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PALMOMETPHYECKWHA METOJ ONMPEXEJEHUSA
NMOANOBEPXHOCTHOI'O NMPO®HUJISI TEMNEPATYPbI
U TJIYBUHBI TIPOMEP3AHUS TPYHTA

K. II. I'atikosuy, A. H. Pesnuk, P. B. Tpouyxui

IpuBoasATCs pe3yabTaTH TEOPETHUECKHX M 3IKCHEPHMEHTAJBHEIX HCCJIeAO-
BaHHI BO3MOXHOCTeHl TepMHYECKOro 3oHAHpoBanus noussl CBU papnomerpuue-
CKHM MeTojOM. Pa3paGorana cnenuaJbHasi MeTOAHKAa H3MEPEHHH, HCKJIO4alo-
s BJHSHME Ha PafHOH3JNyYeHHE OTPaXaloOMX H PacCeHBAIOIIHX CBOMACTB
rpyHra. [lo naHHEIM H3MepeHHi TEMJOBOIO PajHOM3JydYeHHS B JETHHX H 3HM-
HHX YCJOBHAX Ha AJuHax BojH 0,8; 3; 9 u 13 cM BoCCTaHOBJEHH HOANOBEPX-
HOCTHHe NPOGHJIH TeMIepaType H HCCJIe/loBaHAa CYTO4YHAasl AHHAMHKa TeMIe-
paTypu mnousH. Pa3paGoTaHe MeTOAH ONpefeseHHs TIAyOHHH NPOMepP3aHHs
TPYHTa, TOYHOCTb KOTOPHIX coctaBHiaa 15—20%.

JIlucTaHIHOHHOE omnpelesieHHe BEPTHKAJbHOrO TeMNepaTypHOro Ipo-
¢Guas B ToJLIe IPYHTa OTKPHIBAET BO3MOXKHOCTH H3Y4YEHHS TeIJIOBOTO pe-
J¥HMa nouBH 6e3 HapylIEeHHs ee CTPYKTYPHl, HCCJIEAOBAHHS NMPOLECCOB TeM-
JI006MeHa MOACTHJAIOLIEH MOBEPXHOCTH H aTtMocdephl, onpeneeHns raybu-
HBl [IPOMEp3aHUsI TPYHTOB M TOJIIHHH JIbJOB, OOGHAapyxeHHs TJIyOHHHBIX
TENJIOBLIX aHOMaJIHH, CBSI3aHHBIX C MOJA3€MHBIMH NOXapaMH, BYJKaHHYECKOH
JAefTeJbHOCTBIO, MPOXOXIEHHeM TemnoTpace (BKJOYasg oOHapyXKeHHe HX
paspeiBoB) M T. n. JlHCTaHIUOHHOE TepMHYeCKOe 30HAHPOBAaHHE BO3MOXKHO
Ha OCHOBe MHOTOYACTOTHBEIX paZHOMETPHYECKHX H3MepeHHH C Nocielryio-
IIHM pellleHHeM COOTBETCTBYyWOILedi o6paTHOH 3ajfaun. 30HAMPOBaHHE OCY-
IecTBJsAeTCS Ha TIyGHHY CKHH-cJosi, Kotopasd B JIM auanasoHe cocTas-
JISIET OT HECKOJIbKHX CAaHTHMETPOB BO BJaXXHBIX MOYBAX N0 HECKOJNBKHX MeT-
poB B cyxux uau npomep3unx [!]. ITocTaBieHHas 3ajada TEOPETHYECKH HC-
cleloBaHa, HanpuMmep, B [%3], oiHaKO MPaKTHYECKOrO IPHMEHEHHS TaKOk
METOA [0 HacCTOSILEero BpeMeHH He Halies, 4T0 06yC/T0BJEHO CHIbHBIM TPYA-
HOKOHTPOJIHDYeMBIM BJHSHHEM Ha SIPKOCTHYIO TeMIIEpaTypy I'PYHTOB KOHKY-
pUpYIOIIHX ()aKTOPOB: MOBEPXHOCTHOTO OTPaX<eHHs, a TaK¥kKe pacCessHHS Ha
00beMHBIX M MOBEPXHOCTHHIX HEOLHODPOAHOCTSX. B naHHo#l paGote mpuMe-
HeHa CrelHaJbHasi METOAHMKa H3MepeHHH, YCTpaHdoUias BJIHSIHHe Iepe-
YHCJIEHHHX ()aKTOPOB Ha TeMJOBOe pafHOH3JayueHHe. PaspaGoTaHH MeTOAH
pelleHHst o6paTHHX 3aflad BOCCTAHOBJEHHSI TeMIepaTypHoro npotuas. B
pesyJbTaTe KCHEPHMEHTAJbHO MOJYYeHb NPOQHIH TeMImepaTyphl NMOYBH
B Pa3JHYHBIX (PH3HYECKHX YCJOBHAX, H Ha 3ToH ocHoBe paspaGoTaH panuo-
METPHYECKHI MeTOL onpelesieHHs TJyOHHBI NPOMEP3aHHS TPYHTa.

1. Meroauka usmepenuit. KoMneHcauusi BJIHSHHS OTPaXKEHHS H pac-
CesiHHsl co3faeT HanGosee GJIaronpHATHHE YCJOBHS IS PagHOTENJIONOKa-
IIHOHHOTO TEePMHYECKOro 30HAHPOBaHHS cpel. B 3ToM ciyuae cmekrTpasb-
Hasi 3aBHCHMOCTb Tz(A) 0Oyc/ioBJleHa TOJbKO HEONHOPOAHOCTBLIO TeMIepa-
TypHoro npoouas T(z). B nanHo#t paGore HCNONB30BAH METOA KOMIeEHca-
LHH MyTeM PachoJOXeHHs NPHEeMHOH aHTEeHHBl MOJ OTPaKaIOUIUM 3KPaHOM
(cM. puc. 1). MeTox yXe yCHeliHO NpPHMeEHSJICH B [*] AJs 30HAHPOBaHUS
BOJAHOH cpelbl, ONHAKO NPHMEHHMOCTb €ro AJs HCCJAeJOBaHHS NMOYBH Tpe-
6yeT cCnemHaJbHOrO H3yYeHHS. .

A} heKTHBHOCT MeTOAA [Jis1 H30TEDMHUECKOrO pachpee/ieHHS TeMIie-
patypu T(z)=To=const oueBnana. B stoM ciyuae coraacHo {°] uHTen-
CHBHOCTb TEMJIOBOTO H3Jy4eHHs IMOTJIOUIAIONIero MOJMYNpOCTpaHCTBa Npo-
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MIOPIHOHAJAbHA MOTJIOLIEHHOA MOIIHOCTH BCIIOMOraTejIbHOR IVIOCKOH BOJIHH,
najaioomefi H3 NPO3PAaYHOH CpPERH.
Ilpn Haiauuun oOTpa)Kaiomero sKpaHa
BCS MOIIHOCTb NOIVIONIAETCs, NO3TOMY
Ta=To,. JOna HeH30TepMHYECKOro
2 npouas 3agaya ycloXHAeTCS.

é PaccMoTpuM  cayuafiHo-HeORHO-

3 poAHOEe H3Jaydawollee NOJYNpPOCTPaH-
CTBO C JH3JIeKTPHUECKOH mNpOHHILae-

ettt et et e Nt et MocTio e=ggte(7), rae (e) =
=gyp=¢ —ie”, a & — CTAaTHCTHUYECKH
Prc. 1. Cxema uaMepeHuft mouBs: / — MeTan- ONHOpONHasi  chydafiHad  OYHKUHA

nHYecKHd SKpaH, 2 — pagwoMerp, 3 — pymop-C 3aJaHHON (YHKUHeR KOppeasuuH
Has aHTeHHa, 4 — mouBa. Pe(r) = 03 exp (—r2/22), npuuem &”,

0. < ¢’. SIpKkocTHast TeMnepaTypa TaKOH CPel ONHCHBAeTCH ypaBHEHHeM
nepenoca

1
A
u% Ta(r, p) + Ta(r, p) — 0o j dp'P (p, p') Tals, p') =

-1

(1)
= (1—wo) I°T (1)
C 'PaHHYHLEIM YCJIOBHEM
A
T4(0, p) luso= RTa(0,—p), (2)
rae Ty =(;B) — BEKTOD SIPKOCTHOH TeMIlepaTypH, KOMIOHEHTH KOTOpOro
H

COOTBETCTBYIOT ropusoHTaibHoil (E) u BepTHKaabHOR (H) moaspusauusim;
A

u=cos 0, p'=cos 0’; 6, 6" — yrabl, OTCUHTHIBaeMbe OT OCH2; P — MaTpHua
paccesiHns pasmepHoctH 2X2; 1= (y+a)2, wo=0a/(a+}¥y), rie a, y—
COOTBETCTBEHHO KO3(DGHLUHEHTH pacCessHHSI H NOIVIOLIeHHs cpexbl; [0 —
elHHHYHas MaTpuna. JluaroHajbHas MaTpHua KO3)(PUIHEHTOB OTpaXKEHHS

0
R = (?Rﬁ yFie Re, Ry B OTCyTCTBHE 3KpaHa — (peHeJeBCcKHe K03(du-
UHEHTH OTPaXKEeHHS NO MOLIHOCTH, a NPH HAJHUHH KpaHa Rp=Rg=]1.

B BepruxkanpHoM Hanpasnerun Tg(tv,—1)=Tg(v,—1)=Tx(x,—1),
NO3TOMY H3MepsieMasi SIpKOCTHasi TeMmeparypa

Ta= (1—R)Tx(0, —1), (3)

rie R=| (1 —Veo)/(14Veo) |? B otcyrcTBHe 5Kpana u R = 0 — NpH €ro
HaJIHYHH.

YpapHenne (1) pewanoch MeTOAOM, NpeAtoXeHHHM B [°] ans cnywas
W K 1.

Ha pHc. 2 npHBefieHH pe3y/bTaThl PacueTOB PAa3HHLH SPKOCTHHX TeM-
nepatyp AT, ¢ yueToM H 6e3 ydeTa pacCesiHHs MJIA MOAEJbHOro npoduis
Temnepatyph T (2) =To—AT exp (—2/2p) Kak B OTCYTCTBHE 3KpaHa, TaK H
NpH ero HaJHYHH. BHAHO, 9TO 3KpPaHHPOBKAa MO3BOJNET 3HAYHTEJbHO (B
8—10 pa3) yMeHbIIHTb BJAHSHHe paccessHHS Ha SPKOCTHYIO TeMIepartypy
cpend, npryeM BeanuHHa ATz < 0,3 K ofHOro mnopsigika ¢ NOTPEIIHOCTAMH
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H3MepeHHs 8T ., NONYCTHMHIMH NpPH pelleHHH o6paTHoi 3amaud. OTMeTHM,
4TO Ha PHC. 2 BAHAHHE pAacCesTHHS
olleHeHO No MakcHMyMy. Kpowme To- 8Tg,K
ro, 3KpaHHpOBKa MO3BOJISIET TMOJ-
HOCTBIO CKOMIIEHCHPOBATb BJIHSIHHE 2+
ko3 ¢pHuHeHTa oOTpaxeHHR R Ha
pajHOH3JyyeHHe CpeAH. 3TO mo3-
BoasteT H30exXaTb mnorpelHocTed, 1+
CBAI3aHHHX C HEeTOYHHM 3HaHHEM
BeJIHYHHH R, BapHalHH KOTOPO#
NPH H3MEHEeHHSAX BJIAXHOCTH H CO-
craBa Tnoqagonprg?(;xsg]x KoJaeba- 0 5 10 ACM
HHAM Ig 00 JU— .
. 2. unta ATy MeXAY SPKOCTHHMH

Buiwe paccmorpena HACaTH3H- fggne%a'r;)aaa:n. “;accq:ﬂanublxlzu pﬁea yuera
poBaHHaA cxeMa uaMepeHHH. Ha yc yuerom paccesmun (0 = 0,5; e=6—i-0,1;
MpaKTHKe  KOMINEHCAUHs  JOCTH- [=05 cu; T(2) =275—15 exp (2/30)). Cnomw-
raercsi MpH BHIIOJHEHHH pSAa yc- Has JHHHA — H3MepeHHs Ge3 sKkpaHa, MYHK-

- THP — C 3KPaHHPOBKOH.
JIOBHA. YYHTHBAs, 4TO NPH N-KpaT-
HOM NEepeoTpaKeHHH BeJHYHHA HECKOMIIEHCHPOBAHHOH SIPKOCTHOH TeMme-
paTypH HMeeT NOPAAOK R™, pasmep 3KpaHa RoJxeH OHTb

L >-‘-(h.+ h.+‘—)(1n§5—/1nR—1). @)
d 1 T,

a

- ——,
’T -~---
1 ]

rae h, — BHICOTA 3KpaHa HaX 3eMJeil; da, ha — pasMep amnepTyph H BHCOTa
NpHeMHON aHTeHHH. [IpH BHMOJHEHHH (4) NIOrpeulIHOCTb KOMIIEHCALHH He

npesnimnaer OMWHGOK H3MepeHH# 8T .
Yro6u HeHyJieBOH pa3Mep aHTEHHH He BJMAJ HAa 3KPaHHPOBKY, Heol-

XOAHMO
da < Ma. (5)
IIns HeKOrepeHTHOro CJIOXEHHS HHTEHCHBHOCTEH IPH MepeoTpPaKeHHH Tpe-
Gyetcst
hy = c/2Av, (6)

rie C¢—CKOpocTb cBeTa, Av—mosoca pagnHoMerpa. J[as nouBH joc-
TaTOYHO OXHOrO-ABYX IlepeoTpaxeHui, u ycjoBuf (4) — (6) BBIIOJ-
HAIOTCS, €CaH Hhy~ha~ 1M, L~2M 1npH THOOBHX [apaMeTpax pa-
AHOMeTpHYeCKoit cHcTeMH. TakHm o6pa3oM, pa3pa6oTaHHas METOAHMKA H3-
MepEeHH# NMO3BOJISIeT HHTEPIPETHPOBAaTh H3MepsieMble IPKOCTHHE TeMIepaTty-
PH CPEIH Ha OCHOBe ypaBHEHHS

Ta(h) = Ty ) evez, ™

CIpaBelJIHBOrO B cJydYae, KOrfa y He 3aBHCHT OTRZ,T. €. 11 OXHOPOAHBIX H,
B yactHOocTH (cM. [1]), OXHOPOZHO YyBJIaXXHEHHHX NOYB (BapHaLHH y He
ROJKHH NPHBORHTH K BapHauuaM Ty, npeBnuiaomuM 87,).

AGconmoTHass KaAHGPOBKAa pafHOMETPHYECKOH CHCTEMH OCYIIeCTBJS-
JIach MO ABYM HIEHTHYHHM IOIJIOLIAIOIIHM TelaM C PasjHYHHEMH TeMIepa-
TYpaMH (Taiollero JbAa H OKPYXKaIOIIero Bo3Ayxa). DKPaHHPOBKa CYIIeCT-
BEHHO ympoulaeT KajJHOPOBKY, NOCKOJBKY He TpeOyeTcsi YYHTHBAThb KO3(-
¢GHIHEHT OTpaxeHHs! KaJHOGPOBOUHHX Tes. TouHOCTh H3MepeHHH Ty MOYBH
€ NOMOIIBLIO pa3paboTaHHON MeTOAHKH oleHHBaercss ~0,2—0,3 K.

2. Pemende o6patHoit 3amaud. YpaBHeHHe (7) npeacraBiser coGo
JIHHEeliHOe HHTerpaJjbHOe ypaBHeHHe DpeArojbMa NEPBOro poAa H ABJASETCH
HEKOPPEKTHO NOCTaBJeHHOA 3afaueil B cMmucJe [7]. Ias ee pelleHHS He-
00X0AHMO NpHBJEKAaTh AOCTATOUHYIO aNPHOPHYIO HH(GOPMALMIO O CBOACTBAX
TouHOro pemreHnsi. Hamu Hcnosb3oBasicsi MeTox peryispusauuu TuxoHoBa
B dopme nprHuHna o6obiieHHOH HeBsi3kH [7]. C yueToM TOro, 4TO 3TOT
METON HaMH yXe HEOXHOKPAaTHO TWPHMEHSJCH IJS pelieHHs o6paTHHX 3a-
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Iay, CBOAAMMXCA K ypaBHeHHI0 dpearosbMa mepsoro poga [%8-1°], B Tom
qyHcse H AJ8 6JH3KHX (H3HUECKHX CHTYallHfi BOCCTaHOBJIEHHS NOANOBEpX-
HOCTHOro npod)uisi TeMmepaTypH BOAHOH cpeAn [4] H GHOJOrHYEeCKHX Cpen
[*], Mn JHWB npHBeAeM HEKOTOPHE OO6LIHE BHBOAW H OTMETHM CHELHpHKY
30HIHPOBaHHUS I'DYHTA.

[Ipu peweHun paccMaTpHBaeMOii HEKOPPEKTHON 3a/layH BONMPOCH COOT-
HOLUEHHS TOYHOCTH H3MEpEHHH H BOCCTAaHOBJIEHHS, a TaKXe ONTHMaJbHOro
BHOOpa AJIHH BOJIH PEeLIAlOTC Ha OCHOBE YHCJEHHOTO MOJAENHPOBaHHS, MO-
CKOJIbKY BCE€ 3aBHCHT OT KOHKPETHOTO BHAa fiApa H Kjacca BOCCTaHaBJIH-
BaeMHX pacnpejlejieHHH. MOHOTOHHbEe (YHKIHH H GYHKUHH C OJHHM MakK-
CHMYMOM, PaBHOMEPHO pacnpelelieHHble IO HHTepBaly HHTerpHPOBAHHS,
BOCCTaHABJIHBAIOTCA B cJyYyae 30HAHPOBAHHS I'PYHTa ¢ ToYHOCTbIO 0,5 — 2 K
Nno H3MepeHHAM Ha Tpex-yeThipeX MJHHAaX BOJIH, TOJIIHHA CKHH-CJOS
dc=1/y Ha KOTOPHX MO BO3MOXKHOCTH DaBHOMEPHO IEPEKPHBaeT N0 IJy-
GHHe HHTepBaJ BOCCTAaHOBJIEHHS. TOUHOCTh H3MepeHHi JAOJMKHA COCTaBJATH
0,2—0,3 K. OrmeruM, uto Meroa THXOHOBa AJs1 3afad BOCCTAHOBJIEHHS
npobduael TeMnepaTyps HMeeT ocoOblii HehOpMaJNbHHIH CMEICH, MOCKOJBKY
BesqnunHa dT /dz, Bxomsiuasi B peryispusupyiomuit ¢yHKIUHOHAN (CM., Ha-
npumep, [4]), ¢ TOYHOCTHIO JO KOHCTAHTH TEIMJIONPOBOAHOCTH IPEACTaBASET
co6oit MOTOK Temsa, YTO MO3BOJISIET NMPH PelleHHH 3aflayH HCHOJb30BaTh He-
3aBHCHMYIO HH(GOPMAUHIO O pacnpeje/ieHHH TEMJIOBOro MOTOKa.

3. CBY 3onaupoBaHue npomep3uiei nouBnl. B ¢eppane—mapre 1987r.
BHIIOJHEHHl H3MEPEeHHS TeNJIOBOIO paZHOH3JyYeHHS mpoMepallell MOYBH Ha
dauHax BosH 3; 9 U 13 cM. OHOBpEMEHHO BHIOJIHAJHCE KOHTAKTHLIE H3Me-
PEHHS TeMIepaTypH MOYBH HAa pasJHYHBIX TIJayO6HHax ¢ AHCKpeTH3alHed
10 cM, 4TO MO3BOJIHIO KOHTPOJHPOBATh IMyGHHY mpoMep3aHHs 2*, KoTopas
onpeaensnach u3 ycaosus T (2*) =0.

269 211 213 TTK
T T i ll I
. | |
_pol |
| 18
|
I l |
|
[ 416
-60L  47.02.87r |
l i
- : 124
* I -
OO ——— ——— —
N |
. X JIF\
y2.d.cm A |

Pue. 3. PesyabTaTH pafHOMETPHUECKHX H KOHTaKTHHX H3Me-
peruf nouBH. TOUKH — KOHTaKTHHE H3MEPeHHs TeMNepPaTypH
B 3aBHCHMOCTH OT TJyGHHB.,  3Be3JOYKH — SPKOCTHHE
TeMnepaTypH MNOYBH Ha AJHHaX BoJaH 3; 9 u 13 cM, mpen-
CTaBJeHHHe B 3aBHCHMOCTH OT TyGHHH ckHH-cios d. Cnuom-
Haf KpuBas — npoduab T(2), BOCCTaHOBJIEHHHA METONOM
A. H. Tuxonopa. Ilymktup — BoccranoBaenne T (2) B 2* ox-
HOBO/IHOBHM METOJOM; WITPHXNYHKTHP — JBYXBOJIHOBHM,

1470



HOas pasnuunbix npodusenr T(z), onpelefeHHHX KOHTAaKTHHIM MeTO-
IOM, BHUHCJSJIHC 3HaueHHst Ty, MpHueM KO3(p(GHIHEHTH NOIJOUeHHs y (A)
BHIGHpaNHCh TaKuM 06pasoM, uTo6H pacueTHble 3HaueHHs Tx CoBIajaJu
C H3MEPEHHHIMH JJIS KaXKJA0# AJHMHH BOJHH. MeTOZOM HauMeHbIIHX KBaApa-
TOB IJIfl TOJIIHMHE CKHH-c0Sl de = 1/y moJiydeHO COOTHOUIEHHE

de = (3,25 = 0,2), (8)

nokasblBalollee, 4To npoMep3uias noyBa GJH3Ka MO CBOHCTBAM K LHIJIEKT-
pHKY 6e3 AucnepcuH.

Bapuauuu Tg(\), cooTBeTCTBYyIOIHE HeompeleaeHHocTH de B (8), OKa-
3bIBAIOTCSl MeHblle norpewHocreil uamepeus T's. KoabduuueHt norJoiue-
HHSl p Ha oOcHoBe (8) HcrmoJb30oBaJcs B NMOCHEAYIOLIHX IKCMEPHMEHTax
IJis1 BocCTaHOBJeHHs1 npopuns T(z) u3 peurenus ypaBHeHus (7). Ilpumep
BOCCTAHOBJIEHHSI C HCHOJIb30BaHHEM €CTeCTBEHHOrO amnpHOPHOrO OrpaHHye-
Hua T(2) < 273,5K npeacrasien Ha puc. 3 (cmiomHas kpusas). Ha oc-
HOBe BOCCTAHOBJIEHHOTO mNpo(dHJsa riyOHHA MpoMep3aHHsl ONpene/sinach U3
ycaosusa T (z*)=0.

PesyabTaTh MpOBOAHBLIMXCS HCCAELOBaHHI MOKa3ajH, YTO AH3JIEKTPH-
yecKHe mapaMeTphl poMep3llell MOYBH B TeUeHHe 3MMHEro NepHoAa BecbMa
CTaGHJBHH H MOTYT GBbITh ONpejeseHbl N0 AaHHBIM ONHOKPATHHX H3MEpeHHH
B DENepHBIX TOYKax y4aCTKOB C OJHOPOAHBIM XapaKTepoM MNOYBH, HalpH-
Mep, ¢ IOMOLIbIO crenuaabHoro npubopa «suaka» [!1]. Jpyras Bo3Mox-
HOCTb OTIpefeJieHHsI ¢ NMpoMep3llell NMOYBHI CBSI3aHA C Pa3BHTHeM Pa6oT no
YCTaHOBJIEHHIO SMIIHPHYECKHX COOTHOLUEHHH, aHAJOTHYHBIX YXKe IOJyYeH-
HBIM JJIS1 TIOYBHI NIPH TIOJIOXKHTEJNbHHIX TeMmepaTypax (cM. ['?]), mossoasio-
IHX BHIYHCJSATH AHIJEKTPHUECKHe MapaMeTPH B 3aBHCHMOCTH OT COCTaBa
rpyHTa.

Has BoccranoBnenus npoduns T (z) u3 usmepenuit Tx(A) nomumo
H3JIOKEHHOTO OG6IIero mojAxojxa K pelleHHI0O o6paTHOH 3afayH MOXKHO HC-
N0JIb30BaTh TO OGCTOATENBCTBO, YTO AJISI MpOMep3llell MOYBH HJH JbJa Ha
NOBepPXHOCTH BOAH npoduias T(z) o6biuHO 6H30K K JHHeliHOMY. JleficTBH-
TeJIbHO, HHXXHSS IPaHHLla IPOMep3ILero cJos cTabubHa H3-3a HHEPLHH Npo-
necca (pasoBoro mepexoza H Haxoiutcs npu Temmepatrype 0. Ecau B Te-
YeHHe JJIHTEJIbHOTO BpeMEHH TeMIlepaTypa Ha BepXHeli IpaHHILle cJOs NO-
CTOSIHHA, yCTaHABIHBAeTCA JIHHeHHOe pacnmpejie/leHHe TeMNepaTyphl, COOT-
BETCTBYIOLIlee CTAallHOHADHOMY pelIeHHIO ypaBHEHHs TeIJIONPOBOJAHOCTH

or 3T

g(z, t) = a’;; (28, (9)
KOTOpO€ HMeeT BHA

re=1+ 250, (10)

rae Ty, To — TeMnepaTypH Ha BepXxHell H HHXHell rpaHuuax cmaod, z* — ray-
6una npomepsanus (T (2*) =T;=0). OueHku nokasHBaioT, 4T0 A 2*~1M
BpPEMsl YCTAHOBJIEHHs JIHHeHHOro nmpoduas coctasjser O6oJjiee CYTOK, T. e.
GHCTphle MOTOAHBIE H3MEHEHHS] MOTYT NMPHBOAMTbL K HesuHefiHocTH T (2).
Onuako caenayer yyecTb, 4YTO NPH HAJHYHH CHEXHOrO NMOKPOBA TOJLIHHOM
Gosee 20 cm M3-3a MaJIOH TeMJONPOBOAHOCTH cHera (a?~ (0,5+1)-10-3
cM?/c) cyTouHHe BapHAallH¥ TeMIepaTyph Ha ypOBHE IOBEPXHOCTH TPYHTa
He3HauHTeJabHH. (HasnHune cyxoro CHeXHOro NOKpoBa He SIBJISIETCS IlOMe-
XO#l XN pajHOMETPHYECKHX H3MEpPEHHH, IIOCKOJbKY B pPacCMaTPHBaeMOM
IHana3oHe CHer NMPakTHYeCKH mnpo3paueH AJs pagHoudnyuenus [13].) Ilpu
2* < 20+30 cM T(z) ycmeBaeT OTC/IEXKHBAaThb CYTOUHYIO AMHAMHKY, HE Te-
pfs auHe#iHocTH. Ha mpakTHKe HeTPYAHO OLEHHTH BBHINOJIHEHHE YCJIOBHMH
JuHeiHocTH T(2). JlonmosnHHTeNbHOM HHpOpPMaLHeld, CBHIAETEJbCTBYIOLIEH
o JHHelHOCTH T (2), AiBAsieTCS JUHEHHOCTh H3MepsieMo#l 3aBHCHMOCTH Ty (M),
NOCKOJIbKY JIHHeHHHH npodHusab T(z) aBasercs cobcTBeHHOH (yHKuuei (7)
M SIPKOCTHHE TEeMIepaTyph PaBHH 3HaueHHAM T(z) Ha riy6uHax z=—de.
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B TeueHHe nepHoga u3MepeHHH Haluiofaemule npoduau T(z), Kak mpasH-
J0, ORI GJH3KH K JIHHEHHBIM.

HOns nunefinoro mnpoduas tuna (10) mpu onpenenenuu T(2) u z*
MOXHO H36eXaTh pelleHHSI HeKODPEeKTHOW 3ajxauH MeToAoM THXOHOBa Ha
OBM no naHHHM MHOrOYacCTOTHHX H3MepeHHi. Bo3MoOXXeH OAHOYACTOTHHI
METOJi OLleHKH 2* ¢ JOMOJNHHTENbHLIM HCHNOJb30BaHHEM H3MEPEHHOro 3Haue-
HHSl TeMIepaTypH NOBepXHOCTH To

POT S
T, /Ty —1
H IBYXUacTOTHHII MeTOX, B KOTOPOM He Tpe6yloTcs naMepeHus To:

(Tal/Taz) dcz - dcl
T (T (12)

To, Tai, T (°C). Auaropurmbl (11), (12) ocHOBaHH Ha BOCCTaHOB-
JIeHHH JHHeliHoro mpoduas T(2) mo ABYM TOYKAaM, KOOPAHHATHl KOTOPHIX
B maockoct T, z: (Ta, —d;) u (To,0) B nepsom cayuae ¥ (Tqy, —dc1),
(Ts2, —dcp) — Bo BTOpOM. Ha pHC. 3 npefcTaB/ienH pe3yJbTaTH onpejele-
Hus T (2) u 2* cornacHo (11) u (12) B cpaBHenun c¢ MetoaoM THXOHOBa.
Tounocts BoccranoBinenust T(z) meTonom THXOHOBa B JaHHOM Cilydyae He-
CKOJIbKO YOHIBaeT C POCTOM TJYOHHB, TOCKOJNBKY TOJIIIMHA CKHH-CJIOS dc
Ha MakCHMaJbHO# AJMHe BOJIHH (13 cM) 3HAauHTEJbHO MeEHbIIE INYGHHK
30HAHpYeMOro cjos. BoccTaHOB/IEHHHE Pa3HYHBEIMH MeETOAAMH MPOGHIH
TNOKa3aJH Xopollee COOTBETCTBHEe ¢ JAHHHIMH KOHTAKTHBIX H3MEpEHHI.

(11)

~
2%

288 271 213 TTyK
T T T A G | T
\ v
*\ o \*0 °\\ I
20N v 7
—0F — —— e — — e =N 5

\ \ ?
2402876 602870 ¢ | X,
\ \ | \

i \g\ \*\ 103,67 ¥

! 116
-80 | ° \\ !
\ \\l i
A ® \ [ )
fi _______ > l - J24
-"2"* [} \ol\ -
e o __
— :1:\\ |
0§z 4,0m 4 yALH

Puc. 4. Pe3yJbTaTH pPaxHOMETPHUECKOTrO 30HAHPOBAHHSA MPO-
Mep3urefi NOYBH A Tpex AHEA HaOMIOJeHHA OAHOBOJHOBHM
MetooM. OGo3HaueHHst aHAJOIHYHH pHC. 3. .

Ha puc. 4 npeacraBienn pe3yabTaTH onpejejeHHs 2* cornacHo (11)
IJIs TpeX pasjHuYHHX AHeH HabuiofeHHs, npuyem B caydae 11.03.87 r. nmpexn-
CTaBJEHH pe3y/abTaTh H3MepeHHH A/l y4acTKa, rie JeXaJ riayOoKHH cHeX-
HHiI NOKpPOB. BHIHO, YTO Ha/JHYHE CHEXHOTO MOKPOBa CHJBHO yMEHbUIaeT
ray6uHy nmpomep3anusi nousbl. OTMETHM, 4TO AJISl 3TOrO NMpHMepa TOJILHHA
CKHH-cJIo Ha A=9 ¥ A=13 cM npeBHIaeT TOJIIHHY IPOMEP3ILEro CIOS H
Ha pe3yJbTaT OKa3HBaJO BJHSHHE HeyYTEHHOe H3MeHeHHe y B 30He (aso-
‘Boro mepexofia. Tem He MeHee, oueHKa 2* = —20,6 cM oka3aJaach 6IH3Ka K
peasibHOMy 3HaueHHI0. PesyabTaThH nokasnBsaioT, yto CBY pagnomerpuue-
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CKHJi METOA NMO3BOJAET ONpeAeasiTh TIJAyGHHY NpOMep3aHHs MOYBH C TOY-
HocThio 15—209%.

PasBuTHI mMoAXOA MOXeT GHTb MPHMEHEH TaKke JJfi OMNpeleseHHs
TOJILIMHML JIEAOBOrO NMOKPOBAa BOAOEMOB, B YaCTHOCTH IIPH MaJo# TOJILHHE
Jbfia (MOpsiiKa HEeCKOJNbKHX CAHTHMETPOB), YTO TPYAHO OCYLIECTBHMO C IO-
MOILBIO pajHOJOKaLHOHHOrO Metofa [4].

4. PanuomerpHyeckoe 30HAMPOBAHHE CYTOYHOH TeMmepaTypHOR JAMHa-
mukn mouBbl. B oxta6Gpe 1986 r. na Kapanarckom noaurone HHUPOH
(roro-BocTouHHii Geper KphiMa) BHINOJIHEHBI HeNMpepLIBHblE B TeYeHHE Tpex
CYTOK M3MepeHHs SIPKOCTHBHIX TeMIepaTyp NOYBH Ha AJjHHax BoaH 0,8; 3; 9
H 13 cM H OfHOBpeMeHHHE KOHTaKTHhle H3MEepPeHHs TeMIepaTypH ee Io-
BepxHocTH To(f). 3HaueHHe BJIAXKHOCTH NOYBHI, ONpejesieHHOe TepMOCTaT-
HO-rpaBHMETPHYECKHM METOAOM, cocTaBHio 14%=2% c yueTroM BapHauuii mno
ray6une. CorsacHo [#2] moJydyeHH OLEHKH JJs mapameTpoB &, &” H y(A).
B uactHocTH, MM A=3 cM, ¢’=5, ¢”=0,4 ToNIHHA CKHH-CJOA d¢=23 CM.
Ipu A=13 cM dc~~15 cM. BuaHo, YTO H3-3a BJHSIHHS BJAXXHOCTH TOJIIHHA

CKHH-CJIOSI CYILIECTBEHHO YMEHbIIAETCs N0 CPaBHEHHIO C IpoMmepauleill moy-
BOHL.

284 288 292 TT,K o 284 288 292 TTa.K

zd,.cM #43cm

Puc. 5. Puc. 6.

Puc. 5. BoccranoB/ieHHe NOAMOBEPXHOCTHONO MPOGH/S TeMNepaTypH rpyHta B 7h30m
6.10.86 r. Cnuomnas KprBasi — npocduab T (2), BOCCTAHOBJEHHHA MO H3MePeHHAM Ty
meroiom A. H. Tuxonosa (3Hauenus Tx(A) mpuBeleHH 3Be370YKaMH B MacliTtaGe
riayOHHR CKHH-cNI0 d(A); MyHKTHD — npoduab T(2) M3 pelueHHs yPaBHEHHS TelJo-
IPOBOXHOCTH).
Puc. 6. To xe, 9T0o Ha puc. § Aaa A3MepeHust B 12220™ 6.10.86 r.

Ha puc. 5, 6 nmpeacrasieHn pe3y/abTaTH BOCCTaHOBJAeHHS T(2) pas
JABYX MOMEHTOB H3 CYTOUHOTO IHKJA, COOTBETCTBYIOLIHX 7b30m n ]12h2(m
MecTHoro BpeMenH 6.10.86 r., noJyd4eHHHe nyteM pellleHHs obpaTHo# 3aja-
gy (7) meromom A. H. Tuxonosa. Pemenne HckaJoch B BHAE OTKJIOHEHHs
or ¢yukuuu TO(2) =20° C. BoccraHoBJ/IeHHEIE NPOMOUHIH COMOCTABJAIOTCA
¢ npodpuasmu T(z), MONYYeHHBIMH M3 pelieHHS YPaBHEHHS TEMJONpPOBOA-
HocTH (9) MO HM3MepeHHSIM 3BOJIOLMH NOBEPXHOCTHOH TeMmmepatypH Ty (f).
Koatd¢duuueHT TenJonpoBOAHOCTH a2 B 3aBHCHMOCTH OT THIA IOYBH H ee
BJIaXXHOCTH ompejelsercs coraacHo [¥3]. VYpasuenne (9) umeer peuenue
(cM., Hanpumep, [¥])

t
2T, (%) 2?
T(z2,1) = 5‘ —-—-°—-——exp[—-—————]dt. (13)
V'4na? (t—)3 4a? (t—)
-—00
Hs (13) caenayer, 4To MaKCHMaJbHHII BKJaj B TeMNeparypy Ha r.ny-6u-
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He Zz B. MOMeHT ¢ BHOCAT TeMnepatyps To(Tm) B MOMEHT Tm,- yAaJeHHHH
B NpolJOe OT MOMEeHTa ! Ha

t—m = 22/6a%. (14)

OueHnku Ha ocHoBe (14) u pacuern corsiacHo (13) nmokasmiBalOT, YTO B pac-
CMaTpHBaeMOM cJydae cyTOYHast auHamuka T (Z) uMeeT MecTo B cJjoe ray-
6uHOt ~ 15—20 cm.

PesyabraTel, npeAcTaBJeHHHE Ha pHC. 5, 6, MOKa3bLIBAIOT, YTO HMeEET
MECTO XOpollee COBNafieHHe npoduseil, NOJy4eHHHIX Ha OCHOBE Pa3HHIX
NOAXOLO0B. SIPKOCTHBEIE TeMIepaTyphl MpejACTaBJeHb Ha PHCYHKaX B 3aBHCH-
MOCTH OT TOJIIHHBI CKHH-CJIOS ISl KaXAOH AJIMHBI BOJIHBHL.

[Tpobunn ua puc. 5, 6 oTpaxkalor cnelHQHUKY CyTOYHOH JHHAMHKH
T(z). Ha puc. 5 BoccranaBiHBaeTcsl NpodHJib, COOTBETCTBYIOUIHI CHIBHOMY
HOYHOMY OXJIaXKAEHHIO MOBEPXHOCTHOrO cJIOS MOYBH, a Ha pHC. 6 npen-
CTaBJIeH NpoduJb yepe3 HECKOJbKO YacoOB B Hauaje JHEBHOTO Iporpesa
MOYBH, KOTOPHH NMPHUBOAHT K 06pa3oBaHHi0 HHBepcHH 7T (2) B nmpHmoBepx-
HOCTHOM CJIOE.

Fay6uns ckuH-cos de (M) IJ1s1 HCHOJB3YeMbIX AJIHH BOJH PaBHOMEPHO
NepeKpLIBAIOT /0, NOABEPXKEHHBI/i CYyTOYHOH AMHAMHKe, 4TO obecrneyHBaeT
Xopolllee KaueCTBO BOCCTaHOBJeHHus (He xyxe 20% ot mepemajga Temmepa-
TYp B npodune).

Astopn npusHarteapHn . M. TopieeBy 3a momoup B H3MepeHHSX HA
Kapagarckom noaurose u K. C. CraHKkeBHYy 32 NOJe3HEE 3aMeUaHHUS.
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Hayuno-HccaenoBaTeAbCKHA  paAHOGHIHUECKHTA
HHCTHTYT

RADIOMETRIC METHOD FOR DETERMINATION OF THE SOIL
SUBSURFACE TEMPERATURE PROFILES AND FROZEN DEPTH

K. P. Gdikovich, A. N. Reznik, R. V. Troifskif

Theotetical and experimental results of microwave passive soil investigations are
presented. The special method is proposed to eliminate effects of soil reflection and
scattering based on the use of plane metal screen. By microwave emission measure-
ments on wavelengths 0,8; 3; 9 and 13 cm under the summer and winter conditions,
the temperature profiles have been reconstructed and diurnal soil temperature dyna-
mics have been investigated. The methods to determine a soil frozen depth .have-been
worked out which precision amounts 15—20%.
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