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Abstract—A comparative, theoretical study of intrinsic and conventional sheathed, beaded thermocouple
frequency responses has been carried out for a limited range of heat impulses in order to highlight differences
in their responses for measurements in liquid sodium flows such as are met in exit plenums of nuclear reactor
sub-assemblies. The mathematical model consists of a thin impulse layer surrounding the thermocouple,
all of which is immersed in a pool of sodium. Only axisymmetric cases are considered for ease of computation
but different positions and thicknesses of the impulse layer are included in the study. In the range of
normally occurring frequencies of temperature fluctuations in the exit plenum of reactor sub-assemblies,
the intrinsic thermocouple is seen to have almost a perfect response but only if the heated layer is in contact
with the wire attachment point of the couple. This is attributed to the fact that sodium surrounding the
thermocouple and impulse layer dominates the heat diffusion due to its very high thermal conductivity.
The sheathed, beaded thermocouple has a poor frequency response even in the range of normally occurring
frequencies.

INTRODUCTION

INTEREST exists in the measurement of temperature
fluctuations in the exit plenum of sodium cooled fast
breeder reactor core sub-assemblies. From spectral
and statistical analyses of these fluctuations it is hoped
to be able to quickly detect local changes in coolant
flow or local hot-spots. For this to be feasible, it is
necessary to have a temperature sensor able to operate
reliably in the hostile environment presented by the
flow, as well as being able to respond to the rapid
temperature fluctuations in the turbulent flow. The
most suitable sensor appears to be a fast response
thermocouple contained in a stainless steel sheath, or
an intrinsic thermocouple for which the time constant
is ideally zero. Available evidence indicates that the
energy containing part of the spectrum of temperature
fluctuations extends to 100-150 Hz in such flows. Ide-
ally, the sensor should have a flat frequency response
up to at least this value thus requiring the smallest
possible sensor in order to minimize thermal inertia
effects. Figure 1 shows a typical commercially avail-
able three-wire thermocouple which contains an
intrinsic as well as a beaded two-wire thermo-
couple. The latter is often considered to be the ref-
erence against which others are compared and is simi-
lar to conventional sheathed, beaded thermocouples.
This arrangement permits comparison of their relative
performance.

Sometimes, sheathed, two-wire thermocouples are

used where the conventional junction is bonded to the
end cap in order to improve the response. Within the
context of the model to be presented, this will give an
identical result to the intrinsic case only if the bonding
material offers negligible resistance to heat transfer
and the bead has negligible thermal capacity relative
to the end cap—both unlikely situations. In a practical
case, a well bonded arrangement will yield results
somewhere between the intrinsic case and the con-
ventional one considered in the present analysis. How-
ever, the use of conventional beaded thermocouples
bonded to the end cap without adequate electrical
insulation is not favoured since leakage of sodium
through the sheath in a defective end cap could not be
detected readily. It is perhaps noteworthy that in the
case of Fig. 1, the separation between the bead and
the end cap is almost of the same dimension as for a
bonded couple, where the magnesium oxide represents
the bonding material. For the purpose of the analysis,
magnesium oxide insulation is used but similar ther-
mocouples using boron nitride are available. These
can be expected to give a better response for the con-
ventional thermocouple because of the higher thermal
conductivity of the insulating material.

Examination of thermal flows in the three wire
sensor suggests that the frequency of the intrinsic ther-
mocouple must generally be superior to that of the
beaded couple. A highly simplified analysis of the
transient response of an intrinsic thermocouple
attached to a flat plate subjected to a step change in
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ab,dd*,D,s thermocouple dimensions
defined in Figs 1 and 2

Cr—-Al  chromel-alumel thermocouple or
thermocouple position

db decibel = 10 log |IW(f)|?

f frequency [Hz]

k thermal conductivity

Na~-SS sodium-stainless steel intrinsic

thermocouple or thermocouple
position

NOMENCLATURE

(NI
@:(f)

magnitude of frequency response
function defined by equation (1)
generalized symbol for spectral
density of temperature response
[K?*/Hz]

spectral density of temperature
response when sensor is replaced by
liquid sodium [K */Hz]

spectral density of temperature
response with sensor in position
[K?/Hz]

D7 nal(f)

D71c(f)

plate temperature produced by a heat pulse has been
presented by Henning and Parker [1], Boyer et al. [2],
Gat et al. [3], and others cited in the review by Keltner
and Beck [4]. Heat losses to the surroundings were
neglected, or included as a simple convection loss from
the thermocouple wires. Excluded from the analyses
were effects due to the supporting structure of the
thermocouple junction and the distributed nature of
the temperature field being measured.

In liquid metal flows the thermocouple junction and
its supporting structure are fully immersed in the fluid.
This introduces heat flow through the fluid from the
tip region to the side of the thermocouple structure.

Chrome( \
Alumel I

Stainless
Steel

Mg0 \\

F1G 1. Structure of a typical three-wire thermocouple D = 0.5
mm,d=0.1mm,z=04mm,b=0.1mmands=0.1mm.

Since previous analyses separate these two regions
by an adiabatic plane, such heat flows are totally
excluded. The most significant effect is that if a bulky
support is required to support the thermocouple in a
flow resulting in high drag forces, heat will flow from
the measurement point to the support through the
fluid. Presence of an adiabatic plane which separates
the tip region from the flow around the support will
neglect this effect.

In the present study some simplifications are made
regarding the structure of the thermocouple but
included are simultaneous heat exchanges between the
heat impulse representing a heated lump of fluid, the
thermocouple and the fluid surrounding them. No
restriction is placed on the flow around the tip of the
thermocouple. For simplicity of analysis and in view
of the high conductivity of liquid sodium, only the
case of responses in a stationary pool of fluid are
considered. This yields the most pessimistic response
but convection effects are not likely to improve the
response significantly. Distributive effects associated
with thermal e.m.f. generation are neglected which is
consistent with the findings of Boyer er al. [2] that for
a liquid sodium flow contained in a pipe of much
higher electrical resistance, the measured temperature
is that of a point concentrated around the wire attach-
ment point of the intrinsic couple.

MATHEMATICAL MODEL

Figure 2(a) shows the simplified geometric structure
of the three wire sensor. The measurement point for
the beaded thermocouple is taken to be on the centre
line at distance (a+b) from the tip of the sheath. To
simulate an eddy, a thin layer of sodium at an initial
temperature above that of the thermocouple and any
surrounding fluid is placed in contact with the sheath.
This is identical to impulsive heating of this layer
hence giving a convenient model for frequency
response studies. While the term “eddy” is a “‘vague
term by design”, Bradshaw [5), in the present context
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F1G6. 2(a). Simplified model of three-wire thermocouple—
dimensions as for Fig. |. k of Mg O=44Wm 'K~ 'and k
of stainless steel = 18.6 Wm~!K™!,

it is viewed as a reasonably coherent lump of fluid
which for mathematical ease has been approximated
by a cylinder into which has been inserted the meas-
uring probe thus yielding a cylindrical layer of fluid
around the sheath. This layer is termed the “impulse
layer” in Fig. 2(a). Fluid surrounding the impulse layer
is simulated by a pool of sodium in a cylindrical con-
tainer of 20 mm dia.,, 70 mm depth with a ther-
mocouple immersion depth of 50 mm along the centre
line of the container and being concentric with the
thermocouple, Fig. 2(b). The container and the sur-
face of the pool of sodium are assumed adiabatic. The
plane through the thermocouple where it pierces the
free surface is also assumed adiabatic as otherwise a
net heat loss from the system results which would
prevent attainment of a steady state.

Inclusion of a more complex surrounding flow
would require a knowledge of its spatial and temporal
structures which are determined by the flow field to
be investigated. A knowledge of such factors becomes
irrelevant, however, if it can be shown that the pres-
ence of the thermocouple does not significantly influ-
ence the temperature response of an eddy at the point
of measurement. Also, if the response time of the
thermocouple is much shorter than that of the physi-
cal phenomenon being measured and does not intro-
duce other stray effects such as heat conduction from
the point of measurement, the output of the ther-
mocouple will follow faithfully all fluctuations in tem-
perature. A more effective way of viewing such a
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difference is to transform the time response into the
frequency domain where even small effects on the time
response will show clearly. This is particularly the case
when the system response becomes of higher order.

Solutions for the temperature—time response were
obtained by use of the general purpose finite difference
heat conduction code, HEATINGS, described fully by
Turner et al. [6]. A cylindrical coordinate formulation
was specified for geometric details and the Crank—
Nicolson procedure was employed for numerical so-
lution of the transient finite difference equations. In
order to obtain adequate spatial resolution and still
retain reasonable solution times, a variable mesh size
grid was employed, Fig. 2(c). The resultant time
responses were then Fourier transformed thus giving
the spectral response to an impulse heat input. Since
after suitable scaling the Fourier transform of an
impulse function is unity, the scaled spectral responses
are proportional to the square of the frequency
response function of the thermocouple.

In the present context, this is not a particularly
meaningful result. A frequency dependent impulse
response function for the measurement positions of
the intrinsic and beaded thermocouples would still be
obtained even if the thermocouple were not present
but, instead, were replaced by the working fluid. That
is, due to the effect of surrounding fluid, a heat impulse
input to the impulse layer would not result in a step
function for the temperature of the impulse layer as
was the case in Henning and Parker [1]. The tem-
perature input function of interest is, in fact, the
impulse response when the thermocouple has been

1 /— Thermocouple.

] Adiabatic surfaces.

50 mm

/ Container.

70 mm

| Liguid sodium.

20 mm

F1G. 2(b). Geometric arrangement of the thermocouple in a
liquid sodium container.
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FiG. 2(c). Finite difference grid details used for the ther-
mocouple depicted in Fig. 2(a).

replaced by working fluid but assuming that the eddy
containing the heat impulse—in this case the thin
layer surrounding the original thermocouple sheath—
retains its shape rather than becoming a cylindrical or
spherical element. The justification for this approach
is that if the impulse response is insensitive to a gross
change of thermal sensor material, the response must
be dominated by conduction effects in the fluid rather
than through the sensor. The square of the ther-
mocouple frequency response function is then given
by equation (1).

D71c(f)
q)7',Na(.f) ’

where @, rc(f) is the temperature spectrum as
obtained from the heat impulse response with the
thermocouple in position and @y, (f) is the tem-
perature spectrum as obtained from the heat impulse
response when the sensor is replaced by liquid sodium.
D, n.(f) is considered to be the input spectrum for
the actual transducer whereas ®@r(f) is its output
spectrum.

IWNHI* = Q)

RESULTS
Calculations were performed for heat impulses by
giving the impulse layer (liquid sodium) an initial
temperature of 300°C, irrespective of its thickness or
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shape. Any surrounding fluid (also liquid sodium) and
the thermocouple were given an initial temperature of
200°C. A time step of 2x 10~% s was used as it was
found that further decreases in step size left the sol-
utions unchanged. Total response time was limited to
0.3 s to save computation time. Only every fourth time
step was used in the subsequent Fourier transform so
that spectral results are limited to the range of 3.33
Hz to 6.25 kHz which should be adequate since typical
temperature spectra in the exit plenum of a liquid
metal cooled nuclear reactor would be well below 1
kHz.

Any limitation introduced into the results by the
finite solution time is immaterial if the transducer
approaches the ideal response or if only comparative
results are required in order to establish how sig-
nificantly the response deviates from the ideal. Some
indication of truncation is, however, available from
the shape of the spectral curve in the low frequency
range. If the curve shows a constant value with
decreasing frequency, no truncation has occurred.

The effect on the temperature spectrum of a change
in thickness of the impulse layer is significant, Figs.
3(a) and (b). At both measurement positions, in the
absence of the thermocouple, ¢rn.(f) curves, the
trend towards a saddle (flat region or dip) is clearly
visible for the thicker layer, Fig. 3(a). This is typical
of the response obtained from the interaction of two
dominant and well separated time constants and is
similar to a two-lump heat-capacity system as ana-
lysed in Kreith [7] or Holman [8]. The same effect is
noted in Fig. 3(a) for the intrinsic thermocouple (Na-
SS position) when the sensor is in position but it is no
longer evident at the Cr—Al position because of the
large thermal inertia associated with the sensor.

Comparison of impulse responses obtained with
and without the sensor in the sodium pool, Figs. 3(a)
and (b), indicates that the Na-SS position response is
independent of whether or not the sensor is in position
thus giving |W( /)| = 1.0 within the range of the results
shown. Gross distortions are, however, obtained at
the Cr—Al positions. The frequency response obtained
is shown in Fig. 4. As the impulse layer thickness
increases, the frequency response at low frequencies
improves at the Cr—Al position but this does not
extend to the higher frequencies.

Another useful situation is the response obtained
when the impulse layer thickness varies around the
sensor, Fig 5(a). Comparison of this with the uniform
impulse layer thickness of Figs. 3(a) and (b) show this
to be between the 0.01 and 0.1 mm cases. Again, the
Na-SS thermocouple gives a near perfect response,
Fig. 5(b), but the Cr~Al thermocouple is limited in
frequency response. A small departure from unity for
the frequency response of the intrinsic thermocouple
is noted in this instance but is insignificant compared
with the rapid drop-off of the beaded couple. The
results of Figs. 4 and 5(b) indicate, therefore, that
provided the heated impulse layer is in contact with
the Na-SS position, a near perfect response is
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FiG. 5(b). Sensor frequency response for the intrinsic and beaded thermocouple for case of Fig. 5(a).

obtained for the intrinsic thermocouple thus indi-
cating that surrounding fluid dominates heat flow
from the impulse layer, but the beaded one has sig-
nificant attenuation even at quite low frequencies.
Furthermore, the frequency response of the two ther-
mocouples appears to be almost independent of the
thickness of the impulse layer and its distribution.
When the impulse layer is not in contact with the
Na-SS position, an output is still obtained from the
intrinsic thermocouple due to conduction along the
surrounding fluid and the thermocouple support
system. Since the frequency response function is near
unity for frequencies up to only approximately 80 Hz,
Fig. 6, this means that temperatures at the Na—SS
position are measured reasonably accurately up to
this frequency. Above this point a significant effect on
response occurs which would introduce uncertainties

into a measurement. It is noteworthy that if the tip
and the sides of the thermal sensor were separated by
an adiabatic plane as is traditionally the case, Keltner
[4], a much slower response would be obtained since
the only heat flow to the Na—SS measurement point
would be through the thermal sensor. In such a case,
the thermal conductivity of the latter would dominate
rather than the fluid thermal conductivity. The Cr-Al
thermocouple response is, however, only marginally
affected. This case shows that the support system of
the thermocouple leads to a significant spatial effect
for the intrinsic measurement point.

Responses in the absence of the pool of sodium are
shown in Figs. 7(2) and (b). In this case all heat is
conducted from the impulse layer to the thermocouple
so that its thermal conductivity will dominate the
response. As expected, even the Na-SS position
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response is dependent on the material in the space
occupied by the sensor since the heat flow path
through the surrounding fluid is no longer present.
For both thicknesses of the impulse layer, spectral
values at low frequencies are lower when sodium
replaces the sensor which is attributed to the higher
thermal conductivity of the sodium, but the high fre-
quency response is improved. It is of interest to note
the trend towards a weak resonance in the response
at the Cr—Al position with the sensor in position. This
arises because of a second but much smaller rise in
the time response. The first rise is due to the heat
conducted radially which has a shorter path from the
impulse layer than that conducted from the tip of the
sensor. When sodium replaces the sensor, the second
rise occurs much sooner due to the higher thermal
conductivity. A corresponding move of the spectral

peak to higher frequencies is expected. This is visible
for the thicker impulse layer case, Fig. 7(a) but is
hidden by other effects for the thin layer case of Fig.
7(b). The net result is that even the intrinsic ther-
mocouple has a distorted frequency response with
IW(f) # 1.0, Fig. 7(c).

The case of no pool of sodium and an impulse layer
only at the tip of the sensor is given in Fig. 8. In this
case the intrinsic thermocouple departs from the ideal
response even at low frequencies. This is due to the
insulating effect of the sensor. Extension of the anal-
ysis to still lower frequencies showed both frequency
responses to attain a constant value with decreasing
frequency, as is to be expected. The significance of
this case is again that the intrinsic thermocouple will
not give a perfect response under all conditions.

A simple check of the computer program is afforded
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Fi1G. 7(a). Impulse responses in absence of sodium pool—axial and circumferential impulse layer thickness
of 0.1 mm.
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by the case of no sodium pool and only a cir-
cumferential impulse layer with the Na-SS position
being on an adiabatic surface. For the case with the
sensor replaced by sodium, the Na-SS and Cr-Al
positions should give identical responses. This was
indeed the case.

CONCLUDING REMARKS

A model has been presented of a typical ther-
mocouple sensor available for measurements in liquid
sodium. Only no-flow conditions have been studied
but due to the high thermal conductivity of liquid
sodium, convection effects will be small. Since con-
vection effects increase heat transfer coefficients, the
present results give the most pessimistic solution.
Thus, provided that the frequency response function
is unity and that associated with these frequencies are
spatial scales larger than the transducer size, a correct

measurement of temperature will be obtained. The
modelling does not use simplifying assumptions in the
region of contact of the intrinsic thermocouple and
does not restrict heat flow around the tip of the sensor
to or from its sides as was the case in previous studies,
but in order to retain axisymmetry, structural sim-
plifications within the sensor were used.

Results presented for a 0.5 mm dia. beaded and
sheathed chromel-alumel thermocouple clearly show
the very limited frequency response achievable in
liquid sodium flows. As long as the heated fluid, the
temperature of which is to be measured, is in contact
with the intrinsic thermocouple measuring point, the
intrinsic thermocouple will give an undistorted
measurement to at least 3—4 kHz. If such coincidence
does not exist, the frequency response becomes very
limited.

Although the geometry and constructional details
of the sheathed thermocouple in the present study and
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the ideal intrinsic thermocouple studied by Keltner
and Beck [4], are quite different, it is of interest to
note that the—3db point of the latter yields a fre-
quency range of up to 1 or 28 kHz depending on
whether the overall sheath diameter or just the wire
diameter is taken as relevant. Considerations by Boyer
et al. [2] indicate that the effective diameter is closer
to the wire diameter so that the higher estimate of
effective frequency range is relevant. This estimate
would be consistent with results of Fig. 4.

For practical applications, the present results indi-
cate that provided a continuum of fluid exists around
the thermal sensor, the intrinsic thermocouple con-
sidered gives a near perfect response to only approxi-
mately 80 Hz. The main limitation is introduced by
the condition where fluid of different temperature to
that at the tip—intrinsic thermocouple measuring
point—is in contact with the remainder of the probe
structure. Ideally, therefore, a practical sensor should
be of insulating material throughout except for the
actual measuring point. Situations where the spatial
extent of the fluid is small relative to the sensor size is
found to lead to a highly distorted response which
does not permit simple correction.

Application in a turbulent flow, requires that the
frequency response be adequate for the application
as well as that the spatial scale of the temperature
fluctuations or eddies be large relative to the sensor
dimensions since the present model assumes that the
sensor is fully immersed within the eddy. This is not
a particularly severe restriction since measurements
by Krebs et al. {9] in a water simulation of a reactor
flow found temperature scales, both macro and micro,
to be larger than the sensor under consideration. For
example, for a multi-bore jet block with bores of 7.2

mm dia., the temperature micro- and macro-scale in
the downstream flow exceeded 1.0 mm. When chang-
ing to a highly conductive fluid, the length scales will
increase approximately as the inverse square root of
the Prandtl number thus reducing the possible spatial
resolution problem considerably. Application of such
a sensor in a practical nuclear reactor will lead to a
negligible spatial resolution effect since length scales
will be even larger relative to the sensor size. Clearly,
a sensor of this type is suitable for dissipation scale
measurements only in large scale flows. This is not a
serious limitation as only the energy containing range
is usually of interest.

Experimental verification of the computed results
is, however, difficult due to the rapid response of the
intrinsic thermocouple. Dipping of such a sensor into
a pool of sodium would have to be much faster than
the initial response of the thermocouple. Indications
are that experimental verification of the computed
results will probably have to await the development
of an ingenious pulse heating technique which heats
only the impulse layer—a difficult task when the
sensor itself is conductive and embedded in the fluid.
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COMPARAISON DES REPONSES FREQUENTIELLES CALCULEES
DE THERMOCOUPLES SIMPLES ET DE TYPE ENCAPSULE
AVEC DES PERLES, PLACES DANS DU SODIUM LIQUIDE

Résumé—Une €tude théorique et comparative des réponses fréquentielles de thermocouples simples, ou
blindés, avec des perles, est conduite pour un domaine limité d’impulsions thermiques de fagon a dégager
des différences dans leurs réponses pour des mesures dans les écoulements de sodium liquide comme on en
rencontre dans les plenums de sortie des sous-ensembles de réacteur nucléaire. Le modéle mathématique
consiste en une couche mince entourant le thermocouple, immergé dans un bain de sodium. On considére
uniquement des cas axisymétriques par facilité de calcul mais différentes positions et épaisseurs de la couche
sont incluses dans I'étude. Dans le domaine des fréquences normales de fluctuations de température, le
thermocouple intrinséque a une réponse plutdt parfaite mais seulement si la couche chauffée est en contact
avec le point d’attache du fil du couple. Ceci est attribué au fait que le sodium entourant le thermocouple
et la couche domine la diffusion thermique, 4 cause de sa trés grande conductivité thermique. Le ther-
mocouple gainé, avec des perles, a une faible réponse en fréquence méme dans le domaine des fréquences
rencontrées en pratique.

VERGLEICH DES BERECHNETEN ZEITVERHALTENS VON FREIEN UND
UMMANTELTEN KUGELFORMIGEN THERMOELEMENTEN IN FLUSSIGEM NATRIUM

Zusammenfassung—Es wurde eine theoretische Vergleichsuntersuchung iiber das Zeitverhalten freier und
konventionell ummantelter, kugelférmiger Thermoelemente fiir einen begrenzten Bereich von Wir-
meimpulsen durchgefiihrt, um Unterschiede in ihrem Verhalten bei Messungen in Strémungen von fliis-
sigem Natrium herauszustellen, wie sie am Austritts-Plenum bei Kernreaktoren auftreten. Das mathe-
matische Modell enthélt eine diinne Impulsschicht, welche das Thermoelement umgibt; beide sind in einen
Behilter mit Natrium eingetaucht. Wegen der einfacheren Berechnung werden nur achsensymmetrische
Fille behandelt. Es werden aber unterschiedliche Positionen und Dicken der Impulsschicht betrachtet. Im
Bereich der normalen Frequenzen der Temperaturschwankungen im Austritts-Plenum von Reak-
toruntereinheiten zeigt das freie Thermoelement ein fast perfektes Verhalten, aber nur wenn die beheizte
Schicht den Drahtberiihrungspunkt des Thermoelements beriihrt. Das ummantelte kugelférmige Thermo-
element hat ein schlechtes Zeitverhalten, gerade im Bereich der normalerweise auftretenden Frequenzen.

CPABHEHUE PACCUMTAHHBIX YACTOTHbBIX XAPAKTEPUCTHUK TEPMOIIAP C
OTKPBITbBIM CITAEM H 3AJIEJJAHHBIM B OBOJIOYKY B XXHJKOM HATPHUH

Annorauus—IIpoBencHO CPaBHHUTEJIBHOE TCOPETHYECKOE H3YYCHHE YaCTOTHBIX XapaKTEPHCTHK TepMO-
nap ¢ OTKPbITbIM CMAEM M 3a[€/1aHHBIX B 00O0JIONKY U1 HEKOTOPOrO AHANa30Ha TEIUIOBBIX HMIYJILCOB
1Sl OMPE/C/ICHUA PA3NIMYMH B MX XapaKTEPHCTHKaxX NpPH H3MEPEHHAX B NMOTOKAX XHAKOTO HaTpus,
MMEIOLUMXCSH B 00JIACTSX NOBBILIEHHOTO JaB/eHHs Ha BbIXOAE MOACHCTEM ANEPHOTO peakTopa. Martema-
THYECKasi MOAEJIb BKJIIOYAET B PACCMOTPEHHE MMITYJIbCHBIN CJIOH, OKPYXaIOLUMI TepMonapy, HOJHOCTbIO
NOFpYXeHHYI0 B 00beM HaTpus. [las ylpollieHHs cyeTa paccMaTpHBAaIOTCA TOJIBKO OCECHMMETPHYHbIE
Cly4aH, XOTS MCC.IEA0BAHCh Pa3/IMYHbBIC TOJIOKECHHS U TOJILLIMHBI HMITYAbCHOTO C/104. B 06bIvHOM ama-
Na3oHe 4acTOT TeMOepaTypHbix QUIyKTyauuit B 06,1aCTH NOBLILUEHHOTO AABJIEHHS NMOACHCTEM peaKkTopa
BH/HO, 4TO TEPMONApa C OTKPHITBIM CHAeM MMEET NOYTH HAeaJIbHYIO XapaKTEepHCTHKY, HO JIHIUbL KOTAa
HArpeBaeMBbIil CJIOM COTIPHKACAETCS ¢ TOYKOH NMPHCOCIHMHEHHA MPOBOJIOYEK TEPMONapbl. ITO CBA3AHO C
TeM, YTO MEPEHOC TEMia B HaTPMM, OKPYXAIOLIeM TepMomapy M HMIIYJIBCHBIH CJIOH, ABAsETCA omnpe-
[IeJISFOIUMM H3-332 BBICOKOH TEIUIOMPOBOMHOCTH. TepMonapa ¢ 3ajie/laHHBIM B 060JI04Ky CraeM umeeT
Hey0BJIETBOPHTEIBHYIO 4aCTOTHYHO XapaKTEPHCTHKY Jaxe B OOBIYHOM OHAMAa30HE YacToOT.



