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AHHOmayusi — BbINONHEHO TeopeTuyeckoe U 3KCNepUMeH-
TanbHOe MCCrnefoBaHNe BO3MOXHOCTEW perncrpaumm GnvkHe-
NonbHOW (KBa3MCTaTUYECKON) KOMMOHEHTbI TEMMOBOrO paamo-
M3NyYeHnUss MOrMoLLALLMX Cpe U MNEepCrneKkTUB NpUMEHEHWS
GNUKHENOSBbHLIX PaAUOMETPUYECKUX U3MEPEHUI Ansl BOCCTa-
HOBIIEHUS! NMOANOBEPXHOCTHOIO NPOChUNsS TemMnepaTypsbl.

|. BBegeHue

Hanuuue 6nwxHero nons (Bl) B Tennosom manyye-
HuM BbINo TeopeTnyeckn npeackasaHo C.M.PoitoBbiM [1]
ewe B 50-e roabl, 0O4HAKO A0 HeAaBHEro BPEMEHU He
ObINO 3aperncTpmMpoBaHO 3KCNepuMeHTanbHo. Ansa pe-
rmctpaumm BIM B [1-3] npegnaranock uMcnonb3oBaTb
3apdeKT pe3Koro HapacTaHusi cpeaHen amnNnuTyabl Nons
no mMepe nNpUGNWXKEHUsT K MOBEPXHOCTM WU3My4vatoLLen
cpeabl. BbinonHeHHble HaMy uccnegoBaHUs nokasanu
NPUHLUMNNANbHYH HEBO3MOXHOCTb peanu3auuu Takoro
cnocoba paguodmsmdecknmm cpegctesamu. beina pac-
CMOTpeHa 3agadya O TEennoBOM M3My4YyeHuu, npuHumae-
MOM pagvoOMEeTPOM C aHTEHHOW MPOW3BOMLHOIO Aua-
meTpa D, pacnonoXeHHOW Ha NPOU3BOSMbLHOM BbicOTE h
Hag noBepxHOCTbH. [lonyyeHo, YTO nonHas usmMepsie-
Masi MOWHOCTb P=Pq+Py BKNo4YaeT ABE€ KOMMOHEHTbI —
KBasncTaumoHapHyo Pg n BonHoByl Py. MowHocts P
He 3aBMCMUT OT NapameTpoB aHTeHHbl D, h n npu dukcm-
poBaHHOM TeMnepaType cpeabl T ocTaeTcsi MOCTOSIHHON
=P0=A2J0(T), roe A — anvHa BonHbl, Jo -MHTEHCUBHOCTb
paBHOBECHOTO TEMMOBOro W3NyyYeHus, onpegensemas
dopmyron NMnaHka. N3ameHeHne napametpoB D, h npu-
BOOUT K nepepacnpefeneHnio napumanbHblX BKNaaoB
Po n Pw B cymmapHylo MOLWHOCTb P, npuyem mnpwu
D/A<<1 wn h/A<<1 BI1 KOMMNOHeHTa [JOMWHUpYET
(Pa>>Pw). Mpumep pacyeta 3aBucumocten Pq(h/A) wn
Pw(h/A) pna aHTeHHbl ¢ D/A=0,01 npeactaBneH Ha
puc.1, rge Takke npvBedeHa 3aBMCUMOCTb HOPMUPO-
BaHHOW OOBLEMHOW MIIOTHOCTM SHEPrnM Nons TennoBoro
nanyyenuss w(h) ot h, nonyyeHHass C.M.PbiToBbiM 6e3
yyeTa nepefaTtoyHbIX CBOMCTB a@HTEHHbl. Takum obpa-
30M, AeNCTBUE NPUEMHON aHTEHHbI KapAWHaNbHO MeHS-
€T XapakTep BbICOTHOM 3aBWCMMOCTU W3MeEPSIEMOMN
MOLLHOCTM, MPUBOASA K TOMY, YTO BennunHa P npu Bcex
3Ha4YeHusx h orpaHuYeHa u NOCTOsIHHA.

Il. OcHoBHasA 4yacTb

Mony4yeHHbI xapakTep 3aBucumoctn P(h), xoTa wn
UCKIIOYAET BO3MOXHOCTb perncrpaumm addgekra ycu-
neHua Bl Ha noBepxHOCTW u3ny4vawllen cpegbl, He
03Ha4aeT MOJIHOTO OTCYTCTBUSI Kakux-Nnbo perncrpu-
pyembix adpdektoB Bl1, koTopoe MoxeT gaBaTb Cylle-
CTBEHHbI (U Aaxe onpefensiiolMin) BKnag B BENUYMHY
P (cm. puc.1). Bnusinne Bl npnBognT K NOSBNEHUIO HO-
BOrO NPOCTPAHCTBEHHOIO MacluTaba defr, KOTOPLIN Urpa-
€T porb TOMNWMHbI crnosi GopMMpPOBaHUSA NPUHUMAEMOro
U3Ny4yeHns cpedbl U 3aBUCUT OT NapameTpOB aHTEHHbI
D, h, T.e. der = def(D,h). OcOBEHHO HarNAAHO AaHHbIN
adhhekT nposiBnseTcs B cpefax C AMINEKTPUYECKon
npoHuUaemocTblo |€|>>1. [Ins TakMx cpea npu ycrosuu

Pw>>Pq okasbiBaetcsi Oy =dg =A/ (4rimy€),

roe dsg - rmybuHa ckmH-crosi, He 3aBucawasa ot D, h. B
NPOTUBOMONOXHOM cnyyae Pq >Py  nMmeeM den<dsk.
Mpumep pacyeTta 3aBucumMocTu des(D) ons h=0 nokasaH
Ha puc.2, rae MOXHO BUOETb, YTO B YCITOBUSIX CUSTbHOMO
BnusHua BT npu D/A<<1 nony4daem dew<<dsk, npuyem
derr —0 npn D—O0.
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Puc.1. HopMupoBaHHas MOLLHOCTb BOMHOBOIO WM KBa3ucTaLmo-
HapHOro nornen B 3aBUCUMOCTU OT BbICOTbI @HTEHHbl Af1A
D/A=0,01. 1 = Po/Pg; 2 — Pw/Py; 3 — w/w, cornacHo [1-3].

Fig.1. Normalized power of wave and quasi-stationary fields in
dependence on the height of antenna for D/A=0,01 (1 — Pqo/Po; 2
— Pw/Po; 3 — wiwg according [1-3]).
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Puc.2. HopmupoBaHHas MOLLHOCTb BOMHOBOIO WM KBa3ucTaLmo-
HapHOro Mnorner B 3aBNUCMMOCTMN OT pa3Mepa anepTypbl aHTEHHbI
ansa h=0. (1 — Pa/Po; 2 — Pw/Po; 3 — defr/dsk).

Fig.2. Normalized power of wave and quasi-stationary fields in
dependence on the size of antenna aperture for h=0. (1 - Po/Py;
2 - Pw/Po; 3- deff/dsk).

NamepeHns saBucumocTu der(D,h) npounssogmnuch
ans BogHow cpedbl B guanasoHe A=30 cM C MOMOLLbIO
cneumanbHo pa3paboTaHHON aHTEHHbl ManbiX 3NeKTpu-
yecknx pasmepoB (D/A=0,03). AHTeHHa Obina cornaco-
BaHa C BOMTHOBOAHbLIM TpPaKTOM npueMHuka npu h=0, Tak
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YTO CpeaHuiA Mo YacTOTHOW noroce pagnomeTpa Af=200
My koadhpnumneHT oTpaxeHusa He npesbiwan 0,03. U3-
mMepeHHbIn KMNO aHTeHHbl npu h=0 coctasun 85%. Mpu-
MeHsnack Takke Tunosas aHTeHHa ¢ D=4 cwm, paspabo-
TaHHas ONS MEeAMUMHCKUX UCCrefoBaHWUM C MOMOLLbIO
KOHTaKTHOW pagvomeTpun. [Ans namepeHun B Boge Co3-
[aBancs yCTON4MBbLIA KBa3UMNMHENHbIN Npodunb C rpa-
aveHtom dT/dz=2,5 K/cm. N3amepsiemas ¢ NOMOLLbIO pa-
OvoMeTpa WHTEHCMBHOCTL TEMJOBOrO WU3MyyYeHUs npo-
nopumoHarnbHa HEKOTOpPOW CpedHEeB3BELUEHHON Temne-
patype Boabl Ta.r. ATa BeNUYMHA onpegensnach B pe-
3ynbTaTte KanubpoBKN U3MEPEHUN MO U3MYYEHUO ABYX
WOEHTUYHBIX, OAHOPOLHO HarpeTbix Ao TemnepaTyp T12,
3TanNoHHbIX UCTOYHMKOB M CBsid3aHa C TemnepaTypHbIM
npocurnemM cooTHOLLEHNEM

T (D,N)=[° K(D,hz)T(z)dz (1)

B cnyyae nuHeinHoro npocounsa T(z) cnpaseanueo
cooTHoweHne Tay,=T(Z=def), KOTOPOE U UCNONb30BAHO
Ans onpegeneHns des MO 3KCNEPUMEHTasbHbIM AaHHbBIM.
Mony4eHHasa Takum obpa3om 3aBUCUMOCTb defi(h) Npea-
CTaBrieHa Ha pvc.3 BMecTe C pesynbTaTaMu TeopeTuye-
CKux pacyeToB. MOXHO BuAeTb Xopollee COOTBETCTBME
TEOpWM 1 IKCMEepUMeHTa, NpMYem Ans UCMOSb30BaHHOW
aHTeHHbl ¢ D=1 cm nonyyeHo de+~0,5dsc. OBHapyXeH-
HbI 3P eKT IKCNepuMeHTanbHO NoATBEpPXAaeT Hanu-
yne GnWKHEro nomnsi TeNOBOro M3nyyeHust (CM. Takke

[4)).
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Puc.3. 3ddekTBHas TOMWMHA U3NyYatoLLero crosi Kak ¢yHk-
LUMS BbICOTbI a@HTEHHbl AN Pa3NMyHbIX 3HAYeHU pasmepa
anepTypbl. KpyXKn — u3amepeHusi, CNoLUHbIe NIMHUW — PacyeThl.
S — CONEHOCTb BOAbI.

Fig.3. Effective depth of emission formation layer as a function
of height foe different values of aperture size. Circles — meas-
urements data, solid line — resuts of calculation, S — water salin-

ity.

ToT akT, uTo desr 3aBMCUT OT D, h, no3BonseT pea-
nmM3oBaTb HOBBIN METO4 BOCCTAHOBMNEHUS Npoduns
Temnepartypbl T(z), NpoOBOAA M3MepeHus Ha (PUKCMpo-
BaHHOW A, HO Bapbupysi napameTpbl aHTeHH D, h. PaHee
nogobHas 3agaya pellanack No 4aHHbIM M3MEPEeHUn Ha
HECKONbKMX ANWHaxX BOMH, T.e. ANA BOCCTaHOBIEHWS
T(z) wcnonb3oBanacbk 3aBUCUMOCTb ds(A). Ha puc.4
npeacTasneH NpuMep BOCCTaHOBNEHUSA AWHAMWMKU Npo-
dwuna T(z) B npouecce HarpeBa NOBEPXHOCTHOMO CroOs
BOAbl MO AaHHbIM U3MEPEHUN Tayr OBYMS @HTEHHaMM C
D=1 cm n 4 cm, a Takke TemnepaTypbl NMOBEPXHOCTU

T(z=0) B kayecTBe TpeTbero namepenusa npm D=0. Boc-
cTaHoBneHue T(z) NpOU3BOAMIOCH U3 PELUEHUS UHTE-
rpanbHOro ypaBHeHus tuna dpegronbma 1-ro poga (1),
rae aapo K nonydyeHo B [5]. laHHasa 3agaya oTHOCUMTCS K
KInaccy HEKOPPEKTHbIX obpaTHbIX 3ada4y, NMo3ToMmy Ans
ee pelleHns ncnonb3oBarncs paspaboTaHHbid B [6] an-
ropuTM, KOTOpPhLIN OCHOBaH Ha MeToae TuxoHoBa.

Puc.4. Ilpopunu Temneparyp, BOCCTAaHOBJICHHBIE ¢ UHTEepBaIoM 10 ¢
10 TaHHBIM u3MepeHui Tar(D) — myHKTHD; pe3ynbTaThl KOHTAKTHBIX
U3MEPEHUH — CIUIOIIHBIC THHUH.

Fig.4. Temperature profiles retrieved every 10 seconds by measure-
ments Tar(D) — dashed lines, results of contact measurements — solid
lines.

M3 puc.4 MOXHO BMOETb yOAOBNETBOPUTENBHOE Kave-
CTBO BOCCTaHoBneHusi T(z) B npegenax 0< z<ds paxe
npy NCNoMNb30BaHHOM MWHUManbHOM Obbeme aKcnepu-
MeHTanbHbIX AaHHbIX, YTO NOATBEpXAaeT pesynbTaTsl
YUCMEHHOro MOAEeNnupoBaHunsa [6], cornmacHo KOTOpbIM
[Ans BOCCTAHOBMEHWSA MPOCTbIX pacrnpefeneHuii Temne-
paTypbl 4OCTAaTOYHO UMeTb Habop 13 3-5 aHTeHH C pas-
mepamu B uHTepsane 0,5 -5 cm.

lll. 3aknroyeHue

Taknm 06pa30M, npencraBfieHHble pe3ynbTaTtbl No-
Ka3blBalOT HOBbl€ BO3MOXHOCTU [OWAarHOCTUKM noano-
BEPXHOCTHOIo TeMnepaTtypHOro pacnpegeneHus.

Pabota BbinonHeHa npu nogaepxke PPOU rpaHT
Ne 01-02-16432.

IV. Cnucok nutepartypsbl

[1] Pbimoe C.M. Teopus anekTpuyecknx dpriyktyauunin un ten-
nosoro usny4enusi. — M.: AH CCCP, 1953, 232c.

[2] flesun M.J1., PbitoB C.M. Teopusi paBHOBECHbIX Tenso-
BbIX oNyKTyauui B anekTpognHamuke. — M.: Hayka, 1967,
308c.

[3] ]Pbimoe C.M, Kpasuoe FO.A., Tamapckuli B./. BeeaeHune
B CTaTMCTU4eckyto pagmnodunsuky. Y.11. CnyyanHsle nons.—
M.: Hayka, 1978, 464c.

[4] latikosuy K.I1., PesHuk A.H. /| Tincbma B X3T®. 2000.
T.72, Bbin.11, C.792.

[5] PesHuk A.H. /| WU3Bectus By3oB. Pagmodumauka. 1991.
T.34, Ne5. C.512.

[6] Gaikovich K.P., Reznik A.N. Near-field subsuface radio-
thermometry. 8th International Crimean Conference "Mi-
crowave & Telecommunication Technology" CriMiCo-98
(14-17 Sept. 1998, Sevastopol State Technical University,
Crimea, Ukraine), Sevastopol: Weber Co., 1998, v.2,
pp.629-630.



DETECTING OF THE NEAR FIELD OF
THERMAL EMISSION AND ITS
APPLICATION FOR TEMPERATURE
DIAGNOSTIC OF MEDIA

Vaks V.L., Gaikovich K.P., Reznik A.N., Yurasova N.V.
Institute for Physics of Microstructures RAS GSP-105
Nizhny Novgorod — 603950, Russia
phone: (8312)675037, fax: (8312)675553
e-mail: pai@ipm.sci-nnov.ru

Abstract - Theoretical and experimental research of
possibility to detect of near-field (quasi-static) component of
thermal radio emission of lossy media has been carried out and
prospects of application of near-field radiometric measurements
for temperature profile retrieval are shown.

l. Introduction

The near-field (NF) presence in thermal emission
has been predicted by S.M.Rytov [1] yet in 50-ths, but
didn’'t detect experimentally. To detect NF, it was pro-
posed to use the effect of sharp mean field magnitude
enhancement in the vicinity of media surface [1-3]. Our
research shows that it is impossible to achieve this goal.
The problem of thermal emission received by radiometer
with the antenna of the arbitrary size D and placed at
arbitrary height h above the surface has been consid-
ered. It was obtained that the total measured power
P=Pq+Py includes two components: the quasi-stationary
component Pq and the wane component Pw. The power
P doesn’t depend on antenna parameters D, h, and at
glven medium temperature T remains a constant: P = Py
=A Jo(T) where A id the wavelength, Jy is the Plank
thermal emission intensity. The change of parameters D,
h leads to redistribution of Pq and Py contributions in
total power P. At D/A << 1 and h/A << 1 the NF-
component is dominated (Pq >> Pw). An example of cal-
culation of dependencies Pq(h/A) and Pw(h/A) for an-
tenna with D/A = 0,01 is shown in fig.1 along with the
dependence of normalized volume energy density w(h)
on h obtained by S.M.Rytov without taking into account
the transfer properties of the antenna. Thus, the influ-
ence of antenna changes fundamentally the height de-
pendence of measured power in such a way that the
value of P is constant and limited at every value of h .

Il. Main part

Though the obtained specific character of P(h) de-
pendence makes impossible to detect the enhancement
of NF at the medium surface, doesn’t mean the absolute
absence of any detectable effect of NF, which could be
considerable (or even could dominate) in the total value
of P (see in fig.1). The near-field influence leads to the
appearance of new space scale def, which play the role
of the depth of the formation of the received emission of
a medium and which depends on antenna parameters D,
h, i.e. derr = dew(D,h). This effect becomes especially ap-
parent in media with the permittivity |¢|>>71. For these
media at the condition Pw>>Pq

dg =dg =4/ (411m+y/ €), where ds is the skin-

depth that is independent on D, h. In the opposite case,
when Pq > Pw, one has der < ds. An example of
calculation of dew(D) dependence at h=0 is shown in fig.2
where one can see that in the conditions of strong influ-

ence of near field at D/A << 1 one can obtain dex << dsk
and der —0 npu D—0.

Measurements of de#(D,h) dependence has been
carried out for the water medium in the wavelength
range of A=30 cm using specially developed electrically
small antenna (D/A=0,03). The antenna has been
matched with the waveguide route of receiver at h=0, so
that the mean (over frequency band of radiometer
Af=200 MHz) reflection coefficient doesn’t exceed 0,03.
The measured efficiency of antenna at h=0 appeared to
be 85%. The ordinary antenna with the size of D=4 cm,
which was worked out for medical contact radiometry
applications, also has been in use. For measurements in
the water medium the stable quasi-linear temperature
profile with the gradient dT/dz=2,5 K/cm was created.

The measured by radiometer intensity of thermal
emission is proportional to some weighted average tem-
perature of water T,,r. This quantity is determined using
calibration of measurements by emission of two identical
reference sources at two different temperatures T2 and
is related with the temperature profile by relationship

T, (D,N)=° K(D,hz)T(z)dz (1)

In the case of linear temperature profile T(z), the ex-
pression Ta,=T(z=der) is valid, and it has been used to
determine der by measurements data. The dependence
derf(h) obtained in that way is presented in fig.3 along
with the results of theoretical calculations. It is possible
to see a good agreement between the theory and ex-
periment. For the antenna with D=1 cm it was obtained
dew=0,5dsk. The detected effect confirms experimentally
the presence of near field (see also in [4]).

The fact that desr depends on D, h gives the posiibility
to realize a new method of the temperature profile T(z)
retrieval making measurements at one fixed wavelength
A but vary the antenna parameters D, h. The similar
problem has been solved earlier by measurements data
at several wavelengths, i.e. the dependence d«(A) has
been used for T(z) retrieval. In fig.4 an example of T(z)
dynamics retrieval in the process of surface water heat-
ing by measurements of T, using two antennas with
D=1 cm n 4 cm and also (as the third measurement at
D=0) using the surface water temperature T(z=0). The
retrieval of T(z) has been carried out on the basis of the
solution of the Fredholm integral equation of the 1-st
kind (1), where the kernel K has been obtained in [5].
This problem belongs to the set of ill-posed problems, so
for the solution an algorithm developed in [6] has been
applied, which was based on the Tichonoff method of
generalized discrepancy. It is possible to see in fig.4 that
the quality of T(z) retrieval is quite satisfactory in the
range 0< z<ds, though at minimum set of experimental
data. This fact confirms the results of numerical simula-
tion [6], according which for the simple temperature dis-
tributions retrieval it is enough to use a set of 3-5 anten-
nas with sizes in the range 0.5-5 cm.

Ill. Conclusion

Thus, the results presented in this paper show new
possibilities of diagnostics of subsurface temperature
distribution.
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