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CryTHUKOBBIE METOJbI HaOMIONEHUH 3a aTMocdepoil, ee Temreparypoil M COCTaBOM,
HayaJlld HUCIOJB30BaThes Oojiee ueThipex AecaTwieTuil Hasan. Ilo mepe pa3BUTHS TEXHOJIOTHH
pociM M TOYHOCTb M3MEPEHUH, W pa3pelleHHe IO BBICOTE M AMANA30H OIPENEIseMbIX
aTMOC(EpHBIX MTapaMeTPOB.

[loHATHO, YTO BCE CIIyTHHUKOBBIE METOIBl OTHOCSTCS K paspsay, TaK Ha3bIBa€MbIX
KOCBEHHBIX HaOJIOACHUI, KOrZJa HU3MEpSAIOTCA TOJIBKO IOTOKM pPaJuallid, HAa OCHOBaHHUU
KOTOPBIX JEJaroTCs BBIBOJBI O Pa3HBIX MapaMeTpax aTMocdepbl, TaKuX Kak TeMIepaTypa,
JIaBJICHHUE, CKOPOCTb BETPA, MJIL COCTaB.

@u3nyeCKUe 3aKOHBI PACIPOCTPAHEHMs PaJualy B ra3oBOMl Cpele K HAacTOSALIEMY BPEMEHU
M3BECTHBI U 3aJla4a 3aKJII0YaeTcs B ONTUMAIBbHOM BBIOOPE TEXHMKH HAOIIONEHUH U aIeKBaTHOM
aHAJIN3€ PE3yJIbTATOB.

CylecTBYIOT aCCUBHBIE U AKTUBHBIE METO/bl CITlyTHUKOBBIX HAaOJIIOJCHUNH. AKTUBHBIE —3TO
pajapHble WK JUAAPHBIE METOMABI, KOI1a NCTOUYHUK M3IYy4EHHs] NOMELIAETCS] Ha KOCMUYECKHI
anmapar. 37eCh 3T METOJbI HE PACCMATPUBAIOTCS.

[TaccuBHbBIE KOCBEHHBIE METObI HAOIIOEHUI YCIOBHO MOXKHO Pa3JIeNIUTh HA TPU BUJA -
HAOUpHBI METOJ, KOTJa Ul W3MEPEHUH HCIOJB3YETCS yXOAAIAs 3€MHas pajgualus WIH
OTpaXCHHAsl COJIHEYHAs, JIUMOOGBLI METOJ, KOTJa PErUCTPUPYIOTCA IOTOKH pagualui,
paccesiHHbIe aTMOC(hEpOil M OTPaKEHHBIE OT 36MHOM MOBEPXHOCTH M 00JIAKOB IO HAIIPABICHUIO
K 1pubopy, U 3ammeHHblIl METOJA, WCIONB3YIOIIMNA  NPSAMYIO COJHEUHYIO pPagualuio,
0CJIa0JIeHHYIO aTMOC(EPO.

1. Haoupnouit Meton- B3IISA CBEpXY Ha 3eMITI0, UMEET MPEUMYIIECTBA B III00ATHLHOM
OXBaTe, MPEIbSIBIIACT HEBBICOKHE TPEOOBAHUS K OPUEHTALMU KOCMUYECKOIO ammapara, OJHAKoO
IPAKTUYECKH HE JaeT pa3pelleHHs IO BHICOTE. DTHUM METOJIOM OIPEIENSIIOTCS B OCHOBHOM
WHTETPAJIbHBIE XapaKTEPUCTUKH — O0Iee cojiep)kKaHue Kakoro-imbo raza B atMmocdepe, Wid
BEJIMYMHA a’PO30JBHOTO MHACKCAa (OTHOIIEHHE a’pO30JbHOM ONTHYECKOW TOJIIUHBI K
MonekyispHoi). Ilpu H3MepeHHMsAX OSTUM METOJOM HEBO3MOXKHO, HalpuMmep, OTAEIUTh
CTpaToCQEepHBI a3p0o30ab  OT TponochepHoro. DTOT CMOCOO UCTOIB3YETCS IS OMPEeIICHNU,
Hanpumep, Npoduiist TeMIepaTypbl HCIOJIb3Ys I10JIOCY MOTJIOUIEHUS T'a3a JBYOKUCH yIJIepoJa.

2. Ilpu aumod060m 30H1MpoBanuu (Puc.l) perucrpupyercs NoTOK paananuu, pacCeSsHHON
10 HaNpaBJIEHUIO K MPHOOPY, KaK OT MPSIMOI0 COJHEYHOI'O CBETA, TAK U OTPAXKEHHOTO 3€MHOU
MOBEPXHOCTHIO M OOiakamu. VICTOYHHMK SHEPrHM SIBISETCS paclpelleIeHHBIM B MPOCTPAHCTBE,
CBET PACCEMBACTCA W IOIVIOLIAETCS HEOAHOKPATHO BAOJb BCErO CIOKHOTO ONTHYECKOTO IyTH.
TpyaHOCTB 3aKIIIOYAETCA B HEOIPEAEIECHHOCTH BBICOTBI, K KOTOPOU CJIEAYET OTHECTH OCHOBHOMU
perucTpupyeMbIi MOTOK paauanuu. I[Iporecc maremaTH4eckoil oO0pabOTKH pe3yiabTaTOB
HaOJIOZEHUsT HENpPOCT M CTporas OLEHKa JTOr0 MeToJa 3aTpyaHeHa. boiblryio
HEOIPEJEIEHHOCTh BHOCUT TaKXke NMPHUCYTCTBYIoHME B arMmocdepe oOnaka. [IpenmmyiecTBoM
JTUMOOBBIX U3MEPEHU MOXKHO CUUTATh OBICTPHIN ITI00ANBHBIN 0XBaT MOBEPXHOCTH 3emin. [lpu
AMMOOBOM HAOJIIOJCHUM 30HIUPOBAHME BO3MOXKHO B TEYEHHE BCEro BPEMEHM NPEObIBAHMS
npubopa Ha OCBEIIEHHOH cTOpoHe 3emiu. UM XOoTs numMOOBBIA MeTon ObUT OmpoOOBaH Ha
IIpUMeEpPe 30HAUPOBAHUS 030HOBOI'O CJIOSI, OLIEHKA a3P0O30JIbHOTO OCJIa0JIEHUs WU APYIHX I'a30B
BO3MOYKHA TOJILKO MPH UCTIOIB30BAHUU MOJIETIeH. DTO cCKopee MeTo] OyIyIuX pa3paboToK.

3. [Ipu 3ammennom merone HaOmoneHui (Puc.2) MCTOYHMK paaualii UMEET TOYHBIC
ACTPOHOMMYECKHE KOOPAMHATHl M NPEIbSBISCT BbICOKME TpeOOBaHMA K OPHEHTAIMH
KOCMMYecKoro ammnapara. McTouHuk paguanuu oObIYHO COJIHLIE, HO MOXET MCIOJb30BaThCs U



JayHa, U 3Be3na. [Ipu BBIXOJE CIEKTpOMETpa M3 TEHU 3eMIIM (BOCXOZ) M3MepsieTcsl MOTOK
COJIHEYHOHW paJualyy, mpolleAmuii uepe3 Bce cion armochepsl. Ilo Mepe mogbema criyTHUKa
COJIHEUHAs pajualvs MPUXOAUT K MpUOOpy depe3 Bc€ Oosiee BHICOKHE CIOM aTMOC(Ephl H,
HAKOHEI, NpUOOp PErHCTPUPYET IOTOK, TaK HA3hIBAEMOTO, BHE 3€MHOTO COJIHIIA. Pa3nenus
MHTEHCUBHOCTD paJualliy, IPOLIeINIYyI0 yepe3 aTMochepy Ha HEKOTOPOI MPUIEIbHON BBICOTE,
HA BEIIMYMHY WHTCHCUBHOCTH PaJHMAllMd BHE aTMOCQEpPbI, MBI MOXEM MOIYYUTH (HYHKITUIO
IPOMyCKaHusi aTMOC(epbl, Cc80000HYI0 oOm OWUOOK, CEA3AHHBIX ¢ ONMUYECKUMU
XapaKmepucmuKkamu cneKmpomempa u XapaKkmepucmuKkamu peucmpupyioueil Cucmembl.
DTO 00CTOSATEIHCTBO YPE3BBIUAMHO BAXXHO MPU aHAIW3E pe3yIbTaToB mM3MepeHuil. O6paboTka
JaHHBIX TIPH TaKOM METOJe HaONIOJCHUNH He UCnoib3yem HUKAKUX MOOEIbHbIX
npeononoscenuii. VIcionb30BaHe MHOTOKAaHAIBHBIX CIEKTPAIbHBIX NMPUOOPOB U HAIEKHBIX
QITOPUTMOB aHAIHM3a U3MEPEHUH, Pa3BUTHIX B IMOCIEAHUE TOIbI, MMO3BOJSIET Y€TKO Pa3IeIHUTh
MOJIEKYJISIpPHOE (pEJIEeBCKOE, OMpeesieMOoe TOJbKO paccessHUEM Ha MOJEKyJaxX BO3AyXa) U
a’pO30JIbHOE OCITA0JIeHHe OT TOTJIONICHHSI COJIHEYHOW pajuaiuu B aTMOC(HEpHBIX ra3zax u
OTIpeIeNIUTh BEPTUKAIIbHBIE MPO(HIIN aTMOCHEPHBIX KOMIIOHEHT.

NHMOOBRIH METOI

CIIEETPOMETD

Puc. 1. Mnnroctpanus numMO0BOT0 METO1a HAOIIOICHUN

3aTMERHBIH METOO

COEET POMETD

Puc. 2. Unnroctparust 3aTMEHHOTO METO/1a HaOTIOICHU

K npubopam, KoTOpble peaan30BaIl 3aTMEHHBIA METOJ 3TOT METOJ| HaOJItOJICHHsI, OTHOCATCS —
HALOE, ycranosnennsiii Ha cniytHuke UARS, — SAGE-l, SAGE-II na cnyrauke ERBS, -
SAGE-III na cnyramke METEOR-3M, — GOMOS na cniytauke ENVISAT, — MAESTRO nHa
cnytHuke SCISAT u psn npyrux.

Onucanne METOAMKM OOpPa0OTKM [JaHHBIX CIEKTPOMETPOB, HCIOJIB3YIOIIUX 3aTMEHHBIN

MeTon HaOmoneHuil Mbl mpoBereM Ha mpumepe cnektpomerpa SAGE-IIl - mocnemneit
pa3paboTku cepuu amepukanckux npubopoB SAGE-l, SAGE-II u SAGE-IIl. A66peBuarypa
SAGE-III - Stratospheric Aerosol and Gas Experiment — 3to OykBajgbHO COOTBETCTBYET HaIlCH
3amade.

Cnexrpomerp SAGE-I perucrpupoBan comHedHoe u3lydyeHHE B 4-X JJIUHAX BOJH M UMEI
paspemienue no Beptukanu 2 kM, SAGE-Il  dukcupoBan uznyuenue yxxe B 9 jMHAX BOJH C



paspenieHreM o BepTukanul kM, OTa yHUKaJbHas almapaTypa npopadorana u Ha opoute 16
net ¢ 1984 mo 2000r u umMeet Hanboee MPeICTaBUTEIbHBIN OAHK TaHHBIX,

SAGE-IIl peructpupoBan cosiHeuHOE U3NIydeHHE B yxe 86 kaHamax Ha 256 IuMHAX BOJH, C
BEepPTHKAIBHBIM pa3pemieHuem 0.5 km. B tabnuiie 1 mpencraBieHbl ClieKTpalbHbIC TUATIA30HbI, B
KOTOPBIX PETUCTPHUPYET coiHewHoe u3nydeHue crekrpomerp SAGE-III, 3meck ke npuBeneHs
MONYIIUPHHBI CHEKTPAIbHBIX HWHTEPBAJIOB KaK OTACIBHBIX THKCEIeH PEerucTpaluoOHHON
CHCTEMBI, TaK U TPYIII MUKCeIeH, 00beTMHEHHBIX B ClIEKTpaibHbIN KaHal. Criektpomerp SAGE-
I PErUCTPUPYET H3JIyYEHHUE B OUYEHb LIMPOKOM JUala3oHe UIMH BOJH, BKIo4yas YO,
Buaumeiii 1 bivokauii UK quana3oHsl, ¢ BRBICOKMM pa3pelieHueM, Mo BbICOTe 0KoJIo 0.5 HM.

Ta6bauua 1.
KOMIIOHCHTA CIIEKTPAJIbHBIN Iuana3oH | ™M | [JogymmpuHa | BUX
CIIEKTP.
HHTeppB_ WHTEpBaIa CHeKTpa.

o3o0n (03)>50 282-292 um 5x1 0.49 um Henpe-
KM PBIBHBIHI
Tonvko 382-386 M 0.49 um
peneit)>50 ku
osyokucw azoma | 430-450 um 19 x1 | 0.469 M Hemnpe-
(NOZ) PBIBHBIN
asposonib 518-522 HM uentp 520 um 1 x5 |234mm
o3on (03) 560-622 nm 10 x3 1.41 um Hemnpe-

PBIBHBIN
asposonisb 673-677 HM wuentp 675 um 1 x5 |234mm
asposonib 755-759 HM uentp 755 um 1 x5 |234mm
monekynapuotii | {58-771 am 14 x1 | 0.468 um JluneiiuaTeiin
Kucaopoo (02)
a’spos3ojiv 867-871 HM wuentp 689 nm 1 x5 |233nm
600AHOU nap 933-960 HM 29 x1 | 0.463 um JluneityaThIit
(H20)
a’po3oitd 1019-1024HM uenrp 1020um | 1 x5 | 0460 M

[Ipexne, yeM mepedTH K OMUCAHUIO MeTona 0OpabOTKH, HAIIOMHUM OCHOBHBIC ITOHSTHS
KOTOphIMU Oy/leM B JalbHEHIeM IM0Jb30BaThbcsd. Ecaum Ha HEOAHOPOIHYIO Cpeay Majaaer
pammanus waTeHCHBHOCTH  1,° | a  BBIXOAMT ¢ MHTEHCHBHOCTBIO |;', TO OTHOIIGHHE >THX
MHTEHCUBHOCTEH ecTh (YHKIMS mponyckanus T; , KOTopas mo 3akoHy byrepa moxker ObITh
IIPEICTABJIEHa JKCIIOHEHTOM, MOKa3aTeNb CTENEHN KOTOPOH O; W €CTh ONTHYECKas TOJNIIMHA
cpenmbl. 0; - BenmuuHa Oe3pasmepHas. Tak Kak cpefa HEOMHOPOIHAs, TO pa3OMB ee Ha
oTieNbHBIC cJIon uncioM |, ynoOHo BBecTH noHsITHE KO3 dHIeHTa ocadieHus B ciioe &, . JTa
BEJIMYMHA  HMMEET pa3MEpHOCTh oOpaTHyl0 JuiMHEe, Hampumep [kM-1] wmm [M-1]. Torma

ONTHYECKasl TOJIIMHA €CTh CyMMa WM MHTErpasl oT GyHKIUH KOdh HUIMEHTa OCIa0IeHUs 1O
BCeH JNMHE MyTU. YJAOOHO eIle BBECTH IMOHSATHE TOIMEPEUYHHKA B3aUMOJICHCTBUS OTIEIHHOU
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YACTHUIIbI WJIM MOJIEKYJIbI C paaualen - O',l(h), KOTOPBIA UMEET pa3MEPHOCTh [MZ]I/IJ'II/I [CMZ]
¥ [IOHSITHE TUIOTHOCTH YacTHIL WIH MOJIEKYI B eauauie obsema —N(h) ¢ pasmeprocThio [CM™] .
B pe3ynbraTe nMeeM cienyronie COOTHOIICHHUS:

L1 =7, . =exp(-d,). 6,:=Zigh)ah , &(h)= a;-n(hy) .

O0padoTKa 3KCNIePUMEHTATbHBIX JAaHHBIX IPH 3aTMEHHOM MeTo/1e HAOIK0IeHUIA.

PaccMoTpuM Temephr HEMOCPEACTBEHHYIO TEOMETPUIO IKCIIEPUMEHTa W TMPU 3aTMEHHOM
MeTonie HabmoneHuil. [Ipu pasmernieHny CeKTpoMeTpa Ha KOCMHUYECKOM armapare, 1Mo Mepe
BBIXOJIa  CIIyTHUKAa W3 3EMHOW TEHM NpUOOp H3MEpsieT MOTOK COJHEYHOH paaualuy,
npomienmuii uepe3 Bce cinou atMochepsr [lo Mepe mogbeMa CIyTHHKAa COJTHEUHAs paauars
NPUXOIUT K NpuOOpy uepe3 BcE Oojiee BBICOKHE CIIOM aTMoc(epbl M, HaKOHEN,  Mpuoop
PETUCTPUPYET MOTOK, TaK HA3BIBAEMOT'0, BHE 36MHOTO COJIHIIA. PHCYHOK 3 HIUTFOCTPHPYET 3TO
00CTOSITENTECTBO.

Paznenum armochepy 3emium Ha psA YCIOBHBIX CIOEB C IAaroM, COOTBETCTBYIOIIUM
BEPTUKAIBHOMY pa3pEIICHUI0 NPUEMHON anmapaTypsl. Ecin NpUHATH peanbHYIO BBICOTY
atMocdepsl 3a 100kM, a BepTukanbHOe paspemenue kM, mnomxyaum 100 cnoeB. Ecnu
paspemienne mo Beicote 0.5 kM kak y mpubopa SAGE-IIl., ycrnosubix cinoeB Oyzer 200.
EnvHCTBEHHOE MpPEAINONIOKEHUE, KOTOPOE B JAJbHEHIIEM HCIOJB3YETCS — 3TO PABHOMEPHOE
pacripenienieHne OclabNsAIONIMX KOMIIOHEHT B clioe. BBegeM  Takke MOHATHE MPHLEIHHON
BBICOTBl — 3TO MMHHMMAJIBHOE PACCTOSTHUE OT NPSAMON COENMHSAIOMIEH CIIyTHUK M HMCTOYHHUK
U3JIy4CHHUS [0 36MHOW IOBEPXHOCTH. DBBenem Takyke NOHATHE IOJ CIIyTHUKOBON TOYKH- 3TO
MUHUMAaJIBHOE PACCTOSIHUE OT KOCMUYECKOTO almapara J0 IOBEPXHOCTH 3EMJIU

0
OO6o3HauuM &) (hj) KaK CyMMapHOe OclabJieHHe paJualluy JUIMHBI BOJIHEL A B KaKOM

1ub0 clioe, PacmoI0KEHHOM Ha BBICOTE hj. Ha pucynke 3 310 ocnabnenue B ciioe 0003Ha4€HO

KaK €j. MHpeKc j COOTBETCTBYET HOMEDY CIIOS HaJl MOBEPXHOCTBIO 3€MIIH.

Puc. 3. Cxema nu3MepeHuit MOTOKa COJTHEYHON palalii CIEKTPOMETPOM



PI/IcyHOK IMOKa3bIBACT, YTO [JIMHA MMYTH CBCTA B KAXJIOM H3 CJIOCB 3aBUCHUT OT HpHHGHBHOﬁ

BBLICOTHI HaJl IIOBEPXHOCTLIO 3€MIIM Pj, C KOTOPOH CIEKTPOMETP BUAMUT COJNHLE, U 3TOT IyTh
CBET IPOXOJAUT B KAXKAOM cioe atMochepsl ABakAbl. JJIMHBI MyTel cBeTa B atMocepe MoryT
OBITH TMPEICTABICHBI B BUJE TPEYrOJbHOW MAaTPHIIBI Si,j , Tne wuHuekc | coorBercTBYyeT
IPHIEIBHOI BBICOTE, 8 HHJEKC | BBICOTE OCIAOJISIONIETO CII0sl aTMOC(EphI Hall TOBEPXHOCTHIO
3eMsd. MaTpuna JiuH 1nyTei Si,j , MOXKET OBITh pacCCUMTaHa U3 TEOMETPUIECKUX COOOparkeHHI
C y4YeToM TONpaBKM Ha pedpakuuio. Jlns BeIcOT HWXKe 15KkM, 3Ta TONpaBKa OYEHb
CYIIECTBEHHA M 3aBUCHUT OT IUIOTHOCTH aTMoc(epbl M JJIMHBI BOJHBI U3Iy4EHUS. AJTOPUTM
pacueTa MaTpuUIbl AJIMH IyTeil HempocT U TpeOyeT OTAEIbHOro paccMoTpeHus. IlpuienbHast
BBICOTA U3MEPEHUIN U KOOPAMHATHI MO/ CIYTHUKOBOM TOYKH (TOYKH, I/I€ PACCTOSHHE OT 3€MIIH

0 CIIyTHUKa MHMHHMMAJIbHO)  BBIYMCISAIOTCS M3 YpaBHEHUW OaNIUCTUKU JJIs JaHHOTO
KOCMHUYECKOI'0 anmnapara i ONpPeAesSoTCs TEKYILIUM BPEMEHEM.

Bce »Tu naHHBIE HOKHBI OBITH 3aBS3aHBI B €IMHYIO CUCTEMY OOpaOOTKH pe3yabTaToB
M3MEpPEHU

1. Onpedenenue cnekmpanvnoii onmuuecKoi moauUnbL O i(pi)
012 npuyenvuuix gvicomul Pij u cneKmpanvbHvix KoIppuyuenmos ocnabnenun

0
&) (h j) o Kaxcoozo cnoa na evicome N j-

CnekrpanbHas (QYHKUIUS HPOIMYCKaHHWs, KaK Mbl €€ ONpEAeNId - 3TO OTHOIIEHHE
U3MEPEHHOTr0 MOTOKA COJHEYHOHM pajualluy Ha MPULENbHOM BbIcOoTE Pj, (A7 3aJaHHOM JUIMHBEI
BOJIHBI 4 W 3aJaHHOW IIMPHUHBI CHEKTPAIBHOTO A4 ), K IOTOKY COJHEYHON paJualuu BHE
aTMocdepbl, K3MEPEHHOMY IS TEX ke ycnoBuit (1)

T, (Pi) =1.iPi)/ L. 1)

B cootBerctBum ¢ 3akoHoM byrepa, /sl moToKa paguanyu, TPUIIEAIICH K MPUOOPY, MOXKHO
3amucaTh:

1, (P )= 1., exp(-d; (pi)), )

3necp - 5,1([),) CyMMapHasi ONTHYECKAash TOJIIMHA BCEX OCIAOISIONIMX KOMIIOHEHT st

npuienbHoi BeIcoThl Pj . 13 (2) norapudgmMupoBanueM Jerko noiaydaeM (3), u 0, (p,) u Oyzer
U3BECTHA U3 U3MEPECHUIA!

9; (pi) = —In(za(pi ). 3)

C nmpyroil CTOpPOHBI, 3Ta ONTHYECKAas TOJIIMHA MOXET OBITh IMpEACTaBlIeHa, KaK CyMMa

0
pou3BeCHUH ociabneHus & (hj) B cjloe Ha BBICOTE Nj M AJIMHBI IIyTH CBETA B ATOM CJIOE
A

S ij°

=100

0
sa(pi)= 2 S{;*&;(h))
'
j=i 4)



Uncno cnaraeMbix B cymme (4)  3aBUCHUT OT 4YMCIa aTMOCQEPHBIX CIOEB, Yepe3 KOTOpHIC

IPOXOJAMUT CBET Ha mpuuenbHoi BbeicoTe [Jj. Hampumep, ecim paspelieHune MO BBICOTE
COOTBETCTBYET 1 KM, M MBI YCIOBHO pa3owmim Bcto arMocdepy Beicotoit 100 km Ha 100 croes,
torma Ha npuneiabHoi BeicoTe 100kM (i=100) y Hac ectb TOJBKO OJHO CllaraeéMoe,
COOTBETCTBYIOILEE CI0I0 aTMOc(epsl Ha Toii xke BbicoTe 100KkM - [81100,100 * g0 (n100) 1. Ha
NpULEIbHON BBICOTE BbIcOTe 99KM ecThb nBa ciaraembix— B cioe 100km u B cioe 99km, Ha
BbicoTe 70 kM - 30 cnaraeMblX, a Ha npunenbHoil Beicore 1km Bce 100 crnaraemsix. Ecin
paspenieHrue mprudopa 1mo BbICOT€ YMEHbIIUTHh A0 0.5KM, TO YMCJIO ClaraeMbIX JUIs KaKI0H
MPUIETHPHON BBICOTHI CTAaHOBHTCS B ABa paza Oombine -200 cmaraemsix. Hrak, ams 100

npunenbHbIx BeIcOT Pi (i=1...100) y Hac ectb cuctema u3 100 ypaBHeHHH, 3anMMCaHHBIX HO (4).

DTa cucTeMa JIMHEHHBIX ypaBHEHUH coaepkUT 100 HEM3BECTHBIX — ATO BEJIMUYMHBI OCIIA0JICHUS B

kaxaoM u3 100 croeB &) (hj) Koaddurnmentamu mpu 3TUX HEU3BECTHBIX SBISIOTCS
BBIYKCIICHHBIC 3apaHee 3HAYEHUs  MaTpULbl JUIMH IyTei. JleBas 4acTb 3THUX YpaBHEHUMU

COOTBETCTBYET H3MEPEHHOI CyMMApHOil ONTHYECKO#H TONIHHE O i(pi) . Pemas cucremy u3 100
ypaBHeHuit s 100 Hem3BecTHHIX (Hampumep, MeToqoM ['aycca), MbI MOJyd4aeM BEITUYUHY
ocnabnenuss B Kaxaom wu3 100 cmoeB armocdepsl. Takum crnocoOOM  BBIYMCISIETCS
BEPTUKAJIBHBIN MPO(UIb CyMMapHOTO OciiabieHust atMocdepsl 151 KOHKPETHOHN JUTMHBI BOJIHBI

A. Crexrpomerp SAGE-III umen 86 criektpanbHbIX KaHanoB. COOTBETCTBEHHO, pemaercs 86
CHCTEM JIMHEHHBIX ypaBHEeHUH ¢ pasmepHocThio 200. Cneayromuii 3Tan 0OpabOTKM JaHHBIX -
pa3zeneHre CyMMapHOro OcjabaeHHs B KaX/I0M CJI0€ Ha COCTABJISIOLIME.

0
2. Cocmagnarouwgue cymmapnozo ocnaonenus g; () 6 xaxcoom cnoe ammocghepuor.

0 .
O6miee ocnadieHue & (J) B CJI0€ Ha BBICOTE hj JUISl KOHKPETHOM JIJIMHBI BOJIHBI A ectb
CyMMa OcCNabJIeHWH 3a CUeT MOJICKYJSIPHOTO M a’pPO30JILHOTO PACCEesHUs, U TOTJIONICHUS B
razax :

s3(ny) =& () + &7 () + 82 () + &2 (M) + £, (h) + 2 (y) -
[TepBoe cnaraemoe B 3TOM dopmyne (5), ompenensercs paccesHueM Ha MOJIEKYJIaX BO3IyXa.
3T0 ynpyroe paccestHue 6€3 MorIoIeHUs, KOTOPOe MPOUCXOJUT Ha BCEX JUTMHA BOJH, KOTOPOE
4acTO HA3bIBAIOT peneegckum paccessHueM. KoadduumeHTs! ocnabienus, onpeaesieMble
PENIeeBCKUM PACCESTHUEM, MOJKHO PAacCUMTATh U TEM CaMbIM YIIPOCTHUT ypaBHeHHE. Pacuer
MOJIEKYJISIPHOTO OcNabaeHust HE0OXO0AUMO OCYIIECTBUTH C MAKCUMAJIbHO BO3MOXKHOMN
TOYHOCTBIO, TaK KaK OCTAJbHBIC OCIIAOIAIONINE KOMIIOHEHTHI (a3p030JIbHOE paccesHue,
MOTJIONICHHE B ra3ax) cocTaBisitoT He 6osee 10% oT obmero ocnabnenus. Bropoe ciaraemoe —
3TO OcllabJIeHre U3TyYEHUS 3a CUET pacCesHUs Ha a3po30JIsiX, OCTaBIInecs 4 claraeMblX- 3TO
ocnabyieHue U3Ty4eHHs 32 CYET MOTJIONIEHHUS Ta3aMH, UMEIOIIMMU3aYUTeNbHbIe KO3 (DUIINEHTHI
HOTJIOIIEHHS B PACCMAaTPUBAEMBIX CIIEKTPAIbHBIX HHTEPBAJIaX.

2a. Pacuem koappuyuenma ocnadnenus 3a cuem paccearHus Ha MoaeKy1ax 6030yxa

MornekynsipHoe OClIa0JICHHE BBIUMCISIETCS KaK TMPOW3BEICHHE  PEIEBCKOTO TOMEpPeUHUKa
B3aMMOICUCTBHS [MZ] Y TJTIOTHOCTHU BO3yXa [M'a] B K&)XJOM CJIO€.
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Inotroets  Bosayxa B cioe N(N;)*” sasucut or Temneparypsl u nasnenns. Temmneparypa u
JABJICHUC Ha TCPpBOM I3Talc MOTYT 6BITB OIMPCACIICHBI IO CPpCIHUM KIIMMAaTU4YCCKUM
XapaKTEPHCTUKAM aTMOC(EpPBI, COOTBETCTBYIOIIMM KOODIMHATAM 3aJaHHON MOJ CITyTHHKOBOIT
TOYKH W BPCMCHU HaGHIOHeHHﬁ, U JOJIKHBI HaxXOIUTHCS B 6a36 JaHHBIX, HCIOJIb3YCMbIX B
IPOrPaMMHOM  OOeCIleYeHNH. B  JanpHeiIIeM MOXHO HpeayCMOTPETh HCHOb30BAHHE B
IPOrPaAMMHOM OOECTIEUEHUH €XKETHEBHBIX JAHHBIX MUPOBOW METEOPOIOTHYECKON CETH.

Brruncnenne ko3punueHToB GiRel ocnabyieHusl, BBI3BAHHOTIO pAacCEesTHHEM Ha MOJIEKyJax
BO3/lyXa, MOKET OBITH CAENIaHO HETIOCPEICTBEHHO MO Ki1accudeckoii hpopmyne Pemnest.

Pacuetnast gopmyna B 3TOM cilyuae BBINIAIUT cieayromuMm obpazom [van de Hulst 1957;
McCartney 1976]:

2413 (n3-1)" (643
orel(p) = 2 i) (e0en),
A%-N? (n5+2)" \6-7p)

(7)

rae A- AIMHA BOJHEL B CM, 1], - OKa3aTesb NPETOMIICHHUS BO3yXa B 3aBUCIMOCTH OT A, N-—

MOJIEKYJIsipHas IIOTHOCTB Bo3ayxa pu NPT (N=2.547443- 10%%) P, -bakTop nenonspusanuy,
YUUTBIBAIOIIMHM aHU30TPOIUIO MOJIEKYII.

OpHako, pacyeT TO ATOH KJIaCCHUECKOW (hOpMysie OKa3bIBA€TCS CIOXKHBIM, TPYAOEMKUM U
TpeOyeT OOJBINNX 3aTPAT BPEMEHHU, IIOATOMY OOBIYHO MCHOJIB3YIOTCS SMIUPUYECKHE (HOPMYIIbI,
IpeUIO’KEHHBIE B pa3Hble TOAbl pasHbIMU aBTopamu B 1957 Ilennmopd/1/, B 1977 Xoiit/2/, B
1984 beiirc/3/ n Hukone/4/, B 1995 byxrons1y/5/ , u T.1.

MBI HUCHONB30BAJIM  ANIIPOKCUMALIMIO IIPEIIOKEHHYI0 byxroneleM B BHIE CTENEHHON
(GyHKLINH, pa3ieIeHHON Ha JIBa CIIEKTPAJIbHBIX JUAla30Ha C Pa3INYHbIMU KO3 PHUIHEHTAMU
JUTSL KasKJI0T0.

rel R. x(a+b-x+c/x)

Jiist e BomH A<=0.5 MKM o; = @)
Jlns gmae BoH - A >0.5 MM a;el = Rl')\.-(r ) (b)
3neck:

R=3.01577-10%  a=3.55212  b=1.35579 c=0.11563

R;=4.01061-10%  r=3.99668 f=1.10298-10° d=2.71393.107

MaxkcumanbHast IOrpelHOCTh pacyeTa Mo TaKOW amnmpoKcUMamoHHou ¢popmyse byxronsia
cocrasisieT npuMmepHo 0.18 %.

Wrak, ogHO U3 cnaraeMbIX B ypaBHEHUH (5) MBI ONPeeNIiIN, PACCMOTPUM TOTJIONIEHHE B Ta3ax.
20. Iloznowenue 6 2azax. O30m, 08YOKUCH azoma, 600AHOU RAD, MOJIEKYAAPHBLIL KUCTOPOO
OCJ'Ia6J'IeHI/Ie HU3JTy4YCHUA 3a CUCT HNOTJIOIICHUA B Ta3aX OIIPCACIIACTCA KaK IMPOU3BCACHUC

MOTIePeYHHKA B3aMMOICHCTBHS (MM Kod(hUIMEeHTa TOromennst [M’] ) ¥ 4rciia MONeKyI
rasa B ¢MHHIE 00beMa [M ] 1T KaXI0ro aTMoc(hepHOro CIOA.
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Koadduunents! nornomenns G igaz(hj) 3TO HE Te KO3(PPHULIMEHTHI MOTJIOUICHUS, KOTOPbIE
yKa3bpIBae€TCsl B TaOMMIAX IO pe3ylbTaTaM HW3MEPEHUH, BBIMOJHEHHBIX Ul CTaHIApTHBIX
HOpPMaJIbHBIX yCIOBHH. OHHU 3aBUCAT OT TEMIIEPATYpPhI U JABICHUS U MEHSIOTCS OT CJIOS K CJIOIO
B arMmocepe. Kpome TOro, crnekTpoMeTp HE pPErHCTpUpYET H3Iy4eHHE, COOTBETCTBYIOIIEE
MOHOXPOMAaTHYECKON JUIMHE BOJHBI, y TMpubopa ecTb CBOsS amnmapaTHas QYHKIUS U
paszpemiaromas cCnocoOHOCTh M, HAKOHEI], UCTOYHHUK U31ydeHus: COJHIIE MMEET CBOW CIIOKHBIH
HEpPaBHOMEPHBIM  CHEKTp, cojaepkamuid B ToMm uucie u jauHuu Dpayarodepa. I[lostomy
NPUXOJUTCS BBOJIUTH MOHATHE 3PPEKTUBHOTO KOAPPUIIMEHTA ITOTITIOLICHUS.

DddextuHbIi K03 dunment nornomieHus 1 razoB NO,, O3 ¢ HenpepbIBHBIM CIIEKTPOM
MOXET OBITh MPEICTaBIICH KaK B3BEIICHHAs (YHKIMS IO 33JaHHBIM ITapaMeTpaM CIEKTPOMETpPa
U TI0 BCEM MEHSIOLIMMCS OT CJIOS K CJIOIO ITapaMeTpam, TaKUM Kak TeMmIiepaTypa U JaBjieHHUEe U
IUIOTHOCTbH BO3/yXa U IIOTHOCTH IOTJIONIAIOIIETo ra3a 1 (pyHKLHUS IPOITYyCKaHHs aTMOC(HEpBhI.

[od@ () 15 A FF-da

az L
Ugfﬂh):A

(6)

[13-A* FF.da

AL
3nech

a_ _j=200 A %[99 (h Y. 982 (R R(h.Y.nR(h. aer (p (7)
F*=exp{= 3 S{;*[oz (h))-n**(h;)+o"(h;)-n"(h))+e&5" (h)]}

j=i

boula cozmana othenpHas mporpamMma  Juis  BhIYUCIEHHS 3((EKTUBHBIX KO3 (HUIMEHTOB
noromenus mo (6) u (7), koropast 3apaHee cuutanga 3TH dPdeKkTuBHbIe KOIDOHUIUEHTHI IS
3aJaHHBIX CTaHJAPTHBIX KIMMAaTHYECKUX YCIOBHH. BBeneHue Takoil mporpammbl B TEKYIIYIO
cxeMy OOpabOTKH CHJIBHO YCIIOXKHSIO €€, 3aMeUIsUI0 pacueT, a OTKJIOHEHHE TEeKYIINX
METeonapaMeTpoB OT KIIMMAaTUYECKHX HE3HAYMTEIbHO CKa3bIBAIOCH Ha pe3yJbTarax, Kak ObLIO
IPEe/IBAPUTEILHO OMPEAEIIEHO.

B dopmynax (6) u (7):
A . .
IO —UHTCHCUBHOCTH NPAMOU COJTHCHHOU pailuallii Ha I'PaHULIC aTMOC(bepBI ( 3a1a€TCA B BUJC
Ta0IMI] BO BXOJHBIX (Daifyiax mporpaMmbl)

2 . .
F*; - dynxims cniexrpansHoro ocabieHus: COTHEUHOM pagHaLKy B j- THIX CIOSX,
PAcCIOJI0KEHHBIX BBIIIE i- TOTO CJIOs, (GYHKIUS BRIYHCISIETCS B CAMOM IPOTrpamMme;

J=1+1 (i-TBIA cnodi - 9TO cNIOM, COOTBETCTBYIOIIMI IPUIIENBHOMN BBIcOTE ;).

O}gaz(hi)- KOA(Q(QUIMEHT NOMJIOIEHHS B ra3e KOTOPBIH MEHSAETCS B 3aBUCUMOCTU OT BBICOTHI
(T.e. OT TemmepaTypbl W [aBJICHHUs); 3HAYCHHUS CHEKTPAIbHBIX  KOX(PPHUIMEHTOB
HOTJIOIIEHUS Ul HECKOJBKUX 0a30BBIX TEMIIEPATYp 3a/Jal0TCs BO BXOJHBIX (hailnax B
BUjZie TaONWL, peaJbHble TMPOMEKYTOUYHBIC 3HAYCHHS BBIYHCISIOTCS METOA0M
MHTEPHOJIALMN HEIOCPEACTBEHHO B IIPOTrPAMME;

y:
A,” -  cnekrpanpHas anmapatHas (QYHKOES KaHala CIEKTPOMETPA OIpelesieTcs
YYBCTBUTEIBHOCTBIO MUKCENS WM OOBEAMHEHHOM TPYIIbI MUKCENeH perucTpupyomen
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cuctembl. [lpenmosnaraercs, 4YTo 4yBCTBUTEIBHOCTh MUKCENS IO MPOCTPAHCTBY (MJIH T10
JUTMHE BOJIHBI) UMEET pactpeenenue ['aycca:

G(A) =+ —exp L~ o)

e
PN B2 (8)
AZ
3nech mapamerp [ = 2in2 Ao - LEHTp muKcens, AM— ero noyylvpHuHa.

Huanazon AL wu mar dA uHTerpUpOBaHUsl  ONpEAeNseTCs ammapaTHON GyHKIMEH KaHaa,
KOTOpas B CBOKO O4YCPCAb 3aBUCUT OT NOJTYHIMPHUHBI ITPOITYCKAHUA OTACIIBHOTO MMUKCCIIA A;\., 50)07%0
HECKOJIbKUX MUKcesel, 00beJMHEHHBIX B OAHY IpyIily. JlMama3oH MHTErpUpOBaHUS ONpeaeacH
Kak AL=3-AL

PaccmoTpum nonpoOHee crieKTpasibHbIe KOA(DPHUITUEHTHI MOTJIONIEHUST  aTMOC(HEPHBIX Ta30B.

O3o0n

1E-16
1E-17 \
1E-18

1E-19

2

MNOoNMEepeYHUK B3aMMOACUCTBUA CM

1.E-20

1E-21 | N

1E-22 ( A

1E-23 I
- ili

03 03 A3 (o))
1.E-24 || NO?2 Ab A ‘
I Ad

H
7] i A
200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100

1E-25 i T

JJIMHA BOJIHBI

Puc. 4. CiekTp norsomeHus: 030Ha

Ha Puc. 4 mpencraBieHbl MONEPEYHUKH B3aMMOJCHCTBHS WM KOA(D(PHUITMEHTHI MOTIOMIECHUS
030HA B 3aBHCHMOCTH OT JUIMHBI BOJIHBEL. CneBa, B Y®-ob0nactu, monoca- XWITHHCA, CIIpaBa
obmupHas mojoca I[llamron. Bumum, 49TO TpakTHYeCKHM HET HU OJHOTO ydyacTKa CIEKTpa
CBOOOJHOTO OT BJIMSIHHS TIOTJIONICHUS W3Iy4eHUs O30HOM, 33 HCKIIIOUEHHUEM KOPOTEHBKOTO
ydgactka B oOmactu 388 HM, KOTOPBIM HCIIONB3YETCS B CIHEKTPOMETPE JUISl KOHTPOJS Hajd
PEEeBCKUM paccessHHeM st BBICOT Oonbimux 40 KM, TZIe MPEANoaracTcsi, 4TO a’po30Jib
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OTCYTCTBYeT. Bce CIEeKTpBI NpEeACTaBICHHBIE HA PUCYHKaX OTHOCATCS K DKCIEPHMEHTAIbHBIM
u3mepenusm npu NTP.

Ha Puc.5 mokazan moapoOHO ywacTok crekTpa B mosioce Illamron, rae oGosnaudensr 10
pEeruCTpallMOHHBIX KaHaJIOB clieKTpoMmeTpa mo 3 mnukcens B kaxiaoM. Ha puc Sa Ilokasana
anmapaTtHas (QYHKLHS OTAEIbHOIO IMHKCEIs M NHMKCEIbHOM TIpymmbl Kak Kpuas [aycca c
nosaymupuHoi nopsaka 0.49 am.

CnekTp nornoieHus rasa oszoHa O3 B AnanasoHe 560- 622HM, BbIOpaHHOM Ans

n3MepeHumn
5.4E-21
g y 4 N\
E 4.9E-21 y 4 N\
. ’\ 4
§ , 'YW 4
: A i \
E 4.4E-21 / L :
g I 4 4
[} y 4 N
z /.
Z 3.9E-21 N
© /1 i
y 4 2 3 | a 5 | e 7 118 [ [ Jwo [ |
3.4E-21 T T T T T T

665 560 565 6570 575 580 6585 590 6595 600 605 610 615 620 625
OnvHa BOMHbI

Puc.5. IlonokeHue  pEerUCTPUIMOHHBIX MHKCENeH B (OKAIBHOM  TUIOCKOCTH
nudpakiuonHon permerku — criektpomerpa SAGE-III  otHOocuTensHO  cmekTpa
HOTJIOUIEHMSI 030Ha

1,20
1,00 |
0,80 n n
0,60
0,40 -
0,20 1 \} .!
0,00 - ‘ | |
555 570 585 600 615 630

Puc. 5a. AnmapatHas QyHKIUS TUKCENIEH PETUCTPUPYIOIICH CUCTEMBI

Asyokucb azoma NO,

Ha puc. 6. T1OKa3aH CIEKTp MOIVIOIeHUs aAByokucu asotra npu NTP u ywactok crnekrpa
PErUCTPUPYEMBIA CrieKTpoMeTpoM. BuaHo,uro nornomnieHue razom NO, B oomactu 550- 650 HM
rae Haxonutca mojioca norjomenus Llamion u ero cinexyer yuuteiBath Ha puc 7 Ilokazan
noaApoOHO ydacTok criekTpa 430 450 HM, T/1€ PacoOIOKEHBI 19 perucTpupyronmux MUKCeeH.

Ha puc 7a - anmapartHast GyHKIUS OTIENBHOTO MUKCENs, Kak KpuBas ['aycca ¢ MoNymupuHOM
nopsiaka 0.49 HM. ¥ UKcenpHas rpynna u3 19 nukceneu.



7,0E-19

CnekTp nornoweHus rasa asyokucu asota NO2, npu NTP
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6,5E-19

6,0E-19

5,6E-19

5,0E-19
4,5E-19

4,0E-19
3,5E-19

3,0E-19

2,5E-19
2,0E-19

ce4yeHune nornoueHusi (cm2)

1,5E-19
1,0E-19

,’

5,0E-20

J/

0,0E+00

-

250

300 350 400 450 500 550 600 650 700

ANTWHa BOJTHbI B HM

Puc. 6. Cnextp nornomenus raza nsyokucu azora NO,, mpu NTP s muanazona 250-630 am

6,0E-19

CnekTp nornoweHus rasa gsyokucu asota NO2 B guanasoHe 430-450Hm

5,8E-19

5,6E-19

72N

N A

>

5,4E-19
5,2E-19 f

A AR o~

5,0E-19

4,8E-19
4,6E-19

4,4E-19

ceveHue nornoeHunsa /cm2/

4,2E-19

4,0E-19

1

3N £ 71\

2 Al
VAT 5 s L
STE_ CJIAY 1t |V
| 0%t [12 15 18
11 19

T T ! T T T T T T

T T T T T T T
432 433 434 435 436 437 438 439 440 441 442 443 444 445 446 447 448 449 450

OJnHa BOJ1HblI B HM

Puc. 7. Cniextp nornomeHus rasa asyokucu azora NOy, mpu NTP ans nuanazona 430-450 am

1,20

1,00
0,80 +
0,60 -
0,40 -

0,20 -

0,00 -
430

435 445

Puc. 7a. Annapatnas pynkius 19 nakceneit kanana 3 ciekrpomerpa SAGE-III.
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Ha cnenyronmx nByx pucyHKax 8 M 9 mokazaHa MHTCHCHBHOCTD ITOTOKA COJHEYHOTO M3ITy4CHUS
JUIs  BBIOpaHHBIX y4YacTKOB CHEKTpa, HeoOxoaumas [Uis  paccyeToB  A(PQPEKTHUBHBIX

K03 (UIIMEHTOB MOTJIONIEHHUS Ta30B C HEMPEPBIBHBI CIIEKTPOM MOTJIOMICHHUS.

2135 UHMEeHCUBHOCMb NMOoMmMoOKa COJIHe4YHO20 U3Jj1y4eHus
1

2,15 -
1,95 A
1,75 A
1,55 A
1,35 A
1,15 A

0,95 ‘ ‘ ‘
430 435 440 445 450

OJ1UHa 80JIHbI

W/ nm*cm2*strrad

Puc. 8. IHTEHCUBHOCTh TIOTOKA COTHEYHOTO M3MydeHust B oonactu 430-450 Hm

NHmeHcueHOCMb NOMOKa COJ/IHEYHO20 usny4YyeHus

P

~

al
|

P

(o)

(&)
!

W / nm*cm2*strrad

1,35 T T T T
560 575 590 605 620  AnuHa 8osIHbI

Puc. 9. MHTEHCMBHOCTb MOTOKA CO/IHEYHOrO M3nydYeHua B ob6a1actn 560-630 Hm
Monexynapuwlit Kuciopoo u 600AHOI nap

B 6mmxueit UK-o6mactu criektpa cnektpomerp SAGE-I uzmepsier pyHKIMIO POITycKaHus B
obnactu mornomnieHuss O, (MonekyisipHoro kuciaopoaa 760-774 um) u  HO (BomstHOro mapa
930-960 uwm). CriekTp TOTJIOIIEHUs] 3THUX Ta30B HMMEET JIMHEeHuaTwlii xapakrep. .B Tom
CIIEKTPaJILHOM HWHTEpBaje, KOTOphIi ucnoib3yer crekrpomerp SAGE-IIl monoca xucnopoma
umeer 290 nuHui, nosnoca BoasgHoro napa 5011 nuHuil ¢ u3oromamu. M Kaxayro JTUHUIO
HEOOXOJUMO YYMTHIBaTh, TaK KaK e€e IEeHTp [omaxaerT Jud0 B COOTBETCTBYIOIIUN
PETUCTPUPYIOMINIA MUKCETh, TUOO0 €€ KPbUIO BHOCUT CBOHM BKJaJ B COCeqHUE MUKcenu. Ha
puclO u 11 mokazansl criekTpsl noromieHuss O, u H,0. Meroa pacuera kK03 HUIHEHTOB
MOTJIONICHHS. B CIO€ aTMOCQephl 3TUX Tra3oB TpeOdyeT OTACNBHOTO PAacCMOTpEeHHs, U Oymuer
MIPEJICTaBJICH B YaCTH 2 3TOTO TEKCTA.
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Monoca nornoweHns monekynsipHoro kucnopoaa O, B AnanasoHe
759HM-779HM , Bcero 290 NMHUNA.

1,E-16

1,E-17

1,E-18

1,E-19

1,E-20

1E-21

MHTEHCMBHOCTb NMuHUn [mM~"2/s]

1,E-22 ;
1',2 3la|5]6|7]8]910[1]12]13]124]

veos LT T T T T T T

758 759 760 761 762 763 764 765 766 767 768 769 770 771 772 773 774 775 776 777 778 7719
OJINHA BOJTHbI B HM

Puc. 10. MNonoca nornoweHuns O, B AnanasoHe 759Hm-779Hm, Bcero 290 AUHUIA.

MNonoca nornoweHus BoasiHoro napa (H20) B ananasoHe 930HM-961HM
(Bcero 1367 nuHun)

1.E-14

1.E-15 it

E 1616 AII[ ] mJ IH l [l i I lrl ] l I TR

B (m*2/s)

=
m
=
~
|

[
i
=Y
(o]
I
———————

=

m

=

©
I

WHTEHCUBHOCTb NMUHUN

WY T I

IR YHINNANNRNNYSY Y RPNNF NN
3 |5 |6 |7 |8 |9 |10|11 ||12 13 |14 15|16 |17|18|19|20|21 |ﬁ|i|24|25|26 27 [287]29

1.E-20 4

HEEE
1.E-21 T
930 932 934 936 938 940 942 944 946 948 950 952 954 956 958 960 962

aAnvnHa BOINHbI B HM

Puc. 11. Nonoca nornouwenna H,O B gnanasoHe 930HM-961HM.
3. Pacuem ¢pynxyuu nponyckanus (npsamas 3aoaua)

WUTak, onAa 3agaHHbix npoduneint TemnepaTypbl U AABAEHMA A TaKXKe C y4eTOM annapaTypHOM
bYHKLUMM Npnbopa Mbl MOXKeM NocunTaTb 3PPeKkTnBHbIE KO3GPULMEHTbI NOFOWEHUA FA308 C
KOHTUHYA/ZIbHbIMW CMEKTPAaMWU MOroWweHnA. 3a4aB BepTUKabHble KAMMaTU4eckme npoduam
razoB W a3P030/15, MOXKHO NOCYUTATb CYMMAPHbIN KO3PPULMEHT NOTNOLLEHNA B KAXKA0M Cl0€e
aTmocdepbl. Bocnonb3oBaswMCcb MaTpULen ANMH NyTEN NIETKO CYMTAEM ONTUYECKME TOJLMHDI
N GYHKLMM NPONYCKaHWA Ha BCEM CeTKe NpuLe/bHbIX BbICOT Ana Y® n BMAMMOro gvanasoHa
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ANvH BONH. Ha Puc. 12 npeactasneHa 610K cxema pacyeta QyHKLMM NPONycKaHua (npamas
3aZ,a4a) ANA BCEW CETKMU NPULENbHbIX BbICOT YO 1M BUAMMOrO AMana3oHa A/MH BOJH.

Puc. 12. baok-cxema pacyemoes ro npamoli 3adaye

dyHKUMA NponycKaHuA no byrepy

7, (Pi) = exp(-0, (i),

onTnyeckana ToNWwnHa nporpamma pacyeTa matpubl 4NNH

i
=100 nyTemn c yuetom pedpakuymm S i
0] )
62 (pi) Z S *&,(hj)

0buwmit KoapdpuumeHT ocnabneHua B cnoe atmochepsbl ocnabneHme B cioe

gy (h) =7 () +,% (h) + 672 (hy) + 6,2 (hy) + 6,2 (hy) + &52 (hy)

nporpamma pacyeTa nporpamma pacvera nporpamma pacyeTa
MonekynapHoro 3 PEKTMBHbIX MoZebHOro
Peeneesckoro nonepevyHnKos ocnabneHusn
ocnabneHnsa razos O;, NO, B aspo3one

O_;el - R .;\'-(a+b-x+c/)u)
2<=0.5 MKkM

I gaz (h| ) I A Aﬂ
nporpamma pacyerta
3pPEKTMBHBIX

rel -(r +f-A+d/A
= Ry)»( ) nonepeyvyHMKos

A >0.5 MM rasos O, u H,0,

BaHK AaHHbIX CTAaHZAPTHOM aTMocdepbl

0 TEPMOAMHAMUYECKMX XapaKTEPUCTUKAX

ncocrase: H, T, P, N, O;, NO, H,O, AER Basa cneKkTpocKonnyeckux gaHHblx 0 KoadpduumeHTax

NOrAoLWeHMA rasoB C HeMpepbIBHbIMU 1 IMHEAYATbIMM
CneKkTpamm
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B 3akiroueHne npuBeeM /Ba pealbHbIX Pe3yabTaTa H3MEpeHHs: (yHKIIUH MPOITYCKaHUS
(Puc. 13) ans ob6nayHO#t aTMOC(EpBHI M ONTHYECKOH TOJIIUHBI, BEIMUCICHHOH 110 QYHKIUU
npomycKaHus, s 6e300maunoit armocdeps! (Puc. 14).

1,2
| a3po30161020HM | | 933-959 um, H,O |
1,0 - : S e e
x 0,8 1
S
I
g
(%]
2 | 561-621mm, 03 |
S 0,6
=
= ,
S
g .
02 - 758-771nm, 02 |
0,0 T T T T T T T T
0 10 20 30 40 50 60 70 80 90
npuuenbHblie BbICOTbI
Puc. 13. ®ynkums nponyckanus s 84 crekTpaiabHbIX kKaHaoB 3a 18.09.2002 r (53°N)
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