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EQUIPMENT FOR DYNAMIC ELECTRON
CONTACT THERMOGRAPHY OF SKIN MELANOMA

The computer-assisted hardware complex for dynamic electron contact thermography of skin melanoma has been
developed. A cooling device based on the Peltier cell, a matrix scanner with intellectual «temperature/digital code» conver-
ters, and an original customized software for visualizing and processing temperature maps have been created. The combined
use of the complex and the dermatoscopy technique have been experimentally established to improve the validity of early

diagnostics of skin melanoma.
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In recent years, there has been a trend towards
an increase in the incidence of malignant neo-
plasms (MN) of the skin. The main causes of MN
are the growing influence of solar radiation, as a
result of ozone depletion, the widespread uncon-
trolled use of artificial ultraviolet radiation, and
the toxic chemicals. Therefore, the problem of
premalignant and malignant diseases of the skin
has become a priority in public health research
and practice.

The most frequent pathologies are skin melano-
cytic neoplasms recorded for 80% of the popula-
tion [1, 2]. The melanocytic dysplastic nevi are
precursors of skin melanoma (SM), one of the
most dangerous and aggressive tumors that are
prone to metastasizing to different organs.

Despite the fact that among malignant diseases
of the skin the share of SM is only 12—14%, its
early diagnostics is of paramount importance be-
cause of high mortality. According to the materi-
als of the 8th Congress of European Association
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of Dermatologists, annually, worldwide, 160
thousand people sicken with melanoma and 48
thousand die from this disease. Over the past 20
years, the incidence of SM increased 4 times.
According to the National Cancer Registry of
Ukraine, in 2011, 3.3 thousand cases of SM (7.1
cases per 100 thousand population) were regis-
tered, and 1.2 thousand patients were reported to
die. In the past 25 years, annual growth of SM
incidence is 5%. The highest incidence has been
observed in the southern regions of Ukraine [3].
Among the patients who sickened in 2011, 12.6%
of patients died within a period less than a year.
High mortality is caused by the late detection of
disease, usually at an extensive (III-IV) stage,
rather than by the lack of adequate therapy. Only
early diagnostics of SM can reduce the mortality.

The melanocytic nevi are reported for 3/4
Caucasians and are benign tumors of melanoge-
nous system. Only some of them are transformed
into melanoma or are a marker of increased risk of
SM development [4]. Therefore, differential di-
agnostics of benign and malignant melanocytic
skin neoplasms is of crucial importance for the
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dermatovenereologic practice.

It should be noted that there are a limited
number of non-invasive instrumental methods
that are widely used in clinical practice for early
diagnostics of SM. The gold standard of diagno-
sis is dermatoscopy that is epifluorescent micros-
copy. This is a highly sensitive and highly specific
method that makes it possible to recognize in vivo
small structures of epidermis and papillary layer
of the skin, which are indistinguishable to the na-
ked eye. The method is easy to use and allows the
researchers to store information in electronic da-
tabase and to monitor the dynamics of tumor
growth. According to the survey [5], for the inte-
grated use of digital photography and dermosco-
py sensitivity and specificity make up about 87
and 79%, respectively. High cost of modern dig-
ital dermoscopes prevents their wide use in prac-
tice. Other methods (X-ray, high-frequency ul-
trasound, radio phosphorous) are of secondary
importance and cannot be broadly implemented
because of high radiation exposure of the patient,
high cost and difficult interpretation of the re-
sults. However, the combination of several tech-
niques improves the accuracy of diagnosis [5, 6].

E-contact digital thermography can be a prom-
ising new method suitable for the use with der-
moscopy in order to improve the reliability of
early diagnosis. It is a cost-effective and harmless
technique for mass screening of the population. A
hardware complex based on DCT-1 thermograph
has been developed as part of NASU R&D project
«Development and Mass Production of Digital
Contact Thermograph for Diagnostics and
Monitoring of Medical Treatment of Skin Tumor
Diseases».

The DCT-1 digital contact thermograph was
developed earlier at O.O. Galkin DonIPhT of
NASU, approved for the use and registered in the
State register of medical equipment and medical
products in Ukraine [7—9]. Currently, more than
40 devices are operated at the public and private
health facilities of Ukraine. The device is manu-
factured by Metekol RPC (Nizhyn) and listed by
the Ministry of Healthcare in the Suggested list
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of the materials and technical equipment of the
primary healthcare center, which greatly simpli-
fies the commercialization of the hardware and
reduces the time required for the organization of
its practical application.

THERMOGRAPHY IN DERMATOLOGY

In contrast to all the above methods of diagno-
sis, the thermal methods, thermometry and ther-
mography, record the thermophysiologic changes
accompanying the development of malignancy
instead of the structural changes of tissues. They
register local changes in skin temperature in the
zone of pathological process (both surficial and
deep) caused by enhanced metabolism and angio-
genesis. As the breast practice has showed, such
changes are often registered before their clinical
manifestations [10, 11].

The differential thermometric methods invol-
ve measuring the skin temperature with a single
thermometer in a limited number of points, both
directly on the neoplasm and near it, on the skin
areas subjectively deemed healthy. For example,
according to [12], the temperature of the nevus
and the average temperature of the four points
around it at a distance of 1 cm are measured. The
malignancy criterion is a difference between
them exceeding 0.6 °C. The thermometric meth-
ods, despite their simplicity, have a significant
disadvantage: the arbitrary choice of the few
points on which the findings may critically de-
pend. For this reason, they have not been widely
used so far.

Much more widespread are skin MN diagnos-
tic methods based on infrared (IR) thermogra-
phy, i.e. the visualization of temperature maps of
the body surface with the help of thermal imager
[5, 13—15]. In these studies, the temperature
maps were recorded in a static mode after the es-
tablishment of thermal equilibrium between the
naked body of the patient and the environment.
Having compared the images of neoplasms and
the temperature maps a number of qualitative
and quantitative diagnostic parameters such as
shape and size of the hyperthermic area and the
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magnitude of hyperthermia have been obtained.
Thus, according to [5], the average hyperthermia
of the patients with SM is 2.5 °C, while that of
the patients with benign tumors is 1 °C.
Hyperthermia in the form of strands is prognosti-
cally unfavorable. The observed temperature dis-
tribution facilitates the planning of surgery. In
[14], having made a survey of 245 patients using
a dermatoscope and an IR imager, the authors
concluded that thermography could complement
dermatoscopy. The average hyperthermia has
been established to be 1.1 £ 0.3 °C for the benign
nevi; 1.39 = 0.28 °C for the dysplastic nevi, and
1.6 £ 0.4 °C for the malignant melanomas. It is
believed that the nevi with hyperthermia more
than 1.4 °C should be removed surgically. In [15],
the authors determined sensitivity and specificity
of the diagnosis of tumors of different sizes by IR
imager. These parameters have been established
to be 39—100% for the neoplasms having a size
up to 5 mm; 58—98% for the neoplasms having a
size of 5—15 mm, 95—100% for those whose size
ranging from 15 to 30 mm; and 78—89% for the
newly growing tissues greater than 30 mm. It is
concluded large malignant and benign neoplasms
are distinguished very well.

Nevertheless, static thermal imaging diagnos-
tics of skin MN has significant shortcomings.
Firstly, the room temperature should be comfort-
able and stable, with all sources of infrared radia-
tion (heaters, powerful incandescent lamps, di-
rect sunlight) shielded. Secondly, to prepare the
patient, namely, to reach the thermal equilibrium
with the environment, takes 15—20 min, which
reduces the productivity of the survey. These de-
ficiencies especially complicate the mass screen-
ing.

Recently, dynamic infrared thermography of
skin neoplasms has been intensively developed in
order to raise sensitivity and specificity, especial-
ly for the study of pigmentary disorders of small
size (5 mm). The dynamic method implies that a
selected portion is forcibly cooled and then, while
it is warming up to the room temperature, a series
of consecutive shots is made by IR imager.

Inasmuch as thermal radiation is the dominant
mechanism of heat exchange between the human
body and the environment (80%), the thermal
contrast in the temperature map intensifies as the
temperature difference between the body and the
environment increases. In addition, the cooling is
a physiological factor that emphasizes the tem-
perature difference in the body areas with differ-
ent rate of blood circulation. From a series of pic-
tures it is necessary to select those in which
hyperthermia of MN is displayed most promi-
nently.

In [16], dynamic thermography has been real-
ized for the first time in dermatological practice.
A skin area of 10 cm x 10 cm was cooled using a
packet of aqueous gel having a temperature of
20 °C. The research has showed based on the spe-
cific features of temperature map transformation
it is possible to distinguish the benign and the
malignant neoplasms.

This technique was further studied in a series
of research at the John Hopkins University, Bal-
timore, USA. The results of research [e.g., 17, 18]
have been summarized in [19] and in patents
[20,21].In[17, 18], skin was cooled down to 10—
15 °C using compressed air blown through a vor-
tex cooler, while in patent [20], the authors pro-
posed to use for this purpose cold water, ice or
pre-chilled plate. The temperature distribution
was recorded by IR imager or by IR confocal mi-
croscope. The temperature difference between
the small nevus and the healthy skin area has
been showed to reach its maximum within a few
minutes after the removal of the cooling device,
with hyperthermia of suspicious nevus having a
diameter of only 2 mm detected.

A positive quality of dynamic thermography is
the fact that the time of patient preparation de-
creases to 1—2 minutes (time of cooling the skin
area) as compared with 15—20 min required by
the static method for the patient adaptation to
the room temperature. However, both the general
shortcomings of IR thermography (high require-
ments to room condition, temperature stability,
and qualifications of technical personnel, high
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cost of advanced matrix IR imagers) and the spe-
cific difficulties (the need for a computer com-
pensation of involuntary movements of the pa-
tient in the process of shooting a sequence of tem-
perature maps) hinder the introduction of ther-
mography in clinical practice [17—19].

THE HARDWARE PART OF THE DEVELOPED COMPLEX

To implement dynamic contact thermography
of skin neoplasms using DCT-7 thermograph a
specialized temperature scanner, a cooling unit
with temperature control and a software have
been developed. The block diagram of the com-
plex is showed in Fig. 1.

To measure the temperature of a large number of
points on the skin surface an advanced system of
digital contact thermography is used. It is based on
miniature microprocessor telemetric temperature
sensors that convert temperature into digital code.
These converters are arranged in a matrix scanner
and through the common three-wire bus and the
hardware interface block with galvanic isolation are
connected to the signal processor, a personal com-
puter with which they communicate. This thermog-
raphy system has several advantages as compared
with the IR imaging technique. Since the measure-
ments are made by direct contact method, the effect
of interference from external heat sources signifi-
cantly decreases and the requirements for room
condition soften. The sensors have stable metrolog-
ical characteristics and do not require any calibra-
tion. The scanners based on them have small dimen-
sions, and the thermograph is much cheaper and
easier to use than the infrared imager. The availabil-
ity of ready information in digital form (without
analog-to-digital converters) facilitates the visuali-
zation of temperature distribution (i.e. the creation
of temperature maps) and the calculation of quanti-
tative statistical temperature parameters (hypo- or
hyperthermia) and geometrical parameters (area of
temperature zones).

To produce undistorted temperature maps the
matrix scanners for contact thermography should
meet the following mandatory thermodynamic
and structural requirements:
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Fig. 1. Block diagram of the developed complex apparatus

+ Thermal conductivity between adjacent sen-
sors of the scanner by structural components
and connecting conductors should be mini-
mized,;

The stray heat flux from the sensors into the
environment should be minimized;

Mass and heat capacity of the structural ele-
ments on which the sensors are mounted should
be minimized to reduce thermal inertia;

Stable thermal contact of the sensors with the
patient’s body should be ensured;

The matrix should be reliably protected from
external radiation and thermal noises.

The main design requirements are as follows:
The sensor matrix pitch should be consistent
with the expected size of the thermal irregu-
larities in the temperature map to obtain the
necessary spatial resolution;

The matrix design should be consistent with
the geometry of studied body surface;

The connecting wires between the sensors and
the bus should accommodate a large number of
measurement cycles;

+

+
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+ The scanner must be ergonomic.

The scanner of DCT-1 thermographer meets all
these requirements for screening the mammary
glands [22], but is unsuitable for the study of
temperature fields in the vicinity of pigmented
nevi of small size (3—5 mm). Furthermore,
melanocytic neoplasms often rise above the skin
surface, therefore, to ensure thermal contact the
scanner matrix should not be rigid.

The scanner square matrix is formed by intel-
ligent converters DS18B20U manufactured by
Dallas Semiconductor (USA) with sensitivity
0.0625 °C. The sensors have miniature plastic bo-
dy of uSOP type (dimensions: 3 x 3 x 0.85 mm),
with the leads increasing one size parameter to
4.9 mm. The sensor weighs approximately 23 mg,
the thermal inertia is less than 10 seconds. The
MicroLLAN technique [23] in which all the sen-
sors are connected to common three-wire bus is
used for ensuring communication between the
sensors and the computer.

Fig. 2 shows the scanner square matrix. To min-
imize the matrix pitch the adjacent sensors are ar-
ranged at an angle of 90° to each other, in stag-
gered order. Such arrangement with a gap of 1 mm
between the sensors makes it possible to realize a
pitch of 5 mm, whereas if the sensors were aligned
unidirectionally the pitch would be 6 mm. In addi-
tion, this arrangement prevents bridging between
the leads of neighboring sensors.

The polymeric base of the matrix to which the
sensors are attached with the contact glue is
formed of three layers of EVA (ethyl vinyl aceta-
te) flexible porous material bonded together and
having a thickness of 7 mm. In the outer layer, to
which the sensors are glued, there are 1.5 mm
diameter holes through which the bundles of
three twisted wires leading out of each sensor,
and the other two layers have 3.5 mm diameter
holes that allow the bundles shaped as helix to
freely change their shape when the scanner is
pressed. This flexible design ensures a long serv-
ice life of the scanner without lead breaks and re-
liable results of thermography of convex neo-
plasms. In addition, the porous base matrix pro-

vides alow inertia and a low thermal conductivity
between the densely packed sensors.

An important factor is the choice of material of
which the sensor leading cables are made. The
use of conventional copper wires of PEV, copper
flexible electric conductor and other types results
in unacceptable heat dissipation from the sensors,
which can distort the natural temperature distri-
bution over the skin. The developers of hardware
complex have used Manganin wires with a low
thermal conductivity having a diameter of 0.1
mm, the thermal conductivity of which is 13
times less than that of conventional copper wires
having the same diameter. Increased active re-
sistance of wires (as compared with the copper
wires) does not impair the metrological charac-
teristics of the scanner, inasmuch as the sensors
are digital microprocessors, with resistance of
their leads not affecting the conversion of tem-
perature into digital code.

The scanner has an odd number of sensors (5 x
x 5 = 25), with one of them located directly in the
center of the matrix. In the course of thermogra-
phy of the thermal field around the small pigment
neoplasm (having a size of about 3—5 mm), the
scanner is positioned in the target area of the skin
so that the central sensor is placed exactly over
the nevus and records its temperature, with the
rest of the sensors measuring the thermal field
around the neoplasm. This prevents any loss of
data caused by discrete nature of the matrix.

To protect the scanner matrix from external ra-
diation thermal noise it is placed within the shield
made of polished aluminum alloy D16 that pro-
vides an isothermal environment around the ma-
trix. On the surface of the shield, there is a label
that in the course of thermography orients itself
toward the patient’s head. This eliminates the
ambiguity of thermogram interpretation. An er-
gonomic polymer handle allows the operator to
hold the scanner comfortably. For the aseptic
purpose, the scanner matrix is coated with a thin
disposable polymer film that does not affect the
measurement accuracy. The scanner general view
is showed in Fig. 3.
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The hardware includes a single digital contact
thermometer (Fig. 4). It is also based on
DS18B20U thermal converter. The thermometer
applies to thermography of suspicious neoplasms
by the differential static method in the remote
places of the body surface, where the thermal im-
aging technique is difficult to realize.

The developed hardware provides for cooling
the skin area with the neoplasm by the dynamic
thermography technique using a Peltier semicon-
ductor cell whose area covers the area of the skin.
This advanced method of cooling is very conven-
ient, insofar as it eliminates the use of gaseous,
liquid or solid refrigerants and refrigerators used
in [16-21]. This is a particularly valuable advan-
tage in the view of mobile screening. The heat
flux from the skin is proportional to the electric
current flowing through the Peltier cell. This
makes it easy to control the processes of cooling
and temperature stabilization by conventional
electronic techniques. The temperature of cooled
skin surface at the end of the cooling process is
equalized in a similar easy way. The developed
cooling device is lightweight, compact, and easy
to maintain.

The complex incorporates a TEST-127040-40
Peltier cell with an area of 40 x 40 mm, which
overlaps the scanner matrix having an area of
25 x 25 mm. The element is sandwiched between
the aluminum shoe and the radiator. The shoe is
made of material with high thermal conductivity
and is located on the surface of one of the ele-
ments. It is intended for obtaining a uniform tem-
perature distribution and for ensuring a good
contact with the skin. The radiator is designed to
withdraw heat from the opposite (hot) surface of
the element. To improve the heat withdrawal the
radiator is equipped with a small-sized fan. On
the cold surface of the element, there is a thermis-
tor involved in stabilizing the temperature of the
shoe and, consequently, of the cooled skin area.
All this structure is placed within the case equip-
ped with an ergonomic handle and is connected
to the thermocontroller unit via cable.

The thermocontroller is a similar device in
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Fig. 2. Arrangement of sensors on square matrix of tempera-
ture scanner

which the thermistor is incorporated into one of
the legs of resistor bridge, with a K140UD17 am-
plifier used for enhancing the error signal. The
key element controlling the current through the
Peltier cell is an IRF630 field transistor. The con-
troller is equipped with a LED indicator of tem-
perature of 15 °C that does not cause any patient’s
discomfort. The tests have showed that to obtain
a uniform temperature distribution over the skin
area it suffices to cool it for 2 minutes. This testi-
fies to the effectiveness of the proposed cooling
technique. General view of the cooling device is
showed in Fig. 5.

The scanner and the cooling device are precise-
ly positioned with respect to the suspicious nevi
using a stencil made of transparent resin plate.
On the stencil, there is a crosshair, the center of
which coincides with the center of the nevus. On
the four beams forming the crosshair, there are
the four holes corresponding to the size of the
scanner’s square screen and the four holes corre-
sponding to the size of the cooler’s case. Through
these holes the operator makes positioning marks
on the patient’s body using a surgical marker.
These marks help to match the scale of digital
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Fig. 4. General view of single contact digital thermometer

photography of the neoplasm and the scale of
thermal map on the computer screen.

THE SOFTWARE

A computer program is written in Visual Basic
v.6 for Windows XP and Windows 7 and has three
modes of operation: 1) the matrix mode without
cooling the object of screening, 2) the matrix
mode with pre-cooling of the object, and 3) the
single thermometer mode.

The first mode is for thermographic study of ex-
tended objects whose area is larger than the size
of the scanner matrix. The thermogram is ob-
tained by sequential positioning of the scanner
on adjacent areas of the skin and measuring the
temperature distribution in these areas (posi-
tions). The complete thermogram is a sort of mo-
saic of the thermograms of positions. In this mode,
the program carries out a dialogue with the sen-
sors by MicroLAN protocol, verifies the sensor
readings, composes a mosaic thermal image,
matches the sizes and binds the thermograms and
the photos of the object, calculates the statistical
parameters of the thermogram (such as average,
minimum and maximum temperature, isothermal
zones and areas, etc.), controls data output to the
screen, and saves them in a file.

The second mode (with pre-cooling) is for dy-
namic thermographic study of skin surface. In
this mode, in addition to the above listed func-
tions, the program controls cooling of the skin
area and frame-by-frame shooting of thermo-
grams in the process of skin warming. As the pre-
chilled skin area warms, the thermogram photo-
graphs of the skin area, the statistical tempera-
ture parameters, as well as the graphs of scanner
sensor readings grouped according to the algo-
rithm are displayed on the screen in real time, in
given intervals. These graphs help to illustrate
the warming of the nevus area and the surround-
ing skin zone and to fix the time of maximum di-
vergence of their temperatures. The magnitude of
this maximum difference is one of the main pa-
rameters for concluding on the neoplasm nature.

The third mode (the single sensor mode) is used
for operational control of skin temperature in hard-
to-reach places. In this mode, the single sensor read-
ings are displayed on the screen in regular intervals
forming a map of the temperature. The sensor read-
ing at any point of the graph can be displayed in
digital form using a mouse or a keyboard.

DIAGNOSIS METHOD

The diagnosis method using the developed
equipment reduces to the following sequence of
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operations that must be performed before the der-
matoscopy study:

1) Once, at the beginning of the shift, the scan-
ner is «calibrated» to check the operation of 25
scanner sensors and to match their transmission
characteristics up to a unit of discrete tempera-
ture conversion (0.0625 °C). For this purpose,
the computer scans all scanner sensors placed in
advance within the insulated thermostat of DCT-1
thermographer [22] and makes individual adjust-
ments calculated relative to the average tempera-
ture of the entire matrix; this procedure lasts two
minutes, at most;

2) The selected skin area with suspicious neo-
plasm is marked in the following way: a stencil is
placed so that its crosshair coincides with the
center of the neoplasm; the operator puts marks
on the skin for the Peltier element and the scan-
ner matrix through the 8 holes of the stencil, us-
ing a surgical marker;

3) The operator makes digital photography of
the skin area with neoplasm and the marks;

4) The marked area of the skin is cooled by the
cooling device positioned with respect to the out-
er marks;

5) The operator removes the cooling device
and applies the matrix scanner to the chilled skin
area pressing it very gently and positioning it
with respect to the inner marks (while the skin
area is warming, the signal processor scans all the
sensors and builds intermediate thermograms in
predetermined time interval (from 5 to 30));

6) The operator prints on the screen the result-
ing sequence of thermal images and selects one of
them with maximum thermal contrast, i.e. with a
clear thermophysiologic anomaly;

7) The operator displays the numerical statisti-
cal parameters such as the average, the minimum,
and the maximum temperatures of the thermo-
gram, the areas of temperature zones, etc.;

8) On the basis of the obtained temperature
maps, respective photographs of the neoplasm and
the statistical parameters the diagnostician makes
conclusion on the absence or presence of patholo-
gy or the effectiveness of medical treatment.
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IN-PATIENT TESTING
OF THE HARDWARE COMPLEX

In-patient tests of the complex have been car-
ried out in Donetsk Municipal Dermatovenereo-
logic Dispensary no.1 both with the patients with
pigmentary neoplasms found at primary medical
examination and the patients with established di-
agnosis of melanoma involved. For applying the
dynamic contact thermography method the skin
area surrounding the neoplasm was thermally
stimulated by cooling to 15 °C. More than 50 pa-
tients have been examined.

Figure 6 (see the color inset) shows a thermo-
gram and a photo of neoplasm of a patient having
a dysplastic nevi. Hereinafter, the reference grids
on the photos and thermograms have the same
geometric dimensions, with the scales of the pho-
tos and thermograms agreed by matching the
marks made on the body by a surgical marker
through a stencil and the marks (circles) on the
reference grid of the photo. The color palette dis-
plays the temperature distribution from the mini-
mum to the maximum using colors from blue to
red, respectively [9]. The thermogram clearly
shows that around the neoplasm there is no
hyperthermic zone, which testifies to the absence
of proliferative processes and therefore, the ab-
sence of malignant transformation of the neo-

Fig. 5. General view of cooling device
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plasm. This thermogram is typical for the benign
pigmentary neoplasms.

Figure 7 (see the color inset) shows a thermo-
gram having a substantial hyperthermia with a
temperature difference of 3 °C. The hyperthermic
zone coincides with the visible neoplasm but is
much broader. Given a large magnitude of ob-
served hyperthermia, its position, size, and shape
the patient with suspected malignification is sent
for further examination by traditional methods.

Figures 8 and 9 (see the color inset) show the
data of patients with diagnosed melanoma. One
can see clear hyperthermic zones with temperature
differences of 3.8 °C and 5.7 °C, respectively.

Thus, it can be stated that the dynamic elec-
tronic contact thermography can distinguish the
benign neoplasms and the malign tumors and is a
promising new method that, if combined with
dermoscopy, makes it possible to improve the ac-
curacy of early diagnosis of skin melanoma.

The authors express thanks to dermatovenereol-
ogist Sobol, Yu. for a valuable contribution to the
testing of the hardware complex.
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! Tonerpkuii (hizMKO-TEXHIYHUI iIHCTUTYT
im. O.0O. lnkina HAH Yxpainu, [lonerpk
2 JloHeLbKII MiCbKHUIT
KipHo-Beneposoriunuiigucnancep Ne 1, /lonerbk

KOMIIJIEKC ATTIAPATYPU JJId TUHAMIYHOT
EJIEKTPOHHOI KOHTAKTHOI TEPMOTPA®IT
MEJIAHOMU HIKIPU

P03p06IieHo0 KOMITI0TEPU30BaH i KOMILJIEKC AllapaTypu
IU7IST TTHAMITHOI eIeKTPOHHOI KOHTaKTHOI TepMorpadii Mesa-
HOIUTAPHUX HOBOYTBOPEHD HIKipu. P0o3po0JIeHO Ta BUTOTOB-
JIEHO OXOJIOZIKYIOUYHI IIPUCTPilt Ha OCHOBI esleMeHTa [lesbThe,
TEeMIIePATYPHUI MATPUYHUM CKAHEP 3 IHTEJIEKTYATbHUMU T1e-
DETBOPIOBAYAMU memnepamypa — uu@posuti koo i creriari-
30BaHe TIporpamHe 3abe3neueH s /s Bidyasisailii Teme-
paTypHUX MaIl Ta iX epBUHHOI MaTeMaTUYHOI 06poOKu. Exc-
HepUMEHTAIbHO OOIPYHTOBAHA [IEPCIIEKTUBHICTH CIiJILHOTO
3aCTOCYBaHHS KOMILIEKCY 3 IEPMATOCKOIIIEIO IS TTi/IBUTIICH-
HI IOCTOBIPHOCTI PaHHBOI IIarHOCTUKYA MEJIAHOMU TIKIPU.

Knwouoei croesa: menanoma mikipu, TepmMorpad KOHTaK-
tanit udposuii TKII-1, nuHamivna tepmorpadis.
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! owerkuit GU3MKO-TeXHUIECKUN UHCTUTYT
M. A A Tankuna HAH Ykpaunsi, lonerk
2 JToHEeIK Wit TOPOJICKON KOKHO-BEHEPOJIOTMYECKUI
nmucnancep Nel, /lonerk

KOMILJIEKC AIIIIAPATY PhI
TSI TMHAMUWYECKOM SJEKTPOHHOM
KOHTAKTHOM TEPMOTPA®UU
MEJIAHOMBI KOXU

PazpaboTan KOMIIBIOTEPU30BAHHBIN KOMILTIEKC AIIMapaTy-
PBI LTS IMTHAMUYECKOH 3JIEKTPOHHOI KOHTAKTHOI TEPMOTPa-
(buu MeJTaHOIIU TAPHBIX HOBOOOPazoBaHuii Koxku. Pazpabora-
HBI U CO3/IaHbI OXJIKIAIOIIEE YCTPOICTBO HA OCHOBE AJIEMEHTa
[lensThe, TEMIIEPATYPHBIN MATPUYHBIN CKaHEP C MHTEJIJIEK-
TyaJIbHBIMU 11Pe0GPA30BATENSIMU TEMIIEPATYPA — IU(PPOBOI
KO/l M CITEIIMaJN3MPOBAHHOE [IPOTPAMMHOE obeciedeHre
ISl BU3YaJn3aluy TEIIOBBIX KapT M UX IIePBUYHON Mare-
MaTH4YecKkoii 06paboTKU. DKCIMEPUMEHTATBHO 000CHOBaHA
MEPCHEKTUBHOCTh COBMECTHOTO MCIIOJIb30BAHMS KOMILIEKCa
C ZIEPMATOCKOIIMEN 17151 HOBLINIIEHNS I0CTOBEPHOCTH paHHEel
JIMATHOCTHKHU MEJIAHOMBI KOXKH.

Kntouesvie cioesa: MenanoMa Koxxu, TepMorpag KOHTaKT-
uorii nudposoit TKIL-1, auramMmyeckast tepmorpadus.
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0, | 12 cm Photographic picture of the object

Standardized temperature-depth profile.
Frame 12

Fig. 6. Temperature-depth profile and photographic picture of neoplasm in patient with diagnosed dysplastic nevus without
malignant transformation

0, | 12 cm Photographic picture of the object

Standardized temperature-depth profile.
Frame 7

Fig. 7. Temperature-depth profile and photographic picture of neoplasm in patient found at initial examination. Suspicious
hyperthermia has been recorded



Photographic picture of the object
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Fig. 8. Temperature-depth profile and photographic picture of tumor in patient N with diagnosed melanoma

Photographic picture of the object

r -
v

Standardized temperature-depth profile.
Frame 3

Fig. 9. Temperature-depth profile and photographic picture of tumor in patient NN with diagnosed melanoma
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