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BBEAEHUE

MUKpPOBOJHOBBIE PaAMOMETPUYECKHE HCCeI0Ba-
HUS aTMOochepbl OCHOBaHbI HA U3MEPEHUU MOILLIHOCTU
€€ COOCTBEHHOIO PamMOTeIUIOBOIO M3Iy4eHMs. YpPo-
BEHb MOIITHOCTH 3aBUCHUT OT (PM3MYECKUX ITapaMETPOB
aTMocdepbl — TeMIIepaTyphl, BIaXKHOCTH, BIaroCoaep-
XKaHWsI, OMHOPOMHOCTH, TUHAMUYECKON M3MEHYMBO-
ctu. Takast 3aBUCMMOCTb MO3BOJISIET JaTh HEOOXOM-
MBI€ OLICHKU MeTeollapaMeTPOB UCCeayeMoii obJia-
CcTH atrMoc(epnl 10 pe3ylabraTaM MHKPOBOJIHOBBIX
pagroMeTpUYeCcKrX n3MepeHuii. Bo3aMOXHOCTb BbI-
IMOJTHEHUSI U3BMEPEHUI B HENIPEPHIBHOM pPEXUME IIpU
X IUCTAHLIMOHHOM XapaKTepe OIpelnelisieT IIepCreK-
TUBHOCTb Pa3BUTUSI U MCIIOJIb30BAaHUSI MUKPOBOJIHO-
BBbIX PaJMOMETPUYECKUX KOMIDIEKCOB I CO3IaHMS
CHCTEM MOHUTOPHHIA COCTOSIHUSI aTMOC(MEPHI, YTO IS
COBPEMEHHBIX YCJIOBMIT HaOII0daeMbIX M3MEHEHUM
KJIMMaTa SIBJISICTCS 3ajadeii, HEIOCPEICTBEHHO CBSI-
3aHHOI1 ¢ 00ecIledeHEM OIIEPaTUBHOIO MH(MOPMU-
POBaHUS U TIPEAYNPEXKICHUS MOCASACTBUI ONaCHBIX
MOTOAHBIX SIBIEHUM [1—5].

CoBpeMeHHbIe uccaeaoBaHus jabopaTopuun “Pa-
IrodU3NIeCKUe WCCIeIOBaHUS TPUPOTHBIX cpem”
MypoMCKOTro MHCTUTYTa 0a3UpyIOTCsT HA MHOTOJIETHEM
OIBITE CO3MAHUSI PAIMOMETEOPOJIOTUYECKOM arlmapa-
TYPHI IUTS. 30HOMPOBaHMS aTMocdeps [6]. 3a Tipemie-
CTBYIOIIIE NECATWICTUS OBLIO CO3MaHO HECKOJIBKO
KOMILJIEKCOB U3MEPUTENIbHOI artnapaTyphbl, pa3padoTa-
HBI 1 9KCIIEPUMEHTAIBHO OTPAabOTaHBI CXeMOTEXHIYE-
CKUe peleHusI, METOMUKA N3MEePEHUIA.
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PagnomeTreopoiornyeckuii KOMIUIEKC JJIST BJIaxK-
HOCTHOTO 30HIUPOBaHUSI aTMocdepbl ¢ aHTEHHOM
IaMEeTPOM 2.5 M OBLT BBITIOJIHEH B TPAHCIIOPTHUPYE-
MOM U CTallMOHAapHOM BapuaHTax. OCHOBY KOMILIEK-
Ca COCTaBJISUIA YeThbIpeXKaHAIbHbIE paIuoMeTpUUe-
CKMe MPUEMHUKU MOIYJISILIMOHHOTO TUTIA C INIMHAMU
BonH 0.8, 1.35, 1.6 1 3.2 cm [7]. ds mimH BonH 1.35u
1.6 cM KCITOJIB30BAJICS OOVH IIPUEMHUK C OOLIUM 006-
JydaTelsieM (BXOTHBIM pyrnopoM). YyBCTBUTEIILHOCTh
pPaguoOMETPOB IO PagUOSIPKOCTHBLIM TeMITepaTypaM
obecneunBajachk Ha ypoBHe 0.5...1 K.

CrauunoHapHas cucTeMa U3MepeHUs 0ClabIeHus
pamTMoBOJIH B oOcadKaxX BKITIOYajla IBYXKaHaJIBbHYIO
TPaCCOBYIO YCTAaHOBKY C JUIMHaMU BOJIH 1.6 u 0.8 cM.
Jmuna tpaccel coctasisiia 170 M. OlieHKa n3MeHe-
HWS BEJIMUWHBI 3aTYXaHUs CUTHAJIa OCYIIECTBIISIACh
Ha ypoBHe He xyxe 0.05 nb [8].

buimn pa3paboTaHbl U IIPOIIJIM UCITBITAHUS CTa-
LIOHApHAsl U caMOJIeTHasl IaCCUBHO-aKTUBHbBIC pa-
muojiokanoHHble cucteMbl (ITAPJIC) mist ciayxo
IIITOPMOOIIOBEILICHUS U IIPEAYIIPEKICHMS O BOZMOXK-
HOM OOJIeNeHEHMU JieTaTeJIbHbIX ammnapaTtoB [9].
ITaccuBHEBII KaHal CTPOMIICS HA OCHOBE MOIYJISILIN-
OHHOIO paguoMeTpa ¢ (IYKTyallMOHHBIM IIOPOTOM
YyBCTBUTEJILHOCTU Ha ypoBHe 0.3 K mpu mocTosiH-
HOU BpeMmeHU T = | c. [laTbHOCTh OOHApYyXKEHUS aK-
TuBHOTO KaHana B pexkume ITAPJIC — 175 km. Pas-
BsI3Ka KaHAJIOB 00ecIiedyrBalach Ha ypOBHE HE MEHEE
160 ob. ITpu ucronb30BaHUM AHTEHHBI TMAMETPOM 3 M
METEOPOJOTMYECKUI MOTeHIIAa aKTUBHOIO KaHajia
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Puc. 1. Cxema pannomerpudeckoit CBU-cucremsbl ¢ KomrieHcanueit hoHoBoro usirydeHus: Al 1 A2 — OCHOBHOI U TOTIOJTHU-
TeJIbHBIM aHTeHHbIe KaHajbl; M — monynsitop; [1YB — npueMHo-ycunutenbHblii 610K; KJI — kBagpatuuHsblii aerekrop; CJ —
cUHXpOHHBIN AetekTop; OH — reHeparop onopHoro HamnpskeHus ; M — usmepuTesib-uHANKATOP.

cocrtapistn 270 nb [10], B caMoeTHOM BapuaHTe IpHA
anTeHHe quameTpoM 0.76 M — 262 ab [11].

HakormieHHbIII NpaKTUYECKUA 1 METOONYECKUIA
OMBIT CO3AAaHUsI UBMEPUTETIBHOI anmapaTyphl U IPOBeE-
JIEHUsI MOHUTOPUHIA COCTOSIHUSI aTMocephbl obecrie-
YMJIY TIepPEX0 K HOBOMY 3TaIly — CO3IaHWIO COBPEMEH-
HOM CHCTEMBI CBEPXKPATKOCPOUYHOIO MPOrHO3MpPOBa-
HUSI HEOJaronpusITHbIX M ONACHBIX METEOSIBICHUM
[6, 12—16].

Lenbio craThbu SIBASCTCS aHAJIU3 COBPEMEHHOTO
COCTOSIHUSI W MEePCHEeKTUB IOCTPOEHUS CUCTEMBI
CBEPXKPAaTKOCPOYHOTO ITPOTHO3MPOBAHUS HeOJIaro-
MIPUSITHBIX U OIIACHBIX METEOSIBJICHUIT, 00CyXKaeHEe
HEKOTOPHBIX ITOJYYEHHBIX K HACTOSIILIEMY MOMEHTY
pe3yabTaToOB.

1. METOOANYECKHUE,
AIITTAPATHBIE U ITPOTPAMMHBIE PEIHEHUA
10 ITOCTPOEHHNIO CUCTEMBI
IMPOIHO3MPOBAHHMA OINTACHbBIX
METEOABJIIEHNU

B mporiecce peanuzaliuu MporpaMMbl IOCTPOE-
HUSI CHUCTEMBI IPOTHO3UPOBAHUS OIACHBIX aTMO-
chepHBIX METEOSIBJICHUIA ObLTM HapabOTaHbl HOBEIE
METOANYeCKUEe, MPOrpaMMHBIC 1 allllapaTHBIC pellie-
HUSI, Oa3UpyIoIIMecsT Ha UMEIOIIMNXCS COOCTBEHHBIX
pa3paboTkax, obecreunBalole peleHue 3aaad mno
COBEpIICHCTBOBaHMIO pannoMeTpuuyeckux CBY-cu-
CTEM, PacIIMPEHUIO NX PYHKIIMOHAJIBHBIX 1 MTH(POP-
MAaTUBHBIX BO3MOXHOCTeit [17—20]. Dtm pemeHud,
4acTh U3 KOTOPBIX YK€ BOILIOIIEHA B BUJIE aIlliapar-
HO-TIPOrpaMMHBIX CPEICTB, OCHOBBIBAIOTCS Ha CO-
BPEMEHHBIX TTOAX0AaX K KOMITEHCALIUU TIOMeX, TIpH-
MEHEHUIO LIU(PPOBEIX METOJIOB 00PaOOTKM CUTHAJIOB,
HCIOJIb30BAHUIO CPEICTB U METOIOB pagrodOTOHM-
KM, TIporpaMMmaM oOOpabOTKM MaHHBIX HAa OCHOBE
HeHpOoHHBIX ceTeit [21—23].

HNmeromuiica B 1a60paTOPUM OIBIT CO3MAHMS pa-
JUOMETEOPOJIOTMIECKIX KOMIUIEKCOB U BBITIOJTHECHUS
MUKPOBOJIHOBBIX MCCIEIOBaHUI aTMocdhephl TToKasal
HEOOXOIUMOCTD PEIICHUS 3a0a4/ CHIZKEHUS BIIVISTHUST
(OHOBBIX M3ITydeHUI HEOMHOPOTHOIO OKPYKAIOIIETO
MPOCTPAHCTBA Ha pe3yJbTaTbl U3MEPEHUI paIuoTer-
JIOBOTO M3IydeHUst atMocdepbl. Takoe BIUSIHUE OKa-
3bIBACTCS JOCTATOYHO 3HAUYMMBIM ITpH MOSIBJICHUU B
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YIJIOBOII 00JIacTM paccesTHUs IuarpaMMbl HaIlpaB-
JIEHHOCTM aHTEHHBI HACBIILIEHHBIX BJIAaroil KOHBEK-
TUBHBIX 00JIaKOB IPpU HAOJIOAEHUM B 3€HUT 0€300-
JJayHOIT YacTh atMocdepnl, a TAKXKe IPH BBITTOTHE-
HUMU WCCICIOBAHUNM OTHOCUTEIIBHO OTHOPOIHOM
atMocdepbl METOAOM YIJIOBBIX pa3pe3os [7, 12, 24]

HaubGonee pacrnpocTpaHeHHBIM TpaaUuLIMOHHBIM
CII0COO0OM OOpPBLOBI ¢ BIMSIHUEM (DOHOBOIO M3Iyde-
HUs TIPU UCCIIETOBAaHUU aTMOchepsl B OrpaHUYeH-
HOM YTJIOBOM CEKTOpPE SIBJISIETCSI pa3paboTKa aHTeHH
C TIOHIKEHHBIM YPOBHEM OOKOBOTO M3TyYeHUSI.

Croco6 KoMImeHcaluu, pa3paboTaHHBIN U peaiu-
30BaHHbLII B MCCIEAOBAaHUSIX B MypOMCKOM MHCTU-
TyTe, IIpeaycMaTrpuBacT (popMHUpPOBaHME IOMNOJIHU-
TeJIbHOTO CUTHAJIA Ha BBIXOJE AHTEHHBI paIOMETPH -
yeckoii CBY-cucTeMBI, KOTOPBIN B maecane OBIIT ObI
paBEeH COCTaBJISIIONICH BHIXOMHOTO CUTHAIa OCHOBHOTO
U3MEPUTEILHOIO aHTEHHOIO KaHajia, (hopMUpPYEMOro
MpreMoM (DOHOBOTO MBIIYYECHUST OKPYKAIOIIETO MPO-
CTpaHCTBa uepe3 00J1acTb paccesiHUs AuarpaMMbl Ha-
MPAaBJIEHHOCTHU aTMOC(EPHI, C MOJIydeHUEM Ha BBIXOE
CHUCTEMbI Pa3HOCTHOTO CUTHAJIA, IPOMOPLIMOHATIEHOTO
PaIMOTEIZIOBOM MOIIHOCTU M3JIy4eHUs] aTMocdephl,
COOTBETCTBYIOIIEH YIJIOBOM OOJACTH IJIaBHOIO Jie-
MecTKa auarpaMmebl HarrpaBiaeHHoOCTY (JIH) anTeHHBI
[19, 20]. Beuta pa3padboraHa cxema paguoMeTpude-
ckoii CBY-cucreMsbl, peanu3yiolias TaKOM MOIXon K
3ajaye KOMITeHCALIMU BIUSIHUSI (DOHOBOTO M3JTyde-
Hus (puc. 1) [18, 20].

Crenytoliuii 3Tamn B pa3BUTHUHU HAIIPaBJIeHUs pa3pa-
6otku paguoMeTpudeckux CBY-cucreMm ¢ KomrieHca-
1ueit (hOHOBBIX UBTYYEHUT CBSI3aH C MEePEeX0aOoM K UC-
MOJIb30BaHMIO ABYXMOJIOBOTO peXXMa paboThI 00IyJa-
Tesist aHTeHHbl — Mol Hy; u E,; kpyrioro BoiHoBoa
C WX paslIelicHHEM B MOIOBOM pasaeciuTeie [25].
CohopmupoBannbie JIH Ha »3TnMx Momax oTBeYaioT
TpeOGOoBaHUSIM K OCHOBHOMY U IOTIOJTHUTEILHOMY aH-
TEHHbIM KaHajiam panuomeTpudeckoii CBY-cucreMbl
¢ KoOMITeHcalyen (poHOBBIX n3mydeHuii. Ha puc. 2a, 26
MOKa3aHbl pacyeTHasl U 9KCIIepMMEHTabHasl XxapakK-
TEPUCTUKU HAIIpaBJICHHOCTU OOJTydyaTesisi 3epKajlbHOM
aHTEHHBI U1 TUana3oHa JyacToT 3.2 ¢cM (mraMeTp pac-
KpbiBa pyriopa 10.5 cM, imaMeTp MUTAIOIIETO BOJTHOBO-
na 3.2 cM). JIist moydeHUsT 9KCIIEpUMEHTAJIbHOM Xa-
PaKTEPUCTUKU aHTEHHbBI B KAUECTBE NICTOUHUKA CUT-
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Puc. 2. PacuerHas (a) ¥ 3KcriepuMeHTalbHas (0) XapaKTepUCTUKU HAIIPaBJIEHHOCTH 00JIydaTesist 36 pKaJIbHOM aHTEHHBI Ha MO~

nax Hyp (1) m Ey(2).

Hajla TIpUMEHEH ITOJyIPOBONHUKOBBIII TeHepaTop
mryma npousBoacTsa HITIT “Ucrox” M31305-1.

Ha ocHoBe pa3paboTraHHOro crrocoda CHKEHUS
YPOBHSI IIIyMa aHTEHHBI 1 ABYXMOIOBOM allepTypPHOI
aHTEHHBI ObLIa pa3paboTaHa KOHCTPYKIIMS MOIOBOTO
pa3nemTessi, KOTOPBI TpencTaBiasgeT coO0M 4acTh
ob1ero ¢uaepa obdrydaTensi aHTCHHBI, BHITTOJTHEHHBIM
Ha KpyIJIoM BojiHoBoze. OH oOecIieurBaeT HarlpaBIeH-
HOE CeJIEKTUBHOE OTBETBJICHE CUTHAJIAa OCHOBHOI'O U3~
MEPUTEILHOIO U JTOMOJIHUTEIBHOIO aHTEHHBIX KaHa-
JIOB IIyT€M BBEIEHHUS PEXEeKTOPHOro (MIbTpa OJs
OCHOBHOI1 MoJibl H; COOTBETCTBYIOIIETO MOAKIIIOYE-
HUSI BOMTHOBOIOHBIX TuHUi [19, 25].

DKCcIiepruMeHTabHasl TIPOBEpKa JaHHOIO CIIOCO-
0a moaTBepaAnIa IPaBUIBHOCTh TEXHUYECKUX U Me-
TOOVYECKNX PEIISHUI W ITO3BOJINIIA IIEPEHATH K MHO-
rO4aCTOTHBIM TOJISIPU3ALIMOHHBIM H3MEPEHUSIM C
MOCJIeOBAaTEIbHBIM YaCTOTHBLIM pa3IeIcHUEM CUT-
HaJIOB B MOOOBOM pasaeimrelie. bbbl paspaboraH
TPEXCEKLIMOHHBIIA MOJOBBIN pa3ae/iuTesb IJIs1 TPEX-
JIurara3oHHoIi pagrnoMeTpudeckoii CBY-cucreMsl, ¢
IpHEMOM CUTHAJIa B AUaNa30HaX YacTOT C LIEHTPaJlb-
HbeIMH 4dacToTamu 3.5, 11 m 22 I'Tu. KoHcTpyknms
MOIOBOTO pa3feUTENS MO3BOJIMIIa OOECTIEUUTD T10-
cJiemoBaTeIbHOE BhIICICHNE CUTHAJIOB COOTBETCTBY-
IOIMX YAaCTOTHBIX AMAIla30HOB IJIsI OIBYX OCHOBHBIX
U3MEPUTEIBbHBIX KAaHAJIOB C BEPTUKAJIHHOM W TOpU-
30HTJIBHOM IOJSIPU3ALUSIMU U TOIIOJIHUTEIILHOTO
KaHaja, a Takxke (opMUpPOBaHUS CUTHAJIA KOMITEH-
calliy, TIpU BBIIIOJHEHUM WM3MEPEHU II0 OTHOMY
oceBoMy HamnpasiieHuto [25]. Ha puc. 3 mpencrasie-
HBI CXeMa 1 KOHCTPYKIIMS TpeXauara3oHHOIO MO0~
BOro pasuenurenst paguoMerpudeckoii CBY-cucre-
MBI ¢ KOMIIeHcalueit pOHOBOTO U3IyYeHMUSI.

INepexom K MHOTOYaCTOTHOMY 30HAUPOBAHUIO aT-
Mocdephl MOBBIIIAeT MHGOPMATUBHOCTh M3MEPEHUIA,

PAAVNOTEXHUKA 1 BJIEKTPOHUKA

YTO 0OYCJIOBJIEHO YACTOTHOM 3aBUCMMOCTBIO KaK MOIII -
HOCTH COOCTBEHHOTO PaayOTEIIIOBOTO U3TyYEHHUS aT-
Mocdepbl, TaK U OCIa0JIECHUST TIPOXOISIIETO U3JTyde-
HUS. DTO BaXKHO IJIsI pEIIeHUs 3aJa4X OIIePaTUBHOIO
BBISIBJICHUSI OMACHBIX aTMOC(HEPHBIX SIBJICHUI 110 pe-
3y/IbTaTaM CPAaBHUTEJILHOIO aHAIN3a JaHHBIX U3Mepe-
HUI B pa3HBIX YaCTOTHBIX IMAIla30HAX. BeImomHeHMe
U3MEpPCHUI MPU pPa3HbIX 36HUTHBIX yIVIaX pacIIupsieT
BO3MOXHOCTH WX OUCTAHLIMOHHOIO CTPYKTYPHOIO
aHaJu3a.

Ha puc. 4 npuBeneHa cxeMa Tpexauana3oHHOMN
paguoMeTpudeckoit CBY-cucrembl ¢ popmupoBa-
HHMEM B KaXXIOM KaHaJie IOIIOJHUTEIBHOTO CUTHAaJjIa
KoMIeHcanuu [26].

TpexouanazonHast paguomerpudeckas CBY-cu-
cTemMa ¢ KoMIleHcalueil (OHOBBIX IIIYMOB peajlu30-
BaHa B JIByX BapuaHTaxX: MOOMJILHOM (IJIsI TTOJEBBIX
UCCclieOBaHUil) U CTallMOHApHOM (C aHTEHHOU Ha
30aHUM MypOMCKOTro MHCTUTYTA). BHeTHM1 BUI cu-
CTeM MpeaCTaBJIeH Ha puc. 5.

s pellieHus 3aaa4 perucTpaluuy U coopa JaH-
HBIX, a TAaKXKe TTOJIyYeHUST pa3HOCTHBIX CUTHAJIOB IIPU
BBITIOJIHEHU W KOMIEHCAIUU BAUSTHUS (DOHOBOTO U3-
JIydeHUs B CUCTEME pealn30BaHo 11M(bpoBoe Mpeod-
pa30BaHUE BBIXOAHBIX CUTHAJIOB ¢ (hOpPMUPOBAHUEM
MacCHBOB JaHHBIX U3MEPEHUI MO BCeM KaHajlaM B
OTAENBHOCTHU. JIJIs1 5TOro B cUCTEME MPEAYCMOTPEHO
HMCNOJIb30BaHUE aHAJIOrO-1IM(pPoBOro npeodpazona-
tenst (ALLIT) ¢ moakiouyeHHEM K TEePCOHAJIbHOMY
KOMIIbIOTEPY U pa3paboTaH GYHKIIMOHATbHO 3aKOH-
YyeHHBI uHTepdeiic [27].

IIpumep 3anMcyU BHIXOOHBIX CUTHAJIOB CHUCTEMEL
npuBeneH Ha puc. 6. B maHHOM ciy4yae Ha 3KpaH
KOMITbIOTepa OAHOBPEMEHHO BBIBEIEHbLI BpEMEHHEIC
3aM1CH BBIXOOHBIX CUTHAJIOB TPEX AMAra30HOB Paaro-
merpndeckoit CBY-crucremsl. Takoit peskuM BU3yasn-
Ne 6
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Puc. 3. MonoBblii paznenuTens: cxeMa (a) 1 KOHCTpYKLUMs (0); Al...

A3 — aHTeHHbIE KaHaJIbl (OCHOBHO U TOTIOJIHUTEJIbHBIH,

C BEPTUKAIBHON 1 TOPU3OHTAILHOM nosapusanuueit, npu A = 7.5, 3.2 u 1.35 cm); MP® — MonoBbIi1 GUIBTP.

3allU ITO3BOJIACT KAYECCTBEHHO OLICHUTDb 3aBUCUMOCTDb
YPOBHA MOIIHOCTHU COOCTBEHHOIO MN3JTY4EHHUSA aTMO-
C(bep]:-l IIpN pasjin4YHbIX METCOYCJIOBUAX B 3aBUCUMO -
CTH OT 4aCTOThI.

Bsenenue mmgpoBBIX METOOOB PETUCTpaLlMM U
00pabOTKM CUTHAJIOB IIO3BOJIMJIO PELIUTh CIEAYIO-
II1e 3aJa4M:

— (opMUpoBaHME apXyBa peE3yJbTATOB PaauoO-
Mmetpudeckux CBY-usmepeHuii arMocdepnl ¢ Ia-
pajieIbHbIM (pOPMUPOBAHMEM MacCHUBa JAHHBIX Me-
TeoImapaMeTpPOB aTMocGhephbl IPU3EMHOTO CJIO;

— IMOJIYYCHHME PE€3YJIbTaTOB PAa3HOCTHLIX U3MEPC-
HUH IIPM BBITIOJTHECHNU KOMIICHCALIUM BJIMAHUA (1)0-
HOBBIX H3J'[y‘-IeHPIﬁ;

— BBINIOJIHEHUE KOPPEJSIIUOHHOIO aHajIu3a pe-
3yJbTATOB MHOTOYACTOTHBLIX PagUOMETPUYECKUX
CBY-u3MepeHuii 1 METEOTAHHBIX ITPU3EMHOTO CIIOST
arMoc@depsl B 00JIACTU BBIITOJIHEHUS U3MEPEHUIA;

— PEHICHUEC 3aJa4 ITOBBIICHUWA YYBCTBUTCIIBHO-
CTU CMCTEMBI ITpU p€aln3allvi adalITUBHOI'O HAaKOII-
JICHUA CUTHaJIa.

PAAMOTEXHUKA N OJIEKTPOHUKA  ToMm 68

Ne 6

2. HEKOTOPBIE PE3YJIbTATbI
N3MEPEHUU

B reuenne 2019—2022 romoB NpOBOIUINCH U3Me-
peHUsT MUKPOBOJIHOBOTO M3IY4YeHUSI aTMOC(HEpPHI C
TIOMOIIIBIO paCCMOTPEHHOM pamrnoMeTprdeckoii CBY-
CHUCTEMBI [P OOJTBIINX 36 HUTHBIX YIJIaX BUSUPOBAHUSI.
Bbutu moJtydeHbl M COXpaHEHBI CYTOYHBIE BpEMEHHBIE
3alMCU  BBIXOOHBIX CUTHAJIOB CHUCTeMBL. OTOOGpaHBI
MAaCCHUBBI JAHHBIX, COOTBETCTBYIOIIME JHSIM C BhITIaIe-
HHEM OCAaJKOB U BBHITIOJHEH KOPPEJSLIMOHHBIN aHa-
JIN3 Pe3yabTaTOB M3MEPEHUI U MeTeollapaMeTpOB
npuszeMHoro cijost atMocdepsl [28]. IMojrydeHHEIE
JaHHBIE MOKa3aJiu JOCTATOYHO CHJIBHYIO KOppess-
UOHHYIO 3aBUCUMOCTh BEJIMYMHBI BHIXOMHOIO CUT-
HaJjla ¢ MeTeollapaMeTpaMy IIPU3EMHOTIO CJI0SI aTMO-
cheps! B ripenenax 200-KMJIOMETPOBOM 30HBI BOKPYT
JIVHUU BU3MpoBaHus. B Tabj. 1 npuBeneHbl 3HaUe-
HUSA KO3 GULIMEHTOB KOPPESLIMUA BBIXOIHBIX CHUT-
HAJIOB CUCTEMBI Y 3HAUEHU I MeTeomapamMeTpOB MPU-
3eMHOTO CJIOST aTMOC(depbl II OJIMKANIIEero U Hau-
0oJiee yIaJIEeHHOIO Iopoja M3 PacCMOTPEHHBIX OT
MecTta 6asmpoBanusts CBY pammomMeTpmyecKoro ms-

2023
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Puc. 4. CtpykTypHas cxema Tpexauana3oHHoi pagnoMmerpudeckoit CBY-cucremsr; J1O — aByxmMomoBsIit o6aydarens; [TITO —
BOJIHOBOIHBIN TTOJIOCHO-TIpoITycKatommii hwisrp; YITU — ycmnurens nipomexyrodHoid yactotsl; KJI — MHOTOKaHaIbHBII
KBanpaTuuHblil netektop; ALl — aHanoroBo-1MbpoBoii MpeodpazoBaTeib; [1K — mepcoHabHBIN KOMITBIOTED 17151 cOOpa,
XpaHeHMsT 1 00paboTku naHHbix, OI' 1 OB — curHag OCHOBHOTO U3MEPUTEILHOTO KaHajla TOPU30HTABHOM M BEPTUKAJIBHOMN
MOJISIPU3AIIMN; TOTT — CUTHAJI JOTIOJTHUTEIbHOTO U3MEPUTETLHOTO KaHaa.

MEPHUTEILHOTO KOMILIeEKca — MypomMa u Psa3anu — Ludposoit crmocob GopMUpoOBaHUS BBIXOTHBIX
JIJIsI ABYX BApUAHTOB (DOPMUPOBAHUS BEIXOOHBIX CUT-  CUTHAJIOB IIO3BOJIWII peaii30BaTh 00PabOTKY pe3yiib-
HaJIoB: 6e3 KOMIIeHcalluy U ¢ KOMIIeHcalueil GOHO-  TaTOB U3MEPEHUI C pa3IMYHBIM BpeMeHeM HaKOTILIe-
BBIX IIIYMOB. Pe3yJibTaThl MOKa3aJii BOCHOBHOM POCT  HMsI CUTHaJIa JJIs pelllieH!s 3a1a4y TTOBbILLICHUS YyB-
BEJIMYMHBI KO3 GUILIMEHTa KOPPEISILUU MPU Bbl- CTBUTEIBHOCTU CUCTEMBI. BBUIM BBIIOJIHEHBI pacue-
MOJTHEHUU KOMITeHCAllMK (DOHOBBIX IITYMOB. TBI C U3MEHEHUEM BpeMeHU HakoruteHust. Ha puc. 7

Taomna 1. KoadduimeHTsl KOppesiiny BRIXOTHBIX CUTHAJIOB Tpexauara3oHHoi pagnoMeTpudeckoit CBY-cucremMbr
U 3HAYEHUI MeTeonapaMeTpOB MPU3EMHOTO CJIOST aTMOCdeEphI

Mypom Ps3anp
A, CM / IOJIApU3ALUS
T,°C B, % U, mm/a T,°C B, % U, mm/a

bes komneHcauu ()OHOBBIX IIIYMOB
75 r 0.276 0.579 0.667 0.254 —0.386 0.128
B —0.729 —0.094 —0.575 —0.723 0.763 —0.131
19 r —0.789 0.340 —0.346 —0.717 0.631 0.300
B —0.803 0.321 —0.370 —0.731 0.650 0.270
1.35 r 0.035 —0.439 —0.211 0.090 0.09 —0.217

C xomrieHcalueit (POHOBBIX IITYMOB
75 r 0.430 0.316 0.945 0.647 —0.773 0.248
' B 0.525 0.326 0.923 0.679 —0.808 0.313
39 r —0.770 0.33 —0.234 —0.686 0.601 0.259
' B —0.777 0.299 —0.289 —0.639 0.610 0.196

Ipumeuarnue: T — TOpU30HTATIbHAS MOJISIPU3AIMSI, B — BepTUKaIbHasT, B — BiaxkxHoCTh, 1 — MHTEHCUBHOCTD TOXKIIS.

PAINOTEXHUKA U BDJIEKTPOHUKA Tom 68 Ne 6 2023



MHUKPOBOJIHOBAA PAAMOMETPUYECKAA CUCTEMA 603

(@)

(©) (B)

Puc. 5. TpexnuanazonHast panromerpuueckast CBU-cucrema; (a) MOOWIbHBIN BapuaHT: / — aHTeHHAasI KOJIOHKA; 2 — aHTEHHa;
3 — paguoMeTpuiecKasi cucteMa; 4 — IOBOPOTHOE YCTPOMCTBO; 5 — METEOCTAHIIMST; 6 — BJIEMEHTBI OJIOKOB YITPaBJIECHUS U 00-
paboTku uHGpopMauuu; 7 — anekTporeHeparop; (0) crauyMoHapHbIil BapuaHT: /| — npsiMOOKyCHOE 3epKajo AMaMeTPOM
2400 MM; 2 — MHOTOKaHAaJIbHbIN TBYXMOJOBBII 00JIyyaTesib CO CHSITOM METe03alluTOoi; 3 — MHOrOYaCTOTHbBIM BOJTHOBOIHBIN
MUKPOBOJIHOBBII KauopaTop; 4 — YIJIOMECTHBIN TPUBOJ; 5 — a3MMYTaJIbHbIN MTPUBO; (B) AHTEHHA B YBEJIMYEHHOM MacIlITa-
6e: KaHaJ 7.5 cM BepTUKaJIbHOM (/) ¥ TOpU30HTAIbHOI TToJsipusatvu (/') 1 fonoIHUTEbHBIN (1"); KaHast 3.2 CM BEpTUKAaJb-
HOIi (2) ¥ TOpU3OHTAJIBHOM MOJIsipr3alvy (2') ¥ TONOJHUTEIbHBIHN (2"); KaHal 1.35 ¢cM ropu3oHTaIbHOM MoJisipu3anuiu (3).

PAAMOTEXHUKA U OJIEKTPOHUKA TtoM 68 Ne 6 2023
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Puc. 6. aTtepdeiic cuctembl cOOpa M perucTpauy JaHHBIX U3MEePEHUI Tpexauana3oHHol paagnoMerpudeckoit CBY-cucre-

MBI (CKPUHILIOT).

ITOKa3aHbl BPEMEHHbLIC 3aBUCMMOCTH BbIXOOHBIX CUT'-
HaJIOB TPEX OUAITa30HOB OJIs1 BPEMCHU HAKOIUICHUA
0.1 120 ¢ [29].

AHanuM3 IOJyYeHHBIX PEe3yIbTaTOB ITOKAa3aJl, YTO
ISt KaHaua ¢ yactoroii 22 'l yBenmmueHne BpeMeHN
HakoruieHUs 10 20 ¢ oKa3anoch NpeaesibHbIM C TT031-
WU OTCJIEXWBAaHUS BpEeMEHHBIX U3MEHEHUI CUTHA-
JIa, TaK KakK B OIIpeAeIeHHbIE MOMEHThI HEOOIbIIIE
M3MEHEHUSI BEIXOMHOIO CUTHAJIA CIa0bo0 IIPOSIBIISIIOT -
CsI, UYTO MOXKET IIPUBECTHU K 3aHIDKEHUIO OTKJIMKA CH-
CTeMbl Ha UBMEHEHUE COCTOSIHUST aTMOCchepbl, (DUK-
cupyeMoe B JaHHoM auana3oHe. [Ipu mambHeilem
yBeaIudeHU T 3(P@eKThl ycpemHeHUsl MPUBOIAT K
IIPONYCKY OOJIBIIETO KOJIMYECTBA TAKUX PE3KMX Ie-
PEXOIOB B CHTHAJIE, YTO B KOHEYHOM HTOI€ MOXKET
MIPUBECTU K HEMPaBUJIBbHOI OLIEHKE METEOPOJIOTYEe-
CKOI CUTyalluM B YCJIOBUSIX OBICTPOPa3BUBAIOIINXCS
aTMoc(EepPHBIX ITPOIIECCOB.

Takmm obOpa3oM, ObITa TOKa3aHa TPUHINITAAIb-
Hasli BO3MOXHOCTb TOBBIIIEHUSI YYBCTBUTEIbHOCTHU
pammomerprdecknx CBY-m3mepenmit mpu yBeamde-
HUHN BPEMEHHN HAKOIUICHUWSA BBIXOAHBLIX CHUTHAJIOB ITpU
BBEACHUM OTPAaHUYEHUI, OOYCIIOBJICHHBIX CKOPOCTHIO
W3MEHEHUs] BBIXOIHOTO CUTHAJIA TIPY HAJIUYUK B 30H-
IUpyeMoil o0JlacTi OBICTPOPA3BUBAIOIIMXCS aTMO-
cepHBIX IpoLeccoB. BITToNHEeHNe TaHHOM TTPOLIeay-
pPbl — M3MCHCHUA BPEMCHU HAKOIUICHUS CHUTHaJIa
MpU BHISIBIIECHUY 00pa30BaHUsI OITACHOTO aTMocdep-
HOTO SIBJICHUS B MCCIIECOyeMOM 001acTh aTMocdephl
JIOJI3KHO OBITh PETYJIMPYEMbIM CUCTEMOM MPU OLIEHKE
CKOPOCTY U3MEHEHUS BBIXOOHBIX CUTHAJIOB TP BBE-
JOJCHUU I/IHTeﬂﬂeKTyaJ]bHOﬁ CUCTCMBI YITpaBJICHUA CU-
CTEeMBI, HallpUMep, BKIIIOYEHUST HEMPOHHOM CeTH B
COCTaB CUCTEMBI.

PAAVNOTEXHUKA 1 BJIEKTPOHUKA

3. 3AIAYUN 11 HATIPABJIEHUA PASBUTUA
MHNKPOBOJIHOBbIX PAIMOMETPUYECKUNX
WCCIEJOBAHUN ATMOC®EPLI
B MYPOMCKOM MHCTUTYTE

PaGoTte! B pamkax mpoekTa Poccuiickoro HayqyHOro
¢doHIa MO3BOIWIA MPOBECTU MaTepUATbHO-TEXHUYE-
CKYI0 U METOIMYECKYI0 MOJEPHU3AIMIO KOMILIEKCa,
o0ecrneyrBallyl0 pelleHre 3a1a4 MOBBIILIEHUST TOY-
HOCTHU, YYBCTBUTEITBHOCTH, MH(MPOPMATUBHOCTUA U3ME-
pPEHUIA, a TakKe pear3aliiid HEMPEPHIBHOTO pexXrma
n3MepeHuii ¢ hopMrupoBaHUEM Oa3bl Pe3yJIbTaTOB.

BoeInoaHeHHBIe UCCeA0BaHUS TTIO3BOJIMIN OMpe-
JeJINTD CJAEAYIolIue OCHOBHBIC HAIIPABICHUST pa3BU-
TUSI MUKPOBOJIHOBOM paguMOMETPUM B HAyUHO-MUC-
clIeqoBaTeIbCKOM abopaTopuu MypoMCKOro WH-
CTUTYTA:

— HemnpepbIBHOE 30HAMPOBaHUE aTMOChEPHI IPU
GOJIBIIINX 3€HUTHBIX YIJIaX ¢ (DOPMUPOBAHUEM apXy-
Ba PE3YJIbTATOB M3MEPECHUI I peIIeHUsT 3amadu
OIEePaTUBHOM OLIEHKU MPOCTPAHCTBEHHO-CTPYKTYP-
HOIT OMHOPOITHOCTH aTMOC(HEpPHI;

— MMKPOBOJIHOBOE HCCJIeoBaH1Ee (DPOHTATbHBIX
aTMOC(epHBIX IIPOLIECCOB C (POPMUPOBAHUEM WH-
¢dopmMalIMOHHOM 0a3bl M Pa3BUTHEM CHUCTEMBI OLICH-
KM COCTOSIHUSI aTMOC(ephbl HA OCHOBE BBEICHUS HEli-
POHHOM CETHU.

IIpu pemeHny 3amayy CHIDKEHUS ITOTEPh BXO-
HBIX CUTHAJIOB B pammomeTpnyeckoit CBY-cucreme
paccMOTPEeHO TOCTENIeHHOE BBEIEHUE B €€ COCTaB
ycrpoiicTB paguodoronuku [30]. Ha nanHoM 3Tare
JlaHa OlIEHKAa CHIDKCHMsS MOTepb CUTHaJIa B ¢uaepe
MPpU 3aMeHe KOAKCUaJIbHOM JTMHUU Tiepenadyn onTude-
CKMM KaHAaJIOM C OIITO3JICKTPOHHBIMU IIpeoOpa3oBaTe-
JIsiMU. BbUTM BBIOJIHEHBI M3MepeHMs (puc. 8), KOTo-
Ne 6
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MHUKPOBOJIHOBAA PAIMOMETPUYECKAA CUCTEMA

0.0088
0.0086
0.0084
0.0082
0.0080 T T

10 15 20 25 30 35 40 45 50 55

0.015
0.014 |-
0.013 -
0.012 -

0.011 1
0

5 10 15 20 25 30 35 40 45 50 55

BrixomHoe HanpsokeHue, B

0.038
0.036
0.034
0.032
0.030 !

40 45 50 55

0 5 10 15 20 25 30 35
Bpewms, mun

605

(@)

0.0086
0.0084
0.0082
0.0080 .

10 15 20 25 30 3

45 50 55

5 40

(6)
0.015
0.014
0.013
0.012
0.011 !

10 15 20 25 30 3

45 50 55

5 40
(B)

0.038
0.036
0.034
0.032

0.030 .
0 5

45 50 55

25 30 35 40
Bpewms, mun

10 15 2

Puc. 7. BpeMeHHast 3aBUCUMOCTb BBIXOIHBIX CUTHAIOB paguoMmeTpudeckoit CBY-cucremsr Ha yactorax 3.5 (a), 10 (6) m 22 I'Tix

(B) mpu T = 0.1 ¢ (cnmeBa ) u 20 ¢ (crpaBa).

pBIe TI0KAa3aJIx, 4To Iipu inHe dpunepa 30 M BbIMTPHIII
10 MOTEPSIM TIEPENAYX B ONTUYECKOM KaHaJsle TI0 cpaB-
HEHMIO C PaAM0YacTOTHBIM TpakToM paBeH 10 nb.

Takum 06pa3oM, 3a1a411 MUKPOBOJTHOBBIX PaIiO-
METPUYECKUX UCCIEOOBAaHUI aTMOChephl B HAYYHO-
HUCCIeI0BaTEeIbCKOM JabopaToput MypoOMCKOro nH-
CTUTYTA COCTOSIT B CJICAYIOLIIEM:

— BKJIIOUEHUE PAANO(POTOHUKH B COCTAB CUCTEMBbI
Ha ypoBHE (hOPMHUPOBAHUSI U 0OPAOOTKM BHIXOTHBIX
CUTHAJIOB;

— BBEJICHME B COCTaB CUCTEMbI HEAPOHHOM CETHU C
pelleHueM 3afa4 MHTEJUIEKTYAJbHOTO YIpaBICHUS
BpeMeHEeM HAKOILJICHUST BLIXOMHOTO CUTHAJIa, Orepa-
TUBHOM OLICHKM HAJIMYUS YCJIOBUM (OPMUPOBAHUS
OIMAaCHBIX aTMOC(EpPHBIX SBIEHUI B UCCIEIyeMOit
obnactu atMmocdepbl, GoOpMHUPOBAHUS MPOTHO30B
pa3BUTUS CTPYKTYPHBIX U3MEHEHUIT B aTMOcdepe.

3AKJIIOYEHHME

HanpapieHre MUKpPOBOJTHOBBIX pagliOMeTpuye-
CKMX McclieqoBaHUi atMocdepbl B MypoOMCKOM MH-
CTUTYTE MMEET UCTOPUYECKME U METOHOJIOTrMUYECKIe
OCHOBBI, 0a3UPYIOLIMECS HA TOJTOBPEMEHHOM OIThI-
T€ MPOEKTHBIX Pa3pabOTOK U HATYPHBIX U3MEPECHUIA.

PAJIUOTEXHUKA U BJIEKTPOHUKA

TOM 68 Ne 6

CoBpeMeHHBII 3Tall Pa3BUTUS HAIIPABIICHUST MUK~
POBOJTHOBBIX MCCJIEIOBAHUI XapaKTEepPU3yeTCsl peau-
3aLueil COBpeMEHHBIX ITPUHIIUIIOB IpreMa 1 00paboT-
KW CUTHAJIOB M OPUTHHAJIbHBIX TTOAXOA0B K YCOBEP-
IIEHCTBOBaHUIO pamuoMeTpuueckux CBY-cucrem,
O0OYCIIOBJICHHBIX MPUHLUIIOM MX (YHKIIMOHUPOBA-
HUSI — MpHeMa IIUPOKOIIOJIOCHOTO IIIYMOBOIO CUT-
HaJjla ¢ HeOOXOIMMOCTBIO peain3alui eTo IMPOCTpaH-
CTBEHHOM CeJIEKIINU.

Peanuzalinsg B MHOrOOMANa30HHON pagrioMeTPH-
yeckoii CBY-cucremMe KoMIleHcallu BAUSHUS (HO-
HOBBIX IIIYyMOB IO3BOJIMIIA MEPEUTU K HAKJIOHHOMY
30HIMPOBAHUIO TIPU3EMHOIO CJIOsI aTMOochephl TIpu
GOJIBIIMX YIJIaX BUBMPOBAHUS U PEIIUTH arlIiapaTHhIe
3aJa4¥ JUCTAHLIMOHHOTO 30HAWPOBAHUS IIPU MpPO-
THO3MPOBAaHMUU ONACHBIX aTMOC(EePHBIX SIBJICHUIA.

I[ndposas o6paboTKa BBIXOMHBIX CUTHAJIOB pa-
muoMerpudeckoii CBY-cucremMnl pacimmpuia BO3-
MOXHOCTHU KaK TOBBIIIEHUS] YyBCTBUTEILHOCTU CU-
CTE€MBbI, TaK U pacllIMpeHUs] BAPUATUBHOCTU aJITOPUT-
MOB OLIEHKH Pe3yJIbTaTOB U3MEPEHUI MIJIsl pelIeHUsI
3aJa4 MPOTHO3MPOBAHUS ITPU BCTpAaMBaHUU HEHPOH -
HOI CeTU B COCTaB CUCTEMBI.

ABTOpHI 3asIBJISTIOT 00 OTCYTCTBUM KOHMDIIMKTA
WHTEPECOB.

2023
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Puc. 8. CtpykrypHas cxeMa J1abopaTOpHOTO CTeHIa U3MEPEHHUS IIOTePh B paIo4acTOTHOM (a) M pagnodoToOHHOM TpakTe (6)
MPOMEXYTOYHOI YaCTOThI M BHELIHUIA BU JJa00paTOPHOTO cTeHaa (B).
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PNHAHCUPOBAHUE PABOThHI

HNccnenoBaHue BBIMOJIHEHO IIpU (DUMHAHCOBOM IOI-

nepxke Poccuiickoro HayyHoro doHma (mpoekt 21-19-
00378).
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