MOCKOBCKHUI I'OCYJAPCTBEHHBIN VHUBEPCUTET num.M.B.JIomMoHoCOBa

E.B.lllenn, B.M.l oHuapoB

AI'POPUIUKA



BBEAEHUE

Onpenenenue arpopusnku. OcHOBHbIE (PM3HUECKUE TIPABUIIA U 3aKOHBI B IPUMEHEHUH K
arpodusuke.

OcHOBHBIE 3aKOHBI ITPOIYKIIMOHHOTO IIpolLecca.

Yacre | . Pusuka noys.

I'naBa |.1. TBepaas ¢a3a nous

[InoTHOCTH TBEpAOH (ha3bl MOYBKI, arperaToB, MOYBI
Arpoduznueckoe 3Hau€HUE IUIOTHOCTHU MOYBBI
I'panynomerpruecknii cocras

MeTo1pl onpe/ieNieHns IPaHyJI0OMETPUUYECKOTO COCTaBa MOYB
CrpykTypa 1no4Bbl

MukpoarperatHblii COCTaB IIOYB

CTpykTypHBIit (MakpoarperaTHblii) COCTaB IMOYB
PU3MKO-MEXaHNYECKHE CBOMCTBA IIOYB
Hedbopmarus cxaTus

Hedbopmarus casura

ConpoTuBieHHEe NEHETPALUU

I'nasa |.2. BiaakHocTh M BOAHbIE CBOHCTBA IO0YB
BraxxaHOCTE TTOUB

[TouBEHHO-THAPOJIOTHUYECKNE KOHCTAHTBI
JlaBieHue MoYBEHHOM BJaru

I'maBa |.3. /IBu:KeHHe BOJABI 1 PACTBOPUMBIX BelIECTB B MOYBE

OubTpaus: IBHKEHUE BOJIbI B HACBIIIEHHOM BJIaroi noyse

Boponponuaemocts. BrinteiBatue (MHGUIBTPAIKS) BOABI B IOYBY

Koaddumuments! hpunbTpanuy 1 BOUTHIBAHUS: SKCIIEPUMEHTAIIBHBIE OTPE/ICTICHHUS U PACUETHI
JIBr>KeHrEe BOJIbI B HE HACBIIIEHHOM BJIaroil mo4Be

JIBr>KeHHE paCTBOPUMBIX BEIIECTB B MIOYBE

I'nasa | .4. Tennoduznyeckue CBOCTBA NMOYB
[Tepenoc Terna B mouBe. OCHOBHBIE MEXaHU3MBbI
Tennodusznueckre MOYBEHHBIE MTAPAMETPhI: TEMIIOEMKOCTh, TEMIIEPATYPOIIPOBOHOCTh

Yacrs | |. ®uszuka npuzeMHOro cjioss arMocpepnb! (MEKPOKINMATOJIOTHS)
Bsenenue

I'naBa |1.1. PaguaunoHHblii U TENJI0BOI pe:KMMbI

Bunsr paguanyu. Pagunanmnonssiii 6ananc

TennoBoii Oananc

DOTOCUHTETUYECKH aKTUBHAsA paauanus - AP

3HavyeHue BeTpa

I'aasa 11.2. OcHOBHBIE arpoOMeTe0pO0JI0rHYecKHe XapaKTePUCTHKH
ArpOoKIMMaTHYECKUE NTOKA3aTeNN
ATrpOIporHO35I
[IporHo3s ¢a3 pa3BuTHS pacTeHus
ATpPOMETEONTPOTHO3bI TEIUIO- ¥ BIIATO0OECTICYCHHOCTH PAaCTCHUN
Hcnapenwne, ucapsieMoCTh U 3BAOTPAHCIIHPAIIHS
Merteoposiorndeckre METOAbI OTPEACTICHHS IBATIOTPAHCITHPAIHH
Ornpenenenre UCIapseMOCTH METOJaMH PaIMAlIMOHHOTO Oaanca



DKCrepUMEHTAITbHBIE METO/IBI OTIPE/ICIICHUS IBAIOTPAHCTIMPALIAN
Penbed xak daxTop arpoxnmmara
®wu3nueckrue 0CHOBBI HEKOTOPBIX METEOPOJIOTUICCKUX SBJICHUN
3acyxa
CyxoBen
W3mepenune meteomnapaMeTpoB
O1ieHKa JIEMEHTOB paIMallMOHHOT0 Oananca (aKTHHOMETPUYESCKUE HAOIOICHHS)
OO0 u3MepeHnn CKOpPOCTH BETpa
W3mepeHne BIaXKHOCTH BO3/IyXa

I'naBa |1.3. TemnepaTypa no4Bbl U €€ 3HAYeHHE JJIsl pACTeHH I
TemnepaTypa mouBsl B IEPUOIBI IPOPACTAHUS CEMSIH U pOCTa PACTCHUHN
3UMHUE TEMITepaTyphl ITOYBHI

[Iepe3nmoBka pacTeHUM

Knaccudukanys TermioBbIX yCIOBHI TOYBbI

[Iporno3 TemnepaTypbl OYBbI

PerynupoBanue TeMneparypbl HOYBBI

Yacte ||l Arpoduszuka npoayKiuoOHHOI0 MPoLecca B paCTeHUAX
Beenenue

I'naBa |11.1. ®oTocuHTeE3 U AbIXaHHE PACTEHU I

doTtocuHTE3

Bnusinue ¢puznueckux GpakTopoB Ha HHTEHCUBHOCTh (DOTOCHHTE3A
BrnusiHre MHTEHCUBHOCTH M CIIEKTPAIBHOTO COCTaBa CBETa
CriekTpasIbHBIN COCTaB CBETa
Bnusiare BIa)KHOCTH IMOYBHI M TEMIIEPATYPBI TPU3EMHOTO BO3TyXa Ha (POTOCHHTE3
MunepanpHoe nutanue u koHneHTpamus CO;, B atmocdepe
N3menenust poTocuHTE3a B OHTOI€HE3E
CoBMecTHOE BiusiHUE (HaKTOPOB
[TonsiTHe 0 MoenUpoBaHUM Npoliecca (OTOCUHTE3A
Hpixanue
CucremHOe MpeicTaBIeHUE POLIECCOB AbIXaHUs U (OTOCUHTESA.

I'aasa |11.2. PacTenune u Bona

[TonsiTHe o BiaroobecneueHHOCTH pacTeHui. TpaHcnupanus.

TepmoauHaMUUECKUN OIX0/] K OMIMCAHUIO NEPEIBUKEHUS Baru B CUCTEME «I10YBa-
pactenue-aTMochepa»

Kputnueckoe nasnenue Biaaru B nouse. Hayunble OCHOBBI peryJinpoBaHus BOJHOTO TUTaHUS
pacTeHui

3aBUCUMOCTb KPUTHUECKOI'O JJABJICHUS OT Pa3IMYHbIX (PaKTOPOB

B3aumocBs3p BOJHOrO MNHUTAaHUS pacTeHHU, (QOTOCHHTE3a, pOCTa M MPOAYKTUBHOCTH
pacTeHuH.

CucTeMHBIH M0AX0]1 IPU aHAJIU3€E BIaroo0ecreyeHHOCTH

B3anMoCBsI3b MOYBEHHOM BIIArd U ypoxXKasi paCTeHHUI

VYiydienue Bi1aroo0ecrneueHHOCTH pacTeHui. (h(HEeKTUBHOCTh BOAONOTPEOIEHUS PACTEHUI

®daxTops! yrnpaBiaeHUs BO1000ECIEUEHHOCTHIO PACTEHUI

I'aasa |11.3.®@u3uKa MUHEPAJIBLHOT0 MUTAHUSA

OCHOBHBIE AJIEMEHTHl MUHEPAJILHOTO MUTAHUS PACTEHUN
OcHOBHbBIE MEXaHU3MBbI IIEPEHOCA BEILIECTB

Maremaruueckasi MOJIEJb HOIJIOIIEHNUS MUHEPAJIbHBIX BEIIECTB
TpaHcnopT BELIECTB MO PACTEHHUIO



I'nasa |11.4. PacTenus u cBet

3HavYeHHE CBETOBOTO TOTOKA JIJIsl PACTCHHI

Poct n ycBOEHME COTHEYHON paguanuu
Hampasnenue cBeTOBOrO MoToka

BrusiHue MHTEHCHBHOCTHU CBETA Ha MapaMeTphl pocTa
doTtoneprnoanuHOCTh. CBET Kak (pakTop OHTOreHEe3a

I'naBa |11.5. Poct, pa3BuTne n popmMupoBaHue NnpoagyKTHBHOCTH
OcHoBHbIE TapaMeTpbl POCTa U Pa3BUTHUS

[TapameTpsl pocTa

Bnusinue ¢puznueckux (pakTropoB Ha poCT pacTeHUit

CooTHollIeHHE KOPHEBOW 1 HAJ3EMHON OMOMAaCChI

BinsiHre Ha poCT KOpHEN BHEIIHUX YCIOBHI

buonoruueckuii 610k B MOI€IHN MPOTYKTUBHOCTH

CnpaBo4HbIe MaTepHAJIbI



BBEJAEHHUE

Arpodusuka — Hayka O (puU3MUECKMX OCHOBaX (OpMHUpOBaHHUS ypoxas. JTO, CKOpee,
noHsTHEe 00 arpodusuke, yeM omnpezaenaeHue 3Toil Hayku. CymiecTByeT 0oJiee MOJHOE, MOYXKHO
CKa3aTh SHIUKJIONEINYECKOE, ONPEAETICHIE HayKH arpoQU3UKH.

ArpoHomuueckasi ¢usuka (Arpopusuka) -  Hayka, H3yyawmas (u3NYECKHe,
¢puznko-xumuyeckue u Ouodu3MUecKHe Npolecchl B cHUCTeMe MOYBAa - pacTeHue —
HesiTeIbHBIN ¢JI0H aTMoc(epbl’, OCHOBHbIE 3AKOHOMEPHOCTH NMPOAYKIMOHHOIO Mpolecca,
pa3padaTpIBalOIas HAyYHble OCHOBBI, METO/Ibl, TEXHHYECKHE, MATEMATHYECKHE CPeACTBA
U arponpveMbl PANUOHAJIBLHOIO HCHOJb30BAHMSA IPHUPOAHBIX PECypCcoOB, NOBBIIICHHUS
3¢ ¢eKTUBHOCTH H YCTOWYHMBOCTH Arpo3KOCHCTEM, 3emJieleJiisl M PacTeHHEBOJACTBA B
I10JIEBBIX U PeryJupyeMbIX YCI0BUAX.

OpHako, XOTS B 3TOM ONPEIEJIEHUM YKa3bIBAIOTCS IOYTH BCE paszeibl arpo(usuky,
BO3MOXHbBIE OTPACIIU €€ MPUIIOKEHUS, 00BEKTHI U METO/IbI, BCE K€ HEPEKO BO3HUKAIOT BOIIPOCHI
B cneruguke UIMEHHO arpo(u3nuecKux 0ObEKTOB, METOI0B U Teopuil. JlelCTBUTEIBHO, POCTOM
U Pa3BUTUEM PACTEHUMN, OMOXUMUYECKUMU U MOJIEKYJIIPHBIMU OCHOBaMH IPOIIECCOB B PACTEHUU
3aHMMAIOTCS U3BECTHAs Hayka — (usunosorus pacrenuil. MccnenoBanusmu Gpu3nyeCKuX CBOWCTB
U PEXKMMOB II0YB 3aHHMMAETCsl TaKXKe BIIOJIHE KOHKpeTHas Hayka — ¢u3uka mous. Jla u
NesTeNbHBIM oM aTrMocdepbl JaBHO, XOpOLIO pPa3pabOTaHHBIMM METOJAaMHU HCCIETyeT
Mereoposiorus. Yem ke OTIMYAIOTCS MOJIXOAbl M METOJbl arpoU3MKH OT  METOJOB
¢bu3nosoruu pacreHui, GU3NKKA MOYB, METEOPOJIOTHN ?

Korma-to, B 70-X rogax mpomuioro CTOJICTHS M3BECTHBIN YUCHBIN, OJIMH M3 OCHOBATEIICH
coBpeMeHHOM arpodusuku akagemuk Cepreir BmamumupoBuu HepnuH, Ha Bompoc, 4To ke
JOJKHA M3ydaTh arpodusnka, oTBeTHI: «Bcee (usuueckue npouecchl, KOTOpbIe MPOUCXOIAT Ha
CEJIbCKOXO3SUCTBEHHOM ToJie». OJTO Oblla CKOpee peIlyiuKa, 4eM KOHKPETHOE HayuyHOe
onpenenenue. OpHako, Jaxe B HEM IPOCBEUYMBACTCSI OCHOBHOE KAayeCTBEHHOE OTJIMYHE
arpoGu3MKu OT CMEXHbIX Hayk. OHO 3aKiIoyaeTcsl Mpexkae BCEro B IMOAXO0JE, B METOJE
M3YYEHHUs MPOLECCOB Ha CEIbCKOXO3AWCTBEHHOM ToJie. Arpodusnuka mHTepecyercs (U3UKON
nporieccoB (Oyap MPOIECCH B MOYBE, paCTeHUH, aTMochepe), npeaaraeT GU3HIECKy0 MOJCITb
SBJICHUSA. DJTa MOJEJIb 3aBEpPILAETCs COCTaBJICHHMEM HEKOTOPOM CXEMbI B3aUMOCBS3EH MEXITY
OCHOBHBIMH TIPOIIECCaMH. DTO TaK Ha3biBaeTcs (yHKIMOHAIbHas OJOK-cxema. Ha criemyromem
JTane M3Yy4eHHUs SBJIEHUS arpoQU3UKU JOJDKHBI HAMOJHUTH 3Ty KOHUENTYAJIbHYIO CXEMY
KOHKPETHBIMU  3aBHCHMOCTSIMH ~ MEXIY OTACJIbHbIMH  (DYHKIMOHUPYIOIIMMH  OJIOKaMu
(manpumep, MekAy (OTOCHHTE30M M JIBIXaHHEM), MEXAy OTICIbHBIMH MPOIIECCAMH H
JCHCTBYIOIUMH (U3HUSCKUMHU (DaKTOpaMu BHEIIHEH cpeibl (Hanpumep, MeKIy (HOTOCHHTE30M
U TemIepatypoii). B pe3yimbTare moJjieBbIX M JIAOOPATOPHBIX 3KCIEPUMEHTOB BBIICIISIFOTCS
¢usnueckue mapameTpsl, GopMHUpyeTcs BUJ 3aBUCUMOCTH MEXAYy H3ydaeMbIMU OJokamu. A
Janee, Ha 3aKIIOUUTENbHOM JTale MCCIeI0BaHUsA, Yyxke (QopMyaupyeTcss MareMarhyeckas
MOJIENIb MCCIICJIOBAHHBIX SIBJIEGHUN BO B3aUMOCBSI3U C (paKTOpaMu BHEUIHEW cpelibl, KOTopas
YKa3bIBa€T Ha TO, YTO, BO-TIEPBBIX, JaHHBIA pa3jed JAOCTATOYHO XOPOIIO H3y4yeH, BIUIOTH JIO
(YHKIIMOHATBHBIX 3aBUCUMOCTEH, OIMCHIBAIOIIMX OCHOBHbBIE ¢duznueckue MpoIecChl
UCCIIEyeMOro pasfiesia, a BO-BTOPBIX, IOSIBISETCS BO3MOXKHOCTh HAay4YHO-OOOCHOBAaHHO
VOPaBIATh 3TUMU SIBJICHUSIMH C YYETOM BCEX TE€X B3aUMOCBS3EH, KOTOpble  M3Y4YHIIU
arpoU3MKU-TEOPETUKU U IKCIIEPUMEHTATOPBI Ha MPEIbIAYIINX dTanax. BoT Takoil ¢puznueckuit
MOAXOJ K TMPUPOJHBIM SIBJICHUSIM, BKIIOYAIOUIUMN BbIJEJIEHUE OCHOBHBIX IIPOLIECCOB U
BO3JICHCTBYIOIINX (PAKTOPOB BHEIIHEH Cpe/bl, SKCIEPUMEHTAIbHOE H3y4YEHHE CBSI3ed ATHX
IIPOLIECCOB JIPYT € APYroM M (pakTopamMu M KOJIMYECTBEHHOE OMMCAHUE 3TUX B3aUMOCBS3EH B
BUJIe GU3NYECKU-O0OCHOBAHHBIX MaTEMaTHUECKUX MOJIENed U €CTh CBOM OpUTrMHANbHBINA MYTh
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UCCIIEIOBAaHUS,, CBOM METOJ TMO3HaHWUS  (U3WYECKUX SIBICHUM, MPOUCXOISAIIMX Ha
CEJIbCKOXO35MCTBEHHOM I10JI€, B JIECHUYECTBAX, B TEIUIMIAX, HA CIIOPTUBHBIX IUIOLIAJAKAX U TIP.
OTUM METOJIOM, TaKOM MOCIEA0BATEIbHOCTHIO 0O3HAKOMIIEHHS ¢ OMO(PU3NUECKUMHU MPOLieccaMu
B CHCTEME ‘I10YBa - PaCTEHUE — JIeATENbHBIN cI0i aTMocdepbl” Mbl U OyJeM IOJIb30BaThCs IPU
U3YYEHUHU Kypca «ATpopU3NKU».

Kakue o01mine 3akOHOMEpHOCTH, IIPaBUJIa, 3aKOHOMEPHOCTU HPOMAYT «KPaCHOW HUTHIO»

gepe3 BeCh ITOT Kypc? VX HECKOIBKO:
1. Buo buonozuueckux kpuswix. [IpakTuuecku Bce 3aBUCUMOCTH UHTEHCUBHOCTH OMOJIOTUYECKUX
IIPOLIECCOB OT BO3JEHCTBYIOIUX (AKTOPOB MMEIOT BUJ KYHOJOOOpa3HbIX (YHKIMI, KOTOpBIE
HEpEJIKO Ha3bIBAIOT OUOJIOTMUYECKUMHU KpUBBIMU. OO0OIIEHHBIN B TAKOM KPUBOM IpHUBENIEH Ha
PHUCYHKE.

Bun sToit kpuBOii BecbMa XapaKTepeH: UMeeTcs Juana3oH JeicTByroero ¢pakropa nmpu
KOTOpPOM JIOCTUTA€TCSd MAaKCUMyM HMHTEHCUBHOCTHM paccMaTpuBaeMOro OHOJOTHYECKOTro
mpouecca. A OpU YBEIMYEHMM WM CHIDKEHUM napaMmerpa ¢u3nyeckoro (akropa 3TOT
OMOJIOTMYECKUH Mpoliecc UAET Ha YObUIb. OTO OYEHb XapaKTepHas 3aBUCUMOCTb. [Ipuuem
LIMpPUHA «KYI0JIa» YKa3blBa€T Ha OMOJIOTMUECKYIO0 YCTOMUMBOCTh PACTEHUM U XapaKTepHU3yeTcs
B OHOJIOTMM TOHSATHEM TOJEPAHTHOCTH. A 3HAu€HUs MapaMmeTpoB (uU3NUECKUX (HaKTOPOB,
OTBEUAIOUIUX «KYIMOJIY» 3TON (YHKIUH — 3TO OMOJIOTUYECKUH ONTUMYM. DTO ONTHUMYM MOKET
ObITh XapakTEepeH Kak s OTAEIbHOrO0 OMOJIOIMYECcKOTO Ipolecca, TaK W YCIOBUM KU3HU
skocucteMbl. C TaKMM BHJOM KPHBBIX 3aBUCHMOCTH OHOJOIMYECKHX IPOIECCOB (Hampumep,
doTocuHTE3a, IBIXaHHS, POCTA, MPOJAYKTUBHOCTH U MPOY.) OT BHEITHUX (PU3UYECKUX (PAKTOPOB
(remmepatypsl, koHieHTpau COp, BIQKHOCTH M MPOY.) Mbl HE pa3 CTOJKHEMCS B HalleM
Kypce, ele He pa3 BepHeMCS K  (YHKUMSIM, OIHUCBHIBAIOIIMM TaKyl KYIOJ000pa3HyIo
3aBUCHUMOCTb.

2. IIpumenenue ¢huzuueckux 3axonoB (IPEXKJe BCEro 3aKOHA OajaHCa M IEPEHOCa BEIIECTB U
dHEPrun) 00s13aTeILHO TPeOYEeT COOIOACHHUS PaBHUIa COXpaHEeHus pa3MepHocTeit. [ToaTomy Bee
¢u3nyeckue BEIMYMHBI MMEIOT CBOIO pa3MEpHOCTb, KOTOpas coxpaHsercs Bcerna. U mpu
ONMHMCAHUU OWOJIOTMYECKUX IPOLIECCOB ¢bu3MYeCKUMU METOJaMH TakXke HeoOX0auMo
coOIoIcHHEe 3TOTO MpaBUja, TaK KaK ONpPEJEJICHHBIM WTOTOM H3Y4EHHs Mpolecca SBISETCS
MaTeMaTHYEeCKOE ypaBHEHHE. A HEM Pa3MEPHOCTb JIEBOM M MPaBOM 4YaCTEW JOJDKHA COBHAAATh.
D10 00s13aTeNIbHOE yCIOBUE JUISl (DU3MUECKOIO OMUCAHUS MPOLECCOB. DTO YCIOBUE BO3HUKAET
elle U M3-3a HEOOXOAMMOCTH coONIoAaTh OajlaHC BELIECTB M DHEPrMM B paccMaTpUBaeMOM
cucreme. OHO 0COOEHHO BaXHO B arpo¢u3MKe, TaK KaK Hallla HayKa 3aXBaTbIBAET pa3jMYHbIC
paznenbl GpU3MKH, Te GUIypupyrT pa3HOOOpa3Hble pa3MepHocTU. Hampumep, npu u3zydeHuu
CBETOBBIX IIOTOKOB, UCIOJIb3YIOTCS TaKue eAnHULbI cucteMbl CU, Kak KaHJena, JIIOMEH, JIIOKC, a
TaK)K€ BHECHCTEMHBbIE - «POT», «cTuiIb0». HeobxoaumMo 3HaTh U yMETh MEPEBOJUThH €IUHUIIBI
W3MEpPEHUI U3 OJTHOM Pa3MEPHOCTH B JIPYTYIO.

3. B mpenmere arpo¢usnka OCHOBHOW MPOCTPAHCTBEHHBIN MacImiTad — 3To arporeHos. Ciemyer
MOYEPKHYTh, - UMEHHO arpoleH03, HE OTICIbHOE PACTEHHE WJM €ro KieTka (3To 00JacTh
¢bu3rooruu, OMOXUMHUN U OMODU3UKH PACTCHUI), HE OTJCIbHBIN MOYBSHHBIA UHIUBUIYYM (3TO
o0JiacTh TIOYBOBEICHHUS K (U3UKU T[OYB), a4 CHCTEMa <JIOYBCHHBIH IOKPOB TMOJS —
arpouUTOLEHO3 — JeATENbHBIN clI0i aTMocdepsl noJisi». B arpodusuke, kak U B Apyrux Haykax
o Ouocdepe, cieyeT pa3indyaTb HECKOJIbKO HEPAPXUUECKUX MPOCTPAHCTBEHHBIX YPOBHS:
9/1leMeHmMapHblli — 3TO YPOBEHb IMOUBEHHOTO pa3pes3a, pacTeHHs] W BO3IYIIHOW Cpebl OKOJIO
pacTeHus;

Vpo8eHb azpoyero3a - TIOYBEHHBIH IOKPOB CO CBOWCTBEHHBIM €MY arpo(puTOLEHO30M H
MIPU3EMHBIM CJI0EM aTMoc(ephl. DTO, KaK YK€ YKa3blBaJIOCh, OCHOBHOM HMepapXUUECKUI YpOBEHb
UCCIeI0BaHUs arpo(pus3uKy,;

Jnanowagmuslii yposeHv — BKIIOYAET YK€ HECKOJIbKO arpol€HO30B, MMEIOIIUX XapaKTepHBII
BOJI0OCOOP, YepeaoBaHue arpopUTOIICHO30B U ME30OKIUMATUYECKUX YCIOBHM.

Ha mo0oM w3 yKa3aHHBIX IMPOCTPAHCTBEHHBIX YPOBHEW JOOABJISIOTCS  HEKOTOpPbIE
crenuguuecKkue, CBOMCTBEHHbIE JaHHOMY MacluTady, 3aKOHbl M 3aKOHOMEPHOCTU. MBI ke
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JOJDKHBI 4Y€TKO TIPEJICTaBlIATh, YTO IEHTPAJbHBIA MacIITaOHBI YPOBEHb COBPEMEHHOU
arpou3MKU — 3TO YpPOBEHb arpolieH03a, OCHOBHbIE (PM3MUECKHUE 3aKOHBI U 3aKOHOMEPHOCTHU
KOTOpOTro Mbl M Oynem u3ydarb. Bmpouem, BecbMa yacTO NpuUBJEKas Marepual u u3 Ooiee
HU3KUX YPOBHEH ISl TOHUMAaHUs (DyHIaMEHTAIbHBIX MPOIIECCOB, TPOUCXOISIINX B arpoOIIEHO3E.
4. N eme oxHa OCOOCHHOCTH arpo(U3UYECKOTO TMOIXO0Ja K OIMHUCAHUIO OHOJIOTHYECKHX
npoueccoB. [leno B TOM, 4To OMOJIOTHUYECKHE MPOIECCHI, - MPOLECCHl POCTa, Pa3BUTHUS, - ITO
cmaouiinsie npoyeccol. OnHa cTaausl pa3BUTHS 3aKOHOMEPHO CMEHSIETCS JIpyrod B Ipoliecce
nepuoja BereTaluuy, Wid, Kak 3TO MPUHATO B OMOJIOrMM, B Ipoliecce oHToreHesa. Omucarb
TaKyl0 CTaJUIIHOCTb HAa OCHOBAaHUU PACCMOTPEHUsI OMOJIOIMYECKHX IIPOLIECCOB HE BCeria
ylaercss u3-3a CI0KHOCTH, MHOTO(AKTOPHOCTH, a MHOTJIA, U MPOCTO HEU3YUEHHOCTH SIBICHUS
nepexojia oJHOM craguu B apyryro. Ha Bompocer «[louemy? Kornma?» ogHa ctamus pa3BUTHS
CMEHSIET JpYryl0 HEpeIKO IMpPOCTO HEeT OTBeToB. B arpogusuke mnostomy paszpaboraH
WHTEPECHBIN TMOJXOJ: HAJO0 HAWTH CBSI3b HACTYIUJIEHUS CTAJUU C HEKOTOPHIM KyMYJISITUBHBIM
(T.e. HakarTMBAMOMMMCs) (HaKTOPOM BHEIIHEH cpenbl. HampruMep, ¢ cyMMO# MOJIOKHTEIBHBIX
Temmneparyp. BoT 3TOT KyMynsATUBHBIM (aKTOpP yKe JOCTATOYHO YCTOMYMBO JUIsl TaHHOTO BHUAA
pacTeHui CBSI3aH C HACTYIUICHUSMHU TOW WJIM MHOW CTaaud. B 3TOM M 3aKIII04aeTcs OJUH U3
CHEHAIbHBIX arpopU3nYecKuX MOJAXO0J0B, KOTOPbIM Hepelko Hamu OyleT MCIOIb30BaH B
JAHHOM Kypce.

OcHoBHbIE 32aKOHBI MPOAYKIMOHHOT 0 MpoLecca

Onpeodenenue

IpoaykunoHHbI Npolecc pacTeHHii — 5TO COBOKYITHOCTHh B3aMMOCBSI3aHHBIX IIPOIIECCOB,
MPOUCXOJISIINX B PACTEHUH, U3 KOTOPHIX OCHOBHBIMHU SBIISIIOTCS (DOTOCHHTE3, JIBIXaHUE, POCT,
(hopMUPYIOIIUX ypOKail paCTCHHIA.

[TpoayKIMOHHBII TpOIlECC 3aBHCUT OT (AKTOpPOB BHEIIHEH Ccpensl W CHOCOOEH caMm
TpaHcopMupoBaTh  cpenooOpasywoomue  (akTopsl — yepe3  M3MEHEHHE  ra3oo0OMeHa,
TPAHCIUPAIUIO, APXUTEKTYPY IIOCEBOB.

W3 »tuX ompeneneHuil cieAyeT, 4YTO MPOAYKIMOHHBIA IpollecCc — BecbMa pa3HOOOpa3eH,
BKJIFOUACT, KPOME TPeX OCHOBHBIX ((poTOCHMHTE3, HBIXaHUE, POCT) €Ile ¥ MHOTHE IMPOIECCHl B
pacTeHUsIX, KOTOpbIE 3aBUCAT OT (PAKTOpPOB BHEIIHEW cpeabl. ITU (DaKTOpbl BHEUIHEH Cpelbl
pacTeHusi CIOCOOHBI BHJIOM3MEHATh CAaMM, TPAHCPOPMHUPOBATH MX B HEKOTOPBIX Ipejaesax.
XOpomio H3BECTHO, KaK pacTeHus Osarojapsi CTPOCHHUIO JIUCTbEB M HMX PACIOJIOKEHHUIO
(apxuTeKkTypa MOCEBOB, IBMXKEHHE JIMCThEB 3a COJIHIIEM) CIOCOOHO JOCTHYh MaKCUMAaJIbHOTO
noTpebiieHus cBeTa. Jpyrum npuMepoM MOXKET CIIY’KUTb CIIOCOOHOCTh pacTeHHi (opMUpOBaTh
COMKHYTBIE TOKPOBBI, B KOTOPBIX YCTaHABJIMBAETCS ONPE/IEIICHHbIN, OTIIMYHBINA OT YCIOBUMN Hall
pacTUTENIbHBIM IOKPOBOM MHUKPOKJIMMAT: B IIOCEBE M OKOJO HEro  Jpyras BIa)KHOCTb,
TeMIlepaTypa, CKOPOCTb BETpa, U COOTBETCTBEHHO, MHbIE TPAaHCHHUpALUs, JAbIXaHHUE U MHOTHE
Jpyryue B3auMOCBSI3aHHbIE ITPOLIECCHI.

HecmoTps Ha MHOrOOOpasue GpakTopoB, ONPEAESIOUINX MPOAYKIMOHHBIN MPOLIecC, HECMOTPS
Ha MHOTOYMCIIEHHBIE IPUCIIOCOOUTEIbHBIE PEAKLIMU PACTeHUM, UX pa3HOOOpasue, B arpopu3nke
BBIJICIISIFOT HECKOJIBKO OOIIMX 3aKOHOB IPOJYKIIMOHHOIO IpOLEecca, KOTOPbIE TaKXKe MPOUIyT
«KpacCHOM HUTBIO» Uepe3 BeCh KypC «Arpo(U3UKu». DTUX 3aKOHOB HEMHOT'O, Mbl BBIJICJIUM IISTh
OCHOBHBIX. HekoTopble M3 HUX COBEPILIEHHO OYEBUIHBI M MOHSTHBI Ha OOBIJEHHOM YpPOBHE.
Jlpyrue TpeOyroT 60Jiee moApoOHOTO paCCMOTPEHHS, KOTOpPOE OYIET CIeIaHo B JaHHOM Kypce (B
ocHOBHOM, B |11-it Yactu). Ceifuac e Mbl HX IIPOCTO MEPEUUCITUM U KPATKO IIPOKOMMEHTHPYEM:

1.3akon nezamenumocmu ocHo8HbIX hakmopos dcuznu. ITOT 3aKOH YTBEP)KIAeT, YTO HHU
OlMH U3 (aKTOPOB pa3BUTUS PACTEHUH HE MOXKET ObITh IHOJHOCTHIO 3aMEHEH KaKHUM-JIHOO
npyruM. Benb Henb3d jke 3aMEHUTH JJIs paCTeHUs TEIIO — BJIaroii, Biary — cBeToM u mpoud. Bee
9Tu (aKTOphI 00s13aTeNbHO (CBET, TEIUIO, Biara) HEOOXOUMbI PAaCTCHUSAM. B OTCYTCTBHH XOTS
OBl OJTHOTO W3 HUX OHO MOTUOHET. DT (AKTOPHI, - CBET, TEILIO, Biara, - (PaKTOpbl KOCMUYECKHE,
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UX HUYEM Hellb3s 3aMEHUTh, OHU — OCHOBHBIC, Bce omnpenenstomue akropsl (cM. «K gonpocy
0...»). V3 3TOT0 3aKOHA ClIe/lyeT OYEeHb BAXKHBIN BBIBOJI, HA KOTOPBI MHOT/IA YKA3bIBAIOT, KaK HA
CaMOCTOSITENIbHBIN 3aKOH, CTOJIb BaKHO €ro 3Hau€HUE. JTO 3aKOH «(PHU3MOJIOTMYECKUX YACOB.
Jljis pacTeHUil OTHUM U3 OCHOBHBIX PErYIHUPYIOMIUX (HAKTOPOM sIBisieTcs (OTONEPUOAUYHOCTD,
PErYJISIPHOCTh CBETOBOIO PEXKMMA B KaXIOW MPUPOAHON 30HE. MIMEHHO JJIMHA [HS W HOYHU
SABJISETCS JUIsl OOJIBIIMHCTBA PACTEHUI PETyasSsTOPOM Ul HACTYIUIEHUS OINpPENEICHHbIX CTaIui
pasButus. Hampumep, «3amyck» NoAroTOBKH JIEPEBLEB K 3UME, 3aKIII0YAIOIIEHCS B TOM, YTO OHU
cOpachIBaIOT JIUCThSA, 3aMEIUISIIOT MHOTHE (PU3MOJIOTHYECKHE MPOLECCHl, TPOUCXOAUT HUMEHHO
IIpU OIpE/IeTICHHOM AnuHe aAHA. [l pacTeHui JUInHA AHS — HEYMOJIMMBIN KOCMUYecKuil (hakTop,
Ha KOTOpBIA OHO BCEr/a, BHE 3aBUCHMOCTH OT CKJIAJbIBAIOIIUXCS B 3TOT I0Jl METEOYCIOBHI,
MO>KET OIHUPATHCS.

2. 3axonm mHepasHOYeHHOCMU U KOMHEHCUPYIOWe20 B030eliCmeus (Gaxmopos cpeowl.
JleicTBUTENBHO, OCHOBHBIE (PAKTOPHI, TAKME KaK TEIJIO, CBET, BOAY, 3aMEHUTh HUYEM HEJb3s. A
BOT UX JIEHICTBHE KaK-TO M3MEHUTh MOTYT Jpyrue ¢akropsl. Hanpumep, obiadHoCTh, TyMaH
MOTYT OCJIa0UTh HEIOCTAaTOK BIarn. A BeTrep ocnabiaseT HeOIarompusITHOE JIEHCTBHUE
3aMOpO3KOB. ['J1aBHOE K€ OTJIMYME ITOTO 3aKOHA OT 1-ro (3akoHa HE3aMEHHMMOCTH OCHOBHBIX
(baKTOPOB JKU3HM): TICPBBI JCHCTBYET BCET/Ia, HA MPOTSDKCHUU BCEH KHU3HU PACTCHUH, & BTOPOM
— B OTJENbHbIE IEPUOJBl >KU3HU PACTEHUH, CHUXKAs HEOJIaronpusiTHbIE WM YBEJIWYUBas
OnaronpusTHOE AeMCTBHE OCHOBHBIX (DAKTOPOB KU3HHU.

3. 3akon muHumyma. DTOT 3aKOH YacTO TPAKTyeTcs Kak 3akoH JlnOmxa B OTHOIICHHUH
MUTATENIbHBIX AJIEMEHTOB ISl pAaCTEHUI, U €ro HEPEAKO MPEACTaBISAIOT B BUAE O0OUKH C JOCKAMHU
pa3Hoil niuHbl. CaMas HU3Kasl 1011eUKa onpeaesseT ypoxka. Mbl OyzieM TpakToBaTh 3TOT 3aKOH
Oonee oOmie, arpopU3MYECKH. HWHTEHCUBHOCTb MPOAYKIHMOHHOIO IIpoOIecca OIpeAeseTcs
neicTBueM TOro (u3MYecKoro ¢akTtopa cpeibl, KOTOPhI Haubosee yaaaeH Mo 3HAYCHHUSM OT
cBoero ontumyma. Ilpu Takoil TpakTOBKE M3 3TOr0 3aKOHAa €CTh JBa CJEJICTBUS WIU
CaMOCTOSITEJIbHBIX 3aKOHA!

(1) pocT MHTEHCHBHOCTH TIpolecca OyaeT ONpeneNisiThbCs CKOPOCTBhIO MPHPOCTa (akTopa,
HauboJjee yJaJeHHOTo OT onTuMyMa. YacTo 3TOT 3aKOH NPUBOAAT B (POPMYJIMPOBKE U3BECTHOTO
Hemenkoro arpo¢usrka 3.BonbHu: «DakTop, HaX0AALMICS B MUHUMYME, TEM CUJIbHEE BIIMSIET
Ha yposkail, 4eMm OoJibllle OCTaJIbHble (AKTOPHI HAXOJATCS B ONTHUMyME» M HMEHYEeTCs B
JuTepaTtype Kak 3akoH J. BonbHu-JIubiepa;

(2) crmemyer y4HTBHIBaTH «KOMIICHCHPYIOIEE» JCHCTBHE JAPYTUX, HAXOJSIIMXCSI HE B
ONTHUMAJIBHBIX YCIOBUSX, (PakTOpoB (CM. 3aKOH 2 0 KOMIICHCHPYIOIIEM BO3JCHCTBHH (HAKTOPOB
cpenbl).

4. 3akon onmumyma. DTOT 3aKOH TIJIACUT, YTO HAWBBICIIAS CKOPOCTh MPOIYKIIMOHHOTO
rpolLecca J0CTUTaeTcs MpHU TOCTHKEHUU BCeMHU (akTopaMu cBoero ontumyma. MlHade rosops,
MaKCUMAJIbHBIM ypOKall MOXKET ObIThb JOCTUTHYT TOJIBKO MPH ONTHUMM3AIMH BCEX OCHOBHBIX
(akTOpOB KM3HU. DTOT 3aKOH TOKE MOXET paccMaTpuUBaThbcs Kak cielcTBUE 1-ro 3akoHa o
HE3aMEHUMOCTH (aKTOpoB BHewmHeH cpeapl. OgHAKO MMEHHO J3TOT 3aKOH SIBJIETCS
PYKOBOJSIIUM JJIsi JOCTHXKEHUS MAaKCHUMaJbHOM MPOJAYKTUBHOCTH 3a CU€T ONTHUMM3ALUHU
nercTBUs pa3zHo00pa3HbIX (hakTopoB. IMEHHO MO3TOMY OH Tak BakK€H U BBIJEJIEH B OTAEIbHBIN
3aKOH.

5. 3akoHn «Kpumuueckux nepuodos». IDTOT 3aKOH yKa3blBaeT Ha TO, YTO B JKU3HU PACTCHHS
HMMEIOTCS TIEPUO/Ibl, B TEYEHHE KOTOPHIX pacTeHUE HauboJjee YyBCTBUTEIBHO K HEAOCTATKY TOTO
w1 uHoro Qaxrtopa. Hampumep, uiss MHOTMX 3€pHOBBIX KYJABTYpP KPUTHUYECKUM MEPUOJOM B
OTHOIIIEHUU K NTOYBEHHOM Bjare CYMTAeTCs MEPUOJI OT BbIX0Ja B TPYOKY 110 KosomeHus. Eciou B
9Ty (a3bl pa3BUTUS PACTEHUN CIOKUTCS HEJOCTAaTOK BJIarM B IOYBE, TO MOTEpU OYyAyT
HauOOJBIIUMH, HMHOTJIAa — KpPUTHYECKHMMH. A ¢da3pl OT IBETEHUS [0 BOCKOBOM CIIEJIOCTU
SIBJIIIOTCSI KPUTUYECKUMU B OTHOILIEHUU TETLIa.

Ot 3aKkoHbl arpodu3MKH, 3aKOHBI, CBs3bIBatoUIUe (u3nueckue (akTopel cpeapl U
MIPOJIYKIIMOHHBIN MpOLECC SIBJSIOTCS BecbMa OOLIMMU, NEHCTBYIOUIUMHU B JIFOOBIX MPUPOIHBIX
WIM HCKYCCTBEHHO CO3JIaHHBIX YCIOBHUSAX. XOTS B KaXJIOM KOHKPETHOM Ciydae CleAyeT
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YUYUTBHIBATh PErHOHAIBHBIE OCOOCHHOCTH KaK BHEIIHUX ISl PacTeHusi GpakropoB (MOYBEHHEIE,
METEOPOJOTHIECKUE U TIOTOIHBIC YCIOBHUS M MIPOY.), TaK M 0COOCHHOCTEH CaMHX PacTCHUH.

K eonpocy o..»
Conniie, BO3yX U Boja!

ABTOPOB 3TOM KHUTH, KOTOPHIM JOBEJIOCH MOMYTEIIECTBOBATH MO 3aCYIUIMBBIM IYCTBIHHBIM paiioHaM
Azunm u Adpuku, Bcerma mnopaxana (akT HpoOYKAEHHs IMPUPOIBI B CE30H IOXkAeH. OITO AEHCTBUTEIHHO
nopasutenbHelii nporecc. [IpeacraBum: 3amangnas Adpuka, Caxenbckasi 30Ha, MONyHmycThiHs, Onm3ko Caxapa.
[TouBa — kpacHasi GeppanuTHasi, MIPAKTUIECKH O0OXOKEHHBIH KUpIUY. Bce X0IMBI, CKIIOHBI — BCE KPaCHOT'O 1[BETA,
9/aKWil KHUPIUYHBIA TaHIUPb, COCTOSAMIMH M3 KpPacHBIX OOOMOKEHHBIX 3€pPEH-«OKATBINICH» W HEOONBIIOro
KonmuecTBa ruHbL. [lonararo, 4To conepikaHue rymyca B 3TOH ITOYBe OJIM3KO K HYIIIO, TOCTYIHBIX a30Ta U (ocopa
— Taxke. Bce MpoXKeHO CONTHIIEM, NMPOCYIIEHO BETpaMH U3 MYCTHIHMU, JIMIIb OTIEIbHbIE KYCTUKH, O€3)KU3HEHHbBIE
ObUTHMHKH. 1 BOT B KOHIIE Mas - HavyaJie NIOHS HAYMHAETCS CE30H JOXK/eH. DKBaTOpUAIbHbIE JINBHH — 9TO MPa3/IHUK!
Tennblid Bomorax ¢ HeOec, KOPOTKWH, MIyMHbIA, OyiicTBeHHbIH! IIpoXomuT nBa-Tpu NEpBBIX JMBHA U Yepe3
HECKOJIBKO JHEH mocie HUX BAPYr BUIMIIbL, YTO XOJIMBI mo3eneHenu. IlosBumack mepBast TpaBa, JUCTOYKH Ha
3acoXmux Kyctukax. Jlampiie — 6ombie. Eie HeCKOIBKO THEW — M TpaBa y)Ke 10 KOJIEHO, BCE 3eJIeHO, U3YMpPY/IHas
3eJIeHb TOBCIOY, PacTeT C OrPOMHON cKOpocThio (1o 2-3 ¢cM B CyTKH), MpocTo mopasurensHo. Ho, Habmromas,
OTMeYaellb BaXKHBIM Ui arpo@u3uKoB (akT: MpH NPAKTHYECKH IMOJTHOM TPAJUIMOHHOM ISl HAC ITOHMMaHHU
IUTIOAOPOAKSI TIOUB (HaNIHU4YUe rymyca, a3ora, ¢pochopa, Kanus), U BAPYT TaKOE pacTUTENbHOE OyiCcTBO, Takoi pocr!
3HAYUT HE BCE ONpENEeNsIeTcsl MUTATeIbHBIMU BEIIECTBAMH IIOYBHI, XOTS M OHM MMEIOT 3HaueHue. I 1aBHOe — 3TO
comHeyHasi sHeprus (HykHas a1 (GoTOCHHTE3a), 3TO Mporperasl, Telias IMOYBa, TO JOCTATOYHOE KOJIUYECTBO
BHYTPUIIOUYBEHHOTO BO3AyXa (A1 [bIXaHWS KOpHEW W WX (YHKIHOHHPOBAHWS, POCTA), 3TO, HAKOHEI], BOMA.
I'nmaBHBIMHU, BCe ONpEAENSIONIMMH, OKa3bIBAIOTCS He3aMEHHMble (u3nveckue (axkTopbl, HENOCTATOK KOTOPBIX
MOXXHO HEMHOI'0 CKOMIIEHCHPOBAaTh BHECEHHWEM B MOYBY YAOOpEHHH, HHTEHCHUBHOW TexHonorued. Ho ecnu MHOro
COJIHIIA, JIOCTaTOYHO B IIOYBE BO3[yXa W, TJIaBHOe!- BOJBI, TO pocT mpoaykiuu oOecrieueH. [loaTromy B Takmx
cTpaHax, kak M3pawsib, Mtanus u Apyrux CONMHEYHBIX I0KHBIX, OCHOBHAs 3200Ta — cTaOMIIbHOE 0OecriedeHre BOI0H,
a B THJAPOMOPQHBIX MouBax (Mo TOJIMHAM PEK) — M BO3MLyXOoM. Torma mpu mporpecCHBHOI arpOTeXHOIOTHH YPOKaH,
BBICOKHE U 110 HECKOJIBKY B T'0Jl, 00€CIieueHbl. A ONPEAENSIOT HX NPEXIE BCEro OJIaroNnpHsATHBIE arpopu3nvdecKue

ycnoBus! BoT 4To 3HaYMT — CoHEYHas! paauaiysl, TeIo, BO3ayX U Boja!
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Yacrs | . Pusuka nous
I'naBa |.1. TBepaas ¢a3a nous
IInoTHOCTHL TBepOi (ha3bl MOUBBI, arPeraros, NOYBLI

[louBa, ee ¢usmueckue CBOICTBA — ATO OJHO W3 LEHTPAIbHBIX HMOHITUH MPOAYKLHOHHOTO
nporuecca. /leficTBuTenbHO, OHa 00ecreYyMBaeT paCTEHUs MUTATEIbHBIMU BELIECTBAMU U BOJIOH,
OHa MpeoOpa3yeT COJIHEYHYIO paJualli0 B TEIUIO, XPAHUT 3TO TEIJIO, SBJSSCH TEIUIBIM
«OJESIOM» JUIsl CEMSIH PacTeHU, OHA BIMTHIBAET OCAJKU, COXpaHSET BOJY, U30aBISSACH OT €€
M30BITKOB U IMPENOCTaBIsIsl BO3AYXY CBOOOJHO LUPKYIMPOBATH B MOPOBOM mpocTpaHcTBe. C
TOYKHM 3pEHHs] arpoQH3UKHU MOYBa — 3TO TEeTEpPOreHHas MHorogdasHas AMCIEpCHasl CHCTEMa C
OTPEJCICHHBIMU BepXHEH (Kak MpaBWiIO, JHEBHAs IOBEPXHOCTh) M HIDKHEW (rpaHuia c
MOJICTHITAIOIIEH TTOPOJION WIIM YPOBEHb IPYHTOBBIX BOJ) rpaHuiiamMu. OHa 00J1a1aeT CBOWCTBAMU
aKKyMyJUpOBaTb U BbIJEIATh, MPOBOJUTH U TPAaHCPOPMHUPOBATH BEIIECTBA M SHEPTHUIO.
OcTaHoBuMcsl TOJApOoOHEE HA CBOWMCTBAX I'€TEPOTr€HHOCTH, MHOTO(a3HOCTH M IUCIIEPCHOCTU
nouBbl. ['eTeporeHHas — 3Ta XapakTepUCTUKAa YKa3blBaeT Ha TO, YTO pPa3jIMYHbIE MMOYBEHHbBIE
YacTHUILIBI IOYBBI MOTYT UMETh Pa3HOE IMPOUCXOXKAeHUE. MoryT, HanpuMep, IPeACTaBIATh COO0M
OCTAaTKH PACTUTENBHOIO MPOUCXOKJEHUS, 00pa30BBIBATHCS HpPHU JAPOOJICHUM MHUHEPaIbHBIX
YACTHII, SBJSTHCS BTOPUYHBIMU (TJIMHHBIMH) MHHepanamu. [layke 4acTHIlbl O4YeHb OJIM3KHUE T10
¢dbopmMe 1 pazMepaM MOTYT UMETh pa3Hylo IPUPOAY U 00J1aaTh pa3IMuYHbIMU CBOMCTBaMH, KaK, B
YaCTHOCTHM, 4YacCTHIIbl MHUHEpaJbHbIE W OpraHuyeckue. PaccMoTpum NOYBY MpH Ppa3HOM
yBenuuenuu (puc.l.1.1): kyouk mouBbl 5x5x5 €M COCTOHMT M3 OTHEIBHBIX arperaToB, MPOHHU3aH
TpEIIMHAMHU, MEXarperaTHbIMU MOpaMH. DTOT KyOMK pacnajaercs Ha OTIENIbHbIE arperatsl, -
MOYBEHHBIE OTAENbHOCTH pa3mepamu >0.25 MM, KOTOpbIe B CBOIO OYEpeIb COCTOST U3
MUKpOarperaroB. A BOT B MUKpoarperaTax MnpeacTaBieHbl OTJEIbHBI IOUBEHHbIE YaCTULIBI. JTO
YacTULIBl NEPBUYHBIX MUHEPAJIOB, KBaplia, OPraHUYECKUe OCTATKH, OYEHb TOHKUE TJIMHUCTHIE
MUHEpaJibl, KOTOpPbIE NMPEACTABIAIOT COOO0M MEPBOAIEMEHTHI IOUBBI, - AJIEMEHTaPHbIE IOYBEHHbBIE
YaCTHULIBI.

—— 5cm
TpewmHbl ——]
pe [ MexarperaTHble
L~ CTpYKTYypHbIE NOopbI
TYMNMKOBblE
nopbl ]

KaBeprI/

arperat

arperarT
(>0.25 mwm)
3aMKHyTbIE MuKpoarperatbl
nopsl
MukpoarperaT(<0.25 mm)
) — 0.25mMm  —
7\
necok L2
KPYMNHbIA > Nnecok
| | =
| 2 MM I ,% keapL]
O mun
opraHu4yeckoe — (rj'||/|H|/|CTb|e
BELLECTBO 3 @' o= MUHeparbl)
NbiMb =
cBobogHoe

Menkaa

MPOCTPaHCTBO B
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Puc. 1.1.1. Uepapxuueckas opraHusanusi HOYBbI: OOpas3el] U3 IMOYBEHHOI'O TOPU3OHTA,
MTOYBEHHBIN arperat 1 MUKpoarperar, COCTOSIIIUNA U3 AI€MEHTAPHBIX TIOYBEHHBIX YACTHII.

DneMeHTapHbIe IMOYBEHHBIE YAaCTUI[BI COBMECTHO TPEACTABISIIOT COOOH TBepayo ¢aszy
nmouBbl. I XapaKkTEepUCTHKH TBEpAOH (a3sl MBI MOXEM NPUMEHHTh TpPaIUIMOHHEIC
¢buznueckue napameTpbl, Takhe Kak IUIOTHOCTb. OJTa (u3HuecKkas BEJIMYMHA OIpeAessieTcs
Maccoil BeIleCTBa B eJUHULIE 00bEMA. B naHHOM citydae, Ans naomuocmu meepoou ¢hazvi nougsl
(ps), aTO OyHeT Macca BceX MOYBEHHBIX 4acTHIL (IMs), OTHECEHHAs K X 00bemy (Vs) :

re= ™ _ morsocts TBepAOH (ha3bl OYBHI, r/em®,

S

TBepaas (asza mouBsl, Kak 3T0 BUAHO U3 puc. |.1.1., npeacraBieHa yacTuaMu Pa3InYHOTO
MIPOUCXOXKACHUS M Pa3IU4HOM CBOEHM NPHUPOJHOW IUIOTHOCTH. Hampumep, opranudeckoe
BerecTBo nmeer miotHocth 1.3-1.5 r/em®, a MUHEpaJibl, COCTaBJISIOMIUX TBEPAYIO a3y MoyB -
2,6 -28 r/ev®. TINOTHOCTD e TBEp10i1 (ha3bl TIOUBHI SIBIIAECTCS CPEIHEB3BEIICHHOW BEIMYMHOMN
BCEX COCTAaBJISIOLIUX €€ KOMIIOHEHTOB, - U OPraHMYECKUX BEILECTB, U PA3IUYHBIX MHUHEPAJIOB.
[TosTOMY MJIOTHOCTH TIOYBBI, Ps, CYIIECTBEHHO 3aBUCHUT OT COCTaBa MOYBEHHOW TBEpOH (ha3bl:
U1 TOpQSIHBIX TOYB OHa Oyn3ka k 1.4 r/em®, u1st maxoTHBIX TOPU30HTOB KOJIeOJeTcs B Mpeenax
2.4-2.7, a B ropusontax B u C nocrurats 2.65-2.75 rlem® (em. ta6m.l.1.1).

Bepuemcss x puc.l.1.1. VM3 Hero BuUIHO, YTO DJJIEMEHTApHBIC TOYBCHHBIC YACTHIIBI
00BeAMHEHBI B MUKpOArperarbl U arperarbl. MOXHO ONpeAeanTh INIOTHOCTh U 3TUX MOYBEHHBIX
00pa3oBaHuii, niomuocms azpecama, p,. 310 Oynaer macca (Ms) enUHUIBI 00beMa MMOYBEHHOTO

_m
a
a
IUIOTHOCTU TBEpAOHM (a3bl: Belb MacCy arperara COCTaBJISIIOT T€ K€ caMble TBepAoda3HbIe
3JIEMEHTapHbIE TOYBEHHbIE YacTULIbI. Tak Kak 3JeMeHTapHble IOYBEHHBIE YAaCTHIIbI, COEIUHSASACDH
B arperat, o0pa3yroT MOpbl, TO U IJIOTHOCTh arperara OyJeT 3aMEeTHO HHKE IUIOTHOCTHU TOYBHI,
cocraBmsis 1.3-1.8 rfem®. 3Has mIoTHOCTH TBepAOM (a3l M IUIOTHOCTh arperara, MOKHO
paccuuTaTh U MOPO3HOCTH arperara —o0beM Mop arperara, OTHECEHHbIN K 00beMy arperara:

arperata, V., r . 3ameTuM, YTO Macca B JIaHHOM BBIPOKEHUHM — Ta K€, 4TO W s

nop

eaep V !

a
r7e €., — MOPO3HOCTH arperaTos, BHIPAKEHHAS B IOIAX OT oObema (cM>/cM’), mim, B cirydae
ymHoxkenus Ha 100, - B mporeHTax. MoHO Oojiee MOAPOOHO PACKPBITh 3HAYCHHUE ITOM

(GhopMysbl, YIUTHIBAs, YTO Vm)p =V,-V,,aV, = :ns uV, = :ns .

a S

m_m
V. -V r r r
e, = a S=_2 S =1- &,
EAVA m r
r

a

S

Tak nmo BelMMYMHAM IUIOTHOCTH TBEPJAOW (a3bl M IUIOTHOCTHU arperaroB MOKHO pPacCUUTATh
MIOPO3HOCTh arperaTos.

AHAJIOTMYHO MOKHO TOCTYNUTh WU JUISl IOYBEHHOTo oOpasua. Jljis HEero Toxke MOXHO
BBECTH NOHSATHUE IJIOTHOCTU: 3TO Oy/AET IUNIOTHOCTh NOYBbl. HOo B 3TOM cilyyae cieayeT ydecTs,
4TO B 00beM 00pa3iia BOLUIM CBOMCTBEHHbIE €CTECTBEHHON MOYBE TPEUIUHBI, KABEPHBI U MPOUNe
nyctothl (cM. puc. 1.1.1). TTosTomy niromunocms nouswl, pp, — Macca €IUHHUIBI 00bEMa MMOYBHI B
€€ €CTeCTBEHHOM, HEHAPYIIIEHHOM COCTOSIHUU:

-m

I, =— —IUIOTHOCTBH IIOYBHI, F/CM3.
t

IInoTHOCTE TOYBBI — OJHO M3 OCHOBHBIX, (bYHI[aMGHTaJ'IBHBIX CBOMCTB NIOYBHI. be3 3Hanms
OTOM BEIIMYMHBI HEBO3MOYKHBI HHKaKHE pacuc€Thl, HHUKaKasaA KOJMYCCTBCHHAsA OILCHKA IIOYB.
HOBTOMy AAHHBIC ITO0 INIOTHOCTH M IMOPO3HOCTH IMOYBCHHBIX CJIOEB U I'OPU30HTOB 0053aTeNIbHO
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COIPOBOXKIAIOT TIOJHYIO XapaKTEPUCTUKY MOUYBEHHOTO Tpodmis. Kak m Juisi COCTaBISIONIETO
MOYBY arperata JUiss IOYBBI B IICJIOM TaK)KE€ MOXHO BBECTH IOHATHE TIOPO3HOCTH, Kak
OTHOIIIEHHE 00BheMa MOp K 00beMy Bcero oOpasiia, ¥ ONMpeaeauTh MOPO3HOCTh Yepe3 MIIOTHOCTh
MTOYBBI ¥ TBEPJI0H (ha3bl IOYBHI:

— V"UP :Vnuuebl - VS :1_

e,
“w\ \VJ r

no4evl no4evl S

B Tabmune |.1.1. mpuBeneHbl XapakTepHble 3HAYEHMsI IUIOTHOCTEM MJisi pa3HOOOpa3HBIX
[TOYBEHHBIX 00BEKTOB

Taonuma [.1.1
TunudHbIe 3HAYCHUS IDIOTHOCTH PA3IMYHBIX TIOYB

[TouBeHHbBIC IUIOTHOCTh IUIOTHOCTH | IMIOTHOCTH | [Topo3HOCTH
00BEKTHI TBepoM a3kl | MOYBHI, I, | ATPETATOB, | TOUBHI, €,
nouBHl, I's, /oM’ | rlem® ra tlem® emlem®

[TaxoTHBIE TOPU30HTHI

MHUHEPATbHBIX MOYB:

CYTJIUHHCTHIC 2.55-2.65 0.8-1.5 1.3-1.8 0.69-0.46
recyaHblie 2.50-2.70 14-1.7 - 0.46-0.35
INopuzonts B u C 2.65-2.75 1.5-1.8 1.4-1.9 0.43-0.32
Topd (BepxoBoii) 1.35-1.45 0.1-0.3 — 0.93-0.79

[IpuBeneHHbIE BEIMUMHBI — 3TO BO3MOKHBIN MHTEpBaJI BCTPEUAIOIIUXCS 3HAUeHUH. OgHaKO
JUI. HOPMAJIBHOTO (DYHKIITMOHHPOBAHUS MOUB CYILIECTBYIOT HEKOTOPBII ONTUMaIbHBIN JUana3oH,
HaxOoJAIIMNCS BHYTPH YKa3aHHBIX KpaWHHUX 3HAa4eHUH. MBI IepexoauM K OLEHKE JTHUX
COCTaBJISIOIIMX ITOPOBOIO MPOCTPAHCTBA, K PACCMOTPEHUIO IUIOTHOCTH ITOYBBI, COCTABIIIOIINX
€€ pa3IMYHbIX BUJIOB MOPUCTOCTEN KaK BaXKHEHIINX arpoPU3NYECKUX XapaKTEPUCTUK MOYBBI, OT
KOTOPBIX 3aBUCUT ypOsKail pacTeHUH U ipyrue OuocepHbie PyHKINU MTOYB.

Onpeoenenusn

ILiioTHOCTH TBEPIOIi (ha3bl MOUB (I ) — Macca TBEPbIX KOMIIOHEHTOB MOYBBI B CANHUIIC
o0bema 6e3 yuera nop.

IiioTHOCTH MOUBBI (I ) — Macca aOCOJIOTHO CyXOM MOYBBI B SIMHHUIC 00bEMa MMOYBBI CO
BCEMHU CBOICTBEHHBIMU €CTECTBEHHOM MOYBE MMYCTOTAMHU.

IMopo3HOCTH (CHHOHUM — OPHUCTOCTDH) MOYBBI (€) —00HEM MOYBEHHBIX TIOP B TOYBCHHOM
o6pasie [0 OTHOLICHHIO K 0ObeMy Beero obpasua [emfem®, %)]. PaccuntsiBacTes 1o

r.-r
JIAHHBIM O IUIOTHOCTH T104BHI (I ) ¥ TBepOi (aspl mouss (I'g): € =——2 [emem].
r

S

AFpO(l)I/I3I/I‘IeCKOC 3HAYCHHEC IIVIOTHOCTH IMOYBBI

[110THOCTH MOYBBI BO MHOTOM OIpefeNnseT ypokaid pacteHuil. OHa OKa3bIBaeT BIUSHHUE Ha
pOCT KOPHEBOW CHCTEMBbI PACTEHHM, TaK KaK YIUIOTHEHHAas IOYBa SIBJAETCS CYIIECTBEHHOMU
Iperpagon i NMPOHUKHOBEHMSI KOPHEW. B yIJIOTHEHHOM mHOuBe, IPU BBICOKOM BEIUYMHE [
HU3Ka MOPO3HOCTh MOYBBI. 3HAUUT, B MOYBE COAEPKHUTCS Majno Bojbl. Ilpu BbeimaneHum sxe
OCaJIKOB TOpbI OBICTPO 3AMOJIHAIOTCS BOJOW, M IOYBA COAEPKHUT Malo BO3AYyXa, TaKKe
HEO0OXOMMOTO ISl POCTa KOPHEHW M pa3BUTHS pacTeHUil. B ciiydae jke M3NIuITHEe PhIXJIOi MOYBBI
IIOPOBOE MPOCTPAHCTBO CTOJIb BEJIMKO, YTO KOPHU PACTEHUN HE MMEKOT XOPOUIEr0 KOHTAKTa C
MOBEPXHOCTHIO TBEPAOH (hasbl, A€ COEPKATCSA B MOTJIOMIEHHOM COCTOSIHUM MHOTHE AJIEMEHThI
NUTaHUS. OTO NPUBOAUT K CHI)KEHHMIO Yypokasi B paspbixiieHHOM mouse. HeoOxomumo
IIPUMEHATh NPUEMBl NPHUKATBIBAHWSA IOYBBI JUIS CO3JAaHHS ONTHUMAJIBHOIO JHana3oHa ee
wiotHocTU. [loaTomy mpoGiema co3aHusi MaXOTHOTO CJ0s, ONTUMAJIBHOIO MO (U3MYECKOMY
COCTOSIHUIO, 10 IUIOTHOCTH — OJHA U3 Ba)XKHEMIIUX NpoOJieM COBpEeMEHHOW (M3HMKHU IOYB U
arpotexHukd. OHa COCTOUT B TOM, YTOOBI pa3pbIXJIUTh MOYBY U HE JOMYCTUTH YIUIOTHEHUS
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MOYBBI TSDKEJIOW CEIhCKOXO3SHWCTBEHHOW TEXHUKOW. A 3TO TpeOyeT CBOEBPEMEHHOIO
MPOBEJICHUSI arpOTEXHUYECKUX paboT, 005A3aTeIbHO CBSI3aHHBIMH C PACIMALIKOW MOYBBI (CM. «K
gonpocy o..»). IlouBa 0COOCHHO MOJBEP)KEHA YIJIOTHCHUIO TPH MOBBIIICHHOW BIAYKHOCTH.
CrouT TsOKENI0N TeXHHUKE JUIIb OJAUH pa3 3aexaTh Ha I0JIe, KOTJa BJIIAXXHOCTh HECKOJIbKO BBIIIE
ONTUMAJIBHOW /i1 OOpabOTKH, KaK ITOBEPXHOCTHBIM CJOH MOYBBI CTAHOBUTCA W3JIMILHE
YIUIOTHEHHBIM.

Eme oauH acnexkT ymiiOTHEHUs — NEepeyIJIOTHEHHE IMOAMNAXOTHOTO CJOs, TaK Ha3bIBAEMOE
HAaKOIUTEJIbHOE WJIM IMOJAMNOYBEHHOE  YIUIOTHEHHE. JIeHCTBUTENbHO, T1OJ  BIMSHUEM
MHOTOKpAaTHBIX IPOXOJIOB TEXHUKM YIUIOTHEHHWE CKa3bIBAaeTCsl Bce TIIIyOXKe U TIIyOxke.
[Ipoucxoaut oOpa3oBaHue MOAMNAXOTHOTO YIJIOTHEHHOTO, IJIOXOMPOHUIIAEMOTO U Ul BOJBI, U
i Bo3ayxa cios. CII0KHOCTh B TOM, YTO KOHTPOJHPOBATh BHYTPUIIOUBEHHOE YINIOTHEHHE
OY€Hb TPYAHO, — OHO HE3aMETHO C IMOBEPXHOCTHU MOYBBI TaK, KaK BUJIHA, HAIIPUMED, IPO3Hs, UIIU
MIOBEPXHOCTHOE YIUIOTHEHHE. AHAIMW3 W IPOTHO3 3TOTO SIBJIEHUS TECHO CBSA3aH C OLIEHKOM
(U3UKO-MEXaHUYECKUX CBOMCTB MOYB.

TakuM 006pazoM, yIJIOTHEHHE KaK OBEPXHOCTHOE, TaK U MOJIOYBEHHOE — BECbMa MaryoHbIe
SIBJICHUS], HEU3MEHHO COIIPOBOXK/IAIOIME MHTEHCUBHOE CEJIbCKOXO3SHCTBEHHOE MPOU3BOJICTBO.
BepHyTh ke MoYBYy B IpeKHEE COCTOSHUME BECbMa 3aTpyAHUTENbHO. C 3TUM CBSI3aH BTOPOM
acmekT mpoOieMbl — pa3ylIoTHEHHE MouBbl. Kak mpaBuio, pa3pbIXJIUTh MOBEPXHOCTHBIN
MAaXOTHBIM CJIOM MOYBBI HE CJOXKHO. JlocTarouyHo ero BcCIaxarh, B3pPBIXJIUTh PA3IUYHBIMU
no4BooOpadaTeIBalOIIMMKU OpyAussMU. Ho BOT pa3peIXiiuTh arperarbl — OCHOBHOE XpPaHUIIMILE
MUTATEJIbHBIX BEILECTB, BOJIbI, TIOYBEHHOW OMOTHI — 3HAYUTENBHO CJIOXHEE. ATpOTEXHUUYECKUE
Mepbl 3/ech He TMoMOryr. BoccraHoBieHue BHyTpHarperaTHoil MOPO3HOCTH 0O0sA3aHO
NESITEIbHOCTH TMOYBEHHBIX MUKPOOPIaHU3MOB, HAKOIUIEHHUIO CIEUU(UYECKUX OpPraHUYEeCKHX
BemecTB. HeoOxoaumMo mpUMeHEHHEe OpraHMYeCKHX U 3€J€HbIX yNOOpeHMi, BIMSIONIMX Ha
KU3ZHEJCATENIbHOCTh MOYBEHHBIX MUKPOOPIaHU3MOB, YIYUIIAIOIINX COCTOSHUE MTOYBHI.

WTak, HEe TOJIBKO MOBBIIIEHHAS, HO U U3JIMIIHE HU3Kas MJIOTHOCTh MOYBBI CHUYKAET YpPOKaH.
Ha pwuc.l.1.2 cxemarnyeckn moKa3aHbl OONACTH BIMSHUS NEPEYIUIOTHEHHS W W3JIHMIITHEH
Pa3pbIXJIEHHOCTH MOYBHI.

1 72 i
= I
3l /| 7 1\
2 9 I I
o] | o\
sl & |/ l L\
.% © I I
) / : : \
’(% | :
I

< ; OMTUMYM
S LOmuvym 1 | A necka
> ars cyrmbika !

C
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Puc. 1.1.2. 3aBucumMocTh yporkasi (B OTHOCHTENIbHBIX €IMHHIAX) OT IJIOTHOCTU CYTJIMHUCTOW U
ec4YaHoU IM0YB

OntuMyM jKe 1O JaHHBIM OoJbimuHCTBa wuccinepoBateneit (A.I.bonmapes, 1985) mns
CYIIIMHHCTBIX T0YB Haxoxutes B o6mact ot 1.0 o 1.3 rlem® (em. Taxke Ta6u.2 [proxkenns).
Ecnu roBOpHUTH O TOPO3HOCTH TOYBBI, KOTOPasi sIBJSICTCS NPAMON (DYHKIHEH OT IMJIOTHOCTH
MOYBBI, TO U JUIS OTOI BEJIMYMHBI MPEIJIOKEH PSIl KPUTECPUEB U JMANA30HOB ONTHMAIBHOCTH.
H.A.Kaunnckuii (1985) npeaiou BbIACIIATh CASAYIONIHE THANa30Hbl 10 MOPO3HOCTH MOYBBI
(HOPO3HOCTB 1I04B B cM/eM?):

oTiu4Has (KyJabTypHBIN MaxoTHsIi cioi) — 0.65-0.55;

VIOBIETBOPUTENbHAS TSl TaxoTHOro ciost —0.55-0.50;

HEYIOBJIETBOPHUTENbHAS s TaxoTHOro ciost — <0.50;
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ypeamepHo Hmskas — 0.40-0.25.

K eonpocy o....
O mtyre

Bce Havanock ¢ TOro, 4To HECKOJNBKO THICSY JIET Ha3aj YelIOBeK OpOCHII B MOYBY HECKOJIBKO CEMSH,
MOKa3aBIIMXCSl EMY BKYCHBIMHU. A MOXET OBITh OH 3TO C/IeNIajl C KAKUMHU-TO PUTYaIbHBIMH, PEJIUTHO3HBIMH IIEIISIMH.
[pownzonuto 3to rae-ro Ha bmwkHem Bocroke, Bo3MokHO B jmoiuHe MopaaHa, BOSMOXHO B BEPXOBBIX THrpa u
EBppara. A yK 3areM NIICHUIBI OAHO3EPHSHKA W JABY3CpHSIHKA, SYMEHb, YEYEBHIA, BHKa, TOPOX
pacrpoCcTpaHIWINCh Mo BceMy JleBaHTy, a 3aTeM yxke mo Humy, Ha ceBep Adpuku. Ho 3t ceMena Hajo ObUIO
TIOMECTHUTH B IOYBY, NPENOXPAHUB OT BBIIYBaHHs, BHICBIXaHHS. Ha BIIQXKHBIX TNIMHHUCTHIX MOYBaxX JIPEBHHE JIOIU
JIeTlalld 9TO CHavajla MojoOUsIMUA MOTBHIT, 3aCTyIOB, KETMEHEH. A BOT KOrja MpHILIa [opa OCEIOro 3eMIIeAeNus,
MOXKHO CKa3aTh, HACTYIMIA 310Xa MPOPECCHOHAIBHBIX 3eMJICICIbLEB, MOSBUINCH OPYIHs, CIIOCOOHBIE C/IENaTh
00opo3nKy aisi ceMsiH. BO3MOXKHO, TepBble IUTYTH, Jejaroniie OOpO3JIKH Uil CEMsIH, MOSIBHINCH MPAaKTHYECKH
OMHOBPEMEHHO M B mepemnedl Asuu, u B Erunte, u B Kurae. OHM mpencTaBisiin coOOW EpEeBSHHOE OpYIUE,
COCTOSIIIEE U3 BEPTHKAIBHOrO Kona (TpsAauist), Ha HIDKHEM KOHIIE KOTOPOTO ObLT HAJeT METAJUTHYESCKUNA JIEMEIIIOK.
TsHynu 310 Opy/aMe 3a BEpeBKY, NPUBI3aHHYIO K HW)KHEMY KOHILY, a 32 BEPXHHUH yIpaBJsUl maxapb. A 3aTeM yke
MOSIBWJINCH  ME€PBbIE IUIYTH, OTpPaXKalollue OCOOEHHOCTH MECTHBIX ITOYBEHHO-KIIMMATHUECKHX  YCIIOBHH.
«PacchimyaTpie» MOYBHI TOJIMHBI Hiita MO)kHO OBbUTO 00pabaThiBaTh BEPTHKAIBHO PACHONIOKEHHBIM JIEMEXOM, & BOT
TBEpYI0, HEPEIKO KaMEHHCTYIO 1mouBy ['permu HeoOXoauMo Obuto «moanets» cHuzy. [loatromy B 'penmn nemex
yCTaHaBJIMBaJIM TOpH30HTaNbHO. 1 B Poccum coxa craBuiack NHEpNeHIUKYISIPHO K ITOBEPXHOCTH 3€MIIH, NPHU
BCIAIllIKE€ TOHKO YYBCTBYSl BCSKHE HEPOBHOCTH, KaMHH, TOJICTbIE KOPHH, KOTOpbIe BCeria ObUIM B CEBEPHBIX
poccuiickux 3emisix. Coxa, 3a CYeT €€ BEPTUKAJIBHOH IOJIBIKHOCTH W TOHKOIO HaxOTHOTO cjena, HepenKo
Ha3bIBAIACHh B HAPOJIE KUEPKYIIEH» - OHA YMpKaia Mo MOBEPXHOCTH KaMHEH M TOJICTBIX KOPHEH, Jieast HerIyOoKyIo
6opo3ny. Ho BOT yxe B mocieayromye rojpl IIyr M3MEHII CBOE MpeJHa3HAaueHHe, - UM HE TOJBKO JETaroT JIOXKE
JUIL CeMSTH, HO M DPBIXJIAT TOYBY, M30aBIISIOTCS OT BpEIHBIX COPHIKOB, OTOpachiBas MOYBY B CTOpPOHBI. U B
YEePHO3EMHbBIX IMOYBaX MOSBHJIMCH TEPBbIC IUIYTH C MPEAITYKHUKaMU (YKpauHCKU# «cabaH»), MOApE3arolnuMH
CHM3Y NepeIIeTeHHBIH KOPHSIMH BEpXHHUH CIOH YepPHO3EMOB, T.H. «CTEITHOM BOMIIOK», U YKIJIJbIBAIOUIUH €ro BHU3
00po31bl. DTOT KOPHEBUILHBIN CIIOH 3achlmaeTcsl 3eMjedl M IpeBpallaeTcs BIOCIEICTBUN CHOBA B IPEKPACHYIO
YEPHO3EMHYIO CTPYKTYPY, COXPaHSIONIYI0 BOJY, NPOBOAIIYI0O BO3AyX. Tak W TONYy4HIOCh, YTO U3-3a
0COOEHHOCTEW HEeyCTOWYMBOIO POCCHICKOrO KIIMMaTa POCCUHCKHE 3eMIIENENTbIIbI, a BMECTe C HUMH M y4EHBIE,
COCpPE/IOTOYMIN CBOU YCHJIHMS Ha CO3J[aHHE ONTHMAJBHBIX (PM3MYECKHMX CBOMCTB ITOYB, HA COXPAHEHHWU BIIArH,
arperanuy Mo4BbI, HA MCCJIENOBAHMM TIOYB UMEHHO B HANPaBICHUH MEIHOPALUH UX (U3HMYECKHX CBOWCTB. A BOT
€BpOIIEIiCKOe HalpaBJIeHHE B MOYBOBEICHUU OOJbIIee BHUMAHUE YJESUI0 Pa3BUTHIO HOBBIX METOJIOB YIOOpEHHS
3eMIIH, TIpeXKe Bcero, Beien 3a JIuOuxom, arpoxumudeckux. OmHAKO, yKe ceddac SCHO, 4TO OfHO Oe3 ApPYyroro
HEBO3MO)KHO, 4YTO HYXHAa «CHCTeMa 3eMJICACIHS», KOTOpas CTAaHOBUTCS TOYHONH HAyKOH, C pacUCTHBIMH
YIIPaBJSIFOIIMMU MOJIEINISIMH, CIIOCOOHBIMH yKa3aTh BpEMsl, MECTO, HEOOXOAMMOCTh KaK YIydlIeHHs (U3UUECKHX
CBOMCTB, NMUTATEIBHOTO PEXHUMA, HAMIYUIIETO Croco0a OOphObI C COPHAMH, TaK W MPEABUICTH MOCIEACTBUS ATHX
Mep Ha OKPYXalolLIYI0 Cpeiay, Ha 3/I0pOBbE YeloBeKa M Ouocdepsl B IeIOM. A Belb HAYMHAJIOCHh 3EMIIE/IENTUE C
«gepKymm». ... (¢ ucronszoBanueM martepuanoB kaurd HO.®.Hosukoa «OcropoxkHo: Teppal!» U3a-Bo «Mononas

reapausn», 1972)

Bo3znukaer, Bupodem, U €I1e OJIMH BOIIPOC: a TpedyeTcs U pa3zesieHue MaX0THOTO CJ0s
Ha CJIOU C Pa3IMYHBIM CTPYKTYPHBIM COCTaBOM, UJIM OH JIOJDKEH ObITh PaBHOMEPHBIM 110 BCEi
cBoeil rryoune (00bruHO 22-25 cm)?

B cnenuanbHbIX onbITax U3BECTHBIA yYKpauHCKuil arpogusuk B.B.Mezasenes nomnbitancs
OTBETHTh HA OTH BOMPOCHL. M3 ombITa 3emienenblleB cpeaHeld Moyiockl (B OCHOBHOM,
HeuepHo3eMbsi) WM3BECTHO, 4YTO JIy4YIIMM CTPOCHHEM IaXOTHOTO CJIOS HpPU 3aJelIKe CEeMsH
SBJIIETCS TAKO€ COCTOSIHHME, KOI'/la ceMs JISKUT Ha YIUIOTHEHHOW IMOJJIOKKE, a MOBEPXHOCTHBIN
CJION NpeACTaBeH pa3phIXJIECHHBIM MEIKOKOMKOBATHIM MaTepuajioM. B aTom ciydae cemeHa He
BBIITYYMBAJINCH HAa TOBEPXHOCTD MMOYBBI IPH YBJIAKHEHUH, OCYLIECTBIISUICA UX XOPOIINM KOHTAKT
C MOYBOH, a BEpXHUH CJIOM CHOCOOCTBOBA] a’pallud M COXPAHsUI BJary 3a cuyeT ObICTpOTO
00pa30oBaHUsl MYJbUYHPYIOIIETO CIO0S. DTH 3aKOHOMEPHOCTH ObUIM OTKPBITHI JUIsl 30HBI FOKHOM
Talry, Ui JepHOBO-IIOA30JUCTbIX, CEPhIX JIECHBIX MOYB. CIpaBeAuBbl JU OHU U Ui YCIOBUI
3aCYIILJIUBBIX CTCIICH?

Omeir Brimtodan 3 ¢akropa: (1) cTpykTypy B BHIE TpexX TIpajalMii Mo pa3Mepam
arperaTos, (2) ymoopenus B Buje paznnubix 103 NPK - 60, 90 u 120 kr/ra) u (3) mioTHOCTh B
cli0€, MMOKPBIBAIOIIEM CEMEHA.
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Xl XZ X3
1,15 1,25 >20 mm
2lemd 2lem®
1,05 1,10 205
0,95 0,95 <5
Xy X4 Xa
(NPK) & (NPK) o NPK) 1 (NPK) g (NPK) o0( NPK) 1 (NPK) g (NPK) g( NPK) 12

Puc.|.1.3. VI300MHAA Macchl CyXOTo CHOIA sMEHs Ha ILIOMA/h NOBEPXHOCTH cocyaa (r/m?) B
3aBUCHMOCTH OT IUIOTHOCTH IOYBBI B HAJCEMCHHOM (X1) M MOJACEMEHHOM (X2) CIOsX,
CTPYKTYPHOTO COCTaBa CEMEHHOTO cJiosi (X3) M 703bl ymoOpeHuii (X4) B MHKPOIIOJICBOM OIIBITE
(mo MexnseneBy, 1988). KpacHblii 1iBeT cooTBETCTBYET ypokatro 1326 r/m%, a MHTEpBAI MEXIy
M30KBAaHTaMH - 66 r/m°.

Ha pwuc.l.1.3 npencraBieHbl M30JMHHM ypoKash Ha (OHE pa3TUYHBIX /03 YAOOpPCHHI.
JlecTBUTENBHO, AJIS YEPHO3EMOB, B YCIOBHUSAX YacTOIO HEJIOCTAaTKa BJaru HawIy4lllhe yCIOBUS
Ul TIpOM3pACTaHUsl PACTEHUH, NOTPEOJECHUS HMHU IUTATENbHBIX BELIECTB M MX pPa3BUTHUA
CKJIJBIBAIOTCS TOT/Ia, KOT/1a TTOBEPXHOCTHBIN, HaJICEMEHHON CJION 00Jiee YIUIOTHEH B Mpeenax
paccmatpuBaemoro auamnasona (0.95-1.15 r/cm3), a moAmaxoTHBINA CI0H B OOJIBIICH CTEIECHH
pazpbixiieH. [Ipu oJHOM U TOM ke ypoBHE y100peHuil 0oJbIIMi yposkail nmoxydancs npu Oosiee
Pa3phIXJIEHHOM IOJICEMEHHOM cJI0€. A HaWJTy4yIIMi pa3Mep arperaroB B CaMOM CEMEHHOM CJIOE -
MeHee 5 MM. [Tocnennee erie pa3 moATBEpKAaeT U3BECTHBIN U3 MPAKTUKU 3eMJICIENUS TPUHIIUII,
rJIacsAlIuii, YTO pa3Mep arperatoB JOJKEeH ObLT OJM30K K pazMepy cemsH. [lo Bcell BUANMOCTH,
B CJy4ae YEPHO3EMHBIX I0YB, /i€ JUMHUTHPYIOIUM (DaKTOPOM BBICTYMAET HEJOCTATOK BJaru B
Mepuo MoCceBa, HaMOOJIBIIIUE 3aIachl CO3/IAl0TCS TOT/IA, KOTJa MOAMAaXOTHBIM CIOW PHIXJIBIA U
BJIATOEMKHI. A TIOBEpXHOCTHBIN CJIOH, YINIOTHEHHBIH, CIIOCOOEH JOCTATOYHO OBICTPO MPOBOAUTH
KalWUISIPHBIM TOTOK BJIarM K CEMEHaM, U IMOYBEHHbIE YAaCTHUIIbI XOPOILIO KOHTAKTHUPYIOT C
cemeHamu. [lomydaercs, 4TO B3aMMOCBSI3b IOJTOKOB BJIArM K CEMEHaM M B IOCJIEAYIOIIEM K
KOPHSIM PacTE€HUH, JOCTYIHOCTb MHUTATEIbHBIX BEIIECTB, YCIOBUS YKJIAaJKH CEMSH B MHOIOM
3aBUCST HE TOJIKO OT pa3MEpOB CEMSH, KOJMYECTBA AJIEMEHTOB MUTAHUSA, pa3Mepa MOYBEHHBIX
arperatoB, HO W OT YCJIOBHH YKiIaJku (Ha TUIOTHOM HJIM PBIXJIOM CJIO€) M KIMMATHYECKUX
ycioBuid. OnTumu3zanus arpopu3nyecKux yCJIOBUN OKa3bIBAETCS JIEJIOM JIOCTATOYHO TOHKHM,
TpeOYIOIHNM BCECTOPOHHUX 3HAHHM.

OnTumanbHbIl JUana3oH IUIOTHOCTU II0YB CBSI3aH C MCIOJIb30BAaHUEM MHUHEPaJIbHBIX
BEILIECTB pacTeHUsIMH. B maxoTHOM ciioe MOJDKHBI ObITh 00€CIEYeHbl YCIOBUS HauOobIIEH
JOCTYITHOCTH NUTATENbHBIX BEUIECTB JJIi KOpPHEW pacTeHuil. DTo mpoliemMa B3auMOCBSI3U
(Gu3NYECKUX U arpOXMMUYECKUX CBOMCTB MOYB. B psiie onbITOB OBLIO MOKA3aHO, YTO JAMAIa30H
TUIOTHOCTH MAXOTHOTO CJIOsI CyriMHUCTHIX mouB ot 1.1 mo 1.35 r/em® B HauJIy4lle CTEeeHU
crocoOCTBYET MOTPEOICHUIO YAOOpeHUH U (GOPMHUPOBAHHIO ypoxKasi. ITOT (aKT MpeACTaBICH Ha
puc.l.1.4, rie npu yBeIUYEHUH 1036l BHOCUMBIX a30THBIX YAOOPEHUN U MPHU POCTE IMIOTHOCTH
nouBbl (hopMuUpyeTCsl 30Ha HanloJiee BBICOKOIO yposKasi: 3Ta 30Ha XapaKTepU3yeTcs J103aMU OT
30 10 85 kr/ra a30THBIX yIOOpPEHHH U JUAMa30HOM IUIOTHOCTH maxoTHOro cios ot 1.06 mo 1.35
r/em®. TpuBeeHHbIe (GaKThI TOTYEPKUBAIOT BECMa BAKHBI (HAKT: COYETaHHE 103 yIOOPEHHI 1
CO3JJaHHUE IIJIOTHOCTH IAaXOTHOTO CJIOSI JOJKHO INPOU3BOAMTHCS COBMECTHO. BakHO HMEHHO
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coueTtanne (PaKTOpOB, CO3/aHWE U TIOJJEPKAHHE OINTHUMAIBHBIX JIUANA30HOB (PHU3NUECKUX
YCIOBHUM M KOJIMYECTBA MUHEPAJIbHBIX MTUTATEIbHBIX BEIIECTB B MAXOTHOM CJIOE.
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Puc. 1.1.4. BiusiHre TJIOTHOCTH YEpPHO3EMa M JI03bI A30THBIX YHO0OpeHud Ha (HOPMHpPOBAHUE

ypokass 3epHa sumeHs (t/ra) (mo B.B.Mensenesy, 2004). I{ubpbl y KpuBBIX 0003HAYAIOT
YpOIKai.

BaxxHO MOMHUTHP O TOM, YTO ONTHUMAaJIbHbIE JUANa30Hbl IUIOTHOCTH IAXOTHOTO CJIOS
pa3uyaroTCs U MEeCYaHbIX W CYMIMHUCTHIX mouB (puc.l.1.2). PexoMeHmyeTcs HCIOIb30BaTh
CIICIYIOLIHE TIPE/ICIIbl ONTUMATBHBIX TUANa30HOB IUIOTHOCTH JUIS pa3in4HbIX mo4B (Tadmn.l.1.2):

Tabnuma 1.2
OnruManbHbIe quana3oHsl wiotHocty (mo A.I'.bonmapesy, 1985)

I'panynomerprueckuii cocras
(TexcTypa) mouBbHI

OnTUMaIBEHEINA JAAIIa30H
wiotsoctH (r/em’)

I'muHuCTBIE U CYTIIMHUCTBIE 1.0-1.3

JlerxkocyrnmHucTeie 1.10-1.40
Cynecyansbie 1.20-1.45
Ilecuanbie 1.25-1.60

B oro0il Tabnume yxe NPUCYTCTBYIOT TpaJallid IOYBBI [0 TPAHYIOMETPHUYECKOMY COCTaBYy.
Heob6xomumo 601ee moipoOHO 0XapakTEpU30BaTh STOT BAXKHEHIIINI MTOKA3aTeb TOYBHI.

I'panynomerpuyeckuii cocras

CuoBa BepHemcs k puc. |.1.1. Ha Hem n300pakeHbl 3JIeMEHTapHbIE MOYBEHHbIE YaCTHUIIBI,

COCTAaBJISIOIIME MUKpOArperaT, BXOJAIIMM B COCTaB arperara M Io4sbl B LIeJIOM. T.e. BCS MoYBa
COCTOUT M3 3JIeMEHTapHbIX No4BeHHbIX dacTuil (DI1Y). DOIIY — 370 HaUMEHBIIUE YACTHUIIBI
TBepAOW (a3pl NOUBBI €€ TEPBOOCHOBA, KOTOpPBIE TPYAHO pa3pylIUTh (HU3HUECKUMHU

(pacTupanuemM) U XUMUYECKUMHU (BO3JCHCTBHE MICTOYEH M KHUCIOT) METOJAMHM, 33 YTO OHH U
HA3BIBAIOTCS 2/IeMEHMAPHbIMU.
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B nouBe mpezcraBiieHbl YaCTUIBI COBCEM TOHKUE — MIIUCTBIC, & TAKXKE KPYIHbIe — rpaBuit (1—
3 MM). Mexay 3THMHU YacTHUIIAMHU PAcIONIOKEeHA 00J1acTh MbLICBATHIX U IMECYAHBIX YaCTHII.
Wnucteie, kak npaBuio, uMmetoT pazmeps! <0.001 M. Dta menast 0067acTh OUYSHb MEJKUX, TOHKUX
yactull, Kyma BxomaT u kojutowasl (<0.0001 mwm). Yactuipl, KpymHee 3 MM  Ha3bIBAlOT
KaMCHUCTON YacThiO. BblZelieHHBbIC 1O pa3MepaM [uana3oHbl (W, TbUIb, MECOK, TI'PaBHI,
KaMEHHCTasl YacTh) HA3BIBAIOT paKkyusimu cpaHyioMempudeckux 1eMeHnos, a OTHOCHTEIIEHOE
COJIEpKAHUE BBIJICIICHHBIX (PPAKLMN — 2pany1oMempuieckum cocmagom nous.

Bce sneMeHTapHble MOYBEHHbIE YACTULBI MEXKIY WJIOM MU KOJUIOMAAMM Ppa3JeNsIOTCs Ha
¢bpakun. B 3apyOe:xHON MpakTHKe, Kak MPaBWio, UCHOIB3YIOT pasnenenue DIIY Ha dpaxiumn
mo A.AttepOepry, KOTOPBIH MPeIoKMI BRIACTATE cieayroniue dpakiun: < 0.002 MM — rivHa,
0.002-0.05 — mbutb, 0.05-0.2 — tonkwmii mecok, 0.2—2 — rpyObIii mMecok, >2 MM — TpaBuil. DTH
(GpaKI ¥ COCTABIISIIOT OCHOBY OOJIBIIIMHCTBA COBPEMEHHBIX 3apyOEKHbBIX KIIACCU(PUKALIUHI.

B poccwuiickoit knaccudukanuu Beiensior ciaeayromue ¢ppakmun I114: <0.001 — un, 0.001-
0.005 — mpute menkasi, 0.005-0.01 — meute cpemnsst, 0.01-0.05 — nee kpynuas, 0.05-0.25 —
necok Mmenkwid, 0.25-0.5 — necok cpemnnii, 0.5-1.0 — mecok kpymHbIA, >1 MM — TpaBuil..
Yacrumpsl <0.01 MM oObeanHeHBI B 00Jiee KPYIHYIO TPYIITY - (GU3UYECKOH TIMHBI, 8 YaCTHIIBI
>0.01 MM — Bo ¢paknuto puzmueckoro mecka. Hexkoropeie (paxium UMEIOT U CBOE Ha3BaHUE.
Tak, ¢pakius KpynHOH MbUIM HOCUT Ha3BaHUE <«IECCOBHJHOM (pakuuu», Tak KaKk MMEHHO OHa
npeoOnagaer B Jieccax. Bmpouem, crpaBeanuBo U oOpaTHOE: €cld B CYIJIMHKE 3aMETHO
npeoOiagaeT MMEHHO 3Ta, JIECCOBUAHAS (Ppakuus, TO CYIVIMHOK Ha3bIBAIOT JIECCOBUIHBIM.
I'pannmeii Takoro mnpeoOnamanust ciayxut BenumuuHa 40%: ecam B CyIJIMHKE COJEp)KaHHE
kpynHoii et >40%, TO 3TO JIECCOBUAHBIN CYTrIIMHOK. PocCHifcKyro KiTacCH(pHUKAIMIO YacTHUIT TIO
bpaxiusm pazpadoran H.A.Kaunnckuit, ona Hocut ero umMs (cM. «K gonpocy o...»)

K sonpocy o...
Huxoaum AntonoBuy Kaunnckuit (12.11.1894-17.04.1976)

B 1894 roay B rybepHckoM ropone CTaBporoie B CEMbe CChUIBHOTO MOJIBCKOI'O IBOPSHHUHA, MMOBCTAHIA
1863 r. u ero xeHbl, KpeCThIHKA U3 KocTpoMckoi rybepHHH, poawics ChiH. Bes ceMbsi KpeCThSIHCTBOBana Ha
apeH/IOBAHHBIX 3eMIISX.

HukomuM  AHTOHOBMY — TOCTEAOBATEIbHO OKOHUYMI  CTaBpOMONBCKOE JBYXKIACCHOE — YUHJIHMIIE,

CTaBpoOIONbCKYI0  YYUTEIbCKYI0 ceMuHapuio, CTaBpONOIbCKUN  yYUTEIbCKHM HMHCTHTYT, IleTpoBckyro
(TumupsizeBcKyr0) AKaJeMHUIO MO CeKIwu mojieBozctaa. Jlo 1921 roma ydausics u il Ha 3apabOTKH MPEToJaBaTes.
C 1921 ropa — Havanack ero npog)ecCuoHalIbHAas JIEITENbHOCTh KaK MOYBOBeAa. A B MOCKOBCKOM YHHBEPCHUTETE C
1923 r oH moOCIemOBATENBHO MPOIIET CTAJWH HAYYHOrO COTPYAHHKA 2-TO pas3psjia, AaclupaHTa, HAyIHOTrO
coTpynuuka 1-ro paspsma, AeHCTBUTENHHOTO WiieHa, mpodeccopa U 3aBeAYIOIIEro Kapeapoit GH3UKH U METHOpAIHH
mouB. Ho ckoibko ke Hukoamm AHTOHOBHY paboTal MO COBMECTHTENIBCTBY. 3aB.Kapeapoi MOYBOBEICHHSI
OpeHOYPreKoro  CeNnbCKOXO3SHCTBEHHOTO HMHCTUTYTa, mpodeccop MOCKOBCKOrO THAPOMETEOPOIOrHYECKOro
HHCTHUTYTA, 3aBeyroNIuii TabopaTopueil GU3UKH U TEXHOIOTHH MOYB [[0YBEHHOTO HHCTUTYTA.
Best ucropus poccuiickoll (pM3UKH IOYB CBsi3aHAa ¢ WMeHeM Hukomamva AHTOHOBMYA. MIMEHHO OH 00OCHOBAJ
CHCTEMY METOJIOB B (pU3HMKE IMOYB, KOTOpas BIIOJHE YIOBJIETBOPsUIA 337adaM TOrO BPEMEHH, KOTJa MCCICIOBAHHS
BENIUCh Ha KITIOYEBBIX pa3pe3ax. ITH METObl M MOYBEHHbBIC W3BICKAHHS HA WX OCHOBE MO3BOJIIM Pa3paboTaTh
MHOTOYHCIICHHBIE METHOPATUBHBIE MPOEKThI. OMHO MEPEUHCICHHEe PYKOBOIUMBIX MM IOYBEHHO-METHOPATHBHBIX
sKcmequimii  mpocto nopaxkaet: Cpesne-Bomkckas (1932-1933), Bakunckas (1934-1935), Cranunarpaackas — mo
ucnsitannio MammH (1936-1938), Kyrynykckas (1939-1941 u 1944-1946), mo CTPOUTENBCTBY a’poOAPOMOB U
BomoeMoB (1941-1943), Vpansckas (1943-1945), Kybanckas u OMckast — 1o ucnsiTanuio Mamud (1946), Jlonckas
(1947-1949), Cramuurpanckas (1949-1957), Bomro-Axryounckas (1951-1954), Jlenkopanckas (1950-1953),
HansHeBoctounas (1953-1956), Kamckas (1955-1957) — mo ucCaenoBaHHIO (BU3MYECKUX CBOMCTB IMOYB, M JIp.
Haspanuss W TeMaTHKH OTHX OKCICJUIMHA TOBOPAT O HEYEMHOH, IeJeHalpaBIeHHOi dHeprud Hukomnma
AHTOHOBHMYA, €r0 Pa3HOCTOPOHHUM TaJaHTaM U TPEIAHHOCTH KOJIMYECTBEHHBIM MeTonaM (usuku mous. Kakoro
paszmena (pU3MKM MOYB MBI ObI ceivac HEe KOCHYJIHCh, MBI MPAKTHYECKH BCeraa BCTPEeTHM UMs KauuHCKOro, Kak
OCHOBates JU00 MeToza, 100 TeopuH, TH00 TepMuHa. J[aHHAs KHUra TOMY TOKa3aTeIbCTBO.

Urak, Beigenens! onpeneneHusie dhpakiuuu 1Y no pasmepam, u kaxaas Gppakius mosyqansia
cBoe Haszpanue. OmpeneneHue ¢paknuii HEOOXOAUMO HaM JUIS KiIacCHU(UKAIIMU U OILCHKH
IPaHyJIOMETPUICCKOTO COCTaBa I0YB, TaK KakK T'PAHYJIOMETPHYECKHH COCTaB TOYB - ITO
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OTHOCHUTENIbHOE (B MAaCCOBBIX IPOILIEHTAX) COJEpKAaHUE (GPAKIHi 3JIEMEHTAPHBIX MOYBCHHBIX
YaCTHULI.

Ha naHHbII MOMEHT B MUpPE MPUHSTHI ABa OCHOBHBIX PUHIUIIA IOCTPOEHUS KiIacCuPpUKaIIil
1oyYB 10 rpanyaoMeTpur: (1) OCHOBaHHBII Ha OTHOCHUTEIBHOM COJICPKAHUK (PU3MICCKOM TITHHBI
(vactuupr <0.01 mMM) c ydeToM coAep)KaHHs NOMUHHpYHOIUX (pakuuii (kiaccupukanus
H.A.Kaunnckoro) u (2) oCHOBaHHBIA Ha y4eTe OTHOCHTEIBHOTO COACPIKAHUS BBIICICHHBIX
AttepbOeprom (dpakiuii GU3NIECKOTO MECKa, MbLIM U MIMHBI (MeKayHapoaHas Kiaccupukamus
U OnM3KUe K Hel kiaccudukanuu oOriecTBa mo4BoBenoB, arpoHomoB CIIIA wu ap.). Wuaue
roBopsi, kinaccudukanus KaunmHCKOro — JBy4ieHHas, TaKk KaKk OCHOBaHa Ha HCIIOJIb30BAHUHU,
MPEKJE BCEro, CoJAep aHUi (Qu3ndyeckoro necka M (U3MYECKO IIMHBI, a MEXIyHapoaHas —
TpeXwieHHasi, IPUYEM B Pa3HBIX CTPaHAX IPAHMIIBI MEX]Y TJIMHOM, TECKOM, MbUIbI0 HECKOJIBKO
pa3anyaroTCs.

OteuectBennas (xmaccuduranus H.A.KaunHCKOro), Kak yKa3bIBaJIOCh, OCHOBaHA Ha
COOTHOILIEHUHU COJEPKAaHUS (U3UYECKOTOo IeCKa M TJMHBL. BrojiHe MOHSATHO, YTO cymMa
¢usnueckoro mecka W (usmdeckod rmHBI cocraBisier 100% wm xinaccuuKaAMo MOXKHO
MIPEJICTaBUTh HAa OCHOBE JIMILIb OJHOIO IOKa3aTess, Hampumep, (QU3MYecKoW TIIMHBL. OTa
KJIacCu(UKaIus npeacTarieHa B Taour. 1.1.2.

Tadonauma 1.1.2
Knaccudukanus nous 1o rpaHyJIoMeTpUYECKOMY COCTaBY
(mo H.A.Kaumnnckomy)

Conepxannie GU3HIECKOU TITHMHBI Kparkoe HazBaHue MoyBbI 10
(wactui < 0,01 mm), % TPaHYJIOMETPUIECKOMY COCTaBY
IToazomucToro CrenHoro Tumna ConoHuB! U
THIIA 04YB00Opa30BaHUs CUJIBHO
OYBOOOPA30BAHUS COJIOHIICBATHIC
MOYBbI

0-5 0-5 0-5 [Mecox peixibiii (I1p)

5-10 5-10 5-10 IMecox cesizannbiii (I1cB)
1020 1020 10-15 Cymnecs (C)
20-30 20-30 15-20 Cyrnunok sierkuit (Con)
3040 3045 20-30 Cyrmunok cpeanuii (Cep)
40-50 4560 3040 Cyrmunok Tspkensiid (Ct)
5065 60-75 40-50 I'nuna nerkas (')
65-80 7585 5065 I'muna cpenusist (I'cp)

>80 >85 >65 I'nuna tsoxenas (I't)

OOpaTtuM BHUMaHuUE Ha [JBa BeCbMa XapaKTEPHbIX MOMEHTa B OTEYECTBEHHOM
KJIaCCU(PHUKAIUH.

Paccmotpum nepByto rpady B Tabnmie. {uanazoHsl B cofepkaHuu (U3UICCKOMN TIMHBI IS
pa3IMyYHbIX KaTeropuil moyB HepaBHOMEpHbI. Hampumep, ans nepexoja OT «IIeCKa PhIXJIOro» K
«IIECKYy CBSI3HOMY» HEOOXOJIMMO YBEITWUYCHHUE COJlepKaHus (U3UIECKOM TIMHBI Bcero Ha 5%. A
BOT OT CYIIECH K CYIJIIMHKAaM U MEXy CyrIMHKaMu — yke Ha 10%. /lnama3oHsl IIMH UMEIOT elie
Oosee mmpokuid uHTEpBaT — 10 15%. [lo-BuammMomy, 3TO CBSI3aHO C TE€M, YTO B IECKaX Jae
HEOOJIbIIOE KOJIMYECTBO TJIMHBI BEJIET C 3aMETHOMY H3MEHEHHIO CBOWMCTB IOYBBI B LIEJIOM.
Hanpotus, /Ui rUHUCTBIX MTOYB HEOOXOAMMO 3HAYUTEIHHOE KOJUYECTBO (DU3MUECKOM TIJIMHHBI,
YTOOBI OTIIMYUTH TJIMHY JIETKYIO OT TJIMHBI CPEIHEH.

Bropoii MoMeHT kacaercsi BBeACHHsS B KiIaccupuUKaluio THIa HouBooOpasoBaHus. OueHb
BaXHBIM siBIAeTCS TO, 4To H.A.KaumHCKMI BBLACNMII T'pajallid HE MPOCTO MO COAEPKAHUIO
(bu3nyecKoy rIuHbI, HO U C YYETOM THIa I0YBOOOpa3oBaHus. J|efCTBUTENBHO, HAIPUMED, TJIMHA
TsKenast B MOJ30JIUCTBIX MOYBAX OYJET BBIIENATHCS MPU COJIEpKaHuU (PU3MUECKOM TIIMHbI Ooiee
80%, a B cononmax — yxe npu 65%. CBsi3aHO 3TO C TEM, YTO B COJIOHIIC YaCTHIIBI TJIMHBI COBCEM
[I0-MHOMY BeNyT ceOsl, 4eM, CKaKeM, B HOJ30JIMCTOI nmouBe. [JIMHUCTBIE YaCTHUIIBI B COJIOHIIE,
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KaK TpaBWIIO, HAachleHsl HOHOM Na. DT 4acTHmbl cuiibHee HaOyXaroT, JIydllle MPHIANAIT K
pa3nuuyHbIM nipeameraM. CiieJoBaTeNbHO, OHH HAYMHAIOT MPOSBIISTH CBOHCTBA «TSHKENBIX» ITOYB
npu ux 0ojiee HU3KOM COAEP)KaHWHM, YeM YaCTHIBI TOTO K€ pa3Mepa, HO B IMOYBAX T'YMHIHOU
obnactu. Takum oOpa3om, B cBoel kiaccupukauun H.A.KaunHckuii yden BiusiHUE
Ka4eCTBEHHOTO COCTaBa TJHMHBI, M TMPEXJE BCErO0 COCTaBa IIOYBEHHOTO IMOTJIOIIAOIIETO
KOMIUIEKCA M MUHEPAIIOTHH, Ha PA3JINYKE TIOYB B X MOBEICHUH KaK JICTKUX WJTH TSHKEITBIX.
VYauteiBas, 4to B 3apyOexHbIX kimaccupukanmsax 3 dpaxmum DIIY, mis ompeneneHus

IPaHyJIOMETPUYECKOTO0 COCTaBa IOYB MCIOJb3YeTCS TaK Has3blBaeMblil “TpeyrosibHUK Deppe”.
OH wuszoOpaxkeH Ha puc. |l.4. B sToM paBHOCTOpPOHHEM TpPEYrOJbHUKE IO JIEBOM CTOpOHE
orioxkeHo cojepxanue wia (dactun <0.002 mm), o mpasoit — neutn (0.002-0.05 mm), a mo
OCHOBaHHMIO TpeyrojibHuka — cojaepxkanue mecka (0.05-2 wmm). YtoObl omnpenenuTh
KJIacCU(UKAIMOHHYIO TPUHAIICKHOCTh TIOYBBI 110 TPAHYJIOMETPHH, HEOOXOIMMO COBMECTHO
aHATM3UPOBATh yXKe TpH (Gpakuuu. s 3TOro Ha JIEBOW CTOPOHE TPEYroJbHUKA, TIe OTIIOKEHO
COJICp)KAaHME WIIMCTBIX YAaCTHIl, HAXOAAT TOYKY, COOTBETCTBYIOIIYIO cojepxanuio mia (<0.002
MM). 3 3TO# TOUKH MPOBOIAT NPSAMYIO, MAapaICIbHYI0 OCHOBaHHUIO (CTOpoHA “mecka”).

3ateM Ha MpaBOW CTOPOHE TPEYyrojbHUKA (COJCp)KAHHE IBUIM) TAKKE HAXOIAT TOYKY,
COOTBETCTBYIOIIYIO COJEPKAHUIO TIBUTH B HCCIEAYEeMOW I0YBE, M M3 HEe IMPOBOJSAT JIMHHIO,
napajuieNIbHYI0 JIEBOW CTOPOHE — MapajlIeIbHO OCH «COJep)KaHWe wia». J[Be mpsMble JTUHUH
MIEPECEKyTCsl BHYTPU TPEYroJIbHUKA B HEKOTOPOW TOYKE, B KOTOPYIO TAaKKe TOMAIAaeT W TPEThs
JVHHS, TPOBEIEHHAass W3 TOYKH, COOTBETCTBYIOIIEH COAEPIKAHUIO TI€CKa Ha OCHOBAaHHH
TPEYrOJIbHUKA MapajuleIbHO OCH «IIBLIB». JTa TOYKA MEPECeUeHHs TpeX JMHUH TPeyrojJbHHUKa
00s3aTeNIbHO OKaXXeTCsl BHYTPU KakoW-1u00 o0nacTd, OTBEYarolled 3a OIpPEIeIIEHHYIO
KJIaCCU(UKAMOHHYIO TIpynmy mouB Mo rpanyinomerpuud. Ha puc. [.1.5, a npencrasnena
nopoOHast KiaccH(UKAIMA TOYB 10 TPAHYIOMETPHH, XOTsS HEPEAKO HCIOJB3YIOT W Oolee
MPOCTYIO, TIpeAcTaBieHHy0 Ha puc. |.1.5, 6. [lpuHIUIBE ompeneneHus Ha3BaHUSA IMOYBHI IO
IPaHYJIOMETPUIECKOMY COCTAaBY M B 3TOM CITy4ae OCTAIOTCS TeE XKe.

©
S Q
S 2
v Y
Nd O
4
Ry
$) )
Q Had euHa\  apunucrei \1PY1esaN0-
S 2nuHuCBI
onecuarennsil\ YUK CyanuHoK

2nuHucnBIt —
CyaruHuK uiono
 cyanuHok sarsil
0recyaHeHHbI 2A1LIHO
nbineeansid

CYalTUHOK
Y, N CyalTUHOK Cy2nuHoK -
dmesox e ""”"F” ®
100 920 80 70 60 50 40 30 20 10

IMecok (0.05-2 mm)




20

O4YeHb

S R TOHKO- "30«6
S AvcriepcHas N}
6\/ Q. %6
e 2
o 2
N OHKOAMCTEep CHast ° o
) TOHKOOW! ‘O
N %0,
N %
S
& cpeAHeaucnepcHast

9
~ rpy6o-
avcnepcHas

100 9 8 70 60 50
IMecok (0.05-2 mMm)

Puc. 1.1.5. Tpeyronbauk @eppe it KIacCUPUKALUU [T0YB [0 TPAaHYJIOMETPUUYECKOMY COCTaBY
(a) wu ympomennas kiaccubukarus (0), HCIONB3yeMbIe B HEKOTOPBIX 3apyOEIKHBIX
KJTaCCU(PUKALUAX

Kak yxe yka3blBaJoch, OTEYECTBEHHAs KilacCU(PUKAIMS — JBYXMEpHas, HCIOIb3YET
COOTHOLIEHUE (U3NYECKON IIUHBI U (PU3HUecKoro necka. 3apyOexxHble — TpexmepHbie. Kpome
TOr0, W TPaHHIBl (QPaKIHid B ITUX KIACCUPUKAIMAX HE COBMANAIOT (CpaBHUTE, B HAlICH —
¢msmueckas rmuna <0.01, a B 3apyOexHbix <0.002 MM, — OYCHb 3HAYMTEIbHBIC pa3IUums!).
[TosTOoMy mpsiIMOTO Tepexoja M3 OJHOW KiaccuuKauu B APYryI0 HE CymiecTByeT (OAuH H3
croco0OB MOXKHO HalTH, Hampumep, B «l[loneBbix m sabopartopHbIX MeTozax...», 2001; cwm.
Jlurepatypy k ['nase |.1).

Onpedenenus

DaemMeHTapHbIe MOYBeHHbIE YacTULbI (DITY) — 00710MKH TOPHBIX TIOPOJ U MUHEPAJIOB, a
TaKkKe aMOp(HbIE COEIMHEHUS, BCE JJIEMEHThl KOTOPBIX HAXOJATCA B XHMHUYECKOM
B3aMOCBSI3U U HE MOIJJAI0TCS pa3pyLIEHUIO OOIENPUHATHIMU METOIaMHU MENTU3ALUH.

@®pakuus 3J1eMeHTAPHBIX MOYBEHHbBIX YaCTHII, HJIM (PPaKUUs TPAHYJIOMeTpHYecKas —
JJIEMEHTApHBIC TOYBCHHBIC YaCTHIbI, OOBCIMHEHHBIE 1O CBOMM pa3MepaMm B
ornpenencHHyto rpymny. Beigenstor ¢ppakiun: 1-0.25mm (kpymabiii necok), 0,25 - 0,05 mm
(menkuit mecok), 0,05- 0,01 mm (sreccoBumnas kpymnuas mbuib), 0,01 - 0.005 mm (cpemHsist
meutb), 0,005 - 0,001 mm (menkas mbutb) U Menbine 0,001 mm (mn). ITo comepskanuio
(bpaxiuii ONpeaessroT IPaHyIOMETPUUSCKHI COCTAB MOYB.

[Ton rpanyiaoMerpuyeckuM (MEXaHUYECKHMM — YCTapeBlee, MOYBCHHOW TEKCTYpOil)
COCTaBOM IIOYB M MOYBOOOPA3YIOIIMX IOPOJ MOHUMAKOT OTHOCHUTENBHOE COAEp)KaHUE B
1oy4Be (ppakLUii FIIEMEHTAPHBIX OYBEHHBIX YACTHUL PA3IMYHOTO AUaMEeTpa, HE3aBUCUMO OT
UX MHMHEPAIOTMYECKOTO M XHMHMYECKOIO COCTaBa. [ paHyJIOMETpUYECKHH COCTaB
BBIPA)KAETCS B BHJIE€ MAacCOBBIX IPOLEHTOB (pakiuil TpaHyIOMETPUUECKUX YaCTHIL
Pa3IM4HOTO pa3mepa.

['panynomerpuuecknii coctaB Mmo4yB — (yHIaMEHTaJIbHOE, 0a30BO€ CBOWCTBO IOYBHI, BO
MHOT'OM OIPEIENSIONIee APYTHE €€ CBOMCTBA U XapaKTEPUCTUKH.

Metoanb! onpeesieHUsi TPAHYJIOMETPUYECKOI0 COCTABA M0YB

['paHysoMeTprueCcKHid aHAJM3 IOYB COCTOMT W3 JByx odtanoB: (1) nucmepramms
MOYBCHHOW Macchl U (2) aHanu3 COICp)KaHMs YaCTHUIl Pa3IUUHOTrO pasmepa. OCHOBHOU 3amauecii
MIEPBOTO 3Tara rPaHyIOMETPUUYECKOT0 aHAJIU3a SBJSETCS OTJIEICHHUE AIIEMEHTAPHBIX TTOUBEHHBIX
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qacTHIl Apyr ot apyra. BemomuuMm (puc. 1.1.1), 4TO MOYBEHHBIC YaCTHIIBI B OYBE COCITUHCHBI B
MUKpO- M Makpoarperatbl. [losToMy, mnpexiae Bcero, BaXHO pasienutb ux. s storo
HEO0OXOIMMO XMMUYECKUMHU U (PU3MUECKMMH METOJaMH Pa3pyLIUTh TOT HMPUPOJHBIM «KIIEH»,
KOTOPBIM COEQUHSET ATH YacTUlbl. TakUMH HPUPOJHBIMU <KJIESIMU», arperupyromumMu
JIIEMEHTAapHBIC TOYBCHHBIC YACTHIBI, B 1OYBE, KAK TNPABWIO, SBISIOTCS HOHBI Ca’’,
opranuveckue Bemiectna, okucisl Fe, Al. Ha mepBoMm sTame HEOOX0IMMO «HEHTPATM30BATH» HX
arperupyrouee jaeiicrsue. Haumyumum MeTOIOM B 3ITOM cCiydae SIBIsSIETCS INPUMEHEHHUE
nupodocdara HATPHSI U MOCTICIYIOIIEE MEXaHHUECKOE BO3CHCTBIE (MHTCHCUBHOE PACTHPAHUE
MOYBCHHOW MAcThl, MPUMEHEHUE YIIbTpa3Byka). Mexanusm neiicteus nupodocdara Na B aTom
ciydae TakoB: MOH Na 3ameniaer B MOYBEHHOM IMorjomaronemM komiuiekce noH Ca, cHUMas
arperupymoiiee BO3JCHCTBHE TOCIEIHEr0 M OKa3blBas JUCIEPrUpYIOIlee BIMSHHE Ha IOUBY.
Annon xe nupodocdara nmpenoxpanser oOpa3zoBaBUIMECS YACTHIBI OT KOAryasiuu 3a CUET
¢dbopmupoBanus wieHkd (ocdato. OgHAKO, Aa)Ke €CIM YaCTHULIBI U OKa3bIBAIOTCS XUMUYECKHU
pa3JesIeHHbIMH, JUIS TOTO YTOObI MEXIy HUIMH 00pa30BbIBATMCH 3aMETHBIE BOJHBIE MPOCIONKH,
U OHHU MOIJIM IMPOSBIATH CAMOCTOSITEIBHO CBOM CBOWCTBA, HEOOXOJMMO MEXaHHMYECKOe
BO3JIEHCTBUE. DTO BO3JIEHCTBUE OKA3bIBAIOT JUOO B BUJE MEXAHUYECKOTO PACTHpPaHUs NacThl B
CTYIIKE MECTUKOM C PE3MHOBHIM HAKOHEUHUKOM, JHMOO B BHJIE YJIBTPa3BYKOBOT'O BO3/EHCTBUS,
100 B BUJIE KUIISTYEHUS CYCIIEH3HH.

[locne srama pas3aeneHUs] YacTHI] OCYLIECTBISIETCS BTOPOM 3Tall T'PaHYJIOMETPUYECKOTO
aHaJIM3a: OIpEe/eIeHHE COJEepKaHUS YaCTULl TOTO UJIM MHOIO pa3Mepa C MOMOIIbIO, HAlpUMeED,
MUIIET-METO/[a, OCHOBAHHOTO Ha NpuUMeHeHHH 3akoHa CTOKCa M HCHOJIB3YIOIIET0 OCHOBHBIE
npuHIMnel  cequmenTomerpun  (A.D.Bamonunna, 3.A.Kopuarmua, 1986). DT mpUHIUIIEI
takoBbl. Mcnonb3yercs 3akoH CTokca 1 paBHOMEPHOTO JBM)KEHHUS IApOOOpa3HBIX YacTHUIl B
AKUJKOCTH:

_2.0%9(r.-ry)
- h

rae V — CKOpOCTh MNaJeHUs TBEpAO(a3HBIX YaCTUIl B KUIKOCTH, I — paauyc yacTul, g —
YCKOpeHue CBOOOJHOrO MAJCHUSI, ps U pPw — IUNIOTHOCTU TBEpAON (a3pl MOYBBI U BOABI, # —
JTMHAMUYeCKasl BSI3KOCTh. YuuThiBas, 4to V = I/t, T.e. paccrosuue () Ha Bpems (t) , To MOXKHO
TOYHO paccyuTaTh IIIyOMHY, Ha KOTOPOH OKa)XKyTCsl 4aCTHUIbl OINpPEAEICHHOIO pajuyca 4depes
onpenenennoe Bpems (puc. 1.1.6). lanee ¢ 3Toi riryOMHBI B pacdueTHOE BpeMs HaJ0 OTOOpaTh
npoOy CyCIEH3WM C YacTUI[AMU MeHbIe (paBHOro) 3ajaHHOro pamuyca. [lo mpomiecTBUU
HEKOTOPOTO BPEMEHHU C ATOM K€ TIIyOMHBI YK€ MOXKHO OTOOpaTh HpoOy € YacTULaMU elle
MEHBIINX paanycoB. Pacuer pa3HMIBI MEXAy KOHIEHTPAaMEW YacTHIl B IIEPBOM U BTOPOU
nmpo0ax JacT KOHIIEHTpAalMIO YacTUIl OIpPEAE]IeHHOro Juana3oHa paJuycoB, TO €CTh
KOHLIEHTPALIMIO HEKOTOPOH (hpakiuy rpaHyJOMETPUYECKUX 3JIEMEHTOB. 3Has 00beM cocyla, B
KOTOpPOM TPOUCXOJUT OCAXKICHHE, U 00beM IMpoObl, IO KOHLEHTpAlUUU CYCHEH3UU He
MIPEJICTaBIsIeT TPyJa paccUUTaTh U coAep:KaHue (ppakluu B HABECKE MOYBHI. 3a/iaBas pa3Mephbl
YacTHI[ U TIyOMHBI 0TOOpa mpoO, paccuuThiBas mo ¢opmyne CTokca Bpems 0TOOpa U oTOMpas
npoObl, KaK Moka3aHo Ha puc. |.1.6, MOKHO ONpeneNuTh COACPKAHUS 3aJaHHBIX M0 JAUAMETPY
yactull ¢ppakuuit 114, T.e. onpenenuTs rpaHyI0METPUUECKUI COCTaB MOYB.

\'
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Puc. 1.1.6. Cxema onpeznenenus ¢ppakiuuii rpaHyJIOMETPUIECKUX DIIEMEHTOB 10 OCAXKIACHHUIO B
crosiueit Bojie U 0TOOPY MPOO € MOMOIIBIO MUTMIETKU: a) PABHOMEPHO MepeMEIICHHAs CYCIICH3HSI
MOYBBI U 0) OTOOP MPOOBI MEJIKUX YACTHIL Yepe3 OPEICIICHHBIH MPOMEKYTOK BPEMEHU

O160p npod OCYLIECTBISIIOT C MOMOIIBIO CIEUUAIBHON IMUIETKU, KOHCTPYKIUIO KOTOPOM
pa3pabaThIBaJId U YCOBEPIIEHCTBOBAIU (PU3UKHU [MOYB BO MHOTHX cTpaHax mupa. [lostomy oHa u
HocuT Ha3BaHue «llunerka Kaunnckoro—Pobuncona—Kexus».

[Ipu mpuMeHeHUH NHIET-MeToJa 00s3aTeIbHO OTOMPAlOT MpoOkl cycrieH3uu. Bropouem, He
o0s3aTenbHO OTOMpPaTh MpoObl CycneH3uu. MOXKHO HCIOJIb30BaTh M JAPYrol NpUHLUI, Oe3
0oTOOpa MUIETKON CYCIEH3UH. U3MEPATh U3MEHEHUE INIOTHOCTH CYCIIEH3UU T10 MEpPEe OCaXKIEHUs
4acTULl pa3HOU KpynHOCTH. MI3MeHeHHe MIIOTHOCTU Takxke OyJeT MoJuuHAThes 3akoHy CTokca,
T.K. CHayaJla MOHMW)KEHHE IJIOTHOCTH CYCIEH3UU OyJeT NPOUCXOIUTh 33 CUET BbIMA/IEHUS CaMbIX
KPYIIHBIX YacTHIl, 3aTeM — Bce Ooisiee MenkuX. M3MepsaTh IIIOTHOCTH MOYKHO HENpPEPHIBHO Ha
OJIHOH TIyOMHE C IOMOUIBIO apeOMETPOB, JMOO C MOMOLIBIO CIEUUATbHBIX HPUOOPOB AJIs
ONpeJieNieHUs] TPaHYJIOMETPUUECKOr0 CcOocTaBa AMCIEPCHBIX Ten — ceaurpadon. Ceaurpadsl
UCIOJIb3YIOT HPHUHILMII ONPEJENICHUs IUIOTHOCTU CYCHEH3UHM M0 H3MEHEHUI0 HHTEHCHBHOI'O
[IOTOKa PEHTIEHOBCKOTO H3JIY4YEHHs, a B CIy4yae HEOKPAIIECHHbIX CYCHEH3UH — H3MEHEHUs
MHTEHCUBHOCTH CBETOBOI'O IOTOKAa IpPU M3MEHEHUH IUIOTHOCTH cycneH3uu. OTMeTHM, 4TO
nocieqHuid Meto] (M0 M3MEpEeHHUI0 OcCialIeHUs] MPOXOSIIEro 4Yepe3 CYCICH3UI0 CBETOBOTO
Jayda) MaJONPUMEHUM JUJIsl TOYB, TaK KaK B IO4YBaX MPAaKTHYECKH BCErja MPHUCYTCTBYET
pacTBopuMasi OpraHuKa pa3InyHbIX OTTEHKOB, JIAl0IIasi TPYAHO YUYUTHIBAEMYIO MOTPEIIHOCTh. B
J1r000M U3 MeTOJI0B (C MCIOJIb30BAaHUEM MMUIIETKH, ceaurpada, apeoMeTpa) pacueT MPOUCXOIHT C
ucnosib3oBanueM ¢opmyiasl CTtokca, KoTopas Obljla BBIBEIEHA C PSAAOM JOMYIICHHH, MO3TOMY
UMeeT 0COOCHHOCTH B MPHJIOKEHUU K MOYBEHHBIM U3MEPEHHUSM, O KOTOPBIX CIEAYeT MOMHHUTb.
YTOUHUM 3TH OCOOEHHOCTH.

YacTuiibl 0OCaKJar0TCsl HE3aBUCUMO JPYT OT Jpyra. JTO yCIOBHE HAKJa/JbIBA€T OCOOEHHOCTh
Ha KOHIICHTPAIHIO CYCIICH3UH — OHA HEe JI0JDKHA ObITh Ootee 1.5-2%.

Yactuupl JOKHBI ObITH cepuueckoi (opMbl, TOJBKO B 3TOM Cilydyae MNPUMEHUMO
ypaBHeHue Crokca. B mouBe mMmeroTcs 4acTuIbl caMoOi pa3HOOOpa3HOM (QOpMbI, BIUIOTH IO
JIMCTOBATOM, IIacTUHYATON. [I03TOMY B TaHHOM aHaM3€ MbI OIIPENEISAEM HE PEAbHBIA pa3mep
YacTHll, a TaK Ha3bIBaeMbli «3((HEKTUBHBIA pagnyc», — pajnyc, KOTOPbIA UMeNn Obl YaCTHUIBI,
ecyii Obl OHU OBLIM OKPYTJIOH (hOPMBI M UX MaJIEHUE B )KUJIKOCTHU MOJUUHAIOCH 3aKoHy CTOKca.
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3akon CTokca MPUMEHHUM JUIS ONpeesieHHoro auamna3ona quameTpoB dactuil: >0.0001 mm u
<0.25 mm. Kak wm3Bectno, wactumbl menee 0.0001 MM yxe moaBep:keHBI OpPOYHOBCKOMY,
TEIUIOBOMY, ABM)KEHMIO. VX colepkaHue omnpenenuTh Mo 3aKoHy cBoOoaHoro najaeHus Crokca
HeBO3MOXXKHO. Kpome Toro, 3akoH CTOKca HCIOJIB3YET YCIOBUE JIAMUHAPHOCTH JIBHXKEHUS
YJacTHIl. DTO HAKJIAJBIBACT YCIIOBHE OINPEACICHHS YacTHUIl TUaMeTpoM ToJibko MeHee 0.25 MM,
Tak Kak OoJiee KpyIHBbIE, BO3MOXXHO, OyIyT OCaXJIaThCsi C BO3HUKHOBEHHEM TYpOYJIEHTHBIX
SIBJICHU.

[Ipu majmeHun 4YacTUll BO3HUKAET TPEHHUE, HO ITO TPEHUE BHYTPH KUIKOH (a3bl, a HE Ha
rpaHuLle TBepJas YacTULIA—KHUAKOCTh. COOTBETCTBEHHO, MCIOJB3YETCS BS3KOCTbH pPacTBOpa
nupodocdara ¢ IOMPAaBKON HA TEMIIEPATYPY, IPU KOTOPOI MPOUCXOIUIIO ONIpeIeTICHHUE.

Cnenyer OTMETHTb, YTO IPAaHYJOMETPUYECKHI COCTaB — OJMH M3 OCHOBHBIX (DaKTOPOB
IIOYBEHHOTO  Imogopous. IloaToMy  HEONHOKpAaTHO  JENIaJuch  IIOIBITKM  CBS3aTh
IPaHyJOMETPUYECKHI COCTaB ¢ MOTEHUUAIbHBIM IuIoAopoaueM. OnHa U3 HamboJjee ynayHbIX
nonbIToKk npuHauiexkuT H.A.KaunHckoMy, KOTOphIil oleHnn B OayuIbHOM cHCTeMe MOYBbBI IO
rpanyiomerpudeckomy cocraBy (cm. Ta6m.3 Ilpunokenus). [Ipu 3ToM JIepHOBO-TIOA30MCTHIC
MOYBbI UMEJIM HAUBBICIIMM Oail JUisi CPEAHETO WM JIETKOIO CYTJIMHKOB, @ BOT YEPHO3EMbI — JJIs
TSDKENBIX CYTJIMHKOB U TIIUH. Yem ke 00ycaoBieHa Takasi CBsI3b IOYBEHHO-TEHETUYECKUX TUIIOB
C TpaHylnoMmMeTpuieckuM coctaBom? [lo Bcell BHIMMOCTH, OMATH-TaKd C (HOPMHUPOBAHHEM
ONTUMAJIBHOTO BOJHO-BO3JAYIIHOTO PEXKHUMA: JEPHOBO-TIOJI30JIMCThIE TOYBBI 0OO0JI€€ JIErKOro
COCTaBa JIydlle JAPEHUPYIOT BOAY, M B T'YMHJHOW 30H€ B 3TOM Cjly4yae B II0YBAX TAKOTO
IPaHyJOMETPUYECKOTO0 COCTaBa OO0JbIlIe MOYBEHHOTO BO3AyXa, KOTOPBIM BO BIAXXKHBIX MOYBAaX
MOJKET 0Ka3aTbCs JTUMUTHPYIOIUM (PakTOpOM. A BOT B UEPHO3EMHOM 30HE JIMMUTUPYIOIIEH, KaK
MIpaBUJIO, SIBJISIETCS Biara. A TJIMHUCTBIE MOYBBI €€ YJEpKUBAIOT OOJIbLIE, YEM MOYBBI JIETKOTO
coctaa. [loaTOMy TspKemble MOYBBI MMOTY4alOT HaMBBICIIUI Oaiul cpeau yepHo3emoB. OnHako,
H.A.KaunHCKul y49uTBIBAI M TO, YTO HYEPHO3EMBI XOPOIIO CTPYKTypupoBaHbl. CTpyKTypa
OKa3bIBAETCs CIEUU(PUUECKUM U BKHEUIIUM MOYBEHHBIM arpou3nyeckuM (HakTopoM.

CTpyKTYypa No4YBbI

Ecnu onsate oOpatuthes Kk puc. |.1.1., To COBEpIIEHHO OYEBUJHBIM CTAHOBUTCS TOT (aKT, YTO
[IOYBEHHbIE YaCTUIbl 00bEIMHEHB] B YCTOWUMBBIE 0Opa3oBaHus, B arperarbl. CBONCTBO MOYBBI
00pa30BbIBaTh YCTOMYMBBIE arperatbl — 3T0 CBOWCTBO MOYBEHHON CTPYKTYpHI, OXKaIyl, camoe
BAYKHOE CTPYKTYpHOE M (YHKIIMOHAJIBLHOE CBOMCTBO MOuBbl. Ha 3TOM k€ pucCyHKe BUIHO, UTO
arperatr xapaKkTE€pU3yeTCs TeM, YTO CBS3M BHYTPH HEro, MEXIy OTACIbHBIMU 4acTHiamu (B
MUKpoOarperare) Wil MUKpoarperatamu (B Makpoarperare) BbIpaKCHbI CHJIIbHEE, YeM MEKIy
arperaramu. [103TOMy-TO B MOYBE U BBIJENSIOTCS OT/EIbHBIE arperaThl, IO3TOMY-TO OYBEHHAs
CTPYKTYypa IpeJCTaBJIEHA PACChIMYaThIM, 3€pHONOJO0HBIM arperupoBaHHBIM BEIIECTBOM, a HE
€AVMHOM MOHOJMTHOM Maccoil. Yem uydie BbIpa)keHa 3Ta CTPYKTypa, YEM YCTOMYMBEE K
BO3JICHCTBUIO BOJII M MEXAaHWYECKUMX HAarpy3oK IIOYBEHHbIE arperarbl, TeM Jydlle
(YHKIIMOHUPYET MOYBa, TEM BBILIE U YCTOWYUBEE €€ MPOJAYKTUBHOCTh. DTO BIIOJHE MOHSTHO:
BEJlb XOpOIIasi CTPYKTypa OIpPENEsseT U XOpOollee IPOHUKHOBEHUE BJIArk 3a CUET INOHM)KEHHOU
IUIOTHOCTH TIOBBIIIAETCS €€ MOPO3HOCTh, U IOYBAa CIIOCOOHA BMECTUTh M YJIepXkaTh OoJblliee
KOJIMYECTBO BOJIbl, MUTATEIbHBIX BELIECTB, B HEH Jydllle IBUKYTCS r'a3bl, aKTUBHEE Ta3000MEH.
OpHako, 3T0 Bce KauecTBEeHHbIe MOHATHA. CyIIeCTBYIOT U KoJnyecTBeHHbIe. OCTaHOBUMCS Ha
XapaKTepUCTUKax MUKpoarperatoB (arperatoB auamerpom menee 0.25 MM) U Makpoarperatros
Wi npocto arperaroB (6osee 0.25 mm).

MukpoarperaTHblii COCTaB I104YB

TpaauIMOHHO pachpeieieHHe MUKPOArperaToB mo pasmMepam (MUKpOarperaTHblii COCTaB MOYB)
paccMaTpuBaeTCcsi COBMECTHO C I'PaHYJIOMETPUYECKUM COCTaBOM IO4YB. boisiee Toro, ¢gpakuuu
MHUKpOarperaTtoB 1o pasMepaMm aHaJIOTMuYHbl (paKUsM TPaHyJIOMETPUUECKUX IJIEMEHTOB. DTO
MO3BOJISIET TPOBECTU pPAJ OLIEHOK YCTOWYMBOCTU MHUKPOCTPYKTYpbl. OJIHAKO BO3HUKAET
npoOieMa BBIJICNICHUS 3TUX MEPBUYHBIX arperarHblx oOpa3oBaHuil 0e3 ux paspymeHus. s
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TOTO 4TOOBI BBIJICTTUTh MHKPOArperaThbl, HaJl0 MOYBY MOJIBEPTHYTh TAKOMY BO3ICHCTBHUIO, YTOOBI
pa3pymuTh Makpoarperarsl, IMpH 3TOM COXpaHWB MHUKpoarperaTsl. [lo Bcell BHAMMOCTH, 3TO
BO3JICHCTBUE JOJKHO OBbITh Oosiee ciaboe, yeM HCIOJIb3YyeMOE IMpPH TPaHyIOMETPUUYECKOM
aHanmu3e. VIMEHHO TOATOMY NpPH MHKPOArperaTHOM aHAJM3€ MPUMEHSIOT KOHIICHTPALUIO
nupodocdara HaTpUsT HA MOPSJOK HIDKE (WM ero He HCIOJB3YIOT BOBCE) M OYEHb Claboe
MeXaHMYeCKoe BO3ACUCTBHE. JTa (U3UKO-XMMHUYECKAs JHCIIEpralys MO3BOJISET Pa3pyIINThH
MaKpoarperaTtsl, HO COXpaHHTb MUKpOarperarsl.

['panynomeTpuvecknii ¥ MUKpOArperaTHbIi aHaIM3bl OyIyT OTIMYATHCS IMPEkKIE BCETO BO
bpaknusax wia ¥ mecka. Tak Kak MpPH MHUKPOArperaTHOM aHaU3y MBI HE Pa3pyIIMIN YacTh
MUKpOarperaTos, BKiIrovaromme u ui (cMm. puc.l.1.1), ero KoJuuecTBO MEHbIIE - OH Y4aCTBYET B
CTPpYKTYpOoOOpa3oBaHUM  MHKpoarperaToB. PasHuWIla B COJCp)KaHMH  WiIa  MEKIY
TPaHYJIOMETPUYECKAM M MHKpPOarperatHelM  COCTaBaMH  OygeTr  TOBOPHTH O
CTPYKTYpOOOpa3yroleil poiii MOYBEHHOTO Miia. HarmpoTus, - comepikanue recyanbix (ppaxiuii B
MHUKPOArperaTHOM COCTaBE YBEIIMYHUTCS. K DIIEMEHTAPHBIM IMOYBEHHBIM YACTHIAM IECYAHOTO
pasmepa TmpHOaBATCS €€ W MHUKPOArperaTuKd C JHaMETPaMH, pPAaBHBIMH II€CYAHBIM
KOMIIOHEHTaM. BOT Ha 3THX COOTHOIIEHHS WJja, TIECYaHbIX (paKIUil B TPAHYIOMETPHUECKUM H
MHUKpPOAarperaTHOM  COCTaBaX ®  IIOCTPOCHBI  OCHOBHBIE  KOJMYECTBEHHBIE  OIICHKH
MUKPOArperupoBaHHOCTH TTOYB.

Koadpumuent mucnepcHoctn no Kaumnckomy (K,, %): K, :7”" 100 %, rne U, u U, —
comepkanne  Qpakmmu  wia  (wactuisl  <0.001  MM)  mpH MHKpOarperaTHOM W
IpaHyJIOMETPUYECKOM cocTaBax. Uem Bbllie 3TOT Ko3dduuMeHT, TeM Oojee AuUCIepCcHa, Jierye
NEeNTH3UPYETCs, MEHee MHKpoarperupoBana mousa. OO0 3TOM TOBOPUT M CaMO Ha3BaHHE
kodpdummenta — kodhdumenT mucnepcHocTH. BoT HekoTophle KiIacCHU(pUKAIIMOHHBIC
rpaJaliii TOYBEHHOW MUKPOArPETHPOBAHHOCTH I10 STOMY MTOKa3aTeIIo:

<15 — BbICOKasi MUKPOOCTPYKTYPEHHOCTb

15-25 — xopomas

2540 — ynoBieTBOPUTETHHAS

40-60 — HeyJOBIETBOPUTEIIHHAS

>60 — BecpMa HU3Kas.

Crenenp arpermpoBaHHOCTH 10 BoiiBepy (4., %): A :% 100%, rpe 11, u II, —

™
coaepxanus (paxiuii mecka (MEJIKOro, CpeIHEro, KPymHoro), T.e. yactuil guamerpoM >0.05 Mmm
IIPU MUKPOArperaTHOM U IpaHyJIOMETpUYECKOM aHann3ax. Ho mpu Mcrosik30BaHUM yKa3aHHOTO
KodduireHTa cienyeT MOMHHTh, YTO YeM OH BBIIIE, TEM JIy4llle arperupoBaHa IOYBA.
Bo3MoskHa Kiraccudukanus MUKpOOCTPYKTYPEHHOCTH TIOYB HA OCHOBAaHHMH TIOKA3aTeNs Ay

>90 — oueHb BBICOKAs MUKPOArperHPOBAaHHOCTb

8090 — BrIcOKas

65-80 — xopommas

5065 — ynoBneTBOpUTETHHAS

3550 — cimabas

20-35 — BecpMma ciabast

<20 — Hm3Kas

[IpuBeneHHBIME TIOKA3aTENSIMA MHKPOArPErHPOBAHHOCTH MOJKHO TIIOJIB30BAThCSl Kak IPH
CpaBHEHHMH TIOYBEHHBIX 00pAa3IOB, TaK M MPU XapaKTEPUCTUKE MUKPOATPEraTHOW YCTOHYUBOCTH
KOHKPETHOM MOYBBI.

CTpyKTypHBIii (MaKpoarperaTHblii) COCTaB M0YB
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B ¢wusuke 1nouB, CTPYKTypy IOYBBl OLIEHMBAIOT KOJMYECTBEHHO HAa OCHOBaHUU
pacmpesielieHusl COJICpXKaHUsl arperatoB (BO3AYNIHO-CYXMX M B BOJE) 0 HX pa3MepaMm.
AHaJIOTMYHO TOMY, KaK 3TO JENaeTcsl B IPaHYJOMETPUYECKOM U MHUKpOArperaTHoM aHaiusax,
CTPYKTypa BbIpaXaeTcsi B COJEpKaHUU (pakUuil arperatoB OINpPENEJICHHOI0 pa3Mepa
(mrametpa). IlepBbIM KOJMYECTBEHHBIM IIOKA3aTEIeM CTPYKTYPhI SIBISICTCS COJCPIKAHUC
BO3JIyIIHO-CYXUX arperaroB paziuuHoro pasmepa. llomywaercs 3ToT moxazartens Onaromaps
pacceBy BO3AYIIHO-CYXOro IOYBEHHOIOo oOpaslia B JIaOpaTOpuM Ha CHUTaX C pPa3IMYHBIM
JMaMeTpoM oTBepcTHid. Kak mpaBmiio, HCIOJB3YIOT CUTa ¢ quameTpamu otBeperuii 10, 7, 5, 3, 2,
1, 0.5 u 0.25 MM, coeauHsIsi MX B TIOCIEIOBATEIbHBIH HAOOpP — OT OOJBINErO JUaMeTpa K
MeHblieMy. Ha Bepxaee cuto ¢ muamerpom 10 MM BEICHITIAeTCS IPEABAPUTEIHFHO B3BEIICHHBIN
cpenHuil oOpasell IMOYBBI, CHUTa BCTPSIXUBAIOT, U arperaTbl pacrojaramTcsi B CHTax
COOTBETCTBEHHO MX pa3Mepam: Ha BepxHeM — >10 mm (¢ppaxims > 10 MM), HA CIEAYIOMIEM C
mraMeTpoM 7 MM — ppakiust 7—10 MM, ¢ tuamerpom 5 Mm — ¢pakuus 5-7 MM U T.11., a B OCTaTKe
OyayT MHKpoarperaTbl M OSJEMEHTapHbBIC IOYBEHHBbIE dYacTHIBl auamerpom <0.25 mm —
npuieBatas 4yacTh MouBbl. CoJepkaHue KaKIOW (QpakuMM JIETKO MOXHO paccuMTaTh Kak
COOTHOIIEHHUE ATON (paKIHK K B3ITON HaBecke. ECTECTBEHHO, YTO caMble KpPYITHbIE arperarbl —
[NIbIOBI M caMbleé MEJKUWE — TMblIeBaTash 4YacTh IIOYBBI YKa3blBAalOT Ha HEOJIAronpusiTHOE
arpo(u3nyeckoe COCTOSHHE TMOYBEHHOW CTPYKTYpbl. A arperatbl pazmepamu 10-0.25 mm —
MPUJAIOT [OYBEHHOM CTPYKTYype €€ YHHUKaJIbHBIM BHJI B BHJE IOYBEHHBIX KOMOYKOB H
ONpEENAT MOYBEHHOE Iiojopoaue. [1o3ToMy HMX M HAa3bIBAIOT A2POHOMUYECKU YEHHbIMU.
Copep:xaHue arpOHOMUYECKH LIEHHBIX arperaToB — BaKHEHIIINN MOKa3aTellb €€ COCTOSHUS: YeM
BBIIIE HUX coJiepkaHue, TeM Jydmie nouyBa. Hemapom romopsar: «KynbTypHas mnouBa —
CTpyKTypHasi mnouBa». WrTak, cojepaHWE arpOHOMUYECKH LIEHHBIX arperaroB — OAUH U3
BAYKHEHIINX MOKa3aTeslel CTPYKTYPHOTO COCTOSIHUS MTOUBBI.

JlpyruM mokasaTesieM CTPYKTYpbl SIBJISIETCSI €€ YCTOMYMBOCTb K BHEIIHUM BO3JCHCTBUSM,
CpeIy KOTOpbIX HamOoJiee CYIIECTBEHHBIM SBIsieTcs Bo3jaelcTBue Boabl. [loyBa noimkHa
COXPAHATH CBOIO YHUKAJIbHYIO KOMKOBATYIO 3€pPHUCTYIO CTPYKTYpPY MOcCje OOUIBHBIX OCaJKOB U
MOCJIEYIOLIEro JIETKOro MOJCYIIMBAaHUSA, KOrja oOpa3dyercs He IUIOTHAas HempoHulaemas A
ra3oB U BOJIbI KOPKa, a BHOBb XOpOILIO Pa3JIMYMMbl€ IOYBEHHbIE KOMOYKH, arperarbl. OTO
KayecTBO CTPYKTYpBl Ha3bIBAIOT 800oycmotiuugocmoio. Kak MoXkeT Boja BO3AEWCTBOBATH Ha
CTPYKTYpPHBIEC OTJIEILHOCTH, 32 CYET 4ero ux paspymarts? [Ipexae Bcero, moYBeHHbIE YaCTHUITHI
CMauMBaIOTCsl BOJIOM, BOKPYT HUX 0Opa3yIOTCs IUIEHKH BOJbI, KOTOPbIE UX «Pa3BUIAIOT», UIIH,
KaK HMHOTIJIa TOBOPAT, «PACKIMHUBAIOT» — 3TO PACKIMHHUBAIOLIEE IaBJICHHUE BOJHBIX IUICHOK.
Kpome Toro, npu yBiakHeHUU arperata B HEro ObICTPO BXOJIUT BOJA, 3aKyIIOPUBAET B MOpax
BO3/YX, <3amemisier» ero. Tak Kak BOJa BCAachIBA€TCS IOYBOM C OTPOMHOW CHJIOM, C OYEHb
OOJIBIIMM «BCACHIBAIOLIMM» JIaBJICHUEM, TO U B «3all[EeMJIIEHHOM» BO3AYyX€ 3TO JaBJICHHUE BEChMa
BbICOKO. OH IIPOCTO pa3phIBAET, «B3PbIBAET» TOUBEHHBIN arperar. Takoe B3pbIBHOE BO3/IEHCTBUE
3allEeMJICHHOTO BO3JyXa HaumOoJjiee 4acTo BCTpPEYaeTcsi B MPUPOJE MPHU YBIAKHEHUU CYXOH
nouBbl. [IpoTHMBOCTOSITH 3TOMY BO3AEHCTBUIO MOTYT JIMIIb arperarsl, 006Jajarone
COOTBETCTBYIOIIMMHU CBSI3IMHU MEXIy ClIaraloUMMU arperar 4acTUllaMH, — T.e. OBbITh
BOJIOYCTOMYMBBIMH.

XapaKkTepu3yloT 3TO KayecTBO CTPYKTYpPbI TAaKKe C MOMOIIbIO pacceBa Ha CUTax, HO HE Ha
BO3/lyXe, a B cTosued Bome. s 3TOro mpeaBapuTelibHO (KAMMJUIAPHO) YBIAXKHEHHBIN
MOYBCHHBIN 00pa3ell MepPeHOCAT Ha BepXHEee CUTO (B JAHHOM Cllydae — 3TO CHTO C JAMAMETPOM
orBepctuii 5 MM, cuta 10 U 7 MM He HCIOJIB3YIOTCS: TaKOTO pa3Mepa BOJOYCTOHYHMBBIX
arperatoB B ©CTECTBCHHBIX II0YBaX MpPaKTHUeCKH He HaOmogaercs). [locie Jierkoro
MOKa4yMBaHUs Habopa CUT B BOJE C KaXJOI'0 M3 HUX CMBIBAIOT BOJIOYCTOMUYMBBIE arperarsl u
OTPEENSAIOT UX cojiepkanue. Kak u B ciayyae ¢ CUTOBBIM aHAJIM30M BO3/YIIHO-CYXUX arperaroB
— «CYyXOro» IpPOCEHUBaHMs, — TMOJY4alOT pACIpeAeeHUEe COJEPKaHUS BOJIOYCTOMYMBBIX
arperaroB IO UX pa3Mepam (auamerpam).
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[lo conepkaHWI0O arpoOHOMHUYECKH IICHHBIX AarperatoB, a TaKkKe [0 COJEPKAHHIO
BOJOYCTOWYMBBIX arperatoB ¢ auamerpamu >0.25 MM XapaKTepu3ylOT arperupoBaHHOCTh H
BOJIOYCTOHYHBOCTH CTPYKTYPHI TIOYBHI.

[To comeprkaHMIO arPOHOMHYECKH IIEHHBIX arperatos, pazmepoM 10-0.25 MM BBIIEISIOT:

>60% — oTIMYHOE arperaTHOe COCTOSTHUE

60—40 — xoporiee

<40% — HEeY/IOBIECTBOPUTEITHHOE

JInGo nUCTIONB3YIOT TaK Ha3bIBaeMbIi KO duIHeHT CTpyKTYpHOCTH (Kepp):

_ S(10- 0.251)
Ko, =
S(> 10mm, < 0.25MM)

Jtor K03 dUIMEHT TaKke OCHOBAaH Ha KOJIWYECTBE arpOHOMHUYECKH IICHHBIX arperatos,
arana3onsl Ky, NCTIOJIb3yeMbIe U KAYeCTBEHHON OLIEHKH CTPYKTYPbI, COCTAaBIISAIOT!

>1.5 — 0TVINYHOE arperaTHoe COCTOSIHUE

1.5-0.67 — xoporree

<0.67 — HEYyIOBIETBOPHUTEIHHOE.

O1eHKYy BOJIOYCTOHYMBOCTH CTPYKTYPBI IOYBHI IMPOBOASAT IO arperaTHOMy COCTaBy IOCIE
«MOKpOTo» mpocenBanusi. Hanmpumep, mo kommvectBy arperatoB >0.25 mM. Uem Goutbliie Takux
arperaToB TIOJYY€HO B pe3yJbTaTe MPOCEUBAaHUS TIOYBBI B BOJE, TEM JIy4Ile BOJAOYCTOMYMBOCTh
cTpykTypsl. [IpuBoguM kiaccu(MKaMOHHBIEC JWAIA30HbBI Ui Ka4eCTBEHHON XapaKTEPUCTHKH
BOJIOYCTOMYMBOCTU CTPYKTYpbl MO cymme arperatoB pasmepamu >0.25 mm (cMm. Taxke
«CrnpaBouHble MaTepuaibi», Tadm.1 [Ipunoxenus):

<30 % — HeynoBiIeTBOPUTENLHAS

3040 —ynoBneTBOpHUTEIbHAS

40-75 —xoportas

>75 % — u30bITOUHO BBICOKASI.

Hepenko TpeOyercs WCMONB30BaTh JaHHBIE CHTOBOTO aHajiW3a B BUAEC OJTHOTO
€IMHCTBEHHOTO TIOKa3aTels, a He B BUAE pacIlpellelieHUs] arperaToB mo ¢pakmusm. Tak kak
pacripenielieHue arperaToB Mo (QpakiusM — 3TO paclpelesieHHe, KOTOpOoe TPYIHO OIHCATh
eIMHOW MaTeMaTHYeCKOH 3aBHCHMOCTBIO, HWCIIOJIB3YIOT CIEIYIONIHe ITOKa3aTelid B BUJC
cpenHeB3BeleHHOTOo quamerpa arperaros (CB/]) u cpennereomerpuueckoro nuamerpa (CI/) :

CBI =@ XM,

i=1

j— i=1
cra —expg'g—ljl
u
s aM, ¢
E = H
B ykazaHHbIX BbIpaxeHusix Be3zne M; — BecoBoit % (Qpakuuu arperaroB co CpeIHUM

IUaMeTpoM X , N — koaudecTBO (pakuuil. HeTpynHo 3aMeTuTh, 4TO BBIPAXKEHHE, CTOSIIEE B

n
3HaMeHarese 0]l 3HaKOM 3KcloHeHTsl B CI /], é M, — 310 06mwmii Bec oOpasua. Yem BbllIe
i=1
CB/] n CIJ], Tem B Oomblliell Mepe B CTPYKTYpPE BbIPaKE€HbI KPYIIHbIE (PPaKLIUU, YEM HUXKE — TEM
B Oonbleil mepe mbuieBaTa cTpykrypa. Otmerum Takke, uto CIJ/] u CB/] o4eHb XOPOIIO
CKOPPETMPOBAHbI, — KO PHUIHEHT Koppessiun 61au30k K 0.9.
B 3axnitouenue 3Toro pasnena o TBepIoi gaze mouBbl 0OpaTUM BHUMAHHUE HA XapaKTEPHYIO IS
¢usuku nous nuppy — 40% u 3anomuum e€ (puc. 1.1.7) .
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Y/IOBJIETBOPHUT.
nOpO3HOCMb a2pezamos

Puc. 1.1.7. Baxnas B ¢usuke tBepaoi (aszpr mouB BenmumumHa 40%, SBISIOMIAsCS pa3aesioM
MEXIy  BOJOYCTOWYMBOM W  HEYCTOWYMBOW  CTPYKTYypOH, MEXAy  XOpOIIMM U
YIIOBJICTBOPUTEIFHBIM ~ arperaTHBIM ~ COCTOSTHHEM,  MEXIY  yJIOBIETBOPUTEIBHOH |
HEYIOBJIETBOPUTEIBHON MHKpPOArpPErHPOBAHHOCTHIO, MEXKIY CYTJIMHKOM CPEIHUM M TSKEIBIM
(T.e. HAYATIOM TSKEIIBIX TIOYB).

PaccmarpuBasi CTpykTypy MO4YBBI, €€ IIOPOBOE IPOCTPAHCTBO O€3yCIOBHO HEOOXOIUMO
OTMETUTh M TAaKyl0 IIOYBEHHYIO XapaKTE€pPUCTHUKY, KaK CIHOCOOHOCTb ITOYBEHHBIX YaCTHI]
JBUTATbCA APYr OTHOCHUTEIBHO JIPyra, CONPOTHUBIIATHCS CHJIAM CHABIMBAHUS, IPOHUKHOBEHUIO
pPa3IMYHBIX MPEIMETOB BHYTPh MOYBBI. OTy 00JIaCTh TPAJUIMOHHO HA3bIBAIOT IOYBEHHOMN
MEXaHUKOM, - HAYKO#, KOTOpast u3ydaeT (PU3UKO-MEXaHUYECKHUE CBONCTBA MOYB.

Du3uKo-MexaHuvYecKne CBOCTBA MOYB

MexaHu4eckre BO3JCHCTBUS Ha T[OYBY MPOU3BOJATCS CHJIAMH, KOTOPBIE MOTYT OBITh
HANpaBJICHbl MEPNCHAUKYISPHO €€ TOBEPXHOCTH, TOTAa 3TO OYAyT CHJIBI CXKATUS WA
pactspkeHust. Wi moj yriioM, «cOOKy» K MOYBE, - 3TO CHJIbI CIIBHIA, BbI3BIBAIOIIUE JBIKCHUE
MOYBECHHBIX CJIOCB JIPYr OTHOCHTEINILHO JPYra, MX BHyTpEeHHEe TpeHue. BooOiie-To B MpUPOIHBIX
CUTYaIMSIX 3TH CHJIBI (CXKATUS M CIBUTA) Pa3JIMYUTh TPYIHO, OHH 00S3aTEIBHO COMPOBOXKAAIOT
APYr Apyra. DT0 XOPOLIO WILTFOCTPUPYETCS] CKATUEM M CIIBUTOM ITOYBBI TOJ1 JISHCTBUEM KoJjieca
texuuku (puc. 1.1.7).
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Puc. 1.1.8. lebopmariu yrulOTHEHHS U CIBUTA MTPU ABMKEHUH TPAHCIIOPTHOTO CPENICTBA TI0
nouse: |, I, Il — mouBenusie caoun

M3-3a MEXaHMYECKOTO JIaBJIECHUsS NOYBA OyJeT YIUIOTHATHCA HENOCPEICTBEHHO I0OJ KOJECOM, a
TaKKe TMEepPeBUraTbCs B CTOPOHBI OT BoO3JciicTByromiero kojeca (ctpenku Ha puc. 1.1.8).
N3meHeHns no4YBbI MO AEUCTBUEM CHJIBI PACHOJIOKEHHOW NEPHEHAUKYJIAPHO K IOBEPXHOCTH,
T.€. HENOCPEJCTBEHHO BHHU3 OT KOJIECA — 3TO YIUIOTHEHHE II0J] ICHCTBUEM HAIPSDKCHUS CHKATHS
WK TOJT ICHCTBUEM HOPMAJILHOTO JMaBJlicHUs (HAMPSDKEHHMS), YTO MOUYSPKUBACT PACIIOJIOKEHUE
BO3JICHCTBYIOIIEN CHJIBI 110 HOPMaJld K MOBEPXHOCTH. M3MeHeHue mouBbl, HaOdroAaroieecs B
CTOPOHE OT BO3/ICHCTBYIOILErO Kojeca, IPOUCXOAMT 3a CUET HANPSDKEHUS CIBUTrA. DTO JaBJICHUE
(HampspkeHMe) 3acTaBJIICT IMOYBCHHBIC CIIOM TEpPEeMEINaThCs APYr OTHOCHUTENIBHO JIpyra,
«CKOJIB3UTB» OJUH 10 Jpyromy. s ynoOcTBa pacCMOTPEHHUS O3HAKOMHMMCS IIOOYEPENHO C
nepopManusMU CKaTHsL U CABUTA.

Hedopmanus cxarust

[Ton ne¥icTBMeM HOPMAIBHOTO JaBJeHUs, Ps, ToYBa YIUIOTHAETCS, T.€. YMEHbBIIIACTCSI 00bEM
ee MopoBOro mnpoctpaHcTBa. Eciau B HOpPOBOM MpOCTpaHCTBE 3aKIOYaeTcs BOJa, a OHa
HEC)KMMaeMa, TO CKaThe Oy/eT OMpeNensThCS TOJIBKO OTTOKOM BJAarM W3 3TOTO MOPOBOTO
MIPOCTPAHCTBA. DTOT HPOLECC Ha3bIBaeTcsl Koxcoauoayueu. Ecnu xe oOpaszell He HachIlEeH
BJIarO¥, TO €ro yIUIOTHEHHE OYJEeT MPOMCXOJUTh 3a CYET YMEHBIIEHHsS 00beMa IMOPOBOIO
MIPOCTPAHCTBA, 3alOJHEHHOIO BO3JYyXOM, - 3TO IMPOLECC YIUIOTHEHHs. A eciau oOpaszen
C)KUMAETCS 3a CUET KaK YMEHBIIICHHs] BO3JTyXOHOCHOHW MOPO3HOCTH, TaK U OTTOKA BOJBI, — 3TO
nporecc xomnpeccuu. WTak, KOMIpeccHs B II€JIOM BKJIIOYACT TMPOILECCHl YIJIOTHEHUS W
KOHCONUAAMHU. [[MuTenbHbple MEXaHMUECKHEe BO3JCUCTBUS HA HACHIIIEHHYIO IMOYBY B MPHUPOJIEC
BCTpeyaroTcs peako. [103ToMy B peasbHBIX YCIOBHUAX HEPEIKO OTOXKIECTBIISIIOT KOMIIPECCHIO C
YVIUIOTHEHHEM, XOTS B OOIIIEM BHJIE CIEAYeT MOMHUTH (OPMYITYy «KOMIIPECCHS = YIUIOTHEHHE +
KOHCOJIUTAITUSI».

[TapameTrpamu, KOTOpbIE PETUCTPUPYIOT U3MEHEHHUE 00beMa MOYBEHHOTO 00pa3iia npu

CHABJIMBAHUH SIBJISIFOTCS CIICAYIOIIHNE:

1) BenMYMHA OCAOKU WIW YIUIOTHEHUS TOYBBI — MPOICHTA (I0JHM) W3MEHCHHS JTMHEHHBIX

l,-1_D WK M:ﬂ[%], rae | u lo,

WM 00BEMHBIX XapPaKTEPUCTUK TOYBBL: |, =

I0 I0 VO 0
V u Vp — u3MeHeHHass W HavajbHas JuiMHaA (BBICOTA), 00BEM MOYBEHHOTO OOpasIa.
I/IHOFHa HCIIOJIB3YIOT MOAYJIbL OCaAKW — BCIWYHMHY, AaHAJIOTHUYHYHO OCaJIKE WA

JIOTHEHUIO, €, — 3TO BennunHa yMeHblueHus mmHbl (DI, B MM) oOpasnma mcxomHou
yu 7

. N Dl
BbIcOTOM (lg) B 1 M IIpu IIPUIIOKEHUN JOIOIHUTENBHOM Harpy3ku: € =1000— [mm/M];
pu 1p pys o |
0
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2) Kkoaguyuenm nopucmocmu, e, €CTh OTHOIICHHE 00bEMa TIOP K 00beMy TBEpJOH (ha3bl

V
MOYBHI, ¢ = —1OF

, AJIK, €CJIN MCIIOJIB30BaTh TPAAUIIMOHHOC IJIA (1)I/I3I/IKI/I II0YB IIOHATUEC
TB.®@A3bI

_Ig-r
1l-e My
0osee OOOCHOBAHHBIM [AapaMEeTPOM IpU OLEHKe JedopManuii, 4yeM TpaauLMOHHAs
MOPHUCTOCTh, T.K. B Tpoliecce aedopmarnuii HeoOX0IMMO OTHOCUTh BCE JIMHEHWHBIC WIIH
00BbEMHbBIE U3MEHEHUSI K HE3aBUCSILEMY OT 3THUX BO3ACUCTBUNA, HEU3BMEHHOMY 00beMy. A
3TOT 00BeM — 00beM TBepAOM (a3bl. TOJBKO B 3TOM Ciiydae BO3MOKEH CPAaBHUTEIbHBIN

aHaJIn3 I[C(bOpMaIII/IOHHBIX SIBIICHHI — IIprU IOCTOSAHCTBE 3HAMCHATCJIA B BBIPAXKCHUU

IIOPUCTOCTH €, TO € = b KoapuumenT nopucTocTu ABaseTcss GU3NUECKH

—OF _ TlosTroMy B JaHHOM pasjeie MbI OyaeMm B

TB.®@A3bI
OCHOBHOM TI10J1b30BaThCs KO3()(PUIIMEHTOM MOPUCTOCTH.

ko3¢ ¢uLmeHTa MOpPUCTOCTH. e =

Wtak, ecnu moBeprarb IMOYBY YIUIOTHSIOLIEMY HOPMAaJbHOMY [aBJICHHMIO, €€ IIOpOBOE
MIPOCTPAHCTBO OyaeT yMmeHbIIaTbes. [ pa3HbIX MOYB, Ui MOYB B Pa3HOM COCTOSHUM 3TO
yIUIOTHEHHUE OyAeT paznuyHbiM. [IoaToMy 3aBUCHMOCTh U3MEHEHHUS KO3(pPUIIMEHTa TOPUCTOCTH
OT HOPMAaJIbHOTO JaBJEHMsI — 3TO XapaKTepHas IS JaHHOM IMOYBBI 3aBUCUMOCTb, Ha3blBaeMas
KOMIIPECCHOHHOM KpruBOil. Bun 3T0ii KpnBO# npeacrasieH Ha puc. |.1.9.

P, P, Ps, kr/ cm Pep log P

Puc. 1.1.9. 3aBucumocTth KO3(hHUIHMEHTA MOPUCTOCTH IOYBBI OT HOPMAIBHOW HArpy3kd —
CKOMIIPECCHOHHAsI KPUBasi» — B JIMHEHHBIX (a) U B mostyaorapudmuyeckux (0) KoopauHaTax

Ha puc. [.1.9, a moka3aHo, YTO KOMIIPECCHOHHAas KpWUBas OOBIYHO HWMEET BU]I
AKCHOHEHIMAIbHO YyObIBatomield 3aBucuMocTd. CHauana, MOYBEHHAash CTPYKTypa crocoOHa
BbIIEpKATh Majble Harpy3ku. A 3aTeM HeOOJIbLIOE NPUJIOKEHHOE JaBJIEHUE 3aMETHO
YMEHbIIIAET OPOBOE MPOCTPaHCTBO. [1o Mepe ymeHbIIeH!s TOPOBOTO IPOCTPAHCTBA IOUBEHHbIE
YacTULIbI HAUMHAIOT Bce OoJIblIe U OOJIbIIe KOHTAKTUPOBAThH APYr C IPYrOM, MOYBA CHOKMMAETCS
BCE MEHbIIE M MEHbIIe, KpuBas BbloNaxuBaercs. Kak mnpaBuiio, HCHOJB3YIOT
noJyorapuMUYECKue KOOPJAMHATHI: «KodhduimeHT mopucroctn» — «log 3dhdexTruBHON
uarpysku» (puc. 1.1.9, 6). B aTom cirydae nedopmannoHHas 4acTh KPUBOH UMECT B, OIM3KHUIA
K JMHEWHOMY. VM 3HAuMTEeNbHO Jydlle BbIAENAETCS HauyalbHBIH Yy4acTOK Majoro M3MEHEHUs
IIOPOBOT'0O IIPOCTPAHCTBA [IOYB IIPU MAJIBIX HAarpy3Kax BILIOTH 10 HEKOTOPOH BEIUYMHBI Peyyp. [lO
Py CTPYKTYPHBIE CBSI3U B IIOYBE CIIOCOOHBI BBIAEP)KATh IPUIAraéMoe JABJICHUE. DTO MPExKJIe
BCEero OMMKHME, CUJIbHOJEHCTBYIOLIUME CTPYKTYpHblE CBA3M. Ecium uX HeTr, W CBS3U
MPEACTABJICHBI JATBHUMHU KOAryISIIUOHHBIMHU, TO 3TOT YYaCTOK HE BBIPAKEH, U KpUBas IUIABHO
AKCIIOHEHIIMAIBHO yObIBaeT. [Ipy Hamumumu OMMKHUX CTPYKTYPHBIX CBSI3€H, MPU JOCTHKCHHH
HEKOTOPOTO KPUTUYECKOTO JABJIEHHUS OHU Pa3pyllIaloTCs, MOPO3HOCTb MOYBBI PE3KO YOBIBAET.
BennunHy KpuTHYECKOTO aBieHUs, IPU KOTOPOM IIPOUCXOIUT PE3KOE U3MEHEHUE OPO3HOCTH,
HAa3bIBAIOT «CTPYKTYPHOH MPOYHOCTHIO» (Peyp) U XapaKTEPU3YIOT COOTBETCTBYIOIICH BEIMUMHOM
JaBJICHHS <IPEAKOMIIPECCHOHHBIM JaBlieHUEM», Pprecom (Pemp=Pprecom). OTOH  BEIHYHHOM
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KOJIMYECTBEHHO OIICHUBAIOT BHYTPUIIOYBEHHbIE CTPYKTYPHBIE CBSI3U, KOTOPbIE HE pa3pyLIalOTCs
noj aeficTBreM 3(peKTUBHBIX HArpy3ok B anamnasoHe HanpsokeHui oT 0 10 Pprecom . OHA nMeeT
00JIbI1I0€ 3HAYEHHUE U1 OLEHKU YCTOMYUBOCTH IMPUPOIHBIX OOBEKTOB MO AEHCTBHEM BHEIIHUX
Harpy3ox.

Onpedenenus

[Ipouecc yMeHbLIEHUS TOPO3HOCTM HE HACHILEHHBIX BOJONW IIOYB IMOJ BIMSHUEM
3¢ GEKTUBHOIO JaBJIEHUS 3a CUET YMEHbILEHU 00beMa IIOPOBOr0 MPOCTPAHCTBA, 3aHATOTO
BO3JIyXOM, Ha3bIBA€TCs YIIJIOTHEHHEM.

KOHCOJ]I/I)IaIII/Iﬂ — HpouecCC YIIIOTHCHHUA IICPBOHAYAIBHO HaCI)IﬂleHHOI\/II IMOYBbI IIYTEM
otbopa (MEIJIEHHOTO «BBIKMMAHHUA») BOJBI IPU CBOOOIHOM ee oTToke. Ompemesnsercs
CKOPOCTBIO OTTOKA BOJIBI.

Kommnpeccuss — mporiecc yIUIOTHEHHsI HE HACHIIIEHHON BIarod BOJbBI, MPU KOTOPOM
MPOKMCXOJUT M3MEHEHHE TIOPOBOTO MPOCTPAHCTBA MOYB KaK 3a CYCT yMEHbIICHHUS 00beMa
BO3/IyXOHOCHBIX IOP, TaK M 3a CYET OTTOKA BJIarM M3 MOPOBOTO mpocTpancTBa. Kommpeccus
MOYBbl BKJIFOYAET TIPOILIECCHI YIUIOTHEHHMsS W KoHcoimmauuu, Jedopmanus cxartus
XapaKTepU3yeTCcsi KOMIPECCHOHHOI KPUBOW: 3aBHCUMOCTBIO KO3(D(GHUIIMEHTA TTOPUCTOCTH
oT 3(dekTuBHOro JaBicHUs (CyMMa HOPMaJIbHOTO MEXaHHMUYECKOTO JaBJICHUS U
BCACBIBAOIIETO JIABJICHHs OYBEHHOM Biaru). OueHnBaercs mo uHuekcy ymiotHenus (C.)
Wik KodpduuueHty ymiotHeHus (@), TOKa3bIBAIOIIEMY HM3MEHEHHE IOPOBOTO
MPOCTPAHCTBO MMOYBBI HA eAMHUILY U3MeHeHus naBnenus [1/T1a, L/atm u mpou.].

Benuunna KpuTHUECKOTO JaBJCHUS, MPH KOTOPOM TMPOUCXOIUT MEPBOHAYAIHHOE
W3MEHEHHWE TIOPO3HOCTH, W HAYMHAIOT TPOSIBISITECS JAe(popMalMOHHBIE HW3MEHEHHS,
Ha3bIBAaeTC «CTPYKTYPHOU MPOYHOCTHIO» (P.yp) U XapaKTEPH3YETCS COOTBETCTBYIOIICH
BEJIMYMHON JaBJICHHUS — <«IMPEeIKOMIPECCHOHHBIM JaBjeHueM», Pprecom (Pprecom™= Pemp)-
JlanHasi BemMYMHA XapaKTEPU3yeT BHYTPHUIIOUYBEHHBIC CTPYKTYpPHBIE CBSI3M, KOTOPBIC HE
paspyuatroTcs noJi AelcTBUEM HEOOIbIINX 3(PPEKTUBHBIX HATPY30K.

JluneitHass YacTh KOMIPECCHOHHOW KpUBOW (B MOJylIOrapu(MUYECKUX KOOPAMHATAX)
XapaKTepU3yeT CIOCOOHOCTb, «IOJATIIMBOCTH» IMOYBBl K YIUIOTHEHUIO. DTy 4YacTh KpHUBOM

MOKHO OIACaTh C IIOMOINBIO JIMHEHHOTO YpPaBHEHHA THIIA E€=§€ - Cclog(F;¢), W

de

C. =- m . Bemnumna C, — 3TO WHAEKC YIJIOTHEHHUsS, TOKA3bIBAIOIINIH, HACKOJBKO

U3MEHUTCS IOPOBOE MPOCTPAHCTBO IPU HM3MEHEHUH Jiorapupma >(pQPEeKTUBHOIO JaBICHHUS.
YuuteiBas, yTo KO3(PPUIMEHT MOPUCTOCTH MPH YIJIOTHEHHUU 3aBUCUT TOJIBKO OT IIOTHOCTH
dr,
dlogP¢
OOJIBIIMHCTBE MPAKTHUUECKUX CIy4YaeB pa3Max MPHUMEHSEMbIX HallpPsHDKEHUH HEe CIUIIKOM BEJHK,
YTO MO3BOJIAET CUUTATh OJIM3KOM K JMHEHHON M nedopMalMOHHYIO 4acTh KOMIIPECCHOHHOM
KpHBO# B JMHEIHBIX KoopauHatax (puc. XV1.2, a). B aToMm cityyae JTuHEHHOE KOMIIPECCHOHHOE
ypaBHeHHe Oyner mMets BuI €= 4- aP¢, rne 4 — HekoTOpast KOHCTaHTa, XapaKTepU3yomas

MOYBBI, pp, HHICKC YIUIOTHEHHS HEPEJKO 3amuchiBaioT B Bujae C, = - Kpome Ttoro, B

UCXOJIHYIO TIOPUCTOCTh IPYHTA, & — KO3D(DUIMEHT YIUIOTHEHHUs, UMEIOIINI pa3mepHocTh [1/11a]
i [em%r]. D1oT KOS(pQHIMEHT, Tak ke, KAK M HMHACKC YIUIOTHCHHS, XapaKTepH3yeT
CTIOCOOHOCTh TIOYBBI YIUIOTHATHCS TIOJ] BHEIIHHM BO3JCHCTBHEM TIPH YCIOBHH HEOOJBIIOTO
Jyana3oHa JEHCTBYIOUIMX HANpsDKEHUH W BHAA JAeOpMAalMOHHON YacTH KOMIIPECCHOHHOM
KpuBOH, Onu3koi K nuHeiHON. Koap@uiMeHT ymioTHEHUs BO MHOTOM OyAET 3aBUCETh OT
(byHIaMEHTAJILHBIX CBOWCTB TMOYBBI (TPaHYJIOMETPUYCCKHI W MHHEPAIOTHYECKHI COCTaBBbI,
arperupoBaHHOCTb U JIP.), & TAKXKE OT MCXOJHOW MOPO3HOCTH U COJCPKAHHUS BOJbI B MIOPOBOM
npocTpaHcTBe. Ecim Bogsl B mopax COBCEM HET, TO TBEpIbIe ITOYBEHHBIC YaCTHUIIBI
COIIPHKACAIOTCS JIPYT C JPYrOM, STH KOHTAaKTHl JIOCTaTOYHO TPOYHBIE, YTOOBI BBIACPIKATH
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COJIMJHBIE C/IABJIMBAIOIINE YCHIIMSI. A €ClIM B MOPOBOM IPOCTPAHCTBE MPHUCYTCTBYET BJjara, To,
ITIOYBEHHBIE MOPBI 3aIIOJIHEHBI BOJIOW, UTPAIOLIEH pOJIb ONPENEICHHON CMAa3KH Ul TOYBEHHOM
yacTullbl. B 3TOM ciydae ymiaoTHeHHe OyleT CYIIECTBEHHO 3aBUCETh OT COJEp>KaHUs BJIard B
MOYBeE.

Wtak, cyxue mouyBbl NMPAaKTUYECKH HE M3MEHSIOT CBOEro 00beMa MOJ IEHCTBUEM BHEIIHUX
Harpy30K — INOYBEHHbIE YACTHIIbl HAXOJATCS B HEMOCPEACTBEHHOM KOHTAKTe JIPYT C APYTroM, UX
JBUKEHHE JPYr OTHOCHUTEIBHO Jpyra BechbMa 3aTPYAHEHO IpH OTCyTcTBUM Biaru. Ilo mepe
YBEJIMYEHHUS BJIQKHOCTH YaCTHIbl IOJY4arOT BO3MOKHOCTbH JIBUraThCsl JPYI OTHOCHUTEIBHO
npyra. 11 yem BiaxkHee, T€M Jierde 3TO MPOUCXOIUT. IIpyu HEKOTOPOW BIIaKHOCTH JOCTHUIAETCA
MaKCHUMYM VIJIOTHEHUs IOYBBI, TaK KaK IpU JajdbHEHIIEM YBEIWYEHHH BIIA)KHOCTH IOYBBI
CKMMAIOTCSl XYK€ — IIOpPOBO€ IPOCTPAHCTBO IIOCTEIEHHO 3aIOJIHSETCS BOJIOM, HAUMHAIOT
npeo0iaiaTh MEIUICHHBIC MPOLECChl KOHCOoMuaanuu. [loatoMy B ompenelieHHOM, cpeaHeM (Ha
puc. 1.1.10, a — Bnaxkuocts Ws) nuana3oHe BIaKHOCTEH KOMIIPECCHOHHBIC KPUBBIC JIEKAT HUKE
KPHUBBIX JIs1 O0Jiee BIAKHBIX Wi 0ojiee cyxux oopasmos (puc. 1.1.10 a). OtmeueHHOe KpaiiHee
MOJIOKEHUE KPUBOW O3HAYAET, YTO IPHU 3TOH BIAKHOCTH HPOUCXOAUT Hauboyiee 3aMEeTHOE
YMEHbBIIIEHUE MMOPUCTOCTH, MPEXKIE BCEro 3a CUET JOJM MOPOBOro Bo3ayxa. B aToM nuanazone
Mo4yBa B HaWOOJbIIEH CTENEHU MOJBEpKEHa MeXaHM4YecKMM Harpy3kam. Kak mnpasuno, B
MIOYBOBEJICHUM MPHUHATO HCIOJIb30BaTh HE BEJIMYMHY KOd((dULIMEHTa MOPUCTOCTH, a BEIUYUHY
IUIOTHOCTH, KOTOPYIO Mbl HEIOCPEJICTBEHHO ONpezessieM B moje. B 3Tom ciydae 3aBUCUMOCTD
OylneT UMeTh MakCMMyM IUIOTHOCTH B HEKOTOpPOM auana3oHe Biaxuocrteil (puc. 1.1.10, 0). A
IpU Pa3IMYHbIX YIUIOTHSIOIIUX BO3ACUCTBUSIX YK€ IMOSBUTCA CEMEHCTBO KPHUBBIX C OJIHUM
MaKCHMYMOM.

e r

P, w

Puc. 1.1.10. KommpeccHoHHbIE KpHUBBIE IS IOYBBI TMPU Pa3InYHON BiaakHOCTH (a) H
3aBHCHMOCTH TUIOTHOCTH OT BJI&YKHOCTH IIPU Pa3IMYHBIX YIUIOTHSIOMUX Harpy3kax (0)

Ho 4ro xapaktepHo — 4eM ciabee yIUIoTHsOIIee Bo3eicTue, (1) TeM MeHbIe IIOTHOCTh
Opd MaKCHMMAaJIbHOM YIUIOTHEHUH H (2) TeM mpu OOJbIICH BIIKHOCTH HAOIIOAACTCS STOT
makcumyM (puc. 1.1.10, 6). Eciu nepBbiii OTMeUeHHBIH (aKT TPUBHAICH, TO BTOPOW — BechbMa
uHtepeceH. [lomydaercs, yTo OOJbIIME HArpy3KH CHOCOOHBI «CIIOMAaTh» CBS3H, Pa3pyLIUTh
CTPYKTYpy IOpPOBOIO IPOCTPAHCTBA YK€ B JOBOJIBHO CyXHMX 00pasuax, YIUIOTHUTb HX 10
Mpe/iebHbIX 3HAUEHUHN JJIs JAHHOTO YIUIOTHSIOUIEro Bo3zaelcTBus. Hebomnpiine e, HanpoTus,
HE CIIOCOOHBI Pa3pyLIUTh CTPYKTYPHbIE CBA3M IMPU HUBKOW BIIAXKHOCTH, U JUISI U3MEHEHHUS
IIOPOBOTO MPOCTPAHCTBA TPEOyeTCs] BBICOKAs BIAXKHOCTh. TOJBKO IMPH BBICOKOM BIIaXHOCTHU
CO3/AI0TCsl YCIOBHS Ui YIULIOTHEHHs MOYBBL. [I03TOMY CTOBb Ba)KHO MPOU3BOJIUTH 00pabOTKY
MIOYBBI B OIPEJICIIEHHOM COCTOSIHUM BJIKHOCTH, HE 3a€3KaTh B I0JI€ NMPH BHICOKOW BJIAYKHOCTH.
OnpeneneHHble peKOMEHJAMM B OTHOIIEHHWU BJIAXKHOCTH M COOTBETCTBYIOIIETO JIaBJICHUS
TPaKTOPOB TpuBeIeHbI B «CIIpaBoYHbIX MaTepuanax» (1adu.4 [puioxeHus).

PaccmoTpeHHOE BIMsIHHE BIaKHOCTH TPEACTABICHO B cXeMaTHYHOM BHjae Ha puc. 1.1.10,0.
Ho 310 neiicTBUTENBHO «cxeMaTHuecKoe» MpecTaBieHue. B KaX/10M KOHKPETHOM ciydae, s
Ka)KJIOTO TIOYBEHHOT0 00pa3ia 3TH KpUBbIE OyAyT pa3InyaThCsl U UBMEHSTHCS B COOTBETCTBUU C
IPaHyJIOMETPUYECKUM COCTABOM, CTPYKTYpOH IMOYBBI, COAECPKAaHUEM OPraHMYECKOIro BEIIEeCTBa.
OO1ue mpaBuiia 3/1€Ch TAKOBbI: 3aMETHOMY YIIJIOTHEHUIO MOJBEPratOTCs JHUILD TOYBBI TAKEIOTO
IPaHyJIOMETPUYECKOTO COCTaBA: CPEHUE U TSXKENbI CYTJIIMHKY, [JIMHBI, T.€. IOYBbI, COAECPKAHHE
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¢du3nveckoit rmuHB B KoTophix mpebimaer 30-40%. Kpome Toro, eciim mouBeHHBIE arperaTs
BOJIOYCTOMYMBBI, IPOYHBbIE U JOCTATOYHO IUIOTHBIE, TO IOYBA IIOJBEPraeTcs MEHbLIEMY
YIUIOTHEHMIO. BiMsiHME OpraHndecKoro BEIeCTBA Ha YIUIOTHEHHE CKa3bIBAETCS MPEXKIE BCETO B
TOM, YTO Y€M BBIIIE COJIEpP’KaHWE MOYBEHHOM OpraHvKH, TEM IOYBa JIEr4e YIUIOTHAETCA. DTO
BIIOJIHE TIOHATHO: OPraHMYECKOE BEIIECTBO, TAK)KE€ KaK BOJAa B II0YBE, MOXKET CIYXKHUT
ONIPENEICHHON «CMa3Koi», M camMo0 Jerko ymiotHaercda. Ho B maHHOM ciydae poJib
OPraHMYECKOI'0 BEIIECTBA COCTOUT MPEXKIE BCErO B TOM, YTO IPHU €ro0 BBICOKOM COACPKAHWUH
II0YBA MOXKET JIETKO Pa3yIUIOTHATHCS, CHOBA IEPEXOJUTh B PHIXJIOE COCTOSIHUE. DTO OCOOEHHO
BAYKHO ISl MTOYBEHHBIX arperaToB, KOTOPbIE SIBJISIIOTCS XPAaHWIMILEM IMUTATENbHBIX BEIECTB,
«TOMOM>» IIOYBEHHOM OHOTBI. A HX-TO pa3pbIXJIUTh HUKAKOW BCHAIIKOM, KyJbTHUBaLUEH
HEBO3MOXHO. TOJBKO MOYBEHHAas OMOTa, Pa3HOOOpPA3HO NOIJIONIAs W IPEBpallas MOYBEHHOE
OPraHMYEeCKOEe BELIECTBO, MOXET Pa3pbIXJIUTh IMOYBEHHBbIE arperarsl. 1103ToMy CcTONB BaXXHO
BHECEHUE OPraHMYECKUX YIOOpEHUl, B TOM YMHCIE 3€JIEHbIX OpPraHUYeCKUX YAOOpeHui ams
Pa3phIXJIEHUS [T0YBBI, COCTABIIAIOIINX €€ IOYBEHHBIX arperaTos.

Hedopmanus capura

Ecin x mouBeHHOMY 00pa3ily MpHUKIaAbIBaTh OOKOBOE YCHIJIME, TAHTEHIIUMAIBLHOE JIaBJICHUE
(Pt), TO TOYBEHHBIC CIIOM OYIyT CMEIIAThCS IPYr OTHOCUTENbHO npyra. [Ipu sTom Oyner
BO3HUKATh COIPOTUBIICHHUE, HA3bIBAEMOE CONpOMuUBIeHUeM cosud. ITO CONPOTUBICHUE HUMEET
npupoay BHYTPECHHCIO TPCHHA, BOZHHUKAIOIICIO 3a CUHCT CHUJI CHCIUICHHA IMOYBCHHBIX YaCTHII,
arperaroB Jpyr ¢ Apyrom, o00o3Hayaercs Kak te , UMEeT pa3MepHOCTb JaBJICHHUS.

Onpedenenus

Conporusienue caBury (te, [1a, atM 1 npoy.) —3T0 IaBiieHHEe, OKA3bIBAEMOE ITOYBOM MTPU
JICHCTBHUHU KacaTeNbHbIX (TaHMCHIIMAIbHBIX) HAIPSHKCHUIL.

Cuensienne (C, Ila, atM W mpoy.) — 3TO B3aMMOJCHCTBHEC MEXKIY OTICIbHBIMU
IIOYBCHHBIMU YaCTULIaMH, O6YCJ'IOBJ'I€HHO€, KakKk IIpaBWJIO, XCCTKUMH H606paTI/IMBIMI/I
KpUCTANIM3alUOHHBIMA MW CMCIOHAHHBIMU CBSA3SIMU. DTO 4acTh COIMPOTUBJICHHA CIABUTY,
KOTOpasAa HC 3aBUCUT OT HOPMAJIbHOI'O JaBJICHUA.

Kak yxe yka3blBaJloCh BbIIIE, CABUIOBBIE Ae(opMalvy B MOYBE BO3SHUKAIOT COBMECTHO C
nedopmanusamu cxatus (BcriomuuM puc.l.1.8 — nedopmaruu moussl moja kosecom). [Toatomy B
caMOM OOIleM ciy4yae CONpPOTHUBIEHUE CABUTY OyIeT OIpPENeNiTbcs €lle U HOPMaIbHBIM
naBieHueM, Ps , koTopoe OyJeT BIMATHh Ha BEJIMYUMHY BHYTPEHHETO TPEHUsS, U HE3aBUCUMOMN OT
HOPMAJIbHOTO JABJICHUS BEJIMYMHOMN CLEIUICHHS. DTa B3aUMOCBS3b BBIPAKACTCS KIACCUUYECKUM
ypaBHeHueM Kyiona:

t.=Rtg +C,

rne P, — HopmanbsHoe naBienue [klla, atMm], C — cueruienue [klla, at™], tg) — koaddureHt
BHYTPEHHEro TpeHusi [0e3pasmepHas BenuuuHal. M3 310l QOpMYNbI CTAHOBHUTCS MOHSTHBIM
CMBICT KOA(QPUIIMEHTAa BHYTPEHHEr 0 TPEHHUSI, - 3TO KO3()OULHUEHT IPONOPIUOHATIEHOCTH MEXKAY
BEPTUKAIbHBIM YIUIOTHSIOIIMM JIaBJIEHUEM U YacTbIO COIPOTHUBIICHUS CABUTY, 00YCIOBIEHHOTO
TOJIbKO BO3pPacCTaHMEM BHYTPEHHETO TPEHUS 3a CUET 3TOT0 YIUIOTHSIOLIETO BO3AEHUCTBUSA. DTO
xopomo BujHO u3 puc |.1.11, npencrapistomniero rpauk 3aBUCUMOCTH CONIPOTUBIIEHUS CIIBUTY
OT HOPMAJILHOTO JABJICHHUS — MPSMOM, MMCIONIMI HAKIOH PaBHBIN | , U OTCEKalolleld Ha OCH
OpIMHAT TMOCTOSHHYIO BEJIMYMHY — BeNMUYUHY cueruieHus, C. Ou3nyeckuil e CMBICI 3TOTo
rapaMerpa 3aKJIIO4aeTcsi B TOM, YTO IO MOBEPXHOCTU CKOJIBKEHHsSI 00pa3yercsi TOHKas 30Ha
Pa3pBIXJICHUS, YACTHUIIBI TPYTCS APYT O JAPYra, 4TO OTPAXKAETCS B BEJIMUYHMHE 1Q] , KOTOPBIA MOXKET
ObITh OOJIBIIE €IUHHUIBI (T.C. YBEIMYUBATH BO3JCHCTBHE HOPMAJIbHOW CHJIBI) B IUIOTHBIX, C
MpU3MaTUYEeCKON OJIOYHOM CTPYKTYpOH MOYBax, B MECKAaX, U MEHbIIE E€IUHHUIBI — B PBIXJIBIX
[JIMHAX.
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C cuenneHune

P

S

Puc. 1.1.11. 3aBucHUMOCTb CONPOTUBIICHUS CABUTY OT HOPMAJIBHOTO J1aBJICHUS

ConporusieHHe MeHeTPALNU

B nmouBoBenenuun Becernaa Obuta MOTPEOHOCTh OBICTPO M TOYHO OLIEHUTH COCTOSIHUE MOYBHI B
OTHOILIEHHH YCJIIOBUH IPOHUKHOBEHHS B HEE KOPHEN PACTEHUH, CEIIbCKOXO3SMCTBEHHBIX OpyIUi
U 1pod. [loToMy OBUIO NPEUIOKEHO MOHATHE KCOnpomusieHue neHempayuu nousvl (rpyHTa),
Ppen» — CONIPOTUBIIEHUE MIOYBBI BHEJPEHHUIO B HEE METAJUIMYECKOT0 30H/1a MWINHAPUYECKON WIn
KOHYCO00pa3Hoi Gpopmbl HeOOIbIIOTO qruaMeTpa (00sr9HO 0T 1 10 5 MM). TpaauIMOHHO 10 CUX
[Op B TOYBOBEAECHHWU B OTHOLIEHUH COINPOTUBICHUSI MEHETPAlMd HCIOJIb3YIOT U TEPMUH
«TBEpPAOCTh MOUBbI». TakuM oOpa3oM, CONPOTHBIEHHWE NEHETPAlMUd U TBEPIOCTb - TEPMUHBI-
aHaJIOTH, HO UCIOJIb30BAaHUE TEPMUHA «COMPOTUBJICHHUE MEHETpaluu» pusndecku 0osee cTporo,
TaK Kak meepoocms - CONPOTUBIICHUE MaTepHaja BIaBIMBAaHUIO WIN LapalaHuio, HE SBJISETCS
¢u3nyecKoi MNOCTOSHHOW, a IMpe/CTaBiseT CcOOOH CIOKHOE CBOMCTBO, 3aBHUCAIEE KaK OT
MIPOYHOCTHU U IUIACTUYHOCTH MaTepHualia, Tak U OT METOJa U3MEPEHUSI.

Omnpenenenus CONMPOTUBIICHUS NEHETPAlMU MPOBOJAT CIEUUaJIbHBIMU Ipubopamu —
nenerpomerpamu (TBeproMepamu). [Ipu BHEAPEHUHU 30Ha MIEHETPOMETPA B MOYBE MPOUCXOISAT
pa3HooOpa3Hbie mporiecchl. Jlydie Bcero 3To paccMotpeTh Ha cxeme (puc. 1.1.12 a). Kak BujHo,
IIpY BHEJIPEHUU KOHYCHOTO 30HJa HaOJIOJAeTCs: YIUIOTHEHUE IMOYBbI, JeopMalluu CIBUTaA, a
TaK)Ke TpeHHe MeTaiia o nousy. [loaromy nosmyyaemslii mapameTp HeceT B ceOe pa3HOOOpa3HYyIO
uHpopMalMi0 U, B OOJBIIMHCTBE CJIy4aeB, BAXKEH KaK CaMOCTOSTEIbHAas BEJIUYUMHA —
CONPOTHBIICHUE MIEHETPAIUH.

ckonb3awmun
rpys

npy>xuHa

yaapHas
nowagka
LUUNNHOPUNYECKNIA

<«— CTepXeHb

cXxeMma BHeApeHuns NPYXWHHOro Tuna yAapHoro tTuna
wtamna neHeTpomeTpa

Puc. 1.1.12. Cxema BHeOpeHHsS KOHHUYECKOTrO IITaMIia MeHeTpoMmerpa (a) U OCHOBHBIC THIIBI
MCHETPOMETPOB: MPYXHHHBIN (0) U ynapHOTro THMa (B)

B pesynbpTaTte, mpu HCMIONB30BAaHUM IEHETPOMETPOB MBI SKCIIEPUMEHTAIBHO ONPEIeIIieM
CHJIY, KOTOpas HeoOXoJuMa Jisi BHEAPCHHUsS ITaMma (KOHYCHOTO JHOO IMJIMHIPUYECKOrO) B
MOYBYy. DTy CHIIy MOXXHO M3MEPHUTH C MOMOIIBIO MPYXKHHBI, KaK B reHeTpomerpe MB-2 nnm
koHcTpykuuu H.A.Kaunnckoro (puc. 1.1.12, 6). B aTom ciydae cinenyer oOpaTuTh BHUMaHHE HA
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TapupoBKy mpuodbopa. HeoOxoaumo peryiasipHO TapupoBaTh MPYKUHHBIE MEHETPOMETPHI,
NPUKIIAJIbIBAsl M3BECTHBIC TIPy3bl K MNPYXKHWHE (WM CHABIUBas TMPYKUHY M OJHOBPEMEHHO
u3Mepsis  CAABIMBAIOLIYI0 HArpy3ky, HampuMep, Ha BecaX, B KI HWIH T) M CHHMAas
COOTBETCTBYIOIIME TOKa3aHUS CO IIKaJIbl Mpubopa. 3HaueHus perucrpupyemoii cuiibsl (F)
ClIeyeT OTHOCUTb K IIOCTOSIHHOM IUIOIIAJM LWJIMHAPUYECKOTO WM OCHOBAHMSI KOHYCHOTO

F
mramna (S), mojydas 3HAYCHHUS CAABJIMBAIOIICrO HanpspkeHus (wiu JaBneHus). P =—.

S
3aBUCUMOCTh MOKa3aHU mpuOopa OT IMpHUJIaBaeMOil Harpy3Ku J0JDKHA OBITh JIMHEHHOW, UYTO
IT03BOJIAET II0JI30BATHCS OJHOUM BEJIMYMHOM — IIOCTOSIHHOM IIEHETPOMETPA.

ComnpoTHBICHUE TICHETPALUK T TpuOopoB yaapuoro tumna (puc. 1.1.11, B) paccunthiBaeTcs
II0 MacCe CKOJIB3SILIEro Ipy3a, BBICOTE M KOJIMYECTBY naneHui. Mcmosbesyercs ciemyromas

(opmyna: P = nm
SH,

¢ BbICOTHI Ny, S— miomaae morpyxaeMoro B Mo4YBy CTEpxHsl, Ny — riIyOMHA BHEPEHHUS CTEPIKHSL.
ITonydaemast pasMepHOCTS - [Kr/cm?].

ConpoTuBieHHE NEHETPALMU 3aBUCUT OT pa3HOOOPA3HBIX MOYBEHHBIX CBOMCTB, TAK ke, KaK
U KOMIIpECCHs], W COINpOTHUBIEHUE caBury. [Ipexnae Bcero, 3TO BIaXKHOCTh, MPU KOTOPOW
IIPOU3BOJIAT U3MEPEHNUE, BE/lb, KaK MPaBUIIO, U3MEPEHHE IPOU3BOJIAT B MOJEBBIX YCIOBUAX. JTa
3aBUCUMOCTH, Ppen (W), BecbMa MHTEpeCHa, — OHa HEJIHMHEWHas, 3aBHCUT OT arperupoBaHHOCTH
MoYBbl. B mecuaHbIX M XOpOILIO CTPYKTYPUPOBAHHBIX MOYBAX IO Mepe MOJCHIXaHUS IMOYBBI
COIMPOTHBIICHUE NIEHETPALIUU UMEET MAaKCUMYM IIPU HEKOTOPOU BIAXXHOCTU. A IpH JajibHeHeM
HCCYLIEHUH CONPOTHUBIIEHUE MEHETpaluu yObIBaeT, TaK KaK IOYBa pacrnasjaeTcsl Ha OT/ElbHbIE
MECYMHKM WIM arperatbl. A BOT B OECCTPYKTYpHOW IMOYBE WJIM MOYBE C MPU3MATHUYECKOU
CTPYKTYpOl ~ CONpPOTHBIIEHHE TEHETpalMd BO3pAacTaeT MpPU YMEHBIIEHUU BIIAXXHOCTU
MPAaKTUYECKH JIMHEHUHO.

Kpome Toro, comporuBiieHHE IE€HETpalUM, KOHEYHO XKe, OyAeT 3aBUCETh OT TaKuX
(GyH1aMEHTAJIbHBIX CBOWCTB, KaK IPaHYJIOMETPUYECKUN COCTaB, MUHEPAJOTUYECKUN COCTaB U
coctas [IIIK, arperatnslii cocTaB, U, HAKOHEII, TUIOTHOCTH MOYBKI. M3 00X 3aKOHOMEpPHOCTEH
oTMeTuM cienyrouiue. ConpoTUBIEHHE NEHETPalMy YBEJIWYMBAETCS MPU OJHOM U TOM Ke
BJIQXXHOCTH (JIaBJICHUH BJIard) B MIOYBE:

- B IIECYaHBIX MOYBax (IIECOK BEIlb HEIIACTUYECH, 00JIa1aeT KECTKUM KapKacoMm);

- [pU YBEJIUYEHUU IIJIOTHOCTH MIOYBHI,

- npu ymensmennu goiu Na' s IIIK;

- IIpU CHIXKEHUHU JOJM CMEKTUTOBBIX MUHEPAJIOB B COCTaBE IIIMHUCTON 4acTH MOYBHI;

- IIpU CHIXKEHUHU COJIEP’KaHUsl arPOHOMUYECKH IIEHHBIX arperaToB B CTPYKTYpe MOUBBI.

Jlaxxe 3TO BecbMa YOPOLIEHHOE U CXEMaTUYHOE IPEJCTABIEHHE O 3aBHCHUMOCTH
COIMPOTHBIICHUS NIEHETPALMU OT MMOYBEHHBIX CBOWCTB YKa3bIBAaeT Ha €r0 BaXKHOCTh Ui OLEHKU
nouB. VIMEHHO MO3TOMY M3MEpPEHHE 3TOr0 CBOMCTBA SIBJISETCS OJHUM K3 00s3aTENbHBIX MpPU
arpo¢pu3nyeckux 0O0CIeOBaHUAX MOUYBEHHOTO MOKpoBa. OJHAaKO Bcerja cieayeT Y4HUThIBAaTh
COCTOSIHHE BJIarM B IOYBE, €€ BJIAXHOCTh, a Takke MeToia (mpuOop), ¢ MOMOIIBI KOTOPOTO
MIPOU3BOJUTCS HM3MEPEHUE OTOM BAXKHOM XapaKTepUCTUKH. KpuTHyeckMM 3HaYeHHEM
COMPOTHBIICHUSI MEHETPaLUH, IPU KOTOPOM 3aTPyAHEHO MPOHUKHOBEHHE KOpHEH B IMOYBY, U
pACTeHMs HAYMHAIOT 3aMETHO CTPaiaTh cunTaercs Bemmunna 3 MITa (»30 kr/em?). Xots B psie
cTpaH mnpuHATBI Oonee crtporue Hopmbl, no0 0.5 MIla (cm. Ta6n.6 Ilpunoxenus) boiee
1o ipoOHbIe KiTacCu(UKAIIMU ATOTO CBOMCTBA — B pasjene «CrnpaBovnbie MaTepuaib» (Tadm.6 u
7 TIpuiioxxeHus).

, TJIe N — KOJIMYECTBO MaJIeHUI Tpy3a Maccoir M (Mg — Bec rpysa, Kr)

ConporuBieHHe MEeHEeTPALMHU MOYBbI — CONIPOTUBJICHHE NIOYUBBI BHEJIPEHUIO B HEE 30H/1a
UJIHHAPHYIECKONW WM KOHycooOpa3HoW (opmbl HebGosbmoro nuamerpa (Ppen, kIla mimm
Apyrue eIUHMIBI JaBicHus). Ompenensercs C MOMOIIBIO CIEIHATbHBIX MPUOOPOB —
[IEHETPOMETPOB, KOTOpblE HEOOXOJAMMO TapUpoBaTh, JKCIHEPUMEHTAIbHO HaXO[d,



MOCTOSIHHYIO TPHOOpa — BEJIMYNHY HATPSUKCHUS CKATHS WIM PACTSDKCHUS Ha CIUHHUILY
2
mikasel mpudopa (B [a/em, wiu (kr/em®)/ewm, T.e. [naBnenue/ iuna).

ConporuBieHue NeHeTPaUMN XapaKTepu3yeT CIOCOOHOCTh MOYBBI IIPOTUBOAEHCTBOBATh
IIPOHUKHOBEHHUIO B HEE HE TOJIBKO arpOTEXHUYECKUX OPYIUH, HO M KOpPHEH pPACTEHMI.
IIoBBIIEHHOE CONMPOTHBICHUE IIEHETPALMN YKa3bIBACT HA IEPEYINIOTHEHHOCTH ITOYBBI.
Kputndeckoe 3Ha4eHN€e Ppen 47151 CYTIIMHKOB cocTaBisieT okono 3 MIla.
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I'naga |.2. BaaxHocTh U BOJHbIE CBOWCTBA MOYB

BaaxkHocTh o4B

B npenpimymnieit riraBe 1.1 MbI KOCHYJIHCH TTOHSTHS BJIQKHOCTH TIOYBBI, OTMETHUB, YTO BJIAYKHOCTH
B IOYBOBEJCHUU OTPEICIACTCS KaK KOJHMYSCTBO BOJIBI, MPHUXOJSAIICECS Ha EIAMHHIY Beca
a0COJTIFOTHO CyXO# TOYBBI. BakHO TOMYCPKHYTH, - pacyeT BIIAXXHOCTH BEIETCS MMEHHO Ha
abCOTFOTHO cyxyro HaBecKy. [loaToMy ecnu BcTpeuaroTcsi 3HadeHHs BiaxHocTH Oosiee 100%
(mp¥ MPOIIEHTHOM BBIPAKEHHH JIOJH BOJBI K BeCy aOCOIFOTHO CYXO# IMOYBBI), 3HAYHT, PEUb UIET
00 oTopoBaHHBIX TOYBaX, TOPPax, JECHBIX IMOJCTUIKAX, CTCITHOM BOIIOKE M T.II., KOTJa BeC
a0COJIIOTHO CYXOTr0 BEIIECTBA 3HAYMTEIHHO MEHBIIE, YeM BEC BJIarM, BMEUIAIOIICHCS B HEM.
OObIuHBIC K€ MUHEpAJIbHBIC MMOYBHI UMEIOT JHANa3oH W3MEHEHHs BIIAKHOCTH OT jpoJieit 10 50
MIPOIICHTOB K BECY.

CymectByeT Tpu cmocoba TpencTaBleHUs JaHHBIX O Biare B mouBe. [lepBoro mbI yxke
KOCHYJIUCh - 3TO OTHOIIEHHE MacChl BOJBI K Macce aOCONIOTHO CyXOH IOYBHI, T.. K Macce
tBepaoit dhassl ([r/r] wim, eciu ymuoxuts Ha 100, TO B [%0])

m -m
w =" [r/r unu % x Becy]; W = ——2=,
ms

cyx

3necs My—Macca Bojpl, IMs — Macca TBepIoH ¢asbl, My, — Macca BIAXKHOM MOYBBI, My, — Macca
cyxo# moussl (paBHast M), W — BecoBasi Wi MaccoBast BIaXHOCTh 1ouB (r/r wim % K Becy npu
ymHoxeHun Ha 100).
2-i1 cnoco0 BhIpaXkeHHs — ATO OTHOIICHUE Macchl (KM 00beMa) BoJibl K 00beMy mouBkl (Vi), —
oGbeMHast BiaxkHOCTh (0, M/ em):
q= Mw

Wi
HerpyaHo moka3ath, 4TO 0ObEMHAsi M BECOBas BJIIAXKHOCTH B3aMMOCBS3aHBI 4epe3 IUIOTHOCTh
noussl (I'p):q =Wr .
Cy1iecTByeT elie 0jiHa OYeHb BakHas (JopMa BhIpAKECHUSI BJIard — B BUJIE 3anacoB Biaru (38) B
KOHKPETHOM CJIO€ TIOYBBI:

Wr . h

3B=—2"

[cM BoaHOTO Ci10s1], TIe h — MOIIIHOCTB CITIOSI B CM, [ p — INTIOTHOCTH TIOYBHI B rlem®, W

— BIIQXXHOCTH BecoBasi B %0.

Ot10 GamancoBas (hopma MpeACTaBICHHS JAHHBIX 10 BIAKHOCTU. Mcronp3yeTcs oHa B OCHOBHOM
JUISI  XapaKTepUCTUKH 3alacoB BJAard, OAalaHCOBBIX pacyeTOB, /Ui BBIPAKEHUS BCEX
COCTABJISIIOIINUX BOJAHOTO OajaHca B OJHUX €AMHUIAX.

C moMomipl0 yKa3aHHBIX TPEX CIOCOOOB BBIPAKEHUS BIIAKHOCTH TIOYBBI BCETJa MOKHO
paccyuTaTh KOJIMYECTBO BOJBI B IOYBE, MPUXOJHBIE M PACXOIHBIE CTaThHU BOJHOTO OayaHca
nmouBbl. HO 1711 OIlEHKHM COCTOSIHMSI BJIaru, €€ MOJBIKHOCTH, €€ JOCTYMHOCTH JUISl PACTCHHI
3TOT0 HEAOCTATOYHO (CyIeCTBYeT 00pa3Hoe BeIpakeHHe “Bosa B OYBE — 3TO COBCEM HE TO XKe
camoe, uYTO BoJa B Beape”). Boma B mouBe mpencTaBieHa pasiUYHBIMU - (hopMaMH,
XapaKTEPHU3YIOMUMHUCS, TIPEXK/IE BCETO, PA3JIMIHOMN CTEIEHBIO €€ CBSI3U C TBEPAOU (a3oil MOYBHI.
OTO TOXKE OJIHA W3 CIHEHUATBHBIX TUMOTE3 B (DU3UKE TIOYB — YYEHHE O TIOYBEHHO-
TUAPOJIOTHYECKUX KOHCTAHTaX, KOTOpoe (hOPMHUPOBATIOCH B OCHOBHOM B paMKaX OT€UYECTBECHHOU
¢bu3uku mouB. Takwe wu3BeCTHBbIE poccuiickue (usuku mous, kak A.A.Pome, C.M.Jlonros,
H.A.KaunHCKkuii, HEOTHOKPATHO B CHEHHAIBHBIX AKCIEPUMEHTAX ITOKA3bIBAJIIM, YTO BOJA B
[OYBE TPU PA3IMIHOM €€ CojJepKaHuK (BIAXHOCTH) IaJeKO HE pPaBHO3HAYHA IO CBOMM
cBoiictBaM. bosiee TOro, 0JHO M TO K€ Bjarocojepkanue (BJIaXXHOCTh) B Pa3jIMYHBIX MOYBAX
MOXET OBITh Pa3IMYHO MO TMOABHKHOCTH, MO JOCTYMHOCTH Ui pacteHuid. Hampumep, eciu
BJIQ)KHOCTh MOYBBI paBHa 15% k Macce mouBbl, TO U3 MECYAHOr0 00pasiia ¢ TAKOW BIAXKHOCTHIO
BOJIa MOXKET CBOOOJHO BBITEKATh, U OyJeT, MOCTYNHA pacTeHHsM. Ho Ha TSKEIOCYrIIMHUCTOU
WJIU TJIMHUCTOM MOYBE MPHU TaKOW BJIAKHOCTH PACTCHHS OyIyT UCIBITHIBATh HEAOCTATOK BJIATU U
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OyayT 3aceixaThb. [lomydaercs, 4To abCOIOTHAs BEJIMYMHA BIAXHOCTU 0€3 COMYTCTBYIOILKX
3HaHUM O Jpyrux (pyHAaMEHTaIbHBIX CBOWCTBAxX IOYB, JAA€T OrpaHUYEHHYI0 MH(popmauuio. B
CBSA3M C 3TUM M ObUIO Pa3BUTO YYEHHE O IOBHHO-THAPOJIOTMYECKUX KOHCTAHTaX, Kak O
COCTOSIHMSIX BOJABI B II0YBE, OTIMYAIOIIMXCA IO CKOPOCTH €€ IIepEIBUKEHHsS B IOYBE,
BO3MOXHOCTH TOTPEOJICHHUS PACTEHUSIMH U JAPYrUM (PYHKUHOHAIBHBIM XapaKTepUCTUKAM
ITOYBEHHO! BJIATH.

Onpedenenus

BaaxkHocTh (BecoBasi) — KOJMYECTBO BOJBI, MPUXOMAAIICECS HA EAUHHUILY MacCChl
a0COJIFOTHO CyXO# TIOYBBHI.

Baaxnocth (00beMHasi) — KOJMYECTBO BOJIbI, MPUXOJAIICECS HAa CIUHUIY OO0beMa
abCOJIFOTHO CYyXOM MOYBHI.

BaaroeMkocTh — MaKCHMAaJIbHOE KOJIMYECTBO BOJIbI, YACPKHBACMOC B IIOYBC CHIIaMH
OHpCHCJ’IGHHOﬁ IMpHUPOABI. IloHsTHE BIArOEMKOCTH SIBIISICTCS OCHOBOM YUYCHHA O ITIOUYBCHHO-
TUAPOJIOTHYCCKUX KOHCTAHTAax.

HO‘IBCHHO-FH}IPOJ’IOFH‘ICCK&H KOHCTAaHTa - XapaKkTepHasd BJIa’)XKHOCTb II0OYBBI,
ompeacisicMas 1mo €€ COCTOSAHHMIO HWIIM IO COCTOSHUIO KOHTAKTHPYIOIIHUX C MMOYBOM
00BEKTOB U HCIIOJIB3YyEMasd B IMPAKTUYCCKUX HO‘-IBGHHO-(bI/I?;I/I‘-ICCKI/IX, TUAPOJIOTUICCKHUX,
MCJIMOPATHBHBIX PaCUCTax.

ITouBeHHO-THAPOJIOTMYECKHE KOHCTAHTbI
[IpeacraBum ceGe BecbMa OOJIBIION, BEICOKMN TOYBEHHBIM MOHOJIMT, KOTOPBINA MMOMEIEH B

OJII0H ¢ Boj1oit (puc. 1.2.1).

MakcnmanbHas
rmrpockonunyeckas
BnaxHocTb s
3aBagaHus (2
— lNopoeoe
NPOCTPaHCTBO
BrnagHeocTb (kanunnapbl)
paspbiBa =
KanunnsipHbIX
cBA3en
HanmenbLuas it Teeppas
BTAroemMKoCTb R ha3a nousb
[No4BeHHbIN
KanunnapHas BO34YyX
BTAroemMKoCTb
[NouyBeHHas
Bara
MonHasa 5 3
BTAroemMKoCTb B RS
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Puc. 1.2.1. Cxema hopmMupoBaHHE MOYBCHHO-THIPOJIOTHICSCKUX KOHCTAHT.

Haunewm ¢ ycnmoBumii, kKora Bce OPOBOE MPOCTPAHCTBO 3aMIOJIHEHO BOJIOW. DTa BEIMYMHA
BIQJKHOCTU HA3bIBAETCS NOAHOU 61a20emMKocmblo W  eodosmecmumocmoio, Ws wim  (s.
Teopernyecku BenuurHa (s JOJDKHA ObITH paBHA MOPO3HOCTH, €, TaK Kak 00€ OHHU BHIPAXKAIOT
00bEeM MOPOBOTO TPOCTPAaHCTBA (3aIOJIHEHHOTO WJIM HE3alOJHEHHOTO BOJOW) B OTHOLICHUH
Bcero oobeMa oOpasua. IIpakTuuecku Takoro COOTBETCTBHUS JOCTHYb BECbMa TPYAHO JaXKe B
1ab0opaToOpHBIX YCIOBHUSX: B 0Opaslle BCerja OCTaHyTCs IMY3bIpbKU BO3/yXa, Bcerga Oyner
MIPUCYTCTBOBaTh BO BCEBO3MOXHBIX KAaBEpHAaX TaK Ha3bIBAEMbIN <«3alllEMJIEHHBIH BO3IYyX».
[ToaToMy BenuuMHA BOJIOBMECTMMOCTH BCErJla HECKOJIbKO MEHBIIIE MOPO3HOCTH. B mpupoiHbIX
YCIIOBHUSAX BEJIMYMHA BOJOBMECTUMOCTH HAOIIOAAETCS B 30HE TPYHTOBBIX BOJI, BEPXOBOIKH.

Kak u3BecTHO, HaJl ypOBHEM I'PYHTOBBIX BOJ| pacriojaraercsi BepxoBojka. B BepxoBojke
BJIara COJEPKUTCSA B KallMJUIAPAX, KOTOPbIE B HM)KHEM CBOEH 4aCTH HAXOIATCS B TPYHTOBOMU
Bojsie. [losTomMy, mo 00pa3HOMY BBIPAKEHHUIO KIACCUKOB (PM3HUKHU IOYB, — 3TO «KAMMJLIISIPHO-
nojAnepras Boja». BiiaXXHOCTb, COOTBETCTBYIOLIAs 3TOMY COCTOSIHUIO BOJIbI HOCUT Ha3BaHUE
kanunnsaprou enacoemxkocmu, KB nnu Bnaxuoctu npu KB, Q. 371€ch mopoBoe npocTpaHCTBO,
KpoMe 3alojHEHHBIX BOJOM KamWULIpOB, YK€ OylIeT colepkaTh HEKOTOPOE KOJIMYECTBO
Bo3yxa. Ero konmdectBo Oyzner paBHO €, =€ - (,, . CTporo rosops, B Ipejeiax KanmuIIpHON

KaiiMbl HE HAOJIOJAETCs] MMOCTOSTHHOM BIAXHOCTU. Belb B HIDKHEHW YacTH BOJA COJIEPIKHUTCS B
KPYIHBIX KaMUIsApax, ¥ 10 Mepe MPOJABMKEHHUS BBEPX MO KaMWUIIPHOU Kaiime — Bce B Oosiee
TOHKHX. COOTBETCTBEHHO, OT HM3a K BEpPXYy KaMWUIAPHOM KalMbl M BIQKHOCTH Oyner
n3MeHATbes. [[03TOMy BenMUYMHA KanWJUIIPHOW BJIATOEMKOCTH CTPOrO HE OMNpEAeSieHa, 3TO
HEKOTOpasi yCpeAHEHHas BIIAXXHOCTh, CBOMCTBEHHAs KalWULIPHOW KalMe, <«KalWUIIpHO-
MOJINEPTOM BJIare».

A BOT €CJIM TPYHTOBBIE BOJIbI OITYCTHJIMCH, HAXOAATCS TJIyOOKO, a BJlara U3 MO4BbI CBOOOTHO
CTEKaeT, JPEHHUPYETCS IMOJ JACHCTBUEM TPAaBUTAMOHHBIX CHJI, TO B IIOYBE OCTAaHETCS BJara,
yAep)KUBaeMasi TOJbKO KAMWUIAPHBIMH CHJIAMH. OTa BIAXHOCTh HA3BIBACTCS HAuMeHbulell
gnacoemxkocmvio, HB wmmm Q,, (CHHOHHUMBI: TpeNeibHO IOJEeBas BIArOEMKOCTH, MOJIEBAs

BJIAroeMKoCTh, field capacity). Dra BenuunHa onpeaenseTcss GU3NIECKU yKe 00Jiee CTPOro, 4em
KalWUISIpHAsi BJIATOEMKOCTh. €CJIM TO0YBY IPU YCIOBUM CBOOOJHOTO OTTOKAa M OTCYTCTBUS
CJIOMCTOCTH CHAa4ajla HACBITUThH BOJIOM 10 BOJOBMECTUMOCTH, a 3aTE€M IOJI0KATh, KOT/1a CTEYET
BCS BOJA, CHOCOOHAas IepelBUraTrbCs IOJ JIEHCTBUEM CHJI TpaBUTAllUM, OCTaHETCs BOJa,
yaepKuBaeMas KanwUIsipHbIMU cuiamu. [Ipu nocTwkeHUMM paBHOBecHsT B TO4YBe Oyjer
HaOJI0IaThCsl BEJIMUYMHA BJIAXKHOCTU, COOTBETCTBYIOIIAs HAMMEHbIIEH BIArO€MKOCTH. DTO yKe
OTpE/ICNICHHBI KaueCTBEHHBIN KPUTEpUM: €ClM BIAKHOCTb B INOYBEHHOM TOPHU30HTE OyneT
Bbiie HB, To u3 Hero Bnara OyneT meperekarbh B HIDKEIEXKALIUM 10 TeX Hop, 1moka He Oyner
JOCTUTHYTa B BEPXHEM CJIO€ BJIaKHOCTb, paBHas HB. Otum xagectBom HB mosnbsytorcs npu
pacderax IepeTeKkaHusl Biaru M3 cios B ciaoil. Kpome TOro, sra paBHOBECHas BIIAKHOCTD,
KOTOPYIO BO3MOXXHO OIPEIENIUTh B II0JIe, OHa HaOJI0/1aeTCsl B MOYBE BECHOM, IOCI]E TasHUS
CHera, CTEKaHUs TPaBUTAI[MOHHON BOJbBI U IMpPEICTaBISIET COOOW BECEHHHE 3amachl BIIAru.
Nmenno notomy, uro HB mpencraBnsier KOIMYECTBO BOJbI, KOTOPOE YAEPKUBAECTCS MOYBOU
II0CJIE OCAJIKOB WMJIM IOJIMBA, 3TA BEJIMYMHA SBJISETCS OCHOBOW OOJIBIIMHCTBA MMAPOJIOTUYECKUX,
MEJIHOPATUBHBIX pacyeToB. OLIEHOUHbIE KPUTEPUH 3TOM BEIMUUHBI JIJIS TSHKEIIBIX U JIETKUX TOYB
npuBeaeHbl B Ta01.5 [pumnosxenus.

TakuMm o0Opa3oM — HauMeEHbIIas BJIATOEMKOCTh - Ba)KHeWIIas B arpou3uKe MOYBEHHO-
rujpoJiornyeckasi KoHcranta. OHa BakHa M TeM, YTO XapaKTepu3yeT COJep’KaHuEe B IOYBE
BO3/1yXa B 3TOT MOMEHT. XapaKTePUCTUYECKAsl BEIMYMHA BO31yXOJAepKaHUs NpH BiiaxxkHocT HB
HOCUT Ha3BaHUE <«Bo3z0yxoemxocmu». €, , =€-(,,. Hmwke NpuBeIeHb ONTHMaJIbHBIE
JUana30Hbl BO3yXOEMKOCTH JUIsl PA3JIMYHBIX 110 TPAHYJIOMETPUU IIOYB!

necuansie — 20-25%

cyrmHHCTRIE — >15-20%
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rHACTHIC — >10%.

Ecnu BenmmynHa BO31YXOEMKOCTH OyleT HUXKE YKAa3aHHOrO ONTHMyMa, TO B IOYBE OyayT
HaO0JaThCsl HEOMAronpusATHbIE, OJIM3KUE K aHa3pOOHBIM YCIOBUS. MOXKET 3TO MPOUCXOAUTD,
HanpuMmep, Npu YIUIOTHEHUH M0YB, KOT'/Ia 3aMETHO YMEHBIIAETCS IOPOBOE MPOCTPAHCTBO IMOUB,
U IIPU HEKOTOPBIX JAPYrUX Mpolieccax.

Wtak, MBIl JOCTUIJIM TaKOrO COCTOSHUSI IOYBbI, KOI/Ia BJlara COAEPIKHUTCS TOJBKO B
Kanuuisipax. JTa Bjara JIeTKO MepeIBUraeTCsl U3 OJJHOM TOYKU MOUBHI B IPYTYIO MO JIEHCTBUEM
KalWUISIPHBIX CHUJI, JIETKO NMEPEHOCUT MOHBI PACTBOPUMBIX cojieil. OfHaKo, M0 Mepe UCCYLIEeHUs
MOYBBl BJara OCTaeTcsi BO Bce Oosiee TOHKUX KamwuigpaX, JBWKEHHE B HHUX CTAaHOBUTCH
MEJUIEHHEE U B KakKOW-TO MOMEHT BIJIQXHOCTH 3aMeJUIsIeTCs BechbMa pPE3KO U 3aMETHO.
KayecTBEHHO ATOT MOMEHT MOJXKET XapaKTepU30BaThbCS IMPEPHIBAHUEM CIUIOIIHOM CETU
KanwuisipoB. B oThenbHble Kanmujuispel BXOOM BO3IYX, THUIPABIMYECKass CBSI3b MEXIY
KanujuIsipaMHd HApYIIAeTCs, YTO M OTMEYAETCAd PE3KOM MOTepe MOJIBHXKHOCTH BOAbL. [lo
npemioxenuto A.A.Poge 1 M.M.AOGpaMoBOil 3Ta BelIMYMHA BJIAXHOCTU IOJIy4yWJIa Ha3BaHUE
«gnaxcHocmu pazpuvleéa kanuuiapHou ceazu» - BPK. Ota mouBenHo-rumposornyeckas KOHCTaHTa
BecbMa BakHa. OHa XapakTepu3yeTcsl 3aMETHbIM YMEHbBIIEHHWEM IOJBMKHOCTU MOYBEHHOU
BJIard, T.K. TIOYBCHHAas KaNWUIApHAs BJara Yyxe HE TMPEACTaBIsIET CO00M eauHOM
TUIPaBIMYECKOM CBSA3M, a paclajaercs Ha OTAENbHbIe KalWUIAPhl U OCTACTCsl B BUJIE IIJICHOK.
JIBukeHHe BOJbI, €€ JOCTYHHOCTb JUIsl pacTeHHM pe3Ko cHmkaroTcs. M XoTd oOlenpuHATHIX
METOJIOB ONPE/ICIICHUS €€ HEeT, MHOT/AA 3Ty BEeJIMYHUHY cunuTaroT Ou3koi k 70% oT HamMeHbIen
BJIArOEMKOCTH JUIS CYTJIMHUCTHIX TI0YB, a JJIS IECYaHBIX U CylecdyaHbix — okojo 50—-60% ot HB.

[IpencraBuM ganee, 4To Ha Hallled OYBE Poci Obl pacTeHus. J[o CUX ITOP OHU YYBCTBOBAJIU
ce0s noctarouHo BiaroodecneueHHbIMU. U ipu BPK onu emie siBHO He cTpajaroT OT HepocTaTKa
Biaaru. OJHAKO MPEANOJOXKUM, YTO [OYBa MPOJOJKAEeTCs HCCYIIaTbes, TepsATh Biary. B
HEKOTOPbI MOMEHT Yy PacTeHUU MOSIBATCS MEpBble MPU3HAKU 3aBSAAHUS, OHU HCUE3HYT, €CIU
BO3/IyX000€CIeUeHHOCTh ylay4luuTcsa. Ecinu e mpoaoikarh UCCyIIEHUEe, TO OyIeT JOCTUTHYT
TOT MOMEHT, KOrJa BJIAXHOCTb IIOYBBI IMOHMU3UTCS HACTOJIBKO, YTO pPACTEHUS MPUOOpETyT
MPU3HAKU YCTOMYMBOTO 3aBsifaHus. HacTynuT nmouBeHHas 3acyxa. BimaXHOCTh B 3TOT MOMEHT
OyZeT paBHAa BIAKHOCTH YCTOMUMBOIO 3aBAJaHHUsI PACTEHUN WU IPOCTO  BIANCHOCIIU
3assa0anusi, B3. D10 Takxke BakHAsl THAPOJIOTHYECKAsh KOHCTaHTA, yKa3bIBAIOIIAs, YTO B MOYBE
0O0JIbIIIe HE COACPIKUTCS NOCTYITHOU JIJIsl pacTeHUM Biaru. Eciin v ecTh Boja, TO OHA HEJOCTYITHA
JUIs pAacTeHUM, 5TO YK€ HENpOAYKTMBHAs Biara. OJTa BeJIWYMHA SKCIEPUMEHTAIBHO
OTIPECIISICTCS. METOJIOM BEreTalMOHHBIX MUHHATIOP, KOT/Ia pacTeHus (KaK MpaBwiIO, SIYMEHb WU
oBec, BrpoueM, B CIIA OpuHAT MOJCONHEYHUK) BBIPAIIMBAIOT B HEOOJBIIMX CTaKaHYHMKAX
emkoctbio okono 100 cM® 1o cramum Tperbero smcra (puc. V1.8). TToBepXHOCTB MOYBBI
IPUKPBIBAIOT OT HCHApeHHs INeckoM U mnapaduHOM M npekpamaroT ux noiaus. Koraa
0OHapyKMBAIOTCS IPU3HAKHU 3aBsaHMs], paCTEHUS CTaBAT HA HOYb BO BIaXHYI0 Kamepy. U eciau
[I0CJIe HAaXOXKJCHHSI BO BIAXXHOW arMocdepe nmoreps Typropa OyAeT 3aMeTHa, — 3TO O3HAYaer,
YTO B I[OYBE JOCTHTHYTa BII&XHOCTh, COOTBeTCTBYyIoimas B3 (Oosee moapoOHO cM.
A.®.Bagronnna, 3.A.Kopuaruna, 1986).

BrakHas 100%
Kamepa OTHOCUTENLHON
\ BOAXHOCTV BO3Ayxa

X

vawledka
C BOOOM

o

Puc. 1.2.2. Onpenenenne BIaXHOCTH 3aBAJAHUS METOOM BETETAIIMOHHBIX MHUHUATIOP.
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Ecmu u ganpine uccymaTts NOYBY MITH IBUTAThCS BBEPX 110 TOYBEHHOMY MOHOJIHUTY OJIMKE K €ro
noBepxuoctu (puc.l.2.1), TO y camoil ero MOBEPXHOCTH OyaeT HaONIOJAThCS BIIAKHOCTH,
COOTBETCTBYIOIIAsl MaKCUMAJIbHOW THTPOCKONAYECKON BIIQKHOCTH. JTa BEIWYMHA — TaKKe
«pyOeKHAS», XapaKTepU3YIOIlash HAJIW4YMe B TI0YBE aJCcOpPOMPOBAaHHOM, MPOYHOCB3AHHOM
COpOIMOHHBIMYU CHUJIAMHU TBEPJOU (ha3bl BIaru. JTa BEIWYMHA YCIOBHA, OMPEACIATh €€ MOKHO
TOJIBKO B J1a0OpaToOpuu, B YCIOBUSAX PaBHOBECHS TIOYBHI C MTApaMU BOBI IPH UX COICP)KAHUU B
okpyxaromeii armocdepe, paBabiMu 98%. I[lostomy, MaxcumanvHas euepockonuyeckas
grasicnocms (MI', W,,.) — BIIQXKHOCTh IMOYBBI IIPH HAXOXKACHUH €€ B aTMOC(epe ¢ OTHOCUTEILHON
BIIQXHOCTBI0 98%, T.e. MAKCUMaJIbHOE KOJIMYECTBO, KOTOPOE MOYBA CIIOCOOHA COpOMpPOBAThH U3
OJM3KOTO K HACBHIIIICHHOMY ITapaMy BOJBI BO3TyXa.

W, nakoHem, camas HH3Kas BIIQKHOCTb, KOTOpas MOXET HaOIIOAAThCS TOJBKO B
MOYBEHHBIX 00pa3lax KOTOpbIE HAXOJATCSA B YCIOBHUSX JIA0OPaTOPUM H OYEHb PEIKO B
HOPUPOJHBIX YCIOBUSX. DTO euepockonuveckas eiraxchocms (I'B, W) — BIQKHOCTh IOYBHI,
CBOWMCTBEHHAast 00pasity B arMochepe imabopatopun. OTHOCHUTENIbHAS BIAKHOCTH Bo3ayXxa (Min
OTHOCHUTEJIBHOE [aBJICHHE MApOB BOJbI) B J1a0OPAaTOPUM — BEIMYMHA XOTh W 3aMETHO
kosieOmromasicss (ot 30 mo 80%), HO He cuibHO m3Mensitomas ['B. Ona HyxHa Ui pacdeTa
Macchl a0COJIOTHO CyXoil HaBeckd (M, .) IO HaHHBIM O Macce BO3AYIIHO-CyXoH (T.e. B

. m@'()
arMocepe mabopaTopum, M,..) HaBecku: M, __ Wil ecmu W, BeipakeHa B [r/r] wam

W, +
m,_, X100
m,_, =—%“—— npu ucnoab3oBaHux Beipaxkenus W s %.
W, +100

HO‘IBCHHO-FH}IPOJ’IOFI/I‘ICCKI/IC KOHCTAHTBbI

IMosnas BJaroemMkocTh (BogoBMecTuMOCTh, IIB) — HamnOosbliee KOJMYECTBO BOJIBI,
coJiepKarreecss B MOYBE MPH IMOJHOM 3aIOJHEHUH BCEX TMOP U MYCTOT, 3a MCKIIOYCHUEM
3aHATHIX <GAIIEMJICHHBIM» U aCOPOMPOBAHHBIM BO3IYXOM.

Kamunnsipuas Baaroemkocth (KB) — kojuuecTBO Biard B MMOYBE, YASPKHBAEMOE
KalWUIIPHBIMA CHJIAMH B 30HE KalWUIAPHOW KaWMbl I'PYHTOBBIX BOJ («KamMIUISPHO-
MOJIIIePTast BiIara).

Hanmenbmas Biaaroemkocts (HB) — 3T0 ycraHOBHBINAsCS TMOCiE CTEKaHHS H30bITKA
BO/JIbI BJIQXKHOCTh IIPEIBAPUTEIBHO HACBHIIIEHHON ITOYBBI; JOCTUTAETCs, KaK IIPABUIIO, Yepe3
2-3 nHA TOCJie MHTEHCHUBHOTO JIOXKIS WIIM TOJHBA XOPOIIO IPEHUPYEMON TOMOTEHHON
nouBsl; HB — 3T0 Haumbosblliee KOJMYECTBO Bjard, KOTOpPO€ IIOYBA B IPUPOJHOM
3aJIETAHUN MOJKET YAEpP’KaTh B HEMOABM)KHOM WJIM IPAKTUYECKH HENOABHKHOM COCTOSIHUM
1ocyie OOMJIBHOTO WJIM MCKYCCTBEHHOI'O YBJIQ)KHEHHS M CTEKaHHUS BJIard IpHU TIyOOKOM
3aJIeraHuy IPYHTOBBIX BOJ («KAMMIUISPHO-TIO/IBEIIICHHAS BJIara).

Buaaxknocts paspeiBa kanuiuisipHoii cBsizm (BPK) — BiaxHOCTh MO4BBI, MPH KOTOPOU
IIPEPBIBAECTCS THUAPABINYECKAACBA3h KAIMWIAPHOM CETH M NOJBHXKHOCTH BJIArd B IpoLEcce
HCCYLIEHUS] PE3KO yMeHblIaercs. Haxoaurcs B HMHTEpBANE BIAXHOCTEH MEXIY
HaVMEHBIIEH BIArOEMKOCTBIO U BIAJKHOCTBIO YCTOMYHMBOTO 3aBSIIAHNS PACTEHUM.

Baaxnocts 3aBsnanusi pacrenmii (B3) — BiaxHOCTH TOYBBI, NMPH KOTOPOW Biara
CTaHOBHUTCSI HEJIOCTYITHOM JUIs PacTCHUH M OHHM, Tepss Typrop, HeobOparumo (maxe mpu
MOMEIICHUH B HACHIIICHHYIO TapaMK BOJIbI aTMOCc(epy) 3aBsiIatoT.

MakcumanbHas TUTPOCKONMUYECKAsT BJIAKHOCTh (MI) —  BJAXHOCTh
YCTaHABJIMBAWOIIAsACA B IMOYBE NpPU IOMEUICHMH €€ B aTrMocdepy € OTHOCUTEIbHOM
BJIQKHOCTBIO Bo3ayxa 98%.

I'nrpockonuyeckass BaaxHocTb (I'B) — BiIaXHOCTH TMOYBBI, COOTBETCTBYIOILAS
OTHOCHUTEJIbHOMY JIaBJICHUIO MapoB BOJbl B J1a0OpaTOpHBIX YcioBUsSX. COOTBETCTBYET
BJI&KHOCTH BO3yIIHO-CYXOU IOYBBHI.
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CyliecTByeT HEKOTOpOE MpaBWiIO (Jajieko He Bceriga coOurozaromieecs!) O COOTHOMICHHH
BEIMYUH  BJIKHOCTEH, COOTBETCTBYIOIIMX  IOYBEHHO-TUAPOJIOTHYECKAM  KOHCTAHTaM.
[1B:HB:BPK:B3:MI'=1:0.5:0.35:0.25:0.05. Ho (o4eHb BaxkHO!) 3TO MPaBUIO MOYKHO MPUMEHSTh
JUIIb ISl OPUEHTAMd B BEJIMYMHAX [MOYBEHHO-THIPOJIOTUYECKAX KOHCTAHT, HO OHO
HETPUMEHHUMO ISl KOJMYECTBEHHBIX pacdeToB. OCHOBOM /ISl HAXOKJICHUS BEJIMYUH ITOYBEHHO-
THJIPOJOTHYECKUX KOHCTAHT SIBIISIETCS MX IKCIIEPUMEHTAIEHOE OTIPE/ICIICHHUE.

Taxum 00pa3zom, MOYBEHHO-TUAPOITHYECKIE KOHCTAHTHI OTPAYKAIOT XapaKTepHbIC TOYBEHHO-
THJIPOJIOTHYECKHE YCIOBHS, CBS3aHHBIC C ONPEICIICHHBIMU CHIIAMH, YJCP)KUBAHUS BOJIBI B TIOYBE

M e¢ MOABWKHOCTH M JOCTYIHHOCTH IS pacTeHuid. Bce 3TO cxeMaTHYHO H300pakeHO B
Tadn.l.2.1;

Tadnauma .21
®opMBI BOJBI ¥ TIOYBEHHO-TUIPOJIOTHIECKAE KOHCTAHTHI JUIsl BCEH 00JIaCTH BIAKHOCTEH B
MOYBE
Abc.cyx. [urp. \%18 B3 BPK HB KB Bonosmec
o4Ba TUMOCTh
> yMeHbllIeHHE CTeNeHU CBSI3U BOJbI ¢ TBePIoii (pa3oii mouBbI >
dopma cBs3M | MPOYHOCBSA3aHHAS | PBIXJIOCBS3. cnaboCBsI3aH. | HeCBs3aHHAS
IToABMYKHOCTD | HEMOJIBHXKHAS c1aboMo/IB. MOJIBUKHASL | MOJBIDKHAS cBOOOIHAS
CocrosiHue aJIcopOMpOBaH. [TnenouHast TUICHOYHO- KanuuIsIpHasl | TpaBUTAIH
KanuuIspHast OH.
MexaHu3m MOJICKYJISIPHbIC MOBEPXHOCTH., | KAMWUIIPHO- | KaWULSIPHBIC | FpaBHTAIM
ynepxuBanus | (Ban-gep-Baanbca) | mMomexysisipH. COPOIMOHHBI OH.
(busmueckass | XUMHYECKHE e
MPHUPOA CHII) | DIIEKTPOCTATHIECKI
e
[puposansie TOHKHE CJIOM TOYBBI OT | CJIOW TIOYBBI | KamHJLI. TPYHTOBBIC
OOBEKTHI MIOBEPXHOCTHBIC crnaboro 1o | mocne KaiiMa  Haj | BOIBI
CIIOH MOYBBI | MOJHOTO JUTUTENTBHOTO | TPYHTOBBI-MHU | TIOYBSHHBI
MOJTHOTO ouonoruuecko | (Oosee ABYX | Bomamu, e
bu3ryecKoro IO UCCYIICHUS | CYT.) TOPU30HT  C | BEPXOBOJIK
HCCYLICHHSI CBOOOJIHOTO | MOATIEPTO- "
CTEeKaHUsA MOJBELICHHON | HaaMep3J10
Biaroii  (mpu | THbIC
CMEHE CJIOCB | BEPXOBOIK
o "
rpaHyJIOMETp.
COCTaBYy)

Ecnu paccmoTtpeTs AuanazoHbl MEXIy OTASTHHBIMEI TTOUYBEHHO-THAPOJIOTHIECKUMHU

KOHCTAHTaMH, TO IPUHSTO BBIJIEIATH CICIYIOIINE KaTETOPHH:

(IIB-HB) — ouanazon noosudicnoii eracu. YKa3pIBaeT Ha KOJUYECTBO BOJbI, KOTOPOE MOKET
CTeub IIPU HAJIMYUU CBOOOHOIO CTOKA U3 paccCMaTpUBAEMOM MOYBEHHOM TOJIIIIH.

(IIB-HB) wmu (IIB—amHamuyeckass BJIaro€MKOCTh)- 60000moaya. JTa KOJIUYECTBEHHAs
XapaKTEepUCTHUKA, OTpaXkarollash KOJMYECTBO BOJbI, BBITEKAIOIIEE M3 IOYBEHHOTO CJOS IpU
MOHMKCHUU YPOBHS IPYHTOBBIX BOJI OT BEPXHEH 10 HHKHEH TpaHMIbl 3TOro ciios (cM. puc.V.7).
Ecnu ypoBeHb IpyHTOBBIX BOJ OIYCTUJICS 3aMETHO HMXKE pacCMaTpUBAEMOM MOUBEHHOM TOJIIIIH,
TO JUIA pacyeTa BOJIOOTAAYM UCMOJIb3YIOT pasHully mexay [1B u HB. Ecnu ke ypoBenb octancs
B NIpeAeiiax paccMaTpuBaeMon ToimM, To Mexay [IB m nuHamuyeckoill BIIAarOEMKOCTHIO, T.€.
YYHUTHIBAIOT PACTIPE/ICIICHUE BIAKHOCTH B KalTMJUIIPHOM KaliMe TPYHTOBBIX BO/I.

(HB-B3) — ouanaszon oocmynnou (npooykmueénoti) enaeu. JIns pas3ivdyHbIX MOYB JHAMAa30H,
YKa3bIBAIONIMKA Ha KOJUYECTBO JOCTYITHOW IS PACTEHHM BJIard, MOXET OBITh Pa3IUYHBIM,
HanpuMep, B IECYAHBIX MOYBaX OH MOXeT jgocrurath 6-8%, a B cyrmmHHCTRIX — 12-17%.
[TosTOMy TOBOPST, YTO CYIJIMHHCTBIC TMOYBBI COJEPKAT OOJBIIEC MPOTYKTHBHOW BJIard, 4eM
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necyanble. TSKEeNIOCYTJIMHUCTBIE MOYBBI OyAyT cojep:KaTh OOJblliee KOJUYECTBO BJIarM, 4eM
CpelHe- U JIETKOCYIJIMHUCTBIE. A BOT B IVIMHAX, U TeM OoJiee B TSKENbIX IJIMHAX, JOCTYIHOMN
BJIaTM MOJKET OBITb MEHbILE, YeM B CpEIHEe- U TSKEIOCYIVIMHHUCTBIX I0YBaxX: B IJIMHAX
CTPEMUTEIBHO BO3pACTaeT KOJUYECTBO CBSI3aHHOM BOAbI, Oojbiie yBenuuuBaercs B3, uyem
pacretr HB.

(HB-BPK) — ouanaszon neexonoosusicnoii, IErKOAOCTYIHOW I PACTEHHN BJIard. ITO
Haubonee »d¢ddexkTrBHAsT YacTh TOM MNPOJYKTHUBHOM BIAru, KOTOpas XapakTepus3yercs
muanazonom (HB-B3). Muorma sro auamason 3amenstor apyrum — (HB—70%HB). Dtot
Jara3oH BJIAXXHOCTH CIIEyeT MOIepKUBATh B KOPHEOOUTAEMOM CJIO€, YTOOBIC OJTHOM CTOPOHBI
n30exaTh HEMPOIYKTUBHBIX MOTEPh BJIarM HA CTEKAHHWE €€ B HIKEJEXKaIlhe CIOU U B TO XK€
BpeMsi crocoOcTBoBaTh HambOosiee d>(dexTuBHON padoTe (POTOCHMHTETUUYECKOTO ammapara
pacTeHui.

WHB — omuocumenvnas eénasxcnocms. JTa OTHOIICHHE MPEIJIOKEHO JUIS TOTO, YTOOBI
CpaBHMBAaTh COCTOSIHHE BJaru B Pa3jMUHBIX 110 PaHYJIOMETPUUYECKOMY COCTaBy mouBax. Benpb
CpaBHEHHE MO aOCOJIOTHBIM BenuuuHaM BiakHOCTH (W) Majo 0 YeM TOBOPHT: B TNIMHHUCTOMN
mouBe BiIaxHOCTh Aocturatk 20%, a B mecuanoi, Hanpumep, 10%. Ho 310 He o3Hauaer, 4TO B
[VIMHUCTOW TMOYBE Bjara 0oJjiee NOCTyNHA U MOJABMXKHA. HampoTuB, 3Ta BelIMYMHA BIIAXKHOCTU
Onu3Ka K BJIQXXHOCTH 3aBsiiaHud. B mecuanoil ke — 6mmke k HB. A BoT ecnu HOpMuUpOBaTh
BJIQ)KHOCTh BEJIMYMHON HAMMEHBIIEH BIIArOEMKOCTH, XapaKTEpHOM Uil KaXKJ0T0 MOYBEHHOI'O
CJIOsI, TO KaYEeCTBEHHOE CPaBHEHME IPOU3BOJIUTH MOXHO. B mpuBenenHom npumepe, HB nmns
TJIMHUCTOM W TIECYaHOH TOYBBI OyIAYT COCTaBJIATh, Hanpumep, 35 U 12%. Torna oTHOCHTENBHEIE
BIQKHOCTH cocTaBiIT 57 um 83%, 4YTO TOBOPUT O 3HAYUTEIHHO OOJIBIIECH HOCTYMHOCTH H
MOABMKHOCTH BJIar B [ECYAHOM TOYBE.

XapakTepHble BETUYMHBI TUIPOJIOTMYECKUX KOHCTAHT Ui OCHOBHBIX TpYII IOYB IO
rpaHyJIOMETpUH MOXKHO Haiitu B [Ipuioxenuu, B paszaeine «CrnpaBoyHbie MaTepraib» (Tadbn.5 u
8 Ilpuoxenus).

JlaBJieHHe MOYBEHHOI BJIarH

BiaxxHOCTh MOYBBI, HE MOXKET SBJIATHCSA €AMHCTEHHBIM MTOKA3aTEJIEM COCTOSIHUS BJIard, J1aKe
ecnmi  Mbl  OyIeM UCIOJIb30BaTh THUIPOJIOTMYECKHE KOHCTAaHTHI, 0oJjiee  OINpeesIeHHO
XapaKTepU3YIOIIHE COCTOSTHUE IOYBEHHOW Biarv. Beap gaxe ¢ NMOMONIBIO OTHOCUTENBHOU
BJIAJKHOCTH Mbl MOKEM JIMIIb KAYECTBEHHO YKa3bIBaTh HA JIOCTYMHOCTb NMOYBEHHOW BJIArd W
TOBOPUTH O HANPAaBJICHHUU TEPETOKA, HO JIMIIL TPABUTAIMOHHOW Biard (€Cjau OTHOCHUTEIbHAS
BIaKHOCTE Oymer Oompmie 100%, TO Takoil mMOTOK BO3MOKeH). HeoOxoauma wuHas,
KOJIMYECTBCHHAs! XapaKTEpUCTHKA, YKa3blBalollas Ha €€ JOCTYNHOCTh JUIsi PacTEHHI,
HANpaBJIEHUE TOTOKA IMMOYBEHHOM BJIard, MO3BOJISIONIAS IMPOBOJUTH PACUEThl MEPEIABUKECHUS
BJIaTM B MOYBE W PACTCHHUAX. JTa XapaKTEPUCTHKA, B OTIMYHE OT BIAXKHOCTH, JOJKHA OBITH
NOTEHIUAIBHOH (T.€. MPeCTaBNIATh cOO0M HEKUi MOTEHIIMAN), aHAJIOTMYHOW TeMIlepaType MpH
MEPEHOCE TeIUIa WM JABJICHUIO BO3AyXa IPU ABUKEHUU BO3AYIIHBIX MacCC.

Takoi BeIWYMHON OKa3aJIOCh JABJICHHUE MOYBCHHOM Biard. J[eMCTBUTENBHO, BEIb MOYBA —
3TO KalWUIAPHO-TIOPUCTOE TEJIO. A BOJA B KAMWJUIAPAX UMEET MHOE, TOHUKEHHOE JaBJICHHUE I10
CpPaBHEHHUIO CO CBOOOJTHOW HYHMCTOW BOJOHM. PaccMOTpWM yYIPOIIEHHYIO CXEMY IOYBEHHOTO
kanwusipa (puc. 1.2.3) - mpocrast CTeKIsiHHas TPyOKa, MOMEIIEHHAst B YallKy ¢ BO/Oi. B Hem
MMOBEPXHOCTh 00pa3yeT MEHUCK C KPUBH3HOW paanmycoM R , BciencTBue 4ero moja BOTHYTOU
MMOBEPXHOCThIO MEHHUCKAa (QopMUpYyeTCs HaBlieHHe P;, MeHbIee, YeM TIO0Ji TOBEPXHOCTHIO
cB00OIHOM BOIBI (P2).



Puc. 1.2.3. Cxema noapema BOJbI B CTEKISTHHOM Karmuuisipe (a) ¥ COOTHOIICHUE panyca
MEHHCKa 1 Kanuusipa (0)

3a cueT pa3HHUIBl JABJICHUI M BO3HHMKACT MOJbeMHas cwia B Kamwuiipe (P-Pi), KoTopas
CBs3aHa C paJiiycaMy KpUBHU3HBI MEHUCKOB ypaBHeHHeM Jlamaca:
2s xcos)
r
BUJIUMOMY, 3Ty pa3HHUIy, BBI3bIBAIOIIYI0 IIOJBEM BOJbBl IO KamWULpy YyA0OHEEe BCEro
HCIIOJIb30BATh JJI XapaKTEPUCTUKH CTEIIEHU CBSI3HM MOYBEHHOW BJIarv C NOBEPXHOCTHIO TBEPAOU
¢a3pl: yeM Oouiblie OyeT 3HaYCHHE, YeM TOHbIIE OyeT Kallujuiip, TEM BbIIIE OJHUMETCS BOJIa
B Kanmwuisipe W BbINIe OyleT CTENMeHb CBS3M MOYBEHHOW BIAarum C TBepaoi ¢azoi. Bor 3Ty
Pa3HOCTb JIABJICHUM W IPUHSATO HA3bIBaTh KAIIWJIISPHBIM JIABJICHUEM, YKa3bIBAIOLIUM, HACKOJIBKO
JIaBJICHUE BJIard B IOUYBEHHOM Kanujuispe OyJIeT MEHbLIE JaBJI€HUs BJlard B CBOOOJAHON YMCTOM
BOJI€, MPUHATON 3a HOJb. Kak BHUIHO W3 NMPHUBEAECHHOrO ypaBHEHUs JKropeHa, KanuuIsipHOE
JIaBJICHHE B HE HACBHIIIEHHBIX BJIaroi moyBa OyAeT BEIUYUHON OTPULIATEIbHOM.

OpHako HE TOJIBKO MEHHCKOBBIE CHJIBI MOTYT ITOHU3UTH JIaBJICHHUE BJIard B rnouse. B obGmactu
IUICHOYHOW Biiard, B auanazone or BPK no (mpumepno) MIT, Bnara Oynmer HaxoIMTCS O[T
NeMCTBUEM PACKIIMHUBAIOIIETO JaBJIEHUS! TOHKUX IUIEHOK. CxeMa o0Opa3oBaHUs 3TOrO JaBJICHUS
npuBeqeHa Ha puc. |.2.4.

+ + o+ 4+
(> )
+

P,- Pl=2% U paguycoM Kanwuiipa - ypaBHeHueM JKiopena: P,-F ITo-

+ +

cloda AO0JIK Ha
30Ha 3 pggkij'lamﬁag::g&reoro nocTtynatb Boaa
NOBbILLIEHHOW no rpagueHTy
KOHUEeHTpa (EIEIERT KOHLUEHTpauum
NOHOB + + + +

e &
+ + + 4+

Puc. 1.2.4. Cxema, mosICHSIONIAas BOSHUKHOBCHHE PACKIIMHUBAIOIICTO JIABJICHUS B IIOYBAX
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Kak BugHO M3 3TOH CXeMBbI, MEXIy OTIACIbHBIMA YACTHUIIAMHU BO3HHMKAET 30HA TOBBIIIICHHOMN
KOHIICHTPAIIUM HOHOB. DTO MPHUBOJUT K IMOBBIIIEHHOMY OCMOTHYECKOMY JAaBJICHHUIO, KOTOPOE
Oyner «copOupoBaTh» CBOOOJHYIO BJary MeEXJy YacTHUIAMH, CTPEMSCh HX pa3/IBUHYTh,
CPACKITMHHUTH». ITU CHIIBI TAK)KE CTPEMSITCS «HAOUPaTh» B MTOYBY BOJIY, OHHU B IEJIOM JICHCTBYIOT
AQHAJIOTMYHO KaMWUIAPHBIM. [103TOMY MX OOBEAWHSIOT B OJHY BEIWYWHY JIABJICHHS BIIAard — B
BEJIMYMHY KaUJUIIPHO-COPOIIMOHHOTO WJIM MAaTPUYHOTO JIABJICHUS BJIArH, Py...

He Tonpko copOupoBaHHBIE MOHBI M MEHHCKOBBIC CHJIBI TOHIDKAIOT JABJICHUEH BJard B
nmoyBe. M cBOOOIHBIE WMOHBI, HAXOISAIIMECS B PACTBOPE BHOCSAT CBOKO JOJIIO B TIOHIKCHHE
JaBJICHHUS. ITO OCMOTHYECKAsi COCTABJISIONIAs, KOTOpash 3aMCHT OT KOHIICHTpauuu (To4Hee, OT
aKTHBHOCTH) HOHOB B mouBe:. P,., = - RTC, rae P,., — ocMoTrueckoe nasienue (B klla), R —
rasoasi mocrosiaHasi, pasuas 8.31:10% [kIla M¥K° moms], T — Temmeparypa (8 K), C —
KOHIICHTpAILUsS pacTBOpa B Mo/, Hepeako Ty cocTaBismoOIIyl0 MOJHOTO IOTEHIIHAIA
OMPENENAIOT 10 3JICKTPONpoBoAHOCTH mouBeHHoro pactBopa (EC): P,, = - 36 EC,
aneKTpornpoBogHOCTh (EC) BbipakeHa B 1CM/M.

Kpome TOro, Bojma HaxoAwTCs IMOJ ACUCTBHEM TPABHTAIIMOHHBIX CHJI, TOJBKO 3a CYET,
KOTOPBIX BOAa OyIeT mepemMeniaThCsi BHHU3, B HIDKHIOI YacTh MOYBEHHOTO mpodmis. 3a cuer
9TUX CHJI HAOIIOIA€TCS PaBHOBECHE BOJBI B BBIICIPUBEACHHOM CXEMAaTHUYECKOM MOYBEHHOM
Kamwuispe, TJ€ OHM YPaBHOBEUIMBAIOT MEHHCKOBBIC. OTH TPABUTALMOHHBIE CHJIBI OyAyT
MIPOTIOPIIMOHATBHBI BBICOTE BOJBI B KATMJUISIPE, U €CJIM BBIPAKATH JIaBJICHUE BJIATH B CM BOJIHOTO
cTosida, To 3T0 OyayT mMpocTo cM. Pa3MepHOCTh «CM BOJHOTO CTOJI0a» BOOOIE OKAa3bIBAETCS
OYCHb YIOOHOU /I BBIPAKECHMSI BCEX YKA3aHHBIX JIABIICHUM U KAMWUIIPHO-COPOIIMOHHOTO, U
OCMOTHYECKOTO M TpaBUTalMoOHHOro. Ho odYeHp wacTo wuCmons3yloT u apyrue. [lostomy
[PUBOJMM B3aUMOCBSI3b OCHOBHBIX (ITPEXKIE BCET0, BHECHCTEMHBIX, HO YaCcTO HCIOJIb3yEMBIX)
pa3MepHOCTEN JaBIEHUS BJIark B TIOYBE:

1 arm = 1030 cM BogHoro croida = 750 MM pryrHOTO cTonba = 1 Gap = 10° ITa

Takum 00pa3om, BoJa B MOYBE, HAXOMISCH IMOJ] IEHCTBUEM KAMWUIAPHBIX U COPOIIMOHHBIX,
OCMOTHYECKHX U TPAaBUTAIMOHHBIX CHJI, IIOHIKAET CBOE JaBJICHUE B CPABHEHHUH CO CBOOOHOM
yrcToit Bojoii. [lonaHoe nasnenue Biaru B mouse (Pt), sBisiercst anreOpandeckoil cyMMoit Beex
YKa3aHHBIX BBIIIE OCHOBHBIX COCTABJISIONINX

R=Rc+P,*P,.,
rae P; — mojgHOe, WM CyMMapHOE JaBJICHHE BIArd B MOuBE, Py.. — KaMWUIAPHO-COPOIIMOHHOE
(nmu matpuunoe), P,.,, — OCMOTHYECKHUE JaBcHHUE Biard. MIHOrIa erie K 3TOW cyMMe JaBJICHUI
no0aBisSIIOT P, — JaBiCHUE BBINICIEKANIUX CJIOEB, WM JIPyroe BHEIIHEE JaBJICHHE,
OKa3bIBaEMOE Ha MOYBY (CEIbCKOXO3IHCTBEHHON TEXHUKH, KOJIECHOTO TPAHCIIOPTA | T1P.), Pyyy —
atMocgepHoe naBiieHre. OHAKO B OOBIYHBIX YCIOBUSX ATH COCTABJISIFOIINE HE YIYUTHIBAIOT.

Onpedenenus

/laBjleHUe NMOYBEHHOI BJarM — JaBJCHHE, BO3HMKAIOIIEE B MOYBEHHOM Biare 3a cueT
)IGI\/IICTBI/H[ B IIOYBEC CHUJI paszqufI MMpHUPOAbI, CHIIKAIOIIUX SHCPIrUIO MMOYBEHHOM BOJBI IIO
CPaBHEHMIO CO CBOOOJHOI 4MCTOM BOJIOM mpu arMOc(hEpHOM JABIEHUU HA YPOBHE MODS,
SHEprusi, KOTOpoil MpuHATa 3a HOJb. [loHOE NaBieHue Biaru sBISETCS aaredpanyeckoit
CYMMOI\/II COCTAaBJIAIOII X MaTpHUYHOI'O WJIN KaHI/IJ'IJISIpHO-COp6III/IOHHOFO, rpaBUTAlMOHHOTO,
OCMOTHUYECKOI'O U JIp. BeIeNAI0T ciieayromue cocTaBIsONUE IOJHOTO JABJICHHS BJIATHU:

JlaB/ieHHe rPaBUTANMOHHOE (CHHOHHM - THJIPOCTaTHYECKOE) — JIABJICHUE, CO31aBacMoe
Maccoil cToa6a BOJbl M IPONOPLUUOHAIBLHOE BBICOTE MOCJeIHEro. B mouBax u rpyHTax oHO
CO31aeTCsl CBOOOIHOW TPaBUTAIMOHHON BJIAroi (CM. KaTEropuM M COCTOSIHUS MOYBCHHOU
BJIaTH), COJIepIKaIeiicss B BOJJOHOCHOM T'OPU30HTE, a TAK)Ke CTOJIOOM BOJBI Ha OBEPXHOCTH
oYBhl. [ paBUTALIMOHHOE JTaBJIEHUE — €IMHCTBEHHAS! COCTABJIAIONIAs B BEJIMYHUHE ITOJHOIO
JaBJICHHUS IIOJIOKUTCJIbHAA.
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JlaBjieHre KANWJISIPHO-COPOIMOHHOE (CHHOHUM - MaTPUYHOE, KAPKACHOE) — BO3HUKACT
3a cueT JAeHCTBUS KaNnWUISPHBIX U aICOPOIIMOHHBIX CHJI TBEPI0H (ha3bl MOUBbI, TOUBEHHOM
matpuibl. [1o ¢u3ndeckoil Cytn — 3T0 MEHHCKOBOE (KamMUIAPHOE) M PACKIMHHBAIOIICE
JaBJICHHUC TOHKHUX ITJICHOK. B HEHACBIIIICHHBIX BJIaro¥ Mo4YBaxX — BEJIMUMHA oTpUuLaTCIbHad.

JlaBjieHHe 0CMOTHYECKOE — 3TO JIABJIICHHUE, BO3HUKAIOIIIEE 32 CUET PACTBOPEHHBIX BEILIECTB
B MMOYBEHHOM pacTBOpe. YHCIEHHO paBHO JaBJICHUIO [, KOTOpoe HEOOXOIUMO MPUIOKHUTH
K 00beMY BOJIBI, TOXKICCTBEHHOMY TI0 COCTaBY C MIOYBEHHBIM PACTBOPOM, ISl TOTO, YTOOBI
NPUBECTH €r0 B pPABHOBECHE dYepe3 MOJYIPOHUIAEMY0 MeMOpaHy (IMPOHUIACMYIO IS
BOJIbI, HO HEMPOHHUIIAEMYIO JUIS PACTBOPEHHBIX BEIIECTB) ¢ OOBEMOM UYHCTOH BO/IBI.
Bennunna oTpunarenbHasi.

Wrak, naBneHue BiIaru OTpakaeT CTENEHb CBA3M BOJBI B II0YBE, IOHWKEHHE JaBJICHUS B
OTHOIICHUH [ABJICHUS CBOOOTHON 4YMCTO# BOBI (MPHHATOH 3a HOJbB). [lodaTOMy BemMUMHA
JIABJICHUS TI03BOJISIET MTPOU3BOIUTH OLIEHKY JIBUYKEHUS BJIarM U3 TOUKH C OOJIBIINM JIaBJIEHUEM B
TOYKY C HauboJee HU3KUM JaBJICHHEM BJaru. JTO OTHOCUTCS HE TOJBKO K IOYBE, HO U JPYrUM
KalWUIIPHO-TIOPUCTHIM TEJIaM, B TOM uuciae u K pacreHusMm (cm. Yacts II). Metomsr
OTIPE/ICTICHMUS IaBJICHHsI BJIark B IOYBE MOXHO HaiiTu B KHUrax A.M.I'mo6Gyca (1969), «IloneBbix
1 1a0opaTopHBIX MeToIax onpeaeneHus ....» (2001) (cm. Jlurepatypy).
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I'nasa |.3. JIBI/I)KCHI/IC BOAbBI 1 PACTBOPUMBIX B€IIECCTB B IIO1BE

B 37011 TI1aBe MBI 03HAKOMHMCS C ABHUXKCHUEM BOABI U PAaCTBOPCHHBIX BEIICCTB B ITIOYBC.
CnenyeT pasiinydaTtb ABUKCHHUEC BJIalrd B HaCBIHIGHHOI\/II BJIarou IMOYBE, KOT'Zla BCC IMOPOBOC
MPOCTPAHCTBO 3AMOJIHEHO BOJIOM, U B HE HACBIILIEHHON BOJOM MOYBE, KOTAa B IOPOBOM
MIPOCTPAHCTBE COCYIIECTBYIOT BOAA U BO3AyX. OCTaHOBHUMCS, TIPEK]IE BCETO, HA IBUYKEHUN BO/IBI
B HAaCBILLIEHHOM MOYBE - Ha npouecce GUiIbTpaIiu.

@uabTpanus: IBHKeHHe BOAbl B HACHILIEHHOI BJIaroii mouse

Ecnu Bce mopoBoe MpOCTPaHCTBO 3aIOJHEHO BOJOMW, TO IPOLECC IBHKEHMS BIaru B TaKOU
nByx¢asHoii (TonbKO TBepaas W okuikas (asbl) cucTeMe Has3bIBalOT ¢uibmpayuen. Ilpu
OIIMCAaHUU HTOrO IMpoIecca CUUTAIOT, YTO IO BCEM IIOpPAM BOJA JBHXKETCS C OJUHAKOBOM
CKOPOCTHIO, GOopMHUPYS PHIBTPALIMOHHBIA ()POHT B HACKHIIICHHOW BOJOW MOYBE. TaKkue YCIOBUS
B IIOYBE OBIBAIOT HEYACTO M B OCHOBHOM XapakTepHbI [UIsl JBUKEHHS TPYHTOBBIX BOJ,
BEPXOBOJKH, MpPU BECEHHEM CHEroTasHud. VIMEHHO QuibTpauus BOJbl B IOYBE SIBIISIETCA
OCHOBOH Ui NMOHMMAHMSI MPOLIECCOB JBMKEHHS BOJABI B IOYBE. 3aKOHOM, OMMCHIBAIOIIUM
JBHKEHHE B HACBIIEHHOW MOYBE, SABIIAETCA 3aKOH Jlapcu.

Puc.l.3.1. Cxema qBUKCHHS BJIATU CKBO3b KOJIOHKY ITOYBBI HACKIIIEHHYIO BJIArOM

W3 sroit cXembl BHIHO, YTO IIOYBEHHAs KOJIOHKA, HMeEIoIIas JuiMHy | W r1oiomams
MIOTIEPEYHOT0 CEYCHHUSI S, IPOBOIUT BOY C HEKOTOPOU CKOPOCTBIO, XapaKTEPU3YeMOH 1nomoKom
enacu Cy. DTOT MOTOK paBEH KOJIHMYECTBY BOJBI Q, MpolIemeMy depe3 CeYeHHEe MOYBBI S B

X

enuHMIy Bpemenu . (), = On Oymer uMeTh pa3MepHOCTh [cm/cyT, wiu wm/cyt], T.e.

[muHa/Bpems], Tak Kak BennurHa Q MMEET pa3MEPHOCTh 00beMa, S— IUTOMIAAN, UX OTHOIICHHE
— Pa3MEpHOCTh JUTUHBI. DTa pa3MEPHOCTh MOTOKA BJIard (PU3MUYCCKU MPEICTABISIET CTOJIO BOJIBI,
BBIPOKCHHBIM B CM (MJIM B MM, WM B M) BOJHOIO CJIOSl, KOTOPBIA MPOXOIUT 4Yepe3 MOYBY 3a
eMHUILY BpeMeHH. [103ToMy Bce TIOTOKH BOJIbI B TOYBE MPEIACTABIISIOTCS BEIMIMHOM CIIOS BOIbI
B CIMHUILYy BpeMeHH. AHpu Jlapcu, u3mepsisi pacxo/ibl BOJIbI, apaMeTPbl MOYBEHHBIX 00pas3IioB,
a TaKKe BBICOTY Iepernaja Bojbl B mojaroiieM u npuemMHoM cocynax (hi — hp=Dh), Bnepssie
3aMETWJI, YTO PU QUIBTPAIIMH BOJIBI COOOIACTCS CICIYIOIIEeE COOTHOIICHHE:

Dh
qW:K(pI_’
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rie Ky — xoddduuument ¢uupTpanuy, a OTHOIIEHUE T Ha3bIBACTCS 2UOPABIUYECKUM

epaduenmom, T.e. OTHOLICHUEM TUjpaBirueckoro Hamopa Dh k mimHe xonoHku. dDakTudyecku
TUIPaBIMYECKUN TPaJUEeHT — 3TO NOTEps HAmopa BOJAbI HA €AMHHUILY JUIMHBI (QUIBTPYOLIEH
KOJIOHKH.

OueHb BaKHO OTMETHTB, YTO K HMEET Ty )K€ pa3MepHOCTb, YTO U IIOTOK BJIAry, T.e. CM/CYT,
M/CYT W T.H., HO JIMIIb B TOM CJydae, €CIH THIPABINYCCKUI TPAJUCHT SBIISACTCS BEIUYUHON
0e3pa3MepHOM, T.e. KOorja M Iepemnaj, W JUIMHAa KOJIOHKM BBIPQKEHbI B OJHUX U TeX
pa3MepHOCTAX UIMHBI. BaxkHO Takke, uTo Ko3hduuueHT GUabTpaluu paBeH MOTOKY Biaru npu
eIMHUYHOM rpaauente. [loatoMy Hepenko Ky Ha3bIBalOT CKOPOCTBIO (DMIIBTPALMU HA €AUHUILY
rpaguenta. Kpome Toro (4ro Toxe oueHb BaxkHO!), Ky sBISETCS TOCTOSHHOM W
XapaKTepUCTUYHON /I JAaHHOTO IIOYBEHHOr0 o0O0beKTa BeIMuMHOW. OH OTHOCUTCH K
(GyHIaMeHTaJIbHbIM, 0a30BbIM IOYBEHHBIM cBoicTBaM. KilaccupuuupyroT o0OBIYHO 3Ty
BEJIMUUHY cleayronum oopazom (tada. 1.3.1):

Tabnuma 1.3.1.
Knaccudukarmonnsie rpagaimu kodhdunuenta ¢uiprpanuu noys (no @.P.3aiinensmany,
1985)

Kracc HanmenoBanwue K (em/cyr)
ko3¢ punmeHTa
¢bunbTpanuu
| HcKImrounTenbHO HU3KHI <1
(Bonoynop)
[ OueHbp HU3KUHA (st 1-6
[OYBEHHBIX  TOPU30HTOB  —
BOJIOYIIOPHBIN)
1 Huzkwnit 6-15
IV Cpennmii 1540
\Y Bricokuii 40-100
VI OueHb BBICOKHUH 100250
Vil W CKIIOYNTETBHO BEICOKHM >250

[TpuBenennsie B Tabu. 1.3.1 rpaganuu xoddduirieHTa GUIbTpaud — OPUSHTUPOBOYHBIC, B
OCHOBHOM TMPUMEHHUMBI JUIsl CYIJIMHHCTBIX NOYB. IlecuaHble MOYBBI MMEIOT OOBIYHO OYEHBb
BBICOKHUIT Koaddunment ¢punprparmy, > 550 cm/cyt. U npu Beicokux 3HaueHusx Ky no (40-100
cm/cyT), TO 3TOM KiaccHu(UKAIMU, CICIyeT TOBOPHTh O HEBBICOKMX JUIS IECYaHBIX I0YB
koa¢p¢unmentax ¢uibTpanuu. B cBs3M ¢ 3TUM HIKE IpuBeleHa J00aBoyHas TaOnuua Jyis
Pa3IUYHBIX [0 TPAHYIOMETPHUYECKOMY COCTaBY MOYBEHHBIX 00BbeKTOB (TaduI. 1.3.2).

Tabnuma 1.3.2
Jlnamna3oHbl CpeJHUX 3HaYeHUH KO3 durmenTa GuIbTpauu JUisl pa3IudHbIX 110
IPaHyJIOMETPUYECKOMY COCTaBY MOYB

I[TouBeHHBIE OOBEKTHI Jnamnazon Ky, cm/cyt
IlecuaHble TOYBEI 300-800
CyrnuHucThIe 20-100

I'muae 1-50

W B 3TOM Cci1y4ae ciaenyer CAesaTh HECKOJIbKO YTOYHSIOIINX AOMOIHEHNN. Bo-niepBhIX, naxe
[JIMHKUCTAs T0YBAa MOXET MMeTh KodhduuueHT (uibrpamuu Oosiee 60 cm/cyt, Tak Kak oHa
MO>KET OBITh XOPOILO OCTPYKTYPEHHOMU, U 3Ta CTPYKTypa — BoJloycToiunBoil. Hampumep, Takue
BEJIMYMHBI BCTPEUAIOTCS B YEPHO3EMax Ha TJIMHAX, Ha KapOOHATHBIX MAaTEPUHCKHUX MOPOJAX, B
(beppauINTHBIX N0YBax. MM HaNmpoTuB, NecyaHble IOYBBI MOI'YT UMETh OU€Hb HU3KUH Ky, 10
HECKOJIBKHX JICCATKOB WM JaXe SMHHUI] CM/CYT. DTO CIydaeTcsl TOria, KOr/ia eCYaHble MOYBbBI
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CIIOMCTBI, UMEIOT MPOCIONKU 00Jiee TUIOTHOTO (0XKEIE3HEHHOTO) MeCKa MM OTIMYAIOLIHECs T10
IpaHyJOMETpUYECKOMY cocTaBy. B camoM oOmeMm ciydae cieayeT cuuTaTh, 4TO €Clid
MOYBCHHBIA TOPU3OHT HMMeeT KodpduiueHt ¢uibTpanuu < 6 cm/cyT, TO 3TOT MOYBCHHBIN
TOPU30HT MOXHO paccMaTpuBaTh KaK BOJOYIOPHBIM, MPAaKTUYECKH HENPOHUIAEMbIN Ui BOJbI
(tadm. 1.3.1) BHE 3aBUCMMOCTH OT €r0 IPaHyJIOMETPUYECKOTO COCTAaBa M JPYTUX CBOMCTB.

Baxxno Taxoke oTMETUTb, KO3 PULIHEHT PUIBTPALUU — 3TO CBOWCTBO HE TOJIBKO MOYBBI, HO U
MPOTEKAOIIEN B MOYBE KUAKOCTH, TaK KaK 3akoH Jlapcu NMpUMEHUM HE TOJBKO K BOJE, HO U K
APYrUM SKHAKOCTSM. M B 3TOM ciydae MOTOK 3ToW >kuakoctu (Q) OymeT ompeaensThes
ko3 durmenTom duibtpanuu kuakoctd (Kj), miotHocThio (r)) u Bsskocteio (h)) aT0M
xuakoctu: g =K, ﬁm

h, |

@uiabTpauuss — JIBW)KEHUE JKUJAKOCTHU B HACBIIMIEHHOW H3TOM KUIKOCTHIO TIOYBE
(mByxdazHoii cucteme: TBepaas u xkuakas asbl). B 0TCyTCTBHE CHCIUATBHBIX yKa3aHU
¢bunbTpanus - 3T0 IBWKEHUE BOJIbI B HACKHIILIEHHOW BIaroil nouse

3akon [lapcu: noTok Biard (Cw) B HACBHIIICHHOW MMOYBE MPOTIOPLUUOHANICH KOIDDHUIIUCHTY
aho,  _  Dh
¢unprparmn (Kp) W TpagueHTy T'HIPABIMYECKOTO HAropa gl__ g, =K 2 rne
4]
rugpaindeckuit Harop (Dh) m mnmua xonoHku (I) MMEOT OIMHAKOBBIE Pa3MEPHOCTH
JUIMHBI, pa3MepHOCTH Ky W O TaKKe OJMHAKOBBI — [JUTMHA/BpeMs], Hampumep, M/Cyr,

cM/cyT.
Koy punuent puabrpamun (Kp) — 3T0 CriOCOOHOCTH TOYBBI IPOBOJUTH HACHIIICHHBIN

IIOTOK BJIaru I1oJ )IGI\/’ICTBI/ICM rpaguc€HTa TUAPaBIMYCCKOTO JaBJICHUA. O6BI‘-IHO, npu
rpaAucHTC JaBJICHUWA, OJIN3KOM K CAUHUIIC.

[IpuBenenHas 3anuck ypaBHeHus Jlapcu cBoiicTBeHHa Ui (GUIIBTPALMK BJIard, KOTraa JMHUU
TOKa HalpaBJeHbl MMapaJlIeNIbHO JIPYr JAPYry OT MOBEPXHOCTH IMOYBBI K €€ IIyOMHHBIM CIIOSIM.
OpHako Moryt OBbITh CiIy4ad, KOTJIa Bjlara T€4eT M0 HEKOTOPOMY BOJOCOOPHUKY IO pajuycy U3
OKPYXKAIOIIEro MOYBEHHOrO IpocTpaHcTBa. Hampumep, ecnum B mouBe caellaHa BEpTHKAIbHas
CKBa)KMHA, ATa CKBaXMHa YIiIyOjieHa B IPYHTOBbIE BojAbl Ha BenuuuHy H. 13 okpyxkaromieit
MOYBbl B CKBAXHHY (uibTpyercs Biara. Bojma B ckBakuHe, (QUIBTPYSICh 4Yepe3 IOUYBY B
MOHOJIUTE, MOCTENEHHO OyJeT 3aloJIHATh JpeHy. B KaxIplii MOMEHT BpeMeHu t MOXHO
PErucTpUpPOBATH YPOBEHBb BOJBI B PACIOJIOKEHHOW MO0 OCH MOHOJINTA CKBAKMHE. B HAYAJIbHBIN
MOMEHT BpeMEHH lp YpOBEHb BOJBI B CKBa)XMHE, M3MEPSEMBIM OT BEPXHETO YPOBHS BOJbI B
cocyze, coctaBuT N moj meiicTBUEM 3TOTO THAPABIUYECKOTrO mepernana No 1 ABMKETCs BOJAA B
PACIIOJIOKEHHYIO II0 OCH CKBaXHMHY. B crieayromuil MOMEHT BpeMeHW t; ypOBEHb BOJBI B
ckBakuHe yxe Oyzaet hi, B MomeHnT Bpemenu tp — hp u 7.1, O003HaYMM BBICOTY BOJIBI B CKBOKHUHE

hy

B MOMEHT BpeMeHu t uepe3 hi. 1 B J1000# MOMEHT BpEMEHHU Mbl MOXKEM HAaWTH OTHOLICHUE —> .

M3MeHeHne 3TOro OTHOLIEHHsI BO BpEMEHHU M OyJeT OCHOBHBIM B onpezeneHun Ky. [Ipusenem

h .

(bopmyny OpkuHa 1i1s pacyera Ky 10 JMHAMUYECKUM JIaHHBIM O — !

L
]{(1) = L x_h[
H+2r t
rae H — npenienbHblii HAmop Bojbl (MM B HAIIeM Cilydae, PacCTOSHUE OT YPOBHS MMOYBEHHBIX
WIA TPYHTOBBIX BOJ 10 JHA CKBaXHHBI), [ — PaguyC CKBaXKMHBI-IPEHBI, M — IOCTOSHHAs,
3aBUCAINAs OT pauyca CKBaXUHBI, BapbupyeT oT 4 10 2.5, a s apen ¢ paguycom ot 2.5 1o 5
CM NpUHUMAaETCs paBHOH 3.5.
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Ecmm no AVHAMHUYCCKUM JaHHBIM O BCIIMYWHC YPOBHA BOABI B CKBAXXHUHC-APCHEC ITOCTPOUTH

hy

rpaguk B KoopauHaTax Ig— orT t, To 3Ta 3aBUCHMOCTH OyJeT OnH3Ka K JMHEHHOM, yroi

HaKJIOHa KOTOPOW cocTaBUT a. TaHreHc yria HakioHa OyJIeT XapaKTepu30BaTh paavaibHbIN
noTOK Biaru. Torga ypaBHeHHE O pacuery KoddpduuueHta QuibTpauuu OyIeT BBIIIISIETh

CIIeyIoIUM 00pa3zom

mr?

K, Hator tga .

Kak BuzmHo, mpu paauanbHOM IMOTOKe (opMyna pacyera KodpduuueHta QuibTpanuu
BBITJIATUT COBCEM MHBIM 00pa3oM, 4eM IpH TPaAULMOHHOM, JIMHEHHOM noToke. [Ipnyem nmotox
BOJbl K JpEHEe NpeJCTaBlIeH B HEW B HESIBHOM BHJAE, a B BuJe tga, XapaKTepU3YIOIIETo
CKOPOCTb HOIbeMa BOJIbl B CKBAKHUHE-/IPEHE. Crnenyet nol4epKHYTbh, 4TO 3ak0oH Jlapcu kak
B paAMaJIbHOW, TaK W B JIMHEHHOM 3allMCH BBINOJHACTCA JIMIUb JUIS YCTAaHOBHBILEWCH,
JaMUHAPHOH, Oe3HANOPHOH (MM MaJIOHATIOPHOM) (QUIIBTPAIIHH.

B OosplumHCTBE cCilydyaeB BOJa MOMAJAeT HAa IOBEPXHOCTh MOYBBI, KOTOpPAas JOCTATOYHO
uccyuieHa. B aTom ciyyae, Boja cHayajia BIUTBHIBA€TCS B HE HACHIIICHHYIO BJaroil NOYBY,
HACBILAET €€, U JIMIIb I0CcTe HachleHus OyneT HabmoaaTees npouece punbtpauuu. [ponecce
K€ HayaJIbHOTO BIIUTHIBAHUS BJIar B MI0YBY HA3bIBAIOT BOJAOIPOHUIIAEMOCTHIO.

Bononponunaemocts. BuutbiBanne (MHPUILTPanus) BOAbI B NOYBY

[IpoBeaem mpocToil 3kcnepumeHT. Ha MOBEPXHOCTh IMOYBBI B €CTECTBEHHBIX YCIOBHUSX
YCTAHOBHMM M CJIETKa YIiyOMM HEBBICOKHH IJIMHIP, 3aJIbEM €r0 BOJOH, W OyaeM y4YHTHIBAaTh,
KaKoe KOJIMYECTBO BOJIbI BIIUTHIBACTCS B MOYBY 32 OINPEICICHHBIC MPOMEKYTKH BpeMeHHU (pHC.
1.3.2, a). CHavaya Bojga OyaeT OBICTPO TMOIJIOMIATHCSA IOYBOM, a 3aTeM IOTOK BOJIBI
crabmmusupyercs (puc. 1.3.2, 6). HauanmpHast cragust OBICTPOTO IPOHMKHOBEHHS BOJBI B
HEHACBHIIIEHHYI0 BJIArOW TMOYBY TPU HEKOTOPOM THAPABIMYECKOM HAlope Ha3bIBACTCS
gnuUmMvleaHueM WIH uH@UIbMpayueti. 3ateM, 1O Mepe HACBHIIEHUS BCEro IOPOBOTO
MIPOCTPAHCTBA IMOYBHI BOJIOW MOTOK cTabmimmsupyercs. Hacrymaer cramust ABHYKEHHs BOJBI B
HACBHIIICHHOW TOoYBe — cTamus (uibTpanmuud. Takum 00pa3oM, MPOLEcC BOJOTPOHUIIAEMOCTH
BKITIOYAeT B ceOs JBa Mpollecca: BIUTHIBAHUS BOJbI B HEHACBHIICHHYIO BIIAroil MouBy M, MpH
3allOJIHEHUH BCETO IMOPOBOTO IMPOCTPAHCTBA BOJOW, — QuubTpanuio. MTak, BOUTHIBAaHUE —
nepeMenieHne CcBOOOTHOW BOJBI B HEHACHIIICHHYIO BJIAroW TOYBY, — TIepBas CTaaus
BOJOTIPOHHUIIAEMOCTH. BTopas craaus BOJOTNPOHUIIAEMOCTH — JBI)KEHHE BIIard BOJAa B
HACBILLIEHHOW Biarod mnouse, — ¢unbTpanus. Ho B 11000 MOMEHT BpeMEHH MblI MOXKEM
paccdMTaTh MOTOK BIArH B TO4YBY, Kak KoimdectBo Boisl (Q, cM), mpomenuiee B mousy B
e/IMHHILY BpeMeHH (t, MUH) Yepes eMHHILY MUIOMAIH SKCIEPUMEHTATBHOr0 IHHAPa (S, cM?):

a, :%[CM/MI/IH]. JInisi COOTBETCTBYIONIMX CTAOUi TOT MOTOK OYAET paBeH KOAPPHUIMEHTY

BOUTBIBAHUS (Kgnum) MM K03 dunmenty ¢puinbrpanuu (Kp), Tak Kak TPaJueHT THIPABINYECKOTO
naBiieHus O0au30K K equHuie. O6a oHu OynyT UMETh Ty e Pa3MEPHOCTh, YTO U MOTOK BJIard d.
Kaxk npaBuino, koHeqHO, Ky, 3aMeTHO Oombine Ky, 9To U BUAHO Ha puc. 1.3.2, 6.
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Qw,
cm/cyT

BOAOMNPOHULAEMOCTb
1

BNuUTbiBaHne q.)I/IJ'IpraLl,I/IFl

4 5 6
t, yacsl

3

Puc. 1.3.2. lununap 11 onpeiesieH|s BOJOMPOHUIIAEMOCTH TTOYBHI (2) U H3MEHEHHUE CKOPOCTH
BOJIONPOHMIIAEMOCTH, OTpaXkaroliee 2 CTauu IpoIecca BOAOIPOHUIIAEMOCTH — BIIMTBIBAHUE U
¢msTpanuio (0)

Kpome Toro, npu pacuere Kgpum CIENYyET yKa3bplBaTh, B KAKOM MOMEHT BPEMEHHU IIpoLecca
BOJOIPOHULIAEMOCTH OH ObLI paccuuTaH. A BOT Ky sBiI€TCSl CTaOMIBHOM, OTpakarouleu
OCHOBHBIE CBOMCTBa MOYB BEJIMYMHOW. [l03TOMY peKOMEHIyeTcs Ompenensitb UMEHHO 3Ty
BEIMYHMHY, MMEHHO BenWuMHa Kj; M HCHOJB3YeTCS BO BCEBO3MOMKHBIX TI'MAPOJOTHYECKHX
pacuerax.

BuutbiBanne Boabl [cM/cyr, wm/cyr, MMm/4ac] — 3TO HayaubHas ~ CTaIMsA
BojionpoHunaeMoctu (MHQUIBTpau) no4Bbl. [locTyluieHHe Biarn B HE HACBIIICHHYIO
BOZOH TOYBY TIOJ BIHMSHHEM TPAJUCHTOB COPOIMOHHBIX M KANMWUIAPHBIX CHJI U
rujpaBinueckoro Hamopa. Kak mnpaBuio, paccMaTpuBAalOT BIHUTHIBAHHE BOJBI C
MOBEPXHOCTH TTOYBBI. XapakTepu3yrT KOID(UIIMEHTOM BIUTHIBAHUS Ky — AHAJIOTOM
kodpduuuenta QuuabTpanuu Ky U1 HadalbHOIO IE€pHOJA [JBUXKEHUS BOJbl B
HEHaCBILEHHO! [T0YBE, YKa3bIBasi, B KAKOE€ BpeMs OT Hayajla SKCIIEPUMEHTa OH OIIPE/IEIIEH.

BoaonponunaeMocTb — Mpouecc NOCTYIUIEHUS BOJbI B TOYBY MPH ONPEACIICHHOM HArope,
KOTOPBIA BKJIIOYACT CTAIHIO BIUTHIBAHHUS (MHOHIBTPAIMH) — MPOHUKHOBEHHS BOIBI B
HEHACHIIIICHHYIO BJIaroi Mo4YBy M MOCIEAYIOIIYI0 CTaAUI0 (GUIBTPAIIUU — IBI)KCHUE BOBI B
HACBIIIIEHHOM BJIAaroy Io4se.

NupuabTpanus — CHHOHUM TePMUHA BOIUTHIBAHHE.

[To xo03h¢uiMeHTy BIOUTHIBAHUS pa3IMYHbIC TOYBBI KIACCH(PUIUPYETCS CIICAYIOIUM
obpasom (tab. 1.3.3.)
Tabnuma 1.3.3.
Knaccudukarmu H.A.KaunHCKOTo 1Mo BIUTHIBAHUIO (CM/CYT) VIS TSDKENO- U
CPETHECYTIIMHUCTBIX MTOYB

Koaddunuent pnutsiBanus (cM/cyT)
<70 HeynosnerBopurenbHas
70-150 VY noBieTBopUTEIbHAS
150-250 Xopomas
250-1000 Hawyumas
>1000 WznuirHe BrICOKAS

Paznuyaror cymmapHoe (MHTErpajbHOE, KyMYJSITUBHOE) BIUTHIBAHHE U  CKOPOCTh
BruThiBaHus. [lepBoe (Q, cM BOJHOTO CIIOS) - 3TO KyMYJISATHBHOE KOJMYECTBO BIHMTHIBAEMOM
BOJIbI OT Hadajla AKCIIEPUMEHTa 1O OIPEIEIICHHOro BpeMmeHu. Hampumep, 3a mepBbii 4ac
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IKCIIEPUMEHTA KOJIMYECTBO BIIMTABILECHCS B MOYBY BOJBI COCTaBWIO 2.5 €M, T.e. CyMMapHOe
BIIUTHIBAHUE K 3TOMY BpPEMEHH JOCTHUIIO 2.5 CM BOJHOTO CJIOS; K KOHI[y BTOPOTO daca
BIIUTAJIOCH YK€ 4 CM, T.€. CyMMapHOE BIUTHIBAHHUE JOCTUIJIO 4 CM BOJHOIO CIIOS, U T.J. A
CKOPOCTb BIIMTBIBAHHS — 3TO KOJIMYECTBO BOJIbI, MPOHUKAIOIICE Yepe3 CIUHMILY IUIOMIAH B
eIMMHMIlY BpeMeHHu [cM/cyT, Mmm/MuH U mip.]. Hanpumep, cKOpocTh BIUTHIBAHUS B MEPBbIi Yac
cocraBmwia 2.5 cm/gac, a Bo Bropoii — 2.0 cm/uac. Ha puc. 1.3.3 npencraBineHsl rpaduxu
3aBUCHMMOCTH CYMMApHOTO BITUTBIBAHUS M CKOPOCTH BIIUTHIBAHUS B TEUYCHHE IKCIICPUMEHTA T10
W3YYCHUIO BIIUTHIBAHUS.

Qw, Q'
cm/ cyT cM
701 | BOOH. cn.
60 10
50 |
40 |
CKOPOCTb BNUTLIBAHUSA
301 L5
cbunbTpaums dw
201 cm/ cyT |
101 L
T T T T T T
1 2 3 4 5 6 t, yachl

Puc. 1.3.3. U3menenne cymmaproro BnutbiBanus (Q) U ckopocTu BIUThIBaHUS (Cw) B TCUCHHE
IKCIIEPUMEHTA

Ko3¢gdunuents! puiabTpanum 1 BIUTHIBAHUSA: IKCIIEPUMEHTAIbHbIE ONpele/eHIs U
pacyeTrsl

B nmaboparopubeix ycnoBusix Ky U Kguum ONPENENAIOT HAa IIOYBEHHBIX KOJIOHKaX WIIU
MTOYBEHHBIX MOHOJHMTAaX C MOMOILIBIO MPOLEAYP, OMUCAHHBIX BBIIIE U HM300paKEHHBIX HA PUC.
1.3.1. K sTtum ke ompeneneHusM, Aaxe Ha oOpaslax HEHAPYIICHHOTO CIIOKEHUS, CIEIyeT
OTHOCHUTBCSI C OIIPENIETICHHOMN J10JIell OCTOpOXKHOCTU. Bee ke TpyaHo coOutocTu BCe T€ yCIoBuS,
KOTOpble HaOJIIOAAIOTCST B IOJIE. MPOSIBISIOTCS J1abopaTopHble 3(PQEKThl, CBSI3aHHBIE C
NPEUMYIICCTBEHHBIM JIBUKCHHEM BOJIBI OKOJIO CTEHOK MOHOJHTA («IIPUCTEHHBIA 3PPeKT»),
YaCTUYHBIM Pa3pyLIEHUEM CTPYKTYpHI HOpP, C HEOOJBIINMHU, a IOTOMY U HENPEJICTaBUTEIbHBIMU
JUId TOYBbI pasmepaMu u jp. [loaromy, xoTs nabopaTopHble SKCIEPUMEHTHI M0 ONPEAETIECHUIO
K4 BaxHBI, yI0OHBI, BCe ke onpeaeneHne Ky B MOJIEBBIX YCIOBUAX BCErla MPEANOYTUTEIbHEE.

O6b1uHO KOA(hPHUIMEHT GUIBTPAIIUU OTPENEISIOT C MOMOIIBI0 METOJIa MAJIBIX 3JIMBAEMBIX
Iioniaiel, Korja Ha MOBEPXHOCTh MOYBBI OJIHA BHYTPH JIPYroil YCTaHaBIMBAIOT KBaJpaTHbIC
VM KPYIJIBIE PaMbl IUIOMIA b0 0koso 2500 (BHemrmsist) 1 625 cM? (BHYTpeHHs). ITH 1B PAMBI
HY>KHBI JIJIs1 TOTO, YTOOBI TapaHTUPOBATh JIMHEHHBIN OTOK, IPEIOTBPATUTH OOKOBOE pacTEKaHUE
BOJIbI ipu prutbTpanuu. [eficTButensHo, Kak BUugHO u3 puc.l.1.4, Boga mpu MpOHUKHOBEHUU B
MOoYBY OYJIET pacTEeKaThCs U B CTOPOHBI OT paMbl, HO TOJIbKO U3 BHELIHEH. 3 BHyTpeHHel paMbl
MIOTOK BOJIbI B IOUBE OYJIET TUHEIHBIM.
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BHeLWHee
BHyTpeHee Konb Lo
KonbLO

KOHTYP CMOYEHHOCTH . °

Puc. 1.3.4. Onpenenenue kodpdunrenta GUIbTPAIIMA METOIOM MAJIBIX 3aJTMBAEMbIX TUIOIIAACH
(MeTooM pam)

NmeHHO 1OATOMY  BHEIIHIOK paMy  HAa3bIBAIOT  <GAllUTHOW», a  BHYTPEHHIOIO
«U3MEPUTENBHON» WK «y4yeTHOU». [lonnepxuBas MoCTOSIHHBINA HAOp BOJbI BHYTPU 00€HX pam
Y U3MEPSIsl pacXoJl BOJBI BO BPEMEHH BO BHYTPEHHEU pame, , MOJKHO pacCcuuTaTh KOIPHUIIUCHT
(dbunpTpauu i1 TOro Mepruoja BPEeMEHH, KOrja MOTOK CTAaHOBHUTCS ycTaHOBHBIIMMCS. Ha puc.
[.1.3 nzo0paxkeHa JUHAMHKA IMOTOKA BOJABI M3 PaMbl BO BPEMCHH B BHJIC JTUHAMUKHA CKOPOCTH
BIUTHIBAHUS MPU YCTAHOBKE pambl HA MOBEPXHOCTh MOYBHI IIPU €CTECTBEHHOW BiaxxHOCTH. Ha
ATOM CTaJMM MOXKHO paccuuTarh KodhduuueHT BOUThIBaHUS — Kgym. B X0me skxcmepumenTa
(oOb14HO TpUMEpPHO Yepe3 3—4 yaca) MpH MOAACPKAHUK TTOCTOSHHOTO HArmopa Ha MOBEPXHOCTH
MOYBBI, PABHOTO S CM, TIOTOK CTA0MJIM3UPYETCs, M HaUMHAeTCa cTaaus puibrpanuu. BoT B 3TOT
MEpUOJI, CTPOro (PUKCHUPYS KOJMYECTBO MpruinBaecMou Boabl (Q, M) B equnuiy Bpemenu (i,
MUH) ¥ 3Has IUIOMIa/(b YIETHON BHYTPEHHEH pambl (S CMZ), MO>XHO pacCcuuTaTh U KOIPPUIIUECHT
(bunpTpanuu, yYdUTHIBas, YTO TPAJUCHT THUIAPABIMYECKOTO JaBICHHUS ONH30K K EIUHUIIE:

K, “Sx’ BBIpOKEHHBIH B CM/MUH. B JajpHeillieM, €ro JIerko MOXHO MEepeCcCYMTaTh B

HEOOXOAUMBIEC eAUHUIIBI [M/CYyT, cM/CyT 1 Tipod.]. B oKOHYaTebHOM BHE HEOOXOJAUMO BHECTH
eIle IMOMNpPaBKy Ha TEMIIEPAaTypy BOJIbI, YYHUTBIBAas, YTO C H3MEHCHHEM TEMIICpaTypbl BOja
U3MEHSET CBOIO BSI3KOCTh. Bee 3HaueHms K, modTomMy mpuBOAATCS Juisi Temreparypbl 10° mo
cnenytomiei hopmyse:

K :L

Y0 0.7+ (0.034T)
rie K, — D3TO OKCIECPHMCHTAIBHO ONPEACNCHHBI KO3(pGUUHUCHT (UIBTPALUK IpH
TemIeparypsl BoAbl B okcrnepumente T, °C; K, ~ — npuBeieHHslid k Temieparype 10°C

K03(GUIMEHT QUIbTPAIIH.

Bo3MOHBI Takxke IoJieBble onpeaeneHus Ky npu OJIM3KOM 3aJeraHuM BOIOHACHIILIEHHON
toymu (TPYHTOBBIE BOJIbI, BEPXOBOJKA), KOT/Ia HCIIOJB3YIOTCS paadalibHbIe MOTOKH BOJBI B
CKBaXHUHY. JlJisT 3TOT0 OYpAT CKBOKUHY TJIYOMHOU HI)KE YPOBHS I'PYHTOBBIX BOJI, & 3aTE€M CIICIIST
3a ee 3amoJIHeHHEeM, (PUKCUPYS BpeMsl U BBICOTY BOJIBI B CKBaKHWHE. [IpHHITMIIBI 3TOrO MeToaa
TaK)K€ HaM M3BECTHBI, a pacyeThl BEAYT MO (GopMylie DpKUHA.

JIBM:KeHHe BOJAbI B HE HACBIIIIEHHOM BJIAroi mo4pe
3akon Jlapcu ucmonb3yeTcs i mpoiiecca (GUIbTpaluu, Korjaa ABMKEHUE OCYIIECTBIISIIOCH
10 MOJIHOCTHIO 3aMIOJIHEHHOMY BOJOM MOPOBOMY IPOCTPAHCTBY. ECiM %€ JIUIlb 4aCTh MOPOBOTO
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MIPOCTPAHCTBA MPOBOAMUT BOAY, @ HaCTh «OIyCTOIIMJIACh» U COAEPKHUT razoolOpasnyro a3y,
M0JIb30BaThCsl KOAPGUIMEHTOM QUIbTpaluu yxke Hedb3d. ClenyeT HCIOJIb30BaTh JIpYroe
HOHSTHE BOJIOIIPOBOIMMOCTH OYBHI — K02huyuenm e1a2onpogoorocmu (MM HEHACHIICHHYIO
THIPABINYECKYI0 MPOBOIMMOCTh). Ko3(h(HIMeHT BIaronpoBOJHOCTH, XOTS U HMMEET T Ke
pa3MepHOCTH, 4T0 U Kod(duiment ¢uibtpaimu [cm/cyt, M/cyT, MM/MUH u TIp.] U TOXe
XapaKTepU3yeT CHOCOOHOCTh TIOYBHI MPOBOAWTH IOTOK BJArd, HE SBJSETCS BEIUYMHON
MIOCTOSIHHOM 11 JTaHHOTO TIOYBEHHOTO0 OOBEKTa, a H3MEHSETCd C H3MEHEHHEM JaBJICHUS
nouBeHHOM Biaru. llpexnae Bcero, ¢ U3MEHEHUEM KaNWUISPHO-COPOLIMOHHOW  €ro
coctapisitonieit (Py..). [ToscauM 310 mosioxkenue Ha cienyroieit cxeme (puc. 1.1.5). Mcnosnb3yem
ONATHh-TAaKU KalWUIAPHYIO Mojenb mouBbl. [louBa cocToUT M3 KanWUISIpOB Pa3IM4HOTO
nuamerpa. B ciydae duibTpanuu Biard Bce KaMMJUIAPHI 3alOJHEHBI U MPOBOJST BOAY (pHC.
1.1.5,a). OnHAaKo HpU HEKOTOPOM HMCCYIIICHHH MTOYBBI B CAMbBIC KPYITHBIC KAIMJUISPhI YK€ BXOJAUT
BO3J1yX, M OHH HE MPUHUMAIOT Y4acTHs B mpoliecce aBrkeHus Bosl (puc. 1.1.5,0). Kak rosopsir,
CHIDKAETCS IUIOIIAb BOJOMPOBOAAIIMX ITyTEH, YMEHBIIAETCS CIIOCOOHOCTH MOYBBI MPOBOJUTH
MOTOK BJIarM. MPOBOJAMMOCTH CTAHOBUTCS 3aMETHO HIXKE, YeM Ipu QuibTpauuu Boabl. Ecnn
[I0YBA IIPOJOJKAET HUCCYIIAThCs, M JaBJIEHUWE BJark enie OOJIbII€ CHMXKAETCs, TO
«OITYCTOIIAKTCA» U PYrHe KaWUISAPhl, BOJa OCTACTCS TOJBKO B caMbiX TOHKHX (puc. .1.5, B).
Tenepb TOJBKO OHHU CHOCOOHBI MPOBOJIUTH BOMY, M IPOBOJUMOCTb, COOTBETCTBEHHO, €IlIe

0O0JIbIIIE YMEHBIIIACTCS.
a 6 B

B/IAronpoBOAHOCTb
ursTpauma BbiCOKas Hu3Kast

TBepaasa asa NOYBEHHblE
noyBbl Kanwusp bl

BnaronpoeoAslime Kanuwiidapbl

noJfHasa BMaroeMmkocCTb
YMeHbLUEeHe BraXX HOCTU

Puc. 1.3.5. BinaronpoBoHOCTh MOYBBI B HACBHIIICHHOM COCTOSIHMU ((uibTpamus — a), u 1pu
MOHW)KEHUU BJIKHOCTH (KalMJUISIPHO-COPOIIMOHHOTO JIABJICHHS BJIAarM) U COOTBETCTBYIOIEM
«OTYCTOIICHUN» KarmuuisipoB (0, B).

»
>

Tak kak BIaronpoBOJHOCTb MOYBBI YMEHBIIAECTCS 110 MEPE CHUKEHUSI MATPUYHOTO JTaBJICHUS
BJIaTH, TO CJEIYET FOBOPUTH YK€ O GYHKIMH — (QYHKIIMH BJIArONPOBOJHOCTH.

DyHKIUA BJATONPOBOJAHOCTH — 3TO 3aBUCUMOCTH KOd(D(HIMeHTa BIAromnpoBOJIHOCTH
(HeHaCBHIIIIEHHOW THIPAaBINYECKOW MPOBOJAUMOCTH, Kj;) OT KalWJLIAPHO-COPOIIMOHHOTO
(Pwc ) nmaBieHHWs IOYBCHHOHM Biarm wmm oT BnaxkHoctu mousel (0): K, = f(P_,.q).

Hepenxo 0603uauaior Ky, (Py-) mim Ky,(6).



Kg oM/ cyT

102_

10

100

10"

102

JaBrexHve

MOYBEHHOW

Brarn, pF

Puc. |.1.6. ®yHKIHS BIarompoBOJHOCTH — 3aBUCUMOCTh KOA(PDHUITUEHTA BJIArOIPOBOTHOCTH

(K1) OT KanmuyuIApHO-COPOIIMOHHOTO JaBjieHus Biaru (PF)

Bua ¢yHKImu BIaromnpoBoJHOCTH BechMa xapakrepeH (puc. 1.1.6): cnocoOHOCTh MOYBbI
IIPOBOJUTH IMOTOK BJIArM IPU YMEHBIICHUH JaBJICHUS YMEHbILIAETCS Ha MOpsiAKU. Tak, mpu
ymenbiieann gasneHust ot 0 1o —1000 cm BogHOTO €TOSI0a B CYTIIMHUCTHIX TIOYBAX
KOA(QQHUIIMEHT BIAarOTIPOBOTHOCTH yMEHbIIaeTcs Ha 2—3 mopsiaka, ot 50-100 mo 0.05-0.1
cM/cyT. DTO COBEPILICHHO ONPEICICHHO YKa3bIBACT HA TO, YTO Cyxas Mo4YBa Oy/eT MPOBOIUTH
BOJy 3HAYUTEJBHO XYyXK€, UYEM BIIaXKHAs.

3akon Jlapcu oTpakal 3aBHCHUMOCTb MEXAY T'HAPABIMYECKUM TPAJAUEHTOM U
ko3¢ unmenToM ¢uinbTpanuu. B cioyyae NBUKEHHUS BIard B HEHACBIEHHOW MOYBE CUTYyalus
3aMETHO M3MEHSIETCS: T'MJIPaBIMYECKUN HAlop yXe OTCYTCTBYET, TaK KaK HU Ha MOBEPXHOCTHU
MOYBbl, HU B HEW caMOW HET CBOOOJHOW BOJIbI, W JBWIKEHHE MPOUCXOIUT HE IO BCEMY
3aI0JIHEHHOMY BOJIOM MOPOBOMY IIPOCTPAHCTBY, a JIMILb 10 YaCTH KaWUISIPHBIX Top. Bee 310 1
MIPUBOJIUT K ABYM CYIIECTBEHHBIM MOAU(UKAIMAM 3aKkoHa Jlapcu.

Eciu B knaccuueckoMm 3akoHe [lapcu [uist ¢uuibTpanu BOJABI B IOYBE HCIOJIb3YETCS
IPaJUeHT TUJPABIMYECKOTO HAmopa, TO B HE HACHIUICHHOM BJIarod IOYBE JBMKEHUE
MIPOUCXOJUT YK€ MOJ] IeHCTBUEM JaBiIeHUs MOYBEeHHOU Biaru. [Ipuuem Biara Oyner neperexaTh
OT TOYKU C OOJIBIIMM JaBJIEHHEM B TOYKY C MEHbIIMM. BCIIOMHUM, YTO B HEHACBIILIEHHBIX
MOYBaxX JaBJCHHE — BEJIMYMHA OTpUIATENbHAs, U, CIEJ0BATEIbHO, JBU)KEHUE BOJbI OyjaeT
MPOUCXOJUTh O HAMNpPaBIEHUI0 K CaMOMY HH3KOMY JaBJIEHUIO BJIArM B pPaccMaTpUBaeMOM
[IOYBEHHOM IpocTpaHcTBe. MTak, mepBoe OTIMYME — MCIOJb30BAaHUE BEJIIMYMHBI JIaBJICHUS
ITIOYBEHHOU BJIArH.

B cnydae He HACBIIEHHOW BIArod NOYBBI, KaK YK€ YKa3blBAIOCh BBIIIE, CIEAYET
UCII0JIb30BaTh KO3()(GHUIIMEHT BIAronpoOBOJHOCTH MU (CHHOHMM) KOA(M(PHUIMEHT HEHACHIIICHHON
TUIPaBINYECKON POBOJAUMOCTH.

B He HachllleHHO# BOJIOM MOYBE ClleqyeT Y4YUTHIBaThb 3HAKW BEJIUMYMH JAaBJICHUS BIIArH,
3aliCh YPAaBHEHMsI NPOU3BOJIUTH B OOIIEM BHJAE C YYETOM 3HAKa, a 3a IOJIOKUTEIbHOE
HaIpaBJIEHHWE NIOTOKA BJaru B NOYBE NPUHUMATh BOCXOSIEE, K IOBEPXHOCTH MOYBHI.



55

MoauguuupoBanublii 3akoH /lapcm — 3aKoH, ONUCHIBAIOIIUN JBHKEHUE BOJBI B HE
HACBILLIEHHOW BJaroi moyse, KOTOPOE MPOUCXOJUT IMOJ JNEHCTBHEM IpajJueHTa JaBJICHUS
[IOYBEHHOM BJar", a Kod3(PPUIHEHTOM MPONOPLUUOHAIBHOCTH SBISETCS KOA(PGUIUEHT
BJIarOIIPOBOTHOCTH.

MoaupuuupoBaHHblii 3aK0H Jlapcu TIUVIACHT: MOTOK BJAard B HEHACBIIIEHHOM IIOYBE
MPOMOPLUOHAIIEH TPAJUEHTY MJaBJIEHUS BJArd M KOIPQHUIMEHTY BIarornpoBOIHOCTH,
COOTBETCTBYIOIIEMY BEJINUYMHE JJABJICHUS BJIary.

N3 >tux onpeneneHuii ciuenyeT HECKOIbKO BaKHBIX BHIBOJIOB U X CIIEACTBUH.
Ilepeswiu. Jyis onucanus MepeHoca Biaru HaJo UCHOJIb30BaTh FPAAUEHT J1aBJICHUS BJary, T.€.

P
d_ B CJIyda€ BECPTUKAJIBbHOI'O MECPCABUIKCHNA BOOBI. Mpr YK€ 3HACM, 4YTO JAaBJICHUC BJIard UMCCT
y4

PSIT  COCTABISIONIUX: KaMUIIPHO-COPOIIMOHHOE (MAaTpU4yHOE) JaBJCHUE, TIPAaBUTAI[HOHHOE,
ocMOTHYeCcKoe u Jp.. Kakue jxe coCTaBIIAIONINE YUUTHIBATh MPH NepeHoce Bo bl ? HeoOoxo Mo
YYHUTBIBATh J[BE. KAIMUIIPHO-COPOUMOHHYIO (P...) W TpaBUTalMOHHYIO (P.,) COCTaBiISIOIINE.
Ocmotuueckoe naBieHue (P,e,), Kak MPaBHIO, HE YYUTHIBAIOT, TaK KakK, BO-ITEPBBIX,
BO3HHKAIOIIME IMepernajbl KOHLEHTPALUH CoJieil JOCTaTOYHO OBICTPO HMCYE3al0T 3a CueT
muddy3un ¥ MPOIECCOB ABMIKCHHUS BOJABI. A BO-BTOPBIX - B €CTECTBEHHBIX IMOYBAX OHU €CIH U
UMEIOTCS, TO BecbMa HeOoJjbme. MOTyT COCTaBJISATh HCKIIOYEHHE HEKOTOpBIC MOYBEHHBIC
00BEKTHI, B BHUJIC IMyXJIBIX COJIOHYAKOB, WJIM YCJIOBHH, KOT/Ia B TOYBY IMOMAJAI0T HEKOTOPHIC
THTPOCKOTIMYECKUE COJIM - HO ATO CIICIMAIbHBIC Cly4au. B peajbHbIX YCIOBHSIX B €CTECTBEHHBIX
d(P..+P,) |

K-cC
dz

Bmopou. JIng xaxaoro MOMEHTa pacyeTa I[OTOKa CIEAyeT HCII0Ib30BaTh 3HAYEHUE
ko3¢ ¢uimeHTa  BJIArONPOBOJHOCTH,  HAXOJIUTh  KOTOpoe  ciaeayer U3  (QyHKUUHU
BJIarOIIPOBOJHOCTH JUIsl JaBJEHMsI BJaru, K KOTOPOMY HAlpaBlieH MOTOK, T.€. HCIOJIb30BaTh
HauMEHbIIIee U3 IByX pacCMaTpUBAEMBbIX [P pacyeTe IpaJueHTa JaBJIeHUN BlIaru. TO HEPEIKO
[0 TYEPKUBAIOT, 3amuchiBast Ky, (P).

W, HakoHen, mpemve BaXKHOE 3aMeEyaHHE. O 3HAKaX B MOJAUQPHUIMPOBAHHOM YpaBHEHUU
Hapcu. B 3aBucumMocTH OT HampaBlIeHHs NOTOK OyAeT MMeTh TOT MM HMHOM 3HaK. 3a
MOJIOKUTETIbHBIA BBHIOpAaH MOTOK BJard BBEpPX, K JHEBHOM MOBEPXHOCTH. BBepx Boja MOKET
MepeMelaTbCs TOJBKO TMOJ] JEHCTBUEM Iepernaja KanwUISIPHO-COPOLIMOHHOTO JaBJICHHUS,
IIpUYEM MIPU MEHbBIIIEM 3HAa4eHUH BBepxXy. M mosTomMy nmpu pacuerax moToka BBEpX U3 OO0JIBIIETO
3HAYEHUS! BBIYMTAIOT MEHBIIIEE U IOIYYalOT MOJIOKHUTEIbHOE 3HAUEHUE Mepernajia KaluuiIpHo-
COpOIIMOHHOTO JaBiieHus. B To ke Bpemsi rpaBUTAllIOHHOE JIaBJICHUE BCETia IBUKET BOAY BHU3.
[IpyueM nepemnaj rpaBUTAIMOHHOTO JABJICHHS Ha PACCTOSIHUM Z PAaBEH 3TOMY PACCTOSHHUIO.
[TosToMy mpu BeIpa)KEHUM T'PABUTALMOHHOTO JIABJICHUS B TE€X K€ €IUHHUIAX, YTO PACCTOSIHHE,

[I0YBAX YYUTHIBAOT Py, U P,,, TOUHEE, X TPAJUCHT

p

rpaJuCHT TI'pPaBUTAOWMOHHOIO MOAaBJICHUA pPaBCH CAWMHUIC, T.C. =1. 1 B srom cj1ydgac
y4

Mo Iu(UIIMPOBAHHOE YpaBHEHHE Japch MOKHO 3arucath:

qw = K@v(PK-c) ?L_ 19
) dz 7

VYuuTbIBas, 4YTO NOTOK BJIarM €CTh U3MEHEHHE 00beMHOM BiaxkHocTH Y[(] 3a mepuoj BpeMeHU
ft, B ciaydae OJHOMEpPHOTO BEPTHUKAIBHOTO TMOTOKAa 3TO YypPAaBHEHHE 3allUCHIBAIOT JIMOO B
BEKTOPHOM BHJIE, OO B 0OBIYHOM (hopMme

. P -7
ﬂq :1§ 6,7(Px-c) - l:I

Tt 1z z H
MoaudunupoBanHoe ypaBHeHue Jlapcu HCTIONB3YIOT MPU pacdyeTax ABHUIKEHUS BJIard B
MIOYBEHHOM Npoduiie. ITO ypaBHEHUE SBIIETCS OCHOBOM MaTeMaTH4YECKUX MOJIeJel epeHoca

BJIar U paCTBOPUMBIX BEIICCTB B ITIOYBC. HGO6XOHI/IMO MOAYCPKHYTH, YTO ABUKCHHUEC NOHOB B
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MIOYBE UMEET CBOM OCOOEHHOCTH U MEXAaHU3MBbI. HOHBI B IPOLIECCE ABMXKEHUSI C TOTOKOM
MTOYBEHHOM BJIard MOT'YT COpOMPOBATHCS WM, HAIIPOTUB, IECOPOUPOBATHCS TOYBOM, MOTYT
IIOIIaJIaTh B TaK HA3bIBAEMBIE <3ACTOMHBIE» 30HBI, IBUTaThCS U 32 CYET I'PAJUEHTOB
KOHLIEHTpauuu. Bee 3Ty nmpoueccsl XxapakTepu3yrTCsl COOTBETCTBYIOIIUMH (PU3UYECKUMU
rapaMeTpamu.

JBH2KeHMe PACTBOPUMBIX BellleCTB B MOYBe
HNon Oynmer nBUTaTthCsi COBMECTHO C MOTOKOM IMOYBEHHOW Biaru. DTOT THUII TEPEHOCA
HA3bIBAIOT KOHEeKyuoHHbiM. OTMETHM TaK)Ke, YTO MOTOK PAacTBOPEHHOro BernectBa ((c) Oymer
MPONOPIMOHAIEH €r0 KOHICHTPAIMKd B BMKYIIEMCS pactBope (C) M IMOTOKY pacTBOpa IO

paccMarpuBacMoOMy Kanwueapy: (., =, X =Vv>C, rae (,uid V II0OTOK pacTBopa 4epes

CIIMHUYHBIA KalWUIp, T.C. MAaCCOBBIA MOTOK (B Cliydae IMOYBBI — MAaCCOBBIH MOTOK BOIBI, Cw,
paccUMThIBACMBIii TI0 ypaBHEeHHUIO Jlapcu), OTHECeHHBIN K mopo3HocTH (€):N=0w/e. Eciu Teneps
3alHcaTh YpaBHEHHE C HCIIOJNB30BAaHMEM IIOTOKAa pacTBOpa. OTO YpaBHEHHE Ha3bIBACTCS
YpasHeHuem Hepaspul6HOCMU, OHO OyIET BBITIISAICTH CIICITYIOIUM 00pa3oM:

fc Ic
— =VX— — ypaBHEHHE IE€PEHOCa PACTBOPHUMOIO BEILIECTBA C KOHBEKTHUBHBIM IOTOKOM

qt Iz

HOYBEHHOM BJIATU.

YpaBHeHUe HePa3pbIBHOCTH CBS3BIBACT HM3MEHEHHWE KOHIICHTPALMA PACTBOPUMOIO
BEIIECTBA BO BPEMEHH CO CKOPOCTHIO IIOTOKAa pPacTBOpa B YCIOBHOM E€IUHUYHOM
Kamwuisipe, OMpenesieMol 1o ypaBHeHWIO Jlapcw, W HM3MEHEHHE KOHIICHTPAIlMM Ha
IpaHULIaX pacCMaTPUBAEMOTO CJIOS

fc_ fvc

—=V—

ft 1z
YpaBHEHHE OIMCHIBAET KOHBEKTHBHBIA IIEPEHOC PACTBOPUMBIX BEIIECTB COBMECTHO C
JBIKYILEHUCS TOYBEHHOW BJIAroi.

JlpyruM  MexaHu3MoM, OO0eCleyuBaIolUM JIBJKEHHE HOHAa B IIOYBE  SBIISIETCA
i dy3uoHHbIN. /Jughghy3zusa — npoliecc nepeMelieHus HOHOB 110 TPAAUEHTY KOHIIEHTPAI[MU: HOH
Bcerja OyneT OBUTaThCsl U3 TOYKU C OOJbIIEH KOHILIEHTpAlMM B TOYKY C MEHbIIEH, 3a CUeT
T dy3uu TPOUCXOAUT BEIPABHUBAHUE KOHLIEHTPALIUH.

Jlnia onucanus npoiecca AMPPy3un B pacTBOpax UCIOIB3YIOT, KaK IPABUIIO, 8MOPOL 3AKOH
@uka, TIACAUINN, YTO MOTOK BEIIEeCTBA (T.€. €r0 U3MEHEHUE KOHIICHTPAI[MH BO BpeMeHH) Oy/eT
MPOMOPLIMOHAIIEH BTOPON MNPOU3BOJAHONM W3MEHEHUS KOHIEHTpAalMU II0 pPAacCTOSHHUIO U
kod(duIIEHTY MOTeKy IspHOI muddy3un D [emYeyr, MP/c i ap.]:

d _ T°c
qc m ﬂZZ )
[ToaToMy cyMMapHBI MEpeHOC PACTBOPEHHBIX BEUIECTB Yy)Ke OyleT BKIOYaTh JiBa Ipoliecca:
mupdy3ur0 M KOHBEKLHUIO. Pe3ynpTupyloliee ypaBHEHHE IepeHoca OyneT BBIMJISAETh
CJIEYIOIIUM 00pa3oMm:

iz Iz
JlanHOe ypaBHEHHE 00JIee OJTHO OMKMCHIBACT MEPEHOC BEIIECTB B QHIBTPYIOIIEM KaMILISIPE.
OnHaKO MpH JABMKCHUH PACTBOPEHHOT'O BEILECTBA B MOPOBOM MPOCTPAHCTBE MOYB BO3ZHHUKACT U
eme psa dPQeKToB, CBSI3AHHBIX C OCOOCHHOCTSAMH IIOPOBOIO MPOCTpPaHCTBAa MouB. Eciu
MOYBCHHBIN PACTBOP TEYET 10 MIOPOBOMY IIPOCTPAHCTBY, TO IBM)KEHHE HOHOB B ATOM TIOpe OyIeT
paznuunbM (puc. 1.1.7, a).
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PpOHT
OBUKYyLLEerocs
pactBopa

.
‘o
%0 e e

Puc. |.1.7. Cxema popmMupoBaHus «pa3MbITOro» ppoHTa IBUKEHUS paCTBOPA B TOHKOM
MOYBCHHOM Kamuyuisipe (a) U B mope HepaBHOMEpHOTo aramerpa (0)

EcTecTBeHHO, OKOJIO CTEHOK Kamujuigpa Boja OoJiee CBSi3aHA, MMEET HECKOJbKO HHYIO
CTPYKTYpYy U IO3TOMY MeHee MoJBuxkHa. B 1eHTpe ckopocTs nepeHoca 6obiie. Oka3biBaeTc,
YTO B TakOM TOHKOM Kamwuisipe cQOpMHUpYeTCs HEpaBHOMEPHBIN (POHT JBHUXKYIIETOCs
pacTBOpa, KOTOPBIM CKaXETCs U Ha IOMOJHUTENbHOU MudPy3HOCTH PpOHTA MEPEABUTAIONIETOCS
B IecyaHOM KoJIoHKe pacTBopa. CienyeT yduThIBaTh TakkKe, 4YTO IOPOBOE IMPOCTPAHCTBO
HEpaBHOMEpHO IO JuaMeTpy. MoryT BO3HHMKATh ycioBus, moaobHeie puc. 1.1.7 (0), xorma
OTJIeIbHbIE CTPYUKH ABMXKYIIETOCS pacTBOpa OylyT UMETh Pa3IMYHYIO0 CKOPOCTh. DTO MPUBEAET
K eme OonblieMy <«pa3MbITHIO», nuddy3HOCTH (pOHTA NBHXKYIIErocs pacTBopa. SBieHue,
IIpUYKMHA KOTOPOTO 3aKJIOYeHAa B BO3HUKHOBEHMM OT/AEIbHBIX CMEIIMBAIOIIUX «CTPYEK» B
JBUKYIIEMCST B IIOYBEHHBIX IIOpax pacTBOpe, MOJYYWIO Ha3BaHUE <uOpOOUHAMUYECKOU
oucnepcuu». «['MaAPOIMHAMUYECKOI» — MOTOMY YTO OHO CBSI3aHO C JIBH’KEHHEM pacTBOpa, C €ro
TUAPOJUHAMUKON. «Jlucnepcuei» — Tak Kak €ro pe3yjabpTaTr B LEJIOM AHAJIOTHYEH IPOSBICHUIO
mu(pdy3un, 3TO SBICHUE TaKKe MPUBOIUT K TU(G(GY3HOCTH (pOHTA ABHXKYILETOCS PacTBOPA.
[TosToMy u XapakTepu3oBaTh JTO SBJICHHE MOXHO KOI(PPHUIMEHTOM, aHAJIOTHYHBIM
ko3¢ punuenty qudpdys3uu, — KoOdPPUIUEHTOM THIPOIUHAMUYECKON aucniepcuu, D.

TakuM oOpa3oMm, HpU JABHKEHHUU PACTBOPEHHBIX BEILECTB B MOPHUCTHIX CpelaX, TaKUX, Kak
M10Y4Ba, HAOJIIOJAOTCS CIEAYIOLIUE SIBICHUS:

HET YETKOM rpaHuIlbl MEX/1y MOCTYHAIOIIMM PacTBOPOM M MMOYBEHHOMN BJIAroi, MpoUCXOAUT

«pa3MbIB» (PpoHTA IBHXKYIIETOCS PACTBOPA;

IIpH IBUYKEHUU IPOUCXOIUT HEMIPEPHIBHOE MEPEMEILINBAHNE PACTBOPA U MIOYBEHHOM BJIaru, B

pe3yibTare o0pa3yeTcs paCIIUPSIOIIAsAcs 30Ha JUCIICPCHU (30HA CMEIIMBAHHUSI, TIEPEXOIHASL

30Ha, I1ar CMEIICHHUN);

MHTEHCUBHOCTh M3MEHEHHUS KOHUEHTPALUU MHAUKATOpa OOJIbIlle B HANPABJICHUU JABMXKECHUS

MIOTOKA [0 CPAaBHEHUIO C HAIPaBJICHUEM, IEPIECHIUKYISIPHBIM JIBUKEHHIO;

SIBJICHUE MEPEMEIINBAHUS, WU «pa3MbIBa», (pOHTA ABMXKYILETOCs pacTBOpa TEM CHIIbHEE,

YeM BBILIE CKOPOCTh MIOTOKA U 3HaUUTeNbHEee nuddepeHianus pa3mMepoB nop.

OTMeTHM TaKKe, YTO €CJIM MbI IIPOBOJAUM ONBIT C TOYBEHHBIM 00pa3IOM, a HE B «UJI€AIbHOM
Kaluuisipe», TO MOJEKYISpHbIH Kodhduuuent audpdysuu, Dm, yXe HCIOIb30BaTh HEIb3A.
JIBuKeHHe MOHOB MPOUCXOIUT YK€ HE B pacTBOpax, a B M3BWJIMCTOM MOPOBOM IPOCTPAHCTBE
[I0YB, 3alOJHEHHOM pacTBOpoM. [loAaTOMy HCHNONB3YIOT MOHATHE  <«OPPeKxmusnoco
Koapuyuenma oughgysuu», D,pp, yIUTHIBAIOIIETO HM3BHIMCTOCTH IOPOBOTO IIPOCTPAHCTBA
[OYB U BJIAXKHOCTh MOYBBL. B pe3ynbrare 3TH 1Ba KOAPPUIIMEHTA, OTPa)KaloOLIUX MPOLECCHI
mipdy3un U TUAPOAMHAMHUYECKOM aucrepcud, OOBEAMHAIOT B OAUH KOAPQPUIMEHT,
Ha3BIBACMbIIl K09 Puyenmom Koneekmueroi ougghysuu, D :

D'=D,,,+D,,
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VYpaBHEHHE MTEpEeHOCa PACTBOPUMBIX BEILIECTB OY/ET BHITJIAAETH CISAYIOIMINM 00pa3oM:

2
qc =- D*ﬂ_g+vxﬂ_c’
iz z

C ydeToM TOTrO, YTO TIEPEHOC BEIIECTB OCYIIECTBIISIETCS UYEpe3 TOPOBOE IMPOCTPAHCTBO,
3aM0JIHEHHOE BOJIOH, HEOOXOIMMO BBECTH B YPABHEHUE U OOBEMHYIO BJIQXKHOCTH MOYBHI ((]):

Tc . Y% 1c
R D L |
NPTy

Kpome Toro, B mpouecce ABMKEHUSI BEIIECTB MOTYT IPOUCXOAUTH IPOLIECCHI, CBSI3aHHBIE B
€ro BBIIAJICHUEM B 0CaJI0K, IOTPEOICHUEM PACTEHUSIMU U JIp. — IPOLECCHI €r0 pacxoja, CTOKa.
JInbo, HAmpoTHB, €ro KOJMYECTBO MOXKET YBEJIMYUBATHCA 3a CUYET PACTBOPEHUSI OCA/IKOB,
NpUTOKa COOKY M Tp. — MPOIECChl MPUTOKA, McToYHMKA. OHM 00o3HadaroTcs kak *J(zt), —

YJICH, XapaKTepU3yOLIMi BO3HUKHOBeHHE (+) Win moTpedseHue (- ) MUrpaHTa, WiH, Kak HHOT A
TOBOPAT, «MCTOYHHK/CTOK» OH OyJeT XapaKTepu3oBaThCs W3MEHCHHEM KOHICHTPALUU BO
BPEMCHH M MMETh TY XKe pasMepHoCcTh [Monb/cm>-cyT]. Eci jKe MpOHCXOIHT COPOLIHs BEIeCTBa,
TO B YypaBHEHHE I[E€PEHOCA MHUrPaHTa CJICIyeT BBECTH KOHIICHTPAIMIO BEIIECTBA B
agcopoupoBannoit ¢aze (S [mons/r]). Wam, yduThiBas, 4TO BCE MPOIECCHl, B TOM YHCIE U
COPOIIMH, POUCXOIAT B 0ObeMe MOUBEI [MONb/cM], OHA GYET XapaKTepH30BaThCS BEIHIHHOIN
SX,, rae I'p — IVIOTHOCTh MOYBBI [r/eM®]. B BTOre MBI MOIYdHM ypaBHEHHE, KOTOPOE GyJeT

ONMHCbIBATb BCC OTMCUCHHBIC SABJICHUSA ICPCABMIKCHUSA PACTBOPHUMBIX BCIICCTB B IMOYBC. Omno
HOCUT HAa3BAHUC YpaBHCHHA KOHBGKTI/IBHO')II/I(b(bY?:I/IOHHOFO MEpEHOCa U BBIITIAIUT CICOAYIOINUM
obpazoM:

qx—ﬂ(r bS+C):1é * g e l;I+
It 128 1z i

Kak n IMOJIOKCHO, IMPOBCPUM COOTBETCTBUC pa3MepHOCTeI\/’I OTOI0 YPABHCHUSA, HCIIOJIb3Yys
TPAAULIUOHHBIC I (bl/ISI/IKI/I IIOYB BCIIMYUNHBI.

7 2 AN
e’ yz/cms xwonwl 2+ monvlem® 1 écm® [ cym xmonn | cm® U, momb
=—a + _
e’ cym cm @ cm H cm’cym

B ypaBHeHun coOmrogaeTcsi mpaBuio pa3MEepHOCTEH.
OTMGTI/IM, - BCC IPUBCIACHHBLIC YPAaBHCHHA, U MCXAHU3MBI IICPCHOCA HOHOB B IIOYBC 6y,HYT
HCIIOJIb30BAHBI HAMHU W IIPU OLCHKC IBWIXCHHA HMOHOB K KOPHIO U B PAaCTCHUMU. 9t0 O6IIII/I€
3aKOHBI U COOTBETCTBYIOIIHEC IMapaMETpPhbl MEPCHOCA BCIICCTB B KAIIUJIJIAPHO-IIOPUCTHIX TEax.
VIMeHHO MOATOMY OHU CTOJIb PACHPOCTPAaHEHBI B arpoU3UKe.

I'maponmuaMuyeckasi JMCHEPCHsi — 3TO «pa3MbIB» (PPOHTA JBUXKYIIETOCS PpacTBOPa,
mupdy3us, MNPOUCXOAAIAs BCJIEICTBUE HEPABHOMEPHOCTH, CJOXKHOCTH MOPOBOIO

MPOCTPAHCTBA TOUB. XapakTepu3yercs K03 OUIIMEHTOM TUIPOIUHAMHYECKON JTUCTIEPCUN
Dn.

dddextuBnass audpdy3usa — muddy3us, NPoUCXOIAIIas B 3aMOJHECHHOM ITOYBEHHON
BJIarOM TNOpPOBOM IpocTpaHCcTBE IMMO4B. OTiMyYaeTcssi OT MoJeKylsapHOM nuddy3un B
pacTBopax BCJEACTBUE M3BWJIMCTOCTU MOPOBOTIO MPOCTPAHCTBA M PEAIbHOM BIAXXKHOCTH
II0YB U XapakTepusyercs koddpduuuentom r3¢pdexkruBHoit nudpdysuu D, gy

Kosdduuuent ruaponunamuyeckoi nucnepcud, Dp, 1 koapuiueHT 3pQPexTuBHOM
mpdysun, D,py, 0ObenUHSIOTCA B OAMH — KOI((PHUMEHT TIHUAPOAMHAMHYECKONH
muddy3un, D', BeneacTBre TOro, 4T 06a 3TH Tporecca (THAPOANHAMIYECKAs THCITEPCHS
u 3ddexTuBHas aupdy3us) NPUBOIIAT K COBMECTHOMY pe3yibTary («pa3MbiBy» (poHTa
JBIDKYILIETOCSI  pacTBOpa) — OSKCHEPHUMEHTAIbHO PETUCTPUPYEMOMY IOCTCIICHHOMY

YBCIUMUCHUIO KOHHOCHTPAIMK pacCTBOpa, BBITCKAIOIICTO U3 IIOYBEHHOM KOJIOHKH, IIpH




59

CJIMHOBPEMEHHOM  BBCJICHUW  KOHIICHTPUPOBAHHOTO  pPacTBOpa Ha  IOBEPXHOCTH
(GUITBTPYIONIECH KOJOHKH.

KonBexTuBHO-11(Py31M0HHOE ypaBHEHHE [IEPEHOCA PACTBOPUMBIX BELIECTB ONKCHIBACT
M3MEHEHHE KOHIIEHTPAllUY BEIECTBA BO BPEMEHH B KOHKPETHON TOUKE MOYBBI C TIOMOIIbIO
ko3¢ ¢unuenTa rugpoauHaMuyeckoil nud@dy3uu, CKOpoOCTH IMOTOKA IMOYBEHHOM BIAry,
SBJICHUS COpPOLIMM BEIIECTBA M €ro MOSBJIEHUE WIM HCYE3HOBEHHME B paccMaTpuBaeMoil
TOYKE, BCIICACTBUE SIBJIECHUN pAcTBOPEHUS TBEPJOTO OCaJKa 3TOT0 BELIECTBA, €ro
NOTpeOJIeHNsT KOPHIMHM PAaCTeHUM U JAPYTUX SBJICHUMN, BBI3bIBAIOIIMX €0 JONOJHUTEIBHOE
o0pa3oBaHue UM PACXOJ] B pACCMAaTPUBAEMON TOUKE I1OYBBHI.
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I'naga | .4. Tennopuznyeckue cBOMCTBA MOYB

Panee MBI yka3blBaJIM, YTO JUIsl pOCTA U PA3BUTHS PACTEHUN CaMbIMU BaXKHBIMU CPEIU
¢buznueckux (pakTOpoB OKpYyKaroLIEH Cpebl 0Ka3bIBAIOTCS BOJA, BO3YX, COJTHEYHAs! SJHEPIHs U
Terwio. B ToM umciie nouBeHHOE TEIJIo, TeMIepaTypa Ho4YBbl. B cBsI3u ¢ Ba)KHOCTBIO (DU3HYECKUX
CBOMCTB I10YB IMOYBBI B OTHOIIEHUH (DOPMHUPOBAHUSI TEMIIEPATYPbI IOUBEHHOTO CJI0SI TOAPOOHO
OCTaHOBUMCS HAa OCHOBHBIX MEXaHU3Max U TEII0(U3UUECKUX CBOMCTBAX MOYB.

Ilepenoc Temia B nouBe. OCHOBHbIE MeXaHU3MbI
[Torok Temma B mNOYBE OMUCHIBAETCA 3aKOHOM @ypbe, KOTOPBIA CBSA3BIBAET IOTOK C
TPaIMEHTOM TEeMIIepaTyphl yepe3 KOdPPHUIMEeHT MPONOPIHOHATBHOCTH — TETUIONTPOBOIHOCTH, AT

G =-| dT
=-1,—,
dz
rjge Or — MOTOK Temia B mouse [Kam/em®-cyt], AT — KOO(OUIMEHT TEIUIONPOBOIHOCTH

T
[kan/em-CP-cyr], o rpaaueHT temmepatypsl [C°/cMm]. 3mech cieayeT OTMETUTh, UTO, KaK U B
z

ciydae C ypaBHeHHeM Jlapcu, ONHMCHIBAIOIIMM TIIOTOK BJIard B TIOYBE, peYb HAET 00
YCTAaHOBHBILIEMCS, CTAll[MOHAPHOM TIOTOKE TeIula B TOYBE. TOJNBKO Ui JTHUX YCIOBHUH
crpaBeBO ypaBHeHHE Pypbe. OCHOBHBIM TETUIO(PHU3MUECKUM CBOHCTBOM, KaK BHUIHO M3 3TOTO
YpaBHEHHSI, SBISIETCS ApaMETP TETIIONPOBOTHOCTH — KOA(PGHUIIMESHT TETIIONPOBOTHOCTH.

SIBIieHUE TEIUIOTIPOBOIHOCTH UMEET HECKOJIBKO BHYTPEHHUX MEXaHU3MOB.

Konoykyus — nepeHoc Teruia mpu HEMOCPEICTBEHHOM KOHTAKTE YaCTHIL IPYT ¢ APyromM. Tak
KaK IMOYBEHHBIC YACTHUIIBI MMPAKTHYECKH BCET/Ia KOHTAKTHPYIOT APYT C IPYrOM, 3TOT MEXaHU3M
npeodIaiaeT BO BCEX MUHEPAIBHBIX MTOYBaX.

Ilepenoc «cxkpvimotl meniomsi» (TEIIONAPOTIEPEHOC) — MEPEHOC TEIIa COBMECTHO C IMapaMu
BOJIbI, 00Opa3yrommMucs (¢ morepeil Teria) B OJHOM TOYKE MOYBBI M KOHACHCHPYIOIIUMHUCS (C
BBIJICJICHUEM TEIUIa) B APYroii. BeIpakeHHe «CKPBITas TEIIOTa» CBA3aHO C TPMHUHOM «CKPBITAsI
TEIUIOTa MapooOpa3oBaHusI», KoTopas cocraiser 585 kan/r. Eciu B mouBe mMeercst TpajueHT
TEeMIepaTypbl, TO Tapbl BOJBI JABIXKYTCS OT TOYKH C OOJBIIEH TeMIepaTypoil B TOYKY C
MeHblIel. [103ToMy eciu B TEIIoi YyacTi mouBeHHOM opsl (cM. puc. |.4.1) ucnaputcs 1t Bobl,
TO B JTOH dYacTh mouBa oxjaauTcs Ha 585 kam. DTOT rpamMm mapooOpa3HOl BOEBI,
KOH/ICHCUPYSICh B XOJIOJHOW YacTH, BBIEIHT Te ke 585 kan. 3a cyer 3TOro mepeHoca Tera ¢
napamMu BOJIBI TAK)KE JOCTHTACTCSl TEMIIEPATyPHOE PaBEHCTRBO.

nepeHoc
napa ot
Tennoro
K XONOAHOMY

Woxnamnewe Harpes
X X X X X YYVYVYY

Puc. |.4.1. IlepeHoC CKpBITOM TEIIOTHI — TEIIONAPOIIEPEHOC

Konsexyus — nporpeBanue 3a c4eT CTPyHYaTOro nepeMenInBaHus KUJIKONH U ra3000pa3zHoil
¢a3. B mouBax mposiBiieHHE 3TOr0 MEXaHHW3Ma 3aMETHO JIMIIb IPU BBICOKON BIIAXKHOCTH,
OBICTPOM TIEPEMEIIUBAHUN CBOOOTHOM BOIBI.

[lepenoc Teruia 3a c4eT MPSAMOTO UHPPAKPACHO20 u3yyenus. B mouBax OH MpEJCTABIIEH B
MaJION CTEIIEHHU.

Ecnu B mouBe npeacTaBieHO HECKOJIBKO MEXaHM3MOB IE€peHOca Teria TO, BO3MOXHO, UTO
IpU U3MEHEHHU €€ BIAXKHOCTH O3THU MEXaHU3Mbl IO-pasHOMY OyayT QopmMupoBarth
TEIIONPOBOJHOCTD MOYBHI B 11eJI0M. [lepBoHavansHO, B CyXOl IOUBE, YaCTULIbI CBOOOIHO JIEXkKAT
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apyr otHocutenbHO apyra (puc. 1.4.2, cramus 1). U teronepeHoc Oyaer 0OyCIOBIIECH JIHIND
OT/CJbHBIMA HEMHOTOYHCICHHBIMU KOHTakTaMu (KoHmykiwms). [To mepe oOpa3oBaHusi BOIHOM
IUICHKH, YacTHUIbl MPUONIMKAIOTCA JAPYr K JpYyry. YBEIMUMBAETCS YUCIO KOHTAKTOB, XOTS
CBOOOJHOE IOPOBOE IMPOCTPAHCTBO €II€ 3HAUYUTEIbHO, M BOJHBIE <«IIPOOKH», 3arOJHEHHbIE
BOJIOW KamWUIAPbI, HE MPEIMSATCTBYIOT TepMmomnaporepeHocy (cramus 2). B maHHBIE MOMEHT
IIPEACTABJIEHBI B IIOJIHOM MEPE JBa OCHOBHBIX MEXaHM3Ma IapoliepeHoca. TenionpoBoJHOCTb
JOCTUTAaeT MAaKCUMAJIbHBIX 3HAYEHHUH. OTO MPOUCXOJAUT B MOMEHT JIOCTHIKEHHUS IOYBOM
BrnaxkHoctu, 6muskoi k BPK. Ilpu nanbHelimem yBeNTWYeHMM BIIaKHOCTH TEIJIONPOBOIHOCTH
Oyner Bo3pacTtarh yxe cinabo, B OCHOBHOM 3a CYET MEXaHHM3Ma KOHBEKIMH, CBOOOIHOMN

HUPKYJISIIAN KuAKocTd (cTamus 3, puc. |.4.2).
ctagma 1 crtagua 2 ctagua 3

W ~BPK
—> KoHAayKuwus
naponepeHoc
“““ * KOHBeKLuMs

Puc. 1.4.2. Cxema TemonepeHoca Npu pa3IuIHON BIaKHOCTH ITOYBEI

[TosToMy u 3aBHCHUMOCTh KOI(PPHUIIMEHTAa TEIJIONMPOBOAHOCTA OT BIIAKHOCTH HOCHUT
XapakTep, OMM3KUH K SKCIIOHCHITUAIHHOMY, KOT/Ia MOCTIe 3HaUYeHUN BIaXHOCTH, Omu3kux Kk BPK,
KpHUBasi BBITIOJIAKUBAETCS, MPUONIIIKASICh K MAKCUMAJIHbHBIM 3HAYCHUSIM.

3akoH dypbe — KOJMYESCTBO TEIUIA, IEPEHOCHMMOTrO Yepe3 CAUHUILY IUIONIAH B SAUHUILY
2
BpeMeHu (Qr, Kau/CM“-CyT) OpsSMO MPOIOPLUOHAIBHO TEIJIONPOBOJAHOCTH MOYBBI (AT,

kai/cm C°-CyT) ¥ rpaIueHTy TEeMIIEPaTyphI ((Z—T , C%lem):
Z

= d_T
O T4z

Ko3dpuuuent temnonposoauoctu , At [kan/cm °C cyt wim J[x/ ¢-m-°C = Br/m-K] paBen
KOJIMYECTBY Teruia (B Kas win J[X), MpoIIe/ero B eAMHUILY BpeMeHH (CYT MM CEKYHIY)
depes eMHMYHOE CEUCHHE TOUBBI (CM2 WUTH M2) TIPH SAMHWYHON TOJNIIMHE ci10s mouBbl (1
cM win 1 m) u ipu pasuuie Temmneparyp B 1 °C (wm 1 K).

Tensiopusuyeckne nNoYBEHHbIE NAPAMETPbI. TEIVIOEMKOCTh, TEMIIEPATYPONIPOBOAHOCTD
Ecau MBI mHTEpECyeMcsl POrpeBaHNUEM IIOYBBI, T.€. YBEIMYEHUEM TEMIIEPATypPbl OTACIBHOIO
ee CJIosl CO BpeMEeHeM, HaM He0OX0IMMO 3HaTh HE TOJIBKO TEIJIONPOBOIHOCTh, HO U KOJIMYECTBO
Ter1a, He0OX0JUMOTO ISl HArPEBaHUs OJJHOTO rpamma (Hiiu CM3) IIOYBBI HA OJIUH rpaxyc. A 310
YK€ clelyroliee Tero(pu3nueckoe CBOMCTBO — TEMII0EMKOCTb.
TennoeMKoCTh €AMHUIIBI MACChl TeJla Ha3bIBAIOT YAEJIBbHON TEIJIOEMKOCThIO U 0003HAYAIOT

Cm, [kan/rpan]; TEIIOeMKOCTh €AMHHUIBI 00beMa Ha3bIBAIOT OOBEMHOM TEIUIOEMKOCTBIO M
o6osnauaror Cy, [kan/em>¥pan]. COOTBETCTBEHHO, 0OBEMHAS TEILIOEMKOCTb YHCICHHO PaBHA
KOJIMYECTBY TeIlJIa, HEOOXOIMMOTO [UIsl HarpeBaHUs OJHOIO cM® mouBsl Ha 1°C; ylaeIbHas -
KOJIMYECTBY TeIUIa, HEOOXOMMOMY JUISl HarpeBaHus 0JHOTO T 1ouBbl Ha 1°C. BrosiHe MOHSTHO,
4T0 00BEMHAsI U Y/CIbHAs TEINIOEMKOCTH OYAyT CBS3aHbI COOTHOIICHHEM

C,=C,x,,

rae r p — INIOTHOCTH ITOYBBI.
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TenmoeMKoCTs — BEIWYMHA aJIUTHUBHAS, T.C. TEIUIOEMKOCTb IIOYBBI CKJIAIBIBACTCS W3
TEIJIOEMKOCTEH COCTaBIISIOIIUX €€ MOYBEHHbIX (Pa3. DU3NUecKku 3TO BIIOJIHE MOHSITHO — TEILIO
paBHOMEpPHO OyAeT pacrpenensiThcsi B Tpex(da3HOW MOYBEHHOW cHcTeMe MO BceM ee (azam,
HarpeBasi UX B COOTBETCTBHH C TEIIOEMKOCTHIO KaJI0W M3 (a3 u ee Aojei B mouse. Eciu mMbr
0003HaYuM 0OBEMHBIC TOJU TBepaoi (asbl, BOJABI U Bo3ayxa uepes fs, fy, fa, TO B cymme onun
coctaaT 1. Kaxaas u3 ga3 umeeT COOTBETCTBYIOILYI0 OOBEMHYIO TEIJIOEMKOCTb: TBepas (asa,
Cys, B cpearem — 0.48 xan/em®- C, Bona, Coy, — 1, a B031yX, Cya, — Bcero yumb 0.003 xan/em>°C.
A TEmI0eMKOCTb IOYBBI B LIEJIOM COCTAaBUT yXKe

Cv = fszs + fWCVW + fana'

XopoI10 U3BECTHO, YTO TBepJas (haza B MOYBE COCTOUT U3 MUHEPAIbHON U OpPraHUYECKOU
gactd. OTMEeTHM, 4TO 00BEMHAS TEINIOEMKOCTh OpraHMYecKuX BemecTB B 1.25 pa3a Belme, 4eMm
MHHEPAJIbHBIX. B OOJBITMHCTBE MUHEPAIBHBIX ITOYB OPraHUYECKas KOMIIOHEHTA HE MPEBBIIIACT
0.05-0.10 cm®/em® (imm okomo 2.0-4.2 % B TPaIMIMOHHOM BBIPAXKCHHH B BHJE MPOICHTOB
OpPraHMYEeCKOTO BEIIECTBa K a0COJIIOTHO cyxoMmy Becy). [loaToMy mpu pacderax MOYBEHHOMN
TEIUIOEMKOCTH HE TpeOyeTcsl pa3ienisiTh OPraHHYECKYH) W MUHEPaIbHYI0 KOMIIOHEHTHI, B3SIB
3HAUCHUE JNOMHUHHpYOMmeH MuHepaibHoi — 0.48 kan/em>°C. A BoT B OPraHOTEHHBIX IMOYBAaX,
Topdax opraHudecKas KOMIOHEHTa MOKET 3HAYUTEIIbHO NMPEBAIMPOBATh HaJl MUHEpainbHOU. U ¢
pa3auuMeM HUX TEIUIOEMKOCTeM Hajno cuurtarbes. s aToro BBOIAT elle OOBbEMHBIE J0JH
MHHEpaIbHOH 4YacTH fm 1 opranndeckoii forg, KOTOpBIE B CyMMe COCTaBIISIIOT OOBEMHYIO JIOJIIO
TBepaoit (as3el mouBsl fs. OTMETHUM TakKe, YTO TEIIOEMKOCTh BO3/yXa HECPaBHEHHO HH3Ka IO
CPaBHEHHUIO C JAPYTMMHU KOMIIOHEHTAMH, W 3TOM COCTABISIONMICH TEIUIOEMKOCTH IMOYBBI TaKKe
Hepeako mnpeneOperaroT. CrenoBaTtenbHO, ypaBHEHHE TEIUIOEMKOCTH IIOYBBI OyaeT HMETh
CHEAYIOIIUN BU!

C, =048f +06f, +f,.

DTUM ypaBHEHHEM M MOYKHO TIOJIb30BAThCS JUIS PacieTa TEIJIOEMKOCTH IMOYBBI U TIPH PA3IHIHON
BJIAXKHOCTH, U TIPU MU3MEHEHUH COJICP)KaHUsI OPraHMYecKoro BeriecTBa. Hamo TONbKO MOMHUTS,
YTO OHO CIIPABEJIMBO Ui 00BEMHOMN TEINIOEMKOCTH, KOT/Ia BCE KOMIIOHEHTBI MPEICTABICHBI B
0GbeMHBIX 101X [eM/em?], a TemmoemkocTr — B [Kan/cm® °C]. V3 ypaBHEHHS CIIEAYET H TO, UTO
TEIMJIOEMKOCTh TOYBBI OyIeT JMHEHHO TMOBBIATHCS C YBEIMUCHHEM BJIAXHOCTH. ITO
BBIPA)KAETCS B JIMHEHHOM 3aBUCUMOCTH OOBEMHOW TEIIOEMKOCTU OT YIEIbHOW TEIMIOEMKOCTH
cyxoii moussl (Cy) u BraxxHoctu (W):

C = —_—
Vg m 1005 P

KOTOpasi, HOJYepKHEM, CIIpaBeUIMBa B 1aHHOM BHjie s cuctembl CI'C.

JIMHENMHO TEINI0OEMKOCTD 6yneT YBCINYHUBATECA U C YBCIWYCHHUCEM IIJIOTHOCTHU IIOYBBLI, YTO

OITATH-TaKW BUAHO M3 MPHUBCACHHOI'O BBIIIC YPABHCHMHA. Kax CJICACTBHUC, YIINIOTHCHHBIC IMOYBbI
OyIyT HMETh MOBBILIEHHYIO TEIJIOEMKOCTh, T.€. JJS UX IporpeBa mnorpedyercs Oosbliiee
KOJIMYECTBO TEILIa.
TennoeMKoCTb — 3TO KOJMYECTBO TEIUIa, KOTOPOE€ HEOOXOAMMO 3aTpaTUTh, YTOOBI
yBEJIMYUTH Temreparypy nousbl Ha 1°C. TemnoeMKoCTh €AMHUIIBI MAcChl T€la Ha3bIBAIOT
YAETBHOU TEII0EMKOCThI0 U 0003HaYat0T Cpy, TEINIOEMKOCTh €UHHIIBI 00beMa Ha3bIBAIOT
00BEMHOM TEMI0EMKOCThIO U 0003HauaoT C,.

O6bemHast TemmoeMkocrs (Cy, Kan/cM>X¥paj) YHCICHHO paBHA KOJIMYECTBY TEILIa,
HE00X0IMMOMY JJIsl HarpeBaHuUs OJTHOTO e mouBsl Ha 1°C;

VYaeabHast TemnoeMkocTb (Cr, Kan/r¥pam) — KOJMYECTBO TEIUia, HEOOXOAUMOE IS
HarpeBaHus ogHoro r noussl Ha 1°C: C, =C_ X,

TenaoeMKOCTh MOYBBI CKJIaabIBaCTCA M3 TEIJI0OEMKOCTEH COCTaBJIAIOIINX €€ ITOYBCHHBIX
¢a3 B coorBeTcTBHH ¢ NX 00BeMHO# noxeil: C, = fC + f C,, + f,C,
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B 60bIIHHCTBE CiTydacB HAC HHTEPECYET, KaK OBICTPO MPOrPEBAETCs MMOYBA, Kak pacTeT (Miu
YMEHBIIIAETCSA) TEMIIeparypa €€ CII0eB. B KOHEYHOM cdYere, I BCEH HAIMOYBCHHOH U
BHYTPHUIIOUYBEHHOW OMOTHI HamboJiee Ba)KHO, KakoBa TeMIlepaTypa IOYBBI, KaK H3MEHSETCS

T y
TEMIICpaTypa IMOYBbI CO BpECMCHEM W . HI/IH&MI/IK& TEMIICPATYPhI, KaK 1 JUHaAMHUKa COJICH, 6y,H€T

OMpCACIIATECA I'PAAUCHTOM TEMIICPATYPHI 11O paCCTOﬂHI/IIOZ
m_, T T
It 2 cC. x, 172

|
[NosiBriicss HOBBIM KOA((DHUIIMEHT, COCTOSAIIMM W3 M3BECTHBIX HAM IapaMETPOB T

, KOTOpBIN
m b
HA3BIBAIOT TeMIIepaTypornpoBoaHocThio K [cm?/cyt]. OH oTpaxkaer CHOCOGHOCTH MOYBBI MPOBOAHTH
TEMIIEPATYPHYIO BONHY. 3aMETHM, dTO pa3MEPHOCTh TEMIIEPATyPONpPOBOXHOCTH [cM/cyT, cmc]
coBmagaer ¢ kod(huumentom auddysun s conei. ITosToMy Hepenko BenuuuHy K — Has3bIBarOT
TepMo () GY3UBHOCTBIO. [TOHATHO, YTO YE€M BBIIIE TEMIIEPATYPOIPOBOIHOCTh TIOYBBI, TEM OHA OBICTpEe
OyIeT MPOBOJMTH TEMIIEPATYPHBINA MOTOK, OymeT OBICTpee MOBBIMIATHCS TEMIIEPATypa HUKHHX CIIOCB,

OBICTpee MPOHUKATHh BHU3 «TeMIIepaTypHas BojiHa». To ecTh mouBa Oyaer ObICTpee MPOrpeBaThCs.

OcHoBHOE YPaBHEHHUE TEIVIONMEPEHOCA — YpPAaBHCHHUC, CBA3SBIBAIOIINEC HW3MCHCHUSA
TEMIICpATypPbl BO BPEMCHU C UBMCHCHHUEM TEMIICPATYpPhI 10 PACCTOSAHUIO. HJ’ISI JUHaAMHWKHU
TEMIICPATYPhbI 3TO YPaBHCHHUEC UMECT BU/]

T 1°T
H: ><ﬂ—2 — OCHOBHOE ypaBHEHHE TEIUIONEPEHOCA, CBSA3BIBAIOIEE HM3MEHEHHE
z

temrnepatypbl o4Bbl (T ) Bo Bpemenu (t) ¢ U3MeHEHHEM TeMIIEPATYPhI 110 PACCTOSHUIO

B HaNpaBJCHUU TrpajauceHTa (B MPHBEICHHOM HamucaHuu — 1o Beptukamu (fz)) uepes
2 2

k03 durMeHT TemreparypornpoBoaHoctH, K , [em/cyT, cm/c].

OcHOBHBbIC ypaBHEHHUS TMepeHoca (BOJbI, COJICH, TeIia) IMOJydYaroT IOJACTAaHOBKOW B
ypaBHEHHE HEpa3pbhIBHOCTM OCHOBHBIX YpaBHEHHH mepeHoca BewiecTB W Terwia. Jlis
JMHAMMKY BJIQKHOCTH B IIOYBE — 3TO ypaBHeHuUe Puuapsca, /Ui IMHaMUKH PAaCTBOPEHHBIX
BEIIECTB — 3TO KOHBEKTUBHO-IU(PPY3MOHHOE YpaBHEHUE.

Ko>ppuument Temmeparyponposomnoctn (K, cm?/c, cm?/cyr) — xapaktepusyer
CIOCOOHOCTh CpPEJbl BHIPAaBHUBATH CBOIO TEMIIEPATypy, KOTOpasl ONpPEAEseTCs] HE TOIbKO
TEIUIONPOBOTHOCTRIO CpeAbl, HO W €€ O00BeMHOW TeruioeMKocThio. Koaddunuent
TEMIIEPATYPOIIPOBOHOCTU SIBJISIETCS TPOU3BOJHON TEIIO(U3UIECKON XapaKTEPUCTUKOM.
OH YHUCJIEHHO paBeH MOBBIIIEHUIO TEMIEPATYpPhl, KOTOPOE MPOU30MIET B €AUHHULIE OObeMa

[OYBBI TP MOCTYIUIEHUH B HEE TEIUIa, YUCIEHHO PABHOTO €€ TeIUIONpoBoaHoCTH: K =L .
v
2
KoadhuumeHT TemmneparyponpoBOJIHOCTH HMEET Pa3MEpHOCTh CM/C — Takyl ke, Kak
kodpument muddy3un. B 3apydexxHoi auTeparype 1o (uU3MKE MOYB €r0 Ha3bIBAIOT
TepMo1u(PYy3UBHOCTBIO, HIIK KOAPPUITUEHTOM TEPMOAUPPY3UH.

TeMIiepaTyponpOBOIHOCTB ITOYBBI, TAK K€, KaK U TEIUIONPOBOIHOCTh, CYIIECTBEHHO 3aBUCHT
OT €€ BJIAXHOCTH. XapaKTep 3THX 3aBUCUMOCTEH OIpEAENAeTCs B3aUMOJICHCTBUEM TBEPAOH,
KHJIKOU ¥ ra3000pa3Hoii ga3 moussl (puc. 1.4.3).
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Puc. |.4.3.3aBucuMoCTH TEIJI0(PU3HUUSCKUX ITAPAMETPOB OT BIAKHOCTH

Ha puc. 1.4.3 npeacraBieHbl 3aBUCHMOCTH TEIUIO(PH3MUECKUX MApaMEeTPOB OT BIAKHOCTH
nouBbl. Ha 3TOM rpaduke MOXKHO BBIIEIUTH TPU XapaKTepHblE 0OJACTH, COOTBETCTBYIOILIHE
Pa3IMYHbIM PHEPIeTUUYECKHM COCTOSIHUSM MOYBEHHOM Biiaru. B o0nacTu HU3KHX BIIaKHOCTEH
BOJa IMPOYHO CBfI3aHA, M IPOIECCHl TEIUIOOOMEHA OMNPEAENSIOTCS  HUCKIIIOYUTEIBHO
KOHJYKTHBHBIM MEXaHU3MOM IepeHoca Teria B nouyse. C yBeTUUEHUEM BJIaKHOCTH BO3pPAacTaeT
IJIOLIA/1b CTHIKOBBIX MAaHKET U, COOTBETCTBEHHO, BEJIMUYMHA KOHIYKTUBHOM TEIIONPOBOJIHOCTH.
OnHOBpEMEHHO YBEIMYUBACTCS U 00bEMHAsI TEIJIOEMKOCTD, IMHEHHO 3aBUCSINAs OT BIAXKHOCTH.
PocT TennonpoBogHOCTH KOMIIEHCUPYETCS POCTOM TEIIOEMKOCTH, U YaCTHOE OT JIEIEHUS dTUX
BEJIMYUH — TEMIEPaTypolpOBOJHOCTh — IMPAKTHUYECKU HE 3aBUCUT OT BiaxHocTH. C
JATbHEUIINM  TOBBIIIEHHEM  BIIAXKHOCTH  JIMHEHHBIA  POCT  TEMIIEPATYPOIPOBOJHOCTH
MpoJIoJKaeTcss. DTO Juana3oH IieHoyHoW Biard. [laponuddy3noHHbIN NEepeHoC AOCTUTaeT
CBOEr0 MakCMMyMa: TEIUIONPOBOJHOCTh BO3pacTaeT ObIcTpee, YeM 00beMHas TEII0EMKOCTh. B
pe3yibTaTe TEeMIEpaTypOIpPOBOJHOCTh YBEJIWYUBAETCS C BIaXHOCTbIO. [lpu nanpHeliem
MOBBIIIEHUU BIIAXXHOCTU TOSBISIETCS KalWUIApHAs Biara, 3aloJHSIONIas [OYBEHHbIE
Kanuuisipel, napoaudy3HoHHBIH IepeHoc Tervla ociadmsercda. TemnooOMeH CBOAUTCA K
KOHJYKTUBHOM Terionepeaaye u K ci1ado BHIPaKEHHOM B MOYBE KOHBEKIMU. B pe3ynbrare, Kak
OTMEYaJIM BBILIE, POCT TEIJIONPOBOAHOCTH 3amemisercs. [lockonbky 00beMHasi TEII0EMKOCTh
MIPOJIOJIKAET YBEJIIMYMBATHCS C BIAXKHOCTHIO, TEMIEPATYpONPOBOJIHOCTh HAYMHAET CHIKATHCS
(puc. 1.4.3). TemnepaTyponpoBOJHOCTh JOCTHIAET MAKCUMyMa B 00JIACTH BJIAXKHOCTEH OJIM3KUX
k BPK, xorna B HanOosbiiell Mepe BbIpaK€H KOHTAKT YaCTHUI[ 3a CUET IJICHOYHOM Bjaru, 4ro
CIOCOOCTBYET  KOHJIYKIMOHHOMY  II€peHOCY  TeIula; [Mpu  3TOM  HaOmogaercs U
napo QG y3nOHHBIN MEXaHU3M.

OcHoBHbI€ 3HaYeHUSI TEII0()U3NUECKUX TapaMeTpOB U IpuBeieHb! B Ta0u. |.4.1.

OTmeTHM, 4TO IIMHUCTAs MoYBa 0e3 rymyca Ipu OJMHAKOBOW BJIAYKHOCTH C MIECYAHOW MMEET
OJIMHAKOBYIO C HeW TermioeMKocTh. M 3TO BHOJHE NOHATHO — TEIJIOEMKOCTh KBapla u
YCPEIHCHHAs TEIUIOEMKOCTh IOYBCHHEIX MHHepanoB Ommskn (okomo 0.48 xan/em®2C),
TEIIoeMKoCTh ke Bogsl — 1 kan/em®>°C. Ho TEMIIEpaTypOIIPOBOIHOCTh NECYAHOW ITOYBBI IIPU
OJINHAKOBOH C TJIMHUCTOM BJIQXKHOCTH 3aMETHO BBIIIE — IIPU OJIMHAKOBBIX BJIAXKHOCTAX IecyaHast
MIPOBOJUT TEIJIO 3HAUUTENbHO ObicTpee. Kpome Toro, cienyer yduThiBaTh, YTO BIIAYKHOCTH
MIECYaHbIX [TOYB MPAKTUYECKU BCEr/la HUXKE 3a cueT OplcTporo crekanus iaru. [lomydaercs, 4ro
IIeCYaHbIE MOYBHI U CYyILIE, U TEMIIEPATypPOIPOBOAHOCTh €€ TBEPA0(Pa3HOM YaCTH HAMHOIO BBIIIIE.
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DT0 03HayYaeT, uYTo MecyaHble MOYBbI OYAYT 3HAYUTENIbHO ObIcTpee mporpesarbes. [loaTomy ux u
Ha3bIBAIOT «TEIIBIMU», B OTIIMYHUE OT «XOJIOAHBIX» IIIMHUCTBIX, TSKEIBIX MOYB. JIerkue noussl
ObICTpee IPOrpeBarOTCs BECHOM, TEIUIee JIETOM, BIIPOYEM, M OCEHBIO ObICTpEE OTIAIOT TEILIO,
ObIcTpee oxiaxkaaroTcsa. TakuMm oOpa3oM, MOKHO CKa3aTh, YTO IECYAHbIE ITOYBBI UMEIOT Oolee
KOHTPACTHBIN TEIUIOBOM PEKHM.

Taonuma .41
Ternou3nueckrne CBOMNCTBA OCHOBHBIX IOYBECHHBIX KOMIIOHEHTOB U TIOYB

[Ipupoausiit 00bexT | TeronpoBoaHocts | Temnoemkocts | TemmepaTypo
, A1, Mkan/cm-c-°C oobemHuas, Cy, [IPOBOJIHOCTH,
Kkan/em® °C K,
em?/c
Kgapig 21 0.48 0.0438
MuHepasl 7 0.48 0.0140
Oprannueckue 0.6 0.6 0.0010
BEIIECTBA
Bona 1.37 1.0 0.0014
Jlen 5.2 0.45 0.0116
Bozayx 0.06 0.003 0.02
Tenno¢usnueckre cBOICTBA MOYB MPHU Pa3INYHON NOPO3HOCTHU U BIAXKHOCTHU
[Tousa [Topo3nocts | Bnaxn | Termmonp | Teroemk | Temmneparypo
, emlem® OCTb OBOJIHOC | OCTh IIPOBOJTHOCT,
0o0beMH | T, At, | 0ObEMHAY, | K,
as, mxai/cm- | Cy, em?le
emfem® | ¢°C Kan/cm®:
°C
[Tecuanas 0.4 0.0 0.7 0.288 0.0024
noysa 0.4 0.2 4.2 0.488 0.0086
0.4 0.4 5.2 0.688 0.0076
I'maaucras | 0.4 0.0 0.6 0.288 0.0021
rnoysa 0.4 0.2 2.8 0.488 0.0057
04 04 3.8 0.688 0.0055
Topd 0.8 0.0 0.14 0.12 0.0012
0.8 04 0.7 0.52 0.0013
0.8 0.8 1.2 0.92 0.0013
Jluteparypa

[Tonersie 1 MabopaTOpPHBIC METOMIBI MCCIICAOBAHMS (PU3MUECKUX CBOMCTB mouB. M3m-Bo Mock.yH-Ta,
2001. Tlox pen. E.B.Illenna

MHonos A.U.,Po3enbaym IO, Tymens H.B.Kpuomuronorus. M., 1985.
Pesyrt U.b. ®usnka nmous. M3n-so «Komoc», 1972. 368 c.
Mynerun A. M. TemnepatypHsiii pexxum noussl. J1., 1957. 242 c.
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Yacrs | |. ®uszuka npuzeMHOro cjioss arMmocpepnb! (MEKPOKINMATOJIOTHS)

BBenenue

Ora 4yacTb mocBsiieHa (u3nKe aTMOC(EpHBIX SABICHUH, MPOUCXOASIIUX B
HENOCPEJCTBEHHON OJM30CTU OT PaCTUTENILHOTO MOKPOBA, B CAMOM PAacCTUTEIbLHOM IOKpPOBE U
mouse. OJTO SBJICHUS NOCTYIUIEHUS, NpeoOpa3oBaHusi dyduucTtodl sHepruum CojHIIA B TEIUIo,
HarpeBaHUEe PacTeHUU U MOYBEHHBIX CJIOEB, - SBJICHHS PaJUaAllMOHHOTO M TEIIOBOrO OalaHCOB
NeSITeNIbHON MOBEPXHOCTU. 3JIECh KE PACCMATPUBAIOTCS SIBJICHHS MCIAPEHUSI U TpaHCHHpaLUU
pacTeHuii, KOTOpbI€ CBS3aHbl C MOCTYMAIOLIEH JTy4YUCTON SHEprue. TO 0YeHb BaXKHBIH MOMEHT
IIpY U3YYEHUU JTAHHOTO pa3jera, - B3aMMOCBS3b TEIUIOBOTO M BOJHOIO OallaHCOB IMOYBBI U
pacturenbHOro nokposa. OH GopMUpyeT NPUHIIKI, HA KOTOPOM MOCTPOEHBI MHOTHE (DPHU3HMUECKU
00OCHOBAaHHbIE MOJIEJIM pacyeTa WCIAPEHUs], U, COOTBETCTBEHHO, YIPABIICHUS TEIUIOBBIMHU U
BOJIHBIMU pECypCamH.

Arpodusnueckuil acrneKkT u3ydyeHus (QU3NYECKUX SBJICHUM B MPU3EMHOM  CIIO€
aTMoc(ephl CBSI3aH MPEXJIE BCETo C MOAXOJAAMH K OIL[€HKE BOJHBIX M TEILIOBBIX PECYPCOB JUIS
dbopMupoBaHHs ypoKasi, OHOJOTrMYECKOW NPOAYKTHBHOCTH TMOYB, JUISL IPOJYKIIHOHHOTO
npouecca. Pacrenue, Haxozsmieecs Ha TpaHULE IMOYBbBI M aTrMocgepbl, HCHOJb3YIOIee
MIOYBEHHbIE M KOCMHMYECKHE DPECYpChl, OKa3bIBaeTCi CJIOKHBIM, Pa3HOOOpa3sHbIM U OYEHb
«qyTKUM» IIpeoOpa3oBaTesieM: IOUBEHHOH BJIaru B aTMOC(EPHYIO, COTHEYHOUM dHEPrUu B TEIUIO,
¥ B KOHEYHOM cueTe, aydncToi sHeprun CoJHia, 3amacoB yriepoaa B atmochepe (B Buae COo)
Y TMOYBEHHBIX BellecTB (IMUTATEIbHBIX U BOJBI) B OMomaccy. [ToaTromy B maHHOM pasjelie ocoboe
BHUMAHHE Mbl yJEJIUM IPEXkKIE BCEro pajlalliOHHBIM, TEIJIOBBIM M BOJHBIM IIPEOOpPa30BaHUAM
Ha YPOBHE PAaCTUTEIBHOTO CJIOS.

B nanHOM pasnene Mbl BHeApseMcs B 00JacTb METEOpOJIOTMHM M Kiaumatojoruu. OpHako,
YUWTBIBasi, YTO HAallla OCHOBHAas arpodu3nueckas 3ajaya CBs3aHa C JHIIb C (U3UYECKUMU
MpoIeccaMu B MPU3EMHBIM CJIo€ aTMoc(dephl, HEPEIKO 3Ty 00JacTh arpoPu3nyuecKko HayKH,
Bcaen 3a P, Cueidirepom u  M.MakuipoeM  Ha3blBalOT  «MHKPOKIMMATOJOTHE».
MUKpOKINMATOJIOTHENW — MOTOMY YTO MaclTad pacCMOTPEHHs SBJICHHUM CBA3aH C IMPU3EMHBIM
cioeM atMocdepbl U OrpaHUYEH MPOCTPAHCTBOM CEIbCKOXO3AMCTBEHHOTO IMOJISI WM JJaXKe ellle
MEHbLIEH TUIOIAbI0. XOTsI TEPMUH «MUKPOKIMMATOJIOTUS» U HE SBIISAETCS OOLICNPUHATHIM, a
TeM Oosiee OQUIMATIBLHBIM, Mbl Oy/IEM €ro MPUIEPKUBATHCS IS TOTO, YTOOBI IIOCTOSIHHO UMETh
B BUJly YPOBEHb U MacIlTad 3a/1a4, U3y4aeMbIX B JAaHHOM pa3zjiesie arpou3nKH.

JlaHHas ri1aBa COCTOUT U3 CIIEIYIOIINX YacTe:

1. PaguanuoHHbIi 1 TEIIOBOM OanaHc nesTeNbHOM noBepxHocT. AP

2. OCHOBHBIE arpOMETEOPOJIOTHYECKIE XapaKTEPHUCTHKH

3. Temmeparypa OYBHI U €€ 3HAYCHUE JUTS PACTEHUH
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I'nasa ||.1. PaguaumoHHBIA U TENJI0BOM pesKNMbI
Buabl paananun. Paguanuonubiii 0ananc

[IoTOK Jy4yuCTOM HSHEPrHM — 3TO KOJMYECTBO JIyYUCTOM SHEPIHM, MPOXOJAIIECH B E€IMHUILY
BPEMEHHU Yepe3 eAMHUIlY muromanan. Exuauiel usmepenus — Br/m2, kan/cm2 mun, [x/cmM2 4 u
npoy. OOGnacTe METEOpOJIOTUH, H3y4alollell IMOTOKM JIyYUCTOM SHEpruu, Ha3bIBaeTCs
AKMUHOMEMPUs.

B akTuHOMeTpHM pa3iMuYalOT HECKOJIBKO BHJOB pajuallM, WIH COCTABJISIFOIINX
pamuarnonHoro Oamanca. [Ipexae Bcero — npsamasn coaneunas paouayus, s (puc.ll.1.1). Do
kopoTkoBostHOBas (400—750 HM — yabTpadroaeTOBas ¥ BUAMMAast 00IaCTH) pajuallus, WAyIas
IpsIMO M HEMOCPEJCTBEHHO OT HAIllero cBeTWiIa. B OCHOBHOM MMEHHO 3Ta pajauanus u
dopMupyeT KIUMAT: 4eM OJIFbKEe YroJl MaJIeHHUs COJHEYHBIX Jyded K HyleBoMy (yroj majacHHs
Jydeil U3MEpSIOT, KaK yroj MEeXIy JIydOM M HOPMajbi0 K MOBEPXHOCTH TOYBBI), TEM XKapue
Oynmer kimuMar. M camo CJIOBO «KIMMAT» MPOHMCXOAUT OT TPEYEcKOro CjioBa, 00O3HAYAFOIIETO
«yroy», B JaHHOM CIy4ae, NaJeHUs COJTHEYHBIX JIydel. ITO clieZlyeT U U3 OCHOBHOTO YpaBHEHUS
pacyera npsiMOi COJIHEYHOW paJalliy MO Yriy MaJeHUs COJIHEUHBIX JIy4eil, TOUHEE, MO BBICOTE

Comnna (h, ):
S¢=Ssinh, ,

rae Sl- comHeuyHas 3Heprys, MOCTYMANAs HA TOPU30HTAIBHYIO MOBEPXHOCTD, S— IpsMast
COJIHEYHAsl paJiualivs IIPU MapajljiesIbHbIX COJHEYHBIX JTydax.

[Ipsimast conHeuHas pajuanusi B Uioje MpU sICHOM Hebe B MockBe B aCTpOHOMHYECKHIA
nonzess (coorBercrByer 13.30 10 MOCKOBCKOMY BpeMeHH) cocraBisier okouo 700 Br/wm2
CymmapHass paguanus B JITOW JKe 30HE MokeT mocturath 1500 Br/Mm?, CpeaHENECKAIHbIE
BeJIMYMHBI Koneburorest ot 250 xo 1000 Br/m?,

Jlpyrast cocraBisifomass — 3710 paccesnnas (Ougpghysnasn) paouayus, |, paguanms,
OTpaX€HHAas OT B3BEIICHHBIX KOJUIOMAAJIBHBIX U JPYTUX YACTHL], MOJEKYJ ra3oB, 0T 00JaKoB B
atMocdepe, OKpyXKarolMX MpeaMeTroB. Eciam ke cojHIe 3akpblTo oOnakamMu, TO BCs
nocTynaromasi paauanusi — paccesiHHas. [lo 3akoHam paccerBaHMsl, B YAaCTHOCTU MO 3aKOHY
Penest, cnekTpanbHbI COCTaB paccestHHOW paJualuu OTIUYaercs oT mpsiMoil. 3akoH Penes
TJIACHT, YTO pacCeMBaHUE JIydel 0OpaTHO MPOMOPIMOHAIBHO 4-1 CTETICHH IJTUHBI BOJIHBI:

2
S = 32p%(m- 1)
=== =
3nl *
rne Sl - ko3ddunmeHt paccenBanus, M — KOAPUIMEHT NPEIOMIICHUS B rase, N- YHCIO
MOJIEKYI B eqUHUIE 00beMa, | - JuimHa BOJHEL. B CBSI3U ¢ 3THM 3aKOHOM paccesHHAs pafariis

COJIEP’)KUT OTHOCUTENIBHO OOJIbIlIee KOJUYECTBO KOPOTKOBOJIHOBBIX JIy4eW, YeM mpsmas
COJIHEYHAsl paJHuallys.
[Ipsimast u paccessHHas GOPMUPYIOT CYMMAPHYIO COTHEUHYI0 paduayuro - | .

Jlyis u3yyeHus: MpoIyKIIMOHHOTO Ipolecca, A arpou3nyecKux 1ejell BaKHO, YTO 4acThb
MPSIMOM M OTPa)KEHHOM pajMalliy y4acTBYeT B Ipolieccax porocuHTe3a pactenuid. [loaromy ee
U Ha3bIBAIOT (DOTOCHHTETUYECKH aKTHUBHOW paauauuedt — D®AP. Dra paguauus nomasaer B
nuama3zod st BoaH oT 380 no 710 mm. Ha sty pammanmio mpuxomutcs okoio 50% Bceid
COJIHEYHOM pajauaiuu, JAOCTUrarolell AesaTeabHOU MOoBepXHOCTH. OTMETUM TaKXkKe, UYTO BCEro
b 1-3% ot AP HakammBaeTcsi B BHJIE TIPOAYKTOB (DOTOCHHTE3A M TOJIBKO B OUYEHBb PEIKUX
cnydasx (TpomMYecKue Jieca, IUIAHTAMK CaXapHOrO TPOCTHHKA W JIp.) 3Ta BeIWYHHA
npubmmxaercss Kk 5%, a B uckyccTBeHHBIX ycioBusix k 8%. I[loapoOHee 00 3Toil BaskHOM
BEJIMYUHE — YyTh HUXKE.

W eme onHa cocraBisiomas, NPUXOsllas Ha JEATEIbHYI0 IOBEPXHOCTb. JTO TakK
Ha3bIBaEMOE npomugousnyienue ammocgepwi, |, , hopMmupyroeecs B pe3ylbTaTe Harpepa

qacTull B aTMocq)epe. Ona MMpeaACTaBJICHA JJIMHHOBOJHOBBIM H3JIYYCHUCM ()IJ'II/IHa BOJIHEI OoJice
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750 HM) u oOpasyercs, KOIJla HarpeTrble 4YacTUIBl M Ta3bl B aTMoc(epe BBIICISIOT B
OKpyXKarolee MpOCTPaHCTBO TEIUIOBOE, MH(MpaKpacHOe HM3IIydeHHEe. DTa pajualis U3IydaeTcs
OKpPYXXAIOIIUMHU PACTEHHsI MPEIMETaMH, B TOM YHCJIE M CaMUMHU pacTeHusMu. Dusmka 3TOro
SIBIICHHSI TOBOPUT O TOM, YTO YeM BBIIIE TEMIIEpaTypa Telia, TeM OoJble OHO OyIeT M3IydaTh,
npUYeM TI0 CTENCHHOMY 3aKoHy. B oTHomeHwnm paamarnuu, 3To 3akoH Credana-bonpinmana:
Y =dK*, tme Y — smuccun abCoNIFOTHO uepHOTo Tena, a K — Temmeparypa o Kembeuny (T.e.
T+273.16), a d - koucranta Credana-Bomsmana (5.67 10-8, Barr/m® K™). Ho st npupoaHbix
MOBEPXHOCTEH B 3TO ypaBHEHHE M0OABIISIETCS €Ile OJWH MapaMeTp, yKa3bIBAIOUIMA HA TO, YTO
MPUPOJHBIE Tella HECKOJIbKO OTJIMYAIOTCS OT TEOPETHYECKOTo aOCOJIOTHO-YEpHOTO Teja, a
MIOTOMY W Ha3bIBalOTCA (U3MKaMH “‘cepbIMU’ u3nyuaTensMu. JloGamisiercs emie mnapamerp
mnygaemoctn, € Y =edK* . Jlna mucteeB pacteHmii oH coctaBmser 0.94-0.99, na m s
APYrUX TPUPOTHBIX Tl OTIMYACTCS OT 3TUX BEJTMYMH HE CIUIIKOM 3HAYUTEIHHO.

Takum 00pa3oM, Ha AEATEIbHYIO IIOBEPXHOCTh IOCTyNaeT paxuaunus B Buge | +1 +1,,

npudyeM B OOJIBIIMHCTBE CIIy4aeB IIOCTYMAIlas KOPOTKOBOJIHOBAS (|5+Ia)nucmyn H.

JUTMHHOBOJIHOBASI COCTABJISOIINE BIIOJHE CPABHUMBI 110 BEJIMYHHAM.
YacTe mocTynmaromiei paadandd  OTPaKaeTcs OT JEATEIbHON TIOBEPXHOCTH B BHJEC

KopOTKOBonHOBoﬁ(IS+Ia)umpm, a 4YacTb B BHUJE JJIMHHOBOJHOBOHM, KoTopas (opmupyer

U3JTyYeHHE IEATEIbHONM HMOBEPXHOCTH, MOYBBL, | .. OTO yKe pacTHTENbHOE COOOIIECTBO HIIU

OTOJIEHHAsi T0YBa IIOCTOSIHHO BBIJEISET B OKOJIONIOYBEHHOE IIPOCTPAHCTBO HH(ppakpacHoe
U3JydyeHue, TeIuloBble Jyud. Toraa paauallMOHHBIM OajnaHC B JHEBHOE BpeMs Oyner
MIPEJICTaBJIEH CIAEAYIOIIUM YPABHEHUEM

In = gls+ Ia)nucmyn. - (Is+ Ia)umpaaf('.8+(||i = Ile)

[Meprsiii wieH (B KBaIpaTHBIX CKOOKaX) MPECTaBIISCT COOO0M IHEPruto, CHOPMHUPOBAHHYIO 32
CYeT KOPOTKOBOJHOBOM pajuaiuu, a BTOPOil uieH — 3a CYeT JJIMHHOBOJIHOBOI. Oba 3TH BHIA
pajvanyy y4acTBYIOT B HarpeBaHMM MMouBbl. Oco00 ciieyeT cKa3aTh O BEJIUYMHE H3IIyuyeHUs
NESTEHPHON TOBEPXHOCTH, TOYBHI, li.. MBI HEpeaKko cuyuTaeM, YTO 3TO BECEHHEE COJIHIIC
[porpeBaeT MPU3EMHBIA CION BO31yxa, MpUHOCA NepBoe Tero. OHAKO OCHOBHOE 3HAuY€HUE
3/1eCh UMEET UMEHHO M3JIyuyeHue NOuBbl. BeceHHue CoJIHeUHbIE T4l HAarpeBaroT MOBEPXHOCTh
MOYBbI, OHA, B CBOIO O4Yepelb, MPU3EMHBIM CJIOM BO3JdyXa 3a CUET HMEHHO MW3JIy4yeHUs
NEeATENbHON MOBEPXHOCTH. PoxkaaeTcst TEIUIbI MOTOK BO3AyXa, - TOT CaMbIM TEIUIBIN JIACKOBBIMI
BECEHHUH BeTepoK. M MOXKHO cka3arh, YTO ITO UMEHHO NIOYBA IPUHOCUT HAM BECEHHEE TEILIO.

Hepenko HCIoNb3yrOT MOHATHE «anbbedo» (0, BenuuuHa Oe3pa3MepHas) Kak OTHOIICHUE
OTPaXEHHOM K TOCTYNHUBILIEH KOPOTKOBOJHOBOW SHEPrUH, XapaKTEPHU3YIOIIEE COCTOSHHE
NEATENbHON OBEPXHOCTH:

NI
(s 1) ey

Tak, mns cBexxero cHera a cocrabisier 0.8-0.85, mis cyxoit mouser — 0.15-0.35, a misa
BrnaxHor — 0.05-0.014. EcTecTBeHHO, YeM HIDKE O, TeM OOJIbIICEe KOJIMYECTBO PaHMAMOHHON
SHEPIUH MPeoOpa3yeTcsi U MOCTYMaeT B MOoYBy. Tak YTO, €CjM MBI XOTHM HAlpPaBUTh B MOYBY
JOTIOJTHUTEIIBHBIN TOTOK SHEPTUH, HAJ0 CTPEMUTHCS YMEHBINUTH O JACATCILHON MOBEPXHOCTH.
Yamie BCEro 3TO JJAOCTHTAeTCsA MOKPBITHEM IMOBEPXHOCTH TEMHBIMH ILICHKAMH, YEPHBIMHU
marepuanamu (Topdom, caxei u mp.).

Crexyer OTMETHTD, YTO BEJIUYHHA ajib0E0 3aBHCUT HE TOJIBKO OT IIBETA IIOBEPXHOCTH, HO OT
€€ LIEPOXOBATOCTH U OT yIUIa afeHHs colHednsx aydeit: a =V | rre 7z — kosduument
IBETHOCTH, KOTOphId KoneOnercs ot 0.13 mis BomHou mosepxHoctd jgo 0.27-0.37 mus
PaCTUTENILHOCTH, ¢ — KOA(DQHUIIMEHT MIEPOXOBATOCTH; U3MEHSCTCS IS TeX ke 00bekToB oT 0.3
10 0.43-1.3, b — yrou najieHust COTHEYHBIX JIYUCH.
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B cnyqae HCII0JIb30BAaHUA BCIIMYMNHBI &, YPABHCHUEC paJuallMOHHOI'O OanaHca BBITJISIANUT TaK.

T Quihtal T Gioy

nOCMYnUSUIAS~ OMPAJIC
KOPOTKOBOJIHOBAA gﬂp[/—[]—[OBOﬂHOBA}{

OTOT paaualioHHOW OanaHc JUisl JHEBHOTO BPEMEHH, KOI'Jla CBETUT COJIHIE. B HOUHbIE ke
4ackl OH COCTaBUT, €CTECTBEHHO, JINIIb PA3HULY JJIMHHOBOJIHOBBIX PAINALIAN:
lo=1,-1

le

Onpedenenus

Ipsimasi  conHeunass pammanusi, ls - 2310 KoporkoBojHoBas (400-750 HM:
yabTpaduosieToBas U BUAMMAs 00JIaCTH) paaralius, uaylias HermocpeacTBeHHo ot ColHIa.

Paccesinnasi paamanus, |, - TakKe KOPOTKOBOJHOBAs paauanysi, OTPaKCHHas OT

B3BELICHHBIX KOJUIOWJAIBHBIX M JIPYIMX 4YacTHIl, OT ra3oB U IapoB BOJbl B aTtMocdepe u
BCJICJICTBHE 3TOI'0 U3MEHMBILIAS CBOM CIIEKTPAJIBHBIN COCTaB. B CPABHEHHUH C IIPSIMOM paauanuein
CIIEKTP PacCesHHON CMEIIAeTcs B KOPOTKOBOJHOBYIO 00JIACTh, IPU MOYTH MOJHOM OTCYTCTBUH
JUIMHHOBOJIHOBOM, HH(paKpacHOM YacTel CIeKTpa..

[Ipsimas 1 paccesHHas GOPMUPYIOT CYMMAPHYIO COJIHEYHYIO PagiManmIo - |

DAP (poTocHHTETHYECKH aKTUBHAS PaJHALUsI) — YaCTh KOPOTKOBOJIHOBOM paauanuu (ot
380 mo 710 um), HanboJjIee aKTHMBHAS B OTHOIICHUH (POTOCHHTE3a M MPOIYKIIMOHHOTO MpoIiecca
pactenuii. [IpencraBieHa kak NpsAMoid, TaK U PaCCEIHHON paguanuei.

IMporuBonsayuenue armocdepsl, ||, - JTMHHOBOJIHOBOE HM3ydeHHE (JJIMHA BOJHBI OoJiee
750 M), GopMmupyrolieecst B pe3ybTaTe HarpeBa B3BEIICHHBIX YaCTHI[ M Ta30B B aTMocdepe u
BbIJIEJIEHUE MU B OKpY)KaloIllee MPOCTPAHCTBO TEIIOBOTO, HH(PPAKPACHOTO U3ITyYEHHUS.

OTpaxeHHasi M U3J1y4aeMasi PACTUTEIbHBIM MIOKPOBOM WJIM OTOJIEHHOM MOYBOM pagualuu —
3T0 oTpaxkeHHass KOPOTKOBOJHOBAS (Istla)ompax. M TEIIOBas NIMHHOBOJHOBas (MH(pakpacHas),
li pammamum.

TenioBoii 0ananc

Nrak, B3auMOCBSI3aHHBIE IIPOLIECCHI MMOCTYIIEHUS PAaJUallOHHON SHEPIUH B BUJAE IPSIMOH,
paccesstHHOW M OTpPaKCHHOW paauaiui, €€ MOCIEAyIolee MpeBpalleHue B TEIUIOBYIO Ha
JEeATEIILHON MMOBEPXHOCTH, PACXOYIONIYIOCS Ha HarpeBaHHUE MOYBbI (M PACTCHUIL), MTPU3EMHOTO
CJI0Sl BO3/yXa U 3BalOTPAHCIHUPAIMIO0 — BOT OCHOBHBIE MTPOLIECCHI PAIMAIIMOHHOTO U TEIJIOBOTO
OanaHCOB Ha 3eMHOM NOBepXHOCTH. Bee atu nporieccel npezacrasiensl Ha puc.ll.1.1.




70

pesiTenbHas
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Harpes i\aHeM HOYblO

TONBGE.

Puc. 11.1.1. Cxema paanaiinoOHHOIO U TEIIOBOTO OallaHCOB AESTEIbHOM MOBEPXHOCTH

[psimasi, oTpaykeHHasl B BUMMOM CIIEKTpe, M [UIMHHOBOJIHOBas pajauanyu (MHOpaKkpacHbie)
MOCTYIAIOT Ha JACATENLHYIO TIOBEPXHOCTD, a OT JIESATEIHLHON MOBEPXHOCTH U3ITy9aeTCs paHalus
B BHJIC OTP@KECHHOH B BHIMMOM CICKTpPE W B BHJE TCIUIOBBIX Jyded (MHQpaKpacHBIX).
PesynmbraroM Bcex STHUX OTpakeHUH-TIPEOOpa3oBaHUMN SBIACTCA paouayuouuvlii oanauc, |, —
OoJibIlIasi CTpeNKa, HalpaBJIeHHAs JMOO BHYTPb (A€HB), JIMOO M3 MOYBBI B aTMocdepy (HOYb).
dopmupyercst mennogol odanranc nousvl. Kak Mbl yke 3HaeM, Oamanc dopmupyercs s
KOHKPETHOTO CJIOS ¥ TPOMEXKYTKa BpeMeHH. [1010)KuTeNbHbIE COCTABIISIOMNE Oananca — 3TO BCe
COCTABIISIONIME, WMMEIONIME HANpaBJICHHE K pacCMaTpUBAEMOMY CJIOK, CTpEeMSIIHecs €ero
«HATIOJTHHUTE», OTPHUIIATEIbHBIE — HAIPOTHB, €r0 «OMycTOoIIaromue». B camom olmem Buie
TEIUIOBOM OasiaHC OyJIeT BBITISIACTD CIEAYIOMHUM 00pa3om

(IIpsimas conneunas paouayus) + (Paccesnnas conneunas paouayus) + (Ilpomusousnyuenue
ammocgepvt) — (Ompascennas coaneunas paouayus) — (Uziyuenue nousou menna) —
(Konsexmuenulii Hacpee npusemnozo cios ammocgepol) — ([lomepu menna na ucnapenue u
mpancnupayuro) — (IlTomox menna 6 nousy) =0

[lepBpie 5 ujeHOB 3TOro pacmucaHHOro OajlaHca, Kak Mbl YyXKe 3HaeM, (OpMHUPYIOT
paguanuoHHbii Oamanc — lp. A 3 mocieqHUX pPacXOHbIC: HArpeBaHUe TMO4YBBI (JIMCTOBOM
MOBEPXHOCTHU pacTeHuit) — Qs, HarpeBaHue MPU3EMHOTO CJI0s Bo3ayxa — Qa M McIapeHue BOJIbI —
LE, xak mpowusBeneHue yaenpHOM TerioTel ucnaperust L (kotopas cocraBisier nmpumepHo 585
kan/r HyO) Ha KOJMYECTBO WCHAPHUBLICHCS BOJBI M3 TOYBBI W U3 PACTCHUH —
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seanompancnupayuro, E (¢ HoOlem?cyr). T109TOMYy pa3sMEpPHOCTH BCEX COCTABIISIOLIMX
TEIUIOBOTO OajaHca Te K€, YTO M PaJUallMOHHOTO OajiaHca — KaJ'I/CMZ'CYT. He 3a0ynem u eme
OJIHY COCTaBJISIOIIYI0O — DHEPrus, mnomenmas Ha (OTOCHMHTETHYecKHe mpouecchl — Qaup,
BIIPOYEM, KaK MBI YK€ OTMEUAIH, BEChMa MAaJICHbKYIO B CPaBHCHHH C OCTaJBHBIMH. [loaTomy
HEPEJIKO ee JIaKe He YKa3bIBaIOT (BIOCIICICTBUH, Mbl TAK)KE HE Oy/IeM yKa3bIiBaTh) B yPaBHEHHSX
TEIUIOBOTO OajaHca.

In' Qs' Qa' LE- QtDAP =0

B oTHX ypaBHEHHsIX HampaBJIeHHE MOTOKOB TEIUIA M, COOTBETCTBEHHO, 3HAK yKa3bIBACTCS B
3aBHCHMOCTH OT HANpPaBJICHHUS K TIOBEPXHOCTH: MOJIOKUTEIBHBIMU OyIyT BCE COCTABIISAIOLIHE,
MMEIOIIAE HAINPaBICHHE K IMMOBEPXHOCTH, a OTPHIATEIIFHBIMA — OT Hee. JTO M YYTEHO B
BBIIIICTIPUBEJICHHOM YpaBHEHUH TeIUIoBOro OanaHca. OHO XapakTepu3yeT THEBHBIC Yachl. A BOT
B HOYHBIE Yachl, KaKk 3T0 BUAHO Ha puc.ll.1.1, cocraBmstonue uMEIOT Apyroe HampasieHue. 13
IyOWHBI TOYBBI K IMOBEPXHOCTH HANpPAaBIICH BHYTPUIIOYBEHHBIH TOTOK. WM Bemmumaa Qs
MOJIOKHUTEIbHA, TaK ke, Kak U Qa, Tak KaK TypOYyJEHTHBIM TIOTOK TEIIAa MOXET OBITh HAIIPaBIICH
B HOYHOE BpPEeMsI K TIOBEPXHOCTH IMOYBBI. DBAIMOTPAHCIUPAIIAS B HOYHOE BpeMsl OJIM3Ka K HYJIIO, a
[I0YBa BBIJEIISAET TEIUIO B aTMochepy — paAuallMoOHHbIH OanaHc oTpunateneH. Takum oOpasom,
TEIUIOBOW OajlaHC B HOYHOE BPEMSs COCTABHT:

Q. +Q,-1,-LE=0

@ 3uMon

0 n

Puc. 11.1.2. Cyro4nbIii X0/ COCTABJISIFOIIMX TEILUIOBOTO OalaHca B JICTHUH U 3UMHUI TICPHOJIBI.

DTO O3HAYaeT, YTO M PaAJHAIMOHHBIA OajlaHC B HOYHOE BpeMs oTpuiareicH. [lostomy
JIBaK]Ibl B CYTKH OCHOBHBIE COCTaBiIsttolue TeroBoro oananca (I, Qs, Qa) MEHSIIOT CBO 3HAK U
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OPOXOIAT Yepe3 Houb. TeruioBoil OaaHc UMEeT MepHOAMYCCKUi (HO HE CHMMETPHYHBIH) BUI,
Kak 370 W m3o0paxeno Ha pwuc.ll.1.2. CyrouHblii X0A pagualuy CyMMapHOW paaualiu
paccuMThIBalOT Ha ocHOBaHMHM BbICOTHI ConHma (h ), W HEKOTOPBHIX KOI(DPUIMEHTOB II0

ypaBHEHUIO bepisH:
__ Ssnh

1+ f cosech, '’
rae S — CONHEYHas IOCTOSIHHAs, MpuHEMas pasHoil 1.98 kam/cm® muH, f — Kodddurment,
BEJIMYMHA KOTOPOTO ONpEJelsieTcss reorpapuueckoi MUPOTOH U BpPEMEHEM roja, oObIYHO, B
teyerrne rojga oH um3Mmensiercs ot 0.06-0.07 B smBape-gekadbpe, no 0.20-0.23 — mae-aBrycre
MecsIax.

Paznuyarorcs cyrouHblit OanaHc U AJis JIETHErO M 3MMHETO NEPUOIOB: JUIsl JETHETO Neproja
(puc. 11.1.2, a) cyTOYHBII pagrallMOHHbBII OaJlaHC MOJOXKHUTEICH OOJBIIYIO YacTh CYyTOK, a BOT
sumoii (puc. 11.1.2, 6) — B OCHOBHOM OTpHI[aTeNieH. DTO XOpoino BuAHO Ha puc. |1.1.2: 3umoit
0oJiee UTMTEIBHBINA MTEPHO OTPHUIIATEIBHBIX 3HaUYeHUH |1, Qs. B pe3ynbraTe mouBa oCcThIBAET.

Yrto cnenyer W3 MNpEACTABICHHOM CXEMbl W YPaBHEHHHM pPaJMAllMOHHOTO M TEIJIOBOTO
6amancoB? [Ipexe Bcero, 4To Bce 3TH MPOIECcChl (POPMUPYIOTCS HA JACATENBHON MOBEPXHOCTH,
U OT ee XapaKTePHCTHK 3aBUCST BEIMYMHBI COCTABIIIOMIMX Oananca. M3menss ux (Hampumep,
BEJIMYMHY alb0eNo @), MBI MOXEM CYIICCTBEHHO HW3MEHHUTh COOTHOIICHHE CTPEIIOK
MIOCTYNAKIIEN M OTPAKEHHOW DHHEPrud, M B PE3yJbTare, BEIWYUMHY IIOTOKAa TEIUIA,
IIOCTYIAIOIIETO B IOYBY. A 3TO 3HAYHUT YTO, U3MEHSSA CBOWCTBA JACSATEIBHOW MOBEPXHOCTH
MO>XHO BE€CbMa 3aMETHO HM3MEHUTh COOTHOLIEHHE COCTAaBJSIOUIMX TEIJIOBOro OanaHca. OTO
O0COOEHHO BaKHO, — UMEHHO MOBEPXHOCTH MOYBbI WM PACTUTENHHOIO MOKPOBA MPHUHAJICKUT
OCHOBHAs POJIb B IIPOTPEBE IIPU3EMHOI0, KU3HEHHO BAXKHOIO CJIOS] BO3LyXa.

Cnenyer OTMETWUTh, YTO B YKa3aHHOM YpPaBHEHMM TEIJIOBOro OajaHca HMMEETCS 4IIEH,
OTpaXkarolllMi HCIapeHue WM 3BanoTpaHcnupauuio — LE. 310 mosBonser coBmecTHO
paccMmarpuBaTh JBa BuJa OanaHca — TEIJIOBOM M BOJHBIA, KOTOPBIE OKAa3bIBAIOTCA TECHO
B3aMMOCBSI3aHHBIMU. JTO 4Ype3BbIYAHO BaKHO, TaK KakK IO3BOJISIET MO TEIUIOBBIM pecypcam
pacCUUTBIBATh MOTEPHU BOJABI C IMMOBEPXHOCTH PACTUTEIBLHOTO IOKPOBA, KOTOPHIE U ONPEACIISIOT
BJIaro00eCNEeYeHHOCTh MOJIeH W B KOHEYHOM HTOre, MX IMPOJYKTHUBHOCTb. J[Be BakHEHIIMX
COCTAaBJAIOIIMX  NPOAYKIMOHHOTO  Ipolecca, -  TEIIO M Biara,  sBJIKOTCA
B3aMMOOOYCIIOBJIEHHBIMHU, YTO IPEAOCTABIISIET ONpPENEICHHbIE BO3MOXHOCTH AJISl YIPaBIIECHUS
BOJHBIMU M TEIJIOBBIMU pecypcaMd. OTHUM CBOWCTBOM TEIJIOBOIO OajlaHCa Mbl €Ille
BOCIIOJIb3YEMCSI TP ONpPEAENICHUH UCIIapEeHUs U3 COCTABIISIOUINX TEMIOBOro OanaHca.

Kpowme Toro, Becbma BaXKHbBIM SBJISIETCS TOT (akT, YTO B YpaBHEHUHU TEIUIOBOTO OajaHca YieH
TypOYJEHTHOTO OTOKA TEIJIa MOXKET ObITh MOJIOKUTEIBHBIM HE TOJIBKO B HOYHOE BpEMs, KOI/ia
3TOT NOTOK HANpaBJIEHUH B MOYBY. Takoe HampaBiieHUE TYypOYJEHTHOIO II0TOKa MOXET
CIIOKHTHCSI BCJIEJCTBUE TaK Ha3bIBAEMOTO SIBJIEHUS «0a3HCHOTO 3¢dekra». B ycnoBusx manoi
BJIQ&)KHOCTH M BBICOKOI TeMIlepaTypbl BO3yXa U MPH JIOCTATOYHOM KOJIMYECTBE BJIaru B MOYBE
ABANOTPAHCIUPALUS MOXET ObITh CTOJb 3HAYUTENIbHOM, YTO MOBEPXHOCTh MOYBBI OXJIAJAUTCS
BecbMa 3aMeTHO. OXJaJuTCs HACTOJBKO, 4YTO TeMIlepaTypa I[OBEPXHOCTH PACTUTEIBHOTO
NMOKpoBa (MM TeMIepaTypa MOBEPXHOCTH MMOYBBI B CIIydae OTCYTCTBHS PACTUTEIBHOCTH) CTAHET
HUKE TEMIIepaTypbl OKpyKarolero Bo3ayxa. CloKHUTCS SBJIEHUE, Ha3bIBAEMOE TEMIIEpaTypHOMI
MHBEpCHUEH, KOTOpasi U BbI3bIBAET CMEHY 3HaKa TypOYJIEHTHOro noroka temja. Bece mporueccsl
oOMeHa MOJJIEPKUBAIOTCA B 3TOT MEPUOJ 3a CUeT TypOYJIEHTHOIO BETPOBOro MOTOKa. Takue
SIBJICHUS HanboJjiee 4acTo HaOMNIONAI0TCsA HaJl 0a3MCaMM, KOI'/la pa3orpeThlii U CyXOW BO3AyX U3
IYCTHIHU BHEJPSAETCS HAa HEOOJIBIION BBICOTE B 0A3UCHYIO 30HY. OJIHAKO HEPENKO YKa3bIBaloT,
YTO U 30HE JOCTAaTOYHOTIO YBJIQXXHEHUS MOJOOHBIE SBJICHUS OTMEYAIOTCS B TOM Ciydae, €ciiu
HCIIapEeHHEe MPEBbIIAET PaJUAllMOHHbIN OalaHC, 0OIHAKO OHU OTPaHUYEHBl KaKk MO0 BPEMEHH, TaK
U B IPOTSHKEHHOCTH.

Hakonen, oyeHb BasKHO, YTO U JJISl JIMCTA MOKHO 3alllcaTh OCHOBHOE YpaBHEHUE OajiaHca
SHEpPruu:

S
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[ [ [ ' —
Il- Q- Q- (Tp>E) - M =0,
rae I,'1 — paauanMoOHHBIN OanaHC JUCTA, KaK pa3HUIA MEXTYy MOTOKaMH aOCOpOMPOBaHHOW U

W3TydeHHOH THCTOM dSHepruu, Q. — MOTepH Teria Ha MUPKYJIANMIO BO3/yXa OKOJO JIHCTA,
|
(Tp XE) — Ttemwionotepu Ha wucnapenue (7p — TpaHcmupaims Jucra, L - TemioTa

napoo6pazoBanus), Q. — TermomoTok, GOPMUPYIONIMX TEMNO3amackl JUcTa, a M — SHeprus,

HakKaIjMBaeMmasi B pe3yibpTaTe (POTOCHHTE3a B XMMHUYECKHX coeAUHEHMsX. Bce cocrapisroniue
MMEIOT Pa3MEPHOCTh TEILUIONIOTOKOB, T.€. BaTT/M>.

31ech OYeHb B@XHO MOJYEPKHYTh, UTO CJIEAYEeT pa3jiuyaTh BCE IPOLECCHI,
MIPOUCXOJSIINE OKOJO OJHOTO PACTeHUs WJIM JIUCTA PacTeHus, OT (U3UYECKUX IPOIIECCOB,
MIPOUCXOJAIINX B PACTUTEIBHOM IOKPOBE. B pacTUTENbHOM MOKPOBE 3HAYUTEIBHYIO POJIb yXKE
HAYMHAIOT WrpaTh MPOLECChl pachpelneneHus QU3ndeckux (akTopoB OT MOBEPXHOCTU
PaCTUTENBHOIO MOKPOBA 10 3€MHOM IOBEPXHOCTH, T.€. IPOLECCHI IEpEepaCIPENEICHUs YHEPTUN
B ApXUTEKTYPE PACTUTENILHOTO MOKPOBa. DTO €lle pa3 MOJYEPKUBAET BaXKHOCTb H3YyYEHHUS U
CO3JIaHUs ONTUMAJIbHOM ApXUTEKTYPHI PACTUTEIBHOTO IIOKPOBA.

DOTOCMHTETHYCCKH aKTUBHAs paguanus - AP

[Mocrynaroras Ha pacTeHHUEe pajualys BaKHa, 110 KpaitHel Mepe, o TpeM npuuuHam: (1)
- CKOpOCTh (POTOCHHTE3a TECHO CBsI3aHa C KOJMYECTBOM (DOTOCHHTETHUYECKH aKTUBHOM pajualiiu
(PAP); (2) - Temmeparypa pacTE€HHS ONpPEICISCT CKOPOCTh MOTPEOJICHUS M BBIICICHUS
pamuaru u (3) - GoToMOPPOTOrHUECKHE PEaKIMH PACTCHUH ONPEACSIOTCS MOTpeOIeHueM
paaralMOHHON (COHEYHOM) SHEPTUU B CCHU(DUUSCKUX ITHHAX BOJIH.

Kak mb1 yxe 3nHaem, ®AP - st0 Hambonee BakHas i MPOAYKIIMOHHOTO IpoIiecca
pacTeHuil paguanus, BXOs1as B KOPOTKOBOJIHOBYO 00iacTh. PacTeHust cnocoOHBI TOTPEOIATH
MPSIMYIO COJIHEUHYIO PaJHMalliI0 U OTPAKEHHYIO OT HEOECHBIX M 3€MHBIX OOBEKTOB B 00JacTu
mmuH BosiH oT 380 no 710 HM. [loTok (OTOCHHTETHYECKHM AKTHBHOM paavalliyd COCTABIISET
MIPUMEPHO TMOJIOBHHY BCETO COJIHEYHOTO TIOTOKA, T.€. MOJOBHHY CYMMAapHOU paralu, IpudeM
MPAKTUYECKH BHE 3aBUCHMOCTH OT METEOYCIOBUN M MECTOTIONOKEHUS. XOTS, €CIH IS YCIIOBHMA
EBponsl xapaktepHa nmenHo BenmunHa 0.50, To mist yenmoBuii M3pamiist oHa HECKOJIBKO OO0JIbIIIe
(6mmm3ka k 0.52). Takoe neneHUWE COJMHEYHOW paavandd Ha (OTOCUTCHTHYCCKH aKTUBHYIO U
OJIM3KOPACTIONIOKEHHYIO 00JacTh MH(PAKPACHBIX JIy4eH SBIACTCS TOCTATOYHBIM ISl OIICHKH,
MPEXIe BCEro OTOCHHTETUYECKHUX MPOIIECCOB B pacTeHUsAX. Hepeako MCHob3yloT pacyeTHbIC
bopmynel ans omnpeaenenuss PAP. Hampumep, paccuuThIBalOT MO JaHHBIM O MpsAMOMl U
paccesiHHOW paJualiy C COOTBETCTBYIOIIMMHU SMIIMPUUECKUMHU KO3 UIIEHTaMU!

|, =0.43l_+057 .

OTmeTHM, 4TO B 3TOM YpaBHEHUHU TOXKe HpuHATO, 4To DAP cocraBiisieT poBHO MOJIOBUHY
CyMMapHOM pajuanuy, a TakKe Mo4epKUBaeTcs 00JIbIllee 3HAUEHUE PACCEIHHON pagualiu s
¢dopmupoBanust DPAP, - perpeccuoHHbIl KO3((UUUEHT TMepea BEIUYUHON paccestHHON
paguanuy BbIIIE.

OpHako Henb3s CKa3zaTh, YTO PACTEHUs OJIMHAKOBO HCIOJIb3YIOT ®AP Ha mpoTskeHuH
BCel CBOEH JKM3HU U B Pa3IMYHBIX YCIOBUAX. DPPEeKTUBHOCTD Hcmoib3oBaHusd ®AP pasnuyHo.
[lostomy Hapsiny c Bblaenenuem ©OAP Obin mpemioxkeH mokazaTellb «kodgguyuenm

ucnonvzoganusi PAP», KU, ,,, KOTOpbII OoTpaxkaeT 3(p(HeKTUBHOCTh MCIIOJIb30BaHUS PACTEHUS

(OTOCMHTETUYECKH aKTUBHOW paJuanuu. DTOT MOKa3aTeNb SBJISIETCS OTHOIIEHHEM KOJMYECTBa
SHEpPruH, 3allaceHHON B yporkae, K MOCTYNHUBIIEH 3a nepruoa GopMUPOBaHUs ypOKas SJHEPIHH B

XY
Bune ®AP: KU, ,, ZOU—&OO, rne U — yzaenbHas Teruiota cropaHusi (KaJOpUITHOCTB)

DAP
. . 2 2
pacTUTENbHBIX BemecTB, K/k/r, Y — yposxkaii cyxoil ¢puromaccsl, kr/m*, g Q,,» - cymma ®AP 3a

2
nepuoa Bereraruu, MJx/mM°. Kak BUAHO W3 MPHUBEICHHOTO BhIpaKeHUS KWy p B UHCIHTENE
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CTOUT BEJIMYMHA YJETIbHON TerioTel cropanusi — U, kJDk/r, KOTOpylo Hamo ONpenessTh
JKcIiepuMeHTaNbHO. Briepeeie B Poccnn takue uccienoBanus nposen A.l./{osipeHKo, KOTOpBIN
CKOHCTPYMPOBAJl TaK HA3bIBAEMYIO KaJIOMETPHUECKYI0 OOMOY, ¢ IMOMOIIBIO KOTOPOH OH UMeEl
BO3MOXXHOCTb HM3MEPATh KOJIMYECTBA TEIUIA, BBIACIAEMOTO TIPU CKHTAHUM PACTCHUM.
BriocneactBuun OblIM IPEJIOKEHB! U APYTHE METO/bI ONPENIENICHUS] KAIOPUIHHOCTH PACTEHUH, B
TOM YHCJIE ¥ METOJ pacyera OOIel KaJOPUHHOCTH 10 COAEP>KAHUIO COCTABIIAIOIIUX PACTCHUS
BEIIIECTB: Kpaxmany (OH MMeeT yIelbHYI0 TemioTy cropanus 17.5 k/x/r), uemnomnose (17.6),
rimoko3e (15.5), ceipomy npoteuny (23.0), sxupam (38.9 x/Dk/r) U ApyruM COCTABIISIOIIUM
TKaHel pacteHuil. Benmuuna KM ,,, — BenMYMHA JMHAMHWYECKas, 3aBHCUT OT (a3 pa3sBHTHUSA

pacrenuii. [IpudyeM auHAMHKa STOW BEJIMYUHBI CBA3aHA HE TOJBKO CO 3HamMeHareiaeM (4To
BITOJIHE TIOHATHO), HO W C BEJIMYMHOW (]. DTa BEIMYHMHA MOXKET MMETh CE30HHBIA XO, Kak,

HampuMmep, y Kaprodels: B Hadale ce3oHa OHa cocTaBisier 15.9, yBenmumBaeTcs B Hadaie-
cepenuHe aBrycra B (hase IBeTeHUs-KIyOHeoOpa3oBanus a0 20 k/[x/r, U CHIWXKAsICh K KOHILY
Bereatauuu (mur. no Kocrtiok B.M., 1980). Mseecten Tarke ¢akt yBenuuenus U 1pu
yXyAleHUH GaKTOpOB pa3BUTHUS paCTECHUI.

Hapsny c¢ Benmuuunoit KMpsp BBOAAT U €LI€ OAHY XapaKTEPUCTUKY 3((PEeKTUBHOCTU
ucnosib3oBanus AP, tak HazpiBaeMblil «KO3PPUIUEHT NOJE3HOTO AEHCTBUS (UTOLIEHO30B» -
KITJI ¢duronenosoB. OH onpenensieTcsi Kak OTHOIICHHUE TMOTJIOMICHHOW PACTCHUSMHU Paldalluid K
MOCTYIHUBIIEH. Bnosnne TOHSTHO, 4TO KITA (huTOIIEHO30B XapaKTEPU3yET
(OTOCHHTEHTETUYECKYIO aKTUBHOCTh PACTUTENILHOTO MOKPOBa. DTOT MapaMeTp Haiied Hanbouiee
LIIMPOKOE MPUMEHEHHE Yy JIECOBOJOB JUISl OLIEHKH JIECHBIX (UTOLIEHO30B, 3(hdeKTuBHOCTU
ucnoap3oBannss PAP jecHbiMu cooOmecTBamu. Tak mo maHHeIM B.A.AnekceeBa (uuT. 10
Toomunr, 1984) cpemu 100-ieTHUX IPEBOCTOECB caMbIMU I(P(PEKTUBHBIMH B HCIOJIb30BAaHUU
COJIHEYHOW pajuaiuu siBisitorcst ceBepHble nuctBeHHHYHUKN (KI11=1.2%), a BoT 80-nmeTHue
enoBbie ipeBocTon uMerOT KPJ[ okosio 1%. Ouenp Beicokuit KIIJ[ y siceHeBBIX ApEeBOCTOEB — 10
6% B 50-1eTHEM Bo3pacTte, KOTophlid cHUXkaercs 10 4.6% B 85-ernem. Takoe cHmwkenne KIT/]
YKa3bIBaeT Ha OCIA0JICHHE PACTeHUH, YTO M MOATBEpXkAaeTcs TeM ¢aktoM, uyto K 100-1eTHeMy
BO3pACTy SICEHEBbIE HACAX/IEHUN HAUWHAIOT CMEHATHCS MEJIKOJIMCTBEHHBIMU IOPOJIaMU.

A g mnoceBoB 3a BereranuoHHbli nepuoa KIIJ[ oObluHO HE mpeBbILIAET
0.5+1.5%,01HaK0 XOpomue u peropaHble moceBsl o BemuunHe KITJ moryr gocrurars 1.5+3.0
u 3.0:5.0%. B urore, B cambix penkux ciydasx KIIJ[ ¢dorocunTeza Moxer nocturath 6-8%, B
cpenHeM cocTaBiisisi 0koJio 2% (mo A.A.Huuumnoposuuy).

Onpedenenus

Kosdppumuent ucnonbzoBanusa ®AP — 370 OTHONIEHHE KOJIMYECTBA SHEPrUH, 3aIIACEHHOW B
oOpasoBagiieiicss puTomMacce ypokas K KOJUYECTBY IMOTJIONIEHHOM 3a mepuoj (popMupoBaHUS
ypoxas paguauuu KH g p:

U xy
KH,,, =—-—"00,
DAP
rae U — yzaenbHas TerioTa cropanusi (KaIOpUIHOCTh) PACTUTENBHBIX BelecTs, KJx/r, Y —

. . 2 9
yposaii cyxoii puromaccsl, krim”, g Q,,» - cymma ®AP 3a nepuos Bereramy, M)I)K/MZ.
KIIJ ¢puTouneHo30B — OTHONIEHHWE MOTJOIIEHHON LEHO30M paguanud K nocrynusiueii OAP.

XapakrepuszyeT d3(PGeKTUBHOCT, padOThl  (OTOCHHTETHMUECKOTO amapaTta HW POCTOBBIX
IIPOLIECCOB.

HeobOxomumMo mnoAuepkHyTh, UYTO pacTeHHus camu crnocoOHbl (opmupoBate DAP B
PacTUTENILHOM MOKPOBE. DTO JOCTUTAETCS O1aroiaps pacloJIoKEHUIO JINCTHEB 110 HAIIPABIICHUIO
K COJIHEYHBIM JIyyaM, [IOBOPOTaM JIUCTBEB, PACHPEICICHUEM JIUCTHEB PA3IMYHOIO pa3Mepa U
yrjla HaKJIOHA Ha Pa3HbIX YPOBHSX (UTOLIEHO34, T.€. C OMOUIbIO, TAK HA3bIBAEMON apXUTEKTYpPhI
pacTUTENBLHOTO TOKpoBa. B  pacTUTeNbHOM MOKPOBE COJHEYHBIE JIydd MHOTOKpPATHO
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MPEIOMIIIOTCS, OTPa)KaloTCid OT JIMCTOBOM TMOBEPXHOCTH, TEM caMbIM, (OpMHUpPYS CBOH,
BHYTPEHHUH PAaJIMallMOHHBIN PEKHUM I10CEBOB.

CrexTpalbHBIA COCTaB PACCETHHOW pajManvi O00Ja4HOTO Heba B IEJIOM aHAJIOTHYHBIN
CIEKTPAJIbHOMY COCTaBy IpsiMoi paauauuu. ClieoBaTeNnbHO, UIsl MPOAYKLIHOHHOTO Mpoliecca,
st popmupoBanusi AP paccesHHas paavanusi UMEET TaKO€ K€ 3HAUYCHHE, KaK U TpsMas.
Kpome Toro, cnekTpajibHbIi COCTaB «COJTHEUHBIX OJIMKOB», OTPAKEHHBIX OT JIUCTHEB JIyded B
pPaCTUTENBHOM TOKPOBE IPU3HAKOT AHAJIOTMYHBIM CIIEKTPAJbHOMY COCTaBY COJIHEYHOM
paauanuy HaJ pacTUTEIbHBIM MOKPOBOM. Clie10BaTeNbHO, U PAaCCESIHHAS. BHYTPU PaCTUTEIBHOTO
MIOKpPOBa paJualiisg MUMEET Takoe K€ (POTOCHHTETUYECKOE 3HAU€HHE, KaKk M MOCTyIarouias Ha
ITOBEPXHOCTh PACTUTEIBHOTO IIOKPOBA MPSAMAasi U pacCesHHAs.

3HayeHHe BeTpa

OTaenbHO ClieyeT TOMYEpPKHYTh 3HAUYEHHE BETpa, Kak (pakTopa Hrparomero OOJbIIoe
3HaueHue B (OPMHUpPOBAHUE TEIUIOBOTO OajlaHCa M BIIAXXHOCTU IMPU3EMHOTO CJIOS BO3JyXa H,
CJIEIOBATENIbHO, TMOYBHI. [lefCTBUTENHEHO, MBI PACCMOTPENHM TEIJIOBOM OallaHC TMOBEPXHOCTH
TOJIBKO JIMILIb B OJJHOM HalpaBJIEHUH, 110 BEPTUKAIIH, O€3 ydeTa OOKOBBIX MPUTOKOB M OTTOKOB
teria. MHade roBops, paccMOTpENH JUIIb OAHOMEPHYIO 3ajady (OPMHPOBAHUS TEIIOBOTO
OanaHca, XOTd 3Ta 3aJa4ya, KOHEYHO K€, IByMepHas. bokoBble MPUTOKU TEIUIa U MapooOpa3HOi
BJIaTH, a Takke OOMEH TeIlia B CIIOSIX BO3yXa, MPOUCXOJAT, MPEXKAE BCErO, 3a CUET JBHIKECHUS
BO3JIYLIHBIX Macc, 3a CYET BETpa.

Berep, kak aBuXKEHHE BO3/yXa, BOBHUKAET B pe3yJibTaTe€ HEOJHOPOJHOTO HarpeBa 3€MHOMU
noBepxHOCTU. COOTBETCTBEHHO, 3TO ABM)KEHHME BO3JAYLIHBIX MAcC NEPEHOCUT U TEIUIO U3 MECT
Oojee HarpeThlX COJHIIEM B Oojee mpoxjaiHble Mecta. B arpodusuke oOBIYHO HE
paccMaTpuBaOT OOIIEIUIAHETapHbIE MEPEHOCHl BO3IYIIHBIX MAacC M3 3KBAaTOPUAJIbHBIX 30H B
MOJISIPHBIE, @ UCCIEAYIOT SIBJIEHUS, HUMelone Oosiee MeENKUM Maciitad, T.e. MECTHYIO
LHUPKYISLUIO.

Wtak, ocHOBHOE 3HaueHue BeTpa B (POPMUPOBAHUU TEIUIOBOro OajaHca COCTOUT B TOM, UTO
BETEp IEPEHOCUT TEIUI0O U BOJSHBIE Mapbl. Pa3nuyaloT npu 3TOM TOPU3OHTAIBHBIN U
BEPTUKAJIBHBIN ITEPEHOC. BEpTUKAIBHBII EPEHOC OCYLIECTBIAETCS, MIPEXKAE BCETO, MEXaHU3MOM
TypOyneHTHOW aAud@y3un, a rOpU3OHTANBHBIN 3a cUeT aIBEeKUUH. TypoOyienmuas ouggyszus
OCYILIECTBJISIETCS 3@ CUET JIBH)KEHUS HEKOTOPBIX 00bEMOB BO3/yXa, CTPYEK Ha rpaHUIlaxX CIIOEB.
B naMuHapHBIX €lOSIX MEPEeHOC TeIjia W BJIard MPOUCXOJUT 3a CUeT IMpOoliecca MOJIEKYISPHON
muhdy3un  Omaromaps XaoTHUYECKOMY OpOYHOBCKOMY JIBIDKCHHSI MOJIEKYJ, a BOT TIpH
TypOysneHTHOU mudPy3un 3TOT MEepPeHOC MPOUCXOIUT 3HAYUTEIHHO OBICTpEe, MOXKHO CKa3aTh,
s deKTUBHEE 3a CUET TAKOro CTpyiluaroro nepeHoca. [lpuyem pasmep Takux CTPYEK MOKET
OBITh OT HECKOJBKUX MOJIEKYJ J0 OTPOMHBIX BO3JYLIHBIX MacCc MpPU PACCMOTPEHHUM SIBICHUMN
oOLIeIUIaHeTapHOTO 3HaueHUs. B  OOJBIIMHCTBE ciy4yaeB, IpPU PACCMOTPEHUH SIBICHUMN
Macmitala Jlanamadra cpeiHuid mpoOer OTAEIbHBIX CTPYEK MPEBBIIIAET Ha HECKOJIBKO MOPSIIKOB
cB0oOOAHBIN mpoOer Mmouiekyn. [lostomy TypOynenTHas nud@dy3us Ha HOPAIKHA MPEBHIIIAET
BEPTUKAIbHBINA MEPEHOC CBOWMCTB, YeM OObIYHAsI MoJIeKyJsipHas Tuddy3us, XOTs U MOCIETHSSA
uMeeT O0JIbLIOE 3HAYEHHE B JIAMUHAPHBIX MOTOKaX. 3a cueT TypOyJEHTHBIX MOTOKOB TeIlIa
MOJJIEP’KUBAIOTCSI PACCMOTPEHHBIE BBIIIE «0a3UCHBIE APPEKThI», MPUBOIAIINE K HHBEPCUU
TEeMIIepaTypbl OYBbI U IPU3EMHOTO CJI0S BO3/1yXa.

Hpyroit MexaHu3M, 00yClIaBIUBAIOIINI TOPU30OHTAIBHBIA EPEHOC TEIUIa U BJIard HOCUT
Ha3BaHHUE adgekyuu. AJBEKIIMEH B METEOPOJIOTHH MEPEHOC BO3ayxa (a BMECTe C HHUM U €ro
CBOWCTB, T€IUIa) B TOPH30HTAJIHHOM HAIMPABJICHUH, B OTJIMYUEC OT KOHBEKI[MH, O3HAYAIOIICH
[IEPEHOC B BEPTHUKAJbHOM HampaBlieHMH. Tak, ajBeKUus TeIja MPOUCXOIUT MPU HU3MEHEHHUU
TeMIlepaTypbl BJOJb JIMHUA TOKa Bo3ayxa. M3 aToro ompeneneHust cieayeT, YTO aJBEKLUS
KOPEHHBIM 00pa3oM OTIMYAETCA OT IPOCTOr0 HArpEeBaHMs MOBEPXHOCTH M BO3IYIIHBIX MacC B
paccmarpuBaeMoil Touke. Temno B paccMarpuBaeMyl0 TOUYKY IIOCTYHNaeT 3a  Cuer
TOPU30HTAIBHOTO MEpeMelieHusl Oyarojgaps rpaJueHTy TeMIieparypbl. JTo OoJiee OBICTPbIN
croco6 nepeHoca Teria. XoTs rpaJlueHThl pacCMaTPUBAEMbIX CBOMCTB B OOJIBLIIMHCTBE CIIy4aeB
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HCBCJIMKH, HO THUIIBI ITOBEPXHOCTH, penbe(b CIIOCOOHBI 3aMETHO YBCJIWYHUBATL 3THU I'paJUCHTBI U
IIPHUBOJUTDH ooee 3aMCTHOMY BJIMAHHUIO aJIBEKOHMH B IPOLECCE INECPEHOCA TCIJIa W BJIArKd B
aTMocdepe.

Onpedenenus

[lepenoc Temia U Biaru B NPU3EMHBIX CIOSIX BO3/lyXa OCYILECTBISETCS 3a CUET TypOyJIEeHTHOM
Tupy3uu U aiBEKIIH.

TypOy/IeHTHbI MEPEeHOC OCYIIECTBISECT BEPTUKAIBHOE JBWKCHHE TEIJIa M BJArd |
OTpeJeNseTcs, IPEeXk/Ie BCEro, CPEIHUM CBOOOIHBIM NMPOOEroM OT/IENbHBIX BO3AYIIHBIX CTPYEK.
AIBeKIHUsI — 3TO MepeHoc (B OCHOBHOM TOPU3OHTAIBHBII) TEIUIa M BOJASHBIX MApOB 3a CUET
COOTBETCTBYIOIIUX I'PAJUECHTOB.

Pacnpenenenue ckopocTeil BeTpa B paCTUTEIBHOM ITOKPOBE, TAKXKE KaK M paclpe/ieieHne
CKOpOCTEH BeTpa HaJl MOBEPXHOCTHIO 3eMITH ITOTIMHSCTCS JIOTapu(HPMUIECKOMY 3aKOHY:

u(z) = (u /k)In[(z+z, - 0.77h)z,]

rac U* - mapaMeTp JUHAMUYCCKOro TpCHUAA, Z — BBICOTA, h-— BBICOTA PACTUTCIIBHOT'O ITOKPOBA, Zm
— mapaMeTp mepoxoBaToctd, K — mocrosinHas Kapmana, kotopasi 0ObIYHO NPUHUMAETCS PaBHOMN
0.13 h. U3 atoii hopmyiisl mostyyaercs, uto npu 2 =0.77h ckopocTs BeTpa paBHa HYIIIO, YTO HE
COBCEM M HE BCErjla COOTBETCTBYET ACHCTBUTENbHOCTH. OHAKO, 3Hasi CKOPOCTh BETpa HaJ
pacTUTENBbHBIM TIOKPOBOM (T.€. U*) M €ro BBICOTY BCE K€ HEPEIKO HCIHOJb3YIOT UMEHHO 3TO
ypaBHEHHE IS pacyeTa CKOPOCTH BETpa BHYTPH PaCTUTEIBHOTO COOOIIECTBA.

Jlutepatypa

Mymkun W I'. BraroodbecrnedeHHOCTh CEIbCKOX03iCTBEHHBIX Tosel. JI.: 'mapomereonsmar. 1971,
Crneitiuep P, Makunpoi U. IIpakruueckas mukpokiaumaronorus. M.: M3n-Bo «[Iporpecce».
1964.

Xpomor C.II., MamouToBa JI. L. Mereoponorndeckuii cioBaps. JI.: ['mapomereonsmar. 1955.
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I'naBa |1.2. OcHOBHBIE arpoMeTeOPOJIOrHYeCKIEe XapaKTePUCTUKHA

Jlji XapaKTepUCTUKU TEMIIEPATYPHBIX M BIAKHOCTHBIX YCJIOBHMM Pa3BUTHS PACTEHUIN OBLIN
MIPEAJIOKEHBl arpOKIMMAaTUYECKHE M arpoMeTeopoJiornyeckue nokasarenu. [IpeasapurensHO
YTOYHMM HEKOTOpPbIE LEHTPAJIbHBIE IOHATHS, CBA3AHHBIE C KIMMAaTOM, METEOYCIOBHIMY,
IIOr0JI0OM ¥ HAYKaMH, UX U3y4YarOlMMH.

Onpedenenus

IToroama - coctosiHue aTMOC(Ephl B pacCMaTpUBAEMOM MECTE B ONPECIIEHHBIII MOMEHT
WIM 33 OrPAHUYCHHBI TMPOMEKYTOK BpeMeHH (CYTKHM, Mecsll, TOJ), KOTOpOoe
XapakTepu3yercs HabOpOM METEOpOJIOTHYECKUX MOKa3aTeNel: JaBlieHuEeM, TEMIIEpaTypoi,
BJIQXKHOCTBIO  BO3]1yXa, CHJION U HamnpaBlIEHUEM BETpAa, 00J1a4HOCTBIO
(TPOIOJDKUTEBHOCTBIO  COJIHEYHOTO  CHSIHUS), aTMOCHEpPHBIMH OCAJKaMH, HAIUYUEM
TYMaHOB, M€TeJIe|, TPO3 U IPYTUMH aTMOC(HEPHBIMHU SIBICHUSMHU.

MHOTOJIETHUN PEKUM TOTO/IbI Ha3bIBAIOT KIMMATOM. 3/1€Ch BOXKHO MOJYEPKHYTH, YTO
[10JT MHOTOJIETHUM PEXUMOM MOHUMAETCA COBOKYITHOCTh BCEX YCJIOBUM MOTOJbI B JAHHOU
MECTHOCTH 3a MEPUOJ HECKOJBKUX JIECATKOB JIET, T.€. 3TO CPEIHEMHOIOJIETHUNA pexuM. B
MOHATUE KIMMAT BXOJIUT TaKKe M THUIMYHASA T[OJI0OBasl CMEHA YCIOBUM TOrOAbl U
BO3MOJKHbIE OTKJIOHEHHSI OT HEE B OTHEIbHBIE TOJbl, COYETAHUSA YCJIOBUM MOTOMBI,
XapaKTepHBIC VI Pa3IMYHBIX €€ aHOMAIHH (3aCyXH, TOKJICBBIC MMEPHO/IbI, TIOXOJIOAaHUSI U
npouee).

Takum 006pazoM, KIMMAaT - MHOTOJICTHUM PEKUM TTOTOJIbI, CBOMCTBEHHBIN TOW WIJIM HHOU
MECTHOCTH Ha 3eMJI€ U SBJISIIOIIUICS OJHOU U3 €€ reorpaduuecKnx XapaKTepUCTHUK.

Meteopoaorust (0T rped. MetéoroS — mMOMHATHIM BBEpX, HEOCCHBIN) - Hayka 00
atMocepe H TPOUCXOANIMX B HEW Tmporeccax. MeTeoposnorusi, B OTIUYHE OT
CUHOIITUYECKON METeopOoJIOTHH, KOTOpasi IpelcTaBiisgieT co0oil yueHne o0 aTMochepHbIX
mporeccax KpymHOro MaciTada, mporeccoB O0IeH MUPKYISIUU aTMochepbl, 3aHUMaeTCs
SBJICHUSAMHU 00Jiee JIOKAJIbHOTO MaciliTada, 4To 00beIMHSET €€ ¢ arpo(u3HKOM.

ArpoMeTeopoJIorus - IPUKIAJHAs METEOpoJIOrndecKas IUCLMILUIMHA, H3ydarouias
METEOPOJIOTUYECKUE, KIMMATUYECKUE U TUAPOJIOTUYECKUE YCIOBHUS, UMEIOIINE 3HAYECHUE
JUIS  CEeJNbCKOTO XO34MCTBA, B HX B3aUMOJEWUCTBUU C OOBEKTaMH U HpoLEccamMu
CEJIbCKOXO35MCTBEHHOTO MPOU3BOJICTBA. BMOJIHE MOHITHO, YTO arpoOMETEOPOJIOTHsI TECHO
CBsI3aHa ¢ OMOJIOrHel, MOYBOBEICHUEM, reorpaduell u arpoOHOMUEH.

ATpOKJIMMATOJIOTHS - pa3Jiell KIMMAaTOJOTHH, U3Yy4YaloUuil KIuMaT Kak (akTop c.-X.
IIPOU3BO/ICTBA.

MeteonapamMeTpbl, KOTOPbIE COCTaBIS€T OCHOBY METEOHAOIIOACHHN M BCEBO3MOXKHBIX
pacueToB, — 3TO TEMIIEpaTypa, BIAXKHOCTb U CKOPOCTb BETPA, a TAKKE >KUJIKHE U TBEpIble
ocaziku, ucrnapenue. Cpoynbie (T.e. MPOBEICHHBIC B ONPEICICHHBI CPOK, B KOHKPETHOE BPEMSi)
HaOJIIOJICHUS 32 MeTeonapaMmeTpaMu (TeMIeparypa, CKOpocTh BETpa | 3a JPYyrue) MpOU3BOIITCS
00BIYHO Ha BBICOTE 2-X M (B MeTeoposiornueckoii Oyake). O0 0cHOBax METEOHAOIOACHUI — B
KOHIIE 3TOH TJIaBBhI.

B pamkax arpogu3uku 0COOEHHO BaXKHbI arpOKIMMAaTHYECKUE U arpoMETeOpOJIOrHYECKHe
MOKAa3aTeay, XapaKTepPU3YIOIIHMEe METEOPOJOrHYecKue, KIMMAaTHYECKHEe M TUIPOJIOrHYEcKue
yCIOBUS. OTH TOKa3aTelM Pa3[esioTcs 10 WX Ha3HAYCHHIO Ha MokaszaTenu: 1)
CBETOOOCCIICYCHHOCTH, 2) BIAr000ECeYeHHOCTH, 3) TeII000eCeueHHOCTH, 4) YCIOBHS
MEPE3UMOBKHU U 5) KOMIUICKCHBIC MM OOHUTETHBIC TIOKA3aTeIH, YUUTHIBAIOIIUE OOIIYI0 OICHKY
BCEX WJIM YaCTH YCIOBHMI MPOU3pacTaHus pacTeHui. KpaTko oxapakTepu3yeM 3TH IOKa3aTellH.
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ArpomeaTuqecm/le nmoxka3saTejm

CseroBble  pecypebl  (cBeTooOeceyeHHOCTh). Kak  W3BECTHO, TIJIaBHBIM  CBETOBBIM
IoKasarenem Juisl pacteHuil sBiserca BenuunHa @OAP. [lostomMy Uit XapaKTepHUCTHKH
CBETOOOECIIEUEHHOCTH HCHONb3YIOT YHMCIO 4YacOB C COJHEYHBIM CHUSHMEM. BaxHpiM B
OTHOIIEHNH (HOTOCHHTETHYECKOW AaKTHBHOCTH SIBISICTCS M TEIMOTEPMHUYECKHI IMOKa3aTelb
XKecnuna, ABASIOUIMICS IPOU3BEICHUEM CYMM TEMIIEPATyp HA JUIMHY CBETOBOT'O JHS.

T'uapopecypebl  (BnaroobecneueHHOCTh). KoHeuHo, IS BereTamuu pacTeHuil Hawnboliee
BAKHBIM SIBJISIETCS  3amachl JOCTYIIHOM BJIard B KOPHEOOMTaeMOM TOJIIIE IOYBBI. 3a
KopHeoOuTaeMyro nmpuHUMarT oo Tonmury 0-20cM B HavanpHBIN TIepuo[ Bererarwu, oo O-
100 cm. A nmocrymHas Biara — 3TO Pa3HOCTh MEXIY pEAbHBIMH 3allaCaMH 33 BBIUYETOM
BEJIMYMHBI BJIAKHOCTU TPH BIAKHOCTH 3aBsifanusi pacteHus (B3). DTu BeauuuHbI 0OBIYHO
BBIPAKAIOTCS B MM HMJIH CM BOJTHOTO CIIOSI.

VYuuteiBas, 4TO MOYBEHHBIE 3aMachl HOPMHUPYIOTCS B OCHOBHOM 3a CUET Pa3HOCTH OCAJIKOB U
UCIIApEeHUs BJard, ObUIO MPEIOKEHO OOJIBLIOE KOJUYECTBO Pa3HOOOpa3HbIX IOKa3aTesel
yBiaxkHeHus. [lepeuncium Haubosee yacto ynoTpeodiisemble:

Koadhpunment CenssHuHOBA, Ha3bIBaeMblil rHpoTepMuueckuM Ko3hdunmenrom (I'TK):

ar

,
0.13 Ty

rae p - ocanku, a T, — temmneparypa Boime 10°C. I'.T.CelssHHHOB 3aMeTHII, 9TO B TEILIbIC

I'TK =

MeCSIbl, Ui KOTOPBIX OCOOCHHO BakHa OOECNMEYEHHOCTh OCaJKaMH, CyMMBI TEMIIEpaTyp,
YMEHBIIEHHbIE HA MOPAJIOK, XOPOIIO COBIAJAIOT C CYMMaMH HMCIIApAEMOCTH 3a Mecsdll. A 3TO
3HAYUT, 4TO B 3HaMeHaTene / TK yka3zaHa MPaKTUYECKH UCIapseMOCTh, & OTHOLIEHUE OCAJIKOB K
WCIIapsIEMOCTH M €CTh I0Ka3aTeNib BIAroOOCCIICYCHHOCTH TEPPUTOPHUHU, MOTUYepKHEM! — s
TEIJIOro NEPUOAQ, I BEr€TallHOHHOTO CE30HA.

Eme oauH mumpoko ucnolib3yeMbiit KOdPQUIIMEHT AJisl OLICHKH KIMMATHYECKUX YCIOBUH, -
9T0 KO3 PUIMEeHT yBlaxxkHeHus 1o MBanoy (KV):

o

Ky:ap’
E,

rac EO - HCHapACEMOCTb, T.C. CYMMAapHOC HCIHAapCHUC C IMOBCPXHOCTU BOJbI 3a IICPUOI,

COOTBETCTBYIOIIMI U3MEPCHUIO CYMMbI 0CaJIKOB (p). BrioyiHe MOHATHO, YTO MpH NPUOTHKSHUU
ATOTO TMOKAa3aTeNlsd K CIUHHIE, KIMMATHYCCKHE YCIOBUSI CTAHOBSTCS BJIAXXHBIMH W H30BITOYHO
BiaxHbIMH, a ipu 0.5 - 310 ycmoBus crenu, <0.1 — mycThIHH.

Koadpdunuent yBnaxuenus (K,) no CarnoxHUKOBOI:

__B+p
— T . ~0
0183 T,

rae B —ocaaku 3a 3uMHe-BeceHHUH nepuojl. Kak BuaHO, oTinune 3Toro ko3d@uumenrta ot
I'TK b B yueTe 3MMHE-BECEHHUX OCAKOB.

Koaddunuent ysnaxnenus (K,) nmo CisigaeBy n CEHHHKOBY:

K =2lmtl,

0

rie 3B100 — 3anacel Biaru B 100-cM ToJtmie mouBsl, Eo — HCIIAPSIEMOCTb.

Kak BumHO u3 mpuBENeHHBIX (OpPMyT BCE OHH OCHOBaHbl Ha OJHOM TPHUHIIAIIE:
COOTHOIICHUH TPHUXOTHBIX (0OCAJKM) W PACXOAHBIX (MCIApEeHHUe, Yallleé BCEro B BHJEC CYMMBI
temneparyp Boimie 10°C) craTei.

KommnekcHple mokazarenau OpoAyKTUBHOCTH. KommiekcHas OIeHKa METEOYCIOBUN Jyis
XapaKTePUCTUKH TPOJYKTUBHOCTH PACTUTEIBHOTO COOOIIECTBA, TaK Ha3bIBAEMBI OOHHTET
KJIMMAaTa OCYIIECTBIISIETCS] OOBIYHO TI0 COOTHOIICHHUIO YpOKasi KyIbTYPhI K CyMMe 3P PEKTHBHBIX
temmeparyp. Hanpumep, nokaszarens CanoxxuukoBoit u Ilamko:
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Emmzama = —oy—
a T>100 c :100

o o
1€ Byuuvama — MMOKA3aTENIb OOHUTETA KIIMMaTa, ¥ — ypoxaid KynbTypsl (B 1/ra), g T e

CyMMa CpeHHUX TeMIieparyp Bosyxa Beiire 10°C.

bonee TOoyHO olEeHMBATH OOHUTET KIMMATUYECKUX YCIOBHM BO3MOKHO IO COOTHOIIEHHIO
(dakTuyecKo ypoXKallHOCTM W NOTEHLUMAIbHOM NPOAYKTUBHOCTM Kiumata. [lns 3rtoro
UCIOJIb3YIOT MOHATHE 00 ATAJIOHHBIX YPOXKasX, KOTOPbIE MOKHO HAWTU C MOMOUIbIO MOJeJel
MPOJIYKIIMOHHOTO Tpoiiecca u GpopmupoBanus ypoxas. (bonee moapo6Ho 06 3TOM - B KHHrax
X.T.Toomunra, 1977, 1984).

TennoobOecneueHHOCTb. (OCHOBHBIMHM — MOKA3aTENsIMU  TEPMOPECYPCOB  TEPPUTOPUH U
MOTPEOHOCTU PACTEHU B TEIUIE SIBJSIIOTCS CYMMBbl aKTUBHBIX M 3(Q(EKTUBHBIX TEMIIEpATYp.
Axmuenas memnepamypa — 3TO CpeJHECYTOUYHAs TeMIIepaTypa BO3/yXa I10CIIe Iepexoia uepes
OMOJIOTMYECKUI HYJIb Pa3BUTHS JAHHOW KyIbTypbl. JIeHCTBUTENBHO, U1 KaXAOW KYJIbTYpHI
CBOMCTBEHEH CBOW COOCTBEHHBIN OMOJIOIMUYECKUN HYJIb, NIOCIE JOCTHKEHHS], KOTOPOTO pacTeHue
HAaYMHAET AaKTUBHO BererupoBarb. /I OOJNBIIMHCTBA 3€PHOBBIX OHOJOTHMYECKUM HYJIEM
ssysercst Temmeparypa 5°C, X0Ts Ui MHOTHX pacT€HHH 3Ta Temreparypa IoBbimaer jo 15-
17°C. Hammpumep, y O3UMBIX U PAaHHHMX APOBBIX 3€PHOBBIX CPEIHECYTOUHAS TEMIIEpATYpa Havaa
BEreTalMy COCTaBiIsgeT 0Ko0j10 5°C, y MO3IHUX APOBLIX OHA B Ba pasa Beiile — okojo 10°C, a 'y
TEIUIONIOOUBBIX PACTEHHH, TAKUX Kak puc, xiomyaTHUK yxe 15 °C, He TOBOPS 0 TPOITHYECKHX
TEIIONIOOUBBIX (CaXapHBI TPOCTHHK, (MHUKOBBIE MAIBMBI), Y KOTOPhIX oHa cocrasiser 20 °C.
CoOTBETCTBEHHO, JISl XapaKTEPUCTUKU TEIMI000eCTIeYeHHOCTH JaHHOTO paliOHa HAJ0 CIOXKUTh
BCE CpEJAHECYTOYHbIE TEMIIepaTypbl Juid TeX JHEH, KOrjJa 3TH TeMIlepaTypbl IpPeBbIIIAIN
OMOJOTMYECKU HYIb. MBI IOTYyYMM CYMMY aKTUBHBIX TemIiepaTryp. BnongHe nmoHaTHO, 4TO 11
pa3IMYHBIX KYJIbTYp 3Ta CyMMa HEOJMHAKOBA: Uil HETpeOOBATEIbHBIX K TEIULYy OBOIIHBIX
pacrennit oHa cocrasiser Bcero 400-500°C, a juist TPONMYECKMX MHOTOJIETHHX BO3PACTaeT
OoubIIe, UeM Ha TOPAIOK, 10 5000-6000°C.

Kpome akTuBHOM TemIeparypbl HCHOJIB3YIOT €Ile M IoKa3aTeslb 3IPPEKTUBHOMI
TeMnepaTypsl. Jgdexmusnas memnepamypa — 3TO PA3HOCTb MEXAY CPEAHECYTOUYHOMN
TeMIlepaTypoil U OMOJIOrMYECKUM HYJEeM /sl JaHHOM KyabTyphl. [lomydaercs, 4o npu nojcyere
CYMMBbI AaKTHBHBIX TEMIIEpaTyp CKJIAJbIBAlOT BCE CPEIHECYTOUHbIE TEMIIEpaTypbl JUIs
ONPEENIEHHOr0 NEepUoaa, a JUisi CyMMbl 3((GEKTUBHBIX TEMIEpaTyp — CYMMHUPYIOT Pa3HOCTU
MEXAY CPEAHECYTOUHOM TeMIepaTypoi U OMOJIOTUYECKUM HYJIEM.

B  OonbuminHCTBE — CciiydaeB, A8  CTaHAAapTU3alMd U yA00OCTBa  CpaBHEHHUS
TEII000€CIIEYeHHOCTH Pa3HbIX TEPPUTOPHI 32 OMOJOrMYECKU HOJIb IPUHUMAIOT TEMIEPaTypy
B 10°C. Torga MOKHO CIIOXKHTb BCE CPEIHECYTOUYHbIE TEMIIEPATYpPhl JUIA TEX JHEH, Korjia
cpenHecyTounas temieparypa npesbimaia 10°C. Drta BenuunHa Takke OyIeT XapakKTepu30BaTh
TEII000€CIIEYeHHOCTh  TEPPUTOPUH, TepMuyeckue pecypebl. llepuog ¢ akTUBHBIMU
TeMIepaTypaMu Bo3ayXa B ceBepo-TaeykHOW noa3one paBeH 80-90 musm. K 1ory, ectecTBeHHO,
OH yBenmuuBaetcs, pocturas 160-170 cyrok.

Onpedenenus

Bce mokaszarenu arpokiIMMaTH4YeCKMX ~YCIOBUM MOXKHO —XapaKTepu3oBaTh 10
creayromuM  KputepusiMm  (mogpobnee — cMm. «CropaBouHble Marepuans», Tadm.10
[Mpunoxenus):

Abcontomusle. MUHIMYMbl 1 MAaKCUMYyMbI TEMIIEPATYP U JIp.;
Cpeonue: cpeHeroioBasi TEMIEpaTypa, CpeIHsIs CKOPOCTh BETpa | Jp.;
Cymmapnoie: cymma temneparyp >10°C, cymma ocaakoB 3a rof U ap.;

ITo oamam (cpounsie). narta MPOXOKICHUS CPEAHECYTOUHOU TemmepaTypsl uepes O,
CXOJIbI CHEI)KHOTO TIOKPOBA U JIp.;

Bepoamnocmbs: cyxoBeeB, CKOPOCTH BeTpa OoJibiiie 5 M/cex u ap.
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Kosgppuyuenmor. Bnaroo0ecrieueHHOCTH, TEIIO0OECTICUCHHOCTH U JIP., OCHOBAHHBIE
Ha COOTHOIICHWHA MPHUXOAHBIX U PACXOJHBIX crarel OamaHca BJIaru, TCIUia M I1p.

Hcnonb3ys mokazarenu 3()(EKTUBHBIX TeMIepaTyp, CyMMbI 3((EeKTUBHBIX TeMIepaTyp U
Jpyrue TpUBEJCHHbIE BbIIIE AarpoKIMMaTHYEeCKHEe II0Ka3aTeld MOXHO MPOTHO3UPOBATH
HacTyIuieHus (a3 pa3BUTHs PACTEHUM, BIarooOECeueHHOCTb U APYrue, BaKHbIE B OTHOIIEHUU
dbopMupoBaHUS ypoKas TMOKa3aTeJqu . IJTO OONBIIOW W BaXHBIA pasznen arpoGu3ukd —
arpoMeTeOonpOrHO3bl.

Arponpor{ossl

IIporno3s ¢a3 pa3sBuTHS pacTeHUs

Ha wucnonb3oBaHuM BENIWYUMH AKTUBHBIX MM 3(G(EKTUBHBIX TeMIepaTyp, Ha 3HAHUU
OMOJIOTMYECKOTO HYJS I KOHKPETHOIO PpAcTeHHs OCHOBAHbBI IPOrHO3bl HACTYyIUICHUS (a3
pactenuii. JlelicTBUTENbHO, NOMyYaeTcs, YTOo cyMMa 3(Q(GEKTUBHBIX TEMIEPATYpP XapaKTepUs3yeT
HACTYIUIEHHME M JUIMTEIbHOCTh (a3l paszButusa. Ilosromy, uHOrma cymmy 3(@eKTHBHBIX
TEMIIEpaTyp Ha3bIBAIOT OUOI02UYECKUM 6peMeHeM. DTO TOHSATHE TMO3BoJseT (OPMUPOBATH
[IPOrHO3HbIE YPaBHEHUS THIIA

_ A
T-B’

rje Y — NpoJI0JDKUTENIbHOCTh Mex(a3zHoro nepuojaa, A — cymma 3¢ (peKTUBHBIX TEMIIEparTyp,
HeoOXxouMast ISl MPOXOXKAeHUs a3bl, T — CpeHeMecsuHas TemIepaTypa U B — CBOWCTBEHHOE
JAHHOMY DPACTEHHUIO 3HAa4eHHE HIDKHEro Ipenena Haudana ¢asbl, OMOJIOTMYECKUI HOJIb AJis
KOHKpETHOM (ha3bl pa3BUTHS.

[Ipumepom moxer cinyxuth ¢opmyna JI.H.baOymkuHa ans pacuera 1BETEHHUS IJI0JOBBIX
pactenuii B Cpennert Azuu. s s610HM 3Ta hopmysia BEITIISIUT CIASAYIONIUM 00pa3oM

_ 200°
Y Tre

OueHb Ba)XHO OTMETHUTb, UTO JJISi BEreTalli PAacTEHHUIl CYIIECTBEHHOE 3HAUE€HUE MMEET He
TOJBKO aKTHBHAs Wid 3(Q(EeKTUBHAs CpPEJHECYTOUHbIE TEMIEepaTypbl, HO CYTOUYHBIIH XOA
TeMnepaTypbl. Y  pacTeHMH OTMEUEHO SBICHHME, Ha3bIBAEMOE  MepMONepuoOuU3IMOoM,
3aKJII0YAOLIee B TOM, YTO IIPOLIECCHl pOCTa U Pa3sBUTHUA MIYT ObICTpEE B TOM Ciydae, ecild
aAMILUTMTY/da TEMIIEPATyp MEXAy JTHEM U HOUbIO Bbile. CpaBHUTENBHO BbICOKUE (He BbIe 35-
45°C) rtemmepaTypbl JHEM M OTHOCHTEIBHO HHU3KME HOYHBIE TEMIIEPATYPHI CIIOCOOCTBYIOT
MPOIYKIIMOHHOMY IIPOLIECCY B PACTEHUSIX, HAKOTIJICHUIO OPraHUYECKUX BEIECTB.

B cBsi3u ¢ BaXXHOCTBIO TEILIO- U BJIArOOOECIIEYEHHOCTU PACTEHUH OTJEIBHO CTOUT BOIPOC O
IIPOTHO3aX ATUX PECYPCOB, T.€. 00 arpOMETEONPOrHO3aX.

ArpoMeTeonporHo3bl TEMI0- U BJIaroo0ecrne4eHHOCTH PACTeHHH

B cmydae mporHo3a Temgo- M BIIArOOOECIIEYCHHOCTH PACTEHHH TaKXKe HCIOIb3YeTCs
HoKa3areib OHOJIOTHYECKOrO HYJIs, IPUHUMAeMoro, Kak ormerwin Boime 3a 10 °C. ITo nare
repexoia cpeaHeit cyrouHoi temmeparypsl yepe3 10°C BECHOU MOXKHO OIPEIEUTD 0KUIAEMYIO
CYMMY aKTHBHBIX TEMIIEpATyp 3a BErCTAI[MOHHBIA IMEPUOJ YeM I[03)KE BECHOW IMEPeXOJUT
cpenHecyToYHasl Temieparypa Bo3ayxa yepe3 10-rpaaycHyr OTMETKY, TEM MEHbIIas CyMMma
TEMIIEpPaTyp HaKaIlIMBAeTCs 3a BEreTalMOHHBIN mepuoa. [losTtomy mis pacdera CyMMBbI
AKTHBHBIX TEMIIEPATyp HCIOJb3YIOT OOBIYHBIC JIMHEWHBIC PErPECCUOHHBIC YpPaBHEHUS,
MOJYYCHHbIC Ha OCHOBE JUIMTEIBHOTO psiga MereoHabmomeHuit. A.M.Illynerun (1978)
MIPUBOJUT OJTHO TAKOE YpaBHEHHUE IS yCiIoBui JIeHMHTpaickoii 061acTu:

AT ;. =-18.25D +2759,
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rae éT>100 o - TpOTHO3MpyeMas CyMMa aKTHBHBIX Temieparyp, D — jara BeceHHero
nepexo/ia remieparypsl Bosayxa uepes 10°C, orcunrannas ot 1 anpes.

[IporHo3 3amacoB Biilard 0COOEHHO Ba)XKEH Ul BECEHHUX IOJEeBBIX pabot. [Ipexne Bcero,
HaJ0 3HaTh KaKOBbI OyJyT 3amachl BiIaru BECHOW, B HAYAJIbHBIN, CaMblil BaXKHBIM MEpHOJ] pocTa
pacTeHuii. DTOT NMPOTrHO3 OCHOBaH Ha OamaHCOBOM mpuHUUNE. OH YYUTHIBAET KOJIMYECTBO
0CaJIKOB, BBINABIIEE 3a 3MMHHI HEPUOJ JO Mepexojaa Temneparypbl depe3 5 °C BecHoW u
NeQUIUT 3aracoB BJIard OCEHBIO, KaK pPa3HOCTh MEXKJIy HAUMEHbIIEH BJIATOEMKOCTHIO U
peabHBIMU OCEHHUMMU 3allacamMy BJIard B KOHKPETHOMW TOJIIIE MTOYBBI. TOr1a N3MEHEHHE 3a11acOB
BJIard OT KOHIIA OCCHHM 0 Haudanma BecHbl (A3B) cocraBut, Hampumep, IS PaliOHOB ¢
YCTOWYHBOM 3UMOI

D3B =0.115r +0.56d - 20,

riae I — BbIMABIINAE 33 3UMHHI MEpUoJ ocaaku, d — neUIUT MOYBCHHON BJark OCCHBIO B
paccMaTpuBaEMOM CJIOE ITOYBHI.

AHaJIOrMYHBIM 00pa30M, UCHOJB3ys OalaHCOBbIE MPUHIUIIBI, TIOCTPOECHBI U PErPECCHOHHBIE
IIPOTHO3HBIEC YPABHEHMS PACcUETa 3aacoB BJIATH VIS PAa3JIMYHBIX IIEPUOJ0B BET€TALMHA PACTECHUM.

KoneuHo ke, caMbIM CIOXHBIM SIBJII€TCA IIPOTHO3 TEMIIEPATypbl M BIAXKHOCTH BO31yXa,
ucrapeHusi (dBamoTpaHCIUpAIMK) JUIS BEreTAI[MOHHOTO Tepuojaa. Takoro poja MpOTrHO3bI
YpE3BBIYAIHO BAXKHBI KaK CaMOCTOSITENBHO, JUIA YIPABICHHS MPOAYKIMOHHBIM IIPOLIECCOM,
arpoOTEXHUYECKUMH M JPYTMMH IpUEMaMH, TaK W Uil HCIOJIb30BaHUS HUX B IPOTHO3HBIX
MaTeMaTHYECKUX MOJeNsaX. B Takux MoAensax, Kak MOJENU YIPABICHHUS arpOXUMHKaTaMH
(Hampumep, MECTUIIMIAMH), ONITUMHU3AIMEH UX BHeceHUs. ONTUMYM BHECCHHS ITHUX BEIECTB B
nouBy OyJeT TOrjaa, Korja OHM OKaXyT AEWCTBHE Ha IMOSBUBIIMECS COPHSIKM M HE MOMAaayT B
PacCTUTENBHYIO MPOAYKILHUIO, B HIDKEJIEKAIME CIOU IIOYBBI U B IPYHTOBBIE BOABL. [l 3TOTO,
IpEeXAEe BCEr0 HAJO0 3HATh AVWHAMUKY TEMIIEpAaTypbl M BIAXHOCTH BO3JyXa /I pacyera
TEMIIePATYypPbl MOYBHI (TAKOTO POJia pacYeThl MbI PACCMOTPEIIN B pa3jiesic O TeMIepaType MOYBbI)
U ucrnapeHus (3To0 TOXe M3BECTHBIC MOX0/IbI, KOTOPhIE MbI PACCMOTPHUM 4yTh HIDKE). B Takoro
poaa pacyerax MCIOJIB3YIOT TaK HA3bIBAEMBIM «CHUMYJSATOP IOrOABI», T.€. pacyeT IMOrojsl Ha
OCHOBE CIICI[MATBLHOTO aJIrOpUTMa. JTOT AITOPUTM OCHOBaH Ha ABYX aomymieHusx: (1) eciu
M3BECTHO TOYHOE reorpaduyueckoe MecTo, 1 jsl 3TOr0 MecTa U3BECTHBI 001Me 3aKOHOMEPHOCTH
JUHAMHUKU TEMIIEpaTyphl, BIAKHOCTH BO3AYyXa, HMCIIAPEHUS, TO 3TU 3aKOHOMEPHOCTH OyIyT
coOMIoIaThcsl M B KOHKPETHOM ciydae H (2) OTIMYUS B Ty WIM HHYHO CTOPOHY OT
CPEIHEMHOT0JIETHEN JMHAMHMKM JTHUX Ba)KHEWIIMX MeTeonapaMeTpoB OyIyT 3aBUCETh OT
HayaJIbHOI'O, KaK IPaBWIO, BECEHHEro mnepuoja. [[ns pacdera MeTeOycloBHI 3a BECh NEPHOJ
CUMYJIATOpP TOTOAbl HAJAO0 «HACTPOWUTH» II0 KOHKPETHBIM JAHHBIM HEKOTOPOIO BECEHHETO
nepuoja. Toraa oH crocoOeH A0BOJBHO TOYHO NPEJCKa3aTh U METEOYCIOBUS HA JUTUTEIbHBIN
CpPOK, Ha JI00OM JeHb BEreTalMOHHOrO mepuojaa. Takod MMOAXOJ BIIOJIHE €CTECTBEHEH U
IIPOBEPEH BCEIl NCTOPUUYECKON MPAKTUKON (PEHOJIOTrMUeCcKUX HAOMIOACHUN, KOTOpas OTpa3uiach
BO MHOKECTBE IIOCJIOBHUI] M IIOTOBOPOK, KAaCAarOUIUXCsS IPOTHO30B IIOTOJBl WIM ypoOxXKas IO
HEKOTOPBIM BECCHHUM JHSM: <«SICHBIN Bocxoj Ha S[koBa — xopoimee cyxoe jero» (ko — 13
masi), «Komu Ha AHTHIIA BOJBI HE CKPBUIMCh, TO BECHA MO3IHSIS U IJIOXOE JIETO MPEACTOUT
(AnTun — 24 anperns).

I/Icnape}me, HCIIAPAEMOCTD U 3BAllOTPAHCIIMPAL s

Kak BuUAHO M3 NpPUBENEHHBIX BBIIIE OLEHOYHBIX KOIPQPHUIMEHTOB, JUISl XapaKTEPUCTHK
KIIMMATUYCCKUX U ITOTOJHBIX yCJ'IOBI/II\/II Ba)KHelIIIee 3HaUeHHE NMEET OIMPCACIICHHUEC UCITIapPCHUA U
ucnapsieMoctd. OCOOEHHO Ba)XXHO JTO JUIsl OLEHKU BJIArooOECreYeHHOCTH PACTEHUH.
Mexanusmbl (OpMUPOBAHUS MOTOKA BIArM B CHCTEME MOYBa-pacTeHHe-aTMochepa Mbl Oyaem
00CyX/1aTh B CIIENYIOIICH YacTH, B pazjeine «PacTenue u Biara».

B nganHoM pa3zzmene paccMOTpUM  3aKOHOMEPHOCTH (OPMHUPOBAaHUS HUCHApEHUs U
ucnapsieMoctd. [lepBoHauanbHO OCTAHOBMMCSI Ha 3aKOHOMEPHOCTSX HCHApEHUs BJaru c
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IMOBCPXHOCTHU TIIOYBBI H OTKpBITOI\/’I BO)IHOI\/II IMOBCPXHOCTU BOABI, T.C. HA ucnaperuu wn
ucnapsaemocmu, a TakKKC Ha METCOXApPaKTCPHUCTUKAX BO3aAyXa UX OIMMPCACIIAIONINX.

Onpedenenus

Hcnapenue Biaaru (E) — motepsi BO/bI U3 MOYBBI B ra3000pa3HOM COCTOSIHHMM. Bbipakaercs B
BHJIE TIOTOKA BJIard B €AWHUIY BpeMeHu [cMm/cyT, MM/uac u ap.]. MHorma mjist Toro, 4To0bl OTACTUTH
WCTIapeHre OT TPaHCHHMpAalMKd MCIOAB3YI0T TepMuH «lcmapenne (u3MUecKoe», KOTOPHIi
MOUEPKUBAET, YTO UCIAPEHNE TIPOUCXOIUT C TIOBEPXHOCTH TOYBEI MIIM KaIleIbHO-)KUIKON BIIaru C
MMOBEPXHOCTH JIMCTHEB, HO HE Yepe3 YCThHUIIA, a MMEHHO C JIMCTOBOM ITOBEPXHOCTH.

Hcnapsiemocts (Ep) — KOTHYECTBO BOBI, MCIAPSIOMIEECS B JAHHBIX YCIOBHSX C OTKPBITOM
BOJIHOM MOBEPXHOCTH OOJIBIION IUIOMIAIN B SAMHUILY BPEMEHH.

CymmapHoe wucnapenue (IBanoTpaHCHUpamusi) — CyMMa HCHapeHus (PHU3UYECKOro |
TpaHCIHpPAIHH.

Xapakmepucmuxu e1aicHOCHU 6030yXa.

VYaeapHasi BaaxHocTh Bo3ayxa(W,% ) — KomMuecTBO BOASHOIO Mapa B & Ha K2 BIAXKHOIO
BO3/yXa; OMHOCUMENbHAS 8IANCHOCb, UL OMHOCUmenbHoe dasnenue napos 600wt (\WIWO, plpo)
— OTHOIIGHHE YNPYrocTd (MM BIOKHOCTH) BOASHOIO Iapa, COJCpXalerocs B BO3IAyXe, K
MaKCHMAaJIBHOM yIpyrocTr (MM BIaXKHOCTH) BOASHOIO TIapa, HACKHIIIAIOIIETO MPOCTPAHCTBO Ha[
IJIOCKOM MOBEPXHOCTHIO YHCTON BOJBI MPH AaHHOM TemIiepaType. Beipaxaercs B %

Yupyroctb (WM napuuajibHoe AaBJieHHe), ¢ — JaBJICHHE apoB BOJbI B BO3AYIIHOW CMECH
rasos. Beipaxaercs B #/y® (B mm pm. cm. wm B M6, 1u6 = 10%u/rd).

Heduuut (ot nat. deficit — HemocTaér) BAaXKHOCTH WM YNPYrocTd, d - B pasHOCTh MEXKIY
MaKCUMallbHO BO3MOXKHOH (E) u QakTudeckoil (€) ympyrocTbio BOASHOrO Tapa TpH JaHHBIX
Temneparype u aasieHun: d = £ — e. Ypyrocth napa B HOJSIPHBIX MHPOTAX 3UMOM MeHbIe 1 mH
(vHOT A JTUIIL COTBIC IOH MO), a JIETOM HIKe 5 m6; B TpomuKax ke oHa Bo3pacraer no 30 m6, a
uHOorAa W Oojbine. B cyOTpomuueckux mNyCThIHAX e moHmwxkeHa a0 5—10 wm6. IomoBoi xon

YIPYroCTH IIapa MapajulelieH To0BOMY X0y TeEMIIEpaTyphl BO3AyXa.

s onmcanus arpo(U3n4ecKux IpoLeccoB Hanbosee BaXKEH U UHTEPECEH MPOLECC UCTIAPEHHUS
BJIarM M3 MoyBbl. EciiM uccrnenoBarh HMCIAapeHHE BJIard W3 MPEJBAPUTEIBHO HACBIIEHHON
MOYBCHHOW KOJIOHKH, TO CHayalla MCIapeHue OyJeT paBHO HCHapseMOCTH, M BenuuuHa E/Ej
Oyzaer Onu3Ka K €JMHHIIE, BO3MOKHO, JIaXKe €€ HECKOJIbKO MpeBbIaTh. [IpeBpillieHne BOZHUKAET
3a cyeT TOro, YTO BOJa Ha IEPOXOBATOM MOBEPXHOCTHU MOUYBHI HE OyJET CTPOro rOPU30HTANIbHA,
OydyT BBIpaXXEHbI MEHHUCKH, U3 KOTOPBIX HCIapeHHe Bbllie. Uepe3 HEKOTOpOoe BpeMs IO Mepe
UCCYIICHHUSI TIOBEPXHOCTH IMOYBBI MCIAPEHHE HAYHET 3aMETHO CHIDKATbhcs — BenuuuHa E/Ej
HAa4YHET CTPEMMTENBHO MajaTh. A ellle Yepe3 HEKOTOpOe BPeMsi, CHU3UBIINUCH JI0 COTHIX JO0JEH,
ACHMITOTHYECKHA HAYHET MPHUOIMKAThCs K ocu BpeMenu (puc. 11.2.1, a). /luHamuka ucnapeHust
MMEEeT OTYETIMBO BhlIeistomuecs Tpu (a3pl. OHM 3aMETHBI M NIPU AHAIU3E 3aBUCUMOCTHU
OTHOCHUTEJILHOTO HCHAapeHus OT BJIaKHOCTHU MOYBBI: mepBas (a3a — OT BOJOBMECTUMOCTH JI0
BEJIMYMH, HECKOoJIbKO mpeBblmaromux HB. Bropas — npuMepHO cOOTBETCTBYET AMANa30HY OT
HB o BPK, a tpetbst — npu Bnaxkxuoctu Menee BPK, korna nmpaktuuecku oTcyTcTBYeT ObICTpOE
KalUIIPHOE BOCXOJISIICE ABIKCHUE, UCTIApPEHHE IIABHO CTpeMHTCs K Hyiio (puc. 11.2.1, 6).
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T T W
apems,t B3 BPK HB rnB

Puc. 11.2.1. lI3meHeHHE OTHOCUTEILHOTO UCITAPeHNUs Biary u3 mouBsl (E/Ep) B 3aBUCHMOCTH
OT BpeMeHH () U BIAKHOCTH NOYBHI (0)

Wrak, npoueccy ucnapeHus Bjaru U3 ouBbl CBOMCTBEHHBI TPU XapaKTepHbIE (a3bl:
1-1 ¢a3za <«UHTCHCHBHOTO WCIIAPEHUSA». 3/1eCh HCIAPEHHE OMpeNIeisieTcss  TOJBKO
MeTeoycioBusaMH. s 3TOM cTaguu crpaBeAsuBO YypaBHeHHE JlanbTOHa, CBS3bIBAIOILEE
UCIIapEHUE C BIAXHOCTBIO BO3ayxa (W) M mapamMeTrpaMu, OTPaXKAaroU[MMH CKOPOCTh BeTpa U
rpagueHt Temmneparypsl (Dg):
E=r_D,(W,-w,) ,

rae Wo , Wy U pa— BJIQXKHOCTU U IJIOTHOCTH BO3/yXa Ha IMOBEPXHOCTH MOYBBI U BbICOTE Z, Dy —
K03 (UIIMEHT CKOPOCTH 0OMEHa, 3aBUCSIIUNA OT CKOPOCTH BETPa U BEPTUKAIBHOTO I'paJHEHTa
Temrepatypbl. Tak kak Ha 3TOH (a3e ucnapeHue 3aBUCUT OT MeTeonapameTpoB (B OCHOBHOM OT
TEMIIEPAaTypbl M BIAXHOCTH BO3/yXa), HEPEIAKO €ro pPAacCYMTHIBAIOT M IO SMITMPHYSCKUM
dopMynaM i AJUTENbHBIX IPOMEXKYTKOB BpeMeHHu. lIpuMepom Takoro pona ypaBHEHHI
MOXeET CciIyxuTb ypaBHeHne H.H.MBanoBa mia pacdera cpeaHEMECSYHOTO HCIAPEHUS:
E =0.0018(T +0.25)°41- W), rme T ~— cpeaHeMecsyHas TeMmIepaTypa BO3dyXa, W —
CpeIHeMecsiuHas OTHOCUTENbHAs BIAXKHOCTh Bo3ayxa. Mmeercs u pan dopMyil, MO3BOISIFOIIMX
pacCUMTHIBATh UCIIAPCHUE HA 3TOU cTauu ((PpakTHUECKH UCTIAPSIeMOCTh) M0 JAHHBIM O TEIJIOBOM
U paJMaliMOHHOM 0ajaHCcax MOBEPXHOCTH MOYBHI.
2-1  daza — «yObpIBaromero wucmnapeHus». HaOmogaercs TNpH  HCCYIIEHWH  TOHKOTO
MTOBEPXHOCTHOTO CJIOSl TOYBBL. McnapeHne npoucXoAUT y HUKHEH IpaHUIIbl MPOCOXILIEro CIOS.
Ha sroit dase ucnapenue onpenensercss CKOpOCTbIO MOATOKA BOJbl K TOBEPXHOCTH HCIIAPEHHUS,
T.e. THAPO(U3NIESCKUMH CBOWCTBAMH IOYBBI, a TaKKe (3HAYMTEILHO B MCHBINECH CTCNECHH) U
METEOYCIIOBUAMHU. JIMHAMUKYy HCIapeHHs Ha 3TOM (a3e HEepelKo ONUCHIBAIOT C MOMOUIBIO
JIOCTaTOYHO MPOCTOTO ypaBHEHUSI:

1 -1
E :E Det 2 ,
rae De —BennuuHa, 00b1YHO Ha3biBaeMasi K03hpuineHTom 1ecopOrum.
31 ¢daza — daza «HHU3KOTO WHCHapeHus» Ha 3Toi ¢a3ze Bocxojdlee NBWKCHHUE BJard
MPaKTUYECKU THpekpamiaerca. [IpoucxoauT yBeNWYEHHE TOJILMUHBI [POCOXIIEro Ccjios —
MEJUIEHHO HCCYyIIaloTcsl Bce Oosiee TyOOKHE CJIOM MOYBBL. Y4eHHe o ¢a3zax HcHapeHus
POIMIIOCH TaBHO, BO3MOKHO eliie Bo BpeMeHa Jlpesueii ['peru (cMm. «K onpocy o...»)

K eonpocy o...
JIBOMCTBEHHAs IPUPOA HCHAPEHUS (MCTOPUIECKUI OUEPK).

C npeBHEUIINX BpeMeH MBITIMBLIE JIIOAU HAOIIONAIN U BITAINCh OOBICHUTH NPUPOAY UCTApeHus Boabl. OHU
3aMeyaid, YTO HCIapeHHe — MPOILECC SBHO W3MEHYMBBIM, 3aBUCHUT OT YCIOBHH HCHAPEHUsS, OT MHTEHCHMBHOCTH
COJIHEYHOrO M3JIydeHus. VM make MBITAIMCh KaK-TO KIACCU(PHIIMPOBATH MCIAPEHUE HA CTAIHM, STAIbl, (OPMBL.
[Ipuyem aenamoch 3TO HEPEIKO B MOITUUECKOM, MeTadopuueckoi popme. Hanpumep, ['epaxnut u3 Ddeca B 500-¢
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roIbl 10 H.3., TaK MHCAl O ABYX TUMax uchapeHus (mut. mo Bparcbepr Y.X. «Mcmapenue B atmochepy » JI.,
I'uapomereousaar, 1985, 351 ¢.):

«Bolienenue Biard MPOMCXOAUT KaK C 36MHOM, TaK U C MOPCKOW MOBEPXHOCTH: NEPBOMY NMPHUCYIIU CBET U
YHCTOTA, MOCIENIHEMY — TEMHOTA; TEIJIO €CTh CBOMCTBO CBETJIOrO HCIIApEHUs, Bjlara — BCEeX NPOYMX.... [leHb U
HOYb, MECALbl, BpeMeHa rofia, ToJbl, JOXAU, BETPhl U MPOUYHe SBICHUS NPOUCXOIAT B pe3yibTaTe pasHOro BUAA
ucnapeHuii. MO0 cBernble ucHapeHus, BOIKHUTAIOUIMECS B COJHEYHOW OpOWTE, CO3JaloT JAEHb, KOra Bepx
OJIEP’KUBAIOT TMPOTUBOINOJIOKHBIE CHJIBI, HAcTymaeT Houb. lIpuM yBenWYeHUM TeIsla HpU CBETJIIOM MCHapEeHUU
HACTYIIAeT JIETO. 3UMa MPUXOIUT, KOra MpeodaiaeT Biiara IIpu TEMHOM HCIapESHUI.

VYike B Te JajeKkue BpeMeHa MBICIUTENN IIBITAINCH CBS3aTh UCMApEHHE C KIMMAaTOM, yKa3biBas Ha Pa3IM4HBINA
xapaktep ucnapenus. Emie 6omnee 4eTKo [Ba 3Tana UCIapeHusl TPAKTYIoTCs BenukuM Apucrorenem (384-332 rr. mo
H.3.), KOTOPBI# KpOME CBOMX 3HAMEHHUTBIX TPAKTATOB MO (QHIOCODUH M MONUTUKE HAMHUCAT TakkKe W TpakTaT «O
METEOPOJIOTHYECKHUX BOIPOCAX:

«... B 3€MJI€ COJEPKHUTCA MHOTO OTHSA U TemioTsl; CoHIle MEXAY TeM HE TOJIBKO YBJIEKAaeT BBEpX Biary c
3eMHOI [TOBEPXHOCTH, HO, HarpeBas 3eMJIIO0, BBICYIIUBAET €€ caMoe. A IOCKOJbKY, KaK ObIJIO CKa3aHO, UCTIApEHUe
JIBOSIKOOOPA3HOE M JBIMOOOPa3HOe, JOMKHBI BO3HHMKATh 00¢ (pasHOBHIHOCTH). VcmapeHue, comeprkaiiee OOnbIIoe
KOJIMYECTBO BJIATH, ABJIAETCA, KaK ObUIO CKa3aHO paHee, HadaJloM JOXKAEBOH BOJbI, a CyX0oe UCIIapeHHe — Ha4aIoM U
MIPUPOTHOI €CTECTBEHHOH CyOCTaHIIUEH BETPOB».

D70 N1 He SIBISIETCS HAYalIoM yueHus o JByX (azax ucrapenus? Ha mepBoii cramuu wcrapeHue MpOUCXOUT
HMHTCHCHBHO CO CKOPOCTHIO, PaBHON HCIApsIeMOCTH. A Ha BTOPOM CTaaud, KOTAa HCIApEHHE JTUMHTHPYETCSI
BHYTPUIIOUBCHHBIM TIOJITOKOM BIIarHM K HCMAPSIONICH MOBEPXHOCTH, 3Ta MOBEPXHOCTh HaYMHAET HarpeBatbes. OT
MOBEPXHOCTH IMOYBBI MPOrPEBACTCSl MPU3EMHBIN CIOW aTMOC(ephbl, POXKIAIOTCS BETPbl, (HOPMHUPYETCSl KIUMAT
JAHHOW TeppUTOpHH. B OCHOBE ke BCEro JIGKUT TUIOTE3a O IBYX CTAJMAX HCIAPEHHUs, KOTOpbIE, OKa3bIBaeTCH,
pa3IUyaoTCs HE TOMBKO MO (PU3UUECKOMY TIPOIECCY, HO U IO CBOEMY PE3yAbTaTy. POIib IEPBOM, B OCHOBHOM, B
TUTAHETAPHOM BJIAr0000pOTE, BTOPOW — B YBETMYCHUH KOTMYECTBA JOJIH COMHEYHON SHEPTUH, PACXOMYIONISHCs Ha
HarpeBaHue TIOYBBI U MPU3EMHOTO CJI0s Bo3ayxa. [Ipodture emie pa3 mocieqHiow Gpa3y U3 ApHCTOTENs, BO3AaBast
JIOIKHOE TeHHATBHOM MPO30PIUBOCTH BEIMKOTO IPEKa.

EcTecTBeHHO JKelaHME HCIOJIb30BATh OTMEYEHHbIE 3aKOHOMEPHOCTH, B  YaCTHOCTH,
HCKYCCTBEHHBIM OOpa30M IEpeBECTH HCIApeHHe M3 IEpPBOM Ha TPEThIO CTajuio, OBICTPO
MOHU3UTh HCHApeHHe. ITOro MOXKHO JOCTHYb C IIOMOIIBIO CIELHMATIBHOTO IpHeMa —
MYJbYMPOBAHUS MOBEPXHOCTU TNOYBBL. Mynvuuposanue — TOKPHITUE TIOBEPXHOCTH IOYBBI
Pa3HOOOpa3HBIMU MaTepHaIaMU OPraHUYECKOTO M HEOPraHMYECKOTO MPOMCXOXKICHUS (CojoMa,
Topd, TUICHKH ¥ Mp.) JUIS CHIDKCHHS NOTEPh IMOYBCHHOW BJarkM Ha WCIApeHHe, a TakxkKe s
peryinupoBaHusl Temmeparypsl, OopbObl C cOpHsiKamMu. B maHHOM ciiydae BaXHO TO, UTO C
MIOMOIIBIO CO3JaHMSI HAa MOBEPXHOCTH CYXOTO MYJIBUHMPYIOIIErO CJOSI M3 PHIXJIOr0 Marepualia
MPAKTUYECKH CPa3y HCIIAPCHHE MEPEBOAAT W3 MepBOi (CBOMCTBEHHOW OOHAKEHHOW IMOYBE) B
TPeThiO (CBOWCTBEHHYIO CyXOW MyJjbue) (hazy. DTO 3HAYUTEIBHO CHMXKACT MCIAPEHHUE, TaK Kak
ucnapeHue yxe OyeT MpoucXoIuTh HO-APYromy, Ipexk e BCEro B OTHOLIEHUH MEPBOM CTa UM,
Ha puc. |1.2.2 npencraBiena 3aBUCHMOCTh UCTIAPEHHSI OT BIQXKHOCTH TIOYBBI TIPU OOHAKEHHOM
MIOBEPXHOCTH U MOKPHITON Myinbuoi. HarnsaHo BUAHO, 4TO CHUYKEHUE HCTIAPEHUS IPOUCXOAUT
TOJIBKO B 00JIaCTH BJIKHOW MOUBBI, T.€. MyJIbUUpOBaHUE 3((PEKTUBHO JIMIIb PU BHICOKON
BJIQ)KHOCTHU MOYBBL. FIMEHHO 103TOMY 3 (heKTUBHOCTh MYIbUUPOBAHUSA KAaK MEPOIIPUSATHS JUIs
COXPaHEHUS BJIard B [TOYBE BBICOKA JIUIIb JUIS BIAXKHBIX MOYB.
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Puc.11.2.2. 3aBucumMocTh HCTIapEHUS C MOBEPXHOCTA OOHAKEHHON M MYJIbYHPOBAHHOM
MIOYBbI

MeTCOPOJIOFI/I‘IeCKI/Ie METO/bI ONPEACJICHUA IBANOTPAHCIINPAIIUHA

OTU METO/Ibl OCHOBAHbI Ha ONpEAENCHUH BEITUYMHbBI UCHAPEHUs PACTUTEILHOIO MOKPOBA U
CPaBHEHHUSI 3TOTO UCIIAPEHUS C UCIIAPSIEMOCTBIO, T.€. C UCIIAPEHUEM C ITOBEPXHOCTH BObI.

[IpyueM, kak M B cllyyae C CyMMapHbIM HCIIApEHHEM, CyMMaMu TeMIlepaTyp, i
XapaKTEPUCTUKH YCIOBUH 3a KaKOW-TM0O0 MEepHOoJ MOJIb3YIOTCS CYMMOW BEJIMYUH, BBI3bIBAIOIINX
UCIIapEHUE BOJIbI PACTHTEILHBIM MOKPOBOM. JTO (MCHOJIBb30BAaHUE KYMYJISTHBHBIX, CYMMapHBIX
nokasareneit) — OOIIMH NPUHIMI IS XapaKTePUCTUKA METCOYCIOBHH JUIi KOHKPETHOTO
epuoaa.

Meton AnnaTbeBa OCHOBAH Ha HMCIOJIb30BAaHUM JePUIUTA YIPYTOCTH BOJSHOTO Iapa U Tak
Ha3bIBa€MBIX OMOJIOTHYECKUX KO3 PUIIEeHTOB. B 3TOM noaxoae noTpeOHOCTh pacTeHui B BOJIE
U3MepsETCs B BUJE CYMMapHOIO HCIAPEHUs] PACTUTEIBHOTO MOKpPOBa. DTy BEIMUYMHY MOXHO
CpPaBHUTH C (PaKTUYECKUM HCIAPEHHUEM, a Yallle CPaBHHUBAIOT C HUCHAPSIEMOCTBIO. DTOT MOAXO]
OCHOBAaH Ha IOJIO)KEHMH O TOM, YTO COMKHYTBIM DPACTUTENbHBIA MOKPOB MPU ONTUMAIbHOM
BOJIOCHA0)KEHUH HCIApsieT CTOJbKO K€, CKOJBKO HCHapsieTcsl C IOBEPXHOCTU BOJIBI.
buonoruueckuit koA(pGUIMEHT MpeacTaBiIseT co0ol cymMmapHoe MoTpeOieHue Bjaru
PaCTUTEIBbHBIM TOKPOBOM, TPUBEACHHOEC K HCIAPSEMOCTH MPH HOPMAIBHBIX (YCpPEIHEHHBIX)
METEOyCIIOBUAX. B pesynbTaTe, Haj0 TOJIBKO YMETh PacCUUThIBATh CYMMAapHOE HCIapeHue
pactutenbHOro mnokpoa. Ilo Meronmy AnmnarbeBa cyMmMMapHOe HcHapeHue (QuToleHo3a
paccuuThIBaIOT 1O popmyie:

E, =kSd,
rne E, - CyMMapHOE HCIIApeHHE DPACTUTENIBHOTO IIOKPOBA 3a OIPEACNICHHBIH MEPHO

BpeMeHH (MM, CM BOJHOTO ¢J1051), K — Orosnorudeckuii koadduuent [Mm/mM0, cm/mMm pr.ct], Sd
- cymma aeunutoB (MM pT.CT. Wi MO). BenrunHa cyMMapHOTO MCHAPSHUST WM CYMMAapHOTO
BoJIONIOTpeOIIeHHsST (UTOIICHO3a 33 pPacCMaTPUBACMbIi MPOMEXKYTOK BPEMEHH IPEICTABISIET
co00¥ CyMMY OTIENIBHBIX COCTABJISIONINX BOJHOTO Oalanca pUToIeHo3a!

E, =DW+m+nP+B,

DW - Bmara wucnosib3yemas M3 METPOBOrO CJIOs TOYBBI, M — MOJWBHas Buara, uP —
UCIoJb3yeMble ocanku (¢ — K03hduiueHT 3PPEKTUBHOCTH OCAIKOB, YUUTHIBAIOIIUI MTEpPeXBaT
YaCTH OCAJIKOB PAaCTUTEIILHBIM TOKPOBOM, MCIApEHHE Kamelb JOXKIS U 1pod. ) U B — MOATOK
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BJIard B PAaCUYETHYIO TOJIILY M3 TNIYOMHHBIX CJIO€B. BCe BEMYMHBI B MM WJIM CM BOJHOIO CJIOS H
1/ra.

buonornyeckne KOApPHUIHUEHTHI - O3TO MMEPEMEHHBIC BEJIMYHMHBI, 3aBHCAIIME KaK OT
MMOYBEHHO-KJIMMAaTHYECKUX YCIOBHIA, TaK U OT CaMUX pacTeHuit. bosee Toro, 3tu KO3 PHIIMEHTHI
MEHSIIOTCSI B TEUYCHHE BErCTAI[MOHHOTO CE30HA, YTO MPHUBOAWT K JUHAMHYCCKMM KPHUBBIM
MOTPeOJICHUS BOJIbI, MIIM TaK Ha3bIBAEMBIM OHOJIOTMUECKUM KPUBBIM. Buoiocuueckue Kpusvie —
3TO JTMHAMHKA UCIIAPCHHS BJIarH PACTUTEIbHBIM IMOKPOBOM IPH ONTHMAIbHON 00ECIIEYCHHOCTH
pacteHuii Bogoi. OHH OTpaKarOT M3MEHEHHE MOTPEOHOCTH pPACTEHHs BO Bjare B TCUCHHE
BErCTAI[MOHHOTO CE30HAa B YCIAOBHMSIX WX BBIpallMBaHHs. [103TOMYy OHOJOTHYECKHE KpPHUBBIC
crienu(UIHBI HE TOJBKO JUIS KaXI0TO BHJIAa PACTEHUI, HO 3aBHCAT OT MPUPOIHO-KIMMATHICCKON
30HBI ¥ YCJIOBHI MUHEPAIBHOTO MUTaHus. [IpuMepsl TaKuX KPUBBIX MPHUBEACHBI Ha puc.|].2.3.

Hcnapenue,
10 4 mmlcym

8 .
6 -
XA0RYaAmHUK
4 -
ogec 6
24 Jlenunzpaockoii 06:.

nuwenuya Ha
Cesepnom Kaskasze

W, v Vi VI i IX X
Mecaubl

Puc. 11.2.3. Brosiornueckre KpUBbIe Pa3IMYHbBIX CEIbCKOXO03SMCTBEHHBIX PacTCHUH (110
A.M.Illyneruny, 1978).

Meron M.M.Byaplko Takke OCHOBaH Ha TOM, YTO IPH ONTHUMAJIbHOW BIIAKHOCTH ITOYBBI
PacCTUTENBHBIN IIOKPOB MCIIAPSET CO CKOPOCTHIO, PABHOW HCIapsAeMOCTH. McnapsaeMocTs ke, 1o
Bbyabiko, mponopuuoHanbHa AeDULINTY BOASHBIX MAapoOB, PACCUUTAHHOMY IO TeMIIEparype
ucHapsiroliel MoBEpXHOCTH, U B CAMOM OOIIEM BUJIE OINPEAEISIETCS 110 YpaBHEHHIO!

E,=r ,D(W,- W),

/i€ pg - TIOTHOCTh BO31yxa, D — nHTerpanpubiil kKoaddunueHT TypOyneHTHol qudpdys3uu, a
Ws M W - yJIeIbHBIE BIJIAXXHOCTU HACBHIIIEHHOTO BOJHBIM IapoM BO3/yXa, KOTOpas
paccuuThIBAEeTCS [0 TEMIIEpAType MCHapsIOIIed MOBEPXHOCTH, U BIAXKHOCTh B JIAHHBI MOMEHT
Bpemenn. Kak BumguMm, ¢opmyna byapsiko Onm3ka mo ¢GopMallbHOMY BHAY K YPaBHEHHIO
JlanbToHa, HpHUBEIEHHOro BbImle ig 1- craguM ucnapeHus Biard U3 mousbl. M xoTs
¢usnueckue BEIMYMHBI B HHUX HECKOJIBKO OTJIMYaroTcs, Bce ke (opmyna bynsiko umeer
¢uznueckoe ob6ocHoBaHue. C HCMONB30BAHHEM JTOrO YPAaBHEHHS MOYHO paccuuTaTh
BJIaroo0ecrneYeHHOCTh PaCTUTEIBHOTO MOKpoBa. [l 3TOT0, Kak U B cilydae MeToja AJINaTheBa,
OTPEENAI0T KaK Pa3HOCTh MEXAY PacCUMTAHHON HCHapsSEeMOCTbI0 M pEalbHBbIM HCIAPEHUEM.
Ora MeToJuKa JIOBEJEHA 10 MHOTOYHMCIIEHHBIX PACYETHBIX (OPMYN, HOMOIPAaMM, KOTOpbIE
HCIOJIb3YIOTCS JJIsl pacyeTa pexkuma OpPOLICHHS CeIbCKOX03SICTBEHHBIX KYJIBTYP.

Onpezle.ﬂe}me HCIIAPAEMOCTH METOAAMU PAIUALUOHHOI'0 0ajaHca
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Cnenyromyie 1Ba METOAa OIICHKH BIIAroOOECIIEYEHHOCTH OCHOBAHBI HAa COOTHOIICHUH
BOJTHOTO U TEIJIOBOro OanaHcoB. JleficTBUTENBHO, TEIJIOBOM OajlaHC TEPPUTOPUU MPEICTABIISET
co0Ol B3aMMOCBSI3aHHOE COOTHOIIECHHH PAJWAIMOHHOTO M BOAHOrO OamaHcoB. BcrmomamM
ypaBHEHHUE TEIJIOBOTO OajaHca:

l,- Q.- H,- LE=0,

B KOTOPOM DaJMalOHHbIA OanmaHc |, pacxoayeTcs Ha HAarpeB MOYBBI U HMPU3EMHOTO CIOS
Bo3ayxa (Q, m H,_) n Ha ncrmapenue BoJbI pacTHTEIbHBIM 1OKpoBoM (LE). 3Haunt, nsyuas

TEIJIOBOM OajlaHC MOBEPXHOCTH, MOSABIIAETCS BOZMOKHOCTh OLIEHUTh U BEIMUMHY ucnapenus. Ha
TOM OCHOBaHbI METOJIbl ONPENEICHUs MCHApSIeMOCTH 0 COCTAaBJISIIOIIMM TEIUIOBOro OanaHca
TeppuTOopuur. 10 MeToIbl, peioxkennbie C.1. Xapuenko u X.Ilenmanom.

Meton C.M.XapyeHKO OCHOBaH Ha MCIIOJIB30BAHUN YPaBHEHHUS TETUIOBOTO OajaHca ¢ y4eTOM
TOrO, 4YTO MpPU CHIDKCHHWU 3alacoB BJark HWXKE NpoaykTtuBHoro (HB-B3) wucnapenue
PacCTUTEIBLHOTO MOKPOBA CHIKAETCS. A JJIs1 HCHIAPSIEMOCTH MOYHO HCII0JIb30BaTh (POpMYyITy:

E,=b _1-Q

° " L(HB- B3)
rie HB u B3 — 3amackl BIaru B COOTBETCTBYIOLIEH TOJILE MOYBHI MPH HaWMEHBIIEH
BJIArOEMKOCTH U BIIQXKHOCTH 3aBsJaHus, a b — ko3hGUIMeHT, yIuTHIBAIOIINN OUOJIOTHYESCKUE

O0COOEHHOCTH KyNbTypbl. EciM BHUMaTeNbHO CpaBHUTh ypaBHEHHE TEIUIOBOro OajaHca M
dbopmyny C.M.XapyeHKO, CTAHOBUTCSI COBEPIIICHHO SICHO, YTO (PU3UYECKHE OCHOBBI PACUCTHOU
(dopmMyiibl XapueHKO 3aKIII0YaIOTCSl B MCIOJIb30BaHUU YPaBHEHUS TEIUIOBOTO OanaHca C y4eToOM
00paTHO-IIPONOPIUOHATIFHOTO YMEHBIICHUS UCIIAPEHUSI C YBEJIMUYEHUEM JMAaINa30Ha JOCTYIHON
Biaru. Takum oOpa3oM, NOSIBISIETCS BO3MOYKHOCTb OIPEAEATh HUCIAPEHHE C PACTUTEIHHOIO
MIOKPOBa Ha OCHOBAaHUU MU3MEPEHHUS COCTABJIAIOIIMX TEIIOBOTO OajaHca.

Hpyro#t ¢u3nueckn 0OOCHOBAHHBIM MOJXOJ OIPENEICHUS HCIAPSIEMOCTH PACTUTEIBHOTO
nokpoBa mnpemioked X.lemmanom. — X.Ilenman (Penman, 1948) mnpu BbIBOJE CBOEro
3HAMEHUTOTO0 YpaBHEHHUS ONPEENICHUsI MCIAPSEMOCTH MCXOAUI TaKKe U3 dHEprodasaHCOBOIO
MeTrona. Ho oH nomonHui ero emie v adpoJMHaMUYECKUM METOJIOM, C MOMOUIBI0 KOTOPOTO OH
paccuuTan KoJIM4ecTBa TeIla, MOLIeAlee Ha HarpeBaHHe MPU3EMHOTO Bo3ayxa. [Ipu stom
BO3HMKJIa HEOOXOJIMMOCTb YETKO OrOBOPUTH CTPaTU(UKALMIO BO3AYIIHOTO TIOTOKA MJIs
MIPUMEHEHHS] HEKOTOPBIX pacyeTHBIX Gopmyn ais kodpduiueHta oomena. B pezynprate Obu10
MIOJIyYEHO CIIEAYIOIIee YpaBHEHHE:

(D )In+LEa
LE:K%_H

rae E — ckopocts ucnapenus, L — ckpeitas TemnioTa napooOpasoBanusi, D - yron Hakiona
KpUBOM 3aBUCHMOCTH JaBJIGHHS HACBILIEHHBIX [AapoB BOJBl OT TeMIepaTypbl, X -
NCUXPOMETPUYECKasl KOHCTaHTa, | — paguanuoHHbI OanaHc (WM YUCTas pajUaIs),

LE, =0.35(e, - e)(0.5+v%00), IJic €, U ¢ — HACBIIEHHOE W CPEIHEE TaBJICHUE MMapoB BOJBI B

BO3JIyXe MPH JaHHOW TEMIIepaType W JaBieHUH (pa3MEepHOCTh — [MM PTYTHOTO CTOJIOA]); T.e.
(e,- € - meduuuT HACBHIEHUS BO3IyXa BOASHBIM IApOM, Vo — CPEIHSSI CKOPOCTH Berpa (B
[Munsix/cyT]) Ha BBICOTE 2 M OT YPOBHS TIOBEPXHOCTH TIOYBBL. YPaBHCHHE TO3BOJISECT
PacCUMTHIBATh MOTEHIMATBHYIO YBAMOTPAHCIMPAIIUIO TI0 U3MEPEHHUSIM PAUAIMOHHOTO OallaHca,
TEMIIePATYpPbl, JABJICHUS TAPOB BOJbI U CKOPOCTH BETPA HA BBICOTE 2 M OT MIOBEPXHOCTH.

Takum oOpasom, meron [leHMaHa MO3BOJISIET PAaCCUUTATh UCHAPIEMOCTh (MOTCHIMAIBHYIO
ABAMOTPAHCIMPAIIMIO) [0 CTAHJAPTHO M3MEPSEMBIM MeTeonapamerpaM. Ho, XOTs MeToa nMmeer
J0cTaTouHOe (pu3mueckre 000CHOBAHME, BCE K€ HEPEIKO JOBOJIBHO TPYIHO M30€kKaTh OLIMOOK
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BCJIE/ICTBUE OIPEAEICHHON CTpaTU(PHUKAUU BO3AYIIHOI'O MOTOKA MPH BBIBOJE 3TOW (OPMYIHI,
KOTopasi B IpUpojie, KOHEUHO, cobOmrofaercs Aajeko Hewacto. [loaToMy Bcerma B KauecTBe
OCHOBHBIX (OMOPHBIX) UCIIOJIB3YIOT IKCICPUMEHTAIBHBIC METOIBI.

JKCIepUMEHTAIbHbIE MeTO/IbI ONpe/ieJIeHUsl IBANlOTPAHCIIMPALUHA

OCHOBHBIM METOJIOM OIIPENEICHUS] MCIAPEHUs SIBIISIETCS OIPENEICHUE HCIApeHusl ¢
IIOMOILBIO CHELUANBHBIX Ucnapumenel. Vciapurenyu npencTaBistoT co0oi 0oJbIINe eMKOCTH,
BbicoToid oT 40 nmo 150 cm, 3amosiHEHHBIE TIOYBOHM, NMPU HEOOXOIUMOCTH, W C PACTYIIMMH
pacTeHUsIMH, KOTOpbIE€ PEryssipHO B3BellnBaloTcs. [lo moTepe B Bece ompeenstoT UCIapeHHe.
Kopmyc ucnapuresis UMeeT ceTyaToe JJHO, 4Yepe3 KOTOpoe CTekaeT u30bITOK Bo bl (puc.ll.2.4)

B3BEIIIUBAHUE
ucnapenue
.. - NOYBCHHLIU
T MOHOJIM
gy ] il eunb3a
emuamo L] ] Mononuma
HO ) 0 '-Da e 0”_.'.- n‘o Y
T e GHEUIHAA
N R AR 2u1b3a
n000OH PRRRPRRI LR
011 éﬁgf)a g e
npogujompo- U emoK
eg eucs N
8000l | \M{ ‘

Puc. I1.2.4 Cxema ycTpoiicTBa UCTIAPUTEIIS.

[TouBeHHbIE HCTIAPUTENN YCTAHABIMBAIOT B CIIEUAIbHBIE KOXKYXU TaK, YTOOBI TOBEPXHOCTh
MOYBBl B HCIIAPUTEJIE COBIAjajla C I[OBEPXHOCThIO MoJisl. B3BemmBaioT ucnapurenn c
uHTepBaioM 3-5 aHEH, 4To mo3BossgeT, HanpuMep it ucnaputeneit ['THU-500-50 (ucmapurens
I'ocynapcTBeHHOTO ['HAPOIOTHUECKOTO HHCTHTYTA C TUIOMIAAbI0 nenapsitomiei mosepxuoctu 500
cM? M MOIIHOCTBIO TOYBEHHOTO MOHONMTAa B 50 CM) IMOJNyYaTh AHHBIC MO CYMMAapHOMY
UCTIapeHHIo ¢ TOYHOCTHIO 110 0.2-0.3 MM BOAHOTO €O B CYTKH.

Hepenko, npu UIMTENbHBIX CTAlMOHAPHBIX M3MEPEHUSX MCIAPEHUs, MCIOIb3YIOT Tak
Ha3bIBa€Mble TUAPABIMYECKHE HCHApPUTENU. B 53TUX wHcHapuTensX MOYBEHHBII MOHOJIUT
B3BELIMBACTCS B THAPABIMYECKOM YCTPOMCTBE, «IUIaBas» B CHEIHAJIbHOM Oake C BOJOM.
W3menenuss Beca MOHOJUTA (PUKCUPYIOTCS IO BEPTUKAJIBHBIM IEPEMEIIECHUSM 3TOro
«IJIABAIOLIET0» MOHOJMUTA, HEPEIKO C IMOMOIIbIO Pa3IMYHBbIX 3JEKTPOKOHTAKTHBIX M JPYTHUX
puOOpPOB.

OpHako W MeTOJbl TOYBEHHBIX HCIApUTENed MMEIT CBOM Henoctartku. llepBwii —
HEO0OXO0IMMOCTh TEPUOJANYECKON CMEHBI MOYBEHHBIX MOHOJMTOB. JIeHCTBUTENBHO, MOJI0H
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MOHOJIMTa CcOOMpaeT TpPaBUTALMOHHO CTEKAIOIIYI0 BOJY, HO SBJIETCA Mperpajoud ans
KalWUISIPHOM TNOJAMUTKA MOHOJIUTa M3 HWXKENeXallluX MO4YBEHHbIX cijoeB. [losTtomy B
3aCYILJIMBBIX YCIOBHUSAX MOHOJIUT MCCYILIAETCS 3HAYUTENbHO CUJIbHEE, YEM €CTECTBEHHAs [10YBa U
3aMETHO MCKa)KaeT pealbHble BEJIMYMHBI HclapeHus. PekoMeHayroT nais HaOmroneHud 3a
HCIIAPEHHUEM B 30HE HEJOCTATOYHOI'O YBJIAKHEHUS MEHSThH [TOUYBEHHbIE MOHOJIUTHI HE PEXkKeE ABYX
pa3 B Mecdall. B 3TUX yCIOBHSX MOXXHO JOCTHYb HAJEKHBIX U TOYHBIX PE3YJIbTATOB IO
U3MEPEHUIO NCIIApEHUS.

Peabed kak ¢paxkrop arpoxinmara

B wMereoponoruu NpuHATO CKIOHBI Pa3HOW OSKCIO3ULMU Ha3blBaThb MOJSpHbIMU. Tak,
HanpuMep, CKJIOHBbI H0KHOW M CEBEPHOW AKCHO3UIMI — MOoJsipHble CKIOHBI. [IpuueM oOmieit
3aKOHOMEPHOCTBIO SIBJISIETCS CIIENYIOIas: C MPOJBMKEHUEM OT CPEAHHMX LIUPOT K BBICOKUM
pasHULa B HX TEIUIOBIArooOECeueHHOCTH yBelnuuBaeTcs. llpu 3TOM HMEHHO 3J€MEHTHI
penbeda S[BIAIOTCS MOCTOSHHBIMM M YCTOWYMBBIMHM (paKTOpaMU BO BCEX MIMPOTHBIX 30HAX,
KoTOphie  UPPEpeHIUPYIOT arpoPu3nyuecKre yCJIOBHUSA B  IPOCTPAHCTBE  CKJIOHOBBIX
naHaAmwagdToOB MO TEIUIOBIaropecypcaMm, oOYCIIaBIMBAIOT UX HEOJHOPOJHOCTh KaK IO CpPOKam
HacTyruleHus: (a3  pacTeHHil, YCIOBUAM arpoTEeXHHYECKOW 00pabOTKM U JApyrum
arpo¢pusnyeckuM (aKTopaM.

PacrnipenienieHne TeIIOBIAropecypcoB Ha MOJISIPHBIX CKJIIOHAX BECbMa CXEMaTHYeCKU
n300pakeHo Ha puc.ll.2.5.

FOKHBIH CEBEPHBIH CKJIOH

CKJIOH

nous > 1 nous
2T >2Tiwe

(QPO3HAYr > (IPOIUA)>

Puc.11.2.5. Pacnpenenenne arpodusndeckux (pakTOpoB M CBOKWCTB MOYB B 3aBUCHMOCTH OT
9KCIO3HIIMU CKJIOHA.

BrnonniHe ecrecTBeHHBIM mpeacTaBisieTcs TOT (akT, 4YTo Hambosiee 00eCIeueHHBIMU
COJIHEUHBIMHU DPAJUAINMOHHBIMU PECypcamu, HE3aBUCHUMO OT KJIMMATHYECKOW 30HBI SBIISFOTCS
IO)KHBIC CKJIOHBI, HAaWMMEHEE - CEBEpHBIC, IUIATO 3aHUMAIOT TPOMEXKYTOUYHOE IOJOKEHUE
CeBepHbI€ ke CKIJIOHBI, HE3aBUCUMO OT KJIMMAaTUYECKUX OCOOEHHOCTEH pEeruoHa W THUIIA MOYBHI,
obmamatoT Oojiee BBICOKMM COJEpKAaHWEM Bjard, 4eMm rokHele. [Ilpudyem sTa pasHuiia BO
BJIAr0OOOECIIEYCHHOCTH COXpaHSETCS W B BEpPXHEW, CpeaHed, W HIDKHEW YacTsIX CKIIOHA,
He3aBUCUMO OT (hopmbl mpoduiisi, a BOAOpa3AesibHAs 4acTh, IUIATO, MO BIAro00ECIICYeHHOCTH
3aHUMaeT MPOMEKYTOUHOE TMosiokeHne. Ho Bce ke HaOMIOAaroTCs MECTHBIE OCOOCHHOCTH
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KPYTHU3HBl CKJIOHOB, IPEUMYIIECTBEHHbIE HAMpaBJIE€HUs BeTpa M OCOOEHHOCTH BETPOBOIO
pexxuma B penbede. Tak, XOpoUIo MU3BECTHO, YTO HABETPEHHbIE CKJIOHBI yJIEP’KUBAIOT MEHbIIE
CHera, 4eMm IOJBETpeHHbIe. B TO ke BpeMms, Ha HAaBETPEHHBIX CKJIOHAX TOJIIIMHA CJIOSI CHEra
YMEHBIIAETCS OT MOJHOXUS K BEpIIMHE, a BOT HA MOJBETPEHHBIX — HA000pOT, OOJbLIE CHEra
CKaIUIMBAETCs B BEPXHEW YacTU CKIIOHA.

Bonee toro, cienyer UMeTh B BUY, UTO MPUBEIEHHOE BBILIE MOJO0KEHUE O OONbIIEH TEIIO U
MeEHbLIEH BIaroo0ECneYeHHOCTH OKHBIX CKJIOHOB, MOXET HECKOJIbKO TpaHC(HOPMHUPOBATHCS B
Pa3IMYHbIX IPUPOAHBIX 30Hax. Hampumep, B 30He cTemnu, B Y4epHO3EMHOM 30HE, I0KHbIE CKIOHBI,
0€3yCJI0BHO, MOJIy4aloT OO0JbIlIE€ 3HEPTUU, ObICTpEEe MPOIrPEBAIOTCS, U COOTBETCTBEHHO, TasHUE
CHEra Ha J3THX CKJIOHAaX MPOUCXOIUT 3HAYUTENbHO ObicTpee. OOBIYHO Ha FOKHBIX CKJIOHAaX
CHETOTasHUE TPOXOJHUT 0oJiee MHTCHCHBHO, U TaM BruThiBaeTcs oT 30 g0 80% Ttansix BOJX; Ha
CEBEpPHBIX CKJIOHAX BMUTHIBatOTCs mouTH Bee 100% 3uMHUX 0caakoB. A ObICTpOE TasiHHE CHera —
IpUYMHA BeceHHEW BOAHON 3po3uu. COOTBETCTBEHHO 3TO MOXET MPUBOAUTH K OOJbIIEH
SPOJUPOBAHHOCTH IOKHBIX CKJIOHOB. B TO e Bpemsi, MHTEHCUBHOCTb OHMOJOTHMYECKHUX
MIPOLIECCOB HA IOXHBIX CKJIOHHBIX BBIIIE, UHTEHCHUBHEE IPOMCXOJUT HAKOIUIEHHE T'ymyca Hu
JIPYTUX CTPYKTYpOOOpa3yOUIMX BEIIECTB, YTO IPUBOIUT K YIYUIIEHHUIO BOJIOTPOHUIIAEMOCTH Ha
3THX CKJIOHaX. M HepeaKo OKa3bIBaeTcs, YTO 3TOT (aKTop, - yAyUdlleHHe BOJOIPOHUIIAEMOCTH U
BJIATOEMKOCTH IIOYB Ha IOXKHBIX CKJIOHaX CTAHOBUTCS NOMMHHUpYIOLIUMM. Bcenencrsue 3Toro
IOKHBIE CKJIOHBI HEpPEIKO COJepXaT Jda)ke HECKOJIbKO OoJiblle BJard, 4YeM CEBEpHBIE.
[Tomyuaercs, 4TO B 3aBUCUMOCTH OT IPHUPOJHOM 30HBI, OT MMOYBEHHBIX YCIOBUH U OT (hakTopa,
KOTOPBI HAXOAUTCSA B JaHHOM ClIydae B MUHUMYME, KOTOPBIH onpeaesnseT B Oobllel CTeneHn
MPOJIYKTUBHOCTb, 3KCIO3MIMS CKJIOHA MOJKET JeicTBoBaTh Mo-pazHOMY. COOTBETCTBEHHO,
MEHSIOTCA M NOJIXOJbl K 00paboTKe, K CpoKaM ceBa M JAPYrUM arpomeponpustusM. MHorna
ObIBaET 3aTPyIHUTEIIBHO ONPEICIIUTh MepepacipeieieHle BOJA0- U SHEPropecypcoB Ha CKIOHAX
I0KHOM M ceBepHOM skcro3uumi. Ho Bcerma crienyer MMers B BHJAY MHOTIO(AKTOPHOCTH
MOCJIEJICTBUI 3TOrO NepepacipeeseHus: CKa3blBaeTCs U BETPOBOM PEXUM, U KPYTU3HA CKIIOHA,
U U3MEHEHHUE IOYB IO0J JIEHCTBUEM MOBEPXHOCTHBIX CTOKOB, JApyrue (hpakTopsl M MOCTapaThCs
BBIJCNIUTH CPEIU HUX TJIAaBEHCTBYIOLINE B JAHHBIX YCIOBUSX.

Crnenyer OTMETUTh, YTO HAKJIOH CKJIOHAa C BOCTOKAa Ha 3alajJ WIM C 3amnaja Ha BOCTOK
CKa3bIBAaETCSl JIMILIb Ha XOJ€ CYTOYHOW KpUBOH TemmepaTyp, MOBBIIIAs COOTBETCTBEHHO,
YTpEHHUE WIM BEUYEpPHUE TeMIIepaTypbl, MHOI/IA BIIMSAS Ha SKCTpEMallbHblE 3HAYEHHS, HO, HE
BIUSIE HAa CPEJHIOI  TemrmepaTypy. B OoJbIIMHCTBE CiIy4aeB ATH CKIOHBI IO
arpoKJIMMAaTUYECKUM MOKA3aTeNSIM OTJIMYAKOTCS MaJIo MPH MPOYUX PABHBIX YCIOBUSIX.

Takum 00pa3oM, OpUEHTHUPOBKA (PKCIIO3WIMS) CKIOHA SIBJSICTCS OJHUM W3 OCHOBHBIX
(akTOpPOB, OINpENENIOIINX paclpeIesieHue MOCTYyNAael paaualny, a 3a 3TUM, U HaKOIUIEHHE
MIOYBEHHOM BJIard, HCIAapeHue U Jpyrue arpokiumaTuueckue spieHus. [lpu stom 3TH
0COOEHHOCTH TPOSBIIOTCS B crernuduke penbeda, BETPOBOTO peKMMa B JaHHOM peibede,
KOTOPBIE MPOSIBIISIFOTCS PA3JIMYHO B 3aBUCUMOCTH OT NMPUPOAHO-KIMMATUYECKOMN 30HBI.

dusnyecKne 0CHOBLI HEKOTOPLBIX METCOPOJOTIHICCKUX SIBJICHUH

3acyxa

Ot0 )IHI/ITGJIBHBIﬁ nepuoa € ocCaaKkaMv HHWIKXEC HOPMBI IPU IOBBIMICHHBIX TEMIIECpATypax
BO3/yXa. Pa3iuyaroT HECKOJIbKO THIIOB 3acyX: aTMOoc(epHyio (BO3IYIIHYIO) MOYBEHHYIO H
¢dusnonorndeckyr0o. ATMocepHas SBISETCS CICICTBHEM UIMTENBHOTO Teproja 0e3 0caakoB
pu BBICOKOM TEMIICPATypEC U HU3KOH BIIAKHOCTH BO3yXa. ITouBennas - CJIICACTBHUEC ITIOHNKCHUA
AOCTYIIHOCTH BJIaru 110 IMpUYNHC MpeaACCTBYIOMICTO nepunoaa MHOBBIIIEHHOMI
sBanoTpancnupanyu. Ousnonornyeckas 3acyxa HaCTYIaeT TOT/a, KOTJla pacTeHUe HECIoCcOOHO
HOTpe6J'I$ITB BJIary M3 IIOYBBI, XOTA 3allaCbl €€ B IIOYBC YAOBJICTBOPHUTCIIBHBIC. HOCJ’I@I[H?I?I
CIy4aeTcsi TOT/Ja, KOTJa KOpPHEBas CHCTeMa PacTeHHUil MmoBpexaeHa (IpHU mepecajke pacTeHUid,
paccapl).
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OcHoBHON npuYMHON (popMHpOBaHUS 3acyX Ha TeppuTopuu Pycckoil paBHUHBI SIBIsSIETCA
BTOP>KEHUE XOJIOJHBIX BO3AYILIHBIX Macc C CeBepa WM CeBepo-3anaja U GOpMUPOBAaHUE BCIE]
3a 3TUM XOJIOAHBIM (PPOHTOM MOIIHOTO aHTULUKJIOHA. [Io Mepe MpoaBMKEHUSI K IOTY CEBEPHBII
XOJIOJHBIM BO3QyX IpOrpeBaeTcsi W TepseT OoJbliylo uyacTh cBoed Biaru. W.E.byumHckuit
MIPUBOJUT TAKHE PACYEThl, JOKA3bIBAIOLIME 3HAYUTEIBHOE HMCCYLIEHHE BO3IyXa NPH 3acyxe.
XoJoIHBIN CeBEPHBIN BO3/YX, BHEAPssACH Ha Pycckyro paBuuny, npu 0°C conepxur B 1 M° He
oonee 4.9 r Bnaru. JIBuraschk Ha ror Bo3ayx mporpesaercs, Hampumep jgo 20 °C. Ilpu Toii
TEeMITepaType BO3JyX MOXKET cojepkarh yxe 17.3 v Bimaru. OgHAKO COICPKHUT OH TOJBKO TE
cambie 4.9 r. Bo3HuKaeT negumMT BiIard, BO3AYyX COACPKUT TONBKO 28% OT MaKCHMAalbHOTO
HaChILEHUs. DTO 0YeHb CyX0l Bo3ayX. Bo3Hukaer armocdepHas 3acyxa. Tak Kkak aHTULUKIIOHBI
JBUKYTCSI O4EHb MEJUIEHHO, TO TeMIIepaTypa BO3[yXa BO3pPACTaeT, YTo elle 00JIblle YCHIMBAET
3acyxy. OHa CTaHOBUTCS MPOAOJDKUTENBHON U yrpoxatomieil. Tak GopMupyroTcs JUIUTEIbHBIE,
yCTOHYMBBIE KaTacTpoduueckue 3acyxu Ha Pycckoil paBHUHE U I0JKHEE.

CyxoBen

Ilog cyxoBeeM NOHMMAIOT CyXOMl M 3HOWHBIN BeTep, HapylIAIOUIMIl BOJAHBIN OanaHc
pacTeHuii, Korja pacxo]l BJlarl pacTEHUEM 3HAUUTENIbHO MpeBbIIaeT ee norpedienue. CyxoBeu
SBJISIFOTCA ~ ONPEACIICHHBIM COYETAaHHEM METEOPOJIOTMYECKUX AJIEMEHTOB, IIPH KOTOPOM
OTHOCHUTEIIbHAS BJIAYKHOCTh Bo3ayxa cocTarisier MeHee 30%, TeMiieparypa Bo3ayxa He MeHee 25
°C, a ckopocTh BeTpa Ha BeicoTe (urrorepa 5 m/c u Gosee.

CyxoBeH 3apomaloTcsi B pailoHax ATiIaHTHKHA U ceBepHbIX Mopeit (Kapckoe, Bapenieso,
Hopsexckoe, CeBepHoe MoOpsi). 3apoauBIIKME 37eCh XOJOJHBIE MacChl JBHKYTCS Haj
Kazaxcranowm, Cpeaneit Azueit, [IpukacrveM u CTAaHOBATCS OYEHb CYXMMH. BiIakHOCTh BO3TyXa
CTPEMUTENBHO CHIXKaeTcs. Kak MmpaBuito, OCHOBHOE JIBIJKEHHE ITOTOKOB BO3/yXa IPU CyXOBEAX
— BOCXOJAIIIEEe, OJTHAKO 3a CYET TypOyJIEHTHOro oOMeHa 0oJjiee CyXoil BO3IyX BEPXHHX CIIOCB
MOCTYIaeT B HWXKHUE Ipu3eMHbIe ciou. HempeMeHHbIM yCIOBHEM IMpPU 3TOM  SIBJISETCS
aHTUIMKIOH. [Tpy TakoM coueTaHWu yciIOBUH (aHTHIMKIOH, OYE€Hb CYXO#l HMPOrPEeThIi BO3IYyX
BEPXHHUX CJIOCB, MHTCHCHBHBIN TYpOYJICHTHBIH OOMEH) TOpsSYMid M CyXOH BO3IyX OIYCKAaeTCs B
HUKHHUE CJIOU U IPUBOJUT K CYXOBEIO.

TakuM 00pa3oM, BO3HMKHOBEHHE CYXOBEEB M 3acyX OOyCIaBIMBAaeTCS BTOPKEHUEM
CEBEPHBIX XOJIOJHBIX MAacc BO3/yXa, UX HCCYLIEHHWEM U HarpeBaHHEM IpHU JBIKEHUU Ha IOT,
COIPOBOXKTAFOLIMMCST MOIIHBIMU [TUPKYJISIIIMOHHBIME TIpOlieccaMy (aHTUIIMKIIOHOM M aKTHBHBIM
TypOyJICHTHBIM 0OMEHOM), KOTOPBIC 3aXBAThIBAIOT OOJIBIIYIO TOJIILY aTMOC(EPHI.

H3mepeHne MeTeonapaMeTpoB
B AaHHOM pa3acii€ KPaTKO OCTAHOBUMCSA Ha OIIPCACIICHHUAX OCHOBHBIX MCTCOITapaMETPOB.

OneHka 3J1eMEeHTOB PAIHAIMOHHOrO0 6aiaHca (AKTHHOMeTPHYeCKHe HAOTI0IeH 1)

BenuuuHbl, XapakTepu3ylolile paJdalMoHHBbIA OanaHCc, a UMEHHO MPSAMYIO, PACCESHHYIO
pamuanyMM JIy4dllle BCEro OIpPENeNATh HKCIEPUMEHTAIBHO, XOTS CYIIECTBYET OOJbIlIOE
KOJIMYECTBO (hOPMYJI, CBSI3BIBAIOILMX H3JIy4EHHE C KOJMYECTBOM OOJIAKOB, COAEPKaHHEM
BOJSHOIO TMapa, CpeaHedl MpOJOKUTENbHOCTBIO COJIHEYHOTO CHSHUSI UM JAPYTUMU
XapakTepucTUKaMu atMochepsl. T (GOpMyIIbl U3JI0KEHBI, B YaCTHOCTU B KHHUrax Ciredtepa u
Makunpos (1964) u np., HO, KaKk MPaBUJIO, BCE OHH MMEIOT JIOKAIBHBIA XapaKTep M JOJDKHBI
OBITh TIIATEILHO POBEPEHBI IPU COOCTBEHHBIX IKCIIEPUMEHTAIbHBIX HAOIIOICHUSX.

Kparko ykakeM NpHHIMIBL ONPEECNIECHUS IOTOKOB NPSIMOM M PACCEIHHOW paJHalMil.
[IpsiMyr0 COJHEYHYIO pagualMI0 H3MEPAIOT  AKMUHOMEMPAMu U  NUpPeIuoMempamu,
PACCESIHHYIO - C TIOMOUIBIO NUPAHOMEMPO8 PA3IUYHBIX KOHCTPYKIUH. [IpuHIunsl paboTsl 3THX
pruOOPOB OCHOBAHBI HA TOM, YTO Ha MPUHUMAIOLIEH paualiio MOBEPXHOCTU UMEIOTCS YHaCTKU
abCOJIIOTHO YepHOro Tela (IOTJIONMIAIONIEro BCE CONHEYHBIE JIydH) M Oelble, X OTpakarollue.
Kak BugHO Ha puc. 11.2.6, 3tn yuactku yepeayrorcs. K kaxaoMy U3 y4acTKOB TOABENIEH KOHEI
g depeHnnaibHON TepMonapbl. 3a cUeT pa3HOCTH HarpeBa OesIbIX M YEPHBIX YYaCTKOB B LIETIH
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BO3ZHMKAET TOK, KOTOPbIN U3MEPSAIOT MUKpoamiiepMeTpoM. Tok OyneT Tem Oouiblie, yem 0osbliie
pasHOCTb TEMIIEpaTyp 4YEpHOW U CBETJION MOBEPXHOCTEH, KOTOpas, B CBOK odepenb, Oyner
ONPENENATHCA HHTEHCUBHOCTBIO IIPSAMOM WIIM PACCESTHHOM COJIHEYHOM paiualliy.

Puc. 11.2.6. Cxema ycrpoiicTBa mupaHoMeTpa

BnonHe mnoHATHO, 4YTO KaXablii NpubOp HEOOXOIMMO TapupoBaTh B KOHTPOJIUPYEMBIX,
CTaHJIAPTHBIX CBETOBBIX YCIOBHSX, Ui TOrO YTOOBI IOTOM IEPECYUTATH BEJIMYMHY CUJIbI TOKA B
COOTBETCTBYIOIINI PaIMallHOHHBIN MOTOK.

[Topsimok BeNWYHMH MPSMOW COJIHEYHOH paguiaiiy y 3eMHOU moBepxHocTH B moijaeHb: 1.0-1.5
Kan/cM? MHH, paccesiHHON B ycIOBHsX sicHoro HeGa — 0.1-0.01 kan/cm® MuH, a [u1s 061a4HOTO
Heba — oxoo 1 kan/cM? MHH.

OO0 u3mMepeHUn CKOPOCTH BEeTpa

CkopocTb BeTpa M3MEpSAETCS OOBIYHO C IIOMOIIBIO AHEMOMEMPO8 HAUledHo20 Mmund.
CKkopocCTh BpalleHHs] OCH C YalleYKaMH CUUTAETCs MPONOPIHMOHAIBHON CKOPOCTH BETpa, YTO
MIPOBEPSETCS TIIATEIHFHO TapUpOBKOii. [Io KommdecTBy 000pOTOB YalIeqHOTO aHEMOMETPA JIETKO
paccunTarh (MM KCIOJIB30BaTh COOTBETCTBYIOIIME TAaOJHUIbI, HOMOTPAMMbI) CKOPOCTh BETpA.
CJ'I@)Iy@T JUIb OTMETUTL, YTO IIPU MAJIbIX CKOPOCTAX BCETpa 4YalICYHBIC AHCMOMCETPLI
XapaKTePU3YIOTCS HEIMHEHHOCTHIO 3aBUCMMOCTH CKOPOCTH BPAIIEHHUS OT CKOPOCTH BETPa, UTO
TpeOyeT TOTOJHUTENbHON TapUPOBKH.

HN3mepenue BIaKHOCTH BO31yXa

Haubonee pacrpocTpaHeHHBIM METOJIOM H3MEpEHus sBisercs ncuxpomerpuyeckuii. CyTb
METOJla COCTOMT B TOM, IAPAJUIEIBHO CHHUMAIOTCA IOKAa3aHUsA C JBYX TEPMOMETPOB. OJWH
(cyxoit) moka3bIBacT TeMIIepaTypy BO3/yXa, Ipyroi (CMOYEHHBII), EMKOCTh C M3MEPUTEIbHOM
KHUJKOCTBIO (HAmpUMep, PTYThIO) KOTOPOTO, HAXOJUTCS B CMOYCHHOH BOJOH TpPSIMOYKE, - JaeT
0oJjiee HU3KUE TOKa3aHUS TEMIIEPATyphl 3a CUET OXJIAXKIAIOMIEro 3pQexra ucrapeHus Biard u3
CMOYEHHOU TPAMNOYKH. Pa3HOCTH TemIlepaTyp HOCUT HAa3BAHHME NCUXPOMETPUYECKON PA3HOCTH.
Uem Oonbllie 3Ta pa3HOCTh, TeM cyuie Bo3ayX. C MOMOIIBIO CHENHATbHBIX HOMOIPAMM M
MICUXPOMETPUYECKUX TaOJIUIl MO TMCUXPOMETPUYECKON pa3HOCTH, CpEeAHEH TeMIlepaType,
JABJICHUIO OIIPEAEIISIOT BIAXKHOCTh BO3IyXA.

Yarie Bcero /i MOJEBBIX METEOHAOIIOACHUS UCIONB3YIOT ncuxpomemp AccMaHa, KOTOPBII
MPEACTABISIET CO0OM JBE TPYOKHM C CYXUM U BIQXHBIM TEPMOMETPAMH, HO I OOJbIIEH
PENpPEe3eHTaTUBHOCTH, JJIsl UCKIIFOUEHUS CIy4yaeB 3acTOs BO3/yXa, uepe3 TpyOKH BEHTHIINPYETCs
BO3JlyX C TIIOCTOSSHHOW HeOoNbpIIOW cKopocThio. [lpu moseBblXx HAOMIOAEHUSIX BaKHO
ITOJIEPKUBATH IOCTOSTHHYIO PABHOMEPHYIO CKOPOCTh BEHTHJISALIMH.
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I'naga |1.3. TemnepaTypa no4Bbl U €€ 3HaYeHUeE 1JI51 PAaCTeHH

DTOT BONPOC Ype3BbIYAHO Ba)KEH B JIBYX aCIEKTaX: B aCIEKTE MPOpacTaHUsl CEMSH U B
aCIeKTe pOCTa U Pa3BUTHUS PACTEHUHN B BEr€TAllMOHHBIN IIEPUO.

TeMnepaTypa no4sbl B neproJbl IPOPACTAHNS CEMSH M POCTA PACTeHU I

Temneparypa MOYBbl OKa3bIBAeT CYIECTBEHHOE BIUSHUE HAa HayalbHOM IEPUOJE >KU3HU
pacTeHuii: B Iepuoj BCXOJIOB U KylleHus. Bo Bpems BCX0/10B MOYBa JI0JKHA ObITh JOCTaTOYHO
Iporpera, Mporpera 10 TaK Ha3bIBAEMBIX <KpUMUYECKUX» memnepamyp npopacmarnus (1o
W.B.PeBytry). Ecnu TemmepaTypa THOYBBI HIKE «KPUTHYECKON» CEeMEHA HE MpPOpACTaioT, a
IIPOCTO 3arHUBAOT B XOJOJIHOW mouBe. Ecnu Bellle — mpopactatoT ObicTpee. Tak, o3umas
IIIEHKIA TIpopacTaeT npu Temneparype moussl 5°C 3a 6 aueit, npu 10°C —3a 4 nus, a npu 15
20°C — Bcero 3a 1-2 nus. Iocnennuii auanasoH Temieparyp — OJHM30K K ONTHMYMY, TaK
HOBBIIEHKHE TeMIeparypbl 1mouBbl 10 35-40°C yKe NPUBOAUT K 3aMEIJIEHHUIO IIpolecca
MIpOpacTaHHUsl.

BnonHe moOHATHO, YTO JUIsl KaXKJOTO PACTEHUS €CTh CBOSI CJIOXHUBIIASICS HSBOJIIOLMOHHO
CKpUTHYECKas» TeMIlepaTypa W TeMIleparypa IMOsBICHUs Bcxoa0B. B Tabxn. 11.3.1 nmpuBeneHs
CKpUTHUYECKHE» TEMIIEPATypbl IPOPACTAHUS U MOSBICHUS BCXOA0B Ul Pa3IMUHbIX PAaCTEHUH.

Tabnuma 11.3.1.
«KpuTHUeCKHe» TeMIIepaTyphl IPOPACTAHUS CEMSH U TOSBJICHHS BCX0JI0B (110
A.M.1lyneruny, 1972)

Kynprypa IIpopacranue IlosiBnenue
CEMSH BCXOJIOB
Konormist, ropunnia, Kiesep, JIrolepHa 0-1 2-3
Poxp, nienuna, suMeHb, 03uMasi pOXKb, 1-2 2-3
ropoX, YeUCBHIIA, YAHA
Jlen, rpeunxa, JIONUH, HYT, CBEKJIa 3-4 6-7
[ToaconHeunuk, nepuiia, kKaprodenb 5-6 8- 10
Kykypy3a, npoco, cyaaHckas Tpasa, cosl 8- 10 10-11
dacosb, cOpro, KielieBuHa 10- 12 12- 13
XJOMYaTHUK, apaxuc, KYHXYT, PHUC 12-14 14- 15

AHaJIOrM4YHO, TeMIlepaTypa IIOYBbI OKa3blBaeT BIMSHHE W HA MPOJODKUTEIBHOCTh
Mexdasubix meprooB (Bropoi acrekt). [loHwkenuHsie Temmeparypsl moussl (Hwke 10°C)
3aMeJUISIOT HE TOJIBKO TOSBJICHHE BCXOJI0B, HO M YBEIIMYHUBAIOT JUIMHY BEreTAlHOHHOTO MEPUOIa
u ¢a3 pa3urus (tadim.ll.3.2).

Tabnuma 11.3.2
[Tpo10mKUTETBHOCTD MEXK(A3HBIX MEPHOJIOB (CYTKM) Y MIICHHUIIBI TP Pa3THYHBIX
temreparypax moussl (mo A.M.Ilyneruny, 1972)

Temnepary MexdazHble IEPUOIBI MIIECHUIIBI JnuHa
pamouBel  [loce Bexon 3-i Tpy6bka Komome Monouna Bereta
- BCXOJ bl JUCT - -HHE - A 1I.
bI -3 - Komomr  momouna cnenocts  Ilepuo
JUCT  TPYyOK e-Hue A - it}

a CIICJIIOCT BOCKOBaH
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b ue
15-20 5 13 10 20 17 13 78
12- 14 6 15 10 19 17 14 81
8- 10 9 20 14 20 22 21 106
6-7 11 23 14 20 32 24 124

W3 npuBeneHHoi TabaUIBI CIEyeT ABa OYEHb BaXKHBIX BHIBOJA!

1. VnanuHenue mnepuosa BereTauuud IpU CHIDKEHUH TEMIepaTypbl IOYBBI
MIPOMCXOJUT B MEpBbIE U MOCIEAHHE (a3bl pa3BUTHs. XOJOIHAS TeMIepaTypa MOUBbI
OKa3bIBaeT HEOJArONpHUITHOE BO3AECUCTBUE, U B CTa/IMU KOJIOIIEHHUS- MOJIOYHASI CIEJIOCH.
Ho, (4to oveHb BakHO!) JHUIIL MPU HAIMYUAU TPEIBIAYIIETO XOJIOJHOTO Mepruoaa. JTo
MIPUBOJIUT KO BTOPOMY BBIBOY.

2. HawuOouspliee BIMSIHUE OKa3bIBACT TEMIIEpaTypa MOYBBI B IEPHOJ OT TOCEBA 0
BbIXOJla B TpyOKy. Ecnu BblpamuBarh pacTeHuss 10 3TO (a3bl MpU ONTHUMAIBHOMN
temneparype (15- 20°C), a 3arem, mocie ¢assl BeIxoaa B TpyoKy, yxke npu 6- 7°C, To,
OKa3bIBaeTCs, JUIMHA BEreTAllMOHHOTO IepHoJia OCTaeTcsl IMOYTH 0e3 H3MEHEHUH.
CnenoBarenbHO, 0c000€ 3HAUEHUE OKa3bIBaeT TEMIIEpAaTypa MOYBbl UMEHHO B IIEpPBbIE
TPH CTaIUU Pa3BUTHSL.

Crnenyer OTMETHUTb, YTO TEMIIEpaTypa MOYBHI OKa3bIBAET BIMSIHHE U HA PE3YyIbTHPYIOIIYIO
npoaykuuwo. IIpuuem HeoqHo3HayHO. Ecnm ypoxkall penpoayKTUBHBIX OPTaHOB CHHXKAETCS, TO
oOmias Macca COJIOMbl U KOpHEH MOJKET YBEJIMYMBATHCA. JTO XOPOILO BUAHO M3 CIIEAYIOUIEH
taOnuie! (Tadmn.l1.3.3).

Tabnuma 11.3.3
Brnusinue Temmepatypbl OYBBI Ha CTPYKTYPY yposkas mineHuisl (o A.M.Iyneruny, 1972)

Temnepatypa Ywucno Yucno Ozepuennocts 3epHo Conoma KopHu
IIOYBEI KOJIOCKOB IIBETKOB (%)

B

KOJIOCKE
15- 20 14.3 47.8 22.6 42 47 11
12- 14 14.0 48.6 21.2 37 44 19
8- 10 13.8 319 12.1 32 47 21
6-7 11.7 21.9 12.1 25 45 30

W3 »sroii Tabnumpl ciedayeT, 4To TMOHKKEHHas TeMIepaTypa IOYBBl PE3KO CHUXKAeT
(dbopMupoBaHHE PEPOAYKTUBHBIX OPraHOB, HAPOTUB, CTUMYJIHPYS pa3BUTHE KOPHEN pacTEHUH.
[Ipuunna sToro Oyner moapoOHO oOcyxzaeHa B I'nmase ||l mpu o3HakomiieHHMH € TMIOTE3aMU
cootHomenus:  mober-kopenb  ([maBa  I11.5.  «Poctr, pasBute u  QopmupoBaHue
NPOJYKTUBHOCTH»). B 1enoM »e MOXHO CKa3aTh, YTO CHIDKCHHE TEMIIepaTypbl IOYBI
3aMeIIAeT TMOTJIOTUTEIBHYIO CIIOCOOHOCTh KOPHEH, B OCOOCHHOCTH OMO(DHMIIBHBIX AJIEMEHTOB,
Takux Kak gocdop. M, HeEcMOTpsI HA TO, YTO PACTEHHE IBITAETCA YBEIMUUTH NOTPEOICHUE ITUX
AJIEMEHTOB 3a CUET MPEANOYTUTEIBHOIO POCTa KOPHEH, pocTa Aa)ke B yIIepO poCTy U pa3BUTHUIO
IPYrUX OpPraHOB, BCE K€ PENpPOJYKTHBHBIE OPraHbl CTpajaroT 0oJjiee BCEro OT MOHMKEHHOU
TeMIIepaTypbl IOYBBI.

Onpeodenenue
OTtpunarenbHOE BIMSHUE MOHKECHHBIX TEMIICPATYpP MOYBHI CKa3bIBACTCS B
- YBEJIMYCHUH TIPOIODKATEITHHOCTH BEreTAIlMOHHOTO TIEPHO/Ia;
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- YBEIMYCHUH MPOJIOJDKUTEIILHOCTH TIEPBBIX TpeX (a3 pa3BUTHsA (OT MOCEBA 70 BBIXOJIA B
TpyOKy) B CPaBHEHUH C MOCICIYIOIUME (pa3aMu pa3BUTHS 36PHOBBIX;

- YBEJIMYEHUU OMOMacChl KOPHEH MPU CHUYKEHUH Macchl odera 1, B 0COOEHHOCTH,
pPENpPONYKTUBHBIX OPraHOB.

Kak BumHO W3 NpHUBENEHHBIX TaOMUI] (DPU3MOJOTUYECKH AKTHBHBIE TEMIIEPATYPHI ITOYBHI
TaKKe, KaK U BO3/1yXa, COCTABJIAIOT B cpeaHeM Benuuunbl >10°C. D10 mo3BONLET K MOYBEHHBIM
TEPMUYECKHM YCIIOBHUSM MPUMEHSTH TE YK€ MOKa3aTelH, KOTOPhIE MCIIOJIb3YIOT B METEOPOJIOTHHI
U KIMMAaTOJIOTUU. A HMEHHO, - CYMMY aKmuenwvlx memnepamyp nousvl. Kpome Toro, u
cienu(uvecKrue JUIsi TEMIIEPATYpPHOTO PEXUMa, - TEMIIEpaTypy Ha TIyOMHE pacipOCTpPaHECHUS
KOpHEBO# cucTeMbl (Kak mpaBuiio, Ha 20 M) U COOTHOIICHUS TEMIIEPATyp MPUIIOYBEHHOTO CJIOS
BO3/1yxa (MM MOBEPXHOCTH MOYBHI) U MOYBBI HA T1yonHe 20 cM.

CyMMa akTUBHBIX TEMIIEpAaTyp MOYBBI U3MEHSETCS B 3aBUCHMOCTH OT MPUPOJHON 30HEI. B
caMoM OO0IIeM CiTydae, CyMMbI aKTUBHBIX TEMIIEPATYp MOYBbI MeHbIIe Bo3ayxa Ha 200-300° na
CEBEpPE U PAaBHBI B FOXKHO-TACKHOM M JIECHOW 30HHBIX, 4 B CTENHOM 30HE CyMMa IOYBEHHBIX
aKTHUBHBIX TEMIIEPATyp BBIIIE AKTUBHBIX Temreparyp Bosayxa Ha Te ke 200-300°. Onnako
CIIEIyeT YYUTBIBATh, YTO 3TO OOmMe mosnoxeHus. Cienyer y4uThIBaTh U KOHTHHEHTAIBHOCTD
knumara. Hanpumep, B BocrouHoit CubOupu cymMMa akTHBHBIX TeMIepaTyp TOYBBI HIDKE, B
3amagHOM BBINIE, Y€M CyMMa AaKTHBHBIX Temreparyp Bo3ayxa. OKas3blBaeT BIHMSHUAE W THII
BOJHOTO pEXUMa II0YB, €€ TPAaHYJIOMETPUYECKUN COCTaB M JAPYrHe MOYBEHHBIC (PAKTOPEHI,
OTIPEICIISIFONIUE TEIIONPOBOIHOCTh U TEIUIOEMKOCTh T04BHI (cM. ['naBy |.4. «Temnodusnueckue
CBOWCTBA MOYBY).

3uMHMe TeMIepaTypbl NOYBbI

Ha temmeparypHble yCIOBHs MPOU3pacTaHUs PACTEHUH CYIIECTBEHHOE BIIMSHAE OKA3bIBAET
Temreparypa 3uMoil. CuMTaeTcsi, 4TO CHHKEHHE Temreparypsl nousel g0 -9 - -20°C
(kpuTHYecKkue 3MMHHE TeMmIeparypbl) Ha riyouHe 3-5 cM (ryOuHa pacmojioKeHHUs y3ia
KYLICHUSI OOJIBIIMHCTBA CEIIbCKOXO3SHCTBEHHBIX PACTCHUI) MPUBOJUT K HMX BBIMEP3aHHMIO.
['maBHOE 17151 OIICHKH 3UMHUX TEMIIEPATyp MOYBBI — 3TO Y4YET TEMIIEPATyphl BO3IyXa U BBICOTHI
CHE)KHOTO TOKpoBa. be3yclnoBHO, OXJIaKJIeHHE TOYBHI, BBIJICIICHHE €0 TeIlla B OKpYXKaroIee
MIPOCTPAHCTBO IMOJTYMHSETCS TEM K€ 3aKOHAM, YTO W HarpeBaHue Nousbl. [loaToMy, ecnu mousa
OCBOOOK/IEHa OT CHETa €€ OXJIaXJACHUE Oy/IeT 3aBHCETh OT TEIUIO(PHU3MUECKUX CBOWMCTB IMOYB C
YUETOM TPOUCXOAAIINX (Da30BbIX W3MEHEHHH BOIBI M BBIACICHUS TEIUIOTHI 3aMEp3aHHs TPH
npeBpaieHu Boabl B Jen. Ocoboe 3HaYeHHWE MMEET CHEXHBIN MOKPOB, €r0 XapaKTePHCTUKH,
OCHOBHOTO «OJIesUIa» MOYBHI M XPAHSAIIUXCS B HEH CEMSIH U 3UMYIOIINX PACTCHUH.

Bnusiaume cHera Ha TMOYBY, €€ TeMIleparypy H3y4al OJHHM H3 IIEPBBIX OCHOBATEIh
MeTeoposorndeckoit Hayku B Poccun A.M.BoeiikoB (cM. «K 6onpocy o..»). OH chopmyaupoBai
HECKOJIPKO TIOJIO)KCHUH, SBISFOIIUX BEIYIIMMH JUIS OLEHKH BIHMSHHS CHEXHOTO MOKpOBa Ha
TeMIepaTypy MOYBBl. DTH MOJIOKEHHS CIIETYIOIIHE:

1. CHer — TemIOU30JATOP, OH MPEAOXPAHIET MOYBY OT OXJAXKJIEHHUS. DTO MPABUIIO
JIEHCTBYET B TOM CJIy4ae, €CJIM TeMIIEpaTypa BO3yXa i HoBepxXHOCTH cHera meree 0°.

2. Ilpu temmepaType BO3ayXa BBIIIC HYJs BIUSHHE CHEra Ha TEMIIEPATypy MOYBHI
obOparHoe. CHer okasbIBaeT OXJIKIAMOIIee BIMSHUE M B MPOIECCE CHETOTAsHUS, KOTAa
gyepe3 MOYBY MPOHHUKAIOT XOJIOAHbIE (PUIBTPAIIMOHHBIE BOBI IIOCIIE CHETOTasTHHS.

3. B remnmoBom OamaHce «corpeBaromiee» JCHCTBHE CHETa IPEBOCXOJHT
«OXJIAXKAAOLIEE» €ro JIeHCTBHE.

4. CHer cHuXkaer aOCOJIOTHbIE MUHHMAJIbHbIE TEMIEpaTypbl MOYBBl U YMEHbILIAET
KoJieOaHus TeMmeparyp.

5. Uem prIxiiee CHET, TEM CHUJIBHEE €Tr0 TEIUIOU30JUPYIOIIEee IEHCTBHE.

@dusnueckoe OOBSICHEHHE TIEPBOTO TIOJOXKEHUS CBS3aHO C UYPE3BBIYAMHO HU3KOH
TEIUIOTIPOBOJJHOCThIO CHera. B  OOBIYHBIX YCIOBHSAX TMPH IUIOTHOCTH cHera okono 0.3
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TEIIONPOBOAHOCTE cHera cocrasister 0.0006 kan/cm ¢ °C . 3amerbTe! — TEIIONPOBOIHOCTD
BJIQJKHOM TIIMHUCTOM mouBbl jgocturaer BeiamunH okosio 0.003 xan/cm ¢ °C (cm. Tnasy 1.4,
«Temnopusnueckre CBONCTBA MOYBY), T.€. BbIIIC B 5 pas.

K sonpocy o...
BoeiikoB Anekcanap Meanopuu (1842— 1916)

B kaxnoili Hayke MOXHO BBIIETUTH €€ OCHOBATeNs, WIH YK BO BCSIKOM CiIydae, OCHOBOIOJIO)KHHKA
HAI[MOHAJIBLHOMN IIKOJIBI, HAYYHBIX Tpamuimid. JJi1 OTe4ecTBEHHON KIMMATOJOTHH — 3TO, 0€3yCIOBHO, AJICKCAHID
NBanoBuy Boeiikos. [locrynue B 1860 r. Ha ¢usmar IlerepOyprckoro yHHMBEpCUTETa, YK€ depes Tof, KOraa
YHUBEPCHUTET OBLIT 3aKPBHIT B CBSI3U CO CTYACHYECKHMMHU BOJIHEHUSIMH, OH yeXall yIUTbCsl B | epMaHuUIO, Te OydriI
creneHp aoktopa ¢umocopun B T'érrmHrenckom yHuBepcutere (1865), samutue aucceprarmioo «O mpsamoit
HMHCOJISAIUN B PAa3IMYHBIX MECTaX 3E€MHOH MOBEPXHOCTH». A BOT HaJbHEUIIHME €ro HCCICIAOBAaHMS CBS3aHBI C
Poccueii. Hanbosbiee 3HaueHHe UMEET KalmUTalbHbIN Tpya «KiuMarthl 3eMHOro mapa, B ocobennoct Poccuu». B
9TOM TPYJIe U B €ro MOCIEAYIONMX paboTax cKa3ajgach, BUAUMO, €ro TATra K MaTeMaTdke (He 3ps Belb MOCTYIAl
HAYMHAT YYUTHCS Ha QU3MKO-MaTeMaTHueckoM (akynbrere). OH BIEpBbIe IPH OMUCAHUUA MHOTHX KIAMATHIECKUX
U reorpapuyecKuX sSBJICHUNA TPUMEHUI OaJTaHCOBBIA METO/I, MBITAJICSI BCKPBITH (PU3NUECKYIO CYIIHOCTh IPUPOAHBIX
TpoLecCOB. MHOTro CHI M 9Hepruu BoeWkoB yzaenmsi HaydHOMY OOBSCHEHHIO SIBICHHH 3aCyXd, KaKk U MHOTHE
BEITUKHE POCCHHCKHE ECTECTBOUCIIBITATEIM TOW SMOXU (BCIIOMHHM BEJIMKOI'O OCHOBATENS ITOYBEHHOW HAYKH
Bacumus Bacunbeuua Jlokydaesa). A.J1.BoelikoB mucai o MpUYHHAX HEYPOXKasi, KOTOPBIe CBSI3aHbI HE XapaKTepOM
JOXK[Sl, @ C TEM, YTO «HA IOT€ BBINAJAET HE CTOJIBKO NOXs, CKOJIBKO OBUIO ObI HYXHO IPH TaKOM TEIUIOM JIETe>»
(«Bacyxa 1885 r»). OH paspabaThiBal KIMMATHYECKHE OCHOBBI MEIHOPAIMA 3€MENlb, METOIbI ITOBBIIICHHS
YPOXKaHHOCTH CEJIbCKOXO3SHCTBEHHBIX KYJIBTYp, Hay4HbIE OCHOBBI MX paloHMpoOBaHHs. Bo Bcex ydeOHUMKaX,
CIIOBapsAX IO METEOpPOJIOTMM M KIMMATOJNIOTMH MOXKHO HAaWTH IIMpOKOM3BECTHHIN 3akoH BoeiikoBa: «CyrouHas
aMIUTUTYa TEMIIEpaTyphl B SICHbIC JHHU OyAeT 3HauuTelbHEee B JIOJNMHAX, YEM HAa COCEIHMX XOJIMAax M CKIOHAX».
DTOT 3aKOH HEPEJKO UCIIOIb3yeTcsl B Oosiee 00IIeM BUjie — CyTOYHAs AMHAMUKA TEMIEPaTyphl B BOTHYTHIX (hopMax
penbeda Oornple, YeM Ha BBIMYKIBIX. [l arpoM3uKU 3TOT 3aKOH YpE3BBHIYAHHO Ba)KeH, TaK KakK OIpeAesseT
0COOCHHOCTH TIepepaclpeieiCHUs Tella B pa3IM4yHbIX 3j1eMeHTax penbeda. Mmsa A. . BoeiikoBa Hocut ['nmaBHas
reouzndeckas odocepBaropus Poccun.

Tarxoke BIIOJIHE TOHSATHBI W (U3NYECKHE 3aKOHOMEPHOCTH, JISKAIlHe B OCHOBE IMSTOTO
MOJIOKEHHsI. B MeTeoposoruu mpuHATO, YTO TUIOTHOCTH CHETa - BEJIMYMHA Oe3pa3MepHasi, OHa
M3MepsieTcsl KaKk OTHOIEHHEe 00beMa BOJBI, MOJyYCHHON W3 CHEra, K B3sTOMY OOBbEMYy CHera
(XOTsi B STOM CIlydae, TP IUIOTHOCTH BOIBI ONM3KOH K 1 T/cM® , BIOJHE NPUMEHHMA H
TpaJHIHOHHAs PU3MUECKas PasMepHOCTh IIOTHOCTH — r/em’). Hampumep, ecim B3sito 100 em®
CHera W W3 Hero yaanock BeTomutb 10 cM® BOJBI, TO IUIOTHOCTH cHera pasHa 0.1. ITnoTHOCTB
CHEXKHOTO IMOKPOBa KoJiebsieTcss B mupokux npenenax - ot 0.04 go 0.7. Dra miIoTHOCTh 3aBUCUT
OT YCJIIOBUH BBINMAJCHHUS CHETa. OH OYAET phIXjee B CIy4ae BBIMAJICHHS MPH OTPUIATEIHHBIX
TemMIepaTypax Bo3ayxa. [lOBBIIICHHBIE TeMIlepaTypbl BO BpeMs CHETonaaa MPHUBOIAT K
VIUIOTHEHUIO CHEXHOTO IMOKPOBA. A TPU NMPONUTAHHOM BOJOW WIIM OOJIEIEHEIIOM CHETE €ro
TEIUION30JIUpYIolee JeiicTBUe BecbMa Maio. llpeanoskeHa KBaapaTHYHAsh 3aBUCHMOCTD
TEIUIOTPOBOJHOCTH OT IUIOTHOCTH CHeTa!

| =0.0067r

sn?

rae | - ymemsHast teruronpoBoqHOCTE, Kan/cMm ¢ °C, psy — INIOTHOCTH CHera, [Oe3pa3MepHast
BEJINYMHA)].

B oTHomeHuH TpeThero MOJIOKEHHsI CleayeT HMMETb B BHAY HE TOJBKO HHU3KYIO
TEIUIONPOBOJHOCTh CHEra, HO U €ro BBICOKYIO OTpa)kaTelbHYI0 CIOCOOHOCTh. MMeHHO
Onarosapsi BBICOKOH OTpa)kaTeJIbHOM CIIOCOOHOCTH CHEra, OH JI0JIFO€ BPEMS OCTAETCS PBIXJIBIM,
a, CIeI0BATEIbHO, U XOPOLIUM TEPMOHU30JIATOPOM.

VYuutbiBas TEPMOM3OJUPYIOIIME CBOMCTBA CHEXHOIO IOKpPOBA, MPEIJIOKEH  psij
K03 (UIMEHTOB, XapaKTePU3YIOIINX TEMIIEPATypPHBIM peKUM B 3UMHHUX YCIOBUSIX.

1. CuexHo-TemneparypHsblil ko3dduunent Puxrepa:
K= ﬂ’
h
rae T — cpeaHsis Temmeparypa Bo3ayxa, N — cpeHssi BhICOTa CHEXXHOTO TIOKpOBa 3a
MEPHUO/] CO CHEXKHBIM IMIOKPOBOM BbIIIE 1 CM.
2. Tloxkazarens cypoBoctH 3uMbI 10 A.M.I1lyneruny
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K:i’
C

rac TM — CpCaHAdsa U3 a0COJIFOTHBIX MHWHHUMYMOB TEMIICpaTypa BO3ayXa 3a MCCIAIl U B

cpenHeM 3a 3uMHue MecsIbl, C —BbICOTa CHEXKHOI'O IOKPOBA.

Kak BuaHO 13 npuBeneHHbIX GopMya K03PPUIIHMEHTOB, OTPAKAOIIMNX YCIOBUSI NEPE3UMOBKHI
pacTeHuii, o0a OHM BKJIIOYAIOT TEMIEPAaTypy BO3/yXa, HOPMUPOBAHHYIO BBICOTOM CHEXHOTO
nokpoa. Oanako ecnu korpunueHT Puxrtepa xapakrepusyeT B CpeJHEM 3UMHHUE YCIOBUS, TO
ko3¢ ¢unment lynpruHa UMEHHO CypOBOCTb 3UMbI: B HEM YYUTBIBAIOTCSI MUHUMAJIbHbIE, a HE
CpO4YHBIE (T.€. oTpe/essieMble B ONIPEICIICHHBIE CPOKH) 3HaYEeHHS TeMueparyp. B irobom ciyudae,
KOMOHMHAIMK TeMIIepaTypbl BO3JyXa 3MMOW M BBICOTHI CHEXHOIO MOKPOBa JOBOJBHO YETKO
XapaKTEepPU3YIOT YCIOBUSI CYpOBOCTH 3UMHETO IEPHO/IA.

Ilepe3umoBka pacTeHuit

Jlpyroe siBjieHH€, CBA3aHHOE C IEPE3UMOBKOI paCTEHUI —3TO SIBJICHUE 8bINPEGAHUS NOCEBOS.

B cBs3u ¢ ocoOeHHOCTAMU (OPMUPOBAHUS CHEXHOTO MOKPOBA, 3MMHUMM TeMIIEpaTypaMmH,
o0Opa3oBaHUEM JICNITHBIX KOPOK M 3aTOILICHHEM BO BpeMsl OTTEIENed MPOMCXOIUT YacTUYHAsS
ru0enb pacTeHUH, H3PEKEHHOCTh ITOCEBOB - UX BhIpeBanue. OOBIYHO cumTaroT, uyTo ecinu 10%
MIOCEBOB HM3PEKECHA BCIICACTBUE HEONArONMpPUATHBIX 3WMHHUX YCIOBUH — 93TO HeOoJbIIas
n3pexeHHoctsb, oT 10 1o 30% - 3nauntenbHOi. A oT 30 10 50% - Gosbioi. [1pu BeIaACHUH
6ostee 50% 1MOCEBOB — 3TO XO3AHUCTBEHHAS! THOEIH IOCEBOB.

COOTBETCTBEHHO BEIIMYMHE CHEKHOTO IOKPOBAa M CpPEAHEH MUHUMAIBHOW TEMIIepaTyphl
MOYBBI OIICHUBAIOTCS M YCJOBHUS NMEpe3UMOBKU B Oatax ot 1 (oueHb mioxas) mo 5 (o4eHb
xopoinasi). B 3ToM citydae yuuThIBatOTCS YCIOBHS BBINPEBAHMS 03UMBIX, KaK HanboJiee onacHbIe
B 3UMHHUHA TEpUOJ. DTH OIICHOYHBIC TpajJallid W TMPOTHO3HBIC 3HAYCHUS H3PEKECHHOCTH H
KOJIMYecTBa CcTeOJIei BECHOH TOCe Mepe3nMOBKH TIpeicTaBIeHbI B Tadmuie |1.3.4.

Tabmuma 11.3.4.
OreHKa yCIOBHIA IEPE3UMOBKH 03UMBIX KYJIBTYP 0T CHEXHBIM TTOKpoBOM Oosiee 30cM
bamnel  Ouenka ycnoBuii ~ Hucno Cpennsis M3pexenn KonuuecTBo
nepe3uMOBKa JeKag CO  MHHHMaJIbH OCTh cTebei
CHSXHBIM  as nmoceBoB  BecHoit (%0
MIOKPOBOM  TEMIIEpaTyp BECHOM OT UX
>30 cm amnous (°C) (%) KOJINYECTBA
OCEHBIO)
1 Ouens mioxas 15 0+-1 50 40
2 Ilnoxas 11-14 2+-4 30-50 40-60
3  YiaoBieTBOpUTEIHH 6-10 -5+-6 10-30 50-110
ast
4  Xopormas 1-5 -7+ -8 5-10 110-130
5  Ouens xopormas 0 -9+ -10 0-5 130

3aMeTuM, 4TO JUIsl XapaKTEPUCTUKHU BBIIPEBAHMsS PACTEHUN OCOOEHHO Ba)KHBI HE TOJIBKO
TOJIIIIMHA CHEXHOIO MOKPOBA, HO M HAJIMYKME OTPULIATEIBLHOM TEMIIEPATypbl B MOBEPXHOCTHBIX
CJIOSIX ITOYBBI, KOTOpas TapaHTUPYET OTCYTCTBHE NEPHOJOB OTTAUBAHHWS, NEPEYBIAKHEHUS
BEPXHETO CJOSI M, COOTBETCTBEHHO, BBIIPEBAaHUSA O3MMBIX KyJabTyp. BmosiHe NOHATHO, 4TO
BbIMEp3aHHE IIOCEBOB U MX BBIIPEBaHHE — JBE HEOJIArONpHsTHBIE <«KPAHHOCTU» 3UMHEIO
TEMIIEPATYPHOTO PEXUMA. IPHU BBIMEP3aHUM ONACHBI HU3KHE TEMIIEPATypbl B INOBEPXHOCTHBIX
CJIOSIX TIOYBBI, a IIPU BBIIIPEBAHUM — HAIIPOTUB, BBICOKME TEMIIEPATYPHI IIPU HAJTUYUU CHEKHOIO
ITIOKPOBA, KOTOPBIH, IOATANBAsI, COXPAHUT MEPEYBIIAKHEHNE BEPXHETO CIIOS.
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Onpeodenenue

[Ipomep3anue TOYBBI HWKEe Kputhueckux temmeparyp (-9 + -15°C) Ha rmiyGune
pacnoyioxenust y3ia KymieHus (3-5 cM) BeleT K UX CHJIbHBIM HMOBPEXKICHHUAM WM JTaKe rHOen
pacTeHHMii — K BbIMEP3aHUIO. YCIOBUS MPOMEP3aHUS XapaKTEPU3YIOTCS OTHOIICHUSMHU
TEMIIEPaTyphbl BO3ayXa (CPeIHECPOUHBIMU MM MHUHUMAIBHBIMH) K BBICOTE CHEXKHOTO MOKPOBA:
YeM BBIIIE BEJIMYMHA 3TOTO MOKA3aTeNsl, TeM OOJIbIlIe BEPOSITHOCTD BEIMEP3aHHS.

BbinpeBaHue — M3PEKEHHOCTH IOCEBA BCIEICTBHE 3UMHETO IOBBIIICHUS TEMIIEPATYPHI,
MEPUO/IOB  MOBEPXHOCTHOTO  3aTOIUICHUS. YCIIOBHS ~ BBHINPEBAHHS  CKJIAIBIBAIOTCS  IPH
temreparypax omu3kux K O u BeicokuM (>30 cM) CHEXKHBIM TOKPOBOM.

KﬂaCCI/Iq)I/IKaIII/IH TENJI0OBbIX yCJIOBI/Iﬁ IMO4YBbI

VYkazaHHblE [IOKa3aTeld TEIUIOBOTO peXuMa I[IoYB, - TeMmIeparypa Ha INIyOuHe
pacnpocTpaHeHHs KOPHEBOW cucTeMbl (kak mpaBuiio, Ha 20 CM) M COOTHOIICHHE TEMIIepaTyp
NPUIOYBEHHOTO CJIOS BO3ayxa (WM TMMOBEPXHOCTHM TOYBBI) M MOuYBbI Ha riyomHe 20 cwm,
MIO3BOJIMJIN KJIacCU(PUIIMPOBATH TEIJIOBbIE IOYBEHHBIE YCIOBUSI.

OpHy U3 NepBBIX HAy4yHBIX KiacCU(UKAUUNA TEIJIOBOTO pEXUMa IOYB IPEIIOKHUI
A.W.BoeiikoB. OH BbIAEIWI TPU THIA TEPMHUUYECKOTO PEXUMa B COOTBETCTBUHU C IpOliecCaMu
OXJIQXK/ICHHS M HATPEBAHMUS, T.€. B CBSI3U C COOTHOLIEHUEM TEMIIEPATYP BO3yXa U IOYBBI:

1. Twun HarpeBaHMsI UJIM COJTHEUHBIH.
2. Tun oXJaXACHUS WM JTy4eHCITyCKaHHUS.
3. Tum paBHOMEPHOTO pacrpeeIeHus Tera.

BHOCJ’ICZ[CTBI/II/I, HCIIOJIB3YA NPUHIHII COOTHOLICHHA TEMIICpATyp IPU3CMHOI0 BO3JyXa H II0OYBHI,
MPEUIOKEH «TEPMUUYECKUH MoKa3aTenb», H,

B & T >10°noussi
a T >10°6030yxa '

@Ou3nYecKuil CMBICT TMPEUIOKEHHOTO TEPMHUYECKOTO TIOKa3aTessi COCTOUT B TOM, YTO OH
YKa3bIBaeT HAIIPABIICHHUE IIOTOKOB TEIlIa B CUCTEME [M0YBA — MPU3EMHBIN coW Bo3ayxa. Eciu H
Oyznet 6ombiie 1, To moyBa OyJeT BBIAENATH TEIJIO, @ €CJIM MEHbIIIE — OHa OYyAET MPOrpeBaThCs.
Ha 5T0i1 0OCHOBE 1 OBUIO BBIJICIICHO TP THIIA TETIOBBIX PEKMMOB, AaHATOTUYHBIX MPEATI0KEHHBIX
A.N.BoelkoBbIM:

TUT W3MydeHus, H>>1;

THUII HEYCTONYMBOIO paBHOBecus, H~1,;

TUn uaconsnun, H<1.

[Moxrtumer  OBUTO  TPEVIOKEHO  BBACHATH MO  TPU3HAKY  KOHTHHEHTAJIHHOCTH.
KOHTHHEHTATFHOCTh XapaKTEePHU30Bajach pa3HOCTHIO TEMIIEPaTyp B KOHTPACTHBIE CE30HBI
(3uma—ero) Ha riayoune 20 cMm. Beienstor Tpu noarumna:

YMepEHHEIH, Korzia pasHocTs Temmepatyp Ha 20 cM cocraBisier 15-20°C;

KOHTHHEHTAJIbHBII Ce30HHas aMIunTyaa Temmeparyp 20—25°C;

PE3KO KOHTHHEHTATHHBIN: 25-30°C.

BriosiHe TOHSATHO, 4YTO mpHBelneHHas Kiaccuukanus — BecbMa oOmmias, aus OOJBIINX
tepputopuii. OHa UMeeT, MPeXkJIe BCETo, TEHETHUECKYIO HAIPABICHHOCTb, KaK U KITaCCHU(pHKAIIHS
BOJHBIX PEKHMOB TIOYB.

bonee mnogpobHas M XOpomlo 3amoMuHAromiasicss Kiaccudukaus Obula MpeuiokKeHa
AM.IlyneruneiM (1972), xoTOpBIi B OCHOBY TIOJIOXKKIJI CPEIHIO TEMIEparypy MOYBbI Ha
riryoure 20cM 3a TerIbli mepuoa roja. Torna yaaercst BBIISTUT MATh THIIOB PEKUMOB:

1. XomoxmHslii - cpenaue Temreparypsl Ha TiyonHe 20 cM HaxOIsTCs B JUara3oHe
ot 0 o 5°C.

2. Vmepenno Temisiii - ot 50 10°C.

3. Temusiii - ot 10 no 15°.
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4. BecbMma Temblii - ot 15-20°C
5. Kapxwii - ceeime 20°C.

IIporuo3s reMnepaTypbl HO4BbI

Koneuno, arpo¢u3ukam Ba)KHO 3HaTh HACTYIUICHUE «KPUTUYECKUX» TEMIIEPATyp U CyMMBbI
aKTUBHBIX TEMIIEpaTyp MOYBBI AJI TOTO, YTOOBl aHAIM3UPOBATH U YIPABIIATH MPOIYKIIMOHHBIM
npoueccoM. [ToaTomy upe3BpIuaiiHO 3HaUEHUE UMEET IIPe/ICKa3aHue TeEMIIEPaTyphl OYBBI.

Pecpeccuonnas mooens.OnaHa M3 NEpPBBIX MOMBITOK TaKOro pojia IPOTrHO3a CBsi3aHa C
HAaxO0’KJICHHEM COOTHOIIEHHUS TeMIIepaTyphl BO3J1yXa M NOuYBbl. B nenom mia EBpomnenckoit
Tepputopur Poccuu TemmepaTypa MOYBBI BBIINIE, YeEM TeMIIEpaTypa Bo3ayxa Ha 1°, XOTs Ha
CEBEPO-BOCTOKE 5Ta pasHuma gocruraer 3-3.5°. OmHako 3TOT MOAXOH SBISETCS OOIIUM.
JleiicTBUTENBHO, TEMIIEpaTypa MOYBbI SABJISETCS PE3YIbTATOM HE TOJIKO MPOrPEBAHUS BO3/yXa
HAJl €€ MOBEPXHOCTHIO, HO U BIIAYKHOCTH TOYBBI, XapaKTEPUCTHK €€ MOBEPXHOCTH (IPEXK/IC BCEro
ee 1I[BeTa, OT KOTOPOrO 3aBHCUT alib0€I0), TPAHYIOMETPHUYECKOTO cocTaBa. [loaTomy
COOTHOIIEHUSI TEMIIEpATyp MOYBa-BO3JyX SIBJISETCS HEYCTOMUYMBBIM, CYLIECTBEHHO 3aBHUCSILIUM
OT KJIMMATUYECKOM 30HbI, OT KOHTMHEHTAIBHOCTH KJIMMaTa, YKa3aHHbIX 0COOEHHOCTEW MOYB U
MHOTHUX JIpyruX (akTopoB. DTOT METO/ MIPEICKAa3aHMsl 1aeT JIUIIb OPUEHTUPOBOYHBIE IIPOTHO3HI.

Jis  ¢usmdeckn OOOCHOBAaHHBIX pacyeTOB TEMIIEpaTyphl IOYBBI IO €€ CJOSAM, T.€.
TEMIIEPaTYpHOIO peXUMa IIOYB, MCIOJb3YyeTCs OCHOBHOE YpaBHEHHME TeEIUIOIEpeHoca.
Hamomuum (cm. T'nmaBy 1.4), 4to ocHosnoe ypaenenue menionepenoca — YpaBHEHHE,
CBS3BIBAIOIIME HM3MEHEHUS TeMIepaTypbl BO BPEMEHM C HW3MEHEHHEM TeMIepaTypbl IO
paccrosHuo. Jljig TMHAMHUKHY TeMIIepaTypbl 3TO ypaBHEHUE UMEET BU/T

T 1°T
W = Xﬂ—z - OCHOBHOE YpaBHCHHE TEIUIONEPEHOCA, CBA3BIBAIONICC HW3MCHEHHE

VA
temrnepatypbl mouBsl (T ) Bo Bpemenu (flt) ¢ u3MeHeHHUEM TeMIepaTyphl MO PACCTOSHHUIO B
HamnpaBjICHUU rpajaveHta (B MPHUBEICHHOM HamucaHud, - 1o Beprtukamu (Yz)) depes

K03 UIMEHT TeMITepaTyponpoBoaHOCTH, K , (cMm).

DTO OCHOBHOEC YpPaBHCHHE HWCIIOJB3YETCA M I IOJYIMIUPUYCCKUX (MMHUTAIIMOHHBIX)
MOJIENIeH TIepeHoca Terla, U I aHAIMTUYeCKUX Mojieeil. PaccMotpum o0a 3Tu Trmna Mozenei
JUTSI CITydasi IPOTHO3a TEIIOBOTO PEKUMa TOYB.

HUmumayuonnas (¢usuuecku obocnosannas) modens. IIpeAnonoxuM, 4to B HavaIbHBINA
MOMEHT BpeMeHH (j-i1) Mbl UIMEEM paclpe/IeiiCHUe TeMIIePaTypbl B TPEX CIOSAX MOYBBI (CM. TaOJI.

11.3.5)

Tab6m. 11.3.5
[MosicHeHne K cxeme pacyera TemIiepaTypsl i-oro ciosi B (j+1)—blii MOMEHT BpeMEHH IO
pacrpeienieH|io TemMreparypsl B ciiosix (i-1), i, (i+1) B mpensiayiuii j-blii MOMEHT BpEMEHH

j j+1
Bpewms (j)
Cou (i)
-1 T
i T! Tpebyercst
y3Hatp T1"?
+1 T,
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HeoOxoauMo y3HaTh TeMmmeparypy mouBbl B (j+1)-if MOMEHT BpEeMEHH, HCXOAS W3
pacrmpezielieHusl TeMIeparypbl Mo ciossM B (j)-i MOMEHT BPEMEHH, €CJIM PACCTOSHHE MEXIY
ciosiMu paBHO Dz

NMuTanmoHHass Mojeib, KOTOpas pacCUUTHIBAET IO OYEHb MAJEHBKUM IPOMEXKYTKaM
TEMIIEpaTypy B CIEAYIOIIUNA MOMEHT BPEMEHHU [0 TeMIIepaType B HACTOSLIUI MOMEHT H C
UCIIOJIb30BAHUEM TeIUIOPU3NYEeCKUX (YHKIUI HAa OCHOBE JIMHEHWHBIX (MM HMHOTO THIIA)

1°T

y T y
YIPOIIEHHH, UCOJIb3yET OCHOBHOE YpaBHEHUE TEILIONEepeHoca: W =k Xﬂ—z Ecnu mepetitu k
VA

KOHCYHBIM PAa3HOCTSAM U YYHUTHIBATH 0003HaYEHME CI0EB U BPEMCHH, MOKHO 3aIlluCaThb

Tij+1' Tij =k V(Ti-jl' Tij)' (le - -I-I‘{'l) =k y-ri.jl- 2Tij +Tierl
Dt (Dz)? (D2)®

HNJINn

=+ D o)

(Dz)°

Bor 23T0 ypaBHEHHME MOXKET CIYXWUTh OCHOBOM JUId pacyeTa MCKOMOM BEJIMYUHBI
TEeMIepaTypbl B i-OM clloe B CieAyiomuid MoMeHT BpemeHu (j+1) mo Temmeparype B CIIOSX
noubl (i-1), i u (i+1)HO B HaHHBIH, |-if, MOMEHT BPEMEHH. A 3TO M €CTh IPOTHO3UPOBAHUE
TeMmrneparypbl nouBbl. Hajo TOJIBKO 3HATH paclpeneseHue TeMIlepaTypbl B JTAHHBIA MOMEHT
(HauaypHOE pacmpesieieHHe TeMIepaTypbl MOYBHI), Teluopu3ndeckue GyHKIHH (B JTaHHOM
cllydae — TeMIIEpaTyPOIPOBOJIHOCTh k), a TAKXKE 3HATh KOJMYECTBO MOCTYIMAIONICH SHEPIHH B
BEPXHHUH CIIOW U €€ KOJIMYECTBO, UCXOJSIIEe U3 HIDKHEro (3TO yCIOBHUS HA HIDKHEH T'paHHUIIE).
OTO MO3BOJISIET MOJENMPOBATH TeMIlepaTypHblii pexkuMm nouBbl. Ha OBM ¢ nomomisio
CHElHaIbHBIX IPOrpaMM 3TO TPaJUIMOHHAs 3a1ava arpodusuku. [loguepkHeM: HaJO TOJBKO
3HaTh YCJIOBHs Ha BEPXHEW M HIDKHEH I'paHMIAX, HAYAJIbHOE, B JAHHBI MOMEHT IOCIONHOE
pacnpezieieHue TeMmIepaTypbl W Terulo(u3nueckux QYHKIMM, npexjae Bcero k. VmeHHO
(GYHKIMIO TEMIIEPTAaTypOIPOBOJIHOCTH, TaK KaK OHA, kX, KaK Mbl 3Ha€M, 3aBHCHUT OT BJIAXKHOCTH:
k = f(W).

WNnorpa, B mpoJoDKeHHWE pEelIeHHs] yKa3aHHOW HMMUTAlMOHHOM MOJENU JAENarT eule u

l;z)tz @0.5. Torma

clenymollee yrpouaromee pomnymenue. Ilpeanonoxum, 4ro BelUyuHA

BBIIIETIPUBEIEHHOE YPaBHEHHE OYJIET BHITIISIETh
TM=T)+05T) - 2T)+T)) wm T’ =05T' +T!)). Takum o6paszom, ucxons u3

I
TOCJIEIHETO ypaBHEHHs, MCKoMas Bennuuna T.*!, T.e. TeMmmeparypa i-oro cjios B ciemyiomuii

MOMEHT BpEMEHH, MOKET ObITh pacCuMTaHa U3 TEMIIEPATYPhI BbIIIE- U HUXKEJIEKAIIETO CIOEB B
JaHHBIN, J-bIi MOMEHT BpeMeHH. TakuMm 00pa3oM, Mbl MOXET MpeACKa3aTh TEMIIEPaTypy B
HEKOTOPOM CJIO€ IMOYBBI B OyIyleM, UCXOJs U3 pacHpelesIeHUs TEeMIIepaTypbl B HACTOSILUN
MOMEHT. JTO U €CTh <aIpeJCcKa3aTeIbHas CUJIa» OCHOBHOI'O YPaBHEHHS TEIJIONEPEHOCA, KOTOPast
HCIIOJIb3YETCS] B UMUTALIMOHHBIX MOJIEIISIX.

B 6 k ><i 5
IIpOYEM, HE ClIeyeT 3a0bIBaTh, YTO MBI BHEC/IM YIIPOIAIOIIEE TOIYIIEHUE (Dz > @0.5.

)

U ecnu MCXOAUTH U3 XapaKTEPHBIX BEIHMYUH TEMIEPATYPOIIPOBOJHOCTHU ISl CYTJIMHUCTBIX MOYB
(mogpobuee o Hux, HamomHuM, B ['nmaBe 1.4), maxomsammxcs B auanaszone 480-490 CM2/cyT,
pacuet Bectu i 10-cM cioeB u nmpomexyTok Bpemenu npuHsath 0.1 cyrkam (144 MuH), TO MbI

Dt
KaK pa3 M TMOJY4YUM BEIHMUYMHY —— , Omm3kyro k 0.5. YkazaHHoe ypaBHEHHE OKa3bIBaeTCS
(Dz)°

CIIpaBCAJIUBBIM JIA OIPCACIICHHOI0 IIPOMCKYTKAa BPEMCHH, PACCTOAHUA II0 BCPTHUKAIN H
S3HAYCHHUA TEMIICPATYPOIIPOBOAHOCTH. C ero IMOMOIIBKO MOKHO IIPOTHO3UPOBATH HU3MCHCHUC
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TEMIIEPATYpPhl B IOYBEHHBIX CIOSAX, UCXOS U3 PACHPEIEICHUS B HACTOSIIUI MOMEHT, YUUTHIBAs
BBEJCHHOE BBIIIE YIPOUIAKOUIEE TONYNIEHUEe M TO, YTO B CJIIOM HE IOCTYNAET, U U3 HUX HE
noTpedIiseTcs JOMOJHUTENBHOIO KOJIMYecTBa Tema. B Oosiee CIOXKHBIX MOJENAX YUUTHIBAETCS
U MOCTYNAKoNas Ha BEPXHEH IpaHULE M UCXOJAINAs C HUKHEW T'PAaHULBI ITIOYBBI DHEPIHUs, T.C.
YCJIOBHUS Ha BEPXHEW M HUKHEW IPaHUIIAX PACUYETHOW MOYBEHHOW TOJIIIH, & TAKKE 3aBUCHMOCTh
TEMIIEPaTypOIIPOBOJHOCTH OT BIAKHOCTH U €€ U3MEHEHHE 10 IOYBEHHOMY MpOouUIIio.

Ananumuyeckas moodens. B arpodusuke HepeIKo MOJIb3YIOTCS U aHATUTHYECKUMH MOJIEIISIMU
JUISL IPEJICKA3aHNs TEMIIEPATYPhI 1O CJIOAM MOYBBI. [loq4epKHEM, 4TO aHATUTUYECKUE MOJEIIH,
T.€. MOJIEJIM, UCIIOJb3YIOLUE aHAIMTUUYECKUE pellleHus: 0e3 NMPUMEHEHHs crioco0a YMCIEHHBIX
yrpolieHuit (kak B ciydae MMHTAI[MOHHBIX MOJIEJNICiT), OrOBapUBAIOT YCIOBHE MOCTYILICHUE
SHEPruu Ha BEpXHEW I'paHulle B BUAEC KOHKpeTHOU (hopmyibl. be3 aToit (opMyinbl HEBO3MOXKHO
aHaJIMTUYecKoe pemeHue. Takoro ponaa ¢opmyna MOXeT ObITh OMuM3Ka U K HEKOTOPHIM
MIPUPOJIHBIM YCIOBUSIM, U UCKYCCTBEHHBIM YCJIOBHUSAM B Terumduax. [Ipumepom Takoit Gpopmyibl
Ha BEPXHEH I'PAHMIIE SABIIACTCA JNMHAMMKA TEMIIEPATYPbl HA MOBEPXHOCTHU IMOYBBI, BBIPAKECHHAS
CUHYCOMJIaJIbHBIM 3aKOHOM. B 3TOM ciydae ymaercs paccunmTarb JAWHAMHUKY TEMIIEpaTypy Ha
riyOuHEe Z , HO TaKXXe ¢ MCIOJIb30BaHUEM JaHHBIX O KO3((ULIMEHTE TEMIIEPaTypOIpOBOJHOCTH
Y HEKOTOPBIX JPYTUX MapaMeTpax.

Hanpumep, Ha puc.ll.3.1 npeacraBiena cuayconaaibHas JMHAMHAKA TEMIICPATyphl IIOYBBI HA
IIOBEPXHOCTH, XapaKTepU3yeMasi Hee CpEIHUM 3HadeHueM, 1., aMInIuTyao0u Ao.

Bpemsi
CYTOK

cn

Puc.l1.3.1. CunycouanbHOoe M3MEHEHHE TEMIIEpaTyphl Ha MOBepXHOCTH mouBbl (Z=0) u Ha
HEKOTOpOil riryOuHe Z

Torma u3meHeHne Temmeparypbl Ha moBepxHocTH Bo Bpemenu T(0,t), Oymer ciemyrouium
00pa3oM 3aBUCETh OT CPEHEH TeMIepaTyphl, aMILTUTYIbI (4o) B 9acTOThI (W):

TO) =T, +Asnwt.

Ha riyOune Z muraMuka Temriepatypsl OyAeT OTIMYaThCs OT TEMIIEpaTyphl Ha TIOBEPXHOCTH
JIMIIb aMIUTUTYI0N (AZ) Y HEKOTOPBIM CIIBUTOM 110 (aze, f (Z):

T(zt)=T, + Asin[wt +f (2)] .

Ecmu B 3T0 ypaBHeHHE AMHAMUKHU TEMIIEPaTyphl Ha TTyOMHE Z BBECTH OCHOBHOE YpaBHEHHUE

T 1°T
TEIUIOTIepeHoca (W =k Xﬂ—z), TO MOYKHO TIOJIYYUTH CIIEAYIOIIEE BEIPAKCHUE TSI TTHAMUKH
z

TeMIIepaTyphl Ha TIIyOUHE Z

T(z1) Tcp+,%gsmg3vt dEuue ,
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2k
rac d=,/—. U3 sroro YpaBHCHHA CTAHOBUTCA OYCBUIHBIM, 4YTO Ha JIFO00M FJ'IY6I/IH€
W

AMIIIMNTYyaa TCMIICPATYpPhI Az MCHBIIC aMIIJIMTYAbl TEMIICPATYPbl HAa IMMOBCPXHOCTU IMOYBBI A) B

o y4
(e%’) pa3, a Takxe HaOJIoAaeTcs CIBUI TEIUIOBOM BOJIHBI Ha BEJIMYUHY (H) Takum ob6pazom,

MOSIBJISIETCSI BO3MOKHOCTh PacCUUTaTh AMHAMHUKY TEMIIEpaTypbl Ha JIt000i riyOuHe 1o cpenHei
TeMIlepaType M  aMmIUIMTyJe  TeMIepaTypbl Ha  IOBEPXHOCTH  TOYBBI U IO
TEMIIEPaTypOIIPOBOJHOCTHU TOYBHI.

OTMeTHM, YTO pacCuuTaTh MOKHO aHAJIMTUYECKH, T.€. B JIFOOOH MOMEHT BpEMEHH, a HE KaK B
BBIIICTIPUBEJICHHOM CIy4ae C MMUTAIMOHHON MOJIENIbIO, KOT/la CYUTATh ObLIO HEOOXOJUMO 1O
OT/EJbHBIM MPOMEKYTKAM BPEMEHH, Jia €Ille BCe BpeMs ycpenHss (MHTEpIOJUPYs) 3HAUCHHS
TEMIIEPaTYpOIIPOBOJHOCTH IO CJIOSM. OTO MPEUMYILECTBAa aHaIUTHUecKux wmoaeneil. Ho
CJIETyeT OTMETUTD €I1€ pa3 yCIOBUS, B KOTOPbIX OHU PUMEHUMBL:

1. Ha BepxHeii rpaHuile IMOYBBI 3aJaHO ypaBHeHHE (B JaHHOM Clyd4ae,
CHHYCOMJAJIbHOE) TMHAMHUKH TeMIepatypbl. BooOiiie-To B MpHpo/ie YCIOBUS HA BEpXHEH
IrpaHULE peAKO OBbIBAIOT YETKO ONMCHIBAEMBIMH KaKUMH-THOO  ypaBHEHUSIMHU.
[locTymuieHne Ttemja Ha MOBEPXHOCTh IMOYBBI BECbMa HM3MEHYMBO B TEUYEHHE CYTOK.
[Togo6HOE ypaBHEHHE MOXKHO COOIOAATHCS TOJIBKO B YCIOBUSAX 3aKPBITOTO IPYHTA.

2. 1 B aHaNUTUYECKUX MOJENAX HEOOXOJUMO BBOJHUTH OSKCIEPUMEHTAIHHO
ompejeNisieMble  BEJIWYMHBI TEIUIO(U3MUECKUX CBOMcTB. B  maHHOM ciydae —
TEMIIEpPaTypOIIPOBOJHOCTh. boJiee Toro, oHa BBOJUTCS B JAHHOM Cilydyae KakK OJJMHaKOBas
o Bceit rimyoune paccmorpenus (ot 0 10 Z). DTo ToXe AOMyIIeHHEe HEMPUMEHUMOE IS
[IOYB C MX Pa3JIMYarOIIMMH CBOWCTBAMHU I10 TOYBEHHBIM TOPU30HTaM, C HEKOTOPHIM
pachpesielieHieM BIIKHOCTH 10 MpOQuIo MmouBbl (a Beb k 3aBUCHUT OT BIIAXKHOCTH
nouBbl!). DTO TaKke MOXKET OBbITh MPUMEHEHO JIMIIb JUTS YCIOBUH TEIUIMYHOTO IPYHTA.

YuuTbiBas 3TU JIBa OCHOBHBIX JOMYUICHHS, OOBIYHO JUISl €CTECTBEHHBIX YCIOBHUH OTHAIOT
MPEeNNOYTeHNEe HMMUTAMOHHBIM MOJENSM, a BOT JUIsl YCJIOBUM TEIUIML, KOHTPOJUPYEMBIX
YCIIOBUN 3aKPBITOTO IPYHTa MOKHO MCIIOJIb30BaTh M aHAJIUTHUUECKHUE MOJIENH JJIsl MPOTHO3a U
ONTUMM3ALMKU TEMIIEPATYpPHOIO PEeXHMa IMOYB U TpyHTOB. OJHHUM U3 OCHOBOIIOJOXKHHUKOB
MMUTAlMOHHOTO U aHaJuTH4eckoro mozenupoBaHus Obul Cepreit BmagumupoBuuy Heprnuw,
KOTOPBIM JUINTEIbHOE BpeMsl BO3TJaBisl Arpodusnueckuil MHCTUTYT B JleHuHrpajne, rae u
CO3/1aJI IIIKOJy MaTeMaTHYECKOTO MOICIMpoBanus B arpodusuke (cMm. «K sonpocy o...»)

«K eonpocy o..»
Heprun Cepreit Bnagumuposuy (1915-1992)

Arpodu3uka crana OTAENbHOH CaMOCTOSITEIbHOW HAYYHOW IUCHUILIMHOW, CO CBOMMH TEOPETHUECKHMHU U
METOAWYECKUMH NPUHIUIAMU YIPABICHUS TEIUIO-BJIAro-COJIEBBIM PEKUMOM CEIbCKOXO3IUCTBEHHBIX IOJNEH BO
MHOroM Oxarozmaps paboram Cepres Brnaammuposuua Heprmna. Hauwano tpymoBo# nesrensHoctn C.B.HeprnmHa
CBSI3aHO € Tuzposioruedd u ruaporexHukoil: B 1935 r. on okoHums1 JIGHMHIpaJCKUi THAPOTEXHUYECKUI TEXHUKYM
MO CIIENUAIbHOCTH TEXHHUK-THAPOTEXHHK, 3aTeM paboTaj Ha CTpPOMTENbCTBE KaHaida MockBa-Bomnra, a 3artem,
OHOBpPEMEHHO ¢ Yy4eboii B JIGHWHIpaJCKOM HMHCTUTYTE HHXXEHEPOB BOIHOIO TPAHCIOpTAa, padoTan B
l'ocynapcTBEHHOM THAPOIOrMYECKOM HHCTUTYTE CTApPIIMM HAyYHBIM COTPYIHUKOM, B IIOCIEBOEHHBIE T'OIBI —
IJIaBHBIM HMH)KEHEpOM Ha BoccTaHoBIeHMH bernomopo-banrtuiickoro kanama. M ero xanaumatckas gucceprarius,
sanmmieHHass B 1950 r. u HaszBanHas «lccnenoBaHHe HEKOTOPHIX BOIPOCOB THIPOTEXHHKH C YY4E€TOM POIIU
MOJICKYIISIPHBIX CHII», U JokTopckas (1957) «['mapomMexaHWKa TOHKHX CIIOEBY», Jajld HAYalO0 HOBOMY HAyIHOMY
HaIpPaBJICHUIO B MEXaHHUKE XKHUJIKOCTEH — MOUBEHHO! THAPOMEXaHUKE.

Nmsa C.B.HeprnuHa cBsizano ¢ JlennHrpaackum arpodusudeckum uHCTUTYTOM. [locne cmepru A.D.Modde, c
¢espaist 1961 r. C.B.HepnvH BO3IIIaBIsUT STOT BEAYIIHMIA B CTpaHe B 00JIACTH arpoU3MKH WHCTUTYT B TedeHue 14
ner. Cepreii BiaguMupoBud ObUT OJHMM W3 TEPBBIX, NPEIJIOKMBIIMX MaTEeMaTHYECKHE MOJAEIH IBHKCHUS
TIOYBEHHOH BJIary, HaOyxaHusi TPYHTOB, UX MOJ3y4ECTH, POLIECCOB Mep3yioTHOro my4enust. [lonararo, yro B 50-60-
€ TOIbI MPOIILIOro BEKa €lle JOCTaTOYHO CKENTHYECKH OTHOCHINCH K (PM3MKE U MaTEMaTHKE B CEIIbCKOM XO35HCTBE.
Ho Cepreit BnaguMupoBud yxe B T€ TOJbI peajbHO NPEACTaBII 3HAUCHHE MaTeMaTHUECKUX Moieel, KaK CpeACTB
ONTUMU3AIMM U YIPABIEHHUSA CEIbCKOXO3SMCTBEHHBIM IPOM3BOJACTBOM. JlOKa3aTelbCTBOM TOMY CIYXaT €ro
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MHOTOYHUCIIEHHbIE PAa0OThl 10 BJIAarooOMEHY Ha CENbCKOXO3SHCTBEHHOM IIOJIE C arpoMeTeOpOJIOTHYECKUM U
OMOJIOTHUECKUM OJIOKaMH, a TakXke ero MoHorpaduu: «®dusuka mous», « JHEPro- U MacCOOMEH B CHCTEME IOYBa-
pacTeHue-Bo3nyx», «MoJenupoBaHue MNPOTYKTUBHOCTU AarpOIKOCHUCTEM», MHOTHE IIOJMOXKEHUS U3 KOTOPBIX
TIPUBOAATCS B IAHHOM y4eOHHMKE Kak KilacCHYecKue. DTo ceivac Mbl 0053aTeNIbHO MPH Pa3paboTKe TOro WIM HHOTO
MPOEKTa HMCIIOJIb30BAHMSI U OXpaHE MPHUPOIHBIX PECYPCOB MPOCUHUTHIBAEM Pa3HOOOpa3HBIE BAPHAHTHI C ITOMOIIbIO
MaTeMaTU4eCKHX Mojeliell, Ha HX OCHOBE BHIOMpaeM HAWIy4lIMH BapWaHT, INPOTHO3UPYEM BO3MOXKHBIE
MOCEACTBH. DTO ceiiuac MaTeMaTHYECKHE MOJIENH SBIISIOTCS HEOThEMJIEMOM YacThl0 CUCTEM KOHTpPOJIS KauecTBa,
ONITUMHU3AIMK arpOTEXHUYECKHX W MEJIHOPATHBHBIX pabOT M APYrHX YNpaBISIOUIMX cucTeM. Hawano ke aTum
MOJIEJISIM OBLTO MOJIOKEHO enle B cepequne XX Beka, koraa eme 1 9BM mo cytu He Obiin o01menoctynHel. Hauano

ObLTO MToToXKeHO Tpynamu Ceprest Binagumuposrnda HeprinHa.

PerJII/IPOBaHI/Ie TEMIIEPATYPHI MOYBbI

@u3N4EeCKUMU OCHOBAMH PETYJINPOBAHUS TEMIIEPATYPHI ABISIOTCS CIEIYIOIIUE IIPOLIECCHI,
OCHOBAHHbIE Ha U3MEHEHUH COCTABJISIONINX TEIIOBOro OanaHca U TeII0(pU3NYECKUX CBONCTB
ITOYBBI:

- M3MEHEHHE anb0e10 NOBEPXHOCTHU TIOYBHI;
- YMEHBUIEHUE TEIJIONOTEPD IIOYBBHI;
- YBEIMYEHHUE TEMIIEPATYPOIIPOBOAHOCTH I10YB

[TokppITHE MOBEPXHOCTH TEMHBIMU BemiecTBaMu (TOp(d) NPHUBOAUT K 3HAYUTEIBHOMY
YMEHBIICHUIO alIb0€l10, U, COOTBETCTBEHHO, K YBEJIMYEHHUIO MOTJIOUICHUS IOYBOH HSHEPrUu.
BcenomuuM, anb6eno - OTHOLIEHHE OTPa)KEHHOW KOPOTKOBOJHOBOM 3HEPIrUU K IMOCTYIHBIIEH.
YMeHpImUT anb0es0, 3HAYUT YMEHBUIUTh, MPEKIE BCEro, OTPaXEHHE IOYBOM pajHallly,
YBEJIMYUTH TIOCTYIUIEHHE B Hee TeIa. OTO TpaJUuLUOHHBbIE IPHUEMbI, KOTOpPbIE HEPEAKO
Ha3bIBAIOT MYJbYMPOBAHUEM MOBEPXHOCTH. MyIbUMpOBaHUE MOBEPXHOCTU B TEILIbIE MEPHO/IbI
MIPUBOJIUT K CHIDKEHUIO TEMIIEpaTyphl MOYBBI, K €€ 3aTeHEeHUI0. TeM caMbIM, B CAaMOM IIMPOKOM
CMBICIIE, MYJIbUYMPOBAHUE YMEHBIIAET AaAMIUIUTYLy TEMIIEpaTyp TOBEPXHOCTU IIOYBHI,
«CTIJIAXKUBAET» €€ JUHAMUKY.

Jlpyroii mnpuem, OCHOBAaHHBIM Ha W3MEHEHHWU OalaHCOBBIX COCTABISIOUIMX, CBSI3aH C
YMEHBIIEHUEM BEJIIMYMHBl HarpeBaHHe MPU3EMHOro cjosi Bo3ayxa — Ha. Tounee, ¢
UCIIOJIb30BAHMEM TEIUIOM3JIyYeHHs] TIOYBbBl HAa HarpeBaHWE CcaMOM € TIOYBBl. 3BYYHUT
napaloKcaibHO, HO 3TO 04eHb 3()(PEeKTUBHBIN MpHeM: rpeOHEBAHNE TOBEPXHOCTU MOUYBBI. DTOT
IIpUEeM IMPUBOJUT K TOMY, YTO IMMOYBAa ¢ OOKOBBIX MOBEPXHOCTEW I'peOHEH H3iIyyaeT TErio Ha
OOKOBbIE TOBEPXHOCTH ONM3NekKaluX rpeOHel. DTo u3nydeHHoe OOKOBOWM MOBEPXHOCTHIO
rpebHsl He TepsieTcs, a nmpuolOpeTaercs cocelcTBYOIUMU ¢ HUM. CyMMapHO, 1o4Ba MEHbIIE
TepsieT Terwia. A, KpoMe TOro, npu IrpeOHEeBaHUM IMOBEPXHOCTh IMOYBBI YBEIMYMBAETCS, OHA
OMSATb-TAaKU CYMMapHO NOTpeOssieT OOJibIle YHEPrUH, YeM BBIPOBHEHHAs MOBEPXHOCThH IOYBHI.
DTO cXeMaTH4YEeCKH MokazaHo Ha puc.ll.3.2.
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H3TTYHAEMAA IIOYBO. +Qs
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Puc. I1.3.2. Pactipenienienue TEIUIOBBIX MOTOKOB HA TIOBEPXHOCTH ITOYBHI ITPH I'PeOHEBAHUH.

He cnenyer, ognako, 3a0bIBaTh, YTO B Cllyyae IMpPHUAAHUS TOBEPXHOCTH TAKOTO BOJIHUCTOTO
Me3openbeda OyneT npoucxoauTh U yBenudeHue ucnapenus. IlogobHoro pona rpsaku OyayT
ObICTpEE COXHYTb, SBJSACH (DU3MUECKMMU aHAJOraMd HEOONbIINX <«(DUTUIIEH» 3HAYUTEIBHO
ObICTpee UCHAPSAIOIIKX BJIAary, YeM BHIPOBHEHHAsl IOBEPXHOCTh MOYBHI.

V3MeHeHre Teruio(pU3NIEeCKUX CBOMCTB IMOYB, YBEIMUYCHHE €€ TEeMIIEPaTypOINpOBOJIHOCTH
TaKXKe SBISIETCS CHOCOOOM pEeryJupoBaHUS TEMIIEPaTypHOTO peXuMa. BcmoMHWM, dTO
TEMIEepaTypOIIPOBOTHOCT TOYBBI €CTh YAacTHOE OT JEJCHHS TEIUIONPOBOJHOCTH Ha
TEIUIOEMKOCTD MOYBBI. YBEIUYUTH TEIUIOTIPOBOJHOCTh MOYKHO, CO3aBast YCIOBUS JUISI JTy4YIIETO
MPOHUKHOBEHUS TEIUIA. A 3TO ONTHMYM BJIQKHOCTH, KOTJIa B HAHOOJIBIIEH CTETICHH BHIPAKECHBI
BCC MEXaHHM3Mbl TEIUIONCPEHOCA, YBEIUYCHHE KOHTAKTOB MEXKIY YacTHIAaMH (T.€. HEKOTOpOe
YIUIOTHCHHUE), YBEIUYCHHE JOJIM KPYIHBIX MHUHEPAIbHBIX dYacTHil (a 3TO TecKoBaHHE). A
YMEHBIICHHE TETUIOEMKOCTH JIOCTUTAETCS CHIDKEHHEM BIQXKHOCTH, YBEIWYCHHUEM JOJH
MUHEPAIBHBIX KOMIIOHEHTOB, HWMEIOIIUX HHU3KYI0 TEIJIOEMKOCTh. JTO JOCTHTaeTcs, Kak
MPaBHUJIO, BHECEHUEM IIECKa, MECKOBAaHHEM. B 3TOM cirydae, BO-TIEPBBIX, YBEIHMUUBACTCS JOJIS
MUHEPAIBHBIX YaCTHIl, XOPOIIO KOHTAaKTHPYIOUIUX JIPYr C IPYroM, a BO-BTOPBIX, MEHBIIE
3aJIep)KUBACTCSl BOJ]A 3a cUeT Oosiee OBICTPOTO €€ CTOKA, T.C. TOHIMKAETCS BIAKHOCTH ITOYBHI.
Bce 310 1 mpuBoUT K 60siee ObICTPOMY MTPOTrPEBAHUIO ITOYB MOCIE TECKOBAHMUS.

Ocoboe 3HaueHWEe Ha pEryJupoBaHUE TEMIIEpPaTyphl TIOYBHI HMMEET pachamka. B
OOJIBIIMHCTBE CIIy4aeB, JaK€ B Pa3IMUHBIX KIMMATHYECKHX II0SCaX pacramka TMPUBOJUT K
MOBBIIICHUIO TeMIepaTyphl MOYBHL [lo psAay MaHHBIX pacrainika MOYBBI B YCIOBUSX BEYHOU
MEp3JIOTHI TPUBOANT K MOHIKCHHUIO YPOBHS BEUHOU MEP3JIOTHI, 00JI€ 3HAUUTEIILHOMY TPOTPEBY
BEPXHHUX CJOEB TOYBHl. B uUepHO3eMHON 30HE pacmamka TakKe MPUBOTUT K YBEIUYCHHUIO
TEeMIepaTypbl MOBEPXHOCTHOTO CJIOS, B OCOOCHHOCTH B CJIydae HCIOJIb30BAHMS MAIIHU TIOM
4yepHbIi map. Pazmuuauns B aToM cimydae Moryt HaOmonarbes 1o riayous 100-150 cm u gjocTuraTh
2-6°C. TTosTOMy pachaiixy Io4s, KpOME €€ OCHOBHOIO NpeIHa3HAuEHUs 1 OOpLObI ¢ COPHOIA
PaCTUTENLHOCTHIO, MOYKHO OTHECTH U K IIPHEMaM PETyIMPOBaHUS TEMIIEPATYPHOTO PEeKHUMA.

Jlutepatypa

Mynesrun A. M. Knumar no4Bsl 1 ero peryiupoBanue. 2-¢ uznanue. JI.: [napomereonsaar.
1972.

Mynerun A. M. Arpomereoponorus u arpokiumMaronorus. JI.:.T'unpomereonsnar. 1978.

PeryT U.b. ®usuka nous. Uza-so «Komoc», 1972
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Yacts |1 Arpodusuka npoayKuuoHHOI0 Mpoiecca B pacCTeHUsIX

BBenenue

B 31011 rmaBe Mbl pacCMOTPUM TakKu€ Ba)KHbIE MPOLIECCHl B PACTEHUSAX KaK (POTOCHHTE3,
JbIXaHWE, POCT, pa3BUTHE M BIHUSHUE Ha O3TH IMpolecchl (PU3NUYECKHX (QAKTOPOB CpEbl:
BJIQ)KHOCTU TIOYBBI, CBETOBOM BSHEpruu, TeMIlepaTypbl BO3[yXa M IMOYBBI, a Takxke (akropa
BpEMEHH, - U3MEHEHHUS (U3MNOJIOTMUECKUX MPOLIECCOB B IPOLECCE KU3HU OJHOTO pacTeHUs, B
OHTOreHese. B 1aHHOI ryilaBe Mbl MO-MIPEKHEMY COXpaHUM crenupuyeckuil arpopuznyeckuit
METOJl aHaJlIM3a U TO3HAHMS. OT SKCIEPUMEHTAJBHBIX JaHHBIX, Yepe3 KOJNYECTBEHHbIE
3aBUCUMOCTUM K CHUCTEMHOM (u3nueckoil M  MmaTemaruueckod mojenu sisineHus. [Ipuuem
BAKHEHIIMM TMapaMeTpoM 3aBUCHUMOCTEH U Mojeiell OyaeT CIyXuUTbh KOHEYHO IKE,
MPOJIyKTUBHOCTh PACTEHUHN U arpoLeHO03a B IIEJIOM.

Mpsl BHenpsiemMcsi B MOTPaHUYHYIO 0ONacTh HayK, B 00JacThb (U3MOJIOTMM PACTEHHH.
[Toaromy MHOrO€ M3 QyHIaMEHTaTIbHON Hayku «DU3HMOJIOTHSI PACTCHUI» OyJeT MpeCcTaBlIEHO
B 3Toi uactu. CoBpeMeHHass (PU3MOJOTUS pacTeHUl paccMaTpuBaeT OHOXUMUYECKHE U
MOJIEKYJISIPHbIE OCHOBBI MPOIIECCOB B PACTEHUHU, SH3MMATUUYECKUE MEXaHU3Mbl perynasuuu. Ho
BCE-TaKH OTJMYHME IOAX0J0B (HAMOMHUM, YTO arpou3MKa HHTEPECYSTCS MpPEXJIe BCEro
BIUsHUEM (U3NYECKUX (DAaKTOPOB BHEIIHEW Cpelbl Ha POCT U MPOIYKTUBHOCTh PACTEHUN U
VIOpPaBJIECHUEM C MOMOIIBIO 3TUX (DAaKTOPOB MPOAYKIHMOHHBIM IPOLECCOM HA MACUMAOHOM
VpOGHE a2poyeH03a) HECKOJIbKO W3MCHSET B3MIA Ha TPAJAUIMOHHBIA mpeaMeT (HDU3HUOJIOTUU
pacTeHuii — «Haykd 00 OOIIMX 3aKOHOMEPHOCTAX JKU3HENEATENbHOCTH pPACTUTENbHBIX
opranm3moB» (B.A.Pyoun, 1959). Arpodusuyeckuii acmeKT H3ydeHHs IPOIECCOB B
PacTUTEIBHBIX COOOIIECTBAX COCTOMUT IPEXKIE BCET0 B TOM, YTOOBI BBIIBUTH 3aBUCHMOCTHU
(GU3MOJIOrMYecKoro mpouecca oT (pu3nyYeckux (akTopoB cpenbl, PU3NYECKHE OCHOBBI ITOTO
BnusiHusA. Ho mpu sTom He cnexyer 3a0bIBaTh, YTO MEXaHU3MBbI, ONPEIEIAIONIE BO3IEHCTBIE
¢buzudeckux  (PakTopoB cpeapl Ha  (PU3MOJIOTHUECKHE TPOIECCHl — OTO MEXaHU3MBbI
ropMoHaibpHble. B arpogusuke paccmaTpuBaeTcs B OCHOBHOM (DYHKIIMOHAJIbHBIE 3aBUCUMOCTHU
MEXAY BO3JACHCTBYIOIIUM (GU3NYECKUM (PaKTOpoM U (PyHAaMEHTAIbHBIM (U3NOJIOTUYECKUM
IIPOLIECCOM, HE aKLEHTUPYsS] BHUMaHUE Ha MEXaHU3MaX TOPMOHAIbHON PETyIsSIuu.

Kpome Toro, Becbma BaxHo, 4T0 O0JibIast 00JaCTh arpoU3UKU CBsI3aHA C 3eMJICNICITHEM
3aKpBITOTO TPYHTA, - C TEIUIMIAMH, NapHUKaMU U Ip. A B 3THUX YCIOBUSX YIpaBisieMble
¢usnueckue Qaktopsl (CBET, TEIUIO, BIAKHOCTH) MOTYT 3HAYUTECIBHO OTJIMYATBCS OT
MPUPOJHBIX, MOTYT 3aXBaTbIBaTh JMANa30Hbl 3HAYEHUH BOOOIIE HE BCTPEYAIOIIUXCS B
€CTECTBEHHBIX YCIOBUSAX. 3HaHHE (DU3HOJOTMYECKUX, MPOJIYKIMOHHBIX IPOLECCOB B Ooiiee
LIIMPOKOM JMAalNa3oHe JNEHCTBUS M3BECTHBIX (PU3MYECKHX (PAKTOPOB — 3TO TOXKE OCOOEHHOCTH
JAHHOM YaCTH.

Hakonen, IMEHHO B 3TOH 4acTH B MOJIHON Mepe OyIyT NPOSBIATHCSA T€ S 3aKOHOB arpodusuky,

0 KOTOPBIX peub Iu1a Bo «BBeleHNN» U HEKOTOPBIX MPEeAbIAYIINX TJ1aBax. HamomMHuM ux:
1.3ak0H HE3aMEHUMOCTH OCHOBHBIX (DaKTOPOB JKM3HM M €ro CIEACTBHE B BHUJAE 3aKOHA

«(hU3MOJIOTUYECKUX YACOB.

2. 3aKOH HEPaBHOIICHHOCTH U KOMITEHCHPYIOIIETO BO3JCHCTBUS (PaKTOPOB CPEIbI.

3. 3aKOH MHHUMYMa U J1Ba CJIeJCTBUS: 1) pOCT MHTEHCUBHOCTH Ipoliecca OyIeT OnpeaesThCs
CKOPOCTBIO MPHUPOCTa (pakTopa, HauOOJIee YIAIEHHOTO OT ONTUMYMa H 2) «KOMIICHCHPYIOIIEE>»
NefcTBHE IPYTUX, HAXOAALIUXCSA HE B ONTUMAJIBHBIX YCIOBUSIX, (AKTOPOB.

4. 3aK0oH ONTUMYyMa.

5. 3aKOH «KPUTHUYECKUX ITEPUOI0BY.

DTOT YacTh OyAET BKIIOYATh CJICAYIONINE TIIaBhI:

@DOTOCHHTE3 U JBIXaHUE.

Pacrenue u Bona.

@Pu3rKa MUHEPAIBHOTO MUTAHUS PACTCHUI.
Pacrenue u cBet

Pocrt, pazButue u popmupoBanre NpoAyKTUBHOCTH

agrwbdPE
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Yacte |11.1. doTocuHTe3 M ABIXaHUE pACTEHMIA

B nannom paszzgene pedyb MoNAeT Jauillb 00 aBTOTPO(HBIX OPraHU3Max, O LapCTBE PACTEHUH,
CIOCOOHBIX CHHTE3MpPOBaThb OPraHUYECKHE BEIIeCTBa M3 HeopraHuyeckux. Pusznueckue
3aKOHOMEPHOCTH M OCOOEHHOCTU TeTepOTPO(PHOro MHUTAHMS, KOTOPOE XapaKTEpPHO Ui BCEX
KUBOTHBIX, TPHOOB M OOJIBIIMHCTBA OaKTEpHH, B JAHHOM CiIydae He paccMaTpuBaroTcsi. OCHOBY
e aBTOTPO(PHOT0 MUTAHUSI COCTABIIAET IpoLecc POTOCHHTE3A.

®doTocuHTE3

@OTOCUMHTE3 — MPOLECC NPEBPALCHUS COJTHEYHOM SHEPrud B XUMHYECKYIO, KOTOpas
HaKaIlJInNBACTCA paCTeHI/IflMI/I B BHJIC IIUTATCIIBHBIX OpFaHI/I‘IGCKI/IX BCIICCTB. I/ITOFOBHM
ypaBHEHHEM (POTOCHHTE3A SIBISIECTCS CIICYIOIIEE:

hu
6CO, + 6H,0® C,H,,0O, +60,, rae hn - myuancras sneprust ConHia (KBaHTHI CBETa)

OpHako 3TO YpaBHEHHME OTpakaeT JIMIIb CyMMapHbIM mpouecc (OTOCHHTE3a, HUKOUM
00pa3oM He pacKphIBasi €ro CyTH, - IPEBPALICHUs 3€JIEHBIMU PACTEHUSMHU JIyYUCTOM SHEpruu
ConHLa B DHEPruUl0 XMMHMUYECKHUX CBS3€M OpraHMYECKHUX BEIIECTB B pe3yJbTaTe LEenu
OKHCJTUTEIIbHO-BOCCTAHOBUTEIIBHBIX PEAaKIUil ¢ ydacTHeM xiopodmwuia (MId MUTMEHTOB
wiacTuna), psaa QepMeHTOB, (QOPMHUPYIOIIUX OCHOBHOW YHHBEPCAIBHBIA «QKKYyMYJSTODP
sneprun — Hykiaeotun AT® (amenosuntpudochopHyro Kucinory wiu aneHosuHtpudocdar).
Bcro cnoxxHocTh nporecca pOTOCHHTE3a B IaHHOW KHUT€ OTPA3UTh HE UMEETCSI BO3MOXKHOCTH.
OpHako, OCHOBHBIE MPUHIUITHAIBHBIE MOMEHTBI, BaXKHBIE JUIsl IOHUMAaHUS BIAUSHUS QU3NUECKUX
(bakTopoB Ha POTOCHHTE3, MOKHO M300pa3uTh B BUjIE cienyromien cxemsl (puc. [11.1.1).

&1 e~ mo 9

co,

‘ docdorianrie-
pPHHOBAasS

no.nuchapa

HAﬁm H - ma KAPBOHOBEIHA \ \por = o
LOUKJT 6e.n§14
\ KAJIBMHA IMpOBHHO"

MyuHepaJbHEIe
B- Ba

|
|

CBETOBAS ®ABA | TEMHOBAS $A3A
|

Puc. 11.1.1.Cxema cBeTOBO# 1 TeMHOBOM cTaguii hoTtocuHTe3a. [{uki Kansuna.
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Wtak, kBaHT cBera (NMPEUMYILECTBEHHO W3 KPAaCHOTO W CHHE-(DHOJETOBOTO Y4acTKOB
CIIEKTpa) MOoromaercs XJopoduuioM. Jta yHUKaJIbHAs MOJEKyJa IMpU 3TOM BO30yXKIaercs,
AJIEKTPOH C €€ OpOMUTHI CPHIBACTCSI U HAUMHAET y4acTBOBATh B IOCJEIOBATENIbHBIX PEAKIUSIX.
[Ipex e Bcero, MpOUCXOIUT peakuusi GOoToCUHTETHYECKOro (oTonu3a Boabl. B pesynbrare 3Toi
peakiuu ¢ ydactueMm (epMeHTOB obpasyercs mpoToH (H'), cBOOOMHBIN KHMCIOPOX M BOJA W3
rpynnsl OH . WUtak, nepBelif MaTepuanbHbI UTOr (POTOCHHTE3a — 00pa30BaHUE U BBIJECIECHUE
Kuciaopoaa. Mexay Tem, oOpa3oBaBLIMICS MPOTOH IpucoeauHsercs K kopepmenry HAAD,

dbopMuUpys TIEPBBI aKKyMYJSTOp XUMHUYECKOH sHeprum — Monekyny HA/[®@ "H. Opnnako,
OCHOBHBIM YHUBEPCAJIbHBIM aKKyMYJISTOPOM 3HEpruu ciayxut moiekyna AT®, obpasyromas B
pe3ynbpraTe peakuuu GpochopuIupoBaHus: MPUCOEAUHEHUs Heopranudyeckoro ¢ocgara k ALD
(anenosunaudocdara). B pesymprare, kak BuaHo wu3 puc |l1.1.1, oOpasyrorcs 1aBe

SHEPreTHYCCKH «PECYPCHBIE» MOJICKYNIbI — AT® u HA/[®@ 'H, xoTopble CIIOCOOHBI J1aBaTh
SHEPTHIO TSI POPMUPOBAHUS CIIOKHBIX OPraHUYECKUX BEIIECTB U3 YIJIEKUCIOTH BO3ayXa. JTO,

BTOPOH BakHeHIIHid WTOT (oTocHHTE3a — oOpazoBanue Moyiekyn AT® w HAJ® H ,
SBJIAIOIIMXCSL aKKyMyJsTopamMu »Hepruu. M stu nBa BakHeHmmx pesynapTaTa (POTOCHHTE3A
MIPOMCXOJIT Ha TaKk Ha3biBaeMoil cBeToBoM (aze (oTocuHTE3a, KOTOpas MPOUCXOAUT IPU
00s3aTeIbHOM Y4acTUHU JYYUCTON SHEPTUH, - KBAHTOB CBETA, MOTJIOAEMbIX XJIO0POPHILIIOM. ITO
oOmias cxema npoTekaHus: 1-ro, ¢ ydacTueMm Jy4yUCTOM 3Hepruu, stana ¢orocuHTesa. [Ipuuem
MPOTEKAIOIIETo 10 UKINYECKOoi cxeme, win porocunresa | (Dl).

CretoBas ¢a3za GoTocHHTE3a MOXKET HpoTeKaTh W Henukiandecku (Ha puc I11.1.1 — @2). B
3TOM CjIydae Ha 3TOH (ase y)ke y4acTBYIOT JBa THIA Xjiopoduimia — xiopohunt a u b. Mtorom
@2 Taxke ABISAETCS 00pa30BaHMUE YHEPTETHUECKUX aKKyMyIsTopoB, Mosiekyal HAJI® H u ATO,
BBIJIEJICHHE CBOOOTHOTO KHcTopoda mpu (oTtosmse BoAbl. OqHAKO MPOTEKaHUE 3TOTO Ipoiiecca
HEBO3MOXXHO 0€3 ydacTusi MHUHEpAJIbHBIX MOHOB MapraHia, Xjaopa, Kajablus. A HEKOTOphIE
3amachl IUTACTOXWHOHOB SIBJISIETCSl CBSI3YIOIIMM 3BEHOM paboThl xiopodmuioB a u b. Poisb
IUIACTOXMHOHOB 3aKJIIOYAeTCsl B Iepefade d3JICKTPOHOB B CIHOXKHBIX (PU3MKO-XMMHUYECKHX
peakuusx cBeToBoi ¢a3bl poTocuHTe3a. Hepenko ykaspiBaroT, 4To BTOPOMl yTh POTOCHUHTEH3A,
@2, saBnsieTcs 60s1ee IBOTFOIMOHHO MOJIOIBIM.

Wrak, na mepBoii craaum (OTOCHHTE3a, - CBETOBOM, 3a CYET IPOIECCOB JIBUKEHUS
AJIEKTPOHOB HWJET IOCTENEHHBIM W IJIaBHBIM Ipouecc (pOpMUPOBAHUS SHEPreTUYECKH E€MKHX

Mostekyn AT® v HA/[® "H n 00pa3oBaHus ra3000pa3HOro KHCIOPO/Ia.

Ha BTOpOIii cTanuu gpoTtocuHTe3a, - TEMHOBOH, - MPOUCXOAUT CHHTE3 CIOKHBIX OPraHHYECKUX
BemiectB  (yrieBojgoB, OenkoB W jap.) u3 (HochOopriaviepruHOBON KHUCIOTHI, MHHEPAIbHBIX
BEIIECTB, NocTynaromux u3 moussl, 1 COz aTMocepshl, - Tak Ha3bIBAEMbIA KapOOHOBBIN UK
KanBuna (puc 111.1.1). DHeprust s 3TOro OSIKOBOTO CHHTE3a — ITO JHEPrusi, 3allaceHHas B

Mousiekyinax AT® n HA/[® H, o0pa30BaBIIUXCS HA CBETOBOW CTAIUH, KOTOPBIE CIIOCOOCTBYIOT
BocctaHoBieHuto CO, no yrnmeBoga. IlopcumTaHo, yTo UIsi TAaKOro poja BOCCTAHOBJICHUS

HeoOxomuMo 3 Mouiekynbl AT® u 2 monekynsl HAJ/[@ "H. lluxn KaiBuaa, B KOTOpOM
00pa3yroTCsl TEpBbIE TPEXYrIIEPOaHbIE TPOAYKTH ((hochopriniiepuHoBas KHCIOTa W Op.) B
MIPUBEJCHHOM CBOWCTBCHCH HE BCEM, a TOJBKO TPYIIe pacTeHWi, Tak Ha3biBaeMbiM C3-
pacteHusiM (BITOJIHE MOHATHO, 4TO Ha3BaHue C3-pacTeHHs CBS3aHO C TPEXYIIIEPOIHBIMHU
KoMIoHeHTaMu IukiIa KanBuna). B aTy rpymnmy BXOAUT OONBIIMHCTBO CEIBCKOXO3SIHCTBEHHBIX
paCTCHMIA: TIICHMIIA, MMOJCOTHCYHUK, KapTrodenb u Ap. OgHaKo, B HEKOTOPHIX TPaBSHHCTHIX
pacreHusix (Hampumep, KyKypy3a, MPOCO, COPro, CaxapHbIi TPOCTHHK) B KauyeCTBE IEPBBIX
MIPOJIYKTOB 00Pa3yIOTCS YETBIPEXYTIICPOIHBIC COSAMHCHUS. BIIOJTHE IOHITHO, YTO 3TH PacTEHUS
dbopmupytor Tpynny C4-pactenuit. C4-pacTeHus HEPEAKO HA3BIBAIOT PACTCHUSIMH C
«KOOIIEPATHBHBIM (DOTOCHHTE30M», TMOJUEPKHBAsT UTOr 3TOrO crocoba (OTOCHHTE3a B BHJIC
dopmupoBanus C4-kucnot (Manar, acmapar). Ho ects u eliie o/iHa rpyrina pacTeHHH, Y KOTOPBIX
YCTBHIIA B TEMHOTE OTKPBITHI U UeT TeMHOBas pukcaus COz, pe3ylIbTaToOM KOTOPOH SBIISICTCS
oOpa3oBaHue 0JIOYHON KHUCIIOTHI, a 3aTEM, YK€ Ha CBETOBOM CTaJUH, YIJIE€BOAOB. DTH PACTEHUS
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Ha3biBatloT CAM-pacrenus. [l Hac BaKHO, YTO MPOIYKIMOHHBIN MpoLece y ATUX TPeX TPy
pa3NuyeH; pa3u4YHbl W CYTOYHAsh MNPOAYKTHBHOCTH (DOTOCHHTE3a, W TPaHCIHPAIIMOHHBIN
kodpduuueHT: cyrouHas npoayktuBHOCTh st C3, C4 u CAM-pacrenuii cocraBnsier 70-100,
150-200 u 30-50 mMr CO,/(nm? cyr), a TpaHcnMpauroHHbIH Koddduuuent 400-500, 200-400 u
100 r HyO/r cyxoii Ouomaccel. Ilomyuaercsi, 4uro C4-pacTeHusi 00NaalOT HAWIYYIIHMU
oKa3aresiiMi (OTOCHHTE3a ¥ SKOHOMHYHBIM BOJHBIM MTUTAHUEM, 0COOCHHO, Ipu BhicokuX (30-
40 rpasycoB) TeMIiepaTypax.

BaxHbpIM pe3ynbTaTOM TEMHOBOW cTaauu (OTOCHMHTE3a SBISACTCS TOTJIONMIEHHE U3
atmocgepsr CO2, a UTOrOM — 00pa30BaHME CIOXKHBIX OPraHUYECKHX BEIIECTB-aCCUMUIISTHTOB,
(OpMUPYIOIIMX OCHOBHBIC 3allachl, YYaCTBYIOIIUX B IMPOLECCAX JbIXaHHUSA,  yBEIHYCHUS
Ooromacchl M (OPMHUPOBAHUS T€HEPATHBHBIX U APYrHMX OopraHoB. [yl HAcC He MEHee BaXKHO TO,
9TO 3TOT dTam (POTOCHUHTE3a — IEMb TEPMOXHUMHUYECKHX PpEaKIii, HHTEHCHBHOCTh KOTOPBIX
OyzeT 3aBUCETh OT TeMIIEpaTypbl BHemHel cpenbl. [lo3ToMy, BBELACISIOTCS KaK MUHUMYM TpU
OCHOBHBIX (PM3UYECKUX (PaKTOpa, - TeMIeparypa, cBeT u KoHreHTpamus CO, B MEKKIETOUYHUKAX
JMCTHEB, OMNPEACISIONUMHI 3TOT BAXHEUIIMHA MpPOIeCC B pACTEHUSIX. YUYHUTHIBAs, 4YTO JUIS
¢doTocuHTe3a HeoOXoauMa U BOJA, POJb BJIAarooOECIEYEeHHOCTH PACTEHHUH B IMPOIIECCE TaKKe
HE3aMEHHMA.

Onpeodenenue

DoTOoCHHTE3 — IIPOLleCC IPEBpALICHUs COJIHEYHOM SHEPruM B XUMHUYECKYIO, KOTOpas
HaKarIuBacTCdA pPACTCHUAMH B BHAC OPraHHMYCCKHX BCIICCTB, KaK 3allaCHbIX, TaK H
BKJIIOUAIOLIUXCS B Pa3HOOOpa3Hble NOCIEAYIOIINE PEAKIIMHU B PACTEHUH. JTOT MIPOLIECC COCTOUT
W3 JIBYX CTAIUi: CBETOBOM, B KOTOPOM KBAHT CBETA MOTJIOIIACTCS XJIOPO(HIIIIOM U 3a CUET psija
OKHUCJIUTCIIBHO-BOCCTAHOBHUTCIIbHBIX peaKIII/II\/II 06pa3yeT051 AKKYMYJIATOPBI DQHCPIUHU — MOJICKYJIbI

AT® v HAJZI® 'H w BBIACTACTCS CBOOOHBIN KHCIOPO, U TEMHOBOH, KOT/Ia 32 CUYET 3HEPTHH,

aKkyMmynupoBaHHOW B AT® u HAJ® "H, atMochepHOTo YTISKHCIOro Ta3a U MHUHEPaJIbHBIX
BELIECTB, CO3JAIOTCS Pa3HOOOpPA3HbIE ACCUMWISHTBI, a BIOCIEACTBHM - O€IKH, YIJIEBOJBI,
HYKJIEMHOBBIE KHCIIOTHI, IOJINCAXAPUIBI U APYTHUE CI0KHBIE OPraHUYECKHE BEIIECTBA.

HNuTencuBHOCTh mponecca ¢orocuHTe3a OyAeT U3MEHATHCI B COOTBETCTBUU C
¢uznyeckuMu (akTopaMH BHELIHEH cpeibl: MHTEHCUBHOCTHI0O DAP, crieKTpanbHBIM COCTaBOM
CBETa, TeMIeparypoil, coxaepkanueM u ckopocTtbio up¢y3un COz B MEXKKIETHUKH U
JIABJICHUEM BJIard B PaCTCHUM.

Crefyer MOJUEPKHYTh, YTO HE TOJILKO (a HEPEIKO, M HE CTOJIbKO) (u3uueckre (HaKTopbl
OTPENCIISIFOT MHTEHCUBHOCTHh (oTocuHTe3a. Hampumep, ¢oTocuHTe3 OymeT  3aBHCETh OT
KOHIICHTPAIMU XJOPO(QHUIUIA: YeM OHA BBIIIE, TeM OOJIbIIE MPOTIOPIHUS MOTJIONIEHHOTO CBETA T10
OTHOIICHUIO KO BCeMy mocrtymuBiieMy. OJHaKO, 3Ta 3aBHCHUMOCTb JajieKo He JuHedHa. s
Ka)XJI0W JUTHHBI BOJHBI (DOTOCHHTETHYCCKH aKTUBHBIX Jy4uei (I ), cooTHOIIEHHEe HHTEHCHBHOCTH
MOTJIOMICHHUS 3THX JIy4eH (@ ) ¥ KOHIIEHTPAIMU MTMEHTa (¢) UMEET CICIYIOIINN BII:

a =1- exp(k I c)

rae K - koHcTaHTa, a || - JUIMHA ONTHYECKOro IYTH JUIS CBETOBOM SHEPTrUH B PACTCHUHU.
[Tpudem, He 00s3aTENBHO B JHCTE pacTeHus. Hepeako 3TOT myTh MPOXOIMT IO BCEMY CTEOIFO
pacteHus, a GOTOCUHTE3 MIPOUCXOAUT B MPUKOPHEBOH yacTu (cM. «K gonpocy o...»: Pactenus u
cBeToBO/IbI). KpoMe ToOro, mpuBeleHHOE ypaBHEHHE CIPABEJIMBO Ui TOMOIEHHBIX CHCTEM,
HanpuMep, IS KCTpakTa XJopoduiuia pacTBOPOM arietoHa. JIMCT ke pacTeHus: Ype3BbIYAiHO
reTeporeHHasi CucTeMa, KoTopast Crioco0CTByeT 0oJiee aKTHBHOMY ITOTJIONICHHIO CBETA.

Bausinue puznyeckux (pakTopoB Ha MHTEHCMBHOCTH (DOTOCHHTE3A
BiusiHMe HHTEHCUBHOCTH M CIIEKTPAJIBHOI0 COCTAaBa CBeTa




109

Kak yxe Obuto oTMedeHo Bbille, (POTOCHHTE3 OyAeT 3aBUCETh OT MOCTYHAIOUIEH CBETOBOM
SHepriu. BCIIOMHIM, 4TO CBETOBAsI DHEPIHs MOXKeT m3Mepsthes B cucteme CU B [mx/(M2c)], B
Bartax [Br/m?], a takke B [spr/(cM? c)]. Bee 5TH pasMEpHOCTH SHEPIHE MOKHO BCTPETHTH B
mareparype. CootHomrenme ux: [mx/(M°c)] = [Br/m? = 1000 [spr/(cm’c)]. Kpome Toro,
OCBEILEHHOCTh, KOTOPasi CYIIECTBEHHO 3aBUCHT OT yIJIa MaJCHUS CBETOBBIX JIy4eH, H3MEPSETCS
B JIOKCAX [JK], B JIOMEHAX HA KBAIPATHBIA MeTp [1M/M?] MM B KaHeLIax HA KBaapaTHBI
metp [kn/mM°]. Bonee moapoOHO (u3MUecKre pa3MEPHOCTH U XapaKTEPUCTUYCCKHE BEITHYHHY
uznoxensl B Yactu |1, u B «CripaBo4yHbIX MaTepuagax».

Ecnu usmepste porocunres B Mr accumunupoBaHHoro COz Ha e IIOBEPXHOCTHU JIMCTA B
gac [Mr/mM° 4], a MHTCHCHBHOCTB CBETA - B BATTAX HA KBAAPATHBI METP WM CAHTHMETP
[Br/cM?] OBEpXHOCTH, TO KPHBasi 3aBUCHMOCTH (DOTOCHHTE3a OT MHTCHCHBHOCTH CBETa OyJIeT

uMeTh crenyroruii Bua (puc. 111.1.2.)
@, accumunayun CO ,, m2lom? uac

30-

20-

10-

10 20 30
HHTEHCHBHOCTbD CBETA, Bm/m ?

2
Puc. 111.1.2. CgeroBas kpuBas (poTocuHTE3a - 3aBUCUMOCTH (poTocunTe3a (@, MrCOL/aM” 1)
N N 2
OT MHTEHCUBHOCTH TIOCTYyMAaroIei yancToi suepruu ( Br/m®)

Takoil TMn KpMBOW - BO3pacTarollas KpUBas C HACBHIIICHUEM, HEPEIKO HA3bIBACTCS KPHUBOM
norapugmuueckoro tuma. IIpm MajablX MHTEHCHUBHOCTSX CBeTa (DOTOCHHTE3 pacTeT OYEHb
obicTpo. To, uTo hoTOCHHTE3 BO3MOKEH IIPU OUYCHB CIIadOM CBeTe, ObLIo Mokazano eme B 1880 .
A.C.OaMuHUIIBIHBIM. A BOT TIpH TOBBIIMICHHM HWHTEHCUBHOCTH CBETa POCT (oToCHMHTE3a
CHIDKAETCS U JIOCTUraeT IMPAaKTHUYECKU MOCTOSHHBIX 3HAYEHUH CKOJIb Obl MHTEHCUBHOCThH CBETA
He mnoBblmanack. OOBIYHO U1 XapaKTEPUCTUKHU IPOLIECCOB, MOAUMHSIOIIMX TaKOro poja
3aBUCHMOCTSIM, MCIIOJIB3YIOT ITapaMeTp, OTPAKAIOIINM YroJl HAKJIOHA KPUBOM B HApacTarOLIEH ee
yacTu. YeM BblIIIIe 3TOT MapameTp, TeM 0oJiee aKTUBHO MPOUCXOAUT HapacTaHue Ipolecca, 4YTo u
SBIJIIETCS XapaKTEPUCTUKOW Ipoliecca, ero ocodeHHocred. B gaHHOM ciydae doTocuHTE3a.
Ecmu stoT yrom Oyaer OonbmiuM, KpuBas (GOTOCHHTE3a KPYTO HJAET BBEpX NpH ciabom
HAa4yaJJbHOM M3MEHEHUHU CBEeTa, M 3TO O3HA4YaeT, YTO PACTEHHUS OYEHb AKTHUBHO HCIIOJIB3YIOT
CBETOBYIO SHEPIHUIO, B 0COOEHHOCTH NPU MaJbIX €€ 3HaueHusl. FIHOr1a 3TOT nmapameTp Ha3bIBAIOT
[apaMeTpoM CBETOUYBCTBUTEIILHOCTH, TaK KaK YEM OH BBIILLIE, TEM UYBCTBUTEIbHEE PACTEHUE K
NoOaBJICHUIO  Jake  HeOONbIIOW  MHTEHCUBHOCTHM  cBeTa. [loBBIIIEHHBIH  mapameTp
CBETOUYBCTBUTEJILHOCTH XapaKTepU3yeT TPYIIY TEHEBBIHOCIUBBIX pacTreHuil. Kpome Toro,
BAKHBIM TapaMETPOM CIYXKHUT M KOJMYECTBO CBETOBOM SHEPruM, NpU KOTOPOH KpuBas
BBIINIOJIAXKUBAETCS, - 3TO (POTOCUHTE3 IPU MOJHOM 00ECIeYeHUN PAaCTEeHHI CBETOBOM 3HEPIHEH.
OTOT mapaMeTrp XapaKTepU3yeT «MOIIHOCTb» (POTOCHUHTE3a, KOTOPHIH, KaK MpaBuio, BBILIE Y
cBeToJr00uBBIX pactenuil (bosee moapooHO 06 3ToM B ['1aBe 111.4. «PacteHus u cBeT»).
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Takoil BHJ 3aBUCUMOCTH TIO3BOJIMJ TIPEMJIOXKHUTh H (DYHKIIMOHAIBHBIE 3aBHCHUMOCTH
dorocunTe3a ot pusnyeckux pakropo. OmHAKO, HE B BHJE JorapupmMudeckoit pyHKuuu (Truna
y =l0g, X) , KoTopas HE COBCEM YIa4HO ONMCHIBACT (pa3dy cTabmiam3anuu (POTOCHHTE3a IPU

BBICOKOH HWHTEHCHBHOCTH pamuanuu (¢pa3y «HachlmeHus» (porocuHTes3a). Yaiie HCHoab3yroT
JUIS TaKOrO pojia SKCIEPUMEHTAJbHBIX 3aBUCHMOCTEH ypaBHEHHE JIOTUCTHYECKOIO THMa, B
JAHHOM CJIydae, CBS3bIBAIOLEE MHTEHCUBHOCTb (DOTOCHHTE3a IPHU ONTUMAJBHBIX YCIOBHSIX
TEIJIO- M BiIaroodecrnedyeHHOCTH (@) M HMHTCHCHBHOCTh (POTOCHHTEHTETHMYECKH AaKTUBHOU
pamuaru (DAP), lp4p:

— @Obl DAP

CZ')0 + bI DAP
rac F o — HHTCHCUBHOCTb (1)OTOCI/IHTe3a IIpH IMOJIHOM CBETOBOM HACBIIICHUH, b -

HAvyaJIbHBIN HAKJIIOH CBETOBOM KpUBOW (pOTOCHHTE3a (ITapaMeTp CBETOYYBCTBUTEILHOCTH HITU
TEHEBBIHOCIUBOCTH).

C Takoro pojia 3aBUCUMOCTSIMU JIOTUCTUYECKOTO THIIA MbI €I€ CTOJKHEMCS PU M3Y4CHHU
BOIIPOCA O BO3MOXKHOCTH MAaTEMaTHYECKOTO MOJEIUPOBAHUS IIPOAYKIMOHHOIO IIpollecca B
pactrenusix. OQHAKO CleayeT OTMETHTh, YTO IPH HEOTPAHUYCHHOM BO3JCHCTBUU TaKOTO
(dakTopa Kak CBETOBas JHEPIHs, a TAKXKe Ui PEalTbHBIX PACTCHHId, a HE H30JIMPOBAHHBIX
IUIACTHH JIKCTA, MBI TAKKe Oy/IeM UMETh BHJl KPHBOIl, COOTBETCTBYIOIIUI BUIAY OMOJIOTHUECKOMN
KpuBOit (cM. «K sonpocy o...»).

K eonpocy o...
00 ypaBHEHHSX, OMMUCHIBAIOIIUX (HYU3UOJOTHICCKHIE TPOIICCCHI

MbI He pa3 CTOIKHEMCS ¢ HEKOTOPHIMH YPABHEHHUSAMH, C IIOMOIIBIO KOTOPBIX OMUCHIBAIOT MPOIECCHI POCTA OT
pa3muuHbIX (hakTOpoB, GOTOCHHTE3a OT HMHTEHCHBHOCTH TIOCTYIAIOIICH pajualiy, mapuuaibHoro nasiaerus CO2 u
MHOTHE JpYyrue MpoLEecCH B pacTeHnsx. Hanbomnee yacTo Ais Takoro poaa MpoIECCOB B BUAC «UHTEHCHBHOCTHY -
«BO3CHCTBYIOMMIT (haKTOP> UCIIONB3YIOT YpaBHEHHE, TPpahUK KOTOPOro HPeCTaBIsieT co00i KpUBYIO, HHTCHCUBHO
pacTyIlyio B 00JacTH MaJibIX 3HAYCHHI BO3IEHCTBYIOIIETO (DAKTOPa, a 3aTeM ITOCTEIICHHO «BBIMOIAXKHBAIOIIYIOCS,
MPEBPAIIAIOIIYIOCS B MPAMYIO, PAKTHYESCKH MapajuiebHy0 ocd abcmucce. OdeHb XapaKTepHbIH BHI KPUBOH st
Ouornormyeckux mpoueccos. MHoraa, mpapna, B caMOM Hadayle 3TOH KPHUBOH OTMEUAaeTCsl YYaCTOK MEAJICHHOTO
pocra, Tak Ha3biBaeMas «iar-haza», KoTopas y)Ke CMEHSETCsl HHTEHCHBHBIM POCTOM mpoiiecca. Ho, B 1emom, 31o
0YeHb XxapakTepHas kpusas (puc.l).
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Puc.1. Jloructudeckas KpuBast

Takoro THra KpuBbIE ONUCHIBAIOTCS YPaBHEHUSIMH, KOTOPBIE TONIYYUIN Ha3BaHUE JTOrucTHIeckuX. OHO UMeeT
BULL.

y_ ymaxmexX
1+K_»x
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A s GHOIOTHYECKUX MPOIECCOB €ro BIEPBBIC MPEIOKMI HeMelkuid yueHbiii Jleonop Muxasmuc (1875-
1949). OH NpWIOKUI K H3YYEHHIO SH3UMOB ITPAaBUIIa XHUMHUUYECKOM KuHETHMKM M B 1913 . BbIBEaT ypaBHEHHE,
OITUCHIBAIOIIEE M3MEHEHHE CYMMapHOI'O KOJMYECTBAa MPOJYKTOB KATaJUTHUYECKOH PEakUUH B PAa3HBIX YCIOBUSX,
MOATBEPJMB, YTO DH3MMBI IIOJUUHSIOTCS (H3UKO-XMMHUYECKUM 3akoHaM. KoHcranra K, Xxapakrepusyromas
BENUUMHY JeHCTBYIOMEro (akropa, MpU KOTOPOH MapaMeTp Mpoliecca paBeH MOJOBHHE MaKCHUMATBHOH (Ymax),
XapakTepu3yeT «KPYTH3HY» KPHBOW: YeM OHAa MEHbIIE, TeM WHTEHCUBHEE HAKAILITMBAETCS CyMMAapHBIA MapaMmerp
NIpU yBEJIMYEHHH JeWcTBYyromero (akropa. Jta KOHCTaHTa Ha3BaHa B 4ecTb JleoHopa Mmuxasmuca KOHCTaHTOM
Muxasnuca.

BonbIMHCTBO OHONIOTMYECKUX MPOLECCOB MMEIOT BHJ KYIIOJ000pa3HbIX (DYHKIMH: BHaYaje I0J JeWCTBHEM
Kakoro-imbo (akropa WHTEHCHBHOCTH (IIOMYEPKHEM, - UMEHHO WHTEHCHBHOCTh, & HE UTOrOBOC 3HAYCHHE KaK B
TpebIIyIeM MpUMepe) OHOIOrHYecKoro Mpoliecca Bo3pacTaeT ObICTPO, 3aT€M IOCTHIaeT MaKCUMyMma MpH
ONITUMYMeE JAeHCTBYoIEero (akTopa, a IpU JaNbHEHIIeM yBeIHndeHHH (akTopa, HHTEHCUBHOCTH OMOJIOrMYECKOTO
mporiecca HayuHaeT yObiBaTh (puc.2). Jlas omucaHusl TakOro pojaa TOBEACHHS OMOIOTHYECKOro mporecca
UCIIONB3YIOT 100 mapaboiny, mubo rayccuany. [locnennss Hanbosaee TOUHO OTpakaeT OMOJIOTHYECKUE MTPOIIECCHI 3a
CYeT, Mpe/ie BCEro MOCTENEHHOr0 HapacTaHusi MHTEHCUBHOCTH TIPH YBEJIMUEHHUH JIEHCTBYIONIEro (pakTopa, - BUIa
«KOJIOKOJIBYMKA». YPaBHEHHSI, MX OIMHCHIBAIOIINE BBIMIIAT CIETYIONIAM 00pa3oM:

/‘/ / \
| \ .

\ / \

/ .

UHMEHCUBHOCMb npouecca

Xmi Xopt Xopt
‘L m”"] T ; X I E—— ——> X |
®AKTOP PAKTOP
Puc.2. TTapaGomuueckast KpuBas ¥ rayccuana.
b3 2
X 0 X- b2
y= b1>‘(- b2 xx* + b3><X) , 6o Yy =Dhl- 66_9 - mapaboma u Y = blxexp(- u) -
&2

rayccuaa. [Ipuuem B mocieqHeM ciydae napaMerpsl ypasHenus ['aycca b2 u b3 umeror 6uonoruueckuii cMbici: b2
— 910 Guomoruyeckuii ontumym (Xopt), a Q— Xtol, nuama3on geiicTByroIIero Gpakropa, B KOTOPOM HHTEHCUBHOCTH

nporiecca OMM3Ka K ONTUMANTbHOMY. DTO JHAana3oH TojlepaHTHOCTH. XoTsa cam Kapia @puapux Tayce (1777-1855)
BpSIl JIM TpeArnonarai, 4To ero (yHKIHs OIMMOOK HaMIeT CToib LIMPOKOe NpuMeHeHue B Ouoioruu. Cou
MaTeMaTH4eCKHe BBIKJIAJKA OH NMPUMEHsUT B aCTPOHOMHUM W Treofe3ud. B momkHocTH nupekropa ['eTTHHreHCcKouH
aCTPOHOMHYECKOH 00CepBaTOpHH OH OCTaBaJICs JO MOCIEIHHUX JHEH kxu3Hu. Ho ero marematuueckue BBIKIAIKU
OKa3aJICh BOCTPEOOBaHbI OMOJIOTMYECKOM HAYKOH, arpo(U3UKON 1 MHOTMU JIpYTUMH Haykamu o [Ipupoge.

B perymupyeMbIX yciaoBUSIX, IpU 3aMETHO 0Oojee IIMPOKOM JMana3oHe MOIIHOCTEN
JYyYUCTOW HSHEPrHH, YeM COJHEYHas, ObUIM TOJY4YEeHBl KPHBBIC 3aBHCHMOCTH CYXOTO Beca
pacTeHuil XJIOMYaTHUKA OT MOIIHOCTH CBETOBOTO ITOTOKA, MIACHTHYHBIC OOIMIEOMOIOTHYECKIM
kpuBbIM (cM. «K 6onpocy o..»). Ha puc.l11.1.3 npuBeqeHbl pe3ysbTaThl ONbITA C PACTCHUIMHU
XJIOTTYaTHUKA, BBHIPAIIMBAEMOTO B YCJIOBHSX HMCKYCCTBEHHOTO OcCBemieHus. OCBEIIEHHOCTD
pacrennii koneGamack ot 100 Br/m? (uto cootBercrByer 0.08 0T MOIIHOCTH HPSIMOil CONTHEYHOI)
710 1000 B1/M?, 9T0 HEHAMHOTO MPEBBIIIACT MOIIHOCTE IPSMOH COTHEUHO JIyYHCTOH PaIHALHH.
W3 mpuBeIeHHOTO PUCYHKA CJIEYeT, YTO B MICKYCCTBEHHBIX YCIOBHUSAX YK€ TPH MOJIOBUHHOM OT
COJTHEYHOW MOIIHOCTH CBETAa PACTCHUS JOCTUTAIN MaKCHMAaJBbHOW OHMOMAcChHl, a yBEIMYCHHUE
stoif mommHoctH Gonee 800 Br/M? Oka3amoch axe W BPEAHBIM, MOHMKAIOIIAM OHOMACCY
pacTeHuH.
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Puc.l11.1.3. BiusHue MOITHOCTH JIy9UCTOTO TIOTOKA HA OMOMAacCy MPOPOCTKOB XJIOMYATHHKA
(mo MorkoBy, 1959).

[TpuBenennbie GakThl MOYEPKUBACT 1B BAXKHBIX MOMEHTA!

1. B perynupyeMbIX YCIOBHSX, IPH MHTEHCUBHOCTSX aOMOTE€HHBIX (PaKTOPOB
3HAYUTEIBHO BBIIIE MPHUPOJHBIX BHUJ OHOJOTHYECKUX 3aBHCUMOCTEH MOXKET
M3MEHSTHCS, OCTaBasCh B IEJIOM, OJHM3KUM K BHAY OOMIEOMOIIOTHYECKUX KPHUBBIX
(Bu mapaboJIbl MK rayCcCHaIbI).

2. He cinemyer mOTHOCTBIO TIEPEHOCUTHh KPHUBBIC, MOIYYEHHBIE U OJHOTO
ouosornyeckoro mpoiecca (GoTocuHTE3a) Ha MPOIECCH 00JIee BHICOKOTO YPOBHH,
TakMe KaK pOCT, pa3BUTHE, MPOAYKTUBHOCTb. XOTS OTH (yHIaMEHTAIbHBIC
MIPOIIECCHI U SBJISIFOTCS OCHOBHBIMH NP (POPMUPOBAHUH MTPOTYKTHBHOCTH.

OO0 >THX ABYX MOMEHTax HE CIEIyeT 3a0bIBaTh M MPU PACCMOTPEHUU BO3ACHCTBUS JAPYTHX
¢buznueckux GpaxTopoB Ha OMOJOTUYECKHE ITPOLIECCHI.

CrnekTpajbHbIH COCTAB CBeTa

MOo3KHO NPEeANnoI0KUTh, YTO HEOJMHAKOBBIH 10 CIIEKTPAIbHOMY COCTaBYy CBET OYIET Takke
OKa3bIBaTh BJIMSIHUE HA MHTEHCHUBHOCTH (hoTOcuHTe3a. Benp HenapoM OOJBIIMHCTBO pacTeHUM
Ha Hauleil ruianere — 3eneHsle. [1o-BUAMMOMY, 3TO 3BOJIIOLIMOHHO BBITOJHO, T.€. HHTEHCHUBHEE
BCEr0 pacTeHUs POCIU U CO3pPEBAIIM, B YCIOBMSX, KOTJa Ipeodiatain Ipyrue, KpoMe KelTo-
3eJIeHOM, YacTu chekTpa. XOTs, dTa YacTh CIEKTpa U HE SIBISIETCS SHEPreTHYecKH caMoi
HU3KOM. HarpoTuB, MakcuMaibHble 3HaYEHUSI CBETOBOM DHEPIMU B CyMMAapHOM pajHalu IPU
0e3001a9HOM HeOe MPUXOATCS KaK pa3 Ha 3eJICHYI0 U CHHe-3elenyto obnactu (puc.l1l.1.4).
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Puc.l11.1.4. PacnipesienieHrie CBETOBOM SHEPTHH B CIIEKTPE JHEBHOTO COJIHEUHOTO cBeTa (10
W.A.llyneruny, 1967).

Opnnako, eme B 1869 r. mosiBunace padorta K.A.TumupsizeBa, B KOTOPOW OH TPHUBOIMI
UCCIIEIOBaHUS, JOKa3bIBaloOIIKe, 4T0 (POTOCHHTE3 UHTEHCUBHEE BCETO JOJDKEH MPOUCXOIUTH B
KpacHOM ydacTke crekTpa. OH wu3ydasm QOTOJNM3 YIVIEKUCIOTH M TOJY4YWs JaHHBIE,
yKa3bIBarolue, 4ro Haubojiee (OTOCMHTETHMUECKH aKTHBHAs 4acThb CIEKTpa — 3TO KpacHas
obnactb BunuMmoro cseta. Brnocnenctsuum K.A.TumupsizeB nokazan, yTo U cuHe-(uoseroBas
YacTh CIEKTPa YPE3BBIYAHHO BakHA sl pacTeHuil (cMm. «K gompocy o..»). [loaydaercs, 4to
MMEHHO B JTHX JBYX 00JacTsaX y OOJIBIIMHCTBA HA3eMHBIX pacTeHWil (OTOCHMHTE3 OyneT
MIPOMCTEKaTh Hanbojee MHTEHCUBHO. DTO U JOKa3bIBAET CHEKTpajibHas KpuBas (DOTOCHHTE3A,
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MPUBEJECHHAS Ha puc [11.1.5.

L/XHOPO@’UUI

XJIOPOSHUJLT

Iorsowenne 5H epruy njacrunamMu

400 cuuas 500 600 Kpacr-raz 700
obnacTe obnacTe

Anura BoJirsr, HM

Puc.l11.1.5 CnekrpanbHas kpuBas poTocuHTe3a (NMpeICTaBICHHAs MO CIIEKTPaM MOTJIOIICHHSI
[TUTMEHTOB TLTACTHI)

Taxum 00pa3zoM, POTOCHHTETUIECCKH aKTHBHAs paauanus Haxoautcs B oomactu 400- 700 HM.
B sT0i 065acTi UMEIOTCSI IBa MaKCHUMyMa TIOTJIOIIEHUS, - Ut Jydeit ¢ umHamu 620 u 440 Hm.

K sonpocy o...
Kimment Apkanpesny Tumupsizes (1843-1920)

Knumenr ApxkanseBnd okoHumMi IlerepOyprckuii  yHUBEpCUTET C 30JI0TOM MEIalbl0 W MpOLIEN
(¢ yHIaMEHTaIBHYIO0 HAYYHYIO KONy B EBpore, rae B To Bpems padotanu byccenro, ['enbMrobil ¥ MHOTHE IPYTHE
CBEeTWJIa XMMHUYeCKoW Hayku. lIpemopaBan B CENbCKOXO3SIMCTBEHHOM akaJeMHM, HbIHE HOCAIIEH ero uMms, U B
MockoBCKkOM yHuBepcuTeTe. Ero HaydHble TPYyIbl U3BECTHBI BCEM, HEOCIIOPUMBI €0 Hay4dHbIE J0Ka3aTelhCTBa
BIIUSIHUS PA3JIMYHBIX IMANIA30HOB CBETOBOI'O CICKTpa Ha (OTOCHHTE3, HcciemoBanus ximopodumia. Ho, moxamnyi,
IJIaBHOE — 3TO HOBOE IOHUMAaHHUE POJIM PaCTEHHI IS HAlllel TUIaHeThl, HoBOe (Kak ceiiuac ckasajm Obl) II00aibHOE
Mbinuienue. Mmenno KimMeHT ApkaabeBUY yKa3ajdl Ha KOCMHYECKHE CBs3M dHepruu ConHIa, (OpMUPOBAHHS
paCTUTENILHOM OHMOMACCHl, OH OTKPBUI MyTh MPEBpAIllcHHs COJHEYHOIO CBETa B XUMHYCCKHE COCIMHEHUS,
(hOopMHpPOBaHUS KHM3HM HA HaIICH IDIaHETe 3a CcYeT TpaHChOpMalWH, Ka3ajdoch Obl, HEOU[YTUMOW SHEPIUU
COJTHEYHBIX JIydeil. BoT kak 00pa3HO U KpacHBO OH OMHUCHIBAET 3TO B CBoel kHure «JKu3Hb pacreHus». «Korma-To,
IJIe-TO Ha 3eMJIIO yIajl JIyd COJIHIIA, HO OH ymaJl He Ha OSCIUIOMHYIO IOYBY, OH yIaJl Ha OBUTMHKY IIICHUYHOTO
POCTKa, WIIH, JIyYIlle CKa3aTh, Ha XJOPOPHLUIOBOE 3€pHO. Y Iapssch O HEro, OH MOTYX, MepecTall ObITh CBETOM, HO HE
ucue3. OH TOJIBKO 3aTPAaTUIICA HAa BHYTPEHHIOI paboTy, OH paccek, pa3opBajl CBA3b MEXIY YACTHIIAMH YIIIEpOaa U
KHCJIOPO/Ia, COSTUHEHHBIMU B yriIeKUCIoTe. OCBOOOXKICHHBIN YIiIepo, COSTUHSSICH C BOIOM, 00pa3oBasl Kpaxmall.
DTOT KpaxMal, MPEBPATICh B PACTBOPUMBIN caxap, Mociie JOJITUX CTPAHCTBUM 10 PACTEHUIO OTIIOXKHUIICS, HAKOHEII, B
3epHE B BHJC KpaxMaja e WIH B BUJC KICHKOBUHBI. B TO# wiu npyroi GopMe OH BOIIET B COCTaB XJjie0a, KOTOPBIH
MOCITYXKHUI HaM Tuiieil. OH nmpeoOpa3oBaiiCst B HAIIK MYCKYJ/IbI, B HAIIX HEPBBL. [...] OH IPHUBOAUT HAC B IBUKEHUE.
BrITh MOXET, B 3TY MUHYTY OH UIpaeT B HaIlleM MO3TY...»

EcrecTBeHeH Bompoc, Mo4yeMy kK€ MMEHHO B JUIMHHOBOJIHOBOW (KpacHO-OpaH)KEBOH) U
KOPOTKOBOJIHOBOH (cuHe-(hroseToBoil) HabmomaTcs MakcuMymbl. OObsSCHEHHE, HaBEPHOE,
MOXKeT ObITh cienyromuM. C OJHOW CTOpPOHBI, cUHEe-(UOJIeTOBas — 3TO OJHa W3 Hauboiiee
JHEPreTUYeCKH BBIFOIHBIX oOmactel cnekrpa (cMm. puc.l11.1.5). C apyro#, KkpacHO-OpaHKEBbIE
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Jy4d TpeobsafaoT B CHEKTPE BEUEPHEro CBETa, NMPH HMPUOIMIKAIOLIEMYCSl K 3aKaTy COJHIE. A
3TO HawJyullee BpeMs Al paboThl (POTOCHHTETHYECKOIO ammapara, Tak Kak BO3JyX IMpPOTrpeT,
TeMIlepaTypa OKpYyXarollei pacTeHre cpebl Bbicokasi. [la ¥ IncThs OOJBIIMHCTBA PACTEHUM Tak
PacroJIO’KEHbl, YTO UMEHHO BEUEpHHE JIy4H MOMAJal0T Ha MUX MOBEPXHOCTh MEPHEHIUKYISPHO,
T.¢. HauOosiee dpdexTuBHBI. Takum 00pa3oM, Ha UHTEHCUBHOCTh (POTOCHHTE3a JACUCTBYIOT KakK
MUHHMYM elle JBa (akTopa — TemMrepaTypa BO3AyXa U HalpaBjIeHUE CBETOBOrO MoToka. Yto u
ompezenseT HauboJiee WHTEHCUBHBIM (OTOCHMHTE3 B KpacHO-()MOJIETOBOW 4YaCTH CIIEKTpa, B
BeuepHee BpeMs. He criemyer 3a0biBath M 0 TOM, 4TO 3(()EKTUBHOCTH HCHOJb30BaHus DAP
U3MEHSIETCS B IMPOLIECCE Pa3BUTHSI PACTEHUM, UYTO JTOKA3bIBAETCSl TUHAMHUKON M3BECTHOIO HaM
napameTpa «kod3ddunueHt ucnoaszoBanus DAP», Ky 4p (cM. ['nasy 11.2)

B HayuyHO#l nuTeparype HepeaKo MOSBIAIOTCA pabOThl, CBSA3aHHBIE C HCCIEIOBaHHEM
yIbTPaHOIETOBOM YaCcTHU COJHEYHOW pajavanuu Ha GoTocuHTe3. B GONMbIIMHCTBE 3THX paboT
NPUBOJATCS (PAKThHI, yKa3bIBAIOUIUE, YTO paJualusl 3TOW YacTH CHEKTpa CHHMKaeT (POTOCHHTES.
VYka3bIBaercs, 4To YyibTpa(UOIET CHUXKACT TPAHCIOPT 3JIEKTPOHOB B IUKIAX (DOTOCHHTE3A,
UHrUOUpyeT (POTOXMMHUYECKHE pPEaKIMM Ha MPEIBapUTENbHBIX CTaAusX (POTOCHMHTE3a U JIp.
Boo01ie — cHrkaeT pOTOCUHTETUYECKYI0O HMHTEHCUBHOCTh pacTeHUM. A, KpoMe TOro, NPUBOJUT
K CYIIECTBEHHbIM M3MEHEHHSIM B pOCT€ M PAa3BUTUU PACTEHUN, CHUKEHUM OTHOILEHUS
no0er/kopeHb, yrHeTaeT [BETEHHE M Ip., BIUIOTh J0 HMX THOCNU TMPH BBICOKUX MOTOKAX
ynbTpaduoera.

Bnpouewm, BausiHME CIEKTPaIbHOTO COCTaBa CBETA HAa MPOJLYKTUBHOCTh M ypPOKall pacTEHUU
HE BCerja COOTBETCTBYIOT IOJIyYEHHBIM JUIsl (OTOCHHTE3a 3aKOHOMepHOocTsM. Hampumep, B
SKCIEPUMEHTAaX C UCKYCCTBEHHBIM OCBEILIEHUEM XJIOMMYAaTHUK pa3BUBaJl HAMOOJIbIYIO OHOMaccy,
u (Qa3pl pa3BUTUS HACTyNaJU paHblle BCero Mmpu kento-zeaeHoM cBete! Iloatomy
(OTOCHHTETUYECKHE 3aKOHOMEPHOCTH HENOCPEACTBEHHO Ha MPOJYKTUBHOCTh pPACTEHUN
nepeHocuT He cuexayer. bonee mnoapoOHO 0 BIMAHMM CBETa, €ro MHTEHCUBHOCTH,
CIEKTPAJIBLHOIO COCTaBa U MEPUOJINYHOCTH Mbl ocTaHOBUMCS B yactu |11.4 «Pactenue u cer».

BiansiHue BJIa:KHOCTH MOYBBI M TeMIIEPATYPhI IPU3EMHOI0 BO31yXa Ha (POTOCHMHTE3

Hpyro#t ¢usnueckuil pakTop, OKa3bIBAIOUINI BIMSHUE HAa (OTOCHHTE3 — ITO, KOHEYHO XK€,
BJIQKHOCTH ITOYBEI. Belb IMEHHO BoJa ydacTByeT B ()OPMHPOBAHHM OPTaHMYECKHX BEHIECTB. A
OHa JIOCTaBJSIETCS B JICThSl pAacTeHWH 3 TOYBBL. Ecimm B JHCTBAX OyneT NpOSBISATHCS
HE/IOCTATOK BJard, POTOCHHTE3 OyIeT 3aMeUIIThCA. AHATOTUYHO U TIPU W30BITKE BOJIBI B TIOYBE
noTpeOIeHNe BOIBI PACTEHUEM MOXKET 3aMeISThCS, U (POTOCHHTE3 TAK)KEe YMEHBIIAThCS. Takum
o0Opa3oM, B ciydae BIMSHHS BIIQXHOCTH MBI HMMEEM KyIOJIOOOpa3HBIH THII 3aBUCHMOCTH
dorocunTesa ot BrakHoct nouBbl (puc.ll1.1.6). [llupuHa «kymona» 3Toi 3aBUCUMOCTH OyIeT
XapaKTepU30BaTh UAMAa30H BIAKHOCTH TIOYBHI, TPH KOTOPOM (OTOCHHTE3 MPOUCXOIUT
HanboJiee HHTEHCHBHO M PaBeH BenndynHe Dy.
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3.5] Opt

3.01 /’\

2.51
2.0

1.5

Accumunayua CO, M| 9a)

1.01
0.51

¢ N,
B3 0.7HB HB 1B

Baasicnocmes (2uoponozuueckue Koncmanmot)

Puc.l11.1.6. 3aBucumocTh (QGOTOCHHTE3a OT BIKHOCTH IIOYBBI, BBIPWKECHHOW B BHUJC
MMOYBEHHO-TUJIPOJIOTHUECKNX KOHCTaHT: B3 — Bnaxnocts 3aBsganusi, HB — HauMmeHbas
BJIArOEMKOCTB, 1B — 1moJytHas Bi1aroeMKoCTh WX BOJOBMECTUMOCTD

Tako# TuI KyroJi000pa3Hoil 3aBUCUMOCTH C OJTHUM 3KCTPEMYMOM (MaKCHMyMOM)
OMMChIBAETCS Napaboanueckoi GyHKIHeH

€ @B 6 a8, !

D=, e a9—+ téc——=U , e a u 6 — OMIUPUYCCKHE [APAMETPHI,
g € 3By g & 3By, A
XapakTepHu3yloliue H3MeHeHHe (POTOCHHTE3a B NPOLECCE Pa3BUTHUS U CTapeHUs pacTeHUs, -
3B,y — 3amachl BOJIbI B IMAIa30HE JOCTYITHOM BJIard WM 3aIiackl POAYyKTUBHOM Biiaru (3B mpu
HB 3a Beruetom 3B nipu B3) B kopHE0oOUTaEMO#t TOJIIIIE TOYBBI, 3B 5 — 3a11achl MOYBEHHOM BIIarv
IIpY HAUMEHbLIEH BIaroeMKOCTH.

AHAJIOTMYHO BJQXHOCTU BO3JEHCTBYeT Ha (OTOCHMHTE3 M TeMmIlepaTypa: HMEeTcs
HEKOTOPBIM, CBS3aHHBIM C OHOJIOTUYECKMMH OCOOCHHOCTSMH pAcTEHHH B apeaje WuX
pacnpocTpaHeHus, ONTUMAJbHBIA JHaMa30H TEMIIEpaTyp U KOHKPETHO ONTHUMAalbHAs JUIs
(doTocuHTe3a TeMIiepatypa Bo3yxa Iopt, IPH KOTOPOH (POTOCHHTE3 AOCTUraeT MaKCUMaJIbHOIO
JUT TaHHBIX pacTeHuit yposHs — yposHe F , (puc.ll1.1.7).
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Puc.l11.1.7. TemneparypHas kpuBas (OTOCHHTE3a
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JUist  XapakTEepUCTHMKM pPACTEHUM Ba)XHa M TEMIlEparypa, IPU KOTOPOM HAadMHAETCA
dorocuHTe3, - MUHUManbHas Temmeparypa (7min). DTOT mapamerp 3aBUCHT  OT
(GuU3MOTIOrMYeCKUX OCOOEHHOCTEN pacTeHM, UX HPUPOJHOrO apeajna, paoHUpoBaHus. Tak,
CEBEpHBIC JIPEBECHBIC pacTeHUs (eb, COCHA) HAYMHAIOT (POTOCHHTE3UPOBATH YK€ IPH
OTpULATENIbHBIX TeMIepaTypax —15 - -10°C. A TPOIIMYECKUE pacTeHusi —pu +4 - +8 oC,

Takol «KyrnonoooOpa3HbIi» BUJ 3aBUCUMOCTH TaK)K€ IMO3BOJIET allIPOKCHUMUPOBATH €€
HEKOTOpoi (yHKIMEHN 3aBUCUMOCTH (POTOCHHTE3A OT TEMIIEPATyphl, HAIPUMED, IPEUI0OKEHHON
B.H Ilonesbim:

ot 7T, ¢ er-T, OW
cD—cDO|O.2T m_'|f§6- gT _rl‘_“'” + Uy
T opt ~ 8 opt ~ 'min g u'b
rae T — Tekylasi TeMIieparypa Bo3ayxa, I mn — MUHUMAaJbHAs TEMIIEpaTypa Bo3lyxa, pu
KOTOpOIl HAYMHAETCsI POTOCUHTES.

Kpome toro, nns onucaHust BIMSHHUS TeMmIepaTypbl Ha (OTOCHUHTE3 YINOTPEONSIOT U
napameTp, aHaJOTHMYHBIH HCIIOJIb3YEeMOMY B XHMHUYECKOH KuHeTHKe — Qio! BO CKOJIBKO pa3
BO3pacTaeT CKOPOCTh PEAKUMH NpPU TOBBIIEHUH TEMIIEpaTypbl Ha 10°C. OGbruHO st
(OTOCHHTETHYECKUX TPOIIECCOB, KaK Uil OOJBIIMHCTBA ePMEHTATUBHBIX peakuuid, Qo = 2-3.
Omnako Q1o He sABISETCS BEIMYMHON TIOCTOSHHOW JJISi KOHKPETHOTO pAacTeHHS W BCEH
TeMIlepaTypHOi KpuBoil ¢orocuHTe3a. Hepeaxko BO3HHKAIOT YCIIOBHS, KOTJa TeMIlepaTypa
SIBJISICTCS] €IMHCTBEHHBIM JIMMUTUPYIOIIMM (akTopoM (HarpuMep, SIPKUM YTPOM TIOCIIE HOYHBIX
3amopo3koB). Toraa napamerp Q1o MOXKET JOCTUTATH U 3HAUCHUH >4.

MunepajbHoe nuTanue u konuentpamus CO;, B atmocdepe

BrionHe TOHATHO, 4YTO s 0Opa3oBaHHWsT KOMIIOHEHTOB M HOPMAJIBHOW  paboThI
(OTOCHHTETHYECKOTO armapara HeoOX0IMMbI MHUHEPAIbHBIC BEIIECTBA, BXOAAIINE KaK B COCTaB
wiacTua, (GEepMeHTOB W JPYruX KOMIIOHEHTOB (DOTOCHHTE3a, TaK M HEIOCPEJACTBEHHO
yuacTBytomue B ¢porocunTese. K nocneHuM OTHOCUTCSI MUHEPATIBHBIA (ocdop, a TakKe HOHBI
XJI0pa, Maprasia u Kajapius (cM. cxembl portocuntesa, puc.lll.1.1). B cocTas ke xa0poduiuios
(a u b) BXoaMT MarHuii, a B COCTaB XJOPOILJIACTOB, yYaCTBYIOIIMX B IEPEHOCE DJICKTPOHA
(uuToxpomoB, deppenokcuHa), - kene3o. [103ToMy NEePHUIUT ITUX 3JIEMEHTOB CYIIECTBEHHO
Hapymaer paboty Bce  GOTOCHMHTETMUECKOW  cucTembl. [  QyHKIMOHMpOBaHUSA
(OTOCHHTETUYECKON CHUCTEMBl HEOOXOAUMBI U Jpyrue OMO(pUIbHbIE MAaKpO3JIEMEHTbl — a30T U
KaJIMi. A30T y4aCTBYET B MOCTPOMKE AJIEMEHTOB IUIACTU, CTPYKTYpP XJIOPOIUIACTOB, a KaJlUid, -
AIIEMEHT OOJBIIUHCTBA (DEPMEHTATHBHBIX CHUCTEM, - YUaCTBYET NMPAKTHUYECKH Ha BCEX JTamax
(doToCHHTE3a B Pa3HOOOPA3HBIX SH3UMATUYECKUX PEAKIIUIX.

C npyroii cTOpoHBI, HEOOXOIUMBIM MUHEPAIBHBIM TPOITYKTOM Ul (POTOCHHTE3A SIBIISICTCS U
HAIMYAE  OCHOBHOTO  HAYAIBHOTO  «KHPIMUYMKa» B (OPMHPOBAHWUM  Tpex-  WIH
YETBIPEXKAPOOHOBBIX KUCIOT — razoo0pazHoro COz. DTa KpuBasi TaKKe UMEET BUII, OJM3KUN K
norapuMUIEecKoMy, OBICTPO Bo3pacTaromuii it OosbimuHcTBa pacteruit or 0 mo 0.1% (B
3emuoit armocdepe 0.03% CO,) u mocturaromiuii «Haceimenus» npu 0.2-0.3 %. Besycnosho,
BUJ] JTOW KpWUBOW M €€ TapaMeTphl OYyAyT CYIIECTBEHHO OTPEACIATHCS OHOJIOTHYSCKIMHU
ocobenHoctsiMu pacternit, tunoM accumuisinun COz (C3 wimm C4-tunamm). Ho B sroGom
ciydae, mojydaercs, yto npu cojepkaHud COz B €CTECTBEHHBIX YCIOBHUSAX (OTOCHUHTE3
MpUOJIMKAETCS JINIIh K MOJIOBUHHOMY OT CBOETO MaKCHMAJIBHOTO 3HAYCHHs. 3HAYCHHE 3TOTO
(akTa MOXKET OBITh M HE CTOJIb BEJIHMKO JUI PACTCHHH OTKPHITOTO TPYHTa, HO MOXET MMETh
OueHb OOJIBIIIOE 3HAYCHHWE [UIA TEIUIMIl, IMAapHUKOB W IIp., T/I€ BO3MOXKHO JOCTHKEHHE
noBelieHHOTo cojiepkaHuss COz, XoTss Obl B HEOONbIINE TPOMEKYTKM BPEMEHH s
WHTEHCU(PUKANKA (POTOCHHTE3a U YCKOPEHUST POCTOBBIX MPOIIECCOB.

Takum o6pazoM, coaepxxkanue COz sBIsSETCS TMMUTUPYIOIUM (pakTopoM (oTtocuHTe3a. OHO
ompenesieT Ta3oByl0 (GYHKIHUIO (OTOCHHTE3a, YCIOBHUS TOCTyruieHUuss u aBuwxeHus COz k
wractuaam. [Ipudem B 60bIIeii Mepe 3TO TUMHTUPYIOIIEE ICHCTBHIE MPOSBIISETCS HE CTOIBKO B
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KOHIICHTpAIMHU B aTMOcdepe (OHa, KaK MbI TOJILKO YTO BBISICHWIJIM MTPAKTHYECKH KOHCTAHTA), a B
nytu ciuegoBanuss COz Kk QoTocHHTETMYECKMM mNUrMeHTam. A 3ToT nyrh TakoB: CO»
mupoyHIupyeT W3 BO3JyXa uepe3 YCThbHIla B MEXKKIETO4YHoe IpocTpaHcTBo. 3arem CO;
pacTBopsieTCs B BOJIE KJIETOK U yXe€ B BOJAHOU cpene AUPPYyHIUpPYET K XJIOpoIuiacTam, Ilie U
MIPOUCXOUT peakiusi kapOokcunupoBaHus. ClieA0BaTENbHO, CYIIECTBYET KaK MUHUMYM TpHU
HCTOYHUKA COMpOTUBICHUN auddy3nonHomy nBmwxkeHuto COz Ha HyTH K XJIOpOIUIaCcTaM:
COIPOTHUBIICHUE BO3[yXa BOJM3U MOBEPXHOCTH JUCTa (M (DHy3HOHHOE COMPOTUBICHUE BO3/IyXa
— Ia), muddy3nonnoe conporusieHue yctbuil npu noctymieHud CO2 B MEXKICTHUKU (fs) U
maddysnornoe conpoTuBieHue aBmkeHn0 CO2 B KJIETOYHOM pacTBope, B Mesodumuie (m). Kak
MPaBWJIO, STH CONPOTHUBJICHUS M SBIAIOTCS OTPAHUYUBAIOIIUMHU (POTOCHHTE3 B OTHOIIECHUU
¢dakropa CO,, B oTHOIIEHUH TrazoobMeHa npu (poTocuHTe3e. B camom oOmieM Buze, yIUTHIBas,
yT0 U PYy3MOHHBIH MOTOK BCErja MPOMOPLUOHANIEH TI'PAaJUEHTY KOHLEHTpAalUU U 0OpaTHO
MIPOMOPLIMOHAIIEH CyMMapHOMY COIIPOTHUBIICHUIO MIEPEHOCA, MOXKHO 3amucaTh oOlIee BhIpaKeHNE
3aBUCHMOCTH (poTocuHTe3a (D) OT yKa3aHHBIX COMPOTHBICHUM:

p=_%"G

ra + rS + rm

e C, u G - koHuentpauuu CO; B arMocepe u BOmm3n xiopormractos (r COz/em®). Dto
ypaBHEHHE B Ka4€CTBEHHOM BH/JIE INOKa3bIBaeT 3HaueHUEe MU(PGY3MOHHBIX COMPOTUBICHUM Ha
pasnuuHbIX y4yacTkax mpouecca auddysun CO u3 armocdhepsl K HEMNOCPEICTBEHHBIX
dboTocuHTE3MpYyIOMKUM  «habpukamM» B KIETKaX — IUIACTHAAM. OTH CONPOTUBIICHHS Ha
pa3aMyYHBIX  y4yacTKax JTOro IyTH JOCTaBKM MOTYT 3aMETHO CKa3bIBaThbCi Ha
ra3o00ecrneyeHHOCTb, U COOTBETCTBEHHO, Ha MPOAYKTUBHOCTH ATHX «(paOpHK», Ha UTOrOBBIN
dboTocuHTES3.

HN3meHnenus porocuHTE3a B OHTOIEHE3e

W, HakoHen, cieqyeT ydyuThIBaTh HE TOJBKO (u3nueckue (akTopsl cpeapl, HO U
OMoJIOTHYECKHEe OCOOEHHOCTH PACTCHHH, MPEXKIe BCEro M3MeHeHue (OTOCHHTE3a B Mpollecce
CTapeHMs] PACTEHUM, WIM — B OHTOreHe3e. PU3MOJOTMYECKH BO3pACT PACTEHUM JOBOJIBHO
3aTPyJHUTENBHO BBIPa3UTh B BHJIE IMPOCTO BpPEMEHM. JleHCTBUTENIBHO, BO3MOJKHO pacTE€HUE
HaXOJWJIOCh B HEOJIAronpusATHBIX TEMIIEPATYpHbIX ycioBusix. EctecTBeHHO, HacTymieHue (a3
pa3BUTHUSL MOXKET 3azep:kuBarbcsi. [loaToMy JUIsl OlLlEHKH (U3MOJIOTMUYECKOT0 BO3pacTa ONSTh-
TaKl HCIOJB3YIOT (u3nueckue (akTopbl, B KOTOPBIX MPOUCXOIMI pocT pacteHui. llpexne
BCErO - TemnepaTypy Bo3ayxa. OJlHako, HE MPOCTO TeMIepaTypy, a 3pPeKTUBHYIO TeMIiepaTypy,
KaK MpaBWIO, TeMIepaTypy OoJsiee 10°C. V1 me MPOCTO M3MEPEHHYIO TEMIIEpaTypy — a CyMMY
s dexTuBHBIX TeMmieparyp. Kak roopsaT, cymmy 3¢ ¢eKTUBHBIX TeMIEpaTyp HapacTaroluM
uTtoroM. BoT 3Ta-TO BeNMMUYMHA U OKa3bIBACTCSI OCHOBHOM XapaKTEPUCTUKOHN (PHU3HOJIOTUUECKOTO

o o
BO3pacTa KOHKPETHOro BHjAa pacteHuwii - @ T,,. 3aBucumocts (QorTocHHTE3a OT

o o
(pusrooryeckoro Bospacra pacrTeHuii B BHIe mapamerpa @ T, TaKKe HMEET BHJ

OJIHOBEPLIMHHOW KPUBOW C ONTUMYMOM B HEKOTOPOM JHamna3oHe CyMMapHbIX 3()(EeKTHUBHBIX
TEeMIIepaTyp, XapaKTepU3YIOLIUX OINpEIeNIEHHYIO CTaJui0 pacTeHuil B oHTOorenese. Ha puc.
[11.1.8. BugHO, YTO pe3koe yBeIMUEHHE OMOMACCHl MPOUCXOAWUT B CTaauu (popMHpPOBaHUHU
KoJioca, KOorja B PAacTeHUU C HaumOOJbIIEH aKTUBHOCTHIO paboTaeT (POTOCHHTEH3UPYIOLIUN
anmnapat, (QOpMHUpYIOTCSl 3amachl OpraHuyeckux BeniecTB. HacrTymenue »Tol cTamus, Kak U
MOCJIEYIOLIUX XOPOIIO KOpPpEeIupyeT ¢ cyMMOM 3((EKTHUBHBIX TEeMIIEpaTyp, 4YTO IO3BOJIIET
HCI0JIb30BAaTh 3TOT MapaMmeTp Ui OLIEHKH W MPOTHO3a HACTYIJICHUS TOW M MHOM CTaguu B
pa3BUTUM pacTeHWil, B oHToreHese. [lpuuem, 3Ta Koppensiuus XapakTepHa HE TOJBKO JUIs
HACTYIUICHHsI CTAJMi pacTeHUM B OHTOTeHe3e (CTaluM <GakKJIalKd JHCThEBY», «POPMUPOBAHUE
KOJIOCa», «POCT KOJIOCa» ¥ «pOPMHUPOBAHUE 3€PHA»), HO H C YHCIOM (HOPMHUPYIOIIUXCS OPTaHOB,
T.€. C YMCIOM JIMCTHEB, YUCIOM LBETKOB M Mp.. DTO MO3BOJIAET U MO CyMME 3(PPEKTUBHBIX
TEeMIIepaTyp ONpeneisaTh U YUCI0 GOPMUPYIOLIUXCS OPraHOB, KOTOPbIE 00Pa3yl0T XapaKTEPHYIO
JUIS KaX/I0r0 BUJAa KPUBYIO 3aBUCMMOCTH YMCJIa OPraHOB Ha Pa3JIMYHBIX CTAJUAX Pa3BUTHUS B
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3aBUCHUMOCTH OT CyMMbI 3 ¢extuBHbIX Temmepatyp (puc.lll.1.8). Bor Takoro poma kpuBbie
HEPEJIKO HCIOJIb3YIOTCSl JJIsi IPOrHO3a HACTYIUIEHUS CTaJAuid M OLEHKU 4YHCla OpPraHoB B
pacTeHuH.

dopmuposanue, pocm
Konoca Konoca

3aKna0Ka dopmupoeanue 3epna

Jaucmboeeé

uucio
ueemkoe

Uucio

pepmunprbIx 3epHOBOK

UeemgKos

YHC/IO OPTAHOB

uucio
Jqucmboee

>
>

CYMMA TEMIIEPATYP QT

Puc. 111.1.8. Yucmo opraHoB Ha pa3IMYHBIX CTAIUIX OHTOTEHE3a 3€PHOBBIX B 3aBUCHMOCTH
0T cyMMbI 3((EKTUBHBIX TEMIEPATYP.

Ho, kak 3T0 00OBIYHO OBIBaE€T B pPEAJbHBIX YCIOBUAX, (pu3Mueckue (PakTopbsl MPUPOIHOM
cpenbl JCHCTBYIOT HE IO OTACIBHOCTH, a COBMECTHO, JaBas 3(dekt ycuieHus (sBieHue
CHHEpPru3Ma) WK 0CIabiieHus (aHTarOHU3M).

CoBmecTHOe BiHMsiHHE GAKTOPOB

PaccmaTtpuBas coBMecTHOE JIeHCTBUE pazNUYHbIX (AKTOPOB, CIEAYET YUYUTHIBATh, YTO OHU
MOTYT YCWJIMBATh WJIM CMSr4yaTh JEHCTBUS APYTrUX NPpUPOIHBIX GakTopoB. Ho oHM HHMKOrAa He
MOTYT OBITh B3aMMO3aMEHSIEMbl, U Mbl HUKOIJIA HE CMOXXEM IIOJIHOCTbIO KOMIIEHCHPOBATh
HEJIOCTAaTOK CBETA YBEIIMYEHUEM COJIEpPKaHUsS BJIArM B ITOYBE, HEJOCTATOK TEIUIA — BHECEHHEM
a30THBIX ynoOpeHuit u T.1. dusndeckue GpakTopsl HE MOTYT ObITH B3aMMO3AMEHSIEMbI — 3TO OJIMH
13 3aKOHOB JKOJIOTHH.

Crnenyetr UMeTh B BUAY U MPABUIIO JTUMUTUPYIOIIUX (PakTOpoB. OOBIYHO €ro MpeACTaBISAIOT B
Buae 3akoHa JInOuxa (3akona Bipkmana-JInOuxa) 3akoHa MHHMMYyMa WM, OOpa3HO, B BHIEC
00YKH, B KOTOPOH YPOBEHb BObI OMPENENSIETCS CaMOi HU3KOM M3 cilararoiiux O0UKy JIOIIeyeK.
DT0 03Ha4aer, 4To MOJHATH YPOBEHb BOJBI B 3TOM 0OYKE MOMXHO TOJBKO «HAPACTHB» CaMYIO
KOPOTKYIO Jomiedky. To ecTs, GOTOCHHTES3, pOCT U pa3BUTHE PACTEHUMN OYyAYT peryaupoBaTbCs
TOJIBKO TeM (akTOpoM, KOTOPBIH HaxXoAWUTCS B MUHMMyMe. B coBpemeHHON arpodusuke 3T0T
3aKOH B MPSMOM BUJIE HE IPUMEHSETCS], OH HE COBCEM TOYEH. JleMCTBUTENBHO, €CIIH KaKoil-nbo
(akTop HAXOUTCS B MUHUMYME IPU ONTUMANIbHBIX BEIMYMHAX APYTUX (AKTOPOB, TO BEIMUMHA
¢doTocuHTe3a OyIeT OomnpeAensiTbCsi HMEHHO 3TuM abuotuuyeckuM ¢dakropoM. Ho apyrue
(bakTopbl, XOTS OHU TMOJHOCTHIO M HE MOTYT 3aMEHUTh HAaXOJALIUIICS B MHUHHUMYME, MOTYT
CMATYUTH €ro JACUCTBUE, a MHOTJA W 3aMETHO KOMIIEHCHpPOBATh. [IpuMepoM MOIyT CIIy:KUTh
pa3zHooOpa3Hble SKCIEPUMEHTHl MO B3aMMOBIMSHUIO MHTEHCHUBHOCTU CBETa M TEMIEPaTyphl
BO3Ayxa. B omnpeneneHHOM aMana3oHe HENOCTAaTOK CBETa YAAETCs KOMIIEHCHPOBATh
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MOBBIIICHUEM TEMITEpaTyphbl. ITO BIOJHE MOHATHO: 00a 3T (haKTOpa OMPENEIIIOT TEMIIEPATYPY
JUCTHEB pPACTEHUN, M COOTBETCTBEHHO, HMHTEHCUBHOCTh (oTOCHHTE3a. B o0cobeHHOCTH
cMsryaroliee JIeHCTBUE CHUHEPreTHUECKUX (PaKTOPOB MPOSBISAETCS B KPUTHUECKUX TOYKAX —
MUHUMAaJbHBIX TEMIIepaTypax, cojepkaHus Biaru v np. Ho numb cwmsruatomiee, a He
3aMeHstoliee. X0Ts B arpopu3uKe OYeHb BaXKHO 3HATh U YMETh MCIIOJIb30BaTh ATO CMSrYarollee
NeCTBUE B KPUTUYECKUE MOMEHTBI KU3HU PACTEHUI — IIPHU PE3KOM IOXOJIOJaHUH, 3aMOPO3KaX,
3acyxe, a TaK)Ke B YCIIOBUAX 3aKPBITOTO TPYHTA.

N eme omuH MOMEHT B3aMMOBIHUSHHS (DaKTOpOB OYEeHb BakeH. Ecnu kakoi-mbo u3
(akTOpOB HAaxOOUTCS B MHHHUMYME, a rpynmna JApyrux (akToOpoB OKa3bIBaeT CMsIrYarollee
BO3JICHICTBUE, TO MHTEHCUBHBIA HPUPOCT (POTOCHHTE3a BO3MOXKEH TOJIbKO IpU NpPUOaBIECHUU
storo ¢akropa. OO6 »3TOM TrOBOpPAT (OpPMBI KPUBBIX 3aBUCUMOCTEH (POTOCHHTE3a OT
abnotrdecknx (akTOpoB: HaubOJEe KpyToil pocT (POTOCHMHTE3a BCeraa HAaOI0AaeTcs B 00JacTu
3HauYeHUN (aKTOpa HECKOJbKO BBIIIE MHUHHUMAJIBHOTO KPUTHUECKOTO. DTOT (AKT MBI YyKe
OTMEYaJIl, KOTJja yKa3bIBaJIM, YTO €CIIM TeMIIepaTypa SBJISETCS TUMUTHPYIOIIUM (aKTOpOM Mpu
ONITUMYME OCBEIICHHOCTH, BIAroo0eCIe4eHHOCTH pacTeHui, To Q1o B 3TUX YCIOBHAX MOXKET
COCTaBJIATH BEJIMYMHBI >4, TOT]a KaK B 0OBIYHBIX ycnoBusix Qg cocTaBisieT 2-3.

Mpbl Takke ykasbplBaJid, YTO yBenuueHue KoHueHTpauuu CO, crnocoOCTBYET yBEIMYEHHUIO
¢doTocuHTe3a U 001a/1a€T CHHEPIeTUUECKUM JIECTBUEM C JPYTUMU a0MOTUYECKUMU (aKTOPAMHU.
Hanpumep, Xopomio H3BECTHO, YTO CBETOBbIE KpuBbIE (pOTOCHHTE3a OyayT M3MEHSTh U CBOE

MaKCHMaJIbHOE 3HAYCHUE (CDO) u yron HakioHa (D) mpu pasmmunoit kourenrpanuu CO; B

Bo3ayxe (puc.l11.1.9, mo b.A.Pyouny u B.®.I"aBpuieno, 1977).

5
M 16

. .32% CO,
I

o

N 12

8 0.16% OO,
:

S 9

8 4 0.01% CO,

4000 8000 12000 16000 20000
OCBEIEHHOCTB, Jak

Puc. [11.1.9. CeroBsie kpuBble HOTOCHHTE3A ITPU paznuaHoi KoHIeHTpanuu CO».

W3 3TUX KPHUBBIX SICHO, YTO MHTEHCHBHOCTh (DOTOCHHTE3a B 3 YCJIOBHBIX €IMHHIIBI MOKET
ObITh jgocturayra npu ocpemieHHoctH B 1200 mrokcoB (nk), B 1900 m B 6000 ik mpu
koHneHtpamusax CO2 0.32, 0.16 u 0.04%. A 3TO COBEpIICHHO ONPEICICHHO O3HAYaeT, YTO
peryaupoBaTh (POTOCHHTE3 B YCIOBHUSIX HEJOCTATOYHON OCBEIIEHHOCTH, HAIPHUMEp, B YCIOBUSX
TEIUIUI] MOXHO ¢ momoiibio u3MeHeHus: COpz, 4yTO MOXKET oKa3aTbesl Ooisiee IPPEKTUBHBIM,
OTIEPaTUBHBIM U HAJSKHBIM. Ho, - TIOJUepKHEM, - TIOJTHOCTHIO KOMITEHCHPOBATH HEIOCTAIOIIHIA
dbaxTop cpemsl (ocBeneHHOCTh) ApyruM (coaepkanreMm CO2 B BO3yXa) HE YAaCTCs, BO3MOKHO
TOJIBKO PETyJIUPOBAHHWE B OINpEACICHHOM jauamnazoHe. [lpuBenennele Ha puc. [11.1.9
3aBHCHMOCTH KaK pa3 M YKa3bIBAIOT 3TH BO3MOKHOCTH PETyJIUPOBAHUS.
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@DOTOCHHTE3 3aBUCHUT OT MPUTOKA MUHEPAJIBHBIX BELIECTB U KOJIMYECTBA 00pa3yroIUXCs U
HAKaIlJIMBAIOUIUXCSA MPOJIYKTOB. JTO BIIOJIHE O00bsCHUMO. Benb B OcHOBe (OTOCHHTE3A JEKaT
pa3zHooOpa3Hble XUMUYECKUE PEaKIMH, KOTOopble Bceraa noauuHstorcs npasuiy Jle latensbe-
BbpayHa, npaBuiy cMelleHuss XMMUYECKOTO PaBHOBECHS B 3aBUCUMOCTH OT BHEHIHUX (PaKTOPOB:
BO3JICHCTBUE (PAKTOpPOB, OTKJIOHSIOIIUX CHUCTEMY OT paBHOBECHS, BbBI3BIBAET B CHCTEME
MPOIIECCHI, CTpemsmuecs ociaduTh 3(hdeKT Bo3aercTBUsA. B 4acTHOCTH, 3aMeTHOE YBETUUYCHUE
(doTOCHHTE3a C POCTOM OCBELIEHHOCTH MPOSBISETCS TOJHKO IPHU JOCTATOYHOM OOECIeUEeHUU
pacTeHuUi a30ToM. A30T ydacTByeT B CHHTe3e OenkoB. Ero Hammume maer BO3MOXKHOCTH
pPacTeHHIO YCTaHaBJIMBaTh pPaBHOBECHE OMOXMMHUYECKUX peaklUui Ha 0oJjiee BHICOKOM YpPOBHE,
Haumbojiee TOJHO MCIOJb30BaTh CBOW (POTOCHMHTETHYECKHI amnmapar, B IOJHOM Mepe
WCIIOJIb30BaTh CBETOBYIO 3HEPrut0 U (opmupoBarh Oenku. [loatomy m dopma 3aBHCHMOCTH
¢oTOCHMHTE3a OT MHTEHCUBHOCTH JIyYUCTOM HSHEPrud HMMEET BHJ JIOTUCTUYECKOW KPHUBOM C
Pa3IUYHBIM YIJIOM HAKJIOHA IS pa3indHbIX 703 azota (puc.l11.1.10).

N 40
L]
om
& 30 | HOPMA ABOTA
S 20 1/ 4 HOPM5I
) 1/ 8 HOPMFI
E 10 |
I
[e)
&
*10-5

100 200 300 400
SHEPI'MS JIVYUCTOI'O IIOTOKA, Brl cM 2

Puc.111.1.10. CBetoBbIic KpuBbIe (DOTOCHHTE3A IPHU Pa3TMYHBIX J03aX a30Ta (1o
A.H.ITosneBomy, 1988)
Onpeodenenus.

doTocuHTE3 3aBUCHUT OT.

WHTEHCHBHOCTH CBETOBOIO MOTOKAa (MHTCHCHUBHOCTHM OCBCINCHHS) B BHIC
BO3pacCTalollel JOTUCTUYECKON (YHKIMH, I7I€ OCHOBHBIMH MapaMeTpaMU SBIISIOTCA
HAyaJIbHBI yroJ HakJIOHA CBETOBOM KpHBO# (MapamMeTp TEHEBBIHOCIMBOCTH) H
MaKCUMaJbHOE 3HAaueHHE (POTOCHHTE3a, MaJl0o M3MEHSILIee IMpU JAajbHeHIeM
YBEJIMUYCHUHU CBETOBO# dueprun (Dy);

+ yrja IMaJeHHs] CBETOBBIX JIy4eW, IIPU MEPIECHIUKYIIPHOM MaJeHUH KOTOPBIX HA
MTOBEPXHOCTb JIMCThsI JOTOCUHTE3 MAaKCUMAJIEH;

CHEKTPaJbHOTO COCTaBa CBETA! MaKCHUMyMbl HMHTEHCUBHOCTH (POTOCHHTE3A
MPUXOAATCS Ha CUHE-(DUOJIETOBbIE U KPACHO-OPaH)KEBbIE YACTH CIEKTPA;

- TEMIIEpaTypbl BO3JyXa M BIQXHOCTM BO3AyXa B BHJAEC OJHOBEPUIMHHBIX
KYIOJIOOOpa3HbIX KPUBBIX C OINpPEAETICHHBIM Ui KaXJ0ro BHUIA PallOHHPOBAHHBIX
pacTeHUi TUana3oHOM ONTUMYMa TEMIIEPATYp U BIAXKHOCTEM.
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DOTOCHMHTE3 TAaKXK€ U3MEHAETCS B OHTOrE€He3e pacTeHud. B kadectBe mapamerpa
o
(pu3HOTOrYeCKOro BO3pacTa HCHOIB3YIOT CyMMY 9 (EKTUBHBIX TEMIIEPATyp Bo3ayxa, a T,

3aBucuMocTh (DOTOCHHTE3a OT OTOr0 TMapamMeTrpa TaKKe HOCHT BHUJA OIJHOBEPIIMHHOM
«KYI0JI000pa3HOI» (QYHKIUH.

WuTeHcuBHOCTD TpHpocTa (OTOCHHTE3a OIPENeNsIeTcss ACHCTBHEM TOTrO (hU3HUECKOTro
dakTopa cpelbl, KOTOPBIH HanOoJIee yIAJIeH M0 3HAYEHHUSIM OT CBOEro onTuMyma (Mo qudukarus
3akoHa JInbuxa). CiielyeT yuyuThIBaTh KOMIICHCHPYIOIIEe» ACHCTBHE APYTUX, HAXOMSAIIUXCS HE
B ONTHUMAJIBHBIX YCIOBUSX, (pakTopoB. IIpm 3TOM pocT MHTEHCHMBHOCTH (POTOCHMHTE3a Oyner
OTIPENETISTHCS CKOPOCTHIO MPUPOCTa (hakTOpa, HanboJIee yaaJIeHHOTO OT ONTHMYMa.

OTU MOJ0KEHHSI OKa3bIBAIOTCSA BECbMa BAXKHBIMU JUIS U3YyUEHUS NMPAKTUYECKUX ACIIEKTOB
arpo¢u3ukd, B OCOOEHHOCTH, BBIPAIMBAHUSA PACTEHUM B 3aKpPbITOM TpyHTE IIpU
HCKYCCTBEHHOM OCBEILICHHUH, a TAK)KE IPU MOAEINPOBAHUY IIPOTYKIIMOHHOTO IIpoIiecca.

IMonsiTue 0 MoeMpoBaHHM Nponecca poTocunTe3a

Jlnst onrcanust mpoiiecca GOTOCHHTE3a HEOOXO0IMMO 3HATh HHTEHCHBHOCTh (POTOCUHTE3A MPH
ONTHMAIBHBIX YCIOBHSIX TEIJIO- W  BOJOOOECICYCHHOCTH, TMPH pPEATbHBIX  YCIOBHSIX
ocBereHHOCTH. OGO3HAYNM €¢ TOTCHIMANBHEIM (GoTOCHHTe30M - Py [Mr COofnm* ). s
mepecyera 3TOW BEJIMYMHBI K peanbHbIM ycioBUsM (Dt) HEOOXOAMMO YYeCThb H3MEHEHUE
doTocuHTE3a ISl peabHBIX 3HAYCHUI TEMIIEPATyphl U COJCPIKAHMs BJard B moYBe. [IpuMepsl
TakuX QYHKIMH TIepecyeTa Mbl yXKe 3HaeM, 0003HAUYMM MX KaK apaMeTphl Oir K Oy :

T-T. ? erT-T, 06U

D,
a;=—=02 Y
CD To g mln ﬂ U
_ &3B 6 &3B 0
Ay =—=- C =+ 3({ =
@o &3B,.g é3B,g¢

Kpome Toro, Hano ydecTtb M3MeHeHHE (OTOCHHTE3a B IIPOLECCE Pa3BUTHUs PACTEHHUs, - B
OHTOreHe3e. JTa KpuBas crelu@uuHa Ui KaKJI0r0 pacTeHHs, HO Mbl Y)K€ TOXE 3HAaeM, Kakue
MCHOJIB3YIOT JJISl 3TOrO MOAXOJIbI: OOBIYHO ONEPUPYIOT (AKTOPOM CyMM TemrepaTyp Oosiblie
10°C. Dro mO3BOMSET COCTABHUTH CIEIMHYECKHE IS KaKIOTO pPACTCHHS (DYHKIHH
HACTYIUIEHHsI CTaJMil B MPOIECCE OHTOreHEe3a B 3aBUCUMOCTH OT KOHKPETHO CKJIa/IbIBAIOLINXCS
MeTeoycaoBui roja. B pacuersl porocnHTesa 3T0T (h)aKTOp BBOJUTCSA B BUJE ApaMeTPa gy -

Torpa 1s peanbHbIX YCIOBUN Pa3BUTHUS pacTeHUS (OTOCUHTE3 B KAXK/IbIil TaHHBI MOMEHT
OyZeT onpenensaThes MOTEHIMAIbHBIM (POTOCUHTE30M U IapaMeTpaMu TeIuio-,
BOJ000ECIIEYEHHOCTU U OCOOCHHOCTSAMU U3MEHEHUS (JOTOCUHTE3A B OHTOT€HE3E:!

cDt = CZ)0 >a’T >a’W >e’ONT

OTO MO3BOJSET PACCUUTHIBATH (POTOCHHTE3 JUIsl KaKJIOro Mnepuoja BpemeHu. OpHako
HauboJjiee BaKHO 3HAThb HE MPOCTO (POTOCHHTETHUUECKYK0 aKTUBHOCTH, HO U (hopMHpyrOLIUiics
ypoxail. A 6uomacca, T.e. CyMMapHasl pacTUTEIbHasl MPOIYKIMs, OyJIeT ONpeNensiTbCs ABYMS
npoueccamMu: (POTOCUHTE30M U JIbIXaHHEM.

JAbixanue

[Ipouecc npIxaHuss — 3TO CIOXKHBIM (PU3UKO-XMMHYECKUH MPOLECC, B XOAE KOTOPOro
OpraHMYecKHue BeEIIeCTBA, O0Opa3oBaHHblE B pe3ylbTare (OTOCHHTE3d, OKUCISIOTCA €
BBICBOOOK/IEHUEM SHEPIruu IpU MOTJIOIEHUU KHUCIOPOAa M BbLACICHUM YIJIEKHCIOIO rasa.
['maBHOE mpeaHa3HAUYEHME Ipoliecca AbIXaHUS — ATO IOJIyYE€HUE SHEPru, HEOOXOAUMOM s
KU3ZHEJESATENIbHOCTH, @ UTOT - NOJYyYEHHE TAKUX aKKyMYJISITOpoB 3Hepruu kak AT®, Boienenue
CO2 u nornomenue O». BecbMa cxemMaTH4HO mpoliecc AbixaHus npejacrasieH Ha puc. [11.1.11.,
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Ha KOTOPOM M300pa)keHbl JBa OCHOBHBIX Y4YacTKa Iiporiecca nabixanws: Iukia KpebGca u
JBIXaTeNbHAs 1eMb, B KOTOPOUW U OCYIIECTBIISCTCA OKUCIUTENbHOE (hochopriimpoBaHue.

co,

AbIXAHUE

YITJIEBOILBI
BEJIKM —— > ALETNI

smpsl | TOA
( JIHIIVTBI)

AdbIXaTeJsIbHasz
H, nens AT

OKUCHAUTENEBHOe
docdopnnmn-
poBaHue
( 6eckucioponyoe g o
pacmenieHne 2

Puc. I11.1.11. Cxema mporuecca apixanus (uukia Kpeoca)

Crnenyer mNOAYEepKHYTh, YTO HE BECh ACCHUMMJIMPOBAHHBIM INpu (OTOCUHTE3E YIIIEPO.
TPaTUTCS Ha JBIXaHWE, a TOJBKO €ro 4acth. Jlpyras ero 4acth, Kak yKa3blBaJIOCh, (OPMHUPYET
3amacel. B cBOr0 ouepenp, yriepoacoaepKaliie BelecTBa, pacXoAyl0TCsl B IPOLECCE AbIXaHMs.
B arpo¢dusuke, kak npaBuUiIo, UCHOJIB3YIOT MOJXO0J K IIPOLECCY AbIXaHUs, pa3AeisIIoIui oomee
JbIXaHWE Ha «IbIXaHUE pocTa» (WM B JaTbHEHINEM, TPOCTO <IBIXAHUE») U «IbIXAHUEC
noyiepxanusn» (cm. O.J1.Cuporenko, 1981). «/IpixaHue pocrTa» OMpenessieT MPUPOCT CYXOi
Ooromacchl pacTeHus (MM €ro opraHa), a <«IbIXaHHE IMOICPKAHUS» MPOTOPIUOHATIBHO CYXOH
Oromacce pacTteHus. DTOT IMOJXOJ HA3bIBACTCA «IBYXKOMIIOHCHTHOW KOHIICTIIIMECH JIBIXaHUSI».
Ota KOHIICIIITUA y)106Ha TEM, YTO IIO3BOJIACT (bl/ISI/I‘-IeCKI/I U MAaT€MaTU4dYCCKU BBIJACIIUTH 4YacCTbhb
c(OpMUPOBAHHBIX B pe3yibTare (OTOCHHTE3a PE3EPBOB, KOTOPHIE PACXOAYIOTCS HUMEHHO Ha
POCT pacTeHHUH.

Onpedenenus

JlpIXaHue - COBOKYITHOCTh IPOIIECCOB, KOTOPBIC OOECIICUMBAIOT MOCTYILUICHUE B OPTaHU3M
KHACIOpPOJa W BBIICICHHWE W3 HETr0 YIIEKUCIIOro rasza. B mporecce IbIXaHUS KHUCIOPOX
UCTIONB3yeTCS JUIsl OKHCICHHS AaCCHUMIUITHTOB Tporiecca ()OTOCHHTE3a C OCBOOOKICHHEM
SHEPTUH, HEOOXOIUMOM JIJIS )KU3HEICATEIIBHOCTH PACTCHHS.

B arpodmusuke npixaHue paccMaTpUBaeTCs KaK JIBYXKOMIIOHCHTHBIH IPOIECC: AbIXaHUe
noaaepxanusi (Ry,) mponopumoHanbHO CyXoi Oumomacce pacTeHus win ero oprana (M), a

M
ABIXaHUS POCTA — IIPONOPLIUOHAIBHO MPUPOCTY CyXOi OHoMacchl (dd—t):

RM =R M +(1- G)OLI—'\:I

rie R - obmee npixanwe (r yrieBomoB/T CyxX.BemlecTBa B CyTKH), R, — nbixaHune

nojiepkanus, M — Omomacca cyxas pactenms (r cyx.BemiectBa), a G - ko3dduimeHt
JBIXaHHUST POCTA, XapaKTepH3YIOIMUNW 3PPEKTUBHOCTh NPeoOpa30BaHUS YIIIEBOJOB B CYXYIO
ouomaccy (T yriieBoJoB/T cyx.0HOMacchl).

B oHrorenese (QyHkuMs AbIXaHUsS H3MEHSETCs. XOpolIo U3BECTHbI (akThl Oosee
MHTEHCUBHOTO JIBIXaHUSI MOJIOJBIX, OBICTpO pacTymux pacteHuil. Kpome TOro, apixanue
CYLIECTBEHHO 3aBHCUT OT TemIepaTypbl. Tak Kak 3TO IMpolecc B OCHOBHOM (DU3HKO-
XUMHYECKUH, TO JUISl €r0 XapaKTePUCTUKH, aHAJIOTHYHO CKOPOCTH XMMHUYECKON PEaKIH, BBOJSAT
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TeMIeparypHslil Kodpduuuent apixanus, Q, — yBeIMYEHHE CKOPOCTU JbIXaHHUS IIPH

yBenmuueHun Ttemrepatypsl Ha 10 rpagycoB. Torma QyHKIHMS H3MEHEHUS JABIXaHHS ITOX
BJIMSIHUEM TeMIlepaTypsl (HO O3 yueTa OHTOTCHETHYECKUX U3MEHEHUIT) MOKHO 3aITHCaTh:

R= ROQfol AT-To) , Tae Ro u Top —ucxonHoe apixaHue u Temmneparypa

B uenom, ¢yHKIMS fAbIXaHUST — TaKXKe OJHOBEPLUIMHHAS KpHUBas, AaHAJOTWYHAL
TeMIieparypHoii kpuBoi (otocuHTe3a. OOe 3TH KpuBbIe mpenacTaBicHbl Ha puc. |11.1.12. U3
NPUBEACHHOTO PpUCYHKA BHUJIHO, 4YTO pa3HOCTb MEXAy HOpoaykuued ¢oTocuHTE3a
(bopmupyrOIIMMUCS ~ ACCAMHJISIHTaMH) M JIBIXaHUEM  JIaeT YUCTYK  HETTO-NPOAYKIHUIO
¢doTocuHTe3a. DTa HETTO-NMPOIYKLHS CKIIAJbIBA€TCS M3 3alacoB U CTPYKTYpHOHl OHOMAacCHl.
Kpome Toro, cienyer moa4epkHYTh, YTO 3TH KpUBbIE HE CHUMMETPUYHBI IpPU HU3MEHEHUU
Temreparypbl. Vmeercs nuana3zoH Temieparyp, HpH KOTOPbIX (POTOCHHTE3 IPOUCXOIUT
Han0oJiee WHTEHCHBHO, JbIXaHHWE € HE JOCTHUTaeT MaKCUMyMma. JTO 00yacTh Haubosiee
3¢ dekTuBHOrO (OPMUPOBAHUS 3allacOB U CTPYKTypHOM Oumomaccel. Ilpu Oosee BbICOKHX
TeMIlepaTypax  JbIXaHHE  IPEBOCXOJUT  (POTOCHUHTE3, -  IPOUCXOIAUT  «CrOPAHUE»
dhopmupyromuxcs mpu GOTOCHUHTE3E 3a1acoB.

doTOCHHTEB
Os1xannue

-10 0 10 20 30 40 50 60
Temneparypa, T °C

Puc. 111.1.12. Temneparypubie kpuBbie qpixanus U potocuntensa (nmo A.H.IToaeBomy, 1988).

W, HakoHet, eme OJWH BaXXHBI MOMEHT. 3TH KPHBBIE OYCHb MOX0XH 1O popme. CxoxkecTh
3TUX KPHUBBIX ONpENENseTcs He TOJIBKO TeM, 4TO 00a 3TH Ipoliecca B OCHOBE CBOEH (pusmko-
XUMHUYECKHEe, HO U TeM (4TO OuYeHb BaXKHO!), YTO OHM B3aUMOCBS3aHbI. Tak JbIXaHHE POCTa
MO>KHO PacCMaTpHBATh IMPOMOPITUOHATBHBIM (POTOCHHTE3Y MTOCEBOB, a JIBIXaHUE MOIICPKAHUS -
Onomacce 1oceBa, KOTopasi, B CBOIO O4€pe/lb, 3aBUCUT OT TEMIIEPATyphl U BO3pacTa pacTeHUN.

Takum 00pa3oM, OCHOBHBIMH JCHCTBYIOUIMMH (AKTOpaMH TPpU  KOJIMYECTBEHHOM
¢u3nvyeckn-000CHOBAaHHOM OIIMCAaHHWH TIPOIIECCOB (POTOCHHTE3A, IBIXaHUS, U COOTBETCTBEHHO
pocTa U pa3BHUTHSA, BBICTYMAIOT TaKhe (aKTOPHI Cpeipl, Kak TeMIepaTypa BO3/yXa, BIaKHOCTb
MOYBBI — (DAKTOPHI HEMOCPEICTBEHHO BIUSIONIME HAa MHTEHCHUBHOCTH IPOILIECCOB B PACTCHUH.
@dakTop M3MEHEHUS OCHOBHBIX (PH3MOJIOTHUYECKHX MPOIECCOB B OHTOTCHE3E PACTCHHUH TaKkKe
VUUTBIBAETCSI B BHUAEC CYMMBI J(QQEKTHBHBIX TEMIEpaTyp, KOTOpas OKa3bIBAeTCsS TECHO
CBSI3aHHOM C HACTYILJICHUEM COOTBETCTBYIOLIUX (Da3 pa3BUTHS paCTECHUH.

Cucremnoe NMpEeaACTaBJACHHUE MIPOUECCOB AbIXaHUA U (l)OTOCI/IHTei}a
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Wrtak, B mpouecce ¢GoTocUHTE3a, O0O0pa3yrolluecss IMEepBUYHbIE YIJIEBOJbI BMECTE C
MUHEpaJIbHBIMH BellleCTBaMU, GOPMUPYIOT BCE pa3HOOOpa3ue OpraHMueCcKrX BEIIECTB PACTEHHUS.
EcTb Tpu myTH pacxoioBaHus 00pa3yrOIIMXCS YTIEBOJOB: YaCTh UX PACXOyeTCs Ha JIbIXaHue U
JOPYTH€ 3HEPreTU4EeCKUE IPOLIECCHl B PACTEHHMM, TAaKHE, HAIpUMEp, KaK aKTHBHBIM TPaHCIIOPT,
CUHTE3 aMHHOKHCIIOT, OEJIKOB U Mp. DTU MPOLECCHl COCTABISIOT B LIEJIOM IPOLECC JbIXaHUS.
Jpyras dacte opMHUpYET 3amachl, UIM TO, YTO Mbl HA3bIBAEM «OHOJIOTHYECKUH ypoxkaii». U,
HaKOHEl, TPeThsl 4acTb (QOpPMHUpPYET CTPYKTypHYt0 Ouomaccy. CrpykrypHas Ouomacca, B
OTJIMYKE OT PE3EPBOB, COCTOUT M3 TAKUX AIEMEHTOB (KJIeT4aTKa), KOTOPhIE HE PACXOAYIOTCS JUIsI
MPOLIECCOB pOCTa B KaKUX-MUOO JApyrux dactsx pacteHus. [loaToMy, HHTEHCHUBHOCTH
HAKOIUIEHUs] PACTUTEIbHON MPOAYKIIUU — 3TO Pa3HOCTh, MEX/ly HHTEHCUBHOCTh (POTOCHUHTE3A U
CYMMAapHOT0 JIbIXaHHUs. DTOr0 MBI elle KOCHEMCSI B yacTH «POCT U pa3BUTHE.

Jlis Toro 4roObl omucaTh Mpolecc (OTOCHHTE3a, MOXHO BOCIOJIB30BAaThCA IPOCTO
MIPUBEACHHBIMU BbIIIE 3aBUCUMOCTSIMU (POTOCHHTE3a OT TEMIIEpPATyphbl, UHTEHCUBHOCTU CBETa U
mnp. Tak B OOJIBIIMHCTBE CIy4aeB M MOCTYMHaroT. Bo3MoOXeH W Ipyrou myTh, - MpEACTaBICHUE
BCEX JTaNoOB (OTOCHHTE3a B BUJE OTIENbHBIX MPOIECCOB, a BIUSHHUE BHEUIHUX (PU3MUECKHUX
(bakTopoB (TeMIiepaTypbl, HHTCHCUBHOCTH CBETa W Mp.) OydeT YYHUTBHIBATHCS HA Pa3IHMYHBIX
JTamax 3Toro mporecca. Takod MyTh, XOTh OH U 00Jiee CIOKHBIM, HEPEIKO HCIIOJIb3YETCs, TaK
Kak cuMTaercs (usmuecku Oosee 0O0OCHOBAHHBIM. il OCYIIECTBIIEHHS 3TOTO IMYTHU CIEAYyeT
VMETH NPEJCTABICHUE O CTPYKTYpPE MOJEIIH.

Jlyig TOro, yTOOBI NPEACTaBUTh BCE BOBMOYKHBIE CBA3HM U MPOLIECCHI Mbl IOJDKHBI IrpapuuecKu
NPE/ICTABUThH BCE CBSI3M M OTHOIICHHS MEX/Y TIEPEMEHHbIMH (KaK BHEIIHUMH YCJIOBHUSAMH, TaK U
MEPEMEHHBIX COCTOSIHUSI CaMOro pacTeHusi). [yt 3TOro cHavajga COCTABJISIIOT Ka4eCTBEHHYIO
CUCTEMHYIO CXEMy MOJEIM WU IIOTOKOBYK) AWArpaMMmy. YUWTBIBas, 4TO MBI OIIMCBIBAEM
CJIOXHbBIE B3aUMOCBSI3aHHBIE MPOIIECCH], HEOOXOMMO HCIOIb30BaTh MPUHSITHIE 0003HAYCHUS B
MOJIEJIMPOBAHUHA CO BPEMEH OJHOTO M3 OCHOBOIIOJIO)KHMKOB 3TOTO METOJA B €CTECTBO3HAHUU
Jlx.@oppecrepa (Forrester JW., 1961). OH mnpemioxkui COCTaBISATh CUCTEMHBIC MOTOKOBBIC
muarpammel, a A.AJlsanyHoB u A.A.TuTisHOBa 0OOCHOBANIM ONpPENENEHHBIN «Trpaduueckuit
SI3BIK» JUTSI M300paXKeHHs MOTOKOBBIX JuarpamMM. Ha Takux CUCTEMHBIX OTOKOBBIX JUarpammax
MPSIMOYTOJIBHUK — 3TO CHMBOJI TIEPEMEHHOW COCTOSIHUS, BEHTWJIb — PETYISATOP IOTOKOB,
OKPYXHOCTb — BCIIOMOTaTE€JbHBIE IIEPEMEHHBIEC, CIUIOIIHBIE JWHUM — IIOTOKH BEIIECTB, a
MYHKTHPHbIE — IOTOKU UH(pOpMaLuy, T.€.

—IICpEMCHHAas COCTOSHM A,

—_—
— IIOTOK BEILECTBA, B Pe3yJIbTaTe KOTOPOTO U3MEHSETCS
BCJIMUMHA WKW NIEPEMCHHAA COCTOSIHUA,
————— - — HarnpasJIeHHE JABWXEHUS HH(OpMaLuy,
— HUCTOYHUK MJIK CTOK BCUICCTB Ha I'paHULIaX CHUCTCMBI,
:>4 — 3HaK «BCHTHIb. Yya3pIBaeT, YTO B 3TOM MECTE IPUHUMAETCS PELICHUE.

[IpakTryecku B 3TOM MecTe He0OXO0MMO OIMCAaHKE IOTOKA B BUJIE MATEMAaTUYECKOTO
ypaBHeHuUs. [IyHKTHpHAs TMHUS YKa3bIBAET, OT KAaKUX (PaKTOPOB 3aBUCHUT ITO PELICHUE

BoT 3ToT oxon 1 n300pakeH BechbMa cxemaTuuHo Ha puc.|l1.1.13.
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CO2 B ATMOCSEPE
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YCTBHUYHOE
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CO2 B KIJIETKE,

PACTBOPEHHEIH
(C) CTPYKTYPHAA
BHOMACCA
I Xel, 2 |« 7
ACCHUMHUJIAHTEHI JBIXAHNUE
ITOYBEHHAS
BJIATA ¥ MyH.
BBA (NHK..)
BAIIACH
AMVHOKHUCJIOTE]
u op.)

Puc. 111.1.13. TToroxoBas auarpaMma mpoiiecca pOTOCHHTE3A.

W3navanbHO, yriekucnelii ra3 armocdepbl AUPPYHIUPYET uepe3 OTKpbIThie ycThula. B
1IeJIOM, 3TO JACHCTBUTENBHO mporecc Auddy3un, Tak kKak KoHueHTpanusa CO2 B MEXKKIETHUKAX
(C,-x) Hmke uem B atmochepe (C,) 3a cueT mocTosTHHOTO 0TOOpa Ha (oTocunTes. [ToaTomy 3TOT
TIPOLIECC MOXKHO ONUCATh MPOCThIM B dy3uonubM ypasHenuem, tuna G=K, (C, - C, ),

rne G — WHTEHCHBHOCTH Ta3000MeHa MEXIy aTMOC(epoll W BHYTPEHHEH IOJIOCTHIO JIUCTHEB
(MexxmeTHuKaMu), a Kyempy — ITO Ta30MPOBOJHOCTH YCTHUI. Ha HHTEHCHBHOCTH 3TOTO
npouecca OyzaeT, B OCHOBHOM, BIIMATH BOJHOE NHUTAaHME PACTEHUH, TaK KaK HMMEHHO OHO
OIpesieNsAeT CTENEHb OTKPBITHS YCTBULL, @ CIEI0BATENbHO U BETUUUHY Kycmuuy. K COXanenuto, He
MpeI0KEeHO PU3NUecK 000CHOBAaHHBIX YPaBHEHMI MPOLIECCOB B CBETOBOM (a3e (poTocuHTE3a
(@1, @2). Ha rtemHoBoii ¢a3e Tarke. [103TOMY MOJIB3YIOTCS TEMH CAMbIMH BHUJAMH
3aBUCHUMOCTU BIIMSHUSA JEUCTBYIOIIMX (U3MYECKHX (AKTOPOB HA OTJIENbHbIE OTallbl
¢dboTOCHMHTE3a M Ha MpOIECC B IEJIOM, KOTOpbIe MpHUBEAEHbI Bbille. OOpa3yrouiuecs: yrieBoabl
nanee (GOpMUPYIOT 3amackl (B BHAE aMHUHOKHCIOT W JPYTMX OPraHMYECKUX BEIIECTB). DTO
OTpaXEHO Ha CXeMe B BUJE OTTOKA aCCUMUJISHTOB B OJOK «3amacel». J[pyrue cTpernoyku u3
05oka «ACCHUMUJISSHTBI» HamnpaBlieHbl B Oyioku «JlpixaHue» u «CTpyKkTypHas GuMomacca», T.e.
aCCUMWISHTBI PacXoJIylOTCsl Ha JbIXaHME M Ha CO3JaHHe CTPYKTYpHOM OHOMAacCHI.
«CTpyKTypHasi OmomMacca» mpecTaBisgeT GopMooOpa3yOIKe BEIIECTBA B BUAC KJICTYATKH ITO
BUJIHO Ha CX€ME€ B BHJIE€ CTPEJIOK, HAIpaBJIEHHbIX M3 OJOKa «ACCHUMWISHTBI» B OJOKHU
«Jlpixanne» u «CrpykrypHas Ouomacca». ITo o00mas IMOTOKOBasg CXEMa CHCTEMHO
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npejacTaBistonas Bech mpouecc (ortocunTesza. Ilpu BeIpakeHUM YKa3aHHBIX CTpEIOYKaMU
IIOTOKOB B BHUJE MaTEeMaTU4YECKUX YPABHEHHM, BO3MOXKHO CO3JaHME KOMIUIEKCHOM
MaTeMaTH4eCKONH MOJienH (OTOCHHTE3a PACTEHUH.

B nenoMm, Hepeako ynaeTcs ¢ IOMOIIbIO YKa3aHHBIX YPABHEHUHN U 3aBUCUMOCTEHN JOCTaTOYHO
HAJIS)KHO omucats npoiecc porocunresa anst C3- pacteHuii. MoienupoBaHie 3TOTO Ipoliecca,
ero OJu30CTh K pealbHOMY omMcaHa B paboTax u3BecTHbIX arpo¢usukoB H.®D.bonnapenko c
coaBtopamu (1982), P.A.ITonyskrosa (1993) u apyrux (cMm. Jluteparypa)

Jlutepatypa
lboumgapenko H ®,E.E. XKykxoBckuii, . . Mymkuu,C.B.Hepnuu,P.A.llony
3kTO0B, N. b. Y ckoB. MoagenupoBaHue NpoAyKTUBHOCTH arpodkocucreM. JI. ['mapomereounsnar,
1982. 264 c.
OcHosbl arpodpusuku. Gusmarrus. M.: 1959
[MonyskrtoB P.A./lunamudeckue mozaenu arposkocucrem.. CI10, I'mapomereonsnar. 1993. 310 c.
[Tonesoi A.H.IIpukiannoe MmoaenupoBanyue U MPOrHO3WPOBAHKUE TPOAYKTHBHOCTH TIOCEBOB.
JI..-Tunpomereonznar, 1988. 319 c.
Cuporenko O.Jl. MatemaTHueckoe MOJUICHPOBAHIE BBOJHO-TEIIOBOTO PEKUMA H
MPONYKTUBHOCTH arpodkocucteM. JI.:.I'mapomereonsnar. 1981. 163 c.
Mynesrun U. A. Conneunas paguainus u pacrenue. JI..'mapomereonsnat. 1967. 179 c.
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I'maBa |l].2. PacTenue u Boaa

IHousitue o Biaroodecne4yeHHOCTH pacreHuil. Tpancnupanus.

JlBa OCHOBHBIX IIpollecca B pPACTEHHUSAX, - (OTOCHMHTE3 M TpaHCIHpAIMs, TECHO
B3aMMOCBSI3aHbl: €CJIM TPaHCIUpALKs, MPEJICTaBistonas co0oi MOTOK BOJbI Yepe3 YCThUIA
pacTeHuii, MOHU3UTCS 3a CUET HeIOCTaTKa MOYBEHHOW BJArM W MOCIEAYIOIIETrO MPUKPBITHS
YCTBHUII, TO CHU3UTCS U (POTOCHHTE3 3a cyeT, npexse Bcero nocrymienus COz B nuct. [loatomy
TpaHCIHUpanusi U MPOJYKTUBHOCTh PACTEHUN TECHO CKOppeaupoBaHHBL. OTMETUM TaKXke, uTo
KOJIMYECTBO BOJBI ISl (OTOCHHTE3a HECPABHCHHO HIbKe TpaHcmupupyemoro (ot 2 mol0%
00IIero KOJIMYECTBa MOTPEOISIEMO PAacTeHUEM BJIAarv), U OOBIYHO €ro HE YYHUTHIBAIOT IPU
W3Y4YEHUHU 3aKOHOMEPHOCTEH (QOpMHUpPOBaHUS IIOTOKA BJard B CHCTEME <«I10YBa-pacTeHHE-
aTMocdepa.

3aBUCUMOCTh BOJIONOTPEOJIEHUST W ypoKas IO3BOJISIET BBOJUTH pAJl  IOKa3zareneu
B3aMMOCBSI3U TPOJYKIMM PacTeHUW M UX BOAHOro oOMeHa. B wacTtHOCTH, Ans cpaBHEHUs
pa3IMYHbIX BHJIOB PAaCTEHMH MO UX MOTPEOHOCTH BO BJIare MCHOJB3YIOT TPaHCHUPALMOHHBIE
K03 (UIIMEHTHI - KOJIMYECTBO BJIArH, PacXxoJlyeMoe pacTeHueM ais popmupoBanus 1 r 3eneHoit
Macchl. ITOT KOAPPUIUEHT OTpaxaeT 3PPEeKTUBHOCTh HCIOIb30BAHUS BJIArM PACTEHUEM, €rO
CIOCOOHOCTh 3KOHOMHO MOTPEOJIATh Biary mnpu (OpMUPOBAHUU 3€lI€HOM Ouomacchl. A BOT
K03(G(UIMEHT BOAONOTpPEOSEeHUs, KOTOPBIM cleayeT OTIMYaTh OT TPAHCHUPALMOHHOIO
kod(durmenTa, mpencTapiseT coO0H KOJIMYECTBO BOJbI, HEOOXOAUMOE JJIs CO3/IAaHUS SIMHUIIBI
Maccel  ypoxkas. EcrectBeHHO — kO3 (HIIMEHTHI  BOAOMOTPEOJICHHMs]  BCEraa  BBIIIE
TPaHCIHUPAIUOHHBIX KOA((UIUEHTOB, YTO U OTpakeHO B Ta0x1.1.

Tabmn.I11.2.1.

TpancnupaionHbie K03()OUIHUEHTH U KOAPPUIIUEHTHI BOIOTOTPEOICHUS HEKOTOPBIX
CEJIbCKOXO35MCTBEHHBIX PACTEHUN

Koadpunuents CenbCKOXO031CTBEHHBIE KYIbTYPBI
[Tmenuna Kykypy3a Caxapnas Copro
CBEKJIa
Tpancrmparonssiii 505 372 601 271
Boponorpebmenuss 1350 790 1450 598

W3 taba. [11.2.1 coBepiieHHO OTYETIMBO BHIHO, UYTO HanboJiee 3aCyX0yCTOWIHBBIE KYIbTYPHhI
OUY€Hb SKOHOMHO PAacXOJyIOT BJary. U TpaHCIHUPALMOHHbIE KOYPPUIUEHTHI, U KOIPPUIIMEHTbI
BOJIONIOTPEOJIEHUST KYKYPY3bl U COPIO 3HAUUTENIBHO HI)KE, YEM MILIEHUIbl U CaXapHON CBEKJIBL.
OpHako yka3zaHHble KO3(pPUIMEHTHI B OOJbIIENH Mepe SBISAIOTCA XapaKTEPUCTUKAMH BOJIHOTO
MUTaHUS PACTEHUH, OTPAXKAIOLUIMMHU 3BOJIIOLUOHHBIE M 3KOJOTHYECKHE 0COOEHHOCTH PaCTEHUH,
HO MaJio MPUMEHUMBI JJIsi ONEPaTUBHOIO YIPaBJICHUS BOJHBIM PEXKUMOM pacTteHuil. [ljis storo
OKa3bIBAIOTCSA  0OoJjiee  MOJIE3HBIMH  TEPMOJMHAMMYECKHE  MOAXOAbl K  OIMCAHUIO
BIIArONOTPEONCHUsI PACTEHHH. A OCHOBHBIM II0Ka3aTeleM BJIArooOECHEUeHHOCTH Oyzaer
SBJIATHCS ITOTOK BJIarM Y€pe3 pacTeHHE, T.€. TPaAaHCIIHUPALIUS.

JList onMcaHys TPaHCIIMPALUK PACTEHUM UCIIOJIB3YIOT HECKOJIBKO BBIPAKEHUMN

Onpedenenus

Tpancnupanus (Tp, cM/cyT, TH20/Teyx s-sa CYT) — UCTIAPEHHE PACTEHHAMH B aTMOC(Epy
napooOpa3Hoil  Biarm B TpoOLECCe  HMX  OKU3HEACATENIbHOCTH.  TpaHcnuparus
XapaKTepU3yeTcsi KOJIMYECTBOM BJIard, KOTOPOE BBIACISCTCS OMPEACICHHON Maccoil mim
mromazso (1 1 mwm 1 em?) chIpbix (MM CYXHX) JHCThEB B SAMHHILY BpeMeHH. IlosTomy
HauboJiee pacIpOCTPaHEHHBIE Pa3MEPHOCTH — CM/CyT, MMm/4ac H Jp., aHAJOTHYHBIC
Pa3MEpPHOCTSM HCIAPECHUs, MHTCHCUBHOCTH OCAJIKOB, BIIMTBHIBAHHS BJIard, QUIbTPAILMU U
APYTUX BHJOB IIOTOKOB BJIary.
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Tpancnupauusi akryansnas (Tp, cm/cyT)— usMmepsiemas B JaHHbIH MOMEHT BPEMEHHU
IPU KOHKPETHBIX METEOPOJIOTUYECKIX U IOYBCHHBIX YCIIOBHSIX.

Tpancnupauusi noreHumanbHass  (Tpo, cm/cyr) —  KOJMYECTBO  BOJBI,
TPAHCIIUPUPYEMOE B EIUHHUIY BPEMEHU 3€JIEHONM HU3KOPOCIOW KYJIbTYpOH, IOJHOCTBIO
3aTEHSAIOLIEH II0YBY, BBIPOBHEHHOM IIO BBICOTE M HE HCIBITBIBAIOIIEW HENOCTAaTKa B
MOYBEHHOU BJIare (BJaXXHOCTh MO4YBHI B Auamna3oHe ot HB no »0.7 HB).

Tpancnupauusi otHocutenbHas (Tp/Tpo, Ge3pazmepHast) — OTHOIICHHE aKTyaJIbHOU K
MOTEHIIUATBLHOU. SIBIsIeTCS MOKa3aTeneM BiIaroo0ecrneuyeHHOCTH PACTEHUN: CYUTACTCS, YTO
MPpU  OTHOCUTEIIPHOM TpaHCHUpanuu MeHee 1, pacTeHue cTpagaeT OT HEIOCTaTKa
IMOYBEHHOH BJIary.

Kak mnokazatenp BilarooOecreyeHHOCTH pacTeHuil Haubosee ynoOeH Oe3pa3MepHbI
nmapaMeTp — OTHOCUTCIIbHAA TpaHCIIUpalus. Ero-to MBI M 6y,H€M HCIIOJIB30BaTh B KAa4YE€CTBEC
OCHOBHOM XapaKTEPUCTUKH BOJOOOECIICUEHHOCTH pacTeHuil. PaccMoTpum ommcanue mporecca
JBUKEHUSI BJIarM B CUCTEME «I104Ba-pacTeHne-aTMochepa» B pU3NUecKUX TepMUHAX.

CO,

Ancdysns
Co,

doTocuHTES
CO,+H.,0

IDl'l> PK> Pﬂ> IDA

Puc.l11.2.1./IBmxeHue BIaru B CHCTEME «IT0YBa-pacTeHUE-aTMOC(epa» 1 OCHOBHBIE
MPOIIECCHI B PACTEHUSX.

TepMoaMHAMUYECKHIT MOIXO0/ K ONMUCAHUIO NMePeIBUKEHUsI BJIard B CHCTEMe <I04Ba-
pacrenmne-aTmocgepa»

Jljig onMcaHus 3TOTO MEPEeHOCca BIIOJIHE MOXHO IMPUMEHUTH MOHATHE MOTEHIMANA BJIAru JUIs
Pa3IMYHbIX YacTell CHUCTEMbl U OCHOBHOE ypaBHEHHUE mepeHoca Biaru. Ciaenyer TOJbKO y4ecTb,
4YTO B JIAHHOM CJIy4ae HCIOJB3YIOTCS BEJIMYMHBI TMOJHBIX JaBJIeHHH (MOTCHIMAJIOB) BIIAru:
NOJIHOE [JaBiieHue Biaru B mouse (P,), B xopue (P,), B snucte (P,) u B armocdepe (P,).
PaccMoTpuM pacmpeneneHne 3THX JaBIeHH B paccMmatpuBaemoit cucreme (puc.lll.2.1.).
JIBuKeHHe BJIard U3 MOYBBI Yepe3 pacTeHHe B arMoc(depy BO3MOXKHO JIMIIL B CIy4ae, €cliu
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Oyzmer BBIOJHATBCS yciaoBue P,> P> P,>P, (c y4eroM OTpHIATEIbHOTO 3HAKAa IaBJICHUS
BJarv). 3a cyeT mepemnaja JaBJICHWI Biard B no4Be U kopHe (P,-P.) Oymer ¢gopmupoBarbcs
MOJITOK IOYBCHHOM BJIard K KOPHSAM pacTeHuii (Qy). 3a cUeT mepernajia Mexay KOPHEM U JINCTOM
(P«-P,) — MOTOK BJaru K JIMCThSIM, a Mepemnaj AaBJICHUN BJIard MEXIy JIMCTOM U aTMochepoit
(P,-P,) ompenensier MOTOK MapooOpa3HOil Biard w3 Jiacra B arMocdepy, T.e. TPaHCIUPAIHIO
(Tp). BriosiHe MOHSATHO, YTO BOJHBIN MOTOK B JAHHOW CUCTEME OJIMHAKOB BO BCEX €€ YacCTsX, U
Ow=Ip. ®usznueckue OCHOBBI PETYIHPOBAaHUS IIOTOKA BJard B CHUCTEME <«II0YBa-pacTeHHE-
aTMocdepa» craeayroIue.

[Mpoucxoaut Bce cieayromum obpasom (puc.lll.2.2.). Brauane, korma naBiicHHE BJard B
MOYBE BBICOKO, TPAHCHHpAIMs HaXOAUTCsS Ha BbICOKOM ypoBHe (7p/Tpo=1). 3atem, B mporecce
noTpebsieHnsl BJaru KOPHSMM PAcTeHUM, JaBJIEHUE BJIard B MOYBE HAYMHACT CHUXKATHCS, U
MOTOK K JIMCTHhSIM BPEMEHHO YIMaJeT. JTO BBI30OBET YBEJIMYEHHE KOHLEHTPALUU BELIECTB B
KJIETKaX JIMCTHEB U CHM)KEHHE OCMOTHUYECKOTO, U COOTBETCTBEHHO, MOJIHOTO JIaBJIEHUS BJaru B
mucThsax. [lepenan naBieHuit BIard rno4Ba-jaucT yBEJIMYUBAETCS, U TPAHCIUPALUS MPOJIOJDKAET
HaXOJUThCSl Ha NEepBOHaYabHOM ypoBHeE. [loyBa mpojoikaeT mccymaThesi, OJHAKO pacTeHUe
elle crocoOHO MOHMKATh JIaBJCHHE BJard B JIMCThSAX, YBEIUYMBAs NEperaji TaBICHUN MExXay
MOYBOM M JIMCTOM M BOCCTAHABJIMBas ONTHUMAJIbHBIN MOTOK BJaru M3 MOYBBl K KOPHSM WU B
muctbs. Ha puc. 111.2.2 — y4acToK ONTUMaIbHON BJIaroo0ecrneyeHHOCTH pacTeHUH, Korja c
YMEHBIIICHHEM JaBJICHHs BIarM B IOYBE, BoO3pacraeT mepemnan nasienue P,-P, u TplTpo
HaxoJUTCs Ha ypoBHE, 6mu3koM K 1. [Ipu gocTmkeHnn HEKOTOPOro «KPUTUYECKOTO» JIaBJICHUS
BJIarM B I[IOYBE, HECMOTPS Ha MPOJOJDKAIOIIMKCA POCT Iepenaaa AaBJICHUN <«d104Ba-JIUCT»
TpaHCIHpalusi HAUMHAET YMEHbIIAThCS BCIEJICTBUE YMEHbBIIECHHS IMOJATOKA BJIArM K KOPHSM.
OCHOBHOM NMPUYMHON YMEHBILIEHUS MTOTOKA SIBJISIETCS CTPEMHUTENBbHOE CHIDKEHNE KO3 duLneHTa
BJIarOIIPOBOJJHOCTH TIOYBBI.

KBJ'I'
cm/cyT P-Pn, aTm

7o To,
30 5 - 1.0
wl S
20tnanasoH
ONTUManbLHON
BnaroobecnedeH L 05
1 F HOCTM (perynuposa-
_Hunem Pp)
Vo oo ——S
o1 P.-P; —YCTquHaS)\?’aBM'aHM%
I perynauun KBJ'I
1 ()N + A +
0 -2 -4 -6 -8 -10
MonHoe faBrneHue Bnary B Noyse P atm
Puc. 111.2.2. N3menenne otHOocuTenbHOUM Tpancnupaimu (7p/Tpo), nepenana naBiIeHUA

BJIark MKy o4YBOi u suctoM (P,-P,) u ko3ddurmenta BiaronposoaHoctu (Ky,) B mporecce
UCCYIICHUS TI0YBbI, TP YMEHBIIICHUH JaBJICHUS BIard B mouse (P,).

[Ipy nanpHemeM HMCCYNIEHUM TOYBHI JIABJICHUE MOYBEHHOW BJArd MPOJOJIKAET IMaNaTh,
MHTCHCUBHO (Ha MOpsAKH!) yMEHBINAETCS MPOBOAMMOCTH M, COOTBETCTBEHHO, MMOATOK BJard K
KopHsM. Jlake HEKOTOpbIi pocT mepenaga AaBieHus P,-P, He crnocoOeH KOMIIEHCHUPOBATH
MaJICHUE BJIArOMIPOBOJHOCTHU MOYBBI U YBEIUYUTH MOATOK K KOpHIO. TpaHcnupaius npoaosnKaeT
CHUXAThCA BIUIOTH 70 OY€Hb HU3KUX 3HAYEHUH, JI0 3aBsigaHus pacTeHuil. OCHOBHBIM (pakTopom
PEryaupPYIOMKUM BOJHOE MUTAHWE PACTCHUH OyIeT SBIATHCS IaBJICHUE MOYBEHHBINM BJard, a
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[apaMeTPOM €ro XapaKTepU3YIOUIUM — «KPUTHUYECKOE» JaBJIEHUE BJIaru B OYBE. JTU MPOLECCHI
JeTanbHO paccMoTpensl B MoHorpadusx W.M.Cynuunbiaa (cMm. Jluteparypy).

KpI/ITI/I‘IeCKOC JABJICHHE BJIAaru B IOYBE. Hay‘lﬂble OCHOBBI peryjiuposanius BOJIHOIro
NUTAHUA paCTeHHﬁ

[Tockonbky BOJI00OECTIEUEHHOCTh PACTEHUI, B KOHEUHOM CUETE, 3aBHCHUT OT JaBJICHUS BJIaru
B IIOYBE, TO JJS TOrO, YTOOBI XapaKTepHU30BaTb BOJHOE IMUTAHUE KOHKPETHBIX PAaCTEHUH B
KOHKpPETHBIX [IOYBEHHBIX YCIOBUSAX, HAJ0 HAWTH 3aBUCUMOCTb MEXAY OTHOCHUTEIbHOU
TpaHcHMpanuei 1 JaBjIeHUueM Biaru B noyse. [Ipuuem, B JaHHOM ciydae MOKHO HMCIIOJIb30BaTh
HE II0JIHOE JIaBJICHUE BJIard, a KalmWUIIPHO-COPOLMOHHOE, TaK KaK MMEHHO OT HEro 3aBHCUT
BJIarOIIPOBOIHOCTH MOYBBI M MOTOK BJIard K KOPHSAM. DTa 3aBUCHUMOCTh OyJIeT XapaKTepu30BaTh
IIPOLIECC BOJHOTO MUTAHUs PACTEHUI BO BCEM Juarna3oHe JaBJICHUN BJard BHE 3aBUCHMOCTH OT
MeTeoposiorndeckux (akropo. Ha puc. [11.2.3 B oOmem Bupe mpeincTaBicHa 3aBUCHUMOCTH
MEXIy OTHOcHTeNlbHON Tpancnupauuein (7p/Tpo) M KanmwUISIpHO-COPOIMOHHBIM JIaBIICHHEM
Binaru B enununax pF. Ilo cBoemy Buly OHa M MOJydusIa Ha3BaHHE — «TPAHCIHPAIIMOHHAS
Tpaneuus». PaccMoTpum ee 6ojiee BHUMATENbHO.

OTa 3aBUCHMOCTb MMEET HECKOJBbKO XapaKTEepHBIX TOYEK. /[Be M3 HUX OTHOCSATCS K OYEHb
Hu3koi  (Onm3koit K HysJeBoH) TpaHcmuparmu: Ha puc.ll.2.3 Toukum mnepeceyeHUU
«TpaHCIHUPAMOHHOM Tparneuuu» ¢ oceio PF. Ilocneansist Ha ocu pF HaMm 3HakoMa — 3TO TOYKa
YCTOMYMBOrO 3aBsifjaHus pacteHuil. Ilepas ke, B Haudajse KOOpPAMHAT, OTPAXKAET YCIOBHS
MIOJIHOTO HACBIIIEHUSI TMOYBBI BOJOM. OCHOBHAsi Macca CeJIbCKOXO3SHCTBEHHBIX PACTEHUH —
Me30(puThl, 1 OOBIYHO OHM HE CIIOCOOHBI NEPEHOCUTHh HEAOCTAaTOK BO3Ayxa B mouse. [lpu
HEJO0CTaTKe BO3/AyXa B IIOYBE MX TpaHCHHpanus Onu3Ka K HYJI0. YIUBUTENbHO, HO (akT, -
nepeyBiIa)KHEHNE JCHCTBYET Ha pacTeHHUE aHAJOTUYHO ITOYBEHHOM 3acyXe: yMEeHbIIaeTcs oo1ee
BJIarocoJiep;kaHue JUCTheB. DU3MOJIOTH OOBIACHSAIOT 3TO BO3JIEHCTBUE aHa’poOHO3a TEM, YTO
IIPU HEJ0CTaTKe BO3/yxa OJIOKUPYETCs CUCTEMa KOPHEBOTO MUTAHUS PACTEHM, YTO CHUXKAET U
TPaHCIHUPALUIO, U IPOAYKTUBHOCTb PACTECHHM.

ITo mepe uccylieHys MoYBbl U NOSBIICHUS B HEM Bce OOJIBIIETO KOJUYECTBA BO3TyXa
OTHOCHUTEJIbHAs TPAHCIIMPALIHSI BCE YBEJIIMUMBAECTCS, IOCTUrasi 3HAYEHMsI, PAaBHOTO €JMHUIIE — a
3TO YCJIOBUS ONTUMAJIBLHON BO1000ECIIEYEHHOCTH PACTEHHH.

To To,
1.07
O6nactb O6nacTtb
HefJocTaTka HeJocTaTka
BO3ayxa Bfarn B noyse
B no4yBse
0.5-
Ontumym
Braro-
obecneuven-
HOCTM
1 Pd 1 PKP 1 1
1 ~1518 2 ~25-283 4 4.18 pF
KanunnsapHo-copbunoHHoe faBreHue Bnaru
Puc. I11.2.3. «TpancriupaninoHHas Tpamenus».

VYkazaHHasg TOYKa IepesioMa Ha TPAHCIUPALMOHHOM Tpameuuud COOTBETCTBYET JaBJICHHUIO
BXO0JIa BO3/IyXa B MMOYBEHHOE MMOPOBOE MPOCTPAHCTBO, WK MaBlicHHi0 OapbotupoBanus (Ps). B
3TOT MOMEHT KallWJUISIPHBIE CUJIbI B KPYITHBIX KaWLISPax y>Ke HE CIIOCOOHBI yIepKUBATh BOY,
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BOJIa BBIXOAUT (IpEeHUpYyEeTCs) U3 ITHX KAMUIAPOB, M B MOYBE B JIOCTATOYHOM JUIsi PACTCHUUN
KOJIMYECTBE IMOSBISAETCS BO3AYX. {11 MHOTHX CYIJIMHHUCTBIX IOYB 3Ta BEJIMYMHA, HAXOJUTCS B
nuramna3oHe -35 - -70 cM BOJH. CT., HO MOXKET K0Je0aTbCsl B 3aMETHBIX MPeiesiax B 3aBUCUMOCTH
OT CBOWCTB IIOYB.

Crenyromiast 006JacTh TPaHCIHPAIIHOHHON Tparenuu — miato Ha ypoBHe Tp/Tpo, 61u3KoM K
1. Drta obnacTe ONTUMAIBLHOM OOECIIEUEHHOCTH PACTEHUW TMOYBEHHOW Biaroi. B nmanHO#
o0jacTu yCTbHUIIA PAaCTEHUH MAKCHUMaJbHO OTKPBITHI, pacTEHUE CIOCOOHO AKTHUBHO
perynupoBaTh CBOM BOJ0OOMEH Ha BBHICOKOM YPOBHE, MOBBIIIAS JaBJICHHE BJIArd B JIMCThSAX H,
COOTBETCTBEHHO, B KOpHsX. Ho, Kak MbI yKa3plBaJi BBILIE, JIMIIb 0 ONPEACIIEHHOTO YPOBHS.
OTOT ypoBEHb — BTOpas TOYKa IepeioMa Ha TpaHCIUpalHOHHON Tpanenuu. Eif cooTBeTCTBYET
3HAYCHUE «KPHTHYECKOTO> JaBJICHHS BiIaru B mouse (P,,). BecbMa BaxkHast BO BCEX OTHOLICHHSX
BEIMYMHA. B TeopeTMueckoM — HMEHHO NpU JIOCTHXKEHUU «KPUTHYECKOT0» JaBJICHUS
MPUKPBIBAIOTCS YCTbUIIA, WM PACTEHHE BBIHY)KJIEHO IE€PECTPOUTH CBOM (PU3MOIOTMYECKUI
MEXaHH3M Ha HKOHOMHUIO BJIard, HE HapalllMBas aKTUBHO BETre€TaTHBHYIO Maccy. B mpakTuueckom
— rpu ompeesieHnd (HACTYIUICHHH) B TIOYBE YKA3aHHON BEJIMYUHBI CIICAYET POU3BOIUTH TOJIUB
pacTeHuUi. DTO OCHOBA MJsi TPAKTUKH OPOCHTEIBHBIX Menuoparui. s OosbmmHCTBa
pacreHnii-mezopuroB P,, konebnercs or —300 1o —600 cm BogH. cTosba, T.e. oT 2.5 no 2.78
eaunur pF.

[Mocnennsss yacTh TPAHCHHMPALMOHHON Tpanenuu — cHmwkenue Tp/Tpo ot 1 1o HEeOOIbIIMX
BEJIMYMH — OTPa)KaeT MPOIECC MOCTETNIEHHOTO 3aKPBITHUS YCThUII, YXYIIIEHUsS] BOJHOTO MUTAHUS
BILUIOTH JO IMpPEKpalleHusi TpaHcnupanuu u rudenu pacteHuil. CTporo roBops, HYJIEBOTO
3HAYEHUs] TPaHCHHpalLUs PAacTeHUIl HE JOCTUTHET, J1aXX€ B CYXOM COCTOSIHUU Y€pe3 pPacTEeHHUE,
KaK 4epe3 MOpPUCThIA Oe3KU3HEHHbIM (pUuTUib, OyAeT NBUraTbCsi ciaaOblil MOTOK W3 IOYBHI B
atMocdepy. Ho 310 yxxe He (u3MOIOrMuecKuil Mpolecc TPaHCIUPALUU, a YUCTO (HU3HYECKUN
poLecc.

YKa3aHHbIE TOUKH XapaKTEPU3YIOT 00JaCTH MPAKTUUYECKOIO YIPABJIEHUS BOJHBIM MUTAaHUEM
pacrenuii. O6nactp maBinenuit Biaarkd oT O 10 P; (OT MOJHOrO HACHIIIEHHUS JIO JABJCHUS BXOJa
BO3/1yXa) — 00JIaCTh OCYIIUTEIbHBIX MEIUOPAIIUH, KOT/Ia U3 MOYBBI TpeOyeTcss yOpaTh M30BITOK
BOJbl C MOMOLIBI0 JApeHaxa. OOmacTh JaBi€HUN BJIaru HIXKE KPUTHUECKOro — o01acTh
O0OBOJHUTENBHBIX MEIHOpalMid, Korja TpeOyercs clIeAuTh 3a JaBJIEHUEM BJaru B IOYBE U
[0/aBaTh BOJAY IPHU HACTYIUIEHMM KPUTHYECKOIO JaBjieHHs Biard. [locTosiHHO ke ciequTh 3a
JABJICHHEM BJIard B IIOYBE MOXKHO C IIOMOILBIO TEH3HMOMETPOB, U B MOMEHT JOCTW)XEHUS P,
OCYILIECTBJISITH MOJIUB.

JlaHHBIN TOJXOJ COCTaBJIIET HAYYHbIE OCHOBBI YNpPAaBJICHHS BOJAHBIM MUTAHUEM DPACTEHUH.
KoneuHo, pacTeHue Henb3sl paccMaTpUBaTh MPOCTO KAK MACCUBHYIO THPABINYECKYIO CUCTEMY.
[Ipumep TOMy - OTMEUEHHBIM (PAKT CHIKEHHUS KOPHEBOIO MHUTAHMS MPU HEJOCTATKE adpaluu
MOYBbI, KOTOPBIN yrpaBisieTcsi GepMEHTaTUBHBIMU peakuusMu. Ho mpuBeaeHHbIN noaxo npu
ydyeTe €ero CXeMaTUYHOCTH M IMPOCTOTE€ TPEACTABIAETCS YOOOHBIM, Uil YIpaBJICHUS
BOJI00OECIIEYEHHOCTH PACTEHHUM HCIOJIb3YS MapaMeTp «KPUTHUECKOro AaBieHus». [ns storo,
HE00XO0AUMO €111€ 3HaTh OT KaKUX (PaKTOPOB, U B KAKON CTENIECHU 3aBUCUT Py,

3aBHUCHMOCTD KPUTHYECKOI'0 JaBJIECHHUSA OT Pa3/IMYHbIX (l)aKTOPOB

IIpu ouenke m3MeHeHus P, noj ACHCTBUEM pa3iIM4YHBIX (AKTOPOB CIEAYET OMHHUTb, UTO
BeIUUYUHA P, onpeaenser NOATOK BJIArM K KOPHSAM pPAacT€HUil, B OCHOBHOM, 4e€pe3 CHHIKEHHE
BJIarOIIPOBOIHOCTH MMOYBHI. MIHa4ue roBops, clieyeT YUUThIBaTh U (YHKIIMIO BJIArornpoBOJHOCTH
IIPU PACCMOTPEHUU SIBJIICHUS BJIUSHUS I0YBEHHBIX (DAKTOPOB HA BEIIUUYMHY Py,

[TouBeHHbIe aKTOPHI

Benuunna P,, Oyner CHMXKATbCA IIPU YTSDKEICHUU TIPaHyJIOMETPHUYECKOrO COCTaBa
(puc.111.2.4 ). D10 00BsCHSETCS pa3nuyreM B BUJe QYHKIUH BIarompoBOAHOCTH sl TIECYAHBIX
U CYIJIMHUCTBIX IOYB. BcrmomHuM, 4To KO3(Q@UIMEHT BIArompoBOJHOCTH s oO0nacTu
napinennii Biarm — 300 — -600 cMm BomH. cToJiOa JUISL CYIJIMHUCTBIX TIOYB BBIIIE, YeM IS
necyanbix. CienoBaTeNbHO, U MOTOK BJIard K KOPHSM PacTeHUH B CYIJIMHUCTOW HouBe Oyner
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BBIIE IIPU OJHOM M TOM >K€ JaBlIeHHWH Biaru. Ilo3ToMy, pacTeHuMe HA4YHET CHUXKATh
TPaHCIHUPALUIO B CYTJIMHUCTBIX MOYBaX MpHU 0oJiee HU3KOM JaBJIEHUM Biard. B cyrimMHHCTBIX
Mo4Bax umeercs OoJsiee IIMPOKUN JHana3oH ONTHUMAaJbHOTO BOJHOTO MUTAHMS PACTEHHH, YTO
CBSI3aHO, B OCHOBHOM, C OCOOEHHOCTSIMM (DYHKIIMU BJIArompoOBOJHOCTH Ui MOYB Pa3IM4HOTO
I'PaHyJIOMETPUYECKOTO COCTaBA.

Tr/ Ty,
nec cyrn
Po > Po
l_ 1
v 2
nec cyrn
PKp PKp pF
Puc. [11.2.4. V3MeHeHHe <«KPUTHYECKOTO» JaBJIICHUS BJIarM B TI0YBE B IIECUAHBIX U
CYINIMHUCTBIX OYBAX.
Mereoposornueckue

Meteopoiiornyeckue HakTopbl YYUTHIBAIOTCS B BETUUUHE 1pg: yeM 00JIbIlle CKOPOCTh BETPA,
cyxocTb atrmocdepsl, TeM Bblie 7pg. Kazamoch Obl, MeTeoyciaoBusl, UX HaINpPSHKEHHOCTh, HE
JOJKHBI OKa3bIBaTh BIUSHUS HA BUJI TpaHCIHUpaLMOHHOM Tpameuuu. OpHako, Kak BUIHO Ha
puc.l11.25 | npu yBenmueHNN HaNPsSHKEHHOCTH METEOYCIOBHUW pACTEHUS HAUYMHAIOT CHIDKAThH
TPaHCIUPALUIO PaHbIIle, P OOJbINCH (C yIeTOM 3HAKa) BEIUUMHE KAUILISIPHO-COPOLIMOHHOTO
JIABJICHUS BJIard B IOYBE.

Tr/ Tr 1 [l
0 Tr,>Tr, > Tr,
11
1
1
1
1
1
I
Y
Pe Po Po pF
Puc. 111.2.5. VI3MeHeHHEe KPUTHYECKOTO JABIICHUS BJard NMPH Pa3IMYHON HAMPSIKECHHOCTH
METEO0YCIOBHIA.

VYka3aHHasg 3aBUCUMOCTb P, OT METEOYCIOBHH CBS3aHA, MPEKJIE BCEro, C ONPEICICHHON
«MHEPUHOHHOCTBIO» PACTEHHM IO CPaBHEHHIO C HM3MEHEHHMEM METeOyciaoBUi. B mpupone
HEpEeJIKO IIPU CyXOBesX HaOII01aeTCs 3aBs/laHue PacTEHUI MpU MOJHOM JIOCTAaTKE BOJbI B IIOYBE!
TaK Ha3zblBaeMas «arMocgepHas 3acyxa». [Ipu pe3kom yBelInYeHHH CYXOCTH BO3/1yXa pacTEeHUs
HE «yCIIEBAIOT» MPHUKPBITh YCThUIIA U BOCCTAHOBUTH MOTOK OT MOYBBI K JUCTbsIM. [Iporcxoaut
ObICTpOoe 00€e3BOKMBaHUE JIUCTHEB, 3aBSJAHUE PACTEHUM MpHU JOCTaTKE BJIard B IMOYBE, KOTJa
3HaueHwus PF emie HeBeMUKH.
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buonornueckue

Brnonne moHATHO, YTO OWOJIOTHYECKHME OCOOEHHOCTH pACTEHWH B OTHOIICHUHM WX
3aCyXOYCTOMYMBOCTH, OYAYT COBEPILIEHHO ONPEAEICHHO CBA3aHbl C Py, ;| A1 Kcepo(uToB OyIyT
CBOMCTBEHHBI CAMbl€ HU3KHE BEIMUUHBI Py, , THTPO(QHUTAaM — caMble BBICOKHUE, a ME30(UTHI OyayT
3aHMMATh IPOMEKYTOYHOE IOJIOKEHHE. B TaHHOM pa3zjene Mbl KpaTKO OCTaHOBHUMCS JIMIIb Ha
BOIIPOCE BIMSIHUS KOHLIEHTPAUU KOPHEN HA BETUUHUHY Py,

KopHeBbie cucrembl HcciaenoBath BecbMa ciaoxkHO. Ho B Tpaauuusx MHOYBOBEHOB JUIS
XapaKTEPUCTUKHU YCIOBUH >KU3HEAEATEIbHOCTU PACTEHUM BCEr/la OLEHUBATh MAcCy WIH JUIMHY
KopHeil. B gaHHOM ciyyae, yuuTbhIBas, 4TO KOPHU MOTPEOJSIOT Biary mo BCe cBoel JUIMHE,
OyZeM moJIb30BaThCsd KOHIIEHTpaluell KOpHEeW B BHJAE <«JIMHA KOpHEH B eAuHHIle o0bema
nouBs», [em/em’]. MccmenoBanns M0Ka3aild, 9T0 MPH yBEIMYCHHH KOHICHTPAIHHA KOPHEHi, Py,
camxaercs (puc. 111.2.6, a), T.e. pacrenuii ¢ 6ojee pa3BUTONH KOPHEBOW CHCTEMO MPU MPOUYHX
PaBHBIX YCIOBHUSAX MMEIOT OoJiee MIMPOKUH JHarna3oH ONTUMAIbHOIO BOJHOro mutaHus. boiee
TOro, caMa BelauuuHa P, CBsA3aHa C KOHIEHTpaLUeHl KOpPHEH B OIPEICICHHOM JHala3oHe
XapaKTepHOM, OMM3KOH K CTENeHHOW 3aBUCHMMOCTHIO, KOTOpass B MOJYJIOTapu(pMUUYECKHX
KOOpIuHaTax Oyu3ka K smHeiHou (puc.ll1.2.6, ).

@ ©
Ap,
T/ Ty, -
G>G>G
-400

| -307

| 200 -

| -100
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(oW v

Puc. 111.2.6. 3menenue P, npu pa3nuyHON KOHIEHTpalMu KopHeH (a) m Oiu3kas K

JMHEWHOH 3aBUCHMOCTD Py, OT KOHIIeHTpauu kopueit (C, cmlen®).

Takoll BHUA 3aBUCHUMOCTH OJHO3HAYHO YKa3bIBAaeT, YTO B OIPEACICHHOM JUarna3oHe
KOHLIEHTpaLMi KOpPHEH pPOCT KOPHEBBIX CHCTEM OyJeT CIOCOOCTBOBATH YAYULIEHHIO BOJHOIO
IIUTaHUuA paCTeHI/II\/’I, 0 4YEM, BIIPOYCM, TOBOPUT BE€Cb OIIBIT IMMPAKTUYCCKOI0 3CEMIICOCIINA,
necoBojicTBa. bosee noapo6HO 0 GakTope pocTa KOPHEH U METOJaX UX UCCIEA0BaHUS — B IJ1aBeE
«Poct u pa3BuTHE».

B3auMocBsI3b BOJAHOIO NMUTAHMS pacTeHuil, GoTOCHMHTE3a, POCTA U NMPOAYKTUBHOCTH
pacTeHui.

CucTeMHBII MOAX0 MPHU aHAJIU3E BJIAr000ecne4eHHOCTH

Bce mpoueccsl, cBsi3aHHbIE C BOJOOOECIIEYEHHOCTBIO PACTEHMM MOXHO IPOCIEIUTh Ha
puc.lll.2.7, Ha KOTOpPOM TpeAcTaBIeHAa MOTOKOBAs JHAarpaMMa B3aWMOCBSI3M TPAHCIHPALUHU C
(OTOCHHTE30M U MPOAYKLIMOHHBIMHU IpolieccaMu. Ha 3Toii cxeme COBEpIIEHHO SICHO BUIHO, YTO
B3aMMOCBSI3b IIPOLIECCOB B PACTEHHH MPOUCXOJUT Yepe3 YCTbUUYHYIO aKTUBHOCTb, CBS3aHHYIO C
OCBEILIEHUEM, TEIJIOM, BIaKHOCTbIO BO3yXa B aTMoc(epe. bosbllle HHTEHCUBHOCTh OCBEILLIEHUS
— mupe ycrbuia (mporecc (GpOTOAKTUBHOTO OTKPBIBAHUS YCTBHUI[). YCTBHUIIA, KaK H3BECTHO,
COCTOSIT M3 JIBYX 3aMBIKAIOLIUX IMOJYKPYIJIBIX KIETOK, TYprop KOTOPBIX OIpeAenseT WX
OTKPBITOCTh WJIM IIMPHUHY YCTBUYHOMN 1enu. Beline Typrop — mupe orsepctue ycrbuil. Iloatomy



135

Ha CcXeMe IpelcTaBieHa HH(pOpMalMOHHAs cTpenka oT «Coaep)kaHusi BOAbI B KIIETKE»,
OTIPEEIISIIoNIasl TYPropeceHTHOCTh (a 3HAYUT M OTKPBITOCTH) YCThHIL. Elle oxHa crpenka
HaIpaBJIeHa B «YCTbUUHYIO PETYISLNI0» 0T «DoTOoCHHTE3a». DTa B3aUMOCBSI3b (POTOCHHTE3A U
OTKpPBITOCTU YCTbUIl perynupyerca KoHueHTpauueil CO, okonoycTeuyHOW mnonoctu. Ecnu
koHueHTpauus CO, cHMXKaercs, - ycTbulla oTKpbIBatoTcs. [loaTomy, npu Bocxoze coJiHLA, MpU
aKTUBHU3aMKM Tiporiecca ¢doTocuHTe3a, yBenmuueHun mnoTpedneHuss COz M3 MEXKIETHUKOB U
OKOJIOYCTBHUYHOM TMOJOCTU O0O0s3aTEIbHO TNPUBEAET K OTKPbIBaHUIO YycTbHll. MMeHHO 3TOT
MEXaHHU3M ONpeJeNsieT HOYHOE 3aKpbIBAaHME YCTBUII M HX OTKPHIBAHWE IPU MPOSIBICHUU
npouecca (OTOCUHTE3a, @ HE TOJIbKO BOJHBIN MEXaHU3M, CBSI3aHHBIN C BOJJO0OECIIEYEHHOCTRIO U
TYPropecleHTHOCThIO YCThbUYHBIX KJIETOK, OIIMCAHHBIH BBIIIIE.

BrionHe MOHATHBI MU NMOTOKOBBIE CTPEJIKH, HANpPABJICHHbIE U3 «YCThUYHOM pEryasuuu» K
«®oTocuHTe3y» U «[paHcnupanuu». BbIIIE YCTbUYHAs AKTUBHOCTb, BbIIE (DOTOCHUHTE3 U
TpaHcnupanusi. POTOCHHTE3, KaK MbI YK€ 3HaeM, CBSi3aH ¢ (OpMHUPOBAHUEM «3amacoBy,
KOTOpPBIC OMpeneisaioT «J[pixanue noanepxxanus» u GpopmupoBanue «CTpyKTYypHOH OHOMAacChI»
B BUJIE CTPYKTYPHBIX PACTUTENbHBIX (POPMUPOBAHUM: JIUCTHEB, CTEONSI U Mp., COCTOSIIUX B
OCHOBHOM U3 KieT4aTku. @opMupoBaHue CTPYKTYpHOIH OHMOMacchl, Kak IpoaykKTa (POTOCHHTE3A,
Takke OyneT okas3plBaTh BiMsHME Ha cojaepkaHue COz B MEXKIETHHKAX, a 3HAUUT U Ha
yereuunyto perymsimio  (ctpenka ot «CTPYKTYPHOU BUOMACCHI» k  «YCThbUUHOI
perymsunun»). Baxkna u crpesika notoka iaru ot «l[louBenHoi Biaru» k «Tpancnupammn». Ee
MbI paccMaTpUBAIHU BbILIE, (PU3UUYECKH ONMUCHIBasg (POpMHpOBAHUE MOTOKA BJIArd U3 MOYBHI, B
KOpEHb, B JIUCT U U3 JlacTa B aTMochepy.

T, CBET,
BJIAXHOCTB, BETEP

TPAHCIIMPALIA $OTOCHHTES

IOABJIEHVE

BOME B KIETKAX, P

CTPYKTYPHAA
BEMOMACCA
no6er/ xopeHb

[IOYBEHHAS
BJIATA, 4

Kp

~ | ACCHMMJISTHTH BAMACH

TEIXAHUE
[ONNEPKAHNUA

A,
Puc.ll1.2.7 Cxema B3aMMOCBSI3M TIPOIIECCOB TpaHCHUpAIUH, (POTOCUHTE3a, IBIXaHUS
nojyiepxkanus, GopMUPOBaHHS OMOMACCHI B 3aBUCUMOCTH OT BJIAr000ECIICYCHHOCTH PACTEHUN
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(DOpMaJ'IBHO BCC OTHU B3aUMOOTHOIICHUA IMTPHUBOJAT K 3aBUCUMOCTH ypOKas OT 3allaCOB BJIard.

B3aumocBsI3bp NOYBEHHOM BJIATM U YPOKAsi PACTEHHH

TpaIunuMOHHO U B arpoOMETEOpPOJIOTUH, U B arpopU3uKe HCIOJIb3YIOT HE TOJBKO JaBJICHHE
BJIar, HO W 3alachl BJIard B €UHUIAX BBICOTHI BOJHOTO Ci0s (CM BOJH.CII.). DTO OKa3bIBACTCS
yIOOHBIM IpU OaJIaHCOBBIX CIIOCO0AX OLEHKU BJIAro00ECIEYeHHOCTH PAcCTeHMM, MPU pacueTax
3amacoB BJArd JOCTYIIHOM JJII PAacTEHWHW B ONPEICICHHOM TOJIIE IOYBBI, TUHAMHUKH 3THUX
3amacoB IO JAaHHBIM O CYMMapHOM 3BalOTPAaHCIHPALMH, KOTOpPAs TAKXKE BBIPAXKAETCA B CM
BOJH.CI. 3a OIpeneneHHbl nepuoJ. O0 HCHOJb30BaHUU arpoOMETEOPOJOrHYECKHX METO0B
pacueTa BJIaroo0ecneyeHHOCTH YK€ yKa3bIBajoch B 4acTH || B riiaBe no «ArpokiuMaTHuYecKUM
YCIOBHUSIM», B KOTOpPOMl paccMarpuBaiuch mnoaxonbl A.M.AnmatbeBa, M.M.byabsiko wu
C.M.XapueHKo MO OLIEHKE BJIaroo0ecreuyeHHOCTH IO MeTeonapaMmerpaMmM. B nanHoMm paszpene
pPaccMOTPHUM OLIEHKY BJIaro00ecreyeHHOCTH 110 3aracaM BJlard B IOYBE.

Ha puc. I11.2.8 npencraBnensl 3aBUCHMOCTH ypoxasi OT 3allacoB BJIaTM B METPOBOM CJIO€
IMOYBbl. BuJ 3THX 3aBHCHMOCTEH — BECbMa XApaKTEPHBIM, MMEIOUIMNA ONTUMYM B HEKOTOPOM
JMana3oHe KOJUYECTBA IOYBEHHOW BIArv. TeOpEeTHYECKH BHJ 3TOW KpPHUBOM OIpeaesnsercs
PAaCCMOTPEHHOW BBIIIE TPAHCIMPALMOHHOW Tpalenue. ONTUMYM TPAHCIHPALNUHA HPUXOJAUTCS
Ha HEKOTOpYK o0jacTh JaBJIEHUW BJard B MO4YBE. YUMTHIBAsA, YTO TPAHCIHUPALUS CTPOTrO
CKOppeNupoBaHHa C (OTOCHHTE30M, CIIEIOBATENbHO, U 3aBUCHUMOCTH Yypo)Kas OT 3aracoB
MTOYBEHHOM BJIaru Takxe OyayT UMETh ONpeAeICHHbIH ONTUMYM.

Ypoxasi 10
kol M? a) 6)
2.5 9
2.0 A 8
1.5 - 7
300 500 700 900 300 500 700

Banacsr nouBeHHO¥ BJaryu, MM BOX. CJI.

Puc. 111.2.8. 3aBucumocts yposkas tomaroB (a) u mepma (0) OT 3amacoB Biard B METPOBOM
TOJIIIIE TTOYBHI.

Jlji1 OpUEeHTUPOBAHUS B BEIMYMHAX ONTUMAJIbHBIX TUANIa30HOB BJIark UCIIOJIb3YIOT HE 00LI1e
3amachl BJary, a 3amnachl NMPOJYKTHUBHOM Biaru, Kak pasHUIly Mexnay 3anacamu npu HB u B3.
XapakTepHble BEJIWYUHBl ONTUMANIbHBIX, JOIMYCTUMBIX M HE PEKOMEHIYEMBIX 3alacoB
MPOAYKTHBHOMW BJIarH B pa3inyHble (a3bl pa3BUTHs, IpencTaBieHb! B a0 111.2.2.

Tabmn.I11.2.2.
OnenHka 3amacoB IPOAYKTUBHOM BJIaru sl POU3PACTAHUS CEIbCKOXO03SHCTBEHHBIX
kyabTyp (mo B.B.Mensenesy u ap, 2002*)

PaccmaTtpuBaembrit 3amacse! npoaykTuHoi Bitaru (HB-B3),

MOYBCHHBIH clo W ¢asza | (MM BOJH.CIL.)

pa3BUTHS Onrtumanensie | Jlomyctumeie | He
pEKOMEHIyeMble

B cmoe 020 cm 1npu|>30 10-30 <10
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IIOSIBJICHUU BCXO/J10B

B cmoe 0-100cm  mpm | >120 60-120 <60
OBETCHUHU nIIn
¢dbopMUpoBaHUU

T€HEPATUBHBIX OPraHOB

Yiyuuenue Bjaroooecne4eHHOCTH pacTeHnid. D¢ deKTHBHOCTH BOAONOTPedIeHUA
pacreHuii

OOBIYHO, B KauecTBE OCHOBHOTO [AapaMeTpa, XapakTepH3yHIIero A(PQeKTUBHOCTbH
UCIIOJIb30BAHUSI PACTEHHEM BJIATH, HCIOJIB3YIOT OTHOIICHHE MAacChl CYXOW pacTUTEIBHON
npoaykiuu (ypoxasi, ¥Y) Kk cymmapHoii sBanorpanciupaiuu (Es). O603HauMM 3TO OTHOIICHHE,
kak 3 dexTuBHOCTH BoonoTpedieHus pactenuii (9BP)

ouomacca(cyxas \%4
DBP = (qran) _ V.

ssanompancnupayus  Eg

Dta BeIMYMHA MOXET OBITh BRIPAKCHA KaK B KI/MM BOJH.CII., Tak U B T/ra/m3/ra, T.e. B T/M3
win B T(cyxoro BemiectBa)/T(Boabl), ¥ T.J. DTa MOCIEAHAS Pa3MEPHOCTh MOKa3bIBaeT OJIM30CTh
OBP K NOHATHIO TpaHCTHPAIIMOHHOTO K03 duItnenTa, KOTOPbIi, BCIIOMHUM, €CTh KOJHMYECTBO
BOJIbI, HEOOXOMMOE JUIS CO3JIaHMsI OJHOTO rpamMma BemiecTB, KT. OTinume mUIIb B TOM, YTO
NOHATHE Y(PPEKTUBHOCTH BKIIIOUAET B ceOs M HENPOU3BOAUTEIbHBIE, HEI(D(DEKTUBHBIE TOTEPU
BOJIBI B BHJIE HCIIAPEHUS C TOBEPXHOCTH MOYBHI, KOTOPHIE HEOOXOIUMO YMEHBIIUTH. DTO OJHH
U3 SBHBIX IyTel yBenudeHUs 3()(HEeKTHBHOCTH MCIIOJIB30BaHUS BOABI. Kpome Toro, BennymHa
OBP TecHO cBs3aHa ¢ 3(h()EKTUBHOCTHIO MCIOJIB30BAHUS PACTEHUEM COJIHEYHOW paguanuu. A
3TO YK€ IIpoIlecCchl, OOYCIOBJIEHHbIE OCOOCHHOCTSAMU (OTOCHHTE3a B  pacCTEHUSIX,
WCTIOJIb30BAHMSI UMHU DPA3JIMYHBIX 4YacTeil crekrpa u mp. Ho gucimurens, «Ouomacca», ecTh
pe3ysIbTaT B OCHOBHOM JIBYX ITPOIECCOB «(DOTOCHHTE3-IBIXaHUE» C YIETOM IMOTEPh OMOMACCHI OT
pa3NMYHBIX BpEeOUTENe. A BOT 3HAMEHATENlb — BEIMYMHA 3aBHCHMAasi TAKKE OT COJHEYHOU
pamuanyuy U BOJHOTO MUTAHHS PACTEHUH, OT JOCTYMHOCTH TMOYBEHHOU Biard. CiieoBaTenbHoO,
HaIpaBJIEHUE 10 MOBBIIIEHUIO YPPEKTUBHOCTH BOJONOTPEOJICHNUS PACTEHUsI BKIIOYAET B ceOs
OMOJIOTHYECKOE HAIPABJICHUE 0 YITYYIICHHIO TIOTPEOICHHS PACTCHUSIMU COJTHEYHOH SHEPTUU U
MIOBBIIICHUE JOCTYITHOCTH TOYBEHHOW Biard. B cBsi3m ¢ 3TUM (QOpPMHPYIOTCS HAIpaBIICHUS TIO
ceneKkuy OoJiee TPOAYKTUBHBIX BUIOB pacTeHUil. Bmecre ¢ TeM, Ooiee HACYIIHBIM SIBIISIOTCS
pa3pabOTKM 1O CHH)KCHHIO BOJHOTO CTOKa C TIOJIEH, YBEIMYEHHUIO BJIArOEMKOCTH
KOPHEOOMTAEMOTO CJIOS TIOYBBI, CHIDKECHHIO HEMPOW3BOJUTEIFHBIX IOTEPh HA HCHApeHHe
(MynbYMpOBaHUE, PHIXJICHHE TIOBEPXHOCTHU H JIP.). DTH MEPOIIPUSATHS BKIFOUAIOT TAKKE CIIOCOObI
pa3MenieHus: KyabTyp (pSIOKH, IIUPUHA PSIKOB, PACCTOSHHS B psAKaX M Tp.), IJIOTHOCTh
MOCEBOB, Jara MOCEBa, MHTEHCHUBHOCTh PAa3BUTHS  JIMCThEB. BapwaHTOB U ympaBieHUs
OKa3bIBAaeTCsl 4pe3BbIYaiiHO MHOTO. [loaTOMy, Tmpexae 4deM paccMaTpuBaTh pa3zHOOOpa3HbIC
crocoObl ympaBiieHus ()PEKTUBHOCTHIO BOAHBIX PECYPCOB Ha CEIIBCKOXO3SMCTBEHHBIX MOJISIX,
MOTBITACMCSl MCCIIEIOBATh 3TOT BOMPOC TEOPETHYECKH, Kak mpemiaran dpank Baiterc (Frank
G.Viets, 1981). 3aBucuMoctd 3PPEKTUBHOCTH BOJHBIX PECYpPCOB M IBAINOTPAHCIHPAIMU TIPH
pocTe ypokasi MOryT ObITh HeckoJbkux BumoB (puc.ll.2.9) Ha puc. 111.2.9, al npencraBnena
XapakTepHas 3aBHUCHMOCTH YBEJHMUYEHHS OSBallOTPAHCIUPALNUU TPH  MPOHNOPIIHOHATEHOM
YBEITUYCHUHU YpOXkas. DTOT MyTh OKa3bIiBaeTca He ciumkoM 3¢dektuBHbIM: DBP moctosHen
(puc. 111.2.9, a2) npu TakoM HPOMOPIMOHATIBHOM POCTE. SIBJIIEHHE 3TO CKOpEe OTHOCHTCS K
OIIMHOKO CTOSIIIMM pAcTEHUSIM, WM pPACTEHHSM, BBIPAIIMBaeMbIM B JIM3UMETpPaxX C
Npe0XpPaHCHUEM MMOBEPXHOCTH MOYBBI OT McrapeHus. Bropoi puc. 111.2.9 (puc. 111.2.9, 61):
YBEIIMYCHUE YpOKasg HE TMPHBOJUT K POCTY OBalOTPAHCIHPALWH, - O3TO OIHMCAHUE
BOJIONOTpeOJIEHNsT puca, s BbIpAIlUBaHUA KOTOPOro Bompockl 00 3ddexkTuBHOCTH
WCIIOJIb30BAaHUSI TIOYBEHHBIX BOIHBIX pecypcoB He crosT. llostomy yBenmuenme DOBP mpum
YBEIIMYCHUU YPOXKasih XOTh M OKAa3bIBACTCS YPE3BhIYAHO HEd(P(PEKTUBHBIM, HO Ui CiIydas C
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PUCOM 3TO €JMHCTBEHHBIN BbIXOA. [[pyras curyanus: BoJIONOTpeOIeHHUE C MOJs MOCe MoceBa
(puc. 111.2.9, B11). CHauasia Ha MOBEPXHOCTH MOYBbBI HET pacTeHMii (HaYa bHBIA y4aCTOK Ha PHUC.
[11.2.9, B1). B 3TOT MOMEHT HCHapeHUe MPOUCXOJUT TOJBKO C IMOBEPXHOCTH IMOYBHI, & 3aTEM
pacTeHMsT HAayMHAIOT TPAaHCOUPUPOBAaTH, M C POCTOM OHMOMAacChl  CTAOMIU3UpYETCs
sBanoTpancnupanusi. IPEKTUBHOCTh MCIOIb30BaHMs BOAbI yBenuuuBaercs (puc. 111.2.9, B2).
Oro OnarompusTHas CHUTyalMs, YKas3blBarolas, 4YTo 3((PEeKTUBHOCTH IOBBIINIAECTCS 3a CYET
HCII0JIb30BAHUS COJIHEYHOU SHEpruu, - Hauboiiee 3pPeKTUBHBIN NMyTh MOBBIIEHUS ypoxkas. U,
HakoHell, Hanbosee peanuctuynas curyaius (puc. 111.2.9, rl). CHavana, moka pacTeHus eie He
MOSIBUJIMCH Ha TOBEPXHOCTH IOYBHI, BCE ompezenseT ucrnapeHue. M, kak v B mpelplaylieM
ciyuae, DBP paBua mymo (puc. 111.2.9, r2). 3atem moBbImacTcs NpU WHTEHCHBHOM POCTE
OuoMaccel M YBEJIWYEHUH TPAHCIHUPALMOHHOTO pPAcXoja, OJHAKO, JOCTUTHYB MaKCHUMYMa,
HAa4YMHAET CHI)KATbCA, TaK Kak OMoMacca He yBEJIMYMBAETCs, a MOTEPH Ha HBANOTPAHCIHUPALUIO
IIPOJIOJKAIOT PacTH, - 3T0 HeOnaronpusTHas cutyanus. O yeM ropopuT u cHuxeHue JOBP Ha
puc. 111.2.9, r2.

A A
E = YIE =
al a2
Y Y
A A
E
s Y E =
61 62
Y Y
A A
E E Bl YIE E B2
Y Y
A A
Es rl VIE = r2
Y Y

Puc. 111.2.9. 3aBucumoctu sBanorpancnupaimmu (Es) (al, 61, Bl u rl) u sddexTuBHOCTH
BojonorpetiieHus pacrenuii (Y/ Es) (a2, 62, B2 u r2) ot ypoxas (Y) (no F.G.Viets, 1981) .

DT BCce BUbI KPUBBIX CIIPABEAIUBBI U Ui IMHAMUKU Pa3BUTHs PACTEHUH, BCEX CTaJUIl €ero
pazButus. OHM BIOJHE MOTYT OBITh HCIOJB30BaHbl IS yiydlleHus 3(QexTUuBHOCTH
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UCIIOJIb30BAHUSL BOJHBIX PECYpPCOB B TEUCHHE BETreTAlMOHHOIO TMepuoaa. B  TedeHue
BEreTAIlMOHHOTO TEPHOJIa €CTh OINpPEICICHHBIC MPOMEKYTKH BpeMeHH, koraa DBP moxer
camxarncs (puc. 111.2.10)

9BP

S
) K
> oy
Ky S & ‘”E?Eﬁﬁ
S Sz S8 S8 S
2 = S 8 S5 3 9
x| § S ¥ 32 K 8
N |2 I~ = C §
Q S EL)TEL@
S 3 S
= SR
Ol X
2 S
X
Vv Vi VII VI IX

MECAILBI

Puc. 111.2.10. Xapakrepusiii Buj nuHaMukd OBP B TeueHne BereTannoHHOTO pa3BUTUs (st
YCIIOBHUH 3aCyIUTUBBIX JIET IIEHTPaJIbHOM yacTu Poccun)

Kak Bumao m3 puc. I11.2.10., B Havyaye, 10 TOSIBJIICHUS BCXOJOB, OMOMacca paBHA HYIIO, H
OBP Takxke paBeH Hymo. B nanbHeiiiieM, no Mepe pocta pacTeHHI OH CHayaja MOBBILIAETCS, a
3aTeM, Kak MpaBUJIo, CTAHOBUTCA HUKeE. B 3Ty cTaauio, craguio Havaga KylIeHus: U Heo0X0 UMbl
MEPOTIPUATHS IO CHIKEHUIO HEMPOJYKTUBHBIX MOTEPh. Takke, HENPOAYKTUBHBIE TIOTEPH MOTYT
BO3HUKATh B MEPHOJ] IIOcIe YOOpKU ypoxasi, Koria bruomMacca Ha 1oJie MpuOImKaeTcs K Hyio, a
HENPOIYKTUBHOE MCIIApEHHE BJaru U3 MOYBbI MOXKET OBbITh BeCbMa 3aMeTHBIM. M B 3TOT nepuon
HAJ0 MPUMEHSATH ONpeeIEHHbIE MEPHI 0 UX CHIKEHHUI0. TakuM 00pa3oM, U3ydeHrne JUHAMUKU
OBP, nporHo3 3Tol BETUYMHBI B 3aBUCHMOCTH OT OCOOEHHOCTEM METEOYCIOBHHM M JPYrux
(GakTopoB,  MO3BOJISIET  ONTUMHM3UPOBAaTh B TEUYEHHE  BEreTalMOHHOIO  CE30Ha
BJIaroo0ecne4eHHOCTh PAaCTeHUI U MUHUMU3HUPOBATh HEMIPOYKTUBHBIE PACXOIBI.

Onpeodenenue

Jlnst xapakTepucTuku 3QPEKTUBHOCTH UCIIOJIb30BAHUS PACTCHUSMH BOJBI U YIIPaBICHHEM
BOJIHBIMH peCypcaMH HCIIOJIb3YIOT —TMOKa3aTreib J(PHEKTUBHOCTH BOJOMOTPEOICHUS
pactenuii, DBP, Kak OTHOIICHHE CyXoil Ouomaccel pactenuit (V) k cymmapHOl
spanoTpancnupanuu (Es):

buomacca(cyxasn) _ V.

OBP =
ssanompancnupayus  Eg

IToBeIICHTE 3(1)(1)€KTI/IBHOCTI/I HCIIOJIB30BAHHA BJIarM CBA3aHO C YBCIIMYCHUCM YHUCIUTCIIA,

T.€. C YBEJIIMYCHHEM MPOJAYKTOB (POTOCHHTE3a PACTCHU (JTydlliee HCIOIb30BAHUE CBETOBOM

SHEPrUH, MCIOJIb30BAHUE CKOPOCIENBIX BHOB, U3MCHEHHE CPOKOB IMOCAJKUA U TP.) U C

YMCHBIICHHUEM 3HAMCHATCIIA, - HCIIPOU3BOAMTCIBHBIX  PACXOAO0B BJaru (chapeHHe C

IMMOBCPXHOCTHU IMOYBBI, BjIaru € IOBEPXHOCTHU JIUCTHEB U Hp)

CoOTBETCTBEHHO, HEOOXOJUMO 3HaTh MPUHLUMIBI  YIPABICHUS W  I[UIAHUPOBAHUSA
MeponpHusATHil o noaiepkannto IBP Ha MOCTOSIHHOM BBICOKOM ypOBHE. A 3T0, KaK OTMEYEHO B
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OnpedeneHuu, MEPOTIPUATHSL TI0 PETYIUPOBAHUIO (HDAKTOPOB, CBSA3AHHBIX C OMOJOTHEW caMUX
pacTeHUi — yBelMYeHHe YuciuTens B Gpopmyse s pacuera DBP (mpexae Bcero moBbllIcHUE
3 PEeKTUBHOCTH pabOThl (POTOCHHTETHYECKOTO armrmapara), a TakKe IMOYBEHHBIX YCIIOBHH, -
CHIDKEHHE HETIPOU3BOIUTENbHBIX PACX0/I0B WM CHIDKEHHUE 3HAUEHUM 3HaMEHaTelNs B PaCUETHOM
dhopmyre. PaccMOTpuM HEKOTOPBIE U3 ATUX BO3MOXKHBIX BO3/ICHCTBUM.

dakTophl YpaBJIeHHUs BO1000eCe4eHHOCTHIO pPacTeHUil

1. [ara nocaaxu. OToT GakTOp BechbMa BaXk€H, 0COOEHHO B yCIOBUSX AeduiuTa Biaru. OH
Ba)KEH NOTOMY, YTO C OJHOM CTOpPOHBI, Aa’K€ HE3aCyXOYCTOWYUBBIE BHUJbI YCIEBAIOT Pa3BUTh
JOCTaTOUHYI0 Ouomaccy, 4ToObl 3aBEepIIMTh CBOW LUK (OPMUPOBAHUS ypoxKas, H30€kKaB
BOJHBIX cTpeccoB. C aApyroii, - He06X0AMMO, YTOObI MOYBEHHAsI 3acyXa HE COBIIaja C MEPUOJOM
HauOOoJbIIEeH YyBCTBUTEIBLHOCTU pacTeHU K 3acyxe. Kak mpaBuio, 310 nepuo] HHTEHCUBHOIO
pocTta pacTeHui, yBelauueHus Ouomacchl. B 3TOM ciiyyae npuxoauTcs peuarb mnpodiaemy
ONTUMM3ALMH TEIUIOBBIX U BOJHBIX PECYPCOB, TaK KaK TEIUIOBBIE PECYPCHI Ul pOCTa PaCTEHUH,
KaK MpaBUJIO, HEJJOCTATOUHBI, a BOAHbBIE OBICTPO pacxoAyrorcs. OnTUMaIbHbIE PEIIEHUS MOTYT
ObITh HallleHbl Ha OCHOBE KPUTHYECKUX TEMIIEpaTyp IMOYBBI JUIs MPOpPACTaHMsI PACTEHUH WU
3amacoB Biaru. Wmnu, Oosiee oOmNpeneNeHHO, Ha OCHOBAaHMU IIPOTHO3ZHBIX pacyeToB U
MCI0JIb30BAHUS COOTBETCTBYIOIIUX TeXHoJoruil. Ho B m000M citydae, BBIIIOJIHEHUE PELIEHUS 110
MIOCAJIKE TOJDKHBI OBbITh OUEHb OBICTPHIM U TOUHBIM.

2. Crmoco0 mocaakd. DTOMYy BOMPOCY IMOCBAIICHO OYCHb MHOTrO pador. Llenp — HalTh
ONTUMAJILHOE pa3MElLIEHUE PACTEHUI B PSAAKAX U PACCTOSHUE MEXAY PsIKaMH, 4TOObI pacTeHus
B HanOoJIbLIEH Mepe KCII0JIb30BAIIM COJHEUHYIO paaualuio. To ecTb yBeIHunuTh 3 (HEKTUBHOCTD
¢doTocuHTe3a, TeM cambiM yBenuuuTh U OBP 3a cuer pocrta uucnurens. 3nech HalIO0 UMETh B
BU/]Ly, UTO OT3bIBYMBOCTh PACTEHMI Ha UX PACIIONOKEHUE TEM CUJIbHEE, YeM BhIIlIE pacTeHus. B
J000M cilyyae HEOoOXOJUMO CTapaThCsl CO3/aTh, KaK TOBOPAT, ApXUTEKTYpYy JIUCTBEHHOTO
MOKPOBa, 4YTOOBl ¢ Haubousbliedl 3(p(PEKTUBHOCTHIO HCIOJIB30BaTh COJHEYHYIO pajgualuio, a
cooTBeTCTBEeHHO U yBenuunTh DBP. (Bosee mompodHO 00 3TOM dakrope — B paznene «CBer»).

3. Koneuno, 6oprba ¢ COpHSKaMH, ONTUMAIBFHOE BHECEHHE TECTUIMIOB M TIp., KOTOPHIE
TaK)Ke yBEeJIMYMBAIOT 3HaMeHaTelb B (popmyne OBP.

IlouBeHHbIE (paKkTOPBI

1. OOpaboTka mous (Bcraiika, 0O0OpoHOBaHHE U Ip.). be3ycI0BHO, 3TO OJIUH M3 BaXKHEHIIIMX
npuemoB yBennueHuss OBP. 3a cuer oOpaboTKU MOYB CHMXKAIOTCSI HEMPOAYKTUBHBIE IIOTEPH B
BUJIE MCIIAPEHUS C MOBEPXHOCTHU IMOYBBI, TaK KaK Ha IMOBEPXHOCTHU IMOUBBI CO3JACTCS CIOW U3
MEJIKOKOMKOBATBIX OTAEIbHOCTEH, arperaroB, KOTOPbIH HMMEET HHU3KYI0 BJIArONpOBOJHOCTS,
ABJIIETCA TPErpajoll s MNOATOKAa Bjiaru K moBepxHocTu. Ilpu Bcmamike paspyiaercs
HENPEPhIBHOCTh KaMWUISPHBIX MyTEH, OYBA PBIXJIUTCA, a, KaK U3BECTHO, PhIXJIas MOYBa XyXKe
MPOBOJUT KalWUIAPHBIA MOTOK Bjaru. Bce 3TO NpUBOAUT K CHIKEHHIO 3HAMEHATENs B
BeIpakeHuu 11 OBP, u x cooTtBercTByromemy pocty OBP. 3necy odenn Gosbioe moje ams
UCCIIEIOBAHUI: KaK BIIUSAIOT pa3IMYHbIE TUIIbI, CPOKH, METO/IbI 00paOOTKH; HACKOJIBKO BCHAIIKa
CHOCOOCTBYET YKOPEHEHUIO, BIUSIOUIEMY Ha 0oJiee MPOIYKTUBHOE HCIIOJIb30BAHUE MMOYBEHHOMN
BJIar'd U3 ITyOUHHBIX CJIOEB; U T.J.

2. YnoOpenus. D10 Bo3xeiicTBue (Kak, BIPOYEM, M BBIIICIICPEUUCICHHBIX (aKTOPOB)
pasHooOpasHoe. [lepeuncnum BO3MOXHBIC TyTH BiMsHUS ynoOpenuii Ha DBP: (1) yBenuuenue
pocTa KOpHei. DTo Kacaercsi, mpexjae Bcero, QocdarHbix ynoopenuit; (2) yBenudeHue
BEreTaTUBHOM MaccChl, a, CJEJ0BAaTE]IbHO, 3aT€HEHHE IOBEPXHOCTU IIOYBBI U JIydllee
UCIIOJIb30BAHUE COJHEYHOU 3Hepruu; (3) yCKOpeHHE HUKIOB Pa3BUTHSA, YTO OCOOCHHO BaXKHO
IS 3aCYIUTMBBIX PETHOHOB U, KOHEYHO (4) yBenuveHre 6MoMacchl, 4To MPUBOIUT K pocty DBP.
Cnenyetr uMeTh B BUJy, OJIHAKO, YTO BO3JeiicTBUe ynoOpenuit Ha DBP pa3nuuHo B pa3iuuHbIX
o Biaroo0ecniedeHHOCTH yenoBusix. Ha puc.ll1.2.11 npusenenst 3aBucumoctd IBP ot ypoxas,
3HAYEHUS KOTOPOro MOBBIIIAIOCH B OJHMX M TEX YCJIOBHMSX 3a CUET BHECEHHUS a30THBIX
ynoOpeHuil.
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3BT,
cM / e —_—
50 - PO
25 Cyx HopmMm BraxH
15 30 45 15 30 45 15 30 45
YPOXAWM, ul ra
SBP,
i/ ra cM
2.7 ]
/z/ /// |—
1.35—~ 4 ==
// Cyx / |HopM /,’]BJIa}R'H
15 30 45 15 30 45 15 30 45
Puc. 111.2.11 3aBucumocts 3Banotpancrnupanuu (BT, cM BojH.c10s) U 3HHEKTUBHOCTH

BojionotpeOiieHuss pacrenuid (OBP, 1u/ra cMm) ot ypoxkas pactenuit (V, w/ra), yBenudenue
KOTOPOTO  JIOCTUTHYTO  BHECEHHEM  a30THBIX  ymoOpenuil. IIyHKTHpOM  00O3HAYCHBI
runoreTuyeckue yactu 3tux kpusbix. ([lo Viets, 1981).

W3 npuBeneHHBIX KPHUBBIX BUAHO, YTO B CYXHMX YCIOBUSAX IPU OIPEICICHHBIX YPOBHSX
pa3BUTHUsI OMOMAacchl BHECEHHE YNOOpPEHMH MOXKET ObITh 0C000 A(PGEKTUBHBIM. A BOT BO
BJIQXKHBIX, XOTSI U MPOUCXOJIUT HEKOTOPhI pocT DBP 3a cuer ynoOpeHuii, HO 3TO yBeIMYEHUE
HeOOJIbIIOE, U, BEPOSITHO, YBEJIMUEHHE BHECEHUS yI00peHUI He OylleT ABJIATHCS CYIIECTBEHHOM
Mepoit 1o 3()PEKTUBHOCTH WCMOJB30BaHUS BOABI. TeM Oojiee 4TO B TMeEpeyBIAKHEHHBIX
YCIIOBUSAX, JeHCTBUE YAOOpeHHH He MOXeT ObIThb 3(P(GEKTUBHBIM JIO0 TE€X IOp, IOKa HE
ONTHMHU3UPOBaAH (3a CUET IpeHaXka, PEXK/IC BCEro) BOIHBIM PEXKHUM ITOYBBIL.

3.MynpuripoBaHWE TOBEPXHOCTH. OTO YpPE3BBIYAHHO BaXKHBIM AaCHEKT CHWKCHHUS
HEMPOYKTUBHBIX OTEPh B Buze ucraperus (cm. ['nasy 11.2)

Opnako, He cienyeT 3a0blBaTh U O JAPYTUX IMOJIOKHUTEIBHBIX BO3ACUCTBUAX MYJIbYH:
YBEJIIMYEHUE BOJOIPOHUIAEMOCTH, 4, CICIOBATECIIBHO, YBEIMYECHUU IIOYBEHHBIX BIIAr03aIacos,
CHW)KEHUH IIOBEPXHOCTHOIO CTOKA, YTO B PSAE CIy4aeB MOXKET CTaTb JOMHHHUPYIOIIUM
(akTOpOoM HCIOJIb30BaHUS 3TOTO IMpuema. Hampumep, B TpONMYECKHX CTpaHax IMpPH OcCajKax
JIMBHEBOT'O THIIA.

Jlutepatypa

IMenBenes B.B.,C.IO.bynsiruun, T.HJlaktnonora, P.I'".JlepeBsuko. Kputepuu orenku
MPUTOAHOCTH 3eMelb YKpauHbBI JUIS BO3/CNBIBAHMS 3€pHOBBIX KynbTyp. «llouBenenme», Ne2. 2002,
¢.216-227

2CynuunslH W W. JIBrikeHne MOYBEHHOW BJIard M BOIONOTpedaeHHe pacTenuii. M.. M3a-Bo

Mock.yH-1a, 1979. 253 c.

3.Cnetiuep P.Bonuslii pexxum pacrennii. M.: Mup, 1970.
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5. Plant Environment and efficient water use. 1981.Ed. By W.H.Pierre, Don Kirkham, J.Pesek,
R.Show. ASA& SSSA of America. 295 p.

6. Viets F. G. Increasing Water Use Efficiency by Soil Management. In “Plant environment and
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I'naBa 3.®u3uKa MUHEPAJIBLHOIO MU TAHUS

OcHoOBHbBIE 3JIeMeHTbl MUHEPAJIbLHOI0 MUTAHUS PACTeHU I

Jlnst GONBIIMHCTBA PAacCTCHUH HEOOXOIMMBI B TOM MIJIM WHOM KOJIMYECTBE 16 3i1eMeHTOB,
koTopele TpuBeneHbl B Tabm.l11.3.1. Onm ¢dopmupyoT Tpynmbl Makpo, BTOPHYHBIX H
MUKpO3JIeMeHTOB. Kax/1bIil U3 3JIEMEHTOB BBIMIOJIHSAET CBOIO CHEU(PUUECKYIO POJb, HO CIEIyeT
yuaecTb, 9to Ha 95% pacrenus cocrost uz C, H u O, kotopsie noctynarot B pacreHus u3 CO>
BO31yxa W mouBeHHOW BoAbl. OctanmpHble 13 mimm 14 sneMeHTOB pacTeHHs OepyT B MOHHOM
dopme u3 mouBeHHOro pactBopa, x0T S u Cl pacTeHus wHOTIA CIOCOOHBI COPOMPOBATH U
ycBauBath 3 Bo3ayxa B Bujge SO, u Clo.Tak ke He ciienyer 3a0biBaTh 00 YHHKaIbHOMN
criocoOHocTH 6000BBIX (PUKCHPOBATH aTMOCQEpPHBI a30T Osarojgapss CUMMOMOTHOTUYECKUM
B3aumooTHouieHusiM Rhizobia B kopueBoii 30ne. Hatpwuii, kpeMHuii, K00aabT U BaHAIUH MOTYT
CIOCOOCTBOBATh YBEJIMYECHUIO YPOXasi, HO HE SIBJISIOTCS ONPEIENSIONIUMU AJIEMEHTaMU B €ro
¢opmupoBanuu. Muoraa Na Bemmonnsier ¢ynkuuu K, Hampumep, uisi pacTeHUd caxapHOM
CBEKJIbl. A KOOaNbT CIOCOOEH UIpaTh CYILECTBEHHYIO pOjb B (OpMUpOBaHMU BuUTamuHa Bio,
KOTOPBIN IIPHHUMACT ydacTue B pukcupoBanuu azota Rhizobia.

Ta6mx. [11.3.1

OcHOBHbBIE XUMHUYECKUE AIIEMEHTHI XKU3HE00ecneueH s pacTeHUI U (OpMbI UX MOTPEOICHUS

Maxkpo3JieMeHThI Maxkpo3JieMeHTbI MHuKP03/1eMeHThI
BTOPUYHOM NOTPEOHOCTH

Yraepon (CO,) Kanbruit (Ca®") Bop (H,BO3)

Kucnopozn (Oy) Maruuii (Mg~ Xuop (CI)

Bonopon (H20) Cepa (SO4%) Ko6ainst (Co®")

Aot (NH4", NOs i N st Mezs (Cu™)

0000BBIX

docdop (H.PO4, HPO,Y) Keneso (Fe™)

Kannii (K*) Mapranern (Mn°")
Momu6aer (MoO,”)
Luek (Zn”)

B or1oif rmaBe MblI OCTaHOBUMCA Ha (U3MYECKUX 3aKOHOMEPHOCTSIX U (U3NYECKU
00OCHOBAaHHBIX MOJICNIAX TOTPEOJICHUS M TPaHCIOpPTa BENISCTB B PaCTCHUH. Bompockl
OIITUMAJIBHOI'O O6CCHC‘I€HI/I$I, B3aUMOBJIMAHUA PA3JIMYHBIX DJJICMCHTOB, INPUMCHCHUSA HX B
KauecTBe yao0peHuid 0oJiee moApoOHO pacCMaTPUBAIOTCS B yYCOHUKAX MO arPOXUMHH.

OcHoBHbIE MeXaHU3MBbI [IEPEHOCA BelleCTB.

Omnucanue sIBICHUH JBMO)KCHHS BEIECTB B MOYBE HaM yxke 3HakoMmo (cMm. ['maBy 1.3). Bcee
otMeueHHbIe B ['11aBe |.3 siBICHUS CBOWCTBEHHBI M MIOATOKY BEIIECTB K KOpHIO. Ho B oTiuume ot
MIOYBEHHBIX IPOIECCOB, TIJ€ JOMUHAHTHOE 3HAYEHUE MOXKET HMMETh THIPOJAMHAMHUYECKas
muhdy3usi, 0OyCIOBIEHHAass HEOJHOPOJHOCTHIO TIOTOKA B  HEPAaBHOMEPHOM TMOPOBOM
IIPOCTPAHCTBE IMOYBbI, B PACTEHUH (DAKTOPBI THIPOJUHAMUYECKON AUCIIEPCUH, HE3HAYUTEIIbHHBI.
OCHOBHBIX (PM3NYECKUX ITpOIiecca MOATOKA U MEPEeHOCa BEIIECTB B pACTEHUH JBa - KOHBEKIUS U
mudpoys3us. KoHBeknusi, HalOMHHMM, JBH)KEHUE BEILECTBA C MAacCCOBBIM IOTOKOM pPacTBOpA.
MaccoBblii MOTOK KUJIKOCTM B BETrETHPYIOIIEE PACTEHHE BCErja CYyIIECTBYET 3a CYET
TpaHcnupanuu. [loaToMy BIIOJIHE BO3MOXEH MEPEHOC MOHOB K KOPHIO U MO PACTEHHIO 3a CYET
sToro npoiecca. Kpome toro, pacrenue cnocobHo n30upareabHo MOTPeOIATh HEKOTOPhIE HOHBI,
KOTOpbIE OCOOEHHO Ba)XKHBI B €r0 KU3HEAEATEIbHOCTU. DTOT MEPEHOC OYAET OCYIIECTBISATHCS
YK€ HM3-32 KOHIIEHTPAIIMOHHBIX IEpenajioB, TaKk KaKk OKOJO KOpHS U B KOPHE KOHILIEHTpAlMs
HY)KHOTO pacTeHMs JJIEMEHTa HUXKE, YeM B IOYBEHHOM pacTBope. M Tem Huxke, 4eMm BbIlIe
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noTpe6HoCTh B HEM. COOTBETCTBEHHO, BBILIE I'PAJUEHT KOHLUEHTPALUU MEXKIY IOBEPXHOCTHIO
KOpHS M B IIOYBEHHOM pacTBope, Bbille Iupdy3noHHbIH NOTOK. [lpryem OOJBIIMHCTBO
MOJIOKUTEIIFHO 3apsKEHHBIX OMO(UIBHBIX 3JIEMEHTOB pPACTEHUE CIOCOOHO NOTPEOIATH U3
COpOMPOBAHHOTO COCTOSIHUSA, 3a cueT oOMeHHbIX peakuuil «[IIIK - mouBeHHBIN pacTBOp» U
«TIOYBEHHBIN PaCTBOP — MOBEPXHOCTH KOpH:I». Bee 310 cxemarnuno ykazano Ha puc 111.3.1. rae
MIPUBEACHBI BCE IepeurcieHHble nporecchl. udpdysnonHo u Onaromaps MOATOKY pacTBOpa
(KOHBEKTHBHO) K KOPHIO JIOCTAaBJIIOTCS IJIEMEHTHI. VX Hajguuyhe B IMOYBEHHOM pacTBOPE
perynupyercs oOMEHHBIMHU peakuusMu ¢ coorBercTByromumMu noHamu IIIIK, xoropsie Taxxke
PErYIUPYIOTCS aKTUBHOCTAMHE (KOHIICHTPAIHS) MOTPEOJIIEMbIX HOHOB B PacTBOPE.

VOHHBIN

LleHTpPaJBHEIHA

LHUIHHOP
<>

IIOTVJICIUIE HHEIE
KAaTVMOHEI

—1

g A

W
rooM2—

KOHBEKLINA
MaCCOBEIA

( TpancnupanMoHHEDR)

HoTox pacTeopa

Puc. 11.3.1. Cxema mporieccoB MoATOKA BEIMECTB K KOPHIO PAaCTEHUS

O 3HaueHUU KOHGeKyuu B TEPEIBUKEHUM BEIIECTB M WX IOIJIOIIEHHE KOPHEM pacTeHUH
ykas3biBaeT ombIT, npoBencHHbli C.bapOepom ¢ kosmmeramm (1963). Tak kak B pacTeHue
MOCTynaeT 00JbIIOE KOJIMYECTBO MOYBEHHOTO pacTBOpa IS MOJIEPKaHUS TPAHCIUPALIMOHHOTO
TOKa, MOXKHO ObLIO OBl MPEANOJIOKUTh, YTO MMEHHO C ATHM IOTOKOM M OyJeT MOCTYyNaTh
OCHOBHO€ KOJIMYECTBO NUTaTeNnbHbIX BemiecTB. Tak BoT C.bapbep ¢ kojuieramu mnomblITajics
CBETH OaJlaHC BEIIECTB. 3Has COJEP)KAHME D3JEMEHTa B PACTEHUHU, €ro TPaHCHUPALMOHHBIN
k03 durreHT (KOJIMIeCTBO BOABI HEOOXOAMMOE ISl TIOCTPOCHUS SIUHMIBI CYyXOH OMOMAacChl)
MO>KHO paccuMTaTh KakoBa JOJDKHA ObITh KOHIEHTpAIUs JIE€MEHTa B IOYBEHHOM pacTBoOpe, AJs
TOro, 4To0Bl cBecTH Oayianc. Jlayiee, MOKHO CPaBHUTH IMOJYYCHHYIO IO TaKOMYy OajlaHCOBOMY
pacueTy KOHIIEHTPALUIO AJIEMEHTa C €ro peajibHOM B OUBEHHOM pacTBope. Eciy KoHLeHTpanus
3JIEMEHTA B MIOYBEHHOM PACTBOPE OKAXETCSI BHIIIE PACUETHON, TO 0OeCreueHne pacTeHUsI 3TUM
AJIEMEHTOB BIIOJIHE BO3MOKHO JIMIIb 3a CYET KOHBEKTHMBHOIO MOTOKa. Eciu ke MeHblie, -
3HAYUT, 3TOT AIEMEHT MOTJOLIaeTcsa 3a CYET APYIMX MEXaHU3MOB, IMpexkae Bcero nudpdysuu.
Pesynerarel mpoBeneHHoro ombita bapoepa ¢ coaBropamu npuBeneHs! B Taom. 111.3.2

Tab6mx. 11.3.2
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Bo3M0OXHOCTE IMOrJIOICHUA PACTCHUAMUA 3JICMCHTOB C O6IIII/IM TPAHCIIMPALUOHHBIM IIOTOKOM B

BHUJEC KOHBCKIINMH.

Onement Conepxanue HeoOxomumas PeanpHas Bo3MoxxHOCTB
B PaCTCHHH, pacycTHAs KOHIICHTpAIUs  00eCreYeHUs
Mmr/T KOHIICHTPAIUS B IMIOYBCHHOM  3JIEMEHTOM
B [IOYBEHHOM  pacTBOpeE, M/l myTeM
pacTBope, KOHBEKITHH
mr/i
Ca 2.2 4.4 33.0 Bo3moxxHO
Mg 1.8 3.6 28.0 Bo3moxHo
K 20.0 40.0 4.0 HeBo3mosxHO
P 2.0 4.0 0.5 HeBo3mosxHO

Takum oOpa3om, coBepiieHHO O4eBHAHO, uTo MoHAa K m P moTpebnsroTcs 3 pactBopa co
3HAYUTEIBHO OOJBIIEH CKOPOCTHIO, YEM 3TO BO3MOXKHO KOHBEKIIMOHHBIM ITyTeM. X mepeHoc
ocymecTBisiercs B Buae muddysuonHoro. [Ipm 3TOM, ciemyeT yduTBHIBaTh, YTO MPOIIECC
nu(pdy3uud UOHOB B TIOYBE JTOBOJIBHO UIMTENbHBIN. JlelicTBuTenbHO, kKoddduuuent nuddysuun
GOJIBIIMHCTBA HOHOB B PacTBOpe cocraBisier He 6onee 1.73 em?/cyt. st nona K koadduriment
muddy3un B pactBope cocrasisier 1.71, mono NOz — 1.64, Cau Mg — 0.67 u 0.6 ClecyT. B
MOoYBE ’K€, C YYETOM HW3BHIMCTOCTH TMOPOBOTO TIPOCTPAHCTBA M PEATHHON BIIAKHOCTH
HE0OX0IMMO HCHOJIb30BaTh Y€ He KodpduuueHt nuddysun, a 3¢pdeKTuBHbIN KOIPPUIHEHT
maddy3un coliei, KOTOpbIid 00bIYHO Ha 2-3 mopsika Huwke. [1o moncueram bap6epa (1988) non
KaJHs 32 CYTKH 3a cueT auddy3un criocobeH nepeaBuHyTbes He Oosree uem Ha 0.13 cm, a H3PO4
— 1 Toro Mesbie, Bcero Tosbko Ha 0.004 cm. [losTOoMy, HE TOJNBKO MOH JIBMXKETCS K KOPHIO 32
cuer nudPy3un, HO U KOPHIO HEOOXOUMO «IBUTaThCSI», PACTH IS MOIYYEHUs] HEOOX0IMMOTO
KoJim4yecTBa BemecTB. [lo-BHIuMOMy, 3TOT (akTtop, - (aKTOp aKTHBHOTO pOCTa KOpHEH,
OCBOEHHS KOPHSIMH HOBOTO TIOYBEHHOTO IPOCTPAHCTBA, MOXET OKAa3aThCs ONPEHCISIONIUM B
o0ecrieYeHnN pacTeHUH MUTATEILHBIME 3JIEMEHTaMH, a HE TOJIBKO YHCTO (PU3HUYECKHE MPOLIECCH
KOHBEKTUBHOTO M JU(PQPY3MOHHOTO TIOATOKA BEMIECTB K KOPHSIM pacTeHwid. OmnpenenuTtsb
3HaYeHHE JTOr0 (PaKTOpa B TPSAMBIX IKCIIEPHUMEHTaX OBOJBHO 3aTPYAHUTEIHHO. TPYIHO
«paznenuTb» (PAaKTOphl TOATOKA HMOHA K KOpHIO 3a cyeT aud@y3un U pocta KOpHSI B
HarpaBJIeHUU OOJIbIIEH KOHIEHTpAIMA HOHA. Takoro poja HCCIIeOBaHWE MOXKHO IMPOBECTH
JUIIF C TIOMOIIBI0 MaTeMAaTHYECKOHW MOJENH, KOTJa BO3MOXKHO BBIJICNIEHHE OTICIBHBIX
apaMeTpoB, XapaKTEPU3YIOMIUX TOT WM HHOM IPOILECC, a 3aTeM OICHHTHh OTHOCHUTEIBHOE
BIMSIHHE HAa PE3YJIbTUPYIOIIEE TOTJIONEHHE BEIIECTB MOOYEPETHO KAXKIOTO M3 MapaMeTpoB,
OCTaBJIsIsl OCTABHBIC TIOCTOSTHHBIMHU. PacCMOTPUM Takoro pojia MOJICIBHBIA aHAIH3 C TOMOIIBIO
MaTeMaTUYEeCKON MOJIENIN TOTJIONEHIE BEIIECTB KOPHEM PACTECHHUS.

MartemaTHdeckasi Mo/ieJib IOIJIOLEHUS] MUHEPAJIbHBIX BellleCTB

OcCHOBY MOTIJIONIEHUSI BEUIECTB PACTEHUSMHU COCTAaBJISIOT J1Ba mpouecca: quddysusi, KoTopas
BBOJUTCS B BHJAE TIHApoAMHaMUYecKoW nuddy3un, u KoHBeKuus. OTH JIBa Ipoliecca
OTMCHIBAIOTCS CICIYIOIUMU ypaBHeHussMu (cM. [naBy 1.3):

afcs _ T
T T
Aeo _ T
&Mt Zony T

r7ie c- KOHLIEHTpAlUs MOHa B IOPOBOM pactBope, D, - KoahduuueHT ruapomHaMuyecKon

mibdy3un, I — pamdyc 30HBI, U3 KOTOPOW MPOMCXOAHWT TMOTpPeOJieHHe BemecTBa, V —
MaKpOCKOIIMYECKash CKOPOCTh IMOTOKa pacTtBopa (T.e. yCpeOHEHHas CKOPOCTh JBHIXKCHHUS B
KaIUIIPax MOYBBI).
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Kpome Toro, mpoucxoaut oOMEH MOHOB B PACTBOPEHHOM M TOTJIOIIEHHOM COCTOSIHHUSX IO
MEXaHW3MY MOMEHTAJIbHOM JIMHEWHOW ajcopOuuu, T.e. mo ypaBHeHuto c, =K, >, roe c, —

KOHIOCHTpalrdg HOHA B IIOTJIOIICHHOM COCTOSHHU, Kd — KOHCTaHTa paclpCaCICHUA.

Otot mporecc GopMupyeT (HaKTOp JJOMOIHUTEIHHOTO HCTOYHHMKA-CTOKA, - Js. B 1emom
IMOATOK BCIICCTB K KOPHIO MOYHO BBIPa3WUTh B BHUAC YXKE 3HAKOMOI'O HaM KOH(beKTI/IBHO-
)II/I(b(bY?:I/IOHHOFO YPaBHCHH, HO 3allMCAHHOI0 B HWJIMHAPHUYCCKHUX KOOPpAWHATAX, TaK KaK IIOTOK
K KOPHIO IIPOUCXOMT IO PAANyYCy K IEHTPAIBLHO PACIIOJIOKCHHOMY KOPHIO:

Cc 1 Cc 0
e =- _xia?Dhﬂ—+vcr 21 N
Tt r e T
rze o - paauyc KOpHS.
BBonsr eme u ¢gakrop pocta, B Buae ko3dduunenta pocra kopHei - K;. A Takxke ycioBue
Ha TPaHALE KOPHS, B BJe noromenus semectsa (J, ) mo sakony Muxasinca-MenTena
Joa XK, .C
r = Chin
1+K, c

rac Jmax - MaKCUMAaJIbHO BO3MOXKHBII AJI JAHHOTO paCTCHUS IMMOTOK BCIICCTBA B KOPHCE, Km

— KOHCTaHTa Muxasiuca, paBHas KOHILIEHTpAllMM MOHA B pacTBOpE, IPU KOTOPOH MOTJIOIIEHHE
cranoButcs o1oBHHHBIM (0.5 J ). ®u3udecky 3Ta KOHCTAHTA TOKA3bIBAET HACKOJIBKO PACTCHHE

aKTUBHO CIOCOOHO MOTPeOISATh BEIECTBO M3 PACTBOPA; YEM OHA BHINIE, TEM MEHEE aKTUBHO
pacteHue noTpedseT BenecTBo, C ;. - MUHMMaJIbHAsl KOHLIEHTPALMsI BEIIECTB B paCTBOPE, NPU

KOTOPOil BO3MOHO €ro HOTJIOIICHHE.

[Ipun mocTpoeHnn MOAENTU UCXOAT U3 MPEANOJIOKEHHUsI, YTO MOYBA TOMOTECHHA, BEIUYUHBI
TUAPOIMHAMUYECKON TU(dY3Un U JTUHEWHONW COpPOIMHU HE 3aBUCAT OT KOHIIEHTpAI[UH, KOPEHb
UAJTUHIPUYECKUH, TOJHOCThIO OTCYTCTBYET MHUKPOOMOJIOTHYECKass AaKTUBHOCTh. Bce 3To
MO3BOJIIET COCTAaBUTh UYHUCICHHYIO MOJCNIb W TMPOBECTH €€ aHaJIM3 Ha YYBCTBUTEIBHOCTH K
OT/ACNBbHBIM TIapaMeTpaM. AHalW3 YYBCTBUTEIBHOCTH — OTO HCCIECIOBAHUE HW3MEHEHUS
MIOTJIONICHUSI HOHA KOPHEM IIPHU MOMEPEMEHHOM HM3MEHEHUH Ka)KJ0TO W3 MapaMeTPOB MOJCIIH.
OTH mapaMeTpbl, Kak PacTeHUs, TaK U MOYBBI, B UTOTOBOM BHJIE TpecTaBieHbl B Ta0I. |11.3.3

Tabm. 111.3.3
[TapameTpsl MoieH IOTpeOIIEHHE HOHOB KOpHAMH pactenui (mo Kpamepy)
[TapameTpsl pacTeHus [TapameTpsl MOYBBI

o — AMaMeTp KOpHS ¢ — KOHLIEHTpAalIUs BEUIECTBA B

Cmin — MUHUMaJIbHasi KOHLIEHTPALHs IIOPOBOM pacTBOpE

pacTBopa, Npu KOTOPOHU BO3MOKHO Dn - rugpoaunamuyeckas aupdysus

MOIJIOIICHUE K4 — xoapumuent pacnpeneneHus

Jmax — MaKCUMaJIbHO BO3MOKHOE V — [IOTOK BJIard K KOPHIO

noTpebiieHne

Km — KoHcTaHTa Muxasmnuca
K: —nmapamerp ckopocTu pocra
KOpHEH

AHanu3 MOJIeu 1O MOTJIOIIEHUIO noHa K B OTHOIIEHNHN yKa3aHHBIX IapAMETPOB MPUBOIUT K
cnenyrouiemy (puc. 111.3.4):

B Haubonbiieii crenenu norjouieHue noHa K onpenensercs CKOpoCTbiO pocTa U pajnycoM
xopHeii (mapamerpsl K; m rg). Ilormomennme K' Hambonee CHIBHO yBeIMUMBAETCA TIPH
W3MEHEHUH HMMEHHO JTUX IapaMeTpoB pacTeHus. [louBeHHbIe mapamMeTpbl B 3HAYUTEIBHO
MEHBIIEH CTENEHW BIUAIOT Ha morjomeHue umoHa K. A BOT Ipu YBEIMYEHUH KOHCTAHTHI
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Muxasnuca MNOTJIONIEHUE YMEHBIIAETCS, YTO M CIIENOBAJIO OXHWJATh. BEIb 3TOT Mapamerp
OTpaKaeT KOHIIEHTPAIIUIO, MPU KOTOPOW CKOPOCTh MOTPEOJICHHWS paBHA TMOJIOBUHHOW. Yem
OoJipllie 9Ta KOHIIEHTpPALMsl, TEM B MEHBIIEH CTENEHH BBIPAKEHA CHOCOOHOCTh PACTCHUS
IIOTJIONIATh BEIIECTBO.

11

MpepnckasaHHoe nornowexve K, mmonb/cocyn

|
|
|
|
|
:
0,25 0,75 1,25 1,75 2,25

OTHOCUTENBHOE N3MEHEHNE 3HAYEHUS napameTpoB

Puc. 111.3.4 Tlornomenue wona K B 3aBUCHMOCTH OT OTHOCHUTEIHHOTO M3MCHCHHSI MTApaMETPOB
¢dbuszmveckn 060cHOBaHHOM Moaenu Kpamepa.

Onpedenenus

IloagTOoKk MHMHepaIbHBIX BelleCTB K KOPHIO OCYIIECTBISETCS B BUJE KOHBEKTUBHOIO U
¢ dy3noHHOro notokoB. bruoduneHbie 3nemenTsl, Takue kak Ca u Mg, MoryT nepenBuratbcs
K KOPHIO B OCHOBHOM B BUJI€ KOHBEKTUBHOI'O IMOTOKA COBMECTHO C OOIIMM TPaHCHUPALUOHHBIM
MOTOKOM B pacTeHuu. Jpyrue OuodmibHbe 3yieMeHTh (Kaiuid, Gocdop) mepeaBurarorcs K
KOpHIO iyTeM auddy3uu.

CkopocTh TMOIJIOLIEHMS BelleCTB OIpelensercs B HauOOJbLIEH CTENEeHW TaKuMu
rmapamMeTpamu, Kak CKOpPOCTh pOCTa KOPHEH M MX CPEJHUN TuaMeTp. 3HAYUTEIHHO B MEHBIICH
CTENEeHU CKOPOCTb MOTJIONIEHUS YBEIIMYMBACTCS IPU POCTE KOHIIEHTPALIMK BEIIECTBA B IOPOBOM
pactBope (c), ruapoaunHamuueckuii auddysun (Dp), xoddhdunuenre pacnpenencaus (Kq) u
MUKPOCKOITMYECKO# CKOPOCTH MOTOKA Biaru (V) K KOPHIO.

TpancnopT BewecTB 10 PaCTEHHUIO

NoHpl, moCTynuBIIME B KIETKM KOPHS, NEPEMEIIAOTCS 10 NEPBUYHOM KOpEe K 3HIOAECpME.
OTO mnepeMelleHUe BO3MOYKHO KaK IO amloIlUIacTy, Tak U [0 CHUMILIACTY. AINOIUIACTUYECKUE
IIepeMENIEHNE — ITO JABUIKEHUE MOHOB IO KJIETOYHBIM CTeHKaM. PU3UYECKHU 3TOT THII IIEpEHOCA
MIPOUCXOUT 3a cueT AUPPy3un 10 IrpaJueHTy KOHLIEHTPAIMU U TUAPOINHAMUYECKOT0 IepeHoca
C JBIKYILEWCS K LEHTPAIbHOMY IWIMHAPY BOJMOM. [lo cMMIUIacTy MOHBI IBWXKYTCS BHYTPH
KJIETOK 3a CYET, MPEXKJE BCETO OCMOTUYECKOTO JBMXKEHUS LUTOILIA3Mbl. MeXay KIETKaMH MpU




148

CHUMIUTACTHYECKOM MEPEHOCE MOHBI MPOHUKAIOT M0 TaK HA3bIBAEMbBIM ILIa3MojiecMaM (CM. pucC.
111.3.5). 31ech Takke OCHOBHOM THII IepeHoca — TUPPY3UOHHBIH, 110 TPAAUCHTY KOHIICHTPAIUH.
OTO rpaJueHT BO3HUKAET 3a CUET MOBBIIIEHHON MeTab0IMUeCKON aKTUBHOCTU TKaHEH B LEHTpe
KOpHS. DTa aKTUBHOCTb IMPHUBOJUT K CHIKCHHUIO KOHIEHTPALMU BEIIECTB B ILIEHTPE KOPHS:
IPaJUEeHT KOHILIEHTPALUU JBUKET BELIECTBA OT MOBEPXHOCTU KOPHS K €ro LIEHTPAJIbHOM YacTH.
OnHako, HanboJIee TPYAHONIPOHHIIAEMAast YaCTh B KOPHE — 3TO CJIOH KJIETOK 3HI0JePMBbI (CM. puC
111.3.5). B atux wietkax BcTpedaroTcs creruduyeckue ruapodoOHbie 00pa3oBaHus — MOSCKU
Kacmapu. Otu ruapodoOHbie Gapbepbl HE MO3BOJISIIOT BEIIECTBAM U BOJE CBOOOIHO MPOHHUKATH
yepe3 KIETKU SHA0JepMbl. IMeIoTcs nHIlb HEKOTOpas 4acTh KIETOK, HE MMEIOLIUX I0SCKOB
Kacmapu. Oto mporyckHble KIETKH, Yepe3 KOTOpble CUMIIACTUYECKHMM IOTOKOM U JIBUXKYTCS
pactBopel. B nanpHeiiieM, OnsTh-TaKM COBMECTHO [0 amloIUIacTy M CUMILIACTY BeIlleCcTBa
Mepe/IBUraloOTCs 1Mo (uiodMe, HaKOHEIl, OMAaJal0T B MEPTBBIE COCY/Ibl KCUJIEMBbI, B KOTOPBIX YK€
IBUKYTCSl KaK B TOHKUX KamWuispax. 3/7€Chb OCHOBHBIM MEXaHHU3MOM IepeHoca SBIISETCS
IpaJIMCHT JaBJCHUS Biard (OCMOTHYECKOTO), KOTOPBIA (OPMUPYET TPAHCIUPAIIMOHHBIH MOTOK
BO/Ibl U IBUJKET BMECTE C HUM MOHBI B Pa3JIMYHbIC YACTH PACTEHUS.

KCHIIEMA $JIOOMA KOPA

amnoiIjiacT

anoiIjacT

Puc. 11.3.5 /IBmxeHune BemecTB Mo KOPHIO: CUMILIACTUYECKAN U allOTUIACTHYECKUH MEPEHOCHI.

Onpedenenus

IlepenBu:keHue BemecTB BHYTPH KOPHS IPOUCXOJUT B OCHOBHOM M0 AUPPY3MOHHOMY
MEXaHU3My, 3a CUYeT TIpAJMEHTa KOHIEHTPAallUH, KOTOPBIA BO3HMKAET MW IOJJIEPKUBACTCA
MeTab0IMUYEeCKON aKTUBHOCTBIO TKaHEH BHYTPU KOPHSI.

OcHOBHOE CONPOTHBJICHHE MIEPEHOCY BelIeCTB U BOJIbl BOZHUKAET HA YPOBHE DHAOJEPMBI, T1IE
ruapopoOHbie mosicku Kacnapu 005a7a0T MOHMKEHHOM MPOBOJAMMOCTBIO; MPOBOASIIUMU
3JIEMEHTaMU 3/1eCh SIBJISIOTCS MPOMYCKHbIE KIETKH 0e3 ruipodoOHbIX BKIOUeHU. B snnonepme
IIEPEHOC MPOUCXOIUT TOJIBKO 110 CUMILIACTY.

PannanbHoe nBukeHue mo (piuoisMe, OCYIIECTBIIIEMOE MO0 CHUMIUIACTY M aroIljlacy CMEHseTcs
BEPTHUKAJIbHBIM IIEPEHOCOM BelIeCTB 0 KanuuIsipaM KcuseMe. Ha aTom stane IBHXEHHE B
OonblIel Mepe perylupyercs HHTEHCUBHOCTBIO TPAHCIHPAIMOHHOTO TOKa, T.€. IO
KOHBEKTHBHOMY THUITY.

MoKeT CIIOKUTHCS BIIEYATIICHUE, YTO MEPEHOC PaCTBOPOB OCYHIECTBIISIETCA B OCHOBHOM IO
kcmwieme. OpHAKO, 3TO HE COBCEM TaK. AKTHUBHBIA TEPEHOC, B OCHOBHOM, HHCXOJSIIHM,
ocymiecTBisieTcss U 1o ¢odme. COOTHOMICHUE ITUX MOTOKOB CJIEYET YYUTHIBATh MpHU OanlaHce
BEIIECTB B PACTEHUH, [IPU PACYETAX TOTOKOB OCHOBHBIX 3JIEMEHTOB B CEMHI.

Kak yka3piBasmoch B Hayaje 3TOW TIJIaBbl, OCHOBHBIMHM 3JIEMEHTAMU, UPKYJIHPYIOIMIUMHA B
pacTeHuu, SBIAIOTCA yriaepohd, a3oT U Boja. TouHee, - BOJAa, yriaepoJ U a30T, TaK Kak OHU
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YYacTBYIOT B JKM3HEOOCCIICUCHHUsI PACTCHHI MPUMEPHO B BecoBOoM cooTHomrenuu 600:12:1. Ha
BOKHEHIIIME KOMITOHCHTBI TPAHCIOpPTA 3THX BEIIECTB B PACTCHHH, MEPCHOCAa MX B CEMSI U B
000JI0YKY TUTOJIa YKa3bIBaeT mpuBeacHHAs Ha puc. 111.3.6 cxema OanmaHca U TIOTOKOB yIiiepoia,
a30Ta H BOJIBI.

OBOJIOYKA
CTPYYKA

40
SJIO5MA 60
KCHUJIEMA

Puc. 111.3.6. Cxema OanarHca U IIOTOKOB YIJIEpo/1a, a30Ta ¥ BOJIbI (yKa3aHbl U(PHI B MPOIIEHTAX)
B cems 1 000J10uKy 1ioa aronuna (o J.S.Pate et al, 1977).

W3 »TO¥ cxXembl BUIHO, YTO B OCHOBHOM TPAHCHOPT BELIECTB 10 PACTEHUIO K €ro IUIoJam
ocylecTBisieTcd Mo guodMe. MOKHO cKka3aTh, YTO TPAHCIOPT AMUHOKMCIOT, a30Ta M APYrHX
BELIECTB K MOTPEOISIFOIIMM 30HaM, 30HaM aKTHUBHOIO JIbIXaHUs, IPOUCXOAUT NPEUMYIIIECTBEHHO
no ¢uosme. DTOT MNEPEHOC MOMYUHSETCS OOIIMM 3aKOHOMEPHOCTSIM II€pEeHOCa BEIECTB,
KOTOPBIM IPOUCXOAMUT 3a CYET KOHBEKTUBHOTO U nud@dy3Horo tpancnopra. BaxHoi B 3TOM
cillydyae SIBJISIETCS 3aBUCHMOCTh TPAHCIOPTAa BEIIECTB OT TEMIIEpaTypbl: B I€JIOM JUIS
OOJIBIIMHCTBA KYJIBTYPHBIX PACTEHUH BO3MOXKHOCTh IEPEHOCA BELIECTB OCYILIECTBIISIETCS B
npenenax temmeparyp ot 5 no 45°C. A omThManbHas TeMreparypa (IOIMHOTO TPAHCIIOPTa
NEeKUT B auamasoHe 22-25°C, XOTS STOT JHMANA30H MOXET 3HAYATEIBHO H3MEHSTHCS IUIS
TEIUIONIOOMBBIX W XOJIOJOYCTOMUYMBBIX BHUJOB. YKa3aHHBIM TeMIepaTypHbIH ONTUMYM
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(IIOAMHOTO TPAaHCHOPTA - 3TO TEMIIEPATYPHBIN ONTUMYM JIEHCTBHSA OOJBIIMHCTBA (DEPMEHTOB.
To, uro mpouecc (¢IOAMHOTO TpPAHCIOPTAa PErYIUPYETCs B OCHOBHOM (epMEHTAaTUBHOMN
aKTHBHOCTBIO, JOKa3blBaeT M TOT (akT, uTo KOd(pumumeHT Qo TPaHCHIOPTHBIX MPOIECCOB
nocrturaet npu ontumyme 2.5-3.0. A 310 Onm3ko Kk BenmuuHe Q1o hepMEHTATUBHBIX PEaKIHii.
3aBHCHMOCTh HMHTCHCHBHOCTH (DJIOOMHOTO TpPAHCIIOPTa OT TEMIIEPaTypbl HOCHUT BHJI
TUIUYHBIX OMOJIOTHYECKUX KPHBBIX, ONITUMYM KOTOPBIX CMEIIAeTCs B 00JacTh Oojiee HU3KUX
TeMIepaTyp JJIs XOJIOJOYCTOHYMBEIX, H B O0JIACTh BBICOKMX — JIJISI TEIUIOIOOMBBIX PACTECHHMA

(puc. 111.3.7)

HHTEHCHBHOCTbH ®JIOOMHOI'O
TPAHCIIOPTA B 10JIAAX OT MKCUMAJIBHOH

1.01
_ ysenuuenue yeeauuenue
X071000- mennonbusocmu
ycmouuugocmu
0.51

0 10 20 30 40 60 T oc
)
Puc. 11.3.7. 3aBECHMOCTh MHTEHCHBHOCTH (DJIOAMHOTO TpaHCIIOPTA IS PACTEHUH MTPH
YBEJIMYEHUH UX TEIUIOI0OUBOCTH.
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I'nasa lll.4. PacTeHusi 1 cBeT

3HayeHMe CBETOBOI0 MOTOKA /IJIsl paCTeHU I

Ha Bompoc 0 3Ha4eHWM CBETa IS PACTEHUI OTBET BIOJHE SICEH: CBET SIBJSICTCS OCHOBHOM
sHeprueit s paboThl (OTOCHHTETHYECKOTO ammapara. [loaTomy dem jydine ocBemieHHe, YeM
Jy4llle YCBOCHUE CBETa PacCTEHUEM, TeM BbIlIe (DOTOCHHTE3 U, COOTBETCTBEHHO, OMoMacca. ITo
o0Ias cxema, OHa HaM 3HaKOMa 3 yueHus o hotocuHTese pactenuit (cM. pazaen “dDorocunTes
u npixanue”). OnHako, B yueHHH 0 (OTOCHHTE3E pedb IUTa 0 QYHKIHOHUPOBAHUH MTUTMEHTOB,
MpeXJe BCEro XJopoduiuia, B 3aBUCUMOCTH OT (puU3MYecKuX (DaKTOpPOB Cpenbl, OT CBETa, B
gacTHOCTH. [Ipu 3TOM, HE Bce W HE BCerJa JUIA PacTeHUs B IEJIOM OyIeT HATH K€ M0 TeM
3aBHCUMOCTSIM, KOTOpBIC IOJIy4CHBI JJISi MUTMEHTOB. M y)X KOHEYHO, MMEIOTCS OTHENbHBIC
CTeMaNbHbIE 3aKOHOMEPHOCTH TI0 HCIIOJIB30BAaHUIO PACTHTEIBHBIM TIOKPOBOM CBETOBOM
sHepruu. [losToMy K 00IIeMy OTBETY O 3HAUEHUH CBETa Ul PACTEHHH, HEN30EKHO TOSBIISIOTCS
JOTIOJTHUTEIBHBIE BOIPOCH], KOTOPHIE JUISI PEATbHOTO PACTUTEIFHOTO IMOKPOBA CTAHOBSTCS
TJIAaBEHCTBYIOIIMMU. Hampumep, Kakue dYacTH CHEKTpa pacTeHWH Hamboyiee BaXKHBI JUIS
pactutensHOro coobmiectBa? Kak m3MeHsieTCs TPOMYKTUBHOCTh PACTEHHWH TPU HW3MEHEHHH
(OpMBI TMCTOBOH IUIACTUHKH, €€ yIiIa TOBOPOTA K COJIHEYHBIM JIy4aM, €€ CYyTOYHOTO JIBHKCHUS ?
Wi 3a cyer CTpyKTyphl (TOYHEE apXUTEKTYPbI, SPYCHOCTH JIMCTHEB) PACTUTEIBHOTO MOKPOBa?
W xak ¢u3mka 3TOTO SBICHHS MOXET CHOCOOCTBOBATH HAMOOJBIIEMY YCBOCHHIO PACTCHHUSIMH
COJTHEYHOW JIyYUCTOM ODHEPrUU WM MCKYCCTBEHHOTO OcCBemeHus. Ha »Tux Bompocax u
OCTaHOBUMCSI.

B rnase |11.1 npu uzydenun npouecca GpoTocuHTE3a, BIOJIHE OMPENEICHHO ObUIO I0Ka3aHO,
9TO y OOJBIIMHCTBA HA3E€MHBIX PACTCHHH MMEETCS IBa MaKCMMyMa B JUTMHAX BOJH, KOTOpHIC
HanboJee 3G HeKTHBHBI. DTO MAKCUMYMbI B CHHEH (r0J1y00it) U KpacHO# 4acTsaX CIEKTpa, [UTHHBI
BostH 0koJ10 400 u 700 um (cm. I'maBy I11.1). A BoT s Boan B nuanasone ot 730 mo 1200 um
MOTJIOIICHUE CBETa JOCTHTaeT JIMIIb HECKOJBKUX IPOIEHTOB OT TOTOKA CBETOBOW JHEPTHHU.
Opnako, 3TO OBUIO TOKAa3aHO U PACTUTENBHBIX MUTMEHTOB, TJIABHBIA M3 KOTOPBIX -
xjopoduiul. B mporiecce BAMSHUS CBETOBOM SHEPrMM HA POCT M Pa3BUTUE PACTEHH cieryer
YUUTBIBATh W TPOIECCHl OTPAKEHHS, PACCEMBAHMsI, MPOXOXKACHUS, T.€ TPAHCIOPTA JIyIHCTOU
SHEPTUU B JIUCTE PacTeHHs. B menoM xoa (OTOCHHTETHYECKOW KPUBOW B BUJC 3aBUCHMOCTH
ypoKasi OT JUIMH BOJH C YY€TOM 3THX MHpOIECCOB octaercs mnpexHuMm (cm. puc. I11.4.1), ¢
makcumymamu B oOmactm 400 m 600-700 HM, OoJHaKo, HE CO CTOJIb SIPKUMH, Kak s
(OTOCHHTETHYECKOW aKTUBHOCTH IHUTMEHTOB. 3aMETHO 0OJiee WHTCHCHBHOE TOTJIOIIEHUE U B
KEJITO-3eJICHOHM o0mactu criekrpa, B oomactu amuH BoH oT 500 mo 600 HM. D10 CBs3aHO, Kak
MOTYEPKUBAIOCH BBIIIE, C OCOOCHHOCTSIMHU TIOTJIOMICHUS CBETA JIMCTOBOH IMOBEPXHOCTHIO,
O0COOEHHOCTSIMHU (PU3UUECKHUX MPOLIECCOB B (POTOCMHTETUUYECKOM aIllapare JUCTa, a He TOJIbKO
€ro MUrMEHTHOM 4acTH.
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ypoxas

\ 4

400 500 600 700
HOJIMHA BOJIHFl, MKM

Puc.l11.4.1. OTHOCHTENBHBIN ypOXKaK PACTCHUI ITPU Pa3IMYHBIX JUTUHHAX BOJH (1m0 Makl pu,
1986).

910 YKa3bIBa€T HA TO, YTO CICAYCT YUHUTBIBATH HC TOJIBKO BJIIMAHHE CIICKTPAJIBHOI'0 COCTaBa
CB€Ta Ha pa60Ty IMUI'MEHTOB, HO MW IPOHCCChI «IOCTABKH>» CBETOBOM OHEPTUHU K OTUM
¢depmeHTaM. OTO OCOOEHHO Ba)KHO, €CIM 3TOM SHEPrUM OKAa3bIBAETCSl HEIOCTATOYHO, IMpU
3aT€HEHUU pAacCTeHUW WM Npu (HOPMHUPOBAHHU OIPENIEICHHOIO HAINpPABICHUS JIUCTHEB Y
Pa3INYIHBIX paCTCHI/II\/’I. HOBTOMy OCTaHOBHMCsI Ha 3HAUYCHUH IIOJIOXKCEHUSA JIMCTBEB JJIA
(dhopmMupoBaHUS POTYKTUBHOCTH COOOIIECTRA.

PocT 1 ycBOeHMe COJIHEUHON paguanuu

BonbmmHCTBO MCCIeI0BaHM UCTIONB3YIOT 3aKOH OCJIA0ICHUS PaUallK B PACTUTEILHOM
MIOKPOBE, aHAIOTUYHBIN 3akoHy JlamGepTa-byre-bapa:

(L) =1(0)exp(- KL), rne I(L) — pamuanuss Ha TOPHU3OHTAIBHOW TOBEPXHOCTH IO
JUCTOBOM TOBEPXHOCTBIO, UMEIOIIEH MHIEKC JucToBOM moepxHoctu L, K — xoaddunuent
OKCTUHIMU (MOTJIONMICHUSI MM OCJA0JICHHUS) JIMCTOBOW TOBEPXHOCTBIO JYYHCTOM JHEPruu, a
| (0) —mocrynaroias CBETOBast SHEPTHU.

®u3nyecky, MPUMEHEHHE 3TOT0 ypaBHEHHUS IPUPABHUBAET PACTUTEIbHOE COOOILECTBO K
HEKOTOPOM Hempo3payHo cpene ¢ Kodddunumentom mnoryomenuss K. DTo ypaBHeHHE
MIOKa3bIBAET, YTO MOIJIOIIEHUE CBETOBOM HHEPrueil OIpe/leleHHbIM JIMCTOBBIM SIPyCOM B
OJIMHAKOBOM cTerneHu 3aBUcUT oT K, m or L. UeM »Tu BenMuuHBI OOJBINE, TEM JIydIe 3TOT
CBETOBOM SIpyC MOTJIOLIAET CBETOBYIO SHEPTHUIO. J{J1s BEMMYHHBI JUCTOBOTO MHJIEKCA 3TO BIIOJIHE
MOHATHO: 4YeM OOJibllIe IUIOIIa b JUCTHEB MO OTHOLIEHUIO K 3aHUMAEMOW MOBEPXHOCTH, TEM
0oJbIlIe U MOTJIOUIAeTCS SHEPruu. A BOT BeNUYMHA KO3 (UIMEHTa MOIVIOIIEHUS - BEJIUYUHA
0ojiee clokHas, KOTOpas 3aBUCUT OT N€OMETPHUM, PACIOJIOKEHUSI B MPOCTPAHCTBE U CBOMCTB
TucTheB. U ueM OH BhIlIE, TEM B MEHbILIEH CTENIEHN 3aBUCUT MPOXOAAIIAs YePE3 JUCThs SHEPTUs
ot noctynatouieif. To ecTs, TeM OoJbLIE JTUCTHS MOTJOLIAIOT SHEPTrUU. ITO XOPOIIO BUAHO Ha
puc 111.4.2 a, 6. [ly11 ropu30HTAIBHO PACIIOJIOKEHHBIX JTUCTHEB, UISI KOTOPBIX Kodhdumment K
omm3ok k 0.9, mpakTudecku BCS CBETOBAsi SHEPTHUSl yCBaMBAeTCsl pacTeHUsIMU. W HanpoTHB, npu
BEPTHUKAJIHHO PACIIOJIOKEHHBIX JTUCThAX, Koraa K mpubmmxaercs k 0.3, 3aBUCUMOCTB JOBOJIEHO
KpyTas, U yBEJIHMUYEHUE MTOCTYNAIOIIeH 3Heprun OyAeT NPUBOAUTD K YBETUUYEHUIO MOTJIOUICHHUS, -
pacTeHUs YyBCTBUTENbHBI K (JaKTOPY MOCTYHAIOLIEr0 CBETA.
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1 (0)

Puc. 11.4.2. 3aBucumocTs pactpenencHus KodQQHUIreHTa MOTIOMEHUS B PACTUTEIEHOM
MOKPOBE MPH PA3JTUYHOM PACIIOJIOKCHUH JUCTHEB (a) M H3MEHEHHE CBETOBOTO IMOTOKA BHYTPU
PaCTHTENBHOTO TIOKPOBA MPU PA3TMYHBIX KOIPPHUIMEHTAX MOTJIOIICH S JUCTheB (0)

Crenyer OXuaaTh, 4TO M ypo)kKail OyJeT 3aBUCETh OT PACIOJIOKEHHS JIMCTHEB, WM OT
k03 purmenta K . [To pa3nmuuHbIM TaHHBIM MPUPOCT B CIy4ae TOPU30HTAIBLHO PACIIOIOKCHHBIX
JHCTHEB C YBEIWYCHHEM TIOCTymaromeid sSHepruu Oymer HeOonbmum  (puc. 111.4.3).
JIeHCTBUTENILHO, B ATOM Cliy4ae BCsSl MOCTYIAIOINAs SHEPrHs HCIOJIb3YeTCs IMpU JIFO0OM ee
YPOBHE, peaM30BaHbl BCE BOBMOXKHOCTH UCIIOJIb30BAHUS TPH €€ YBEIUYCHUH. B 3THX yCIOBHIX
y)Ke MPAaKTUUECKH HEBO3MOXKHO PpErylIupoBaTh MPOJYKTHBHOCTh (AKTOPOM CBeTa uepe3
TEOMETPHUIO PACIIOJIOKEHHSI JINCTHEB. A BOT B Cllydae BEPTHKAJIbHOTO PACIIOJIOKCHHUS JIUCTHEB,
HAMPOTHB, IPUPOCT OKA3BIBACTCS OYCHBb OT3BIBYMBBIM OT TIOCTYIAIOIIECH CBETOBOW YHEPTHH.
IlpupocT ypoxas,

ol M%cyr

250 | 500

Huconsuwmsa, Brl M ?
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Puc.I11.4.3. 3aBHCUMOCTB ypoKasi OT pacroioxKeHus JTUCTheB (ko3ddunmenta nornorenus, K)

OTOT MOMEHT OYEeHb BaXEH C TPAKTHYECKOW TOYKH 3peHHs: Beab (GopMHpOBaHUE
MHOTOYPOBHEBBIX IIOCEBOB JIOJKHO CIIOCOOCTBOBAaThH 00Ji€€ MOJIHOMY YCBOCHHIO COJIHEUHOM
sHepruu. [losToMy, eciin BepXHUE JIMCThsI MHOTOYPOBHEBOTO TIOCEBA, CKaXKeM, KYKYpy3bl, OyIyT
UMETh BEPTHKAIFHOE HANpaBJICHUE, a HIDKHUE JIMCThSI — OJIDKE K TOPH30HTAILHOMY, TO 3TO
apXUTEeKTypa moceBa OyIeT ONTUMAJIbHO HCIIOJIb30BATH CBETOBYIO SHEPIUI0. 3J€Ch CleayeT
UMETh B BUJLY, YTO IOJIO)KEHHUE JINCTHEB SBIISETCS HE TOJBKO BOXKHBIM (PAKTOPOM B OTHOIICHHUH
MIOTJIONICHUSI CBETOBOW SHEPTWH, HO M B OTHOIIEHUM razooOMmeHa. Kak mpaBmiio, pacTeHUs C
TOPU30HTAJIBHO PACIOJIOKEHHBIMH JIUCThSIMU 00JIafjaloT 0o0Jiee BBICOKUM T'a3000MEHOM. ITO
xoporto wuttoctpupyercs puc. 111.4.4, Ha koTopoMm mpencTaBieHo pacnpeaenenue noroka GAP
¥ MHTEHCHBHOCTH Ta3000MeHa (Mr/aM> 4) TpH pasiHdHOM pacIoOKEHHH JIHCThEB. B cirydae
ONTUMAJILHOTO PACIOJIOKEHUSI JINCThEB B IIOCEBE M PpaCIpelielIeHHE JYyYUCTOro IOTOKa, U
ra3000MeH Ha BCEX YPOBHSAX MPUMEPHO OJAMHAKOB, YTO XapaKTEPU3YeT [IEHO3 KaK ONTHMAJIbHBIN
10 TPOIYKTHBHOCTH (00 3TOM TOBOPUT W HAMOOJBIIMKA Ta3000MEH BCEro MOCEBAa B Cilydyae
ONTHMAJIBHOTO PACIIOJIOKCHUS JIUCTHEB).
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Puc. 111.4.4. Pactipennenenue notoka AP 1 MHTEHCHUBHOCTH ra3000MEHa JIMCTHEB B [IOCEBAX B
3aBUCHMOCTH OT apxuTekTypsl ocesa (o X.T.Toomunry, 1977)

[ToaToMy, MBI B OUepeIHOM pa3 yOekJaeMcsl, UTO PACCMOTPEHHUE OTAEIBHO B3STOTO (hakTopa
(HampuMep, MHTEHCHBHOCTH M HAIIPABJICHUS CBETOBOTO IMOTOKA) MMEET BAYKHOE MMO3HABATEIBHOEC
3HaueHune. Ho pocrt, pazBurHe, NpoAYKIMOHHBIA IPOLECC — 3TH MPOLECCHl 3aBUCAT OT MHOTHX
(GakToOpoB, Cpelud KOTOpPBIX OMSAThb-TAKHM BO3MOXKHO IPEUMYIIECTBEHHOE BO3JEHCTBUE
JUMUTHUPYIOIIETO (aKkTopa U KOMIEHCALIMOHHOE JEHCTBHE CONPSKEHHBIX. TakuM MpuMepoM Kak
pa3 ¥ ABIJIETCSA NPEUMYILECTBEHHOE TOPU30HTAIIBHOE PACIOjIoKeHue JucTheB. C TOUKU 3pEeHUs
HaIlpaBJICHUs COJIHEYHBIX JIy4€M TaKO€ PACIOJIOKEHUE ONTHMAJIBHO B TPONMYECKUX IIMPOTaX,
IIPY BEPTUKAJIBHOM MAJCHUM CBETOBBIX Jiydeld. B CeBEpHBIX MMPOTaX TaKOE PACIIOJIOKECHHE
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JUCTHEB OKAa3bIBACTCS HEBBITOJAHBIM. HO TOpPHM30HTAIBHOE PACHOJIOKEHHUE JUCTHEB, OCOOCHHO
JUTSI OTJCNIBHBIX JINCTHEB B BEPXHEH YaCcTH MOCEBA, BBITOJHO C TOYKU 3peHUs razoo0MeHa. Ecin
e HMMeeTcs HEJOCTaTOK, Kakux JMOO pecypcoB, KOrJa pa3BUTHE OOJIBIIONW MOBEPXHOCTU
JUCTHEB OTPaHUYCHO (YCIAOBHSIMH MHUHEPAIBHOTO M BOJHOTO ITHTAHHUS, METECOYCIOBHSIMHU), TO
pacteHuss  (QOPMUPYIOT  TPEUMYIIECTBEHHO  TOPH30HTAIBHO  HAMPABJICHHBIE  JIMCTHS,
KOMIICHCUPYSl HEJOCTAaTOK KaKHX-THO0 (PaKkTOpoB onmTMMHU3AIMed ra3000MeHa W MOCTYIUICHUS
(hOTOCMHTETUYECKN aKTHBHOM pajiaIiu.

Crnenyer y4yuThIBaTh M €II€ OJIMH BAXKHBIM MOMEHT B OTHOIICHHH IOJIOKEHUS JIUCTHEB K
CBETOBOMY TOTOKY M WX Tra3000MeHa, T.e. B OTHOIIEHWU aPXUTEKTYpPHl MMOCEBA. JUHAMHUKY
razoo0OMeHa ¥ I3MEHEHHS yIJia HaKJIOHA Jydel B Te€UeHUe CBETOBOTO JHA. Kpome Toro, nmerorcs
0oJIbIIIIEe BO3MOXKHOCTH JUIsl PETYIMPOBAHUS TPUPOCTA 32 CUET H3MEHEHHS PACIOJIOKEHUS
JUCTHEB PACTEHUM, WM, HAMPOTHUB, PACIOJIOKEHUS CBETOBOTO HMCTOYHUKA IO OTHOIIEHUS K
JUCTHSAM PACTCHUH, T.€. B YCIOBUSIX TETUIHUII.

PaccmoTpuM 3HaueHue 3TOro (axkropa — IMOJOKEHHE JIMCTHEB OTHOCUTEIBHO CBETOBOTO
MMOTOKA B TEYEHUE CBETOBOTO JHS, — MOAPOOHEE.

HanpasiieHue cBeTOBOro nMoToKa

Y MHOrHX pacTEeHUH JIUCThSl C CaMOI0 Hadaja M B TEYEHHME BCEM MX KU3HHU PaACTyT IOYTH
BEpPTUKaIbHO BBepX. Hampumep, y iayka. A 3T0 03Ha4aeT, YTo NPSIMYIO MOJYJCHHYIO paJualiio
9T pacTeHUs TOYTH W He ycBamBawT. Jlis Hux Haubosnee 3(h(HEKTUBEH OOKOBOM CBET.
AHaJIOTMYHO U Yy JIUCTHEB 3J1aKOBBIX pacTeHUu. Bo B3pocioM BereTupyromeM COCTOSTHUM JIMCThS
3TUX PACTEHUH TaKKe UMEIOT HEKOTOPBIM yroJyl HaKJIoHa K TOpU30HTY. [IpuMepHO Takoi, 4TOOBI
OOKOBbIE JIyud OOpa30BBIBAIM C WX I[OBEPXHOCTHbIO YroJi, OJM3KUI K MEpHeHIUKYISIPHOMY.
[ToaToMy, MOXET OKa3aTbCsl TakK, YTO OOKOBbIE€ HAKJIOHHBIE COJHEYHBIE JYy4d MOTYT OBbITh
naubosiee 3¢pdexkrususr (puc I11.4.5, a.). D10 MoOKEHUE TOKA3BIBAECT KIIACCHYCCKUIM OIIBIT
U3BECTHOTO arpo(u3uka, OCHOBATeNsl IIKOJbl arpodusuku cBera u pacreHuil, b.C.Moikosa
(cMm. «K 6onpocy o..»). B 3TOM 3KCriepUMEHTEe, Ha OMBITHBIX JIENITHKAX PACTCHUS JHINAIUCH
cBera (MPUKPHIBAIMCH) HA 3 Yaca B JICHb. OJHA TPYIINa PAaCTCHUH MPUKPHIBAIMCH Ha 3 yaca
yTpoM (BapHaHT «yTpO»), Apyras — JHeM (BapHaHT «ICHB») U TPEThs BeuepoM, ¢ 17 no 20 uyacos
(BapuaHT «Beuep»). KOHTpoJieM CIYKWJIM pACTEHHs, BBIPAICHHbIC IPH HENPEPHIBHOM
OCBelIeHNH, OrMoMacca KoTopbix Obuta B3sita 100%. PesymbraTsl 3TOTO OmBITA NMPHUBEICHBI HA
puc. 111.4.5, 6
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Puc. 111.4.5. Cxema pacrioyio’KeHus JTMCTa 371aKOB K HAIPaBJICHUIO CBETOBOTO MOTOKA (&) U
pe3yibTathl onbita b.C.MoIikoBa 1o BIMSHUIO YTPEHHET0, JHEBHOTO U BeuepHero cBeta (0)

Kak BumHo w3 npusenennoro pucyHka |11.4.5 (6) B HamOosbieil Mepe Ha pacTeHUS
MOBJIUSAJIO JIMIIIEHUE WX BEYEPHErO CBETA — YPOKal COKpATWIICS HAIlOJIOBUHY. B MeHbIIEN Mepe
BIIUSJIO HA PACTEHUs 3aTEMHEHUE JIHEM, €Il€ MEHbILEe — yTPOM. YTPOM, - 3TO BIOJHE MOHSITHO;
KaK IpaBWJIO, YTPOM e€IIe JOCTaTOYHO NPOXJIAAHO U (POTOCHHTETUYECKUE MEXaHU3MBbI
«paboTaroT» 3aMeTHO MeuieHHee. ONTHUMyM W TeMIlepaTypbl, M HAIpaBJIEHUs MaJleHus
CBETOBBIX JIy4ell — 3TO BeuepHsas nopa. [loaToMy Tak Bak€H I pAacCTEHUW HMMEHHO CBET
BEUYEPHET0 COJIHLIA, HarboJiee MO yKTUBHBIH.

BasxeH 3TOT BBIBOJ U /IJIs1 YCIIOBUHM 3aKpHITOrO TPYHTA: HEOOXOAMMO pa3MeliaTb OCBETUTEIN
HE IPOCTO BBEpPXY, a YYHUTHIBATh PACIOJIO)KEHUE JIUCTHEB, BBIPALIUBAEMBIX PACTEHUH.
Pa3memate ocBeTHTENM JIydlle BCEro TakK, 4YTOObI CBETOBOM MOTOK ObUI HaIlpaBiieH
MEPIEeHIUKYIIIPHO K MOBEPXHOCTU JUCTheB. Hepeako, He cBepxXy, a cOOKy oT pacteHuil. Bo
BCSIKOM Cily4ae, ISl PaCTeHHWH C JIAaHIICBHIHBIMU JIUCTOYKaMHU (JIyK, HAPIMCCHI M JIP.) TaKOe
PACIIOJIOKEHUE OCBETUTEIIEH JaeT 3aMeTHBIH (B HECKOJIBKO pa3!) mpUpoCT yposkasi.

K eonpocy o....
Benukue cBerouznonoru pacreHui

B OGonpmmHcTBE CciiydaeB aHanu3 ¢akTopoB BiusHHsA COJHIA Ha NPOW3PACTAHUE PACTEHUH BBIICISI
Ipexae BCero HexocTaTok Temma. JeiicteurensHo, or 60° c. m. no 35° c.ar., T.e. or Caukr-IlerepGypra 10
Tamrkenra cBeTa pacTeHHSIM JOCTaTOYHO, a BOT Temuia — Her. Ha mmpore Cankr-IlerepOypra pacreHusM cBeTa
XBaTaeT sl pOCTa pacTeHHH B TeueHne 9 MecsIeB B rofy, a BOT Tellla — ToJbko Ha 5-6 mecsues. B Tamkenre —
TeM Oojiee, CBeTa JIOCTATOYHO B TEYEHHE BCEro roja, a BOT TeIlla TOJbKO A pocta B Teuenue 8-10 mecsies.
HaBepHoe, UMEHHO 1OSTOMY, B IIEPBbIN MEPUOJ CTAHOBJIECHHUS arpo(U3uKN BHUMaHHe (PU3NO0JIOTrOB M arpoHu3uKOB
B Ooipliel cremeHW ObUIO OOpalieHO Ha W3Y4YEHHE BIMSHHS TEII000ECIIEYEHHOCTH, a HEe Ha OCOOEHHOCTH
cBeTodusnonorun pacrenuii. OqHako, Benukue Gusnonoru yxe ¢ Hadana 20-ro Beka Bce OONbIIe BHUMAHUS CTaJIH
YIENSATHCS BIUSIHUIO CBETA HA Pa3BUTHE PACTEHHH.

Cunraercsi, 4TO BIIEPBBIE HAa BBICOKOE OMOJOIMYECKOE 3HAUYEHHE WHTEHCUBHOCTH CBETa M €ro
MEPUOJMYHOCTH yKa3anu amepukanckue dusuonoru ['apauep u Amtap (1920). IMeHHO OHU U pa3aeiiin PaCTCHHUsI
Ha KOPOTKOJHEBHBIE, CIIOCOOHBIE LBECTH NPU KOPOTKOM CBETOBOM JIHE, JUIMHHOIHEBHBIC, 3al[BETAIONINE NpPHU
JUIMHHOM JIHE, U HEWTpaJbHbIE, IBETYIINE U TP JF000H JIONTOTE CBETOBOTO JIHS.

Poccuiickast mkonma cBerodusnonornuud Oeper CcBoe Hayalo ¢ paboT BeNHWKOro Qusuoiora, AHIpes
Cepreesuua @amuninsiHa (1835-1918), koTopsiil BepBbie J0Ka3al, 4TO (OTOCHHTE3 MOXKET MPOHUCXOAUTh U TIPH
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CBETE KEPOCHHOBOH JlaMIbl. BIIOCIENCTBUM 3TO HAIpaBJieHHE IIOJYYHT Ha3BaHHE SKOJOTMYecKod (u3noioruu
pacTeHui, - HAyKH, U3y4Jarollleil 3aBUCUMOCTH TIPOLIECCOB B PACTEHHAX OT BHEUIHUX SKOJOTMYecKuX (akTopoB. Ee
OypHoe pasButHe B Hadane 20-r0 Beka CBSI3aHO C BEJIMKAM (DU3UOJIOTOM, BBITYCKHHKOM MOCKOBCKOTO
yuuBepcutera Brnaaumupom MBanosuuem Ilammamuabiv (1859-1922), xots HaubGosee M3BECTHBI €ro paboThl MO
¢du3roNoruy AbIXaHus. BUIUMO, OCHOBOIOJIOXHHKOM 3KOJIOTHYECKOH (PU3NONOruy pacTeHui U CBeTO(U3UOIOTHH
€ro MOXHO CUHTATh M IMOTOMY, YTO OH BOCIIMTAJ IUIe Ty Belukux ¢usuonoros pacrenuii - C. I1. Kocteiuer, H. A.
MaxkcumoB, JI. A. CaOunnn — kakue mMeHa! Ero yuenuk B.I1.ManbueBckuii ObUT HEPBBIM PYKOBOIUTEICM
nabopaTopuu CBETO(PHU3HONIOrHH, KOTopas Obuia co3aHa B DHU3MKO-arpOHOMUYECKOM HHCTUTYTE, KOTOPBIA 3aTeM
ObUT TIEpEeMEHOBaH B ATPO(QU3NUECKUH MHCTUTYT. YHHKAJIBHOCTh 3TOIO MHCTHTYTa M CO3JaHHOM JlabopaTopuu
CBETO(U3NOJIOTMU B TOM, YTO UMEHHO B 3TOM WHCTUTYTE BIEPBBHIC JJIsI UCCIENOBAaHHS IPOLECCOB B PACTEHHSX
MIPUMEHSTA HOBEUIIIME OCTYOKECHUS (DU3UKHU. BIIOJHE MOHATHO, - OCHOBATEJIeM HHCTUTYTa ObLT AOpam denopoBud
Hodde (1880-1960), KoTOpHIii B CBOM MOJIOBIE TOIBI pPa00OTaI aCCHCTEHTOM Y B.PeHTreHa, rie u 3aluTiiI CTENeHb
nokropa (unocopun. Ho HanbombIIyI0 M3BECTHOCTH JJabopaTopus cBeTouoNoruu mpuodperna mpu mnpodeccope
b.C.MomkoBe, KOTOpBIi OTKpBUI MHOTHE 3aKOHBI (DOTONEPUOAW3MA, - SBIICHUS, OOYCIAaBIUBAIOUIETO U
MIPOJYKTUBHOCTb, M CKOPOCHEJIOCTh, U 3UMOCTOWKOCTb, M MHOTHE JPYTHe acHeKThl YCTOWYMBOCTH PACTEHUH.
IMosToMy wmMmsi 3TOro Benmwkoro cBerodusmonora ¥ arpou3WKa, MOCTABUBIIETO TaKHE BIICYATISIONINE
3aMeuaTelbHble OIBITHI, TaK YacTO YIIOMHMHAETCS Ha CTpPaHMIAX 3TOro y4deOHHMKAa. A Kakue 3aMedaTelbHbIe
TIOMHJIOPHI OH M €T'0 YYEHUKHU BBHIPAIIMBAIN IPH HCKYCCTBEHHOM OCBEIIEHUH, HCIIONB3Ys 3aKOHBI ()OTOIEpHOAN3MA
U CBETOKYNBTYpHI, - 70 4-X Belep TOMAaToB C OAHOrO Kycra! DTo M He caMoe SIpKOe CBUJETEIbCTBO 3HAYECHUS
HAYKH IS IPAKTUKU 7!

BiansiHue HHTEHCUBHOCTH CBeTa HA MapaMeTPhl pocTa

VHTEeHCHBHOCTh CBETOBOTO TIOTOKA B ONPEACICHHOM JHAara3oHe MOIIHOCTH JIyYUCTON
SHEPTUM JIMHEHHO BIMSET HA YICJNbHBIM BeC JIMCThEB. OKCIIEPUMEHTAIBHBIC JIAHHBIE,
npuBeseHnbie Ha puc. |11.4.6 (puc. 111.4.6,mo Jurik et a) xoporio 3to noarBepkaaT. OnHAKO,
Mbl Xopomio nmoMHUM (cM. ['maBy I11.1), uTo (GOTOCHHTE3 3aBUCHT OT OCBEIICHHOCTH B BUJIEC
Kynosioo0pa3Hoil (yHKIIMH, UMEIOIIEH ONTUMYM OOJACTH MOIIMHOCTH CBETOBOTO IOTOKa B
nmanasore 500-800 Br/m?, uto GIIM3KO K CONHEYHOMY MOJIYACHHOMY OCBELLCHHIO.
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Puc. I11.4.6. 3aBucumMocTh yAEIHHOTO Beca cyxux JUcTheB (r/mM2) pactenuit Fragaria virginata
OT UHTEHCUBHOCTH cBeToBOro motoka (o Jurik et al, 1979)
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[IpyueM MHOTOYMCIEHHbIE HCCIEIOBAaHUS MOATBEPIMIIA BUJ 3TOM 3aBUCUMOCTH Kak s
CBETOJIFOOUBBIX, TaK U TEHEBBIHOCIUBBIX ()OPM pacTeHU. DTU JIBa TUIIA PACTEHUN pa3IMyaroTCs
OT CHOCOOHOCTH yCBauBaThb CBETOBYIO HHepruto. llpm ogHOW M TOM XK€ HMHTEHCUBHOCTHU
ocBelleHHs (POTOCUHTE3 CBETOJIFOOMBBIX MPOTEKACT HMHTEHCUBHEE, YeM Y TCHEBBIHOCIUBBIX (pHC.
111.4.7), 0coOEHHO TpPU BBICOKMX 3HAYCHUSX WHTCHCHBHOCTH CBETa. A BOT TCHEBBIHOCIIUBBIC
0osiee «OEpe)HO» OTHOCITCS K IMOCTYHAIOUIeH JIy4uCTOM SHEpruu: MpH MajbIX 3HAUYEHHUAX
CBETOBOIO IMOTOKA (DOTOCHHTE3 Yy HHUX HPOTEKAET HECKOJbKO HWHTEHCUBHEE, 4YeM Y
CBETOJIFOOUBBIX. DT OCOOCHHOCTH IMOBEAECHUS PACTCHHI B OTHOILIEHUHU CBETA YUUTHIBAIOTCS B
rapaMeTpe CBETOUYBCTBUTEIILHOCTH WM TEHEBBIHOCIMBOCTH, — HA4aJIbHOM HAKJIOHE CBETOBOM
KpuBoi GpotocuHTe3a. OCTaHOBUMCS Ha (U3UIECKON OCHOBE ATOTO SIBJICHUS.

SIBieHHe CBETOUYBCTBUTEIBHOCTH WJIM TE€HEBBIHOCIMBOCTU CBSI3aHO, MO-BUJIUMOMY, C TEM,
YTO Yy STUX TPYII PacTEeHUI pa3iuuus 3aKI0YaroTCs, IPEXKJe BCEro, HE CTOJbKO B pabore
caMoro (HOTOCHHTEHTHYECKOTO amrmapara, a B YCIOBHAX (IyTH, HPOBOJAMMOCTH) JIOCTaBKU
¢oToHOB K murMmeHram. OfHa W3 TUIOTE3 IPEoJaraeT, YTo y TEHEBBIHOCIMBBIX PACTEHUN
CBETONPOBOJIMMOCTb BO3PACTAET, @ BOT EMKOCTh CBETOBOM CHUCTeMbI CHUXkaeTcs. [lonbiTaemes ¢
MOMOIIBI0 3TUX (PU3UUECKUX IapaMeTpoB, - MPOBOJUMOCTb U €MKOCTh CBETOIPOBOJIIEH
CUCTEMbI PaCTeHUM, OOBACHUTH U HEKOTOPbIE Apyrue (hakThl, Kacarolluecs OBEICHUsI pacTeHUMI
B YCJIOBUSIX HEJIOCTATKA CBETA.

doTtocunTe3
(accumunayus CO,, melom? u)
30- e
— CBETOJIIOBHBBIE
i “TEHEBBIHOC/IHBBIE
10
100 200 300

HHTEHCHBHOCTbD CBETA, Bmlm?
Puc. [11.4.7. CBeroBas kpuBasi GOTOCHHTE3a IS CBETOJIOOUBBIX M TEHEBBIHOCIUBBIX PACTEHUM.

W3BecteH (akT yBenMUEHUS YIEIBbHON MOBEPXHOCTH JIUCTHEB TPU CHUIKCHHUHU JIyYHCTOTO
MOTOKA. DTO TAaKKe MOJTBEPXKAAET TUIIOTE3Yy O TOM, YTO OCHOBHBIM (DaKTOPOM, BIIHSIOIIUM Ha
YBEIIMYCHUE YNEIBHON IMOBEPXHOCTH JIMCTHEB B OTBET HA 3aTEHEHUE SIBIISCTCS YMEHbBIICHHE
HEKOTOPBIX KOMIIOHEHTOB ()OTOCHHTETUYECKON CUCTEMBI, KOTOPhIE OTBETCTBEHHBI 32 EMKOCTD H
MIPOBOJIMMOCTE CBETOBOTO MOTOKA.

Tarxoke oTMedyeH (pakT, 4TO TpU yMEHBIIEHUH CBETOBOTO IMOTOKA, MPH 3aTCHEHUU PACTCHUN
HaOmogaercs 3¢ HEKT, MPUBOSIIHNNA K YBEIIMUECHUIO T0JU CyX0H OMOMAcChl, COCPEIOTOUCHHOHN B
JHCTBAX, B 00ImIEeH cyxoi Omomacce pacteHuid. TO €CTh K YBEIHUSHHIO OTHOIICHUS IUIOIIAIH
JMCTBEB K OMOMacce pacTeHHH, «IMCTOBOIO MacCOBOTO OTHOIICHUS» (Ayy ,) (cM. [masy 111.5).
Opnako, 3T0T 3¢ ¢eKT MeHbIIero 3HaueHus, 4eM 3((eKT BOo3pacTaHus YIEJIbHOM IUIOIIaIn
JIMCTHEB, T.€. OTHOILICHUS IUIOIIAIH JIMCTHEB K Macce JINCTOBOTO MaTepuaina (4,, ). Y aToT daxr
MO>KET MHTEPIPETHPOBATHCS B TIOJIb3Y BHICKa3aHHOM BBIIIE THIIOTE3b 00 YMEHBIICHUH €MKOCTH
¥ TIPOBOJIMMOCTH CBETOTIPOBOJISIIEH YacTH (POTOCHHTETUYECKON CHCTEMBI B Cydae 3aTCHECHUS
pacTeHui.
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Brpouem, npuposa 3TUX NPOLECCOB U3ydeHa c1abo, UMEITCS Pa3sHOOOpa3HbIE JAHHBIE, YTO
TOJIBKO TO3BOJISIET HAAEATbCA O pa3paboTKe €IUHOr0 MEXaHM3Ma BIIMSHHUSA 3aTEHEHUs Ha
napameTrpsl pocra pacteHuid. Ho 0JHO3HAaYHO MOKHO CKa3aTh, YTO 3aTEHEHUE JICHCTBYET Ha

HHTCHCHUBHOCTb HAKOIIJICHUA NPOAYKIHH,

IIpUICM IIO-pa3HOMY Ha TCHCBBIHOCIIUBBIC U

TEHEUYBCTBUTEIbHBIC PACTCHHS. JTO XOPOIIO BUAHO U3 Ta0mwuilsl |11.4.7.

Tabm. 111.4.7.

[Tapametpsr pocta TeHeBbIiHOCTUBBIX (IMpatiens parviflora) reneuysctBurensubix (Helianthus
annuuss) pacTeHuil B 3aBUCHMOCTH OT OTHOCHUTEILHOW MHTEHCHMBHOCTH CBETOBOTO MOTOKa (IO

Bjorkman, 1981).

[TapameTpsl pocTa Pacrenus OTHOCHUTENBHBIN MMOTOK CBETOBOW YHEPTUU
100 50 22 10 5

WHunexc pe3ynbTUPYIOIIEro TeHEeBBIHOCTHBBIE | 61 52 31 20 12

Hakorutenus (MPH), TEHEUyBCTBUTENb | 68 55 29 20 5

M2 Hem 10° HEIE

OTHOCHUTEBHAS CKOPOCTh teHeBsiHOCTHBBIE | 0.80 0.93 0.73 0.64 0.43

pocra, tenewyBcTBuTeb | 1.10 1.01 0.63 0.37 0.09
HBIC

rrt. Heﬂ-l

VY nenbHas TUIOMAb TUCTHEB | TEHEBBIHOCIHBBIE | 32 43 53 71 80

(Ayn_n), M* -1t 103 TEHEUyBCTBUTENb | 26 32 43 41 36
HBIC

VY nenpHas Macca JUCThEB teHeBbIHOCTHBBIE | 0.41 0.43 0.44 0.45 0.45

(Ayn) teHeuyBcTBUTENb | 0.61 0.57 0.54 0.47 0.46

reort HbIE

OTMeTuM, IPEeXK/Ie BCEro, HACKOJIBKO MHTCHCHUBHEE pearupyeT (GOTOCHHTETHUECKHUI armapar
Yy TEHEYYBCTBUTEIBHBIX pacTeHuit. OO H5TOM TOBOPHUT TaKOW TapameTp, Kak MHJIEKC
pesyabrupyromiero Hakorieaus (MPH), - oTHOIIeHne nmpupocTa OnomMaccsl B €AMHUILY BPEMCHH
U equHUIB Toiomaan aucta. UPH ymenbpimaercs y TeHedyBCcTBUTENBHBIX B 13.6 pasa, a y
TEHEBBIHOCIUBBIX — BCETO B 5 pa3 mpH yMEHBIIIEHUHU CBETOBOTO MmoToka B 20 pa3. Bo MHOTOM 3TO
KOHEYHO CBSI3aHO C YBEJIHMYCHHEM YACIbHOM IUIOMIAJN JINCThEB (T.C. IUIOIIAAM JHCTHEB K HX
Macce) y TEHEBBIHOCIMBBIX pacTeHHi. JIMCThSI y HUX CTAHOBSTCS TOHBIIE, CBETOBOM ITOTOK
cKkopee aocturaer (OTOCMHTETHMYECKOIo armrmapara, €ro HOTepd Ha CBETONEPEHOC B JIMCTE
MeHbIle (CpaBHHTE, yieabHas IUIOIIAb JIMCTHEB Y TCHEBBICIIOBUBIX Bo3pocia B 2.5 pasa, a y
TEHEUYBCTBUTEIBHBIX — B 1.4 pa3a, mpu 3TOM Macca JUCThEB MO OTHOIIECHUIO K MacCe pacTeHUS,
yAenbHas Macca JINCThEB, Y BBIHOCIMBBIX OCTajach Ta €, a y TEHEUYBCTBHUTEJIBHBIX —
cam3miach B 1.33 pasa). Takum 00pa3oM, NPUCIOCOOUTEIBHBIC PEAKIUH TEHEBBIHOCIMBBIX
pacTeHuil MPHUBOJIAT K TOMY, YTO CBETOBOM IOTOK CKOpee NOCTUraeT 3epeH XJopoduiuia,
MEHbIIIEe OTpakaeTcst U Au(dy3HO MpeBpamiacTcs Mo Mepe ero AoctmwkeHns. OTcroaa u 0oJbIas
3¢ (HEKTUBHOCTH €T0 pabOThl Y TCHEBBIHOCIUBBIX PACTEHUSX.

Kpome Toro, mmerorcs W BaKHbIE KAa4eCTBEHHbIE H3MEHEHHMS Yy PACTCHUH MNpPH HUX
3aT€HEHUU 3aTeHEHHE WJIM 3arylieHue II0CeBOB B IMEpUOJ OT 3aKJIaJKU JIUCThEB J0
dbopMupOBaHHE KOJOCA PE3KO YMEHBIIAET KOJUYECTBO OIUIOJOTBOPEHHBIX IIBETKOB H,
COOTBETCTBEHHO, YMEHBIIIAET KOJIMYECTBA CEMSIH B KOJIOCE.

dotonepnoanyHOCTh. CBeT Kak (paKTOp OHTOreHe3a
XOpOIHO HU3BECTCH (baKT, YTO JINTCIBHOCTh CBETOBOI'O OHA SBJISICTCA OJHUM H3 OCHOBHBIX

(akTOpOB, PpETyIUPYIOIUM HACTYIUICHUS CTaAWil pacTeHWU, OCOOEHHO [IPEBECHBIX, B
oHTOreHesze. Hanpumep, JIMTENBHOCTh CBETOBOTO JHS SBJSETCS PETYJISITOPOM IS MOATOTOBKH
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JIEpEeBbEB K 3MME. OHHU 3alacaroT BEILECTBAa, COPACHIBAIOT JIUCThA U Mp. DTO OYEHb BAXHO:
MMEHHO TaKOM KOCMHUYECKUH (aKTop, Kak [UIMTEIbHOCTh CBETOBOIO JHS OTBETCTBEHEH 3a
OCYILIECTBJIEHUE (a3 B OHTOI'€HE3€ MHOTOJICTHUX PACTEHUI U, COOTBETCTBEHHO, UX IIPUBSI3KE» K
OIPENEICHHON MPUPOJHO-KIMMATUYeCKOM 30He. Ilo3ToMy cCylecTBoBaHHME pacTeHHE B
ONPEACIICHHON  MPUPOAHO-KIMMATHYECKOM 30HE  OKa3bIBAETCS  TECHO  CBA3AHHOW C
(G OTONEPHOIMYHOCTBIO, C JUINTEILHOCTBIO CBETOBOTO JIHS.

JlaBHO M3BECTHBI (DAaKThI, KOT'/Ia CEBEPHBIE COPTA OKA3bIBAIOTCS COBEPIIEHHO HEIMPUI0JAHBIMU
Ha 1ore. DT0 0COOEHHO KacaeTcsl APEBECHBIX KYJIbTYp U KycTapHUKOB. CHauana CyliecTBOBaJIO
MHEHUE, YTO Ha 3THU CEBEPHBIE BU/IbI IUI0X0 BO3JICHCTBYIOT MOBBIIIEHHbIE TEMIIEPATYpPhl, & BOBCE
HE TaKOW KOCMUYECKHH (haKTop, KaK JOJIroTa CBETOBOTO Mepuoaa. PaccMOTpuM 3TO Ha IpUMeEpe
OJIHOTO KJIACCHYECKOTo ombITa, npoBeaeHHOro mnpod. b.C.MomikoBeiM. UepeHKH ceBEepHBIX
BU/JIOB UEPHOU CMOPOJAMHBI M MBI BbIpamuBaiu 01u3 Jlennnrpaga u CyxyMu Mpu €CTECTBEHHOM
ceeroBoM jaHe (14 u 10 yacoB, COOTBETCTBEHHO) M IPH JOMOJHUTEIBLHOM OCBeleHuu. [lpu
€CTECTBEHHOM ocBelleHnH B CyxXyMu pacTeHHs! ObICTPO MpeKpariaid pocT, cOpachiBalu JUCTBY
U OCTaBaJIUCh KapiUKOBbIMH. A B ycioBusix Jlenunrpaga, npu 14-4yacoBoM CBETOBOM JiHE
pacTeHUsl BBITJIAJIENIM COBEPLIEHHO HOpPMajbHBIMU. ECIU OMOJHUTENBHBIM OCBEIICHUEM B
CyxyMH CBETOBOW JIeHb JOBOIWIM a0 14 4YacoB, TO pacTEeHUS POCIM MOIIHO, BBICOKO,
COBEPUICHHO M3MEHHB CBOIO (pusnosoruto. Takum oOpa3zoM, Aaxke B TEIJIbIX, CYOTPOIUYECKUX
YCIOBUSAX YKOPAuHMBAHHUE CBETOBOTO JHS MPUBOAUIO K TOMY, YTO CEBEpPHBIE BHJIbI HAYMHAIU
TFOTOBUTBHCS K 3MME, - COpachlBaI JIMCThsl, MPEKpallaid POCT U Hp. DTO JI0OKA3bIBAET, UTO
(bOTONEPHOIUYHOCTD, JUINTEIBHOCTh CBETOBOTO MEPHOJa — OCHOBHOM (PAKTOp peryinupoBaHUs
CTa/luil OHTOT€HE3a Y JIPEBECHBIX M KYCTAPHUKOBBIX PACTEHHH.

C oOTMeueHHBIMHM SBJIEHUSM CBSI3aHa W 3UMOCTOMKOCTh pacTeHuil. JlelcTBUTENIBHO,
YCTOWYMBOCTh K XoJIogaM OyleT ONpenensiTbCs TeM, HACKOJbKO pAacTeHHE XOpOLIOo
MOATOTOBUJIOCH K 3UME. MPEKPaTUIO poCT, COPOCHIIO JIUCTBY. A PEryisaTropoM K Hadaly
MOATOTOBKH K 3UME SIBJISIETCS JUIMTENbHOCTh CBETOBOIO JHSI, TOTO MPUPOAHOro (hakropa, B
KOTOpoM (OpPMHUPOBAJIOCh PACTEHHE, YTO M 3aKpenuiaoch reHeruueckd. CTaHOBSTCS Torjaa
MOHATHBIMU U ClIeyolue (PakTbl: MHOTHE MaHBWKYPCKHUE U BOOOIIE AaJTbHEBOCTOUYHBIE BU/IbI
BeIMep3asid B [loMockoBbe, X0Ts 3uMbl Ha [lansHemM BocToke MOryT OBITH M TTIOCYpOBEE, Y€M B
30H€ IOKHOUW Tairu. Temepp 3TO MOHATHO: OCEHHHMHM JeHb B [loaMOCKOBBE OBLIT JOCTATOYHO
JUIMHHBIM JUIsL 9TUX PAacTeHM, NPUBBIKIINX K KOPOTKOMY CBETOBOMY AHIO. OHU HE yclieBaju
MOATOTOBUTHCS K 3UME U, HETIOATOTOBJIEHHbBIE, BBIMEP3aJIH B TEYEHHE [10IMOCKOBHOM 3UMBI.

Takum o0pa3zoM, MOPO30yCTOMYMBOCTh MHOTOJIETHUX PACTEHUN 3aBHCHUT B IIEPBYIO OYEpEb
HE OT 3UMHHUX XOJIOJIOB, @ OT CBETOBBIX YCJIOBUHM B TE€UEHUE MEPHUOJA, IMPEALIECTBYIOLIETO
Mepe3suMOBKE. A MEXaHHU3M ITOTO SIBJICHUS — Gporonepuoanueckuit. OH 3aK/II04aeTcsi B TOM, YTO
YKOpayMBaHUE CBETOBOTO JHS SIBJIAETCS IIyCKOBBIM MEXaHHW3MOM IOJrOTOBKU PACTEHHH K 3UME,
- pacteHue cOpachiBaeT JUCThsA, GopmupyeT 3amackl. M ecnm pacTeHue TakuM o0Opa3oM
MIOATOTOBJIEHO, OHO OKa3bIBAETCS 3UMOCTOMKUM.

Onpedenenus

doTonepruoaHYECKHii MeXaHU3M SIBIISICTCS OCHOBHBIM PETYIUPYIONIUM (PAKTOPOM TIOJITOTOBKH
JPEBECHBIX W KYCTAPHUKOBBIX PACTCHUU K 3WMeE. YKOPAuMBaHWE CBETOBOTO JIHS NPUBOIWT K
cOpachIBaHHUIO PACTCHHEM JINCTHEB, POPMUPOBAHUEM 3AIIACOB U TIP.

3UMOCTOIKMME OKa3bIBAIOTCS TOJBKO TE€ OCOOM M BHJBI, KOTOPHIE B JaHHBIX CBETOBBIX W
KIIMMAaTUYECKUX YCIIOBUSAX YCIIEBAIOT JI0 HACTYIUICHHS XOJIOJOB 3aKOHYHUTH pOCT H
MOJATOTOBUTHLCS K 3UME.

3UMOCTOIKOCTL OMpECIAeTCS TEHETHUYCCKUMH OCOOCHHOCTSMHM BWJIA, CBSI3aHHBIMH C
JUTATETBHOCTHIO CBETOBOTO JTHSI.
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I'nasa |11.5. Poct, pa3BuTHe 1 (popMmupoBaHue NpoOayKTUBHOCTH

Opun u3 Benuyamux ¢usznosnoros pactrenuit, J[.A.CaOuMHUH, yKa3bIBaji, YTO «pPOCT — 3TO
HOBOOOpa30BaHUE JIEMEHTOB CTPYKTYpPbI». A pa3BUTHE — 3TO, 110 €r0 MHEHHMIO, - KU3MEHEHUS B
HOBOOOpPA30BaHUU DJIEMEHTOB CTPYKTYpbl OpraHu3Ma, OOYCIIOBJIEHHBIE IPOX0XKIECHUEM
OpraHU3MOM YKH3HEHHOTO HUKJIa» (CM. JINTepaTypy K AaHHOH yactu). [ToaTomy, 3T BakHeiiue
MOHATHSL HEPa3pbIBHBI M, KOHEYHO, JIOJDKHBI PacCMaTpUBATHCS COBMECTHO, OCOOEHHO, IpH
paccMOTpPEHUH MPOIYKTUBHOCTU arpoleHo30B. JIumb it ynoOcTBa M3y4eHHUs, Mbl B JaHHOM
ciydyae Oy/leM HECKOJBbKO YIPOIIEHHO, YUCTO (PU3MUECKH paccMaTpUBaThb POCT pacTeHui. A
UMEHHO — KaK BO3pacTaHHE MacChl M JIMHEHHBIX pa3MepoB (00beMa) OTHEIBHBIX YacTei
pacTeHui, MHAUBUAYAJIbHOTO PACTEHUS M arpoLeHo3a B IIEJIOM, MPOUCXOJSIIEe BCIEACTBHE
YBEJIMYEHHUS YHCIIa U pPa3MEpOB KIETOK M HEKJIETOYHbIX 00pa3oBaHMU. A pa3BUTHE — Kak
MPOIIECC TECHO CBSI3aHHBIX C POCTOM KAueCTBEHHBIX M3MEHEHUH (auddepeHuuanus TKaHEeH,
OpraHoB, MPOPACTAHUE CEMSH, CO3PEBAHUE U IIP.), IPOUCXOIAIIEE B TCUCHUE KU3HHU PACTCHHUS, B
Ipolecce OHTOTreHe3a. B arpoHOMHYecKON HayKe pOCT M Pa3BUTHE CEIbCKOXO3SHCTBEHHBIX
[IOCEBOB pPAacCMaTpUBAETCA KaK IPOILIECC 3HAYUTENbHO O0Jiee CIOXKHBIM, MHOTO(QaKTOPHBIH,
pPErylIupoBaHUE KOTOPOTO JIOJDKHBI OBITH OYEHb TOYHBIM M BO BPEMEHH M B IPOCTPAHCTBE.
OCHOBBI TaKOTO TOYHOTO 3CMJICICIHS 3AIOKHIM BEIUKUE POCCHICKHE arpoHOMbl (cM. «K
80NPOCY 0...»).

K sonpocy o...
Kopudeu poccuiickoii arpoHOMUYECKON HAYKU

Pacckazath 000 BceX BEIMKHUX POCCHUMCKUX YYEHBIX-arpOHOMAax KOHEYHO HEBO3MOXHO. J]a 1 MHOTHe BOIPOCH
TIPE/ICTABIISIIOTCS CIOPHBIMU. KTO OBLI MepBhIi yueHbli-arpoHom? Benukuit M.B.JJomoHOCOB ¢ ero counnennem «O
cnosix 3emim»? M.U.Adonun - mepBbiii mpodeccop celbCKoX03sicTBeHHOro aoMoBoacTBa B MI'Y? Ha wHam
B3rIA, 910 6T AHApeit Tumodeesuu Bonoros (1738-1833). B 310 BpeMs B eBpOMEiCKOi arpOHOMUYECKOH HayKe
rocriofcTBoBasia Teopusi Ban XenmbMmoHTa. Tak Ha3piBaeMasi «BOJHAsi TEOPHUS» IUTaHHs PAacTeHU#, KOTopas
OCHOBBIBAJIACh Ha OMbITax (ramaHackoro amxumuka SlHa Batucra Ban Xemsmonta (1577-1644). Ban XeabMOHT
BBIpAIMBAJ JEPEBbsl B MPEIBAPUTEIHHO B3BEIICHHOM KOJWYECTBE ITOYBBI. 3aTE€M OH JIMIIb IIOJMBAN AEpeBbs. 3a 5
JIeT iepeBo NpuOaBIsLIoO 10 74 KWiorpaMma, a BOT IOUBa Tepsijla TOIBKO HECKOJIBKO JeCATKOB TpaMMoB. BriBox Ban
XeJbMOHTA: JIEpeBO CTPOUT CBOE TEJIO B OCHOBHOM HE M3 IOYBHI, a TOJBKO U3 BOABI. VM 30J7bHBIE 3JIEMEHTHI
pacteHusi co3aaoT U3 Boibl. A BoT AHJpei TuModeeBrd CoBEpIIEHHO YETKO B cBoeM Tpakrare «O0 ynoOpeHnu
3eMeJIb» MUIIET 00 YCIOBHAX HEOOXOMUMBIX JUIsl pacTeHuil: 1) B mMOYBe JOMKHBI B JOCTATKE T€ JJIEMEHTHI, W3
KOTOPBIX COCTOUT pacTeHue, 2) MovBa MOJKHA ObITh B TAKOM COCTOSIHUH, YTOOBI PACTEHHUS JIETKO MOTPEOISLTH ITH
sneMeHThl U 3) BoJa W BO3AYX JOJDKHBI OBITH B MOYBE TOXE B jgoctatke. M o 3amauax arponomuu A.T.Boioros
MUIIET. «...yJO0OpeHHe 3eMelb He B YeM HHOM COCTOSTh HE MOXKET, Kak JMOO B IMPEYMHOKEHHH B 3EMIIIO
MOMSIHYTBIX IUIOAOHOCHBIX M XJieOOpoaue NPOW3BOSIIMX YaCTHI, JHOO B OTBpAlIEHHMd W YHHYTOKEHHH
MOMSIHYTBIX TpersTcTBuit...» (uut mo A.Il.Bepapimies,1988). Moxno yTBepkaaTh, 4To bBonoroB ObLT H
OCHOBOIIOJIOXHUKOM ¥ CUCTEMBI 3eMJIe/IeNINs, TaK KaK MPEJIOKUII BEITOHHYIO CUCTEMY 3eMJIe/IeNu.

A BOT cleqyrouyii pacuBeT pOCCHHCKOM arpOHOMHYECKOW HayKH, HAyKd O MOYBE MPUXOIUTCA Ha BTOPYIO
nonoBuHy XIX Beka. Ilamo kpemoctHoe mpaBo... Hamo OBLIO Y4WTbCS XO3SWCTBOBATH HA POCCUHCKHX
MaJIOIUIOAOPOAHBIX CEBEPHBIX 3eMIIIX. A TYT elle 3acCyXH, royoX... Y oAtk poccuiickue ydeHble He CMOTIA HalTH
OTBeTa B TpyAax eBpomeiinieB. Tak U MUCan BENHKHH €CTECTBOUCIIBITATENh M arpoHOM, mpodeccop (TouHee -
«CCHUTBbHBIH TIpodeccop», yxe B 39 et cocnanublii B CMOJIEHCKYIO TYOSpPHHIO, T ¥ CTABHJI CBOH MOJICBBIE OIBITHI)
arpoHoMHu4eckoi xumun B IletepOyprckom 3emiieieNbuecKoM HHCTUTYTe Ajekcanap HukonaeBuu DHrembrapn:
«Het xuMuu pycckoid, aHMIIMICKOM MJIM HEMELKOH, €CTh TOJIBKO 00Iasi BCeMY MHUPY XUMHUsI, HO arpOHOMHS MOXKET
OBITh pyCCKasl, HJIM aHTJIMICKAs, HITH HEMEIKasl. ... MBI TOMKHBI CO3/IaTh CBOIO0 arpOHOMHYECKYIO HAYKY...>» (IUT 10
N.E.®unonenko, 2000). OH cTosT BO I1aBe IJIEAAbI BEIUKUX €CTECTBOUCIIBITATEEH, €ro Apy3ei ¥ COPaTHUKOB —
ocHoBarenel reHernyeckoro nousosenenus B.B.Jlokyuaesa u I1.A.KocTtrruera, Benukoro arporoma A.B.Coserosa,
B TO BpeMs TpeJIceaTellsl CeNbCKOX03IHCTBEHHOTO OTAEIeHUsI BObHOT0 SKOHOMHUYECKOr0 00IIEeCTBA, OCHOBAHHOT O
B 1765 roay, 4ToOBbI «...cTapaThcs 00 MCHPABICHUN OTEYECTBEHHOI'O 3€MIIE/IENUSI U JOMOCTPOICTBA», HA 3HAMEHHU
KOTOpOro OblT HayepTaH aeBu3: «[Iuénbl, B yneit men npuHocsmue». [lena BorsHOro sSkoHOMHU4eCcKoro oduecTsa B
Poccun cooTBeTcTBOBaNM 3TOMY AEBH3Y, OJHAKO TIJIABHBIM, HEHCTOIIMMBIM, BEYHBIM JOCTATKOM, NMPHHECEHHBIM
JlelaMH 3TOro O0IecTBa, ObUIM MOYBEHHBIE KapThl YacmaBckoro, HayuHele oTKpbiTusi B.B.JlokydaeBa. OHu u
COCTaBHJIM TOPJIOCTH poccuiickoit Hayku (mo Matepuanam kuur: A.IL.Bepasime «Anapeit TumodeeBuu boaoTos»,
M.: Hayka. 1988 u 1.E.®unonenko «Ocobast sxcreauius». M.:U3a-so «IIpuma-ITpecc-M». 2000).
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Haunem paccMoTpeHue 3THX MPOIIECCOB ¢ MOMEHTA, KOT/la ceMs Iomnajaer B no4ysy. CHavana
MIPOMCXOJUT TMEpPEeBMKEHWE TIOYBEHHOM BJIark 3a CYeT TpaJMEHTa JaBJICHUS BOJIbI.
[lepBoHauanbHO, B OCHOBHOM, 3a CUET OCMOTHYECKOH COCTaBIIAOLIEH, T.€. 3a cueT Ooiee
BBICOKOW KOHIIEHTpAIMHM BELIECTB B CEMEHU. 3aTEM YK€ MOTYT BKJIIOYATHCA M COCTABIISIOIIAS
HaOyxanusi (HaOyxaHue OEJKOB) M KalM/UIIPHO-COpPOIMOHHas. Tak BOjJa MOCTYIaeT B CEMs.
be3ycnoBHO, 1aBieHNe MOUYBEHHOM BJIard, U COOTBETCTBEHHO, BJIAYXHOCTH MOYBBI JOJKHBI OBITH
JOCTaTOYHO BBICOKMMH, HE HMKE HEKOTOPOI0 KPUTHUUECKOIO YpOBHS. TOJIBKO TOrJa BOZHUKHET
repenaj JaBJICHUH BlIard MeXIy II0YBOM U CEMEHEM, BOJA HAYHET MOCTyNaTh BHYTPh ceMsd. 1 B
CEMEHM HA4yHyTCsS IpoLecchl MeTaboiu3Ma, T'MIPOJU3 3alacHbIX BEUIECTB U IPOM3BOJICTBO
HOBBIX. {71 3TOoro B pal®oTy JOJKHBI BKIIFOUUTHCS (EPMEHTHI, MHTEHCUBHOCTb JIEHCTBUS
KOTOPBIX 3aBHCHUT OT Temriieparypbl. [loaToMy B 3TO Bpemsi OoJbLlIO€ BIMSHUE Ha IPOIECC
MOCTYIUIEHUSI TIOYBEHHOM BJaru B ceMsl OKa3bIBa€T TEMIIEpaTypa: C MOBBIIIEHUEM TEMIIEPaTypbl
(mo ompezmeneHHOro mpesesia) yBEIHMYMBACTCS WHTCHCHBHOCTH IMOTJIONICHUS BOJbI, THAPOIIH3
VJIJI€BOJAOB M OEIKOB CeMsH, UX JAbixaHue. Jljig XapakTepuUCTUKU BHEIIHUX YCJIOBUIl B
arpo¢u3uke OOBIYHO UCHOJB3YIOT MOHSATUS KPUTHUYECKOW MPEANOCEeBHON BIAKHOCTH U
CKPUTUYCCKON» (KapMHAIBLHOW) TeMIepaTyphbl MOYBbI Ha TIyOuHE 3ajenku cemsH (cMm. [nmaBy
11.3). Ecnu npeanoceBHast BIAKHOCTh — 3TO BennunHa Onuskas k HB, u cnabo namenstomniascs B
3aBHCHUMOCTH OT BHJIa pPaCTE€HUH, TO KapIMHaIbHAs TEMIIEpaTypa — OU€Hb CHIIbHO U3MEHSETCS OT
Buja pacrenus (cm.tabu. 11.3.1).

JIOCTUTHYB ONIPENEIIEHHOTO YpPOBHSI BIQ)XXHOCTH, CeMs HayMHaeT Bce 00Jieeé MHTEHCHUBHO
IbIIIaTh, HAaYMHAETCsI 00pa30BaHME 3apojblllla, BBIAEISIOTCS €ro oceBble opraHbl. JlpIxaHue
pEe3KO BO3pacTaeT, Temepb YyXKe Majo 3aBUCUT OT BiaxHOCTU. OOpasyercsi NPOPOCTOK.
Oxka3bIBaeTcsi, 4TO KOJMYECTBO BOJbI, HEOOXOJAMMOE JUIs NMPOPACTAHHUSI CEMEHU Pa3jIMyHO Y
pa3nuuHbIX BUIOB pacTteHuidl. Tak, cemeHa 0000BbIX, Oorarble OenkamH, IOIJIOIIAIOT
3HAYUTENIbHO OO0Jbllle BJard, 4eM CeMEHa 3JIaKOBBIX pacTeHuil. MHOTo BOJAbI TpeOyOT s
[IPOpacTaHMsI CEMSIH JIbHA U CaXapHOU CBEKJIBI.

Wrak, 3apoablin ceMeHH cTall IpopocTKoM. [losBuIKCh KOJNEONTHIIE U 3apPObIIIEBbIE KOPHHU.
W3 xoneontuie, T.e. TpyOOUKH, OXBAThIBAIOILIEH NEPBBIN JHUCT, OYAYT pa3BUBAThCA B OyaylleM
crebenb M JIMCThA. VIHTEHCHMBHO pacTyT 3apojplllieBble KOpHU. M, HakoHel, mpopocTok
JOCTUTAET MOBEPXHOCTHU MOYBHI, MOsABIsAETCS pocToK. Haunnaercs dasza BcxonoB. [lepsriit nuct
BBIXOJIUT YE€pe3 BEPXYIIKY KOJEONTHUJIE, [10JI€ HAUUHAET 3€JI€HETh. JTO MOMEHT OY€Hb Ba)KE€H —
pacTeHue nepexoauT Ha aBTOTpO(HOE MUTaHNE, HAUMHAETCS MpoLecc POTOCUHTE3a, HAUMHAETCS
MHTEHCUBHBIA POCT pacTeHuid. Mner Hapacranue 6uomaccel, GOpMUPOBAHHE BEr€TaTUBHBIX, a
BIIOCJIEJICTBUU, U PENPOAYKTUBHBIX OPraHOB PAaCTEHUH.

Jlyisg 3eeHOro pacTteHus, y KOTOporo (OTOCHHTETHYECKUM ammapar (opMUpPYeT 3amachl
(pe3epBbl) CIOKHBIX OpPraHUYECKUX BellecTB (B OCHOBHOM, YIJIEBOJIOB, & HMEHHO, Kpaxmaia U
TJIFOKO3bI, MHOTAA OCJKHM), HAYMHAETCS HOBBIM 3Tam pocra. Temeph poCT PAaCTCHUI COCTOWT,
Ipek/ie Bcero, B GOpMUPOBAHUU CTPYKTYPHOIO BellecTBa U3 3anacoB. CTPYKTypHbIE BEIlleCTBa
— 3TO KJIeTYaTKa JUIsl KJIETOYHBIX CTEHOK, KJIETOYHble MeMOpaHbl, (pepMeHThl U Ip. OTH
CTPYKTYpPHBIE COCTABJISIOLINE DPACTEHUH SBISIOTCS €ro JIOJTOBPEMEHHBIMHU <«KHUPHUYHKAMU,
KOTOpbIE HE CTaHYT BHOBB CyOCTpaTOM Mjisi pocTa WM JbIXaHus nojjepxkanus. [lostomy,
MOYKHO OIPEICIHTh POCT, KaK (OPMUPOBAHUE CTPYKTYPHOTO BEIECTBA PACTCHUl (KieTyarTka,
MeMOpaHbl, OlKH, (PEPMEHTHI) U3 3aMacoB aCCHMUIIIHTOB (POTOCHHTETHYECKOrO mpolecca. A
oOmias cyxas Ouomacca pacTeHUl B KaXJblii MOMEHT BpPEMEHU COCTOUT H3 CO3JAaHHOTO
CTPYKTYPHOTO BEIIECTBA U CYIIECTBYIOIIUX HA JaHHBIA MOMEHT PE3EPBOB.

OcCHOBHbBIE MapaMeTPbI POCTA H PAa3BUTHS
B memom, BecbMa ympoineHHO oOmui mpupoct Owomaccel (DM) arporeHo3a MOXHO
OMpCACIIMTDb KaK PAa3HOCTb MCKIY CYMMApHbBIM (bOTOCI/IHTC?:OM " 3aTpaTaMU Ha JbIXaHUEC

DM
o =®- R,rne DM - yBenuuenue 6uomaccel 3a Bpems t,a F u R — dortocunres u

NbIXaHue.
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VYBennyeHne Onomacchl BO BPEMEHHU HEpenKo (YHKIIMOHAIHHO CBS3BIBAIOT C MpOIlecCaMU
doTocHHTE3a W JBIXaHUS, YTO TO3BOJISIET (OPMHPOBATH JWHAMHYECKHE MOJENIH pocTa. B
YaCTHOCTH, HCIIOJIB3YIOT OOIIYIO 3aIMCh YPAaBHEHHSI POCTa B BHJIE

M _e(3- R),

dt

rie @ - cyMMapHBIi (OTOCHHTE3 pacTeHHs, R - cyMMapHOe JbIXaHHe, € € - Kod(UIHeHT
nepexoga oT macchl ycBoeHHOHM CO, k cyxoi O6uomacce. ITOT KOAIDPHUIIMEHT MOKET UMEThH
CTpOTO OIpeNelieHHbIe 3HaueHus. Ecim paccMmarpuBath B BHIEC NEPBHYHBIX IPOTYKTOB
dboTocHHTE3a YIIIEBOIbI, TO € B 3TOM cliydae Oyzaet coctaBisath Beanuuny 0.67 (r cyxoit maccel/r
CO,). B kaXI0M KOHKPETHOM Cliy4ae CJIeJ0BAJI0O HAWTH BEIMYMHY €, KaK XapaKTepUCTHKY
nepexojia oT GOTOCHHTE3a U JIBIXaHUS K CyX0i Oruomacce.

OTOT MOAXO0J — IMHAMUYECKHM, paccMaTpUBAIOIIMM AMHAMUKY (POPMUPOBAHUSI OHMOMACCHI,
M3MeHeHHe OMoMacchl Kak (OPMUPYIOIIYIOCS B KaXKIbIi MOMEHT BPEMEHH DPa3HOCTh MEXIY
doTocuHTE30M M JbIXaHHEeM. Hapsity ¢ THHAMHYECKUMH MOJICIISIMHU UCTIONB3YIOT, KaK U3BECTHO,
n OamancoBble. [lyi1 omucaHWs POCTOBBIX IMPOIIECCOB OJHA M3 TAaKUX MOJIENEH TpeaiokKeHa
WBanoBem (1ut. X.T.Toomunry, 1984):

M- m=fPt- aPt,

rre M — cyxas OmomMacca BCero pacTeHHs 3a KOHKPETHBIH MEpUoJ, M — Macca ONMaBIINX
vacreif pactenuii, f —uHTEeHCHBHOCTH hoTOCHHTE3a, P — pabouast moBepXHOCTH WK Macca, t —

BpEMsI, B TE€UYEHUE KOTOPOr0 IPOMCXOIMI (POTOCHUHTE3, & - MHTEHCHUBHOCTb AbIXaHus, P, —
IplIIamas Macca, t, —BpeMs IbIXaHus.

[lo cyru, ypaBHeHue VBaHOBa Takke CBSI3bIBAET IMPOLIECC POCTA C PA3HOCTHIO, C OaaHCOM
npoueccoB (oTocuHTe3a U AbixaHus. Ho B HeM mojauepkuBaercs elle U 3HaueHue paboueit
(boTOCHUHTE3UPYIOLIEH MOBEPXHOCTU U MPOJOJDKUTEIILHOCTH €€ (yHKIHOHHpoBaHUs. To ecTh
MOJAYEPKUBACTCS POJIb JIMCTOBOM MOBEPXHOCTH M JUIUTEIBHOCTH CBETOBOIO NEpuUoaa s
¢dbopmupoBanusi OMoMacchl pacTeHUIA.

Kpowme Toro, kak yxe roBOpuioch Bbllll€ B riaBe «DOTOCHHTE3 U JbIXaHUE», B OOJIBIIMHCTBE
COBPEMEHHBIX TIOJXOJ0B (QuTOMacca TMpEACTaBIsAETCS B BUJE JBYX COCTaBISIOIIUX —
CTPYKTYpHO# M 3amacHO# (pe3epBHOIi). 3amacel 00pa3yrOTCs B BUJE YIIIEBOJOB, a CTPYKTypHAas
O6uomMacca — 3TO pa3/ejCHHbIE TKAHU PACTEHUM, B BHJIE KJIETYAaTKH, OEJNKOB M Ip., KOTOPHIE,
€IMHOX bl 00pa30BaBIIMCh, IMPAKTUYECKHM HE HW3MEHSIOTCS B TEYEHHE BCEro OHTOICHE3a
pactenuid. Iloatomy, misi OGmomacchl pacTeHuUid OoJiee CTPOro MOKHO ObUTIO OBl HAMKCATh:
M=M,+M,=M_+V(C,N), tne M — obmmii Bec ¢utomaccel, M, — BeC CTPYKTypHOI
cocTaBisitolell ouomaccsl, V — 00beM TKaHM WJIM LIEJIOT0 OpraHa, B KOTOPOM KOHLEHTpPALUU
yraeBo0B 1 a3oTa cocTaBisiior C u N.

WTak, OCHOBHBIM MapaMeTpOM pPOCTa BBICTYMAET HpUpocT 6uomacchl. OH B 3HAYUTENbHOMI
Mepe OIpeAesaeTcs IUIOMAAbl0 ACCHMWIMPYIOUIEH JIMCTOBOM IOBEPXHOCTH, KOTOpas B CBOIO
ouepeib, onpenenser u 3pdekTUBHOCTh Kctoib3oBanus @AP u pesynpTupyrouuii GoToCHHTES.
HNMeHHO 1MoATOMY, B IIPOLIECCE POCTA BAKHO 3HATH, KAK PACIPEIEIISIIOTCS aCCUMUIIIIHTBI MEXIY
opranamu. OObIYHO, B HaYaJIbHbBIN MEPUOJ TOCTE MOSBICHUS POCTKOB OCHOBHBIE ACCUMUJISTHTBI
UAYT Ha IMOCTPOHKY JIMCTHEB, YBEIMYEHHE IUIOLIAAM JMCTOBOTO ammapara. 3aTeMm, [0 Mepe
CTapeHusi, Iepepaclpe/ielieHUe 3alaceHHbIX M HOBBIX aCCUMMJISHTOB u3MeHsierca. OHM B
OOJIbIIEH CTENEHU pPAcXOAYIOTCS Ha MPHUPOCT PENpPOAYKTUBHBIX opraHoB. Ilostomy mpu
KOJIMYECTBEHHOM OIMCAaHUM IPOIIECCOB pPOCTa HEOOXOAUMO 3HATh (YHKLUMU pacruperesieHus
aCCUMWJISIHTOB MEXIy opraHamMu. OTU (YHKIUU CIEUU(PUUHBI Ui KaXKIOTOo pacTeHus. A
apryMeHTOM, KOTOPBIA ompenenseT 3TH (QYyHKIUU paclpeieieHus, JODKEH ObITh OINSATh-TaKu
HeKUl ¢u3nyeckuil (akTop cpenpl, NpU JOCTHKEHMM KPUTHUECKOTO 3HAUYEHUs KOTOPOro
byHKIMS ~ pacmpeneneHuss  MeHsercs.  Takod — usuMueckuii  mapameTrp,  CBSI3aHHBIN
HENOCPEJCTBEHHO C (ha3aMM Pa3BUTHS U POCTOM, MBI yXe€ 3HaeM, - 3T0 cymMMa 3()(HEeKTUBHBIX
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temmneparyp. Tak, Ipu AJOCTUKEHUN HEKOTOPOU CyMMBI TEMIIEPATYP POCT KOPHEN YMEHBIIAETCH,
a poCT JUCThEeB yBenuuuBaercs. [Ipu nanpHeleM yBeIW4eHUH 3TOM cyMMbl OyJeT HacTynarhb
¢aza pa3BUTHSI, KOTJa aCCUMUJIISIHTBI OyIyT MOCTyNaTh B OCHOBHOM B PENPOIYKTUBHbBIE OPraHbl,
B KOJIOChS] 36pHOBBIX, B KIIyOHU KOPHEIUIOZOB U T.J. DTO 00Ul OJX0/ K ONKCAHUIO Mpoliecca
pa3Butus B oHTOreHe3e. O/HAKO, CYIIECTBYET psiJl MPUCIIOCOOUTENIbHBIX PEAKINI pacTeHU Ha
M3MEHEHHE YCIOBUN NMpOU3pACTAHUSA. DTU peaKUUud MOXHO c(hopMylIHpoBaTh B OJHOM 00IIEM
npasune. «lIpm HegocTraTke TOrO MIM MHOTO cyOcTpata [uid pPOCTa, pPa3BUBAKOTC
IIPEUMYIIECTBEHHO TE€ OpraHbl, KOTOpPbIE MOTYT OOECIE€YUTh €ro JOMOJIHUTENIBHBIA MPUTOK.
[IpumepoB, MOATBEP)KAAIOIIMX 3TO MPAaBUJIO, MOKHO MPUBECTH MHOro. OHHU BCE MOJYYEHBI B
MPOCTBIX D3KclepuMeHTax. Hampumep, cpezaHue 4YacTu JIMCThEB PACTEHUM, NPHUBOIWIO K
HEJO0CTaTKy YIJI€BOJAOB. DTOT HEIOCTATOK TYT 7K€ KOMIIEHCUPOBAJICS YBEIMUEHUEM TOBEPXHOCTHU
JUCTHEB M YBEJIIMYEHHIO (PoTocuHTe3a. Eciau e HCKYyCCTBEHHO MNPOBOLIMPOBAIM HEAOCTATOK
a30Ta B PACTEHMSX, MPEUMYIIECTBEHHO POCIM KOpHU. M HemocTaTok a3oTa KOMIIEHCUPOBAJICS
YBEJIMYEHUEM €r0 JJOCTABKH U3 MOUBBI pa3pociIMMucs KopHsamU. [losTomy, nis pocta BayKHBI He
aOCOJIIOTHBIE KOJIMYECTBA YIJIEBOJOB M a30Ta, a MUX COAJIaHCUPOBAHHOCTb. TOuHee,
cOaTlaHCUPOBAHHOCTh JBYX IIOTOKOB — IIOTOKA YIJIEBOAOB, UIYILErO OT JIMCTOBOM MOBEPXHOCTU
[0 BCEMY PAaCTEHMIO, - MOTOKa «BHU3». M moToka «Bepx» - MOTOKA BOJbl M MHUHEPAJIbHBIX
BELIECTB U3 MIOUBBI, UepPe3 KOPHU B JIUCThsI. DTO YIPOIIEHHBIN MOIX0/ K 00ECIIeueHuIo Ipoliecca
pOCTa U TIO3BOJISIET €r0 CXeMaTU3UPOBATh U (OPMAIIN30BATb.

Omnpenenenus

IIponecc pocra — npoiiecc yBeaTM4YeHUE Macchl 1 00beMa pacTeHHs WM €ro YacTeil 3a cyer
YBEJIMYEHHUS YUCIIa U Pa3MEpPOB KIETOK M HEKJIETOYHBIX 00pa3oBaHUM, MPOJOJDKAIOIIMNCA Yy
pacTeHuil Ha MPOTSKEHUH BCETO OHTOTEHE3a U 00s3aTENIbHO COIPOBOKJIAIOLIUICS MPOLIECCOM
pa3BUTHSL.

Poct - dpopmupoBaHHe CTPYKTYpHOTO BEIIECTBA pacTeHHid (KiieTdyaTka, MeMOpaHbI, OEJIKH,
(dbepMeHTBI) W3 3alacoB aCCHMHJISHTOB (DOTOCHHTETHUYECKOTO mporecca. OOmas Onomacca
pacTeHuil B KaX/Jblii MOMEHT BPEMEHHM COCTOUT M3 CO3JAaHHOTO CTPYKTYpHOTO BEIIECTBA U
pe3epBOB.

Pa3BuTHE — IpoIecc 3aKOHOMEPHBIX Ka4eCTBEHHBIX N3MEHEHUH B BHJIE IIPOPACTAHUS CEMSH,
I hepeHIPOBKU OPraHOB, CO3PEBaHMs, CTAPEHUs OpraHOB M opraHusMa B 1ejaoM. [Iporeccsl
pocTa M pa3BUTHUS CIIEAYeT paccMaTpUBaTh COBMECTHO, KaK €IUHBIA HEOOpaTUMbIH IMpoliecc
KHU3HEIEATESIILHOCTH PACTCHUH.

duTomMacca pazaenseTcs Ha JBYX COCTABJISIONIMX — CTPYKTYPHYIO H 3aMacHyio (Pe3epBHYIO).
3anacHasi 00pa3yrOTCs B BUJE YIJIEBOJOB, a CTPYKTypHasi OmomMacca — 3TO pa3/ieJICHHbIE TKaHU
pacTeHuii, B BHUJE KIETYAaTKH, OENKOB W NpodY., KOTOpbIE, €IUHOXKIbl 00pa30BaBUINCH,
MPaKTUYECKH HE U3MEHSIOTCS B TE€UEHHE BCEro OHToreHesza pacteHuid. Ilostomy, Omomaccy
pacTeHUH mpeAcTaBIsIOT B BuAe cymmbl: M =M +M =M _+V(C,N), rane M — obmmuii Bec

¢utomaccel, M. u M, — Beca CTpYKTYpHOH U 3amacHoOil cocraBisiouux 6uomaccel, V — o0bem
TKaHU WU 1IeJI0T0 OpTaHa, B KOTOPOM KOHIIEHTPAIMX YIIIeBOI0B U a30Ta coctaBisitor C u N.

JUis KOJNMYECTBEHHOTO OIMCAHMs IPOLIECCOB pOCTa M Pa3BUTHUS HEOOXOIUMO 3HATh
3aKOHOMEPHOCTH PacCHpeieieHUs] aCCUMUISTHTOB Mexay opraHamu. OyHKUMM pacrnpesesieHus
ACCUMWJISIHTOB PAaCTEHUI M3MEHSIIOTCSI MPU JTOCTUKEHUU HEKOTOPOTO KPUTUYECKOTO 3HAUEHUS
(akTopa, KOTOPBIM, KaK IPaBUJIO, BBICTYNAET cyMMa 3(h()EKTUBHBIX TEMIIEPATYp.

Perymsiuust ~ pocTOBBIX ~ MpOLIECCOB B~ OHTOrEHE3€  MPOUCXOTUT  Onarojaps
cOaJaHCUPOBAHHOCTU JIBYX ITOTOKOB. IOTOKAa CHHTE3MPOBAHHBIX B IIpolecce (POTOCHUHTE3A
VJIJIEBOJAOB «BHHU3», W TIOTOKA BOJbl U MHUHEPAIbHBIX BELIECTB U3 IIOYBBI <BBEPX.
Pa3z0anancupoBaHHOCTh 3TUX MOTOKOB MPHUBOJUT K MPEUMYILIECTBEHHOMY POCTY TOrO Oprasa,
KOTOPBIN «OTBETCTBEHEH» 3a TOT WJIM NHON NOTOK.

ITapameTpsl pocTa
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UyTh paHbIlle MBI YK€ OTMETHJIH, YTO OCHOBHBIMH IapaMeTpaMH pocTa OyayT oOImas
¢utomacca — M wu oOmuii (mm abcomroTHBIN) mpupoct Omomaccel (DM). MoxHo Takxke

. DM
UCIIOJIb30BaTh W OTHOCUTENbHBIA mpupoct (DM/M), a Takke aOCONIOTHYIO (E) u

DM
OTHOCI/ITGJIBHyIOW CKOPOCTH pOCTa. OTH TMOKa3aTeJIn SBJLIIOTCA HauOoJsiee OOmMUMU U

HauOosiee dYacto ymoTpedimssembiMi. OHH yKa3bpIBalOT Ha o00Iee COCTOSHHUE DPACTCHHH,
yBeJM4YeHue ero npoaykruBHocTd. Ho BOT 00 3¢ dexktuBHOCTH pabOThl (POTOCUHTE3UPYIOLIETO
afnmaparta pacTeHHs 3TH KJIACCUYECKHE IMOKa3aTeld Majo yTo roBopsT. [loaromy Hcnonab3yroT
JPYrue XapaKTEPUCTHKH, MPEKIEC BCErO CBA3aHHBIC C TUIOIIABIO MIOBEPXHOCTH JIUCTHEB (A):

1. Wupekc nuctoBoi moBepxuoctu, MJIII=AIS, - oTHOIICHHE JIOIIAH JTUCTHEB K TUIOMIAIN
Bcero moceBa. Kak mokazarenbs pocta u pasButust MJII1 ucnonb3yercss HewacTo. Yaie 3ToT
M0Ka3aTejab HCIOJIb3YIOT B pa3IM4YHOIO poJa MOJENSIX MJs pacuera TPaHCHUPALUOHHOTO
pacxona moceBamMu. OHAKO, OH MOKET XapaKT€pU30BaTh U COCTOSIHUE IOCEBOB Ha JIAaHHBIN
MOMEHT M OCOOEHHO, B TIpOIIecce pocTa W pa3BUTHS pacTeHui. Kpome Toro, mpoIyKTHBHOCTH
pacTeHud, OCOOEHHO TPU HEBHICOKOM OCBEIICHHOCTH, 3aBUCHUT HE OT MOTEHIIUAIBHOMN
OCBEILIEHHOCTH IUIOLAAN JIUCTHEB, @ OT peaJbHOM OOIIel MIomaa OCBELIEHHBIX JIMCTHEB.
Pacrennsi, Haxomsmme TIpU HEIOCTATKE CBETa BCETAAa «PEIIAT» AWIEMMY. aKTHBHAs
(doTOCHHTETHYECKAs TUIONIAAb JOJDKHA OBITh HAauOOJbIIEH, HO B TOXKE BpeMsi, MUHUMAJIbHA,
JOJKHA OBITh B3aUMO3aTEHEHHOCTh JIMCTHhEB. [lo3TOMYy Hepenko HCHIONb3yIOT JApyrue
rapameTpbl MPOU3BOIUTEIHFHOCTH JTUCTOBOTO amrapara, TakKe OCHOBAHHBIC HA MCIIOJIb30BAHUU
IUTOIA/IU JTUCTBEB (A);

2. OrTHoIIeHHE TUIOIAIN JHCTHEB K OMoMacce pacTeHUH, <ITMCTOBOE MacCOBOE OTHOIIICHUE
(Ay6_ ), KaK OTHOIICHWE IUIOIMIAAN JIMCTHEB K OMOMacce BCEero pacteHus: A,y , = A/M. Dror
MOoKa3aresb JEMCTBUTEIBHO XapaKTepU3yeT (OTOCUHTETUYECKYIO padOTy JMCTOBOTO arapara,
U 4eM OH MeHbllle, TeM 3¢ (dekTuBHEe paboTaeT POTOCUHTETUUECKHI anmapaT pacTeHHUs.

3. YaenbHas ruromanp ucTheB (4,9 ,), K&K OTHOLICHHE IIIOIIA/IH JINCTHEB K Macce
JMCTOBOTO MaTepuana, (M,).

4. VnenbHas Macca JUCTheB (4,0), Kak OTHOLIIEHHE Macchl HCTheB (M,) kK Gmomacce Bcero
pactenus (M). DTo OTHOIICHHE YKa3bIBACT HA pacIpeieieHue OMoMacChl PaCTEHHUI U Ha JIOJIO
JUCTHEB BO BCEHW OMOMAacce, 4TO B IEJIOM XapaKTEePU3yeT KyMYJISTUBHBIA (POTOCHHTETHUUCCKHI

mporecc.
HerpynHo 3amMeTHTB, YTO JIMCTOBOE MAacCOBOE OTHOIICHHE CBA3aHO C JABYMS JAPYTHMH
JIMCTOBBIMH ITAPaMETPAMU COOTHOIICHUEM: A,y v = (Ayo_s) X (4,0). Tak 9TO 1O IBYM M3 HHX

BCET/1a MOKHO BBIUUCIIHUTH TPETHE.
W Bce xe, Hapsay ¢ mapaMeTpamu, XapaKTepU3YIOIIUMHU (OTOCHHTETHUECKYIO aKTUBHOCTb
JUCTHEB, TpeOyIOTCs OOILIMe, UIsl BCETO0 pacTeHUs WIM MoceBa, BeaudyuHbl. M npocto Ouomacca
WK €€ TPUPOCT, U Jaxke OTHOCUTENbHBINA npupocT (DM/M) He xapakTepu3yrOT HHTEHCHBHOCTb
aKKyMYJISILIUU CYXOT'O BellecTBa pacTeHui, 3 (HeKTUBHOCTh HAKOIIJICHUS! paCTEHUEM OMOMAcCCHI.
JInst 3TOTO MCIOJIB3YIOT APYrOi MOKa3aTeb:
- MHTCHCHBHOCTh pE3YJbTUPYIOIIEro HakorieHus (MPH) WM HETTO-aKKyMYJISIUS:

DM
HUPH :m. OTOT TmoOKazarenb SBIAETCS CYMMapHbIM IOKa3areneM 3(¢GEeKTUBHOCTH

HAKOIUICHHsI BEILECTB PAaCTEHUEM M YUYUTHIBAET PAa3HHUIy JABYX IMPOIECCOB - (OTOCHHTE3A U
npixanus B BennuuHe DM. OH oTpaxkaeT OajlaHC 3TUX MPOLECCOB HAKOIUIEHUS U PacXOOBaHMUs,
- OTCI0JIa U OJTHO U3 Ha3BAaHUM: «HETTO-aKKyMYJsius». [l 3Toro mnoxkasaresisi MOKHO 3allHCaTh
MOHATUIHOE BBIpAXKEHHE, OTpaXKalollee CYIIHOCTh JBYX IMPOLECCOB, (OPMHUPYIOIIUX
HAKOIUICHHE PaCTUTEIbHON MPOYKIIUU

HUPH = [(cpeonsis onesnas pomocunmemuueckas ckopocms) X (0numenbHocms c6emoso2o
nepuooa)] —[(cpeonecymounas ckopocmso Ovixanus) x (cymru)].
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Camu 3a ce0st roBopAT U npuMepHbie BennuuHbl UPH 1 pa3znuunbix pacTeHui:
TpaBsiaucTBIe pacTenns — 30-70 r/m? Henemo, cocha - 9-12, mucTBenHuNA — 4-5 r/M? Hexeo.

CoBepilieHHO $5iICHO, 4TO Haubojee 3(PGPEeKTUBHO pabOTaeT HAKONUTENbHBIM ammapar y
TPaBSHUCTBIX PACTEHUHM, 3HAYUTEIILHO MEAJIEHHEE — Yy JPEBECHBIX, CPEIUd KOTOPBIX TOXKE
3aMETHBI pa3Inyusl.

OueHb BaXXHO OTMETUTh, YTO PACCMOTPEHUE OTOrO I[OKazaredas B JAUHAMHUKE 3a
BEreTAllMOHHBIM MEepUOJI MOKET MHOTO CKa3aTb 00 OCOOEHHOCTSIX Ipoliecca HAKOIUIEHUS U
pacxosnoBanusd BeecTB pacreHusimu. Ha puc. [11.5.1 npencrasinena quHaMuka 3Toro noxkasaTelis
IUI IBYX Pa3JIMYHBIX APEBECHBIX KYJIbTYp. 1-as KpuBas — 3TO KjaccUyecKas KpUBas U3BMEHEHUS
HUPH 3a BereTanMoHHBIA TIEpHOJ, Korjma camoe d(h(EKTHBHOE HAKOIUICHHE BEIISCTB
HaOMIOaeTcsl B CepeArHe JIeTa, B MEPHOJ HauOOJbIIeH WHTEHCHBHOCTH (DOTOCHHTE3a. 3aTeM
UPH cHmxaeTtcs, Tak Kak CHWYKAETCS W TUIOIIAJb JIUCTHEB, HO OoJiee OBICTPO — MHTEHCUBHOCTH
dorocunteza. Ho BoT kpuBas 2 (a OHa XapakTepHa Jisi HEKOTOPBIX BUIOB JIPEBECHBIX KYJIBTYP)
MMEeT MaKCUMYM B MHTEHCUBHOCTH HAKOIUJICHHS K KOHILY JIETa, B Ha4aje OCEHH. DTOT MO3IHUMN
MaKCHMYM CBSI3aH C T€M, YTO K KOHI[y JieTa Y MHOTHMX PAacT€HUN HAYMHAIOT ONajarhb JIUCTbS,
HaOMoaeTcsl yBEJIMYEHHE OTTOKA ACCUMMWISIHTOB B KOpHU. BcneactBue 3Toro pesko
YBEJIMYUBAETCS POCT MOA3EMHBIX YacTell pacTeHUi, Bo3pacTaeT obias Ouomacca npu 3aMETHOM
CHW)KEHUH IIJIoaau JIUCcTheB. Kak ciiencrBue — yBennuenue MPH.

HUPH
1
2
\% VI VIl Vil IX X
MECALIBI
Puc. 111.5.1. /lunamuka wHICKca pe3yibTHpYHOliero Hakorenus (MPH, r/m? HEJIeNI0) B

TEUCHHE BEreTAllMOHHOTO CEe30HA Il MHTEHCHBHO BErEeTHPYIOIIMX pacTeHuil 6e3 ¢as3bl oTToKa
ACCUMHJISIHTOB B KOpHH (1) ¥ B cilydae OCEHHEro OTTOKa aCCUMHJISIHTOB B MOJI3€MHBIC OPraHbI
[PY 3aMETHOM YBEJIMUYCHUHU UX Oromacchl (2).

Jist  Toro 49toOBl OPUEHTHUPOBATHCS B CPABHHUTEIBHOM HCIOJB30BAaHUU  YKa3aHHBIX
rmapamMeTpoB, yMETh TMOJIydaTh WHGOPMAIUIO M3 TPHUBEICHHBIX BEJIMYMH, PACCMOTPHUM OJIHU
puMep, B3ATHIN U3 JecoBojcTBa. B Tadmn. |11.5.2 nmpuBeneHsl ocHOBHBIE MOKa3aTeNn pocta 4-X
JIETHUX JIEPEBHEB B BHUJE 0OIIEl OMOMACCHI, MPUPOCTA M OTHOCUTEIHLHOTO MPHUPOCTA, TIIOMIAIN
JUCTHEB M MApaMETPOB, XapaKTEPU3YIOIIUX HAKOMHUTEIBHBIC MPOIECCHl — «THCTOBOE MAacCCOBOE
OTHOLIEHUE», Ay v, U MPH. Kak BuAHO U3 3TOH TaONMIBI, O JUCTBEHHMIIAX MOXXHO CKa3aTb
cnenytomiee. auctBeHHua CykaueBa pacTeT 3aMETHO MHTEHCUBHEE, Y Hee yke K 4-My Troay
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Ounomacca BbIIe MOYTH B 3 pasza. IIpexne Bcero, - 3a cyeT OOJBIIEH IJIOMIATU JIMCTOBOTO
ammapaTta ¥ 3aMeTHO 0oJiee BBICOKOM ero sddextuBHOCTH. Y Ayda 3aMETHO HUIKE IUIOIIA]b
JUCTHhEB, HO OUoMacca K 4-My roJy ouTH Takasl )K€ BbICOKasl, Kak U y JucTBeHHuUIbl Cykauesa.
DTO pe3ynbTaT 3aMeTHO 0Oojiee BBICOKOW 3((HEKTUBHOCTH PabOTHI HAKOMUTEIHLHOTO armapara
(mourtw B n1Ba pasa Beie MPH w 3ameTHO HIKE A,y ,, 9eM y JucTBeHHUN). [Ipu sToM ciemyer
YUUTBIBaTh, YTO y Ay0a Mepuoj aKKyMYJISIMM BEIIECTB U pocTa (hUuTOMacchl KOpode, YeM Yy
TucTBEeHHUL. [IpuunHbBI yKa3aHHBIX pa3iMuuil — B F€HETUYECKUX OCOOEHHOCTSX PAaCTEHUM, B
O0COOEHHOCTSX UX (PU3UOJIOTUH, KOTOPBIE MBI 3/1ECH HE 00CYXK/1aeM.

Tab6mx. [11.5.2

OcHOBHBIE TIOKA3aTeJIM POCTA PA3BUTHS HEKOTOPBIX 4-JI€THUX JPEBECHBIX KYJIbTYP
HpeBecHbie bunomacca, | ITmomans AoGc. OTH. HUPH, Ayo s
IIOPOJBI M, xr JIUCTBEB, A, | IPUPOCT, | IPUPOCT, r/em®ron | em’/kr

v’ AM, xr | AM IM, %

JluctBennuna | 15 1770 9.5 62 5.37 118
cubupckas
JlucrBennuna | 45.8 3407 28 60 8.22 74.4
CyxkaueBa

y6 43 810 14 50 17.3 18.8

Takum 00pa3zoM, camMbIMU OOLIMMM IOKa3aTeNsIMU poOCTa SBJIAIOTCA OHOMacca, MPUpPOCT,
CKOPOCTb POCTa U OTHOCUTEJIbHAS CKOPOCTh POCTA, KOTOPBIE XapAKTEPU3YIOT PE3YJIbTUP YOI
IIPOLIECC HAKOIUICHWs BeHIECTB B pacreHuM. llokasarenn ¢ ydacTHMeM IUIOHNIAAM JIMCTOBOTO
ammapara, OINpelIeJIIOTCS  Kak OMoMaccod  pacTeHHMH, €€ INPUPOCTOM, a  TaKkKe
(OTOCHUHTETHUYECKONW CYLIHOCTBIO A3THX IPOLIECCOB, - IapaMeTpaMH C Y4acTHEM ILIOLIAan
JIMCTOBOTO alliapara; «JIMCTOBOE MAacCOBOE OTHOLICHUE» (A, ), €y/lelIbHAs TUIOMIA b JINCTHEB
(4y0 ») wm ynempHas Macca JUCTBeB (A,)), a TaKKe CaMblil BaXKHBIH IapaMeTp — HETTO-
AKKyMYJISILUS WM WHIEKC PEe3YNbTUPYIOLIEro HakomuieHus - MPH. VI g OTHOCUTENIBHOU
CKOPOCTH POCTa MOKHO 3aIlUCaTh CIEAYIOUICE COOTHOUICHHE:

DM
(omnocumenvnas ckopocms pocma, m) = (unoexc pesynomupyroweeo naxonaenus, MPH) x

(rucmosoe maccosoe omuowenue, Ay )

WIu
DM | _
(omnocumenvnas ckopocms pocma, M—) = (unoexc pesynomupyroweco naxonaenus, MPH) x

(voenvras nrowaos aucmuves, Ay ,) X (Yoernvhas macca mucmoes, Ayp)

OneHuBasi poCcT W pa3BUTHE, HE CTOUT 3a0biBaTh W Takue mapamerpol, kak KIIJ]
(UTO1IEHO30B U KOIPPHUITUEHT UCTIOTB30BaHUs (POTOCUHTETUYECKU aKTUBHOM paananuu, KU qp.p
(cm. Tmay I1.1). DTi mapamerpbl XOpOIIO OTpakarT 3IPPEeKTUBHOCTH (OTOCHHTE3a U
SKOHOMUYHOCTH JBIXaHUSI CAMHX PACTEHUH, XapakTepU3YIOT 3(PQPEKTHBHOCTh HCIIOIb30BAHMS
pacTEeHUSMH TOBEPXHOCTH 3eMiH. [l03TOMy, MX HCMOJB30BaHUE HAPSAYy C MEPEUYUCICHHBIMHU
BBIIIIE TIO3BOJISIET BCECTOPOHHE OXapaKkTepru30BaTh 3YPEKTUBHOCTH POCTOBBIX MPOIIECCOB.

Bausinue puznyeckux (pakTopoB Ha POCT PACTEHHH

3Hasi, 4YTO POCT — ATO €CTh PA3HOCTh MEXK/Y MPOIlecCOM (POTOCHHTE3A U JIbIXAaHUEM, a TAKXKE
3Has BO3JeHCTBUE (U3NMYECKUX (DAKTOPOB HA COCTABIIAIONIKME MPOIECCa POCTA, MOKHO OBLIIO OBI
NPEANONIOKUTh BIMSHHE TE€X WIM UHBIX (AaKTOPOB Ha MTOTOBBIM POCT PACTEHUH.
JlecTBUTENBHO, BCHOMHHUM, YTO (DOTOCHMHTE3 CIEAYIOUIMM 00pa3oM H3MEHSeTCsl MOJ
JEUCTBUEM
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COJIHEYHOW DHEPrUM — YBEIMYMBACTCS MO JIOrapupMUUecKoMy (MM JIOTUCTUYECKOMY)
3aKOHY, TJIC OCHOBHBIMHU MMapaMeTPaMU SIBJISIFOTCS MpPEACIbHOE HAachilieHUe (CTaOWIBbHBIN
MakCUMyM  (OTOCHHTE3a) W yroj HaKJIOHA KPUBOW Ha HAYaJlbHOM  y4acTKe
(4yBCTBHUTEIILHOCTB) /ISl OOBIYHBIX YCJIOBUM OCBEIICHUS;

TEMIIEPATypPbl, BJIAXHOCTH IMOYBBI — CIIEAYET KyrojooOpa3Hoi (mapabosinuecKoit)
KpMBOM, Ha KOTOpPOHM HWMEETCS ONTUMAJIbHBIM JHANa30H, ONTHMYM BJAXHOCTH H
TeMIIEePaTypHI;

MUHEpaJIbHbIX OnodmibHbIX MakpodnementoB (N,P,K) - Tarwke cnemys OCHOBHOM

OMOJIOTMYECKON KYIOJ000pa3HON KPUBOM.

B wmenoM, 3aKOHOMEpHOCTH aHAJIOTMYHOTO BHJA CBOMCTBEHHbI U IIPOLECCY JbIXaHUS.
Jluama3oHbl ONTUMYMa, Yriibl HAaKIOHA KPHUBBIX, KOHEYHO, OTJIMYHBL. HO 3TH 3akoHOMeEpHOCTU
ocrarorcsd. OcTtaerca U 00IMN NPUHIUI, OJIM3KUN K «3aKOHY MUHUMYMa». B JJaHHBIX YCIIOBHSIX
YPOBeHb pocTra (IPOAYKTUBHOCTH arpoleH03a, ypoxKas) ompeneiseT (GakTop, HaxXoJISIIHHCS
nanpie Bcero OT cBoero ontumyma. (He 3alynem, BmpodeM, W O KOMIICHCHPYHOIIEM
BO3/ICHCTBUU PYruX (pakTOPOB, HAXOSIMXCS HE B JMANa30HE CBOCTO ONTHMYyMa).

[ToaToMy, HepeaKo OTHOCUTENbHYI0 O0O0ECIeYeHHOCTh pPOCTa OCHOBHBIMHM (hakTopamu
OKpY)Kalolllel cpeibl MOXHO IPEACTaBUTh B BUJE psJia PEAIbHBIX JMHAMUYECKUX KPHUBBIX
U3BECTHBIX (PAKTOPOB. A pealibHble peajn3yeMble YCIOBUS JJI POCTa U Pa3BUTHUS — 3TO Oyner
o0nacTh, orpaHuueHHas HauOoJiee yJaJIeHHBIMH OT ONTUMyMa 3HadeHUs MU (pakTopoB. Takoit
MOAXO0JT MBI YK€ MCIIOJIb30BaJIM MPU KOMIUIEKCHON OIIEHKE arpo(pU3M4YecKUX yCIOBUHM, KOT/a B
I10JI€ IMarpaMMbl HAHOCUJIM PEAJIbHBIE YCIOBUS U KPUTHYECKHE 3HaYCHUS (PU3MUECKUX CBOWCTB
— BI@KHOCTh  3aBSJaHMs], TNPEJCIIbHOE CONPOTHUBIIEHWE IE€HETPALlUH, KPUTUYECKOE
BO3JlyXocoJiepkaHue u np. Tak u B cirydae pocTa BO3MOXHO MPEACTaBUTh YCIOBUS MPAKTUYECKU
peanu3yeMbIX yCIOBHM POCTAa PACTEHUM B IEpUOA MX pa3BuTUA. Takol mpuMmep NpUBEIEH HA
puc. 111.5.2. CimonrHpIMU IMHUSIME Ha ATOHM Juarpamme IMpeCTaBlIeHbl HEKOTOPbIE TUHAMHUKH
peanbHbIX ycinoBuil (Ha ocHoBe 1ieHo3a B Caxape, nmo K.T.ne Buty, 1986). 3amrpuxoBanHas Ha
auarpamme 00JacTb — 3TO 30Ha (DaKTHUECKH peau3yeMbIX yClIoBUHM pocrta. Bee 3Hauenws,
HaxXOoJsIIMECs BBIIIE 3aIITPUXOBAHHOM 001acTH M HAXOASIKE 110 KPUBBIMU ONTUMYMOB, — 3TO
yCIIOBUS TOTEHUHUAIbHOrO pocta. Ha 3TOM pucCyHKe HENOCTAaTOK Bjiarud OrpPaHUYMBAET B
HauOOJIbIICH CTEMeHW MaKCHMMAJIbHBIA POCT TOCHe HpopactaHus (B Mae-HIOHE) PacTCHUil, B
KOHIIE UIOHS - B UIOJIE, IIPEXK/JIE BCETO, CKA3bIBAETCS HEJOCTATOK a30Ta, a B aBrycre — pocdopa. B
3TH MEPHOJbl BO3AECUCTBYIOMIME (AKTOPhl HAXOMINCH Jajbllle BCErO OT CBOEr0 ONTHMyMa, U
[IO3TOMY CHJIBHEE BCEr0 OIPENENSUIM CKOPOCTh pocTa. PesdynpTar — 3T0 nMInb HeOoJblIas
3alITpUXOBaHHAs 001acTh peal30BaHHBIX BO3MOKHOCTEH arpopU3NUYEeCKUX U arpOXUMHUYECKUX
(dakTopoB. A NOTEHLMAJIbHbIE BO3MOXKHOCTH - BecbMa BeluKH. [Ipexne Bcero — peanuzanus
YCIOBUN TEeMIEpaTypHbIX M BIAXHOCTHBIX ONTUMYMOB B Hayajie BEreTallMOHHOIO CE30Ha.
VYBenuueHue YyCIOBUNW MHMHEPAIBHOTO MUTaHUS B (a3zy HHTEHCUBHOrOo (OTOCHHTE3a U
(dbopMupoBaHMs T€HEpAaTUBHBIX OpraHoB. llonHas peanuzanus MOTEHLUMAIbHBIX BO3MOMXHOCTEN
cpeabl — O3TO OCHOBHAas 3ajadya Hay4yHOIro arpo(H3MuYecKoro MoAxoJa K YIPaBICHUIO
arpouieHozamMu. OHa OCHOBaHa, IMPEXJE BCEro, Ha 3HAHUU ONTUMYMOB (AKTOPOB B
€CTECTBEHHBIX YCIOBUSAX JUI1 PallOHMPOBAHHBIX KYJIbTYp, W Ha CO3/IaHUU MOTEHUIHUAIBHO
ONTHMAJIBHBIX YCJIOBUH OKPYXKAIOIIEH Cpelbl B KOHTPOJUPYEMBIX YCIOBHsAX ( B TEIUIMIAX,
OpamKepesx u Ip.)
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Puc. 111.5.2. Poct pacreHuii mpu OTHOCHUTEIFHOW 00ECTICUEHHOCTH OCHOBHBIMH (DaKTOpaMu

OKpyxarorei cpensl B nporecce Beretanuu (mo K. T.ne Bury, 1986). 3amtpuxoBanHas 0071acTh
— (aKTHUECKH pealn3yeMble YCIOBHS POCTA, HE 3alITPUXOBAHHAS TOJI JIMHUEH paJraliii — 30Ha
MOTEHIMAIFHOTO POCTA.

OpHako, NpUBEJCHHBIE KPUBbIE U 3aBUCUMOCTU POCTA MOIYYEHBI Ui OTJEIBHOTO PACTEHHUS.
Kak xe oneHuth (hoTocuHTE3 arponeHo3a? Kakue mapameTpsl pacTeHH HAJ0 HCIIOJIB30BATh IS
cymMMapHOTO ()OTOCHHTE3a arporneHo3a? Hawmydmmm mapameTpoMm 3/1ech SIBISIETCS JTMCTOBOU
MHJIEKC — OTHOIIEHUE IUIOUIAIM JTUCTOBOM MOBEPXHOCTU K IMOBEPXHOCTH MOCEBA. 3aBUCUMOCTD
CyMMapHOT0 ()OTOCUHTE3a arpoIeH03a OT €ro JIMCTOBOTO MHJIEKCa IpecTaBieHa Ha puc. 111.5.3.
OAHO3HAYHOCTh M YCTOMYMBBIM BHJ 3TOM 3aBUCUMOCTH YKa3blBa€T Ha TO, YTO JUISl OLEHKU
CYMMapHOTro (POTOCHHTE3a arpol[eH03a MOXKET ObITh MCIOJIB30BaH JINCTOBOM MHJEKC.
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Puc. 111.5.3. 3aBucumocts cymmapHoro ¢orocuntesa (@) arpoieHos3a OT ero JMCTOBOM
nosepxuoctu (MJII1). To O.J1.Cupotenko, 1981.

['oBopst 0 TemmepaTypHBIX ONTHUMyMax pOCTa M Pa3BUTHUSA, CIEIYET OTMETUTh, YTO 3TH
3aBUCUMOCTU MOTYT HMETh HEKOTOpble creuu(puyeckue OCOOEHHOCTH B CpPaBHEHUH C
TPaJMLIMOHHBIMU, MPUBEAECHHBIMH JJIsl MPOLECCOB (OTOCHUHTE3a U JAbIXaHUA. [leHCTBUTENbHO,
MPaKTUYECKU KakI0oMy (EpPMEHTY, Y4acTBYIOLUIEMY B TOM WM HWHOM Ipoliecce, CBOMCTBEHHA
CBOSI TeMmIlepaTypHas KpuBas, cBoil Qip, CBOM ONTUMYM BO3JCHCTBHUA. BIIONHE MOHATHO, YTO
POCTOBBIE IPOIIECCHI B OHTOTE€HE3€ MOTYT OTJIMYAThCS, €CJIM BHELIHHE YCIOBUS M3MEHSIOTCS.
Hanpumep, xapakTepHble pOCTOBBIE KPHUBBIE MOTYT HUMETh Pa3JIMYHBIA BUJ MPU PA3IUYHOM
COUETAaHUM CBETOBBIX YCIOBUH, «THEBHBIX» U «HOUHBIX» IpoueccoB. Hanpumep, Ha puc. |11.5.4
MIPUBECHBI TEMIIEpATypHble KPUBbIE CUHTE3a Kpaxmalia B KIyOHsAX kapTodeins copta Jlopx npu
W3MEHEHUH TEMIIEPaTyphl B THEBHBIX U HOYHBIX YCIOBHUSIX.
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Puc. 111.5.4. «/IHeBHbBIE» U «HOYHBIE» TEMIIEPATYPHBIE KPUBbIE CUHTE3a Kpaxmalia B KIIyOHSIX
kaproders (o b.A.Pyouny, 1959).

VYnausuteneHn ¢axT, NpeACTaBICHHBIM Ha 3TOM pucyHKe. Eciu pacTeHus BbIpaluBaroTCs
NPEUMYIIECTBEHHO B OTCYTCTBUHU cBeTa (HOYBIO), TO HEOOXOIMMBI 0OJiee HU3KUE TEMIIEPATYPhI
JUIe JOCTHKEHUS MaKCUMaJIbHOTO HAKOIUIEHUS KpaxMmaia B KIYOHSX. A eclii JOMUHUPYIOT
XOPOIIIME CBETOBBIC YCIOBHsI (POCT JHEM), TO, HAIIPOTHUB, TEMIIEpaTypa BO3JyXa JOJDKHA OBITh
noBeiie. b.A.PyOuH oOBSICHSI 3TM Ha MEpBBbIM B3IJIA] MapajoKcalbHble (QakThl TEM, 4YTO
MPOLIECChl B JIUCThSIX JTHEM M HOYbIO BECbMa CHEHU(HUYHBI, B HUX YYaCTBYIOT TIpPYIIIbI
MHOTOYMCIIEHHBIX (DEPMEHTOB, UMEIOLIUE CBOM PUTM «palboTh». [103TOMY, Tak U CIOXKUIOCH B
XOJI€ HBOJIIOIMM, YTO B «IHEBHBIX» YCIIOBUSAX, C MX IOBBIIIEHHBIMU TEMIIEpaTypaMu, 3TU
(epMEeHTHbIE PACTEHUsI «IIPUCIOCOOMIIMCH» K BBICOKMM TEMIIEpaTrypaMm, OHHU JJs HUX OoJjiee
3¢ deKTUBHBI. A BOT «HOYHBIE» IPOLECCHl, MPOTEKAIOIINe, KaK MPaBWIO, NMPH MOHMKEHHBIX
TeMIlepaTrypax, UMEIOT MaKCUMYM B o0OjacTu 0ojiee HU3KUX TeMIepaTyp. DTO YKa3bIBAaeT, YTO
Ka)KJJ0€ pacTeHue UMEET CBOH crenuuyecKuil put™M (U3NOJIOTUYECKUX MPOLECCOB, 3TOT PUTM
SIBJISETCS IOCTATOYHO YCTOWYMBBIM IMPU3HAKOM, CIIOKHMBIIUMCS B IPOLIECCE IBOJIOLUHN JAHHOTO
BU/JIa, B Mpoliecce (usoreHesa.

Kakoe 3T0 mMeeT mpakTHuecKkoe arpou3MUecKoe 3HAa4eHHE? A 3TO 3HAYUT, YTO CIIEIYET
3HATh U YYUTHIBATh MPUCIIOCOOICHHOCTh JAHHOTO BUJIA K OINPEIEICHHOMY COYETaHHUIO BHEIIHUX
YCIIOBUH, IPUYEM HE TOJILKO JJIsl BCETO PacTeHHUs, HO U JJIs OTJENIbHBIX ero yacteil. Tem Gonee
Ba)KHO, JUIS €T0 HaJ3€MHOM U IIOJ3€MHOM JacTeil.

CooTHoleHHe KOPHEBOI U HA/I3eMHOII OMOMAaCChI

Korga paccmarpuBaiOT B3aMMOCBSI3b MEXKIY POCTOM OTHENBHBIX YacTeil pacTeHHH,
TOBOPST O KOPPENSATHBHOM pocTe. Koppensimugnviii pocm — B3aUMO3aBUCHMOCTh pPOCTa
pa3HbIX OpraHoB pacteHuil. Haumboinee BaKHBIM B KOPPEISTHBHOM pOCTE SIBIISICTCS
COOTHOIIICHHUE JIBYX IJIABHBIX OPraHOB IMUTAHUS PACTCHUMN: KOpHEH (MHHEpabHOE U BOJHOC
NUTaHUE) M JUCTheB (Bo3aymiHoe muTanue u (orocunre3). He crmemyer 3a0biBaTh, 4TO B
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OCHOBE MEXaHHM3MOB KOPPEIATHUBHOTO POCTa JIeKAT (UTOTOPMOHAIBHBIE B3aUMOICHCTBUA.
Msb1 ke B paMKax H3y4eHHs] arpoQu3MKd OCTAaHOBHMCS Ha OOMIMX 3aKOHOMEPHOCTSX
(dhopMupoBaHHUS TMOTOKOB BEIIECTB M (DYHKIIMOHAIBHBIX 3aBUCHMOCTSAX ITHX IMOTOKOB OT
BHEIIHHUX (PU3UIECKUX (PaKTOPOB.

Onpeodenenue

3aKOH KOpPPEJSITUBHOIO POCTA. KaXIblii opraH (4acTh) pacTEHHS COOTBETCTBYET
(koppenupyer) APyruM opraHam Mo CTPOCHUIO, GYHKIIUSAM, POCTY M Pa3BUTHIO.

3aKOH KOPPENSTUBHOIO POCTA MO3BOJSET MO COOTHOLICHHIO OPraHOB PECTaBPHUPOBATH
YCIIOBHS POCTa U Pa3BUTHSI PACTECHUM.

W3 Bcex mpenplIyliuX pacCMOTPEHUN, HaM YKe€ H3BECTeH OOMMH NpUHIUI
B3aUMO(DYHKIIMOHUPOBAHUS HA/36MHOM U TOJ3EMHOI yacTel pacTeHUI: KOPHU CHa0XaroT
HaJ3€MHYI0 OMoMaccy NHUTAaTeIbHBIMU BEUIECTBAMH U MPEXKIE BCEro, MHUHEPATbHBIMU
BELIECTBAMU, a HaJJ3EMHbIE OPTaHbl «00CTYKUBAIOT» KOPHU aCCUMUIISTHTAMU, HEOOX0IUMBIM
g pocta KopHed. I[loaToMy MOXKHO paccMaTpuBaThb KOPHM — Kak TeTepoTpo¢HBIE
o0pa3oBaHusl, HUCHOJb3YIOIIKUE JUIsI CBOEro (DYHKIMOHMPOBAHUS TOTOBBIE OPraHUYECKHE
MPOJYKThI, KOTOPHIMU KOpPHU CHa0XXalOT JHCThbS. A BOT JIMCTOBOM ammapar — MpUMEp
aBTOTPO(HOIO TUIA MUTAHUS, UCIOJB3YIOIIET0 MUHEpaIbHbIE BELIEeCTBA U (hopMUpYOLIU
U3 HUX YriaeBoibl, Oenku u np (potocuHTe3). B COOTBETCTBHE C 3TUM MPUHIUIIOM OyneT
CKJIQ/ILIBATBCSI M COOTHOILICHHE MoOer/kopeHb. B TedeHHe BEreTalMoOHHOrO MepUoIa
COOTHOIIEHHE aOCOJIIOTHBIX CKOPOCTEH pocra 1O0EroB M KOPHEH CXeMaTH4YeCKH
npencrasieHo Ha puc. |11.5.5 . B Hauane BererannoHHoro nepuoja 0osiee ObICTPO pacTyT
KOPHH, OCBauBasi IOUYBEHHOE IMPOCTPAHCTBO, B 3TOT MOMEHT IJIaBHOE JJIsl paCTE€HUS — 10OBITH
0oJbIIe MUTATENbHBIX BelecTB. Ho uepe3 HekoTopoe Bpemsi, OYTH B TOT CaMblii MOMEHT,
Korja abCcoJIIoTHask CKOPOCTh POCTa JIOCTUraeT MaKCUMYyMa, T.€. IOCTUTIaeTCsd MaKCUMYM U B
MOCTYIUIEHUH B MOOET MUTATENbHbIX 3JIEMEHTOB, HAUMHAET UHTEHCUBHO pacTu noder. KopHu
K€ CHIDKAIOT CKOPOCTh pocTra. Jlins 3€epHOBBIX 3TOT MOMEHT IIPUXOJIUTCA Ha CTaauu
KOJIOIICHUSA-IBeTeHUsT (1 1eHTpanbHOW wacth Poccum — 310 wronb Mecsn). [lanee
CKOpPOCTb pocTa no0era yBEIMYMBAETCS, JOCTUras MakKCUMyMa, a 3aTeM, YK€ B CHIYy
IIPOLIECCOB OHTOr€HE3a, (POPMUPOBAHUS HOBBIX OPraHOB, CKOPOCTh POCTA OOEra CHUKAETCH.
3akauuBaeTCs BEreTallMOHHBIN LIUKII Pa3BUTHUS PACTEHUH.
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Puc. 111.5.5. lunamuka abCOTFOTHON CKOPOCTH POCTA (E) Ha3eMHOH (1) u

no;3eMHoi (2) duomacc.

OHHaKO, AaJICKO HE BCCraa BCC IMPOUCXOAUT IO YKa3aHHBIM KPUBBIM. Boinrpmoe BiansHIE
OKa3bIBAKOT MHOT'OYUCJICHHBIC (baKTOpBI CpCabl. HOBTOMy AJId OLCHKHU IPOUCXOAAIINX B
pPAacCTeHHH MPOILIECCOB M HCIIOJB3YETCSl COOTHOMIEHUE mober/kopeHb. Uem TeopeTHdecKku
oTpenensercs 3To cooTHomenne? Kakos npuHInm?

HW3BecTHbI 3 rUNOTE3bI, 00BSICHSIONIME (OPMUPOBAHUE COOTHOIICHUS MOOeT/KOpeHb. ITH
TUIIOTE3BbI CIEAYIOIHUE.

1. T'unore3a KOHKYpEHLHHU: POCT KOPHEW OTrpaHUYMBAETCS MPOAYKTaMH (OTOCHUHTE3a, a
JUCThEB — MUTATEIbHBIMU BELIECTBAMHM M3 KOpPHEWU. DTa rUIOTE3a €CTECTBEHHOE IMPOJIOJIKEHUE
TOro OOIero MnpuHUUOA <«pa3feneHus QYHKUUNA», pa3IMyHOro THIA NUTaHUS KOpHEH
(rerepotpodHOro) M JHcTheB (ABTOTPO(HOr0), O KOTOPOM TOBOPWIOCH Bbie. OIHUM U3
JI0Ka3aTeJIbCTB 3TOM FMIOTE3bI U CIYXKUT yKa3aHHbIe Ha puc |11.5.5. 3akoHOMepHOCTH: CHIKEHNE
pocTa KOpHEH OT BEreTaTUBHOM K PpENpoayKTHUBHOM (aze. 3HA4YUT, €cClM YBEIMYMBAETCS
COOTHOIIICHUE TMOOCT/KOpeHb, TO KOPHM B JIOCTATKE CHAOXKAIOT JIMCThS IUTATEIbHBIMU
BEIIECTBAMH, B JIMCThSIX MHTCHCHMBHO HAYT Tpolecchl (OTOCHMHTE3a, HO Bce oOpasyromiue
ACCUMMJISIHTBI pacXOJyIOTCSl «Ha MecTe», B moOere. PacreHne akTHBHO HakKaruiMBaeT HaJ3EMHYIO
O6uomaccy, akTUBHO (yHKLIHOHUpPYET. Eciu ke 3T0 COOTHOIIEHHE YMEHBILIAETCsI, 3TO 03HAYAET,
yTOo noOery He XBaTaeT MUTATElIbHBIX BEIIECTB, (YHKIMOHHPOBAHHE (DOTOCHHTETHUYECKOTO
anmnapara 3aTpyIHEHO, U YaCThb aCCUMUJISTHTOB HE HCIIOJIb3YETCSI HA MECTE, a OTTEKAeT B KOPHHU.
OHHM HaUMHAIOT UHTEHCHUBHO Pa3BUBAThCS, OCBAaMBAaTh HOBbIE YUACTKH MOYBBI Ui MOTpeOIeHUs
OOJIBIIIEro KOJIMYECTBA MUTATEIbHBIX BEHIECTB, BObI. COOTHOIIEHHE TOOST/KOPEHb CHIKACTCS.
[loaToMy  Hepeako  HUCHOJB3YIOT  YKa3aHHOE  COOTHOILIEHHWE  KaK  XapaKTEePUCTUKY
(YHKIIMOHUPOBAHUS PACTEHUH, YCIOBUM €ro MPOU3PACTaHUS: YEM HUKE 3TO COOTHOIICHUE, TEM
Xy’ke 00ecCrieueHHOCTh PaCTeHUI MUTATEIbHBIMU BELIECTBAMH U BOJOW U3 MTOYBHI.

2. Tumore3a w30BITKA YIJIEBOJOB. POCT KOPHEH 3aBHUCHUT, TMPEXKIEC BCEro, OT H30BITKA
YII€pOJ0B, KOTOpPblE HE MOTYT OBITh HCIOJB30BaHbl JIMCTBAMU. T.€e. KOPHM HaXOAATCA Ha
«OCTaTOYHOM>» CHAO0XEHHH, a OCHOBHOE 3HaueHHWE B (YHKIMOHUPOBAHUHU PACTEHUIl BCE XK€
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MPUHAUIKUT HAJ3€MHON OHomacce. JTO TUIIOTe3a MOATBEpXKIaeTcsl (aKTOM YCUIIEHHUS pOCTa
KOpHei mpu nedunute azora. J(edCcTBUTENBHO, €CIM U3 KOPHEH MOCTynaeT Majo a3oTa, TO Mpu
HOPMaJbHO (YHKIHMOHHpPYIOIEM (OTOCHUHTETUUECKOM ammapare OoJIBIIOr0  KOJMYECTBa
YIJI€BOJOB He oOpa3yercsi, HET HX HU30bITKA, HE BO3MOXKEH PpOCT KOpHEH. YMeHblIaercs
COOTHOIIICHUE T00er/KOpeHb. PacTeHNIO HAI0 COKPATUTh PacXObl YIIICBOJIOB JUIs 00pa30BaHHUsI
UX «OCTaTKOB», KOTOPbIE U OyIyT UCIIOJIb30BAaThCSI KOPHSAMU JIJIsl pOCTa.

3. T'mmoTes3a pa3mMepa eMKOCTH: POCT KOPHEH 3aBUCUT OT pa3Mepa eMKOCTH, HCIIOJIb3YIOMIeH
YIJIEBOJIBI. DTO O3HAYAET, YTO €CIU <JIMCTOBAas €MKOCTH» BBICOKA, TO KOPHHM HE OyIyT UMETh
BO3MOYHOCTH PACTH, BCE YIJIIEBOAbI OYAYT YXOJUTh B 3TY «IUCTOBYIO EMKOCTb», OTKJIaIbIBATHCS
B BHUJIC 3aI1aCOB U CTPYKTYpHOU Onomacchl. CTOUT 3TOM 3amacHON €MKOCTH B CHITy HEKOTOPBIX
MIPUYMH YMEHBIIUTCS, HAUMHAIOT PaCTU KOPHU, UM JJOCTAIOTCS YIJIEBOJIbI ISl pOCTa U Pa3BUTHSL.

Kak BumHO, Bce 3TH 3 TUNOTE3bI B3aUMHO JOTOJIHAIOT ApYr Apyra. OCHOBHAs, KOHEYHO,
nepBasg, a 2-1 W 31 oOpamalT BHUMAaHHE Ha TO, YTO PETrYJIMPOBAHHUE COOTHOIICHHE

mo0er/KOpeHb OCYIIECTBIISIETCsT Oyarofapsi, Mpexkae BCEro, yriieBoiaM, 00pasyroIiuMcs B

KayecTBE aCCUMWISHTOB B JIMCTOBOM yacTH. Ecnu ux dopmupyercs MHOro, UMEETCs UX

M30BITOK, TO OHH MOCTYNAIOT B KOPHU; KOPHU pacTyT. M1 KOpHU TOKE MOTYT BKIIOUUTHCS B

peryivpoBaHue Ipoliecca pocTa. YMEHbIICHHE NOCTYIUIEHUS! MUTATEIbHBIX 3JIEMEHTOB OT

HUX MpHUBEAET K CHIDKEHHMIO OOpa30BaHUSl 3allacOB U CTPYKTYPHOM OHOMAacChl, OTTOKY

n30bITKA YTJIEBOJOB B KOPHH, K UX POCTY.

Kak u Bce rumoressl ¥ TEOpHUM, yKa3aHHas TOKe JOJDKHA oOnanaTh MpeacKa3aTesIbHON
CWJIOM, TO €CTh IPEICKA3bIBATh NOBEACHUE PACTEHUM B CIIydae T€X WM MHBIX BO3ICHCTBUM.
Hanpumep, 4to 6yaeT NpoucxoauTh, €CJIM Mbl HCKYCCTBEHHO MOAPEXEM KOPHU. ITO MOKHO
cienarb, NMPOTACKUBAs NApauIeIbHO IOBEPXHOCTH Ha OIPEICIIEHHON TIiyOMHE TOHKYIO
IIPOYHYIO NPOBOJIOKY, KOTOPasi BHYTPH MOYBbI OTCEUET YacTh KopHel. Eciu npu 3ToM nmousa
IJI0JIOPO/IHAsA, MUTATEIbHBIX BEIIECTB B JOCTATKe, JUCTOBOM YacTH PACTEHHMM JOCTATOYHO
MUTATEJIbHBIX BEUIECTB K OT OCTaBIIMXCA KOpHEH, TO TmoJape3ka KOpHel Oyxaer
CTUMYJIMPOBaTh HMHTEHCUBHOE HAKOIUIEHUE YIJIEBOJOB B pACTEHUH, YBEIMUYEHUE €ro
CTPYKTYpHOU Ouomaccsl U 3amacoB. Ilo-Buaumomy, eciu 3TO chenarh Ha CTaAuM Hayaia
pocra mobera, Korga yxe chopmupoBaiach noasemuas ouomacca (cm. puc. I11.5.5), sto
MpUBEAET K CTUMYJISIIIMK pocTa nobera. U, Hanpotus, Ha OeHBIX, HEYJJOOPEHHBIX I10YBAX, B
MepHOJIbl BOAHOTO AePUIINTA, TOTAA, KOTJa pa3BUTHE HAJA3€MHOM OMOMacchl JIMMUTHPYETCS
KOJIMYECTBOM IOCTYMAIOIIMXCS KX KOpPHEM BellecTB, IOpe3ka KOpPHEW NpuBeNeT K
CTPEMUTEIBHOMY CHUKEHHUIO POCTa HAJ[3EMHOI OMOMAacCHhI.

OTMeTHM TakXe, YTO 3aTEHCHHE CHMXKAET OTHOIICHHWE MO0er/KopeHb, OIHAKO B
3HAYUTEIHHO MEHBIICH CTENeHH, YeM 3acyXa MM HeIOCTAaTOK IMHUTATENbHBIX 1eMeHTOB. U
3TO BIOJIHE MOHATHO: HEJOCTATOK CBETA MPHUBOJHUT K CHUIKCHUIO MPOM3BOJICTBA MPOTYKTOB
¢doTocuHTE3a, OHU BCE B MEHBIICH CTEIIEHH OTTEKAIOT B KOPEHbB, PE3KO COKPAIAETCS OTTOK
uX BHH3. B 1aHHOM cilyyae KOpHM CHA0KalOTCS TI0 OCTaTOYHOMY IPUHITUIY. A BOT B CiTydae
HE/IOCTAaTKa MUTATEIbHBIX JIEMEHTOB MM BOJBI KOPHH, KOTOPBIC JOCTABIISIFOTCS KOPHSIMH,
OCTaTOYHBII TPHHIUI Ui KOPHEW HEBBITOJICH; HA/J0 BCE K€, YTOOBI KOPHU POCIH, T.C.
«UCKaIW» BOAY W THTaTeNbHBbIE BemlecTBa. KOHEYHO, TaKoe «aHPOIOIIEHTPUCTCKOE
0O0BSICHEHHE HE CIUIIKOM CTPOTO, HO MO3BOJISIET YCBOUTH NMPHHIUIIBI PETYIUPOBAaHUS pOCTa
10OEroB 1 KOPHEH.

Bce ykazaHHble SKcliepUMEHTaNIbHBIE (PaKThl HEOJHOKPATHO OTMEYAIIUCh, YTO YOEKJaeT
B INPAaBWIBHOCTH [PHUBEICHHBIX THIOTE3, OCHOBHOE IIOJIOXKEHHUE KOTOPBIX MOXHO
chopMynupOBaTh KaK ONpeeICHHE:

‘ Onpeodenenue
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[Ipoueccsl pocTta HaI3eMHOW M MOJ3EMHOM 4YacTE€d PACTEHUH B3aWMMO3aBHUCUMBbI
(koppeJsiITUBHBII POCT). POCT KOPHEH 3aBHCHUT OT KOJIHMYECTBA MPOAYKTOB (POTOCHHTE3A
(mpexme Bcero, yriieBOJOB), MOCTYMAKOIIMX M3 JIMCTHEB, a POCT HAI3EMHON YacTu
OnpeACIICTCA IMOTOKOM IMUTATCIBHBIX BEIICCTB, BJIard, IM[MOCTYIIAIOMIUX U3 KOpHGI\/II.
CooTtHorieHre mooer/KopeHb yKa3blBaeT Ha YCIIOBHUS MPOM3PACTAHHS PACTCHHUII: YeM BBIIIE
3TO OTHOIIICHUCEC, TEM 6JIaFOHpI/I$ITH€€ IIOYBCHHBIC YCII0BHA Inpu OIITUMAJIBHBIX
MHUKPOKIMMATOJIOTHYCCKUX YCIIOBHAX.

Ecnu paccmarpuBath pacnpesneneHue (GopMUpYIOUIMXCS B pe3ynbTrare (OTOCHHTE3a
pe3epBOB B BHJE, MPEXKIE BCEro YrieBOJOB, TO, KaKk Mbl 3HAeM, YacTh MX PACXOJyeTcsl Ha
IbIXaHUE TOJIepXaHusd U JpixaHue. OCHOBHAs YacTh YIJIEBOJOB (DOPMHUpPYET CTPYKTYPHYIO
ouomaccy (kierdyarky). Drta CTPYKTypHass OHOMacca HEOJMHAKOBO PACIPEACISIETCS MEKIY
HAJ3€MHOM U MOJI3eMHOM 6roMaccoil pacTeHuil. CxeMaTUyecKu B KOJIMYECTBEHHOM BBIPAKEHUU
BCE 3TH MPOIIECCH MOYKHO MPEICTaBUTh Ha cieaytoineit cxeme (puc. 111.5.6):

7=

PEBEPBFI
yrmeBoxsi)

400 Kr/ ra*cyr

6 KI/ K™ CYT

IBIXAHHE
TONOEPXAHNS

120 KI/ K™ CYT
JBIXAHUE

CTPYKTYPHASA
BHOMACCA

82 KI/ r'A*CYyT

192 kI CA* CYT POCT IOLBEMHON
POCT HAIBEMHOM BWOAMCCEHI
BUOAMCCEH!

Puc.l11.5.6. Cxema pacripenencHus mpoayKToB (POTOCUHTE3a HA MPOIECCHI JBIXaHUS H
CO3/[aHHUE CTPYKTYpPHOIl OMOMAacChl.

Kak BUHO U3 NpHUBEAEHHON CXEMbl, OCHOBHAs 4acTh (DOPMUPYIOIIUXCS PE3EPBOB TPATUTCA
Ha JIBIXaHUe, KOTOPOe CBsA3aHO ¢ pocToM (Ha cxeme «Jlpixanue»). M «CtpykrypHas Ouomacca» B
ONTHUMAJIBHBIX YCIOBUSX BHELIHEH cpe/ibl HEOJMHAKOBO PACXOAYeTCsl Ha POCT HAA3EMHOU U
noa3eMHol 6uomacc. «Poct noazeMHoi 6MoMacchl» GOpMUPYET JUIIb MPUMEPHO TPETHIO MU
Ja’ke MeHbIIYyI0 yacTh «CTpyKTypHOH O6uoMacce». Ho 3To cooTHOIIEHHE, KaK Mbl YK€ 3HaeM,
MOYKET 3aMETHO M3MEHSTBCS B 3aBUCHMOCTH OT ()aKTOpOB BHeEIIHEH cpeabl (00ecreueHHOCTH
BJIArOM, TEIJIOM H TIp.).

Biusinue Ha POCT KOPHel BHEIIHUX YCJIOBHH
(u3MYECKUX CBOWCTB MOYBHI,
TEMIIEPATypPhl
cBeTa
JABJICHUS [TOYBEHHOM BJIATH, AP
yaoOpeHui
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pH 1 Toxcrueckux 3y1eMeHTOB
HezgocraTka nona Ca.

Ilepen paccMoTpeHuEM YKa3aHHOIO psja BIMAOIUX (AKTOPOB, KOHEUHO, CIIEIyeT
HallOMHHTbh, 4YTO PA3JIMYHbIC BUJbBl PACTEHUN HEPEAKO JOBOJBHO CHJIBHO PA3JIMYAKOTCS IO
peakuuu Ha TO WJIM MHOE Bo3jaelcTBue. Tem Ooisiee 4TO celeKUusi NPUBOJIUT K YCTOMYHBBIM
BUJIaM, B 3aBUCHUMOCTHU OT TOKCHMYHOCTH BIHUSAIOUIMX (DaKTOPOB. 37€Ch YKa3bIBAIOTCS 0O0IIHE
MOMEHTHI TaKUX BO3JECHCTBHUM HA POCT U pa3BUTHE KOPHEN paCTEHUM.

Brnusaue ¢puzndeckux CBOWCTB MOYBbI

B atom oTHOIIeHHH MTOKa3aTenbHbI OnbITH [leTepcona u bapoepa (ur. mo bap6epy, 1988).
B ux ombiTax cpaBHUBAJICS POCT KOPHEH COHM, KOTOpPas BbIPALIMBAIACh B MECKE U MUTATEIHLHOM
BOJIHOM pacTBOpe. EcTeCTBEHHO, B IECKE UPKYINPOBAI paCTBOP TOTo ke cocTaBa. [loaTomy Ha
pocT KopHeH, Ha UX (PU3HOJOTHI0 OKas3bIBaj BIMsSHHE JULIb necok. [Ipexxne Bcero, 3a cyer
KECTKOW HEIUIACTHYHOM YKJIAJIKH, KOTOpas TPyIHOIpPOHMIIaeMma Uil KOpHel. B pesynbraTe
OTbITa 0KAa3aJOCh, YTO, HECMOTPS Ha TO, YTO OOIIas JUIMHA KOpPHEW B BapHaHTax OIbITa Oblia
ONMu3KOM, HO KOPHM COM B TE€CKe HMeNIu OOJIbIIMI JauaMeTp, 4YeM KOPHHU pacTeHUH,
BEIpAIlIMBaeMBIX B pacTBope. B mecke mmamerp kopHed coctaBui B cpexanem 0.49 mwm, a B
pactBope — 0.34 mm. [lpuuem yBenuueHWe AWaMeTpa KOHEH B IECKE MPOUCXOAWIO 3a
pa3pacTaHue KJIETOK KOpPbl KOpHs, WX YTOJIIEHMS, OHU YBEIMYHMBAINCh B JUAMETPE, HO
CTAaHOBMJIMCh Kopode. Bce 3T0 ykas3slBaJlo Ha TO, YTO B IIPOLIECCE POCTa KOPHU B IECKE
UCHBITBHIBAIOT COMPOTHUBIIEHHWE. OTO HMEHHO TO CONPOTHUBIIEHHE, KOTOPOE KOJIMYECTBEHHO
yIaeTCcsl M3MEPSITh B BUJIE cOMpoTuBIicHus nenerpanuu (cMm. ['nasy I.1). [Ipuyem ckopocTs pocta
SKCHOHEHIMAJIbHO YObIBala MpPH YBEIMYEHUU COMPOTHUBIICHUS NEHETpaluu. ITO YyIaloCh
[0Ka3aTh B OPUTMHAJBHBIX OINbBITAX, KOIJId PAaCTEHUs BBIPALIMBAIM B COCY/AAX, 3allOJIHEHHBIX
MaJeHbKUMHU CTEKISHHBIMU IIapukamMu. Ha NOBEpXHOCTHBIE CJOM CTEKJISHHBIX IIapUKOB
MIPOU3BOJMIIM JABJIEHUE, KOTOPOE IEPENABAIOCHh HA BECh JKECTKUM KapKac M3 CTEKJISHHBIX
LIApPUKOB B COCYZI€. DTO BHEIIHEE JaBJIeHUE ObLJIO aHAJIOTUYHO CONPOTHUBIIEHUIO NIeHeTpauuu. B
KOHTpOJIC BHEIIHEro JaBJICHHS HE OKa3blBalik, a B ombiTe ero m3MmeHsid or O mo 1 atwm.
Oxazayocsk, 94To yBelIHYeHHEe BHEIIHETo AaBiieHus Ha 0.5 aTM cHIKaeT CKopoCcTh pocTa KOpHEH B
4 () paza, a npuOIMKEHUE BHEIIHETO AaBiICHUS K 1 aTM HPUBOAMI MPAKTHYECKH K MOJTHOMY
MPEKPAIIECHUI0 POCTAa KOPHEH, - HO B MECUYaHONW TOMOTEHHOM, HEIUIACTUYHOW U MpU OJU3KON K
HACBIIIEHHOCTH PaCTBOPOM CpeeE.

CTaHOBHUTCSI COBEpUICHHO OYEBHUJHBIM, YTO CONPOTHBJICHHE IIEHETPALUU SIBJIAETCS
OCHOBHBIM NOYBEHHBIM (PAKTOPOM, OIpPENEISIOIIUM CKOPOCTh pocTa KopHel. OTMETUM TaKke,
YTO C YMEHbBIIEHHEM BIQXKHOCTH CONPOTHBJICHHE NEHETPAlMH, KaK MpPaBUJIO, B OOJBIIUHCTBE
moyB yBenuuuBaercs. CieqoBaTebHO, U UCCYIIICHUE BO3JIEHCTBYET Ha POCT KOPHEH HE TOJIBKO,
KAK CHIJKCHHME TYpPrOPECLEHTHOCTH KJIETOK, HO M 3a CYET YBEJIHMYEHHs CONPOTUBIICHUS
MIEHETPallUU CPelbl, B KOTOPOH pacTeT KOpeHb. DTH COBMECTHBIE (DaKTOPBI HCCIENOBAIA B
CIIELIMAJIBHBIX OMbBITaX C TOMOT€HHOW MPOCEIHHOM MOYBOM. B 3THX ombITax ¢ pacTEHUSIMU OBCA
TaKkKe uccieaoBaiu 3PQPeKT yBeIMUeHUs CONPOTUBIIECHUS IEHETpalu Ha pocT KopHeu. Poct
KOpHEH TPaKTUYECKH MOJHOCTHIO MPEKPAIaICs MPU COMPOTUBIICHUU TICHETPAlMU OKoJIo 6-8
aTM. OTa BeJIMYMHA JABJICHUS COOTBETCTBYIOT JABJIEHHUIO, Pa3BHUBAEMOMY B KOPTUKAJIBHBIX
KJeTkax kopHs. [loaromy, 1is Toro, yToObl KOPHU MPOHUKAIU B IIOYBY UM HEOOXOAUMO Pa3BUTh
NaBieHWe OoJiplliee, 4YeM JaBJieHHWE, OKa3blBa€MO€ B BHUJE COINPOTUBJICHHS IOYBBI
MIPOHUKHOBEHHUIO. JIUib B 3TOM cityyae Bo3MoOxeH pocT kopHeil. U puc. |11.5.7 noarsepxaaer
3TO TMOJIOKEHHE. Pe3koe CHIDKeHuEe JIuHbl KOpHEW HaOmofaercs NpH  BeJIWYHHAX
COTIPOTHUBJICHUS TIEHETPAIIUH OKOJIO 3 aTM.
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250

200 1

150 1

MM

JJIMHHA KOPHEH,

100

50

CONPOTHUBJIEHNE IEHETPALNY, ATM

Puc. 111.5.7. Bnusinue conpoTusienus neHerpaiuu (P, atm) Ha JyiuHY KOpHE# oBca (MM).
[To nanubM bapreii, Barley, 1962 (uut. no Pearson, 1981)

Kaxercss mapamokcaqpHBIM, YTO OOIIENPUHSATON BEIMYMHOW COTPOTHBICHHS TEHETPALUU
nouBbl sBisiercst 3HaueHue 3 MIla (uto cocraBmsier okono 30 atm, - cm. [naBy 1.1). To ecthb
[IOYTH Ha MOPAAOK BBIIIE, Y€M IOJIydaeTCs B CIEHHAIBHBIX dKciepuMenTax bapieit (1962). He
ciemyer 3a0bIBaTh, YTO peajbHAs IOYBA — ITO arperupoBaHHAs CHUCTEMa, CO MHOKECTBOM
ME)KarperaTHeIX TpEIIMH, 00Jiee PBIXIIBIX MEKarperaTHbIX 30H, 4epe3 KOTOpOe KOPHH MOTYT
pa3BuBaThcsi Oosee cBoOoaHo. Ilostomy nanuble bapreil, mojgydyeHHblE Ha T'OMOI'€HHBIX
MTOYBEHHBIX CMECSX, MaJ0 OTPa)kaeT KOJIMYECTBEHHO MPUPOIHYIO TIOYBCHHYIO CHTYAIIHIO, KOT/Aa
pOCT KOpHEH NpaKkTU4YecKH mpekpamaercs ywmmb npu 30 atM, a JOCTHTaeT ITOJIOBHHEI
HOpPMaJbHBIX 3HaueHud — mpu 15 arm. T.e. 3aBUCUMOCTb NPOHUKHOBEHHS KOpPHEH OT
COIIPOTHUBJICHUS] PEATHOW MOYBBI ONM3Ka K JHHEHHOW. OMHAKO, MOXKET 3aMETHO M3MEHSTHCS
IUTSL Pa3NIUYHBIX TI0 CBOMM CTPYKTYpPHO-arperaTHbIM ITOKa3aTelsiM TI0YB.

Temmneparypa 1o4Bsl

Bnusinue TemmnepaTyphl MMOYBBI TOKE HM3Y4aJd B CHEIUAIbHBIX ONBITAaX, KOIJAa HaJ3eMHas
9aCTh PACTCHMIT MOCTOSHHO HAXOMach IpH 25°. A BOT CaMH BEreTalMOHHBIE COCY/IBI C IIOYBOI
U TOJI3€MHOM 4YacThI0 PACTEHUH HAXOJWJIMCh B PA3JIMYHBIX TEMIIEPATYPHBIX YCIOBMSX: AJIS
pa3IMYHBIX BapHAHTOB OTBITa TEMIIEpaTypa MOJ3eMHON YacTH BapbHpoBaia OoT 12 1o 35°. B
pe3ysibTaTte OIbiTa OKA3aJioCh, YTO MAaKCHMYM OTHOIICHHS MOOer/KOpeHb HaOoAaeTcs Mpu
Temmeparype okono 29°, a mpH TeMIepaTypax HIDKE ONTHMYMa 9TO COOTHOIICHHE 3aMETHO
cHkaercs. To ecTs npu 6oJiee HU3KUX TEMIIepaTypax KOpHEBasi CUCTEMa PacTeT UHTEHCUBHEE.
Uro xopomio 0ObSCHAETCS NPUBEICHHOW BBIIIE TUIIOTE30H PEryIMpPOBAaHUS COOTHOIIEHUS
no0er/KOpeHb: MpPU HU3KUX TeMIIEpaTypax KOPHH JOCTABISIOT B HAI3EMHYIO 4acTh MEHbIIECE
KOJIMYECTBO MUTATENIbHBIX BELIECTB, TaK KaK CHMXKAETCS WX MOJBWKHOCTb M JOCTYIHOCTH B
mouBe. OTO BBI3BIBAECT JIONOJHHUTENBHBIM MOTOK OOpa30BaHHBIX, HO HEU3PACXOJOBAHHBIX
aCCUMWJISIHTOB U3 JIULCThEB B KOPHH, YTO U OOyCIaBIMBAET UX JIONMOJHUTENbHBIN poct. Ha puc.
[11.5.8 usmeneHre OTHOIICHNE «ITOOET/KOPEHB» KaK pa3 M yKa3bIBaeT Ha TO, YTO O MEpe pocTa
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temneparyp ot 15 1o 29° HagzeMHas gacTb pacter Bce nHTeHCHBHEe. IIpn Temmeparype 29° oo
JOCTUTAeT MAaKCHMYyMa, a TIPY JabHEHIIIEM TOBBIIICHIH TEMIIEPaTyphl TIOYBBI YK€ CKa3bIBACTCS
yrHETAWIIee JeHCTBUE TIOBBIIICHHBIX TEMIIEpaTyp Ha KOPHH, YTO OTSTH-TaKH JIOJDKHO
NPUBOAUTH K OTTOKY B HHX AaCCHMWJISIHTOB, K HMX pPOCTY W CHW)KCHHIO COOTHOIICHHS
«aober/koperb». Ha pucyHke Takke XOpOILIO BHIHO, JUIS OoJiee aJanTHPOBAHHBIX K XOJIOIY
pacTeHHid, yKa3aHHBI MaKCUMyM COOTHOIIEHHS MOOEr/KOpeHb cMelaeTcs B CTOpOHY Oouiee
HU3KHX TEMIEPaTYP.

OTHOWeHue
Io6er/ KopeHs

XOJIOQOYCTONYNBOCTE

6_

29°

15 20 30 40
Temneparypa kopHs, T °C

Puc. 111.5.8. 3aBucumocTh 0THOIICHHUS TOOCT/KOPEHD OT TEMIIEPATyPhl MTOYBHI.
[TyHKTHPHBIME JTHUHUSMH 0003HAYCHBI 00JIee aIlalTUPOBAHHbBIE K X0J101y Bubl (1o bapoepy).

BinsiHue cBera Ha pocT KOpHEH.

BosgeiictBue cBera BecbMa MPOCTO IPENCKA3aTh, MCIOJB3YS THIIOTE3Y O PETyJIUPOBAHUU
COOTHOIICHUS T00er/KopeHb. JIefCTBUTENbHO, YBEIMYCHHE HMHTECHCUBHOCTH CBETa WIIU
JUINTEIbHOCTU CBETOBOIO Iepuoia OyAeT yBEeJIWYMBAaTh KOJIMYECTBO IMPOJIYKTOB (DOTOCHHTE3A.
VYBenMUUTCS U KOJUYECTBO ACCUMUISIHTOB, KOTOpblE OyAyT MMETh BO3MOXKHOCTb OTTEKaTh B
KOpPHH, YTO JIOJDKHO CKa3aThCs Ha yBEJIMYCHUH pocTa KopHed. W ombitel Tpoyrona (uut. Ilo
bapoep, 1988) ¢ yacTHYHBIM 3aTEHECHHEM IOCCBOB JCHCTBUTEILHO IMOKA3aIH, YTO KOPHHU OYCHD
YYBCTBUTEIBHO PEArHPYIOT HAa KOJIMYECTBO MOCTYIAKOUIEH CBETOBOM 3HEpruu. B 3TuX ombITax
IIPY 3aTEHEHUH PACTEHUM POCT KOPHEH YrHETAJICS 3HAYUTENIbHO CHUJIbHEE, YEM POCT HAA3EMHBIX
opraHoB. Tak ornocpe10BaHHO, yepe3 popMUpoBaHUE MPOAYKTOB (DOTOCHHTE3A, BIUIET CBETOBAs
SHEprus Ha poCT M0A36MHON OOMACCHI.

BiusiHue naBneHus MOYBEHHOM BJlaru

BriosHe TOHSTHO, YTO 3TO BJIMSHHUE CJIOXKHO HM3YYWTh B IOYBEHHBIX KYJIbTypax, - Oynmer
OKa3bIBaTh MEPBOOYEPENHOE BIHUSHUE M3MEHSIOMIETOCS C W3MEHEHHEM JaBIICHHUS BIIATH
COMPOTHBIICHUS TEHETpau. [109TOMY SKCIEPHUMEHTAILHO W3YyYalW 3TO BIUSHUE B BOJHBIX
KyJbTypaX, Korja A00aBIIEHMEM TMOJUATHUICHTJIMKOJS JOCTHTAld Pa3HOTO OCMOTHYECKOTO
JaBJICHHsI B pacTBOpax. TeM CaMbIM MOJEIHPOBAJIOCH BIHMSHUE TIOJHOTO JABJICHUS BJard Ha
poct kopHed. OOmacTh M3MeHEHHUs naBieHusi Biardu — or -0.4 no —8 arm. B pesymbrare
BBIPAIIUBAHUS PACTEHUH TPU 3TUX JBYX JABJICHUSX BJIATM OKA3aJI0Ch, YTO INPH YMCHBIICHUU
nasyienus Biaru ot —0.4 10 —8 at™M cKkopocTh pocrta moderoB ymeHbmuiIachk B 9.8 pas, a ckopoctb
pocra kopHeir B 2.2 paza. Tem caMbIM OBLIO IMOKa3aHO, YTO CKOPOCTh POCTa MOOEroB IO
BIIMSIHIEM BOJHOTO CTpecca CHW)KAeTCsl OBICTpee, YeM CKOpOCTh pocTa KopHeil. Mimm, mHade
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rOBOpS, YXYyIIICHHE BOJHOTO THMTaHUS BEJIET K CHUIKCHUIO COOTHOIICHHUS MMOOET/KOpPEHB.
[TosTOMY, KaK U yKa3bIBaJIOCh BBIIIIE, HEPEJIKO UCIIOJIB3YIOT CHUKCHHUE MOKa3aTelis mooer/KopeHb
KaK CBUIETEIbCTBO TOrO, YTO PAacCTEHUE HAXOAWIOCHh B HEYJOBJIETBOPUTEIBHBIX IO BOJHOMY
MUTAHUIO YCIOBUSIX.

Bnusinue ynoOpennii

Panee yxe ykas3bIBaJloCh, YTO AEPUIMT a30Ta CTUMYIHUPYET POCT KOPHEH, UTO TaKXKe
OOBSACHSIETCS C TOYKHM 3pEHHUS TUIOTE3bl 00 OTTOKE H30BITKAa ACCUMWISHTOB B KOPHU IpHU
HEJ0CTaTKE MUTATENbHBIX 3JIEMEHTOB, MOCTYMAIOIINX U3 KOPHEH B JTUCTbSI.

OTMeTHM TakKe, YTO KOPHM OYEeHb AaKTHUBHO pearupyroT U Ha BHeceHue (GocPOopHBIX
yaoOpeHuii. ITo ObUIO J0Ka3aHO HAa OYEHb JJETAaHTHOM ONBITe. B BereTanMoOHHBIX COCyHax
BBIPAIMBATINCH PACTCHUS. BapuaHThl OmbITa BKIOYAIUA: 0e3 BHeceHUs (ocdopa (KOHTPOIIb)
BHeceHue ¢ocdopa B OJHOM JOKAJIBHOM YYacTKe IOYBBI, B JBYX y4acTkax, Tpex u T.1. T.e.
BAapbUPOBATIN KOJIMYECTBO MATEH (pochopa BHYTPU MOUBHI. A 3aTEM YUUTHIBAIM JOJIK0 KOPHEH,
KOTOpbIE KOHTAKTUPYIOT C MATHAMH (ocopa B OTHOLUIEHUH K 0011el JyinHe kopHei. Eciu Ob1 y
KOpHEH He ObLI0 «IIpeApacioyioKEeHHOCTH», 00000 OTHOIIEHUS K Gochopy, TO ¢ yBEIHMUEHUEM
noiu gocdopa TMHEHHO yBelIUUYUBajIach Obl M J10JIs1 KOPHEH KOHTAKTUPYIOLUX ¢ pochopHbIMU
nsTHaMH. A B pe3yibTare omnbita 0bi1o nokazano (puc 111.5.9), uto 3Ta cBA3b HeNuHEWHAas: 101
KOpHEH KOHTaKTUPYIOUIMX C NATHaAMH ¢ocdopa pacTeT 3HAYUTENbHO ObICTpee MPOCTOro
nuHerHoro 3akoHa. T.e, Gocdop ompeneneHHO CTUMYIUPYET POCT KOpPHEH, B OCOOCHHOCTH, B
cllydae ero JIOKaJbHOIO BHECEHUS, KOr/la IBHO BBIPAKEH KOPHEBOM TPOMH3M B OTHOLIEHUH 30H
MOYBHI C YBEIMYCHHOW KOHIIEHTpauei docdopa.
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Puc. 111.5.9. Bnusiaue nokanbao BHocuMoro docdopa (P) Ha OTHOCHTENBHYIO JUTHHY

KOpHeil: pochopHbIi TpONH3M KOpHEH.

Bimsaue aspannn

3HaueHue a’pauMu Ui pocTa W Pa3BUTHUS KOPHEW BIOJHE MOHATHO M3 CIEAYIOIINX
paccyxeHnil. KopeHs sBIII€TCS aKTUBHOW YaCThIO PACTEHUS. KOPHHU «BIIIAT», TAK KAK KOPHAM
JUIs aKTUBHOTO TMOTJIOLEHUS BEIIeCTB HeoOxonuma sHeprus. s IpIxaHus ke HeoOXoIuMm
kuciopoa. CienoBarenbHO, COAEpKaHUE KHUCIOpPOJa B MOYBEHHOM BO3JyXe, KOTOPOE OOBIYHO
KOPPETHUPYET C BO3YyXOCOJEpKAHUEM, OY/I€T CYIIECTBEHHBIM 00pa3oM BIIUATH Ha POCT KOPHEH.
DKcrepuMEeHTANIbHbBIE UCCIIEIOBAHMS OKA3bIBAIOT, YTO POCT KOPHEH CYIIIECTBEHHO 3aMeIAeTCs
MPU CHIDKEHUM COJIEp)KaHUsSl KHCIOPOJa B TIOYBEHHOM BO3ayXe MeHee 15 oOwnemHBIX %0.
BcenoMHuM, 4TO B aTMocepHOM BO3JyXe, KOHUEHTPALUU KHUCIOPOJa U YIJIEKUCIOro rasa
cocraistror (mpumepro) 21 u 0.03%. B mouBeHHOM 3Ke, 3a CUET ABIXaHHS KOPHEH, 3a CYeT
XMUMHUYECKUX MPOLECCOB MpeoOpa3zoBaHus KapOOHATOB, conaep:kanue CO, yBenuuuBaeTcs J1axe B
MOBEPXHOCTHHIX ciosix a0 1.3%. A Oonee TayOOKMX CIOSIX IOYBHI, W3-3a (PU3HUYECKOTO
«CTEKaHUsA» 00Jiee TAKEIOr0 B CPABHEHUU C KUCIOPOJOM YIJIEKHUCIIOTO T'a3a, €ro KOHIEHTpalus
MOXET 3HAYMTEeNbHO TOBBIIAThC (10 10%). BronHe MOHITHO, YTO €CIIM BO3AYXOHOCHAs
MOPO3HOCTh MMOYBBI CHIKAETCS (HampuMmep, BCIIEACTBUE 3aTOIUICHUS, MObeMa IPYHTOBBIX BO/I,
BEPXOBOJKU M [p.), TO U cojaepxkanue CO2 B 3TOM OTPaHUYEHHOM O00BEME BO3JTyXOHOCHOTO
MOPOBOTO MPOCTPAHCTBA OYJAET MOBBIMIATHCS (KOPHU-TO BCE PaBHO JbiaT U BhLACIIOT COg;
cymma xe conepxkanuit Oz 1 CO2 goctaTouHo ctabmibHa U O0au3ka Kk 21%). Y npu 1ocTHReHUH
koHreHTpammu COz oxosio 15% kopHHM pe3ko CHIKAIOT CBOM pocT. [losTomMy Tak BakHBI
MIPOLIECCHl a’3pallii B TMOYBEHHOW TOJIIE, JUKBUIAIMS MEPUOJOB 3aTOIUICHHUS, NMPU KOTOPBIX
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CHIDKACTCS  3allOJHEHHOEC  BO3JAYXOM  IOPOBOE  IMPOCTPAHCTBO  IMOYBBI  (CHIDKACTCS
BO3yXOCO/ICPKAHUE).

CrnenyeTr OTMETHUTD JIMILb, YTO Pa3IMYHbIE PACTEHUS [O-PAa3HOMY pEarupyroT Ha HETO0CTAaTOK
a’palvy, Ha JJIUTEILHOCTh IEPUOJOB aHa’poOmo3a W Ha moBbimieHue KoHreHTpamuu CO».
Hekortopble M3 HUX (HampuMep, PUC) UMEET CICHUAIN3UPOBAHHBIC KICTKH, (HOPMHUPYIOIIUE
TKaHb, - A3PEHXUMY, COXPAHSIONIYI0 BO3yX U CIOCOOCTBYIOIIYIO HOPMAIHHOMY POCTY KOPHEH
puca B IEpUOJT €ro 3aTOIICHUSI.

Baustare pH 1 HEKOTOPBIX TOKCHUYECKHX (IS pOCTa KOPHEH) 3JIEMEHTOB

pH. Bo3zaeiicTBre NMOBBILIEHHOW KUCIOTHOCTH IIOYB MOJKET IPOSBIATHCA KakK IMPsMO, - 4epes3
noBellieHHe H-MOHOB B TKaHSX pacTeHMi, TaKk U KOCBEHHO, Y€pe3 YBEIMUEHUS MOJBUKHOCTU
uonoB Al. Ha mpsiMmoe Bo3zielicTBHe yKa3bpIBalOT HeyacTo. Hanboliee pacipocTpaneHa rumnores3a o
TOKCHYHOM Bo3faelicTBuu pH depe3 yBenmuueHue moaBuwxkHocTH MOHOB Al m Mn. Onnako,
SKCHEPUMEHTHl B BOJHBIX KYyJbTypax, KorJa BapbupoBaiu juilb pH pacTBopoB, B KOTOpBIX
BBIPALMBAINCH PACTEHHUS, TAKKE YKa3blBalOT Ha BO3/JCHCTBME HOHOB BOJOPOJa Ha pOCT
pacrenuii. Oto xopomio BuaHo u3 pucyska |11.5.10, korga B mpenenax pH ke 4.0 poct kopHei
3aMETHO 3aMeIIsuics yke Ha 1-e cyTkH, a 3aTeM U BooOie npekpamaicsa. Of1Hako yBeIuueHue
pH Bcero Ha 0.5 equHUIT ¥ YyTh BBIIIE YK€ TPUBOAMI K 3AMETHOMY POCTY KOPHEH, MPAKTHUYECKH
HOPMaJIU3YETCH.

12
10 pH 4.5-6.5
pH 4. 25
§ 8
g
2o
X
S .
E pH 4.0
2 4
1 2 3cyrxu

Puc. [11.5.10 /Ilunamuika pocta KOpHEH pacTeHH, BBIPAIIEHHBIX B BOJHON KyJIbTYpE, IPH
pazmuunbix pH (mo B.W.Pearson, 1981)

Ho cnexyer yunteiBaTh U TO, 4TO M3MeHeHUE pH CBA3aHO M C TOKCHYECKHUM BO3ACHCTBHEM
noHoB Al u Mn, koTopbIe MOSBIIAIOTCS PU MOHWKeHUH PH.

Amomunnii. Vousl Al MOSBISIOTCS B IMOYBEHHBIX PAcTBOPaxX IPHU JIOBOJBHO KHCIBIX
yenosusix, mpu pH <5.2. Bo3neiicTBre 3THX MOHOB MPUBOJUT K YMEHBIIEHUIO POCTa KOPHEH,
MOTepe TYPrOpEeCUEHTHOCTH, CHIKEHUIO MOTpeONeHUs BOAbI M IUTATENbHBIX BELIECTB,
CUMIITOMAaM, aHAJOTHYHBIM JEHCTBHIO NMOYBEHHOM 3acyxd. Jla v BH3yallbHbIE XapaKTEPUCTUKHU
BECHbMa [MOXO0KU: MOOYpEHHUE JIUCTHEB, 3aBSAAHNUE JTUCTHEB.

JevictBue Al cBs3bIBalOT ¢ pe3kuM yMeHblIeHHEM ToTpedieHus ¢ocdopa. HMousr Al
CHOCOOHBI 0OpPa30BBIBATh CJIOKHBIE IUIOXO PAacTBOPUMBbIE KOMIUIEKCH ¢ P. D10 cHmxkaer
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MOYBEHHYIO JOCTYMHOCTh P 1 mmmoOunu3yer P B TkaHAX KOpHeH pacTeHuil. A Kak OTMEYEHO
BbIIIIE, UMEHHO P criocoOCTBYeT pa3BUTHIO KOPHEH.

Kputnueckast BennuyuHa, NpU KOTOPOM pacTeHHs] JIOCTOBEPHO MPOSIBISIIOT IMPU3HAKU
YCTOWYHMBOTO 3aBsAaHUSI — 2 MMOJIB/KI' TIOYBBI. M, 4TO OYeHb BaKHO, TOKCHYHOCTH HOHOB Al
HPOSIBIISICTCS TT0-Pa3HOMY B 3aBHCHMOCTH OT XMMHUYECKOTO COCTaBa (MOHHOM CHIIbI) paCTBOPOB.
B MuHepann30BaHHBIX PaCTBOPAX, MPH CHIKEHUH aKTHBHOCTH MOHA Al ero Bo3jeiicTBue Takke
CHIDKAETCHS.

Mapranen. HMoust Mn emie 6osee Tokcuunbl, uem Al. OnHaKO yCIOBHUS TOSBIICHHS HOHOB
Mn B pacTBope peIKko BCTpeuyaroTCs B IOYBaX: HEOOXOAMMBbI HU3KME 3HaueHuss pH u
BOCCTaHOBUTEJIbHbIE yCIOBUS. Takue ycloBHUS MOTYT HAONIOJATbCs B HEKOTOpbIE MEPUOIbI B
TUAPOMOPQHBIX MOYBAX, B KOTOPbIX HETAaTUBHOE JEWCTBHUE HA POCT KOPHEW MOXKET OKa3bIBaTh U
HEJIOCTAaTOK KUCJIOPOJa B MOYBEHHOM BO3/yXe, U HOHBI Al, 1 MHOTHE Jpyrue MposBIISIONINE B
TaKUX IMOYBAaX TOKCUYHBbIE 31eMEHTbl. COOCTBEHHO K€ MaKCHUMallbHas KOHLIEHTpaUus WU
KpUTHYECKHI ypoBeHb noHa Mn coctasisier 10 ppm.

Henocratok Ca. B ciydyae NmpoMBIBHBIX YCIOBUM, IpH HU3KUX pH, miM B HEKOTOPBIX
CHeHU(pUUECKUX YCIOBHUSIX 3aCOJICHHS B II0YBE MOXKET HaOJIOJaThCSl HEIOCTaTOK TaKOIo
MakposJieMeHTa, kak Ca. Ero orcyrcTBUe IposiBIsSETCS HE caMo 1o cede, a JIMIIb B OTHOILIEHUH K
CyMMe€ MPUCYTCTBYIOUIMX B MOYBEHHOM pacTBope karuoHoB. Ha puc. |11.5.11 npencraBnena
3aBUCHUMOCTb OTHOCUTEJIBHOM JUIMHBI KOpHEH OT cooTHouieHus: Ca k cymMe KaTuoHoB. Eciu 310
OTHOIIIEHHE OYEHb MaJlo, TO KOPHHU OKa3bIBAIOTCS UYBCTBUTEIbHBIMU K HeJOCTaTKy HoHa Ca B
pacTBOpe, pe3Ko 3aMemIAIT CcBoM poct. OpHakKo MpU JAOCTHIKEHUHM BEIUYHHBI ITOTO
cooTHoteHus 6osiee 0.2 pocT KOpHEH BOCCTAaHABIMBAECTCS, JOCTUTask ONITUMAIILHOTO. BemrmunHb
yKa3zaHHOTO oTHomeHus1 <0.2 MOTyT BCTpeuaThCs BEChbMa PEAKO: JUISL ATOTO HY)KHBI JJOBOJIBHO
MUHEpaJIM30BaHHbIE MPU HU3KOM COAepKaHUHM B HUX MOoHA Ca pacTBOpbI, KOTOPbIE B MOYBaX
BCTPEYAIOTCS YPE3BBIYANHO PEJIKO.

OTHocuTenbHasa anvHa KOPHS

OTHoweHne Ca/ cymma KaTMOHOB B pacTBoOpe

Puc. [11.5.11. 3aBuUCHMOCTh OTHOCUTEIHLHOM JJTUHBI KOPHS OT COOTHOIICHHS coepkanuii Ca
K CyMM€ KaTHOHOB B nouBeHHOM pactBope (Ca/S katronos). (ITo B.W.Pearson, 1981)
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Buonoruvecknii 6,10k B MOJeJIM NNPOAYKTUBHOCTH

Wtak, B3aMMOCBS3b OCHOBHBIX (HU3MOJIOTUYECKUX MPOLIECCOB B PACTEHUH MOMKHO
MIPEJICTaBUTh CleAyomuM 00pa3oM. BoiHblil 0OMeH pacTeHUI peryinpyercss TAKUM OCHOBHBIM
MoKazaTejgeM I[I0TOKa BJard B pacTeHHM, Kak TpaHcnupauus. Beicokas, Onmskas K
MOTEHIMATIBHOW TPAHCIMPALUU PACTEHUN — 3TO OTKPBIThIE YCTHbUIIA PACTEHUM, Yepe3 KOTOpHIE
cBO0OTHO U OBICTpO TUDPYHIUPYET YIIICKUCIBIA Ta3 B MEXKKICTOUHUKH. A 3aTeM W B KICTKH
pacTeHuii, K IJacTHAaM, TJe M OCYLIECTBiIseTcs (POTOCHHTE3, BKIIOYAIOLIUNA CBETOBYIO U
TeMHOBYIO (aszpl. Htor mporecca (oTocuHTe3a — 00pa3oBaHUE acCCUMUISHTOB (YrJIeBOJIOB),
KOTOpble MAYT Ha (GopMHUpOBaHHE 3amacoB M Ha jAbixaHue. [locienHee gaer sHepruro A
MIPOLIECCOB aKTUBHOI'O TPAHCIOPTa MUHEPAJIbHBIX BELIECTB U3 MOYBHI BO BCE YAaCTU PACTECHHS.
3armacel aCCHMUISHTOB (pe3epBbl) PacX0oIyIOTCS TaKKe Ha 00pa30BaHKe CTPYKTYPHOH OMOMACCHI
3a cyeT mpolecca pocrta. Bee 3T nporteccsl npuseaeHs! Ha puc. |11.5.12, rie B BUe moTOKOBOM
JiarpamMMBbl [IPeICTaBICHbl ’TH OCHOBHBIE MPOIIECCH] B PACTEHUH.
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Puc. 111.5.12. TloTokoBas nuarpamma GOpMHUPOBAHUS TPOAYKTHBHOCTH IPH OE3ITUMUTHOM
MOCTYIUIEHUH MUHEPAJIbHBIX OMO(UIBHBIX BEIIECTB.

Kak BuaHO WX TpUBEIEHHON CXEeMbI, TpaHCIUpamnus, (HOTOCHHTE3 W JIbIXaHUE PACTECHUU
OynyT ompenensaTh Omomaccy. TpaHcrupaivs MOXKET B 3TOM cliydae SIBISTHCS OO0OOIEHHBIM
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rae Tp — TpaHcnupauus pacteHui, K, — TpaHCHMpauHOHHbI Koddduiment. A BoT K,

saBisieTcs: KOG OUIIMEHTOM, B TIOJHOM Mepe aKKyMYJIUPYIHUM B ce0e BIUSHHUE
MHOTOYMCIICHHBIX [1apaMEeTPOB Cpelbl, TAaKMX KaK MHTEHCUBHOCTh JIyYUCTOM DSHEPIHUH,
TeMIlepaTypa, CTENeHb BJArooOECIeYeHHOCTH, a Takke U (PU3MOJIOTUYECKHMX OCOOEHHOCTEH
pacTeHuii — copT, Mepuoji oHToreHesa u Jp. Takum oOpa3om, MOJIydaercs, YTO TPAHCIUPALUS
pacTeHUH OKa3blBaeTCsS OJHMM W3 OCHOBHBIX peryiaupyromux dakropoB (Hapsay c¢ DAP,
TEMIIepaTypoii, ra3000MEHOM), KOTOPBIH MOYKHO HCIIOJIb30BAaTh MPU aHAIU3E MPOIYKTHBHOCTU
arpoiieHo30B. dakT BecbMa NMpUMeydaTeNbHbINA: Beb TPAHCIIMPALUs — 3TO MPOLECC, CIYyKalllUH,
MIPEK/IE BCEro Uil MPEJOXpaHEHUsI PACTEHUN OT IIeperpeBa, OCHOBA TEPMOPETYIIALIUNA PACTECHUH.
A BclleZicTBHE B3aMMOCBSI3€H, CXeMaTHUECKH TpeacTaBieHHbIX Ha puc. |11.5.12, oka3piBaeTcs
OJIHUM U3 OCHOBHBIX  YIPAaBISIOUIMX IMPOLECCOB IpPH  MOJEIMPOBAHMM  Ipoliecca
IIPOJIyKTUBHOCTU PACTEHUH, CO3/IaHUS CTPYKTYPHOM OMOMacChI.

Kpurepuii Braroodecrie4eHHOCTH MBI 3Ha€M — 3TO OTHOCUTENbHAs TpaHcrupanus, 1p/Tp, .

HOTGHIII/IaJ'[BHaﬂ TpaHCIIUpanuA 3aBUCUT IPEKAC BCEro OT MCTCOPOJIOTMYCCKHUX (baKTOpOB, u
JIETKO MOJKET OBITH 3aMCHCHA, HAIIpUMCEP, MOTCHUHWAJIBbHBIM HCIIAPCHUCM WM HCIIAPpCHHUEM C
OTKPBITOM BOJHOW TOBEPXHOCTH, KOTOPOE B3aBHCHUT MPEKIE BCEro OT MPUTOKA TeIia K
ucnapsiomied  moBepxHoctd, Eo. OIHUM U3 yOauHbIX cleAyeT MpU3HaTh YpaBHEHUE,
npemtokennoe JleBurom (rut. ITo Xsuke m Amkpodt, 1985), cBs3siBaroiiece Maccy Cyxoro

HAA3EMHOTO BEILIECTB (M C) C TpaHCIUpalueun (T p) ¥ MOTEHIHAIBHBIM HcnapeHueM (Eo) uepes

HeKoTopbIit ko3 durment (f), XxapakTepu3yroIInii IPUPOCT CYXOTO BEIICCTBA:

T
M =f2L , tne f — kosddunment mpupocra cyxoro BemiecTBa, [kr/(ra cyr)]. Dot

c
0
k03 urment Bappupyet ot 207 kr/(ra cyt) mis copro, g0 115 u 55 kr/(ra cyr) ams qronepHsl u
nueHunbl. Crnenyer MOMYEpKHYTh, YTO JaHHBIA MOJXOJ K IPOrpaMMHMPOBAHHUIO YpoOXKas ¢
UCII0JIb30BAHUEM TPUBEJICHHOTO YypaBHEHUS HE MOKET OBbITh HCIOJIb30BAaH JJSl OLEHKHU
MIPOJYKTUBHOCTH OTJEJIbHBIX YacTel pacTeHUI U MPOrHo3a cnenupuieckoi NpoayKIUU B BUIE
TeHEPAaTHBHBIX OpraHoB (IUI0/bl, 3epHa | 1p.). He MOKeT ObITh UCIOJIB30BAHO 3TO YPAaBHEHUE U
JUIs YCIIOBUM TepeyBIaXHEHMs, Korja u30bITOYHAs Biara JEMCTBYeT HaryOHO Ha pocT
pactenuii. JleiicTBUTENBHO, €CIM UMETh B BUly OMOJIOTMUECKYIO KPUBYIO YpOKas OT KOJIMYECTBA
Biard, mnocrynuBiieii Ha mosie (cMm pwuc... [maBer 111.2), TO wu30BITOK BIard CHUXKAET
MIPOAYKTUBHOCTh PACTEHHUM: YpO’Kall yMEHBIIAETCS, W KpUBas IUIABHO CHMKaercs. [lostomy
yYKa3aHHOE ypaBHEHHUE IPUMEHHUMO JIUIIb K BOCXOSIIENH BETBU OMOJIOTMYECKO KPUBOH yporKas,
JUId J1Mana3oHOB JEHCTBYIOUIMX (aKTOpOB, OJIM3KM K ONTUMAJIbHBIM. A pachpeselieHue
OuoMaccel MEXJy OpraHaMd B IPOLIECCE OHTOr€HEe3a MOYKHO 3aJaTh B BUJE crienuduyeckoit
¢yakuun, Tuma M, =kM |, rne M — oOmas 6uomacca, M, — Grmomacca OTIEIBHBIX OPraHOB

(mammpumep, TUCTBEB, KOpHEH), a k. — 910 KOd(duIHeHT, 3aBUCIIIMIT OT BUIA PACTEHHS, COPTA, U

TakkKe OT (U3NYECKUX YCIOBUM Cpeibl, MPEXJE BCEr0 OT CyMMbl TeMmIepaTyp. XapakTep
HacTyruieHus a3 pa3BUTHUS MbI y)Ke paccMaTpuBaii B nanHoi yactu (I'masa 1.1, puc.l11.1.8).
OpHako paccCMOTPEHHbIE MPOLECCHl MPOUCXOAMUIN MPH MOJHON 00ECIEYEeHHOCTH PacTeHUM
MUHEpaJIbHBIMH BellecTBaMU. B Apyrux ycioBusix, HeAOCTaTOK a3oTa wiu ¢ochopa Moxker
SBJIATBCA YIPaBISIIOIIMM  (DAaKTOPOM Ppa3BUTHsSL BCEro pPACTEHUs. YKe YKa3bIBalIOCh, YTO
CyIIECTBYET (DYHKIIMOHAIBHBIN OajJaHC MEXIY POCTOM IMOOErOB M KOpHEH. ITOT OamaHC 3aBUCUT
OT MOTOKOB «BHM3» U «BBEPX>» - IIOCTABKHU JIMCTHSIMU YTJIEBOJAOB U JIOCTABKU KOPHSAMH U3 ITOYBBI
BOJIbl ¥ MUTATEIbHBIX BellecTB. M GyHKIMOHAIBHOCTD 3TOro OanaHca MPOSBISETCS B TOM, UTO
perynupyercsi COOTHOLIeHHEe ToOeru/KopHu. B OOJBIIMHCTBE CilydaeB 3TO OTHOIICHUE
perynupyercs KOJIM4EeCTBOM a30Ta: YeM BBIIIE€ KOJIMYECTBO MOCTYNAIOLIEro a30Ta, TeM OOJibIlie
pactyTt noberu. XoTs Uil HEKOTOPBIX PACTEHUN aHAJOTUYHOW MOXET ObITh U poib (ocdopa,
Hanpumep, mwis 6000Bbix. Tak win uHa4e, a30THbIA (a mMpu HEOOXOAUMOCTH, U (HOCHOPHBII)
OJI0K J10JDKEH OBITh BKJIIOYEH B OOLIYI0 MOJielb (POpMUPOBaHMS OMOIPOAYKTUBHOCTH PACTEHUH.
A30T B BHJI€ HEOPraHMYECKHX COEJUHEHHH IOCTyNaeT W3 IOYBbI, TJI€ €ro CoJep:KaHue
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ompezeNnsercss MpoleccaMd MUHEpaM3allid M3 OPraHMYeCKUX a30TOCOJEpIKAllUX BELIECTB U
MMMOOUIIM3aLMU B BUJe (OPMUPOBAaHUS MUKPOOHOM OHOMAcChl, a TaKK€ HEMOCPEACTBEHHO U3
MUHEpaJIbHbIX y100peHuil. /lanee a30T yuacTByeT B mpouecce co3JaHusi OuomMacchl. 3/1eCh TAKXKe
HaOJII0JaeTCsl paBHOBECHE MEXKJY a30TOM B CTaOMIBHOM M MoOWibHOU (opmax. CrabunbHas
¢opmMa mpeacTaBieHa B OCHOBHOM B BHJI€ OEIKOBBIM a30ToM. MoOuibHAs - 3TO a30T, KOTOPBIN
MOJXKET TOCTYIaTh U3 CTApbIX TKaHEH pacTeHHH M MpPEJCTaBIATh ONpeAeseHHbIH «Oydep» ans
(GyHKIIMOHUPOBaHUS pacTeHUl. B pesynbTarte, 3a cUeT cTaperoluX TKaHEH MOT'YT pacTH HOBBIE,
4YTO OOECleynBaeT >KU3HENEATEIbHOCTh PACTEHUH M IPU HENOCTaTKe MOCTYIUIEHHS a30Ta M3
nouBbl. Takum 00pa3oM, OCHOBHBIM YHPAaBISAIOIUM (DaKTOPOM B JIaHHOM Cllyyae SIBISETCS
MIOTOK HEOPTaHUYECKOTO a30Ta U3 MOYBbI, JEMCTBHE KOTOPOIO MOYKET ObITh «CTJIa’KEHO» 3a CUET
nepepacnpesesieHuss a30T MEXIy CTaperollMMM TKaHSIMM, MOCTaBISIOUIMMHU a30T, U HOBBIMU
pacTymumu, GOpMHUPYIOIIUMHU CTaOUIIBHBIN OEIOK.

AHAJIOTMYHYIO KapTHHY MOKHO IMpPeACTaBUTh U A (ocdopa, y KOTOPOro Takke Hapsiiy
MOCTYIUIEHHEM M3 MOYBbI MMEIOTCSI BHYTPEHHHUE pPE3€pBbl B PACTEHUM B BUJE paclpeiesieHus
dhochopa Mex Iy CTapbIMU U PACTYITUMHU TKAHSIMHU.

Takum o0pa3om, o0Imasi cxema MPOIYKIIMOHHOTO Tpolecca OyAeT BKIOYATh B KadeCTBE
OCHOBHOTO BOJHBIA OJIOK, KOTOpBIM HampsMylo, 3a c4eT KO3(PQHUIMEHTa BOAONOTpeOIeHUs
CBsI3aH ¢ (OPMHUPOBAHUEM CTPYKTYPHOU OGMOMACCHI. YIIPaBIAIOMMMU (DAKTOpaMU B 3TOM ciydyae
CIIy’KaT JOCTYNHOCTh MouyBeHHOW Biaru, ®AP u mereoycnoBus. YnpasisoomumMu ¢GpakTopaMmu
MOTYT CIYXHTh TaKKe JOCTYMHOCTh TIOUYBEHHOro aszotra u (ocdopa, KoTOpas MOXKET
KOMIIEHCUPOBAThCS IepepaclpereieHUeM 3TUX MUHEPAIbHBIX BEUIECTB MEXIY CTapblMU U
HOBBIMH TKaHSIMH.

Jlutepatypa

1. Bap©6ep C. A. buonormdeckas OCTYMHOCTh IHTATEIbHBIX BELIECTB B IIOYBE.
Mexanuctuaeckuit noaxonu. Ilep. ¢ anrit. M.: Arponpomusnat, 1988. 376 c.

2Cabunun /. A. Ousnonorus pazsutus pactenuii. M., U3a-so AH CCCP. 1963.

3. Toomuur X.I. Dkonornveckue NPUHIUIBI MAKCUMAIILHOH MPOAYKTHBHOCTH TIOCEBOB. J1.:
T'uppomereonsaar. 1984.
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Tab6muna 1 Ipunoxkenus

O11eHKa CTPYKTYPBI M CIIOXKEeHUsI maxoTHoro cios nmouB (o M.B. Kysuerosoii, 1979).

Conepxanne Orenka PaBHoBecHas Orenka
BOJIOITPOYHBIX Bonomnpounoctu YcronuuBocTH IJIOTHOCTD IJIOTHOCTH
arperaTtoB pasMepoM CTPYKTYPBI CIIOMEHMS 10 | CIIOKen s, r/em’ CIIOJKEHHUS
6omee 0,25 mm, % CTPYKType
Menee 10 Hesogomnpounas . bonee 1,5
Heycroiiunsoe Ouens TIIOTHOE
10...20 HeynosnerBopurenpHas 15...14
HenocraTouno HenocraTouno
20...30 A Aoc] 14...1,3 InotHoe
YIOBJICTBOPHUTEIIbHAS YCTOHYHMBOC
30...40 Y moByieTBOpUTENbHAS 1,3...1,2 YIutoTHEHHOE
VcroitunBoe
40...60 Xopomrast 1,2...11 OnrumansHoe
- %0 JU1 OOJIBIINHCTBA
...75 OtianyHasg o 1,1...1,0
(80) BricokoycToiun KyJApTyp
Prixnoe (mmamms
Bosee 75(80) N30bITOYHO BBICOKAs BOC Memnee 1,0 (
BCIIyIIICHA)

Tabmuna 2 [punoxeHus

Ouemca IJIOTHOCTH U MOPUCTOCTHU CYIVIMHUCTBIX U INIMHUCTLIX IIOYB B BeFeTaIII/IOHHLIﬁ nepuoa (l'lO

H.A. Kaunnckomy, 1965).

[TnotHOCTH OOmas
MOYBHI, MOPHUCTOCTh OreHKa TIOTHOCTH OreHka TOPUCTOCTH
rlem® 1mouBsl, %
Mettee 1.0 | Bonee 70 [NouBa BcrymieHa wmu Oorarta N36bITOUHO MTOpHCTast — IO4Ba
OpPraHNYECKHM BEIIECTBOM BCITyIIEHA
10..11 65. 55 Tunuunele BEITMMHHBI JUIA KyJBTYPHOH W OTJ'II/I‘IHai[ - KyanTypHHﬁ
CBE)KEBCITAXaHHOW MOYBBI MAXOTHBIN CIION
1,1..12 55...50 |[ammns cnabo yruioTHeHa Xopouuias, XapaKrepHas s
OKYJITYPEHHBIX TI0YB
Y noBneTBOpUTEIbHAS,
1,2...1,3 50...45 |[lammns yrutoTHeHa XapakTepHast Uil OCBOCHHBIX
MOYB
1,3...14 45...40 [Tamss cuapHO YIUIOTHEHA HeynosneTsoparensHas 1y
MAXOTHOTO CIIOSI
14..16 TunuuHble BEIWYHUHBI IS TIOANAXOTHRIX | Upe3aMepHOo HU3Kas —
40. 35 |[TOPM3OHTOB (kpome uepHO3eMOB) XapakTepHa JJIsl YIUIOTHEHHBIX
16..18 CHWJIBHO YIIIOTHEHHBIE HILTIOBUATBHBIC MOJITAXOTHBIX W HIUTIOBUATEHBIX
TOPU30HTHI TOPHU30HTOB

Tab6muna 3 [NpunoxkeHus

le/lMepHaﬂ OIICHKA I'PAHYJIOMETPHYECCKOI0 COCTaBa NMOYB 1Jifd 3¢PHOBLIX KYJbTYP (l'lO

H.A. Kaunnckomy, 1965).

Or11eHKa 110 TPaHyJIOMETPHIYECKOMY COCTaBY MOYB, OaljIbl
ITecuansie | Ilecuanbie
Tsoxeno | Cpenne |Jlerkocy
IToussr I'muan Cymecy | MENKO3€pH | KPYIHO3EpH
CYI'JIMHH | CYTJIMHU | TTIMHUCT
CTbIC aHbIC HUCTBIC, HUCTBIC,
CTbIC CTBIC bIC
CBSI3BHBIC PBIXJIBIC
I'neenoazonucteie 4 6 8 10 8 5 3
[Mom3onucteie 5 6 8 10 8 5 3
J1epHOBO-TIOA30JIUCThBIC 6 7 10 8 6 4 2
Cepble JiecHbIC 8 10 9 7 6 4 2
YepHO3EMBI TUITHYHBIC 10 9 8 6 4 3 1
YepHO3eMBbI H0XKHBIC 9 10 8 7 5 3 1




TeMHO-KaIITaHOBEIE 8 10
Kamrranossie 7 9
Bypsie 7 8
Cepo3zeMbl 8 10
KpacHo3eMbI 1 KenTO3eMbI 10 9
JKenTo3eMHO-110130IUCTERIE 8 9
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9 7 6 3 1
10 8 6 3 1
10 7 5 2 1

9 7 5 3 2

7 6 4 - -
10 9 6 4 2

Tabnuna 4 IpunoxeHus

Kputunueckue naBieHusi, 0ka3piBaeMble Ha MOYBBI PH MPOX0/1e TEXHUKHU NMPU Pa3THYHOI
BJIQ)KHOCTH M BpeMenu roaa (nmo A.I'.bonaapesy, 1990).*

nasienue, klla

Bpewms rona BitasxHOCTBH IOYBBI Kputuueckoe
Becna > HB <80

OceHb H 1€eT0 > HB <100

Becna HB - 0.5 HB 80-180
OceHb U 1€TO HB - 0.5 HB 100-210
Becna <0.5HB <180

OceHb u 1€eT0 <0.5HB 210

* - KOJIECHBIN TPaKTOp OKa3bIBaeT KoHTakTHOE maBierne okono 100 kITa, a K-700 (701) «Kuposen» — 10

190220 «I1a.

Tabmuna 5 INpunoxkenus

OneHka HauMeHblIeil Biaroemkoctn no4B (mo H.A. Kaunnckomy, 1965).

Bnaroemkocth, % cyxoii Macchl O4BbBI | Orenka
Tsxenble TOYBbI
40...50 Hawnmyumas
30...40 Xopomas
25...30 Y noBierBoputenbHas
Menee 25 HeynoBnerBopurenbHas
Jlerkue nouyBbl
20...25 OTtnuuHas 1St IeECYaHbIX IT0YB
10...25 Y noBieTBopUTENbHAS JUIS MTOJEBBIX KYIbTYP
3...10 Y noBierBopuTenbHAS IS JIECHBIX KYJIbTYP
Menee 3 HeynosnerBopurenbHas 7Sl TIOOBIX KYJIBTYP

Tabmuna 6 IpunoxkeHus

HexoTopble KpuTHYecKHE YPOBHU (U3HYECKUX CBOICTB Mo4B (1uisi [TouBeHHOH CIIy:KOBI

ABCTpaIum)
[TouBeHHBIN MTOKa3aTEND
I'myOuHa mouBeHHOT 0 POdUIIs

ConpoTtuBieHne eHeTpauu

Conep:xanne makporop (auamerp >30
MKM), MAaKpOIIOPHCTOCTh

Coxpanstorue nopsl (muamerp ot 0.2
10 30 MKM)

KoaguiueHT BIaronpoBoaHOCTH
(rrpm -1000 cm BoH.CT.)

Bo3nyxoHocHasi mopo3HocTh (mocie 24
4acoB CBOOOHOTO JIpeHaKa)

TemnepaTypHblii ONTUMYM —

Kputuueckuit ypoBeHb
>50 cm

<0.5 MIla

> 15% k 00beMy MOYBBI

> 20%

>10? em/cyT

>15%

18-25° C.
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Tabmuna 7 IpunoxeHus
Ouemca NEPECYMIOTHEHUA MMOYBLI 110 KPUTHYECCKHUM 3HAYCHUAM CONPOTUBJICHUSA MCHETPALIUU (l'lO
L hotsky J., akol, 1984; Zrubec F. ,1998**).

Kputnueckne 3HAYCHUS COIPOTUBIICHUS MEHETPaIuH UL
COOTBETCTBYIOIIIMX KJIACCOB IO I'PAaHYJIOMETPUIECKOMY COCTaBY
I'muna Tsoxenpiid Cpenunuit Jlerkuii Cymnech [Tecok
CYTJIMHOK CYTJIMHOK CyrnvHOK
Conpotusnenue 28-32 |32-37 3.7-42 45-50 55 6.0
nenerpauuu (MI1a) *
Jlist mramaszona 28-24 24-20 18-16 15-13 12 10
BiaakaoctH (% K Becy)

* Ecan pcajibHasd BJIAKHOCTbH IIOYBBI BBIIIC HpHBeZ[eHHOﬁ B Jyamna3oHe, K U3MEPCHHOMY 3HAUCHHIO
CONPOTHUBIICHUS TIeHeTpanuu cienyet npubdaButh 0.25 MIla, a ecim Huke - BeraecTs 0.25 MITa.

** _Lhotsky J,akol.: Metodika zarodnini zhutninych pad . UVTIZ Praha, 1984; Zrubec F.
Metodika zarodnenia zhutnenych pod. SFRI, Bratislava. 1998.

Tab6muma 8 [punoxeHus
Hekoropble xapakTepHble (U3HYECKUE CBOMCTBA TTOYB PA3IMYHOTO TPaHYIOMETPHUECKOr0 cocTaBa (Hanbomee
BEpOATHBIH JiMana3oH — B CKOOKax)*

Knacc no | [Toposuocts | ITmotaocts | HB (% | BPK (% | B3(% « | AJB(% | Koaddwumuent
rpanynomerpuueckomy | (% TMOYBHI, K K Becy) K Becy) ¢bupTpanuy,
COCTaBy 0o0beMHbIH) | r/em3 Becy) | Becy)** cm/cyT
Ilecok peIXJIBIH* ** 37 1.65 4 35 25 2 > 150
(32-40) (1.5-1.75) | (3- (25-55) | (2-3.5) (1.5-35)
5.5)
INecok cBSA3HBIN*** 38 1.6 6 45 4 4 150
(3242) (1.5-1.7) (5-10) | (4-6) (3-6) (2-6) (80-200)
Cymech 43 15 14 75 6 8 100
(40-46) (1.4-1.6) (10— (6-8.5) (4-8) (6-10) (50-150)
18)
Jlerkwuit 47 14 22 13 10 12 80
CYTJIHHOK (43-51) (1.3-15) (18- (12— (8-12) (10-14) | (40-120)
26) 14.5)
Cpennuit 49 1.35 27 185 13 14 50
CYTJIHHOK (47-51) (1.3-1.9) (23— ar- (11-15) | (12-16) | (30-70)
31) 19.5)
Tsoxenslii CyrlIMHOK 51 13 30 21 15 16 40
(49-53) (1.25- (27— (20-22) | (13-17) | (14-18) | (20-70)
1.45) 35)
['una 53 1.25 35 255 20 15 15
(51-55) (1.2-1.9) (31~ (24-27) | (18-24) | (14-18) | (2-30)
39)

* B maHHOl TaOnuIle MpHUBEIEHB OPUEHTHPOBOYHBIE 3HAUEHHST (PU3NYECKUX CBOMCTB. B peanbHBIX YCIOBUSX, NPU
HENOCPEACTBEHHBIX ONpPENENEeHUsX 3TH yCpPEIHEHHbIE 3HAYEHUs M NpeJesbl BapbUPOBAaHUS MOTYT 3HAUUTEIBHO
OTIMYaTbhCAd B CBSI3U C COJACPKAHHMEM OPraHUYECKOro BEIECTBA, OCTPYKTYPEHHOCTBIO, CENbCKOXO3AHCTBEHHOU
00pabOTKOM, pacTUTENBHOCTBI0O M MHOTUMH JPYTUMH (aKTOpaMH, CYIIECTBEHHO W3MEHSIONIMMH IIPUBEJCHHbBIE
OpPUEHTUPOBOYHBIE 3HAUCHHUS.

**  BPK omnpeneseHbl M0 XapaKTEePHBIM OCHOBHBIM TUApodusnueckum xapakrepuctukam (OI'X) Ha ocHOBaHHH
merona A.J[.BopoHuna

*** [Ipupo/HbIe TIECKH ITOYTH BCETa CIOUCTHI. BelleacTBIe 3TOro pUBeACHHbIE JaHHBIE BECbMa OPUEHTHPOBOYHBI
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Tabmuna 9 IpunoxkeHus
TepMuyecKkHne XapaKTEePUCTHKH KJIMMAaTa 0TAeJbHBIX popMm peabeda (o J.1.[Mamko, 1967)
(3a Hy7IEBO¥ yPOBEHB TIPUHSITHI TEPMOYCIOBHUS Ha BEIPOBHEHHBIX JIEMEHTaX peibeda; paBHHHAX,
IUIOCKMX BEPINUHAX, B CPEAHUX YACTAX MOJOTHX CKIOHOB).

[Moctymnenue | Pa3zHOCTH IO CPaBHEHUIO C BHIPOBHEHHBIMU
XOJIOTHOTO YCIOBUSAMU
BO31yXa Munnmai CyMMEL
bHBIX | JlIUTENBHO Munuma
TeMmIepaT N
HOYHEIX CTH JILHOM
dopma penbeda yp 3a
Temiiepar | 6e3MOpo3H 6 TeMmIepaT
MIPUT oro €3M0p03 ypa
OK OTTOK ypv HBIA
BECHOM 1 | Iepuoa, BO3/yXa B
Mepuo, o
OCEHbIO, IHU o nrone, °C
OC C
Bepunel, BepXHHE U CpelHUE Ectp 2 4 + + +150... | +1,5...
YaCTH CKIIOHOB Her 3.5 15..425 ...+200 | ...+2,0
JIHO M HMKHHE YaCTH CKIIOHOB Ectb 2+ + + +150... | +1,0...
Y3KHUX JTOJTUH Ecrb 3...45 15...425 ...+200 | ...+2,0
JlonuHb! OONBIIKMX PeK, Oepera 0 4+ + + +100... | +0,5...
BO0EMOB Ects | Ectb 2...+4 10...+20 200 | 410
JHO ¥ HUYKHHE YaCTHU CKIIOHOB .
HEIIHPOKHUX, U3BIINCTHIX, Ectb Hourm —4...—6 | -15...-25 200... | -05...
HET ...=300 | ...=2,0
3aMKHYTBIX JIOJIUH
—250... | =2,0...
KotmoBuHEI Ecte| Her —2...=3 | -20...-30 ..350 | .25
Hipxuue 9acTu CKIIOHOB U Eers Cr1a61 a5 |15 o5 -200... ~10...
MPUJICTafOIIUE YaCTH THA i 300 | .15
IIMUPOKKX JIOJHUH
3aMKHYThI€, IIUPOKKE, TIIOCKHE Eets [outn 4 -6 | —20.. 30 -250... | —2,0...
HU3UHBI HET ...—300 | ...-2,5
BbIpoBHEHHBIC TTOHUKCHHBIC
-100... | -1,0...
YYIaCTKHU C HEOCYIICHHBIMU Her | Her -10...-15 500 15
TOP(SHBIMY [TOYBAMHU s
BripoBHEHHBIEC yUaCTKH C Her | Her o5 _30 —250... _
OCYIIICHHBIMH MOYBaMu (J1yra) ...—300




CucreMa OlleHKH arpoKJIMMATHYeCKHX yCI0BMii

IToxa3arenn
Cpennue

AOCONIOTHBIE

CymMmBI

JlnmarensHOCTh

Jlatet

BepositHOCTB

Tepmuueckue
CpelHEroqoBas TeMIEepaTypa,
CpeqHEMECSIUHbIE TeMIepaTypbl camoro
XOJIOAHOTO U CaMOT'0 TEMJIOr0 MECSLIEB;
CpeHEMHOT OJIETHHE MUHHUMaJIbHast u
MaKCHUMaJIbHast TeMIepaTypsl caMoro

XOJIOJHOTO U CaMOr'0 TEMJIOr0 MECSILEB;
CpeJHEMECSIUHbIE OTHOCHUTENBbHAS BIAXKHOCTH U
TeMIlepaTypa BO31yXa,

MHUHAMYM U MakCUMYM TEMIIEpaTypHl,
KPUTHUYECKHE (uMuTHBIE) TEMIIEPaTypHhI
BCXO/IOB U CO3PEBaHUS,

temreparyp Boimie 15, 10 u 5 °C 3a Bereranuto
CPEIHECYTOUHBIX TEeMIlepaTyp MOYBHI  BBIIIE
10 °C wa riryoune 5 u 10 cM;

OMOIOrMYECKUX TEMIEpaTyp

JUTHTENTEHOCTh TEPHOOB CO CPEIHECYTOYHBIMU
temneparypamu Beime 5, 10 u 15 °C;
JUTHTENTEHOCTH 0€3MOPO3HOT'0 IMEPHO/A;

JIaThl TPOXOXKICHUSI CpeHECYTOYHBIX
temnepatyp uepe3 O, 5, 10 u 15 °C BecHoii u
OCEHBIO;

JaTel  TIEPBOIO  OCEHHEr0 M  MOCIETHEro
BECEHHET0 3aMOPO3KOB (CpeIHEMHOrOJIETHHE U
9KCTpeMalbHble — CaMble pPaHHHE OCCHHHE,
caMbl¢ MO3/IHUE BECCHHIE)

BaaroodecnmeueHHOCTH

- CpemHEroIoBOE KOJIMYECTBO
0CaJIKOB;

- CPCIHEMHOTOJICTHUE KOJIMYECTBA
0CaJIKOB

3amackl MPOAYKTHBHOM BIIaTH B CJIOC
mouBel 0...20cM oceHbrO0 Tepen
HayaJoM CeBa O3UMBIX U B CJIO€
0...100 cM BecHoI;
OTHOCHUTEIIbHAST BJIIAXKHOCTH BO3/yXa
B 13 yacos;
Je(pUIUT BIAKHOCTH BO3IYXa,
HCTIapsIeMOCTh

CyMMa OCaJIKOB 32 TOI;

CyMMa OCaJIKOB 33 BEreTaIlHIO

CYMMBI OCaJIKOB 3a 3UMY, BECHY, JIETO,

OCEHb;

Je(UIIMTOB BIIYKHOCTH BO3JIyXa

yhcIO JAHEH C  OTHOCHUTENBHOU
BI&XHOCTBIO Bo3ayxa >80% w
<30%;

00ecrnevYeHHOCTh (CyMMapHast
BEPOSTHOCTB) OCA/IKAMH,;
BBINIAJICHHS IMBHEW U CHIIBHBIX
JOXKIeH B OTIETIbHbBIE IEPUO/IBI;
BEPOSTHOCTD MPOSIBIICHHS 3aCYX B
OT/ICNTbHBIC IEPUO/IBI BEreTALMN
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Ta6muna 10 [TpunokeHus

BetpoBoii pexnm
CKopocCTb BeTpa B FOAy U B
OT/IEJIbHBIE TIEPHO/IBl BETETaIlN!

YUCIIO JHEH B TOAYy CO

CKOPOCTBIO  BETpa  BBIIIC
5 wm/c;

YUCIIO JHEH B Troay ¢
CyXOBEsSIMU

BEPOSITHOCTH CKOPOCTEH
BeTpa BbIle 5M/c B
OT/IEJIbHBIE TTEPUO/IBI
BEreTaluy,

BEPOATHOCTH CYXOBEEB B
OT/IEJIbHBIE TTEPUO/IBI

IHepe3numoBKa
CpeaHsdsa BBICOTA
CHEXXHOT'0 TIOKPOBa,;

- BJ@XHOCTb  IOYBBI
nepes NpoMep3aHueM
u YCTaHOBJIEHUEM
YCTOWYUBOTO
CHEXKHOT'0 TOKPOBA,;

- ryOuTtenpHas
TemIeparypa

temreparyp ke 0°C
(cypoBOCTB 3UMBI);

- YHUCO JHEH B romy c
OTTEIENSAMU,

- MPOAOKUTEIHHOCTD
OTTEIENEN;

JaTbl YCTAHOBJICHHUSA U
CX0a CHEKHOI'O ITOKpOBa

BEPOSTHOCTH
HACTYIUICHHS OTTemeNnel
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