M3BecTHO, YTO TOJBKO KOCMMYECKHE arlla-
paThl TTO3BOJIMJIM YBUACTh HAIly TUTAHETY Cpasy
W 1IETUKOM, U TIOTOMY ITHUCTaHIIMOHHOE 30HIM-
poBanue 3emiu (J133) u3 kocmoca crajo, dak-
TUYECKU, CIMHCTBEHHBIM MCTOYHUKOM JAaHHBIX
O TOM, YTO TIPOMCXOIUT C HaIllel IUIaHeTOU
B 100ajlbHOM MaciiTtabe.

Otnen 55 (mo atoro 63, a emié panblie 26),
CIIeLIMAIN3alMeil KOTOPOTO CTajo H3yJyeHHe
3emsim U3 KocMoca, Obul ocHoBaH B MKWUN
B 1974r. nmo uHuuMatuBe mnpogdeccopa Ba-
gentuHa CeménoBuua ODTkuHa (28.06.1931—
18.02.1995), OCHOBOIIOJIOXXHUKA  HOBOTO
HayyHoro HamnpasieHus B MKMW — nucraHim-
OHHOTO 30HAMPOBaHMS 3eMIu panuodusu-
yeckuMu Metomamu. OcoOGeHHOe BHHMMaHME
YIENSUIOCh U3YYEHUIO OKeaHa U pa3paboTKe Me-
TOIOB, TTO3BOJISIBIIMX IO TTPoIleccaM, KOTOPhIe
MOXHO HAaOII0OaTh «CBEPXY», CYOUTb O TOM,
YTO MPOUCXOAUT B BOAHBIX IiyomHax. Takoit
MOAXON B IPUMEHEHUN TUCTAHIIMOHHBIX Pay-
0(pM3NIECKNX METOIOB UCCIICAOBAHUS TIPOIIEC-
COB KaK BHYTPH, TaK U Ha MOPCKOI1 TTOBEPXHO-
CTU TIPUBEN K CO3MAaHMIO HOBOTO HampaBIeHUS
B Hayke — pagmoruapodusuku. [Mosxe dokyc
MHTEPECOB CMECTWICS B 00JacThb H3Y4YEHUS
3eMyin KaK eMWHOW 3KOJOTMUECKOUW CUCTEMBI,
MpexXae BCero, KIMMAaTUYECKUX B3aMMOCBSI3eit
OKeaHa 1 aTMoc(pephl.

IMporpamMmbl  UcclienoOBaHU, B KOTOPBIX
Y4acTBOBaJl OTHEJN, IMpeAycMaTpUBaIM IIPO-
BEIEHUE €XETOAHbIX HATYypHBIX 3KCIEPUMEH-
TOB B pa3MIHBIX pailoHaXx MUPOBOTO OKeaHa:
ot YépHoro u bapeHieBa mopeit no Tuxoro
oKeaHa. DKCIlepMMeHTalIbHbIe PabOThl COIMPO-
BOXIAINCh TEOPETHMUECKMMU WCCIICIOBAHUSI -
MM, HampaBJIeHHBIMHU, MpEXIe BCEero, Ha CO3-
JIaHue paguoGU3NIECKUX U TUIPO(PU3UIECKUX
Mojiesieil HabmoaaeMbIX B OKeaHe SIBJICHUH.

JleaTenbHOCTh OTHEe/a B COBETCKUI TTEPUON
CBsI3aHA C MHOTOYMCJCHHBIMM, TJIaBHBIM 0Opa-
30M, JIETHO-MOPCKUMM SKCIEIUIIMOHHBIMU pa-
6oTamu B oKpanHHBIX Mopsix CoBeTckoro Corosa.

IIupoxomaciuTabHble pabOTHI IO AUCTaH-
IIMOHHOMY WCCJIEIOBAHWIO 3eMHBIX TTOKPOBOB
1 0COOEHHO HMCCJIeMIOBaHUE TTOBEPXHOCTH OKe-
aHa B MHTepecax BSKOJOTMYecKOro MOHMTO-
puUHTa, TPOTHO3a TOTOMBI W TIPUKIATHBIX 3a-
a4y CTaJM BO3MOXHBIMM OJlaromapsi OrpOMHOIM
opraHmsatopckoii criocooHoctu B.C. DTkuHa.
PaboTbl Gosbleit 4acThbio ObLIM OPUEHTUPOBA-
HBbl Ha KOMILIEKCHBIE a3POKOCMHUYECKHE DKC-
nepuMeHThl. Hanmpumep, B KOMIUJIEKCHOM JIET-
HO-MOPCKOM HaTypHOM 3KcnepumeHTte 1980 r.
OIHOBPEMEHHO TIPMHUMAJIM ydacThe Oojee
TPUILATU OpraHu3aluii, ObLIO 3anelCTBOBAHO
ceMb CaMOJIETOB-J1a00paTOpUii, OCHAILEHHBIX
MHOTOKaHAJbHBIMU TTOJISIPU3AIIMOHHBIMU  pa-
IMOMEeTpaMu, paauoioKaTopaMU U ONTHUYECKHU-
MM CUCTEeMaMM, BOCEMb €IUHUI] CPEICTB 00e-
crieyeHust, KocMudeckas craHuus «Camor-6»,
a B OKCITEAULINM ydacTBOBajo Gojiee 160 yeo-
BEK OJJHOBPEMEHHO, He CUMTast IMTHOTO COCTa-
Ba cpenctB obecriedyeHus. Kaxmpiii ron mpoBo-
IAJVCh UCTIBITAHUST HOBBIX MPUOOPOB.

It is known that these were the spacecraft that
enabled to see our planet straight and as a whole
that is why the Earth’s remote sensing (ERS)
from the space has become actually the only
source of data of what is going on with our plan-
et in the global scale.

Department No. 55 (previously No. 63
and even earlier No. 26) the profile of which is
the Earth exploration from space was founded
in IKI in 1974 at the instance of Prof. Valentin
Etkin, the pioneer of the IKI new research area,
the Earth remote sensing using the radiophysical
methods. Special focus was on the exploration
of the ocean and development of the methods
that enable to tell what is going on in the deep
waters by the processes observed from above.
Such an approach to application of the remote
radiophysical methods of research of the pro-
cesses both in the deep and on the ocean surface
resulted in creation of a new research area —
the radio fluid physics. Later the interest focus
shifted to the field of Earth exploration as a sin-
gle ecological system and, primarily, climatic in-
teraction of the ocean and the atmosphere.

The research programs, the department was
involved in, stipulated the annual field experi-
ments in various regions of the world ocean:
from the Black and Barents Seas to the Pacific
Ocean. The experimental works were conducted
together with the theoretical researches aimed,
first of all, at the development of the radiophysi-
cal and hydrophysical models of the phenomena
observed in the ocean.

During the Soviet period the department
activity was related to multiple, mostly flight-
marine, expeditions to the peripheral seas
of the Soviet Union.

Wide-scale activities in the remote explora-
tion of the land cover and particularly the ex-
ploration of the ocean surface to the benefit
of the ecological monitoring, weather forecast
and applied problems have become possible due
to managerial abilities of V. S. Etkin. The activi-
ties mostly focused on the complex aerospace
experiments. For instance, during a complex
flight-marine field experiment in 1980 more
than thirty organizations were partaking, seven
laboratory aircraft equipped with multi-channel
polarized radiometers, radio detectors and opti-
cal systems were used, eight facility units, Saly-
ut-6 spacecraft; the expedition included more
than 160 people simultaneously not counting
the service personnel of the facilities. Each year
new instruments were tested.

OTAEN NCCNNEAOBAHUA
3EMJZIN U3 KOCMOCA
(55)

EARTH RESEARCH

FROM SPACE DEPARTMENT
(55)

Pykoeodumens —
0-p ¢us.-mam. Hayk, npogpeccop
EezeHuti LLlapkoe

Head — Prof. Dr. Evgeny Sharkov

Mpodpeccop B. C. S(mkuH
(28.06.1931-18.02.1995)

Prof. V.S. Etkin (June 28, 1931 -
February 18, 1995)
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AH-12 0na paduomempu-
YecKux u ckammepome-
mpu4ecKkux usmeperuti
Ha aspodopome Enusoeo,
n-oe Kamyamka

An-12 laboratory aircraft for

radiometric and scatterometric

measurements at Elizovo
airfield, the Kamchatka
peninsula

Komno3umHelli cHumok no-
8epXHOCMHbIX NpoAeieHul
8HympeHHux 8oH e [yd3o-
HO80M 3a/1u8e N0 0AHHLIM
PCA «<Anmas» u ERS-1,
cocmaesieHHbil 8 xo0e
npoeedeHus poccuticko-ame-
p K020 3Kcnep
JUSREX’92 no uccnedosaHuio
80/1H 8
ouci i
20 30HOUpoeaHus. C poccuii-
cKoli CMopoHbI 8 IKCne-

yuac
G

SRS

p
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P P
Ty-134CX, Hay4Ho-uccnedo-
samenbckoe cyoHo «Akade-
muk Uogppe» u Kocmudeckuii
paouos10Kamop 8bICOK020
paspewenus (15...30 m)

Ha cnymHuke «Anmas-1».

A p AHCKas cmop

Py
Povp

6asup Ha
oy i 6ase Y¢
(BupOuHus), d8a camo-
néma-nabopamopuu DC-8
u P-3 ¢ mpéxyacmomHeimu
PCA Ha 6opmy, cnymHuKo-
8ble 0aHHbIe C KOCMUYeCcKo20
PCA ERS-1
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A composite image

of the surface manifestation
of internal waves in Hudson
Bay from SAR Almaz and ERS-1
data constructed in the course
of the Russian-US experiment
JUSREX’92 to investigate
internal waves in the ocean
using the methods of remote
sensing. On the Russian side
Tu-134SX laboratory aircraft,
Akademik loffe research
vessel, and a space high-
resolution (15...30 m) radio
detector onboard the Almaz-1
satellite were taking part

in the experiment. The US side
provided a home airfield at
the Wallops Flight Facility,
DC-8 and P-3 laboratory
aircraft with three-frequency
synthetic aperture radar
hardware (SAR) onboard,
satellite data from the space
ERS-1SAR

K moctmkeHMsSIM OTHEeNa B 3TOT IEPUOL
MOXHO OTHECTH T€OpeTHUYeCKOe IpencKa3aHue
(Ha Oa3e paHee TIOJyYEHHBIX B JIETHBIX 2KC-
MepUMEeHTaX pPe3yJbTaTOB II0 OOHAPYXEHUIO
MOJISIPU3aLIMOHHON aHU30TPONMUU) TaK Ha3bl-
BaeMbIX <«KPUTHUYECKUX SIBIICHUI» B MUKPO-
BOJTHOBOM M3JTyYEHUM MOPCKOM ITOBEPXHOCTH.
HUx cneacTtBUeM MOXKHO CYUTATh pa3pabOTKy
MeToJla ONpee/icHUsT CKOPOCTH W HaIlpaBlie-
HUS BETpa y MOPCKOi TTOBEPXHOCTHU 10 MUKPO-
BOJTHOBBIM TTOJISIPU3AIIMOHHBIM M3MEPEHMSIM.
B CCCP u B Poccum 3TH M3BICKaHUSI OKa3a-
Jmch He BocTtpeOoBaHbl, a B CILLA atm umen
aKTMBHO MCIIOJb30BAJIUCh TMpU pa3paboTKe
cnytHuka WindSat, KOTOpbIii ObLT 3amyllieH
B 2003 1. u paboTaeT o0 CHUX TMOp B MHTEpecax
BOEHHO-MOpPCKOro ¢JioTa.

BaxXHbIM 3TarioM B pa3BUTUM PaTvOTHIPO-
GUBNIECKUX HMCCIEIOBAaHMI CTall0 HMCITONIb30-
BaHUE KOCMMUYECKOIO paJrojoKaTopa ¢ CUHTe-
3UPOBAHHOM anepTypoil (IyIMHa BOJHHI 9,6 cM,
pasperieHue 25X25M), YCTAaHOBJICHHOTO Ha
opbuTtanbHbIX cTaHIMAX «Kocmoc-1870» («A-
Ma3-0») u «Anmas-1». B.C. DTKUH mpujioxun
HeMaJI0 YCUJIWA IUISI TOTO, YTOOBI pa3bsSICHUTh
YHUKQJIBHOCTh 3TMX ammapaToB KaK IIMPOKOU
HayYHOU OOIECTBEHHOCTH, TaK W TUPEKTUB-
HbIM opraHaM. MKW Bo3miaBuia mnporpammy
HCCIIeIOBAaHUSI OKeaHa C armapara «Ajmas-1»
(nmporpamMma «OxkeaH-HW»). AHanu3 paguosoka-
LIMOHHBIX M300pa*keHUl TO3BOJIWI IETAIBHO
HCCenoBaTh pa3HOOOpa3HbIe Mpolecchl B Mu-
POBOM OKeaHe, B YaCTHOCTHU, XapaKTePUCTUKHA
KpymHoMaciuTabHou (oT 50 M) yacTu cIieKTpa
MOBEPXHOCTHOTO BOJIHEHUs, CJEObl pPa3jiu-
BOB He(MTENPOMAYKTOB, CUTHATYPHI KPYITHBIX
TEYCHU.

C pacnanom Coserckoro Coro3a puHaHCH-
poBaHUE 3KCIENUIIMOHHBIX paboT OBUIO Tpe-
kpaieHo. [locnenHue mos€Tsl ObUIM BbIMOJIHE-
Hbl B 1992 T. U ¢ Tex Mop He BO30OOHOBJISINCH.
®DoKyc AeITeTbHOCTH OTIela TTepeMecTHIICs Ha
HCCIIeIOBaHUS OKpyXarolieit cpensl. Ero co-
TPYAHWKHU TPUHSIIM aKTUBHOE YYacTHE B MEX-
nIyHapomHoi mporpamme «IIpupona», Kotopas
MpUBeJIa K co3aaHuio Mmonyist «IIpupona» B co-
CcTaBe KOCMUYECKOM cTaHUIUKU «Mup».

B 1994r. B.C.3TKUH MNpeajoxXua HOBOE
Ha3BaHue otaena «KocMmueckue wucciemoBa-
HUS 3eMJd KaK 9KOJOTMYECKO CUCTEMbI».
[Mocne xkoHuunsl B. C. OtknHa B 1995 1. Otnen
BO3IJIaBUJI M3BECTHBIM pamnodu3uk mpodec-
cop KOpuii Anekcanaposuu KpaBLoB.

Ha py6exe 1990—2000-x rr. mpomoskaeTcst
aHAIM3 W WMHTEPIpeTalus IIEHHBIX SKCIEpPH-
MEHTAJIbHBIX TaHHBIX, TTOJTYYEHHBIX B MPEAbITY-
IUe TONbl. DKCIepUMEHTATbHBIE PAabOTHI BO3-
obHoBuUCh JetoM 1999 1. Ho a1o yxe Obutn
OGeperoBbie U3MepeHUst Ha YépHOM Mope ¢ nup-
ca lOxnoro otnenennst MHCTUTYTA OKEaHOJIO-
ruu uM. I1.I1. [lupmosa PAH (KOO MO PAH)
B ['onry0oii 6yxre 6su3 I'eneHmkxuka.

The department’s achievements over that
period can also include a theoretical prediction
(based on the results obtained during the earlier
flight experiments of the polarized anisotropy
discovery) of the so-called critical phenom-
ena in the microwave radiation of the ocean
surface. The development of the method of de-
termination of the wind velocity and direction
at the ocean surface by the microwave polariza-
tion measurements can be considered the con-
sequence of these phenomena. In the USSR
and in Russia these surveys turned out to be
not needed, but the USA made an active use
of these ideas for the development of the Wind-
Sat satellite launched in 2003 and still opera-
tional to the benefit of the naval forces.

An important stage of radio hydrophysical
research was the use of the space radio detec-
tor with the synthesized aperture (wavelength
9.6 cm, resolution 25X%25 m) installed onboard
the Kosmos 1870 (Almaz-0) and Almaz-1 orbital
stations. V. S. Etkin put forth tremendous efforts
to explain the unique character of these instru-
ments both to the scientific community and to
the policy-making bodies. IKI headed the ocean
research program from onboard the Almaz-1
spacecraft (Ocean-I program). The analysis
of the radar images enabled to study the various
processes in the world ocean in details, in par-
ticular, the characteristics of a large-scale (from
50 m) part of the spectrum of the surface waves,
oil spill traces, large currents signatures.

After the Soviet Union breakup the expedi-
tion funding stopped. The last flights were per-
formed in 1992 and never resumed since then.
The department focus shifted to the environ-
mental research. Its staff members were taking
an active part in the Priroda (“Nature”) inter-
national program that resulted in construction
of the Priroda module onboard Mir station.

In 1994 V.S. Etkin proposed a new name for
the department — “Space Research of the Earth
as an Ecological System”. After the death
of V.S. Etkin in 1995 the department was head-
ed by professor Yuri Kravtsov, a famous radio
physicist.

In 1990—2000 the analysis and interpreta-
tion of the valuable research data obtained
in the previous years continues. The experi-
mental activities were resumed in the sum-
mer of 1999. But these were the coastal mea-
surements, at the Black Sea from the pier
of the Southern Branch of the RAS Shirshov
Institute of Oceanology in Golubaya Bay near
Gelendzhik.



Oco0eHHOCTM HaIllel IIaHEeThl — IUIOT-
Has atMocdepa 1 OoJbllas IJIOLAAb OKEaHOB,
KOTOpBIE CBSI3aHBI B TECHYIO CHCTEMY, OIIpe-
JIEJISIONIYI0 MHOTHE TIPOMCXOAsIe Ha 3emie
npouecchl. MCKIIOUUTEbHYIO IIEHHOCTb IS
HaOMIONeHUI 32 HUMU TIPEACTaBISIET MUKDPO-
BOJTHOBBII IMaIia30H HabmoneHuii. OKa3anoch,
YTO 3JIEKTPOMATHUTHBIE BOJHBI UMEHHO 3TOTO
yJacTka criekrpa 3(p(GeKTHUBHO B3aUMOICICTBY-
IOT C IIEPOXOBATOCTSIMU 3¢MHOM 1 BOTHOI T10-
BEPXHOCTU U MUKPOCTPYKTypaMHu B aTMocdepe,
M TI0 OCOOEHHOCTSIM 3TOTO B3aUMOIEHCTBUS
MOXKHO OTIPEIeISITh MHOTHE ITapaMeTpPhI TIPOKC-
xXozsiero Ha 3emie. B apceHalie COBpeMEHHBIX
cpenctB /133 ceromaHsi — MHOTOYMCJICHHBIE pa-
IIMOMETPHI, CKATTEPOMETPHI U PATNOJIOKATOPHI.

B nomonHeHWe K KOCMUYECKUM CpENCTBaM
WCTIONB3YIOTCS Ha3eMHbIe CTaHIIMU Habrome-
Husg B Poccuu u 3a pydexkoMm, rime TakKe Ipo-
BOJISITCSI MHOTOUMCIIEHHBIE SKCIIEPUMEHTHI IS
MPOBEPKU TEOPETUYECKUX ITPEIITOIOKESHMIA.

Kak u paHee, okeaH u aTMocdepa, X B3au-
MOCBSI3U U BIMSIHUE HA KJIMMAT OCTAalOTCS BaX-
Hele TeMoii, Ho, KpOMe HUX, MBI UCCIIETyeM
CHETOBBIC U JICIOBEIC TIOKPOBBI, CTETIEHb YeJIOBE-
YeCKOI0 BO3IEHCTBUS Ha OKPYXKAIOLIYIO CPEey.

B 2002r. ortmen Bo3miaBusl O-p (pU3.-Mar.
Hayk, mpodeccop EBrenmii AyekcaHIpoBUY
IIlapkoB — KpyMHBIA CHEUaIUCT B 00JIaCTH
HayK 0 3emJie ¥ a9POKOCMMUYECKOTO 30HAUPO-
BaHus. [1o ero mpemIoXeHUIO B OTHENIE CTAO
pa3BUBaTbCSl HOBOE ISl OTAeJa HarpabJie-
HHUe paboT — OUCTAaHIIMOHHBIC MCCIIeIOBAHUS
MO M3YYEHUIO0 KIMMATUYeCKMX ITPOIIECCOB Ha
3eMJjie, a TakXke BJAMSHME Ha B3aMMOICICTBUE
«OKeaH-aTMoc(depa» MYIbTUMACIITAOHBIX aT-
Moc(epHBIX KaTacTpod TpU TOMOIIM Paaro-
(bU3UYECKUX TMaCCUBHO-aKTUBHBIX METOAOB
W CPEZICTB.

CoTpyIHUKM OTHAEa Yy4acTBOBaJM BO MHO-
TUX HUCCJIeNoBaTeIbCKUX MporpamMmax, B TOM
yucie npesunuyma PAH, accounanuu INTAS,
6-i1 u 7-i1 Pamounsix porpamm EBpomneiickoit
komuccuu. B 2009—2013 rr. aeiicTBoBasu 1Ba
rpanTta [Ipesunenrta Poccuiickoit Deneparun
IIJIST MOJTOZIBIX YUEHBIX — KaHIUIATOB HayK.

Kpome «3eMHBIX» 3amay, B OTHene pella-
IOTCSI M KOCMUYECKHE — COTPYIHUKU OTIe-
5a ydactBoBaiu B rpoekTax «DobGoc» (1986),
«Mapc-94/96» (1996), Mars Surveyor’98 Pro-
gram (NASA, 1998 .).

JIaGopaTopus MoeIMPOBAHKS H ABTOMATH3ALUH
(551) (pykosooumenv — kard. gpuz.-mam. HaAyK
Muxaun Paeg)

OcHoBaHHy10 B 1992T1. Kak CTpyKTypHOE
rmojpasiefiecHue oTaela J1abopaTopuio ¢ Mo-
MEHTa CO3IaHMs IO HACTOsIIIIee BpeMsl BO3IJIaB-
JieT KaHa. ¢us.-mar. HayK Muxaun JImurpu-
eBuu PaeB. CoTpynHUKM J1TaOOpaTOpUM BEAyT
TEOPETUYECKUE MCCIENOBAHNS U aKTUBHO yda-
CTBYIOT B 3KCITEPMMEHTAJIbHBIX paboTax oTaena.

The peculiar feature of our plan-
et is the dense atmosphere and large areas
of the ocean connected into a close system
that determines many of the Earth’s processes.
The microwave observation range is of excep-
tional value for observation of these processes.
It turned out that the electromagnetic waves
of that very energy band effectively interact
with the ground and water surface irregulari-
ties and microstructures in the atmosphere, and
the special aspects of this interaction help de-
fine many parameters of the events taking place
on the Earth. ERS today includes many radiom-
eters, scatterometers, and radio detectors.

In addition to the space means the ground-
based observation stations are used in Russia
and abroad where multiple experiments are con-
ducted to test the theoretical assumptions.

As before, the ocean and the atmosphere,
their interaction and influence on the climate
remain the most important topic, but addition-
ally we explore snow and ice covers, the degree
of anthropogenic impact on the environment.

In 2002 the department was headed by
Prof. Dr. Evgeny Sharkov, a prominent scholar
in the field of Earth sciences and aerospace
sensing. It was his proposal that the department
started developing a new research field — remote
examination of climatic processes on the Earth
as well as influence of the multi-scale atmo-
spheric disasters on the ocean-atmosphere in-
teraction using the radio physical passive and
active methods and means.

The department’s staff members were par-
ticipating in many research programs including
those of the RAS Presidium, INTAS associa-
tion, EU’s Sixth and Seventh Framework Pro-
grams. In 2009—2013 the department received
two fellowships of the Russian President for
young scientists — candidates of sciences.

In addition to the ground problems the de-
partment is solving the space problems as well,
the department’s staff members were partici-
pating in Phobos (1986) and Mars-94/96 (1996)
projects and in the Mars Surveyor’98 Program
(NASA, 1998).

Laboratory of Modeling and Automation
Processes (551). Head — Dr. Mikhail Raev

Since its foundation in 1992 as a structural
division of the department till today the labora-
tory is headed by Dr. Mikhail Raev. The labora-
tory’s staff members are conducting theoretical
research and taking an active part in the experi-
mental activities of the department.

Muxaun Paee
Mikhail Raev
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mensnoeoe usobpaxeHue
3eMHoU nogepxHoCcmu, nony-
YeHHoe 2 AHeapA 2000 2. CUH-
0 Hec X

pubopoe SSM/I 0
19 Ty Ha 2opu3oHmaneHol
u eepmukaneHol nonsapu-
3ayuax
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An image of the synthesized
thermal radiation of the Earth’s
surface obtained on 2 January,
2000 through the synthesis

of the data from several

19 GHz SSM/I instruments

on the horizontal and vertical
polarizations

Ho 1993 1. oKCNIepUMEHTHI C KOMILIEKCAMU
MPUOOPOB AMCTAHLIMOHHOTO 30HAMPOBAHUS:
pPaTMOMETPOB M CKAaTTEPOMETPOB — TIPOBOIM-
JINCh B OCHOBHOM B akBatopusix Mopeit CeBep-
Horo JlenoButoro un Tuxoro okeanos. C 1999 r.
paiioH 3KCIepUMEHTATLHBIX paboT OBUT Tepe-
HecéH B Y€pHoe mope — Tomydyro oyxty (I'e-
JIGHIDKUK), Tae HaxoauTcs 6aza OO MO PAH.

OCHOBHbIE HANPABJICHHUS UCCJIETOBAHMIA:

* pa3paboTKa METOIOB TMCTAaHIIMOHHOTO 30H-
OUPOBAHUS [UISI M3YYEHUs] ITOBEPXHOCTHBIX
MPOSIBJIEHNI  OKEaHUYECKUX IIPOLIECCOB,
B TOM YHCJIe MOIEPHU3ALUsI HCIIONb3ye-
MO ammaparypsl (yIydlleHue I1apaMeTpOB
panuonokaropa PJIC), mnoBblllieHUE 4YyB-
CTBUTEJLHOCTH M TIPUMEHEHUE LM(PPOBHIX
METOIOB PETrMCTPALMM OAHHBIX CKATTEPO-
METPOB U PaaMOJOKATOPOB. AKIEHT clejaH
Ha pa3paboTKe IMGPOBBIX METOMIOB aHATM3a
PAa3IMYHOrO TUIA JAHHBIX JUCTAHIIMOHHOTO
30HOUPOBAaHMSA, B TOM YHUCJIEe U MpU obpa-
00TKe paanon3odpaxeHuit. PaboTel BeayTcs
B TECHOM COTPYIHHMYECTBE C COTPYAHUKAMU
J1a60paTOpuM IOACITYTHUKOBBIX 3KCIIEPU-
MEHTOB;

* HCIIOJNBb30BaHUE HAHHBIX IIPUOOPOB KOCMM-
YecKOoro 0a3vpoBaHUs ISl KCCIEIOBAHUS
noBepxHoctu 3emau. C 1987 mo 2014r.
ObLIM HAKOIUIEHB! JAHHBIE MUKPOBOJIHOBBIX
npubopoB KocMMUYecKoil cuctembl DMSP
M co3maHa 0a3a MaHHBIX MHOTOKaHATBHBIX
PagMOMETPOB KOCMHYECKOTO 0a3MpOBaHUS
tuna SSM/I, SSMIS u AMSR-E, pa3pa6o-
TaHbl CICLUAIN3UPOBAHHEBIC ITPOrPaMMBbI
00pabOTKM 3THX JAHHBIX C LEJIbI0 U3YYEHUS
MPOIIECCOB HEProoOMeHa 1 MaccoIlepeHoca
B CHCTeMe OKeaH-aTMocdepa, MPOMCXOmsi-
IIMX B IIMPOKOM IMANa30HE MHTEHCUBHO-
CTeil M ¢ pa3HbIMM IPOCTPAHCTBEHHBIMHU U
BpeMEHHBIMU MaciuTabamu. JlaHHBbIE BOIII-
JIM B CO3MAHHYIO B OTIele 0a3y HaHHBIX
GLOBAL-RT u no3Boauau pa3padorath U
peaym30BaTh B CHEIUAIM3UPOBAHHBIX TPO-
rpaMMax METOOUKHU MPOCTPAHCTBEHHO-BpE-
MEHHOro (OpPMHUPOBAHUSI PATUOTEILIOBBIX
noneit. C WX TOMOIIBIO MOXHO M3yYaThb
MIPOCTPAHCTBEHHO-BPEMEHHYIO  TUHAMMKY
pa3IMYHOIrO poja KJIMMATUYECKUX MPOIeC-
COB, B TOM YMCJIe — TUHAMUKY 3apOKICHUS
M Pa3BUTHSI Pa3IMYHOTO POMA LIUKIOHOB.

IIpoeKThI, pe3yIbTaThl

CoznaHHass B otmesne 6a3a MHOTOKaHAJb-
HBIX PaIUOTEIIOBBIX JAaHHBIX WCIOJb30BaHa
B paboTax MO IMOCTPOCHUIO M HCCIIENOBAHUM
(busnyeckux Mozeneit CHEXHBIX U JIEIOBBIX TO-
KpOBOB. BbUTM BBHISIBJIEHBI U AE€TAJIBHO TIpOaHa-
JIN3UPOBAHbl  OCOGEHHOCTH TPOCTPAHCTBEH-
HO-BPEMEHHOI  M3MEHYMBOCTU  3ajeraHus
CHEXXHOTO TIOKpPOBa B OTHENBHBIX pPETMOHAX,
B ToM uncie BocrouHo-EBporeiickoii paBHU-
Hbl 1 CuoupH.

Until 1993 the experiments with remote sens-
ing hardware — radiometers and scatterom-
eters — were conducted mostly in the marine
environments of the Arctic and Pacific Oceans.
Since 1999 the area of experiments was moved
to the Black Sea — Golubaya Bay (Gelendzhik)
to the base of the Southern Branch of the RAS
Shirshov Institute of Oceanology.

Research Areas

+ development of remote sensing methods to
study the surface manifestations of oceanic
processes including upgrade of the applied
hardware (improvement of the radar detec-
tor parameters), enhancement of sensitivity
and application of digital methods of scat-
terometer and radio detector data recording.
The focus is on the development of the digi-
tal methods for the analysis of various types
of the remote sensing data including those
for radio image processing. The activities are
conducted in close collaboration with staff
members of the Laboratory of Subsatellite
Experiments;

« usage of the data from the space-based hard-
ware to explore the Earth’s surface. From
1987 through 2014 the data from the micro-
wave hardware of the DMSP space system
were collected and the database of space-
based multichannel radiometers of type
SSM/I, SSMIS and AMSRE was built
up, special programs of data processing to
study the energy exchange and mass trans-
fer processes in the ocean-atmosphere sys-
tem taking place in a wide intensity range
and in various spatial and time scales were
developed. The data were included into
the GLOBAL-RT database established
in the department and enabled to develop
and implement methods of the space-time
formation of the thermal radiation fields for
special programs. These methods can be used
to study the space-time dynamics of various
kinds of climatic processes including the dy-
namics of various types of cyclones genesis
and development.

Projects, and Results

The database of multichannel thermal radia-
tion data established by the department was used
during the work on the development and inves-
tigation of the physical models of snow and ice
covers. The special aspects of space-time vari-
ability of the snow lying in different regions in-
cluding the East European Plain and Siberia
were found and analyzed in details.



Paszpaborana wmonenp sddexTrBHON nU-
SJIEKTPUYECKON  TMPOHULAEMOCTU  CYXOTO
U BJIAXHOTO CHEra, KOTopasl YYUTHIBAeT (u-
3UYECKNe U CTPYKTYpHBIE TapaMeTpPhl CPeIbl,
a TaKXXe paccestHUsI U3Ty4YeHUs] Ha HEOTHOPOI-
HOCTSIX Cpelibl, U pa3paboTaHa MOIENb U3Tyde-
HUSI CIIOVICTOTO CHEXXHOTO TTOKPOBA.

B nabGopatopuu ObLT BBHITIOJIHEH OOIIMP-
HBIA UK paboT MO MCCIEIOBAHUIO JIEASTHBIX
TIOKPOBOB TIOJSIPHBIX PETMOHOB METONaMU
CIYTHUMKOBOW MHKPOBOJHOBOW pPaiuOMETPHUM.
ITo ux urtoram pazpaboTaHbl:

* Momenb d3(POdOEKTUBHON MUAIEKTPUUECKOU

TMPOHULIAEMOCTA MOPCKOTO JIba, YYUTHIBA-

activities:

The model of the effective dielectric perme-
ability of dry and wet snow, which takes into
account the physical and structural parameters
of the environment as well as radiation scattering
on the medium nonhomogenity was developed
and the model of radiation from the layered
snow cover was developed.

The laboratory has conducted a whole cy-
cle of activities in exploration of the ice covers
of the polar regions using the methods of sat-
ellite microwave radiometry. The following
models were developed by the results of these

» the model of effective dielectric permeability

LR I I O

IOLIAsT PacCesTHUE U3ITyYeHUST B CPELE;
MOJIeTb M3NMYYEeHWsSI CUCTEMBI MOPCKasl TO-
BEPXHOCTb — JIEASHON MOKPOB — CHEXHbIN
TOKPOB — atMocdepa;

KOMIUIEKCHBIN aJlTOPUTM OTIpeNeNieHus Jie-
JIOBOI1 OOCTAaHOBKM TOJSIDHBIX PETMOHOB
MO JAaHHBIM CIYTHUKOBOM MMKPOBOJTHOBOW
pamometpum, wu VASIA2 (Variation Arc-
tic/Antarctic Sea Ice Algorithm 2), KoTopblii
TO3BOJISIET, B OTJIWYME OT OOIIETIPUHSITOTO
anmroputMa NASATeam2 (CILLIA), ompene-
JIATh HE TOJBKO CIUIOYEHHOCTH JIEASTHOTO
MOKPOBa, HO W IUIOIIAAb CHEXHMWI], oOpa-
3YIOIINXCSI HA TIOBEPXHOCTU JIbIAa B JIETHUU
Tepuo.

U3o06paxceHus cnnoyéHHocmu

of the sea ice, which takes into account radia-
tion scattering in a medium;

the model of radiation of the ocean surface —
ice cover — snow cover — atmosphere sys-
tem;

a comprehensive algorithm to determine
the ice situation in the polar regions by
the data of the satellite microwave radiom-
etry or VASIA2 (Variation Arctic/Antarctic
Sea Ice Algorithm 2) which enable, unlike
the common NASATeam 2 algorithm (USA),
to determine not only the ice cover compac-
tion, but also the area of the melt water pools
forming on the ice surface in summer.
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algorithm and VASIA2 algorithm
developed in IKI. GLOBAL-RT data
were used to construct the images
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EezeHuli Ckeopyoe
Evgeny Skvortsov
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JlaGopaTopus mOACMYTHUKOBBIX IKCIIEPUMEHTOB
(552) (pyxosodumenv — Kkauo. gus.-mam. HayK
Eseenuii Ckeopuos)

Jo 2007 r. nabopaTopuio BO3TJIABJIST KaHMI.
¢us.-mar. Hayk Muxaun ['puropsesuu byna-
TOB, MHOTO CJEJIaBIIMii B CTAaHOBJIEHUU J1ab0-
paTopuu M BHECIINIA OOJIBIION BKIIAN B pa3BU-
THE KOMIUIEKCHBIX MHKPOBOJHOBBIX METOIOB
NMCTAaHLIMOHHOTO 30HIMPOBAHMSI.

OcHoBHbIE HATIPABJIEHHS] NCCIIEIOBAHMIA

* Pa3paboTka COBpeMEHHBIX paauodusnye-
CKUMX CPEICTB M METOIOB AMCTAHIIMOHHOTO
30HAMPOBAHUSI;

* WCCJENOBaHUSI XapaKTEPUCTUK MOPCKOM
MOBEPXHOCTU METOJIaMU MMKPOBOJHOBOTO
30HAMPOBAHUSI;

* BepudWKaINs CITyTHUKOBBIX TAHHBIX.

TIpoeKTbI M Pe3yabTATHI

B 2001—-2005 rr. ocHOBHas mpobiieMa, Ha
KOTOpOIl cocpenoTouunach jabopaTtopus, 3a-
KJTI0Yajlach B JMCTAaHIIMOHHOM OOHApYyXXeHUU
aBapUITHBIX YIaCTKOB TTOIBOIHBIX Ta30BBIX TPY-
O6ompoBoaoB. [l e€ penieHUs MPOBOIUIMCH
HaTypHBIC SKCIIEPUMEHTBI, B XOIE KOTOPBIX
VMUTUPOBAINCH TOBPEXICHUS TTOABOIHBIX
ra3ornpoBOJOB, a «OTKJIMK» MOBEPXHOCTH Ha-
OMromajcss ¢ TIOMOIIBIO PaauOJIOKAIIMOHHO-
paguoMeTpUUECKOro KoMIuiekca. B pesynbrate
BIEpBbIe ObLIM OOHAPY>XEHbl MUKPOBOJHOBBIE
(pamuoJOKALIMOHHBIE W  paAMOMETPUUYCCKUE)
TMOBEPXHOCTHBIE TTPOSIBJICHUS TTIOTOKA Tasa, UC-
XOJSIIIIEro M3 TMOBPEXIEHHOW TPYyObI, U ycTa-
HOBJICHO, YTO pPaIHdOTEIJIOBbIE KOHTPACTBI
(paznuuusi B PaaMOSIPKOCTHOM TemIleparype
MEXAY MOPCKOI MOBEPXHOCThIO, HACHIIIIEHHOM
IMy3bIpbKaMU Ta3a, ¥ OKpYXKarollleil Bogoit), Mo-
ryT gocturath 16...17 K, a pagnookaiioHHbIE
KOHTPACThl, WU pa3jinuyvsi B MHTEHCUBHOCTU
OTpaX€HHBIX cUTHaIOB — BeimuuH 10...15 nb.
Takum oGpa3oMm, ObLJIO IOKa3aHO, YTO C ITO-
MOIIIbI0O a3POKOCMUYECKUX CPENCTB IHCTaH-
LIMOHHOTO 30HAMPOBAHUS MOXHO HamEXHO
00HapyXuBaThb pa3pylIeHUs] TOABOIHBIX Tra-
30IPOBOIOB M, YTO OCOGEHHO MHTEPECHO, —
MOABOIHBIC TIPUPOIHBIC Ta30BBIX (aKebl,
KOTOpbIe OOBIYHO YKa3bIBalOT Ha ra3oBble Me-
CTOPOXIICHMSI.

HccnenoBaHusi cOOCTBEHHOTO M paccesiH-
HOTO W3JIY4YEeHUs] OpraHWYeCKUX IUIEHOK Ha
BOIHOI ITOBEPXHOCTH, OOpPa30BaHHBIX BCILIBI-
BaIOIIMMM Ta30BBIMM ITy3bIpbKaMU, — HOBOE
HarpaBjieHue padoThl JlabopaTopuu. B xome
HCCIICIOBAaHUN 3KCIIEPUMEHTAIBHO TTO0KAa3aHo,
YTO TIOTOK BCILIBIBAIOIINX Ta30BBIX ITy3BIPb-
KOB YBEJIMYMBAET KOHIIEHTPALIMIO KJIETOK (Du-
TOIUTAHKTOHA B ITOBEPXHOCTHOM MHKPOCIIOE
BOIBL. DTO, B CBOIO OUepellb, 3aMETHO OCJIa0JIsI-
€T KaluJUIIpHbIE BOJHBI HA TIOBEPXHOCTHU U Me-
HSIET XapaKTePUCTUKN OTPaXXEHHBIX CUTHAJIOB
B MUKPOBOJIHOBOM JHMAIla30He.

Subsatellite Experiments Laboratory (552).
Head — Dr. Evgeny Skvortsov

Prior to 2007 the laboratory was headed by
Dr. Mikhail Bulatov, who contributed much to
the lab’s foundation and to development of mi-
crowave remote sensing.

Research Areas

* Development of the advanced radiophysical
means and methods of remote sensing;

+ research of the ocean surface characteristics
using the method of microwave sensing;

« verification of the satellite data.

Projects and Results

In 2001—2005 the primary problem being
solved by the laboratory was the remote detec-
tion of the damaged parts of underground gas
pipelines. To solve this problem, field experi-
ments were conducted during which the dam-
age of a subsea gas pipeline was simulated and
the surface response was observed using the ra-
dio detection/radio metering suite. As a result,
for the first time ever the microwave (radio de-
tection and radiometric) surface manifestations
of the gas flow going out of a damaged pipe
were discovered and it was found that the radio-
thermal contrasts (the difference in the bright-
ness temperature between the ocean surface
saturated with gas bubbles and the surrounding
water) can reach 16...17 K and the radio detec-
tion contrasts, or the differences in the intensity
of the reflected signals, can reach 10—15 dB. So
it was shown that by means of the aerospace re-
mote sensing instruments one can effectively
detect damages of the subsea gas pipelines and,
what is most interesting, subsea natural gas
flames, which are usually indicators of the gas
and oil fields in the off-shore regions.

The study of the intrinsic and scattered ra-
diation from organic films on the water sur-
face formed by the floating gas bubbles is a new
field of laboratory research. As a part of the re-
search it was shown by experiment that the flow
of the floating gas bubbles is increasing the phy-
toplankton cell concentration in the surface
water microlayer. This, in its turn, significantly
weakens the capillary waves on the surface and
changes the characteristics of the reflected sig-
nals within the microwave range.



B naGopatopHbIX 3KCHEpUMEHTaX MCCIEI0-
BaJIUCh YCJIOBUSI OOpa30BaHUs, TMHAMUKA pa3-
BUTHS M BpeMsI paclaia IUIEHOK, a TAKXKe 3aBHU-
CHMOCTb 3THX IPOLIECCOB OT BHELITHUX YCIIOBUIA
U BUIOBOTO cocTaBa duroraaHkroHa. C nmoMmo-
LIBIO0 CKATTEPOMETPA 8-MULIMMETPOBOIO dUa-
Ma30Ha BIIEPBbIE B KOHTPOJIUPYEMBIX YCIOBUSIX
WCCIIeNoBaNIach CBSI3b BEJIMYMH PaTUOIOKAIIU-
OHHBIX KOHTPAacTOB U CABUIOB IOILIEPOBCKUX
4acToT ¢ (pU3MYECKUMU TapaMeTpamMu OUOJIO-
TMYECKUX TUIEHOK.

B 2002—2008 rr. mpoxomuyin HaTypHbIE dKC-
TIEPUMEHTHI 110 MCCICIOBAaHUIO OOPYIIEHUS Be-
TPOBBIX BOJH — OJIHOTO M3 Hambojee BaskKHBIX
¥ HauMeHee HU3Yy4YeHHBIX (B CTAaTUCTUYECKOM
M IMHAMUYECKOM CMBICIIE) TIPOLIECCOB B BEPX-
HeM cjioe okeaHa. HaGioneHusT mpoBOIMINCH
¢ nomompio Jokatopa UKW-2M. Ilo pamuo-
HM300pakeHUsSIM MOPCKOM MOBEPXHOCTH, Ipem-
CTaBJIEHHBIM B KOOPIMHATAX <«BPEMSI-Iajlb-
HOCTb», OBUIM OIpeAeIeHbl TeOMETPUYECKUE
XapaKTepUCTUKU (JMHEWMHBIE W IUTOIIaTHBIC
pa3Mepbl) OOPYIICHUIT TOBEPXHOCTHBIX BOJIH,
BpeMsl XMU3HU U CKOPOCTH PACIIPOCTPaHEHMS
0o0pyLIaloIIMXCsl BOJHOBBIX IpeOHeil. Bce atu
BEJIMYMHBLI OBUTM BIIEPBBIC M3MEPEHBI MUKPO-
BOJIHOBBIMU METOHAMHU. DTH OaHHbIE OYEHb
BaXHBbI I (YyHIAMEHTAJbHBIX MCCIIeIoBa-
HUIA, HAIlpUMep, TeHepaluu TypOYJICHTHOCTH
B BEpXHEM II€PEMEILIAHHOM CJIOE WIIA CKOPOCTHU
oOMeHa ra3oB yepe3 TpaHUlly pas3ziesna BO3LyX-
MOpE.

04-10-2011 WV
K=0.34 pag -18.3 m

During the laboratory tests the conditions
of formation, development and film decay pe-
riod as well as the dependence of these processes
on the external conditions and a phytoplankton
species composition were studied. By means
of the 8-mm scatterometer the connection
of the radio detection contrasts and Doppler fre-
quency shifts with the physical parameters of bi-
ological films was investigated for the first time.

In 2002—-2008 field experiments were con-
ducted in examination of the wind-generated
waves collapse — one of the most important
and least studied (in the statistical and dy-
namic terms) processes in the ocean’s upper
layer. The observations were conducted us-
ing the IKI-2M locator. By the radio images
of the ocean surface presented in the time-dis-
tance coordinate system the geometric charac-
teristics (linear sizes and area) of surface wave
collapses, life, and distribution speed of the col-
lapsing wave crests were discovered. All these
values were measured first through the mi-
crowave methods. This data is very important
for the fundamental research, for instance,
of the turbulence boundary in the upper mixed
layer or the speed of gas exchange across the air-
sea interface.

Kapmel1, ompaxarowjue
MOHKYyIo cmpyKmypy
medyeHuli 8 lony6oli 6yxme
(FeneHdxuk), nocmpoeH-
Hble ¢ NOMOWjbI0 H08020
KOMOUHUPOBAHHO20 Me-
moda paouosIoKayuoOHHbIX
usmepeHuli Npu pasHeIX
2udpomemeoycnosuax

Maps showing a fine structure
of the currents in Golubaya
Bay (Gelendzhik) reconstructed
using a new combined method
of radar measurement under
various hydro meteorological
conditions
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Anekceli KyseMuH
Alexei Kuzmin

10.T. Tpoxumosckuli
(26.07.1957-2.2.2002)

Yu. G. Trokhimovsky
(July 26,1957 - Febrary 2,2002)
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Ho, xpoMe 3TOrO, OHUM X€ CTaau OCHOBOI
IUTsT pa3pabaTbiBAeMOro B HACTOsILEe Bpemsi
HOBOT0 KOMOMHUPOBAHHOTO METONA PaaUOJIO-
KaIlMOHHBIX M3MEpPEeHUil MapamMeTpoB TOBEpX-
HOCTHBIX T€YeHU U Tomorpaduu qHA B MpU-
OpexxHoii 30He. Ero oTimuus ot Tex METOAUK,
KOTOpBIe TPUMEHSTIOTCST CETOIHSI, — 0oJiee BbI-
COKasi TOUHOCTb ONpeNeeHUsI CKOPOCTU U Ha-
npaBjieHUs] TeyeHUid. [loBbllIeHHE TOYHOCTU
TaKUX W3MEPEeHUl BaXHO IS ObecreyeHus
0e30MacHOCTU CYIOXOACTBA, IPU CTPOUTEIb-
CTBE TMOPTOBBIX COOPYXEHUM, IS OXpaHbI
OKpYXaloIel Cpebl, a TakKKe Mpu Bepudbuka-
LIMY CITyTHUKOBBIX JTaHHBIX.

JlaGopaTopuss MUKPOBOJIHOBOIA paMOMeTPHr
(553) (pyxosodumenv — kamo. ghuz.-mam. Hayk
Anexceil Kyzvmun)

Jlabopatopusi  MUKPOBOJHOBOW  panuo-
MeTpun OblTa obpazoBaHa B 2002r. lo 3TO-
rO MOMEHTa COOTBETCTBYIOLee IOApa3aese-
Hue Bo3miasisil IOpuit Taesny Tpoxumosckuii
(1957—2002), ompenenuBIINIA PSIA TIPUOPUTET-
HBIX HarpaBieHuilt jnabopatopuu. FHOpwuii Ia-
€BUY TIPUINENT B OTHEN IMCTAaHIIMOHHOTO 30H-
MAPOBAHUSI OKeaHa, KOTOPBIA BO3MJIABIISII
B.C. O1kuH, emé crynentom MPTU. ITwiT-
JIUBBIA YM, TBOpYECKas aKTUBHOCTb, BBIIAIO-
1Mecsl HaydHble CITOCOOHOCTU, YMEHUE YBIIEUb
cBouMu uaesimu Bcerna omimyanu HO0.T. Tpo-
XMMOBCKOTO, a paboTOCIIOCOOHOCTh W OpU-
TMHAJIBHOCTh HAYYHOTO MBIIUICHUS CHEIaln
€r0 UCTUHHBIM TE€HEpaTopoM WAei, KOTOphIe
JIETJIM B OCHOBY MHOTMX IIPOEKTOB, SKCIIEPH-
MEHTOB U 3Kcrienuimii. OH ObUT OMHUM U3 pa3-
pabOTYMKOB TEOPUU <«KPUTUYECKUX SIBICHMII»
B COOCTBEHHOM TEIJIOBOM W3JIyYeHUH MOP-
CKOIl TIOBEPXHOCTM W OTHAl MHOTO BpEMEHU
U CWI, YTOOBl MOATBEPAUTH €€ SKCIEPUMEH-
TajbHO. 0. T. TpOXMMOBCKUI MPEITOXUI HO-
BBIf METON MWCTAHITMOHHOW CITEKTPOCKOTIUN
MODPCKOUM TOBEPXHOCTU IO MMKPOBOJTHOBBIM
MHOTOYAaCTOTHBIM PaIMOMETPUIECKUM U3Mepe-
HUSIM B HAUP, a TAKXKE METON BOCCTAHOBJICHUS
CIeKTpa IPaBUTALIMOHHO-KAMWUISIPHON YacTu
MOPCKOTO BOJIHEHHUSI IO YIJIOBBIM MHUKPOBOJI-
HOBBIM paTOMeTprUIecKuM m3MepeHusiM. [lox
€ro PYKOBOJCTBOM 3KCHEPUMEHTATbHO UCCIIE-
noBaH 3(GdeKT aHU30TPONMUM MOPCKOTO BOJI-
HEHUSI ¥ Ha OCHOBE 3TOTO pa3paboTaH METO.
NACTAaHLIMOHHOTO M3MEPEHUs] CKOPOCTU U Ha-
TIpaBJICHUS BeTpa Y MOPCKOM MOBEPXHOCTH.

CeromHs OCHOBHAsI 3amava jabopatopuu —
pa3paboTKa METONUK AMCTAaHLIMOHHOIO 30H-
JIUpOBaHUs oKeaHa u aTMocdepbl 3eMiu C Mo-
MOIIIbI0 MWKPOBOJTHOBBIX pPaguoMeTpoB. Jlis
pelieHus1 3Toi 3agayum HeoOXOAMMBI U paspa-
0OTKa HOBOIl pPagMOMETPUYECKO ammapary-
pbl, U TIPOBEIEHNE WCCIENOBAaHUI B 00JIACTH
¢u3MKM okeaHa M aTMocdepbl, pacIpocTpa-
HEHUS 3JIEKTPOMATHUTHOTO WM3JIyYeHUST depes
aTMocdepy U paccesiHUsI €eTo Ha IIepOXOBaTOM
TOBEPXHOCTH.

But additionally these values have become
the basis for a new combined method of radio
detection measurements of surface current pa-
rameters and bottom topography in the coastal
region being currently developed. The difference
of this method from the methods applied today
is a higher accuracy of velocity measurement
and currents direction. Improving accuracy
of such measurements is of importance to ensure
safe navigation, when constructing docking fa-
cilities, for environmental protection and when
verifying the satellite data.

Laboratory for Microwave Radiometry (533).
Head — Dr. Alexei Kuzmin

The laboratory of microwave radiometry
was founded in 2002. Up until that time the re-
spective division was headed by Yuri G. Trokhi-
movsky who defined some priority fields
of the laboratory. Yuri Trokhimovsky came to
the department of the remote ocean sensing
headed by V.S. Etkin while he still was a student
of the Moscow Institute of Physics and Technol-
ogy. Inquiring mind, creative efforts, outstand-
ing research capabilities, ability to captivate
others with his ideas always were the distinctive
features of Yu.G. Trokhimovsky. And his com-
mitment and distinction of scientific thinking
made him a true generator of ideas which be-
came the basis of many projects, experiments
and expeditions. He was one of the develop-
ers of the critical phenomena theory in the in-
trinsic thermal radiation of the ocean surface
and spent much time and effort to confirm this
theory by experiments. Yu.G. Trokhimovsky
proposed a new method of remote spectros-
copy of the ocean surface through microwave
multi-frequency radiometric = measurements
pointed at nadir and the method of reconstruc-
tion of the spectrum of the gravity-capillary
part of the ocean disturbance by the angular
microwave radiometric measurements. Under
his direction the anisotropy effect of the ocean
disturbance was examined by experiment and
based on the results the method of remote mea-
surement of the wind velocity and direction at
the ocean surface was developed.

Today the laboratory’s primary task is
to develop the methods of remote sensing
of the ocean and the Earth’s atmosphere us-
ing the microwave radiometers. Both develop-
ment of new radiometric hardware and research
in the field of ocean and atmosphere phys-
ics, distribution of electromagnetic radiation
through the atmosphere and its scattering along
the uneven surface are required to solve this
problem.



OcHoOBHbIE HANIPABJIEHUS

Jucmanyuonnvle uccaedo8anus nogepxHocmu

OKeaHa:

* HccrnemoBaHne BeTpOBOTO BOJHEHUST Ha
MODCKO# ITOBEPXHOCTU M €r0 BJIMSHHME Ha
XapaKTepUCTUKU COOCTBEHHOTO U3JTyYeHHsI;

* IWCTAHIIMOHHOE OTpenejeHue CKOPOCTU
Y HAIIpaBJICHUE BETPA,

* pa3paboTKa METOAUKM OIpPEeNeIeHUs CIeK-
Tpa TpaBUTAIMOHHO-KANMJUIIPHOTO BOJTHE-
Hus (F’KB);

* IMCTAHIIMOHHOE ONpeaeeHne MOTOKOB Tell-
J1a yepe3 TpaHuIly okeaH-aTMocdepa;

* ompenecHUEe COJIEHOCTU U TeMIIepaTypa Io-
BepxHocTu okeaHa (TTI1O).

Hccaedosanus ammocghepol:

+ [loBblllICHME TOYHOCTH OMpENeSICHUS WH-
TErpaJIbHOTO CONEpPXaHUs BOASHOTO Tapa
Y WHTErpajibHOTO COMEPKaHMS KarelbHO
BJIary;

* ormpeneaeHue MOAPOOHBIX mpoduieil Bo-
NSTHOTO Tapa W TeMIlepaTypbl atMocdeps
C BBICOKMM TMPOCTPAHCTBEHHBIM pa3pelie-
HUEM;

*+ omnpeneleHNe UHTEHCUBHOCTH OCaIKOB.

IIpuGopsi, MPOEKTHI, pe3yJIbTATHI

PazpaboTka yHUKaJbHOrO MeToma AMCTaH-
IIMOHHOTO OIpeAe/ICHNUSI IMapaMeTPOB CITEKTpa
T'KB — Meroma HeJMHENHONM paauoTeIIOBOM
pe3oHaHcHoit crnektpockonuu (HPPC) —
MOXHO OTHECTHM K OCHOBHBIM JOCTVIKCHUSIM
nociaenHux naecsaty JjeT. OmpeneneHue 3Toit
YacTH CIIeKTpa HEOOXOAMMO Uil pelleHUs
(yHIAMEHTAJbHBIX 3aJad, CBSI3aHHBIX C Me-
XaHU3MaMM HaKaykv W JAUCCUIIAIIUN DHEPTUM
OT BETPOBOTO MOTOKA K IMTOBEPXHOCTHOMY BOJI-
HEHUIO, KaK YacTh MeXaHW3Ma B3aUMOICHi-
CTBUS OKeaHa U aTMocdepbl. DKCIepuMeH-
TaJIbHbIE HCCJIEIOBAaHUSI C TIOMONIbIO MeToma
HPPC npoBoauiauch B paMKax MeEXIyHApOmI-
HbIx akcneauii CAPMOS’05 u CAPMOS’07
W TIOACIYTHUKOBBIX SKCIIEPMMEHTOB Ha Yép-
HoMm Mope (momuroH KOO MO PAH, Tenen-
KUK, Poccusi; okeaHorpaduueckass ruiaT-
¢dopma MI'U noc. Kauusenu, Kpeim). AHanu3
GOJIBIIIOTO  3KCIIEPUMEHTAIIBHOTO MaTepHaia
MO3BOJIUT CKOPPEKTUPOBATh CYIIECTBYIOIINE
MOJIEIN TPaBUTAITMOHHO-KATWIIIPHOTO BOJI-
HEHUS W pa3dpaboTaTh HOBYIO SMITMPUYECKYIO
MOJIEb.

Research Areas

Remote sensing of the ocean surface:

* Study of the wind-generated waves on the
ocean surface and their influence on the in-
trinsic radiation characteristics;

* remote wind velocity and direction measure-
ment;

* development of the methods to measure
the spectrum of the gravity-capillary distur-
bance (GCD);

» remote detection of the heat flows across
the ocean-atmosphere boundary;

* measurement of salinity and ocean surface
temperature (OST).

Atmospheric research:

* Improving the accuracy of measurement
of the integral content of the water vapors
and integral content of the condensed mois-
ture;

+ defining the detailed profiles of water vapors
and atmosphere temperature with a high spa-
tial resolution;

+ measurement of the precipitation rate.

Instruments, Projects, Results

The development of the unique method
of remote measurement of the GCD spec-
trum parameters — the method of nonlin-
ear thermal radiation resonance spectroscopy
(NRRS) — can be referred to the primary
achievements of the last decade. Measurement
of this part of the spectrum is required to solve
the fundamental problems associated with
the mechanisms of pumping and dissipation
of energy from the wind flow towards the sur-
face disturbance as a part of the mechanism
of ocean-atmosphere interaction. The experi-
mental research through the NRRS method
was conducted within the framework of the
CAPMOS’05 and CAPMOS’07 international
expeditions and subsatellite experiments at
the Black Sea (test ground of the Southern
branch of RAS Shirshov Institute of Oceanol-
ogy, Gelendzhik, Russia, the oceanographic
platform of the Marine Hydrophysical Insti-
tute, Katsiveli settlement, Crimea). The analysis
of a large experimental data will enable to cor-
rect the current models of the gravity-capillary
disturbance and develop a new empirical model.
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Travers radiometric suite installed

on a hydrophysical platform at the southern
extremity of the Crimea peninsula nearby
the Katsiveli settlement which helped to
measure the spectrum of the curvature

of ocean disturbance (1). Middle (2): a typical
example of the curvature spectrum, figures
from 1 to 5 mark the surface components for
which the down image (3) shows the temporal
behavior as compared to the surface wind
velocity
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Pa3paboTka TpelU3MOHHBIX PaTMOMETPOB-
MOJISIPUMETPOB [UISI TMPOBEICHUSI TOACITYTHU-
KOBBIX WM3MEpPEHUI 3aBeplIiach CO3MaHUEM
IIBYX HOBBIX COBPEMEHHBIX PaIOMETPOB-TIOJISI-
PUMETPOB 8§-MM AuMaria3oHa U KaJlMOpOBaHHBIX
MM POKOYTOJILHBIX M3TydaTesieil K HUM. Pamno-
METPHI MPOIIUIA YCIIeIIHbIC UCITBITAHUS Ha T10-
surone KOO MO PAH.

B teopetnyeckux pazpaboTKax pa3BHBaJlach
TEOpHUsT B3aMMOICUCTBMS ILIOCKO-TIONSIPU30-
BaHHOM MOHOXPOMATMYECKON  3JIeKTpoMar-
HUTHOM BOJIHBI C CUHYCOMIAJIBbHOM MOPCKOM
MoBepxXHOCThI0. [lolydeHO TOYHOE pelIicHUe
BOJTHOBOTO YpaBHEHUSI Ha CHUHYCOWIAJbHOMU
IpaHUIle BONA-BO3MYX IUISI TIPOM3BOJIBHOM ITO-
ngpusanui. ['paHUYHBIE YCJIOBUS Ha TIEPHO-
IMYECKON TOBEPXHOCTH pasjiararoTcsl B PsiIbl
®ypbe IO MPOCTPAHCTBEHHBIM TapMOHUKaM,
Iocjie 4ero MPUPaBHUBAIOTCS KO3(MMUIIMEHTHI
MPU OJMHAKOBBIX IKCIOHEHTaX. DTO MPUBO-
AT K OECKOHEYHOMEPHOM CHuCTeMe JWHEel-
HBIX YpaBHEHUIi, KOTOpasl pelIaeTcsl ¢ 000
BBIODAHHOM CTENEHbI0 TOYHOCTH, B CUIY €€
nMaroHajibHOM cxomumoctd. Ha ocHoBe mo-
JIy4EHHOTO pEIIeHUST TIPOBEIEHBI PacUEThHI
KO3 GULIMEHTa  MOIJIOLIEHUS,  M3Jy4eHUs
U PamTMOSIPKOCTHOMN TeMIepaTypbl MOPCKOM
MMOBEPXHOCTH B 3aBUCHUMOCTH OT Pa3IMYHBIX
napameTpoB. [TokazaHbl pe30HaHCHBIE OCOOEH -
HOCTH B KO3(dUIIMEHTaX U3TYyYeHHS U TIOTJIO-
meHus1. MakcuMmanbHble 3(PGEKTH CBSI3aHBHI,
KakK 3TO M OXMIAJI0Ch, C BEPTUKAIBHOU TOJISI-
pu3auuent u3JIydeHusl.

Pazpaboran u BBen€éH B Jloarocpounyio
MporpaMMy KOCMHYECKUX 3KCIIEPUMEHTOB Ha
poccuiickom cermeHTe MKC mnpoekT kocmu-
YeCKOro sKcrepuMenTa «KoHBepreHuus», Le-
JIbIO KOTOPOTO SIBJISIETCSI MCCeNOBaHUE OCHOB
3apOXIEHUS W HDBOJIOIMU KPYMHOMACIITA0-
HBIX KPUBUCHBIX aTMOC(EpPHBIX TPOLIECCOB
TUMA Tali(yHOB M TPONMYECKUX LIMKJIOHOB KaK
OIHMX W3 OCHOBHBIX 3JIEMEHTOB B (DOPMHUPO-
BaHUM TJI00ATBHOTO MAacCco- W BJIAarooOMeHa
B CHCTeMe «OKeaH-aTMocdepar. 3agaum — u3-
MepeHUsT aOCOIOTHBIX PaIUOSIPKOCTHBIX TEM-
repaTtyp CUCTeMBI aTMOc(depa-oKeaH TPOITMKOB
B nuanasoHe 6—220 I'Tu, onpenenenue aeraib-
HBIX TIpoduiieil TeMIlepaTypbl M BIAKHOCTH
atMoc(epbl, MCCIeIOBAaHMUS IO KPYIJIOCYTOU-
HOMY OOHapy:KEHUIO BCIIbILIEK MOJHUIA, OIpe-
neJIeHre SHEePreTUIecKnX, MPOCTPAaHCTBEHHBIX
1 BPEMEHHBIX XapaKTepUCTUK BCIIBIIICK MOJI-
HUI, 30H TPO30BOI1 1€SITEILHOCTH.

Jist  aKcrepuMeHTa  pa3pabaThIBAIOTCS
M YCTAHABJIMBAIOTCS CKAHUPYIOIIUI MUKPOBOJI-
HOBBIN pagromeTp-criektpomerp (MuPC) u ne-
TtekTop MosHMi (JAM). [lepBblii nipenHa3HaueH
IJIST U3MEPEHUS PaauOTEITIOBOTO M3TydeHUs
atMocdepbl 3eMJIM U €€ TTOBEPXHOCTH B MUKPO-
BOJIHOBOM [Mamna3oHe W TIPEACTaBISIET COOOM
MHOTOKAHAJIbHBIM  pamvoMeTp ITaHOPaMHOTO
TUMa 0030pa CO CKAHUPOBAHMEM ITPOCTPAHCTBA
JIydaM¥, BpaIlaloIIUMKCS BOKPYT HaIpaBJICHUS
B Hamvp TMOI MOCTOSTHHBIM yriioM 45+0,1° (ko-
HUYECKOoe CKaHMpOBaHue) ¢ ieproaomM 1,29 c.

The development of high-precision radiome-
ters-polarimeters for subsatellite measurements
ended up in construction of two new advanced
8-mm radiometers-polarimeters and gaged
wide-angle radiators for them. The radiometers
have successfully passed the tests on the test
ground of the Southern Branch of the RAS
Shirshov Institute of Oceanology.

In the theoretical research the theory
of the interaction of a linearly polarized mono-
chromatic electromagnetic wave with a sinu-
soidal ocean surface was developed. An exact
solution of the wave equation on a sinusoidal
water-air interface for arbitrary polarization was
obtained. The boundary conditions on a peri-
odic surface are transformed as Fourier series
by spatial harmonics and after that the coeffi-
cient are made equal at the same exponentials.
This results in an infinite-dimensional system
of linear equations which can be solved with
any selected accuracy degree due to its diago-
nal convergence. Based on the obtained solu-
tion the calculations of the coefficient of ab-
sorption, radiation, and brightness temperature
of the ocean surface depending on various pa-
rameters were made. The resonance peculiarities
in the radiation and absorption coefficients were
shown. The maximum effects are associated
with, as expected, the radiation vertical polar-
ization.

The Konvergentsiya space experiment (SE)
was developed and included into a long-term
program of experiments onboard Russian Seg-
ment of the ISS. Its goal is to study genesis
and evolution conditions of large-scale crisis
atmospheric processes like typhoons and trop-
ic cyclones as one of the primary elements
in the formation of the global mass and mois-
ture exchange in the ocean-atmosphere sys-
tem. The tasks of the experiment are: measure-
ments of the absolute brightness temperatures
of the tropic ocean-atmosphere systems within
the 6-220 GHz range, measurement of detailed
atmospheric temperature and humidity pro-
files, research in the field of 24-hour detection
of flashes of lightning, measurement of energy,
space and time characteristics of the flashes
of lightning, regions of thunderstorm activity.

For the experiment a scanning microwave
radiometer-spectrometer (MiRS) and a light-
ning detector (DM) are being developed and
installed. The first one is designed to measure
the radio thermal radiation of the Earth’s at-
mosphere and its surface within the micro-
wave band and is a multi-channel radiometer
of the panoramic view type with the function
of space scanning using the beams rotating
around the direction pointed at nadir at the con-
stant angle of 45+0.1° (conical scanning) with
1.29-sec period.



IIpu Takom criocobe 0030pa IMOBEPXHOCTU
3emnu Ui BBICOTBI OPOUTBHI KOCMUYECKO-
ro anmapara 450 kM mosioca 0030pa COCTaBUT
810 kM. Bropoit mpubop TpemHa3HaueH IS
0o0Hapy>XeHUsI BCIbIIIEK MOJIHUHI B MOJOCE 3a-
xBaTa 680 kM (dopmat Kampa 680%550 km).
Bcenbiky MoTHMI HAGTIONAIOTCST B HATUD.

JlaGopaTopus a3pOKOCMUYECKO# PATHOJIOKAMH
(554) (pyxosodumenv — Karo. gu3z.-mam. HAyK
Onvea Jlasposa)

JlaGoparopusi a3pOKOCMMUYECKON  pammo-
JIoKaluu Oblia oopaszoBaHa B 2002 1., u e€ ne-
SITEJTBHOCTh TIPONOJIKAET HaydHOe HaIpaBiie-
HUe, pa3paboTaHHOe I-poM (H3.-MaT. Hayk,
npodeccopom B.C. DTKMHBIM, — IUCTaHLMU-
oHHoe 30HAupoBaHue 3emau ([A33) paguodu-
3udeckuMu MeTtogamMu. OCHOBHBbIE HayYHBIC
HanpaBJIeHUs NeITeJIbHOCTU — TEOPEeTUYECKOe
M 9KCTIIEPUMEHTATTbHOE UCCIIeIOBAHKNE TMHAMM-
YECKUX M BOJHOBBIX ITPOIIECCOB B BEPXHEM CJIOC
OKeaHa M B MPUBOAHOI aTMocdepe Ha OCHOBE
JAHHBIX CITyTHUKOBOTO TUCTAHIIMOHHOTO 30H-
TUPOBAHMSI.

3a rombl CyILIECTBOBaHUS J1abOpaToOpuu
e€ COTPYIHMKM B XONE BHITIOJHEHUS IIEJIO-
ro psaa POCCUUCKUX U MEXIyHApOTHBIX IPO-
€KTOB HAaKOIWJIM YHUKAJIbHBIN OMBIT PabOThI
C pa3HOOOpa3HON CIYTHMKOBOM MHGOpMaI-
el 0 COCTOSTHUM MOpEeil U OKeaHOB M Pa3BHIA
KOMILJIEKCHBIN (MHOTOCEHCOPHBIA U MEXIUC-
LUTUIMHAPHBINA) MOAX0A K MCCienoBaHu0 Mu-
POBOTO OKeaHa Ha OCHOBE NaHHBIX J133.

OCHOBY HCCIEIOBaHUN COCTaBSIOT HU30-
OpaXkeHUsI MOPCKOW TIOBEPXHOCTH, TTOTydeH-
HBbIE TPY TTOMOIIM PaIUOJIOKATOPOB C CHHTE-
3MPOBAHHON arepTypoi, a ISl UX YBEPEHHOM
W HaIEXHOW WHTepIpeTaluu B JabopaTopun
pa3pabaThIBAIOTCSI METOOWMKM aHajiu3a Bceit
COBOKYITHOCTM ~ MH(OpMalMu, MOJy4eHHOMI
C TIOMOIIIbIO TTPUOOPOB ITMCTAHIIMOHHON mua-
THOCTUKHU, YCTAHOBJEHHBIX Ha Ppa3IMYHBIX
CIYTHUKAaX, CMelMaIu3UPOBaHHbBIX Ha AUCTAH-
ILIMOHHOM 30HAMpoBaHUM 3emun. KiroueBbIM
BOIIPOCOM SIBJISIETCSI BOBMOXKHOCTb KOMILIEKC-
HOTO UCIOJb30BaHUs JaHHBIX, Pa3IUYHBIX
Mo cBoei (U3MYECKON mpupoae (aKTUBHOE
M TIACCUBHOE€ MMKPOBOJIHOBOE 30HAMPOBAHUE,
MHOIO- U TMIIEPCIIEKTpaJbHbIE ONTUYECKME
u UK-maHHBIE), MpPOCTpaHCTBEHHOMY pa3pe-
IIEHUIO U pa3MEPHOCTH.

Pa3pabotka (pu3nuecKux OCHOB BBISIBJICHUS
AHTPOITOTeHHBIX 3arpsI3HEHUIA Ha MOPCKOI TT0-
BEPXHOCTH — elI¢ OJHAa M3 BaXXKHBIX 3a1ay Ha-
YYHBIX MCCIIeNIOBaHUI JabopaTopuu. Beuti BbI-
paboTaHbl OCHOBHbBIC KPUTEPUH, TIO3BOJISIOIINE
C BBICOKOW CTETNEHbIO JTOCTOBEPHOCTH BbISIB-
JIATh HedTSHBIE 3arpsi3HEHUsT Ha MOPCKO# 1Mo-
BEPXHOCTH U OTHENATh UX PAINOIOKAIIMOHHBIE
CUTHATYypbl OT TOBEPXHOCTHBIX IIPOSIBICHUIA
Ipyrux (eHoMeHOB, HampuMmep objacTeil ak-
TUBHOTO LIBETCHUSI BOIOPOCIIEii, BETPOBOTO 3a-
THUILbSI U JISASTHOTO MOKPOBA.

With this method of Earth surface obser-
vation for a spacecraft 450-km orbit altitude,
the swath width will be 810 km. The second
instrument is designed to discover the flashes
of lightning within the 680-km field of view
(680%550 km frame size). The flashes of light-
ning are observed in the direction pointed at
nadir.

Laboratory of Aerospace Radio Detection (554).
Head — Dr. Olga Lavrova

The laboratory of aerospace radio detec-
tion was founded in 2002 and its activities con-
tinue the research line developed by professor
V.S. Etkin — the Earth remote sensing through
radiophysical methods. The primary lines of re-
search are theoretical and experimental research
of dynamic and wave processes in the ocean up-
per layer and in the surface atmosphere based
on the data from the satellite remote sensing.

Over the years of laboratory existence its
staff members have gained a unique experience
in various satellite data on the seas and oceans
conditions in the course of a series of the Rus-
sian and international projects and developed
a complex (multi-sensor and interdisciplin-
ary) approach to exploration of the world ocean
based on the Earth remote sensing data.

The research framework includes images
of the ocean surface obtained from the radio de-
tectors with synthesized aperture, the laboratory
is developing the analysis methods of the whole
collection of the data obtained by the remote di-
agnostic instruments installed onboard various
satellite intended for the Earth remote sensing
for confident and reliable data interpretation.
The key problem is the possibility of complex
use of the data different in their physical nature
(active and passive microwave sensing, multi-
and hyper-spectral optic and IR-data), spatial
resolution and units.

The development of the physical basics to
find the anthropogenic pollution on the ocean
surface is one more important problem of sci-
entific research of the laboratory. The primary
criteria were developed enabling to discover oil
spills on the ocean surface with a very high de-
gree of confidence and separate their radar sig-
nature from surface manifestations of other phe-
nomena, for instance, from the regions of active
algal bloom, wind standstill and ice cover.

Oneza Jlaepoea
Olga Lavrova
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lMposaeneHue Display of multiple internal
MHO204UC/IEHHbIX Uy208 wave trains on the radar
8HYMpeHHUX 60JTH images from ASAR Envisat

(© ESA) near the Danube
Delta in the Black Sea (left)
and in the Caspian Sea (right)

Ha paouos1I0KayUOHHbIX
u3zobpaxenusx ASAR Envisat
(© ESA) 86n1u3u 0enomel
AyHaa e YépHom mope
(eeepxy) u 8 Kacnutickom
mope (8HuU3Y)
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IMocpencTBoM COBMECTHOTO aHaIM3a pa3HO-
POIHBIX CIYTHUKOBBIX TAHHBIX OBLIA OIpene-
JIEHbl OCHOBHBIE TUITbI aHTPOIIOTEHHBIX U €CTe-
CTBEHHBIX IUIEHOYHBIX 3arpsSA3HEHUNM MOPCKOM
MOBEPXHOCTU, XapakTepHble s Y€pHoro,
Bantuiickoro u Kacnmiickoro mopeit.

COBOKYITHOCTb HAKOIUIEHHBIX SKCIIEPUMEH-
TaJbHBIX (DAKTOB M TEOPETUYECKMX MOIeNei
JIETJIM B OCHOBY pa3BMBAaeMoOil B HacTosliee
BpeMsI TEXHOJIOTUM SKOJIOTUYECKOTO MOHHUTO-
PMHTa COCTOSIHUS U 3arpsI3HEHUs TTPUOPEKHOM
30HBI poccuiickux mopeil. OHO CTpOUTCS Ha
IeTaTbHOM 3HAHWM BCE COBOKYITHOCTH THIPO-
NMHAMUYECKUX TPOIIECCOB, XapaKTEPHBIX IS
paiiloHa MOHMTOPHMHra, TaK KakK 3arpsi3HeHUsl,
rorangas B MOPCKYIO CpPey, CTAHOBSATCS YacThIO
9TOI Cpelbl U pa3BUBAIOTCS BMECTE C HEW Tof
BO3IEUCTBUEM METEOPOJOTUYECKUX M TUAPO-
JIOTMYECKUX (pakTopoB. KOMIUIEKCHBINM TTOAXOM
K OIepaTUBHOMY CITyTHUKOBOMY MOHUTOPUHTY
HedTaHOro 3arpsi3HeHust Mopeit Poccuu Briep-
BbIe OBLI peajM30BaH Ha MPAKTUKE COTPYIHH-
KaMM JJabopaTOpMu COBMECTHO C KOJIJIeTaMM U3
HMuctutyra okeanHosoruu uM. I1.T1. upnio-
Ba u l'eopusuueckoro nenra PAH mna paiio-
Ha toro-BoctoyHoii Bbantuku B 2004—2005 rT.
IMo3xe pa3paboTaHHBIE METOIMKUM UM HaKO-
IUIEHHBIII ONBIT OBLIM MCIOJIB30BAaHBI IIPU
MPOBEACHUM IKOJOTUYECKOTO MOHUTOPHMHIA
Bantuiickoro, YépHoro, AzoBckoro u Kacnuii-
ckoro mopeii B 2004—2011 rr.

Pe3yabTaTsi

1. WccnenoBanue UMPKYISIIMOHHBIX U AU-
HaMWYECKUX TIPOIIECCOB BO BHYTPEHHMX MOPSIX
Poccun Ha ocHOBE KOMIUIEKCHOTO WMCTIOJB30-
BaHUsI CIYTHUKOBOU nHbOpMaLnu

Hcnonb3oBaHWe NaHHBIX CIYTHUKOBOTO
MACTAaHIIMOHHOTO 30HAWPOBAHUSI MOPCKOH TO-
BEPXHOCTU CYLIECTBEHHO paCIIMPUIO Hallu
TPENCTaBIEHUs] O BHYTPEeHHUX BOJIHAX B OKea-
He. B mocnenHee Bpems ynanoch BBISIBUTH IO-
BEPXHOCTHBIE TPOSIBIEHUS] BHYTPEHHUX BOJH
He TOJIbKO B XOPOIIIO U3YYEHHBIX U TIOAPOOHO
OMHUCAHHBIX B HAYYHOW JIMTEpaType pailoHax
MupoBoro okeaHa, HO U B 3aMKHYTBIX Oacceii-
Hax: MOpsIX U Gosbiiux o3épax. Habmonaemeie
BHYTPEHHUE BOJHBI B OECHPWJIMBHOM Oacceii-
HE CYILECTBEHHO M€Hee WHTEHCUBHBI, YEM HUX
aHaJIOTM B OKeaHe WJIM MOpPSX C MPUIMBaMU,
HO 6oJiee pa3HOOOPA3HBI C TOUKU 3PEHUS MeXa-
HU3MOB CBOETO MPOUCXOXAEHUS. BblI1o BBISIB-
JIEHO, YTO MeXaHW3MOM TeHepalluy I[yroB WH-
TEHCUBHBIX BHYTPEHHUX BOJIH B OECTIPMIMBHOM
MODE€ MOTYT CITYXKUTb BBIXOJbl HA IIENb( TNH-
HBIX BHYTPEHHUX BOJH — BHYTPEHHUX CEUIII
U KBa3UMHEPUUOHHBIX BHYTPEHHUX BOJH, IO-
SIBJISIIOLIMXCSI, KaK MPaBWIO, B MOCIEIITOPMO-
ByIo morony. Beixonmsiue Ha mienbd mIMHHBIS
BHYTPEHHUE BOJHBI B OECHPWIMBHOM MOpE
UTPAIOT TY K€ POJib, YTO U BHYTPEHHUE MPUIIU-
BBl Ha 1Ienbde okeaHa. [1o Mepe pacmpocrtpa-
HEeHUsT K Oepery, OHM CHayajia MpeTeprieBaioT
HEJIMHENHYIO 3BOJIIOLMIO, TMPEBPALIAsiCh U3

Through the joint analysis of the heteroge-
neous satellite data the primary types of the an-
thropogenic and natural film-type pollution
of the ocean surface specific to the Black, Baltic,
and Caspian Seas were defined.

The stock of the collected experimental facts
and theoretical models has become the ba-
sis of the technology of ecological monitoring
of the conditions and pollution of the coastal
regions of the Russian seas being at the devel-
opment stage now. It is based on the detailed
knowledge of the whole range of hydrodynamic
processes specific to the region of monitoring
since the pollution, as it enters the marine en-
vironment, becomes a part of this environment
and develops together with it under the influ-
ence of meteorological and hydrological factors.
A comprehensive strategy for the on-line satel-
lite monitoring of oil spills in the Russian seas
was first implemented in practice by the labo-
ratory’s staff members together with their col-
leagues from the Shirshov Institute of Oceanol-
ogy and RAS Geophysical Center for the region
of Southeast Baltics in 2004-2005. Later the de-
veloped methods and the accumulated experi-
ence were applied when conducting an ecologi-
cal monitoring of the Baltic, Black, Azov and
Caspian Seas in 2004-2011.

Results

1. Research of the circulation and dynamic
processes in the Russian internal seas based
on the comprehensive utilization of the satellite
information

Utilization of the data of the satellite re-
mote sensing of the ocean surface has signifi-
cantly expanded our ideas of the internal waves
in the ocean. Recently, we were able to discover
the surface manifestation of internal waves not
only in the world ocean regions well-explored
and described in the scientific papers but also
in the enclosed basins: seas and large lakes.
The observed internal waves in the tideless ba-
sins are substantially less intense than the similar
waves in the tidal ocean or seas but considerably
more diverse from their origin point of view. We
found that long internal waves (internal seiches
and quasi-inertial internal waves that usu-
ally appear in a post stormy weather) going out
to the shelf can be the generation mechanism
of intense internal wave trains in a tideless sea.
The long internal waves going out to the shelf
in a tideless sea are playing the same role as
the internal tides on an ocean shelf. As they
propagate towards the coast, they first undergo
a nonlinear evolution and turn from quasi-si-
nusoidal into nonlinear waves and then generate
the trains of soliton-like internal waves. Under
the conditions of a narrow steep shelf the gen-
eration of waves with maximum amplitudes
can be associated with local fronts of the surg-



KBa3sUCHHYCOUTAIBHBIX B HEJIMHEWHBIC BOJI-
HBbI, a 3aTeM TE€HEpUPYIOT TMaKEeThl COJUTOHO-
MOTOOHBIX BHYTPEHHUX BOJH. B  ycrmoBusix
Y3KOro MpUnIyooro meiabda TeHepalus BOJH
MaKCUMaJIbHBIX aMIUIUTYI MOXET ObITh CBSI3a-
Ha C TMOAXOJOM B MPUOPEXKHYIO 30HY JIOKasb-
HBIX (DPOHTOB CTOHHO-HATOHHOTO ITPOMCXOXK-
NEHUsI, HAOJIONAIOIINXCS B TEPUOABl CHATHUS
BETPOBOIO HAIpSKEHUsT M BOCCTAaHOBJIEHUS
HapylIeHHOW CrOHOM WJM HAaroHOM CTpaTH-
¢dukauuu. B ycnoBusx mmpokoro iejibga Bo3-
MOXHa TeHepalus WHTEHCUBHBIX BHYTPEHHUX
BOJIH JIBWKYIIEICS TTOBEPXHOCTHOUW WHTPY3M-
el pacripeCHEHHBIX MPUOPEXHBIX BOMI, KaK 3TO
pPEryJsipHO HaOJMI0MAeTCsl Ha MPUIYHANCKOM
meabde YepHoro mopst. CoTpymHUKHU JTabopa-
TOPUMU HA OCHOBE CITyTHUKOBBIX JaHHBIX BbI-
SIBUJIM €1I€ OIVH HOBBI MeXaHW3M T'eHepaluu
BHYTPEHHMX BOJH B OCCIPUIMBHBIX MODSIX,
a UMEHHO — TeHepalus BOJH HecTallMOHap-
HBIM (POHTOM (IBMXYIIMMCSI U/WJIW TIOIBEP-
KEHHBIM WHEPIMOHHBIM KOJieOaHUSIM), CBSI-
3aHHBIM C ITPOXOKAEHUEM XOJOIHOTO BUXPSI.

B nocnenHue roasl 6071611106 BHUMaHUE y/ie-
JISIeTCS  MCCIEeIOBAaHUIO CyOMe30MacITaOHBIX
BUXpeBBIX CTpyKTyp YépHoro, banrtuiickoro
u Kacnuiickoro Mopeii ¢ pa3MepamMu OT He-
CKOJIBKMX COT METPOB IO HECKOJIbKUX KHJIO-
MeTpoB. JlaHHbIE MpoliecChl SABISIOTCS OTHUM
W3 BaXHEWIIWX 3JEMEHTOB IWHAMWKU BOII,
OTBETCTBEHHBIX 32 MHTEHCHBHOE IlepeMEIlIn-
BaHUe, OTJIMYAIOTCS CUJIbHOM M3MEHYMBOCTHIO
BO BPEMEHU U MPOCTPAHCTBE, CIOHTAHHOCTHIO
MOSIBJICHUSI, HEYCTOMYMBOCTBIO U KOPOTKUM
BPEMEHEM KM3HM.

Ha ocHoBe CHYyTHMKOBBIX NAaHHBIX BBHICO-
KOTO TMPOCTPAHCTBEHHOTO pa3peliecHUs] ObUII
BBISIBJICHBI OCHOBHBIE MEXaHU3Mbl TIeHepa-
MM BUXPEBBIX CTPYKTYP Pa3HBIX MAacIITaboB
W oImpeleieHbl pallOHBI WX IPOCTPAHCTBEH-
Hoi nokanu3auuu B YEpHom, Kacnuiickom
u bantuiickom mMopsix. beln pazpaboTaH MeTon
PEKOHCTPYKIIMM peabHBIX TIOJIel TTOBEpX-
HOCTHBIX TEUYEHWIi, TO3BOJSIIOLIAN BBISIBISATH
Me30- U MEJKOMACIITA0HbIe CTPYKTYPhI: BUX-
pY, IUTIOJIA W MYJBTUIIONHU, CTPYU, DUIaMeH-
Thl — W MPOBOAUTH OLEHKU BJIUSHUS TUHAMU-
YECKUX CTPYKTYP B MPUOPEXHOI 30HE MOpS Ha
MPOCTPAaHCTBEHHO-BPEMEHHOE pacIipeie/ieHIe
OCHOBHBIX MMapaMeTPOB 3arpsiI3HEHUsI MOPCKO
cpenbl. s Bepudukanuu pe3yabTaToB, MOJY-
YEeHHBIX Ha OCHOBE CITyTHUKOBOM WH(bOpMa-
LIUUY, PETYISIPHO MPOBOAATCS MOICITYTHUKOBbIE
W3MEPEHMs] pealbHbIX TIOJIell TeueHWil B TIpU-
OpexHbIX akBaTOpUsiXx YépHoro u bantuiickoro
MOpe.

2. PazpaboTka METONMKU BBISIBJICHUSI aH-
TPOTIOTEHHBIX Y €CTECTBEHHBIX 3arps3HEHUIA
MODPCKOI1 TTOBEPXHOCTU U MPOrHO3a UX PaCIpo-
CTpaHEHUSI HAa OCHOBE JaHHBIX CIyTHUKOBOTO
30HAUPOBAHUS

ing origin observed in the periods of wind stress
release and stratification recovery disturbed by
a negative or positive surge. Under the condition
of a wide shelf, the generation of intense internal
waves by a moving surface intrusion of the fresh-
ened coastal waters as it is often observed
on the Danube-influenced shelf of the Black
Sea is possible. The laboratory’s staff members,
based on the satellite data, have found one more
mechanism of internal wave generation in tide-
less seas, namely, wave generation by a transient
front (moving and/or subject to inertial oscilla-
tions) associated with a cold vortex passage.

In the recent years a lot of attention is paid to
exploration of sub-mesoscale vortex structures
of the Black, Baltic, and Caspian Seas of the size
from several hundreds of meters up to several
kilometers. These processes are one of the most
important elements of dynamics of the waters
responsible for rapid mixing, they feature high
variability in time and space, spontaneous for-
mation, instability and short life.

Based on the satellite data of high spatial
resolution the primary generation mechanisms
of vortex structures of various scales were dis-
covered and the regions of their spatial local-
ization in the Black, Caspian, and Baltic Seas
were defined. We developed the method of re-
construction of actual fields of surface currents
that enables to discover meso- and small-scale
structures: vortices, dipoles and multipoles,
streams, filaments, and to estimate the influ-
ence of dynamic structures in the coastal re-
gions on the space-time distribution of the pri-
mary parameters of the marine environment
pollution. To verify the results obtained from
processing of the satellite data, subsatellite re-
search of actual current fields in the off-shore
strips of the Black and Baltic Seas is conducted
on a regular basis.

2. Development of the methods of find-
ing anthropogenic and natural pollution
of the ocean surface and prediction of their dis-
tribution based on the satellite sensing data.

ﬂponsneHue Ha yeemocuH-
Py

p P
Huu TM Landsat-5 (HACA)
suxpesbiX cmpyKkmyp
U 8HYMpeHHUX 80JIH, KOMo-
pble cpopmupoeanucs Ha
2udponoauyecKkom gppoHme,
€8A3AHHOM € pacnpocmpa-

pacnpecHé

mMymHbix 600 [lyHas

Display of vortex structures
and internal waves formed
on a hydrological front
associated with propagation
of Danube freshened muddy
waters on a color synthesized
image from TM Landsat-5
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Pe3synbmamel MOHUMopuHaa
HeghmaHO20 3a2pA3He-

Hus Banmuiickozo mops.
Cneea — ceo0Has kapma-
cxema He¢mﬂHle nameH

8 1020-80CMOYHOU Yacmu
Bbanmutickozo mops, 8biA6-
JIeHHbIX 8 pe3ynbmame aHa-
lu3a daHHbIX cnymHuKoeol
paoduonokayuu 6 2009-12 22.;
cnpasa — pacnped
He()mAHbIX NAMeH no pas-
JIUYHBIM patioHam

Mpumep pacnosxHasarus
pasnuyHeIX Munoe 600

6 lNepekonckux o3épax
nod P P
mempa Hyperion

Kamacmpoduyeckuti pas-
nue Hepmu 8 MeKcukaHckom
Cneea: uso6p
Hue He¢hmAHO20 3a2pA3-
HeHus ¢ o6paszoeasuwelica
cmpyél 17 man 2010 2.
no daxHeim MODIS Ha KA
Terra (HACA, © MODIS Rapid
R Team); cnp
KOMNno3uyus yemoIpéx
PaduosIoKayUOHHbIX
cHumkoe ASAR Envisat, no-
Kasweleaioujasa pacnpocmpa-

c26 anpe;n no 2mas 2010 2.
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The results of the monitoring
of the oil spill in the Baltic
Sea. Left. General index map
of oil spills in the southeastern
part of the Baltic Sea found

as a result of data analysis
from the satellite radio
detection in 2009-2012. Right.
Distribution of oil spills by
various regions

An example of recognition
of various types of waters
in the Perekop lakes
based on the Hyperion
hyperspectrometer data

Adisastrous oil spillage

in the Gulf of Mexico. Left: an
image of the oil spillage with
the formed stream on 17 May,
2010 from the data of MODIS
Terra (©MODIS Rapid Response
Team); right: a composition
of four ASAR Envisat radio
detection images showing
the spillage distribution from
26 April through 2 May, 2010

Ha ocHoBe apxuBa CITyTHUKOBBIX JaHHBIX 32
oosiee yem 10-71eTHUIT mepuon ObBUIO OLIEHEHO
5KOJIOTUYECKOE COCTOSIHME akBaTopuii Yép-
Horo, Kacnuiickoro u banTuiickoro mopeit,
KOTOpble Hauboliee TMOABEPXKEHBI HeTSIHO-
My 3arpsi3HEHUIO M3-3a IIMPOKOMACIITaOHOTO
OCBOEHMSI 3amacoB HedTU U Ta3a HA MOPCKOM
wenbde, 4YeMy COMYTCTBYIOT CTPOUTEIBCTBO
U SKCIUTyaTallMsl MOPCKHX CTallMOHAPHBIX
miatdopM, OEeperoBbIX TEPMUHATOB, XpaHU-
JIMIL YTJIEBOAOPONIOB, MPOKJIANKa IMOIBOIHBIX
TpyOOIIPOBONIOB, CEiCMUYECKUE U OYPOBBIE pa-
60THI, pocT cynoxoncTsa u mp. [1o pesynbraram
aHaju3a NaHHBIX CIIYTHUKOBOM pajMOIOKaluu
3a 2009—2012 rr. a1g KaXXaoro Mopsi CocTaBJie-
HBl KapThl HE(PTSIHOTO 3arps3HEHWSI, OIpele-
JIEHBI MEXTOI0Basi U CE30HHAasi U3MEHUYMBOCTh
COBOKYITHOW TIUIOIIaau He(TSIHOro 3arpss-
HEHUS, TPOCTPAHCTBEHHOE pacIipenesieHre
U TIPOCTPAHCTBEHHAs] M3MEHUYMBOCTb ILJIOLIA-
el HedTSHBIX 3arpsi3HEHUI Il pa3IMYHbIX
aKBaTOPUI.

HoBoe HampaBneHue wuccienoBaHuil [Uist
J1abopaTopun — UCIMOJb30BaHME JAHHBIX CIYT-
HUKOBBIX TUIEPCIEKTPATLHBIX CEHCOPOB JIJIST
BBISIBJICHUSI U PACIO3HABaHUSI PAa3IUYHBIX THU-
OB BOJ B MPUOPEKHON 30HEe MOpeil 1 BO BHY-
TpeHHUX BomoéMax. WHTepecHBIE pe3yabTaThl
ObLTM TIOJYYEHBl MPU DPELIEHUU 3aJauM pac-
TO3HABaHUSI ~AHTPOITOTEHHBIX  3arps3HEHUN
B pa3nMYHBIX yacTsx 3anuBa Cusam u B [lepe-
KOTICKUX 03€pax MO JAaHHBIM TUIEPCHEKTPO-
metpoB Hyperion (KA EO-1, NASA) u HICO
(Ha 6optry MKC, NASA). Btu akBaropuu
UCTIONB3YIOTCS JIUOO KaK MCTOYHUKM MUHE-
PAJBHOTO CHIPBSI, JTUOO CIIyXaT OTCTOMHMKA-
MM MHOTOYHMCIIEHHBIX 3aBOfOB. B TO Xe Bpe-
MsI OHM — 30HBI OTAbIXa U Pa3BEICHUSI PHIOHI.
OnuH U TOT Xe BOJOEM MOXET ObITh pa3neiéH
naMO0if 1 MCIIOJIb30BaThCS [UIST Pa3HBIX LIEJICH.
3amayeil CyTHUMKOBOTO 3KOJOTMYECKOTO MO-
HUTOPWHTA SIBJISIETCS OTCIICXKUBAHUE CUTYAIUI,
Korna 3arps3HEHHas Boma IoamaeT B Oolee
YUCTBIN pe3epByap.

Based of the archive satellite data for
more than 10 years the ecological condition
of the aquatic zones of the Black, Caspian, and
Baltic Seas which are subject to oil spillage most
due to a wide-scale development of the oil and
gas deposits on the sea shelf accompanied with
construction and operation of offshore fixed
platforms, shore-based terminals, hydrocarbon
storage facilities, submerged pipeline laying,
seismic and drilling operations, shipping traf-
fic increase, etc., was evaluated. By the results
of the satellite radio detection data in 2009—
2012 for each sea the maps of oil spillage were
prepared, year to year and seasonal variations
of the total area of oil spillage, spatial distribu-
tion, and spatial variations of the areas of oil
spillages for various aquatic zones were defined.

The new profile of research for the labora-
tory is the use of satellite hyperspectral sen-
sors for finding and recognizing various types
of waters in the coastal zones of the seas and
inland water reservoirs. Fascinating results were
obtained while resolving the task of anthropo-
genic pollution recognition in different parts
of the Syvash Lake and the Perekop lakes based
on the data from the Hyperion and HICO hy-
perspectrometers. These aquatic zones are used
either as sources of mineral raw materials or
serve as holding ponds for multiple factories.
At the same time, these are the recreation ar-
eas and areas for fish farming. The same water
reservoir can be divided by a dam and used for
different purposes. The objective of the satellite
ecological monitoring is tracking the situations
when the contaminated water goes into a cleaner
IeServoir.
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CoTpynHuky nabopaTopuy akKTUBHO yda-
CTBOB&IM B MPOBEICHUU OTNEPATUBHBIX CITyTHU-
KOBBIX MOHUTOPWHTOB TIPU KaTaCTPO(DUIECKUX
pasznuBax HeTenponykToB: B KepueHckoM mpo-
JIMBE, TIpU aBapuM TaHkKepa «Bonronedrb-139»
(11 Hos16pg 2007 1.); B MeKCUKaHCKOM 3aJIMBE,
BCJIEAICTBUE pa3pylieHus HeTsHOU TuiaTdop-
Mol (21 anpens 2010 r.), B 'BuHeiickom 3avBe,
TIPY aBapMy Ha MOPCKOM He(TSHOM TutaThopme
Bonga (21 mexkabpst 2011 r.). Ha ocHoBe Bceit
COBOKYITHOCTH AOCTYIHBIX CITYyTHUKOBBIX TaH-
HBIX TIPOBOIWIICS €XETHEBHBI MOHUTOPUHT
pactipocTpaHeHusT HePTSHOU TUIEHKM, OIIeHU-
BaJNUCh IUIOIIAAb 3arpsI3HEHHON aKBaTOPUH,
u3yJajach THUAPONMHAMMYECKass OOCTaHOBKA
B paifoHe OenCTBUS W IeNlajics MPOTHO3 Hajlb-
Heiilero pacnpocTpaHeHnust 3arpsisHeHust. [1o-
JIy94eHHBIE Pe3yJIbTaThl OIMYOJIMKOBaHBI B POC-
CUICKUX ¥ 3apyOeKHBIX MOHOTpaUSIX.

JlaGopaTopus KIMMaTHYECKHUX MCCIEN0BAHMIA
(555) (pyxosooumenv — 0-p huz.-mam. Hayx
Feeenuii Illlapxos)

JlaGoparopust 6bl1a ob6pazoBaHa B 2002 T.,
e€ NmesITeIbHOCTh pa3BMBaeT HayyHOE HarpaB-
JIeHUe, MpeIOXKEeHHOe e€ PYKOBOIUTENEM, —
pa3paboTKa HAayYHBIX OCHOB U METOIOB aHa-
JI3a TJIOOAbHBIX CIYTHUKOBBIX HaOMIOACHUIA
panroU3NYeCKUMU METOAaMU JUISI OObEKTUB-
HOW OLIEHKA U3MEHEHUIN OKPYXAIOWIEH Cpebl
M KJIMMaTa TJIaHEeTHI.

[lo naHHBIM CIYTHMKOBBIX HaOIIOACHUI
MOXHO OIIpEAEUTh, CKOJbKO BOMISHOTO IMapa
(CKpbITOE TEIJI0) U BOABI (KaresbHas dasza) co-
JIepKUTCsl B aTMocdepe 3eMiIu, Kak OHa Iepe-
HOCHUTCS, TIE <«IIPOJIeTalOT» OCHOBHBIC «Marm-
CTpaJlu» SHEPrMU B CUCTEME OKeaH-aTMocdepa,
KaK 3apOXJAalTCs U Pa3BUBAIOTCS TpPOIMUYE-
CKHe IMKJIOHBI — OIWH W3 BaXKHEUIIMX 3Jie-
MEHTOB KJIMMaTUYeCKOW MallMHbl 3eMJIU, KO-
TOpble OJHOBPEMEHHO HAHOCAT OrPOMHBbII
yiep6d TEeXHOJIOTMYEeCKOW  MHGPaACTPyKType
MHOTUX TocyaapcTB. TponuuyecKkuii LMKIIore-
HE3 — OJIHO M3 BAXHEUIIMX HaNpaBJICHUNA UC-
cJemoBaHUI B JabOpaTOpUM, M, KaK OBLIO IO-
Ka3aHO COTPYIHUKAaMU, UMEHHO TPOMUYEeCKHe
LIMKJIOHBI TIEPEHOCAT OTPOMHYIO JOJIO TEIlIo-
BOI SHEPIMM M MAacChl BIAXHOTO BO3IyXa Ha
Hallell IjaHeTe B CpeaHME U BBICOKHE IMPO-
ThbI, o0OecIieurBasl TaKUM 00pa3oM JOCTATOYHO
KOMMOpTHBIEC YCIOBMSI XM3HHU JUISI YeJIOBeve-
CTBa U XKUBOTHOTO MUPA.

PazpaboTtaHHble METOAUKN PaguOTEIIOBO-
ro 30HIMPOBAHUS CHCTEMBI OKeaH-aTMocdepa
YCHEIIHO MPUMEHSIOTCS IS HAyYHOIo Mpo-
THO3a W3MEHEHUI KJIMMAaTUYeCKOro COCTOSI-
HUS CUCTeMBI OKeaH-aTMocdhepa B APKTHKE U B
TPOMUYECKOM 30HE IIOA BO3IEHCTBUEM IIpU-
POIHBIX U KOCMUYECKUX (DaKTOPOB Ha OCHOBE
COBPEMEHHBIX U TEPCIEKTUBHBIX CITYTHUKO-
BBIX KOMIUIEKCOB. B Mx umcie — mporpamma
DMSP, muccus TRMM, muccusi Aqua, Muc-
cust GCOM-1A, muccust Megha-Tropiques.

The laboratory’s staff members were taking
an active part in the on-line satellite monitor-
ing during disastrous oil spillages in the Kerch
Strait, during the Volgoneft- 139 carrier accident
(11 November 2007); in the Gulf of Mexico due
to destruction of an oil platform (21 April 2010),
in the Gulf of Guinea during the accident at
the Bonga offshore oil platform (21 December
2011). Based on the whole body of circumstance
of the available satellite data the daily monitor-
ing of the oil film distribution was conducted,
the area of the polluted aquatic zone was esti-
mated, the hydrodynamic situation in the di-
saster area was studied and further pollution
distribution was predicted. The obtained re-
sults were published in the Russian and foreign
monographs.

Laboratory of Climatic Research (555). Head —
Prof. Dr. Eugene Sharkov

The laboratory was founded in 2002 and it is
dealing with the scientific area proposed by its
head — the development of scientific grounds
and methods of analysis of the global satellite
observations using the radio physical methods
for objective evaluation of the planetary environ-
ment and climate.

By the data of the satellite observations
the amount of water vapors (latent heat) and wa-
ter (droplet phase) can be determined in the ter-
restrial atmosphere, how they are transferred,
where the main energy lines in the ocean-atmo-
sphere system are, how the tropic cyclones form
and develop. The cyclones are one of the most
important elements of the Earth’s climatic ma-
chine which can significantly damage the indus-
trial infrastructure of many countries. The trop-
ic cyclogenesis is one of the most important
research areas in the laboratory and, as the lab-
oratory’s staff members have shown, these are
the tropic cyclones (TC) that transfer a signifi-
cant amount of the thermal energy and mass
of the humid air on our planet to the middle
and high latitudes and thus providing adequately
comfortable living conditions for humankind
and wildlife.

The developed methods of the thermal
radio sensing of the ocean-atmosphere sys-
tem are applied successfully for the scientific
prediction of the climatic condition changes
in the ocean-atmosphere system in the Arc-
tic region and in the tropic zone under the in-
fluence of the natural and space factors based
on the modern and prospective satellite suites.
These suites include, among others, DMSP
program, TRMM mission, Aqua mission,
GCOM-1A mission, and Megha-Tropiques
mission.

EezeHuli LLilapkoe
Eugene Sharkov
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of simultaneous action of three
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A time series

of the arrangement (frames)
of pairs of the IR-channel
images obtained from

the Meteosat-7 satellite and
the fields of the integrated
water vapor brought to

the same scale and reflecting
the various stages of Hondo TC
evolution and transformation
and the concurrent
meteorological systems over
the period from 4 through

27 February, 2008. The figures
above the images show

the periods of observation

OcHoBHbIE HANIPABJIEHH UCCJIeJOBAHUIT

» dopmMmupoBaHue HAyYHO MHOTOJIETHEM 0a3bl
JaHHBIX [T00aIbHOIO TPOIUYECKOrO IIMKIO-
reHeza GLOBAL-TC (1983—2014) Ha ocHo-
B€ IETAJIbHOIO peaHajIM3a JaHHBIX CIIyTHM-
KOBOTO ¥ KOHTAaKTHOTO 30HAMPOBAHNS;

* pa3BUTHE AaHMMAIMOHHBIX METOJOB H3yde-
HUST LUPKYJISLUOHHBIX CBOMCTB IJ100ab-
HBIX TI0JIell BOASIHOTO Tapa B atMocdepe
3eMyIi Ha OCHOBE JAHHBIX CIYTHUKOBOTO
PaIMOTEILUIOBOIO 30HAMPOBAaHUS (paguoTe-
TUIOBUJEHMUE);

* CO3MaHMe HAyJYHOU OCHOBBI OpTraHU3aIUU
OUCTAHLIMOHHOIO MOHMTOPHMHIA IIPUPOI-
HBIX aTMOC(hepHBIX KaTacTpod, pucKa HX
TeHe3uca 1 X MOCIeICTBUI Ha OCHOBE JTaH-
HBIX CIIyTHUKOBOIO MMKPOBOJHOBOIO 30H-
IMPOBaHMSL.

IIpnGopsl, MPOEKTHI, pe3yIbTATHI

B xauectBe mpuMepa TpencTaBlieHa MO3a-
uka u3 koMbuHauuu MK- v BuauMoro wuso-
opaxenuii npuoopa VIIRS, pasmemiéHHoro Ha
cnytHuke Suomi NPP (CIIA). Mo3auka mo-
JlydeHa B MOMEHT TMHAMUYECKOTO ymapa TpEX
TPOMUYECKUX  LIMKJIOHOB OIHOBPEMEHHO
10 TEPPUTOPUU ABCTpajNU, MPUYEM OIUH U3
Hux — TIL Pam — gBnseTcs OOHUM U3 CUJIb-
Hevmmx T1I Ha maHeTe 3a mociaeanue 10 jer.
CKOpOCTh BeTpa B HEM J0CTUTATA 265 KM/4.

Pa3paboraHbl HaydHbIE OCHOBBI U3YYEHUS
M3MEHUYMBOCTH KJIMMATUYECKMX TIJIOOATbHBIX
mapaMeTpoB 3eMJIM M XapaKTEPUCTUK TTPUPOI-
HBIX KaTacTpoHruecKux aTMOCGHEPHBIX BUXpEi
W SBJICHWI, MPOMCXOASIINX B CUCTEME OKEaH-
atMoc(epa 1 OKa3bIBAaIOIINX BIUSHKUE Ha op-
MUpPOBaHME KJIMMAaTa IJIaHEeThI.

Co3nmaHbl HayYHble OCHOBBI TIPOBEICHUS
MOHHUTOPUHTA U M3YyYEHMSI TJI00aJTbHOTO TPO-
MUYECKOTo LMKJIOTeHe3a KaK OMHOTO M3 KJIM-
Maroobpasytouiux ¢akTopos. B yactHocTH no-
Ka3aHo, UTo:

* HeobxomuMoe ycioBue reHesuca T1[ — Ha-
JIMYWE TIOJIST MHTETPaJIbHOTO BOASTHOTO Tapa
BoIle 60 KF/MZ. WMy coBamu, s 3a-
poXIeHMs IIUKJIOHA B aTMocdepe MOJIKHO
OBbITh JOCTATOYHOE KOJMYECTBO BOISHOTO
mapa;

* HeoOXOmMMOE  YCJIOBHE  CYIICCTBOBAHMS
1 uHTeHcubuKaiuu (ycuwnenust) T — Ha-
JITYUe HKETOBOTO MOCTa C 9KBAaTOPUATTbHBIM
MAaTEpUHCKUM T10JIeM MHTETPaJIbHOTO BOMISI-
HOro 1apa ;

* pa3pheIB IKETOBOI'O MOCTa NMPUBOIMT K He-
MemieHHou nuccunauuu TLL
B kauecTBe mpuMepa nmokazaHa BpeMEHHas

sposmonus TL Hondo (4—27 despansa 2008 r.)

B akBaropuu MHamiickoro okeaHa B CMHXPOH-

HbIx mnojsix MK-temrepaTypsl M BOASIHOTO

mapa. 3aragoyHON OCOOEHHOCTBIO 3BOJIONUN

atoro TLI Oblna ero HeoXXUAaHHAS TUCCUTIALIMS

(14.02.2008) u emE Gosiee HEOXKUAAHHOE BOC-

craHosneHue (20.03.2008 r.).

Research Areas

+ Establishment of the scientific years-long da-
tabase of global tropic cyclogenesis (GLOB-
AL-TC, 1983-2014) based on the detailed re-
analysis of the data of the satellite monitoring
and contact sensing;

+ development of the animation methods to
study the circulation properties of the global
fields of water vapors in the Earth’s atmo-
sphere based on the data from the satellite
thermal radio sensing (radio infrared imag-
ery);

+ establishment of the scientific grounds for
remote monitoring of natural atmospheric
disasters, risks of their genesis and their con-
sequences based on the data from the satellite
microwave sensing.

Projects, Results

As an example, we present a mosaic
of the combination of an infrared and visible
images from the VIIRS unit onboard the Suomi
NPP satellite (the USA). The mosaic was ob-
tained at the time of a simultaneous dynamic
shock of three tropic cyclones on the Australian
territory, and one of them — Pam TC — is one
of the strongest TC’s on the planet over the last
ten years. The wind velocity in this cyclone was
reaching up to 265 km/h.

The scientific grounds to study the variability
of the global climatic parameters and character-
istics of the natural disastrous atmospheric vo-
trices and phenomena in the ocean-atmosphere
system affecting the planetary climate were de-
veloped.

The scientific grounds to monitor and study
the global tropic cyclogenesis as one of the cli-
mate forcing factors were established. In partic-
ular, it was shown that:

» a prerequisite of the tropic cyclone (TC)
genesis is the presence of the field of the in-
tegrated water vapor of more than 60 kg/mz.
In other words, a sufficient amount of water
vapors shall be present in the atmosphere for
the cyclone to form;

» a prerequisite of the tropic cyclone (TC) ex-
istence and intensification is the presence
of a jet bridge with the equatorial parent field
of the integrated water vapor;

+ a breakup of the jet bridge results in the im-
mediate dissipation of a TC.

As an example the time evolution of Hon-
do TC is shown (4—27 February, 2008)
in the aquatic zone of the Indian Ocean within
the synchronous fields of the IR-temperature
and water vapor. A mysterious peculiarity
of evolution of this type TC was its unexpected
dissipation (02/14) and even more unexpected
(03/20) recovery.



[NpyurHa Bcex 3THX 3BOJIOLMOHHBIX 3ara-
JIOK OKazajach B IPOCTPAHCTBEHHBIX OCOOEH-
HOCTSIX TIOJIST BOASTHOTO ITapa.

OrnpenesieHa pojib TPOIMMUUYECKUX ITUKJIOHOB
B IOJISIPHOM II€PEeHOCE CKPBITOM TEIUIOThI Ha
IiaHeTe. AHaJW3 TIOOATBHBIX pPaIMOTEILIO-
BBIX ITOJIeit 3eMJIU 13 3JIEKTPOHHOU KOJIJIEKIINHA
GLOBAL-Field mokasan, 4To BOISHONM map
M TEIUIO MepPeHOCSTCS U3 MPUIKBATOPUATBHOM
atMoc(epsl IJIaHETHl B 0oJiee BBICOKHUE IITH-
pOTHI («MOJIAPHBIN TEPEeHOC») HE MepUIrO-
HaJIbHOM LIMPKYJISIIINEH, a MHTEHCUBHBIMU TO-
PU30OHTAIBHBIMU JIBUKCHUSIMUA, BbI3BAHHBIMU
TPOMUYECKUMU ILIUKJIOHAMU, U aTMOC(HEPHBIMU
GbpoHTaMU, UMEIOIIUMHU OOJbIIYI0 TOPU30H-
TaJbHYIO MPOTSKEHHOCTD.

CosznaHa MeToAuKa CIIYTHUKOBOTO paauvo-
TEIUTOBUACHUS, COCTOSIIIAsI B MPOCTPAHCTBEH-
HO-BpEMCHHOI WHTEPIOISIIUNA W aHaIu3e
M3MEPEHHBIX C TMOJSPHO-OPOUTANBHBIX CITyT-
HUKOB DPaIMOTEIUIOBBIX ITOJIeid 3eMJIM M BOC-
CTAHOBJICHHBIX TI0 HUM TI0JIeil Te0(U3NIeCKUX
XapaKTepUCTUK. MeToauKa MO3BOJISIET TMOJY-
yaTh JMHAMUYECKOE OINMUCAHUE IBOJIOIUN
paccMaTprMBaeMbIX TOJIE ¢ pEeKOpAHBIMU Tia-
paMeTpaMy Ha CETOAHSIIHUN JIeHb: BPEMEH-
HOM MUKCeb ¢ marom 10 1,5 4 Ha miodanbHOI
PETyJIApHOI reorpacuyecKoil CeTke C IIarom
no 0,125°, yTo HA€T BO3MOXKHOCTH MPSIMOTO
pacuéra GU3MYECKUX BEIUYUH, XapaKTepu-
3YIOIIUX acIeKThl Macco- M 3HepromnepeHoca
B aTMOC(EPHBIX CUCTEMaX C TOPU3OHTATIbHBIMU
pazMepamu oT 100 KM, pa3BUBAIOIIMXCS Ha Cy-
TOYHBIX U 00Jiee IINTEIbHBIX MHTEpBaIax Bpe-
MEHHU.

COBMeCTHBIN aHaJIN3 CMHXPOHHBIX Tap Io-
JIeii BoassHOTO T1apa W u ckopocTu BeTpa V mo-
3BOJISIET BBIMOJHUTDh PACUET aaBEKTUBHBIX I10-
TOKOB CKpPBITOTO Teria ( 4epe3 MpOM3BOIHHO
3alaHHbIe TPaHMIIBI (KOHTYPHI), T.€. MTOJIYYUTh
B 3aMKHYTOI OTHOCUTEIbHO BXOIHBIX PaIMOTe-
TJTOBBIX TAHHBIX PACYETHON CXeMe BaXKHYIO MH-
TerpaJbHYI0 XapaKTepUCTUKY MacCO- U SHEPro-
o0MeHa MpoLEeCccoB, HAbMIOAAEMbIX B CUCTEME
okeaH-aTMocdepa. TakuM oOpa3oM, 3KCHepu-
MEHTaJIbHO JT0Ka3aHo, YTO (a3l MHTEHCU(DU-
Kauuu 1 auccunanuu TL XKE€cTko mpuBsi3aHb
K M3MEHEHUWIO BEJIMYMHBI U 3HaKa MOTOKOB (:
WHTEHCU(UKAIIUSA COOTBETCTBYEeT KOHBEPICHT-
HOMY (TTOJIOXXUTEIbHOMY, BHYTPb KOHTYpa) I0-
TOKY, a TUCCUTIAIINSI — ITUBEPTeHTHOMY (OTpH-
aTeJbHOMY).

The reason of all these mysteries turned out
to be in the spatial peculiarities of the water va-
por field.

The role of tropic cyclones in the polar trans-
fer of the latent heat on the planet was defined.
The analysis of the global thermal radio fields
from the GLOBAL-Field electronic collection
has shown that the water vapor and heat are
transferred from the near-equatorial atmosphere
of the planet to higher latitudes (polar transfer)
not by a meridional circulation but by intense
horizontal motions induced by tropic cyclones
and by atmospheric fronts having a longer hori-
zontal extent.

The method of satellite thermal radio imag-
ery consisting of a space-time interpolation and
analysis of the Earth’s thermal radio fields mea-
sured from the polar orbital satellites and fields
of geophysical characteristics reconstructed by
these measurements was created. Today this
method enables to obtain a dynamic description
of the evolution of the fields under investigation
with the record parameters: a time pixel in in-
crements of up to 1.5 hours on the global regu-
lar grid in increments of up to 1.125 degrees that
enables the direct calculation of physical values
characterizing the aspects of mass and energy
transfer in the atmospheric systems having hori-
zontal dimensions from 100 km and more devel-
oping at the 24-hour and longer intervals.

A combined analysis of the synchronous
pairs of water vapor fields W and wind veloc-
ity V enables to calculate the advective currents
of the latent heat Q using the arbitrarily assigned
boundaries (outlines), that is to obtain an im-
portant integral characteristic of the mass and
energy transfer processes observed in the ocean-
atmosphere system within a computational pat-
tern closed against the input thermal radio data.
Thus, it was proven by experiment that the TC
intensification and dissipation depend heav-
ily on the value and sign reversal of Q currents:
intensification corresponds to the convergent
(positive, inward the loop) current and dissi-
pation corresponds to the divergent (negative)
current.

FZFFTFIFFF;

Mpumep pacuéma An example of calculation of Q
nomokoe Q yepes cucmemy  currents through the system
KOHYeHmpu4yecKux of concentric circular loops
Kpy208bIX KOHMYPOS, drifting together with Alberto
opelihyroujux emecme tropic cyclone (TC) (August
KUM YUK 2000) in the course of its
2ycm 2000 2.) evolution
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leopauti Apymos

Georgy Arumov

Pe3ynemam p Calibration results of a lidar
nudapa e HazeMHbIX in the ground conditions
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YeenuyeHue koHmpacma Increase of line contrast
JIUHU 8 SMUCCUOHHbIX in the emission spectra
cnekmpax nasepHol of the laser plasma
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CekTop onTHYecKoro 3oHaupoBanus (555.1)
(pyKosodumenv — Kauo. Qus.-mam. HayK
Teopeuii Apymog)

MeToapl Ja3epHOTO 30HAMPOBAHUS, KO-
TOpbIE Pa3BUBAIOT COTPYOAHMKHU CEKTOpa, HC-
MOJIL3YIOTCSl B U3yYEHUU HE TOJIbKO 3eMJIU, HO
u apyrux ToraHer ConHeyHOW cucteMbl. Mc-
cJieoBaHMS BEJIMCh, B OCHOBHOM, ITO IBYM Ha-
npapieHusiM. [lepBoe — aHaiuU3 3JAEMEHTHOTO
coCTaBa BelIeCTBa IO CIIEKTpaM U3TydeHUsI Jia-
3€pHOI MUIa3Mbl, oOpasylolieiicss pyu Bo3aei-
CTBMM JIa3€PHBIX MMIIYJIbCOB Ha MOBEPXHOCTh
ucciielyeMbIx o0pas3iioB. Bropoe HamnpasieHue
CBSI3aHO C Pa3pabOTKON MUHHUATIOPHBIX JIMIA-
poB st uccienoBaHus atmocgepsl. B KU
5TU METOMABl TOMYYWJIM DPAa3BUTHE B HAYYHOU
rpynne I. ApymoBa B otmene B.C. DTkmHa,
MpeoOpa3oBaHHOI 3aTeM B J1abOpaTOPUIO B OT-
nene C.C. MouceeBa u TpaHC(HOPMUPOBAHHYIO
B HAacTosIIee BpPeMsI B CEKTOp OINTUYECKOTO
30HIUpoBaHus B otnene «MccnemoBanus 3em-
JIM U3 KOCMOCa».

INapaniaenbHO ¢ y4acTMeM B KOCMMYECKUX
MPOEKTaX COTPYOAHUKU pa3pabaTblBaid Me-
TOOVKM IUCTAHIIMOHHOTO aHajlu3a CoCTaBa
MOBEPXHOCTU II0 OINTUYECKUM CITEKTpaM W3-
JIydeHMsI Ja3epHou mia3Mel. B pabotax, mocss-
IIEHHBIX MOBBIIICHUIO aHATUTUYECKUX CBOUCTB
Jla3epHOM TUIa3Mbl, OOpasylolleics Mpu BO3-
NEeMCTBMM MOIIHBIX Ja3epHbIX MMIYJbCOB Ha
TOBEPXHOCTh WCCIIEAYeMBbIX 00pasIloB, MCCIe-
JIOBAaHO M3MEHEHME KOHTpPAcTa CIEKTPaIbHbIX
JIMHUM B 3aBUCUMOCTH OT PeXHUMa OOJyYeHMS.
3a cu€r MpUMeHeHUs TBYXUMITYJILCHOTO OOJTy-
YeHUs ToaydeHo Gosiee yem 10-KpaTHoe yBe-
JIMYeHWe KOHTpAcTa JIMHUA B SMUCCHOHHBIX
CIIEKTpax JIa3epHOI TIIa3MBbl.

«3eMHasi» 4acThb pabOT ceKTopa Kacaercs,
B TIEPBYIO OYepelb, JIA3epHOIO 30HIVPOBAHUS
atMocdepbl, B KOTOPBIX MCTIONb3YIOTCS JTUIA-
pbl — aHaJOTU pamapoB, B KOTOPHIX UCTOYHU-
KOM M3JIy4eHUsT BBICTYIAIOT Jla3ephl. B KocMo-
ce TPUOPUTETHBIMM 3aJadyaMy CTaJld YJacThe
B paspabotke npubopa IImJI (mpoexTsl «JIyHa-
I'no6» n «Jlyna-Pecypc») u paspaborka mpen-
JIoxkeHuit 1o meuieBoMy Kominiekey (ITK) mpo-
ekTa «DKk3oMapc».

OcHoOBHbIE HATIPABJIEHHUS

* Pa3BuTHEe METOOMKU IBYXITO3ULIMOHHOTO
JIMIAPHOTO 30HANPOBAHUS aTMOC(DEPHI.

* pa3paboTka KOHLEMUUHU Juaapa-Hederome-
Tpa 00paTHOTO pacCesTHUS.

* yyactue B paspabotke mpudopa [ImJI (ripo-
exThl «JIyHa-I'mo6» u «JlyHa-Pecypc»)

* yyacTtue B pazpaborke [Ibl1eBOro KoMruiek-
ca (ITK) nmpoekTa «Dk30Mapc».

Sector of Optical Sensing (555.1). Head —
Dr. Georgy Arumov

Methods of laser sensing being developed
by the division’s staff members are applied for
exploration of not only the Earth but for other
planets as well. There were primarily two ar-
eas of research. The first one is the analysis
of the elemental composition of a compound
using the emission spectra of the laser plas-
ma formed when the surface of samples un-
der examination is treated with laser pulses.
The second area is connected with the devel-
opment of miniature lidars to explore atmo-
sphere. In IKI these methods gained momen-
tum in the scientific group of G.Arumov
in the V.S. Etkin department later reorganized
into a laboratory in the S.S. Moiseev depart-
ment and now transformed into the sector of op-
tical sensing in the department of Earth explora-
tion from space.

Concurrently with participation in space
projects the staff members were developing
the methods of remote analysis of the surface
composition using the visible spectra of the laser
plasma emission. The works dedicated to im-
provement of the analytic properties of the laser
plasma formed under the influence of powerful
laser pulses on the surface of the samples under
investigation the spectral lines contrast variation
depending on the irradiation mode was studied.
Due to application of a double-pulse irradiation,
more than a tenfold increase of the line contrast
in the emission spectra of the laser plasma was
obtained.

The ground part of the division’s activities,
first of all, relates to the laser sensing of the at-
mosphere using the lidars — the analog of ra-
dars where the lasers are the radiation sources.
In the space the priority tasks were participation
in the designing of the PmL instrument (Luna-
Glob and Luna-Resurs-Lander projects) and
development of proposals on the ExoMars dust
suite.

Research areas

+ Development of the methods of a two-posi-
tion lidar sensing of the atmosphere;

+ development of the concept of a backscatter
lidar-nephelometer;

* participation in the development of the PmL
instrument (Luna-Glob and Luna-Resurs-
Lander projects);

* participation in the development of the Exo-
Mars Dust Suit (DS).



IIpuGopsl, NPOEKTHI, Pe3yJIbTATHI

Pazpaborana MeTognka IBYXITO3MIIMOHHOTO
JIMAAPHOIO 30HAMpoOBaHMs. B oTinuume ot cxe-
MBI C ONHMM TIPUEMHBIM KaHAJIOM, TIPeIIO-
JKEHHBII METOJ IBYXITO3UIITMOHHOTO JTUAAPHOTO
30HAMPOBAHUSI, 0COOEHHOCTb KOTOPOTO 3aKJII0-
4yaeTcss B IPOCTPAHCTBEHHOM pa3HECEHUM W3-
JIy4Jarolero v AByX (WJIM HeCKOJIbKUX B 00IIIEeM
clyyae) MpUEMHBIX KaHaJIOB, MO3BOJISIET OIpe-
NEUTh TPACCOBYIO 3aBUCHMOCTH TI€PEKPBITHS
noJjieil 3peHKsT TPUEMHBIX KaHAJIOB C 30HIUPY-
o1muM mydykoM. IlokazaHo, YTO NBYXIO3UIIM-
OHHBII MeTOH (B COYETAaHWU C WCIIOIh30BAHU-
eM nephOpUPOBAaHHOTO 3KpaHa B MPUEMHOM
KaHajie) OTKPbIBAET BO3MOXHOCTb CO3IaHUS
CTaHIAPTHOTO CIIEHAPUST AVCTAHIIMOHHBIX W3-
MepeHMii pa3Mepa M KOHILIEHTpallM1 paccerBa-
IOIIMX YacTUll B aTMocdhepe. MeTol, B OTIMUME
OT TPAIUIIMOHHBIX JIMAAPHBIX METOMOB, MOXET
MPUMEHSTBCS KaK g chepruIecKrX MO -
CMEePCHBIX, TaK U TSI HechepUIECKUX YaCTHIL.

B pamkax pa3paboTky KOHIIENUUU JUaapa-
HedemoMeTpa 0OpaTHOTO pacCesiHUS TPEeIIo-
JKEH METOJ MOAYJISLMU JIa3epPHOTO 30HAUPYIO-
IIETO0 UMIYJIbCa, KOTOPBIA HAET BO3MOXHOCTh
W3MEpEeHMS JIMIAPHOTO OTHOIIeHMS (Koaddu-
LIMeHTa 00paTHOIO paccesiHUs K Kodhd@uumeH-
TY SKCTUHKIIMN) ¥, KaK CJIEJCTBUE, OTperesie-
HUS TPacCOBOM 3aBUCUMOCTM Ko3(pduiimeHTa
00paTHOro paccesiHusl, 3HaHUE KOTOpOi He-
00XOOVMO JUIST OTpeAe/icHUsT KOHIICHTpaIlluKh
YacTHII.

B paMKax MHCTUTYTCKMX Hay4YHbIX I'PYIIM CO-
TPYIHUKN CEKTOpa y4YacTBYIOT B pa3paboTKax
NprOOPOB ST HOBBIX KOCMUYECKUX MUCCHIA.
B uacrHoctu: nmpubopa IIMJI, nmpenHa3zHaueH-
HOTO JUTS UCCJIEIOBAaHUSI TIIIa3MEHHO-TTBIIEBOM
KOMITOHEHTBI y TIOBepXHOCTU JIYHBI B IIPOEKTax
Jlyna-I'no6» u «Jlyna-Pecypc» u mbLieBoro
KOMIIJIEKCa TI0CaJOYHOro armapara IIpoeK-
Ta «®K3o0Mapc», TpenHa3HAYeHHOTO IS W3-
YYeHUs] TMHAMWKHM TIbLTU U a3p030JIsl B TIPUIIO-
BEPXHOCTHOM cJioe aTMocdhepbl Mapca.

Hapsiny ¢ yyactueM B 3THUX IpoekTax, pas-
pabaThIBAIOTCST MPEIOKEHUST TT0 ONTUISCKUIM
JATIVKAM TSI UCCIeIOBAHMST a3PO30JIsl B aTMO-
cepe BeHephbl ¢ MOMOIIBIO CITYCKAeMOTO arl-
napara MepcreKTUBHOro npoekra «Benepa-/l»
(mpu6opst HE®AC u HEJIMA).

Instruments, Projects, Results

The method of two-position lidar sensing was
developed. Unlike the layout with one reception
channel the proposed method of two-position
lidar sensing, featuring the spatial separation
of the emitting and two (or several in the gen-
eral case) reception channels, enables to define
the route dependence of the overlapping recep-
tion channels fields of vision with the sensing
beam. It was shown that the two-position meth-
od (together with the use of a perforated screen
in the reception channel) gives an opportunity
of developing a standard scenario of remote
measurements of the size and concentration
of the scattering particles in the atmosphere.
This method, unlike the classic methods, can
be used both for spherical polydisperse particles
and for non-spherical ones.

Within the framework of the development
of the backscatter lidar-nephelometer concept,
the modulation method of a laser sensing pulse
enabling to measure the lidar relation (back-
scattering index to extinction index) and, as
a consequence, to define the route dependence
of the backscattering index required to deter-
mine the particle concentration was proposed.

Within the framework of the Institute’s scien-
tific groups the division’s staff members are par-
ticipating in the development of the instruments
for new space missions. In particular, the PmL
instrument designed for exploration of the dust
plasma component near the lunar surface for
the Luna-Glob and Luna-Resurs projects and
the Dust Suit (DS) of the ExoMars lander de-
signed for investigation of the dust and aerosol
dynamics in the near-surface layer of the Mar-
tian atmosphere.

Together with participation in these proj-
ects the sector is developing proposals on op-
tic sensors to investigate aerosol in the Venu-
sian atmosphere using the descending module
of the prospective Venera-D project (NEFAS
and NELIDA instruments).
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«Mapc-94/96» ! e p—
Laser meters of the terrain |

and the surface reflectance = S
for the Mars-94/96 aerostat
MpuHyunuaneHas cxema
npu6bopa
Instrument schematic circuit

Jludap ons cnyckaemozo
modynsa Mars Polar Lander
npoekma Mars Surveyor
1998/99 (HACA)»

Alidar for the Mars Polar
Lander of the NASA Mars
Surveyor 1998/99 project
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MNoBe pruocTe

Asyxno3uyuoHHasa cxema
30HOUpOBAHUSA C 08YMA
NpUémHeIMU KaHanamu

Two-position sensing layout
with two reception channels



