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BBEAEHWE

Marnble, cpegHue, a UHorga v 60/blUMe PeKn B MeXeHb 3apacTaloT BOAHOM
pPacTUTENbHOCTbIO,  KOTOpasi  OKasblBaeT  3HAYMTENbHOE  AOMOMHUTE/IbHOE
COMNPOTMB/IEHNE ABWXEHWIO PYCNOBOr0 MNOToKa. Kak oTmevaeT K.B. puiiaHuH,
PacTUTENIbHOCTb SIBASETCS 0COObIM 1 OYEHb CNOXHBLIM BUAOM LLEPOX OBATOCTU.

3apacTaHue peK — C/IOXHbI NpoLEecc, pa3BUTME KOTOPOro 0O6YC/OBMAEHO
COBMECTHbIM BJ/IMSIHVEM €CTECTBEHHbIX W aHTPOMOreHHbIX (PAKTOPOB. PacTUTeNIbHOE
COOGLLECTBO B X0/le CBOEr0 Pa3BUTUSA W XXN3HEAEATENbHOCTU MEHSIET YC/I0BUSI CBOErO
CYLLECTBOBaHMS, MOAUYMHASCL ECTECTBEHHbIM 3aKOHOMEPHOCTAM. BmecTe ¢ Tem
aKTVBHas [AeATeNbHOCTb Ye/l0BEKA Ha BOJOCOOPE PeKn BHOCUT CYLLECTBEHHbIE
KOPPeKTMBbI B MNPOLIECCbl Pa3BUTMS TpaBsHOW 6Gumomacchl. OCHOBHble (DaKTOpbl,
06ycnoBnnBatoLLMe pPa3BUTME BOAHOM PACTUTENIbHOCTU MOXHO O0ObeANHUTL B
cneayouime rpynnbi;

—TMAPONOTNYECKNIA PEXXMUM PEKN;
—TEPMUYECKUNIA PEXXNM;

—eCTECTBEHHbIV XMMWUYECKNIA COCTaB BOfbI;
—aHTPOMOreHHOe BO3/eNCTBIE.

MMapaBnMyeckne CONPOTMBEHNS 3apacTatoWMX PYCen pek SIBASKTCA OAHOM
13 OCHOBHbIX MPO6GMEM PEYHO rmapaBnvKW. MpaBUIbHbIA U apryMEHTUPOBAHHbIN
yyeT T[WAPaBIMYECKMX COMPOTUBAEHWIA AO/MKEH WMeTb MecTo B pacyerax
BaXKHEMLLMX XapaKTePUCTMK PEYHOr0 MOTOKa, TaKUX KaK CPefHss CKOPOCTb, PacXof
BOAbI 1 Ap.

BmecTe ¢ TeM CTeneHb M3YYEHHOCTU XapaKTEPUCTUK TEYEHUS B 3apOCLLMX
pycnax HefoCTaTO4YHA KaK [ANS MHXXEHEPHbIX pacyeToB, TaK WM AN pa3paboTKu
KOHLeNUuiA 0 rmapoanHaMmnYecKnX 3aKOHOMEPHOCTSAX TaKUX TEYEHMWIA.

Llenb nccnenoBaHmns 3akno4aeTcsl B KONMUYECTBEHHOM OLEHKe KO3((UUMEHTOB
CONPOTMBNEHUS A8 PEYHbIX Pycen, MOABEPKEHHbIX 3apaCTaHMIO, W pa3paboTke

METOANKN y4ETa CTOKa MaJlbIX 3apacTaloLLmnX PeK B nNepmno npoxoxXaeHns rnasoaKoB .



[na  [OCTWXKEeHMA MOCTaBNEHHON Len HeoOXO4MMO pellnTb Chegyrouimne
3ajaun:

1. NccnefoBath 3aKOHOMEPHOCTYM Pa3BUTUSA U pacnpocTpaHeHWs B 0L0/1H0OMBOM
PacTUTENbHOCTM, a TaKXKe OCOOEHHOCTU peXmnma rmapaBivyecKmnx COMpOTUB NIEHNUI
3apacTaroLLMX PeyHbIX pycer.

2. BbisBuTb onpegensiolimMe (akTopbl M YCTAHOBUTL  KpUTepuabHble
KOMMJIeKCbI 415 0606LLEHHOI KONMYECTBEHHOM OLEHKM NPK 3apacTaHuu.

3. Monyuntb pacyeTHyO (OopmMyny Ans KO3I(ULMEHTOB LUEPOXOBATOCTA B
3aBMCUMOCTY OT CUCTEMHO -30Ha/IbHBIX TMAPONOrMYECKNX (DAKTOPOB.

4. OueHUTb TUAPaB/IMYECKME COMPOTMB/EHMSA 3apacTatonX PeyHbIX pycen
MaJlblX BOLOTOKOB B pas3/inyHble (hasbl BEretaumm.

5. PaspaboTtaTb MOZe/b rMAPOMETPUYECKOrO yyeTa CTOKa 3apacTatoLmnX pekx.

6. Pa3paboTaTb METOAMKY M a/irOPUTMbl aBTOMATM3MPOBaH HOMO y4eTa CTOoKa
3apacTalolMx PeK And  BHEAPEeHMS UX  KOMMbHOTEPHOW  TEXHONOrMM B
TMAPONOrMYECKYHO CEeTb.

HoBas, paspabatbiBaeMas MeToAMKa MNofApasymeBaeT Mof coboM  BBOA
obecneyeHHbIX 3HAYEHUA  KO3IM(ULMEHTA  LUEPOXOBATOCTM B  OMNpefesieHve
pacyeTHbIX YPOBHE BOAbI NO hopMynaM paBHOMEPHOIO [ABMXXEHNSA C NOC/EAYIOLWNM
MX WUCMOMb30BaHMEM B pacyétax O0O6ecrneyeHHbIX pPacxXxofoB BOAbl  AOXAEBbIX
MaBOAKOB Mo hopmynam, pekoMeHaoBaHHbIX Ceogom npasua CI 33 -101-2003. Tak
e, paspabarbiBaeMasi MeTOAMKA OCHOBaHA Ha PacYeTHO -Bbl4MC/IMTENIbHOM (haKTope
PEYHOro pycna, NPV KOTOPOM 3HayeHust KO3(h(umumeHTa LuepoxosaTocTu OyayT
3aBMCETb OT KOHKPeTHbIX MapamMeTpPoB MOTOKA W XapaKTepuUCTUK pycna. Takum
06pa3om, HoBasi METOAMKA C (hM3MYECKON TOUKK 3peHns 6yaeT 6onee 060CHOBaHa, U

3HaYeHNst KOAh(hMLMEHTOB LLIEPOXOBATOCTM OYAYT OLEHEH bl 60/1ee 0O6BEKTUBHO.



1 NCCNTEAOBAHNA SAPACTAHUA PEYHBIX PYCE/I

ConpoTuBneHne OAHOPOAHON Ha3eMHOM PacTUTENbHOCTM LLUMPOKO M3y4asochb
B MeTeoponorun.  TeopeTnyeckoe onucaHne npoduns  CKOPOCTel  Haj
CENbCKOXO3SIMCTBEHHLIMW MONSAIMWA WM Hafd, NECHbIMA MaccvBaMn NPUBOANUTCS, B
yacTHoct, B pabote A.C. MoHnHa 1 A.M. Arnoma. [Mony4yeHHble pe3ynbTaTthl
TEOPETUYECKMX NCCNeA0BaHN NPU3EMHOIO €05t aTMOCKEPbI MOMYUYNAN JOCTATOYHO
HafeXHoe NMOATBEPXAEHNE HATYPHbIMU AaHHBLIMU. 3 HAUMTENbHO CNOXHEe 06CTOUT
npo6nema pacyeta rmapaBMyecKMX CONPOTMBAEHWIA B 3apacTatowWmx pycnax. IT0
06YyC/IOB/IEHO BECbMa C/IOXKHON CTPYKTYPOI MOTOKOB B 3apOCLUMX pycnax, TPYAHO
noAAatoLLelica CXxemaTm3aUny u aHannay.

Pa3paboTka KOHUENUWA rMapoauHaMUYECKMX 3aKOHOMEPH OCTell TeYeHuin B
3apoclMX pycnax cBs3aHa C psaoM TPYAHOCTER, TakKMX KaK BecbMa C/OXHas
CTPYKTypa MOTOKOB B 3apOCLUMX pYyCnax, a TakkKe C BAWSHMEM Pa3HOOOpPa3HbIX
(haKTOPOB  pacTUTE/IbHOTO CM0S, KOTOpble TPYAHO MOAAAKOTCA aHa/nm 3y MU
cxematusaumm. OCO6eHHO CNOXHbIM SIBNSE TCS MPOCTPAHCTBEHHOE TEYEHMe B pycnax,
4aCTMYHO 3apacTaroLmx rno 6eperam.

BbINOMHEHHbIE K HACcTOSILLEMY BPEMEHM  MCCNefOBaHUS  MO3BOMSHOT
npeacTaBuUTb NOTOK B LUMPOKOM PYC/e, YaCTUYHO 3apocCLLUEM MO FNybuHe, B BUAe
KOMOMHaUMKN ABYX NOTOKOB, XapaKTEPUCTUKM KOTOPbIX B3aUMOC BSi3aHbl: NOTOKA Haf
PacTUTENbHOCTLIO M MOTOKA B PacTUTE/IbHOM C/I0€, YTO MOKa3aHO Ha pUCYHKe 1.
Mexay aTMK ABYMSI MOTO KamMy MMEETCS 30Ha AMHAMMUYECKOr0 B3anMO/EenCTBUS.

Ha noTtok B npedenax pacTUTENbHONO C/I0S OKa3blBalOT BUSIHME Kak
CONPOTMB/EHME PACTUTENILHOCTU, TaK U TPeHWe No AHY. JonycTuMm, YTo NOTOK Hafj
PacTUTENbHOCTbIO HAXOAWUTCA B CXOAHbIX YCNOBUAX TEYEHUS C 0ObIYHBIM OTKPbITbIM
MOTOKOM B >XeCTKOM pycne. CneflyeT OTMETWUTb, OAHAKO, YTO Ha HWKHEN rpaHuLe
TakKoro noToka, COBNaatoLLeli C BepLUMHAMM PacTeEHWUIA CKOPOCTb OT/IMYHA OT HYNS;

CyLIECTBEHHbIM OT/IMUMEM SBNSIETCS TaKXKe MOABVMXXHOCTb BEPLUMH PacTeHWid Mop



AENCTBMEM MOTOKA, KOTOpasi M3MEHSIET LUEPOXOBAaTOCTb FPaHWYHON MOBEPXHOCTY
B/INSIET HA CTPYKTYPY TYpOY NEHTHOCTU B NMOTOKEe Haf PacTUTENbHOCTLHO.

B Tex cnyyasx, Korga Haf Coem pacTuTe SIbHOCTU MMEETCA AOCTAaTOUHbIN C/OW
BOAbI, ee [ABWKeHue BO30YXXAAeT B PacTUTENbHOM C/l0e BOJIHbI, — Takue e, Kakue
MOXHO Habnofatb Ha Monsx MeHWUbl WA pPXuM BO BpeMs BeTpa. BnusHue
BOJIHOBbIX KONe6aHWin MPUAOHHON PacTUTEIbHOCTU Ha KWMHEMATWKY U AWHAMUKY
MOTOK OblI0 TEOPETUYECKN N 3KCMEPUMEHTANIbHO M3yyeHo B.M. Jlatxepom n .H.
['ypyvHbIM.  BbII0O  HalAeHO, 4TO BOMHbI HAa MOBEPXHOCTU  PaCTUTENIbHOCTU
YBE/IMYMBAKOT CKOPOCTb TEYEHUS, TO eCTb YMEHbLUAOT KOIPPULMEHT TPEHUS Mo
CPaBHEHWUIO C [ABVMDKEHMEM Haj HeNOABWKHON pacTUTENIbHOCTbO. 10 -BMAMMOMY, B
3TOM CKa3bIBaeTCA TOT (PaKT, YTO BO/IHbI PACNPOCTPAHAIOTCA B TOM XKe Harpas/eHuN,

B KOTOPOM TEYeT BOAA.

FTTT I TSI T I T I 7T T 777777 f\qyﬁk
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PucyHok 1.1 — Cxema TeueHus B 3apoCLLUeM pycie
1 — TeYyeHue NOTOKa Haf PacTUTENbHOCTLIO; 2 — TeYeHWe MOTOKa B Npejenax PacTUTENbHOro Cos;

3- pacTuTenbHbIE 31eMEHTLI; 4 — 3ntopa CKOPoCTU



B TeuyeHMe BereTtauMOHHOrO Ce30Ha BUSHME PACTUTENBHOCTU  TakXe
N3MEHSETCA, B MEPUOL ee pocTa YPOBHU BOfbl YBE IMYMBAIOTCA, MO CPABHEHMIO C He
3apOoCLUNM PYC/IOM, 3aTeM, B TEUEHME KAaKOro-TO BPEMEHWN OCTatdTCA HEM3MEHHbIMU.
B TO e Bpemsi Npyu Nponycke NeTHEe -OCEHHNX MaBOAKOB PacTUTE/IbHOCTb B pycre
PEKN NofA AelCTBMEM 60MbLIMX MacC BOAbl YNAOTHSAETCA, 4TO NPUMBOAUT K
YMEHbLLEHWIO MMAPaBINYECKMX CONPOTUBNEHNIA.

BecbMa C/IOXKHbIM AN151 U3yYeHUs U TEOPETUYECKOI0 ONMcaHns NpeacTaBseTcs
MOTOK B Npeaenax PacTUTENbHOrO Cfos, rAe Ha XapakTepUCTUKUA TEYEHUs BIMSIET
MHOXECTBO (DaKTOPOB, CBA3aHHbIX C 06TEKAHMEM PaCTUTE/bHbLIX 3/IEMEHTOB, a TaKXKe
TpeHne MNoToKa Nno AHy. B 3aBMCMMOCTM OT MIOTHOCTU PacTUTENIbHOCTW, ee BUAa,
BO3pacTa, MOBEPXHOCTW, a TakKXe FeoMeTpuu, BAUSHME TeX UMM WHbIX (PaKTOpOoB
MOXET NPOSBNATLCA B Pa3/IMUHOM CTENEHMN.

Ocob6yto CNOXHOCTb NS UCCNefoBaHWA MNPeACTaBNAeT TeyeHMe B 30He
ANHAMUYECKOro B3aMMOMENCTBUA MOTOKOB Haf pPacTUTeNlbHbIM CMOEM W B €ro
npepenax[1, 2].

1.1AHanm3 pe3ynbTaToB 0ny6/IMKOBaHHbIX UCCeA0BaHUI

[MepBad CBOAKA O MEXEHHOM pexuMe 3apacTalolmx pek CcocTaBneHa
. . LLBeyom, Mo AaHHbIM  KOTOPOro MaKCMMasibHOe MOBblLeHWEe  YPOBHSA
BCNEACTBME Pas3BUTMS PaCTUTENbHOCTU B pycfie ObiBaeT BECbMa pPas/InyHbIM U
[OCTUraeT B OTAENbHbIX cnyyasx gaxe 1.5-2.0 m. BennumHy nopgnopa Lsel
paccMaTpuBaeT TOMbKO B CBA3W CO CpefHeil rnybuHON MnoToka. dTa BEIN YMHa,
HECOMHEHHO, 3aBWCMT elle W OT (OopMbl pycna, pacrnpesenceHus B HEM
pacTUTEeNbHOCTK, BUAA NOCNEAHENR 1 OT HEKOTOPbIX APYrX (PaKTOPOB.

o paHHbIM B. A. JlynoBa, npy MasioM HanosIHEHUN 3KCNEPUMEHTa/ILHOIO Ka -
Hafa NoTOK 06TeKas NINLb MPUKOPHEBbLIE CTBOJIbI PAaCTEHMIN CO Cpa BHUTENbHO He-
0O0NbLUOM CYMMapHOW MNOWAAb0 MUAENeBbIX ceyeHun. o Mepe YyBenMYeHUs
rNyouHbl B MOTOKE OKa3blBaJIOCh BCE OO/bLUEE YWUCMIO PaCTUTENIbHLIX 3/1EMEHTOB B

CBA3W C WX BETB/IEHMEM, TMO3TOMY COMPOTMB/IEHNE Bo3pacTaeT. MakcumMym
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CONPOTMBNEHWNI COBMAAaeT C PEXUMOM MOMHOTO 3aTOMNEHMSI PAaCTUTENIbHOCTW.
[anbHeinlwee yBennyeHne rnybuHbl NPUBOAWUT K TOMY, 4TO BCe 6OMblUAs 4acTb
pacxofa NpOXOAUT Hag PacTUTENbHbIM C/OEM MPU 3HAYUTENbHbIX CKOPOCTSX
TeyeHnst, (4TO [0 HEKOTOPOW CTeneHW afeKBaTHO YMEHbLUEHWUIO OTHOCUTENbHOW
LLIEPOXOBATOCTK), NO3TOMY B 3TOM 06/1aCTN KOI(PULUMEHT rMAPaBANYECKOrO TPEHUS
YMEHbLLAETCA C POCTOM umcen PeiHonbAca. WHTEpeCHO OTMETWUTb, 4TO C
YBe/IMYEHNEM YK/O0Ha, (a CnegoBaTe/lbHO, M CKOPOCTU TeUeHUst MpY NPOUMX pPaBHbIX
YCNOBUAX), MaKCUMyM COMPOTUBNEHNS CMELLAeTCa B 06/1aCTb MEHbLUUX YKCen
PeiiHONMbACA W CTaHOBMTCS MEHEEe BbIPa>KEHHbIM, UTO CBS3aHO C MOMEraHNem
pacTUTENIbHbIX 3N1IEMEHTOB.

ConocTaBnsisi  CONPOTUBMEHME MOMEralOWmMX W CTOAWMX  PacTUTENbHbIX
3/1EMEHTOB NPV OAHONM W TOW e NoLWaan NOBePXHOCTM MOMYYMM, YTO MoseraHue
PacTUTENbHbIX 3/IEMEHTOB MOXKET 3HAYMTE/IbHO CHU3UTL UX CONPOTUBIIEHUE.

3aMeTMMm, 4YTO B 3aBMCMMOCTM OT YPOBHSI BOAbI, NPV OAHOM W TOW >Xe
pacTUTENIbHOCTY PYC/O PEKV MOXET NPeACTaBNATL CO60I BOAOTOK C MOMHOCTLIO U
4aCTUYHO 3apOCLLUMM PYC/IOM.

PacTUTeNbHOCTb — 3TO OCOObIA U OYeHb CHOXHbIA BW [ LUEPOXOBATOCTM.
MonbITKKN nccnefoBaHMst NPo6aeMbl BMSAHUSA PacTUTENbHOCTU Ha ruapaB/Myeckue
COMNPOTMB/IEHMS PYCEN U NOWM PeK NPeAnpUHUMAaINCL HEOLHOKPATHO Pas/INYHbIMI
aBTopamu.

ConpoTuBneHne OAHOPOAHON Ha3eMHON PacTUTENbHOCTM LLUMPOKO M3y4asiochb
B METEoponorun. bbinn npoBefeHbl 6O/MblUME CEPUM HATYPHbIX HabGMAEHMIA 1
NpeanoXKeHa HeNWHelHas CcUcTemMa  ypaBHEHWI Anst  ABYXCMIOMHOW  3afdauw,
onucbIBaroLLas NpoLecchbl TypbyNeHTHOro 06MeHa B 3TUX CNosX. [1s peLueHns 3Tol
CUCTeMbl Oblna MNpeasioXkeHa maTeMaTuyeckas MoOJenb W CxemMa pacyeta Moss
CKOpPOCTK BETpa BHYTPW PacTMTENIbHOCTW U Haf Held, 1 N0 Heli Npon3BefeH pacyet
CKOPOCTHbIX MNONei. Pe3ynbTaTbl pacyeTOB BeCbMa XOPOLUO COr/1acoBbIBA/IUCL C
HaTYPHbIMU JaHHbIMW.

KO. H. CokonoBbiM, coBmecTHoe A. C. ['onoBaTioK OblnM NpoBefeHbl 06 -

LUIMPHBIE 3KCMEPUMEHTbI MO M3YYEHUIO CKO POCTHBLIX MOMEN B HATYPHBIX YC/OBUSX Ha
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3apacTaromx nomnmax. I/I3|v|epeH|/|ﬂ nposoan/inCb B YC/NOBUAX eCTECTBEHHOWA
pacTutesbHOCTM W Ha CchneynasibHO 060py,qOBaHHbIX nnowagkax, XapakTtep
PacTUTENBHOCTU Ha KOTOPLIX 3afaBa/1ICA B X04€ 3KCIMEPUMEHTaA.

Vimn npefnoxeHa 3aBUCUMOCTb

b

nN=————.
VFr oI« 71

(L1)

roe n — KO3a(h(MUMEHT LLEPOXOBaTOCTM B pacTuUTeNlbHOM cnoe; b — napametp,
3aBMCALLMIA OT BbICOTbI pacTUTenbHOCTU; Fr — uncno ®pypa; | — ruapaBnnyeckumi
YK/OH.

PacueTHas 3aBMCUMOCTb [N1S OnpeaeneHns KoadduumeHTa LLepoxoBaTocTy

npeaioxxeHHasa U.®. KapaceBbim

na=mo'2-dpi@ar+ds2n’a/3)ardpap)/egiRe* K10l T(-3)))

rae dy, hp, ar — XapakTepucTMKy 3apacTaHWin COOTBETCTBEHHO : d, — AnameTp, M; h, —
BbiCOTa CTebnel, M; O— OTHOCUTE/bHAs TycTOTa BOAHbLIX PACTEHWUIA (YMCMO BOAHbIX
pacTeHwii Ha 1 m?).

BennunHa n; 3aBMCUT OT (hasbl PasBUTMS BOMAHOW  PacTUTENIbHOCTW.
LLlepoxoBaToCTb pycna, C OfHOM CTOPOHbI, YBENMYMBAETCA C POCTOM MaccChbl
PacTeHWiA, a C APYroii — YMeHbLUAeTCA MO Mepe WX CTapeHus, MoneraHnst U CpbiBa
6onee paHHMX N06GEroB. TW NPOLIECCHI NPOUCXOANT XPOHOMNOMMYECKN 3aKOHOMEPHO,
TaK 4YTO M3MEHEHMe L, MOXET ObITb MPeACTaB/eHO B BUAE HEKOTOPOW (YHKLMM
BpeMeHW. Kak OKa3blBaeTCd, OHa COXpaHseT [A0CTaTOMHO  OAHOPOAHYHO
aHa/IMTUYECKYIO CTPYKTYPY B pasHble oAbl U A5 pasnnyHbIX Pek, ecnvm BpeMs OT
Havana BereTauum BbIpaXkeHO B A0NSX OT 06LLel NPoAC/HKUTENBHOCTI BEreTaLuu.

Bonblioe BHUMaHWe npobiemam rmapaBINYeCcKnX PacyeToB, 3apoCLLUMX pycen

YLENAETCA 1 32 PyO6eXKoMm.



B. T. Yoy npoBoAgu/i 3KCMEPUMMEHTbI B KaHa/laxX M Ha MNoimax, 3apocLumx
TpaBoi. B pe3ynbTate aTUX MCCNefoBaHWn UM Bblv PEKOMEHO0BaHbI TabnunLbl ANs
onpefeneHns KO3(MMUUMEHTa LIepoXoBaTocTM N, W MpefoXeHa MeToAMKa
onpefeneHns Buaa pPacTUTENIbHOCTY NMPY MPOEKTUPOBAHNN KaHANO0B ANd 3alnTbl UX
OT pa3mblBOB, a TakKkKe pacyeT MaKCUMa/lbHOM MPOMYCKHOW CrocoGHOCTH
3apacTatoLLmMX KaHasoB.

OfHY M3 pacyeTHbIX CXeM A8 OLEHKM TMApaB/IMYecKUX COMPOTUBNEHWIA B
3apacTarolmx pycnax npegnoxun A. HaiT. Beeas pag AOMYLWEHWUA, B YaCTHOCTH,
BblOpaB [A/IMHY YyyacTKa TakMm 06pa3om, YTO Pacno JIOKEHHbIX B €ee npeaenax
pacTeHWUi [0CTAaTOYHO NS MOMHOr0 MEepeKkpbITUS XKUBOrO CeYeHWs pycna, nocrne

HEKOTOPbIX NPeobpa3oBaHMii NONYUMN CNeLytoLLee BbIpaXKeHMeE:
A=A (1-d Jar)+ k acd np. (1.3)

rae Ao— KOIMULVEHT CONPOTMBNEHNA fHa; d,— NMONepeyHbIi pasmep pacTeHuid; k, —
KO3((hMLIMEHT N060BOr0 TPEHWA; O — OTHOCUTE/IbHAsA I'YCTOTa BOAHbLIX PacTeHuit; hy—

BbICOTa BOAHbIX pacTeHWIA B TO/LLE NOTOKa [1, 2].
1.2 NccneposaHus B.C. bopoBKoBa

OcobeHHO Xx04eTcs OTMeTUTL uccnepoBaHns B.C. bopoBkoBa Mo M3yyeHMIO
XapaKTepUCTUK TeYEHUS B 3apOCLUKX pycnax.

CornacHo wuccneposaHuam B.C. bopoBkoBa OCHOBHbLIMW  MHTerpasibHbIMU
XapaKTepucTKaMn TeYyeHUs B 3apOCLUEM pYCle ABAAKOTCA CPeAHAs CKOpOCTb
TeyeHUs (V¢p) U KOIPMULIMEHT ruapasinyeckoro TpeHus (A).Ansa sapociuero pycna, B
npegenax KOTOPOro CyLwecTBYeT M B3aMMOAENCTBYeT [Ba NOTOKa (NOTOK Haj
pacTUTeNbHbIM CN0EM W MOTOK B MNpefenax pacTUTeNbHOro Cost), MOXHO
PaccMOTPETb MHTerpasibHble XapaKTePUCTUKIN /19 BCEro NnoToKa B LLE/IoM, a TakKe B

OTAENBbHOCTWM ANA KaKAO0ro U3 yKa3aHHbIX MOTOKOB B OTAE/IbHOCTW.



TpeHue no [AHY B psfge CAyyaeB HAMHOTO MeHbLUE COMPOTUB/IEHUS
PacTUTENbHbLIX 371EMEHTOB. B 3TOM cnyyae 6GanaHc CWn As BCEro MoToka GymeT

NMETb BUA:

V2 1

p
pghl = p—3S5,Cpky +. (1.4)
2 M B M}%

rae 4 o—CPefHAA CKOpPOCTb TeYeHUs B npefenax pactutenbHoro cnos ;Sy,=f(h,, dy)—
nnowaab Muaens pacTUTEeNIbHOro 3/1EMEHTA, ero CpPefHAs BbICOTa M XapaKTepHbIi

MonepeyHblit pasmep PaCTUTENbHbIX anemenTos ;Cp —

KO3th(hULMEHTIMAPOANHAMUYECKOTO COMPOTUB/IEHNS! OJUHOYHOTO 3/1EMEHTa | Ky

KOI((ULMEHT B3aUMHOFO B/IUSHUS PACTUTENbHLIX  3M1EMEHTOB,  Y4MTbIBAOLLMIA
CTeneHb  FMAPOAMHAMNYECKOTO «3aTEHEHMS» HMMKECTOSILLLErO MO TEeYEHUHO3NIEMEHTA
BbILLECTOALWM; M,— CPeHWA  pasmMep MiowWwaan [AHa, Ha KOTOpOW  3aKpenseH
OfNH PACTUTENbHBIA 3M1EMEHT.

B kayecTBe paCTWUTENbHOrO 37IEMeHTa  3[ECb pacCMaTpuUBaeTCspacTeHue,
MMEIOLLLEe  HEnoCcPeACTBEHHbIA  KOHTAKT ¢ rpyHToM.CnegyeT OTMETWTb, YTO
reoMeTpUYecKme 1 rMapoaHaMUYecKne XapakTepUCTKNA PacTUTENbHbIX 31eMEHTOB
N3MEHSIIOTCS B 3aBUCUMOCTUOT CTEMEHW 3aTOMMEHUs MX BOAHLIM MOTOKOM. Tak,
HanpumMep, NPY He3HaUYMUTeNbHOM 3aTOMEHNN YMCTOrO IECHOTO MaccuBa B KauecTse
XapaKTepHOro  MOMEePeYHOro pasmepa pacTWUTENbHOTO — 3nemeHTa  d.cnegyet
NPUHUMAaTb  AMameTp CcTBoMa, KoadduumeHT conpoTvenenus Co, npn  atom
NPUHUMATL A0S UAIMHAPA, a KO3MMULMEHT B3aUMHOTO BUSHWS YCTaHaBNMBaTb B
3aBMCMMOCTM  OT B3aMMHOIA PacCTaHOBKM  CTBOMOB. Mpy GONbLUMX 3aTOMNNEHUAX

NnowWaab MUaens S, B GONbLUEH CTEMEH ONpeaenseTcss KPOHOM, Tak e Kak CD n

k
B, B TO BpeMdA Kak

COMPOTMB/IEHNE CTBO/IOB OKa3blBAETCS CPaBHUTENbHO HEOOMbLLUM.
Ana  onpefeneHns  Ko3hguUMEHTA  TUAPABAMYECKOTO  COMPOTMBEHUS

Mcnonb3yeTcs opmyny:



Torga

[ NONHOCTbIO 3aPOCLLEro pycna:

ml =2y
pghl=2pV?,

Ve 1
A= *ESMCDRB F

(15

(16)

(1.7)

rge @ _ nonHas nnaowagb nornepevyHoro cevyeHna pycra, BKAKOYada 4actb naowagu,

3aHATON pacTuTenbHbIMW 3NEMEHTAMWU N YUUTbIBaA, YTO

OG03Hauast KOMM/IEKCHYH XapaKTEPUCTUKY PacTUTEbHOTO C/0s Yepes

3anuiem

Vv
A5 = 4375 Sy Cok

V= T"?n, VMEEM:

1
B r
MP

(18)

(19)

(1.10)
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BennunHa .J' ) BK/TlOYatoLlas N3BECTHbIE reomMeTpuyeckmne "
rMppoagnNHaMNYECKME XapPaKTEPUCTUKN PaCTUTENBHOCTW, BbIYUCAAETCA MO 3TUM

XapaKTepnucTnKam, nnMeo  MoXeT yCTaHaB/INBaTbCA  3KCMNEPUMEHTa/IbHO 10
N3MEPEHNAM COMPOTUBMEHUA 3apPOCLLEro pycna. |_|pl/l N3BECTHOW Benn4YuHe /
cpeaHdaa CKOPOCTb TeYeHWA B MOJIHOCTbKO 3apoCLUeM pycrie onpegendeTtca wus

ypaBHeHUs:

h[—ﬂ;3 V‘—L Ve 111
Py _Bpp_zj:pp' ( )
V,=vau.j. (1.12)

Takum 06pa3om, WHTerpaibHble XapakTepUCTUKM MOHOCTHIO  33aPOCLLEro
pycna onpegenatotcs no gopmynam 1.10 n 1.12. OTMeTMM ewle pas, YTO 3TU
BbIP&XXEHWNSA MOJTyYeHbl 418 YC/IOBUM, KOrha COMpOTUBIEHME [HA HAMHOIO MeHbLUe

ConpoTmMBNEHNA PaCTUTENTbHbIX 3/1IEMEHTOB [3]

1.3 NccneposaHua E. A. JleoHoBa

focypapcteBeHHbIM ['ugponornyeckum NHctutytom (M) B TeveHne 1956 —
1958 rr. Ha Hecko/nbKMX MOCTax Ha Yy4yacTKax 3apacTtalowmx pek lKcca, JloBartb,
CopoTb M YcBAYa BefiMCb  WUCCNefoBaHMSA MO M3YYEHUIO  XapaKTepuCTUK
3apacTaroLLIero peyHoro pycna.

MosiBNeHne BOAHOW PacTUTE/IbHOCTM B PyCie PeKU NPUBOAMT K HapyLUEHMHO
YCTOMUMBOI OfHO3HAYHOWM 3aBMCMMOCTW YPOBHSA OT pacxofa Boabl. Toukn (Q, H)
NOXaTca fleBee KPWBOWM pacxofoB CBOOGOAHOrO pycna, T. €. Npu MPOXOXAEHU
HEKOTOPOro pacxofa BOAbl B 3apoCLleM pycrie HabnofaeTcs YpoBeHb, 6osee
BbICOKMIA, YeM NPV NPOMYCKe Takoro e pacxoja B CBO60AHOM pycre.

OTOT  3(heKT  MOBbILIEHUS  YPOBHS  HA3blBAlOT ~ «MOAMOPOM»  OT
11



pacTUTENbHOCTM, & HEKOTOPbIE aBTOPbI, HE COBCEM YAAauyHO, — «BCMYYMBAHUEM» U T.
.

Mpn M3y4eHUU pexrmMa YPOBHSA BOAbl 3apacTalolmnxX peK HeobXoaMmo
pasnnyatb U3MEHEHMNS YPOBHS:

1) BbI3BaHHbIE M3MEHEHVEM BOAHOCTU NOTOKA;

2) 06yC/OBNEHHbIE N3MEHEHNEM CONPOTUBEHMSA pyCha.

Hanbonee 4acTo BCTpevalOTCA Cfiydau, Korga M3MeHeHWs YPOBHS BO[bl
MPOMCXOAAT OJHOBPEMEHHO KaK 3a CYET WM3MEHEHMUSi COCTOSHMA PacTUTENIbHOCTU
(pocT, OTMMpaHKE), TaK 1 BCEACTBME N3MEHEHWSI BOAHOCTM MOTOKA.

Takum 006pasomM, NOYTM BCerga NpUXOAMTCS WMMeTb B BMAY TOMbKO
MPeVMYLLIECTBEHHOE BANAHNE OHON MPUYMHBI — CONPOTMUBIEHUS NN BOAHOCTW.

[axe B TOM Cnyyae, Korga KOMMYeCTBO PacTUTENbHOCTM B pycrie OCTaeTcs
HEM3MEHHbIM, a HabnaaeTca W3MEHeHWe BOAHOCTWM, TO A0NA  y4vacTus
pacTUTeNbHOCTM B (DOPMMPOBaHMM CONPOTUBEHMS pyCa TakkKe U3MEHSETCS.

[axe Bu3yanbHble HabMOAEHMS  MOKas3blBalOT, 4TO B  pycnax cC
HepaBHOMEPHbLIM pacripefeneHnemM pPacTUTeIbHOCTM HabMoaaeTcs HepaBHOMEPHOe
pacrnpegeneHve ckopocTeid. MNputom, B 0TMYME OT CBOBOAHONO pycna, rae antopa
pacrnpefeneHns CKOpPOCTed MO WupuHe 651m3Ka K 1 apabonmyeckor € O4HUM
MakCVMyMOM NPUBN3NTENILHO OKO/I0 CepeAuHbl MOTOKA, 3Mpa CKOPOCTe B
3apocCLUEM pyc/ie UMeET HemnpaBW/IbHYHO (HOPMY C HECKONIbKMMU MakKCUMyMamu W
MUHUMYMaMW.

Hannumne HeCKONbKMX MaKCUMYMOB («MUKOB») OnpeaenseTcs 060C061eHHbIMY
TOKaMW BOfbl B 3apOCLUEM pycfie. OTU TOKM Mbl Ha3Ba/M CTPYWAHbIM TEUYEHMEM,
MOTOMY YTO OHW HaMOMMHAKOT CTPYiHbIE TeYeHNs B aTMOCepe — Y3Kue Mosochbl
OYeHb CUMbHbIX BETPOB.

MepBOHaYanbHO CTPYMHbIE TEYEHWS BO3HMKAKOT ram, rfe OTCYTCTBYeT
pacTUTE/IbHOCTb WM TFYCTOTa €6 Ha KaKOM-TO Y3KOM Y4acTKe He3HauMTe/lbHa Mo
CPaBHEHUIO C OKpYXaroLWmMMK yyacTkamu. locne o6pa3oBaHUst CTPYIMHOM 30HbI
pasBUTME PacTUTENIbHOCTU N3-3a MOBbILLEHHbIX CKOPOCTEN Ha [aHHOW Y3KOI rnosoce

COEPXKMNBAETCA.
12



CTpyiiHble  TeUeHUs  XapaKTepU3YITCS  3HAUMTENbHO  MOBbILIEHHbLIMM
CKOPOCTSIMKX, 6O/bLLIOIA NPOTXKEHHOCTLIO NPY Masoli LIMPUHE W HanpaB/eHueM,
OTK/IOHSIIOLLMCS OT OCHOBHOIO HanpaB/ieHNs pycna.

[N TOro 4ToGbl BbIAICHWTb, BO CKO/IKO pa3 BO3pacTaeT CKOPOCTb Mpu
BO3HVKHOBEHWUMN CTPYIAHOO TeUeHUs B 3apOCLUEM pycne, 6bin NPOBEAEH CNe AytoLuii

OrbIT.

Ha y4yacTke peku C POBHbIM JHOM M PaBHOMEPHO 3apOCLUVM OLHOPOAHOWA
PacTUTeNbHOCTLIO B HarpaBneHUN M0 TEYEHUIO BBEPX U BHMU3 OT MecTa MU3Me PeHuit
CKOPOCTK BbIKaLUMBa/IOCh MO CMeAoBaTe/IbHO «OKHO» AnuHoin 0.5, 1, 2, 4, 6, 8, 10 u
12 M Npn NOCTOAHHON wWinprHe 1 M. Kak nokasanu n3mepeHusl, CK OpoCTH TeYeHus
npu LvHe «okHa» 10 M BO3pacTain MO CPaBHEHWIO C ObITOBbIMK, T. €. 40 Bbl -
KalumBaHus, 6onee yem 2.5 pasa.

B pesynbtate HabnoAeHWn 3a BeNMUYMHON M HanpaBfeHWeM CKOPOCTel Ha
y4acTKe peku, 3apocLlem BecbMa HepaBHOMEPHO MO rycToTe 1 No BM LOBOMY COCTaBYy
PacTUTEeNbHOCTK, ObINN NOMY4YeHbl [aHHble O pacrpeeneHUM CKOPOCTEN Kak B
nnaHe, Tak 1 No BEPTUKASIN.

Ha pucyHke 1.2 nokasaH nnaH y4vacTka p. Mccbl B pailoHe nocta Buaru, Ha
KOTOPOM BeNUCb MccnefoBaHna. Ha nnaHe BUAHO Hanpas/ieHVe CTPYMHOIO TeveHus,
KOTOpPOe HaXOAMTCA B OMpPeLeieHHON CBA3M C pacrpeaeneHneM pacTUTeNbHOCTH.

Hanbosbluee WCKpUB/EHWE CTPYMHOrO TeyeHMs HabMOAaN0Ch Yy NpPasBoro
Gepera B npegenax y4yacTka CTBOpa OCHOBHOIO MocTa.

Ha pucyHke 1.3 BMAHO, Kak MOMJaBKW, Monaelive B CTPYMHOe TeyeHue,
MNbIBYT, ONWCbIBas U3BUAUCTYHO TPAEKTOPUIO, HAaMOMMHAOLLYH MeaHApPbI CTPYINHOIO
TeyeHus.

3MepeHns CKOpPOCTU Ha BePTUKaIAX, PaCnONOXEHHbIX B 30HE CTPYWHOro
TeyeHus, MOKasaIn, 4YTO OTK/NOHEHUS OT TreHepasibHOro HanpaefieHus pycna
pocturatoT 30° u gaxe 45°, a CMeLLEHNe NMOBEPXHOCTHbIX CTPYM MO OTHOLLEHWNIO K

MPWAOHHBLIM Ha OAHON 1 TOI XKe BepTUKann aocturaeT 40°.

13



Ha y4acTke e B[0/b NeBOro 6epera, 3apoCLUEro paBHOMEPHO, IAe CTPYAHOro

TeueHVs He Hab/1oAaN0Ch, OTKIOHEHUSA He npesbiwany 10°.

PucyHok 1.2 — MnaH y4acTka p. Vicebl B palioHe nocTa Busru (3aLUTprxoBaHbl KYpTUHBI

pactutenbHocTK). 1, 3, 4,5 1 6 — YKIOHHbIE MOCTbI, 2 U 7 — TMAPOCTBOPbI.
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PrcyHok 1.3 — O6Lwmii Bug yyactka p. Mccbl B palioHe nocta Busru

Ha ocHOBaHMM M3y4eHWUs pacnpefeneHns CKOpPOCTeid Mo LUMPUHE 3apOoCLUMX
y4acTKOB pek Mcca, JloBaTb 1 COpOTb HaM MpPeAcTaBMIOCh BO3MOXHbIM BbIAENNTb
[Ba OCHOBHbIX TUMa PacrnpefeNieHns CKOPOCTEN TeueHns No LWMpKUHe pycna (PUCYHOK
1.4).
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PucyHok 1.4 — Tunbl pacnpefeneHns CKOPOCTel TeYeHUs Mo LUMPUHE pycra.

0.0

IMyHKTUPOM NOKasaHo pacnpefeneHue npu oTCyTCTBUN PaCTUTENIbHOCTH, CMNNOLUHOW NHUE — B

3apocLuem pycne

— Twun | — 3nopa CKOpOCTein UMeeT BMA Tpaneumun; B 3HaYNTE/IbHOM MO LMPUHE
CpefHell 4yacTu pycna CKOpOCTW O0f4HOO6pasHbl; XapakTepeH [A1s Y4acTKOB C
0AHOPO/HOIN PacTUTENIbHOCTHIO PaBHOMEPHOW MYCTOTbI;

— Tun 1l — XapaKTepusyeTcsi C/NOXHbIM (NKM1006pasHbIM) pacnpeieneHnem
CKOPOCTEN; XapaKTepeH ANs Y4aCTKOB C HepaBHOMEPHbLIM pacnpefenieHVeM KyCcTOB
PacTUTeNbHOCTM C Pa3/IMYHON NIIOTHOCTLIO.

Ha yyacTkax, Boo6LLe cnabo 3apacTatoLimx, U y4yacTKax, 3apacTatomx T0/1bKO
y 0GeperoB, BCTpeyaeTcs MapaboNMyecknini TUN pacnpesesieHnss CKOPOCTe,
CBOWCTBEHHbIA CBOBOLHOMY pyChy.

3HaHMe XapakTepa pacrnpefeneHus CKOpPOCTeli MO  LIMPUHE MOTOKa
16



HEO6XOAMMO /11 MPaBWUbHOFO BbIGOpA MAPOMETPUUECKOr0 CTBOPa. OCHOBHOVA
MPaKTUYECKWIA BbIBOA, KOTOPbI MOXHO CAeNaTb M3 PacCMOTPEHUst 3TOr0 BOMPOCa,
3aK/MOYaeTCs B CMeaytolleM: MNpU  CUCTEMATUYECKMX TMOBTOPHbIX U3MEPEHMX
pacxofa Bo/ibl B 3apPOCLLEM PYC/ie HENb3s MOMb30BaThCs MOCTOSHHBIMM, Pa3 HaBCeraa
3aKPEneHHbIMW BEPTUKANSIMM, a HY)XXHO MX HasHa4aTb, KaX/pblii pa3 coobpasysch C
pacnpefeneHnemM CKOpoCTM MO LUMPUHE PYC Na U HaMYMEM CTPYIMHBIX TEUEHNIA.

Kak u13BecTHo, B CBOGOAHOM pycfie 3Mopa pacnpep eneHns CKopocTeit
[10BO/IbHO TOYHO OMUCHIBAETCS YPaBHEHMEM NOTapUMUKM,

B 3apocluem pycne antopa MMeeT 60nee CNOXHbIA BUA, NPUYEM B TeyeHue
BEreTaLUMOHHOro Mepuoaa Ha OAHOW U TOW >Xe BepTUKaIM 3Mtopbl CYLLECTBEHHO

N3MeHATCA (PUCYHOK 1.5).

H—-ix

292 -V)

- e e —

05} gg:gm :

= o

PucyHok 1.5 — Sntopbl pacnpeeneHns CKopocTeld Ha OAHOI 1 TOM e BepTUKanu nocepeanHe

3apOCLLEro pycra B 0T/e/lbHble MOMEHTbI BPEMEHM

PaccMoTpeHVe 60/bLIOTO  YMcna  3Mp  pacnpefeneHnus  CKOpocTeid  no
BEPTUKaNIM N1 MHOMMX Y4aCTKOB 3apacTaroLimx pek 6accet HOB Benvkoin 1 JloBatu
MO3BONWMNO BbIAENUTbL 4 TUMNa 3MOP, XapaKTePHbIX AN Pa3/IMYHbIX MNepPUoLoB

Beretauum (pucyHok 1.6).
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PucyHok 1.6 — Tvnbl antop pacnpeaeneHns CKOpoCTei TeUeHUst N0 BEPTUKa/IN B 3apOCLLEM pyCrie.
Yucna, CTosiLL e NPOTMB 3MHOP, YKa3blBatOT OTHOCUTESb HYHO TNy61HY, TAe CKOPOCTb TEUEHWs paBHa

CcpefaHeii CKOPOCTM Ha BEpTUKan

| — oanopbl NpaBUILHOTO florapuMUyeckoro (UM  napabonnmyeckoro)
npoguns;
Il — antopbl C OTK/IOHEHWEM OT MPaBWIbHOIO Npoguna B npugoHHom crnoe; Il —
3MOPbl € OTK/IOHEHMEM OT NPaBU/ILHOT 0 NPOMUNA B MOBEPXHOCTHOM cnoe; 1V
— 3MOPbI C  NPAKTUYECKM MOCTOAHHbIM  3HAYEHMEM CKOpPOCTM OT AHa [0
MOBEPXHOCTW.

Takum o06pasom, qopmynbl baseHa, [paHATNA, & TaKkKe COBPEMEHHbIX
nccneposarenen, Kak, Hanpumvep, A. B. KapaylueBa, on UcbiBatoLLMe pacrnpeieneHme
CKOpOCTEN Mo BepTUKanW, He Bcerga MOryT ObITb WCMONb30BaHbl A/ 3MNHOp,

Ha6/1l0aeMbIX B 3apacTatoLLEM PYCe.
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3BecTHble B MTEpaType MHOrOYMC/IEHHbIE CBEAEHUS O KO3aPuLmeHTe
LLIEPOX0BATOCTI 3aPOCLUMX pYyCen, No-BUAMMOMY, BbIYMC/EHbI NPU LONYLLEHUW, 4YTO
pacTUTE/NIbHOCTL B TUAPOMETPUYECKOM CTBOpe YAasieHa. Tak Kak 3HayeHus
KO3(h(hMUMEHTOB LLIEPOXOBATOCTU NS Pa3/IMYHbIX PEK Pas/INyHbl U 3aBUCAT, KPOMe
TOro, OT (Pasbl Beretauuu, TO MHOTMe aBTOPbl Mpefnaranv Bu3yasibHble LUKasbl
KO3(D(PULIMEHTOB LLIEPOXOBATOCTM.

M. @®. CpubHbIl/i OaeT, Hanpumep, AN PeK, YaCTUYHO 3apoCLUMX, U MOWM,
MOKPLITbIX  YMEPEeHHbIM KO/IMYeCTBOM PacTUTENIbHOCTH, KO3(hpuumeHT
wepoxosatoct U n = 0.005 n n = 3.75; ana pek 3apocwmnx n = 0.0067 n n = 5.50;
ANA TaeXXHbIX TNYXUX peK ¢ MeasieHHbIM TedyeHrem n = 0.200.

6. B. MonskoB Aaxe Ana MoWiM, 3apocluMx Necom, cumtan, yto n = 0.060
ABNAETCA YXKe HaUBbLICLLUMM 3HAYEHWNEM.

KuHI ons 3apocLuero n HepoOBHOMO eCTECTBEHHOIO pyc/ia PeKOM eH0Bas 6paThb
y o1 1.74 po 4.86.

Mpn  wcnonb3oBaHUM B TUAPAB/INYECKOM  pacyeTe  KO3(hguLMEHTOB
LLIEpOX0BAaTOCTN BCerga BO3HMKaeT HEeYBEPeHHOCTb B [OCTOBEPHOCTM BblOpaHHOIO
3HaYeHUs KoamumeHTa. [eiCTBUTENbHO, MPY OLAHOM M TOM XXe 3apacTaHuu pycna,
HO MPW pasHbIX BbICOTaX YPOBHS BOAbl 3HAYeHUA KO3P@uLMEHTa LLepOX0BaTOCTU
OyAYyT pasIMyHbIMU 1 MO3TOMY pekoMeHAauun CpubHoro, MNonskoea U gp. MOXXHO
CYMTaTb TONIbKO OPUEHTUPOBOYHBIMN.

Mo wu3mepeHMaM aBTOpa Ha nocty Buarm Ha p. Wcce KoappuumeHT
LLIEPOX0BATOCTM M3MeHANCA B TedeHne ce3oHa oT 0.040 go 0.210, 1. e. B 5 pas.

Mpy onpefeneHnn KOM(UUMEHTA LUEPOXOBATOCTU  3apOCLUEro  pycna
Hen36eXHO BO3HMKAKOT Takue BOMpPOChI:

— SABNSIETCS NN TUAPaBNMYECKUIA pagnyc M abCOMOTHas LLIEPOX0BaTOCTb
OCHOBHbIMK, MNapamMeTpamu, OT KOTOPbIX 3aBUCUT CKOPOCTHOW MHOXMUTenb C B

(hopmyne LLe3n?
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— YTO MNPUHUMATb 33 BEMMYMHY TUAPABINYECKOrO paauyca U abco NOTHOM
LLIEPOXOBATOCTM B 3aPOCLLEM pyCre?

dopManbHOe PacnpoCcTPaHeHre O6LIEro MOHATUS «FUAPABMNYECKUIA paguyc»
)

Kak X Ha ceueHune co cTeBNSMM PACTUTENLHOCTU, CUMTas, YTo W — CyMMa no-
wafeil NPoCBETOB MeXAay CTebnsamu, a X — CymmapHas AJiMHa KOHTypa cTebrnen,
COBEPLUEHHO HeaonycTMMO. Kak M3BECTHO, LLEPOXOBATOCTb MPAKTUYECKN TBEPAbIX
MOBEPXHOCTEN KOHKPETM3MPYETCA Yepe3 Be/IMYMHY abCOMOTHOM LLEepOX0BaTOCTM.
OO6blyHble npefcTaBneHNs 06 abCONOTHON M OTHO CUTENbHON LLEPOX0BaTOCTU He
MOTrYT ObITb MCMNOMb30BaHbI NMPY OLEHKE LLIEPOX0BATOCTM 3apOCLLEro pycna, Tak Kak
BbICOTa BO3BbILLEHWS PaCTUTE/IbHOCTW Ha4 [LHOM AaXe Mpu MOCTOSAHHOW [/IMHe
crebnen n ux dopme OyaeT 3aBMCETb OT CKOPOCTM MoTokKa. Kpome TOro,
LLIEPOX0BATOCTb PAcTUTESIbHOCTU 3aBUCUT U OT APYruMX (PaKTOpPOB, He CBA3aHHbLIX C
CONPOTMB/IEHNEM TpeHUA. Hambonee MNOLXOAALLEN XapaKTepUCTUKOW 3apocLuero
pycna A0MKeH O6biTb KO3MMULMEHT LIEPOXOBATOCTU, KOTOPbIA Yu4MTbiBan Obl He
TONbKO reoMeTpuyeckme pasmepbl U (hOpMbl, HO M HEKOTOpPble ynpyrue CBOWM CTBa
cTebneii pacTeHWNIA, OKa3blBatoLLME BAUSIHWE HA BE/TMYMHY COMPOTUBNEHMS.

B 3apocLuem pycne npMxoanTcsa paccmaTpuBaTh [Ba Buja 3/1EMEHTOB LLEPOXO -
BaTOCTU — LLUEPOX0BATOCTb AHA W LUEPOXOBATOCTb CTebnel. Bcneactsne Hanmums
cTebneil U NUCTbEB BOAHON PACTUTENIbHOCTU MOTEPU 3SHEPTUM HE MOTYT LE/TMKOM
OnpeaenaTbCs CONPOTUBNEHNEM TPEHNS.

ConpoTuBneHne  pacTUTENIbHOCTM  CKNafblBaeTCs U3 COMPOTUB/IEHUA
06TeKaHMA CO CPbIBOM BWUXPEn W COMPOTMB/EHUA pacKaumMBaHus (BMOpauun);
rnocnefHee onpefenseTcs TOW [ONel 3Heprum MnoToka, KOTopas TpaTtuTCs H a
packaumBaHue 1 NOoAAepPXKaHue Kone 6aTeNlbHOro ABVKEHWs CTebNeN.

MoTepn Ha packayvBaHWe 3aBUCAT OT YMPYrux CBOMCTB CTebsieil U CKOPOCTH
TeyeHus BOAbl B pycne. [Npu MasbIX CKOPOCTSX packayvBaHue He HabnogaeTcs; npu
YBE/IMYEHNN CKOPOCTU KONMebaHWs MOsIBAAKOTCA W YCWUN MBAKOTCA. ITOT  BUA
COMNPOTMBEHNSA HACTYNAaeT CKaYKO0OPa3HO N MOXKET HAXOAUTLCA HE B KBaAPaTUYHOM
3aBMCHUMOCTW OT CKOPOCTK, & B HECKO/IbKO MHOM.
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Hannune HeCKOMbKMX BWAOB MNPOSIBMIEHUS CONPOTUB/IEHWSA, B OCOBGEHHOCTM
COMNPOTMB/IEHUA OT packaymBaHWs CTebneil, HaBOAMT Ha Mbl Clb, YTO KO3MDULNEHT
CB thopmyne LLlesn nNpuMeHWUTENIbHO K 3apOCLUMM pyciaM He MOXKET BblpaXaTbCs
TONbKO Yepe3 rnapaBnvyecKMini paguyc 1 abCoNOTHYH LLIEpPOXoBaToCTb, a, Mo -
BUAMMOMY, 3aBUCUT B HEKOTOPOI CTEMEHN OT CKOPOCTM MOTOKA WU/ YKIOHa.

Mpy BblUMCNEHUN KO3((ULIMEHTA LLEPOXOBATOCTM 3apacTaloLLmX pek 0coboe
3HauyeHMe npuobpeTaeT TOYHOE OnpefeneHne YKIOHOB BOAHOM MOBEPXHOCTW.
OTCyTCTBME MACcCOBbLIX HabMOAEHWIA Hal YKIOHaMK 0ObACHSAETCA, C OAHOW CTOPOHBI,
TPYAHOCTBIO UX ONPeAeneHuns, a ¢ Apyromn, — LWMPOKO pacnpocTpaHeHHbIM MHEHUEM,
YTO [aHHble 06 YKNOHaX, MoJlyYyeHHble HA KaKOM -TO OrpaHWUYeHHOM Y4acTKe BO/b
Of4HOro u3 6eperos, HepenpeseHTaTUBHbI W, CeAoBaTe/lbHO, He MOryT ObITb
MCNOMb30BaHbI A4/19 aHa/IM3a rMapaBINyecKmMX 3aBUCUMOCTEN.

Bbiny opraHn3oBaHbl HabMO4EHNA 3a YKIOHOM Ha nocty Busrm Ha p. U cce.
Hab6n1to4eHrs 3a YKNOHOM MPOM3BOAWNCH eXe AHEBHO B 8 1 20 yac. no 6 YK/IOHHbIM
nocTam, pacrnonoXeHHbIM Mo 1IeBOMY Gepery Ha yyacTke A/IMHON 292 M (Ha pUCYHKe
1 MecTornosnoXeHne YKMNOHHbIX MOCTOB yKa3aHo). Kpome Toro, Ha y4yacTke AJIMHOM
300 m (BBepx 120 M ¥ BHM3 180 M OT OCHOBHOrO MOCTa) 3MMU30ANYECKM
NMpou3BoAMIacL HWBEMPOBKA BOAHOM MOBEPXHOCTM. TOYKM  HMBE NNMPOBAHUSA
Opannch Yepes paBHble paccTosAHMsA — 10 m.

Ha pucyHke 1.7 n300paXKeH X0 YKNOHOB, XOf YPOBHS, X044 KO3(PMULNEHTOB
Ksap V1 PACX0/0B, OnpeaeneHHbIX B CTBOPe OCHOB HOTO MOCTa.

3yyeHne pexxrma YKI0HOB Ha 3apacTaroLemM yyacTKe nokKasano, yto

1. I3MeHeHne YKIOHOB B TeyeHWe BeretauyuMoHHOro nepuofja Ha Yy4yacTke
YK/TIOHHBIX MOCTOB, Pacro/OXeHHbIX Bbllle OCHOBHOIO MocTa U HIXKe ero, B 06Lem
MNOAO6HO M3MEHEHUIO  KOI(MPUUMEHTOB  Kpp. HaMMeHbLUM  3HaYeHUaM Ky
COOTBETCTBYIOT U HAMMEHbLUWE 3HAYEHNS YKIIOHA.

2. V13MeHeHVe YK/IOHOB HWXKe OCHOBHOTO MOCTa, Ha y4acTke A4J/IMHON 65 M (0T
127 fo 192 wm), 06paTHO M3MEHEHMIO KOaiuLmeHTa Ky, ¥ OTINYAETCA GO/bLU el

N3MEeHUMBOCTbIO — OT 2.0 40 0.2 4.
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3. Ha yyacTke noctoB Ne 1 1 2 yK/ioH, N0 AaHHbIM HUBENNPOBOK, NPaKTUYECKU

OCTaBaJ1ICA HEU3MEHHbIM.
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4. AN OCeHHUX NaBOAKOB, KOTOPble MPOXOAST, KOrga pacTUTENIbHOCTb YXKe
OTMUPAET, YKNOHbI Ha cnafge MeHblle, YeM Ha nogbeme. [N8 NeTHUX MaBOAKOB,
Haob0pOT, YKNOH Ha crage 6onbLue, YeM Ha NoLbeME.

3yyeHune pexumma YKNOHOB MHOTMX 3apacTarolimx pek cesepo -3anaja EBpo-
neickon yactm CCCP 1 3CTOHMM MO3BONWO BbIAENUTb 4 TUMNA U3MEHEHWS YK/IOHA B
3aBMCMMOCTW OT CTerneHu 3apacTaHus U MeCTOMOMOXEHNSA ydYacTKa HabnLeHUA no
OTHOLLIEHMIO K 06/1aCTV HamMbo/bLLEro 3apacTaHus:

a) YK/IOH Npw 3apacTaH MeHbLLE YK/IOHA NPy CBOGOAHOM pycie Npy AaHHOM
YPOBHE 1 C POCTOM YPOBHS BO3pacTaeT;

6) YKNOH npwu 3apactaHum 60/bLUe YKIOHA NPX CBO6OAHOM pyC/ie U C POCTOM
YPOBHSI BO3pacTaeT;

B) YK/IOH NpW 3apacTaHMN MeHbLLe YK/IOHa Mpy CBOGOLHOM pycC/ie U C POCTOM
YPOBHS YMEHbLLIAETCS;

I) YKIOH Npy 3apacTaHuy 60/bLUe YKIOHA Npu CBOGOLHOM pycie U ¢ pOoCTOM
YPOBHS YMEHbLLAETCH.

B pe3ynbTarte NpoBeAeHHbIX UCCNeA0BaHWIA A /1S TOYHBIX OMOPHbIX U3MEPEHWIA
pacxofa Bofbl 1 BOO6LLE NOBbILLEHMS TOYHOCTM Y4eTa CTOKa BOAbI 3apacTatoLmnx pex
PEKOMEH/YeTCA CrefytoLLee:

1. Ha 3apacTalolimx pekax C HepaBHOMEPHbIM pacrpe LefleHWeM KyCTOB
BOAHOW: pPacTUTE/IbHOCTM  pa3/IMYyHOM TYCTOTbl MpU  pa3buBKE CKOPOCTHbIX
BEPTMKaslel  HeOOXOAMMO  Yyu4MTbiBaTb  PacrofiOKeHWe  KYyCTOB  BOAHOIA
PacTUTENbHOCTM.

2. Bcerpa, Koraa no3sonsieT rnybuHa, peKoMeHayeTcs yaansTb (BbIKallMBaTb)
pacTUTeNIbHOCTb MO FMAPOMETPUYECKOMY CTBOPY.

3. Heob6xoamMmo Ha BCEX rMAPOMOrMYEcKUX MOCTax, YYMTbIBAtOLMX PEYHOWA
CTOK, OpraHu3oBaTb HabNIOAEHMA YK/IOHa BOAHOW MOBEPXHOCTM W MPOBECTY
N3y4YeHue pexxMma YK/IoHa Mo 4JIMHe Ha Pa3INYHbIX yYacTKax 3apOocCLUero pycna.

4. Ha Kagom nocTy HeobXxoaumo M3yunTb pacripegeneHne CKOpocTel Mo
BepTUKaNAM r’MApPOMETPMYECKOro CTBOPa U BblbpaTb Hanboee NoAXOAALLMIA cnocob

BblYNCIEHUA cpe,u,He|7| CKOPOCTW TEYEHWNA Ha BEPTUKATA.
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5. Masble 3HayeHna K,,, (MeHbLue 0,3) cneflyeT BblUMCAATb 10 TPETLErO 3HaKa

rnocne 3ansToi [6, 7].

1.4 TocTaHOBKa 3aja4

N3yumB ¥ npoaHanu3MpoBaB  CYLLECTBYIOLUME  METOAUKM  OLLeHKMU
KoapuLmeHTa LIepoXoBaToCTh, MPULLIM K 3aK/IKOUYEHUI0, 4YTO B  PaCYUETHbIX
BbIP&XKEHWNAX YUYMTbLIBAOTCA HE BCe MNapameTpbl pPacTUTEeNbHOCTM WM He BCe
XapaKTepUCTUKM NOTOKa.

1. CyllecTByeT MHOXECTBO Tab/iuy W rpauyeckmx 3aBUCUMOCTEN A1
onpegeneHns KoauLMeHTa LLepoXoBaTOCTM W, KaK M3BECTHO, B UX OMNpefeneHve
MPUCYTCTBYET CBA3b MeXAY KO3(PMULNEHTOM COMPOTUB/IEHNA U CKOPOCTHLIO MOTOKA
[wHaue rosops uncno PeiHonbaca (Re)]. 3HaueHuUs umncna RebyayT oTamMyaThes apyr
OT [pyra B 3aBMCUMOCTU OT

- N/I0WAAN CMAYMBaAHWA PACTUTENBHOCTH;
- NIOWAAMN 3KCNO3NLMU CTOAHUS PaCTEHU.

2. 3HaYeHNs Ko3((MUMEHTa LLEPOXOBATOCTM B pasHble (asbl pPas3BUTUA
pacTUTeNbHOCTM BYAYT Pas/IMYHbIMM.

3. HagoaHasa n nofsofHas pacTUTeNbHOCTb OKasblBalOT pa3HOe BO3/enCTBUE
Ha NMOTOK. 3HaYeHUsA COMPOTUB/EHUA BYAYT OT/INYATLCA.

Ha  OCHOBaHWM  BbILIECKA3aHHOTO  HaMu  OblIM  CCHOPMY/IMPOBaHbI
MepBOCTENeHHble 3afayn, OTBETbl HA KOTOPble, B KOHEYHOM CUeTe, MNocayxar
OCHOBOW N5 peLleH s OCHOBHbIX 3ajay UCC/efoBaHuUs:

1. YTOUHUTb KMHEMATWMKY TMNOTOKa MpWY  Pas/IMyHOM CTEMneHW pPasBUTUS

6Momacchl.

2. MonyyaTb 3HaYeHMs KO3(ULMEHTA LLEPOXOBATOCTM U rUAPaBIMYECKOro

COMPOTUBNIEHNSA AN KAXKAO0W rpynnbl PaCTEHUN .
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3. Pa3paboTaTh METOAMKY MPOrHO3a Pa3BuTUsS GMOMACChbl B 3 aBBUCMMOCTM OT

BAVSIIOLLMX (DAaKTOPOB.

4. BbIMONHUTL OLEHKY TMAPaB/INYECKNX COMPOTUBNEHWIA 3apacTatowmx pycen

B 3aBUCMMOCTU OT MOYYEHHbLIX 6I/IOMeTpVI‘-IeCKVIX 3aBMCUMOCTEMN .

2 OCOBEHHOCTU 3APACTAHNA YHYACTKA P. OPEAEX

B KauecTBe 06beKTa UCCnefoBaHNUIA NOCnyXuna peka Opeaex.

WccnepoBaHve 3apacTaHus BOAHOrO MOTOKa PEYHOro pycna Ha npumepe
p. Opefex 6b110 BblbpaHO He 6e3 OcHOBaHWWA. Ha pJaHHOM 3Tane CBOero
CYLLECTBOBaHMS MCCMefyeMblii BOLOTOK OYeHb WHTEHCMBHO 3apacTaeT BOAHOM

pPacTuTeNbHOCTLIO. |_|pVIl-II/IHbI MHTEHCMBHOIO 3apactaHua pyc/sia PeKn BbICLLUMMA

PucyHok 2.1 — Viccnepyemblin yqacTok p. Opegex
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Peka OpefieXX 13-3a TOro, YTo OHa MOAMPY>KeHa MI0TUHaMKM, 3aTOnua CBOO
novmMy. Tak Kak noima sBnseTca 4OCTaTOYHO 3BTPOMHLIM YHaCTKOM PeYHOW AO0/INHBI
M3-3a 6OMbLLIOTO KO/MIMYECTBA OPraHMYeCKMX BeLeCTB BC/eACTBME OT/IOXKEHMS
PEYHbIX WI0B, Ha Heil Co3haHbl XOpoLuve YCMNOoBUA NS PasBUTMSA pacTeHWid. pu
3aTON/IEHNM  MONMbI  MOMMEHHble  pacTeHWUs  (4BYKUCTOUYHMK  TPOCTHMKOBBINA,
He3abyaka 60M0THasd, BEPOHMKA K/KueBas, NHOTUK AANHHOMMCTLIN) 06pasyoT
BOAHble (DOPMbI, @ 060ralLeHHbIA TPYHT CNoco6CTBYET 6YPHOMY pasBUTUIO PAECTOB
M KyObllleK (MCTUHHO BOAHbLIX PacTeHWil), 4TO NPUBOAUT K euwe O60NbLLUER
3BTpomKaumm. Ha npouecc 3BTpogMKaLmMm Takxe BANSET COPOC CTOYHbLIX BOA, a,
Kpome TOro, nonagaHue MUHepanbHbIX YOOOPEHWIA B pPeKy B CBA3N C WX
MHTEHCUBHbIM UCMO/b30BaHWEM (CTOKM C MONei), a 3a4acTyt0 U C HEBPEXHbIM KX
XpaHeHneM. BypHOe pasBuMTME BbICIUMX BOAHBLIX PACTEHWUIA COMPOBOXAAETCA
pa3BMTEM BOAOPOCNE (B YAaCTHOCTU HWUTYATOK), MOCENSHOLLMXCS Ha MO ABOAHbLIX
CTe6N15X BbICLUMX BOAHbIX pacTeHun. OcyLUeHNe OKPeCTHbIX 60/0T 1, Kak CnescTeue
3TOr0, YMEHbLUEHMe TPYHTOBOro nutaHua Opegexa, a 3Ha4YUT, U NOCTYMNIEHUS
XOMIOA4HbIX K/OYEBbIX BOJ, CKA3aJloCb Ha W3MEHEHWM TeMmepaTypHOro pexumMa
PEYHONM BOfbl B CTOPOHY MOBBILWEHMS, YTO TaKxXe 61aronpusaTCTBYET PasBUTUIO
BOAHOW pacTuTenbHOCTU. [pouecc 3BTPO(MKALMM B HalIeil 30He SBNSeTCA
OAHOCTOPOHHE  HanpaB/IeHHbIM  MPOLEeCcCOM,  NO3TOMY  pas3BUTUE  BOAHOW
pactTuTenbHocT Opefexa 6yaeT npogo/mkarbcs (ecnm He 6yaeT BMeLLaTe/bCTBa CO
CTOPOHbI YenoBeka). bypHoe pa3BuTMe BOAHON PacTUTENIbHOCTU C OAHON CTOPOHBI
3aTpyAHSEeT [ABWKEHWe Ha /0AKaxX M OrpaHMYMBaeT WCMO/b30BaHWE YeI0BEKOM
PEYHON BOfbl B 6bITOBLIX LIENAX, a C APYroin OKasbiBaeT MOMOXKUTENIbHOE BUSHUE Ha
XXN3HeLeATeNbHOCTb BOAHbIX >XMBOTHbIX, CO3[aBasi MEPBUYHYHD OpraHny eckyto
MPOAYKUMIO, HaCbILaA PeyHY0 BOAY KMUC/TOPOAOM M OuuLas ee OT M30bITKa CONen,
KOTOpble OTKNaAbIBAKOTCA Ha UX CTEONAX.

WccnenoBaHue 3apacTaHus pycna peku Opefexx BeAeTcs yrKe He NnepBblil rog v
3a 39TO BpeMsA Y[asocb MpoaHan3npoBaTb HeMasio 0cobeHHoCTeidl. Cpean HUX U

M3y4YeHue TUNOB BOAHON PacTUTENIbHOCTW, NPOpacTaroLLei B 6acceliHe peku.
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Bbiclune BoAHble pacTeHusi BepXxoBuid pekn Opeaex coctaBnsT 29 BUAOB,
oTHOCcAWMXCA K 23 pofam, pacnpedencHHbiM mexay 18 cemelictBaMu. OHM
ABNAOTCA NPeLCTaBUTeNAMM 3 KNacCoB M 2 OTAENO0B BbICLUMX COC YANCTbIX PACTEHWIA.

MpeacTaBuTenem  Knacca  XBOLWEBMAHbIX — HauGonee  APeBHEro  oTAena

ManopoTHMKO06PasHbIX SBNSETCS 1 BUA — XBOLL, PEUYHONA.

PucyHok 2.2 — MNoaBo/Hast CbéMKa BOJHOI pacTuTe NbHOCTY P. Opeaex. Busl BOAHOI

PacTUTE/NIBHOCTU Ha AHE PEKN.
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PrcyHok 2.3 — MNoaBofHas CbéMKa BOAHOM pacTutenibHocT p. Opegex . Buibl BOAHOM

PacTUTeENbLHOCTU B TOJILLE BOAbI.

Otgen [0noCeMeHHbIX MOTHOCTbIO OTCYTCTBYET CpeAu BOAHBIX pacTeHuM
uccnesyemoro Bogotoka. Otaen MoKpbITOCEMEHHbIX NPeLCTaB/ieH B BOAHOMN iope
BMAaMn [AByxX KnaccoB: Knacc OAHOAOMbHbIX HacuuTbiBaeT 19 BMAOB, a Kacc
[BynonbHbIX — 9 BUAOB. Hanbonee KpynHbIM pogom sensetc s Paect (PucyHok 2.4),
KOTOPbIA COAEPXMT 5 BUAOB, MPoM3pacTatoLLmX B paioHe uccnegosaHuns. Pog Ocoka
npeacrasneHa 3 BUAaMu NpUOPeXXHO-BOAHbLIX PacTeHW, HECOMHEHHO, KO/IMYEeCTBO

BW/O0B 3TOro0 poga, npomspacratowmx no beperam Opegexa (PUcyHOK 2.5).
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PuUCyHOK 2.5 — PacTeHue, OTHOCSLLEECA K cemMelcTBY OCOKOBbIX
OcTa/ibHble pojpl BbICLLIMX BOAHbLIX PacTeHWI NpeacTas/ieHbl Mo O4H OMY BUAY.
Hanbonee KpymnHbIM CEMENCTBOM, COAEPXaLlMM 5 BMAOB, ABMSETCH CEMENCTBO
PoectoBble. CemeilcTBO OCOKOBble COAEPXWUT 4 Buaa, MO 2 BMAa — CeEMelcTBa
YacTtyxoBble, Bogokpacosble, 3nakoBble W JIiOoTUKOBble (PUCYHOK 2.6 — 2.8).
OcTanbHble ceMelicTBa cogepxxat no 1 suay. N ogasnstollee 607bLIMHCTBO CEMENCTB
COAEPXWUT Mo pody, a No 2 poda COAepXWUTCA B cemeilcTBax Bopgokpacosble,

3nakoBble, OCOKOBble U JTIOTMKOBbIE. loYTK BCe NpeACTaBUTENIN BOAHOW (nopbl
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ABNAKOTCA MHOIFONETHUMU pPacTeHUAMN, WNCKNHOYEHNE COCTaB/AET /NLLUb 1 Bug -

BONOTHMK BOMOTHBIA, KOTOPbIN ABNSETCA OAHONETHUM PACTEHUEM.

PUCYHOK 2.6 — PacTeHune, OTHOCALLEECA K CeMelCTBY HacTyxoBble

PrcyHOK 2.7 — PacTeHve dnofes cemeiicTBa Bofok pacosble
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PrcyHoK 2.8 — PacTeHue cemeictaa JTIOTUKOBbIE

OueHb peakum Buaom ans CeBepo-3anafia e€BpPOrenckom yactum Poccumn B
Llesiom, npov3pacTalolyM  TOMIbKO B OKPecTHOCTAX  [loHUO Ha  CW/bHO
MWHEepPaIM30BaHHON BMXKHOW MO4YBe, ABNAETCA AYOPOBHUK YeCHOUHbIA. OH,
6e3yCNoBHO, 3aCNYXXMBAET CaMON CTPOror OXpaHbl Ha TeppuTOpumn JIEHUHIP afCcKoi
o6nactn. OxpaHsieMbiM BUAOM Ha Tepputopun JIEHUMHIPaACKOW 06/1acTh ABNSETCS
KyOblILKa »entas. K uncny [0BOMbHO pefkuX BUAOB AnA JIeHUHrpafckoi obnactu
OTHOCATCA  PAECT  HWUTEBUAHbLIA, LUENKOBHUK HEYKOPEHSIOLWMIACH, BepOHMKa
KnoyeBas. O BuAbl B Opefexe He SBNAKOTCA P eAKUMK, 4TO, MO-BUAUMOMY,
CBS13aHO C 0COObIM XUMWYECKUM COCTaBOM €ro BoAbl. Kak nekapCcTBeHHble pacTeHum
B HapOAHOW MeAMLMHE MUCMOMb3YHTCA XBOLL PEeYHON (MOYEroHHoe) (pUCyHOK 2.9),
pOro3 LUMPOKONMUCTHBIA  (Ae3nH(MUMpYtoLlee U NPOTUBOMUKPOBHOE), pAecTbl
(MPOTMBOMNKPOGHOE 7 BSOKYLLIee), CTpenonucT 06bIKHOBEHHbIIA
(paHO3XMBNAIOLLEE), YacTyxa MOAOPOXKHMKOBAS (MOYErOHHOE), CYCaK 30HTUYHBIN
(>KaponoHwxatowee W MArYUTENIbHOE), BOAOKPAC NArywavnmin  (MArymTensHoe),
60NOTHMK GONOTHLIA (MPWU rNasHbIX 60Me3HAX). BaxTa TpPexNMCTHas SABNSETCA He
TONIbKO XOPOLUO M3BECTHLIM JIEKAPCTBEHHbLIM CPeACTBOM, HO U Kpacwu/bHbIM (4aeT

3e/IeHYI0  Kpacky), Me[OHOCHbIM, MPSIHO -apoOMaTUUeckuM  (MCMONb3yeTcs B
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JIMKEPOH&/IMBOYHOM  NpPon3BoACTBE U B I'II/IBOBapeHVII/I) n KOPMOBbIM (,DJ'IFI

MPOMbIC/IOBbIX )KI/IBOTHbIX) pacTeHUEM.

PrcyHOK 2.9— PacTeHve XBOLL, peyHol ceMelicTBa XBOLLEBbIE

MeHee 13BeCTHaA BEPOHMKA K/OUEBas, Takxe 06/1afatoLas 1ekapCTBEHHbIMM
CBOMCTBaMK, MOXET UCMOMb30BATLCA KaK BUTaMUHHOE, NMLLEBOE (MCTbS Cbef00HbI)
M KopMoBOe (NacTbuLlHoe) pacTeHue. Kak nuueBble (KpaxmasoHOCHbIE) pacTeHus
MOrYT UCMO0/b30BaTbCA POro3 LMPOKONUCTHbIN, CTPENONCT 00bIKHOBEHHBIN 1 Cycak
30HTUYHBIA. [UTaTeNbHBIM  GEMIKOBbIM  PacTEHWEM C  XOPOLUMMW  BKYCOBbIMM
KauecTBamy SBMSETCA psicka TpexAonbHas. 3TW  BWAbl BOAHbIX pPacTeHWit
3aCNy)XMBatOT  60nee  BHMMATENbHOIO  OTHOWEHMS K Cebe CO  CTOPOHbI
CENeKLMOHEPOB: Ha WX OCHOBE MOXHO BbIBECTW HOBble MULLEBbIE KYNbTYpbl,
MPMCNOCOBNEHHbIE K YCNOBUSIM TaeXHOW 30Hbl, MOKPbIBAOLLEA JIEHUHIPaACKYHO
06n1acTb BCHO 6€3 UCKNHOYEHMS [eKOPaTUBHbIMM PaCTEHWUSMW, CMOCOBHbIE YKPacUTb
He6OMbLLIOK BOJOEM Ha MpuycafebHOM Y4yacTKe, SBASKOTCA CyCaK 30HTUYHBIN,
BOAOKpAC NAryLadvnia, MOTUK AJMHHOAUCTLIA, 60N10THUK GONOTHLIN M He3abydka
60n0THad. KopMOBbIMY pacTeHUAMM SBNAKOTCH [ABYKUCTOUYHMK TPOCTHWUKOBBIA 1
TPOCTHUK 00ObIKHOBEHHbIN. Cpean BOAHbLIX PACTEHUIN €CTb U AA0BUTLIE: 3TO YacTyxa

Mnogopo>XXHUKOBasA Ky6bILIJKa Xentasa 1 NITUK ,q]'lMHHOﬂVICTbII7I.
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3 BAVWAHME BOAHOWM PACTUTE/IbBHOCTV HA ®OPMUPOBAHUE
CKOPOCTHOI'O Mo

Kak y>e 6bl/10 CKa3aHO BbliLLe MepBOHAYa/IbHO CTPYWHbIE TEYEHNS BO3HMKAKOT
Tam, rae OTCYTCTBYET pacTUTENbHOCTb UM TYCTOTa e Ha KaKOM-TO Y3KOM Y4aCTKe
He3HauMTeNbHA MO CPaBHEHMIO C OKpYXXatloLmmy yyacTkamu. lMocne obpasoBaHmMs
CTPYMHOW 30Hbl pa3BMTUE PaCTUTENbHOCTU WM3-3a MOBbIWEHHbIX CKOPOCTENM Ha
[aHHOMI Y3KOW Nooce caepXXuBaeTcs.

CTpyilHble ~ TEYEHWS  XapaKTepu3ylTCs  3HAUMTENIbHO  MOBbILLEHHbIMM
CKOPOCTAMK, 6OMbLUOIA MPOTSHKEHHOCTLIO MPU Ma ol LUMPUHE W HanpaBleHUEM,

OTK/IOHAKLWMMCA OT OCHOBHOIO Hanpas/iEHUA pychna.

Pa3BuTHe CNOCOGOB BbIYMC/EHWS CTOKa BOfbl, KaK WM3BECTHO, LU0 BeCbMa
HepaBHOMepHO. B Hauyasie XX Beka, BM10Tb 40 30-X rofos, Mo CyLEeCTBY He Obl/10
HMWKaKOV METOAMKM ydeTa CTOKa 3apacTatolmx pek, Tak Kak pacxofpbl BblYMCASAIUCH
Mo onpefesnieHHON KpMBOKM, NPoBOANMONA B none Touek (Q, H), oTKNoHMBLLINXCA OT
KpuBonW cBO60OAHOrO pycna. OduB/MeHMe B pa3BUTUM METOAOB YyeTa CTOKa
3apacTaroLmx pek Habnwganock B 30-x rogax, korga A. B. Ornesckuii BnepBbie B
CoseTckom Coto3e Npeasioxun, B MOpsiAKe 06Leli CXeMbl, y4eT CTOKa BOAbl
3apacTatoLmX peK BecTU NMbo no crnocoby (a3oBbIX KPMBbIX pacxoda Bofbl, 1160 €
1Cnonb3oBaHveM rpaguka Ks, = f(t).

O. ®aycT nNpeAnoXun NpUMeHsTb YacTHble Kpueble Q = f(H). CylwecTBeHHbIM
HeAoCTaTKOM Mpef/iaraemoro crocoba sBNsSeTcs OTCYTCTBME MPUEMOB Mepexofa ¢
O[HOM 4YaCTHOM KpwmBOM Ha Apyryto. [lpegnaraemblin  aBTOPOM  MPUEM,
3aK/0YaloLLMIACA B ONPEeAeNeHNN «HEMOBbILIEHHbLIX» YPOBHEN 3apOCLLEro y4yacTka
MO COOTBETCTBEHHbIM YPOBHAM He3apacTatoLero y4yacTka, He BCerga MOXeT OblTb

MNCMonb30BaH, TaK KakK C/y4yan, Korga TaKue 060C06/1EHHbIE YYaCTKMN HaxodATcA
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no6/mM3ocT, oYeHb pefkn. O. daycT nonaras, 4TO Y Be/M4YeHVe nognopa
COBEpLLIAETCA B HEKOTOPOI Mepe NpornopLMOHa/IbHO MOBbILIEHWO YPOBHSA BOfb, T. €.
4aCTHble CE30HHbIE KPVBble PAaCX0A0B A/19 BbICOKMX YPOBHEN He CIMBAtOTCSH BMECTE,
a pacxofATca, YTo ABMAETCH, KOHEYHO, HEBepHbIM [22].

. Fepbux, nogobHo Paycty, Takke npuberan K MOCTPOEHUIO BPeMEHHbIX
Ce30HHbIX KPMBbIX, HO A5 Nepexofa 0T O4HOW KPWBOWA K APYroi npegsiaran ycraHa -
BNMBaTb 3aBUCMMOCTb MEX[JY TEMMepaTypoi BO34yxa M MOLbEMOM YPOBHA BOfb,
BbI3BaHHOr0 MOAMNOPOM OT pacTUTeNnbHOCTU. COMOCTaBNAA 3HAYEHWUs BpeaHein
TemnepaTypbl 3a BereTalMoHHbIA Neprof t co cpefHei BbICOTON noabema ypoBHs H

3a nepuog 3apactaHus (Main — HosI6pb), Mepbux Nonyynn 3aBUCUMOCTb BUaA
H=A4.t-B" (3.1)

ATa hopmyna [aeT BO3MOXHOCTb BbIYUCIUTL 3HAYEHUS YPOBHS, KOTOPble
Habntoganucb 6bl, €cnn  MNPeanonoXutb, YTO MoAnopa He ObINO 3a Becb
BereTauMOHHbIA Nepuog, U B UTOre NO3BOSET UCMO/b30BaTh /15 BbIYMCEHNS CT OKa
0fHO3HauHyto Kpueyto Q = f(H) cBobogHoro pycna. LleHHOCTb MpeanoXeHHOro
MEeTO/a HEBE/IMKA; 3TO CO3HAaBasl M caM aBTOp, KOTOPbIV B 3aK/KOYEHWUN YKa3blBaal Ha
Ma/loe 3HayeHWe TMOMYyYeHHbIX (OpMyn B TMpPakTUKe M Ha HeobXo4MMOCTb
HenocpeLCTBEHHOI0 N3MepeHns pacxoaa Bogbl. Pabota I'. Mepbuxa nHTepecHa B TOM
OTHOLUEHWUW, 4YTO, MO-BMAMMOMY, OH BrepBble MbITA/ICA KOCBEHHbIM MyTEM YYeCTb
B/IMSIHWE Pa3BMBAOLLEACA BOAHOM PacTUTE/IbHOCTM Ha YPOBEHHbLIA PEXMM PEYHOro
MoToKa, nonaras, YTo LO/HKHA CyLLe CTBOBATb HEKOTOPas 3aBMCUMOCTb MeXAY XO40M
pa3BUTNA BOAHON PacTUTENIbHOCTU M XOA0M TemnepaT3pbl BoAbl (Bo3ayxa). OfHaKo
3Ta 3aBUCMMOCTb MOYTY BO BCEX CyyasnX OblBaeT 3aTyLleBaHa KO/ebaHSMN YPOBHS,
NPOUCXOAALMMY  BCNEACTBME W3MEHEHUS BOA HOCTW, MO3TOMy cnocob [epbuxa
MMeeT OYeHb OrpaHMYeHHOe NMPUMeHeHVe B Npa KTuke [23].

A. M. COTYEHKO NpeanoXunn MeTof yyeTta CTOKa BOAbl NMPU HaIMYMKM HeJocTa -

TOYHOIo KO/n4yecTBa OMOPHbIX I/I3M€p€HI/II7I pacXoda BOAbl. OH cuuTan, 4to, 3Had
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rMAPOMETEOPO/IOTMYECKME  YCNOBMA 33 AL JIET, MOXHO MNOCTPOUTL CXeMy
XPOHO/IOrMYECKOro X0Aa 3HaYeHN KoahduL, neHTa Kaqp.

Ana  noctpoeHns  cxeMbl  COTYEHKO  pPeKOMeHAYeT  WCMo/b30BaTb
CPeLHECYTOYHblE  TemrepaTypbl BO34yxa W [aHHble O XO4e Pa3BUTKA
pacTUTeNbHOCTM.

Cxema xofa KoappuumeHTa K, MMeEET BWA Tpameuuu, T.e. B 0OWMX yepTax
COOTBETCTBYET €CTECTBEHHOMY X0Ay Ksp, €CAM ero CTpouTb MO (hakTUYECKUM
M3MEPEHUAM NPU YCNOBMM 6ECMaBOAOYHOTO MEXEHHOIO Nepuoa.

OnpepgeneHvie faT Hadana U KoHLUa (a3 Beretauym BOAHON pacTUTENbHOCTU MO
CyMMe TemrnepaTyp, BepoATHO, 6o/ee UM MeHee HafieXXHO TOJIbKO B OTAE/NbHbIX Cy -
yasax. [Onq dasbl 0OTMMpaHnUs, Kak MpPU3HaeT 1 cam aBTop, «BOMPOC 06 orpeaene HUK
Ksap Pa3peLLeH neka HeCKOMbKO YMPOLLEHH.

CoTyeHKo npeanonara, Y4To BenmunHa K,y A0/MKHA NOCTOAHHO BO3pacTaTh A0
1.0, npvyem 3a KOHel (a3bl OTMUPaHWUA PEKOMEHAYETCA MPUHUMATL CYTKM,
NpeaLecTBytoWwme Hadany oceHHero fepoxofa. C TakoW pekOMeHJaumein Henb3s
COrnacuTbCH, TaK Kak Hab/ofeHUs MOoKasblBatOT, YTO BOAHAA PacTUTENbHOCTb K
Havasy nefocTaBa He OTMUPAET MOSIHOCTLI0[24].

M. A. Qasaty, Kak 1 COTYEHKO, NpeanaraeT BbIYUCIATL CTOK BOAbI C UCMONb -
30BaHMeM rpajmka K,,,, MpyUyemM fatbl Ha4asia v KOHLA BAUSHWUSA BOGHON PacTUTeNb -
HOCTM CUYMTAeT BO3MOXHbIM OMpefensaTb no Temnepatype BoAbl. OH pekoMeHayeT
CTPOUTbL OAWMH MHOTONETHWUIM rpadvk K,,, = f(t),cMecTuB fatbl Hayasna BereTauuu
BCEX NIeT BrpaBo/Ha camyto NO3AHIo aaty [25].

A. T. TpectmaH [26], paccmaTpuBas Cfyyali HefOCTaTOYHOro Ko/Jm4yecTBa
M3MEpPEHNIA pacxoda BoAbl, npeasaran 41 HageXKHoOro yyeTta CTOKa BOAbl NPUMEHSATb
HECKONbKO BWAOU3MEHEHHbI €nocob BpeMeHHbIX ((ha3oBbIX) KPMBBLIX pPacxoaa,
nonaras, 4TO pacxofdbl Befbl, W3MepeHHble B Mepuoj  3apacTaHus  Pekw,
NPeacTaBnAlOT  COO0M  «XPOHOMOTMYECKYHD  JIMHUIO — pacxofa». Bce  fBHO,
OTK/IOHMBLUMECS OT 3TON «/IMHUW» PAcXOfbl BOAbl aBTOP CUATAET COMHUTE/NIbHLIMU.
N3-3a CYyOBLEKTMBHOCTM METO[ HeNb3s cuMTaTb OecCnopHbIM, TeM 60/ee u4To

«XPOHOMIOTUYECKYIO NIVMHMIO PAacXOfa» HEB 03MOXHO YBEPEHHO MPOBECTU B Cydae
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KonebaHWin BOAHOCTM 1 Tem 60/1ee, KOraa OnopHbIX U3Mepe HWI pacxoia 04eHb Maso.
L. . TMeTpukeBny [27]nonarana, 410 Crnocob nepexofHbiX KOIPPUUUEHTOB Ky
Hanbonee NEepcnekTMBHBLIA M YTO 3afadvein AanbHENLWUX WCCNeao BaHUA ABNSETCS
BbIFIB/IEHNE  KOPPensTMBHOW  3aBUCUMOCTU  Kgp, = f(H).  Takoro ke MHeHus
npuaepxusaerca n P. A. ®neposa [28].

Kak BUAHO, MHOrMe rMaposiorn cYMTaIn, YTO CNocOO BPEMEHHbLIX KPUBbLIX Y
Crnocob nepexofHbIX KO3MPULMEHTOB Kiyy [OCTATOMHO HaAEXHbL  [103TOMY
UccnefoBaHMs CBOAWINCH He K pa3paboTke MPUHLUMNMAIBHO HOBbIX CMNOCO60B W
rMAPaBINYeCKOMY OOOCHOBAHWMIO Y)Ke W3BECTHbIX, a K YTOYHEHUID HEKOTOPbIX
YaCTHbIX MOJIOXKEHUIA W YNydlleHWO Haubonee cnabblX CTOPOH  TEXHUKU
BbIUMCNEHWIA.

Kak OyaeT nokasaHO HWXXe, YCTaHOB/IEHWE YHWBEPCA/IbHON 3aBUCKMMOC TU
Ksap = f(H), no-sugvmomy, HeBo3MOXHO. Ecnu 6bl OHa M Oblna yCTaHOB/iEHa, TO
HWUYero He gana 6bl 418 06bACHEHMSA NpoLecca NPoTeKaHWs BOAbI B 3apOCLLEM PYyCie.
OTCyTCTBME WU, BO BCAKOM C/y4ae, HeACHOCTb 3aBUCUMOCTU Ky, OT BbICOTHI
YPOBHSI BOfbl 3aCTaBW/IM HAC B3ATbCA 3a HabMOAEeHMS B MPUPOAE U U3yyeHue
OCHOBHbIX M'MAPaBINYeCKNX XapaKTePUCTMK 3apOCLLIErO pycna.

B 30-x rogax, korga HabntogeHui 6bI10 Mao, CHMTANIOCh, YTO KOADDULMEHT
Ksap B TEYEHWE BETETALIMOHHOIO NMeproaa N3MeHAEeTCa NnasHo.

B fanbHeliweMm, C HakoneHVeM MaTepuaioB 4YacTblX W3MepeHuin pacxoja
BOAb! Ha 3apacTaroLyX pekax, Obi10 3aMeyeHo, YTo B Nepuosbl LOXAEBbIX NMaBOLKOB
MAaBHbIA X0 Ksap HapyLLIAeTcs, npy 3TOM BO MHOTUX Cydasx HabntoAanoch, YTo €
MOBbILLEHVEM YPOBHA BO3PACTatOT N KOINPULMEHTbI Kygp.

COTYEHKO OTMeYan, 4YTO YCTAaHOBWUTbL 3aBUCUMOCTb MeXAY W3MEHEHUAMM
YPOBHe BOAblI U Koa(hduumeHTa K, He NpefcTaBifeTcd BO3MOXHbIM. [103TOMY OH
OrpaHUYMICA /NUWb YKa3aHWeM Ha TO, YTO M3MEHEHWI0 YPOBHA Ha 5 CM
COOTBETCTBYET NPUMEPHO 13MeHeHNe KoapduLmeHTa Ks, Ha 0.01. B MeTogunyeckux
ykasaHuax YITMC Ne 23 (I'T'A, 1951 r.) peKOMeHA0BaI0Ch NPY BbIYUC/IEHMAX CTOKA
BOZb! 3apacTatomx peK B Clyvyae HefOCTAaTOYHOrO 4ymcna OMOPHbLIX M3MEpPEHUIN B

rneprofpbl NaBO4KOB M0/b30BaTLCA 3aBUCUMOCTAMU K,y = f(H) nnnKag,, = (1)
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MpaKTMYeckn OYeHb Peako  yaaBasiocb  MOCTPOUTb  FpadMkh - 3TUX
3aBUCMMOCTEN; NOYTM BCerja OKasblBa/oCb, UTO OAHOMY WM TOMY )K€ 3Ha4YeHMIO
YPOBHSA WUW YK/IOHA 418 LAHHOro rMApcCcTBOpa B 3aBMCUMOCTY OT (pasbl Beretauum
MOrYT COOTBETCTBOBaTb PasHble KOIhPuLMeHTbl Kqp — 0T 0.10 o 1.0.

Heyaaun MHOrMx nuccnegosatenen, NbiTaBLLUMXCA YCTaHOBUTL 3aKOHOMEPHOCTb
N3MEHEHUA KOIPMULMEHTOB Ky, B NaBOAKMW, Ha Hall B3rnsg, 6binv 06yCnoBieHb!
TeM, YTO n3MeHeHUA K,y B NaBOAKW pacCMaTpUBAINCL TONbKO B 3aBUCMMOCTU OT
O[JHOT0 Kakoro- ibo akrTopa 1 onyckanach 13 B4y BO3MOXXHOCTb B/IMSIHUSA APYTnX
(haKTOPOB ABVKEHWSA BOAbI B 3apPOCLLEM PYCIe.

KoahpuumeHT Ksyp ABNAETCA CyMMapHbIM MOKasaTesnieM, XapakTepusyroLwum
CTeneHb 3aMefIeHNs CPeAHEein CKOPOCTU TeYeHUs BOAbl B AaHHOM rMAPOCTBOPE B
[aHHbI MOMEHT BPEMEHM, MO CPaBHE HUHO CO CKOPOCTbIO, KOTopas Hab/oganack npu
TOM >Xe Harno/IHEHWUM pycna, HO, KOrAa PacTUTENbHOCTU He BbIno.

Mpn noctosHHOM Ko3duLmeHTe Ksy TUAPaBANYECKME  XapaKTepPUCTUKM
M3MEHSAKOTCS BecbMa 3HaunMTeNlbHO. Takum 06pa3om, Obl10 Obl Hernpa BUIbHbLIM
nonaratb, 4Yt0 Ksp OfHO3HAYHO OTPaKAET W3MEHEHWE COMPOTUB/IEHWUA W YTO
Koa(hpuLmeHT Kip U3MEHAETCA B 3aBUCUMOCTM  OT  BE/IMYMHBLI - MOAMOPA,
C03/jaBaeMOro pacTUTE/IbHOCTLIO B pyCre.

Ha pucyHke 3.1 nsobpaxeHa cBssb Ksyp 1 KOIPMULIMEHTA LLIEPOXOBATOCTM M MO
[aHHbIM HabntofgeHnn asTopa B 1957 — 1958 rr. Ha nocty Busrm Ha p. Wcce.
KoahdmumeHT wepoxosatocTn N BbluicieH no opmyne Lllesn, Bbipaxkas
CKOPOCTHOM KoappuumeHT C no dopmyne MaHHMHra. Kak BUAHO, KO3(DULMEHT
LLIEPOX0BATOCTM M U3MEHSETCA OYeHb €1abo; NPaKTUYECKN OH OCTaeTCs MNOCTOAHHbLIM
MpY 3HAYNTENbHOM M3MeHeHUN Kg,,B AnanasoHe oT 1.0 o 0.6; npn Ky, B AnanasoHe
0.5-0.2 HameyaeTcs o6paTHass NPOMOPLMOHA/ILHOCTb E€ro 3HaYeHWin 3HaYeHUAM
KOo3(hpuLMeHTa LLIEPOXOBaTOCTU. BbicoTa YPOBHA BO/b! Ha XapakTep CBA3UN Ky 1 1,
No-BMAMMOMY, BIMSET ciabo.

3 paccMOTpeHns MaTepuasnioB HabNAeHUIA Ha MHOTUX 3apacTatoLmX pekax
HaM MpPeACTaBMIOCh BO3MOXHLIM BbIAENNTL 6 TUMOB M3MEHEHWA Ky, pacxopa u

YPOBHS BOfbl.

37



MepBblii TN XapaKTepu3yeTcs OAHOBPEMEHHbLIM YMEHbLLEHMEM pacxoda U
KoathhmumeHTa Ksp NPY OAHOBPEMEHHOM NafieHNN UK CTAGUBbH OCTU YPOBHS BOpbI.
YMeHbLUeHne KoapduupeHTa Ksyp NPOMCXOANT 38 CHET MHTEHCMBHOTO YMEHbLLIEHNS
pacxofa BOAbl, MPU KOTOPOM Me[NEHHO Pa3BMBAlOLIAACA PacTUTENbHOCTb He B
COCTOSIHMM BbI3BaTb [OCTATOUHbIA MOAMOP, KOTOPbIA MPMBEN 6bl K MOBbILLEHNIO
YPOBHS. [laHHbIA Cnyyaid yalle BCEro HabntogaeTcs BeCHOW M paHHUM NEeTOM Ha
cnaze nonoBoaps.

BTopoii TN XxapakTepusyeTcs Tem, YTO yMeHblueHue KoagduumeHTa Kiyp
COMPOBOX/AETCS MOBbILLEHNEM YPOBHS M pacxoda Bodbl. [py 3TOM YyMeHbLUEHME
Ksp NPOMCXOAMT TrNaBHbIM 06pa3oM 3a CYeT YBENMYEHWS LUEepOX0BaToC T OT
Pa3BMBAIOLLEIAC PacTUTENbHOCTU. DTOT CAydail HabGNOAAETC PaHHUM NETOM W
HepeaKo COBMafaeT C OKOHYaHWMEM MaBOAKa, KOraa WMHTEHCMBHOCTb WCTOLLEHMS
6acceiiHOBbIX 1 PYCMOBbIX 3aMacoB 3aMeAnsieTcs WM pacxof CTabunusupyetcs, a
BO/JHas PaCcTUTENbHOCTb GYPHO Pa3BUBAETCS.

TpeTuniA TMN XapakKTepuayeTcs, Tak Xe, Kak 1 BTOPOIA, MPOTMBOMONOXHbIM MO
3HaKY M3MEHEHVEM YPOBHS 1 KoahduLmeHTa Ksyp. OTMUME 3aK1H0YAETCS B TOM, YTO
B AaHHOM C/yyae HabNtOAAeTcs YBeNMYeHMe pacxoda BOAbl, 0AHAKO KO3W(pULMEHT
Ksp YMEHbLUAETCH 3a CYET BO3pacTaHWs LUepoxoBaTocTW K3-3a OYpHOro pocTa
pacTUTeNbHOCTW.MpU  3TOM  6bICTPOTA  YBENMYEHMS  COMPOTMBAEHWUS  OT
PacTUTENbHOCTM NpPEeBbILLAET ObICTPOTY NPUObLINM pacxofa BoAbl. ITOT CAydyait
HabNOAAETCA B MepUo/bl BECEHHE -NETHUX A0XAMBbLIX MaBOAKOB. IHTEHCMBHOCTb

N3MEHEHWNA K3ap 00bIYHO MEHbLLE, YEM B ABYX MNEPBbLIX TUNaxX PeXnma.
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PucyHok 3.1 — 'pathuK CBA3W MeXay KoaphuLyeHTamu LLepoxXoBaTtocTh N 1 KO3IMPULMEHTOM Kap.

3a/IUTble KPYXXKU OTHOCATCA K U3MEPEHMAM MPY OAHOM M TOM XKe YPOBHe

UeTBepTblii TMN XapaKTepu3yeTcs OAHOBPEMEHHbLIM POCTOM KO3(duLmeHTa
Ksap, YPOBHSA 1 pacxofa BoAbl. HabntogaeTcs B nepuofsl NaBogKoB npu CTabubHON
(ha3e Beretaumm 1eTOM M OCEHbIO; BCTPEYAETCS HaCTO.

MATLIA TUN XapakTepusyeTcs yBennyeHnem KoadduumeHta K, U pacxoga
NPy OAHOBPEMEHHOM NafileHUM YPOBHA BOAbl. BospactaHne K,,, 06bsACHAETCH
OTMUPaHMEM BOAHOM PacTUTENIbHOCTU W YBE/IMYEHWEM BOAHOCTM pekn. OB6bIYHO
HabMoJaeTCd OCEHbO, MPU  PE3KOM W3MEHEHWM COCTOSIHMA  PacTUTE/IbHOCTH;
BCTpeyaeTCs A0BOMLHO PeAKo.

LLlecToii TUM XapaKTepu3yeTcs YBenWueHnem Koaphu uyeHTa Kip, npu

OIHOBPEMEHHOM MajeHNN YPOBHA U pacXoda BOAbl. Ha6mop,aeTc;| npn oTMnUpaHnn
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BOJHOW PaCTUTENbHOCTW, MPWU CHUKEHWM YPOBHA BOAbl 3@ CYET YMEHbLUEHNS
BOJHOCTW U CONPOTUBNEHNS OT PACTUTENBHOCTM.

[ONONHUTENBHO K OMMCAHHBIM TUMaM PeXuma M3MeHeHW Ky, BO3MOXHbI
ele ABa, Koraa KoadduuueHT Ks,y CPaBHUTENBHO ANUTENbHOE BPEMS He U3MEHSeTCS
M OCTaeTCs MOCTOSIHHbIM C POCTOM WAM NafeHWEeM YPOBHS W pacxoda Bofpbl.
Mofo6Hble cnyyan Ha HEKOTOPbIX MMAPOCTBOPaxX HabMoAaOTCs eXEroaHo Ha cnaae

BECEHHEro MaBO/IKa, & MHOTAA W NMPU OCEHHEM MOABLEME YPOBHS BOAbI.
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4 TWAPABNNYECKUME COMNPOTUBIEHNA 3APACTAKOWLKX PEYHbLIX
PYCEN B YCNTOBUAX BbICOKX AOXAEBbLIX MABOAKOB

4.1 HaTypHble uccnepgosaHms

Kak y>xe 6blI/10 Cka3aHO paHee, I MAPaB/IMYECKME COMPOTUBIIEHNS 3apacTatoLLmX
pycen pek ABNAKTCA OLHON M3 OCHOBHbLIX NPOGAEM PEYHON rMApaBIvKN. B cBA3M C
3TUM 0COOYK BaXXHOCTb MPUOGPETaeT MCCNefoBaHe BOLHOMO MoToKa B 3apOCLUEM
PEYHOM pycre.

[ns [eTanbHOro M3yyeHusi 0COBGEHHOCTEN PEXUMOB COMNPOTMB/EHUS MpK
Pa3NYHbIX 06beMax 3arofIHEHUS PEYHOro pycna, Ha 6a3e y4uyebHbIX MPaKTUK B
A. Oaimuwe  6bin OTKPbIT — 3KCMEPUMEHTaNbHbIA  MOANIOH,  MPOBOAUMbIE
cneyunanbHble HabNO4EHNA Ha KOTOPOM MO3BOMSAT MO -HOBOMY MOAOWTU K OLEHKe
COMPOTVB/EHNS 3apacTatoLLMX pPycer.

Ha akcnepyMeHTasIbHOM MOINMIOHE NPOU3BOANTCSA EXXKEMECAYHbLIN MOHUTOPUHT
COCTOSIHUSA PEKWN C COCTaB/IEHNEM OPTOOTOM/IaHa N0 CHUMKAM C Kamepbl BbICOKOTO

paspeLueHus (PucyHok 4.1 — 4.4).

S - ki

PYCYHOK 4.1 — Vccrieqyemblii yuacTok p. Opefex ( Jata: 28.04.2019)
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PucyHok 4.3 — Nccneayemblin yyacTok p. Opegex ([ata: 18.07.2019)
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PucyHok 4.4 — Nccnepyemblin yyacTok p. Opegex ([ata: 22.08.2019)

[ns n3ydeHUss 0COGEHHOCTEN PeXMMOB COMPOTUB/IEHNS 3apPOCLLEr0 PEYHOro
pycnia Ha 1ccrefyeMoM y4yacTKe M3MepsatoTCA Pacxofbl BOAbl U YKIOHbI CBOGOAHOM
MOBEPXHOCTW, BELYTCS HEMPEPbIBHbIE U3MEPEHWNS YPOBHA BOAbI, TeMMepaTypbl BOAbI
1 Bo3gyxa. INMponsBoaATcA perynsipHble NoABOAHbIE CbEMKU.

WccnenoBaHMs BO34ENCTBUA pacTUTENbHOCTM Ha rMAPaBInKy BOAHOMO MOTOKa
B PEYHOM pYC/ie OCHOBAHO Ha U3MEPEHUN MY bCALMOHHBLIX COCTAaB/ALLMX CKOPOCTH
BOZHOrO0 NOTOKa.

3mepeHuns MPOBOAUINCE  C  TMOMOLLbKD  aHaoroBO — LM pPOoBOro
npeobpasoBatens VellemanPCS10 B komnnekce ¢ T[K, ruapoMeTpuyecKoi
BepTyLw ko 'P 21-M-1 n nsmeputenem ckopoctu notoka (MCIT) (PucyHok 4.5).

Bpemsa n3mepeHns nynbCaunoOHHbIX COCTaBAOLWMX CKOPOCTM COCTaB/ANO He
meHee 30 MUHYT. VI3MepeHHble My/bCaLMOHHbIE COCTaBMAIOLME CKOPOCTU MOTOKA
3anucbiBatoTca B aiin opmara .txt, Bug NpefocTasieHn i JaHHbIX NPeACTaB/eH B
Tabnuue 4.1.
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PUCYHOK 4.5 — AnnapaTHblii KOMMNEKC Ans 3MepeHus MynbCaLyOHHbIX COCTaB/SOLLMX CKOPOCTH

BOAHOIO NOTOKa

Tabnumua 4.1 — Bupg npegoctaB/ieHns faHHbIX C aHa0roBo — LhpoBoro npeobpasosaresis

Time/s CHLV CH2/V CH3/V CH4/vV
0,00 1,553 1,129 1,565 1,553
0,01 1,553 1,129 1,565 1,553
0,02 1,553 1,129 1,576 1,541
0,03 1,553 1,129 1,565 1,541
0,04 1,553 1,141 1,565 1,541
0,05 1,553 1,141 1,576 1,541
0,06 1,553 1,141 1,565 1,541
0,07 1,553 1,141 1,565 1,541
0,08 1,553 1,141 1,576 1,541
0,09 1,553 1,141 1,565 1,541
0,10 1,553 1,141 1,576 1,541

MonyyeHHble faHHbIe BO3MOXHO Npeobpa3oBaTh B 3HaUYeHMs Nepunofa, a 3aTem
M B 3HAYEHME YacTOTbl BPALLEHNS BEPTYLLKM. 3aTeM 3Ha4YeHUSI YacTOTbl BpalLeHWs
BEPTYLUKN BO3MOXHO CBOOOAHO MNpeobpa3oBaTb B 3HAYEHUSI CKOPOCTEN TeyeHWs
MOTOKa Yepes ypaBHEH USt Ha4a/IbHOM CKOPOCTU BEPTYLLKM.

Mo AaHHbIM M3MEPEHUIA NYNbCALMOHHBIX COCTaBNSAOLLMX CKOPOCTM MOTOKA B

neprofpbl 3apocLuUero 1 cBobogHOro pycna 6bia NOCTPOEH CPaBHUTENbHBIA rpadnk,
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MOKa3blBaloLWMA  MY/IbCALMOHHBIA  XapakTep W3 MEHEHWs CKOpOCTel  MOoToKa

(PvicyHoK 4.6).
3apociiee pyeiro CpoboHoe pyeio
Crnaznearpiag Kpuead Kanvana - - - - Cruagxnsarinad Kpread Kamvada
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OfHako CTOMT CKasaTb, YTO MCCefoBaHMe CTaTUCTUYECKMX XapaKTepu CTUK
Typ6YyneHTHOCTM TpebyeT BeCbMa TOHKMX W3MEPEHWIA MpU YETKOW OpueHTauumu
N3MEPUTENbHLIX MNPUMOOPOB K BEKTOPY OCPEAHEHHOM CKOPOCTM, a Takke Mo
OTHOLLUEHNIO K TMOBEPXHOCTM TpeHusi. B CBSA3M CO 3HAYUTENIbHOMN HEPOBHOCTbLIO
PEYHOro AHa CTporas MocTaHOBKa W3MepeHWii TPYAHOA OCTMXKMMA. Mo3Tomy 6blsio
MPUHATO peLleHne OAHOBPEMEHHO C HATYPHbIMU W3MEPEHUSAMW  BbINOMHATLY
nabopaTopHble 1CCeL0BaHNUSA BO3AENCTBUA PaCTUTEIbHOCTU Ha I UAPAaB/INKY MOTOKa
B pycne. bonee nogpo6Ho B 3TOM 6yAeT ckazaHo B pasaene 4.2 fJaHHON paboTbl.

B netHuii nepunog 2017 roga Ha y4e6Hoi 6a3e npakTuk PITMY B a. OaimuLie
OblM  NPOBEAEHbl 3KCMEPUMEHTbI MO  OLEHKE CTENeHW MoNeraHns BOAHON
pacTUTE/IbHOCTU MOJ BO3AECTBMEM CKOPOCTU PEYHOIO MOTOKA.

Mo xapakTepy 3aseraHns BOAHYH PacTUTENIbHOCTb MOXHO Pa3fennTb Ha [Be
6onbLUMe TPYNMbI:

-PacteHns c >kecTkuMm cTebneM. Takue pacTeHUs CO3L4atOT COMPOTUB/EHME
MOTOKY B CBSI3W C CTe6s1eM, HECMOCOOGHbLIM MNAaCTUYHO M3rnbaTbCs Noj AerCTBUEM
CW/bl MOTOKa. MpMMepoM TakoM pacTUTE/IbHOCTU Ha U3y4aeMOM Y4acTKe Clyxar
pacTeHms cemeictBa OCOKOBbIX.

- PacTeHns ¢ Msirkum ctebnem. [laHHbli BUA, BOAHOW PacTUTEIbHOCTM CNOCO6eH
K cBO6OAHOMY KO/1eb6aHuMio B TO/LLE BOAbl. MPYMEPOM pacTeHWUA C MATKUM CTeb/1em
Ha paccmaTpuBaeMOM y4acTke peku Opefex SBnseTca pAecT, CTe6nnm KOoToporo
MOryT CBOGO/HO N/aBaTb Ha MOBEPXHOCTU M B TO JiLLe BOAbI.

-TlocKO/MbKY Ha paccmaTpuBaeMOM HaMu yyacTKe peku Opefex pacTeHus
BTOPOM Tpynnbl YWUCNEHHO AOMWHUPOBA/IA, HalUW 3KCMNEPUMEHTbI MNPOBOAMANCH
MMEHHO Ha 3TOI rpynne.

doTohuKcaums MNoMoXKeHUs phecta, BbIOPaHHOrO B KavecTBe 06pasya,
OCYLLECTBNSAMACh C MOMOLLBI 3KLLUH -Kamepbl GoProHero 3 B aBTOMaTM4eCKOM
peXxxume ¢ MHTepBanom 10 cekyHA Mexay kagpamu. CKOpPOCTb TeUEHUS M3Mepsach C

MOMOLLbIO MMAPOMETPUYECKON BepTYLKY TP -21M.
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PUCYHOK 4.7— CHUMOK NOABOAHON PacTUTENIbHOCTY, MOMYYEHHbI B XOfe NPOBeAeHMs

aKcrnepuMeHTa

MockonbKy peka Opegex Ha WCCneayemoM Yy4yacTKe 3aperynMposaHa
NNoOTMHaMM W fambaMy MECTHOrO Ha3HayeHMs, eé YPOBEHHbIA W CKOPOCTHOIA
PEXMUMbI M3MEHATCA clabo. Mo 3Tol NpuymMHe 6bl1 NMPUMEHEH METOL M3MEHEHUS
CKOpPOCTeN.

CyTb 3KCMepuMeHTa 3aK/oyasniach B CleAyHoLeM:

WcnbiTbiBaeMas rpynna pacTeHuii NoMeLlanacb Mexay AByms LUUTamu U ero
MOJI0XKEHNE (DMKCMPOBASIOCH C MOMOLLbIO (DOTOKAMEPbI.

B nepBom 3kcnepumeHTe o06a WMTa HaxXOAWIUCb B BEPTUKAIbHOM W
napannensHoOM  Apyr [Apyry MOMIOXKEHUW, TO €eCTb MPAKTUYECKM COXP aHAMach
ecTecTBeHHas antopa ckopocTeit (PUcyHoK 4.8a).

Bo BTOpOM 3KCnepuMeHTE BepXOBble YacTW LMTOB pasgBuranvchb, 06pasys
npy 3TOM B BEPTUKaNbHOW MNPOEKUUM CXOAALMIACS KOHYC. [aHHOe MOoMoXeHue
LLMTOB CMOCOOGCTBOBAIO YBE/IMUEHNIO CKOPOCTEN TeueHNs BHYTPU KoHyca (PUc yHOK
4.806).
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B TPETLEM JIKCMNEPUMEHTE BEPXOBbIE YaCcTW WWUTOB CABUTa/INCb, U B

BEPTUKA/IbHOW MPOEKUUM 3TO NPEACTABNSANOCh KaK PacXOAsLMIACS KOHYC. Takum
06pa3oM, CKOPOCTY MOTOKA Ha paccMaTpyBaeMOM ydacTke 3ameanstotcs (PUCYHOK

6)
/ \

a)
\ ' f;
\\' | / J,«“'j |

4.88B).

//-_

PrcyHOK 4.8 — CxeMbl NpoBefeHNs 3KCNepUMeHTa
Mo pe3ynbTaTam MPOBeAEHUS IKCMEPUMEHTOB NO Aedopmaumm notoka obiin
MOCTPOEHbI CXeMbl M3rnba pacTUTEe/IbHOCTM B 3aBUCUMOCTM OT BUAa fedopmaumn.
OblIM  nocTpoeHbl B nporpamme  AutoCADRoOCpeAcTBOM  06PUCOBKM

Cxembl
pacTUTENbHOI Macchbl.
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PUCYHOK 4.9 — /3rn6 BoAgHOI pacTUTEIbHOCTY MPU Pas3/IMYHbIX BIAAX CKOPOCTSX MOTOKa

3 nonyyeHHON CXembl M3rnba pacTUTENIbHOCTN MOXHO CAenaTb BbIBO, YTO
MNPy CYXXEHWM MOTOKa MPOMCXOAUT YBENMYEHME CKOPOCTel, KOTOpPOe BAUSET Ha
M3rné pacteHui, genas ero 6onee BblpaXeHHbIM. B CBOKO o4yepedb, UCKYCCTBEHHO
PacCLUMPEHHbI MOTOK XapaKTepu3yeTCs MeHbLUed CKOPOCTbHO W MPaKTUYECKM
MO/SIHbIM OTCYTCTBMEM M3rnba pacTeHus.

JKCNEepUMEHT, 3aK/luYaBLUMIA B cebe HabnwgeHWs 3a  noneraHnem
PacTUTE/IbHOCTM B HaTYPHbIX YCOBMAX, TaKXKe BK/OYa B Ce6 NOABOAHYHO CbEMKY
BOAHOW pacTUTEeNbHOCTM C WHTepBa/ioM B 10 CeKyHA W W3MEpPEHWe CKOpOCTeN
TeyeHus.

Mo fAaHHbIM (DOTOCHUMKOB OblfIM TakXKe MOCTPOEHbI CXeMbl U3rnba BOAHOIA

PacTUTENBbHOCTU, a TaKXKE 3MHopbl CKOPOCTEl

PucyHok 4.10 — Cxema nosieraHus pacTUTENbHOCTM B HATYPHbIX YC/I0BUAX

Ha cxeme noneraHuWsi BOAHOW PacTUTENbHOCTM AN KPUBOW KaXaoro
PACCMOTPEHHOr0 AHSI OblN B3AT CPEAHWIA YroNl HakMOHa PacTeHWid, 1 3aTem 6bin

MOCTPOEH rpadumK 3aBUCKMOCTM Yr/a OT CKOPOCTM NMOTOKA.
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PucyHoK 4.11 — "pathmK 3aBUCMMOCTW YT/1a HaK/IoHa MosieraHns pacTUTeIbHOCT OT CKOPOCTYU

Te4yeHNA NoToKa

K coxaneHuo, 13-3a HeaoCTaTOUHOM NPOAOMKUTENBHOCTY NPOBEAEHNS TaKNX
3KCMEPVUMEHTOB MOMYYEHHbIA rpadnK 3aBUCUMOCTM MOXHO CYMTaTb HEHALEXHbIM.
O[HaKO, Y)e Ha Haya/lbHOM 3Tane MOXHO OTMETUTb Npeanonaraemyto TeHAEHLHO:
C YBENMYEHMEM CKOPOCTM TEUeHMs YBENMYMBAETCS Y IO HaKOHA BOAHON

PacTUTENBHOCTN.

4.2 ®u3nyeckaa mofenbyyacTtka p. Openex

Kcnonb3oBaHue (hM3MYECKOro MOJEeNMPOBaHNA B KayecTBE METOAa OnucaHus
npouecca BO3AENCTBMS PAcTUTENIbHOCTU Ha MApaBnMKy BOAHOrO MOTOKa 6bl10
BblOpaHO He 6e3 OCHOBaHWWA. B matemMaTMyecKmx MOAEeNsaX WCNONb3YyTCS
TPaAMUNOHHbIE  MNPeACTaBNeHMs W MeToAbl  ONpeAeneHns  rMapaBINYecKuUx
COMPOTUBNIEHNIA HA OCHOBE KO3duLMEHTa LIEpoXoBaTocTU N (MPUHUMAEMOro
MOCTOSIHHbIM) MaHanm3a Kpumebix Q =f(H), KoTopble, KaK W3BECTHO, OTNYAKOTCA
CBOEM HEOAHO3HAYHOCTbKD W HaMuMeM TMeTeNb rucTepesnca nNpuU  pasHbIX
Hano/IHEHNAX pycna W MoVMbl. 3Ta HEOAHO3HAYHOCTb W 3aKOH W3MEHEHUs
rMAPaBANYECKMX COMPOTUBNEHMIA C HaMONIHEHMEM pYyCna HUKaK He MOXET ObliTb
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KOPPEKTHO OMnucaHa MaTeMaTU4ecKoin MOJEe/Nb0 C  eekpaiHe YMnpOLLeHHbIMU
MPeLCTaB/eHNAMN O TUAPAB/M YECKMX COMPOTUBMIEHNUSAX. PuU3MYecKas >Xe MOLESb,
oTpaxarwwlad peasibHyt0 Mopdgonornio pycna (M MoviMbl) C ee  peabHbIMM
MOP(ONOrMYeCKUMI (hparmMeHTaMu (M3rubbl U U3Ny4nHbI pycna, pycroBble (POPMbI,
PYCNoBble W MOWMEHHble MNPOTOKM W T.4.), SABNAIOWMUMUCA UCTOYHUKaMU
rMAPaBINYeCcKMX CONPOTUBIEHNANPUBCEX HAMOMHEHMSX pyC/ia camo BOCMPOU3BOAUT
(pparMeHTbl M B LENOM  3aKOHOMEPHOCTU  W3MEHEeHWUS  TMAPAaB/INYECKNX
COMPOTVB/IEHNI A BO BCEM [Manas3oHe W3MEHEeHUArnAPaB/INYeCKUX XapaKTepuUCTUK
noToKa.

Mo atum coobpaxkeHusm, 3umon 2016 roga Ha Kadedpe ruapoMeTpumn
PFMMY Havanocb cozfaHue u3nyecKo Moaenn ydactka peku Opeaex. Mogenb

yyacTKa PeKu BbINOMHeHa B Maclitabe 1:75 w 3aTparvBaeT 060pPYA0BaHHbIN

HaTYPHbIA 3KCNepUMeHTabHbIA NONIOH (PUCYHOK 4.12).
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PucyHok 4.12 — ®du3myeckas MO,qﬂb yyacTtka p. Opegex

Ha coopy)xaemom n1abopaTopHOM MOMMIOHE MNAaHMPOBA/IOCh BbIMOHUTL BECh
KOMM/IeKC HabMOLEHNIA Y U3MEPEHWIA, BbINOMIHEHHBLIX PaHee B HaTYPHbIX YC/1 OBUAX.
IMoMMMO 3TOro, MIaHNPOBANIOCH BbIMOMHWUTL UCCEA0BaHNS MO U3YHEHUIO U3MEHEHMS
3HaYeHN KoapuumeHTa LLIEPOXOBATOCTU MPW Pa3HOM CTeMeHW 3apacTtaHuu pycna
Mo ANMHe BOAOTOKA MNPV Pas/IMYHOM € r0 Haro/IHEHNN.

MpoBoanMble NabopaTopHble MCCNef0BaHNA BU3yanbHO O bW OMMCaHbl C
MOMOLLbIO MPOrpaMMHOr0  KoMmnekca Hex —Ras, KOTOpblii pacnpocTpaHsieTcs
6ecnnatHO M MMeeT [A0CTAaTOYHOE KO/IMYECTBO WHCTPYMEHTOB W YTUAUT AN

BbIMO/HEHWA MOCTaBAEHHbIX 3aau.
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PrcyHok 4.13 — MNonepeyHblii Npotub, NOCTPOeHHbIN B Hec — Ras

PucyHok 4.14 — Penbedh pycna p. OpefieXx Ha 1ccnefyeMoM YUacTKe, NOCTPOEHHbIV B NporpaMmme
Hec — Ras
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Wccnenyemblii  yyacTok pekn Opefex BKIOYaeT B cebd 15 CTBOpOB,
Haxofdawmxca 6nm3 6a3bl npaktuk (PucyHok 4.15). B nporpamme HEC-RASO6bINa

MOCTpPOEHa MaTemMaTnyeckaa MoAenb Asa pac4ETHbIX CTBOPOB.

ol

7S

=

PucyHok 4.15 — PacnonoxXeHwue pacyeTHbIX CTBOPOB Ha uccnegyemom yyactke p. Opegex
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B nepsomM cnydvae ponyckaem, 4yto I/ICCI'Ie,D,yeMbIVI Y4acCTOK rnopoc BO,EI,HOI7I

PacTUTENbHOCTbIO. B 3TOM cniyyae 19 BCEro yyacTkKa NMPUHUMAETCS OCPEAHEHHBbII

KO3(h(hMLMEHT LLIEPOXOBATOCTU, paBHbI 0.046.

Tabnuua 4.2 — PesynbTaTbl pacuyeTa FMAPOMETPUYECKMX XapaKTEPUCTUK MpyU N =

0.046

Ne cTBOpa Q, m°lc H, MBC I Vep, M/C 0, M
1 89.92 0.00011 0.16 6.32

2 90.04 0.00025 0.26 7.60

15 5 90.46 0.00037 0.4 12.44
10 91.12 0.00030 0.47 21.37

15 91.68 0.00026 0.52 29.12

1 89.92 0.00011 0.15 6.57

2 90.04 0.00025 0.25 7.97

14 5 90.46 0.00034 0.37 13.37
10 91.12 0.00027 0.44 22.51

15 91.68 0.00025 0.50 30.27

1 89.92 0.00079 0.31 3.20

2 90.03 0.00147 0.47 4,23

13 5 90.44 0.00107 0.57 8.79
10 91.11 0.00057 0.59 17.06

15 91.67 0.00044 0.62 24.28

1 89.92 0.00010 0.14 7.28

2 90.03 0.00021 0.23 8.85

12 5 90.45 0.00026 0.33 15.16
10 91.11 0.00021 0.38 26.37

15 91.67 0.00017 0.41 36.39

1 89.92 0.00007 0.12 8.14

2 90.03 0.00016 0.21 9.71

11 5 90.44 0.00022 0.31 15.88
10 91.11 0.00020 0.37 26.69

15 91.67 0.00017 0.41 36.71

1 89.91 0.00079 0.29 3.48

2 90.02 0.00135 0.43 4.66

10 5 90.43 0.00084 0.48 10.33
10 91.10 0.00040 0.47 21.13

15 91.66 0.00028 0.49 30.62

1 89.9 0.00101 0.33 3.07

2 90.00 0.00199 0.49 4.04

9 5 90.42 0.00131 0.51 9.73
10 91.10 0.00035 0.42 23.62

15 91.66 0.00022 0.42 35.38

8 1 89.85 0.01106 0.58 1.72
2 89.85 0.04266 1.15 1.75

5 90.41 0.00083 0.45 11.23

10 91.1 0.00029 0.42 24.07
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| 15 |  91.66 | 0.00021 0.43 34.73
MpopgomkeHne Tabnuubl 4.2
Ne cTBOpa Q, m’lc H, MBEC I Vep, M/C 0, M
1 89.49 0.04678 0.89 1.13
2 89.71 0.00247 0.45 4.45
7 5 90.4 0.00022 0.28 17.69
10 91.1 0.00013 0.31 32.68
15 91.66 0.00011 0.33 45.04
1 89.39 0.00011 0.15 6.47
2 89.71 0.00012 0.19 10.33
6 5 90.4 0.00010 0.22 22.35
10 91.1 0.00008 0.27 36.87
15 91.66 0.00008 0.31 48.66
1 89.38 0.00293 0.45 2.23
2 89.7 0.00072 0.36 5.53
5 5 90.4 0.00027 0.33 15.11
10 91.09 0.00020 0.38 26.66
15 91.65 0.00016 0.41 36.76
1 89.32 0.00202 0.44 2.27
2 89.68 0.00076 0.37 5.35
4 5 90.39 0.00030 0.34 14.62
10 91.08 0.00021 0.39 25.68
15 91.65 0.00019 0.43 34.66
1 89.33 0.00007 0.14 7.39
2 89.69 0.00007 0.17 11.65
3 5 90.39 0.00008 0.24 21.15
10 91.08 0.00010 0.32 30.87
15 91.65 0.00011 0.39 38.73
1 89.32 0.00012 0.17 5.9
2 89.68 0.00012 0.21 9.49
2 5 90.39 0.00012 0.27 18.25
10 91.08 0.00014 0.36 27.96
15 91.64 0.00015 0.42 35.81
1 89.31 0.00141 0.36 2.81
2 89.68 0.00042 0.29 6.96
1 5 90.39 0.00018 0.28 17.76
10 91.08 0.00013 0.33 30.26
15 91.64 0.00012 0.37 40.37
1 89.32 0.00006 0.12 8.19
2 89.68 0.00006 0.15 13.26
0 5 90.39 0.00006 0.19 26.16
10 91.08 0.00006 0.24 41.29
15 91.64 0.00006 0.28 53.65

Bo BTOpPOM Cflydae CKalIMBaeM BCH MOABOAHYK PaCTUTENbHOCTb Ha

paccmaTpmBaeMoM yuyacTke. KoathpuLMEHT LLIEPOXOBATOCTM B TAaKOM Crlyyae paBeH

0.025.
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Tabnmua 4.3 — Pe3ynbTaTbl pacyeTa TMAPOMETPUYECKMX XapaKTEPUCTUK MNpu

n=0.025

Ne cTBOpa Q, mfc H, MBEC I Vep, M/C W, M?
1 89.88 0.00004 0.17 5.81

2 89.98 0.00010 0.29 6.86

15 5 90.17 0.00027 0.55 9.04
10 90.54 0.00035 0.74 13.43

15 90.9 0.00032 0.82 18.31

1 89.87 0.00004 0.17 6.02

2 89.98 0.00010 0.28 7.18

14 5 90.17 0.00027 0.52 9.58
10 90.54 0.00031 0.69 14.47

15 90.9 0.00028 0.77 19.49

1 89.87 0.00034 0.36 2.79

2 89.96 0.00069 0.56 3.58

13 5 90.13 0.00143 0.95 5.28
10 90.5 0.00101 1.06 9.45

15 90.87 0.00069 1.07 14.0

1 89.87 0.00004 0.15 6.65

2 89.97 0.00009 0.25 7.96

12 5 90.15 0.00023 0.47 10.62
10 90.52 0.00025 0.61 16.36

15 90.89 0.00021 0.67 22.46

1 89.87 0.00003 0.13 7.51

2 89.97 0.00006 0.23 8.84

11 5 90.15 0.00017 0.44 11.48
10 90.52 0.00021 0.59 17.04

15 90.89 0.00019 0.66 22.86

1 89.87 0.00037 0.33 3.00

2 89.95 0.00064 0.51 3.94

10 5 90.12 0.00129 0.84 5.93
10 90.49 0.00078 0.89 11.2

15 90.87 0.00052 0.88 17.12

1 89.86 0.00044 0.37 2.69

2 89.94 0.00087 0.58 3.46

9 5 90.09 0.00191 0.99 5.06
10 90.48 0.00122 0.93 10.79

15 90.87 0.00049 0.8 18.72

1 89.79 0.01408 0.97 1.03

2 89.85 0.01265 1.15 1.74

8 5 89.96 0.01078 1.46 3.42
10 90.47 0.00071 0.81 12.4

15 90.86 0.00037 0.76 19.66

7 1 89.49 0.01405 0.89 1.12
2 89.54 0.01231 1.11 1.81

5 89.92 0.00072 0.62 8.05

10 90.48 0.00020 0.52 19.25
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| 15 | 90.87 | 0.00015 | 0.54 | 27.68

MpopgomkeHne Tabnuubl 4.3

Ne cTBOpa Q, M°lc H, MBEC I Vep, MIC w, M
1 89.30 0.00005 0.18 5.50

2 89.44 0.00010 0.29 6.97

6 5 89.92 0.00011 0.37 13.5
10 90.48 0.00010 0.42 23.94

15 90.87 0.00009 0.47 32.13

1 89.27 0.00364 0.77 1.30

2 89.40 0.00264 0.82 2.43

5 5 89.91 0.00047 0.63 7.94
10 90.47 0.00025 0.62 16.23

15 90.86 0.00020 0.66 22.68

1 89.13 0.00695 1.01 0.99

2 89.35 0.00186 0.81 2.47

4 5 89.89 0.00052 0.65 7.65
10 90.46 0.00028 0.64 15.67

15 90.85 0.00023 0.68 21.9

1 89.16 0.00005 0.18 5.60

2 89.37 0.00007 0.25 7.86

3 5 89.90 0.00007 0.35 14.43
10 90.46 0.00008 0.45 22.18

15 90.85 0.00009 0.54 27.64

1 89.16 0.00008 0.23 4.40

2 89.36 0.00012 0.32 6.28

2 5 89.90 0.00012 0.42 11.9
10 90.46 0.00013 0.52 19.23

15 90.85 0.00013 0.61 24.68

1 89.08 0.01198 1.16 0.86

2 89.34 0.00131 0.65 3.09

1 5 89.89 0.00027 0.51 9.87
10 90.46 0.00017 0.53 19.02

15 90.85 0.00014 0.58 26.06

1 89.10 0.00006 0.18 5.50

2 89.35 0.00006 0.23 8.67

0 5 89.89 0.00006 0.30 16.71
10 90.46 0.00006 0.36 27.71

15 90.85 0.00006 0.41 36.25

B TpeTbeM c/yyae paccMaTpuMBaeM MOTOK, 06pa3oBaBLIMIiCS  Haf
PaCTUTENIbHOCTbIO, M30THYTON MOJ, eACTBMEM CKOPOCTM NOTOKA U paccMaTpUBaeMOoli

KaK MaccuB, Yepe3 KOTOpbIA He MPOXoAUT BOAaA.
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PrcyHok 4.16 — Cxema NoABOAHON pacTUTENbHOCTU

Ans TOro, u4tobbl OUEHUTb B/IUSHME PACTUTENILHOCTM Ha MOTOK, Mpu
BbIMO/IHEHWM PacyeToB, MOAHMMAaEM [HO pekW. YTobbl paccumTaTb UMUCIEHHOE
3HayeHWe MNOAHATUA  [Ha, WUCMONb3yeM Takue  XapaKTepPUCTUKM  BOAHONA
pacTUTENbHOCTKM, KakK cpeaHas AnvHa (1), KOMMYeCTBO PacTUTESIbHbIX e4UHWUL, Ha
AJIMHY noToka (2) n gnameTp pacteHuns (3). Tak Kak Ha UCCNeLyeMOM Y4acTKe Peku
BCTPEYaeTCA HECKO/IbKO BWAOB  PacTUTENbHOCTW, WCMOMb3YeM  OCpPeAHEHHbIe
XapaKTepUCTUKW.

YunTbiBasd CpefHMEe 3HAYeHUs Bbllle TMEPEYNC/IEHHbIX XapaKTepUCTHUK,
yCTaHaB/IMBaeM, YTO B pacyeTax Lie/iecoobpasHO NOAHATL YPOBeHb Ha 25 cM, cumTas,
YTO 3TOT 06bEM 3aMET nonerwas BogHas pacTUTeIbHOCTb.

Taknum 06pazom, KO3IPPUUMEHT LWIEPOXOBATOCTM BbIBOAUTCA W3 YpaBHEHUA

H. H. NMaBnoBCcKoOro:
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n (4.1)

[na nonyyeHns 3HavyeHUs KoaguumeHTa LLle3n C ucnonb3yetcs cneayrollee

ypPaBHEeHWe:

(4.2)

rae g — ycKopeHue cBo60AHOro nagenns = 9.81 m/c*A — Ko3hPULMEHT NOTepb Ha

TpeHune

1g(10002)=0.9 .

10004 =6.3 .

A=0.0063

MofcTaBnseM 3HayeHue A B oopmyny (4.2):

2+*981

r i

————=558.

MoacTtasue 3HaveHne C B opmyny (4.1), nonyvaem n = 0.019.
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Tabnuua 4.4 — Pe3ynbTaTbl pacyeta rMApPOMETPUYECKUX XapaKTepuUCTUK npu n =

0.046

Nocteopa | Q, m%c | OTmeTkagHa, MBC | H, MBC I Vep, MIC W, M2
1 89.25 90.16 0.00002 0.16 6.12

2 89.25 90.29 0.00004 0.27 7.50

15 5 89.25 90.54 0.00011 0.48 10.38
10 89.25 90.81 0.00019 0.73 13.67

15 89.25 91.01 0.00026 0.92 16.32

1 89.11 90.16 0.00002 0.16 6.36

2 89.11 90.28 0.00005 0.25 7.89

14 5 89.11 90.54 0.00010 0.45 11.1
10 89.11 90.81 0.00017 0.68 14.74

15 89.11 91.01 0.00023 0.86 14.74

1 89.78 90.07 0.00704 1.23 14.74

2 89.78 90.16 0.00617 1.49 14.74

13 5 89.78 90.36 0.00537 1.84 14.74
10 89.78 90.57 0.00475 2.14 14.74

15 89.78 90.73 0.00450 2.39 14.74

1 88.96 90.11 0.00002 0.15 14.74

2 88.96 90.20 0.00006 0.26 14.74

12 5 88.96 90.37 0.00015 0.49 14.74
10 88.96 90.59 0.00026 0.74 14.74

15 88.96 90.89 0.00023 0.82 14.74

1 89.29 90.11 0.00002 0.14 14.74

2 89.29 90.20 0.00004 0.23 14.74

11 5 89.29 90.37 0.00011 0.45 14.74
10 89.29 90.59 0.00020 0.70 14.74

15 89.29 90.89 0.00019 0.79 14.74

1 89.71 90.11 0.00023 0.34 14.74

2 89.71 90.19 0.00043 0.53 14.74

10 5 89.71 90.34 0.00092 0.90 14.74
10 89.71 90.53 0.00119 1.23 14.74

15 89.71 90.84 0.00068 1.17 14.74

1 89.61 90.10 0.00027 0.38 14.74

2 89.61 90.18 0.00055 0.60 14.74

9 5 89.61 90.31 0.00134 1.06 14.74
10 89.61 90.48 0.00213 1.47 14.74

15 89.61 90.84 0.00090 1.15 14.74

1 89.83 90.04 0.00814 0.97 14.74

2 89.83 90.10 0.00730 1.15 14.74

8 5 89.83 90.21 0.00622 1.46 14.74
10 89.83 90.46 0.00189 1.30 14.74

15 89.83 90.84 0.00056 1.03 14.74

7 1 89.46 89.74 0.00812 0.89 14.74
2 89.46 89.79 0.00709 1.10 14.74

61




5 89.46 89.97 0.00249 1.10 14.74

10 89.46 90.49 0.00029 0.70 14.74

15 89.46 90.85 0.00017 0.69 14.74

MpopgomkeHve Tabnuubl 4.4

Ne cteopa | Q, m°/c | OtmeTka gHa, MEC | H, MBC I Vep, M/C W, M°
6 1 88.66 89.53 0.00003 0.19 14.74
6 2 88.66 89.65 0.00007 0.30 14.74
6 5 88.66 90 0.00011 0.46 14.74
6 10 88.66 90.5 0.00010 0.52 14.74
6 15 88.66 90.86 0.00009 0.56 14.74
5 1 89.23 89.48 0.00397 0.96 14.74
5 2 89.23 89.59 0.00360 1.08 14.74
5 5 89.23 89.96 0.00073 0.89 14.74
5 10 89.23 90.48 0.00032 0.81 14.74
5 15 89.23 90.83 0.00023 0.83 14.74
4 1 89.10 89.37 0.00450 1.05 14.74
4 2 89.10 89.47 0.00418 1.28 14.74
4 5 89.10 89.94 0.00079 0.93 14.74
4 10 89.10 90.46 0.00037 0.84 14.74
4 15 89.10 90.82 0.00026 0.86 14.74
3 1 88.47 89.41 0.00003 0.18 14.74
3 2 88.47 89.52 0.00006 0.29 14.74
3 5 88.47 89.96 0.00007 0.42 14.74
3 10 88.47 90.48 0.00007 0.53 14.74
3 15 88.47 90.83 0.00008 0.63 14.74
2 1 88.75 89.41 0.00005 0.23 14.74
2 2 88.75 89.52 0.00011 0.37 14.74
2 5 88.75 89.95 0.00012 0.52 14.74
2 10 88.75 90.47 0.00012 0.63 14.74
2 15 88.75 90.83 0.00013 0.72 14.74
1 1 89.09 89.33 0.00705 1.17 14.74
1 2 89.09 89.45 0.00377 1.12 14.74
1 5 89.09 89.94 0.00042 0.71 14.74
1 10 89.09 90.46 0.00020 0.68 14.74
1 15 89.09 90.82 0.00016 0.71 14.74
0 1 88.50 89.28 0.00006 0.22 14.74
0 2 88.50 89.49 0.00006 0.28 14.74
0 5 88.50 89.95 0.00006 0.37 14.74
0 10 88.50 90.47 0.00006 0.44 14.74
0 15 88.50 90.83 0.00006 0.49 14.74

Mo pe3ynbTaTam pacyeToB ANs TPEX C/y4vaeB NOCTpoeHbl KpyBble Q = f(H) ans

pacuyeTHoro cteopa (PucyHok 4.17).
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—a— n=0.046 n=0.025 = n=0.019+25cm
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PucyHok 4.17 — 'padmkn Q = f(H) 415 pasnnyHbIX KO3((HULMEHTOB LLIEPOXOBATOCTM

3 rpacimka MOXHO cfienaTb BbIBOA, YTO MoseraHue BOAHOW PacTUTENbHOCTU

YMEHbLUAET COMPOTUBAEHNE N YBENNYNBAET MPOMYCKHYHO CMOCOBHOCTb.

4.3 PacyeT rapaBnunyeckux ConpoTUBEHWIA NPX pa3HoOli CTemeHn 3apacTaHus

pycna no ero vMHe

OfHOI 13 3afay Npy pacyeTe rMAPaBAMYECKUX COMPOTUBNEHUIA NPY PasHOIA
CTEeNeHW 3apacTaHusi pycna Mo ero [A/IMHe SBNSETCS PacCMOTPEHME NPOAO/bHOO
YKNOHa CBOGOAHOM MOBEPXHOCTU, a UMEHHO — OYAET NI OH MEHSTbCSA MPY PasHoM
CTeneHu 3apacTaHUs PeyHoro pycna?

CaenaB npocTeiillee npeobpasoBaHme B hopmyne LLlesw:

V = Cval (4.3)
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ypaBHeHwe (4.3) 3anuLLEeTCa B CrieAyHOLLEM BUAE:

n (4.4)
3 ypaBHeHust (4.4) MOXHO caenaTtb BbIBOA, YTO 3HaYeHMe YK/I0Ha CBO6GOAHOM

MOBEPXHOCTU 6yﬂ,€T noyTn NOCTOAHHBIM N HE 3aBUCUT OT U3IMEHEHWNA XapaKTepa

rmppaBanyeCcKnX cornpoTun B/IEHWIA N:

v (4.5)

H m BC
207 Lagend

=}
2151 WS PF

9107

205

200

895

2 4 6 8 10 12 14 15 18
PacctoAauwe ot MH, m

PrcyHok 4.18 — V13meHeHvie ypoBHSA BoAbl (B M BEC), B 3aBUCUMOCTH OT CTeMeHW 3aTOM/IEHNS pycna
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C nomoubto NporpaMMHOro Komrnekca Hec — Ras v HaTypHbIX JaHHbIX 06
M3MepPeHHbIX T[/lybMHaX Ha norepeyHbiX cTBOpax p. Opegex Ha y4acTke
nccnefoBaHns, ObI0O  CMOAENMPOBAHO, KakK W3MEHUTCA YK/IOH CBOOOAHOIA
MOBEPXHOCTN NPU Ppas3IMYHOM OObEME 3amnosIHeHUs pycna W PasHOM CTeneHu
3apacTaHus pycna rno ero /imHe.

3ajaBasch pacxogamu Bogbl oT 1 o 10 m%/c, nonyunnu, kak 6yaeT MeHATbCS
YK/OH CBO60/HOM noBepXHOCTH (PUCYHOK 4.19).
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PUCYHOK 4.19 — V3meHeHVe NPOAO/bHBIX YKIOHOB yyacTKa p. Opeaex Npv pasHoi cTeneHu

3alroJ/IHEHNA pyCha

Ha cnegytowem atane nocMoTpenu, Kak 6yaeT MeHSTbCA YKNOH CBOGOAHOIA
MOBEPXHOCTY NP pa3HOM 06bEME 3aM0/IHEHWS PyC/ia 1 CTENeHW ero 3apacTaHus.

B pe3ynbTaTe pacyeToB OblnM NOCTPOEHbLI rpagmyeckne 3asmucmumoctu | = f(H)
n Q =f(H) (PncyHok 4.20 — 4.21).
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PucyHok 4.21 — Kpusast Q = f(H) npwv pa3Hoii cTeneHu 3apacTaHus pycna
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Kak BMaHO 13 pucyHKa 4.20, YKNOHbI CBOOOAHOW MOBEPXHOCTY UMEIOT 6osiee -
MEHEE CXOXMe 3HAYyeHusi Mpy  Pas/IMYyHON CTereHW 3apacTaHus pycna. 370
MOATBEPXAAET CAenaHHOe BbILe MPeAMoOXEeHNe O TOM, YTO YK/IOHbI CBOGOLHOW
MOBEPXHOCTU OyAyT OCTaBaTbCsA MOCTOAHHLIMW BHE 3aBMCUMOCTM OT CTereHu
3apacTaHusa pycna.

3 nocTtpoeHHou rpaguueckoin 3asncmumoctn Q = f(H) (pucyHok 4.21) MOXHO
cfienatb BblBOA, 4TO KO3puumeHT wwepoxosatocT n p. Opefex Ha y4yacTke
N3MepeHniA n3MeHseTca B auanasoHe oT 0.065 go 0.16, B 3aBUCUMOCTU OT YPOBHSA
3aTonneHns pycna.

BbinonHsemble cneuynanbHble HABMOAEHWS U BbIYUCIEHUS YXKE NO3BONAOT MO -

HOBOMY MOZONTU K OLIEHKE COMPOTMB/IEHNS 3apacTatoLLMX PYCes.
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3AKMHOYEHNE

MapaBnMyecKne COMPOTMBIEHWS 3apacTalolLmMX pycen peK ABNAKTCA OLHOW
M3 OCHOBHbIX MPO6/IEM PeYHON rMapaBInKKU. TpaBUbHbLIA U apryMeHTUPOBaHHbI
yyeT T[UAPaB/INYECKMX COMPOTUBEHWIA [O/KEH WMeTb MeCcTO B pacyeTtax
BXKHEMLLUMX XapaKTepUCTUK PEYHOro MOTOKA, TaKMX KakK CPefHss CKOPOCTb, PacXof
BOAbI 1 Ap.

BogHas pacTUTEeNIbHOCTbOKA3bIBaET 3HaYUTe/IbHOE B/IVSHUE Ha
XapaKTepUCTUKN TeYeHNs, TPaHCMOPT HAHOCOB Y MOPONIOT MO Pek.

CkopocTy TeyeHNs ocnabesatoT B 06/1aCTAX C PaCTUTeNbHBIM MOKPOBOM U MO,
BIMSHNEM TYpPOYNEHTHOCTU. TpPaHCNOPTMPYHOLLaA CMNOCOBHOCTb HAHOCOB 4acTo
CHMXaeTca B 06/1aCTAX, 3apOCLUNX BOAHOW PacTUTENbHOCTLIO, TaM, rie B3BeLUEHHbIe
HaHocbl MOryT ocefatb. O6/1aCTb COMPOTUBNEHUS PaCTUTE/IbHOrO MOKPOBA MOXET
TaK )Xe HanpaBWTb BOAHbIA MOTOK K TeM MeCTaM, rfie pacTUTe/IbHOCTb OTCYTCTBYeT ,
ABNAACH NPUYUHONM MOBbILLEHNA CKOPOCTEN M pa3mMblBa. M03TOMY BaXHO Y4MTbIBATb
COMpPOTUB/IEHUA PacTUTE/IbHOro MoKpoBa npu BbIYMCIEHUN
reoMopgonIorMyecknx N3MeHeHWn B pekax.

OfHaKo CTeneHb W3Y4YeHHOCTU XapaKTEPUCTUK TeYeHus B 3apOCLUMX P ycnax
HeAoCTaTouYHA HU NS PacyeToB, HY ANA pa3paboTKN HOBbIX KOHLEMNUMIA 1N TEOpUA 0
rMAPOAMHAMMNYECKMNX 3aKOHOMEPHOCTAX TaKMX TEYEHWIA.

Llesib nccnenoBaHMsa 3ak/i04aeTcs B KOMYECTBEHHOM OLeHKe KO3a(rLMeHTOB
COMNPOTMB/IEHNA [N1F PeYHbIX Pycen, MOABEPKEHHbIX 3apacTaHuio, U pa3paboTke
METOLMKMN yyeTa CTOKa MaslblX 3apacTaroLLMX peK B MepPUOL NPOX0XKAEeHWS NaBOAKOB .

PaspabaTbiBaeMas MeTOAMKa NoApasyMeBaeT Mnof co60i BBOJ, 06eCrneyeHHbIX
3HaYeHUI KO3 MEeHTa LLIEPOXOBATOCTM B ONpese/ieHne pacyeTHbIX YPOBHeN BOAbI
Nno (opmMynaM pPaBHOMEPHOrO ABVDKEHWA C MOC/EAYHOLWMM UX UCMO/b30BaHUEM B
pacuyétax 06ecrneyeHHbIX PacxofoB BOAbl [LOXAEBbIX MaBOLKOB MO (opmyrnam,
pekomeHgoBaHHbIX CBogom npasun CI 33-101-2003. Nomumo 3Toro, ata MeToAmKa

6yneT OCHOBaHAa Ha paCYeTHO-BbIYMC/UTENBHOM (DaKTOpe PEeYHOro pycna, npw
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KOTOPOM 3HAYeHNs KO3PMULMEHTa LLEPOX0BAaTOCTM OYAYT 3aBUCETb OT KOHKPETHbIX
napameTpoB MOTOKA U XapaKTepUCTUK pycna.

[ns LOCTVMXXEHWNA NOCTaB/IEHHOW Lienn BbINI0 HEOOXOAMMO PeLnTL CrefytoLime
3ajauun;

1. NccnefoBatb 3aKOHOMEPHOCTY Pa3BUTUA U PacrpoCcTpaHeHNs B 0L0/1H0OMBOM
PacTUTeNbHOCTM, a TaKXKe OCOBEHHOCTU peXnma rnapasavyecKux COnpOTMBIEHWIA
3apacTaroLLMX PeyHbIX pycer.

2. BbisBUTb onpefenstolime (akTopbl W YCTaHOBUTbL  KpUTepuasibHble
KOMM/IeKCbI 415 0606LLEHHOI KONMYeC TBEHHOW OLEHKW Npw 3apacTaHnu.

3. Monyuntb pacyeTHyO (opmyny Ansa KOo3a(MLMEHTOB LUEPOXOBATOCTN B
3aBMCMMOCTW OT CUCTEMHO -30Ha/IbHbIX TMAPONOrNYECKNX (PaKTOPOB.

4. OueHWTb TnApaBnMyecKne COMPOTMBIIEHUA 3apacTatOLMX PeYHbIX pycen
MaslblIX BOAOTOKOB B pa3/ninyHble (hasbl BereTaumm.

5. PaspaboTaTb Mofe/b rMapoOMeTPUYECKOr0 yyeTa CTOKa 3apacTatoLmnX pek.

6. PaspaboTaTb METOAMKY W alropuTMbl aBTOMATU3MPOBAHHOIO y4eTa CTOKa
3apacTalolMx PeK And  BHEAPEeHWUS UX  KOMMbHOTEPHOW  TEXHOMNOrMM B
rMAPONIOTUYECKYIO CETb.

[ns  peweHns NOCTaBNeHHbIX 3afady  ObliM  MPOBefeHbl HaTypHble U
nabopaTopHble WCCNeAOBaHUA MO W3YYEHUO TUAPaB/INYECKUX COMPOTUBEHUNA
3apacTaroLyX peyHbIX pycert.

B pamkax HaTypHbIX wuccnefoBaHuin Ha peke Opefex 6bln BblbpaH W
0060pya0BaH 3KCMNepUMEHTa/bHbIA Y4acTOK.

Peka Opefex Oblna BblbpaHa He cnyyaiiHo. Ha [fjaHHOM 3Tane CBOEro
CYLLECTBOBAHUA WMCCNeyeMblil BOAOTOK OYeHb WHTEHCMBHO 3apacTaeT BOAHOM
PacTUTENbHOCTbIO. [NaBHbIMM MPUYMHAMUA WMHTEHCUBHOMO 3apacTaHusi pycnapeku
BbICLUMMMW BOAHbLIMW PacTeHUSMW ABNAKOTCA:

-co3aHne Kackaga famb M NAOTUH MEeCTHOr0 HasHayeHWs, KOTOpble YMeHbLUWU
CKOPOCTb TEYEHMSI Ha peke; MOBAVANU Ha (hopmmpoBaHME GOMbLLEr0 KOMMYecTBa

3aCTOVHbIX 30H;
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-B GacceliHe peku, B nocnegHve 30 fieT, 06pa3oBaiocb 60/bLLIOE KOMMYECTBO
CENbCKOXO3SIMCTBEHHbIX  NPEANPUST MiA,  MPOMbILLMIEHHbIA  CTOK U3 KOTOPbIX
Mocrnoco6CcTBOBa/I UHTEHCMBHOMY Pa3BUTUIO BOAHOW PacTUTENIbHOCTU B pycie U Ha
roviMe peku.

BbiCclune BOAHble pacTeHMs BepxoBuUiA pekn Opefex cocTaensatoT 29 BUAOB,
OTHOCAWMXCA K 23 pofam, pacripefenieHHbIM Mexay 18 cemeictBamn. OHM
ABNAOTCA NPeACTaBUTENSMI 3 KNACCOB U 2 OTAEN0B BbICLUNX COCYAMCTbIX PacTeHWIA.

Ha akcneprMeHTaIbHOM MONIOHE MPOU3BOANTCS €XXEMECAUHbIA MOHUTOPUHT
COCTOSIHMS PEKMN C COCTaB/IEHMEM OPTO(OTOM/IaHa N0 CHUMKaM C KaMepbl BbICOKOIO
paspeLueHus.

[N n3ydeHns 0COGEHHOCTEN PEXMMOB COMPOTUB/IEHNS 3apPOCLLEr0 PEYHOro
pycna Ha 1cCnefyeMoM y4yacTKe NU3MepAOTCS pacxofbl BOAbl U YKNOHbI CBOGOAHOM
MOBEPXHOCTW, BeAYyTCS HENPEPbLIBHbIE U3MEPEHMS YPOBHS BOAbI, TeMMepaTypb! BOAbI
1 Bo3ayXa. Mpon3BoaaTcs perynspHble NoABOAHbIE CbEMKMU.

WccnenoBaHns BO3L4eCTBUA paCTUTENbHOCTU Ha rMAPaBINKY BOLHOIO NOTOKa
B PEYHOM pYC/ie OCHOBAHO Ha U3MepPEeHNN MyNbCalMOHHBIX COCTABALWMX CKOPOCTU
BOAHOr0 MOTOKa.

N3mepeHuns MPOBOAWINCL  C  TMOMOLLbKD  aHa/IoroBO — LM(POBOro
npeo6pasosatens VellemanPCS10 B kKomnnekce ¢ [MK, rmapomeTpuyeck o
BepTyLKon P 21-M-1 1 nameputenem ckopoctu notoka (UCrI1).

MonyyeHHble JaHHblE BO3MOXHO Mpeobpa3oBatb B 3HaYeHWs Meproa, a 3aTem
M B 3HaY€HMe 4acCTOTbl BpalleHMs1 BEPTYLLIKW. 3aTeM 3HAYeHWst 4acTOTbl BpalleHUs
BEPTYLLKN BO3MOXHO CBOGOAHO Npeobpa3oBaTb B 3HAYEHMSI CKOPOCTE TeueHus
MoTOKa Yepe3 ypaBHEH USt Ha4a/IbHOM CKOPOCTU BEPTYLLKM.

Mo AaHHbIM M3MEPEHUIA NYNbCALMOHHbIX COCTaBMSOLLMX CKOPOCTU MOTOKA B
nepuoAbl 3apoCLLEro n cBo60AHOro pycna 6bin MNOCTPOEH CPaBHUTENbHbIN rpagiunk,
MOKa3bIBatOLLMIA MYyNbCALMOHHBIN XapaKTep N3MEHEHMSt CKOPOC Tei NOTOKa.

OfHaKo CTOUT cKa3aTb, YTO MCCNefoBaHME CTaTUCTUYECKUX XapaKTepuCTUK
TYpOYNeHTHOCTU TpebyeT BeCbMa TOHKMX W3MEPEHMI MPU YETKOW OpUeHTauuu

N3MEPUTENbHLIX MNPUOOPOB K BEKTOPY OCPEAHEHHOW CKOPOCTW, a Takke Mo
70



OTHOLLUEHNIO K MOBEPXHOCTW TpeHusi. B CBS3M CO 3HAUYUTENIbHOM HEPOBHOCTbLIO
PEYHOro fHa CTporas NOCTaHOBKa M3MepeHWin TpyaHOA4OCTVKUMA. Mo3ToMy 6blSI0
MPUHATO peLleHne OAHOBPEMEHHO C HaTypHbIMU WU3MEPEHUAMMW  BbIMONHATLU
nabopaTopHble UCCNeaoBaHNsA BO3AEACTBNA PacTUTENbHOCTM Ha I UAPaBIMKY NOTOKa
B pycne.

B netHuin nepuog 2017 roga Obinv NpoBefeHbl 3KCMEPUM EHTbI MO OLEHKE
CTeNeHn nosieraHns BOAHON PacTUTEIbHOCTY MO BO3AENCTBMEM CKOPOCTW PEYHOrO
noToKa.

K coxaneHnto, n3-3a HegoCTaTOuHOW MPOAOIKUTENIbHOCTY MPOBELEHNS TaKUX
3KCMEPVMMEHTOB MOMYyYeHHbIA rpatinK 3aBUCMMOCTM MOXHO CUMTaTb HEeHafeXHbIM.
OfHaKo, y)Xe Ha Haya/lbHOM 3Tare MOXXHO OTMETWUTb MPeAnonaraemMyto TeHAEHLMHO:
C YBE/IMYEHMEM CKOPOCTW TEYEeHWA YBENNYMBAETCA Yro/l Hak/oHa BOAHOM
PacTUTENbHOCTMW.

B pamkax nabopaTopHbIX UCCNeaoBaHWA Ha Kadeape rugpomeTpun PITMY
Oblla coopy)XeHa manyeckass Mofenb ydacTka p. Opegex. Ha atoin mopenn 6biiu
BbIMO/THEHbI BCE TE XKE M3MEPEHNS, YTO 1 B HaTYpe.

[aHHble n3MepeHuin Ha Mogenn obpabatbiBa/ICb B MPOrpaMMHOM KOMIM/EKce
Hec-Ras.

Mo pesynbTaTaM W3MEPEHUA Ha (U3NYECKOW MOLEN C MNOCNeAyHoLLeit
06paboTKoi B nporpamme Hec-Ras MOXHO cfienaTb CreaytoLmne BbIBOAbI :

—rosneraHye BOAHON PacTUTENIbHOCT YMEHbLLAET CONPOTMBIEHNE U YBE/TMYMBAET
MPOMNYCKHYHO CMOCOBGHOCT;

~YK/IOHbl CBOGOAHON MOBEPXHOCTM OyAyT OCTaBaTbCA MOCTOSIHHBIMU  BHE
3aBMCHMOCTW OT CTEeMNeHW 3apacTaHns pycna;

~KO3(PULMEHT LLepoxXoBaToCTM N p. Opeaex Ha yyacTKe U3MEPEHUIA N3MEHSETCS
B AnanasoHe ot 0.065 a0 0.16, B 3aBMCMMOCTU OT YPOBHSA 3aTOM/EHUSA pPyCna;

BbINosHeHHbIe crieuyasbHble HabMIOAEHNSA Y BbIYUCIIEHUSA Y)Ke MO3BOMAKOT MO -
HOBOMY MOAOWTM K OLIEHKE COMPOTUBNEHWS 3apacTaroLLMX pyCen.

Taknum o6pa3om paspabaTbiBaeMasi METOAMKA, C (IM3NYECKOW TOYUKM 3PEHWS,

y)Xe 60nee 060CHOBaHa, W 3Ha4YeHUA KOIMPMPULMEHTOB LUEPOXOBATOCTU YXKe
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OLIeHMBaOTCS 60/1ee 0GBEKTUBHO.

OfHaKo Mo MpWUYMHe TOro, YTO MOAOGHbIE MCCNEf0BaHUSA TOMbKO HauMHAOT
MPOBOANTLCS, HeNb3s FOBOPUTb O KAaKMX-TO TN06aNbHbIX AOCTUXEHMSIX, TaK Kak
CTaTUCTMKM NOKa HeA0CTaTOUHO.

Ho cTouT OTMEeTWTb, YTO paHee npeanonaraemble 06LIME TEHAEHLUMM YdXKe
MPOCNEXMBAKOTCA, WU MPW  JaNbHEALIMX WCCNEeA0BaHUAX OHW MOTYT TMPUHECTY

CYLLLECTBEHHbIE NNO/bI.
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