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LIEHTPAJTIbHOM A3SPOJTIOTMYECKOM OBCEPBATOPUU 65 JIET

Obcepeatopus 6bina cosgaHa B cyposom 1941 rogy  “..B uensx ObICTPOrO NPOEKTUPOBAHMS,
M3TOTOBNEHMS M MCMBITOHMA HOBbIX KOHCTPYKLMIA O3POMETEOPONOMMYECKMX NPUOOPOB W yryyLIEHus
30HAMPOBAHUA  aTmochepsl B ropoge Mockse”. O6cepsatopust opranuszosbiBanac Ha  6ase
asponomyeckoi obcepeatopmm LleHTpansHOro MHCTUTYTG NporHo3oe co wratom B 36 eaunnu, Mpukas o
coznaHumn obcepsatopumn buin noanucar 08 centabpa 194 1r. HayansHukom Y Tuapometcnyx6s KpacHon
ApPMUM 3HOMEHWUTBIM MONAPHUKOM, GpuragHbim uHxernepom Esrennem KowctantuHoeuuem Penoposbim,
a8 1943 ropgy Ha 06CEPBATOPUIO AOMOMHUTENBHO ObiNM BO3NOXEHb PYHKLUMM OBLLECOIO3HOTO HAYYHO-
METOAMYECKOrO LEHTPA MO A3POMOMM, MOCKOSbKY PAHEE WCMOMHSBLUMIA 3Ty GyHKUMIO A3pOnornyeckui
unctutyT [TO B MNasnoscke Gbin BapBaAPCKH paspyLleH GaMCcTamm.

B tom xxe 1943 ropy B.B. Koctapes npemnoxun npumeHnTs paamMonokatopsl Ans onpeaeneHus BeTpa
B atMocdepe. 30 KOPOTKOE Bpemst Bbin  PA3PABOTAH M BHEAPEH METOA BETPOBOTO PAAMO30HAMPOBAHMS
atmocdepsi.

Ewe no okoHYaHMA BOMHBI HOYANOCH BOCCTOHOBAEHME W PA3BUTUE CA3PONOTMYECKMX HABMIOAEHUNA B
macwrabe Bcen crpanbl. O6cepsatopun GbINa NPELOCTABNEHA HOBAS TEXHWKA, PAAMONOKALMOHHbIE
CTAHUMHK, COMONETbI, A3POCTATHI, O TAKKE Bbin yBEAUYEH WwTarT.

B pastbie ropsl LIAO Bosmaoenanu takue BugHble yuensle, kak [M.Tonbiwes, E.l. LLUsugkosckuit,
B.[l.Pewetos. OrpomHyio ponb B cosaanum 1 ctaHosnernn OBcepeatopum ceirpan ee nepsbii AMPeKTop,
naypeat JlenuHckon npemun, naypeat [ocynapcteennoit npemmn CCCP  nunot-sosgyxonnasartens
[N.Tonbiwes. O 6bin MHMUMATOPOM MHOTUX Hanpasnenui pestensHoctn LLAO. Ha stom nocry ero
cmennn naypeat [ocynapcreentoit npemmnn CCCP, npodeccop A.A.HepHukos, kotopbii go koHua 2005
r., YeTBEPTb BEKA, B TOM Y1cne v B Haubonee TpyaHbie rofsl nepectpoiiku, Bosrmasnsn Obcepsatopuio. C
2006r. pupektopom LIAO HosHauen A.A.Usaros.

B LUAO BbinonHeHo 60mbLIOE KONMYECTBO HAYYHO-MCCNEA0BATENLCKMX PAGOT B 061ACTU METEOPONOTUM
1 PUaMKK aTMOCPEpPDI, MHOTHE U3 KOTOPbIX Gbinn nuoHepckumu. Ceitvac LentpansHas asponoruyeckast
obcepBaTOpys SBASETCA OOHAM M3 BEAyLMX HAYYHO-UCCIIEAOBATENbCKUX M HOYYHO-METOAMYECKMX
yupexaennin PepepanbHoi cnyx6bl MO TMAPOMETEOPONOTMM U MOHUTOPHWHIY OKpyXatoLien cpegsl. B
HOCTOSILLEE BPEMS HAy4YHO-MccneposaTensckas pabota 8 LIAO npoeoantcs B crieaytoLmx HaNPaBneHusX:

* BbICOTHOE 30HANPOBAHKE ATMOCPHEPLI, PA3PABOTKA NPAMBIX M AUCTAHUMOHHBIX METOAOB HaBNoAEHNS
1 KOHTPONS NAOPAMETPOB ATMOCHEPHI C MOMOLLBIO PAfMO30HA0B, PAKET, COMONETOB-NA6OPATOPHMIA,
PAAMO- U ONTUYECKMX JIOKALUMOHHBIX CPEACTB, KOCMUMYECKMX ANNApATOB;

* 3KCMEPUMEHTASBHBIE M TEOPETUYECKUE MCCNenoBaHms GU3MKM M XMM1n CBOBOAHOM aTMOoCchepbI,
13y4eHNe MEXAHM3MAa 0BPA30BAHMS OBNIAKOB M OCAAKOB C LIEMbIO YCOBEPLUEHCTBOBAHMS METOLOB
NPOrHO30B METEOPONOMMYECKUX ABNEHUHA M PA3PABOTKM METOLOB AKTUBHbIX BO3AEHCTBMI HO ONACHbIE
METEOPONOrMYECKME ABNEHMS;

* MCCNEfOBAHMS U MOHUTOPUHT COCTOSIHUA O30HOBOTO CIIOSt 3EMIM.

B 2006 rogy LLAO otmeuaet ceor 65-netHuit iobuneit. 3a stot nepwmop LleHtpansHas asponornueckas
obcepeaTopus NpUobPEna M3BECTHOCTL W ABTOPUTET CPEAM APYTHX HAYYHO-UCCNEA0BATENLCKMX MHCTUTYTOB
KOK B HOLWEN CTPAHE TAK M 30 PYBEXOM MCKIIOUMTENBHO BNarofaps YCUIMAM HECKOSbKMX MOKONEHMA
HALLMX COTPYAHUKOB, MHOTUE M3 KOTOPbIX OTMEYeHbl [OCYyAapCTBEHHBIMW NPEMUAMM, BEAOMCTBEHHBIMM UMK
NPOBUTENLCTBEHHBIMK Harpaaamu. Yuerbie LIAO ¢ ropaocTbio NpogomkaioT HeCTH BAXTy MCCneaoBaTenei
aTmocdeps.

lonbiwes . Yephukos A.A. Cy6cTpartoctar rotos K nonety
G.I.Golyshev A.A.Chernikov Sub-stratospheric balloon

Cocrasurens: H.A.Bespykosa



AT 2006 CAO IS CELEBRATING ITS 65TH ANNIVERSARY

The Central Aerological Observatory was established in the stern 1941 to expedite the development,
fabrication and testing of new models of airborne meteorological instruments and to improve the quality
of atmospheric sounding in Moscow. The Observatory was set up on the basis of the Upper-Air Obser-
vatory of the Central Institute of Weather Forecast with the staff of 36 people. The order to establish the
Observatory was signed on 8 September 1941 by E. K. Fedorov, Chief of the Main Administration of the
Red Army Hydrometservice and a famous polar explorer.

In 1943, CAO was additionally assigned the functions of an All-Union Science and Methodical Center
as the Aerological Institute of the Main Geophysical Observatory in Pavlovsk near Leningrad, which had
previously fulfilled this function, was barbarously destroyed by fascists. That year, V.V. Kostarev proposed
using radars to measure wind in the atmosphere thus making such observations possible in any weather.
Shortly after that an atmospheric rawinsounding technique was developed and introduced.

It was before the end of the war that efforts were undertaken to revive and extend upper-air observa-
tions all over the country. The Observatory was provided with new equipment, radar stations, airplanes
and balloons, and its staff was increased.

In different periods, CAO was directed by such prominent scientists as V.D. Reshetov and E.G. Shvid-
kovsky. The establishment and development of the Central Aerological Observatory owes significantly to
its former Director G.I. Golyshev, D.Sc., an aeronaut, Lenin Prize winner and the USSR Prize winner, who
initiated the many avenues of its activity. His successor at this post, Prof. A.A. Chernikov, D.Sc., the USSR
State Prize winner, was at the head of CAO for a quarter of a century, until the end of 2005, including the
hardest years of the fundamental domestic reforms. At present, CAO is headed by Dr. A.A. Ivanov.

CAO has implemented numerous research projects in meteorology and atmospheric physics, which
were largely pioneering. Nowadays, the central Aerological Observatory is one of the leading scientific
and methodical institutions of Russia’s Federal Service for Hydrometeorology and Environmental Moni-
toring. lts present-day research areas are as follows:

* high-altitude atmospheric sounding, development of in-situ and remote methods of the measure-
ment and monitoring of atmospheric parameters using radiosondes, rockets, airborne labs, radar
and lidar, space vehicles;

« experimental and theoretical studies of the free atmosphere physics and chemistry, precipitation
and cloud formation mechanisms aimed at improving weather forecast techniques and develop-
ment of intended weather modification technologies;

* investigation and monitoring of the Earth’s ozone layer state.

In 2006, CAQO is celebrating its 65th anniversary. To date, the Central Aerological Observatory has
gained its reputation and authority with the scientific community both in this country and abroad due to
the dedicated work of several generations of scientists, with many of them being winners of the State
Prize as well as other departmental and governmental prizes. And now, CAO's researchers continue their
honorable job of exploring the atmosphere.
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AsTOMaTHyeckuit cTpatocTar Kpukyn A.®., Tonbiwes [A., MMonocyxun .11, 3uHosees C.A.
Avutomated stratospheric balloon A.FKrikun, G.I.Golyshev, PPPolosukhin, S.A.Zinoveev



Basosoi uHdopmaLmet ans aHanM3a u nporHosa
norofibl, G TAKKE OUEHKM M3MEHEHMS KIMMATA
CIYXAT AAHHBIE Q3PONOTMYECKOTO 30HAMPOBAHMS
atmocdepei.

Hayuro-TexHunueckmit UeHTp paauro-
sonamnposarua LIAO sensetca metomnueckum wm
ONEepaTUBHO-NPON3BOACTBEHHBIM  LEHTPOM MO
obecneyeHmnIo pyHKUMOHUPOBAHMS AP ONOTMHYECKOM
cetv Pocruapomera, cocTosLLen B HaCTOALLEE BPEMs
13 126 CTaHUMM, A TAKKE FONOBHOM OPraHM3ALMEN O
CEPBUCHOMY OB CIYKMBAHMIO M PEMOHTY TEXHUYECKMX
CPEACTB POAMO3OHOMPOBAHMA C  MPUBIEYEHUEM
nogpsaHbix  opranusauuin. CoTpyaHuku oTaena
pPa3pabaThiBAIOT METOAMYECKME W HOPMATUBHbLIE
LOKYMEHTbI, OCYLLECTBASIOT MOHWUTOPUHI PABOTHI
Q3PONOrMYECKOl CETU, NPOBOAAT METOAMYECKME M
TexHnyeckme mHcnekumn YITMC u asponormyeckmx
cranumit. Cneunanmctsl LLAO npuHmmaioT yuactve B
pa3paboTke HOBbIX M MOAEPHU3ALMM AEACTBYIOLLMX

TEXHUYECKMX Cpeacts pagno30oHOMPOBOAHKA, B
nposeneHun MeTpOJ’IOFM‘-{eCKOIji 3KCNepTn3bl, B
NPUEMOYHbIX,  KOHTPOJbHLIX U CPDOBHUTEINbHbIX
MUCMNBITAHMAX  CPELCTB PAANO30OHANPOBAHNA, B

MX BHEOPEHMM, COBMECTHO C pPaspaboTyukamm
OCYLLECTBASAET ABTOPCKMI HOA30P 30 UX PABOTOM.

Mo pa3paboTaHHON NPOrPaMME NOAAEPXAHMS
M MOMEPHM3ALMM  CETU  PAAMO3OHAMPOBAHMS
Pocrugpomera uper nnaHomepHas  yCTAHOBKA
HoBbIx paguonokatopos MAPJTI-A ¢ 3ameHom
ycrapeswmx PJIC Meteoputr, a Takxe nytem
MOZEPHM3ALMM MPOASIEBOETCS HA HECKOMbKO feT
pecypc komnnekcoe ABK-1 (sameHa moayna CBY
M YCTOHOBKA — QA3PONIOrMYECKOrO  MPOLECCOPAl).
B Hacrosiwee Bpems Ha ceTb nocrasneHo 14
komnnektoB MAPJI-A, Ha 7 cTaHUMAX NpoBOAMTCA
OMNepaTMBHOE PAAMO3OHAMPOBAHME, HA 7/ wayT
MYCKO-HANAA0UYHBIE PABOTI.
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Roshydromet Upper-Air Network map

PAOAMO3OHONPOBAHUE ATMOC®DEPDI
Radio Sounding of the Atmosphere

Weather analysis and forecast as well as climate
change assessment build upon atmospheric up-
per-air sounding data.

CAO Science and Technology Radio Sound-
ing Center is a methodical and operation section
to support the activity of the upper-air network of
Roshydromet, which now includes 126 stations. It
is also the lead organization in providing mainte-
nance and repairs of upper-air equipment on the
network, involving contractual organizations. The
specialists of the Center draw up methodical and
normative technical documentation, monitor the
upper-air network activity and fulfill methodical
and technical inspection of domestic hydrome-
teorological services and upper-air stations. They
take part in the development of new and upgrad-
ing currently employed radiosounding facilities,
in providing metrological examination and also
in acceptance, check-up and comparison tests as
well as introduction of radiosounding equipment.
Jointly with the designers they control the perfor-
mance of the equipment.

In accordance with the program of supporting
and upgrading Roshydromet Radio Upper-Air Net-
work, new MARL-A radar systems are gradually
replacing obsolete “Meteorit” radar. Moreover, the
upgrading of currently employed AVK-1 radar sys-
tems (i.e., replacing microwave modules and inte-
grating upper-air processors) extends their lifetime
by several years. By now, 14 MARL-A complexes
have been delivered to the network stations with 7 of
the stations carrying out radio sounding operations
and 7 ones doing preparatory adjustment work.




AntenHa paaronokaropa MAPJI-A
MARIL-A radar aerial

Ha 6asoson asponornyeckon cranumm LIAO 8 The CAQO upper—air station carries out routine
OnepaTMBHOM PEXMME MPOBOAMTCA MBYXPA3OBOE  temperature and wind soundings of the atmo-
TEMNepaTypHO-BETPOBOE 30HAWPOBAHWE ATMOC-
depbl, “ B MEPBYIO OYEPEdb WCMLITHIBAIOTC W
oTpabaTHBAKOTCS BCE HOBEMLIME PA3PABOTKU K
060pyAOBAHME A1 A3PONOTMUYECKON CETH. on the network.

sphere twice a day and, in the first place, tries out
the latest techniques and equipment to be used

Merteonnowagka
Weather observation site

Buinyck pagnosoHaa

Radiosonde launch




Otpen  panvMoMeTeoponomMn  SBNSETCS  OAHMM
M3 BemywMx KonnekTMBoB  Pocruppomerta B
06nacT  METEopPONOTMYECcKOl  PABMONOKALMM.
C momeHTa cospanua B 1952 r. nabopatopum
paguonokaumm, npeobpasosarHoi B 1973 1. 8
OTAEN POAMOMETEOPONONMM, BHIMOAHEH LUMPOKMI
KOMMIEKC MCCNEROBAHWI B 06nact paspabotku
POAMONOKALMOHHBIX METOof0B M3MepeHHi
OCOfKOB, MCCEROBAHMI AMHOMMKM OTMOCHEPLI C
MCNONb3OBAHWUEM JOMIEPOBCKMX PAAMONOKATOPOB,
METO[OB  WCMOMb3OBAHWSA  METEOPONOTMYECKOI
POAMONOKALMM [71s  LUTOPMOBOTO  OMOBELUEHNS,
METEOPONOrUYECKOro 06ECneYeHms ABUALMM W NPH
OKTMBHBIX BO3AEMCTBMAX HO MOTOAY.

Bce paspaboTaHHbie MeToabl  Peanu3oBaHbl
B 3KCMEPUMMEHTANbHLIX W CEepuitHbix  0bpasuax
PAAMONOKAUMOHHOM ANNAPATYPb, PA3PABGOTAHHBIX
B OTAENe WM B MPOMBILUNEHHbIX OPraHW3AUMAX
Poccun no T3 orgena.

COBMECTHO C MPOMBILLNEHHBIMK OPra-HU3ALMSIMM
BHIMONHEHA PA3PABOTKA  ABTOMATM3MPOBAHHOTO
komnnekca cbopa, o6paboTku W NpeacTasneHus
paaronokaumoHHol nidopmaumnn (AKCOTPU).

[Mpu cogeiictem MockoBckoro NpaBMTENLCTBA
cosaaHa nepsas B Poccun asTomaTManpoBaHHAS
METEOPONOrMYeckas  PaAaMONOKALMOHHAS — CeTb
«MockoBckoe KombLO», B COCTAB KOTOPOM BXOAAT
komnnekcsl AKCOIPU 8 Mockse, Kanyre, Teepw,
Cmonencke, H.Hoeropoge w Bangae. Bcero
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PAOUOMETEOPOJIOTUA
Radio Meteorology

The Radio Meteorology Department is one of
Roshydromet leading teams in weather radar ob-
servations. Since the organization in 1952 of a Ra-
dar Laboratory, transformed in 1973 to the Radio
Meteorology Department, extensive research has
been carried out to study atmospheric dynamics
using Doppler radar, to develop radar precipita-
tion measurement techniques and methods of us-
ing weather radar observations for storm warning,
acquisition of weather data for the needs of avia-
tion and infended weather modification.

All the methods and techniques developed have
been realized in pilot or commercial radar models
developed by the Department or domestic industry
based on technical specifications furnished by the
Department.

The development of the Automated System for
Radar Data Acquisition, Processing and Presenta-
tion (ACSOPRI) has been accomplished jointly with
industrial enterprises.

With the support of Moscow Administration, the
first Russia’s automated weather radar network
“Moscow Ring” has been created, which includes
ACSOPRI systems in Moscow, Kaluga, Tver, Smo-
lensk, Nizhni Novgorod, and Valday. On the whole,
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Pacnpeaenetme nonneposckix CKOPOCTesi rMapOMETEOPOB M0 AaHHbIM KOorepeHTHoro paauonokatopa LIAO (katactpoduyeckmsi

cHeronag 13 anpens 1998 r)

Distribution of hydrometeor Doppler speeds based on CAO's coherent radar data (13 April 1998 hazardous snowfall)



Komnnekc AKCOIIPU, ycraHoenenHbisi B 1986 r. 8
Mockse Ha BbicoTHOM 3aaHNM Ha KpbinaTckmx xonmax 1
paboTatoLwuii B ONepaTMBHOM PEXMME KPYrIOCYTOYHO
¢ nepnopom o6HosneHus ntpopmatyn 10 muHyT
Avutomated System for Radar Data Acquisition, Process-
ing and Presentation (ACSOPRI) set up on top of a tall
building at Krylatski Hills in Moscow, which operates
on line round the clock with a 10-min. period of current
data presentation

pabotatot 10 komnnekcos AKCOIMPU & Poccum u
8 komnnekcoe B GAMXHEM M fanbHeM 3apybexbe.
B Hacroswee Bpems komnnekce AKCOIPU
NpesocTasnaioT MoppobHylo  uHbopMmaumio  ans

10 ACSOPRI systems currently operate in Russia
and 8 ones in the neighboring and some other
foreign countries. At present, ACSOPRI systems
provide detailed information for meteorological

METEOLEHTPOB, OBUAANCNIETYEPOB U PYKOBOAUTENEN
nonetos, opraHos MYC, noposxHbix ynpaBneHwi,
QAMUMHUCTPALMIA KPYMHBIX TOPOAoB. MHdopmaums
ncnonbayetcs Takxke B paboTax npu NpoBeaeHmm
QKTMBHbIX BO3AENCTBMIA HO Morofy.

centers, air traffic and flying control officers, de-
partments of the Ministry of Emergency Situations,
road management offices, and maijor city admin-
istrations. This information is also used in intended
weather modification activities.
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Kapra cymmapHoro cnosi ocapkos 3a HouHow cpok ¢ 21:00 29.12.2005 go 9:00 30.12.2005, nony4ertas no cet «Mockosckoe
KObLO»

Map of total precipitation amount for the nighttime period from 21:00 of 29.12.2005 till 9:00 of 30.12.2005 as produced on
the network “Moscow Ring”



B otnene dwusmkn  0BNAKOB M AKTUBHBIX
Bosgeiictemit LIAO nposogutcs Wwnpokui cnektp
MCCNIEROBAHMIA OCOAKOOOPASYIOLMX NPOLECCOB B
06naKax pasnuuHbix GOpM C Lenbio paspaboTku
MeTonoB MCKYCCTBEHHOTO PEerynMpoBaHms
(ysenuuerus, ymeHbwenus) ocapkos. CoszpaHa M
BHEAPAETCS KAK B HALLEH CTPAHE, TAK 1 30 pyGexom
(Pecnybnnka  Kyba,  Cupwuitickas — Apabckas
Pecnybnuka, WMcnamckas  Pecnybnuka  Mpan)
Poccuiickaa  TexHonorus  yBenuueHms OCApKOB.
PaspabotaHa  TexHonorMs  NpemoTBpaLLeHMs
WM CYLLECTBEHHOTO CHWMXEHWS WMHTEHCMBHOCTM
OCAAKOB, KOTOPAS MPUMEHSETCS [ CO3AAHMS
GNAroNPUATHBIX MOTOAHLIX YCIIOBMIA B METAMONMCAX
Mockea, Carkr-lNetepbypr, Tawkent, Actana,
KasaHb npu nposeseH MaccoBbix OBLLECTBEHHbIX,
KyTbTYPHbIX 1 CMOPTUBHBIX MEPONPUATHI.

AKTUBHbIE BO3JEMNCTBUS
Cloud Physics and Intended Weather Modification

CAQ’ Department of Cloud Physics and In-
tended Weather Modification carries out a wide
spectrum of studies of precipitation formation pro-
cesses in various types of clouds. The studies aim at
the development of methods to control (enhance or
decrease) precipitation. The precipitation enhance-
ment technique developed in Russia has been intro-
duced both in this country and abroad (Cuba, Syria,
Iran). A technique has been developed to prevent
or considerably reduce precipitation in order fo
artificially produce favorable weather conditions,
which is used in major cities, such as Moscow, St.
Petersburg, Tashkent, Astana, Kazan, during mass
festivities and important social and sporting events.

Camonérei-meteonaboparopmmn An-26, Au-30, Mn-18 u nx npubopHsie KOMNIEKChI Ansi UCCeRoBaHmi 06IakoB 1 aTMocdepsi
Aircraft labs AN-26, AN-30 and IL-18 and their instrumentation to study clouds and atmosphere



TexHU4YeCKME CpeACTBa HO CAMONETAX ANs NPOBEAEHMUS BO3AENUCTBUM HA obnaka

Aircraft technical aids to act on clouds

KaccetHbiii nepxatens «Beep» ans nuponarpoHos
MB-26
Cartridge “Veyer” for PV-26 pyrotechnic flares

Kaccerst ACO-2M u nuponarpotsi [1B-50
Cartridges ACO-2 | and PV-50 pyrotechnics

PaspabatbiBaiorcs  cnocobbl  MCKYCCTBEHHORO
paccesHus TeMmbIX TYMAHOB M HU3KOM 0BAAYHOCTH,
NPOBOAATCA  Q3PO30MbHbIE  MCCNEAoBAHMA B
aTmochepenpaboTiNO CO3AAHMIOHOBLIXPEAreHTOR
AN QKTMBHbIX BO3AENACTBUN, MMKpOdU3MYeckue
1 TEPMOAMHAMMYECKME WCCIEfoBaHMA O06NaKos
u  atmocdepbl, paboTkl MO YUCAEHHOMY
MOAENMPOBAHMIO OGNQYHBIX NPOLECCOB ANA 304aY
MCKYCCTBEHHOTO PEryIMPOBAHMS OCAfKOB.

B nepcnektvee GyayT npogomkeHs paboTs
no OnNTUMM3AUMKU  TEXHONOTNMYECKUX MPOoLeCcCoB
NCKYCCTBEHHOTO pPerynnMpoBaHms OCaaKkoB ©
BHEOPEHNEM HOBbIX NepPCneKTUBHbIX cpencrs
BO3AENCTBUN.

Cucrema orctpena nuponatpoHos YB-28
System UV-28 to release pyrotechnic flares

TexHuueckmne cpeactsa ans cbpoca rpaHyn TBepRoH
YTNEeKUCNOoThl, XMAKOro asota u rpy60ﬂMCnePCHle
nopoLUKOB

Technical aids to release solid carbonic acid, liquid
nitrogen and coarse powders

Techniques are being developed for intended
dissipation of warm fogs and low clouds. Work is
being done to investigate atmospheric aerosols,
to create new agents for intended weather mod-
ification, to study microphysical and thermody-
namic features of the atmosphere and clouds, to
fulfill numerical modeling of cloud processes for
the needs of intended precipitation control.

Efforts will be further continued to optimize
technologies for intended precipitation control
using advanced weather modification means.



ASPOCTATHbIE UCCNNEAOBAHNA O30OHOBOTO CJ104

Balloon Ozone Layer Studies

MogrotoBka k crapTy cTparocpepHoro aspocrara B pamkax 3-ro Eeponefickoro skcnepnmeHTa MccnefoBamns 030HHOTO
Closi, Mo NPOrPAMME KOTOPOro OPraHM3ALMs MONETOB A3POCTATOB OCYLECTBASNACh HaUMOHAMbHbIM QreHTCTBOM KOCMMYECKMX
neenegosanmit Ppanumm (CNES), uentpom LLseackoit kocmuueckoi kopnopaumu (Esrange) u LientpansHosi asponornyeckori

ob6cepsatopmesi (CAO)

Preparing one of the stratospheric balloon launch under the 3rd European Ozone Layer Experiment jointly organized by CNES

(France). Esrange (Sweden) and CAO (Russia)

Yuactve cneupanucros LIAO B mexayHapoaHbix
NPOrPAMMAX A3POCTATHBIX UCCNEROBAHMIA O30HHOMO
cnos 8 APKTHKE U CPEAHUX LUIMPOTAX OCYLLECTBAAETCS
c 1991 ropa (Mepewiii Esponeiickuit ApkTudeckumit
CrpatocdepHbit  O30HHbIN  DkcnepumeHt - EA-
SOE). B nporpamme EASOE Bnepsbie nccnenosamms
NPOBOAMIMCL HA TeppuTOopuM BCex EBponeiickux
NPUAPKTMYECKMX FOCYRAPCTB. B nporpamme npuHsnm
yuyactne yuersie u3 20-tu ctpan mupa. Ycnewroe
Y4OCTHE POCCHUICKMX CNELManmucTos B nporpamme EA-
SOE (1991/1992) nossonuno passuts pansHeliwee
coTpyaHruecTBo. Ha ceropHsiuHui faeHb, B pamkax
MEXIYHAPO[HOIO COTPYAHWUYECTBA C €BPOMNEHCKUMM
crpaHamu cotpyarukm LIAO npuHsnm yuactue 8o Bcex
10-TM MEXAYHAPOAHBIX MPOrPAMMAOX MCCIIEAOBAHMS
O30HHOTO CIOS, OCYLLECTBAEHHBIX B NOCIEAHEE BPEMS
B APKTHKE 1 CPEAHMX LIMPOTAX.

C  poCCUMCKOM  CTOPOHBI  KOOPAMHATOPOM
cotpyaHuuectea  aensetca  LIAO.  KoopauHaTtop
nccnefoBaHum co CTOPOHBI Esponeiickoro
coobuwectsa - HaunonansHoe — KocMuueckoe
arentcreo Pparumm (KHEC). Lseackas cropora
npeacraeneHa  ueHtpom  Esrange  Llsepckoit
KOCMMYECKOM Kopnopauuu. Pesynbratsl

cotpyarunuectsa LIAO ¢ KHEC v c uentpom Esrange
3QCIYXXMIAN BBICOKYIO OLIEHKY BCEX CTPAH, YHOCTBYIOLLMX

CAQ's researchers have participated in inter-
national programs of balloon ozone layer stud-
ies in the Arctic and mid latitudes since 1991 (1st
European Arctic Stratospheric Ozone Experiment
- EASOE). EASOE was the first such experiment
that simultaneously covered all the arctic terri-
tories of European countries. Scientists from 20
countries were involved in it. Successful participa-
tion of Russian specialists in EASOE (1991/1992)
enabled further development of the international
collaboration. By now, Russian scientists have
taken part in 10 recent international projects de-
voted to investigations of the ozone layer in the
Arctic and mid latitudes.

On the part of Russia, the joint studies are co-
ordinated by CAO and on the part of the Euro-
pean Community by the National Space Agency
of France (CNES). Esrange Center of the Swedish
Space Corporation represents the Swedish party.
The results of CAO-CNES organizational and
technical cooperation have been highly appreci-
ated by specialists from all the countries partici-
pating in the joint experiments.

The organization and implementation of
the international research projects, apart from



B KOMMnekcHbix dkcnepumentax.  OcyulectsneHme
MeXIyHAPOAHbIX MPOTPAMM MCCNEAOBAHUMI, HAPSAY C
HOYYHBIMM  PE3YNLTATAMM, SBASIOTCA CYLLECTBEHHbIM
BKIIOLOM KOK B PA3BUTUE MEXAYHAPOAHOMO HAYYHOrO
COTPYAHWYECTBA, TAK W B BHINOMHEHME OBA3ATENLCTB
rOCYAQPCTB-yHOCTHUKOB  BeHCKoM  KOHBEHUMM  no
OXPAHE O30HHOTO CIION 3EMITN.

BbII'IOJ'IHeHbI NONETHbIE SKCMEePUMEHTDI, PE3YNbTAThI
KOTOPbIX 3HAUYMTENBHO YBENMUYUIU MOHUMOHME MPUPOLI
BO3HMKHOBEHMSI CE30HHbIX YMEHbLLIEHMI COAEPXKAHMS
030HQ B CTPATOCHEPE M AAM BO3MOXHOCTb CO3AAHMS
M COBEPLUEHCTBOBOHMS ~ COBPEMEHHbBIX  METOLOB
MCCNENOBAHMS  OKPYXQIOLLEN cpefbl C  MOMOLLbIO
O3POCTATHOM M KOCMMYECKOM annapatypel. Bknag
Poccun 1 poceuickmx cneumanicTos B BhiMOSHEHWE
YKOA3QHHBIX MPOTPAMM  SIBAISETCA OJHWM M3  COMbIX
BECOMbIX. B pesynbTate  BBHINOAHEHWS  YKOA3AHHBIX
NPOrPAOMM MCCNEAOBAHMI  HOKOMMNEH 3HAYUTENbHbIN
OMbIT  OPraHU3ALMM M OBECreyeHHs Q3POCTATHBIX
9KCMEPUMEHTOB HO TEPPUTOPMM BCEX MPUAPKTUUECKMX
TOCY#OPCTB, BKIIOYQS n Tepputopuio  Poccuu.
OCoBEHHO 3TO CTAHOBUTCA QKTYQmbHbIM CETOAHS B
CBSI3M C UCCNENOBAHUAMM B PAMKAX MHULMUPOBAHHOO
Pocauitckoit Depepaupert MexayHapogHoro
Monsproro Toaa (MMM 2007-2008 r.r.), Tak kak
OCYLLECTBIEHME  PALA  TNIAHUPYEMbIX NPOrpamm
O3POCTATHBIX IKCMEPUMEHTOB CTAHET HEBO3MOXHbIM
6e3  OpraHM3aUMM  MONETOB  HA  MPUMONSPHOV
TEPPUTOPUM, BKIIOHAIOLLEN M  HYACTb TEPPUTOPUM
Poccum.
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their research outputs, have largely contrib-
uted to both the development of international
collaboration and fulfillment by the countries
— parties to the Vienna Convention on the
Protection of the Earth’s Ozone Layer of their
obligations. Quite a number of airborne ex-
periments were fulfilled that led to a deeper
insight into the nature of seasonal ozone re-
duction in the stratosphere and enabled the
creation and upgrading of current techniques
of environmental studies using balloon- and
space-borne instrumentation. The input of
Russia in this respect is considerable. Wide
experience has been acquired by now in or-
ganizing and logistical support of balloon ex-
periments on the territories of all arctic coun-
tries, including Russia, and also in interacting
with all the services that are responsible for air
traffic control and recovery of payload. It is
especially important in the context of the In-
ternational Polar Year (2007-2008) initiated
by the Russian Federation, so long as without
providing flights over the arctic territories in-
cluding part of Russia, the implementation of
some of the planned balloon experiments will
not be possible.
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Tpaektopusi noneta gonroaperidyiolero aspocTara ceepxaasieHms

NPOAOIXMTENLHOCTbIO 45 cyTOK

45-days flight trajectory of a long-drift superpressure balloon



£ MOHUTOPUHT OBLLEEFO COAEP)XAHMS O30HA, YNIbTPAGUOJSIETOBOM

Otgen  030HHOTO  MOHMTOPMHIA  NPOBOAWT
MOHWTOPMHI Nonei obLero CopepXaHWUs O30HA
(OCO) n ynstpaduonetosoit (YP) obnydeHHOCTH
no AQHHBIM HO3EMHOM O30HOMETPUYECKOW CeTH
CHT v cnyTtHMkoBOM annapaTypsl, a Takxke paboTsl,
HOﬂpOBﬂeHHble HQ BbIgBNEHUE rlpl/ILIMH rﬂO60ﬂbe|X
M3MEHEHMIT O30HOBOrO CNOS M KIMMATA, npexae
BCcero, ponrospemerHsix. [octpoerune kapt OCO
n YD-obnyueHHOCTM npoussoauTcs 3a  mobon
cpok, HaunHas ot 1 cytok. OB30pbl O COCTOAHMM
030HOBOTrO CJI0S EXEKBAPTANLHO MyBnuKyloTCs B
xypHane «MeTeoponorus 1 rmaponorusy».

Monitoring of Total Ozone, UV-

OBJIYYEHHOCTU U NPU3EMHOIO O30HA

Radiation, and Surface Ozone

The Ozone Monitoring Department fulfills the
monitoring of total ozone (TO) and UV-radiation
(UV) fields based on the data of CIS ground-based
ozone observational network and satellite-borne
gages. It also carries out work aimed at revealing
factors that bring about changes in total ozone
and climate, especially long-term ones. TO and UV
maps are compiled for different periods, the short-
est being 24 hours. Bulletins describing the ozone
layer state are published quarterly in the journal
“Meteorologia i Gidrologia”.

O6pasey kaptsl aHomanuii OCO (e %) Haa Poccuesi u npuneraioLmmm Tepp1Topmsmm
A map of TO anomaly (in %) over Russia and the neighboring territories
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Mno6anshas kapta TpeHaos CO2, min-1 3a 10 ner

Map of global CO2 trends (million-1 for a decade)




D.U.

Total ozone at Arosa

185

Total ozone at Arosa (regression on AQ)

Morth Atlantic oscillation (rel.
Arctic oscillation {rel. units)

1875

Xop cpeareroposoro OCO (ea.[].) Han Aposoii (LLseiiuapus) 1 ero «nporHos» Ha 1957-2002 rr., OCHOBAHHBIF HA AQHHBIX

Habnopernit OCO 1926-1956 rr. u Apktnyeckoro konebanmm

A map of TO anomaly over Russia and the neighboring territories.Mean annual TO variation (D.U.) at Arosa (Switzerland) and its
forecast for 1957-2002 based on 1926-1956 TO observations and Arctic Oscillation

4TO 3HAUUTENBHASA 4acTb
[ONITOBPEMEHHOM  M3MEHYMBOCTU  OBANBHOrO
O30HOBOTO  CIOS  CBA3AHA C  ECTECTBEHHBIMM
¢daktopamu.  Brnepsble  ycranoBneHa  ces3b
tpeHgoe  OCO B CesepHom nonywapun c
M3MEHEHUIMM  MAPAMETPOB  APKTUYECKOro  (Mnu
CesepoatnaHtuyeckoro) konebarms.

Buissnero,

C 1991 r. nposoaatcs perynspHsie Ho6NAEHUS
NPM3EMHOM KOHUEHTPALMM 030HA B MockoBckom
peruoHe. 3aeepluaotcs paboTsl no paspabotke
METOAMKM MPOrHO3UPOBAHMS OMACHBIX /151 3AOPOBbS

YPOBHENM MNPU3EMHOTO 030Ha B  MockoBCKOM
pernone.

Daylight tima
45 -ppb N|u time

Daylight nerm |,

| .'1 _I. | _'

The global long-term ozone layer changes have
been found to largely depend on natural factors.
The connection of TO trends in the northern hemi-
sphere with variations in the parameters of the Arctic
(or North Atlantic) Oscillation has been established.

From 1991 onward regular observations of sur-
face ozone concentration in Moscow Region have
been made. The work on developing methods to
predict surface ozone levels harmful for human
health in Moscow Region is nearing completion.

Xon cpeaHeMecsyHbIX KOHLEHTPALMI
MPM3EMHOrO C0s O30HA B IHEBHOE M HOYHOE
Bpems Ha cTaHumm [lonronpyaHsisi

Mean monthly surface ozone concentrations
11/91 1M1/95 111/58 1/M1/03 day and night hours at Dolgoprudny station
| ppb —MsU
120 - !.. Delgoprudny
. |
80 4 B L .
| PEMEHHOM XOA KOHLEHTPALMIA MPU3EMHOrO
03oHa Ha craumax MY (MDA PAH) u
) JHonronpyansii (LLAO)
40 4 i Time variation of surface ozone concentra-
| ! tion at Moscow State in University station
] " M (the Institute of Atmospheric Physics of the
o ] Russian Academy of Sciences) and Dolgo-

27702 29702 317102 2802

prudny station



B LIAO, B Jla6opatopuu XuMmMuu W AMHAMMKM
atMmocdepsbl, BegyTcs paboThl MO UMCIEHHOMY
TPEXMEPHOMY MOLENMPOBAHUIO  POTOXMMUYECKMX
MPOLECCOB W MOBANBHOM LMPKYNALMA aTMOCPEpSI
Anst BLICOT OT nosepxHocTv 3emnu 4o 130 km.

TPEXMEPHOE YNCJIEHHOE MOAEJIMPOBAHUE COCTABA U
ONHAMUKUN ATMOCODEPbI

3-Dimensional Numerical Modeling of Atmospheric Composition and
Dynamics

CAQ’s Laboratory for Atmospheric Chemistry
and Dynamics develops 3-D numerical models of
photochemical processes and global atmosphere
circulation at heights up to 130 km.

no6ansHoe pacnpeaenetne ckopoctn etpa (m/c) ans mons (pacyer no MOLI)
Global distribution of wind speed (m/s) for July (as computed by the General Circulation Model

Bbin BbIMOAHEH UMK PABOT MO YMUCIEHHOMY
MOZENMPOBAHMIO U3MEHEHMI B 030HOCPEpe 3emnu,
BbI3BAHHBIX MPOTOHHbIMM BCTbILIKAMM Ha ConHue.

PeaynbTatel  no  uccnefoBaHMIO  OTKAMKA
030HOChEPH  HO  COMHEYHble  BCMbILKKA  Obinu
NPEeACTABNEHbI HOMEXAYHAPOAHBIX M OTEYECTBEHHbBIX

A series of studies has been done in the numeri-
cal modeling of changes in the Earth’s ozonosphere
caused by proton solar flares.

The outputs of studying the ozonosphere re-
sponse fo solar flares were reported at both inter-

KM 60
50

40
30
20}
1ol

[no6anbHoe pacnpegenetme 030Ha (OTHOWEHME Cmeck) Ans uions (PACHET o TPEXMEPHOI POTOXUMUHECKON
mogenu LIAO)
Global ozone distribution (mixing ratio) for July (as computed by CAO 3-D photochemical model)
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Temperature measurements following a solar flare (computation)

CUMNO3MYMaX, a Takxe onybnukosaHsl B Poccum u
30 pyBExXOMm.

Pa6otsl  nopaepxansl  Poccuitckum  Porgom
DyHaameHTansHbix  Mccneposarui  (rpantsi:  Ne
97-05-64605; 03-05-64675; 06-05-64436) u &
pPAMKax Mporpammsl  «MccnegosaHne AHTAPKTUKMY
(korHTpakTe: Ne 2-4/05-A; 2-4/06-A).

Byaytr npogpomkeHsl  paboTbl MO YMCIEHHOMY
MOLENTMPOBAHMIO roGanbHbIX U3MEHEHMI
NPUPOAHOM CPEeAbl M KNMMATA, OOYCNOBAEHHBIX
BO3LENCTBUEM  KOCMMYECKMX  BAKTOPOB
LOTNTOBPEMEHHbBIMU U3MEHEHUAMM, MPOUCXOAALLMM
B O30HOChepe 3emnM nog  BO3LEMCTBMEM
€CTECTBEHHBIX U AHTPOMOTEHHbIX GAKTOPOB.

national and domestic symposiums and published
in Russia and abroad.

The studies were supported by the Russian Foun-
dation for Fundamental Research (Grants NoNe 97-
05-64605;03-05-64675;06-05-54436) and under
the program “Antarctica Exploration” (Contracts
NoeNe 2-4/05-A; 2-4/06-A). Numerical modeling
of global changes in the environment and climate
due to cosmic factors and long-term variations in
the Earth’s ozonosphere caused by natural and
anthropogenic factors will be continued.



B O6cepeatopnu pasBMBAIOTCA  HA3EMHbIE,
6OJ'|J'|OHH|:|e, CAOMONETHbIE U CMYTHUKOBLIE METOLbI
HOBNIOAEHUI TA30BOTO M A3PO30MLHOTO COCTABA
atmocdepsl. bnaropaps 3HTY3Ma3My COTPYAHMKOB
6b|J'|l4 OPraHM30BAHbI B BbICOKMX LUMPOTAX ApKTMKM
n Boctounon Cubupw nyHkTsl HaBMIOAEHM 0bLLero
copepxarma o3zoHa (OCO) ¢ wucnonbsosaHmem
COMOW COBPEMEHHOM BBICOKOTOYHOM CNEKTPANbHOM
annapatypsl. Habniogerns OCO  npubopamu
Brewer s r.9kyrcke u SAOZ s 1. Canexappe seayTcs B
ONEPATUBHOM PEXMME U UX PE3YNLTATH ONEPATUBHO
nepenaiotca B 603y AAHHBIX BCEMMPHOTO O30HHOTO
LeHTpa BcemunpHoit METEOPONIOrMyecKom
opraruzaum WMO WOUDC:  http://www.tor.
ec.gc.ca n 6a3y aanHbix SAOZ: http://www.aerov.
jussieu.fr/~fgoutail.

Ll.‘ 1[_-_. :
SALEKHARD

RUSSIA 66.7TN, 66.TE

CANEXAP]

HABJIIOAEHUNS TA3OBOTO 1 ASPO30JIbHOIO COCTABA
ATMOC®EPBI

Observations of Atmospheric Gaseous and Aerosol Composition

CAQ is progressively extending ground-based,
balloon, aircraft, and satellite-borne observations
of atmospheric gaseous and aerosol composition.
Due to the initiative of CAO’s scientists, total ozone
observation sites have been organized in the high
latitudes of the Arctic and Eastern Siberia, where
the most advanced high-precision spectral instru-
ments are employed. Total ozone observations
using Brewer spectrophotometers in Yakutsk and
SAOZ spectrometers in Salekhard are being car-
ried out operationally with the results transmitted
on-line to the database of the WMO World Ozone
Center (WMO WOUDC): http://www.tor.ec.gc.ca
and SAOZ database: hitp://www.aerov.jussieu.
fr/~tgoutail.

Myrkt Habmoaermnit OCO u o3oHHOro 6annokHHoro soHanposanms B r. Canexapa

Total ozone observation and ballon site at Salekhard

ZHIGANSK

TMyHKT HaBMIOAEHMFT COCTOSIHMA O30HA M ABYOKMCHM Q30TA
B . Xuranck

O3 and NO, observation site at Zhigansk

TenemeTpuyeckas cuctema SkyTtck

Telemetry system at Yakutsk



BannoHHele M3MEPEHMS BEPTUKANBHOTO
pacnpegaenenus ozoHa nposogstces ¢ 1998 ropa B
3MMHE-BECEHHMIT NEPMOA B TPONOCHEpPE M HUXKHEV
crpatocdhepe o eeicor 30 kKM , BHINOAHSIOTCA C
MCMOMNb30BAHWEM 3nekTpoxmummdeckux syeek ECC
U papuosoHpos Baricana. Pesynbtartel o3oHHOro

BANAOHHOTO  30HAMPOBAHMA NPEACTABAEHbI  HA
carite LAO (http://www.cao-rhms.ru).
CraHumm  030HHBIX  HaBnogeHuid  r.AkyTck,

r.Canexapg, r-Xurancke2001-2002rr. atrectoBaHb!
MEXAYHOPOLHOM Komucemen " nony4nnm
OpUUMAnbHbBIA CTATYC KAK JOMONHUTENBHBIE MYHKTbI
MEXAYHOPOAHOM CeTU CTAHLMIA AEeTeKTMPOBAHMS
crpatochepHbix uamerermit (NDSC). B 2004 r.
cotpyaruk LIAO, yuacteyiowmii B opraHmsaumm u
obecnedeHnn GyHKLUMOHUPOBAHMUS STUX CTAHLMM,
BbIOPaH npeacrasutenem Poceuiickoin Pegepaumm
8 MeXayHapOAHOM KOMUCCHM MO ATMOCHEPHOMY
o3oHy BMO.

B 2002-2006 rr. npoponxanuch perynspHbie
Habnoperus 3a BPO, OCO n NO2 Ha cTaHumsx
r. Xurancka, r. Canexapga # r. 9kytcka, Kak no
HOLMOHOMBHBIM MPOrPAMMAM, TAK WM B POMKAX
MexayHapogHbix HayuHbix npoektos QUOBI, VIN-
TERSOL/SOLVE-2. Tony4eHHbie npodunu 03oHa
MCNONb3YIOTCA ANS KOHTPONSA COCTOAHMA O30HOBOTO
Cros HaA CeBepHbiMK TeppuTopuamu Poccun u
ANS BAMMAOUMM  AGHHBIX  CMYTHMKOBbBIX O30HHBIX
HabnoaeHwi annapaTtypon ADEOS-I/ILAS
(Anonms), POAM-III (CLLIA), SAGE-III/METEOP-3M
(CLLA, POCCKS).

Balloon-borne observations of ozone vertical
distribution, using ECC electrochemical cells and
Vaisala radiosonders, have been carried out since
1998 during winter/spring seasons. Balloon sound-
ing data are available at CAO’s website: http://
www.cao-rhms.ru.

In 2001-2002, Yakutsk, Salekhard and Zhigansk
ozone observational stations were certified by an
international commission and obtained an official
status as subsidiary sites of the international network
for the detection of stratospheric changes (NDSC).
In 2004, CAO'’s official involved with organizational
and logistical support of the stations was elected the
Russian Federation representative in the WMO In-
ternational Committee for Atmospheric Ozone.

During the period 2002-2006, regular obser-
vations of ozone vertical distribution, total ozone
and NO2 continued at Zhigansk, Salekhard, and
Yakutsk under domestic programs as well as in the
framework of the international research projects
QUOBI and VINTERSOL/ SOLVE-2. The ozone
profiles obtained are used to monitor the ozone
layer state over northern Russia and validate satel-
lite-borne ozone observations from ADEOS-I/ILAS
(Japan), POAM-III (USA), and SAGE-III/METEOR-
3M (USA/Russia).
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Chemical ozone loss is regularly estimated based on the ozone sounding data



LIAO  coBmectHO ¢ DKCNEpUMEHTAmNbHbIM
MALLUMHOCTPOUTENBHBIM3aBOAOMMUM. B.M. Macuwiesa
1 HayuHbiMK opradmusaumamu ctpad EC seinonHuna

B 1993-2001 rr. mexpyHapOAHbii NPOEKT Mo
CO3ACHUIO  NIETAIOLEN  HAy4HON  nabopaTopum
Ha 6a3e pPOCCUIICKOrO  BLICOTHOTO ~ CAMONETA

M-55 «leodusnka» M nposena wmccrnenosaHus
XMMMUYECKOTO COCTABA M CTPOEHMS BLICOKUX CIIOEB
aTMOCHEPbI B PA3IMUYHBIX PETMOHAX 3EMHOTO LWAPA.
CoTpyaHUKOMM  OTAENOB MCCIEAOBAHMA COCTABA
aTMOChepbl, GU3MKM BLICOKMX CIIOEB ATMOCHEPSI,
bU3UKM OBNAKOB M AMHAMKMKM OTMOChEpbI CO3AAH
YHUKQMbHBIA  OBTOMOTM3MPOBOHHbLIA  KOMMNEKC
CAMOSIETHON ANMNAPATYPbl ANIS U3MEPEHMS O30HA,
BOASHOIO NAPJ, ABYOKMCH A30TA, MUKPOPU3UIECKHX
MOMNTUYECKUXXOPAKTEPUCTHKa3po3onei. bnaroaaps
MEXAYHAPOAHOM  KOOMepaumn  C  HAyYHbIMM
opranusaumsmu ctpan Eeponeiickoro coobuectea
(Mranum, Tepmarmm, Pparumm, Bennkobputarum,
Llseumn, Llseruapum), poccuickmit  BbICOTHbIMN
CAMOET OCHALLEH AUCTAHLUMOHHOM M KOHTAKTHOV
HAYYHOM  QNNAPATYPOM AN WCCNEfOBAHMS
XMMWUYECKOTO COCTABA W CTPOEHMsS TPOMoChepbl
u crpatocdeps. B 1993-2006 r.r. camoner M-
55 «leodusmka» ycnewro wucnonszosanca B 14
MEXAYHAPOAHBIX 3KCMEAMLMIX MO MCCNEAOBAHMIO
MEXAHU3MOB WCTOLLEHUS CTPATOCHEPHOTO  Cost
030Ha B ApkTuke, AHTOPKTMKE M MO M3YyHYEHWIO
B PA3MMYHbIE CE30HbI YCIIOBMM TPOMOChEepHO-
CTpaTOoCheEpPHOrO OBMEHA  BO3AYLIHbIX MACC B
Tponmnueckux wuporax  (Cerwwensckue ocTpoBa,
Bpasunus, Asctpanus, 3anaaHas Adpuka)

BbICOTHbIA CAMOJIET-IABOPATOPUS M-55 «TEODU3UKA»
High-Altitude Aircraft Lab M-55 “Geophysika”

In the period 1993-2001, within the framework
of an international project, CAO jointly with V.M.
Myasishchev Design Bureau and in collaboration
with some EC research institutes created an air-
borne research laboratory on board the Russian
high-altitude airplane M-55 “Geophysika” and ful-
filled investigations of the chemical composition and
structure of the lower atmosphere in various regions
of the globe. The staff of CAO’s departments that
study atmospheric composition, higher atmosphere
physics, cloud physics and atmospheric dynam-
ics have created a unique automated complex of
airborne instrumentation to measure ozone, water
vapor, nitrogen dioxide, microphysical and optical
aerosol characteristics. By virtue of cooperation
with science institutes of such countries of the Euro-
pean Community as Italy, Germany, France, Great
Britain, Sweden, and Switzerland, the Russian high-
altitude airplane was equipped with both remote
and in-situ scientific instruments to investigate the
chemical composition and structure of the tropo-
sphere and stratosphere. In the period 1993-2006,
the airplane M-55 “Geophysika” was successfully
employed in 14 international flight expeditions to
study the mechanisms of stratospheric ozone deple-
tion in the Arctic and Antarctica and seasonal con-
ditions of the troposphere-stratosphere exchange in
tropical latitudes (the Seychelles, Brozil, Australia,

BicotHas (go 21 km) camoneTtHas HayyHas nabopatopms M-55 «[eopuamka». Macca HayuHoro o6opysaosanms 2000 kr
High-altitude aircraft lab M-55 “Geophysika” with 2000 kg of scientific equipment on board
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m Poccuiickoe aBuaLmoHHO-KOCMMYECKOE AreHTCTBO
DIYI «kcnepuMeHTanbHbIA MAWKMHOCTPOMTENbHBIA 3aBoA MM. B.M.Mscuwesa»



Buinet camonera-nabopartopmumu M-55 «leopumka» ¢ Mecta ero 6asmposanus B r. Yiwyar, ApreHtMHa B nepmos
NPOBEAEHN MEXAYHAPOAHON CAMONIETHON SKCNEAUUMU C yHeHbIMM MTammM no u3ydeHmio MexaHuamos o6pasoBaHus

«030HOBO AbIpbl» Hag AHTapkTupoi B 2003 r

M-55 “Geophysika” taking off from its base at Ushuai, Argentina. during the flight expedition conducted jointly with
Italian scientists to investigate the mechanisms of ozone hole formation over Antarctica in 2003

Mposenerbl  Takke camonetHele paboTel Mo
BANMAALUMM  ACHHBIX  CMYTHUKOBbLIX — M3MEPEHMH
NPOCTPAHCTBEHHO-BPEMEHHbIX pacnpepeneHmii

MQrbIX TA30BbIX COCTOBMSIOWMX QTMOCHEpPSI, B
TOM UMCnE AAHHBIX C eBpOnenckoro cnytHuka EN-
VISAT,  poccuiickoro cnytHuka «Meteop-3M»
Yuerbie LLAO BbINONHMAM COMONETHbIE M3MEPEHUS
KOHLEHTPALM O30HO W BOASHOTO MAPA  HA
BBICOTAX OT HUXHWX CIIOEB TPONocdepsl, B 06nacTH
TPOMOMALLy3bl U B HUXHEN CTPATOCPHEPE [0 BLICOTHI
21 km B 06RnaCTM CyLLECTBOBAHWA MOAAPHOrO
cTpatochepHoro  BUXpst Hapn  AHTOPKTUOON.
Camonet-nabopatopus M-55 cran s¢pdektmsHbIM
CPEACTBOM MOHUTOPUHIA COCTOSIHUS ATMOCHEPSI U
KOHTPOIS €€ QHTPOMOTEHHBIX U3MEHEHMIA.

MCCﬂeROBGHMﬂ CTPQTOC¢€PH Ha COMOﬂeTe-ﬂU6OPOTOPHM
M-55 «leopusmka»
Stratosphere exploration with aircraft laboratory M-55
“Geophysica”

Western Africa). Also fulfilled in these flights was
the validation of satellite—borne measurements of
space-and-time distribution of minor atmospheric
gases, including measurements from the European
satellite ENVISAT and Russian “Meteor-3M”. CAQ’s
scientists obtained measurements of ozone and wa-
ter vapor concentrations down to the lower tropo-
sphere, in the tropopause and lower stratosphere
up to 21 km, in the region of polar stratospheric
vortex location over Antarctica. The airplane M-
55 “Geophysika” has become an effective tool to
monitor the current state of the atmosphere and its

man-made changes.




Yxe B8 1948r. LUAO eknioyaetcs 8 paspabotky
meTeoponornieckon  paketsl MP-1,  ycnewrbie
JIETHbIE UCMbITAHUA KOTOPOW C BbICOTOW MOABEMA
90 «km, Obum nposeaeHs B okTabpe 1951
ORHOBPEMEHHO C PA3BUTMEM POKETHOM TEXHMKM
WNO CTOHOBJEHWE CETU CTAHUMI  PAKETHOTO
3oHanposatus (CP3A). B 80-e roas ceTs pakeTHoro
3oHanposatus CCCP 1 coTpyAHMUYABLUMX C HUM
CTPaH BKNIOYANA B Cebs  Cneaylowme MyHKTbI:
o.Xeiica, «Bonrorpom» (r.3namerck), «banxawy,
«MonogexHasy (Antapktuaa), «Axtonon» (HPB),
«Unnrers  (TOP), «Cain-LWana» (MHP), «Tym6a»
(MHams). Pakethbimm  komnnekcammn M-1006  u
MMP-06 6bino ocHalleHo Takxke BOCEMb HAyYHO-
MCCNesoBATENbCKMX KOPABNEei W CyaoB NOrogsl
[ockommmppometra CCCP.  Bcero wa CP3A
ocywectenanocs ot 500 go 600 3anyckos paket B
roa. PerynspHsie 3anycku npounssoannmnce, netom 1
pO3 B HEAENIO, 3UMON - HE pexe 2-X pas B HEAEIo.
PaketHoe  30HAMpOBGHWE  SBRANOCH  BAXHBIM
SMEMEHTOM  OBECneyeHms UCMbITAHUA  BbICOTHBIX
NEeTaTenbHbIX ANNapaTOoB.

OproHn3auMOHHO-TEXHUYECKOE M METOoaM-
yeckoe pykosoactBo paboton cetn  CP3A
ocyLiecTenana O6cepsaTopws. [MepBuurbie
AOHHBIE MYCKOB mocTynamu B 0ob6cepsaTopuio,
rAe  OCyLeCTBAANAch BTOpMuYHOs obpaboTka
AaHHbX.  OKOHYATENbHbIE [AHHBIE OMEPATUBHO
nepenasancs B [uppometuentp CCCP, B
cnyxby crpatocdepHbix notennenmin BMO, B
MEXAyHapOoaHbiii 0bmeH, a B Buae GlonnerteHen
POKETHOTO  30HAMPOBAHMS  ATMOChEpbl
BLICOTHBIX KAPT 6apuueckoi Tonorpadbum - BCEM
3AMHTEPECOBAHHBIM  OPraHM3ALMAM  KAK  BHYTPM
CTPQHBI, TAK 1 30 PyHEXOM.

30HOANPOBAHUE ATMOC®EPLI C MOMOLLBbIO METEOPAKET
Rocket Sounding

3anyck MeTeopakeTsi ¢ 60pTa Hay4HO-MCCNeno-
BATENIbCKOro Cy,ﬂHQ

Launching meteorocket from board research
weather ship

Merteopakera M 1005 Ha craprososi nnowanke

Meteorological rocket M100B at a launching site

As early as 1948, CAO got into the development
of meteorological rocket MR-1, which was followed
by its successful test flights up to a 90-km height in
October 1951.

As rocket technology progressed, a network of
rocket sounding stations was being established. In
the 1980s, the network in the USSR and collaborat-
ing countries comprised: Heiss Island, Volgograd
(Znamensk), Balkhash, Molodezhnaya (Antarctica),
Akhtopol (Bulgaria), Zingst (Germany), Sain-Shand
(Mongolia), Thumba (India). Besides that, M-100B
and MMR-06 rocket complexes were deployed on
8 research and weather ships of the USSR Hydro-
meteorological Service. All in all, from 500 to 600
rockets were launched annually. The launchings
were made regularly — once a week in summer and
not less than twice that in winter. Rocket sounding
was an important tool in testing high-altitude air-
craft.

The organizational, technical and methodical
guidance of the network was provided by CAO.
Raw sounding data were transmitted to CAO for
further processing. The output data were supplied
on-line to the USSR Hydrometeorological Center,
the WMO Stratospheric Warming Service, interna-
tional exchange, and, in the form of atmospheric
rocket sounding bulletins and altitudinal constant-
pressure charts, to all interested organizations both
in the USSR and abroad.



AHTapKTHAQ,

cr.MonogexHas.
nosuumio. 80-e rogsl

TpaHcnopTMpoBKka  pakeTsl Ha  CTAPTOBYIO

Molodegnaya station, Antarctica. Transporting meteorocket to the launching site,

1980s

Pe3ynbTaTh paKeTHOro 30HAMPOBAHUA MO3BOMMIM
CO3AATb HECKOMbKO BEPCHIt CTAHAAPTHBIX ATMOChEP
CCCP.21u1 gaHHble e B oCHOBY MexXayHapOaHbIX
CNPABOYHbIX atmocdep MexayHapogHoro
KOMMTETA MO KOCMWUYECKUM WCCIIELOBOHUAM W
MexxayHapoaHo# opraHusaumu CTaHAAPTU3ALMM.
[laHHbIE  PAKETHOTO  30HAMPOBAHMS  MO3BOMAMMM
OBHAPYXNTb 3HAYMTENBHOE OXIAKAEHME BEPXHEH
n cpeaHert atmocdeps, 6onee 30°K 3a 30 ner,
4TO YKO3bIBAET HA HEOBXOAMMOCTb AASbHEMLIEro
YTOYHEHMS CTAHAAPTHON ATMOCPEPSI.

B ceasm ¢ pacnagom CCCP u  Bcero
COLMANUCTMYECKOTO nareps, pesk1M
cokpalleHnem  duHaHcuposanms  cetb  CP3A

6bINa NMKBMAMPOBAHA, coxpanunack nuwbs CP3A
«Bonrorpag» B r.3Hamencke. [MproctaHoBneHHbe
B MEPECTPOEYHbIE FOfbl 30HAMPOBAHWSA PAKETAMM
atmocdepsl, 6r1aroaaps HACTOMYMBOCTH  yHYEHBIX
obcepeatopuu, ocoberHo npod. [A.KokuHa,
Tenepb BHOBb BO30OHOBNEHb: nposeseHo 50
3anyckoB MeTeoponornyeckux paket Ha 6ase LIAO
8 r.3Hamercke. [MonyyeHsl AaHHBIE O NAPAMETPAX
atmocdepsl B ananasoHe ebicot 2o 80 km.

Rocket sounding results have enabled creating
several versions of the USSR Standard Atmospheres.
The data obtained have laid the foundation for the
International Reference Atmospheres. Consider-
able cooling of the upper and middle atmosphere
by more than 30°K over 30 years has been revealed
using meteorological rockets, which calls for further
Standard Atmosphere upgrading.

With the USSR disintegration and the dramatic
reduction of funding, the domestic rocket-sound-
ing network has ceased to exist, except Volgograd
station at Znamensk. Atmospheric rocket sounding
suspended in the years of fundamental domestic re-
forms have been recently revived due to the insistent
efforts of CAQ’s scientists, and Prof. G.A. Kokin in
particular; by now, 50 rockets were launched from
CAQO's Volgograd site, which provided data on at-
mospheric parameters at heights up to 80 km.

Mepseisi 3anyck meteopaketsi Ha CP3A
Axtonon B bonrapmu 4 Hosbps 1982 r
The first meteorological rocket launch at
Ahtopol, Bulgaria, 4 November 1982

Skenosuums UAO y KAL| “Monet”, r.
Honronpyatsisi, 2006 r

CAO meteorological rocket memorial, 2006



JNla6opaTopus AMCTAHUMOHHOTO 30HAMPOBAHMS
ABNAETCA OOHMM U3  CAMbIX MOJ1IObIX HOy‘-leIX
noapasaenequnin LIAO. JIO3 cospara B8 1993 roay
B CBA3M C BYPHBIM PA3BUTMEM HOBBIX COBPEMEHHBIX

MeToa0B MMKPOBOIHOBOTO 30HAMPOBAHMS
atmocdepsl.  PaspabortaHHeie B nabopatopuu
npMbopbl  MCNOMb3YIOTCA ~ HE  TOMbKO  HA

HabnopatensHon cetv Pocrunpometa, vo s CLLA,
Kawnane, 9nonmm, Utanmn, @parumm, Huaepnanaax,
Menanmn, Kutae, Tareane. YyeHble M cneupuanmncrsl
nabopaTopmu 3a MOCNEAHWE AECATb NEeT ABOX.bI
HArPOXKAGIMCh BEIOMCTBEHHbBIMM nPeMUAMM
Pocruppometa, ydacTBOBANM B NPOBEAEHMM MHOTHX
MEXAyHapOaHbIX NPOeKToB M npoektos PODU.
Paspabotku nabopatopuu 3KCMOHUMPOBANMCH HA
KPYMHENLIMX  MEXAYHAPOAHbIX M  OTEYECTBEHHbIX
BLICTABKOX, BHECEHb B | OCYAQPCTBEHHbIN peecTp
CPencTB U3MEPEHUA.

AUNCTAHUMOHHOE 30HANPOBAHUE

Remote Sounding

The Remote Sounding Laboratory is one of the
newest research departments at CAO. It was orgo-
nized in 1993 to keep up with the latest advances
in high-frequency atmospheric sounding. The instru-
ments developed by the laboratory are used not
only on the observation network of Roshydromet,
but also in the USA, Canada, Japan, ltaly, France,
the Netherlands, Spain, China, and Taiwan. In the
last decade, scientists and engineers of the labo-
ratory were twice awarded prizes of Roshydromet
for their achievements. They took part in numerous
international projects and projects of the Russian
Foundation for Fundamental Research. The devel-
opments of the laboratory were displayed at major
international and domestic exhibitions and intro-
duced to the State Register of Measurement Aids.

PagmonokaumoHHbifi nsmepmtens
ocagkos «Kanns»

Low Cost Rain Sensor (LCR 11)

Merteoponorndeckmit
TemneparypHbisi [po¢punemep
(MTT1-5)

Meteorological Temperature
Profiler (MTP-5)

Mereoponorudeckmit
Temneparyphsivi [Tpopunemep
(MT1-5) mo6mnbHbIk

Mobile Meteorological Tem-
perature Profiler (MTP-5)



CMYTHUKOBbLIE METO1bl 3SOHOANUPOBAHUA ATMOCDEPDI

Spacecraft Atmospheric Sounding Techniques

CyluecTBeHHbIM  BKNQA B PO3BUTAE  AWCTAH-
LMOHHbIX  CMYTHMKOBbIX ~ METOLOB  MCCIEAOBAHMS
cocrasa atmoceepsl BHecnn cotpyaHukn LIAO,
YYOCTBOBGBLUME B  PEANM3ALMM  MEXKLYHAPOAHbIX
npoektos  Meteop-3/TOMS  (1989-1995 rr.) wu
Meteop-3M/SAGE-3 (1996-2006 rr.), BbinonHsemsix
B POMKAX MEXMPOBMUTENbCTBEHHOMO COMIALIEHMS
mexay Poccueit 1 CLUA. Yuensie obcepeatopum
CO3MANM  QITOPUTMBI M MPOFPOMMBI  MOHOM
06paboTkM AaHHbIX, 4TO OBECneunno B PAMKAx

Pocrugpomera  onepaTtuBHbIN - pexmMm  KOHTPONS
COCTOSIHMA ~ O30HOBOTO €O B MMOGANLHOM
macwrabe.

Considerable contribution to the development of
spacecraft remote sounding techniques was made
by CAO scientists who participated in the interna-
tional projects Meteor-3/TOMS (1989-1995) and
Meteor-3M/SAGE-3 (1996-2006) fulfilled within
the framework of the USA-Russian intergovernmen-
tal agreement. The scientists have created algo-
rithms and software for complete data processing,
thus enabling operational monitoring of the global
ozone layer state at Roshydromet.
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Mpounu Temnepatypsl, KOHLEHTPAUMM O30HA, ABYyOKMCM a30TA
B OXHOoM nomywapuu, B NEpUOA CyLIeCTBOBAHMS O30HOBOM

aHoMmanun

Profiles of temperature and concentrations of ozone and nitrogen di-

oxide in the southern hemisphere at ozone anomaly period

Menbiranme Meteop-3M,/SAGE-3 Ha kocmoppome baiikoHyp
Meteor-3M/SAGE-3 being tested at Baykonur space launching site

B sxBape—despane 2005 r B BbICOKMX LUMPOTAX
Ceseproro nonywapus Ha Bbicotax 20 km
TEMNEPATYPa aTMOChepbl BN AHOMANBHO HU3KOM
W cnyTHUMKoBbIM kommnekc Meteop-3M/SAGE-
3 3aperncTpupoBan MOMspHblE CTPATOChEPHbIE
obnaka (MCO) u onpemenun Wx cnekTpanbHble
XAPAKTEPUCTHKM.

During January-February 2005, atmospheric
temperatures at an altitude of 20 km in the high
latitudes of the northern hemisphere were abnor-
mally low, and Meteor-3M/SAGE-3 observed the
presence of polar stratospheric clouds (PSCs) and
determined their spectral features

w 1AS01 1 FE P ey —

E = e Bonts 385 uu

E: 1,0E02 +—Faa & anuna nonwe 1550 wa  |—

S 3

o

8 10ED3 Tl 14

o 1 o8 SKCTMHKLMS Q3PO30/bHOM

g 1 .HEN y KOMIMOHEHTbl Ha BbICOTE

= 20 km. Habnogenus

E 10E05 +— b+ B¢ Mereop-3M/SAGE-3,
w sHeape-pespans 2005 r.

g 1,0E-06 Aerosol extinction at
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TemneparvpaC

[Mpu Temnepatype Huxe MUHyC 78°C sHaumTensHo
YBENMUMBAETCA OCTIOBNEHUE COMIHEYHOTO  W3MyYeHHs
O3PO30NBHON KOMMOHEHTOM, YTO CBUAETENLCTBYET O
npucytcrsmm [NCO.

20-km as observed by
Meteor-3M/SAGE-3 in
January-February 2005

At temperatures below - 78°C, solar radiation ex-
tinction due to aerosol increases,which reveals the
presence of PSCs.
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B 2006r ncnonnsietcs 65 net co BpemeHmn cosnanms
LlentpansHoit  asponorndeckor  ob6cepaTOpMm
(LLAO). LienTpanbHas asponornueckas obcepsatopms
ABNSETCS OAHWM M3 BEAYLUMX HAYYHO-METOAUYECKMX
yupexaenuit Pocrgpometa. Haumnas ¢ 1943r. m
no Hacroswee spema LIAO ocywectenser dyHkumm
HayuHo-meToamnyeckoro LeHTpa no asponoruu ans
BCEJ CETU aIPONOTMYECKMX CTaHumin Pocruppomerta.
Asponoruuyeckas cetb Poceuu aBnseTCs
HEOTbEMNEMOM  yacTbio  [MOBANLHOM — MMPOBOI
CeTM  POAMO3OHAMPOBAHWA  BcemmpHoin — cnyx6ei
MOrofbl M MPOBOAMT QIPONOTMYECKME HABMIOAEHUS
B cootBeTCTBMM C TpebosaHuamn  Bcemupron
Meteoponoruueckoit Opraxusaumu (BMO).
MeTtoaunueckoe pykOBOACTBO O3PONOrUYECKON CETHIO
CTPAHbI BCEraa ObiIO OCHOBHBIM M OTBETCTBEHHbIM
Hanpaenexrem gestensHoctn LIAO.

LlenTpansHas  asponormyeckas  obcepsatopus
OfHOBPEMEHHO SBNSETCH OAHUM M3 BEAYLUMX HAYYHO-
MCCNeoBaTENbCKUX yupexaeHuii  Pocrugpomera no
CNeayIOLMM HAMPABIEHHSM:

* BbICOTHOE 30HAMPOBAHME ATMOCHEPSI,

*  3KCMNEPUMEHTANbHBIE U TEOPETUYECKME
UCCNenoBaHus GUSMKM U XMMUM CBOBOAHOM
atmocdepsl,

*  QKTMBHbIE BO3AENCTBUA Ha 0BNAaKA, OCaAKM 1
TYMQHbI,

*  WUCCNesoBAHUS 1 MOHUTOPUHT COCTOAHMS!
030HOBOTO COSt 3EMIN.

[Mo3ppasnato BCcex COTPYAHMKOB, KOTOPbIE TRYAATCS
B CTEHAX 0OCEPBATOPUM M TEX BETEPAHOB, PABOTABLUMX
8 LIAO, k1O yL1€en Ha neHcuio, a TaKXXe HALIMX KOMNEr Mo
npodeccnu, UccrenosaTenen atMocdepsl ¢ obuneem
LlenTpanbHoit  asponorudeckoit  06cepBaTopum.
XKenaio Bcemy TBOpUeckomy konnektusy LIAO, Bcem
HOM HOBBIX YCMEXOB B MCCNEAOBAHWM QTMOCHEPSI,
Y4ACTMM BO MHOTWX HOBbIX HOYYHbIX MPOEKTAX.

[upexTtop LleHTpansHoi asponoruyeckon
obcepsaTopuy,

Conpeacenatens paboueit rpynnsl BMO no
QA3PONOrMYeckUM HaBIOAEHUAM

A.A. MBaros

The year 2006 marks 65 years of the Central Aero-
logical Observatory (CAQO). CAO is one of the leading
research and methodical institutes of Roshydromet.
Since 1943, CAO has fulfilled the functions of a Sci-
ence and Methodical Center for Upper-Air Studies of
the domestic observational network. The Russian up-
per-air network is an integral part of the Global Radio
Sounding Network of the World Weather Service. It
is carrying out upper-air observations in full accord
with the requirements formulated in the normative
documents of the World Meteorological Organiza-
tion (WMO). Methodical guidance of the domestic
upper-air network has always been the major CAO's
responsibility.

At the same time, CAO is one of the leading sci-
entific institutions engaged in the following research

areas:

* upper-air atmospheric sounding;
« experimental and theoretical studies of the free
atmosphere physics and chemistry;
« intended modification of clouds, precipitation
and fog;
* investigation and monitoring of the Earth’s
ozone layer state.
| want to congratulate all the members of the pres-
ent staff and the veterans who have already retired,
as well as all our colleagues engaged in atmospheric
research on this remarkable anniversary of the Cen-
tral Aerological Observatory and wish our team of
researchers further progress in exploring the atmo-
sphere and fruitful work under
projects for years to come.

numerous science

A.A. lvanov,

Director of the Central Aerological Observatory
Co-Chairman of the Working Group for WMO
Upper-Air Observations

locynapcTBeHHOE yupexaeHue

Lientpanstas Asponoruieckas O6cepearopus
(ry/uAQ)

141700, Mockosckas obnacts, rLonronpyaHsis,
yn. MNepsomarickas, A.3
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