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DeflepaTbHOTO TOCYAAPCTBECHHOIO OIOKETHOrO yapexnennsd nayku l'nmasmoit (ITynkosckoit)
acTpOHOMHMICCKOM  obGceppaTopun  Poccmiickoit  akamemuu Hayk (TAO PAH) Ha
AUCCEPTAlMOHHYI0 paboty I'mageimesoit IOmuu [eHmanbeBHE! «A3PDOHOMHS  BOJOPOIHO-
TC/IHEBEIX BEPXHUX aTMOC(ED rOpSIMX 3K30IUIAHET-THTAHTOBY, IIPEACTAaBIECHHYIO HA COUCKAHME
YICHOH CTEINCHM KaHIMAaTa (QH3MKO-MATEMATHICCKIX Hayk 1o cnenuaiasHocTH 1.3.1. ®usuka
KOCMOCa, aCTPOHOMHSL.

Huccepranmonnas  pabora Inmagemmesol  IOmum | CHHA/JLEBHE!  NOCBAIICHA
HCCICNOBAHUIO aTMOChEp 3K30TUIaHeT. DTO OJHO U3 HAHGONce AKTHBHO Pa3BUBAIOIIUXCA
HAUPABICHUH COBPEMECHHOH acTPOGU3HKH, HANPSMYIO CBA3aHHOE pELICHUEM TaKux
byHmaMeHTATBHEIX mpobiieM, Kak (opMUpPOBAHKE U SBOMONMS [UIAHET H MIIAHCTHEIX CHCTEM, a
TAKKe € pa3pabOTKOH MeXaHH3Ma [POUECCOB, ONPEAEIMIOMUX HCTEYCHHE rasa M3 IJIaHCTHRIX
atMochep, ¥ OIEHKO! OTEHIHAIBHOM 06MTAEMOCTH LIAHET RHE COIHEYHOH CHCTEMEL.

B pamxax npencrasnennoii AUCCCPTAUMOHHON paboTel ObLia paspaboTana OJIHOMEpHas
a5pOHOMHYCCKAs MOJIEIb BOJIOPOJHO-TETUCBBIX BEPXHHX aTMoc(ep TOpsAYMX 3K30IUIAHeT-
[UTaHTOB,  OCHOBaHHAs HAa  IPUONMMKEHHHM  OJHOXHIKOCTHOM MHOTOKOMIOHEHTHOH
TH/IPOXMHAMUKH. B Mozenm yuureBaiorcs mponeccs: Harpesa M OXJIKICHHA, BHI3BAHHEIE, B
HACTHOCTH, HECTAlHOHAPHLIMU BCIBIUEYHBIMA [POLECCAMH, NPOMCXOASIAME Ha 3BE3/aX,
5((EKTH NPUIMBHOTO B3aMMOJEHCTBHS MEXIy 3BE3/I0H M IUIAHETOM, PACIONIOKEHHBIMH Ha
OTHOCHTCIBHO ~ HEOOJNBIIOM  YINANEHWH JPYr  OT Apyra, mponeccel auddysun  n
TemonposoanocTd. [lomywennsle B muccepranmonmnoit paboTe pe3yNETaTHl, HECOMHEHHO,
00/IaaI0T Hay4HOM HEHHOCTBIO M HOBM3HOW. B paboTe BIEPBHIE OKA3aHO, YTO BCIENCTBHC
Pa3sBATHA TEIJIOBOH HEYCTOMYHBOCTHM B XHMUYECKH pearupyromem rase armocdep ropsumx
TOIHTCPOB  MOMET IPOUCXOIUTH (HOPMHUPOBAHME OOGNAYHOLO CrOS, KOTOPBIA AT CiIyuas
PAaCCMOTPEHHBIX B AUCCEPTAllHH I1aPAMETPOB OOBEKTOB IIPOCTUPAETCA, HAYMHAS C BBICOTEI
nopaaka 1000 kM u g0 3000 xM mHan hoToMeTpHYCCKON TTOBEPXHOCTBIO IIAHETEL
Mozeniposanne  BO3ZEHCTBHS — BCHBIIETHON — AKTHBHOCTH POJUTCIICKOR  3BE3OBI  Ha
OKpYXalOIHE €€ IJIAHETHl IIOKA3hIBAET, ITO KPOME JTOKAILHOIO HarpeBa BEpXHEH aTMoCQepsl
IUTAHCTRI BO3MOXKHO TaKXKE CYIIECTBEHHOE YBEIHYCHHE KOHUCHTPALMH BOAOPOa BO RHEIIHHMX
CJI0AX B IIEPBBIC YaChl TOCNE BCHBIMKH. OTOT 3()(EKT peakuuw IIaHETH Ha BCIBIIIETHYIO
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aKTHBHOCTE €€ POJUTEINBCKOH 3BE3/(BI MOXKET, HPH ONPC/EIEHHBIX YCIOBHSAX, OBITH U3MEpEH B
paMKax rOTOBSIIEHCS IPOrPaMMbl KOCMHYECKO#H 06cepBaTopun Cnexrp-YO.

Conep:xanue paGoTsI

Huccepranus FO. I'. Inagsmmesoit coctouT u3 Beenenus, Tpex ['nas, 3axirouenus u Tpex
Hpunoxenui. [Tonustit 06bem nuccepramay coctapmser 144 CTPAHMIIbL, BKJIIOYAd 45 PHCYHKOB
5 Tabmul. CiMCOK JUTepaTypsl conepkur 149 HanMeHOBaHMiA.

Bo BBCHCHPII/I 000CHOBBIBaETCH AKTYaAJIbHOCTD JHUCCEPTAMOHHOM pa6OTI>I,
(I)OpMI/IpyIOTCX nemm | 3ajayvu, PaCKpBIBACTCs HayyHasd HOBH3HA H IpaKTHYecKad 3HAYHMMOCTD,
YKa3bpIBacTCH JIMYHBIN BKJIaJI COHCKATEI, 110JI0KEHN S, BEINOCHMBIC Ha 3alInuTy, UX anp06au1/m H
CITHCOK OCHOBHBIX IIY6JII/IK3.HI/II7I COHMCKaTEN 110 TEME JUCCEpTaAUH.

B T'naBe 1 npencrasneno onucanme OJIHOMCPHOH a3POHOMHYECKOH MOJIENH BOFOPOLHO-
TCJIMEBBIX BEPXHHX aTMOC(Ep TOpAYMX 3K30IUIAHET-THTAHTOB, OCHOBAHHON Ha IpUOITHKEHUH
ORHOXKHUIKOCTHOH MHOTOKOMIIOHEHTHOM THApoanHaMuky. COCTAaBlIeHA CeTka u3 33 peakuuii
BOZIOPO/IHO-TETHEBOM  XUMWH, BKIIOYAIOMas  TAKKe Opoueccsl  (QOTOHOHM3AIMHM U
doroaucconmanuy. Mogmens Takxke YUMTBIBACT TPOUECCH], NPUBOLAIINE K HALPEBy U
OXJIAXACHNIO Ta3a B aTMOC(hEPE INAHEThl, OLEHKY CHIIBL, BO3MYIIAIOIIEH arMocdepy ILIaHEeTHI
BCJICACTBUE €€ IIPMIIMBHOTO B3aUMOACHCTRHIS C POUTENLCKOM 3BE3/IOM, 3¢ hexThl, CBA3aHHLBIE C
nponeccamu  fudysun M TEMNONPOBONHOCTH. J[IS YHCIEHHOrO PeLICHUSA ypaBHEHHI
MHOrokoMnoHeHnTHo# MI'/l ucrons3oBanaces MeTouka pasOueHus 1o PU3MUecKHM poeccam.

B T'naBe2 wuccnemyercs crpykrypa BEpXHEH aTMOChepsl K30IUIaHET-TMTaHTOB,
BpAIllatOIUXCad B HCTMOCPEJCTBEHHOH OKPECTHOCTH  CONHIEHONOOHBIX 3Be3y. PacuerTh
TIPOBOMMIMCE [UTs IapaMeTpoB ropsraero ronutepa HD 209458b, xoTopsiii seisercs OJIHUM H3
THINHBIX M HAHOOJIEEe IIONHO M3YYEHHBIX MpeACTABHTENEH 3TOT0 Kiacca ofnexTos. B Xoje
pacueToB GBUIO MOKAa3aHO, YTO B aTMOC(epe IUIAHETHI MOXKET, UPH OIIPENEICHHBIX VCIOBHUSX,
BOSHMKHYTh THAPOJIMHAMHYCCKHE TPaHC3BYKOBOM OTTOK rasa, o6HacTs dopmupoBanus
KOTOpOTO pacmolOKeHa Ha BBICOTE OKOJO MONOBHHEI Pajdyca INaHeThl. Takke, BCIeACTBHC
TEIIOBOH HEYCTOMYMBOCTH B XMMUYECKH PEarkpyIOLIEM rase, B arMocdepe MmuaHeTsl BO3MOKHO
(hopmupoBanre 0GIAYHOTO CIOS, pasMepsl KOTOPOTO 3aBHCAT, B YACTHOCTH, OT KOHIEHTPAIUH
TeNusl B aTMOC(Epe TUIAHETHI M 3aHEMAIOT B CPEIHEM pocTpancTeo ot 1000 xm mo 3000 kM Hax
ee GOTOMETPHIECKOM IOBEPXIOCTEIO.

B TI'mase3 1pencraBieHBl pe3ynbTaThl  MCCICHOBAHHS — RIMSHMS IPUITHBHOT'O
B3aHMOJICHCTBHS MEXTY IIAHETOR U POIUTEIBCKON 3BE3/I0H U OTOKA 3BE3/IHOTO M3IYYEHHS Ha
CIPYKTYpY BEpXHeH arMmocdepsl ropsdero romurepa. IloxazaHo, 4To YUYCT IPUTHBHOM CHIIBI
TPUBOTUT K  M3MCHCHHIO NapaMeIpoB IUIAHETHOrO BETPA M, B YACTHOCTH, K €ro
AONOTHUTENILHOMY yCKOPCHUIO. YCTAHOBIEHO, YTO yBEJWYEHHE HHTEHCHBHOCTH SKECTKOLO
U3JY9C€HUS POJIUTETILCKOM 3BE€3JIbl BCICJCTBHE €€ BCIBINIEYHON AKTHBHOCTH IPUBOJUT K
SHATHTCIIBHOMY YBEIMYCHUIO TCMIIA MCTCYEHHs IUIAHETHOIO BETPA M CTCIEHH MOHM3ALM
TIAHETHOH aTMOC(ephl. 3BYKOBas TOUKa, B KOTOPOil IPOUCXOIHUT CMEHA pPEKMMa TEYEHHUS rasa B
aTMocepe IIaHeTHl, 10 Mepe pocTa BEMHYHHb TOTOKA U3IIy4YEHUS CMEINAETCs B HAITPaBICHHU
ee Qoromerpuucckoli moBepxHOCTH. MCCHETOBAHEEC OTKIHKA atMOChepsl Ha BCHBIIIEYHOE
BO3JCHCTBUE €O CTOPOHEI POAMTENLCKONM 3BE3NIBI IIOKa3bIBACT, YTO BO BHEMIHUX CIOSX
aTMOCEpEl  QOPMHPYIOTCS  yAapHBIE BOJHEL PaclpOCTPaHEHUE KOTOPBIX IPHUBOJAUT K
BPEMEHHLIM  M3MCHEHUSM IIapPaMeTpPOB aTMOc(epsl W, B YacTHOCTH, K JOHOIHATENEHOMY
TICPEMEIIMBAHMIO BCIIECTBA B €¢ BHCIUHMX CIOsX. 10 3aBepImenyy BCNBIIETHON aKTHBHOCTH
SBE3JBI IIPOMCXO/MT IOCTENEHHAs pellakcanys aTMOC(epPsl B MCXOMHOE cocTosHMe. B IIepBbIE
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Yacel IOCIE CHILHBIX BCIBIUEK, MOMHMO 3HAYHTEIBHOTO JIOKAIBHOLO Harpepa BEpXHEH
aTMOC(EphI, BO3MOXHO TaKXKe CYIIECTBEHHOE YBCIIMYCHHE OTHOCHUTEIBLHOH KOHIEHTpAIAK
BOIOpOZa B 5THX 00actax. JlaHusli 3heKT MOKeT GhITh OOHapyXKeH B paMKax IIpOrpamMMmbl
HalJIFOICHUH TLIAHUPYEMOit K 3amycKy KocMudeckoit odcepsatopun Crexrp-Vd.

B 3akmouennm npencrarieHB! OCHOBHBIE HTOIM BBIIIOJTHEHHOM  TUCCEPTALIMOHHOR
PabOTHI U 06CYKAKOTCS HEKOTOPHIE EPCIIEKTHBHEIC HANPaBJICHUA NaIbHEHIIINX HCCIIeJOBaHMIY.

B opunoxenmsx npueneHo gerameHOe ommcamme THPOCTATHYECKON  MOJeNu
BOJOPOIHO-TENMEBOM aTMOCHEPHI TOPAUEro IONMUTEpA, PacCMOTPEHBI IIPOLECCHI, IIPUBOISIIHE K
00pa3’OBAHHUIO SHEPIETHYECKHX HEMTPANBHEIX ATOMOB B 000JI0YKAX TOpPSIMX FOMUTEPOB, U
ONMCBIBAIOTCS  JETAld  YHCIACHHBIX METOJIOB, MCIIONB30BAHHBIX B OUCCEpTaldH IS
KOMIIBIOTEPHOTO MOJACTHPOBAHHS.

3ameuanns no AUCcEPTANAOHHOT paGoTe

Jluccepranuonnas paGota IpeacTaBIseT coboil 3aKoHIeHHOE Hay4HOE HCCIICIOBAHHE,
OHa JIOTHYHO IOCTPOEHA U XOPOIIO CTPYKTYPHpOBaHa. TeM He MEHee ecTh pAA 3aMevanuii 1o
COACPIKAHHIO IPOBEACHHOTO HCCIENOBAHMS B (JOPME HpeCTaBIEHMS IIOJIYYEHHBIX Pe3yIILTATOB.

1. B Texcre nuccepranmm ykasano, 9To kHCICHHAS MOJIEIb, pa3paboTaHHas JUCCEPTAHTOM,
TECTUpOBANACh HA aHAIUTHICCKOM DCIICHHH, OIHCHIBAIOIIEM THIPOCTaTHIECKOE
PaBHOBECHC HM30TCPMHUIECKON aTMOC(EPH! ¢ OMHOPOJHBIM XMMHYECKHM COCTaBOM.
Onnako o6cyskaeHAE Pe3yIbTATOR TAKOTO TCCTUPOBAHMS B AUCCEPTALIMH OMYIIEHO.

2. Haubornee cloXHBIM sBISETCS BOIPOC y4eTa OTKIOHEHHMI OT Chepuyeckoi chnmmeTpux,
BO3HHUKAIOMMX B aTtMocepe IUIAHETHI BCIENCTBHE IIPWIABHOIO B3aMMOIEUCTBHS.
Heobxomamocts Takoro y4era oTmeuaercs B TPETBCH IJABE AMCCEPTALMH, OHAKO
BOSMOXHOCTE  pacieTa HECHMMETPUYHOTO Ciydas B paMKax OJTHOMEPHOH Mozenu
aTMOCIEPEl HE OYEBHAHA M TPeOYeT MOMONHUTEIBHEIX IIOSICHEHUH O METOMKE
IIPOBEJICHMS TAKHUX BLIYHCIICHHIA.

3. Crenyer oOpaTurth BHAMaHHe Ha HEKOTOPYIO HEKOPPEKTHOCTL (hOPMEI NpEACTaBICHHUs
PE3YJILTATOB  BRIMMCICHHH ©Oe3 ykasaHMs OmMGOK B ONCHKE GHCICHHBIX 3HAYCHMI
napaMeTpos. B wacTmOCTH, ouemku Temma mcTeweHus rasa m3 aTMOC(QEpHI TLIaHETH,
IUPHBEACHHLIC Ha CTP. 64, yKa3aHkl ¢ TOYHOCTHIO 1O BTOPOT0 3HaKa IIOCJIE 3amaTol, uTo
OYEBHIHO IPEBLINIAET TOYHOCTH ONEHKH HE TOJIBKO STOTO KOHKPETHOT'O MapameTpa, HO U
3HAYCHUH NapaMeTpPOB, Ha OCHOBE KOTOPBIX OH BBIYHCIISETCH. OT0 Xe 3aMedaHue
KacaeTcs (GOPMBI IPECTaBNEHHS YHCITEHHBIX 3HAYCHII psaJia ApyTuX HapaMeTpoB.

4. BeramcieHus, NMpencTaBieHHBIE B AHCCCPTAMH, BBIIOJHEHBI B INIPEAIIOIOXKEHHUH, YTO
ToKasaTenb a/uabaTbl B aTMOC(epe IIAHETH! BHE 3aBHCHMOCTH OT €€ TEKYIIEro
COCTONMSA MMCET 3HadeHue 5/3. DTO NPeNIONOXEHHE B YCIOBHAX CYIIECTBCHHBIX
USMCHEHUH CTENICHM HOHM3AlUM, HATPEBA M OXIAKICHUS rasa, a TaKKe pasBHTHS
TYPOYJICHTHEIX JIBIDKCHHUH, HCCIEAYEMBIX B AUCCEPTAIMHU, HE OUEBU/IHO ¥ HYXKIACTCS B
AOTIOHUTEIBHOM 00OCHOBAaHHH, KOTOPOE B TEKCTE, OJIHAKO, OIYIIEHO.

5. BBI3BIBAET HEKOTOpOE HEyHOOCTBO HCIOILIOBAHKC OJHOI'O H TOTO 3KC CHMBOJIA I
0003HAYCHHUS pPa3HBIX napameTpoB. Tak Ha cIp. 62 mapamerp y UCIIONB3YETCA I
OIPENCIICHUST XHMHUYECKOTO COCTaBa aTMOC(hEPDI CO 3HAYEHHUEM 0.05, a Ha cnenyromeit
CTPaHHMIC STUM K€ NapaMeTPOM 0003HAYCH 3EHHTHBIA Yros, KOTOPOMY TIPHCBAWBAETCS
3HaYeHue Y = /6.

6. B cmucke muteparypsr OTCYTCTBYIOT JaHHbIE [ IyHKTa 12, narta BeIxo;a KOTOpPOro
ykazana 2023 r., HO COCTOSIHHE «B IICUaTH .



7. BeTpewarorcs omeuaTK, KOTOpBHIE, BIIPOYEM, HEMHOTOYHCIEHHLIE W He IPHBOAAT K
HCKXEHHOMY IIOHHMaHHIO CYTH H3J1araeMbIX BOTIPOCOB.

3akawueHue

CrenaHHBle 3aMevanuss He MEHSIOT OOWEH IOJIOXUTCILHOMN OLIEHKH  paboThI.
Huccepranus I'agsnmesoit IOmuu TennanneBHE! «ASpOHOMHES BOTIOPOHO-TENHERBIX BEPXHUX
aTMochep rops9ux SK30ILIaHET-THTAHTOBY ynosnerBopser TpeboBanusiM BAK, nperpasaseMpiv
K KaHIMJAaTCKUM  JIMCCCPTAIlMAM, SBIJETCS 3aBEPIUCHHBIM  HAYIHBIM HCCIIEIOBAHUEM,
CYMECTBCHHO paCIIMPUBINAM HAyYHBIC NPEJCTABIEHHS 00 arMochepax ropsaux 3K3OMIAHET-
THTAHTOB. Pe3yJbTaTel, HOIyYeHHEIE B JHCCEPTALMOMHOMN paboTe, MOTYT GBITH HCIIONB30BAHbI
UpH  MHTEPHPETAMM HAOMIONATENBHBIX JAaHHBIX H IOCTPOCHUM TEOPETHYECKUX MOJEEH
arMocep sk3omIaneT-rurantos B 'AO PAH, KpAO PAH, CAO PAH, UKU PAH, TAUIII
MI'V u npyrux acTpoHOMAYECKHX YUPEKIACHUSIX.,

ABTOpedepaT B IOTHOM OOBEME OTPAKACT OCHOBHBIC PE3yIbTAThl, IIONYUYCHHBIE B
pabore. Comckarens [magsmesa IOnus TennanpepHa 3aCIIy>XMBaeT NPHUCYXICHUA €il yueHoH
CTCNCHH KaHIHIaTa (PU3UKO-MaTeMaTHYECKUX HayK O CrelmanbHocTy 1.3.1. ®msmka KocMoca,
aCTpOHOMHUSL.

O13bIB 0OCYXICH M YTBEXKIEH Ha 3aCENaHHM OGBETHHEHHOIO aCTPOHOMHUYECKOI'0
cemunapa I'nasroit (ITynxoBckoif) acTpoHOMUYeCKOit obcepsaropun 24 Hos6pa 2025 .,
IIpoToxomn Ne 43,

Crapmmii Hayumbiii coTpynaux JIO3 TAQ PAH,

KaHj. Qu3.-MaT. HayK @WL@L/ Beckposuas H.I".

Ioxnuce Beckposroit H.I'. 3arepsro
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