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B cratbe npenokeH pacder TeMIEepaTypHOro peKUMa MOYBbI C BEPXHUM I'PAHUYHBIM
YCIIOBHEM Ha OCHOBE [aHHBIX JWCTAaHIIMOHHOTO 30HAWPOBAaHUS, TOJYYCHHBIX B
pe3yJbTare CIyTHUKOBOM ChbEMKHU. Y CTaHOBIIEHO, YTO PAaCUETHBIE TEMIIEPATYPhI OIHU3KU
M0 3HAYEHUSIM K OKCIIEPUMEHTAIBHBIM JaHHBIM. [IpeIIOKEeHHBIH TOIX0J MOXKHO
PCKOMCHAOBATL JJIA IOCIIOMHOTO IMPOTHO3UPOBAHUA TCMIICPATYpPbl B IMMOYBCHHOM
npodue.
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The paper suggests a calculation of the temperature regime of the soil with an upper
boundary condition based on remote sensing data obtained as a result of satellite
imagery. The main source of medium resolution data was archived information
(TERRA satellite — EOS AM-1). Comparison of dependent samples of the temperature
of terrestrial and satellite measurements indicates that they do not differ reliably from
each other. The temperature of the soil surface was also synchronized at depths
throughout the entire profile of the soil (with increments of 5-10 cm). Modeling of the
temperature regime of soils has been carried out using the predictive model Hydrus-1D.
The study was conducted within the framework of a special field experiment with a
monolith with by diameter of 100 cm and a depth of 60 cm. The side walls of the
monolith were wrapped with a film and covered with a mounting foam, then buried to
prevent lateral losses of moisture and heat. The calculated temperatures are close in
values to the experimental data. There was a discrepancy between the time at which the
maximum design temperatures came in relation to the experimental run at depths more
than 5 cm. This may be due to an inaccurate specification of the thermal diffusivity, in
combination with a violation of the «harmony» of the diurnal temperature variation. So,
at a depth of 5 cm, the lag of the maximum of the calculated temperature variation with
respect to the experimental temperature was 3 hours, and at a depth of 10 cm — 4 hours.
In conclusion, we note that for large-scale measurements of soil temperature, remote
sensing data can be used as the upper boundary condition, and the soil temperature at
depths can be calculated using mathematical modeling methods.

93



CoBpeMEHHOE yNpaBJICHHE KAK BOJHBIM, TaK M TEIUIOBBIM PEKHMAMH IOYB
OCHOBBIBAETCsSI HA IMPOTHO3HBIX ITOJIMBAPUAHTHBIX PACUETAX BOAHOTO M TEIUIOBOTO
PEXKHUMOB M BBIOOPE ONTHUMAJILHOTO BapUaHTa BO3JEHCTBUS HA NIOYBEHHBIN MTOKPOB C
LEIbI0 MX YJydlleHus. B OCHOBE TAakoro poaa pacyeToB JEKHUT HCIIOIb30BaHUE
MaTeMaTUYECKUX MOJIEJell nepeHoca Teruia v Biaaru B nouse (Mukaiibuios, Ilenn,
2010; [lewun, Perxona, 2016; bonotos, 2017).

[Ipr M3BECTHBIX HAYAIBHBIX M TPAHUYHBIX YCIOBHUAX MOXKHO TPEIJIOKUTH
pazIuMyHbBIE pEUICHUS MPSMOM 3aJayd TEIUIONEPEHOCa, TO €CTh ONPEEICHUS
AMHAMHMKH TEeMIepaTypbl Ha 3aJaHHON TinyOumHe. B yacTHOCTH, 3HAUMTEIBHBIN
IIPAKTUYECKOW  HMHTEPEC  MPEACTABIIIOT  33Ja4d 110  YCTaHOBJICHUIO  CBSI3U
TEIUIONPOBOJHOCTH IIOYBBI C MEPUOAMYECKH W3MEHSIOLIEHCS TeMIeparypol Ha
MoBepXHOCTU. [lpym pemeHnu psaa 3agad ¢ IMOMOIIBIO PACCMOTPEHHOM MOJEU
MOKHO € JOCTATOYHOW TOYHOCTBIO OLIEHUTHh TEMIIEPATYPY B MOYBEHHOM IpoQuIe.
ITpu 5TOM CyILIECTBEHHO COKpAIAeTCs 00bEM IKCIEPUMEHTAIbHBIX HCCIIEI0BAHUM.

JInsa  pacuera TEMIIEpATypHOIO pPEXMMa IIOYBbI B KAadeCTBE BEPXHETO
IPaHUYHOTO  ycioBHs l-ro  poma  mpemaraeTcss  MCIOJIB30BaThb  JAHHBIC
JUCTAaHIIMOHHOTO 30HAMPOBAHUS, MOJYYEHHBIE B PE3YJIbTATE€ CIyTHUKOBOU CBEMKHU.
B Hacrosmiem McciieOBaHUM B Ka4ECTBE OCHOBHOI'O MCTOYHHKA JAHHBIX CPEIHETO
pa3pellieHusl UCIOIb30BaIach apXxuBHas MH(opmarus co cnytHuka TERRA (EOS
AM-1). Ins npakTUYECKOW peanu3aluyd TPAaHUYHOIO YCJIOBHS Ha MOBEPXHOCTH 1-ro
pojia ObUI MPOBEAECH MOJACIYTHUKOBBIM 3KCIEPUMEHT 110 M3MEPEHUIO TEMIEPATYPHI
IIOBEPXHOCTH ITOYBbI B HECKOJIBKMX TOYKAaxX IOJIA C JAJbHEUIIMM YCPEIHEHUEM
JAHHOW BEJINYMHBI.

HccnenoBanue  IMpPOBOAMIIOCH B PAMKax  CIEHHAIBHOTO  IOJEBOTO
JKCIIepuMeHTa ¢ MoHoJauToM nuametpoM 100 cm u rayOounoir 60 cM. BokoBbie
CTEHKU MOHOJIUTA ObUIM OOEPHYTHI IJIEHKOW M MOKPBITHI JJIS U30JIALUNA MOHTaXHOU
IIEHOM, 3aTEM 3aKOIIaHbl C LENbI0 MIPEAOTBPALLIEHUSI OOKOBBIX MTOTEPh BJIATM U TEILIA.
Takass ~MeTomumka TMO3BONMJIA TOYHO  COOJIOCTH  YCIOBHE  OJHOMEPHOTO
(BEepTUKANBHOIO) NEPEIBMKEHHUS BJAarM W TeIJla B IIOYBEHHOM Ipoduie u

HCITOJIb30BaTh BCE OAIaHCOBBIE COOTHOIIICHM, TaK KaK 6J1aroz[ap$1 U300 CTCHOK
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ObUIM yCTpaHEHBl TPYJHO YYMUTHIBa€Mble MOTEPU BJIAard M Temjaa Ha OOKOBOE
pacTEeKaHue.

OObeKTOM  HCCNEoBaHUS  SIBJISUIACH  JIEPHOBO-MOA30JIMCTAs  IOYBa
3eneHorpajackoro cranuonapa IlouBenHoro wuHcTuTyTa HM. B. B. JlokyyaeBa B
patione c. Enpauruno (Ilymkunckuii paiiton MockoBckoit 0o6macTtu). [1o4uBbI JaHHOTO
OTNIOPHOTO MYHKTa SIBJISIIOTCS XOPOIIO HM3YyYEHHBIMH, PE3YJIbTaThl MX HCCIIEIOBAHUI
npexacrasieHsl B auteparype (Illeun c coast., 2015).

N3mepeHns Temmeparypbl MOYBBI NpoBOAWIIMCH ¢ 31 uronsg mo 5 aBrycra
2016 r. ¢  [OMOILIBIO  TEPMOJATUYUKOB  Termochron,  TpenBapUTEIHHO
3amporpaMMHUPOBAHHBIX HAa CHATHE MTOKa3aHUH ¢ MHTepBaIoM 15 MuH. JlaTanku ObLIH
YCTAHOBJIEHHI 110 BceMy Mpoduitto nouBsl (¢ marom 5—10 cm). HazeMHubie uamepenus
IPOBOAWINCHE B MOMEHT (hakTHueckoro mposera cnyTtHuka (3oun MODIS).
CooTBeTcTBHE MEXAY AAHHBIMH AUCTAHUIMOHHOIO 30HIUPOBAHUS U PE3YJIbTATaMU
HA3eMHBIX KOHTAKTHBIX M3MEPEHHH (aHHBIE O TeMIEepaType MOBEPXHOCTH MOYBBHI)

MOKa3aHo Ha puc. 1.
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Puc. 1. Ctatuctuku pazanuuii MexXay MoKa3aTeasiMu TEMIIEPATypPbl TIOBEPXHOCTH MOYBBHI,
ONpeIeJICHHBIMH MPU MMOMOILY CITYTHUKOBBIX JaHHBIX (7¥atr) u
Ha3eMHBIX KOHTaKTHBIX U3Mepenuit (1cont)

CpaBHeHI/Ie 3aBUCHUMBIX BBI60pOK 10 KPHUTCPUIO Bunkokcona ITOKa3aJIo, 4YTO
OHH OOCTOBCPHO HC PA3INYarOTCA. Ha PHUCYHKC BUAHO, YTO MCKAY NTUCTAHIWMOHHBIMHA
N HAa3CMHbBIMH OaHHBIMU CYHICCTBYCT TCCHAA KOPPCIIALUA, IMOITOMY IMPH PCIICHUA
IMPAKTUYICCKUX 3aaa4 110 MOACIMPOBAHHUIO TCMIICPATYPHOT'O PCXKHUMA I1I0OYB BO3MOIKHO

HCIIOJBb30BaAHUC CITYTHUKOBBIX NAHHBIX B KAYCCTBC BCPXHECTO I'PAHUYIHOI'O YCIIOBH:.
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Jlis mpakTUYecKOW peaau3aluu PacCMOTPEHHON Mojeiau ObUIO MPOBEACHO
DKCIIEPUMEHTAIILHOE HM3MEpPEHHE TEeMIIepaTyphl TOYBHI HAa PA3JHYHBIX TIyOWHAX.
MonenrpoBaHue TeMIIEpaTypHOTO peXHMa TOYB MPOBOAMIOCH C HCIOJIh30BaHHEM
nporHo3Hoi moaenu Hydrus-1D (Simunek et al., 2005). B coBpeMeHHBIX MOJIETISX H,
B YAaCTHOCTH, B (U3NYECKH OOOCHOBAHHOW Mojenu Hydrus ROCTYNHBI JBa THIIA
BEPXHUX TPAHUYHBIX YCJIOBHH — pacmpenencHue temmepaTtypsl (1) U TErIonoToKa
(g0) HAa TOBEPXHOCTH TIOYBHI. B HacToOAIIEM HCCIeOBAaHINHN UCTIOJIB30BAH TIEPBBIA THIT
pacnpenenenuss temmeparypsl (7;) B BUAEC psla JaHHBIX JHUCTAHIIMOHHOTO
30HaUpOBaHuSA. HwkHee TpaHWYHOE YCIIOBHE 3aJaHO B BHUJAC pacCHpeicIICHUS

TEMIIEPaTypbl HA HEKOTOPOU ITyOrHE MOUBHI (L), HIXKHEW IpaHUIe paCYeTHOTO CJIOS:

T(x,t)zTO(t),xzo,sz. (1)
—ﬂ,(z—T+TCwq:7;Cwq0, x=0,x=L. (2)
28

Taxxxe HIKHEE IpaHUYIHOC YCJIOBHC MOXHO 3aJ1aTb B BHJAC HYJICBOI'O

rpagueHra Temneparypel. Ilpm >ToM HadanbHOE YyCIOBHE 3alacTcsi B BHIE:
T(x,0)=T(x).

Pe3ynbTaTel NOJNIEBBIX M3MEPEHMM TEMIIEPATYPhbl IOYBBI INPEICTABICHBI Ha

puc. 2.
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Puc. 2. PacueTr cyTOYHOrO X0/1a TEMIIEpaTyphl MOYBHI IO IITYOMHAM C BEPXHUM I'PaHUYHBIM
YCJIOBHEM Ha OCHOBE JIAHHBIX JAUCTAHIIMOHHOTO 30HIUPOBAHUS
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Ha puc.2 BHIHO, 4TO pacyeTHblE TeMIlEpaTypbl OJM3KH O 3HAYEHUSIM K
JKCIIEPUMEHTAJIbHBIM JaHHbIM. Ha rioyOnHax 0ojee 5 cM OTMEYEHO HECOOTBETCTBUE
BpEMEHU HACTYTUICHUS MaKCHMAaJIbHbIX pPacyYeTHBIX TeMIiepaTyp
AKCIIEPUMEHTAJIBHOMY XOJAy. OJTO MOET OBITh CBS3aHO C HETOYHBIM 3a/laHHEM
koa(dduiieHTa TeMNnepaTyporpoBOJIHOCTH B COBOKYMHOCTH C HapylIEeHHEM
«TapMOHUYHOCTU» CYTOYHOTO XOJia TEeMIEpPaTypbl, YTO OTYETIMBO BUIHO HAa puC. 2
(rmyousbr Scm u 10 cm). Tak, Ha TiayOmHE 5 CM 3ama3IblBaHHE MaKCHUMyMa
pPacyeTHOro XOJa TEMIIEPaTypbl OTHOCUTEIIBHO 3KCHEPUMEHTAIBHOIO COCTABWIIO 3
yaca, a Ha riryoune 10 cm — 4 yaca.

B 3axmiouenue crnegyeT OTMETHTb, YTO MPU MACIITAOHBIX H3MEPEHUSIX
TEMIIEpaTypbl IOYBHI BO3MOXKHO HCIIOJB30BAHUE JAHHBIX JUCTAHIMOHHOTO
30HIMPOBAHMS B KAYECTBE BEPXHErO IPAHUYHOIO YCJIOBUS, a TEMIIEPATypy MOYBBI HA
ryoOMHax MOXXHO pacCcyuTaTh MpU TOMOILIM METOJOB  MaTeMaTH4eCKOro
MOJIETTUPOBAHMUSI.
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