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Purpose: Composite superconducting bolometers of various cooling levels are widely used in astronomy for detecting radiation
in the far IR, submillimeter and millimeter wavelength ranges. The inter-element thermal crosstalk is one of the basic issues
in the development of composite HTSC bolometer arrays. The smearing of the temperature pattern formed on the surface of an
HTSC thin film/substrate structure by incident IR radiation is studied. The purpose of the work is to measure the spatial and
temporal parameters of thermal smearing of an IR image on the film surface.

Design/methodology/approach: The study exploits the method of scanning laser probe. The previously proposed approach
to detect the spatial distribution of the intensity of external radiation using additional local thermal affect was also used. A laser
beam focused on the surface heats a film area and brings it from superconducting to resistive state sensitive to external radiation.
Scanning the entire structure with the laser probe is equivalent to moving the sensitive area thus providing the readout of the
temperature pattern created by external radiation.

Findings: The temperature relief is smeared due to thermal diffusion along the surface of an HTSC structure, which absorbs
radiation. Thus, for a structure composed of YBa,Cu;O,_,. thin film with the thickness of 200 nm on a 500 um thick SrTiO;
substrate, the steady-state size of the thermal image is almost twice as large as the initial size of the IR image focused on the
surface. The experimental data are consistent with the results of mathematical modeling of thermal processes during radiation
absorption in the system. The thermal diffusion length and the characteristic time to achieve maximum heating of the film surface
are studied as a function of the substrate thickness and the polling rate.

Conclusions: Thermal smearing of IR images along the surface of composite HTSC bolometers imposes limitations on their
spatial resolution, speed, and other parameters. Reducing such smearing can be achieved by decreasing the polling time
and optimizing the thermal design of the film/substrate system. Since it is the thermal diffusion length, which determines the size
of sensitive elements and the optimal spacing between them, the results can be used for designing the composite HTSC bolo-
meter arrays.
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1. Introduction sently, superconducting bolometers of various cooling
levels are among the major radiation sensors, which
not only detect it, but can also get images in IR,
submillimeter and millimeter wavelength ranges.
The multi-element arrays of superconducting bolome-

To date, large-format semiconductor focal plane ar-
rays (FPA) of liquid nitrogen-cooled semiconductor
photon detectors of infrared (IR) radiation operating
in the BLIP (Background Limited Infrared Photode-

tector) mode have been created [1]. However, their
spectral sensitivity has a cutoff wavelength of about
20 um. So, the developers of photoelectronic equip-
ment focus their interest on bolometric detectors with
a fundamentally different, thermal detection mecha-
nism, which makes their sensitivity independent of
the spectral composition of incident radiation. Pre-
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ters cooled down to ultra-low temperatures are suc-
cessfully used for astronomical research in the milli-
meter-wave range [2]. Under the typical room-tem-
perature background environment (300 K), the liquid
nitrogen cooling is preferable to build the compact ther-
mal imaging systems with an expanded spectral sensi-
tivity range. From this point of view, high- 7', supercon-
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ductors (HTSC) are considered as a promising mate-
rial for creating high-sensitive arrays of bolometric ra-
diation detectors, but their implementation is compli-
cated by the issues of the element-by-element readout
and the cross-element thermal interference [3].

The YBa,Cu;0,_, thin films with the supercon-
ducting transition temperature 7, =90 K well suit
for the HTSC bolometers. Studies show that these
thin films deposited on the SrTiO; substrates are the
best ones for their structural perfection, critical cur-
rent density and long-term stability [4, 5]. It was also
found that the YBa,Cu,0,_, epitaxial thin films on
SrTiO; substrates have the lowest noise level [6, 7].
Since YBa,Cu,0,_, has low absorbance in the IR
spectrum region (about 10 % at the wavelength of
10 pm and less than 2 % at wavelengths above
20 um [8]), a composite bolometer is the preferred
design for building IR detectors on the basis of such
thin films. In this case, a substrate is used as an
absorbing element, while the HTSC structure on it
acts as a temperature-sensitive element (microther-
mometer). Such a design appears to be attractive to
build also multi-element HTSC bolometric detectors.
As an example, an HTSC 2x16 multi-element de-
tector has been studied in [9]. Suppose that the sub-
strate is initially in thermal contact with a cooling
platform (heat sink) and has a uniform temperature
T, in the receiving plane. Then, the incident thermal
radiation from the detected object absorbed by the
substrate will create a spatial temperature pattern
T = f(X,Y) onit, defined by the spatial distribution
of the radiation intensity from this object. The tem-
perature increment ATy, in each elementary sub-
strate area XY, will generally be proportional to the
incident power portion P,.,, and reciprocal to the
thermal coupling strength of each of these areas to
the heat sink G,,,,. This temperature pattern is read
out using an array of HTSC microthermosensors
formed on each elementary substrate area XY, and
having a sharp temperature dependence of the resis-
tance in the resistive state. Obviously, each elemen-
tary substrate area X,Y; can be considered as a
separate sensitive element of a multi-element detec-
tor, while its size determines the area occupied by
this element. The heat removal from each XY, area
of the structure under consideration is of a complex
nature since the heat flows both normally to the sub-
strate to the heat sink and along the receiving ele-
ments plane. This leads to smearing of the tempe-
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rature pattern 7 = f(X,Y) that imposes a certain
restriction on the spatial resolution of the composite
bolometer.

The purpose of this work is to measure the ampli-
tude and temporal parameters of the thermal smea-
ring of an IR image on the surface of an HTSC thin
film. These parameters are of practical interest for
calculation and optimization of the composite multi-
element HTSC IR image transducers. The studies
were carried out using the scanning laser probe
method [10].

2. Calculation Technique

To calculate thermal smearing of the temperature
pattern on a bolometer surface, it is necessary to take
into account heat flow both along the receiving areas
of sensitive elements and in normal direction inward
the multilayer system solving a non-stationary 3D heat
transfer equation. To calculate an actual film/substrate
system, the following assumptions are made. Firstly,
the temperature variations in the receiving pad at op-
erational liquid nitrogen temperatures are small enough
even at maximum incident irradiation power, so the
temperature dependence of thermal conductivity and
heat capacity of the thin film and substrate can be
neglected. Secondly, actually two-layer film/substrate
system is considered as a single-layer one, since the
thickness of the sensitive elements under study
(=200 nm) is much smaller than that of the substrate
(h=100-700 pum), while the film/substrate interface
thermal resistance can be neglected [11]. In addition,
thermal properties of the YBCO film and the STO
substrate are almost the same: the thermal conduc-
tivity A=4.5 and 4.65 W/(m-K); the specific heat
capacity C, =176 and 150 J/(kg-K) and the density
p=6380 and 6450 kg/m’ for YBa,Cu,0,_ , and
SrTi0O,, respectively. We also believe that all inci-
dent power is completely absorbed by the receiver,
and there is no back re-radiation. Then the non-sta-
tionary heat equation can be written as follows:

oT o’T &*T o°T
o )

—=a + +
ot o' oyt o

where o = 7»/ (C,p) is the thermal diffusivity.
Let us consider a situation where the external heat
flux W, falls onto a sensitive element of 2m by 2/
in size located on a bulk substrate of 2a in length, 25
in width and /4 in thickness (Fig. 1).
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Fig. 1. Receiving 2mx2/ elementona 2ax2b bulk substrate
with thickness /& contacting with heat sink. W is incident IR
radiation flux

3. Calculation of the Temperature
Pattern on the Surface of a Thin-Film
HTSC Bolometer

Equation (1) with corresponding boundary conditions
was solved by numerical methods. Since modern op-
tical lens systems have the least circle of confusion
d oy ~25-50 pm in the spectral range of 8 —14 pm
[14], we consider a sensitive HTSC element of
50x50 um” in size, which receives incident IR ra-
diation power of 10~ W per element with the same
50x50 pm? beam cross section. The size of the sub-
strate (30003000 um?*) used in calculations is much
greater than that of the sensitive element. As a result
of absorption of a constant-flux radiation, the tempe-
rature on the sensitive element surface starts to grow,
and after a characteristic time ¢=¢_,, comes to a
steady-state temperature 7, ,, when the system rea-
ches thermodynamic equilibrium.

Fig. 2 shows the calculated steady-state distribu-
tion of the temperature on the heated surface (Z =0)
of the structure under consideration along the X axis
with origin in the center of the receiving pad, for
various substrate thicknesses. One can see a sharp
temperature drop in the receiving plane at the inter-
face between the illuminated and dark areas. Notably,
both the maximum heating temperature A7, inthe
center lowers and the smearing of thermal boundary
of the receiving area increases with reducing the
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Fig. 2. Stationary overheating distribution in the surface of an
IR-illuminated receiving element along the X axis with origin
at the receiving pad center at various substrate thickness A:
1—- 700 um, 2 - 500 um, 3 — 300 um, 4 — 100 um

substrate thickness. The longitudinal heat flow in re-
ceiving element plane in addition to the transverse
flow towards the heat sink causes a temperature gra-
dient beyond the area adsorbing incident radiation.
For example, the temperature decreases approximate-
ly by a factor of 5.5 from its maximum value 50 um
apart from the center of the receiving pad regardless
of the substrate thickness. Since it is the change in
the sensitive element temperature that leads to ge-
neration of an electrical signal, it can be concluded
that the substrate thickness should be large to in-
crease the temperature sensitivity. At the same time,
the increase in the substrate thickness does not signifi-
cantly affect smearing of the temperature pattern. This
means that the sensitivity can be enhanced with no
degradation of the spatial resolution. However, the
larger the substrate thickness, the longer the steady
temperature time for the system and, consequently,
the thermal processes become slower.

Fig. 3 shows the surface thermal pattern smearing
curves (temperature distribution along the X direc-
tion) in a thin film on a 500 pm thick substrate ta-
ken at different time lapses since illumination start.
It illustrates the dynamics of the heat propagation out-
side the irradiated sensitive element. One can see that
the temperature rises with time not only in the receiv-
ing pad center but also in the thermal “tails”.
Ifattime ¢ =0.036 s after starting the external illumi-
nation, the temperature pattern is only slightly smeared
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Fig. 3. Temperature distribution in an IR-illuminated recei-
ving element plane along the X axis taken at various times ¢
after starting external illumination: 1 — 0.046s (t=¢_,), 2 —

max

0.042's,3 — 0.036 s. The substrate thickness /4 =500 pm

(while the temperature at the pad center is about 2/3
of its maximum value), then upon reaching the steady
state at ¢t =1¢_, =0.046s, the length of the thermal
“tail” essentially exceeds the IR beam cross section.

The length of the thermal “tail” (or the length of
thermal diffusion) 7, will be fixed at the level of 0.37
(I/e) of the maximum temperature increment in the
receiving element center. Consequently, for a recei-
ving pad of 50x50 pm? in size on a substrate with
a thickness of 500 um, the thermal diffusion length
in the temperature steady state is /. =35 um for
unmodulated external heat power.

At a fixed stabilized temperature 7}, = const and
constant thermal characteristics of the system in the
considered temperature range (78—-95 K), the tem-
perature increment A7, _ at the pad center is pro-
portional to the incident radiation power. Mathema-
tically, the temperature distribution law AT'(x, y,¢) in
the surface does not depend on the absorbed power,
so the thermal diffusion length determined by the
criterion above remains unchanged.

Obviously, the smearing of the temperature pattern
in the receiving plane of the detector considered limits
its the spatial resolution, which in this case is deter-
mined both by the aberrations and diffraction of the
optical system, and by the thermal diffusion length /.
In other words, the limitation of spatial sensitivity is
determined by a common circle of confusion y, which
size can be obtained from the expression [12]:
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y=(do, +40)". 2)

An extended thermal object to detect which is
focused on the receiving plane and creates a spatial
temperature pattern can be considered as a set of point
sources. If the sources images in the image plane are
spaced by y or more, then they are fairly distingui-
shable in the thermogram. Obviously, the sensitive
elements should also be spaced by no less than y.
Thus, as follows from expression (2), the accep-
table inter-element spacing (between the centers of
the sensing elements) L should be L>y =85 um
in our particular case with an unmodulated incident
radiation.

4. Experimental Study of the Surface
Temperature Pattern in a Thin Film
HTSC Bolometer: Experimental
Technique and Results

For an experimental study of the temperature pattern
smearing in the sensitive element plane, a structure
was used consisting of an epitaxial 200 nm thick
YBa,Cu;0,_, thin film deposited by laser evapora-
tion on a 3000x3000 um*, 500 um thick SrTiO,
substrate. The sample geometry was a superconduc-
ting 50 um-wide strip forming a meander with an area
of 1.5x1.5 mm? patterned using electron beam lithog-
raphy and chemical etching. The meander consisted
of 23 HTSC strips with 1500 um in length spaced by
10 pm gap. On each side, the meander was supplied
with electrical contacts coated with 1 um thick gold
using magnetron sputtering through a mask. As was
shown in [13—15], such a structure can be considered
as a multi-element detector of IR radiation.

The study was performed by the scanning laser
probe method. The spatially inhomogeneous inci-
dent IR radiation is absorbed by a film/substrate
system and forms a characteristic temperature pat-
tern on its surface. To read this pattern out, we used
a laser probe (laser beam focused to a spot) moving
along the HTSC strip, which was in superconduc-
ting state near the critical temperature 7. In this
case, local overheating A7, . of a small region of the
strip above its critical temperature caused by the
laser beam brings this area into resistive state with
dramatically sharp temperature dependence of the
resistance. Since such areas can be formed in any
part of the superconducting strip, scanning the struc-
ture with a laser probe provides read-out of the
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spatial temperature pattern. Indeed, scanning laser
radiation of constant power causes the same hea-
ting of all local regions of the HTSC strip by AT},
“raising” the temperature pattern by the same amount
and providing one-by-one transition of these regions
into resistive state. The laser beam movement along
the HTSC strip thus translates the sensitive region.
When the sample is biased with a dc current, a
voltage drop over the sample arises proportional to
the resistance of each illuminated spot that is equi-
valent to sequential polling of the individual sensi-
tive elements.

It will be noted that the laser probe causes a sub-
stantially greater overheating of the illuminated re-
gion as compared with that of the radiation to detect.
In this regard, the thermal gradients arising during the
polling should be minimized. In the ideal case,
the mutual thermal influence during polling neighbor-
ing elements should not exceed the level of natural
temperature fluctuations of the receiving surface.
Obviously, at a sufficiently high polling rate, the sys-
tem will not have time enough to go to a stationary
temperature state, and the heat propagation aside the
sensitive element formed by the laser probe will be
insignificant. Earlier, we found that equivalent tem-
perature fluctuations corresponding to the excess
noise, which makes the main contribution to the total
noise voltage of the used HTSC thin films, is about
K, ~3-107° K [9]. The polling rate should be cho-
sen so that the resulting temperature gradients at the
distance L ~85 pum estimated from expression (2)
apart from a selected sensitive element would not
exceed K. Taking into account this fact, the tem-
perature patterns smearing we obtained and the re-
quired laser probe radiation power (7, =107 W),
we get 20 kHz as the lower estimation for the polling
rate. In this case, the condition is met:

AY:L(](r/out) AT}OC SKT, (3)
ATmax(](r/out)

where ATL, (f,,.) and AT, (f,,,) are the
temperature increments in the center of a sensitive
element and at a distance L apart vs. the polling rate
at a fixed laser probe radiation power.

The experimental setup block diagram can be found
in [14]. A HTSC structure was mounted on a plat-
form cooled down to about 80 K in the vacuum part
of an optical liquid nitrogen cryostat. The platform
heater and the temperature controller provided a sta-
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ble (+0.005 K) working point for the sample in its
superconducting state near the critical temperature.
The optical window of the cryostat made of ZnS
was transparent for both the IR radiation from a
heat source and the laser probe radiation in visib-
le range. The IR radiation was focused using a
3-lens Ge objective with a focal length of 50 mm
and a relative aperture of 1:0.85. The laser probe, a
semiconductor LED with radiation wavelength of
0.63 um and fixed power of 5 mW, was mounted on
a moving platform. The laser beam was put into the
cryostat through the ZnS window and was precisely
focused on the HTSC structure surface. The beam
was moved in two mutually perpendicular directions
by two stepper motors, which were controlled from
an electronic unit based on a digital signal processor
(DSP). Such a design enabled flexible programming
of any law to scan the HTSC structure with the laser
probe. The amplification channel of the photoresponse
signal consisted of a low-noise (U, <1 nV/Hz"?)
preamplifier and a lock-in detector. After analog-to-
digital convertor, the signal was processed and put by
the DSP via the interface into PC. Further signal
processing was carried out with specially developed
PC software.

The temperature pattern smearing due to thermal
diffusion along the receiving plane was studied by
measuring spatial distribution of the photoresponse
voltage when detecting IR radiation of 800-K black-
body with the known size of optical imprint of the
radiation incident on the sample surface. The size
of the blackbody output diaphragm and the distance
to the lens was chosen so that the optical image of
the diaphragm focused on the sample surface did not
exceed 50 um accounting for the lens circle of con-
fusion. To make a preliminary calibration measure-
ment, a 50 um wide sliding shutter was placed in the
blackbody diaphragm image plane, which could grad-
ually obscure the image by means of a translating
microscrew. An additional IR sensor located behind
the image plane measured the photoresponse sig-
nal amplitude as a function of the shutter position.
The distance between the input lens aperture and
the blackbody diaphragm was chosen so that the
diaphragm image was completely covered by the
shutter. Then, an HTSC structure to test was placed
instead of the shutter. In this case, the blackbody
diaphragm image focused onto the structure surface
can be assumed not more than the shutter width thus
being 50 pm.
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Thermal radiation was modulated at a low fre-
quency of 20 Hz using a mechanical chopper placed
directly in front of the blackbody. We assumed that,
according to the above calculations (see Fig. 3), the
modulation frequency of the incident IR radiation is
low enough to let the structure under study to go into
the stationary temperature state (/.4 ~1/¢,.)> SO
the experimental results for the thermal diffusion along
the receiving plane can be matched with mathema-
tical modeling data.

The image of the blackbody diaphragm was fo-
cused on an arbitrary part of one of the strips com-
posing the HTSC meander. To read out the resulting
temperature pattern, the HTSC structure was scanned
by the laser probe with a step of 10 um. The laser
probe spot size on the HTSC thin film surface was
10x50 um® and completely covered the meander
strip width. To minimize the thermal gradients on the
structure surface caused by the readout beam, the
laser probe radiation intensity was modulated with
the high frequency of 20 kHz in accordance with the
above calculations. The photoresponse signal was
measured with a lock-in amplifier at the blackbody
modulation frequency of 20 Hz.

In Fig. 4(a) and 4(b) one can clearly see smearing
of the temperature pattern on receiving plane of the
considered HTSC structure (meander fragment) upon
absorption of radiation from an external heat source.
The size of the visualized IR image of the blackbody
diaphragm exceeds its true size due to thermal dif-
fusion. The heat spot size y in the receiving plane
can be determined from a cross section drawn along
the HTSC strip of the meander (Fig. 4(b)); it is
0.95 um at the level of 0.37. Taking into account the
spot size of the laser probe, the obtained result agrees
well with the results of mathematical modeling of
thermal processes in the HTSC thin film/substrate
system discussed above.

5. Conclusions

In the composite design concept, the receiving ele-
ment is the substrate which serves as a “sample
and hold” unit. It has to both effectively absorb the
incident radiation (“sample”) and “hold” the surface
temperature pattern, which is an imprint of the spa-
tial distribution of the radiation intensity, for further
readout. Such a design provides high sensitivity when
creating single HTSC bolometers but faces certain
limitations in the case of building multi-element HTSC
detectors. In the latter case, the pattern can be read
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Fig. 4. Smearing of the temperature pattern created by a heat
source on the surface of a fragment of a meander-shaped HTSC
structure: spatial distribution of the photoresponse taken by
scanning the HTSC structure with a laser probe (a) and 1D
photoresponse distribution in a cross section at ¥ =210 um
along the X axis (b)

out either by a two-dimensional array of supercon-
ducting microthermosensors formed on the substrate,
or by an extended meander-shaped structure in which
thermosensitive areas of micron size are formed us-
ing additional local thermal effects like a laser beam
probe.

The studies carried out by the laser probing method
showed that the spatial temperature pattern smears
due to thermal diffusion along the HTSC struc-
ture surface that absorbs IR radiation. Thus, for a
structure composed of a 200 nm thick YBa,Cu,;0,_,
thin film on a 500 um thick SrTiO, substrate, the
steady-state size of the diffused heat spot is almost
twice as large as the optical size of the IR radiation
source image. The experimental data are in good
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agreement with the results of mathematical modeling
of thermal processes associated with radiation ab-
sorption in such a system.

Reducing the temperature pattern smearing can
be achieved primarily by reducing the polling time of
each element, optimizing the modulation frequency
of the incident radiation, as well as optimizing the
thermal design of the thin film/substrate system. Since
it is the thermal diffusion length that determines the
sizes of individual sensitive elements and the optimal
spacing between them, the obtained results can be
used in designing composite HTSC array IR detec-
tors of the bolometric type.
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TEITJIOBE PO3MUTTA IHOPAYUEPBOHOI'O
30BPA’KEHH S HA ITIOBEPXHI TOHKOITJIIBKOBOT'O
BTHIT BOJIOMETPA

Ilpeomem i mema pobomu. KoMo3uTHi HaJAMPOBI THUKOBI 60-
JIOMETPH Pi3HOTO PiBHS OXOJIOKYBaHHS IIMPOKO BUKOPUCTO-
BYIOTBCSI B aCTPOHOMIT AJIs I€TEKTYBaHHSA BUIIPOMiHIOBaHHS
B JIOBrOXBHIILOBOMY iH(ppauepBoromy (I1), cyOminiMeTpoBo-
My 1 MLTIMETPOBOMY JTiaria30Hax JOBKKUH XBUITb. HasiBHICTE Mixke-
JIEMEHTHUX TETJIOBUX MEPEIIKOJl — OJ{HAa 3 OCHOBHHUX Ipo0IeM
IpHU po3poO0Ii MaTPUIb KOMIIO3UTHUX BUCOKOTEMIIEPATYPHUX
Hagnpooauukoux (BTHIT) 6onomertpiB. ¥ poborti mocmin-
JKY€ETHCSI PO3MUTTS TEMIIEPATypHOTO peibedy, yTBOPEHOTO
Ha noBepxHi ToHkomutiBkoBoi BTHIT cTpykTypu magarounm [4
BUIIPOMIHIOBaHHSM. MeTa poO0TH — BUMIPIOBaHHS IIPOCTOPO-
BHX 1 YaCOBHX ITapaMeTpiB Ter1oBoro po3mMutts IY 300paxeHHs
Ha MOBEPXHI IUTiBKH.

Memoou i memooonozis: JIoCnimKeHHsS BUKOHAHO METOJOM CKa-
HYIOYOTO JIa3epHOTO 30HMa. BHKOpHCTAaHO 3alpOIIOHOBaHUH
paHillie mixij 10 peecTpauii HpoCTOPOBOTO PO3MOIiTY IHTEH-
CHBHOCTI 30BHILIIHBOT'O BUIIPOMiHFOBaHHSI 32 JIOTIOMOT'O10 10/1aT-
KOBOI JIOKapHOI TerioBoi nii. ChokycoBaHHH Ha MOBEPXHI
Ja3epHU IPOMIHb NeperpiBae AUISHKY ILTIBKY i IEPEBOIUTH
ii 3 HaAMPOBITHOTO CTaHY B PE3UCTHUBHUH, Yy TIIUBUI1 710 30BHIILI-
HBOT'O BUITPOMiHIOBaHH:. CKaHyBaHHS BCi€l CTPYKTYpH Jla3ep-
HHM 30HJIOM € €KBIBAJICHTHUM IIEPEMIILICHHIO Yy TJIMBOT AUISTHKA
1 3a0e3meuye 3UNTyBaHHS TEMIIEPATypHOTO peibedy, CTBOpe-
HOTO 30BHIIITHIM BHUITPOMIHIOBAHHSIM.

Pesynomamu: BHacnigok temnoBoi qudysii TeMnepatypHuit
penbed po3mMuBaeThes y3aoBxk nosepxui BTHII ctpykrypu,
110 MONJIMHAE BUIIPOMiHIOBaHHS. Tak, I CTPYKTYpH Ha OC-
HoBi miBku YBa,Cu,0,_, ToBummHO0 200 HM Ha miAKIaa1i
SrTiO; ToBmuHO0 500 MKM CTanui po3Mip TENI0BOro 300-
pakeHHs Maike BIIBiUi IEPEBUIIY€ II0YaTKOBI po3MipH cdho-
KycoBaHoro Ha noepxHi I 300paxenns. ExciepumeHTanb-
Hi JIaH1 y3TOJUKYIOTECS 3 Pe3y/bTaTaMi MaTeMaTHYHOTO MOJIe-
JIFOBaHHS TEIIOBHX ITPOLICCIB MPH MOTTHHAHHI BUIIPOMiHIOBaH-
Hs B TaKiil cucteMi. BUBUEHO 3a1€)KHICTh JJOBKUHU TEIJIOBOL
nmuysii i XapakTepHOTro 4acy JOCATHEHHS MaKCUMaJIbHOTO PO-
3irpiBaHHs MOBEPXHi IUTiBKH Bifl TOBIIUHH MiAKIIA KK | 4ACTOTH
OIIUTY.

Bucnoeox: Temnose po3murts I 306paxkeHHS y300BK OBEPX-
Hi kommo3utHux BTHII GonomeTpiB Hakmamae oOMeKEHHs
Ha X IpPOCTOPOBE PO3pPi3HEHHS], IIBUKOALIO Ta 1HILI TapaMeTpH.
3MEHILCHHS TAKOTO PO3MUTTS MOXKe OyTH JOCSATHYTE 3a paxy-
HOK CKOPOYEHHS 4acy OIMTY 1 ONTHUMI3aLlii TeIJI0BOTO AU3aiiHy
cucTeMH “ruTiBKa/minknanka’”. OCKiIbKY camMe JOBXKHHA TEeTlIo-
BOI I (y3ii BU3HAYAE PO3MIPH Iy TIUBUX €IEMEHTIB 1 ONITUMAJIb-
Hy BiJICTaHb M>K HIMH, OTPUMaHi pe3yJIbTaTH MOXYTh OyTH BH-
KOPHCTaHI y MpOoeKTyBaHHI MaTpuib komrno3utHiux BTHII 6o-
JIOMETPIB.

Kniouogi cnosa: BTHII 6omometp, IY 300pakenHs1, TemioBa
nuys3ist, mazepHu 30H1
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TEIIJIOBOE PASMBITUE NHO®PAKPACHOI'O
MN30BPAXKEHIMA HA IIOBEPXHOCTU
TOHKOIIVIEHOYHOI'O BTCII BOJIOMETPA

IIpeomem u yenv pabomsi: KOMIO3UTHBIE CBEPXIIPOBOAHUKOBbIC
00JIOMETpPBI Pa3IMYHOTO YPOBHSI OXJIAJKICHUS IIIUPOKO UCTIONb-
3yIOTCSI B ACTPOHOMHMH 151 IETEKTHPOBAHMS U3JTyY€HHS B JUTHHHO-
BoJTHOBOM HH(}pakpacHoM (MK), cyOMIIITIMETPOBOM H MUJLTH-
METPOBOM JIMaIa30Hax JUIMH BOJH. Hannuue MexaIeMeHTHBIX
TETUIOBBIX IIOMEX — OJIHA U3 OCHOBHBIX IIPOOJIEM IIpHU pa3padoTKe
MaTpHI KOMIIO3UTHBIX BBICOKOTEMIIEPATYPHBIX CBEPXIIPOBOIHHU-
xoBbix (BTCIT) 6omomerpoB. B pabote uccnemyercst pa3MbiTie
TEMIIEpaTypHOTO peibeda, 00pa30BaHHOTO Ha TOBEPXHOCTH ILIe-
HouHo# BTCII crpykryps! magatorv MK m3mydernem. Lens pa-
00TbI — M3MEpEHHUE MPOCTPAHCTBEHHBIX U BPEMEHHBIX IIapaMeTpoB
TeruioBoro pasmbItis K n3o0paxeHus Ha MOBEPXHOCTH IUICHKH.
Memoowi u memooonoeus: ViccnenoBaHus poBEAESHbI METOIO0M
CKaHMPYIOIIET0 JIa3epHOro 30H1a. MICTI0/1b30BaH NPe/IOKEHHbIN
PpaHee Mo/IX0/1 K PErUCTpaIiy MPOCTPAHCTBEHHOTO PACTIPEICIICHUS
MHTEHCUBHOCTH BHEIITHETO M3ITyYEHHs IPH ITOMOILH JOTIONTHUTE b~
HOT'0 JIOKQJIGHOTO TEIIOBOT0 BO3AeHCTBIS. ChOKYCHPOBAHHBIA HA
TIOBEPXHOCTH JIA3EPHBIH JTyd ITeperpeBaeT y4acToK IUICHKH U I1epe-
BOJIUT €T0 U3 CBEPXITPOBOASAIEIO COCTOSHUS B PE3UCTHBHOE, 4yB-
CTBUTENBHOE K BHEIIHEMY M31Ty4eHN0. CKaHUPOBAHUE BCEH CTPYK-
TYPBI JIA3€PHBIM 30HI0M S5KBUBAJIICHTHO NIEPEMEIICHHIO YyBCTBHU-
TEJIBHOTO Y4acTKa 1 00eCTIeYnBaET CUUTHIBAHUE TEMIIEPaTyPHOTO
pernbeda, CO3aHHOTO BHEIITHAM H3ITyYCHHEM.

Pesynomamui: Benencreue temnoBoit nuddys3un Temmnepatyp-
HBIU penbed pa3zMeiBaeTcs BIob nosepxHoctu BTCII crpyk-
TYpBbI, orIoIaroIei u3nydenue. Tak, Juis CTPYKTYpbI Ha OC-
HoBe I1eHKH YBa,Cu,;0,_, TommuHoi 200 HM Ha IOIOKKE
SrTiO; TonmuHoit 500 MKM yCTaHOBUBLIMIICS pa3Mep TEIIo-
BOTO M300pa)KeHHS TOYTH B 2 pa3a MPEBbIIIACT HaYaIbHbIC Pa3-
Mepbl chokycrpoBaHHOT0 Ha moBepxHocty MK u3obpaxenus.
OKcnepuMeHTalIbHbIE JaHHBIE COIIACYFOTCS C pe3yJIbTaTaMy Ma-
TEMaTHYEeCKOT0 MOZICIMPOBAHUS TEIIIIOBBIX IIPOLIECCOB IIPHU IO-
IVIOLICHUHM U3ITy4eHHs B Takoi cucteme. M3yueHa 3aBUCUMOCTD
JUTUHBI TETII0BOH A dy3uH U XapaKTepHOTO BPEMEHHU JI0CTH-
YKEHHSI MAKCUMAITLHOT'O Pa30rpeBa IIOBEPXHOCTH TJICHKH OT TOJI-
LIMHBI OJI0KKH U YaCTOTHI OIPOCa.

3axnrouenue: Tennooe pasmbiTue VK n300paskeHus BAOIb HO-
BepxHOocTH KoMto3uTHBIX BTCIT GotomeTpoB HakIa1pIBaeT Or-
paHUYEHM Ha MX IPOCTPAHCTBEHHOE pa3pelleHne, ObIcTpoieH-
CTBHE U ApyTHE [TApaMeTPbl. YMEHBIIEHNE TAKOTO Pa3MbITHS MO-
JKET OBITh JIOCTUTHYTO 32 CUET COKPALICHHS BPEMEHH Opoca 1
ONTHMM3ALHH TEIIOBOIO IU3aiHa CUCTEMBI “TUICHKa/TIOJTOMKKA .
Tak kaK IMEHHO JUTMHA TeTI0BO# quddy3un onpenessieT pa3me-
bl 4yBCTBHTEIIBHBIX JIEMEHTOB M ONITUMAJIEHOE PACCTOSTHUE MEX-
Iy HIMH, TIOJTyYE€HHBIE PE3YIBTaThl MOTYT OBITh HCIIOJIb30BaHBbI
TP IPOEKTUPOBaHUH MaTpuLl koMro3uTHbIX BTCIT 6omomerpos.

Kniouesvie crosa: BTCII 6onomerp, UK nzobpaxenue, Temio-
Bast i dy3us, 1a3epHbIi 30H]
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