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HPI/IBQ,I[EHI)I HU3MepeHHbIe U PACCUUTAHHbBIE KOB(bCl)I/II_II/IeHTI)I CaMOylIMpeHuda U CaMOoCABHUTIad JIVHUH 3aKUCH a30Ta

JlaBleHueM Bo3jyxa B paidioHe 830 HM IpuM KOMHATHOW Temreparype. V3MepeHMs mapaMeTpOB JIMHUI BBINOJHEHO Ha

1

CRDS-CrieKTpoMeTpe C BBICOKOM UyBCTBMTENBHOCTHIO 6.5%107"!" cM'. BblUMC/IEHHS BBINOJIHEHBI ITOMYKIACCHYECKUM

MeTOZ0M, MOZAM(UIIMPOBAHHBIM BK/IIOUEHHEM B pacueTHYIO0 CXeMy KOppeKTHpyouero ¢akropa. IlosyueHHble yaapHble

TNapaMeTpbl KOHTYpa muauk N,O HaxXoJsATCsd B XOPOIleM COrJiaCuu C JINTePpaTyPHbIMU NaHHBIMH.

BBepenue. 3akuch asora fIB/sIeTCS TPeTbUM I10 3HAUMMOCTHM [MapHUKOBBIM Ta30M, HaKOIlIeHUe
KOTOpOro B aTMoc(epe 3eM/H SIB/SIETCS O/IHOM W3 TIPUYMH T/100a/IbHOTO MOTeryieHust. BcecTopoHHUIM
MOHMUTODPHHI MapHUKOBBIX ra3oB U, B 4aCTHOCTH, N,O sBseTcda mpejMeTOM MHOIMX MCC/IeZ0OBaHUN
(naripumep, [1-4] ¥ cCbUIOK B HUX). 3aKMCh a30Ta TakXKe SIB/JSIETCS BeleCTBOM, pa3pylLLArOM
cTpatocdepHbli 030H, uTO TpebyeT u3yueHUs CIEKTPOB TIOTJIOLEHUs MOJIeKy/bl, BKJIFOYast
TlapaMeTpOB YIIIUPEHUs JINHUM JjaBieHueM Oy(depHbIX Ta30B.

OTOT [JOK/IaZ, MOCBSILeH W3yUeHUI0 HOBBIX SKCIIePUMEHTA/bHBIX U PacyeTHbIX KO3 HULIMEeHTOB
camoyluvpeHusi U camocasura juHud N,O paBneHwem B mosioce 3vi+4vs. B cienyroiux paspenax
KpaTKO OITMChIBAeTCSl 3KCIepUMeHTa/lbHasg YCTaHOBKA M MeTOJ[ pacyera, WIIHOCTPUPYIOTCS
pe3y/bTaThl U 00CY>KJAFOTCST BLIBO/IBI M Oy TylI[He UCC/IeOBaHUs.

IMoapo6HocTH 3KcniepumenTa. CriekTphl ToryionjeHUss N,O perucTpyupoBaucCh C TOMOIIIBIO
BbICOKOUYBCTBUTebHOr0 Cavity Ring-Down cniektpomerpa (CRDS). M3MepeHnust NpoBOAWINCE TIPU
naBnenusix N,O 1-20 rlla u paBnenun Bo3ayxa 0-30 rlla. [llupuHa MMHUYM reHepalMyd COCTaB/IsIeT
okojjo 100 kI'[ Tpu BpeMeHM HakoIieHHss 1 Mc. YTpaBieHWe cHUCTeMOM M 00paboTKa JaHHBIX
OCYIIeCTB/ISZIUCh  CTelMa/M3UpOBaHHON  MporpaMmol, HarmvcaHHoW B cpene  LabVIEW.
Pe3synbTHpylomas MOrpelHoCcTb OrpejeneHus MonoXKeHus JvHuM He npeBbimana 0,001 cm-1.
[Togpo6HOe omucaHue SKCIIepUMeHTaIbHOM YCTaHOBKY TIpHBe/IeHO B [5].

MbI Mcnons30Bany obpasell, oboraieHHbi 10 99,995 % “N,'°O npoussogcTea Komnanuu PGS-
service. PacueTHoe 3HaueHWe [OIVIEPOBCKOM NOMYIIMPHUHBI Ha nosysbicoTe (HWHM) cocraBuio
0,011 cm-1 a1 5TOM MOJIEKy/bl IIpU TeMIlepaType u3MepeHus B guarasoHe 12050-12200 cm™. B
CHeKTpax TakKe MPUCYTCTBYIOT CU/bHbIe JMHUM Mosekyabl H,O, copepxkailelicsi B HcciefyeMOM

obpasije B KauecTBe MPUMECH.
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B JgaHHOM wWcCCneoBaHMM ObUIM 3aperMCTPUPOBAHBI CIEKTPhI TIOTJIONIEHUS IIIeCTH 00pasIioB:
nJasnenue N,O BapbupoBaiock oT 1 go 20 klla, maBnenue Bo3gyxa BapbupoBanocs ot 0 o 30 kIla.
N3mMepenusi fnaBneHUsi MPOBOAWIUCH JAaTuvkoMm paBieHus AWMP-20M ¢ auamna3’oHOM H3MepeHus
nasyienus 0 — 100 kI1a u TouHocThiO TIopsigka 0,1%. Y cioBust n3MepeHuit puBeieHbl B Tabmuie 1.

Tabsura 1. DKcriepuMeHTaIbHBIE YC/IOBUS PETUCTPALIMU CIIEKTPOB

Obpas3er Hasnenve N,O, klIla [asnenve Temrmepatypa, K
BO3/1yxa,Kl1a
1 1 0 296
2 10 0 296
3 20 0 296
4 10 10 296
5 10 20 296
6 10 30 296

[TapameTpsI TMHUIA OTIPeZesIS/TUCH C TIOMOILBIO POrPAMMHOTO TTakeTa WXspe, KOTOpBIi criocobeH
BBITIO/THATh aBTOMaTHMYeCKUW TMOMCK NHKOB C HCII0JIb30BaHHWEM METOJ0B TeOpWU PpacliO3HaBaHUS
obpazoB [6]. Bksas HeorpezeneHHOCTel JaBjieHUss MW TeMIlepaTypbl B HeOIpe/ie/leHHOCTb
WHTEHCUBHOCTH JIMHUM He mpeBbiaeT 1%. O6miasi ommbKa u3MepeHHsT WHTEHCUBHOCTH JIMHUHU
COCTaBJIIET OKOJI0 3% [yl CUIbHBIX JIMHUHN U TIpeBbImaeT 15% zyis oueHb C1abbIx TUHUHA. B Tabmmiie
1 mpefcTaBieHbl SKCIEpUMeHTalbHble YC/IOBUSI perucTpanuu CrekTpoB mnorsoueHuss N,O B
WCC/IelyeMOM  CTeKTpaJibHOM /ldaria3oHe. 3apervucTpUpOBaHHbIe CIeKTpbl Obid 06paboTaHbl €
npodunsimu XaptMaHa-TpaHa.

TeopeTuueckuii MOAX0A, pe3y/ibTaThl U 00cyKaeHue. Monekyna N,O sBseTCs TOMSIPHON
NUHeNHOM MoneKy/oi ¢ AunoabHeIM MomeHToM 0,161 I M KBaZpynonasHeIM MomeHTOM —3,3 [I-A.
CnenoBaTenibHO, B3aWMOJEWCTBUSL  [TUMOJIb-JUINOJBHOTO UM JIUIOJIb-KBa/IPYTOJAbHOIO  THUIIOB
MpOUCXOAST Mexay napamu mMoJieKya N,O—N,O 1 BHOCAT peliaroluil BK/Ia/, B BeJIMUMHY YIIUPEHUS
muHnd.  Ko3bduiMeHThl yIIMpEeHWs W CABAra JIMHUM 3aKACU a30Ta ObLIM  pacCUMTaHbl C
WICTI0/Ib30BaHUEM TI0/ySMITMPUYECKOro MeToza [7], OCHOBaHHOTO Ha TMOJYK/IaCCUYeCKOW Teopuur
yumpenusi. Heobxogumass B pacyetax QyHKUUS SPQEeKTUBHOCTA B3aUMOAeHCTBUHN  Pi(w)

ripe/iCTaB/ieHa B BU/e MIPOM3BeieHus

Plo)=P"(0)C/(w)
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— ¢ynkuus 3¢ddekTuBHOCTH B TeopuM AHAepcoHa-Tcao-KapHaTra, ’( ) -
nonpaBouHbl  ¢akrop. dPopma KoppekTHUpymoljero Qaxkropa mnojbOupaeTcsi U3 aHaaM3a
BpallaTe/bHOM 3aBUCUMOCTU TOJYIIMPUH U CJABUIOB JIMHUM [JiS OIpeJe/leHHOU MOJIeKY/ISIpHOU

cuctemsbl. s cnyuas H,O—CO, onpaBoUHbIM (aKTOp UMeeT C/ie/IyIOIUi BU/
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rje Ci, C; — TOJATOHOYHbIE TlapaMeTphbl, OMpeje/iseMble W3 CPaBHeHHUs Pe3y/bTaTOB BBbIUMC/IEHUHN C
5KCIIePUMEHTA/TbHbIMU JaHHBIMU.

W3mepenbl ko3¢ duiimeHTsl camoyiupeHusi u camoczasura 30 jsuHuid N,O B mosioce 3vi+4vs.
IMonoca 3v;+4v; ompejensieTcs Mepexojamyd B BepxHee KosebartenbHoe coctosuue (30°4) N,O,
M3yuaemMoe B HacTosilee BpeMst (Ha JaHHBIM MOMEHT HaMBBICILIME COCTOSHUS B Oa3e gaHHbIX HITRAN
- 3vitvs 1 3vs). [lapameTpsl CTOJIKHOBEHMM MOJydeHbl 4711 TlepexoZioB R- u P-BeTBel, BpaljaTensHoOe
KBaHTOBOe uuciao |m| (m=-J" gna P-BerBu, m=J"+1 gana R-BeTBu) Bapbupyercsi oT 4 g0 34.
Kosdduriments! camoyinvpenus 140 munuii NoO (riepexogsl R- u P-BeTBelt) B 3TOM ke 1ooce ObLTH
paccuuTaHbl MOAYIMIUPUUYECKMM METOZOM, /iMana30oH BpalllaTe/lbHOr0 KBAHTOBOTO 4yKc/a |m| oT 3 [0
72. TlapaMeTphbl YIIMpeHUst [jisi CTOJKHOBUTEMbHOU cucteMbl N,O-N,O paHee He ObLTH TOTyYeHbI B
JrarasoHe 3vi+4vs.

JKcIiepuMeHTasIbHble KO3(DQULIMEHThI caMOyIlIMpeHUs B AuanasoHe 3v;+4vs ymenbiuatotcs ¢ 0,11
cvatm™? mipu J=5 go 0,08 cv'atm™ mpu J=18. DkcrepuMenTanbHble KO3()GULIMEHTH CaMOCABUra B
avarnasoHe 3v;+4vs ymeHbinarorcs ¢ -0,00497 cv'atm™ mpu J=5 go -0,00847 cm'atm™ mpu J=18.
PucyHok la WamocTpypyeT 3aBUCUMOCTb KO3 GUIIMEeHTOB CAMOMHAYLIMPOBAaHHOTO yipeHus N,O ot
BpalljaTe/lbHOTO ~ KBAHTOBOTO  uWcia m.  Habmogaercsi  Xopollee — coryiace — MeXAy
SKCIMepUMeHTalbHbIMU U pacueTHbIMU AaHHbIMU. CpeiHeKBaJpaTUueckue oTk/ioHeHus (RMS) mexay
BBIUMCJIEHHBIMU U U3MEPEHHBIMU KO dHUI[MeHTaMK yIlMpeHus 1 capura coctasstor 0,0033 cm'atv™

u 0,00055 cm'atM! cOOTBETCTBEHHO.
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PucyHoK 1 — OKcriepuMeHTasibHbIe (3Be30UKH) U BLIYUCIeHHbIe (JIMHUS) KOI(DPULIMEHTHI
camoyiuvpenusi (a) u camocura (b) muHuUM 3aKucK a30Ta B Tosioce 3v;+4vs;
[TapameTtpbl camoyiuvpenuss auHUA N,O, paccuMTaHHbIe T[OJYIMIOUPUYECKUM MEeTO/IOM,

CPaBHUBA/IMCb C SKCII€EpUMEHTa/IbHbBIMHU [OdHHBIMHU, HWMEIOHNIMMHCA B JIATepaTrype. TEOPETI/IHECKI/IE



IIMPYHBl JIMHUM W JIUTepaTypHble [laHHble XOpoLIO coryacyrTcd. CpejgHekBajpaThyeckue
OTK/IOHEHUSI MeX/ly PaCCUMTAHHBIMM W MW3MepeHHbIMU KO3(h(UIIMeHTaMu YIIWpeHUs JUHUN [AJis
cayuas N,O-N,O Haxopsarca B guamasode 0,0010 — 0,0033 cm'arm™ (Puc.1b). MckmoueHuem
sBnsieTcss pabora [8] (momoca 4v,+3v;), rae 3HaueHne RMS Ha mopsiiok Bbiiie, RMS oTK/I0OHeHust
Haumx wupuH N>O-N,O u u3 pabots [8] Gonbiiie, uem y Apyrux. OKCrepyuMeHTanbHasi TOUHOCTb B
3TOW paboTe HEBBICOKAsi, aBTOPHI YKa3bIBAIOT, UTO TOJIOXKEHUS JIMHUK 0 BOJIHOBOMY UMC/TY OBbLIH
usMepenbl B mipefenax 0,01 cm”. CylecTByeT CyIeCTBEHHbIE PACXOXKIEHHUsS MeXKAY HEeKOTOPBIMH
3HavyeHusiMU nonympuH N,O-N,O u3 crateu [8] 1 JaHHBIMU K3 JpYryX UCTOYHUKOB. Hanpumep, aas
munaun P(5) sHauenue y = 0,18 ecv'atm™ m3 [8], y = 0,111 cmarm™ u3 Gasel gaHHbix Hitran [9] u Haie
M3MEPeHHOe 3HaYeHHe Ve, = 0,1079 cm™atm™.

3aksoueHue. [IpescraBieHbl U3MepeHHbIE U pacCUMTaHHble KO3 (GULMEHTHI YILIMPEHUs U CABUTa
JIMHUM TIOTJIoLeHus1 /sl crajskuBawomuxcs cucreM N,O-N,O; mapameTpsl Bcex JWHUE (Tosioca
3v;+4v;) TioslyuyeHbl BOepBble. DKCIIePUMeEHTa/IbHbIe U TeOPeTUUYeCKUe JaHHbIe XOPOLLO COrIacyrTCsl.

PaboTa BbIro/iHeHa B paMKax rocyzapcrseHHoro 3ajganus NOA CO PAH.
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