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[MpegucnoBue

MNpeacTaBnedHan KHWra NOABOAWNT WTOT NOTKCTUYE-
CKOM W HAYUHON AeATENBHOCTH BENOPYCCKMK MCCneqo-
BaHWK B AHTapkTHEe 33 nocneguue 10 net. Obobwan
MMEKILWWIACA MaTepian no cTaHoeneHwo & benapyow
PEerynApHEx MCCNEAoBEaHWA B 3TOR NonApHON obnacti
3emnu, aBTOPBI OTMEYAIDT MCTOKKM TAKWX MCCNEegoBaHNA,
OHW OTHOCATCA K CEpEdWHE NPOLWAOTO CTONETHA, K Ne-
pyogy Hayana perynsapHelX COBETCKUX aHTAPKTUYECKMX
IKCNEJWUMIA, B COCTase KoTopoix Gblno Hemano Benopy-
coi. B cncke Genopycos — YYacTHUKOB COBETCKUX
W poCCUilcrIx 3Kcneguumnin — 102 yenoeeka. ABTOPB Ha-
CTOALWER KHAMA NPUEENA PAMWNKK BCEX CNELMANKVCTOR,
KOTOPLIE B pazHoe BpemA Ouinm B AHTapKTHKe. Kpome
TOTO, OTMEYEHE! YHACTHUKN DENOPYCCKMX aHTAPKTYE-
CKMX IKCNEeMUKA B KoNWYecTBe 17 UENOBeK C yHEToM
nonesoro cesoda 2015-2016 rr.

WMccnegosaHia AHTapkTHEK B PecnyBnuke benapyck
Ha4yany WHTEHCWBHO W LENeHanpaBneHHo Pa3BnBaThCH
nocne 2005 roga. Mo vToram MHoOroYMCNeHHbIX KOHCYNb-
TaUMiA DENOPYCCKUX W POCCMIACKUX CNELWVANMCTOR, Ha
KOTOpLIX 0BCYHAANUCE NEPCNEKTHELI M3YYEHUA NONAP-
HblX PAROHDE 3eMni BEnopYCCKUMKA YHEHEBIMI, UENW W
3afaqK MCCNeqoBaHNA U BOSMOMHOCTH CTpaHbl, Hauwo-
HanbHOW akagemuei Hayk benapycw Geino NnpuHATO pe-
weHWe o uenecoobpasHocTy Takux pabor. MegepansHan
cny#ba No ruapoMeTE0PONOrMM M MOHWTOPWHIY OKDY-
Maowel cpensl Poccuiickol Mepepauun nogaep#ana
3T0 peleHE W BbIPA3MNa NOTOBHOCTL COAENCTBOEATD
DENopPYCCKMM MCCNEJOBaHWAM B NONAPHBLIX PalioHax
3emnu, B TOM YKCNe NPEnoCTABUTE Ha NEPEOM 3Tane onAa

Foreword

The presented book reviews the results of the lo-
gistic and scientific activities of the Belarusian research
in the Antarctic over the past 10 years. Summarizing
the available materials on the formation in Belarus
of regular research in this polar area of the Earth, the
authors note the origins of such research. These date
back to the middle of the last century, to the period
when regular Soviet Antarctic expeditions started,
which involved a large number of Belarusians. The list
of Belarusian members of Soviet and Russian expe-
ditions includes 102 people. The authors of this book
have stated the names of all the specialists who tra-
veled to the Antarctic at different times. Besides, a to-
tal of 17 members of Belarusian Antarctic expeditions
have been mentioned with regard to the 2015-2016
field season.

Antarctic research began to develop actively
in the Republic of Belarus after 2005, Based on the
results of numerous consultations of Belarusian and
Russian specialists, which focused on the prospects
of Belarusian scientists studying the polar areas of
the Earth, the goals and tasks of the research and the
capacities of the country, the Mational Academy of
Sciences of Belarus found it reasonable to carry out
such work, The Federal Service for Hydrometeorology
and Environmental Monitoring of the Russian Federa-
tion endorsed that decision and expressed readiness
to facilitate Belarusian research in the Polar areas of
the Earth, including by making the Russian objects in
Antarctica available at the first stage of the research



NPEANCAOBWE

BLINOAHEHWA MCCNEA0BAHMIA POCCHMIACKWE ODBLEKTL B
AnTapkTuae. Cnefyet OTMETUTE HEOLLEHWMYKD NPaKTWYe-
CHYIO NOMOLYL POCCUACKWK NONAPHWKOE HA BCEX 3Tanax
CTAHOBNEHWA DENOPYCCKON AHTAPKTHHECKON Nporpam-
Wbl WCCABAOBAHWA — 3TO 0BECNEUEHE HOPMATUBHO-
npaeosoid 6320, 03HAKOMNEHWE C COBPEMEHHBIMW
METOOAMN OPraHWu3aLuM 1 NPOBELEHWA AHTAPKTHUYECKNX
IKCNEAMUWIA, norncTyeckoe obecnedere Genopyc-
CHMX GHTAPKTHYBCKUE IKCNEQMUWA, KOHCYNETALMK NO
OpraH3aury agMUHUCTRATHEHOTO W HaYYHO-OpraHm3a-
LUMOHHOIO XapakTepa, 0DECnEYEHNE HAYYHBIX NCCNERo-
BaHWA npubopHor Gazon, fopMypoBaHue coDCTEEHHOR
NporpamMbl NONARPHEIK MCCNEA0BAHWA W MHOMOe Apyroes,

BasHbiv 3TANOM pacllpeHA PerynapHbx Geno-
PYCCKWX MCCNEQOBAHWIA B NONAPHBIX 0ONACTAX 3emnn
CTano pewexwe MNpesugedTa PecnyBnikm benapyce
AT NykaweHKko o npucoearHeHn cTparel K Jorosopy
ob AHnTapkTuke. CoOOTEETCTEYHILWMEA 3aKoH BLIn nognu-
caH 19 nionsa 2006 r. N2 157-3 v BCTYNWMA B CANY
¢ 27 pexabpn 2006 r. NpUHATHE 3aKOHa CTANO OCHOBOR
pa3paboTkk anbHeAWKWX MePONPKUATHIA MO OpraHm-
zaymm pabot B AHTaprTuke. C NOMOLEK DPOCCHACKNX
konner Geina pazpaboTada [ocygapcTBEHHAA Npo-
rpamma {MoHUTOPKWHT NONAPHEX PAaAOHOE 3eMnK 1
obecnevyeHne QEATENBHOCT APKTUHMECKMX M aHTapKTK-
YECKMX AKCNeQuLUKiA Ha 2007-2010 rogbl v Ha neprog,
Ao 2015 rogar, cozgad pabouni oprad ynpaeneHwa npo-
rpammoi - MocylapcTeeHHoe yupexaere «Pecnybnmn-
KAHCKWA LeHTP NONAPHBIX WCCNELOBAHWAR B COCTABE
Munnpupoge, Pecnytnuka benapyce npucoeguHMiace
K MEXAYHAPOOHEIM 0BA3aTENECTEAM N0 OXpaHe OKpY-
Hawei cpege AnTapkmikl (Yeas Mpesngenta Peconyt-
nukK benapyce A. [L Jlykawexxo ot 10 anpena 2008 r.
N2 200 «0 npucoegrHerun Pecnybnukw Benapycs
K [MpoToKony No oxXpaHe oKpyeKakllel cpeasl k Joro-
Bopy 0b AHTapkTiakes) W ap. OCHOBHAA LUENE NPUHATHIX
PELIEHWIA 3aKNUanack B CTpemMneHu Pecnybnikum
Benapyce k BCTYNNeHWo B MWPOBDE coobLEcTEo No
WCCNEfoBAHMID W MCNONB30BAHMIO BEICOKOLWMPOT-
HblX pafoHOE NNaHeTsl, 0BECNEYeHn ACNTOCPOYHbEX
NONWTUYECKMX, IKOHOMMUYECKIUK M HAYYHBIX WHTEPECOE
CTPaHE = NoAy4YeHne cTatyca KoHoyneTaTmeHol CTopo-
Hel Joroeopa of AHTEpKTUKE,

MNepeas nporpamma OeNopyYCCKY MCCNEOBAHWA
B AHTAPKTHKE DBNa HANPABNEHA HA OPraHn3aUmio
W NpoBefeHre HayuHo-McCnenoBaTensckux pabot e
AHTAPKTWIE, NOAYYEHWE NPAKTUYECKOND ONBITE NOM-
CTUUecKoro oBecnedeHmna BenopyCCKMX aHTAPKTMYECKIX
IKCNEANUWIA, PE3BATAE W YEDENNEHWE MEKOYHAPOOAHOMD
COTPYOHWYECTEA B Chepe UIYUEHMA NONAPHLIX PAROHOE
3emnw. OToeneHan 3a0aqa COCTOANA B CO3NaHWKW NEPBOA
Benopycckoi aHTAPKTUUECKOR CTaHLMK.

Nepean benopycckan aHTapKTWYECKaA IKCNeQMLNMA
B COCTaEe POCCHHCKON aHTARKTUYECKOH IKCNequui
Gbina npoBeeneHa B cedod 2007-2008 rr, B xoae KoTo-

FOREWORD

implementation. It is important to note the invaluable
practical assistance of the Russian polar explorers

at all the stages of the Belarusian Antarctic research
program formation, namely provision of the legal

and reqgulatory framewaork, introduction to modern
methods of organization and conducting of Antarctic
expeditions, logistic support of Belarusian Antarctic
expeditions, advising on administrative and scientific-
organizational management, securing the instrumen-
tal base for the scientific research, establishment of

a polar research program of its own and more,

An important stage in the expansion of regular
Belarusian research in the polar areas of the Earth was
the decision of the President of the Republic of Belarus
Alexander Lukashenko regarding the accession of the
country to the Antarctic Treaty. The corresponding
law was signed on 19 July 2006 N2 157-3 and came
into effect on 27 December 2006. The adoption of
the law became the basis for developing further
activities on the organization of work in the Antarctic.
With the assistance of Russian colleagues the State
Pragram «Monitoring of the Polar Areas of the Earth
and Support of the Arctic and Antarctic Expeditions
in 2007-2010 and for the period through 2015» was
developed, the working body to run the program was
set up - the State Institution «The Republican Centre
for Polar Researche as part of the Ministry of Natu-
ral Resources and Environmental Protection of the
Republic of Belarus, the Republic of Belarus acceded
to the international obligations for the protection of
the Antarctic environment (Decree of the President of
the Republic of Belarus Alexander Lukashenko of 10
April 2008 N® 200 «On the Accession of the Republic of
Belarus to the Protocol on Environmental Protection to
the Antarctic Treaty») and more. The main goal of the
decisions taken was the aspiration of the Republic of
Belarus to join the global community for exploration
and use of high-latitude areas of the planet, ensur-
ing the long-term political, economic and scientific
interests of the country - obtaining the status of the
Antarctic Treaty Consultative Party.

The first program of Belarusian research in the
Antarctic was aimed at organizing and conducting
research, acquiring practical experience in provision
of logistic support to Belarusian Antarctic expeditions,
promoting and strengthening international cooper-
ation in the field of the Earth's polar areas research.

A particular task was to create the first Belarusian
Antarctic Station.

The first Belarusian Antarctic Expedition within
the Russian Antarctic Expedition was carried out in the
2007-2008 season, during which a memorable event
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FOREWORD

Bempeya Benopyockux nonapuukos 8 HAH Benapycu. 2015 2,

Meeting of Belarusian palar explarers at the NAS of Belarus. 2015

PO COCTOANDCE FHAMEHATENBHOE COOBITHE — OTKPBITHE
NEPBOTD POCCURCKO-BENOPYCCKOND CE30HHOMD NarepA
Ha MecTe npeanonaraemoro Gazuposadwa benopycckoi
AHTAPKTUHECKOW CTAHLUWMK B BOCTOMHORN YacTi AHTap-
KT BBNW3K pOCCHMRCKON CTaHUKMK «MonopexHans.
WHdopMauMoHHBIR MaTeplan o pesynbTaTax IKcnenm-
LM, & TAKME O ASATENBHOCTH M HamepeHuax Pecny-
Bnukn Benapyce B AnTapkTige Doin npeacTaBnex Ha
obcympedune 31-ro cogewaHna HayyHoro kKoMKTeTa no
AHTAPKTUYECKKMM NCCNEA0EaHWAM, KOTOPOE COCTOANDCE
8 WoHe 2008 r, B Knese, C 3Toro BpemeHi MHGopMaLns
o geATeneHocT Pecnybnwkm benapyce B AHTapKTWKE
Mo UTOram NOAAPHEX IKCAEgUUMIA NOCTOAHHD Npeg-
CTaBNANAack W oDCYyHOaNace Ha PA3NUYHBIX KOMATETAX 1
cogeljaHuax [Jorogopa no AHTapkTHke, Ha 24-m coge-
waHKy CoBeta ynpaenanwmy HaLUWOHANEHbIX aHTap-
KTueckny nporpamm g r. Noptneng (CLUA) Pecnybnuke
Benapyck Buin cornacoBaH CTaTyc cTpaHb-Habnonarens
€ NPOXMKASHUEM TREXNETHEND MCNBITATENEHOMD CPOKA,
a A A TafpaloB CTan KaHAWAAToM B YNpasnAowmWe Ha-
LUWOHANEHOM aHTapKTMYECKDR Nporpammon Pecnybnukn
Benapyck.

BasHbIM 3TAN0M B PaClMPEHIK 1 yrnybneHnm Hayy-
HbIX MCCNenoBaHiA AHTAPKTUKK BEnopyCCkMMIA Cnewuna-

took place - the opening of the Russian-Belarusian
seasonal camp on the site of the alleged location of
the Belarusian Antarctic Station in the eastern part

of Antarctica close to the Russian Station «Molo-
dyozhnayas. The information materials on the results
of the expedition, as well as on the activities and in-
tentions of the Republic of Belarus in Antarctica were
submitted for discussion at the 31" Meeting of the
Scientific Committee on Antarctic Research that took
place in Kiev in June 2008. Since then, the informa-
tion on the activities of the Republic of Belarus in the
Antarctic based on the results of polar expeditions has
been constantly presented and discussed in various
committees and meetings of the Antarctic Treaty. At
the 24" Meeting of the Council of Managers of Nation-
al Antarctic Programs in Portland {U5A), the Republic
of Belarus was granted the observer status with the
three-year trial period, and Alexei Gaidashowv became
a candidate for Manager of the National Antarctic
Program of the Republic of Belarus.

An important stage in the expansion and intensi-
fication of Antarctic research conducted by Belarusian
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NUCTaMK CTAaNo NPUHATIHE [oCYNapCTEEHHON Nporpam-
Mbl MO MCCAEN0BAHKD NONARHBIX PAHOHOB 3eMAW Ha
20112015 rogs v nepanaya B efedre HauuwonansHon
akagemun Hayk benapycw MY «PecnybnvkaHckuil ueHTp
NOAAPHEIX MCCNEAOBAHMNA®.

OcHosoii bonee rmybokoro coTpyaHW4ECTES
¢ Poccuickoi Qegepayuei B obnacTi MccnegoBaH1a
NOAAPHEX PafoHOB 3emnu cTano nognucadue 15 mapTa
2013 r. porymenTa «Carnalwerne o COTRYAHWYECTEE B
AHTapkTuke: mexay MNpasuTenscTeamm PecnyBnmgm
Benapyce n Pocowickon Depepayun. B pamkax nognu-
canHoro Cornaweqna no nHuuwatmee HAH benapycon
COBMECTHO ¢ MUHNPpKMpoaL! paspaboTamn nnad co3fa-
HIA benopyCcKoi aHTAPKTWUYECKDN CTAHLWK, CO3AaHa
MexeeaoMCTEEHHAA KoMWccuA Pecnybnukn benapyce
no BoNpocam AHTapKTUEN, NPWHAT PAL AOKYMEHTOE NO
COTRYAHWYECTBY C POCCURCKMI NONAPHWKaMK O COB-
MECTHON peann3aLnKk HayyHL NPOrpamm B AHTapKTH-
ae. NonapHukk benapycy 1 Poccuk BeAyT COBMECTHBIE
WMCCNefoBaHUA ATMOCHEPHOTD a3PO30NA, 030HOChEpk,
MOPCKEWX, NPECHOBOOHbIX M HAZEMHbIX BrONormyeckix
pecypcoB AHTAPKTHKM, OCYWECTENAKT pa3paboTku Ho-
Ebix npubopos v obopyaoeaduA, DCHOBHbBIE pe3yNbTaThl
TAKOMO COTPYAHWYECTRE NPEACTARNEHE B KHWIE,

HauwoHaneHana akanemua Hayk benapycw sceyenc
noAfepsusaeT M DasEUBaeT MCCNeloBaHWA B AHTap-
KTKEke. Ha 2acegadnAx Gwopo MNpeznguyma perynapHo
PACCMATPWBAIOTCH PE3YNBTATH HaYYHbIX MCCNEA0BAHIA,
BONPOCH CTROWTENLCTEA BENOPYCCKOW aHTaPKTUYECKON
CTaHLMK 1 oBECNeYeHnn ee Ku3HegenTensHocTy, B aka-
OEMWK HAYK CNoxMNace 4obpan TpaguUKA NPoBOHATE
W BETPEYaETE OYEPEAHOR cocTae BENopPYCCKON aHTapKTH-
YECKOW 3KCNenUUMKM Ha NEOBLIA KOHTUHEHT.

locypapcTBEHHAA NPOrPamMMa No MOHWTOPKMHEY
NoNApHEIX paioHoe 3emni Ha 2011-2015 roge npegy-
CMATPUBANa PR MERPONPUATHR NO OPTaHW3aLNK 1
NPOBEOSHNID KOMIUIEKCHEIX HAYYHEX WCCNegoBaHui
W TEXHWYECKKX Pa3paboTok gnA M3y4eHWA COCTOAHKMA
OKPYHAOWER cpeabl AHTADKTWOL, PA3BIUTH IO MEX Y-
HapoOHOro COTPYOHWMECTBA B cdepe MCCcnedoBaHnaA
NONAPHLIX paioHoE 3emnun. OTgensHoe Hanpasnexsne
GbIN0 CBAZAHO C NPOBEAEHMEM HAYYHBIX IKCIegMUWiA
W popMUpoBaHUeM MHGPACTRYKTYPEI Benopycckoi
AHTAPKTWYECKON CTAHLUKMM, OCHALEHWE 8 COBDEMEHHBIM
TEXHONOTMYECKIM ODOPYLOBaHMEN, HOBBIMIK Npubopa-
MW 1 CpeacTBamMm u3mepeHna. Hannune cobcTBEHHOA
WMHOPACTPYKTYPEI B AHTAPKTUAE ABNASTCH BAHHBIM
NpaeoBbim GAKTOPOM, ONPEesenALMM NPUCYTCTEME
HEWETo rocyAapcTea Ha aHTaPKTUHECKOM KOHTHHEHTE
B DamMKax BEINONHEHWA MEXOYHAPOoOHLIX 0bAzaTeNLCTE
Pecnybnwkm Benapyce no Jorosopy ob AHTapkTHKe.

Ina coznadva coBCTEEHHOR CTaHUWKM Heobxoammo
ObINo NPoBEECTH PAL 0DAZATENEHBIX MEXYHAPOAHBIX
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specialists was the adoption of the 5tate Program for
the Earth's Polar Areas Research 2011-2015 and the
handover of the State Institution «The Republican
Centre for Polar Research» under the administration of
the Mational Academy of Sciences of Belarus.

The basis for a deeper cooperation with the
Russian Federation in the field of the Earth's polar
areas research was the signing of the document «The
Agreement for Cooperation in the Antarctic» between
the Governments of the Republic of Belarus and the
Russian Federation on 15 March 2013, Within the
framewaork of the signed Agreement an the initiative
of the NAS of Belarus in cooperation with the Ministry
of Natural Resources and Environmental Protection of
the Republic of Belarus the plan for establishment of
the Belarusian Antarctic 5tation was developed, the
Interdepartmental Commission of the Republic of Be-
larus for the Antarctic was created, a series of cooper-
ation documents with Russian polar explorers for joint
implementation of scientific programs in Antarctica.
Polar explorers of Belarus and Russia conduct joint
studies of atmospheric aerosols, ozone layer, marine,
freshwater and terrestrial biological resources of Ant-
arctica, carry out the development of new instruments
and equipment. The main results of this cooperation
are presented in the book.

The Mational Academy of Sciences of Belarus
strongly supports and promotes the research in the
Antarctic. The results of the scientific research, issues
of building the Belarusian Antarctic Station and ensur-
ing its subsistence are regularly considered at Presidi-
um Bureau sessions, The Academy of Sciences main-
tains a good tradition to bid welcome and farewell to
the teams of the Belarusian Antarctic expedition, as
they return from or set off to the icy continent.

The state program for monitoring the Earth’s polar
areas for 2011-2015 included a number of activities
to organize and conduct comprehensive scientific
research and technological development for studying
the environment of Antarctica, development of inter-
national cooperation in the exploration of the polar
areas of the Earth. A separate area was associated with
conduction of scientific expeditions and formation of
the Belarusian Antarctic Station infrastructure, equip-
ping it with modern technological equipment, new
instruments and measurement tools. Our own infra-
structure in Antarctica is an important legal factorin
determining the presence of our state on the Antarctic
continent within the framework of the international
obligations of the Republic of Belarus to the Antarctic
Treaty.

Creation of a station of its own required a series
of obligatory international procedures to be carried
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NpoUeayp, CBA3aHHLIX € OUEHKORN BNMAHWA CTAHLMM

Ha OKPY#aloWyo Cpefy paioHa ee paimelleHins. boina
NogroToeneHa BCecTopoHHARA OLEHKA OKPYHA0LER
cpeatl (BOOC), kotopan ogobpena B mae 20751 Ha
zacefnadim 38-i ceccn KOHCYNETaTMBHOND COBELLaHMA
Aorosopa of AHTApKTHKE, 4TO O3HaYano NPUHATHE
NONOKWUTENEHOMD PEWEHWA O CTROWTENLCTE: Benopyc-
CKOW aHTApKTMYECKON cTaHumK. B 3Tom e rogy Ha 27-m
zacefaHun KOMWTETA HALUMOHANBHBIX 3HTAPKTUYECKNX
nporpamm Pecnybnuka benapyce Gwina eguHornacHo
NPWHATA NOCTOAHHBIM YNEHOM 3TOR OPraHusaULIne, a
KaHOWAaTYpa 2aMecTUTeNs HauansHuKa PecnyGnukan-

CKOMO LEHTRE NONAPHBIX Mccnenoeadni A. A NaRpawoesa.

opobpeHa B KauecTee ¥NPaenAwLYero HaUWoOHANLHOW
AHTAPKTHYECKOW nporpammoi Pecnybnukn benapyce.
Tak PecnyBnuka benapyce ctana 30-m NOCTOAHHBIM
yneHom KomMUTeTa HayMOHANBHBIX AHTAPKTHYECKIMX
NPorpamm, UTo ABMNOCE MPWIHAHWEM &€ 3aCNyT B WCCne-
AOoBaHWAX AHTAPKTHKK Ha MWMPOBOM YPOBHE.
Norrueckum 3aseplieHnen [ocy0apcTBEHHOR
nporpammel «MOHUTORUHT NONAPRPHBIX PaRoHOB 3emMiu v
obecnedeHne QeATENEHOCT aPKTUYECKHMX M aHTAPKTW-

out associated with the evaluation of the station’s
impact on the environment in its location area. The
Comprehensive Environmental Evaluation (CEE) was
prepared, which was approved in May 2015 at the 38"
Session of the Antarctic Treaty Consultative Meeting
and that indicated the approval of the construction of
the Belarusian Antarctic Station. The same year, at the
27" Meeting of the Committee of National Antarctic
Programs the Republic of Belarus was unanimously
recognized as a permanent member of this orga-
nization, and the candidacy of Deputy Head of the
Republican Centre of Polar Research Alexei Gaidashov
was approved as Manager of the National Antarctic
Program of the Republic of Belarus. Thus, the Republic
of Belarus became the 30" permanent member of

the Committee of Mational Antarctic Programs, which
was the recognition of its achievements in Antarctic
research on the global level.

The logical conclusion of the State Program «Mao-
nitaring of the Polar Areas of the Earth and Support
of the Arctic and Antarctic Expeditions in 2007-2010
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USCKMX 3KCNequuMia Ha 2007-2010 rogel v Ha neprog,
Ao 2015 ropas, 3aKazvvKoM-KOOpAWHATOROM KOTOROR
onpenenada HAH Benapycow, cTano cozfjadve nepeoro
TPEXCEKLUMOHHOTO cnyxefHo-Kunoro moayna beno-
PYCCKOW AHTADKTUYECKOR CTAHUWW, KOTOPHA B KOHLE
2015 r. boin goCTaBNEH POCCHMICKMM HaYYHO-MCCNeno-
BaTenbckum cygHom sAxkagemuk Pegoposs K beperam
NefoBoro KOHTUHEHTA, Yem BeING NONCKEHD Havano
CTROWTENBCTEE CTAHUWKW B recrpadnyeckom KoMnnekce
lopa BewepHana B BocTovHOR AHTapKTHOE.

AT HEQEATENEHOCT: CTAHUWMK W 82 OCHALLEHWE [DA-
Aon NpUEopoB ANA HayYHBIX MCCNeJ0BaHWA B HACTOR-
LWEE BREMA OCYIECTEAASTCA C MCNONb30EAHWEM HOBEW-
wero obopyaoBaHWA, 4aCTk M3 KoToporo pazpaboTada
6ENopPYCCKUMK YYEHBIMKW. 3TO NPEXKAE BCETO OTHOCWTCH
K HayuHeM Npubopam 4NA MCcNefoBaHuA pasnuuHesx
XAPAKTEPWUCTUK aTMOChEDL! U NOACTUAAIOWER NOBEpPX-
HOCTH, CONHEYHOW PaaMaLMK, KOHUEHTPALKMK 030HA W
ABYOKMCKH 320Ta B aTmocdepe w Ap. locTtatouHo nop-
POBHOE ONUCAHKE TaKKMX NPUOOPOR W PEIYNETATE WX
WMCNONEI0BAHWA NPYBEEHE! B HACTOALLEN KHUIE,

Cumrtatn, UTo cozfiaHue benopycCkon adTaprTide-
CKOW CTAHLUMK W PE3YNETATE KOMIMEKCHBIX HAYHHEBIX
MccnefoBaHuil ABNAKTCA BAKHBIM 2NEMEHTOM roCy-
ASPCTEEHHOA NOAWTHKN, OPWEHTVPOBAHHOW Ha MOBLI-
WweHWe UMMdma CTPaHbl Ha MesREYVHAPOAHOW apeHe W
YEpenneHue nozmyui benapycu g cucteme fJoroeopa ob
AHTAPKTHKE.

MNpedcedaments MNpeauwduyma
HouyuonaneHol akademuu Hayk benapycu
B. T lycakos
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and for the period through 2015», for which the MAS
of Belarus was assigned sponsor and coordinatar,

was the creation of the first three-section of service
and accommeodation unit of the Belarusian Antarctic
Station, which at the end of 2015 was delivered by the
Russian research vessel «Akademik Fyodorovs to the
shores of the icy continent, which laid the foundation
of the station construction in the Mount Vechernyaya
geographical complex in Eastern Antarctica,

The functioning of the station and equipping it
with a range of devices for research is currently im-
plemented using the latest equipment, part of which
was developed by Belarusian scientists. This applies
primarily to the scientific instruments for studying
various characteristics of the atmosphere and terrain,
solar radiation, concentration of ozone and nitro-
gen dioxide in the atmosphere, and others. A fairly
detailed description of such devices and the results of
their use are given in this book.

| believe that the creation of the Belarusian
Antarctic Station and the results of comprehen-
sive research are an important element of the state
policy aimed at improving the country's image in the
international arena and strengthening the position of
Belarus in the Antarctic Treaty System.

Chairman of Presidium
National Academy of Sciences of Belarus
Viadimir Gusakov
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KPATKMIA NCTOPUYECKWIA OYEPK
CTAHOBJIEHMA WU PA3BUTWUA HAYYHbBIX
WCCNEQOBAHUIA U 3KCNEAWLUWOHHON
AEATENbHOCTW B AHTAPKTUKE

1.1. KpaTKwit ncTopuJyeckuil ouepK y4acTuA
GenopyccknX y4eHbIX U cNeynanncTos

B OCYLWECTEASHUN HAYYHOW 1 3KCNeguUMOHHOM
geATenbHOCTH B AHTapkTke B CoBeTcKnil nepuop

CCCP npwcTynun K perynapHbim MCCIEQOBAHWAM
AHTaprTiakm B 1955 r, 13 mionn 1955 r. Coset Munn-
cTpoe CCCP ewinycTin NocTaHoeneHwe of opradr3aumnm
EoMnnekcHOR aHTaprTVHeckol akcneguymn, HayuHoe
PYKOBOACTBO IKCNEQMUMER DbIN0 BOINOMEHD
Ha Akagemuio Hayk CCCP, a onepatvBHOe ynpagneHme -
Ha [haeHoe ynpaeneHwe Ceemopny T MudmopdnoTta
CCCP 30 HorOpA Kk beperam AHTAPKTWOR W3 KanHWH-
rpafa oTnpaeMnack NEPean KOMNNEKCHAA aHTAPKTM-
weckad akcneguumns (KA3). PykosoguTenem nepeoi
KoMNNekcHoM 3KCneguuiis Ha AU3enb-3NeKTpoxoe
«DBb» Boin HazHaueH Mepoh CoreTckoro Cowaa
M. M. Comog, a kanutadom — . A, Mad. CooTHowWeHKWe
HayYHOTO 1 NOTUCTUHECKDTO NEPCOHANA COCTABWMND
38 1 62 % (oblan YNCNEHHOCTE YHACTHMKOE — 229).

W3 Hinx 52 coTpyaHWKE OCTANMCE Ha 3MMOBKY.

Mocne 3apepWEeHWA MPY30BLIX ONERALMA W CTROW-
TENLCTEA NePBEOM 3HTAPKTHYECKOW CTaHUMK MiupHei
13 pespana 1956 r. nogHaT CoseTckui dnar. B nocne-
OYIOWEM € NOMOLLEH OTEYECTEEHHOMD BHYTRHROHTK-
HEHTANBHOTD CAHHO-TYCEHWMMHOMD Noxoaa 27 man 1956 T
Ha PACCTOAHMI 373 KM K 100y OT CTaHumWm «sMupHoids
OTKPBLITA NEPEaA BHYTPWKOHTHHEHTANEHAA CTAHUMA
aMonepckanr. B pasuble rogsl COBETCKOMD NEPWOaA
(1971-1990 T.) YMCNO KPYTNOTOLUYHBEX CE30HHEIX
CTAHLUWIA W noneeslx bai coctagnano 21, Mocne pazgana
CCCP uvcno TakWx Touek B AHTAPKTMAE COKpaTUNOCh
Gonee yem B TPW pasa.

Bropan KoMNNeKkcHan aHTapKTUUECKaA IKCNeduUKA,
HavaneHWKoM KoTopon bein lepoil CoypannctiHeckoro
Tpyaa akafesmnk PAH A O, TpewHKKOB, HAYaNa BRNON-
HEHWE Nporpammel Habnogeswnil MexayHapogHoro
reodrarueckoro roga (MIT). 31o cobmthe cocToanock
1 wrnA 1957 T

Chapter 1

A BRIEF HISTORICAL SKETCH

OF THE FORMATION AND DEVELOPMENT

OF SCIENTIFIC RESEARCH AND FORWARDING
ACTIVITIES IN THE ANTARCTIC

1.1. A brief historical sketch of participation

of Belarusian scientists and experts in the
implementation of scientific and forwarding
activities in the Antarctic during the Soviet period

USSR started regular research activities in An-
tarctic in 1955, on July 13", 1955 the USSR Council
of Ministers issued a decree on the organization of
the Integrated Antarctic Expedition. The scientific
expedition leadership was entrusted to the Academy
of Sciences of the USSR, and the operational manage-
ment — to the main administration of the North Sea
Route at the Ministry of Marine Fleet of the USSR, The
First Complex Antarctic Expedition sailed to Antarctica
from Kaliningrad on November 30" The Hero of the
Soviet Union M. M. Somov was appointed to the po-
sition of the head of the First Complex expedition by
the diesel-glectric vehicle «Obx. |. A. Man was appoint-
ed to the position of the captain of the ship. The ratio
of scientific and logistic personnel was 38 and 62%
(the total number of participants was 229). Out of this
group 92 employees were |eft for the winter.

After the completion of cargo operations and the
construction of the first Antarctic station Mirny on
February 13™, 1956 the Soviet flag was raised. Subse-
guently, with the help of the Soviet inland sledge-cat-
erpillar expedition dated May 27, 1956 at a distance
of 375 km to the south of «Mirnys the first inland
station «Pionerskaya» was opened. In the years of the
Soviet period (1971-1990), the number of year-round
and seasonal field bases and stations was 21. After the
collapse of the USSR the number of points in Antarcti-
ca fell by more than three times.

The second Complex Antarctic Expedition, con-
ducted by the Hero of Socialist Labor, RAS academi-
cian A.F. Treshnikov, began the implementation of the
observation program of the International Geophysical
Year (IGY) on July 1, 1957,
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Ha npotasedun 60-neTHeR MCTOPUK COBETCKIX
M POCCMACKMY AHTAPKTUYECKME WCCNENO0BaHnA Geina
OCyLWecTeneHa 61 COBETCKAA W POCCURCKAn aHTAPKTYE-
CKaA IKCneguumWa.

MTorom coBMeCTHOW HAYHHON JeATeNLHOCTH 12
cTpaH B nepuog MIT ctano sakniodeHne B 1959
Jorosopa o AHTapKTHKE. ITOT foroBop Npegynpe-
AW BO3MOHHBIN OYepedHON NEPenen MWpa, COXPaHWE
AHTAPKTUAY HENTPANEHEIM, AEMWINMTAPUI0BAHHEIM
KOHTHHEHTOM, CO3038 HeoBXoaMMble YCNOBWA QnA Gec-
NPEnATCTEEHHOND OCYLECTBNEHWA NPUHLMNE CBOBOMLI
HAY4YH B MCCNEA0EAHMA B AHTApKTUKE,

3a 60 neT, npowWeaWKW: © HaYana NPoBENEHIuA
PErYNAPHBEIX COBETCKUY, 8 3aTEM POCCHIACKIAX aHTap-
KTHYECKWX 3KCTEguuni (1955-2016 rr), B AHTapkTAge
nobeieano okono 40 TeICAY YENOoBEK, MPAKTNUECKWN W3
BCEX COI3HBIX pecnybnuk Geiewero CCCP. 3a nepuop
€ 1955 no 1992 r. 102 Genopyccky CNeywanicTa NpuHK-
Manw y4acTHe B WCCNEnoBaHnKA 1 OCBOEHMA AHTAPKTKK
B COCTABE KOMIIEKCHBIX M COBETCKUX AHTADKTHUUSCKNY
axcneguuni. Jlecats w3 Hux (bypak H. M., Ipaves B.T,,
3apyba B. H., 3nak H. H., Koeepoewd E. [, Koxemn-
kiuH H. E., Naeywsuy H. B, Haymuwk H, T, Wwan 1.1,
Wymak C. A.) B cocTaee nepeoi KA yyacTeoBanw
B CTROMTENBCTBE Nepeoi COBETCKOM aHTapKTHYe-

CKOW obcepBaTopKK «sMHpPHBIAR, @ TPOe APYIWX HaLW WX
semnakoe (Cobone A. [, Meimeko B. I, Mnekesny M. 1)

B 1992 r. 3aBepLWNy CBOWM YYACTUEM MHOTONETHIONW pa-
GoTy DenopyCCKWY CNELWManMCTOR B COCTABE COBETCKIX
AHTAPKTUHECKWX IKCNEANLWA,

3a nepuog yuactua GenopyCcCruy CNeEUManucToR
B MCCNEAOBAHWK W OCEOSHWW AHTAPKTHKK C 1955 no
1992 1. UMK NPOBEAEHE! COTHI WCCNEQOBAHKWIA, HaNWCa-
Hbl QECATEW HaydHblx paboT, npolgeHbl ThICAYKM KUnome-
TROB CAHHO-TYCEHWYHBIX NOXOJ0E W BEINONHEHL! COTHW
ABMALMOHHBIX BEINETOBR. MX pykamn oTpemMoHTHpOBaHbI
COTHW e0WUHKL TEXHWEW W NOCTPOEHLI AECATKI NONApP-
Hiblx 00 beEKTOR,

Hawmmi semnakami 3adMKcMpoBaHbl ABa 3KCTpe-
MYIE B M3MEHEHWW METEORONOTMYECKNX XapakTepu-
CTHK!

- B 1983 . Ha BHYTPMKOHTWHEHTANBHOW CTAHUWK
aBoctoks Bnagrmup Kapnok saperncTpuposan ca-

MY HN2KYH Ha HalWel nnaHeTe TeMNepaTypy Bo3ayxa
(89,2 °CJ;

— B 1988 r. Ha cTaHumK «JleHMHIpagcKaA: METEOPO-
nor Anercei FANGaWoE 3adUKCUPOEAN CaMBIA CUNBHBIR
nopele eeTpa (78 m/c).

bBenopycckMe cneunanieTel - YYaCTHUKKY COBETCKWX
AHTAPKTHYECKUX IKCNEAMUWA BNNCANKM HEMANO APKIKX
CTPAHKL B MCTOPWI0 OCBOSHWA M MCCNeaoBaHne AHTapk-
THEK: asponor leHpux Maseckui B cocTage TpeTeel Co-
BETCKOWN aHTapeTUHeCcKon akcnegyym (CAZ) npuHuman
YUYACTHE B NEPEOH 3MMOBKE Ha BHYTPMKOHTUHEHTANb-
HOW CTaHUWKW CoBeTckan, rnauwonor Kpuwi EmensaHoe -

CHAPTER 1

Cwver sixty years of history of Soviet and Russian
Antarctic researches 61 Soviet and Russian Antarctic
expeditions have been carried out.

The result of the joint research activities of 12
countries was the signing in 1959 of the Antarctic
Treaty in the |1GY period. This contract warned a possi-
ble division of the world, while maintaining a neutral
Antarctica, demilitarized continent, and creating the
necessary conditions for the unhampered implemen-
tation of the principle of freedom of scientific research
in Antarctic.

During the sixty-year period since the start of
the regular Soviet and then Russian Antarctic expedi-
tions (1955-2016) Antarctica was visited by about 40
thousand people from almost all former Soviet Union
Republics. During the period from 1955 to 1992 102
Belarusian specialists took part in the study and devel-
opment of the Antarctic in the complex and the Soviet
Antarctic expeditions. Ten of them are in the squad
of the 1* Complex Antarctic Expedition (Burak N. M.,
Drachov V. T, Zaruba V. M., Znak N. M., Koveravich E. P,
Kozhemyakin N. E,, Lavushkin N. V., Naumchik M. G.,
Shiyan F. L., Shumak 5. A.) participated in the construc-
tion of the first Soviet Antarctic observatory «Mirmys,
and three other our countrymen (Sobol A, D, Myt-
ko V. G, llkevich I.1.) in 1992, completed the long-term
waork involving specialists in the Belarusian as a part of
the Soviet Antarctic expeditions.

Dwring the period of participation of Belarusian
specialists in the study and development of the Ant-
arctic from 1955 to 1992 they conducted hundreds of
studies, written dozens of scientific papers, traversed
thousands of kilometers of sledge-caterpillar traverses
and made hundreds of aircraft sorties. Their hands
repaired hundreds of pieces of equipment and built
dozens of polar sites,

Our countrymen are fixed two extremes in chang-
ing of meteorological characteristics:

—in 1983 at the inland station «Vostoks Viadimir
Karpyuk registered the lowest temperature on the
planet (-89,2 °C);

- in 1988 the «Leningrads» station meteorologist
Aleksey Gaidashov recorded a strongest gust of wind
(78 m/s).

Belarusian experts - participants of the Soviet An-
tarctic expeditions, recorded many bright pages in the
history of Antarctic exploration and research: aerolo-
gist Henryh Mayewskiy as a part of 3™ Soviet Antarctic
Expedition took part in the first wintering in the Soviet
inland station, glaciologist Yuri Emelyanov, the parti-
cipant of the SAE 25, took part in the sledge-caterpillar
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YUACTHME 25-0 CAD — NPUHKMAN YUaCTHE B CAHHO-TY-
CEHWYHOM NOXOAE Ha Nonc HegocTynHoCTW, asponor
IOpwi Kpaeyoe Npoeen B AHTapKTUAE perRopdHoS AnA
BenopycoB KONWYECTEO 3MMOBOK — WecTb, Bruonor Kpui
MaruHAK — yuacTHWK 16-i CAS - cobpan nepeyio B Pecny-
Gnuke benapych KONNEKUKWKD MOPCKUX MWUBBIX OpraHu3-
moB Bog KwHoro okearna u g 1971 r. Bnepesie nogHAn
dnar BCCP Hap ocTpoBomM 3bIKOBS, MHKEHE P AHATONWA
Cywena - yyactHuk 30-a CAZ (1984-1986 rr) - gpeiido-
Ban Ha Hay4uHO-3KCNeWMUWoHHoM cyaHe (H2C) «Muxamn
Comosr BO Nbaax AHTApRTAKK B 1985 1.

Onepauwin no cnaced e H3C «Muxann Comopz
soirnasnan A, H. YvnmHrapos, KOTopsIi imeet beno-
DYCCKME KOPHI NO MaTEPWHCKOR NWHWK. 33 NpoBedeHne
ITOW ONEPALMKM OH YAOCTOEH BRICOKOO 38aHWA [epos
Coeetcroro Cotoza.

Mocne pacnaga CopeTckoro Cowaa AecATEW be-
nopycok B neprod ¢ 1993 no 2015 . yyacTeosann
B POCCHIACKMY W MEHIYHAPOOHBIX WCCNeoBaTENbLKY
W CNOPTHUEHBIX 3KCNEQUUMAX B AHTADKTHKY, B COCTABE
skmnaxen camonetos WIN-76 benopycckon aewakom-
naHui «TpaHcABnaskenopTs. OHK Tak#Ke NPUHUMANNA
yyacTue B obecneyeHuy TRaHCKOHTHHEHTANBHEIX aBK1a-
UMOHHBIX NepeneTok W3 DxHo-AdpukaHckon Pecnybnu-
kW B AHTapkTay. Benopyc Bnagumup Opabo — yyacTHWK
MEHIYHAPOAHON CNOPTUEHON 3KCNeguUmnK sHascTpeyy
XX pekyr: - B Aveape 2000 r. enepeble NogHAR Gnar
Pecnyinuikn Benapych Ha IHOM reorpadguyeckom
nonwce Iemn.

1.2. XpoHonorua 6enopyccknX aHTapKTHUYecKuX
nccnegoBaHni: cobbITUA, JOKYMEHTEI N GaKTbl
(2005-2015rr.)

Brnepesle Bonpoc 0b opraH13anmny NonApHLIX Mc-
cnepoBaHiil B Pecnybnuke benapych odruywansHo ob-
Cy#OANCA Ha coBellanii y Mpegcenatena MNpeznauyma
HauwoHanoHolh akagemu vayk Benapyci M. B. MacHu-
KoBWqem B WioHe 2005 r.' B obcyxpennn sonpoca
nprHANK y4acTve NerepancHei gupektop THMAO «HIL
HAH Benapycw no Buopecypcams M. E. Hukwdopos,

avpexTop MHcTuTyTa npobnem wononb3oBaHnA Npypog-

Hbix pecypcoB W akonormd HAH Benapycw B. @, Norudos
v leHepanbHbIl QUpeKTop Hay4wHoro UWeHTpa 3yveHna

' Cama naen NpoBeaeHWA NONARHLIX MCCNEnoBaH A
PecnyGnukoi Benapycs BOIHKMENE NOCNE MHOTOYWCIEHHBIX
HEOPULWANEHEIX BETPEY POCCUACKWY W BENOpYCCKUY YHeHbIX
w nonapHWkoR (B. C. Kowenee, C. C. XofkwH, B, B. Nyxuk,

A H. HYvnuurapoe, A A Tanpawoe, 10T Turusak, B. E. Toiwse-
auy, B. @ Norukos, M. E. Hukudopos v ap.).
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expedition to the Pole of Inaccessibility, asrologist Yuri
Kravtsov spent in Antarctica a record number of win-
ters among Belarusians — six; biologist Yuri Giginyak -
participant of SAE 16, gathered the first collection of
marine organisms waters of the Southern Ocean the
Republic of Belarus, and in 1971 he was the first to
ralse the flag of BSSR over the Zykov island, engineer
Anatoly Sushchenya, a member of SAE 30 (1984-
1986}, drifted on the research vessel (RV) «Mikhail
Somove in the ices of Antarctic in 1985,

The rescue operation of the RV «Mikhail Somova
was led by A, N, Chilingarov, who has Belarusian
ancestors on his mother's side. He has been awarded
with a rank of the Hero of the Soviet Union for carrying
out this operation.

After the Soviet Union collapsed dozens of Belar-
usians in the period from 1993 to 2015 participated in
Russian and international research and sports expe-
ditions to Antarctic, as a part of aircraft crew IL-76 of
the Belarusian airline company «Transaviaexports they
were involved in providing transcontinental air travel
from South Africa to Antarctica, Belarusian Viadimir
Dirabo, a participant in international sports expedition
«To meet XXI centurys in January 2000, first raised the
flag of the Republic of Belarus on the south geogra-
phic pole of the planet.

1.2. Chronology of the Belarusian Antarctic
research: events, documents and facts
(2005-2015)

For the first time the organization of polar re-
search in the Republic of Belarus was officially dis-
cussed at a meeting with Chairman of the Presidium of
the Mational Academy of Sciences M. V. Myasnikovich
in June 2005". The discussion was attended by General
Director of S5PA «5PC NAS of Belarus for Bioresources»
M. E. Mikiforov, director of the Institute of Matural Re-
sources Use and Ecology of the National Academy of
Sciences of Belarus V. F. Loginov and the General Di-
rector of the Arctic and Antarctic Scientific Research
Center «Poles V. 5. Koshelev from Russia. The result

'The very idea of Belarusian polar research emerged
after numerous informal meetings of Russian and Belarusian
scientists polar explorers (V. 5. Koshelev, 5. 5. Khodkin,

VoL Likin, A. M. Chilingaroy, A, A Gaidashow, V. E. Tyshkevich,
. G. Giginyak, V. F. Loginow, M. E. Mikiforov, and others).
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Puc, 1.1. Pafoyas ecmpeya Mpemeep-munucmpa Pecny@nusu bemapycs M, B, Mackukosuya © avadesurkos HAH benapyew
B, @, Mozurossiv U 2amecmumenes Mpedcedamens focydapemaeqdod Jyamis Pocculickold Qedepauuu, fepoen COERMOKOI0 COKI0
u lepoens Pocouu A, H, Hunureapoasiv

Fig. 1.1. Warking meeting of the Prime Minister of the Republic of Belarus M. V. Myasnikovich with the Academician of the National
Academy of Sciences of the Republic of Belarus, V. F. Loginov and the vice-speaker of the Duma, the Hero of the Soviet Union
and Hero of Russia, A, N, Chilingarov

ApkrTrin w AnTapeTuen «MNonwces poccuadud B, C Ko-
wenep. PeaynsTaToMm COBLWAHWA CTAN0 NOPYYEHHe

B. @ NorvHoey NROBECTH NEReroEopPbl C NPEACTABNTE-
namy Poccuiickoi Qenepauunn of ydacTum Benopycckmx
CNEYWANWMCTOR B M3y4eHi NONAPHbIX panoHos, Takue
Neperoeopsl DunK NpoeegeHsl Bo 2-0 nonoguHe 2005 T,
¢ pykosoguTenem PocruopomeTa A, 1. begpuukmm,
W3BECTHLIM NOAAPHUKOM, CNEUWMaNBHLIM NPeqCTaBNTE-
newm npe3ugenTa Poccwickon Degepayvi no Bonpocam
MexayHapogHoro NONAPHOro rofga, BMUe-cnukepom
locypapcteerHon Jymel Pocowmiickoi Qegepaumm, le-
poen Cosetckoro Caosa v lepoen Poccia A, H. HuniH-
rapoBbIM, COBETHUKOM pyKoBOaWTENA PocrngpomeTa

C. C. XoaeuHBIM, 3aMecTUTENEM QUPERTOPE, HaYanbHK-
Kom POCCHACKNK aHTAPKTUHECKNX IKCNeqMUMi ApKTI-
HECKOrD W AHTAPKTMYECKOro MHCTMTYTa B, B, MyruHem
(pwc. 1.1). OnHoBpemeHHe BLINo NOPYYEHE NOAroTOBUTE
nucemo B aapec Npeaugenta PecnyBnvekn Benapyce
AT NykalweHKo 0 NepCNeEKTMBHOCTA NPOBEOEHNMA
WM3YHEHWA NONAPHBIX PaRoHoE 3emnk Denopycckimmn
YUEHBIMIA W CNELMANACTAMIA.

Bo 2-i nonosikHe 2005 r. Beina npoBefeHa Cepua
pabouwx ecTped ¢ A, H. YUNuHrapossiM, pyKOBOIMTENEM
MenepansHOR cNy*06 N0 rTMOPOMETEORONOTA W MOHK-
TOPWHIY CKpyY#Haowei cpensl A. M. begpylkim, coBeT-
Hukom pykosoguTens C. C. XogKWHBIM, PYKOBOOMTENAMKM

of the meeting was the instruction given to V. F. Log-
inov to hold talks with representatives of the Russian
Federation on the participation of Belarusian specia-
lists in the study of the Polar Regions. Such negotia-
tions were held in the 2™ half of 2005 with the chief of
Rosgidromet A. |, Bedritsky, a famous polar explorer,
the Special Representative of the President on the is-
sues of the International Polar Year, the vice-speaker
of the Duma, the hero of the Soviet Union and Hero
of Russia, A. M. Chilingarov, advisor to the chief of Ros-
gidromet on Oceans Research 5. 5 Khodkin, Depu-
ty Director, Head of Russian Antarctic expeditions of
the Arctic and Antarctic Institute V. V. Lukin (Fig. 1.7).
At the same time it was asked to prepare a letter to
the address of the President of the Republic of Belarus
A. G. Lukashenko about the prospects of exploring the
polar regions of the Earth by Belarusian scientists and
specialists.

In the second half of 2005, a series of working
meetings with A. M. Chilingarov took place, as well as
with the chief of the Federal Service for Hydrometeo-
rology and Environmental Monitoring A. |. Bedritsky,
adviser to the chief 5. 5. Khodkin, chairmen the Arctic
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Pue. 1.2, PaBouas scmpeyd © HavansHukes Pocculickux aimapkmuvecsux skcneduyud B. B SykuHsim

Fig. 1.2, Warking meating with the head of Russian Antarctic expeditions V  Lukin

ApKTUYECKOTD U AHTAPKTMYECKOTO HaYYHO-MCCNeoBa-
TENBCKOro MHCTUTYTa (CankT-Tetepbypr) W, E. ®pono-
Boiv v B. B. MykiHem v gpyrme (pinc. 1.2).

Ha atux Bcrpedax By fetantHo oDCysaeHsl uenu,
3afaui W BO3MOMHOCTI HAWe CTPaHbl B OCyLULeCT-
BREHWK NONAPHBIX MCCNefoBaHKniA. 7 gekabpa 2005 .
MNpencegatens Mpeznguyma HAH Benapyou M. B. Mac-
HWKOBIY 00paTinca ¢ nincemons (Ne 28-01/4437) &
MNpeangenTy Pecnybnukn benapyce A T Jlykawexko
c npegnoxeHuenm ob YYacTUKN YYeHbIX W CNelWanmcTos
PecnyBniuku Benapyck B apRTHUSCKIX M BHTAPKTHUECKIAX
akcnenwunax. NpesuaedT Noaaep#an npeqnoKeHue
HAH Benapycu v nopyuwnn 28 ansapa 2006 r. (N2 39/124-
193) Npaputencctey v HAH Benapycw go 1 viona 2006 .
pazpaboTate U YTEEPAWTE B YCTAHOBNEHHOM NopAgKe
KOMMNEKCHBIA NNaH MePONPUATYA N0 MCCNE0BAHWIO
W MCNONB3I0BAHMIO NONARPHLIX PAROHOE 3eMnn, a Tak-

#E COrMacynCA C NPeANKEHWEM O NPUCOeaNHEHIMK
PecnyBnuku Benapyce k Joroeopy ob AHTapKTUKE

W KOMaHgupoBaHmem ¢ 2 peepana no 10 anpena 2006 T
Benopycckuy cneunanuetos H. H. JyBosuka u B. E. Thiw-
KeBW4a Ana paboTel B pOCCMACKON aHTAPKTUYECKOR IKC-
neguuyun (PA3 51). Cogety MuHuctpoe u HAH Benapycu
nopy4anock NpedcTaBuTs NPeanomeHnA ob yyacTin Pe-
cnyBnukw Benapyck B MCCNEN0BAHWA M MCNONB30BAHKMM
NoAAPHLIX panoHoE 3emnn (nopyyedne ot 12.12.2005
Ne 39/540-154 M2835). BepoaTHo, 3Ty AaTy MOKHO

and Antarctic Research Institute (5t. Petersburg),
I. E. Fralov and V. V. Lukin, and others (Fig. 1.2).

Aims, objectives and possibilities of our country of
carrying out polar research were discussed on these
meetings. On December 7, 2005 the Chairman of the
Presidium of the Mational Academy of Sciences of Be-
larus M. V. Myasnikovich sent a letter (Ne 28-01/4437)
to the President of the Republic of Belarus Alexander
Lukashenko with a proposal on the participation of
scientists and experts of the Republic of Belarus in
the Arctic and Antarctic expeditions. The President
supported the proposal and requested the National
Academy of Sciences on January 28, 2006 (N2 39/124-
193) and the Government of the Mational Academy
of Sciences till July 1, 2006 to develop and approve in
the established procedure a comprehensive plan of
activities in the exploration and use of the Earth's po-
lar regions, and agreed with the proposal for accession
of the Republic of Belarus to the Antarctic Treaty and
sending from February 2 to April 10, 2006 of Belaru-
sian specialists M. N. Dubovik and V. E. Tyshkevich to
work at the Russian Antarctic Expedition (RAE 51). The
Council Ministers and the Mational Academy of 5c¢i-
ences the Council were entrusted to submit proposals
on the participation of the Republic of Belarus in the
exploration and use of the Earth's Polar Regions (order
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CUMTATE Hauanom paboT B MCTOPKUK U3YUEHKA NONAPHLIX
PafoHOB 3eMnW B CyBepeHHON Benapyan,

DepepansHan cnysxba No rMapoMeETeopONoriiin
WM MOHWTOPKWHIY OKPYKaloWwel cpegpl Poccnickon
Pegepaumri CEOMM NMceMonM oT 19 gerabpa 2005 .
N2 140-3777 B agpec Npeacegatena MNpezvguyma HAH
Benapycy M. B. MacHukoBWYa BCceUeno Noaaepsana a-
WHTEPECOBaHHOCTE M rOTOBHOCTE Pecnybnukw Benapyce
NPWHATE YHACTHE B HaYYHBRIX NPOrpammay npeacroaue-
ro Tpeteero MexgyHapogHoro NoAARPHOTD roga 1 Belpa-
IANE FOTOBHOCTE OKA3aTh COASNCTENE B NPAKTUYECKOR
peanmzaunn Genopyccknx NPesnoXeH i N0 M3YHeH D
NONAPHEIK paioros 3emnn, Npegnomero oboyouTs
OTHOCALYWECA K 3TON npobneme Bonpocekl Ha 30-m 3ace-
AaHWK CoBMECTHOW Konnervk Co3zHoro rocyapctea
No rUAPOMETESDONOTMN U MOHUTOPKMHIY 3arPAZHEHWA
npuponHoi cpensl (MiuHek, 23 nekabpna 2005 r.).

MNocnenyollipe BaKHEIE WAk B OCYLLECTENEHK
nonApHeIX MccnegosaHni B Pecnybnunke benapyce Boinm
CEA3ZaHbL C NpWHATEIM 23 gekabpa 2005 r. Ha Konnerim
FomwteTa Col3aHoro rocynapcTBa No rdapoMeTeopono-
FHiK 1 MOHWUTORMHIY 3arPAZHEHKUA NPUPOGHOR Cpegikl Co-
OTBETCTBYHIWMK peweHni. Konnerka NprHANa peleHue
paspaboTaTe KOMANEKCHBIR NNaH W NPOBECTW B AHBape
2006 r. cneywanbHoe CoBelaHne padoyel rpynnsl,
B COCTAE KOTOPOW BuINW BKNIOYEHE! NPEfCTABMTENM OT
Pecnybnwew benapyce B. @. NoruHoe u M. M. CkypaTo-
Bud, 0T Poccwiickoi Depepaunn - B, A. MapTsiweHko,
B. B. Tykmn 1 C. C. XogkwH, AnA pazpaboTkl Komniekc-
HOro nnada pabot, Ha 3acegardm pabouei rpynnel,
KoTopoe Beino npoeegedo 17 AHeapA 2006 r, buin
PACCMOTPREH WWPOKAA KpYT NPUOPUTETHHIX BONPOCOR
NpaeoBoro, agMUHWUCTPATHBHOTD W HAYYHO-ODraHW3alLu-
OHHOMD XapakTepa, BKAYad KoHUENTYansHbIe nono-
HEHWA HAYUHOW NPOrpamMmMil NONAPHBIX MCCNefoBaHIi
B benapyck 1 BO3MOKHOCT MCNONbIOBAHMA POCCUI-
CKMX ODLEKTOR Ha TEPPUTORMK AHTAPKTIEEL.

2006 2.

B despane 2006 r. rpynna benopycckux BETEPAHOB-
NOAAPHWKOB — YUACTHUKOE COBETCKMX AHTAPKTIYE-
CKM¥ 3kcnequuui (Bacwneeckwi E. 1N, fadgawoes A. A.,
Marunak K. T, Cycnoe H. M.} no npurnaweduio Npasu-
TenscTeEa Poccwilckoi Megepauwi NPWHANA YYacTwe
B HDWNERHBE MEPONPUATMAX NO cnyuan 50-netua Co-
eeTcknx/PoccMAcKMY MccneqoBaHui AHTapkTreK. Nocne
BO3BPALLEHNA M3 MoCKBbI BETEPaHbI-NONAPHWKN NP
nognepxke benopycckoro reorpadguryuackoro oblWwecTea
(BMD) akTUEHO NOgASPHANA WOSK NPOBENEHWA MCCne-
OOBAHWA B AHTAPKTUOE.

B nepuog ¢ derpana no anpenes 2006 1. no uHWUWa-
Tiee HAH Benapycn & AxTapkTuky Ha BopTy H3C «Aka-
aenuvk Defopos: KOMaHOWMPoBaHL ABa HabnwaaTens ot
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from 12.12.2005 N2 39/540-154 P2835). Probably, this
date can be considered the beginning of the waorks in
the history of the study of the Earth's Polar Regions in
sovereign Belarus.

The Federal Service for Hydrometeorology and
Environmental Monitoring of the Russian Federation
in aletter dated December 19, 2005 N2 140-3777
addressed to the Chairman of the Presidium of the
Mational Academy of Sciences of Belarus M. V. Myas-
nikavich fully supported the interest and willingness
of the Republic of Belarus to take part in research
pragrams of the upcoming Third International Polar
Year, and expressed readiness to assist in the practical
implementation of the Belarusian proposals to study
the Earth's polar regions, It is proposed to discuss the
matters related to the issues at the 30™ session of the
Joint Collegium of the Union State Hydrometeorologi-
cal and Monitoring of environmental pollution (Minsk,
December 23, 2005).

Further important steps in the implementation
of polar research in the Republic of Belarus were
associated with the relevant decision accepted on
23 December 2005 by the Board of the Union State
Committee for Hydrometeorology and Environmental
Pollution Monitoring. The board decided to develop
a comprehensive plan and to hold a special meeting
of the working group in January 2006, part of which
included representatives fram the Republic of Belar-
us V. F. Loginov and |. M. Skuratovich, and from the
Russian Federation = V. A, Martyshenko, V.V, Lukin and
5. 5. Khodkin, for the development of the comprehen-
sive work plan, At the meeting of the working group,
which was held on 17 January 2006 a wide range of
priority issues of legal, administrative, scientific and
organizational character were considered, including
the conceptual provisions of the scientific program of
polar research in Belarus and the possibility of using
Russian facilities in Antarctica,

2006

In February 2006, a group of veterans of the Be-
larusian polar explorers - members of Soviet Antarctic
expeditions (Vasilevsky E. P, Gaidashov A. A., Gigi-
nyak ¥, G, Suslov N, M.) at the invitation of the Govern-
ment of the Russian Federation participated
in the anniversary events on the occasion of the
50" anniversary of Soviet/Russian Antarctic research.
After returning from Moscow polar veterans, with the
support of the Belarusian Geographic Society (BGS),
actively supported the idea of research in Antarctica.

In the period from February to April 2006 on
the initiative of the Mational Academy of Sciences of
Belarus two observers from the Republic of Belarus
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Puc. 1.3. bemopyccrue seEmMepans-noaspHUKL. 14 mapma 2006 2.

Fig. 1.3. Belarusian polar explorers-veterans. March 14, 2006

Pecnybnuen benapyce (Qyboeuk H. H., Toiwkeeny B. E.) (Dubovik M. M., Tyshkiewich B. E.) were sent to the

ANA OIHAKOMNEHWA € COBPEMEHHEIMIA METOOAMKN Opra- Antarctic on board the «Academician Fiodorovs to get

HWU2ALMK M NPOBELEHWA AHTARKTUUECKIX IKCNEDULMIA acquainted with the modern methods of organization

(oM. NpunoxeHwe, Tabn, 2), and conduct of Antarctic expeditions (Annex, Table 2),
14 maprta 2006 r. 8 MMHCKE COCTOANOCH TODMECTEEH- On March 14, 2006 in Minsk a solemn meeting of

Hoe cobpaHie Benopycckux nonapHWKoB - yyacTHWkoB  the Belarusian polar explorers - members of Soviet
CoBeTcKUX AHTADKTHUSCKIX IKCNEQUUKWI, nocaaledHoe  Antarctic expeditions dedicated to the 50" anniversa-

50-neTyio Havana perynApHbIX COBETCKMX MCCNedoBa- ry of the start of reqular Soviet research in Antarctica
HIA B AHTEPKTIEE, Ha KoTopom Beino nprHATo peweHre  took place, where it was decided to establish, under
o coznadmm nog srupod BMO otnena MNonAapHex Mcone- the supervision of the BGS, the Departrment of Polar
OosaHui, obbeguHAWero Benopycckux NONARHWUKOB, Research, uniting the Belarusian polar explorers, To the
PyroeogwTenem otaena Boin wabpaH y4acTHWE 159-@ position of the head of the department, the member
W 25-i CA3 H. M. Cycnog, ero 2amectutenem — ydacTHue  of SAE 19 and 25 M. M. Suslov was elected, his depu-
33-i CA3 A A Taipawoe (puc. 1.3). iy - member of SAE 33 A, A Gaidashov (Fig. 1.3).

23 mapta 2006 1. 3a N2 6-15 13 BIO & Coet MKUHK- On March 23, 2006 a letter N2 6-15 from the BGS
cTpoe Pecnyfnukmn benapyce Opino Hanpaenexo obpa- from Belarusian polar veterans was directed to the

weHwe Benopyccknx BETEpaHOB-nonApHKKkoE ¢ npegno-  Council of Ministers of the Republic of Belarus with the
weHwen of ayyactim otgena MNonAapHex mccnegoeannii proposal of eparticipation of the Department of Polar
BIO B pazpabotee W peanwaaumn HaumoraneHoi Autap-  Research by BGS in the development and implemen-
KTUYECKOW Nporpammel, NOAroTOBKE U KoMNNekToBaHu  tation of the national Antarctic programs, training and

KafipoE ANA NONAPHEX IKCNeauLWis, recruiting personnel for polar expeditionss.

B anpene 2006 r. nenerauma us Pecny&nukwn bena- In April 20086, a delegation from the Republic of
pych B cnegylowem coctase: B, ©. NorvHoe, A. 1. Hai- Belarus comprising: V. F. Loginov, A. P. Tchaikowvsky
kosckui (HAH Benapycu), A. . Monuwyyk, M. L Am- IMAS of Belarus), A. |. Polishchuk, M. L. Ambrazhe-
tpaxeswy (Mununpuponw), A H. Epacoeckwia (BIY), vich (Ministry of Nature), A. N. Krasovsky (BSU],

AL A Tanpawoe (BMO) npuHsana yuactwe B coctoawencn A A Gaidashov (BGS) participated in jubilee scientific
8 CankT-Metepbypre wbhuneHoR Hay4HOW KOHDepeH- conference took place in 5t Petersburg, dedicated to
LKMK NocEAWeRHo R S0-netrn CoBeTekMy/ POCcninc ki the 50" anniversary of the Soviet/Russian Research in
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MCCNEeAOBaHMIA B AHTAPKTUKE «POCCMA B AHTAPKTUKES:,
Mo wHuywaTvee BenopycCKol CTOPOHEI B pELLEHWE
buneiHomn kondepeHurK BrNOYeH NyHKT 1.7 «0kazate
Konneram W3 benopyccun v KazaxctaHa metoguye-
CKYH W KOHCYNETALWOHHYH NOMOLLL B WX HAMEPEHMAX
CO30aTh HALMOHANEHLIE NPOrPaMMBl 8HTaPKTHHECKNX
MeCnenoBaHi:,

Hwe Gyget npegcTaeneqa xpoHonorvA Hawbonee
BaMHbIX PEWEHWH, NPUHATEIX MOCYAapCcTEEHHEIMW Opra-
Hamu ¥ 0OWECTBEHHBIMW ORTaHM3aLWAMY, Nepeyrcne-
HWE CODBITHA 1 GaKTOB, @ TAKME COCTAE YYEHBIX U Creyu-
ANVCTOB, MPUHABLWWX AKTWBHOE YYacTHE B CTaHOBNEHWIN
W PA3EMTIAWM NONARHBIX MCCNEA0BAHIIA W 3KCNeanLW-
OHHBIX padoT, NpoeegeHHblx Pecnybnukon benapyce
B 2006-2016 T,

B mae 2006 1. B COOTBETCTEWMM C MOPYUSHMAMIA
Npesngenta Pecnybnuen benapyce ot 28 aveapa 2006 T,
N2 39/124-193 N109, Coeeta MuHncTpoe PecnyBnunkm
Benapyce o1 3 despana 2006 r. N2 05/102-94, o1 15
anpena 2006 r. N2 05/535-36 HAH Benapycu pazpabo-
TaH 1 YTBEPMKOEH KOMNNEKCHBA NAEH MEPONPUATHIA No
WCCREfoBAHMK M MCNONB30BAHWIO NONAPHBLIX PAROHOE
3emnu,

E wione 2006 r. B COOTBETCTEMM C NORYYEHWAMK
MNpeanaenTta PecnyGnukn Benapyck ot 8 wioHa 2006 T
e 39/540-75 N924, Coreta MUHWCTpOR PecnyBnukm
benapyce o1 12 wioHa 2006 1. N2 05/102-427 HAH bena-
pycu pazpaboTad npoekT MocynapcTeeHHoR Lenesoi
nporpammbl sMOHWTOPWHE NOAAPHBIX PANOHOE 3eman
1 0BECNEeYEHNE AEATENBHOCT APKTUHECKNX W AHTAPKTH-
UECKMX 3KCNeguuMia Ha 2006-2010 rogel v Ha Nepwog 0o
2015 ropa» (nanee - loCyjapcTREHHAN NPOrpammal.

MNpezupertom PecnyBnukmn benapycs AnexcaHgpom
NykaweHko nognucand 3akod Pecny@nukw Benapyce ot
19 urona 2006 r. N® 157-3 «0 npucoeguHedin Pecnybnim-
ku benapyce k Jorosopy ob AuTapkTikes.

MNocraHoeneHwem Coeeta MuHncTpos PecnyBnmkm
Benapyce o1 37 aprycta 2006 r. N2 1104 yTeepxaeHa
locypapcTeeHHan yenesan nporpamma sMoHUTopKHr
NeNApHBX PafioHOB 3emni » obecneyeHye geaTent:
HOCTH 8pKTHYECKMX 1 AHTADKTHYECKNX IKCNeguuyni Ha
2007-2010 roge v Ha nepuog ao 2015 rogas, Hay4HbIM
PYKOBOAUWTENEM KOTOPOW HazHaveH akagemnk B. ©. No-
rMHOB.

B nepuoy ¢ Hoabpa 2006 r. no anpens 2007 r.

Aea cneywanncTa w3 Pecnytnuew benapyce (Mainga-

woe A, A, - Mudnpupoael, Typeiwes J1. H. - BIY) & co-
cTaee 52-i POCCUMRCKON aHTAPKTUMYECKON IKCNEdU LMK
NPWHANK YYACTVE B NPOBEAEHMK PEKOTHOCLWPOBOYHEIX
pabot no eelbopy MecTa ANA Bo3MOKHOro BasupoBaHna
Benopycckinx aHTapKTMHECKMK IKCNEAWLA, & TaK-

e eMelHEBHBIX METEOPONOrUYeCkMy HabnwogeHui,
WIMEPEHWA 0DLWEro cogepxana 030Ha, M3YHeHUH
3Konoruieckod oBCTaHOBKK, NPOKNANKE TRACCH 4NA
ABWAKEHNA CHETOXOAHON TEXHWKKW MEXKTY NONEBEIMK
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the Antarctic «Russia in the Antarctics. At the initia-
tive of the Belarusian party the decision Anniversary
conference included a paragraph 1.7 «To provide col-
leagues from Belarus and Kazakhstan with methodical
and consulting assistance in their intention to create
a national program of Antarctic researchs.

Below, the chronology of the most important
decisions made by public authorities and public
organizations will be presented, as well as the list of
events and facts and the initial list of the scientists and
experis who took an active part in the development
of polar research and field work conducted by the
Republic of Belarus in 2006-2016.

In May 2006, in accordance with the instructions
of the President of the Republic of Belarus dated
January 28, 2006 N® 39/124-193 P109, the Council of
Ministers on 3 February 2006 N2 05/102-94, dated April
15, 2006 N2 05/535-36 NAS of Belarus developed and
approved a comprehensive plan of activities in the
exploration and use of the Earth's polar regions.

In July 2006, in accordance with the instructions of
the President of the Republic of Belarus of 8 June 2006
N2 39/540-75 P924, the Council of Ministers of
12 June 2006 N2 05/102-427 NAS developed a draft
State Program «Monitoring of the Earth's polar regions
and support of the Arctic and Antarctic expeditions for
2006-2010 and for the period up to 2015» (hereinafter
referred to as State Program).

The President of Belarus Alexander Lukashenko
signed the Act of the Republic of Belarus dated July
19, 2006 N° 157-Z «On accession of the Republic of
Belarus to the Antarctic Treatys.

The Resolution of the Council of Ministers dated
August 31, 2006 N2 1104 approved the State target
program «Monitoring of the Earth's polar regions and
support of the Arctic and Antarctic expeditions in
2007-2010 and for the period till 2015». Academician
V. F. Loginov was appointed to the position of the
supervisor of the State Program.

In the period from November 2006 to April 2007
two experts from the Republic of Belarus (Gaida-
shov A, A, — Ministry of Natural Resources, Turi-
shev L. N. - BSU) as a part of 52" Russian Antarctic
Expedition took part in the reconnaissance work on
site selection for the possible deployment of Belarusian
Antarctic expeditions and complex meteorological ob-
servations, measurements of total ozone content, the
study of ecological conditions, the laying of tracks for
movement snowmobile equipment between field
bases «Molodezhnayar and «Mount Vechemyayas,
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Bazamu sMonogexHans W «fopa BeyepHans, NogroTosxe
BaneTHo-nocanouHoi nonocw (BIM) ana nocapkw ca-
smonetoe BASLER Ha neixHoM Waccu Ha 3emne IHgephbn
B reorpadu4eckom Komnnekce Xonmel Tana B paloHe
noneesix Gaz Pocckickoil aHTapKTUYECKON IKCnegu LK
«MonopemxHaa» n «[opa BevepHaas.

12-23 wiona 2006 r. B 3puHbypre (BenvkobputaHua)
COCTOANGCE 29-€ KOHCYNBTaTMBHOE COBELWAHME CUCTEMbI
forosopa ob AnTapktike (KCOA), & KOTOROM NpUHAN
yuacTie B, @, NormHoe. CTopoHsl AOroBOPa COrNacknich
npurnacite npegcrasuTens benapycu B, @ NorvHosa
8 KauyecTee Habnwgarena (nydkT 11, pazgen - oTKpBEITHE
COBELaHWA, 3aKNIYUTENBHMA AoKNaa). Kangwaatypa
B. @. NorvHoea ObiNa COrNacoBaHa B KauecTBE KOHTaKT-
Horo nuua ot PecnyBnukw Benapyck B cucteme [oroso-
pa of AHTapKTHEKE,

27 pekabps 2006 r. B PecnyBnuke Benapyck BCTynun
8 cuny (patudmymnpoead) Joroeop of AHTapKTUKE.

2007 2.

B nepuog c 30 anpena no 11 mas 2007 . 8 Hewo-[e-
nn (MHgua) coctoanock XXX KCAA, Ha koTopow non-
HOMOYHBIM NPeacTaBrTENEM NoconbCTEa PecnyBnmkm
Benapyck B MHAKWW Bein npegcTagned WHpopMalnoH-
HblA maTepuan PecnyGnukn benapyck, Kak cTpaHbl -
yYacTHWUL! Jorosopa of AHTAPKTHKE, O NNaHKWPYeMosi
[eATENBHOCTH B AHTApKTHKE,

NocraHoeneHwes Cogeta MuHWCTpoe PecnyBnmikm
benapyce ot 25 centabpa 2007 r. N2 1211 «0 cozganmm
roCyAapCTEEHHOMD yypesxgeHna “PecnybnmkaHckmnii
LEHTP NONAPHBLIX MCCNegoBaHuin™ cozgad pabouwi
QpPrad ynpasnenns [ocypapcTEEHHOA NROorpammMoi,

B pazdble rogel pykosoguTenamn PecnybnukaHckoro
ueHTpa Beinw 0. Cropukor, B, Gunumos, 0. CHBITHH,
beccmeHHBIM 3aMeCTUTENEM BCE FOablI ABNANCA W ABNA-
etca A, A, lalpawos,

Coszpadue LeHTpa chirpano BasHyK ponb & npoee-
JEHWW HAYHHO-MCCNENOBATENBCKWX 1 NOTUCTUHECKIK
paboT B NoNAPHBEIX panoHax 3emni, OCHOBHAA Uenk
neATensHocTk LleHTpa — opraH3auma maTepuantHo-
TEXHWHECKOrD OBECNEYeHWA W YHACTHE B NPOBENEHWK
KOMMAEKCHBX HaYYHO-WCCNeAoBaTENbCKIY paboT
W 3KCAEfUUMOHHON QEATENBHOCTI B NOAAPHBX paioHay
3emnw. OcHOBHEBIE 3agaqn paboTel LlenTpa:

- VUACTHE B NOAFOTOBKE W pEanWsaulK rocyfap-
CTEEHHBIX 11 MEMOYHAPOOHBIX NPOrpamMmM B obnactu
WCCNENOBAHWA W MCNONEI0RAHWA NOARPHEIX PAR0OHOE
3emnm;

- YHACTHE B NOATOTOEKE NPOSKTOR HOPMATUEHIX
NpPaBoEbLIX aKTOBR C Uenbio obecneyeHA NpoBeaeHnA
NONAPHBIX MCCNELOBAHUA W BeINOAHEHWA Pecnybnnkoi
Benapyck obAzaTensCTE, NpUHATLIX No Jdorosopy of
ArTapeTike, NpoTokony No OxpaHe oKpy#alowen cpeab
k Joroeopy of AHTAPKTHKE, KOHBEHUKWA, PEKOMEHELMIA
KoHcynsTaTWEHBIX corewanvil Jorosopa ob AHTapKTHKe;
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preparation of the runway for landing planes on

BASLER ski chassis on Enderby Land in the geographical
complex Tala Hills near field bases of Russian Antarctic
Expedition «Molodezhnayar and «Mount Vechernyayas.

12-23 June 2006 Edinburgh (United Kingdom)
held the 29" Consultative Meeting of the Antarctic
(ATCM) of the Treaty system, which was attended by
V. F. Loginov. Parties to the agreement have agreed to
invite a representative of Belarus V. F. Loginov as an
observer (paragraph 11, the opening section of the
meeting, the final report). The candidacy of V. F. Logi-
nov has been agreed as a contact person from the
Republic of Belarus in the Antarctic Treaty System.

On December 27, 2006 Antarctic Treaty came into
force (was ratified) in the Republic of Belarus.

2007

In the period from 30 April to 11 May, 2007 the
MM ATCM was held in New Delhi (India) on which the
authorized representative of the Belarusian Embassy
in India presented the informational material of the
Republic of Belarus, as a member of the Antarctic Trea-
ty, about the proposed activity in the Antarctic.

According to the Council of Ministers of the
Republic of Belarus on September 25, 2007 No. 1211
wfbout the creation of public institution "Republican
Center of Polar Research”s a working program of the
State management body was established. Over the
years, the chiefs of the Republican Center were O.
Smarchkow, V. Filimov, O. Snytin. A. A, Gaidashovisa
permanent deputy.

The creation of the Center played a major role in
the carrying out scientific work in the polar regions of
the Earth. The main aim of the Center's activities is or-
ganization of material support and participation in the
execution of complex research work and forwarding
activities in the polar regions of the Earth; the main
objectives are;

- participation in preparation and realization of
State and International programs in the field of explo-
ration and use of the polar regions of the Earth;

- participation in the preparation of drafts of reg-
ulations to ensure the carrying out of polar research
and implementation of the commitments of the Re-
public of Belarus made under the Antarctic Treaty, the
Protocol on environmental protection to the Antarctic
Treaty, conventions, Consultative Meetings of the
Antarctic Treaty recommendations;
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Pue. 1.4, Omepeimue nepaoso pocculcko-Benspycckoza nonéaoa nazepa 1-0 BA3 (2007-2008 22.) (Kucenes B. B, laddawea A, A.)
Fig. 1.4. The opening of the first Russian-Belarusian field camp of the 1* BAE {2007-2008) (Kiselev V. V, Gaidashov A. A

— PA2BMTHE W YKPENNEHWE MENIYHAPOLHOM Co-
TPYOHWMECTES B 0DNACTI W3YYEHWA NONAPHLIX PAACHOR
Zemnu 1 NOrUCTUEN;

— OpraHKu3aLuA MaTEPMANLHO-TEXHWYECKOTO W NO-
FUCTUUECKoro obecneueHus NONAPHBD WCCNefoBaHIuiA,
paseuTve NpubopHon Gasbl v 3nemeHToB #u3Heobecne-
HEHMWA NOAAPHOR MHGPACTPYKTYDEL, 8 TAKHKE UX PEMOHT,
npodMNaKkTyKa, MOGePHM3ALKMA 1 CEOEBREMEHHAA 3ame-
Ha, npoeegeHne pabort B oBnacTy oxXpaHe TPYASE;

— opraHuzauuA wHdopmMauroHHoere obecneyerHmna
HACENEHWA W NONYNAPU3ALIMA 3HaHWIA B 0BNacTH nayye-
HIA NOAAPHBX PAROHOB 3emniA,

B centadpe 2007 r. Munnpwpogbl n HAH benapyck
OpPraHW30BaHO NPOBENEHME NEPEOH TEMATUUECKOR
BbICTABKM, NOCBAWEHHOR WCCNefoBEaHWAM AHTAPKTUABI
Pecnybnukoi benapyce.

B 2007 r. npoBefeH KOMNIEKE MERONPWATHA NO
NpoEeAsHAD Nepeoi benopycckon aHTapKTHUYECKO R
akcneguuim (BA3) B cocTage YeThIpEX CNELWANMCTOR
{cm. prc. 1 Ha BrNelke; npunoxenrie, Tabn, 3). 18 geka-
Gpa 2007 r. oTKpBIT NepBBIR poccwicko-benopyccknin
CE30HHBIA Narepb B AHTapkTHge (puc. 1.4). 23 ferabpa
2007 r. Ha mecTe npegnonaraemoro Gazvpoeadua BA3
¥ ropk BedepHan g AHTaPKTUAE BNEPELIE NOAHAT gnar
PecnyBnukn benapyce.

- development and strengthening of international
cooperation in the field of exploration of polar regions
of the Earth and logistics;

- organization of material support and logistics of
polar research, development of the instrument base
and life support elements of the polar infrastructure,
their repair, preventive maintenance, modernization
and timely replacement, works in the field of labor
safety;

- arganization of information support of the pop-
ulation and popularization of knowledge in the field
of exploration of polar regions of the Earth.

In September 2007, the Ministry of Environment
and the Mational Academy of Sciences organized the
first thematic exhibition dedicated to the research of
Antarctica by the Republic of Belarus,

In 2007 a number of measures for the first Be-
larusian Antarctic Expedition (hereinafter — BAE),
composed of 4 specialists (see Fig. 1 on the inset,
and Annex, Table 3). On December 18, 2007 the first
Russian-Belarusian seasonal camp in the Antarctic was
opened (Fig. 1.4). On December, 23 2007 on the site of
the planned BAE base at Mount Vecherniaya in Antarc-
tica, the flag of the Republic of Belarus was raised for
the first time.
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2008 2.

MNpezupertom Pecnybnuen benapyce Anekcangpom
Nyrawedko nognucad ¥Ykaz ot 10 anpena 2008 r. N2 200
«0 nprcoeguHedun PecnyBnukn benapycek k MNpoTtokony
no oxpaHe okpyxawiwel cpegu K Joroeopy of AHTap-
KTHKES,

B wrone 2008 r. B Kneee (Yepanna) coctoanock XXXI
KCOA, B KoTopoM NpUHAN yyacTre A, A, Taigawos.

Ha XXX KCOA & kavecTse odMUManeHOro oKyMeHTa
Gbin pacnpocTpaded MHGoPMaLMOHHBIA MaTepran
PecnyBnukn Benapych o QeATENBHOCTI B AHTApKTIE
B 2007-2008 rr,, nnaHax MCCNegoBadii M IKOHOMNYe-
CKOWM aeaTensHocTy Pecnybnukn benapyce B pamkax
Norozopa o AHTapKTIKE.

MNpoBeaeH KOMNNEKC MEPONPHATHI NO OPraHWia-
LMK ¥ NPOBELEHMID BTOPOIA BA3 B cocTage 6 cneymanm-
CTOB (CM. pMc. 2 Ha BKNeRKe; npunoxeHre, Tabn. 3),

2009 2,

C6no 17 anpena 2009 r. & r. bantumop (CLUA)
coctoanocs XXX KCOA, B paboTte koToporo nprHWMaDN
yuacTie BpemeHHsIR nosepeHHeIi & genax PecnyGnukm
Benapyce B CLUA. Ha XXX KCOA B kavecTee ofrumant-
HOro fokymMeHTa Bene pacnpocTpadeHo nHgopmaumoH-
Hoe coobuweHwne ot PecnyGnuen Benapycs of yHacTim
Hallel cTpaHbl B NPoEeAeHUy MCCNefoBaHWA B AHTap-
kTae B 2007-2009 rr. 1 nnaHax ganbHerwero y4acTma
PecnyBnukn benapyct & McCnNegosaHnax AHTAPKTAKK
B pamkax Jorosopa ob AHTapkTHEKE.

BrinonHeHa paboTa No KOPPEKTUPOBKE MEPONPMEA-
TWiA (2agaHun) [ocygapcTBEHHON LENEBOH NPOrPaMME|
Ha 2010 1. B oktabpe 2009 r. nocTanornexwem Cosera
MusucTpoe PecnyBnukn benapyce ot 27 okTabpa
2009 r. N2 1405 yTeRep# feHa locygapcTREHHARA Yenesan
Nporpamma B HOBOH pegakUmi.

B cooTeeTcTEWMW C nocTaHosneHuem Coseta MuHuc-
Tpoe PecnyBnikn Benapyce N2 404 ot 31 mapTa 2009 .
pazpaboTtan npoekt Konuenuwn locynapcTeeHHoR
Uenesoi nporpammel Ha 2010-2015 rr.

B cenTabpe 2009 r. Munnpwpoas v HAH Benapyon
NPOBENY BTODYH TEMATHYECKYIO BLICTABKY, NOCEALEH-
HY10 McCnegoBaHnAm AHTapKTUObI B pamKkax peanw3a-
LM MERONPUATWA (33gaHuil) MocypapcTeeHHOR npo-
rpammel 8 2007-2009 rr.

20102

OcyWecTENEH KOMNNEKC MEPONPUATII NO NPOBEfe-
HWK TpeTeel BAD B cocTaee gBYyx Yenoeek (cv. pyc. 3 Ha
BRNSAKE; npunoxkenue, Taén, 3),

2017,

MNocranoeneHuem Coeeta MuHWCTpoE PecnyBnukn
Benapyce o1 10 man 2011 r. N2 587 «0 HekoTopbIx BO-
npocax opraHv3ayuK MccNefosaHui NoNAPHLIX paiio-
HOBE 3emnue yTeep#aeHa locynapcTeeHHan Nporpamma
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2008

The President of Belarus Alexander Lukashenko
signed a decree dated April 10, 2008 N¢ 200 «On acces-
sion of the Republic of Belarus to the Protocol to the
Antarctic Treaty Environmental Protections.

In Jure 2008 in Kiev (Ukraine) the XXX ATCM was
held, which was attended by A. A. Gaidashov. At ATCM
XXXI as an official document the informative materials
on the activities of the Republic of Belarus in Antarc-
tica in 2007-2008 were distributed, on the plans of
research and economic activities of the Republic of
Belarus in the framework of the Antarctic Treaty,

A complex of measures on organization and
holding of the second BAE consisting of 6 experts (see
Fig. 2 on the inset, and Anney, Table 3) was carried out,

2009

From 6 to 17 April 2009 Baltimore (USA) held XXX
ATCM, and Chargé d'Affaires of the Republic of Belarus
in the United States participated in it. At the XXII| ATCM
in an official document was distributed as an infor-
mation message from the Republic of Belarus on the
participation of our country in conducting research in
Antarctica in 2007-2009 and plans for further par-
ficipation of the Republic of Belarus in the Antarctic
research under the Antarctic Treaty.

The work on updating the activities (tasks) of
the State Target Program for 2010 was carried out. In
October 2009, the decision of the Council of Ministers
dated October 27, 2009 N® 1405 approved the State
program in the new edition.

In accordance with the decision of the Council of
Ministers N2 404, dated March 31, 2009, a draft con-
cept of the State Target Program for 2010-2015 was
developed.

In September 2009, the Ministry of Environment
and the National Academy of Sciences conducted a
second thematic exhibition dedicated to the research
of Antarctica as part of the activities (tasks) in the
2007-2009 of the State Program.

2070

The complex of activities for the third BAE for 2
persons {(see Fig. 3 on the inset, and Annex, Table 3)
was carried out,

2011

The Council of Ministers of the Republic of Belarus,
according to the decision dated May 10, 2011 Ne 587
«0n some issues of the organization of research
in polar regions of the Earth» approved the State
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Puc. 1.5. Bampeva Genopycckux nonapHukea ¢ pyxosodemaon Hayuonansuold axademuy Hayk Benapycy u Munnpupods

Fig. 1.5. Belarusian palar explarers at the reception in the Administration of the National Academy of Sciences of Republic of Belarus
and Ministry of Natural Resources and Environmental Pratection of the Republic of Belarus

alMOHUTOPWHI NONAPHBLIX pailoHoB 3emni 1 obecne-
HEHWE OEATENBHOCT APKTHHECKHX M aHTAPKTHHECKUX
3KCNeguuri Ha 2011-2015 rogels (aanee - locnporpam-
Maj. HayuHbim pykosogutenem [oonporpammebl HazHa-
YeH qupekTop MHCTUTYTa NnpyupoaocnonbiosaHda HAH
Benapycw A. K. Kapabaros. CornacHo aTomy NoCTaHoB-
NeHrio dyHKLMK 3aKazunKka-koopanHaTopa [ocnporpam-
MBl W rocygapcTeeHHoe yupexaenve «Pecnybnukadckurii
LUEHTR NONAPHEIX MCCNEfoBaHWAY NepegaHbl N3 BEAeHWA
Munnpwpoael Pecnybnuew benapyce B Begedme HAH
Benapycu. 310 coBbITUE CRIrPANno NONOMWTENLHYID DOMb
B OpraHn3aumi aHTapKkTUYECKoR feATensHocTH Bnaro-
Aap#d akTMBHORN nogaepxke NMpesvaryma HAH benapyci
w ero Npegcepatena akagemuka B. [ Nycakosa, a Takxe
OTAENEHWA XMMAW W Hayk o 3emne (Yeanoe C. AL W Ne-
Balwkeswy B. [) (pwc. 1.5).

MNpukazom Npencepatena Mpezrguyma Hawwo-
HaNbHOW akaaemun Hayk benapycow N2 23 ot 29 Horbpa
2011 r. yTeepxaeHo NonoxeHwe o BENopYCCKOR apKTH-
YECKOW W aHTAPKTUYECKON IKCNEQALKA,

OcylecTBEH KOMNNEKE MEPONPUATAA NO NpoBee-
HWo YeTeepTol BAD B cocTase ABYX Yenosek (cMm, puc, 4
Ha Bkneike; npunoxeHne, Tabn. 3).

program «Monitoring of the Earth's polar regions and
support of the Arctic and Antarctic expeditions in
2011-2015» (hereafter referred to as State program).
A. K. Karabanov, the director of the Institute of Mature
at MAS of Belarus, was appointed to the position of
scientific supervisor of the State Program. According
ta this resolution, the function of the customer-coor-
dinator of the State Program and the state institution
«Mational Center for Polar Research» were transferred
from the Ministry of Natural Resources of the Republic
of Belarus to the management of NAS of Belarus, This
event played a positive role in the implementation of
the Antarctic activities thanks to the active support

of the Presidium of the MNational Academy of Sciences
and its Chairman V. G. Gusakov and the Department
of Chemistry and Earth Sciences (Usanov 5. A, Levash-
kevich V. G} (Fig. 1.5).

Order of the Chairman of the Presidium of the
MNational Academy of Sciences of Belarus N2 23, dated
Movember 29, 2011 approved the Regulations on the
Belarusian Arctic and Antarctic expeditions.

A complex of measures on the fourth BAE as part
of two persons {see Fig, 4 on the inset, and Annex,
Table 3) was carried out,
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20122,

Mo nopyveHwo Coseta MuHncTpos PecnyBnukn
Benapyck HauWoHansHoOW akagemmuei Hayk benapycu
W MUHKWCTEPCTBOM NPUPOAHBIX PECYPCOB 1M OXPaHbl
oKpyawen cpegs Pecnybnukn benapyce pazpabortaH
NepCrneKTUEHBIA NNaH No3TanHore Co3gadyA B Neprog
2014-2018 rr. benopycckol aHTAPKTUMYECKON CTAHLWM.

B aprycte 2012 r. Ha XXIV copewanww Coeeta ynpas-
ARIOWKME HALUKWOHANEHEIX aHTAPKTUYECKWY NPOrpamm
{panee — KOMHAM) e r. Moptnexg (CLUA) PecnyBnuke
Benapyce Doin cornacoBaH cTatyc cTpaHu-Habniogarens
B 3TON OpPraHn3aunn, < NpoxosaeHnem TREXNETHErD
WMCNBITATENRHOMO cpoKka. Kanguaoatypa npeacTaguTenA
FUMW HAH Benapycwn A. A. Tailgawoea Owna cornaco-
BaHa AeficTEMTENEHBIMK YyneHami KOMHADN B kavecTre
KaHOWAATA B ¥YNpaenAwwKe HAUMOHANEHOW aHTapKTH-
yeckoi nporpasmmoid PecnyBnwkw Benapyce.

OcylecTENEH KOMNNEKE MEPONPUATII No NpoBe-
AeHWo NnaTol BAD B cocTaBe Tpex YENoReK (CM, puc, 5 Ha
BKNEMKE; NpunoxeHue, Tabn. 3).

20122,

HAH Benapycn n MuHWCTERCTBO NPHMPOOHBIX
PECYRCOR W OXPaHL! OKpYXaWeR cpegkl PecnyBnuku
Benapyck no cornacoBaHnio ¢ MWHWCTERCTBOM dWHaH-
coB Pecny@nukn benapyce 06.03.2013 r. yTeep&aeH
MnaH coznanwa benopycckol aHTAPKTMYMECKOR CTaHLMK
B HOBOW pefakunu.

15 mapTa 2013 r. Ha Beicwem locygapcreeHHom
CogeTe CowzHOro rocygapctea & CankT-TNetepbypre,

B npucyTcTen MNpezngedTa Pecnybnuen benapyce
Anexcangpa Nykawerko wn MNMpezupenTta Poccrniickoin De-
pepauun Bnagumupa MyTuHa mexay MNpasmTenscreom
Pecnybnukn benapyct u MNpasutenscreom PoccrilckoR
hepepauli NogNKcaHo «CornaleHne o CoTpYOHMUE-
CTBE B AHTAPKTHKES,

28 mapta 2013 r. B UenAx KoopAWHALKKW feATenb-
HOCTH FOCY2PCTEEHHEIX ORraHoB W MHEBIX OpraHn3aumin
2 0BNacTi U3YYSHWA 1 OCBOEHKMA NONARHLIX PARCHOE
3eMnM W MCNOAHEHWA MEXOYHAPOoOHBX 00A3aTENLCTE
PecnyBnukmn benapyck & pamkax Jorosopa ob AHTap-
kTKKe 1 [IpoTokona No oxpaHe OKPYHKaoWeR cpedbl K
yrazaHHomy [JoroBopy COBMECTHBIM NOCTAHOBNEHMEM
HAH Benapycu w Mudnpupogs Pecnybnwewm benapyce
ot 28 mapTa 2013 r. N2 16/1 «0 HekoTopbix BONpOcax
OeATENBEHOCTH B AHTApKTWKE: yTEEp#OaeT MonoxeHne
0 MexgenoMCcTEEHHOR KomUocuy Pecnybnukn Benapyce
no BoNpoCcam AHTAPKTHKEM W COCTAE JaHHOWN KOMUCCHI.
MNpegcenatenem KOMWCCHK HazHaYeH 3aMecTUTENb
MNpepceparens Mpeznguyma HAH Benapycn akanemis
A, B. Cykano, samectutenem MNpeacepaTens KOMWCCHK —
Nepebii zamecTuTens Mudnpupogel B PecnyBnuke
Benapyce B. B, Kynuk,

MNpepctaeuTeny Pecnybnnku Benapyce B. @, Norw-
Hog, M. W, Poroauwn, A, A, Talpawos g mae 2013 r. npu-
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2012

On behalf of the Council of Ministers of the
Republic of Belarus, Mational Academy of Sciences
of Belarus and the Ministry of Natural Resources and
Environmental Protection of Belarus developed a
perspective plan for the phased establishment in the
period 2014-2018 of Belarusian Antarctic Station,

In August 2012 at the XXIV at the meeting of the
Council of Managers of National Antarctic Programs
(hereinafter - COMMAP) in Portland (U5A), the Re-
public of Belarus received the observer status in this
organization, with the three-year trial peried. The
candidacy of Representative at RTSPI NASB
A. A. Gaidashov was agreed by the members of
COMMAP as a candidate for the Managers of MNational
Antarctic Program of the Republic of Belarus.

A complex of measures for the fifth BAE consisting
of three people (see Fig. 5 on the inset, and Annex,
Table 3) was carried out,

2013

Mational Academy of Sciences of Belarus and
the Ministry of Natural Resources and Environmental
Protection of the Republic of Belarus in coordination
with the Ministry of Finance of the Republic of Belarus
03.06.2013 approved the plan of creation of the Bela-
rusian Antarctic Station in the new edition,

On March 15, 2013 at the Supreme State Council
of the Union State in 5t. Petersburg, in the presence
of the President of Belarus Alexander Lukashenko and
the President of Russian Federation Vladimir Putin,
between the Government of the Republic of Belarus
and the Russian Federation the «Agreement on coop-
eration in the Antarctics was signed.

On March 28, 2013 aiming at the coordination of
the activities of state bodies and other organizations
in the research and development of the Polar Regions
of the Earth and the implementation of international
obligations of the Republic of Belarus in the framework
of the Antarctic Treaty and the Environmental Protocol
to the said Agreement joint resolution of the NAS of Be-
larus and the Ministry of Environment of the Republic of
Belarus dated March 28, 2013 N2 16/1 «On certain issues
of activities in Antarctics approves the Regulations on
the Interdepartmental Commission of the Republic of
Belarus on Antarctic issues and the composition of the
Commission. The Deputy Chairman of the Presidium
of the National Academy of Sciences, academician
ANV Sukalo, was appointed to the position of the Chair-
man of the commission, the first vice-minister of Nature
of the Republic of Belarus V. V. Kulik was appointed to
the position of the Deputy Chairman,

The representatives of the Republic of Belarus
V. F. Laginav, |.I. Regozin, A, A, Gaidashov in May 2013
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Puc. 1.6, Yaacmuusu poccudcka-Benopycckod pafoved zpynnel Coznawenus no AHmapkmuke

Fig. 1.6. Members of the Russian-Belarusian Working Group on the Antarctic Agreement

HANK yuacTre B XAV KCOA 1 B nneHapHomM 3acefaHiim
¥V BcTpeyw KomuTeTa No oxXpaHe okpy#alowen cpegpl
(panee - KOOC) g Bproccene (Bankria).

Yuactme g XXXV KCOA nozeonvno npouHGopmMm-
POBaTE CTRaHsl — y4acTHUU L Jorogopa of AHTApKTHEE
0 aeATensHocTI Pecnybnwen benapyce B AHTapKTH-

Ke 3a nepuog ¢ 2007 rono 2012 r, a Takse 0 nnadax
CTROWTENBCTEA BENOPYCCKON aHTAPKTHYECKOH CTAHLIMK
B2014-2018rr,

B wione 2013 r. coznada ABYXCTOPOHHAA paboyan
rpynna no peanuiaumi nonoxenni Cornawenua o
COTRYAHWYSCTEE B AHTapKTHKe Mexgy [paBuTenccTEomM
Pecnybnukw Benapyce W MNpasutenscTeom Poccnilckoi
PenepauMy B cocTage 8 Yenoeek (No 4 Yenoeeka oT
KamnoW 13 ctopod). B oktabpe 2013 r. 8 CankT-MNeTtep-
Gypre COCTOANCCH NEPBOe 3aCEAaHNE BbILUEHAZBAHHOR
pabovei rpynnel (pwc. 1.6), OT Pecnyonukw benapyce
B 3acefaHumn npuHAnK yuactie B. @. NoruHoe u C. B. Ka-
Kapeka.

Npegcrasutens Pecnybnuki Benapyce A. A, Tai-
Aawoes NpuHAN yyacTre B XXV 3acegadum KOMHAT
B F. Ceyn (K:#Han Kopen) B wione 2013 r. Ha nnedapHosM
zacenaHu KOMHAN npepcTagned noknan o ges-
TenbHocTK Pecnybnuku benapyce 8 AHTapKTUKE Ha
COBPEMEHHOM 3TANe, a TAKHKE O NNAHaX CTPOMTENLCTEA
Benopycckon aHTapkTMyeckon cradumn B 2014-2018 rr.

B oktAGpe 2013 r. HAH Benapycw opraHnsoeaHa
W NpoBELeHa TPETEA TEMATHYECKAR BICTABKa, NOCEA-

took part in the XXXVI ATCM and in the XVI Summit
on Environment Protection Committee (hereinafter -
CEP) in Brussels (Belgium).

The participation in the XXXVI ATCM enabled to
inform the member countries of the Antarctic Treaty
about the activity of the Republic of Belarus in the
Antarctic for the period from 2007 to 2012, as well as
the terms of construction of the Belarusian Antarctic
Station in 20742018,

In July 2013 a tripartite working group on the
implementation of the provisions of the Agreement
on cooperation in the Antarctic between the Gov-
ernment of the Republic of Belarus and the Russian
Federation of 8 people {4 people from each side). In
October 2013 5t. Petersburg hosted the first meeting
of the above-mentioned working group (Fig. 1.6). The
Republic of Belarus was presented in the meeting by
V. F. Loginov, 5.V, Kakareka,

The representative of the Republic of Belarus
A. A, Gaidashov participated in the XXV COMNAP meet-
ing in Seoul (South Korea) in July 2013 at the plenary
meeting of the COMMNAP a report on the activities of the
Republic of Belarus in the Antarctic at the present stage,
as well as plans for the construction of the Belarusian
Antarctic Station in 2014-2018 was presented,

In October 2013 National Academy of Sciences
organized and hosted the third thematic exhibition
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WEHHAA MCCNEROBAHNAM AHTAPKTMKK Pecnybnukoi be-
Napyck B pamMKay peannialni MeponpyuaTHi (3anaHuni)
locynapcTeeHHOA Nporpammel 8 2007-2013

10 oktabpa 2013 r. B r. Cankr-lNetepbypr (Poc-
cuickan Depepauwa) nognucado «Cornawenne ob
oKazaHkKk nogaep#xkn pabot BA3 npu npoeegeHK
COBMECTHBIX AHTAPKTUYECKUK onepauni B pamrax 59-i

Poccvickol aHTapKTUMeCKOR 3kcneguums mexgy PreYy

#APKTIYECKMIA M aHTARKTUYECKWIA HAYYHO-MCCNEN0Ba-
TENBCKUA MHCTUTYT:, PAD (Pocowiickan @egepauwa) u MY
aPecnyBnuKaHCKWA LIEHTP NONAPHLIX WCCNeNoBaHnis
{Pecnybnuka benapyce) n yTEERHOEHE NpOrpamme
COBMECTHEIX paboT No wccnegosar o atMocdepHo-

ro a3po30nA, 020HOCHEDS, 8 TAKKE MUBBIX MOPCKMY,
NPeCHOBOAHBLIX M Ha3EMHbIX BUONOrMYECKX PECYPCOB
AHTAPKTHMEN B TEUSHWE NOAEBOIO Ce30Ha 6-M BAS 1 59-i
PA32073-2014 rr.

B uenax BbINONHEHUA NopyueHui MNpembep-mm-
HucTpa Pecnybnukn benapyce M. B. MacHukosuya ob
OpraHW3alWia paboTel NO W3YUYeHMID HELD AHTADKTIA-
YECKON 30Hb Mexay DegepanbHbiM rocy0apcTBEHHbBIM
HAYUHO-NPOMIBOACTEEHHBIM NPeanpuaATHem «[lonApHan
MOPCKaA reonoropaisegoyHan akcneguymar (Poccui-
cikan Degepauna) 1 Mooy apcTEEHHBIM YUPEXKIeHUaM
«PecnyBnuKaHCKWA LEHTP NONAPHBIX MCCNE0BAHN A
{PecnyBnuka Benapyck) 19 ceHtAbpa 2013 r. nognucado
«COrNaleHne 0 COTPYLHWYECTEE N COBMECTHOM Jen-
TenbHOCTI». B pamkax yKazaHHoro Cornawennn CTapo-
Hbl JOTOBOPMANCE O COBMECTHON PEANM3ALIMKM HAYUHBIX
NPOrpamMm i NPOBKTOE NO NCCNBOOBAHINIO AHTARPKTUKM.

24 oktAbpAa 2013 r. e MuHcke, € yyacTwem npegcra-
guteneid HAH Benapyow w Munnpuwpogs Pecnyonukm
benapyce, npowna patovan ectpeua ¢ [oYeTHEIM KOH-
cynom Pecnybnukn Benapyce B Hoson 3enanpwi CTioap-
Tom MNpaepom (Stuart Prior} no aktyansHsimM npobnemam
AHTAPKTWEW W NEpPCNeKTMBaM DenopyCcCKo-HoBO3ENa -
CKOTMO HAYUHOo COTPYOHWUECTBA B AHTAPKTHKE.

OcylecTENeH KOMIIEKE MERONPHATAR NO NpoBege-

HWo wecTol BAD B cocTaBe Tpex YenoBek (cM, puc. 6 Ha
BrNeike; npunoxeHue, Tabn. 3).

20142,

B mae 2014 r. va }XXVI KCAA & Bpazwnwna (bpazw-
nWA) paccmoTpeda BCecToOpoHHAR OUEHKa OKPYAKI0LWER
cpenkl (BOOC) & ceazm c nnadamik Pecnybnuikm benapycs
No CTRPOVTENBCTRY HAUMOHANEHON aHTARDKTWYECKOR
cTaHumi (puc. 1.7). MNpegctaenednan C. B, Kakapeka
BOOC & yenom Beina opobpena © oThensHBIMK 3aMeqa-
HIAAMM.

26-29 man 2014 r. 8 Pecnybnuke Benapyce & r. n. Ha-
poub Npowna | MexayHapogHan HayuHo-NpakTUYeCKan
KoHpepeHUWA «MoOHUTOPKMHN COCTORHWA NPUPOOHOR
cpefbl AHTApKETHEA 1 obecneyeHne eATENEHOCT HaLM-
OHaNbHEX 2KcNequUrie (puc, 1.8), B paboTte koHdepex-

CHAPTER 1

dedicated to the research of the Antarctic Republic of
Belarus in the framework of the activities (tasks) of the
State Program for 2007-2013.

On October 10, 2013 in Saint-Petersburg (Rus-
sia) the «Agreeament on support of the works of BAE
during joint Antarctic operations within 59 Russian
Antarctic Expedition» was signed between FGBI «Arc-
tic and Antarctic Research Institutes:, Russian Antarctic
Expedition (Russian Federation) and State Enterprise
«Republican Polar Research Centers (Republic of
Belarus) and programs of joint studies on atmospher-
ic aerosols, ozone layer, as well as the living marine,
freshwater and terrestrial biological resources of the
Antarctic field season within the 6" BAE and 59" RAE
for 2013-2014 were approved,

Aiming at the implementation of the orders of
the Prime Minister of Belarus Mikhail Myasnikovich
on the organization of work for exploration of mineral
resources of the Antarctic area, between the Feder-
al State Research and Production Enterprise «Polar
Marine Geological Expedition= (Russian Federation)
and the State Institution «Mational Center of Polar
Researchs (Republic of Belarus) September 19, 2013
the «Agreement on Cooperation and work togethers
was signed. In the framewaork of this Agreement, the
Parties agreed on the joint implementation of research
programs and projects on Antarctic Research.

On October 24, 2013 in Minsk, with the partici-
pation of representatives of the Mational Academy
of Sciences of Belarus and the Ministry of Matural Re-
sources of the Republic of Belarus, a working meeting
was held with the Honorary Consul of the Republic of
Belarus in Mew Zealand Stuart Prior on current issues
and prospects of the scientific cooperation between
Belarus and New Zealand in Antarctic,

A complex of measures for the sixth BAE consist-
ing of three people (see Fig. 6 on the inset, and Annex,
Table 3) was carried out.

2014

In May 2074, during the XXXV ATCM in Brasilia
(Brazil), a Comprehensive Environmental Evaluation
(CEE) was carried out in connection with the plans
of the Republic of Belarus for the construction of a
national Antarctic station {Fig. 1.7). The session was
attended by 5.V. Kakareka CEE, as a whole, was ap-
proved with certain remarks.

26-29 May 2014 in the Republic of Belarus the
town of Naroch held the | International scientific-prac-
tical conference «Monitoring the state of the Antarctic
environment and the maintenance of the national
expedition» (Fig. 1.8). The conference was attended by
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Puc. 1.7 Mpedcmaanenue Boecmoporyed oyeuxy oxpysanwled cpeds 8 caaau ¢ nagramu PecnyGnury Benapycn
o CMPoUMETbCmay HaYUoRansHod asmapymudeckol cmakuuy Ha XXX KCOA a bpazunua (Bpazunus), 2014 2.

Fig. 1.7. Presentation of Comprehensive Enviranmental Evaluation in connection with the plans of the Republic of Belarus
for the construction of a national Antarctic station during the XXXV ATCM in Brasilia (Brazil), 2014

UKW NPUHANK y4acThe 60 cneuwanucTos 13 22 opradu-
zauwii benapycu, Pocoww, Ykpaudol. Kondeperuuna ctana
BaHbIM 3TANoM B HANAHMBAHWK MEKOYHAPOOHOMD
HaYYHOro M NOrMCTUYECKOrD coTpyaHuYecTea Pecry-
nuKKW benapycek ¢ 4pYrMMK CTRaHamMK — Y4MacTHHLAMMW
Horosopa ob AHTapkTike.

NocranoeneHwem Copeta MubncTpos PecnyBnmkm
Benapyce o1 6 agrycta 2014 r. N2 760 & nosoh pegakumn
yTEEpH#OEeHE [OCYaapcTEEHHAA NPOrpamMMa.

NpegcTasutens PecnyBnuki Benapycw A. A, Talhna-
woe npuHAn yuactie B XX kondepernumn HayuHoro
KOMWTETE N0 M3YyYeHD AHTapkTrEn (CKAP) B . Ok-
neHp e aerycre 2074 . g XXV 2acenaHim KOMHAN
B r. KpahcTyepy (Hogas 3enanpwa). Ha nneHapHom
zacepgadin KOMHAN Geina npegcraeneda wHbGopMaLma
0 aeATensHocT Pecnybnwikn Benapych B AHTapKTUEKE
Ha COBPEMEHHOM 3Tane, B KOTOPOW NOATEEpHAEHa
NO3WMLUMA HAWeR CTpaHbl 0 nogroToske B 2015 1. z3anABKM
B KOMHAI Ha cornacoBaHMe cTATyCa NOCTOAHHOMD Yne-
Ha 3TON OpraHWIaLWm9,

OcylecTBEH KOMNNEKE MEPONPUATIIR NO Npoae-
AeHW0 cegbemoil BAD B cocTaBe NATH YenoBek (CM. prc, 7
Ha BKNelike; npunoxedue, Tabn. 3).

20152,
B mae 2015 r. Ha XXXV cecomm KCOA & . Codua
(Bonrapwa) (pwc. 1.9) generaywen Pecnybnwnkun Benapyce

60 experts from 22 participating organizations from
Belarus, Russia and Ukraine. The conference was an
important step in establishing international scientific
and logistical cooperation of the Republic of Belarus
with other participating countries of the Antarctic
Treaty.

According to the Decree of the Council of Mini-
sters on August 6, 2014 N2 760, a new version of the
State Program was approved.

The representative of the Republic of Belarus A,
A. Gaidashov participated in the XXVl Conference of
the Scientific Committee on Antarctic Research (SCAR)
in Auckland in August of 2014 and XXVl meeting of
COMMNAP in Christchurch (Mew Zealand). At the plena-
ry meeting of COMMAR information on the activities of
the Republic of Belarus in the Antarctic at the present
stage was provided, which confirmed the position
of our country on the preparation of the application
to COMMNAP to harmonize the status of a permanent
member of the organization in 2015,

The complex of activities for the seventh BAE
composed of five people (see Fig. 7 on the inset, and
Annex, Table 3} was carried out.

2015
In May 2015 on the XXXV session of the ATCM in
Sofia (Bulgaria) (Fig. 1.9), the delegation of the Repub-
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Puc. 1.8, Yaacmnuku | Mexdynapodnod HayuHo-npakmuyeckold konpeperyuu «Moumopusz cocmofrus npupodod cpedal
Anmapkmuku U ofecnederue JeamenbHOCMU HAOUUoRansHe 3kcneduguls (benapyce, 2014 2)

Fig. 1.8, Participants of the | International scientific-practical conference «Monitoring the state of the Antarctic environment
and the maintenance of the national expedition: (Belarus, 2014)

(Morwwkoe B, @, Nailgawos A. A, Kakapeka C. B., CHel-
TvH O, B.) npefctagneHsl ABa OOKYMEHTE:

- MHPOPMaLKMOHHBIR QokyMeHT nog, N2 IP7
a0 geATensHocTH PecnyBnuikn benapyce B AHTapKTAKE
8 2007-2014 rr. Ha coBpemeHHom 3Tanes. [leATensHoCTE
Pecnybniki Benapyck & AHTapKTHKe nonyunna ofobpe-
Hu1e KoHoyneTaTueHbx Ctopod Jorosopa ob AHTapkTu-
K&, HPOPMaUMOoHHBIR gokymedT Pecnyinmin benapyce
nog M2 IP7 erniover B MToroeeid otyet )OOV ATCM:

- MHPOPMALMOHHBIR QoKyMeHT nog N2 IP39
«CTPOUTENBCTBO M GYHKLUMOHKMpOBaHWe Benopycckoi
AHTAPKTHYECKON CTaHUMK Ha rope BevepHan, 3emna
IHpepbn — OxoHuaTensHaA BcecTOPOHHAR OUEeHKa
okpy#anwelR cpegps, NpeactasnexHblil JOKYMEHT
BN ogobped He3 3aMeuaHKid, UTo 03HAYAN0 NPUHATHE
OKOHYATENBHOMD NONDHWTENEHOMD PpeleHnd ob ocy-
wecTeneHui Pecnybnukoi benapyce npegnaraemoi
OEeATENBHOCTH (CTPOMTENLCTED CTAHLLK).

B aerycre 2015 r. va XXV zacepanuin KOMHAN
g r. Tpomco (Hopeerna), generatom Pecnybnaukw Bena-
pych (ynonHomaueHHsIR npeacTaesrTens) A, A Ffalgawo-
BbiM NPEACTABNEH AOKNAM O JeATENbHOCTIA HALWEA CTPa-
Hbl B AHTADKTUKE 1 NNaHax cTpoWTenscTea benopycckoi
AHTAPKTWYECKORN CTAHLWW, 3 TAKHE PAacCMOTPEHa 3aABKa
Pecnybnkm Benapyce 0 cOrnacogaHnm cTatyca nocto-
AHHOro YneHa KOMHATL No pesynstatam 3askpoIToro
ronocosaHka Pecnybnnka bBenapyck eguHornacHo Geina

lic of Belarus (Loginov V. F, Gaidashov A. A., Kakareka
5.\, Snytin QW) two documents were submitted:

= Information document N2 IPY «About the activity
of the Republic of Belarus in Antarctic in 2007-2014
and at the present stages. The activities of the Repub-
lic of Belarus in the Antarctic were approved by the
Consultative Parties to the Antarctic Treaty, informa-
tion document of the Republic of Belarus M2 [P7 was
included in the Final Report of XXXV ATCM;

- Information document under N2 IP39 «The
construction and operation of the Belarusian Antarctic
station on Mount Vecherniaya, Enderby Land - Final
Comprehensive Environmental Evaluations. The pre-
sented document was approved without comment,
which meant a final positive decision on the imple-
mentation of the Republic of Belarus of the proposed
activity construction of the station),

In August 2015 at the XXl meeting of COMMNAP
in Tromso (Norway), the delegate of the Republic of
Belarus (authorized representative) A. A. Gaydashov
presented a report on our country's activities in Ant-
arctic and the plans of the construction of the Belaru-
sian Antarctic station, and also the application of the
Republic of Belarus on the harmonization of the status
of permanent member of COMMAP was considered.
As a result of closed voting the Republic of Belarus
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Puc. 1.9. Npedcmasumenu PecnyBnukw benapyes u Poccudokod @edepayuu so apema XXXV ceccuu KCIA & Coghuu (bonzapus).
Cneaa nanpaso: C. B. Kakapexa, B. @. flozunos, B, B. fykuw, B. H. MNomenoa

Fig. 1.9. Representatives of the Republic of Belarus and the Russian Federation during the XXX\l session of the ATCM in Sofia
(Bulgaria). From the left to the nigth: 5. Kakareka, V. Loginov, V. Lukin, V. Pomelov

MPWHATA NOCTOAHHBIM YneHom KOMHAN, a kangwpatypa
npeactaeuTena PLUMKM HAH Benapyon AL AL Talpawoea
Gbina ogobpeda B KauecTBe YNpaBnAwWEro HaLUKWOoHaNb-
Hol aHTapKTUYeCKoR Nporpammoi Pecnybnukn Bena-
pvck. B patote XXVl 3aceganmna COMNAP npuHumanu
YUacTue Aeneralii s 29 cTpaH NOCTOAHHLIX YNeHos
KOMHAM 1 21 npepctaBuTent oT CTRaH-Habnopatenes,
A TAKME MEXIYHAPOOHBIE IKCNERTH,

20 oktAGpA 2015 r. COCTOANACE roCyapCcTEeHHaA
NPWENMES NERBOMD TREXCEKLMOHHOMD CRyRebHo-H1-
noro mogyna benopycckoil aHTapKTHYeCKOR CTaHUMK.

B MeponpuATUAX NPWHANK YYACTHME PYKOBOAWTENK

W npegcrasuteny oT CoeeTa MuHwcTpos Pecnybnimem
Benapyce, HAH Benapyck, MUHWCTERCTES NRPUPOAHEX
pecypCoB W OXPaHB OKpysaloWwei cpenel, MuHncTepeT-
BEa obpazoBadna, MUHWCTERCTER NO YPE3IBHYANHBIM C1-
Tyauuam Pecnybnuekn benapyce, Benopycckoro rocygap-
CTBEHHOro yHUBepouTeTa, benopycckoro MNatpuapxata
Pycekoi MNpaeocnaBHol UEPKEN, BETERAHB-NONARHWKR,
PYKOBOAWTENK PANA rOCYAaPCTEEHHbBIX, HACTHBIX W 06-
LWEecTEEHHBIX OpraHn3aumi Pecnybnukr benapyce, yua-
CTBYIOLWLMX B pEanyiayun MeponpuaThid locygapcTaeH-
HOW NPOrpaMMel Ne MCCNEfoBaHKIC NONAPHEIX PARCHOR
3emnK, a TaKMe NPenCTaBuTeN UeHTPANbHBIX CPeacTs
maccosol nHdopmaunn Pecnybnukn benapyce. NMpueer-
CTEEHHOE NUCEMO BENopYCCKUM NONARHUEAM K y4acT-
HWKaM BCTPEY M Hanpasun Buue-npembep Npasutens-

was unanimously adopted by a permanent member
of COMMAR and the candidacy of the representative
of RCPI NASE A. A, Gaydashov was approved as the
Managers of Mational Antarctic Program of the Re-
public of Belarus. The XXVIl meeting of COMMNAP was
attended by delegations from 29 countries permanent
members of COMMAP and 21 representatives from the
observer countries as well as international experts.

On October 20, 2015 a public acceptance of
the first three sectional office-residential unit of the
Belarusian Antarctic Station was held. The event
was attended by leaders and representatives from
the Council of Ministers of the Republic of Belarus,
Mational Academy of Sciences of Belarus, the Ministry
of Matural Resources and Environmental Protection,
Ministry of Education, Ministry of Emergency Situa-
tions of the Republic of Belarus, the Belarusian State
University, Belarusian Patriarchate of the Russian Or-
thodox Church, polar-veterans, heads of state, private
and public organizations of the Republic of Belarus
participating in the implementation of the State
Program on the study of the polar regions of the Earth,
as well as representatives of central mass media of the
Republic of Belarus. The welcome letter to Belarusian
polar explorers and participants of the meeting was
addressed by the Vice-Premier of the Government of
the Republic of Belarus Vladimir Semashko. After the
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cTea Pecnybnukn benapyce Bnagumup Cemawko. Mocne
FABEPLISHWA MEPONPWATHA [OCYAaPCTEEHHOW NPHMEMEM,
Marpuapwii Ikzapx benopycoknia v 3acnaecki Naeen
COBEPIWA UEPKOBHBIN 0BpAL DCBALLEHWA NEPBOTD
MOAynA benopycckon aHTapKTUYECKON CTaHLWK.
OcylWwecTBNEH KOMNNEKE MEPONPUATII NO NpoBege-
HWO BockMoi BAS B cocTaBe NATH CNeyManicTos
{cm. prc. B Ha BKNeRke; npunoxeHune, Tabn. 3).

-

1.3. Hay4HaA v NOrMCTUYECKaRA AeATENLHOCTD
B pamkax lMocygapcTEEHHbLIX NpOrpamm NOAAPHbIX
nccnegoeEaHnn

Llenn 1 3agaun esnonHed e g 2007-2015 T
locyapCTBEHHBIX NPOrPamm BeiNv HANPagNeHkl Ha
NPoBEOSHHME MOHWUTOPMWHIA NONAPHBIX PAROHOE 3eman
v ofecneyerme NeaTeNEHOCTH APKTHYECKUK 1 aHTapKTH-
YSCKMK IKCNEnWLIAA.

Tnasweie yenu paGomer & pamkax locydapcmeen-
HbIX NpoZpamm:

- PazEEPThIBaHWNE HaYYHBIX MCCNEAOBAHWEA 11 MOHK-
TOPWHIa COCTOAHWA NPUPOOHOK Cpeabl;

= NONYYEHWE HOBBIX @HHBIX O COCTOAHWK NPWROMA-
HOW Cpebl 1 KNWMMaTa AHTADKTHER;

- MPOBEAEHKME OLUEHKW BNWAHMA M3MEHEHWIA B aT-
mochepe, rugpochepe 1 kprochepe aHTAPKTHYECKIX
WWPOT Ha rModanbHbie MIMEHEHMA OKPY#aKoLWeN cpel
W KNAMATE;

— BBIMOMHEHWE MEXOyHAPogHe X obAzaTenscTe Pe-
cnyBnukn Benapyce & pamkax Joroeopa ob AHTapKTUKe
v MNpoTokona No oxpaHe okpyxawwen cpegsl k loroso-
py 0B AHTapKTHKE;

— Pa3BWTHE MEXAYHAPOOHOID COTPYAHWYECTES
B MHTEPECaX HAYKW 11 NPAKTHKK;

- sxonorobezonacHoe MCNONL20BAHKWE NPHPOAHBLIX
PECYPCOB,

OcHoBHBIE 3a034M [OCYLAPCTBEHHOR NPOrPamMMel
B 3TOT NEpWag:

— CO3[aHWE TEXHNYECKMY CPeacTE U MEeTOOOE ANA
W3YHEHWA NPOLUECCOB 1M ABNEHWA B aTMochepe, rmapo-
chepe, kpuochepe, NUTOCHEDE, PACTUTENLHOM W ¥WUBOT-
HOM MUPE AHTADKTUEW,

— PazBMTHE COBPEMEHHON CMCTEME! KOMMNEKCHOMD
MOHWTOPWHIE OKPYHAKLWEN Cpefdbl B paioHe padoTh
BAZ ¢ MEnonL3oBaHWEM ANCTAHUMOHHBIX (NAA3PHBIX,
CNYTHHKOBLIX) W HAZEMHBIX CUCTEM HabnaeHni;

— NPOBEEHWe HAYUHEIX IKCNEeUUKWIi 1 cozgaHmne
OCHOBB ANA Opraqu3aumnn nHgpacTpykTypel beno-
PYCCKORA aHTAPKTUYECKOR CTaHUKMK (panee - BAC), ee
OCHALLEHWE COBPEMEHHBIMW IHEPTETHUHMECKUMIA W TEX-
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activities of the 5tate of acceptance, Patriarchal Exarch
of Belarus and Zaslavl Pavel carried out the Church
ceremony of consecration of the first module of the
Belarusian Antarctic station,

The complex arrangements for the eighth BAE
composed of five experts (see Fig. 8 on the inset, and
Annex, Table 3) were carried out.

1.3. Scientific and logistic activities under the State
program of polar research

Aims and objectives of state programs executed
in 2007-2015 were aimed at the implementation
of monitoring of the polar regions of the Earth and
ensuring activities of the Arctic and Antarctic expedi-
tions.

The main objectives of the work under the state
program are as follows:

- deployment of scientific research and monito-
ring of the natural environment;

- abtaining of new data on the state of the Antarc-
tic environment and climate;

- assessment of the impact of changes in the at-
mosphere, hydrosphere, cryosphere and Antarctic lati-
tudes for global environmental change and climate;

= fulfillment of international obligations of the
Republic of Belarus in the framework of the Antarctic
Treaty and the Environmental Protocol to the Antarctic
Treaty;

- development of international cooperation in the
interests of science and practice;

- environmentally safe use of natural resources.

The main tasks of the State program in this period
were as follows:

- creation of technical means and methods for
the study of processes and phenomena in the atmao-
sphere, hydrosphere, cryosphere, lithosphere, flora
and fauna of Antarctic;

- development of a modern systemn of integrated
environmental monitoring in the area of BAE activities
(lidar, satellite) and inland observation systems.

- conducting of scientific expeditions and provide
a basis for the organization of the infrastructure of
the Belarusian Antarctic station (hereinafter - BAS),
its equipment with modern energy and technological
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Puc, 110, OBcysderue NnepCneskmus coaMecmuay uccnedosaHull 8 ARmapsmure: A, H. Yuiuszapos,
axkadesuru A, K. Kopabaroe u B, @, Mosunos
Fig. 1.10. Discussions of the prospects of joint research in Antarctica; A, N, Chilingarow,
Academicians A, K, Karabanov and V. F. Loginov

HONOMMYECKMMI arperaTami, HOBERL WM ME LK LIMHCKWAM
obopyfoBaHnem, BO300HOBNAEMBIMK MCTOYHMKAMMK
IHEPIUK, CPEACTEAMI CEAZM W TPAHCNOoPTa, 3ddekTHe-
HBIMIK CUCTEMAMK MeRCOHANBHOW W 3KONOTMYECKOR
OEI0NACHOCTI, NPWBoPAMI ANR HAYYHBIX HAOMDOEHWA
M CNOPTHUEHC-0300POBUTENBHEIM MHBEHTAPEM;

~ PAIBMTHE MEXOYHAPOOHOIO COTPYAHWYECTEE NPK
WM3YUEHUW NOAAPHEIX PANOHOB 38MAK, aKTMBHOE YyYac-
The B paboTe KNiYessblx 00WECTEEHHBIX OPraHu3alynn
Jorosopa of AHTAPKTHMEE KW MHTEMPALMA HAaLWOHANBHIX
cUCTEM HabMIoAEHWA B MEXAYHAPOLHBIE CETH MOHWUTO-
PHHr2 OKPYHAKWEN Cpeabl.

HayuHoe obecneverue locyapcTBeHHBIX Npo-
rpanin B 2007-2015 rr. BeINo OpraHn30BaHo NoO CNegyo-
LWMM HENPABNEHWNAM;

— KOMMANEKCHBIA HAZEMHBIR M CNYTHUKOBLIA MOHWTO-
PMHI TRONOCGEpHOro aspo3ona, o0nakos W NogcTuAa0-
Wedh NOBEpXHOCTI B AHTAPKTIUAE, CozgaHme npubopHo-
ro, METOQMYECKOrD W NPOrpammHore obecneyeHa gna
KanuBpoEKK CNYTHUKDBEBIX ONTUYECKNY MHCTPYMEHTOR
Ha NOAWroHe B AHTAPKTWOE;

— OPraHKzayLKua W NPoBEEHWE KOMNNEKCHBIX MCCNe-
AOBaHWA COCTOAHKWA D30HOCPEpL! U YNLTpaduoneToBOM
PAAMALMA B AHTAPKTUEE, TMAPOMETEOPONOIMYECKDE
obecnevere geatensHocTA BAD W NpoBegeHKe KNWMa-
THYECKWX WCCNenoBAHWIA;

- pazpaboTka paguoTeXHWYECKWK CpencTe anA
MOHWTORPKUHIE CHERHO-NEQAHOMND NOKPOBa W atmochepbl
B NONAPHEIX pafoHax;

units, the latest medical equipment, renewable ener-
ay, communications and transport, effective systems
of personal and environmental safety, instruments for
scientific observation and fitness supplies;

- development of international cooperation in the
study of the polar regions of the Earth, an active part
in the work of key public organizations of the Antarc-
tic Treaty and the integration of national observing
systems in international environmental monitoring
networks.

The scientific support of the State program of
the period 2007-2015 was organized in the following
areas:

—integrated terrestrial and satellite monitoring of
tropospheric aerosol, clouds and underlying surface in
the Antarctic, the creation of the instrument, meth-
odology and software for the calibration of satellite
optical instruments on the ground in Antarctica;

- arganizing and conducting of comprehensive
studies of the ionosphere and the state of ultravio-
let radiation in the Antarctic, hydrometeorological
support of the Belarusian Antarctic expedition and
conducting climate research;

- development of radio equipment for monitoring
snow and ice and the atmosphere in the Polar Re-
gions;
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- reodnanUecke MCCNefoBaHUA JEMHON KopEl
B AHTapKTAE B panoHax 6aznpoBaHua Denopycckmx
AHTAPKTUYECKIX IKCNEULMWIA;

- OLEHKa NEPCNEKTAR MCNONbL30BAHWA BEO30OHOBNA-
EMbiX PECYPCOB NPUBPEMHBIX IKOCMCTEM AHTADKTIAKA
W BO3OERCTEWA Ha OKPYHAOWYK CPeqy AeATENbHOCTH,
CBA3AHHOMA C opraHWzayuei 1 GYHKUUMOHWPOBAHWEM
BAC;

— OUEHKE MCMXOPHIUONOrMUECKOra cOCTOAHMA
YEeNoBEKa M BEIABNEHME COCTOAHMA NCMxodMIMononiye-
CKOW AW3afanTaume B yCNoBKMAX AERCTBNA IKCTPEMANL-
HblxX NPOW3BOACTBEHHO-COUMANBHBIX 1 KNKMaTO-readi-
IMYECKMK NPUPOaHEX DaKTOPOE.

BONBLWWHCTED HayYHBIX NPOrpaMm peann3oBsiBa-
Nock B NONEBBIX YCNOBWAKX AHTAPKTMAL Benopycckumm
AHTAPKTHYLCKMMK IKCNEQUUMAMK B TECHOM B3aMMOoneR-
cTeuw ¢ Poccuickoh @egepaywein (puc. 1.10). Peayne-
TaThl HAYUHLX MCCNEA0BAHII 33 NECATUNETHWA NeEpHOf
NPEACTAENEHL! B NOCNEAYIOWMY FNaBax.

o

1.4. MposegeHue akcneguuynin n fopMmupoBaHne
WHpPACTPYKTYpPbl B AHTapKTHOE

B nepuog c HoaGpa 2007 r. no anpens 2016 T.
B paMKax peannialii MeponpraTii MocynapcTBEHHON
nporpammel B:N0 OpraHM3oeaHo BoceME Benopycckny
AHTAPKTHYECKIAX IKCNENULMEA, B KOTOPBIX NPWHANN Yyac-
Tie 32 BenopycCcKkMy CreumanicTa.

MecTta GazvpoBaHnA GENopYCCKUX CAEUMaNnMCTOR
B neprog c gexkabpn 2006 r.no anpens 2016 r. Ha AxTap-
KTUYECKOM KOHTUHEHTE:

- cezoHsl 2006/07, 2007/08 v 2008/09 rr. - none-
B0l narepe BA3, pazeepHy ol B MECTE PacNONOXEHNA
33KOHCEPBUPOBAHHON MHGPACTPYKTYPLI POCCHIACKON

nonesoi Bazel «[opa BeuepHass, Xonme Tana, 3emns -

pepbu g BocTouHoi AHTApKTHIE, 8 TAKMKE POCCUICKaRA
aHTapkTHYeckan noneean Gasa «MonogesHans,

- cesoH 2010/17 rr, - KpaTkoBpemeHHo BopT HIC aAka-
pemuk Cefoposs, 8 TaKME POCCMACKME aHTAPKTUYECKHE
cTanumi «MupHblie 1 alporpeccs (KpaTKOBREMEHHO);

—cezoHbl 2011/12 1 2012/13 rr. - noneeoi narepe
BAZ, pazeepHyTHIA B MECTE DACNONOHEH WA 3aKOHCEDRI-
POBAHHOW poccMickon noneson Bazel «fopa BeuepHans,
Xonwe Tana, 3emna IH0epbn B BocTouHol AHTapkTrae,

d TaKkxe pﬂCCHI:IEHEH AHTAPKTHUYECKAA NOneean Baza «Mo-
nogexHans u FI'DC'L'HI:‘ICKHE AHTAPKETHHECKWE CTAaHLUWK #«Ho-

BONazapesckans W «bennnHerayseHs (KpaTkOBpEMEHHD);
- ce3oH 2013/14 rr. - poccWicKanA aHTapRTUYEeCKas

CTaHUWA «[porpeccs, a TakHKe poCcMAcKKe Noneebie

Bazwl «Mporpecc-1» v «Mporpecc-3» (kpaTkoBpemeHHo);

CHAPTER 1

- geophysical researched of the Earth's crust in
Antarctica in the areas of deployment of the Belaru-
sian Antarctic expeditions;

- assessment of the prospects of renewable
resources of the Antarctic coastal ecosystermns and
the environmental impact of activities related to the
organization and functioning of the BAS;

- assessment of psychophysiological state and
identification of the state of psychophysiological
maladjustment in the conditions of extreme produc-
tien and social and climatic and geophysical natural
factors.

Most research programs were implemented in
Antarctic by Belarusian Antarctic Expeditions in close
cooperation with the Russian Federation (Fig. 1.10).
The results of scientific research in the ten-year peri-
ods are presented in the following chapters.

1.4, Carrying out the expeditions and formation
of infrastructure in Antarctica

In the period from November 2007 to April 2016
within the framework of the implementation of the
State Program of eight Belarusian Antarctic expedi-
tions were organized, which, in total, were attended
by 32 Belarusian specialists,

The basing places of Belarusian specialists in the
period from December 2006 to April 2016 on the An-
tarctic continent were:

- seasons 2006/07, 2007/08 and 2008/09 - field
camp of BAE located at the site of the Russian field
base location canned infrastructure of «Mount
Vechernyayas, Thala Hills, Enderby Land in East Antarc-
tica, as well as Russian Antarctic field base «sMolodezh-
nayas;

- season 2010/11 - shortly the vessel of NES «Aca-
demician Fiodorov= and the Russian Antarctic stations
alirny» and «Progresss (short term);

- seasons 2011/12 and 2012/13 - field camp BAE
located at the place of abandoned Russian field base
at «Mount Vechernyayas, Thala Hills, Enderby Land in
East Antarctica, as well as Russian Antarctic field base
«Muolodezhnayas and Russian Antarctic stations «Mo-
volazarevskayas and «Bellingshausens (short term);

- season 2013/14 - Russian Antarctic stations
«Progresss, as well as Russian field bases «Progress-1»
and «Progress-3= (short term);
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—ce3oH 2014/15 rr. — noneeoli nareps BA3, pazeep-
HYTEIA B MECTE PACTIONOMEHWA 3AKOHCEPRMPOBAHHOM
WHGPACTRYKTYPLl pocclidckol nonesol bassl «fopa
BeuepHan:, Xonmel Tana, 3emna IHgepby B BocTouHol
AHTAPKTUAE, 3 TAKME POCCUIACKAA AHTAPKTUYECKAA No-
negan Bbaza aMonogexHans (KpaTKOBRDEMEHHO);

~ ceaoH 2015/16 rr. - nonesol narepe BA2 y ropel
BeuepHan, Xonwmel Tana, 3emna 2Hpepbu B BocTouHo
AHTAPKTAAE, 8 TAKME POCCUIACKAA AHTAPKTUUECKAA CTaH-
Uma esHoBoNasapesckans,

3a nepyog peanniaunin MeponpUATHRA (3anaHuii)
[ocypapcTeeHHbIX nporpamm g 2007-2016 rr. PecnyGnu-
kolt benapyck GbIMW BLINOMHEHL! 3HAYMTENBHbIE 06b-
emMbl PEIEIIGT B ctlaepe AHEPrETUYECKOro U TRpaHCNoOpPTHOMr D
obecnedyeHns fesTencHocT DENOPYCCKOM aHTapKTI-
HECKOM IKCNEeqULIK, BKNOYAA OCHALEHWE CRECTEAMM
CNYTHWKOBOW W YKB-ceAzZM.

B HacToAwee BReMA 417 pasMEeLLEHUA DENOPYCCKNK
CNEUWANMCTOR B AHTAPKTHAE WCNONbIYETCA Npeno-
CTAaBNEHHBIN POCCMIACKONR CTOPOHOM BO BPEMEHHOE
Ge3B03MEINHOE NONB3I0BAHWE KOMMNEKE UENbHOMETAN-
NU4ECKUX YHUd WL WpoBaHHEIX Bnokoe (fanee - LIYB),
PAcNONOKEHHBIA Ha TEPPWTORPWI 3aKOHCEPBMPOBaHHOR
poCcMRckoR Noneoi HBasw «fopa BevepHass: (puc. 1.11).
CoBCTEEHHBIMKM CMNAMK YYACTHUKAMKM BAD B KOMNNEKCe
LUYE Bbin NpoBefieH KOMNNEKe pEMOHTHO-BOCCTaHOBMK-
TENBHBX paboT No Co3faHuio NPUEMNEMBIX YCNOBKWIA ONA
Tpyaa 1 Beima Denopycckmx cneumanvcToe. B pamkax
peandsaulK MeponpuATHA [oCyYaapCTEEHHON NPo-
rpammel No cozflaHuio Benopycckol aHTapKTUYecKoi
CcTaHuwK B aekabpe 2015 r. wa Pecnybnuki benapyce
B noneeoid nareps bA3 v rope BeuepHan, Xonme Tana,
3emna Iugepbn e BocTouHoh AHTapKTIMgE DBIN JOCTaB-
NEH U CMOHTUPOEAH NEPBLIN TPEXCEKLMOHHEIR Cnysked-
HO-3MMOA MOAYNIE, BXOAAWWA B COCTAR HAUWOHaNEHOR
AHTAPKTMYECKOR CTAHLIMW.

HMzHeneATeNbLHOCTL NoNesoro Narepa BA3 y ropel
BeuspHana obecnedlBasTen ABYMA AW3ENEHBIMK reHepa-
TOPaMK, CCHALLEHHBIMK ABUMATENAMU HEMELKGR drpmbl
DEUTZ, mowHocTe 20 1 60 kBT. YkazaHHble reHepa-
TOPLI CMOHTHPOBAHBI B CNEUMansHo oBopyaoBaHHBIX,
IKONOTMUECKH BEIONACHBIX KOHTEHEDAX 1 OCHALLEHbI
AWMCTAHLUMOHHON 3ETOMaTUHECKDI CMCTEMDIA 3anycKa
W KOHTPONA NapameTpoe paboTtel gewratens (purc. 1.12).
MoMUMO 3TOFO B PacNOpAMKEHNKA YUacTHUKOE BAD nme-
I0TCA B3 PE3EPBHLIX IMNEKTPOreHepaTopa HemeL Ko
dupmbl GEKO mowHocTeo 7 v 6 KBT, KoTopble pazme-
WEHB B COOPYAHEHMAX KOHTEAHEPHOTD TUNA Ha yoane-
HWK 50 8 OT ocHOBHOMD Nnarepa BAZ (puc. 1.13), a gnAa
obecneyeHns aBTOHOMHOR PaboThl Hay4YHBIX NPUBOPOE
W CRPEACTE CEAZM WWPOKD MCNONb3VIOTCA BoiobHoBNAE-
MBI MCTOMHKMEW SHEPTUK — FeNWO3IHEPTETHHECKME YCTa-
HOBEKK 1 MCTOUHMKKM GecnepeboMHoro NuTaHKA obwed
MOWHOCTRIO okono 3 kBT (pre. 1.14).

B nepwop 2007-2015 rr. nonesof nareps BAI y
ropbl BevepHaa Buin OCHALWEH PAOOM CTaLMOHaDHBIX
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—season 2014/15 - BAE field camp, located at the
place of abandoned infrastructure of Russian field
base at «Mount Vechernyaya», Thala Hills, Enderby
Land in East Antarctica, as well as Russian Antarctic
field base «Molodezhnaya» (short term);

- season 2015/16 - BAE field camp at Mount
Vechernyaya, Thala Hills, Enderby Land in East Antarc-
tica, as well as the Russian Antarctic station «MNovo-
lazarevskayae.

During the period of implementation of the
activities (tasks) of the State program in 2007-2016
the Republic of Belarus carried out significant work in
the field of energy and transport support activities of
Belarusian Antarctic expedition, including equipment
means of satellite and VHF communication,

At the present time to host Belarusian special-
ists in Antarctica all-metal complex provided by the
Russian side is used, as well as the set of all-metal
standardized units (hersinafter - ASU) located on
the territory of the Russian abandoned field base at
«Mount Vechernyayax (Fig. 1.11). The participants of
BAE in the complex of ASU carried out a complex of
repair and reconstruction works on the creation of
acceptable conditions for accommaodation and work
of Belarusian specialists, Within the framework of the
implementation of the 5tate Program on the creation
of the Belarusian Antarctic Station in December 2015
from the Republic of Belarus to the field camp of BAE
at Mount Vechernyaya, Thala Hills, Enderby Land in
East Antarctica the first three sectional service and
residential module was delivered and installed, which
is a part of the national Antarctic station.

The activity of BASE field camp at Mount
Vechernyaya is provided by two diesel generators,
engines equipped with the German company DEUTZ,
with the power of 20 and 60 kW. These generators
are mounted in specially designed, environmentally
friendly containers and are equipped with remote
start system and automatic control of the parameters
of the engine (Fig. 1.12). In addition, at the disposal
of BAE participants there are two redundant electric
generators manufactured by German firm GEKO with
the power of 7 kW, and & kW, which are located in the
buildings of container type at a distance of 50 m from
the main BAE camp (Fig. 1.13}, and to ensure the au-
tonomy of scientific instruments and communication
tools renewable energy sources are widely used: solar
power units and uninterruptible power supply units
with a total capacity of about 3 kW (Fig. 1.14).

In the period 2007-2015 BAE field camp at
MountVerchernyaya was equipped with a number
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Puc. 1.11. KoMnaeks YenbHOMeEmManuYeckuy YHUPUULPOSaHHEX BI0K0S

Fig. 1.11. The set of all-metal standardized units

npuBopoe ANA AUCTAHLMOHHOMD MOHWUTOPKWHIE ATMOC-
e, TAKKMX KAk aETOMATHYECKaR METEORONOMMYBCKaR
CTAHUWA poCCUMCKOro NponieoncTea M-490M, agToMaTi-
IMPOBAHHBIA M3MEPWUTENDL OBWErD Cofep#aHlA 030Ha
MUOH, MogepHUIMPOBAHHLIN o3oHoMeTp M124 1 as-
TOMATHHECKWIA YAETRAGNONETOEON CREKTRORaAMOMETR
MUOH-YD, pazpaboTaHHeER BenopycCkimMi yUeHBIMA

W oTBeval Wi Tpebosanuam BMO v aganTupoBaHHbIA
K NPOBELEHWD M3MERPEHWA B NONAPHLIX pafoHax 3emnum,
conHeyHblit gpotometp CE-318N dpaHuyickol dupms
aCIMEL», BKNOYEHHBIA B rIoBansHy 0 DaguoMeT pudye-
ckyr ceTe AEROMET v wmetowmi cTatyc Benopycckon
pagvomeTprdeckoi ctaHumK eVechernya Hills, a Taxe

of stationary devices for the remote monitoring of
the atmosphere, such as automatic weather sta-
tion M-49m manufactured in Russia, an automated
measuring total ozone content PION, modernized
ozonometer M 124 and the automatic UV Spectrora-
diometer PION-UV developed by Belarusian scientists
and meeting the requirements of WMO and adapted
to carrying out measurements in the polar regions
of the Earth, sun photometer C-318N manufactured
by French company «CIMEL», included to the global
radiometric network AERONET and having the status
of the Belarusian radiometric station «Wechernyaya
Hills, as well as an automated actionmetric observa-
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Puc. 1,12 043C 20 kBm (o) u 43C 60 kBm (&)
Fig. 1.12. 20 kW diesel electric generator (a) and 60 kW diesel electric generator (b)

Puc, 1.13. 420 7 kBm
Fig. 1.13. 7 kW diesel electric generator

ABTOMATUIMPOBAHHAA CUCTEME AKTUHOMETDNYEC KN
HabnwgeHui «Menenr CO-16%, pazpaboTanHan Senopyc-
CHMMKA CMELMAnMCTaMK.

0na nepefaym UHQOPMELIMK W KOHTAKTOB C BHELL-
HUM MUPOM B PACNODAKEHUA YYACTHUMRKOE BAD nmenTon
ABE CTAHLUMK CNYTHUKOBOW CBA3KM cucTembl MHMAPCAT
W CAYTHUKOBLIA TenedoH cuctemsl MPUOWYM. Bee Tep-
MWHaNL CNYTHYEKOBOW CBA3KW BAD oTHOCATCA K obopyno-
BaHWK NokoneHKA 1990-x rr. 1 Hy#AaITCA B 3aMeHe Ha
COBPEMEHHBIE CUCTEMBI CNYTHUKOBOR CBA3M.

OnepatvBeHan cBA3bL MEXOY Nonessm narepem A3
¥ ropul BewepHas v nonesor Gazon PAD «MonogewHass,
a Takme MERY YYacTHUKaMK BAZ 1 PAZ BRINOAHAKLW-

Fuc. 1. 74, lenuodHep2eMUYECKan yomanossa

Fig. 1.14. Solar power unit

tions system «Peleng 5F-16=, developed by Belarusian
specialists.

For the transmission of information and cantacts
with the outside world at the disposal of the partici-
pants BAE have two INMARSAT satellite communication
systemns and satellite phone of IRIDIUM system. All termi-
nals of satellite communications of BAE are the units of
hardware generation of the 1990s and require a replace-
ment by modern satellite communication systems.

The operative communication between BAE field
camp at Mount Vechernyaya and the field base of
RAE «Molodezhnayan, as well as between the partic-
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Puc. 1.15. ¥KB-pempadcnamap

Fig. 1.15. VHF re-transmitter

MK pa00Thl M HAZEMHBIE TRAHCNOPTHEIE ONEepaLMK 33
npegenamu Gazosoro narepa BAS obecneuneasTcA c no-
MOLULEH YETEIPHAAUATH CTAUWOHARHBIX M NEPeBNKHEIX
YKB-paguoctaHywii «sMotorolas. [nA ¢eA3M € BO3AYLLUHGI-
MK NETATENBHBIMK anNapaTaMi B DAacNOpAKEHWK y4acT-
HUKOE BAZD UMEITCA, NepeBAHAR 1M CTALWMOHAPHAA
YEB-paguoctanwmm ICOM. Ona obecnevennn yeTonm-
s0A YEE-ceAzn Ha BCeR TeppuTOpKK deATensHocT BAS
B oazuce «MonofgesHbelis v reorpadryeckom KomMnNnek-
ce Mopa BeyepHAas B Neprog NPOW3B0ACTES CEI0HHbIX
paboT e paidoHe ropel BewepHaA GenopyccKMmMK cneywa-
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Puc. 1.16. CHezoxodWas mexsuxa BAI
Fig. 1.18. Snowmabiles of BAE

ipants of BAE and RAE performing work and ground
transport operations outside the base camp of BAE is
provided by fourteen stationary and mobile VHF radio
stations «Motorolas. For communication with aircrafts
the participants of BAE have a mobile and stationary
VHF radio ICOM. To ensure stable VHF communica-
tion throughout the territory of BAE activities in the
oasis of eMolodezhnayar and geographical complex
«Mount Vechernyaya» during the implementation of
seasonal work at the area of Mount Vechernyaya Belar-
usian specialists placed a VHF re-transmitter. To ensure
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Puc. 1.17. Cucmema suineofecnevedun bA3 e | ¥be
Figg. 1,17 BAE environmental control systermn in the ASU

NUCTAMIA PA3E0PAYMEAETCA peTpaHonaTop YEB-ceazn.
Lns obecneueHA aBTOHOMHOW PaboTel peTpalcnAToORa
YEB-cEAZM MCNONb3YeTCH BO200HOBNASMBIN MCTOYHWK
3HEPTUM — FeNWO3HEPreTUUECKaR YCTAHOBKA MOLIHD-
et 0,5 kBT (purc. 1.15),

[nA BLIe3NOE HA HAYUHLIE MAPLUPYTL W NPOBEe-
HKA HAZEMHBIX TRAHCNOPTHEIX ONEPaUMA 3a Npefenamy
Gazoeoro narepa BAJ B pacnopaAxeHn Genopyccknx
CNEYWanUCTOR MMEITCA TR CHEroxoaa guHckoro npo-
wasopcTea LYMX (puc. 1.16, a), ryceHMUHBLIR KBaQpoLUKnKn
kaHagckoro npovssogcTea QUTLANDER «APACHE: {pwuc.
1.16, b) ¥ ryceHUYHBIR CHEroBoNOTOXOA POCCUACKOTD
npownssoacTea «bOBP: (puc. 1,16, ).

E nepwog 2006-2016 rr. B nonesos narepe BAZ y
ropwl BeyepHAA co3gaHa HaOewHaA CMCTEMA #u3Heobe-
CreYeHWA AN NPoOBEAEHWA CEIOHHBIX PADOT U HAYUHLIX
WCCNeoBaHKA IKCNeUWLMOHHOND NepCoHana B Konuye-
CTEE 0 7 YenoBekK, TEM CaMbIMIA 3AN0XEHA OCHOBAE ANA
fancHenwero paentva BAC B 2016-2025 rr. (puc. 1.17).

PeaiomMuipya BelWENINOKEHHOE, CNEOYET OTMETWTE,
UTO BAXHYIO PONb B CTAHOBNEHWM W PA3BUTIK aHTap-
KTUYECKMK MCCNEqoBaHuiA W NPOBEOeHA IKCNEqULIRA
HapAgy ¢ HAH Benapycu urpano 1 npogonsast ur-
pate MUHWCTEPCTEO NPMPOAHBIX DECYPCOE W OXPAHB
OKpyHaowen cpegel (MuHNprpogel) ¥ B 0CoBeHHOCTK
AenapramenTt no rugpometecponoruy (2001-2012 ),
a B nocnegHue rofs — PecnyBnukaHckuil LeHTp no ru-
[POMETEQRONOTIAM, KOHTPOMK PafWoaKTUBHOID 3arpa3-
HEHWA W MOHWTORPWHIE OKpYRaowWeln cpeibl (fepmed-
qyk M. [, Makciota O. M., Noauwyk A. 1., Padesckwin A H.,
MensHwe B, 1. 1 gp.).

MNogroToeka npasoeol Bazel geATensHOCT Pecny-
GnnKw BEnapyce B NONAPHLIX PAROHAX 3EMIK, MEHOYHA-
POOHBLIX AOrOBOPOE, NPOTOKONOB, 3 TAKXE OCYLWecTene-
HWE NPOrPaMMHoi neatensHocT 8 2006-2015 rr. Gwina
Gkl NPOCTO HEBOIMO¥HA D83 YHACTWA HAZBAHHBIX BbilLE
CTRPYRTYR W NEPCOH.

the autonomous battery life of VHF re-transmitter a
renewahble energy source is used: solar energy unit
with the power of 0.5 kW (Fig. 1.15).

For entries to scientific and routes and implemen-
tation of land transport operations outside the basic
BAE camp Belarusian specialists have three snowmao-
biles LYNX manufactured in Finland (Fig. 1.16, a), full-
track quad bike QUTLAMDER «APACHE» manufactured
in Canada (fig. 1.16, b) terrain tracked vehicle «<BOBER»,
manufactured in Russia (fig. 1.16, ¢).

In the period 2006-2016 in the field camp at
MountVechernyaya a reliable life support system for
seasonal work and research expedition personnel in
the amount of up to 7 people was created and there-
fore the foundation for the further development of
BAS in 2016-2025 was laid (Fig. 1.17).

In conclusion of this chapter, it should be not-
ed that an important role in the development and
conduct of Antarctic research expeditions along with
the Mational Academy of Sciences of the epublic of
Belarus was played and is still played by the Ministry
of Matural Resources and Environmental Protection
(Ministry of Nature) and in particular the Department
of Hydrometeorology (2001-2012), and in recent years
the Republican Center for Hydrometeorology, con-
trol of radicactive contamination and environmental
monitoring (Germenchuk M. G., Maksyuta O. M., Poli-
shchuk A, 1, Rachevsky A. M., Melnik V. |. and others),

The preparation of the legal framework of the
Republic of Belarus for the activity in the polar regions
of the Earth, international treaties, protocols and
implementation of program activities in 2006-2015
would be simply impossible without the participation
of above-named institutions and individuals.



YyacTHMKM Benopyccknx aHTapKTUYeCcKuX akcneguuun 2006-2015 rr.
Participants of Belarusian Antarctic expeditions in 2006-2015

Fue. 1. Yyacmuuky 1-0 BAI
(2007-2008 22 ). Cheaa Hanpago:
B. 1. Wnuneackud, A. A. faddawog,
B. C_ femun, M. 1T, Boik

Fig. 1. Participants of the 1" BAE
{2007-2008). Fram left to right:
VL. Shpilevski, 4. 4. Gaidashow,
V.5, Diamin, . B Byk

‘il!ll ) 4) AV

Fuc, 2. Yuacmprurw 2-0 BAF (2008-2009 22.) ¢ pocculickumu U HEMELKUMU kommnezamu. Cnesa Hanpaeo: 1-0 A, B, boGuues,
4-if pow, nd aMonodexnans B, B, Kucenes, 5-0 4. A, faldawos, 7-i0 0. B. Macqukos, 8-0 0. M. bopodus, 9-0 M. M, Kopons,
10-0 4. 11, Beik

Fig. 2. Participants of the 2™ BAE together with Russion and German colleagues (2008-2009), From left to right; A. V. Babichev {17),
VW Kiselew, the heod of PE eMolodyazhnoyaz (47), A, A, Gaidashov (5™, O W Myasnikov (7"}, . [ Borodin (8™), M. M. Korol (9"},
I. B Byk (10"")
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Puc. 3. Yugcmyuku 3-0 BA3 (2010-2011 22.). Cnpasa naneso: A. A faddawos, 0. [ fuzunak
Fig. 3. Participants of the 3™ BAE (2010-2011). From right to left: A, A. Gaidashov, Y. G. Giginyak

Puc. 4. Yyacmuuku 4-0 BA3
(2071-2012 z2.). Cnpasa Haneso:
A A faGdawos, B C Jesund

Fig. 4. Participants of the 4™ BAE
(2071-2012). From right to left:
A A Gaidashow, V5. Diomin
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Fuc. 5. Yuacmuusu 5-0 BA3

{2012-2013 z2). Cheaa vanpaso:

B. E. Manud, A. A. faddawos, M, M, Kopons
Fig. 5, Participants of the 5% BAE
{2012-2013), Fram left to right:

V_E. Myamin, A. A Gaidashov, M. M. Karol

Puc. 6. Yugcmuuru 6-G 6A3 (2013-2014 z2). Cnesa nanpaso: M. W, Bpyykosckud, A A, faudawos, K0, [ Muzunak
Fig. 6. Participants of the 6° BAE (201 3-2074). From left to right: 1. I, Bruchkouski, A. A, Gaidoshov, ¥ G. Giginyak
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Puc. 7. ¥oacmunuku 7-0 bAZ. Cnpaaa
Haneao: [1. B. Watneixo, A. A. lfaddawos,
B. T Anchumos, B. E. Mamuwn, M. M. Kopons

Fig. 7. Participants of the 7 BAE. From
right to leff: B\ Shablyko, A. A Gaidashov,
W T Aifimoy, W E Myamin, M. M. Korol

Puc. 8 Yaacmuuxw 8-0 6AZ: C A, Topbuk, /1. A, Hukurmios, A, A, labdawos, M. A. lopbayesuy, A. A. 3axeamos
Fig. 8 Participants of the 8° BAE: C. A, Tortik, L. A. Nikityuk, A. A. Goidashow, M. A, Gorbacevich, A. A. Fakhvatov
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ONTUYECKWE WCCNEAOBAHWA ATMOCOEPDI
W NOACTWNAIOLLEV MOBEPXHOCTH
B AHTAPKTUKE

DonrocpoyHan Yens onTHYeCKnX MCCNEQOBaAHMA —
OPraHv3auna KOMMAEKCHbIX CNEKTPOMETPHHYECKNX
W NUAapHLIK HabniogeHwuii atmochepsl M NOACTMAE0WER
NOBEPXHOCTH B NpUBpeXkHoN 30He AHTAPKTWEM B palio-
He ropsl BevepHas.

OnTUHecKMid QUCTAHLWMOHHBIR MOHUTORMHT aTMO-
cepbl M 3EMHON NOBEPXHOCTY NpU3BaH obecneunTe
KONWYECTEEHHOE OLUEHWEaHWE N2PaMETRORE 23p030AA,
0BNauHOCTY, rasoswix Nnpumeceil atmocdepol, 0Tpa-
HMATENBHBIX XaPAKTEPUCTHE NOBEPXHOCTH, COCTAB-
NAKWMX KNACTER BXOAHLIX JaHHBX 0D OKPYHaloWwen
cpege, Heobxogumel i GNA MOSENWPOBAHWA NPOLECCOE,
ONpPegensiolny KNMMaTUHECKNE WIMEHEHWA. Janaqani
MOHWTOPMHIE ABNAKTCA TAKME XAPaKTEPUCTKE KPYNHO-
MACWITAOHOrO NepPEHOCa aTMOCHERHBIX MACC 1 KOHTPONE
AHTPONOrEHHOTO W NPUPOLHOD 3arPAIHEHNA OKPYHKAK-
el cpekbl,

[na nonyueHnA gadHeix 06 ONTUYECKUX NapamMeTpax
aTmochepbl M NOACTUAZINLLEN NOBEPXHOCTI, XapakTEPK-
CTHKAX aTMoChepHEIX NPUMECEI W CHEHHOMO NOKPOBA
Ha Benopycckon HayYHOR CTAHUWK GOPMHPYETCA KoM-
nAeKc oNTUYecKx NpUBoPOoE: CONHEYHBIX CNEKTpOME-
TPOE ANA W3MEREHWA XAPaKTEPWCTIK aTMocephl 11 3eMm-
HOW NOBEREXHOCTH W NWASPOE GNA NONYYeHWA GaHHEIX O
BBHICOTHOM pacnpefensHui aTMochepHBX NPUMECER,

Mcnone3osanve cny THUKOBON WHpopMaLnm Nosso-
NAET PACWWPKMTE PANOH MCCNenoeaHumia, [pw aTom gaH-
HblE HA3EMHBIX M3MEPEHNEA MCNONBIYHITCA B KaYerTEe
LONOAHWTENBHOM MHGOPMALKMK B anropuTmax ofpalye-
HWA PE3YNETATOR ONTHYECKMX CNYTHUKOBEIX W3MEDEHWIA,

OnTuueckre HabnwgeHA B AHTApKTULE HAYANWUCE
B 2006 r, korga oTpan BENopPYCCKNY YYeHBIX B COCTaRE
52-i1 PAS npucTynun K M3MepeHio oblero cogepxaHita
ozoHa (0CO) B atmocdepe NocpencTEOM MOAEPHNIMPO-
BAHHOTMO GUNLETROBOND o30HoMeTpa M124-M.

B nocnenyrwmy 3kcneqyMumax yEEnMYMBanock
KONWUECTEO UCNONb3yembix NPUBoOPoBE W paclKpAncA
nepeYeHb M3MepAEMbIX NapameTpoi. benopycckne
YUEHLIE HAYANW PErYNARPHLIE M3MEPEHWA KOHLUEHTPALMK
030HAa B NPW3EMHOM CNOE M MHTEHCMBHOCTKH YALETPadKo-

OPTICAL STUDIES OF THE ATMOSPHERE
AND SURFACE IN ANTARCTIC

The long-term objective of the Optical investiga-
tions is to organize spectral radiometric and lidar ob-
servations of atmosphere & surface properties in the
Antarctic coastal zone close to Mount Vechernyaya.

Remote optical monitoring of the atmosphere &
surface serves for quantitative estimation of aerosol
parameters, cloudiness, gas impurities, and surface
reflectivity. All these properties compose a cluster of
input data about the environment which is necessary
for modeling processes of climatic changes. Among
tasks of monitoring are characterization of the atmo-
spheric masses large-scale transfer and controlling the
anthropogenic and natural pollution.

To receive data about atmosphere & surface
optical parameters the Belarusian scientific station has
been supplemented with appropriate optical equip-
ments, namely, with sun/sky-photometers to measure
atmosphere & surface parameters and with lidar to
probe altitude distributions of atmospheric consti-
tutes,

The employment of the satellite information has
allowed the region of investigation to be appreciably
extended. The ground-based measurement data can
be used as additional information in inversion algo-
rithms for satellite optical observations,

Optical studies in Antarctic began in 2006 when
the Belarusian scientific group that entered the 527
Antarctic Russian expedition initiated measurements
of ozone general content (GCO) in the atmosphere by
means of a filter-ozonometer M124-M.

In follow-up expeditions, number of instruments
was increased, and enumeration of measurable pa-
rameters enlarged. The scientists from Belarus started
regular measuring of ozone concentration in the
boundary layer and of ultraviolet radiation intensi-
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NETOROMD WANYUEHWA, CO3LANMA CTAHLWKN COMHEUHOrO
PAnMOMETDUYECKOTD 30HANPOEAHWA, TPUCTYINIW

K U3MEPEHUAM CNEKTPOR OTPAMEHWA NOBEDXHOCTA W M-
AapHOMY 30HOWPOBAHWI0 aTMOChepbl. OOHOBPEMEHHD
Hauanack obpaboTka faHHBIX CYTHMKOBbIX W3MEpPEeHUi
€ UMb MOMYYEHWA MHGOPMAaLKMK O XapakTepUCTUKAX
atmochepHbIX NPUMECERN 1 38MHOR NOBEDXHOCTH B pe-
rvoHe paboTel GenopyCckMx 3KCNegMUMIA,

B 2011 r. 8 nporpammy HabniogeHnin BKNIOYEHHI
KOMMAEKCHBIE IKCNERPUMEHTEI € MCNONB30BAHUEN
Ha3EMHbBIX W CNYTHAKOBBIX MHCTPYMEHTOR. Mpoueny-

Pa KOOPAWMHMPOBAHHELX M3MEREHUA NOCPEACTEOM
PAINNYHBIX MIMEPUTENBHBIX CUCTEM W CNELWaNbHBIE
ANropuTMBbl 0BPaLLEHMA DAHHLIX KOMMIEKCHBIX M3MEpe-
HWIA HALENeHBl Ha NONYYeHne QONONHUTENBHOR WH-
dopmaurm ob nccnegyemom 00beKTe (TAK HAZbIBAEMLIRA
CUHepreTiHeckini agderT). KoMnnekcHse ngapHbLIe

W PAAVOMETPHUSCKWE SKCNEPUMEHTEI NPOBORUNMCE ANA
BOCCTAHOBNEHWA BRICOTHBIX NPOGUNeR KOHLEHTPALIWK
A3p030ALHLIX dpakuil. Bce Bnabl M3MEDEHWA BINONHA-
NHUCH B KOMMNEKCHBIX IKCMEPMMEHTaX, LIEMbIY KOTOPBIX
Bbina, B UACTHOCTH, KanWBpoBKa CNeKTPanLHO anna-
paTypb Genopycckoro cnyTHMKa BRA W poccriickoro
«KaHonyc-Be.

B paHHe rnaBe NpUBOAWTCA ONMCAHWE annapaTyp-
HOMG KOMMANEKCE, METOL0E KOHTRONA XapakTepUCTHE
atmochepsl M NOACTMNAKLWER NOBEPXHOCTH, KOTOPLIE
NPUMEHAKDTCA B MCCNeNOBAHMAX Ha BENORYCCKON Hayy-
HOIM CTAHLMK, 3 TAKKE NPEeaBaPUTENbHBIE DEIYNLTATEI
AHANW3a NONYYEHHBIX AaHHbIX.

WccnengoeaHa B AHTAPKTWAE CTANM BO3MOMHBIMM
B PE3YNLTATE COTRYAHMYECTBE YYEHBIX U CNELWANNCTOR
W3 opradnzaumii benapycw, Poccum 1 DpaHuyme. beno-
PYCCKWE W POCCUACKWE CNELMANWCTHI OPraHn3IoEany
W NPOBENK CEPUID NONERLIX U3MEPEHINA B AHTAPKTUIE.
DpaHUy3ckie yYeHble 0Becneynnm co3fanme cTaHL Wi
COMHEUHOTD PaaUOMETDWUECKOTO 30HAUPOEAHIA, BKNIO-
HEHWE WX B MEXAyHapoaHy ceTe AERONET/PHOTONS
W obpaboTry DAgMOMETPUYECKMX JaHHLIX, 3 TAKME Yyua-
CTEQBANK B Pa3BUTHK MeToaos obpaboTky peaynstatoB
KOMMAEKCHBEIX IKCNEPUMEHTOER,

2.1. AnnapaTtypa v METOgWKE WIMEpPeHUA

ANnapaTypHLA KoMINeks, ChopMUpoBaHHBIN QA
PEanM3IaunK NPorpamMmel ONTUYECKMY HAZEMHBIX M3Me-
PEHWH B AHTaRKTWAE, BKNIOYAET ABE rpynns nprbopos:

1. CnextpansHme npuops Yid-guanazoxa gna
WM3MEPEHWA MHTEHCMBHOCTI CONHEYHOW YD-pagwnaymn,
KOHLUEHTPALMIK 030HA 1 OKWUCK 330Ta:
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ty. They founded sun/sky-radiometric stations and
proceeded to measurements of the surface reflection
spectra and to lidar sounding of the atmosphere.
Simultaneously, processing of satellite observation
data was started in order to have information about
properties of atmospheric impurities and surface in
the region of the Belarusian expeditions.

Since 2011, the Pragram of Antarctic exploration
has incorporated complex experiments which are
based on the ground and satellite instruments. Co-
ordinate measurements by mean of different experi-
mental systems as well as special inversion algorithms
for derivable body of data were aimed at obtaining
supplementary information about the atmosphere &
surface properties relative to results of independent
measurements (so called the synergetic effect). The
complex ground-based and satellite experiments were
conducted with the goal to retrieve altitude concen-
tration profiles of aerosol fractions in the atmosphere.
All kinds of measurements were fulfilled within the
complex experiments, including, in particular, calibra-
tion of spectral equipment on the Belarusian satellite
BKA and Russian satellite «KANOPUS-Bs,

The present chapter deals with the instrumenta-
tion, methods used in the Belarusian scientific station
to control the atmosphere & surface characteristics
and preliminary results of analysis of obtained data.

Antarctic researches, spoken about below, be-
came possible owing to collaboration of professionals
(scientists, engineers, technician etc) from institutions
of Belarus, Russia and France, Belarusian and Russian
specialists organized and fulfilled a series of field
observations in Antarctic. French specialists provided
stations of sounding with sun/sky-radiometers, inclu-
sion of these stations into the international network
AEROMET/PHOTOMS and processing of radiometric
data. They also collaborated in development of meth-
ods to process data from complex experiments.

2.1, Instrumentation and measuring procedure

Instrument complex that was produced to realize
optical ground measurements in the Antarctic consists
of two equipment groups:

1. Spectral equipments to measure the solar UV
radiation intensity and also ozone and nitric oxide
concentrations:
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- mogudnympoeadHslia 8 HHAL MO BI'Y dunetpo-
BHEA o3oHomeTp M124-1;

- cnektpopaguomeTp «[TMOH-YO-II» gna namepeHwa
CNEKTPaNLHOrS pacnpefeneHun MHTEHCUEHOCTI, a Tak-
e YPOBHEA W 003 BMONOrMMECKW aKTMBHOTD CONHEYHO-
ro npuzemHoro ¥Y@-uanyyenua u OC0 B sepTURansHom
cTonbe atmochepbl;

- puneTpoBelA paguomeTp «NMAOH-FN» gna mo-
HWTOPWHIA COCTOAHMA D30HOBOMD CNOA M M3MEPEHKA
IPUTEMHON Q030 AKTMEHOMO Bronoryeckaro Yd-many-
yeHuAa (YO-uHaekca);

= M3MEPNTENE NPU3EMHBIX KOHUEHTPAUWMEA 030Ha;

- cnekTporpad n2o0pameHna C MOHOMOOCEBOW reo-
pMeTpueln Habmogedwia MARS-B ana namepeHns obuwero
CONEpAAHWA W BEPTHEANLHBIX NpodKnen pacnpegene-
HuA NO_,

2. MHoroBoNHOBaA aNNapaTypa ANA M3MepeHWA Xa-
PaKTERPWCTHK a3PO30NA M NOACTUNAIDIWER NOBEPXHOCTH:
— CNeKTPanbHBIR ansGefomMeTp 4NA U3MEpeHUA

cnekTpa oTpamenwua (ansbeno) 3eMHON NOBERXHOCTK

— COMHEYHBIR CNeRTPanbHBIA CKaHWPYIOLWWA nona-
PW3ALMOHHEIRN PAgUOMETR ANA WIMEPEHWA NaPaMETROE
a3po3ons;

~ MHOTOBONHOBBIA NONAPW3aUMOHHBIA paMaHoB-
CKMIA Niaap.

2.1.1. Mpubopei 0na usmeperull UHMeHCUSBHOCMU
conHevyHol Y-paduayuu, KoHyermpayuy 030Ha
uoKuUcu azoma

Dunsmpoael ozoHomemp M124-M (pwc. 2.1, a)
npepHazHadsd ana uamepednn OCO meTofami «no npa-
mony ConHuys: (DS) 1 «n3 3eHnTa HebecHol chepois (Z5).
OCHOBHbIE METOQWKK NPOBEAEHIA WIMEDEHWA 030HO-
meTpamu cepumn M124 pazpaboTaHbl COTpYOHUKAMK
MO wm. A M. Boelikosa 1 onucadel B paboTax [1-3].

B revenwe paga net 8 HHHWL MO BI'Y coemecTHo co
cneyuwanmctamun HAL A3A wm, A. M. Boelikosa nposogAaT-
cA paboThl No MOAERHM3AUMK GHUNETPOBOMC 030HOME-
Tpa M124, koTopbli A0 HACTOAWErD BREMEHK OCTAETCHA
0azoBbiM NpUBOPOM ANA KOMNNEKTOBAHWA HAZEMHOM
ceth MoHuTopKHra OCO Pocrmapomera u meteocny 0
pAna cTpad CHIL OzoHomeTtp M124-M ABnAeTCA pezynb-
TATOM NPOREOEHHDN MOOEPHNIALKMN,

Ana paboTel B aHTARKTUHECKWK KCNeMUUaY Dainu
W3roTOBNEHB MOAEPHUIMPOBAHHLIE 3KIEMNNADL] 030~
HomeTpa M124-M - N2 92 w N2 355, koTopele oTnuyanvce
OT CEpURHOrO o3oHoMeTpa M124 (TY-52-14 [1]) cucTe-
MaMK CNEKTPanLHON cenekumwn (puc. 2.2, Tabn. 2.1), Tep-
pMoCcTaBNM3aLNM 1N COBPEMEHHON 3NemerHTHOR Gasoi,
Mpw 3TOM NPWHATAA Npouenypa wamepedwa OCO [2, 3]
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- modified (at the National Ozone Monitoring
Research and Educational Center BSU, MOMREC) filter
ozonometer M124-I;

- spectroradiometer «PION-UV-1l» measuring
spectral irradiance, levels and doses of biologically
active solar surface UV radiation and TO in a vertical
column of the atmosphere;

- filter radiometer «PION-FM» measuring a solar
erythema dose of UV radiation and TO,

- surface ozone concentration meter;

- image spectrograph MARS-B with the multiaxial
geometry of observations measuring total amount
and vertical distribution profiles of NO..

2. Multiwavelength instruments to sense parame-
ters of aerosol and surface:

- a spectral albedometer for measuring spectral
albedo of the earth surface;

- a spectral scanning polarization sun/sky radio-
meter for deriving aerosol parameters;

- a multiwavelength polarization Raman lidar.

2.1.1. Instruments to measure solar UV radiation
intensity, ozone and nitrogen oxide concentrations

Filter ozonometer M1.24-0 (Fig. 2.1, a) is designed
to measure TO employing «direct sun» (DS) and «ze-
niths (Z) techniques. Basic measurement procedures
for M124 ozonometers are elaborated in A | Voejkov
Main Geophysical Observatory (MGO) and described
in articles [1-3].

For a several years, National Ozone Monitoring
Research and Education Center of Belarusian State
University (NOMREC B5U) along with A. . Voejkow
Research Center for Remote Atmosphere Sounding
(RC RAS) has been pursuing activities aiming at mo-
dernization of the filter, which is currently the basic
instrument to maintain TO monitoring ground-based
network of the Russian Federation Hydrometeoro-
logical Center as well as those of the meteorological
services of some CI5 countries, The M124-M ozono-
meter is a modernized version of the M124 ozonometer.

Modifications of the ozonometer M124-M -

M2 62 and N¢ 355 - have been made to operate

in the Antarctic conditions. They differ from the
serial ozonometer M124 (T5-52-14 [1]) with spec-
tral selection systems (Fig. 2.2, Table 2.1}, thermal
stabilization and modern element base. Still, the
adopted procedure of TO measurement [2, 3] has
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Puc. 2.1, MpuBopsl 4nA USMEPEHUA UHMEHCUBHOCMIU COMHEYHO20 YD-LZNYUEHUA, KOHYERMPAUUL 030RA U 08YOKLCU G30Ma:
d = unempossld ozoHomemp M124-M; b - cnekmpopaduomemp «THOH-YO-ils; ¢ - hunsmposed paduomemp «[THOH-DOH:
€ conHeynold Gamapeed; d = L3MEPUMETE KOHUEHMPAUUU NPUIEMRGZ0 304 HA ocHose (TTC € = cnekmpoepad uzobpakerus
MARS-B

Fig. 2.1, Instruments measuring solar UV radiation intensity, ozone and nitrogen oxide concentrations: a - filter czonometer M124-0;
b - spectroradiometer ePION-UNV-IIv; © - filter radiometer «PION-FN» with a solar battery; d - surface ozone concentration meter on
the basis of @ semiconductar gas sensor; € — image spectrograph MARS-B
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TaGnuya 2.1. CNekTpanbHbie XapaKTepUCTUKN BXOHBIX TPAKTOE MCNONBI0OBAHHbIX 3IKIEMNAAPOE
MOAEPHWZNPOBAHHOIO 030HOMeTpa M124-M
(MaKcumMyMbl NPONYCKAHWA B KaA00M KOMNNEKTe (BETOHUNLTPOE NPUHATE 3a 1)

Table 2.1. Spectral characteristics of the input channels of M124-M ozonometer modified versions
(transmission maxima in each set of optical light filters are taken as 1)
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Puc. 2.2 Cnexmped nPonyckaHus lamempodeix cucrmes N T u 2 ModepHUILpOeaHRE 3KzeMnaapog ozoHomempa M124-M
(NE 82 u W¥ 355 copmeemcmaeHHa)
Fig, 2.2, Transmission spectra of filter systems Ne 1 and Ne 2 of modified versions af the M124-M ozonometer (Ne 92 and Ne 355,
respectively)

[NA CoOXpaHEHWA NPEEMCTEEHHOCT MHOMONETHWK PALOE
HabnogeHui Buna NOAHOCTLID COXPaHEHa.

JKzemMnnApbl ozoHoMeTpa M124-M npownu pas-
AMYHBIE BIUALI NPEdBEIpUTENLHBIX KANWBPOBOK Ha
noeepouHblx cTeHaax HAL A3A w HHIAL MO BITY,

A TAKMKE B CEAHCAX CPABHWTENEHBIX WAMEREHWA C pErvo-
HanbHEIM 3TaNOHOM, 030HomMeTpom JobcoHa N2 108
MO v, A, W. Boehkora (Pocoua),

OOHON M3 33834, PEWAEMBLIX B PAMKAX COBMECTHLIX
POCCMACKO-0ENOPYCCKMX CEI0HHBIX AHTAPKTWYECKNY
akcneguumil 2006-2009 rr., B0 NPOBEEHWE Ha-
TYPHBIX MCNHTaHWA 00Pa3L0E MOOEPHW3MPOBAHHOMD
ozoHomeTpa M124-M ¢ yeneio oTpaboTen cucTem cnek-
TpankHOM CENEKLMW W TepMocTabunmnzaym npubopa,

a TaKMe COBEPLIEHCTEOBAHWA METORWKK NPOBEaEHA
WIMEPEHMIA B CNEUUdUYECcKK MPUNoNAPHLIX YCIOBWAX,
B YACTHOCTH, NPM 3HAYMNTENBHEIX CONHEYHEIX 3BHUTHEIX
yrnax (SZA = 40°).

[na oueHkW cTaBUNEHOCTH W BOCAPOWIEOQMMOCTI
W3MEPUTENBHLIX XapaKkTeprcTuk Npubopoe KanubBpoBkK

fully remained to continue long-term series of obser-
vations.

Samples of the ozonometer M124-M have under-
gone various types of pre-calibration procedures on
calibration set-ups of RC RAS and NOMREC BSU as
well as intercomparison sessions against the regional
reference ozonometer Dobson N® 108 of AL | Voejkov
MGO (Russian Federation).

One of the problems to be solved in the frame-
work of joint Russian-Belarusian seasonal Antarctic
expedition of 2006-200% was conducting field tests
of samples of the modemized M124-M czonometer
to check spectral selection systems and thermosta-
bilization of the device as well as enhance the mea-
surement technigue in specific polar conditions, in
particular, when large solar zenith angles (SZA = 40°)
were involved,

To evaluate the stability and reproducibility of
instrument measurement characteristics, calibration
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OCYLWECTENANMCE 00 M NOCNE KaXA0N Ce30HHOA aHTap-
KTHYeckoW ceconw. MNpouenypa Nnogepkn Nnpubopos
COOTEETCTEOBANA YTEEPHAEHHON MeTogmke [2].

OneiT 3kcAyaTauuy NprBopoEs B yCNoBUAX AHTapK-
TIfbI NOKa3an, uto Bonee NPeanoUTHTENbHLIM ABAASTCA

NPUMEHEHWE AKTWBHORN 1 Bonee MOWHOW CUCTEMBI
TepMOCTaBUAKMIALMI.

MNpegnoxeHHBIR ¥ PEanM30BAHHBIA B 3KIEMNNAPE
M1 24-M N2 355 HarpesatenbHeIl anemeHT, paboTaio-
LKA B PEXMME aKTUEHOTO TEPMOCTATA, W Npeasapu-
TENLHO 3aNporpaMMMpoBaHHBA Ha AuanasoH paboTsl
23-25 rpanycos, NoKasan 4oCTaToOuHY D HA0esHOLTE
B paboTe 1 NO3E0NUA MCKAKYNTE NPOLELYRY KOHTPONA
TEMMERATYPEl M, COOTEETCTEEHHO, EBENEHWA TEMNEPa-
TYPHBX NONpaegok npu pacyete OC0,

MuozogyHkUUOHANEHEID ysmpaguonemossid
chexkmpopaduomemp «THOH-YO-1» (cm. puc. 2.1, b)
pazpabotad 8 HHWL MO BIY [4, 5] ana uaMepeHus
CNEKTPOB OCBELLEHHOCTH NPWIEMHBIM CONHEUHBIM
WaNyYeHnem B BUONOrMYECKM AKTUBHOM [UanazoHe
A =280+450 Hm. OcHOBHBIE paboune XapakTEPUCTHKK
npubopa NpueefeHsl B Tatn, 2.2,

MNpuGop M3MepRET CNEKTRPANEHYH NNOTHOCTE 3IHEP-
reTYeckon oceewedHocTy (CMN20) NNOCKon ropuaoH-
TanbHOW NAOWAAKK ¥ NOBEPXHOCTH JEMIK CYMMEPHBIM
(MpamMbiM W QMGEYIHO PACCEAHHEIM] CONHEYHBIM WINY-
UEHMEN, MPUXOOALMM M3 NONHOW HebecHol nonyce-
pol. Kpome 0CHOBHOTO CNEKTPE CNEKTROPaOWOMETD pe-

FMCTPWPYET Takxe CUrHan ¢OTCI,EI,I.-'10,E|& ONOPpHOrO KadHana,
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procedures were performed before and after each
Antarctic seasonal session. The calibration procedures
were complied with the adopted technique [2].
Experience of operation of devices in conditions
of Antarctica has shown that a more active and more
powerful thermal stabilization system is preferred.

A heating element realized in the sample of
M-124M N2 355 and pre-programmed for an operat-
ing range of 23-25 degrees in the active thermostat
mode, has demonstrated high reliability in operation
enabling to neglect temperature control procedure
and, consequently, enter temperature corrections
while calculating TO.

Multi-functional UV Spectroradiometer «PION-UV-I»
(see Fig. 2.1, b) is designed in NOMREC B5U
[4, 5] for measuring spectra of total surface solar radi-
ation in biclogically active range of h = 280-450 nm.
The main characteristics of the device are shown in
Table 2.2

The instrument measures the spectral irradiance
of a flat horizontal platform at the Earth's surface ex-
posed to direct and diffusely scattered solar radiation,
caming from the complete celestial hemisphere. In
addition to the main spectrum, the spectroradiome-
ter also registers the signal of the reference channel
of the photodiode, which allows assessing stability

TaGauya 2.2, TeXHWYECKNE XapaKTe pHCTHKN cnekTpopagnomerpa «MAOH-YO- |
Table 2.2, Characteristics of spectroradiometer «PIOMN-UV-112

Response, W/cm?®

KapaxTopHcTaka Tuaucane
Characteristic Value
P
abouvi cner:_Tp-aanmﬁ ANANAZGH, HM I80-450
Spectral working range, nm
CRexTpanbHoe Pa3peilieHdne, Hm 08
Spectral resolution, nm i
YyscTBuTEnsHOCTE, W/iom? 10

MNogaeneHwe pacceAHHOTo MANYYeHWA (NpK L =441 Hm ) 108
Attenuation of scattered radiation (at A = 441 nmy)
[AHAMUYSCKIAR QHANAZ0H HIMEPASMbBIX MHTEHCUBHOCTER

Dynamic range of measured intensities has
BocnponsBogumMecTs ANNHLL BOAHLI, HM 0,01
Accuracy of wavelength setting, nm !
WMutepdenc cenzm

Com riﬁnicatiun interface PRt
NoTtpebnAemas MOWHOCTL, BT 50
Power, W

Pazmepil, M

) . 400 = 140 = 120
Dimensions, mm

Bec ocHosHOra Bnoka, kr
Weight of main unit, kg

28
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KOTOPLIA NOZBONAET OLUEHWEBATE CTAOMNLHOCTE ONTHYE-
CKWX XapPakTeEpPWCTHE aTrMocheptl B NEPWOA M3MEPEHKA,
HamepeHue CnekTpoR NPOWIE0AWTCA B ABTOMATUUECKOM
pexrMe B TEHEHWE BCETO CBETOBOMO OHA C MHTEPBaNoM
~5 muH. Bo spemna paboTel B AHTApKTWAE CRekTpopa-
auomeTp obbldHo Npoeogun okono 370 namepeHni

B TeueHwe cyTok. Tak, Hanpumep, ¢ 23 nexkabpa 2013 r.
no 17 mapta 2014 r. Beino namepexo 30 579 cnekTpoe,
TUNUYHEIE CNEKTRSI, PETMCTRURYEMEIE CNEKTRORaAWO-
meTpom «MIAOH-YO-Il:, npegcTagneHsl Ha prc, 2.3

Ha 0cHOBaHWKM NONYYeHHBIX CNEKTROE B COOTBETCT-
B C METOAWKAMM, PEKOMEHOBAHHEIMK WMO [6], pac-
CYMTBIBANMCE MOWHOCTIA W 40361 PA3NUYHBIX BHonormye-
kWX 3derToR YD-uanyueHKuA, B YacTHOCTH, 2HAYEHWA
Y-unperca, Kpome Tore, MaMepeHHee cnektTpe CN20
CNYHUNK OCHOBOW ANA pacueta 3HaueHuid OC0 g gepTi-
KaneHom cTonbe atmochepsl.

ABTOHOMHAA AWCTAHUWOHHAA clucTema «MMOH-
DH= (cwm. puc. 2.1, ) npegHazHayeHa onA MOHWTOPWHIa
COCTOAHWA O30HOBOMD CAOA W M3MEDEHWA 3PUTEMHORN
0o3bl akTueHore Bronoruyeckoro YO-nanyueHua (Y-
nHAeKca).

CrcTema, 3KCNeEpUMEHTaNEHEIN obpazely KoTo-
poii Gein paspabotad w narotosnes 8 HHWL MO BrY
(2015 r.), npegcraenAet cobon QansHERWWRA War B paz-
BATHK CPEACTE MOHWTOPWHIE 030HOChEpH W NpeaHas-
HAYEHA ANA OCHALWEHWA MYHKTOE CETM MOHWTODMHIA Ha
Tepputopri Pecnybnukn Benapyce, B 4acTHOCTH, B ro-
pogax Moruneee 1 bpecTe, a TaK#e CE30HHLIX MYHKTOB
HabnwopeHus BAD,

BHewHwi eng npubopa, cocToAWEro 12 GoTome-
Tpa W CONHEYHON NaHeny, NpegcTaened Ha puc. 2.1, .
OCHOBHBIE TEXHWYECKWE XAPAKTEPUCTHEN NPUBEOEHEI
B Tabn. 2.3.

|

spectral irradiance mW/(m’nm}
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of the optical characteristics of the atmosphere in a
measurement period. Taking spectra is performed
automatically during the daylight hours with a ~5 min
interval. While working in Antarctica, the spectroradi-
ometer usually made about 370 measurements during
the day. Thus, for example, from December 23, 2013 to
March 17,2014, 30 579 spectra were collected, Typical
spectra registered with the spectroradiometer «PION-
UV-II» are presented in Fig. 2.3.

On the basis of the spectra obtained and accord-
ing to the procedures recommended by WMO [6], one
has determined doses of various biological effects of
UV radiation, in particular, UV index values. In addition,
the measured irradiance spectra have served as the
basis for calculating the total ozone values (TO) in the
vertical column of the atmosphere,

Autonomous remote system «PION-FN» (see
Fig. 2.1, ¢} is designed to monitor the ozone layer and
measure the erythema dose of active biological ultra-
violet radiation (UV index).

The system, an experimental sample of which
was engineered and manufactured in NOMREC BSU
(2015}, is a further step in advancing instrumentation
of azone monitoring. It is designed to equip a net-
work of monitoring points in the Republic of Belarus,
particularly, in the cities of Mogilev and Brest as well as
seasonal observation points of BAE.

The picture of the device consisting of a photom-
eter and a solar panel is shown on fig. 2.1, . The main
technical characteristics are given inTable 2.3,

Spectrwm
rafaranca chanal

=8 N

|'LLH ..J;i I

I‘
‘.- |||. !
L b L]

wavelangth, nm

Puc. 2.3, Cnexmp T30 (ha pucyske sspectrums) u cuznan domaduoda onoprozo kaxana (Ha pucyHke ereference channels),
pezucmpupyemsle cnekmpapaduomempont «[THOH-YO-1fx

Fig. 2.3. The irradignce spectrum and photodiode signal of the reference channel recorded with a spectroradiometer «PION-UV-ilz
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Tatmuua 2.3. OCHOBHBIE TEXHWYECKWE XapakTepucTukn npubopa «MAOH-OH»
Table 2.3. Characteristics of the «PION-FN» instrument

XapaKTepUCTHKa ZHaueHHe MNpMMavaHAe
Characteristic Valus Mote

HanpsseHue nutanna, B
Voltage, V 34-4.2

13 mBT CIALMI PEHHM

13 mW Sleeping mode
MNoTpebnaeman MoOWHOCTE 185 mBT Pexwam namepeHna
Power 185 mW Operation mode

1,85 Br Mepegada QaHHBX (G5M)

1.85W Data transmisslon (GSM)
EMKOCTh BCTROEHHBIX MMTHA-MOHHBLIX 2KK MATOROB
Capacity ::lfrl:?uilt-in li-ion accumulators ™ i 5800 mAh

280-320 KopoTkoBonHOBOH duvnkTp
CnekTpantHbliA QUanascH, Hi Short-wave filter
Spectral range, nim 305-345 ANWHHOBONHOBOR GUALTD
Long-wave filter
PaBouwia TeMnepaTyRHBIA AManasoH 30— 4+30°C
Warking temperature range
KaHan nepegayy gaHHbx GPRS w433 MMy Ha 1 km
Data transfer channel GPRS and 433 MHz for 1 km
Knacc 32lWThl KOpMyca
Case protection 7 iz
XApaKTEPUCTUKK CONHEYHOW NaHenH
Solar panel characteristics

HomuHaNEHOE BHXOAHOE HANDAKEHWE, B 5
Mominal output voltage, V
MakcMManeHbEIA BHXOOHOW TOK, MA 800
Maximal output current, mA

PazpaboTka npeactaenAet coboil cucTemy anaA
AWETAHLWOHHOMO MOHWTOPWHIE COCTOAHWA 030HOBOMO
CNOA W M3MEPEHIWMA A036I AKTUEHOM OUONOrMYecKoro
YO-uzny4eHs ¥ BRNIYAET OBYXKaHaNbHbIA GoToMETD
M CONHEYHYIO NaHenk. C1cTema NoONHOCTE AaBTOHOMHA
W HE TREDYET BHEWHWY MCTOYHMKOR NUTAHKMA 1 CEAIN
C KOMNBKTEROM QNA XPAHEHNA 1 0BPaboTKK JaHHLIX.

PeayneTaTel vaMepeHni NepegaTca NoCpeacTBoM
ceTi G5M Ha yhaneHHBIl cepeep, YTo NO3IBONAST Cne-
OWTb 33 COCTOAHWMEM D30HOCHEPEI B PEXKWME OH-NaMAH.
Mcnonb3oeaHwe COBPEMEHHON ANeKTPOHHOR Bazbl
NO3BONMNC AOCTUHE BEICOKON IHEPro3QdeKTNBHOCTI
YCTRONRCTRAE, Tak aHepranoTpefneHne B CNAWEM pEXIME
cocTaenAeT ecero 13 mBT.

Menoneio8aHne MUKDOKOHTRONNEPE C apXMTEKTY-
poi ARM paeTt BO3MOMHOCTE NPOBOOWTE pacyeT OCO
W YD-MHAEKCE HENOCPENCTEEHHD NPOTrPaMMaR MAKPG-
KoHTponnepa. NoMumMo 3Toro NPorpamMMa paccyKTbIBaeT
BPEMA BOCKOAE W 38X0fa CONHUE, 4TO NO3BONAET aBTO-
MaTHUECKW NEPEBOAMTE GOTOMETP B CNALYWA PEMHIM
B HOYHOE BPEMA.

ABTOHOMHOCTE CUCTEME! M MCNONB30BAHWE CETH
GSM ana nepefayn QaHHBIX NO3BONAST YCTAHARNK-

The instrument is a system for remote monitoring
of the ozone layer and measurements of the dose of
active biological ultraviolet radiation. It includes a
double-channel photometer and a solar panel. The
system is fully autonomous and does not require
external power supply as well as communication with
the computer for data storage and processing.

The measurement results are transmitted via the
G5M network to a remote server enabling to monitor
the state of the ozone layer in the online mode. The
use of modern electronic base has allowed achieving
high energy efficiency of the device, for example,
power consumption in a sleeping mode is only 13 mW.

Using a microcontroller with ARM architecture
allows to derive the TO and UV index directly from
a microcontroller program. In addition, the program
determines time of sunrise and sunset enabling to
automatically switch the photometer to the sleeping
mode at night.

Independence of the system and use of the G5M
network for data transmission make it possible to |o-
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Puc. 2.4, CnekmpanbHee Xapakmepucmuky UIMepUmensHeix kananoa gromaomempa «MMAOH-DH»

Fig. 2.4. Spectral characteristics of measuring phatometer channels

gate GoToMETP GAKTHYECKK B NBOM MECTE, rie ecTe
NOKPBITHE ONEPaToORa COTOBOR CBA3ZM, YTO NO3BONAET

B KpaTyaillKe CPOoKK CO30aTk CeTb ANA 3QperTHBHOMD
MOHWTOPWHIE 38 030HOChEpOoR M ONepaTUBHOMO Npeny-
npesgernsa o pucke Yl-obnyyeHna,

B cnyyae HEBOIMOMHOCTH MCNONB30EATL CaTe G5M

(Hanpw¥mep, NpPoBEgEHWE M3MEDEHMA B AHTApKTHAE)

8 GOTOMETPE NPEfYCMOTPEH anbTepHaTMBHBIR Beonpo-
BOAHOW KaHan cBA3M Ha JacToTe 433 My v makcumanb-
HOW ganeHocTeo 1 km. B 3Tom cnyyae gauHbie nepe-
nawtca Ha MK wn HoyTOy k.

Kak 1 cnektpopaguometp «[TMOH-Yd-1ls, dotomeTtp
aMAOH-DH» peructpupyet npamoe 1 guddyiHo pac-
CEAHHOE aTMOCHEPOR CONHEYHOE NINYYEHWE, MPMXO-
OAwee 13 NonHoW HebecHol nonycdepel (None 3peHuA
180°). Ha puec. 2.4 npeacTagneHs CnekTpankHble Xapak-
TEPUCTEKW Nprbopa.

BasHoi ocobeHHOCTBIO CNEKTPANbHbIX XapakTe-
PUCTUE BOTOMETDA ABNAETCA TO, UTO GOpMA «NpaBois
YACTH KOPOTKOBONHOBOrD GUNLTPa ¢ TedNoHOBOR KOCK-
HYCHOI Hacaaron B obnactk 290-320 HM © QOCTATOYHO

BLICOKON CTENEHBK TOYHOCT BOCNPOW3BOANT KPUEBYID
CnekTpa fencTeruA GuosddexTa «aputemas. [osTomy
CUFHAN KOPOTKOBONHOBOMO KaHANA (MHTErpan CBepTKI
cnektTpa CMN30 npuzeMHors CoONHeYHOro Many4eHmns
€ KPWBOW CNEKTPanbHOM YYBCTBMTENBHOCTY KaHana)
MOMHO NOCAE COOTEETCTBYHILEN KanubpoBKA MCNOMNb-
30BATh KaKk 3HAYEHWE MOWHOCTH fo3k6l BuoadderTa

sapuTemar, Ha 0CHOEE NONYYEHHOM SHAYEHWA MOKHO
paccumTaTh BenuYKMHy YO-ungekca. Takmm obpazom,
OnA onpegencHuA Yid-MHOeKca MCNoNb3YeTCA MHTEH-
CHMBHOCTL, M3MEPEHHAA B KOPOTKOBEONHOBOM KaHane
(295 nm). Ona pacyeta OC0 nononb3yeTca oTHOWEHWE
WMHTEHCWBHOCTEN 0b0WX KaHANOE.,

cate the photometer virtually at any point where there
is cellular communication coverage, As a result, one
can quickly create a network to effectively monitor the
ozonosphere and inform in a real-time mode about
the risk of UV exposure.

In case the GSM network cannot be exploited (for
example, measurements are taken in Antarctica), the
photometer provides an alternative wireless commu-
nication channel on a frequency of 433 MHz and with
a maximum range of 1 km. Here the data are transmit-
ted to the PC or the laptop.

Like the spectroradiometer «PION-UVs, the pho-
tometer aPION-FM» registers direct and diffuse solar

radiation coming from the full celestial hemisphere
(field of view of 1807). Fig. 2.4 demonstrates the spec-
tral characteristics of the instrument.

An important feature of the spectral characteris-
tics of the photometer is that a shape of the «rights
element of the short-wave filter with a teflon cosine
collector in a 290-320 nm region reproduces the curve
of the «Erythemas» spectrum with a high degree of
accuracy. Therefore, a short-channel signal {integral
of the convolution of the irradiance spectrum of the
surface solar radiation with the curve of the channel

spectral sensitivity) may be used after an appropri-
ate calibration procedure as a value of the biological
effect «Erythemas. Based on a quantity obtained, a UV
index value can be calculated. Thus, to determine the
UV index, one employs the intensity measured in a
short channel (295 nm). While calculating the TO, the
ratio of the intensities of the two channels is used.
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CHUCTEMa NPOLLINA ceplio NabopaTopHbIX U HATYPHBIX
HCNbITaHWA Ha MUHCKOR 030HOMETPUYECKONW CTaHLMI,
4 TaK#e NCNoNBE3oEaHa AnA obecnevyeda MOHWNTORWHIE
B nepwof cezoHHoi BA3 2015-2016 rT.

Mamepumens NPUIeMHBIX KOHUEHMPAaUUD 030Ha,
HMHTepec K xuMnK TponocdepHoro o3oHa obycnosnex
Ero Ba¥HON PONbio B XMMUUECKWY DEaKLWAN OKUCNEHWA
B aTMochepe, BpegHbIM BO3AEACTBIEM HA MUBOTHBIR
W PACTWTENBHBIA MIAP, 8 TAKHKE IHAYATENEHBIM BKNAA0M
B «MapPHUKOBBIA: 3GHeKT.

MonApHble pernoHsbl 0coBEHHO MHTEDECHEI NA WC-
CNefoBaHuA, NOCKONBKY aHTPONOreHHOe BAWAHKE 30ech
HECYWECTREHHO BCNEACTEWE HU3KOW NNOTHOCTH Hacene-
HWA M OTCYTCTBMA MPOMBIWAEHHOCTI, B 3THx ycnosnax
YPOBEHE NPH3EMHOTO 030Ha BO MHOMOM ONDELENASTCA
NPUPOGHEIMK NPOLECCAMK U BEPTUKANEHEIM NepeHo-
COM 030Ha M3 CTpaTochephl,

[aHHbIE 0 KOHUEHTPALWA NPW3EMHOMD 030Ha B Bbl-
CORMX WMPOTax MmenT ocoboe 3HaYeHWe ONA OUEHKK
ero GOHOBOID YPOBHA, YTO KOCBEHHO MOMKET ABNATHCA
noKazatenem rnobanbHoro M3MEHEHNA KOHUEHTPaLWA
TponochepHoro o3oHa.

B HHWL MO BI'Y B TeyeHue pRaa NeT NpoBeasETCA
paboTel NO CO3AAHMI0 NPOCTLIX B 3KCNNYATaLWKW Manora-
BapUTHBIX MHOWKATOPOR 1 W3MERWTENEN KOHLEHTRA LMWK
NPH3EMHOND 030H3, KOTOPLIE NO3BONAT HANEKHO KOHT-
PONVPOBaTL COCTOAHWE 3TOW ra30BON COCTABNADLEN
i 3HAYMTENBHO CHU3WTE CTOMMOCTE BbiNOAHEHWA TaKx
W3MEPEHWA,

MepenekTuEHbIM HAaNPaBneHem NpefcTaBnAeTca
pa3paboTka razoaHann3aTopos C MCNONbB30BaHWEM aK-
THEHBIX JNEMEHTOE [CEHCOPOE) Ha CCHOBE TeX MK UHbIX
nonynpoBogHUKOELIX cTpykTYP. OgHako cnabana obwan
HYBCTEWTENBHOCTE M HEJOCTATOYHAR CENEKTUBHOC T
CEHCOPOB K rasam ¢ GAM3KNMIA GK3MKO-XMMUHECKIMK
CEONCTRAMK 3ATRYAHAST WX NPUMEHEHWE ANA aHaNM3a
Kakon-nbo oqHoR ra3oBeoi CoCTaBNAWER aTMochepbl
W, B HACTHOCTI, O30HE.

WMHcTTyTOM 3nekTpoHnEn HAH Pecnybnmen bena-
pychk Gbin pazpafioTaH OPUIMHANEHBIA FrA30B6IA CEHCOP
Ha OCHOBE OKCWAA HWKENA. MccnefoBaHWe OaHHoro
TUNa CEHCOPOE NOKA3aNM XOpoLWyIo YYBCTEWTENEHOCTh
K HUZKMM KOHLUEHTPALMWAM 030HA, T. 8. TeX, KOTOPLIE Ha-
GnogawTca B NpM3eMHoM cnoe aTmocdepsl. Ha ocHoee
faHHoro cercopa B HHL MO BI'Y 6uin cozgad manora-
GapuTHBIR MakeT nprbopa ANA WIMEPEHWA KOHLEHTPa-
UK NpuiemHoro ozoda [7] (om, puc. 2.1, d).

Meneimadna nprbopa 1 napannenbHele M3MepeHmnaA
KOHLEHTPALMIA NPUIEMHOIO 030Ha COBMECTHO € ONTHYe-
CHMM aHanusatopom TEl 49C ganu Xxopowwi pesyneTar.
B cBAZM C 3TM BbIN0 NPUHATO PEWEHWE NPOBECTW Aanb-
HeAWKWe MCNBITaHKMA NpKUBopa B NONAPHLIX YCNOBWAX
AHTARKTABL.

PaboThl BEINONHANKMCE NO 3afaHu «OpraHM3aumna
W NPOBENEHWE KOMMNEKCHLX WCCNEA0BAHWA COCTOAHWA
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The system passed a series of laboratory and field
tests at the Minsk Ozone Station and was utilized to
maintain monitoring in the seasonal 2015-2016 BAE.

A meter of surface ozone concentrations. There has
been a growing interest towards the chemistry of the
tropospheric ozone due to its important role in chemi-
cal oxidation reactions in the atmosphere, the harmful
impact on flora and fauna, and a significant contribu-
tion to the «greenhouser effect.

The Polar Regions are on top for research activities
because the human influence is insignificant here as
a consequence of low population density and lack of
industry. Under these conditions, the surface ozone
level is, to high extent, determined by natural proces-
ses and vertical transfer of ozone abundance from the
stratosphere,

Data on the surface ozone concentration in
high latitudes are particularly important to assess its
background level as one indirectly indicating global
change in troposphere ozone concentration.

For a several years, in NOMREC B5L ane has been
persistently working to engineer easy-to-operate
compact indicators and meters of the surface ozone
concentration that will allow positively monitoring
this gas component and significantly reducing the
cost of performing such measurements.

Among promising directions is that of creating a
gas analyzer using active elements (sensors) on the
basis of certain semiconductor structures. However,
the total weak sensitivity and selectivity of the sensors
to the gases with similar physico-chemical properties
make it difficult to use them for analysis of a single gas
component of the atmosphere, in particular, ozone.

The original gas sensor based on nickel oxide has
been devised in Institute of Electronics, Mational Acad-
emy of Sciences of the Republic of Belarus. Studies
have shown its good sensitivity to low ozone concen-
trations, i.e. those being observed in the surface layer
of the atmosphere. On the basis of the sensor, NOM-
REC specialists have designed a compact model of a
device to measure the surface ozone concentration [7]
(see Fig. 2.1, d).

Tests of the instrument and parallel measure-
ments of surface ozone concentrations along with
an optical analyzer TEl 49C have given a good result
followed with a decision to proceed with further tests
in polar conditions of Antarctica.

Activities have been pursued within Government
Frogram «Monitoring the Earth's polar regions and
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Puc. 2.5 Manoeabapumaeid (MIC usmepumens KOHYEHMDOUUL NPUZEMHDZ0 020HG HO nonesod Gaze PAZ «Monodestans
Fig. 2.5. A compact semiconductar gas sensor meter of the surface ozone cancentration at the feld base eMolodezhnayas

o30HoChepbl U ynsTpaduoneTorol paguaunm e AH-
TAPKTUKE, TMIDOMETEOPONOrMYeckoe obecneyerme
OEeATENEHOCTH BENOPYCCKOR aHTAPKTUHECKOR 3KCNe-
OWUMK W NPoBEdeHWE KIMMAaTUHECKWX MCCNeqoBaHnA»
[ocypapcTEeHHOW NporpamMmMb MOHWTORWHE NONARHBLIX
paioHoE 3emny 1 obecneyeHue QEATENBHOCTI apKTI-
YECKMK W HTAPKTUYECKMK IKCNequuKi Ha 2011-2015
rofbls.

Bnepuop c 241220011 r.no 12.03.2012 r. Ha none-
Boil Daze PA3 «Monopemtans Duin pa3BepHyT IKCNe-
PYMEHTANEHBEIN MakeT npubopa (puc. 2.5) W npoeegeHa
CEPUA M3MEPEHIIA KOHLEHTPALWK NPUEMHOTO 030HA.
MonyyeHHbIE pe3YNETaTE NOKA3ANW NEPCNEKTUEHOCTE
nNpeanoXeHHoro Noaxoaa.

MNonynpoBogHWKOBRA CEHCOP Ha OCHOBE OKCWAE
HUKeNA, paspaboTaHHbIA MHCTATYTOM 3NEKTPOHWKN
HAH Benapycw, Nokasan xopowyio YYBCTBUTENBHOCTE
K HHM3KMM KOHUEHTPaUWAM 030Ha, OHAKO NPOLUeCce M3ro-
TOBNEHWA HE NO3BONAET NONYYMTE C CEHCOPLI C OfHHa-
KOBLIMW XaPaKTEPHUCTUKAMM,

B2015r B HHWML MO BI'Y Goin cozpnad manoraba-
PWTHEIA MaKeT NpBopa ANA W3MEPEHWA KOHUEHTPaLUWK
NpY3eMHOro 030Ha Ha Base NoNyNpPoBOOHMKOBOMD
ceHcopa M52610 Ha ocHoRe okcwaa onora (Sn0 z]. Dan-
HbIF CEHCOP BBINYCKAETCA NPOMBIWNEHHOCTE CEPUIAHD
v ofinagaet MMHUMANBHBIM PasBpocomM XapakTepucTiK.
YyBCTBMTENLHOCTE W CENEKTMBHOCTE CEHCOPa NPeaCTaB-
NeHbl Ha puc. 2.6 1 2.7 cooTEeTCTEEHHO,

Kax BugHO W3 prc. 2.6, ceHcop M52610 obnagaet
[OCTATOUYHON HYBCTEMTENEHOCTLIO [AN18 MIMEPEH A KOH-
LEeHTpauUMiA 030Ha B NPWM3EMHOM Cnoe atMocdepbl. Cen-
cop MS2610, kak v nibol gpyroli NoNYNPOBOgHMKOEA
CEHCOP, YWBCTBWTENEH W K APYTHM ra30BbiM COCTABNA-
ol atmocgepel (puc, 2.7). OgHako ncnonbiosaHve
CNeunansHoro Katanusatopa B npubope noseonAet
PErMCTRPUPOBEETE TONBKD WIMEHEHMA O30HE,

maintaining the Arctic and Antarctic expeditions in
2011-2015 years» (the section «Organization and
realization of complex studies of the ozone layer and
ultraviolet radiation in Antarctica, hydrometeorologi-
cal support of the Belarusian Antarctic Expedition and
providing of climate researchns).

An experimental model of the instrument was
operated at the field base «Molodezhnaya» of the RAE
in the period from 24,12,2011 to 12.03.2012 (Fig. 2.5)
performing a series of measurements of the surface
ozone concentration. The results demonstrated the
prospects of the approach proposed.

The semiconductor nickel oxide based sensor
engineered in Institute of Electronics, Mational Acad-
emy of Sciences of the Republic of Belarus, has shown
good sensitivity to low concentrations of ozone but its
production process does not provide the sensors with
the same characteristics.

In 2015, NOMREC specialists created a small-size
model of the instrument on the basis of an M52610
semiconductor sensor with tin oxide (Sn0Q.) to mea-
sure the surface ozone concentration. This sensor is
commercially available and has a minimum variation
in the main characteristics. The sensitivity and selec-
tivity of the sensor are displayed in Fig. 2.6 and 2.7,
respectively.

As can be seen from Fig. 2.6, the sensor M52610
has a quite high sensitivity to measure the ozone
concentration in the surface layer of the atmosphere.
Like any other semiconductor sensor, the MS2610
sensor is sensitive to various gaseous components of
the atmosphere as well (fig. 2.7). However, utilizing a
special catalyst in the device enables to detect only
ozone variations.
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Fig. 2.6. Ozone sensitivity of M52610 sensor Fig. 2.7. Ozone selectivity of M52610 sensor

BHewHwi B Hororo nprbopa Nokasad Ha puc. 2.8, The appearance of the new device is shown in
OCHOBHBIE TEXHWYECKWME XapaKTERPMCTHEN NpUBeae- Fig. 2.8. Main technical characteristics are given in
Hbl & Tabn. 2.4, NMpubop npolwen TeCToBbIE MCNBITAHWA Table 2.4, The instrument was tested in Antarctica
B AHTapKTMAe B Neprog paboTel ce3oHHoM BAD 20715- during the seasonal BAE in 2015-2016.
200167

Cnexkmpozpadg uzobpaxerus MARS-B (om. puc. 2.1, e) The image spectrograph MARS-B (see Fig. 2.1, e} is
NpeaHazHaved QN MOHWTOPWHNa 0DLEro COepXaHunA designed to monitor total amount and vertical profiles
M BERTHKANEHEIX NPOdUNel KOHUEHTPALWMK QBYOKINCH of nitrogen dioxide in the atmosphere. The instrument

a3oTa B atmochepe. [pubop pervcTpupyeT pacceAdHoe  registers the scattered solar light in the atmosphere in

Tatnuyo 2.4. OCHOBHBIE TEXHWYECKWNE XAPAKTEPMCTHEN
npubopa

Table 2.4. Main characteristics of original instrument

XapaKTepuCTHKS IHaueHne
Characleristic Value
Tun gamunka MonynpoBoaHW KOBBIA
CeHCOop Ha ocHoBe SN0,
Sensor type Semiconductor 5n, sensor
DuanasoH nimMepAsmbix
KOHLEHTPELWA 10-1000 ppb
Warking range
MoTpetnaeman MOWHOCTE, BT 5
Power, W
HMHTepean uamepeHini, MuH 3
Measurement interval, min
Puc, 2.8 Brewnuld sud Hoaozo npuliopa 008 uzMepenus BcTpoenHan namaTh 2GR
KOHUEHMPAaYUL NPUIBMHOZ0 030H Embedded memary
Fig. 2.8. Original instrument for measuring the surface ozone :"'"H;fwm"' Use H'ﬁ;‘:ﬁ? :twage.
concentrations e ALis
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atmochepoil CoNHeUHoe MENYUeHME B yALTpaduone-
TOBOM W BMOWMOM AWaNazoHax B NPefenax Manaro
TENECHOMD YINa Nog paznuuUHBLIMK YINaMA BO3ELILUEHWA
K FOPUIOHTY.

MARS-B cobpaH Ha Gaze cnekTporpada nzobpame-
HuA ORIEL M5257, nocTpoeHHOMo No ONTHYECKON Cxeme
Yepru-TepHepa. PerncTpypyowym AaTUMKOmM ABNASTCA
geymepHan N3C-matpuua (Andor Technelegy DV420-0E,
1024 = 256 nuKcenen), oxnasnasman C Lenbio yMmeHbLle-
HWA TennoBOro Wyma oo —50 °C,

3aper|.-|ch|-1 POBAHHBIE CNERTPRI ARKOCTH PasnnyYHBx

y4YacTkoB HebecHoln cepel obpadaTeIBaOTCA No MeTogy
DOAS, B pesynsTaTe Yero BoccTaHasnmealoTea audde-
DPEHUMANBHBIE HAKNOHHBLIE CONEPMAHWNA ABYOKMCK a30Ta
(DSCD NO ), koTopwie 3aTem NPeobpazyioTcd B BEpTK-
KansHele npodunu obuero cogepxanua NO, ¢ nomo-
Wbl AONOAHWTENBHON NPOLUEaYPbI.

2.1.2. MpuBopel 3n8 UzMepPEHUA Xapakmepucmuk
ammocgepHozo aspozona, obnakoe
u nodcmunaroujed nosepxHocmu

AnnapaTypa onAa QWCTaHUWOHHOTO ONTUHECKOTD
IOHAWPOBEHWA aTMOChEPEl 1 M3MEPEHKMA CNEKTPa OTPa-
HEHWA NOBEPXHOCTW NPEACTABNEHS Ha pWc, 2.9,

CriekmpaneHeill ansBedomemp AS-A (puc, 2.9, a)
NpegHazHayvYed ONA MaMepeHnil CNeKTPOB OTPameHA
nogcrunawowen nogepxHocTi. flaHHeie 0f oTpakarenno-
HblX XaPAKTEPHUCTHKAX NOBEPXHOCTIA JemMnK TpebyroT-

CA ANA pacyeTa IHepreTryeckoro BanaHca cUcTEMBI
«aTaochepa — NoOACTUNAOWAA NOBEPXHOCTE:. OgHoBpE-
MEHHO BHTAPKTUYECKWE CHEXHBIE NONA MOTYT paccma-
TPWBATLCA Kak YOOGHEIN NONWIOH 4NA KaNUMBPOoBKK ChyT-
HWKOBbIX OATMHECKWX WHCTPYMEHTOER. [Py NpoBeaeHin
TAKON KanWBPOBKKW OEHWM M3 BXOOHbIX NapaMeTpos
anroputma o6paboTkK gaHHbIX ABNASTCA CNEKTPanbHanA
3ABUCMMOCTE KoadduurenTa auddyaHoro oTpameHua
CHEMHOTO NOKPOEa,

MopmMupoBaHie Basbl QaHHLIX CNEKTPOE OTPaMEHWA
OT Pa3NMYHLIX TUNOE 0OBEKTOB Ha NOBEPXHOCTM (CHEH-
HOMO NOKPOBa B PA3NUYHBIX CTAAWAX ero GopMUpoBa-
HWA, CKaNBHBIX NOPoL, NMWARHWEOE, BOAOPOCIEA 1 ap.)
BaMHO 0n# 00padoTEM SaHHEX CNYTHUKOBOW CHEMEN,

AnsbegomeTp AS-A COCTOWT M3 NPUEMHOTD, CMNEK-
TpanbHOro W ynpasnsowero mogynei. NpuemHsii mo-
Oynb NpegcTaenaeT coboi oee GoToNpUeMHBIE HAacaaKW,
PaiMeWEHHME ND 0BOWM CTOPOHEM BEN0l MaTOBON
aubdyIHo oTPaMa0WeR NNACTUHLL, KOTODaA pacnonara-
ETCH FOpWIoHTaNbHD Haf WCCNEyeMol NOBEPXHOCTHIO
W NpUBop perncTpUpYET NaJanlles U OTPaMEHHoS
NOBEPXHOCTBIO WanyyeHkue. [lBa onTHYeckne CUrHan.

OT hOTONPHEMHBIX HACAOOK NOCPEACTEOM KEAPLEELIX
CBETOBOOOB NEPEfaloTCA B CNEKTPANBHBIN MOgYAb,
KOTOPLINA NPOBOAWT CNEKTPaNEHERN aHanKs Nagaowero
W OTPameHHOro W3NYYeHna, YNpasnawwmia Modyns B co-
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ultraviolet and visible ranges within a small solid angle
at different elevation angles to the horizon.

MARS-B is constructed on the basis of the image
spectrograph ORIEL M5257 devised on the Czerny-
Turner optical scheme. As a sensor, one has a two-di-
mensional CCO (Andor Technology DV420-0E, 1024 x
256 pixels) cooled to =50 °C to reduce thermal noise.

Collected irradiance spectra of various segments
of the celestial sphere are processed employing DOAS
technique to retrieve differential slant column densi-
ties of nitrogen dioxide (D5CD NDE‘J, which are further
converted into vertical profiles of NO, total amount
employing an additional procedure.

2.1.2. Eguipment to measure parameters
of atmospheric aerosol, cloud and surface

Photos of the instruments for distant optical
sounding of the atmosphere and for measuring the
surface spectral reflectance are given in Fig. 2.9,

The spectral albedometer A5-A (Fig. 2.9, g} is de-
signed to measure spectra of the surface reflection,
Information about reflective properties of the surface
is needed for evaluating the energy balance of the
system atmosphere — land. At the same time, Ant-
arctic snowfields can be employed as an easy-to-use
range to calibrate satellite optical instruments. When
calibrating satellite instruments, one of the input pa-
rameters in data processing is a spectral distribution of
diffuse reflection coefficient of snow cover.

Creation of a data base of reflection spectra of
various types of land {such as, snow cover on different
forming stages, rocks, lichens, algae et al)) is important
for handling of information from the satellite survey.

The albedometer A5-A consists of receiving,
spectral and control modules, The receiving module
represents two photo-receiver nozzles placed astride
of the white diffusely reflecting plate, The plate is
horizontally oriented above an investigated area, and
the albedometer registers both incident and reflected
by the area fluxes of radiation. By means of quartz
light guide, two optical signals from the photo-re-
ceiver nozzles are transmitted to the spectral module
which implements frequency analysis of incident and
reflected radiation. The control module sets routine
of work for the entire instrument in accordance with
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Fuc, 2.9, Annapamypa 8na uaMepenus xapakmepucmuk azpoiona u nodcmunawided NOsepxHOCmU: @ - CeKmpamaHed
ansfiedomemp; b - muozoaonuoand ckanupyiowud conHeuned paduomemp; ¢ - dayxaonnoaod nudap; d - mHozoeonHoaol
pamaroackul nudap

Fig. 2.9 Instruments for measuring parameters of aerosol and surface: a - spectral albedometer; b — multivavelength scanning
polarization sun/sky radiometer; ¢ - two-wavelength lidar; d - multiwavelength polarization Raman lidar

OTEETCTEWM C BEIDPaHHBIM aNTOpPNTMOM 33038T PEXIAM a chosen algarithm. It also rules operation of certain
paboTe Bcero npubopa, ynpaenaet pabotoi otgensHex  elements of the instrument, makes calculation of the
€ro y3NoE, NPOW3BOIUT PACYET CNEKTPOR OTPAMEHWA surface reflection spectra and saves results of mea-
HMECNegyemon NOBEPKHOCTA W COXPAHABT Pe3yNLTaTEI surements, The albedometer can be supplied with
M3mepeHWiA. AnbGeaomeTp MOMET KOMNMEKTOBATLLA several receiving modules, what allows the reflection
HECKONEKMMIA NPHEMHEIMIA MOAYAAMK, 4TO NOIBONAET spectra in different points of area to be simultaneously
NPOBOAWTE OOHOBPEMEHHBIE M3MEPEHWA CNEKTPOR measured.

OTPAREHNA PAZHBIX TOYEK NOBSRXHOCTH.
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TaGnuya 2.5. TeXxHUMECKNE XapaKTEPUCTHKN CNeKTpansHoro ansGegomertpa AS-A
Table 2.5. Technical characteristics of the spectral albedometer AS-A

KapaXTepUCTAKa ECEUETTET]

Characteristic Value
Mone 3peHnA, cTepagran 2n
Field of vision, steradian
CnekTpansHbli QWanasoH, HM 350-1000
Spectral range, nm
CnegkTpansHoe criakuBEaHKue Mo eeibopy
Spectral feathering By choice
MaKcManbHOe KOMMYECTRO TONEK HabnKaeHWA 3
Maximal number of observation points
MakcumManbHoE paccTOAHME MERAY TOUKaMM 100
HaONKgEHWA, M
Maximal distance between observation points, m
M3mepAeman XapakTepHcTHKa «[nockoe aneGenos
Measured characteristic «Plane albedo»

TexHUYECKWE XapakTepUCTHEN ansbegomeTpa AS-A
npueegeHsl g Tabn. 2.5,

CHe#Han NOBEpXHOCTE OTPaXaeT CONHeYHoe NIny-
YeHWe ¢ Ko3bGULUEHTOM OTPaHEHIA Rigg.B, 9, =0),
rae 8,9, = 0 - KOOPAWHATE! CONHUE, B,¢ — KOOPAUHATHI
HanpaeneHwA HabnwaeHuA. PeaynsTaTom M3MepeHKA
ansbeOMeTPOM ABNACTCA BENMUMHA

2n w2
R{0g)= [ d [ R(0, ,0g)cosbsinbdo,
0 o

KOTOPYK B TEOPWH MNEDEHOCa M3NYYEHWNA HA3bIBAKT
#NN0CKUM aneBedos,

CnekTpaneHblil ansbegometp AS-A, namepaio-

LKA CNeRTRanEHY 3aBMCUMOCTE NNOCKoro anebeno
R{AB .9 ), HAYaN MCNONbL30BATLCA B AHTAPKTHYECKAX
akcneguumrax c 2012,

ComHeuHsil cnekmpansHell ckadupyowud paduo-
memp CE-3TBN-EBME (CIMEL) [8] (puc. 2.9, b) namepaet
CNEKTP NPO3PaYHOCTH aTMOChEPE W YINOBEIE 3aBM-
CHMOCTA MHTEHCMEBHOCTIH PACCEAHHOMD COMHEYHOTD
WM3INYYEHWA B CNEKTRanbHoM ananasode 340-1020 Hm.
IKIEMNNAD PAgWOMETPA ANA aHTAPKTUYECKDH CTaHUMK
cHaben Bnokom oborpesa pobota npywbopa. Pagwo-
METP BLINOAHAET TPKM BMAA M3MEDEHMA: DEMMCTPALIMKD
NPAMONPOoWEeWeRA CONHeYHOR PaanauKm Ha AnuHax
sonH 340, 380, 440, 500, 670, 940, 1020 HM; M3MepeHUA
PacceAHHON pagnayuK Ha gnuHax sonnd 440, 670, 870
1 1020 HM B rN3BHOR CONHEYHOW NNOCKOCTH 11 B CONHEL-
HOM anbMyKaHTapare.

PeaynbTatom o6paboTk pagnomMeTpuYeckidx name-
PEHWIA ABNAKNTCA YCPEOHEHHBIE NO aTMOCGepHOMN TOMLE
napameTpil a3p0O30NA: 33P030NLHAA ONTUYECKaRA TON-
wikHa (AODT), napameTp AHFCTPEMA, XaDaKTe pUIYHLLAN
CnekTpansHyto 3apncmocte ADT: conepkarne BOgAHOMD

Technical characteristics of the albedometer AS-A
are given in Table 2.5.

A snow area reflects the solar radiation as defined
by the reflection coefficient R(8,9.8 .9, = 0}, where
8,9, = 0 and 8,9 are coordinates of the sun and obser-
vation, respectively, directions. The quantity measured
by the albedometer is described by the function

2n =2
R({0g)= [ d | R(0, .0 )cosdsinddo,
Q Q

which is referred to as «the plane albedos in the radia-
tive transfer theory.

The spectral albedometer AS-A, measuring a spec-
tral dependence of plane albedo R(A.8,.9 ), has been
used in Antarctic expeditions since 2012,

The multiwavelength scanning sun/sky radiom-
eter CE-3T8N-EBMS (CIMEL)} [8] (Fig. 2.9, b) measures
atmospheric transparency spectrum and radiance
angular patterns of scattered solar light over the range
340-1020 nm. The radiometer specimen that is situ-
ated in the Antarctic station is supplied with a heater
for the robot built into the radiometer. The radiometer
makes three types of measurements: registration of
the direct solar radiation on the wavelengths 340, 380,
440, 500, 670, 940 and 1020 nm; detection of scattered
radiation on the wavelengths 440, 670, 870 and 1020
nm in the principle solar plane and the same detec-
tion in the almucantar.

Results of radiometer data processing represent
aerosol columnar parameters which include the
aerasol optical thickness (AOT), Angstrom parameter
determining AOT spectral dependence, water va-
por content, aerosol size distribution of the particle
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napa, pacnpefensHie a3po3oNbHLIX YACTIL Mo pazme-
pam (M MER), NoKazaTens NpenoMneHus (IeficTer-
TENLHAA W MHUMEA Y3CTK), dazossie dyHkumm [9).

Papwometp CE-318N aenaeTca Bazoswim npubopom
rnoGantHOW paguoMeTprdeckoil ceti AEROMET [10,
11]. Cete AERONET npoeognTt perynapHole Habnoge-
HWA aTMochepHOro aspo3ona HaduuHaa ¢ 1993 r. 3apaua
AEROMNET - KOHTPONE M3MEHEHWA 33P030NBHOMO CNOA
atmochepbl Kak Knumatonoriieckore gaktopa. OaHo-
BPEMEHHO PEe3yNbTaThl M3mepeHnid AEROMET samHb gna
BANMOaLWM CNY THUKOBBIX JaHHBIX,

K HacToAwemy Bpemer oxone 300 cTaHumiA
AEROMNET npoBogsaTt niMmepedna Ha nnadete. MNepsblia
MEMEPMTENEHEA NYHKT AERONET B AHTapkTge Hadan
paboTty B 1995 . Ha cTanumk «McMurdos (775,162E,
CLIA). B nocneqywowme rogs TONbKD Ha OrPOMHOM Npo-
CTPAHCTBE AHTAPKTWAB AONOAHWTENBHO BbINK 3apery-
CTPWPOBaHLI TONBKD WeCTs CTaHuwi AERONET. Mpuuem
B nocneqHie rofws (20132015 rr) perynapHbie Ha-
BRHAEHIWA NPOBOOWNKCE HA UETLIDEX CTaHLWAX: aSouth
Pole Obs NOAA» (89.995, 70.30E), «Utsteinens (71.955,
23.33E), s\echernaya Hill» (67.665, 46.16E), «Progresss
(695,76E). MamepuTenbHBIE PAANMOMETPHYECKNE NYHKTE
ceti AERONET «Mechernaya Hils v «Progresss Buinu
CO3AaHBI COBMECTHO COTRYOHUKAMK VIHCTUTYTa duankn
HAH benapycii v LOA & 2008 1 2014 rr. cOOTBETCTEEH-
HO. ATTECTALMA annapatypel, M3MepeHnA u obpaboTka
AaHHBIX BEINOAHAKTCA B COOTBETCTEUK C NPOUEAYPami,
npuHATEIMIA B AERONET. NanHwe HabnwoneHwin go-
CTYNHE Ha MHPOPMALWMOHHOM caiTe AERONET (http://
aeronet.gsfcnasa.gov).

JludapHuie cucmenel pa3pabaTelBAIOTCA ANA M3Mepe-
HWA BLICOTHLIX NPOGUNER ONTUYECKIAX XaPAKTEPUCTHE
W MWKPOCTPYETYPB a3P030NbHBIX 1M 0GRa4HbIX YaCTHLL.
K HacToAleMy BReMeHn 0MA M3IMEPEHWA B AHTAPKTHKS
WIrOTOBNEHD OBa NMAapa:

- |BYXBONHOBLIN MOBUNLHBIA Nugap (puc. 2.9, ¢);

— MHOTOBOMHOBLIA PAMAHOBCKMIA NONAPKIALMOH-
HBIA nupap (pue, 2.9, d).

TexHUUYECKMe XAPAKTEPUCTHEK NpuBopoB Npueene-
Hbl B Tabn, 2.6,

NeyxeonHOBLIA MOBWUNEHEIR NMAP NPegHasHaueH
AnA paboThl Ha OTKPRITON NAoWaaKe 1 yaoheH npw
NpoBEEHn Noneekrx padoT, (o, puc, 2.9, ¢). Nupap
WMEET OBNErYeHHYI0 KOHCTRYKLMK. [Tpuemo-nepenatn-
W BnoK, BNoKKM NUTAHWA 1 OXNEMKIEHWA MOHTMPYIOTCA
B OBV KOHTelHepax, cHabmeHHbIX cncTemoin oborpeea.
Ynpasnenue npubopa guctaHunorHoe, yepes USE-ka-
Han. Pabouee mecTo onepatopa obopyayeTca B nabo-
patopHoM nomellesui, Mepabie NMEapHbIE W3MEPEHKMA
B pamkax HacToAwen paboTel BelNKW NpoBeneHsl C Uc-
NoNbLIOBAHWEM [BYXBONHOBOMO NMAaPa Ha cTaduuy «Mo-
nopexHan: B aHTAPKTAYECKON akcnequuan 2012-2013 .

MHOroBONHOBLIM pPaMaHOBCKWIA NONAPW3ALMOHHBIA
nupap (cwm. puc. 2.9, d) ABNASTCA MHOMODYHKUMOHANLHO A
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volume (mkm?/mkm?), refraction index (its real and
imaginary parts) and phase functions [9].

The sun/sky radiometer CE-318N is a basic instru-
ment in the global network AEROMNET [10, 11]. This
network implements regular observations of atmo-
spheric aerosol since 1993, The task of AEROMNET is to
control changes of the aerosol layer as a climatic fac-
tor, Also, AERONET results are important for validation
of satellite data.

Up to now, it has been founded about 300
AEROMNET stations which conduct measurements
on the whole planet. The first measuring point of
AEROMNET in Antarctic started to work in 1995 on the
station eMcMurdos (775,162E, USA). In the next years,
additional six AERONET stations were registered on
the huge spaces of Antarctic. During recent years
2013-2015, regular observations were made only on
four stations: «South Pole Obs NOAA: (89.995, 70.30E),
sUtsteinens (71.955, 23.33E), «Vechernyaya Hill»
(67.665, 46.16E) and «Progresss (695,76E). Measuring
points «\echernyaya Hill» and «Progresss of AEROMET
were organized jointly by scientists from the Institute
of physics of NASE, Belarus, and from the Laboratory
of optics of the atmosphere (LOA), France, in 2008 and
2014, respectively. Certification of radiometers, mea-
suring and data processing in «Vechernyaya Hill» and
«Progress» are made in accordance with procedures
accepted in AEROMET. Obtained observations data are
accessible on the information site AERONET (http://
aeronet.gsfc.nasa.gov).

Lidar systems are developed to measure altitude
profiles of optical parameters and microstructure of
aerosol and cloud particles. Up to now, twa lidars have
been worked out for Antartic researches:

- the mobile two-wavelength lidar (Fig. 2.9, ¢);

- the multiwavelength polarization Raman lidar
(Fig. 2.9, d).

Technical parameters of the instruments are given
in Table 2.6.

The mobile two-wavelength lidar was designed
for operating on an open ground. It is easy-to-use
while performing field experiments (see Fig. 2.9, ).
The lidar construction is lightweight. A receiver-pass-
ing module, power pack and cooling block have been
assembled in two containers supplied with a heat-
ing system. Operation of this instrument is remote,
through a USB-channel. An operator workplace has
been equipped on laboratorial premises. The first lidar
measurements in the framework of this project were
made employing the two-wavelength lidar in the sta-
tion «Molodezhnaya» during the Antarctic expedition
of 2012-2013 years.

The multiwavelength polarization Raman lidar
(see Fig. 2.9, d) is a multifunctional system developed



MABA 2

CHAPTER 2

Tatnuua 2.6. TeXHMYECKWE NAPaMEeTPLl NUGapos

Table 2.56. Technical parameters of lidars

KaHanw M3mepeHva, Yncno KaHanos /
H3IMEDAEMBIE XapaKTERHUCTHEK

Measuring channels: number of channels /
measured characteristics

2 / MHTEHCUMBHOCTE oBpaTHoro
pacceaHnA, 532 1 1064 1M

2 / backscatter radiance, 532
and 1064 nm

NapameTp MoGunsHsIl gEyBoNHOaEA NWZAD MHOrOBONHOERA PAMAHCBCHAR NONAPHIAYWCHHEA NWEap
Parameter Mobile two-wavelength lidar Multiwavelength polarization Raman lidar
HMamwamenes
Sender
Tun nazepa .
ey YAG:Md YAG:Nd
HAnwvHa BOAHB, HM
Wavelength, nm 532, 1064 355, 532 1 1064
IHeprva uMnynsca, MmO 35-100 50-150
Pulse energy, m)
F'gr: XOAMMOCTE, Mpag 0.5-1 05
Divergence, mrad
YacToTa nockinkm nmnynecos, My 10 10
Frequency of pulses sended, Hz
[lpuesHuK
Detector

Teneckon MakcyToga Kaccerpena
Telescope Maksutova Kassegrena
Aa MameTp 3epKana, Mm 100 210
Mirror diameter, rmm
MOKYCHOE PACCTORHUE, MM
Focal distance, mm LY L
Fabouwni cnekTpansH hm. AMANA3I0H, HM 532-1064 355-1064
Spectral range of operation, nm

7/

= MHTEHCWBHOCTE UﬁFla'l'HDI'O pacceAHMA,
355 1 1064 Hw;
- NEepNeHAUKYNAPHO NONARPW30EAHHEIE
KOMNOHEHTR CHrHana Cl‘ﬁ'IHTHDrﬂ PACCEAHNA,
532 Hm;
= CHrHane! pamMaHoBCKoOTND PacCeAHWA a30TOoM,
387 w607 Hm;
= CHrHan paMaHOBCKOND pacCeAH A MapamMm
Bogel, 407 Hm

7/
- backscatter radiance, 355 and 1064 nm;
- cross and in parallel polarized backscatter
radiances, 532 nm;
- signal of Raman scattering by nitrogen,
387 and 607 nm;
- signal of Raman scattering by water vapor,
407 nm

Pexim perucTpas i
Registration regime

AHANOTORRIA
Analog

AHANOrOBLIA W CHET GOTOHOR
Analog and photon counting

CHCTEMOMN, MPeaHa3HAYEHHOW ANA AMCTaHUMOHHOMD
30HAMPOBAHKWA aTMOChepHOrD a3pozona W obnakoe,
W3MEPEHWA KOHLEHTPALMWK 23p030MbHEBIX HacTIL,
onpegeneHud NapamMeTpos MAKPOCTRYKTYPE! 33po20na
v 00nakos, U3MepeHWs COeDKaHUA NaPOB BOfALI B aT-
Mochepe, 30HANPYIOLWWA NYY COOEepHMT TP FapMOHMEL
wamyyeHnA YAG-nasepa 355, 532 v 1064 1M, MHoroka-
HalbHaA CUCTeMa pervcTpalkin obecneyrBaeT name pe-

to perform remote sensing of atmospheric aerosol
and clouds, to measure concentration of aerosol par-
ticles, to derive microstructure parameters of aerosol
and clouds and to measure water vapor content in the
atmosphere. A sounding beam has three harmonic
components 355, 532 and 1064 nm of YAG-laser radi-
ation. The multichannel registration system provides
measuring of the backscatter radiance on the wave-
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HWE MHTEHCWEHOCTI CUMrHaNoE 0BpaTHOro pacceaHA

Ha NIWHAEX BONH 30HOWMPYIOWETD WENYYEHWA, PAMaHOE-
CKOMD pacceAHWA aTMochepHEIM 330TOM U NAPAMIA BOObI
B yNbTRaGMoNeTOBOM M BWAWMOM AWana3oHax CnexkTpa,
Mapanfen:Ho W NepneHfrnkKYNAPHO NONAPWI0ORAHHLIX
KOMMNOHEHTOE 0BpaTHOro pacceAHWA Ha ONWMHE BONHbI
532 v, Mo TEXHWUYECKMM XapaKTepUCTHEAM Nuaap-

HaA CUCTEMA COOTBETCTBYET TReDOBaHMAM K Daz0BRIM
MHOMOBONHOBLIM DaMaHOBCKWUM CTaHuuam EEponeickol
nwaapHoi cetw EARLINET [12, 13].

H aﬁup CAMHanoes, N3MeEDAEMBIX MHOMOBONHOBRIM Da-
MAHOBCKUM NMAAPOoM, 4OCTaTOMHO MHbopMaTBeH, YToDI
NPOBECTH pacuyeT Npodunen nokasatenei ocnabnedns
W oBpaTHOro pacceAHWA a3p030NEN, XapaKTEDKM30BATE
$az0BbIA COCTAE a3PO30NbHBIX YACTWL, Ad8Th OLEHKY
NapamMeTPOE MUKDOCTPYKTYDEI 23po2ona [14-16], B Tom
Yucne peaniioBate METOOUKY KOMNAEKCHOMD NM4apHOMG
W PagMOMETPUUECKOMO 30HAWPOBAHWA aspozona [17].

JoHAWpoBaHWe aTMochEpbl C MCNONLI0BAHWEM
MHOMOBONHOBOMO PAMAHOBCKOTO NWAAPa Hadanock Ha
cTanym «fopa BevepHanr B 3kcneguume 2014-2015 rr.

2.2. NccnepoeaHnA aTMocdepHOTO 030HA, OKWCH
A30Ta M MHTEHCMEHOCTH CONHEYHON pagualnm
¥ 3eMHOIA NOBEPXHOCTH

MccnegoBaHwa COCTOAHMA 020HOCDEPE! M YPOBHER
npuzemHore YO-uanyyeHns B AHTAPKTUYECKOM PErMoHe
NPencTaEnAKT BONBLUOR UHTEDEE, B CBAZW KaK C M3BECT-
HbIM peHOMEHOM AHTAPKTUHECKDR Q30HOBOW aHOMa-
NWK, TaK W C Tem ODCTOATENLCTEOM, UTO AHTApKTMLA
E COMETAHWKN C OKPYHAIOWKWM 22 BOHBIM NPOCTRAHCT-
BOM ABNAETCA CBOe0BpPasHOM sKNMMaTHUYECKOR KyXHeRs,
onpeaenaileld noreay B KxHoM, 8 TaKKe YacTuyHo
B CeBEpHOM NONYLWapKi.

Fazpen nccnegoealni aTMochephl 1 2eMHON
NoBepXHOCTI [OCYaPCTEEHHON NPOrpamMmMes U3y UEHMA
AHTAPKTWEW CEOSIM OONTOCPOYHON Lenbio CTaBWT opra-
HUZALMK KOMINEKCHBIX CNEKTROMETRNYSCKUK W3MEDe-
HWIA NapamMeTRoB aTMOChEPEl M MOOCTUAAOLWEN NOBEDX-
HOCTH B NpUOpexHOR 30He BocTOUHOR AHTAPKTHKK,

MonuTopunr OCO B neproapl ce3oHHbIX BA3 Npo-
BOAMINCA B MECTAX MX ANCNOKELMA NpUBopamy, onucaH-
HelMK B pazgene 2.1, BaxHon ocobeHHOCTs0 Bblno To,
HTO MIMEDEHWA NPOBOAWAKCE OAHOBPEMEHHO Pasnuy-
HBIMIA ONTUUECKIMM METOZAMM, YTO 0BECNeunBano Mx
BIAMMHYIO NPOBEPKY W NOIBOAWND COBEPIIEHCTEOBATD
METOOWKY M3MEDEHWA.

Ha puc, 2.10 npegcTaBners 0CHOBHBIE Pe3ynbTaThl
mMoHUTOpKHra OCO, NpoBEfeHHOr0 3a BPemA Ce30HHBLIX

CHAPTER 2

lengths of sounding radiation, cross and in parallel
polarized backscatter radiances on 532 nm and Raman
scattering by the atmospheric nitrogen and by the
water vapor in UV and Visible. The lidar system, by its
technical parameters, meets the requirements to basic
multiwavelength Raman stations of the European lidar
network EARLINET [12, 13].

Set of signals measured by the multiwavelength
Raman lidar is sufficiently informative to estimate
profiles of aerosol extinction and backscatter, to
characterize phase composition of aerosol particles
and to estimate parameters of aerosol microstructure
[14-16], in particular, realize the technigue of complex
lidar & radiometric sounding of aerosol [17].

Sensing of atmosphere using the multiwave-
length Raman lidar was initiated in the expedition of
2014-2015 years in the station «Vechernyaya Hill»,

2.2. Studies of the atmosphere ozone, nitrogen
oxide, and solar radiation intensity at the ground
surface

Studying the ozone layer state and the levels of
surface UV radiation in the Antarctic region is of great
interest as reflecting the well-known phenomenon of
the Antarctic ozone anomalies as well as considering
the fact that Antarctica along with the adjacent water
area is a kind of «climate backroom» determining the
weather in the southern and, partly, in the northern
hemispheres.

A section of Optical Research of the Atmosphere
and Earth's Surface of the Government Program of
Antarctic studies aims at organizing complex spectro-
metric observations of the atmosphere and the under-
lving surface in the Eastern Antarctic coastal zone,

TO monitoring was conducted during seasonal
BAE in the points of their location with the instru-
ments described in section 2.1. An important feature
was that the measurements were performed simulta-
neously using different optical methods thus ensuring
their mutual check and improving the measurement
procedure.

Figure 2,10 shows the main TO monitoring results
obtained during seasonal expeditions of 2006-2009
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Puc. 2.10. Cpednedreanse shoveHun OCO, nonyyedHele HozemHeim (W 124-M - vepHeie kaodpaman) U opBumanbHeM
(OMI - Genwie kpywku) Memodamu dna aemaprmuyeckus cnaduud ehfonodesyane o «fopa BevepHar

Fig. 2.10. Average daily TO values obtained with the ground (M124-M - black squares) and orbital (OMI — white circles)
methods for the Antarctic Stations «Molodezhnayvar and sVechernyaya Hills}

akcnegruuni 2006-2009 rr. ¢ NnoMowBn 030HOMETPRE
M124-M. MamepeHna NnpoeegeHsl METO4AMIA «No NPA-
MOMY COMHLY» W W3 3eHUTa aTMocdepbl», MNonyyeHHble
pPEe3yNLETaTE CONOCTABNEHE! C AAHHEIMA OpBUTANBHEIX
wnamepeHnin (OMI),

Kak BUMAHO K3 puc. 2.10, pe3ynbLTaThl Ha3eMHBIX 1 op-
GUTANbHBIX MIMEPEHWA 33 HEDONbLWKWM WCKNIOYEHNEM
NOCTATOUHO XOPOLWO COrNacyaToA Mexdy coboi.

Heobxonumo oTMeTTe, 4To Bonee B0% wamepeHini
BLinn Npoeegeds npr SZA >60°, a obwee konuyecTeo
Bezobna4Hblx AHeR He npeBblwano 20%. HecmoTpa
Ha 370 cpefjHes OTKNOHEHWE PE3yNETATOR EANHIY-

HblX wamepenuin OCO (M124-M) ot cooTBETCTBYIOLMY
CpefHeAHERHbIX SHAUEHWIA ANA BCEX NONYUeHHBIX PAQOE
WIMEPEHWIA He NpeBblcuno 6%.

310 CBMARTENLCTRYET O BOCNPOUIBOAMMOCTH
NPUMEHASMBELX METOOMK W MK YCTORUMBOCTH K BENMAHUIO
BHEWHWX YCNOBKIA,

B 1o #e BpemA NnprMeHeHWe 030HoMeTpa M124,
TpebyolWee NOCTOAHHOD NPUCYTCTENA onepaTopa,

B 3KCTDEMENbHBIX YCNOBMAX NONAPHBIX 3KCNEQUUKE
He BCerga npuemnemo. Mopaszgo bonee 3gpOekTIEHEIMK
NpeacTaBnAKTCA NONHOCTE aBTOHOMHBIE, aBTOMAaTI-
IMPOBAHHBIE CUCTEMbBI C MWHUMANBHBIM KONMYECTEOM
NOAEWAHE 11 HACTPaWBAEMbIX AeTanel.

B kauyecTBe BapPWaHTOB NOAOOHLIX ABTOMATUYECKIAX
CUCTEM MOHWUTOPKMHIE BLINO NPENOHEHD UCNONL30-
Batb cnekTpopaguomeTp «[TMOH-YO-1l: n punsTpoBbIR
paguometp «MAOH-OH». C stoi uenew 8 HHAL MO BI'Y
OnA HWx BNk paspaboTaHbl CNeUKansHBIE METO0WKK
W NporpammHoe obecnedyeHie ana onpegenedia OCO.
B kauecTee ocHoBEI BBIN MCNONB20BEAH METOQ M3Mepe-

with the ozonometer M124-M. The measurements
are realized employing «direct sun» and «solar zenith
angler techniques. The results are compared with the
data of orbital measurements (OMI).

As can be seen from the Fig. 2.10, the results of
ground-based and orbital measurements with a few
exceptions are in a good agreement with each other.

Furthermore, one should mark that more than
80% of the measurements were accomplished at
5ZA =607, and the total number of cloudless days did
not go over 20%. Despite this, the mean deviation of
the results of TO single measurements {(M124-M) from
the corresponding daily average values for all mea-
surement series did not exceed 6%,

This demonstrates the reproducibility of the tech-
nigues employed and their resistance to the influence
of external conditions.

At the same time, applying ozonometer M124,
which requires constant operator presence, in the
extreme conditions of polar expeditions is not always
acceptable, Here fully independent automated sys-
tems with a minimum of moving units are believed as
much more effective.

As a variant of those, one proposed to use the
spectroradiometer «PION UV-1l» and the filter radiom-
eter «PION-FM». To derive TO, special techniques and
software were elaborated by the NOMREC specialists.
As a basis for TO retrieval, the method, employing ir-
radiance spectra and initially proposed by K. Stamnes
[18], was used. Advancing the technique allowed to
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Pue. 2.11. Pezynemamel dxeskenx usMepenud OC0 va cmanyuu sMaonodexnans

Fig. 2.11. Results of TO daily measurements at the eMolodezhnayas station
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Puc. 2.12. 3xcnepusmenmansHsie cpedHednesHale Inavenud OCO, na cmanuuy sMonodexnass, 4-a bA3 (2011-20122)
Fig. 2.12. Experimental TO daily average values at the sMolodezhnayas station, the 4" BAE (2011-2012)

HiA OCO No cnexkTpam OCBeleHHOCTH, NPeinoHeHHEIN
K. Ctamuecom [18]. PazenTve METOOMKN NO3BONKND

CYWECTEEHHD PACIIMPWTE 22 BOSMOMHOCTI W NOBRICATE

TOYHOCTL 38 CYeT ONepaTMBHOro MCNoNb30BaHWA OaH-
HEIX APYIWX BWAOE MOHMTORWHIE, B YaCTHOCTM, Xapak-
TEPWUCTHE 0ON3YHOCTI M 23p0o30Nnen, cnekTpa ansbego
NOACTUNAKWEN NOBEPXHOCTH W T. N,

PeayneTatel vamepennin OCO, NposegeHHBIX Ha aH-
TAPKTUYECKUX CTaHUmAx «MonopesHans u «[lporpecce
cnekTpopaguomeTpom «MMOH-YD-Il» ¢ ucnonb2oeaHK-
em MoandguuuposaHHoro metoaa CTaMmHeca, npeacTas-
nedbl Ha pyc. 2,11, 212, [InA CpagHeHAA HA PUCYHKaX

TakKe NPYEEAEeHbI AaHHbIe opbuTanbHoW cucTembl OMI.

AHaNW3 pezynLTaToB, NONYYEHHEIX B AHTApKTWAE
B nepwog 2011-2015 rr., nokasan ycToRumeyio paboTy

METOOWMKEN B YCNOBUAX BONBLNY 3EHATHBIX Wrnoe ConHua

W BBICOKMX 3Ha4eHWi anbBeqo NogcTMNaloWwen noeBepx-
HOCTH.

significantly expand its capabilities and increase ac-
curacy by operational use of data from other types of
monitoring, in particular, the characteristics of clouds
and aerosols, the spectrum of the underlying surface
albedo, etc.

TO measurement results derived at the Antarctic
Stations «Molodezhnayas and «Progresss by the «PION
UW-IIs spectroradiometer with the modified Stamnes
technique are shown in Figs. 2.11 and 2.12. For com-
parison, orbital data (OMI} are also given in the figures.

While analyzing the results obtained in Antarctica
during the period of 2011-2015, one may verify stable
operation of the technigue at large solar zenith angle
and high values of the underlying surface albedo.
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Fuc. 2.13. Bapuayus YO-undexca & nepuod 5-0 6A3 Puc. 2.14. Bapuayus ¥Y@-ukdekca 8 nepuod 6-0 bA3-5 (Gekalpe
(Bexabfps 2012 2. - mapm 2013 2.}, aHmapkmuYeckan 2013 2. = mapm 20714 &}, aHMapKmuYeckas cmanuus «Tpazpeccs
cmanyur sMonodexnans Fig. 2.14 Variation of UV index during 6" BAE {December 2013 -
Fig. 2.13 Variation of UV index during 5™ BAE (December March 2014), Antarctic Station «Progresss
2012 - March 2013), the Antarctic Station «Molodezhnayas

Heobxogumo TakHe OTMETUTE, YUTO pa3paboTax- It should also be noted that the originated by
HaA B HHWL MO BI'Y metoguka onpegenedns OCO no MOMREC BSU procedure of determining the TO on ir-
LOAHHEIM MIMEDEHWA CNEKTPOE OCBaleHHoCTI (CN30) radiance spectra has undergone a long period of test-
NPoLWNa Tak#e ANUTeNsHEA Neprog Mcneimaduil B yeno-  ing in the Republic of Belarus. Since 2002 it is used as
euax PecnyBnukn Benapyck — ¢ 2002 r. oHa AasnAeTcA the basic method for TO measurements at the Minsk
Gazoeoi MmeTogWkoRn uamepeHa OCO Ha MuHcko# Ozone Station as well as at the monitoring stations
OIOHOMETPMUECKOR CTAHLWW W CTAHUMAX MoHWTOpWHra  near Naroch lake and in Gomel University.

Ha 03. Hapous 1 B [OMENLCKOM YHWBEPCUTETE.

Monumopurz ¥O-uanyqdenus, B nepuop ce3oHHbIX Monitaring of UV radiation. During the seasonal
BAS MOHWTOPWHI YPOBHER 1 003 NpuzemHoro Y-ua- BAE, monitoring of dose and levels of surface UV
nyyeHus NPOBOAWACA, B OCHOBHOM, C Mcnonb3oeadker  radiation was conducted mainly using the «PION-UV:
cnextpopaguomeTpa «NMAOH-YD-I1». B 3kcnegmumm spectroradiometer. In the expedition of 2015-2016
2015-2016 rr. ero GyHKLUWKA BINGNHANS aBTOHOMHAA this was assigned to an independent automated sys-
ABTOMATW3MPOBaHHAA CHCTEMa Ha Base duUneTpoBOro termn on the basis of the filter photometer «PION-FM=,
dotomeTpa «MWOH-OH:.

Ha puc. 2.13 1 2.14 noKasaHbl Ce30HHBIE M3MEHEHWA Figures 2.13 and 2,14 show the seasonal varia-
IHAYEeHWA YD-1Haekca, 3apercTppoBaiHbie B Tewenne  tions of UV index values revealed in two consecutive
ABYX NOCNefoBaTenbHbBIX 3Kcneguuyui 2012-2014 rr. - expeditions 5th BAE and 6th BAE of 2012-2014, The
51 1 6= BAZ. MNonyyeHHBIE 2ABMCUMOCTI TMNKUHEl 0iA  resulting dependencies are typical for all the BAEs
ecex BA3, nposefeHHbIX B Nepuoa ¢ 2007 no 2015, covering the period from 2007 to 2015,

Kax BUAHO 132 conocTagneHna puc. 2.13 m 2,14, As can be seen from a comparison of Figs. 2.13

IHaueHWA YD-nHaekca, 3apercTpupoBadHse B nepuog  and 2.14, the values of UV index registered during the
6-i BAD (2013-2014 rr)) HECKONLKD HWMHE COOTEBETCTEY- 6th BAE (2013-2014) are slightly lower than those ob-
KWWY SHAYSHWA, nonyyerHsx B 2012-2013 rr. so spems  tained in 2012-2013 during the seasonal expedition
5-11 BA3, BaavpoeaewencA B paiore cTaHUWA «Mo- 5th BAE located in the area of the «Molodezhnaya»
nogexHan: w «fopa BevepHan:, Tem He meHee obwan and «Vechernyaya Hill» Stations. Nevertheless, the
TEHOSHUMA CE30HHOM BapraymnK 3HaueHnid YO-uHpexkca  general trend of seasonal variations of the UVl values
COXPaHAETCH, OTPaXan 3aKOHOMEPHDE W3MEHEHWE Mak-  remains indicating the regular change of the maxi-
CUMAanBHOMo 3eHWTHOro yrna ConHua, xapakTepHoe gna — mum solar zenith angle typical of the region.
AAHHOMD PErMoHa.
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HecmoTpa Ha CpaBHUTENBEHO KPATKOBPEMEHHBIE Ne-
PMOfEN IKCMELUMEHTANBHOMD MOHWMTORWHTE, OTPaHWYEH-
Hbl2 BpemeHam ce30HHbIX BAD, nocnejoeadne yposHeR
WHTEHCUEHOCTH M CMEKTPOE NPWIEMHOND CONHEYHOMG
VID-uanyueHisn B AHTAPKTHUECKOM PEMMOHE NPeacTaB-
NAET MHTEPEC B TPEX OCHOBHBIX aCNEeKTax:

1. MamepeHwe gos Guonorvdecki aktueHoro Yi-ob-
ny4eHuA B paioHe BAI onA oueHkwn YO-knumata u obec-
nedeHyn mep Be30nacHoCTH NMUHOTD cocTasa BAZ;

2. Mcnonb3oBaHme yHMKaNbHLIX recdrn3ngeckmx
W aTMoChepHbIX YCNOBUA NONAPHOID aHTAPKTUYECKOTD
pPervoHa (BelCOKKME YPOBHW M OAHOPOOHOCTE CNEKTRA
antbeno NogcTunanwen nosepxHocTy B YD-obnacty,
OTCYTCTBME BNAKHOCTH, OTCYTCTEME 3AMETHBIX NPK-
3EMHLIX KOHUEHTPaumia NO, W T. 4.) Ans Bepugukaunm
W KOPPEKTUPOBKKM MOLENEA NeEPEHOC U3NYYEHKA,
WCNonb3yemblx NpW pa3paboTke anropuTMOE pacyeTa
NnapameTpos aTMochepbl No JaHHBIM HA3EMHBIX W opBu-
TanbHEIX HABMIOAEHKIA,

3. PazpaboTka NapamMeTprU3aLmni NepeHoca KopoTKo-
BOMHOBOTD M3NYYEHWA JNA MEIOMACIUTABHBIX W KIWMa-
THUECKWX MOgENel aTMOChepHbIX NPOLECCoB.

C MCNONB30BAHWENM PEIYNLTaTOB IKCNEPHUMEHTANb-
HOTO HAZEMHOMD MOHWTOPWHIE B COYETAHMI € AaHHBIMK
opbuTantHblx HabnogeHwi cneuwanuctamy HHIL MO
BIY npoBeqeH aHanua cpasHWTenbHo 3¢ dekTHBHOCTI
BO3OSACTEBMA PA3NUYHEIX aTMOChEDHBIX U reopn3Mye-
CKMX DEKTOROE Ha PEXIAM NPUIEMHONo YNLTpadHone-
TOBOMO CONHEYMHOMD M3NYYEHKA B NPUBPEKHOR 30He
AnTapkTrae. Npr 3Tom ocoboe EHUMEHWE YOENANOCE
panoHy Dazmpoeanua 6-i bA3, npoxogrewen Ha Poc-
CUACKON cTanuymy allporpeccs B nepwog ¢ 23 gekatps
2013 r.no 18 mapta 2014 .

AHANKMZ NPOBOAMNCA METOOOM YUCNEHHOM MOaE-
NUPOBAHWA CNEKTPANLHOTD PACNPENenaHA NNOTHOCTH
oceeljeHHocTH (CN230) 3emMHoR NOBEPXHOCTH «MPAMBIM:
W efmddy3HO pacceaHHbIM aTMoChepois MINYUSHWEM
ConHua B AWana3oHe gnvH BonH A = 290 = 450 um, Mo-
LENBHBIE PACHeTEl NPOBOLMAKCE C NOMOWbLI NPOTPamMM-
Helx Mogyned, paspaboTadHoix Ha Baze bubnnoTern
libRadtran 2.0 [19].

BaHO OTMETHTD, 4TO NPK aHANKW3E KOMNAEKCHO
MCNONL3IOBANKMCE BCE UMEKLMECA B HANWYKMIA faHHbIe
IKCMEPHMEHTANBHOTD MOHWTORKWHIA, 8 TAKKE PE3Yb-
TaThbl YWCNEHHOMD MOAENMPOBAHWA MEIOMACLITAOHLIX
norogHex npoyeccos B cucteme WRF [20].

MeTopom YNCNEHHOMO MOAENWPORBAHWA MCCNefoBa-
NOCH BNWAHME OCHOBHbIX Me0dUIMUecKX 1 aTmocdep-
HelX hakTopoE Ha cnekTpel CN30 B granazoHe gnuH
BONH A = 280 + 450 1w, NpefcTaenAwLmMe cobok cymmy
CNEKTPOR OCBEWEHHOCTA NPAMEIM W AMGEYIHO pacce-
AHHBIM BHW3 aTMocdepoi uanyuerren (direct + diffuse_
down), a Tak#e Ha ero OThenbHBIE COCTaRNAKILWE,
JononHUTENEHO MCCNEoBaNWUCE CNEKTPLI M3NYYeHUA
avddysHo paccesroro eeepx (diffuse up) atmocdepoii
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Despite the relatively short duration of the pilot
monitoring as being limited by the time of the sea-
sonal BAEs, examining intensity levels and spectra
of surface solar UV radiation in the Antarctic region
poses interest in three main aspects:

1. Measuring doses of biologically active UV radi-
ation in the area of the BAE to assess UV climate and
ensure security measures of the BAE personnel.

2. Using the unique geophysical and atmospheric
conditions of the polar Antarctic region (high levels
and uniformity of the spectrum of the underlying
surface albedo in the UV region, lack of humidity, lack
of significant NO, surface concentrations, etc.) to verify
and adjust the radiative transfer models while elab-
orating computation algorithms of the atmosphere
parameters based on ground and orbital observations.

3. Developing parametrizations of the short-wave
radiation transfer for mesoscale and climatic models
of atmospheric processes.

Using the results of experimental ground monitor-
ing in combination with the data of orhital observa-
tions, the NOMREC experts have analyzed the compar-
ative efficiency of the impact of different atmospheric
and geophysical factors on the regime of the surface
ultraviolet solar radiation in the coastal area of Antarc-
tica. Particular attention has been given to the area of
location of the 6th BAE at the Russian Station «Prog-
resse in the period from December 23, 2013 to March
18,2014,

The analysis has been performed by the method
of numerical simulation of the spectral irradiance in
the wavelength range of A = 290-450 nm. Model cal-
culations have been realized employing the software
maodules elaborated on the basis of libRadtran Library
2.0[19].

It is important to note that while analyzing both
all available data of experimental monitoring and
results of numerical modeling of mesoscale weather
processes in the WRF system have been used [20].

By the numerical simulation, one has inves-
tigated the influence of basic geophysical and
atmospheric factors on the irradiance spectra in a
wavelength range of A = 280-450 nm as the sum of
irradiance spectra of direct and diffusely scattered
down radiation by the atmosphere (direct + diffuse
down). In addition, spectra of the radiation diffusely
scattered up (diffuse up) by the atmosphere and the
underlying surface have been studied. The latters are
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Fig. 2.15. Dependence of the integrals of the components of the irradiance spectra in a wavelength range of A = 290-450 nm on the
solar zenith angle (SZA) under conditions of the «cleans atmosphere

W NOACTWNEWER NOBEPXHOCTEI, [TocnegHe CNEKTPBI
NpeacTaenAT MHTEPEC GNA CNYTHUKOBLIX HabnogeHni
METOAOM €B HAfWpe,

Mccnegogannck 3aBMcmMocTi cnekTpoe CMN30 ot
CONHEYHOro IeHUTHOMD yrna, SZ2A; ansbeno noacrunaw-
WeR NOBEPXHOCTI; 00WEro COAep#aHWA 030HA B BEp-
TUkansHomM cTonbe atmocdept, OC0; obwero copep-
#aHua NO, e ctonbe atmocdepel, OC[IOA; napameTpoe
atMochepHbIX a3p030nei; NapamMeTpoe 0BnauHoCcTy.
Ana vecnefoBaHi BEIAM NPUHATE YCNOBWA MAKCHManb-
HO NPHEBNKEHHBIE K aTMOChEPHBIM 1 reodK3M4e KM
YCNOBUAM PaUoHa M BpeMeHn NposefeHna 6-i BAZ.

Ha puc. 2.15 B KavecTee NPUMEpPa NPEACTABNEHB!
pesyneTaThl YUCNEHHOrD MOABNMPOBAHWA 3aBNCUMOCTI
OCBELEHHOCTI 3EMHOA NOBERXHOCTIA OT 38HWUTHOID Yria
CanHua (SZA) B yCnoBWAX ACHOW NOroasl NpW oTcyToT-
BuK 00NaYHoCTH W a3po3onei. 3HaueHuAa OCO » ansbe-
A0 NOBERXHOCTI COOTBETCTEYIOT IHAYEHWAM, CTaHAapT-
HbIM AA MCCNEAYEMOrO PErMOHE.

Ba#HO OTMETHTE, 4TO NP BHICOKUX 3Ha4YEHWAX
ansbego yx#e npw SZA ~60° HAUMHAETCA NPEBLILUEHE
WHTEHCHBHOCTH AWGdY3IHG paccedaHHoRn (BHKW3) Komno-
HEHTEIl H3J MHTEHCHMEBHOCTEH NPAMOTo W3NYUYeHUA. 3T0
AOCTATONHO XOPOWO BUOHO W3 puc, 2,15, Ha KoTopom
NpefcTasneds 3asMCIMOoCTy oT SZ2A Nnowaneid nog
cnekTpami CMN20 paznuyHbix KOMNOHEHT NPU3EMHOMO
CONHEYHOrD WanyueHuA. CekTpel NPoMHTErpUpPOoBaHE]
B QWanazoHe gnuH BonH A = 250 <+ 450 nm. Bee pacye-
Thl MPOBEAEHEI € YYETOM NONPaBoK Ha sChepUYeCcKyD
reoMeTPMION,

of interest to satellite observations by the «nadirs
technique,

COne has also treated dependencies of the irradi-
ance spectra on the following parameters: solar zenith
angle, SZA; albedo of the underlying surface; tatal
ozone in a vertical column of the atmosphere, TO; NO,
total amount in the atmospheric column, NO, TA; pa-
rameters of atmospheric aerosols; cloud parameters.
In the analysis, one has assumed the conditions being
as close as possible to those of the 6™ BAE in terms of
atmosphere and geophysical factors.

In Fig. 2.15, as an example, results of numerical
modeling of the Earth's surface irradiance depending
on the solar zenith angle (524} is presented for clear
weather conditions in the absence of clouds and aero-
sols. The values of the TO and the underlying surface
albedo correspond to the standard ones of the region,

One should mark that with the high albedo
intensity of the diffusely scattered (down) component
starts exceeding intensity of the direct radiation even
at the SZA ~60°. This is guite distinctively seen from
Fig. 2.15 which shows the dependence of the irradi-
ance spectra of various components of the surface
solar radiation on SZA. Spectra are integrated over a
wavelength range of A = 290-450 nm. All calculations
have been performed assuming the corrections on the
«spherical geometrys,
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MNocne yrnog =70° HAUMHAETCA PE3KKMIA POCT OTHO-
WEHWA MHTErPanoB AnGQYIHBIX KOMNOHEHT K COOTBET-
CTEYIOWEMY MHTErPany NPAMOra MaNyUeHuA, CEAZaHHBLIN
€ Bonee peskm NageHueM CUrHana NPAMOro W3ny4e-
HIARA,

Heobxognmo oTMETUTE, 4TO B NPWCYTCTEKMK 0bOnas4-
HOCTIA M ATMOCEPHBIX 33P0I0NER CUTYALMA «yCyryh-
NASTCA» W AOMWHWPOBAHWE PACCEAHHBIX KOMMOHEHT
CTAHOBWTCA elle Bonee sHaUYuTENbHBIM,

Mony4eHHBIA PE3yNLTaT OOHO3HAYHO CBMASTENLCT-
BYET O TOM, 4TO NPK 3HAYKUTENBHBIX SZA »60° 1 BeICOKNX
ans0eno NOOCTUNAKWER NOBEPXHOCTH METOME ONpeqe-
NeHKA NapaMeTpor atmocdepsl (Hanpumep, OCO), ocHo-
BaHHBIE Ha aHaNK3e CNeKTPOE PacCeAHHOND CONHEYHOo
wanyderns (£, CMN30) MMenT 3HaYRTeNbHBIE NPEMMYLLE-
CTBa MO CPABHEHMID C METORAMM, OPUEHTHPOBAHHBIMIK
Ha MCCNEQOBAHWE CNEKTRPOR NPAMOTD Wanyyerua (DSs).

MoHUMOPUH2 NPUIEMHBIX KOHUEHMPAaLyul 030Ha.

B coOTBETCTBIM C NPOBEAEHHBIM B NOCNEAHES BPEMA
AHANWIOM YPOBEHE TPONOChEPHOTD D30HA Kak MUHIA-
MYM YOBOWMNCA N0 CPABHEHWIO € «0OWHOYCTPWANBHO
3noxoii. Mpy 3T0M, OHAKO, CNEyeT NPU3HATE, UTo

B oTnMuKe o1 CO, m MeTaHa pocT ero ropazgo TpygHee
NOAAAETCA KONMYECTEEHHON OUEHKE. 3T0 CBAIAHO C TeM,
4TO, BO-NEPELIX, NOCKONLKY 030H — XMMWYECKK aKTHE-
HBIW a3, OH HE COXPaHASTCR B KEPHaX Nbaa, v, cnego-
BATENLHO, HET AaHHbIX, OOCTYNHBIX ANA aHANKW3a anA
neproaa, NpeawecTEVIIWErD Havany ero HenocpencT-
BEHHOIO IKCNEPUMEHTANBHOMO M3MEpeHWA. Bo-BTOpBIX,
030H NOABEPrasTCH CNOKHBIM aTMOChEPHRIM pEaKLIW-
A 0BpazoBaHUA W PA3PYILEHWA, B P3yNLTaTe Yero
KOHUEHTRaUWA TRoNoCchepHOro 030Ha MOMKET BapeWpo-
BATLCA B WIAPOKOM NPEQENE B 23BMCMMOCTI OT MECTa

W BpEMEHW HabniogeHwa.

Mo ousHKam HekoTopbIx HocnegosaTteneal (lanach,
1989; Stachelin, 1994; Marenco, 1994), ypoeeHb
NPW3EMHOro 030Ha 00 HAYaNa Nepuoga aHTponorex-
HOTo BO3GeRCTEMA HaxoQuncA B npegenax 10-15 ppb.
B HacToAwWee Bpema MHOMWE CTaHUWMK poHOBOra
HabmwaeHuA coobLalT, YTo CpefHUI YROBEHE NpK-
IEMHOMD O30Ha HAXOAWTCA B Akanasode 30-40 pph.
MpeanonaraeTca, YTo POCT KOHUEHTPALMK NPHIEMHOMD
0I0HA MOMET OBITE CERZAH C YEENMYEHWEM BbIOPOCOE
B TEYEHKWE NPOLWNOro CTONETUA erd GoTOXMMWYECKIX
NpekypropoE,

OTCYTCTBE NONHOR ACHOCTK B ONPaaeneHm
MEXAHWIMOE 00PAZ0BAHWA NOKANBHLIX KOHUEHTRAUWEH
NPUEMHONC O20HA, 3 TAKHE B OLUEHKE DONK B UX dop-
MUPOBAHMW AWHAMHMYECKIX aTMOChEPHRIX NpoLeccoR,
PEIKO NOBLIWAKT UEHHOCTE IKCNEPUMEHTANLHOMO MO-
HUTOPWHTE 3TWX KOHLEHTRaUWA, Ocobwih mHTepec npen-
CTABNAKT PEMMOHBI C OMMGAEMO HWZKON aHTRONOrEHHORN
HArpy3IKoi, KOTOPbIE NO3BONAKT W3y4aTh obpa3loBaHue
GOHOBBIX KOHUEHTPALMWA NPH3EMHOIO 030Ha K MX CBA3b
€ ECTECTEEHHBIMKM NPHPOAHLIMKA NPOLECCamA,

CHAPTER 2

After the angles =707 one has revealed a sharp
rise in ratio of the integrals of the diffuse components
ta the corresponding integral of the direct radiation
associated with a more distinctive drop in a direct
radiation signal.

It has to be noted that, in the presence of atmo-
spheric clouds and aerosols, situation saggravatess
with domination of the scattered components becom-
ing even more significant,

This result unambiguously indicates that at the
significant 5ZA =607 and the high albedo of the un-
derlying surface, the methods based on the analysis
of the scattered solar radiation spectra (Z, irradiance)
for determining the atmosphere parameters (e. g. TO)
have significant advantages if compared to the tech-
nigues employing direct radiation spectra (DS).

Monitoring of the surface ozone concentrations
reactions. The recently conducted analysis shows that
the level of the tropaspheric ozone has at least dou-
bled the one of the «pre-industrials era. At the same
time, however, one has to recognize that, in contrast
to CO, and methane, it appears to be much more diffi-
cult to evaluate the growth of the tropaspheric ozone,
This is due to the fact that, first, since the ozone is the
reactive gas, it is not accumulated in the ice cores, and,
consequently, no data are available for analysis of the
period preceding the start of the ozone direct experi-
mental measurement. Second, the ozone is affected
by the complex atmospheric reactions of formation
and destruction resulting in the high variation of the
tropospheric ozone concentration depending on loca-
tion and time of observation.

According to some researchers (Janach, 1989,
Staehelin, 1994; Marenco, 1994), the level of the sur-
face ozone preceding the period of human impact was
within 10-15 ppb. Currently, many of the background
monitoring stations report an average level of the
surface ozone as that of 30-40 pph. Itis assumed that
the growth of the surface ozone concentration may be
referred to the increase in emissions of its photoche-
mical precursors over the last century.

The lack of complete clarity in defining mech-
anisms of the formation of local concentrations of
the surface ozone as well as in assessing the role of
dynamic atmospheric processes in their formation
greatly enhances the value of the experimental mon-
itoring of these concentrations. Of particular interest
are regions with expected low anthropogenic activ-
ities allowing to study the formation of the surface
ozone background concentrations and their relation
to natural processes.
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Fig, 2,16, The time course of the surface ozone concentration in the period from 24.12.2011 to 12.03.2012

MOHMTORWHE NPUIEMHBIX KOHUEHTRAUMA 030Ha
B paioHe BAD ocywectenancA B 2011-2012 rr. € MCNonb-
30BaHwWem paspaboranroro 8 HHWL MO BlY rasoanani-
zaTopa Ha ocHoee [MNC

MamepeHns OCyIWEcTENANVCE B aBTOMaTUHECKOM
pPeRMME C MHTERBANOM 1 MUH. X004 KOHUEHTPALAK
MPUZEMHOND O30HE, 3APErMCTRUPOBAHHBIA B Nep-
of c 24122011 r.no 12.03.2012 r, NnpecTaBneH Ha
puc. 2.16.

CpenHas KOHUEHTPaUWA NpU3eMHOro 03oHa 3a
yeasaHHBIN Nnepyop HabniogeHna coctaekna 18 pphb.
MakcumansHoe 3HaueHme — 22 ppb, MUHKWManbHoe —

12 ppb. 37K 3Ha4EHWA COOTBETCTEYIOT OLEHOYHBIM YPOB-
HAM ¢A0aHTpoNoreHHoror Nepuoga. B 1o xe epema gna
oBOCHOBaHHbIX BEIBOAOE, a Tem Donee gna obcysaeHA
MEXEHWIMOB 00pa30BaHNA NPHIEMHBIX KOHUEHTRaL W
030Ha, NONYYeHHbBIX aHHBIX NOKa HEAOCTATOYHO,

B uenom nprbop nokasan xopowyo padotocno-
CODHOCTE B YCNoBWAX AHTapKTWAL. Ero mcnonezoBaqwe
OKa3aNock ONPaBAaHHBIM, 8 NoNYYeHHBIe JaHHBIE Npo-
oon#at pAg HabnuoeHwin, HavaTerx 8 2007 .

B paiore ctanymw «[opa BeyepHaa: nonyJyex
Pe3yNLTaT, BAXHBIA ONA M3YUYeHUA MeXaHM3MoB Goprin-
POBAHMA NPU3EMHBIX KOHUEHTPauWi O, - 3aperncTpu-
POBaH YETKMIA CYTOUHBIX X0 NPU3EMHBIY KOHLEHTPaLWA
030Ha, NPUYEM (B OTIWYKME OT 33BUCUMOCTER, XapaKkTep-
HbiX ANA CpenHWY WKPOT CeBepHOTo NOAYLLAPIAA) AHEM
KOHUEHTPALWA 030Ha NafasT, HOUBK YBENMYMBaBTCH
{pwc. 2,17}, uto camo no cefe focTaTouHo HeoBbIuHO.

Monumopune deyokucu azoma. MoHwTopuHr obuge-
ro cofep:KaHuws U BEPTUKAanbHbIX Npobunel KoHUeHT-
paunn NO,, Tak #e kak u O, B aTMOCdepe AHTAPKTUKM
npefcTasnAeT MHTEpec BCNeACTEME OTCYTCTBIMA WX NPK-

The monitoring of the surface ozone concentra-
tions in the area of the BAE was realized in 2011-2012
using the gas analyzer on the basis of semiconductor
sensor engineered by MOMREC specialists.

The measurements were carried out in the auto-
mated mode with intervals of 1 min. The course of the
surface ozone concentration registered in the period
from 24.12.2011 to 12.03.2012 is demonstrated in
Fig. 2.16.

The average concentration of the surface ozone
during the period of observation reached 18 ppb
with a maximum of 22 ppb and a minimum of 12
ppb. These values correspond to estimated levels of
the «pre-industrials era. At the same time, the data
obtained can be served neither for well-grounded
conclusions nor for discussion of the formation mech-
anisms of the surface ozone concentrations.

In general, the instrument demonstrated a good
perfermance in the conditions of Antarctica. The
collected data will continue a series of observations
started in 2007.

In the area of the station «Vechernyaya Hills, one
has revealed a clear diurnal variation of the surface
ozone concentrations which may be helpful in stu-
dying the mechanisms of the formation of the surface
ozone concentrations. Here (unlike the dependencies
typical for the mid-latitudes of the Northern Hemi-
sphere} the concentration falls during daytime and
rises at night (Fig. 2.17) which is quite unusual.

Nitrogen Dioxide Monitoring. Antarctica is viewed
as a perfect place to maintain the monitoring of the
total amount and vertical profiles of NO, and O, con-
centrations in the atmosphere due to lack of ground
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Fig. 2.17. Diurnal variations of surface ozone concentration (BAE base, «Vechernyaya Hills, season af 2007-2008)

3eMHBIX (KaK NPaBung, aHTPONOrEHHEY) MCTOYHWKOE,
NOCKONEKY BEICOKWE NOKANBHBIE KOHLEHTPALIMW 3TVX ra-
30B MOTYT 3aTPYAHATE MHTEPNPETALWID CTPATOCGEPHBIX
npoueccoe 1x 00pa3zoBaHnA, NEPEHOCA M PAZPYILEHKA,
OcoberHo 310 BamHo ana NO,, NpusemMHbIe NoKanbHbIe
KOHUEHTPAUKMK KOTOPOrD B CPEAHWX LWIMPOTaX MOryT Ha
NPAAKA NPERRIWAETE 8ro CTRATOChEPHOE COgepHaHie,

MonuTopuHr NO, ¢ nomowsio cnektporpada
waobpaxeHns MARS-B c nepecTpavBasmoi reoMeT-
pMeld BuavposaHa w 0bpaboTkol no meTogurke DOAS
npoxonun B BocTouHoR AHTapKTIE, B paloHe pocclii-
CKOM cTaHymm «lporpeccs (xonmel NapcemanHa, S69°22°,
E76°23") B xopme 59-i1 PAS 2013-2014 1.

JaHHble namepeHui, NoNYYEHHEIE 33 NEPHOS
25012014 r. no 28:02.2014 r, npeacTagnedsl Ha
pwc. 2.18. Ha pwc, 2.18 nokasaH BpemMeHHoR Xof 3Ha-
veHMi guddepeHUManbHEX HAKNOHHBIX COQepHMaHui
{Differential Slant Column Densities, DSCD) NO, w O,

AHannsa obpaboTaHHBIX CNEKTPOE NOKasan, uto
DSCDs NO, v O, 4nA pa3Hbix YINOB BO3BLILEHUA NPa-
KTWYECKKW COBNALAKT. 3TO KOCEEHHO NOGTEEPKAAET
npegnonaraemoe anpuopu oTcyTeTeme NO, n O, B Hitx-
Hel Tponocdepe. PesynsTathl MOQENWPOBAHWNS TaK#Ke
NOKA3BIBAKIT, UTC MCCNEdYEMBIE NPUMECH PACNONoHe-
Hbl Ha BbICOTax Bonbwe 6 kKW, Takum obBpazom, MOKHO
CUMTATE, UTO NOBEOEHUE W3MEDEHHBIX 3HavYeHniA DSCDs
COOTBETCTBYET NOMMOWEHWID CONHEYHOTD M3AYYEHWH
TONLKO B CTpaTochepe.

B T e BpemMA MOMKHO 3AMETWTE Pa3NUYHYI0 3aBICK-
mocTe DSCD y NO, 1 O, B TeueHKue QHA, NpUYem 31a 3a-
BMCMMOCTE MEHAETCA B pa3Hmie gHM. [laHHsie peadanuia
{reanalysis of Monitoring atmospheric composition and

(usually anthropogeneous) sources, since the high
local concentrations of these gases may hamper inter-
pretation of stratospheric processes of their formation,
transfer and destruction. This is especially important
for NO, with the surface local concentrations some-
times exceeding the stratospheric ones by orders in
the middle latitudes.

The NO, monitoring by means of the image
spectrograph MARS-B employing adjustable geome-
try of observation and the MAX-DOAS technigue for
data processing was conducted in Eastern Antarctica,
near the Russian station «Progress» (Larsemann Hills,
569°22, E76°23") during the 59 Russian Antarctic
Expedition of 2013-2014.

The measurement results obtained during the
petiod from 25.01.2014 to 28.02.2014 are displayed in
Fig. 2.18. Figure 2.18 depicts the time course of diffe-
rential slant column densities (DSCD) of NO, and O,.

Analysis of the processed spectra has shown that
D5CDs of NO, and O, for different angles of elevation
practically coincide. This indirectly confirms a priori
supposed absence of NO, and O, in the lower tropo-
sphere, The simulation results also show that the trace
gases are found at heights of more than 6 km. Thus,
it can be inferred that the behavior of the measured
values of DSCDs corresponds to the absorption of the
solar radiation only in the stratosphere.

At the same time, one may see different DSCD
dependence for NO, and O, during the day, and,
what is typical of this dependence, it varies for days.
Reanalysis data (reanalysis of Monitoring atmospheric
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Fig. 2.18. Measurement results of DSCD of NO, and O, in Antarctica

climate, MACC) (puc. 2.19) KauecTBEHHO COrNACYOTCA

€ NpoBeaeHHBIMK Wameperuamn; 14.01.2014 r, nabnioga-
eTCA YMEHDLUEHNE COOSKaHNA BYOKUCK a30Ta, YBENK-
YeHKre oDIWEro CoNepRaHua 030Ha 1 NOQLEM BEPXHER
rpaHuLbl 030HOBOTD CNOA.

Takum 0bpazom, B X008 CPABHEHNA IKCNEPHMEN-
TanbHBIX AaHHBLIX € MOENbHBIMKY PaCYETaMK, ONA JaHHO-
Mo KOHKPETHOTO CNYYas, YCTAHOENEHT, YTO YMEHbLIEHWE
COOEDMAHWA JUOKCUAA 230Ta B BEPXHERN aTMocdepe
NPUEOAMT K YBENWYEHWIO COASP#AHIA 030Ha, ITOT
BamHBIA PE3YNLTAT HOCUT GYHAAMEHTANBHEIN Xapak-
TER = NONYYEHO IKCNEPUMEHTANEHOE NOATEEDMHKOEHNE
BIaUMOAEWCTEWA ABYOKWCKW 33072 W O30HA B 38MHOW
cTpaTocepe.

Tes He MEHEE, BOIMOMHO, YTo Npeobpazosadmna NO
n O, ABnATCA bonee CNOMHBIMK M3-3a PONK FaNareHo-
cofepHauiix MUKponpuMmecel. B To #e Bpems Konude-
CTEQ aKTUBHBIX FaNoreHoCoAepPHKalMX MUKPONpUMecei
33BUCHT OT coplepkania NO, W Hanu4ua NONAPHLIX
CTpatocdepHeIX 0bNakos, YTO B COBOKYNMHOCTYA BAMAET

2

composition and climate, MACC) (Fig. 2.19) are quali-
tatively consistent with measurements performed: on
14.01.2014, a decrease of nitrogen dioxide, gain of the
total ozone and rise of the upper limit of the czone
layer are observed.

Thus, while comparing the experimental data to
the model calculations, for this particular case, it has
been found that reducing the amount of nitrogen
dioxide in the upper atmosphere leads to the increase
of ozone. This important result is of fundamental char-
acter — one has received experimental confirmation of
the interaction of the nitrogen dioxide and ozone in
the Earth's stratosphere.

Nevertheless, it is possible that NO, and O,
transformations are more complex due to the role of
the halogenated trace gases. At the same time, their
number depends on the presence of NO, and polar
stratospheric clouds which together affect the param-
eters of the ozone layer. 5o, for a better interpretation
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Fig. 2.19. Vertical ozone and nitrogen oxides profiles for the point with coordinates of 569°30°, EF6"30°

Ha NapamMeTpbl 020H0BOro CNoA. [na nyJwen uHTep-
I'IF.lETEIL‘Ir‘IIﬂ I'Il:}ny"'-l-EHHl:.lIJ{ E}KI:I'IE'pHMEHTaanhIK HaHHhI){
HeoBXoAMME! AONONHNTENBHBIE M3MEPEHIA,

Modenuposanue ammocgepHex npoyeccos. He-
CMOTPA Ha CPABHUTENBHO KPaTKOBPEMEHHBIE NepUoab
IKCNEPUMEHTANEHOTO MOHWTORKMHI, OrpaHUYeHHbIE
BpemMeHeM Ce30HHLIX BAI, NonyyYeHHLIE aHHbIE NO3BO-
NAKT NPOBECTI BaNWZALME YNCAEHHBX MOOENei Np
WX MCNONLI0BAHWA AN dHANW3a aTMOoChepHEX Npouec-
COB JaHHOMD PeruoHa.

B yactHoCTH, MOHWTOPUHT OCO B AHTApKTUYECKOM
pernoHe NogTeepawn, obHapyHeHHoe B pesynsTate
MHOrONETHWMY HabnoaeHui Ha MWHCKOR 030HOMETK-
weckoi craHuyun HHL MO BI'Y, anuwe ycToRumeoid
CEAIN MENY COCTOAHMEM O30HOCHEDE! M PErMOHANE-
HBEIMK NOFOOHBIMK YCNOBWMAMK. 3TO CBMIETENLCTBYET
O TOM, 4TO AnA Bonee TOYHOro NPOrHo3a HeobXoguMo
WMCNONL30BaTE MobanbHbIE W PEMMOHANBHBIE KMMAa-
THYECKWE MOAENN, BENIOYAIOWME B pacyeT NnapameTpol

cTpatochepbl.

of the experimental data, additional measurements
are needed.

Maodeling of atmaospheric processes. Despite the
relatively short duration of the pilot monitoring, being
limited by the seasonal BAEs, data obtained allow to
validate numerical models using for the analysis of
atmospheric processes in the region,

In particular, the TO monitoring in the Antarctic
region has confirmed previously detected (as a result
of long-term observations at the Minsk Ozone Station
of NOMREC B5U) presence of a stable connection
between the state of the ozone layer and the region-
al weather conditions. This suggests that for a more
accurate forecast one should use global and regional
climate models involving parameters of the strato-
sphere in the calculation,
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Tak, Hanpumep, B pe3yneTate NpoeeeHHBX B HHL
MO BI'Y paboT no WucneHHoMy MOENWPOBAHMI0 aTMO-
chepHbIx Npoueccoe KHOro NoNYWapKua NOKa3aHo,
YTO KOHGWUIYPALWA CTALUWMOHAPHBIX aTMOChEpHbIX
dpoHToR Ha ypoeHe 100 mb npakTvyeck cooTeeT-
cTBYET GopME M NONOHKEHMID AHTADKTUHECKOW 030-
HOBORN AbIPEIl, YTO YKa3EIBAET HA TECHYO B3aMMOCEA3L
COCTOAHWA 030HOCHEPEI M LMPKYNALWOHHEX NPOLSCCoB
B atmocdepe pervoHa.

2.3. BoccTaHoOBNEHNE ONTUYECKUX NapamMeTpoB
NoACTUNAIOLWENR NOBEEPXHOCTH NO AaHHBIM HaZEMHBIX
W CNYTHWKOBBIX CNEKTPOMETPUYECKNK N3MEpPEHWA;
papgnomeTpuuecKan KannbpoBKa cnyTHUKOBbBIX
ONTUYECKWX WHCTPYMEHTOB

2.3.1. Uzmepenua cnekmpoe anvbedo e patioHe
cmanyull «Monodexnas» u «lopa BeyepHan

HasemHble M3MEPEHWA CNEKTPOE OTPakeHun no-
BEPXHOCTH B palloHe cTaHuuiA «Monogemsyans u «lopa
BevepHasy Hadanice B akcnegruwne 2012-2013 rr.
MzmepeHA NPOBOGMANCE C Lenbio GopmMUpoBaHIA
DaHKa JaHHEIX CNEKTPOR OTPaMEHNA NOACTIAAIWER
NOEEPXHOCTI, Tpebyemsix 4NA PAcUeToB PagrauoHHLIX
NoTOKOE B aTMochepe, W MHTERNPeTauni CNYTHUMKOBbIX
HalNWOEHWI, 3 TAKMe, B QONMOCPOUYHON NEPCNEKTUERE,
[iNA OLEHKW aHTRONOreHHOro 3arpAsHEHWA OKPYHKal-
wiel cpefel B paioqe bazmposadua BAC. Kpome Toro,
Pe3ynLTaThl M3MEPEHMI HEODXOOMMb KaK HacTe MHpop-
MalUMoHHOro obecnedeHnn IKCNEPUMEHTOR NO BHELUHER
KanMOpoBKE ONTHYECKKMX CNEKTRPOMETPOR Ha CRYTHWKEX
BKA 1 «Kanonycs,

B paioHe ctaHuwi «MonogesxHans — «fopa Bevep-
HAA» BbiNK 0ToBpaHbl 8 NONWIOHOB € PAZNKMYHbIM TUMNOM
NOBEPXHOCTI (CHEr, ned, ckansHbee nopogel) (puc. 2.20).
Ha Kasnom nonuroHe onpefenseHo Heckonbko TOYeK
vzmepedni. MNonurods N# 1-2 1 N2 4-7 Geiny Beibpads
B paidone ropel BeuepHas, nonvrode N 01w N2 3 -

B paioHe ctaHumi eMonogemHans, [lna npoeegeHmnaA
NOACNYTHWKOBBIX M3MEpPeHUi BN OTEEAEH NONUIoH
Me 3.

CpegHue 3HaYeHA cnekTpoi AnddysHoro oTpake-
HIAA RIA) ANA paznUUHbIX THNOB 3EMHOR NOBEPXHOCTIA,
NOAYYEHHBIE Ha W3MEPWTENBHBIX NONWIOHaX, NPEaCcTaB-
nedsl Ha prc. 2.21. MoHo BUAeTE, 4TO NOBEPXHOCTh,
nokpbiTaa cHerom (Kpueble 1-2), umeeT Hanbonbwmig
KoaguunenT oTpakernna R. B sngumol obnact gnvH
BONH Ko3GGUUWEHT OTPAMKEHWA CHEra HaxoaKWTCA
B npeaenax 0,8-0,95 W cpaBHUTENEHD CNabo 3asmouT oT

CHAPTER 2

Thus, for example, as a result of NOMREC's activi-
ties on numerical modeling of atmospheric processes
in the southern hemisphere it is shown that the con-
figuration of stationary atmospheric fronts at 100 mb
well conforms with the shape and location of the
Antarctic ozone hole thereby indicating close rela-
tionship of the ozone layer state and the circulation
processes in the atmosphere of the region.

2.3, Retrieving optical parameters of surface
from earth-based and satellite spectrometric
measurement data; radiation calibration of
satellite optical sensors

2.3.1. Measurements of albedo spectra in the region
of stations «Molodezhnaya» and «Vechernyaya Hill»

Earth-based measurements of surface reflec-
tion spectra near the stations «Molodezhnaya» and
aVechernyaya Hills were initiated in the expedition of
2012-2013 years. The purpose was to form the data
bank of surface reflection spectra that is required
to calculate radiation fluxes in the atmosphere, to
interpret satellite observations and, in long-term
outlook, to estimate anthropogenic pollution of the
environment. Also, results of these measurements can
be used as a part of infoware to the satellite spectro-
meters calibration experiments. It means the external
calibration of optical spectrometers situated on the
satellites BKA and «Kanopuss,

In the region of the stations «Molodezhnayas —
«Vechernyaya Hill» it was selected 8 proving grounds
differing in covering of the surface (snow, ice or hard
rock) (Fig. 2.20). Several measurement points were
selected on each of them. The proving grounds N2 1-2
and N¢ 4-7 were chosen close to Mount Vechernyaya,
while the ones N* 01 and N? 3 were in environs of the
station «Molodezhnayas. The proving ground N2 3 was
allotted for sub- satellite experiments.

Average spectra of the diffuse reflection for differ-
ent surface types obtained within the chosen proving
grounds are given in Fig. 2.21. As seen, the reflection
coefficient spectra R{A) for the snow cover are highest
ilines 1, 2). In the Visible, reflection coefficient / values
for snow are within the limits 0.8-0.95, and it compar-
atively weakly depends on the wavelength A of light.
The largest values of R are observed for newly-fallen
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Pur. 2.20. Kapma nonuzanos 8na UIMEPEHUA CHEKMPOE oMPaseHus nogepxHacmu & padode crmanuuld «Monadesnans u «fopa
BevepHraas

Fig. 2.20. Map of proving grounds for measuring of surface reflection spectra in the region of stations sMaolodezhnayas and
eMechernyaya Hills

ANKHBI BONHB! M3AYYEHrA A, MakcumanbHbe 3HaYeHnA
Ko3GPUUKMEHTa OTpameHA HabNOOaTCA ONA CBEXEBDI-
nagwero cHera (kpread 1), Mo mepe scTapeHnAs CHEera
ero koathduUMeHT oTpameHA R yMEHBLWAETCA, NPUUYEM
TeM CNbHER, Yenm BoNble ANMHa BOAHB M3NYHEHWA A,
KoaddmureHTs oTpamedna Nbaa (kpuesie 3-5)
3aMETHO MEHbILE KO3QPUUMEHTOB OTPaKEHWA CHETA.
MoHo BuaeTs, UTo ansBeao Neaa UMeeT MaKCHMM
npuh = 470 1. [na & = 470 UM € pocTOM GRMHEBI BOMHBI
WanyueHue anbbeo Nbaa fOCTATOUHO BLICTPO YMEHb-
waeTcA 1 Npu & = 500 UM He NpeebiwaeT 15%. Takok xog
CNEKTPOB OTPaMeHWA ABNASTCA CNEACTEMEM CNEKTRanNb-
HOW 3aBHNCUMOCTIA Ko3ddULUWeHTa NOrMoWeHWA Neaa:
B Avanasone gnud sond 400-500 Hm oH MruHUMaNEH,
anpu A= 1030 HM KMEET NOKANBHBLIA MaKCHMYM,
KoadduuneHTy OTpameHnA Nbaa 3aBMCAT OT ero
CTPYKTYPEL. Anbbefo smonogoros NbAa, XapakTepHoR
0CODEHHOCTEI KOTOROMO ABAAETCH DONBLIOE KONWYECT-
BO BOZAYWHBIX MY3LIPBKOE, MOXET QOCTMIATE QOCTATOY-
HO BONBWKE 3HaYeHWA (Kpyeas 3), Mo mepe cTapeHusa
nega (Kpuesie 4 14 5 Ha puc. 2.21) pazmep 1 KoONUUECTED
Ny3LIPbKOB BO3OYXa (NOPWCTOCTE) yMeHblaeTcs, CoaT-
BETCTEEHHD YMEHBIIABTCA PACCEMBAIOWAA CNocobHOCTL
Nbaa, YBENWYWBAETCA MyDMHa NPOHWKHOBEHWA CBETA
W YBEMNMUMBAETCA KONWYECTED NOMMOLWEHHOMD Manyue-
HWA, 3TO NPUECANT K YMEHBLWEHWID ankbeno Bo Boem
AWManazoHe ANKH BonH (Kpueana 4).

snow (curve 1). As snow ages, the reflection coefficient
R goes down (curve 2), and the larger is a wavelength,
the faster is falling of A.

Reflection coefficients of ice (curves 3-5) are na-
ticeably less than reflection coefficients of snow. It can
be seen that the ice albedo is maximal at b = 470 nm.
When A = 470 nm, values of ice albedo decrease quick-
ly enough with growth of the wavelength A of light,
and they do not exceed 15% on A = 900 nm. Such de-
pendence of the reflection spectra is due to the effect
of ice spectral absorption. The absorption coefficient
of ice is minimal in the range 400-500 nm, while its
local maximum falls on A = 1030 nm.

The reflection coefficient of ice depends on ice
structure. Its values for eyoung» ice, of which charac-
teristic feature is presence of a lot of air bubbles, can
be rather big (curve 3). When ice ages (curves 4 and 5
in Fig. 2.21), air bubbles size and number (porosity) de-
crease, Accordingly, scattering ability of ice becomes
less and, hence, the depth of light penetration and
guantity of absorbed radiation increase. As a result,
albedo values fall within the whole range of wave-
lengths (curve 4).
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Fig. 2.21. Diffuse reflection coefficient (albeda) as a function of a wavelength A for different surface types from experiments
inAntarctic: 1, 2 —snow: 3, 4, 5 —ice: 6, 7, B —rocks

Korga noprcTocTs Nbfja CTaHOBUTCA HE3HaYMTENb-
HOIA, OH CTAHOBMTCA JOCTATOYHO NPO3PaYHbIM W NPK
W3MepeHnAx anbbeqo HauMHaIT CKa3bIBaTbCA CBOMCTBA
NOACTUNAOWEN NOBEPXHOCTY. B 3TOM Cnyyae nimepeH-
HbIA CNEKTP OTPaXEHNA COOTEETCTBYET CEKTPY 0Tpa-
#EHWA NOACTUAAIOWEN NOBEPXHOCTH, NCKAKEHHOMY
BCAEACTBME MOMNOLLEHWA W3NYUEHUA MPW NPOXOMOEH AN
yepes nen (KpWBas 5).

2.3.2. Cpednull pazmep 3epeH cHeza U KOHUeHmMpayua
CaMea020 3azpAIHeHUA cHeza No BaHHEIM HG3EMHBIX
cneKmpoMempuUYecKux uzmepenul

Pazmep 3epeH CHEra ABNAETCA BaHENILM Napame-
TROM, ONPENENAIOWMM CEORCTEE CHERHOM NOKPOEA.
C HWM CEAZAHO TEPMOOWHAMMWYECKOE COCTOAHNE CHETA,
d TAKMKE CNeKTpantHoe anbbeno cHera, MMPakwes Knw-
YEBYH PONb B paQMauMoHHoM BanaHce 3emmi.
Mo pazmepy CHEKHBIX YACTWL MOMHO CYOWTE O BO3pacTe
CHera v enatk NPOrHo3 O NepCNekTUBaX ero TaAHWA.

ElLe 0fMH BaKHLIA NAaPaMeTP CHEra — CTENEHb ero
3arpAsHeHnA. M3BeCTHO, 4TO CHer B AHTapKTWE O4eHb
YHETHIN 1 NPAKTUYECKH HE COAEPMNT CAKEBOTD 3arpAs-
HeHuA. [No 3Tol NprYKHE BKNagomM casn B anbbeno cHe-
ra yacto npexebperawT. OgHako B cnyuae oTCyTCTEMA
CaMEBOrD 3arpAzHeHVA anebego nonyiecKoHe Horo
CnoA cHera B 0Bnactu cnekTpa 400-450 Hm, rge MHMMan
4aCTk NOKA3aTenA NPenoMNeHna nega ¥ ~ 107, gomsHo
Gbino BeITE NPaKTUYECKN paBHEM ankbeao Henorno-
LWAKLLEND CAOA, T. £, PABHLIM 2auHKLE. Tem He meHee
peantHoe ansbeno & 3Tol 0BNacTi CNeKTpa 3aMeTHO

In case of porosity is insignificant, the glacial
covering is transparent. Then, underlying surface
properties are revealed in results of albedo measure-
ments. That is, a measured reflection spectrum is like
a reflection spectrum of underlying surface after it has
been distorted owing to light passing and absorbing
in the above ice slab (curve 5).

2.3.2. The average snow grains size and the snow
soot contamination retrieved from spectrometric
field measurements

The characteristic size of snow grains is the es-
sential parameter that determines the properties of
the snow cover. This parameter is an important factor
determining the snow thermodynamic state and the
snow cover albedo which plays a key role in the radi-
ation balance of the Earth. The characteristic size of
snow grains allows one to estimate the snow age and
make a prediction about snow melting prospects.

One mare important snow characteristic is the de-
gree of contamination. As known up to now Antarctic
snow is pretty pure and practically does not contain
contaminations. It is why the effect of contamination
{including soot onej to the snow albedo is neglected
as a rule. However in the absence of contaminatien
the albedo of a snow semi-infinite layer had to be
almost equal to unity in the spectral region of 400-
450 nm, where the imaginary part of the refractive
index of ice y ~ 10 ( practically non-absorbing me-
dium). Nevertheless the measured values of albedo in
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Fig. 2.22. Spherical albedo of fresh and old snow in the area of Mount Vechernyaya, Field measurements on 21.02.2013
and 07.03.2013

OTNWYAETCA OT eguHILLl (puc. 2.22). Hanbonee eepoAT-
HOW NPUHMHOR TAKOTD OTAWYAA, NO-BUOWMOMY, ABNAETCH
TOT (akT, UTO CAXKEBOE 3arPAIHEHME XOTA W MaNo, HO He
HACTONBKD, YTDOB! HE NPOABNATECA B KOPOTKOBOMHO-
Bol obnacty cnekTpa. Ho cerogHa, Korga u3meHeHne
OKPYAAWILEN Cpeabl MOET Tak BbICTPO, MOHUTORWHT
3ArPAIHEHWA CHEM3 CTAHOBWTCA OCOBEHHO BAMHBLIM

W HEOBXOOMMEIM.

[na oUeHKWM CpeqHEro paiMepa 3epeH CHera W KoH-
LEHTPALMI CAMM B CHETE MO JAHHBIM HAZEMHBIX U3ME-
peHuit cnekTpaneHoro ansbeflo cHera Hamw paspaboTad
METOM, CCHOBAHHBIM Ha PE3yYNLTaTax aCUMNTOTUYECKOR
TEORWK NepeHeca nanyyerna [21]. Pesynetatel npume-
HEHWA 3Toro MeToga 4nA obpaboTkK M3MepeHui, Bbl-
nonHeHHbix anbbegomeTpom AS-A, nokasanw (Tabn. 2.7),
4TO, OTHOCHTENBHAA KOHUEHTPaUKA cami O Kak
B CEEMEM, TAK M B NEAANOM CHEME COCTABNAST NOPAL-
ka 1075 3ameTIm, UTO TaKkaA KOHLUEHTPALWA CAHEBOTO
IAMPAIHEHWA HAXO4WTCA Ha HMAHEM NOPOre (MAKn HNKe

this spectral range are noticeably different from unity
(Fig. 2.22). Apparently the most likely cause of such a
difference is the fact that soot load although is small,
but not so as to not appear in the short-wave spec-
trum. But nowadays when the environment changes
so quickly, snow pellution manitoring in the Antarctic
becames necassary.

The method to estimate the average snow grain
size and soot pollution concentration using data of
field measurements of the snow spectral albedo was
developed basing at the results of the asymptotic the-
ory of the radiative transfer theory [21]. This method
was used for processing experimental data received
with albedometr AS-A (Table 2.7). As seen, the relative
soot concentration C | does not exceed both for fresh
and old snow 107%, Note that this concentration of the
soot contamination does not exceed the threshold
for soot concentration which can be detected from

TaGnuua 2.7, ddbekTHBHBIR Pa3Mep CHEMHBIX 38PEH d,, W OTHOCMTENBHAA KOHLUEHTPAUWA C | CAMEBOM0 JarPAZHEHNA
ANA CEBMEro W NEMANOro CHera B AHTAPKTHAE NO AaHHBIM HAZEMHBIX W3MEDEHWE

Table 2.7, Effective snow grain size a  and relative concentration O of the soot pollution for fresh and old snow
in Antarctica retrieved from field spectral albedo measurements

CHer o, MM
Snow o, m .
CBexMA
Fresh 150 7 E-08
Nesxanwif
old 1600 GE-08
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Nopora) BeNWYKH, KOTOPEIE MOTYT OBEITE ONpeasneHs
Mo CNYTHUKOBBIM SAHHBIM. YMEHbLWEHWE Ko3bdrumreHTa
OTPa#EHWA B NEHKANOM CHETE NO CPABHEHWID CO CBEKNM
{vanbonee sHaunTensHoe B MK-obnactu) obbacHAeTcs
TEM, YTO, Kak W OMUAEN0CE, Pa3sMep CHEXHBLIX 3epeH

B Nexanom CHere 3HauuTensHo Bonble, Yem B CBEHMEM.

2.3.3. Paduomempuveckaa kanubpoaxa
CNYMHUKOSbIX ONMUYECKUX UHCMPYMEHIMO8
no cHUMKAM AHMAapKmMuodsl U HAMYPHBIM
nodcnymHUKoBbIM SaHHBIM

ABConTHAA IHEPreTUYECKan KanubpoBKa CNYTHK-
KOBBIX NPUOOROE ONpefenfeT BOIMOMHOCTE U TOMHOCTE
PEWEHNA MHOMAX 3334 AWCTAHLUWOHHOID 20HAMPOEE-
HuA Jemnm, MNepeg 3anyckom CnyTHWKE, BCTECTEEHHO,
NpoBOAWTCA NpegnoneTHaA KanuBpoBka BCEA anna-
patypel. OgHaKo B NPOLUECcCe 3anycka ¥ ANMTensHoro
nNaneTa MoryT NPOWMCKOAWTE CYLECTBEHHbIE W3MEHEHIA
HACTROWMKW annapaTypr, €8 YyBCTEMTENBHOCTH, 8 TaK-
HE ZATPAIHEHWE 1 M3MEHEHWE NPOMNYCKAHWA ONTHKW.
3T daxTopbl TpebyoT NpoBEdEHUA KOPPEKTUEYHILLER
KanWBpOEBKK BO BpEMA NoneTa.

KanwbpoBKa No TECTOBOMY YYaCTKY Ha NOBEPXHO-
cTH IEMAW NPESBABNAST PAL CepbeiHbx TpeboBaHuil K
suiBopy NONWIoHa W K oBecnevyeHio CoNpPoBOHKOaIoLYNX
NoacnyTHUKOBBIX M3MepeHui. MNpexae Bcaro, NNowagk
nonuroda gon#Ha Geims QoCTaTodHo SoNbIoN, a ansbhe-
[0 2ro NOBEPXHOCTH JOCTATOMHO OOHORogHBIM, B 3Tom
OTHOWEHWA HAWNYYLWWAMKN CHNTANTCA KannbpoBoYHbIE
MNONUIFoHL!, NoKPBITEIE Neckom (White Sands e CLUA,
Dunhuang e nycTeiHe lodu (Kutai) v gp.).

Eule ogHKM, B HEKOTOPOM CMBICTE MOEaNbHEIM
NOAWroHOM, YO0BNETEORALWMM ONMMCAHHBIM Bblle
TpeboBaHKWAM, MOMET BEITE CHEXHAA NOBEPXHOCTE

AHTapKTAbL OHa ABNAETCA eCTECTBEHHBIM Kanubposoay-

HbIM NONUIOHOM € OAHOPOOHOR Genoi NOBEpXHOCTL
W WCKAKYATENBHO YMCTON aTMOCERON,

Hamm pazpaboTaHo nporpammHoe obecneveHmne
ANA NPOBEOEHMA BHEWHER CNekTRansHON KannbpoBKK
CNYTHUEOBOW anNNapaTypsl No CHEXHON NOBEPXHOCTIA
2 AHTAPKTUAE C UCNONbLIOBAHWNEM JAHHBIX KOMIIEKCHLIX
HA3EMHBIX W3MEPEHWA NAPAMETPOE aTMOChepbl 14 Nog-

cTunatowen nosepxHocty (MO ARC, Antarctic Radiometric

Calibration). OHo npegHazHaveHo gNA pacyeTa cMrHanos
Ha BXofe CNYTHUKOBOW ChemoqHON annapaTtypsl npu
HabMIOLeHM YUACTHOB CHEXHOMO NOKPOBA C YYETOM
BAMAHWA ATMOCDEPE! M OTHOCUTENEHOW CNEKTPaNEHOA
YYBCTBATENEHOCTK Kananos. [0 ARC nozeonaeT yuecTb

BNWAHWE NPOCTRAHCTEEHNHOND Pa3MeITHA MyHKa CEETa NPK

pacnpocTpaHeHny g atmocdepe («B0K0ROIo NogCRETas)
Ha CUrHan, PerncTprpyeMbli CyTHUKOBOWN CUCTEMOR
BBICOKOMS NPOCTPAHCTEEHHOMO pa3pelleHs, 1 obecne-
HMBAET PELUEHWE CRedykx GYHKLWOHANBHBIX 3a0au:

CHAPTER 2

satellite data. The decrease of the spectral albedo of
the old snow in comparison with fresh one (more pro-
nounced in the IR region) is due to increase of a grain
size with the age of snow.

2.3.3. Radiation calibration of satellite optical sen-
sors with satellite images of Antarctica and ground
truth data

Absolute radiation calibration of satellite instru-
ments determines the possibility and accuracy of
a lot of remote sensing techniques. Before satellite
launching the preflight calibration of all equipments is
performed. However, during the start-up and a long-
term operation the substantial instruments tuning,
variations of its sensitivity, pollution and the change of
the optical elements transmission occur, These factors
require corrective calibrations during flight.

Calibration with the test site at the Earth's surface
imposes a number of serious requirements for the test
site and to concomitant ground truth measurements,
First of all, the test site should be large enough, and
the albedo of the surface sufficiently uniform. In this
respect, the best gauge ranges, covered with sand (for
example, White sands in the United States, Dunhuang
in the Gobi Desert, China) are considered as the best
ones.

Another, in a sense, the perfect test site that meets
requirements described above is a snow surface of
Antarctica. It is a natural gauge with a smooth white
surface and exceptionally clean atmosphere.

Software ARC (Antarctic Radiometric Calibration)
for the in-flight spectral calibration of satellite optical
sensors using signals reflected by a snow surface in
Antarctica and data of complex ground-based mea-
surements of the atmosphere and surface parameters
has been developed. It is designed to calculate the
signals at the channels of satellite imaging sensors
from testing areas with the snow cover, taking into
account the effect of the atmosphere and the relative
spectral sensitivity of a satellite instruments channels.
The software ARC allows a user to take into account
the influence of the light beam spreading while prop-
agating in the atmosphere («side illuminations) on the
signal recorded by the satellite high spatial resolution
system, and implements the following functional
tasks:
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— CO3faHWe ONTUYECKWX MOOENEA CHEXHO NoBEDX-
HOCTI WM aTMochepsl B perioHe AHTAPKTMOE! C YUEToM
AaHHBIX KOMMASKCHBIX Ha3EMHBIX M3MEPEHA Napame-
Tpok atmocdepbl M NOACTUNAIWER NOBEPXHOCT;

— pac4eT CNexkTpanbsHbIX Ko3GgUUMEHTOR APKOCTK
Ha BEpXHER rpaHvue atTmochephl, Co3JaBasmblx TeCTo-
BBIM YUACTKOM CHEMHON NOBEPXHOCTH,

— PACHET CUrHANOE Ha BXOAE CNYTHMKOBOW ChemoYy-
HOWM aNNapaTypsl € Y4YETOM OTHOCUTENEHOR CNeKTRanbL-
HOWM YYBCTBUTENBHOCTH KaHanos,

BxogHeime gasHeimn M0 ARC AenAeTcA wHpopma-
LKA 00 YCNOBWAX CHEMKW, BRIOYAOWan 4aTy ¥ Bpema
NpoEEdeHNA KanMOpPOBOYHOR CHEMKM, aZMMYT 1 3e-
HATHEIRA YION MHCTRYMEHTE; 331MYT M 3EHWUTHEBIRA Yron
ConHua; renfeTiyeckie NoNroTa | WWpoTa TeCTOBOro
YYACTKS, 8 TAKHKE CNeKTRaNbHBIE AaHHbIE W AaHHbIE CETH
AERONET. CnexTpankHble faHHbIE BKNoYanT dalnkl,
COflepHaLME aHHBIE MIMEPEHWIH CNEKTPANEHOND
ansbeno K koadduyMeHTa APKOCT TECTOBOMD YYaCTKa
CHEMHON NOBEPXHOCTY, a TakMe $aiinbl € OTHOCUTENb-
HOM CNEeKTPanbHON YYBCTEMTENBHOCTLIO KAHANOE CyT-
HWKQBOW annapaTypol.

Brixonom MO ARC ABNAKTCA paccHUTaHHBIE 3HAYe-
HWA NNOTHOCTH IHEPTETUHECKON ADKOCTH B CNEKTpank-
HBIX KaHanax Kanwbpyemoi CbemoYHoR annapaTypel Ha
BEPXHER rpaHuLe aTMochephl.

MNpoBeNEHHBIA aHANWE NOKA3an, 4TO Ha TOMHOCTh
KanuOpoekK, B 0CODEHHOCTI NPWU BONBLWINK 38HUTHBEIX
Yrax conHUa, XapakTepHbIX 4NA CNYTHUKOBOMD 30Hg1-
POBaHKWA AHTAPKTWAE, CYLLECTEBEHHO BNHAET HEOPTO-
TROMNHOCTE NOACTUNANWER NoBepxHOCTH, Hamn nped-
noxed cnocob yueTa HEOPTOTPONHOCTH Ko3(dumeHTa
OTPa#eHA CHEXHOW NDBEPXHOCTI B Npoueype
KANWBPOBKKW, OCHOBAHHBIA HAa MCMONL30BAHWW ACKM-
NTOTHHECKOW TECRWW NEPEHOCE WINYHEHWA W HAZEMHbIX
W3mepeHnax ansbeno cHera UKW pesynLTaTos onpege-
NEHWA NAaPaMETROE CHEMA NO JaHHLIM KOCMUHYECKOTo
I0OHOWPOBAHWA C NOMOLWELH anroprTma SG5P [27, 28].

Nepeoe TecTuposanne N0 ARC Bwno npoeegeHo
Mo AaHHBEIM W3MEREHHA, NONYYeHHBIX BO BpeMA 58-1
PA3 B nepwog c gexabpa 2012 r. no mapt 2013 1. Bo
BpemMA 3TOR IKCNegnLKI ¢ NOMOLLLI0 ansbegomeTpa,
OMWCAHHOMD Bblle, ObIN NpoBEdeH DAL M3MEREHNIA
antHeno CHera & PaznuUHLIX TOUKaX AHTAPKTUALI NPK
Pa3NMYHOM COCTOAHWMK CHEXHOMD NoKpoBa. Kpome Toro,
C NOMOWBK CEAHWDYIOWErD CNeRTRANBHOMND CONHeYHOro
paguomerpa CIMEL npoBogunice M3MmepeH A aspo-
Z0NEHON ONTUYECKOR TONWKMHBI ATMOCHEDEI, BREMHOCTH
atmocdepel, a Takxe oblee COQepMKaHWE 030HA B aTMO-
chepe. NporpammHos abecneyeHne Buno NposepeHo,
OLHAKO, K COMANEeHMHD, M3-33 NOTo4HbIX YCNOBKWIA Hanem-
HbIX flaHHbIX ANA NPOBEAEHWA KanMBPOBKKW OKazanoch
ABHO HELOCTAaTOUHO.

bBonee HanemHEIe AaHHBIE DENK NONYYEHEI NPW aHa-
NOFVUHON KannBpoBke BKA NO CHEXHON NOBEPXHOCTH
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— formation of optical models of the snow surface
and atmosphere for the chosen region of Antarctica,
using data of the ground truth measurements of the
atmosphere and underlying surface parameters;

- calculation of spectral radiance coefficients at
the top of atmosphere;

- calculation of signals at the satellite receiver
with regard to the relative channel spectral sensitivity,

The input data for the ARC software is information,
including date and time of the calibration procedure,
the azimuth and zenith angles of the satellite pixel; az-
imuth and zenith angle of the 5un; geodetic longitude
and latitude of the test area, as well as spectral data
and AERONET network data. Spectral data includes
files containing data of field measurements of the
spectral albedo and the spectral radiance coefficients
of the test snow surface, as well as files with a relative
spectral sensitivity of satellite instrument channels.

The output of the software ARC are calculated
values of the signals in the spectral channels of the
imager at the top of atmosphere.

The analysis showed that the accuracy of the
calibration, especially for large solar zenith angles
typical for Antarctica satellite rermote sensing, is sig-
nificantly affected by non-orthotropic reflection from
anunderlying surface. We have proposed a technigue
to account for non-orthotropic reflection of the snow
surface in the calibration procedure. This technique is
based on the asymptotic theory of radiative transfer
and uses the ground-based measurements of snow
albedo, or the results of the estimating snow parame-
ters from satellite remote sensing using SGSP algo-
rithm [27, 28].

The first testing of the ARC software was per-
formed using the measurement data obtained during
December 2012 - March 2013 within the 58'h RAE.
Snow albedo at different points of Antarctica and
different snow conditions were measured with albe-
dometer AS-A. Beside the atmosphere aerosol optical
thickness, humidity, and the total ozone amount were
measured with the scanning spectral radiometer
CIMEL. The software has been tested, but unfortunate-
ly due to the weather conditions the satellite sensor
calibration could not be performed.

More complete data were obtained in 2014 when
the calibration procedure for Belarusian Spacecraft
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TaGnuya 2.8. KanwbpoBouHble Ko3gGULNEHTBI NO pe3yNLETaTam Kanwbposku cedcopa BKA B palioHe poccuickoi
craHymn «Mporpeccs B 2014 .

Table 2.5. Calibration coefficients obtained as results of in-flight calibration of Belarusian Spacecraft (BKA) performed
near Russian Antarctic station «Progress» in 2014

N Kamana CnexTpansHuA wHTEpEAN, My | KannbpopouHsii kosdgduymenT CpegHERBANpaTMYECHOE OTHNOHEHNE
Channel Spectral range, pm Calibration cocfficient Standard devistion

1 0.46-0.52 1.005 0.007

2 0.51-0.60 1.149 0.008

3 0.63-0.69 1.155 0011

4 0.75-0.84 1114 0018

AHTAPKTIALI B PAROHE POCCWIACKORN CTaHUWK «[po-
rpeccs B 2014 . PesynbTaTtel KANWDPOBKKW NPWBEOEHD
& 1abn. 2.8.

2.3.4. BoccmanogneHue xapakmepucmuk cHeza no
daHHBIM cnymHUKoablx HabnlodeHull

CHeMHBIR NOKPOE 0BNafasT 3HAUNTENEHBIM BFIUAHI-
em Ha antbeno 3emnm 1, COOTBETCTEEHHO, Ha e KNK-
mat, PazBuTve METOOOE CNYTHUKOBEDMO 30HAMPOBaHKA,

8 YACTHOCTH, MOHWTOPWHIA BO3PAcTa CHEra, CTENEHW ero
JarpAIHEHWA W PasMepa 3epeH, CTAHOBWTCA 0CobeHHo
BaMHbIM ANA NONAPHBIX PEFUMOHOR, Mg 3aTPYOHEeH b
NPAMBIE M3MEDEHWA.

B nepekix paboTtax no KOCMWYECKOMY 30HOWPOES-
HMIO CHEra MCNONB30BaNack MOAENs, B KOTOPOW CHar
PaccMaTPWBancA Kak cnof, COCTOALLMA M3 HE3ABMCUMBILX
chepuyeckuy pacceneatenei [22, 23]. OnTuueckne
CBOMCTBA CHEra PaccMaTpUBaNMCh HA OCHOBE TEOPWK
Mu, a ceasb memgy Ko3dbdULWEHTAMKU APKOCTH CHEX-
HOMO NOKPOEAa U XapaKTEpUCTUKAMK OIHOKPATHOTO
PacceAHWA ONKCHBANack TEOPWEN NEPEHOCE W3MyYe-
HKA, o HegaBHEro BpemMeHn BONBWKHHCTED anropuTMOoE
BOCCTAHOBNEHWA PA3MEPa CHEXHBIX 3EPEH NO M3MEDEH-
HbIM PagualMoHHBIM XaPaKTERNCTHRKAM OCHOBBIBANMCH
Ha 3Tol monenu [24-26).

OpHako, Kak CIeayeT M3 MHOTOMWCIEHHBX MCCnedo-
BaHWH ONTUYECKWX W MHUKDOgM3NYECKIdX CBORCTE CHera,
CHEXHBIA CNOR NpefCTaBNAET COD0M NNOTHO YNakoBaH-
HYIO CPEQY, COCTOALLYID M3 YACTUL HENPABUNEHON hop-
Mbl, B KOTOPOIl MMEET MECTO MHOMOKDATHOE PACCeAH e,
3ameTvm, 4TO GOPMa CHERHBIX 3EPEH HE MOKET BbiTh
W3BECTHA anpuopii, Bonee Toro, WX GopMa CyLeCTEEHHO
W3MEHAETCA B 32BMCUMOCTI OT YCNOBWUI GOPMUPOBAHIA
CHErd, o BO3PacTa M OKpyMaloweil cpeas.

HM3eecTHO, YTO GYHKUWMA YIAOBOro pacnpeneneHa
koadpuuenTa apkocTy (BRDF, bidirectional reflectance
distribution function) cHeKHOMO NOKPOBa 33BMCKUT OT
WHAWKATPWCH PACCERHWMA CHETa. 3Ta 3aBMCUMOCTE fo-
CTATOUYHO CHNbHa BRarofaps BKNany OAHORPAETHOMo pac-
CEAHWA (TOUHER, KEA3W-0QHOKPATHOMO PACCEAHKMA). 3TO

(BKA) was performed using the ARC software and the
snow surface at the area of the Russian station «Prog-
resse, Calibration results are presented in Table 2.8.

2.3.4. Retrieval snow microphysical characteristics
from satellite data

Snow cover affects significantly the Earth's albedo
and thus the Earth's climate. The development of tech-
nigues for the satellite remote sensing and particularly
for monitoring of snow age, snow pollution concen-
tration, and snow grain size is especially important for
difficult to access polar regions.

The microphysical model of snow as polidisper-
sion of independent spherical particles was deployed
in the first approaches for developing technigues for
snow satellite remote sensing [22, 23]. The optical
properties of snow were considered with Mie theory
and radiative transfer was simulated with the radiative
transfer equation. Algorithms for retrieving the snow
grain size from measured radiative characteristics
were based at this model [24-28].

However according to numerous field studies of
the snow optical and physical properties, snow cover
should be considered as a layer of densely packed
medium consisting of irregular particles, in which
multiple scattering occurs. Let us underline that no
information is available a priori about the shapes
of snow grains. Moreover the grain shape changes
essentially dependent on condition of forming a snow
cover, environment characteristics, age of snow etc.

As known the snow bidirectional reflectance
distribution function (BRDF) and albedo at direct
incidence depend on the phase function of snow. This
dependence is strong enough due to the contribution
of single scattering (or rather due to quasi-single scat-
tering). This is particularly important in the cases of
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0CODEHHO CYILECTBEHHD ANA CNYYAEE KOCOMD OCRELE-
HWA, KOTOPOE, Kak NPaBuno, MMEET MECTD B NONAPHBIX
pervoHax. MHOWKaTpUCa pacceaH A, B CBOID ovepek,
CUNBHO 33BUCAT OT GOPMbI PaCCEMBAILLMY YaCTHL.
Noatomy anpropHee NREGNONoKEHHA o GOopME YacTuL
CHETa MOTYT NPUBECTH K HEKOHTPONMPYEMBIN oWwnbranm
BOCCTAHOBNEHWA M0 NapamMeTpoE,

HoBwli anropuTv BOCCTEHOBNEHWA XaPakTEPUCTHE
CHEra No aHHbIM CTYTHUKOBbLIX HabnwaeHui (SGSF,
Snow Grain Size and Pollution — pasmep CHekKHBIX 3epeH
W 3arpAzHeHe) ObiN NPEgAoMKeH HaMKM W onWcaH B pabo-
Tax [27, 28]. OH 0CHOBAH Ha aHANWTUYECKOM PELLEHNK
ACHMNTOTHMYECKOR TEOPKMK NEPEHDCA M3NYYEHWA, KOTO-
PO ONUCHIBAET OTPAKEHWE CHEFOM, U TEOMETROONTHYE-
CKOM NPUBNMHEHMK TEOPUKM DACCEAHWA, ONUCEIBAKILLEM
ONTUYECKWE NapameTps cHera, OBa 21w nogxoaa paeun-
Thl aBTOpamMK paree [29]. Takkm obpazom, B anropuTme
S5GS5P HeT npegnono®eHil o GopMe YacTHL, U OH MOXET
BbITe MCNONBI0BaH ANA NAOTHO YNAKOBAHHBIX cpef. 3ToT
ANropUTM BENOYAET TakHe aTMoCGepHYH KOPPEKLMID
¢ yqetom BRDF,

EnuAHKME HEWIBECTHOM MHOWKATPUCE PacCeAHKA
B anropuTMe SG5P McKknioMaeTcA nocpefcTEOM MCNob-
30BEHWA AONONHWTENLHOMD CNEKTRANEHOND KaHana;
3T0 OOWMH W3 KNKYEBRIX MOMEHTOB anropuTMa. Kcnonb-
IYIOTCA KaHankl paguomMeTpa MODIS NE 3, 2, 1 5 (AnWHBI
BONH 469; B58,5 1 1024 HM COOTBETCTEEHHO), NOCKONBKY
Cada rnagMeivm obpazom NposenAeT cebn B BUOUMOM
AuanazoHe (kaHan MNe 3), B TO BpeMA Kak NornoweHne
nbaa NpoABNAETCA B BnmwHen MK-obnacti (kanan N2 5).
Kanan N2 2, rae cyllecTBEHHO NOMNOLWLEeHWE K3k Casen,
Tak M NbAOM, ABNAETCA AONOAHWUTENLHBIM M UCNONE-
IYETCH ANA UCKNIOYEHWA HEWIBECTHOW MHAWKATPWCH
paccefaHua.

Anroputm 5G5P Gwin peanuioBaH B BUOE KOMMBH-
TEPHOR Nporpammel ¢ rpadusckim WHTepdeicom 4nsA
ONepaunoHHoR cucTemsl Win32 1 B BWAE KOHCONBHOMD
NpUNomeHra 4na cucTemel Linux, OH Bbin BRAKYEH
B Uent obpadoTiu ganHex paguometpa MODIS B pesm-
ME PEANLHOTD BpemeHn B bpemeHckoMm yHMBEDOCUTETE
(http:wwneciup.uni-bremen.de:B084/amsr/modis.html).
PucyHok 2,23 gemoHcTpupyeT npumep oopaboTkm kocmm-
UYBCKOMD CHUMKE B palioHe ropel BedepHan 8 AHTapkTWie,

Anroputm 5G5P Bein moandUUMpPOBaH C yHETOM
Cneyudryecknx YENoBWA AHTapKTHABI,

BaxHoit 0coBeHHOCTEH CHEXHOW NOBEPXHOCTH
B AHT2ZPKTW/E ABNAETCA YacTMHHOE DDHaMEH e CKanb-
HEIX NOPOS B PE3YNETaTe TAAHWA CHera netom nubo
B PEIYNLTATE CAVEAHWA CUNBHEBIM BETPOM 3MMON, 3TO
FHAYWT, HTO [NA BOCCTAHOBNEHWA MUKPOCTRYRTYREI
CHera HeoGXonMMO OJHOBPEMEHHD W3 TEX e CNYTHM-
KOBBIX QaHHBX OUEHWTE M G0N 0BHaMEHHOM CKanbHOR
nopogsl B nukcens, Noatomy CNexTp OTRameH WA CKan
Jon#eH BeTe MIBECTEH anNPUopy. 3TOT cnekTp Obin B3AT
13 Baze gaHHbx NASA [30] 1 13 3KCNepUMEHTANEHBIX
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low Sun typical for polar regions. The phase function
in its turn depends strongly on particles shapes. There-
fore, a priori assumptions about the shape of snow
particles may lead to uncontrolled errors of retrieved
pararmeters,

We have developed a new algorithm for retrieval
of the effective snow grain size and pollution amount
frarm satellite data (SGSP. Snow Grain Size and Pallu-
tion) [27, 28]. This algorithm is based at the analytical
solution for snow reflectance within the asymptotic
radiative transfer theory and on the theory providing
the inherent optical parameters of snow within the
geometrical optics approximation of the theory of
scattering. Both used approaches were developed
by authors earlier [29]. Thus the 5GSP algorithm does
not use any assumptions on snow grain shape, can be
used for close-packed layers and allows for the snow
pack BRDF. The algorithm includes a new atmospheric
correction procedure that allows for snow BRDF.

Algorithm SG5P does not require any assumptions
about the snow grains shapes, The use of additional
spectral channel data allows eliminating an effect of
unknown phase function of snow grains, and this is
one of the key points of the algorithm. The developed
algorithm has been implemented in the MODIS pro-
cessing chain, The MODIS channels 3, 2, n 5 (wave-
lengths 469, 858.5 and 1024 nm correspondingly) are
used since soot mainly manifests itself in the visible
range (channel 3}, while the ice absorption appears in
the near infrared (channel 5). Channel 2, where both
ice and soot contribute in absorption Is used to elimi-
nate the effect of unknown scattering phase function.

The 5G5P code has been realized as Win32 and
LINUX console applications. The developed algorithm
has been implemented in the near-real time MODIS
processing chain at the University of Bremen (see
http:/Awwwiup.uni-bremen.de 8084/amsr/modis.
html). Figure 2.23 shows an example of processing a
satellite image of the area of Mount Vechernyaya in
Antarctica.

The algorithm 5GSP has been modified to regard
the specific Antarctic environment features,

An important feature of the snow cover in Antarc-
tica is the partial exposure of rocks produced by sum-
mer snow melting or by strong wind blowing. Hence
we are dealing with the sub-pixel problem in the case.
To perform the snow microstructure diagnostic it is
necessary to know the pixel structure i.e. the part of
the pixel covered by snow and by rock outcrop. To do
so the reflection spectrum of rock outcrop should be
known a priori, Reflection spectra of rocks in Antarc-
tica have been taken from the NASA database [30]
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Puc. 2.23. PacnpedeneHue pazMepos 2epen chezd & palone 2opel Bedepran 15 noabpa 2008 2, 80ccManoanenHoe no SaHHbIM
L3MEPERUL CAYMHUKOSEM UHCmpyMenmon MODIS (cneaa, Gensil Ugem - He CHEXHBIE NUKCENU), U UZ00paReHUE Mo20 Ke paioHa
Ha dnune gontel 905 HM (cnpasa, Gensild ugem — cHee, ned u obnaka). Kpachan nunus - Bepezosad AUHUR AHmapkmuds

Fig. 2.23. The distribution of the snow grain size (um) in the area of Mount Vechernyaya retrieved from MODIS data November 15,
2008 {left; pixels without snow are given in white), and picture of the same area at wavelength 905 nm (right; snow, ice and clouds
are given in white). Antarctica coast line is given in red

[AEHHEBIX, NONYYEHHBIX C MCNONb3IoBaHWEM ansbegomerpa
AS-A (cm. pazgen 2.1.2).

Bropoi ocobeHHOCTEH CHEMHOMD NOKPOBa B AHTap-
KTWAE ABAAETCA OHEHb Manan KOHUEHTPaUWA 3arpas-
HeHWA. Kak Nokazan aHanws CNyTHWKDBbLIX JaHHBIX,
BENWYNHE CAHKEBOMO 3arpAIHEHNA HACTONBKO Mana, YTo
He NOAAAETCA BOCCTAHOBMEHWKD CO CNYTHWKOE, Mo3Tomy
B MOAWGULIMPOBAHHOM aNFOPUTME KOHLIEHTPALIMA CaMM
NONAraeTca PaHoi HYNK, Y4TO YMEHLLLAET YNCND ONpPege-
NAEMBIX MapamMeTPOoE.

Takwm obpazom, B ocHoBe pazpaboTaHHOro MeTona
W MOAWGHLWPOBAHHOMD aNFOPWTMa BOCCTAHOBMEHWA
napameTpoB cHera B AHTaprTiae (SG5R, Snow Grain Size
and Rocks) nemnT 2aBMCMMOCTE M3MEREHHORN APKOCTI
OTPaMeHHOro CBETA OT XapakTepUCTHK NOACTMAZIOWER
NOBEPXHOCTH: Pa3MepPa CHEXHBIX 3epeH 1 Aonw obHa-
WEHHBIX CKansHBIX NORO,

BxoaHpIMKM QAHHEIMI ANrOPWUTMa ABNAKITCA N3Me-
PEHHBIE B KaHanax cnyTHUKOBOro pagwmometpa MODIS
KO3GPULWEHTE ADKOCTM CBETA, OTPAMEHHOID NOBEPX-
HOCTEIO. BRIXOAHBIE A@HHBIE — BOCCTAHOBNEHHbBIE 3Ha-

and from experimental data obtained with use of the
albedometr AS-A, were analyzed and typical spectrum
has been chosen (see part 2.1.2),

The second characteristic feature of Antarctic
snow cover is the negligible concentration of pollu-
tions. The analysis shows that the snow pollution con-
centration is so small that it does not manifest itself
in satellite data. Thus, in the modified algorithm the
zero soot concentration is supposed a priori, which
reduces the number of estimated parameters.

Thus the base of the developed algorithm and
software for the snow grain size retrieval in Antarctica
(SGSR, «Snow Grain 5ize and Rockss) is the relationship
between the measured reflected light signal and the
characteristics of the surface: the size of snow grains
and fractions of rock exposure,

The input data of the 5G5R algorithm are the sig-
nals in the channels of the satellite radiometer
MODIS. The SG5R output data are retrieved values
of the efficient snow grain size and the part of pixel
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UeHMA 3PEKTUEHOMND PAIMEDA CHEMHLIX 38peH W JoNnA
NAQWAAK, 3AHUMAEMAA CKANEHEIMK NOPOOAMK B Ka-
HOOM NuKcene, Kpome Toro, anropurs Tpebyer 3aganua
HEKOTORENK aNPWOPHEX JaHHBIX, 8 UMEHHD, PErMOHANE-
HOM aTMocepHOR MOGENK M CREKTPa OTPAMKATENLHOM
CNocoBHOCTH CKaNBHBIX NOPO.

BepuduKayua anropuTma noKasana, 4to oH No3sona-
T € JOCTATOYHO BLICOKON TOYHOCTLIO BOCCTAHABNMBATE
cnexTpantHoe anbfeno cHeXHOM NOBEPXHOCTH M 0AHO-
BREMEHHO OUEHWBATE AONK NWKCENA, 3AHNMAEMYID
CHanbHBIMK Nopagami, TNpK 3ToM 0w Wika BOCCTAHOE-
NEHWA MCKOMBIX NAPAMETROE B Pe3yNbTaTe HETOMHOCTH
3a0aHinA anpUopHOR aTmochepHoi Mogeni npexedpe-
HUMO Mana, a oWwnbKa BOCCTAHOBNEHWA B pe3ynkTaTe
HETOYHOCTI 33[3H1A anPUoPHOND CNEKTPE CKaNbHEX
nopof coctaenAet £10% anA rpynne Hawbonee yacro
BCTREUA0WMNCA B AHTAPKTUOE CKaNBHEIX Nopog,

2.4. npapHoe N pagnoMeTpUYeCcKoe 30HANpoBaHNe
aTMmocdepHOro aspoz0nA; MOOENNPOBAHWA
A3pO30NbHLIX NONER B AHTapKTNKE

2.4.1. Paduomempuyveckue u nudapHeie
uccnedosanua ammochepHozo aspozona

Llent npoBoguMmMbx B AHTApKTUOE NMAAPHEIX W Pa-
AUOMETPUYECKIK HABNIOOEHWI B aTMoChepe COCTOMT
B M3Y4eHUW BApUALKMIl ONTUYECKUY NapaMeTpoBs aTMo-
cdepHOro a2po20NLHOTO CNOA W BLICOTHBIX pacnpege-
NeHWit a3p030NbHBIX YACTUL, 8 TAKXKE B OUEHKe Bo3feil-
CTEWA KPYMHOMaCWTabHoTo NepeHoCa BOIYWHbBIX Macc
Ha KOpPOTKOMEPMOAHLIE M3MEHEHWA 1 TREHAL XapakTe-
PHCTAK 83P030NEHON KOMNOHEHTH aTMOChephl,

Paduomempudeckue uccnedoaaHua ammocepHozo

aapozead. OTNMYUTENBHON OCobeHHOCTRID a2p030NEHON

KOMMNOHEHTEI B AHTAPKTIAE ABNAETCA Manan KOHLUEHT-
PaLMa a3p030NbHEIX YACTUL WU, COOTBETCTEEHHO, Malnble

anaveHnA AODT npw oTcyTCTBMK obnavHbelx obpazoBaHmi,

NapameTpbl a3p030NA B BLICOKDN CTeNeHM Bapuabdens-
Hbl, NO3TOMY WX CTATUCTUYECKWE OUEHKW JON#HEBl CO-
NPpOoBOHOdTECA ONWCAHWEM KPWUTEPKWEB UTﬁOpEI COooOTEaT
CTEYIOWETD CTATUCTUYECKDID aHCaMBNA,

Nanee B paboTe NpeacTaBnexs OUEHKW NapamMeTpoe
AIPOIONA, OTHOCAWMKCA K CUTYaUMKM «Be3oBnayHois: ar-
mocdepbl. CTaTMCTUMECKMi aHCamMBNb BXOOHBIX A3HHBX
npeacragnan coboil BeBopKy W2 JaHHLIX PagWOMETPM-
yecknx cTaHUMi «lopa BevepHaa: W «MNporpeccs ceti
AERONET ypoeHa 1.5. Tpw dpopmipoBaHiK Basbl faHHbIX
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covered by snow (or part of pixel with rock exposure).
Furthermare, the algorithm requires some a priori
reference data, namely, a regional atmospheric model
and rocks reflectance spectrum.

The preliminary verification of the algorithm
showed that it allows retrieving the spectral albedo of
the snow surface and estimating the part of the pixel
occupied by rock outcrop with sufficient accuracy.

The error of the retrieved parameters as a result of the
inaccuracy of a priori atmospheric model showed to
be negligible, The retrieval error as a result of the inac-
curacy of a priori spectrum of rock outcrop is £10% for
the most common Antarctic rocks,

2.4. Lidar and radiometric sounding

of atmospheric aerosol; modeling of aerosol in
Antarctic and comparison with the data

of radiometric measurements

2.4.1. Radiometric and lidar sounding
of atmospheric aerosol

The purpose of lidar and radiometric observations
in the Antarctic atmosphere consists in studying of
aerosol optical parameters variations and aerosol
particles altitude distributions. One more purpose is to
assess the impact of air-mass large-scale transport on
aerosol characteristics changes and trends.

Radiometric investigations of atmospheric aerosol,

A distinctive feature of aerosol in Antarctic is small
concentration of suspended particles and therefore
smiall values of the aerosol optical thickness (AOT) in the
absence of clouds. Aerosol parameters are variable to

a large extend, this is why their statistical estimates have
to be followed by description of criterions that were
used to select a respective statistical assembly. Furtherin
the work, we'll describe estimations of aerosol parame-
ters fulfilled with regard to the cloudless atmosphere.

As a statistical assembly of input data it was
chosen a data sample of level 1.5 obtained on the
AERONET radiometric stations «\echernaya Hill: and
«Progresss. As known, while organizing AERONET level
1.5 products, the automated procedure of comparing
almost simultaneous data for transmission of direct
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Puc. 2.24. Cpeduecezonkbie cnekmpel AOT dns Gezobnaunozo Hefa & npubpexHol 3oHe Anmapkmudel 8 To2apudmuyeckom
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Fig. 2.24. Seasonally average spectra of AOT for cloudless sky in Antarctic coastal zone for different observation seasons (signs)
approximated by Angstrom dependence (lines, each line is denated by time span of measurements {in brackets) and before by
magnitude of Angstrom coefficient)

AEROMET yposma 1.5 asToMaTtMIvpoBaHHan npouenypa

CpaBHEHIA BNW3KMK N0 BPEMEHIW M3MEPEHIMIA NPAMONpPO-

Wegwel conHeYHoi pagualmy MCKoYaeT pesyneTaThl
«0BNaYHBIX: M3IMEpeHUi. B KauecTEe AONONHUTENEHOTO
PUALTPa WCNONBLIOBANCA KPWUTERWI NOA00HOCTI yrao-
BbiX 2JABUCUMOCTEN PACCEAHHOM PAANALLKK B CONHEY-
HOM aNbMyKaHTAPAaTE NPW NPABEoM W NEBOM BRALLEHWK
PAAMOMETPA BOKPYT BEPTMKANEHOR OCW.
CpepgHeceloHHbe (Aexkabpb - mapT) cnekTpel AOT
8 BezobnaduHol aTMochepe No pesyneTaTam NpAMBIX
CONMHEYHBIX M3MEpeHi, HauwHaa ¢ 2008 r, npegcTaene-
Hbl Ha puc. 2.24. TpAamele NMHAA NPecTaBnAIT annpok-
CHMALIMID CNEKTRPANEHOR 33BNCUMOCTY a3p030NBHOMN
onTUyeckol Tonwwy E(A) ana i-ro HabmnioparensHore
ce3oHa npubnuseHrem AHrcTpema

E (N =E N, (2.1)

rae £ v nokazaTent CTeNeHHON 3aBNCHMOCTH o, ABNAIOT-
CA NOCTOAHHEMK 418 JaHHOTD CEI0HA MIMEDREHMIA,

3navenua AQT secema Manel v coctTagnaoT 0,02-
0,03 gna h = 500 Hm. B MK-06nacTv cnekTpa namepeH-
Hble 3HaqeHna ADT ymedbwalotes go 0,01 v menee. Mpu
3TOM NOMPeLHOCTE M3meperdnid AOT B ceti AERONET
pagvomeTpamu Tuna CE-318N (CIMEL) coctagnaert [10]

seres 0,01 gna k= 0,44 men 1 0,02 ana k< 0,44 sk, W3-

MEREHHME CTAHOAPTHEIE OTRNOHEHWA ACT ONA paznny-
HBIX M3MEDWUTENEHBEIX CE3I0HOE HaXOOUNWVCE B QWanaioHe

radiation excludes results far the cloudy atmosphere.
An additional filter for cloudy conditions is the crite-
rion of similarity of sky radiance distributions in the
almucantar recorded in the cases of right and left rota-
tion of sun/sky - radiometer around the vertical axis.

Seasonally average spectra of AQT for the cloud-
less atmosphere that have been estimated based on
results of direct radiation measurements since 2008
are given in Fig. 2.24. The straight lines present the
Angstrom approximation for the AOT spectra:

E (N =E A, (2.1)

Here, i is a number of observation season, £ and a
are denotations of the invariable aerosol optical thick-
ness (AOT) and index of power dependence (referred
to as the Angstrom coefficient), respectively, for each
season.

Values of ADT are quite small; they are of order
0.02-0.03 for the wavelength 500 nm. In the infrared
range, experimental AQT values fall down to 0.01
and less. Note, that errors of AQT measurements in
AERONET by sun/sky radiometers of the type CE-318N
(CIMEL) have been proved to be less than 0.01 for &
=440 nm and 0.02 for A < 440 nm [10]. The span of
measured standard deviations of AOT for different ob-
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Fig. 2.25, Seasonally average size distribubions of particle valume
for cloudless atmosphere estimated based on dato obtained in the
station sVechernyaya Hills

0,005-0,025. Takum obpaiom, 3HAYWTENLHARA YaCcTh BapK-
AUMIA BOCCTRHOBNEHHBLIX 3HaYeHMA ADT moeT ObiTh
OTHECEHA Ha NOrPELWHOCTH M3MEDEHKA,

Hawbonee npobnemHbIMKM CTaNKW M3MEPEHWA B KaHa-
ne 1,02 MEM, B KOTOPOM OTHOCKTENBHEE NOrPELIHOCTI
ousHkn ADT e nopagea 1. 1M3-3a HegoCTaTOMHOR
HAOEHHOCTH 3TWX JaHHBX OHKW HE MPUEEJEHbl HA
pyc. 2.24 W He MCNOoNL30BANUCE NPK OLUEHKE NapameT-
poBa.

B ycnoswax BezobnauHol atmocdepsl ogHOBpe-
MEHHO € PErMCTRALKMER NPAMONPOWEAILER CONHEMHOM
paguaumi NPOBOIMAKNCE YINOBLIE M3MEPEHWA Pacce-
AHHOID CONHEYHOTO MaNy4eHnA, Mo obbegruHeHHEIM
AaHHBIM W3MEREHWH NPAMOA W DACCEAHHON CONHEYHOR
pagualii paccYMTEIBANMCE CPeqHME No aTMmochepHomMy
CNOK ONTUYECKME M MUKPOPWINYECKWE XapakTEPMCT-
KK atmocdepHoro aspozona [9), B TomM YMcne pacnpe-
AeneHrA o0beMOoB a3P030NbHEIX YaCTWL, NO pazmMepam
dV (ri/dinr.

BoccTaHOBNEHHBIE CpedHMe pacnpedeneHna
dV (ri/dInr ans NAT W3MEPUTENBHBIX CE30HOB NPEJCTaB-
NeHbl Ha pyc. 2.25. Ha puc. 2.26 CpaBHWBaHTCA CPEAHWE
pACNpeAsnEHnA YacTIL, a3po30nA No pamepan
dV (ri/dinr Ha craHyuax «MonogexHans & AHTapkTuge
v Ha MuHckon ctaHyun AERONET, npegcrasnaowein
KOHTUHEHTaNEHBIR palioH cesepHoro nonywapua. Obpa-
WAET BHUMAHKWE 3HAYNTENLHO MeHbllee abconioTHoe
COOep#aHe a3po30NbHbLIX YACTUY W OTHOCUTENBHO
Manoe CoOepHMaHne KpYNHBIX 4acThy B aTmMmocdepHom
Cnoe g AHTapKTUAE. YucneHHele 3HadeHuA obBluero co-
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Puc. 2.26. Pacnpedenerus no paiMmepan ofsesmos
BIRELUSHHBELE YaCmULY: | - cpedHes aHOYEHUE HyHEY UL
pacnpedenequn no pazvepan (Antarcticl; 2 -
cpedreraodpamuyeckoe omgnonesue (Deviation); 3 -
cpedHanR thyHEUua pacnpedensdun dna Murcka (Continental)
Fig, 2.26, Volume distnbution functions for suspended
particles; 1 — mean size distribution of particle volume
in Antarctic; 2 - mean square deviation; 3 — mean size
distribution of particle volume in Minsk {in continental region)

servation seasons was 0.005-0.025, 5o, considerable
part of variations of retrieved AOT can be attributed to
measurement errors.

The most problem measurements appear to be
measurements in the band 1020 nm, in which errors of
AT estimation are of order 1. These results, because
of unreliability, are not displayed in fig. 2.24, and they
were not used to estimate the Angstrom coefficient.

Under cloudless conditions, angular measure-
ments of scattered solar radiation were made along
with measurements of direct transmission, Using
conjoint data obtained from these two kinds of
measurements, the columnar optical and microphys-
ical parameters [9] with inclusion of the aerosol size
distribution of the particle volume dV (r)/dInr were
evaluated.

Results of retrievals of the seasonally average par-
ticle volume distribution functions dV (r)/dlnr for the
very same 5 seasons are shown in Fig. 2.25. Fig. 2.26
shows comparison of the average aerosol size distri-
butions dV (r)/dInr in two experiments: on the station
#Molodezhnayas in Antarctic and on the
AEROMNET station in Minsk. Minsk can be assumed
to be a continental region of Northern Hemisphere,
Attention can be paid to that in Antarctic atmosphere
absolute content of aerosol particles is considerably
less and content of the coarse mode of particles is
relatively small. Numerical values of aerosol general
content and fractions of the fine and coarse mode of
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Tadnuua 2.9. CpegHWe 3HaYeHNA 061ero cofepKaHna MeNnKnX W KPYNHbIX YACTUL N0 SaHHBIM M3MEpeHMi Ha
paguomeTpuYecknx crTaHynax AERONET «fopa BewepHans (AnTapkTnga) n «Munoks (Benapycb)

Table 2.9. Mean general content of fine and coarse particles according to measurements in the radiometric stations
AERONET «Vechernaya Hills (Antarctic) and «Minsk: (Belarus)

CpenHne 3HaHEHMA NEPAMETPOE 33 PO30MLHB YACTHL,
B Beanhnausso i STMOCPEPE N0 PE3YALTATIM MHOTTIETHNA HIGMIesni
Meaan parameters of aerasol particles in cloudless atmasphars
fram rmany years observations

Mpuipesspe paRoHs AHTRETH I
Antarctic coastal regions

HoHTUHEHTANLHBIA PErnoH,
Muuckan cranwas AEROMET
Continental regian.
Station AEROMET in Minsk

Ofwee copepxaHWe a3Po3ona, MEM

Fraction of coarse mode

General content of aerosol, pm 0.0045 0.059
JonaA menkidx 4acTidly

Fraction of fine mode 0.82 0.54

Jona KpynHbIX 43Tl 018 046

Jep#aHnA a3po3ona W oK MENKON 1 KPYNHORA Gpak-
LWIA 33P030NEHBIX HACTWL B [BYX PETMOHAX NPUBEIEHE
sTabn. 2.9,

Nogobrbie pacnpegeneHna No paimepam ceoii-
CTBEHHE! ANA M3MEPEHKMA Ha CTaHumAx «Utsteinens
1 «South Pole Obs NOAA:,

Nudaproe soHduposanue ammochbepsl. MHdopra-
LMD © BLICOTHOW CTRYKTYPE a3p020NbHOTO CNOA NOny-
YAKOT U3 NNAAPHBIX M3MEPEHMIA. [TIMOADHLIE UIMEDEHUA
B AHTAPKTWAE OPraHW3yTCA B COOTBETCTBMK C Tpeho-
BAHWAMK MEXOYHAPOAHBIX NMAapHEX ceTein EARLINET
n CIS-LiNet.

NpapHbe UCCNEROBAHWA 33P030NA B PaMEAX
DenopyCCKol aHTAPKTUYECKOR NPOTPamMMel HAUANWCE
B akcneauyun 2012-2013 rr. Ha POCCMRCKON CTaHL UK
«MonopesxHans, OCHOBHLIE TEXHWYECKME CNOMHOCTIA
W3MEPEHWA NAPaMETPOR BIBELIEHHEIX B aTMOChepe Ya-
CTHL 0DYCNOBNEHbI ManbIM COOEPHAHMEM a3P020NLHON
KOMNOHEHTHI B aTmocdepe AHTapkTuasl, MonekynapHoe
pacceAHUe MacKMpYeT BKNAL a3po30NEHOMA KOMNOHEH-
Thl B PEFMCTRUPYEMBIA NWAGRHBIA curdan, Hanbonswwi
KOHTPAaCT BKNASa YACTUL B aTMOCQepHOe pacceAaHne

nony4agm NpW 3oHAMpoEaHun B IK-auanaszoHe cnekTpa.

Crpatvdkaymio a3po3oNLHOND CAOA XapakTepusy-
10T BLICOTHBIE pacnpegenseHnA nokasatena obpatHoro
pPaccedAHrA, 3aBNCALLEND B NEPBYID OUepafb OT KOHLUEBHT-
PaUmK BIBEIWEHHBIX HACTHL,

Ha puc. 2.27 npueegersl BEICOTHBIE Npoduiny cpea-

HETO 3HAYEHWMA U CTAHOAPTHOMND OTENOHEHWA NOKa3aTenA

0BpaTHOrD a3po30NEHOMD PACCEAHWUA Ha ANWHE BONHEI
1064 Hp. CTAaTUCTMYECKIWIA aHCaMBNE W3MEPEHWA Npen-
cTaenan coboil esiBopkry U3 PE3yNETATOR 30HAWPOBAHWA
BezobnauHoi atTMocdepbl B «NETHWAS CE30H IKCNEOW-
wian 2014-2015 rr, OTHOCWTENBHO NOBE WEHHBIE IHAYE-
HWA NokasaTena obpaTHOrSe a3po30NLHOMO PacceAHnA
PEMMCTPMPOBANVCE B NPW3EMHOM CNOE, BEPXHAA TPaHu-
Ua KOTOpPOoro Haxogunack Ha ypoeHe oxono 300-400 m.
Markcumymbl pacnpegenerns 0BpaTHOTO PacceAninA Ha
BLICOTaX NOPAAKa 8 KM, BEPOATHO, ABNAKTCA pe3ynb-

particles in aforementioned two regions are given in
Table 2.9,

Similar size distributions are characteristic to
measurements in the stations «Utsteinens and «South
Pole Obs NOAA»,

Lidar sounding of the atmosphere, Information
about the aerosol layer vertical structure is provided
by lidar observations. Organization of the lidar sound-
ing in Antarctic is conducted in accordance with the
demands of the international lidar netwoks EARLINET
and CIS-LiNet.

Lidar observations of the aerosol layer within the
Belarusian Antarctic Program began in the expedition
of 2012-2013 years in the Russian station «Maolode-
zhnayas. Main technical problems in measurements
of parameters of suspended aerosol particles in the
Antarctic atmosphere arise from smallness of concen-
tration of aerosol particles. The molecular scattering
disquises the aerosol component of detected signals.
Contrast between the aerosol and molecular signal
parts turns out maximal when sounding in the Infra-
red range.

The backscattering coefficient vertical profile is
used to characterize the aerosol layer stratification.
The backscattering coefficient depends above all on
suspended particles concentration.

In Fig, 2,27, vertical profiles of the mean and
standard deviation of the aerosol backscattering
coefficient on the wavelength 1064 nm are given. The
statistical assembly of measurements was a sample
from results of the cloudless atmosphere sounding
in the summer season of the 2014-2015 years expe-
dition. Relatively high values of the aerosol backscat-
tering coefficient were registered in the bottom layer
the upper boundary of which was at the level about
300-400 m. The backscatter peaks at altitudes of the
order of 8 km seem to be effect of the optically thin
high-level cirrus which were not detected visually and
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Fig. 2.27. Vertical profile of seasonally avernge aerosol backscattering coefficient fa and its standard deviation &a on the wavelength
1064 nm in Antarctic, Mount Vechernyaya, 2014-2015

TATOM BKNAJ3 ONTUHECKW TOHKWX 00NaKoR BEQEHETD
ApYCa, KOTopble He oBHAPYKMBANWCE BUSYANEHO U He
WCKIYANMCH NPW aHaNK3E daHHbIX OOHOBPEMEHHBIX
paguoMeTpUYecky uanepeHni. Kak npusemHbii cno,
Tak M YPOBEHE OKONO 8 KM XapakTePr3yTCA NOBLIWEH-
HOM CTENEHBH M3MEHYMBOCTH NOKasaTens obpaTHoro
A3P030NEHONC pacceaHA,

KomnaekcHele nudapHele U paduoMempuyeckue
U3MEDPEHLUA, XAPAKTEPWUCTHEKN 33P030NLHOID CNOA,
nony4agmble Npy obpaboTke pesynLTaTos NMOAPHBIX
M PAAVOMETPHYBCKMX M3MEDEHKIA, ABNAKITCA B3aNMO40-
nonHAKLWER MHGopMauren. KoMNneKcHele NMaapHbe
M PAAMOMETPUYECKME W3MEDEHWA CTAHOBATCA B NONHOR
mepe 3bderTUBHBIMK ONA X3PAKTEPUCTHKN 33p0o30na,
ECAK YCNOBWA MIMEDEHWI NO3IBONAIGT OTHECTI MX K
OOHORY W TOMY e a3p030NBEHOMY CNot, a Habop npose-
AEHHEIX W3MEDEHWA NO3BONAET PELLWTE 330auy pacyeTa
nonHoro Habopa NapameTPoB ONTUMECKOW MOZEN,
NPEeACTAENAKIWEN CRBOMCTEE a2PO30NEHOMD CNOA NP
PEWSHMA 23034 NEPEHOCA M3TYYEHKA,

Moes cneywaneHoN opradzauly KoopgMHWPO-
BaHHEIX NMAAPHEIX M PASUOMETPHYECKHY M3MEDEHWA
Ha 0ObeqUHEHHBIX NAGAPHBIX M PASMOMETPHYECKHK
cTaHumAx AERONET 1 EARLINET 1 meToguka obpaboTn

not removed when analyzing data of simultaneous
radiometric measurements. The both bottom layer
and levels about 8 km are characterized by increased
gradients of changes of the aerosol backscattering
coefficient.

Complex lidar and radiometric measurements,
Parameters of the aerosol layer obtained upon data
processing of lidar and radiometric measurements
represent the mutually complementary pieces of in-
formation. Complex lidar and radiometric experiments
become effective in full for aerosol characterization,
if, according to sensed conditions, they apply to the
same aerosol layer and if a series of made observa-
tions allows one to calculate parameters totality for
the optical model presenting aerasol layer properties
in the radiative transfer theory.

The idea to specially organize coordinated lidar
and radiometric measurements in the united lidar and
radiometric stations AEROMET and EARLIMNET and the
technique to process joint data arrays were offered
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COBMECTHOIND MAcCKBa AaHHLIX Npeanoxeda e pabore
[17]. Pacu4eT napameTpos aapo3ons B Nnpouenype obpa-
BOTKW JaHHLIX M3MEPEHA ABNABTCA *HEKODDEKTHOR:
obpatHoi 3agaJen. ANTOPUTM €2 pELEHWA MCNONbL3Y-
&T MEeTO/bl CTATUCTMHECKON perynapusanuy [31-33]

W OCHOBEH Ha HaX0MOEHHK NAPaMeTPOB 33p030NbHON
mMogeni, obecnedunBanileil MakcuMym anocTEpUOpHONo
pacnpegenseHnA BEQOATHOCTH MCKOMBIX NaPaMeTRoB.
WexopHon uHdopmaymeil AN BOCCTAHOBNEHWA Napa-
METPOE 33P030NEHOTO CNOA CNYHKUT Habop NMAAPHBEX
¥ PAAWOMETRUYECKNY MIMEPEHWA, 8 TAKHKE aNpPUopHbIE
OrpaHW4eHNA HA MCKOMBIE NapamMeTpBl a3p0o30/bHOM
MOogenm,

MNepBbie 3KCNEPUMEHTANBHEIE PE3YNLTATE NPakTH-
HECKOro NPUMEHEHWA NPEANOKEHHOMNO METOAE KOM-
NNeKCHOro NMOAPHOMo 1 PagUOMETPMYECKOrD 30HQNpO-
saHwA (LRS - Lidar&Radiometer Sounding) Ha cTanuu
8 MuHcke (Benapyce) beinw npegcTagnedsl e pabote
[34]. MHcTuTyT duzukn HAH Benapycn (Benapyce) u Na-
Bopartopua onTikk atMocdeps (DpadHyua) COBMECTHO
pazpaboTany METOOWEKY M3IMEPEHWIA W NPOrpaMMHOe
obecneverue ona peanuzaymi LRS-nameperui. B Ha-
cToAwee BpemA B EBponefickom pernoHe B pamkax ceTm
EARLINET dopmmpyeTca cneunaniivpoBaHHan ceTh
CTAHUMA KOMNAEKCHOTD NMAAPHOO M paanoMeTpuYe-
CKOID 30HAWPORAHKA a3po3ona [35, 36].

B onTuyeckux uCCnefoBaHWAx B AHTApKTUOE
Hapagy ¢ perynapHeIMM HabnofdeHUAMY, BeINONHAK-
WksMca no meTonmkas AEROMET, EARLIMET, CI5-LiMet,
npeaycMoTpera cneunansHaa nporpamma LRS-namepe-
HUi. MNepBoli B AHTAPETMOE KOMONEKCHBIA NALA PHIIA
W PaAWOMETPUHECKWIA IKCNEPUMEHT DbIN NPOBEAEH
23 pexabpa 2012 .

YepegHeHHoe No a3po3onsLHoMY CNoK pacnpeaene-
Hi1e 0ObLEMOB PACCEMBAKILLMACA YACTHL NPeCcTaBNeHD
Ha puc. 2.28. [lons kpynHogucnepcHbix 4acTuy B obuem
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in [17]. Calculation of aerosol parameters in the
procedure of measured data processing is the ill-con-
ditioned inverse problem. The algorithm to solve it
usies the statistic reqularization methods [31-33] and
is based on finding parameters of the aerosol model
providing the maximum of posterior distribution of
probability of the sought-for parameters, The initial
information for retrieval of the aerosol layer param-
eters is made up from results of a series of lidar and
radiometric observations and a priori restrictions on
the sought-for model parameters,

The first experimental results of practical use {on
the station in Minsk) of the method offered to the lidar
and radiometric sounding (LRS - Lidar&Radiometer
Sounding) were described in [34]. The Institute of
physics, MASE (Belarus) and LOA (France) jointly have
developed a measurement technique and software
to realize the LRS technology. Currently, a special-pur-
pose network of stations for complex lidar and radio-
metric sensing of aerosol is formed in Europe within
the network EARLINET [35, 36].

In optical Antarctic researches, the special LRS pro-
gram is provided for along with routine observations
on the basis of the techniques of AEROMET, EARLINET
and CI5-LiMet, The first complex lidar and radiometric
experiment in Antarctic was carried out in the station
Molodezhnaya, December 23, 2012,

The aerosol-layer-mean size distribution of the
scattering particle volume from the first Antarctic
complex experiment is shown in Fig. 2.28. The coarse
mode fraction of particles in the general aerosol

RERDMET Project, NMESR GSFC
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Puc, 2,28, Pacnpedensyue ofbemMos aapoacasHeix Sacmul no paimepan, 11:38, 23 dewabpa 2012 2, cmanyus sMonodesHans
Fig. 2.28. Aerosol size distribution of the particle volume, 11:56, December 23, 2012, station «Molodezhnayas
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Puc. 2.29. BuicomMeie npodiuiyg KoHUeRmpauuu
menkoducnepcnad (1) u kpynroducnepouod (2) dipakuyud
AIPAIOALHBIX HACMUL NG GAHHBM KOMRASKCHO0 MUGapHaZ0
U pAduoMEmMPUYECKE2S 30nduposanus, 14:30 - 15:30,

23 dexabpa 20122,

Fig. 2.29. Concentration vertical profiles for fine (1) and coarse
{2) fractions of aerasal particles according to data of complex
lidar and radiometric sounding, 14:30 - 15:30,
December 23, 2012

COOep#aHuK a3po3ona cocTaenana 0,25, T. e, HEeCKONbKD
NpeBLIWana CPeqHIoN BENNYUHY ANA cTaHuuu «fopa
BeuepHan: (cwm. Tabn, 2.9).

PesynbTaTol BOCCTAHOBNEHWA BHICOTHBIX Npodune
KOHUEHTPALMI MENKNX M KPYNHLIX 4acThy NpescTasne-
HEl Ha prc, 2,29 O0HapyKMBEIETCA CNOM C UEHTPOM HE
BbICOTe 5000 M € NOBBIWEHHON KOHLUEHTPALMER MENKMX
HACTHL, KpYynHBIE YaCTULEl COAEPAATCA NPERMYLLECT-
BEHHO B HUHKHER aTmocdhepe W B BUOS Y3KIX CNOEE Ha
BeiCcOTax 3500 1 5300 M.

JononHuTensHyK MHGOPMaLKIe O reoduanyeckux
npoueccax, oNpejenfiowidx cnelnduky BelCOTHbIX
pacnpeaeneHui a3po3onbHbIX GRakuMin B paccmaTpm-
BAEMOM IKCMNEDUMEHTE, NPedoCTABNAIT PEIYALTATLI
MOOENHMPOBAHWA TPAEKTOPWA NEPEHOCa BO3OYIWHbIX
mace (mogens HYSPLIT, NOAA [37]) u faHHbIe CRyTHWKO-
Bbix HabnogeHnia cnexTpomeTpom MODIS (FIRMS, NASA
[38]), npencTaBneHHele Ha pue. 2.30, 2.31.
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Puc. 2.30. Cxema 0fpamueix mpaskmopul nepeHoca
Ea3dyLtbX Mace dna cmanyuu «Monodestass, 15:00,
23 dekafipa 2012 2. 8na awicom 500, 2000 w 5000 & , modens
HYSPLIT NOAA
Fig. 2.30. Scheme of reverse trajectories of air mass transport
for station sMolodezhnayas, 15:00, December 23, 2012, for
altitudes 500, 2000 and 5000 m, model HYSPLIT, NOAA

content was 0.25, that is, it somewhat exceeded the
mean quantity for the station «Vechernyaya Hill» (see
Tahle 2.9).

Obtained results for the concentration vertical
profiles for the fine and coarse particles modes are
displayed in Fig. 2.29, Here, one can see a layer with the
center at the level 5000m which has higher concen-
tration of the fine particles mode, The coarse mode of
particles is seen in the lower atmosphere and also at the
levels 3500 m and 5300 m in the form of two thin layers.

Additional information about geophysical pro-
cesses specifying peculiarities of the vertical profiles of
aerosol particles modes in the first Antarctic complex
experiment can be taken from the results of model-
ing of air-mass transport trajectories imodel HYSPLIT,
MNOAA [37]), which are presented here in Fig. 2.30, and
from the data of satellite observation with the aid of
the spectrometer MODIS (FIRMS, MASA [38]), which
here are given in Fig. 2.31.
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Puc. 2.31. Kapma o4azoe nowapos na danxem MODIS, 16-25.12.2012, danuuie FIRMS, NASA
Fig. 2.31. Map of seata of fire according to MODIS data, December 16-25, 2012, data of FIRMS, NASA

Kak chefyer M2 pezynsTatos pacdera «obparTHexs
TpaekTopui (puc. 2.30), BO3aYIWHAA MACCA Ha BLICOTE
5000 m B panoHe nuaapHeix HabnwogeHwi morna obora-
TUTLCA MENKUMW HaCTULAMK NPW NPOXOXOEHA B HW3-
KoM cnoe atmochepbl BONWaKW pervoda KwHon Adpukm
BCMEACTBVE NPUCYTCTBMA OYaros nowapos (pwc. 2.31).
Bce «ofpaTHee: TPAeKTOPMK B TRoNochepHom cnoe
NEPWXOAAT B NYHKT HAONIDAEHWA 13 OKEAHCKOTD perv-
OHa, YTO, BEPOATHO, yBenn4neaeT obuiee copepxanne
KPYNHBX YacTUL,. Kpome Toro, CNoi KpynHbx Yactay
Ha BricoTe 5300 M moxeT BoiTe obycnosner sknagom
ONTUYECKH ToHKKX obNakoe.

2.4.2. Pesynsmamasi modenuposaHus a3spo3onbHeIx
nonell 8 AWmapkmude U cpasHeHUe ¢ DaHHBIMU
paduomMempuUYecKUX uzmepeHul

MogenipoeaHne JONONHAET DaHHLIE WIMEDEH W
W NMO3BOMAAET OLEHWTE XaPaKTEPUCTUKK a3P030AA 1 ero
NPOCTPaHCTEEHHO-BPEMEHHOE PACTIPENENEHNE B TEX
CAYYanAx, KOTOa MIMEPEHWA OTCYTCTEYIOT MK ABNAKOTCA
HenonHeiMmk, MogenupogaHue cofepxaHua aapo3ona
Hapg AHTAPKTUKON OCYWECTBNASTCA HAMW Ha OCHOBE
MOAENN NEPEHOCE C YYETOM XMMUYECKMK NPEEPaLWEHMEA
GEQS-Chem [39, 40]. BxoaHbIMK OaHHBIMK 08 Moge-

As follows from the results of reverse trajectories
calculations (see Fig. 2.30), the air mass at the alti-
tude 5000 m in the region of lidar observations was
probably enriched with small particles in the time of
passing in the atmosphere bottom layer near seats
of fire in Southern Africa (see Fig. 2.31). All reverse
trajectories of tropospheric air mass come to the
observation point from the ocean. This probably is the
reason of increasing large particles content in the site
of observation. Besides, the layer of coarse particles at
the altitude 5300 m could be caused by contribution
of optically thin cirri.

2.4.2. Modeling of aerosol in Antarctic
and comparison with the data of radiometric
measurements

Model simulations supplement measurement
data and allow estimating aerosol properties and
spatial-temporal distributions of aerosol concentra-
tions where measurements are absent or incomplete.
We used chemical transport model GEOQS-Chem [39,
40] to simulate aerosel concentrations over Antarcti-
ca. The GEOS-Chem uses meteorological input from
the Goddard Earth Observing System (GEOS) [41]
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nW ABNAKTCA Ba3kl JAHHLIX NOCTYNNEHWA XUMIUSCKIX
KOMINOHEHTOR 1 3a3po3onelt B atTMocdepy U MeTeopo-
NoOrMYeckre naduee cuctemel GEOS (Goddard Earth
Observing System) [41]. Peaynetatom mogenwpoBaHia
ABMASTCA PACNPEfeNeHWE CONEPMAHINA AaTMOChEDHbIX
npumeceil B NpocTpaHcTee U Bpemeri. GEOS-Chem
NO3IBONAET MOJENVPOBATE NPOCTPAHCTBEHHG-BREMEH-
HOE pacnpefeneHile OCHOBHBIY TUNOB aTMOChEepHOMO
a3p030nA: CYNbGATHOMD, AMMOHWAHOMD, HUTPATHOTO,
Camu (UepHoro yrnepofa, rmapodunsHore U rnapo-
GobHOro), MUHEPaNEHON NBINKW, MOPCKOTD CONAHOD
a3po20nA ToHKoW ¥ rpyboil dpakuwi, aspo3ona Ha
OCHOBE OPraHuUYeckuil CoeqHEHIA, B TOM YMCne opra-
HWyeckoro yrnepoga (rmapodunbHoro n rugpodobHoro)
W BTOPUYHEI OpraHuyeckuy aspoionei. Mcnonbayemele
Gazw AaHHbIX NOCTYNNEHWA a3Po30nei B aTMocdepy
BKMIOUAKDT aHTPONCOrEeHHbIE BEIBpoCs, Bxbpock B pe-
3YNLTaTe CKUraHMA BUOTONNMEA, FOpPeHna BUOMACcCH,
WIBEEMEHMA BYNKAHOB, NOCTYNNEHWA W3 MOPCKOR
BOABl, BHESTRUBEAHKA. B Mofens sxnioueHsl cnegyowme
MUKpODUIMUSCKME NpoUecchl: 08pa3oBaHKe YacTul,
POCT, KDarynaums, ocaxjeHue W BoiMbliBarnne. Pacuetel
NpoBeAeHbl QNA MOpY3oHTANEHOR CeTKW 47 = 5% v 47 Bep-
TUEANEHBIX CNOSE 00 BRICOTH 80 KM,

PeayneLTaTsl PACYETOR CPABHUBANNCE C MEMEDEH M-
AMK Ha pafuoMeTpuYeckoil cTaHukiK sTopa BevepHass,
BXoaAWeR 8 ceTe AEROMET. B cetw AEROMET, B wacTHO-
CTH, M3MepReTcA oblee cogepxarke asposona (DCA),
OCA [mkn® MEM® = MEM] — BENMUMHE, XaPaKTEPWUIYILWARA
COflep#aHe aapo3onA BO BCel Tonle atmMochepsl Haf
JaHHOK recrpaduueckol TOUKOR W NPeNCTABNAKWAA
CoD0R TONWWHY CNOA A3P0200A, KOTOPLIR 00pazyeTcs,
ECNK BECh 33D020ML, CONEPHALLMACA B BEDTUKANBHOM
cronbe armocdepsl, ONUPAIOWEMCA Ha YYaCTOK NoBepX-
HOCTH eAUHWYHON NNOWEAW, DCAAWTE Ha 3TOT YYaCTOK.
Mul npoBeny CpagHeEHWE pe3yNLETATOR TPEX CEPWIA W3me-
PeHMi Ha cTaHUwK «Topa BeuepHans (AHBapL — deBpant
2009 r, AHBapb — MapT 2012 r, nexkabpb 2012 1. - MapT
2013 r.) c paccHWTaHHBIMK CREAHECYTOHHBIMIA 3HAYEHWA-
smu OCA nna cooTEeTCTBY WM 0aT. Pe3ynsTaThl CpaBHe-
HWA NpefcTaenedbl Ha puc. 2,32, Kak BugHo 13 pyc. 2.32,
PACCUWTAHHBIE I M3MEPEHHBIE SHAUEHIA QOCTATOUHO
XOPOLWO COrNAcyTCA,

Kak nokasanu pacuetsl, cpegree OCA Hag cywen
coctaenaet 0,001-0,002 mkm, Ha nobepexbe 1M B NpU-
BpexHoi nonoce - 0,003-0,005 MKM, Haf OKeaHOM — flo
0,07 mem. Cranywa «fopa BevepHasy pacnonomena Ha
nobepexee, Ha prc. 2.33 NokasaHo paccyWTaHHoe cpef-
HemecAuHoe OCA B aTMoChepe Hag cTaHumer «fopa
BevepHas:. Kak cnefyer U3 pacdeTa, CofgpHaHue aspo-
30NA NOJBEEPHEHD CEIOHHBIM NIMEHEHWAM, B 3umHui
Nepuos Cofep#aHKe a3po3ona NpUBNKU3UTENEHO B OB
pasza GonblWe, Yem B NETHWRA,

Ha puc, 2.34 npeficTaBneHo paccHMTaHHOe pacnpe-
[ENEHWE MACCOBOMD CONEeP#aHns a3po3ona No cocTasy
B atmochepe Han cTaHumen «fopa BevepHans (ycpea-

CHAPTER 2

and data from various emissions inventories. The
GEOQS-Chem model provides spatial and temporal
distribution of atmospheric species concentrations
including major aerosol types such as sulfate, ammo-
nium, nitrate, black carbon in both hydrophilic and
hydrophobic modes, mineral dust, sea salt aerosols
in both accumulation and coarse modes, and organic
aerosols including organic carbon in both hydrophi-
lic and hydrophobic modes and secondary organic
aerosols. The aerosol emissions inventories used by
GEOS5-Chem include anthropogenic, biofuel, biomass
burning, volcanic, marineg, soil particles emissions.
Aerosol microphysics processes include nucleation,
condensation, coagulation, wet scavenging and dry
depaosition. The simulation is performed at 4° x 5°
horizontal resolution with 47 vertical layers up

to B0 km,

We compared model results with the AEROMET
sun-photometer measurements at the station «Vecher-
naya Hill». The AEROMET provides wide number of
aerosol parameters and characteristics, among them
volume concentration of total asrosol. Volume concen-
tration in mm*/mm?* = mm is defined as total volume of
aerosol particles in the atmospheric column divided by
the surface area of the cross section of the atmospheric
column. There were 3 measurement seasons at the
station «Vechernaya Hills {from January 2009 to Febru-
ary 2009, from January 2012 to March 2012, and from
December 2012 to March 2013). Volume concentration
from the AEROMET measurements was compared with
daily-averaged model-simulated volume concentra-
tion. Figure 2.32 shows that predictions are in reaso-
nably good agreement with observations.

The computations indicate that mean volume
concentration of total aerosol varies from 0,001 to
0.002 mm over land, from 0,003 to 0.005 mm over
coast, and from 0.005 up to 0.01 mm over ocean,

The station «Wechernaya Hill» is located at the coast,
Figure 2.33 shows model-simulated monthly averaged
volume concentration of total aerosol in the atmo-
sphere over the station eVWechernaya Hills., According
to simulation, aerosol burden is seasonally dependent,
Volume concentration of total aerosol in winter is
about twice higher than in summer.

Figure 2.34 shows the model-simulated aerosol
compaosition in per cent by mass in the atmosphere
over the station «\echernaya Hill» (yearly averaged for
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Pue. 2,34, PacnpedensHue A3pozona fo cocmagy & ammocibepe Had emanuuel «fopa BevepHaas (yepednedue 2a 2013 2):
SULF - eynighamit: AMM — amsonud; NIT - sumpams; BC - veprud veone (cosa); DUST — MuHepansHas fuins; SALT - mopekas
cotes; OA — oparuveckul a3poios
Fig. 2.34. Model-simulated aerosol compasition over the station sVechernaya Hill» (yearly averaged for 2013): SULF - sulfate, AMM -
ammanium; NIT - inorganic nitrates; BC - black carbon; DUST - mineral dust: SALT - sea salt aerasol: OA - organic aerosols
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Puc. 2,35, Pacnpedenenue cpedremecayHol koHyeHmpayuy aapozoned (mre/v') nad Anmapkmukod (mad 20713 &)
a — MOPCKARA COML; b — cyibhamei; € — HUmpamsl,; d — aMsoHul

Fig. 2.35, Model-simulated distributions of mass concentration (ua/m'} aver Antarctica (May 20130
a— sea salt; b - sulfate; ¢ — nitrate; d —ammenium

HeHuwe 3a 2013 r). Kak BugHo w3 puc, 2.34, OCHOBHOA 2013). The dominant component is sea salt because of
COCTABNAWER ABNAGTCA MOPCKas CoNb, 4To obbAC- the location of the station close to the ocean, Sulfates,
HAETCA BNU30CTHI0 CTAHUKWK K OKEAHY. SHAYMTENBHYID organic aerosol, and nitrates constitute significant

AONKD COCTABNAKT CyNb(aTel, OPraHMYeckni 23p030Ns fractions, Ammonium, mineral dust, and black carbon
W HUTpaTel. Cogepsanne aMMOHUA, NBMK W caxn mano.  are small parts of the total aerosol mass.

Ha puc. 2.35 nokasaHo TUNMYHOE pacnpeaened e Figure 2.35 shows the typical spatial distribution
NPU3EMHON KOHUEHTPALMW HEKOTOPLIX EMGoB aspo3ona  of near-surface aerosol mass concentration over
Hag AHTapkTukoi. NMpueeaers pesyneTatel mogenupo-  Antarctica, The maps show modeled monthly mean
BaHWA CPEQHEMECAYHON KOHUEHTpaUKMW Mopckoi conk,  (May 2013) mass concentration (mg/m3) of sea salt,

CyNeGaToOR, HUTRATOR W amMoHnA ana mas 2013 ropa, sulfate, nitrate and ammonium. Similar patterns of
NopobHEIR xapakTep NPOCTRAHCTEEHHOO pacnpee- mass concentration distribution hold for other time
NEHVA KOHUEHTRAUWK a3po30nell ABNAETCA TUNUYHBIM periods as well,

M 4NA APYTMX BPEMEHHBIX NEPHOOOE.
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Chapter 3

BENTOPYCCKWE rEONOMoO-reOOU3UYECKME
WCCNEQOBAHWA HA 3EMJIE SHAEPEW

Llent Hay4HbIX recnoro-recdunyeckny nccneno-
BaHWA N0 W3YUEHWID NMToChepb Semnun IHgepbn 1 ee
AKBATOPWK ~ OLIEHKA PECYPCHOTD MWHEPaNbHO-ChIPbE-
BOFO NOTEHLUWANA paioHa pacnonoxeHia benopycckon
AHTAPKTWYECKON CTAHLWW KaK OCHOBBI ANA NOCTAHOBKMW
B Oyaywem reonoropassefouHby pabort.

OcHoBHEIE 3agauM: MCCNefoBaHKe B 3oHe Daznpo-
BaHWA BENOPYCCKUY aHTAPKTUYECKY IKCNEaMUME (Ha
BeuwepHeropcko Nnowagun) neTansHoR recnormyeckon
0BCTAHOBKW Ha ocHOBE oTBopa 0bPasLOoB ropHeIX
nopog ¥ NPOBEASHWA MRABUMETDWNYECKOM U MATHUTO-
METPUHECKDIA CHEMOK B KPYNHOM MaclwTabe; cozfadne
CNeuanM3MpoBaHHOTO NONMIOHA LNA MOHWTODMWH-
ra rpaBMTaLMOHHOTD M MATHWTHOTD NONER ¢ BNk
YCTAHOBMEHWA XaPaKTEPa NPOTEKAHUA COBPEMEHHBIX
TEKTOHOHUIMHECKWX NPOLECCOE B 30HaX PaiNoMOE;
pPErMoHaNBHOE M3YUSHWE ryBUHHOTO CTPOSHWA 3EMHON
KOPE W BEPXHER MaHTUW C UENBK TEKTOHWYECKOrD pai-
OHUPOBAHWA TEPPUTOPUIA Jemnu IHnepbi.

[na peweHwa NEpEOA 3a0a4v B NETHWIA aHTAPKTW-
uecknid cezod 2008/2009 rr. Benopycckre CneunanucTsl
B cocTase 54-i PAD BRINONHWAKW KOMMAEKC HayYHbIX
[eTankHbBX PEKOrHOCLUMPOROYHEIX reonore-reodmnzun-
YeCKMK MCCNeqoBaHKkia Ha BevepHeropoxoW nnowagn
W Ha cTaHumu sMonogexHan». KoMnnekc BNoYan
MapLWpPYTHBIE MPAaBUMMETPUMECKWME U MAaTHUTHOMETD WM E-
CKMe pelickl U reonoro-CkemouHsle paboTs ¢ oTBopoMm
o0pazyos ropHex nopod Ha BevepHeropckoi nnowaam;
FANOHEHWE NBOANMHAMWYBCKOND NonKMrodHa ansA I.'|3}|"|-I BHWH
BapMaLKi reoduanuecki Nonen Bo BpemeH i, ofycnoe-
NEHHBIX COBPEMEHHEIMI TEKTOHOHUINYECKAMIA NPOUEC-
CamM, 8 TAKME CTALWOHAPHDLIE TEOMArHUTHBIE 1 rPaBMMe-
TPWYECKWE HABNIOAEHWA B HEMATHWTHOM NaBWAbOHE Ha
CTaHUMK «MonogesHans,

Mo pesynemamam demaneHuix NONEBEIX 201020~
zeouzuveckux pabom v nocnegyiowero nabopartop-
HOMO M3YYeHUA NETPOrpaduyeckuy, NeTPOXMMUHECKNY
v neTpoduinuecknx CBORCTE 0BPa3LOE ropHLIX NOPOog,
C YHETOM FEONOTMHECKMX MCCNEoBaHKI qokemMbpun-
CKOMO OCHOBAHWA B OKPECTHOCTAX CTaHumm «Monopem-
HaAx, NPOBENEHHEIX B 1973 I aMeprKaHCKIM recnorom

BELARUSIAN GEOLOGICAL AND GEOPHISICAL
RESEARCH IN ENDERBY LAND

The purpose of the geological and geophysical
investigations of the Enderby Land and its adjacent
water area was to estimate the potential mineral
resources in the region of location of the Belarusian
Antarctic Station as the stage for the future geological
exploration works.

The major tasks were as follow: detailed study of
the geological conditions within the zone of location
of the Belarusian expeditions {the Mount Vechernyaya
area) based on the collection of rock samples and
large-scale gravity and magnetometer surveys;
creation of a special-purpose ground for the gravity
and magnetic field monitoring in order to clear up
the course of recent tectonophysical processes in the
fault zones; regional study of the deep structure of the
Earth's crust and upper mantle in order to divide the
Enderby Land territory into tectonic regions.

To solve the first prolblem the Belarusian scientists
working in the team of the 54" Russian Antarctic
Expedition in the summer Antarctic season of 2008-
2009 performed a complex of detailed geological and
geophysical reconnaissance works within the Mount
Vechernyaya area and at the station «Molodezhnayas.
The reconnaissance complex included the gravimeter
and magnetic route surveys, as well as the geolo-
gical surveys with rock sampling within the Mount
Vechernyaya area; laying of a geodynamic testing
ground to study the geophysical field variations in
time due to recent tectonophysical processes, as well
as the stationary geomagnetic and gravity observa-
tions at a nonmagnetic room of the station «Molode-
zhnayas.

Using the results of the detailed field geological
and geophysical works and the subsequent labora-
tory studies of the petrographic, petrochemical and
petrophysical properties of rock samples, as well as of
the geological studies of the Precambrian basement
in the vicinity of the station «Molodezhnaya» carried
out in 1973 by American geologist E. 5. Grew, who
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3. C. Mpee, yuacTeoeaewm B 18- CoOBETCHON aHTAPKTI-
yeCcKol akcneguune (Grew, 1978; Grew, Manton, 1981),
HayuHbIM COTPYOHUKOM VIHCTUTYTa NPUPOAONONL30-
eaHwAa HAH Benapycow O. B. MACHWKOBBIM Ha nnowanw
alopa BeuepHan — PyBuH», Ha2BaHHOW NO recnorkye-
CKWM NpaBunam BevepHeropckoi NNowansio, NocTpo-
£Ha reonorMueckan KapTta BeuspHeropckoi nnowagm
(pwc. 3.1) (KapaTaee, Machukoe, 2010; MacHukos, 2011),

Ha BevyepHeropckoi nnowaan BelfeneHbl 0cHOB-
HBIE PY[OTEHERUERYIOWWE, PYOOKOHTRONMPYWME
W pyAoBEMeLaowme GopmaLvi, KoTopeIMK ABNAKITCA
rPaHUTOMAL YAPHOKMTOBOW PAnakMENNOSoDHOA YNb-
TpameTaMopgrueckon Tonww, C HMMK CBAZaHbI Kene-
30-TUTAHOBLIE MACCMBHO-BKPANNEHHBIE Py MarMarTo-
FEHHON 1 MeTaMopporeHHORN (CKapHougHOR) cepuil, Ha
KOHTAKTE C 2pXeRCKUMW NNArMOrHERCAMM BCTPEUEH
NUPONbI C IBENWPHBIMIN CBORCTBAMM, MPWIHAKK UMHKS
W megw. Mo reoxUMmuUeckm NPU2HAKaM NepcnexkTe-
HBEIMKW YYHACTEAMW ABNATCR MbIc Por, ropa BeuepHan,
muic MTHesnoeol, Byxra Tepnenuna v ropa PybuH (3pece
E OpYAEHENbIX NOPOgax CKNOHHB HakannueaTecA Co, Ti,
Ma, Cu, Zn, Ga, 5n, CdD).

PezuoHaneHele 2eonozo-zeoduzuyeckue uccmedo-
8aHua Ha 3emne Indepbu U ee AKEAMOPUU BEINONHE-
HBl € UEMBK NPOTHO3HOTS PRROHWPOBAHUA TERRUTOPHUI

no Bngam NoONe3HbIX MCKONAeMbIX Ha OCHOBE KpUTEPWES,

CBAILIBADWMX NPYpoay GOPMUDOBaHIA W pasMelle-

CHAPTER 3

participated in the 18" Soviet Antarctic Expedition
(Grew, 1978; Grew, Manton, 1981), Q.. Myasnikov,
researcher of the Institute for Mature Management of
the MNational Academy of Sciences of Belarus compiled
the geological map of the Mount Vechernyaya area
(Fig. 3.1) (Karatayev, Myasnikov, 2010; Myasnikow,
2011).

The main ore-generating, ore-controlling and
ore-bearing formations mapped within the Mount
Vechernyaya area are the granitoids of the charnockite
rapakivi-like ultrametamorphic strata with their asso-
ciated titaniferous iron massive-impregnation ores of
the igneous and metamorphogenic (skarnoid) series.
Fyropes showing gem properties, as well as some
signs of the zinc and copper occurrences were deter-
mined in the zone of contact with the Archean plagi-
ogneisses. According to the geochemical evidences
the prospect sites are Cape Rog, Mount Vechernyaya,
Cape Gnezdovoy, Terpeniya Bay, Mount Rubin (where
Ca, Ti, Mo, Cu, Zn, Ga, 5n, CdO tend to be accumulated
in metallogenic rocks).

Regional geclogical and geophysical investi-
gations within the Enderby Land and its water area
were carried out in order to make the preliminary
division of this territory into regions in accordance
with the kinds of minerals found there using the crite-
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Puc. 3.1, Dpazmerm seanouveckod kapmel BevepHezoporod nnowadu (cocmasumens O, B, MacHukoe): T -

WM paMEmaMopueckue NOTES0WnNam-Kaapu-nadauokias-ampubonumaodele Crmpyiyamee panarugu-2Hedcogamie
YAPHOKUM B 2 — ODUBen-Nonesownam-gaapu-naaauokmnaioawe YapHokumear; 3 — 2ufpudrse ambuion-nuporces-nnoauoknas-
KEapU NOAEROLINAMOERIE WODHOKUMUALPOEOHHE 3HIeRBUME; 4 — NPOMORUM-penukmosse JaynupokceHoasle ampuion-
Buomumosse NAazU0ZHENCH

Fig. 3.1. Fragment of the geological map of the Mount Vechernyvaya area (compiled by O V. Myasnikov): 1 - ultrametamarphic
feldspar-guartz-plagioclase-amphibalite streamy rapakivi-gneissic charnockites; 2 — amphibole-feldspar-guartz-plagioclase
charnockites; 3 — hybride amphibole-pyraxene-plagioclase-quartz-feldspathic charnockitized enderbites; 4 - protolith-relict

twopyraxenic amphibole-biotitic plagiogneisses
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HUMA NOME3HBLIX MCKONAEMBIX € PA3NHUYHEIMK THNAMKA
TEKTOHMUYBCKIXY CTRYETYP W re0quauyecKiumy nonsm,
Ana 3emnn IHnepbun Hazol ANA OUBHKW MWHERaNBHO-
ChIPLEBOTO NOTEHLMANA ABNAKTCA MaBHBIM obpa3om
resdunueckne NONA U peKue NPAMbIE reonorueckue
HabnwaeHWA B OCHOBHOM BAONL OTKPLITOR OTO NBAA
teperosoi NMHWK (30HB1). [nA peledrs 3apad recno-
rHUeCKoro NporHo3a pa3paboTaHa KOHUEMNUMA, CYTh Ko-
TOPOR COCTOWT B U3BNEUSHWMA K3 recdU3nY Ky Nonek
WHGOPMaLUWK O Pa3HOPOAHOCTH MYBUHHOMO CTPOEHKA
nuTocepbl (TMNKW3aUKWA), 0 BEWECTEEHHOM COCTaBE (yH-
OameHTa W ob ocobeHHOCTAX TEKTOHWYECKDTO CTPOEHKA.
3Ta MHPOPMALKMA CONOCTABNASTCA C TEMWA FTEONOTAUE-
CKUMUW CTRYKTYPaMU, KOTOPbIE ABRNAINTCA HOCUTENAMK
MNONE3HBIX WCKONAEMbIX — WOBHbBIMIA 30HAMMW, 30HaMK

TEKTOHO-MarmaTYeckon aKTHEW3a LK, paznomamid. Paz-

paboTaHbl COOTEETCTEYIOWMWE NPOrHOZHEIE KPUTERMM,
CEASHEANWMWE ONOCPELOBaHHO readUsnYeckne Nons

€ NONE3HBIMK MCKONAEMBIMK HEPE3 YCTAHABNMBAEMBIMI
No NOMAM OTMEYEHHBIX TE0NOTMMECKMX CTRYKTYD.

Mcxona M3 3TOR KOHUENUKWW reonoriyeckoro npo-
rHO3a ANA pafoHWPOBAHWA TEPPUTORKKA 3emnk JHaep-
01 No BWMOEM NONEIHBIK MCKONaEMBX BBIN NOCTPoEH
CRegyILWWA KOMINEKT KAPT: KapTel HAONKOEHHBIX
W NOKANBHBLIX TPABMTALMOHHERX M MATHUTHLIX AHOMANAA,
TEKTOHWYECKAA KapTa, recNorM4eckan KapTa, KapTa
MOWHOCTH 38MHOM KOPbI, paspess nutocdepsl, NeTpo-
DHINECKME KAPTDI, JaHHBIE O reodn3nYeckux TMNax
IEMHOMN KOPEI OCHOBHBIX TEKTOHWMUYECKUX 3NEMEHTOB,

a TakK¥e MCNoNLEI0BAHE Feonormyeckan KapTa 3emnim
IHaepbn, COCTAaBNEHHAA POCCURCKMMIA regnorami (AT-
nac okeauos, 2005; Neivenkos n ap., 2003; NeiveHkos,
M'ycera, 2006), cw. puc, 3.2-3.5.

Mo KoMNNEKCY YEAZAHHBIX Me0foro-resfranyeckiny
KapT BEIN0 BHNONHEHD PANOHWPOBAHWE TERRPUTORWW
3emnun Iuaepbn v Nnpunerawmx obnacTel B TEKTOHK-
ueCcKom acnexTe. MNpu 3ToM OCHOBHOE 2HAUEHUE MMET
rpaBUTaUMOHHOE W MArHWTHOE aHOMaNkLHBIE NoNA, fa-
WOWWE NPOCTRAHCTEEHHYIO W TNYGUHHYIO WHGOPMELMID
O FEoAOTMYECKUY CTPVKTYPaX.

KakK M3BecTHO, aHOMAaNEHOS NONe UL TAXRECTH
HeceT & cebe MHGopMaLKWIo O COCTABE, BHYTPEHHE(
CTRYKTYPE, paznomMax KpucTannuyeckoro gyHoaMenTa
W MNaThoPMEHHOND MeXna, MOWHOCTW NOCegHETD,

a Take o ryBUHHON NAOTHOCTHON HEOAHOPOLHOCTH
nutocdepsl M acteHochepsl. MarHuTHble aHOMan UK Yer-
KO PUECHPYIOT MarHWTHBIE HEOOHOPOAHOCTH MaEHHIM
obpazom BellecTEa KpWCTaNNKMYeCKoTo GyHOaMEHTa

W ero paznomMHY TEKTOHWREY, PerMOHaNbHaA COCTaBNAK-

WaA MarHUTHOMO NONA OTRaXKaeT NaTEPansHYK MarHuT-
HYID HEQHOPOAHOCTE HWHHErD («bazansToROro:) CNOA
IEMHON Kopbl. BEWecTBO BEpPXHER MAHTHK B aHOMaNb-
HOM MarHMUTHOM MOME He OTPAMASTCA B CUMNY ero MHOYK-
THBEHOTO NPOUCXOMAEHIA NPW BEICOKWX TEMNEpaTYpax,
COMIMEPKUMbBIX C TEMNEPATYROM TOYKK KIopK, ropHble
Nopoabl TEPAKT MArHWTHBIE CBORCTEA.

CHAPTER 3

ria that relate the mineral formation and distribution
patterns to the different type tectonic structures and
geophysical fields. The geophysical fields and rare di-
rect geological observations mainly along the ice-free
shoreline (waterfront zone) may serve as an essential
ground for the estimation of the potential mineral
resources of the Enderby Land. A concept developed
to solve the geological forecasting problem consists
in deriving the information on the deep lithosphere
structure (typification), the basement material
compaosition and the tectonic peculiarities from the
geophysical field data. This information is correlated
with those geological features that are considerad to
be mineral-bearing structures, such as sutures, zones
of tectonic-magmatic activation, faults. The corre-
sponding forecast criteria have been developed that
mediately correlate the geophysical fields with the
minerals determined from the fields of the mentioned
geological structures,

This concept of geological forecasting developed
to divide the Enderby Land territory into regions by
their characteristic minerals was used to compile a
set of maps as follows: maps of the measured and
local gravity and magnetic anomalies, tectonic map,
geoclogical map, map of the Earth's crust thickness,
lithosphere sections, and petrophysical maps (Figs.
3.2-3.5). Data of the geophysical types of the crust of
the main tectonic elements and the geological map of
the Enderby Land compiled by the Russian geologists
have been also considered (Atlas of the Oceans, 2005;
Leychenkov et al, 2003; Leychenkov, Guseva, 2006).

The above geological and geophysical maps were
used to make the division of the Enderby Land terri-
tory and its adjacent areas into tectonic regions. The
gravity and magnetic anomalous fields were of special
importance as these provide infarmation about the
space and depth distribution of the geological struc-
tures,

As is known an anomalous gravity field informs
about the compeosition, internal structure, faults in
the crystalline basement and platform cover, platform
cover thickness, as well as about the deep density
inhomogeneity of the lithosphere and asthenosphere.
The magnetic anomalies clearly define the magnetic
nonuniformities of the crystalline basement material,
as well as its fault tectonics, The regional component
of the magnetic field is indicative of the lateral mag-
netic nonuniformity of the lower (sbasaltics) layer of
the crust, The upper mantle material is not shown in
the anomalous field because of its inductive nature:
rocks lose their magnetic properties at high tempera-
tures comparable with the Curi point.
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Puc. 3.2. Kopma gpasumauuondnsy anomanud e pedyruuy Byze emnu Indepiu
Fig. 3.2. Map of the Enderby Land gravity anomalies in the Bouger reduction
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Puc. 3.3 Kapma mazsumeex adomanud 3emnu 3Hdepiu
Fig. 3.3, Map of magnetic anomalies of the Enderty Land

Puc. 3.4. Kapmdg kopeHHozo pefbeda MecmHocmu Pue. 3.5, Kapma MolyHocmu 3eMHoll Kopel
emnu Indeptu 3emnu Indepbu

Fig. 3.4, Map of the bedrack topoagraphy of the Enderby Land Fig. 3.5, Map of the Earth’s crust thickness of the Enderby Land
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Puc, 3.6. Crema geoghusiveckozo obecnedeHun MekmaoHUYeckozo paloRuposaHun 3emnu IHdepiu U ee akaamopuL;
1, 2 — 30Hbl 00HOPOIHOCMU 2eddhizudeckiix homeld U pentedd seknol nogepxHocmi T — cyBLUpomRbe 30H6 pazaudHol
2eHepayul (T-H; K-B; M-K); 2 - cyfmepuduoHansHan soda (K-T); 3 — 300 paznomod; 4 - cyBmepuduoransduld (CM, 750 noz. ki)
U eyBluupomEeld (CLL 1290 noz. k) npoduny Huauko-2e0N02UYeckoo ModenuposaHun

Fig, 3.6, Scheme of the geophysical data providing for the identification of the tectonic regions within the Enderby Land and its water
areq: 1, 2 — zones of uniform geophysical fields and surface topoagraphy: 1 -sublatitudinal zones of different generation
(T-N, K-B, M-K); 2 — submeridional zone (K-T); 3 - fault zones; 4 — submeridional (750 linear kilometers) and sublatitudinal
{1280 linear kilometers) profiles of physical-gealogical modeling

KapTiHa OAHOPOAHOCTIA B reodHUIMYeckom aTHO-
WEHWIA BCAKOMD YYHaCTKa MCCNeayemMon TEPPUTOPHK
OUEHMBAETCA NO TaKUM NPU3HAKaM NONA, Kak XapakTep
MopdonoruK, NPoCTUPAHKWE W MHTEHCUMBHOCTE aHOM3-
KA. TpaHWUBl MERAY palloHaMi oNpeaenaiTea No Xa-
pakTepy pa3Hblx NoNei: Cpe3aHna OaHOTo NONA ADYIAM,
PEIKUM NEPEXOAOM Of|HOMS Tina Gopm Nons g Apyromn,
BoigeneHHble MNOWagn MHTEPNPETHPYIOTCA Kak Bnoku
ILMHON KOPB PaznWYHOl reHepauwy, Npw pahosupo-
BaHWK Nonel oOpPaWaoT BHUMaHWE Ha 30HBI NPOTAMEH-
HbIX NG NAOWAAW BRICOKWK TRAAWEHTOR MAKW LENQYEK
NOKaANEHBIX AHOMANKWA, YTO MHTEPNPETURYETCA Kak 30HbI
rnyHKMHHBIX Pa3NoOMOB B 3eMHOR Kope. Boe 3TH xapakTe-
PHCTHKM XOPOLWO GOPMANNIVIOTCA M NO3TOMY NPoUecc
PANOHUPOBAHWA TPABWTALMOHHOTO M MarHWTHOMD
AHOMANBHBIX NONER MOKET BRINONHATECA € NOMOLLLK
KOMMBIOTEPHBIX NPOrPaMM NOL BUIYANLHBIM KOHTPONEM
WCCnepoBartena.

B uenom Tepputopmia 3emnu IHgepbun 1 ee akea-
TOPUA NO NOTEHLMANBHEIM NONAM W Defbedy KopeH-
Hbix Nopog MoXeT GbiTe Ppa3buTa Ha YeTbIpe KPYMHBIE
30HEI QOHOPOJHOCTH reodsWYeckinx Nonei, Nnowagu
W TPaHMLLbl KOTOPBIX HEMNOXO COBNagakT - 310 Mono-
AexHo-KpacuHckan (M-K), KocmoHaeTo-byraeeckan
{K-B), Terono-Hehnmpckaa (T-H) gyroobGpazyole 30HL,

W CEKYIWEA MK B CYDMEPUAMOHANEHOM HANPABNEHNK —
KpacuHcko-Teoncky (K-T), cm. prc. 3.6,

Ha pwc. 3.7 v 3.8 npeacTagneHbl paspessl 3eMHONR

KOPLI, NOAYYEHHBIE B Pe3yALTaTe dH3KUKo-recnoriye-

The geophysical inhomogeneity pattern of each
site within the studied territory was estimated using
such field properties as its morphology pattern and
the extent and intensity of its anomalies. The bound-
aries between the regions are determined by the dif-
ferent patterns of various fields: cutting of one field by
the other aneg, a sharp transition of one type field into
the other one. The areas distinguished are interpret-
ed as the Earth's crust blocks of different generation,
When defining the field regions a special attention
was pald to zones of extended high gradients or
chains of local anomalies that are interpreted as deep
fault zones in the Earth's crust. All the above features
are well formalizable and, therefare, the identification
of the gravity and magnetic anomalous fields can be
made using computer programs under sight control of
an investigator.

From the data of potential fields and the bedrock
topography the whole territory of the Enderby Land
and its adjacent water area can be subdivided into
four large zones showing nonuniform geophysical
fields, which areas and boundaries are well coincident:
Molodezhnaya-Krasin (M-K), Kosmonavtov-Bugayev
(K-B), Tyula-Mapier {T-M) arcuate zones, and Krasin-Tyu-
la (K-T) zone crossing them submeridionally (Fig. 3.6).

The Earth's crust sections presented in Figs. 3.7
and 3.8 are results of the physical and geological mod-
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Puc. 3.7. Paapes numoceps 3emnu Indepbu no cyfmepuduonansriomy npodume: K-T - Kpacuncko-Tenckas,
M-K = MonodesHo-Kpacunckas, K-b = KocMoHaemo-byz0eackan 30Hel padoHuposamLUn

Fig. 3.7. Lithosphere section of the Enderby Land along the submeridional profile: {K-T) - Krasin-Tyula, {M-K) - Molodezhnaya-Krasin,
(K-B) - Kosmonavtov-Bugayev zones

Puc. 3.5. Paspes numocbepe 3emau Indepiu no cybwupomuomy npogiumo: T-H - Terono-Helnupokas 3040 pauoHupo 8aHuA;
oomanekble 060IHAYEHUA 30H PASOHUPOEAHUA Kak Ha puc. 3.7

Fig. 3.8. Lithosphere section of the Enderby Land along the sublatitudingl profile: (T-N) - Tywla-Napier zone; the other zone symbals
seein Fig. 3.7



FMABA 3

CKOTO MOAENMPOBAHWA MO KOMNNEKCY reonoro-recdmnsm-
Yeckux NaHHbX (KapaTaee, lonobBokoe, 2003; Kapartaes
wap., 2011).

AHaNWIMPYs 3TW MOJENK pazpe3a nuTochepsl,
HAXOAMWM, UTO B BEDXHER YACTH 3EMHOMR KOPLI UMEIOTCA
nokanbHele HUIMKo-recnoruueckne obpaoBaHuA ¢ pas-
NMYHOW aHOMANEHOR NAOTHOCTEH BANOTE Ao +0,9 ricm®,
BoiABNEHHBIE NOKaNLHBIE CTRYKTYDbI C OTHOCUTENBHO
NOHWKEHHOR NNOTHOCTEIO NOPOL MOryT BbITh Naneope-
MAKTaMKU 0CAN0YHBIX 0DPa30BaHUNA, BOSMOKHO, Nep-
CNEKTHBHbLIX Ha HEdTEra30Bhe MECTOROHKAEHMWA,

B KocmonoeTo-Byraeeckoi v Tetono-Helnupckoi
30HAX PAHOHWPOBAHWA Ha KOHTaKTe BEPXHErD («rpa-
HUTHOTO»} U CPeAHEro («AWOPUTOBOro») CROEE 3EMHOI
KOPEI BEIABNEHE KPYNHLIE TENa C OTRMUAaTENLHOR aHo-
ManeHOW NROTHOCTER 4o —0,55 rfow’, KpacHcko-Teton-
CKan 30Ha XapaKkTepU3yeTCA OTPMUATENBHEIMIK NOKamk-
HEIMK TEMGMA B BERXHER Kope, YeTKo NpocneknEasTcs
TEHAEHUMA YMEHBLWEHWA MOWHOCTA KOPBI B CyBMepu-
OMOHANBEHOM HanpPaBneHi — aHOManNBHOCTE NOOKOPO-
BOMO CNOA XapakTepu3yeTca sendurHoi +0,3 ricw’,

Tem cambiM Kakaas 30Ha oiHOPOAHOCTH readU3MYecKix
nonei obnagaet ceoel cneunduyeckol rnyouHHORA
CTPYKTYPOR, 4TO AaeT OCHOBaHMA XapakTepr3oBaT
30HbLI OOHOPOAHOCTM NONeR Kak BNOKK CTROEHWA 3em-
HOM Kope 3emni IHgepbi,

[yroobpazdan NOCNENOBATENBHOCTL PACNONOHKE-
HWA CyDwnpoTHEX MonogewxHo-KpacHckoi, Koomo-
HaeTo-byraesckoil v TerNo-HednMpCKon 204 HaBoguT
Ha MbICE O CYLLECTBOBAHWMW Ha CEEEPO-BOCTOKE Jemniu
IHAepbu HEKOEMD EOWHOMD UBHTRA WX $OpPMUPOBaHKA,
Tak, B. E. XamH oTMmeqaeT, 4To pacnono#eHHsli B cepep-
HOI Y4acTh BocToUHO-AHTaPKTUYECKOW NNaThopMel Npo-
TRAHEHHBIA BereHep-MoycoHCKUA rRaHynuT-THeACoBBIA
MNOAC, BKMICYAWWA 3emmo dHaepby, NepBOHaYanLHO
Gbin cBAzaH ¢ BocToMHo-TaTokum noAcom MHaoCTaHa
Toro #e Tina (XawH, 2001). Ceazk BocTouHo-TaTckoro
rpaHynNUT-rHefcoBoro NoAca B fokembpuin ¢ 3emneil
IHnephu NoKa3aHa TaKME Ha CXEME PEKOHCTRYKLWMKW
naneokKoHTUHEeHTa loHgeana (Smith, Hallam, 1970; Quy,
Xonpew, 1974),

bazvpyack Ha 3TUX NpefcTaBneHun o Tom, YTo
B gokembpun 3emna IHgepby BocTouHol AHTapkTak
v Boctouno-laTcknia pokembpuiickii Gnok Mingoctana
BXOUNK B COCTAR EOWHOIN reoNorMueckoil CTPYKTYLI,
CONOCTABMM MOLENE NUTOCPEpEl NO LUMPOTHOMY Npo-
dunio Jemnun Inaepbu (om, puc, 3.8) C ceAcMuYecKm
pazpesom nuTocdepbl NO NPOGUNID, CERYLLEMY KHHYID
YacTe MHOOCTaHa B WMPOTHOM Hanpaeneduy (puc. 3.9).

ConocTaenas 3Ty [IBE MOAENK paspesa NMTochepsl,
HAaX0AMM, UTO MYBUHHEIE PAZNOMBl 3TUX CTRYKTYR HOCAT
NUCTRPUYECKWA XapaKkTep 1 OTPAMANT KNACCUUYECKYHD
TEKTOHUYECKYIO «BaHHY» GOPMUDOBaHWA KpynHeliwero
nanecpudTa, GopTa KOTOPOrD HBIHE Ha KOre obpasyoT
3emno IHaepbn, a Ha ceeepe — BocTouHo-TaTCKy o CTpyH-
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eling from a set of geological and geophysical data
(Karatayev, Golobokov, 2003; Karatayev et al., 2011).

When analyzing these models of the lithosphere
section one can see some local physical-geclogical
formations of different anomalous density up to
+0.9 g/cm? in the upper part of the Earth’s crust. The
revealed local structures of a rather low rock density
could be paleorelicts of sedimentary formations prob-
ably promising for oil and gas deposits.

Within the Kosmonavtov-Bugayev and Tyula-Na-
pier zones large bodies of negative density down to
-0.55 gfem® were revealed at the contact of the upper
{egranitics) and middle (adioritics) crustal layers. The
Tyula-Mapier zone is characterized by the negative lo-
cal bodies found in the upper crust. It is clearly defined
that the crust thickness tends to decrease in subme-
ridional direction: the subcrustal layer anomaly shows
a value of +0.3 g/cm? Therefore, each zone of uniform
geophysical fields shows its specific depth structure,
which is a reason to describe the uniform field zones
as blocks building the Enderby Land crust.

An arcuate arrangement of sublatitudinal Molode-
zhnaya-Krasin, Kosmonavtov-Bugayev and Tyula-Ma-
pier zones suggests that some single nucleus of their
formation exists in the northeast of the Enderby Land.
V. ¥e. Khain noted that the lengthy Wegener-Mawsan
granulite-gneissic belt including the Enderby Land,
which is situated in the northern part of the East
Antarctic Platform, had been initially connected with
the same-type Eastern Ghats belt of Indian Supercon-
tinent (Khain, 2001). The connection of the Eastern
Ghats granulite-gneissic belt with the Enderby Land
in the Precambrian was also shown in the Gondwana-
land reconstruction diagram (Smith, Hallam, 1970; R.
Dietz, . Holden., 1974).

Proceeding from the idea that the Enderby Land
of Eastern Atarctica and the Eastern Ghats Precam-
brian block of Hindustan were parts of a single
geological structure in Precambrian time the authors
compared the lithosphere model reconstructed along
the latitudinal profile of the Enderby Land (see Fig.
3.8) with the seismic section of the lithosphere along
the profile cutting the southern part of Hindustan in
latitudinal direction (Fig, 3.9).

The carrelation of the above lithosphere section
models shows that deep faults of these structures are
listric and represent a classical tectonic depression of
the largest palearift, which borders form at present
the Enderby Land in the south and the Eastern Ghats
structure in the north that in the Paleoproterozoic
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Puc. 3.9, Ppaemerm npoduns enyOUHR020 CEUCMUNECKOZ0 3OHOUDOEAHUA YEDES KMHBIE palors MHOulckozo wuma [(XapueHro,
1985} T — ompasariyue nAoWedku; 2 — oMpasarolUe NAoWOaoKU, NPUYDOYEHHBE K colCMUNECKDMY 20pUS0HMY & sepxHed
wacmu koper; 3 - noaepxrocme Moxo; 4 — nonozue 30H6 HapyweHul; 5 - 2nyBuHHeIE paznoMsl

Fig. 3.9, Fragment of the D35 profile across the southern regions of the Indian Shield {occording to G. Ye. Kharchenkol: 1 —reflectors;
2 —reflectors confined to o seismic horizan in the upper crust; 3 — Moho discontinuity; 4 — gentle zones of dislocations; 5 — deep faults

TYPY, KOTOPLIE PaHEE B NanNeonpoTepo30e COCTABNANK
E0WHOE recnorMueckoe Lenoe. MiHaue ropopa, Mbl BUOWM
NPaKTUYECKIA 3ePKANBHOE TEKTOHWUECKOe oToDpamkeHe
Jemn Ingepbn u BocTouro-TaTckoro nosca Ha oro-
epocToke MHgocTaHa, 2T0 CBMASTENLCTEYET O TOM, HTO
HOpPMUPOBAHME W PAZBMTHE 3EMHOR KOPEBI 3eMnK JHAEP-
G1 NpoKUCXOgMNe OQHOBPEMeHHO No oboblweHHoMY cue-
HapWio ¢ POPMUPOBAHWEM 1 PA3BUTHEM 3EMHON KOPEI
toro-goctoka MHpocTada, OCHOBBIBAACH Ha MaTepranax
TEKTOHMHECKWX MCCNEenoBaH Wi BoCToUHON AHTaPKTHOLI,
NpOBEOEHHEIX POCCMACKMMIA reanarami (Tpukypos, M-
xaneckii, 2002 Muxanecknia v gp., 2006; Muxansckwi,
2007; Xawn, 2001), v B uenom cRegys Wx NPeaCcTaBneHmn-
A 0 xapakTepe GopMUMpoEaHA fyHaameHTa BocTouHoi
AHTAPKTUAR, Ha pyc. 3.10 NpeacTaeNeH HaL BAPWaHT
TekTOHMYECKDR KAPTHl (yHAAMEHTE 3emnm IHgepbK
(Mapeukud 1 gp., 2009, 2011; Kapataee, 2014).

Ha puc. 3.11 nokazaHel TMNOBbIE PAZPeskl JEMHORA
KOpb! ANA KaKA0M0 U3 BEAENEHHBIX HA TEKTOHWYECKOR
KapTe Bnokor. Kak y#Ke yNOMWMHANOCE, COTNacHo pe-
KOHCTPYKLLMAM NaneokoHTUHeHTa [OHABaHE! B apxes
Oyoywme MHgocTaHckan n BocTouHo-AHTapKTHYECKAA
NNaThopMbl COCTABNANA EQMHOS LIEN0E 1M WX KpaTo-
HWZAUWA NPOoW2oWng B Heoapxee (3,0-2,.7 mnpa net)
¢ obpa3zoeaHnem kpynHoro [atcko-Helnupokoro
NPOTOKPATOHA, ABMBLLEMOCA NANE0APXEACKMM ALPOM
OPEBHErD MAarMaTHIMa OCHOBHOMO-YNLTPAOCHOBHOMD
PAOA, FPEHMTUZALMK M METAMOPRUIMA B MPaHYNUTOBOR
dayun (Bpema ctabunmiaupn no E B, Muxanbckomy -
2,8-2.5 mnpa net). Bokpyr 3Toro agpa ApesHeiwei
KOHCONWAALMWIA, PA3BUTIE KOTOPOTD NPOOONAKANOCH
B MEI0- 1 HEONPOTEROI0E, HAPAWWEANACE KOHTHUHEH-
TanbHaA Kopa.

formed a single geological unit. All the geclogical

and geophysical data available show an almost mirror
tectonic imaging of the Enderby Land and the Eastern
Ghats belt in southeastern Hindustan. This evidently
suggests that the formation and development of the
Enderby Land crust and the crust evolution in the
southeastern Hindustan were simultaneous processes
that followed the general scenario, Using the results
of the tectonic studies of Eastern Antarctica carried
out by the Russian geclogists (Grikurov, Mikhalsky,
2002; Mikhalsky et al., 2006; Mikhalsky, 2007; Khain,
2001} and following, in general, their ideas about the
pattern of the basement evolution in Eastern Antarcti-
ca, the authors have compiled their own version of the
Tectonic Map of the Enderby Land basement, which is
shown in Fig. 3.10 (Garetsky et al,, 2009, 2011; Kara-
tayev, 2014).

The geological and geophysical data describing
the deep structure of the Enderby Land crust, as well
as the Earth's crust structure types recognized from
its geophysical studies (Karatayev, Pashkevich, 1986;
Pashkevich et al., 1987) were used to present the type
sections of the crust for each of the blocks shown in
the Tectonic Map (Fig. 3.11). As it was mentioned above
in Archean time the future Indian and Eastern Antarctic
Platforms formed a single whole and their cratoniza-
tion took place in the Neoarchean (3.0-2.7 Ga ago)
with the formation of a large Ghats-Napier procraton,
which became a Palecarchean center of old magma-
tism of the mafic-ultramafic series, granitization and
granulite-facies metamorphism (according to Ye V.
Mikhalsky, stabilization took place 2.8-2.5 Ga ago). The
continental crust grew up accretionary around this old
consolidation nucleus which evolution continued in
the Meso- and Neoproterozoic.
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Puc, 3.10, Tekmonuseckas kapma 3emau Iudepbu u ee akgamopuy, cocmaanenqaa P I fapeusus, I M. Kapamaegetm,
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H. B. Jonkeauvesm; 1 - nanegapxedckue; 2 - neoapxelckue; 3 - naneonpomepoislokue; 4 - Heonpomepoiolckue cmpysmypsl;
5 = enyburinele paanome; 6 - pensed nogepxHocmu dyHdamenma
Fig. 3.10. Tectonic mag of the Enderby Land and its water area (compiled by R. G. Garetsky, G. | Karatayev, I V. Dankevich). Structures:

1 - Palecarchean; 2 - Neoarchean, 3 - Paleapraterozoic; 4 - Neoproterozaic; § - deep faults; 5 - basement surface relief
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Pue. 3.11. Tayfiunnoe cmpoeHUe 3emHoil KOpbl 0CHOEHLIX MEKMAOHUHECKUX anexMenmoa 3evnu Indepbu
U APUCYLILE UM NENETHLIE LEKONaeMbie

Fig. 3.11. Deep structure of the Earth’s crust of the main tectonic elements of the Enderby Land and their specific minerals



FMABA 3

E nozgHem npoTepozoe (ToUHes, BO BPEMA Heo-
NPoTERO30ACKO-PaHHENANS030NCKON aKTUBMIALMIA),
XapakTepHom GopMUPOBAHMEM NOABMMHEX NOACOR,
BO3HWE MHAO-AHTAPKTUHECKUA CYDMPOTHLIA BYNKaHO-
NAYTOHWYECKIA NOAC PUGTOrEHHOro NPOWNCHOMAEHIUA,
pasgenvewni [aTcko-Helnwpckui rpaHuTo-rHEHCOBLIA
KpaToH Ha aee JYacti: Boctouno-Tatckyio B MHgocTane
 Terono-Hednupckyro B BoctouHoi AHTapkTHaE.

B nocneayiowem atoT NOAC, B CUNY aKTUEHBIX MOPKY30H-
TanbHBIX ABMKEHWA NEPepoC B CPEAWHN, B KOHEYHOM
WTOME PasopBaBIWWA AHTAPETUYECKWA 11 MIHaWACKiA
KOHTMHEHTBI. PENWKTE 3TOrD CNPequHra cerogHa BUAHGI
B BWAE CERCMMYECKOro NOACE BOKPYT AHTAPKTWAB
{ATnac.., 2005).

MmerHo ¢ npoueccom pasgenserns MHgoctamcko-
ro M BOCTOUHO-AHTADKTHYECKOTD MUKDOKOHTUHEHTOR
OTHOCUTENBHO NMHWK CNPEANHIE NO COOTBETCTRYIOLWM
TpaHchopMHEIM paznomam B paioHe 3emne SHgepbu
W obpazosanca 0,7-0,55 mnpn net Hazan KpacuHCcko-
TiHNCKAA NOAC TEKTOHOMAIMATUULCKON AKTUBWIALIMK,
CERYIIMA Ha 3emne Ingepbn Boe TpK CybWMpOTHBIE
gyroobpasHele cTpykTYpel (puc. 3.12, 3.13).

CHAPTER 3

In the Late-Proterozoic (maore exactly during the
Meoproterozoic-Early Paleozoic activation) which is
peculiar in the formation of mobile belts, the In-
do-Antarctic sublatitudinal volcanic-plutonic belt of
rift origin appeared and separated the Ghats-Mapier
granite-gneissic craton into two parts: the Eastern
Ghats part in Hindustan and the Tyula-Mapier one in
Eastern Antarctica. Then this belt developed into a
spreading zone due active horizontal movements and
consequently broke the Antarctic and Indian conti-
nents. This spreading relicts are now observed as a
seismic belt around Antarctica (Atlas.., 2005).

The Krasin-Tyula belt of tectonic-magmatic acti-
vation, which crosses all three sublatitudinal arcuate
structures in the Enderby Land (Figs. 3.12 and 3.13),
developed 0.7-0.55 Ga ago just in the process of
the Hindustan and East Antarctica microcontinents
maving apart relative to the spreading line along the
corresponding transform faults in the region of the
Enderby Land.

+ 4 | L

Puc. 3.12. Makem npocmpadcmaeHHod modent ropMupoaasua 3emMHol kops Mrdocmaro-BocmovHo-AHmaprmuyeckozo
KOHMuHeHma: 1 — aprelokul npomokpamos; 2 — naneonpomeposolckas CrAaiyvamocme; 3 — MEIoNpomeposoickan
CRAADWAMOCME; 4 — HEONDOMEP030UCKAR CRAAIYAMOCTE

Fig. 3.12. Spatial model of formation of the Earth’s crust of the Hindustan — Eost Antarctic cantinent: T — Archen protocraton;
2 - Paleoproterozoic folding; 3 — Mesoproterozaic folding; 4 - Neoproterozoic folding
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Puc. 3.13. Makem paipesa numocepel 2e0dunamuyeckod Modenu hopMmuposanua semuol koper Mudocmano-Bocmoyno-
AHMAPKMUYECKO20 KOHMUHEHmMA adome mepuduana 52% K-b - Kocmonasmo-byzaeackui noac; 1-H-Teiano-Hednupckud kpamor;
B-I - Bocmouro-famckuld kpamon; K-B - Kyddanaxckan anaduna

Fig. 3.13. Lithosphere section of the geodynamic model of the Hindustan - East Antarctica continental crust fermation along
the meridian 52" K-8 - Kosmonavtov-Bugayev belf; T-N - Tyula-Mapier craton; E-G - Eastern Ghats craton; K-T - Kuddapakh trough

CornacHo M3NoMEHHON KOHLENUWW TEKTOHNYeCK1e
COOLITHA Ha TEPPUTOPAK 3emni IHAepiK pasBUBanMCh
B Cleqylowlei nocneqoeatensHocT. Baone ceeepo-goc-
TOUHON OKPAVHE AHRTARKTUYEBCKOND MaTEPUKE pacno-
noxed Telono-HelnupcKril Nnaneoapxenckmin KPaToH —
ApeeHelWwes AP0 KOHCONWAAWWMK, ChopPMUpOBaBLLIEECH
B paHHem apxee Ha pybewe 3,9-3,4 mnpg net. OHo
CNOMEHO YAPHOKWTO-3HAEPBUTOBLIMK (FPaHYNUTO-THEA-
COBBIMK) KOMMIEKCAMM, CYLIECTEEHHO NepepaboTaHHb-
MK B npoTepozoe, KixkHoe obpavmnerne Tewono-Helnwp-
CKOTO KpaToHa npefcTaenaeT KocmoHaeTo-byraseckan
HEDAPXEACKas CTRYKTYPA, CNOMKEHHAA MeTaMopduye-
CHMMK NOPOL4aMIA rpadynuTosoi dayun PeiHepcxoro
KOMMNEeKea. 3TK ABE CTRYKTYRE pa3genseT cybwupoT-
HaA nuHelHan CepeposHaepbrickan 30Ha rNyBrHHBLIX
Pa3NoMOoB, BO3MOKHO, XapakTepu3yowmx obnacTte pad-

The concept presented above suggests the follow-
ing succession of tectonic events in the territory of the
Enderby Land. The Tyula-MNapier Palecarchean craton
situated along the northeastern continental border-
land of Antarctica is the oldest consolidation nucleus
formed in the Early Archean 3.9-3.4 Ga ago. This is
built by the charnockite-enderbite (granulite-gneissic)
complexes essentially reworked in the Proterozoic.
The southern border of the Tyula-Mapier craton is the
Kosmonavtov-Bugayev Meoarchean structure com-
posed of the granulite facies metamorphic rocks of
the Rayner complex, These two structures are sepa-
rated by a sublatitudinal linear Morth-Enderby zone
of deep faults, that are, probably, peculiar to the area
of the Early-Riphean overthrust of the Tyula-Napier
structure in the process of the separation of the Hin-
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Hepudeickoro Hageura Tetono-HelinWpcKkol CTpYKTY LI

B Npouecce pazfeuserva MHaocTaHockon 1 BocTouno-
AHTapKTUYECKOR NNaThopm (No aHANOMK € HAOEWUIOM
Bocrounbix [aT Ha Kyaaanaxckyo enaguay). Ha wore
pervoHa B naneonporepozoe chopmuposanacs Mono-
AexHe-KpacvHoKanA CTPYKTYPa, aKkTVEHO pa3levBaBLan-
CA B panHem naneosoe. Ee ot Kocsmonaero-byraesckon
CTRYKTYPE OTASNAET KPYNHBIR noAc KkHoanaepbui-
CKKX TNy BMHHBIX paznomos, BeigenenHele Ha KapTe ea
CyOWMPOTHBIX NoACa rMyGWHHEIX Pa3nomos, Cyaa no
MaTepranam GrIMKo-reoNorMYeckoro MoaENnpoBaHNS
pa3zpesa nuTocdepl, ABNAIOTCA NMCTPUYECKUMIA pazno-

MEMW, KOHTRPONMPYHILWWMA NPoUece oTaeneHna Boctoy-

HO-AHTApKTWYECKON NNaThopmMel oT MHgoCTaHa.
Bce Tpn cyBLIMPOTHBIE CTPYKTYPBI BO BPEMA Heo-

npnmpa;uﬁcmﬁ dKTHBMIaUKK, Nog BENWMAHKEM NpOUeCCa

GOopMUPOBaHIWA CNpeanHra mexay BoctouHo-AnTap-
KTHUeCKoW W MIHAoCTaHCKoM NnaThopmamia BeinM packo-
NOThl TRAHCHOPMHBIMK PAIN0MaMMW, MEKY KOTOPBIMI
0,7 MApa net Hazag chopmupoianacs KpacuHcko-Teion-
CKaA HEONMPOTEPO3IONCKAA [BOIMOMHO, paHHEnaneo-
30MCKAA) TEKTOHO-MArMaTUUeCkan CTPYKTYPa.

C recdanYeckon TOHKK 3PEHKA BaKHO 3aMETHTD,
4TO, Kak W Ha AdpuKkaHckol gokemBpuiickol nnatdop-
Me, BolfeneHHele Ha 3emne IHgepbu cyGlnpoTHBIE
CTPYKTYDH XaDaKTepUSYIITCA CYLWECTEEHHD OTpULa-
TENBHBIMK AHOMANWAMK CTEI TAMECTH, OTBEYAHLLM-
MU 0BNCTAM NPEUMYILECTEBEHHOMD PA3BUTHS KOpDE
€ «HOPMANBHBIM: TRAHUTO-METAMOPGHYECKIM CNOERM
€ YHUKANBHOW METANNOMEHNYECKON CNeunanniaunen
(donrvHoe, HaTtapoe, 1988).

MNpordozxoe paioHuposadue 3emnn IHgepbn no
EMOAM NONE3HBIX MCKONAEMBIX BLINONHEHD HA OCHOEE
KOHUENWWK, CBAIBIBAWER NpUpoay GopMUpoBaHA
W pasMeLLEHMA NONE3HbIX MCKONAEMbIX € DazNHUUHBIMMN
TUNaMK TEKTOHWHECKUX CTRYRTYR. OnsA 3emnmn IHaepbn
D230l ANA OLEHKHM MUHEDANBHO-CLIPLEBOTO NOTEH-
UMan ABNANTCA rNasHem obpazom reoduanyeckue
NeAA W pegKre NpAMLIE reanorMyeckne HabnogeHma
E OCHOBHOM BAONE DERErOBOA 30HB, KaK NPaBUIg,
ATEPLITON OTO NBAA.

CyTh 3TOA KOHUENUKMK COCTOWT B W3BNEYEHMK N3
recdrzryeckix Nonel MHGopMaLKK 0 PazHOPOOQHOCTI
rMyOWMHHOMD CTROEHWA NWTOChEPE (TMMW3aUWA), O Be-
WeCTREHHOM cocTare dyHAameHTa, 06 DcoBeHHOCTAX
TEKTOHWYECKOTD CTROEHWA 1M CONOCTABNEHWN 3TOR

WHDODMELMIA C TEMW TECNOTMYECKIMK CTRYKTYDAMI, KO-

TOPRE ABNAKTCA HOCHTENAMK NONE3HEX MCKON32MBIX —
LWOBHBIE 30HEI, 30HL! TEKTOHO-MArMaTUHECKON aKTHEN-
3aUKHM, Paznombl, CYCTAHOBNEHWEM COOTEETCTEY LW X

NporHosHex kputepues (Bunwbuna v gp., 1984; Yynpoe,

1984; Wernoe v gp., 1994).

Mcxopa vz npegnaraemon KOHUENUMK ana pan-
OHWUPOBEHWA TEPPUTORMK Jemnu IHAepbK No BraaM
MNONEZHBIX KCKONAEMblX WCNONbI0BAH KOMMNNEKT reona-
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dustan and Antarctic Platforms { by analogy with the
Eastern Gats thrust over the Kuddapalkh Trough). The
Molodezhnaya-Krasin structure formed in the south
of the region in the Palaeproterozoic and was actively
developed in the Early Paleozoic. It is separated from
the Kosmonavtov-Bugayev structure by a large belt of
South-Enderby deep faults. Judging from the data of
physical and geoclogical modeling of the lithosphere
section, two mapped sublatitudinal belts of deep
faults are listric faults that controlled over the East
Antarctic Platform separation from Hindustan,

All three sublatitudinal structures were broken by
transform faults during the Neoproterozoic activation
under the influence of spreading developed between
the East Antarctic and Hindustan Platforms. The
Meoproterozoic (possibly, Early Paleozoic) Krasin-Tyula
tectono-magmatic structure formed between these
transform faults 0.7 Ga ago.

It is important to note that, like in the African
Precambrian Platform, the sublatitudinal structures
distinguished in the Enderby Land are characterized
by essentially negative gravity anomalies that corre-
spond to areas, where the predominantly developed
crust has a enormals granite-metamorphic layer
showing unique metallogenic properties (Dolginov,
Natarov, 1988).

The forecast division of the Enderby Land into re-
gions by their characteristic minerals was made using
a concept relating the mineral formation and distribu-
tion pattern with different types of tectonic structures.
The data used to assess the mineral resources of the
Enderby Land are mainly the geophysical fields and
occasional direct geclogical observations mostly
along the ice-free shore line.

A concept consists in deriving an information on
the deep lithosphere structure heterogeneity (typifi-
cation), the basement material composition and the
tectonic peculiarities from the geophysical field data
and the correlation of this information with those
geological features that are considered to be miner-
al-bearing structures, such as sutures, zones of tecto-
no-magmatic activation, faults with the development
of the corresponding forecast criteria (Bilibina
et al, 1984; Chuprov, 1984; Scheglov et al, 1994).

In the framework of this concept of geological
forecasting developed to divide the Enderby Land
territory into regions by their characteristic minerals
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Puc. 3.14. Bapuanm npozHoIdese paimMelesus Neneadsix UCKONaeMulx cHOaHyY BNoK0a 3eMHol Kopw Jemau Indepiu:

1 = Kpacumcko-Ternckas 30Ha MexmaHo-MazMamuyeckod akmuauzayuy; 2 - 3oKel 2nyBuHnex paznomos; 3 - audel NoNeansy
UCKONGEMBX KYPOUSOM = OCHOAHBIE, MPAMLIM wpud:mom ~ GONOAHUMENLHEL, COZNACHD 2AKOHOMEPHOCMU, NoKaZAHHOL
Ha pue, 3.12;: 4 - oBnacme nPo2Ho3a HEMIMe2a30H0CHOCMU
Fig. 3.14. Version of the forecast mineral distribution in the main crustal blocks of the Enderby Land: 1 - Krasin-Tyula tectono-
magmatic activation zone; 2 - deep fault zones; 3 - minerals: primary — in italics, auxiliary - in roman types in accordance with
the pattern shawn in Fig. 3.12;: 4 - areas of promising oil and gas accurrence

ro-regUaMYeckuy v NETPOPUIMYECKNK KapT, BRMIOYER
OaHHbIE O recdU3nYeckiy TMNax 38MHON KOpBl OCHOB-
HbIX TEKTOHWHECKWX 3NEMEHTOR, NEONOrMYECKYI0 KapTy
BeuepHeropckoi NNOWAanK, recnoruyuecky KapTy
Jemny IHaepou, COCTABNEHHYIO POCCHMACKMMK Feonora-
MK (Nedyenkor, 2003).

CnegyeT OTMETUTE, Y4TO NEPELIE MaTEPWaNk! NO
NPOorHo3Y BOIMOMHEIX NOME3HLIX MCKONAEMBIX B PAHOHe
BazvposaHa BENOpYCCKWE aHTaPKTHUHECKWK IKCNEM-
wiia Beinm caenadel 0. B, MacHukoewm ana BeuepHe-
ropckoi nnowagu (cm. puc. 3.1), MM ykaseiBanock, 4To
MPCABNEHME METANNWYECKKMX NONEIHLIX MCKONAEMBIX,
BRIABNEHHBIX Ha 3TOM NNCWaAKW OTHOCWTCA K MarmaTti-
Yeckamy ¥ MeTamopdoreHHoMY (CKapHOWUGHOMY) THRY
(cepum). C 3THMMM TMNAMK CBAZaHBI MENe30-THTAHOBLIE
pyaonpoasneHniA. Tak, Ha rope BedepHAA Ha KOHTakTe
HEOD- i ME3CMNPOTEPOZ0NCKIX IPAaHNTOMAOE 3adrKkcnpo-
BaHO PYAHOE TENO MOLWHOCTEIO A0 OAHOM MaTpa 1 Ao
100 m no npocTrpanuio. [NA ene3o-THTaHoBLX Py
METAMOPDOrEHHOR CEPUN PYAOEME LA IOWEN ABNAETCH
apxedckan GUOTUT-ABYNUPOKCEHO- THelcoBan dop-
mauna. EcTe nopobHbee pyaonposBnedina 1M Ha gpyrix
YUACTKAX 3TOM NNoWagm.

[nAa yTouHEHKA W QONONHEHWA POCCARCKON Npo-
FHOZHOW KapThl HAMK, Ha OCHOBAHWK BEILLEW3NOKEHHO
KOHUEMUMKM 1 KOMINEKCHOTD aHannaa yKazaHHbIx reono-
ro-recduaMUeckiny faHHbx, BeNK COCTaBNEHEl HECKONL-

the authors used a set of geological, geophysical

and petrophysical maps, including data of the crust
geophysical types of the main tectonic elements, the
geological map of the Mount Vechernyaya area, the
geological map of the Enderby Land compiled by the
Russian geologists (Leychenkov et al., 2003).

It should be noted that the first materials for fore-
casting the potential minerals in the region of location
of the Belarusian Antarctic expedition were presented
by O. V. Myasnikov for the Mount Vechernyaya area
(see Fig. 3.1). He noted that metalliferous minerals
revealed within this area belong to the igneous and
metamarphogenic (skarnoid) type or series. Titanifer-
ous iron ores are associated with this mineral type. An
ore body up to 1 m in thickness and 100 m in extent
was recorded at the contact of Neo- and Mesoprotero-
zoic granitoids at the Mount Vechernyaya. The Arche-
an biotite-twopyroxenic-gnelss formation encloses
titaniferous iron ores of metamorphic series. Similar
ore shows are also found in the other sites of this area.

To refine and supplement the Russian forecast
map the authors using the above concept and a
complex analysis of geological and geophysical data
have compiled some versions of forecast maps based
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KO BapUaAHTOE NPOrHOZHLIK KAPT Ha OCHOBE 33KOHO- on regular patterns of the geological and geophysical
MEPHBIX CER3EN reonoro-reoduanyeckiy TMNoe 3emHol  types of the Earth's crust, petrologic rock density and
KOpPL, NETPONNOTHOCTHEIX W NETPOMArHWTHLIX XapakTe- magnetic properties with the mineral distribution.
PHCTAK NOPOM C pacnpeasneHnen None3Hbix MCKona- One of the versions of possible geological forecast
enblx. Ha puc. 3.14 npeactaened ofjliH M3 BOSMOMHBLIX solutions is presented in Fig. 3.14.

BAPWMAHTOR MPOrHOIHBIX MEONOrMYECKUX PELIEHWA,
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Chapter 4

WCCNEAOBAHWA BENOPYCCKUX
BUONOroe

Buonoruueckue nocneqoeadna B AHTapKTUKe Geno-
PYCCKMMK CRIEUManncTamia BbInK HAYaTE ewe B nepues
16-11 CoBeTCKOW aHTAPKTUYECKOR 3Kcnaguumi g 1970
1972 rr. (Turudak 1O, 1),

CrekTp MecnefosaHnin Guin YpessuiuaiHO Wi-
POKMM, HAYKMHAA OT M3YYEHNA CEI0HHBIX MIMEHEHWH
npubpesHbx BroueHozos mopa Jelisvca (BocTouHan
AHTapKTWAA), MHTEHCMBHOCTW ABIXAHWA MOPCKWX M-
APCOVOHTOR W 3aKaHYUBARA ONPELENeHEM NEPENYHOR
NPoAyKLUMIA B MOPCKKHX W NPECHOBOAHBIX IKOCMCTEMAX
{pwc. 4.1),

B nocnegdee Bpema Nposefgeqa onpegeneyHan
AMBEPCURHKALIMA HayYHbIX MCcnegoBaHnii,. Hapagy
€ KNACCUYECKMMI HANPABNEHMAMK, OPUEHTUPOBAHHDI-
M Ha W3YYEHWEe PErMoHanbHoro BUONoOrMYecKoro pas-
Hoobpa3nA, pazeopadnealnTcd paboTel, ek KOTopsIX

RESEARCH WORKS CONDUCTED IN THE
ANTARCTIC BY BELARUSIAN BIOLOGISTS

Biological research works in the Antarctic con-
ducted by Belarusian specialists were started during
the 16" Soviet Antarctic Expedition of 1970-1972
(Giginyak Y. G.).

The research spectrum was very broad, ranging
from the study of the seasonal changes in coastal
biocenoses Davis Sea (East Antarctic), the intensity of
marine aquatic breathing and ending with the defini-
tion of primary production in marine and freshwater
ecosystemns (Fig. 4.1).

In the last period, a certain diversification of
research took place. Along with traditional directions
of research works, focused on the study of regional
biodiversity, the operations are unfolding the pur-
pose of which is to establish the causes and patterns

Puc. 4.1, Modaodusie pabome & mope Jedeuca (padon cmanuun «Mupreds) (Tuzudas 10, T)
Fig. 4.1. Underwater works in the Davis Sea {region of the station «Mirnys) (Gigingak Y. G.)
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Pue. 4.2, Padon Guonozuyeckuy ucenedodanud & palone poccudckod cmanuuu slpozpeccs
Fig. 4.2. The area of biological researches in the region of the Russian station «Progresss

ABMNASTCA YCTAHOBNEHWME NPWUMH W 3aKOHOMEDHOCTER of functioning of the Antarctic biota in the research
GYHKLUMOHWPOBAHMA BCEW aHTAPKTUYECKoR BNoThl B pe-  area.
rMOHE MCCNeOBAHMIA.

LienesanpagneHHble WCCnefoBadns BMonormyecko- The purpose-oriented studies of Antarctic biodi-
ro pazHoo0pazmMa AHTAPKTUEN HAUaTsl DENODYCCKMMIA versity by Belarusian specialists started in 2007 in the
cneyuwanuctami B 2007 . g nepuog 1-i BAD. Coop mate-  period of the 1% BAE. The collection of materials and
pyana w HabnwgeHWa NPoOBoAUNKCE NpenMylecTeeHHo  observations was carried out mainly in the location

B PEFMOHE pacnono:keHwa nonesol basel «[opa Bewep-  of the region field base «Mount Vechernyayas, the
HAA®, BOCTOUHAA YACTh 0asuca sMonoaesHein: (3emna eastern part of the oasis «Molodezhny» (Enderby Land,
Iupepbn, xonmel Tana). Thala Hills).

Kpome Toro, nccnegoBaHia BUoNorMueckoro npo- Moreover, the studies of biological profile were

$unA npoBoguNKcE BenopycckrmMy cneynankcTami ewe  carried out by Belarusian specialists at 7 Russian sta-
Ha 7 poccHilcKX CTAHLWAX 11 NoNeskx Bazax (CTaHuum tions and field bases {stations «Mirnys, sProgress» (fig,
«MupHblite, «Mporpeccs (puc. 4.2), «Hosonazapeeckans,  4.2), «Novolazarevskayas, «Bellingshausens, «Viostoks,
«BENNWHCrayseHs, «BocToks, Nnonesble Gaskl sMonones-  field bases sMolodezhnayas, «Druzhnaya 4s), as well as
HaAe:, «flpy#Han 4»), a Takme Ha KMTaRCKoW 1 nHgwiackol  Chinese and Indian stations.

CTAHLMAX,

M3yueHme aHTapKTUYECKMY COODLWECTE HEBOIMOMHO The study of the Antarctic communities is impos-
083 MCNONbIOEAHMA CNELWMENMIMPOBAHHEIX COBPEMEH- sible without the use of specialized modern research
HbIX METOOOE MCCNef0BaHWiA, TAKMX K3k MONEKyNAPHO- methods such as molecular genetics, as well as com-

reHETUHECKNE, 3 TAKHE KOMNNEKCHBIX, 0DBe0MHAILLMK plex, combining methodological apparatus of related
METOOMUECKIIA aNNapaT CMEXHBLIX CTECTEEHHOHayuHEX  scientific disciplines. For this purpose there is the in-
AWCUMNNKAH, C 3TOR Lensio NPOUCXOANT NEHENEYEHWE volvernent of specialists of the narrow profile with the
CNeyuanicTos yakoro npoduns, obnagawimx Heobxo- necessary instrumentation and methodological base -
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OUmMoiR NpUBopHoE u MeToguueckoi Bazoi — (uanKoE,
KUMWEOE, FTe0N0oros, reHeTUKOR, MTWMHOMNOIOR, NOYB0BE-
0B, METEOPONOrOE, KNUMATONOMOB.

B HacToAwee BpeMA CYLWECTBEHHO PaCIUWpeH
CNeKTp coBCTEEHHO BUONOrMUYECKMX HANPAaBAEHIA,
BOBNEYEHHBIX B aHHBIA Npoyece, B yacTHOCTK, B Xxone
nocnegHix BENOPYCCKMK AHTAPKTHUYECKUX IKCNeguL Wi
OOHWM W3 KNOYEBLX BEKTOPOE Gbink Mukpobuonori-
Yeckue Wconegoeanns, Hauato dopmupoBsaHie Konnexk-
LMK YWCTEIX KYNBETYR MUMEDOORTaHW3MOE W K HacToALe-
MY BPEMEHW W3 Pa3NUYHbIX BUOTONOB BulgeneHo bonee
350 wrammos HakTepuid. M3 00pazuoe aHTapKTHYeCKoro
rpyHTa BolgeneHbl BakTepui - gecTpykTophl HedTh poaa
Deinococcus (WTamm A2-6). Hauato U3yJyeHue 3HgonuT-
HblX COODIECTE, KOMMNEKCOR MUKPOapTRono, ceobon-
HOMMBY LAY HAZWIWX YepBel 1 NpoTUCToR. NokazaHe!
NPAMBIE KOPPENALWOHHBIE CBAZA MEHTY MHTEHCMBHO-
CTBH YNLTRAPHUONETOROMO MANYUEHWA 1 NAOTHOCTLIO
300- M BAKTEPUONNAHKTOHA, 3T0 HOBOE HanpaBneHue
AHTAPKTHUECKUK UCCNEefoBaHKMA,

OcywecteneH otbop npob oT NpegcTaeuTene
pazHbIX TAKCOHOB ANA NOCNEAYIOWEro NPoBEAeHWA re-
HETHYECKKHX MCCNE0BaHWA 1 CO30aHWA NEHETHYECKDTD
Barka. Havate nccneposanna GUoxuMUYeckny CEONCTE,
BLIOENAEMEIX M3 TEMHOOKPALUEHHEX aHTARKTYECKNY
BOAOPOCNEA M NMILAAHWKGE MENAHWHOBEIX KOMNNEKCOR.
MNpopom#aeTca HAaNoNHeH e DAHKOE JaHHBX No Buono-
rMHECKOMY PazHO0OPa3no 1 BUOPECYPCHOMY NOTEHLW-
any uccnegyemold SWoTel DKPECTHOCTEN ropel BeuepHAn,

MHALWWPOBAHO WCCNEfoBaHWE O3EPHOR Ceni-
MEHTaLKK (puc. 4.3). B uacTHOCTW, OCyLWeCTENASTCA
HAKONNEHWE flaHHblX N0 BWA0BOMY COCTABY W CTRYKTYPE
BOA0POCNEE0-0aKTEPUANEHLIX MATOR, NOKPLIBAHILMK
IOHO KPYMHbIX 038P, 8 TakMe cocTaBy bonee rnybHHHBIX
ocafkoe. Cnegyer Takme OTMETHT, UTo 12 o3epa Hum-
HEe, PACNONOKEHHOMo B padoHe nonesol Gazel «[opa
BeuepHsss, B3IATA CEPWUA KEPHOB JOHHBIX OTROMEHWR
(MakcrumaneHeIR pazmep 1,75 M),

CornacHo npegeapuTensHEM MCCNESOBaHMAM BO3-
pacT parmedTa KepHa Ha oTpeske 40-45 v 0T NoBEpX-
HOCTH COCTARNAST QKONG 5 TeIC, NeT. OXUAaeTon, YTo
JeTansHBIA CNOPOBOR M XMMWYECKWA AHANK2 B COBOKYM-
HOCTH ¢ onpeaeneHWen aBconioTHO BO3pacTa pasnumy-
HblX CNOEE KepHa NO3IBONKT NOAYYNTE JONOIHNTENBHYH
MHGOPMALMIO, ITO HeoBXOgWUMO ANA PEKDHCTPYELMK
NaneoKNMMaTUYECKKX NPOLECCOB 1 YCTAHOBNEHWA OC-
HOBHBIX NYTER W HaNpaBneHWA reHesnca BUoTol B pervo-
He WocnenoBaHuA.

OcylecTENAETCA HAKONNEHWE KONNEKUWMOHHOMD
matepuana. B lfepbapuy MHCTUTYTa 3KCNEPUMEHTANLHOR

BoTarukn ww. B. ©. Kynpesisa HAH Benapycow, umernwem

CTaTyC HauWoHanEHoOr oCToAHWA, CO30aH CRelm ants-
HBIA paspen No aHTapETHYECKMM MWLLAAHKMEAM 1 MXaM,

B HacToAwee BpemMA NoCNeJOoBdHWA BEINCNHAKTCA
B PamMiax Cnegyriwnx HayHHBX HanpaBneHK i,
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physicists, chemists, geologists, geneticists, limnology,
soil scientists, meteorologists and climatologists.

Recently the spectrum of the actual biclogical
areas involved in this process significantly expanded.
In particular, during the last of the Belarusian Antarctic
expeditions one of the key vectors of this study was
microbialogical. The formation of a collection of pure
cultures of microorganisms was started and so far by
today from various habitats more than 350 stocks of
bacteria were detached. From Antarctic soil samples of
bacteria oil-destructors were detached of the species
Deinococcus (stock A2-6). The studying of endolith
communities microarthropoda complexes, the freely
living lower warms and protists was started, The
direct correlation between the intensity of ultraviolet
radiation and the density of zooplankton and bacterial
plankton were shown. This is a new direction of the
Antarctic research works.

The sampling from the representatives of differ-
ent taxons for future genetic research and the estab-
lishment of a genetic bank was implemented. The
research of biochemical properties extracted from
Antarctic dark-colored algae and lichens melanin
complexes was begun. The filling of databases on bio-
diversity and bio-resource potential investigated biota
surrounding Mount Vechernkaya is continuing.

A study of lake sediment was initiated (Fig. 4.3).

In particular, the accumulation of data is carried out
on the species composition and structure of the al-
gal-bacterial mats covering the bottom of large lakes,
as well as the composition of the deeper sediments.

It should also be noted that of the Nizhnyeye Lake,
located in the area of field base «Mount Vechernyayas,
a serles of sediment samples was taken (maximum
1.75 m).

According to preliminary studies, the age of the
core fragment of the segment 40-45 ¢m from the
surface is about 5000 years old, It is expected that a
detailed chemical analysis of the spore, and, in con-
junction with the determination of the absolute age of
the various layers of the core, will provide additional
information. It is necessary to reconstruct paleocli-
matic processes, and the establishment of the main
ways and directions of the genesis of the biota in the
research area.

The accumulation of the collection material is
being implemented. In the herbarium of the Institute
of Experimental Botany, having the status of a national
treasure, a special section on Antarctic lichens and
mosses was created.

Currently, studies are carried out in the following
scientific fields.
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Puc. 4.3. Ombop keproe douHex omaosedul Ha oz, Mpoeepece (cmanuua «Mpozpeccs) (Taddawoe A, A
Fig. 4.3. Sampling of core sediment fragments on the lake Progress (station «Progresss) (Gaydashov AL A)
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1. MukpobBuonozuyeckoe

B nocnegHue gecaTuneTua MUuKpoBroTa AHTapKTIKN
CTana NPegMeToM MHTEHCUMBHBIY MCCNefoBaHIA W pac-
CMATPUBAETCA Kak MCTOUHME BbIAENEHWA IKCTPEMO-
DrNbHBIX MUKpoopraduaMos (puc. 4.4). OHU MHTEpPECHbI
OMA CUCTEMATUKOE W 3KONOMOR, 3 TAKMHE NepCnekTHBHE
anA GuoTexHonoroe. B npobax aHTapkTvyeckux nove,
Nkfa, BOAOEMOB HANAEHE KaK BUALI-<YHUBERCANkI»,
WHWPOKD PacnpocTRaHeHHBIE MO BCEA TEPPUTORUK Nna-
HETH, TaK W FIPE'JJI:TEBH'I'E'J'IH HOBbIX TAKCOHOB — CI'IE.‘L[I."IEI]H'
YeCckuy oBMUTaTeNel ITOMD KOHTHHEHTA.

CozpaHbl KONNEKUWK YMCTRIX KYNETYR MUKROOPTE-
HU3MOE, NOMYYEHHLIX B PEIYNLTATE NOCEEA PAZNWUUHBIX
0DPa3L0oE HA NOBEPXHOCTE NUTATENEHEIX Cped, Buinn
BbICEAHBI 0DPazubl BOgbl NDECHBLIX BOLOEMOER, JOHHBIX
OTNOKEHWA NPECHBIX BOAOEMOE, MWKPO(GNOPL t38ne-
HOMO CHeras, IHACMAMTHBLIX U TUNoAXTHED cooBllecTs,
NOYEL C NOBLILUEHHBIM COep®aHem HedTenpoayKTos,
dparMeHTOR OCTAHKOE NUHTBMHOE W TIONEHEIR, NaH-
LUMPER MOPCKMXK 3BE30 1 MOPCKMX BMER, LeNTKnoio-
COOEDHKaLMX 1 Opyrux obbekTos. B peaynstate Guino
BwigencHo bonee 350 MIONATOR YHCTHX KYNETYR MUKDO-
opraHvamoe (puc. 4.5),

M3yveHne ¢epmeHTaTHEHBIX CBORCTE MCNEenoBaH-
HblX BakTepuil NO3BOAUND BEIGENUTE He MeHee 30 120-

nNATOE, oGnagakmx NPoTEonMTUYECKDH aKTMBHOCTbID, 6

WM3ONATOB C UEnNononUMTHYeCkon aKTHBHOCTED,;
4 M30NATA € NANOAUTUMECKDN aKTHBHOCTERD, 25 M3ona-
TOE € aMUNONWTUYECKDN aKTMEBHOCTEID. Boe 3t mukpo-

Puc.44. B 0

B mukpativonozuyeckold ! &
naBopamopuy
(Mamun B, E)

Fig. 4.4, In the
microbiclogical
laboratory (Myamin V. E) o

CHAPTER 4

1. Microbiological

In recent decades, the microbiota of the Antarctic
has been the subject of intense research and is con-
sidered as a source of isolation extremophilic micro-
organisms. They are interesting for systematists and
ecologists, as well as promising for biotechnologists.
In the samples of Antarctic soil, ice, water bodies «uni-
versal» species were found, widespread throughout
the world, as well as the representatives of the new
taxons - specific inhabitants of this continent.

The collections of pure cultures of microorgan-
isms obtained by plating on the surface of different
samples of culture media were created. The samples
of water freshwater, sediment freshwater, egreen
snows microflora were seeded, as well as collections of
endolith and hypolith communities, soils with a high
content of oil products, the fragments of the remains
of penguins and seals, shells of sea stars and sea
urchins, cellulose, and other objects. As a result, more
than 350 isolates of pure cultures of microorganisms
were allocated.

The studying of enzymatic properties of bacteria
made it possible to allocate no less than 30 isalates,
having proteolytic activity, 6 isolates with celluloly-
tic activity; 4 isolates with lipolytic activity; 25 iso-
lates with amylolytic activity. All these microorgan-
isms can be a potential source of biologically active
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Puc. 4.5, Maonamel MUKPOOPZaNUIMOE U3 PAZAUYHEY obpaiyos
Fig.4.5. Iselates of microorganisms from various samples

OPraHuamesl MOTYT ABNATLCA NOTEHLMANLHBIM WCTOUHN-
KoM BUONOMIYECKH AKTHEHEIX BEWECTE W GepMEHTOR,
MMERKILLAE BUOTEXHONOMMUSCKOS 3HAUEHME,

Eonslwive nnowanwn ckanbHbix obHaMeHWA rpa-
HUTOWAOE BOCTOUHOM AHTAPKTUOL NOKPLITE GYpbIMA
W KPACHOBATO-OYPLIMN MAACTMHAMK, MO, KOTODPBIMK
B TPEWWHAX NOBCEMECTHO BCTPEYAITCA 3HLONMTHLIE
coobwecTea. ITv cooblecTEa ABNAKITCA CNOMHBIMK N0
CTPYKTYDE W NPeacTaBneHsl KOMMNEKCoM PasniuHbIx
MWKPOOPTaHW3IMOE, TAKWX KaK NAWaAHWKK, rprbebl, Bo-
AOPOCHN, apxen, 3yBakTepui,

MNpoBEegeHHble MCCNEqOBAHKMA NOZBONKAW YCTaHO-
BWTh PAJ MHTEPECHBIX ocobeHHOCTER. Mo YUCneHHo-
CTW, MOpGOoMETRHYECKIWM NapameTpam, o0pazyemoln
OUOMECCE MUKDOORIaHW3ME] IHOONWTHBIX COO0IWECTE
NPaKTUYECKHM HE OTAMYANKWCE OPYF OT APYra, HO A0BOMNb-
HO CUNEHO OTAWYANNCE OT MMNONMTHBIX COOBILECTR
(prc. 4.6). MIHTEpeCHD, YTO YWCNEHHOCTE, W 0CoBeHHo
OHOMACCE MUKPOOPTaHMAMOE JHACNUTHEIX CoobEcTs
Bbina NPUMEPHOD B 5 Pa3 BbILLE, UM YMCNEHHOCTE M Buo-
MECCa TMNONKMTHBIX COOBWECTR,

B HacToAwee BpemA oToBPaHE WTAMME MUEROOD-
FaHW3IMOB, WIONMPOBAHHBIX W3 PAINKMYHBIX MCTOYHUKOR

substances and enzymes that have biotechnological
value,

Large areas of rocky outcrops of granitoids of the
East Antarctic is covered with gray and reddish-brown
plates, under which in the cracks there are endolith
communities are guite often met. These communities
are complex in structure and represented by a series
of various microorganisms, such as lichens, fungi,
algae, archaea, eubacteria.

The research revealed a number of interesting
features, On the one hand, from the point of view
of the number, morphometric parameters, formed
biomass the microorganisms of endolith communities
did not differ from each other, but were quite different
from hypalith communities. Interestingly, the number
and biomass of microorganisms especially of endolith
communities was about 5 times higher than the abun-
dance and biomass of hypolith communities.

Microbial stocks isolated from various sources and
by different phenotypic characteristics (form colonies
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Puc, 4.6. IHdonumesie U 2uncaumesie coofwecmaa é padone Gyxme azypHas (2o0pa Bevepuan)

Fig. 4.6. Endolith (top) and hypolith (bottom) communities at the coast of Lazurnaya bay (Mount Vechemyaya)

W OTNAUAIDWWKCA N0 GEHOTUNUYECKWM NPU3HAKAM
(Ppopma KoNOHWA, CKOpOCTE pocTa), JNA QaHHbIX
DakTepui BN onpegeneH TEMNepaTyPHEIR guanazoH
POoCTa, NPeEEAEH TECT HA HANWYME KaTanaskl M OKCKaa-
3bl, ONucaHa u choTtorpadupoeada dopma obpazyemsix
KOMOHMI.

BamHbIM BNOKOM B MUKPOOMONOrMYECKOM Hanpas-
NEHWW ABNABTCA WCCNefoBaHNE DAKTEPWUONAAHKTOHAE —
BaMHERILEro 3BEHA B KOPOTKOR Tpoduueckoil Lenw
AHTAPKTMYECKX BOOOEMOE. [JMHAMMKA ErO Kon14e-
CTEEHHBIX 1 KAYECTBEHHBIX XapaKkTepPUCTUK BAPbWPYETCA
W He BCerga moxeT GbiTh 0gHo3HauHo obbAcHeHa. Ha
NPOTAKEHWK HECKONbKWK IKCNEAMUWA NPOBOAWTCA MO~
HUTOPWHT COOEpHaHUA BaKTEPUONNAHKTOHA B NPECHBLX
gofoemax NpubpexHoN 30H6 Mopsa KocMoHaBTOR,

OTMeUEHO, UTD YUWCNEHHOCTE BaKTepUonNaHKToHa
B NPECHOBOHLIX BOOEMaX YBENUYUBaNace ¢ rnyduHoRm,
B deepane B 03. Stepped MUHWMANLHAA KOHLUEHTPALKA
oTMeqeHa y nosepxHocTy (0,16 man kn./mn). Ha Boex
OpYrKx ropusoHTax (1, 2 M) oHa NPaKkTHYEckY OaWHAKo-
Ba (0,27-0,29 mnH Kn./mn).

growth rate) were recently selected. For these bacteria
the temperature growth range was determined, a test
for the presence of catalase and oxidase was conduct-
ed, the shape of colonies formed was described and
phatographed.

An essential unit in the microbiological direction
is the research of bacterial plankton - an important
link in the short food chain of Antarctic waters. The
dynamics of its quantitative and qualitative character-
istics vary and may not always be clearly explained.
Several expeditions have been monitoring bacterial
content in the fresh waters of the coastal area of the
Cosmonauts Sea.

It is noted that the number of bacterial in fresh-
water water reservoirs increased with depth. In Fe-
bruary in the Stepped Lake the minimum concentra-
tion was observed at the surface (0.16 min cells/ml).
At all other levels (1, 2 m), it is almost the same
(0.27-0.22 min cells/mi}.
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E npofax B 0CHOBHOM NPUCYTCTEYHOT KOKKM M Na-
noukoengHble dopmel GakTepri. dpyrvx dopm Gak-
TEPWONMAaHKTOHA B MCCNEJ0BAHHBIY D3epax He oGHapy-
MEHO,

MpucyTcTeMe BAKTEQUONNAHKTOHA B BOLOEMAX W3-
MEHANOCH B TEUSHWE NETHMX MecAues. B AHBape Yncned-
HOCTE W BromMacca Gbina MUHMMaNEHON, 8 B HEKOTOPbLIX
o3epax DakTepWonnadkToH Boobue He Gwn obHapy#eH.
B nocnegyiowne Mecilbl OTMEYEETCA IHAYUTENBHBIR
POCT 3TUX NoOKazaTenei.

MNogofHan KapTiHa OTMEUEHA 1 ANA NpeacTasuTe-
nel NPaCcHOBOQHOTD 200NNaHKTOHA. Tak, 801K B Ha-
4ane AHBapA B 03. Stepped YWCNEHHOCTE KONOBPATOK
Bdelloidea coctaBnana 126-333 3k3/100 n, To yepes
mecAy - 677 akz/100 n,

B 03. Scandrett ywncnendocte Bdelloidea ¢ konua
fekabpa oo cepefWHbl GeBpana yeenwuMnaces ¢ 59 go
4915 3x3/100 n. B 03. Reid konospatkw Epiphanes senta
B nekabpe He oGHapy#eHsl K Hauan NOABNATECA MWL
K KoHUY AHBapA (3 3k3/100 n). K cepeguHe despana vx
YUCNEHHOCTE Bo3pocna ao 20 3k3/100 n. (Bce o3zepa pac-
NONO#EHE B PaR0HE POCCHMACKON cTaHuu «[porpeccs,
BoctouHan AHTapKTIMAE.)

Camblli KpYNHLIA NpegcTasuTens MeCcTHOMo 300-
nnaHkToHa Daphnia studeri oTMeYeHa B BOLOEMAX MWW E
€ KOHL@ AHBaPA.

MNpeaeapuTenbHHR aHANWM3 NONYYEeHHbIX JaHHbIX
NO3BEONAET CAENATE HEKOTODBIE NPEONONOKEHWNH
O NPUYKHAX OTCYTCTEWA BAKTEPMONNAHKTOHA W OTAENb-
HBIX NPencTaBMTENSA 300NNAHKTOHA B NPECHOBOOHBIX
o3epax.

Ha Haw B3arnag, oqHoi W3 NPUYWH OTCYTCTBWA ITHX
OPraHWIMOoB B BOA0EMAX B NETHUI Neprnog MoxeT BuiTe
CUNBEHOE BO3GENCTBME Ha HWX yNbTpaduoneToBoro uany-
YEHKWA, KOTOPOE YESNUYNBAETCA NPK CHKeHWK OCO,

Kak nokazanw gaHHsie M3IMepEHiA 030Ha B Nepuog
npoeeaeHns 6-10 BAZ (2013-2014 rr.), B 3ToM paiioHe
WECNeAOBAHIMA MMEHHD Nocne 3 AHBapA 20714 1. cogep-
#aAHKWE 030HA CHUZWNOCKE Ha B-10%, 4TO CTANO OAHOW W3
npuywH yeenmueHna YO-uHgerca € 3,5 no 5,5-7 eguHunLL,
IT0 ARNASTCA CHNEHOR A0Z0H, CNOCOBHON, BUAKMMO, BbI3-
BaTh YrHETEHKWE W faxe rubent BakTepuo- 1 300nnax-
KToHa. Tonsko nocne 21-28 AHBapA Ha4anock NocTened-
HOE yMeHblWweHWe Yd-uHaekca o 2—4 eguHuy, C sToro
nepuoga oTMeYaeTCA POCT YMCNEHHOCTIA NNaHKTOHHBIX
OpraHW3MoB.

B npecHOBOAHLIX 03Epax Tak#e DuinK onpeaeneHb
fGuomacca W HekaTopele mopdomeTpryecke Nnapame-
TPkl BaKTEpUONNaHKToOHa (puc. 4.7).

YcTaHoBNeHo, YTo 00Wan YMCNeHHOCTL BakTepia-
aANbHLIX KNETOK B NPOTOYHBEX BoAoemax Bbina A0BONbHD
HWZKOA W Haxogunace B npegenax ot 0,01 £ 0,01 o
0,13 £ 0,03 mnH kn/mn. B To e Bpema YUCneHHble xa-

CHAPTER 4

In the samples cocci and rod-shaped bacteria are
generally present. Mo other forms of bacterial were
found in the studied lakes.

The presence of bacterial plankton in water reser-
voirs changed during the summer months. In January,
the abundance and biomass was minimal, and in
some lakes bacterial plankton in general has not been
found. In the following months there is a significant
increase in these indicators,

A similar pattern was observed for members of
the freshwater zoo-plankton. 5o, if at the beginning
of January, the number of Bdelloidea rotifers in the
Stepped Lake amounted to 126-333 units/100 ,ina
month = 677 units 100 1.

In the Scandrett Lake the number of Bdelloidea
from late December to mid-February has increased
from 59 to 4915 units/100 |. In the Reid Lake the num-
ber of Epiphanes senta in December is not detected
and only began to appear towards the end of January
(3 units/1001). By mid-February, their number in-
creased to 20 units/100 | (all lakes are located in the
Russian station «Progress», East Antarctic).

The largest local representative of the zooplank-
ton Daphnia studeri was noted in the waters only in
late January.

The preliminary analysis of the data leads to some
gssumptions about the reasons for the absence of
certain bacterial and zooplankton in freshwater lakes.

In our apinion, one of the reasons for the absence
of these organisms in the aquatic environment in
the summer can be a strong influence of ultraviolet
radiation on them, which is increased with a decrease
in total ozone content.

As shown by the data of ozone measurements
during the 6" BAE (2013-2014), in this research area
just after 3 January 2014 ozone content decreased by
8-10%, which was one of the reasons for the increase
of Uv-index from 3.5 to 5.5-7.0 units. This is a strong
dose of that can probably cause depression and even
death of bacterioplankton and zooplankton. Only
after 21-28 January, a gradual decrease in UV-index
up to 2—4 units began. This period is marked with the
increase in the number of planktonic organisms.

In freshwater lakes biomass have also been identi-
fied and some morphometric parameters of bacterial
plankton (Fig. 4.7).

It was found that the total number of bacterial
cells in flowing water reservoirs was quite low, and
ranged from 0,01 £ 0.071 to 0,13 + 0.03 min. cells/ml.
At the same time, numerical characteristics of bac-
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Puc. 4.7, Mukpogomoepaduu BakmepuonigHEmoHa Us NPEcHex 03ep
Fig. 4.7, Microphotos of bacterial plankton from freshwater lokes

PaKTERPHCTHEW GakTePUONNAHKTOHa HENPOTOYHEIX BOAO-
emoB Konebannce B WWpoKKx npenenax — ot 0,22 + 0,08
nod52 +£ 0,67 MAH KL M.

Bvomacca BakTepronnaHkToHa NPOTOYHBIX BOOOE-
MOB Haxoannack B npegenax 0,004 = 0,006...0,041 £
0,021 war/n. Bromacca bakTepronnaHkToHa cnabonpo-
TOUHBLIX BEOQOBMORE HEX0AWNACK B Npeaenax 0,062 £
0,011...0,312 + 0,047 wr/n, Gomacca DaKTepyuonnaHi-
TOHE HENPOTOUHBLIX BOAOBMORB HAX0OWNACK B NPpegenax
0,046 +0,018...0,939 + 0,280 mr/n.

MaoxHO cAenaTe 3akNYeHWe, YTo BUonpoayKTUE-
HOCTh BAKTEPUONNAHKTOHA B HENPOTOMHbIX BOOEMAX
Bonee yem B 20 pas Bolwe BUONPOAYKTUEHOCTH DaKTe-
PUOMNAHKTOHA NPOTOUHBIX BOOOEMOE.

YYUTEIEEA YHUKANEHOCTE AHTAPKTUYECKOW 3KOCHCTE-
Mbd, onA ee BezonacHoR Guopemeguaymi Heobxogumo
WCNONEROBaTE abopureHHee DakTepUU-ECTRYKTOPEI.

terial stagnant ponds ranged widely - from 0.22 £
0,06 to 4.52 + 0,67 min cells/ml.

The biomass of bacterial plankton in flowing water
reservoirs was within 0.004 £ 0.006...0.041 £ 0.021 mg/l.
Bacterial hiomass of water reservoirs was within
0062 +0.011...0.312 + 0.047 mg/l, the biomass of
bacterial plankton in stagnant ponds was within
0046 +0,018...0,939 + 0.280 mag/l.

It can be concluded that bacterial productivity
in flowing water resevoirs more than 20 times higher
bacterial bioefficiency of flawing water resevoirs.

Taking into account the uniqueness of the Antarc-
tic ecosystem, for its safe bioremediation it is neces-
sary to use indigenous bacteria-destructors,
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E HacToAwWee Bpema M3BECTHL BakTEpUWU-0eCTPYKTODSI
YIMEBOAOPOAOE, BbIIENEHHLIE W3 TPYHTOR AHTaPKTIALI,
oTHOCALMECA K pofiam Pseudomonas w Rhodococcus.

Ha ocHOBaHWK aHanW3a MONeKyNAPHO-TeHETYE-
CKMX MapKepoB (onpefenaHiia HyKneoTaHol nocne-
posarensHoCTH reHoe 165 pPHK 1 reda rpol) Guine
WAEHTUGNUMPOBAHE! HETBIPE WTaMMa, OTHOCALMECH K
DaKTepUAM — QeCTRYKTORaM HedTenpogyKToE.

YcTanosneHo, 4To W3oNMpoBaHHbIe DakTepuK -
AECTPYKTOPL! HedTenpoaykTos AZ-6 OTHOCATCA K pogdy
Deinococcus. OcTanbHble WCCNefoBaHHbIe WTaMMbl
pectpykTopsl (A2-h2, A29-k1, A31-2d) npyHagnemaT K
OakTepuam poga Rhodococcus.

MNpoBegerbl KOMNNEKCHBE WCCAEQOBAHWA, HANPaB-
NEHHBIE Ha W3YYEHWE CAHUTAPHO-3NMMAEMAONOT MYECKOR
CUTYaUWW, CKNafbiBaoWEeNcs B palloHe Nonesol basbl
alopa BeuspHans B pe3ynkTaTe CE30HHON paboTbl Hayu-
HO-3KCNEAWLIMOHHOIO OTPANA. YCTAHOBNEHD, 4TO NER-
TENBHOCTE IKCAEAWLMOHHOMD OTDALE NPAKTUUECKK He
BNWAET Ha CAHWTaPHO-3NWOEMUONOTMHECKYH CHTYALMID
B paioHe noneeol Bazel «fopa BeuepHans,

2. BomaHuveckoe

2.1, Mukonozuyeckoe, B nocnegree Bpems Bce Bonb-
We BHAMaHWA YAENAETCA MCCNeqoBaHM KD MM3Hecnocob-
HOCTH MUKPOORTaHWIMOB, B TOM Yicne rpuboB, B yono-
BWAX NOCTOARHOTO BO3ASACTEMA HM3KNX TEMNepaTyp
Ha WX aPKTUYECKME W aHTARKTUYBCKKME MecTODOUTaHKA,
ANANTAUMOHHBIE CNOCOBHOCTI MUKPOCKONMUSCKUX MpK-
B0B, VX TONEPAHTHOCTL NO3BONAET WM YCNEWHO OCBaN-
BaThk pasinuHbe CyBCTPaThl M PA3BMBATLCA B YCNOBUAX
NONAPHBIX PETMOHOE.

WMayueHo BNUAHKE TEMNEPATYPLI HA MUKDOMMLETI,
KOMOHWIMPOBABLWWE NOBEPXHOCTE NPEgMETOB aHTPO-
NOreHHOro NPOUCKOMAEHWA U3 PA3NWUYHBIX MATEDAA-
NOB, HAXOOWBLWXCA HA OTKPBITOM BO3AYXE B YCNOBMAX
AHTAPKTUBL B TEYEHWE MHOTWX NeT (puc. 4.8).

CHAPTER 4

At present there are bacteria-destructors of hydrocar-
bons extracted from the soils of Antarctic related to
Pseudomonas and Rhodococcus species.

Based on the analysis of molecular genetic
markers (identification of the nucleotide sequence of
165 rRMA genes and gene rpol) four stocks were iden-
tified related to the bacteria-oil destructors,

It was found that the isolated bacteria - oil de-
structors A2-6 belong to the Deinococcus genus, The
rest of the studied oil destructors (A2-h2, A29-k1, A31-
2d) belong to the bacteria of the Rhodococcus genus.

Complex investigations were implemented aiming
at studying of the sanitary-epidemiological situa-
tion prevailing in the area of the field base «Mount
Vechernyayar as a result of seasonal work scientific
expedition team. It was found that the activity of the
expeditionary force does not affect the sanitary-ep-
idemiological situation in the area of the field base
sMount Vechernyayan.

2. Botanical

2.1. Micological. In recent years, more and maore at-
tention is paid to the study of the viability of micro-or-
ganisms, including fungi, in the conditions of constant
exposure to low temperatures in their Arctic and Ant-
arctic habitat, Adaptive capacity of microscopic fungi,
their tolerance allows them to successfully master the
various substrates and to develop in conditions of the
Polar Regions.

The effect of temperature on micromycetes, which
colonized the surface of objects of anthropogenic
origin, was studied and involved various materials
that were in the open air under the conditions of the
Antarctic for many years (Fig. 4.8).

Puc. 4.8, Munsie U cmpoumensHsle 06BERME], NOSPEKIEHHEIE NTECHEELML 2pUBamL

Fig. 4.8. Living and building objects damaged by moulds
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BulpeneHHbie KyneTYphl MUKPOMIULETOR XapaKkTepii-
I0BANVCE HM3KWMM TAaKCOHOMWYECKMM pazHoobpasnem,
LOMAHUDYIOLWES NONOMEHWE 3AHUMANK NPENCTABUTENN
popoe Penicillium w Aureobasidium. PezynstaTel wc-
CNefoBaHA NoKazani, 4To cNopel NNecHesLIx rpHboE
CNoCobHBI COXPAHATE BLICOKYH MNIHECNOCoBHOCTE
B YCNOBWAX BEICOKOW CONHEYHON PauaLii 1 HWIKWX
AHTAPKTHYECKMX TEMNERATYR. YCTAHOBNEHD, YTO OHKM
AKTMBHO MCNONB3YA ANA OCYILECTENEHWA #HNIHEAEA-
TENBHOCTH KOPOTKWMIA NEPWOL NOBBILWEH WA TEMNERATYPhI
A0 NNCOBME 3HaYeHWi, JaHHBA GakT CEBMaeTENBCTBYET
O LM POKNX BOSMOMHOCTAX aHTADKTHYSCKNX MHUKDOMIA-
LETOR K TEMNEPATYPHOR afanTalKm, 4To Heobxoqumo
YUMTBIBATE NPK OUeHKe BHOCTOMKOCTIA MaTEpManos,
WENONBIYEMBIX NPK CTROWTENBCTBE W IKCNNYaTaLUKMK
AHTAPKTHYECKIMXE CTaHL WA,

2.2. Anvzonozuveckoe. Bopopocni ABNAKTCA HEOTb-

EMNEMONA YACTEH MHOMX 3KOCUCTEM, OCOBEHHO BOMHBIX,

Hepenko oMK XapakTEpWIYIOTCA MACCOBLIMM KPaTKOBpE-
MEHHEIMK BCMBILUKAMA YMCNEHHOCTH, BbI3bIBAR LBETE-
HUE BOAbL JHKONOMMUECKAA 3HAYMMOCTE AAHHOM rPYNnkbl
OPraHviMoE B Ka4eCcTEE NPOoAYLEHTOE W 3NEMEHTOR TPO-
drueckix yenei obwenseectHa, OcobeHHo BennKka KX
ponk B GYHKUMOHMPOBAHMK CO0BWECTE, HAXOQALMKCA

B IKCTREMaNbHBIK YCNOBWAY, B YACTHOCTH, B AHTApKTHIE.

CreneHri 0 BOADPOCNAY, PA3BMBAIOWWECA B paznmy-
HblX HA3EMHEIX AHTADKETUUECKMX IKOCUCTEMAX, HEMHO-
ro. MpakTUYeck HET HUKaKWX AaHHbIX OTHOCWMTENBHO
ansrognopsl BOCTOYHOR YacTH 0a3nca «MonogesHbifis
{noneeas Ga3a «lopa BevepHan:), Ha TEPPUTOPUK KOTO-
PORA pEryNAPHO ocylecTenAeTcs chop dakTHiYeckoro
MaTEpUana No AaHHOW rpynne opraHn3mMoe,

K HACTORLEeMY BPEMEHM B ITOM PAHOHE HAMM
zaperycTpupoBado okono 150 BMgoB Bogopocnei,
OTHOCALWMXCA K B oTAenam, 15 kRaccam, 35 oTpagam,

51 cemerctey w 72 pogam (puc. 4.9, 4.10). Hanbonee
PEI3H00'E'PE=3HHM B TRRCOHOMAYECKOM OTHOLWEH K
aenaetca Twn Ochrophyta, Brnmoqaowmi 72 enga 13

6 knaccos, Knacc Bacillariophyceae npegctasner 6
oTpAgamk, 37 cemecTeami, Hanbonblwee yncno BUAOE
{16) w3 8 popoe oTmedeHo B oTpage Maviculales, g npe-
[EeNax KOTOPOro BAAEI PAacnpefeneHbl Ha 5 CeMeRcTE:
Amphipleuraceae (2 popa) - Amphipleura Kiitzing, 1844
{1 eug) v Amphora Ehrenberg ex Kitzing, 1844 (4 supna);
Maviculaceae (1 pog) - Navicula Bory de Saint-Vincent,
1822 (2 pupa); Pinnulariaceae (1 pon) - Pinnularia
Ehrenberg, 1843 (4 suga); Pleurosigmataceas (2 poga) —
Gyrosigma Hassall, 1845 (1 eug) u Pleurosigma W.Smith,
1852 (1 eup); Stauroneidaceae (2 poga) - Craticula
Grunow, 1867 (1 sug) 1 Stauroneis Ehrenberg, 1843

{1 ena).

Cpegw npegctaegnTensai aHTapkTU4eckoi dnopbl
CnegyeT BblennTe NPEecHOBOOHY0 BOgopocn Prasiola
crispa, otnen Chlorophyta, oDHapy#eHHYI0 NPaKTUYECKK
Ha Bcex 0BCNeoBaHHbIX MaTEDHUKOBbLIX YUACTHAX.

CHAPTER 4

Synthetized micromycete cultures are charac-
terized by low taxonomic diversity, dominated by
representatives of the genera Penicillium and Aureoba-
sidium. The results showed that the spores of fungi are
able to maintain high viability in conditions of high
solar radiation and low temperatures of the Antarctic.
It was found that they are actively using vital for a
short period of raising the temperature to above zero.
This fact testifies to the broad possibilities of Antarctic
micromycetes to temperature adaptation that have to
be considered when evaluating the biological stability
of the materials used in the construction and opera-
tion of Antarctic stations.

2.2, Algologic. Algae are an integral part of many
ecosystems, especially water. They are often charac-
terized by short bursts of massive size, causing algal
blooms. The ecological importance of this group of
organisms as producers and well-known elements of
the food chain is significant, Especially significant is
their role in the functioning of societies in extreme
conditions, especially in the Antarctic. The informa-
tion about algae developing in a variety of terrestrial
Antarctic ecosystems is scarce. Practically there is no
data on the algal flora of the eastern part of the oasis
«Molodezhny» (field base «Mount Vechermnyayax»), on
the territory of which regularly collects factual data on
this group of organisms.

By this time in the area we have registered about
150 species of algae belonging to 8 divisions, 15 class-
es, 35 orders, 51 family and 72 genera (Figs. 4.9, 4.10).
The most diverse taxonomically is the type Ochrophy-
ta, including 72 species from & classes, Bacillariophyce-
ae class was represented by 6 orders, 37 families. The
greatest number of species (16) from 8 genera was
found in the Naviculales order, and within it the spe-
cies which are divided into 5 families: Amphipleurace-
ae (2 genuses) — Amphipleura Kiitzing, 1844 (1 species)
and Amphora Ehrenberg ex Kitzing, 1844 (4 species);
Maviculaceae (1 genus) - Navicula Bory de Saint-Vin-
cent, 1822 (type 3); Pinnularia Ceae (1 genus) - Pinnu-
laria Ehrenberg, 1843 (4 species); Pleurosigmataceae
(2 species) - Gyrosigma Hassall, 1845 (1 species) and
Pleurasigma W. Smith, 1852 (1 species) Stauroneidace-
ae (2 species) - Craticula Grunow, 1867 (1 species) and
Stauroneis Ehrenberg, 1843 (1 species),

Among the representatives of the Antarctic flora
one should point out freshwater algae Prasiola crispa,
Chlorophyta section, detected in almost all the sur-
veyed continental areas,
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Pug. 4.8, Mpedcmagumenu Mopckoz gumannankmona Aumapkmuny a padore npoaedenun pabiom BAD
Fig. 4.9, Representatives of sea phytoplankton of Antarctic in the area of works conducted by BAE

Pug. 4.10. Mpedcmasumeny npecHoodsozo humonnarkmana AMmapemuku & palode npoaedenud patiom BA
Fig. 4.10. Representatives of freshwater phytoplankton of Antarctic in the area of works conducted by BAE
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YCTaHOBNEH BLICOKMIA YPOBEHL CXOOCTES MEXOY
dnopoil M $ayHORN HA3EMHBIX 1 NPECHOBOHbIX IKOCKH-
ctrem 3emnu IHgepbn (BocToudan AHTapkTuga, paioH
pacnono#eHna bAD] » ymepeHHoW 30HE CeBepHOrD
nonywapua (Eepona, benapyce) (tabn. 4.1).

13 Bcex BMAoB GUTONNAHKTOHA, OBHAPYHMEHHbBIX
Hamu B ozepax AHTapKTHKKW, okono B0 aenalTcA oBuTa-
TENAMW NpecHoOBOAHBIX o3ep benapycow. M3 43 eugoe
NUWAAHMKOR, OBHADYMEHHEIX B RARoHEe PACNoNoMeHUs
BA3, 30% BWOOE NPOW3PACTAOT HA TEPPUTORKK bena-
pycu. Cpenn NpeacTaBuTengi 300NNaHKTOHa TakHe
ofHapy#eHe! BUAE C DMNONARPHBEIM PACNPOCTRAHEHWEM,
YETAHOBNEHA TAKCOHOMUYECKan BNMaocTe Bogopocne-
eo-DaKTepuaneHe 00pazoBaHWA LOHHEIX OTNOHEHMIA
W3 NPECHOBOOHBIX 038D AHTAPKTUKY W MOpPAYMIK MCTOY-
HWKOB KamuaTkA.

B npecHoBOAHEIX 032pax, pacnonoeHHbx
B OKPEeCTHOCTAX POCCUACKON aHTApKTHUECKON CTaH-
umn sMporpeccs & nepuon 2013-2014 rr, oBHapy*eHo
123 pufa pofopocneid vs 7 otaenos. Befyulee mecto
{56%) no konuusecTey BWAOB 3aHKmaloT Bacillariophyta -
69, NouTKH B ABa paza MeHbwe (24%) scTpedeHo
Cyanophyta - 30 Bugoe. Ha TpeTbem mecTe HaxoQATCA
seneHble Bogopocni, ofbeguHAs noutk 14% BrMgoBoro
GoratcTea, npegcTagnedHoro 17 sugani. OcTanbHbie
OThens Npegctasnedsl 1-3 BAgamMK.

Mopckoi GUToNAaHKTOH B WenbQoBoi 30HE MOPA
KocmoHaeToR NpefcTasned npusepHo 100 Braami,

A high level of similarity between the flora and
fauna of terrestrial and freshwater ecosystems of
Enderby Land (East Antarctic, BAE layout area) and the
temperate zone of the northern hemisphere (Europe,
Belarus) was identified (Table 4.1).

Of all the species of phytoplankton found you in
Antarctic lakes about 80 are inhabitants of freshwater
lakes in Belarus., Of the 43 species of lichen discovered
in the BAE location area 30% of the species grow on
the territory of Belarus. Among the representatives of
zooplankton the species with bipolar distribution were
also found. The taxonomic proximity of algae-bacte-
rial formations of sediments from freshwater lakes in
the Antarctic and the hot springs of Kamchatka was
identified.

In freshwater lakes located in the vicinity of the
Russian Antarctic station «Progress» during the period
2013-2014123 species of algae from 7 divisions were
found. The leading position (56%:) in the number of
species is occupied by Bacillariophyta - 69, almost half
(24%) was Cyanophyta — 30 species. In the third place
are the green algae, combining almost 14% of species,
represented by 17 species. The rest of the sections are
represented by 1-3 species.

Marine phytoplankton in the shelf zone of the

Cosmonauts Sea invalved about 100 species.

Tafinuua 4,1, TakcoMoOMHWYeCcKoe CXoCTRO NpecHorogHoro duTONNaHKTOHa Benapyc M AHTAPKTHKRN
Tabkle 4.1. Taxonomic similarity of freshwater phytoplankton of Belarus and Antarctica

Tavcor Bonopocin hroviitessintacns sl bl ittt sirorind] Raipint o
= Algae Balarus number {BAE) number
Cyanophyta ::L":;'T::"" 260 142 25 31.6
Cryptophyta 2:“:';2::;;‘:* 14 0.8 1 13
Dinophyta g?ﬂ”ﬁ?ﬂ't:zli';: 25 1.4 3 3.8
Chrysophyta zf'a"km““e 70 3.7 2 25
Bacillariophyta g;‘;;:;“““" 622 34.1 33 a7
Xanthophyta ﬁﬂz‘“‘" 69 3.8 2 2.5
Euglenophyta EE;T::;T'E 126 6.9 4 5.0
Chlorophyta mm 624 34.1 9 1.4
Charophyta Eﬁg?:;: yia 17 0.9 HEN‘L&E:ﬁHD _
Rhodophyta :E;cl-lme, UK BarpAHKK 4 0.2 HeNuLﬁ;:mHu )
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Puc. 4.77. TOKCOHOMUMECKAR CMPYKMYPa AUWALHWKOS DEUORT UCCaEdosanul
Fig. 4.11. Taxonomic hierarchy of lichens in the regioin of study

Pue. 4.12. fokanumemel AUWaURUKSE, cOGPaHABEX Ha meppumapuu socmoykold Amapkmudel 8 patone Gazel «fopa BevepHsas:

Fig. 4.12.Places of lichen gathering on the territory of East Antarctic (area of field base eMount Vechernyayas)

Puc, 4.13, Brewnud sud Pleopsidium chiorophanum, Lecidela lapicida, Neuropagon sulphureus, Rusavskia elegans
Fig. 4.13. External appearance of Pleopsidium chlorophanum, Lecidela lapicida, Neuropogon sulphureus, Rusavskio elegans
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2.3 NMuxeHonozuveckoe. B xoge pesmzum repbap-
HeiX 0Dpa3noe u3 AHTapKTWOL onpenensHo 43 Bupa
nMWanHMKkoe 13 28 pogoe 1 16 cemelicte. Hanbonebwee
YUCND BWAORE OTHOCUTCA K 3NMAMTHEIM NALWARHKWKM,
pewe K 3NUNUTHO-BPHOGUTHBIM 1 BPUOGUTHEIM BUgaM
(pwc. 4.11,4.12).

K Hanbonee 4acTo BCTPEYALMMEA BUAAM B rep-
GapvK MOMHO OTHECTK Cnegyrwme nuwaiHukn: Buellia
frigida, Caloplaca citrina, Candelariella lava, Lecanora
polytropa, Leptogium puberulum, Physcia caesia,
Pseudephebe minuscula, Rinodina olivaceobrunnea,
Umbilicaria aprina, Umbilicaria decussata, Usnea
sphacelata, Xanthoria elegans (pwc, 4.13), TnwaiHnkm 13
popoe Buellia, Caloplaca, Candelariella, Physcia, Rinodina
W Xanthoria oTHOCATCA K HUTPOGUNEHEIM U TOKCUTONE-
DaHTHEIM BUAAM, HEKOTOPLIE U3 HWX JOBONLHO YACTO
BCTREYAKTCA B AHTARKTHAE.

3. 3oonozuyeckoe

B cocTape NnpecHOBOOHOMD 300NNaHKTOHa AHTapkK-
TUALI BEIGENAETCA OAWH M3 KRYNHERW WK B NPecHoBOI-
Hblx 03epax NpeacTaenTens pakcobpastoix Daphnia
studeri, pocTvraowmn 2 mm (puc, 4.14), Mocneposanice
O3epa, pACNONOHKEHHBIE B DAAOHE POCCURCKON CTAHLIMK
«lMporpeccs, 3107 BUE 00HAPYKEH HamK B 7 03epax:
Reid, Stepped, Scandrett, Discussion, Sibthorpe, Progress
W lopHoe.

KaKk NoKazany CcnefoBaHus agcTpanuinckuy yue-
HblX, M3Y43BLWKMX MMEPOHOCCHANK M3 OTNOMEHWA Npec-
HoBofiHOro o3epa Reid (Bo3pacT npumepHo 130 000
net), knagouepa Daphniopsis studeri v konoepaTtra
MNotholca sp. #unw B o3epe Bee 370 BpemA. B cambix
OPEeEHWNX CNOAX BCTPEYATCA M OCTATKW KONenog,.

CHAPTER 4

2.3, Lichenological. During the revision of her-
barium specimens from the Antarctic 43 species of
lichens from 28 genera and 16 families were identified.
The greatest number of species belongs to epilithic
lichens, at least to epilitnobriofitnym and briofitnym
species (Figs. 4.11, 4.12).

The most frequent species in the herbarium of
lichens are the following: Buellia frigida, Caloplaca
citrina, Candelariella flava, Lecanora polytropa, Lepto-
gium puberwium, Physcia caesia, Pseudephebe minus-
cula, Rinodina olivaceabrunnea, Umbilicaria aprina,
Umbilicaria decussata, Usnea sphacelata, Xanthoria
elegans (Fig, 4,13). Lichens of the genera Buellia, Calo-
placa, Candelariella, Physcia, Rinodina w Xanthoria are
nitrophil and toxy-tolerant species, some of which are
quite common in the Antarctic.

3. Zoological

In the structure of freshwater zooplankton lakes in
the Antarctic the largest representative of crustacean
Daphnia studeri reaching 2 mm was met (Fig. 4.14).
The studied lakes are located in the area of Russian
station «Progresss, This species are met in 7 lakes: Reid
Lake, Stepped Lake, Scandrett Lake, Discussion Lake,
Sibthorpe Lake, Progress Lake and Gornoye Lake.

As shown by studies of Australian scientists study-
ing microfossils from freshwater lake sediments of
Reid Lake (aged about 130 000}, cladocerans Daphnia
studeri and rotifer Notholca sp. lived in the lake all the
time. In the most ancient layers the remains of cope-
pods are found,

Puc. 4.14. Mpedcmasumens pakoobpazHex Daphnia studers
Fig. 4.14, Representative of Crustacea - Daphnia studeri
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¥ Daphniopsis studeri na oz, Steppad Hamw Bwina
onpefeneHa BepxHan NeTankHasn Temnepatypa. OnkIThl
NoKazanu, YTo [NA 3TOMO BUfE NNaHKTOHHBX pako-
obpazHeix 100%-Haa rmbens HacTynaeT npu 33 °C, uto
roeopuT of X OYeHb BLICOKOW afanTWeHON cnocobHo-
CTW. TaKMM 0BPazoM, NNAHKTOH UCCNeOBaHHbIX O3ep
MOMHO OXapakTepWIoBaTE Kak IEPUTEPMHEA, CROMWE-
WWACA B CNeundrYeckity yCNOBMAX AHTAPKTIKN,

Kpome fadHWng B 300NNaHKTOHE OTMEUEHEI
konoepaTkW poga Bdelloidea, HemaTtodsl U TMXOXOOKM
Tardigrada.

B Lenom mMo#HO OTMETUTE OTHOCUTENLHYIO Beg-
HOCTE 300MNAHKTOHA M3yYeHHbIx 03ep. B nnaHkToHe
MOSHTUGNUKMPOBAHEI CNEedyOWWe BUALI KONOBPATOK:
Lepadella (s. str.) patella (Miiller, 1776), Epiphanes
senta (Muller, 1773), Cephalodella sterea (Gosse,

1887), Keratella cochlearis (Gosse, 1851), Encentrum
(Parencentrum) saundersidae (Hudson, 1885), Nothelca
verae, Knace Bdelloidea Bbin wvpoko npegctasnes

B npobax pazHopaImMepHBIMW 0COBAMK, NO-BUOMMOMY,
NPKUHAANEHAWMMK K pa3HbIM Blagas. M3 3Toro knacca
Beina ugeHTduUMpoBaH ToNLKD oguH eng — Philoding
alata, MoHO Npeqnono#nTh, 4To B oToBpaHHbIxX 0bpas-
Uax NpUCYTCTBOEANW BUabl pogoe Adineta, Mniobia

W Macrotrachela.

Kpome BOAOEMOE, NPOBEASHL MCCNefoBaHA Baen-
NOWMAHEX KONOBRATOK, HACEMAKLWWX PAZNMYHBIE HAZEM-
Hele CyBCTpaTh,

B nuwanHukax co cKansHex Nnopomg Obny HangeHs
Adineta gracilis (coctaenanw GonbwrHcTEO — 73,5%),

a Taise Adineta minor w Macrotrachela kallosoma
{Schulte, 1954). Adineta steineri (Bartos, 1951) 6ein 3ape-
TMCTRPMPOEAH B NAWAMHWKAX C KamHer, Ocobw 3Tux geyx
ewnoe — Adineta gracilis (3 nuwaiHWkoewx obpacTa-
HUAY 1A minor (M3 BOAOPOCNEBOrS MaTa) - AanK Hadano
nabopaTopHBIM KYNETYPaM € MCNONbI0BAHWEM B Kaue-
cTee Kopma Bogopocnei Chiorella sp. M2 ppyrux rpynn
HUBOTHLIX BETPEUEHBI TONBKO HE3Penbie MWBOTHLIE Ha
MAAOW WX CTAAWAX PA3BUTA W3 oTpaga Copepoda.

M3 opraHnamos HeHToca 4acTo BCTPEYanMce Npe-
craentenk Tvna Tardigrada (Tuxoxoggun), #MBOTHBIE, Ha-
CENALKE OHO WK NONAI0WME No CyBCTpaTy, U Menkue
ONMIroxeTHl.

Hecmotpa Ha GegHocTe BMAOBOTO cocTaBa Baennowa,
B HEKOTOPLIX M3yYeHHbIX CyBCTpaTax Habnwganace Ypes-
BHIYARHO BLICOKAA YMCNEHHOCTE AaHHBIX OPraHu3MOoR.
Hanpumep, B NMWaRHMKOBRX W Bogopocnesax obpacTa-
HWAK €O CKaNbHBIX NOPOA YMCNEHHOCTE BasAnong, co-
CTaenAna 4721 ak3/om’ (MakcmansHo 0o 6844 3K3/om’).

B Bogopocnesbix matax GoennovHble KONOBPaTKK
MEHEE MHOTOYWCNEHHBI: MakCuManbHo - 35 akz/cwm’. Ha
AAHHBIA MOMEHT NPUHKHE, 0DecneYnBau e geHome-
HANBHO BEICOKOE KONWHYECTBEHHOE Pa3BHTHE NOMYNALMA
Boennond B NMWaRHKUKaX W BOJODOCNAX Ha CKanbHBIX
NOPOAax, OCTANTCH HEACHBIMK W 3ACAYAWEINT OTASNb-
HOTO M3YHEHKA,

CHAPTER 4

For Daphnia studeri from Stepped Lake we have
identified the upper lethal temperature. Experiments
have shown that this type of planktonic crustaceans
100% mortality occurs at 33 °C, which indicates a very
high their adaptive capacity. Thus, the plankton in the
studied lakes can be characterized as eurythermic,
formed under the specific conditions of the Antarctic.

Besides daphniae, the zooplankton inhabitants in-
cluded rotifers Bdelloidea, nematodes and tardigrades.

In general, we can note the relative poverty of
zooplankton in the studied lakes. The plankton the
following types of rotifers were identified: Lepadella
(s. str.) patella (Miller, 1776), Epiphanes senta (Muller,
1773}, Cephalodella sterea (Gosse, 1887), Keratella
cochlearis (Gosse, 1851), Encentrum [Parencentrum)
saundersidae (Hudson, 1885), Notholca verae. Bdel-
loidea class was well represented in the samples of
different size individuals, apparently belonging to
different species, Philoding alata - only one species
was identified from this class. It is possible to assume
that the samples of selected types Adineta contained
the geni like Adineta, Mniobia and Macrotrachela,

Besides water reservairs bdelloid rotifers living in
different terrestrial substrates were studied,

The lichens from rocks the following were ones
found: Adineta gracilis (made up the majority — 73.5%)
and Adineta minor and Macrotrachela kallosoma
(Schulte, 1954). Adineta steineri (Bartos, 1951) was reg-
istered in lichens growing on rocks. The individuals of
the two species - Adineta gracilis (from lichen fouling)
and A. minor (from algal mat) - gave rise to laboratory
cultures using as feed algae Chilorella sp. Among the
other groups of animals only immature animals at
younger stages of development of the order Copepo-
da were met.

From benthic organisms the representatives of
Tardigrada type are frequently met - animals which
inhabit the bottom or crawling on the substrate and
smaller oligochaetes.

Despite the poverty of bdeloid species, in some
studied substrates, there was an extremely high number
of these arganisms. For example, among lichen and
algae fouling on rocks (sample 3) the number of bdeloid
was 4721 units/cm? (maximum up to 6844 units/cm?).

In algal mats bdelloid rotifers are less numerous:
maximum 35 units/cm’. At the moment, the reasons
for providing a phenomenally high quantitative
development of bdelloid populations in lichens and
algae on rocks remain unclear and deserve a sepa-
rate study.
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3oobeHToC MCCNeA0BAHHEIX NPECHOBOAHEIX 03ep
GefeH v NpeacTagneH B OCHOBHOM HEMaTOAMW W TW-
XKOXOAKaMW, KOTOpble obBuTaloT 8 Bofopocneeo-BaKTe-
PYANEHOM MaTE, YCTUAAKLLEM QHO NPAKTMHECKH BCEX
AHTAPKTHYECKIAX O3ep.

Mopckon soobenToc (mopa Coapy#ectea, Kocmo-

HaeToB, Jefsuca (BocTouHan AHTapkTuOa) npegcTasner

B E‘;"ﬁﬂ WTopanK MODEH NEPaKTUY2CKM BCEMW THMNAaMK
W FPYNNaMu MakpoBecno3BoHOYHBIX, CPeM KOTOPbIX

ACUNANK, aKTHHWK, MATKWE KOpanngl, l'}"ﬁHH. ronoTypue,

MCI'F:]'EKI."IE' EBEEHI;I W e¥n, NNocKme HEFJBI."I, NONWKETHI,
mMonnckK (puc. 4.15).

CHfa OTHOCATCA W APYrve NPecTagnTeny, BKNKYan
EWOb, 0DMTaOWME B TONWE BOObL: TReGHEBNKMN, TON0MKa-

BepHble MOANIDCKW, MELY3bl, pakoobpasHbie. bonbLmH-
CTEC OTPAQOE M KNAcCoB NPEACTABNEHO HECKONLKNMI
Bugamu. Npw NpoBEOEHUK MCCNefoBaHWE MORCKOR
OoHHOA dRopsl W GayHbl © NOMOLWEK NoABoaHOrD do-
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The zoo-benthos of studied freshwater lakes is
poor and is mainly represented by nematodes and
tardigrades, which live in algae-bacterial mat covering
the bottom of virtually all Antarctic lakes.

Marine zoobenthos (Commonwealth Sea, Cosmo-
nauts Sea, Davis Sea (East Antarctic) Is presented in
the sublittoral seas by virtually all types of macroin-
vertebrates and groups, including sea squirts, anemo-
nes, soft corals, sponges, sea cucumbers, starfish and
urchins, flatworms, polychaetes, mollusks (Fig. 4.15).

This group includes ather representatives, includ-
ing species living in the water column - Ctenophora,
nudibranchs, jellyfish and crustaceans. Most groups
and classes represented by several species. When
conducting research on marine benthic flora and
fauna using an underwater camera a photo and video

Puc, 4,15, lfonomypuw uz mopa Jedauca (55 m)
Fig. 4.15. Sea-cucumbers of the Davis Seqa {55 meters)
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Puc. 4.15. Oxeanonozuveckue pafomer & mope Codpymecmaa

Fig. 4.16. Oceanographic works in the Cooperation Sea
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Fuc, 4.17, Budoaoe pazHoofpasue XUgklx 0p2aquimMoe g paldode npogededud pafiom BAZ & 2007-2013 22
Fig. 4.17. Species diversity of living organisms in the area of BAE in 2007-2013

Toannapata Beina npoeegeHa doTo- 1 BUOSOCHEMEKA HA
rnyGuHax ot 8 no 45 m (Taipawos A, A, Turudsk K. T),
uTo NO3BONMNO Bonee peanbHO OLEHUTE KoNWUe-
CTEEHHBIA W Ka4EeCTBEHHbBIA COCTAR [LOHHOTO HACENEHWA
(pwc. 4.16). Mo nonyueHHON WHGOPMAL WK, QOMUHIADY-
IOWMMK BWASMW HA TAKNX TNyBKMHaX ABNAIOTCA MOPCKINE
Ed1 1 NonKxeTs (puc. 4.17).

HecmoTpa Ha oTAenkBHEIE PaZNWYMKA NO CE30HAM
B BEMAOBEOM COCTaEe opHUTodayHbl B palore «fophl
BeuepHeis oGHapymeHo 7 BUOOE NTWL W3 TREX OTPA-
nos: NMuHrenHoobpasksbie (Sphenisciformes) - nuHr-

shooting was carried out at depths of 8 to 45 meters
(Gaidashov A, A, Giginyak Y. G), which enabled a more
realistic assessment of the quantitative and qualitative
compuosition of the benthos (Fig. 4.16). Based on the
received information, the dominant species at these
depths are sea urchins and polychaetes (Fig. 4.17).

Despite the individual seasonal differences in the
species compaosition of avifauna in the area of Mount
Vechernyaya ain 7 species of birds of 3 groups were
found: Sphenisciformes - Adelie penguin (Pygoscelis
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Puc. 4.18. (Monmopruk Had konoHued nuxzsunos Ademu

Fig. 4.18. Skua gull above the Adelie penguin colony
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Puc. 4,19, Mednednwl nos Trematomus barchgrevinki (wnedanxax) 8 mope Codpywecmaa

Fig. 4.19. Under-ice fishing of Trematomus barchgrevinki in the Cooperation Sea

BWH Anenu (Pygoscelis adeliae), imnepatopcknia
nHrenH (Aptenodythes forsteri); Prarnroobpas-
Hele (Charadriiformes) - #HONoNARHBIR NoMop-
HWEK (Stercorarius skua); BypesecTHUKoobpasHble
(Procellariiformes) — cHeHBIA BypesecTHMK [Pagodroma
nivea), kancknia ronybok (Daption capensis), kauypka
Bunecona (Oceanites oceanicus) w cepebpucTo-cepbIi
oypesecTHUK (Fulmarus glacioides) (puc, 4.18),
MxTrodayHa e cybnuTopanu mopel npegcTasne-
Ha BCero 5-7 Bnaami, Cpean KoTOopelX B NOONeaHoM
rOpU30OHTE ABHLIM AOMWHAHTOM ABNAETCA Trematomus
borchgrevinki (WecTHOE Ha3BaHWE «NegAHKa®), B NpW-
OOHHOM CNOE 1 Ha IHE — TDEMATOMYCEI — Trematomus
bernacchii, Trematomus sp. W YacTWMHO aNefAaHKas
(pwc. 4.19). EAMHWYHO B yNoBax oTMeuaeTca Gymnodraco
acuticeps (MECTHOR Ha3BaHWe «NNyrapbs).
Otmeueqo 100%-Hoe 3apasedne OTNOBNEH-
HblX Pbib HEMaTOZEMK W NNEPOLEPKOWMAAMN LLECTOS,
CchpebHAMI. YCTaHOBREHD, UTO CPeaM NapasnuTi-
weckiy GopM BCTPEeMaTCA NPeqCTaBuTENyY BUAOB
Ascarophis nototheniae, Contracaecum osculatum
{Mematodal, Metacanthocephala campbelli, M. johnstoni
{Acanthocephala) w ap.

adeliae), emperor penguin (Aptenodythes forsteri); Cha-
radriiformes — South polar skuas (Stercorarius skua);
Procellariiformes - snow petrel {Pagodroma nivea),
pintado {Daption capensis), Wilson's storm petrels
(Oceanites oceanicus) and silver-gray petrels (Fulmarus
glacioides) (Fig. 4.18).

lchthyofauna in sublittoral seas is represen-
ted only 5-7 species, a clear dominant in under-ice
horizon is Trematomus borchgrevinki (locally called
#lce-boatss) in the bottom layer and at the bottom -
trematomus — Trematomus bernacchii, Trematomus sp.
and partially «lce-boats» (Fig. 4.19). Gymnodraco acu-
ticeps, locally called «Plugars, was scarcely observed in
the caught fish.

100% contamination of caught fish by nematodes
and cestodes plerocercoids and acanthocephalan
were noted, It was found that among the parasitic
forms there are the representatives of the following
species: Ascarophis notothenige, Contracaecum oscula-
tum (Nematoda), Metacanthocephala campbelli,

M. johnstoni {Acanthocephala) and others.
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4. Buoxumuveckoe

4.1, buanoauvyecku akmusHse sellecmaad. B nepuog

KOPOTKOTO aHTaPKTWYECKOro NeTa (OKoNo ABYX MECALEE,
fekabpb-AHEADE) MUBOTHBIA W PACTUTENBHBIA MU 3TO-

ro perkoHa NogeepKeH OBONLHO HECTHOMY BO3ASH-
CTEMIO CYMMaPHON CONHEYHOMN pagradni — bonee

30 kkan/cm’ B mecau,. B To e BpemAa B NEpUOS 3MME Ha
METEPWE NPAKTUYECKK HE NOCTYNAET CONHEYHARA KO-
POTKOBONHOBAA paglauuA. HeCOMHEHHO, HENPOCTBIE

YCNOBWA BblKKBaHWA OPraHW3MoB AHTapKTUAL TpebyioT
W pazBWTWA CNOMHBIX 30anTalMoHHbIX MEXAHU3MOE K 00~

BONbHO MECTKOMY BO3AENCTENIO Pa3nnYHbix GakTopos.,

OOHKMM 13 TAKKMX MEXaHIM3MOE ABNABTCA HAKOMNNEHWE ¢I0-

TOMNPOTEKTOPHBX NUTMEHTOR, B YaCTHOCTY MENAHWHOB,
MNpoeeasHo BbifeNeHe MeNaHWHOE M3 NACTOBLIX
W KYCTMCTBIX NMWaiHKKECE BocTouHon AHTapkTHER,
a TAKHME CPABHWUTENLHOE MCCNEN0BAHWE 3NEMEHTHOTD
COCTABA NWCTOBBLIX W KYCTUCTHIX MWLWANHWKOE.
Bee uccnegyembie obpazLbl xapakTepusyoT-
CA WHTEHCUBHBIM NAPAMAarHWTHRIM NOTNOWEHHNEN.
Meenegorsarsl NapaMarHuTHLIE CBOMCTES OUMILEH-
HblX MENAHMHOE M MENAHWHOE B CNOSBHILAX NK-
wakHukoe Xanthoria elegans (0,1 = 10" cnuwu/T),
Pseudephebe pubescens (0,94 = 107 cnuk/r), Usnea
sphacelata (0,45 = 10" cnwu/t), Umbilicaria africana
(4.2 = 107 cran/T), Physcia caesia (2,0 = 10" cnwH/T).
MNpoBeaeHO CPABHWTENLHOE MCCNEd0BaHE 3Ne-

MEHTHOTO COCTABA NWMCTOBRIX 1 KYCTWCTEIX NNIIARHWKOR,

NOKa3aBlWWX BLICOKOE COAep#aHWe pAdd 3NeMeHTOR.

37O CB WOETENBCTBYET O IHAYWTENLHOM BOIRaCTE NMCTO-

BaTbiX W KYCTWCTIX NWILAAHWKOB.

OnpegensHo cogep#aHue oTenbHBIX INeMEHTOR
Y ABYX BUAOE KYCTHUCTLIX N ILANHWKOE, NpOM3pacTa-
WOLWX HA CKaNbHBIX Nopogdax AuTapkTuasl, — Usnea
spacelata (Al = 1470 mer/r cyxoro Beca, Fe - 385 mrr/T,
2 — & mEr/T, Mn = 3 saer/r, Cu - 2,5 mer/r, Pb - 1 msrd)
v Pseudophebe pubescens (Al - 35 769 mKkr/r cyxoro
Beca, Fe = 2007 mer/r, Zn = 13 mer/r, Mn = 34 mer/r, Cu -
7.5 mer/r, Pb - 1,9 mrr/r).

BoiABneHs 3konoro-onoxuMmyeckine ocobeHHo-

CTW HEKOTOPDbIX I'IFIEH,ETEIBHTEHEI:'I nxeHoGUoTE .AHTEDH'

Tk
¥CTaHOBNEHD, UTO NoKazaTents GYHKLMOHANEHOR
AKTHRHOCTH IHOOMEHHBIX NEKTUHOR NWIWAAHWKOE, Npo-

HIPacTaWMWE B IRCTREMaNbHBIX YONOBMAX AnHTa PETHOE,

XAPAKTEPUIYETCA BUAOCNELNGUUHOCTBIO, NNACTUYHO-
CTBIO W 33BMCUT OT YCNOBWA Npokl3pacTadnA. MNpegno-

naraetcs, 4To Genkun, B TOM Y1cne 2HOQOTEHHBIE NEKTIHBI

Tannoma NMWaRHUKOE AHTAPKTUbI, BOBNEUEHB! B Me-
XAHN3Mbl afanTauUKK K IKCTREMANEHEIM BO3AEACTEMAM
W M3MEHALWMMEA YCNOBWAM Cpefbl 0BUTaHuA.

AHannz nokazaTensed akTMBHOCT IHADTEHHBIX
NEKTUHOB W CofepxaHiA Benka B TAaNNOMe OTAENbHLIX
npegcTaguTensid NMXeHobnoTE AHTaPKTAR NO3BOAMA
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4. Biochemical

4.1, Biologically active substances. During the short
Antarctic summer (about 2 months, December and
January) flora and fauna of this region is exposed to
a fairly firm influence the total solar radiation, which
is maore than 30 kcal/cm? month. At the same time
during the winter there is almost no solar short-wave
radiation coming to the mainland, Undoubtedly,
difficult conditions of survival Antarctic organisms
and require the development of complex adaptive
mechanisms to fairly firm influence of various factors.
One such mechanism is the accumulation of photo-
protective pigments, particularly melanins,

We carried out the selection of melanin leaf and
bushy lichen of the East Antarctic, as well as a compar-
ative study of the elemental composition of the leaf
and bushy lichens.

All test samples are characterized by intense para-
magnetic absorption. The paramagnetic properties of
the purified melanin and melanin in the thalli of lichen
were studied: Xanthoria elegans (0.1 % 10" spin/g),
Pseudephebe pubescens (0.94 = 10" spin/g), Usnea
sphacelata (0.45 x 10" spindg), Umbilicaria africana
(4.2 > 10" spin/q), Physcia caesia (2.0 x 10" spin/g).

A comparative study of the elemental composi-
tion of the leaf and bushy lichens, which showed high
levels of a number of elements, was carried out. This
represents significant age of foliose and bushy lichen,

The content of the individual elements in two spe-
cies of bushy lichens growing on rocks in the Antarctic
was identified — Usnea spacelata (Al - 1470 mcg/g of
dry weight, Fe - 385 mcg/g, Zn - 6 mecg/g, Mn -

3 meg/g, Cu - 2.5 meg/g, Pb— 1 meg/g) and Pseu-
dophebe pubescens (Al - 35 769 mcg/g of dry weight,
Fe - 2007 mecgfg, Zn - 13 megly, Mn - 34 meglg, Cu -
7.5 mcgig, Pb - 1.9 mcg/g).

The ecological and biochemical features of some
representatives of the Antarctic lichen biota were
identified.

It was found that the rate of functional activity
of endocrine lectins of lichens that grow in extreme
conditions of the Antarctic, it is characterized by spec-
ificity of species, plasticity and depends on growing
conditions. It is assumed that proteins, including
endogenous lectins of the thallus of lichens in the An-
tarctic are involved in the mechanisms of adaptation
to extreme influences and changing environmental
conditions.

The analysis of activity indicators of endocrine
lectins and protein content in the thallus of some
representatives of the Antarctic lichen biota revealed
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BLIABWTE FHAUWUTENLHY K BEapUabensHOCTE JaHHOM
NokazaTens B 3aBMCMMOCTI OT Buaa. Tak, B MCCneayemblx
obpaszuax NoKazarents remarrnoTUHUPYIOWER aKTHE-
HOCTW NEKTUHOE BapbWposanca ot 14184 Ell/mr benka
(Umbilicaria aprina) po 33542,4 E[i/Mr benka (Physcia
caesia). B cpegHes No aKkTMEHOCTH NEKTUHOE aHaNW3K-
pyemMbie cemencTBa MoxHO DEING NPeRCTaBuTL B Cnegy-
Kowel nocnegoeatensHocTi: Physciaceae = Parmeliaceae
= Teloschistaceae = Umbilicariaceae.

4.2. Ranopulinocme. NposefeHo onpefengHne Kano-
PMIAHOCTI PA3NUYHEX NPEACTABMTENEN MOPCKOR dayHbI.
B yacTHoCTK, MCCnenoBaHne TEaHen polb Nnokazano, 4To
MBILILLBL MMEIOT KaNopUAHOCTE B npegenax 3,9 kan/mr
CYXOro BEWECTBa WMk okono 4,6 Kan/mr opraHmyeckoro
BelWecTEa. KanopWAHOCTE WKPUHOK 0BONEHO HW3KE —
Bcero 3,8-3,9 Kan/mr cyxoro BelWwecTea NPy CogepHaHnmg
B HUX OpradHdYeckoro eellecTea orono 85%. Mansku
Gonee kanopWiHe — 4,1-4,3 Kan/Mr Cyxoro BelWecTBa.

YETaHOBNEHD, YTO IHEPrETUYECKAA UEHHOCTE OOHO-
ro 1 TOro #e Bnaa pakoobpazHelx, 0OGMTaOWMK B pa3Hbix
MOpAx AHTAPKTUKKY, OKa3anack CXoJHOM W No Kanopui-
HOCTI, M NO COQeRMaHND ORraHuYeckoro BeLjecTea
B TEHEHWE OONHAKOBRIX MOOBERIX CEZ0HOE.

OBuTaTenn kpronenarnyeckoro BMoleHo3a B Le-
NOM AMEIOT BRICOKYH KANOPURHOCTE BEWeCTEa Tena -
OKONO 4-5 Kan/mMr CyxXoro BEWWECTEa NPM OTHOCKTEMNL-
HOM Cogep#anian 3onbl 20=-30% (B cyxom BEWecTRE),
OTmeugHHBIE 4NA HUX M3MEHEHIA KANOPWAHOCTIA B OT-
AENBHEE CEI0HEI CRAZAHL C NEPUOOM DAaZMHOMKEHWS,

E 10 e epema NpogonuTenHOCTE 3MOPUOHANEHOMD
PaiBMTVA COBNAOALT C MEPUOIOM, B TEHEHWE KOTOROrD
MNPOMCHOLUT CHWKEHNE KANOPWUAHOCTY C MAKCUMYMa 00
MW HUMYMA.

MnaHkToH AHTAPKTHEK W OTAENBHEIE 8ro NpegcTa-
BMTENW, @ TAKMHKE PaqkK M3 Kpronenaruyeckoro buoue-
HO3a MMEHT MAKCHMYM KANOPWAHOCTA KK K MOMEHTY
CTAHOBNEHWA NbJa HA MOPE, UMW B CepednHe aHTap-
KTHYECKOA 3uMbl. K Neprogy NoAsNeHWA AWaToMOBbLIX
BOAOPOCNER W BHYTPWESOHOMO NbAa NPoMCXoauT
CHHAEHWE KaNOPUAHOCT, KanopuiHOCTE OTHENBHEX
npegcTaeuTensid Negoeo, NognegHol u DeEHTOCHO!
dayHel MIMEHASTCA B BONBWWX NPEQENEX U B UENDM
2ABNCKT OT KONMYECTEA 1 KaYeCcTBa OPraHMYecKkoro ee-
LWECTBE ¥ OTASNBHBIX BMADE. KpoMe Toro, KanopuilHoCTE
dayHbl TAK#E 2aBMCHT OT BpeMeHN roga. MonyueHHse
Pe3ynLTaThl NOKa3any, 4To CofepHaHne opradi4eckoro
BELECTES Y BHTAPKTUUECKWX BWAOE W3mMeHAeTcA oT 17
Ao 98%, a kanopwiaHooTe - o1 0.5 no 8,3 kan/mr cyxoro
BeLeCTREA.

5. PusuonozuvecKkoe
B pamkax yKazaHHOro HanpaeneHA NpoEoaunnch

HMCCNefoBaHKA No onpeaeneHn CROpoCT I'IDTPEEJ'IE'
HWA KWCNOPOQ[a y rMAPOBMOHTOR M3 MopA JeiBuca,
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a considerable variability in this indicator, depending
on the species. So, in the selected samples the indi-
cator of hemagglutinating activity of lectins ranged
from 1418.4 U/mg of protein (Umbilicaria aprina) to
33,542.4 UWimg protein (Physcia caesia). On average,
the activity of the analyzed lectin family may be
presented in the following sequence: Physciaceae =
Parmeliaceae > Teloschistaceae > Umbilicariaceae.

4.2, Caloric value. The identification of caloric value
of marine fauna was carried out. In particular, the
study of fish tissues demanstrated that muscles have
a caloric value about 3.9 cal/mg of dry substance or
about 4.6 cal./mg of organic matter, Caloric value of
spawns is rather low — only 3.8-3.9 cal./mqg of dry sub-
stance with the content of organic matter about 85%.
The whitebaits have more caloric value - 4.1-4.3 cal./
mg of dry matter.

It was revealed that the caloric value of the same
kinds of crustaceans that live in the different seas
of the Antarctic and was similar in caloric value and
content of organic matter during the same seasons of
the year,

The inhabitants of cryopelagic biocenosis gener-
ally have a high calorific value of the body material -
about 5.4 cal./mg of dry substance, their relative ash
content is 20=-30% (dry substance). Their caloric value
changes in different seasons associated with the peri-
od of reproduction. At the same time, the duration of
embryonic development coincides with period, during
which the reduction from a maximum caloric value to
a minimum takes place.

The plankton of the Antarctic and some of its
representatives, as well as crustaceans from cryope-
lagic biocenosis, have a maximum caloric value at the
time of the formation of ice on the sea or in the middle
of the Antarctic winter. By the time of occurrence of
diatoms and frazil a reduction in caloric value takes
place. Caloric value of some representatives of the ice,
and subglacial and benthic fauna varies within wide
limits and generally depends on the amount and qual-
ity of organic matter in some species. Moreover, the
caloric value of the fauna also depends on the time of
year. The obtained results showed that the content of
organic substances in Antarctic species varies from 17
to 98%, and the caloric value varies from 0.5 to 8.3 cal./
mg of dry substance.

5. Physiological
In the framework of this direction studies were

carried out to determine the rate of oxygen consump-
tion in aguatic organisms living in the Davis Sea at
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OBUTARWWX NPK OTPUUATENEHBEX TEMNEPaTYPaX BOgb.
Takme IKCNEPWMEHTE GEINW NOCTABNEHL ELLE B XOE
16-(1 CAZ (1970-1972 rr.) HO. [. TUrMHAKOM Ha PaznnyHbIx
BUAax pakoobpasHbix. CKopocTe noTpebneHna kcno-
pPOAa B 3aBWCMMOCTI OT Macchl Tena Bbina onpeaenexa
ana Orchomena cavimanus, Paramoera walkeri v gpyriax
Amphipoda, a Takse v OQHOMS M3 CAMBIX MHOTOYNCIEH-
HbIX NpencTaenTeneid oTpAga lsopoda — Antarcturus
polaris,

Bogbl AHTAPKTHKK OTHOCATCA K YKMCNY CaMblx xonog-
HblX BOO Ha Hawel nnaHeTe, TeMnepaTypa MOPA MOMET
OOCTUraTe -2 "C W NPaKTUYeCcK HUKDrga He DulBaeT
NoNoKUTENBHOR. DOHWM M3 METOAOE, MPHMMEHAEMBIX
Benopycckumn BUoNoramn B AHTEPKTUEE B8 MIYYEHNE
MOPCKOR BMOTEl B 3THX YCNOBKWAX, ABNASTCA UCNONB30-
BAHWE BOAONAIHOMD CHAPAAEHWA. Bhina BeIACHEHA ponk
CO0BLUECTEA HUAHER NOBEPXHOCTH NBAA B NPOW3BOL-
CTEE NePRUYHON NPoayKUKMK, OKazanoce, 4To guTo-
NAAHKTOH, 33CENALWWA HKHIDKD NOBEPXHOCTE NbAA,
cnocofeH GoTOCUHTEIMPOBATE B TEYEHME 2-3 MecAles,
CO3aBan MTMraHTCkyH BUoMaccy Mensuanllny Bogopo-
CNEd, KOTORBIE ARNAINTCA DCHOBHOW NKWER BoNGIWKHCT-
Ba NNaHKTOHHOMD W AOHHOTD HACENEHWA,

Bbina yCTaHOBNEHa CE30HHOCTD B ronoBOM LWKME
BonsWWHCTBa NprbpexkHbix BuoleHosos. B yenosrax
NoAHOR OTPULATENEHOR TOMOTEPMIMW 3TOT BLIBOL HE
NpeacTaEnANCA CaMoOYEBUAHBIM, NOCKONBKY MWUHYC
nonTopa-aea rpagyca & Mope Habnoganvce Kpyrno-
rofMUYHO, B TEUEHWUE MHOTUX COTeH NeT. Tem He MeHee
CE30MHBIE UMK COXPaHMNKMce! YTobbl yCTaHOBMTE 3TO,
HY#HO BLINO BECTH HABNIOAEHWA B TEUEHUE BCEX CE30-
HOB, T. & NOTPY#aTeCA B MOPE B aKBanaHrax, cobupats
METERWAN W M3YYaTh BCE NPOLUECCH, WX AWHAMUEY B Te-
UEHWE BCEM0 rofda, U B TEUEHWE NONAPHOID OHA, W B TEue-
HWE NOMAPHOW HOYW (MIOHE, MIONEL, aBrycT), Temnepatypa
B NepUog NPOBEAEHUA BCEro Nepuoga paboT ocTasa-
Nack HUAE HYNA NPK CONEHoCTH Boapl okono 34,4%.,

B mopAx AHTapKTUKK NPK OTPUUATENEHOR rOMoTep-
MM NPOTEKIET MHOMKECTED NPOUSCCOR, PA3NKYHEIX MO
CBOEN CKOPOCTH W 3Ha4YeHWI0. ITO KacaeTCA Cofeparna
PACTEBOPEHHOND B BOAE KNCNOPOAE, KOHLUEHTRALWW Ce-
CTOHA, KOTOPLIF NPaKTMYECKK NONKOCTE NPencTagneH
DWTONNAHKTOHOM, CONEBOr peMma, GoToneproaa,
pMHrpaums 1 gpudt BuoTe.

OOWH M2 BaXHEALWWX NPOLECCOB, KOTOPBIA ocobeH-
HO BameH B #U3HW aHTAPKTHUYECKWY MOpel, — Npouecc
CE30HHBIX M3MEHEHWIA COQEPHAHNA PACTEOPEHHOTD
B BOME KUChopofa (puc, 4.20),

MapannenbHo MIMEHEHWID KOHLEHTPALUWKW PacTBO-
PEHHOTD B MOPCKOW BOAE KNCNOPOMA UIMEHABTCA M KOH-
LeHTpauua cecToHa. Kak emgHo 13 puc. 4.20, obe kpyeble
MMEIDT CUHXPOHHBIN X0 NPOLUECCOR, YTO MOKET FOBOPHTE
0 GONBLIOA PONK CECTOHA B FA30BOM PEXIUME MOPA.

B aToT nepuog TEMNERaTYPa W CONEHOCTE BOAbl HE
H3MeHANaCk. [JlecTPYKUMA OpPraHMyeckoro BelecTea
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low temperatures of water. These experiments were
carried out during the 16th SAE (1970-1972) by

Y. G. Giginyak on various types of crustaceans. The rate
of axygen consumption as a function of body weight
was determined to Orchomena cavimanus, Paramoera
walkeri and other Amphipoda, as well as one of the
maost numerous representatives from |sopoda order
among Antarcturus polaris.

Antarctic waters are among the most cooling
waters on the planet. The sea temperature can reach
-20°C and is almost never positive. One of the meth-
ods used by the Belarusian biologists in the Antarctic
to study marine biota in these conditions is the use
of diving equipment. The role of the lower surface of
the ice the community in the production of primary
products was revealed. It was found that phytoplank-
ton inhabiting the lower surface of the ice is able to
photosynthesize within 2-3 months, creating a huge
hiomass of tiny algae that are the staple food of the
majority of planktonic and benthic species.

The seasonal character has been set for the annual
cycle of most coastal biocenoses. In the context of the
full negative homothermy this conclusion is not pre-
sented as self-evident as the minus one and a half to
two degrees in the sea were observed all year round,
for many hundreds of years. However, the seasonal
cycles survived! To determine this, it was necessary to
carry out observations during all seasons, i.e. dive into
the sea in the agualung, collect the material and learn
all the processes, their dynamics throughout the year,
and during the polar day and during the polar night
{June, July and August). The temperature during the
whole period of work remained below zero for water
salinity of about 34,4%,

In Antarctic seas, with negative homothermy,
many processes take place, which differ in their speed
and value. This applies to the content of dissolved
oxygen in water, the concentration of seston, which
is almost entirely represented by phyto-plankton, salt
regime, photo-period, migration and drift of the biota.

One of the most important processes, which is
particularly important in the life of the Antarctic seas,
is the process of the seasonal changes in the content
of oxygen dissolved in water (Fig. 4.20.

The change in the concentration of dissolved
oxygen in the sea water and seston concentration
takes place simultaneously. As seen in Fig. 4.20, the two
curves have synchronous running processes, so we can
talk about a major role of seston in the sea gas mode.

During this period, the temperature and salinity of
the water did change. The destruction of organic mat-
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Fig. 4.20. Changing of the content of dissolved oxygen and seston in the surface layer of the Davis 5ea

B NEpWOL aHTARKTUYECKON 31Mb JOCTUINE CBORTD MK-
HUMYMa M MOYTH NONHOCTED NpekpaTinack.

MakcumanbHBIE KOHUBHTRALMK KMCNOROaa B No-
BEDXHOCTHOM CNoe MopA Habnoganucs B HoAbpe—
Aekabpe v gocturany 20-22 mn O_/n (okono 300%
HackIWeHKA), MuHMansHee BeW OTMEUYEHL! B CEpE-
AWHE = KOHLE aHTapKTMYEeCKON 31Mbl (MONb-CEHTADDE)
W COCTABNANK 6,7 pan Dz-‘n (okono 80% HACkIWEHIAA).
Huse rnydun 20 m cogepadne KNCnopoaa He MEHA-
Nock NPakTUYLCKW B TeUeHWE BCEro rofa (6,7-7,0 mn
0./n).

6. MoHumopuHzoaoe

BamHbiM 3nemeHTOM 0BECNEUEHWA OXPaHbI OKDYMa-
LEN CPebl B AHTAPKTVEE ABNASTCH OUEHKE BO3AEA-
CTEMA Ha OKPYHALWYH Cpeay OCYLUECTENASMONR WK
NNEHWPYEMDR EATENBHOCTH,

B COOTBETCTEMM C CYLUECTEYHILWMMI MEKOYHA POL-
HEIMK HOpManK, kasaan Ctopoda Jorosopa ob AdTap-
KTIHEE MPW NNAHWPOBAHKMK Pa3pelleHHoN B AHTapKTHOE
[EATENBHOCTH 1 Pa3paboTKe OUEHKK BO3NeRCTENA (B
Tom umcne BOOC) gonxHa onpegennyTe pag mep. OHl
BEMIOYAKIT NPOTPaMMEl MOHWUTORWHT A, KOTOPBIE MO-

MYT ObITh NPUHATE ANA YMEHBLLEHWA WK ocnabnexun
BO30eACTBMA NPEQnaraeMoi JeATensHOCT Ha OKpYHa-
LY Cpeny, BLIABNEHWA HeNpesEnaeHHOro Bo3aei-
CTBWA, 3 TaKKe MoryT obecneyuTe 3abnaroepemeHHoe
ONoBeLieHUE O NoBbIX OTPULATENBHbIX BO3NERCTBIAX
3TOWN JeATENBHOCTY, HE3AMEQNNTENBHOE 1 3ddEKTVBHDE
pearnpoBaHue Ha asapun,

[nA oUeHKW COCTOAHWA OKPYHAIWER CPesbl
& pailoHe nposepenna pabor BA3 npouwssogunca otbop
npob Bogbl M3 NPeCHOBOAHGLIX BOOAOEMOB M CE30HHLIX
BOAOTOKOE WNW TRANOK, CHEXHOID NOKPOEE, OOHHBIX

ter during the Antarctic winter reached its minimum
and almost completely stopped.

The maximum concentration of oxygen in the
surface layer of the sea occurred in November-De-
cember and reached 20-22 ml O_/1 (300% saturation).
Minimum level was marked in the middle-end of
Antarctic winter (July-September), and accounted for
6.7 ml DEII {saturation 80%). Below a depth of 20 m the
oxygen content did not change substantially during
the year (6.7-7.0 ml Dzjl}.

6. Monitoring

An important element in ensuring the protection
of the environment in the Antarctic is the environ-
mental impact assessment of carried out or planned
activities,

In accordance with existing international stan-
dards, each Party of the Antarctic Treaty, when
planning the permission for the implementation of
the Antarctic activities and the development of impact
assessment {including CEE), should identify a number
of measures to be taken. They include a monitoring
program that can be carried out to minimize or mit-
igate impacts of the proposed activity on the envi-
ronment. As they relate to detect unforeseen impacts
and that could provide early warning of any adverse
effects of the activity, as well as a prompt and effective
response to an accident.

To assess the state of the environment in the area
of work of BAE the sampling of water from freshwater
ponds and seasonal streams or melt puddles, snow,
sediments from coastal and freshwater loose substrate
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OTNOMEHWH W3 NPUBPpEXHLIX NPECHOBOOHLX BOAOEMOB
W peixnoro cyboTparta. Bnepesie gns AaHHoro pernoHa
nofyqeHsl Npob cHera © KpaiHKUMK Toukamn oTBopa,
OTCTOALWMMI APYT OT APYra Ha PaccToAHuK 3470 Kkm.
Caman AanbHAA Touka oThopa CHera HaxogWnack Ha
Nonce Xonoga, PocCUCKan cTaHuny «BocToks,

B uenom no pesynetatam NpegeaputensHoro
AHANN33 HAKONMEHHOTO MATEPWMANE MOMHO KOHCTATK-
POBaTE, YTO HAMMEHEE M3YYEHHEIM B HACTOALWWES BREMA
ABNAETCA KOMMNEKC NPUOPEXHBIX IKOCUCTEM, B NEPBYIO
auvepeie Mopckux. B neponektyee Ana NMKEMaumnm
fadHoro npobena npegnonarasTea 3agefcTEoBaTh
PAZNUYHBIE METOALI ANCTAHLWOHHOMD MCCNEA0EAHINA,
TAKWE KaK NOGBOOHLIA TENEMETRWYECKIMA YIPaBNASMEIA
annapat «[Homs:, GecnUNoTHEIE NETATENEHBIE ANNAPAaTH,
a TAKHE CNYTHUKOBLIE faHHBIE,

Mpw nogroToeke gaHHoR rNaesl BRI MCNONB30-
BaHbl AaHHbIE NpWBefeHHble B paboTax 0. [ TMruHa-
ka, 0. WM. Bopoawna, B, E. Mamuna, A, A. laAnawoesa,

E. B. Bexnoeua, 3. V. lopensiweson, I, B. HUKWTAHOA,
B. M. Kypuenko, M. A. Tutor, M. M. YeprAascko®,

O. A NMykawanya, 0.1, Kangenvackon, M. AL Tonvapo-
goi, T. B, Wenapwk, A T Aupibe, W, W, Bpyskoeckoro,
E.H.Tpyzoga.
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was carried out. For the first time in this region snow
samples with extreme sampling points, spaced at a
distance of 3470 km were obtained. The farthest point
is the selection of the snow was on the Pole of Cold,
Russian station «Vastaks.

In general, it should be noted that the results of
the preliminary analysis of the collected material give
grounds to state that a complex of coastal ecosystems,
especially marine, is the least studied nowadays. In
the long term to eliminate this gap is expected to use
a variety of methods of remote studies, such as the
remote-controlled underwater apparatus «Gnomes,
unmanned aerial vehicles and satellite data.

In preparing of this chapter the data provided
in the works by the following scientists was used:
Y. G, Giginyak, O. . Borodin, V. E. Myamin, A. A. Gay-
dashov, V. V. Vezhnovets, Z.|. Gorelysheva, L. V. Ni-
kitina, V. P. Kurchenko, M. A, Titok, M. |. Cherniavski,
[ A Lukashanets, O. L. Kandelinskaya, |. A. Gon-
charova, T.V. Shendrik, A. P Yatsyna, |. |. Bruchkowski,
E. M. Gruzov.






BbIBOP MECTOMONOMEHWUA

M NOArOTOBKA BCECTOPOHHEW OLIEHKUW
OKPYAIOLWEW CPEALI CTPOUTENLCTBA
W OYHKUMOHWUPOBAHWA BENOPYCCKOMN
AHTAPKTUYECKOW CTAHLIUW HA FOPE
BEYEPHAA, 3EMNA SHAEPEN

OgHa 13 oCHOBHEIX Uenei PecnyBnukn benapyces
B AHTAPKTWKE - co3faHwWe benopycckon aHTapKkTuYe-
CKOM cTaHumi (BAC), ocHaweHHON coBpeMeHHEIM obo-
pyaoBaHWem, ANA NPOBEeHWA Hay4HbIX MCCNefoBaHri
W MOHUTOPHHME OKpy#aowel cpefbl AHTApKTHEN,

Mpw epibope NROWaaKK ANA BOIMOMHOID pazMele-
HWA Byaywen BAC yunTeiBanucs reorpaduueckme, Tona-
rpaguyeckne, rEONOTMYECKNE, METEORONOTMHECKME, TH-
pponarkyeckne GakTopel, TRAHCNOPTHAEA A0CTYNHOCTE
W OpYTHE BawHble gnAa Ge30nacHoro kniHeobecneyeHma
KPWTEQIAM.

Mpu 3TomM NpYHMMaNoCE BO BHUMaHWe, uto c 2006 T,
DenopyCcCKMK aHTAPETANECKIMI 3KCNEQWLIAAMK
WMCNONB2YETCA MHOPACTPYKTYPa nonesoi taze PAD
«lopa BevepHans, pacnonoxedHon B 20 kKM BOCTOUHER
POCCHMIACKON CTaHUWK «MonogexHans, OCHOBHAA WH-
dpacTpykTypa nonegol baiw «fopa BevyepHaar coznana
B 1979 1. Ona npegHazHadvanacs ANA KpyrnoroguuHorns
Pa3mMELLEHWA TEXHWHECKOMD NEpCoHana, obcnyxuea-
HLETO BINETHO-NOCAAOUHYI0 NONOCY ANA CAMONEToR
MN-76; B HacToAWEE BPEMA COXPAHUBLINMECA ODBEKTI
WHppacTPYKTYpLl Nonesol Gazsl MIHOWEHEL, YACTUYHO
pa3pyweHbl W He MoryT oBecnesmT dyHKLWWOHWpOBa-
HWE CTaHLML.

PaccmoTpeH pAQ ankTEpPHATUBHbBIX NNOWAL0K
paimelleHun BAC, B KauecTEe HenocpecTEEHHOrD
MECTA CTROWTENBCTES CTAHUMK Be0pada nnowagkxa,
PAcNONOMEHHAA Ha BOCTOMHOM CKNOHE rophl BevyepHan
{pwc. 5.1). Tak#e NpoaHaNM3MPOBaHEI EAPMAHTE pazme-
weHna BAC B apyrux pernosax AHTAPKTUAB C YYETOM
HaYUHBIX, IKONOTAYECKMY, NOTMCTUYECKMY W OPYIIAx
ACNeKToR,

BubpanHan nnowagxa anA cTpoMTENLCTES Nped-
cTagnaeT coboi OTHOCUTENEHO NNGCKYI0 FOPHYID TEppa-
Cy ANHOW okono 350 M 1 WpuHoW 50-80 w, MMeoWwyo
Ha[E#HBIE TRAHCNOPTHRIE NOOXOAE ANA aETOTRAKTOR-
HOW M NETKOW CHETOXOOHOW TEXHWKW. Teppaca HaxoguT-
cA B yaohHOW, OPUEHTUPOBAHHDW N0 HANPABREHWID To-
CNOACTEYIOWErD BETRa, NPOAYBaEMOi ropHOR nombuHe,
O7T CTOKOBOTD BETPE W CYILECTEEHHbBIX CHEMHbBIX 3aHOCOB

Chapter 5

SITE SELECTION AND PREPARATION

OF COMPREHENSIVE ENVIRONMENTAL
EVALUATION OF CONSTRUCTION AND
OPERATION OF BELARUSIAN ANTARCTIC
STATION AT MOUNT VECHERNYAYA, ENDERBY
LAND

One of the main goals of Belarusian Antarctic
Program - construction of the Belarusian Antarctic
Station (BAS), equipped with up-to-date equipment
for comprehensive scientific investigations and moni-
toring of the Antarctic environment.

When selecting possible sites for the location of
the future BAS, geographical, topographical, geolog-
ical, meteorological and hydrological factors, as well
as accessibility and other important criteria for secure
living, were taken into consideration for the project
development.

It was also taken into account that since 2006 BAE
have used the field base «Mount Vechernyaya» infra-
structure of the RAE, located 20 km east of the station
«Molodyozhnayax. The infrastructure of the field
hase «Mount Vechernyaya= was built in 1979. It was
designed to accommodate year-round technical staff
for an IL-76 aircraft landing strip. At the present time
the remaining field base infrastructure is worn out,
partially destroyed, and unable to support the proper
operation of the station.

A several alternative sites were considered for
the location of the BAS. The selected site for the
station was located on the eastern slope of Mount
Vechernyaya (Fig. 5.1). Variants for locating the BAS in
other regions of Antarctica were also analysed, taking
into account scientific, envirenmental, logistics and
other aspects.

The selected site is a relatively flat, mountain
terrace, about 350 m long and 50-80 m wide, with
reliable transport access for automotive and light
snowmaobile vehicles. Terrace is located in a conve-
nient, oriented in the direction of the prevailing wind,
blown hollow mountain. It is well protected from
crosswinds and severe snowdrifts by the eastern spur
of Mount Vechernyaya on one side and by a rocky
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Puc. 5.1. Padion nnauupyestoo paimeiienus Benogyccxol aHMaprmuyeckol emanuuu (kapmozpaudeckan ocHoaa:
a- httpfaadc-maps.aad.gev.au/aade’ mapcat/display_map.cfim?map_id=13438: b - http:www.ibcso.org/data htmi)

Fig. 5.1, Planed location of the Belarusian Antarctic station (base maps: a — http/aadc-maps.aad.gov.au/aads’ mapcat/display_
map.cim?map_id=13438: b - hitp/fvww.ibcso.org/data. htmi)

3AWMLLEHE C OAHONR CTOPOHE BOCTOUYHLIM OTDOMOM rophkl
BevepHas, C gpyroi - ckaneHoWN rpAgoi, MPUKPLIBE KO-
Wweid aty nosbWHY Co CTOPOHEl MOPCKOro NoBepexsa.

MNnowagka pasmeweHua BAC yooBNeTBOPAET Takxe
APYram NpebABNASMbIM TPeBoEaHWAM: OCAraeMocTE
01A BEPTONETHOW aBWaLKK, BazMpylolweica Ha cyaHe
OBECrneyeHNA; HANWYKE NOBNMI0CTY HENPOMEPIA0LMY
BOAOEMOE (03ep) ¢ NpecHon (NuTLeBoR) Bogol; Ges-
ONACHOCTE NEWErD NEPEMELEHIA NEPCOHANE CTAHLMK
ne TERRPUTORMK BOIMOMHON 2aCTROMKK, 2 TAKME No
YUACTKAM MECTHOCTH, NRMMEIKAIOW WM K JaHHOR TEppK-
TOpMI.

B cootBeTcTEMM C MNpoToKonom No oxpaHe akpyH#a-
owen cpefel K Joroeopy of AHTapkTKe noboi Bug
AEATENBHOCTH B AHTAPKTHMKE (HayyHble MCCNefoBaHus,
CTROWTENBHBIE U MOHTANHLIE PA0OTE, YTUAW3ALWWA OTXO0-
A0B W T. 0.) ON#EH CONPOBO#4aThCA OUSHKON BO30en-
CTEMA Ha CTAAMK NNAHWPOBAHWA. DUEHKE BO3OENCTBIMA
Ha OEPYHaILWYI Cpeay NoANeXaT TakKe NNaHnpyemble
W3MEHEHWA B AEATENEHOCTH (BKAKIYAA MIMEHEHWA
B NPOrpammax HayuHbIX WCCneqoBaHui).

Kpone Toro, HeobBXOgMMO YUeCTb, UYTo Co3faHKe
BAC nnaHnpyeTca oCyLWecTBUTE B PAROHE PazMELeHUA
noneesoi Gasbl «fopa BeuepHans PAJ, koTopan ¢yHk-
uuoHupoeana g 1980-e rr. DyHKUWOHWPOBaHWe Ba3kl,
CEAZAHHOE B NEDPBYIO OUEpelb C NPUEMOM 1 3aNPaBKoR
CaMONETOR, HEW3DEKHD CONPoBOMKARNOCE BHbpocamu,
YTEYKAMW TONAWBE, CMA30H HbIX MAcen, AKNAKKK CTo-
KOB, HAKOMNEHWEeM TBEPALIX OTXO40E, UTO OKa3bIBano

ridge which protects the hollow from the seaward
side.

The site selected for the BAS also satisfies the oth-
er requirements: it is accessible to helicopters based
on the supply vessel; the proximity of non-frozen
water reservoirs (lakes) with fresh (potable) water; safe
walking access for station staff around the territory
of the passible construction, as well as the adjacent
areas.

In accordance with the Protocol on Enviranmental
Protection to the Antarctic Treaty, any activity in the
Antarctic (research, tourism, construction and instal-
lation work, waste disposal, etc.) must be accompa-
nied by an impact assessment at the planning stage.
Planned changes in operations (including changes in
research programs) are also the subject of environ-
mental impact assessment.

In addition, as it was noted the planned creation
of the Belarusian Antarctic Station to be imple-
mented in the placement of the field base «Mount
Vechernyayas of RAE, which functioned in the 1980s.
Functioning of the field base, primarily connected to
the reception and refueling of airplanes, was inevita-
bly accompanied by emissions, fuel leaks, lubricating
oil, liquid waste and solid wastes accumulation that
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BO3ERCTEME Ha OKPYHaloWyo cpeny. B CBA3M € 3THM
HeobXoaUMOCTE NPOBEAEHKA paboT No oUeHKe BO3OSN-
CTEWA HA OKPYMAKLWYID cpeny npuobpetaeT ocobyw
AKTYaANbHOCTh.

B pankax zanaHind «ODueHKa NepcnekTHe Kenonbio-
BaHWA BO30OHOBNAEMbIX #UBbIX PECYPCOE NPUOPEMKHBIX
IKOCHUCTEM AHTAPKTHEN W BO30ERCTENA HA OKPYMKak-
Wy cpeny AeATENLHOCTH, CBAZAHHON C opraHM3aguen
W YHKUNOHMpOoBaHKWEM DenopyCcCcKoi aHTApKTUYECKoR
fazwx locygapcTeeHHON Nporpammel «MoHUTOPKMHT No-
NAPHLIX PAROHOE 3emnn 1 0DECNEYEHWE NEATENBHOCTH
APKTMUECKMX 1 AHTAPKTHYECKUN IKCnegmumi Ha 2011-
2015 rogbl» BEINOAHEHE HEOBXOAMMBIE MCCNEA0BAHMA
W NogroToeneHa BCecTOPOHHAR OUBHKa BOZOERCTEMA Ha
okpy#anwyio cpegy (BOOC) geaTentHOCTI, CEA3ZaHHORN
C OpraHmnzaumen 1 GyHKUWOHWpoBaHuem benopycckoi
AHTaPKTAYECKORN cTaHuuu, BOOC noaroToBneHa B co-
OTBETCTEUM € TpeBoBaHWAMK NPoTOKONE NO OXpaHe
okpy#awel cpeaw k Jorosopy ob AHTapKTHEE W Npe-
OOCTABNEHA B KOMIWTET NO OXPaHE OKPYHAOLWER Cpefb,
Cekpetapwat u Croporam Jorosopa ob AHTapkTke.

Onucaxue nnaHupyemoll deamensHocmu. MNepean
ovepedk HaY4HOW CTaHUWW NpegHa3zHadeHa ana paboTol
W NPOHKHEEHWA 5—6 NONAPHWKOR B TEYEHWE NETHETD Ca-
30H3; CTPOMTENLCTEO 3aNNaHMpeBaHo Ha 2015-2018 rr.
ETopans ovyepegk CTAHUMKW, CTROUTENLECTBO KOTOROW Hay-

HeTcA B Gonee No3gHwWe Cpokw, paccymTada Ha 10-12 no-

NAPHWUKOE W KPYINOrofuyHyo paboty, MUsHEeHHBIR UMKn
MOOYNER CTAHLMW COCTABKMT He meHee 15-20 net. OcHoe-
HEIMIK HANPABNEHWAMKW HAYYHON geaTensHocTy Pecnyd-
nuKK benapyce B AHTapKTHKE ABNAKTCA: KOMIEKCHLIA

HAZEMHBIF 11 CNYTHWKOBBIN MOHWTOPKWHE TRONOCHEPHOro

a3p030nA, 00NAK0E W NOACTUNAKWER NOBEPXHOCTY,
KOMMANEKCHE MCCNefoBaHWA COCTOAHWA D30HDChepB

W YNETpadMoNeToRol pagualui, TopoMeTE0ponori-
yeckoe obecnevyeHne aeatTensHocTH BAD 1 Knumatrye-
CKWe MCCNefoBaHua, paspaboTka paguoTEXHUUBCKIX
CPENCTE [NA MOHWTORWHIE CHEMHO-NEAHOD NOKPOBa
W atMocheptl B NONAPHBLIX paioHax, reodgusndeckne

W FTECXMMMHECKNE MCCNEA0BAHNA 3EMHOR Kopbl, Bro-
NOrMYECKUE NCCNEAOBAHWA, BRNIOYAOWWE W3yueHne
HA3eMHBIX M aKEANEHBIX NPWPOLHBIK IKOCUCTEM,
BUAOBOIO pasHooBpazua gnopbl 1 dayHel ¥ M3MEHEHWRA
nog BO3AeRCTBMEM ECTECTEEHHEIX M AHTPONOTEHHBIX
aKTOPOE; FrE03KONOMMYECKWe WCCNeNoBaHINA, BKNIoYa-
WowWKre HatNKAEHWA 33 TMAPOXUMMYECKIM COCTABOM BOJ
038P 1 aTMOCHEDPHBIX BEINAEHWRA, OUSHKY HaKONNeHna
2ArpAZHALMX BEWACTE 1 WX NOBEASHWA B YCNOBWAX
XKONOAHOID KNWMMATA, 8 TAKKE BOIAEACTEWA Ha OKPYHAaK-
Wk Cpeny AeATENLHOCTW, CBAZAHHOM ¢ OpraH1W3aluen
W pyHEUMOHMpoBaHnem BAC,

KoHcmpyKYUa cmanyuu U UCmoYHUKU aozdell-
cmeun, Npy pazpaboTee KOHUBNWWK CTRPOUTENRCTRA
Benopycckol aHTaPKTUYECKOR CTaHUMKA YyYWTEIBaNCA
COBREMEHHBIA 3apyDekHBIR ONbIT CTROWTENLCTES
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has an impact on the environment. In this regard, the
need for work on environmental impact assessment is
of particular relevance.

The necessary on-site investigations has been
carried out, Draft and Final Comprehensive Environ-
mental Evaluation (CEE) were prepared in the frame-
work of the National Program on Monitoring of the
Earth's polar areas and promation of the Arctic and
Antarctic expeditions for the period 2011-2015 and in
accordance with requirements of Protocel on Environ-
mental Protection to the Antarctic Treaty with further
submission of CEE to the Committee on Environmen-
tal Protection (CEP), Parties to the Antarctic Treaty and
Antarctic Treaty Consultative Meeting (ATCM).

Description of the planned activity. The first
phase of the research station is designed for the work
and accommodation of 5-6 polar explorers during the
Antarctic summer season. Construction will take place
in 2015-2018. The second phase, to be undertaken at
a later stage, will be designed for 10-12 polar explor-
ers and for year-round operation, The life cycle of the
station's modules shall be a minimum of 15-20 years.
The major elements of Belarusian scientific investiga-
tions in Antarctica are: the comprehensive terrestrial
and satellite monitoring of the tropospheric aero-
sol, clouds and underlying surface; comprehensive
ozonosphere and ultraviolet radiation investigations;
hydro-meteorological support of the BAE and climate
research; development of radio devices for monitor-
ing snow and ice cover and atmosphere in the polar
regions; geophysical and geochemical surveys of the
earth's crust; biological research, including the study
of terrestrial and aquatic natural ecosystems, flora
and fauna diversity and changes under the influence
of natural and anthropogenic factors; geo-ecological
studies, including observations of hydro-chemical
compaosition of lakes water and atmospheric depo-
sition, assessment of pollutants accumulation and
behaviour in cold climate as well as the environmental
impact of activities related to the organisation and
operation of the BAS.

Station design and sources of impacts. Modern
international experience in creating similar facilities
of polar infrastructure, the practical experience of
Belarusian explorers accumulated during their work in
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AHANOMMUHLY O0BEKTOR NONAPHON UHPPACTPYKTYDEI,
NPaKkTUHECKWI ONbIT, HAKONNEHHBIA BENopYCCKUMK
NONAPHUKAMM B NEPUO MX PABOTLI B AHTAPKTUUECKIN
IKCNEWLAAY, 3 TaKk#e HeoDXoaMMOCTE CODTBETCTEWA
scex 06bexTos wHbpacTpykTypel BAC Tpebosanu-

AM IKOMNOTMYECKON BE30NACcHOCTY ANA OTPaHMYEHNA
OTPUUATENLHLIX BOZAERCTEWA HA OKPYMA WY cpegy
AHTAPKTUEN M IKOCUCTEMBI.

B ocHoBe KoHUenuuy cTpouTenscTsa BAC newur
waroToeneHne B PecnyGnuke benapyce manorabapwr-
HblX COORYHEEHNR MOOYNEHOTD TN € NOCNENYIOWER KX
OOCTABKON HAZEMHBIM, MOPCKMM 1M BO3OYLUHBLIM TRaH-
CNOPTOM B AHTAPKTUAY W MOHTA#OM Ha MECTE € NOMO-
WK BEPTONETA.

TpeboBaHWs, NPEABABNASMBIE K COZAaHWI0 OObek-

Toe BAC: BCenorogHoe WCNONHEHWE, NPUIoAHOCTE 1 Ge3-

ONACHOCTh IKCNAYATAUWK B CYPOBLIX YCNOBWAX AHTaDK-
THKM, YHUBEPCANEHOCTE U KOMNAKTHOCTE BONBLUMHCTES
CAYHEOHO-MUALIX K CRELWaNbHBIX MOAYNEEA,

KOHCTPYKTHEHO benopycckan aHTapKTUUecKan
cTaHuWA ByneT cocToATb 13 CBNOKMPOBaHHBIX MOOYNERN
pPaznMuUHOro HazHaueHuA. Kax i mogyns cobupaet-
CA Ha EAMHON CTAUMOHAPHOA NNOWaAKe-0CHOBAHNK,
KoTopas BygeT NOQHATE Hag NOBERXHOCTEN € NOMOLLYE
YNPaBNAEMbBIX BRYYHYO ayTPWrepoB, YCTaHoBAEHHBIX
nog Kamabiv Yrom Mogyna,

Ha nepeom atane cTpouTenscTea BAC B TeveHmne
2015-2018 rr. NNaHWPYeTCn OCTaBWTh B AHTapKTIAAY
W YCTaHOBKMTE AEBATE NabopaTopPHO-HMNbIX, Cny#elHo-
AUNBX, XOZARCTEEHHBIX ¥ NPOWNIBOACTEEHHBIX MOOYNER,

IHeprocHabmeHne cTaHuMK ByaeT BasnpoRaTECH
Ha UCMONL30BAHWM OW3enb-reHepaTopok. MNogaua
INEKTPOIHEPTAW OT FrEHEPATOROR K MOAYNAM CTaH-

LK ByaeT OCYLECTENATECA NO BO3AYILHBIM NUHWAM
anekTpoONepenay.

Ona ogocHabmxeHUn DyIeT UCNONL30BATLCA BOAA
Bnwznexawnx o3ep, CroyHee sone BynyT cobupatecn
B crieyranbHbie emeoctid (obbemon 300-500 n), cMoHTKH-
POBaHHLIE B Kaxaom mogyne, [ocne NepBrUHHON a4MCT-
K CBPOC CTOYHbIX BOL BYAST OCYIMECTENATLCA B MOpe
B TeX MECTaX, (A€ eCTh YCNOBWA ANA NEPEOHAYaANBHOMD
pazbaenerua 1 BLEICTPOID PACCEMBAHWA,

MNpupodueie ocobennocmu. NpUpogHeIA KoMITEK,
NoNYYKMBLWA HaWMeHoBaHWe «[opa BeuepHaas, pacno-
NoMEH B 2anagHoil yacty 3emn 3ugeptn Ha Xonmax
Tana (BOCTOYHAR YACTE), B NPUBPEXHOR 30HE 3anNuaa
Anaweesa mopA KocmoHaeToB. OH BKNKO4AET pAQ CKanK-
CTHIX FPAL € AOMUHUPYIOWER BHCOTORN — coBCTBEHHO
r. Beueprei (272,0 M) ¥ Heckonbko Bonee HW3KWX rpaAg,
BHITAHYTHIX NPAKTHYECKW NapannensHo Bepery ¢ opueH-
Taumel Ha cepepo-3anag (puc. 5.2). Cepepo-BoCTOUHbIE
CKNOHBI TPAG KPYThIE W KOPOTKME, MecTami obpbIBK-
CTHIE, KOro-3anagHele — nonorke, Mpagel pasaeneHs
TERPACKMPOBEAHHBIMK JONVHAMK, AHWLYA KOTORLIX 3aHATHI
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past Antarctic expeditions, and the need for the entire
BAS infrastructure to comply with environmental
safety requirements in order to limit adverse impacts
on the Antarctic environment and ecosystems, were
taken into consideration in the development of the
BAS concept.

The BAS design is conceptually based on small
maodular structures assembled in Belarus and sub-
sequently delivered by land, sea and air transport to
Antarctica and installed on site by helicopter.

The requirements for the elements of the BAS
are: all-weather performance; suitability and safety of
operation in the harsh Antarctic conditions; and versa-
tility and space-saving design for most residential and
service-specific modules.

Structurally, the BAS will consist of blocked mod-
ules of different functions. Each module will be built
on a single stationary foundation base-plate, which
will be raised above the surface with manually-oper-
ated outriggers mounted under each corner of the
module.

The first phase of BAS construction in 2015-2018
envisages the fabrication of nine laboratory and resi-
dential, laboratory and service modules, kitchen and
utility and technical blocks, boxes and pavilions to be
delivered to Antarctica and installed on site.

The energy supply to the station will be based
on the use of diesel generators. The supply of energy
from the generators to the modules will be by aerial
transmission lines.

Water from nearby lakes will be used for the water
supply. Effluent will be collected in specially heated
containers (300-500 litre capacity) located in each
module, After the primary wastewater treatment it will
be discharged into the sea where there are conditions
for initial dilution and rapid dispersal.

Natural features. The natural complex, known
as «Mount Vechernyayaw, is located in the western
part of Enderby Land, Thala Hills (eastern part), in the
coastal area of the Alasheeva Gulf, Cosmonauts' Sea. It
incorporates a series of rocky ridges with a dominant
mountain, namely Mount Vechernyya (272.0 m), and
several lower ridges, extending substantially parallel
to the seashore oriented to the north-west (Fig. 5.2).
The north-eastern slopes of the ridges are steep and
short, sometimes precipitous, and gently sloping to
the south-west. The ridges are separated by terraced
valleys, with glaciers and river beds of temporary wa-
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Terpeniya Bay i

fyxma Tapmanus
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Lazurnaya Bay

Bpwma Naypwan

Puc. 5.2, Padon 2. Beyepran u nnowadkg nadaupyemozo pazmewenun BAC na Google Maps

Fig. 5.2, Google map of Mount Vechernyaya area (site of planned BAS location is shown)

NegHWEAMI 1 PYCIaMK BPEMEHHEBIX BOJOTOKOE. 3anve
Analleesa B lAHHOM MeCTe BAAETCA B Cywy ByxTamu Be-
uepHAs, NlazypHan, Tepnenna 1 3apA, KOTOpbIE pa3aens-
WTCA Melcami Por, THezpoeol 1 JlocTynHein, B kayecTee
BOCTOMHOW MPaHWLbl PAlioHa MOMHO NPUHATE BLIEOHOM
nenHwk Xedca, NpakTiyecky BCA TEPPUTORWA PaioHa

r. BeuepHAR cnomeHa rHefcami U NAArMorHelcamm
YAPHOKWUTOBOWN CepUI.

TeppwTopus, BxbpadHHas Qna cTpouTenscTea BAC,
NpefcTanAeT cobol ouH M3 0a3WCcoB AHTaPKTIL,
BHITAHYTEIR NpYMepHo Ha 8 kv Baont Gepera ¢ Makcu-
ManeEHOH WWpWHOW okono 2 k., NleHuKW 30eck 3aHiu-
mMakT 65-70% nnowanm, CKanel, He NoKPLITEE NbAOM
TeppuTopuK - 30-35%, ozepa - 0,3-0,5%,

CpefHaA roqoeas TEMNEPATYPE BOZAYXE B AaHHOM
panoHe, No pe3ynbTaTam HabnKgeHrin Ha CTa LMK
«MonogexHanr, coctagnaet —=11,0 °C. Bropaa nonorWHa
3MMEl (MoNE-CceHTADPE) Hanbonees xonoaHan, NoYTKA BCe
ADCOMNOTHEIE MUHUMYAMS! TEMNERATYPEl 3J3PErMCT K-
POBaHEl B 3TH MECAUBI W AOCTMIAKT B OTAENEHLIE roak
aTMETEW =42 °C,

B naHHom paitoHe npeobnagaloT BETPL OT BOC-

TOYHO-CEBEPO-BOCTOYHOMD A0 Kro-Kro-BoCToMHOMO
HanpaeneHwn, X NOBTOPASMOCTE 3a rof paeHa 85,7%.
Irunesan noroga He xapakTepHa, Hanbonewana no-
ETORAEMOCTE WTHNER NPUXOLUTCA Ha MoNb—aekabph,
a B heppane— anpene oHa cocTasnAeT nvwe 0,2-1,0%,
Camble BEICOKWE CKOPOCTH BETRE OTMEYAKDTCA B MapTe
W anpeneg, oTHOCWTENBHO MEHES BETREHBIMI ABMNAIOTCA
AHBAPEL W fekabpe,

ter courses at their bottom. There, the Alasheeva Gulf
cuts inland with the Vechernyaya, Lazurnaya, Terpeni-
ya and Zarya Bays, which are separated by Capes Rog,
Gnezdovoy and Dostupny. The Hayes outlet glacier
can be considered the eastern boundary of the area.
Virtually the entire territory of the Mount Vechernyaya
region is composed of gneisses and plagiogneisses of
the Charnockite Series.

The area stretched about 8 km along the seacoast;
its utmost width is about 2 km, Glaciers here occupy
65-70% of the area, free-ice rocks — 30-35%, lakes -
0.3-0.5%.

According to the monitoring results from the sta-
tion «Molodyozhnayax, the average annual ambient
temperature in the area is =11.0 °C, The second part
of winter (July-5eptember) is the coldest season, and
almost all the absolute minimum temperatures have
been recorded in these months, getting to —42 "Cin
sOme years.

The given region is dominated by winds from
the east-north-east to south-south-easterly direction,
with an annual frequency of occurrence of 85.7%. 5till
weather is not typical. The maximum frequency of still
weather is reported in July-December, while in Febru-
ary-April still weather is only 0.2-1.0% of the time, The
highest wind speed have been recorded in March and
April, and January and December are relatively less
windy.
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CpefHee rofoBoe KONWMYECTED OCAAKOE COCTABNA-
&1 270 mm, OCHOBHOE KONWYECTBO OCAKOE BRINaaaeT
€ MApTa NO CEHTABPL, MX CPENHES KONWUECTEOD B 3TH
MecAubl konebnetca mexgy 48 1 71 mm. HanmeHbwee
KONWUECTEO OCAAKOE PErMCTPUPYETCA B AHBADE i1 8-
kabpe.

Memoduka uccnedosanuil U ucxodHele DaHHbIe,
BOOC pazpaboTtaHa B COOTBETCTEMM C TREDOBAHMAMMK

MpoTtokona No oxpaHe oxkpysaowen cpenbl K Jorosopy

of AuTapkTike. CornacHo cTatee 8 «OueHkKa Bo3nen-
CTBMA Ha OKPY#aWyo cpeays MNpotokona, kaxaan
Cropoda obecneymeasT NPUMEHEHME YCTAHOBNEHHBIX
& MNprnoxerinn 5.0 npoueayp OUSHKN BO3AeRCTENA

B NPOoLUECCe NNaHWPOBAHWA, NDESWECTEYILEND NPK-
HATWID PEILEHWIA OTHOCUTENEHO NINEOI JeATENBHOCTH
B paiioHe geictena Joroeopa ob AHT2pKTUKE B COOT-
BETCTEWM C HaYyYHO-WCCNed0BaTENLCKMMIA NPOrpam-
BAEMI, TYPUIMOM W BCEMM ADYTHMK BMOIMM NPasK-
TENBCTEEHHOW W HENPABWTENLCTEEHHON ABATENLHOCTI
B paioHe aeictena [Joroeopa of AHTAPKTUKE, B OTHO-
WEHKK KOTOPBIX TpebyeTca 3abnaroBpemerHoe yBe-
LOoMAEHWE B COOTBETCTEMK co crateel VI (5) dorosopa
of AHTAPKTHKE, BKAKYaA CBAZAHHY C HAMW BCNOMOra-
TENBHYH NOMMCTUYECKYID QEATENBHOCTE,

o Havana cncTemaTiyeckyy HaGnoeHuH Ha
CTaHUMK HeoBXoauma oUeHKa MEXOQHOr COCTORAHNA
KaK anA obecneyeHna OTNPABHON TOYKK MOHUTORKH-
roBsixX HabmodeH Ui, Tak 1M ONA BeINBNEHWA BKNAOA yHe
VIMEKILLMXCA M3MEHEHWIA NPUPOLHON CPELE PaNoHa
PAIMELLIEHWA CTAHLMWA ¥ NPOTHOZMPYEMBIX MIMEHEHWIA
COCTOAHWA CPefbl NOCNE OCYLLECTEEHMA TOW WKW MHORA
AeATENBHOCTH,

Iina nogroTtoekun BOOC Geinm NnpoaHaniIvpoeaHsl

MERAYHAPOOHBIE PYKOBOACTER, NOAFOTOBNEHHBIE B PaM-

kax Joroeopa ob AHtapkTuke, BOOC pazHbix CTpaH.

Ona XAPaKTEPUCTHUEIA MCXOOHOMO COCTOAHKMA paﬁnﬂa

Oymywero baznposanna BAC npoadannavpoBaHb
OnyBNMKOBAHHEIE HAayYHEIE CTATLK, CNPABOYHbIE MaTe-
pPWansl, MaTepransl KoHGEpPeHUWR; cobpaHp AaHHbIe
nNo MCTOPKK MCCNENoBaHWA B paioHe 3emnn SHaepbn,
B ToM Yncne otyeThl PA3, Kacawwmecs npoBe QeHHLIX
paboT Ha CTaHUWK «MonogesHans 1 nonesol base
«lopa BewepHAass,

[na oueHKW BOZAEACTEWA MNAHWUPYEMOW AEATENb-

HOCTH B paﬁoHe ropbl BEHEFI HAAR MCNONEBE3I0BANWCE METO-

fbl CPABHUTENEHO-TEOT PagUUBCKOro aHanM3a, Moje-
NUPOBAHKWA, KAapTorpadupoBaHua u gpyrue. PasnensHo
PaccMaTPHBANOCh BO3OENCTEBME NPW CTPOWTENLCTEE
CTaHUMK U ee GyHKLMOHWPOBAHUK. PaccMaTpueanocs
NEAMoe, ONOCPeoBaHHOE W KYMYNATUEHDE BO3NENCT-

eue. [NA NporHo3MpoBaHuA Bo3gedcTerA BAC Ha 3Tane

DYHELUWOHWPOBZHWA NPUHUMATKMCE BO BHUMaHWE 183
CLUEHAPKWA: CE30HHEIR {5-6 YenoBek) 1 KpYrNoroquyHBLA
{10-12 yenogex).

CHAPTER 5

Average annual precipitation is 270 mm. The main
quantity of precipitation falls from March to Septem-
ber, with the average figure in these months fluctu-
ating between 48 and 71 mm. The least amount of
precipitation is recorded in January and December.

Methods of investigations and initial data. The
CEE was developed in accordance with the require-
ments of the Protocol on Environmental Protection to
the Antarctic Treaty. Pursuant to the 1991 Protocol on
Environmental Pratection to the Antarctic Treaty
(Art. 8), 'Each Party shall ensure that the assessment
procedures set out in Annex | are applied in the
planning processes leading to decisions about any
activities undertaken in the Antarctic Treaty area pur-
suant to scientific research programs, tourism and all
other governmental and non-governmental activities
in the Antarctic Treaty area for which advance notice
is required under Article VIl (5) of the Antarctic Treaty,
including associated logistic support activities!

Before the start of systematic observations at the
station an evaluation of the initial state as the starting
point for monitoring observations, identification of
the contribution of existing environmental changes
within the area and projection of changes in the state
of the environment after the implementation of an
activity are necessary.

International guidelines prepared under the Ant-
arctic Treaty, requirements of the Protocol on Environ-
mental Protection and CEE for other Antarctic stations
were analysed.

To define the reference state of the region, sci-
entific publications devoted history of investigations
within the Enderby Land, reference data, reports of
the Russian Antarctic Expedition related to the station
«Molodezhnayar and field base «Mount Vechernyayas
operation were collected and alalysed.

For impact assessment of the planned activity
at Mount Vechernyaya area, different methods of
comparative geographical analysis, modeling, map-
ping and other were used. Impacts resulting from the
station construction and operation were subject to
separate assessment. Direct, indirect and cumulative
impacts were analysed. Two scenarios were taken into
consideration to predict the BAS environmental im-
pacts during the operation phase: seasonal (5-6 per-
sons) and all-year-round (10-12 persons).
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OcHoBHOE BHUMaHWe B BOOC yaenanocs npamMony
BO3EACTBMIO, Kak Hanbonee BaHOMY C TOYKW 3PEHIUA
NOCNEACTEMRA [NA OKPYHAKLWER Cpeabl, 8 TAKMKE 13-33
HEQOCTATOMHON METOQWYECKOA Dalbl NPOrHoO3a onocpe-
LOBAHHOMO W KYMYNATUEHOMD BO3AERCTBIA,

B KayecTBe MCXOOHBIN AaHHBIX MCNONB30EaHI
PEZYNLTATE IKONOMO-TEOXWUMWUECKNY NCCNeqoBaHMi
B paldoHe nnaHupyemoro pameweHus BAC e 2011-
2012 rr. o Bpema 4-0 BAZ W B 2012-2013 rr. Bo BpemA
5-i1 BAD. 2KoNOro-recXMMUHECKME MCCNENoBaHKA BKMI-
Yanu oThop Npob cHera, NOBEPXHOCTHEIX BOL, JOHHBIX
OTNOMEHUA, NOME,TPYHTA.

Bribop Toyek onpoboBaHne oCyWECTENANCH C yye-
TOM NPUPoGHEIX ocoBeHHOCTER PafoHa MCCNefoBaHMIA,
A TAKAKE MECTONONOKEHNA BOIMOMHBIX WCTOYHWKOB
3ArpPAIHEHKA.

Bcero g 2011-2012 r. Bo Bpema 4-i BAI & palioHe
noneeoi Bazw «fopa BeuepHans otobpare 17 npob,

13 HUX 14 - sogHwe, Bo epema 5-i BA2 oTobpano 45
npoB, & Tow umcne 29 npob CHeroBbix BOM, W3 KOTOPBIX
18 oTobpano B paloHe pasmelleHna noneson basol
«l[opa BeuepHAAy U 4 — Ha CKNOHE NegHUKOBOMD Kynona
no Npodu Ha yaaneHwe 0o 5 km oT nonesoi Ga3bl,

2 npobbl negosol BoAk Ha negHuke Xeica, Otobpado
5 npob NoBepXHOCTHHIX BOA W3 03ep, 3 Nnpobbl QoH-
HblX oTnoxeHWi. Bo Bpema 4-i BA3 npobbl oTBUpa-
Wk A, A FaRpawossim, 5-@ - B, E. MaMuHem, Crema
IKONOro-reoxMMUYeckKoro anpodoBaHuA PaoHa ropsl
BeuepHAs B0 Bpema 4-i w 5-7 BAD NpegcTaeneqa Ha
puc. 5.3,

CHAPTER 5

The CEE is focused on direct impacts as the most
important issue in terms of environmental conse-
guences, as well as due to inadequate methodolog-
ical background for indirect and cumulative impact
projection.

To assess the environmental conditions in the
vicinity of the proposed BAS construction, the 4%
BAE (2011-2012) and 5" BAE (2012-2013) performed
environmental and geochemical studies in the area
of the planned BAS deployment. The environmental
and geochemical studies included sampling of snow,
surface water, bottom sediments and soils.

The sampling points were selected taking into
account the features of nature as well as locations
of possible pollution sources,

In total at the 4" BAE in 2011-2012 17 samples at
8 points in the vicinity of the «Mount Vechernyayas
field base lacation, including 14 water samples (surface
and snow waters), 2 bottom sediment samples, one
soil sample were taken. During the 57 BAE 23 samples
of snow waters were taken, including 18 samples at the
«Mount Vechernyaya» field base location and 5 sam-
ples at the ice cap slope at max. 5 km distance from the
field base, 1 sample of water ice on the Hayes glacier.
5 samples of surface water from lakes, 3 sediment sam-
ples and 13 samples of solid substrates (soil, colluvial &
dealluvial deposits, etc) were also taken, During the 4™
BAE samples were taken by A. Gaydashou, 5" - by
V. Myamin. Sampling plan is shown on the Fig, 5.3,

Puc. 5.3. Cxema 3K0020-2E0XUMUYECKOZD
onpofosanuA & padoHe PAIMEWERUA NoAes ol

Gaaer «fopa Beyeprans LT
Fig. 5.3. Sampling plan of snow, surface water, el
bottom sediments and sails at the sMount

Vechernyayax field base location
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PacueT eblBpOCOE 2arpA3HAIWMY BEWECTE OT
CTALMOHADHLE W NEREABWHHEIX MCTOYHWKOE BoINOMHEH
Ha OCHOBE YenbHLIX NoKazaTensaid cornacHo (MeToguka
pacueta..., 2001; IPCC 2006; EMEN/EEA Atmospheric...,
2009).

[na oueHEKW WyMOBOTD BO3ASACTEWA BEPTONETa MC-
nonbzosaHa mogens NMSimv.3.0. NMSim (Noise Model
SIMulation — WMHTALWOHHAA MOSENE WYMa), KOTORAA
reHepUpYeT BReMEHHLIE QWarPanMMEl WyMa OT OBMHY-
WMXCA UMK CTALUMOHAPHBIX MCTOMHWKOB C YYETOM BRWA-
HWA PEANEHON MECTHOCTH HA PACNPOCTRPAHEHWE 3BYKE,
PacyeT ypoBHER WyMa NpK CTPOWTENBCTEBE BbINOAHEH
Mo anropUTMan, CoOrmacHo YTEERMAEHHbIM METOAMKEM
(TKIM 45-2.04-154-2009).

lnAa ougHkW BOIASRCTEWA Ha aTMOCGEpHBIN BO3YX
npK GyHEUMOHMPOBaH MK BAC BoINONHEHL! MOOENLHBIE
Pac4eThl PACCEMBAHKWA IArPAIHAIOLINY BEWECTB B aTMO-
chepHOM BOZAYXE OT OCHOBHLIX CTALMOHADHLIX MCTOU-
HWKOB C UCNonb3osaHuem mogenn AERMOD (sepcwa
12345), PAacCuMThIBANMCE MAKCHMANEHEIE W CpefHWe ya-
COBbIE, B-4aCOBBIE M CYTOMHBIE KOHLEHTPALWK 3arpA3HA-
IOWIX BELWECTE, 8 TAKME CYTOUHBIE U MECAUHbIE KOHLEH-
TpauWu 3a pacdeTHEIN Neprod. PacyeT BeiNnonHeH gna
ABYX CUeHAapWes BeIDPOCOR 3arPAZHAKWKWY BELIECTR.

CropocTe pazbaeneHns CTovHbIX Bog nocne cbpoca
B MOPE OUEHWBANACH C MCNONb3oBaHWeM mogeni Visual
Plumes AQOC (CLUA).

OnA npepoTEPaLEHWA HEraTUBHOMD BO3AEACTEWA
Ha OKPYHIOWYH Cpedy NP CTPOMTENBLTEE W dYyHK-
uMoHWpoBaHun BAC paipaboTandsl MeponpuaTua 4na
WASHTUGUUMPOBAHHBLIX BUAOE BO30eRCTEBINA, NpOrpam-
Mb YNPABNEHWA OTXOA3MKM U NPOTPaMMa MOHUTOPWHNE
OKPY#AWWER cpeabl.

HexodHoe cocmoarue okpyxalowet cpedsi. [No-
UBEHHLI NOKPOB B PAROHE NAAHUDYEMOTD PAZMELLEHIARA
BAC chopmupoBanca nKWb $parmeHTapHo, B MeCTax,
HE MEPEKPLITHX NegHUKAMM, TAM, THE ECTh YCNOBWA ANA
HAKOMNEHWA PEIXNOro MaTeprana KonnKBManeHoro
W GROBUOrNALWANEHOMD NPONCKOKAEHNA, T. €. NPEKUMY-
WECTEEHHD B NOHWMEHWAX CKNOHOE W NoMGBMHaX CToKA.

MHHepankHas YacTk NOYE, OTOBPAHHLIX HA Pa3HbIX
yuyacTkax B padoHe r. BeuepHAan, xapakTeprayeTca qomuM-
HWPOBAHWEM COEAMHEHIA KPEMHWA (CpeHee conepxa-
HWe CcocTaenAeT 63,4%); Ha NONK COROWHEHWA anKmMmn-
HWA W HENEZA NPWAOLAWTCA COOTRETCTEEHHD 14,1 1 8,0%,
OKCHMOOE KaNbUWA, HATPKWA, MarHKa 14 Kanma — CooTBET-
CTREHHO 4.5; 3,5; 2,3 1 2%, Moyvskl MecTamu NoAEEpINWcE
TpaHchopmaLlnK Nog B030eRCTBMEM NPEOWECTRYOWER
AEATENEHOCTH, O YEM CBWAETENLCTEYIOT HaNMYWE B HUX
HehTenpoyKToR.

B paione ropw Bevepras Geino obHapyseHo
Gonee 20 pemeHHbIX U NOCTOAHHEIX 03ep. [Nowads mMx
NOBEPXHOCTM BEAPbUPYETCA OT HECKONbENX OECATHOE 00
HECKONLKWK TEICAY KBAOPATHEIX METROE, NPK rNyBuHax
OT HECKONBKWX AECATKOB CaHTUMeTpoB go 20 M 1 Gonee,

CHAPTER 5

The estimation of emissions caused by stationary
and maobile sources was carried out on the basis of
emission factors according to (Calculation methodolo-
gy..., 2001; IPCC 2006, EMEP/EEA Atmospheric..., 2009),

To assess the helicopter-caused noise impact,
MMSim v.3.0 model was applied. NMSim (Noise Model
SIMulation] was developed to generate time-based
diagrams of noise exposure from moving or fixed
sources, taking into account the influence of terrain
environments on sound propagation. The naise level
assessment during the BAS construction was effected
under the approved algorithms (TKF 45-2.04-154-
2009).

For ambient air impact assessment during the
BAS operation, simulations of pollutant dispersion in
atmosphere as generated by stationary sources were
performed by use of AERMOD model (Version 12345).
Maximum and average hourly, 8-hour and daily
concentrations of pollutants, as well as mean daily
and monthly concentrations for the reporting periods
were calculated. Calculations were made for 2 scenari-
os of pollutant emissions.

The dilution rate of wastewater discharge into the
sea was assessed by use of Visual Plumes model of the
LL5, Environmental Protection Agency.

To prevent negative environmental impacts
during BAS construction and operation some mea-
sures for identified impacts were designed; Waste
Management Program and Environmental Monitoring
Program were developed.

Initial Environmental Reference State. The soil
cover in the area of planned BAS construction has
been formed partially, only in places that are not
covered by glaciers, where there are conditions for
the accumulation of friable material of colluvial and
fluvie-glacial origin = mainly in the hollows of slopes
and water flow valley.

The mineral part of the soils sampled at different
sites in the vicinity of Mount Vechernyaya are char-
acterised by the dominance of silicon compounds
(average content of 63.4%); iron and aluminum com-
pounds, have 14,1 and 8.0% content respectively; and
calcium oxide, sodium, potassium and magnesium
have 4.5, 3.5, 2.3 and 2%, respectively. The soils have
been transfarmed in some places under the influence
of preceding activities, as evidenced by the presence
of oil products.

In the Mount Vechernyaya region more than twen-
ty permanent and temporary lakes were identified,
Their surface area ranges from several tens to several
thousands of square meters, with depths ranging from
several tens of centimeters to 20 meters or deeper.
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Pur. 5.4, Codepasue orHoeHBIX UoHoa 8 eodax ozep paldoHa 2. BevepHan (DaxHuie onpobosasun 2012 2.)

Fig. 5.4. The content of main ions in the lake waters of Vechernyoya oases (by the data 2012)

Camele DoNbLWWE D38pa, PACNoNoMeHHBIe y I, Beyep-
HAA, — HaHee (Mnowaae okono 1,5 ra) — u BepxHes
(nnowaae 0,15 ra). Jaddoie o3epa coeuHeHbl BRemMeH-
HbIM BOAOTOKOM. YDOBHEBBIN DEMMM 038D HENOCTOAH-
HBIA W 3aBUCAT OT MHTEHCUBHOCTIA TAAHWA CHETA,

InA onpeneneHa XMMWYECKOro COCTaEa 038
HEIX BOJ BO BEpema OByX akcnequumia BA3 (2011-2012
M 2012-2013 rr.) Beinu oTobpaHe npobel. Boga B ozepax
HWIKOMWHERANW3OBAHHAA; CYMMa MOHOB BapsWpPYETCH
oT 7,6 go 39,0 mr/n. B cocTaee aHMOHOE BO BCeX Npobax
npecbnanalioT XNopKrabl, B COCTARE KaTWOHOE — WOHBI
HaTpuA (puc. 5.4). WosHeIR BanaHo CEMASTeNLCTRYET
0 IHAYMTENEHOM BNUAHWK OKEaHa Ha MOHHBIA COCTAR
03EPHBLIX BOL, UTO OOBACHWMO PACTIONOMEHUEM WX
nobepemba,

MccnegoBaHia Nokasany, 4To cogepsadine Gonb-
WWHCTE2 MUKPOINEMEHTOR B BOAE 022D BapLMPYETCH
B AWanNa3oHe oT IHaYeHWA HU#e Npefena odHapy#eHus
Ao 10 sKr/n, B TOM YKMcne ceuHLa — ao 1,88, kKagMwa — oo
0,53, Hukens - go 0,69, kobaneTta - go 0,29, MewbAka -
oo 0,39, megn - go 2,17, xpoma — go 1,40 mer/n. MgeHTin-
DULUMPOEAHD TAKKE NPWUCYTCTEWE HEDTENPOLYKTOR,

Cofep#aHie TAKENLIX METANNOE B AOHHLIX OTNOMHE-
HWAX 038R CYWEeCTEEHHD BRILES, YoM B NOYRAX paioHa
r. BeuepHas, npexae BCEro Megw 1 UMHKa (puc. 5.5).
Hawbonee BLICOKWME KOHUEHTRALWW THHENLIX METANNOR
BHIABNEHLI B OHHLIX OTROMEHWAX 03epa BepxHes, Ha-
npumMep, YuHKa — 1628 mr/fkr, cewHua - 36,3 mr/kr,

B noHHbIX oTnOMeHWAX 03, BepxHee Takme 3a-
DUKCMPOEaHbI MOBBIWEHHBIE KOHUEHTPAUWKW HedTe-
NpogyKToE,

The biggest lakes are Nizhnyeye Lake (Lower Lake),
about 1.5 ha and Verkhnyeye Lake (Upper Lake), 0.15
ha. These lakes are connected by a temporary water-
course. The water level of the lakes is unstable and
depends on the intensity of snow-melt,

To determine the chemical composition of lake
waters, water samples were taken from the Nizhnyeye,
Verkhnyeye and No Name Lakes by two Belarusian
Antarctic Expeditions (2011-2012 and 2012-2013). The
lake waters were reported to be low in mineralization,
with ion contents ranging from 7.6 to 39.0 mg/|. Anions
in all samples are dominated by chlorides (59-84%)
and cations are mainly represented by sodium ions
(68-81%) (Fig. 5.4). The ion balance demonstrates a
significant influence of ocean water on the chemical
composition of lake waters, which is explicable by their
littoral location.

Research showed that the majority of trace ele-
ments in the waters varies on a scale from below the
detection limit to 10 mg/l. Results included: lead - up
to 1.88 mo/l; cadmium - up to 0.53, nickel - up to 0.69,
cobalt - up to 0,29, arsenic - up to 0.39, copper - up to
2.17 and chromium - up to 1.40 mg/l. The presence of
oil products was detected,

The content of heavy metals in the lake sediments
was significantly higher than in the soils of the Mount
Vechernyaya region, first of all copper and zinc (Fig. 5.5).
The mostly high concentration of heavy metal were
recorded in the Lake Verkhnyeye sediment samples, for
example, zinc - 162.8 mg/kg, lead - 36.3 mg/kg.

Higher concentrations of total petroleum hydro-
carbons were also recorded in the Lake Verkhnyeye
sediment samples.
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Fig. 5.5. Average content of heavy metals in sail (1) and bottom sediments (2) in Vechernyaya oasis

MoBBIWEHHEIE KOHLEHTPALWKN HEGTENPOLYKTOR
B BOZE 03ep, 3 TAKKE NOBLIWEHHBIE KOHLUEHTPaL WK
TAMKENBIX METANNOE W HEGTENPOAYKTOE B AOHHBIX 0TNO-
HEHWMAX O32PHBIX IKOCUCTEMAX, ABNAKITCA PE3YNLETATOM
npebywWwen X03ARCTEEHHON [EATENBHOCTH,

M3y ueHME XMMUYECKOTO COCTABA CHEra NOKA3ano,
Y10 ObIWaA MMHEPaNK3aLMA CHETOBbIX B0 COCTABNAET
ot 1,5 go 8.4 mr/n npr cpeaHem 3HaveHK 3,1 mr/n.
CHercesle BOAb N0 COCTaBY aHWOHOR OTHOCATCA K
XNOpUAHBIM. Coaep#kaHne cynbgaTor B CHEroBLIX BOAAX
BapbUPOBaN0oCchk B QWANa3oHe OT IHAYEHWA HWKe Npeae-
na onpegenedina o 0,20 mr 5/ (npu cpeaHes 3HaveHi
0,1 mr 5/n), xnopugoe - ot 1,1 go 2,4 mr/n (cpegHee -

1,5 mr/n), MoHoOB HaTpua - oT 0,3 go 1,1 Mr/n (cpefHee -
0,57 mar/n).

BHIAENEHO, YTO MUHEDANWIALWMA NPOD CHErOBLIX
B0g, OTODPAHHBIX HA NEOHWKOBOM KYTMONE Ha YAaNEHWK
Ao 5 Em ot BAC, B cpegHem Ha 20% Hwme, Yem muHepa-
NM3aUMA BOQ Ha TEPPHTOPMI CTAHLUWKW; TAKAE MeHbLe
COAEDMAHWE BCEX OCHOBHBIX KOMIOHEHTOB MOHHOM
COCTaBa. He BLIABNEHO CYLLECTEEHHOMO M3MEHEH A
WOHHOMD COCTaEA CHEMDBLIX BOA NOJ BO3ASACTEWEM
AHTPONOreHHOW AeATENBHOCTH Ha I BeuepHas. B To e
BREMA MO COARPKAHMKD MWKDOINEMEHTOE B CHEME BNWA-
Hie Noneeoi Basel NPOABNARTCA AOCTATOUHO OTUETNNED
{pwc. 5.6).

BUonoridecke MecNenoBaHns, BbiNONHEeHHbIE
GenopyccKMMI NONAPHWKAMKW B paioHe 1. Beuep-

HAA, Nokazani, uto Uapctea Pactenun i Mpubil
NPeACcTAENEHs TOAbKD HU3WKWMK rpynnamu: Nuwaii-
Huky (Lychenophyta) - 29 sugoe, MoxoobpasHble
{Bryophyta) — 3 epa, Bopopocnw (Algae) - 150 Bugoe,
Tpube (Fungi) - otmeuen 1 nuxerHoduneHen (obutan-
LKA Ha NWWaiHWkax) Bug Arthonia molendoi (Tvrmaak
W ap. 2012; bopogwH v ap., 20714,

The elevated concentrations of total petroleum
hydrocarbons in the lake water, as well as the elevated
concentrations of heavy metals and TPH in the lake
ecosystemn sediments are the result of past anthropo-
genic activities,

According to research carried out in January 2013
the mineralisation of snow water ranges from 1.5 to
8.4 mo/l, with an average of 3.1 mg/l. Chlorides ac-
count for the anionic compaosition of snow water. The
content of sulfates in smow waters ranges from values
below the detection limit to about 0.20 mg 5/l {(mean
0.1 mg 5/1), chlorides - 1.1 to 2.4 mg/| (mean 1.5 mag/l},
sodium ions = 0.3 to 1.1 mg/l ([mean 0.57 mg/l).

Snow water mineralisation, as sampled on the
ice cap 5 km away from the BAS, was found to be on
average 208 lower than the mineralisation at the
station site. The content of the main ionic elements
was less as well. Mo significant changes in the ionic
composition of snow waters as a result of anthropo-
genic activities at Mount Vechernyaya were identified.
A that time the impact of the previous human activity
appears quite clear by the results of heavy metals
content in the show (Fig. 5.6).

Biological investigation performed by Belaru-
sian explorers at the region of Mount Vechernyaya
have shown that the Plants and Fungi kingdoms are
represented by lower groups only, I e lichens (Lyche-
nophyta) - 29 species from 3 groups, including seven
species being endemic to Antarctica; bryophytes
(Bryophyta) - 3 species; seaweed (Algae) — 150 species
of 8 groups. Fungi - 1 lichenophylic specie {living on
lichens), Arthonia molendoi (Giginyak et al., 2012;
Borodin et al,, 2014).
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Fig, 5.6, Multiple af excess of trace elements in snow waler samples taken at the «Mount Vechernyayas field base location, as
compared to samples taken at 2 km or more distance from the field base

Hawbonee pacnpocTpaHeHsl B JaHHOW MECTHOCTH,
TEMHO-CEPBIE U NOUTH UEPHLIE HAKMMNHBLIE MWW AAHK-
KK, KOTOPBIE BCTREYAKTCR Ha NOBEPXHOCTY CKan B BUE
OTOSNEHBIX NMATEH, AOCTUMAOWMY WHOME HECKONbLEWX
KBadpaTHbIX meTpoe. MNocne nnwalinukos Hanbonee
PacnpOCTPaHeHHBIM KOMNOHEHTOM PACTUTENLHOMD NO-
KPOEa B JaHHOM MECTHOCTH ABNAKTCA MxM. OHW CENATCA
B MECTaX C NOCTOAHHBIM AOCTATOUHbIM YENAMHEHNEM
W HabMIOAKTCA Ha OHe o3epa HrmHes, He NpOMEpR3aK-
wero B snMHee gpema. Cpean Boopocnen AoMAHWPYIOT
npepcTaeuTeny Oeyx Knaccos - Bacillariophyta (gwaTo-
moeble) 1 Cyanophyta (CHezeneHbie),

Ha paccroAanun 20-30 M oT rpaHuubl 3acTponkn BAC
HAXOAMTCA OfHA LENOCTHAA 3KoCUCTEME (BroueHos),
NPenCcTaBnNeHHAA CooBECTEOM NMWARHWKOR, MXOB
W HazemHex Bogopocnei. Obuwas nnowages BnoueHosa
COCTABNAET orono 150 mi

MNpeacTaBUTen KUEOTHOMD MWPa, TRODWYECKK
CBA3aHHBIE C CyWeR 1M HabnoaBWwKWecA 30eck B NEPHOL
NPOBEAEHWA IKCAEAMUMOHHLX pabaT, BECkMa HEBENWKK
{okono 1 Mm). OBUTaHT OHW NOA KaMHAMM, B TREWWHAX
W PACTUTENBHBIX JEPHWUHEX. K HIAM OTHOCATCA HECKONLKO
BWMOOBE Knewel, obHapymeHHex npw otbope Guonoriye-
CkKx obpa3yoe.

Ha ceeepHbIX 1 CEBEPO-BOCTOYHBIX CKNOHAX ropsl
BeuepHAA BHSBENEHB! ABS KONOHWA NMMHTBMHOE AdenK
uucnerHocTe 500-600 ocobel. EQHWYHO Mnn Hebons-
LIWMI TRYINaMK BCTPEYAETCA MMNEPATOPCKWA MWHMEWH.
B HEIHAUNTENEHOM KOMWUYECTEE MHEZATCA CHEMHEIE
BYpEBECTHUKN 11 KRKHBIE NONAPHBIE NOMODHWEW,

Ouenka gozdeldicmaun. BoiNOnNHEHa OLEHKA
BO3OSACTEBMIA Ha OKPYHAOWYH cpeqy AHTAPKTHKN Ha
CTAAWAK CTROMTENBCTEA W DYHELMOHWPOBAHWA CTaH-
LK, YHNTH BALLEA BCE OCHOBHLIE GaKTopBI BO30ERCT-

Crustaceous lichens, coloured dark gray or almost
black, turn to be most common in the area. They are
found on the surface of rocks in the form of individual
spots, sometimes reaching several sguare meters,
Following the lichens, the most common component
of the vegetation in the area are mosses, They settle
in areas with constant and adequate moisture and are
found at the bottom of the Nizhneye Lake (which does
not freeze through in winter). Two classes of algae -
Bacillariophyta (diatoms) and Cyanophyta (blue-
green) — dominate at the area among other algae.

At a distance of 20-30 m from the BAS deploy-
ment boundary, there is an integrated ecosystem
(biocenose), represented by the colonies of lichens,
maosses and terrestrial algae. The total biocenose area
is approximately 150 m?.

Wildlife species, which are trophically associated
with the land and observed there during the BAE field
work, are rather small (sized about 1T mm). They live
under rocks, in cracks and plant sod. These are several
species of mites found during biological sampling.

At the northern and north-eastern slopes of the
MountVechernyaya two colonies of Adelie penguins
were found, counting 500-600 animals. & minor colo-
ny of nesting snow petrels and south polar skua gulls
was also found there.

Impact assessment. An assessment of impacts
on the Antarctic environment was carried out at the
stages of station construction and operation, taking
into account all the main impact factors (pollutant
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81A (BLIDPOCH 3arPAZHAWAY BEWECTE, WyM, cOpock
CTOYHBIX BOf, OTXOfB], INEKTROMarHUTHOS W3NYYeHWE)
W METOUHUKN BOZNSACTENA (MEXaHWIMEI 1 0BOpYIOBS-

HHUE CHCTEM EHEPFDOEECI‘IEHEHHH. MOTOPHBIE TRAHCNOPT-

Hble CPefCcTEa, CHCTEMBl XPAaHEHIA W pacnpegeneHus
TONNWEa, CHCTEMbI EﬂﬂOEHaﬁ}HEH WA 1 BOOOOTEEOEHWA,
CHCTEMBI G'Elpau.l'EH WA C TEEPABLIMK OTXO0O4aMIK, BCNOMO-
ratencHoe W HayyHoe obopyaoBaHKe) W BCe OCHOBHELIE
KOMMOHEHTE NPUPOAHOR cpeqsl.

QueHKa BKNIOYANa KONWHECTBEHHYID XapaKkTepUCTH-
KY MCTOYHMKE BO3AeRCTBMA (Brbpocos, wyma, cBpocos,

HAKCOMIEHWMA OTXOA0E M T. 4. W MZEHTUDVKALWID BO3-
AERCTEMA (peuenTopa)l - pacHeTHbIE YPOBHW COpep®a-
HHA 3arpASHALWKMX BE2WEeCTE B E!TMDCdJepHDM BOZOYXe
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emissions, noise, wastewater discharges, wastes, elec-
tromagnetic radiation) and sources of impact (power
supply systems and mechanisms, motor vehicles, fuel
storage and distribution systems, water supply and
sewerage systems, solid waste management, auxiliary
and scientific equipment), and all the main compo-
nents of the natural milieu.

The assessment includes a quantitative analysis
of each impact source (emissions, noise, discharg-
es, waste generation, etc.) and the identification of
impact (receptor) = levels of pollutants in ambient air
were calculated, as well as noise levels, the concen-

PANMYHOrD OCPEJHEHMA, YPOBHW WYMAE, KOHUEHTRALWK
3arpAHADLLIMX BEWECTE B ToUKe CHpoca CTOYHBIX BOJ

W T. 4. OueHeHE NPOrHO3HBE BEIOPOCH OCHOBHBLIX W Cne-
UdHMUECKIAY 2arpAZHALL WY BELLECTE OT CTALMOHAPHBIX

tration of pollutants in sewage outfalls, etc. Projected
emissions of the main and specific pollutants from
fixed (diesel generators, incinerator) and mobile (heli-
copter, snowmaobiles, etc) sources during the con-

(AWzent-reHepaTopkl, MHCUHERATOR) U NEepEfBNHKHBIX
(2epTONeT, CHeroxofbl W Ap.) MCTOUHKMKOR Ha CTAfWK

CTROWUTENECTBA ANA CEI0HHOMD K 3MMOBOYMHOND BapadaH-

TOB BYHKUMOHWPOBaHWA CTAHLMIA,
PesynuTaTel pacyeTa 3arpAIHAKLWLWY BeLecTB

HMCNONBEE0BE2HBl NPW MOOENMPOBIHWK WX DaCCeAH WA, Yera-

HOBNEHD, YTO MAKCMManbHbIe CPeqHEYaCoBbIE KOHLEH-
Tpaumm AUOKCMAE a30Ta B palioHe NabopaTopHO-KNbIX
MOogynel cTadumi cocTaeaTt 67,0-77 2 mer/m’,
CpegHecyToYHble - 15,9-27 8 mrr/m®, uto B 2,5

3 paza Huxe HopmaTwea (K makcumansHon pazosoi
wE 1,4-25 paza medewe NIK cpeprecyTouHomn (Ka-
kapexa, CanueoHunk, 2015). Mo gpyrim 3arpA3HAKILLIAM
BELWECTEAM 3arPAIHEHNE ATMOCEPHOrD Bonyxa ByneT
CYWECTBEHHO MeHbLWe. MakcumansHaa cpefHeuacoean
KOHUEHTPAUWA ANOKCWAA CEP, K KOTOPOMY pacTUTens-

HOCTL HaubBones UYYEBLTBATENBHE, COCTABMT Ha YYacTKe MO~

XOBO-NWIWAAHWKOBOW accolpaumnn 14,8 mir/m®, cpegHe-
cyTouHan — 3,5 mKr/w’, cpegHemecadHan — 0,67 mrr/m®,
YTO CYULECTEEHHO HWHE KPUTHHECKOTO YROBHA [NA Ni-
warHKkos (10 mkr/m?), cornacHo pexomergaumam BO3,
OUEHKEN WYMOBOTO BO3AEWCTBNA BEPTONETAE NOKa-
3aMW, YTo Ha Mbice THE3A0BOR, MEe HAXOOWTCA KONOHWA
MWHFBMHOB, NOTEHUMaNLHO NOABERHEHHARA WYMOBOMY
BO3ACTENIO, NMHERHO-B3BEIWEHHEIE YPOBHM WyMa He

NpeelcAT 65 Ab, A-B3BeweHHble - 55 gb. MakcumanbHeie

YPOBHK WiyMa Ha BAC moryT nocturats 95 AbA, ofHako
BPEMA C TAKMMK YPOBHAMY OyAET BECHMA HENPOOOMHM-
TENBHBIM, B CEAZW C HEM IEBWEANEHTHEIE YROBHK WYM3

Leg v ypoBHW LDN He npeewicaT 50-60 abA, yTo yrnagbl-

BETCA B CYLECTEYIOWMWE HOPMATWELI ANA #WNbIX TEPPW-

TOpPWA. BLINONHEHHBIA pacueT YPOBHER WyMa OT AW3Enb-
reHepaTopoB NOKaan, 4To YPOBHKW 3BYKOBOMO QaBneHWA

Ha TEPPUTOPKM, NPUNEramLLen K NabopaTopHo-#MbIM
MOZYNAM, HE MPEBBLICAT YCTAHOBNEHHBIX HOPMaTHUBOB,
OueHka ckopocTh pazbaeneHA CTOUHBIX BOR,

nocne chpoca B MOpE ¢ MCnons3osaduem mogenn Visual

struction phase, as well as for seasonal and wintering
options of the station operation were also evaluated.

The results of emission estimate were used for
modelling of the dispersion of pollutants. It was found
that the maximal average hourly concentration of
nitrogen dioxide in the region of the laboratory-res-
idential station modules would be 67.0-77.2 mg/m?,
the daily average - 15.9-27.8 mg/m’, which is 2.5 to
3 times lower than the single MPC value, and 1.4 to
2.5 times less than the average national daily MPC
value (Kakareka, Salivonchik, 2015). Atmospheric pol-
lution will be substantially lower for other pollutants,
The maximum hourly average concentration of sulfur
dioxide, to which vegetation is the most sensitive, will
amount to 14.8 mg/m? at the moss and lichens com-
munity, average daily - 3.5 mg/m*, average maonthly -
0.67 mag/m’, well below the critical level for lichens
(10 mg/m’), as recommended by the WHO.

Calculations of helicopter noise impact showed
that at Cape Gnezdovoy where there is a penguin
colony potentially susceptible, the linear-weighted
noise levels will not exceed 65 dB, and A-weighted will
not exceed 55 dB. Maximum noise levels at the BAS
could reach 95 dBA, but the time of such levels will be
very short, and therefore the equivalent noise level
Leq and LDN levels will not exceed 50-60 dBA, which
meets existing norms for residential areas. The calcu-
lations of noise levels from diesel generators showed
that the level of sound intensity in the area adjacent
to the laboratory-residential modules will not exceed
established norms.

The assessment of the dilution rate of sewage
discharges into the sea using USEPA's Visual Plumes
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Plumes ADOC (CLUA} nokazana, uTo KOHUEHTpaUWA
3arpAIHAKLLAK BEWECTE YMEHBIWWTCA B 91 pa3s yme Ha
paccroadmia 1,5-5,5 s oT Toukn cbpoca.

YecTanoBneHo, 4To Ha foHe Npeobpa3oBaHHOCTI
npupofHor cpefkl & panode riBevepHan Bknag sos-
AERCTEMA B CBA3KM CO CTROMTENBCTBOM W GYHKLMOHK-
poearrem BAC & obwyio TpaHchopmalmio NPUMPogHBLIX
KOMMNOHEHTOE panoHa pasmewweHns BAC GyneT HeaHauw-
TeNbHBIM,

Mo wToram NpoBeaeHHBIX McCneqoeaHwin B 2013 1.
A6 nogrotosned Npoekt BeectoponHed oLeHKn okpy-
MawLwen cpeqsl B paioHe npegnonaraemoro Gazupoea-
HWA BENOPYCCKON aHTAPKTVYECKON CTaHLU WK,

MpoeegeHHBLIA aHANKE NAAHWPYEMOR HAYUHON feA-
TENLHOCT NO3BOMNA 3AKNINYNTE, YTO NONYYEHHbIE 3Ha-
HWA 1 CBAZAHHBIE € HUMKW COLWANBHO-IKOHOMWUECKIE
BLIFOAb B pe3yNbTaTe NPOBEAEHWA HaYYHbLIX MCCNenoBa-
Hil Ha BAC (3emna IHgepbu, BocToudan AHTapkTKaa)

B pamkax HaUMOHaNbLHON HayYHOW aHTapPKTMHECKOR
NporpamMmsl CYLLECTEEHHO NEPEKPOIOT T MUHMMARNb-
HEIE MOTERM, KOTOPEIE MOTYT BEITE HAHECEHB NPUPCI-
Hol cpege AHTapKTHAL B NpOUECcce CTROWTENLCTRS

W GYHKUMOHWPOBAHKWA cTaHUMW. CaenaH Takse Beisog,
4TO HAYYHBIE PEIYNETATE, KOTopsIe By4yT nonyyeHsl
NoCne CTRPOMTENBLCTEE W Havana dyHKLUMOHWDOBaH WA
CTaHUMK Ha rope Bevepran (3emns Inaepbu), npessicat
«0onee Yem He3HAYUTENBHOE WKW OrPaHWYEHHOE BO
BPEMEHW BO3[EACTENER, KOTOPOE CTAHLMA OKANET Ha
OHPYHAKW YK Cpegy AHTAPKTHEW B 3TOWH 3HAUMTENEHO
TPAHChOPMUPOBAHHON NPEJWECTEVIOWER fesTentHo-
CTBHD MeCTHOCTW. CTpOMTENLCTED BenopyCCKOM CTaHUMK
ONPEAEnEHHD NO3BOANT CYECTBEHHD NOBLICATE NOTEH-
LMaN Hay4YHbIX MCCNefoBaHIIA W YPOBEHb MEXIYHapoL-
HOTO COTPYHWHECTBE B AHTapKTHKE,

B aneape 2014 r, B COOTBETCTEMM C YCTAHOBMNEHHBI-
MW CROKaMK W Npouenypamy, NpoekT BececToponHen
OLEHKK OKPYaoWei cpeni Gein Hanpaened CropoHam
Jorosopa ob AHTapkTEE, KOMWTETY NO OKPY#aoWen
cpene (KOOC) u Cekpetapwaty Jorogopa of AHTapKTW-
Ke. AHrnvincKan 1 pyccxas eepcun Mpoexta BOOC Goinw
CAENaHbl 00WenoCTYNHBIMI NYTEM KX NYOAMKaLWKM Ha
canTe MWHWCTEPCTEA NPWPOAHBLIX PECYPCOE M OXPaHbl
OKpY#RanWen cpegs Pecnybnuikn Benapyce 1 Ha caliTe
[Jorozopa. PacomvoTtpenue npoekTa BOOC coctoAnock
Ha XXXV KoHCyneTaTUBHOM COBEWaHWK No Jorosopy
o AHTapKTUKE, NpoXoAWBLWEN B I. bpazunua (bpazw-
nwa) € 28 anpens no 7 man, CornacHo 3aknioyvuTensHomMy
oTueTy XV KCOA (2014), NpoerT BOOC B oCHOBHOM
cooTeeTcTEyeT Tpebosannam Ctatei 3 MNpunoserns |
K MNpoTokony No oxpaHe okpyKaklen cpegel k Joroeo-
py 0b AuTapkTike; ecnn Pecnybnuka benapyce npumet
peLleHre HauaTk NPegnoMeHHY AeATeNLHOCTE, OHa
AQN¥HA NPEAOCTABNTE AONONHUTENEHYIO MHGOPMaLKIO
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model showed that the concentration of pollutants
will drop 91 times at a distance of 1.5-5.5 m from the
discharge point.

It was established that, in the context of the
maturation of the natural environment in the Mount
Vechernyaya region, the contribution of the impact
of the construction and operation of the BAS in the
overall transformation of the natural components of
the region where the BAS is located will be minor.

As a result of investigations in 2013 Draft Compre-
hensive Evaluation of Belarusian Antarctic Station at
MountVechernyaya, Enderby Land, has been pre-
pared taking into consideration the current state of
knowledge on the Mount Vechernyaya environmental
situation and projected impacts,

Analysis of the planned research activities makes
it possible to conclude that the knowledge gained
and the associated socio-economic and other ben-
efits resulting from research to be carried out at the
Belarusian Antarctic Station under the Mational 5ci-
entific Program will outweigh the minimal losses that
may be caused to the natural Antarctic environment
during the construction and operation of the station,
It was also concluded that the scientific results to be
gained by the construction and operation of new
research station at Mount Vechernyaya, Enderby Land
will outweigh likely mare than a minor or transitory
impact the station will likely have on the Antarctic en-
vironment at this highly impacted by earlier activities
area; scope for co-operation of scientific efforts will
be enhanced. Construction of the Belarusian station
will significantly increase the capacity of research and
the level of international cooperation in this region of
Antarctica,

In January 2014, in accordance with the require-
ments of the Protocol on Environmental Protection to
the Antarctic Treaty, a Draft Comprehensive Environ-
mental Evaluation was submitted to the Parties to
the Antarctic Treaty, Committee on Environmental
Protection (CEP) and to the Secretariat of Antarctic
Treaty in accordance with the established terms and
procedures. The Draft CEE was presented by the
Republic of Belarus at the 37th Consultative Meeting
of the Antarctic Treaty in Brasilia, Brazil, held on April
28 to May 7, 2014 (see YO0V ATCM /S WP022). Hav-
ing analyzed the Draft CEE, CEP informed ATCM that
the draft CEE substantially met the requirements of
Article 3 of Annex | to the Protocol on Environmental
Pratection to the Antarctic Treaty (CEP Report XVII). It
was noted that, in general, the Draft CEE represented
a clear, well-structured and duly formalised report,
although it was recommmended to enhance maps and
drawings and provide additional information and
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yatencHok BOOC,

B 2014 r. 6eina nogrotoeneHa OkoHYyaTensHaA Bee-
CTOPOHHAA DUEHKE, YHUTHIBAKLWAA 3aMe4aHnA 1 npeq-
noxeHna CTopoH. 3HaYWTeNbHbIE W3MEHEHWA Bbinw
BHECEHB B KOHCTRPYKLMWIO CTAHUWW, YTO COSNAET e
Bonee Ge30NaCHOR W 3KONOMMUYHOMN. CYWeCTEEHHD
AONOAHEHE NPOrPaMMel MOHWUTORWHTE, MAaHK No
0BpaleHnio ¢ 0TXOAaMK, MERONPUATUA NO NPeAoTEPa-
WEHWID MHTRPOOYKLWKN YyHEROOHBIX BWOOE W ApYrMe
pazgens BOOC. JetantHoie OTBETh HA 3aMEYaHKA
npueegeds B Mpunoxednn 4 K OkoHYaATENEHOR
Becectoponnein oueHke. Ha zacepannw KOOC XV
g pamkax XXXV KCOA Geino oTmeugHo, UTo, pacnpo-
cTpanue OrkoHYyaTensHyio BOOC n npeacTaBre faHHein
OOKYMEHT, B KOTOPOM NOZPOOHO M3N0HEHD, KaKMM
obpazom BbINKM YHTEHBLI NONYYEHHbBIE 3aMeYaHKs, bena-
pYCh BLINOAHWNE CBOE 0BA2aTENLCTED B COOTBETCTENM
¢ MpunosxkeHuenm | k NpoTokony No oXpaHe okpy#a-
wweil cpefbl. KomuTteT nomenan benapydu yonexos
B CTRPOWTENBLCTEE W IKCNNYATALUMW €€ CTAHLWK Ha rope
BeuepHasn, Jemna IHaepbu (3aknounTensHeIR oTueT
XXXV KCOA, 2015).

E. -
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MNEPCMNEKTUBbLI NPOBEAEHNA HAYYHbIX
WCCNEQOBAHUIA W SKCNEAWLIMOHHBIX PABOT

MnaHwpoeaHue W BeinonHerdwe pabot e 2016—
2020 rr. ByayT OCYWECTENATHCA B PaMKax Nognporpam-
Ml «MOHWUTORKHN NONAPHEX paRoHoB 3eMniK, CO3JaHKe
Benopycckol aHTapKTUYECKOR CTaHUKMK W obecneyeHne
[AEATENLHOCTH NONADPHBX IKCNeqMUri Ha 2016-2020
rogw» [ocygapcTBeHHOW Nporpamiibl «HoBble 1 Bbico-
KWE TEXHONOMNAK 1 TEXHMEa®,

6.1. NMpuopuTeTHBLIE HANPaBNEHWA QEATENBHOCTH

B pamkax peanvialui MEpPONPUATHI NogNporpam-
pibl MOHUTOPWH NONAPHLIX PAROHOB 3emMni, Co3QaHue
Benopycckol aHTapKTUHECKDR cTaHUWK W obecnedenne
OeATenLHOCTH NONAPHBLEX IKCneguuri Ha 2016-2020
rogws [oCyfapcTBeHHORn Nporpamme «HoBbIE 1 BbICo-
KME TEXHONOMMK KU TEXHWUEaY (ganee — MNognporpamma)

W BEINOMHEHWA MEROYHapogHelx obazatenscTe no Joro-
Bopy 06 AHTAPKTWKE NPMOPKHTETHBEIMK HANPaBAEHMAMI
geatensHocTH Pecnybnukn benapycek B AHTapKTHMEKE Ha
2016-2020 rr, GygyT ABNATECA;

- paboTel No co3faHuin MHppacTpykTYPH benopyc-
CKOM HayuyHoWN CTAHUWMW B AHTARKTUOE (NpoeKTUpORE-
HIE, M3rOTOENEHWE, A0CTAEKA, MOHTAM¥ 11 BEO[ B IKC-
MAYATALWI0 ¥UNBX, NabopaTopHEX, NPUPOL0OXPAHHBIX
W TEXHONorkMueckuy 00bLeKToR) BKNOYaA o0HOBNEHWE
NapKa TPAHCNOPTHRIX CPEACTR, OCHALEHWE COBPE-
MEHHBIMK CPECTEAMI CBAZM M TENSKOMMYHWKALMEA,
COIOAHWE HAOEHHEIX M IOPEKTHUEHBLIX CUCTEM IHEDro-
obecneyeHnA M 3KONoTMYeCcKon DesonacHoOCTK, aBa-
PWAHBIX 3aNacoB NPOAYKTOR, MEAWKAMEHTOR W FOpIOYe-
CMaz0UHLIX MAaTEPWANOE, 8 TAKKE NPUEMNEMEX YCNOB W
[NA KRYTNOrofnYHON HayYHOR W NPOW3IBOACTBEHHDM
OEATENEHOCTH, MEAWUWHCKOrO 0BCNY#UBEaHWA, OpraHw-
3aUKK BEITa W QOCYTa HayYHO-TEXHWYECKOrD NepcoHana
BAZ B KonWYecTee A0 12 YenoBek;

Chapter 6

PROSPECTS OF RESEARCH
AND EXPEDITION WORK

The planning and execution of work in the coming
years will be carried out in 2016-2020 will be carried
out within the framewaork of sub-program «Monitoring
of the Earth's polar regions, the creation of the Belar-
usian Antarctic station and maintenance of the polar
expeditions 20156-2020x of the 5tate program «New
and High Technology and Engineerings.

6.1. Priority directions of activity

In the framework of the subprogram «Monitoring
the Earth’s polar regions, the creation of the Belaru-
sian Antarctic station and maintenance of the polar
expeditions 2016-2020» of the State program «MNew
and high technologies and equipments (hereinafter -
Sub-program) and the implementation of internation-
al obligations under the Antarctic Treaty, the priorities
of the Republic of Belarus activity in Antarctic 2016—
2020 will be the following:

- infrastructure works of the Belarusian scienti-
fic station in Antarctica (design, manufacture,
delivery, installation and commissioning of residen-
tial, laboratory, environmental and technological
objects) including the updating of the car park,
equipment with modern means of communica-
tion and telecommunication, the establishment of
reliable and efficient energy systems and environ-
mental safety, emergency stocks of food, medicine,
fuel and lubricants, as well as suitable conditions
for year-round scientific and production activity,
medical care, welfare and recreation of scientific and
technical personnel of BAE in the number of up to
12 people;
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— hyYHAAMEHTANEHO OPUEHTUPOBAHHEIE MCCNEnoBa-
HWA NPOUECCOB B OKPYHAIOWEN cpefe AHTapKTHMEL, MY
CEAIW C rNoBanbHLIMK WIMEHEHMAMKA rechU3IHECKIX
NapameTpos, KpYNHOMACWTaBbHLIM NepEHOCOM 3arpa3-
HEHWA K KNAMATHUSCKAMIA M3MEHEHWAMMW, WCCNeno-
BAHWA MUBLIX MODCKIX 1 HAZEMHBIX BUONOrMUYECKIY
ODLEKTOR, 8 TaKMe Heap AHTapKTWKW B paihoHe Bazvpo-
BaHKA BALC:

— HayuUHO-NpUKNagHBIE MCCNEfOBAHWA W pazpaboT-
KM, oBECneYnBaIoWMe NPAKTUYECKYID AeATENLHOCTE
Yenoseka B NoONApPHEIK obnacTax 3emni, BKNIOYaA paspa-
GoTky cneywanebHBIX HayYHex Npubopoe 1 obopygoBa-
HIAA, OLEHKY W MCNoNb30EaHne BUOpPeCypCos;

= HOpMaTUEHO-NPaBoBOoe obecnedyeHue AeRTeNk-
HOCTI GHIMYECKMX W IOPUANYECKkY NUL Pecnybnukn
Benapyce B AHTapKTHKE;

— YKPenneHne B3anMogeicTENA CO CTRaHamMK1 —
yuyacTHUUamy Jorosopa of AHTapKTUKE NyTeM paclum-
PEHWA MERAYHAPOAHOA Koonepauni & chepe Hay4YHOR,
NPWPOLCOXPAHHOR W NOTUCTMYECKON A8ATENBHOCTK
B AHTAPKTMEE, yY4aCTHE B peani3alun MexayHapoLHbX
NporpamMm K NPOeKToR NO NpoBNemanm AHTAPKTHKK,
0bMEH Hay4HBIM NERCOHANOM.

OOHOBPEMEHHD, € YYETOM NONYYEHHBIX PEIYNETATOB
HayuUHBLIX MCCNEOBAHIWA, ONbITA NPOBEAEHWA aHTap-
KTAYECKMY IKCNeQUUMEA, DASBUTIA MR YHAPOHGIX
NporpamMm MCCNeqoBaHuin NONAPHBX palioHoB 3em-

MW, HOBBIX IKOHOMWYECKIX 11 BHELWHEMONKTHY ECKIAX
BbLI30BOE, OCHOBHEIMIK NPWOPWTETHEIMI NOKA3ATENAMI
WTOroE aeATensHocT Pecnybnukw Benapyce 8 AHTapk-
THKE CTAHYT:

— NOAYYEHWE HOBBIX JaHHBIX O COCTOAHWK NPUPOL-
HOW cpefbl AHTADKTUKK HA OCHOBE PE3yNBTATOR QUCTaH-
UMOHHOMD 30HAMPOBAHWA aTMOChepbl M NOACTUNEIOWEA
NOBERXHOCTA CTAUWOHAPHBIMIA W KOCMWHECKMMK CHCTE-
MamMK HabnoageHus;

— pazpaboTka HOBLIX METOAOE, aNrOpUTMOR oBpa-
GOTKU laHHBIX 1 NPOTPaMMHOro obecneueHnn Ana ns-
MEPEHWA NAPAMETROR NPWMROAHOR Cpeibl AHTAPKTIKK,

— MOHWUTOPWHT KMIDUEBLIX NARAMETPOE OKPYHKak-
Weld cpenbl AHTAPKTHKK B MecTe AeicTelA BAS;

~ NOAYHEHWE HOBRIX AaHHbIX [NA onpefeneHiua
NPOLWAbLIX, TEKYLWMK W NPOTHOIMPOBaHNA BYOYILWMX n3me-
HEHWIA AHTAPKTUYECKON NPUPOLHON Cpedbl 1 KNWMaTa,
WCCNEAO0BEAHIA MOPCKUX, NPECHOBOOHBIX M HAZEMHbIX
IKOCUCTEM B palloHax BasnposaHus (NEATENEHOCTI)
GenopyccKom aKCNeuun;

— OCYWECTBASHME MERONPUATHIA NO WCNONb3oBa-
HWK pe3yniLTaTos padoT ONA peweHnA MEXYHADOOHLIX
W HAUWOHANEHBIX 33034 & 0DNACTH PasBNTHA HOBbIX
TEXHONOrWA, pecypcoobecneverns U pecypcochepese-
HWA, IKOHOMH KW, OXPaHbl OKPYHAKIWLER Cpeap B KpaT-
KOCPOYHOW W AONFOCPOYHON NEPCNERTIEE;

— BHEAPEHWE COBPEMEHHBIX NPUPOL0OXPaHHBIX
TEXHONOMAA ANA NOBBIWEHWNA YRPOBHA 3KONOMAYECKORA
GE30NACHOCTIA 1 MWHUMIWZALWK BO3OSACTEMA NEATENb-
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— fundamentally oriented research processes in
the Antarctic environment, their relationship with the
global changes of geophysical parameters, large-scale
transport of pollution and climate change, the study
of living marine and terrestrial biological objects, as
well as the Antarctic subsoil in the area of BAS basing;

- scientific and applied research and develop-
ment, providing practical human activity in the polar
regions of the Earth, including the development of
special scientific instruments and equipment, assess-
ment and use of biological resources;

- normative legal maintenance of activity of natu-
ral and legal persons of the Republic of Belarus in the
Antarctic;

- strengthening of the cooperation with the mem-
ber countries of the Antarctic Treaty by the expansion
of international cooperation in the field of scientific,
environmental and logistic activities in the Antarctic,
participation in international programs and projects
on Antarctic issues, exchange of scientific personnel.

At the same time, taking into account the results
of scientific research, the experience of the Antarctic
expeditions, the development of international re-
search programs on the Earth's polar regions, consid-
ering new economic and foreign policy challenges,
the main indicators of the results of the priority activ-
ities of the Republic of Belarus in the Antarctic will be
following:

- the obtaining of new data on the state of the
Antarctic environment on the basis of remote sens-
ing of the atmosphere and the underlying surface by
stationary and space surveillance systems;

- the development of new methods, algorithms,
processing and software to measure the parameters of
the Antarctic environment;

- the monitoring of key environmental parame-
ters in Antarctic at the place of BAE's activity;

- the acquisition of new data to identify past, cur-
rent and prediction of future changes in the Antarctic
environment and climate, studies of marine, freshwa-
ter and terrestrial ecosystems in the areas of basing
{activity) of Belarusian expedition;

- the implementation of measures for the use of
the results of work for the achievement of interna-
tional and national goals in the field of developrment
of new technologies, resource supplies and resource
econamics, environmental protection in the short and
long period of time;

—the introduction of modern environmental tech-
nologies to enhance the level of ecological safety and
minimizing the impact of BAE on the Antarctic envi-
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HOCTKM BAD Ha OKPYHAIOWYK Cpedy AHTAPKTUEN B MECTE
NOCTOAHRHOMND BazMpoBaHWA Ha 3emne IHaepbn, Xonmel
Tana, ¥ ropkl Beuepuan;

- MHTErpaUwna MCCNEqOBaHWA B MEKAYHAPOOHbIE
HayuHbIe NPOrpamMmbsl M3yUeHKA AHTAPKTIAL! M CETH MO-
HuTopuHra atmochepol (AERONET, CI5-LiMet, EARLIMET,
GALION, GAW, IGACO-03/UV, GIANT w ap.);

- yu4acTve B paboTe KMoveBEk X oDWEeCTEEHHEIX
OpraHu3aumin cucTemel Jorosopa ob AHTApKTHMKE, pas-
BUTHE MEHOYHAPOAHOIO HAYYHOTO W NOTUCTMHECKOTD
COTPYAHWHECTER NPW BRINGNHEHWK 33AaHWA (Meponpy-
ATHI), KaK BaxHelwero ¢akTopa YEPEnneHnA CHCTEME
Jorosopa o AHTaPKTIKE;

— BBINOAHEHWE MEXOYHApOOHLIX 0bAZaTensCTE Pe-
cnyfnuen benapyce no Jorosopy of AHTapkTuke u Mpo-
TOKOMY NO OXPaHEe OKPyHaWeR Cpeabl K YKa3aHHOoMY
Aorosopy, pa3BrTie MERIYHaPOOHOD COTPYOHUYECTES
8 chepe U2yUeHUA NONAPHLX PAROHOE 3emnu, BHINON-
HEHWE MEKOYHAPOOHLIX W HALUWOHANLHBIX NpoUenyp,
OPUEHTUPOBAHHbLIX HA NPK3HaHKE KoHCYNETATHEHBEIMI
Croponamu [Jorosopa ob AnTaprTvke KOHCYNBTaTUBHO-
ro cratyca Pecnybnuki benapyce, kak NoONHONPagHOR
Cropotp [loroeopa ob AHTapkTHKE,

6.2. CTpaTerna opraHW3alim u passuTHA
GenopyccKoil HALMOHANBEHOM AHTAPKTUYECKOR

WH$PACTPYKTYPbI

Cozpanve benopycckoi aHTapKTHHECKORN CTaHLIKMK
{nanee — BAC) npegycmoTpeHo MNnaHom cTpouTenbCTES
BAC (yTeepxgeHHbim 06.03.2013 r. HAH benapycw 1 Mu-
HUCTEPCTEOM NPUPOOHEIX PECYPCOE M OXPaHLl OKDYHa-
wowen cpegel PecnyGnukn benapyce No cornacoBaHmm
¢ MuHucTepcTROM PUHaHcos Pecnybnukn Benapyck),

3 TAKKE MEPONPUATHAMK [OCyJapCTEEHHON NPOTDaMME
Ha 2016-2020 1T,

Peanuzauwa meponpuaTii [ocyaapcTBEHHOH
nporpamMmel B HacTk coznadna BAC ocywecTenaeTcn
C YUETOM NEPCNEKTUE ABYCTODOHHETD E3AaWMONeRCTEMA
Ha OCHOBE MEXNPaBWTENBCTEEHHOMO Carnaenns o co-
TpYLHUYECTEE B AHTapKTHKE Mexdy Pecnybnukoi be-
napycek v Pocowiickoi Qegepaunel, a TakKe passuTUA
MENOYHAPOOHON NOTMCTHYECKOR KOONepaLMK C pyTi-
MK CTPaHaMK = yyacTHUUamMK Jorosopa of AHTapkTHke,

MNpu pazpaboTke KOHUENTYansHoro npoexTa BAC
YYWTHIBANCA COBPEMEHHBIN MUPOBON ONBIT CTROW-
TENBCTEA aHANOTWHYHEIX OBLEKTOB NONAPHOR MHpa-
CTRYKTYPLL, @ TAKME UCNONBLI0BAH NPAKTUHECKWR ONsIT,
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ronment in the place of permanent basing in Enderby
Land, Thala Hills, at the Mount Vechernyaya;

- the integration of research into international
research programs studying Antarctic and atmospher-
ic monitoring network (AERONET, CIS-LiNet, EARLINET,
GALION, GAW, IGACO-03 / UV, GIANT and others);

- the participation in the work of key public
organizations of the Antarctic Treaty Systern, the de-
velopment of the international scientific and logistical
cooperation in the performance of tasks (activities)
as the most important factor of strengthening of the
Antarctic Treaty system;

- the fulfillment of international obligations
of the Republic of Belarus to the Antarctic Treaty and
on the Environmental Protocol to the said Agreement,
the development of international cooperation in the
study of the Earth's polar regions, the implementation
of international and national procedures, focused
on the recognition of the Consultative Parties to the
Antarctic Treaty Consultative status of the Republic
of Belarus as a fully competent party in the Antarctic
Treaty.

6.2. The strategy of the organization and
development of the Belarusian National Antarctic
infrastructure

The creation of the Belarusian Antarctic Station
(hereinafter - BAS) provides building the BAS building
plan (approved 3.6.2013 by the National Academy of
Sciences of Belarus and the Ministry of Natural Re-
sources and Environmental Protection of the Republic
of Belarus in coordination with the Ministry of Finance
of the Republic of Belarus), as well as the activities of
the State program for 2016-2020.

The implementation of the State Program in terms
of the creation of BAS shall be based on the prospects
of bilateral cooperation on the basis of an intergov-
ernmental agreement on cooperation in the Antarctic
between the Republic of Belarus and the Russian Fed-
eration, as well as the development of international
logistics cooperation with other member states of the
Antarctic Treaty.

In developing the conceptual BAS project the
current world experience in building similar facilities
polar infrastructure was taken into account, as well as
the lessons learned from the Belarusian polar explo-
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HAKOMNEHHBLIA GenopYCCKIMKN NONADPHUKAMK B NEpUo
Wy paboThl B COCTABE COBETCKMX W DENOPYCCKUX aHTap-
KTHYSCKNY 3KCNEnMU WA

K 6onblWHETBY 00bEKTOB BENOPYCCKOR aHTapKTH-
Yeckol MHpacTpYKTYpLI NpeabABNAKTCA TpeboBaHA
YHUBERCANBHOCTH, KOMMNaKTHOCTH, IHeprosddexTHs-
HOCTH, TEXHONOMMUYECKOR 1M 3Konorvieckol BesonacHo-
CTH, 4TQ MNO2BONWT IHAYWMTENLHO CHWIWTE MNOCNENCTBMA
NPoBOAMMOR JEATENBHOCTI Ha OKPYHRIIOWYID Cpeay
AHTAPKTUEN W CYLWECTBEHHO YMEHBLWWTE 3aTpaThl Geno-
PYCCKOW CTOPOHB Ha Co3Aanmne coBCTEEHHON aHTapKTK-
YeCckol MHpPaCTRYKTYREI.

KoMuentyaneHeli npoext BAC npegycmatpreasT
co3naHue B nepuog 2016-2025 rr. e BocTouHon AHTap-
KTHAE Ha 3emne Jugepbn B painoHe ropw BeyepHas,

B HENOCPEOCTEEHHOM ONM30CTH oT noneeoi Hazel PAS
«lopa BevepHan: (150-200 m) KpyrnoroguyHoi nccne-
A0BATENLCKOW CTAHUMI, BKNIDYAKILLEN KOMNNEKC BCEX
HeoOXOAUMBX NPOMIBOACTEEHHO-TEXHONOMMYECKIMX,
CAYHEBHO-MUNBIX M CNELWAnKMINPOoBaHHLIX Manoraba-
PHTHBIX COOPYHKEHNA MOOYNEHOTO (KOHTEMHEPHOrO)
Tina. Pasmewerme obbekTos nHbpacTpykTypel BAC
OyoeT oCyWeCTENATECA Ha PErYNMPYEMBIX NO BRICOTE
ONOPHEIX NMNaThopMax, YCTaHOBNEHHBIX Ha YYacTKax
OTKRBITEIX BHXOAOE KOPEHHBIX MOpHBX NOPog, Mano
FAHOCHMbIX CHEMOM,

B nepuog 2015-2020 rT. B COCTaE NEPEOR oYepeany
BAC noaTanHo NNaHWPYeTCA BKNIOYWTh Ao 16 efnHnL
MHOPACTRPYKTY PR MOGYNBEHOMO TUNA.

YkazaHHBIR BAPWaHT Opradniaunm 0enopycckon
WMCCNeA0EaTENLCKON AHTAPKTHUECKD A MHGPaCTPYRTY LI
NOSEONAT yae K 2019-2020 rr. cozgate Heodxogumse
YCNOBKMA ANA HAYYHO-NPOM3BOACTEEHHON JEATENLHOCTI
W KPYrNoroguYHoro pasmelleHns nepcorana BA 8 Ko-
nuuecTtee oo 11-12 yenoeek.

B nepuopn 2021-2025 rr, B COCTag BTOPOW o4EpEqn
BAC no3tanHo nnaHupyeTca BkNoYMTE Ao 10 egmHKl
WHOPACTRYKTYPE MOOYNEHOTO TUNE #WNoro, Npanws-
BOACTEEHHOMD, NPUPOL4ODXKPAHHOIO U CNeUNansHoro
HazHa4eHwA, Hem ByaeT 3apeplIeHo co3aHne OCHOBHOK
WHGpacTpyKTYpLl BAC, NoMUMO 3TOMS, MEPONPUATIAA NO
co3gaHuio BTopoil ovepegwn bAC B 2021-2025 rr. 6yoyT
npegycmaTpueaTs QOCTABKY, YCTAHOBKY U BEOA B Aei-
CcTEME 0DOpYAoBEaHKA ONA NepepaboT W yTUAM3auMm
OTXOA0R JKCNEAWUHMOHHON OBATENEHOCTH, NPOBEAEHWE
NPUPONOOXPAHHBIX MEDONPUATIN, BKNHOYAA COBMECT-
Hele ¢ Poccwiickoin Mepepauymein padoTel No eEmMOHTamy
W BLIBO2Y 33 Npenents AHTAPKTUEKN yTUNbHbIX 00LEKTOR
WHPPACTPYKTYPE 1 PA3NMUYHEX BMOOE OTKOAO0E CORET-
CKOMO NepUoda BpemMeHu ¢ noneebix 6az «lopa Beuep-
HARR W «MonogesHans, a TaKHe peanniaUmi KOMNNeKca
MEP MO CHIKEHWH BLIBPOCOE 3arpAIHAKLLMY BELECTE,
cOpOCoB CTOYHBIX BOJ, 0DPa3oBaHUA W YyTUAKIALMK
OTHOA0E, NPE00TEPALWEHNA YyTeYeK TONNKES, NNaHnpo-
BaHWA MapLlpyToE MCCNefoBaHIA,
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rers during their activity with the Soviet and Belaru-
sian Antarctic expeditions.

For the majority of the objects of the Belarusian
Antarctic infrastructure are requirements of versatility,
compactness, efficiency, technological and environ-
mental safety are demanded, and the observation of
such requirements will significantly reduce the impact
of ongoing activities on the Antarctic environment
and repeatedly to reduce the cost of the Belarusian
side to create its own infrastructure in the Antarctic.

The conceptual design of BAS provides the cre-
ation of the field base of RAE near Mount Vechernyaya
for the period of 2016-2025 in East Antarctica on
Enderby Land in the immediate vicinity from the
MountVechernyaya (150-200 m), year-round research
station including a set of all the necessary production
and technological, service and residential facilities and
specialized small modular (container) type. The loca-
tion of BAS facilities will take place on height-adjust-
able support platforms installed in areas open out of
bedrock, which are not excessively covered with snow.

In the period 2015-2020 in the first stage of the
BAS it is expected to gradually include up to 16 units
of modular infrastructure.

This variant of the organization of the Belarusian
Antarctic research infrastructure by 2019-2020 will
enable to create the necessary conditions for scientific
and industrial activity, and year-round accommoda-
tion of BAE staff of up to 11-12 people.

In the period 2021-2025 the second stage of
phased BAS it is expected to involve up to 10 units
of modular infrastructure of residential, industrial,
environmental and special purpose which will mean
the completion of the creation of basic infrastructure
of BAS. In addition, measures for the creation of the
second stage of BAS in 2021-2025 will provide deliv-
ery, installation and commissioning of the equipment
for processing and recycling forwarding activities,
environmental activities, including joint work with the
Russian Federation on the dismantling and removal of
waste infrastructure items outside the Antarctic and
different types of waste from the Soviet period from
the field bases «Mount Vechernyayar» and «Molode-
zhnayas, as well as the implementation of measures
to reduce pollutant emissions, wastewater discharges,
education and waste disposal, to prevent fuel leakage,
research route planning.
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6.3. NpoBeneHne KOMNNEKCHBIX HAYYHBIX
NcCnegoBaHMi U TEXHNYECKUX pazpabotok gna
WN3YYEeHIA COCTOAHMA | MOHMTOPWHIA OKpYKalowen
cpeqbl W KNUMaTa AHTApKTUEN

B pamkax peanw3auwi Hay4Hbi 3ananmia Nog-
nNporpammel NNaHKPYeTCH NPOBOLUTE KOMNNEKCHOS
WCCNEaoBaHMe AHTAPKTHEN C YHETOM €8 PONK M MecTa
8 rnoBanbHeLX Npoueccax, onpegenawuy Gyayuee
Pa3BUTHE YENDEEYECTE], 3 TAKKE NPOAOMKATE N3yye-
HUE NPUPOLHBIX MEXAHWIMOE W 3aKOHOMEPHOCTE(,
YMPaBnAKLWKWY M3IMEHUNBOCTEIO NPOLECCOB B NPUPOS-
HbIX CpEfax RKHOW NoNAPHOWR 0BNACTH NO CAEYIoLLM
HayUHbBIM HAaMpaBneHuAM:

1. KomnnekcHBIA Ha3eMHBIR 1 CNY THUKOBBIA MO-
HUTOPMWHI aTMoCGepbl U NOACTUNADWER NOBEPXHOCTH
2 AHTApKTIEE, PAQUOMETRMYECKAA KanuBRoEKa cnek-
TpanbHOM annapatypel BenopyCckmy M POCCHICKIX
cnyTHUKOE BEA v «Kanonyc-Br Nno cHemHOMY NONMTaHy
8 AHTapPKTHAE, pa3paboTka oNTUYECKOR Mogenu aT-
MOCHEPHOMD A3P030NA U NOFCTUNAIWERN NOBEPXHOCTH
B paioHe ropel BeuepHeil.

2. JKCNEPUMEHTANEHBIE 1 MOJENbHBIE WCCNefosa-
HIA BNWAHKUA MANbIX ra30BLIX COCTABNAKLWMY aTMoche-
Pbl Ha Ce30HHbIE Bapnalwn YO-obnyyeHHocTH B NpK-
IEMHOM CNOE 1 BOOHBLIX 3KOCUCTEMAX B palioHe BAS.

3. l[eodpWaneckie M reonormyecke MCCNegoBaHa
3emMHON Kopbl BeyepHeropckol nnowann.

4. KoMnnekcHbIA MOHUTOPKMHT BUOTHYECKWK KOM-
NOHEHTOE OKpY#alowei cpedbl AHTAPKTUKK W OLEHKa
NepCnekTHE MCNONL30BAHMA DNONOTUMECKNX PECYRCOE,

5. Mccneposadie nameHeHWA NpUpofgHoi cpesl
W Knkmata 3emni npepbun (BocTouHas AHTapkTvaa)
¥ NPMAEFAKWLNE TERRPUTORWIA NOM BAWAHWEM NPWPOLYL-
HblX W aHTPONOreHHBIX GaKTOPOE W HayYHoe obecneve-
HWe BHnonHerna obazatenscts no Mpotokoeny no O0C
k [loroeopy 0f AHTapKTHKE,

Takmm obpazom, © y4eTom cneyugryHocT obbekta
WCCNenoBaHMA W MeXayHapogHbIx obAzaTenscTe Pecny-
Gnukn Benapyce B pamkax Joroegopa ob AHTapKkTHEE
OCHOBHBIMI NPUHLMNAMI AEATENBHOCTH PecnyBnukm
Benapyce B AnTaprtuke Ha 2016-2020 rr. 1 B nocneny-
HOLWA NEPUOM ABNAKTCA KOMMMNEKCHOCTb, CUCTEMHI A
NOAXo[ K CO3AaHue HAUWMOHANBHOW aHTAPKTUYECKON
WHGPACTPYKTY LI M OPraHK3aLmnK UCCNEfoBaHMA, OpA-
eHTalUWA paboT Ha MHTErPHMPOBaHKE B MEXAYHAPOOHbIE
Nporpammel MCCNEAOBAHIN NONAPHBIX PAAOHOE 3eMnm
W MeXOYHapoaHEIe HabnogaTensHHe CETH, NPKUBnNe-
YEHWE UX NOTEHUWANa ANA PeWeHWA MEMIYHAPOAHEIX
W HaLMOHANBHBEY 3a0a4.
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6.3. The comprehensive scientific research and
technological development for the study of the
status and monitoring of the environment and
climate in Antarctic

As a part of the scientific research tasks it is
planned to carry out a comprehensive study of Antarc-
tic, considering its role and place in the global pro-
cesses, which determine the future of mankind, and
to further explore the natural mechanisms and laws
governing the variability of processes in the natural
environment of the South Polar Region in the follow-
ing fields:

1. An integrated terrestrial and satellite monito-
ring of the atmosphere and land surface in Antarctica,
radiometric calibration of the spectral equipment of
Belarusian and Russian satellites BKA and «Canopuss
in the snow polygon in Antarctica, the development of
the optical model of the atmospheric aerosol and the
underlying surface of the Mount Vechernyaya region.

2, Experimental and modeling studies of the
effect of trace gas components of the atmosphere on
seasonal variations of UV radiation in the surface layer
and aguatic ecosystems in the area of BAE.

3. Geophysical and geological study of the earth
crust of the Mount Vechernyaya.

4. Integrated monitoring of the biotic components
of the environment in the Antarctic and evaluation of
the prospects of the use of biclogical resources.

5. Research of changes of the environment and
the Earth’s climate Enderby, East Antarctic and the
surrounding area under the influence of natural and
anthropogenic factors and scientific support for the
implementation of commitments under the Protocol
on Environmental Protection to the Antarctic Treaty.

Thus, taking into account the specificity of the
object of research and the international obligations
of the Republic of Belarus in the framework of the
Antarctic Treaty, the basic principles of the Republic
of Belarus in the Antarctic for 2016-2020 and for next
pertiod are a comprehensive, systematic approach to
the creation of a national infrastructure and Antarctic
research organization, orientation of the work by In-
tegration into the international research program and
the polar regions of the Earth international monitoring
network, to ensure their capacity to meet internation-
al and national targets,
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Co3znaHne HaUWoHaNHON MHGPACTPYRTYPLl B AH- Creating a national infrastructure in the Antarctic,
TAPKTWKE W AanbHENLIEE NPOBENEHNE HAYYHBIX WCCne- and further research will be an important element
AOBAHWA CTAHET BamHbIM 3nemeHTom oblwerocyaapcT- of the national policy aimed at strengthening the posi-
BEHHOW NONWTHKW, OPUEHTUPOBaHHLIM Ha ykpenneHuwe  tion of the Republic of Belarus in the Antarctic Treaty
nozruui Pecnybnukw benapyce B cucteme Jorosopa System, to obtain new data on the state of the Ant-
ofi AHTapKTHKE, MONYy4YEeHWE HOBBIX AAaHHBIX O COCTOAHKMK  arctic environment, the development of international
NPUPORHON cpeabl AHTAPKTUEN, PA3BUTUE MEXIY- cooperation and the strengthening of the Antarctic
HAPOOHOro COTRYAHWYECTBA WU YKPENNeHWA CUCTEMEI Treaty System.

Jorosopa o AHTaPKTHKE,




[MpunoxeHne

TaGnuua 1. Cnucok Genopycos — YMACTHWKOB COBETCKWX M POCCMACKMX AHTAPKTUMECKNK 3KCNEauLMi

M nin Parmnin, Mma, Orsectso Wazqg':H“ﬂ Ke KAD-CAZ-PAD [ron#MocTs CraHums, Hasa, cygHo
1 | ABpMHCKWMA MeHHanWA Caprasgury 1941 23, 27 Qorofewwdparop | ManopexHan
2 | Agamosiud Bnagumump CrenaHosmny 1942 21 Cnecapt MonogesHan
Monogesxnas,
3 | Axwesckuid Mesucnas Mropeswy 1963 39,51, 56,60 | Aaponor Hoeonazapesckas,
MupHEIR
4 | AnewkesrH leHHagWia MNasnogKy 1961 i4 AcCTpOHOM BocTok
5 | AHppockk Muxaun Meadosuy 1942 28 OreaHonor MonopgesHan
& | Acrgoscknin Anekcanip ANEKCaHRPOBEHY 1945 20, 29 MeEXaHWE, TEXHHWE MonogesHan
7 | bobpos Anekcavgp Muxalnoguy 1936 21 Cnecapk MonopesHan
& | ByiAHMuKWA AHaTonnia JeducoBisy 1932 2 Bogutent MupHBIR
9 | bypak Hakonai Muxainoeun 1933 1,3 CTpouTents MupHsIiA
10 | bytko Bnagumup Deqoposiau 1953 32 MexaHvk-soguTens | MonogesHan
11 | bevkos Cepren AnekcaHgpoBiuy 1945 22 HMrakenep IBM MonogesHan
12 | Bacunesckuin EBrenwia Magnopuyg 1941 21,25 WHseHep IBM MonopesHan
13 | Benwykosckmi Bnagwmup Butanbesnd 1945 26 MHxeHep IBM MonogesHan
14 | Beptvnckni Mrope MeaHosWY 1956 30 MH#eHep JBM MonogesHan
15 | Bukapyk WMBaH AnekcaHapoBny 1941 18 Bpau Pycckan
16 | BoiTeHko BaneHtud Hukonageny 1948 18 FagnoznekTpoHuk | MWpHEIR
17 | lafpawoe Anekceid AneKcaHaposMY 1959 i3 Meteoponor TeHWHrpaackan
18 | MurudAx Kpuih Mpuropeesmny 1945 16 Buonor MuprHBIR
19 | MuHTydT AnekcaHgp TpodumoBuy 1958 32 ACTpOHOM MUpHBIR
20 | lonybes Banepuil AHaTonbeauny 1964 34 PagwoanekTpoHuk | BoCTok
21 |Tonybedko Qenop PegopoeMy 1941 23 MH#eren CP3A MonogesHan
22 | lynonoswy Mean Meanoswny 1944 17 ACTpOHOM BennuHcraysed
23 | Naewmposuy MNeTp MNagnoswny 15940 35 Monopesnan
24 | Jonrwii feoprinil EBreHeesmny 1950 35 MeTeoponar MonogesHan
25 | dopedro Anekcanap Hukonagsny 1949 33 PagnounHseHep MonopesHan
26 | JopoWweHKo AHATONWA KMDMNNOBEMY 1949 26, 30 MeTeoponar g‘mmem”aﬂ‘
eNNMHCTay3eH
27 | Npaver Bacunui TpodumosMy 1934 1 CTpovTEnk MupHBIA
28 [Oynnexkos AnexcaHap MeaHosry 1954 28 AcCTpOHOM BocTok
29 | Ovpariud Banepui uogopasnsy 1950 28 FaguosnekTpoduy | MonogesHan
30 | EmeneAHor Kpuid Hukonaeswy 1937 25 Crapuunit Hay el MuypHEIA
COTPYOHWE
31 | Mypaecknin AHaTonui BUKTOpOGEAY 1962 34 Bogutens MupHea
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Mpodomwexue mabn. 1

MF /N DamuniuA, Msma, OruecTEo pDH:qDEnHH:H N? KAS-CAS-PAS fonwHocTs CraHyma, Gaza, cygHo
32 | 3apoposHbid Hukonaw Bacunsesuy 1951 22 Wr#erep JBM MonogexHan
. MonogesHan,
33 | 3anecckmi Anexkcangp Bnagumuposiny 1953 29,34 Hrenep MC3 Eenn“i: "
34 | 3anetoe Bnagumnp FoHanegoemn- 1951 30, 35 PagnotexHmx MupHbi
35 | 3apy6a Bacunwia Hakonaeswy 1931 1,2 CTponTens MupHbiia
36 | 3apban Netpoc Pagaenosny 1961 31 FagunouH#eHep bennuHCrayseH
37 | Faxapenror NeoHnp MBaHORKY 1937 26 HavaneHWK CP3A MonogemHan
38 | 3axapud Bnapwamnp Bacunsesny 1945 27,32 MeTeoponor Pyccran
39 | 3xax Hukonaih HUEWTOBKY 1933 1 CrpouTens MupHeia
40 | Mnbreswy Wean Msanosny 1245 32,36 b DL BennuHcraysen
wH#eHep no MC3
41 | Kabor Denop depopopud 1921 6,12 Paguonokatop Nazapesa, MypHBIA
42 | RaHawxwH Enagumuap Kupunnosny 1942 25,27 NHseHep LR iR
Dpy#nan
43 | Kapniok Bnagummp Necnuaosuny 1949 24,28 MeTeoponor BocTok
44 | Koeeposud EBreHud [Naenosny 1933 1,2 CTpouTenb MupHbIA
45 | Komemakue Hiukonai Edusosinyg 1933 1 CTpouTent MupHeIA
46 | Konocos Bnagumup Hiukonagany 1949 31 ACTROHOM Pyccran
47 | Kombnueney Banepui MeaHoswy 1951 31 Oreanonor BennuHcraysen
48 | Kopones Anatonwil MeadoBuy 1540 89 TpakTopvcT MaonogexHan
HavankHWK
49 | KoTnAap AHATONWA AHATONEEBMY 14954 33 nepenaKwen MonogesHan
PAnUOCTAHLIAK
50 |Kpaeyos KOpui Bnagumuposny 1957 38;:5!_:?4?&;2' Papwonokatop MupHeiia
51 | Kpueey Bacwnui Bacnneesny 1946 22 Pagwonokatop MonogemxHan
52 | KpueMukKMi BAyecnas EBreHnesny 1960 i3 BoguTent MonogemxHan
53 | Kynakoe Bnagusmmp AnekcannpoBny 1947 28, 32 MHseHep JBM MonopemHan
54 | NasylwkwH Hukonai Bnagumuposuy 1932 1 CTponTEns MupHbii
55 |Nebenes Anekcanap MeTpoBny 1940 19, 25 HH#eHep JBM MonopesHan
56 |llesanos Mropb KOHCTAHTMHOBKY 1930 20 PaguounHseHep MaonogexHan
57 |NeHueHko EBreHni AnekcaHapoBiy 1942 30, 33 InekTpuk 43C MupHeiA
58 | Nobaues Buxrop Marseesny 1931 2 MoHTamHWE MupHbin
59 |Nomawko Bnagumup Mcakosmy 1937 18 MeTteoponor BocTok
&0 | Maesckwia lenpux 3ayapoosny 1932 3 Aaponor CoBeTCKanR
61 | Manonetkoe MneA MREpUNOBAY 1926 13 BoprpagmcT 03 «06b=
62 | Marow Mrops Hukanaegmy 1935 21 Cnecape MonagexHan
63 | Maxanekos Banepun Qununnosiu 1940 23,29 Hraenep 3BM MonogexHan
&4 | Mugynuy Bnagumup Mnewy 1928 16 WHenep CP3A MonogemxHan
65 | Muxainoe Anekcanap AdaHacbe sy 1947 17 AcTpoHom MwpHEIR
66 | MeiTeko Buktop [EHHagLEBWY 1957 36 HHaeHED MaonopemxHan
67 | Habatumkoe KDpuil Anexkceesny 1963 33 PannoanektpoHuE | [IeHWHIpagckas
68 | Haymuuk HUKoNal Mprropeesny 1932 1 CTpouTent MupHEIA
69 |Heanepoe KDpwia Meadosuy 1954 | 23,57,59, 61 | Asponor MupHeia
70 |Hocoukos Anercangp Magnoswy 14952 27 WHmeHep JBM MonogesHan
71 | Ocunenko Buktop MeaHoemy 1935 2 TpakToprcT MupHbia
72 |MNaenos Bnagwumup MNagnosuwy 1934 2 PazHopabounin MupHbIA
73 | NMununoexy Mean Cepreeaguy 1925 & Azaponar MpHBEIA
74 | Nontop#Kugmia Banepuin Kyboswuy 1954 29 MeTeoponor MonopesHan
75 | Pazaneurnin 3gyapn ImMMaHyANnoEM- 1947 24 Papwosnexktponue | MupHbia
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OxoxyaHue maén. 1

M n/n DasmmnuA, M, OruecTeo PﬂH‘EqDEHHﬂ N? KAS-CAD-PAS NonksocTe CraHiymn, Gasa, cygHo
76 | PexmeTunkos EBrenuid Mropesmny 1959 30 Pagwoanektporuk, | bennuncrayaen
77 | Pycak Neonng Hukonaesuy 1939 30, 33 MIHKEHER-MeXHNK, MonogesHan

MEXAHVK-BOQWTENE
78 | Ceuro Bacunui Hukonaeswmy 1954 34 PagnorexHme MonogesHan
79 | Cvpopok Hukanai MeTpogry 1950 28, 33 s T LT T
doropewngparop | MonopesHan
80 | CvmaHoewy Poma Edpemosny 1926 3 Boprpagwcr MupHuii
81 |Cobone AnekcaHgp JMUTPHERKY 1937 | 27,31, 33, 36 | PagnorexHMK BennwHcrayzeH
82 | CpbibHsin AHatonwin Bacunsesny 1955 ] MeTteoponor Hosonasapesckan
83 | Cycnoe Hukonain Mwdopgsesny 1947 19, 25 HMHaxenep JBM MonopesHan
84 | Cywena AnaTonuin Bacuneesuy 1950 30 WHaenep no MC3 NexnuHrpagckas
85 | Tpouwwk Hukonaia MeTpoemy 1956 30, 33 PanuorexHue MonogesHan
86 | Pegopos Pomad Pepopoany 1932 11 Aspanar MonogesHan
87 | dunwmoros Bnagumup MBaHoBKY 1957 32 MeTteoponor MupHsiR
88 | Dype Bnagumup Masnoewy 1939 23 MeTeoponor MonopgesHan
B9 | Xapameukwh 1EaH NleoHTeEBENY 1935 20, 24 bbby e MonopesHan
WHxeHep IBM
0 | Xsoctos Buranui Bnagumuposny 1946 16 AcCTpoHOM MupHBIA
91 | Xotynes lenHagwia Ebumosiy 1939 21,25,35 | Wumenep, cnecape | Monopgemnan
92 | Xox Muxawn Apocnasosmy 1941 28 Mexanwk-soguTens | MonogexHan
93 [Uepn Mead Magnogwy 1932 2 [azoCcBApWWK MupHEIA
94 | YepHoiw Banepui Bhagnmwposig 1963 34 ACTpOHOM BennuHcraysed
95 | YepHbiwerky AnekcaHap Mocudopiy 1952 27. 3 AH#eHep no MC3 ;‘MUHEHH“'
EHWHIpagckan
96 |YecHokoe Apkagui Muxaianosny 1948 23 AH#enep IBM MonopesHan
97 |Wapernga MBaH AHTOHOEMY 1937 7,9 s LIRS MupHeii
MEXAHWK-BOOWTENE
98 | WwaH MNagen NagpeHTEEaMY 1933 1,2 CrpouTens MupHsiin
99 | lymak Cemed AnekcaHnpoBury 1935 1 CTpouTent Mupnsii
100 | Wymeiko Bnagumup AdaHaceesny 1954 29 HHaenep no MC3 NeruHrpagckas
101 | Aukesny Esresmi Mockdosmny 1939 7 MexaHwk-pogurent | Hoponazapesckan
102 | AuwiH Bnagumup MeaHoeny 1948 28 TexHWK MonopesHan
TaGnuya 2. Cnucok GenopyccKnX CNeYWanucToR, KOMaHOWPOBAHHBIX B AHTApPKTUKY B 2006 T,
GenopycCKMWA rocyAapCTEEHHBIMKM OpraHamK U OpraHusayuAMK B cocTase PAS
M n/n Mamenna, s, Orvecreo DEIN:H&QHHSI e A NonsHocms CraHumA, Ga3a, cygHo
1 | Ayboswk Hukonan Hukonassuy 1955 51 PyroBoOWTENE FRYOME Bopt H3C «Akagemuk Degoposs
2 | Thiwkesny Bnagumup EBreHbesiny 1972 51 HayuHblH COTPYHKK Bopt HAC cAkagemuk Degoposs
3 |lanpawos Anexkcen Anekcangposud | 1959 52 | Pyrosogurens rpynne :2?:::;3::;L;?SHOHEHH3H“
4 | Typbiwes NeoHus Hukonaesny 1955 52 I%IEIT-IM;GT:&E?;#H pekTopa ::F:;:;S:;L:TSHOHEMHMR
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Tatmuia 3. CNNCOK Y4acTHMKOE GenopycckMX aHTAPKTUYECKNX IKCNequuui,
OpraHUzoBaHHbIX B paMKax peannsaumm meponpuaTwia locygapcTeeHHol nporpammbl B 2007-2016 rr.

::1 damunng, Hua, Jriectao FIED:ATHHH W= BA HonsHocTs CranyuA, Gaza

1 [Andumoe Bnagumvp TMXOHOBWY 1954 7 MHseHap-MmexaH1E MNoneean 6aza «fopa BeyepHaas

2 |babuyer Anekcangp BnagumupoBuy | 1959 2 MexaHnk MNonesan Gaza «lfopa BeyepHass

3 | bopogwH Oner Mropeeny 1977 2 WH#eHe p-3xonor Moneean Gaza «fopa BevepHass

4 | bpyuroscrmi Mnea Mropesny 1957 6 WhaeHep-paguonmetprct | Craduyma «Nporpeccs

5 |Boik Mrope MNetposny 1959 1,2 Monesan Gasa «fopa BevyepHAans:
Moneesie Ga3bl «[opa BeyepHAs,

. . cl a«MonogesxHans, Gopt HIC

6 |Mahgawos Anexcel AneKcaHgpoBMY 1959 no B HavaneHwe BAZ «AKanEMMK DEAOPOB”, CTAHUMN
ullporpeccs, *HoBoNazapesCKans

7 |Marvnak Opua Mpuropeesud 1946 3,6 | WHseHep-3konor Er DLy BE g ey
cTaHuuA «fNporpeccs

8 |lepbauesuy Makcum AHBpeeBHY 1993 8 MHseHep-pagromeTpueT | Nonesan Hasa «fopa BevepHans

9 | demuH Buktop Ceprecgmy 1984 1,4 |WuseHep-pagvomeTpuct | Nonegan Gaza «fopa BevepHagAs

10 |3axeatoR Anekced AHATONEEBNY 1988 8 MexaHuk Monesan Gaza «fopa BeyepHans

11 | Kopane Muxawn Muxainosiay 1960 2.5, 7 | Musenap-paguomerpuet | Noneesan Gaza «Topa BeyepHass

12 | ManH Bnagucnae EBreHeesny 1975 5,7 | MHseHep-akonor Nonesan basza «fopa BeuepHanas

13 |[Mrchukos Oner Bacunbesiy 1954 2 WHaeHep-reodang Nonesan 6aza «fopa BeuepHans

14 | HugwTior Jleonng Anexkceesny 1971 8 Bpau-xnpypr Moneean Gasa «fopa BeyepHass

15 | Topbuk Cepreil AnexcaHapoBmy 1987 8 NappomeTHabnopatents | Monesan Haza «Topa BevepHAar

16 | Watnsiko MNagenBuKeHTEEENY 1990 7 H#ERap-readrIng MNonegan Gaza «fopa BeyspHARs

17 | Wnwnesckwn Bayecnas Nleonugoewy | 1973 1 TexHuk-meTeoponor MNoneean Gaza «fopa BewepHans

Tatnuua 4, CAMcoK Genopycckny YHACTHIKOE MEXAYHAPOAHOW COPTUEHON AHTAPKTUYECKOW IKCNEgMLNM
s«Hapctpeuy XX| seky», aexabpe 1999 - aupaps 2000
N2 A Darasnua, Wan, OruecTro MaPLEYT, MECTO JUCROKALWW B AHTARKTHAE

1 | bopuvcesny Anekcanip AnerkcaHaposns | NMnata Natpuar-Xunne — KsHBE nanee — MNoiara MNatpyor-Xunng

2 | Boik Mrope MNetposny bazoswii narepe Ha nnarto MatpuoT-Xunnc

3 | fpaGo Bnagwmup Hukangposuy Mnaro Natpuor-Xunnc - KsHea nonioc - Mnaro Marpuor-Xunng

4 | Mazyprkesny Butanvin BaneHTHHOBAY Mnaro Matpuor-Xunnc = KsHelA nonoc = Mnaro MNarpuor-Xunne

5 | Muxankogwu Anekceild ApragbEeBnyg bazoewlid narepe Ha nnaro Martpuar-Xunnc

& | Mypawkeewd Bnagwcnae AHatonsesnd | Basoewli narept Ha nnato MNatpuor-Xunnc

7 | Mypawkesnd feniac AHaTonseBny Bazoenlil nareps Ha nnaro MatproT-Xunnc

8 |Pagkepwy Buktop BukTOpOBA4 bazosbli narepe Ha nnato MNatpuoT-Xunnc

9 | Pénud AHgpei Bnagumuposny Mnaro MNatpuor-Xunnc — KHei nonc — Mnaro Natpuor-Xunnc

10 | Cynak lOpwia Meadoswy Mnato Matpwor-Xunnc — Kasii nonec — Meare MNatpuor-Xunnc

11 | Tykad Hukonai Netposnd Gazosblil narepe Ha nnarto MatpyoT-Xunnc

12 | Xauwpawsnnu Bnagumnp Mocudorny Bbazoenlid nareps Ha nnaro MarpuoT-Xunnc

13 | Wews AHppeR 3nyapnoery Bazoewlid narepe Ha nnaro MNarpuar-Xunne

Tognuua 5. Cnucok Genopyccknx aBNaLNoHHBIX CNEUMANUCTOE, YYACTEOBABIUNX B TPAHCKOHTUHEHTANBHBIX
AHTAPKTIYECKNXK NnepeneTax camoneTa W-76 Genopycckon agnakomnannn « TpaHcABNa IKCNOPT: MO MaPWPYTY
KennTtayu (HKDAP) - AHTtaprTuga

W nin Dasmnus, Mma, OTuectao lop posaeHws ﬂ:ﬁxiti:iﬁn;;?;: Ton (ceaow) nonetos
1 Agamoerd Mrope Bavecnasoeny 1966 Boproneparop 20714-2015 rr.
2 PeweTHvkoE EBreHnia Mropeswny Tonorpad
3 Poconoko JMuTpria Bacuneesuy 1970 boproneparop 2012-2013 .
4 Peiwikos Bagm BnagumupoBiayg 1971 ABHATERHWK 204,




AMNEX

Table 1. The list of Belarusian participants of USSR and Russian antarctic expeditions

e Last namea, First name, Patrormymic ?E:_;:‘ Ne CAE, SAE, RAE Pasition Station, Base, Shipboard
1 Arvinskiy Gennadiy Sergeevich 1941 23,27 Photo interpreter Muolodezhnaya
2 | Adamovich Vladimir Stepanovich 1942 21 Locksmith Molodezhnaya
Molodezhnaya,
3 | Akshevskiy Mechislav Igorevich 1963 | 39,51, 56,60 |Aerclogist Novolazarevslaya,
Mirniy
4 | Aleshkevich Gennadiy Pavlovich 1961 34 Astronormer Vostok
5 | Androsic Michael lvanovich 1942 28 Oceanologist Molodezhnaya
6 | Asyadovskly Alexander Alexandrovich | 1945 20, 29 Mechanic, engineer Molodezhnaya
7 | Bobrov Alexander Michaelovich 1938 21 Locksmith Molodezhnaya
& | Buynickiy Anatoliy Denisavich 1932 2 Driver Mirniy
9 | Burak Mikolay Michaelovich 1933 1,3 Builder Mirniy
10 | Butko Viadimir Fedoravich 1953 32 Mechanic-driver Maolodezhnaya
11 | Bichkov Sergey Alexandrovich 1945 22 Computer engineer Molodezhnaya
12 | Vasilevskiy Evgeniy Pavlovich 1941 21,25 Computer engineer Molodezhnaya
13 | Velichkovskiy Vladimir Vital'avich 1948 26 Computer engineer Maolodezhnaya
14 | Vertinskiy lgar lvanovich 1956 30 Computer engineer Moladezhnaya
15 | Vikaruk lvan Alexandrovich 1941 18 Doctor Russian
16 | Voitenko Valentin Nikolaevich 1945 18 Radio-electronic engineer Mirniy
17 | Gaidashov Aleksey Alexandrovich 1959 33 Meteorologist Leningradskaya
18 | Giginyak Yuriy Grigorievich 1945 16 Biologist iy
19 | Gintuft Alexander Trofimowvich 1958 32 Astronomer flirriy
20 | Golubev Valeriy Anatolievich 1964 34 Radio-electronic engineer Vostok
21 | Golubenko Fedor Fedorovich 1941 23 Engineer of ".Elay prutectlnn Muolodezhnaya
and automatic equipment
21 | Gupolavich Ivan lvanovich 1944 17 Astronomer Bellinsgauzen
23 | Davidovich Petr Pavlovich 1940 35 Muolodezhnaya
24 | Dolgiy Georgiy Evgenievich 1950 35 Meteorologist Muolodezhnaya
25 | Dorenko Alexander Mikolaevich 1949 33 Radio engineer Muolodezhnaya
26 | Doroshenko Anatoliy Kirillovich 1949 26, 30 Meteorologist ’:UIPdEZh ey
ellinsgauzen
27 | Drachev Vasiliy Trofimovich 1934 1 Builder Mirniy
28 | Duplenkov Alexander lvanovich 1954 28 Astronomer Vostok
29 | Duryagin Valeriy Dicdorovich 1950 28 Radio electronic specialist Molodezhnaya
30 | Emelivanov Yuriy Nikolaevich 1937 25 Senior staff scientist Mirniy
31 | Zhuravskiy Anatoliy Viktorovich 1962 34 Driver Mirniy
32 | Zadorozhniy Nikolay Vasilievich 1951 22 Computer engineer Maolodezhnaya
33 | Zalesskiy Alexander Viadimiravich 1953 29, 34 Engineer of orbital vehicle r:DlPdEZhnaFa‘
ellinsgauzen
34 | Zaletow Vladimir Ronaldovich 1951 30,35 Radio technician Mirniy
35 | Zaruba Vasiliy Nikolaevich 1931 1,2 Builder Mirniy
36 | Zarian Petros Rafaelovich 1961 31 Radio engineer Bellinsgauzen
37 | Zaharenkev Leenid Ivanavich 1937 26 Ll rE.IaY P ".Jte{tm " Moladezhnaya
and automatic equipment
38 | Zaharin Vladimir Vasilievich 1945 27.32 Meteorologist Russian
39 | Znak Nikolay Nikitovich 1933 1 Builder Mirniy
40 | llkevich lvan lvanovich 1945 32,36 Hﬂd.m ENOIMEET engineer of Bellinsgauzen
orbital vehicle
41 | Kabot Fedor Fedorovich 1921 6,12 Radio detecting and ranging Lazareva, Mirniy
42 | Kanashkin Vladimir Kirillovich 1942 25-27 Engineer vhe sl e
Druzhnaya

-
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Table 1 continued

me Last name, First name, Patronymic ?E::’:_rt:{ N® CAE, SAE. RAE Pasition Statien, Base, Shipbeard

43 | Karpuk Vladimir Leonidovich 1949 24,28 Meteorologist Vostok

44 | Koverovich Evaeniy Paviovich 1933 1,2 Builder Mirniy

45 | Kozhemiakin Nikolay Efimovich 1933 1 Builder Mirniy

46 | Kolosav Vladimir Nikolaevich 1944 31 Astronomer Russian

47 | Komishinec Valeriy Ivanovich 1951 31 Oceanologist Bellinsgauzen

48 | Korolev Anatoliy Ivanovich 1940 89 Tractor operator Maolodezhnaya

49 | Kotliar Anatoliy Anatolievich 1954 33 Sending radio stationer Molodezhnaya

50 | Kravcow Yuriy Viadimirovich 1957 38;;6;: ?és 2 Radio detector and ranginer | Mirniy

51 | Krivec Vasiliy Vasilievich 1946 22 Radio detector and ranginer | Molodezhnaya

52 | Krivickiy Vecheslav Evgenievich 1960 33 Driver Molodezhnaya

53 | Kulakov Vladimir Alexandrovich 1947 28,32 Computer engineer Molodezhnaya

54 | Lavushkin Nikolay Viadimirovich 1932 1 Builder Mirniy

55 | Lebedev Alexander Petrovich 1940 19,25 Computer engineer Molodezhnaya

56 | Levanov lgor Konstantinovich 1930 20 Radio engineer Molodezhnaya

57 | Lenchenko Evgeniy Alexandrovich 1942 30,33 Electrician on DPS Mirniy

58 | Lobachewv Viktor Matveevich 1931 2 Assemblar Mirniy

59 | Lomashko Vladimir Isaakovich 1937 18 Meteorologist Vostok

60 | Maevskiy Genrih Aduardovich 1932 3 Aerologist Sovetskaya

61 | Maloletkov llya Gavrilavich 1926 13 Flight radio operator «The Qb= DE

62 | Matyush lgor Nikolaevich 1935 21 Locksmith Molodezhnaya

63 | Mahan'kov Valeriy Filippovich 1940 23,29 Computer engineer Molodezhnaya

64 | Mikulich Viadimir Ilich 1928 16 Engineer of relay protection |\, 1y ko
and automatic eguipment

65 | Mihailov Alexander Afanasievich 1947 17 Astronomer Mirniy

66 | Mit'ko Viktor Gennadievich 1957 36 Engineer Molodezhnaya

67 | Mabatchikov Yuriy Alekseevich 1963 33 Radio-electronic engineer Leningradskaya

68 | Maumchik Nikolay Grigorievich 1932 1 Builder Mirniy

69 | Nezderov Yuriy Ivanavich 1954 | 23,57,59.61 |Aerologist Mirniy

70 | Mosochkov Alexander Favlovich 1952 27 Computer engineer Molodezhnaya

71 | Osipenko Viktor lvanovich 1935 2 Tractor operator Mirniy

72 | Pavlov Vladimir Pavlovich 1934 2 General labourer Mirniy

73 | RFilipovich lvan Sergeevich 1925 8 Aerologist Mirniy

74 | Poltorzhickiy Valeriy Kubovich 1954 29 Meteorologist Molodezhnaya

75 | Razaneckiy Aduard Ammanuilovich 1947 24 Radio electronist Mirniy

76 | Rehmetchikov Evgeniy Igorevich 1959 30 Radio electronist Bellinsgauzen

77 | Rusak Leonid Nikolaevich 1939 30,33 Mechanic-engineer. machine |, qeohnaya
operator

78 | Sechko Vasiliy Mikolaevich 1954 34 Radio technician Molodezhnaya

79 | sidorov Nikolay Petrovich 1950 28,33 E:Ei‘:r‘“'“g'“' iz b e ﬁ::f;ﬁ::z;;—.

80 | Simanovich Foma Efremavich 1926 3 Flight radio operator Mirniy

81 | Sobaol’ Alexander Dmitrievich 1937 27,31, 33, 36 |Radio technician Bellinsgauzen

82 | Sribniy Anatoliy Vasilievich 1955 31 Meteorologist Movolazarevskaya

83 | Suslov Nikolay Mifodievich 1947 19,25 Computer engineer Molodezhnaya

84 | Sushenya Anatoliy Vasilievich 1950 30 Engineer Of Orhital Vehicle Leningradskaya

85 | Trocyuk Nikolay Petrovich 1956 30,33 Radio technician Molodezhnaya

86 | Fedorov Roman Fedorovich 1932 11 Aerologist Molodezhnaya

87 | Filimonov Vladimir lvanovich 1957 32 Meteorologist Mirniy
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End of table 1

e Last name, First name, Patrormymic T;:_rt:[ Ne CAE, SAE, RAE Position Station, Base, Shipboard
88 | Fure Vladimir Pavlovich 1939 23 Meteorologist Molodezhnaya
89 |Harameckiy lvan Leontievich 1935 20,24 Ftar:ll_r:- At R Molodezhnaya
engineer
90 | Hvostov Vitaliy Vladimirovich 1946 16 Astronomer Mirniy
91 | Hotulev Gennadiy Efimovich 1939 21,25,35 |Engineer, locksmith Molodezhnaya
92 |Hoh Michael Yaroslavovich 1941 28 Machine operator Molodezhnaya
93 | Ched Ivan Pavlovich 1932 2 Gas welder Mirniy
94 | Chernysh Valerij Viadimiravich 1963 34 Astronomer Bellinsgauzen
95 |Chernyshevich Aleksandr losifovich | 1952 27,31 |Engineer of orbital vehicle Molodezhnaya,
Leningradskaya
96 | Chesnokov Arkadij Mihajlovich 1945 23 Engineer of orbital vehicle Molodezhnaya
97 | Sharenda lvan Antonovich 1937 7.9 !Lﬂechanlc LR ey e T Mirniy
ic-driver
98 | Shijan Pavel Lavrentjevich 1933 1,2 Builder Mirniy
99 | Shumak Semyon Aleksandrovich 1935 1 Builder Mirniy
100 | Shumejko Viadimir Afanasjevich 1954 29 Engineer of orbital vehicle Leningradskaya
101 | Jatskevich Jevgenij losifovich 1939 7 Mechanic-driver Movolazarevskaya
102 | Jatsyn Vladimir lvanavich 1948 28 Engineer Malodezhnaya

Toble 2. The list of Belarusian specialists sent on a mission trip to Antarctic in 2006 by Belarusian public authorities
and organizations within RAE

Mo Last name, First name, Patronymic "’;i"m‘:' M RAE Position Station, Base, Shiphoard
J - Board of research and expedition
1 | Dubovik Nikolaj Nikolajevich 1955 | 51 |Head of the group vessel (REV) sAkademik Fedorovs
2 | Tyshkevich Vladimir Yevgenjevich | 1972 | 51 | Research staff member Board of REV «Akademik Fedarows
3 | Gajdashov Aleksej Aleksandrovich | 1959 | 52 | Head of the group RSl el ]
ahount Vechernyayas
Deputy Director of Belarusian
et e State University ozonesphere Field bases «Molodezhnaya= and
ol | shertennll bulaiex th eSS | | EEs moenitoring national research afount Vechernyayan
centre (B5U OM NRC)
Table 3. The list of participants of Belarusian antarctic expeditions organized amid realization
of National programm events in 2007-2016
e Last narne, First name Patronyrmic T;'.ar::r M= BAE Position Station, Base
1 | Alfimov Vladimir Tihonovich 1954 7 | Mechanic engineer Field base «Mount Vechernyaya»
2 | Babichev Aleksandr Vladimirovich | 1959 2 | Mechanic Field base «Mount Vechemyayas
3 Borodin Oleg Igorevich 1977 2 Environmental engineer | Figld base «sMount Vechernyayas
4 Bruchkowvskij llja lgorevich 1987 f Radio operator engineer | Station «Progresss
5 | BykIgor Petrovich 1959 1,2 Field base «Mount Vechermnyayas
Field bases «Molodezhnayas and
: ; ; aMount Vecharnyayas, board of
6 |Gajdashov Aleksej Aleksandrovich | 1959 1-8 |Head of BAE N e I e
aProgresss and «MNovolazarevskajas
7 | Giginyak Jurij Grigorjevich 19456 3,6 |Environmental engineer dedufeiloyolet fu i ian
station «Progresss
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End of table 3
e Last name, First name Patromymic Y:r:hﬂf N® BAE Position Statson, Base
8 | Gorbatsevich Maksim Andrejevich | 1993 8 |Radio operator engineer | Field base :Mount Vechernyayas
9 | Demin Viktor Sergejevich 1984 1,4 |Radio operator engineer | Field base «Mount Vechernyaya=
10 | Zahvatov Aleksej Anatoljevich 1958 8 |Mechanic Field base sMount Vechernyaya»
11| Korol Mihail Mihajlovich 1960 | 2,5, 7 |Radio operator engineer | Field base «Mount Vechernyayas
12 | Myamin Vladislav Yevgenjavich 1975 5,7 |Environmental engineer | Field base «Mount Vechernyayas
13 | Myasnikov Oleg Vasiljgvich 1954 2 Geophysical engineer Field base eMount Vechernyayas
14 | Nikityuk Leonid Aleksejevich 1971 8 |Operating surgeon Field base «Mount Vechernyaya:
15 |Torbik Sergej Aleksandrovich 1987 | 8 :E:;?U:f“"m"’g'“' Field base cMount Vechermyayas
16 | Shablyke Pavel Vikentjevich 1990 7 |Geophysical engineer Field base :Maunt Vechernyayas
17 | Shpilevskij Vyacheslav Leonidovich | 1973 1 Meteorologist engineer | Field base «sMount Vechernyayas
Table 4. The list of Belarusian participants of International Sport Antarctic Expedition «Towards XXI Century»,
December 1999 - January 2000
e Last nanme, First name, Patronymic Reowite, station im g Antarctic
N , Patriot Hills Flateaw — South Pole -
1 |Borisevich Aleksandr Aleksandrovich Patriot Hills Plateau
2 | Byk Igor Petrovich Base camp on Patriot Hills Plateau
3 | Drabo Viadimir Mikandrovich Patriot Hills Plateau - South Pole -
Fatriot Hills Flateau
Patriot Hills Plateau - South Pole -
4 | Mazurkevich Vitallj Valentinavich Patrit Hills Plateau
5 |Mihalkovich Aleksej Arkadjevich Base camp on Patriot Hills Plateau
6 | Murashkevich Vladislav Anatoljevich Base camp on Patriot Hills Plateau
7 | Murashkevich Denis Anatoljevich Base camp on Patriot Hills Plateau
8 |Radkevich Viktor Viktorovich Base camp on Patriot Hills Plateau
. . o Patriot Hills Plateau - South Paole -
9 | Ryomin Andrej Viadimirovich Patriot Hills Plateau
.. ) Patriot Hills Plateau — South Pale -
10 | Sudak Yurij Ilvanovich Patriot Hills Plateau
11 | Tukan Nikolaj Petrovich Base camp on Patriot Hills Plateau
12 | Hachirashvili Viadimir losifovich Base camp on Patriot Hills Plateau
13 |Shein Andrej Eduardovich Base camp on Patriot Hills Plateau
Table 5. The list of Belarusian aircraft community, who took part in transcontinental flights of IL-76 Aircraft of
Belarusian airline company «TRANSAVIAEXPORT:/«TRANSAVIA: en-route Capetown - Antarctic
L Last name, First name, Patranymic Year of birth Pasition, specialty im crew complement of IL-76 Year (season) of flights
1 | Adamovich Igor Vyacheslavovich 1966 Operator Season 2014-2015
2 | Reshetnikov Yewgenij Igorevich Topographical surveyor
3 | Rosolko Dmitrij Vasiljevich 1970 Operator Season 2012-2013
4 | Ryzhkov Vadim Vladimirovich 1971 Aircraft maintenance technician Season 2014
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BELARUS IN ANTARCTIC

On the 10™ anniversary of the beginning of scientific and expeditional research
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