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Coordinates location of the device 44.926436, 35.191889 at the NIRFTI test site of the Lobachevsky
National Research University (Radio Astronomy Observatory "Karadagy») (Crimean Peninsula near
the urban-type settlement of Kurortnoye (44.913326, 35.192013) Feodosia city district, Republic of
Crimea, Russia)

Koopaunatse! pacnosnioxkenue npudopa 44.926436, 35.191889 na nonmurone HUPOU HHI'Y um.
H.!. Jlo6aueBckoro (Paguoactponomuyeckas oocepBaropus «Kapanar») (KpsIMCKuit 11oyocTpoB
pszioM ¢ mocénkoM ropoackoro tuna KypoptHoe (44.913326, 35.192013) ropoackoi okpyr
deonocus, Pecyonuka Kpeim, Poccust)
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Another angle of the location of the RAO "Karadag" and the direction of observation.

Hpyroii pakypc pacnionoxenus PAO «Kapagar» u HanpaBieHne HaOIOACHUS.
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Another angle of the location of the RAO "Karadag" and the direction of observation. Closer
location.

Hpyroii pakypc pacnionoxenus PAO «Kapanar» u HanpaBienue HaOmoAeHus. bimke.
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2019-2020. The direction of the scanning plane and the location of the device boxes: Radiometer 3
mm-on the left, Radiometer 8§ mm-on the right, Rotary device-in the center. Device in insulation
with a thickness of 4 mm. In the distance, near the horizon, the hilltops act as a Black Body.
Hampapnenue miockocTy CKaHUPOBAHUS M pacToiokKeHne 00KCoB mpuoopa: Pagromerpa 3 MM -
cieBa, Pannomerpa 8 Mm - cripasa, [loBopoTHOTO ycTpoiicTBa — B ieHTpe. [Ipubdop B yremnurene
TONIMHON 4 MM. Blianu y TOpru30HTa BEPIIMHBI XOJIMOB BBITIOJIHSIOT pojib YEpHOro Tena.



Lewtel | map dats & CpenSawsfilep conimbaior. SRTW | mag o

At a distance of 2 km, the helght of the nearest hills along the observation route is 140 m. To the left
— 146 m. To the right-170 m. At a distance of 10 -15 km, Cape Meganom with altitudes of 250 to
350 m.

Ha paccrosauu 2 kM BeicoTa OJIMKaimii XoaMoB 1o Tpacce HadmoaeHus 140 m. Jleee — 146 M.
ITpasee - 170 m. Ha paccrostnum 10 -15 km mbic Meranom ¢ Beicotamu 250 10 350 M.



2020-2021. Device in insulation with a thickness of 10 mm. View from the facade. The air inside

passes along the sides from below.

[Tpubop B yrerurene Toamuuon 10 mm. Bup ¢ dacaga. Bo3nyx BHyTph NPOXOJUT 1O OOKaM CHU3Y.
7




2020-2021 Device in insulation with a thickness of 10 mm. Reverse side.
[Tpubop B yremurene toaumuon 10 mm. OOpatHasi cTopoHa.



2020-2021 The device is without insulation. View from the facade. Air passes through the side

ventilation grilles.
[Ipubop 6e3 yrerurens. Bun ¢ ¢pacaga. Bo3ayx npoxoaut uepe3 00KOBbIE BEHTUISIIMOHHBIE

PEIICTKH.



2020-2021. The device is without insulation. The reverse side. Air passes through the side

ventilation grilles.
[Tpubop 6e3 yremnuresns. O6paTHas ctopoHa. Bo3ayx mpoxoauT yepe3 O0OKOBbIE BEHTUJISIIMOHHbBIC

PELIETKHU.
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2019. The basis of the device 1s a rotary module on the corners with adjustment screws. Boxes with
radiometers are placed on the left and right corners.

OcHoBa npubopa — [ToBopoTHBIN MOIYJIb Ha YTOJIKaX C FOCTUPOBOYHBIMH BUHTaMu. ClieBa U CIipaBa
Ha YTOJIKU CTaBSITCS OOKCHI C PaIMOMETPAMH.
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The rotary module consists of a housing,
in the center of which is a vertical rack
with a stepper motor with two gears. One
gear 1s fixed to the axle, which is fixed to
the rack in a horizontal plane through the
holders with bearings. At the ends of the
axis are fixed flat reflectors at an angle of
45 degrees with a transverse diameter of
300 mm. The element of the optical sensor
of the axis rotation is also fixed on the
axis.

B cocTaBe mOBOPOTHOrO MOAYJISl KOPITYC, B
LEHTPE KOTOPOTO PACIIOIOKEHA
BEPTUKAJIbHAS CTOMKA C [IArOBBIM
MOTOPOM C ABYyMs miectepHsiMu. OiHa
HIECTEPHS 3aKPEIIEHA HA OCH, KOTOpas
yepes AepKATeNr ¢ HOAIIUITHUKAMU
3aKpEIUIEHA HA CTOMKE B TOPU30OHTAIIBHOU
IJIOCKOCTH. Ha KOHIIaxX ocH 3aKperuieHbl
IJIOCKUE OTPAXATENH Mo YyrioM 45
rpagycoB C IONepeyHbIM auameTpom 300
MM. Ha ocu 3akperuieH u 31eMeHT

, /c-’z ONTUYECKOI0 JaTYUKa IIOBOPOTA OCH.
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When scanning in the vertical plane in the
range of angles from the zenith to the
horizon, the radiation flux of the
atmosphere with a width of 204 mm i1s
receive. For this purpose, a cylindrical
window with a center on the axis of
rotation of the reflectors is made of a sheet
of fluoroplast with a thickness of 1 mm
and a length of 500 mm 1n the rotary
module. The axes of rotation and the
antennas of the radiometers coincide.

[Ipu ckaHUPOBAHUU B BEPTUKAIBHOMN
IJIOCKOCTH B JIMAIIa30HE YTJIOB OT 3€HUTA
710 TOPU30HTA MPUHUMAETCS MOTOK
u3nydeHust atmocdepsl mupuHoi 204 M.
J1714 3TOro B IOBOPOTHOM MOJYJIE U3
naucTta hToporiacTa TOJIMMHON 1 MM H
arHOU S00 MM CliesIaHO TUJTUHIAPUYECKOE
OKHO C IIEHTPOM Ha OCH IMOBOPOTA
orpaxarener. OCu MOBOPOTA U AHTEHH
pPaIMOMETPOB COBMNAJIAIOT.
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2020-2021. The three-millimeter range radiometer is in the operating position.
PagmomeTp TpeXMHIIMMETPOBOrO AUara3oHa HAXOAUTCS B pa00dYeM IMOJIOKSHHH.
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2020-2021. On the side, you can see its power supply, temperature sensor, and cooling fan. On top is
a synchronous detector.

COOKy BUJIHBI €0 OJIOK MUTAHMS, JATYUK TEMIEPaTyphbl U OXJIK AWK BeHTUIATOop. CBEpXY -
CUHXPOHHBIN JETEKTOP.
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2020-2021. A synchronous detector and a heater with a temperature controller are visible from
above.
CBepxy BUIHBI CHHXPOHHBIN IETEKTOP U HarpeBaTeb C TEPMOPETYIATOPOM.




and data transfer from radiometers to the computer. reference voltage generator boards.

Cucrema ynpasieHus Ha Arduino ais

TEPMOPETYJISALNU U TIepeaudl JaHHBIX OT [11aThl CHHXpPOHHOTO JETEKTOpa M reHepaTopa
PaguoOMETPOB K KOMITBIOTEDY. OTIOPHBIX HAIPSIKCHUH.

17



BETE =
2020-2021. On the side, you can see a 50 W heater with a temperature controller and a synchronous
detector on top.

COoky BUJIHBI HarpeBartelb Ha S0 BT ¢ TepMOpPEryIsiTOpOM M CUHXPOHHBIN JETEKTOP CBEPXY.
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TpexMUIIITMMETPOBBIN
PaIMOMETP U €TO
YTEIUIEHHBIA KOPIYC.
CHapy’Xu Ha IepeHen
CTEHKE PAAUOMETPA
Term100TBOALI. Ha MeaHoMm
IJIACTUHE HArpeBaTesb Ha
12 BT u tepMmoaaTuuk. Y
pynopa BBIXOJHOU JUAMETP
63 MM U quarpamma
HAIPaBJICHHOCTH 3.5
rpaayca. OayKryardoHHas
YyBCTBUTEJIBHOCTh
paauometpa 0.08 rpamgyca
IIPU TTOCTOSTHHOW BPEMEHU
1 cekyHna.

2019-2021. A three-millimeter radiometer and its insulated housing. Outside on the front wall
of the radiometer are heat sinks. On the copper plate, there 1s a 12-watt heater and a thermal
sensor. The horn has an output diameter of 63 mm and a directional pattern of 3.5 degrees. The
fluctuation sensitivity of the radiometer 1s 0.08 degrees at a time constant of 1 second.
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2018. Three-millimeter radiometer without heater and thermoregulation.
TpexMuIIIMMETPOBBIN paguoMeTp O3 HarpeBaTess U TEPMOPETYIISIIHH.
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2018-2021. The working band of a three-millimeter radiometer - 93.2 —95.2 GHz.
Pabouas mojioca TpeXMHILIMMETPOBOro paguomerpa - 93.2 —95.2 I'Tw.
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2020-2021. An eight-millimeter radiometer with a working band of 33-35 GHz. The horn is
connected to a microwave unit, flanked by two radiators with 12 W heating elements for two
temperature controllers.

BochbMUMMILITUMETPOBBIN paaroMeTp ¢ padoueit nmonocoit 33-35 I'T'1. Pynop coenunén ¢ CBY
0JI0KkOM, 0 OOKaM JBa pajguaropa ¢ HarpeBaTeIbHBIMU dJieMeHTaMu 1o 12 BT aiist nByx
TEPMOPETYJISATOPOB.
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2020-2021.

The directional pattern of the horn
1s 7 degrees. The fluctuation
sensitivity of the radiometer is 0.07
degrees at a time constant of 1
second. On top of the synchronous
detector.

JlnarpamMma HanpaBJIEHHOCTH
pymnopa 7 rpaaycos.
QyKTyanuoHHast
YyBCTBUTEIBHOCTh PAAUOMETPA
0.07 rpagyca pu NOCTOSTHHOM
BpemeHu | cexkynma. CBepxy
CUHXPOHHBIN JIETEKTOP.
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2020-2021. The power supply
unit of the radiometer and four
temperature controllers are
attached to the housing of the
microwave unit. At the bottom
there is a power supply unit
for heaters and
thermoregulators.

biok nuranus paguoMeTpa u
YEThIPE TEPMOPETYIATOPA
3aKperuieHsl Ha kopnyce CBY
0Jioka. BHM3Y yCcTaHOBIICH
OJIOK MUTaHUsI HArpeBaTeen u
TEPMOPETYIIATOPOB.

24
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2020-2021. Eight-millimeter radiometer before installation in the working position.

BoCbMUMHILUITMMETPOBBIN PaJOMETP MEPEl YCTAHOBKOW B paOOYEe MOJIOKECHUE.
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2020-2021. The eight-millimeter radiometer is set t the operating position.

BoCEMUMUIIUMETPOBBIN PAIMOMETP YCTAHOBIIEH B pabovee MOJI0KEHHUE.
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2020-2021. The eight-millimeter radiometer is set to the operating position.
BoCbMUMUIIITUMETPOBBINA pagUOMETP YCTAaHOBJIEH B pabouee MOI0KEHHE.

27



2020-2021. Additional insulation of the eight-millimeter radiometer.
JlomoTHUTENbHOE YTEIJICHHE BOCBMUMUIIIMMETPOBOTO PagoOMETpa.

_ 1 .
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2020-2021. Additional insulation of the eight-millimeter radiometer.
JIOTIIOJIHUTENIbHOE YTEINICHHE BOCBMUMUILIMMETPOBOTO PAIMOMETPA.
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2020-2021. Additional insulation of the eight-millimeter radiometer.
JIOTIOJIHUTENIBHOE YTEINICHHE BOCBMUMULIMMETPOBOTO PAIMOMETPA.
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2020-2021. Additional insulation of the eight-millimeter radiometer.
JIomOJIHUTENTbHOE YTEIIEHHE BOCBMUMUJIITMUMETPOBOTO PauoMeTpa.




2020-2021. Device in insulation with a thickness of 10 mm. View from the facade. The air inside
passes along the sides from below.
ITpu6op B yremnurene Tonmuuon 10 mMm. Bua ¢ dhacaga. Bo3ayx BHYTph NPOXOAUT IO OOKaM CHHU3Y.
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2019-2021. Example of an image of the screen of the measuring computer of the device. The
information is transmitted via the Internet.

[IpuMep H300pakeHUs IKpaHa U3MEPUTEILHOIO KOMITbIoTepa npudopa. Mudopmaius nepenaercs
yepe3 MurepHer.



2018. Comparative measurements of two radiometers in the three-millimeter range.
CpaBHUTEIIBLHBIE U3MEPEHUS JBYX PAAUOMETPOB TPEXMUILIIUMETPOBOTO IMANIA30HA.




2018. Measurement of the emissivity of the mountain top by the emissivity equal to 1 of
the Blackbody disk.

M3MepeHne n3aydaTeIbHOM CIIOCOOHOCTH BEPIIMHBI TOPHI MO U3TydaTeIbHOM
CIocoOHOCTH paBHOM | UepHOTENBLHOrO JIKCKA.
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2017. The case of the MIAP-2 device with a transparency window. The surface of the
transparency window is not cylindrical.

Kopnyc npuoopa MUAII-2 ¢ okHOM Mpo3padyHOCTU. [ToBEpXHOCTh OKHA MPO3PAYHOCTH HE
HUJIAHIPUYECKAS.
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2017. View of the device MIAP-2 from different sides.
Bug npubopa MUAII-2 ¢ pa3HbIX CTOPOH.
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2017. View of the device MIAP-2 from different sides. The outside air passes from the
bottom to the inside.
Bupn npubopa MUAII-2 ¢ pa3ubix ctopoH. HapyXHbIN BO3/1yX NPOXOAUT CHU3Y BHYTPb.

38
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20177. When the reflector is rotated, this arrangement of the radiometers antennas causes the
reflection spot of the radiation flux to move along the surface of the reflector, changes in the
distance from the reflector to the edge of the radiometers antennas, and changes in the edge effects.
[Ipu moBopoTE OTpakaTess TAKOE PACTOJIOKEHUE aHTECHH PAIMOMETPOB MPUBOIUT K TIEPEMEIICHUIO
IATHA OTPaKEHMS ITOTOKA MU3JIYUYCHHS 10 MIOBEPXHOCTH OTpaKaTesi, U3MEHEHUIO PACCTOSTHUS OT
OoTpakaTesis 10 Kpask aHTCHH PaJHOMETPOB U M3MEHEHHIO KpaeBbIX 3 (PEKTOB.
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2017. When the reflector is rotated, this arrangement of the radiometer antennas leads to the
movement of the radiation stream through the surface of the partially transparent protective window
with a change in the angle of inclination over the flow area. This creates a complex dependence of
the attenuation coefficient in the material of the protective window on the scanning angle.

!
k

[Ipu moBopoTE OTpakaTelisl TAKOE PaCIoI0KEHUE aHTECHH PaJlOMETPOB IPUBOAUT K MEPEMEIIICHUIO
MIOTOKA U3IYYEHUS Yepe3 IMMOBEPXHOCTh YACTUYHO IPO3PAYHOTO 3aIIUTHOIO OKHA C U3MEHEHHUEM
yTJIOB HAKJIOHA IO TLJIOIIAX MOTOKA. DTO CO37aéT CIIOKHYIO 3aBUCUMOCTH KO3 purineHra

3aTyXaHHA B MATCPHUAJIC 3allIUTHOI'O OKHA OT yIJla CKAHUPOBAHU.
40



2017

Outside air with moisture, dust and
snow freely penetrates under the
protective housing. This can damage the
internal surfaces of the transparency
window, horn lenses, reflector, and
rotation system.

BHeuHuit BO34yX € BIIarou, NbUIbI0 U
CHEroM CBOOOJIHO MPOHUKAET MOJT
3aIUTHBIA KOPITYC. ITO MOXET OPTUTH
BHYTPEHHUE IIOBEPXHOCTU OKHA
IIPO3PAYHOCTH, JUH3 PYIIOPOB,
OTpAXKATEIISI U CUCTEMBI BPAILICHUS.
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2017. The device (MIAP-2) did not have a thermoregulation system, but the
measurements were carried out all year round.

B npubope (MUAII-2) HE UMETOCH CUCTEMBI TEPMOPETYJIALUN, HO U3MEPEHHUS
MPOBOJIUIUCH KPYTJIOTOAUYHO.

42
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MIAP-2 radiometer. Five angles. Open device without thermoregulation in

december. These are inadequate measurements.
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Modified Atmospheric dip method

- = T . atmosphere measurements, 2mm channel
Zenith Tau-cale
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Classical “Atmospheric — dip” method was modified to reduce the errors and
minimize the disadvantages of the method. We apply smooth filters and
adaptive algorithms allowing to calculate opacity even in cloudy weather.
We also develop a Machine Learning methods and Neural Net processing to

investigate atmospheric parameters.

MIAP-2 radiometer. Atmospheric absorption from measurements on five viewing
angles: 88.6, 84.2, 81.4, 76.3, 60.5. However, angles 88.6, 84.2, and 81.4 should not be
used in the model of a plane-layered atmosphere.
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Conclusion:

1. For year-round measurements, it is necessary
to have perfect thermoregulation.

2. For mobility, it is necessary to reduce the size of the device.
This is fundamentally possible. However, it requires funds.

3aKJI0UYeHHue:

1. 111 KPYIJIOroAM4YHbIX U3MEPEHUN He00X0IUMO UMETh
COBEPUICHHYI0 TEPMOPEryJIsiuIo.
2. it MOOMJIBHOCTH HE00X0IUMO YMEHbIIMTDL pazMep npuodopa.
ITO0 NPUHIUINIHAIBHO BO3MOKHO. OTHAKO TpedyeT CpeacTB.
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Thank you for your attention



