OT3bIB opuumaabHOro onnoHenTa

Ha auccepTauHoHHy0 padory Bopumepoii ExaTepunbl BaragumuposHbl
«IIpoueccrl B a1cOPOHMPOBAHHOM BeIeCTBE H HX BJIUSIHHE HA XUHMHYECKYIO
3BOJIIOLHIO 103BE3AHBIX sIAEP H NPOTOMIAHETHBIX IHCKOB», PEICTABJIEHHYIO HA
COHCKAHHE YYEHOH CTeNeHH KAHAHAATA (PU3HKO-MATEMATHYECKHX HAYK 10

cneunaiabHocTu 1.3.1 — ¢u3uka Kocmoca, acCTpOHOMHUS

Huccepranus ExarepuHsl BiaauMupoBHbI bopiueBoii MOCBALICHA
MCCIICJIOBAHMIO XUMHMYECKUX MPOLECCOB, NMPOUCXOMSAIIMUX B XOJOTHBIX U IUIOTHBIX
IPOTO3BE3JAHBIX s/Ipax MEK3BE3AHLIX MOJEKYJIAPHO-IBUIEBBIX 0067aKkoB. Mexy
MbUICBOM M Ia30BOM COCTABJIAIOIIMMHU IPOTO3BE3/IHBIX sJIEP MPOMCXOIUT ITOCTOSHHBII
B3aMMOOOMEH  BEIIECTBOM 3a CUET [POIECCOB  AJCOPOLMM M AeCOpOLMM.
AzcopOupoBaHHOE BEIECTBO 00pa3yer JieisHble MAHTHU Ha MOBEPXHOCTH MBIIMHOK,
[A€ MOTYT C pasjMYHON CTENEHbI 3(PPEKTUBHOCTH MPOUCXOAUTH XUMHUUECKHE
peakuuu, 00pasys HOBEIE MOJIEKYJISIDHBIC COCIAMHEHHs. Takue peakuuu
MOCTEYIOLIEH jecopOunel uX NPOIYyKTOB B Ta30BYK (pazy MIparoT BaKHYIO pOlb,
BJIMAA Ha XUMHUUYECKUH cocTaB 00BeKTOB. MccienoBanust IaHHBIX MPOIIECCOB BECHMA
BAJKHBI, MOCKOJIBKY MOMHUMO 3aj1a4, OTHOCALIMXCS K XUMHUH U (DU3HMKE Taza W IMbUIM B
SKCTPEMAJIbHBIX YCJIOBHUSX, XapaKTEPHBIX AJIA 3B€3/1000paszyrouX saep, OHU CBA3AHDI
C  TakuMM  (QyHIAMEHTAIbHBIMH npobiieMaMy, Kak 3Be31000pa3oBaHuE U

[MPOUCXOXKACHHUEC KU3HU.

HeHOCpeIICTBGHHLI@ OLICHKM XMMHYECKOI'0 CcOCTasa JEIsIHLIX MAaHTHH ILUIMHOK
HAJICKO HE BCC€raa MOXKHO IIOJIYYUTh U3 HaOmoneHui. B OosblnnHCTBE CJIydyacB B
pacCIopsAKCHUH HCCJIEIOBATEJIEN OKa3bIBAIOTCS Ha6H}OHaTCHBHBIC OLCHKH Ta30BOTI0O
cocrasa. Ho u o atum JaHHBIM MOJXHO CAeJIaTh BBIBOJ O CyIHeCTBeHHOfI POJIK NIBLIJIN B
XUMHYCCKHX IIpolecCax B IMPOTO3BE3AHBIX sApax. Tak, YMCHBIICHUEC oouIHs

HEKOTOPBIX MOJIEKYJI B ra3oBoi (pase B Hambosiee XOJOJHBIX M IUIOTHBIX 001aCTAX



7103Be3AHBIX sigep (B mepByto ouepenb, CO) oOBSICHAIOTCS anAcopOlMed Ha IbUIb.
Hanuuue CIOKHBIX MOJIEKY1 B OITHX OOBEKTaX, I0-BUIAMMOMY, TaKXKe HEJIb3s
00BSACHUTH TOJIBKO razodaszHoil XuMueu. [[1s moHMMaHus IPOLECCOB, MPOUCXOIAIINX
B si/Ipax, HEOOXOJAMMO paccMaTpHUBaTh peakLUH, MPOUCXOASINME KaK B rase, Tak v B
JIEISHBIX MAHTHAX TBUTMHOK, @ JJIS 3TOrO HY>KHO INPOBOAUTHL JE€TajbHbLIE PAacyeThl B
pamMKax COOTBETCTBYIOIIMX AaCTPOXMMUYECKHUX Mojesed. MojenbHble pacyeThl ¢
IIOMOLIBIO JBYX(a3HBIX MOJIENICH, B KOTOPBIX paccMaTpUBaeTCs ra3 M IbUIb 0e3 yueTa
CTPYKTYPBI JIISTHBIX MaHTHH, He BCerja CHOCOOHBI BOCIIPOM3BECTH HaOJIIOJAeMbIe
COJICPIKAHUST PA3TMUHBIX CIELMi, [T09TOMY B HACTOALLEE BPEMs OHU yCTYIAKOT MECTO
Oosiee CI0XKHBIM TpeX(PazHbIM MOJIEIAM, B KOTOPBIX PACCMATPUBAIOTCS MPOLECCHI KaK B
[IOBEPXHOCTHBIX CJIOSX JICJSIHBIX MAHTHUM, OTKyJa MPOUCXOAUT JecopOLMs, TaK U B
Oosiee riyOOKHX CIOSIX.

DTO ompeAesisieT aKkTyalbHOCTh JUCCepTallMoOHHOW paborsl E.B. bopuesoii, B
KOTOPOH C TOMOIIBIO PACYETOB B pamKax Tpex(a3HbIX aCTPOXMMHYECKUX MOJEJIEH,
YUUTBIBAIONIMX ~ MHOTOCJIOMHYIO  CTPYKTYpPy  JIEASHBIX  MAHTHH  IBIJIMHOK,
He U Py3MOHHBIE XUMHUYECKHE pEaKIMM B MaHTHUSX, PEAKTHUBHYIO JIeCOOIMIO U
HEKOTOPBIE JIPYTHe MPOLIECChl PACCUUTHIBACTCS XUMUYCCKUNA COCTaB JO3BE3IHBIX sIEp
U MIPOTOTUIAHETHBIX JUCKOB CO BCIIBIILIKAMU CBETUMOCTH.

Jluccepranusi COCTOUT U3 BBEJEHUS, TPEX IJI1aB, 3aKJIIOUEHHUs, TPEX NIPUIOKEHUN
¥ CIHMCKAa HCIOJAB30BaHHOW Jsnreparypel. OOmmit o6beM paboTsl coctaBiser 183
CTpPaHUIIbI, U3 HUX COJEpKaTe/bHas 4acTh (BBEJCHHE, TPH IJIaBbl M 3aK/IHOYEHHE)
3aHUMaloT 126 cTpaHuL.

B nepBoii rnaBe paccMOTPEHbBI XUMHUYECKHE MTPOLECCHI B IIPOTOIUIAHETHOM JIHCKE
CO  BCIBIIKOW CBETHUMOCTH. [lOCKOIBKY pacdeTbl ¢ IOMOILBK  ABYX(asHOM
acrpoxummuyeckoit  momenu PRESTA  He MoryT 0OBACHHTH — HaOjogaeMoe
COOTHOIICHHE OCHOBHBIX YIJIEPOJICOACPIKAIIUX KOMIIOHEHTOB JIEAAHBIX MaHTUH I
craquu MoJiekyssipHoro obnaka, E.B. Bopumesa monupuumposana 3Ty Mozaenab B
Tpex(asHyo, J100aBUB MPOIECCHl, MPOUCXOAAIINAE B TOJIIIE MAHTHI, YTO IO3BOJIMIIO

JTO0UTBCST  Xopolneit  OMU30CTH  MOJENBHBIX M HAaOMIOJAeMBIX  COJEp)KaHUM



yTJIepoAcoAepKaUX MOoJeKyd. OnpeneneH CHUCOK MOTEHUMAIbHBIX HHIMKATOPOB
BCIIBILIKM CBETUMOCTH B Pa3jIMUHBIX 00J1acTsX MPOTOIJIAHETHOTO AMCKa.

Bo Bropoii u Tperbeil riaBax JaHbl pe3yJbTaThl aHAIMU3a XUMHYECKHUX
npoueccoB B 0Oe33Be3aHbIX sapaxX. E.B. bopmesa monudunmponana tpexdasHbii
actpoxumuyeckuit kou MONACO s yueta HeAu(pPy3HOHHBIX pPeaKLHi B JEAAHBIX
MaHTUSAX U HEKOTOPBIX APYTIMX IPOLECCOB, BIMSIOIIMX Ha COAEP/KAHME Pa3IMUHBIX
MOJIEKYJI, BKJIIOYas CJIOXKHblEe opraHudeckde MmouiekyJssl (COM). DTo 1mo3BOIMIO
BIIEPBBIE JIOOUTHCSI COIJIAaCHsi MEXIy pesyjbTaTaMM MOJEJIBHBIX pPAcueTOB U
Ha0JIr0/1aeMBIMU OLIeHKaMu coiepskanuit wectu COM Juist 1Byx no3uuuid siapa 11544,
COOTBETCTBYIOIIUX IMHMKAM M3JIy4YeHHUs] IbUIM KW MeTaHoja. JleTajbHO Hcciie0BaHO
BIIMSIHHE napaMeTpOB PasIMYHBIX (PU3UKO-XUMHUUECKUX IPOLIECCOB HA PacCYMTAHHBIC
coneprkannss COM B rasoBoit ¢asze u B jeasHbIX MaHTUsIX. CpaBHEHHE pe3yJIbTaTOB
pacyeTroB CoJepiKaHUMM MeTaHoJaa U (opmanbjieruia ¢ 00JpUM HA0OPOM JaHHBIX
Ha0OmoneHnid cemu aaep BosiokHa L1495 moxaszasio, 4To corjacue MOKHO TMOJYYHTh,
JIMIIB JIOMY CTUB MOHMWKEHHYI0 3 (EKTUBHOCT KaHasla 00pa3oBaHus GpopMasibieruia B

ra3zoBoi (ase.

Juccepranus E.B. bopiueBoii siBisieTcst cepbe3HbIM HAYYHBIM TPY/IOM, B TTOJHOM
Mepe COOTBETCTBYIOIIMM TpeOOBaHMSAM, HEOOXOJUMBIM JUIsd JUcCcepTaluii  Ha
COMCKaHHE YUYCHOH CTEIeH! KaHuaara HayK. Llenn n 3aaum uetko chopmympoBaHsI.
B kauecTBe Hay4yHOM HOBHM3HBI pabOTHI ClielyeT OTMETUTH HCIOJIL30BAHKME B pacueTax
HeZM(Py3UOHHBIX pEeaKlUil B JIESTHBIX MAHTHSIX COBMECTHO C OOHOBJICHHOM CETKOM
ACTPOXMUMHYECKMX peaklLUi, 4YTO BBIBOJAUT ACTPOXMUMHYECKOE MOJEIUPOBAHME Ha
0ojiee BBICOKMI ypOBEHb, II03BOJSIIOIIKI MPOBOAUTH JajbHEMIINE JeTajlbHbIe
UCCIICIOBAHMS XMMHMYECKOI0 COCTaBa Pas3jInYHbIX OOBEKTOB MEK3BE3AHON CpEJIb.
PaspaboraHHble METO/JbI PACUETOB MOTYT MPUMEHATHCS U 00JIee CIOIKHBIX MOJEeH
A1€p, HallpUMep, MOJIeJICH ¢ HEOJTHOPOAHBIM PACIIPE/ICICHUEM TUIOTHOCTH M TAaKKX, /1€
(usnueckre  mapamMerpbl  M3MEHSIOTCS  CO  BPEMEHEM (Hanpumep, Ui

KoJutancupyromero sapa). OJHUM M3 BapUAHTOB JIAJIBHEUIEro pa3BUTHSI MOJIC/IH



MOKET OBITb y4eT B pacueTaX HECKOJbKHX HACeJCHHUH MbUIM C Pa3IudHbIMU
($usnyecKkuMu napaMeTpamu.

PesynpTaThl MOIEIBHBIX pacyeTOB HECOMHEHHO HUMEIOT IPAKTHYECKYIO
3HAYUMOCTH M MOIYT OBITh HCIIOJB30BAHBl IS TUIAHUPOBAHUS Kak Oy IyHIux
HaOJIOJCHUM, Tak M Uil J1a00OpaTOpHBIX M TEOPETHYECKHX  HCCIICIOBAHUM.
[losryyeHHble  OLIEHKM  COJAEpKAHUM KOMIIOHEHTOB JICASHBIX MAHTHH  MOXKHO
MCII0JB30BaTh I IUlaHupoBaHus HaOmonaeHuit B MK-auamasoHe, B TOM YwMclie Ha
KOCMHUYECKHX TeJIECKOIIax.

PesynbpTarel paboThl SABJISAIOTCS OPUTMHAILHBIMHU U MOTYT OBITh HCIIOJIB30BAHbBI
criendasucTaMi B oOmacth (GU3MKM W XUMHUM olJsacTell 3Be371000pa30BaHus MpU
MCCIIeI0BAHUAX PAHHMX CTaJAMH 3BOIIOUMH 3Be3/1. OOOCHOBAHHOCTH M JIOCTOBEPHOCTH
BBIBOJIOB JIUCCEPTALMU 00ECIeUnBaeTCsl JAeTalbHbIM aHATU30M Pa3/IMYHbBIX PeaKilnii,
CPaBHEHHEM C TEOPETHUYECKHMM BBIBOJAMHM, a TakKe COIOCTaBJICHHUEM ¢
Ha0JII0JaTe/IbHBIMY JIAaHHBIMU U HE3aBHCUMBIMHU olleHKaMu. CTerneHs 000CHOBAHHOCTH
Hay4HBIX IOJIOJKEHUH W BBIBOJOB 3aCHy’KUBAIOT CaMOM BBICOKOM OLIEHKH. XOUYeTCs
OTMETUTH BECbMa MOAPOOHOE U3JI0KEHUE MaTépHaﬂa ¢ o0umeM JieTalbHbIX OMUCAHUN
pasHOOOpa3sHBIX XMMHYECKUX PEAKUUM M (U3MYECKUX IMPOIECCOB, CTPOrHH IMOIAXO/
COMCKATeJIsl K CBOMM pe3yjbTaTaM M BbIBOJAM, OCHOBAHHBIM Ha BCECTOPOHHEM
aHayuse.

Pesynbrarel omyOaMKOBaHBI B YETBIPEX CTATBSIX B BEAYIIHX POCCHHCKOM
(AcTpoHOMMYECKHI Ky pHAaIT) U 3apyOexHbIX (Astrophysical Journal, Monthly Notices

RAS, Astronomy & Astrophysics) xypHaax.

o coneprxkanmIo €CTh HECKOJIBKO 3aMEYaHHU U BOIIPOCOB:

- B onmcanun XxapakTepucTHK peakTuBHOM necop6umu (PII) ects Hesicnoctr. Tak,
Ha CTp.66 CKa3aHo, yTO 3HaYeHUe BeposiTHOCTH PJI B3sTo pasubM 0.01. B T0 ke Bpems
s¢pdexrusnoctn PJI, npusenennsie B Ta6m.2.7 mis momenun GRD asis pasmuuHbix

XUMHUYECKUX peakuuid, coctaBiiaoT oT 0.02% mo 0.1%. B pesynprarax ckazaHo, 4To



s¢pdexrusnocts P/l nomkna cocrasnste mopsaka 0.1%. Cregyer oOBSCHHTH, KAk
CBSA3aHBI MEXy COOOM BepOATHOCTD U 3 dekTuBHOCTH PJI U NpyBeieHHbIEC 3HAUCHHSI.

- Ha ctp. 30 rosopurcs o ¢opmynax BbIMHCIEHHS CKOPOCTEH MOBEPXHOCTHBIX
peakiuii, HO He NPUBOAATCA caMu (Gopmyiibl. [T0CKOIBLKY OKa3aa0Cch, YTO U3MEHEHHE
Temmneparypsl Ha rpagyc (¢ 15 K no 16 K) npuBoauT K CyIIEeCTBEHHBIM pa3inyMsiM
cocTaBa JICAAHBIX MAHTHH, CTOWT NPUBECTH (OPMYJIBI JUIsl CKOPOCTEH peakumii u
00CyAMTh JaHHBIH 2 PeKT moapoduee.

- OTHOCHUTENIbHBIE CONEPIKAHUS PA3IMYHBIX CIIELUMII PACCUMTHIBAIOTCS HE TOIBKO
OTHOCHUTEJIBHO MOJIEKYJIIPHOIO BOAOPO/A B ra3oBoii (haze, HO M OTHOCHTENLHO APYTHX
COCTaBJIAIOMINX KaK ra3oBoil (asbl. Tak M JbA0B. HeoOXomuMble MOSCHEHUS HEPEeIKo
OTCYTCTBYIOT. B uyacTHOCTH, Ha cTp.44 CKa3aHO: «...MaKCUMaJbHOE COJEpIKaHUe
aTOMapHOro yrjepojia Ha MblIM B Tpéxdasnoil monenu cocrapisiet mopsaka 10(—13),
MOJICKYIIPHOrO BoJopoaa — mopsiaka 10(—=19)». Ilo oTHomenuo k yeMy paccuuransl
9T COAEP)KAHUS?

- Yro Takoe MoHOCT0# Jb11a (cTp.80) M KaKOBa €ro TOJIIUHA?

- IIpu cpaBHenuy ¢ naHHBIME HaOMIIOACHHI UCIIOJIB30BATACH CBEPTKA MOJEIBHBIX
JIaHHBIX C TayCCOBBIM MNpOoQuiIeM ¢ MHMPUHON 26", 4TO COOTBETCTBYET AMArpaMme
HanpapleHHOCTH Tejeckona IRAM-30m. Ilpu 3TOoM He cKaszaHO, Kakoil yacToTe
COOTBETCTBYET JaHHOE 3HauyeHHe. HeoOxommmo Takke ykasaTh, KakoMy JHMHEHHOMY
MaciTaby COOTBETCTBYET 3HaueHue 26" it L1544 n npyrux o6beKTOB, NPUBEICHHBIX
Ha Puc.2.10. Ha Puc. 2.4 nHaGmonaeMble 3HAaueHMS CJIEOBANO Obl 00O3HAYUTL He
TOYKAaMH, @ TOPU3OHTAILHBEIMU OTPE3KaMHM, COOTBETCTBYIOLIUMH JIMHEHHOMY MaciTaby
Ipy HAOJTFOCHUSX.

- [Touemy monenpHas syueBas KoHuentpaius H2 paccumTbiBanach B CBEpPTKE C
TOJTY IMMPUHOHN AWArpaMMBbl HaIIPaBJIEHHOCTH, @ He C ee IMUPUHOM (cTp.73)?

- Ilouemy pasmep nenrpansHoit o6mactu smep 10, 11 u 35 B Bomokue 11495

OTJIMYAETCA OT COOTBETCTBYIOIIETO pasMepa Apyrux saep (ctp.116)?

W



- B paznene 2.4 ¢urypupyroT Ha3BaHus «Halla MOAEIb», «Hama Moxens MRD»y,
«montesis MRD», «0cHOBHast MOJIe/b», «Hama pabora», «Hama mMojaeabr GRDy, «Hamm
pacuetsD (ctp. 100-103). [ly1st sscHOCTH CTOMIIO GBI IIPOHYMEPOBATEH MOIEIH.

- B Tekcre ecTh He BIOJNHE SICHBIE WIM HEyJadyHble OOOPOTHI  («XOPOIIO
HaOJII01aeMBIE MOJIEKYJIBI», «HeIAU((Y3MOHHBINA KOI», «MOAETUPOBAHUE XUMUUECKHX
M3MCHCHUI», «BapUaLMU... HE TIPEBOCXOAT OJHOMN JecAaTol mopsiakay), B Tabauuax us3
[Ipunoxenns 1 oTHOLIEHMs BEJIMUMH HHOTAA OTJIMYAIOTCA OT pe3yJIbTaTa AejIeHus ApyT
Ha JIpyra 3HaYCHHUM, NPUBEJEHHBIX B COCEIHMX CTOJOLIAX, YTO, OYEBHIHO, CBI3aHO C
OKPYTJICHHEM.

- B cnucke ynurepaTyphl He yKazaHbl MHHIIMATILI aBTOPOB M 4acTO JAETCs JIHIIb
nepsast pamuus. Cebuika [110] HenpaBuiibHas.

- Opdorpadguueckux ommbOK U ONEYATOK OYEHbH MAJo, JUCCEPTALMSA XOPOIIO
opopmiena. XoTst, Ha MO B3I, U 00JIeryeH s MOHUMAHMS HEKOTOPBIC BETHUHHBI
CTOMIO OBl MOMECTHUTH B TaOJMIbI (HalpUMep, MPUBECTH TAOJIMUIly C MapaMeTpaMu
mozien PRESTA, a B Tabiuue 2.4 U1t CpaBHEHUs IPUBECTH PE3YJILTATHI PACUETOB C
nmoMouibo HemoauuuupoBannoir mogean MONACO). B to ke BpEMSI HEKOTOpPEIE
ONMCaHMs, IIOJTHOCTBIO TOMEUICHHLIE B IPWIOKEHHS, CTOWJIO OBl yHOMSHYTH B
OCHOBHOM TEKCTE (HarlpuMep, MOJIEJIb C KOJIIAIICOM).

Yka3zaHHbIe HCIAOYCTHI HEC CHMIKAKOT 0611_[6171 MMOJIOKUTEIbHON OLICHKHU pa6OTI>I.

Huccepranms  bopumesoit  Exarepunst  Bragumuposusl  «Ilpoueccsl B
aJcopOMpPOBAaHHOM BEIECTBE M MX BIMAHHE HA XMMHUYECKYIO DBOJIIOLMIO JO3BE3/IHBIX
AN€p M TPOTOIUIAHCTHBIX  JMCKOB»,  SABJISETCS  3aKOHYEHHBIM  Hay4YHBLIM
KBJIM(PUKAIMOHHBIM TPYJIOM, BBIIOJIHEHHBIM IO/ PYKOBOJACTBOM JIOKTOpAa (DM3HKO-
matemarndeckux Hayk JI.3. Bube, oHa cOAep)KUT HOBBIC TaHHBIE, IIOJYYEHHBIE C
MCII0JIB30BAHUEM OPUT'MHAIBLHBIX METOIMK U MOAeseH. Pe3ynbTaThl 10JI05KEHBI HA psijie
POCCHHCKUX MW MEKTYyHAPOAHLIX KOH(pEPEHLHNH, Ormy0IMKOBAHBl B PEKOMEHI0BAHHBIX
BAK w3nanusx. [luccepraums E.B. BopiieBoii 6bi1a npeacrasiena 29 okradps 2025 r.

Ha  CeMUHape OT[eNia  paJuONpPUEMHOH  amnmaparypbl ¥ MHJUIMMETPOBOIA



pamuoactpoHomun  MuHctutyta  npuknaasoit  ¢usukn  PAH  um nosmyumia
[IOJIOKUTEIbHYIO  OLeHKY. Ona  ynosierBopsier  TpebopaHusiM BAK — Pd,
[IPCABABIACMBIM K KaHIMIATCKUM JAHUCCEpPTALUAM 10 criennansHoct 1.3.1 — dusuka,
acTpoHOMHMS, a ee aBrop. bopmesa Exkarepuna Biaanmuposna. 6e3ycioBHO,
3aC/Iy’)KUBACT TIPUCYIKACHHUS €l YUCHON CTereHM KaHauaara (pU3UKO-MaTeMaTHIeCKHX
Hayk.  PesymbraTel - amccepTalMOHHON — paGoOTHI  NPEACTABISIOT HUHTEpeC s
CIIELMAIUCTOB B 00JacTH (U3MKM M XUMHH oOJacTei 3Be3/1000pa3oBaHusl |
actpoxumun. OHH MOryT ObITh Mcnosb3oBanbl B MIHACAH, AKI] ®UAH, TAUIII
MLV, Vp®V, ®TU PAH, UII® PAH u japyrux opraHusarusx. ABTtopedepar
COOTBETCTBYET COACPIKAHUIO JIUCCEPTALIUH.

OT3BIB COCTABJIEH BEJyIIMM HAy4YHBIM COTPYIHHKOM OT/e/a paguoNpUEeMHON
AMNapaTypel ¥ MUIUIMMETPOBON paanoacTpoHoMuu MHCTHTYTa npukiagHoit GpusHku

PAH, noxtopoM (pusnko-mareMaTHueckux Hayk JIbBom EBrensesndem [Tuporospim.
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