHO3EeMHOM 30HbI JOMKHA BKMKOYaTb, KPOME arpoTexHu-
YecKuX MEeTOLOB, NPUMeHeHWe repbuLMaoB NPOTUB OAHO-
[OMbHbIX COPHSIKOB.

Keywords: spring rape, weeds, species composition,
abundance, weeds occurrence, constancy class, dominant
species.

In recent years, the areas under spring rape crops in
the southern Non-Chernozem Zone of Russia have in-
creased significantly. At the same, the weed component of
agrophytocenoses of this crop is understudied. In order to
study the weed species composition and abundance, the
spring rape crops in the Republic of Mordovia were sur-
veyed from 2017 through 2019. About 1000 ha of the crops
were examined. The weeds were counted at the phase of
rape plant branching (the end of the third ten-days of
June). Forty weed species of 18 families were found in
spring rape crops. The degree of weed infestation is char-
acterized as very high (on average, 157 weeds per m2).
The type of weed infestation - annual and suckering
weeds. The highest population density was formed by an-
nual dicotyledonous weeds - 58% of the overall weed infes-
tation. Of those, 28% accounted for the weeds of the Bras-
sicaceae family specific for rape crops. The percentage of
perennial dicotyledon weeds made 6% only. However, the
hardest eradicable species - Convolvulus arvensis and
Cirsium setosum had a high degree of distribution. Annual
monocotyledonous species accounted for 24% of the over-
all weed infestation. Avena fatua turned out to be the most
common weed species in the rape crops. Consequently,
the system of spring rape crop protection against the
weeds in the southern Non-Chernozem Zone should in-
clude, in addition to agricultural methods, the use of herbi-
cides against monocotyledonous and dicotyledonous
weeds.
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