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Abstract. The temperature of the environment significantly affects the electrical and luminous parameters
of LEDs in LED light sources, such as forward and reverse current, forward voltage, and LED luminous flux. The
effect of environment temperature on the parameters of LEDs with control devices (drivers) based on both current
and voltage stabilisers under conditions of high eenvironment temperature is investigated in this pape. The
influence of the environment temperature on the electrical and luminous parameters of LEDs when they are
powered from the constant voltage source is analysed. The characteristics of LEDs were investigatedin order to
determine the most optimal mode of their operation in LED lighting devices. The most optimal mode of operation
of LEDs in which their luminous flux and luminous efficacy are the least dependent on the environment
temperature was determined.
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1. INTRODUCTION

LED light sources (LED lamps, LED luminaires, etc.) in most cases are used under
conditions of changes in the temperature mode of their operation. Electronic LED control
devices (drivers) as a part of LED lighting devices are classified in the following way [1, 2, 3]:

1) Linear drivers are simple linear driver circuits without current stabilisation;

2) Linear IC linear drivers are circuits with LED current stabilisation based on current
stabilisers;

3) IC pulse drivers are built on the basis of converters with pulse width modulation
(PWM) of the voltage on LEDs.

In most driver circuits in order to stabilise the electrical parameters of LEDs [4, 5, 6, 7]
the following methods are used:

- stabilisation of LED current,

- voltage stabilisation on LEDs,

- stabilisation of LED current and voltage.

In general, drivers with LED current stabilisation [8,9,10,11] are used on integrated
current stabilisers.. Voltage stabilisation on LEDs requires the application of high-precision
stabilisers with high stabilisatin factor, the circuits of which are much more complex compared
to current stabilisers and the cost is higher. This is due to the structure of LED's volt-ampere
characteristic: when the supply voltage changes by 10%, the LED current changes by
approximately the same 10%, while its voltage changes by no more than 1...1.5%.

The third method of the stabilization of LEDs electrical parameters combines previous
two ones and is used in LED light sources for more complex lighting systems, when their higher
cost and more complex circuitry is justified.
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At the same time, current stabilization does not always result in the stabilization of
luminous flux of LEDs or LED matrices when the temperature mode of their operation
changes [1, 2, 3].

The temperature effect on the luminous flux of LEDs is the greatest when they are used
under the conditions of industrial production or outdoor environments, where high environment
temperatures result in the decrease of luminous flux.

The decrease in the luminous flux of LEDs with temperature is explained by the fact
that when the temperature of the environment increases and, as a result, the temperature of the
p-n junction of LEDs increases, the intensity of their radiation decreases, which occurs mainly
due to the recombination on the surface and thermal losses of carriers in the barrier layers of
the p-n junction [3].

The objective of this paper is to analyse:

- the effect of temperature on the light parameters of LEDs during current stabilisation;

- the effect of temperature on the light parameters of LEDs during voltage stabilisation;

- electrical and light parameters of the LED device with the driver based on LED
current stabiliser when the temperature mode of its operation changes;

- electrical and light parameters of the LED device with the driver based on voltage
stabiliser on LEDs when the temperature mode of its operation changes;

- temperature dependence of the luminous flux and luminous efficacy of LEDs when
their current is stabilised and to compare it with the change in these parameters when the voltage
Is stabilised.

2. MATERIALS AND METHODS

In order to carry out the tasks, the experimental installation block diagram of which is
shown in Fig.1 was created. The basis of the installation is the thermostable chamber
«TERMOSTAT», which is used for measuring the illuminance of the investigated LED or LED
lighting device, which are located in the middle of the chamber on a special holder. Its walls
are painted black from the inside.

TERMOMETER
TERMOSTAT
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BK1
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2 —-|& &
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Figure 1. Block diagram of the experimental installation

The temperature in the chamber varied within the range +20...+60°C by means of EK1
heater located in its lower part. The chamber was cooled by the flow of air from the outside by
the fan.
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The electronic thermometer BK1 was used to measure the temperature. The current of the
investigated device (e.g., VD1 LED) was changed by Upc voltage of the constant voltage source
POWER SUPPLY and measured by milliammeter 47. Voltmeter V1 measured the voltage on
the investigated device.

The illuminance of the light source was measured by luxmeter, and its BL1 sensor
element was isolated from external light.

The electrical and light parameters of the devices were measured 5 minutes after
connecting to the power source to determine their operating mode, the temperature was changed
gradually with +5°C step. Measurements were performed when the temperature reached the
desired value. At the beginning, the voltage was measured, and then the current and illuminance
values. In order to reduce the instrumental measurement error, the relative units of the obtained
results were used in relation to their values at temperature +25°C.

3. RESULTS AND DISCUSSION

3.1. Investigation of the characteristics of smd2835 and smd5050 LEDs when they
are powered by constant voltage source

Before the investigation of the parameters of LED lighting devices, the electrical and
luminous parameters of smd2835 LEDs were investigated at temperature changes within the
range of +20...+60°C for different values of current and voltage on the LED.

LED parameters: nominal voltage 18.5V, power 1W, nominal current 50mA [11].

LED was placed in the “TERMOSTAT” (Fig. 1) current at POWER SUPPLY output
was changed by Upc voltage and, if the circuit had limiting resistor R1, voltage on the LED was
changed as well.. The values of the environment temperature 7., voltage on the LEDs Uy,
current through the LEDs /4, and illuminance E were measured at temperature changes within
the range +20...+60°C with step +5°C.

[lluminance E of the LED was measured by luxmeter. Using the relative values of
illumination E/E2s° (E25° is the illumination at +25°C temperature) made it possible to move to
the relative values of the corresponding luminous fluxes @/®ys5° (E=®/A, @ is the value of
luminous flux at the given temperature, @5 ° is the luminous flux at +25°C temperature, 4 is
the illuminated surface area).

3.1.1. Measurement of LED parameters at a constant value of the current, equal
to its nominal value

Constant current value was maintained by changing the voltage of Upc power supply.
The obtained temperature dependences in relative units for smd2835 LED are presented in Fig.
2, where Iyo is the current, Uqo is the voltage, @o is the luminous flux, Zdo 25°c, Udo 25°c and &g
25°c are, respectively, the nominal current, nominal voltage, and nominal luminous flux of the
LED at environment temperature T. =+25 °C.

At constant value of the LED current, the graph for the relative change in its power
Pdo/Pdo 25°c on temperature, where Pqo is the current power value for a given temperature,
Pdo 25°c is the nominal power of the LED at +25 °C, coincides with the graph for the relative
change in the LED voltage Ugo/Udo 25°c.

Taking this into account, we build temperature dependence for # o/ 0 25°c, Where
n0= DolPdo, a 17025°c= Do 25°c IPdo 25°c using the curves for ®o/ @g25°c and Ugo/Udo 25°¢.

It is evident from Fig. 2 that with the same LED current, the voltage on the LED
decreases with temperature increse up to 3%, the light flux decreases significantly, up to 12%,
and the luminous efficacy decreases by 10% at +60°C compared to its value at +25°C.
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Dependencies similar to the characteristics for smd2835 LED were obtained for smd5050
LED with nominal voltage of 3.1V, nominal current of 60mA, and power dissipation 0.2W [12].
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Figure 2. Dependences l4o/740 25°c , Udo/Udo 25°¢ , Dol Do 25°c and no/no 25°c on the temperature T. for smd2835
LED. lgo 25°c =50mA=const

Graphs of voltage and luminous flux for smd5050 in relative values at constant current
value through the LED (60mA) in temperature range +20...+60°C are shown in Fig. 3.

Using the same principle as in the previous case (Fig. 2), we build temperature dependence
for the relative values of luminous efficacy 7 o/ 025°c within the range +20...+60 °C.
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Figure 3. Dependences 74o/lo25°c, Udo/Udo 25°c , ol Do 25°c and oo 25°c on temperature T. for smd5050
LED. lgo 25°c =60mA=const

With temperature increase up to +60°C, the voltage on smd5050 LED drops by 5%, the
luminous flux decreases by 8% and the luminous efficacy by 2% compared to the values at
temperature +25°C like for smd2835 LED.

3.1.2. Measurement of LED parameters at constant voltage value equal to the
nominal value

Constant value of the voltage on LEDs was maintained by changing the voltage of Upc
power supply. Initially, the parameters were measured for the smd2835 LED.
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With constant value of direct voltage on the LED (Fig. 4), the current increases
with temperature increase up to 25% at T.=+60°C, and the luminous flux within
the temperature range +20...+60°C almost does not change. Its drop at +60°C is not more
than 1.5%.
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Figure 4. Dependencies Zdo/Tqo 25°¢ , Udo/Udo 25°¢ , @ol Do 25°c and i o/ 17 0 25°c on temperature T, for smd2835
LED. Ugo 25°c =18,5B=const

At constant value of the voltage on the LED, the graph for the relative change of its
power Pdo/Pdo 25°c on temperature coincides with the graph for the relative change of the current
for LED Iyo/I4025°¢.

Taking this into account, we also build the temperature dependence for the relative
values of luminous efficacy 7o/0 25°c within the range +20...+60°C.

It is evident from the graph (Fig. 4) that the increase of current with the increase in
temperature at constant voltage value on the LED compensates for the drop in its luminous flux.
But at the same time, the luminous efficacy of the LED decreases to 20% relative to its value
at +25°C.
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Figure 5. Dependencies Z4o/740 25°c , Udo/Udo 25°c , Dol Do 25°c and o/ i1 0 25°c on temperature T, for smd5050
LED. Ugp 25°c =3,1B=const
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Similar to the electrical and light characteristics for smd2835 LED, dependencies
were also obtained for smd5050 LED with nominal voltage 3.1V, nominal current 60mA,
and power 0.2W [13].

Dependences obtained at constant value of voltage on smd5050 LED are shown in Fig. 5.
It can be seen from the graphs that the current through the LED increases with temperature up to
30% at +60°C, but the luminous flux does not decrease and even increases slightly. Therefore,
for this LED, the increase in current with increasing temperature compensates the decrease in
luminous flux. But, similar to the case with smd2835 LED, the luminous efficacy compared to
the values at +25°C decreases significantly, by 26%.

3.2. Investigation of LED light sources characteristics when they are powered by
industrial network

Slightly modified experimental installation (Fig. 1) was used to investigate LED light
sources, its block diagram is shown in Fig. 6.

The light source was placed in TERMOSTAT, the voltage of Uac alternating current
network was maintained constant by means of transformer 71, and the temperature varied
within +20...+60°C with interval of +5°C. At the same time, the current values of the
environment temperature 7, the voltage on the LEDs Uy, the current through the LEDs /g and
the illuminance E were measured.

TERMOMETER

TERMOSTAT

EK1 —!ﬁ

a—

LUXMETER

~Upe

TEMPERATURE
CONTROLLER

Figure 6. Block diagram of the experimental installation for the investigation of LED light sources parameters

In the diagram (Fig. 6), 41,V 1 are alternating current ammeter and voltmeter, V2,V3 are
direct current voltmeters, R1 is 1 Ohm resistor. Voltmeter V2 is connected in parallel to the
LEDs of lighting device EL, resistor R1 is connected in series with the LEDs of the current
control device by the voltmeter V3. EK1 — heating element, BL1 — luxmeter sensor, BKI —
thermosensor for temperature measurement. The LED current was measured by the voltage
drop on resistor R1.

3.2.1. Investigation of temperature dependence of current, voltage and luminous
flux of LedEX E27B lamp with 6 W power

The investigated lamp is constructed according to Linear driver scheme (Fig. 7), which
does not provide stabilization of the LED current when the voltage of the power source changes.
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Figure 7. Electrical scheme of the LED lamp with linear driver named as «Linear»

[lluminance E of the LED light sources was measured by Temperature dependences of
the relative values of illuminance E/E>s° were equated to the relative values of the
corresponding luminous fluxes &/®-s°.

LedEX E27B lamp with 6W power contains eleven smd2835 LEDs [13] (their nominal
voltage is 18V, current 30mA, power 0.5W, color temperature 4000K). The LEDs of the lamp
are turned on in series.

Dependences of the relative values Zuo/Tqo 25°c, Udo/Udo 25°c , @ol Po25°c Tano/1o25°c of
the LED lamp on the environment temperature 7. at AC power supply voltage of ~220V are
shown in Fig. 8. In our previous investigations of this lamp [2], it was established that the LED
current at constant value of the supply voltage practically did not change within the temperature
range +20...+60°C although it underwent significant changes when the supply voltage changed.
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Figure 8. Dependencies Ido/Tdo 25°c , Udo/Udo 25°¢ , Dol Do 25°c and 7 o/ 7 0 25°c on temperature T, for
the lamp P=6W. Uac=const=220 V

As follow from the graphs in Fig. 8, it is evident that the drop in the luminous flux of
the lamp with temperature increase up to +60 °C is larger than 10%, the voltage on the lamp
changes slightly, and the luminous efficacy decreases by 8%.

3.2.2. Investigation of the temperature dependence of electrical and light
parameters for Premier-10 E27 LED lamp with 10W power

LED lamp produced by HOROZ ELECTRIC with IC driver, which provides pulse
width regulation of the voltage on the LEDs, was investigated.

The lamp contains nine smd2835 LEDs with nominal voltage 12V, current 75mA,
power 1W, color temperature 4000K [14]. The lamp schematic diagram are shown in Fig. 9.

96 .......... ISSN 2522-4433. Scientific Journal of the TNTU, No 4 (116), 2024 https://doi.org/10.33108/visnyk_tntu2024.04


https://doi.org/10.33108/visnyk_tntu2024.0

Iryna Beliakova, Vadim Piscio, Volodymyr Savkiv, Oleksandr Shovkun, Volodymyr Medvid, Andriy Palyukh

In previous investigations of this lamp [2], it was established that the current through
the LEDs changed only by +1% when the supply voltage changed by £10% and the temperature
remained unchanged at +25°C.

Temperature dependences of the lamp parameters are shown in Fig. 10. The lamp is
constructed on the basis of high-frequency converter BP2863 (D1) with pulse-width regulation
of the output voltage (DRAIN output) [15], from which constant voltage is supplied through
filter elements L2, C2 to the sequentially switched on LEDs (Fig. 9).
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Figure 9. Schematic diagram of Premier-10 lamp with 10W power

Dependencies of the relative values of current I4o/Tdo 25°c, voltage Udo/Udos °c,
luminous flux @o/®o 25°c, power Po/Po 25°c and luminous efficacy (Oymo efficiency)
no/no 25°c on the temperature 7. are shown in Fig. 10. Voltage on the lamp LEDs practically
does not depend on Uac supply voltage and decreases by 1.5% at +60°C. In this case, the
luminous flux drops to 5% (Fig. 10), but much less than in lamps with linear driver without
current stabilization.
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Figure 10. Dependencies Z40/1do 25°c , Udo/Udo 25°c , Dol Po 25°¢, Pol Po25°c and 70/ 17 025°%¢ on
temperature 7¢ at supply voltage 220V for Premier-10 lamp

It should be noted that the investigation of the characteristics of both LEDs themselves
and LED lighting devices was carried out when they were powered by constant voltage
(current). Even in driver circuits where pulse converters with pulse-width voltage (current)
regulation are used, the rectified voltage is applied directly to the LEDs.
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4. CONCLUSIONS

1. The obtained experimental dependencies of the electrical and light parameters of
smd2835 and smd5050 LEDs showed that with unchanged current value, their direct voltage
with temperature increase up to +60°C relatively to the value at +25°C decreases slightly (up to
1.5%), the luminous flux drops significantly, up to 10% , and the luminous efficacy decreases
by 8%. With unchanged value of the direct voltage on LEDs, the current increases by 15...20%
with temperature increasing at T.=+60°C, the drop of luminous flux at +60 °C is not more than
1.5%, and the luminous efficacy decreases significantly, up to 26%.

2. Investigations of LED lamps performed according to the scheme of linear drivers
without current stabilization proved that they do not provide stabilization of the luminous flux
when the environment temperature changes and the supply voltage is constant, although the
LEDs current practically does not change. The drop in luminous flux within the temperature
range +20...+60°C at 220V voltage is up to 13%, and the luminous efficacy is up to 8%.

3. Investigations of LED lamps with current stabilization showed that when the
environment temperature changes, the stabilization of the luminous flux does not occur as well.
The smallest changes in electrical and light parameters were obtained for LED lamps with
current stabilization due to PWM of the output voltage. For them, the luminous flux drops to
only 5%, and the luminous efficacy — by 1..1.5% when the temperature rises up to +60°C.

4. For cases when it is necessary to obtain constant luminous flux under the conditions
of the environment temperature changewithin the range +20...+60°C, it is proposed to perform
schemes of LED light sources with stabilization not of current, but of voltage on LEDs. It will
make it possible to compensate the drop in luminous flux with temperature increase. Although,
the luminous efficacy of the LED device is significantly reduced.

References

1. Belyakova I., Medvid V., Piscio V., Mykhailyshyn R., Savkiv V., Markovych M. Optimization of LED
Drivers Depending on the Temperature of Their Operation in Lighting Devices. EEE 3rd Ukraine
Conference on Electrical and Computer Engineering (UKRCON), 2021 p, Lviv, Ukraine, pp. 266-271.
https://doi.org/10.1109/UKRCON53503.2021.9575876

2. Belyakova I., Piscio V., Maruschak P., Shovkun O., Medvid V., Markovych M. (2023) Operation of Electronic
Devices for Controlling Led Light Sources when the Environment Temperature Changes. Appl. Syst. Innov.,
6, 57. Available at: https://doi.org/10.3390/asi6030057. https://doi.org/10.3390/asi6030057

3. Karas V. I., Electrical properties of LEDs/ [Electronic resource]. Available at: https://eprints.kname.edu.ua/
25946/2/%D0%AT7%D0%90%D0 %A1 %D0%A2%D0%AC3-5.pdf.

4. Nazarenko L. A., Kolesnyk A. 1. (2021). Physics and technology of light-emitting diodes: a study guide.
Kharkiv: XNUMX named after O. M. Beketova, 255 p. [In Ukrainian].

5. CIE 69-1987. Methods of charactering lllumunance Meters and Luminance Meters. Performance,
characteristics and specifications.

6. Broeck H.; Sauerlander G.; Wendt M., Power Driver Topologies and Control Schemes for LEDs, Applied
Power Electronics Conference, APEC 2007 — Twenty, Second Annual IEEE, 2007, pp.1319-1325.
https://doi.org/10.1109/APEX.2007.357686

7. Davis J. L. and Niederberger A. A. Reliable LED lighting technologies key factors and procurement guidance,"
2015 IEEE Global Humanitarian Technology Conference (GHTC), Seattle, WA, USA, 2015, pp. 191-198,
Doi: 10.1109/GHTC.2015.7343972. https://doi.org/10.1109/GHTC.2015.7343972

8. Sun B. The Lifetime Prediction of LED Drivers and Lamps, 2017. Available at: https://doi.org/10.4233/
uuid:e83b184cc972-402a-a0c6-418222cfllad.

9. SunB., Fan X., LiL., YeH., van Driel W. and Zhang G. A (2017) Reliability Prediction for
Integrated LED Lamp with Electrolytic Capacitor-Free Driver, IEEE Transactions on Components,
Packaging and Manufacturing Technology, 7 (7), pp. 1081-1088. Doi: 10.1109/TCPMT.2017.2698468.
https://doi.org/10.1109/TCPMT.2017.2698468

10. Sun B., Fan X., Qian C. and Zhang G. (2016) “PoF-Simulation-Assisted Reliability Prediction for Electrolytic
Capacitor in LED Drivers” in IEEE Transactions on Industrial Electronics, vol. 63, no. 11, pp. 6726-6735.
https://doi.org/10.1109/T1E.2016.2581156

98 ......... ISSN 2522-4433. Scientific Journal of the TNTU, No 4 (116), 2024 https://doi.org/10.33108/visnyk_tntu2024.04


https://doi.org/10.33108/visnyk_tntu2024.0
https://doi.org/10.3390/asi6030057
https://eprints.kname.edu.ua/
https://doi.org/10.4233/

Iryna Beliakova, Vadim Piscio, Volodymyr Savkiv, Oleksandr Shovkun, Volodymyr Medvid, Andriy Palyukh

11. Bridgelux® SMD 2835 1W 18V. Datasheet. [Electronic resource]. Available at: https://www.bridgelux.com/
sites/default/files/resource_media/DS205%20SMD %202835%201W%2018V%20Data%20sheet%20201803
07%20Rev%20A.pdf.

12. SB-SMD-5050-White Warm. [Electronic resource]. Available at: https://datasheetspdf.com/pdf-file/842958/
ETC/SB-SMD-5050/1.

13.18V 30mA 0.5W SMD 2835 LED. [Electronic resource]. Available at: https://www.led-moonlight.com/
products/smd-led/18v-30ma-0-5w-smd-2835-led-mlt-smd-2835-18030dxx.html.

14. Bridgelux® SMD 2835 1W 12V. Datasheet. [Electronic resource]. Available at: https://www.bridgelux.
com/sites/default/files/resource_media/DS204%20SMD%202835%201W%2012V%20Data%20sheet%20%
20Rev%20A_20180824.pdf.

15.BP2863 Driver Datasheet PDF. [Electronic resource]. Available at: http://www.kingsunled.net/Data/
kingsunled/upload/file/20201116/63741125635761952643 26178.pdf.

YK 621.32

POBOTA MPUCTPOIB KEPYBAHHS CBITJIOIIOJJHUMMU
J/KEPEJTAMMU CBITJIA IPU BUCOKUX TEMIIEPATYPAX

Ipuna beasikosa; Bagum Ilicsuio; Bosogumup Cagkis;
Ounexcanap lloskyH; Bosogumup Measinb; Anapin Iaarox

Teproninbcokull HayioHAIbHUL MeXHIYHUU YHIgepcumem imeni leana 11lynros,
Tepnoninw, Yxkpaina

Peztome. Temnepamypa HABKOMUUIHLO20 CEPEOOBUA ICMOMHO BNIUBAE HA eNeKMPUYHI MA C8IMN08I
napamempu ceimno0iodie y c8imnodioOHux oxcepenax ceimia, maxi, K npamull i 360pOMHULL CIMPYM, Npama
Hanpyea ma ceimio8uti NOMiK c8imuo0iodis. JJocaiodxceno eniue memnepamypu HaAKOIUUHLO20 cepedosuyd Ha
napamempu cimnodiodie i3 NpUCMposMU Kepy8anus (Opaiieepamu) Ha OCHOGI cmabinizamopie cmpymy ma
Hanpyeu 6 YMoeax niOgueHoi memnepamypu HABKOIUUWIHbO20 cepedosuwa. IIpoananizosano eniue
memnepamypu HABKOIUUHb020 Cepedosuuja HAd eleKmpuyri ma ceimioei napamempu ceimiodiodie npu ix
JHCUBTIEHHI 810 Odicepena ROCMIlHOL Hanpyeu. JJoCioHceno Xapakmepucmuky c8imuo0iodie 3 Memoin 8UHAYeHH s
HAUONMUMAIbHIU020 pedcumy ix pobomu 6 C8IMI00I0OHUX OCEIMMOBANbHUX Npuiadax. BusHaueno
HAONMUMARbHIUUL pexcum pooomu ceimnodiodis, npu AKomy ix ceimiosutl NOMiK i ceimioea 8i00aya HauMeHue
3anexcamsv IO MeMnepamypu HASKOIUWHbO20 cepedosuyd. Ompumani eKcnepuMeHmanbHi 3a1eHCHOCHI
eeKMPUYHUX I c8ImMn08ux napamempis cgimiodiodie smd2835 i smd5050 nokazanu, wjo npu He3mMiHHOMY 3HAYEHH
cmpymy ix npama nanpyea 3 niosuweHuam memnepamypu 0o +60°C dewo 3menuiyemocs (0o 1,5%) sionocno
sHauenns npu +25°C, ceéimnoguii nomix nadae, 0o 10%, a ceimnosa siooaua 3menutyemovcs na 8%. Ilpu
HEe3MIHHOMY 3HAYEHHI ROCMIUHOI Hanpyeu Ha c8imaodiodax 3 nioguwjennsam memnepamypu npu Te=+60°C cuna
cmpymy 3pocmac Ha 15...20%, nadinus cgimnosozo nomokxy npu +60°C cmanosums ne oinvuwe 1,5%, a ceimnosa
si0oaua 3menutyemucs Ha 26%. Jocnioocenns cgimao0ioOHux 1amn, BUKOHAHUX 3a CXeMOI0 MIHItHUX Opaueepis
be3 cmabinizayii cmpymy, noKazanu, wo 60HU He 3abe3neyyroms CMabinizayilo ceimi08020 NOMOKY NPU 3MIHI
memMnepamypu HABKOIUWHb020 Cepedosuwyd I He3MIHHIL HAnpy3i JICUGNEHHs, Xoud CMPYM C8Iimio0ioodie
npakmu4no ne sminoemocsa. Iladinusa ceimnoeozo nomoky 6 dianasoni memnepamyp +20...+60°C npu nanpysi
220B cmanosums 0o 13%, a ceimnoeoi 6iooaui — na 8%. JJocniosxcents c8imao0ioOHux namn 3i cmaobinizayicio
CmMpyMy HOKA3AIU, WO NPU 3MIHI MeMNepamypu HaABKOAUWHb020 cepedosuyd cmadinizayis ceimio8020 NOMoKy
maxoxc He 6i00ysacmuvcs. Hatimenwi 3sminu  enekmpuyHux 1 C8IMIOGUX NAPAMEMpPI6 OMPUMAHO  OJisl
c8ima00ioonux namn 3i cmabinizayiero cmpymy 3a paxynox LM euxionoi nanpyeu. /[nsa nux ceimnosuii nomixk
cnaodae 6cboco — na 5%, a ceimnosa iooava — na 1..1,5% npu niosuwenni memnepamypu 0o +60°C.

Kniouosi cnoea: cgimnodioona aamna,  Cc8IMAOOIOOHUL  NPOICEKMOP,  eKCNEePUMEHMANbHI
Xapaxmepucmuxu, memMnepamypha 3a1exCHiCms napamempie ceimiodiodis, cxemu opatueepis, cmabinizamopu
cmpymy, cmabinizamopu Hanpyau, C8Ima08uUll NOMIK, C8Im106a 8i00aud.

https://doi.org/10.33108/visnyk_tntu2024.04.090 Ompumano 01.10.2024

ISSN 2522-4433. Bicuux THTY, Ne 4 (116), 2024 https://doi.org/10.33108/visnyk_tntu2024.04 ............ccooveereecrerrererererenn. 99


https://www.bridgelux.com/
https://datasheetspdf.com/pdf-file/842958/
https://www.led-moonlight.com/
https://www.bridgelux/
https://doi.org/10.33108/visnyk_tntu2024.04.090

