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HEKOTOPBIE BOIIPOCHI O TEINIOOBECIIEYEHHOCTH B CHCTEME
«IIOYBA - PACTEHHE - BO3I¥VX»
H. U. Makcamos, A.P. Baanes, E. II. Anekcees, H. B. Makcamos, H. B. Jlykuna

Pedepat. B TeueHHe BereTallHOHHOTO IIepHOAA KYIBTYPHBIE pAacTeHHA MOJABEPKEHBL
OHypKallHOHHBIM BO3J€HCTBHAM, TAaKHM KaK 3acyXa, 3aMOPO3KH, TOJIONEH, Tpajo0HTHE, JTHBHE-
BBIE JIOXKIH H T. JI. 3aBHCHMOCTh YeIOBEYECTBA OT MOTOJBI JOCTATOYHO BelHKA. Llemp paboTHI -
H3yYeHHE HCKYyCCTBEHHOH OHQYpKalHH 10 TemIoo0eceYeHHOCTH pacTeHHH B 1a00paTOPHBIX
ycnoBrAx. TemmodH3HdecKkHe XapaKTEPHCTHKH B3aHMOJICHCTBHA CHCTEMBI «pAcTeHHE — II0YBA —
BO3yX» 0OYyCIOBIEHB paJHAITHOHHBIM TeIIOOOMEHOM, BKIIOUAIOIMIEr0 IPHXOJ THHHOBOIHOBBIX
H3Iy4IeHHH arMocdepa - PacTeHHA H OTPaKEHHOTO H3IyUeHHA PACTEHHAMH B aTMocdepy; NpHXO-
JOM KODOTKOBOIHOBOTO H3IY4CHHA CONHETHOH paJgHallHH, HCIOIb3yeMOH IHCTBAMH pacTeHHH
A (oToCHHTE3a H OTpaKeHHA YacTH 3ToH ()OTOAKTHBHOH pajHAIHH, TYypOYIEHTHOTO TeIUI000-
MeHA IIOBEPXHOCTH IOYBHl C OKPYXKAIOIHM IIPH3eMHEIM BO3AYXOM; TPAHCIHPAHOHHOIO TEILT000-
MeHA TIOBEPXHOCTH IMOYBBI ¢ OKPYKAIOMHM NPH3eMHBEIM BO3AYXOM; TelllooOMeHa B modse. Kpo-
Me 3TOr0 CONHEYHad paJHalHA, JOCTHTAIOMasd MOBEPXHOCTH CKIOHA HMEET pasHBIH pacceHBaro-
mui 3¢dekT Ha QYHKITHOHHPOBAHHE CHCTEMBI «PacTeHHE — I0YBA — BO3IyX». 3aMETHM, UTO PacTH-
TeNBHBIH NOKPOB BBITOTHAET DYHKITHIO TEIUTOH3OIAIHH MeXTy atMocdepoil H modBoi. AHaTHTHIE-
CKOe OIpe/ielIeHHe TeILT000eCIIeIeHHOCTH PACTEHHH JOCTaTOYHO CIIOKHO BCIEJICTBHE HEJOCTATOTHO-
CTH JaHHBIX, BXOJAIMHX B 3TH BBIPaKEHHA H HEBO3MOKHOCTH OIpe[eleHHA SKCIIEPHMEHTAaNbHO COOT-
BETCTBYIOMHX Ko3¢umHeHTOB. [To3ToOMYy MeTo/THKa OH(YPKAITHOHHOTO MOAX0/a B IEPBOM HPHOIIIKE-
HHH TI03BOILAET J11 KOHKPETHOH BOJOCOOPHOH IITOMATH MNPOESKTHPOBATH TEXHOIOTHH BO3eTbIBAHHA
CEIBbCKOXO03AHCTBEHHBIX KyIBTYP KakK II0 MOPO30YCTOHYHBOCTH, a TaK H INPHMEHATH MEPOIPHATHA II0
3alIHTe OT 3aMOpPO3KOB. [IpoBepka yCTOHYHBOCTH BCXOJOB PAcTeHHH K 3aMOpO3KaM IIPOBOJHIACH B
1mabopaTOPHBIX YCIOBHAX: MOCEB H MPOpAITHBAHHE CEMAH AIMEHA B OJTHHAKOBHIX YCIOBHAX B TEYCHHH
CEMH CYTOK; IOMelleHHe B XOIOJHIbHYI0 KaMepy IpH —18°C; H3BIeUeHHEe H3 X0NOAHNBHOH KaMepHI C
HHTEPBAJIOM 5 MHH, MAaKCHMAIIbHAA IPOAOIDKHTENBHOCTS 50 MHH; BH3yallbHOE HaOIO/IEHHE 33 COCTOsA-
HHEM pacTeHHH. DKcllepHMeHTalbHBIE HeclefoBaHHA TI0OKA3alH, THOSTh pacTeHHH OT 3aMOpO3KOB OIH-
chIBaeTcA ypaBHeHHEM perpeccHH y = 0,0268x2 - 0,3701x + 17,232. B pe3ynpTare HCccleqOBaHHH Ipe-
noxeHa OH(ypranHOHHAA QYHKIHA, TOATBEPKIeHHAA Ta00PAaTOPHBIMH SKCIIEPHMEHTAMH.

KiaroueBble ¢JI0Ba: TEII000eCIeI€HHOCTh PACTEHHH, TOUKH OHQYPKAIHH, POCT PacTCHHI.

Beegenne. [[1A4 OIEHKH H H3BICKaHHA AHanmH3 3THX HCCIIeOBAaHHH MOKA3BIBAET, 9TO
yOpaBlIeHYeCKHX pelleHHH MO MPOJYKTHBHOCTH B IpedIo:KeHHbIE aHATHTHIECKHE 3aBHCHMOCTH
KYTbTYPHBIX PacTeHHH NpE/ICTaBIAETCA MEIeco-  BXOAHT pAA Ko3(Q(HIHEHTOB H mNepeMeHHHIX,
o0pa3sHBIM paccMOTpeHHe (YHKIHOHHpOBaHHe  OONAJAIOIIHX  JOCTATOYHOH  TPYIOEMKOCTHEO
CHCTEMEI «II0YBa - PaCTeHHE — BO3AyX» IPH OT-  ONpedeleHHA ANA OTAENBHO B3ATOTO CKIOHA, a B
PHIIATETBHBIX TEMIEPATYPaX OKPYKAIOMEro NpH-  OONBIMHHCTBE CIlydaeB HEONPENIEIeHHOCTH 3KC-
3eMHOTO0 BO3yXa (3aMOpO3Kax) B BeCeHHe-  INEPHMEHTATBHOTO OIpEIeNeHH 3THX K03 hHITH-
JICTHHH TepHOHA, T.e. OHOYPKAHH ITOJCHCTEMEI eHToB. KpoMe Toro Her mpHOOPOB H YCTPOKHCTB,
«pacTeHHe» O TelnooOecnedeHHOCTH. llenmeco-  A7d ompefeleHHA BENHYHH STHX Ko3ddummen-
oOpa3HOCTh JJaHHOH pabOTHI BBI3BAHA TaKkKe Cy- ToB. [lo3TOMy HIpHMEHEHHe OH(YpPKAIHOHHOTO

IMECTBEHHBIMH  KONe0aHHAMH  IOJICHCTEMBI  IOAXOJAa JiId pa3paboTKH KOHCTPYKTHBHBIX
«BO3OyX» B pe3ylIbTaTe IIPEeleCCHH, HYTAllHH,  YCTPOHCTB H CpeJCTB, IPEJCTABIAETCA aKTyalb-
BO3HHKAIOMIHX BOMH PoccOH — BIHMHOBOM, Tede-  HBIM. A B HacToAmeH paboTe mpeacTaBlIeH aHa-
HuH D16 — Huebo u Jla — HAHBA (3aMETHM, YTO  JHTHYCCKHH (OH(YPKAIHOHHBIH) IMOIXO0I H HKC-
TpexnerHaa Jla — HaapA cMeHHIack B 2023 rogy — mIepHMEHTATbHasd IIPOBEpKAa B J1a00paTOPHBIX

B1p — HHHEO). VCITOBHAX.

MareMaTHIeCKOMY MOJIETHPOBAaHHIO (YHK- BenHdHHEI KPHTHYECKHX  OTPHIATETBHBIX
THOHHPOBAHHA CHCTEMBI «II0YBA - pAacTeHHEe —  TEMIIEpaTyp BO3AyXa AJIA PacTeHHH H3BECTHHI, HO
BO3yX» MOCBAMIEH pAn paboT. Teopus Gudypka-  MPOTHBOPEUHBH HAa KOHKPETHOH BoOmOCOOpHOH
IHA H JHHAMHYECKOE MOJEeTHPOBaHHE PacCMOT-  IomagH. Kak moKas3slBal0T BH3yalbHBIE HaOmrO-
peHEI B paboTtax [1., 2, 3]. B wacTHOocTH B pabGo-  OeHHA, (H3HOJIOTHYECKHEe OCOOCHHOCTH pacTe-

Te [4] OpemTokeHO HCHONB30BaTh OHPYPKAIHIO  HHH B IEPHOJ] 3aMOPO3KOB PA3IHYHEL: JacTh pac-
Xomda mpH B3aHMOICHCTBHH PaCTEHHA C OYBOH. TeHHH MOTHOAaeT HIH BETETHPYIOT C 3adepiKKOH
IIpHHIATIEI MaTeMAaTHIECKOTO MOJEIHPOBAaHHA  CBOETrO PAa3BHTHA Ha CKIOHAX pa3HOH 3KCIO3HITHH

pacTeHHii, No0eroB H KOPHEH B CTPECCOBBIX CHTY- H KPYTH3HBI. Y CTOHYHBOCTh PAacTeHHH K KPHTH-
aIHAX H TEOPHH KaTacTpod oTpakeHHI B paboTaX  YeCKHM TeMIIEpPaTypaM H HX ITOCIEJCTBHA B CBi-
[5. 6, 7]. OgHaKo Ha CETOHANHHH JeHh HEJIOCTAa-  3H C H3MEHEHHEM KITAMAaTa PacCMOTPEHHI B pabo-

TOTHO pa3paboTaH TepMOAHHAMHYEeCKHH moaxonx  Te [12]. OOBACHASTCH Ha HAIM B3TIAN 3TO TEM,
B CHCTEME «II0YBa - pacTeHHe — BO3AyX» [8, 9].  9TO comHedHas pafHaIlHs, JOCTHTAOMAA MOBEpPX-
HaxomAT TpHMeHeHHE NPHHIHIIOB OHONOTHYE-  HOCTH CKIOHA HMeEeT pasHBIH pacceHBarOMIHI
CKOii oNITHMAaILHOCTH B pabotax [10, 11]. spdekt Ha  (YHKIITHOHHPOBAHHE  CHCTEMEI
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«pacTeHHe — II0YBa — BO3AyX», a MOJACHCTEMA
«pacTeHHe» BBIIONHAET (YHKIHIO TEILTOH30IA-
ITHH MEXKIY aTMochepoil H MOIBOH.

TakuM 06pa3oM, peaTbHBIH X0 TEMIIEPATYPhI
TIPH3EMHOT0 BO3yXa Ul CKIOHOB pa3HOH 3KCIIOo-
3UIDHH H KPYTH3HBI IIpeAcKa3aTh [JOCTAaTOTHO
cino:kHO. KpoMe Toro, HMeromHeca HCCIeJ0BaHAL
[13, 14] moCcTaTOYHO MPOTHBOPEIHBEI.

TemnmoBoli peXHM B NOPH3EMHOM  BO3-
Iyxe XapaKTepH3yeTcA TeMIepaTyPHBIM
pacmpefieieHHEM B 3TOM CIIoe H TeMIepaTyp-
HbIM XOJIOM BO BPEMEHH, TYpPOYIEHTHBIM IIO-
TOKOM TeIlla H TEIUIOAKKyMyIAIIHEH B 3TOM
cmoe. CHcTeMaTHIeCKOMY H3YUCHHIO THHAMH-
KH Temnoo0MeHa NOCBAINEHA MOHOrpadHi
Hepmana C.B. B UymHoBckoro A.®. [15]. Usz-
MeHeHHe TypOy/IeHTHBIX IIOTOKOB TeIla IO
BBICOTE€ PpACTHTENBHOIO IIOKpOBa IO JAaHHBIM
I'.B. Memxkymaaa [16], dy6osa A.C. u ap. [17]
3aBHCHT OT pacIIpeJielieHHs IUIOTHOCTH (PHTO31Ie-
MEHTOB II0 BEPTHKANH, PaJHAIIHOHHBEIX, BOIHBIX
H Temro(QH3HYeCKAX XapaKTepHCTHK. Omnpeferne-
HHA KONHYECTBAa TeIla AaKKyMyIHPYEeMOTO HIH
TiepeJaBaeMOro NOCPeICTBOM TEILTONPOBOTHOCTH
H KOHBEKIIHH MEKTY NOBEPXHOCTBIO IIOYBEI IO-
KDPBITOH pPacTHTENBHOCTBI0 H aTMoctepoil pac-
cMOTpeHHI B padore [18]. J[1A mporHO3HPOBAaHHA
H3MEHEHHA TeMIepaTypsl HOYBEI B IIpolleccax
AKKyMYJIAIHH H TelmooOMeHa pa3paGOTaHBI Ma-
TeMaTHUecKad MoJienb [19] H HcKyccTBeHHas
HefiporHas ceTh [20]. I'.B. MemxynuH [16] npen-
TOKHII PacCMOTPETh MOCEB KaK JIBYXYPOBHEBYIO
Cpely, COCTOAMIYIO H3 paclpeeleHHBIX IO BEICO-
Te 3NeMEHTOB (PHTOMACCHI H BO3/IyXa B MEXITHCT-
HOM TIPOCTPAHCTBE.

KonuuecTBeHHOH OIleHKE pPAlHOHATLHOTO
pe’KHMa IIOCEBOB MOCBAMEHO OOMNBIIOE KOTHYE-
cTBO pabor [16, 17, 21]. MccaenoBaHHI Hpotiec-
COB TIOTTIOMICHHIO, PACcCEHBAHHIO, IIPOITYCKAHHIO
H H3IyYeHHI0 paJHAIlHH MOCEBAaMH pa3IHIHOH
APXHTEKTOHHKH TIOCBAIIEHEI paboTsI
FO.K. Pocca [22] u X.I'. Toomusrra [23].

TTockonpky modBa IpeAcTaBiieT co0oH MHO-
rodasHy:0 cpefy, TO Ppa3IHYAIOT CIEAYIONHE
BHJIBI TeILTomepenaun [15]:

- KOHTaKTHEBIH IIePeX0] TeIlIa;

- MONEKYIApHBIH Hepexof Tella BO3AyX —
BIIATA;

- TEIIOBOE H3IydeHHE OT JaCTHITBI OYBHI K
JacTHIIE.

B 3aBHCHMOCTH OT COOTHONIEHHA 31eMEHTa
«BO3AYyX — YacTHIIA IOYBEI — BIara» MOXKeT Ipe-
o0magaTh TOT HITH HHOH BH] TEIITOTIepeIaTH.

IToaToMy pa3MelleHHe pacTeHHH pa3HEIX BH-
JIOB 110 CTOHKOCTH K KPHTHUECKHM TeMIIepaTypaM
(HanpHEMep, MOPO30YCTOHYHBOCTH) Ha CKJIOHAX
pa3HOH KDPYTH3HBI H 3KCIO3HIHH JOLKHO OBITH
BBIIOJTHEHO HAa OCHOBE BEHIMICIIPHBENCHHEIX TEO-
PeTHIECKHX IPEAIOCELIOK.

TakuMm oO0pa3oM, TIOJBOAA HTOT KPAaTKOMY
aHAIH3y B3aHMOJCHCTBHA CHCTEMBI «PacTeHHE —
TI0YBa — BO3AyX» 110 TEII000eCTIeIeHHOCTH MOXK-
HO IPeAI0I0KHTh, 9T0 OH(YDPKAITHOHHBIA IIOJ-
XOJI B IepBOM NPHOTHKEHHH HO3BOIHT 1711 KOH-
KpeTHOH BOJOCOOpHOH ILIOMAAH OIEHHTh H
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MIPOEKTHPOBATH T€ HITH HHBIE TEXHOIOTHH BO3/Ie-
TBIBAHHA CEIBCKOXO3AHCTBEHHBIX KYIBTYP Kak
M0 MOpPO30YCTOHYHBOCTH, a TaKk H HPHMEHATh
MEPOTIPHATHA IO 3aIHTE OT 3aMOPO3KOB.

OmHaKo s pealH3allHH 3TOTO MPE/IoI0Ne-
HHA HEOOXOJHMO AHATHTHYECKH pacCMOTPETh
B3aHMOJIEHCTBHE CHCTEMBI «PacTeHHE — II09BA —
BO3yX» H 3KCIEPHMEHTATEHO IOATBEPAHTH 3TO
MPEJIONOKEHAE B 1aDOPAaTOPHBIX YCIOBHAX.
Crie1oBaTeNbHO, MENh HCCIIEOBAHHA - H3yIeHHE
HCKyCCTBeHHOH OHQypKamHH 1o Temmoobecre-
YeHHOCTH PACTEHHH B T1a00PaTOPHBIX YCIOBHAX.

YciaoBHS, MaTepHAIbI H MeToAbl. B pabo-
Te [1] 1na onpemeneHds Todek OHYpPKAIHH pac-
TeHHH OBLIO HPHHATO, YTO COCTOJHHE CHCTEMBI
«pacTeHHEe — MO0YBa — BO3/yX» NMPAKTHIECKH HE
OTIHYAETCA OT COCTOAHHA ITOH JK€ CHCTEMEI B
MOMEHT Hadana GHOYPKAIHH P, = Dsg. OTCIOAA
CleyeT, 9TO 3ajaBad CHCTEME Pa3HBIE IO BelH-
9YHHE MepeMeHHbIe TaPaMETPhI, MOJKHO MOIYyIHTh
T€ HITH HHbIE €€ COCTOAHHA H HAMETHTh MEPOIPH-
ATHA I OIEHKH H YIPABICHHA TEXHOIOTHAMH.

PaccMOTpHM BOIIPOCH MO TEILTO00ecnedeHHO-
CTH pacTeHHH.

KoaddumuenT temwmoobecneuyeHHOCTH P, Iia
TOPH30HTATHHO PAcIONOKEHHBIX CETbCKOX03AH-
CTBEeHHBIX moneH B pabore [15] mpemmoikeHO
ONpPE/IENATh IO BEIPAKEHHIO

AT,
(Csarz)sz + (Ciarz)pz + (C:!'&Tz)nz + AI{
P = ) =

(H)
a2

)
rae (C.AT,),. — aKKyMyIIAIHA TeILIa BO3OyXa B
cTebrectoe, Jlx/(M*-c); C, — TEIUIOEMKOCTb €TH-
HHNBI o0beMa BoO3Qyxa B  cTebiecroe,
I/ -¢-K); ATy — X0 TeMIepaTypsL B cTebie-
ctoe, K/m; (C;Ai’})m —aKKyMyJIAITHA Tella pac-
TenHH, JLx/(M-¢); Cf — TEIIOEMKOCTh €IHHHIIBI
obpema pactHTenbHOH Maccel (C,AT),.
coJlepskaHHE Tellla KopHeoOHTaeMoro cios (ot 0
10 a), JIx/(a*c); C, - TeNTOEMKOCTh €IHHHIIEI
o0beMa HOYBEI KOpHeoGHTaeMoro cioA (ot 0 1o

AT,
A=

a) Jix /(¢ K): " — IIOTOK TEILTa B IOYBY
HAYHHAA ¢ TIyOHHHL X = a, JlK/(M-c). A - Ko3-
(HIHEHT TemnToNpPOBOAHOCTH HOYBHI B cloe (a -
), Br/(m’K); 0.7+ 0,7 - cymmapras koport-
KOBOITHOBAA H JUTHHHOBOJHOBAs PaJHAIlHH, IPH-
XOJAImHe H3 aTMoc(epbl K BEPXHEMY YPOBHIO
crebmectos, Jix/(M-¢).

OuepHaHO, 9T0 Ko3(dHIHEHT Temroobecie-
9eHOOCTH P, JUIA CKIOHOB Pa3HOH KPYTH3HBI H
SKCIIO3HIIHH 10 aHATOTHH paboTel [15] moxker
OBITH OIpeneNeH mo GopMye

(CAT,),, +(C{AT,),, +(C,AT,),, + AAT’

E Q(H )

=(2)

- (H)
+Uxs

(L]

B BelpakeHHH (2) BETHIHHBI C HHAESKCOM 37,
OTpa)Kar0T Pa3IHYHBIE SKCIO3HIHH H KPYTH3HBI
CKIIOHOB. HeoGX0IHMO OTMETHTH, UTO BETHIHHA
P,, BeMHCTAEMad IO BEIpaKeHHIO (2) HMeeT
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MHOKECTBO 3HaUeHHH B 3aBHCHMOCTH OT 3KCIIO-
3HIHH H KPYTH3HHBI CKIOHOB.

ITockonbpKy BXomfamue B (Gopmyry (2) BemH-
YHHBI 1A CKIIOHOB Pa3MHIHOH KPYTH3HBI H JKC-
TIO3HITHA pa3HBIe, TO HX BIHAHHE Ha K03(dHIH-
eHT TemT006ecIedeHHOCTH P, TpeicTaBIAeTCAa
menecoo0pa3HEIM yUeCTh 0000IMMeHHBIM K03 hH-
TTHEHTOM KPYTH3HBI H 3KCTIO3HITHH CKIIOHOB Oy,

G3)

B nepBoM mnpHOMMKEHHH KO3(QQHIHEHT o,
MoeT GBITh Hali[leH CIeAyIOMHM 00pa3oM.

I[OHYCTHM? qTo (Cm CPP, Cm ‘Umpmomamax mo-
sepumoers, momsr = (Cos G Cy Moxnon, TO MOKHO
3amucath [24]:

(CEATB)aa ~ AT;
(CSATF)S.? | AT:; 8
(CIAT), (ar,
(CPAT),. \ATL ),
(GAT), [AL, @
(CHAI;)M AT? n
AT,
P ax e +| AL
28L) AL,
Ax

C yuerom (1), (2) u (4) BeIpakeHHE (3) TpH-
MeT BHII:
AT Mt N A i 3

2

e

(CAT,), +(CAL,), +(CAT,), +{E%lr=ﬂ]

(o +0)

g2
(H) (H)
€3 +

q3 (5 )

Takum oOpa3oM, BeIpakeHHe (5) IO3BOIACT

OIIPE/IETHTh @, 3aBHCAMIET0 B OCHOBHOM OT CO-
[g ‘| (02 +02)

. AL e QL7007
OTHOIIIEHHH , H TeIo-
¢u3IIecKHX XapakTepHcTHK C,, CF, C, H .

CrnefmyeT 3aMeTHTh, 9TO H3YUCHHIO B3aHMO-
JeficTBHA pacTeHHe — OKPYKAIOIMas cpe/a MoCBs-
IMEeHBl MHOTOYHCIIEHHBIE HCCIIEJIOBAHHA B CAMBIX
Pa3HIHBIX 00NAcTAX HAyKH: (PH3HOJIOTHH, arpo-
KITHMATOJOTHH, OHONOTHH H T.1. Hambombmee
KOTHYIeCTBO PaboT HOCHT YHCTO SMITHPHYECKHEH
XapakTep, HapPHMep NPHMEHEHHE T'eOMeTpHYe-
CKHX XapaKTePHCTHK pPACTeHHH, B YacTHOCTH
¢dopMy nHCTBEB H cTebneH, TPOCTPAHCTBEHHYIO
HX OPHEHTHPOBKY H YTOII HAKIOHA JTHCTBEB JITIA
OITHCAHHA B3aHMOJICHCTBHA PACTEHHH C OKpYkKa-
romeit cpemoif. OgHako OHOMeTpHUYECKHE (pakTo-
pel, kKak orMmedaer A.D. UYUymHoBckmi [15]
“HeygoOHBI” [NIA ONHCAaHHA TeIooOMeHa Ha
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CenbcKOX03AHCTBEHHOM TIone. TeM He MeHee,
HMeeTcA pAn padoT, HOCBAMIEHHBIX MOCTPOSHHIO
KONHYECTBEHHBIX Mojelel: KBa3HCTallHOHAPHAA
mojaene M.UM. byneiko, JI.C. Tl'amgmra ® I'.B.
MeHXKyIIHHA, TEOPHA HECTATHOHAPHOTO TEII000-
MeHa B pacTHTeTbHOM aHcamOie O.]1. CHpOTeHKO
" B.A. T'opGadeBa, yopomeHHas Monenb A.QD.
Uynnaosckoro, JI.A. Kyprernepa 1 ap. B 3THX pa-
00Tax ONHCAHHE TEIUIOBOTO PEXHMAa B CHCTEME
«pacTeHHe — TI0YBa — BO3AyX» OCHOBAaHO Ha pe-
meHAH AH(GdepeHNHaTbHbIX YPAaBHEHHH TEILIO-
BOro 0ajaHca IIPH COOTBETCTBYIOIIHX TPAHATHBIX
YCIOBHAX H PpAJle JOOyIIeHHH. AHAIH3 3THX
HalpaBIeHHH KONIHIECTBEHHOH OINEHKH IOKA3bI-
BaeT, 9YTO CUHTAeTCA 3aJaHHBIM BpPeMeHHOH XOJ
TEMIEPATYPEl HA YPOBHE AEATEIBHOH IIOBEPXHO-
CTH, a Ha OONBIIOH BEICOTE NpeAnonaraeTcs, 9To
TeMIIepaTypHBIE Kole0aHHA BO3JyXa 3aTyXaroT,
MpHYeM Ha YPOBHE BBICOTHI pacTeHHH H [ei-
CTBHE CONMHEYHOH paJHallHH MaKCHMAalTbHO, a B
PacTHTEIIFHOM MOKPOBE H KOPHEOOHTaeMOM CIIoe
BEPTHKANBHEIH MPOQHITh TEeMIIEPaTypPhl IpeTep-
MeBaeT pe3KHe CKAUKH.
YaHTEIBaA H310KEHHOE, MOKHO 3alIHCATh:

AT, (AT,| (AT, AT,) AT®
AT, ), \AT, ) “\AT,), \AT,)_, = AT®
(6)

rae AT, AT - m3meneHHe TemmepaTyphl 3a
nepHo; ] HAOIIO/IEHHH Ha BepXHeM ypoBHe H pac-
TEHHH, IPOH3PACTAIONIHX COOTBETCTBEHHO Ha
CKJIOHAX H Ha TOPH30HTAIGHOH TOBEPXHOCTH.

C yuetoM (6) BEIpaskeHHE (5) YIPOCTHTHCA

. _P (0% + 0@ AT ®
° TP, (P + QIAT® " ()

Bemmuuner, Bxomamme B (2), (5) m (7).
MOIYT OBITH AKCIHEPHMEHTAIBHO OIIpeIeleHEL
Hekotopele pe3ynbTaTel TaKHX HCCIeTOBaHHH
NpHBEACHBI HHEAe. /(14 NpOBEPKH YCTOHYHBO-
CTH pacTeHHH K 3aMOpO3KaM B I1a0opaTOPHBIX
YCIOBHAX HaMH OBLTH TOCEAHBI CEeMeHa JIMe-
HA II0 5 3epeH B KakJbIH CTaKaHYHK C OJH-
HAKOBOH MacCOH MOYBBl H BiaxHOCTH. Ilocrme
MOABIEHHA BCXOJOB B TeUeHHE 7 CYTOK pac-
TEHHA COJEepKATHCh B KOMHATHBIX YCIOBHAX
(mpa t=20°C). 3areM CTaKaHYHKH C pacTCHHA-
MH B (¢aze aKTHBHOr0 pocta mo 10 mTyk
MOJIBEPTATHChE  MOPO3HOMY  BO3ACHCTBHIO ¢
pa3sHBIM HHTEPBAIOM BPEMEHH B XOIOJHIBHOH
KaMepe c TemmepaTypoH Bo3gyxa —18°C. Kak-
IOBle 5 MEHYT H3 XOIOJHIbHOH KaMephl BEIHAMAI-
¢ CTaKAaHIHK C PACTEeHHEM TaKHM 00pa3oM, 4UTO
MIPOJOKHTENBHOCTE 3aMOPO3KH JeCATOTO CTa-
KaHuHKa cocTapana S50 muHYT. [loBTOpHOCTH
omnbIToB 60 KpaTHaA.

PesyapTaTel H oOcy:xmeHHe. JlaGopatop-
Hble HCCIEJAOBAHHA 10 ()YHKITHOHHPOBAHHIO
CHCTEMEI «II09BAa - pacTeHHe — BO3AyX» IpH
OTpHITAaTEeTHHBIX TeMOepaTypax BO3yXa
(3aMoOpO3Kax) MOKa3alH, YTO  IIOJICHCTEMA
«pacTeHHe» XapaKTepH3yeTca THOempl0 H Cy-
IecTBEHHBIM 3aMeIeHHEM pOCTa.
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TToru6mmx pacTenHii,%
0

60

y =0.02
R*=0.9102

68x2- 0.3701xH
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Bper[ 3aMOpPO3KH, MHH

Prc.1 — KommrdecTBo MOrHOMHAX pacTeHHH OT BPEMEHH 3aMOPO3KH

I'ubenp pacTeHHH Ion ACHCTBHEM OTpHIA-
TeNbHOH TeMIlepaTyphl B XONOZHIBHOH YcTa-
HOBKE OTpak€éHa Ha pHCyHKe 1, a B tabmmme 1

MPHBENEHBI T¢ K€ Pe3yNbTaThl TabopaTOPHBIX
HCCIIEJIOBAaHHH, HpoBeAeHHBX B 2022 m 2023
romax.

Tabmuma 1 — Pe3ynbTaThl 1a00paTOPHEIX HCCISIOBAHHI II0 3aMOPO3Ke PacTeHHIH

© BpeMs 3aMOpO3KH, MHH.
Ne | Jara E 5 10 15 20 25 30 35 40 45 50
=5

1 ]| 071122 4/3 4/1 3/1 2/0 3/1 5/5 2/2 4/4 4/4 4/4

2 | 111222 5/5 5/4 4/4 3/2 5/4 4/4 5/4 3/3 3/3 4/4

3 | 241222 4/0 5/0 5/0 5/1 3/0 512 5/5 5/4 515 5/5

4 | 08.01.23 E 510 5/1 5/ 5/0 4/1 5/3 5/5 5/4 515 5/5

5 1260123 [s] 4n 512 4/0 3/0 512 41 21 5/4 4/2 5/4

6 | 080423 L% 3/0 2/0 5/0 2/0 3/0 an 5/0 4/0 2/1 3/0

7 [ 050623 [g] 4/ 3/0 2/0 3/0 4/1 4/0 41 1/0 4/2 41

8 | 07.0623 E 4/0 5/0 4/0 5/0 5/0 3/3 4/0 5/0 3/0 2/0

9 | 150623 |[m| 4/0 3/0 2/0 5/1 2/0 3/0 5/0 5/0 513 3/1

10 | 23.06.23 510 5/1 4/1 5/1 5/0 5/1 3/0 3/0 41 4/0

11 | 01.07.23 510 3/2 3/1 5/0 5/0 5/1 5/1 472 513 512

12 | 08.07.23 4/0 4/0 3/0 4/0 2/0 5/0 41 412 4/0 512

13 | 21.07.23 3/0 4/0 5/0 512 4/0 3/0 5/1 5/1 4/3 5/4
Cyma saj9 | 5311 | 49ss 52/7 sofo | ss;21 | sam1 | 5324 | s2m2 | sa32

HNOOX0J0B

Cpemmee apudm. | 42/07 | 41/08 | 38/06 | 4005 | 38007 [ 42116 | 4206 | 4118 | 4025 | 42125
TakuM oOpa3oM, aHAaTH3 MONYYEHHBIX JaH-  BO3JACHCTBHH  OTPHIATENRHOH  TeMIIEpaTyphL
HBIX II0KAa3ajl, 9T0 NpH OTPHIATEIRHOH TeMIlepa- Ha CeObMBIE CYTKH (Touka OmH(ypKammm)
Type B XOJOJHIbHOH Kamepe -18°C komHUecTBO ¥ OJHOH TIPyOIBl HCOBITYEMBIX pacTeHHH
TIOTHONIHX pacTeHHH ¢ yBEeIHYEeHHEM BpPEeMEHH  KpHBag  pocTa  OHOMAacCchl  CYINECTBEHHO
3aMOPO3KH 0T 5 10 50 MHHYT BO3pacTaer. 3aMeIAeTca, 9T0 XapakTepHo Ui oOma-
COBOKYIIHOE BIIHAHHE OTPHIATETHHOH TeMIIe- ctH 1, a y Bropoil rpymmel (oOmacTe 2)
parypsl Ha (YHKIHOHHpOBAHHE IIOICHCTEMBI  HaOmIOaeTci  CHIDKEHHEe OHOMAcCHI, CBHJIe-

«pacTeHHe» MPHBEIEHO Ha PHC. 2, KOTOpoe Mmpefl-
cTaBAeT OH(YPKAIHOHHYH (QYHKIHIO pocTa H
THOETH pacTeHHIA.

AHanu3 rpadHKa IOKa3bIBaeT, 9T0 B Oaro-
TIPHATHBIX YCIOBHAX MPOHCXOTHT eKeTHEBHBIH
mpHpocT ~ OHOMAcCHl  pacTeHHA, a  IpH

TeIbCTBYIOmMAA O THOemH pacTeHmid. Takoi
mpomecc MoOKEeT OBITh 0O0BACHEH OOJIBIIHM
MepenmagoM TeMIepaTyp B MpoIecce 3aMep3a-
HHAI H IOCIeAylomeM pa3Mmep3aHud. Clemayer
TaK JK€ OTMETHTh, YTO MPHBEIEHHBIH 3KCIEpH-
MEHTAIBHBIH MaTepHal HMOJTBEPKIAET
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METOAHKY OHQYpKalHOHHOTO TOAXOAa H
CYIIECTBEHHO YIIPOIIAET IPOBEJIEHHE SKCIEPH-

MEHTATbHBIX HCCIETOBAHHH Ha KOHKPETHBIX
BOHOCOOPHBIX INTOmAmAX (cM. BeIpakeHHE (7).
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Puc.2 — budypkauorHas GyHKEA pocTa (1) B ruGend (2) pacTeHHA 0T 3aMOpO3Ka

Kak BbIlle OTMEYAIOCh B 3aBHCHMOCTH OT
KPYTH3HBI H SKCIO3HIIHH CKIOHA TIpedeTbHbIe
3Ha9eHHA OTPHIIATETHHBIX TEMIIEPATYP IO BHICO-
Te CKIOHA CYIMECTBEHHO OTIHYAOTCA. A 3HAYHT,
pacTeHHA PacmoToKeHHbIE Ha CKIIOHAX MOIBEPTa-
OTCA BO3MEHCTBHAM pPA3MHIHBIX KPHTHUSCKHX
3Ha9eHHH 110 BpEMEHH H 10 TeMmeparype. ITo3To-
My MONydeHHbIE 3KCIIEpPHMEHTATBHBIC JAHHBIE,
CIIeI0BATEIbHO, H OHYpPKAarmHOHHAA (YHKITHA
TI03BOMIAET MIPHMEHATH YIIpaBIeHIECKHE PelmeHHAA
10 TPOSKTHPOBAHHI0 H Pa3MEIeHHIO KYIBTYp-
HBIX PaCTEeHHH Ha CKJIOHAX.

BeiBogbl. 1. ITonrydeHHoe BEIpaxkeHHE (7)

MO3BOJIET YIPOCTHTH IPOBeACHHE 3KCIEPHMEH-
TalbHBIX HCCIENOBAHHH MO TEIIoo0ecIIedeHHO-
CTH CHCTEMEI «II0YBa - PacTeHHe — BO3AyX» HAa
peampHBIX CKIOHAX pA3MHIHOH SKCIO3HIHH H
KPYTH3HBL.

2. DKcnepHMeHTaNbHbIE HCCIETOBaHHA B IIa-
0OpaTOPHEIX YCIOBHAX MOATBEPIHIH, 9TO THOETD
pacTeHHH NPH KPHTHIECKHX TeMIlepaTypax -18°C
IUIA TAaHHOTO JKCIEPHMEHTa ONHCHIBAeTCA YpaB-
HeHHeM perpeccaH y = 0,0268x2 - 0,3701x +
17,232, a cOBOKYIHOCTH IMOBEIEHHE MOJCHCTEMBI
«pacTeHHe» IIOJ MOPO3HEIM BO3IeHCTBHEM IOJ-

THAACTCA OHDYPKAITHOHHOH (QYHKITHH.
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SOME QUESTIONS ABOUT HEAT SUPPLY IN THE SOIL-PLANT-AIR SYSTEM
I L Maksimov, A. R. Valiev, E. P. Alekseev, N. V. Maksimov, I. V. Lukina

Abstract. During the growing season, cultivated plants are subject to bifurcation effects such as drought, frost,
ice, hail, heavy rains, etc. The dependence of mankind on the weather is quite large. The purpose of this work is to study
artificial bifurcation by heat supply of plants in laboratory conditions. The thermophysical characteristics of the interaction
of the plant-soil-air system are due to radiation heat exchange, which includes the arrival of long-wave radiation from the
atmosphere - plants and reflected radiation from plants into the atmosphere; the arrival of short-wave radiation from solar
radiation used by plant leaves for photosynthesis and reflection of part of this photoactive radiation; turbulent heat ex-
change of the soil surface with the surrounding surface air; transpiration heat exchange of the soil surface with the sur-
rounding surface air; heat exchange in the soil. In addition, solar radiation reaching the slope surface has a different scat-
tering effect on the functioning of the plant-soil-air system. Note that the vegetation cover performs the function of thermal
insulation between the atmosphere and the soil. The analytical determination of the heat supply of plants is quite difficult,
especially on slopes of different steepness and exposure, due to both the insufficiency of the data included in these analyti-
cal expressions, as well as the uncertainty (impossibility) of determining experimentally appropriate coefficients. There-
fore, the technique of the bifurcation approach allows, as a first approximation, to design certain technologies for cultivat-
ing crops for a specific catchment area, both in terms of frost resistance, and to apply measures to protect against frost. The
stability of plant seedlings to frost was checked in laboratory conditions: sowing and germination of barley seeds under the
same conditions (according to ambient temperature and soil moisture) for seven days; placing in a refrigerator at -18°C;
extraction from the refrigerator at intervals of 5 minutes, maximum duration of 50 minutes: visual monitoring of the condi-
tion of plants. Experimental studies have shown that the death of a plant from frost is described by the regression equation
y =0,0268x2 — 0,3701x + 17.232. As a result of the research. a bifurcation function has been proposed, confirmed by la-
boratory experiments.

Key words: heat supply of plants, bifurcation points, growth.
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