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[IpuBeneHbI pe3yabTaThl MOEINPOBAHIS KOHTPACTOB TEMIIEpaTyphl Ha MMOBEPXHOCTU OJHO- M MHOTO-
CJIOWHBIX KOJIOHOK ¢ 00pasiiamMu IpyHTa, cyOeTpaTa i TYHJAPOBOrO HAIIOYBEHHOTO [IOKPOBA € UCIIOJIb30BAaHUEM
YCTaHOBKM OTKPBITOTO TUIIA, UMUTUPYIOLIEll TeMIlepaTypHbIe IIPOABICHIA HEOJHOPOIHBIX TCOKPUOJIOINYECKUX
yeaoBuit. Onpe/esensl KOJTNIECTBEHHbIE II0KA3ATEI, XaPAKTEPHU3YIOIIIIE CTEIeHD OCIA0 eI TEMIIEPATYPHBIX
KOHTPACTOB B IPYHTe JIMIIAIHUKOBBIM IIOKPOBOM pa3Hoii TosmuHbl. MakcuMasbhble (JHEBHbIC) U MUHIMA/Ib-
Hble (HOUHbIE ) 3HAUEHVIsI KOHTPACTOB TEMIIEPATYPBI HA TOBEPXHOCTH 0OGPA3I0B He CYIIECTBEHHO OTIMYAIOTCS OT
CpeZHECYTOUHDIX 3HAYEeHUI, UTO CBUETEIbCTBYET O BO3MOKHOCTU U3YUeHU s IIPUPO/IbL TeMIlepaTyPHbIX aHOMa-
JIMil Ha TIOBEPXHOCTH TYHPOBOTO HAIIOYBEHHOTO IMOKPOBA, CBA3aHHbBIX C FCOKPUOJIOINYECKUMHI HEOAHOPOIHO-
CTSIMU, 110 OJTHOMOMEHTHBIM U3MePEeHUsIM TeMIIePaTyphl Ha €ro II0BEPXHOCTH B pa3Hoe BpeMs cyTok. [lokasana
BO3MOYKHOCTD MCTIOIB30BAHUS YCTAHOBKH IS XaPaKTEPUCTUKH TEIIOPU3NYECKUX CBOICTB 00PA3IOB IPYHTA 1
HaTIOYBEHHOTO MOKPOBA, a TAKsKe 71T U3Y9IeHNsT 1 MOJIeTIPOBaHNs (ha30BBIX TTePeX0/0B.

Teoxpuonozuueckue HeoOHOPOOHOCTIL, ZPYHM, KOHMPACTbL MEMNEPAYPbL, HANOUEEHHDLIL NOKPOS, MYHOPaA,
usuueckoe moderuposanue

PHYSICAL MODELING OF SURFACE TEMPERATURE CONTRASTS
ON SAMPLES OF TUNDRA SOIL COVER

S.G. Kornienko
Oil and Gas Research Institute, RAS, 3, Gubkina str., Moscow, 119333, Russia; spaceakm2@ogri.ru

The results of modeling temperature contrasts on the surface of single-layer and multi-layer columns
containing samples of ground, substrate and tundra soil cover using an open-type simulation setup are provided,
in which the temperature differences of varying permafrost conditions are simulated. Quantitative indicators of
the extent of attenuation of temperature variations in the ground by lichen cover of different thickness are
evaluated. Maximum (daytime) and minimum (night) values of the temperature on the surface of the samples
do not differ significantly from the average values, indicating the possibility of investigating the nature of
temperature anomalies on the surface of the tundra soil cover related to permafrost heterogeneity by simultaneous
measurements of the soil surface temperature at any time of the day. The possibility of using the setup to
characterize the thermophysical properties of soil samples and of the soil cover, as well as to study and simulate

http://www.izdatgeo.ru

DOI: 10.21782/KZ1560-7496-2018-5(20-29)

phase transitions of water, is demonstrated.

Permafrost heterogeneity, ground, temperature variations, soil cover, tundra, physical modeling

BBEJEHHNE

B nocsieiaue ro/ipl B 3apyOesKHBIX UCCIIEI0BAHN-
sIX cTajiv 6oJee MUPOKO UCIIOTb30BATHCS IAHHbIC HH-
(bpakpacHOTO TETIIOBOTO INCTAHIMOHHOTO 30HUPO-
Banusa (T/I3) ang xapakTepuCcTUKU MHOTOJIETHE-
mepsibix nopox (MMIT) [Leschack et al., 1973;
Morrissey et al., 1986, Hachem et al., 2009; Langer et
al., 2010; Muster et al., 2015; Ran et al., 2015; Wester-
mann et al., 2015]. PaspaboTka METOANK U HAKOILJIE-
HUe OIbITA B 9TOM HANPABJIEHUU MOTHUBUPOBAHI
MPUHITUTTHATBHON BOBMOXKHOCTBIO TOCTPOCHUS Kap-
ToTpaUIecKuX MOeeil COCTOSTHUS U TUHAMUKH
KPHUOTEeHHBIX JIAHAMA(PTOB, a TAK)Ke U3yUEeHUs Teo-
KPUOJIOTHYECKUX HEOHOPOIAHOCTEN 110 TEMIIEPATYPE
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MMOBEPXHOCTH, PACCUMTAHHOW HAa OCHOBE JAHHBIX
T/13. ITox reoKpUONIOTHIECKIMI HEOTHOPOIHOCTSIMH
B JIAHHOM CJIy4ae MOHUMAIOTCS JI0ObIe Pa3myust
cBoiicTB u mapamerpoB MMII H1ke akTUBHOTO €104,
B TOM YHCJIe PA3JIMUKsI TEMIIEPATYPhl Ha TIyOUHE HY-
JIEBBIX TETIO060POTOB, IBIUCTOCTH, TETLIOGbU3NYe-
CKUX CBOMCTB Mep3JIbIX I'PYHTOB, HaJUYHE KPUOIID-
rOB, KOTOPbIE B COBOKYITHOCTH MOTYT BJIMSTDH Ha pac-
npeieIeHe TeMITePaTypbl IIOBEPXHOCTU TPYHTA.

B 6osbIIMHCTBE CTydaeB 1mMoj[ TeMIIepaTypoi mo-
BEPXHOCTH IPYHTa U IIOYBBI IIOHMMAETCS TeMIlepa-
Typa Ha He3HayuTeabHOM 3araybiaenuu (2—10 cm)
OTKPBITOTO TPYHTA WJIH TI0Jl PACTUTEIbHBIM 1 HATIOY-
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BeHHbIM 1okposoM (HIT), k kKoTopomy oTHOCAT MXH,
JIATMAWHWKY, HI3KOPOCJIbIE IEPHOBO-KYCTAPHUIKO-
BbIE U TPaBsIHbIE BUJIBI, IepH, Topd. Temmeparypa mo-
BEPXHOCTHU TPYHTOB U MTOUBBI CUUTAETCS JOCTATOUHO
WH(MOPMATUBHBIM TTAPAMETPOM JIJIST XapaKTEPUCTUKH
u MoziespoBanus napamerpos MMII [Bobpux u dp.,
2015; Nelson et al., 1985; Heggem et al., 2006; Throop
et al., 2012], B oTiM4me OT TeMIEpaTypbl IOBEPXHO-
ctu HII. 970 cBsA3ano ¢ TeM, 4TO cama TTOBEPXHOCTH
HAXOAUTCA B 001acTH HanboIee NHTEHCUBHBIX II€PHU-
OJINYECKUX U CIIOPAINYECKIX TEILIOOOMEHHBIX IPO-
11€CCOB, K YUCJY KOTOPBIX OTHOCST a/IBEKTUBHbII TeTl-
JIOTIEPEHOC B TPUTIOBEPXHOCTHOM BO3/IYIITHOM CJIOE, &
TaKKe 9BaroTpaHcIupanmio. TeM He MeHee B paboTax
[Hachem et al., 2009; Ran et al., 2015; Westermann et
al., 2015] mokasaHa BO3MOKHOCTH ITOCTPOEHUST MeJI-
KOMAacHITaOHbIX KapT CPEeJHET00BOI TeMIepaTyphl
MMII u rpanun pacupoctpanenns MMII o pan-
HBIM peaHasn3a v CPeHETO/IOBbIM 3HAYEHUSM TeMIIe-
paTypbl TOBEPXHOCTH, PACCUUTAHHBIM HA OCHOBE JIaH-
ueix T/13.

[ pyroii moaxoa ocHOBaH Ha OlleHKe Pa3Inyuit
(KOHTPACTOB) TEMIIEPATYPbI TOBEPXHOCTH YYACTKOB C
PaBHOU TEIIOBOI MHEPIHEN CJI0ST CYTOYHBIX KOoJIeha-
nuii temnepatypel (CKT) B mepuoz jieTHero pacren-
gaennst [ Kopnuenxo, 2012]. Brusuue aiBeKTUBHOTO
TEMJIoNePeHoca MOKET OBITh YUTEHO ITPU TTOBTOPHBIX
ChEMKaX, a TAKME B3aNMOCBSI3aHHbBIE TAPAMETPBI, KaK
WHTEHCUBHOCTD HBATIOTPAHCIIUPAIIUN, TEIJIOBAS
uHepuus 1 Biaxuocth HII, cyberpara u rpyHTa, MO-
I'YT ONIPEAENIATHCS Ha OCHOBE aJIb0€e0, CIIEKTPaIbHBIX
ungekcos u gannbix T3 [Sandholt et al., 2002; Gar-
cia et al., 2013; Girolimetto, Venturini, 2013; Minaca-
pilli et al., 2016]. B 10 e BpeMs HeMaJOBasKHbIM
OCTaeTcsl BOIPOC O BO3MOKHOCTH UCIIOJb30BAHUS
TeMIepaTypsl moBepxHoctu TyHaposoro HII, Tak ke
KaK 1 TeMIlepaTypbl TOBEPXHOCTU TPYHTA (TIOYBHI),
IS XapaKTEePUCTUKUA TEOKPUOJOTUUECKUX HEOIHO-
POMHOCTET.

B mesiom moka 0TMeuanTCs HeloCTaTOYHOE KO-
JINYECTBO DKCIIEPUMEHTAIBHBIX paboT M0 3TOMY Ha-
[IpaBJeHMIO 1 cJ1abast U3y4eHHOCTh MPoIeccoB (op-
MUWPOBAHUS TEIJIOBOTO PeKMMa M TeMIlepaTyphbl Ha
noBepxHocTu TyHpoBoro HII, B ToM uncse mpu pas-
HBIX T€OKPUOJIOTNYECKUX yCI0BUAX. Lleb paboThl —
MO/IeJIMPOBAHNE KOHTPACTOB TeMIIePaTyPhl HA T10-
BepxHOCTH 00pasnos TyHaposoro HII u rpyHTa ¢
KCIIOJIb30BAaHUEM YCTAHOBKU, UMUTHUPYIOIIEN TeMIle-
paTypHbI€ MPOSBJIECHUS TEOKPUOJOTHIECKUX HEOIHO-
POMHOCTE.

METO/IUKA VCCJEIOBAHUI
N XAPAKTEPUCTHUKA OBPA3IIOB
HAITIOYBEHHOTO IIOKPOBA

Bapuanuu tTemmnepaTypHOTO TOJIsI 3eMHOU TI0-
BEPXHOCTH UMEIOT CyTOYHYIO U TOJIOBYIO TEPUONY-
HOCTb M IIPY OTCYTCTBUU CHEXKHOTO IIOKPOBA U I1PO-

1[ECCOB KPUCTAJLIU3AIMY TOYBEHHON BJary npub/im-
JKEHHO MOTYT OBbITh OITUCAHbI BhIpakeHueM [Ilagos,

1975]:

N
Tn(r):To+Zaicos z—nt—(pi , 1)
i=1 4

rie T, — cpefiHerofioBast TeMiepaTypa IOBEPXHOCTH;
a; — aMILIITY 12 KoJIeGaHUiT TeMITepaTypbl OT/AeTbHOI
rapMOHUKHU HA MOBEPXHOCTH; ¢; — TIEPHO]] KOJIEOAHIT;
T — BpeMsT; @; — Havasbhas daza konxebanuit; N — gwc-
JIO TapMOHUK; I — HOMep rapmonuku. Bennuuna T,
3aBuCHT OT TeMmepaTypst MMII Ha rryGrite HyIeBbIX
Term10060poToB, a ammuTy sl CKT 1 rogoBbIx KoJie-
Ganuit TemmepaTypbl ([KT) noBepXHOCTH 3aBHUCST OT
TeIIO(U3NYECKUX CBONCTB COOTBETCTBYIOLINX CJIOEB
CKTuTI'KT. It TyHAPOBBIX pallOHOB MOIITHOCTb CJI0SI
CKT cocrasiager 0.4—1.0 M, a motgHocTb ciost KT —
10-15 m.

W3 ypasuenus (1) ciaenyer, 4To TEOPETUYECKHT
IIPU PABHBIX YCIOBUSAX UHCOJSAIINU, CKOPOCTH BETPA,
TeMIIepaTypbl U BJAAKHOCTH BO3/lyXa Ha yUacTKax C
PaBHBIMU TEMJIOPU3UIECCKIMH CBOUCTBAMU CJIOA
CKT pasnuma temmepaTypbl Ha UX TTOBEPXHOCTHU
T, (t) MoxxeT HecTH MHGOPMAIIHIIO O PA3IMINIX TeM-
nepatypsl MMII n terropmsnyecknx cBONCTB cyi0s
I'KT, cBsI3aHHBIX ¢ TEOKPUOTOTHIECKUMHI HEOTHO-
poanoctamu. Bria nocjieaHux B peayJibTupyloliee
TeMIlepaTypHoe 110JIe Ha TIOBEPXHOCTH He TIPEBLIIIaeT
HeCKOJIbKUX TpanycoB | Kopuuenko, Pasymos, 2009;
Leschack et al., 1973]. B ¢husuueckoii Mmojiesnu cytie-
CTBYET BO3MOKHOCTD “BKJIOYeHUs” 1 “OTKIoueHus”
TeMIePaTyPHbIX TPOSBICHUH, UMUTHUPYIONINX BJINL-
HUEe TEOKPUOJOTHYECKUX HEOTHOPOHOCTEN, YTO 110-
3BOJISIET OTICHUTD X BKJIAJ Ha (hoHe APYTUX (HaKTo-
poB hopmMupoBaHus TeroBoro pexxuma HIT.

MonenmpoBaHue CXOIHBIX TEMIIEPATYPHBIX TIPO-
SABJAEHWH (KOHTPACTOB TeMIIepaTyphl) Tpenoara-
JIOCH TIPOBOJIUTD HA OJIHO- M MHOTOCJIOMHBIX KOJIOH-
Kax, BKJIOYAONX 06pasiel Tyuaposoro HII, cy6-
crpata u rpyHTa. Ilog xoHTpacToM TemuepaTypsl B
JTAHHOM CJIy4ae TOHUMAeTCs Pa3HOCTDb TeMIIepaTyphbl
MEJK/y ABYM: KOJOHKAMU Ha MX HUIKHEH rpaHulle
(AT,,.), na nosepxuoctu (AT, ) u B Bodnyxe (AT,) Han
noBepxHoCcThio. Cxema yCcTaHOBKHU OJIM3KA 110 KOH-
CTPYKIIMU K U3BECTHBIM YCTPOMCTBAM JIJIsI Olpejie-
JIEHWST TETIO(DU3NIECKUX XaPaKTEPUCTUK 0OPA3I0B
MTOYBBI, TPYHTA U CHETA METOIOM CTAIMOHAPHOTO TeTl-
JIoBOTO Bozzeiictsust [ Memooo...., 2004; Bposka u op.,
2016; Riche, Schneebeli, 2013]. OTnuuurenbHast 0co-
GEHHOCTD TIPe/IaraeMoil yCTaHOBKH — HMCITOJIb30-
BaHMe [IBYX OJJMHAKOBBIX OTKPBITBIX CBEPXY KOHTEH-
HepoB (puc. 1) ¢ KOJIOHKAMHU, YTO TTO3BOJISIET OTIpe-
JIeJIATh KOHTPACTBI TeMIIepaTypbl B €CTECTBEHHBIX
YCIIOBUSIX CYTOYHBIX U METEOPOJOTMIECKUX KOJIeHa-
HUI BJAKHOCTU U TEMIIEPATYPbl BO3/IYXA.

Pasmepnl BHyTpeHHeH YacTu KaxKI0To KOHTeHe-
pa 25 x 25 x 32 cM, THO KOHTEHHEPOB BHITIOJHEHO U3
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Puc. 1. CxeMa yCTaHOBKH /ISl MO/IETIMPOBAHUS KOHTPACTOB TEMIIEPATYPbI HA IOBEPXHOCTH 00PA3I[OB TYH/I-

POBOro HAIMMOYBE€HHOTI'O IMIOKPOBa.

1 — BHelIHME CTEHKU KOHTENHEPOB; 2 — TEIIIOU30JIAIIA CTEHOK KOHTeHHePOB; 3 — LI0PalOMIHUEBDIE JTUCTBL; 4 — a1eMenTh! Ilens-
ThE C PAJIMATOPAMU U BEHTUISATOPAMHU OXJIAKIEHNS; 5 — TeMIlepaTypHble IaTIUKN (JIOTTepbI).

JUIOPATIOMUHUEBOM TIJIACTUHBI TOJIIIUMHON 2 MM, CTEH-
KU 1 IHO KOHTENHEPOB BHYTPH BBIJIO’KEHBI TETIJION30-
JIUPYIONTUMU JINCTAMU U3 TIEHOTIOINypeTaHa TOJIH-
Holt 3 cMm. Ha BHemtHe# cTopoHe I0paTfOMIHNEBON
IJIACTUHBI Pa3MeNICHbI JIBA TTOJYTTPOBOIHUKOBBIX
asnemenTa [lenbThe, 00eceunBAIONINX CHIKEHNE W
MOBBINIEHUE TeMTIIePaTyPhl B HUKHEH 4acTu KOHTel-
Hepa /10 16 °C oTHOCHTEIHHO TeMITepaTypbl OKpYsKa-
totieit cpeanl. [l moanep:kanug OMUHAKOBBIX YCJIO-
BUH TerI006MeHa CTeHOK KOHTEIHEPOB ¢ OKPYIKato-
mel cpenoil KOHTelHephl yCTaHABIUBAINCH HaA
HOKKaX Ha BLICOTY 25 cM OT moJia. TeMmeparypHbie
JIATYUKY (JIOTTePhI) pacioJiarajifch y JHa KOHTelHe-
POB, Ha TTOBEPXHOCTU KOJIOHOK M BBIIIE HA PACCTOSI-
HUU 5 CM HAJl TOBEPXHOCTHIO [IJIsT KOHTPOJIST TeMIIepa-

Ta6auna 1. Xapakrepucruku o0pasios
HaNOYBEHHOTO MIOKPOBA, Cy(CTPATa U IPYHTA B KOJIOHKAX

Ko-

JIOHKaA

Toutum-

CocraB 06pasIoB B KOJIOHKE
Ha, CM

K1 |Mox “kykymkun en” (Polytrichum commune)| 20
C BKJIIOYEHNEM TPaBSIHICTOI PaCTUTENIbHOCTH

CyramHucTbiil cybeTpar 5

K2 Jnmnaiinuxk ( Cladonia arbuscula) 7
CazoBbiit (TopsIHOIT) TPYHT 18

K3 Caznosblii (TopsHOIl) TPYyHT 25

K4 |Mox “kykyrkut sier” (Polytrichum commune)| 11
CazoBblit (TOpsHOIT) TPYHT 20
K5 |Mox “kykyuikus jgen” (Polytrichum commune)| 12

Canosbiit (TOpGhSIHOI) TPYHT 18
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TYypBl BO3/lyXa. B ycTaHoBKe MCIOJIBb30BAJINCH Clia-
pennbie Temrepatypubie Jorrepst HOBO U23-003
(OnSet, CIITA) ¢ Tounoctbio uamepenwus 0.2 °C. lat-
YUKW TEMIIEPATYPhI PACTIONATAIUCE TIO TIEHTPATBHOM
BEePTHUKAJIBHON OCH KOHTEHHEpOB.

B mporiecce akcniepruMenTa mooYepessHo oXJaaxK-
JlaeTCs WU HarpeBaeTcs CHU3Y OJUH U3 KOHTelHe-
POB, UTO TPUBOJUT K BO3HUKHOBEHUIO KOHTPACTa
TeMIIepaTypbl MEKTYy KOJOHKAMU, B TOM YKCJIE HA UX
noBepxHOCcTU. OXNaxkaenne (HarpeB) KOJOHOK TO/-
JIepsKUBaETCs Ha TIOCTOSTHHOM YPOBHE B TeueHue He-
CKOJIBKUX JIHEM, COo3/1aBasi IOMOJHUTETHHYTO TIOCTO-
SHHYIO COCTaBJAIONIYIO K CE30HHBIM, CYTOUHBIM U
METEOPOJIOTHYECKIM KostebaHusiM TeMIiiepatypbl. [To-
CKOJIbKY TETJIOM30JIAINSA CTEHOK KOHTEHHEPOB He
ujeanbHa, Ui IOCTUKEHUST KOHTPACTOB TeMIIepary-
pbI Ha TOBepxXHOCTH KoJI0OHOK AT, = 1-2 °C konTpa-
cTbl AT, ycTaHaBnMBaauch B quarnasone 9—-16 °C.

B Tab:1. 1 npuBeieHbl XapaKTePUCTUKI 0OPA3IOB
tyuaposoro HII, cy6cTpaTta U rpyHTa, COCTaBJISIO-
HIUX TATH UCCIEAYEMbBIX KOJOHOK, TT00YEPEIHO T10-
MelllaeMbiX B KoHTeiiHepbl. O6pasibl MOKpoBa ¢
co6CTBEHHBIM cybCcTpaToM OBLIN B3STHI B paiioHe
SAMOyprcroro HeTerasoKOHICHCATHOTO MECTOPOK-
JICHUS.

Ha puc. 2 mamwr pororpadun komonok K1 u K2
[PU CHSITHIX OOKOBBIX CTEHKAaX KOHTEHHEPOB, yKa3a-
HBI TOJIUHBI ToKpoBa. Kononky K1 cocrasaser no-
CTaTOYHO MOIIHBIH CJIOH MXa ¢ COOCTBEHHBIM CYTJIH-
HUCTHIM cy6cTpaTom. Y 06pasiia JUaiiHuKOBOTO
HII B xomonke K2 tosmmna co6CTBEHHOrO CyIecda-
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Puc. 2. Bux c6oky koureiinepos ¢ kononkamu K1 () u K2 (6) u o6pa3inaMu HallouBEHHOTO IIOKPOBA.

HoTro cybGerpara He mpesbimana 1 em. Komonka K3
MpejicTaBIeHa OJTHOPOIHBIM CAZIOBBIM (TOPGhSIHBIM)
IPYHTOM. ¥ MIEHTUYHBIX 0OPA3IOB MXa B KOJIOHKAX
K4 u K5 TosmnHa coGCTBEHHOTO CYTJIMHUCTOTO Cy0-
cTpara TakKe He mpeBbimaia 1 cMm.

YcranoBka pasmelniajach BHE MOMeIleHU# B
TEHU Ha OTKPBITOM BO3/lyXe, BCE NU3MEPEHUS MTPOBO-
IUJIUCh B T. MOCKBe B JIeTHE-OCEHHUE MEePUOJIbI
2013-2014 rr. no HacTyIienus: 3aMOpo3koB. Bo Bpe-
MsI U3MEPEHNI MaKCUMaJTbHAs TEMITEPATyPa BO3/IyXa
nocturana 35 °C, munnManbhas pasaa 5 °C. B mpo-
1ecce aKcrepuMenTa 00beMHas BJIaKHOCTb B KOJIOH-
Kax Mojieps;KuBaach Ha ypoBHe 12—14 %, miist KOH-
TPOJISI BJQKHOCTH MCIOJIb30BaIUCh AaTdnkn EC-5
(Decagon Devices Inc., CIIIA). 9xcniepuMeHT COCTO-
SIJT U3 TPEX IIUKJIOB U3MEPEHUH, KasKIbIi 13 KOTOPBIX
BRJIIOYAJT TIEPUO/IBI TOOYEPETHOTO OXJIAXKACHUS (Ha-
rpeBa) KOJIOHOK, a Take (DOHOBbIE TIEPHOJbI €3 OX-
Jgaxzaenns (Harpesa). [[TUTeIbHOCTD ITMKJIOB COCTAB-
nsina 27, 13 u 43 cyT; ATUTENTBHOCTD TIEPUOJIOB OX-
JtaskjieHust (HarpeBa) KOJIOHOK ¢ 06pasiiaMu — OT 4 J1o
14 cyT. Perucrpanus 3HaueHuil TeMIepaTypbl Tpo-
BOJIMJIACH KPYTJIOCYTOYHO C MHTEPBATIOM O MUH. AHa-
3 1 06paboTKa JaHHBIX OCYIECTBJISIACH C TOMO-
mpio iporpammbl HOBO Pro BHW, niocrasisiemoii
BMECTe ¢ JIOTTepaMu, a Takske rmporpammbl Excel cran-
naprHoro nakera Microsoft Ofice.

Donosble (AAUTUBHBIE) COCTABJISIONINE KOHT-
pPacTOB TeMIIePaTyPbl, CBA3aHHBIE C PA3JINYUEM Tell-

JI0(U3NIECKUX CBONCTB KOJIOHOK, & TAKXKe C BIAUSHU-
eM Apyrux (HaxTopos (pasianyus B TEIJIOU30JIAINN
KOHTEHHEPOB, 0COOEHHOCTHU IUPKYJISIIUN BO3/LyXa U
T. [1.), OPEEJISIINCD 110 U3MEPEHUSAM B IIPOMEKYTKAX
MesK/ly IepuojiaMun oxJasxkjaenus (Harpesa). Ha oc-
HOBE 9TUX JAHHBIX JIJIS KAXK0T0 1IMKJIa U3MEPEHU
OTIPE/ICISANCE TIOTIPABKH, TIO3BOJIAIONINE YCTPAHUTD
pasHUILy MeXX/y (POHOBBIMU COCTABJISIONMMHU B 3Ha-
vyenust AT,,, AT, u AT,. lIpu 06paboTKe TaHHBIX HC-
KJIIOYAJIUCD JIHA BKJIIOYEHUS U BBIKJIIOYEHMS OXJIaXK-
nenusd (HarpeBa), a TaKKe JHU 3HAYUTETbHBIX
(>10 °C) ckauKoB CpeHECYTOUHON TeMTIepaTypbl
BO3/yXa.

Csasp mexay kourpactamu AT, AT, u AT, B
MEePBYIO oYepe/ib OIEHUBAIACH 110 CPEIHECYTOYHBIM
3HAUYEHMSAM TeMIIepaTypbl, YTO yMEHbIIAeT BIUSHHE
cayvdaiiHbIX (hakTOpOB. AHAJIOTUYHO OIICHUBAJINCD
CBSI3W MEX/ly 9TUMU [1apaMeTPaMy 110 MaKCHUMaJlb-
HBIM (ZIHEBHBIM ) © MUHUMAJIbHBIM (HOUHBIM) 3HaYe-
HUAM TeMmIlepatypbl. [l aTO 1en yepeHaanch
3HAUEHUS] TEMIIEPATYPhI 33 KasKIbIil Yac U BBIOUpa-
JIUCh MaKCHMaJbHble I MUHUMaJbHbIE (B CYTKaX)
3HaueHus. [[ocKOIbKY MHTEHCUBHOCTD OXJIAXKICHUS
(HarpeBa) B I[MKJAX He Bcerja ObLIa OMHAKOBas,
N cpaBHeHUs BausHus Tunos HII Ha KoHTpacTw
AT, ncnosnbzoBajca koabduiuent nepepaun G =
= AT, /AT,,.. 3HaueHUA KOHTPACTOB TEMIIE€PATYPBI
Bcerjia Olpe/esiuch KaKk Pa3HOCTb TeMIepaTyp
MeK/Y (YCJIOBHO) TIEPBBIM 1 BTOPBIM KOHTEHHEPOM.
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PE3YJIbTATbI MOJAE/INPOBAHUA
TEMIIEPATYPHBIX KOHTPACTOB
HA IIOBEPXHOCTHU OBPA3IIOB I'PYHTA
1 HAITOYBEHHOTIO IIOKPOBA

Ha puc. 3 mpuBeieHbl ABYXCYTOUYHBIE TEPMO-
rpamMMbl kKoToHKH K2 B hoHOBBIN 1epro u iepuo;y
OXJIKIeHNd Ha HUKHel rpanuiie. Mismepenus npen-
CTaBJIEHBI C OCPEHEHNEM B 1 4 1 OTHOCATCS KO BTO-
pPOMY TIHKJTY HAGIIOEH I, TPOBOANMOMY B OKTIOpe
2013 r. [Ipu cpaBHEHUU TEPMOTPAMM BUHO, UTO TIPU
OXJIaXKIeHUH TeMIleparypa nosepxaoctu obpasma HIT
3aMETHO CHWKAETCS OTHOCUTENIBHO TEMIIEPaTypbl
BO3ZyXa.

Ha puc. 4 npuBesensl KpuBble, XapaKTepU3YIO-
e U3MEHEHWE CPEZIHECYTOUYHBIX KOHTPACTOB TeMITe-
paTypbl B [IEPBOM TIHUKJIE HAOIOEHUIT TPU OXJIAsK/Ie-
Hum kKotouku K3 (rpynT, 3082 A) 11 kononku K1 (Mox,
3ona b). Komonka K3 pasmernasach Bo BTOpOM KOH-
TeliHepe, M03TOMY KOHTPACTBI TeMIIEPaTyPbl HA HUXK-
Hell TpaHuIle ¥ TTOBEPXHOCTH KOJOHKK K3 fanbl ¢ mo-
JIOKUTETTHHBIM 3HAKOM. 371eCh U Jlajiee Pe3yIbTaThl N3-
MepeHUH IaHbl ¢ TToIIpaBKaMy Ha Pa3HuIly (POHOBBIX
COCTABJIAIONIUX KOHTPACTOB TeMiieparypsl. Ha puc. 4
BU/ZIHO, 4TO KouTpact AT, aBno 3aBucut oT AT, u ne
cBsi3an ¢ AT, 3HAUEHUSA KOTOPOTO OJIM3KU K HYJIIO.
[Tpuuem pist kosouku K3 ¢ 0lHOPOJHBIM TPYHTOM
1Ipu MeHbIuX 3HaueHuax AT, . (3ona A) ormevarorcs

T, °C a
14
13
12
11

5 b4—r—7——

13 19 25 31 37

6osree BhIcOKUE 3HaueHms AT, MO CPABHEHUIO C KO-
sgonkoi K1 (3ona b) cocrostieli B OCHOBHOM M30 MXa.

[l To¥ ke maphl KOJIOHOK paccMaTpPUBATIUCD
CTaTUCTUYECKHUE CBA3U MEXAY CpPe/lHeCyTOYHbIMU
snavennsamu AT, u AT, (puc. 5, a) u mesxny AT, u AT,
(puc. 5, 6). 3neco nanmuuue cBsisu AT, u AT, nox-
TBEPIKIAETCS [OCTATOYHO BLICOKUM 3HAYEHUEM WH-
nexca koppensinn (R = 0.957), a pasHuiia B MHTEH-
CUBHOCTH IIPOSIBJIEHUS KOHTPACTOB TEeMIIEPATYPbl Ha
noBepxHocTH rpyHTa (A) 1 Mxa (b) xapakTepusyercst
Pa3HbIM HAKJOHOM y4acTKOB alllPOKCUMUPYIOIIEi
dbyukuuu (cMm. puc. 5, a). OTHOCUTETHHO HEBBICOKAS
koppessiniust (R = 0.658) mexay AT, u AT, (cm.
puc. 5, 6) 1 Ha nopsiAok OoJiee HU3KUI Pa3bpoC 3Ha-
yennii AT, o cpaBHeHuto ¢ AT, CBUIETETBCTBYIOT 00
OTCYTCTBUU BJIUSHUS TEeMIIEPATYPbI BO3/[yXa HA TEM-
neparypy MOBEPXHOCTU U O BO3MOXXHOM BJIMSTHUM
TeMIIepaTypbl MOBEPXHOCTH (OXJIAXK/1aeMO CHU3Y )
Ha TEMIIEPATYPY BO3/LyXa Y TIOBEPXHOCTH.

Bo BropoMm 11uksie nusmMepenuii B iepBOM KOHTei -
Hepe ocTaBasach Koimouka K1, a kosonka K3 3ame-
H4JIach Ha KOJOHKY K2 ¢ TeM ke rpyHTOM U JInIIaii-
nurkoBbiM HII. Coueranue KoJIOHOK BTOPOTO I[UKJIA
MOKa3aHo Ha puc. 2. BHavyase McKyccTBeHHO Harpe-
Basach kosionka K1 (3ona A), a 3aTem, nmocsie goHo-
BOTO Iepuojia, oxJjaxaanach Komonka K2 (3ona b,
puc. 6, a). 31ech, Tak ke Kak U B PE/bIAYIIeM Mpu-

I oG 6

00—
1 7

T T T T T T T T T T T T

T T T T T T
13 19 25 31 37 43 1,4

Puc. 3. Tepmorpammbi kosioHku K2 B poHOBBII mepuos (¢) v nepro HCKYCCTBEHHOTO OXJIasKaeHust cHuay (0).

1 — TemIiepatypa Ha HIDKHEH rpaHuile; 2 — TeMrepaTypa Ha moBepxHocTi o6pasiia HIT; 3 — remmepatypa Bosyxa Haj obpasiiom HIT.

AT, °C
104 — 1
—_— 2
.......... 3
5_
0-°
-54
—-10
-15 T T T T T T T T T T 51 T T
1 5 9 13 17 21 25 1,cyT

Puc. 4. I3ameHeHne cpeiHeCyTOYHbIX 3HaUeHHI KOH-
TPACTOB TeMIIEPATYPBI IPH OXJIAK/IeHIH KOTOHOK K3
(A) n K1 (b) B nepBoM IIMKJIe H3MEPEHHUIA.

1-AT,;2—AT,; 3 - AT,

H jit]
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a 0
AT, °C AT,, °C
3 0.3 - A
i A .. .
y=0.006x*+0.167x + 0.064 » | .
R?=0.916 .
T )
14 .
Je .
.‘ (]
I ° T T O ‘Y T O of T 1
-15 . -10 -5 ° b 5 10 -2 -1 1 2 3
. 4 ATy, °C . o1 AT,, °C
. | ' y=0.045x + 0.057
b 5 . R2=0.434
-2 - —0.2

Puc. 5. CBa3b cpennecyrounsix 3Havennii AT, u AT, (a), AT, u AT, (6) npu oxaaxaenun kononok K3 (A)
u K1 (b).

T T T T T f T e

-6 T 7T T T T T T T T T T T

441 2 3 4 5 6 7 8 9 10 11 12 13 1 7 13 19 25 31 37 43

T, CyT T, CyT
Puc. 6. I3aMeHeHue cpeiHeCcyTOYHBIX 3HAYEHUI KOHTPACTOB TeMIepaTypbl npu HarpeBe KojaoHku K1 (A) u
oxnaxkaennu Kojouku K2 (5) Bo Bropom mukie (a) usmepeHuii u npu oxiaxaenun KoroHok K4 (A) u K5
(F) B tperbeM mukie (0).
1—AT,;2—AT,; 3 — AT,

a 0
AT, °C ATg, °C
0.6 1
y=0.110x-0.011 b :‘ y=0.0627x - 0.082
R?=0.799 . R?=0.0818 041  *, b
.
.
0.2 1
LX) ' i * * (14
. . .
r T T T T T T T T O.ﬁy’é\
-15 -10 -5 5 10 -2 -1 1 2
L °
° ° . AT,, °C
AT, °C M: . . D
. ®e . ] *
. -0.4 A ° .
A ¢ .
. ~0.6-

Puc. 7. Csa3b cpenuecyrounsix 3navennii AT, u AT, (a), AT, u AT, (6) npu oxnaxaenun kononok K4 (A)
u K5 (b).
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Tabnuia 2. 3HaueHUsI KOHTPACTOB CPEIHECYTOYHOIA,
MaKCHMAaJIbHOH, MUHIMAJIbHOU TeMIlepaTypbl
u koa(pPpunuenra nepenauu (G)
IPU OXJIAK/IeHUH (OXJI.) M HarpeBe KOJIOHOK

Ik Kosnonxka AT, °C| AT, °C |G = AT, /AT,
K1 (oxu, cp.cyt.) -11.42 | -0.98 0.086
K1 (oxut., makc.) -1299 | -1.08 0.083
1 K1 (oxJ1., MuH.) -12.55 | -1.16 0.092
K3 (oxi., cp.cyT.) 9.22 2.14 0.232
K3 (oxu1., Maxkc.) 9.27 2.08 0.224
K3 (oxu1., MuHn.) 8.65 1.81 0.209
K1 (narpes, cp.cyt.) 9.71 1.10 0.113
K1 (narpes, makc.) 10.44 1.27 0.121
9 K1 (marpes, mun.) 9.18 0.98 0.107
K2 (oxu., cp.cyT.) 9.80 0.97 0.099
K2 (oxu1., maxkc.) 9.52 0.98 0.103
K2 (oxi1., mum.) 9.20 0.99 0.107
K4 (oxu., cp.cyT.) -15.77 | -1.66 0.105
K4 (oxi., Makc.) -15.44 | —1.39 0.090
3 K4 (oxu1., Mun.) -16.19 | —1.51 0.093
K5 (oxu, cp.cyt.) 10.88 1.27 0.116
K5 (oxu1., Makc.) 10.33 1.33 0.128
K5 (oxu1., MuH.) 11.60 1.63 0.140

mepe, AT, aBno 3aBuchT oT AT,.. locTaTOuHO BHICO-
kuit koaddunuent xoppeaanun mexay AT, u AT,
(R =0.867) 3naumum nipu p < 0.05, B TO BpeMsl Kax /711
napametpoB AT, n AT, ero OTHOCUTEIbHO HU3KOE 3Ha-
yenne (R = 0.302) He aBaseTCS 3HAYNMBIM TP 9TOU
JKe BeJIMYMHE p.

B tperbeM, Hanbosiee MpogIo/IKUTEIBHOM ITHKJIE
M3MepeHnit oxmaskaanch Kook K4 (3ona A) u K5
(3ona B, cM. puc. 6, 6) ¢ WIEHTHYHBIM COCTABOM TPYH-
ta n HII. Pe3ysbpTaTs! B 11€J10M aHATIOTUYHBI PE3Y.JIib-
TaTaM U3MEPEHWH B IePBLIX ABYX IMKIaX. CTaTUCTH-
YeCKUe CBSI3U MEK/LY CPeTHECYTOUHBIMU 3HAUCHUSIMU
AT, n AT,, AT, AT, 1 3T0l Tapbl KOJIOHOK TIPU-
Besmenbl Ha puc. 7. Koaddunuent koppensiun
R = 0.894 mexny AT, u AT, (cM. puc. 7, a) 3Ha4UM
npu p < 0.05. 3nauenus AT, u AT, 3xech TPyHIIIPY-
I0TCSI B TPH KJIACTEPa, COOTBETCTBYIONINX TTePHOIaM
oxsraxkeruns KomoHok K4 (A) u K5 (b), a takke do-
HOBOMY TEPUOJY € OJIU3KUMU K HYJIIO0 3HAYCHUAME
AT,.. Casp Mexxny AT, u AT, (R = 0.286) 3z1ech Tax-
JKe MMPaKTUIEeCKU OTCYTCTBYET (CM. puc. 7, 6).

B tabu. 2 mpuBeneHbl yepenHEHHbIe 32 TEPUOIbI
oxJlaxk/leHns (HarpeBa) 3HauYeHUd KOHTPACTOB CPe/I-
HECYTOYHOI, MAKCUMAJILHOM M MUHUMAJIBHOM (B CYT-
Kax) TeMITepaTyphl Ha HIKHEN TPaHUTIe W Ha TOBEPX-
HOCTH KOJIOHOK, a TaKKe COOTBETCTBYIOIINE 3HAYe-
Hus koaduimenta nepepaun G.

OBCY/KJIEHUE PE3YJIbTATOB

[Tosryyennblie pe3yabTaTbl CBUIAETENBCTBYIOT O
BO3MOKHOCTHU MCIIOJIb30BAaHUA YCTAHOBKU C IBYMS
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MIOTIEPEMEHHO OXJIaK/IaeMbIMH (HarpeBaeMbIM1 ) KOH-
Tefinepamu ¢ o6pasriaMu TpyHTa U TyHaposoro HIT
JUUISL OLIEHKH CBS3M TeMIIepaTypbl Ha TOBEPXHOCTH KO-
JIOHOK € TeMIlepaTypoil Ha ux HuxHell rpanutie. [lo-
CTaTOYHO BBICOKasA Koppeadnud snadennit AT, u AT,
U OTHOCUTEJbHO HU3Kad Koppeaduus AT, u AT, o
BCEM TMKJIAM HAOII0IEHUH OIHO3HAYHO CBU/IETEb-
ctByioT o 3apucumoctu AT, ot AT,,.. VI3 Tabu. 2 ce-
nyert, uto KoadduinenTsr mepegaun G, 1o CyTH, Xa-
pakTepusyole Termohu3nieckre CBOHCTBA KOJIO-
HOK, MOI'YT pasjnyatbca B 2—3 pasa. Haubouee
BbIcOKMe 3HaueHus G oTHOCcATCA K Kosonke K3 ¢ ca-
JnoBbIM TpyHTOM Oe3 HII, uTo oxupaemMo, yauTbiBast
ero 6oJiee BbICOKME 3HaUeHMs KOa(DDUIMEHTa TeTIo-
IPOBOAHOCTH 110 cpaBHeHUIO ¢ o6pasuamu HIL. Y ko-
sonku K2 ¢ Tem ke rpyHTOM, HO C JIMIIIAHHUKOBBIM
HOKPOBOM, Koa(pdunmenr G npubiu3uTenbHO B
2 pa3a MeHbIIIe, YeM y KoJIoHKH K3.

s kononok K1, K4 u K5 ¢ o6pasiaMu MOX0BO-
ro OKpoBa 3HaYeHusA G pasjanyaiorcs He CTOJb Cy-
mectBenno. [1pu narpese xosonku K1 3nauenue G
npubausuTesbHo Ha 30 % BbIlIe, YeM MPH ee OXJIaskK-
JEHWHU, 4TO MOKET OBITH CBSI3aHO C POCTOM JIOJTU KOH-
BEKTUBHON COCTaBJILIONIEH TerI000MeHa B MOIITHOM
cJIoe MXa IIpu HarpeBe cHu3y. B To ke BpeMs kKoagdu-
nueHT G konouku K1 (mpu oxXJIakaeHnn ) HeCKOTbKO
HIKe, yeM y KoToHOK K4 1 K5 ¢ TaknM ke TOKpoBOM,
YTO MOKET OBITh CBS3aHO ¢ MEHbIIIeH TOMIUHON 00-
pastoB Mxa kosoHok K4 m K5.

[TockoJIbKY YCTOBHS AKCIIEPUMEHTA IMUTHPYIOT
IIPolLiecC CTAIMOHAPHOIO TEIIONepeHoca, Ha OCHOBE
POCTHIX YPABHEHUIT MOKHO TIPUOTMIKEHHO PacCuu-
TaTh KOHTPACTBI TEMIIEPATYPbI HA JTIOOOM PACCTOSTHUN
OT JTHA JI0 MMOBEPXHOCTU KoJOHKU K3 ¢ rpyHTOM, a
Takke B kostonke K2 nox smmmainankossiM HII ¢ Ta-
KM JKe TPYHTOM, YUYUTBIBAs OJIMHAKOBYIO BBICOTY KO-
JIOHOK W JIOIyCKasg paBeHCTBO KOa(duinmeHTos re-
IJIOTTPOBOJHOCTH TPYHTA B KOJIOHKaX. B (oHOBBIE
[IEPUO/IbI TeMIIepaTypa BO3/LyXa BOKPYT KOHTEeHHEepPOB
npubIN3UTEIHHO OJIMHAKOBASI, TOITOMY CPEIHECY-
TOYHBIE 3HAYEHUS TEMIIEPATyPbl HAa HIDKHEN TPaHuIle
U TOBEPXHOCTH KOJIOHOK PA3JTMUAIOTCS HECYITIECTBEH-
Ho. IToaTOMY MOKHO 1OIIyCTUTD, YTO CPEAHECYTOY-
Hble 3HAUE€HNH TEIIOBBIX TOTOKOB U IPAJIMEHTOB TEM-
mepaTypsl B KOJIOHKaX B (DOHOBBIE TTEPUOBI PABHBI
Hyro. Torza npeanosaraeM, YTo B EPUOBI OXJIaK-
JeHus (HarpeBa) rpaJiMeHTbl TeMIIepaTypbl B KOJIOH-
Kax Oy/lyT 3aBUCETH TOJBKO OT BEJIMYUHBI CO3/IaBae-
MOTO KOHTPACTa TeMIIePaTypPhbl HA HIKHEH TpaHulle.
I'paguenTt temmepaTypbl B KoJIOHKe ¢ TpyHTOM K3
(T, x3) onpenensiercs o popmyaie

ATm‘,KB - ATH,KS
grad (Trp,KS ) S E— (2)
e AT, ks, AT, k3 — CPEIHECY TOUHBIE 3HAYCHUS KOHT-
pPacToB TeMIepaTypbl Ha HUXKHEH TpaHWIle W Ha T0-
BEPXHOCTU OTKPBITOTO TpyHTa KoJoHKH K3 cooTBet-
cTBeHHO (cM. TabuI. 2); L — TosuHa (BbICOTa) KOJOHOK
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K3 1 K2 (cm. tabu. 1). TTockoIbKy B JaHHOM CJIydae
rpauenHT TEMIIEPATYPbI 3aBUCUT TOJIBKO OT KOHTPACTA
TEeMITePATYPhl Ha HUIKHEl IPaHMUIlEe, TPAJUEHT TeMIle-
parypsl B rpynre B Kosonke K2 (T, y) MOXHO pac-
CUMTaTD 110 (hopMyJie

ATl—n‘,K2

grad (Trp,Kz ) = grad(Trpng )Tm’

e AT, k) — CpeaHecyToYHOe 3Ha4YeHue KOHTpacTa
TeMIIepaTypbl Ha HUZKHEN rpanuiie Komonkn K2 (cM.
tab. 2). Konrpact Temmneparypsl B Kojionke K2 Ha
rpanuite mexay rpynrom u HIT (AT, o) onpenesis-
ercst 1o opmyJie

ATFHH,K2 = ATHr,KZ - grad (ATrp,K2)'(L - d)r (3)

rae d — ronmuna HIT B kosonke K2 (em. tabu. 1).
B narHOM ciydae pacueTHOe 3HaUeHHE KOHTPACTa
TeMIeparypbl Ha rpanuiie Mexkay rpyntom u HII B
kosorke K2 (nipu d =7 cm) cocrasuiio 4.38 °C. Beju-
yuHa rpaauerTa Temnepatypsl B HII kosonku K2
paccuYuTHIBAJACH AHAJTOTHYHO (2) O 3HAUECHUSM
AT, ko 1 AT, o (eM. Tab. 2):

d(T _ ATHIH,KZ B ATH,KQ
gra K2 | — .
d

OTHoIIeHNe TpajineHToB TeMiepatypsl B HIT n
rpyHTe kosioHkn K2 mokaseiBaer, uto Koadhuiment
TEIIONPOBOAHOCTHU rpyHTa B 1.61 pasa GoJblie, 4em
y HIIL. KonTpactsl Temneparypst mosepxuoctu HII
kosoukn K2 mist d = 0—7 ¢M pacCYUTBIBAINCH 110

dbopmyire
ATHvK2 (d) = |:ATHr,K2 - grad(TrpyKQ ) : (L - d)j| —

- grad(Tnn,IQ ) d.

Crenenp ocjaabjieHus KOHTPAcTa TeMIIEPATYPhl
cinoem HIT B kosonke K2 MoskeT ObITh BhIpakeHa B
sujie Koahdunmenta E = AT, 1o/AT, xo(d). 3aBucnu-
MmocTb koabduumenta E or d npusenena na puc. 8.

E P
5 -

B y= 0.987160'2137)( .
4l R?=0.999

y = 0.9589¢0-121x
R2=0.9843

T T T T T T T 1

3 4 5 6 7 d,cm

Puc. 8. 3aBucumocts koapuinenToB E (kpuBas 1)
u P (kpuBasi 2) ocinaGieHns KOHTPACTOB TEMIIEPATY-
PBI OT TOJIIMHBI d IMIIAHHUKOBOTrO MOKPOBA.

Cormacno (3), npu d =0 (T. e. B rUIIOTETUYECKOM
ciaydae, Korja KojgoHka K2 1meImkoM COCTOUT M3
IPYHTA) KOHTPACT TeMIlepaTypbl Ha IIOBEPXHOCTH
AT, o = 2.28 °C. IIpu TOM € KOHTpacTe TeMIIEPaTy-
PBI Ha HIDKHEN IpaHuIle ¥ TOH ke 00IIell ToMInHe
KOJIOHKHW M3MepeHHOe cpe/lHee 3HaueHre KOHTPacTa
Ha nosepxuHoctu aumaidnukosoro HIT (AT, ko) co-
crasuiio 0.97 °C (cm. Tabur. 2). OTHoLIeHNe 9TUX T1a-
PaMETPOB MOJKET OBITH BBIPAKEHO KOIDPUITMEHTOM
P = AT\, xo/AT, xo(d). IIpu mocTosHHOM 3HAYEHUH
AT, xo = 2.28 °C 3aBucumoctsb Koaddurmenra P ot d
Takke npusesieHa Ha puc. 8. Koacdunuent P noka-
3bIBAET, BO CKOJIBKO Pa3, B 3aBUCUMOCTH OT TOJIIUHBI
HII, MoryT oTiim4aThCss KOHTPACTHI TEMITEPaTypPhl Ha
€T0 MOBEPXHOCTU OT KOHTPACTOB Ha MOBEPXHOCTHU OT-
KPBITOTO IPyHTA IPU OJMHAKOBBIX KOHTpacTax Ha
HIDKHEN TPaHUIle PaBHBIX 110 TOJIIMHE (BbICOTE) KO-
JIOHOK.

[ Kask ot 13 KOJIOHOK CpeTHeCyTOUHBIe, MaK-
CUMaJIbHble 1 MUHUMAJbHbIE (B CYyTKaX) 3HAUEHUS
koaddunrenta G pazanvaioTcs HE3BHAUYUTENbHO (CM.
TabJ1. 2) ¥ He HAapyIIAIOT 001eil KapTUHbI CBSI3U TE€M-
MepaTypHbIX KOHTPACTOB € THIIOM KOJIOHKHU. Bce BbI-
1eckazaHHoe CIIPaBe/JINBO B OTHOIIEHUN Pe3yJib-
TATOB OJJHOMOMEHTHbBIX U3MEPEHUN B JII060E BpeMst
CYTOK.

ITpu HesHaYNTENbHON MOPabOTKE OTMCAHHAS
YCTAHOBKA MOJKET IIPUMEHATLCS /LI OlIpe/lesIeHus
addeKTUBHBIX 3HAYeHUIT KOI(DDUIMEHTOB TEILIO-
MPOBOIHOCTH OTHO- ¥ MHOTOCTIOWHBIX KOJIOHOK € 00-
pasiiaMi IJIOTHOTO U ChIITy4Yero TpyHTa, cyocTpaTa u
tyraposoro HII B 1060M WX COYETAHUH, B TOM YHCJIE
B 3aBUCUMOCTH OT UX COOCTBEHHOW BJAXHOCTU U
BJIQKHOCTH BO3/yXa. Y CTAHOBKA TaK/Ke MOJKET OBITH
MICTIOJIb30BaHA /I N3YyYEHU ¥ MOJeTUPOBAHNS da-
30BBIX TIEPEXOJIOB B TPYHTAX U cybCTparax MpH pas-
JINYHOU UX BJIAXKHOCTH U coJsienoctu. Ha puc. 9 npu-
BeJICHbI KPUBBIE X0/1a TeMIieparypbl (ocpennenue 1 1)

_10 T T T
1 51

101 151 201 251 301 351 401 451 71,4

Puc. 9. Xoz remnepatypsl Ha HUKHeili rpanune (7))

konoHOK K1 (kpuBas 7) u K3 (xpuBas 2) ¢ nepuo-
oM (pazosoro nepexopa B koionke K1.
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Ha HUXKHEN rpanuile oxJjaxaaemMoi kosouku K1 u
kosonku K3. Crpenkamu 0603Ha4YeHbl MOMEHTBI
BkJIoueHus (A) u orkmovyenusd (b) oxXyuakgaeHus.
B navase npomepsanus (MoMeHT A) 1ipu niepexojie
temnepatypsl yepes 0 °C mpusHakos (ha3zoBoro mepe-
X0Jla He OTMeYaeTcsl, YTO CBS3aHO C OTHOCUTETHHO
HU3KOI1 BJIA)KHOCTBIO TPYHTA B MIEPUOJ] OXJIAKIEHIIS.
[TocJie OTKITIOUEHMS OXJIAKACHUS U TI0JUBA 06EMX KO-
JIOHOK (MOMeHT ) 3aperucTpupoBaHO COCTOSHUE TIs-
TUCYTOYHOTO (ha30Boro 1epexo/a B kojonke K1.

B 1iesiom mostyueHnbie Pe3yabTaThl MOTYT OBITH
[MPUHATH BO BHUMAHUE [IPU U3yYeHUU TIPUPOJIBI TEM-
MepaTypHBIX aHOMATUI HAa TIOBEPXHOCTH TYH/IPOBOTO
HAIMOUYBEHHOTO TTOKPOBA, CBSI3AaHHBIX C TEOKPUOJIOTH-
YeCKIMHU HEOTHOPOIHOCTSIMH.

BbIBO/IbI

Paspa6orana u onpoboBaHa yCTaHOBKA OTKPbI-
TOTO THUIIA C IBYMsI OXJIAXKAAeMbIMU (HATPEBAEMBIMU )
KOHTelHepaMu ¢ 0OpasiaMu TpyHTa, cybcTpara u
TYH/JIPOBOTO HAIIOYBEHHOTO TIOKPOBA, TO3BOJIAIONIAS
HMUTHPOBATH HA UX TIOBEPXHOCTU TEMIIEPATYPHbIE
KOHTPACTBI, 00YCJIOBJIEHHDIE TEOKPUOJOTHUECKUMU
HEOTHOPOTHOCTSIMIL.

ITo 3HAUYeHUSAM KOHTPACTOB TeMIIepaTypHl Ha
rpaHuile TPYHTA U JIUIMIAHHUKOBOTO HATIOYBEHHOTO
[IOKPOBA, HA TIOBEPXHOCTH OTKPBITOrO TPYHTA U I10-
BEPXHOCTH TIOKPOBA OIIpe/ieIeHbl 3aBICIMOCTH, Xa-
pakTepusyoIine CTeneHb 0CTabIEHUsT TEMIIEPaTyP-
HbIX KOHTPACTOB B I'PYHTE MOKPOBOM Pa3HOIl TOJ-
[IUHBL.

Maxkcumanbable (IHEBHBIE) 1 MUHUMAJIbHBIE
(HOYHBIE) 3HAUEHMS KOHTPACTOB TEMITEPaTypPhI Ha I0-
BEPXHOCTH 0OPA3IOB He CYNECTBEHHO OTJINYAIOTCS
OT CPeIHECYTOUHBIX 3HAYEHUI, UTO CBU/IETEILCTBYET
0 BO3MOKHOCTH M3y4YeHUs] TPUPOIBI TEMIIEPATyPHBIX
AHOMAaJTNI Ha TIOBEPXHOCTH TYH/IPOBOTO HATIOUBEHHO-
O [TOKPOBA, B TOM YKCJIE CBSI3AHHBIX C TEOKPUOJIOTH-
YECKUMU HEOJHOPOMAHOCTSIMHU, 110 OJHOMOMEHTHBIM
M3MEPEHUSIM KOHTPACTOB TEMIIePATyPhI TOBEPXHOCTH
ITOKPOBA B Pa3HOE BPEMsI CYTOK.

YcraHoBKa MOJKET IPUMEHSIThCS [IJIs1 OIIPeiesie-
nust 3 PeKTUBHBIX 3HAUEHU KOI(D(DUIINEHTOB Tell-
JIOTIPOBOJTHOCTH OJTHO- M MHOTOCJIOWHBIX KOJIOHOK C
o6pasiamMu TIJIOTHOTO U CHITyYero TpyHTa, cybeTpaTa
U TYHJPOBOTO HAIIOYBEHHOTO MOKPOBA, & TAKIKE JJIsI
MojlenpoBanus (Pa30BbIX [IEPEXOIOB B TPYHTAX U
cybGeTparax.
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