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Paccmompen cnocob kanubposxu mpexouanazounou CBY paduomempuueckoi cucmemvt no
BHEULHEMY UCMOYHUKY UYMOBO20 CUSHANA - 2EHEPATNOPY WLYMA, PACHOTONCEHHO20 8 OCHOBAHUU
3epkana aumennvl. Ilpugedenvl meopemuueckue COOMHOUEHUS, ONPEOESIIOUUE 63AUMOCE3b
usmMepsAeMou paouoapKOCMHOU MemMnepamypsvl U bIX00H020 cucHana cucmemsi. lloxazanvi
0COOEHHOCMU peanu3ayuu Memooa KAIuOposKU No 6HeUHeMy 2eHepamopy wyma npu npueme Ha
00wl 00Iyuamenb 3epKaIbHOU AHIMEHHbI MPEeXOUANna30HHOU CUCEMDBL C NOCIe008AMeNbHbIM
YACMOMHBIM pazoesieHuem CUSHANI08 mpex OUana3oHos.

Kuroueswvie crnosa: mpexkaunanvnas CBY paduomempuueckas cucmema, xamubposka CBY
paouomempa, 2eHepamop wymd, paouomeniosoe uziyyeHuss ammocgepul

Calibration of a three-band microwave radiometric system by an external noise
signal source
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The method of calibration of a three-band microwave radiometric system by an external source of
noise signal - a noise generator located at the base of the antenna mirror - is considered. The
theoretical relations determining the relationship between the measured radio brightness temperature
and the output signal of the system are presented. The peculiarities of realization of the method of
calibration by the external noise generator when receiving the three-band system with successive
frequency separation of the signals of the three bands on a common mirror antenna illuminator are
shown.

Keywords: three-channel microwave radiometer system, microwave radiometer calibration, noise
generator, radio-thermal radiation of the atmosphere

BBenenue

B cucremax MUKpPOBOJHOBOTO PagHOMETPHUYECKOrO TUCTAHIIMOHHOTO 30HAWPOBAHUS
aTMocdepbl BXXHBIM BOIIPOCOM, OIPEEIISIONINM BO3MOXHOCTh OLIEHKH METEONapaMeTpoB U
MOCTPOEHHUSI TPOTHO30B, SIBIAETCS BOIMPOC BBIOOpPAa METOJAa KaauOPOBKHM M CrHocoba ero
peamuzauuu [1-2].

B CBY pagnoMerpuyecKkux CHCTEeMax KaluOpoBKa oOOECIeYyrMBaeT OJIHO3HAYHOE
COOTBETCTBUE YPOBHS BBIXOJHOTO CHUTHAaja BEJIMYMHE PAJUOINIYMOBOM  MOIIHOCTH
cOOCTBEHHOr0  W3JyueHuss armocdepbl Ha  BXOJ€  AaHTEHHBI, XapaKTepHU3yeMoil
PaznosIpKOCTHOM TemnepaTypoii atmochepsl.

419



N3BecTHbl BapmaHThl BHYTpeHHEW W BHemHed kaimOpoBku CBY pammomerpuueckux
cucteM. [lpu BHyTpeHHEW KaauOpOBKE HA BXOJ MPUEMHHUKA MEPUOAMYECKU TOIKITIOYAIOTCS
"HU3KOTEMIIEpaTypHbIi" W "BBICOKOTEMNEPATypHbIM" HMCTOYHMKH IIIYMOBOTO CHUTHaJla H
OLICHUBAIOTCS MAapaMeTpbl NPHUHATONW JIMHEHHOM CBSI3M BBIXOJHOI'O CUTHAJIA U AHTEHHOMN
temneparypbl. [lpyu BbIMONHEHNN BHEIIHEH KaJIMOPOBKU CHUCTEMBI HEOOXOIUMO OOECHeurTh
HAIMYWE B JaJbHEH 30HE AHTCHHBI KaJMOpPOBAHHBIX HMCTOYHHUKOB IIyMOBOTO CHUTHana. B
pe3yapTaTe BHEIIHEW KaTuOPOBKM  OMPEACISIOTCS  MapaMeTpbl  JIMHEWHOW  CBSI3U
pPaauoOsIPKOCTHOM TeMmepaTypbl Ha BXOJ€ AHTEHHbl W BEJIMYMHBI CHUTHAJda HAa BBIXOJE
pamuomeTpuueckoil cucteMbl. OCHOBHas TPYAHOCTh pEaM3allid BHEIIHEH KaJIMOPOBKHU B
CO3IaHUU TIOJTHOPA3MEPHBIX KaTMOPOBAHHBIX MCTOYHMKOB BHEIIHETO IIYMOBOT'O CUTHANIA U B
o0ecrevYeHnr X CTaOMIbHOCTH.

B nanHoii paboTe paccmaTpuBaeTcsi BapHaHT KaTUOPOBKU IO BHEIIHEMY IIYMOBOMY
CUTHAJly TEHeparopa IIyma, pacHoJIOKEHHOMY B OCHOBAaHMWM 3€pKajJla aHTEHHbl U
00ecreYnBarONINii BO3MOXHOCTh OTIEPATUBHOM OIEHKA COOTBETCTBHUS YPOBHS BBIXOIHOTO
CUTHajla CHUCTEMBbl pPaJMOSPKOCTHON TemiiepaType, GopMHUpyeMoll Ha BXoje pymnopa
3€pPKAJIbHOM AaHTEHHBI.

Teopernueckne mnoJokeHus: merona kanudpoku CBY paguomerpuyeckoit
CHCTEMBbI 10 BHEIIIHEMY HCTOYHHUKY LIyMOBOI'0 CUTHAJIA, PACIIOJIO)KEHHOMY B OCHOBAHUH
3epKaJjia aHTeHHbI

AHTEeHHass TeMmiieparypa TpexauanazoHHoii CBY panuoMeTpuueckod CHCTEMBI C
[IOCJIEIOBATENbHBIM  (POPMHUPOBAHUEM BXOJHOTO CHUTHaja paauoMerpa B oOdydarene
3epKaJIbHOW aHTEHHBI 33]1a€TCS BBIPAXKECHUEM:

T,=T,(0-Pn+T,pn+T,(1-n)k,,, (1)
rae 7_"1 u T 4 ~ YCPEIAHEHHBIC 3HAYCHMSA PaZMOSPKOCTHOM TemmepaTypbl MO o01acTu

MPOCTPAHCTBA, COOTBETCTBYIOLINX YIJIOBOM OOJIACTH TJaBHOTO JICTIECTKA U O0JIaCTH
paccessHus TMarpaMMbl HarpasiieHHOCTH (JIH) aHTeHHBI;
f - k03hHUIMEHT paccessHUsI aHTCHHBI,

n - KIIJI aHTeHHBI,
T, - TepMOMHAMHUECKasl TEMIIEpATypa aHTCHHBI;
k,;, - K0o3huIeHT nepenaun 00IyJaTeNs aHTCHHBI B 33JaHHOM /IMANa3oHe 9acToT.

Hanuune B ocHOBaHMM 3€pKajia HCTOUYHMKA ITYMOBOI'O CUTHAJIA IPUBEAET K MOSIBJICHUIO B
COCTaBE AHTEHHOM TEMIIEpaTypbl JOIMOJHUTEIBHOW KOMIIOHEHTBI, BEJIWYMHA KOTOPOM
IIPONOPLUOHANIbHA IIIYMOBOI TEMIIEPAType JAHHOTO UCTOYHHKA!

ATa = Tmymkoﬁ.vﬂ (2)
rac TW - paaAuOApPKOCTHAA TCMIICPATypPa UCTOYHHKA IIYMOBOI'O CUTHAJIA,
]/m - KO3(1)¢)I/IHI/ICHT, qu/ITI)IBaI'OHH/Iﬁ YMCHBUICHUC HIYMOBOﬁ MOIIIHOCTU HaA BXOJEC

oOnyyaTens 3a CYeT MPOCTPAHCTBEHHON pACXOAMMOCTH U3Iy4YeHHs, (HOpMUPYEMOTo
HMCTOYHMKOM IIIYMOBOTO CUTHAJIA.

B nepBom npubnmxennu k03GGUIMEHT ¥, MOXKHO OLIEHUTH IO hopMyIIe:

Yu =" 3)

rae 6, - mupHHAa IIIaBHOTO JiertecTka JIH aHTeHHBI HCTOYHMKA IITYMOBOT'O CHTHAJA;

0 ,, - 9acTb YIJI0BOI o0yacTu riaBHOro JenecTka J\H aHTeHHBI HCTOYHMKA ITyMOBOTO

CHUTHala, COOTBETCTBYIOIIEH pacKpbiBy oOiydarens 3epkanbHOW  aHTeHHHl CBY
palIuOMETPUUYECKON CUCTEMBI.
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[IpuMeHeHne NBYXypOBHEBOIO MCTOYHHMKA IIYMOBOI'O CHIHaja IO3BOJUT CO3JaTh Ha
BXOJie oOyyyaTelnsi JBa Pa3HBIX MPUPOCTa AHTEHHOH TeMIepaTypbl, YTO HEOOXOIMMO IS
OLICHKM NapaMeTpOB JIMHEWHOW 3aBHCHUMOCTH BBIXOAHOTO CUTHAJIA CUCTEMBI - KPYTH3HBI
XapaKTEePUCTHKH S U HavaJlbHOro oTcyera U, :

u, =ST, +U,, 3)
rac u, - aMIUIATyJla HalIpsDKCHU ST CUTHAJIa Ha BBIXOAC paanoMeTpa.

Jns  momyyeHHs  KalMOpPOBOYHOW — XapaKTEPUCTUKUM  OTHOCHTEIBHO  H3MEpSIeMOit
PaaMOSPKOCTHOM TEMIIEPATYPbl MOKHO PACCMOTPETh TPU BBIXOIHBIX CUTHAJA:

- BBIXOJHOW CHUTHAJ, COOTBETCTBYIOIIMM IPUEMY pPaJUOTEILNIOBOIO H3JIYYCHUS C
HAaIpaBJICHUS B 3€HUT IPH YCIOBUM BO3MOXXHOCTH JOCTaTOYHO TOYHOM OLICHKHU
PaanosIpKOCTHOM TeMnepaTypbl aTMochepsr;

- JIBa PAa3sHOCTHBIX BBIXOJHBIX CUTHAJIA, PaBHBIX PAa3HOCTH BBIXOJHBIX CHUTHAJIOB IIPH
HaJIM4YUMM M OTCYTCTBUUM MCTOYHUKOB IIyMOBOIO CUTHAJIA IIpU IPUEME DPAJAUOTEIIIOBOIO
U3JTY4EHUs aTMOC(EpBI IO HANPaBJIECHUIO B 3€HUT.

IIpakTuyeckne Bompochl peaausanuu kKaauopoBku CBY paamomerpuueckoi
CHCTEMbI 10 BHEIITHEMY MCTOYHHMKY IIYyMOBOI'0 CUTHAJIA

PaccmaTpuBaemblil BapaHT KanuOPOBKH 1O BHEITHEMY F€HEpaTopy IIymMa o0ecreyrBaeT
BBEJICHHE IIIYMOBOT'O CHTHAJIa B TPaKT OOJydaTelss 3epKajlbHOM aHTEHHBI TPEXAUana30HHOU
CBUY paguoMeTpruecKkoi CUCTEMBI C peaan3alyen Mocae0BaTeIbHOTO BhIICICHHS BXOIHBIX
IIYMOBBIX CHTHAJIOB B TpeX pabouux Juana3oHax C LHEHTPAIbHBIMU JJMHAMU BOJH 7,5CM,
3,2cm u 1,35¢m [3-4]. B cucteMe npueM BBIMOJIHIETCA Ha 3€pKaJIbHYIO aHTEHHY C IMaMETPOM
packpsiBa D = 2400 mm.

Jliis obecriedeHust BBeICHUs B aHTEHHO-(DUIEPHBIN TPAKT CUTHAJIA OT TeHepaTopa uryma K
€ro BBIXOAY MOJKIIOUEH PYyHmop C pa3MepoMm packpbiBa 10 MM, KOTOpBIM yCTaHOBJIEH B
oTBepcTUM B IieHTpe 3epkana CBY pamuoMerpuueckod cucTteMbl. [ mosrydeHusi IBYX
KaTuOpOBAaHHBIX OTCYETOB IIIYMOBOW CHTHAll OT TeHeparopa IIyMa NPOXOIUT uepe3
aTTeHI0ATOp ¢ peryiaupyembiM ocnabnmenuem 3ab. Ha puc. 1 mpencraBieHa cTpyKTypHas
CX€Ma W BHEIIHWN BUJ MCTOYHMKA IIYMOBOI'O CHTHAJIa M aHTEHHBI TpexauanazoHHoit CBY
PaguoOMETPUUECKON CUCTEMBL.

S TpexKaHanbHbIA BONHOBOAHBIA )
kanubpaTtop guanasona 7.5 -1.35cm.
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Puc. 1. AaTenna Tpexanana3onnoit CBU pagmomerpudeckoii cucTeMbl ¢ BHEITHAM
LIIHPOKOIIOJI0CHBIM HCTOYHHKOM LIYMOBOI0 CUrHaNa: 1-renepatop myma; 2 - aTTeH0aTop; 3 -
PYIOP HCTOYHHKA LIYMOBOI'0 CHTHAJIA; 4 - 00J1y4aTe/b TpexauanasonHoii CBY
pPaxoMeTpU4ecKOoil CHCTEMBbI; 5 - TpeXINana30HHbIA paguoMeTp

B kauecTtBe MCTOUHMKA HIYMOBOrO CUTHaJIa Mcmojib3oBajics Moayias CBY reneparopa
myma Ha JIITJ] M31305-4 61 2.210.121TY (I'LD). JIns onpeneneHus: TeMIepaTyphl mryma
I'll yyuThIBasiach €€ CBSI3b C YPOBHEM CHEKTPAIBHOMN TUIOTHOCTH MOIIIHOCTH ITyMa:

T(f)=300H(f) (4)

riue H(f) _qacrornas XapaKTepUCTHKA SKBUBAJICHTHON TeMIepaTyphl IIyMa.

Benuunna  koaddunuenta 7 “_  YYUTHIBAIOIIETO  PACXOAMMOCTh  HM3JIY4YECHHS,
cosmaBaemoro [I'lll onenuBanach, UCXOAS W3 HANpaBICHHBIX CBOMCTB  pymnopa
HIMPOKOTIOJIOCHOTO HMCTOYHHMKA IIYMOBOIO CHUTHAalla M PAcCTOSHHS OT OCHOBAHMS 3epKaia
CHUCTEMBl JI0 TpPEXAMANa30HHOro oOiydaTens (B OJKCHEPUMEHTE 3€pKajo C pauycoM
packpeiBa 1200mm, a paccrosiaue ot pynopa 'l no packpbiBa oOmydaresniss aHTEHHBI 835MM).

PesyabTarel CBY paamomerpuyeckux H3MepeHHH PpPajAMOTeNIOBOr0 H3JIy4YeHHs
atMocepsl NpH BBeJeHHM BHEIIHEI0 HCTOYHHMKA IIYMOBOIO CHrHAJla B COCTaB
CHCTEeMBI

JUis  oueHKHM  yCJIOBUH  peanu3anuMu  KanuOpoBKkM  TpexauamasoHHod — CBY
paZiuOMETPUUYECKON CHUCTEMBI OBUIM BBIIOJHEHBI M3MEPEHUS PaJUOTEIUIOBOTO H3IIy4EHUs
0e300auHOil aTMOC(epbl B HANpaBI€HUH B 3C€HUT MpPU TMEPHOAUYECKOM BKIIOYCHHUU
reHeparopa HIyma, oOeCledYMBAIOLIEro JBa YPOBHA MOIIHOCTH pPaJMOLIYMOBOIO CUTHaja
oTnuyaromuxcs Ha 3ab.

ITomyyeHHble pe3yibTaThl W3MEPEHUH B BEIMUYMHAX PAAUOSPKOCTHBIX TEMIIEparyp,
IIPUBENICHBI HA pUC. 2.
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Puc. 2. Pe3yabTaThl H3MepeHuii TpexauanazonHoii CBY paguoMeTpuueckoii cucremoii
PAINoOTENJI0BOr0 M3Jy4eHHus 0e300,1a4H0i aTMOoc(epbl MPH BHINOJTHEHUN KATHOPOBKH 1O
BHeEIIHEMY r'eHepaTopy HIyma.

PesynbraTel  u3Mepenuit TpexauanazoHHo CBY  pamuoMeTpuuecKod  CHCTEMBI
IPUBENEHBl HAa pUC. 2 B BEJIMYMHAX DPATUOSIPKOCTHOM TeMIEpaTyphbl IPHU BBINOIHEHHON
KaJUOpOBKE MO BHEUIHEMY IIYMOBOMY CHUTHAIy IIMPOKOIIOJIOCHOTO I'eHepaTopa Liyma MpHu
MMpUeMe PaauOTCIIIIOBOIO U3JTYYCHUS B HAIIPABJICHHUU B 3CHUT.

BriBOaBI

[TosydeHHBIE pe3ynbTAaThl MCCIEAOBAHWN IIOKA3aJIWd NPUHLMIIHAAIBHYIO BO3MOYKHOCTb
peanmu3anu  KaiuOpoBKkM Tpexauana3zoHHoH CBY  paamomeTrpuueckoil CHUCTEMBI IO
PaavoNIyMOBOMY M3JIyYEHHUIO BHEIIHETO HMIMPOKOIOJIOCHOTO MCTOYHMKA - T€HEpaTopa HIyMa
OJTHOBPEMEHHO B TpeX pabOo4MX JHana3oHax Mpu MpreMe Ha oOmmid 06myyaTesns 3epKabHON
AQHTCHHBI C MOCIEIYIOIIUM YaCTOTHBIM Pa3cIIEHUEM CUTHAJIOB JBYX HOJIIPU3aLU.

Hccneoosanue evinonweno 3a cuem epauwma Poccuiickoeo nayunoeo ¢gponoa Ne 21-19-
00378, https://rscf.ru/project/21-19-00378/.

Jluteparypa
1. Paguoremmonokamus B meteoposioruut / B.JI. Cremanenko, I'.I'. Illykun, JI.I1. BoObuies,
C.IO. Martpocos. - JI.: 'uappomereonsaart, 1987. - 283 c.
2. ®amun B. B. Pagnomerpuueckue cucremsr CBY / — M.: JIyy, 1997.
3. E.V.Fedoseeva, I.N.Rostokin, G.G.Shchukin Calibration of a three-band microwave
radiometric system with background noise compensation. Measurement Techniques — V.63
(4).2020. — P. 301-307. DOI: 10.1007/s11018-020-01787-z.
4. Pocrokun N.H., ®enoceena E.B., ®enoceeB A.A. Bonpocsl OCTPOCHUS MHOTOYACTOTHOM
CBU - pagnoMeTpuyecKoi CHCTEMBbl TUCTAHIIMOHHOTO 30HAWPOBAHMS 00JauyHON aTMOC(eps
¢ KoMIleHcaleil (oHOBOro usnyudeHus. // PaanoTexHudyeckue U TEIEKOMMYHHKAIIMOHHbBIE
cucteMsbl. —2015. — Nel. - C.5 - 11.

423



