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Pa6ora nocsieHa pa3BUTHIO KOMILJIEKCHOTO MOAXO0/a K aHAIU3Y HATUYMS B aTMOC(EPHOM BO3/yXe BPEIHBIX
npuMeceil. ITOT MOAXOA TPEAToaaraeT: 1) NCMOMb30BaHNE PE3YIbTATOB M3MEPEHWH CIEKTPOB TIOTIOMEHNST BO3MIY-
Xa, CO/IEPIKAIero Bpe/Hble NPUMECH Ha HMCCJIEAyeMOil Tpacce, TOJyUYeHHbIX € MCIOJb30BAaHHEM METO/I0B MMILYJIbC-
HOH TepareploBOi CMEKTPOCKONMUHU; 2) CO3JaHUe W MCHOJb30BaHWE HEHPOHHOIT CeTm /I aHAIM3a MOJYYeHHBIX
naHHbIX. [l 06ydyeHus HeliPOHHOI CeTU TeHepUPYIOTCS MACCHBBI MOJENbHBIX CIIEKTPOB IOIJIOIIEHHUS Ta30BOI CMe-
CH C pa3JIMYHbIM KAaYeCTBEHHBIM M KOJMYECTBEHHBIM COCTaBOM. lIpuMeHeHHe HepoceTH K MOEIbHBIM Habopam
CHEKTPOB NPOJIEMOHCTPUPOBAJIO MIEHTU(HUKAIMIO MIECTH Ta30BbIX KOMIIOHEHTOB ¢ KoHueHTparmsamu o 0,01 ppm
(1 ppm = 0,0001%). Heiiponnas cerb pocruraa 90—95% TOUHOCTH TP paclio3HaBaHWK ra3oB. IIpoBeJeHbI cepun
3KCIIEPUMEHTOB /I PeaJbHBIX I'a30B, MOKa3aB YyBCTBUTEIHHOCTH MeTofa TI1l CIeKTPOCKONMHM K MajbIM KOHIIEH-
TpalusIM Ta3a B CMECH.

Katouesvie cnosa: TepareprioBasi CIEKTPOCKOINS, HeilpoceTH, rasosblii ananus; terahertz spectroscopy,
neural networks, gas analysis.

BBeaenne

KoHTpOJIb cOCTOSTHUSI OKPYKAIOIIeil CPeibl SIBJSIETCS] BAXKHBIM KOMIIOHEHTOM CHCTeMbI obecriedeHusi Ge3orac-
HOH JKU3HEEesITeIbHOCTN YeJoBeKa. Pa3BuTHe TEXHOJOTHIT 0GHAPYIKEeHUsT BPEIHBIX Ia30B UTPAeT BAXKHYIO POJIb BO
MHOTUX 00JIACTSIX, TAKUX KaK 3KOJOTHYECKHUiT atMOChepPHBII MOHUTOPUHT, MEIUIIMHCKAS [UATHOCTUKA, yIIPABJIEHIE
MIPOU3BOICTBEHHBIMU MTPOIECCAMU, TA30BbI MOHUTOPUHT. KadecTBEHHDII M KOJMYECTBEHHDBIN aHAIN3 COCTABA aTMO-
cheproro Bosayxa Tpefyer Haamdus MPuGOPOB razoBoro aHasmsa. CylecTByeT MHOTO IMOJIXO0B [IJIST TIOCTPOEHMS
TaKuX TPUOOPOB, MPUUYEM MHOTHE M3 HUX IMPEANoJaraioT HeoOXOAMMOCTh MPUMEHEHUsT O HOTO Tpubopa as o6Ha-
PY’KEHUsI OJHOTO-IIBYX ra3oB B cocraBe atMocdepsl [1]. ChnekTpockonnueckue MeTO/bl ra30BOr0 aHAIN3a JIUIIEHBI
3TOTO HEJOCTATKA, TAaK KaK aHAJIN3 BeJEeTCS B NMIMPOKOM JHMana3oHe 4acToT [2], 4To 1mo3BosisgeT o6HAPYKUBATH JIFO-
6ble rasbl, MMEIONIe JHHUU TOTJIONIEHUS B 3TOM Auana3oHe. [IpuBiekaresbHOCTb TaKMX METOJOB CBsI3aHA C TeEM,
9T0 GOJIBIIUHCTBO aTMOC(HEPHBIX MOJIEKYJI HUMEIOT CIEKTPAIbHbIE <«OTIEYATKU MAJbIEB» B OJMKHEM, CpeIHEM
n ganpieM auanasonHax MK-crnekrpa. CoBpeMeHHOe COCTOSHUE PA3BUTHSI JJIEMEHTOB AllapaTypbl TePArepioBOro
(TTn) AmanmasoHa TO3BOJISIET PEATM30BATH CHEKTPOCKONMMYECKUHA MOAXO/ JJIsA Ta30BOTO aHa M3a cocTtaBa atMocdep-
Horo Bo3ayxa. Hecmorpsi Ha Bbicokoe morsomienne TTI-u3aydeHus: BOISHBIMUA HapaMu, CYMIECTBYIOT «OKHA IIPO-
3PayHOCTU», B KOTOPBIX PACIIOJIOKEHbI MHTEHCUBHBIE JIMHUU TIOTJIOIIEHMS BPANIATEIbHOTO [BUXKEHHUS MHOTHX MOJIe-
KyJI, 4TO TI03BOJISIET OJHO3HAYHO OIIPE/E/ISATh HATM4Ke IeJieBbIX BemecTs [3, 4].

Huskast sHepPrust UMIYJIbCHBIX HCTOYHUKOB TTI-U3JydeHNs] OrpAaHUYUBAET OTHOIIEHUE CUTHAJ/TIyM /[0 TPEX
HOPSIZIKOB. DTO OTHOIIEHHE MOYKHO YBEJHUYHTh 33 CYET HAKOIUIEHWS U YCPEAHEHUsI JETEKTUPYEMOro CHIHAJIA, YTO
TpeGyeT yBesnueHUsI BpeMeHU uaMepenuii. B coBpeMeHHBIX MMIYJIbCHBIX TTI-CrieKTpOMeTpax 3TOT HEAOCTATOK
yCTpPaHeH 3a CYeT HCHOJIb30BAHMS MAJONIYMSIIMX BOJIOKOHHBIX J1a3€POB, a TaKKe CBEPXOBICTPOTO YyCpPeIHEHUs He-
CKOJIBKO COTEH CIEKTPOB, J00WBASCHh YBEJMUEHNsI OTHOIEHNH CUTHAJ/ TIIYM /IO TIECTH TOPSITKOB.

Hamra pa6ora mocesiiena npuMenenunio uMirysabcHoir TTi-ciekTpockonuu Jijisi aHain3a ra3oBbIX CMeceil, oc-
HOBHBIM KOMITOHEHTOM KOTOPBIX Oy/er arMocdepubiii Bo3ayx. Pemraemast B paMKax 3T10il pa6oThl mpo6eMa COCTOUT
B TOM, YTO B MHOTOKOMIIOHEHTHOII ra3oBoil cMecu Ha (poHe JIMHWI TIOTJIOIIEHUS TAPOB BObI HYXKHO OOHAPYKHUTDH
MPUCYTCTBYE JIMHUIT TIOTJIOMIEHUS [PYruX ra3oB. /st penieHus: npo6sieMbl 6blaa pa3paboTaHa aHAIUTUYECKAS CUC-
TEeMa Ha OCHOBe Heiipoceteil, KoTopas 6bl1a ofyueHa Ha 6OJIBIIOM HAGOpe MOJEIbHBIX CIEKTPOB IOTJIONIEHUS ra3o0-
BOWl CMeCH C YyYeTOM BapHallui KOHIEHTPAIMU MPUMecHbIX Ta3oB. [lasee paGora HellpoceTH NPOTECTUPOBAHA HA
BBIGOPKE CreHEPUPOBAHHBIX JAHHBIX CIEKTPOB MOTJIOIIEHNS Fa30BON CMECH.

JKcrnepuMeHT

WccaenoBanue CIEKTPOB IOIVIOLIEHUs] Ta30BbIX CMecell OCYIeCTBIISIJIOCh METOO0M MMITYJbCHOII TepareploBoit
criekTpockonmu Ha crekrpomerpe Terasmart (Menlo Systems GmbH, Tepmanus), ucrounukoM u jaerekropoM TTi-
U3Ty4YeHUsl, B KOTOPOM CJIYXXUJIU (hOTONPOBOAAINIME aHTeHHbI. TIT-crieKTpoMeTp WMeeT IUHAMWYECKUN JAMANa30H
95 1B, xoropsiit obecnieunBaercss ycpennenneM no 1000 maMepeHmsIM, a TakyKe CHEKTpPaJdbHBIH quanazoH 0,15—
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3,5 TTuy (5—117 em™!). Bpems ckanuposanus cocrasso 440 nc, uto oGecreunso yactotnoe paspeutenne 2,3 TT
(0,074 cm™). TIn usnyuenne (OKyCHpOBAZOCh B TAa30BYIO KIOBETY CHCTEMOH M3 JBYX HapaGOJHUecKuX 3epKall,
pasmep TTi; nyuka Ha o6pasie cocrasiser okono 500 MKM Ha yposhe 1,2,

Meroauka mosydeHus Koah@UIeHTa MOTJIONIEHNSI W3 CIeKTPOB TIPONMYCKaHWUA MOJPO6GHO OmmcaHa B paboTe
[5]. AMnumtyaubli KoaduieHT npornyckanusg 06pasia Ha 4acToTe o OIPE/IENsSeTcs KaK OTHOIIEHHEe KOMILJIEKCHOM
ammmary sl mosst E(w), mpormemiero uepes o6pasen, K aMILIATYAe O mpu orcyTerBum obpasna Eo(w):
T(0) = |E(w)| /| Efw)|. Orciona xoadpduiment normomennst raza Bprauciasiercst o GopmyJie:

(o) =[-2 - InT(w) + In(1 - R)?*1/d,

riae d — piuna obpasua (kioBersl), R — xoadduiluenT orpaskeHus MOBEPXHOCTH 06pasia. BTopbM 4ieHOM B 3TOM
BBIPAKEHUN MOKHO TIPEHeOPeYb, T.K. OKHA Tra30BON KIOBETHI yCTAHOBJIEHBI O] yriioM Bprocrepa.

IKCNepUMEeHTANBHO HCCIeTOBAHBI Ta3oBble cMmecu ammuaka NHjz u dopmampaernga H,CO. AmMmuak B BuUze
10% Boanoro pactBopa (Genel, Poccus) B o6beMe 150 MK go6aBJisics B ra3oByio Kioery. Ilapbl popMasbaeruaa
HOJIy4eHbl METOJ0M BO3TOHKM M3 nopomka 95—98% mapadopmanbiaernga (Meradpparke Kemuxanc, Poceus). B co-
cyn o6vemoM 100 mur mobasusmock S00 Mr mopornka napadopMasbIeriuia, Mocjae Yero COCy/[[ TJIOTHO 3aKPBIBAJICS
KPBIKON U coenHsuIcs Tpy6Okoil amuHoit 80 cM ¢ m3MepuTeabHOH KioBeToil. Cocyl ¢ TOPOIIKOM YCTaHABJIUBAJICS
Ha 1winty, Harperyio g0 150 °C, kortopas 6bLTa H30JIMPOBAHA OT U3MEPHUTETBHON CHCTEMBI.

V3mepuresnbHas Ta30Basi KIOBETa, aJanTHPOBAHHAS /i1 mMIyJabcHOro TTi criekrpomerpa, MMesa MOJIHIPOIH-
JIEHOBbIE OKHA, PACIIOJIOKEHHbIE MOJ[ yIJoM Dpiocrepa, KOTOpwIii cocraBisieT 56° s MOKasaress MPeJOMJIEHUS
~ 1,5 [6], uro6pr u3bexarp aranmornbix 3bderros. Takke B KiOBeTe MMEJCS Pa3beM, IMO3BOJSIIONINIT OTKAYNBATDH
arMocdepHbIl BO3AyX 13 KIOBETHI WM MOJIK/JIIOYATD €€ K MCTOYHUKAM ra3oBbix cMeceil. OGbeM KIOBETBI COCTABJISLI
42 mn npu amuae 130 mM. IIpm m3Mepenusix razoBas KioBera momerianach B TT11 crieKTpoMeTp MeXy MCTOYHIUKOM
UMITyJIbCHOTO u3aydenust Tx u gerekropom Rx (puc. 1, a).

Jlnsa uckmodenus BiugHUA TorJonienus TII m3iaydeHus mapamMu BOJbI, NMPUCYTCTBYIONMMH B atMocdepe,
CHEKTPOMETP OBbLT 3aKPBIT KOXYXOM, 00beM KOTOPOTO 3aMOJHSJICI CYXUM BO3JYXOM, 4YTO OGECTeYnBAJO OTHOCH-
TEJBHYIO BIAKHOCTb B KaMepe 10 7%.

B kavectBe npumepa Ha puc. 1, 6 npUBEAEHbI IKCIEPUMEHTANbHBII CIEKTP BO3AYLIHOH CMECH ¢ NMPUMECAME
dopManbaernia U pacuyeTHbI creKTp GopManbaeruia. 3/1ech Ke ¢ HeOOIbIINM CMEIIeHneM M0 BePTUKAJIbHON och
MPUBEJCH MOJICJBHBIN CIIEKTP aTMoc(ephbl MOKa3bIBAIOIINIT, YTO BHIGPOCHI HA AKCIIEPUMEHTAIBHOM CIIEKTPE COOTBET-
cTByIOT mapaM Bozbl. CpaBHeHUe KPHUBBIX HAa PUCYHKAX MOKA3BIBAET COOTBETCTBUE PACUYETOB IKCIIEPUMEHTATBHBIM
pe3yJbTaTaM.
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Puc. 1. Cxema ycranosku TI-cnekrpomerpa (a), TIi-usmyveHne reHepupyercss B aHTeHHe uCTouHMKe TX, oKycupyercs B Ta-
30BYI0 KIOBETYy M DETHCTPHPYETCS aHTEHHOH geTeKTopoM RX; skcmepuMeHTabHbii (MyHKTHP) M MOAETbHbIH (JMHUA) CIEKTPBI
dopManbernia, st CpaBHEHHs! IPUBEEH CIIEKTD MOIVIONIeH st mapoB Boasl (cepast smuust) (6)

ITpu HarpeBanuu mopomika napadopmaibaernga, HyCO Bo3roHsics mo Tpy6KaM B Ta30BYI0 KIOBETY, 3aIlOJIHSS
ee. B Teuenne 2-x wacos nposegeno 11 msmepenmii ciextpos nponyckanus H,CO, KoTopble IpH mepecuere B KO-
s¢dunuent noraomenns ow) MOKazanu yMeHbliieHue aMIUUTYAbl o(®) CO BPEMEHEM, Y4TO MOYKET ObiTb YaCTHYHO
cBazano ¢ soimaganneM H,CO Ha crenku kioBerbr. Ha puc. 1, 6 npuBeseHbl cieKTpbl K03 UIMEHTA NOTIONIEHNST
MOJIEIbHBIX CHeKTpoB 1apoB Boabl (80%) (cepoiit) u dopmanbaernga (0,02%) (uepHbiil), a TakiKe SKCIEPUMEH-
TaJbHBINA CIIEKTP (OPMaIbAErH/a ¢ HaMMEHBIIEN 3aperucTpUPOBAHHON KOHIEHTpanmel raza (MyHKTUp).

MomenT uHepiuy Wi BpanatenbHas nocrosuuas B Hy,CO pasua 1,29 em! (38,83 I'Tr) [7], uro corJiacyercs
C YaCTOTOW MOBTOPEHUS 9KBUANCTAHTHO OTCTOSAIIUX TIOTJIONATENbHBIX JHUHUN, COOTBeTCTBYIomel 75,6 I'Ti. Boipa-
JKEHWe /LIS 4acTOT JIMHUIT BPANIATETbHOTO CIIEKTPa, Ha KOTOPBIX GYAeT MPOUCXOANTD PE3OHAHCHOE B3aMMOAEHCTBHE
U3JIyYeHHUEe ¢ MOJIEKYJIOH MOKET ObITh 3alMCaHO, KaK

v=2B(J + 1) - 4D(J + 1)’

rae B — BpamiaresibHasi mocTostHHasi, D — MOCTOSIHHASL JIMHEHHOTO 1IeHTPOOEKHOTO pacTsizKeHusi, J — BpallaTeJbHOe
KBaHTOBOE 4ucio [4, 7].
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Kak BujHO, AMHAMWYECKUI AWATIA30H CHEKTPOMETPA M YAaCTOTHOE pa3pellieHre TO3BOJISIET 3aperuCcTPUpPOBATh
ra3oByio cMech, cogepskaityio 0,02% gopmasbaeruia, 4rto AeMOHCTPUPYET 4yBCTBUTEIBHOCTH 9KCIEPUMEHTATBHOTO
MeToza.

HeiipoceTp 1 Mo/e/IbHbIE CIEKTPbI

Oco6eHHOCTBIO AHAMU3UPYEMBIX [AHHBIX SIBJISIETCS HAJIOKEHUE JIMHUN IOTJIONIEHUs TapoB BOJbI Ha CIIEK-
TpasibHble OCOOEHHOCTH II€JIEBBIX Ta30B, a TaKKe B3aUMHOE MEPEKPHITHE JUHUN PA3JIUYHBIX MTPHUMECHBIX KOMIOHEH-
TOB, 4TO OGYCJOBHUJIO BBIOOP METO/OB MAIIMHHOTO OGYYEHUS [IJIsl PEIIEHMs MMOCTABJIEHHOU 3aaull MAeHTH(UKAINN
1 KOJIMYECTBEHHOT'O OIIpe/lesIeHUs.

Ha mepBoM 3Tame aHajaM3a WMCIOJb30BATACh MOAENDb Ui KiaacCu(UKAIM TPUCYTCTBYIOIINX B CIIEKTPe Ta30B,
a Ha BTOPOM 3Talle — OT/eJbHAas MOJIe]b, KOTOpas, MCHOJb3ys WHOOPMAINMIO O KaYeCTBEHHOM COCTaBe OT IEPBOI
MO/IeJTH, OTIpe/ieNiaia KOJNUYeCTBeHHbIe KOHIEHTPAIIMH KOMIIOHEHTOB. Takoii moAXo/ HalpaB/eH Ha MOBbIIIeHne 06-
HIell TOYHOCTU M HAAEKHOCTH TOJIy4aeMbIX pe3y bratoB. [[jist Kiaaccudukaium ra3oB Obuia pa3paboTaHa CBEPTOY-
Has ueiiponHas cerb AdvancedGasCNN, moctpoernast Ha OCHOBe U3BecTHOIl apxutekTypbl ResNet-34, amanrtupo-
BaHHOU /st paGoThl ¢ ogHOMepHbIMU naHHbIME [8]. Ha Bxom Momenu mopaBasicsi OJJHOMEPHbBIN BEKTOD, NPEICTaB-
JIIONUN co60¥ MHTEPIOJUPOBAHHBIN TeparepIioBblil CIEKTP TOTJIOIeHus, coctodamuii u3 2203 Toyek. CBepTouHast
YacTh COCTOs/Ia M3 MocaegoBareabHocTn octatounbix 610koB (Residual Blocks) 1D-ResNet-34. Kaxapiii 6ok
BKJIIOYaJ B ce6s HECKOJNbKO OJHOMEpHBIX cBepTouHbix caoeB (Convid), cioum naxkerHoii HopManusanuu
(BatchNorm1d) n ¢pysknmio akruaium RelLU. Takas apxurektypa 1mossossteT a(pQeKTHBHO M3BIEKATh CIOKHbBIE
nepapxmyecKrie MPU3HAKN U3 CMEKTPATbHBIX JTaHHBIX.

Ha BbIXOME MOJEMM TONyYand BEKTOP BEPOSTHOCTH TPWHAMJIEKHOCTH K KaXKIOMY W3 TPeNONpeeSeHHbIX Ta-
30B. [Ipu3Haky, mosydeHHbIE OT CBEPTOYHON YACTH, MOCTYMAIN B KJIACCH(MDUKAIMOHHBIN OJOK, KOTOPBIH COCTOSLI U3
cs10s1 T106aIbHOro agantuBHOro yepeanswomero myaunra (AdaptiveAvgPool1d) u moaHocBs3HOro MMHENHOTO €05
(Linear) miaa ¢punanbHOll Kiaaccudukanuu. JIMHEHHbIH c0ii comepikan 6 HEHPOHOB, MO OAHOMY IS KaKIOTO 11e-
nesoro raza (H,S, H,CO, NH;s, NO,, SO,, O3). ®unanbiag GyHKINS aKTHBAILUKM B MOJENN OTCYTCTBYET, TaK Kak
JUTSI TIOBBINIEHNS BBIYMCIUTENBHOM ctabuibHOCTH ucnoyb3yercs (yukiws norepp BCEWithLogitsLoss, Briogaio-
nmas anmapar (QpyHKIMKA akTHBanuu. Takske MPUMEHSICS MeXaHu3M BHUMaHUs [9], mosBoJsomuii Mojeu B3BEIIH-
BaTh BAKHOCTH Pa3JMYHBIX YYACTKOB CITEKTpA.

OnrnMusanust mapaMeTpoB MOJENN OCYIIECTBJIIIACH ¢ moMoIIbio aaroputMa AdamW ¢ HadaJbHON CKOPOCTHIO
o6yuenus le-5. [ mpeaoTBpalienns mepeo0ydeHnst NCIOIb30BANCA MeXaHu3M paHHeil octaHoBku (patience=25),
a taxke mrmannpoBmmk ReduceLROnPlateau, KoTopbIil CHIKAET CKOPOCTh OGYUYEHUsI TIPH OTCYTCTBUH yIyUIICHUS
Ha BaJUJAIMOHHON BBIGOPKE.

Mo/iesibHbBIE CIIEKTPBI TOTJIOIEHMs ra30B moaydyenbl u3 6aspr ganupix HITRAN [10], a ans pacueroB KOHTY-
POB CIIEKTPOB TIOTJIOIIEHHST aTMOC(epbl TP HOPMATbHBIX YCIOBUSX ObLT NPUMEHEH ITaKeT OTKPBITOTO MPOrPaMMHO-
ro o6ecrievenuss SPECTRA [11]. Crektpbl morsonieHnst MOJy4YaIuch MyTeM aJJUTHUBHOTO CMEIIEeHWs WHINBHU/LYab-
HBIX MOJEJbHBIX crekTpoB nenaesbix rasos (H,CO, H,S, NHj;, SO,, NO,) npu pasinuHbIX KOHIEHTPALUAX CO
CHEKTPaMU TIaPOB BOJIbI, UMUTHPYIOIUMI BapUaIUi BJAKHOCTH atMocdepbl. HacTh CreHepUpPOBAHHBIX JAHHBIX
(80%) ucnosb3oBasoch st mporecca o6ydeHnsi, a dactb (20%) ISl BAIMAAIMOHHON BBIGOPKH, TPEACTABIISIONIEH
c060if HaGOP CIIEKTPOB IMOTJIONIEHUS [IJIsI CJAYUYATHBIX KOHIIEHTPAINI TIpUMeceil ra30B, Jexanmx B auamnasoHe ot 0,5
10 109 %. Takoe cooTHOuIEHMe IPH pasjie/eHuu BHIGOPKU 103BOJsAeT Mozenu 3(@EKTHBHO 00yuaThcs Ha perpe-
3EHTATUBHOM OObEME [IaHHBIX, MPH 3TOM OOecHedynBasi HA/AEKHYIO OIleHKY ee 0600Iareil ciocOGHOCTH Ha OTJIO-
JKEHHBIX JAHHBIX.. JI/IS BaMMIAIMOHHOII BHIGOPKM GbLTH BbIIEIEHbl 4 IpyIIIbI 0 KoHrentparmsam: 0,5—107%, 10—
1075, 10°—107, 107—107%, pesys bTaThl TOYHOCTH OGHAPYKEHHS TA30B, /IS KOTOPHIX MPUBEACHBI HA PHC. 2
B Bujie 3Havenuit F1-mepor qst kaxkoro raza. F1-mepa nmosydyena ycpennenueM mo 15 amoxaMm o6yueHus .
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Puc. 2. PesyabraTsl njeHTHPUKAINN Ta30B B CMeCcH Ha ocHoBe olleHKN 1o F1-mepe. PaceMorpenbl 4 rpymnbl 110 KOHIIEHTPAIUSAM
razop B cMmecu: 0,5—107, 10°—107°, 10°—107, 107—10°%. Ommubkn COOTBETCTBYIOT ycpeaHenuio F1-meppr 1o 15 amoxam
00y4eHust

Takas Merpuka, kak Fl-Mepa mpezcraBiaser co6oii rapMOHMYECKOE CpeiHee MeTpuK precision (TOYHOCTH)
u recall (nonnora). Ilpu cTpemieHny 3HauyeHMil A/ Ka) 0l M3 5THX METPUK K 1, MOKHO cjejaTh BbIBOJ O TOM,
yro 1) mpm maeHTHUKAIMU Taza MOJEIBIO OTCYTCTBOBAIM JIOKHBIE CpalaThiBaHus, 2) MOAeNb OOHApPY>KMIa BCe
[PUCYTCTBYIOIINE Ta3bl.
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Hawn6onee TouHo Mozeh omnpeaeseT npucyrctsue razos H,S, Ho,CO u Os. IIpu aTOM TOUHOCTD O6HAPY KEHIS
JUISL KOHIIEHTpaIlnii 10°=107% cocrasusier ycpennenHoe 3Havdenue 0,93 mo Bcem razam. [l NHjz, NO, u SO,
3HaueHne F1 MeHbIle, yeM /I APYTUX Ta30B, YTO MOKET OBbITb CBS3aHO C MEPEKPbITHEM CIIEKTPATIbHBIX 06JsacTeit
¢ JMHIAME TOTJIONeHNs TapoB Bojbl. 1Ipn KoHrentparmsax razo 107—107%% tounocts 06HAPYKEHUS COCTABISET
B cpexueM 0,17, 4To MeHbINE cpeIHEKBAIPATHYHON OMMOKN 71 aToit Tpymmbl. Cormacuo F1-mepe, cymectByer
rpaHuIla IPUMEHUMOCTU MOJIEJIN, KOTOpas OIpe/ieieHa JIjisl KOHIIEHTPAIil ra30B OT 10°—107% u BbIIIE.

BoiBoasl

IKCIIeprMeHTaJIbHbIE UCCJIEOBAHNS HA MOJEJIbHBIX HAab0pax JAEMOHCTPUPYIOT MOTEHIIMAJ METOJAMKU B MJCHTH-
(UKAIMM 1EeCTH ra3oBBIX KOMIOHEHTOB ¢ HinkHeil rpamumieil konnentpamun 0,001 ppm (107%). Heiiponnas ceTb
pocruria 89—98% TOYHOCTU MPH JIETEKTHPOBAHUU Ta30B CJIYYaWHON KOHIEHTPAIMH B J[HMANA30HE 10°—10"% Ha
OCHOBE CTeHEepUPOBAHHOI BBIGOPKHU. [IpoBe/ieHBI cepuu 3KCIEPUMEHTOB, KOTOPBbIE JIEMOHCTPUPYIOT YyBCTBHUTEJb-
Hoctb Metoza TT1 cmekrpockonuu k upentudukanuun 0,02% dopmanbaerunga B arMocdepe. IJKCIepUMEHTATbHBIE
JTaHHBIE MOTYT HCIIOJIb30BATHCS /IS YTOUHEHMS] apXUTEKTYPBI MOJENHU, YAYUIIEHUsI €€ XapPaKTEPUCTUK U TeHepaIiu
IKCIEPUMEHTAIBHON BATHIAIIMOHHO BBIOOPKH /7SI TPUOJIKEHIS] METO/IA K PEAJbHBIM YCJIOBHAM U CO3/IAHHIO YHH-
BepCAIbHOU aT(GOPMbI FA30BOT0 AHAIN3A C BBICOKOU UYBCTBHUTEIBHOCTHIO K MUKPOKOHI[EHTPAIMSIM aTMOC(hePHBIX
rasos.

BaarogapHoctu. Pabora BoimosHena B pamkax rpanta Ne 075-15-2024-533 MunucrtepctBa HayKH U BBICIIETO
ob6pasoBanuss P@D Ha BBINOJHEHWE KPYIHOrO HAYYHOrO IIPOEKTA 10 HPHOPUTETHBIM HAIMPABJIEHUSIM HAYYHO-
TexHOMornYeckoro pasputus (npoekt «DyHpaMeHTalbHbIe HCcae0Banus BallkagbCKON MPUPOAHOH TeppuTopur Ha
OCHOBE CHCTEMBI B3aWMOCBSI3aHHBIX 6a30BBIX METO/IOB, MOJesell, HEPOHHBIX ceTell W IHQPOBOil MIaTHOPMBI IKO-
JIOTHYECKOr0 MOHUTOPUHIA OKPY KAIOLIEH cpebl»).
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The work is devoted to the development of an integrated approach to the analysis of the presence of harm-
ful impurities in the atmospheric air. This approach involves: 1) using the measurement results of terahertz ab-
sorption spectra of air containing harmful impurities; 2) creating and using a neural network to analyze the
data obtained. Sets of model absorption spectra of a gas mixture with different qualitative and quantitative
compositions are generated to train the neural network. The application of a neural network to model sets of
spectra demonstrated the identification of six gas components with concentrations up to 0.01 ppm. The neural
network has achieved 90-95% accuracy in gas detection. A series of experiments were conducted for real gases,
showing the sensitivity of the THz spectroscopy method to low concentrations of gases in atmosphere.
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