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OBIIASA XAPAKTEPUCTUKA PABOTHI

AKTyanbHOCTBb TEMBI.

Pa3BuTHe TeXHMKM W  TEXHOJOTHI, CBS3aHHBIX C  HCIOJb30BaHUEM
3JIEKTPOMATHUTHBIX BOJH, TaK WJIM WHAYC CTAIKHBACTCS C MPOOJIEMON MOTEpPh ITHX
BONH B arMmocdepe 3eMiM, B BOJHOBEIYIIUX TpAKTaX, aHTCHHAX, Cpelax W
MaTepuaiax. [1ormomeHne 3IeKTPOMarHUTHRIX BOJTH CYOTEPIIOBOM HAMA30HE YaCTOT
(Cy6TTm, 0.1 - 1 Tl'u) B moceaHne Ba AECATHIICTHS CTANO OTHOM M3 aKTyallbHBIX
3amad  paguo¢usmkd. MccimenoBaHMS — TIOTJIOMIAIONINX — CBOWCTB — aTMoc(hepsl
HEOOXOMUMBI Ui HYXI PaTdOAaCTPOHOMHH, TEIEKOMMYHHKAIWN, MOICTUPOBAHHS
TEIUTOBOTO OanaHca IUIAHEeTHl U IPYTUX HMPaKTUIeCKUX NpuiIokeHuil. PagrmoBomHOBas
ammaparypa M CBS3aHHBIC C HEH TEXHOJOTHWH Pa3BHBAIOTCS 10 IYTH IMTOCTEIICHHOTO
YBEJIMYCHUS 4YacTOT, M NPOJIBHKECHHUE B HampaBieHun TeparepuoBoro (TIm)
JMama3oHa SIBISETCS OJHMM U3 KIIOYEBBIX MPHOPUTETOB Pa3BUTHSI MHUPOBOH U
poccuiickoii Hayku, 3adukcupoBaHHbIM Pacnopspkenuem I[IpaBurenbctBa PO ot 31

nexabps 2020 r. Ne 3684-p : . Ilpu o3TOM ans HYXJ paguoacTPOHOMHH,
TENICKOMMYHHKALIMH, MOAENHPOBAHUS TEIUIOBOTO OallaHCa TIIIAHETHI W APYTHX
NPaKTHYECKUX  NPWIOKEHUH,  HEOOXOAMMBI  IPAKTHYECKHE  HCCIICTOBAHUS
MOTJIOIIAIOIINAX CBOWCTB atMocteprl. Ilepemaua mammeix B CyOTIm muamazoHe
ABJSIETCS OHUM M3 MEPCIEKTUBHBIX HANpaBICHHUH IO BO3MOXXHOMY PaCIIMPEHHUIO
MPOITYCKHOW CIIOCOOHOCTH pajiOoKaHalia, HO JMCCHUIIAIMS BOJH B aTMOc(epe CHUKAET
€ro MPOITyCKHYIO CIOCOOHOCTh. YacTh HacTosMIell pabOThI MOCBSIIECHA UCCIIEAOBAaHHIO
MHKpPOBOJIHOBOTO ~ aCTPOKJIMMAaTa, T.€. COBOKYIMHOCTH aTMOC(EPHBIX YCIIOBHH,
BIHMAIONIMX Ha HpOmyckHyro crocoOHocTh CyO0TIm pammoxaHaloB M Ha KadecTBO
aCTPOHOMMYECKHMX HaOmiofeHuWi. AmmapaTypa ans  ucciepoBanus cyoTTnm
acTpoK/IMMaTa He HPOU3BOJUTCS CEPHHHO, MO3TOMY OCOOCHHO aKTyalbHa 3ajada
CO3JJaHUSl W MOJICPHM3AIMU aNNapaTypbl JUIS 3KCHETUINOHHBIX HCCIIeIOBAHUN
npo3pauHocT atMochepsl B Cy0TI'L] nnama3oHe 4acToT.

HccnenoBanus npo3pavyHOCTH peabHON aTMOC(hepH! B ITOJIEBHIX YCIOBUSIX TECHO
3aBsi3aHbl HAa MaTeMaTH4YeCKHE MOJIEIH aTMOC(EpPHOTo MOTJIONICHHUs, OCHOBaHHBIE HA
Ja00paTOPHBIX JaHHBIX M KBaHTOBOW MexaHuke, Hanpumep MPM Liebe [7] win
Moliere (Microwave Observation and Llne Estimation and REtrieval) [8]. B ux
OCHOBEe JIeKaT 0a30BBIE TapaMeTphl IOTJOMICHHUS, TIOJydeHHbIE METOJaMH
nabopaTopHOH crHeKTpockonmuu. B HacTosmed paboTe 3aTparuBarOTCS BOIPOCHI
71a00paTOPHBIX WCCIIEAOBAHUH CIIEKTPOB MOTJIOMICHUS aTMOC(hEpHBIX ra3oB B cy0TT 11

' Cm. 3 a63ar 9 crpanuusl [Iporpammel QyHIaMEHTAIBHBIX HAYYHBIX HCCIIECOBAHUH
Ha jgonrocpounslii nepuog 2021-2030rr.
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Juama3oHe. B COBOKYHMHOCTM HCCIIEOBAaHHUS IPO3PAadHOCTH aTMoc(epsl B
Ja0OpaTOPHBIX W TIOJIEBBIX YCJIOBHMSAX JIONOJHSIOT JpYyr JApyra, naBas HamOouee
MOJHYI0 MHGOPMAIUIO 00 YCIOBUIX PaclpOCTPaHEHUsS PaJHOCUTHAIOB B aTMocdepe
3emim aus 1ened paguoacTpoHOMUM M TenekoMMmyHukanmu B Cy0TI'm obnactu
CIIEKTpa.

Hear aucceprammonHoii padorbi: [lonmydyenne netanpHOM HHpOpMaUMU O
noromeHnn BoH CyO6TI 1 anamasoHa gactoT B atMocdepe 3eMiH IIyTéM IMPSIMBIX
W3MEPEHUI MOTJIOMEHNS] B MOJNEBBIX M JTAOOPATOPHBIX YCIOBHAX U MPAaKTHYECKUX
enel paAnoacTpOHOMHH, TEIIEKOMMYHHUKAIUH U CIIEKTPOCKOIIHH.

Peanuzanus faHHON ey MperonaracT peeHne CIeayomuX 3a1a4:

1. PasButme CBU-pammoMeTpudeckux  MeETOJOB  00pabOTKM  TaHHBIX
acTpOKJIMMATa, MOJIyUYEHHBIX paguoMeTpuueckuM komiuiekcom MUAII-2, ¢ yuérom
(usnyeckux CBOiCTB aTMOc(depbl, MapaMeTpOB armmaparypbl 1 0COOEHHOCTEH MeToaa
«aTMochepHBIX pa3pe30By.

2. MonepHu3zaiysi MUKPOBOJHOBBIX pajloOMeTpU4eckux KomIuiekcoB MUAIL-2
C LETbI0 pacUIMpeHus] UX (YHKIHMOHATIBHBIX BO3MOXXHOCTEH M YIIy4IIeHUs pabodnx
napameTpoB. Co3aHue anmapaTHO-MPOrPaAMMHOTO KOMIUIEKCA CHCTEMbI YAAIEHHOTO
JocTyna W ajantauus paauoMerpuyeckoro komiviekca MUAIL-2 k anurenasHbIM
ABTOHOMHBIM IT0JICBBIM HaOTIOCHUSIM.

3. MopepHusanust  1abOpaTOPHOTO  PE30HATOPHOTO  CIIEKTPOMETpA I
obecrieueHns  NPOBEACHHUS  BBICOKOTOYHBIX  HCCIEIOBAHUHM  CHEKTPAIBHBIX
XapaKTEePUCTUK aTMOC(EPHBIX Ta30B B HMIMPOKOM JAHANa30HE TEMIIEPATyphl, AaBICHUS
1 4acToT.

4. TlomeBble HCCIENOBAaHUS BPEMEHHOH W3MEHUMBOCTH  XapaKTEPHUCTUK
MPO3PavyHOCTH aTMOC(Eepsl B MHJIMMETPOBOM JIMANa3oHe Ha Pa3jIMYHbIX IUIONIAIKAX
C IeJbI0 CPaBHEHHUS MX MEXIy COOOH M MOMCKAa HAWIYYIINX acTPOKIMMATHYECKUX
YCIIOBUH.

5. JlabGopatopHble wHccIeqoBaHUS crhekTpa moriomeHus BoixH Cy0TTn
JranasoHa B atMocdepe 3eMin B IMPOKOM JTHANa30He TeMIIEPaTyphl ¥ JaBICHUSL.

6. Pa3paboTka MeTONOB pacyéra IOIVIONIEHHS B pEaIbHON armocdepe II0
MeTeolapaMeTpaM ¢ MCIIOJIb30BaHUEM CIIEKTPalIbHBIX MOAeNeH mornomenus. [lonck
B3aMMOCBSI3M  OKCIIEPUMEHTAIBHBIX [aHHBIX O TIPO3PAYHOCTH aTMOC(EpHl W
MeTeonapaMeTpoB.



Hay4ynasi HoBH3HA:

* Bnepsele B xome 1l-Tu  odKcmeauMIMHA  NPSIMBIM  H3MEpPEHUEM
9KCIEPUMEHTAILHO UCCIIE0BaH MUKPOBOJIHOBBIH aCTPOKIMMAT 22-X MEPCIEKTUBHBIX
Toyek pasmerieHuss cyOoTln mHCcTpymeHToB Ha Teppuropun Ceepo-BocTouHoro
nonymapus. Cpeau HCCleIOBaHHBIX IUIOMIAZOK BBISABICHBI TPU JIMAUPYIOLIHE MO
ACTPOKIIMMATHYECKUM yciIoBusAM Ioiomanku: miato Cydda, ropa Myyc-Xas u
obcepatopust UC3D (Monzsr).

* IlpemmoxxeHa wu anpoOupoBaHa HOBasg MeTOAWKa 00pabOTKM JaHHBIX
acTpoKIMMara, Mo3Boysifomas CHu3uTh Ha 30% ommOkk pacuéra ONTHYECKOH
TOJIIMHBI, CTPOUTH CTATUCTUYECKHIE AUArPaMMBbl M aHAIN3UPOBATH JaHHBIC.

* MopnepHu3anyst ~ MHKPOBOJIHOBOTO  J1TaDOpaTOpHOrO  pPE30HATOPHOTO
CIICKTpOMETpa II03BOJIMJIA JOCTUYb yHHKaJ’ILHOﬁ YYBCTBUTCJIBHOCTU 1o

1 B nuamazome uwactor 45-500 TTu u

ko3 durmenty mormomenus 4 x 10 ° cm
nasieruit 10-1000 MM pT. CT.

* Ha MonepHU3HPOBAHHOM PE30HATOPHOM CIIEKTPOMETPE BIEPBBIEC MOTYYECHBI
9KCIIEPUMEHTAIbHO M TPEJOCTAaBICHBl pa3paboTUMKaM KPUOTEHHON aHTEHHBI
MwmiMeTpoH  3HadeHus Kod(p¢uimeHToB oTpaxkeHus u3nydeHus CyoTIln
Juama3oHa TIpM KPUOTEHHBIX TeMIlepaTypax [uii oO0pasloB METauIOB |
METAUIMIECKUX TIOKPBITHH: MeIb, AJIOMHHHH, 30J0TO, cepedpo, a Takke Ui
KOMMEPYECKOTO BBICOKOTEMITEPATYPHOTO CBEPXIIPOBOIHUKA.

* Ha  MomepHHW3MPOBAaHHOM  PE30HATOPHOM  CIEKTPOMETPE  BIIEPBBIE
9KCHEPUMEHTAIBHO HAOIIOANICS CIEKTP AUMepa BOJBI B MIVUIUMETPOBOM THANa30HE
JUTMH BOJIH MU Temrieparypax ot 7 1o 49°C u aaBnenuu ot 4 10 43 MM.pT.CT.

IIpakTHyeckasi 3HAYMMOCTh

» IlIupoxuii reorpaduyecknii 0XBaT HCCIEJOBAHUH acCTPOKJIMMAaTa IO3BOJIMII
9KCIIEPUMEHTAILHO BBISIBUTH OCOOCHHOCTH MHKPOBOJIHOBOI'O —acTpPOKJIMMAaTra B
Pa3IMYHBIX KIMMAaTHIECKNX 30HaX M BBICOTax HaJl ypOBHEM MODS, a TaKKe CPaBHUTH
nmapaMeTpsl acTpOKIMMara B Pa3HBIX MeECTaX [0 JIaHHBIM OJHOTO IpuoOopa.
Ony0OnukoBaH Uit MyOJMYHOTO JOCTYyNa IOJHBI MacCWB ITOJy4eHHbIX 3a 10 jer
9KCHEPUMEHTAIBHBIX TAHHBIX.

*  DKCIIEpUMEHTAJIBHO MOIy4eHa 3aBUCHMOCTh WHTETPAJbHON NPO3PAaYHOCTH
atMocdepbl OT BBICOTHI MECTa HAOJIOIEHUT.

* Ha ocHoBe pe3ynbTaToB HCCienoBaHHWi acTpokyimMmarta Ha tuato Cydda,
BBIpAOOTaHBl PEKOMEHIAIIMH MO KOPPEKTHPOBKE MPOEKTHOTO paboyero Imana3zoHa
teneckona PT-70 no 3HaueHuit He Kopoue 3 MM M LeiIeco00pa3HOCTH YCTaHOBKH
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nononHATeNbHOT0 ¢y0oTI T Tenmeckomna (Ha OKHAa MPO3PAYHOCTH aTMocdepbl 3 MM U
kopoue) Manoro auamerpa (12-20 m) B okpectHOcTH Cyddbl Ha BeICOTE OoJee 3KM.

* Ha ocHOBe pe3ynbTaTOB M3MEPEHUH MOTEph Ha OTPaKEHHE BHIPAOOTAHBI
PEKOMEHAAIMKA O pa3pabdOTKe 3epKaJbHOW CHCTEMBI KPHOTCHHOTO KOCMHYECKOTO
Teneckona MuIMMEeTpoH.

* IlpoBeneHBl HU3MEPEHUsS] CIEKTPOB aTMOC(EPHBIX TIa30B C YHUKaJIbHOH
TOYHOCTBIO, YTO ITO3BOJIWJIO IOMOJHMTH CHEKTPAJIbHBIE 0a3bl TAHHBIX B MOJEINAX
aTMOC(EepHOTO TOTJIONICHHSI.

OcHoOBHbIE MOJI0KeHHS, BHIHOCHMBbIE HA 3aIIIUTY.

1) BumepBple METOIOM TPSMBIX PAaAHMOMETPHUYCCKHX HM3MEPEHHN HCCIEJOBAaHBI
napaMeTpsl MPO3pavyHOCTH aTMOC(Ephl B MIJUTUMETPOBOM JTUANa30HE JUIMH BOJH Ha
MEPCTIeKTUBHBIX  IUIOMIAJKaX  JUIsl  CTPOUTEIhCTBA  PagHOaCTPOHOMHUYECKOMN
ooceppatopun Cy0TI'n1 pauama3oHa W/WiaM HA3eMHOrO TEpMHHAIa JalbHEH
KocMHueckol cBsi3u B Bocrounom nomymapuu. Ilokazano, 4Tto cpenu
WCCIIEIOBAaHHBIX IUIOMIAJ0K HAUIYUYIIMMH [0 AacTPOKIMMATUYECKUM YCIOBHSIM
sapisttoTest  tomaaku: 1wato Cydda, ropa Myyc-Xas u obcepBatopus MC3D
(MoHpI).

2) MacmTabHas MOJCpHHM3AIHA PaIdOMETPUIECKHX KoMIuiekcoB MUATI-2
MO3BOJIMJIA BECTH C WX IIOMOIIBIO JUIMTEIBHBIC HCCICIOBAHUSA ACTPOKIMMATa B
TPYAHONOCTYIIHEIX ~MeCTaX B peXuMe yraméHHoro nocryma. Co3maHHOE
000pyIOBaHHE TIO3BOJIMIO TIPOBECTH HAJAE)KHBIE W3MEPEHHUS AacTpPOKIMMara C
cyMMapHoO# HapaboTko# cBaite 45 000 yacos.

3) PaspaboranHas MeTOmMKa OOPaOOTKM MAaHHBIX AaCTPOKIMMATa IO3BOJIMIIA
CHHM3UTH OIMIMOKY pacuéra ONTUYECKOM TOIIUHBI aTMochephl Ha 30% Mo CpaBHEHHUIO
C KJIACCHYECKUM METOJIOM «aTMOC(HEPHBIX pa3pe30oBy.

4) Pacumpenne pabodero Imama3oHa TEMIIEPaTypel B PE30HATOPHOM
CHEKTPOMETpe, a TaKKe ONTUMHU3AIMs CTPYKTYpPHl W  TEPMOCTaOMIH3aIHS
KBa3HMONTHYECKOTO TPAaKTa MO3BOJMIN IOCTHYh UYBCTBUTEIBFHOCTH CIEKTPOMETPa
nopsiAKa 4x10° cm™ B nuana3zone 45 — 500 I'T'u. BrepBble npoBeAEHHbBIE MPSIMBbIE
W3MEPEHUs TOTeph Ha OTPAXCHHE OT METAJUIOB M METAJLTH3HPOBAHHBIX TOKPBITHHA
NpY  KPUOTEHHBIX TEMIIEpaTypax JEMOHCTPUPYIOT MPEHUMYIIECTBO  3€pKal,
W3TOTOBJICHHBIX M3 YHCTHIX METANIOB (MEIH, alfOMHHUA, 30J10Ta WM cepedpa) Imo
cpasHenuto ¢ BTCII.



JIn4HbIi BKJIaA aBTOpa

ABTOp NPHHUMAJ HEMOCPEACTBEHHOE YUacTHe B: OpraHu3aliy, HOArOTOBKE U
MPOBEACHUM OJKCHEIUINM MO HUCCICNAOBAaHUIO MHUKPOBOJIHOBOTO AacTPOKIMMATa;
U3MEPEHUSIX CIEKTPOB aTMoc(epHBIX Ta30B W IOTEPh Ha OTpaKeHHE Ha
pPE30HATOPHOM  CIIEKTPOMETpPE MM H  CyOMM  [Hama3oHOB;  CO3IAaHUH
MOJICPHU3UPOBAHHON BEpCHHM KPHOTEHHOTO pe3oHaTopHOTo cnekTpoMerpa CyoTIln
JMana3oHa; N3MEPEHMsAX MOoTeph Ha oTpakeHwe m3nydeHus CyOoTI'n nmamazona ot
METAJUIOB M METAJUIN3UPOBAHHBIX MMOKPBITHH IPH KPHOTCHHBIX TEMIIEpATypax.

ABTOp JIMYHO: MOJEPHU3NPOBANI paanoMerpudeckuil kommuiekc MUATII-2 mns
JUINTENBbHBIX aBTOHOMHBIX HW3MEPEHHH acTpoKIMMara, 3aHHUMaycs o00paboTKoi
JAHHBIX acTPOKJIMMAaTa, MOTYYeHHBIX Ha mpubdopax MUAII-2, a Taxke pazpaboran u
NPOTECTUPOBAT ~ ANTOPUTM  OOpabOTKM  JaHHBIX  AacTPOKIMMATa;  3aHUMAJICA
OpraHu3aIfel SKCIeANLHUI o UCCIeJOBAaHUIO acCTPOKINMATa, B TOM YHCJIe B paMKax
cBoux npoektoB POOU u IEEE; Bcero ycmemno mpoBén 11 skcmeaunuii, B TOM
quciae 7 B pOSM PYKOBOJIUTENS; BBIIOJIHMI paObOTHl 0 MOAEPHU3AIUH CIIEKTPOMETpa
MM W cyOMM JMama3oHOB B 4YacTH OOECIEYEHHUs TepMocTadmin3aluu paboyero
00BEMa M KOHTPOJA TEMIEPaTyphl, a TaKXKe 3JIEKTPOJNHAMUYECKOH ONTHMHU3AINU
KBa3MONTHIECKOTO TPAKTA.

JlocTOBEpPHOCTD NMOTYyYeHHBIX Pe3yJIbTATOB

MOATBEPXKIACTCSI COTJIACHEM OKCIIEPUMEHTANIBHBIX pE3yJIbTaToB H3MEpPEHUI
MapaMeTpoB acTpPOKJIMMaTa C JIOCTYIHBIMH METEOpPOJOTMYECKHMH, 30HJIOBBIMH,
CIYyTHHUKOBBIMM M PaJAHOMETPUYECKHMMH JaHHBIMM, KOTJa TaKkoe CpaBHEHUE
BO3MOYKHO. Pe3ynbTaTHBHOCTH pabOThI METOIMKH 00pabOTKM JAaHHBIX aCTPOKIMMATa
KPUTUYECKH OLIEHEHAa Ha SKCIIEPHMEHTAIbHBIX JaHHBIX. Pe3ymbpTaThl MOJICpHU3AINH
PE30HATOPHOTO CHEKTPOMETpa IOJATBEPXKIAIOTCS BBICOKOTOUHBIMH H3MEPEHUSIMH
CIIEKTPOB aTMOC(EPHBIX ra30B M MOTEPh HA OTPAKEHHE, KOTOPbIE BAIMIHUPOBAIUCH O
AQHAJOTUYHBIM HU3MEPEHHSM Ha JIPYTHX CHEKTPOMETPAX.

Anpob6anust padoThbl.
OCHOBHBIE pe3yNbTaThl JUCCEPTALUN JOKIIAAbIBAIUCH HA

e Bcepoccuiickux — ceMumHapax 1O  paguodH3MKEe  MWIIMMETPOBBIX |
cyoMmmuMeTpoBsIX BoiH B 2013, 2016 n 2019 rogax



e Bcepoccuiickoit pammoacTpoHoMudecko KoHbpepenmnu «BPK-2014», 22-26
centsi0ps 2014, r.IlymuHo

e The International Symposium on Space Terahertz Technology (ISSTT) B 2014,
2018 u 2019 romax

e 4 Bcepoccuiickoil KoH(epeHIH «IJIEKTPOHWKAa U MHKpOdNieKTpoHHka CBUy,
2015

e Bcepoccuiickoit MukpoBonmHOBO# KoH(pepermuu B 2016, 2018, 2020 u 2022
rogax

e 32nd URSI GASS, Montreal, 19-26 August 2017

e Bcepoccuiickoit ActpoHomuueckoi koHpepernnu, 2017t

e International Suffa Workshop, 2018, 2020

e LCN Workshop. ¢ 2011 mo 2018 rox (1Bax1sI B TOxI)

e Konopepenuun TERA B 2018 n 2020 rogax

e IEEE COMSAC 2019, November 4-6, 2019

e Konpepenuun METANANO, 2020

e Bcepoccuiickoii koHdpepennus "Hazemuas actpoHomus B Poccun. XXI Bek",
2020 ronx
Marepuainsl JuccepTaliy AOKJIaIbIBAINCH M 00CYKaanuch Ha cemuHapax HUL]

KH HI'TY n UI1® PAH.

Myoaukauum.

ITo Teme aucceprammu oMyOJIUKOBaHO 55 HayIHBIX paboT, BKIovas 11 craTeii B
PELeH3UPYEMBIX M3IaHHIX, BXoasmux B cnucok BAK w/mnu 6aser Web of Science,
Scopus wmiu PUHII. 43 paboThl TpeACTaBICHO B MaTepHaiax POCCUHCKUX U
MEXAYyHapOIHbIX KOoH(MepeHuui, 3 Hux 18 BXomiar B 6a3bl nurupoBanus Web of
Science u/unu Scopus. OJMH MaTeHT Ha nporpaMmy Uit DBM.

CTpykTypa u cocTaB padoThl.

[Juccepranuonnas paboTa COCTOMT M3 YETHIPEX TJIaB, BBEACHMS, 3aKIIOUCHMS,
6ubmmorpaduueckoro cnmcka w3 155 HamMeHOBaHMH (BKJIIOYAas HaydHbIE TPYHABI
aBTOpa), a TaKXe CIIMCKa OCHOBHBIX COKpamleHud. OO0mmit 00bEM auccepTanuu
coctasisger 130 cTpanun, B ToM uncie 74 wumoctpanuu ¥ 11 Tadmum.



COAEPXAHUE PABOTHBI

Bo BBemenmm mpencraBieHa oO0mIas XapakTEpPUCTHKA JUCCEPTAllMOHHON
paboTHI: pacKpBIBACTCSI AKTYaJILHOCTh TeMBbI pabOoThI, €€ 1eNu M 3a/1a4u, MPUBOIUTCS
MpaKkTHYecKasi 3HAYMMOCTh PabOThI, a TaK)Ke COCTOSIHHE BOIIPOCAa Ha CETOMHSIIHHNA
JeHb M MECTO MHCCIIeIOBaHUH aBTOpa B Kpyry Omm3kux pabot. IlpuBenens
(¢opmanbHBle JaHHBIE O JAWCCEPTAIMOHHOM  HCCIIC[IOBaHWM: ampolanus W
My OIMKAIINH, JIMYHBIN BKJIA aBTOPA, MOJIOKCHHUS, BBIHOCHUMBIE Ha 3aIUTY, CTPYKTypa
paboThI U TIp.

IlepBas riaaBa HocuT 0030pHBEINH XapakTep. B pasgene 1.1 ommceiBaeTcs
MOCTAaHOBKA 3amaull wuccienoBaHuil. OOOCHOBBIBaeTCS OOLIMI MOAXOA K BBIOOPY
TEMATHUKH U IPOBOIUMBIM HCCIICIOBAHUSIM.

Pazgen 1.2 mocesméH 0030py 3ajad M METOJOB IOJICBBIX HCCIICIOBAHUIMA
ycrmoBuid  pacrpoctpanenuss CyoTI'nm BomH B armocdepe 3emun. OTmevaercs
HE00X0IMMOCTh HOUCKa TUIOLIAIOK TSt CTPOUTENBCTBA Ha3eMHOU
PaaroacTpOHOMUYECKON CTaHIIMM MM M CyOMM Juana3oHoB. [lyisl mpenBapuTeIbHON
pa3BeKH acTPOKJIMMAaTa 3TUX IUIOMIAJ0K HEOOXOJUMO CO3JaHHE SKCIEIUIMOHHON
ammapatypbl M pa3BHTHE DPaTUOMETPHUECKUX METONOB H3MEPEHHS acTPOKIMMATA.
[IpuBeneHsl mpUMepHl pPAaAHMOMETPUUYCCKON  ammapaTypsl s HCCICHOBAHUA
atMochepbl B pa3IMYHBIX JAWAma3oHaX dacToT. OMUCHIBaeTCS  KOHIICIIHA
MOJICpHU3AINH paanoMeTpudeckoro kommiekca MUAII-2 ¢ yuérom o030pa
AHANIOTUYHBIX HMHCTPYMEHTOB. Kpome TOro, pa3BUTHE METOJOB HCCIICIOBAHUI
acTpPOKJIMMAaTa 3aBs3aHO Ha MOJEJIM IIOTJIOIICHUS M CIEKTPAIbHbIE HCCIEOBAHMS
aTMoc(epbl B KOHTPOIUPYEMBIX JTa00PATOPHBIX YCIOBHSIX.

B pasnesne 1.3 onuceiBaroTcs 337a4M U METOJbI JIAOOPATOPHBIX MCCIIEIOBAHUI
IOIJIOIIICHUS B aTMOC(i)epHI)IX rasax. OI[HI/IM 3 HanOoJIee TOUYHBIX UHCTPYMEHTOB IJIsA
Hucciea0oBaHuA CIICKTPAJIbHBIX XapaKTCpUCTUK IIOTJIOIIICHUS SIBJIACTCA
KBa3HMONTHYCCKUHA  PE30HATOPHBIA  creKTpoMeTp. OIUCHIBaeTCS  MPEIBICTOPHS
CO3/IaHMs PE30HATOPHOTO CIEKTPOMETpPa M €ro COCTOSHHE Ha MOMEHT Hadalo
uccnenoBannid.  [IpuBenéH  o030op mpobiieM ©W  OrpaHWYEHHA  MOJOOHBIX
CHEKTPOMETPOB, a TaKXKE MPEAJIOKCHB BO3MOXKHBIE TEXHHYECKHE PEIICHHS s
TIOBEIIICHUST YYBCTBUTENBHOCTH W pa3pemaromieil CIIOCOOHOCTH PEe30HATOPHOTO
criektpomeTpa. OMUCHIBAIOTCS €0 BO3MOXKHOCTH 110 BapHallMU YCJIOBUI M3MEpEeHHUH,
B YaCTHOCTH I10 AWAIIa30HY TEMIICpATyp U HaBHeHHﬁ, UX CTaOMJIIBHOCTH BO BPEMCHU.
OTMedaeTcsi HEOOXOAMMOCTh MOJIEPHU3AIMK PE30HATOPHOTO CIEKTPOMETPA B YaCTH
pacoimp€HUA TEMIICPATYPHOT'O JUAIIa30Ha U ITOBBIMICHUA IMTOBTOPACMOCTH HSMCpeHHﬁ.
CocrapisieTcsl TUTaH HCCIICOBaHUNA M Pa3paboTOK, HEOOXOAMMBIX I peau3aliuu
MOCTAaBJICHHBIX 3aJ1a4.



Bo BTOpoii rigaBe omnuceiBaeTcs pa3paboTKa y3IOB M MOAEPHHU3ANNSA
JBYXKaHAJILHOTO PaJHOMETPUYECKOro KOMIUIEKCa MHJUIMMETPOBOTO JHana3oHa IUis
M3MEpeHus aTMOC(EPHOTO TOTIIOIIEHUS B HATYPHBIX IKCIIEPUMEHTAX.

B pa3gene 2.1 mpuBOAUTCS ONMMCAHUE METOMUKH W3MEPEHUI, KOHCTPYKLHS U
cXeMbl mpubopa, NPHHIMI €ro padoThl, €ro TEXHHYECKHE XapaKTEPUCTHKH.
OnuceiBatoTcst cxeMotexHu4yeckue pemennsi CBU-TpakToB, MpUBOIATCS CXEMBI
yIpaBIeHUs 1 cOOpa JaHHBIX C OMMCAHWEM WX Ha3HAuCHMA M MpuHOUIA padortsl. Ha

pucynke 1 mpencraBieHa (YHKIMOHAJIbHAs CXeMa JBYXKAHAJIBHOTO DPaJHOMETpa
MUAII-2.

VITT, TeH 1 ik, YOI TER, Muoxnynarop-
DHY TMETEKTE ramopaTap Ll qpy
M e rf]g“ | o
T L= P
Py ne
AHTCHHRI
¥114 CveciTeTh Ren s Moszynarop-
o 13- 4% 117 ramEparop
1481 TTu, e (132-1481TT fed WII-170 | i SR '—‘<j
AETERTON (132-1 18T
3 1
¥IIT, levepainm
‘DHY 140 TTu
Bl YHPABICHUS Tpaiireph
HHTHHIL K L LY I LG
| Sros o | 17
bnok nnTanmn i
AT {LUSB-4716)
(LISA-4718)

Pucynok 1 — ®yHkumoHanpHas cxema 6yoka npuemankos MUATI-2
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B  pa3mese 2.2  mpuUBOAWTCSA ~ ONMHMCAaHWE  IIaroB  MOJEPHU3ALNN
panuoMerpudeckux kommiaekcoB MUAII-2 mostamHo. OmnuchIBaeTcs OpraHu3alus
yIaI€HHOTO JOCTyna, Kak croco0a YIpaBleHUS DPaJAUOMETPOM M cOOpa JaHHBIX.
[IpuBoauTCS Pacuér U UCIBITAHUE BOJIHOBOIHBIX (PHIBTPOB, YCTaHABIMBAEMBIX B 3-X
MM KaHaJ paguomerpa Ha miato "Cydda". YcranoBka Moaynsitopa-kaauOparopa Ha
BXOJie 2-X MM KaHaja IO3BOJIMJIAa BECTH HAOJIOAEHHUS B JBYX OKHAaX IPO3PaYHOCTH
atMoc(epsl. IlpuBoauTcs pacdéT M HW3MEpeHHe MNapaMeTpOB PYHOPHO-ITHH30BBIX
aaTeHH. OnuchIBaeTcs pa3paboTka aBTOMAaTHICCKOH IMOTOIHON CTAaHINH (PUCYHOK 2)
B Ka4eCTBE JOTIONHEHHS K paguomerpy MUAII-2.

™

PucyHok 2 - BHelmHui B METEOCTaHLIUU

Paznen 2.3 nocsaméH pa3paboTKe aJalTHBHOTO MeToAa OOpabOTKH JaHHBIX,
MOJy4yaeMbIX TPH IOMOIIM «aTMOC(EpHBIX pa3zpe3oB» (OJIOK-cxemMa anropurMa
mpeJcTaBicHa Ha puCyHKe 3). [3BECTHBIM HEIOCTATKOM METOIa aTMOC(HEPHBIX
pa3pe3oB SABISIETCSI HEBO3MOXHOCTh KOPPEKTHOUM pabOThl B YCIOBHAX OOJAYHOCTH, a
TaKke CO 3HAYMTENbHBIM I[IyMOM npuéMHuka. O0a dakTopa mNPUBOIAT K
JpaMaTHYECKUM OIIMOKaM IPHU BBIYMCICHUH ONTHUYECKON TOJIIMHBL. Pa3paboTaHHbIH
MeToJl (ITOPUTM) BKIIFOYAeT B cedst 5 3TamoB. ANTOPUTM YCHENIHO OTpPadOTaH Ha
m3MepeHusax npu momormm MUAITI-2. Pa3zpaboTaHHass METOAMKA MTO3BOJIMIIA CHU3UTH
omuOKy pacuéra onTH4eckoW TommuHbl atMocdepsl Ha 30% IO cpaBHEHHIO C
KJIACCHYECKUM METO/IOM «aTMOC(EPHBIX Pa3pe30By.
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Math CAD

integration time ;

MIAP-2 Qperating

D. inverse angles

— E. Tau caleutation

Output .dat file

Local time

Tau 3mm Tau 2mm

Total error

Pucynok 3 - biok-cxemMa METOAMKH
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TpeTbsi TrJaBa MOCBAIIEHA MOAEPHU3AIUN KPHOTEHHOTO PE30HATOPHOTO
CIIEKTPOMETpa MMJUIMMETPOBOIO [Hana3oHa C LeJIbI0 NPOBEACHHsS JIa0OpaTOPHBIX
UCCIIeIOBaHM MOTJIONICHUS BOJIH B aTMocdepe.

B paspese 3.1 npuBeseH NPUHIMI PaOOTHl KBa3UONTHYECKOT'O PE30HATOPHOTO
cnektpomerpa cyoTI' pamamazoHa, ero mapaMeTpbl M CTPYKTypHas CXema.
OOcyxIaroTcsi BO3MOKHBIE ITyTH YIIy4IIEHHsS MapaMeTpoB CIEKTpOMeTpa It
U3MEpPEHUIl  mapamMeTpoB  aTMoc(EpHBIX Ta30B AL HYXA  aTMochepHOH
CIEKTPOCKONMM W I HW3MEPEHHs MOTEPh Ha OTPAXEHHE OT METALIOB H
METAJUTM3UPOBAHHBIX TTOBEPXHOCTEH MpPH KPHOTCHHBIX TeMmeparypax. IlpuBozmsrcs
nepedeHb (HaKTOpOB, BIMAIOIINX HAa YyBCTBUTEJBHOCTh CHEKTPOMETpPA, CpEenu
KOTOPBIX HMHTEP(EPEHIN B BOJHOBOJHOM TPAakTe M TEMIICPATypHBIH «apudT»
3JIEMEHTOB CIIEKTPOMETpa.

) I

KO CEap

CHCTEME] OTKBHEN H MOIATH Ta08;
CHCTEMBI KOHTPORH TIBNEHNE
BHRHOCTH  TEMIEPATY PR

- KOMITBIITER

cHCTEME R

cTebTITIIe
W ynpanaesen JIOR

BHEIHHI \ -
| 1 cdepusccaie

EpHDe

OXNANHTENS

r 3
v

TIOCKDE
ILPELID
“

CHeTEMA
PeETHETRAN
w ofpaboTen
arHKn L3
PEIOHATOPR M THRI A ROy,
GO TiH K BAKYYMHAN KAMEpa

PucyHok 4 - ®yHKIIMOHANIBHAS CXeMa PE30HATOPHOTO CIIEKTPOMETPA

Pazgen 3.2 mocesaméH pacyéraM KBa3HONTHYECKOTO TpakKTa M pPa3pabOTKe
pEeKOMEHJaMid 10 ero MojAepHu3anuu. B dacTHOCTH, OBITM CMOJIEITHPOBAHBI
PYNOpPHBIE AHTEHHbl M MONY4YEeHbl UX NapaMmerpnl. [lanee, UCHOIb3ys KIHOYEBbIE
mapaMeTpsl PYIMOPHBIX aHTCHH B OJMKHEW 30HE, OBUIM PACCUYMTAHBI MApaMETPHI
KBa3uoNTHYECKUX ['aycCOBBIX IMy4KOB B CIIEKTpoMeTpe. B pesynbraTe mokasaHo, uTo
napazuTHas WHTep(EepeHIns BO3HUKACT U3-32 PACCOTIIACOBAHUS MAPaMETPOB ITydKa,
MPUXOMSIIETO B PE30HATOP M COOCTBEHHOTO ITyYKa PE30HATOPA, a TAK)KE B PE3yJIbTaTe

OTpaKCHHUA OT Y3KHMX OKOH pE€30HATOpAa.
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B pa3nene 3.3 onvcana MoJepHU3aIMsI CONPOBOINTENIBHBIX Y3JI0B PE30HATOPA U
e€ pesynbrartel. KpoMe KBa3MONTHYECKOI YacTH CIIEKTPOMETpa, ObUI BBIMOJIHEH DAL
WH)KCHEPHBIX J10pab0TOK, HANpaBJiEHHBIX B MEPBYIO O4Yepelb HA aBTOMATHU3AIMIO U
YCKOpEHHE Mpolecca 3allicy CHEeKTpa, YTO B PE3yJbTaTe IPHUBEIO K IOBBIIICHUIO
CTa0MJIBHOCTH CIIEKTPOMETpPa W IOBTOPSIEMOCTH pe3yibTaToB. B uacTtHocTH, Oblia
MpeIoKEeHa W Pealn30BaHa CXeMa YIPABICHUS MEXaHHYECKHM aTTEHI0ATOPOM MpH
MOMOIIM IIIAaroBOTO JABWTaTelsl. B pe3ynapraTe ONTHMHU3AIMK KBAa3HONTHYECKOTO
TpakTa CHI)KEHa aMIUIMTYAa Mapa3suTHOW HHTepdepeHinn Ha 46%. YMEHBIIEHO
BpEMS 3alllCH CHEKTpPa C HECKOJIBKHUX YacOB IO HECKOJBKHX MHHYT. JlOCTHTHYyTa
qyBCTBHTENBHOCT mopsiaka 4x10° cm” B jmamazome 45 — 500 ITu npu
KOHTpoJIHpyeMoM JaBieHuu B quamnasone 10-1000 Topp u Temnepatype B AuanazoHe
-30 .. +60°C.

OTKMMK NYCTOro pesoHartopa

66]

i kpuBOW, KM

j220 225 230 235 240
Yacrora pesoHaropa, Iy

LLinpuHa peaoHaHCHO

PucyHnok 5 — CoOcTBeHHAs YaCTOTHAs XapaKTEPUCTHKA ITyCTOr0 PE30HATOPA: KPACHBIH (BHU3Y)
— JI0O MOJICpHU3aLNH, CHHUI (BBepXYy) — mocie moaepHusamuu (-46% CKO).

B 4erBéproli ryIaBe IPEACTABICHbl JKCIEPUMEHTAJIBHBIE  PE3YJIbTaThl
uccienoBanuii motepp uznyuenuss Cyo Tl nuanazona.

Pazgen 4.1 mnocBSImIEH SKCHEPUMEHTANbHBIM HCCICHOBAHUSIM B3aHMOCBS3H
MHTETPaTbHON BIAKHOCTH M ONTHYECKOH TOJIIMHBI, KaK OCHOBHBIX IapaMEeTpOB
actpoxinumara cyo Tl 1 quana3zona. X cOOTHOIICHHE BRIpaXkaeTcst (hOpMyIIoii:

Tiot (L0,W,Q) = a(2) - exp( _h/ho) B -W+y(D)-Q
TAe T, - HaOmogaemas ontudeckas tomuHa (Her),

h - BpicoTa Hag ypoBHEM MODS (KM),

hy - xapakrepucruueckas BeIcoTa Kucnopoaa =5.3 (km),

W - xonu4ecTBO ocaxkaaeMmoit Boasl, PWV (mm),

O - Bomo3anac oGmaKoB (Kr/m’),

o - KUCIIOPOJTHAS 9acTh TMOTJIONIeHNS Ha ypoBHE Mops (Hem),

£ - yaenpHOE morjonieHue B nmapax Boabl (Herm/mMm),
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y - yaenbHoe norouierne B odmagnocty (Hem M /kr).

Kanan 3mm KaHan 2mm

— Wnuudeprex — WnuuBepred
--- bagapsl
0.71 _ ax'+bx+c

---Bagapsl
—ax’+bx+c

(=1 o o
- ] [~
o [=] ]

OnTuyeckan TonwmHa T (Hn)

o
o

5 10 15 20 25 30 5 10 15 20 25 30
Konuyecrtso ocaxaaemoit Bogsl PWV (Mm)

PucyHok 6 - DkcriepuMeHTaIbHASE B3AUMOCBSI3b ONTHYCCKOM TOJIIMHBI MM JHana3oHa U
KOJIMUYECTBa ocakaaeMoit Boapl (PWV).

B skcniepumenre paguomerp MUAII-2 BEnN perynspHble H3MEPEHUS ONTHUECKON
TOJIIMHBL T B HEMOCPEJICTBEHHOM OJIM30CTH C HMHCTPYMEHTOM, H3MEPSIOUINM
MHTETpaTbHYyI0 BIaxHOCTs W (PucyHok 6). B pesympTare HBYX 3KCHEPHMEHTOB C
pasnUYHBIMM H3MepHUTeIsIMA W Ha pa3iMYHBIX IUIOINAAKAX OMNPEAEICHbl 3HAYCHHS
kodpPruuerToB o u 3 (Tadbmuma 1).

Tabmuma 1. KoaddunmueHTs! ynensHOro noriaomeHns B OKHax MPO3pavHOCTH

3MM H 2MM.
DKBUBAJIEHTHAS Yaenbnoe VY nennHOE
OkHO IIOIJIOIEHHUE B
MIPO3PaYHOCTH Hacrora KHUCJIOPOJIE Ha YPOBHE TOTJIOIICHME B Tlapax
f, T wops a, Hen BojibI f§, Hen/mm
3 um 791 0.086£0.001 (1.3%) 0'00(513;%’?067
. 0
134 o 0.0167+0.0017
2 MM 0.042+0.003 (8%) (9.9%)

B paspene 4.2 npuBen€H TEOpeTHMUECKUH pPACUET SKBUBAJEHTHBIX YacTOT
paTuOMETPpUYEeCKUX MPUEMHUKOB C YYETOM paHee IONYYCHHBIX B IKCIIEPUMEHTE
K03()(UINEHTOB YAEIHHOTO IOTJIONICHUS! MIPU MOMOIIM MOJENN PacHpOCTPaHEHUs
MPM Liebe c¢ yu€Trom pealbHBIX BBICOTHBIX Tpoduneit atmochepnr. s
OONBIIMHCTBA PAcYETOB OIEHKA HSKBHUBAICHTHBIX YacTOT HM3MEPEHHS ONTHYECKOH
tomuHbl paguomerpoMm MUAII-2 (Myc-Xas) coctaiser: 79.7 [T u 134 I'Tu ans
KaHaJoB 3MM U 2MM cooTBeTcTBeHHO (Tabmnwma 1).

15



Paznen 4.3 mOCBAMEH HCCIIENOBAHUSAM AacTPOKINMAaTa B IKCIEIUIIMOHHBIX
YCIOBUSIX C HCIIOJBb30BAaHHEM pa3paboTraHHOro obopynoBanus. OHM IEPMaHEHTHO
BEJIMCH B XOJE BCEr0 JUCCEPTAMOHHOTO HcciienoBaHus. OnuUcaHbl pe3ybTaThl
HaOJIOZICHUH acTPOKIMMaTa, HAaKOIUICHHBIE B TEYCHUE 9-TH JIET B PA3IMYHBIX TOYKaX
Bocrounom nomymapun. B xone 11-Tu axcrieanuii mosy4eHsl YHUKaIbHbIE JaHHbIE
MO PaaMONPO3PaYHOCTH aTMOchephl, B psije MecT coOpaHa roxosasi craTucTuka. Ha
puCyHKe 7 IpeACTaBICHBI MEANaHHBIC 3HAUCHUS ONTHIECKON TONIIMHBI, H3MEPEHHbIC
kommuiekcamu MUAITII-2 B TeueHne Bcero meproaa SKciuryaranuu. [lokxazaHo, 9To
CpeAn MCCIEeIOBAHHBIX IUIOIMAJ0K HAMIYYIIMMH MO ACTPOKIMMATHIECKUM yCIOBHAM
spisttoTest  tomaakm: 1wato Cydda, ropa Myyc-Xas u obcepBatopus NC3D
(MoHpI).

o6

Z05

£04 —a— Suffa 2mm 2015

203 —e— Badary 2mm 2016

Q42 —a— Mondy 2mm 2016

g ' —w— Kara-Dag 2mm 2017

E o1 —4— Svalbard 2mm 2018
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

%QI?, —&— MusHaya 3mm 2012

z —=&— Puschino 3mm 2013

£02 —&— SAO 3mm 2014

53 A —w— Suffa 3mm 2015

a > —— Kislovodsk 3mm 2016

S‘-m —<4— Badary 3mm 2016

- M —p— Mondy 3mm 2016

rvE) —&— Kara_dag 3mm 2017

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Svalbard 3mm 2018

Pucynok 7 - CpaBHEHHE pe3ylbTaTOB JOITOBPEMEHHBIX HAOMIOICHUH ONTHYECKOM TOJIIIHBI B
2MM ¥ 3MM OKHaX IPO3PAaYHOCTH

B pa3nene 4.4 mocBAmEH HCCIeOBaHUSAM CIEKTPOB atMoc(epHbIX ra3oB. OqHa
3 Hamboliee OCTPBIX MPOOJIEM CIIEKTPOCKOIHU aTMOC(PEpPHBIX Ta30B COCTOHT B
MPUPOAE KOHTUHYAIFHOTO TOTJIOMICHUS W B KOJMYECTBEHHOM OIpEACICHUU BKIa/la
JUMepa BOIBI B 3TO IOTJIOIICHHE. BO3MOXKHOCTE 3KCIIEPHIMEHTAIFHOTO HAOIFOICHUS
pa3pen€HHOro CIeKTpa JUMepa BoJbpl B MM Juana3one Obuia mokazana B 2007 roay, a
Ha MOJICpHU3UPOBAHHOM PE30HATOPHOM CIEKTPOMETPE YAAIOCh BIEPBHIE HAOMIOATh
ero paspeméHHBI BpAIIaTeNbHBINA CIIEKTP B YCIOBHAX ONM3KMX K aTMOC(epHBIM.
OcoObIii WHTEpeC MpeACTaBIsSeT JUHHS BpaIIaTeIbHOTO CIIEKTpa KUCIOpoJa ¢
neHTpom okosio 118 I'Tu. Mojaenu, KOTOpble paHee MCIOJIb30BaIUCh IS ONMCAHUS
(hopMBI ATOH JIMHUM HE COTJIACOBBIBAIUCH C JAHHBIMH JKCIiepuMeHTa. V3MepeHus,
MpOBeJEHHBIE HA PE30HATOPHOM CHEKTPOMETPE, MO3BOJMIM MOJYUYHUTh CIEKTP
KHCJIOPO/Ia C JOCTaTOYHOW TOYHOCTBIO, YTOOBI IMEPECMOTPETh MOJENb MPOdUIIsA
MOTJIONIEHHS 3TON TUArHOCTUIECKOH aTMOC(EPHON JIMHIH.
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Pa3znen 4.5 mocBAmEH WcCIeIOBaHUSAM TOTEPh HA OTPAXKEHHE OT MAaTEPHAIOB
KPHOTCHHBIX ~ pe(IeKTOpOB, TPOBOMMMBIX Ha PE30HATOPHOM  CIEKTPOMETpE.
[IpoBenensl wuccnenoBaHus 00pa3lOB OCHOBHBIX METAUIOB, HCIIOJIB3YEMBIX B
KayecTBe OTPa’KaIOLINX MaTepUaJIOB: ME/b PAa3IMYHON CTEIEHU YUCTOTHI, aTIOMUHHIM
U anoMuHMeBas (oJjbpra pasiMYHON CTENeHW YHUCTOTHI, OepHUIMi, 30J0TOE W
cepeOpsiHble MOKpbITUs. [lokazaHo, 4TO peajibHBIE MMOTEPU Ha OTpakeHHe OoJblie
pacdETHBIX U1 YHCTBIX METAUIOB, W OHM CYNIECTBEHHO 3aBHUCST OT YHCTOTEHI
Marepuaga M €ro KpHUCTAUIMYECKOM pEmETKH, YTO OCOOEHHO BBIPAXEHO IPH
KPHOTEHHBIX Temreparypax. [lotepu Ha oTpaxkenue Ha gactoTe 230 I'T obpasna u3
0c000 YICTONW MEIN YMEHBIIWINCH TTOCTE OTXKUTA M COCTaBHIIN OKojo 0.5 * 107 npu
4K. TloTepy Ha 30]10TOM TalbBAHMIECKOM MOKPBITHH COCTaBHIM 0Koy10 0.6 * 107 mpu
4K. Ha oo6pasne BTCII nokazano (PucyHok 8), 4To moTepu Ha OTpak€HUE PE3KO
MafaloT NpH HACTYIUIEHHM CBEPXIPOBOAMMOCTH, HO aOCONIOTHOE HUX 3HAuYCHHE
ocraércs Ha ypoHe 7 * 107 ma wactore 230ITw mpu Temmepatype 4K, T0 ecth
MPUMEPHO Ha IOPSAOK BEILIE, YEM Y YMCTHIX METAJITIOB.

22
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18 | ."- e " *macHzee ® -
r A& AsSCHZAA & M
18 1 -
S 4] y T ¥ VIEQGHYY ¥
—
=
— 12 4
o by
10 4
1
= = o
-~ (L #';
B 4 -
FETY
Sy ﬁ
2 T T T T T T
1} 50 100 150 200 50 300
T(K)
Pucynok 8 - TemnepaTypHas 3aBHCHUMOCTb IOTeph Ha oTpaxkeHue oopasna BTCII Ha pa3HOit
4acToTe

B 3akaioueHnn QopMynMpyIOTCS OCHOBHBIE HMTOTM M PE3yJabTaThl paboThl,
COCTOSLINE B CIACAYIOLIEM:

e Ha ocHOBe mabopaTOpHBIX paAUOMETPUYECKUX KOoMIulekcoB MUATI-2
co3maH MOOWIBHBIH aBTOHOMHBIM — ammapaTHO-IPOTPAMMHBIA ~ KOMIUIEKC — JUIA
U3MEpeHus aTMOC(EPHOTO MOTIOMIEHUS B [uamna3oHe 9acToT 84 - 99 u 132 - 148 I'Tw.
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JlBa KOMIIIEKTa KOMIUIEKca, 00jajgasl BBICOKOM HAJEXKHOCTBIO M YCTOWYHMBOCTH K
BO3JICHCTBHIO BHEIIHUX (PAaKTOpOB, B TeueHHe 9 JyeT ObUIM HCIIOJIB30BAHBI JUIs
M3MEpEeHUs acCTPOKIMMaTa ¢ CyMMapHOi HapaboTko# cBeiiie 45 000 gacos.

e Paszpaborana, amnpoOWpoBaHa W BHEJIpEHAa HOBas MeETOAWKa pacuéra
MUKPOBOJTHOBOTO  aCTPOKJIMMAaTa, MO3BOJMBIIAS YMEHBIINTh OWIMOKY pacuéra
ontudeckod TommuHel Ha 30% MO CpaBHEHHIO C KJIACCHUECKUM METOJIOM
«aTtMoc(epHBIX pa3pe3oBy.

e Jlo pe3ynabTaraM HCCIENOBaHUM acTpokiauMmaTa 22-X TOYEK Ha TEPPUTOPUU
CeBepo-BocTouHoro mosmymapus ¢ HCIOJIb30BAaHHEM  MOJAEPHH3HPOBAHHOTO
PagMOMETPUYECKOTO KOMIUIEKCA BBIABICHBI TPH JIMAWPYIOIME IUIOMAAKH II0
acTpoKIMMaTHIeckuM ycioBmsiM: 1iato Cydda, Bepmmaa Myc-Xas u o0cepBaTOpHA
NC3® (Mouasr).

e CdopMyarpoBaHbl pEeKOMEHJAMHU 110 BO3MOXXHOMY pasMelneHuto cyoTI'n
paaroTeneckonoB Oynymieil poccuiickoi mporpammsl pa3Butus MM acTpoHOMUH U
Mo TpebOBaHUAM K TOYHOCTH IOBEPXHOCTH TIJIABHOI'O 3€pKajia CTPOSIIErocs
pamuoreneckona PT-70 wa mmato Cydda. B yactHocTH, J0Ka3aHa
Herelecoo0pasHocTh 1opaboTkn 70 MeTpoBOro Tejeckoma Ha BeicoTe 2400 M 1o
IUIAaHOBBIX paboumx nuH BOJH 0.8 MM, M I€IecO00pa3HOCTh AOMOIHEHUS MPOEKTa
MaibiM cyoMM 3epranom @ 13-20 m pazmemaemom Ha Cydde Ha BicoTe 3200 M.

e MoJepHU3UPOBaH PE30HATOPHBIH  CHEKTPOMETP MHUIMMETPOBOTO |
CyOMIJIZTUIMETPOBOTO ~ JHAINIA30HOB: ONTHMH3HMPOBAH KBAa3HONTHUYECKHH  TpakKT,
CHIDKEHa aMIUIMTy/la NapasuTHON uHTepdepeHun Ha 46%, yMEHBIIEHO BpeMs
3allMCH  CIIEKTpa C HECKOJNBKHX YacoB [0 HECKOJNbKMX MHHYT. JlOCTHrHyTa
YYBCTBUTEIHHOCTh TOPSJIKA 4x10° cm! B namamazome 45 — 500 ITn npu
KOHTpOJIMpyeMoM JiaBjieHnn B quamna3one 10-1000 Topp u TemmnepaType B nuanazoHe
-30 .. +60°C.

e Ha MOIEpHM3NPOBAHHOM aBTOPOM CIEKTPOMETPE IOJTYYEHBI CIIEKTPBI
MOTJIOIIEHHUS BOJH MM JHMala3oHa B aTrMoc(epe W BIIEPBHIE 3KCIICPUMEHTAIBHO
HaOoaacs CHEeKTp IUMepa BOJbl B MHJUIMMETPOBOM JHMAna3oHe JUIMH BOJH IPH
temmeparypax ot 7 10 49°C u nasnenuu ot 4 10 43 MM.pT.CT.

e Ha MomepHHM3MPOBaHHOM CIEKTPOMETpE NMPOBEJAEHBI M3MEPEHUs MOTEPh Ha
oTpakeHue B Auana3oHe 9actot 150 — 250 I'Tu u remnepatyp 4 — 300 K ot 3epkan u3
BTCII, menmu, amomunus, Oepwinus, 30J0Ta W cepebpa, IMO3BOJMBIINE JaTh
PEKOMEHAAIMN [0 ONTHMAJIBHBIM ITOKPHITHSAM KPHOTEHHOTO 3€pKaia TeJIecKoma
MmMeTpoH ¥ UCKITIOYUTH U3 mpoekTa BapuaHT 3epkasia nu3 BTCII. Iloka3aHo, 9Tto
HanOoJiee ONTUMAIFHBIM MaTEPHAIOM MOKPHITHS KpHoTeHHBIX cyoTI 1 pedrexTopos
SBITSETCS 30JI0TOE TATBBAHAUECKOE TOKPBITHE ¢ OTepsiMi okouo 0.6 * 107 mpu 4K.
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