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CYBUPPUT AT — IEACTBEHHBIN ITPUEM INOBBILIEHUWS
IOPEKTUBHOCTHU UCITOJB30BAHUSA OPOCUTEJIBHOU BOJAbI
HA ITOJIUBHBIX YYACTKAX

Lenvlo uccnedosanus A61A10Ch MOOEIUPOBAHUE CYOUPPpULAYUU — OOHO20 U3 NPUEMO8
VBILAJNCHEHUsL NOUBbl, WUPOKO NPUMEHAeMbIX hepmepamu Y30ekucmana Ha ¢one OIU3KO20
PACNONOMNCEHUSL 2DYHMOBLIX 800 NPU OPOULEHUU CElbCKOXO3AUCMBEHHbIX KYyIbmyp. B xo0e mo-
0eUpPOBaAHUs U peuleHUs: OOPAMHBIX PU3UYECKUX 3a0ay agmopamu ObLIU onpeoesenbl KO-
Quyuenmul ypasHeruil, NO3601a10WUE NPOSHOZUPOBATMNb OUHAMUKY GIANCHOCU NOYE0DVH-
mMoe Ha (hoHe npumeHerUs Cyouppucayuu.

Kniouesvie cnosa: cybuppucayus, mooenuposanue, 81a20nepeHoc, cucmema «novea —
pacmenue — 600a», KOPHe8ds cCucmemd.

Ha ceronnsamnuii 1eHb BO3HUKIIA HEOOXOAMMOCTh C II€JIbI0O MEIHOPALUU UCIOJIb30-
BaTh MaTeMaTHYECKUE MOJEIM JUIsl [10YB, Haubosee paclpoCTpaHEHHBIX B peruoHe. Takue
MOJIENI BayKHBI KaK OCHOBA JUIsl ONITUMU3ALMK MCIIOIb30BaHUS 3€MEJIbHBIX PECYPCOB HA OpO-
[IaeMbIX TEPPUTOPUAX IMYTEM H3MEHEHUS CTPYKTYpPhl 3€MJICNOJIb30BAHMS, CHEIHaTIN3aluN
3emuiesienus U T. 1. B 9TUX nccnenoBaHuax HEOOXO0IMMO HCTOIb30BaTh TOCTHKEHUS (yH1a-
MEHTaJIbHBIX HayK, MareMatudeckoro ammapaTta u [I9BM [1, 2]. [IpoBenenHbie 10 HACTOS-
LIEr0 BPEMEHH HCCIIEA0BAHUS J10Ka3aJld HECOCTOSTENIbHOCTh TPAKTOBOK YIIPABICHUS IIPOIYK-
TUBHOCTBIO arpo3KOCHUCTEM, MPU KOTOPHIX BO BHHMAaHHE MPUHUMAIUCh U3MEHEHHS TOJIBKO
HECKOJIbKUX M30JIMPOBAHHBIX MOKa3aTesel 160 00 MH(OPMATUBHOCTH UHTETPAJIbHBIX MTOKa-
3aresieil CyAuiu MO AAHHBIM KOPPENIALMOHHOTO U PErpecCUOHHOIO aHaJIM30B, YTO HE BCEr/a
OTpaXkaeT pealibHbIe MMPOLIECCHI, IPOUCXOISAIINE B CUCTEME «II0YBA — pacTeHue» |3, 4].

B HavanbHBINM IEpHO pa3BUTHS PACTEHUH IIPU CTALIMOHAPHOM pEXHUME, KOrJa TpaHC-
nupanueil E; MOXKHO IpeHeOpeub, Ul ABYXCIOWHOW Cpeibl, COCTOSIIEH M3 MaXOTHOIO U

MOJIAaXOTHOTO CJIOEB, OyJET MCMOJIb30BaHa CIICAYIOIIas MaTeMaTH4YecKass MOJCIb (B MOIENH
BBEJCHBI 0003HaYeHUS | ¥ 2 COOTBETCTBEHHO JIJIsl TAXOTHOTO U MOAMAaXOTHOTO CIIOERB):

di[D](VV,f;W‘}—dK‘d(VV‘):o, (0<z<z)

Z z Z ’ (1)
i dw, _dKz(Wz): s <z

dZ[Dz(W» dz} 272 0, (<22 1)
W(0)=Wpyp =const, (2)
Wl(Zl):Wz(Zl)a (3)
G E A R U UAE I R @
Wz (L):WHB > (5)

rne D,(W,), D,(W,) — xo3dpdunuents! 1udy3uBHOCTH COOTBETCTBEHHO ITAXOTHOTO U MOJI-

MaXOTHOTO CJIOSl; BBUJly TOTO YTO pacCMaTpUBAETCS CTAllMOHAPHBIN PEXUM, B KaUeCTBE JaH-
HBIX KO (GUIIUEHTOB UCIIOJIb30BAIUCH UX CPETHUE 3HAUCHMUS:

D,(W,)=D,=const, D,(W,)=D, =const;
W,, W, —o0beMHast BIa)KHOCTh COOTBETCTBEHHO MTAXOTHOTO ¥ MOJIIAXOTHOTO CIIOS;
K,, K, — ko3 uuneHTs! BIaronpoBoJHOCTH COOTBETCTBEHHO I1aXOTHOIO M IOJIAXOT-
HOr'0 CJIOS; IPUHATHI B BUJC!
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K,(W)= AleAzz , K,(W,) = BleBzz;
Z — BepTHUKaJIbHAs KOOpJUHATAa, HAallPaBJICHHAsl BHU3 OT MIOBEPXHOCTH 3EMJIN;
Z] — Irpadvia MEXKYy MaXOTHBIM M ITOAITAXOTHBIM CJIOSMU, M,
L —riyOuHa TpyHTOBBIX BOJ, M;
Wip — HEKOTOpas MPOMEKYTOYHAs BIATOEMKOCTh MEKIY BIaKHOCTBIO 3aBsiianua W, u

IIPENENbHON BIATOEMKOCTBIO Wipp :
W3 <Wrp <Wrng s
Wy g — IOJIHAs BIaroeMKOCTb.
Kpaesyro 3anauy (1)—(5) nepenuiiem cieayronmm 00pa3om:

2
d VE/, —Ae™ =0
Z
: (0)
2
ddpzvz _B]eBzz — 0
Z
W(O0)=Wyp, (7)
W(Z,)=W,(Z)),, (8)
D][dWl A] _ Dz[sz B] , ©)
dz - dz .
Wy (L)=Wyy (10)

rne A, A4,,B,,B,,D,,D, — HEKOTOpble KOHCTaHTHI, OIpPEJEIsIEMbIe IIyTEM COINOCTaBJICHHS
AHAIMTUYECKOTO PEIIECHHs C TaHHBIMU JKCIIEPHMEHTA;

A3 = A]AZ : A4 :i; B3 = B]Bz : B4 :ﬂ_
D] D] D2 D2
WuTerpupys nepBoe ypaBHEHUE CUCTEMBI (6), TOCIEA0BATEIBHO OyIeM HAXOAUTh:
A A
%:—36A22+C],HHH W, :—;eAZZ+C]z+C2. (11)
dz A, A;
AHaJIOTMYHO MOCJ€ UHTErPUPOBAHUS BTOPOTO YpaBHEHUS ATOM K€ CUCTEMBI MOJTYUUM:
B
%:—36322+C3,HJ1H w,= B, e +C,z+C,. (12)
dz B, B,D,
Ucnonw3ys ycnosue (7), Haiinem u3 (11):
A
Cy=Wyp——. 13
2 =" 4D, (13)
Ha ocnoBanuu 3aBucuMocTH (9) HaX0 UM COOTHOIICHUE:
D
Cy=—1C,. 14
=D, ¢ (14)
N3 cootnomenus (10) momyqaem:
B
= L e +C,L+C,. (15)
272
3asucuMocts C, oT C, HaxoauTcs u3 BelpaxkeHus (15) ¢ yuerom cootHomenus (14):
B D/LE,
Zsent 500 oW,
BZ D2

CootHomienue (8) ¢ yuerom Beipaxenuit (13)—(15) noszsomnster onpenenuts C, u3 pa-
BEHCTBA:
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A
(™ 1)+ C,Z, + Wy, =Wy, __B (e™* —eBZZ‘)+&LC, ,
AZD] B2D2 D2
OTKYJIa HaXOInuM:
1 A B A
C] :_(WHB W + : _—](eBZL _eBZZI)_ LA J >
G A,D, B,D, A,D,

D
rae G :D—;(L—Z])-FZ] .
[Moncrasnasa 3Hadenus npoussoisHbix C,, C,, C; n C, B Belpaxkenus (11) n (12),

MOJIyYUM pacmpeielieHue 00beMHOM BIIAXKHOCTH KaK (PYHKITUH Z :

W](Z)ZL(GAZZ—IHE{WHB—Wm,+ 4, _i(eBZL_eBZZI)_
A,D, G A,D, B,D, 16
Al A7
— L edZ o (0<z<2,),
Ale :| I1P ( 1)
B D,(L-z) A
W, (2) =W ——L (Bl —eB?) 0" Ny gy L
2() I1B Ble( ) DZG I1B I1P Ale (17)

—i(eBzL —eBh )——ie”lzz‘ +Wip } (zy<z<ZL).
B,D, 4,D,
N3MmeHeHne BIaXHOCTU MPU PA3IMYHBIX HAYAIBHBIX MOBEPXHOCTHBIX MOKA3aTENSAX
BjIaru 0e3 yuyeTa pa3BUTHsS KOPHEBOM cucTeMbl pacteHus ais yciaoBuil ABII «Suruo6om»
Mup3aabazackoro pariona CeIpIapbUHCKOM 00J1aCTH MTPUBOAUTCS HA PUCYHKE 1.

Wy

A)

40 HH e |

hjE==czcaaNN o

”//’ ’—:

L1 LT
20 L L1 ///

M
1044
0 Z
0 0;5 1.0 1.5 2,0 2.5

—Wp=10 —Wip=15 —Wiy=20 —Wjyy=25 —Wpy=30 —Wpp=31,5

PI/IcyHOK 1- Pacnpene.nelme BJIAKHOCTH 0€3 yueTra pasBuTus
KOpHeBOﬁ CUCTEMBI pacTCHUA

Pucynok 1 nokaspiBaeT M3MEHEHUE BIAKHOCTH MOYBOTPYHTOB B HAYaJIbHBINA MEPHO]
pa3BUTHsI pacTeHHH (xyonm4yaTHUKa). MecTo u3ruba Ha rpauke yka3blBaeT I'PaHULY MEXKIY
MaXOTHBIM M MOJANAXOTHBIMU cliosiMu (42 cM). HaunHas ¢ nepuoja, Korja KopHeBasi cUCTEMa

OyZeT HaxOAUThCSA B MaXOTHOM CJIO€ M TpaHCHMpauuend E; NpeHeOperatb Helb3s, BMECTO
KpaeBoii 3agauu (1)—(5) paccmarpuBaercs ciaeayromast:

i 2
iDl(Wl)dW] SR, S B S ~|=0, (0<z<8+u.)
dz| dz | dz  7G+u)|  20+u.) 2(+u.)
A ey <2< . (18)
dz| dz d
d| aw,| dK
—| D,(W,)—= |-—2=0, (z,<z<L
dz| :(72) dz} dz (z=z<D)
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W(0) =W, =const, (19)
W5 +u) =W, @ +u.), (20)
l:K](VV])_D](VV])_]jl Z[KI(WI )=D, (W, )—‘} : 21

dZ Z=8+ux dZ Z=8+ux
VV]*(Z]) =W,(z), (22)
l:K] Ww)—-D, (W )_]} :[Kz(Wz)_Dz(Wz)_z} > (23)

dz z=7, dz z=7

W,(L) =W =const. (24)

JIOTIOTHUTEBHO K TPEIBIIYIINM 0003HAUCHUSM BBEICM CIICTYIOIINE:
K, () = 4e*”, D] (W)= D} = const, (25)

0 — riryOuHa KOPHEBOW CUCTEMBI;
0 +u, — riyObuHa nmojcoca Bjiard KOpHIMHU PacTEHUH.
31ech BBINOJIHEHO YCIOBHE:

S+t
ﬂj l-—— = _|dz=E,.
7O +u.) v 200 +u.) 2(0+u.)
C yuerom BbeIpaxkeHus (25) kpaeByro 3amauy (18)—(24) mepernuieMm ClenyrONIUM

obpazom:

2 2
AW Ad oz gy 2 Z 0, (0<z<d+u)
dz D, 20+ u.) 2(0+u.)
2 *
d VZ] — A, A =0, (8+u. <z<z) : (26)
dz
2
d—sz—%egzz =0, (z,<z<L)
dz D,
W, (z)|Z:O =W, =const, 27)
WS +u) =W, S +u), (28)
D (%_A_le/‘ﬂ] - D*(dWl* _A_I*GAZZ] (29)
1 1 * s
dZ D] Z=8+ux dZ D] Z=8+ux
VV]*(Z]) =W,(z), (30)
D]*(dVV] _A_]*GAZZ] :Dz(sz _B_]eBzZ] ’ (31)
dz D, 77, dz D, 77,
W,(L) =W, = const, (32)
12E A A, A
F)IGASZ—T; . 172 . = L
7D, (6 +u.) D, D,

JIBaXk/1bl MHTETPUPYS KaXKJ0€ U3 YPaBHEHUH crucTeMbl (26), Morydum

v, A A2 2 |
dz D, D, 48 +u.)  6(8+u)? >
A 2 3 4
W) ==L eAzZ—% %—12 - = _|+Cz+C,. (33)
,D, , S+u.) 24(8+u.)

WuTerpupys BTopoe ypaBHEHHE CUCTEMBI (26), MOTY4IUM:
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£ A* A* .
an, —Le™ =C,,um W, (z) = —~e™ +C,z+C,, (34)
dz D, A,D,
dw, B
2 = LM 4y, um W, (2) = 5, e’ +Cyz+C,,.
dz D, B, D,
W3 Beipakenus (33) ¢ yuetom cooTHoieHus (27) OyaemM UMeTh:
A
Co=Wyp — A D (35)
Hcxons u3 Beipaxkenus (28), 0603naunB U = J + ., onpeensiem:
Cy =W+ e MU oy A A i oy (36)
A,D, 8D, " A4,D,  AD’ ’

Ha ocHoBanuu Beipaxenus (29) nomydum:

A 34,U A . A A
D, (—]eAZU +—=—+C; ——‘eAzUJ =D, (C7 + et L eAzUJ, W
D, 4D, ] D, )

, ZRL(CS + 7ASUJ.

D, 12D,
Ucnonw3ys ycnosust (30) u (36), momydnm:
* 2
A in +D‘f‘ C,+ 74U W+ 4 kU 34U FCU - 4,
A,D, D, 12D A,D, 8D, A,D,
A DU TAU B
e 2 G+ L_e™% 1 Cyz, +C,y.
A,D, D, 12D, B D,
Beinensiem C, u nomydaem:
A D 74U
C ehh _ U LIC. + z,—U)+W, +
0 AD[ D, 5121)(‘ )* Wi
A 2
+A—‘[eAzU —1]—3 U +C5U—ie3221 +C,z,.
A, D, 8D, B,D,

Ycnosue (31) ¢ yaerom cootHomenui (34), (35) nepenumiercs B BUAC:
. A i A B B
D/| C,+ e - “Let” |=D,| e +C, - —Le™ |, wm
D D D D

1 1 2 2
¢, =2l + Y (37)
D, 12D,

CooTtnomenue (37) nossonser Boipasuts C), uepes Cj:

C, = 14‘ e —eAZU]+ DL C,+ 74U (z,-U)+ Wy A [eAZU —1]—
A,D, D, 12D, A, D,
(38)
2 2
34U FCU- B, B _ Dz C, +7A5U .
8D, B,D, D, 12D,
Peanmusys nocnennee ycnosue (32), onpenensiem C, :
B D A
Cpp =Wy ———e" ——LL c5+7 U (39)
B,D, D, 12D,
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Bocnosb3oBasmnck 3aBucuMocTsiMu (38) u (39) u coBepiinB HEKOTOpbIE apUpMETH-
4yeckue rmpeodpaszosanus, onpezemnseM C,:
D/D
CS = *] 2 5 WITB - WITP [GBZ - eBZZI ]_
D.D,(z,-U)+D,D,U +D,D,(L-z) BD
_1*4_1** o7 _eA;U]_i[eAZU s 34U° 3 TAU? | z, —*U _L-z .
A, D, A, D, 8D, 12D, D D

Brenewm crnenyronme 0603HaYCHUS:
P=D,D,(z,-U)+D;D,U+D;D,(L-z),

1 2

A [ r . A
D, =Wy, —Wyp ——[eBzL —e™h ]——*‘ o —eAzU]——‘ e®V —1]+
BZDZ AZD] AZD]
34U TAU?| z,-U L-z,
+ - —— .
8D, 12D, D, D,
Beuny BelnenpuseneHHbIX 3apucumocteit onpenenum C,, C,, Co n Cy;:
C5 — D]*DZq)] ,
P
D, D,®, 7A U
C7 = * 9
P 12D]
c, -2 D®, 74U ’
P 12D,
B, . D, 7A U
Cyp =Wy ———e™ —L| D, D —-
B,D, P 12D
W3 coorHomenus (36) onpenenum Cg :
A AU A D, 74;
Cy =Wy +——Je™V 1] 34U etV U 74U
A,D, 8D, Ale P 12D1

[Toncrasiss BCe HalJCHHBIE MPOU3BOJIbHBIE NocTosHHbie C, =(j =35, 10), Hainem

pacnpezeneHue 00beMHOM BIaXKHOCTH KaK (PYHKIIUU TTTyOUHBI:

A 12E.z° 2
Wy (2)=Wypp +———[e 7 1]+ 1= - }

2 2
) 4,D, 7D} (8+u.)| 2 12U 24U (40)
+D{D,—Lz, 0<z<8+u,
P
W (z)— [eA2 A;(6+u*)]+Z[DlD D, 7A (5"'“*) 4 (eA2(8+u*)_1)+
Ale P 12D A D, @D
O, TAs(0+ux)
+W, O+ux )"+ D —D\)D), ———""—— [(0+ux), 0+u.<z<z,
mnp — 8D, ( ) ( 1) P 12D }( ) z>z;
B B L B * (D 714 (8+1/l*)
Wy(z)=Wpg — L_(e™ 2N+ (L- )[DD ,z1<z<L. (42)
B,D, P 12D,

Ha pucyHke 2 npuBOJIUTCS pacupelesieHre BIaKHOCTH 0 TIIyOMHE MOYBOIPYHTOB,
MIpUBEACHHbIE U3TMObI Ha IpadrKe YKa3bIBalOT I'PAaHULIbI MEX/1y 30HOM BCaChIBAHUSA U MO/Ia-
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XOTHBIM cJI0eM. Bia)XHOCTh TTOUBHI 1ajiaeT B KOpHEBOM cioe (0—15 cm), mogHumMaeTcst B TOI-
naxoTHoM (15—40 cm) u nocturaer makcumyma y I'B (2,5 m).

Wop

40

0

0.5

1.0 1.5

2,0

2.5

— Wag=10 — Wigg=15 — Wigy=20 — Wy=25 —Tiy=31,5—Psix 6 _

Pucynok 2 — PacnipenesieHne BJIa:KHOCTH € Y4€TOM Pa3BUTHS KOPHEBOI CHCTeMbl
pacrenust (ABII «SIurno6oa» Mup3aadaackoro paiiona ColpaapbUHCKOI 00/1aCTH)

CpaBHEHHE TEOPETUUYECKUX PE3YJIbTATOB C ONBITHBIMU JAHHBIMH aBTOPOB IMO3BOJIUIIO
YTOYHHTH MapaMeTpsl ypaBHenuit (16), (17) u (40)~(42) (tadauma 1).

Tadoumua 1 — KoddppuumeHnTsl 1J151 onpeaeeHusi napaMeTpPoB BJIaronepeHoca
U3 NPEeCHOM MOXYIIKN I'PYHTOBBIX BOJ B AKTUBHYIO 30HY IIOYBOIPYHTA

Paiton |Kyituump-| 3aamun- | Mup3zaa- | Karrakyp- | Human- | Kymkyp- | KyBun- | Capgo-
YUKCKUH CKUH OaJCKUI | TaHCKUM CKUH TaHCKHMN CKUH OMHCKHI1
ABII Caiipam | T'omu6 |Surmo6on| Mapmar | YuOynok | H. Mup- | AkGapo- | I. ['yinom
CYBH CYBH cyB — XXPK 3aeB 6on
I'panyno-| cymnecs TSKENBIA CYTJIMHOK CPEIHUM CYTJIMHOK | JIETKUN CYyTJIMHOK
METpHUYC-
CKHH CO-
CTaB
A4, 19,39-107(3,29-10% ] 2,1810 | 2,02:-10™" [5,44-10*]2,31-10*|3,64:10° | 3,32:10"°
A% 783107 | 4,51-10 * [ 7,34-10° | 2,21-10" | 1,08-107"[9,28:10” | 4,28-10 | 3,68:10"°
E | 1,94 2,01 1,73 1,56 2,23 2,40 2,31 2,20
S 54 1,94 1,49 1,57 1,84 2,73 2,65 2,44 2,10
£ 2 B [2.70107 14,6010 3,440 1.66-10" |2,27-107]1,52:10}5,17-10°[3,71-10~
S & B | 1562 2,310 2,517 2,440 2,430 2,650 1,828 2,088
S "1 Dy | 0,0050 | 0,0037 | 0,0044 0,0052 |6,85-10°|5,50-10° | 3,98-10° | 0,003
Dy*| 0,0011 | 0,00086 | 0,00093 | 0,0012 |1,05-10°[9,50-10 *|4,81-10 %] 0,0005
D,| 0,022 0,010 0,017 0,023 12,4-10° [ 19,1-10° | 6,84-10° | 0,008

BeiBoa. Pacnipenenenue BIaXXHOCTH € Y4€TOM Pa3BUTHs KOPHEBOM CHCTEMBI PaCTEHUM
MO3BOJISIET ONPEAEIUTh MTYOUHY MPOBEIACHUS MOCIOWHO-IIO3TAIHOTO PHIXJIEHUS, a TaKKe Mapa-
METPBI BJIATONIEPEHOCA U3 IPECHOM MOAYILIKHA I'PYHTOBBIX BOJ| B aKTUBHYIO 30HY IIOUYBOTPYHTA.
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