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[Tocrynuna B pegaxmuio 30.05.2019 r.

B HacTostiiieM KpaTkoM 0630pe MPUBEIEHbI Pe3YIbTAThI UCCAEOBAHUI IO MOJIEKYJISIPHON CTIEKTPOCKOIIH BBI-
cokoro paspentenus, nosydennbie B MIOA CO PAH 3a nocsennue narp jer. PaccMoTpeHbl BOIPOCH TeOpun Kosreba-
TEJbHO-BPAIIATENbHBIX CIIEKTPOB OCHOBHBIX MOJIEKYJ aTMOC(EPHDBIX ra3oB, KOHTYPOB CIEKTPATbHBIX JHUHUIL, TPO-
6J1eMbl KOHTUHYAJIBHOTO TOTJIONIEHHs aTMOcdepbl, COBpeMeHHble 6a3bl JaHHBIX XapaKTEPUCTUK CIIEKTPOB MOJIEKY.JI
B ra3oBoii ¢aze. B paszese skcreprMeHTaIbHbIE NCCIEIOBAHUS OCHOBHOE BHIMAHME Y/EJIE€HO Pe3yJbTataM, MOJIy-
YeHHbIM MeToJaMi Dypbe-CreKTPOCKOINH € UCIIOJIb30BAHIEM JIA3ePHBIX [AMOJO0B B KauecTBe MCTOUYHHKA U3JIy4YeHUS
n Ha Dypbe-clieKTpoMeTpe ¢ MHOT0X0/10Boii 30-MeTpoBOil KIOBeTOH, B KOTOPOM peai30BaHO KOMITBIOTEPHOE YIIPaB-
JIeHUe JUITHOU ONTHYECKOTO XO7a NPH BapUallsX TeMIepaTypbl U JaBJIEHHS HCCIeLyeMOro Tasa.

Kntouesvie co6a: MOJIEKYIISIPHAST CIIEKTPOCKOIIHSI BBICOKOTO pa3pellieHts, CIIEKTPbI MOTJIONEHHsI, Jla3epHast
criekTpockorusi, Dypbe-CIeKTPOCKONuUs, OnTHKa aTMocdepbl, WHPOPMAIMOHHbIE CHUCTEMbI, CIIEKTPAJIbHbIE 6a3bl
nannbix; high-resolution molecular spectroscopy, absorption spectra, laser spectroscopy, Fourier spectroscopy,
atmospheric optics, information systems, spectral databases.

BBeaenue

C MOMeHTa OCHOBAHUS HaNpaBjeHus: atMocdepHoit
cuexTpockonmu B Muctutyte ontukm arMocdepnr CO
PAH akamemux B.E. 3yeB chenan BbIGOD B TO/IDB3Y
KOMIIJIEKCHOTO Pa3BUTHUSI METOJOB TEOPETHUECKOH 1 IKC-
TIePUMEHTATbHON CIIEKTPOCKOIMH BBICOKOTO paszpelie-
HUS KaK OCHOBDI /IJIs1 pelleHusl 33/1a4 PaclpoOCTPaHEHUs
JIA3epHOTO U3JyYyeHHs B aTMocdepe, aHaIn3a Ta30BOr0O
cocraBa atMocdepbl JIOKATHHBIMU U JAUCTAHITUOHHBIME
METOZaMU, y4YeTa MOJIEKYJISPHOTO TIOTJIONIEHUS B pa-
IUAIMOHHOM Oasance aTMocdhephl.

Jlo 2005 r. 3KcnepuMeHTaJbHbIE HUCCJETOBAHUS
CIIEKTPOB BbICOKOTO paspeinienus B MOA mpoBoauauch
Ha KOMILIEKCce abCOPOIMOHHBIX Ja3ePHBIX CIIEKTPOMET-
POB: JIa3epHBIX CreKTpodoTOMeTpaxX, BHYTPHUPE30HA-
TOPHBIX, ONTUKO-aKyCTUYECKUX JIA3ePHBIX CIIEKTPOMET-
pax [1, 2], koTopbie o6ecrieunBaIl BHICOKOE CIIEKTPAJID-
HOe paspeleHne W YyBCTBUTENBHOCTh, HO paboTa
B OTPAHUYEHHBIX, JTOCTATOYHO Y3KUX MHTEPBAJIAX BU/N-
Moro u 6imxHero MK-auanaszona. B nociennee gecaru-
getne B MOA CO PAH cosgan u GyHKINOHEPYET KOM-
mexc Dypbe-CleKTPOMETPOB, MO3BOJISIONI TPOBOANTD
MaciTabHble HCCJIE/IOBAHUS CIIEKTPOB CEJIEKTHBHOTO U He-
CeJIEKTUBHOI'O TIOTJIOLIeHUsT MoJyieKyJsl oT Y- 10 Jajb-
Hero MK-ananaszoHa 1 KOHTYPOB CHEKTPAJIbHBIX JIMHUIH
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[PU BapHUAIMsAX JaBJEHUS] U TEMIIEPATyPbl HCCJELye-
Moro rasa [3—5].

1. Teopus KoJsie6aTebHO-
BpalaTeJbHbIX CIEKTPOB
U CIIEKTPOCKOMUYECKHE 6a3bl JaHHBIX

Co must ocuoBanusg B MIOA CO PAH yaensercs
60JIbIIIOE BHUMAHME TEOPUH CIIEKTPOB BBICOKOTO pPa3-
peliieHnsi MOJIEKYJI, KOMILIEKCOB U pajinkaioB. Tak, oi-
HUMU U3 TepBbIX B VHCTHTyTE OBLIM CO3JAaHBI TEope-
THYECKHe Ja6opaTOpUK CIEKTPOCKOIIMYECKOTO NpOodu-
Jst: 1abopaTopusl TEOPETHMYECKO crekTpockonuu (3as.
na6oparopueii I0.C. Makymkun) u sa6opatopusi cra-
trcTnueckoil ontukm (3aB. maGoparopueit C.JI. TBopo-
rOB). 3a rofpl CymecTBoBaHus: VIHCTUTYTa €ro COTpy/IHY-
KU BHEC/IM 3HAYUTEJIbHBIN BKJIAJ B PA3BUTHE 3TOU TEO-
pun [6]. B Hacrosieid cratbe MbI KPATKO TEPEIHCIUM
HEKOTOpbIe M3 JOCTIKEHHsT B 3TOW objactu u 6oJiee
NOAPO6GHO OCTAHOBUMCS HA CO3/[aHHBIX B VIHCTHTYTE WH-
(bopMalMOHHBIX cHCTEMaxX B MOJIEKYJSIPHON CIIEKTPO-
CKOIINM, a TaKXe Ha Pe3yJbTaTax, MOJYYEeHHBIX B TEO-
UM KOHTYPa ClieKTpasibHbIX JuHuil. [TocieiHie He GbLIN
OTPaKEHbI B BBIIIEYIIOMSIHYTOM 0630pe.

TpaauIoHHO s ONMUCAHUS M AHAJIN3A CIEKTPOB
BBICOKOTO PA3PEIIeHIsT MOJEKYJ HCIOJIb3YETCS METO/]
a(deKTUBHBIX OIEpaTOPOB, GAZUPYIONINIICS HA BBIPO-
skaennoit reopun Bodmyienuit. B MOA CO PAH 60.ib-
moe BHHUMaHWe ObLIO Y/EJEHO Pa3BUTUIO U AHATHU3Y
aToro Meroja. Dbuia mpeasoskeHa cyreporepaTopHas
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¢opMyIHpOBKa BLIPOKIEHHON TeOpPHH BO3MYIIEHUIT,
pacmpocTpaHeHHad 3aTeM Ha CJIydail KBa3WBBIPOKIEH-
HOTO HyJeBoro mpubmmkennd [7, 8]. MHoro BHUMaHUA
OBLIO y/IeJIEHO WCCJIEJOBAHUIO HEOJHO3HAYHOCTH 3-
(EKTUBHBIX TAMUJIBTOHUAHOB, SIBJIAIONIENCS CIe/ICTBIEM
caMoif IPUPOJIbl BBIPOK/IEHHOH Teopuu BO3MYIIEHUI.
OTa HEOJHO3HAYHOCTh MPHUBOAUT K KOPPEIAIUN Tapa-
MeTpoB 3(P(EKTUBHOTO TaMUJIBTOHHAHA, YTO CKa3bIBa-
eTcd Ha CXOAMMOCTH OOpaTHOH 3a/auM W 3aTpyIHSET
CpaBHeHNUE pe3yJbTaTOB, TMOJYYeHHBIX PAa3HBIMU aBTO-
pamu. bBpumn TpemsioskeHBI pemyIpPOBaHHbBIE (DOPMBI
3(ppeKTUBHBIX TaMUIBTOHNAHOB C OJTHO3HAYHO BOCCTA-
HaBJIMBAaeMbIMU U3 SKCIIEPUMEHTA IapaMeTpaMHu JIJIsl MO-
Jiekys tuna cepudeckoro [9, 10], cummerpuunoro [11],
aCUMMETPUYHOTO BOTUKOB [12, 13] n nuHENHHBIX MoJie-
KyJ1 [14—16]. Taxxe GoJiblioe BHUMaHUE YAEISAIOCH
TEOPUU CIIEKTPOB BBICOKOTO pa3pelleHns] HeKeCTKUX
Mosekys [17]. [lnsa ycTpaHeHHS PAacXOQMMOCTH PSIOB
TEOPUN BO3MYIIIEHN! B cJiydae HEKECTKITX MOJIEKYJI OBbLT
TIpeIsIosKeH MeTo/ Tpom3BoAaAmmx ¢dyukimit [18, 19].
ITpo6sieMa cyMMUPOBAHUS PACXOSIINXCS PSIIOB B TEO-
pUU BO3MYUIEHUI 10 CUX TOP OCTaeTcd B IIeHTPe BHU-
MaHus TeopetnkoB MucturyTa [20].

O6brya0 MeTo/ 3 PEKTHBHBIX OMIEPATOPOB TPUMe-
HSIETCs IS aHAIN3a U OMUCAHUS CIIEKTPOB M30JUPOBaH-
HOIl KoJie6aTeTbHO-BpAIIaTeIbHONW IMOJIOCHI WU TPYTI-
TIbI B3aUMO/IEICTBYIOIINX KoJle6aTeTbHO-BpallaTeTbHbIX
TI0JIOC, PACTIONIOKEHHBIX B Y3KOM CIIEKTPAJbHOM JHama-
3oHe auuH BosiH. B MIOA CO PAH c cepeaunbt 90-x 1T.
XX B. 3TOT MeTOJ CTajJl aKTUBHO WCIIOJb30BATHCS
1 711 T106aJbHOTO OTMCAHUS CIIEKTPOB BBICOKOTO pas-
peleHust MOJIeKyJI: 6bLIH pa3paboTanbl Mojesn 3hdhek-
THUBHBIX TAMHJIbTOHHAHOB 1 OIepPaTopoB 3(h(HEKTUBHOTO
JINTIOJIBHOTO MOMEHTA, TJI06aIbHO OIICHIBAIOIIIE CIIEKTP
MOJIEKYJIBI B IIUPOKOM [IUala30He JJUH BOJIH, BKIOYAs
MUKpoBoJiHOBBIN 1 MK-nmanazonnl. BakHO OTMETHTD,
YTO TIeJbI0 MOJEJUPOBAHUA SABIIETCSI TOCTIKEHIe
TOYHOCTH PACYeTOB TAapaMeTPOB CIEKTPAJIbHBIX JUHUI,
CPABHUMOII € HeOTNpe/leJIeHHOCThIO WX BEJUYIH, IMOJY-
YaeMbIX HA COBPEMEHHOH CIEeKTPAJbHOI ammapaType.
T'no6anbHbIe MOMENN JafoT MPSAMON BBIXOJ Ha OIHCa-
HHUe BBICOKOTEMIEPATYPHBIX CIEKTPOB. OHU MO3BOJISIOT
BBIYHCJIUTD MapaMeTphbl CIEKTPaJIbHBIX JUHUN B CIIEK-
TPaJbHBIX MHTEPBAJIAX, ellle He HMCCJIeJTOBAaHHBIX JKCITe-
PUMEHTAJIBHO.

B pamrax Meroga 3 PEeKTHBHBIX ONEPaTOPOB IIPO-
BeJIeHO YCIIENHOe TJI06aTbHOe MOeJNPOBaHNE CIIEeK-
TPOB BBICOKOTO Pa3pelleHns MOJIEKYJ YTJEKHUCJI0TO
raza [21, 22], amernnena [23], 3axucu [24], nByoku-
cu [25] m okucu asora [26]. B ciaydyae MosekyJibl yr-
JIEKHCJIOTO Ta3a MOoJeJIMpOBaHUe TMPOBEAEHO IS BCEX
12 cTabunpHBIX H30TONMYecKHX Moaudukamui [27],
a B cjlydae 3aKHCU a30Ta — JJIsI OCHOBHOH 14N,160 [24]
U YeTbIpeX PeAKUX M30TONMYECKNX MoauduKanmit
14N15N1GO [28], 15N14N1GO [28], 14N2180 [29]
u PN,'°0 [30].

I'no6anbHOEe MOeNnpoBaHIe CIIEKTPOB BBICOKOTO
paspelieHnsa TMO3BOJIINIO CO3JaTh OaHKH IapaMeTPOB
CHEeKTPaJbHBIX JTMHUN JJIsI BBIIIETIEPEUNCAeHHBIX MoJIe-
KyJI, KOTOPbIe HaXO/ISIT IUPOKOe MTPUMeHEHUE B PA3JINi-
HBIX TIpWIOKeHUsX. Tak co3gaHo TpW Bepcun OGaHKa
JAHHBIX I MOJIEKYJIBI YTJIEKHUCJIOTO Ta3a: OJHA BepCHs

mas atMocepubix  mpmioskeHuit  CDSD-296 [31]
(ftp://ftp.iao.ru/pub/CDSD-296,/) ¢ omopHoii TeM-
nepatypoii 296 K u nBe Bepcuu [ BbICOKOTeMIIepa-
TypHbIx Tpmaoxkenuii CDSD-1000 [32] (ftp://ftp.
iao.ru/pub,/CDSD-1000,/) u CDSD-4000 [33] (ftp://
ftp.iao.ru/pub,/CDSD-4000,); 6aHKu mapaMeTpoOB /s
BBICOKHX TeMIIepaTyp I MOJEKyJibl anetuieHa ASD-
1000 [34] (ftp://ftp.iao.ru/pub/ ASD1000/), 3akucu
azora NOSD-1000 [35] (ftp://ftp.iao.ru/pub/LTS/
NOSD-1000/) n aByokucu azora NDSD-1000 [36, 37]
(ftp://ftp.iao.ru/pub/NDSD/). Undopmanus, coaep-
skamadgcd B 6ankax manuabix CDSD-296 u ASD-1000,
HCIIOJIb30BAJIACH T[IPH  CO3/IaHUM  TIOCJIEIHUX BepCUil
MexxayHaponubix  6a3  gamabix HITRAN2016 [38]
u GEISA [39], a BbicOKOTEMIepaTypHasi BepCHs
CDSD-1000 B nosHOM 00beMe BOIILIA B MeKIYHAPO/I-
Hyto 6a3y nanabix HITEMP [40]. B sHOBYyIO Bepcuio 6a-
3p1 ganHbIX HITEMP BoiizeT Takske mHbOpMAI, co-
nep:karagcsa B 6ankax gaaabix NOSD-1000 u NDSD-
1000 [41].

B nmociennee mecsatusieTne, HapsALy ¢ METOAOM 3d-
(pekTUBHBIX OIEPATOPOB, [JIsI TIJIOGAJIBHOTO ONHCAHUS
CIIEKTPOB BBICOKOTO paspellleHus MosieKys B VIHcTUTyTe
aKTUBHO JCIIOJIb3YEeTCsI BAaPUAIMOHHBIH TIOIXO0J] B Tec-
HOIi CBSI3KE C METOJIaMU KBAHTOBOII XUMIH. JTO MO3BO-
JINJIO Ka4eCTBEeHHO YJIYYIINTh ONMCAHWEe KoJIe6aTeTbHO-
BpaIaTeTbHBIX CIEKTPOB MHOTOATOMHBIX MOJIEKYJI C YHC-
JIoM aToMOB 6osiee deTbipex. COBMECTHO € yUeHBIMU H3
PeiimMca 6bLiu mIpoBesieHbl ab initio pacuyersl MOBEPXHO-
CTH ToTeHIManbHol sHepruu (I1119) U AUTOJBHOTO MO-
MEHTa, a Ha UX OCHOBE — CIIEKTPOB BBICOKOTO pa3pellie-
Hus 1eJioro psna Mosekyx: CHy [42-45], PH;3 [46, 47],
C,H, [48], GeH, [49], CH3F [50], CF, [51] u apy-
rux. 3ameruM, uto ab initio 1119 Merana Ge3 sMIupu-
JecKuX Koppekimii [52] ob6ramaer TouHOCTDIO, GIN3KOIT
K TOYHOCTH Jy4leii Heamnupudeckoit 11119 Moseky.ibl
Bozbl. OJHAKO IO TOYHOCTH pacyeTa LEHTPOB JHMHUI
BapHUAIMOHHBIN ToaX0J, Gasupyiomuiics Ha ab initio
ITI19, Ha mopsaku ycTylaeT HOJy3MIUPUYECKOMY Me-
Toay addeKkTuBHBIX onlepaTopoB. [TocTpoernbrii n3 11119
MOJIHBIN  KoJieGaTeIbHO-BpallaTeIbHbIIl TaMUJIbTOHUAH
MOJKeT OBITh TOJIy4eH MEeTOJO0M KOHTAKTHBIX Ipeobpa-
3oBanuii B addextupnbiii ramuibronnan [53]. Takoit
3 bEKTUBHBIN TAMUJIBTOHUAH SIBJISIETCS JOCTATOYHO TOY-
HBIM HAaYaJbHBIM IPUGITKEHNEM C TTPaBIIbHBIMHI Tapa-
MeTpaMu B3amMofeiicTBus. IlapamMeTpbl 3TOro TaMILIb-
TOHHAHA MOTYT OBITh YTOYHEHBI TIOATOHKOM K 3KCIepH-
MEHTaJIbHBIM 3HAYEHUSIM I[EHTPOB JIMHUH. JTOT MOIXO/[]
MO3BOJIUJT YJIYUIIUTh UAEHTU(DUKANUIO CIEKTPOB MOJIe-
kya CHy [54—56] u PHj [57]. IlyteM komOGuHamuu
IKCIIEPUMEHTAIBHBIX TIEHTPOB JIMHUI 1 BapUAIHOHHBIX
UHTEHCUBHOCTEIl OBLIN TOJYYeHbl BBICOKOTOUHBIE CITH-
CKU TIapaMeTPOB CHEKTPAJIbHBIX JIMHUN, WHKOPHAPHPO-
BaHHDbIE B COBMECTHYIO POCCHIICKO-(DPAHITY3CKYIO CIIEK-
Tpockonunueckyio 6a3y ganubix TheoReTS [58].

KpoMe 6aHKOB CIIeKTPOCKONITIeCKOil MHMOPMAITI,
HaunHas ¢ koH1a 1990-x rr. 8 UOA CO PAH BeayTtca
paGoThI 10 CO3/IaHUI0 W PAa3BUTHIO HH(OPMAIIMOHHO-
BbraucanteabHbix cucteM (MBC) B obiactn Moseky-
JIIpHOIT creKTpockomuu. OCHOBHOE Ha3HaueHHe TaKUX
NBC — npenocTaiienne JOCTyIa K CHEKTPOCKOITITYECKOI
uHdopMaiun yepe3 VIHTepHET U pellleHHe HEKOTOPBIX
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3a/1a4 MOJIEKYJISIPHOM CIIEKTPOCKONNN B WHTEPAKTHBHOM
pexxume. KioueBbiMu 3amavamu, pemaembiMu MBC,
asystiores [59]:

— MOUCK, BBIGOPKA U BU3yaIu3alus HMeomencs
B 6a3ax ganubix IBC nmadopmarm;

— CO3/IaHUe MO0JIb30BaTeJeM COOCTBEHHBIX CMeceil
ra3os;

— MOJIeJINPOBAHNE CIIEKTPOB BLICOKOTO M HU3KOTO
pa3pelIeHns ¢ yIeTOM BINSHUS CTIEKTPATBHOTO IPHO0OPA;

— CpaBHEHIE pe3yJIbTaTOB MOJETHPOBAHUS C 3KC-
TePIMEHTATTBHBIMU CIIEKTPAMU;

— 3arpys3Ka pe3yJbTaToB 3ampoca Ha KOMIBIOTEp
H0JTb30BaTe s JINO0 coxpaHeHne ux B 6aze MIBC.

K macrosmeMy BpeMeHU CO3JaHBI U HOAJEP’KUBA-
forcst caenyiomue VBC: «Chnekrpockonusi armocdep-
ubIx razoB» [59] (http://spectra.iao.ru); « Crekrpocko-
IHsT 1 MOJIEKYJISIpHBIe cBolicTBa o3oHa» [60] (http://
smpo.iao.ru); HITRAN on the Web (http://hitran.
iao.ru); Theoretical Reims-Tomsk Spectral data [58]
(http://theorets.tsu.ru). /I pa6oThl B cucTeMax pe-
THCTpalus He Tpe6yeTcs, OAHAKO 3aperuCTPHPOBAHHBIM
[OJIb30BATEIAM JoCTyIieH Gobinuil dyHKimonan (moi-
po6uoctu cM. B [58—60]).

Texymras Bepcusg UBC «Crekrpockomnust atMocdep-
HBIX Ta30B» COAEpPXKUT WHGOPMAIMIO O HapaMeTpax
cnexrpaibibix jguHui (IICJI) 54 MOJIEKYJT U O CIeK-
TpaX HU3KOro paspemieHuss 49 MmoJjexysa. B cucreme
nMeeTcd MHMOPMAIA O MaccaX, PaclpoCTPaHEHHOCTH
7 CTATHCTHYECKNX cyMMax 148 m3oTomosoros 53 MoJe-
kyJ1. OcroBy 6a3bl ganHpix VIBC 110 mapameTpaM criek-
TPAJTBHBIX JUHUN COCTABJAIOT CIHMCKHU JUHUN CIEKTPO-
ckonuyeckux Ganxos HITRAN [38] u GEISA [39].
Jononuurenbubie ciiucku [1CJI focTynHBI 1J1 MOTEKYT
BOJIbI, YTJIEKUCJIOTO Trasa, 3aKUCH a30Ta, MeTaHa, JBY-
OKHCH a30Ta, cepoBojopoja. Kaskaplii M3 TakuUX CIIH-
CKOB TIpe/ICTaBJIsAeT co6oii oTnenbHblil uctouHuk I1CJI.
Nndopmarmsa o TICJI akTyaausupyercs 10 Mepe TO-
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SIBJIEHUSI HOBBIX CIIUCKOB HUJIM HOBBIX BepCUH HCIIOJIb-
3yeMbIX cruckoB. Ilomumo noucka u nomydenus 1ICJI
CUCTeMa TO3BOJISIET CTPOUTh YACTOTHBIE TpoduIn He-
KOTOPBIX CHEeKTpaabHbIX (pyHKIMH (KoadduunenTa mo-
TJIONEHNUsI, CeYeHUs IMOTJIOIEHNs, TOTJIONeH s, TPOo-
MyCKAHUSA W W3JIydeHHs) TPH Pas/MYHBIX YCJIOBHAX.
K duciay mapaMeTpoB, 3aJaiolIUX YCJIOBUS MOEJUPO-
BaHUs CIEKTPa, OTHOCATCsA: HaGop Tra3oB (MoJeKy.T)
C 3a/IaHHBIMU I10JIb30BaTesieM M30TOINNYeCKIMU COOTHO-
MeHUSIMHI I KaKA0H MOJIEKYJIApHOH KOMITOHEHTDI;
ucrounuk IICJI; temmepaTypa; naBieHue; AJUHA IO-
raomaromero (uasydaomero) myTu; ¢opMa KOHTypa
muaun (Tayce, Jlopenn uau Dolirt); yuuTbiBaeMast
YaCTh KPbIJIA CIIEKTPAJIBHOI JUHUU W HEKOTODPbIE APY-
THe XapaKTepHUCTUKHU. Pe3yJsbTaTbl MOMCKA W pacyera
MOTYT 6bITh TtosydeHbl B TekcToBoM (ASCIT (aiin) win
rpadguueckoM BHe. 3apeTUCTPUPOBAHHBIN IT0b30Ba-
TeJIb UMeeT BO3MOKHOCTb COXPAHUTD JaHHble HA cepBe-
pe CHUCTeMBI [JIA WX WCIOJIb30BAHUS B TOCTEAYIONTIX
ceancax. Ha puc. 1 B KauecTBe mpuMepa TpeCTaBIeH
rpaduK SPKOCTU YTJIEKUCTIOTO Ta3a, CUMYJIUPOBAHHBIN
¢ nomotnipio IBC «Cnexrpockonusi atMocpepHBIX Ta-
30B» HA OCHOBE TAPAMETPOB CIEKTPAJbHBIX JUHUN U3
6anka gauaeix CDSD-1000.
WudopmalnoHHO-BbIMUCUTENbHAS crucTeMa «CIiek-
TPOCKOIIHS M MOJIEKYIIPHbIE CBolicTBa 030Ha» (masee —
S&MPO) — pesy/ibTaT MHOTOJIETHETO COTPYAHUYECTBA
NOA CO PAH u VYuusepcurera [llammanb-ApaeHH
o uccieqoBaHnio VK-creKTpoB TOTJIONEHNST MOJIEKY-
JIBI 030HA. B 11€10M cTpyKTypa 1 (yHKIIMOHAT CHCTEMBI
nogo6en BC «CnekTpockomnust atMoc(epHbIX ra3oBy,
ogHako mMeercs psa ortanuuii. Caiit UBC S&MPO
COCTOUT W3 [IeBATH pasfieJioB: «MoJjekynay, «Y pOBHU
aHeprun», «Ilepexonbl», «MojenpoBaHue CIEKTPOBY,
«JKcnepuMenT», «IIpamas 3agaua», «CedeHus norJo-
neHust», «BcmoMorarenpHbIe faHHBIe» U «bubmmorpa-
dusa». [lerasbHoe onucanne BceX pas3zeson gaHo B [60].

3300 3400

3500
BosHoBoe uncio, cM '

3600 3700 3800

Puc. 1. 3aBucuMocTb IpKOCTH 0o6paslia YIJIEKUCJOro rasa TosmmHoil 1 M mpu arMocdepHoM naBienuu u temmeparype 1000 K
OT BOJTHOBOTO YHCJIa B CIeKTpaabHoM uHTepBase 3300—3800 cm!
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B 6asy I1CJI cuctempr S&MPO BKJIIOYEHBI CITUCKI
sunnit HITRAN [38] u GEISA [39], pacdeTHbIii cIIcOK
S&MPO u smnupuueckuii ciucok S&MPOexp. Criucok
S&MPO BkI04YaeT JaHHbBIE O CEMH H30TOINYECKUX MO-
[[I/I(i)I/H{aHI/IHX: 16()37 160160180, 16()18()16()y 160160170,
150170190, 80'°0'80 u '805. 3amernm, uto moceaHIE
JIBa U30TOII0JIOTa He BKJIIOYeHbl B crucku [38, 39]. Ilo
TEPBBIM TATH MOIUMUKAIIAM cicoK S&MPO moxpbI-
BaeT 6ojiee MIMPOKUN CIHEKTPATbHBIN IUANA30H U CO-
JIepsKUT OOJIbITIee YICJI0 JUHUHN, YeM aHAJOTHYHBbIE CITH-
ckn [38, 39]. Ha puc. 2 npuBeseHo rpadudeckoe cpas-
nenue cruckos [1CJI uz HITRAN 2016 [38] (10 mostoc)
1 S&MPO (34 momocsr) ats usotomoiora 0010,
Crmcok S&MPOexp mpeactaB/isieT co60it KOMITUIAIINIO
PACUYETHBIX U AMITUPUIECKUX TOJIOKEHHIT JINHUN: pacder-
Hble 3HAYeHUs II0JIOKeHUH JUHUN u3 cuucka S&MPO
3aMeHeHbI Ha IX Ha6I0JaeMble 3HAUEHNS B TOM cJydae,
KOT[a pasjanmyie MeKIy PAcUeTHBIM U HaOI0JaeMbIM
3HaueHussMu npesbitiaer 0,0002+0,001 em™! B 3aBuCHMO-
CTH OT CIIEKTpaJIbHOTO Juana3oHa. B Hacrosimeii Bepcun
NBC cnucok S&MPOexp coaepxkur [ICJI b st
MouduKamn 160,

B cucreme mmeercss HaGop IKCIEPUMEHTATbHBIX
CIIEKTPOB MOIJIOIeHsT o30Ha (B pasjene <«DKCIEpH-
MEHT» ), 3aperncTpupoBaHHbIX Ha Dypbe-CIeKTpoMeTpe
Yuusepcutera [llamnanb-Apnens. Eme onno otsimyne
S&MPO ot BC «CrekTpockonust aTMOC(ePHBIX Ta-
30B» — BO3MOKHOCTb JIJIST TIOJIb30BaTeJIell CaMOCTOSITE N b-
HO MPOBOIUTH PACUET YaCTOT U HHTEHCUBHOCTEM Kosieba-
TeJIbHO-BPAIaTebHBIX TI€PEXO/IOB BBIOPAHHOW T'DYIIIIBI
nosoc (B pasgene «IIpaMas 3agada») B paMKaX MeToJa
3(dEKTUBHBIX TaMIJIBTOHHAHOB. [[JI 3TOTO MCIOJIB3Y-
etcs nporpamma GIP [61], makopnopupoBanuag B IBC,
1 HaGOpBI TapaMeTpoB 3(PpHeKTHBHOTO TaMIIbTOHNAHA,
TaK:Ke UMeIOIINecs B CUCTEME.

1E-22 HITRAN

1E-23

1E-24 ‘l
1E-25
1E-26

1E-27

HTeHCUBHCTD, ¢M,/MOI.

1E-28

Cucrema HITRAN on the Web paspa6arsiBanach
B Koomeparuu ¢ pabodueii rpymmoit u3 apBapa-Cmutco-
HoBckoro 1eHtpa actpodusukn (Kem6pumk, CIIIA),
SIBJITIONIEICST OCHOBHBIM Pa3pabOTYNKOM CIIEKTPOCKO-
nuveckoit 6aspl ganubix HITRAN, m mo ux mpocb6e.
DyHKINOHATbHbIE BO3MOKHOCTH 3TOW CHUCTEMBI MPaK-
THYECKN WIEHTUYHBI BO3MOKHOCTSIM cucTeMbl «Crek-
TPOCKOTNSI aTMOC(EpPHBIX Ta30B», OJHAKO B KayecTBe
ucrouynnka [ICJI BpIcTymaeT WCKIOYNTENBHO 6asa
HITRAN [38]. Hyxno otmeruth, uto ganHasgs MBC
HanboJiee BocTpeboBaHa. CorlacHO JaHHBIM cobHpae-
moit craructuku (cm. http://hitran.tsu.ru/cgi-bin/
awstats.pl/awstats.pl? month=04&year=2018&output
=main&config=hitran&framename=index) B 2018 u 1ep-
Bble Tpu Mecsia 2019 r. cpeiHeMecsTUHOE YHCJI0 YHUKAIb-
HBIX HoceTuteseil aepxkutcs Ha ypoBHe 2000—3000 mpu
KoJimdecTBe BU3UTOB 3a Mecall oT 4000 mo 6000. O6b-
eM ckaymBaeMoil nHpopManuun — Ha ypoBHe 6—13 I'D.

Cucrema Theoretical Reims-Tomsk Spectral data
TaK)Ke SBJSETCS Pe3yJTbTaTOM POCCHIICKO-(ppaHITy3CcKO-
TO COTPY/IHIYECTBA B 06JIACTH PA3BUTHS TEOPETUIECKUX
METOZIOB pacyeTa MOJIEKYJIIPHBIX CHEKTPOB MHOTOATOM-
HBIX BBICOKO-CUMMETPUYHBIX MOJIeKyJ. B HacTosiee
BpeMs cucteMa comep:xkut [ICJI ceMu MoslekyT: MeTaHa
(CHy), dochuna (PH;3), stumena (C,Hy), Terpadro-
puza yraepona (CFy), repmana (GeHy), cunana (SiHy)
u ¢ropucroro merwia (CH3F). HauGosee oGmupHbie
criucku [1CJI, Bk/IIOYas CIUCKU /i1 BBICOKOTEMIIepa-
TYPHBIX U acTPOPU3NUECKUX TPUJIOKEHUN, TaHbI /I
MeTaHa.

IMomuMo pa3paGoTKu CcOOCTBEHHBIX WH(MOPMAIIH-
OHHO-BBIYUC/IUTETbHBIX cucTeM coTpyaanku MMOA CO
PAH — akTuBHBIE YYaCTHUKHN MeKIYHApPOJHOII Koolie-
pamuu B 3TOM HampaBieHun. Hampumep, WHcTuUTyT
SIBISETCI YJIEHOM MeXAYHApOJHOTO KOHCOPIHYMa

1E-22 S&MPO
1E-23
1E-24
1E-25
1E-26
l
1E-27 l "

1E-28
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0 1000 2000 3000 4000

BosHoBoe YucJao, CM !

Puc. 2. T'paduueckoe cpaBHeHHe CIHICKOB IapaMeTpoB crekTpaibHpix JuHuil n3 HITRAN2016 m S&MPO wusoromosora
160180160
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«BupTyasbHBIH 1IEHTP aTOMHBIX U MOJIEKYJISIPHBIX JaH-
HbIxX» [62, 63]. B paMkax 3TOTO KOHCOPIIMYMa pa3pabo-
TaHBI CTAHAAPTHI MPEACTABJIEHUS [JaHHBIX ¥ WHTEP-
defic, TO3BOJIgIONINE TIOJTH30BATESIM B YHUDUITIPO-
BaHHOM BH/[Ie MOJIy4YaTh HY;KHYIO mH(bopMaimio u3 6a3
JIAHHBIX YYACTHUKOB KOHCOPLUYMA.

B ycroBusx mpuseMHOIT aTMocdephl IS MOETH-
POBaHUS KOHTYpa CIIEKTPATbHOI JUHUHM B PAa3THYHBIX
TMPUJIOKEHUSIX BOT y:ke 6ojiee 100 JieT MCIob3yeTcs
xoutyp Moiirta [64], mpeacraBagiomuii co6oii CBEPTKY
KoHTYpoB Jlopentia u /[omiepa. ITOT KOHTYP TTO3BOJIIET
OTHOBPEMEHHO YYUTBIBATh CTOJKHOBUTETHHOE U JIOTLIE-
poBckoe yiupenus. C mepBbiX jHell paboTsl VTHCTHTYTA
60JIbIII0E BHUMAHUE YIEJSJIOCh HM3YyYeHWIO IIPOIECCOB
VIIUPEHUs, CIBUTA U UHTePdEpPEHIINU CIEKTPATHHBIX
JINHWIT TIPH CTOJKHOBEHUSIX MOJIEKYJ B Ta3e C y4eToM
TOHKHUX JleTajieil MeXKMOJIeKYJISIDHBIX B3anMOJeNcTBUIl.
[Ipu aToM, Kak IpaBWJIO, UCIOJb30BaJCcsA KOHTYp Jlo-
pentma. Tak, B MHcTHTyTe 6BLI pazpabGoTaH MOJTYIMITH-
prdeckuil MeTos pacdera [65], KOTOpBIH JaeT BO3MOXK-
HOCTD /IeTAJTbHO WMCCJIeI0BATh 3aBUCUMOCTD KO3 PUIT-
€HTOB CTOJKHOBUTEJbHOTO YIIMPEHUS W CIABUTA OT
TeMIIepaTypbl, KoIe6aTeJbHBIX U BPAIlaTeJTbHBIX KBaH-
ToBbIX unces. HemaBuo coBMectHo ¢ K. Ma (CIIIA) 6611
paspa6oTan MeTo cpeguux yacror (MCH) [66]. Vnes
MeToJa 3aKJioYaeTcsl B TOM, YTO U3 Bcell pacdyeTHOI
CXeMBI BBIZIeJIeHBI YacTH, oTpaskaolnne BiIugHue 6ydep-
HOIf MOJIEKYJTBI Ha BHyTpeHHee COCTOSHIE MOTIOMatonel
MoJieKyJIbl. COOTBETCTBYIONINE BEJNINHBI CUTBHO 3aBH-
CAT OT KBAaHTOBBIX YHCeJ TOTJIONAoNIell MoJieKyJIbl. 13
HUX KOMIIOHYeTCSI BeJIMUMHA, HAa3BaHHAS «CpeHeil yac-
TOTOI» CTOJIKHOBUTEJbHBIX IMEPEXOOB. Y CTAaHABINBA-
€TCsI COOTBETCTBHE MEXKIY PACCUNTAHHBIMU 3apaHee
«CpeJTHIMHU YacTOTaMI» 1 KBAHTOBOH HaeHTHUKaINe,
TOCJIe Yero C 3THMHU «CPeJHUMU 4acTOTaMH» COTIOCTAaB-
JITIOTCSI COOTBETCTBYIONIHE KO3((PUIIMEHTH! YIINPEeHUs.
YcranoByeHHAs 3aBUCHMOCTb ANMPOKCUMUPYETCS TIPO-
CTBIM BBIpa)KeHIEM, KOTOPOe TO3BOJIIET BOCCTaHABJIN-
BaTb KO3 PUITNEHTHI YITUPEHN JJId JUHWI BCelt uccie-
nyeMoii mosnocel. Ha puc. 3 mpuBeneH IpuMep TakoTo
pacueTa B CpPaBHEHHU C 3KCIEPUMEHTATbHBIMU 3Haue-
HusMu u3 [67]. PasHocTH paccUMTaHHBIX U IKCIEpHU-
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MEHTATbHBIX 3HAYEHUI TIONYIIUPUH He IIPEBBINIAIOT
7,3%, 9TO CPaBHUMO C SKCIEPUMEHTAIbHON Heolpeje-
JIEHHOCTBIO.

OTMeTHM BBITIOJIHEHHYIO B VIHCTHTYTe cepuio opu-
TMHAJbHBIX TEOPETHYECKUX pPaboT M0 HUCCJEIOBAHUIO
adekta nHTEpdEpPEHIINN CIIEeKTPATbHBIX JUHUN [68]
" KoJieb6aTeIbHBIX 10JIoC [69].

[Tonronka xoutypa MoirrTa k sKcHepUuMeHTaIbHBIM
JTAHHBIM, TIOTYYeHHBIM /7T 06J1aCTH CPeJHIX JaBIEeHUIT,
KaK IIPaBIJIO, BBIABJSAET XapaKTepHyIo W-06pas3Hyio
HeBA3KY, MaKCHMaJbHas aMIUTATyAa KOTOPOil OOBIYHO
COCTaBJIIET HECKOJBKO TIPOIEHTOB OT MaKCHUMAJbHOM
aMIIUTy6l KoHTypa. Hammune W-06pa3sHoil HeBSI3KU
TOBOPHT O TOM, UTO peabHble KOHTYPBbI HECKOJBKO YiKe,
yeM (oiirtroBckute. [Ipuunnoil ToMy SIBJISIOTCS AONOJHU-
TeJIbHbIe MEeXaHU3MbI YIIUPEHUS, He YYTeHHble B KOH-
tType Doiirta. A IMeHHO: B 06J1aCTH MAJbBIX U CPEIHUX
JTaBJIEHU, B KOTOPOI IIPOSIBJISETCS TOTJIEPOBCKOE YIITH-
peHmne JUHUN, K CY)KeHUIO TPUBOJANT W3MeHeHWe Ha-
IpaBJIeHnsI CKOPOCTH TPH CTOJKHOBeHHSAX (cy:keHme
[luke) [70]. Kourypbl juHuii, 1mMoJydeHHblE B MOAENH
cunpHbIx (0 cKOpocTsM)  cToJKHOBeHmit [71, 72]
u B aucddys3nonnoii mMogenu [73—76], yunTnIBaioT 3TOT
MeXaHu3M, Ojaroflaps 4YeMy HeBsI3Ka 3KCIIePUMEHTa
U TeOpUH 3HAYNTETBHO YMEHBINAETCS IO CPABHEHUIO
€O cay4aeM, Korja B 06paboTKe CIEKTPOB HCIIOJIb3YeT-
csa koHTyp Doiirra.

Bospocmas B JecaTKN pa3 3a MOCTeTHWE 1ecsaTH-
JIETHS TOYHOCTH PETUCTPAIIUU CHEeKTPOB TIpUBeJa K He-
06XOITUMOCTH PACIIUPEHNST KPyTa YINTHIBAeMBIX (HhU3N-
YeCKUX MeXaHU3MOB (hOPMHUPOBAHUS KOHTYDPOB JIMHUI.
K ocHOBHBIM MeXaHM3MaM YUIUPEHUs JIMHUI TOTJIoNTe-
HUS MOJIeKyJ1 oTHocsiTes (eM., HarpuMep, [77]): 1) Temn-
JIOBOE JIBIDKEHHE MOJIEKYJ U OOYCJIOBJIEHHOe UM JIOM-
JIEPOBCKOE YINUpPeHHe; 2) yJapHoe ylupeHue; 3) u3-
MeHeHHe HaIPaBJIeHUsI CKOPOCTH TIPU CTOJKHOBEHHSX;
4) 3aBUCMMOCTb KOHCTAHT CTOJKHOBUTENBHON pesakca-
UK OT CKOpOCTH morjomaonteii mosexyibl (adpdext
BeTpa); 5) CTOJIKHOBUTeNbHass HHTepdepenus (cMe-
IIeHne, Kpocc-pesiakcaius) JuHuii; 6) coBMecTHOe feii-
CTBHE CTOJKHOBEHHUIl ¢ paccesHHeM Ha OOJbIINe W Ma-
JIble YTJIbI; 7) KOHeYHas JJINTENbHOCTb CTOJKHOBEHHII.

—e— OxcnepuMenrt [67] (mosoca vy)
—a— MCUY-pacuer

0103 s | L | L | L |

Puc. 3. Paccuutannble U sKcnepuMeHTasbHble [67] 3HaYeHUS HOTYIMIUPHH JHHUN
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BOJAAHOTO IIapa OpU YIINUPEHUU BOJOPOIOM;

JIMHUHN PACIIOJIOJKEHDI B IMOPAJKE BO3PaCTaHUA YaCTOTHI
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UccrenoBanre BIUAHUS GOJBITHHCTBA BHITIETIEPEUNC-
JIEHHBIX (DaKTOPOB HAa KOHTYD CIIEKTPAJIbHON JIMHUH
npoBoauiock u B MOA CO PAH [77—83].

B MuctutyTe co3gaH KOMILTEKC MporpamMm, obec-
MMeYNBAONINN BOCCTAHOBJIEHNE TIAPAMETPOB CIIEKTPaJIb-
HBIX JIMHUH U3 CHEKTPOB JI060il mpupoabl. 1 aToT KoM-
IJIEKC TIPOTpaMM, M KBaJdM(pUKAINI COTPYIHUKOB Il
BO3MOKHOCTb MPOAHAJN3NPOBATH OTPOMHOE KOJTNYECTBO
IKCIIEPUMEHTAJTBHBIX CIIEKTPOB MOJIEKYJT aTMOC(EPHBIX
ra3oB. [losydennas creKTpocKommdeckasd nH(opMaIus
BOIILTa B MeXayHapozaHble 6a3pl ganubix HITRAN [38]
n GEISA [39]. CoTpyAHUKM WHCTUTyTa — OJIHU W3
OCHOBHBIX <«ITOCTABIIIMKOB» CIIEKTPOCKOTIMYECKUX JaH-
HBIX B 3TH 6a3bl.

YcnenrHas gedTebHOCTD crieKTpockoncToB MTOA
CO PAH m=empiciuMa 6e3 MHPOKOH MeXIYHAPOIHOI
koonepauuu. Corpyanuku MHCTUTYTa IPOBOAST COBMe-
CTHBIe TccaefioBanugd ¢ ydeHbiMu @Dpannuu, Kuras,
CIIA, Anonun, Aurmun, lepmarnun u Berbrun. B me-
puosa ¢ 2009 mo 2012 r. xefictBoBasio MexayHapoIHOE
HayyHOoe OODeIMHEHNe TI0 CIIEKTPOCKOIMH BBICOKOTO
paspemiernss SAMIA, o6pasoBannoe Poccuiickoit aka-
nemueit Hayk, PoccuiickuM ¢oHmoM GyHIaMEHTAIbHBIX
uccaenoBanuii, HalmoHagbHBIM IIEeHTPOM HayUHBIX HUC-
ciaenoBanuil @pannun u Kuralickoil akajeMueil Hayk.
B aToM o6beMHEHNN ¢ POCCHUCKOH CTOPOHBI BeAyIIYIO
posib urpas MuctutyT ontku atMocdepbl. B Hactog-
Illee BpeMs 3TO 00beInHeHNe TTpeo6pa3oBaHo B MexkIy-
HapOJIHYIO accoIMMpoBaHHyIo Jabopartopuio SAMIA.

2. JKcniepUMeHTaJibHbIe HCCJie/I0BaHuUs
CIIEKTPOB BBICOKOTO pa3pelieHust
MOJIEKY.JI

B nacrosiee BpeMs mpo6yeMa peTUCTPAIlud CHeK-
TPOB IIOTJIONEHNS MoJeKyJa B BuauMoil m Y d-obiac-
TAX CTAHOBUTCI Bce O6oJiee aKTyasabHOIl, 4YTO 0OBIC-
HIEeTCS Ba)KHOCTBIO 3TOTO CIIEKTPAJIbHOTO JUalia3oHa
B PaaUaIlMOHHOM GajlaHCe MOCTYHAIONIEr0 COJHEYHOTO
U3Iy4eHUs] U CJIOKHOCTBIO TEOPETHYECKOTO pacyera
CIIEKTPOB, BBI3BAHHBIX MIEPEXOJIAMU Ha BBICOKOBO30YIK-
JleHHbIe MOJIEKYJISIpHble cocTogHus [84]. B Buammom
u Y O-auana3oHaX WHTEHCUBHOCTH JIUHUHA OYeHb MaJIbl
(10210 cm-Mox '), um ama ux oGHApyKeHHs
HeOOXOIUMO  HUCIIOJIb30BaTh  BBICOKOUYBCTBUTEIbHBIE
CIIEKTPOMETPBI € TIOPOTOBON YYBCTBUTEJIBHOCTBIO IO
107°..107® em™!. Jlna moctuskenms Takoil BBICOKOIT qyB-
CTBUTEJBHOCTH B CIIEKTPOMETPAX HCMOJb3YIOTCS JIJINH-
Hble MHOTOXO/IOBbI€ KIOBETHI C JIJIMHON OCHOBaHUS 6oJiee
4 M, HarpuMep, Dypbe-CIEKTPOMETPHI B 06cepBaTopuu
Kurr-TTuk, ucnosb3yioiiie 4-MeTPOBYIO KIOBETY C 006-
mieit anuHou mytn 434 M [85], cmexktpomeTpsl B PeiiM-
ce n Tomcke ¢ 50- u 30-MeTpoBbIMEH 6a3aMH COOTBETCT-
BeHHO [ 86, 87]. Takue KloBeThbI, YHUKAJIbHBIE U JOPOTHE,
Tpe6yloT Hamycka GoJbIIoro KoJumdectBa rasa (10
20000 ). Bosbmme pa3Mepbl KIOBETHI YXyAIIAIOT €e
TEePMOCTAaOIIN3AIINOHHbBIE CBOIICTBA, HEOOXOIUMBIE [IJIS
JUTNTEJBHOTO W3MEPeHns, W 3aTPYAHAIOT TOCTIKEHe
BBICOKUX OTHONIEHU! CUTHAJ-TITYM.

2.1. Bovicoxouyecmeumeavuas
dDypve-cneKkmpocKkonust ¢ MOULHbLMU
€6eMmooUOOHBIMU UCMOUYHUKAMU
6 8bICOKOUACMOMHOI 06.1acmu

[ToporoBast 4yBcTBUTENBHOCTh Dypbe-CIeKTPOMET-
pa Ky, (MunuMaibHbiil onpesessgeMbiii Koadduiment
TIOTJIONIEHNST) 3aBUCUT OT [ABYX BEJWYHWH: JJIMHBI T10-
TJIOIAIONIero ¢jogd L 1 CcHocOOHOCTH M3MePHUTENbHOI
cucTeMbl OOHAPYKUBATh HEGOJbIINE U3MEHEHUsT CUTHA-
aa AI/I. OcHOBHBIM (DaKTOPOM TMOBBIMIEHUST UYBCTBHU-
TETHHOCTH OOBIYHO CUUTAETCS YBeJUYeHWe [JIMHBI TI0-
riomamIiero ciaod L. Peskoe majeHne MHTEHCHUBHOCTH
U3JIyYeHHs] PH OTPasKEHUU OT 3ePKaJl KIOBETHbI JleaeT
BTOpOil (pakTOp NpeobAAAOIMNAM B OTPAHWYEHUH TIO-
POTOBOiT YyBCTBUTEIBHOCTH cHieKTpoMeTpa; Al/I sBis-
eTca OOpaTHOW BeJUYMHON OTHOIIEHWS CUTHAJ-TIYM
SNR 1, B cBolo ouepezib, ompejieisseTcss AByMsT (HaKTo-
paMu: gpKOCThIO HCTOYHUKA | ¥ BeJTMYNHON CIEKTPaJIb-
Horo mmyMa. [To Mepe yBeqnueHHs YuCTIa OTPAKEHUN 72
JauHa rorsomaiomero caoa L =nly (Lo — aanHa
KioBeTbl) Gy/IeT PacTh, a WHTEHCUBHOCTb U3JIyYeHUs] —
YMEHbBIIAThCS, TIoCJe/lHee TPUBeleT K M3MEeHEHUI0 OT-
notierust Al/I. VIHTEHCHBHOCTb CBETOBOTO IIy4Ka,
mpomeamero yepes KioBeTy (IIpH OTCYTCTBHH IOTJIO-
IIAIONIEro Ta3a), OIpee/dercd IOTepPAMU Ha OoTpake-
HUe Ha 3epKajaX U PACCYUTBIBAeTCA 1O (HopMyJe
I =1y R,, rne I, — U"HTEHCUBHOCTD IIaJIaIOIIEr0 CBETA;
R — xoapdunmenT orpakeHus 3epkas KioBeTbl. OKOH-
YaTeJbHO IOPOTOBAs UYBCTBUTENBHOCTH CIIEKTPOMETPA
C MHOTOXO/IOBO# KIOBETOIl OIpe/iesisieTcsl BbhIpakeHuneM

Ky, = (/nLy)-(AI/(Ty - RM). 1)

YBenuvenue JAJIUHBI TOTJIOMIAIONIETO CJIOSI C TIOMO-
IO YBEJMYEHN KOTNIecTBA OTPAsKEeHNI I TaHHOTO
R ¢ menpio yMeHbBIIEHUS MUHUMAJIBHOTO OOGHADYKU-
BaeMoro Koad@uimeHTa MOIJIOMEHUs 1eJecO00Pa3HoO
TOJIBKO JIO OIpe/leIeHHOTO Tpejesa. be3 ydera 4yBCT-
BUTEJTBHOCTH  (DOTONMPHEMHNUKA ONTUMAJIbHOE YHCJIO
oTpaskeHHit Nyop TOCTE JTOCTIKEHHs IIOPOTOBOTO 3Ha-
yeHust Al/[ ompe/iesisieTcst pPaBEHCTBOM MESK/Y OTHOCH-
TEJTHHBIM YBeJNYeHUEM ONMTUYECKOTO TMYTH U OTHOCH-
TeJIbHBIM CHUKEHNE MHTEHCUBHOCTH:

Nnop = 1/(1—R) (2)

TakuM 06pa3oM, HHTEHCUBHOCTD U3JIyYeHUsI, PETH-
crpupyeMas (poTONpueMHIKOM, HapaBHe ¢ JJTMHON TIO-
TJIONIAIONIETO CJI0S CYIEeCTBEHHO BJIHSET HA MOPOTOBYIO
4yBCTBUTEIbHOCTD. HeGombinue 3uavenust Al/I MoryT
O6BITHh M3MepeHBbl 3a cyeT yBelIndeHus KoadduirmeHTta
3ePKATBHOTO OTPASKEHNUS N 32 CUET YBEJIIMYeHHs YIcIa
CKAaHWPOBAHUI WM yBeIWYEHUS SPKOCTH MCTOUYHUKA.
HecMmoTpss Ha TO, 4TO TepBBbIe [Ba TOAXOAa YKe JI0C-
TUTJIN CBOETO ONMTHMAJIBHOTO TIpe/iesia, CYNIecTByeT BO3-
MOKHOCTD 3(p(PHeKTHBHOTO NCIOJIb30BAHNS NCTOUHUKOB
BBICOKOI gpkoctu. [Ipu 3alaHHOM ONTUMAJIBHOM KOJIH-
YecTBe OTpPaKeHWil yBeTWyeHWe SPKOCTH W3IydeHusa [
B 100 pa3 mpuBOAUT K YMeHbIIEHUI0 MUHUMAJBHO [le-
TeKTHpyeMoro Koadduimenta mnoryionierng B 100 pas.
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MaxkcuMayibHble 3HAYe€HHUsI MHTEHCUBHOCTU JIMHUII
OBICTPO CHAMAIOT TPH TIPOJABIKEHUW B 00JACTh BBICO-
KHX YacTOT Ha 7 TIOPSJAKOB BeJUYUHBI, C 107" 1o
1072 cm/most. (puc. 4, a). CrekTpaibHOe paclpeje-
JIeHVe M3JIy4eHUs TEIJIOBBIX MCTOYHUKOB OIpeesIsIeTcs
dyukuumeit Tlnanka (puc. 4, 6), KoTopasi TaksKe GbICT-
po cmajaer B 06JIaCTH BBICOKUX YacTOT, U B BUIAMMOI
06JIacTH COCTaBJISIET [IOJH TPOIEHTa OT MaKCuMyMa
CIEKTPaAJbHOTO pacipeeeHs NHTEHCUBHOCTH TeILTO-
BOr0O MCTOYHHKA.

- I, OTH. e].
16 -
8L
. ! . ! : ! ,
0 5000 10000 15000 20000
a
S(max), cM/MouI.
1E-19 * o
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1E-26 ' | L | L | ' 1 a
0 5000 10000 15000 20000
Bo:HOBOE umCIO0, CM '
6

Puc. 4. CrmexTpasibHoe paclpe/eseHie SPKOCTH HU3Iy4eHUs

TEIIOBOTO MCTOUHMKa ¢ Temmeparypoit 2000 K (@); makcu-

MaJibHble 3HAUeHIS WHTEHCHBHOCTH JHWHUH B TOJOCAX IOTJIO-
meHus BoagHoro mnapa (6)

[TockompKy BeMMYWHA IIyMa OCTaeTCsl MPHMEPHO
paBHoIl 1o cnekTpy, orHouleHne SNR pesko ymeHblIa-
eTcs B BBICOKOUACTOTHOI o6mactu. IloaToMy BO3MOKHO
TOJIBKO He3HAUNTEJbHOE YBeJMYeHNe MOIIHOCTH TeTLIO-
BOTO MCTOYHHKA, YTO MAJIO BJIUSET HAa YBeJIUYeHHe TyB-
ctBUTesbHOCTH (Dyphe-crekTpoMeTpa B 006JaCTH BBICO-
KuxX dactoT. Mbl npemioxuan [85—87] mcmosb3oBarhb
B KadecTBe maiydarensi B (Dypbe-CIEKTPOMeTPE BBICO-
KOTO pa3pellenus CBeTON3/IyUaloline AUOIbI C BBICOKO
MHTEHCUBHOCTHIO M3JIYyUeHUS U MOKA3aJIM, YTO ITO TIO-
3BOJISIET JIOCTUYH TIOPOTOBOI UYBCTBUTENBHOCTH, CPaB-
HUMOIi ¢ YYBCTBUTETHHOCTHIO JIA3€PHOTO CIIEKTPOMETPA.

OKCIEePUMEHTHI TI0 MCCIeIOBAaHNI0 3(D(HEKTUBHOCTI
CBETO/JINO/ITHBIX HWCTOUYHUKOB WU3JIy4YeHUS TPOBONINCDH
¢ wucrnosb3oBanneM Dypbe-cnekrpomerpa Bruker IFS
125M ¢ MHOTOXO/I0OBOIl KIOBETOI, CIIEKTpaJibHOE pa3pe-
menwe coctasisio 0,03..0,05 ey, CruexrpasibHOe pas-
pemenue Dypbe-crexrpomerpa (0,05 M) coorserct-
BYeT JIOIJIEPOBCKOII MIMpUHE BOASHOTO Tapa B 06JacTh
17000 cm™'. KoneTpyKius Hameit MHOTOMPOXO/IHOIT Bep-
TUKaJIbHON a6copOIoHHO# KioBeTbl (OCHOBaHME JIJIH-
Holt 60 cM 1 o6beM 22 J1) OCHOBaHa Ha Tpex3epKaJIbHOM
KoHuUrypamu Yafita, yiaydireHHoit DepHmteiitHoMm
u T'epubeprom. Ilompo6Hoe ommcanme KIOBETHI IIpHBe-
neHo B [85]. /laBnenue uamepsyioch gatankom AIR-20M

(muanason usMmepenusa 0-100 kIla, IOTPeIIHOCTHIO IO-
paaka 0,1%). B MHOTOIIPOXOAHON KIOBETE HCIIOJIb3YIOT-
¢S MUPOKOIOJIOCHBIE cepeOpsHble 3epKaja, MOKPBITHIE
samuTHbIME caoamMu SiO, u Al,Os. [Ina gocTuskeHus
60JTBIIIel YYBCTBUTEIBHOCTI U3MEPEHHN CIIEKTPOB B 06-
mactn 17000 cM™' 6BITH MCITOTH30BAHBI ID/TEKTPHYe-
ckue 3epkana ¢ koaddurmentom orpaskeruss R ~ 99,5%.
TeMuepatypa B H3MepUTeIbHOIT KOMHATe 06beMOM 75 M°
OblIa cTabMIN3HpoBaHa KoHAuIEoHepoM Midea MSE-
24HR c norpermHoctbio MeHee 1 K, 4To TI03BOJISLIO TIPO-
BOJIUTh U3MEPEHUsI CIIEKTPA B TeUeHHUe [IUTEJbHOTO
BpeMennu (1o 10 gHeit).

[TapaMeTpbI COBpeMEHHBIX CBETOMOI0B (CIIeKTpasIh-
Hagd WHTEHCWBHOCTH, IMTyMOBble XapPaKTePUCTHKHU, CITEK-
TpaJIbHBII MAla30H) CPaBHUBAINCH C IlapaMeTpaMu
TeIJIOBOTO HCTOYHHMKA — TajoreHoBoil Jlammbl. [asore-
HOBasA JiaMma MomrHocTbio 20 BT u cBeToamoanl cepun
CREE XPE LED u 3GR-R noouepegHo ycraHaB/InBa-
JINCH Ha BXOJle MHOTOXO0/I0BO#1 KioBeTbl (Dypbe-CcreKTpo-
MeTpa.

MoImHoCTh H3JTy4eHUsI COBPEMEHHBIX KOMMepde-
CKUX cBeToIno10B gocturaet 0,2...2,5 BT B y3koM criek-
TpanbaoM puanaszoe (~1000 cm™'). Usayuenne mocie
MIPOXOXKIEHUS MHOTOXO/IOBOII KIOBETBI HATIPABJISIIIOCH Ha
amuccHoHHbIil BX0n (Dypbe-ciekTpoMerpa. Ha puc. 5
(1B. BKJIaJKA) MOKa3aHbl MHTEHCUBHOCTH JIECATU [HO-
OB ¥ TaJOoTeHOBOi JaMmbl B obiacti Mexay 10000
1 23000 cM~'. MoHO BHIeTD, 4TO IIPH Tepexojie B BbI-
COKOYACTOTHYIO 06/1aCTh MHTEHCUBHOCTD CBETOUO/THBIX
UCTOYHUKOB OTHOCHUTEJIBHO TIOCTOSIHHA, a TEILIOBBIX
UCTOYHUKOB — XapaKTEePHU3YeTCs HSKCIOHEHIMAJbHBIM
yMeHbIIleHNeM. B pe3ysibraTe OTHOIIEHNE WHTEHCHBHO-
CTH CBETOJIMO/IOB K WHTEHCHBHOCTHU TaJOTE€HOBBLIX JIAMII
SKCIIOHEHIMAIbHO yBeamunBaeTcss ¢ dactoroin (mo 300
B YD-o6aacTn).

[ITymbr u3mepennii Dypbe-clieKTpoMeTpa UCCIeL0-
BAJIUCh TIPH 3aIHCU CHEKTPOB B YCJIOBHUIX, COOTBETCT-
BYIOIMX PErMCTPallui Ta30BBIX CIEKTPOB (CHEeKTpaJib-
Hoe paspelleHne, nquadparma, JJMHA IIYTH Jyda B KiO-
BeTe, KOJMYeCcTBO cKaHupoBaumuii). ITIyM cBeToAMOM0B
okasaycs 6omee 4yeM B 10 pa3 HmKe, YeM Yy TaJOT€HO-
BOIl JTaMIIBI, TaK KaK CBETOAMOJHbBIE MCTOYHUKU HMEIOT
60JIee HU3KYIO TeMIEpaTypy.

[MMupuHa crekTpa U3JIydeHUS KOMMepPYeCKOTO CBe-
Toauozia cocrasister 1000—2000 cv~!. Msmyuenue ceTo-
JINOJIOB OXBATBIBAET BeCh CIEKTPAIbHBINH AMANA30H OT
10000 10 23000 cm™'. Hac nnTepecyloT TOJIBKO MHTEp-
BaJIbI CTEKTPa, B KOTOPBIX WHTEHCUBHOCTH W3JIyUeHUST
CBETO/INO/Ia TIPEBBITIAET MHTEHCUBHOCTD U3JIYYeHUs Ta-
JIOTEHOBOH JTaMObl. JTO OTpaHMYNBaeT 3(h¢eKTUBHBIN
CTIEKTPAJIbHBIN ANAMAa30H OTAETbHBIX CBETOANOI0B (Av =
= 500—1000 cM™') u HO3BO/IAET M3yyaTh IeJIble Pe3o-
HAaHCHBIE MOJUAJBI KOJeOATeNTbHBIX COCTOIHUM, WC-
1oJib3ysl ToJibko oauH auoj. [Imamazon ot 10000 o
23000 cMm™! B HacTosiiee BpeMs IepeKpbLIT He IOJIHO-
CTBI0; UMETOTCST HEKOTOPBbIEe MHTEPBAJBI, B KOTOPBIX CBe-
TOANO/BI He 00JIAJIAI0T MPenMyIecTBaMi U3-32 HU3KOI
UHTEHCHBHOCTU M3JIyYeHUSI.

CTabuJIbHOCTD U3JTyYeHNs, TTOCTYNAOIero B CIIeK-
TPOMETp, OTpefiessAeTcd CTaGMIBHOCTBIO W3JIydaTess
U ONTUYECKOTO MyTH B MHOTOIPOXO/HOI KioBeTe. Cpok
CJTy>K6bI CBETOINO/THOTO U3JTyYaTeIsl COCTABJISIET ~ 8 JIeT,
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YTO 06YCJIOBJINBAET €r0 CTAaGUIBHOCTD B OTHOCHUTEJIBHO
KOPOTKUII TIepro/l BpeMeH! TP 3aITiCH CIIEKTPOB B 9KC-
nepuMenTe. CBeTOAMObI, KOTOPbIE MBI HCHOJb30BAH
B AKCIIEpUMeHTe, UMeI0T MOIIHOCTD 70 2,5 BT or 6oka
mutauusg GPR-30600, kortopbiii obecmeunBaeT HecTa-
6mnbHOCTD Hanpskenns 0,1 MB 1 HecTaGMIBHOCTH TOKA
MeHee 4 MA. B 3TuX yclI0BUAX MaKCUMAJbHBII CUTHAI,
KOTOPBII BCe ellle HIKe YPOBHSI HACBITEHNS (POTOeTeK-
TOpa M OJHOBPEMEHHO obecreunBaeT TpebyeMoe OTHO-
IeHNe CUTHAJ-TIIYM, peaiu3yeTcs Ha JJuHe TMyTH 24 M.

W3MepeHms TOKa3aIH, 9TO KOJIeGaHIA TeMIIEPATy PhI
U3JIydaTesis He TPUBOIAT K KOJIEOAHUAM CTIEKTPATBHOTO
coJlepsKaHusI M3JyUYeHUusT BO BpeMs IHKJIA U3MepeHUs
C WCIIOJIb30BaHUEM MHOTOIPOXO/IHOI KIOBETHI ¢ MeTaj-
JIMYECKUMHU 3epKajlaMi, a U3MEHSIOT TOJbKO WHTETPaJIb-
HOe 3HaueHNe CHTHAJTA Ha BeqmduHy <2,5%. Takoe us-
MeHeHIe CUTHATAa YMEHBINAaeT OTHOUIeHWEe CHTHAJI-IIYM
1 TIOPOTOBYIO YyBCTBUTEJIbHOCTD, HO He UCKAYKAeT CIEKTP
TTOTJIOIIEHHS.

[TpuHUMas BO BHUMaHUE, YTO CBETOINO/] IMEET BbI-
COKYIO SIDKOCTDb, Ha [[Ba TOPSA/KA TIPEBBIMIAIONIYIO SIp-
KOCTh TEIJIOBbIX MCTOYHMKOB B O6JIACTH BBICOKMX Yac-
TOT, a ero 1myM B 3—10 pa3 MeHbIlle IIyMa rajJoreHOBOI
JIAMITBI, TTIOPOTOBasi 4yBCTBUTENbHOCTh (Dypbe-crnekTpo-
Merpa B YD-nuanazoHe YBeJNYUBAETCS HAa TPH IIO-
psAOKa IO CPaBHEHWIO C YyBCTBUTEJNBHOCTBIO Dypbe-
CIEKTPOMETPA C HCIOJb30BAaHUEM TaJOTEHOBBIX JIAMII.

[Tpu xKosmIecTBe CyMMUPOBAHHBIX HHTep(eporpaMmMm
1656 n obmieM BpeMeHH H3MepeHHS 24 4 MBI CMOIJN
nosiyunTh oTHomeHne SNR = 45000, 4To cOOTBETCTBYET
Ky =1,2-108 em™! B o6mactn 17000 cm~'. JKcrepu-
MEHT TIOKa3bIBAET, YTO NCTOJIb30BaHIe MHOTOIIPOXO,/THOH
KIOBETHI OOIIell MPOTSKEHHOCThIO 24 M TTO3BOJISAET J0C-
THYb yyBCTBUTEIbHOCTH Toraomtenus g0 107 em™! mpn
peructpanuu B TeueHue 4 nueil. Ha puc. 6 npusenen
yuactok crnekrpa HD'®O B o6macti 11200—12400 cv™',
3apPETUCTPUPOBAHHBII €O CBETOJUOJHBIM HCTOYHUKOM.
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0,99
0,98
0,97
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0,95

0,94

0,93

0,92

1

BugHo, uTto B IeHTpe CUJbHBIX JUHUI IPOIIycKaHUe
cocrasiger 0,92, B To BpeMs Kak IIyM B PeTUCTpPUpYe-
MoM criekTpe He mipesbimmaeT 0,0001.

Dypbe-CrIeKTPOMETP CO CBETONOIHBIMU UCTOUHU-
KaM# ObLI UCTOJb30BAH JIJISI PETUCTPAIIH CIIEKTPOB TI0-
riomenus H,'*O, HD'O, D,'%0, H,'%0 H,"0, C'®0,
B amamasoHe 9000—23000 cM™'. DTH CcleKTphbI ompeje-
JIFIOTCS TIlepexXoJaMH Ha BBICOKOBO306Y:K/I€HHBIE COCTOS-
HUS MOJIeKyJT. YacTOTBI M MHTEHCUBHOCTH CJIAOBIX JIMHUIH
¢ unrencusHoctbio 1072°..10% cm-mon.™! yBepenno
PETUCTPUPYIOTCS cCeKTpoMeTpoM. B tabumite mpeacTas-
JieH 0630p cnekTpoB u3otonoMepoB HyO um CO,, 3ape-
THCTPUPOBAHHBIX ¢ IoMollplo Dypbe-crekTpoMeTpa
co ceetoaumogamu B 10000—23000 cm .

Bbicokoe OTHOIIEHNE CHUTHAJ-IIYM B CHEKTpPax
MO3BOJIIJIO HAM 3aPEeTUCTPUPOBATH HECKOJIbKO ThICSTY
cMabbIX JUHUH BOJSHOTO Tapa C WHTEHCUBHOCTSMHU
1,0 -107%7+2,2.1072% cm/Mou. ¥ Hccae0BaTh CTPYKTY-
PY HECKOJIBKHUX JIECSITKOB BbICOKOBO30YK/IEHHBIX KOJIe-
6aTeIbHBIX COCTOSTHUI MOJIEKYJI.

2.2. Dypove-cnekmpomemp
¢ 30-memposoii 2a3080il K108emMoil

[TaHOpaMHbBIe WCCTEIOBAHUA CHEKTPOB IIOTJIOIIE-
HIS BBICOKOTO Ppa3pelleHnsT MOJIeKYJIpHBIX Ta30B OT
Y®- no nampHero MK-pmuama3ona B OCHOBHOM ITPOBO-
a4rcst ¢ nomornbio Dypbe-ceKTpoMeTpoB. Takne KoM-
MepdecKHe CIeKTPOMETPbI UCIONb3YIOT, KaK IIPaBILIO,
ONTHYecKHe KIOBeThI ¢ AJMHON Xo0/a HeCKOJDbKO JecsIT-
KOB METPOB, YTO 06eCIIeUNBAET IOPOTOBYIO UYBCTBUTEb-
Hocth 10 1075 em™!. Jlna yBemmuenus ayBcTBHTEBHOCTH
TP COXPAHEHUN BBICOKOTO CIIEKTPAIHHOTO pa3pereHs
UCTIOB3YIOTCS JHO0 MHOTOXO/IOBBIE KIOBETBI 6OJIBIIOIN
JUTMHDBI, TN60 NCTOYHUKN M3JIyYeHUs] C YBeJMYeHHO#l Ha
2—3 mopg/Ka MOIIHOCTbIO u3aydennsd. OIuH U3 TaKUX
9KCIIEPUMEHTATBHBIX CIIEKTPOCKOITIMYECKUX KOMILTIEKCOB
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Puc. 6. Cnextp nponyckanna HD'SO B o6mactu 11200—12400 cv™!
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Cl'[eKprI MOJIEKYJ, HCCJI€IOBaHHbIE€ Ha (I)ypbe—cr[eKTpOMeTpe CO CBETOAUOAHBIMH UCTOYHHKAMU U3JNYyUYECHUS

JluamazoH, cM™' H,0'"*-cocrosinus | CchlIKa
15500—16000 (212), (231), (033) [88]
19480—20500 (501), (600), (341), (181), (440), (360), (261), (063), (421), (092), (280), [(89]

(520), (114) (290), (082), (152), (331), (213), (015), (053), (303)
H2018
15000—15700 (014), (033), (052), (113), (132), (151), (212), (231), (311), (330), (410)  [90, 91]
16460—17200 (241), (321), (340), (420), (401), (500), (123), (043), (142), (302), (161), [92]
(260), (062) (280), (081), (190), (0100), (1100), (0110), (0120)
H2017
15000—15700 (014), (033), (113), (212), (311), (410) [90]
16460—17200 (321), (340), (420), (401), (500) [92]
D2016
10000—11000 (103), (301), [93—95]
14800—15200 (421), (600), (503) [96]
HDO'*
11200—12400 (032), (112), (301), (141), (410), (221), (330), (061), (170) [97]
14800—15500 (014), (600), (142), (302) [98]
16012c1802 12ci802
11260—11430 | (00051) [99]
H,O"-yumpenue
16300—17000 vy + 4V2 + 2V3y 3\/1 + 2\/2 + V3, 4\/1 + V3, 4\/1 + ZVZ, 5V1 [100]
19200—20300 S5vi+ vs, 6vy [101]

Ha ocHoBe Dypbe-crekTrpoMerpoB Bruker IFS 125HR
n 30-MeTpoBOIi Ta30BOil KIOBETDHI, OCHAIEHHOH MHOTO-
XO/I0BOHl cucTteMoil VYaiiTa, BBe/leH B 3KCILIyaTaIlUIo
B 1IOA CO PAH B 2010 r. [102]. On npennasHaveHn
JUIST WCCTIETOBAHUS CIEKTPOB TIOTJIONIEHNS B MIHPOKOM
crieKTpajbHOM uHTepBasie oT Y M- no panbpHero n K-
JIMATIA30HA ¢ TOPOTOBOil WyBCTBHTEMbHOCTDIO ~ 107 oM™
1IpH JUINHe onTiyeckoro myTtu 730 M.

CpaBHUTEJIBHBIN aHATN3 3TOTO KOMILJIEKCca 1 3apy-
6e’KHBIX YCTAaHOBOK B HallmoHaJIbHOM WHCTUTYTE CTaH-
napros u Texnostoruii (CIITA), HatmonampHo# JTaGoparo-
puu Kurr TTuk (CIITA), Yuusepcutere PeiiMca (Dpan-
must) 1 Pesepdopaosekoit ta6opatopun (Bemuko6pu-
TaHus), nposefeHubil B [102], mokasan, 4ro XapakTe-
PHUCTUKH HAIleTo KOMILIEKCA aHAJOTWMYHBI WM JIydllle
XapaKTepUCTUK TePEYNCIEHHBIX BBIIIE YCTAHOBOK.

Ha »sToM KoMILTeKce NpOBeNEHbI OOUTMPHBIE WC-
cJieZIoBaHUA CIIeKTPOoB norJionenus MoJekya HoO, CHy,
CO,, CyHy, SO, ¢ paspemenunem ot 0,03 mo 0,005 em!
[103—105].

B 2016 r. 6611 MOJEPHU3UPOBAH IKCIIEPUMEHTAb-
HBIIl KOMILIEKC [T MCCJeOBaHUS KaK CeJEKTUBHOTO,
TaK U HeceJeKTHBHOrO (KOHTHHYaJbHOTO) TOTJIOIIEHHSI
ra3oBbIX cpenl [106]: 6pL1 pa3paboTaH W W3TOTOBJIEH
OTITUKO-MEeXAaHUIeCKUIl y3eJ, TO3BOJIONNN N3MEHATh
YUCJIO XOJIOB OITUYECKOTO Jyda B KioBeTe 6e3 ee pas-
repMeTH3alui. B HOBOI KOHCTPYKIINW peaJn30BaHa
MeXaHMYecKas pa3BA3Ka IOCTHPOBOYHBIX Y3JI0B C Jlep-
JKaTeJISIMI 3epKaJl OT Kopmyca KioBeTbl. [[J1s1 coxpane-
HHUsI TEPMETUIHOCTH KIOBETHI OCHOBAHMS I0CTHPOBOYHBIX
V3JI0B COeMHEHBI ¢ Hell cuabgoHaMu. YTpaBieHHe
IIaTOBBIMU JIBUTATEJSIMU I0OCTHPOBOYHBIX Y3JIOB OCYIIE-
CTBJISIETCS Uepe3 KOMIBIOTeP.

B pesynbraTe oTy4eH K03 QUIMeHT AMCKPETHOCTH
yrJja moBopota 3epkai B 16 pas 6oubine, yem B [107].

Puc. 7 mumocTpupyeT I0OCTHTAaeMyI0 4yBCTBUTEJb-
HOCTb PETUCTPAIlUU CIIEKTpa Ha TIpUMepe CIIeKTpa T0-
TJIoIeHNsT aTMoC(epHOTo BO3/yXa B CHEKTPATbHON 006-
gactu 2000—12000 cv™' [106].

Panee anamm3s crektpoB CO, B aTOM [auamasoHe
BbITOTHSICS aBTopamu [ 108]. 3a cyer yBesmueHus um-
HBl ollTudeckoro myTu u orHoumeHus SNR ynpamoch
60Jiee TOYHO OTIPEJeJUTh 3HAYEHWMs WHTEHCHBHOCTE
pAfa ToJIoC W 3apeTUCTPUPOBATH JUHUU TOTJIOTIEHNUS
HOBBIX K0Jie6aTeJIbHBIX II0JI0C.

B o6macti 9250—9500 cM™' Ha6TI01aT0Ch HECKOJIB-
KO TI0JIOC TIOTJIONIEHHUsI, YeThIpe M3 KOTOPHIX ObLIH 3a-
PETUCTPUPOBAHB! W NAEHTU(HUIIMPOBAHBI BIEPBBIE: TPU
TIPIHA/IEKAT OCHOBHOI n3oTonHoil Mogudukammu CO,
(30032—10001, 30033—10002, 22232—02201), 4eTBep-
tag — °OC'™0 (20032—00001); GbL10 ONpeseeHO TO-
TJIOIeHNE, COOTBETCTBYIONEe MITHIMAJIBHOMY 3HAYEHHTO
myma, pastHoe 7,1 - 1071 em7!, uro NpU JIJINHE ONTHYe-
CKOro IyTH 726,7 M 1103BOJIsIeT PerHCcTPUPOBATH JIMHUU
¢ maTeHcHBHOCTBIO 1072° ¢M/Mour. [103].

2.3. Hccaedosanue KOHMUHYANbHOZO
nozaouweHuss 800H0Z0 napa

B nocsieiine roanpl MogepHu3saius Dypbe-CIeKTpo-
MeTpa ¢ 30-MeTpPOBOIl ONTHYECKOI KIOBETOI INPOBOJIH-
JIach TJIABHBIM 06pa3oM /i obecriedeHus] n3MepeHui
c1aboTo HEeCeJeKTHBHOTO MOorJomeHust MoJekya H,O
u ux gumepoB. Ciaboe HeceneKTHBHOe (KOHTHHYaJIb-
HOE) TIOTJIOIIEHNE DIeKTPOMArHUTHOTO M3JIyYeH sl BOJS-
HBIM TTapoM (MK TIPOCTO «KOHIMUHYYM») — 3TO (PaKTop,
3aMeTHO BJIUSIONIAN Ha paJUallMOHHDIH GajJaHC aTMO-
cepnt 3emsun. OHo otpesienget norgaomenne NK-uzmy-
YeHUs B OKHaX mpo3padHoctu atMocdepsl. Kpome Toro,
MIPUPOJIa KOHTHHYAJIBHOTO MOTJIOIIEHHsT BOSHBIM TTApOM
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Puc. 7. Crektp morJomieHuss arMocepHOro Bo3/[yXa Mpu pasHoil nnune mytu Jyda: 166,9 (cepas kpusas) u 1057 M (uepnas
KpuBas)

SIBJISETCS TIpeIMETOM HAy4YHBIX ANCKYCCHU yke O6oJee
50 smer. /IByMS OCHOBHBIMH TUIOTE3aMH Ha CETOIHS
ABMSIOTCA. a) COBOKYIIHBIN BKJIAJl JaJ€KHX <«KPBLIbEB>
CHUJIBHBIX JIMHUU BOASHOTO mapa; 6) AUMEpPHI BOABI, T.e€.
KOMILJIEKCBI, COCTOSIINE U3 JBYX MOJIEKYJ BOJbI, CBS-
3aHHBIX CJa60 BOIOPO/IHOIT CBsA3bIo. O6Ge TeOpHi MoJIy-
YUJTH 3HAUNTETbHOE pa3BuTHe 3a nocaenuue 10—15 mert.
Kpasucrarnueckas [109] u moaykaaccuueckast acuM-
nrorudeckas [ 110] reopun Kpblra JUHUU CMOTJIH € TIPHU-
eMJIeMO}l TOYHOCTBIO OMNICATh WMEIONINecss 3KCIepH-
MeHTaJTbHbIe JaHHbIE B HEKOTOPBIX OKHAX IPO3PAYHOCTH
atMocdepbl, UCMONb3ysA MPH ITOM, OJHAKO, He BCETIa
aJleKBaTHBIE WM He BceTZa Bepuduimmpyemble Gpusnde-
CKWe TapaMeTpbl. KBaHTOBO-MeXaHWYeCKUe TEOPUU [TH-
Mepa BOJIBI IOKA MOTYT MpeJCKA3bIBATh IOTJIONIEHNE
quMepaMu Bozibl 60 B paabHeM K- u MUKDPOBOJIHO-
BoM JuamnasoHax [111], 6o B nonocax 6imxkaero MK-
nuanasona [112].

3a nocaenuue 10 yeT 61arogaps COBMECTHBIM yCH-
muaMm cotpynaukoB MOA CO PAH, YauBepcutera
r. Puannra (Besmko6puranus) u Rutherford Appleton
Laboratory (RAL) (Benuko6puranus) GbLT JOCTUTHYT
6OJIBIIION TIporpecc Kak B MOHUMAHUHU TIPUPOJBI KOHTH-
HYyaJbHOTO TIOTJIONIEHNS BO/SIHOTO TTapa, TaK U B OIpe/ie-
JIEHUH €eT0 BeJIUNYUHBI B ITHPOKOM CIEKTPATBLHOM H TEM-
MepaTypHOM [UATIA30HAX.

BoLiu mpoBeieHbI ITIPOKOMACIITAOHBIE H3MePEHMS
CIIEKTPOB TIOTJIOTIEHNS BOASHOTO MTapa ¢ BBICOKUM CITeK-
TpasbHbIM pasperienueM [ 113—115]. ITyTeM BbrunTaHusA
13 3TUX CIHEeKTPOB JIOKAJTHHOTO BKJAJA CHEKTPATbHBIX
JUHUN BOJAHOTO Tapa B MUKPOOKHAX TMPO3PAYHOCTH
MEKIY JIMHUSIMU TOJYYeHbI CIIEKTPbl KOHTUHYAJbHOTO
NOTJIONIEHNST TIPH Pa3HbIX TeMIlepaTypax (XoTb KOHTH-
HyaJIbHOE TIOTJIOIIEHNe U SIBJISeTCS clabGoceeKTHBHbBIM,
JUISL €T0 TOYHOTO OIpe/esieHIs] HeoOXOUMbI dKCIIepPH-
MeHTAJIbHbIE CIIEKTPBI BBICOKOTO Pa3pelleHust U JOCTa-
TOYHO TOYHOE 3HAHWE ITapaMeTPOB CIIEKTPATbHBIX JIH-
HUil, 9TOOBI aKKYPATHO BBIYECTh MX BKJIAJ M3 MOJHOTO
TIOTJTONIEHNST B MUKPOOKHAX Ipo3pavHoctr). Ha ocHose

CpPaBHEHUS 3THX CIEKTPOB ¢ KBAHTOBO-MeXaHUYECKUMHU
pacueramu [112] n Hu3KOTEMIIEPATyPHBIMI U3MEPEHNUSI-
MU CHEeKTPOB A1MepoB Bowl [ 116, 117] 6pu10 mOKa3aHo,
YTO KOHTHHYYM BOJSHOTO Tapa B MOJIOCAX MOTJIOMIEHUST
6mmxbaero MK-guamasoHa B 3HAUNTENbHOH CTeEeHU
00ycJIOBJIeH CTaGUJIBHBIMI U MeTacTaOUJIbHBIMU JUMe-
pamu Bogel [ 113, 114, 118—120] (puc. 8). 10 moaTBEP-
JINJIO TUTOTe3y, BBICKA3aHHylO paHee B paborax [121,
122], o BepogTHOM 3HAYUTEJBbHOM BKJajJe MeTacTa-
6MJIBHBIX AWMEPOB BOABI TIPU TeMIlepaTypax, OJIu3KuX
K CTaHJapTHOI, OCHOBAaHHYI0O Ha CTAaTUCTHYECKOM pas-
JleJIeHUY JHEPTUil MapHBIX COCTOSHUI MOJIEKYJT BOJIBI
B (»a30BOM TIPOCTPAHCTBE.

Tax xe corpyanukun MIOA CO PAH cosmecTHO
¢ KoJuteraMu 13 BeluKoOGpUTaHUU TIPOBETH YHHUKAJb-
Hble TMUPOKOMACIITAGHBIE M3MEPeHNsT KOHTHHYAJIbHOTO
TIOTJIONIEHNsT BOJTHOTO Tapa B OKHaX MPO3PavHOCTH
armMocdepsl 6mkHero MK-auanaszona [ 123, 124]. Boerto
MTOKAa3aHO, YTO IPH MOBBIIIEHHBIX TeMITepaTypaxX KOHTH-
HyasJbHOe TOTJIONIeHNe BOJSHOTO Ilapa MOXKeT B He-
CKOJIBKO Ppa3 (BILIOTH [0 TOPSAKA BEJWYHHBI) IIpe-
BBINIATHh 3HAUEHUS, TpeJCcKa3biBaeMble 0OIIeNCIIOb3ye-
Moii ceronHsa Mojenbio koutunyyma MT_CKD [125]
(puc. 9, 1uB. BKIagKa). DTO CBUAETENbCTBYET O TOM,
yro Mozieab MT_CKD nyskaaetcs 1160 B 3HAUNTETbHOI
KOPPEKTUPOBKE UCIOIb3yEeMBIX B Hell TapaMeTpoB, 160
B M3MeHEHUH,/ JIOTOTHEHNH caMoil (PU3HIecKoil OCHOBBI.

B o63opax [126, 127] nan aHaIU3 COCTOSTHUS Te€O-
PETUYeCKUX W 3KCIEePUMEHTANBHBIX Pe3yJbTaToOB U CY-
MeCTBYIOMNX Mo/lesieli KOHTHHYYMa BOJSHOTO Tapa Ha
2012—2015 rr. OTOT aHAJIN3 TIOKa3aJl, YTO B OTJEJIbHBIX
CIeKTpPaJbHBIX HHTepBadaX (OKHAX IPO3PAYHOCTH
BuguMoro n Gmxnero MK-ananasoHoB) He CyIecTBY-
eT TIOJTHON OmpeeIeHHOCTH B TIPUPOJE U BeJTUYNHE
KOHTHHYaJIbHOTO moryonienns. CyllecTBYIOIINe Pa3JIi-
YISl B IAaHHBIX 110 KOHTUHYQJIbHOMY HOTJIONIEHUIO, Peri-
crpupyemomy Merogamu CRDS (cavity ring down
spectroscopy) m Ha Dypbe-crekTpoMeTpax ¢ 6oJb-
o IIMHON ONTHYECKOTO XO0/a, OOCYKIATNCH TaKiKe
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JIIMEepPOB CMOJIETUPOBAH HAa OCHOBE HU3KOTeMIepaTypHBIX AaHHBIX [112, 117], KOHCTAHTBI AUMEPU3AIIUK Ké’q = 0,03 arm™' u J10-

PEHIIEBCKOT0 KOHTypa IupuHOi 60 cM™' g kaxmoit mosochl muMepa. CIIEKTp KBasHMCBS3aHHBIX IMMEPOB CMOJEIHNPOBAH C HC-

HOJTb30BaHUeM TapaMeTpoB JuHUA MoHoMepa Bojbl n3 HITRAN [38] ¢ yIBOeHHBIM MHTEHCHBHOCTSIMHU, JIOPEHIIEBCKON HIMPUHON

20 M A KAk JTMHMYM U KOHCTAHTOH JUMepU3aIui Keq = 0,06 arm™'. TloaykupHas JMHUS — CyMMapHbIH CIeKTp JAUMEepOB.
PucyHok 3anMcTBoBaH u3 [119]

B paborax [127, 128]. B mocsiennue ropl Ha MOJepHU-
supoBaHHoM @Dypbe-criektpomMerpe MOA CO PAH
BBITIOTHEH P 3KCIEPIMEHTOB, PE3YJIbTaThl KOTOPBIX
VKa3bIBalOT HAa BEPOATHOCTD 3HAYNTEIBHOTO BIIMSIHILA
azcop6bIuu BOJAAHOTO Iapa Ha OTpakaTeJIbHYIO CIIO-
COGHOCTb 3€pKajl ¢ MEeTAJLINYECKUM IIOKPBITHEM IIPH
U3MepeHnn  cJa6oTO  KOHTUHYATBHOTO — IIOTJIOIIEHMS
B OKHAX IPO3PAaYHOCTH aTMOCQEPBHI.

[Tonyuyennnbie ¢ yyactuem MMOA CO PAH 3a mo-
cnegane 15 jleT TPOPBIBHBIE PE3YJbTAThI B H3yYeHUU
KOHTHHYaJIbHOTO TIOTJIONIEHHs] BOJASHOTO Tapa WHH-
IUIPOBAJIN HOBYIO BOJHY MWCCIEJOBAaHWII 3TOrO (beHo-
MeHa Kak B Poccnm, Tak u 3a py6eskoM, YTO TTO3BOJISET
Ha/lesIThbCsI Ha CKOpoe pellleHne artoil mpobJemsl. Tax,
Hanpumep, B MHcturyTe mnpmkiaagnoil ¢usuxkn PAH
6BLTIO BBICKA3aHO IPENOJIOKEHIe O BO3MOKHOM BKJIA-
Jle CPeJHUX KPbLIbEB JUHUII BOJABI B 4aCTb KOHTHHyMa
B II0JIOCAX TIOTJIOMIEHNS BOJSHOTO Tapa ¥ CJeJIaHBI €T0o
KadecTBeHHbIe omleHKHN [129]. TakuMm o6pa3om, He uc-
KJTIOYEHO, YTO TOJTYBEKOBasI IUCKYCCUST MeKIy CTOPOH-
HOKaMHI <«KPBLIbEeBOI» W «ANMEpPHOI» TUNOTe3 KOHTH-
HyyMa BOJSHOTO Iapa MOKeT pa3peliurbcss (XoTst Gbl
JUIL KOHTUHYyMa BHYTPHU IHOJIOC TIOTJIOIIEHHS BOJSHOTO
mapa) <KOMIIPOMHCCHBIM» BBIBOJOM O TOM, 4YTO 06a
MeXaHU3Ma MOTYT JaBaTb 3HAYUTENbHDII BKJAJ B 9TOT
¢eHOMEH.

3akouenue

KomMmIekcHble sKcllepUMeHTabHble U TeopeTuye-
CKHe HCCJIeJOBAHMs, Pe3yJbTaTbl KOTOPBIX OTPa’KeHbl
B cTaTbe, 06€CTIeYNBAIOT pellleHne IeJIoTo psAga QyHIa-
MEHTAJBHBIX 32/1a4 10 (PU3NKe MOJIEKYJI, BHYTPHI- 1 MEX-
MOJIEKYJIIPHBIX B3aUMO/IeiCTBUIl, IpUpo/ie HeceTeKTUB-
HOTO TIOTJIONIEHHST ONTUYECKOTO WU3JIy4YeHHs B OKHaX
IPO3PAvYHOCTH aTMOcdepbl. DTH pe3yJIbTaThbl TaKKe UC-
[I0JIb3YIOTCS B PA3BUTUU METO/OB U CPEJCTB JIOKAJIBHO-
TO U JUCTaHIIMOHHOTO razoaHain3a aTMocdepbl Kak Ha-
3eMHBIMH, TaK M CIIyTHUKOBLIMU TIPHOGOPAMI.

ABTOpBI 6s1aTOIAapHBI 32 BKJIQJ] B HAIHMCAaHUE Ha-
cTosimero o63opa ciaexyionM corpyaankam TOA CO
PAH: B.II. Kouanosy, H.H. JlaBpenrtbesoii, C.H. Mu-
xafirenko, A.B. Huxkntuny. ABTOpBI Tak:ke 6iaroga-
par 10.B. Bopouuny n T.E. KanMernmuny 3a mMoMOITb
B opopmenun pykonucu, A.A. Conogosa u T.M. Ilet-
POBY 3a peJaKTUpOBaHUe UJLIIOCTpaluil.
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