CHEKTPAJH)HI)IE I[TPUBOPBI

SPECTRAL DEVICES

VIIK 528.8

NCCAEAOBAHUME ATMOCO®EPHI C ITTIOMOIIBIO
CKAHUPYIOIIETO COAHEYHOI'O CITEKTPOITIOAAPUMETPA

A. O. MAPTHHOB", JI. B. KATKOBCKHH", B. B. CTAHYHK", . U. FEJITEB"

Y Uncmumym npuxnaouvix ¢usuveckux npoénem um. A. H. Cesuenxo BI'Y,
yi. Kypuamosa, 7, 220108, e. Munck, Berapyco

[Ipencrasnen paspadoranubiii u cozaanubii B HUWTIDIT umenu A. H. Cepuenko BI'Y ckaHUpYrOIINA COMTHEUHBII
criekTpornonsgpumeTp. OMUCHIBAIOTCS MPOrPaMMHO-TEXHHUECKHE PEIICHHUsI, UCTIOIb3yeMble B alnapaTHO-IPOrpaMMHOI
pa3pabotke. [IprBOIUTCS METOAMKA U3MEPEHHSI PACCESTHHOTO B aTMOC(epe COTHSUHOTO H3ITyUCHHSI 1 METOIUKA BOCCTa-
HOBIICHHS W3 JAHHBIX H3MEpeHU aTMochepHbIX mapaMeTpoB. [1o pesynasraTaM IMpOBEICHHBIX H3MEPEHUI pacCUUTaHBI
TOJISIPU3AIHOHHBIC XapaKTEPUCTHKH PACCETHHOTO COTHEYHOTO M3ITyUSHHS U TTapaMeTphl aTMochepsl.

Knrouegwle cnosa: criektp; arMochepHbIe TapaMeTpsl; CICKTPOTIOISIPUMETD; MOISIPU3ALIHS; PEIICHHE 0OPaTHOM 3a1auH.

O0pasen LHHUTHPOBAHHUMA:

Maptunos AO, Karkxosckuii JIB, Cranunk BB, benses BU.
HccnenoBanne arMocdepsl ¢ MOMOIIBIO CKAaHUPYIOIIETro COJI-
HEYHOTO CIeKTponoisipumerpa. JKypuan Benopycckozo eocy-
dapcmeennoeo ynusepcumema. Pusuxa. 2018;3:20-30.

For citation:

Martinov AO, Katkouski LV, Stanchick VV, Beliaev BI. Inves-
tigation of the atmosphere with a scanning solar spectropola-
rimeter. Journal of the Belarusian State University. Physics.
2018;3:20-30. Russian.

ABTOpBI:

Anmon Onezosuu Mapmunog — Hay4HbII COTPYAHHUK.
Jeonuo Bnaoumuposuu Kamkoeckuii — noxrtop (pu3HKO-Ma-
TEeMaTUYECKHX HayK, JOLCHT; 3aBeAyIONIMii tabopartopueil auc-
TaHIMOHHOW (OTOMETPHUH.

Banepuit Banepvesuu Cmanuux — WHXSHEP-IPOTPAMMUCT.
FBopuc Hnnapuonosuu benses — 1oxTop Gpusnko-maremMaruye-
CKHX HayK, mpodeccop; 3aBeLyIONHil OTJENI0M a3pOKOCMHUYe-
CKUX UCCIIEJOBaHUH.

Authors:

Anton O. Martinov, researcher.

antonmartenov@gmail.com

Leanid V. Katkouski, doctor of science (physics and mathema-
tics), docent; head of the laboratory of remote photometry.
remsens@mail.ru

Valery V. Stanchick, software engineer.

remsens@mail.ru

Boris I. Beliaev, doctor of science (physics and mathematics),
full professor; head of the department of acrospace research.
remsens@mail.ru

20



CrekTpajibHble IPHOOPLI
Spectral Devices

INVESTIGATION OF THE ATMOSPHERE
WITH A SCANNING SOLAR SPECTROPOLARIMETER
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The article presents the scanning solar spectropolarimeter developed and created in the Institute of Applied Physical
Problems of BSU. Software and hardware solutions used in hardware and software development are described. A technique
for measuring solar radiation scattered in the atmosphere and a method for reconstructing atmospheric parameters from
measurements are presented. Based on the results of the measurements, the polarization characteristics of the scattered
solar radiation and the parameters of the atmosphere are calculated.

Key words: spectrum; atmospheric parameters; spectropolarimeter; polarization; solution of the inverse problem.

BBenenue

W3mMepenne crieKTpoB OTPayKeHHsI U3ITYYESHUS IPUPOTHBIMU U UCKYCCTBEHHBIMH O0OBEKTaMHU — BajKHAs 3a-
Jlada, TTOCKOJIbKY MX CIIEKTPAIbHBIE OTpaXKaTeIbHbIE XapaKTEePUCTHKH SBISIOTCS KIFOUEBBIMH TPHU MOJIETHBIX
KaJHOPOBKAaX MHOTOCHIEKTPAIbHBIX OOPTOBBIX CEHCOPOB, MHTEPIPETAIIUN KOCMHUYECKUX M300paXKeHUH, pa3-
paboTKe 1 BaNUJAIH HOBBIX METOJIOB PEIICHN TEeMAaTHYECKUX 3a/1ad. B oTaene adspoKoCMHYECKHUX HCCIeT0-
Bannii HUMII®DIT umenn A. H. Cesuenko BI'Y mo nporpamme Cotro3noro rocymapcrsa «Mouutopuar-CI
pa3paboraH u co3naH ammaparHo-mporpammHbiii komruieke (AIIK) «Kanudposka». CriekTpanpHas ammapary-
pa AIIK npennasHadeHa Ui HCIIONB30BAHMS HA ITOJICITYTHUKOBBIX IMOJUTOHAX TPU MPOBEACHUN MOJETHBIX
KaJMOPOBOK CITyTHUKOBBIX CHEMOUYHBIX CHCTEM, a TaKXKe MPH HUCHBITAHUSIX W TIOBEPKE HOBOW TEXHUKH JIHC-
TAHIIMOHHOTO 30HIupoBanms 3eMiu (/133), MaTemMaTHuecKOM TUTAHUPOBAHHUH dKcriepuMeHToB J[33, mpu Be-
pUUKAIMK 1 TIOBBIIIICHNN HA/IEKHOCTH e pprUpoBaHus JaHHbIX /(33 myTem nHTETrpanuu JaHHBIX KOCMH-
YeCKOTO, aBHAITMOHHOTO M HazeMHOro cerMeHTOB. AIIK «KamnbpoBka» oOBeAMHSIET B CBOEM COCTaBE ISTh
CHEKTPaJILHBIX MPUOOPOB U UCTIONB3YET HOBBIE CIIOCOOBI CIIEKTPOMETPUH, KAaCAIOIIHUECs, B YACTHOCTH, KOMIT-
JIEKCHUPOBAHUS CHEKTPOPAIMOMETPOB PA3IMYHBIX CIEKTPAIBHBIX TUAITa30HOB, BUICOMPUBS3KHA M PETHCT-
panyn H300paKeHUH CIIEKTPOMETPHUPYEMOTO 00BEKTa C MTPOCTPAHCTBEHHOW MPUBSI3KOM TOJISI 3PEHUS CTIEKTPO-
panguoMeTpa K M300pakeHWI0, TeorpaduuecKyio MPHUBI3KY OOBEKTOB, OAHOBPEMEHHYIO CHEMKY CIIEKTPOB
OTpa)KEHUS MOJICTUIIAIONIEH TOBEPXHOCTH M OCBEIIAIOIETO N3TYUSHHSI, PETUCTPAIIIO CTIEKTPAITbHO-YTIIOBBIX
3aBHCHMOCTEH paccestHHOTO B arMocdepe m3mydenus Comana [1].

B /133 u npu noneTHhIX KaauOpoBKax BaYKHYIO POJb UTPaeT aTMochepHas KOppeKIns KOCMHYECKAX H30-
OpaXeHUH ¥ CIIEKTPAJIbHBIX TaHHBIX, TPeOyIomas onpeeeH!s] ONTHYECKUX ITapaMeTpOB aTMOC(ephl Ha MO-
MEHT CheMKH. J[J1s1 Haxox aeHus aTMochepHBIX mapamMeTpoB B cocTaB AIIK «KanmnOpoBkay BXOIUT CKAHUPYIO-
i conmaedHbIi ciekTporomsipuMerp CCII-600. B pabore npeacTaBieHa METOIUKA U3MEPEHHS PACCETHHOTO
B arMoc(epe H3IIydeHus: 1 METOIMKa BOCCTAHOBIIEHHS aTMOC(EepHBIX TapaMeTpoB. Ha ocHOBe mpoBeIeHHBIX
9KCIEPUMEHTAIBHBIX M3MEPEHHI pacCUUTaHbl aTMOC(epHbIEe MapaMeTphl U TMONSIPU3AUOHHBIE XapaKTepH-
CTHKH PACCESTHHOTO COJIHEYHOTO M3ITyUEeHHS.

Cranupywimmii coiHeuyHblii ciekTponoasipumerp CCII-600

CCII-600 npemuaa3HavYeH 151 OTPEICIICHIS XapaKTEPUCTHK aTMOC(HEPHOTO adPO30JIsl Ha OCHOBAHHWH PETH-
CTpaIlliy JAHHBIX MPSIMOTO ¥ PACCESTHHOTO TIO/ Pa3IMYHBIMA yTIIaMH (B albMyKaHTapare U B IIOCKOCTH COJI-
HEYHOTO BEPTHKAJIA) COTHEUHOTO M3 TydeHus B nrama3one 350—950 uwm [2]. Ha puc. 1 npeacTaBieH BHEITHAN
s CCII-600.

B cocraBe CCII-600 MO’KHO BBIIEIHTH ABA OCHOBHBIX MOIYJIS: CIICKTPOMOISIPUMETP W aBTOMATHUYECKYIO
MTOBOPOTHYIO TIaTGOpMy Ha OCHOBE YHHBEpcallbHOH MoHTHpoBKHM Synta Sky-Watcher AllView Highlight
SynScan GOTO (Kwurait).

Cuexrpomnossipumerp CCII-600 BkirodaeT B ceOs TOTUXpOMATOp ¢ NMpHUeMHUKOM m3iydeHmst Ha [13C-
nuHelke ¢ 3648 anementamu. [lepen MpoeKITMOHHBIM 00OBEKTHBOM pa3MelieHa OJIeHa, YMEHBIIIAI0IIAasT YPO-
BEHb Mapa3uTHOH 3acBeTkH. [Iprbop cHaOkeH BU3MPOM ISl pyYHOTO HaBeIEHUS TIONS 3pEHUS Ha COOTBET-
CTBYIOIIHE Y9aCcTKN HeOa 1 MOISIPOUIIOM.
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Puc. 1. CCIT-600 Ha noBopoTHOI1 tuiatdopme:
1 — Gnenyia ¢ MOISIPOUAOM; 2 — BU3UP ONTHUYECKHIA; 3 — cMapToH mst yrnpasienus CCII-600;
4 — cMapTdOoH T yHpaBiIeHHs MOHTHPOBKOIL; 5 — cnekrponoispumerp CCII-600;
6 — aKKyMYJIATOD; 7 — IYJIBT YIIPAaBICHUSI MOHTUPOBKOH; § — MOHTUPOBKA

Fig. 1. SSP-600 on the turntable:
1 —lens hood with a polaroid; 2 — optical viewfinder; 3 — smartphone for controlling SSP-600;
4 — smartphone for controlling the mount; 5 — SSP-600; 6 — battery;
7 — control panel of the mount; § — mount

ABTOMaTAYeCKasi MMOBOPOTHAs IIaTdopMa TMO3BOJSAET C TOYHOCTBHIO J0 5 YIVIOBBIX MUHYT HAaIlPaBUTh
CCII-600 na mo0yro Touky HeOa. C moMOoIIbIo pa3padoTanHoro mporpamMmmuoro odecreuenus (110) MmoxxHO 3a-
paHee MOATOTOBUTH MaPIIPYT 00X0/1a HeOeCHOM NOoTyc(ephl U BBITIOIHITH B ABTOMATHYECKOM PEIKUME ChEMKY
CTIEKTPOB B 3aJlaHHBIX Toukax. [Tnatdopma yrnpaBnseTcs ¢ MOMOIIbI0 cMapToHa, KOTOPBINA CBS3aH 10 Oec-
MIPOBOIHOMY MHTEP(Eicy co cMapTHOHOM JUIsl YIIPABICHHsI CIIEKTPOIIOIApuMeTpoM. [luranue miarhopmbl
00eCIeunBaCTCSI BHEIITHUM aKKYMYJISITOPOM.

Texnuuecxue xapaxmepucmuxu CCII-600:

CrexTpallbHbIN AHANa30H 350-950 um

CrexTpalibHOE pa3pelieHue 1,2-2,0 am

[IpueMHUK H3ITyICHUS [I3C-muneiika dbupmel Toshiba TCD1304DG

Yuciio 31eMEHTOB PUEMHUKA U3IIyYECHUS 3648

Jucneprupyromuii 31eMeHT Bornyras romorpadudeckas qudpakiinoHHas pemIeTKa
Uucno mTpuxon 315 mrp./Mmm

IIpoeknnoHHbII 0OBEKTUB MC I'ennoc-44-3M

DOKYyCHOE pacCcTOsIHUE 58 MM

Yron nons 3peHust 4°

TOYHOCTh IO3ULIMOHUPOBAHUS Jlo 5 ymIoBBIX CeKyH[

Tun npusona CepBonpUBOIBI TOCTOSIHHOTO TOKA 10 00EHM OCSIM
BcerpoeHHsble 1aTuuku JlaTunku nonokeHus mo o6enM ocsim

Hctounuk nuranus 8—15 B mocrostHHOTO TOKa Mtk 10 Oatapeek Tuma AA

Cnexrpononsipumerp u nosopotHas miargpopma CCII-600 MoryT nprHUMATh YIPaBISIOMINE KOMAaHABI 110
naTepdeticy USB. [y opranu3anuy yrpaBiIeHHUS STHMH YCTPOUCTBAMH W X COBMECTHOTO HCTIOIH30BAHUS
MIPUMEHSIFOTCSl cMapTQOHBI ¢ onepannonHoi cucreMoii Android. Kaxkoe u3 ycTpolcTB NOAKIIOUEHO K CMapT-
¢ony no USB-unrepdeiicy, a cMapT(oHbl, B CBOIO 0Yepeb, COSANHEHBI APYT C APYTOM M0 OECIIPOBOAHOMY
untepdeiicy Bluetooth (puc. 2).

VYnpasnenue miardpopmoit 1 CCII-600 ocymectsnsercs ¢ momouipto 10, koTopoe cBOAUT K MUHUMYMY pa-
6oty oneparopa. B 110 peann3oBaHbl METOAUKU IPOBEIEHUSI OCHOBHBIX aTMOC(EPHBIX U3MEPEHUH, YCKOPSIIO-
[IMe MPOLECC CIEeKTpoMeTpupoBanus. MHTepdelic mporpaMMbl, YCTaHOBICHHON Ha cMapT(OH, MO3BOJISIET 3a-
JaBaTh KCIO3MLHUIO (ABTOMATUYECKU MJIM BPYYHYIO), KOJIMYECTBO CHEKTPOB B CEPHUM, MOJIOKEHUE MOIIpOHIa
1 BBIOMPATh PEKUM CheMKH (puc. 3, a).
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B pexxnMe Mpou3BOJIbBHON ChEMKH 33J1at0TCS A3UMYTAJIBHBINA U BEPTUKAIbHBIN YIIIBI JJI1 YCTAHOBKU ONTH-
yeckoit ocu CCIT-600 ¢ momMoIipro MoBOpOTHOU TIaT(OPMBI IPH U3MEPEHHH CTIeKTpa (puc. 3, 6).

JIBa npyrux pexumMa MOo3BOJISIOT CKAaHUPOBATh TOPU30HTAIBHYIO M BEPTUKAIBHYIO IUIOCKOCTH (JIbMyKaHTa-
par ¥ COTHEUHBIN BEPTUKAIT) U ITOTy4aTh HA0OP CIIEKTPOB BO BCEX TOUKAX HeOeCHOU Momycdepbl, OmpeIesieMbIX
3aJ]aHHBIM IIATOM 110 YriTy. Tak Kak B OOJNBITUHCTBE METOIUK U3MEPEHUI PACCETHHOTO B arMochepe N3myueHus
HeoOXoMMO 3HaTh BbicoTy ColHIIa HaJl TOpU30HTOM, TO B [1O nMeeTcst BOBMOKHOCTh COXPAaHHUTh ATO 3HAYCHHE.

CwmaptdoH
> JUISL yHIPaBIICHUS
CIICKTPOIIOJIIPUMETPOM

A
i

CIeKTponoIsIpuMeTp
CCII-600

12

Bluetooth-
COEIMHEHHE

: | AKKyMymTOp | i
A | 3 CmaptdoH
VIS yHIpaBIIeHUS
MOHTHPOBKOH

1 1
1 1
1 1
1 1
1 1
1 1
! ABTOMaTHYECKAsI :
i MIOBOPOTHAs i
1 1
i wiarpopma i
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

MonTupoBka

5 [Tyner ynpasnenus
MOHTHUPOBKOH

Puc. 2. Dnexrpuueckas 61ok-cxema coequnenus CCII-600 ¢ MOHTHPOBKO
n ynpasisiomuMu cmaprdonamu: [ — OTG-kxabens Juist moaKIIroYeHus cMapTdoHa
k criekrpononsipumerpy CCII-600; 2 — Bluetooth-coenunenne mexny cmaprdonom CCII-600
1 cMapT(HOHOM ULl YIPABICHUSI MOHTUPOBKOH; 3 — KaOelb MMTaHUS MOHTHPOBKU
co mTeIpskoBEIME pazbemamu (DJK 10A); 4 — nHaGop kxaberneid,
COEJIMHEHHBIX MKy COOOH MOCIIeI0BATENbHO, BKIIFOYAIOLIN B ceOs:
LITaTHBIA Kabeab MOHTHPOBKH ¢ pazbeMoM DB-9 (posetka), kabenb-aganrep (USB-RS 232)
¢ pazsemamu USB tuma A (Buika), DB-9 (Buika); 5 — kabenb JUisi COeMHEHUsI MOHTHPOBKH U ITyJIbTA YIIPABICHUS
Fig. 2. Electrical block diagram of the connection SSP-600 with the mount and control smartphones:
1 —OTG cable for connecting the smartphone to the SSP-600; 2 — Bluetooth connection between the smartphone SSP-600
and a smartphone for controlling the mount; 3 — power cable mounts with pin connectors (DJK 10A);
4 — a line representing a set of cables connected in series, which includes: a standard cable
for mounting with a DB-9 connector (socket), an adapter cable (USB-RS 232)
with USB connectors type A plug, DB-9 (fork); 5 — a cable for connecting the mount and the control panel

ala o/b

450 550 650 750 850 950

MpouasonbHasn coémka =

Luar asumyTa LWar seprukana

Haconkue  Texywan nosuunn

asumyT:10.0  asumyr: 10
Beprukan: 35.0 seprukan: 35

Puc. 3. Tnausre oxna [10, ycTaHOBIEHHOTO Ha CMapT(OH, COTUHEHHBIN
¢ MOBOPOTHOH mnaropmoii (a) miu co crexrponoasipumerpom CCII-600 (6)

Fig. 3. The main windows of the software installed on: a smartphone connected
to a turntable (a), a smartphone connected to the SSP-600 (b)
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Bo Bpemsi ceeMku cepun crekTpos 1o Bluetooth-xanamy ormpasisiercst koMaHa Ha cMapT(oOH, coeau-
HeHHbIH co ciektponongpumerpom CCII-600. ITponsBonuTcs cheMKa B COOTBETCTBUU € EPEAaHHBIMU Mapa-
MeTpamu. CHSTBIE CHIEKTPBI COXPAaHAIOTCS B TEKCTOBOM BHJE BMecTe ¢ xml-(aiiiom, comepkauiumM Bee ma-
paMeTpbl U yCJIOBUSI ChbEMKH, OTHOCAILIMECS K cHeKTpy. Ha skpaH IByX cMapT(OHOB MOCTOSHHO B peXHUME
peanbHOro BPEMEHH BBIBOASATCS CIIEKTPBI, PETUCTPUPYEMbIE COIHEUHBIM CIIEKTPOIIOISIPUMETPOM.

MeToauka MOJTYYCHHU A
aTMOC(l)ele)IX nmapamMeTpoB

[TocTpoeHue TOH MM MHOHM ONTHYECKOW MOAETH aTMOC(EphI SABISIETCS HEOOXOAMMBIM 3TAIIOM TP peliie-
HUM 00paTHO 3a7a4n. AHAIU3 POBEICHHBIX MHOTOYUCIICHHBIX PACUETOB CIIEKTPATBbHOM INIOTHOCTH dHEpre-
tnueckolt sipkoctu (CIIDS) nzmydenus aist paznuusbix yrioB CoiHLA ¥ HAOMIOAEHUS TTOKa3all, YTO CIIEKTPhI
KaK YXOAAILIETO, TaK M HUCXOISIIETO M3IY4YEeHHUsS cJ1abd0 3aBUCIT OT BEPTHUKAIBbHBIX NPOQHIEH ONTHUYECKUX
napameTpoB arMochepbl 1 MOTYT OBITh JOCTaTOYHO TOYHO ONKCAHBI C UCIIOIb30BAHUEM MHTETPajbHBIX (B He-
KOTOpOM cMbIcie 3(h()EeKTUBHBIX) 1O TONIIMHE aTMOC(ephl 3HAYCHNH TapaMeTpoB, CYIIECTBEHHBIX C TOYKU
3peHus TEOpUH TMepeHoca n3mydeHus. TakoBBIMU MapaMeTpamu SBJISIOTCS (B JOMOJNHEHHE K YIVIOBBIM Iepe-
MEHHBIM, OTKCBIBAIOIINM T'€OMETPHIO 3aaui): CIEKTPaJbHbIe ONTHYCCKHIE TOIIUHBI arMocdepsl (1o Mose-
KyJSIPHOMY PacCesHHUIO U a’pO30JIbHOMY OCIA0NCHMIO); MapaMeTp WHAMKATPHUCHI paccesiHus (CpeaHuil Ko-
CHHYC); aib0e0 OJHOKPATHOTO PACCESIHUS; CIIEKTPaIbHOE alb0e0 MOBEpXHOCTH; HHTErpajbHoe (B cTONOE
arMocdepsl) colep)kaHUe BOISHOIO Iapa, Kuciaopoga U o3oHa. llpuuem HambOosee YyBCTBUTENEH CIIEKTD
HUCXOJAILEr0 U3JyYEHUs] K U3MEHEHUSIM CPEIHEr0 KOCUHYCa HHIUKATPUCHI, OIITHYECKOM TOJIIMHBI a3P030J1s
1 ab0e10 OTHOKPATHOTO PACCESTHHUS.

[pemnaraemas Hroke aHanuTH4ecKast arnnpokcuMarus CITD5 Hucxosiiero u3ryueHus B atmocdepe odec-
neyuBaeT pacyet 3HadeHuil CIID5 Ha ocHOBe MpocCTOit Moaeny 6e3001a4HO0M aTMOC(EPHI IO AHATUTHYECKUM
(dbopMmynaM, KOTOPbIE UCIIOJIB3YIOTCS 3aTeM AJIsl pelIeHus] 0OpaTHOH 3a1aun. YKa3zaHHAs alllpOKCHMaNus Io-
CTPOCHA aHAJIOTHYHO TpeIIOKEeHHON paHee anmmpokcuManuu CII9S s Bocxomsimero u3mydeHus [3], koto-
pas yCIENHO UCIIONB3YeTCs Il aTMOC(EPHOI KOPPEKITUHN TUIIEPCIEKTPATIBHBIX TaHHBIX.

Jus CIIDS Ha HMKHEN TpaHuIe aTMOChepsl B* (p,, Wos (p) (c ydeToM B3aUMOJECHCTBHS U3IYUYCHHS C I10-
BEPXHOCTHIO) MOKHO 3aIMcaTh CleAyoliee BoipaxkeHnue (BBoauM 3aBucuMocts CIIDS ot niaunel BonHbl) [4; 5]:

Silop T (1 - sz)
(1 - ”xpx)

i€ W — KOCHMHYC 3CHHTHOIO yIjia Ha6J'IIO,I[CHI/I$I; Uy — KOCMHYC 3€HUTHOI'O YyIjia COJ'IH]_[a; ¢ — asuMyTajb-
HBIN YToJl HalpaBJICHUSA PaCHpOCTpPpaHCHUSA HU3TYUCHUS OTHOCHUTCIIBHO INNIOCKOCTU COJIHCYHOI'O BCPTHUKAJIA,

B (A, g, 0) =T, (A)| Br(hs 1y 1o, @) + : (1)

BjTM(?u, W, W, (p) — SIPKOCTb aTMOC(EpHOH IBIMKH (YacTh M3IyYCHHs, HE B3aUMOJCHCTBYIOLIAs C MOBEPX-

E
HOCTBIO); S, = Tm‘ — SIPKOCTb COJTHEYHOT'O M3/Ty4€HUsI Ha BEpXHEH rpaHuLe aTMocdepsl, £y, — CeKTpalbHas

COJIHEYHAsl MOCTOsTHHAsI (OCBEIICHHOCTh HA BEPXHEH rpaHuIile aTMochepsl IUIOMIAAKH, HePICHIUKYIIPHOR
COJIHEYHBIM JIy4aM); P, — CIEKTpalbHOE aab0e10 MOACTUIAIOIIEH TOBEPXHOCTH, OTPAXKEHUE CUUTACTCS JIaM-
OeproBckuM; 7}, — cymMapHoe (mpsimoe mitoc 1uddysHoe, 6e3 yuera Mosoc NOMIOLIEHUs Ta30BbIX COCTaBIIAIO-
mux arMocgepsl) npornyckanue arMocdepsl or ConHIa K MoBepXHOCTH 3emiy; 7, — cyMMapHoe (IpsiMoe
wioc auddysHoe, 0e3 yuera nojioc MOrIOIMEHHS Ta30BbIX COCTABIAIONINX aTMOC(EphI) MPOMYCKaHUE aTMOC-
(bepbl OT MOBEPXHOCTH 3eMJIM A0 BEpXHEH rpaHHIbl atMochepsl; 7, — cdhepudeckoe anbbeno aspo30iIbHOM
aTMocdepsl.

B dopmyiie (1) yueT NOmIONICHHUS U3JIyUYEHHUS B I0JI0CAX OCHOBHBIX TA30BBIX COCTABIISIONIMX aTMOChephl
(BomsIHOTO TIapa, 030Ha M KUCIOPO/ia) OCYIIECTRIIACTCS (DUIIBTPOBBIM CIIOCOOOM, T. €. 00IIee BhIPAKEHUE JIJIS

CIIoA Bi(k, W, Wy, (p), 3arucaHHoe 0e3 ydeTa MOIVIONICHHS Ta30BBIMH KOMIIOHEHTaMH aTMocQepbl, YMHO-
’KaeTcs Ha MPOU3BEICHUE POITYCKaHUI TPeX ra30BbIX KOMIIOHEHT:

Tg(k) = Tx(Hzo)Tx(Oz)Tx(Os)'

Jlyis yueTa mpoIyCKaHUs B [1OJI0CAaX MOIVIONICHUs YKa3aHHBIX Ta30B ObLIM PacCUMTAHbI MPOITYCKAHHS aT-
Moc(epbl JUIsl CTaHAaPTHBIX 3HAUYCHUH MOMIOMIAOIIMX MAaCC KaXK/[0M I'a30BOi KOMIIOHEHTBI CO CIICKTPAIbHBIM
paspeiieHreM 2 HM Tipu pacroyiokeHnn CoJHIa B 36HUTE, IPU HAOJIOICHUHU TaKXKE B 3CHUT U MPHU CPEIHEM
anpOeno moBepxHoctu 0,2 (puc. 4).
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Fig. 4. Spectral transmissions of water vapor (curve /),
molecular oxygen (curve 2) and ozone (curve 3)

[Ipu ompeneneHnu MpomyckaHWs C MOMIOLIAIOUICH MacCod, OTIMYAIOLICHCs B m pa3 OT CTaHAAPTHOH,
u apyrux yrioB CosHIa 1 HaOMIOACHNS HEOOXOIUMO BOCIIONIB30BATHCS CICAYIOUIMM BBIPAKEHUEM IS KaxK-
JIOTO M3 r'a30B:

1 1
_[o ’"[E*H]
= [Tg (x)] ),
e Tgo(k) — CTaHJApTHOE IIPOITyCKaHMUE Ta3a IPH YKa3aHHBIX BBIIIE YCIOBUIX.

Just dyHkuuil nonHoro npomyckanus (6e3 yueTra HONIOMIEHUH B nojocax rasos) 7, u T, BHU3 U BBEPX
COOTBETCTBEHHO, a TaKkXe ChepuuecKoro aap0e10 aspo30ibHON aTMoc(epsl pearaeTcsl HCIoIb30BaTh J0-
CTaTOYHO TOYHBIC AHATUTUYCCKHE ANPOKCUMALUK U3 PaboThI [4], KOTOPbIC MOTYYEHBI ISl CIICAYIOIIUX 3Ha-
YeHUH apaMeTpoB (31ech U ajee g — CPeIHUN KOCUHYC MHIUKATPUCHL PACCESHUS; T, — [IOJHAs CLIEKTPaIbHAs
onTudeckas TommuHa arMocdepsl): 0 < g < 0,9; 0,2 <pu < 1,0; 0 < T, < 2 ¢ MakCUMaJIbHOM HOFpCHIHOCTbIO
okono 8 % mia g € [0; 0,9], 7, € [0; 2], w e [0,2; 1,0] u norpemnoctero Menee 4 % i T, < 1,6, g < 0,8
nue [0,2; 1,0].

CrieKTpanbHyIO IPKOCTh aTMOC(HEPHON TBIMKU BaTM(X, W, Wy, (p) B (1) mpexayaraercs paccuuTHIBATh IO Clie-
JYIOLIEH anmpoKCUMaMoOHHOH (opmyie:

aTM(Q\‘ p” “'0’ (p) laTM(;\' H, MOJ (p)l:l + Q(mxtx(}‘))p]s (2)

IJe y4eT MHOTOKPAaTHOTO paccesHHs B HUCXOIsIee HM3IydeHHe arMoc(epHOH IBIMKH OCYLIECTBISIETCS
B BHJE TONPaBKHU K OJHOKPATHOMY; ¢, p — HEM3BECTHbIE KOHCTAHTHI (IOATOHOYHBIC MapaMeTphl MOJEINN);

lam(l W, Lo, (p) — CIIDS npiMKH B IPUOIIKEHUHN OTHOKPATHOTO PacCesHus (B CIEAYOmuX GopMyliax caMu

L ¥ L, BE31€ [10JI0KUTEIIbHBL, 3HAK YUTEH SIBHO):

S exp(—1,/U) — exp(—7,/
Bl 0) = S0 () PR OPETI)
n=H,
S
Bl b b ©) = 2285, Jexp (=T, ), 1=ty
0

1_ 2

x(v,) = 4

(1+g*-2¢v,)"
Yo=Hp, +J(1- 0*)(1- 1j ) cose.
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Ilonnas BCPTUKAJIbHAA ONTHYCCKas TOJIIMHA Ha JJIMHE BOJHBI A 6e3 yuera OINTHUYECKOM TOIIIUHEI 11O Ta-
30BOMY IHOIJIOIICHUIO!
T,=T,tT,+1,

rac T, — ONTUYECKas TOJIIWHA 10 MOJIEKYIIIPHOMY (pSJ'ICeBCKOMy) paccesaHunro; T, — ONTUYCCKas TOJIIIHNHA I10
adpO30JIBHOMY PACCEAHUIO; T, — ONITUYCCKasA TOJIINHA IO a’3pO30JIbHOMY IMOTJIOIICHUTO. AJ'IB6CZ[O OAHOKpAT-
HOT'0 pacCesHusAd (BCpOﬂTHOCTB BbIDKMBAHUA KBaHTa) BBIYUCIIACTCA YC€PE3 BBCACHHBIC ONITUYCCKUEC TOJIIIUHBI:

T, T 71T,

0, = — 21—
T, +T,+T,

CHeKTpaJ'IBHLIC OIITHYCCKHUE TOJIIIMHBI aTMOC(l)epBI AIMPOKCUMHUPYIOTCA B paMKax I/ICHOﬂb3yeMOI>'I MOOCIN
CTCIICHHBIMU (byHK]_[I/IﬂMI/IZ

0
T,=T, Y ,0<B <4, t,=const,

e T,,, T,, — 3HAUYCHUsI COOTBETCTBYIOIINX ONTHYECKUX TOJIIMH HA OMIOPHOMN JUTHHE BOJHBI A

[Tpubmkenre (2) mpemIoKeHo U MCCIEAOBAaHO B padoTe [S] AMs CyMMapHOTO HM3IY4YeHHUs! aTMOC(epBl,
MBI JK€ UCIIOIb3yeM TO NPUONMKEHNE TOJIBKO JUIs BKJIaga aTMocdepHoit apiMkH (ciaydail p, = 0). KoncTaHTh
g 1 p B (2) ABIAIOTCS HEU3BECTHHIMH (TIOITOHOYHBIMH MapaMeTpaMy MOAENH). YUeT BKJIaAa aTMOCc(epHOr
JBIMKH B OJHOKPAaTHOM HPUOIMKEHUH, KaK IMOKa3bIBAIOT PACUEThl, COBEPIICHHO HEYIOBICTBOPHUTEICH HaKe
JUIs1 O4€Hb YMCTON arMocdepbl, Tora Kak npeacTaBieHue (2) o0ecrneunBaeT BEICOKYIO TOUHOCTb.

[Ipu monenupoBannu cnektpa CIIDS HuCXOAAIIEro U3My4YeHUsT UCHIOIB3YIOTCS U3BECTHblE UIMEPEHHbIE
BENUUUHDL:

1) 3enuTHbIH yron ConHIa;

2) 3eHUTHBIN YTOJl ChEeMKH;

3) a3uMyTaJIbHBIA yrol CbeMKH OTHOCUTEIBHO IIOCKOCTH COTHEYHOTO BEPTHKAIA;

4) nzmepenHas crexrponoisipumerpom CI194;

5) pasmepHas ¢pyHkuus sprkocta ConHIIa Ha BEpXHEW TpaHuLe aTMoCcQepsl;

6) QyHKIMS NPOIyCKaHUs KUCIOPO/a;

7) QyHKIMS OpOIyCKaHUS 030HA;

8) dyHKuuMs nporycKaHus BOISHOTO mapa,

a TaKXKe Heusgecmuvle napamempuvl ammocgepoi:

1) anp0eno p MOACTHIIAIONICH TOBEPXHOCTH (CPEIHEE O CIIEKTPY);

2) mokasarelb [3 CTerneHHO# 3aBUCHMOCTH a’pO30JIbHON ONTHYESCKOM TOJIIMHBI 10 PACCESHHUIO OT JUTHHBI
BOJIHBI (ITapaMeTp AHICTpPEMa);

3) onruueckas TOILIMHA T, 10 HONIOLIEHUIO a3p030J1s (KOHCTAHTA);

4) ontuyeckas TOJNILHUHA T, 10 PACCESHUIO a3P030JIsl Ha ONOPHOM AnKHe BOIHBI 0,55 MKM;

5) cpenHMid KOCUHYC g MHIAMKATPUCH] PACCESHUS;

6) OTIMYME MOMVIOMAIOIIeH MacChl OT CTAaHAAPTHOH (m pas3);

7) mepBbIii MOATOHOYHBIA apaMeTp p;

8) BTOpOI1 MONTOHOYHEI Mapamerp q.

Jnist onpenesieHusl HeM3BECTHBIX MapaMeTpoB MpuMeHsieTcs anroputm JleBenOepra — Mapksapara peiie-
HUSl 00paTHOW 3aJjaud METOJIOM HAaUMEHbBIIUX KBaaparoB. C ero MmoMoIbpio HaX0IuTCs Takol Habop aTMoc-
(epHbIX mapaMeTpOB, KOTOPBIH MUHUMHU3HUPYET OTKJIOHEHHE CMOJICIMPOBAHHOTO CIIEKTPa OT U3MEPEHHOTO.
ANropuTM NO3BOJIAET 3a7aBaTh OrpaHUUYEHUs BUJA [, < x; < u,, 1€ X, — 3HAYCHUE i-ro mapamerpa; [, u u, —
MUHUMAaJIbHOE 1 MAaKCUMalIbHOE BO3MOXKHBIE 3HAUEHUSI, KOTOPBIE 3a/1al0TCSl HCXOs U3 (PU3NYECKOTO CMBICTA
napameTpa.

Pe3yabTarbl BOCCTaHOBJIEHHS aTMOC()EPHBIX IAPAMETPOB

st monmy4yeHns: arMOc(epHbIX TaHHBIX MPOBOJMINCH U3MEPEHHUS CIIEKTPOB arMocdephl 1Mo cieayromei
cxeme. B 6e3z00maunsiii nens CCII-600, yctaHOBIEHHBIN Ha Kpblile 371aHus HA BeicoTe 30 M HaJ ypOBHEM
3eMJIH, PETUCTPUPOBAII CIIEKTPHI C IaroM 5° 1o yriy B aabMykaHTapare CosHIa U 2° B INIOCKOCTH COJIHEY-
HOTO BEpPTUKaJa 110 ONMCAHHOH BhIlIE METOAUKE (pHcC. 5). B ntore ObUIN MOTy4eHBI CIEKTPaIbHbBIC JaHHBIC
B 162 Toukax.
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Pazpaborano [10, koTopoe 1Mo3BOJISIET MOATOTOBUTh HA0OP JAHHBIX JUIS aHAJIN3a W BHIOIHUTh aJrOPUTM
HaXOXKJICHHUS aTMOC(EpHBIX MMapaMeTpoB. [Ipu 3ToMm aiist GopMHUPOBAHHS aHAIN3UPYEMO Jlajiee BEIOOPKH J1aH-
HBIE CUUTHIBAIOTCS B (hopMaTe, B KOTOPOM COXPAHSIIOTCS CIIEKTPHI U COMyTCTBYIOMIast nHpopmarus. CHITBIC
CIICKTPHI 3arpyKaroTcCs B IporpaMmy BMECTE C XapaKTCPUIYIOUIMMU HaIllpaBJICHUSA CbEMKH YITIaMU. MosxHO
0TOOPa3UTh B BUJIC TPA(QUKOB KaXK/bIH U3 3arpyKEHHBIX CIIEKTPOB M MPU HEOOXOANMOCTH (HAIIPUMED, 3alllKa-
JIMBAIOIINE 3HAUEHUS B YAaCTH CIIEKTPa) UCKIIOYUTH U3 BHIOOPKH HEOCTOBEPHBIE.

[ponenypa omnpenencHus: arMOchEPHBIX MapaMeTPOB MPEATNoIaracT HaX0XKICHHE TAKOBBIX JIJISI KaXKJI0TO
U3MEPEHUS ¢ TIOMOIIBIO MOATOHKHM aHAJTUTHUECKON ammpOKCUMAIMK CTIEKTpa K M3MEpeHHOMY (puc. 6) me-
Togom JleBenOepra — MapkBapara. HezHaunrenbHbIe pacXxoxkKICHHUS SKCIIEPUMEHTAIILHOTO H TEOPETUIECKOTO
CIIEKTPOB Ha pHC. 6 0OBACHIIOTCS Pa3HBIMU CHIEKTPaIbHBIMU pa3perieHnsaMu. Hebonpime MakcuMyMBI 110 00e
CTOPOHBI MOJIOCHI TOTNIOIICHUs Kuciopoa (762 HM) 00yCIOBICHBI MOIPEIIHOCTIMH ITprbopa.
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Fig. 5. Measurement Scheme of SSP-600:
in the Sun’s almucantarate (a); in the plane of the solar vertical (b)
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B pesynwprare ananusa Habopa HalJEHHBIX MapaMeTpoB (YCTpaHEHUE BHIOPOCOB M YCPEIHEHUE OCTaB-
LIMXCSl 3HAYEHUI aTMOC(EepHBIX apaMeTPOB) ObUIM ONPEAETICHBI CIEAYIOIINE 3HaUeHUs TapaMeTpoOB aTMO-
cepsr: B =3,60867; p=0,866991; 1, = 0,424449; 1, = 0,005; g = 0,428 715; m = 0,189 117, ¢ = 6,02009;
p = 0,740876. [lony4yeHHble BETMUYUHBI COOTBETCTBYIOT THIIMYHBIM ITapamMeTpaM TOPOACKOH (3aMyTHEHHOM)
arMocdepsl. Heckonpko 3aBbIlIEHHOE 3HAUEHHE CPETHETO M0 MOACTHIIAIOIIEH MOBEPXHOCTH U CHEKTPY aJlb-
oeno (p = 0,866991) MokeT OOBACHATHCS HAJTUYUEM OOJBIIOTO0 KOJMYECTBA OTHOCUTEIBHO SPKUX MOBEPX-
HOCTEH TOPOJCKOH cpeabl (KPBILIN, JOPOTH U TIp. ).

ITo paccunTaHHOW ONTUYECKOM TOJIIIMHE MOKHO CHEJIATh OLIEHKY KOHIIEHTPAllUU YaCTHI] a’dpo30Jis pas-
JUYHBIX paguycoB. ComiacHo [6] AaHHas KOHUEHTpauus 11 yacTul paguycom 0,1 MxMm B 2 pasa BblllIE, a pa-
nuycoMm 0,2 MKM — B 4,5 pasa BBIIIE, UeM B YUCTOU aTMocdepe.

Pe3yabrarhl yIiIoBBIX H3MEPEHUH
CIIEKTPOB M3JIyYeHHS ¢ MOJIAPU3ALHOHHBIM QUIBTPOM

CCII-600 mo3Bomsiet uamepats CIIDS paccesnnoro B arMocdepe H3IIydeHus ¢ YIeTOM €ro TOISIpU3aIliy.
b1 mpoBesieH 3KCIepUMEHT, 3aKIIodaroIniics B oqHOBpeMeHHbIX n3MepeHusax CIIOS B onHuX u Tex ke Tod-
Kax HeOecHOH noycdepsl IPU Pa3HBIX MOJ0KEHUX INIOCKOCTH MPOITYCKAHUS MOJISIPU3ALMOHHOIO (hUIIBTpA.

[Tpu 00paboTKe MONSAPU3AIMOHHBIX U3MEPEHUH HCIIONB30BAINCh (GOPMYJIBI (CM. HIXKE) JJISI BBIPAKCHUS
nepBbIX Tpex napameTpoB CTOKca, a Takke MHTEHCHUBHOCTH, CTEIICHH M a3UMYTa JMHEHHOH MOJIsIpU3aLuu
4yepe3 UHTEHCUBHOCTH U3JIyueHUs /,, COOTBETCTBYIOIIUE TPEM IIOJIOKEHUSAM IUIOCKOCTH IIPOILYyCKaHUs I10JIsI-
pouja (JUIMOTUYECKON nonspusanueil B atmocdepe MOXKHO npeHeOpeus). 3HaueHus [/, ObUTH HOTyYeHB! Ha
JutiHe BOHBI 440 HM.

[Tapamerpst CTokca (epBbIE TPH):

L=1y+ 15, U=215—1,— Loy, Q=1)— Iy

CTEIEHb JIMHEHHOM NOJIsApr3aIuu:
[ Q2 + U2
P=———-;
L
A3UMYT IOJIAPpU3 ALK

—larctg
¢ > gQ'

PeSy.]'IBTaTLI BBIYMCIICHUN WHTEHCHUBHOCTH H napamMeTpoB NOJIIpU3aAlN U3JTYYCHUA NPCIACTABIICHBI Ha

puc. 7-9.
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Puc. 7. UHTEHCUBHOCTH M3JIydeHus B aibMykaHTapare CosHia
(yron 0 cooTBeTCTBYeT HanpasiieHHt0 Ha CorHIIe)

Fig. 7. Intensity of the radiation in the Sun’s almucantarate
(angle 0 corresponds to the direction of the Sun)
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Fig. 9. The angle of polarization azimuth in the Sun’s
almukantarate relative to the direction to the Sun

AHaM3upys YIIOBYIO 3aBUCUMOCTh CTETICHH JIMHEHHOM Nonsapu3annu (CM. puc. 8), MOXKHO CIeIaTh BBIBOJ
0 HaJIMYUH YACTHUI] a3PO30JIA HAJl MECTOM U3MEPEHUS, TaK KaK 3aMETHO CMEIICHUE MAKCUMYMOB <JICTIECTKOB)
ot nojoxkenuit 90° u 270°, 4To COOTBETCTBOBAJIO OBl «YHCTOM» PaIeeBCKOM aTMocdepe.
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3aKjaoueHune

Pa3zpabotans! ckanupyrommii comHedHbiid criekrponosipumerp CCII-600 u 1O cructeMbl yrpaBiIcHUS.
[IpoBeneHs!l crieKTpabHBIE M3MEPEHHS MO0 TMPEIOKEHHOW MeTonuke B MHHCKe, MoydeH HaOop AaHHBIX
JUTSL JaJTbHEHIIero ananusa. Pemras oOparHyto 3amgady anroputMoM JleBenOepra — MapkBapaTa I KaKI0TO
cnekTpa ¢ nomorisio [10, ObIIH ompeneneHsl onTHYecKkue arMochepHble mapaMeTpsl. Takke paccuUTaHbI
MOJISIPU3AIIMOHHBIE XapaKTEPUCTUKN PACCESHHOTO COJIHEYHOTO M3iydeHus. llo pesynapraTtam MpOBEACHHBIX
VM3MEPEHUH MOYKHO CYIUTh O HATMYUH CYIIECTBEHHOTO KOJIMYECTBA adPO30JIbHBIX YacTuI] Ha MuHckoM. [1o-
JydeHHBIE ONITUYEeCKHe aTMoc(hepHbIe TapaMeTPhl U MOJPU3AINOHHBIE XapaKTEPUCTHKH MPEACTABISIOT UH-
Tepec [Tt peIIeHNs 3a/1a9 OTIPE/IEIeHNsI COCTaBa M KOHIIEHTPAINY a3p0o30JIsl U OyAyT MCIIOIB30BaHbI B 1ajlh-
HEUIIUX UCCIIEIOBAHUSX.
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