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MexaHU3M NpoABMKEHUSA BOAbl B KanWanisipax KCUieMbl pacTeHnin”
WU. A. Kunuuc, 0. M. BepHuropos

PaccMoTpeH MexaHu3M noAbEMa BoAbl B KCUIEME, KOTOPbIV MO3BOJISIET ONMCaTh PACPEAETIEHNE BOAbI B PACTEHUSIX
C Y4ETOM UX aHaTOMUHECKOrO CTPOEHMS], aPXUTEKTYPHOU OpMbI M BO3AEUCTBYIOLUMX BHELIHUX (aKkTopoB. Bblasu-
HYTO MPEAINOIONEHNE, YTO OCHOBHbIM MEXAHU3MOM [POABWKEHNS BOAbLI B PACTEHUSIX SBJSETCS KarnwiisgpHbiv
rnogwém. OCHOBHas ABWKYLLAS CWIa, MOAHUMAIOLLEs BOAY [0 BEPLLUNHBI PACTEHUS, — MOBEPXHOCTHOE HATSIKEHNE B
MeHNCKax KarnusispoB. YCTaHOB/IEHO, YTO yC/I0BUEM NOAbEMA BOAbl B PACTEHNSIX SIB/ISIETCS, BO-NEPBLIX, HaMYMUE
FOPU30HTA/IBHOIO IEPEMELYERNS] BOAbI. BO-BTOpbIX, CyMMapHas M/aolalb MONEPEYHOr0 CEYEHNSI Karus/ispoB
JO/DKHa YBE/IMYNBATLCH OT KOMJISI K BEPLUMHE. [TOKa3aHo, YTO BbICOTY PacTEHMI ONpenesiSeT KO/IMYECTBO BOKOBbIX
BETBEY, @ TakKe Ha/mune rnonepeyHbIX niacTMHOK CO CKBO3HbIMU OTBEDCTUSIMU B COCYAax Kcuremel. puBeaeHo
OObSICHEHNE MEXaHW3Ma aBTOKO/IEOATE/IbHOrO PEXUMA TPaHCIvpaummu PacTeHmit Ha MasibiX BPEMEHHBIX MHTEPBA-
sax.

KnroueBble cioBa: Karnwiisipel, KCuiema, MOAES b, TPAHCIMPaLUms], PaCTEHHE.

BBepeHue. Boaa sBNSeTcs 0AHOM M3 OCHOBHbIX CYy6CTaHLMM, 06ecneumBatolmx XXU3HEAEsTENbHOCTb
pacTeHnin. OHa yyacTByeT B C/IOXHbIX MpoLleccax (hopMUMPOBaHUS BHYTPEHHEN CTPYKTYPbl M BHELUHEro
BUZa pacTeHus. B 3aMkHyTOM Lenu obopoTa BoAbl «NoYBa — pacTeHne — aTMmocdepa — no4vsa» AocTa-
TOYHO XOPOLLO M3y4eHbl hn3nyeckMe CBOMCTBa NOYB U ABWMXKEHME B HWUX BoAbl [1, 2], a Takke BAnsHME
pU3NYECKMX N XMMUYECKMX SIBNIEHUIA Ha POCT U pa3BuUTUE pacTeHui [3-5].

Bonpoc o dakTopax, obecneumBatomx NOLbEM BOAbI U €€ NPOABMKEHNE B KOPHEBOM CUCTEME,
CTBONaxX, cTebnsax n nucTbsix, nydaercs 6onee 250 net [6]. OaHaKO A0 HACTOSALEro BPEMEHU HE Cylue-
CTBYET SICHOro MOHMMAHUS 3TOro npovecca.

Ecnm npu o6bsicHeHUn noabEMa BOAbI B PACTEHUSX UCKMIOUUTL U3 PACCMOTPEHMUS NMOHATUS «CO-
cywen cunbl» [6] nnn «npucacbiBatoLwei cusbl TpaHcnvpauum» [7] u BCE, C 3TUMKM TEpMUHAMK CBS3aH-
HOe, TO MOXHO BblAENTb rMNOTE3bl, KOTOPbIMK 3@ HEMMEHMEM APYIrMX OOBACHSIOT B HacTosiLLee Bpems
HaMune BOCXOASALLEr0 TPaHCNMPaLMOHHOIO ToKa BOAbI B KCMJIEME pPacTEHU.

Mo oAHOM M3 rMMoTe3 NMPUYMHON BO3HUKHOBEHWUSI BOCXOASLLEro TPaHCMMPaLMOHHOMO TOKa BOAbI
CYMTAETCS Hanuuue rpagmMeHTa BOAHOrO MoTeHuMana Mexay KOPHSMU U JIMCTbSMW pacTeHusl, co3aa-
BAEMOr0 HWKHWUM W BEPXHUM KOHLEBbIMW ABUraTensMu [4]. HWKHWMIA KOHLEBON ABUraTeNb — KOPHEBOE
[aBneHve, noa AeNCTBMEM KOTOPOro BoAa MOCTYMAET M3 KOPHSI B Kanwuinsipbl Kcunembl. Hanuune kop-
HEeBOro AaBneHns NOATBEPXAAIOT:

— BO3HWKHOBEHME MAcoKu (BblAeneHne coka npu nepepeske crebns pacteHus Ha HebonbLLOoM
PacCTOSIHUM OT MOYBbI);

— ryTTaumsi, HabnoaaemMas Ha HEMOBPEXAEHHOM pacTeHUN.

BepxHuit koHLEBOWM ABuratenb — TpaHcnupaumst. C Hell cBsizaHO npogsukeHue Boabl OT bonee
HaCbILLEHHbIX €0 KNETOK U COCYA0B K NMOBEPXHOCTM NMCTa. TpaHCnMpaums NpMBoAUT K 06€3BOXMBAHUIO
KNeTok nmcta. CYMTaeTcs, YTO Npy OTCYTCTBUM JIMCTLEB B CYXOW CE30H WM MPU BbICOKOM BNAXHOCTU aT-
MOC(hEpPHOro BO3ayxa, Koraa TpaHCnMpaunst MUHUManbHa, paboTaeT TOMbKO HUXKHWIA KOHLEBOW ABWra-
Tenb. BennMunMHa KOpPHEBOro AaBneHWs HeBenuka. Ha Heé BAMAIT Kak BHELWHWE, Tak U BHYTPEHHWE
aKTopbl, HO NPY ONTUMarbHbIX YCNoBMUSX oHa paBHa 0,1-0,15 MMa [4] n MOXeT yMeHbLUaTbCs NpU He-
[oCTaTKe Brarv B No4se.

OCMOTMYECKMI MOTEHUMAN KOPHEBOW CUCTEMbI Y PacTEHUA CpeaHel nosockl konebnercs B UH-
TepBane 0,5-3 MMa [8]. ConocTaBneHne 3ToM BENNYMUHBI C MPUBEAEHHON BbIlE BEMMUYMHON KOPHEBOTO

*
PaboTa BbiNnonHeHa B pamMkax MHuumatTueHon HUP.
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[JaBEHNS1 YKa3blBaeT Ha HanMuuMe 3HauuMTeNbHbIX MOTEpPb AABMEHUS BOAbl Mpu €€ nepeMeLleHun 13
MouYBbl Yepe3 K/ETKMU KOpbl, anoniacT U CUMMIACT, SHAOAEPMY M NEPELMKN K LEHTPanNbHOMY LUMANHAPY
KOPHS! U K COCyAiaM KCUMEMbI.

OnbITHbIe haKTbl rOBOPSIT O cneaylolweM. Ha cpe3aHHOM BECHOM M MOMELEHHOM B BOAy, He
MMeloLEeM LBETKOB M NNCTbeB nobere (TpaHcnvpauus B 3TOM Cllydae MUHMMasbHa) Yepe3 HeKoTopoe
BpeMSsI NOABASIOTCA MOYKM U PacnycKaloTCsl NMNCTbA M UBETbl. Cpe3aHHble U MOMELLEHHbIE B BOAY LBETbI
U Apyrue pacTeHust A0CTaTOUYHO [ONTO COXPaHSOT (OpMy M BHELLHWI BWUA, @ HEKOTOPbIE PAcTEHUS Cy-
LLeCTBYIOT BMOTb A0 pa3BUTUSI HOBOM KOPHEBON cucTeMbl. KOpHEBOE AaBfieHMe BO BCEX ClyYasX OTCYT-
CTBYET. ITO 3HAYUT, UYTO B pacTeHWe NPOAOHKAET MOCTyNaTb BoAa MO CYLUECTBYHOLLEN KamMANspHON
ceTu. MonbITKa 3aKynopuTb CPe3 BETKW XXENAaTMHOM U ONYCTUTb BETKY B COCyA C BOAOW NMpUBEAET K TO-
MY, UTO INCTbS BbICTPO 3aBsHYT [9], NockonbKy BoAa He ByaeT NocTynaTb B KCUIEMY M3 cocyda. TpaHc-
nupaums C NOBEPXHOCTM NIUCTLEB BYAET eLé NpoAo/MHKATLCS, HO KOJIMYECTBO BOAbl B COCYANCTON CUCTE-
Me NIMCTOBbIX NJAaCTUH ByaeT yMeHbLIATbCS, U IMCTbSt HAYHYT NOACkIXaTb. ECnn BoBpeMst npepBaTb Npo-
LleCC HauyMHaloLWerocs MoAcbIxaHWs, Cpe3aB XXeNaTUHOBYHO 3arfyLwKy, TO NOAbEM BOAbl B NINCTbS BOC-
CTaHOBMUTCS! NOA AEWCTBMEM CM MOBEPXHOCTHOIO HAaTSXKEHWUS BOAbI B MEHWUCKE KanuW/IsIpoB.

[pyrasi runotesa o NpuyYnHax NoAabEMa BOAbl NpearnonaraeT CyLeCcTBOBaHNE B KCMeMe Hernpe-
PbIBHBIX BOASHbLIX HATEN. Bnepsble aTa naes boina cchopmynmnposaHa E.-®. Botuenom B 1897 roay [6], a
nosaHee — [AukcoHoMm u Dxomm [10]. CornacHo 3TolM Teopuu, BoAa B COCyAax Kcunembl obpasyeT He-
npepbiBHbIE BOASIHbIE HUTW, NPOXOAALUME OT KOPHEW A0 CaMbIX BEPXHUX NUCTbEB. CUMbl CLIENIEHUS Me-
X[y MoJekynamu Bodbl He AOMYCKAOT paspblBa BOASHLIX HATEN. A cuna, TSHyLWas BoAy BBepX, nepena-
€1ca BHM3 no crebnio Gnarogaps cune cuensieHust Mexay Monekynamu Bogbl. o pa3sHbiM OLeHKaM
MPOYHOCTb Ha pa3pbiB BOASHOW HUTWU MOXET AocTuraTb oT 20 MMa [10] go 30 Mla [11]. OaHako, ecnu
[ONyCTUTb, YTO 3TO B CaMOM [efie UMeeT MeCTo, HeobxoamMmo obpaTnTb BHMMaHWe Ha cnegytolee. Jlio-
6asi MexaHU4Yeckas cuna XapakTepusyeTcs TPeMsi MapaMeTpaMu: TOUKOW MPUMIOXKEHWUS, BEMYMHON U
HanpaBfeHneM AeNcTBuS. B BoCxoAsilieM TpaHCMMPALMOHHOM TOKE BOAbl B Kanuansipax KCUNeMbl Aen-
CTBYIOLLAS CMa NOBEPXHOCTHOIO HaTSXXEHMS HanpaB/ieHa BEPTUKaNbHO BBEPX, @ TOUKaMM NPUOXKEHNS
CUNbl BCEACTBUE HEMPEPLIBHOCTM BOASHLIX HATEN SBMSIIOTCA BOASIHON MEHUCK B Kanuanspe U Ta 4actb
KOpPHEBOW CUCTEMBI, OTKYAa BOAa NOCTyrnaeT B kcuneMy. CnefoBaTenibHO, Npu 60nbluoM aeduumute Bna-
M B NOYBE W BbICOKON TeEMMepaType Bo3dyxa BOASAHAs HUTb MEXAY TOYKAMM MPUNOXEHUS CUN AO/MKHA
CTaTb 3HAYMTENbHO TOHbLUE M UCMbITbIBaTh HaTskeHne oT 20 go 30 MMMa. CornacHo [12], cpeaHsia anu-
Ha Tpaxewua, HanpuMep, CoCcHbl — 2,8 MM, a enn — 2,8-5 MM (npu anametpe ot 20 go 40 mkm). Konu-
YecTBO OKalMNEHHbLIX MOP Ha paAvanbHbIX CTEHKAX KaXkaon paHHeW Tpaxemabl — oT 70 o 90 wTyk.
MpocToi pacyéT NoKasbiBAET, YTO B CPEAHEM Ha OAHOM MOFOHHOM METPE LIEMOYKUN Tpaxens KCUIIeMHOM
HWTW CTBOJSIA XBOWMHOro Aepesa uMeeTcst oT 200 ao 400 Tpaxena v ot 8000 ao 15000 okalMNEHHbLIX NOp
(c TopycoM). AnaMeTp okalMNEHHbIX MOp Yy pa3HbIX nopoA konebnercs oT 8 Ao 31 MKM, a AMaMeTp OT-
BEpCTMSl B nopax — oT 4 A0 8 MKM. TOpyC, HaxoAsLWMNCS BHYTPU MOSIOCTU OKaMIEHHOM MOpbI, pacno-
JIOXXEH CUMMETPUYHO OTHOCUTENIBHO OTBEPCTMI M KPEMUTCS K CaMOM Mope C MOMOLLbIO 3aMblKatoLLen
nnéxku nopsl [13]. Mogowesawas K okaiMIEHHON NMope BoAa M3MEHSIET HanpaBeHVe ABUXXEHUS C Bep-
TUKaNbHOIO Ha rOpU30HTaNIbHOE U, 06Tekas TOPYC, NEPEXOANT B COCEAHIO Tpaxeuay. Mpu 3ToM BOCXO-
[SILUMI TOK BOAbl OKa3blBaeT OAHOCTOPOHHEE AaBfieHMe Ha Topyc. TakuMm o6pa3oM, rmnoTeTudeckas Bo-
[siHas HUTb He SIBNISIETCS CTPOro BEPTUKaNbHOW M OAHOPOAHOM MO CTpykType. Cvna NOBEPXHOCTHOrO
HaTsHKeHUs BOAbl B MEHMCKE Kanunaspa He MOXET OblTb MEHbLUE CUMbl HAaTHKEHUS HUTU, TaK KakK B
NPOTUBHOM C/lyYae 3TO NPUBEAET K OMYCKAHMIO MEHMCKA BHU3 W NPeKpaLleHnto nogbéma Boabl M TpaHC-
nupaumun. MNpyu HanMuMM TpaHCMpauumM cuna MOBEPXHOCTHOrO HaTSHKEHUS AO/MKHA ObiTb He MeHblue
CUbl HATSXKEHWUS BOASIHOW HWUTWU. 3Ta Xe cuna Ao/mkHa AeNCTBOBaTh Ha BCE TKaHW, B TOM YMC/Ie Ha MO-
nopble TKaHM 3abonoHK, Topyca, 3aMblKatoLmMX MIEHOK NOp, Yepe3 KOTOpble MPOXOAUT BOASHAs HUTb, a
TaKke Ha bonee MsArkne TkaHW NCTbEB. W 3TW TKaHM JO/MKHbI UMETb COOTBETCTBYIOLLYIO MEXAHUYECKYHO
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NMPOYHOCTb. [1pM BbICOKOM OAHOCTOPOHHEM [aBfieHUM BOAbl TOPYC MOXET 3aKynopuUTb BbIXOAHOE OTBEep-
CTve nopbl. Ho B nMTepaTypHbIX UCTOYHMKAX HET HU CBeAEHWM, OBOCHOBBLIBAOLWMX TEOPUIO BOASHbIX
HUTEN, HU CBEAEHWUN O MEXaHMYECKOW MPOYHOCTM TKaHEN U KJIETOYHbIX CTPYKTYP, Yepe3 KoTopble npo-
XOOUT BOAAHAsA HUTb.

B [10] npuBoaaTca dakTbl, Takke CTaBalwme Nos COMHEHWe CnpaBeAMBOCTb TEOPUN BOASHbIX
HWTeN. Tak, B OAHOM M3 OMbITOB Ha CTBOJSIAX AEPEBLEB C ABYX MPOTMBOMOMMKHBLIX CTOPOH W Ha pa3nny-
HOW BbICOTE AeNanu HerosiHble nonepeyHble paspesbl. Oba pa3pesa NpoXoanan Yepes LeHTP CTBOMA U
nepekpbiBanun apyr apyra. CornacHo Teopun BOASHbLIX HATEN, 3TO AOMKHO OblI0 OCTAHOBUTL ABWKEHUE
BOAbI BBEPX MO CTBOJY, MOCKO/LKY HapyLllanack HempepbiBHOCTb BOASHLIX HUTEW B cocyfax. Ho B aToM
3KCMepuMMeHTe BoAda BCE XKe MnpoAo/mkana NoaHMMaThCs. DTO O3HadaeT, YTO BOAA KaKMM-TO obpasom
noaHMManack, MUHys paspesbl. B [14] 66110 BbiCka3aHO NpeanonioXeHWe O HaAnvumM B CTBONaX AepeBb-
€B KpOMe BOCXOAALLEro BepTUKanbHOMO TPaHCMMPAUMOHHOIo ToKa B KCUSIEME elé N ropu30oHTasIbHoOro
(pagManbHOr0 MM TaHreHUManbHOro) eé npoaBUMXKEHWUS B APEBECHbIX TKaHSAX. DKCnepuMeHTanbHoe
MoATBEPXKAEHNE 3TOr0 MOXHO HalTu B [15], rae aBTOpbl COOOLLAOT, UTO Kpacka, BBEAEHHAs B KCUIIEMY,
nepeaBuraeTcs Mo Cnvpanu nNpubnusntensHo Ha 90° Ha kaxabli MeTp noabéma. B atoi xe paboTe
NpUBOAMTCS YTBEPXAEHME O TOM, YTO CNMpasibHbIA NOABLEM KCUMEMHOTO COoka obecneumBaeT 6onee
paBHOMEPHOe pacrnpefeneHre BoAbl N0 BCEM YACTSM KPOHbI, YEM CTPOr0 BEPTUKasIbHbIA. ITW BbIBOAbI
OCHOBaHbl Ha HabntoaeHusx, NokasaBWwmx, YTo Ay6 6enbiil, B KOTOPOM KCUJIEMHBIN COK NepesBuraeTcs
BBEPX MOYTU BEPTMKASIbHO, MeHbLUe MOBpEeXAaeTcsa OT 60Me3HM yBsSiAQHWUS, BbI3BAHHOW COCYAMCTbIM
6aKkTepnosoM, YeM ay6 60NM0THbIM, B KOTOPOM BOCXOASLUMIA TPAHCMMPALUMOHHBIN TOK NPOXOAMT MO Cru-
pann U pacxoauTcs B BEPXHEN YacCTW pacTeHusl.

Mo-BMAMMOMY, KCUMEMA BbICLUMX PacTeHUIn He SIBNSieTCS HabopoM MpOCTbIX BEPTUKASbHBIX Ka-
MUNNSIPOB, MO KOTOPbLIM ABMXKETCS BOAQ, @ MPeACTaBnseT 60see CNOXHY CTPYKTYpY, B KOTOPOW Mpo-
[BV>KEHME BOAbI MPOUCXOAUT HE TOMbKO BEPTUKANIBHO M NPSAMOSIMHENHO.

MNMoabEM BOAbl MMEET KaNWUANAPHYIO NPUPOAY U He OCYLLECTBSETCA 3@ CYET OCMOTUYECKOro MNo-
TeHUMana KNeToK CTEHOK COCYI0B KCWieMbl. 3TO NOATBEPXAAETCSA CNEAYIOLMM SKCNEPUMEHTOM, NpoBe-
AEHHbIM 3. CTpacbyprepoM un psiaoM Apyrux y4éHbix U onucaHHbiM K. JaaavHrtoHom [10]. MNMukpuHoBas
KncnoTa (SBnsowWasnca SA0M Ans pacTUTENbHON KNETKK), BBEAEHHAs B CTBOM Yepe3 pa3pesaHHble Cocy-
[bl, NOAHMMANacb Ha OYeHb 60MbLYKD BLICOTY M AOCTUrana NMCTbeB, XOTS OHa ybuBana BCe BCTpedyas-
lmecs Ha eé nyTu >xueble KneTkn. Ho ecnn xueas knetka ybuta un Bce (B TOM 4Mcne OCMOTUMYECKUE)
MpoLecchl B HEM MpeKpaLleHbl, TO crieayeT NpeanosioXUTb, UTO NMOABEM XMAKOCTU B KamnunsipHbIX CO-
CyZax KCUNIEMbI, KNETOYHbIE CTEHKM KOTOPbIX YOUTbI, 06YCNOBNEH UCKTIOUUTENBHO €€ B3auMOAENCTBMEM
CO CTEHKOM COCYAa, T. €. 0BbIUYHBIM KanusipHbIM NOABLEMOM XXMAKOCTY.

Takum o06pa3oM, noabéM BOAbl B KCUMEME pacTeHuilt obycnoBneH (GU3NYECKMMKU 3aKOHaMM
noabEéMa XWAKOCTU B Kanuinsgpax. B AaHHOM cnyyae He MMEeloT 3HauYeHUs HU Hanuvue BepxHero u
HWKHErO KOHLIEBbIX ABWUraTeNen, HU MNOTETUYECKME BOASIHbIE HATWU, HA OCMOTUYECKUIA NOTEHUMAN Kie-
TOK CTEHOK COCYZI0B KCUMEMbl. 3TU rMrnoTe3bl HE MOryT O6bSCHWUTbL HanMuMe BOCXOASLLEro TpaHCnmpa-
LIMOHHOrO TOKa BOAbl B KCM/iEMe rnaBHbiM 06pa3oM MOTOMY, UYTO OHW HE YYUTLIBAOT OCOHBEHHOCTU aHa-
TOMWYECKOrO CTPOEHWUSI PacTEHUN U UX apXUTEKTYPHbIX (OpM BO B3aMMOCBS3N C (DM3MYECKMMU NpoLiec-
CaMu, NPOUCXOAALMMU MpU pacnpeaeneHn Boabl B BETBALENCS KanWINSPHON CUCTEME KCUNEMbI, a
TAKKE C BO3AENCTBYIOLMMM Ha PacTeHUSt (DU3NYECKUMM U XMMUYECKUMU haKTopaMu.

Llenb pa6oTbl. [Toka3aTb cneaytoLlee.

1) Bocxogsawmin TpaHCMMPaUMOHHBIA TOK BOAbl B KCWIEMEe pacTeHuin 0BycnoBneH cunamu no-
BEPXHOCTHOIO HaTSXKEHUSA BOAbI B MEHUCKAX Karnunspos.

2) Bo3MOXHO MOCTPOEHME MaTEMaTUYECKUX MoAeNen apxXMTeKTypHbIX hopM pacTeHui. [ns 3To-
ro cnegyeT yunTbiBaTb aHaTOMUYECKOe CTPOEHUE OpraHOB PacTEHWUI M MPOLIECCHl pacnpeaeneHns Boabl
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B BETBSLUMXCS KaNWANSAPHbIX CUCTEMaX BO B3aMMOCBSI3W C BO3AENCTBYIOLMMN Ha pacTeHns uandecku-
MU N XMMUYECKUMN (DaKTOpaMM.
OCHOBHas 4acTb. [1py 06bsICHEHUMN NoabEMA BOAbI (MM MHOM XWAKOCTM) B Kanunisipe paguyca r Ha
BbICOTY h TpagMLUMOHHO pacCMaTpyBalOT MOMPYXEHHbIVM B BOAY CTEKNSHHbLIA BEPTUKAbHBIN Kanuanisp u
3annCbIBalOT YC/I0BUE PABEHCTBA ABYX CUJI:
— cunbl, 06yCIoBNIEHHON BeCoM CTonba BoAbl B kanunnsipe P, HanpaB/eHHON BEPTMKANbHO BHU3;
— CWMbl NOBEPXHOCTHOO HaTSXKEHUS XXMAKOCTM B MEHUCKe Kanunnapa f, HanpaBrieHHON BBEpPX.
YpaBHeHWe paBHOBECUS 3TUX CUA ANS LMIVMHAPUYECKOrO Kanuinsapa 3anncbiBaeTcs B Bwp,e\
P=F,—nr*hpg=2nraocosq, (1)
rae p — MAOTHOCTb BOAbl, g — YCKOPeHMe CBO6OAHOMO NaeHusl, a — yron CMaynBaHus, 0 — Koaddu-
LUMEHT MOBEPXHOCTHOIO HaTSXKEHUS BOAbI.
Monaras a = 0, p = 0,998:10° kr/M®> npn 20 °C, g = 9,8 M/c?, 0 = 0,0728 H/M, 13 (1) MOXHO
nonyuntb GopmMyny Ans onpeaeneHns BbiCOTbl MOAbEMA BOAbI B Kanunnspe:
h=0,1510"%/r (2)
[vameTp Tpaxeua u CoCyaoB B CTBOMAX XBOMHBIX WM JIMCTBEHHbIX EPEBLEB BapbUMPYyeTCs B Ava-
nasoHe oT 2°10° M a0 6107 M. B kanunnsipax Takux AMaMeTPOB BOJa MOXET [IOCTUYb BbICOT COOTBET-
cTBeHHO 1,5 1 0,5 M. [laxe npu avameTpe Kanunnapa, pasHoM 2:107° M, BbicoTa NogbéMa BOAbl B HEM
coctaBngseT Bcero 15 M. Cvna NOBEPXHOCTHOMO HAaTsXKEHUS B MEHUCKE Kanunispa Takoro paguyca pas-
Ha 2,28:107 H (unm 2,33:10°8 krc). HeTpyaHo nokasaTb, YTO BO3HMKAIOLIEE NPU 3TOM MeXaHuuyeckoe
HanpshkeHWe B BOASHON HUTK B KanWANsipe COCTaBNsiET BennUuuHy nopsiaka 0,074 MMa (0,74 6ap), 4To
[0 400 pa3 MeHbLe eé npoyHocTH [11] Ha pa3pbiB. B Nnpupoae AepeBbs, UMES KanunnsipHoe CTpoeHne
COCYZI0B KCUNIEMbI, MOryT AocTuraTh BbicoT 100 n 6onee MeTPOB, YTO HE COrNacyeTcs C KNacCu4ecKom
dopmynoi XiopeHa (2).
3TO NpOTMBOpEYNe paspeLleHo NpyU MOAENUPOBAHMKN pacripeaeneHns Boabl B CUCTEME, COCTOS-
e M3 BEPTUKANbHOMO Kanunisipa U CUMMETPUYHO NMPUCOEAMHEHHBIX K HEMY B pa3HblX YPOBHSIX Nps-
MOJIMHENHbIX HOKOBbIX KanuIsipHbIX BETBEN PaBHOMO paanyca f, Hak/IOHEHHbIX NOA YroM [3 K rOpU30H-
Tanu. PacctosiHve mexay ypoBHsiMn — hy [16]. MNokaszaHo, 4To obLias BbiCOTa NoAbEMa BOAbl B BEPTU-

kanbHoM kanunnsipe A" n eé€ npoaBMKeHWe B NPaBOIi U NEBOI BETBSAX pasHbIX ypoBHEN () onu-

'n np/ne
CbIBalOTCA COOTHOLUEHUAMMW:
1

h% = h+ (N) hl"hZ&gmr 3)

o = ( 12 ™ 5 j / sin B, ©))]

rae N — KONMYeCTBO YPOBHEl B CUCTEME, N — HOMEP pacCMaTPMBAEMOro YpoBHS, A — BbicOTa NoAbEMA
BOAbl B OAMHOYHOM BEPTUKANIbHOM Kanunspe paBHOro paauyca r.

13 (3) u (4) cnepyeT, 4TO NOABEM BOAbl B BEPTUKANILHOM Kanuspe Tako CUCTEMbI BbilUe, YeM
B OAMHOYHOM BepTUKanbHOM Kanunnsipe. ObLuas BbicoTa NogbEéMa BOAbl YBENMUMBAETCS NpU yBEUYE-
HUM KONIMYECTBA BETBEWN M PacCTOSIHUA MEXAY HUMM, HO He 3aBUCUT OT Yr/la Hak/oHa 60KOBbIX BETBEW.
Haunbonbluee npoasuxeHne Boabl B GOKOBbLIX BETBSIX MMEET MECTO B CAMOM HUXXHEM YPOBHE WU YMEHb-
LIAETCS B KaXKAOM MOCnesytoLeM.

[lobaBneHne OAMHOYHbIX aCUMMETPUYHBLIX 3IEMEHTOB K 3TOW CUCTEME NPUBOAUT K [OMOJSIHM-

TenbHoMy yeennyeHuio Ay (M) B [17] nony4yeHbl COOTHOLIEHMS, ONUCbIBatOLLME NOALEM BOAbI B

n ob 'n np/ns *

BEPTMKANLHOM Kanuispe n NpoaBuXeHue eé B 60KOBbIX BETBSIX 5-ypOBHEBOI7'I CUCTEMbI NMPpU WLECTU Ka-
NMUNNAPHbIX BETBAX B KaXXA0OM YPOBHE:

(N) - h+ (N) (h1+A/71) h Z(N) 6/7 1 1Z(N) 6n 2 (5)
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109 ( 1Z‘N)6n 1~ 1Z(N)6 j/sinB, (6)
T L S R Y %

AHanu3 nosy4YeHHbIX COOTHOLLEHWI MOKa3blBaeT, YTO YBEMYEHWE KOMMYECTBA KamnusipHbIX
BETBEN B YPOBHE W yBESIMUYEHNE KOMMYECTBA YPOBHEN MPUBOAST K YBEMYEHUIO NPOABYXKEHMSI BOAbl B
60OKOBbIX Kanunnspax BCEX YPOBHEN U B BEPTUKANbHOM Kanussipe.

MpUMEHMMOCTb NOMyYeHHbIX B [17] pe3ynbTaToB K peanbHbiM PacTeHMsSIM MOXHO MOKa3aTb Ha
npumepe nuxTbl HopaMaHa (Abies nordmanniana). BHu3y BOKpYr CTBOSIa B OAHOM YPOBHE PacriofioXKeHbl
5-6 Hanbonee ANMHHBLIX BeTBeX. OHM 3aHMMAIOT NOYTU BCHO OKPYXXHOCTb CTBOJMA. YyTb Bbille 3TUX BET-
Ben (Ha BennuuHy Ahy, NPUMEPHO paBHYO AMAMETPY 3TUX BETBEW) B OAHOM YPOBHE PacrofioXeHbl ewwé
3—4 BETBM TaKoro e AvaMmeTpa v ASMHbl. BeTBu 3Toro psaa no BepTUKanM pacrnosiaratoTcs «Mexay»
HWKHUMUK. CKeneTHble BETBU MOCSIEAYIOWMX YPOBHEN PacnofioXXeHbl MO OTHOLWEHWUIO ApYr K Apyry Ha
paccTtosiHum h;, MHoro 6onbleM Ahy. [JiMHa BeTBEN B 3TUX YPOBHSX TEM MeHblUe, YeM 6osblue HoMep
YPOBHSl. B npoMexyTkax MeXxay YPOBHSIMW CKENeTHbIX BETBEM Ha CTBOJSE MMEIOTCS KOPOTKUE, HECUM-
METPUYHbIE OTPOCTKM M OTAeNbHble BETOYKM (He obpasylowme CKeneTHbIX BETBEN). Bo3MOXHO, oaHa m3
nx yHKUMN — obecreyveHre noabEéMa BOAbl B KAMWISIPHOW CETU KCUNeMbl A0 6avkanwel Bbilene-
Xallew CKeneTHoM BeTBU. A caMa NyXTa UMEET XapaKTepHYHO NMpaMnaanbHyto GOpMy KpPOHBI.

MpsSIMONIMHENHOCTL CBOMCTBEHHA CTBOMIAM MHOMMX PacTeHMin. B oTinume oT CTBOSIOB 6OKOBbIE
nobery 1 BETBU YacTo BbIMMSAAT Kak pa3HoobpasHble MaTeMaTUYeckne KpuBble IMHUK. KpuBOnMHENHbIe
BETBM MOMyT MMETb CaMblii pa3Hbli BUA. Tak, HanpuMep, cTtBon ¢aHepoduToB [18] BepTukaneH, a 6o-
KOBble BETBM HarMoMWMHAOT MaTeMaTUYECKYI SKCMOHEHUManbHYl0 KpuByto. BHewHe 6okoBble noberun
aBranogwuTa conepoca (Salicornia sp.) [13] nmeloT Bua napabonnyeckmx KpvBbIX, NONapHO CUMMETpPUY-
HO OTXOAALWMX OT MPSIMOSIMHEMHOMO CTBOMA. TOYHO TaK e pacnonoxeHbl 6okoBble Mobern norpemka
6onbworo (Rhinanthus major) [13].

B [19] nonyyeHbl COOTHOLUEHUS, OMUCHIBAIOLLME MPOABMXKEHNE BOAbI B CUMMETPUYHON MHOrO-
YPOBHEBOW KanWNsSIpHOM CUCTEME C MPSMOSIMHEAHBIM BEPTUKASIbHBIM U KPUBOMHENHBIMU GOKOBLIMU
Kanunnspamu, MMeoLmMmn chopMy napabosibl U onncbiBaeMbiMK dyHKUMEN Y(X) = hy + kX' B BUAe:

1

hr;Mofs :h"'(M)hl_/hZ%Zerl: (8)
1
h—hzm ——
[on = § (M)2m+1, )]

'm np/ne (M)

1-cos 6"

rae M — KONMMYECTBO YPOBHEW B KanMWISIPHOM CUCTeMe; m — HOMep pacCMaTpUBAEMOrO YPOBHS;
0> — yron HaknoHa KacaTenbHOW K MEHUCKaM B Kamnuiisipax pasHbiX YPOBHEW, omnpeaensiembii
COOTHOLLEHNEM:

n-1

m 1
nh—h12<m2

0% = arctg| kn p m+1 : (10)

CpaBHMBas BeNMYMHbI MPOABWKEHUS BOAbI B BEPTUKANbHOM Kanuanspe U B KPUBOJIMHEAHBIX
Kanunnsipax pasHbiX YpPOBHEN, MOXHO OTMETUTL CeaytoLlee.

— [No Mepe yBennyeHust KOMYeCTBa YPOBHEN BeNMYMHA NPOABMXKEHUS BOAbI B KaXKAOM nocse-
AytolleM 6onee BbICOKOM YPOBHE KPUBOJSIMHEMHBIX KanWNspoB MeHbLUE, YEM B Kanuanspax npeabiay-
LLMX YPOBHEMN.

81



TexHuyeckmne Haykm

— Yron Hak/loHa KacaTeNlbHOW K MEHUCKY B Kanuansipax pacTér C YBE/IMYEHWEM N U K, TO eCTb
BETBb NoAHUMaeTcs bonee KpyTo. INpyn 3TOM HaMbONbLUMI Yron HaK/IOHa KacaTebHOM K MEHUCKY UMeeT
MECTO B Kanunnispe CamMoro HUXXHEro YpPOBHS, M 3TOT Yrofl YMEHbLIAETCs B KaXAOM MOCneaytoLleM
YPOBHe.

— BbicoTa noabéMa BOAbl B BEPTMKANBHOM Kanusipe yBEIMYMBAETCS NO Mepe pocTa «3Tax-
HOCTU>» KanwunnsipHOW CUCTEMBI.

— [MpoasukeHre BOAbl B KPUBOMHEWHBIX Kanunisipax Bcerga 6onblue, YeM B NPsSIMOSIMHENHBIX
Kanunnsipax Tex Xe YpOBHEMN, HAKMOHEHHbLIX K FOPU30HTaNM MoA TEM Xe Yr/IoM, YTO M KacaTeNbHas K
MEHUCKY B Kanunnspe.

Bo Bcex paccMOTpeHHbIX MOAeNsX, onucbiBaeMblx COOTHoWeHMsAMK (3) — (10), obHapyxuBaeTca
MHTEpecHoe CBOMCTBO, BrepBble onncaHHoe B [16]: durypa, nonyyeHHas Npu nocneaoBaTelbHOM CO-
€ANHEHWNN NINHUEW MEHMCKOB KanusipoOB PasHbIX YPOBHEN U BEPTUKANbHOMO Kanuanspa, COOTBETCTBY-
eT ¢hopMe KpOHbl AepeBa UM NIUCTa. ITO MOXET CIYKUTb A0Ka3aTeNbCTBOM TOrO, YTO CBOEN creumbu-
yeckor (hOpMOW KPOHbI U JIMCTLEB pacTeHust 06s13aHbl HAIMYMIO B HUX KanNWNISIPHBIX CUCTEM.

MpuHATas HaMKU AN PAcUETOB cTeneHHas dyHKuMs Y(x) = hy, + k X" conepXuT aBa napaMeTpa
k M n, GU3NYECKNIA CMBICTT KOTOPbLIX MPUMEHUTENBHO K APEBECHBIM PacTEHMAM MOXET 3aK/ioyaThbCs B
cneaytowem. B [3] n apyrux pabotax onucaHbl sBneHust ¢hoTo-, TEPMO- U rPaBUTPONM3MOB, COBMECTHOE
[eNCTBME KOTOPbIX MPUBOAUT K UCKPUBEHUIO (hOPMbl BETBM M €8 pOCTy NPOTUB CUJIbl TsKeCTw. Mpuum-
HOWM BO3HWKHOBEHWS TPOMMW3MOB SIBMISIETCS BO3AENCTBME rOPMOHA ayKCuHa (B-UHAONMMMNYKCYCHOM KUCO-
Tbl) Ha KNETKMU pacTeHuin B nepuod pocTa. Mpy HepaBHOMEPHOM OcCBeLleHun nobera NpomMcxoanT nepe-
MeLleHMe ayKCMHa B CTOPOHY HEOCBELLUEHHOrO yyacTka M yBEMYEHME KOHLEHTpaLuuM ayKCMHa B TeHe-
BOW CTOpoHe 60k0BOro nobera — v 34ech (T. €. Ha HKHEN CTOPOHE) YCKOPSIETCS POCT KNETOK. AHaso-
MYHOe AeNCTBME OKasblBaeT M TemnepaTypa: aKTMBHOCTb ayKCMHa yMeHbluaeTcsl Ha 6onee HarpeTtou
Yyactu nobera. MoBbIlWEHHAs KOHLUEHTPaUMs ayKcMHa AenaeT 6onee anacTMyHbIMM U CNOCOBHBbIMK K pac-
TSOKEHMIO TKaHW nobera B 30He ero AencTBuS. KneTouHble CTpyKTypbl nobera Ha 0bpalLéHHOM K UCToY-
HWKY CBeTa U (Mnn) Tenna CTOPOHe pacTyT MednieHHee, U nober n3rnbaeTcs B CTOPOHY UCTOYHUKA. Bos-
Jencreue ynbtpacdmoneta ¢ AnMHOM BOSHbI 280 HM pa3pyLllaeT ayKCWH, YTO TakxXe NPUBOAUT K ero He-
paBHOMEPHOMY pacnpeeneHnto Ha OCBeLLEHHOM U TeHeBOM yyacTke 6okosoro nobera [3]. OnuckiBas
3TV sIBNEHUS, aBTOPbl HE OTBEYAOT Ha BOMPOC, A0 Kakux nop byaer usrmbaTbcs Gokoson mober npwu
HEepaBHOMEPHOM [EWCTBUM ayKCMHa. MOXHO MpeanonoXxuTb, YTo nobern ByayT mM3rnbaTbCsi, Moka He
NPUMYT MONIOXEHWE, napannenbHoe NajalolWwnM Ha HUX flydaM CBeTa, YTO WMCK/OYUT HepaBHOMeEpHOe
pacnpeneneHus aykcuHa. OTciofa cnegyeT, YTO Yron Hak/ioHa BeTBei OyaeT 3aBMCETb OT MecTa reo-
rpachmyeckoro pacnosioXeHWs pacTyLllero AepeBa. B oXXHbIX KTMMaTUYeCKMX 30HaX COMHLE NoAHUMAET-
CSl BbICOKO — W BETBM AO/MKHbI pacTh 6onee KpyTo, YeM B CEBEPHbIX LIMPOTax. TO eCTb MMeeT MecTo
«reorpacmyeckuii TPONM3M», a NnokasaTtesib N1 B NOJlyYEHHOM BhILIE YPaBHEHWUWN XapaKTepuU3yeT cTeneHb
sToro Tponuama. KoapduumeHt k siBnsieTcss oKycoM KpMBOM. BO3MOXHO, €ro CMbIC/T COCTOUT B TOM,
YTO MO Mepe poCTa pacTeHusl AMaMeTp CTBOMA BAOSb BEPTUKAIbHON OCK AepeBa HE OCTA&TCs OAMHAKO-
BbIM M YMEHbLUAETCS K BepxHel 4acth. OAHOBPEMEHHO C YBE/IMYEHWMEM AMAMETPA B HWDKHENA 4acTu
CTBOMA U yBENMYEHNEM AJIMHBI HUXHUX BETBEN anuKanbHble TOYKM pPOCTa 3TUX BETBEW YAANsATCS OT
CTBOJA, W @yKCWH YXXe He JOCTUraeT HMKHMX BOKOBbIX BETBEN BOM3M UX COEAMHEHMUSI CO CTBOJIOM U HE
OKa3bIBAET Ha HUX AeNCTBUS. POCT 1 pacTshkeHne KNETOK NPOUCXOAST B 3TOM 30HE paBHOMEPHO, U Yron
HaK/IOHa 3TUX BETBEN MOCTEMNEHHO YMeHbluaeTcsl. s Takmx BeTBei yBennumBaetcs hokyc napabonsb:
k < 1. B T0 e BpeMs B BEpXHe YacTu CTBOMa pacnpeaesnieHme aykcuHa B pacTylumx noberax HepaBHO-
MEPHO, M OHW M3rnbaloTCsa A0 TeX Mop, Noka He CTaHyT MapanfieNlbHbiMM Majarowmm nyyam ceeta. B
NpUpoae OMnMcaHHOe sIBJIEHME MOXHO HabnoaaTb Ha npuMepe nuxTbl HopamaHa, y KOTOPON HWMXKHME
BETBM OTXOAST OT CTBOMA Moj HebonbMM YrioM K rOpM30HTaNM, a caMble BEPXHUE MOMOAble BETBU
pacTyT KpUBOSIMHENHO.
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AHOMasIbHO BbICOKMIN NOABEM BOAbI B KCUIEME MOXKET BbITb TakXKe 06yCnoBieH cneumdruyeckmm
aHaTOMMYECKMM CTpoeHneM eé cocyaos. B [14] nokasaHo, 4To nepdopaunoHHble MAaCTUHKM C OAHUM
WM HECKONBbKNUMW CKBO3HbIMKW oTBepcTusiMM [13] n [17], obpasyowmecs npu CIMSHAM KOHEYHbIX TOp-
LieBbIX KNIETOK CTEHOK Tpaxewd, KOMMEHCUPYHOT YacTb Beca BOAbl CMIaMKU YNPYyrocTy NIAaCTUHKK, Ha KO-
TOpYIO BOJA AEUCTBYET. B 3aBMCMMOCTM OT COOTHOLLEHWUS AMAMETPOB COCyAa W OTBEpCTUn B nepdopa-
LIMOHHBIX MJACTMHAX U COOCHOCTM B3aMMHOrO MOJIOXKEHUSI NMNACTUH BbiCOTa NogbéMa BOAbl B cocyae, a
cnepoBaTenbHO, M BbICOTA pPaCTEHWUS, MOXET MPEBOCXOANTL BbICOTY NOoAbEMA BOAbI, PErnaMeHTUpyeEMYO
(2), B HECKONbKO pas.

abuTyc ApeBecHbIX pacTeHMIM BecbMa pa3HoobpaseH. M cpean pasHOO6pasusi apXMTEKTYPHbIX
KOHCTPYKLMI PacTEHUIA MOXXHO HaWTV NOBEroBble CUCTEMBI, OTXOASLLME OT CTBOMOB KpUBONNHENHO [13].
K HMM OTHOCATCSI, HanpuMep, KOHCTPYKTUBHbIE Mofenn ATTuMca, J1éliBeH6epra, Pay, CkappoHe. BeTsu
B [JaHHbIX MOAENSX MMEKT BuA Mapabonmyeckon KpuBOW. AMXOTOMMYECKM BETBSLLMECH nobern obpa-
3ylOWEro KypTUHbI MonMKapnvka B Moaenn LLyTta MMeloT 3KCnoHeHUManbHyo (popMy BETBEW MEpPBOro
nopsaka 1M napabonmyeckyto — BeTBei BTOporo nopsiaka. B [20] nonyyeHbl aHanuTUYeckmne CooTHoLLEe-
HWUS ANns onpeaeneHusl BENNMYMHBI NPOABMIKEHUS BOAbl B KPUBOMMHENHBIX Kanuansipax pasHbiX dopM,
OMUCBIBAEMbIX ypaBHeHUsMU Buaa: Ux) = a+ kX', y=a -1, y= €*—1 un psgom apyrux. Mpu 31OM
MoKasaHo, YTO MPOABMXKEHWE BOAbl B KPUBONIMHEWHbIX Kanuinsapax aBnseTcsa dyHKUMEN yria HakIoHa
KacaTenbHOW K BOAHOMY MEHUCKY K FOpM30HTanM, a 06bEM BOoAbl, MOAHUMMAIOLLENCS B BOKOBbLIX KpUBO-
JIMHEHbIX BETBSIX, NMPU NMPOYMX PaBHbIX YCNOBUSIX Bceraa 6osblue, YeM B NPSMOSIMHENHbIX. TakuM obpa-
30M, MaTeEMaTUYeCKUe MOAENM NPOABUXXEHUS BOAbI B BETBALUMXCA KAMUNSAPHbLIX CUCTEMAX, NOJTydYeHHbIE
B [14, 16, 17, 19, 20], no3BonsOT onNncaTb NpoLecc nogbEmMa Boabl B pacTeHUSX C YY4ETOM UX aHaTOMU-
YECKOro CTPOEHNS U apXMUTEKTYPHOI hOpPMbl.

Pe3ynbTaTbl MOAENMPOBaHUA ABWMXXEHUS BOAbl B APEBECHbLIX CTBOMAX Mokasanu [14], yto ans
obecneyveHns 6ecnepeboiHoro noabéMa BoAdbl B KamnuAISPHON CETM pacTeHWUit HEOBXOAMMO BbINOSHE-
HWe ABYyX ycnoBui. MNepBoe — Hanuume KpoMe BEpPTUKaNbHOMO ellé U ropuM30oHTaNbHOro eé nepemellle-
HWs. BTopoe — BbINO/IHEHNE COOTHOLLEHUS:

dgmr? <y mnr?, (11)
roe g, m; — KONMYECTBO KanuisapoB B NPeALWEeCcTBYIOWEM /1 BbilenexaieM /i + 1 ypoBHSIX.
dusmnyeckunin cmbicn (11) coctout B TOM, UTO ANst NoAbEMA BOAbl B KAMWIISIPHON CUCTEME HEOb-
X0AMMO, 4YTObbl CyMMapHasl nowaab KanuansipoB KaXXAoro NOC/eayHLWero ypoBHs 6bina He MeHblue
CyMMapHOW nnolaam npeabiayluero ypoBHs. Mpyu BbINMOMHEHUN 3TUX YCNOBUIA YBENMUMBAETCSI BO3MOXK-
HOCTb NepeMelLLeHNs BoAbl B CUCTEME KanWSapoB. DTOT BbIBOA COOTBETCTBYET aHAaTOMUYECKOMY CTpoe-
HuUo pgepeBbeB. CornacHo [12], KONMMYECTBO COCYAOB M MOWaAb MX CEYEHWst BO3PacTaeT OT KOMAS K
BeplUMHe. B mMpoBoAsLLyl0 CUCTEMY pacTeHWUld BXOAMT ellé M pa3BeTBMEHHAs COCYAMCTasi CUCTEMA BET-
BEM U NNCTbEB Pa3HbIX YPOBHEM, MO3TOMY MOXHO MofiaraTb NMOCTOSIHCTBO BbINOSHEHNs (11) n roBoputb
O BbICOKOW CTereHn NoABWMXHOCTU BOAbl B PACTEHUU. ITUM TaKKE MOXXHO 06bSICHWUTb OMMCAHHbIN BbllLE
pe3ynbTaT OnbiTa C NonepeYHbIM pa3pe3oM CTBOJIOB AEPEBLEB B Pa3HbIX YPOBHSX.

B paMKkax paccMOTpeHHOW Moaeny KanunnsipHoro noabéma Boabl B [16] npuBeaeHO 06bsCHEHNE
MexaHM3Ma HabnoaaemMoro aBTokoebaTeNnbHOro pexxMmMa TpaHCIMpaLUMn pacTeHUid Ha MasnbiX BpeEMEH-
HbIX NpoMexyTkax. lNpeanonaranocb, YTo, AOCTUras KOHLOB KanuiisapoB B MPOBOASLWMX MyyKax, BoAa
BbIXOAMT M3 HMX (BOAA, BbIMAS M3 Kanunnsipa, 0bpasyeT MeHWUCK BbiNykion dopmbl [7]), cMaumMBaeT
PacnonoXXeHHbIe pAAOM C KanuansipaMmn CTEHKN MEXKIETHMKA — M Mpouecc nogbéma Boabl Npekpalla-
€TCS, MOCKOJIbKY BHE Kanuansipa BOrHYTOrO MeHWCKa HET, U CUia MOBEPXHOCTHOIrO HaTSHXXeHWs, NMoaHU-
MaBLlUas BoAy, ucyesaeT. [leTanbHO Mpouecc nepexoda BOAbl U3 Kanuansipa Ha CTEHKU MEXKNETHUKA
MOXXHO OMucaTb, ONMpasch Ha pe3ynbTaThl paboT [21] 1 [22]. B [21] yka3aHO Ha BO3MOXHOCTb, a B [22]
TEOPETUYECKM M IKCTIEPUMEHTANBHO MOKa3aHo, YTo Npodu/b CKOPOCTEN ABWMXKEHMSI BOAbl B Kanuansapax
He COBMagaeT C Nya3eWneBCKUM pacripefefieHUeM, a UMEHHO: CKOPOCTb XUAKOCTU BOIM3M CTEHKU LN-
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JIMHAPUYECKOro Kanwuinspa UMeeT MakCUMasibHOe 3Ha4YeHWe, CyLLeCTBEHHO MpeBblatoLllee n cpegHee
3HayeHMe CKOPOCTUM MO CEYEHMI0, M CKOPOCTb B LEHTPE Kanunnsapa. DKCNepuMeHTanbHO ObHapyxeH
3pheKT Ckaukoobpas3HOro ABMXKEHUS MEHUCKA XMAKOCTU B LMANMHAPUYECKMX CTEKNSHHBIX Kanuansapax
anameTpammn 3,410 M 1 10> M — Kkak CTOSILUMX BEPTMKAMbHO, Tak M HaKIOHEHHBLIX K FOPU3OHTa/M.
Lincdposas BMaeoCcbEMKa Mokasana, YTo MO Mepe 3arnofiHeHWs Kanunnspa BAOSb €ro CTEHKU CKONMb3WUT
BBEPX TOHKasi MAEHKa >xunakoctn (aBtopbl [21, 22] Ha3biBalOT €€ MPEeKYPCUOHHOW), 3HAUYUTENbHO one-
pexarowLias MeHnck. OnepexeHne MoXeT aocTuraThb 2,6'1072 M. Koraa cuna, 06ycnoBneHHas NoBepxHO-
CTHbIM HaTSHDKEHUEM, CTAHOBWUTCA PaBHOW CUJIE HAYasbHOrO HampsHKEHUS CABMIa B XXMAKOCTU, MPOUCXO-
JOWUT CPbIB OCHOBHOM MacChl XXMAKOCTU OTHOCUTENBHO MAEHKU BAOSb CTEHKW, YTO (DUKCMPYETCS B BUAE
CKayka cTtonbuka xuakoctu. MNpekypcuoHHast NNEHKa Npu ABYXKEHUM MOXKET NepenTy U3 Kanunnispa Ha
MOBEPXHOCTb CTEHOK MEXK/IETHMKA, @ NOCneayoWwmin CkaukoobpasHblii NOABEM BOAbl 3@ CYET Hanpshke-
HWS1 CABMra MOXET BbIBECTW BOAY 3a Kpa Kanunanspa. Mpu 3TOM MEHUCK UCYE3aET, U AaNlbHENLLNIA NPo-
LiecC NpoMCX0oauT Kak onuncaHo B [16]. 3To ewwé pa3 noATBEPXAAET BbIBOA O TOM, YTO NPOLIECC NPOABK-
XKEHUSI BOAbI B KCUSIEME pacTeHWin 06yCnoBeH cuiaMmn NOBEPXHOCTHOMO HATSHKEHUSI BOAbl B MEHMCKaXx
Kanunnspos.

BbiBOAbI.

1. PacnpepeneHve Boabl B BETBSAX Pa3HbIX YPOBHEW HEOAMHaKOBO. Hambonbluee npoaBmKeHne
BOAbI NPONCXOAMUT B BETBSIX HWKHEMO YPOBHSI M YMEHBLLAETCS B KaXAOM Mocieaylowem yposHe, obpa-
3ys Npy 3TOM cneunduyeckyto opMy KpoHbI epeBa Unu nucTa.

2. BbicoTa nogbéma BoAbl B BEPTUKANBHOM Kanuansipe 3aBUCUT OT KONMYECTBA BETBEN B YPOB-
He, pacCTOSIHNA MEXAY YPOBHSIMU U He 3aBUCUT OT (DOPMbI M Yria HaknoHa 6OKOBLIX BETBEW.

3. BbICOTYy pacTeHus onpegensieT Haandne nonepeyHbiX nepdopnpoBaHHbIX NepPeropoaok B Ka-
NUANSPHBIX COCyAax CTBOMA. DTO AefiaeT BO3MOXHbLIM MOABEM BOAbl B CTBOJE HA BbICOTY, HOMbLUYIO,
yeM paccuuTaHHas no opmyne XopeHa ans 0AMHOYHOrO BEPTUKANBHOMO Kanunnspa.

4. Teorpaduyeckunii TPOMM3M CBsi3aH C reorpaduyeckoi WMpPOTOM MecTa Npon3pacTaHus pacre-
HMSI U C UCKPUBNEHWEM €rO BETBEMN.

5. Ans 6ecnepeboiiHoro nogbéMa BoAbl B pacCTEHMN HEOOXOAMMbBI CeaytoLumMe yCioBus:

— Ha/nMyme KpoMe BEepTUKaNbHOro ewwé 1 ropusoHTasIbHoro nepemMeLleHns soabl;

— HauyuHas OT KOMJIS K BepLUMHE CyMMapHas Nowajb Kaxaoro nocneayoLwero nornepeyHoro
ceyeHns KanunnspoB AomkHa 6biTb HGonblue nNpeaplayllero, YTo COOTBETCTBYET peanbHOMYy aHaToMu4e-
CKOMY CTPOEHUIO iIepEBLEB.

6. MoCTpoeHHble KanuspHble MOAeNV MO3BOSIOT MaTeMaTUYEeCKW onucaTb pacnpegeneHue
BOAbl B KCUMEME pacTeHWU B COOTBETCTBUM C MX aHAaTOMWUYECKMM CTPOEHMEM, apXMTEKTYPHON (hopMON.
[aHHble MoAenu MnokasblBaloT, YTO OCHOBHbLIM MEXaHWU3MOM NPOABWKEHUS BOAbl B PACTEHUSX SBSETCS
€€ KanuNnspHbIA NOAbLEM, CO34aBaeMbli MOBEPXHOCTHBIM HATsXKEHWEM BOAbl B MEHUCKAX Kanwussipos,
N nucrnapeHue.
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MECHANISM OF WATER ADVANCING IN PLANT XYLEM CAPILLARIES"
I. A. Kipnis, Y. M. Vernigorov

The mechanism of water rise in the xylem which allows the description of the water distribution in plants taking into
account their anatomy, architectural form, and the influencing external factors is considered. The assumption is
made that the primary mechanism for the water promotion in plants is a capillary rise. The major driving force to lift
water to the top of the plant is the superficial tension in the capillary menisci. It has been established that the con-
dition for lifting water in plants is, firstly, the presence of the water horizontal movement. Secondly, the total cross-
section area of capillaries should increase from the butt-end to the top. It is shown that the plant height is deter-
mined by the number of its lateral branches, as well as the presence of cross perforated plates in the xylem vessels.
The mechanism of the self-oscillating mode of the plant transpiration at small time intervals is explained.
Keywords: capillaries, xylem, model, transpiration, plant.

" The research is done within the frame of the independent R&D.
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