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Most of the weather data is currently obtained using weather stations, which 
provide only ground-level values of meteorological parameters.

The altitude distributions of meteorological parameters are obtained using 
balloon probes, which are launched at significant time intervals (2 times a day) 
and in a limited number of locations.



Traditionally, atmospheric radiation in the 
transparency window at a wavelength of 0.8 
cm, oxygen and water vapor absorption lines 
at wavelengths of 0.5 cm and 1.35 cm is 
used for remote determination of moisture 
and water reserves, temperature sensing and 
tropospheric delay of the radio signal.        

MTP-5 
Meteorological Temperature

 profiler (Russia) 
http://www.raimet.ru/equipment/

temperature-profilers/213/

Temperature profiler (radiometer) 
RPG-HATPRO (Germany)

http://www.raimet.ru/equipment/
temperature-profilers/255/#

Water Vapor Radiometer of the Institute of 
Applied Astronomy (IPA) of the Russian 

Academy of Sciences (Russia) 
http://iaaras.ru/quasar/wvr/

Profiler 
 TP/WVP-3000 (USA)

Frequency Agile Tuning Range
Water Vapor Band                         22-30 GHz
22.235; 23.035; 23.835;  26.235; 30.000
Oxygen Band                                 51-59 GHz
51.250; 52.280; 53.850; 54.940; 56.660
57.290; 58.800
Minimum Frequency step size           4.0 MHz

Standard channels used for profiles
MP/WVP-3000                                          12

Antenna System Optical Resolution
22-30 GHz                                         4.9 - 6.3°
51-59 GHz                                         2.4 - 2.5°

http://www.raimet.ru/equipment/
http://www.raimet.ru/equipment/
http://iaaras.ru/quasar/wvr/
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Обычно используется излучение атмосферы в окне прозрачности на длине волны 0.8 см, линиях поглощения кислорода и 
водяного пара на длинах волн 0.5 см и 1.35 см.



Modified atmospheric tipping-curve method for single-wave measurements 
of atmospheric moisture content and cloud water storage in the millimeter range
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Two-wave measurements of integral moisture content –Q and 
cloud droplet fraction - W
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Comparative analysis of  tipping-curve methods
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Choosing the location of an optical telescope before the war



The results of measurements of atmospheric transparency parameters 
and their relationship to climatic features at the location of the Karadag sites.



A, град.
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A graph of the azimuthal dependence of atmospheric absorption in 
radiometric channels of 3 mm (red, dots - 2) and 2 mm (blue, crosses - 
1). Atmospheric absorption is postponed along the radial axis, and the 
azimuthal axis shows the direction from which the wind blows A (deg.) 
in the measurement area from July 29 to August 2, 2017. Zero degrees 
corresponds to the north direction.

Дата

, неп

Atmospheric absorption measurement graphs for a wavelength of 3 mm 
(red, dots - 1) are the left scale and the direction from which the wind 
blows A (green, crosses – 2) are the right scale from September 19 to 
21, 2017 at the Karadag sites. Zero degrees corresponds to the north 
direction. During a time interval of about 8 hours, there is a sharp 
decrease in absorption for a wavelength of 3 mm. When the wind 
direction changes to the north, absorption decreases with a certain time 
delay.

2017 г.

Бубукин И. Т., Ракуть И. В., Агафонов М. И., Панкратов А. Л., Троицкий А. В., Лапченко В. А., Горбунов Р. В., Зинченко И. И., Носов В. 
И., Вдовин В. Ф. Анализ результатов исследования астроклимата на радиоастрономической станции «Кара-Даг» в Крыму и 
возможностей уменьшения влияния атмосферы на радиоастрономические наблюдения. Журнал Экспериментальной и Теоретической 
Физики (ЖЭТФ), 2019, т.156, вып. 1(7) с. 43-55.  DOI: 10.1134/S0044451019070058



2019 г.

a) A histogram of the measured values of the integral moisture content in the atmosphere in millimeters of deposited 
moisture for a wavelength of 3 mm at the Karadag sites with two maxima for August 2019. The histogram is based on 
5,655 measurements; b) the time dependence (horizontal axis in fractions of a day from the beginning of the month) of the 
values of the integral moisture content in the atmosphere in millimeters of deposited moisture on the Karadag sites in 
August 2019

И. Т. Бубукин, И. В. Ракуть, М. И. Агафонов, А. А. Яблоков, А. Л. Панкратов, Т. Ю. Горбунова, Р. В. Горбунов "СРАВНИТЕЛЬНЫЙ 
АНАЛИЗ УСЛОВИЙ РАСПРОСТРАНЕНИЯ МИЛЛИМЕТРОВЫХ РАДИОВОЛН НА РАДИОАСТРОНОМИЧЕСКИХ ПОЛИГОНАХ 
РОССИИ И УЗБЕКИСТАНА" АСТРОНОМИЧЕСКИЙ ЖУРНАЛ, 2021, том 98, № 7, с. 581–598 DOI: 10.31857/S0004629921080016.



Atmospheric moisture content is Q (mm) (red dots, left scale), cloud water storage is W (kg/m2) (blue 
dots, right scale) measured at a wavelength of 3 mm and the proportion of the sky covered with clouds 
according to meteorological data is Ncl (green, medium scale) Karadag, 07-08.03.2021.



6 6.4 6.8 7.2 7.6

268

272

276

280

284

288

268

272

276

280

284

288
Tср (K) T0 (K)

Tср

T0

07-08.03.2021

ден ь м  есяца
6 6.4 6.8 7.2 7.6

1.6

1.8

2

2.2

2.4

2.6

2.8

3

3.2

270

272

274

276

278

280
hw(km)

hw

T0 

ден ь м  есяца

T0 (K)
07-08.03.2021

Surface (green dots) and average temperature (blue 
dots) of the atmosphere measured at a wavelength of 3 
mm Karadag, 07-08.03.2021

The thickness of the water vapor layer (blue dots) and the 
surface temperature (green dots) of the atmosphere as 
measured at a wavelength of 3 mm Karadag, 07-
08.03.2021
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Хулугайша Khulugaisha высота 2794 м
метеостанция Монды Monds 8 км на юг, (Монды 51° 41' с.ш., 100° 59' в.д.; 1259 м)

The results of measurements of atmospheric transparency parameters 
and their relationship to the climatic features of the peak " Khulugaisha ".





При малых поглощениях метод 11 углов работает лучше, чем метод 2 углов.



При совсем малых поглощениях чувствительности приемников МИАП не хватает,
либо приемники работают некорректно при низких температурах.



Данные с 12.03.2025 по 28.03.2025, гистограммы на графике соответствуют 
95,1 % и 98,7 % от полного времени измерений.
Значительную часть времени наблюдается инверсия, поглощение на 2мм меньше, 
чем на 3мм. При ухудшении погоды (правые максимумы) поглощение на 3мм < 2мм.
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Atmospheric absorption measured at a wavelength of 
3 mm (red dots) and at a wavelength of 2 mm (blue 
dots) Khulugaisha, October 2024

    WQhhh WOHOcO   )(exp)()(
222



2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4 4.2 4.4 4.6 4.8 5 5.2 5.4 5.6

0

0.02

0.04

0.06

0.08

0.1

F(Q)

Q, mm

3 mm

2 mm

Катков В. Ю. Полуэмпирическая модель поглощения ММ и СБММ радиоволн атмосферным водяным паром
 // Радиотехника и электроника. 1997. Т.42. № 12. С. 1441.

Histogram of atmospheric moisture content measured at a 
wavelength of 3 mm (red) and at a wavelength of 2 mm 
(blue) Khulugaisha, October 2024

Atmospheric moisture content is Q (mm) measured at a wavelength of 3 
mm (red dots, left scale) and at a wavelength of 2 mm (black dots, left 
scale), surface temperature is T(C) (blue dots, middle scale) and the 
proportion of the sky covered with clouds according to meteorological 
data is Ncl (green, right scale) Khulugaisha, October 2024.
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Graphs of measurements of integral moisture 
content with clouds of less than 2.5 points (left 
scale) for 1981-1991. for "Suffa" – blue dots, 
for other sites from August 2019 to January 
2020: "Karadag" – red stars, "Svetloye" – 
green squares, "Zelenchukskaya" – purple 
crosses, "Badary" – brown triangles, " 
Khulugaisha " – red diamonds.

И. Т. Бубукин, И. В. Ракуть, М. И. Агафонов, А. А. Яблоков, А. Л. Панкратов, Т. Ю. Горбунова, Р. В. Горбунов "СРАВНИТЕЛЬНЫЙ 
АНАЛИЗ УСЛОВИЙ РАСПРОСТРАНЕНИЯ МИЛЛИМЕТРОВЫХ РАДИОВОЛН НА РАДИОАСТРОНОМИЧЕСКИХ ПОЛИГОНАХ 
РОССИИ И УЗБЕКИСТАНА" АСТРОНОМИЧЕСКИЙ ЖУРНАЛ, 2021, том 98, № 7, с. 581–598 DOI: 10.31857/S0004629921080016.
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