OT3bIB

0(ULHATLHOrO ONIOHEHTA
Ha JuccepTanuonHyto paboty ['naasiesoit IOy NeHHaabeBHbI

«A3pQHOMHSA BOJIOPOIHO-TETHEBBIX BEPXHUX aTMOchep
TOpAYHX IK30ILIaHET-TUTAHTOBY,
MPEACTABJICHHYIO HA COUCKAHNE YYEHOM CTENEHH
KaHauaata pU3MKO-MaTeMaTHYECKHUX HayK
no cneuuanbHocty 1.3.1. @usuka KocMoca, acTPOHOMHUS

Auccepraumonnas pabora I'naapimesoii [O. T'. nocssiueHa HecleoBAHAIO BEPXHUX atmocgep
TUTAHET M'MraHTOB, HAXOMAAILIMXCS Ha OJIU3KHX opOMTax K pojaMTeNbeKoi 3Be3ne. M3-3a Gnuskoi k
poauTenbekoii 3Be3ne opbute, B cpeanem 0.05 a. e,. 3TH IUIAHETHI CYLIECTBEHHO Pa3orpeThl M HX
Ha3bIBAIOT B JIUTEpAType, FOpAYMH IOMUTEP, TEIUIBIH HENTYH M T.I., B 3aBUCUMOCTH OT MX
XapaKTePUCTHK: Macce, painycy, XMMHYECKOMY COCTaBy H Jp. ATMoc(epa, B 0COGEHHOCTH, BEpXHAA
aTMocgepa MnIaHeT-TUraHTOB Ha GJIM3KMX OpOMTaX, OT/IMYAeTCs OT NPUBBIYHBIX atMochep IUIaHeT
ConHe4Ho# cUCTEMBI. AapoIOMHsa M3y4aeT U OTUCHIBAET PU3UKY, XUMHIO U Fa30KNHETHUKY BEPXHHUX
CJI0eB aTMOC(EPBI U IIPOSCHAET, B YaCTHOCTH, () GeKThl BO3ASHCTBHIA JKECTKOrO YAbTPahHOIETOBOTO
(Y®) 1 peHTreHOBCKOTO M3Jly4eHHI 3BE3/Ibl Ha HArPEB, HA XapaKTepHble XHMHYECKHE PeakLyH, Ha
MOTEPIO aTMOCPEPLI — r'MIPOJIHHAMHYECKHIT OTTOK Macchl aTMOcephl MIaHETHI.

Conckarenb uccie/lyeT CTpyKTypy W JAMHAMHKY BOJOPOHO-TE/IMEBBIX BEPXHMX armocep
ropsA4ux 3K3onnaHeT-rm‘aH;{03 Ha OCHOBE YCOBEPILICHCTBOBAHHOW OJIHOMEPHOH a’3pOHOMHUUECKON

MOJIC/IH 1 OTIPESIETIAET OCHOBHbIE Xa0AKTEPUCTHKHU I'HAPOAHHAMHYECKOro Yoeranus armochepsl.
[IpuMeHeHa 1 10MoIHEHA Ba)KHBIME MOJLYJISIMA 23pOHOMHUYECKAs MO/E/b, YUHThIBAIOLAs IIPOLEeCChI
Harpesa MW OXJ@XKJCHWs, | NPUIMBHBIE CWIbl, aWddy3uio, TennonpoBogHoCcTh. IlpoBeaeHo
MOJICTMPOBAHKE KAXKOr0 MPOLECCa COOTBETCTBYIOIMMHU YMCIIEHHBIMU METOJIaMU JUTSl pasIHYHbIX
KOH(Urypainuil rpaHUYHBIX H HAYAJILHBIX YCIIOBHIL.

Huccepraonnas pabora akTyaubHa, ykazaHHble 3G@eKThl MOryT GBITh HaGNIOJAeMbl, B
YacTHOCTH, CHEKTpalibHble| HaOMIOJEHUA BEpXHUX arMocdep TropsyMX IUIAHET-TUTAHTOB
3aM/IaHMpOBaHbl Ha MO/rOTABIMBaEMOi KocMudeckoi obcepBaropuu Cnektp-Y®. B nacrosiee
BpeMs  TPaHCMMCCHOHHAs | CIIEKTPOCKONHMS  BK30IUIAHET  JIOMOJIHAET HAllM  3HAHUS O
(usuko-xumuyeckom coctage armocep. CrekTpanbHble HaGIIONEHUA TOKA3ald, YTO TOPSYHe
OK30TJIAHEThI-TUIaHTBI OKPYXKEHBI MPOTAKEHHBIMU 000JIOUKAMHM € Ta30JMHAMUYECKMM OTTOKOM
BeliectBa. CocTaB rasoBoii | (pasbl MMeeT pemialollee 3Ha4Y€HHE JUIS ONpPEJENeHHs LMPKYJIALHH,
TEMIIEPaTypbl U HAO/II01TaEMBIX CBOMCTB IJIAHETHBIX aTMocdep.

Huccepranmsa I'nanpnuesoit 10. I'. coctouT U3 BBeseHMs, TpeX I1aB, 3aKJIIOYEHHs, CITHCKA
JINTEPATypbl, PUCYHKOB M Tabnul, a Takke Tpex npunoxenuil. OGwvem paboTsl cocrapiser 144
CTpaHML, BKIOYaeT B ceba 45 pucyHok M 5 Tabnmu. B crnimcke smureparypel coaepsxures 149
HauMEHOBaHUH.




Bo Beeaenun o0oc

Pe3lOMHUPOBAHBLI HayuHasi HC

pe3yJIbTaToB.
B I'nae 1 npoeeneH
BEpXHHUX  aTtMmocdep To

OJHOKMAKOCTHOM MHOTOKO]

(YHKLMH HarpeBa-oXJax/e
MOJIeJIb  TIPOTECTHPOBAHA
paBHOBECHE U30TEPMHYECKO

HOBAHbI aKTYaJlbHOCTb HMCCJICNOBaAHHs, OINKWCaHbl LEJIH W 3alaydH,
PBM3HA, Hay4dHas H NpakKTHHeCcKas 3HAa4YUMMOCTBH IOJIYHEHHBIX B pa601'e

aHaJI3 OJHOMEPHOW a’POHOMMYECKON MOIENH BOJAOPOJHO-TEJIMEBBIX
DSUUX  3K30IMJIAHET-TMraHTOB, OCHOBAHHOW HA  MPUOIMKEHUU
MIIOHEHTHOI T'WAPOJMHAMUKH, Te yuTeHbl 33 XUMHYECKHe peakluH,
HUA, TPUIMBHBIE CWUibl, AU(dYy3us ¥ TEIUIONPOBOAHOCTh. YMCIeHHAsA
Ha aHAJIMTHYECKOM pEICHMH, OIMCHIBAIOIIEM THAPOCTaTHYECKOE
it arMoceprl ¢ OAHOPOHBIM XUMHUUYECKUM COCTABOM.

B I'naBe 2 npuBeaeH aHajiM3 pe3yibTaTOBR UMCJIEHHOTO MOJEJIUPOBAHUS PAcCMOTpPEHHOH B
['naBe 1 omHOMepHO#M a’poHOMHUYECKO# Moenu. PacueTsl mpoBOMIKCH )i ropsiuero onurepa HD
209458 b. B nepsoM 6;10ke pacyeToB HcclieloBalach CTPYKTYpa BepXHel aTMocdepsl: oKa3aHo, 4YTo
BO BHYTPEHHUX CJ105X aTMOC(epbl GOpMHUPYETCs THAPOAMHAMHUYSCKHI OTTOK BELIECTBA, @ BHEIIHNE
C/IOM TIOJIHOCTBIO MOHM30BaHbl. BbUl oOHapy:keH HOBBIH Tl 005akoB, (opMHpyIOLIHXCS B
pe3yabTare TEMJI0BOM HEYCTOMYMBOCTH B XMMHUYECKM pEarvpyrolleM rase — IUIOTHbIE XOJIOJHbIE
obpa3oBaHus, IJ1aBAIOLIME B pa3pekeHHOM TeruioM rase. [l TunuuHoro teruioro Hentyna GJ 3470
b, arMocepa B OCHOBHOM COCTOMT M3 HeHTpaiabHOro rasa, a obnauHslii cioit He obpasyercs. Bo
BTOPOM OJIOKE pacyeToB MCC/IEJ0BAHO BJIMAHME XMMHUYECKOTO COCTaBa Ha CTPYKTYpY aTMocdepsbl
ropa4ero IONUTepa, YCTAHOBJIEHO, YTO XHMHYECKHH COCTaB CYILIECTBEHHO BJIMACT Ha LIMPHHY

001a4HOTO CJT104.

B I'nase 3 uccnen
KECTKOTO M3JIYYECHHsI POJUT
[Toka3zaHo, 4TO ¢ yBEJIMYECHH

cTaHoBATCA OoJiee HOHH30B4

M3JIyUYeHHUs 3BE3/bl TPUBOJ
9K30IUIAHET Ha BCIBILICYHBIC
BOJIHbI, KOTOpBIE TIPUBOJIAT 1
BHeLIHeH uyacTH armocdept
BELIECTBO BHOBb HOHH3YE
KOHILIEHTpalL1s aTOMapHOro
s ekt Mmoxer ObITh HabIIIO
CrnekTp-YO.

aHO BJIMAHME 3BE3JHBIX BCMBIIIEK — PE3KOTO YBEIMYEHHs I[OTOKa
eNbCKOM 3Be3/Ibl HA CTPYKTYPY BepXHeit aTMocepsl ropsyero ronurepa.
€M [10TOKa 3KeCTKOro Y ® n3j1yueHus 3Be3/1bl BHEILIHHUE CJIOM aTMOoC(ephl
HHBIMH, a CTPYKTypa BHYTPEHHHX CJIOEB MeHsAeTes cnabo. Poct nmoroka
T K auccunauuu obsauHoro cnos. OTkaMK aTMocdepbl ropsumx
> BO3/JCHCTBHA: BO BHELIHUX cosX aTMocdepbl popMHUpyIOTCs yaapHbie
K TOTIOJTHUTEIbHOMY MEepeMELIMBAHUIO BEIIECTBA U CTETIEHb MOHU3ALIUH
1 yMeHbluaetcs. Jlanee mpoMCXOOUT penakcaius atMocdepsl, U 3TO
tcsi. Bbulo oBHapyeHo, 4YTO B TNEpBbiE 4Yachl MOCJE BCIBIILKH
BOJOpOJia YBEIMUMBAETCA HAa HECKOJIBKO MOPAAKOB BEJIMYMHBL. DTOT

naeM C MOMOIIBIO TUIAHUPYEMOH K 3aIlycKy KOCMHUecKoit obcepBaTopun

B 3ak/0uennn 13J10:KeHb OCHOBHEIE BBIBO/IbBI pa601‘51 H HaME4Y€HbI HEKOTOPLIC HallpaBJICHUA

JalbHEeNIIIMX MCClIeJIOBaHUI,

B IIpuioxkenusix npu
aTMocepbl ropAYero 11T
rOpAYMX IOMUTEPOB H TOJAPO

Hay4ynasi HOBH3HA pa
MOCTPOEHHEM OJHOMEPHOM
I"Opﬂ'-IHX IK30IUJIaHET-r'UraH
oxJlaxeHus, AHPPY3HIO U 1

iBe/IeHbl cBeleHus o ['mapocraTuyueckoil MoJiend BOAOPOAHO-TEIHEBOM
epa, O6pazoBaHUK IHEPreTHHECKUX HEHTpPaIbHBIX aTOMOB B 000/104KaX
6noe OnucaHue YMCIEHHBIX METO/I0B, UCTI0JIb30BaHHAIX B padore.

6OThI ONpe/IesIsieTCs, B YaCTHOCTH,

A’POHOMMYECKON MOJEIN BEpXHEH BOJOPOJHO-TeNeBOi aTMocdeps
TOB, KOTOpas YYHMTBIBAeT XMMHUYECKHH cOCTaB, (YHKLMM HarpeBa M
[eIJI0TNPOBOIHOCTD;




pacCcHNTaHHBIM BIIMAHHEM II(
BCTIBIILIEYHON aKTUBHOCTH 3B
oOHapyxeHueM 06/1a4HOTO
XHMHYECKH PEarupyroLIeM I

HocToBepHOCTh U 000
NMPHMEHEHHUEM TIIATENBHO T
NMPpH3HaHHBIMH MOJACIAMH I

PesynbraThl Auccepral
CEMHHapax, B TOM YHCJIC Ha
uucie 4 B peLCH3UPYEMBIX
JUCCepTaLMOHHBIX paboT.

AptopedepaT coOTBE

' TCTBYET CONCPIKAHHIO JHCCEpTaLlHH.

)TOKA M3JIy4Y€HH 3BE3/bl HA CTPYKTYPY BepXHe# arMocdepsl B YCIOBHAX

€31bl;
cJiosi, (hOPMUPYIOIIErocs B pe3ysbTaTe TEIUIOBOW HEYCTOWYMBOCTH B

asc.

CHOBAHHOCTb MoJslyueHHbIX [ naapimesoii 1O. I, pesynbraros ceas3ana ¢
IPOTECTHPOBAHHBIX MJIEJIEH W COTJIaCHeM MOJIyUeHHBIX pe3yJIbTATOB C

YTHMX aBTOpOB.

IMOHHO# paboThl anpoOupoBanbl HAa 10-TH Hay4YHBIX KOH(PEPEHLHUIX U
MexK Iy HapoaHbIX. 1o Teme qucceprannmn onyoimkoBansl 8 paboT, B ToM

KypHanax, pekomenaoBaHHblX BAK juia myOnukauuum pesynbrartos

BriBogel mo amccepranmu

COOTBETCTBYIOT BbIBOJAM, ONYOJMKOBAHHBIM B aBTOpedepare.

Hmerores ciieayromme 3ame

e (1) I'opsaune ronurep
4YTO B LIEJIOM [PaBHJI

0.3-13 macc IOnutep

(2) B pamccepraumo

CYAHHA K JHCCEPTANHH!

bl OTpeJesieHbl KaK 9K30IUIaHEThI ¢ Maccoi rnopsjka Maccsl lOmurepa,
bHO, HO OOILENPHHATO CHMTATh Maccy rops4ero INMTepa B JUana3oHe

a (cTp. 9).

HHOM pabore (Ha crp. 9) abCOMOTHO NpPaBUILHO YKa3aHO, 4YTO

«XMUMMYECKHMIA COCT4B Tra3oBOi q)a3bl HMEET Dpellaroliece 3Ha4YCHHE [Jisd Oollpeac/ieHHs

HHPKYJIALHH, TEMIIEPD

aTypbl U HAOJIIOIaeMbIX CBOMCTB ILIAHETHBIX atMochep». B To e Bpemst

B paSOTC HMCCJICN0BAHBI peaKIMH TOJILKO XHMHH H r'a30KUHETUKH BOJOPOJA U I'eJIHs. Cne,zlye'r,

1o KpaiHel Mmepe o
MOJIEKY/1, COJAEpKaLLl
HENTyHa, II0 aHaJlo
KOHLIEHTpALUS ITHX
(hH3nUecKyI0O KapTHH)

Benepbl, 3emnu u
npeArnonaraio,
NpenMyLIeCTBEHHbIH

yTO

COCTaBy IpOTOILIaHE]

yTpa4eHsl, U chopMH

(4) (Taxxe Ha cTp. 1
YTIOMSIHYTBI J10JIMHA

(3) Ouennb «cBepHyTA

TMETHTh, @ JIy4lle OLEHHTb, BO3MOXKHYIO POJIb JPYTrMX aTOMOB MJIH
1X TsuKesIble o1eMenThl C, N, O, 0coOeHHO NpH paccMOTPEHHH FOpS4ero
ruv ¢ Henrtynom C. C., uMmeiommM TsKenble 3lieMeHTHL. Manas
MOJIEKYJT HE ABJIAETCS JOCTaTOYHBIM apryMEHTOM HEBJIMSHUS MX Ha
.

A» MbICb (Ha cTp. 10) «...IUMPOKO NMPHU3HAHO, YTO paHHHE aTMOChEPHI

Mapca cdopmupoBaiuch B pesyibTaTe MpOLECCOB yOeraHus»,
BBHJly, 4YTO arMmocdepbl paHHMX T[JIaHET WMeEJH
BOJIOPOJAHO-TE€/IMEBLI  COCTAB, COOTBETCTBYIOLMH XHMHYECKOMY
'HOTO JIMCKA, TAaKXKE KaKk MOJ1o/ias 3Be3/1a, Jajee BOJOPOA U reuii Obuin
pOBaJIMCh BTOPHYHBIE aTMOC(EpBI MyTeM Jerasalny Hezp.

HMEJIOCh

) U3 CTATHCTHYECKOTO aHaJIn3a HK30IUIaHET MO pajiuycaM M INepHojaM
AeULIUT TUIAHET) «MEXJY KaMEHUCTBIMH IUIAaHETaMHU M IUIaHeTaMH ¢




NpOTAKCHHBIMH Ta3
KOTOpBIE 4acTO CBS
CMELIAaHHO... [1ycTbil
Onuskux opburax, a
pa3lieNIfeT cynep3em)

OBBIMH OGOHO‘{KaMH H IIYCTBIHH TIOpsAdHX Hel’lTyHOchyrIep-BEMe.ﬂb,
3aHbl C MOTepeH ras’oBbIX 00onoueK...» [IpaBWILHO, HO HECKOIBLKO
HA FOpAYMX HENTYHOB 2-10 paanycoB 3eMiH 171s rOpsAYMX K30MIIaHET Ha
1,5 — 2 paguyca 3emsin — «3azop PynToHay», MPeANONOKHTEILHO,
TH ¥ MUHUHENTYHBI.

(5) (Hactp. 11) Bo3)
Ha 108300 um» — o

MOKHOCTb «M3MEPEHHS METACTAOMIBHON TPHILIETHOM JTMHMM renms 2°S
nbka — 1uHa BosiHbI He 108 MUKpOH (B cyOMUIIIMMETpAX), a B ONITHKE —

1,083 mukpon = 108

(6) (Hacrp. 18), ynox
MaTpHIIbl, TAK KaK ya
Sxobu Gonbiuas.

(7) Obuiee 3ameuany
Oasupyercs Ha Tmpe
NPOTHUBONIOCTABJIEH T
HacTosleH paboThl,

(8) B psane popmyn H
I' — dynximsa Harpe
TEPMMHBI, HallpUMep,
HEHTpanbHbIi aTOM)

3 M = 10830 AnrcTpem.

1STHYTO BhlUMClieHHe SIkoOnana, Ob110 Ob1 N0J1e3HO YKa3aTh pa3MepHOCTE

CTO TaKOH MeTOJ CYLIECTBEHHO 3aTPYyAHEH, €CIIH Pa3MEPHOCTh MATPHLIbI

€ 110 NepBOii rnase, Oe3yc/IOBHO NpeacTaBleHHas cocuKkaTenem pabora

ABIAYIIMX MCCICAOBAHUAX TPYIMIBl, [Ja €CTb CCbUIKH, HO SABHO HeE
IpeALIYIIMHA YPOBEHb MCCEIOBAHUN B 3TOH 001aCTH M HOBBIM BKJIaj

lepBas raBa HalOMHHAaeT MOHOTpadHIo.

€ABHO BBeJIeHbl 0003HaYCHHA BEIMYMH, HarpuMep, cM. popmyay (1.49)
Ba. I[lpn nepBoM oOpalleHun B TeKcTe, He OOBIACHEHBI CrelMaTbHbIE
, KBM (xoponanbnbiii BeiGpoc macc), (ctp. 80) DHA (snepreTnuecku
— paciuM(poBKa JlaHa TOJIbKO B MPHIIOKEHHH.

(9) Ilpu odopmnennn Tabnuu, HOMEp M 3arojoBOK TaGJMIbI JOJKHBI IPEAIIECTBOBATE

Tabnuue, a He NPUBO)

(10) He coBceM noHs
GJ 3470 b, xora

CIIEKTPAJILHOMY KJ1ac
COCTaB U3JIy4YEeHHs PO

(11) Teopus u Moze
ropsyero romnurepa
OOLLENPUHATOM CMBI
HUYET0 HEe KOHJIEHCH
arMmocdepe, ObLT0 OBl

(12) Pucynku 2.19. «
3¢ HeKTUBHOTO TOKa:
pa3HbIX 3HAYEHUH T.
M3JIy4E€HUH Ha KaKoi

NHUTCA IOCJIE, KaK NOAPHCYHOYHAA HAAIIMCh.

TeH BpIOOp miaHeT ropayero ronurepa HD 209458 b u tensioro nentyna
YKa3aHO, YTO Yy HENTyHa €ro pOJWTENbCKas 3Be3la OTHOCHUTCS K
cy M1.5, Ho u1s 06enX TeCTOBBIX IUIAHET NPHHHUMAIOT CMIEKTPAILHbIN
JIUTEJIbCKOM 3Be3/1bl OJIM3KUM K COJTHEYHOMY.

IMpOBaHUE PabOTHI NPE/ICKa3bIBAIOT MOSBJIEHHE BBLICOTHBIX 00J1aKOB Y
3a CYET TEIUIOBOW HEYCTOMYMBOCTH, HO HE KOHJACHCAIlMM B
cie, obnauHblf CJI0OM B YMCTOH BOJOpOJIHO-TeMeBoit arMocdepe, rae
pyercs. MexaHusM, 110-BUAMMOMY OCHOBAH Ha MHBEPCHOHHBIX CJIOAX B
MOJIE3HO YTOUYHHUTE Ha3BaHHUC 06.1'1&1(08, KJIaMIIOB...

3aBUCHMOCTD JaBJIEHUS OT KOHLEHTPALIMH MOJIEKYJISPHOrO BOJOPOIA U
3aTEJIA TOJIMTPOIlBl OT KOHUEHTpaAllMd MOJICKYJIApPHOro BoAgopoda IJid
» Onrtuueckas TonumHa Bapbupyercs ot 200 mo 3000, nescno, 06
JUIMHE BOJIHBI UAET peyb (BUAUMBIN Wik Y @, win xkecTkuil YD), u, npu




KaKOH ONTHYECKOH TOJIIE HACTYNAET HENPO3PaYHOCTh (B €

VkazanHele 3ameydaHy
HCCIIe10BaHHUA, ﬂpe,ﬂ,CTaBHeH

3000 a3). .

4 W HETOYHOCTH HE KPWUTHYHbBI M HE YMEHbLIAIOT 3HAYMMOCTb
Hasi paboTa COOTBETCTBYET BceM TpeGoBaHHMAM, npeabasasembiM BAK

JMCCEpTallMAM Ha COMCKaHME YYEHOW CTeNeHH KaHauaata (U3MKO-MaTeMaTHUYECKHUX HayK 110
cneunanbHocTh 1.3.1. @usnka KocMoca, aCTPOHOMHS, a e¢ aBTop, ['nanenuera l0nusa "'ennansesHa,
3aCJTy’KMBACT MPUCYKJICHHE UCKOMOM CTENEHH KaHAKWAaTa (PU3HKO-MaTEMaTHYECKUX HaykK.

OduumansHeIi ONMOHEHT:

Benyuwmit  nHayuHbiii  coT
@enepanbHOro rocyaapcTie

PYAHUK, 3aBeAyloluid  nabopaTopueil  MIaHETHOM  acTPOHOMMH
HHOTO OGIO/DKETHOTO YupexXIeHHs Hayku WHCTUTYTa KOCMHMYECKHX

uccienosanunii Poccuiickoii akaneMun Hayk

JIOKTOp TeXHHYECKHX HayK

IMoanues Anexcanapa Bukr

7. "Vuentrii cexperapb MKU P/

117997, 1. Mockaa, y11. ITpo(

Taspos A. B.

Canosckuii A. M.




