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1I/IHCTI/ITyT xyMun Ipy XapbKOBCKOM HAITMOHATIHHOM YHUBEPCUTETE,

61077, Xapbkos, twi. CoGoasl, 4

ActpoHoMuueckas o6cepsaTopust XapbKOBCKOTO HAIIMOHAJIBHOTO YHUBEPCUTETA,
61022, Xapskos, yia. Cymckas, 35

MoJieKyJagapHble MOCTOSHHBIE M JHTAJBINN 00Pa30BaHUS
acTpopu3nyecKd BaXHBIX COE€IUHEHHH.
Qnementsl H, He, C, N, O

Hana cucmemamuueckast C800KA COBPeMeHHbIX IKCNEePUMECHMATBHBIX 1L pacHem-
HBIX OQHHBIX O MOJIEKYJSIPHLIX HOCHMOSIHHBIX coelduHenull snemenmos H, He,
C, N, O, oOHapyxXeHHbIX ULU Npeonosazaemvlx 6 ammocdepax u 000I0UKAX
XOJIOOHBIX 368e30 U cy038e30. IIpusedenvl HAUbOee HAOCKHbIE HA CE2OOHSIULHUIL
derb 3Ha4eHUsl IHMAJIbNUL O0pPA306aHUSL IMUX HACHIUY, U3 AMOMOE U 3JeKm-
POHOB 6 2a3000pA3HOM COCHOSIHUL.

MOJIEKYJSPHI KOHCTAHTH TA EHTAJBIII] YTBOPEHHSI ACTPO-
DIBHYHO BAXKJIHBHUHX CHOJYK. EJEMEHTH H, He, C, N, O, Kome-
aescokuu C. 1., Hedaw KO. @D., 3axoxaii B. A. — Ilodano cucmemamuuHy
JODIpKy CYHACHUX eKCHEePUMEHMANbHUX Md PO3PAXYHKOBUX OAHUX HPO MOJeKy-
JASPHL korcmanmu cnoayk eaemenmiec H, He, C, N, O, icHysanust siKux
dogedeno abo npunyckaemsest y ammocgepax ma 00OAOHKAX XOJNOOHUX 3IpOK §
cyozipox. Hasedeno HaUHaOIHIWI HA OQHUL YAC 3HAUEHHST eHMAAbNII YMaEo-
DEHHSL UUX CHOJYK 3 AmOMIi8 ma eJIeKMpPOHi8 Yy 2a30N00IOHOMY CMAHL.

MOLECULAR CONSTANTS AND ENTHALPIES OF FORMATION OF
THE SPECIES IMPORTANT FOR ASTROPHYSICS. THE ELEMENTS H,
He, C, N, AND O, by Kotelevskii S. 1., Pedash Yu. F., Zakhozhaj V. A. —
We give systematic compilation of the novel data on molecular constants the
compounds of the H, He, C, N, and O, which are proved or believed to exist
in the atmospheres and envelopes of cool stars and substellar objects. The
most reliable currenily available reaction enthalpies are given for the reaction
of the formation of these compounds from atoms and electrons in the gas phase.

Pacuer paBHOBECHOTO XMMHUECKOTO COCTABA aTMOC(Ep M TMOBEPXHOCTHBIX CJIOEB
HEGECHBIX TEN TMO3BOJAET CYMIECTBEHHO JOTOJHWUTH JAHHBIE ACTPOHOMUUECKMX
HAOMIONEHWI W MATh WM afeKBATHYK WHTEPHPETAnuio. B OCOGEHHOCTH ITO
CTIPABENTHRO IS XOJOMHBIX 3BE3N MAJOH MaccHl W CcyO3Be3n (ROPUUHEBHIX
KapJIUKOB), KOTOpHIE, Kak mpexgmonararoT [50], MOTyT cOCTaBAdITh 3HAUNTEB-
HYK UACTh TAK HA3ZHBAEMOTO «TEMHOTO BEMIECTBA» BO BeeseHHOM. DT 0OBEKTH
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u3ayuaroT npeumymiectBeHHO B MK-gumanasone cnekTpa, uTO CyLIECTBEHHO
OTPAHMUUMBAET BO3MOXHOCTH HAGIIONATENBHON ACTPOHOMHUM B WCCAETOBAHUM WX
CBOWMCTB TI0 CPABHEHWIO CO 3BE3XaMHU ONTUUECKOTO AnanazoHa. OCHOBHBIM WCTOU-
HUKOM WHGOPMAITAM O TIOBEPXHOCTHOM W BHYTPEHHEM CTPOEHHM Cy03BE3N B
HACTOAIMIEE BpeMd ABJIETCA PU3NKO-XUMHUUeckoe Mopenmposanme [49, 138].

ABTOpHI GOMBIIMHCTBA PadoT, MOCBAMEHHBIX HCCASTOBAHNEK XUMHUECKIX
paBHOBECHI B 3Be3gHBIX atMmocdepax [51, 215, 216], mpoBoadT pacueT paBHO-
BECHOTO COCTABA MPHOIMIKEHHBIMU METOTAME, PACCMATPUBAA BKJIAN JJEMEHTOB
Broporo nepuopa (C, N, O u 1. x.) Kak Majoe BO3MYIIEHNE K CUCTEME BOTOPOL
— renm#t (Maccosoe coorrHomenue H:He mopaaka 3:1). KoncranTtsl paBHOBecHin
O0BIUHO GepyT M3 CIIPABOUHHUKOB, O HEOOXOMMMOCTH YUETA TOTO MWW WHOTO COPTa
XUMWUECKUX YACTHUIL CYAAT HA OCHOBAHUM CHEKTPOR HebGecHmx e [60, 95, 148,
163, 167, 197, 217].

Bo Muormx cryuagx, OFHAKO, TMPENMOUTHTEICH MPAMOW pacuyer KOHCTAHT
paBHOBECHT METOOAMH CTATUCTUUECCKON TEPMOOWHAMHUKHA HA OCHOBE CIIEKTPOCKO-
MHYESCKUX KOHCTAHT OTACHBHBIX UACTHL, (MOJIEKYAIPHBIX TocTogHEHX) [10]. OTo
MO3BOJIIET HEOTPAHUUEHHO PACIIMPATE HAOOP UACTHIL TIO MEPE MOABJIEHNS HOBBIX
JAHHKX O TCOMETPUH WM DHEPreTHKE MOJEKYJ, a TaKXe BBOOUTH TOMPABKHA HA
MEXXUACTHUHOE B3amMoaeHcTBrue. CTaTUCTUKO-TEPMOIMHAMIUUECKAN pacuer KOH-
CTAHT PABHOBECHA, KPOME TOTO, W30ABIMET HMCCAESNOBATENS OT HEOOXOMUMOCTH
HAKOTUTEHUS GOMBIINX MACCHBOB 3HAUEHWIH KOHCTAHT, 3ABUCAIINX OT TEMIIEPATYPHL.

O6enpu3HAHHBIMYA UCTOUHUKAMY WHOOPMAITNIHT 0 MOJTEKYJISIPHBIX TIOCTOSH-
HBHIX HA PYCCKOM 93BIKe ABASIOTCH cnpasounble naganngd UBTAH mon pegaknmei
I'ypsuua u mp. [11], copasounuku Cmuprosa u Pagmura [8, 9], a takxe kaurw
I'. Tepudepra [3, 4, 12]. Ocobo craeayer BHASIUTD KATMUTAIBHBN Tpya M. Xbro-
Oepa u I'. Teprdepra [12]. Dta MoHOrpadus (AHMIOA3BIUHOE H3NAHHE BHIILIO B
1979 romy!) A0 cMX MOP CAYXUAT OCHOBHHIM MCTOUHUKOM OSKCMCPUMEHTATBHBIX W
TEOPETHUECKUX CBEACHUHN 0 ABYXATOMHBIX MOJIEKYJIAX I MHOTHX WCCIEIOBATE-
Jen.

OnHako ¢ MOMEHTA M3AAHWS MEePEUNCISHHBIX KHAT Tporuio yxe 15-20 mer.
3a 5TOT Mepron HAKOMIEH GOMbmIoN 06beM HOBBIX MAHHBIX 00 acTpodusmuecku
BAXHBIX COSOVHEHMAX. B HeOecHHX Tenax W B Ja0OpATOPHBIX SKCMEPHUMEHTAX
OOHAPY>KEHB HOBBIE MOJIEKYJBI W MOJEKYJIAPHBIE KOMIUTEKCH, CBOHCTBA KOTOPHIX
MOTYT GHITH OIEHEHBI B TIEPBYIO OUEPENh HA OCHOBAHWH TOUHBIX KBAHTOBOXWMH-
YECKUX PacueToB ab initio. CymMECTBEHHO NOMOJHEHB W YTOUHEHB XapaKTepw-
CTUKHM HWKHUX BO3OYXKIAEHHBIX JMEKTPOHHBIX COCTOSHUN MOJEKYIAIPHBIX CUCTEM.
[MonmpITRA CHUCTEMATH3ATINA HOBHIX CBEOCHWH HOCAT DNMMU3ONWUECKUN XapakTep,
XOTS K HACTOAMIEMY BPEMEHUM MOJICKYJIIPHBIE KOHCTAHTH MHOTHUX ACTPOXHMUUE-
CKM BAaXKHBIX UACTHL, 3aHeceHBl B 0aswl AaHHbIX [155, 223].

ITpoBeneHHBI HAMW CHCTEMATHUECKNN TIOMCK TO3BOJIT OTOOpaTh Hambomee
HANEXHBIE, HA HAI B3TJIAA, 3HAUCHUA MOJCKYJIIPHBIX MOCTOSHHBIX W SHTATIBITHH
00pa3oBaHUd COSTMHEHNI TIATH HAMOOIEE PACTIPOCTPAHEHHBIX JJIEMEHTOB. Pero-
MCHIYEMBIC HAMH 3HAUCHUS TPUBEICHBI HIKE CO CCBITKAME HA TIEPBOUCTOUHUKM.
Ecau He ykazaHO WHOE, DJHTAJBIHH OOpPA30BAHUS MOJYUEHH HA OCHOBAHUHI
IKCTIEPUMEHTANBHBIX M PACUETHBIX TEPMOXMMUUECKWX TAHHBIX U3 pador [13, 36,
64—068, 104, 140, 142, 146, 182, 214]. Coucok uactull, Bkawouaer 14 atoMoB 1
aroMapHBX HOoHOB, 30 IByXaTOMHBIX W 83 MHOTOATOMHBIX MOJEKYJ W MOHOB, 4
rakxke 11 BOMOPOAOCBSI3AaHHBIX OUMEPOB ¢ XOPOINO W3BECTHBIMH XAPAKTEPHUCTH-
KaMH. DTOT TepeueHb B AATbHEHIIEM MOXET OBITh 3HAUNTETHHO PACIIMPEH,
MPEXIE BCETO 34 CUEST BRJIIOUEHWS HOBBIX MOHHHIX opM. OnHako maHHbI HAbOD,
KdK CBUIETETBLCTBYIOT PE3YJAbTATHI HAMMMX pacueTor [6, 7], mossosger ommcars
BCE CYMECTBEHHBIE 0COBEHHOCTN PABHOBECHOTO coctasa cuctemul (H + He + C +
N + O) » mumanmasoHe TeMmmeparyp oOT Heckoabkmx cortern mo 20000 K wu
maotaocred or 107! go 1078 r/em®.
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Tabauna 1. Atomsr n atoMaphsie HOHbL (7, — JHEprus TepMa, p; — CTATUCTHYECKmil Bec, AH —

IHTAJIBIIAA O6paSOBaHI/IH YacTUIbI U3 aTOMOB U BJIeKTpOHOB)

Hacru-

Dnement wa Tepm Te, oM p; |AH, xldx/mons Hcrounuk
H H 1s(2S1/2) 0 2 0 [8, 9]
2p(3PY2) 82258.921 6
25CP))) 82258.956 2
2p(3PY2) 82259.286 4
HY 1s 0 1 1312.10 [66, 68]
H 152 0 1 —-72.994 [8,9,214]
He He 1531 So) 0 1 0 [8, 9]
25(°S1) 159856.069 3
2s(' So) 166277.546 1
He™ 1s(2S1/2) 0 2 2372.33 [8, 9]
He™ *P(15252p) 0 2 2625.46 [52,123]
cC cC 20°¢Po) 0 1 0 8, 9]
2p2(3p1) 16.4 3
2p2(3p2) 43.4 5
2P2(1D2) 10192.63 5
2031 S0) 21648.01 1
252p°(°S9) 33735.20 5
2p3sCPY) 60333.43 1
2p3sCCP)) 60352.63 5
2p3sCP3) 60393.14 3
ct 2s22p(2P1/2) 0 2 1086.5 [8, 9, 66]
25°2p(*P3/2) 63.42 4
2s2p2(4p1/2) 43003.3 2
2s2p2(4p3/ 2) 43025.3 4
2s2p2(4p5/2) 43052.6 6
c 252253(48) 0 4 ~122.23 (8,9, 214]
N N 2p3(4Sg/2) 0 4 0 [8, 9]
20°(CDY/2) 19224.46 6
20°CCDY2) 19233.18 4
2p3(2p?/2) 28838.92 2
W) 28839.31 4
Nt 2°CPy) 0 1 1402.9 8, 9, 66]
2p2(3p0) 48.7 3
2P2(3P0) 130.8 5
2P2(1D2) 15316.2 5
2031 S0) 32688.8 1
0o o 2Py 0 5 0 8, 9]
2p(3p1) 158.26 3
20(Py) 226.98 1
2p(' D2) 15867.86 5
2p(180) 33792.58 1
o* 23 S3/2) 0 4 1313.4 [8, 9, 661
20°(Ds/2) 26808.4 6
2p3(2D3/2) 26829.4 4
o~ 2p5(2p3/2) 0 4 —141.41 [8,9,214]
20°(*P1/2) 180 2
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[MonyueHHBIE TAHHBIE CBENEHB B Tabaumer | —4. JIig aToMOB ¥ ATOMAPHBIX
noHOB (Tads. 1) yRazaHs XapaKTEPUCTHKU TOJBKO HECKOJBPKUX HIDKHHUX TEPMOB,
BHOCSIIUX 3aAMETHBIN BKJIAT B DJIEKTPOHHYE) CTATHCTUUECKYK) CYMMY B MHTEPBA-
ne temneparyp or 0 go 20000 K. DHepruu TepMOB JaHLI B CM ', SHTAILOUU
00pa3oBaHUS UACTWI, W3 ATOMOB M OJIEKTpOHHOTO Taza AH = 2D, — B
kJIx/mMomb. (AH > 0 COOTBETCTBYET peakium ¢ nortomeanem sSueprumn, a AH < 0
— € BBIACJICHUCM BHepI‘I/II/I). HpI/I NUCTTIOJIBb30BAHNU aTOMHOﬁ CHUCTCMBI CAMHWI]
nepesoa kJI>x/MONb B KENBBUHBI OCYIECTBISETCS YMHOXKEHMEM Ha KOpdurm-
ear R™' = 0.120273, rne R = 8.31441 JIx/ (K- Monp) — yHEBepcaJabHAS ra3oBad
nocrogHHasg, Jag MHOrOATOMHBIX MOJIEKyJa (talu. 3) m xmactepos (talu. 4),
noMUMO KOIe0aTeNbHBIX M BPAIIATE/AbHBIX KOHCTAHT, YKA3aHbl HamOoiee Cyme-
CTBEHHBIC TEOMETPHUCCKUE XaPaKTCPUCTHKH. [IJ1si BOTOPONOCBA3AHHBIX THMEPOB
(rabum. 4) BMecto AH npuBeAeHB SHeprum AuMepmsamuy Eg,, B KAauecTBe
KOTOPBIX B34Thl BEJWYMHBI D), Wi D,, COOTBETCTBYIOIMWE pPA3PHIBY TOJIBKO
BOAOPOIHON CBYA3M.

I[ToMHUMO TEPMOAMHAMUYECCKUX PACUETOB PABHOBECHOTO COCTABA, COOpAHHBIC
CIEKTPOCKONMMYECKHE KOHCTAHTHI MOTYT HAWUTH pPAa3HOOOPAa3HOE IIPHMEHEHHE B
acTpodhusnKe, HAPUMED I OICHKY SHEPIUH M MACHTH(UKAIMY POBAOPOHHBIX
TEPMOB MOJEKYJI B CIIEKTPOCKONMMK XOJOIHBIX M HATPETHIX 00JAKOB B MEX3BE3-
OHOM cpeme, VIS ONPEOC/CHAS XAPAKTEPUCTUUECKMX TOA0C TOTJIOMEHUS WU
W3ayucHus B porocdepax pasamuHBIX 3BE3T W T. .
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