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Onpeoenenvl Kpocc-koppensyuu gaykmyayuti amMnaumyobl paouosoin ouanazota 32 cm ons cemu
PAOUO3AMMEHHBIX CEAHCO8 UMEPEHULL 8 Ce6ePHOLL NOTAPHOU ammocghepe Berepovl, npoeeoerHbIX ¢ HOMOUbIO
annapamog BEHEPA-15 u -16. 3nauumenvhble euuunbl Kpocc-Koppesiyu ObLiu HAtlOeHbl OJis Yemblpex
PAOUO3AIMMEHHBIX CEAHCO8 8 8blcomHoM uHmepsaie 59.0—61.5 km. ObrapyiceHo pacciioerue 8 6epXHeM spyce
o6naxos Benepot na svicomax om 59.0 0061.5 km, 20e Habirooaemcst NOBbIUEHHASL MYPOYIEHIMHOCHb
ammocepol. Hatideno, umo epemsi H#CusHU METKOMACUIMAOHBIX CLIOUCTIbIX HEOOHOPOOHOCIEN COCMABISIEN
bonee 08YX CYIMOK, a UX 20PU3OHMATLHAS NPOTNANCEHHOCIb 8 MEPUOUOHWTLHOM HANPAGTIEHUU MOJICEN
npesocxooums 180 wm.

Kmouegvie crosa: paouosammenmvie uzvepenus, ammocghepa Benepol menkomacumadmwvle cioucnvie
HEOOHOPOOHOCU, (DIYKNIYayust aMIIUNTY Obl PAOUOBOITH.

Study of layered structures in the planetary atmospheres using radio occultation data
V.N. Gubenko', LA. Kirillovich', T.V. Gubenko', V.E. Andreev', D.V. Gubenko'
'Kotel nikov Institute of Radio Engineering and Electronics RAS (Fryazino branch)

Cross-correlations of 32-cm radio wave amplitude fluctuations have been determined for seven radio
occultation sessions of measurements of the Venus's northern polar atmosphere using Venera-15 and
-16. Significant cross-correlations were found between 59.0 and 61.5 km in four different radio
occultations. Layering has been revealed inthe upper layer of the Venus clouds at altitudes of 59.0—61.5
km, which is specified by enhanced turbulence of the atmosphere. It has been found that the lifetime of
the small-scale layered irregularities is 2 days or more, and their horizontal extension in the meridional
direction can exceed 180 km.

Keywords.: radio occultation measurements, Venus'’s atmosphere; small-scale layered irregularities,radio
wave amplitude fluctuation.

Beenenne

HaGmronenuss Quykryanuii napaMeTpoB pPaJuMOBONH NPENOCTABISAIOT YHUKAJIBHYIO
BO3MOXHOCTb Ul MCCJIEJOBAHUS MEIKOMACIITaOHBIX HEOJHOPOIHOCTEH B armocdepax
rianeT. [IpumeuaTensHON 0COOCHHOCTBIO palioHa atMochepsl Benepsl, pacmnonoKeHHOTO Ha
BbICOTax BOMM3M 60 KM, SBISETCS MOBBIIICHHBIH YPOBEHb AMIUIUTYIHBIX (IyKTyaluid,
HaONIOAABIIUICA B PaJMO3aTMEHHBIX JKcrepuMmeHTax ¢ ammapatamMmu MARINER-5 u -10,
BEHEPA-9, BEHEPA-15 u -16,PIONEER VENUS u MAGELLAN. ABtopsl paGotsl [1]
nojlarajid, 4TO 3axBaT BHYTPEHHMX TIpaBUTAlMOHHBIX BoiH (BI'B) mnpuBogur k
BO3HHKHOBEHHUIO aTMOC(epHON TypOYJIEHTHOCTH, KOTOpas OOYCIOBIMBACT aMIUIUTYIHBIC
¢dunykTyaruu, HaOmomaemble B u3MmepeHusax c¢ ammapatoMm PIONEER VENUS. Jlpyras
UHTEpIpETalMs JTUX JAHHBIX CBSI3aHA C BHYTPEHHHMH BOJHAMM, TI'€HEPHPYEMBIMHU
KOHBEeKIIMEH [2]. AHamoruuyHble W3MepeHus (IyKTyaluii WHTEHCHBHOCTH CHUTHasa
poBOIUIUCH B OKTsAOpe 1991 roxa Ha Benepe ¢ momomnisto anmapata MAGELLAN. ABTopsr
pabot [3, 4] momaranu, yro HaOmogaemble (IYKTyallud MHTEHCUBHOCTH PaJlo3aTMEHHBIX
CHUTHAJIOB MOT'YT OTpa)kaTh OTKJIIMK CBOOOHO pacrnpoctpanstoniuxcs BI'B B atmocdepe.

3aMeTUM, YTO BBILIEYNOMSIHYTbIE MHTEPIPETALUU MIPEANIONAraloT CIydalHbI XapaKkTep
uccienyeMbix (IyKTyallMid, OJHAKO 3Ta THUIOTe3a HyXJaercs B mpoBepke. Ecmm ke
(GuyKkTyanuu curHaiga, HaOJIOJaeMble B pa3HBIX pPaJUO3aTMEHHBIX CEaHCaX, SBISIOTCS
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KOPPEIUPOBAaHHBIMU, TO OHH MOTYT OBITh OOYCIIOBJIEHBI TOHKHMH DPETYJISPHBIMU CIOSIMH B
atMocdepe miaHeTsl. Llenpio paboThl ABIsSETCS ONMUCAaHUE U KPOCC-KOPPEISIIMOHHBIN aHaTu3
HKCIIEPUMEHTAIBHBIX JaHHBIX O (QIYKTyallMsX aMIUIMTYIbl PaJUOBOJIH JAuana3zoHa 32 cM B
atMocdepe Benepsl. DkcniepuMeHThI ObUIM BBIMOJIIHEHB! B iepuof ¢ 16 mo 31 okrsa0ps 1983
roJia B CEMH CEBEPHBIX paiioHax aTMoc(ephl TUTaHEeTHl Ha MHMpoTax 6omee 83°.

JKcIepUMEeHTAIbHbIE JaHHbIE U Pe3yJbTaThl KPOCC-KOPPEJSIIHOHHOT0 AHAJIN3a

C 1enpio MOUCKA PETYISPHBIX aTMOC(EPHBIX CTPYKTYP HMPOBOJHUIICS KOPPEISALMOHHBIHN
aHaJM3 aMIUTUTYAHBIX (QIyKTyauui, Ha0JII0JaeMbIX B CEMH OJIM3KO PacIIONIOKEHHBIX paifoHax
noJsipHoit atmocdepsl Beneprl. Ha puc. 1 mokaszansl yetbipe npoduiasi HOpMHUPOBAHHBIX
baykryammii ammtutyasl x(h) = In(E(h)/Eo(h)) = AE(h)/Ey(h), XapakTepu3yoIuX HHTEPBAI
BbicOT 58.5-65.5 xM. 3necy E(h) u Eo(h)— ammumntyaa U cpeaHss aMIUIUTyla CUTHana; h —
BBICOTA TEpHUresi paauoiyda. 3aMeTHass KOppessius (IIyKTyallii mposBISeTCsS Ha BBICOTAaX
59.0-61.5 kM. AmmiaurynHbele (IIyKTyalud, HaOJIoAaeMble B TpeX IOCIEIOBATEIbHBIX
3ouaupoBanusix anmaparom BEHEPA-15 (ceancsl 24, 28 u 30; 23,24 u 25 okTs16ps 1983 rona),
JIEMOHCTPHPYIOT MTOBTOPSIEMOCTh B ICTANISAX BONMM3U ypoBHEH 59.0, 59.5,60.5 u 61.5 kM.

Benepa 15 ceanc Ne24 Bewnepa 15 ceanc Ne30
23 okTa6ps 1983 1. 25 oxradpsa 1983 r.

h 85.3%.m. 308.9%3 1. 86.5°.mr. 310.4°3.11.
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Puc. 1.BbicoTHBIe NPOQUIN HOPMUPOBAHHBIX QIYKTyaluii aMIUIMTYAbI B HHTEPBaJie
58.5-65.5 kM, HaOIr0qaeMBIX BO BpeMsl 30HIUPOBAaHHUS YeThbIpeX MOJAPHBIX PaiiloHOB aTMOChepsbI
Benepsl. BoicOTHBIE IOTPEeIIHOCTH JAHHBIX 00YCJIOBJICHBI, B OCHOBHOM, CHCTeMATHYeCKUMH
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OMOKAMH M He PeBOCcX0aAT £0.3 kM.
JIJ1s1 KOTMYECTBEHHOTO OMKCAaHUSl CTENEHH KOPPENSLUU ABYX MPOU3BOJIBHBIX Mpoduiien
x1(h) nyz(h) HamMu OBLT B3SIT HOPMUPOBAHHBIN KOADOUIIMEHT KPOCC-KOPPEISuH [5]:

_ (X1X2>_ <X1>(X2>
G- ) 2 (G2 (1))

b,(1,2) 7 -

C or1oii menpro, o usmepenusm y1(h) u yo(h) Ha waTepBane 59.0-61.5 KM, BBHIUMCIUIACH
byukus xoppemsuuu. Kak mnpaBuiio, MUK KOppensUuy HaOonaics Mpu HEKOTOPOM
BBICOTHOM CMEILEHUH, ¥ BEIMYMHA MHKOBOH KOppelsnuu Opanack HAMU B KayecTBE MEpHI
b, (1,2). TlockonbKy KOpPpPENALHOHHBIA MHTEPBAll COCTAaBIsAI BCEro 2.5 KM, TO BEIMYHMHA
IIMKOBOM KOppesluy, MOIy4YeHHas B pamkax cMmemieHus +0.5 KM, cuuTanach HaAeKHOU
ouenkoi b, (1,2).B Tabnune 1 npencraBiaeHsl TUKOBbIE KOPPEIALUU U COOTBETCTBYIOLINE UM
CMEILEHUs JUIsl Pa3HbIX KOPPENSLMOHHBIX Map. 3/1eCh TakXe MOKa3aHbl TOPU3OHTAIbHbBIE
paszeneHus 30HAUPYEMbIX palOHOB MO LIMPOTE (BIOJIb MEpUIUaHa) U MO JOJTOoTe (BIOJb
IIMPOTHOTO KPyra) ¥ BpeMEHHOW MHTEpBall MeX 1y 30HaupoBaHusMu. 13 Tabmuier 1 BugHO,
YTO aMIUIUTYIHbIE (PIYKTyallu, 3aperucTpUpOBaHHbIC B PalMO3aTMEHHBIX ceaHcax 24, 28 u
30, SBIAIOTCS CUJIBHO KOPPEIMPOBAaHHBIMHU, a CMEIICHHS MHKOBOW KOPPENSIUU IS
COOTBETCTBYIOIIUX KOPPEJSILIMOHHBIX TMap HE TMPEBOCXOASAT BBICOTHOW IOTPEHIHOCTH
u3MepeHuii, paBHoM 0.3 kM. 3HAUUTENHHOE BPEMEHHOE U MPOCTPAHCTBEHHOE Pa3/ICICHUE
HaOJroaeTcsl MeXAy 3O0HIUPOBaHMEM B ceaHce 42 W OCTalIbHBIMH 30HAWPOBAHUIMH,
npezcTaBieHHbIMH B Tabnuie 1. bonee Toro, muKoBbie CMEIEHHS A1 KOPPESIUOHHBIX Tap ¢
y4acTUEM 30HAUPOBAHUS B ceaHCe 42 COCTaBIAIOT 3HAUUTENbHbBIE JOJIU OT KOPPEISALMOHHOTO
uHTepBaia B 2.5 kM. [lo 3Toil mpuynHe Mbl UCKIIFOUMIIN TAaHHBIE PAMO3aTMEHHOTO ceaHca 42
MIPU BBIYUCIICHUN YCPETHEHHOTO 110 aHCaMOJTIO TTpOdHIs.

Tabmuua 1. [lukoBble KOppeIsSIIMM aAMIUIMTYAHBIX  (QIyKTyanuid i pa3HbIX

paamo30HANPOBAHNNA B BEICOTHOM HHTEpBasie 59.0 - 61.5 km nossspHoit atMocdepb Berepbl
Howmepa 30Ha1pOoBaHMHA

Koppensimuonnas napa

24-28 24-30 24-42 28-30 28-42 30-42
ITuxoBast Koppensuust, by 0.69 0.60 0.60 0.48 0.61 0.37
BricoTHOE cMelieHne, KM 0.18 0.27 1.10 0.10 1.00 0.80
I'opusoHTaNBEHOE pa3neneHue
30HAUPYEMBIX PaliOHOB IO 181 128 21 53 160 107
LIAPOTE, KM

l'opuzonTansHOE pazneneHue
30HIUPYEMBIX PAHOHOB TIO 55 11 1105 56 847 972
JIONITOTE, KM

BpemenHO uHTEpBall MEKIY
30HAUPOBAHUAMU, YaC

24.5 49.0 200.0 24.5 175.5 151.0

JI1s1 yMeHbIIIEHUS BIUSHUS CITyYalHBIX (DIYKTyaluil TPy aMIUTATYIHBIX Tipodus (puc. 1)
Oobutn ycpemaHensl (mpoduis Ne 42 Obl1 MckimoveH w3 ycpeanenws). Ha puc. 2 mokasan
CPeIHUI BBICOTHBIN (BPEMEHHOM) MPO(HIIb aMITTUTYAHBIX (IIYKTYyaIui, XapaKTepu3yromui
noJsipHyto armochepy Benepel. MozgenbHast cunycounanbHas ¢yHKuus (Tinagkas KpuBas),
MoKa3aHHas JUIsl CpaBHEHUs, Oblia rostydeHa B pesyinbrare MHK-noaronku x ycpeaHeHHOMY
npodutro Ha mHTEpBasie 59.0-61.5km. Ha puc. 2 MOXXHO yBUIETh TPH TOHKHX CJIOS HA BBICOTAaX
59.0-61.5 kM. BepTukanbHasi TOJIIMHA BEPXHETO U CPETHETO CIIOEB COCTaBseT 0KOJo 0.9 kM,
a TOJILMHA HI)KHETO €J10s IpUMEPHO paBHa(0.5 kM.

Takum 00pa3oM, MPOBEACHHBIH KPOCC-KOPPEISUOHHBIA aHaIU3 aMIUIUTYIHBIX
GuyKTyanuii ykasplBaeT Ha MPUCYTCTBUE TOHKOW PETYJSIPHOW CTPYKTYpBI B BEpXHEM spyce
obnakoB Benepsl Ha BbicoTax 59.0-61.5 kM. XapaktepHoe BpeMs KU3HH ITOH CTPYKTYPBI
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npeBocXoauT 49 dacoB (BpEeMEHHOW MHTEpPBA MEXIy H3MEpEHUsMH). [opu3oHTAIBbHAS
IPOTSAKEHHOCTh OOHAPYKEHHOM CJIOUCTOM CTPYKTYphl B MEPUIMOHAIBLHOM HAalpaBICHUU
paBHa 180 kM, a BAOJb LIMPOTHOTO Kpyra COCTaBIAETSS KM (3TM MHMHHMAJIbHBIE OLEHKU
IPEJICTABIISIIOT TOPU30HTAJIBHBIE DPA3AEICHUS 30HIUPOBAHUN 110 LIMPOTE U JOJIOTE, CM.
Tabmumy 1).

Bpewma, t, cex
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Puc. 2.Cpennnii BbICOTHBII (BpeMeHHOI) npoduib GuykTyanmii aMIJiMTy bl CUTHAJIA
auanaszoHa 32 ¢cM B aTMocdepe BepxHero spyca 006;1axkoB BeHepsl. YcpeaHeHne mo aHcamoJ10
NMPOBOAWJIOCH 10 TpeM nmpoguiasam: Ne 24,28 n30 (mosrydenst 23, 24 u 25 oxkTsiopsa 1983 roaa).

3akiir0ueHue

Paccnoenune BepxHero sipyca 00J1akoB OOHAapYXKEHO B CEBEPHOM MOJSPHON aTMocdepe
Benepor B nmepuop ¢ 23 mo 25 oktsa6ps 1983 roma. O6 3TOM CBUACTEIBCTBYET (DU3UUECKU
3HaYMMas KOPpeJsus aMIUTUTYAHBIX (GuykTyaruil (koagdunuentsl koppensaun ~0.5-0.7),
YCTaHOBJIEHHAs! U1l TPEX 30HIAUPYEMBIX pailoHOB B MHTEpBasie BoIcOT 59.0-61.5 km. HalineHo,
YTO BEpPTUKaJIbHAs TOJIIMHA TOHKUX PETYISIPHBIX CJIOEB cocTaBisieT oT ~0.5 mo ~0.9 kM, ux
TOPU30HTANIbHAS MTPOTSXKEHHOCTh B MEPUANOHAIBHOM HaIpaBlIeHUH MpeBocxoauT ~180 kM, a
BpeMsl ’KH3HU MEJIKOMACIITAOHBIX CIOMCTBIX HEOJHOPOIHOCTEH B aTMoc(epecocTaBisieT HE
MEHee JBYX CYTOK.

Paboma evinonnena 6 pamxax cocyoapcmeeHHo2o 3a0anus U YACMUYHO NOOOEPIHCAHA
Poccuiickum ¢ponoom ¢hynoamenmanvrvix ucciedosanutl (npoexkm PODU Nel9-02-00083A4).
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