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PaccmoTpeHbl MeTogbl pacyeTa usnydaTesibHbIX MapaMeTPOB MOJIEKY/IAPHOrO rasa B pesynbTaTe konebaTesb-
HO-BpaLLaTeNbHbIX MEPEXOAOB C y4eToM nHdopmauun, cobparHoli B barnke garHbix HITRAN. MokasaHo, 4to pag
konebaTesIbHO-BpaLLaTeNbHbIX NEPEXOLOB NPU NOraoLWeHnn hOTOHOB MOJIEKYAAMI YIIEKMCIOrO ra3a NpusoguT
K 0bpa3oBaHnto HeCTabubHbIX aBTOpacnagHbIX COCTOsAHWN. [TOCTPOEHbI aNropUTMbI BIYUCIEHUS NapLManbHbIX
K03(hPNLMEHTOB NOMOWEHNS 11 MOTOKOB N3/yHYeHNs 13 obbeMa MOEKYISIPHOMO ra3a Ha OCHOBE AaHHbIX baH-
ka HITRAN. lMpeacraBneHbl LOCTOMHCTBA 1 HELOCTATKM AAHHOMO MOAXOA4A MPU BbIYUCIEHUN U3JyHaTeNbHbIX
napaMeTpoB C/I0si MOJIEKYSIPHOrO rasa. PesynbTaTbl NPOAEMOHCTPUPOBaAHbLI Ha MPUMEPE YIeKUCIOro rasa u

METaHa, HaXo4ALWnXxca B aTMOCCbepe Semnu.

1. BBEAEHUE

CIIeKTpOCKOIHsI MOJIEKYJT PA3BUBAJIACH BMECTE C CO-
3JIAHNEM U CTAHOBJIEHHEM KBAHTOBON MEXAHWKU M COC-
TaBJISIET €€ HEOTHEMJIEMYIO YACTh, IMOCKOJBKY CIIEKT-
POCKOIINSI B CHJIYy €€ BBICOKOW TOYHOCTH TIO3BOJISI-
Jla JIEMOHCTPUPOBATH CIPABE/JINBOCTH 3aKOHOB KBAH-
TOBOIl MexaHuku. Ha OCHOBaHMEM 3aKOHOB KBAHTO-
BOIl MeXaHUKU CGhOPMYJIUPOBAHBI OOIIHE TPUHIUIIHI
K0JIe6ATEIHHO-BPAIATEILHOTO CIIEKTPA MTPOCTBIX MO-
JIEKYJT @:Jg] Jasiee 1pu anajmse KoJiebaTeIbHO-BPa-
MATEIBHBIX CIEKTPOB MOJIEKYJI MbI Oy/IeEM OIMUPATH-
¢ Ha KypC KBAHTOBOW MEXAHUKHU @]7 rje B KpaT-
KO# (hbopMe M3JI0ZKEHBI BCE PACCMOTPEHHDBIE 0COOEHHOC-
TH KOJIe0ATeIbHO-BPAIATEIbHBIX U3JTyYaATeIbHBIX ITe-
PEXOJIOB B MOJIEKYJIAX.

IIpu sToM oTmMeruMm, UTO TpU pPas3padOTKe MPUH-
[ATIOB MOJIEKYJISIPHON CIIEKTPOCKOIINN CYIIECTBYOIIAsT
nHGOPMAIUS [0 H3JIy9IaTeIbHBIM KOJIeHATEThHO-BPa-
MATEJbHBIM epexofaM B MOJIEKYyJIax ObLaa OrpaHu-
9eHa. 3a MPOINEIne MOYTH CTO JIET PA3BUTHUSI ITO-
ro Hampap/ieHUsi (DU3UKU C MMO3UIUIT HOBBIX 33129 U

* . . .
E-mail: bmsmirnov@gmail.com
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¢ TosiBJieHreM Ooraroil mH(MOpMAIUU 0 TAKUM IIepe-
XOJIaM OHO PACCMATPHUBAETCS IOJ JAPYTUM YTJIOM 3pe-
Husd. Bo-nepBbIX, B cilydae CHUMMETPHYHBIX MOJIEKYJI
9TH IEPeXOJbl BKJIIOYAIOT ABTOPACIAHBIE COCTOSHUSI
MOJIEKYJI. BO-BTODBIX, JIjisi peIlleHusI COBPEMEHHBIX 3a-
Ja9 CIIEKTPOCKOIINN TPEOYIOTCS HOBbBIE AJTOPUTMBI, B
OCHOBE KOTOPBIX HAXOIUTCS COBPeMeHHAast HH(MOPMAIUs
10 W3JIy9aTeIbHBIM KOJIE0ATEIbHO-BPAIATEIbHBIM 116~
pexojiaM B MoJiekyJiax. [loaromy 3Tu ajropuTMer 1001K-
HBI OBITH COTVIACOBAHBI ¢ MH(MOPMAITHEH TI0 CIIEKTPOCKO-
[y MOJIEKYJT B nH(MPAKPACHOI 06/1acTH CIIeKTPA.

IIpu nemoncTpanum ykKa3aHHBIX ACIIEKTOB MOJIEKY-
JIAPDHO# CIIEKTPOCKONIUU OyJleM OPUEHTHPOBATHCA Ha
N3JIyYeHne IIJIOCKOTO CJIOSI MOJIEKYJISIPHOTO rasa, MO-
nenmpytomtero armocdepy 3emum. Bymer ucmosb3oBa-
Ha nHbOpMaIus OaHKa CIEKTPOCKOINYECKUX JAHHBIX
HITRAN I:_l-(_):,:_l-]_:] IIpu sTOM OTMETUM, ITO MOJIECKYJISIP-
Hasl CIEKTPOCKOIINS OTHOCUTCSI K 3JIEMEHTaAPHOMY H3JTy-
qaTeIbHOMY IIPOIECCY B PE3YJIbTATE IEePeXo/ia MeKLy
K0J1e0aTeIbHO-BPAIATETbHBIMU COCTOSHISIMI MOJIEKY-
Jibl. JIpyroit mpobJieMoil SBIISIeTCST TEIJIOBOE 3Ly IeHue
obbemMa MOJIEKYJIAPHOIO Ta3a M €ro BKJIAJ[ B SHEPreTU-
qeckuil Oasanc cuctembl. [IpumepoMm 3TOTO ABIISAIOTCS
U3JIyJaTe/bHbIe IIPOIECCHl MIPU [T0XKApe U TOPEHUH Jie-
cOB (B TOM 4HCJIe IPU MCIOJIb30BAHUY JBIMOBBIX 3aBeC)
TEIJIOBOE U3JIydeHne arMocdephl INIAHET U B IAPHUKE,
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U3JIydeHne Ta30BOI HOJICTUIIKKA OOJIBIINX BOJIOEMOB U
BJIUSTHIE TOTO IIPOIECCA Ha BOJHBIA UMK HAJ[ HIIM.
Pemmenne kaxmoii u3 Takoro pojga mpobjieM OCHOBAHO
Ha nHQMOPMAIUH 10 U3JIyYaTebHbIM [IEPEX01aM MOJe-
KyJI, KOTOpasi COJEP:KUTCsI B OaHKe CIEKTPOCKOIIMIe-
ckux jarabix HITRAN. TTostomy it Takoro anajmsa
TpebyeTcs: COrIacOBaHME MEXKLY aJlOPUTMOM PeIIeHUsI
3aja9u 1 6GaHKOM JaHHBIX. Harreit mocseytormeit 3a1a-
qeil sIBJIsieTCst pacdeT KO3 PUIMeHTa MOTJIONIeHNsT Ta3a,
U TIOTOKa M3JIyYeHUsl U3 00beMa ra3a ¢ y4eToM IpuMe-
POB MOJIEKYJI YIVIEKUCJIOTO I'a3a U MeTaHa, HAXOIsIIIX-
cst B aTMocdepe 3eMJIn.

2. OBIIIMNE ITPMTHIIUIIBI
KOJIEBATEJIBHO-BPAIITATEJIBHBIX
N3JIYUYATEJIBHBIX IIEPEXO/J0B
MOJIEKYVY/JIBI

CradaJjia pacCMOTPUM CTAHJIAPTHYIO CXeMY JIJIsT KO-
J1ebaTe/IbHO-BPAIATE/IbHBIX [IEPEX0/IOB JIMHEHHBIX MO-
JIEKYJI U TIOJIO?KHMM €€ B OCHOBY ITOCJIE/IYIONIET0 aAHAII3A.
B obtiem citygae cedenne morsorerus (GOTOHA 0, B Pe-
3yJIbTATE TIEPEXO0JIa MEXKJLy KOJIeDATETHLHO-BPAIATE b=
HBIMU COCTOSTHUSIMU MOJIEKYJI j1aercst hopmysioit (e,
nanpmvep, [B.13,113))

we

2
ou(vj — Ulj/) = (:) Avjaun

(1)
rjle W — YacToTa Iepexo/id, G, — QYHKIUS pacipe-
nesienns GOTOHOB 110 dacToTaM, A, ; — Koaddunuent
DitHIITEiHA JJIsI PACCMATPUBAEMOIO IIEPEX0/Ia, yKa3aH-
HOTrO B cedenun. [Ipu sTom yHKIMS pacipeie/ieHus

(HOTOHOB HOPMHPOBAHA COOTHOITEHUEM

/awdwzl.

ITnorHOCTH MONIEKYTT Nyy; B HAUAJIBLHOM KOJI€OATETHHOM
U ¥ BPAIATEJILHOM J COCTOSIHUSIX B COOTBETCTBHH C PAC-
npeseserneM BosbiiMana jraercst popMysIoin

Bj(G+1)

Nuj = No(2) + 1) exp (— A

)= @
rje N, — IIOTHOCTb MOJIEKYJI B 33JIAHHOM KOJIeHaTe Th-
HOM COCTOAHUN, fJ — CTaTUCTHUYICCKad BEPOATHOCTDb CO-
CTOSIHUSA C JAHHBIM j, T — Temmeparypa ra3a, BbIpa-
KeHHasl B 9HEPreTUuIeCKnXx eJIMHUIlaX.

Hamee, K03 PUIUEHT MOTTIOMEHHS Ta3a, ComeprKa-
Iero MOJIEKYJIbl YIVIEKHCJIOTO I'a3a, 3a CYeT IIepexoia
N3 JJaHHOI'O KOJ'Ie6aTe.TH>HO-BpaHlaTeJIbHOFO COCTOAHUA
paBen

ko = Nyjou, = N (%)2 Aviao. (3)
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Ha ocnoBanum mapamerpos 6anka jganabix HITRAN
(0] dbopmyma (B) MozeT GBITH HpejCTABICHA B BHJE

(4)

rae S; — WHTEHCHBHOCTBH ITApIUAJBLHOTO IEepexosa,
OJIMH M3 OCHOBHBIX MAapaMeTpoOB OaHKa CIEKTPOCKOIIH-

kw(vj — vljl) = Nijaw7

geckux jgaHHbix HITRAN. Dror mapamerp jaercs: co-
OTHOILICHUEM

Sj = fj‘/ULAJ dw (5)
u ynobeH TeM, U4TO MHTEHCHBHOCTDH IIePexojia IPHU 3a-
JAHHOI TeMIeparype rasa He 3aBUCUT OT XapaKTepa
YIIUPEHUs! CIeKTPAJIbHON JIMHAMN.

[TockosibKy O/1HO# M3 HAINNUX 33/1a49 SIBJIAETCH BbI-
YUCJICHNE ITOTOKA U3JIy4YeHUd, CO3/1aBaeMOT0 IJIOCKUM
CJI0eM Tra3a, JaJiee Mbl HCIOJIb3YyeM ONTHUYECKYIO TOJI-
IIUHY 3TOrO CJI0d U, KaK IapaMeTp, XapaKTepu3ylo-
Uil TOTOK ra3a Ha JAHHON dacToTe. DTOT Iapamerp

BBOJIUTCS KaK
Uy = / ko dz,

rJle OChb 2 HallpaBJIeHa IePIEeHIUKYJISApHO cyofo. 1lpn

(6)

9TOM MbI pacCCMaTpUBa€M HU3JIy4deHHue IIJIOTHOI'O Tra3a,
KOTOprfI HaXO/IUTCA B TE€PMOJIUHAMUYICCKOM PaBHOBE-
CHH. ,HJ'[H BpaljaTeJIbHbIX COCTOAHUNA MBI UCIIOJIb30BaJIN
10 B popmysie (), IpreM Takoit raz cozaeT paBHo-
BECHOE MBJIyIeHne, MTOTOK U3JIYIeHUsT KOTOPOTo [, Jiis
ONTHYeCKH MIOTHOTO Tasa (u, > 1) pasen [[4,15]

fiw3 hiw -t
I, = Py [exp <_T_w) — 1] ,

rie T, — u3jydaresbHas TeMIIEpaTypa, KOTOpas COB-
MaJlaeT ¢ TeMIEepaTypoil ra3za, €cjiu OHa OJUHAKOBA B
cjioe raza. B ciiydae mpom3BOILHONW ONTHYECKON TOJI-

(7)

IIMHBL IUIOCKOTO CJIOS Uy, M3JIYHAOIIero ra3a MOTOK U3~
Jydenns cocrasiser [6]

(8)

Hamee, eciin TemriepaTypa ra3oBOro CJaosi MEHSIEeTCsT
[0 BBICOTE, TO TeMIIepaTypa U3JIydeHus 1, coBmajgaer

Jow = L,g(uy), gluy) =1—exp(l — 1.6u,).

C TeMIepaTypoii CJI0si Ha BBICOTE 2, IPUYEM BBICOTA

9TOTO CJIOsT JJIsl ONTHYIECKU IJIOTHOTO rasa (uy, > 1)
-1

Jaercst cooTHomenneM [\ 7]

Zw

u(zy) = /kwdz = :2)’

0

9)

B apyrom mpesesibHOM citydae, ecyid MOJIHAST OMTHIEC-
Kasl TOJIIMHA CJIOS Uy, Madia (u, < 1), Boicora adpdek-
THBHOTO 105t pasHa [ 6]
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Uy
u(zw) = >

B pamrax crammapTHON MOJIEKYJIAPHONW CIEKTPO-

(10)

ckouu u3 (HOPMYIIBI (Eﬂ) MOYKHO TOJIYYUTH IIPpaBUJIA
oTbopa JIUIsT BpaIaTeIbHBIX IEPEX0JI0B, YIUTHIBAs, ITO
SHEPrHd KOJIeOATEIHHOTO MePeXoIa 3HATUTEIHHO OOJIh-
e SHEPruy BPallaTeIbHOro rnepexojia. B arom ciayudae
st epexogta vj — v’ cenyer i8], aro

(11)

e A, — xoaddurment DAHIITEHHA JIJIsI PACCMATDU-

. . 2
Agj s jr = Ay [(Gmnlj'm")|7,

BaeMOT'0 K0JIeDATEJILHOIO [I€PEXo/ia, N — €INHUIHBII
BEKTOD, XapaKTePHU3YIONuil mojagpusaiuio dorona, m,
m’ — IOPOeKIMH BpAIATEJILHOIO MOMEHTa JIMHEIHOI
MOJIEKYJIbI Ha 9TO HAIPaBJIEHHE COOTBETCTBEHHO B Ha-
9aJbHOM M KOHEYHOM COCTOSTHUSAX I1epexo0B. MaTpud-
ubiit s1ement B dhopayie (11) coorsercrsyer k03dbu-
nuenty Kiebma —Topaana. Orcioma cieayroT mpaBuia
oTbopa JIjIsI BpaIaTebHOTO Tepexoaa JTUMHEHHON Mo-
JIEKYJIBI. DTU MPABUJIA PA3PENIalT TPU BETBU IIEPEXO-
noB. st AByXaTOMHO MOJIEKYJIBI WJIH JJIsi TPEXaTOM-
HOM JIMHEHHOW MOJIEKYJIBI, T/Ie KOJIEOAHUS TTPOUCXO/IAT
BJIOJIb OCH MOJIEKYJIbI, IMEIOTCS J[BE BETBU BPAIATE b~
HBIX [I€PEXO0/I0B, IMEHHO, P-BETBb JJIsi BPAIATEIHHOTO
epexofa j — j + 1 u R-BeTBb I BpaIaTeJbHOIO
nepexona j — j—1. B cayvae TpexaToMHoit JmHeHOM
MOJIEKYJIbI TP U3MEHEHNN Ha eJNHUILY KOJIe0aTebHO-
o KBAHTOBOTO YHCIA JJIsI 1edopMaIimoHHoTo Kojeba-
HU¢, KOTOPOE HAIIPABJIEHO MTEPIEHUKYIISIPHO OCH MOJIE-
KYJIBI, BO3MOXKHA, €I11e€ OJIHA BETBH JIJIsi BPAIIATEIbHBIX
[IePEXOI0B, & UMEHHO, (J-BETBb, COOTBETCTBYOIIA BPa-
MATEJbHBIM IIEPexXo/iaM j — j.

OTmeTnM, 9TO JIJTst PACCMATPUBAEMBIX YCJIOBHUI pas3-
HOCTH SHEPruil JJIsk COCeIHUX nepexonoB AAw Maja mo
cpaBHEHHIO ¢ TerioBoit sueprueit 1. Torma B cooTBeT-
crBun ¢ opmyIoit @) paccMaTpuBaeMble IEPEX0/IbI
OTPENIEJISIIOTCsT OOJIBITUMI BPAIATEIbHBIMA MOMEHTA~
MM MOJIEKYJIBI j. B 9TOM mpesespHOM ciydae, IPUHU-
Masg, YTO BpaIllaTeJIbHOEe KBAHTOBOE YUCJIO j XapaKTe-
pu3syeT COOCTBEHHOE COCTOSTHIE MOJIEKYJIbI, IMEEM B CO-
OTBETCTBHUU CO CBOiicTBaMU KOddg punmernTos Kiebrma —
Toprana myist 60IBITIX MOMEHTOB, UTO B CJIytvae, KOTIa
peaJiu3yiorcd Tpu Bpammareabubix Bersu (P, Q u R),
BEPOSITHOCTD PEAJTUBAINN KAXK IO U3 TPEX BPAIIATE b~
HBIX BETBell coryiacno popMmyJie (:_1-]_;) pasHa 1/3.

Jlajee orpaHUYIUMCSI TOJIBKO YJAPHBIM YITHPEHHEM
CIIEKTPAJIBbHBIX JIMHUI MOJIEKYJI, HAXOMAIINXCS B Oy-
depHOM raze, KOTOpoe CIIPaBEINBO B IITUTPOKOit obrac-
TH JaBjeHuit 6ydepHoro rasa, BKI0OYas arMocdepHoe.
st byHKIME pacnpeiesieHnsi (GOTOHOB M0 IaCTOTAM
JUISE JTAHHOT'O KOJIe0aTeIbHO-BPAIATEILHOTO IIEPEX0IA
nMeeM
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Vi

- !l
ay(vy = v'j") = 37T - (12)
2m [(wj —wo)? + v; /4]
Bnech v; — IMIUPHHA CIEKTPAJIBHON JMHUM JUIs Pac-
CMATPHBAEMOIO Iepexosia, fiwy — PasHOCTH IHEPruit

JIIST KOJIeOaTeIbHOTO TIepexo/ia, hw; — PasHOCTh SHep-
rmit 7T BpaIaTeabHBIX COCTOSHU rmepexoma. [lapa-
MEeTPBI 3TOH (POPMYJIBI COIEPKATCS B OaAHKE CIIEKTPa/Ib-
HBIX JaHHbIX Mostekynsl HITRAN [:l-Q‘]

3. OCOBEHHOCTMN
KOJIEBATEJIBHO-BPAIITATEJIBHBIX
N3JIYUYATEJIBHBIX ITIEPEXOJ0B OJIfA
MOJIEKVYJI YTJIEKNCJIOTO TA3A

Teneps paccMOTpuM OCOOEHHOCTHU U3JTyYaTETHHBIX
K0JIeOATETHHO-BPAIATEBHBIX  [IEPEXOJI0B  MOJIEKYJIBI
COy, opuentupysich Ha janubie banka HITRAN. Ilpu
pacemorpenun crekTpa MoJiekyibl COg MBI OCHOBBIBA-
eMCsl Ha CHEKTPOCKOIHH JIBYXaTOMHOM MOJIEKYJIbI, HO
YUIUTBIBAEM CIENPUIECKre OCOOEHHOCTH MOJIEKYJIbI
CO3, koTOpasi HapsiAy C KOJEOAHWSIMU, TPUCYIIU-
MU JIMHEHHBIM MOJIEKYJIAM, KOTJA aTOMBI JBUXKYTCs
BJIOJIb OCH MOJIEKYJIbI, 00Ja/iaeT nedopMaIOHHbIM
KoJieDaHWeM, IPpU KOTOPOM HAXOJSIIUICA B IEHTPE
MOJIEKYJIBI ATOM YTJIEPOJA JTBUYKETCS IIEPIIeH UK YIS~
HO OCH MOJIEKYJIbI, HAPYIIIas TeM CAMBIM €€ JIMHEHHYTO
CTDYKTYDY.

Cravajia pacCMOTPUM CBOHCTBa CUMMETPHUU MOJIE-
KyJIbl YyIJIEKHCIoro rada. OTMeTHM, 9TO PacipocTpa-
HeHHOCTH M30TONa 2C B 1pupoje cocrasiser 98.9 %,
a PACIIPOCTPAHEHHOCTb M30TOIa Kucjaopoga 90 pas-
na 99.76 %. fdupa 3THX M30TONOB 06IAIAIOT HYJIEBLIM
MoMeHTOM. [losToMy, OpHMeHTHpYsiCb Ha 3TH HU30TO-
bl B MOJIEKYJIE YIJIEKHCJIOIO ra3a, OyJeM paccMaTpu-
BaTh sAJIpa B MOJIEKYJIE YIJIEKUCJIOTO Ta3a KaK KyJOHOB-
CKHe TEHTPBI, KOTOPbIe HE UMEIOT COOCTBEHHBIX COCTO-
SIHUN. DTO MO3BOJISIET OMPEIEIUTh CUMMETPHUIO BOJTHO-
BO# (DYHKIMHU 3TON MOJIEKYJIBI, OCHOBBIBAsICH HA IPO-
CTBIX OOIIMX IPUHITUIIAX [t_)‘] JleiicTBUTEILHO, IIOJTHAS
BOJIHOBasl (PYHKIIAST MOJIEKYJIbI SIBJISIETCS ITPOU3BEJIe-
HUEM 3JIEKTPOHHO, K0JiebaTebHON U BpaIlaTe/ IbHOM
BOJTHOBBIX (DYHKIIHIA, TIOCKOJIBKY IHEPTUH STUX CTerre-
Helt ¢cBOOOIbI CUJIBHO pazinvatorcs. [loHas BoHOBas
bYHKIMS MOJIEKYIbl 0018/ 1a€T OMPEeIeIeHHON CUMMeT-
pueil pu OTparkeHWN 3JEKTPOHOB (M siZiep) OTHOCH-
TEJIbHO TJIOCKOCTH, IEPIEeH/IUKYIISIPHON OCH MOJIEKY-
JIBL ¥ TIPOXOJISIEil depe3 siipo yIyiepoja. JTO Ke OT-
HOCUTCS U K IJEKTPOHHOMN, KOjebaTebHON W Bpalia-
TEJILHOI BOJTHOBBIM (hyHKIWAM. [losTomy ist gaHHO-
o 3JEKTPOHHOTO M KOJIEDATEIHHOIO COCTOSTHUAN MOJIe-
KyJIbI €e BpallaTeIbHOe COCTOSHUE JIOJKHO 00J1a1aTh
onpesesiennoit cummerpueit [B]. B wactnoctn, st oc-
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Puc. 1. NIHTeHCnBHOCTU CneKTpaibHbIX JMHUI MOJIEKY YIAEKUCAOro rasa B aTMocdepHOM Bo3gyxe npu TemnepaTtype 296 K
cornacHo gaHHbiM 6anka HITRAN [:}O] VKa3saHbl Hanbosiee NHTEHCUBHbIE KOslebaTeNbHbIE NEPEXOabl AN BPaLaTebHbIX BeTBel
P, Rn @

HOBHOT'O 3JIEKTPOHHOTO U KOJIEOATETHHOTO COCTOSTHUS
CTaOUILHBIE BPAIIATE/IHLHBIE COCTOSHUST MOJIEKYJIbI CO-
OTBETCTBYIOT YETHBIM 3HAYEHUSM BPaIATEILHOIO MO-
MeHTa, & COCTOSTHUSI C HeUeTHBIMU 3HAYEHUSIMU Bpalla-
TeJIbHOTO0 MOMEHTAa SIBJISIIOTCS aBTOPACIQIHBIMU, T.e€.
pacIaIaioTcs 4epes3 OIlpe/jleJIeHHOe BpeMsl B pe3yJ/ibTa-
Te B3aNMOJIEHCTBUS MEK/Iy BpaIlaTeIbHBIMU, KOjeba-
TEJILHBIMI U 3JIEKTPOHHBIMEU CTEIIEHSIMIA CBOOO/IBI.

Hamee MBI OyIeM OPHUEHTHPOBATHCS Ha, M3JIyTe-
HUE MOJIEKYJI YIVIEKHCJIOrO Ta3a B aTMocdepe 3eMiId.
WMurencuBroctu vHanbosee 3hHEKTUBHBIX U3JIYIATE b=
HBIX [I€PEXOJ0B ITUX MOJIEKYJT B ATMOCHEPHOM BO3JIyXe
[IpeJICTaBJIeHbl HA PUC. -14' VkazaHHble HA 3TOM PHUCYH-
Ke Tpu HamboJ/iee MHTEHCUBHBIX KOJI€0ATE/IbHBIX ITepe-
X0/1a BKJIIOYAIOT jledopMaIinontoe Ko1ebaTerbHo-BO3-
6yxkennoe cocrosane 01°0; MBI IIpOAHAIU3UPYEM TO
cocrostaue moapobno. OHo mpepcrasisier coboil Hau-
Husinee e OpPMaIMOHHOE KOJIeDaHne, U TIOCKOJIBKY 9TO
KoJiebaHme MOYKeT IPOUCXOJUTH B JIBYX HAIIPABJIEHU-
SIX, TIEPIIEHIUKYJISIPHBIX OCH MOJIEKYJIBI, CYTIEPIIO3UIIIO
9THUX JIBYX KOJIEOAHUI MOYKHO MIPEICTABUTH KaK BpAIIle-
HUE aToMa yTJIepo/a, HECKOJIHKO CMENEHHOTO OT OCH,
10 JACOBOM U MPOTHUB IAaCOBOM cTpesku. [TockombKy 0T-
parKeHue MOJIEKYJIbl OTHOCUTEIHHO ILJIOCKOCTH CHMMET-
puHM, KOTOpasi MPOXOJUT Yepe3 aTOM yIJIepoja W Iep-
MEHMKYJISIPHA OCH MOJIEKYJIbI, MEHSIET HaIpaBJIeHUe
BpAIEHUsT MOJIEKYJIbI, MIEPBOE KOJIeDATEbHO-BO30Y K-
JieHHOe J1ehOPMAITHOHHOE COCTOSTHUE MOJIEKYJIbl HedeT-
HO, TAK YTO CTAOWJIHHBIME JIJIsI 9TOr0 KOJEeOATETHHO-

2 ZKOT®, Boin. 1(7)
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'O COCTOAHUNSA fABJIAIOTCA BpalllaTeJIbHbIE COCTOAHUA C
HEYIETHbIMU 3HAYCHUAMU BPpallaTe/JIbHOI'O MOMEHTA.

Orciofia cirejryer, 9TO BpalaresibHble BeTBU P u
R xonebarepHO-BpaIaTeIbHOIO IIEPEXO/Ia IIPU TIOTJI0-
mennn porona mosekyaoir COs cooTBeTCTBYIOT 00-
PA30BAHUIO CTAOUMJIBHBIX COCTOSIHUMN, TOTJA KaK Iepe-
XOJI, JIIsl BpallaTebHON BeTBU () MPUBOJUT K 00paso-
BAHUIO HECTAOUJIBHOI'O, aBTOPACIAIHOIO COCTOsHU. B
ciiydyae HanboJiee MHTEHCUBHOI'O PE30HAHCHOTO TIePeX0-
na 000 — 001 ¢ smeprueit nepexoza 2349 cm ™! npnu 1o-
ryoneHnn (poToHA 00Pa3yeTcs aBTOPACIAIHOE COCTO-
gHre I 0benx BpalmaTeabHbIX BeTBeil P u R. DToTr
[epexo/| XapaKTepus3yeTcs 0oJiee BHICOKIME 3HAYCHUSI-
My Ko3ddurmenta JHHIITEHHA, T. €. OH IBJsIeTCsT 00-
Jtee 3O PEKTUBHBIM 110 CPDABHEHUIO C TIEPEXOJIAMHE, TP/
CTaBJIEHHBIMU HA, PUC. :l,' Oj1HaKO BO3MOYKHOCTH 0Opa-
30BaHUST ABTOPACIHA/IHBIX COCTOSTHUI B PE3yJIbTaTe pac-
CMaTPUBAEMBIX IePEX0/I0B HE OTPAKAETCS HA XapaKTe-
pe IIpoIecca, ecju XapakKTePHOE U3/1yYaTeTbHOEe BPeMsi
JKU3HH BO30YKJIEHHOTO COCTOSTHIST MAJIO TI0 CPABHEHHIO
C BpeMeHeM KU3HU aBTOPACIAIHOTO COCTOsSTHUS. Tora
IIPOTIECC ITPOUCXOIUT TAKUM YKe CIIOCODOM, KaK U B CJIy-
gae Iepexo/ia MOJIEKYJIbl B CTaONILHOE COCTOSTHUE.

OTMmernuM, 9TO BpeMsl KU3HU aBTOPACIIAIHOTO CO-
CTOSHUS W IIOBEJIEHHE YDPOBHEW 3Heprun CTabuIbHO-
ro KojebaTeIbHO-BPAIIATEILHOIO COCTOSHUS MOJIEKY-
JIBl BKJIIOYAET B3aMMOJIEHCTBHE KOJIeOAHWS U BpAIlie-
uus. PaccMoTpum 3Ty mpobeMy s KoJiebaTe bHOTO
cocrosiaus 01°0 MOJIEKYIIBI YTUIEKUCIIOTO ra3a, KOTOPoe
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COOTBETCTBYET BO30Y?KJIEHWIO OJHOTO KBaHTa j1edop-
MaIMOHHOI'O KOJIEOATEIHHOIO COCTOSHUS STONW MOJIEKY-
Jabl. B KaugecTBe COOCTBEHHBIX KOJIEOATEIHHBIX COCTO-
AHNN PACCMOTPUM BpalleHre BO30YyKJIEHHOIO COCTOsI-
HUs 110 9aCOBOW CTpeJIKe M HpoTuB Hee. TeMm cambIM
9THU COCTOSIHUSI COOTBETCTBYIOT BPAIIATEIbHBIM COCTO-
SHUSIM C HPOEKImell MoMeHTa 1/2 Ha OCb MOJIEKYJIbI.
Torma dpopMaIbHO MOXKHO CJIOKUTH 3TOT MOMEHT Bpa-
IEHUs] ¢ MOMEHTOM BPAIEHHUsI OCH MOJIEKYJIbl U, €C-
JIN BPAIATEJIbHBII MOMEHT BPAIEHUS OCH MOJIEKYJIBI
paBeH j, 9TO IPUBEJET K COOCTBEHHBIM COCTOSHUSIM C
JIByMsl CyMMAPHBIMU MOMEHTAMU, a UMEHHO, j + 1/2 u
j—1/2. CoorBercTByIONIEe BOJIHOBbIE (DYHKIUU UMEIOT

BT
1
Vjt12 = 7 {Yjo1r £j10-},
1 (13)
U, 10 = 7 {jor Y510}

31eck ; — BOMHOBAA DYHKIUS MOJEKYIBI, OTBEYAIO-
Iasi BPAIEHUIO €6 OCU ¢ MOMEHTOM BpAIEHUs j; ¢y,
(_ — BOJIHOBbIE (DyHKIUHU, ONIHCHIBaONue gedopma-
[IMOHHOE COCTOSIHNE MOJICKYJIBI C BPAIIIEHIEM BOKDYT ee
OCH TI0 9acoBOil cTpesike u npoTus Hee. IIpu sToM 3naK
B BBIPAKEHUAX JIJI BOJTHOBOU (DYHKITUU OIPEIeIsIeTCs
ee cummerpueit. OTMeTHM, YTO IPU TAKOM PACCMOTPe-
HUU MBI CUUTAEM COCTOSIHHUS CTAOUIHLHBIMH B TEUEHHUE
OI'PAHNYEHHOIO BPEMEHU.

Taxoe paccMoTpenue 1103BoJisieT (POPMAJILHO IIPEJI-
CTaBUTH CMECh JIAHHOTO J1ePOPMAIMOHHOIO COCTOSTHUST
U BPAIEHUs OCU MOJIEKYJIBI B BUJIE BOJIYKA C IINJINH/IPU-
gecKoit cmmMeTpreil. B 3ToM cirydae Heprus BOTYIKA
E}; MoxKeT OBITB ITPEJICTaBJICHA B BUJIE [Z_]]

Ey; = Bj(j +1) + (A — B)k?, (14)
rjie j — MOMEHT BPAIEHHs OCH MOJIEKYJIbI, k — MO-
MEHT BpaleHus BOKpyT ocu, B = 0.39 cm~! — Bpama-
TeJIbHAs TOCTOSHHAS JIJIsi BPAIEHUs] OCH MOJIEKYJIbl. B
JIAHHOM PaCCMOTDPEHHH BPAIaTeIbHOEe KBAHTOBOE UHC-
J10 i jgedbopManoHHoro Kosebanus pasuo k = 1/2,
a dHePTHUs BO30YKICHUS 1eDOPMAIMOHHOTO COCTOSTHUS
1. mosTomy BpamareabHas HOCTO-
SHHAS BOKPYT OCH MOJIeKy/bl pasHa A = 889 cm~ 1.
Kak Bujimo, Bpamareabnoe coCTOsIHUE MOJIEKYJIBI U J1e-

cocrasiger 667 cm™

dopmarmorHoe Kosebanne, KOTOPOe Mbl pacCMaTpPUBa-
eM KaK BpallleHre BOKPYT OCH MOJIEKYJIbl, CUJIBHO pPa3-
JIeJIEHBI TI0 YHEPIUN.

B pamkax mpejicTaBieHHON MO/IEIN OLIPEIEIIIM I10-
JIO?KCHUE YPOBHEH SHEPI'Uu BPAallaTe/IbHLIX COCTOAHUN
¢ GoJiee BBICOKOI TOYHOCTDHIO, IeM JaeT (POPMyJIa (:_1-4),
BKJIIOYUB B PACCMOTPEHHUE B3AMMO/IEHICTBIIE MEXK Ty Pac-
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CMaTPpUBa€MbIMU BPalleHUAMU. Nmeem B JaHHOM CJIy-
qae

Eyj+1 = Exj +06V2, Eypj_1 = Ej — V2,

0= <¢j<ﬂ+|f{|¢j+1@—> = <¢j_1g0+|fl|wj<p_>. (15)

Ha ocnoBe 3TOro CKOHCTpPyHDYEM JI€TE€PMHHAHT
SHEPIUM JIjIs COCTOAHUMN, CBA3AHHBIX C BPAIATETbHBIM
COCTOSTHUEM, KOTOpPOE OTBEYaeT BPAIIATEJTHHOMY MO-
MEHTY j:

e—2B 6 0
) € 1) =
0 0 e+2B

0,

rae € = B — Ey;, E — sueprus. Bolienss cocrosnue
C BpAIATEJIbHBIM MOMEHTOM j, MOJYYUM CEKYISTPHOE
ypaBHEHHE JJisT COOCTBEHHBIX 3HAYCHUIT SHEPIUN B BU-
e

e(e? —4B?* - 26%) = 0.

Pemenue sToro ypasuenus naer €1 = 0, €23
= +(4B? + 26°)Y/2, Tax uro B3AMMOEHCTBIE MEXKITY
BpAIEHUEM OCH MOJIEKYJIbI U j1eDOPMAIMOHHBIM KOJIe-
GaHueM MPUBOJIUT K PACTAJKUBAHUIO YPOBHE, U 3TO
B3aMMO/IEICTBUE CTAHOBUTCS CYIIECTBEHHBIM B II0JIO-
JKEHUU PACCMATPUBAEMBbIX YPOBHEN SHEPIUU MOJIEKYJIIBI
npu 0 ~ B.

Ha ocmose jmamnoro anaan3a MOXKHO cHOPMYIAPO-
BaThH JBa IIPEJIEJBbHBIX CIIydas B3aUMOEHCTBUS BpaIlie-
HUsI OCH MOJIEKYJIBI C J1ePOPMAIIMOHHBIM KOJIEOaHTEM
MOJIEKYJIbL. B cityaae ciaboro B3anmoeiictust, 0 < B,
COOCTBEHHBIE COCTOSHUS MOJIEKYJIBI XapPaKTePU3YIOTCs
MOMEHTOM BPAIIEHUsT MOJIEKYJIBI § ¥ BBIPOXKIEHO TI0 Ha-
[IPABJIEHNIO BPAIEHUSI OTHOCUTEIBHO OCH MOJIEKYJIBI, &
Heprus jaercs GopMyIoit (:_1-4_1:) B napyrom mpeenbHOM
caydae § 3> B KBAHTOBBIM YHCJIOM SIBJISIETCS TOJIHBII
MOMEHT BPAIEHUS MOJIEKYJIbI, I SHEPIUHU, OTBEUAIOIINE
COOCTBEHHBIM COCTOSTHUSM MOJIEKYJIBI, TAl0TCs (DOPMY-
nanm (1D).

Pasmnbriit xapakTep criapuBaHusi MOMEHTOB MOJIEKY-
JIBI B 3aBUCAMOCTH OT BEJIMINHBI B3aNMOIEHCTBUS ME¥K-
JIy BPAIATEIbHBIMUA COCTOSHUSAME IIPUBOIUAT K PA3HO-
My PACIPEJIEJCHUIO 110 KOHEIHBIM COCTOSIHUSIM MOJIe-
KYJbl B PE3yJbTaTe IOIJIOMEHUSI HEHOJSIPH30BAHHOIO
dorona. B ciaydae, eciin B3ammoieiicTBIE MEXKTy Bpa-
IEHNEM OCH MOJIEKYJIbl U j1eDOPMAIMOHHBIM KOJjeba-
HUEM OTHOCHUTEJBHO MaJjo, MPU OOJIBIINX 3HAYEHUIX
MOMEHTa BPAIEHWsT MOJIEKYJIbI § KOIDPUImeHTsr JitH-
mreifHa JUisl BpamaTeabHbX BeTBeil P, (Q m R pas-
mot [9], Ap = Ar = Ag, Torna xax B ciyuae cuib-
HOT'O CIAPUBAHUS MOMEHTOB, KOTJ[a COOCTBEHHBIE BOJI-
HOBbIE (DYHKIINN MOJIEKYJIBI JAI0TCA (DOPMyIaMu (:_1-3),
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Puc. 2. Koadppnuyment DiiHwTeliHa gnst n3nyvaTensHoro

konebaTtenbHo-BpawaTensHoro nepexoga 00°0 — 01°0 mone-
kynbl CO2 kak dyHKLMS Ha4abHOMO BpaLLaTeNbHOrO KBaHTO-
BOrO 4ucna j cornacHo AaHtbiM banka HITRAN [10]

Ag = 2Ap = 2AR. Ha puc. :2 [IPUBOJISITCS 3HAUEHUSI
K03 durmeHToB DIHINTEHHA JIJIsT U3JIYIATEILHOIO I1e-
pexoia U3 OCHOBHOI'O COCTOsIHUSI B HIKHEEe KOJ1ebaTe /b
HOE COCTOSTHYE.

Ormernm, uro 6ank manabix HITRAN comepzxur
JIOCTATOYHO MOJTHYIO HHMOPMAIIHIO IO M3JTyIaTeTbHBIM
KoJ1ebaTe IbHO-BPAIATeIbHBIM [TI€PEX0aM U U3 X aHa-
JIN3a MOYKHO CYJIUTH O PA3HBIX ACIEKTaX TPUPOJIBI ITUX
nepexoioB. Cama nadopmanus 6arka HITRAN mosty-
YeHA Ha OCHOBE YKCIIEPUMEHTAJIbHBIX JIAHHBIX, KOTOPHIE
BKJIQ IBIBAIOTCSI B PAMKU OIIPEJIE/IEHHBIX Mojeseil. Pe-
3yJIBTATOM TaKO 00PabOTKN IKCIIEPUMEHTATBHBIX JTaH-
HBIX SIBJISIETCS pa3HOOOpasHast WH(MOPMAIMS O Iepe-
XOJIaX, TOTJA KaK MEeTOJ| ee IOJIyIeHUsl OKA3bIBACTCS
CKPBITBIM OT TOTpeduTesa. TeM camMbIM TOTPEOUTEH
HE MOXKET OTEHUTH JJOCTOBEPHOCTD MTPEJICTABIEHHON NH-
dopmarun, BepHee, 3Ta HHOOPMAIIUST IIPEIOCTABISETCS
MOTPEOUTENIO KaK 3aBEIOMO abCOIIOTHO JOCTOBEPHASI.
O/1HAKO B PacCMaTpPUBAEMOM CJIydae MbI CTAJIKUBAEM-
cst ¢ nporuBopednem. JleficTBUTEIBHO, COTJIACHO IAaH-
HBIM PHC. -':4' COOTHOIIIEHNE MEXKIy KO3PDUIHEHTAMEI
DiiHITeliHa JIJIsi PasHbIX BpalllaTeIbHbIX BeTBell pac-
CMaTPUBAEMOTO M3JTyIATeIbHOTO [TEPEX0Ia CBUIETE b=
CTBYeT O CHUJIbHOM B3aUMOJEWCTBUU MEXKJIy BPAIEHU-
€M 0CH MOJIEKYJIBI U JiebOpMaInoHubIM Konebanuem. C
JIpYTOil CTOPOHBI, 3HEPTHsT (DOTOHA JIJIsT COOTBETCTBYIO-
IIUX BPAIATEIbHBIX IIEPEXOI0B PACCMATPUBAEMOTO KO-
J1e0aTeTHLHOTO TIEPeXo/ia OTBEYIALT C1aboMy B3anMo/Ieii-
CTBHIO MEXK/JIY JIAHHBIMU CTEIEHIMU CBOOOJIBI MOJIEKY-
JIBL. DTO TPOTUBOpEYNEe BHYTPU DAHKA CIEKTPOCKOIIN-
qeckux JaHHbix HITRAN Tpebyer momosHUTEILHOIO
aHaJIM3a.
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4. KO9PPUIMEHT IIOIJIOIIIEHNA B
PE3VJIBTATE
KOJIEBATEJIBHO-BPAIITATEJIBHBIX
N3JIYUYATEJIBHBIX IIEPEXOJ0B OJIfA
MOJIEKVYJI YTVIEKNCJIOTO TA3A

VIIeKHUCTBIi Ta3 — 9TO BayKHAs KOMIIOHEHTa, aTMO-
cdepbl, KOTOpasi JaeT 3HAYUTEIbHBI BKJIa | B TAPHU-
koBbI apdexT armocdep 3emsn u Benepst. C ipyroii
TOYKHU 3PEHUs, 9TO CHUMMETPUIHAS U JIMHEHHAST MOJIe-
KyJIa, 9TO MMO3BOJISIET UCIOJIb30BATH €€ B KAYeCTBE MO-
JIEJIbHOM MOJIEKYJIbl. B JIJAaHHOM ciiydae Mbl HOJTy IiM
K03 PUIMEHT TOTJIOMEHNsT MOJIEKYJIAMI YTJIEKACIOTO
raza, HaXoJIAIerocs B arMochepHOM BO3JLyXe, UTO 1103~
BOJIUT TiepeiiTn 0T 3P DEKTUBHBIX MOJIEJIEI MOTIEKYJIsIp-
HO CIIEKTPOCKOTIMA K METO/TY, OCHOBAHHOMY Ha HH(MOP-
varmu 6anka HITRAN. Drtor mepexos coorBeTcTBy-
et nepexony or dopmyist (14) k (15), Tax uro B KO-
HEYHOM UTOTE MBI [IPEJCTABJISIEM ITapaMeTphl H3JTyda-
TEJBHBIX KOJIEOATETbHO-BPAIIATETBHBIX TEPEXOTIOB MO-
JlekyJ1 B TepmuHax OaHka jaHabix HITRAN, cpemnu ko-
TOPBIX OCHOBHBIM $SIBJISI€TCS WHTEHCUBHOCTH TIEPEXOJIA.
SHaYeHNsI MHTEHCUBHOCTEH CIIEKTPATBHBIX JIMHUIT yTJIe-
KHCJIOTO ra3a, HAXO/IAIIEerocs B arMocMepHOM BO3/IyXe,
[IpeJICTaBJICHbI Ha PUC. :}:

Kak cireqryer n3 91010 pucyHKa, OCHOBHYIO POJIb B
N3JIYYEeHUH YTJIEKHCJIOTO T'a3a, HAXOISNIErocs: B aTMO-
chepHOM BO3IyXe, UTPAIOT BpallaTeJbHble BeTBu P 1
R. B sTom cirygae dopmysta (:_1-§) naet 11 Koaddurm-
€HTA TIOIVIOIIEHHST YIVIEKICIIOT0 Ta3a B CJIydae yIapHoro
YIIUPEHUS (:_1-%') CHEKTPAJIbHBIX JIMHUN BbIPayKeHUe

[
w:Nv J7 .
& XJ: 27 [(wj — wo)? + 1/]2/4]

(16)

3/1eCch CyMMUPOBAaHUE ITPOBOUTCS 110 BPAIATETHHOMY
MOMEHTY j, NpUYEM OCHOBHOW BKJIAJl B IIOTJIOIIEHUE
BHOCSAT OOJIbININE 3HAaYeHWs MOMeHTa j > 1. 3aBucu-
MOCTH KO3 DUIHEHTA, TOTJIONEHNS OT IACTOTHI COTIAC-
HO bopmysie (:_l-(_i‘) HOCUT OCIMJITUPYIONIAIA XapaKTep
C MAKCUMyMaM# B IEHTPAaX COOTBETCTBYIOIINX CIIEKT-
PaJbHBIX JIUHUI 1 MUHIMYMAaX B ITPOMEXKYTKAX MEXKLy
COCEIHUMU JINHUSIME. B JTAHHOM CJIydae peasn3yioTcs
TOJIBKO YeTHBbIE 3HAUEHUSI MOMEHTA BPAIIEHUS JJIsT KO-
J1ebaTeIbHBIX COCTOSTHII C YeTHBIMU 3HAYEHUSIMI KOJIe-
6aTeILHOTO TUCTA [T 1eOPMAITMOHHBIX KOJIeOaHnit 1
HEYETHBIMU 3HAYCHUSIMU, €CJIN JIeDOPMAIIMOHHOE KOJTe-
baTebHOE UNCJIO HedeTHO. Kpome Toro, coracto ¢op-
MyJIe (:_1-4) PACCTOSTHUE MEXKJTy COCETHUMHE CIIEKTPAJIh-
HBIMU JIMHUSIMU JIJTsT JTAHHON BPAIATEIbHOM BETBH O/T1-
HAaKOBO U B CJIydae YIJIEKUCJOTO Ta3a Pa3HOCTh 9acTOT
JITsT COCEJTHUX JIMHUIM COCTABJISIET C YY€TOM YETHOCTH
BpalaTejabHblx cocrosuuii Aw = 4B/h. Dro nozso-

2*
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JIET UCTIOJB30BATH PEry/IsApHyIo Mojers 20| jrs sto-
ro cjaydasi, U TOTa corjacHo Teopeme Murrara —Jled-
siepa [21] MoxkHO TIpOBecTH cymmmpoBamme B hOpMY-
e (16). Torya, ecm CIUTATH MIUPHHY CIEKTPAILHON
JuHHN Vj = v B dopMyJIe (:_1-6) He 3aBUCAIIEeil OT Bpa-
MATEIHHOTO IUCIa, CyMMUPOBAHNUE TI0 BPAIATETLHOMY
KBAHTOBOMY YHUCJIY j JaeT

k NS(w) shy TV (17)
Y Aw 27 (w—wp) YT AW
chy—cos ——=
Aw
rjie Wy — 9acroTa KojebarebHoro nepexoja. [ipu srom
N — IJIOTHOCTH MOJIEKYJI B OCHOBHOM COCTOAHUU, N

MBI CUINTAJIH, ITO HHT€HCUBHOCTD S Ca00 3aBUCHT OT
BPAIIATE/IHLHOTO KBAHTOBOIO YUCJA j, 9TO MO3BOJIMIO
HepeidTu K HelPEePLIBHON IIePEeMEHHON — YacToTe, TaK
YTO MHTEHCHBHOCTDL nMeeT BuJL S(w), 1 OHA COBIAJIAET
€ HHTEHCHBHOCTBIO S IPH 9aCTOTaX COOTBETCTBYIOMINX
CHEKTPAJIbHBIX JINHHA.

Ormernm, aTo dopMmyiia (:_I-Z:) COBIIAIAET C COOTBET-
cTByommMu GopMyamu peryasipHoit Mogesn [23-25] ¢
UCIIOJIb30BAHUEM OOBIYHBIX CIIEKTPOCKOIMYECKUX [apa-
merpos. Hasee, 3aBucumoctsb unrencusnoctu S(w) or

hw() hQ (w — w())

YaCTOThI UMeeT BH/L
—_— X
T ABT }

e ()],

rie 1T — TemmepaTypa ra3a, BIpayKeHHAasl B SHEPTeTH-
YEeCKUX eJIMHUIAX.
[Tosyyenmbie pe3ysibTaThl MOIYT OBITH NCIIOJIH30BA~

S(w) = |w—w0|exp{—

HBI JJIs pacdyeTa HapaMeTpPOB H3JIyUeHUs MOJIEKYJIsiD-
HOT'O Ta3a, Haxosierocs B 0ydeprom raze. Kazamocs
ObI, MOYKHO WCIIOJIb30BATH JIJIsI ITON 1eau (DOPMYJIBI
) u (8) u, cpaBHEBAs PE3YILTATHI IS OTHHAKOBBIX
YCJIOBHIA, OI[EHUTH TOYHOCTH IOJX0/a, OCHOBAHHOTO Ha,
nanmbix 6anka HITRAN [10]. Oanako, mockosbky see
CITEKTPOCKOIITIECKHE TTApaMeTPhI (hOPMYJIBI @) MBI Oe-
pem u3 6anka HITRAN, mer cMmbiciia B TakoM cpas-
wenuun. [loaToMy majiee MbI UCIIOJIB3YEM TOJIBKO BTO-
poit U3 mpejcTaBIeHHBIX BapuanToB. Kak jgemMoHcTpa-
[UsT ITOTO TOIXOMA, Ha PIUC. 'E)’ [IpeJICTaBIeHa 3aBHUCH-
MOCTH KO3(DPUIMEHTa, TOTIOMEHNsT ATMOCHEPHBIM YT~
JIEKUCJIBIM Ta30M BOJIM3U MMOBEPXHOCTHA 3€MJIH B y3KOM
Juara3one Jactor. Kax BuaHo, KO3MPUITUEHT MTOTIIO-
MEeHUsT KaK (PYHKIINAsT YACTOTHI UMEET OCIULISIIMOHHY IO
CTPYKTYPY € MaKCHUMyMaMHU B TEHTPaX CHEKTPAIbHBIX
JINHUI ¥ MUHUMYMAaMW MEXKJIy HUMU. B JaHHOM CIIy-
qae OTHOIIEHNE MAKCAMAJIbHOTO U MUHIMAJILHOTO 3HA-
qennit Ko3pOUIMEHTOB TOTJIOIEHUS PaBHO TPUOIN3HU-
TesibHo 40. OTMeTHM, 9TO B IIPE/ICTABIEHHBIX pacdeTax

20

COy h =0

0.012
26

0.008

0.004

682 684 686

Puc. 3. Koacduunent nornouweHuss ans P-seTBu koneba-

TenbHoro nepexoga 00°0 — 01'0 monekyn yrnekucnoro ra-

33, HaXOAALMXCS B aTMOCEPHOM BO3AYXe, C AJUHON BOJHBbI

0KOJI0 15 MKM B COOTBETCTBUU C POPMYJIOi (E?:)_m C mcnosnb-
30BaHMeM AaHHbix banka HITRAN [10]

MBI UCIOJIB30BAJIN [TApAMETPhI CTAHIAPTHOI aTmocde-
pbl [:_2-@'], [IPU 9TOM TeMIepaTypa arMochepbl y MoBepx-
noctu 3emsn cocrasiasyia 1 = 288 K, a konmenTpa-
1UsI MOJIEKYJl yriiekucoro raza pasta 0.04 %, aro co-
oTBercTByeT mioTHOCTH MoJekyn N = 1 - 1016 cm=3.
Jlajiee, MBI UCIIOJIB30BAJIA OJINHAKOBYIO IITUPUHY CIIEK-
TPaJIbHON JIMHUAM 33 CYET CTOJIKHOBEHU: W3JIydaloliei
MOJIEKYJTBI YTJIEKUCJIOTO I'a3a ¢ MOJIEKYJIAMU BO3/IyXa,
pasmyio v = 0.15 cm~ L.

OTMerrM HEKOTOPBbIE OCOOEHHOCTH UCIIOIH30BAHMS
nannbix banka HITRAN B Takoro posa pacuerax. Bank
HITRAN conepxut undopmMaIuio Jjis MOJIEKYJT JT0O0i
CJIOYKHOCTH, U TIO9TOMY BO3MOYKEH pacudeT HeIoCpPe/I-
CTBeHHO TI0 OopMyIIe (:4) IIPU MCIOJb30BAHUU B HEH
mapaMerpoB JJIsi KaXXJ0ro Iepexojla U MX CYMMHUPO-
Banuu. B ciaydae Mosiekysr, o0/1aalonmx CuMMEeTPHel,
3Ta MPOIEypa MOXKET OBITH yIpolneHa. B gacTHOCTH,
JUIs. BpalaTeJbHBIX BeTBell P m R y 1epexojioB Mo-
JIEKYJT YIVIEKUCJIOTO Ta3a MOXKHO MCIOJIb30BAThH PABHO-
YJIAJIEHHOCTD JIJIsT COCETHIX CHEKTPAIbHBIX JIMHU, ITO
BBIDAYKACTCA B 9aCTOTHON 3aucumvoctn (18) st ko-
s durmenta norsomenusi. [losTomy, opueHTUpYSICH Ha
6oJIbIIIE BpaIATeTbHBIE MOMEHTHI MOJIEKYJIbI, YI00HO
[IpeJICTaBUTh NHTEHCUBHOCTD TIepexojia B (hopMyIie (-'_1-§:)
B BUJE

hlw — wo
S = Smaati
) V2BT
1 A% (w— wp)?
X exp{§ - T}v (19)

rae Sm,ar _
JIJIsE pACCMaTPUBAEMOil BpalarebHoi BeTsu u fw > T'.

MaKCHMaJIbHOE 3Ha4YeHUE MHTEHCHUBHOCTHU

D710 OBLIO UCIOJIB30BAHO IIPU BbIYUCIEHIH KO3DUIu-
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Puc. 4. CymmapHblii ko3bdpuumeHT nornowieHns k, aTmo-

cchepHOro yrnekncioro rasa Bb6ausm noBepxHOCTM 3emun npu

YCIOBUSIX CTaHO4APTHOW aTMOCEpbI C UCMOIb30BaHMEM CMEeK-
Tpockonu4yecknx AaHHbix batka HITRAN L'i(_i]

€HTOB TIOIVIOIIEHNs YIJIEKUCJIONO ra3a B CJIydae Bpalia-
TenbHBIX BeTBeil P u R.

Ha puc. :ff [IPEJICTABJIEHA 3aBUCUMOCTD CYMMAaPHOTO

K03 durmenTa MOrJIonEeHns aTMOCHEPHOrO YIJIeKHC-

JIOTO Ta3a OT 9aCTOTHI C yIeTOM HanboJjiee CUJIbHBIX I1e-
PEXOJI0B, a TaKKe BPAIATeTbHBIX Q—BeTBeH HapHALY C
P- nu R-BerBsimu. B cooTBercTBHEU C pHC. -L IJId aHa-
JIN3a U3JIy9eHUsi aTMOCHEPHOTO YIJIEKUCIOTO ra3a CJie-
JIyET OI'PAHUYUTHCH TPeMs KOJebATeTbHBIMU H3JIyda-
TEJBHBIMU TI€PEXOaMU, YKa3aHHBIMU Ha 9TOM DHCYH-
Ke. /leficTBUTETbHO, OCHOBHOM BKJIAJT B M3JIyUCHUE AT-
Mocdepbl BHOCAT MEPEXOJIBI, /)1 KOTOPBIX OITHYECKAast
TOJIIUHA aTMOCEpPHI U, = ky,A > 1, rie A =~ 8 km —
TOJIITHA aTMOChEpPhl WX MaCIITad M3MEHEHUs TII0T-
noctu. Ha ocnoBanum (popmysnt @:) W TPUBEIEHHDBIX
BBIIIIE TAPAMETPOB IIOJIY YUM J[JIsI TPAHIYIHON MHTEHCHB-
HOCTH B 3TOM IpoIecce Spin ~ 2-10722 cm. B coorset-
CTBUU C 9TUM W3 DUC. -]. CJIeIyeT, IYTO TPU yKa3aHHBIX
BBIIIIE KOJIe0ATEIbHBIX II€PEX0/[a OTBETCTBEHHBI 33 N3~
JIy9eHUe MOJIEKYJI YTJIEKUCJOrO Ta3a B aTMOC(hEPHOM
BO3/IyXe. DTa rPaHUIa OTMEYEHA HA PUC. '4 MPsIMOit JTu-
HUEH.

IIpu sTom, paccmarpuBasi HEKONEPEHTHOE H3JIyde-
HUE MOJIEKYJISIPHOIO ra3a, Mbl CyMMUpyeM Ko3hdurim-
€HTBHI TOIJIOMIEHUS JIJI PA3HBIX KOJiebaTeIbHO-BpaIa-
TEJIBHBIX COCTOSHUI MOJIEKYJI, TEM CAMbBIM IIPEJICTaB-
JIsdsl KazK/Iyl0 M3JIYyYalolyio MOJIEKYJy KaK HEe3aBHCH-
MBIl m3ydarenb. Jlajiee, B KadecTBe mapamMerpa, OT-
BEYAIOIIET0 32 KOJUIEKTHBHOE M3JIyUeHUEe MOJIEKYJI, MbI
UCTIOIb3YeM KO3 MUITMEHT TOTJIONIEHUT ra3a, TeM Ca-
MBIM YUHUTBIBast 3akoHbl Kupxroda [:_1-4_;,:_2-2_1, :_2-?], ycTa-
HaBJINBAIOIINE CBA3b MEXK/Iy HapaMeTPaMU H3JIydeHus
U TIOTJIONIEHUSI CUCTEMBI.
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5. ATMOC®EPHBI METAH KAK
N3JIYYATEJIb

Wcnonb3oBanne JaHHBIX COBPEMEHHOTO OaHKa IO
CHEKTPOCKOIMH MOJIEKYJT TPEOYeT COOTBETCTBYIOIMINX
AJITOPUTMOB [1JIsl HAXOYKJIEHUSI MOITHOCTY W3JIyJIeHUS,
CO3/1aBaeMOr0 OITHYECKUA AKTUBHBIM MOJIEKYJISTPHBIM
razom. PaszpaboTka onTUMAIBLHBIX AJTOPUTMOB JJIsI Pe-
IIEHUST 9TOM 38/[a191 OMUPAETCS HA TOIXOSIINE MOJIETH
[IpU PACCMOTPEHUU OTAEIbHBIX ACIIEKTOB ITOM 1mpobJre-

bl. UTOOBI TTPOJIEMOHCTPUPOBATDL XapaAKTEp PEIICHUsT
TaKOU 3324, MbI JaJIee IPOBEJIEM BHIYUC/IEHIE TIOTOKA
U3JIyYeHust aTMOCGEpHI 38 CIET MeTaHa, HAXO/ISIIErOCs
B aTMocdepHoM Bozayxe. Kak 1 B ciyvae yriieKucjaoro
raza, U3JIydeHre MOJIEKYJ MeTaHa B aTMocdepe orpe-
JIeJIsIeTCsl KOJ1e0aTe TbHO-BPAIATe IbHBIMA [T€PEXOTaAMU.
B cooTBercTBUE co cBoiicTBaMu Koad burnnenton Kired-
mra — l'opana mpasuia 0oT6opa [ U3JIyIaTeTbHBIX Te-
PEXOJI0B MOJIEKYJIBI METaHA TaAKHUe XKe, KaK U JJIsT MOJIe-
KYJIBI YIJIEKHICJIOTO T'a3a, TaK 9TO UMEIOTCS TPU BPAIla-
TeJIbHBIX BETBH, & UMeHHO, P-, R- u ()-BerBu. O 1HaKO B
CIJTY CJIOYKHOCTH MOJIEKYJIBI METAHA, TOYHOCTH ITPOCTHIX
MOJIeJIell TOPa3/I0 HIKe, 9eM JIJIs MOJIEKYJIbl YIJIEKHC-
Jioro raza. Ecam »Ke MBI onmpaeMcs Ha JaHHbIe OaHKa
manabix HITRAN, moaxosiinye aJropuTMbl IPUBOJISIT
K TOI K€ TOYHOCTHU IjIs PACCMATPUBAEMBIX MOJIEKYI.
Jlajiee BBITTOJIHUM BBIYUCJIEHNE TTOTOKA M3JIyYEHUS 33
CYeT MOJIEKYJI METaHa HA OCHOBE CIIEKTPOCKOITMIECKUX
mapaMerpoB, B3sIThIX U3 YKA3AHHOTO DAHKA.

Crauaja pacCMOTPHM XapakTep KoJieOaHuii MoJie-
kysner CHy. DTa Mosekyia mMeeT CTPYKTYpPY OKTadJi-
pa, B BEPIIMHAX KOTOPOTO HAXOJATCS ATOMBI BOJOPO-
Ja, & B IEHTPe HAXOJIUTCsI aToM yrieposga. OdeBuiaHO,
aro HanboJiee 3 OEKTUBHBIE U3/IydaTe/bHbIE IePEeX0-
JIbl OTBEYAIOT TAKUM KOJIEOAHHSAM aTOMOB BOJIOPOJIA OT-
HOCHTEJIBHO aTOMa yTJIepoja, MPU KOTOPBIX PACCTOsI-
HUE MEeXKJ[y aTOMaMU BOJIOPOJA U YIJIEPOJIa N3MEHSIeT-
cs1. Imetorcst geThIpe TakKux KOJie0aHus, IpUIeM B Ka-
decTBe 0a3mca BOJTHOBOW (DYHKIMHU JIJIsT COOCTBEHHBIX
COCTOSTHUIT MOXKHO BBIOpATH COCTOSIHUS, KOT/Ia OJIMH U3
ATOMOB BOJIOPOJA JIBUZKETCS IO JIMHUM, COEIUHSIONIei
9TOT aTOM C aTOMOM yriepoja. 3 BOJHOBBIX (DYHK-
[[Wii, ONMCHIBAIOIINX TaKOE JBUXKEHUE ATOMOB BOJIO-
pojia, MOYXKHO CKOHCTPYUPOBATH YeThIpE KOMOWHAINH,
SIBJISIIONIAECST COOCTBEHHBIMU BOJIHOBBIME (DYHKITUSIMIA.
IIpu sTom cuMmmeTpudHOEe KoOJgeHATETHHOE COCTOSHHE,
KOI'JIa B IIpoIiecce KoJaebannsi pacCTOsTHIE MEXK/Ty KazK-
JIBIM aTOMOM BOJIOPOJIa W ATOMOM YTJIepOJia COXPaHsi-
€TCsl OJIMHAKOBBIM, He SBJISETCS OIMTHIECKN AKTHBHBIM.
Takum 06pa3oM, mMeeTcss TPU COOCTBEHHBIX KOJieOa-
HUsI MOJIEKYJIbI METaHa C BBICOKON OITUYIECKON aKTHB-
HOCTBIO.
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Puc. 5. /IHTEHCMBHOCTM CNEKTpanibHbIX AUHUD ANA MOMEKYN MeTaHa, HaXOAAWMUXCA B aTMOcepHOM BO3Ayxe Npu TemnepaTtype
296 K, cornacHo gaHHbiM 6anka HITRAN [20]

Ha puc. :5 [IPEJICTABICHBI WHTEHCUBHOCTU CIIEKT-
PAJIBHBIX JIMHUN WM3JIy9eHUsT MOJIEKYJ MeTaHa B
pesysbTrare KojaedaTe bHO-BPAIATEHbHBIX [I€PEX0/0B
JUIsE 9TUX MOJIeKy/1. Kak BUJIHO, Tpu THIla KOJeDaHwmii
MOJIEKYJIBI TPY/IHO DPAa3/e/INTh AHAJUTUIECKH, U I10-
9TOMY IPU BBIYUCIEHUN HHTErPAJbHBIX [TapaMeTpOB
ropasjio HaJeXKHell WCIOIb30BaTh IPAMON METON <«B
JI00» HA OCHOBAHUU (HDOPMYJILI (9) Jutst Koadppurmenra
[OTJIOIIEHUsI.  3aBUCUMOCTH KO3 DUIMEHTA  OIJIO-
MEHUsT OT YacCTOTHI (DOTOHA, TOJIyYeHHAas HA OCHOBE
dopmMyBI (1_1) C WCHOJL30BAHUEM BXOAAMMX B ITY
bOpMYITy CHEKTPOCKOIMIECKIX MapaMeTPOB, B3sSTHIX
n3 Ganka nanabix HITRAN [:_1-(_5], peJIcTaB/IeHa Ha
puc. rﬁ

Ucrosib3yeM mostyueHHbe Pe3yIbTATh JIJIsT BBIUUC-
JIEHUSI TIOTOKA M3JIyYeHUs CTAHIAPTHON aTMOChEeph
[:_2-6], cO3/1aBaeMoro MoJieKysiaMu metana. Vcexomnm us
MOJIeJIM TEeILJIOBOTO U3JIyUeHUsl aTMOC(Eepbl, COTJIACHO
KOTOPO# B paccMaTpUBaeMOil 0071aCTH JACTOT TEILTIOBOE
u3JIyvdeHne aTMocdepbl CO3AeTCs KAILISIMUA BOJIbI WJIH
TaCTHUIL BOJIBI MUKPOHHBIX PA3MEPOB, YACTUIHO BXOJIs-
IUX B COCTaB ODJIAKOB. DTH YACTHUIIHI HAXOJSATCSA HA
BBICOTE 3—4 KM, TaK YTO IMOTOK TEIJIOBOTO MU3JIyIeHUsI,
HaIPaBJIEHHOIO HA MOBEPXHOCTb 3EMJIH, CO3/IaeTCs Ha
MEHBIIUX BBICOTAX. YUUTHIBas 9TO, IPUBEJIEM HEOJTHO-
pommyio aTMocdepy K OIHOPOAHONW. B paMKax cram-
JapTHOI aTMocdepbl IIOTHOCTh MOJIEKYJ Bo3ayxa IV
YMEHBIIAETCsT ¢ YBEJIUIEHUEM BBICOTHI aTMOC(hEpPHOTo
cyiost h Kak
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RGOS AR
AL

Puc. 6. 3aBucumocts koadrLmeHTa NoraoLeHusi cTaHgapT-

HOIi aTMocdepbl 3a CHET aTMOCKEPHbIX MOJIEKYS MeTaHa,

NOCTPOEHHAA Ha OCHOBE CI'leKTpOCISOI'II/I‘-IeCKI/IX AaHHbIX 6aHKa
HITRAN [10]

N = Nyexp <—%) : (20)

rie Ny — IUIOTHOCTD MOJIEKYJT BO3JLyXa Y MOBEPXHOCTH
Semun, A &~ 8 KM — MacmTab U3MeHEeHUs! [LJIOTHOCTH.
OTcrofa MoJIyYuM CBsI3b MEXKJLY SKBUBAJIEHTHON BBHICO-
TOM CJI0st aTMOCMEPBI A\ U BBICOTON HAXOXKIEHUS 00J1a-
KOB hg B BHJIE

a5

(21)
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B wactroctu, A = 2.5 kM nipu hg = 3 km; A = 2.8 KM
upu hg = 3.5 km, A = 3.1 xkm mpu hy = 4 km. K
9TOMY J00ABUM, YTO KOHIEHTPAIMS MOJIEKYJ METAHA
B coBpeMenHoit armocdepe coctapiser 1.86 ppm [}_2-§:]
¥ 3a [OCJIEIHUN T'OJ, OHA YBEJIUYUIACH HE3HATUTE b~
HO, Ha 7.5 ppb [28]. D10 coorBercTBYeT MIOTHOCTH MO-
JIEKYJI MeTaHa y TOBepXHocTH 3emuin nipumepuo N, =
=5-10' cm3.

Teneps mepeiiieM K HAXOXKIEHUIO MOTOKA U3JTyde-
HUsI HA TIOBEPXHOCTH 3EMJIU, CO3/IABAEMOT0 HAXO/ISIIIIN-
MHucs B armocdepe MosekyTaMn MeTana. Kak ciemyer
u3 puc. 6, CIIEKTD TIOIJIOIIEHNST MOJIEKYJI METAaHa B OC-
HOBHOM DPACIIaIaeTCsl Ha OTIe/IbHbIE CIIEKTPAJIbHBIE JIU-
uun. [Ipenebperast IEpEKPHITHEM CIIEKTPAJIHHBIX JITHII
Gaaromapst M3/IyIeHUI0 MOJIEKYJ MeTaHa, UMEeeM JIJist
CyMMapHOI'0 TIOTOKA U3JIyYeHUs] K MOBEPXHOCTH 3€M-
Ju J| B 30HE IIOIVIOIIEHHsI MOJIEKYJI MeTaHa B PaMKax
MOJIETU OT/ICJIbHBIX CIIEKTPAJIBHBIX JIMHUI

J, = waiszn Aw; = 2/g(w) dw. (22)

3J1eCb CyMMUPOBaHUE TPOBOJUTCS TIO ODJIACTH TIOTJIO-
LN MOJIEKYJI MeTaHa; Mbl Heno/b3yeM dopmyiy ()
JUIST PAJIUATIMOHHOTO TOTOKA U3 IIJIOCKOTO TA30BOTO CJIOST
U MHTErpaJi BOJIU3Y i-ii CIIEKTPAJIBHON JIMHUM JIJI Jac-
TOT, TPEBBIIAIONIUX EHTPAJIBHYIO JaCTOTY.

OnpejiesluM MAPUHY 30HBI MOTJIOMEHNS] JIJIsT OT-
JIeJIbHOI CIIEKTPaJIbHONW JIMHUAM, CYATad, YTO OHA HE
NIEePEKPBIBACTCS € JIDYTUME JIMHUSIMH M ONTHIECKAS
TOJIIUHA aTMOChEpbl JIJIsT [EHTPa JIMHUNA BEJTUKA.
[Tpu sTux yeaoBusax BoraucimM 3pHEKTUBHYIO MTUPUHY
CHEeKTpaJbHON Jinanu Aw;, cuuTas, 9TO OHA OIPEJIe-
JIsieTcsl 0BJIACTBIO YACTOT HA KPBLIbAX CHEKTPAIbHBIX
smanii. Vcnonbsysa dopmymry (g), umeeM ¢(uy,) = 1 —
—exp(1—1.6u,), Tak aro addexrrBHAs IIUPUHA CLIEK-
TPAJILHOI JINHUM PaBHA

9 (Nv/\Siyi ) 1/2

o
du,,

0

X [1 —exp(l — 1.6uy,)] = A\/Siviio,
1/2 (23)
()"

Awi

2

2w

[Ipu 5TOM € MOMOIIBIO MHOXKHUTEJsI 2 yIUTHIBAETCS,
9T0 00JIACTD MOTJIOMIEHUsT HAXOUTCS C JIBYX CTOPOH OT
[EHTPA CIIEKTPAJbHON JIMHUU, a8 TAKXKEe HUCIOIb3YeTCst
MIpeIoIoKeHne, 910 3 dEeKTUBHAS MUPUHA JTAHHON
CHEKTPAJILHO JIMHAN OIPEJIEIISIeTCsT €€ KPbLIbsIMHU.
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Takum obpazom, mosryadaem

Awi = A\/ SiVi i07

/AN,
Aig = 19 5 = 6.7-10° em L.

CooTBeTCTBEHHO, ITOTOK H3JIydeHus .J|, co3jaBaeMblii
MOJIEKYJIAMH MeTaHa, OIpeesisteTcs: (hopMyJIoit

Jy = Aig Y JuN/Sivi.

Paccemorpum sty ipobsiemy ¢ apyroii croponst. [list

(24)

(25)

OITHUYECKON TOJIIINHDI CJIOA HA KPBLIbAX JAHHON CIIeKT-
PaJIbHOM JIMHUU UMEeM

S.v A2S.v;
o = N’U J7) — 17 . 2
o= N o~ w9

OTcroga HAXOAMM, YTO MpAHUYHAS YACTOTA s JAaH-
Hoit unun Awp, = Aw; /2 orBedaer ciemyromnieil onru-
4eCcKOil TOJIIUHe JTUHUN:

up = % =0.2. (27)
&)

Dopwmyna (:_2-2_5) IIO3BOJIAET OIPEIEINUTE MOTOK H3JIy-
YeHMs U3 aTMOCGEPhI 3eMJIN, CO3IaBaeMblii aTMocdep-
HbIM MeTaHoM. Vlcrnosnb3oBanue 52 Hanbosee CHUIBHBIX
JINHUH pHC. 5 JIaeT JJIsl 9TOTO MOTOKA H3JIydeHUs Ha
nosepxuocTh 3emym 3nadenue 2.6 Br/m2. Ilpu stom
BBICOTA, 00JTAKOB Hepercst paBHOi hg = 3.5 KM. DTO MO-
JIeJIbHAs BBICOTA CTAHIAPTHON aTMOChEPBI, TAK UTO HC-
IIyCKaeMoe BBbIIIe Hee HHMPaKpPaCHOe N3JIyUeHHe aTMO-
cdepbl OTJIONAETCS MUKPOKAILJISIMU BOJIBI U HE JIOCTHU-
raer 3emuin. Eciu npuaars hg = 3 KM, MOJIYIUM JIJIs
HoTOKa m3aydenus suadenue 2.6 Br/M2, a ausa hy =
= 4 KM uUMeeM TIOTOK uz/ayuenus 2.7 Br/m%. Dro csu-
JIETeIbCTBYET O TOYHOCTU PAcUera B PaMKaxX CTaHIapT-
HOW MOJIeJIN.

6. SAKJ/IFOYEHUE

CoBpemennasi HHMOPMAIHS 110 TAPAMETPAM U3JLy-
gaTeIbHBIX KOJIe0aTeIbHO-BPAIATEIbHBIX I€PEX0/I0B B
MOJIEKYJIaX, cOOpaHHast B OaHKE CIEKTPOCKOIMIECKUX
nauabix HITRAN, oTkpbiBaeT HOBbIE BO3ZMOYKHOCTHU
JUTsl AHAJIA3 U3JIYIaTeIbHBIX CBOHCTB MOJIEKYIISPHBIX
razoB. OHako Tpebyercs pa3paboTKa HOBBIX METOJ/IOB
U MOAXOSAINX aJrOpuTMOB. B nmanHOil pabore mpe-
CTaBJIEHbl KOHKPETHBIE CHEKTPOCKOIMIECKIe TpobJre-
MBI C y9aCTHEM MOJIEKYJI YTJIEKHCJIOTO Ta3a W MeTa-
Ha KaK JIEMOHCTPAIUS METOOB aHAJI3a W3/TyIAIONINX
CBOMICTB MOJIEKYJISIDHBIX cucreM. Kak ciemryer u3 mpo-
BEJIEHHOTO AHAJIN3a, HAPSY C BBIXOJHBIMU JAHHBIME
HEeOOXOMMO BBIOPATH METOJIbl IMOJIydeHus WHMOpMa-
U, DTO MO3BOJUT M30erKaTh MPOTUBOPEUNit M OIpe-
JIEJIUTH JIOCTOBEPHOCTH MHQOPMAIIHH.
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IIpecraBIeHHBIN BBIIIE OMBIT UCIIOIL30BAHMIA OaH-
ka janabix HITRAN mossoJisier BCKPBITH JIOCTOUHCTBA
¥ HEJOCTATKU METOJIOB pacdeTa M3JIydaTeIbHbBIX [1apa-
MeTPOB ra3a Ha ocHoBe jaHHbIX Oanka HITRAN. Dror
[10/IX0J1, yJI00€H, €CJIM COCeJHME CIeKTPAJIbHbIE JIMHIN
HE TEePEKPBIBAIOTCs, 9TO UMEET MECTO IPHU JIaBJIEHU-
ax menee npumepno 10 arm. Torna kosedbaresrbHO-Bpa-
MMATEJbHBIN CIEKTP MOYKHO MPEJICTaBUTH B BHUJIE CyM-
MapHOT'O CIEKTPa JIMHUI OTAE/IbHBIX IIePEeXOJ0B, IJIst
OIMCAHUS KOTOPBIX coryacHo (opmyste (4.3) mocratou-
HO TpeX IapaMeTpPOB — PE30HAHCHOI 9aCTOTHI Wj JJIs
JIAHHO} JIMHWUM, ee MHTEeHCHBHOCTH S; W MUPHHE! ;. B
pesyabrare merog, HITRAN raer BO3MOKHOCTH BbIpa-
3UTDH MOTOKHU M3JIyIeHUsI Ta3a Ha JIAHHOM 9acTOTe Yepes
mapaMerpbl OJIMHOYHBIX JIMHUI, HE UCIIOJIb3Ys MOJIETh-
Hble mpesnoioxkenusi. OIHAKO, OrPaHUYEHHOCTD JIaH-
HOTO METOJIa CBsI3aHA C €r0 HACTPOEM Ha OIpejIesIeH-
HbIE 33J1a91, & UMEHHO: IMUPUHBI JUHUH JTAI0TCA IS
aTMOC(HEPHOTO BO3/IyXA.

Hasee, 6ank jganabix HITRAN orHOCHTCS K M3J1y-
YeHUIO MPU TeMIepaTypax ra3a HopsjiKa KOMHATHOM.
st aHA/IM3a TPOIECCOB IPU BBICOKUX TEMIIEpaTypax
cosnan 6ank ganubix HITEMP (high-temperature mo-
lecular spectroscopic database) [29).

Pabora BbImONIHEHA  TIpH
dunamcoBoit momepkkKe MunucrepcTBa  0bpaso-
BaHug u Hayku Poccuiickoit Peneparyu  (mpoexT
Ne3.873.2017/4.6).

dunaHncupoBaHue.
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