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MexaHW3M NpOABMIKEHUS BOAbI B KANUANAPaX KCUEMbl PacTeHNIt™
. A. Kunuuc, HO. M. Bepuuropos

PaccMOTpeH MexaHn3M OAbEMA BOAbI B KCUIIEME, KOTOPbIV ITO3BOJISET OIMUCaTh PACIIDEAENEHNE BOAbI B PACTEHUIX
€ YUETOM UX aHaTOMUYECKOrO CTPOEHNS, apPXUTEKTYDHON (IOpMbI 1 BO3AEHCTBYIOLLMX BHELLIHUX (DaKTOpOB. Bbiasu-
HYTO TPEANOJIONKEHNE, YTO OCHOBHbIM MEXAHWU3MOM [POABIKEHUS BOJAbI B PACTEHUAX ABJIAETCA KarmuISpHbI
1oAbéM. OCHOBHAS ABWKYLLAA CWIa, TTOAHNMMAIOILAA BOAY AO BEDLUMHBI PACTEHUs, — MOBEPXHOCTHOE HATSXXEHUE B
MEHUCKaX KarmigpoB. YCTaHOB/IEHO, YTO YCIOBUEM MOAbEMA BOAbI B PACTEHUAX AB/IFETCH, BO-NEPBbIX, HAMYME
FOPU3OHTA/IbHOIO TEPEMELLIEHNS BOAbI. BO-BTOpbIX, CyMMapHas JIOWLaAb TOMEPEYHOIO CEYEHUs KarmiiiapoB
AOJDKHA YBEMYNBATLCA OT KOMJIS K BEDLUMHE. [TOKa3aH0, 4TO BbICOTY PAacTeHui ONpeAENSeT KO/IMYECTBO GOKOBbIX
BETBEY, a TAKKE Ha/uue rornepeyHbiX MNaCTUHOK CO CKBO3HbIMU OTBEDCTUAMU B COCYAaxX KCUIEMbI. [IpUBEAEHO
O6bACHEHUE MEXAHWN3MA aBTOKO/IEOATEIbHOrO PEXUMA TPAHCITUPALIMM PaCcTEHW Ha Ma/ibiX BPEMEHHbIX MHTEPBA-
J1ax.
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BBegeHune. Boja ABnsieTcs OfHON M3 OCHOBHBIX CYSCTaHUMIA, 0BECNeYMBAIOILMX XKU3HEAEATENBHOCTD
pacTeHnin. OHa y4acTBYET B CHOXHbIX npoueccax (hOpMUPOBAHUS BHYTPEHHEN CTPYKTYPbl 1 BHELLHErO
BUAa pacTeHus. B 3aMKHyTOW Lenv o6opoTa BO/bl «MOYBa — pacTeHWe — aTMocdepa — noysa» A0CTa-
TOYHO XOPOLLO U3ydeHbl HU3NHECKUE CBOWCTBA NOYB U ABUXEHWE B HUX BOAbl [1, 2], @ TakXe BAUSAHKE
(hU3NHECKMX Y XMMUYECKMX SIBIEHUIA HA POCT U pa3BUTUE pacTeHuid [3-5].

Bonpoc o akTopax, obecneunBatLLmMX NOALEM BOAbI U €& NPOABUXKEHUE B KOPHEBOW CUCTEME,
cTBonax, crebnax n nuctbsx, usydaercs 6onee 250 net [6]. OaHaKO A0 HACTOSLLErO BPEMEHWU He Cyle-
CTBYET SCHOrO MOHUMAHWA 3TOrO Npouecca.

Ecnn npu o6bacHeHMN NoagbEMA BOAbI B PACTEHUSAX UCKNKOYUTL U3 PACCMOTPEHNUS MOHATUA «CO-
cywieid cunbl» [6] UnnM «npucacsiBatoWLEn Cuilbl TpaHCnMpauumn» [7] u BCE, C STUMK TEPMUHAMM CBA3aH-
HOE, TO MOXHO BbIAENUTb MMMNOTE3bl, KOTOPLIMU 338 HEMMEHWEM APYrUX OOBLACHAKT B HacTosLLEE BpeMs
HannumMe BOCXOASILLErO TPAHCMMPALMOHHOIO TOKA BOAbl B KCUNIEME PaCTEHUN.

Mo 0fHOM M3 rMMNOTE3 NPUYUHON BO3HUKHOBEHUSI BOCXOASLLErO TPaHCMUPALMOHHOMO TOKa BOAb
CUMTAETCA HaNWUMe rpagveHTa BOAHOMO MOTEHUMANa MeXxAy KOPHSAMW U JIMCTbSMWM pacTeHus, co3pa-
BAEMOrO HMXXHWMM U BEPXHUM KOHLEBLIMU ABUraTensmMu [4]. HxHWUI KOHUEBOM ABUraTeNlb — KOPHEBOE
JlaBreHve, noj AENCTBUEM KOTOPOro BOAA MOCTYMAET U3 KOPHS B Kanwuinsipbl Kcunemsl. Hannumne kop-
HEBOrO AABNEHUS NOATBEPKAAIOT:

— BO3HMKHOBEHME MACOKM (BblACNIEHNE COKa NpW nepepeske ¢cTebns pacTeHus Ha HebosbLIOM
paccTOsiHUK OT MOUBLI);

— ryTraumsi, HabnoaaemMas Ha HENOBPEXAEHHOM pacTEHUM.

BepxHuit KOHLEBOW ABUraTeNlb — TpaHcnupaums. C Heil CBA3aHO NpoABUXKEHWE BOAbI OT Honee
HACBILLEHHbIX €10 KNETOK U COCYAO0B K NOBEPXHOCTU NUCTa. TpaHCIMpauus NpuBoAMT K 06E€3BOXUBaHUIO
KNETOK incTa. CUMTAETCS, YTO MpY OTCYTCTBUM JIMCTHEB B CYXOW CE30H W MPU BbICOKON BNIAXKHOCTMW aT-
MOChepHOro BO3AyXa, KOrAa TPaHCMMpauus MUHUMalbHa, paboTaeT TOMbKO HUXKHMWIA KOHLEBOW ABWra-
Tenb. BennumHa KOpHEBOrO AaBneHUS HeBenuKa. Ha Heé BAMSAIOT KaK BHELIHWE, TaK W BHYTPEHHWE
¢hbaKTOpbI, HO NpPKU ONTUMAJIBHBIX YCNOBUSIX OHa paBHa 0,1-0,15 MMa [4] 1 MOXET yMEHbLLATLCA MPU He-
JOCTaTKe BNaru B rnoyee.

OCMOTHYECKMI MOTEHLMANT KOPHEBOM CUMCTEMbI Y PaCTEHUIA CPeAHEN NoNockl KoNebnercs B UH-
Tepeane 0,5-3 MMa [8]. ConocTaBneHne 3Toi BENUUMHBI C NMPUBEAEHHON BbilE BEMHMHON KOPHEBOIO

"
Pa6oTa BbINONHEHA B paMKax MHUUMATUBHON HWP.
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JAB/IEHUS YKA3blBAET Ha Ha/MuMe 3HAYMTENbHbIX MOTepb AABAEHUS BOAbl Mpu €€ nepemelleHun 13
MOYBbl Yepe3 KNETKM KOpbl, anonaiacT U CUMNAACT, SHAOAEPMY M MEPELUK K LEHTPANIbHOMY LWIUHAPY
KOPHS M K COCYAAM KCUSIEMbI.

OnbITHbIE haKTbl FOBOPAT O cneayllleM. Ha cpe3saHHOM BECHOM M MOMELLUEHHOM B BOAY, HE
MMEIOLLEM LIBETKOB M NICTbEB nobere (TpaHcnupaums B 3TOM C/lyd4ae MUHMMaNbHa) Yepe3 HEKOTopoe
BpeMs MNOSBAAIOTCA MOYKN U PacnyCKaTCA ANCTbSA M UBETbl. Cpe3aHHble U NOMELLEHHBIE B BOAY LBETHI
W ApYrue pacTeHus AOCTATOMHO A0/rO COXPaHAIOT (OPMY U BHELLHWIA BWi, @ HEKOTOPbIE PACTEHUS Cy-
LLECTBYIOT BM/IOTb /10 Pa3BUTUS HOBOW KOPHEBOM CUCTEMbI. KOpHEBOE A@BNEHME BO BCEX CyHasix OTCYT-
CTBYET. DTO 3HAYUT, YTO B PaCTEHME MPOMAO/HKAET MOCTYNATb BOAA MO CYLIECTBYOLLEN KanWINsPHOW
ceTu. MonbITKA 3aKynopwUTb CPE3 BETKM XKENTATUHOM U OMYCTUTb BETKY B COCYA C BOJAOW MPUBEAET K TO-
MY, YTO NNCTbS ObICTPO 3aBSHYT [9], NOCKONbLKY BOAA He ByAeT NoCcTynaTb B KCUIEMY U3 COCYAa. TpaHC-
nMpauus ¢ NOBEPXHOCTM NINCTLEB BYAET ELIE NPOACIKATLCA, HO KOJIMHYECTBO BOALI B COCYANCTON CUCTeE-
Me JINCTOBLIX NNacTuH ByAeT YMeHbLIATLCS, M NIMCTbA HAYHYT NOACkIXaTb. ECAM BOBpeMs npepeaTb Npo-
LeCC HaUYMHAKOLLEroCs NOACLIXaHMS, CPE3AB XENATUHOBYIO 3arfyWKy, TO NOoABEM BOAbI B JIUCTbA BOC-
CTQHOBWTCS MOA, AEACTBMEM CU MOBEPXHOCTHOMO HATSXKEHWS BOAlbl B MEHUCKE KanWUIsipoB.

Apyras runotesa o npuynHax NoabLEMA BOAbI NpeArnonaraeT CyLEeCTBOBAHNUE B KCUIEME Herpe-
PbIBHBIX BOASHbLIX HATEN. Bnepeble 3Ta uaes 6wia chopmynuposaHa E.-®. Botuenom B 1897 roay [6], a
nosaHee — JAukcoHoMm u Axonu [10]. CornacHo 3Toi Teopum, BOAa B COCYAAX KCUNIEMbl 06Pa3yeT He-
NpepbIBHbIE BOASHLIE HUTK, NPOXOASLLME OT KOPHEN 10 CaMbiX BEPXHMX NUCTbEB. CuIibl CLUENNEHNS Me-
XAy MONEKYNAMU BOAbI HE [IONYCKAOT pa3pbiBa BOASHbIX HATEW. A cuna, TSHyLIAs BOAY BBEPX, Nepeaa-
E1ca BHM3 no cTebno Gnarogaps cune cuenieHns Mexay Monekynamu eofbl. Mo pasHbIM OLEHKaM
NPOYHOCTb HA Pa3pbiB BOASAHOW HWUTWM MOXET AocTuraTe oT 20 MMa [10] ao 30 MMa [11]. OaHako, ecnu
JONYCTUTb, YTO 3TO B CAMOM A€JI€ UMEET MeCTO, HeobX0AMMO 0BpPaTUTL BHMUMAHME Ha cneaytollee. Jio-
6asi MEXaHMYECKAs CUJIA XapaKTEPU3YETCA TPEMsi MapaMETpPaMu: TOUKOW NMPUIIOKEHUS, BEIUHUHON U
HanpaB/ieHMEM AencTBUSA. B BOCXOAALLEM TPaHCMMPALMOHHOM TOKE BOAbI B Kanuisipax KCUIeMbl Aei-
CTBYIOLLAS CMNIA MOBEPXHOCTHOMO HATSXEHMS HaMnpaBieHa BEPTUKAIbHO BBEPX, @ TOMKAMU MPUIOXKEHUS
CWUNbl BCNIEACTBME HEMPEPLIBHOCTM BOASIHBIX HUTEW ABNSIOTCSA BOASHOW MEHUCK B KANWISPE M Ta 4YacTb
KOPHEBOW CUCTEMBI, OTKYZla BOAA NOCTynaeT B Kcunemy. CnenosatesibHo, npy 60nbluoM aeduunTe Bna-
MM B MOYBE U BLICOKON TEMNEpPATYpPE BO3/AYXa BOASHASA HUTb MEXY TOMKAMU NMPUNOXKEHUS CUJT NOMKHA
CTaTb 3HAYUTENIbHO TOHbLUE U UCMbITEIBaTb HaTaxeHue oT 20 ao 30 MMa. CornacHo [12], cpeaHss anum-
Ha Tpaxewua, HanpuMep, CocHbl — 2,8 MM, a enn — 2,8-5 MM (npu anametpe ot 20 a0 40 mkm). Konu-
YECTBO OKAMMJIEHHBIX MOP HA pafMalibHbIX CTEHKAX KAXAOW paHHel Tpaxeunabl — oT 70 no 90 wTyk.
MpocToit pacHET NOKa3bIBAET, YTO B CPEHEM HA OAIHOM MOrOHHOM METPE LEMOYKW Tpaxeus, KCUNEMHON
HWTW CTBOJIA XBOWHOro Aepesa uMeetca ot 200 ao 400 Tpaxens, n ot 8000 ao 15000 okaiiMNEHHBLIX Nop
(c Topycom). lMaMeTp OKalMNEHHbIX NOP Y pasHbIX Nopoj, konebnetcs ot 8 10 31 MKM, a AnaMeTp OT-
BEpCTUS B Nopax — oT 4 a0 8 MKM. TOPYC, HAaXOAALUMICA BHYTPU MOMOCTU OKAWMNEHHOW MOpbI, pacno-
NOXEH CMMMETPUYHO OTHOCMTENIbHO OTBEPCTMA U KPEMMTCA K CaMOoil MOPEe C MOMOLLBK 3aMbIKAOLLEH
nnénkm nopel [13]. Mogoliealas K OKAWMMNEHHOW NOpe BOAa U3MEHSIET HaMpaB/ieHUE ABUXKEHUS C BEp-
TMKAJILHOMO Ha rOPU3OHTAJILHOE M, OBTEKas TOPYC, NEPEXOAUT B COCEAHIO Tpaxeuay. [pn 3TOM BOCXO-
JSLLMIA TOK BOAbI OKa3blBAET OJHOCTOPOHHEE NABNEHME HA TOPYC. TaknM oBpa3oM, rMnoTeTMYecKkas Bo-
JsHas HUTb HE SIBJIIETCA CTPOro BEPTMKANBHOW M OAHOPOAHOW MO CTPYKType. Cuna nOBEPXHOCTHOrO
HATSXXEHUS BOAbl B MEHUCKE Kanuanspa He MOXET ObiTb MEHbLUE CWAbl HATSXKEHWS HUTU, TaK KaK B
NPOTUBHOM Cydae 3TO NPUBEAET K OMYCKaHNI0 MEHWCKA BHWU3 W MpeKpaLleHnto NoAbEMA BOAbI U TPaHC-
nupauun. Mpyu HaAMYMKM TpPaHCMMpauuM Cuia NOBEPXHOCTHOIO HaTSXEHWUS AOMKHA ObiTb HE MEHbLUe
CWUNbl HAaTSXKEHMS BOASHOM HUTWU. 3Ta e Cuia A0/MKHA AEHCTBOBATL Ha BCE TKaHW, B TOM YMC/IE HA MO-
noable TkaHu 3abonoHK, Topyca, 3aMblIKaOLWKMX NAEHOK NOP, Yepe3 KOTOpble NPOXOAWUT BOASHAS HUTb, a
TaKxXe Ha 6onee MArkue TKaHu NCTLEB. W 3TU TKaHW AOMXKHbI UMETb COOTBETCTBYHIOLLYIO MEXAHUYECKYHO
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NPOYHOCTL. MNpY BbICOKOM OAHOCTOPOHHEM AABAIEHUM BOAbI TOPYC MOXET 3aKyNOPWUTb BbIXOAHOE OTBEp-
CTve nopbl. Ho B nnTepaTypHbIX WCTOYHMKAX HET HWU CBEAEHWM, OBOCHOBLIBAOLIMX TEOPUID BOASHBIX
HUTEW, HW CBEAIEHWIA O MEXGHUYECKON MPOYHOCTM TKAHEN M KJIETOUHLIX CTPYKTYp, YEPE3 KOTOpbIE Npo-
XOAMUT BOASIHAA HUTb.

B [10] npuBoasaTca hakTbl, TaKXe CTaBsAWME NOA COMHEHWE CMpaBeA/IMBOCTb TEOPUN BOASHBIX
HUTel. Tak, B OIHOM 13 OMbITOB Ha CTBOMNAaX JEPEBLEB C ABYX NPOTUBOMOMOXHbLIX CTOPOH U HA Pasnny-
HOIA BLICOTE AENanN HEMOJHbIE nonepedHble paspessl. Oba paspesa NpOXoAWn Yepes LEHTP CTBOMA U
nepexpbiBanu Apyr apyra. CornacHo Teopun BOASIHBIX HATEN, 3TO AOSIXKHO OblI0 OCTAHOBUTL ABUXKEHMWE
BO/Ibl BBEPX MO CTBOJY, MOCKOMbKY HApyLUANack HEMPEPLIBHOCTb BOASIHLIX HUTEW B cocyaax. Ho B 3ToMm
3KCNEepUMEHTE BOAA BCE e npojosikana NoAHUMATLCA. DTO O3HAYAeT, YUTO BOAA KaKMM-TO 06pasoM
noAgHMManacb, MMHys pa3pesbl. B [14] 6b110 BbiCKa3aHO NPeAnoiOXeHNe O HaNNMYMK B CTBONAX AepeBb-
€B KpOME BOCXOAALLEro BEPTMKANIbHOMO TPAHCMMPALMOHHOMO TOKa B KCUIEME eLE U MOpPU30HTaIbHOro
(pagnanbHOrO WM TaHreHUManbHOro) €& npOABUXEHWS B APEBECHbLIX TKAHAX. DKCNepUMEHTanbHOe
NoATBEPXKAEHWNE 3TOMO MOXHO HailTu B [15], rae aBTOpbl COOBLIAKT, YTO Kpacka, BBEAEHHASA B KCUIIEMY,
NepeABUraeTca no cnvpanu nNpubnusantTensHo Ha 90° Ha Kaxabli MeTp noawvéma. B 3Tol xe paboTe
NpUBOAMTCSA YTBEPKAEHUE O TOM, YTO CNUparibHbIi NOABLEM KCUIEMHOrO Coka obecneunBaeT 6onee
paBHOMEPHOE pacnpefesieHne Bo/bl MO BCEM HACTSM KPOHbLI, YEM CTPOr0 BEPTUKAJIbHbIA. 3TW BbIBOAbI
OCHOBaHbI Ha HabMOAEHMAX, NOKA3aBLUIMX, YTO AyS Genblil, B KOTOPOM KCWJIEMHLIA COK NEpeaBUraeTCs
BBEPX MOYTU BEPTMKAJSIbHO, MEHbILE MOBPEXAAETCH OT GONE3HWM YBAAAHWUS, BbI3BAHHOM COCYAUCTBLIM
6aKTepno3oM, YeM ay6 60NOTHLIN, B KOTOPOM BOCXOASILLMIA TPAHCMMPALMOHHBIN TOK NPOXOAMT MO Crn-
panu 1 pacxoauTca B BEPXHEN YaCTW PacTEHMSI.

Mo-BUAMMOMY, KCUIEMA BbICILMX PAacTEHWN He SBNSETCS HabopoM MpPOCTLIX BEPTMKAJIbHBIX Ka-
NUINAPOB, NO KOTOPLIM ABUXETCS BOAA, @ MPEACTABNSET 60/1ee CMNOXHYI CTPYKTYpPY, B KOTOPOW Mpo-
JBWXKEHME BOJblI MPOVCXOAUT HE TOJSIbKO BEPTUKAIBHO W NPSIMOSIMHENHO.

Moabém BOAbI UMEET KAMWNIAPHYIO MPUPOAY M HE OCYLLECTBASETCH 3a CYET OCMOTUYECKOro no-
TEeHUMana KJeToK CTEHOK COCYAO0B KCMNEMbl. 3TO NOATBEPXKAAETCA CNeAyoWwMM SKCNEPUMEHTOM, NpoBe-
AEHHbIM 3. CTpacbyprepoM U paaoM Apyrux y4éHbixX v onucaHHeiM K. JdagamHrtoHom [10]. MukpuHoBas
KUCNOTa (SABNSAOLLIAACA SAO0M A1 PaCTUTENLHOWN KNETKW), BBEAEHHAA B CTBOM YEPE3 pa3pe3aHHble COocy-
Abl, NOAHMMANACh HA OYeHb 6ONbLUYID BBICOTY U AOCTMrana ANCTbLEB, XOTH OHA ybuBana Bce BCTPeEYaB-
LUMECs Ha eé MyTu Xueble KNeTkn. Ho ecnun xueas kneTtka ybuTta un Bce (B TOM 4nCie OCMOTUYECKUE)
NpoLUecchl B HEM MPEKpaLLEHbl, TO CIeAYET NPEANONIOXUTbL, YTO NOABEM XMWAKOCTU B KanWIISAPHLIX CO-
CyAax KCUNEMbI, KIETOYHbIE CTEHKN KOTOPbIX YOUTLI, 0BYCNOBNEH NCKIHOUUTENBHO €€ B3aUMOAENCTBUEM
CO CTEHKOM COCyaa, T. €. 06bIYHBIM KanWIsAPHBIM NOABEMOM XWAKOCTH.

Takum 06pa3oM, NOABLEM BOAbl B KCWUIEME pacTEHW 0BYCNoBieH (PU3NYECKMMU 33KOHAMM
noabémMa XXUAKOCTM B Kanwunnspax. B AaHHOM Ciyyae He MMEKT 3HaYeHWst HU HalMuue BEPXHEro U
HUXKHErO KOHLEBLIX J1IBUTATENIEN, HA TMMNOTETUHECKMUE BOASIHBIE HUTU, HU OCMOTUHECKMIA NOTEHUMAN Kne-
TOK CTEHOK COCYAOB KCMAEMbl. 3TW rMNnoTeE3bl HE MOryT OObACHWTL HanM4Me BOCXOAALLEro TpaHcnmpa-
LIMOHHOIO TOKa BOAbI B KCUNEMe rnaBHbiM 06pa3oM MOTOMY, YTO OHM HE YYMTbIBAOT OCOBEHHOCTM aHa-
TOMUYECKOTO CTPOEHWUS PACTEHMIM U MX apXMTEKTYPHLIX (DOPM BO B3aMMOCBSA3N C (DU3MHECKMMU MpOLIEC-
CaMu, MPOUCXOASALMMK MPU PacnpeacsiEHn BOAbl B BETBSLLENCS KanWISPHOW CUCTEME KCUEMbI, a
TaKXe C BO3AENCTBYIOLLMMM HA PACTEHMS (DU3NYECKUMM U XMMUYECKUMK (haKTopaMu.

Lenb pa6otbl. [Toka3aTb cneayoLlee.

1) Bocxoasumit TpaHCMUPALUMOHHBIA TOK BOAbl B KCUIEME PacTeHWIt 0BYCNOBNEH CUMaMKU No-
BEPXHOCTHOrO HaTSKEHMS BOAbl B MEHMUCKAX KanuIspoB.

2) Bo3MOXHO NMOCTPOEHME MAaTEMATUYECKMX MOJENIEN apXMTEKTYPHbIX hOpM pacTeHui. ns sTo-
ro CNeayeT y4nThIBaTb aHAaTOMUYECKOE CTPOEHWE OPraHOB PacTEHWM M NPOLECCH pacnpeaeneHnst BObl
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B BETBALLUMXCA KaNUIAPHbLIX CUCTEMAX BO B3aMMOCBA3M C BO3AEUCTBYIOILMMA HA pacTeHWst M3NUECKN-
MU U XUMUYECKUMU (DaKTOPaMMU.
OcHOBHaA 4acTb. [pu 06bACHEHUM NOABEMA BOAbl (MM MHOW XWUAKOCTWU) B KanWaNspe paauyca r Ha
BbICOTY /7 TPAAULMOHHO PacCMaTPUBAIOT NMOFPYXEHHbIN B BOAY CTEKISHHBIA BEPTUKA/bHBIA Kanumnap u
3anuCbIBaOT YCNOBUE PaBEHCTBA ABYX CUIT:
— cunbl, 0BYC/IOBNIEHHON BECOM CTOJ16a BOJbI B KANUANSApe P, HarnpaBneHHON BEPTUKANIBHO BHU3;
— CWbl MOBEPXHOCTHOMO HATSIXKEHUS XKW KOCTM B MEHUCKE Kanuanspa F,, HanpaeneHHON BBEPX.
YpaBHEHNE PAaBHOBECHS 3TUX CUA ANIA LMANMHAPUYECKOrO Kanwuinspa 3anucbiBaeTcs B Bwp,e\
P=F,—nr’hpg=2nracosa, (1)
rae p — MIOTHOCTb BOAbI, g — YCKOpeHue CBOBOAHOrO NajeHus, a — yroa CMadvnBaHus, ¢ — Koahdu-
LMEHT NOBEPXHOCTHOrO HAaTSXEHUS BOAI.
Monaras a = 0, p = 0,998:10° kr/M> npn 20 °C, g = 9,8 Mm/c?, & = 0,0728 H/M, 13 (1) MOXHO
nony4nTs OpMyNy ANs onpeacnieHnst BbICOThl NOABLEMA BOAbI B Kanuanspe:
h=0,1510"/r (2)
JvnameTp Tpaxeua U cocyoB B CTBOMIAX XBOWHbIX W JIMCTBEHHBIX [€PEBLEB BapbUpPYeTCs B AWa-
nasoxe ot 2:10° m a0 6:10™ M. B kanunnsipax Takux AUaMETPOB BOAA MOXET AOCTUYb BbICOT COOTBET-
cTBeHHOo 1,5 n 0,5 M. Jaxe npu AvameTpe Kanuanspa, pasHoM 2107 M, BbicOTa NoabéMa BOJbI B HEM
coctaensieT Bcero 15 M. Cuna noBepxXHOCTHOMO HaTAXEHUS B MEHMUCKE Kanuisipa Takoro pagnyca pas-
Ha 2,28'107 H (nam 2,33-10°8 krc). HeTpyaHO moKasaTb, YTO BO3HMKAIOLIEE MPU 3TOM MEXAHMYECKOE
HanNpsiXeHWE B BOASHOW HUTK B Kanwispe CocTaBnseT BenndunHy nopsaaka 0,074 MMNa (0,74 6ap), uto
A0 400 pa3 meHblue eé npoyHocTM [11] Ha pa3peiB. B npupoae aepesbs, UMEs KanuansapHoe CTpoeHne
COCY/IOB KCUNEMbI, MOryT JocTuraTb BbicOT 100 1 6onee METPOB, YTO HE COMNACYETCH C KIIACCUYECKON
copmynoit XKiopeHa (2).
3TO NpOTUBOPEYUNE pa3peLlleHo NpyU MOAENMPOBAHWMN pacnpeaeneHms Boabl B CUCTEME, COCTOS-
LEN U3 BEPTMKASIbHOMO Kanuansipa U CUMMETPUYHO MPUCOEANHEHHBIX K HEMY B Pa3HbIX YPOBHAX Nps-
MOJIMHENHBIX GOKOBbIX KanusAPHbIX BETBEW PaBHOMO pajuyca 7, HAKJIOHEHHbIX MO, YoM B K rOpu3oH-
Tanu. PacctosiHme mexay ypoBHsiMM — hy [16]. MNoka3aHo, YTo 0bLLas BbICOTA NOALEMA BOAbI B BEPTU-

kanbHoM kanunnape A n eé npoaBuXEHUE B NPaBON U NEBON BETBSX PasHbIX YPOBHEH ()  onu-

nob n np/ne

CbIBalOTCA COOTHOLUEHNAMN:

" 1
h,E/Z)E =h+ (/V) hl - hlz(/v)m/ (3)
LI('INI'I)p/nB (h h Z N) 2 ) /Sln BI (4)

rne N — KONMYECTBO YPOBHEN B CUCTEME, /71— HOMEP PacCMaTPUMBAEMOro YPOBHS, /1 — BbICOTa NoAbEMA
BOAbl B OANMHOYHOM BEPTMKAJIBHOM KanWAspe paBHOMo pajuyca fr.

U3 (3) u (4) cnepyeT, 4TO NOABLEM BOAbI B BEPTUKANIBHOM Kanuansape Tako CUCTEMbI BbILLE, YEM
B OAMHOYHOM BepTuKasbHOM Kanunnspe. Obwas BbiCOTa NOABEMA BOALI YBEMUMBAETCA NMpU yBEAnYe-
HUWM KONIMYECTBA BETBEW U PaCCTOSIHUA MEXAY HUMWU, HO HE 3aBMCUT OT YI/la HaKJIOHa HGOKOBbLIX BETBEMN.
Haunbonbluee npoasuxeHne Boabl B BOKOBLIX BETBAX MMEET MECTO B CAMOM HWXHEM YPOBHE U YMEHb-
LIAETCA B KAXAOM MOCAEAYHOLLEM.

JobaeneHne OAMHOYHBIX aCMMMETPUYHBIX 3/IEMEHTOB K 3TOM CMCTEME MPUBOAUT K AOMOJSIHU-

TenbHoMy ysennyeHmo A" un (W) B [17] nony4yeHbl COOTHOLLIEHMS, ONUCLIBAIOLLIME NOABEM BOAbI B

nob 7 np/ne *

BEPTMKAJILHOM KanWispe W NPOABMXKEHNE e€ B BOKOBbIX BETBAX 5-ypPOBHEBOW CMCTEMbI MPY LIECTM Ka-
MUNSIPHBIX BETBSX B KaX/I0M YPOBHE:

1
WY = h+ (N) (h + Ahy) — h, Z(N)m IZ(N) 6 (5)
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,\/((2,,’?3) = ( 1Z(N) 6n+1 12(/\/) 6n ]/s"’][_)), (6)
sy = (h N 6n+1 AR g ] /sinB. 7)

AHanu3 NoMy4YeHHbIX COOTHOLIEHWA MOKAa3bIBAET, YTO YBEJIMYEHWE KOMMYECTBA KanWISPHbIX
BETBEN B YPOBHE W YBEJIMYEHWE KOJIMYECTBA YPOBHEN MPUBOASAT K YBENMUYEHUIO NPOABUXEHUS BOJbI B
BOKOBBIX Kanusipax BCEX YPOBHEN 1 B BEPTUKANBHOM Kanwinspe.

MPUMEHNMOCTb MONYYEHHbIX B [17] pe3ynbTaToB K peasibHbiM PaCTEHUAAM MOXHO MOKa3aTb Ha
npumepe nuxtbl HopamaHa (Abies nordmanniana). BH13y BOKpyr CTBONa B O4HOM YPOBHE pacnoNOKeHbl
5-6 Haubonee ANWHHBIX BeETBEW. OHM 3aHMMAIOT NOYTU BCIO OKPYXKHOCTb CTBOMA. YyTb BbILLE 3TUX BET-
Bel (Ha BenuunHy Ahy, NPUMEPHO PaBHYIO AUAMETPY 3TUX BETBEW) B OIHOM YPOBHE PACMONIOXKEHbI ellé
3—4 BETBM TAKOroO Xe AMaMEeTpa W AJnHbl. BeTBM 3TOro psaa no BEPTMKANM PacrnonaralTCs «Mexay»
HWKHUMK. CKeneTHble BETBU MNOCNEAYHIOLIMX YPOBHEN PACMONOXEHbI NO OTHOLIEHWID APYr K ApYyry Ha
paccTosiHuM h;, MHOro 6onblueM Ahy. [fiMHa BETBEH B 3TUX YPOBHSIX TEM MEHbLLE, YeM BoMblie HOMEp
YPOBHsl. B NpoMeXyTKax Mexjy YPOBHSIMWU CKENETHLIX BETBEM Ha CTBOJMIE MMEIOTCH KOPOTKUE, HECUM-
METPUYHBLIE OTPOCTKW U OTAENbHLIE BETOUKU (HE 0BpasyroLne CKENEeTHLIX BETBEN). BO3MOXHO, OAHa U3
ux hyHKUMin — obecnedeHne nNoabEMA BO/bl B KaNWNSPHOW CETU KCUMEMbl A0 Gnuxanluen solluene-
XKalllel CKENETHON BETBU. A caMa NyXTa UMEET XapaKTEPHYHO NMPaMUAANbHYIO (POPMY KPOHHBI.

MpsSIMONIMHENHOCTL CBOWCTBEHHA CTBOJSIAM MHOMMX PacTeHWi. B oTinumne oT CTBOSIOB GOKOBblE
nobern u BETBW HYacTO BbIMNAAAT KaK pa3HooOpasHble MaTEMAaTUHECKME KPUBbIE SIMHWUKW. KpUBONMHEHbIE
BETBM MOMYyT MMETb CaMbli pPa3HbIK BUA,. Tak, Hanpumep, ctBos daHepodmTo [18] BepTuKkaneH, a 6o-
KOBble BETBU HAMOMWHAOT MaTeMaTUYECKYID SKCMOHEHUMANbHYIO KpuBylo. BHewHe 6Gokosble noberu
asranocuta conepoca (Salicornia sp.) [13] nmetoT Bua napabonnveckux KpuBbIX, NONAPHO CUMMETPUY-
HO OTXOAALLUMX OT MPAMOMMHENHOrO CTBOMA. TOYHO TaK Xe pacnosioxeHbl 60KOBLIE NoBern norpeMka
6onbLuoro (Rhinanthus major) [13].

B [19] nonyyeHbl COOTHOLLEHMS, OMMUCBIBAOLIME MPOABUXEHUE BOAbI B CUMMETPUYHON MHOIO-
YPOBHEBOW KanwISIpHOM CUCTEME C MPSIMOSIMHENMHBIM BEPTUKAJIbHBIM M KPUBONMHENHBIMWU HOKOBLIMIA
KanuansapaMmu, MMerLwMn opMy napabonbl 1 onuceiBaeMbiMM yHKUMEN (X) = by + kX' B BUAE:

1

Ay, =h+ (M h=h Yo (8)
1
h-h» 7" —
o = 2o 2m +1 )]
7 b/ ne 1-coso!”

rae M — KONUYECTBO YPOBHEW B KaNWNSIPHOM CUCTEME; /M — HOMEp pacCMaTpUBAEMOrO YPOBHS;
6% — yron HakIOHa KacaTenbHOM K MEHMCKAM B Kanwisipax pasHbiX YPOBHEN, OnpeaensieMbiit
COOTHOLLIEHWEM:

n-1

1
h-n Yo, b
! l((M)2m+1 . (10)

0% = arctg| kn| {

CpaBHMBas BEMWYMHBI MPOABWXEHUS BOAbl B BEPTUKASIBHOM KanWISAPE U B KPUBOMMHENHBIX
Kanuanspax pasHbiX YPOBHEN, MOXHO OTMETUTb CIeAYHOLLEE.

— Mo Mepe yBenUYEHUs1 KONIMYECTBA YPOBHEW BEMMYMHA NPOABUXEHMS BOAbI B KQXAO0OM Nocsne-
Aywllem 6onee BbICOKOM YPOBHE KPUBOJIMHEMHBIX KanuiiipoB MEHBbILIE, YEM B Kanwinspax npeabiay-
LUUX YPOBHEMN.
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— Yron Hak/oHa KacaTesIbHON K MEHWUCKY B Kanwisisipax PacTeT C YBEJIMHMEHWEM /1 U K, TO eCTb
BETBb NOAHUMAaETCs 6onee KpyTo. Mpy 3TOM HaMOObLUMIA Yron HAKOHA KacaTeNbHOW K MEHUCKY UMEET
MECTO B Kanuaispe CaMoro HWXHEro ypoOBHSA, M 3TOT YrON YMEHbLLUAETCA B KaXAOM MnocieayoLem
YPOBHe.

— BbicoTa nogbéma BOAbl B BEPTUKASIBHOM Kanuanspe yBeUYMBAETCA MO Mepe pocTa «3Tax-
HOCTW>» KanunnsipHOW CUCTEMBI.

— MpoasuxeHWe BOAbI B KPUBOMMHENHLIX Kanuaisipax Bceraa 6osblie, YeM B NPSIMOSIMHENHBIX
Kanuansapax TeX XEe YPOBHEN, HAKMOHEHHBLIX K FOPU3OHTaNIM MO TEM XKE YIJIOM, YTO W KacaTebHas K
MEHMWCKY B Kanunnspe.

Bo BCex pacCMOTPEHHbIX MOAENSAX, ONUCbIBAaEMbIX COOTHOLWEHuaMK (3) — (10), obHapyxunBaeTcs
WHTEpPECHOE CBOWMCTBO, BriepBble onucaHHoe B [16]: durypa, nosyyeHHas npu nociefoBaTe/IbHOM CO-
€IUHEHWUWN NIMHWEN MEHWCKOB KanWISPOB PasHbIX YPOBHEN M BEPTUKANBHOMO Kanuanispa, COOTBETCTBY-
eT hopMe KpOHbI IEpPEBA WM NINCTA. ITO MOXET CNTYXUTb OKA3aTENbCTBOM TOrO, YTO CBOEN creuubu-
YecKoln hopMOiA KPOHbI M JIMCTLEB pacTeHWsl 06513aHbl HAJTMHUIO B HUX KanWISIPHBIX CUCTEM.

MpVHATas HaMK ANs PacuETOB cTeneHHas GyHKUmMa Y(x) = b + kX copepxuT ABa napaMmeTpa
kv n, GU3MYECKU CMBICT KOTOPbIX MPUMEHUTENBHO K [IPEBECHBIM PAcTEHWUSM MOXET 3aK/Ho4aThCs B
cnepywowem. B [3] n apyrux pabotax onucaHbl seneHns ¢hoTo-, TEPMO- U rPaBUTPONU3MOB, COBMECTHOE
JENCTBME KOTOPLIX MPUBOAUT K UCKPUBNIEHUIO (POPMBI BETBU U €& POCTY NPOTUB CUJTbI TAXECTH. Mpuun-
HO BO3HWKHOBEHWSI TPOMU3MOB SIB/SIETCS BO3AEWCTBME FOPMOHa ayKCuHa (B-WHAOMMAYKCYCHOM KMUCNO-
Tbl) Ha KNETKWU pacTeHuWid B Nepuoj, pocTa. MNpu HepaBHOMEPHOM OCBELLEHUM nobera NpovcxoauT nepe-
MELLEHNe ayKCUHA B CTOPOHY HEOCBELLEHHOrO y4acTKa W YBEJIMYEHME KOHLEHTPaUMM ayKCMHa B TeHe-
BOW CTOpoHe 6okoBoro nobera — u 34ech (T. €. Ha HUXXHEN CTOPOHE) YCKOPSIETCSH POCT KJIETOK. AHano-
rMYHOE ENCTBME OKa3blBaeT W TEMMEPATypa: aKTUBHOCTb ayKCMHA YMEHbLUAETCA Ha 6onee HarpeTon
yacTu nobera. MoBbILWEHHAA KOHLEHTpaUus aykcuHa aenaet 6onee 3n1acTUYHbIMUA U CNOCOBHBIMKU K pac-
TSXKEHMIO TKaHU nobera B 30He ero aencTeus. KNeTouHble CTPYKTYpbl nobera Ha obpallEHHON K UCTOM-
HWUKY CBETa U (MNIM) Tenna CTOPOHe pacTyT MeasieHHee, u nober n3rnbaeTcs B CTOPOHY MCTOYHMKA. Bo3-
neicTeue yneTpacdmoneTa ¢ ANNHON BOSHbI 280 HM paspyLUAeT ayKCWH, YTO TaKXKe NPUBOAUT K ero He-
paBHOMEPHOMY pacnpefeNieHNIO Ha OCBELEHHOM N TEHEBOM ydacTke 6okosoro nobera [3]. OnucbiBas
3TV SIBNIEHWUS, aBTOPbl HE OTBEYAIOT Ha BOMPOC, A0 Kakux nop 6yaer m3rmbaTbcs 60KOBON nober npu
HEPaBHOMEPHOM JENCTBUM ayKCMHA. MOXHO MpeanonoxuTb, YTo nobern 6yayT M3rnbaTbCs, MOKa He
NpUMYT NONOXEHWe, napasiesibHOe NaAaloWMM Ha HUX JiydaM CBETa, YTO MCK/UUT HepaBHOMEpPHOoe
pacnpeaeneHus aykcuHa. OTCloaa Creayer, YTo Yrosl HakJioHa BeTBeil OyfeT 3aBUCETb OT MeCTa reo-
rpacpnyeckoro pacnonoXeHUs pacTywwero aepeBa. B KHbIX KIMMaTUYECKMX 30HaX CONMHLUE NOAHUMAET-
CS BbICOKO — W BETBU AONXKHbLI pacTn 6onee KpyTo, YeM B CEBEpPHbIX LUMPOTax. TO eCTb MMEET MeCTo
«reorpadMyeckuin TpoNU3M», a NoKasaTesb /7 B MONYYEHHOM BbIILIE YPABHEHWWN XapaKTEPU3YET CTENEHb
sTOro Tponusma. KoacduumeHT k sBnsercs ¢oKycoM KpuBoi. BO3MOXHO, €ro CMbIC/T COCTOUT B TOM,
YTO MO MEpe PocTa pacTeHUs AUAMETP CTBOMA BAOJIb BEPTUKANBHOW OCK AEepeBa HE OCTAETCA OANHAKO-
BbIM M YMEHBLIAETCA K BEpxXHEN YacT. OJHOBPEMEHHO C YBEMYEHWEM JMAMETPA B HWDKHEA 4acTu
CTBOMA W YBEJIMYEHWEM ANIMHBI HUXHUX BETBEW anuKa/bHbIE TOYKM POCTa 3TUX BETBEN YAANSKOTCA OT
CTBONA, U ayKCUH YXXE HE [IOCTUIaeT HUXKHUX GOKOBLIX BETBEN BOGIN3U UX COEAMHEHUS CO CTBOJIOM U He
OKA3bIBAET Ha HUX AeicTBUS. POCT U pacTsKEHWE KNETOK NPOUCXOASAT B 3TOW 30HE PaBHOMEPHO, U Yron
HAK/IOHa 3TUX BETBEN MOCTEMNEHHO YMEHbLIAETCA. Ans Takux BETBEW yBENMUMBAETCA (POKyC napabonsl:
k < 1. B TO e BpeMs B BEpXHEW YacTu CTBO/A pacnpeAesieHUe ayKCHa B pacTyLux noberax HepaBHO-
MEPHO, U OHW M3rnbaloTCa A0 TeX MOp, NOKa He CTaHyT napannenbHbiMW NagatoWmnM JiyyaMm ceeTa. B
NpUPOAE OMUCAHHOE SIBJIEHWE MOXHO Habnaate Ha npuMmepe nuxTbl HopaMaHa, y KOTOPON HUXKHME
BETBU OTXOAAT OT CTBONA noA HebonbwMM YrIOM K rOPU30HTANN, @ CaMble BEpPXHUE MOJSIoAble BETBU
pacTyT KPUBOJTMHENHO.
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AHOMasIbHO BbICOKUIA NOABEM BOJIbl B KCUNEME MOXET BbITb TakKxKe 0BYC/IOB/IEH CneuntUHeEcKUM
AHaTOMUYECKMM CTPOEHMEeM eé cocyaoB. B [14] noka3aHo, 4TO nepdopaunoHHbIE MNACTUHKN C OJHUM
WM HECKONBbKUMKU CKBO3HbIMKM oTBepcTuaMM [13] u [17], obpasylowmecs npu CIMSHUN KOHEYHbIX TOp-
LieBbIX K/IETOK CTEHOK Tpaxewj, KOMMEHCMPYIOT YacTb BECa BOAbI CUNAaMMU YNPYroCTH NAACTUHKM, Ha KO-
TOpYIO BOAA AEWCTBYET. B 3aBUCMMOCTM OT COOTHOLLEHWUS AMAMETPOB COCYAa U OTBEPCTMI B nepdopa-
LIMOHHBIX MIACTUHAX U COOCHOCTM B3aMMHOIO MONOXEHUS NAACTMH BbICOTA NoAbEMa BOAbl B COCYAE, a
CNleA0BaTeNLHO, U BLICOTA PacTEHWUs, MOXET NPEBOCXOANTL BbICOTY NOABEMA BOAbI, PernaMeHTUpyeMyHo
(2), B HECKONBKO pa3.

FabuTyc ApeBECHLIX pacTeHMiA BeCbMa pasHoobpaseH. W cpean pa3Hoobpasnsl apXMTEKTYPHbIX
KOHCTPYKLIMI pacTEHWUI MOXHO HalWTWU No6eroBble CUCTEMbI, OTXOASALLME OT CTBOIOB KPUBOAUHENHO [13].
K HWUM OTHOCSATCA, HaNpUMEp, KOHCTPYKTMBHbIE Moaenu ATtumca, J1éeeH6epra, Pay, CkappoHe. BeTtsu
B [i@HHbIX MOJENSX MMEKT BUJ Napabonnyeckor Kpueoi. JMXOTOMMYECKWU BETBALLMecs nobern obpa-
3YIOLLEro KypTWUHbI MOMMKapAMka B mMoaenu LUyTa MMEeT 3KCnoHeHUMansHy opMy BETBEN NepBOro
nopsiaka 1 napabonnMyeckylo — BETBEW BTOporo nopsagka. B [20] nonyyeHbl aHanMTMYecKne CoOOTHOLLE-
HUsl ANS ONpEeAeneHnst BEIMUMHBI MPOABWXEHUS BOAbl B KPUBOIMHENHBIX Kanuaispax pasHbiX (opm,
ONMMCLIBAEMBIX YPaBHEHMSIMU BUAA: UX) = a+ kX', y=a —1, y= €% —1 n psgom apyrux. Mpu 3ToM
MOKA3aHO, YTO MPOABUKEHWNE BOJbl B KPUBOMHENHLIX Kanuansapax SABASeTcs yHKUMENA yria HAKIOoHa
KacaTenbHOW K BOAHOMY MEHWCKY K FOPU30HTaNU, a 0O6bEM BOAbl, NOAHWMAIOLLENCA B BOKOBbLIX KPUBO-
JIMHENHBIX BETBSX, NPU MPOYMX PABHbLIX YCIOBUAX BCeraa 6osblie, YeM B NPsSMOJSIMHENHBIX. TakuM obpa-
30M, MaTEMATUYECKME MOAEIN NPOABUXEHNA BOAbI B BETBALLMXCA KAMWASISPHbIX CUCTEMAX, NONYYEHHbIE
B [14, 16, 17, 19, 20], n0o3BOASAKOT ONMUCATb NPOLECC NOALEMA BOAbI B PACTEHMSAX C YUETOM MX aHAaTOMM-
YECKOro CTPOEHUS U apXUTEKTYPHON (hopMbl.

Pe3synbTaThl MOAEIMPOBAHUA ABWXEHMS BOAbl B APEBECHbIX CTBONAX nokasanu [14], yto ans
obecneveHnss 6ecnepeborHOro NoAbEMa BOAbI B KanwISIPHON CETU PacTEHUN HEOBXOAUMO BbIMOHE-
HUE 1BYX YCNOBMiA. MepBoe — HaNMyMe KpOMe BEPTUKANBHOMO €LE M rOPU3OHTAsIBHOrO €€ nepemellle-
Hus. BTopoe — BbINOMHEHWE COOTHOLLEHUS:

z:(,'],nr,2 < Zm,nr,zﬂ, (11)
rae g; M m;— KONUYEeCTBO KanuanispoB B NPeALIeCTBYIOWEM /1 BbilLeNIeXaLleM / + 1 YpOBHSX.
®usndeckmid cMeicn (11) coOCTOUT B TOM, YTO /1S NOABEMA BO/bI B KaNWIIPHON CUCTEME HEOb-
X0AUMO, 4TOBbl CYMMapHas MoOWaAb KanuanspoB Kaxaoro NOCNeaytowero ypoeHs 6biia He MeHblue
CYMMapHOW NJIOLaAN NpeablayLero ypoBHs. Mpy BbINOSIHEHWM 3TUX YCNOBUIA YBETMHUBAETCH BO3MOX-
HOCTb NepeMelLeHns BOAbl B CUCTEME KaMWSIAPOB. DTOT BbIBOA COOTBETCTBYET aHAaTOMUYECKOMY CTpoe-
HUIO aepeBbeB. CornacHo [12], kKOoNM4YeCcTBO COCYAOB M MAOWAAb UX CEYEHUS BO3PACTAET OT KOMAS K
BEpLUMHE. B NpoBOAALLYIO CUCTEMY pacTEHWUI BXOAWT €lUE U pa3BeETBIEHHAS COCYAWUCTasl CUCTEMA BET-
BEN W NINCTBEB Pa3HbIX YPOBHEW, MO3TOMY MOXHO Mofiaratb NOCTOSHCTBO BbINONHEHMs (11) 1 roBopuUTb
O BbICOKOW CTENEHW MOABWXHOCTU BOJbl B PACTEHUU. ITUM TAKXKE MOXHO OBBACHUTL OMWCAHHBIN BbliLlE
pe3yNbTaT OnbiTa C NONEPEYHLIM Pa3pe30M CTBOJIOB AEPEBLEB B Pa3HbIX YPOBHSAX.

B pamMkax pacCMOTPEHHOW MOAENN KanuIpHOro NoabEma BoApl B [16] npuBeaeHO 06bsACHEHNE
MEXaHU3Ma HabnaaeMoro aBToKoNeHATENBHOrO PEXMMA TPAHCMMPALMM PAacTEHUI HA MasibIX BPEMEH-
HbIX NpoMexxyTKax. Mpeanonaranocs, YTO, AOCTUrash KOHLUOB KanuanspoB B MPOBOASALLMX Nydkax, BOAA
BbIXOAUT M3 HUX (BOAA, BbIMAA U3 Kanwanspa, o6pasyeT MeHWUCK Bbinyknon dopmel [7]), cMaunsaeT
PacNONOXEHHBLIE PSAOM C KAanNWAIAPaMN CTEHKN MEXKIETHUKA — W NPOLECC NoAabéMa BoAbl NpeKpalla-
€TCs, NOCKONbKY BHE Kanuisipa BOrHYTOrO MEHWUCKA HET, M CUNa NOBEPXHOCTHOrO HATSXEHWSA, NOAHMW-
MaBLLAA BOAY, ucuyesaeT. [leTasbHO MpouUecC nepexoja BOAblI U3 Kanuanspa Ha CTEHKU MEXK/IETHUKA
MOXHO OnuMcaTh, ONMpasch Ha pe3ynbTaTbl pabot [21] u [22]. B [21] yka3aHO Ha BO3MOXHOCTb, a B [22]
TEOPETUHECKM U 3KCMEPUMEHTANIBHO MOKA3aHO, YTO NPodnib CKOPOCTEN ABUXKEHMS BOAbI B Kanuanspax
HE COBMAaAaeT C Nya3eMNeBCKUM pacnpeiesieHMEM, @ UMEHHO: CKOPOCTb XWAKOCTU BOJIM3M CTEHKM LU-
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JIMHAPWYECKOro Kanunaspa MMeeT MakCMMaNbHOE 3HadeHue, CYLECTBEHHO MpeBbillatollee U cpejHee
3Ha4YEeHNE CKOPOCTM MO CEYEHWUID, U CKOPOCTb B LEHTPE Kanuaaspa. SKCNEepUMEHTasIbHO OBHapyeH
abhekT CKaUKOOBPA3HOrO ABMKEHUS MEHMCKA XUAKOCTU B LUMAMHAPUYECKUX CTEKNSHHBIX Kanuaispax
avametpamu 3,410 M n 10° M — Kak CTOSLUMX BEPTUKABLHO, TAK M HAKIOHEHHBIX K FOPU3OHTANM.
Uncbposas BUAEOCHEMKA MOKA3asa, YTO NO Mepe 3aMnONHEHUA Kanuisapa BAOMb €ro CTEHKU CKONb3UT
BBEPX TOHKAas MNEHKA XUAKOCTM (aBTopbl [21, 22] Ha3bIBAOT €€ NPEeKYpPCMOHHOW), 3HAYMTENIbHO One-
pexaroLas MeHncK. OnepexeHne MoxXeT gocTuraTe 2,6:1072 M. Koraa cuna, o6ycnoBneHHas noBepXHO-
CTHBIM HaTSDKEHWEM, CTAHOBWUTCS PABHOW CWJIE HAYasIbHOrO HaMpPSXEHWUs CABUra B XWUAKOCTU, NMPOUCXO-
JUT CPbiB OCHOBHOM MacChl XWAKOCTU OTHOCWUTENBHO MIEHKU BAOJSIb CTEHKU, YTO (DUKCUPYETCA B BUJE
CKayka CTonbuKa XnUaKocTu. MpekypCcUoHHas MAEHKA NpU ABUXEHUM MOXET NEPENTM U3 Kanuaispa Ha
NOBEPXHOCTb CTEHOK MEXKIIETHUKA, a NOCNEAYIOLWMA CKa4Koo6pa3Hblid NoALEM BOAbI 32 CHET Hanpske-
HUsi CIBATA MOXET BbIBECTW BOAY 3a Kpai Kanunnspa. MNpu 3TOM MEHUCK UCUE3AET, W AaSIbHENLLMI Npo-
Lecc NpOUCXOANT KaK OnMcaHo B [16]. 370 ewé pa3 noATBEPXKAAET BbIBOA O TOM, YTO NPOLECC NPOABU-
KEHUS BOAIbl B KCUNEME pacTeHWU OBYC/IOBSIEH CMNIaMKM NMOBEPXHOCTHOrO HATSKEHUS BOAbI B MEHMCKAX
Kanuanasipos.

BbiBOADI.

1. PacnpeaeneHne BoAbl B BETBSAX PasHbIX YPOBHEN HEOAMHAKOBO. Hanbonbllee npofBMKeEHNE
BOAbI MPOUCXOAMT B BETBSAX HUXHEMO YPOBHSA M YMEHLLLAETCA B KAXAOM MOCNEAYIOLEM YpoBHe, 0bpa-
3ysl NpuK 3TOM cneumduyeckyo hopMy KpoHbl AepeBa uau iucTa.

2. BbicoTa nombEéma BOAbl B BEPTUKANIBHOM KanWIIsipe 3aBUCUT OT KOJIMHMECTBA BETBEN B YPOB-
HEe, pacCTOSIHUS MEXAY YPOBHAMMW W HE 3aBUCHT OT (pOPMbl U Yria HaKioHa HOKOBLIX BETBEM.

3. BbICOTYy pacTeHus onpeaensieT Hanmume nonepeudHbix nepdopupoBaHHbLIX NEPEropoaok B Ka-
NUANSAPHBIX COCYAAxX CTBOMA. DTO AENaeT BO3MOXHbIM NOALEM BOAblI B CTBOME Ha BbICOTY, 6OMbLIYIO,
4YeM paccumMTaHHas no gopmyne XKpeHa 415 OAMHOYHOrO BEPTMKAJIBHOMO Kanuanspa.

4. TeorpacunyeckmiA TPONM3M CBA3aH C reorpaduyeckoil LWMPOTOM MecTa Npou3pacTaHus pacre-
HUSl U C UICKPUBNEHWEM €ro BETBEN.

5. Ans 6ecnepeboitHoro nogbeéMa Bojibl B PAaCTEHWM HEOOXOAMMBI CNIEAYIOLLNE YCIIOBUS:

— Hann4yme KpoMe BEPTMKANLHOrO eé N rOPU30OHTA/ILHOrO NepeMeLL,eHNs BOAbI;

— HA4YMHAs OT KOM/SA K BEPLUMHE CYMMapHas NoOLWajb KaXaoro nocieayLwero nonepeyHoro
CeYeHUs KanunnspoB AOMKHA ObiTb BoNbLIE NpeablayLLero, YTO COOTBETCTBYET peasibHOMY aHaToMuye-
CKOMY CTPOEHMIO AEPEBbLEB.

6. MOCTPOEHHbIE KaMWANSPHbIE MOAEAN MO3BOAAKOT MATEMATMYECKM OnMMCaTb pacnpeaeneHue
BO/Ibl B KCUIEME PACTEHWI B COOTBETCTBMM C MX aHAaTOMUYECKMM CTPOEHMEM, apXMTEKTYPHON (hOpMON.
JaHHble MOAENM NOKa3bIBAKOT, YTO OCHOBHbLIM MEXAaHU3MOM MPOABUXKEHUS BOAblI B PAaCTEHUSX SABASETCA
€& KanuANspHbIA NOABLEM, CO3MABAEMbIA NOBEPXHOCTHBIM HATSXKEHWEM BOJibl B MEHUCKAX Kanwuinsipos,
N ucnapenue.
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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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