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HA3ZEMHU OIITUYHU HABJIIOAEHUA HA
KOCMHNYECKH OTIIAABIHN: AKTYAJIEH IPEIVIE]I U
IHHEPCIHEKTUBU

Ornsin OrusiHoB, Ilenka CroeBa, Asekceit Ctoes, SIBop
IlonoB

TERRESTRIAL OPTICAL OBSERVATIONS OF SPACE
DEBRIS: CURRENT OVERVIEW AND PERSPECTIVES

Ognyan Ognyanov, Penka Stoeva, Alexey Stoev, Yavor
Shopov

Abstract: Optical observations of artificial satellites of the Earth are limited to the
time when the satellite is in sunlight while the observer is on the dark side of the Earth. For
low Earth orbit (LO) satellites, the observation time is limited to astronomical twilight
conditions, usually an hour or two after sunset and before dawn. In addition, LO objects have
a relatively high angular velocity and pass quickly through the telescope's field of view. This
limits the time for frame integration possible for LO objects. Radars have an advantage over
optical methods for measuring LO satellites, as large amounts of microwave power can be
used to obtain high signal reflectance, and radar observations can be performed
continuously, without being limited by the time and position of the Sun and the state of the
earth's atmosphere.

In particular, the European Development Guidelines Space Surveillance and Tracking
(SST) are considered. The main efforts are being made to build an operational network for
SST and Space Debris (SD) observations. The types of observations have been demonstrated:
radar, optical and laser. Also, the type of SST and SD observations is defined:

- Panoramic observations for object detection using wide-angle light-eyed lenses;

- Determination of precise coordinates with the use of accurately directed optical
telescopes;

- Determining the exact distance to them with a laser signal;

- Optical identification of the silhouette of satellites and their processed components.

Discussion on development of observation networks in Europe and the participation of
Bulgarian SST and SD observers to them were discussed. The individual stages of data
acquisition and storage, cataloging of objects and details are shown.

Keywords: orbital debris, artificial satellites of the Earth, optical observations, space
observations and tracking
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BbBenenue

CrplecTByBaHETO Ha OPOMTAIHU OTJIIOMKH Ca MEXIYHApOJIHO NPU3HATU
KaTo €IMH OT Hall-cepuo3HUTE rio0anHu nmpodiaemu. Te mpencraBigBaT 3amiaxa
3a XOpa M KOCMHYECKH KopaOu B opOuTa OKO0JIO 3eMATa U ca MOTEHI[MATHA
Oapuepa 3a OBJCIIM ABITOBPEMEHHH KOCMHUYECKH ToieTd. Ilo To3u HauuH
npo0JIEeMBT C OPOUTATHUTE OTHAIBIIM TPENCTaBsI BH3MOXKHOCT 3a aKTHBHO
MEXIYHAPOJHO CBHTPYIHUYECTBO W TpsAOBa Ja ce pa3dupa B MO-TITHPOKHS
KOHTEKCT Ha I0J0OpSIBAaHETO Ha CHUTyallMOHHAa ocBemoMeHocT (SSA) 3a
Kocmoca, 3a mianerapHa 3amura, HAyYHH MMO3HAHUS 32 KOCMUYEcKaTa cpeia u
3ara3BaHe Ha OBJCIIeTO Ha KOCMUUECKUTE MMbTyBaHUs. SSA BKIIIOUBA MMO3HAHUS
3a KOCMHYECKaTa Cpe/a, BKIIOUUTEITHO Ta3W 3a €CTECTBEHH U Ch3JaJCHU OT
4yoBeKa 00EKTH B opOuUTa, 01130 A0 3eMsTa U AbJI00KHS KocMoc. CiaeaoBaTelHo
MO3HABAHETO Ha JMHAMUKATa W JCTAMIHUTE MMapaMeTpu Ha OpOUTATHUTE
OTJIOMKH € 4acT OT TO3U CBETOBEH MPOOIIEM.

Taszu cratus ce (okycupa BbpXy €Ha 00JIacT 3a TO3W MOTEHIHAN 3a
ChTPYAHUYECTBO — FEHEPUPAHETO U CIIOACIISHETO HA JIAHHU — U POJIATA, B KOSITO
TOM Urpae Mpu peniaBaHe Ha npobsiema ¢ opOutamHuTe oTnaabiu. Unesra e na
ce moaydaBaT M oOMeHsaT gaHHu 3a MC3 m opOutamau oTiaoMkHm B SSA
OOLIHOCTH 4Ype3 Ch3/laBaHe W M3IMOJ3BAHE Ha chenupuyHa HaOIoJaTeIHA
anmapatypa. CromensHeTo Ha JaHHU 3a OPOMTAIHM OTJIOMKH M€ TOA00pH
ChCTOSSHHETO Ha SSA, TOCTaBSWKHM Tio0amHaTa OOIIHOCT B MO-WH(GOPMHpaHA
MO3UIMS 32 KapAWHAIHO pa3peliaBaHe Ha mpoljema 3a OpOUTaTHH OTIOMKH.
CrnenoBaTeiHO, OCHOBHOTO B IIeJITa M MOTHBaIusATa 3a SSA e 1a momnpuHece 3a
paspeniaBaHeTo MO €IWH WM JAPYT HAYMH Ha ChIIECTBYBAIUTE OMACHOCTH OT
OpOMTAIHA OTJIOMKH M 3a M3MOJI3BAHETO HAa HATPYMAHUTE JaHHU 3a TAX. OCBeH
TOBa, C MO-MamaO0HU (B WACAIHUS CIy4all U TMO-TIPWIOKHUMH) CHUTYallMUOHHU
MO3HAHUA 32 TMO-IIMPOKAa KOCMHUYECKa cpefa - 0im30 10 3emsTa, KakTo U J0
pernonn B nbI00kus KocMoc - cb3gaBa TOBHUINIEHA CHOCOOHOCT 3a 00Ia
MJIaHeTapHa 3alluTa.

Or 2009 r. mnacam EBpomeiickata kocMmudecka areHius (ESA)
npeanpuemMa nporpama 3a HHOOPMUPAHOCT 3a CUTyalusITa B KocMmoca (Space
Situational Awareness - SSA) ¢ tpu cermenta Space Weather (SWE), oGextu B
omusoct o 3emsata (NEO) u kocmuuecko HabmoaeHue u npocienssane (SST).
Tpetust eran Ha mporpamara € ojl00peH ot YnpaBurenanus cbBeT Ha EKA npe3
nekemBpu 2016 r. 3a nmepuon ot Tpu rogunu ot 2017 r. O6mo 19 appxaBu-
yieHnku Ha EKA yuactBar B mporpamara SSA, ot kouto 11 ca aGonupanu 3a
cermeHTa SST. B Hero ca BKIIOYeHHM pa3pabOTBAaHETO HA TEXHOJOTHHU 3a
OTKpHBAHE, KAaTaJOTU3UPAHE WM TPOCIEAsSBaHE HA KOCMHUUYECKHTE OOCKTH W Ha
TEXHUTE MPHUJIOKEHUS 32 TMPOTHO3UPAHE Ha CONBCHIM, MPOTHO3M 32 TTOBTOPHO
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BJIM3aHE HA OCTAHKH OT CATENUTH B arMocdepara M OTKpUBaHE HA CHOUTHS C
dbparmMeHTanus, KaTo MbPBU BAKHU CTHIIKK KbM €BPOIEHUCKH Kanauuter B SST.

3a nma mnocturHe Tasu 1en, ESA ce Qokycupa BbpXy HayyHUTE
U3CIIC/IBAaHUS U Pa3BUTHE, MOJIIOMAaraHe Ha HAI[MOHAJTHUTE WHULIMATUBH U Ha
B3aMMHO JIOITBJIBAHE C JIpyru eBpomeiicku moaxoau B SST. OgakBa ce, 4e B
EBpoma BB3HHMKBa ThpCEHE Ha MO-TOJEMH, TPAaHC-HAIIMOHAIHN KOMITOHCHTH HA
SST um HeoOXOAMMOCT OT TEXHOJOTHYHU pa3padOTKH 3a Ja Cc€ OCHUTYpH
OlepaTHBHA ChBMECTUMOCT Ha cuctemute. [Ipumepn 3a maHuUpaHu JEeHHOCTH
ca kocmumyecku SST censopu, codryep 3a 00paboTKa, yleCHABaHE Ha
MEXaHU3MHTE 3a OOMEH Ha JJaHHHW U 00muTe MeToau u GopmaTu 3a oOpaboTka
Ha gaHHu. C neitHocTuTe Ha mporpamara SSA ekcneptusara Ha ESA me Obae
JOMBJIHUTETHO W3MO0JI3BaHa 3a TOJNOMAaraHe Ha HAy4YHHUTE W3CIeIBaHus,
pa3paboTBaHETO W KOOPJMHUPAHETO HAa CBBP3AHHUTE C KOCMOCA TEXHOJOTHHU B
MHOTOHAIIMOHAIHA CpeJla U MPU OIEHKATa U Pa3BUTHETO HAa ChOTBETHUTE HOBU
TEXHOJIOTHH.

Hctopus Ha nadmoaenusita Ha UC3 B brarapus

Ha 4 oxtomBpu 1957 roauna e usctpensH [IbpBUST M3KYyCTBEH CI'bTHUK
Ha 3eMsTa. 3ano4Ba KOCMHUYECKaTa epa B ucropusata Ha YoseuectBoro. Crnensar
Ol CTAapTOBE HAa pAaKeTH, BH3HMUKBA HEOOXOJUMOCT OT H3CIIEJBAHE Ha
JMBIDKEHUETO Ha CIBTHHIMTE, CBOJIONMATA Ha TEXHHUTE OpPOWUTH, MIpoMsHATA B
omsacrka M. HykHU ca pejoBHM HaOIIOICHUS HA IBIDKCHHATA HA N3KYCTBCHUTE
cnbTHULM Ha 3emsTa (MC3), a 3a peanu3upaHeTo Ha Ta3u 1] ca HEOOXOIUMHU
oOydeHnu Habmonarenu. Taka 3aKOHOMEPHO Bb3HUKBA HYKJ1aTa OT MHCTUTYLIHH,
3aHMMAaBall| ce ¢ TakaBa AciHocT [MaceBuu A. I'., Jlosunckuit A. M., 1970].

Tosu mpouiec He mogmuHaBa u beirapus. [1o nHUIIMaTHBA HA OBIATAPCKUS
acTpoHoM akajemMuk Hukona boHeB — pbKkoOBOAMTEN Ha Kareapa ACTPOHOMUS
npu CVY, KoWTO TOraBa € W Mpeacenareal Ha BbhArapckoTo acTpOHABTHYECKO
npyxectBo mpe3 mepuoga 1958 - 1959 r. ce cw3maBar Tpu HaOMOAATEITHU
craniuu — B Codus, Crapa 3aropa u Bapna. TexHute chOTBETHH HOMEpa ca
1101 — Codwus, 1102 — Crapa 3aropa, 1103 — Bapna. [lo-kbcHO, T€3H CTaHIIUU
npemuHaBaT B llenTpannara mabopatopust nmo Buciia reoxaesus (LJIBI) mpu
BAH, uusaro nabmomatenHa 0Oasza ¢ pasmosiokeHa B Ilnana ruranmua (1101),
Hapoanata actpoHomuuecka ooOcepBaropusi ,,}O. T'arapun” (HAO), Crapa
3aropa ¢ HaOOAaTEeNIHA CTAHLIUS pa3noJiockeHa B CTapo3aropcKuTe MUHEPATHH
O0ann, OOmact Crapa 3aropa (1102) um Hapoanara acTpoHOMHYECKa
oOcepBatopusi u mianerapuym ,H. Komepuux” (HAOII), Bapua c
HaOsronarenHa 6asa B ¢. ABpen, O6mact Bapna (1103).
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-

[IppBOHaYaIHO HAOMIOACHUATA C€ TPOBEXKAAT MO0 METO/Ia HA BU3YAIHUTE
O6apaxu Ha MC3 c nmomomra Ha HaOmomatennu Tpuou AT-1 u T3K, karo
TOYHOTO BPEME € OTUUTAHO C MOPCKH XpOHOMETpU. BriocneacTsue, ca 3aKyneHu
kuHooroTeoqonut Ha dupmara ,,AckaHuss” U CIEUUATU3UPAHU CIYKOU 3a
,»OYHO Bpeme”, KOeTO TMO03BOJsBa Ja ObJaT NPOBEACHH BHUCOKOTOYHU
HaOmoaenus Ha C3 ¢ npocnensBane U Ha CaMUTE CITbTHULIM.

- . Edemepunure 3a HaOMOJaBaHUTE CIHBTHULIU CE
| nomyyaBaT oT ActpoceBera npu AH na CCCP, a
; ~upEe3yITaTHTE OT HAOIIOJEHHUATA CE M3IPAIIAT CHINO TaM M
B AcTpoHOMHYecKaTa oOcepBaTopusi B 3BEHUTOPO/I,
Pycus. Ilpes mepmoma 1979 — 1980 r. or CCCP B
‘bparapuss  ca  [J0CTaBeHM JIB€  aBTOMATHU3HpAHU
¢dotorpapcku kamepu ADY — 75 (ABTOMarumyeckas
dotorpaduueckas Kamepa; D = 210 mm, F = 736 Mmm) —
eqnata 3a LIJIBI', BAH a apyrata — 3a HAO, Crapa
3aropa. Habmonenusta nwa HNC3 B HAOII, Bapna
IOCTENIEHHO OTHaja OT CINHChKAa Ha HayyHUTe HaOJMIOACHUs, TOpaau
HEBB3MOXKHOCT Ja ce o0opynBa HaOJ0JaTelIHaTa CTAHIUS CbhC CIEIBAIIO
MOKOJIEHUE ACTPOHOMHUYECKH Ypelu 3a HS6J1}Qz[eHH>I Ha 1C3.

3a HYXXIUTE 32 KOCMHUYECKOTO mpudopoctpoeHe mpe3 1982 e cv3ganeHo
Hayuno mpousBoactBeno npenmpusitue (HIII) ,,Kocmoc” xbm Llentpannara
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naboparopus 3a kocmuuecku uscinenanus (L[JIK) - BAH. [Ipe3 1984 — 1986
roa. B HIIII ,,Kocmoc”, BAH ckBmectHO ¢ JIMTMO — Jlenunrpan (nH. CaHKT
[TerepOypr, Pycusi) e paspaboren mnazepen panekomep YJIMC-630 3a
HaOJI0ICHUE Ha U3KYCTBEHHU CIIbTHUIIM Ha 3eMsTa. M3paboTeHu ca Tpu amapara,
uHctanupann B llentpannara JlaGoparopuss mo Bwucma reonesms, BAH,
AcTtpoHomuueckara oOcepBaropust Ha JIbpkaBHHUS yHUBEpcUTET Ha JlaTBus u
AcTtpoHomuueckara obcepBaTopusi B 3BeHUropoa kpait Mockaa. [Ipe3 1981 r. B
Crapa 3aropa e opranusupaHna u nposejieHa MexayHapoHata KoHhepeHLus 3a
ontnuHu HaOmoaeHus Ha MC3 B pamkure Ha MexayHapoaHaTa OpraHU3alys
,Juarepkocmoc”, Cekmus 6 ¢ yuyactuero Ha moBede oT 270 yuenu ot 14 ctpanu.

Busyannure, dortorpadcku u nazepuu Haomoaenus Ha MC3 B brarapus
npoabkaBar g0 2002 r., Korato MOCTENEHHO T€ MpecTaBaT Ja ObaaT
U3BBPIIBAHU TOPAIU JHICAa HA (UHAHCHUPAHE M NMPEMUHABAaHE HA CBETOBHUTE
HaOJIoaTeNIHU IEHTpoBe 3a HaOmoAeHus: Ha MIC3 Ha mo-BUCOKO TEXHOJIOTHMYHO
HUBO.

Cobcrosinue Ha KocMuvecku Ha0I0IeHUA U POCJIesiBaHe B CBETa

B HacTosmmsT MOMEHT OCHOBHUTE HAOJIOJCHHS 3a KaTaJOTU3MpPAHE Ha
kocmueckuTe 00extu ce u3pbpiiBa B CALLl u Pycus. [Iporpamu 3a HaGmtoieHue
uMat U B Kurail, KbJIeTO HamocleabK C€ H3rpaxkaa rojiasiMa HaOrogaTeaHa
Mpexa, Anonua, WMumms, Kanama. [onemure €BpONENCKM IbpHKAaBU HMAT
cOOCTBEHU HAOMIOJATETHU MpPEXHU, KaTo 3a MO TrojisMa €(PEeKTUBHOCT Te
MIOCTETIEHHO C€ MHTETpHUpaT MoJ eruaaTa Ha ESA.

[Tporpamara SSA ce ympaisiBa upe3 mporpamer opuc, KOUTo € 6a3upaH
B 0azata ESOC na ESA. T4 ce u3nbiaHsBa KaTo HE3aIbJDKUTENHA MTporpaMa Ha
ESA ¢ ¢punancoBo yuyactue ot 19 nwpxaBu-unenku. [Ipe3 mppBuTe 1Ba nepuoa
0sixa yrBepaenn Han 100 goroBopa ¢ mHAycTpusaTa 3a padoTa, CBbp3aHA ChC
SSA. Tekymuwmst nepuoj € punancupad ¢ 95 muH. EBpo 3a 2017-2019 roauna.
[Ipe3 Bcuukute Tpu nepuona AeitHoctutre o SSA ca puHaHcHpaHu Ha oO0IIa
croitHocT okosio 200 mmiroHa eBpo. B Tekymms mepuosn ydactBat ABCTpHS,
benrus, Yexus, [lanus, Ounmangus, Opanuus, ['epmanus, ['spums, Uranus,
JlrokcemOypr, Xomauaus, Hopserus, [lomma, [Toptyranus, Pymbaust, Mcnianus,
[IBenms, IlBeiinapus u CbeaUHEHUTE IIaTH, KOETO IIO3BOJISIBA Ha
IOPUINYCCKUTE JIMIIa OT TE3W JbpXKaBU Jla KaHAUAATCTBAT 3a TPOMHUIICHH
JIEMHOCTH TI0 MPOEKTA.

SST BKIIOYBA TEXHOJOTMM 3a OTKPUBAHE, KaTaJOTM3UpaHe U
MpeCKa3BaHe TPEAKTOPUUTE Ha OOCKTUTE OOMKAISIM OKojo 3emsTta. ESA
pa3paboTBa, IEMOHCTPHpPA W YTBBPXKAaBa CBHp3aHUTE ChC SST TEXHOIOTHU
npwiokeHus. JlombaBaHETO C APYrH MapajelHd EBPOMEUCKH TMOAXOAH H
HAyYHOU3CIICIOBATEJICKA U Pa3BOMHA JACHHOCT B MOJAKpENa Ha HAIMOHATHUTE
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WHHIIMATUBY CE rapaHTHpa Ype3 U3MBIHEHUETO Ha nmporpamata [Utzmann J. and
other, 2014].

OuakBa ce OBpP30 HapacTBalaTa HEOOXOAWMOCT OT JaHHU oT SST nda
MOJIKpENU OIlCHKaTa Ha €(QEKTUBHOCTTA HAa HACOKHTE 3a W3MBIHEHHE W Ja
JOTIPUHECE 3a pelraBaHeTo Ha perynaropan Beiipocu [ESA Space Debris Office,
2017]. MaykuTe COBTHHIM CE€ W3CTPENIBAT ¢ HapacTBalla YeCTOTa B MAaCOBH
KojaudecTBa. V3BemeHW ca Ha HSIKOJKO TOJIEMH KOMEpPCHATHU CbH3BE3IUs B
opouta. SST e HeoOXxoamMa 3a OTKpHMBaHE Ha ()parMEeHTAIMK B OpOWTa U 3a
CHoJIeNITHE Ha KaTajokHa opOuTanHa wWHPOpMANHUS 3a TEHEPUPAHUTE
dbparmenTu. OnpeneneHa € cpeHa CTOMHOCT Ha TOJUIITHATA YECTOTa OT OKOJIO
3,4 o 10 ¢pparmenTaruu 3a nociaeaaure 10 roquuu [Braun V. and other, 2017].
WNmaliky mpeaBuj U CTaTUCTUYECKUTE JaHHU 332 KOCMUYECKH OTIOMKHU C TMOJ-
karanoxxau pasmepu, MASTER monena Ha ESA wu3uucnu, ye nmoede oT /50
000 oGektu, mo-rosiemu oT 1 cm ca B opouta Ha 3emsta [Flegel S. and other,
2009] ¢ moreHmman ga TMOBPEAST WJIM YHUIIOXKAT JCHCTBAIM CIBTHUIIH,
Ch3J]aBaliKM OlIe TToBeue (PparMeHTH.

JlHec, pa3unTaHeTO Ha HABPEMEHHU U TOYHM JIaHHU OT KaTayiora Ha SST e
pPEATHOCT B CBHBPEMEHHHUTE OTEpPAllMA ¢ KOCMHYECKH amapard, O0COOEHO 3a
n30arBaHe Ha CONBCHIIM W 3a OIICHKAa Ha CHOWTHSTA 3a TIOBTOPHO HABIIM3aHE.
EKA u BCHYKM €BpONEWCKH HAIMOHATHM KOCMUYECKH ar€HIIMU U KOMEPCHAITHU
OmepaTopy 3aBUCAT OT JJAHHUTE OT HAOIIOJCHUS OT HEEBPOINEUCKU (MpeIUuMHO
amepukaHckH) n3roununu [Utzmann J. et al., 2017].

Applications
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@ueypa 1. Cmamyc na paspabomxume Ha SST, nianoge 3a nepuoo 3 Ha npocpamama u
usucksanusi 6 CRD, no [Flohrer, T. and Krag, H., 2017].

N3non3BaHeTo Ha BBHHIIHU JaHHW OT HAOMIOACHUS € M3BBH OOXBaTa Ha
nporpamara SSA Ha ESA. OneparuBHa mojkpena 3a MUCHHTE, Oa3MpaHH Ha
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JaHHY OT HaOIroAeHHS ce penocTass oT Ciyxbara 3a KOCMUYECKU OTIIOMKH Ha
ESA. ESA xkaro omepatrop Ha KOCMHMYECKH amapaTd HMa JeHcTBaIlu
aKTUBHOCTH, KaTO Ta3W 3a OCHTYpsBaHE Ha yCiyra 3a n30sArBaHe Ha CONBCHIIH
[Braun V. and other, 2016], 3a npeacka3BaHe Ha MOBTOPHO Biu3aHe [Lemmens
S. and other, 2016] n 3a moakpena Ha HENPEABHACHA W CIICIHATHU (Ba3u Ha
MHUCHATA HA KOCMUYECKH amapatu, karo Ctaptupane u Pannu opoutainu daszu
(LEOP). 3a monmmomarane Ha ormepanuure Ha ESA, Oeme moamucaHo
cnopasymenune 3a ooMeH Ha qanHu Mexay USSTRATCOM u ESA npe3 2014 r.,
MO3BOJIsABAO omnepanuuTe Ha ESA na OpaaT mpemynpexaaBaHd B CiIydail Ha
uACHTU(ULIEPAH PUCK OT COTBCHK.

Ilnan Ha SST B TpeTHs Nepuox HA MporpaMara

[InanoBete B mporpamen nepuoj 3 3a SST ca onucanu NoapoOHO B TO3U
paznen. CrnenBame mMOTOKa OT JaHHM 3a SST: 3amouyBaiiku OT CEH30PHUTE
CUCTEMHU, TOCJECABAaHU OT MPEKOBU aCHEKTH W Ha 0OpaboTKaTa Ha JaHHU U
MPOU3BOJHUTE UM TMpuwioxkeHus. @Dopmarture 3a OOMEH Ha JaHHU W
CTaHJapTUTE, KAKTO U ChTPYAHUYECTBOTO ce pasriexaaT otaenHo [Kirchner G.
and other, 2013].

MoskeM aa CpaBHUM TEKYIIOTO ChCTOSHUE U INTAHUPAHUTE TTOCTIKCHHS B
mporpaMara c¢bc ch3gaacHus oT SSA Ha ESA NOKyMeHT 3a M3MCKBaHHATA Ha
xiueHTa (CRD). ®urypa 1 mokasBa, ye Hail-moOpHUAT mporpec gocera Moxe Ja
OblIe MOKJIaJABaH 3a MPUJIOKEHUATA U 32 HAKOW M30paHU CEH30PHU TEXHOJIOTHH,
JIOKATO 3a MPOYYBATEIIHUTE paJapy HE € PEIBHUICHA ITbTHA KapTa 3a repuoaa 3.

1. letinocmu na SST cenzopume.

[Ipoyuena e emHa HOBa 3a EBpoma CEH30pHa TEXHOJIOTHS, KOATO €
KocMuuecku OaszupaH HHCTpyMeHT 3a SST menu. OCHOBHUTE NPOYYBAHMS
npoBeieHd B pamkute Ha IIporpamara 3a o6mu mscnensanus (GSP) Ha ESA,
nanoxa Jku3HecrocoOHa koHuenmusa 3a daza A. Kocmuuecka mmatrdopma Ha
HUCKO3eMHa, CrbHIE-CHHXpOHEHHa OpOuTa B 3aje3/ 30pa, KOSTO CKaHUpa
smmoro GEO exxenHeBHO ¢ macuBeH (DUKCHUPAHO-MOHTHPAH TEJIECKOM C OKOJIO
20 cm amaparypa € HamMepeHa 3a JIocTaThbyHa 3a IMOCTUraHe Ha 3agadnTe 3a SST,
onpenenean B CRD. KoHnenmusita Ha MucHusATa € ThbBKaBa 3a IMpUJIaraHe 4pes
JEMOHCTPATOp WM TIOJIE3€H TOBap, OasupaH Ha MHCHS 3a HAONIOJCHHWE Ha
3emsaTa B CHTPYJHUYECTBO C HAIMOHATHUTE CTPpYKTypu. OCBEH TOBa TO3H
JM3aifH Ha CCH30PHUTE MOXKE 3HAUMTEIHO Ja JOTPHUHECE 3a MOJ00psSBaHETO Ha
CTATUCTUYECKH ITO3HAHMS 32 TOI-KAaTAIOKHUTE MAJTKH KOCMUYCCKU OTITIBbIU B
LEO. C moakpemarta Ha mporpamara 3a pa3BUTHE Ha TeXHoJjorusta Ha ESA,
KOHCONMAUpaHusAT gu3aiiH  oT GSP  mpoyuyBaHeTO €  JIONMBJIHHUTEIHO
neramnu3upa. [lperusupan nu3ailH Ha MHCHSITAa W WHXXCHEPHUS MOJEN Ha
CeH30pa 3a KocMudecku 6azupan SST KOMITOHEHT € TUTaHUpaH B repuojaa 3.
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HazemHute Teneckomnu, ja3epHUTE CUCTEMU 3a W3MEPBAHE M paJapHUTE
CEH30pH ca MpeaMEeT Ha HM3CIIe0BATEeICKa W pa3BOMHA JEHHOCT (Harpumep,
Pa3BUTHETO Ha Ja3epHUTE JaEKOMEPH, M3IOJI3BAHETO Ha JIBaTa poOOTU3UPAHU
teneckona Ha ESA wuimM MoHOCTaTMYHM W OWUCACTHUYHHM pajapHU CHUCTEMH,
nputexkaBanu ot ESA). LlenTa e npoabkKeHUe Ha OAKpEaTa Ha pa3padoTBaHe
Ha HAIIMOHAJHUTE CEH30pH, OCOOEHO 3a IOCPEIIaHe Ha MEXTyHAIlMOHATHH
TEXHOJIOTMYHN HYXIW Ha BCHYKM HUBAa HA TEXHOJOTMYHA TOTOBHOCT W 3a
KBATH(HUITUPAHN HAITMOHATHUA CEH30PH.

2. Jlelinocmu 6 obnacmma HA CeH30pHUme Mpexcu u oopabomrkama Ha
oannu om SST u cevp3anume ¢ msax mexHoL02ul.

Pa3Butrero Ha texHosoruute 3a SST 3a ONTUYHU U JTA3€PHU CEH30PU CE
HY’KJlae OT Ch3J]aBaHE Ha EKCIEepTHU IIEHTpoBe B oOinactra. Hackopo mbpBata
BEpCHUsl Ha TEXHOJIOTHSTA HA EKCIEPTHUS IEHTHhp O€ pasrbpHaTa W TECTBaHA.
[Ipe3 nepuonaa 3 ce npoBexaa GUHATUZUPAHETO HA PA3pabOTKUTE U OOLITUPHUTE
TecToBU oneparuu. Llenta e na ce usnon3pa eheKTUBHUAT OOMEH Ha JaHHU C
BBHIITHU CEH30pPH 3a HachpuaBaHE Ha OlEepaTHBHAaTa ChBMECTMMOCT Ha SST
CUCTEMHU MU CEH30pHHM WHcTajanuu. OcBeH ToBa, mojakpenara Ha ExcneptHus
IEHTBD 3a KBaTM(UKAIMS, OICHKA W KanuOpupaHe CEH30pH, KaKTO M 3a
MoI00psIBaHE Ha CEH30pUTE M pa3pabOTKUTE, BeUe € JIEMOHCTpHpaHa. Ta3u
JTEMOHCTpAINKs pPa3KprBa TOJSAM IMOTEHIIMAT W B TMOAKpENa Ha HAIMOHATHUTE
JEUHOCTH

3. Hetinocmu 6 npunoscenusma 3a SST

SST nmocrtaBs Qokyca Ha pa3BUTHETO BBPXYy SST ceH3opuTe W
oOpabotkata Ha jaHHU. Bede pazpaborenute mnpuioxenus 3a SST 3a
MpeIoTBpaTsBaHEe Ha CONBCHIM, NpElICcKa3BaHe Ha CHOUTHS HA TOBTOPHO
HaBJIM3aHE, OTKPUBaHE Ha (parMeHTaIusi W JONMUTBAHUS JO KaTallO3UTE IIIe
ObJaT MOAABPKAHHU, JOMBIHUTEIIHO HMHTETPUPAHU M BaTUIAUPAHU, KATO CE
W3MOJI3BaT HanM4HUTE NaHHU. [logapbikkara Iie BKIIOYBA W BHEApPSIBAHE Ha
HOBU U PEBHU3UPAHU CTaHAApTU3UPaHH (HOpMATH HA CHOOIIEHUSATA B MOJAKpENa
Ha OCHOBHHTE coTyepHH nerHocTu Ha SST.

4. Acnexmu Ha compyonuyecmeomo u cmanoapmuzayus ¢ SST

Hosa mocoka B pa3sutuero Ha SST B EBpomna golime ¢ BbBEKIAHETO Ha
¢unancupana ot EC Pamka 3a nonkpena Ha SST. B Ta3u cinoxxHa 1 AMHAMUYHA
cpena padorata Ha SST Ha ESA 1mie npoab/bKu J1a MOJKPEIsl pa3BUTHETO Ha
CBPOICHCKUTE CIIOCOOHOCTH Ype3 HAYYHOM3CJICAOBAaTEICKa U  pa3BOMHA
nerHoct. Te3u JeHHOCTH 1e ObJaT JOMBJIHEHH OT CBhP3aHUTE C TOBA TECTOBE U
BaNuMpane, pa3paboTBaHe HAa CEH30PHU TEXHOJOTHH, 00padOTKa Ha JaHHU U
MPUIOKEHUS.

ESA me npoabmku a MOJKpens W Ja BOAW JICHHOCTH, CBBP3aHU ChC
crangaptusamusTa Ha SST (Hanpumep B CCSDS).
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3akioueHue

Karo 3akitoueHue Moke J1a KakeM, 4e IeJIMsl CETMEHT Ha KOCMHYECKO
HaO0JII0ICHHE Ha OKOJIO3EMHOTO MPOCTPAHCTBO € B OYpHO pa3BUTHE U CE Pa3BUBA
MHOTO auHamuyHo. Kato ce mma mnpensun omnuta B bbiarapus oT Takuba
HaOmoeHuss U ydactuero Ha crpanara B EKA, e ectecTBeHo na ce ovakBa
BBH3CTAHOBSIBAHETO Ha HaOMIOAEHUATa M B Hamara crpaHa. CTehoka B Ta3u
nocoka e cb3faBanero Ha Hammonanen Lentsp 3a Kocmuuecko Habmoaenue u
[Ipocnensane (LIKHIT) B rp. Crapa 3aropa. B HauanHusT eTamn, nopajau Jmrca
Ha coOcTBeHa HaOIoAaTeNHa 0aza € MPEeABUACHO Bb3 OCHOBA Ha JIOTOBOPHU ChC
CBILECTBYBAIIM 3 MaJKU OOCEpBATOPUU Ja 3alOYHAT TECTOBH HAOIIOAATEITHH
KaMIaHUM 3a M3ACHSIBAaHE Ha TEXHOJIOTHATAa W OpraHu3alusaTa Ha TO3U THII
HaOmoaeHus. KbM Te3u cTaHIMu ce oyakBa Jla c€ BKIIOYAT U JPYyrd 2
o0cepBaTOpUM KOWUTO CE€ OYaKBa Jia ObJaT M3rpajiecHd B OMU3KO Objele, KaTo
eqHaTa OT TAX e Obae KbM LleHThpa 3a KOCMHYECKH U3CIEIBAHUS MU
texHosoruu npu CY , K. Oxpuncku”, @usnuecku dakynret. [Ipe3 To3u nbpBu
eTanm ce MpEeIBIKIAa Jla Ce IMPOBEXKAAT caMO ONTHUYHM HAONIOACHHS, 3a
JETEKTUpAaHE U TPOCeAsiBaHE Ha KOCMUYECKH OOEKTHU, OTpabOTBaHE Ha
TEXHOJOTHTA, TOA00p HAa HEOXOUMaTa TEXHUKA 32 BTOPUS €Tall U MPOBEXKIaHEe
Ha EKCHEpUMEHTH 3a OOMsSHAa Ha ChOOUIEHUS MEXKIy OOCEepBaTOPUHUTE MU
HAllMOHAJHMUAT LEHTBHP 3a o0paboTka M KaTanoruzupane. Ha To3m eram ce
IUTAHHpPA U TPOBEXKIAHE HA EKCIIEPUMEHT M0 0OMsSHA Ha CHOOIICHUS C MpeKaTa
Ha ESA 3a SST. Ha BropmsT eTam ce MpeaBMXIa H3rpaKIaHE HA HaydHA
uHdpactpyktypa u B rp. Ctapa 3aropa, KbeTO Ja ObJe U3rpajeHa coOCTBeHa
oOcepBaTopusi 3a KocMHUYeCKH HaOmtoneHus. [lopagu orpanuueHus pasMmep Ha
OYaKBaHOTO (UHAHCUpAHE Cce€ TpenBXKIa na Obae wu3rpageHa 0Oa3oBaTa
nH(PPACTPYKTypa, ONTUYHA OOCEpBATOpUS C ABTOMATHU3UPAHO HAOJIOJEHUE U
HAIMOHAJIEH KOMITIOTBhPEH IIEHTHp 3a o0paboTka Ha pesynrtatute. [Ipeasuxaa
ce MpH BB3MOXKHOCT Jla C€ 3ala3u ChTPYJIHUUYECTBOTO C OOCEpBATOPUUTE OT
I'BPBUST €Tall Ha MPOEKTa, KOETO IIe M03BOJIM B bbirapust na ce u3rpaau Mpexa
OT HaOJIOAATENIHA CTaHIMU. TakaBa MOCTAaHOBKA III€ M3BEAC HAOIIOJEHUATA Y
HAC Ha MHOTO BHMCOKO HHMBO. Ha TpeTus etam mpu crieyesnBaHe HAa €BPONEHCKU
IPOEKT € MPEABUJCHO WHCTAJUpPAHE Ha JIa3epeH JajekoMep, KOeTo WLIe Jaie
BB3MOKHOCT 32 IIBJIHO OIpENesTHE KOOPAWHATUTE Ha KOCMUYECKUTE OOCKTH.
Thil KaTO B cTpaHaTa MMa W3BECTHA HaIWYHAa HHPPACTPYKTypa U OMHUT B
HAyYHUTE Cpeld, Ha CIIeJBAllM €Tamny, Npu Haludhue Ha (QuHAacupaHe ce
NpEIBIIKAA U3TPaKIAaHE M Ha CTAHIIHS 3 pajapHO HAOIIOACHHE.
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CTPYKTYPA U IUHAMUKA HA CIBHYATA
KOPOHA 110 BPEME HA PA3JIMYHU ®A3U HA
CJIBHYEBA AKTUBHOCT

IHenka CroeBa, Anekceir CtoeB, Mupociaas Koctos

STRUCTURE AND DYNAMICS OF THE SOLAR
CORONA DURING DIFFERENT PHASES OF SOLAR
ACTIVITY

Penka Stoeva, Alexey Stoev, Miroslav Kostov

Abstract: The structure, shape and brightness of the solar corona significantly depend
on the activity of the Sun. The crown is very bright and even at maximum solar activity. On
these same composite photographs we can observe very bright coronal streamers and other
active areas. With minimal solar activity, the corona becomes asymmetric - it extends mainly
around the equator. The Ludendorff flatness index (ellipticity) is the first quantitative
parameter introduced to analyze the global structure of the solar corona. It is anticorrelated
with solar activity and varies between minimum and maximum.

The analysis of the coefficient of ellipticity and the phase of the solar cycle shows that
the corona in white light during the TSE 2006, 2008, 2009 and 2017 (2 different solar
minima) is asymmetric in contrast to the solar corona observed during the solar eclipses of
1990, 1999 and 2012 (solar maximum). In addition, the value of the photometric flatness
index at the minimum of the solar cycle can be used to predict the amplitude of the cycle.
These results can contribute to the development of the modern idea of the physical
characteristics, shape and structure of the solar corona and its evolution within each
successive cycle of solar activity.

Key words: solar activity, flatness index, structure of the solar corona, total solar
eclipce

Introduction

Solar corona can be observed only during total solar eclipses (TSE)
because its intensity is much lower than the brightness of the sky. Solar corona
IS the part of the solar atmosphere which is one of the most important from point
of view of solar physic and solar-terrestrial relations. Solar wind is accelerated
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and the coronal mass ejection is formed in its inner part, which is difficult for
observations and diagnostics.

White light corona is a result of scattering of photospheric light off
electrons in the corona and dust in interplanetary space. The orbital heliospheric
observatories SOHO and STEREO, and the satellites Yohkoh,TRACE and
CORONAS give the possibility of continuous investigation of the solar corona
and the processes acting but they are closer to the Earth than the Moon and
overoccult the sun, omitting from view exactly the inner corona.

The coronal light consists of K-, F-, E-, T- corona. These components are
formed by very different mechanisms and have very different properties. K-
(Kontinuierlich) corona is caused by scattering of photospheric light off rapidly-
moving coronal electrons; F-(Fraunhofer) corona — by scattering of photospheric
light off dust in interplanetary space between the orbits of Mercury and Earth;
E- (Emission) corona — by actual emission of radiation by highly-ionized species
in the corona; T- (thermal) corona — by thermal (largely infrared) emissions of
interplanetary dust, usually the same dust that is causing the F-corona [Golub
and Pasachoff, 1997]. Primary source of information about distant regions of the
middle and outer corona still remain optical observations of the so called white-
light corona, formed from the K- and F- corona.

Solar eclipses are between two and five each year. Many occur over the
oceans or distant places and it is very difficult to document them. Some are not
total, being only partial or annular. Thus, a good opportunity for total solar
eclipse observation comes along every only two or three years. The average
duration of totality is only two to three minutes. That is why, studying changes
in the corona from one eclipse observation to another will draw the picture of its
evolution.

Basic characteristics of the corona are controlled by changes in the
configuration of the global magnetic field of the Sun. We know that, in general,
large coronal streamers lie above the polarity-inversion lines of the large-scale
magnetic field of the Sun marked by filaments and prominences
[Vsekhsvyatskiy et al., 1965]. That is why, studies of the solar corona shape
give us information about long term variations and structure of its large scale
magnetic fields.
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The equatorial plane of the dipole component of the solar magnetic field
Is regarded as principal plane of the solar corona with all its features. The
position of this plane defines the orientation of the heliospheric current sheet and
the

2008 minimum 1990 maximum

Figure 1. Solar corona during the 2008 TSE in minimum of the solar cycle and
during the 1990 TSE in maximum solar activity.

outer solar corona in 3D space. Its inclination with respect to the solar equatorial
plane varies from almost zero at solar minimum to almost 90° at solar
maximum, which is the reason for fundamentally different appearance of the
corona.

The observed variety of solar corona forms is also determined by the
variations of the current sheet orientation towards the earth due to solar rotation
[Gulyaev, 2011]. Lifetime of these forms can be from less than one to more than
several solar rotations. Comparative analysis of the white light corona
observations during 5 total solar eclipses (in 1990, 1999, 2006, 2008 and 2009),
at different phases of the solar activity cycle is presented in this work. White
light solar corona is examined using the inclination of streamers towards the
equator and the photometrical flattening index or index of ellipticity of the solar
corona.

The minimum corona is much fainter and weaker than the maximum
corona because of the absence of large active regions. The corona is the source
of the fast and slow solar winds, and transient events like flares, jets, filament
eruptions and coronal mass ejections (CMEs). Transient events can considerably
change the structure of the corona, since, especially coronal mass ejections
frequently lead to global magnetic re-organisation.

Coronal structures appear bright (arcades, loops, helmet streamers) or
dark (coronal holes). Plasma density and temperature greatly depend on the
magnetic field topology: bright features have closed magnetic structures (bipolar
and active region loops), while dark coronal holes have an ,,open” magnetic
structure towards the interplanetary magnetic field. ,,Helmet streamers” are
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connected with solar active regions, and are centered over sunspots or
prominences. Above the helmet, a long, straight stalk continues outward, and
remains untwisted even to a dozen solar radii.

Observations

Observations of the total solar eclipses (TSE) in 1990, 1999, 2006, 2008,
2009, 2012 and 2017 were conducted at different sites of the world, in the line
of totality. Usually, the scientific programme of our expeditions includes
different tasks:

-Photometric investigation of the basic coronal structures in white light.

-Spectrometric investigation of the solar corona.

-Photometry of the sky illuminance with a LUX Pu 150 photometer.

-Determining of the dynamics of basic micrometeorological parameters of
the 2-meter ground atmospheric layer.

-Astrometry of the TSE during its phase evolution

-Observations of atmospheric optical effects during the TSE.

Here we consider the white light corona at different phases of the solar
cycle.

July 20, 1990 — near the town of Kem, Karelia, Russia (¢ = 64°57" N, A =
34°36' E, Alt. = 165m). Maximum of the solar activity. Sunspot number
SSN=104

August 11, 1999 - around the town of General Toshevo, Bulgaria (¢ =
43°41.7" N, A = 28°11.5" E, Alt. = 200m ). Maximum of the solar activity.
SSN=252

March 29, 2006 — near the town of Manavgat, Turkey (¢ = 36°45'27.59"
N, A =31°27'14.11" E, Alt. = 2m). Minimum of the solar activity. SSN=31

August 1, 2008 — near the town of Bijsk, Altay, Russia (¢ = 51°58' N, A =
84°57'E, Alt. = 360m). Minimum of the solar activity. SSN=0

July 22, 2009 - near the upper reservoir of the TianHuangPing Pumped
Storage Power Station, China (¢ = 30°28'14.2"" N, A = 119°35'29.0" E, Alt. =
909m), near the Shanghai Observatory. Minimum of the solar activity. SSN=0

November 14, 2012 - in the region of Mount Molloy, 150km from Palm
Cove, Cairns, Queensland, Australia (¢ = 16°29'45.6” S, A = 144°58'17.4" E,
Alt. = 342m). Maximum of the solar activity. SSN=133

August 21, 2017 - in the area of the town St. Joseph, USA, near the
Missouri River (¢ = 39°47'23.1" N, A = 94°52'42.6" E, Alt. = 253m). Minimum
of the solar activity. SSN=63

White light corona observations

The white light corona observations during different years of total solar
eclipses are made with different telescopes and cameras with different times of
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exposure. The experiments and observational equipment are described in
[Stoeva et al. 2011].

Solar corona photographs in white light during the 1990, 1999 and 2006
TSE were obtained by a large-aperture cameras (200/1000mm and telescope
150/2250mm Meniskas - Cassegrain), and telescopes-refractors (63/840mm)
(Stoev et al., 2002). Black and white professional photographic films Kodak T-
MAX 200 Pro with unique structure were used.

During the 2008, 2009, 2012 and 2017 TSE, the white-light corona
photographs were obtained with 250/2000mm, 300mm objectives, and 2000mm
Macsutov - Cassegrain telescope using high resolution digital cameras.
Photographs were taken with different exposures, from 1/2000 sec to 5 sec.

Results and analysis

The 1990 and 1999 total solar eclipses are during the maximum of the
22" and 23" solar cycle.

The 2006 TSE is in the minimum - on the falling branch of the 23 solar
cycle.

ISES Sclar Cycle Sunspot Number Progression
Dbserved date through Feb 2018

Cycle 24 Sunspot Number (V2.0) Prediction (2016/10)
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Figure 2. Solar cycle sunspot number progression.

The 2008 and 2009 TSE are also in minimum but on the rising branch of
the 24" solar cycle. The 2012 eclipse is in very low maximum of the solar
activity.The 2017 eclipse is on the falling branch of the 24" solar cycle.
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Figure 3. Solar corona from the total solar eclipse on July 20, 1990 (Miloslav Druckmiiller,
2004), left and August 11, 1999 ( photograph in white light made by a great light power
camera (200/2000 mm) - with 2 sec exposure).

Polar plumes, dome-shaped structures and ,,helmet” type structures are the
basic coronal formations. They are evident from composite images of different
number of negatives taken with a variety of exposures in white light.

Coronal streamers

During the 2006 TSE, all the basic coronal structures such, are evident
from the composite image of 16 negatives taken with exposures from 1/2000 sec
to 5 sec in white light [Stoeva et al., 2008].

The 2006 TSE is in minimum - on the falling branch of the 23" solar
activity cycle. The 2008 TSE is also on the falling branch according to the
consensus reached by The Solar Cycle 24 Prediction Panel on May 8, 2009: the
24" solar cycle begins in December 2008. The 2009 TSE is also in minimum but
on the rising branch of the 24™ solar cycle. The quiet Sun corona shows larger
helmet-type streamers concentrated in latitudes near the equator between N45
and S45.
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Figure 4. August 11, 1999 TSE. Black and white pencil drawing of the solar corona during
the total phase, Zlatna Mychaylova. Equidencites.

Figure 5. March 29, 2006 TSE. Composite image of 16 negatives taken with exposures
from 1/2000 sec to 5 sec in white light. Comparison of the white light corona with the
steamer structure obtained by SoHO.

For the 2006 TSE, polar plumes are well developed in northern and
southern hemisphere of the corona. Dome-shaped structures are displaced from
25° to 45° heliographic latitudes. The deviations from a radial direction in
western hemisphere (21°) are greater than that in eastern one (8°).

Comparisons are made with the steamer structure of the solar corona
taken by SoHO and show that the basic streamer structures are identical.

For the 2008 TSE, coronal structures are also outlined on the composite
image of the white light corona, at heliographic latitudes from 19° to 48°. The
deviations in western hemisphere (9°) are smaller than that in eastern one (12-
18°).
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2009,/07/22 01:35

Figure 6. July 22, 2009 TSE - white light corona superimposed on an image of the Sun s
outer corona taken by the Large Angle Spectrometric Coronagraph (LASCO) and shown in
red false color (right).

The total solar eclipse on July 22, 2009 has maximum duration of 6 min
39 sec and this is the longest totality for the last 2000 years. Images of the
white-light corona during the 2009 TSE also show the typical coronal structures.
The deviations of the streamers from radial direction in western hemisphere are
larger (28-34°) than that in eastern one (18-20°), as in 2006 TSE but with larger
values.

Figure 7. Coronal streamers during the August 1, 2008 (left) and March 29, 2006 (right)
TSE in white light.

Studying the three TSEs during minimum of the solar activity cycle we
found that deviation of the coronal streamers from radial direction or their
inclination towards the equator is larger as a whole for the 2008 (Sunspot
Number SSN=0) and 2009 (SSN=0) eclipses in comparison with the 2006 TSE
(SSN=31).

This fact can be explained with the low solar activity in 2008 and 2009
(deep solar minimum).

For studying the corona of the sun during a very low maximum in the
solar activity Russian-French-Bulgarian expedition was organized for
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observation of the November 14, 2012 total solar eclipse in Australia. Different
experiments were conducted in the region of Mount Molloy, 150 km from Palm
Cove, Cairns, Queensland.

Figure 8. White light corona during the November 14, 2012 total solar eclipse, Australia,
photographed with a 300 mm objective (left). Eclipse composite image between a
SOHO/EIT image in helium radiation at 3044 in the ultraviolet (central image) and an
outer-corona image from SOHO/LASCO (right).

Composite eclipse image consists from 16 images of different exposures
made during the expedition of Space Research and Technology Institute, BAS
(P. Stoeva and A. Stoev) and, Lebedev Physical Institute, RAS, Moscow (S.
Kuzin and A. Percov).

Total solar eclipse on August 21, 2017 has been the first in the United
States since 99 years and crosses the country from Oregon to South Carolina.
We partly managed to observe the phenomenon due to suddenly changed
weather conditions, but we received wonderful photographs from our American
colleagues.

Figure 9. Solar corona on August 21, 2017 in minimum of the solar activity.

The Megafilm project (http://eclipsemega.movie) has been successfully
completed, where people from across the US send photographs or videos to a
Google-related system to make them accessible to everyone.
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Studying the three TSEs during minimum of the solar activity cycle we
found that deviation of the coronal streamers from radial direction or their
inclination towards the equator is larger as a whole for the 2008 (Sunspot
Number (SSN =0) and 2009 (SSN = 0), and 2017 (SSN =63) eclipses in
comparison with the 2006 TSE (SSN =31). This fact can be explained with the
low solar activity in 2008, 2009, and in the following minimum in 2017 (deep
solar minimum).

Flattening index

The Luddendorf flattening index (ellipticity) is the first quantitative
parameter introduced for analyses of the global structure of the solar corona. It
increases monotonically from the limb to some distance r, which varies from
eclipse to eclipse within the range of ~1.4 Re to ~2.2 Re and it is sensitive to
existence of coronal streamers at large heliographic latitudes.

This ellipticity coefficient show that corona is very round at solar
maximum, when streamers emerge from so many latitudes, and it is much more
elliptical at solar minimum, when only a few streamers are visible at the equator.
This way, the Luddendorf flattening coefficient shows the cycle of solar activity
[Van de Hulst, 1953, Gulyaev, 1997, Stoev et al., 2002].

For determining of the flattening e the formula of Ludendorf (1928) has
been applied

p=totrdi+dy 4 (1)

Dg + Dy + Doy

where do is the equatorial equidensity diameter, d; and d, are the
diameters placed at angles of + 22.5° in relation to do; Do is the diameter of
equidensities passing through the solar poles and D; and D, are the diameters
tilted to Dy at angles of + 22.5°. The flattening &, which characterizes the solar
corona type, is calculated at a distance of 2 Re from the solar disk centre — a
way to remove the effect of the F-corona.

The phase of the solar activity cycle can be calculated using the formula
of Bernheimer (1938):

_ T_Tmin
|Tmax _Tmin| (2)

where T is the moment of the total solar eclipse, Tmin and Tnax are the
nearest minimum and maximum of the corresponding solar cycles. The phase is
calculated by linear interpolation between the closest maximum (®=1) and
closest minimum (®=0). The sign + or — is assigned according to the rising and
falling branch of the solar cycle, respectively.
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Table 1. The solar corona flattening index ¢ and the solar cycle phase @ for seven
total solar eclipses.

Year 1990 1999 2006 2008
Sunspot N 104 252 31 0
£ 0.090 0.190 0.098 0.320
) -0.85 0.75 -0.25 -0.04
Corona Before min After min | Before min Before  min
Type (May 1996) (May 1996) | (Dec 2008) (Dec 2008)

Year 2009 2012 2017

Sunspot N 0 133 63

€ 0.22 0.024 0.270

) 0.12 0.87 -0.6

Corona After min | After min | After max

Type (Dec 2008) (Dec 2008) (Apr 2014)

The flattening index of the solar corona, which is largest at the activity
minimum and vice versa, can be considered as an indirect characteristic of the
polar magnetic field of the Sun, which is also largest at minimum according to
dynamo theory. The amplitude of the toroidal magnetic field of the Sun (forms
sunspots) in the activity maximum is determined by the poloidal magnetic field
in the previous minimum. Pishkalo M. [Pishkalo M., 2011] have obtained an
equation for the best linear fit of the smoothed monthly sunspot number at cycle
maxima Wmax vs. the flattening index & near cycle minima using data for 60
total solar eclipses:
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Figure 10. The solar corona flattening indices & as a function of the solar cycle
phase @ for seven TSEs are shown as white stars. Other plots are results by Gulyaev
(1997) who uses data for 51 solar eclipses.
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We have used this equation for calculating the amplitude of smoothed
monthly sunspot number in the last solar cycle. The TSE in 2008 is closer to the
minimum of the solar activity — December 2008. Using the obtained flattening
index of € = 0.32 (very close to the value €=0.29 of [Rusin et al., 2010], it can be
predicted that the amplitude of the current solar cycle will be 146+65 in terms of
the smoothed monthly sunspot number.

The 2009 TSE is at the beginning of the solar cycle 24. Using this
flattening index value - € = 0.22 - we calculate a lower value — 99.7+65 - for the
amplitude of the solar cycle 24. The average value is 122.85. Mean value of the
sunspot number in April 2014, determinead as maximum of the Solar cycle 24 is
SSN=112.46, which is very close to the obtained value.

Other investigations conducted during total solar eclipses:

1. Astrometry of the Total Solar Eclipse phenomenon.

2. Photometry of the solar corona in the green coronal line (photos with a
narrow green filter L = 5303A)

3. Corona Spectrometry (Green Coronal Line)

4. Meteorology of the ground atmospheric layer (2meters).

5. Photometry of the sky illumination during the phase evolution of the
Total Solar Eclipse.

Conclusion

We have made an analysis of the white light coronal structures and shape
during the seven total solar eclipses, which are at different stages of the solar
activity cycle. Ground based composite images are compared with images from
space observatories: Solar Ultraviolet Imager (SUVI) from NOAA/NASA’s
GOES-16 (inside the black and white corona) and C2 coronagraph of Naval
Research Laboratory’s LASCO instrument on ESA’s Solar and Heliospheric
Observatory (SoHO).

Three of the investigated TSEs are during minimum of the solar activity
cycle. We have found that deviation of the coronal streamers from radial
direction or their inclination towards the equator is larger as a whole for the
2008, 2009 and 2017 eclipses (deep solar minimum) in comparison with the
2006 TSE, which is at comparatively larger solar activity.

Analysis of the Ludendorf flattening index and phase of the solar cycle
show that white light corona during the 2006, 2008, 2009 and 2017 TSE (solar
minimum) is asymmetric in contrast to solar corona observed during the 1990,
1999 and 2012 total solar eclipses (solar maximum). Moreover, value of the
photometric flattening index at a cycle minimum can be used to forecast the
amplitude of the cycle. We have made two estimations for the amplitude of the
solar cycle 24 in terms of the smoothed monthly sunspot numbers using indices
for TSEs in 2008 (¢ = 0.32, 4 months before solar cycle minimum in December
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2008) and in 2009 (¢ = 0.22, 7 months after the minimum) - 146+65 and
99,7+65 accordingly (mean value is 122.85). Mean value of the sunspot number
in April 2014, determinead as maximum of the Solar cycle 24 is SSN=112.46.
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OTKPUTHUA HA HOBU ACTEPOUAUA 11O
MEXKIYHAPOIHATA ITPOT'PAMA INTERNATIONAL
ASTEROID SEACRH COLLABORATION

Beceaka PaneBa

DISCOVERIES OF NEW ASTEROIDS UNDER THE
INTERNATIONAL ASTEROID SEARCH
COLLABOARATION

Veselka Radeva

Abstract: In the paper are presented results of remote asteroid observations made
during monitoring campaigns that were part of the International Asteroid Search
Collaboration Program for tracking and detection of asteroids. The methodology for
detecting asteroids and the process of confirming the discoveries and naming the new objects
by the International Astronomical Union are discussed. The new asteroids discovered by the
Bulgarian teams are presented with their orbital elements and diagrams. Special attention is
given to the training and participation of Bulgarian student teams from military universities
in the international program for detection and tracking of asteroids.

Key words: asteroids, remote observations, orbital elements, discoveries.

BbBenenue

ACTPOHOMHUYECKUTE M3CIICJIBAHUSI HA aCTPOHOMHYECKH OOCKTH OT TOJISIM
Opoii acTpOHOMH, OpraHM3MpaHH B HAOIOMATCIIHU MEXIYHAPOIHH MPOIPaMH,
JIaBaT MHOTO J0OBp pe3yiarar. B TocieaHHUTe TOMUHH MEXIYHAPOIHOTO
ACTPOHOMHMYECKO CHTPYJHHYECTBO TO3BOJISIBA M3IMOJI3BAHETO HA TEICCKOMH C
pa3InYHA XapaKTEPUCTHKH, PA3MOJOKEHH B Pa3IMYHN TOYKH OT IUTAHETAaTa Ja
peliaBa HayYHO-M3CIICAOBATCIICKU 3a/1a4K M J1a C€ MPaBSIT 3HAYUMH OTKPUTHSL.
MesxayHapoaHaTa mporpama 3a TbhpceHe Ha actepouau International Asteroid
Search Collaboration opranusupa ekunu OT acTPOHOMHUYECKH OOCEpBATOPHH,
YHUBEPCUTETH, KOJIEKH, TMMHA3UH OT Pa3IMYHU CTpaHH. B nmpoasmkenue Ha 16
TOJIMHU EKUIMTE Ca OTKPWIH TOJssM OpOil HOBH acTepouaa M ca YTOUHHIN
opOuTHUTE Ha XWIAM acTepousia. B MexayHnapoaHaTa nporpama 3a ThpCeHE Ha
ACTEPOM/IM y4acTBaT M OBJITapCKU acCTPOHOMH OT MIHCTHTYTa MO acCTPOHOMHS C
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HAO-PoxeHn, yuntenu no gpusuka U aCTpOHOMUS, YUYEHUIU, MPEMOAABATENN OT
BUCIIIMTE BOCHHU YUWJIUIIA, KYPCAHTH U CTYJICHTH.

1. Acrepouaure — onacHoct ot Kocmoca

Actepousiute ca €Ha OT peaTHUTE KOCMHUYECKH OMAaCHOCTH, C KOUTO CE €
cpeura 3emsara. Enna ot Haii-ronemute OMOJIOTUYHHU KaTacTpopu € mpUYuHEHa
oT cOmbCchK ¢ actepoun B MecTtHoctra FOkartan, Mekcuko. Cnex ToBa
karactpodanaHo croutue nzuessat Haa 94% ot Ouocdepara Ha 3emsra.

Acrteponnute TpUHAUIEKAT KbM Tpynmata Ha Mankure Tena B
CrnpHUEBaTa CHCTEMa 3a€THO C KOMETHUTE W METEOPHHUTE Tesia. bolmmmHCTBOTO
oT actepouanTe ce HamupaT B OCHOBHHS acTEpPOMJICH IMOsC, MEXKIy Mapc u
FOnurep. Kem Mecenm mait 2022 roamna ca karamormsupann 1 113 527
actepousa. Te mMar pa3Mepu OT HAKOJIKO METpa JI0 CTOTHUIM KHJIOMETpa B
JTUAMETBP, SIPKOCTTa UM MOKE JIa BapUpa 3HAYUTEIIHO CaMO 3a HAKOJIKO MUHYTH
[1]. TloBewero actepouaute, oOUKaIAT oOKOJIO CHIBHIETO, B ,,IJIABHUS
actepousieH mosac” Mexay Mapc u IOnurtep, ca TBBpAe Janed, 3a Jaa
MpE/ICTaBIIABAT 3aIjiaxa 3a 3eMsTa. ACTPOHOMMTE CIEISIT M JIpyra KaTeropus
acTepouy, ,,0u3ko 3eMHuTe actepouan’”’. Cropen LlenThpa 3a u3cnenBaHe Ha
omm3ku 1o 3emara ooekt Ha HACA xeMm roru 2021 roamua toBa ca 26 115
acteponjia, YUHTO OpOUTH TpecwuyaT opOuTaTa Ha Hamara ruia€era. 2 158 ca
MOTCHITMAIHO OTIACHUTE OJIU3KH 70 3eMsiTa aCTECPOUIH.

AcTteponiHUTe HAOIIOMECHUS JOMPHUHACAT 3a TIO-TOYHOTO OMpESsTHE Ha
opbuTuTe Ha actepouauTe B CrbHUEBATA CHCTEMa U 3a pa30MpaHeTO Ha TAXHATA
pUpoa — XUMUYCH ChCTAB M (PU3NUECKH XapPaKTCPUCTHKH.

2. IASC — nporpama 3a npocJjieisiBaHe 1 OTKPUBAaHe HA ACTEPOUIH

OTKpUBaHETO HA HOBU aCTEPOMIIU M TMPOCIEASIBAHETO HA BEYE M3BECTHU
aCTEepOMJM € OCHOBHA HAay4YHO-W3CJICJIOBATEICKA I, KOATO pealu3upa
MexnayHaponHa mporpamMa HapedeHa MeXIyHapOJHOTO CBHTPYIHUYECTBO 3a
actponomuyecko Thpcene (International Asteroid Search Collabration). Ts e
opraHusupana u ce pbkoBoqu oT npod. JIx. [larpuk Munsp oT yHUBEpCcUTETa
Xapaun CumbHC B AOunuH, Tekcac. B IASC cu mapTHHpaT YyHUBEpCUTETH U
oOcepBaropun OT menus cBaAT. [Iporpamara € HacoueHa KbM CTYJICHTH OT
YHUBEPCUTETH, KOJICKU M TUMHA3MH, KaTO C€ MPEIOCTABAT aCTPOHOMHYECCKHU
JAaHHU OT HAOJIOACHHWS Ha MIIQICKHUTE IO ICNHs CBSAT, 3a J1a CE€ THPCAT HOBHU
acTepOMJIM U JIa IPOCIICIABAT Beue U3BeCTHUTE [2].

IASC cu chTpyIHHYM U C KaMIaHHUATa 32 ThpCEHE Ha actepouau Pan-
STARRS. HaoOmromarennara texauka Ha Pan-STARRS sBximrouBa nBa 1,8-
METPOBH TEJIECKOTA, PA3MOJIOKEHN Ha XaBauTe, KOUTO HEMPEKHCHATO CKaHUPAT
HeOeTo B ThpceHe Ha Oym3ku A0 3emsta acrepouan. Pan-STARRS mpenocrass
4acT oT cBouTe HabmomarenHu manau Ha |ASC, 3a nma ynecHH THPCEHETO Ha
actepouan. Ilaptapopu Ha IASC ca actporHomuuecku obcepBaTtopuu B CAILI,
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Wrtanus, bearapus, BenukoOoputanus upe3 DoJIKC TEIECKONUTE Ha XaBauTe U
Asctpanus. [laptHupamure opranuzanuu Ha |ASC, naBaT Bb3MOXKHOCT 3a €IUH
HEeIMPEeKbCHAT HAYYHO-U3CJIe0BATENCKH Tpoiiec, craptupai ot 2006 roauna 1o
cera. ToBa ca yHUBEPCUTETH, aCTPOHOMUYECKU O00CEPBATOPUU, MUHUCTEPCTBA,
opranuzanuu ot CAILl, Asctpus, banrnanem, bonususi, bpa3unus, bbarapus,
Kanapckure octpoBu, Komyomus, Kuraii, 'epmanusi, Unaus, Upan, Uranus,
Heman, [Ilanama, Ilomma, Ilopryramusi, CepOusa, Ilupu  Jlanka,
BenukoOpuranus, Ypyrsaii, Beneiyena.

Exunute, kouto padotsat no IASC, moiydaBatr B IpoAbHDKEHHUE Ha BCSIKA
HaOMOjaTeIHA ~ KaMIaHUS AaCTPOHOMHYECKH HW300pa)XeHHs, TPaBeHH C
TEJECKONMUTE OT MapTHUpaNIUTe oOcepBaTopuu. Te3u  IUCTAaHIIMOHHU
aACTPOHOMHUYECKH HAOIIOZCHUS TO3BOJSIBAT HAa EKUNUTE Ja OTKPUBAT HOBH
O00EKTH M J1a TW MPOCIEABaT B Cle/BaIIMTe HOIIM. B mpolieca Ha pabora uma
JIBa BHJA OTKPUTHUS HA HOBHU acCTEPOMAN — MPEABAPUTEIHU U MOTBBPACHHU.
[IpenBapuTeHUTE OTKPUTHUS Ca BCE OIlE HEMOTBBPAEHU OT LleHThpa 3a Manku
IJIaHeTh B XapBapl OTKPUTH HOBH acTepounu. [IoTBbpAEHUTE OTKpUTHS CE
Oa3upat Ha mocieABaIy HabJt0IeHUs Ha HOBUTE 00eKTU. B pesynraT Ha paboTa
Ha ekunute oT 2006 rommra no cera ca HampaBeHn 9136 mpemBapuTeTHH
oTKpuTHs ¥ 31 MOTBBPACHU OTKPHUTHSI.

3. Meroaguka 3a OTKpPUBaHe HAa  acTepoMIM, Mpolec Ha
NOTBBPKIABAHE HA OTKPUTHSTA

ACTpOHOMUYECKHTE  HM300pa)K€HUs, TMOJYYEeHM C TEJIEeCKOMH  OT
NapTHUPALIUTE  acTpOHOMHUYECKH  oOcepBaropuu ce  00paboTBaT C
npodecuonanuus actpoHomuuecku copryep ASTROMETRICA. To3u codryep
MO3BOJISIBA Jla C€ IMpaBU acTpoMeTpuyHa u (poromeTpuuHa oOpaboTKa Ha
ACTPOHOMHYECKUTE 00CKTH B M300paxkeHusTa [3]. Ch3aaneH € OT acCTpOHOMa-
mobuten Xepoept Paab u ce mpenoppuBa oT LleHTbpa 3a Manku TUTAHETH Ha
XapBapackus yHuBepcuter. To3u codryep ce mpenoctaBs ot |ASC nHa
CTYIEHTCKHTE €KUM, B KOWTO ca BKJIIOYEHHU CHEUUAIM3UPAHU 32 BCEKH
U3I0J13BaH Teeckor ¢ainose — [4] [Dur.1.].

Eranmure B o00paboTkaTa Ha AacCTPOHOMHUYECKUTE U300pa)xKeHUs 3a
npocieAsBaHe U OTKPUBAHE HA HOBU aCTEPOUIM Ca CIETHUTE:

1. IloaroToBka Ha acCTPOHOMHUYECKUTE H300paXKe€HUsi OT TrOJIEMH
TEJIECKONHN — Ch3JlaBaHe Ha WM300paKEHUsI TUIl MO3ailka W TPYMUPAHETO UM B
CETOBE OT IO YETUPH;

2. Wpentudunupanero Ha 3BE3AHUTE IMOJIETa OT ACTPOHOMHUYECKUTE
U300pKEHUST CHhC 3BE3JHU KapTU OT TMPEABAPUTEIIHO W30paHU 3BE3IHU
KaTaJi031 U OTHXKJCSCTBSIBAHE HA MaKCUMAaJICH OpOil 3B€3/1H B THIX;

3. OrOens3BaHe Ha BCUYKH WU3BECTHU aCTEPOHUIN, KOUTO CE HaMHUpaT B
MOJIETO HAa ACTPOHOMHYECKUTE N300paKEHUS;
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4. AKTHBHMpaHE Ha aHUMAaLUs OT YETUPUTE U300PAKEHUS 3a OTKpUBaHE
Ha JIBWJKELIU C€ CpeJl 3BE3AUTE OOEKTH;

5. Peructpupane Ha ABWXKEmM ce€ OOEKTHU U ONpeldeisiHe Ha
€KBATOPUATHUTE MYy KOOPAMHATH- PEKTACLEH3Us M JAEKIMHAIUS B YETHPUTE
aCTPOHOMHUYECKHU U300pakeHNUS;

6. IlpoBepka Ha koopauHatuTe C mnpenocraBeH oT |ASC Ttect 3a
ompeziesisiHe TpelIKaTa NPy U3MEPBaHUITa Ha €KBATOPUATTHUTE KOOPIUHATH.

/. TloaroTBsHe Ha OT4YET C W3MEpeHUTe KoopauHaTu 3a lleHTbpa 3a
MAaJIK¥ TJIaHETH B XapBapACKHUs YHUBEPCHUTET.

8. OO6o3HauaBaHe Ha OTKpPUTHUA acTepoua ¢ HuPpu u OyKBH, KOUTO
NOKa3BaT TOJMHATA U cneuupuuHOoTO 0003HaUeHue Ha obekTa. [lybnukyBaHe B
0a3aTta naHHM Ha LleHTbpa 3a MaJKu MIIAHETH.
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@ue.1. Cogpmyep ASTROMETRICA 3a acmpomempuuna obpabomra na acmepoudume

Xonannackust matematuk Jlowen bpayep npe3 1928 ronuna npennara u
MexnyHaponausat ActpoHomuyeckdn Cbpro3 pemaBa Ja JaBa BpPEMEHHO
0003HaYeHNE HA BCEKU aCTEPOU, KOUTO J1a ChbpKa roAMHATa Ha OTKPUBAHETO.
B o603HauenueTo ce BKIIIOYBA U JIaTUHCKU OykBeH Koa. [IbpBara OykBa moka3pa
KOra Ipe3 TroJuHaTa € HampaBeHO OTKpUTHeTo, kato Oyksure | m Z He ce
u3noisBaT. Bropara OykBa moka3Ba MOpPEAHHUS HOMEpP HA OTKPUTHS acTEPOMII,
karo OykBaTa | He ce m3mon3Ba. AKO B paMKHUTE Ha CBHIUS MEPHOJ OT BpeMe Ha
roJuHaTa UMa OTKPUTH MOBeYEe OOCKTH, B 0O3HAUEHUETO CJe]l AIBYOYKBEHUS KO
ce nobaBar Homepa. Hampumep, mbpBusT OoTKpuT actepoun 3a 01.01.2022
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rojvHa 1e uma obosznauenue 2022 AA, a BropusT 1e uma obozHaueHue 2022
AB, tpetusat — 2022 CC u Ttaka no 2022 AZ. CrneapamusaT OTKPUT acTePOU/T
ciaen 2022 AZ mie 0bae ¢ oooznauenune 2022 AAL, ..., 2022 AZ1, 2022 AA2,
..., 2022 AZ9, 2022 AA10 u 1.1. [Ipe3 BTOpaTa MOJOBUHA HA SSHYapu ITbPBUSIT
HOB actepoua e uma obosnadenue 2022 BA, cnensamust actepounn — 2022
BB, 1 Taka HaTaThK KaTo c€ Mpujara npeajioxkeHara cxema.

[lenTbpBbT 32 Manku IUIAHETH Ha MeXIyHapoaHUs ACTPOHOMUYECKH
Cw103 1aBa BpeMeHHU 0003HAYCHUS, CIie]] KaTo ca JOKJIaIBaHu HAOIIOACHUS Ha
Hal-MaJIKo JIBE HOITHU 3a aCTEPOU/I, KOUTO HE € NU3BECTEH.

1. TlpocnensBaHne Ha HOBUTE acCTEPOUAMN OT MPODECHOHATHU aCTPOHOMH
B IIPOJIBJDKEHHE HA 2-7 TOJIMHU U YTOYHSIBAHE HA OPOUTHUTE UM €JIEMEHTH.

[IspBOHAUATHUTE HAOIOJNEHUS CIIyKaT 3a OTOeNs3BaHe Ha BH3MOXKHO
OTKpUTHE, a CJIEJIBAIIUTE 33 MOTBBPKIABaHE HAa aCTEPOUTHOTO OTKpHUTHE. Te3u
0003HaYEHUsI OCTaBaT, JIOKATO CE€ OMPENEIAT TOUHUTE OPOUTHMU €JIIEMEHTH Ha
oOekTa. Ciiell ToBa TOM MOJTy4yaBa MoOpe/IeH HOMED.

2. IlpengocraBsiHe Ha BB3MOXKHOCT 33 HAaMMEHOBAHE HA OTKPUTHSAT
acCTEpOU]] C UM€, MPEJIIOKEHO OT OTKPUBATEISI HA HOBHS aCTEPOUI.

ChrmacHO M3HUCKBaHMATA Ha MEXIyHapOIHUAT ACTPOHOMHUYECKH CHIO3
OTKpHBATEISIT TPaBU TPEIIOKEHHE 3a MME Ha actepouna. IlpemmoxeHuTe
uMeHa ce omobOpssar or Komucus Mo WMEHyBaHe Ha MajKd Tella KbM
MexayHapoIHHUST aCTPOHOMHUYECKH CHIO3 U C€ MPUEMAaT 32 OKOHYATCITHHA CIIe]
opumanHo yTBBpKIaBaHe OT lleHThpa 3a wmanku TutaHetn. MMena Ha
acTepouM He Morar J1a ObJlaT UMEHa Ha XOpa U CHOUTHS, KOUTO Ca W3BECTHU
Mopajay TMOJUTHYECKUTE CHU WIM BOCHHHM JAeiHocTu mpe3 uamuHaiure 100
TOJMHU OT CMBPTTAa Ha JMIETO WM BB3HHKBaHE Ha cbOuTHeTo. He ca
pa3penieHy UMeHa C YUCTO WJIM MPEAUMHO ThProBCKU Xapaktep. OduiimaaiHusT
dbopmar Ha UMEHATa Ha aCTEPOMINTE BKIIOUBA OKOHYATEITHUS MMOPEIECH HOMED B
ckobu npena umero, Hanpumep (510 466) Bapha.

Ha ®urypa 2. ca nmpencraBeHu oTaeHUTE eTanu oT padoTata mo |ASC.
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1.8-m Pan-STARRS (University of Hawaii)

IASC Program Flow Diagram
v

-

Hardin-Simmons University

Astrometrica

2-m Faulkes (Las Cumbres Observatory)

I

HSU & Astrometrica Minor Planet Center (Harvard)

Que. 2. Emanume om npoyeca Ha Npociedasane U OmKpusane Ha acmepouou

4. OTKpUTHS HA aCTEPOUIH OT OBJIArapcku ekunu 3a nepuoga 2012 —
2022 roguna

boearapcku exurmm ygactBat B IASC ot 2009 ronuna. ToBa ca y9eHHIH OT
aCTPOHOMHYECKUTE KypcoBe OT AcCTpoHOMHYEcKara oOcepBaTopus W
rmanetapuyM ,,Hukonaii Konepuuk”, Bapna. O1ie ¢ mbpBUTE y4acTUsl EKUIIUTE
MPaBAT TPEIBAPUTEITHN OTKPUTHS HA HOBU aCTEPOMIH, KOUTO CIIEI HIKOJIKO
TOIMHU C€ TOTBBPKHaBaT ¢ mocieasany HaOmogaeHus. Ot 2009 roguHa mo
2022 rogmHa OBATApCKH EKWIM ydYacTBAaT BBB BCHYKM HAOIOJATEITHH
kamnanuu. Besika roguna ce nmpoBexaat ot 10 mo 12 HabmrogaTeTHu KaMITaHUH
Ha |ASC, HanmoHaiHM KaMIaHUU M TaKWBa 32 OTKPUBAaHE HA TPAaHC-HENTYHOBH
00exTH, acTepousd OoT HayyHaTa nporpama Ha Kocmuueckara mucusi OSIRIS-
Rex no acrepomma beny. Ot 2009 rommna mo 2022 romuHa OBATapCKUTE
ydeHnuecku exunu ca oopadotmiu Hajg 2000 actpoHOMHUYECKH H300pa)KeHus,
HarmpaBuwin ca Haj 300 mpeaBapuTeTHU OTKPUTHS U 9 TOTBBPJICHU OTKPUTHS HA
HOBHU acTEpPOUIH. ENWH OT OTKpUTUTE acTpeonan Hocu umero Bapna. [IponecsT
0 MPUEeMaHe Ha UMETO TPOIBJDKY €Ha TOANHA.

Ot mecenr maii 2017 romuna B Mexaynapoanata nporpama IASC ce
BKJIFOYBAT CTYJCHTH OT Bucmero BOGHHO MOpPCKO yuwiuiie ,,Hukomna
Banmapos”. Ot 2021 roguna B IASC yuwacTBaT M €KMN OT KYpCaHTHU OT
Bucirero BOGHHO BB3IYIIHO yUHIUIIE. Te yCIenHo MpeMHHABaT 00yYeHUE 110
pabota ¢ mpodecuonannusi acrpoHomudecku copryep ACTPOMETPUKA wu
YCIENIHO C€ BKJIOYBAT B MexayHapoaHaTa mporpama. Pesynrarure oT
HAOJIOATeIHUTEe KaMITAaHWHM, B KOWUTO ydYacTBaT ekumnure Ha CTyIeHTCKOTO
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KocMu4ecko o0mectBo W CTyAEHTCKOTO acCTPOHOMHMYECKO OOIIeCTBO 3a
nepuonaa 2017 — 2022 ronuna ca npencraBenu B Tabnuia 1.

Tabauya 1. Pezynmamu om pabomama Ha eKuna 8 ACmpoHOMUYECKU KAMNAHUU 30
nepuoda 2017 — 2021 2oouna

I'op. | Kamnanus OopaGorenn | [Ipeasap. | IlorBbpaen | YuyacTHUUU
n306pame}mﬂ OTKPUTUHA H OTKPUTHUSA
2017 | 8 IASC 920 50 5 crynenTa
2 All Bulgaria 1
Asteroid Search PBKOBOMTE
Campaigns
2018 | 10 IASC 1350 93 7 cTyneHTa
2 All Bulgaria 1
Asteroid Search PBKOBOIUTEI
Campaigns
2 Target Asteroid
Search
2019 | 10 IASC 1153 122 2019 UO19 | 10 crynenra
2 All Bulgaria 1
Asteroid Search PBKOBOIUTEI
Campaigns
2 Target Asteroid
Search
Catalina CSS NEO
2020 | 10 IASC 1230 63 2020 US13 7 cTyieHTa
2 All Bulgaria 2020RQ39 |1
Asteroid Search 2020 OM29 | ppkoBOHTEN
Campaigns
2 Target Asteroid
Search Campaigns
2021 | 7 1ASC 1600 50 5 cryneHTa
1 All Bulgaria 1
Asteroid Search PBKOBOUTEI
Campaigns
Target NEOs
2022 | 5 1ASC 220 30 5 cTyneHTa
1 All Bulgaria 1
Asteroid Search PBHKOBOIUTEN
Campaigns
6473 408 4

YyacTHUIIUTE B EKUIIUTE MOJydaBaT cepTU(HUKATH 3a OTKPUBAHETO Ha
actepouaa. HoBute actepouin ca OTKpUTH OT €KHUI B ChCTaB: A0Il. A-p Becenka
PaneBa u crynenture AHTOH ATaHacoB, AceH AceHoB, OcBanao AHApane u
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Cama borteBa. Ha ®urypa 3. ca npeicTaBeHu cepTU(PHUKATH 32 OTKpPUBAHE Ha
HOBUTE aCTEPOUIH.

I enalia Astronom|ca| Search Collboration { | termational Asonomical Search Colaborai

September 11 — October 6, 2020 July 13 — August 10, 2020

We hereby ¢
i R We lereby express our sincere appreciation to
Asen Asenov
Student Space Society - Naval Academy

Anton Atanasov

Student Space Society - Naval Academy

Inn onal discovery
s In recognition of the provisional discovery
2 of Main Belt asteroid:
2020 RQ39 e
found in data provided by Pan-STARRS 2020 OM2!

Fstrick Witter 2 / o Wi Jound in data provided by Pan-STARRS

= L Parlner Pan-STARRS

Pan-STARRS

L
itematonal Astonomical Search Colaborag tional Astronomical Search Colabora
October 9 — November 3, 2020 |ntema Ora |0n
s October 21 — November 18, 2019
WA Benky i bar ek pppiic ok b0 We Rerebiy express our sincere appreciation to
Uegelka Rédeva Osvaldo Andrade
Skywalkers - Bigh Mathematical School - Varna Student Space Socicty - Naval Academy
In recognition of the provisional discovery . B
i A oS Ryt
2020 Ui, 2019 UOI9
found in data provided by ®an-STARRS found in data provided by Pan-STARRS
FLatrick it Lichord 2 4
Cathried Witler Rickhard Wainscea:
Partner Pan-STARRS : Pan-STARRS
| s =

@ue.3. Cepmugpuxamu 3a omkpusane na Hosume acmepouou 2020 RQ39, 2020 OM29,
2019 UO19 u 2020 US13

Ha ®urypure 4, 5, 6, 7, 8 u 9 ca npencrtaBeHn OpOUTHUTE €JIEMEHTH U
opboutHuTe auarpamu Ha actepouaute 2019 UO19, 2020 OM29 u 2020 RQ39.
Te ca momyuenn ¢ JPL Horizons on-ine solar system data and ephemeris
computation service u Orbit Viewer na Jet Propolsion Laboratory na California
Institute of Technology.
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(2019 UO19)

Classification: Main-belt Asteroid SPKID: 3985432 Related Links:

Orbit Viewer [show]

Orbit Parameters [hide]

Osculating Orbital Elements Miscellaneous Details
Epoch 2459600.5 (2022-Jan-21.0) TDB solution date 2021-May-04 16:49:43
Reference (heliocentric IAU76/J2000 ecliptic) # obs. used (total) 33
Uncertainty (1-sigma) data-arc span 42 days
e 0.2021764344166909 30113E-5 first obs. used 2019-10-23
a 2.189456112462642 8 696E-5 - last obs. used 2019-12-04
q 1.746799682333116 00012847 o planetary ephem. DE441
i 5.766803853367154 00095936 deg SB-pert. ephem.  SB441-N16
node 65.66455056080187 00047858 deg condition Code |5
peri 307.9809998649783 00653 deg norm. resid. RMS 47315
M 271.8654871194998 014158 deg 5:"’“ é)F:[L v
2459890.198536285116 3 producer 0 Matic
® 2022-Nov-06.69853629 005> o8 Earth MOID 755550 au
— 1183.321603014344 070498 d Jupiter MQID 2.84056 au
B 3.230757982243241 1930164 " T_jup 3641
n 0.3042283679119447 1.8125E-5 deg/d
Q 2.632112542592169 00010454 au

Physical Parameters [

Value | Units | Sigma | Reference Notes
[H] absolute magnitude 19.3 26555 MPO525825 autocmod 2.8

@uz.4. Opoumnu enemenmu na acmepouda 2019 UO19

1.877 au
.012 au
ee UTC

@ue. 5. Opoumna ouacpama na acmepouda 2019 UO19 3a 10 maii 2022 200una

(2016 RL8 = 2020 OM29)

Classification: Main-belt Asteroid ~ SPKID: 3759122 Related Links:

Orbit Viewer [snow]

Orbit Parameters [nice]
Osculating Orbital Elements Miscellaneous Details
Epoch 2459600 5 (2022-Jan-21.0) TDB solution date 2021-Apr-15 17-39.05
Reference (heliocentric IAU76/J2000 ediiptic) #0bs. used (total) 55
Element Value Uncertainty (1-sigma) Units data-arc span 2924 days (8.01 years)
ry 01 8460332134 7 5022E.7 first obs. used  2012-09-14
a 2.590155748487289 24714E-7 au last obs. used 2020-09-16
a 2.244639728728896 21761E-6 au planetary ephem. DE441
i 14.50913866903996 30419E-5 deg SB:port. sphem. S5BA41-N10
node 320.6279958216703 2.7382E-5 den condition code 1
peri 42.06433438478118 00044482 deg norm. resid. RMS 6176
] 85.73198798630587 00044345 deg Sotees bl
= 2459237.900133692204 v = E:::::g;; ?Zz;\;:"r
2021-Jan-23.40013369 L
1522 604980204789 00021792 a Jupiter MOID 252692 au
petiod 4.168665243544939 5.06636-7 y Tlup | 3303
n 0.2364368990515061 3.3839€6-8 deg/d
a 2 935671768245682 28011E-7 au

Physical Parameters [

[H] absolute magnitude  17.9

@ue. 6. Opoumnu enemenmu na acmepouoa 2020 OM29
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iome

Jufiter

Sun Distance:

-10 ee

Duez.7. Opoumna ouacpama na acmepouda 2020 OM29 3a 10 mati 2022 2o00una

Osculating Orbital Elements Miscellaneous Details
Epoch 2459600.5 (2022-Jan-21.0) TDB solution date  2021-Apr-15 22:58:13
Reference (heliocentric IAU76/J2000 ecliptic) #obs. used (total) 22
Uncertainty (1-sigma) data-arc span 35 days
e 0.1564907822482136 6.607E-5 first obs. used 2020-09-12
a 2.691902976501742 00026254 o last obs. used 2020-10-17
q 2.27064497397269 00039047 au planetary ephem. DE441
i 5.538367910537905 0021992 deg SB-pert. ephem. SB441-N16
node 27.09291997175424 0059359 deg condition code 5
peri 326.4613069325003 039866 deg norm. resid. RMS 63369
M 115.6642172368361 024748 deg s:urce JO}TL v
2459082.196605437737 producer Otto Matic
® 2020-Aug-20 69660544 14129 DB Earth MOID  1.26902 au
" 1613 197465040993 23601 a Jupiter MOID  2.32987 au
petiod 4.416603949461993 6.46160-4 y TRl 5347
n 0.2231592894245293 3.2647E-5 deg/d
Q 3.113160979030794 00030363 au

@ue.8. Opoumnu enemenmu na acmepouda 2020 RQ39

(2020 RQ39)

029 au

@uz.9. Opoumna ouazpama na acmepouda 2020 RQ39 3a 10 maii 2022 200una
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5. 3akuwyenue

MexnyHapoaHaTa mporpamMa 3a ThpCEHE Ha HOBH M TPOCIEIsBaHE Ha
Bedue m3BecTHH actepouan IASC e emxHa or Hal-yCHemrHWTE acTPOHOMHUYECKU
nporpaMu, HAaCOYEHH KBbM CTYJICHTH, YUYEHHUIIM W TPENoJaBaTelid, KOUTO ce
WHTEpeCyBaT OT acTpOHOMHs. Ts cCh37aBa edaHa OOIIHOCT OT CTYJSHTH,
KypCaHTH, YYCHHIIM IPETNOIaBaTelId, KOUTO TPABSAT peaTHH aCTPOHOMHUYECKH
W3CIIeIBAaHUS U OTKpUTHUA Ha acteponnu B CrbHUeBata cucteMa. CTyJIEHTCKUTE
CKUIHA OKa3BaT Ba)KHA MOMOI Ha MPOGECHOHATHUTE aCTPOHOMH, M3CIICABAIIH
Majgkute Tena B CrobHYEBaTa CHCTEMa, NPABEHKA TPEIU3HA W TOYHH
aCTPOMETPUYHH OOpaOOTKH. YUacTHETO Ha CTYJICHTH OT OBJITapCKUTE BOCHHH
YHUBEPCUTETH JONPHUHACA 32 OTKPUBAHETO Ha HOBM acTepOUId U
nmpoclneasBaHeTo Ha Beue u3BecTHU actepouau. [Ipes 2021 u 2022 roauna
exuniure Ha BBMY, pabGorenmu mo Mexaynaponnara nporpama |IASC ca
BKJIIOYCHHM B HOBA HAay4YHO-M3CJIEJIOBATEICKAa MporpaMa MO MOATOTOBKa Ha
U3KYCTBEH MHTEJEKT, 00ydaBaH 3a MPOBEXK/IaHE HA aCTPOMETPUYHU 00pabOTKU
Ha ToJeMH O0eMH OT aCTPOHOMUYECKM H300paKEeHHs 3a OTKpUBaHE Ha
JIBIKEIIN Ce OOCKTHU B THX.
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KOCMHUYECKO YUYWINIIE - OT BBJTAPUS KbM
BBLAEIIETO

Credpan CramenoB, Banss CrameHnoBa

SPACE SCHOOL - FROM BULGARIA TO THE FUTURE

Stefan Stamenov, Vanya Stamenova

Abstract: The paper presents the activities of the ,,Space School” educational
initiative with a focus on particular highlights of the from the seven years of work of the team.
The tendencies in the Bulgarian education towards receptivity and long-lasting interest in the
topics of the initiative are presented. It contains an announcement of the future of educational
activities and prospects related to the professional development of specialists in the relevant
fields addressed to the secondary education.

Keywords: space school, remote sensing, education, GIS, space sciences

Kocmuuecko yuunuiie e oOpazoBareiiHa WHUIIMATHBA, Ch3JajJCHA Ipe3
2014 r., K0SITO € HacOYeHa KbM OBITAPCKUTE YUCHHUIM U TEXHUTE yuuTenu. Ts
[eJW Jla 3aM03Hae YUYCHUITUTE, MPOSIBSIBAIM UHTEPEC KbM HAYKUTE CBBP3aHU C
Kocmoca u Habmofenre Ha 3eMsiTa, ChC ChbBPEMEHHUTE JIOCTHXKEHUS B 00J1acTTa
Ha aePOKOCMUYECKUTE M3CJICABAHUS U TEXHOJIOTUHU, a CHIIO U Jla MOMyJIsapru3upa
KOCMHUYECKUTE U3CIeABaHus cpel TsaX. KocMuyecko y4uiuiie Chilno Taka Ieiu
Y U3BBHPIIBA KOMYHUKHPAHE U MOMYJISIPU3UPAHE HA HAyKa.

WNuunmmatuBata ,,Kocmuuecko yuwmmmme” (Www.spaceschoolbg.eu) e
ch3aazeHa ot . ac. 1-p Credgan CtameHOB, HEWH OCHOBEH WHUIIUATOP, U JIOII.
n-p Bausa CramenoBa, yuyeHu oT MHCTUTyTa 3a KOCMHUYECKM H3CIEIBAHUS U
TexHonoruu KbM bbarapcka axkagemuss Ha Haykute (MKUT-BAH) c
TBJITOTOAMIIIEH ONMUT B 00JacTTa HA JUCTAHIIMOHHUTE W3CJICIBAHUS U
reorpadgckutre UHPOPMAIMOHHU cuUcTeMU. KoCMHUYECKO yYMIUIE € H3ISII0
n00pOBOJIHA WHUIIMATHBA, KOSTO CH CHTPYIHUYU U C€ paJiBa HA MOJKpeErara,
HeuHAHCOBA, HA peauiia OBATAPCKU U MEXKITYyHAPOIHU GUPMU U OPTaHU3ALINH.

Kocmuyeckute nscnenBaHusi 1 TEXHOJIOTHH OTCHCTBAT OT TPATUIIMOHHOTO
YUYWIMIIIHO 0Opa3oBaHUE U MHUIIMATHBATA IIEJIM Ja C€ pa3BHMBa MHTEPECHT KbM
TAX W Ja C€ MPUBIMYAT MJAIU XOpa, MPOSBSBAIIM CEPUO3EH HHTEPEC KbM
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HayKaTa W >KeJaelld Jla WHBECTHpPAT B CBOETO COOCTBEHO OBbJelie KaTo
CHEIUAINCTH U YueHU. B pamkuTe Ha oOpa3zoBaTeHaTa MHUIIMATUBA YUCHUIIUTE
UMaT BBH3MOXKHOCT Jla C€ 3alO3HasT ¢ KOCMHYECKUTE TEXHOJOTUU M TSAXHaTa
ynotrpeba B pa3nuyHu cdepu Ha Haykara, MHAYCTpHUsATa U OW3HEca, KaTo ce
NOKaX€ M TAXHATa NpaKkTUYHA U TOJ30TBOPHA POJII B JKMBOTA Ha XOpaTa.
[IpenBua HapacTBAIIOTO 3HAYEHHE HA JUCTAHIMOHHHUTE H3CJIECABAHUS MU
TEONPOCTPAHCTBEHUTE TEXHOJIOTMH B ChBPEMEHHHUS CBSAT M OOILIECTBOTO, HUE
CUMTaMe 4ye 00pa30BaHUETO B Ta3u 00JACT, HACOYEHO KbM CPEIHUTE YUWINILIA, €
OT CBLIECTBEHO 3HAYEHHE. YYEHUIUTE II€ HayyaT 3a CIbTHUKOBHUTE M
aepocucTeMd 3a HaOmojneHue Ha 3emsTa, reorpadckute HUHOOPMALMOHHH
cuctremu (I'MC) karo TtexHojmormu, Hayka W OW3HEC, HUMAIIM UIMPOKO
IPUIIO’KEHUE B CHbBPEMEHHUS CBST, KOETO OM MOJOOPHIIO 3al103HATOCTTA UM ChC
CbBpEMEHHATa HayKa M TEXHOJIOTWU. VHMIMaTMBaTa LETU ChIIO Taka Ja
npeactaBu Mscroto Ha bearapus, karo uien Ha EC um B eBpomeiickara
KOCMHUYECKa HAayKa W UHAYCTpUs, U B CBETOBHaTa KOCMHUYECKa HayKa, KaTo
yBakaBaH MapTHbOP, M Ja MpPEACTaBU OBJIrapCKUTE YYEHH KaTo 4YacT OT
eBpoleiickaTa M  CBETOBHAa HayyHa oOmHoOcT. Ts  momynspusupa
aepokocmuueckute U ['MC TeXHONOrMM U TEXHUTE NMPUIIOKEHUS HE CaMO CpeEX
YUYCHHUIIUTE OT CpPEIHUTE YYWIMINA, HO M CpeJ No-IIMpoKaTa IyOJrKa
(yuurenute 1 o0mecTBoTO) [1, 2].

NuunmatuBata ce OChIIECTBSBA upe3 Oe3miaTHU 0oOpa3oBaTEIHU
CbOUTHS, aJaliTUPaHu ChOOPA3HO BBH3PACTOBUTE OCOOEHOCTH HA YUYEHHUIUTE U
oOXBalllallli MMbJIHUS CIEKThP OT U3BBbHKJIACHU (POpMH HA OOyUEHHE - KYpCOBE,
CEMHUHApH, JEKIUH, JICTHU YUYUIIUINA, U3JI0KOU, KOH(GEpPEHIUHU U JIp., C HIUPOK
TeMaTuyeH oOXBar.

3a U3MUHAJIUTE MaJKO IOBe4Ye OT /[ TOAMHM OT Ch3JaBaHETO Ha
Kocmuuecko yunmmiie ca oChbUIECTBEHH peAMIia ChOUTHS B HAlIMOHAJIEH Maiao,
NpUCHhCTBEHN W omHyaiiH (Tabmuma 1). IlpeacraBenu ca nag 150 nexiuwm OT
OBATapCKU U UYKJIECTPAHHU YUEHH M €KCIIEPTH IO Pa3IMYHU TEMH, CBBP3aHHU C
aepOKOCMHUYECKUTE TEXHOJIOTHH 3a HabmoeHue Ha 3emsta, [ IC TexHomoruu u
JIpYrd TEMaTHK{, CBbP3aHM C KOCMUYECKUTE W3CIICBAHUS HA YYEHHIH OT
HAaYaJIHUTE U CpeaHU yuuiauma B bbiarapus. PernonanHuTe ynpaBiieHUs Ha
oOpa3zoBanuero U CronuuHa OOIIMHA ChACHCTBaxa 3a pa3lpoCTpaHsSBaHE Ha
uH(popmanus 3a oOpazoBaTenHa nHUIKMaTUBa KocMuuecko yuumuiie u HeiHuTe
JNEHHOCTH Ccpell yuuiuiia B bearapust.

NuunmatuBata 3amoyHa ¢ Jieknuss B Hanwuownannata mpupopo-
MaTteMaTU4yecka ruMHas3ug ,,Akaj. JI. YakanoB”, AucKyTupaiia eHa 3Haunuma u

dbynnamenTaniHa Tema - [IpocTpaHcTBeHO MUCIIEHE B HaykuTe 3a 3emsirta (¢ur.
1).
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Tabauya 1. Kocmuuecko yuunuue 6 yugpu

Bujg choutue

bpoii

HNudpopmanus

Jlexun

HaJ
150

[IpoBenern ©Hax 150 oOpa3oBaTelHM JICKIIUKU B
pasnuyan yuminnia B Codusi u cTpaHara

Kypcose

IIpoBenenn ca  KypcoBe TI0  BwsedeHnue 6
oucmanyuonnume uzcineosanuss u IMC B HIIMI
LAKkan. JI. Hakamos™

O6pazoBarennu
CHOUTHS

32

[TpoBenenn ca 32 oOpazoBaTeHH CHOUTHS, KAaTO
CeMUHapH, yeOWMHapH, YydeHH4Yecka KoHdepeHIus,
JATHO YYUIHULIE.

3nox0ou

10

C’LCTaBeHI/I ca 4 TEMATUYHHU I/I3J'IO)K6PII

- ,,0OcBoOoxknenuero — norien or Kocmoca”
(https://maps.spaceschoolbg.eu)

- ,,Cromuuu”
(https://maps.spaceschoolbg.eu)

- ,,KocMuuecku uscienBaHus B Kaptu”
(https://exhibition.spaceschoolbg.eu)

- ,,Konemna uznoxo6a”
(https://christmasnewyearmapsgis.eu)

n po CTpa HCTBeHoTy VI’V{P;;'TEHGB

HaykuTe 33 3emara

@Due. 1. Jlexyus 3a npocmpancmeenomo muciere 8 Haykume 3a 3emama ¢ HIIMI ,, Axao. JI.

Yaxkanos”

ExeronHo ce opraHu3upaT W MPOBEXKIAT CHOUTHS WM CE€ TOATOTBST
oOpa3oBaTeHd MaTepuaiy, MOCTEPH, KHUTH, CBBP3aHU C OTOENSI3BaHE Ha
3HAYMMHU MEXIYyHApOAHW AHU W mpasHulu, uHuuuupanu or OOH, cBeToBHU
CEeIMUIIM U JPYTH YeCTBaHUS, HAIMOHAIHU Mpa3HUi U aAp. OCBEH 3HAYUMUTE
3a KOCMOHAaBTHKa JaTh - MexIyHapoJAHUs JI€H Ha KOCMOHAaBTHKaTa u
aBuanusaTa - 12 anpun u CseroBHara ceamuna Ha Kocmoca, ce akieHTupa
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BbPXY AaKTyaJHU B CBBPEMEHHHUS CBAT TEMHU - OIA3BaHE Ha IIPUPOJATa,
KJIMMaTUYHU TIPOMEHM, ONa3BaHE Ha KYJITYpPHO HAclEJCTBO, YCTONYMBO
pa3BUTHE, KPbroBa UKOHOMHUKA, MUPEH U YCTOMUYUB CBAT, AHTPOIIOIC€HU3ALMS U
OanaHc ¢ mpupojaTta. B opraHusupaHuTe CbOUTHS ca y4yacCTBAJIMU JIEKTOPU OT
MHOkecTBO mbpxkaBu - CAIll, BemukoOpurtanus, Utamus, ['epmanus, Kurai,
Crnosenus, Mcnanus, Kanama, Hosa 3emannus, Coepoust, lBeitmapus.

[IbpBUAT ceMHHAp 3a YYEHMIIM, MMOCBETEH Ha MeXIyHApoIHUs JEeH Ha
aBUaIMATa ¥ KOCMOHaBTHKaTa Oe mpoBeneH Ha 26 ampun 2017 r. 8 UKUT-
BAH, nox dopmaTta Ha JeH HA OTBOPEHHUTE BPATH, KAaTO y4acTHUE B3eXa OKOJIO
130 yuenunu ot 6 cronuunu yumiuiia, a yueHu or UKUT-BAH npencraBuxa
JICKIIMU TI0 Pa3IMYHUA TEMH, CBbP3aHU C KOCMHYECKHTE m3cienBanus (¢ur. 2)

3].

Que. 2. [Tvpsu oopazosamenen cemunap 3a yuenuyu ¢ MKUT-bAH

3a neHsS HAa KOCMOHaBTHMKaTa M aBuanmsTa npe3 2018 r. 6e mpencraBeHo
15-MuHYTHO BHJEO, 3acHeTO Ha Oopma Ha MexayHapoaHaTa KOCMHYECKa
craanus (MKC) ¢ komanaupa Ha MKC AnToH [lIkamiepoB, KoiTo oTroBaps Ha
BBIIPOCH Ha OBJITApCKU Y4YeHUIM. Buaeoro 6 M3rOTBEHO W MPEAOCTaBEHO OT
POCKOCMOC 3a o6pa3oBareiHa WHUIIMATHBA ,,KOCMHUYECKO yUUITUIIE’, KOSTO
chOpa U MPEeOCTaBU CIHUCHK C BBIIPOCH, 33JaJICHU OT YUYCHHUIIM OT OCHOBHU H
cpenHu yunauiia B bearapus.

Buneoro ©6e mnpencrtaBeHO Ha peauna CbOWUTHS, OPTaHU3UPAHH OT
Kocmuuecko yummumie - B My3es Ha aBuanmsaTa B rp. KpymoBo 3a 12 ampun
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2018 r. (¢wur. 3), Ha dectuBana Ha Haykata B HIIMI ,,Axan. JI. Yakanos”, Ha
noceuieHre Ha yuyenuuu B UKW T-BAH u np.

IIpes 2018 r. B lomemuss canmon Ha BAH ce mpoBenme chIo Taka
oOpazoBareneH cemuHap Umcra Boma 3a ycToiduumB cBAT [4] BBB Bpb3Ka C
orOemsi3Bane Ha CBeTOBHUS J€H Ha Bojara — 22 MapT. ToBa € MbPBUSAT
oOpa3oBaTelieH ceMUHap MOCBETEH Ha LIeTUTe 3a ycTolunBo pa3sutue Ha OOH,
a CIEHIUaTHU TOCTH U JIGKTOPH Ha cbOuTHeTo Osixa mpod. Yen JIxyH oOT
Hammonanaus nentsp mo reomarnka Ha Kwrailh M mbpBH BULE-TIPE3UIECHT Ha
MexnyHapoaHOTO  0o0mecTBO 1o  ¢GoTorpaMeTpuss H  JUCTAHIIMOHHU
n3cnensanust (ISPRS) u mpod. Conrauan Jlu or YHuBepcutera PaitbpchH B
Toponto, Kanana u xacuep Ha ISPRS. Ha cr06utneTo npuchcrBaxa y4yeHUIU U
yYUTeIU OT CToaWyHM Yyuwiuina, ydeHu ot BAH, VYACI, Csro3a Ha
reoJie3ucTuTe M 3emeycrpoutenure B bbarapus, bearapcka kaprorpadcka
acouuanusi, bearapckoTo reorpad)cko Ipy>KecTBO, U eKkcrnepTu oT ,,Coduiicka
Boja” AJl, wact ot Beonus u ,, UC-Codus EOO/I.

@ue. 3. Yuacmue 6 densa na omseopenume epamu na 12 anpun 2018 2. 6 Myses na asuayuama
6 ep. Kpymoso u npeocmassine na suoeomo om MKC ¢ Aumon [llxannepos
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@ue. 4. [Tvpsu I'HC Oen 3a obpazosanue 6 HIIMI ,, Axao. JI. Yakanos”, ep. Coghusi u sudeo-
npezenmayusi om 0-p /icoysed Kepcku, menuoxicvp 6 oopasoeamennus omoen va ECPU 6

calll.

Koopaunaropure nHa Kocmuuecko yumnume, . ac. 1a-p Credan
CramenoB u gou. a-p Bams CrameHoBa, ca M MHHIMATOPU M HA E€XErOJHO
IIPOBEXKIAHOTO OoOpasoBaTenHo chboutue [ /C neH 3a odpasoBanme [5], karo
yact oT nHunuaruara CeroBeH ['MIC nen (¢ur.4). CpOutruero ce mpoBexkaa
BEYE IET MOPEIHU MOJIMHHU NIPE3 MECEL] HOEMBPH WJIN JEKEMBPH, KaTO JIOMaKHHU
Ha ObpPBHUTE TPU CHOUTHUS Osixa Tpute ctoanyHu yuwnuine - HIIMIT Axkan. JI.
Yakanos, I[IbpBa anrimiicka esukoBa rumHasus U Coduiickata TMMHa3Us 1O
crpoutenictBo, apxutekrypa u reoxaesus (CI'CAI- ,Xpucro bores”), a
MOCJIETHUTE JIBE C€ MPOBEI0Xa OHJIAlH, KOETO Aa/ie Bb3MOXHOCT CHOMTHETO Aa
JOCTUTHE 1O YYEHHUIIUTE M YYUTEIUTE BbB BCHUYKM Kpauila Ha bwiarapus.
YyacTHUIIM B Te3M CHOUTHUA OsiXa YYEHM M CHEUUaIUCTH B oOnacTra Ha
TeONpPOCTPAHCTBEHUTE TEXHOIOTUH OT bbirapus u uy>xO1Ha, KaTo BCSIKa TOJUHA
uMaxme TpeactaButenn otr oopazosatennus otrnen Ha ECPU B CAILl, u rocrt-
aexktopu ot CAILl, I'epmanus, Cnosenus, Utanus u np.

3a Jlens Ha 3eMsTa CBIO CE MPOBEXKIAAT €KETOJHO CHOUTHS, TTOCBETCHH
Ha aKTyaJlHU TEMH, CBBpP3aHM C OIla3BaHE Ha NpupojHara cpena. [locaegnure
JIB€ TOJUHU TE3UW CHOUTHUSA MPOTHYAT M3LSAJIO B OHJAWH (opmar, KoeTro aane
BB3MOKHOCT Jia C€ BKJIOYaT YYaCTHHLM OT Lsia bearapus, Kakro M TocT-
nexkropu oT BenukoOpuranus, Wtanmusa u Ilseiinapus. Ilpes 2021 r. Ge
MpOBEJIeH 00pa3oBaTeyieH ceMuHap ,,Bb3craHoBu Hamata 3emMs” ¢ TOCT JIEKTOP
npod. Anzapro I'ynu, cBeToBeH yuyeH B reomopdosiorusita u reorpadusra,
noudeteH npodecop B OKCHOPICKHS YHUBEPCUTET, KOUTO MPEACTABU JICKIUS Ha
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TeMa ,,Jlanamadtute npe3 AnTponorneHa”. TazronumHusaT cemMuHap 6e Ha Tema
»/IHBECTHpall B HallaTa IUIAHETa , B KOWTO y4YacTHE B3€Xa M YYEHH OT
Yuusepcurera B [1aBus, Utanus u ot YauBepcurera B JKenena, [lIBeitnapusi.

QDue. 5. Vuenuyu om cmoauuHu yuunuwa pasenedxcoam uznoxcoama 6 cepadama na bAH

Crnemmanao wmscto B Kocmudecko yuywidie € OTHCICHO Ha
OpPTaHU3UPAHETO W MPOBEKTAHETO HA M3JI0XKOM ¢ 0Opa3oBareiHa IIeJl, BCSIKa OT
KOUTO € YHHKAJIHA 0 CBOSITA CHIMHOCT W TPEJACTaBsS 10 OPUTHHAICH HAYWH
pojiiTa W BB3MOKHOCTHTE Ha CITBTHUKOBOTO HaOJIOJCHHE Ha 3eMara H
TEONMPOCTPAHCTBEHUTE TexHoNoruu. [IbpBara m3moxkba ,,OCBOOOKIECHUETO —
noryien oT Kocmoca”, ¢ aBropu ri1. ac. a-p Credan CtameHoB u fo11. 1-p Bans
CramenoBa, Oemie cb3mageHa no mosof 140 roguau or OcBOOOXKIEHHETO Ha
beiarapus W TpeactaBs 4pe3 CHBPEMEHHH CIBTHHKOBH HM300paKeHUS,
UCTOPUYECKH KapTH M KapTOrpadCcKu MPOJYyKTH, MECTa Ha 3HAYUMH BOCHHHU
JecTBUA TI0 BpeMme Ha Pycko-Typckara ocBoOoauTenHa BoiiHa (1877-1878 r.).
Ts 6e npencraBena B BAH npe3 mapt 2018 r. 3a HanmoHamHHUS Tpa3HUK Ha
benrapus 3 mapt (¢ur. 5) [6]. B mocnenctBue usnokbara e myOIuKyBaHa
oHJaiH Ha caiita Ha Kocmuuecko yunnuie (https://maps.spaceschoolbg.eu).

B kpas na 2019 u nagamoro Ha 2020 1. Oe ch3mazeHa W OpraHU3UpaHa
ome enHa yHuKamHa wu3nox6a ,,Cromumu”, mocBereHa Ha 140 roguHu OT
obsBsiBaneto Ha Codust 3a Obirapcka cronuma. Mzmoxbara ce cberom OT 7
MoCTepa, CHCTABEHUW OT KapTH, H3PabOTEHH Ype3 TCeONMPOCTPAHCTBCHH
TEXHOJIOTMH, KaToO ca M3IO0J3BaHH CITbTHUKOBHU M300paxkenus, Mmetoau ot ['IC u
MIPOCTPAHCTBEHO MOJIEIMpPAHEe, a HEMHHM aBTOPH ca TII. ac. A-p CTaMeHOB U JIOII.
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n-p CramenoBa. IIpencraBenu ca pa3paOOTKM OT MPOEKTH 3a MPOyYBaHUS Ha
HUAP ,Ilnucka” u HUAP ,,Kaburok”, xkakto u mpoekt 3a ,,J MC na Crapa
Codus”, mocBeTeH Ha pa3BUTHETO HA Tpaja B UCTOpuUecku miaH. M3noxbara
0e npeacraBena Ha CeeroBHust ['UC nen B Codust xorten bankan, Ha Tpetus
[MC nmen 3a o6pazoBanne B CI'CAI' ,Xpucto bores”, B Hammonamnara
oubmmoreka ,,CB. cB. Kupun u Metonuii”, B 4 CTOJIMYHU yYWINILA, KAKTO U HA
caiita Ha Kocmudecko yunmme (https://maps.spaceschoolbg.eu).

Cenmunata Ha Kocmoca mpe3 2021 r. 6e orGens3aHa ¢ mbpBaTa U3LSLIIO
OHJIAMH aBTOpcKa M3M0k0a Ha ekuna Ha KocMuuecko ydwiMiie, o3arjaBeHa
,2JKocmuueckn w3cienBanuss B kaptu” (https://exhibition.spaceschoolbg.eu/),
npenacTaBsiia pa3paboTku Ha ri1. ac. 1-p CrameHoB u joi. 1-p CtameHoBa, a 3a
KOJICJIHUTE ¥ HOBOTOJMIIHU MPa3HUIM O¢ OpraHU3MpaHa OHJIAMH Taliepusi OT
xynoxectBenu kaptu (https://christmasnewyearmapsgis.eu/).

IIpe3 wW3MuHamata TOAWHA CE€ TMPOBEAE U MbpBaTa Yy4yEHHUYECKA
koH(pepeHuus ,,Mosita reorpadusi B TUTUTAIHUAS BEK’, TOCBETEHA HA 3HAHUSITA
10 ChBpeMeHHa reorpadus U CBbP3aHUTE C HESl TUTUTAIHU TEXHOJOTHHU JTHEC.
[Tpuunna 3a u3bopa Ha reorpadckara TemMaTHKa € Bpb3KaTa Ha reorpadusra c
TEXHOJIOTUUTE 3a HaOJIoJeHHue Ha 3eMsITa, BBBEXKIAHETO B CPEIAHOTO
oOpa3zoBanue Ha nporpama , I MIC B yumnumie”, B koito npoiec KocMuuecko
VUYWINIIE ¥ HETOBUTE MHUIIMATOPU MMAT 3HauuMMa poJisi. ENWMH OT OCHOBHUTE
temMaTu4H (pokycu Ha KocMuuecko yuuiuie BKIOYBA OOYdYEHHE TIO
CI'bTHUKOBO HabOmoaeHue Ha 3emsita u ['MIC 3a cpenHuTe yymwiuina U MMa 3a
1ea To3W BUA oOpa3zoBaHue Aa ObJe BKIIOUYEHO B OCHOBHATa yuyeOHa mporpama
Ha CPEIHUTE YUWIHINA UK TTOHE KaTo HehopMaiHO 00pa3oBaHUe B yUHIIUIIATA.
IIpenBun HapactBamiara pojis Ha [MIC u AUCTaHIIMOHHWTE W3CJEABaHUSA B
CbBPEMEHHMSI CBST CUMTAME, Y€ Ta3u L€ € OT ChIIECTBEHO 3HAYEHUE 3a
YUYCHHUIIUTE W OOIIeCTBOTO. B TOBa OTHOIIIEHHME MOXE J1a OTOENEeKUM KaTo
KJIFOUOB MOMEHT W YyCHeX BKJIIOYBAHETO HAa YPOYHM EIWHUIIA B YyueOHaTa
nmporpama 3a npoduiaupaHa moAroToBKa 1o reorpadus 1 MKOHOMUKA 3a 12 kiac
- wMoayn 6, B KOATO ca BKJIOYEHH ©0a30BU 3HAHHUS CBBpP3aHU C
T'€ONPOCTPAHCTBEHNUTE TEXHOJOTHM W JUCTAHIIMOHHUTE wu3ciensanus [7]. B
pa3pab0OTBAHETO HAa Ta3W 4YacT Ha ydyeOHaTa mporpama ydacTue B3eXa JOIl. I-P
CramenoBa u ri. ac. n-p CrameHoB, kato Oe MpOBEIECHA pa3sICHUTEIHA
KaMIlaHUsI 3a Ta3W 4acT OT y4yeOHaTa mporpamMa B HAKOJIKO yeOWHapa, IIeCT
yebunapa 3a ' IC u exHo nstHO yuunuiie 3a yuutenu. C ToBa bbarapus craa
€JHa OT MaJIKO CTpaHH, KOATO YCIIsSBa Ja UHTErpupa 0a30BU 3HAHUS U YMEHUS 3a
HaOmoaeHneTo Ha 3emsata U [ UC TeXHOIOTUUTE B CPEIHUTE YUUITUIIIA.

Enna ot oOpaszoBartenHuTe JEHHOCTM HA WHHUIIMATHBA CE CHCTOUM B
pa3paboTBaHeTO M MyOJMKYBaHETO Ha OOpa30BaTENHU MaTepualu, y4eOHHU
noMaraja U KHUTH NPEIHa3HAYEHU 32 YYCHUIU, CTYACHTU U YUUTEIH, KaKTO U
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32 TO-IIMPOK KPBI OT YHUTATEIH, >KEJaelld jJa OOOraTSAT CBOWTE 3HAHUS B
obOnacTTa Ha KOCMHYECKHUTE W3CJCABAHMS, CI'PTHHKOBOTO HAONIOJCHHUE Ha
3emsita u reouHbopmalMoHHUTe TexHoJoruu. [locera ca wusnmageHu 6
CJIICKTPOHHM KHUTH M TIOMarajia, KOUTO C€ pa3lpoCTpaHsIBaT OE3IUIaTHO - alOyM
,, Cogpuss om Kocmoca”, atnac ,, [Ipupooama naewvr”’, mocBeTeH Ha 50 TOIUHU OT
mucuara Anono 11, yuebnux ,, I[lycmunume”, anoym ,, Uznoocoa Cmonuyu”,
100meliHo u3nanue ,, [lem coounu obpaszosamenna unuyuamusa ,, Kocmuuecko
yuunuue” u yaeOHo momarano ,, Kocmuyeckume uscieosanus ¢ Espona” (pwr.

6).
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Due. 6. EJl@KWlpOHHM KHU2Uu u nomaezcana, uzoanus na Kocmuuecko yuuruwe

C nuHamMu3MpaHe Ha CTPEMEKa KbM 3aCHJIBAHE MO3UIIMUTE HA TOUHUTE U
OPUPOAHU HAyKd B OBJIrapckoTo OOpa3oBaHHME TNPe3 IMOCIEIHUTE HIKOIKO
roJuHu Oe 3aJ0kKeHa IMepCHEeKTHBaTa 3a Pa3BUTHUE HA KOCBEHO CBBP3AHUTE C
KOCMUYECKHSI CEKTOp OO0Opa3oBaTeIHM TEMU B  CPEOHOTO  YUMIIUIIE.
CplieBpeMEHHO TOBHUIIABaHE Ha JOCTBIIHOCTTa HA YacT OT CBBP3AHUTE C
OJIM3KMSA KOCMOC TEXHOJIOTUM KaTO CITbTHULIM 3a HaOioJleHne Ha 3eMsTa, 4ype3
HaBJIM3aHETO UM B OUTa U €XKEIHEBUETO Ch3/a/le YCIOBUA 3a TAXHOTO MO-JIECHO
BB3NIPUEMaHe Ha HUBO CPEIHO U JIOPU OCHOBHO oOpa3zoBanue. He manka pons B
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TOBa M3UTPa W Pa3BUTHETO HAa HUBOTO HA MOOWJIHHTE yCTPOWCTBA M TAXHATA
JIOCTBITHOCT. JIHEC Ha MpaKTUKa BCEKM YUICHUK MMa B JDKOOA CH YCTPOHCTBO TIO-
MOIIHO OT BCEKM MepcoHaNeH KoMMoThp mpe3 90-Te romuHu M o0OpynBaH C
noxxosamn; codryep. B Tasm cuTyanus TpPOMOTHPAHETO HAa KOCMHYECKHUTE
TEXHOJIOTHH B YYHJIUIIE W 00YYEHHUETO, OCBEH BAXXHOCT, MIPUI00MBAT U peaTHU
YCIIOBUS 32 YCIICUTHO MTpHUJIaraHe.

[TepcniekTrBUTE HA 00OYYEHUETO CBBP3aHO C KOCMUYECKUTE TEXHOJIOTHH B
CpenHoTO 00pa3oBaHUE C€ 33/aBaT OT JWHAMUKAaTa Ha KOCMHUYECKHUS CEKTOp B
EBpomneiickus cpio3 u cera. [Ipe3 mocnenuure 10 rogwHM aKTHBU3UPAHETO B
CEKTOpa € MU3KIIIOUUTENHO ToJIIMO U B OBbJeIe ce MpeIBIKAa TOM Ja cTaBa BCE
Taka JUHAMUAYEH M Ta3W JMHAMUKA Jla C€ 3aCWiIBa. AKIEHTHT B I'PaKIaHCKUS
CEeKTOp € TMOCTaBeH Ha Ou3Heca M HeroBaTa CBBP3aHOCT C HayKaTa, KaTro ce
odopmMms Tpuasata OU3HEC - Hayka - oOpazoBaHue. Makap 4e OCHOBHUS (POKYC €
BbPXY YHHBEPCUTETCKOTO 00pa3oBaHHE, B CPEIHOTO OOpa3oBaHHWE HapacTBa
HABJIM3aHETO HA TeMaTa 3a KOCMUUYECKOTO oOpa3zoBanue. B EBpornelickus cbio3 B
pa3IMYHUTE bPKaBU TE3U MPOIECH MPOTHYAT C pa3iiMiyHa JUHAMUKA U TIO0-
pa3liMyeH HAa4YMH KaTo € TPYAHO Ja C€ OMUIIIEe HAKAKbB 00I MO, HO 0o0Iara
TEHJEHITMS € KbM TUHAMU3MpPAHE Ha CIIOMEHaTHTe mporiecu. B bearapus te3u
MIPOIIECH, BBIIPEKH IMOBEYE OT CKPOMHHS TOTCHIMAT W PECYpCH W OTpOMHATa
paboTa cBbpleHa 0€3 (QuHAHCHpaHE, 3aeMa IO3UIMU HaJ CPEIHUTE KaTo
aKTUBHOCT W MTOCTUXEHUS B c(hepaTa Ha 0Opa30BaHUETO.
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EPYIITUBHU ITPOTYBEPAHCHU U KOPOHAJIHA
N3XBDBPJIAHUA HA MACA. OCHOBHMU ITOHATUAL.

Momuui /leuen

ERUPTIVE PROMINENCES AND CORONAL MASS
EJECTIONS. BASIC CONCEPTS.

Momchil Dechev

Abstract: Many active processes take place on the Sun. Some of them affect or may
affect under certain conditions the life on Earth. This report discusses basic concepts of solar
physics and in particular phenomena in the solar atmosphere such as prominences, eruptive
prominences, flares and coronal mass ejections (CMEs). Attention is paid to the effects they
can have on the Earth's magnetic field and on some aspects of human activity.

Keywords: eruptive prominences, solar flares, CMEs, magnetosphere, earth, sun

Cpen mummapauTte 3Be3au, HameTo CITbHIIE € HEOCOOCHO 3a0eIeKuTeHA
3B€3/a, HO 3a Hac € Hal-BakHaTa. Ha CirbHIIETO MpOTHYAT MHOKECTBO aKTUBHU
nporecn. Yact OT TAX BAMSAAT WJIM MOTaT Ja TOBIUSAAT TPHU OMPEICICHH
yCJIOBHSI Ha JKMBOTa Ha 3emsTa. B HacTosmus IOKIa] ce pas3riekaar OCHOBHU
noHATUS OT (u3mkara Ha CIABHIIETO W MO-CIENUAIHO SBJIEHUs B aTMocdepaTa
Ha CIIBHIIETO KaTo MpOTyOepaHCH, epPYyNTUBHH NPOTyOepaHCH, U30yXBaHUS U
KOPOHAJIHU U3XBBPJISTHUS HA Maca.

1) CrpHueBaTa atMocdepa.

Bobnpekn ue mpuumHuTe, OOYyCHIaBSIM aKTUBHOCTTa Ha CIBHIETO ce
KpHUAT BHB BHTPEIIHOCTTA MY, FOJIsIMa YacT OT MPOSIBUTE HA aKTUBHOCTTA MY C€
Ha0JII0/1aBaT ¥ pa3BUBAT B Cl'bHUEBaTa aTMocdepa.

Haii-o6mo armocdepara Ha ChabHIETO MOXKEe aa ObAe paszzeieHa Ha
HSKOJIKO OO0JIACTH C Pa3jJuYHHM YCIIOBUS M XapaKTEPHH CTOWHOCTH HAa TaKWBa
(GU3MYECKH XapaKTepUCTUKM Karo TeMIeparypa, IUIBTHOCT Ha IUia3Mmara,
MarHuTHH TI0JIETa U JIp.

1.1) ®dotocdepa

dotochepata € CpaBHUTETHO ThHKA OOBWBKA, Pa3MOJIOKEHA
HETMOCPE/ICTBEHO HaJ] KOHBEKTHBHATa 30HA. OT Hes eHeprusta, reHepupaHa B
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CIILHYEBOTO SPO, CE€ HM3IbYBA HAMPaBO B KOCMHYECKOTO MPOCTPAHCTBO, O€3
HSKAKBO CBHINECTBEHO TOTIIBIIAHE WU pa3ceiiBaHe. Ts Moxke na Obae
ompenesieHa Karo cioil ¢ aebenuna 550 kM, (mo apyru nepuuunmu 100 km)
Pas3IoJIOKEH OT ONTHYECKa IBHIOOYMHA EIMHHIA 33 CBETJIMHA C Jb/DKHHA Ha
BeiaHaTa 5000 A 10 TeMIepaTypHUSI MUHUMYM.

@uzypa 1. Credits: NCAR's High Altitude Observatory (corona) and Luc
Viatour (chromosphere)

OcHOBHU XapakTepucTUKu Ha ¢poTocdepara ca uzrbuBaIiaTa CrioCOOHOCT,
T.e. mpunctug notok U = 6.5x10%° epr/(cmM%.c), m TemmepaTrypara Ha
M3JIbYBAHETO ¢ AbJDKMHA Ha BhiHaTa 5500 A, kosTo e paBHa Ha 6700K. Toa ¢
TEeMIlepaTypara, 3a KOSITO pasmnpeqeieHueTo Ha (oTochepHOTO HU3ITbYBAHE IO
IBIDKUHATA Ha BBJIHATA MOXKE /1a C€ TPEJCTaBH KaTo TOBAa Ha aOCOIIOTHO YEPHO
TSJIO CBC ChIaTa TEMIEPATypa.

1.2) Xpomochepa

[To Bpeme Ha CIIBHYEBO 3aTHbMHEHHE HSIKOJKO CEKYHAM TPEId U CIe[
mbJIHATa (pa3a Ha Kpas Ha CIIBHYEBHS JHCK C€ TOsBSIBA SpKa YepBeHa CBETIMHA.
ToBa e xpomocepara (Pur. 1 BiIsABO) — mpo3padyeH CJIOW, pa3MoOJOXKEH Hal
dotocdepara. LIBeThT ce ompezens oT TOBa, Y€ B CHEKTbpa U IpeodianaBa
yeppeHata H-anda nunaus. Pasmepbt Ha Xpomocdepara e oxono 2000 km, a
Temmeparypara Bapupa ot 4000 K no 10* K.

1.3) Kopona

Han xpomocdepara e pasnonokeHa o01acT OT ciapbHUEBaTa atMocdepa ¢
KpailHO HUCKa ITBTHOCT. ToBa € ciibHueBaTa KopoHa (dur. 1 BasiCHO) — CBETHI
OpeoJI, KOUTO MOKE /1a C€ BUJIM IO BPEME Ha MBJIHO CIBHYEBO 3aTbMHEHHUE WU
Yype3 CHENUaNTHA ypeau — KopoHorpadu. MHTEH3WTETHT Ha HM3TBYBAHETO Ha
KOpoHaTa B Osila cBeTNMMHA € 1 MWIMOH MBTH TMO-MadbK OT MHTEH3WTETa Ha
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U3I'bYBAHE Ha JUCKA, a HEWHaTa SIPKOCT € OJu3Ka JI0 SPKOCTTa Ha ITbJIHATa
JlyHa.

M3npuBanero Ha OslaTa KOpPOHA BB3HUKBA MO 3 Pa3jiMYHM HadyMHA.
[IspBaTa chcTaBdAlla Ha H3TbUBAaHETO Ha KopoHata € K-koponarta. Tosa
W3TbYBAHE HWMa HEMPEKbCHAT CIEKThD H TPEIACTABIsABA W3TbUBAHE Ha
doTocdepara, pascesHO TO HampaBieHWE Ha HAOMIOmATeNs OT CBOOOIHUTE
CJIEKTPOHM B KOpoHaTa. Bropara cbcraBsimia, F-kopoHaTa, BB3HHUKBA OT
pa3ceBaHETO OT OTHOCHUTEIIHO TEXKHA YacCTHIM, OaBHO IBIDKEIIH CE MEXIY
3emsita u Cnpanero. Tperara cbcraBsama — E-kopoHata mnpencraBisBa
U3IIbYBAHE B CIICKTPAITHU JIMHUH, OTIPENICTICHU OT HOHUTE Ha KOPOHATHUS Ta3.

Koponara Mmoxe na ce paszjenu Ha TpU 00JAaCTH — BBHTPEIHA, CpeaHa U
BBHINIHA. BbTpemnara KopoHa ce TMpocTHpa OT TrOpHATa TpaHUlla Ha
xpoMmocdepata a0 ~ 1.3 ciabHYEeBH paamyca. Xpomochepara u3ue3Ba Ha
BucounHa 12x10%® km. BbTpemnaTa KopoHa € JOCTaThuHO fApKa, Y€ 1a Ce
HaOoMaBa u3BbH 3aThbMHEHUE. CpenHara kopoHa ce mpoctupa ot 1.3 no 2.3
CITbHUEBH pajuyca. BbB BhHIIIHATa KOpOHa IpeobiianaBa F-kopoHara.

2) AxtuBHu sBiacHUS Ha CIIBHIICTO

AxtuBHOCTTa Ha CIBHIETO HE € 0COOCHO BUCOKA IO CPABHEHUE C HAKOU
MIPOSIBM Ha aKTUBHOCT TpH ApyTH 3Be3au. [IposiBu Ha ci1. akTHBHOCT, 06ade, ca
Hali-MOIIIHATE SIBJICHUS B CJI. CHCTEMa M MOTAT CBIIECTBEHO Ja BIUSAAT HA
JKMUBOTA HA 3eMsTA.

2.1) CnpHYEBHM IETHA.

@uezypa 2. Cnvnueso nemuo. Credit: Vacuum Tower Telescope, Public domain, via
Wikimedia Commons

CopHYEBHTE METHA Ca HAW-paHHO HAOIOaBaHATA MPOSIBA CII. AaKTUBHOCT.
Haii-crapoto cBenenue € Ha Teodan Atuncku u gatupa ot 350 r. mp.H.e. OT 23
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I. TIp.H.€. 0 CpenHuTe BekoBe B KuTaii ce mpoBeXIaT CHCTEMHHU HAOIIOICHUS
Ha ciibHYEBH meTHa. Cren M300peTsBaHEeTO Ha TEJECKOMa, MHOTO acTPOHOMH
kato [amuneit, ®dabpunmyc, Illalinep u aAp. HpoBekTaT HAOIIOJACHUS H
choOImaBar 3a netHa mo CIpHIIETO.

CaprueBure nietHa (dur. 2) ca obmactu oT oTtochepara ¢ MoHIKEHA
TEeMIepaTypa, H3TbYBaHE M Ta30BO HaJsraHe B pe3yiTaT Ha JIOKaJHa
KOHIICHTpAIMsl HA MAarHUTHO ToJjie. MarHUTHOTO TIOJIe B METHATa JocTtrura 3 — 4
T m motucka xkoHBekuATa. 110 TO3M HaUMH B METHOTO TeMmepaTrypara crnaaa
cpsMo okojiHata u He Hajasumasa 3000 — 4000 K.

Cn. meTrHa WMaT TEHACHIMS Jla CE TIOSBSBAT B TPYNH B ONpPEICIICHU
obnactu. [losBaTa UM nMa HMUKIMYEH xapakTep. Haif-xapakTepHUsST nepuoj Ha
IMUKJIMYHOCTTA Ha TIosiBaTa UM € 11-rouIIHUSAT UK.

2.2) IlporyGepancu

CnbaueBute npotybepancu (CII) mpencraBinsBaT XJagHU € IUIBTHU
(CbOTHECEHU CHPsIMO CTOMHOCTHTE Ha TeMIlepaTypara W IUTBTHOCTTa Ha
KOpOHaTa) oOpa3yBaHUsl B CIbHUEBATa KOPOHA. XapaKTepHUTE CTOMHOCTU Ha
TeMIlepaTypaTa M ILIBTHOCTTA Ha IpoTyOepaHcoBara miasma ca T ~ 10* K u
10em cnpsamo 10° K u 10° em™® ma ciprueBa xopona (Fofbes, 1990).

CII wmorar Hail-oOm0 Ja ce pasfaensT Ha JBa Kiaca: CIOKOWHH
pOTyOEepaHCH U aKTUBHU IPOTYyOEpaHCH.

2.2.1 CnokoitHu mpoTyOepaHCcH

[TpeoOmanaBamniara vyact (okoyio 2/3) oT mporyOepaHCHUTE ca OT KJac
ciokoiHU. TsxHaTa (opMa € OTHOCHUTENHO TOCTOSHHA 3a MPOABDKUTEIHH
WHTEpBAIM OT BpeMe. Te ca paslooKEHW BUHATH IO HEYTPATHUTE JIMHUW Ha
CITbHYEBOTO MAarHUTHO TIOJIE, Ca MHOTO JOOpW Tpacepw Ha eapoMaiiabHOTO
MarHuTHO miosie Ha CnpHiero. CBoiicTBaTa Ha Ila3Mara Ha CHOKOWMHHUTE
npoTyOepaHcH Ce€ XapakTepu3upar OT CJICAHUTE OCHOBHU (DU3MUECKH
napameTpu: TeMIeparypa, IIbTHOCT, CTeeH Ha WoHu3anusg u maca. CpegHata
CTOMHOCT Ha ejekTpoHHara temmneparypa T Ha CII e 7000 K. O6monpuetute
CTOMHOCTH 3a eJeKTpoHHata mIbTHOCT Ne ca 10'°-10'' cm™, mo wmorar ce
HaOMOJaBaT CBHIIECTBEHH OTKJIOHEHUS OT TAX. Macata Ha CIOKOEH
npoty6epaHc e TpyaHo ouneHnMa. ChINECTBYBaT OLEHKH OT mopsabka 5x10%° g
3a ToJIsiM criokoeH npotyoepanc (Tandberg-Hanssen, 1986).

BpemeTo nM Ha )XMBOT ce€ U3MEHS B JI0CTa MIMPOK Jauarna3od — oT 1 go 10
CTbHUEBH POTAIIMH, a B OTACIIHU ciaydan U Haja 10 poTarum.

2.2.2 AxtuBHU nporyoepancu (All)

AKTHBHUTE MPOTYOEpaHCH ca pa3loioXKeH!u B akTuBHU obnactu (AO) u
OOMKHOBEHO C€ acoIuupaT ChC CIIbHYEBHM W30yxBaHusA. Te ca JAUHAMUYHH
CTPYKTYpPH CBhC CUJIHU JIBIDKCHHUS, a BPEMETO MM Ha XHUBOT € OT HSIKOJIKO
MUHYTH JI0 HSKOJKO 4aca. MimMa TpuM OCHOBHU THIIA aKTUBHHU MPOTYOEpaHCH:
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cepmk  (Surge), cmpeii (Spray), m mnpumkooOpaszen (loop) mporybGepanc.
®du3nyecKuTe TMapaMeTpd Ha IIa3Mara WM ca 3HAYMTECIHO 3aBHIICHU 10
CpaBHEHHE CbC CIOKOMHUTE MPOTyOepaHCH W MOraT Ja Bapupa B INHPOKH
rpanuiy (Taomumna 1).

Tabauya 1. OcHosHu xapaxmepucmuxu

PusnueH napameTbp CroitHocT

Te (K) 7000 — 20000
ne (cm™®) 10* — 10'%8
MarHMTHO T0JIe 100-300 G

2.2.3 Epyntusau npotyOepaHcu

@Duzypa 3. Epynmusen npomybepanc. Image credit: NASA/SDO

EpyntuBnuTe npotyoepancu (¢ur. 3) He ce pa3riiekaar KaTo CrieiraicH
KJIac, Thil KaTo Te ca 0coOeHa, a B HAKOU CIydad KpaitHata, puHaiHa (aza oT
CHIIIECTBYBAHETO HAa CIOKOWHHM MPOTyOEepaHCHU, KAKTO W Ha JPYTH THUIIOBE
npotryoepancu. Epynmusara Bu3yaJlHO TIpeACTaBs JWHAMHYHO BHE3AITHO
W3Ue3BaHEe Ha CIIOKOCH MPOTYyOepaHe, MPU KOSTO PEKOHCTPYKIIMATA Ha HEroBaTa
MarHuTHa KOH(HUrypamus € ¢ mo-apactudeH xapakrep. OOMKHOBEHO NMpUYMHATA
3a MoJ00Ha PEKOHCTPYKIIMS HAa MAarHUTHOTO IOJIe € M30yxBalla aKTHBHOCT B
OKOJTHOCTTA Ha mpoTtybepanca. O01110, epynIMUTe MOTaT Ja Ce pa3AemsaT Ha TPH
THUTIA;

1. mpJaHA — MaTepHsaTa Ha EPYNTHPAIUS NPOTyOepaHC W3IS0 Ce
U3XBBHPIIs U Harmycka CITBHIIETO;
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2. YacTHYHA — caMO 4acT OT Iuia3Mara Hamycka CIBbHIIETO, OCTaHajaTa
naja oopaTHo U

3. mnpoBajieHa — IIa3Mara Ha IpoTyOepaHca ce Bphliia 00paTHO.

CkopocTTa Ha maa3Mata MpH epymnius Bapupa B mupoku rpanuim ot 100
kM/c po 1130 xM/c mpu Hail-Obp3ute. TpaeKTOpHUUTE Ha €pPYNTHUBHUTE
npoTyOepaHCcH KaTo MPAaBUJIO Ca MOYTH MPABOJIMHEWHH, HACOUEHU PaJUajHO.
Cpemiatr ce obaue, TPaeKTOPUM, CHCTABSIIM 3HAYU-TEJICH BI'bJ C PATUATHOTO

HaIpaBJIeHHE, MoHAKora 10 90°.
2. 3136yxBanus (CH)

@uezypa 4. X Class Solar Flare. Credit: NASAGoddard SpaceFlight Centerfrom
Greenbelt,MD, USA

CnpHueBuTEe N30yXBaHUs ca 3a0€NIeKUTETHO siBjeHue. Te moraT 1a Obaar
MHOTO Pa3JIMYHU — OT MPOCTO JOKAJTHO TMOBHIIABAHE HA SIPKOCTTA, A0 KpanHO
CJIOXHO sIBJICHHE — Hal-MOoIHOTO B CTbHUEBATA CHCTEMA.

CU (Pur. 4) moxe na Obae oONpeneieHO Karo Obp30 HapacTBaHe Ha
untensurera B H,. To He ce orpaHnuyaBa camo TaM M Morar na ObaaT
HAOJIOaBaHW HETOBM TIPOSBIICHUS B TIENHS EIEKTPOMArHUTEH CIEKTHP.
Eneprusra, KoATO ce OTAens npu u30yxBaHeTo ce m3MmeHs or 10%2) B
cy6usoyxsane 10 3x10%°) B Hali-MOIIHUTE CHOMTHA. 32 CPABHEHHE — CHEPIUATA,
OT/ICJICHA TpH JICTOHAIMATA Ha HaW-MOI[HATa aMEepUKaHCKa aToMHa OomoOa
Castle/Bravo (1954r.), e camo 84x10%J.

CeectByBar  MHOXecTBO  kiacuukanuu Ha CHU.  Haii-uecto
U3II0JI3BAaHUTE Ca:
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- no oan
[TapameThp € 1mIomra B Xxpomocdepara, B KOATO ce HaOIIOAaBa
MOBHUIIIaBaHe HAa MHTeH3HuTeTa B H-anda.

o Corrected area
Classification o i
(millionths of hemisphere)

<100
100-250
250-600
600-1200

Bl W N W

>1200

@Duzypa 5. Knacugurxayus na uzbyxeanusma no o6an

- NO UHMeH3Umem

OsnauaBa ce ¢ oyksute F (faint), N (normal), B (bright). U3nonsea ce u
cmeceHo o3Hauenue kato 1N, 2F, SB u 1.H.

- no enepeus

[TapaMeThp — CHeprusTa M3IbUYCHA B Auana3ona 1-8 anrcrproma.

. Approximate peak flux range at 0.1-0.8 nanometre
Classification
(watts/square metre)

<1077
1077 —107®
1076 _107°

1021074

x|zl 0o w|>»

>1074

Queypa 6. Knacugpurayus na uzdyxeanusima no eHepeus

UYecToTaTa Ha MosiBa Ha CITbHUEBUTE M30yXBaHUS Bapupa CHWIHO ¢ ¢aszaTa
Ha CI'bHYEBMS IMKBJI. TpsOBa ga ce OTOENEXKH, Y€ JOpU B TOAUHUTE OT
HUBXOAIIUS KJIOH Ha 11-roaumiHus UKsI Morart Jia ce HabJro1aBaT UHTEPBAIH
Ha MOBUIIICHA aKTUBHOCT Ha CITbHUYECBU M30YXBaHMUSI.

2.4 Koponayiau u3xbpisiaus Ha Maca (KMIM)

KHM npencraBisiBaT roaeMu KOJIUYECTBA CIIbHYEBA IJ1a3Ma, U3XBbPJICHU
U3BbH CI'bHYEBATa MOBBPXHOCT B  MEXKIYIUIAHETHOTO  IMPOCTPAHCTBO.
BemectBoro Ha KUM (CME) ce chcTou MpeauMHO OT €ICKTPOHU U MPOTOHH.
Tunnuno KM Moke 1a uMa HAKOE WM BCUYKW TPU OTJIWYMUTEIHU €JIEMEHTA!
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KyXHHa C HHUCKA CJIEKTPOHHA ILTBTHOCT, IUIBTHO SIIPO M SAPBK, BOJCH] (POHT
(Dur. 7).

2000/02/27 02:06

@uzypa 7. Koponanno usxevpisane na maca. Credits: SOHO (ESA & NASA)

Cxopoctute Ha KM ca mexay 20 u 3200 km/c. 3a TUnMYHA OCpeIHEHA
croitHocT e mpueta 489 km/c. [lo Bpeme Ha ciabHueBusi muHumMym KHUM ce
dbopmupat mpeAMMHO B KOPOHAITHUTE CTPUMEPH OJIM30 10 CIHHUYCBUS. MAaTHUTECH
exBatop. [lo BpemMe Ha CABHYEBUS MAKCUMYM T€ MPOU3XOXKIAT MPEIUMHO OT
aKTUBHUTE 00JIACTH.

Yectorara MM Ha TMOsBa Bapupa CHIIO ChC CIBHYEBHUS IUKBI. [lpu
MUHUMYM nMame cpefHo enno KM Ha 5 nHu, a mpu MaKCUMyM CPEHO 10 TPH
Ha JICH.

Cpennata maca Ha u3XBbpiieHaTa mnasma mpu KUM e 1.6x10%? kr.
TpsibBa na ce orOenexu, ye Ta3u Maca € €IHa JOJHA TpaHUIlA, ThH KaTo
KOpPOHOTpapCKUTE U3MEPBAHMS TaBaT CaMO JByMEpHA KapTHHA.

KWM ca Haii-reoe@ekTuBHHUTE (T. €. MIPUUUHSBAIIN PA3IMYHU €(PEKTH Ha
3eMsaTa) OT aKTUBHUTE sBIeHHS Ha CIBHIETO, KOraro ca IOIXOJSAII0
OpUEHTHPaHHU.

3) Otpakenue BbpPXy 3emsTa

CapHueBuTe n30yxBaHus M ocobeHo KMM morar mga umat ocobOeHo
3a0enexxuMu epeKTH BBPXY MAarHUTHOTO Tiojie, aTMocdepara Ha 3emsTa |
yoBemkaTta AeHoCT. CIbHYEBUTE CHEPTETUYHN YaCTUIIM MOTAT Jla TIPEAN3BUKAT
CWJIHH TIOJISIPHU CUSTHUS U TOBa € Hai-0e300umHusT uMm edekrt. Paguanusra Ha
KM wMoxe na pa3pyllid €eIeKTpOHHMKaTa Ha CaTeauTUTe, Oa JOBEAE [0
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3aBUIICHU PAAUAllMOHHU JO3U HA aCTPOHABTH, KOUTO J]a Ca OMACHU 32 TAXHOTO
3/IpaBe.

Nupaynupanure TOKOBE TMPU CHIHM TE€OMarHUTHU Oypu BOAST 1O
MIPETOBapBaHE Ha EIKTPOINPEHOCHU MPEXH, MOBpea B TpaHCc(hopMaTopu U 10pH
JI0 MBJIHOTO UM U3KJIFOUBAHE.

CeolllecTBYBaT peauiia A0Ka3aTeJICTBA, Y€ MPOMEHUTE B T€OMarHUTHOTO
nosie, npuuyuHeHn ot KMUM wm cuwiHm u30yxBaHHs, MOrar Ja c€ OTpassT
HEOJIAroNpUsITHO BBPXY YOBEIIKOTO 37paBe OCOOCHO MPH XPOHUYHH CHPIACUHU
3a00JIsIBaHUS.

B wucrtopusita ca TmO3HAaTH HAKOJKO CHOUTHS, KOUTO HArJeHO
neMmoHcTpupaT Bpenuute epektu Ha KMM u cibHueBuTEe M30yXBaHHS MPHU
,,JIDEKH TOMA/ICHUS] BbPXY 3eMsITa:

- Kapunemonoso cvboumue (01-02. 09. 18592)

[IspBOTO 3aperucTpupaHo HAONIOJCHHE HAa CIBHYEBO H30YXBaHE ¢€
ctaHano Ha 1 cenremBpu 1859r., koraro He3aBUCMMO € HAOJIIOJaBAHO OT
Kapunrren u XomkcbH. Te HaOm0/1aBai HEOOUKHOBEHO SIPKU O€u MEeTHa C
HernpaBuiHa opma okoJio ciabHUeBUTE NeTHA. [1o- kbcHo KUM ynpst iupekTHO
3eMATa KaTro TMPEIW3BUKBA TIOJSIPHU CHUSHMS, HaOJI0JaBaHU JIOpH OT
LEHTpaTHUTE YyacTu Ha Mekcuko. TenerpagHure cuctemMu OJIOKUpAT, KaOenIuTe
MM 3arouBaT Jia UCKPAT, a HIKOU OT TAX MPObbKaBaT Aa padOoTT, BBIPEKU Ye
ca M3KIIFOUYEHM OT 3axXpaHBaHeTo. J[OKJIaJBaHuU ca Ciiydau U 3a MOJyYeHU TOKOBH
yaapu OT Tenerpaduct.

- Ha npaea na siopena sotina — 23 maii1967e.

Moo n30yxBaHe, KOETO € OWJI0 BUJIUMO C MPOCTO OKO MPEAU3BUKBA
paguoCMyIIeHusl MO Ieiausl paauoauanazoH. ToBa BOAM J0 3ariylliaBaHe Ha
tpute craniuu Ha Air Force's Ballistic Missile Early WarningSystem B Ansicka,
['pennanus u bpuranus Ha CALLL u ce Bp3npueMa mMbpBOHAYAIIHO KATO OIUT 32
MOJAaBSIHE HA paJlapuTe M Hayallo Ha MOJATOTOBKA 3a SJPEH yJap OT CTpaHa Ha
CbBeTCcKHUS Ch03. BCUUKH SIAPEHU CUJIM Ca MOCTAaBEHW B Hal-BUCOKA CTEIEH Ha
Ooitna rToToBHOCT. 3a mactue, ydenute Ha NORAD 0bBp30o paskpuBar
BUHOBHHKA 32 TOBA U SAPEHATa KpU3a € perieHa 6e3KoH(IUKTHO.

- Keebex, Kanaoa — 1989e.

Cnabo KM 3acsira 3emsara aupektHo. [lopanu mpetoBapBaHe M3KIIOYBA
1sJI1aTa efneKkTporpeHocHa cuctemMa Ha KBeOek. OTHeMa HSKOJKO JTHU Ja ObaaT
Bb3CTaHOBEeHM IieTuTe. JlokmanaBanu ca Hax 250 moBpenu Mpu CaTEIUTHUTE
CHUCTEMH.
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INOCTUKEHUSA U IEPCIIEKTUBHU 3A U3I1OJI3BAHE
HA HABJIOAEHUSATA HA 3EMATA B BbJI'APUSA

JIrooka Ilamosa, JIvuesap ®uiayes

ACHIEVEMENTS AND PROSPECTS FOR THE USE OF
EARTH OBSERVATIONS IN BULGARIA

Lyubka Pashova, Lachezar Filchev

Abstract: Hab6niooenusma na 3emsama ce npesvpHaxa 8 He3aMeHUM UMOYHUK HA
uHgopmayus ¢ NpuIodceHue 8 MHO20 chepu HA COYUATHO-UKOHOMUYECKOMO pa3eumue Ha
00wWecmeomo u 3a onazeéare Ha OKoaAHama cpeod. /[oxkniadvm npedcmass Kpamvk npeained Ha
HOCMUMNICEHUAMA OM U3NBIHEHUEe HA HAYYHOUZCAe008AMENCKU U 00pA308amentu NPpoeKmu 6
bwaecapus npe3z nocneonume mpu decemunemust ¢ U3N0A36aHe Ha HAOIOOeHUs Ha 3emama.

Keywords: Earth Observations, GEO, EUSPA, ESA, EUMETSAT

1. BbBeneHue

CBBpEMEHHOTO pa3BUTHE HA PEIUIA COIMATHO-UKOHOMUYECKA CEKTOPH
ce o0ycnaBs OT TCHJACHIMS Ha BCE TMO-IIMPOKO M3MOJ3BaHE Ha HAOIIOICHUSTA
Ha 3emsara (EO), kosTo mpe3 ciaeaBaluTe JeCeTHIICTH CE OYaKBa Jla HapacTBa
nonbaauTenHo  [1]. Temnbr Ha yBenuuaBaHe Ha Opos  CIBTHHIM,
pa3HOOOpa3HeTO OT CEH30pU 3a HaOMIoJeHHEe Ha 3eMsATa M pa3pabOTBAHETO Ha
HOBHU aHAIIMUTUYHU TEXHUKH OMPENEIAT pacTeka Ha 0a3upaHaTa Ha CITbTHUKOBH
EO unaycrpus [4]. IIpe3 caenpamoro mecetmierue EO me ce m3monssar mo-
eheKTUBHO 3a TONOOpsSBaHE Ha YIMPABICHCKUTE M OMNEPATUBHU MPOIIECH,
pa3pabOTBaHETO HA WHOBATHUBHU pPEIIEHUS U TMPEJOCTaBIHETO HAa HOBU
MPOYKTH U YCIIYTH C MIAPOK CHEKTHP OT OOIIECTBECHU COIMAIIHU, CKOJIOTHIHH U
UKOHOMHUYECKH TTOJI3H.

JloknaabT mpenctaBs AeHHOCTH Ha ['pymnarta 3a HaOoJIeHHE Ha 3eMsTa
(GEO) u Arenmusta Ha EBpomeiickus CbhrO3 3a KOCMHYecKaTra IMporpaMa
(EUSPA), cBbp3aHu ¢ €BpOICHCKH MPUOPUTETH B 00JIACTTAa HA KOCMHYCCKUTE
W3CIIC/IBAHNUS, TTOJINTUKHU 33 TEXHOJOTHYHN MWHOBAIIMH, WHIYCTPUATHO Pa3BUTHE
¥ Hampeabk B yacT 2. B acT 3 ca pasriienanu Bb3MOKHOCTH 3a pa3pa0bOTBaHe
Ha KOCMHUYECKHU MPUIIOKEHHUSI, TPOTYKTH M YCIYTH B T0JI3a Ha OOIIECTBOTO TIPH
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ocurypeH cBobozeH aocThl A0 nanHu oT EO. Kparbk nperien Ha Obarapckute
MIOCTIOKEHHS B 00NacTTa Ha m3noi3BaHe Ha EO B pe3ynraT Ha M3IIBJIHCHHE Ha
MIPOCKTU OT MBPBOTO paMKOBO criopazymeHue ¢ EKA, dunancupanu no PECS
3a bearapus e HampaBeH B 4acT 4. [lepcriekTuBuTe 32 €(hEKTUBHO H3IMOI3BaHE
Ha EO ot u3cnenoBarencku, OM3HEC M 0Opa3OBaTEIHH CPEAM B IMOJAKpENa Ha
MKOHOMMYECKHUS PACTeX U YCTOWYMBOTO pa3BUTHE Ha OBITapcKOTO OOIIECTBO B
CHbCTOSTHUE Ha MMPOMEHSIIIA C€ OKOJIHA Cpe/ia ca JaJCHU B 3aKIIOUEHUETO.

2. GEO u EUSPA

2.1.I'pyna 3a naonwoenusn na 3emama (GEO)

Mexnaynapoanata naunmaruBa ['pyma 3a HaOronenus Ha 3emsra (Group
on Earth Observations - GEO, www.earthobservations.org) e cb3mazeHa mpes
2005 r. mo Bpeme Ha Tperara cpeimia Ha BbpXa 3a HaONIOJACHUS Ha 3eMsTa B
bprokcen, benrua. Kem . anmpun 2022 r. 8 GEO unenyBar 113 abpxasnw,
EBponeiickata xomucus u 140 opranuzanuu. bbiarapusi crtaHa mbiIHONpPaBeH
yiieH npe3 2014 r., koeto 0e odunuanHo odsiBeHo 1o Bpeme Ha Xl-ta [1nenapna
cecust Ha GEO, npoBenena B XKenera, llIBetiniapus [2]. OcHOBHUTE TeHHOCTH Ha
GEO ca cBbp3anu ¢ edexktuBHOTO H3Moi3BaHe Ha EO mpu B3emaHeTo Ha
peleHus W JACUCTBUATA B TMOJI3a Ha YOBEHIKOTO oOmiectBo. [locturanero Ha
TEe3W 1EeTu Ce€ peaju3upa upe3 IMoJA0OpsBaHE Ha MHOTOCTPAHHOTO
ChTPYAHUYECTBO U KOOPAMHAIMS MEXIY IbPKABUTE-UWICHKA W OPTaHU3AINHTE
3a ochulecTBsiBaHe Ha EQO, OCHUTypsABaHETO Ha MBJIEH W OTBOPEH AOCTBII 3a
TAXHOTO CHOJENSIHE U 0 60TaTo MOpT(HOINO OT MAaCHBHU OT JaHHU, U3TPAKIaHEe
Ha KamaiTeT, BKII. B pa3BUBAIINTE CE CTPAHU OT CBETA.

B pamMKuTe Ha EBporma EuroGEO [5] KOOpJAMHUPA
WHTEPAUCIUIUIMHAPHUTE yCcuinsa Ha cTpanute-uwieHkn Ha GEO 3a edexkTuBHO
u3non3Bane Ha EQO, kouto ca OT ocoOeHa BaXXHOCT 3a JIBbPKABUTE OT
EBponeiickus cwro3 (EC). Hskonko renepanHu aupeknuu Ha EBpormerickaTa
KoMmucusi ca akTuBHM uineHoBe Ha GEO. I'maBHa nupekius 3a HaydHH
uscnensanus u uHoBaiuu [6] (DG RTD) uma Boaemia pois, a CbBMECTHUST
uscnenoparencku 1eHTHp [7] (DG JRC) nmpemocTaBst HOMOIIHHU YCITYTH.

VYrpaBiasgBamuTe TOJUTHKH W WKOHOMHUYECKH CEKTOPHM Ha HSIKOJIKO
CBPOICHCKM W HAIMOHAIHA WKOHOMHUKH pa3yuTaT Ha TMPOAYKTH H YCIYTH,
pazpaborenu ¢ nomomita Ha AaHHu oT EO, mHdopmamus 3a reonokamus u
CIbTHUKOBU KOMYyHUKaruu. [lpmiokenus u ycmyru, Oasupanm Ha EO, ce
U3MOJI3BAT 3a IEUTEe Ha OMa3BaHE Ha OKOJHATa Cpela, OCUTYpsiBaHE Ha
TpPaHCIIOPTHAa 0E€30MacHOCT, MPENHU3HOTO 3eMejeNne, HaOMIIEHUETO Ha
KopaOoIjlaBaTeTHUTE MAapIIPYyTH, TPAJCKOTO M PETUOHATHO TUTAHWpPAHE W
peauiia Ipyru myosndHu ceKTopu. [loTeHnmanauTe 061acT Ha IPUIIOKEHUE Ha
nauuu ot EO ca orpoMHM 1 BCe OIle HE Ca HAITBJIHO M3IOJI3BaHU.
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2.2. Azenuusa na Eeponeiickua cvlo3 3a Kocmuyeckama npozpama
(EUSPA)

Arennusra Ha EBpomneiickus cbro3 3a kocmuueckara nporpama (EUSPA)
[8], B Hacrosmms cu Bua, € cb3mageHa Ha 12 maii 2021 r. m orroBaps 3a
aKpeauTaIsaTa 3a CHTYPHOCT Ha BCHYKHM KOMIIOHEHTH Ha Kocmmueckara
nporpama Ha EC. Bb3MoXHOCTHTE 3a HAambJIHO HMHTETpUpaHaTa KOCMHUYECKa
nporpama Ha EC, oOxBamama mepuoma 2021-2027 r., ce o4akBa Ja MOBHUIIH
eBpoOIeiickaTa KOHKYPEHTOCIIOCOOHOCT M ycToiWumBO  pasButue  [9].
Kocmuueckara mporpama oOenuHsiBa BCUUKM JeiiHocTH Ha EC cBBp3aHu c
['amunieo, KomepHuk, EBponenckara reocTallMOHApHA HaBUTAlMOHHA YCIyra
(EGNOS), mporpamara 3a 0CBEIOMEHOCT 3a KocMuueckarta curyarus (SSA) u
NpaBUTEJICTBEHATA Mporpama 3a catenuTHu komyHukanuu (GOVSATCOM). T
OCHUT'ypsiBa ChIJlaCyBaHa paMKa 3a HMHBECTUIMM U pa3pabOTBaHE Ha HOBHU
KOCMUYECKH YCIYTHM, KOHUTO ca B TI0Ji3a Ha TpaXIaHUTe U OU3HEC
opranuzanuute B pamkute Ha EC. EUSPA mpenocraBs 6€30nacHU U CUTYPHH
EBPOINEUCKN CI'bTHUKOBA HABUTAllMOHHU YCIYyTH, KaTo CBHIIEBPEMEHHO
HachpuaBa KOMepcuanM3anusata Ha gaHHU U ycayru Ha [anuneo, EGNOS u
Konepuuk. Ype3 HacbpuyaBaHe Ha pa3BUTHETO Ha HWHOBATUBEH U
KOHKYPEHTOCTIOCOOEH KOCMHUYECKH CEKTOP M aHTKUPAHE C I[sIaTa KOCMUYEeCcKa
obommuocTt Ha EC, EUSPA nompunacs 3a EBpomneiickus 3eeH makT u HudpoBHs
npexoJ1, 6e30MmacHOCTTa U CUTypHOCTTa Ha Chl03a M HETOBUTE TPAXKIaHH, KaTo
CBIIEBPEMCHHO 3acHJIBa HeroBaTa aBTOHOMHUS M ycroiuuBocT [3]. Hsakou ot
WHUIIMATUBUTE Ca CBBP3aHU C EBPONCHCKUTE MPHOPUTETH B 0OJIacTTa Ha
KOCMUYECKUTE W3CJIC/IBAHMS W TMOJUTHKATa 33 WHOBAllMM B TOAKpeNa Ha
3enieHara cenKa, AUTUTATHATA WKOHOMHUKA M TMPOCHEPUTET, KOCMHYECKHUTE
U3CIIeJIBAaHUS U Pa3paOO0TKH, JUTUTAIM3AIMATA U MHOBAIIMUTE 3a CIpPaBSHE C
OOIIIECTBEHUTE MPEIU3BUKATEIICTBA, KOCMHUYECKUTE PEIICHUS 3a YCTOWYUBH
perMoHaIHU TIepCTeKTUBU Ha banmkanute, BraroYuTeNHO JlyHaBCKUsS U
YepHOMOpPCKHM paliOHU.

3. UznoaszBane Ha EO B bbarapus

3.1. Hayuonanna nonumuka u 0eliHocmu 6 061acmma Ha KOCMoca

VYnpaBneHneTo Ha OBJTapCKOTO y4YacTHe B KOCMHYECKH JEHHOCTH €
pasmpeneneHo  MEXAYy pa3iMdHd  JIbpXKAaBHU OpraHW, a HaCTOSIIOTO
MunucrepctBo Ha wuHoBarnmure U pacrexa (MUWP) [10] xoopaunmpa
KOCMHUYECKaTa TOJUTHKA Ha HAIMOHATHO M E€BPOIMEHCKO HWBO, MPEIud TOBa
BoJeHa OT MuHucrtepcTBO Ha ukoHomukara (MMU). JIbpxkaBHUTE OpraHu,
y4acTBallli B KOCMHYECKUTE JIEHWHOCTH, BKIIOUBAT HAKOJKO MHUHHUCTEPCTBA -
MU, MunucrepctBo Ha obpazoBanueTo u Haykata (MOH), MunucrtepctBo Ha
BpTpemanTe padbotu (MBP), MunuctepctBo Ha BbHIIHHTE pabotu (MBHP),
MuHnucTepcTBO Ha  TpaHCHOPTa, HWHPOPMAIMOHHUTE  TEXHOJOTHH |
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cpobuienusita (MTUTC), MunucrepctBo Ha orOpanata (MO), MunuctepcTBo
Ha okoJiHata cpena u Bogute (MOCB) u npyru abpKaBHU OpraHu.

boearapust u3MuHa IBJIBC TBT NPE3 TOAUHUTE OT MMbPBUTE MOCTHKEHUS B
KOCMUYEeCKUTe wu3cienBanusi mpe3 70-Te TOIMHM Ha MHUHAIUA BEK [0
eIHONIPaBHO WieHCTBO B ESA-PECS, xoeto ctana peaHocT easa mpe3 2015 .
Brnpekn cuimHuTe OBITApCKU TPAIUIIMN B U3CIICIBAHETO HA KOCMOCA, IIOBEYE OT
25 romMHM Cien MPOMSHATa Ha MOJIMTHUYECKaTa U UKOHOMHUYECKaTa CUCTEMa B
Havyanoro Ha 90-Te roaMHM, cTpaHaTa Oemie cpel MaJKOTO EBPOMNEHCKU
IbpKaBu, Kouto He Osxa wieHoBe Ha EKA. bbarapckoTo mnpaBUTEICTBO
noanuca Crnopasymenuero 3a EBpomneiicka kooneparuBHa abpxkasa (ECC) mo
[Tnana Ha eBponeiickute koonepupanu abpxkasu (PECS) na 8 ampun 2015 r.
43-to HapoaHo crOpanue npue 3akoHa 3a patudukamus Ha CriopazyMeHHETO 3a
ECC mexny mpaButencTBoTo Ha PemyOmuka benarapus u EKA na 26 HoemBpu
2015 r. bwarapus ce npuchenuusaBa kbM EKA kato ceTpynHuuenia ctpasa,
KOETO OTKpPMBA W3KIIOYUTEIHM BB3MOXKHOCTH 3a pa3BUTHE Ha Obirapckara
WKOHOMUKA, HayKa U Ou3Hec U (UHAHCHpaHE Ha PA3BUTHUETO Ha KOCMHYECKHUTE
TEXHOJIOTUM W TpaHcepa HA BUCOKM TEXHOJOTMHM M 3HAHUS B peaula
oOmecTBeHO 3HauMMH oOmactu. IlpaBurencTBoro moanmuca XapraTta Ha
eBporielicka koornepupaiia abpxasa (PECS) Ha 4 dpespyapu 2016 r.

CnopasymeHuero 3a mnpucheauHsBaHe Ha PenyOnuka bbirapus kbm
EBponelickaTa OpraHu3anys 3a €KCILIOATalns Ha METEOPOJIOTMYHHU CITbTHHLIH
(EUMETSAT), npenmectBamo koomnepupaneTo Ha bwiarapus B EKA, Oemie
MOJMKUCAHO MO BpeMe Ha 79-to 3acemanme Ha CvBera HAa EUMETSAT B 1p.
Hapwmmat npe3 HoemBpu 2013 r. CiopazyMeHueTo € paTu(UIrpano ChC 3aKOH,
npuet oT 42-to Hapoano cwrOpanue Ha 19 mapt 2014 r. Hactosimara cutyanms
0 OTHOIIEHWE Ha H3MOJ3BAaHETO Ha JaHHU OT cb3Be3auero EUMETSAT
MOKa3Ba, dYe HsAMa TMOTPEOUTENH OT TMPABUTEICTBEHU, aKaJAEMUYHU W
HEIMPaBUTEICTBEHNU OpPTaHU3AIlMM, OCBEH OTICITHH H3CJEAOBATEIICKH €KUIUA OT
HUMX. ToBa obGctositenctBo mpenmnonara, y¢ HUMX tpsiOBa akTuBHO aa
ChIICCTBA 3a pAa3MpPOCTpAaHEHHWE Ha CIBTHUKOBH JIAHHM H TMPOAYKTH,
npeaiaraiy 0e3IIaTHO KaTo YacT OT HarmoHATHOTO wieHcTBO B EUMETSAT u
3a 00ydeHHe, 3a /1a yJIeCHH MPHEMAaHETO MM OT CTpaHa Ha MOTpeOUTENUTE B
CTpaHaTa.

Cnen 2015 r. Osxa OpraHu3upaHd HSKOJKO MEXKIYHAPOAHU U
HAI[MOHAJHY CPElIN U CEMUHApU TMOCBETEHN Ha KocMu4ecka Tema. [lo Bpeme Ha
obyrapckoro npencenarencto Ha EC nmpes nmbpBarta nosiopuHa Ha 2018 r. 6s1xa
OpraHU3UpaHU HAKOU CHLOUTHS, TIOCBETEHM Ha KOCMHYECKaTa mporpama
Komnepuuk ¢ momomra Ha EK u EKA, ObJrapckoTo mpaBUTEICTBO, Hay4YHATa
oOmrHOCT W 3amHTepecoBanu crpanHu. Ha 18-19 ampun 2018 r. ce mposexe
JBYIHEBEH CEMUHAp ,,bankanute or KocMmoca”, opraHusupan ot beiarapckoro
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npencenareiactBo Ha CoBeta Ha EC m EKA. Cwbutnero Oemie (okycupano
BbpPXY KOCMUYECKHTE YCIYTd 3a pErHOHaIHM CTpaTerud B IHudpoBaTa
WKOHOMUKA, MTHOBATUBHHU pelieHus, npenoctaBenu ot EO, kocMuuecku cuctemu
Kato 15710 U nporpama KonepHuk B pernonute Ha bankanute u YepHo mope.

IIpenmpoexTHOTO MpoyuBane Ha bwarapusa nox ermpara Ha MU craptupa
npe3 2019 r. mo nporpama PECS 3a bearapus 3a 2015-2020 r. O6mara uen 0e
Jla C€ NpEeNOoCTaBM MMPOYyYBAHE 3a OLEHKAa Ha MOTEHLHajla Ha CTpaHaTa 3a
pa3BUTHE B KOCMUYECKHSI CEKTOP M HEIlHATa TOTOBHOCT 3a ChTPYJHUYECTBO C
EKA. Cnen mperneq U oneHKa Ha OBIrapckuTe CyOEKTH C TMOTEHIMANl 3a
HaBJIM3aHE HAa KOCMHUYECKHS Taszap, OLIEHKAaTa Ha WHIYyCTPUAJIHUS W Hay4deH
MOTEHIUAJI, JIUIICAaTa HAa HAIlMOHAJIHA KOCMHUYECKa MporpaMa KaTo YCIJIOBHE 3a
wieHcTBO Ha bowirapus B EKA poBegoxa 10 NOANMCBAHE Ha CJEABAIIO
criopasyMeHHe 3a Koolepupaina abpkaBa Ha 16 ¢pespyapu 2022 r [11].

Cnen odunmannoro npuemane Ha bbarapus 3a uinen Ha 'EO npes 2014
I., IbPKABHUTE aHTAXKMMEHTHU C TOBA HAILIMOHAIHO YIEHCTBO BCE OIIE HE J1aBaT
BUIUMU M OCe3aeMU pe3yaTaTu. HalMoHamHOTO yyacTue B MEKIYyHApOIHH
WHULIMATUBU U NPOrpamMu, CBbP3aHU C KOCMUUYECKHU JIETHOCTH, HE € I0CTaThYHO
aKTUBHO B CpaBHEHHE C JPYIUTE €BPOMEHCKU CTpaHU. BbIpeku HiIKou
MOCTUXKEHUSI B ONPEACIICHH O0JacTh Ha TMPUIIOKEHUE Ha KOCMHUYECKUTE
TEXHOJIOTUHU, JaHHU, IPOJYKTH U yCIYrd, bbharapus u3ocTaBa ChIIECTBEHO OT
npyrute ctpanu ot EC B ycioBusiTa Ha HapacTBallla KOHKYPCHIUS B
KOCMHUYECKHUSI CEKTOP, PA3BUTUETO Ha LU(PpoBaTa UKOHOMHKA, UHTEJIIUTCHTHATA
WHIyCTpUalIHA CHOeluaiu3aius ¢ jaurutanHata Tpadchopmanus. [lpes
MOCJICTHUTE TOJWHU Hay4yHaTa OOIIHOCT MHOTOKpPAaTHO TOBAHWIa BBIpPOCa 3a
OCBIIECTBSIBAHE HA Jbp)KaBHA TOJUTHKA B 00JIacTTa HAa KOCMHYECKHUTE
JIEWHOCTH, KOSITO JO0Cera He HamMHupa SIBEH H3pa3 B pa3paboTeHa HalMOHaTHA
CTpaTerusi, MbTHA KapTa WK 3asBSIBaHE HAa HAI[MOHAIHHU mpuopuTeTH [3].

3.2. Yuacmue na bvacapua 6  Eeponeiicku  npozpamu u
HAYYHOU3C1€0a8aMENCKU U RPUNONCHU KOCMUYUECKU NPOEKMU

bbirapckoro ydactue B MEXKIYHApOJHH MPOEKTH 32 KOCMHUYECKHU
W3CJIEIBAaHUsI CE€ OCHOBAaBa Ha IMOAXOJA ,,0TAONY Harope”. bbirapcku exuru
y4acTBaT B MEXIYyHApOIHU MPOCKTH MO MHUIIMATUBA HA OTJEIHU YUYCHU, EKUITU
OT M3CIEOBATEIICKM WHCTUTYTH WX yHUBEpcUTeTH. CIHUCHK C €IHM OT Haii-
BakHUTE TIpoekTu HA EC ¢ Obarapcko ydactue, cBbp3anu ¢ GEO u nporpama
Konepuuk ca nanenu B [3].

bobirapus nmamie HanoHaHu koHTakTHU Jmia (HKJI) or MHcTuTyTa 32
KOCMUYECKHA M3CIIC/IBAHUSI U TEXHOJIOTMU - bbharapcka akajaeMusi Ha HAyKHUTE
(MKUT-BAH) B mpexxata COSMOS+, npoext, punancupan B pamkute Ha 7PII
ot maii 2012 r. no HoemBpu 2014 r. COSMOS+ karo msi10 umaie 3a men jaa
cebpike HKJI 3a Kocmoca 3a momoOpsiBane u OanmaHcupaHe Ha ISIJIOCTHOTO
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kauecTBo Ha yciyrure Ha HKJI, moGaBsiHe Ha IEHTpaJHM YCIyTd W Hakpas
MOBHINIABaHE HA CPEIHOTO HUBO HA KA4YeCTBO Ha MOJAJCHUTE MpEIIoxKeHus. B
paMKHATE Ha YYacTHETO B Ta3d Mpexa M MPOIBDKEHHETO W TO MPOEKT
COSMOS2020 3a nepuoaa ronu 2019 r. - roau 2020 r. 6sxa opraHu3upaHu
HSKOJIKO WH()OPMAIIMOHHA CHOUTHS, TIOCBETCHN Ha KOCMHYECKH TeMH. ToBa O¢
MOCNEAHOTO yabDKaBaHe Ha PamkxoBara mnporpama Xopuszont 2020 c
BB3MOXKHOCTH 3a cbTpyaHuuectBO Ha HKJI m Hanmmuem cpencrBa 3a
ontuMu3upane Ha yciyrure mo Xopuszont 2020.

NKUT-BAH u CASTRA ce npuchenuanxa kKbM KoHcoprmyma FPCUP
npe3 2017 r. u ywyacTBaxa akTUBHO B TMOATOTBUTEeNHaTa (asa Ha
cnopasymenueto. [IpoexkrsT FPCUP odunumanno craptupa npes 2018 r., c
peanusupane Ha jaeHoctd oT Kpas Ha 2019 r. bwearapckoro yyactue B TO3U
MPOEKT C€ u3pa3siBa B OpraHU3MpaHe Ha JBE HAIMOHAIUH CHOUTUS C
mMexayHapoano ydactue npe3 2018 r. (https://copedbg2018.copernicus.bg/) u
2020 r. (http://copedbg2020.copernicus.bg/), neitHocTr 3a momyJspu3MpaHe Ha
nporpama Komnepuuk B boarapus (COPE4ABG) u pa3paboTBaHe Ha Mmojakperna 3a
MOHUTOPUHT U JOKJIAJIBAHE Ha EMHUCUUTE Ha T[ApHUKOBU Ta30BE W
NOTJTBIIAHUATA OT M3IMOJ3BAHETO Ha 3eMsTa, NMPOMSHATA B 3€METOJI3BAHETO U
ropckoTo croranctso (CLIMA) [12].

OtmenHu wu3cienoBaTeNid OT AaKaAeMHYHUTE W YHHUBEPCUTETCKUTE
OOITHOCTH Ca BKIIOYEHHW B H3CIEIOBATEICKA MPEXKH, KOWUTO MPOBEXKIAT
m3cienBanusa, wsnoisBaiikn EO u  gucraHmuMoHHM HAOMIOAEHHSA, 3a Ja
pa3paboTAT MIMPOKA ramMa OT LIEHHW MPOAYKTH, npuiioxeHus u ycayru. MKUT-
BAH u WO-BAH craBar uneHoBe Ha EBpormeiickata acomuanusi Ha
nabopaTopunte 3a auctaHnuonHo Haomoaenue (EARSeL) mpes 2009 r., a ot
2012 r. bearapust uma HarpoHasieH npeacrasuten B Cheeta Ha EARSeL [13].
[Tomo6uu  wMpexxu ca  FOxHo-LIeHTpanHaTa  €BpOMNEHCKa  perhoHaIHa
unpopmanmonna wMpexa (SCERIN) wu  permonamHata Mpexka  Ha
KOOpJIMHUpaHaTa MEXIyHapoAaHa rmporpama [nobamHo HaOmoneHue Ha
nuHaMukarta Ha ropute u 3emenonsBaHero (GOFC-GOLD). B Te3u mpexu
YJICHYBAT OTACITHA OBJITAPCKU YICHH U Y9aCTBAT B TEXHHUTE JICHHOCTH.

[Ipe3  mociemHuTe  JECETWJIETHUS  ca  OpPraHU3UPAHH  HAKOJKO
MEXIYHAPOJAHH W  HAIMOHAIHM  KOH(EPEHIIMM B  IMAPTHBOPCTBO  C
npohecHOoHATHU acoIMaIlui B Chio3H. [loBe4eTO OT TSIX BKIIIOYBAT MO-IITHUPOKU
HAy4YHH TEMH, JOKATO JPYTH BKIIOYBAT TSICHO CHCIHAIM3UPAHN TEMATHIHH
obnactu B reoHaykurte. Kato 151710, TemMure, 0OCHKIaHN Ha Te3u (QOpyMH, ca
MOCBETEHU HA JaHHU W WHEGOpMAIUS OT CI'TbTHUKOBH MUCHUH, JUCTAHITMOHHH
nzcnensanus, EO, reomndopmanus ©  TOCIETHUTE  TMOCTHKEHUS B
KOCMUYECKUTE TexXHONoruu. [lo-BakHM HayuyHu Qopymu, pabOTHU Cpelm |
CEMHHApH, IIOCBETEHH Ha KOMUYECKU TEMHM ca AaneHu B [3].
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BaxHo MscTO 3a mONyJSIpU3MpaHEe HA KOCMUYECKHTE H3CICABAHUS U
pe3yaTaTUTe OT TAX 3a€MaT HAKOJIKO 00pa30BaTENIHU U OOYUUTEIHH CEMHUHAapa,
KaKTO W U3IBJIHSABAHU MPOEKTH B Ta3u Hacoka. [Ipe3 2016 r. ce chCTOSI ceAMUST
yueOeH kypc Ha EKA 1o paguosioKalluOHHO AMCTAHIIMOHHO HaOJI0JICHUE,
opranm3upan oT EKA, T'eomesmueckuar ¢akynrer Ha YHHBEpCUTETa IIO
apxutekrypa, crtpoutenactBo M reogesus (YACI) m MuHuctepcTBOTO Ha
ukoHomukata B rp. Codus. B Konepuuk Axagemus dieHyBar JBe ObITapCKu
opranmzaiu - UKUT-BAH u Karegpara mo mereoposiorus u reodusmnka Ha
Codmiickus ynuBepcurer. Exunu na UKUT-BAH ca myGnukyBanu yueOHH
MaTepHalli 3a YYWIWIIa B paMKHTE Ha mpoektu u artinacu Ha EEOBSS (ESA-
PECS) u E#COS_LAB (OIl ,0O6pa3oBanne ¢ Hayka’, BAH-MOH),
uHunuarueara ,,KocMuuecko yuwiunie” € DOJKpenara Ha beiarapckoro
aCTpOHAaBTHUYECKO  JpyxecTBo. Muunmarueara ,KocmMuyHO — yumiumie”
opranusupa u Hakoiako ['MMC auu 3a oOpazoBanue B Codus. 3aeqHO ¢ IpyrH
yuenu ot uHctTuTyTd Ha BAH, UKUT-BAH yuactea B Coduiickus ¢pectuBan Ha
HayKaTa C IIaHJ, KakTo U B HayuHuTe (pectuBanu B Codus u brnaroesrpan mnpes
2020 r. u B rogmmuuTe m3ganus Ha Astro-party Baykal ot 2018 r. mo cera.
UnenoBe Ha Karegpara mo mereoposorus u reodusuka kbM CY ydacTBaT B
WHTEIPUPAHETO HAa MNpPOAYKTH Ha KomepHHK OT TEeMaTHUYHUTE YCIyI'H B
NPEeNoJJaBaHUTE TUCUUIUIMHU OT KaTteapa ,,Mereoponoruss u reodusuka” B
OakanaBbpcKu U MarucTbpcku nmporpamu. Ot 2018 1. penoBHO ce opraHusmupar
yOJMYHY JIEKIMU U CEMHHAPU 110 TEMHU, CBbP3aHU ¢ YepHOMOPCKHUS POTHO3EH
LHEHTBP U JUCTAHUMOHHUTE HAOIIOICHHUS.

JIBe HENpaBUTEIICTBEHU OpraHu3anuu ca yieHoBe Ha Komnepuuk Punen -
GEOPolymorphicCloud 1 PUCK-CITEMC-TPAHC®EP Oduc 3a tpanchep Ha
texHojiorun kKbM BAH. JIBeTe opraHuzanuu akTUBHO W3MOJ3BAT JaHHU U
ycllyTu Ha porpama KonepHuk B pyTMHHATa CH paboTa, OpraHu3upaTr XakaTOHU
Y CEMHUHAapH B ChTPYIHHUUYECTBO C wieHOBeTe Ha KonepHuk Akanemusi, OTKpUTH
gekiuu  u BuptyanHu oOydenus. GEOPolymorphicCloud B®»300HOBH
W3J1aBaHETO Ha MeceueH OrosetuH U pabotu ceBMecTHO ¢ UKUT-BAH wu
CASTRA 3a cp3naBaHe Ha HalMOHAJTHUS MOpTal Ha mporpama KomepHuk 3a
bwarapus https://copernicus.bg/.

4. 3akiloueHue

Cnen 80-tre romunu bbarapus 3HauuTenHO Hamaau oOema Ha
Hay4YHOMU3CIIEJOBATEICKAaTa U Pa3BOMHA JEWHOCT U MPHUIOKHOTO MPOU3BOJCTBO
B KocMUueckuTe uicienBanus. CTpaHata HU Oelie cpell MaJKOTO JbpiKaBH,
KOUTO M3BEXJaxa acTPOHAaBTU B OpOWTa, ydacTBa B aMOWIIMO3HU KOCMUYECKHU
mucun 10 Benepa m Mapc M ycnemiHO KaHIMIATCTBA C IOCIEIHUTE CH
NOCTH)KEHHSI B MHUKPOEJIEKTPOHUKaTa. 3a CBhXAJICHHE, JUIcaTa Ha aKTHBHA
IbpXKaBHA TMOJMTHKAa B KOCMHYecKaTa JeHHOCT M cJaboTo ydacTue B
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MEXIYHApOJHU MPOTrpaMu M WHUIIMATUBH, B KOUTO bbarapus € mbiHONpaBeH
YJIeH WM MapTHHOP, CIa00TO ChTPYIHUYECTBO HA PA3JIMYHU YIPABJICHCKU HUBA
U aHTaXUPAHOCT Ha JbpKaBaTa 3HAYUTETHO 3aTpPydHsSBAa €(PEKTUBHOTO
U3MOJ3BaHE Ha HAlMOHAJIHUTE HAy4YHH BB3MOXKHOCTH 3a ITBJIHOLEHHO
u3non3BaHe Ha EO B mojkpena Ha COLMAIHO-UKOHOMUYECKOTO PA3BUTHE HA
cTpanata. Hskoum mpoGnemMu Ha WHCTUTYLMOHATHO HHUBO, KOUTO TpsiOBa 1a
ObJaT pEIIeHHM 3a YKpEelBaHE Ha MapTHHOPCTBOTO MEXIY MPaBUTEICTBOTO,
akagemuunute cpeau, HIIO u Ousneca, ca 0O6chxkaaHU B HAKOIKO (popyma u
cpeuy, HO 0e3 BUJIMMU TOJIOKUTEIHU PEe3yITaTH.

[TonuTukara 3a cBOOOJHU U OTBOPEHM JAaHHU Ha nporpama KomepHuk Ha
EC nomara Ha MHOro OBJATapCcKu HAay4YHM eKuiu, ctaptupamu upmu u MCII
na u3depaT TE3W JaHHU Karo sJIpO 32 CBOUTE M3CIENOBATEICKU MPOEKTU U
yciryru. MOH ¢unancupa ObiirapckaTta HaydyHa OOIIHOCT 3a Pa3BUTHETO Ha
HAIMOHAJIHU IICHTPOBE 32 BbPXOBH MOCTUKEHUS U KOMIIETEHTHOCT. TpuHageceT
OBJTapCKU U3CIIEIOBATEIICKA M MHOBALIMOHHU IIEHTHpA MOJTy4YaBaT MOJKperna ot
EK, BxmouutenHo uerupu ,lleHTbpa 3a BBPXOBU MOCTHUKEHUS , TOECT
byHIaMEHTAIHU M3CJIEIOBATENICKM HMHCTUTYUMH U JeBeT ,lleHTbpa 3a
KOMIETEHTHOCT’, (DOKYyCHpaHU BBbPXY MPUIIOKHHU M3CIEIOBATEICKU ACHHOCTH C
MOTEHIIMATHO WHAYCTPUATHO yCBOsIBaHE. Te€XHUTE TEMAaTUYHU HAIPABJICHUS ca
B CEKTOPH KaTO MEXaTPOHWKA, JUTUTATHU TEXHOJOTUH, KPCATHBHU W UTPATHH
UHAYCTpUM ¥ OWOTEXHOJIOTMM U JpYrd o0JacTh B CHOTBETCTBUE C
NPUOPUTETUTE Ha OBJIrapcKaTra CTpATerHs 3a MHTEIUTCHTHA CIelHralu3alus,
WHAyCTpUaTHaTA W WHOBAIMOHHA CTparerus, Oa3wpaHa Ha MECTHUTE
KOHKYPEHTHU TIPEIMMCTBA.

bvarapckute ydeHm MoraT yCHENIHO Ja Cce€ HWHTerpupar B
u3caenoBarenckara cpeaa Ha EC, 3a 1a ce Bb3M0I3BaT OT BCUUKH TEXHOJOTUU U
MOCTI)KEHMSI Ha KocMudeckara Hayka. [Ipenonnucaneto Ha xaprara Ha EKA
PECS or Penyb6nuka bbiarapus 3a cieaBamiusi mepuoja € MPEarocTaBKa 3a
pa3paboTBaHe Ha TMOAXOJSINA CTpaTernyecka pamka, Hampumep Hammonamxa
KocMuuecka mporpama. IIporpamarta TpsiOBa na cTHUMyJupa MO-HATATHITHO
TSCHO CHTPYAHHUYECTBO MEXIY aKaJIEMUYHHUTE Cpelu, Ou3Heca, HHAYCTpUATa U
o0pa3oBaTeTHUTe WHCTUTYIMH, Ja JOTMpPUHECE 3a IOBUIIABAHE HA TEXHHUS
KamaluTeT W Ja YBEJIWYH BB3BPBIIAEMOCTTA Ha MyOJMYHUTE WHBECTUIIMU B
KocMuueckust cexkrop. M3nomsBanero Ha EO B bbarapust Moxe Aa gonpuHece 3a
no-e()eKTUBHO U3MIBIHCHWE Ha 3aJauyuTe OT HAIMOHAIEH U EBPONECHCKU
XapakTep, B CHHXpOH ¢ eBpomneickute Kocmuuecka ctparerust 2021 u HoBaTa
unaycrpuanHa crpareruss 2020. VYuactueto Ha OBATapcKUTE IHP’KaBHU
WHCTUTYIMHM,  aKaJeMUYHH W  OOpa3oBaTeMHH  Cpeau,  HHAYCTpHS,
HEIMPaBUTEICTBEHU OPTaHU3alluU U OOIIECTBO B MEKIyHAPOIHU WHUIIMATHBU U
porpamMu, CBph3aHH C €BPOTECcKaTa KOCMUYECKA TIOJIUTUKA W Pa3IIUPSIBAHETO
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Ha MEXIYHApOJHOTO CHTPYIHHUYECTBO ClIeJBa Ja JOMPUHECAT 32 YCTOWIHMBOTO
pa3BHUTHE HAa CTpaHaTa B YCJIOBUATA Ha OBP30 MPOMEHSIIA CE OKOJIHA CPE/a.

Baaromapuoct: ABTopute m3kazBar OmnarojgapHocT Ha FP-CUP mpoekr,
Axmus No. 2018-1-86 ,,Copernicus Awareness Raising Programme for Bulgaria
- COPE4BG” ¢ mapturopu mno wusnbianennero UKUT-BAH, CASTRA u
['eonomumopduk Knayza. IlpoextsT FPCUP ce ¢unancupa ot EBpomeiickara
komucuss mo FPA No. 275/G/GRO/COPE/17/10042. CwbabpkaHueTo Ha
nyOiuKanusaTa He MpeacTaBisiBa oQUIMANHUTE BWXAaHui Ha EBpomeiickara
KOMUCHSI, HUTO MIPEJICTaB/IsIBa aHTAKUMEHT OT KaKbBTO U J]a OUJI0 BUJ OT HEMHO
uMe.
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MATEPUAJIOZHAHUETO U BJIU3KUSAT KOCMOC
Aneaunna Muresa

MATERIAL SCIENCE AND NEAR SPACE

Adelina Miteva

Abstract: Without materials and materials science, almost all human activity is
impossible, including the exploration and development of near and far space. This article
provides a brief overview of the role of materials in the topic of near space. Some specific
examples are given, as well as materials with possible future applications. There is also
critical discussion.

Key words: near and far space, cosmos, materials, materials science, applications of
materials

BbBenenue

be3 wMarepumamu W MarepuajO3HAHME BCSIKA YOBEIIKA JEUHOCT €
MPAKTUYECKA HEBB3MOXKHA, B TOBAa YMCJIO H3CJICIBAHETO M YCBOSBAHETO Ha
KocMoca — Onu3bK U ganedeH. OT CBOs cTpaHa KOCMOHABTHKATa CHIO BOJIM 0
pPa3BUTHE HA TEXHUKATa U TEXHOJOTHMUTE, KOETO CE€ OCHOBABAa Ha 3HAHMATA 3a
CBOMCTBATa HA MATEPUAJIUTE.

KocmochT (CMHOHMMH: KOCMHYECKO IIPOCTPAHCTBO, IPOCTPAHCTBO,
Bcenena) ce nenu Ha TpU 30HHM: OKOJIO3EMHO MPOCTPAHCTBO, OJIM3BK U JdaJCUCH
kocmoc [1]. KocMOChT € 1SUT0TO IPOCTPAHCTBO M3BBH MPEACTUTe Ha 3eMsTa, C
BCHUYKH HETOBHU ChCTaBHU YaCTH.

bmuskusat xocmoc (BK mimu Haj OKoOJI03€MHO MPOCTPAHCTBO) € oOacTra
OKOJIO 3eMATa, KOWTO 3aro4yBa HaJl OKOJIO3EMHOTO MPOCTPAHCTBO U 3aBBHPIIBA HA
prOa Ha Hamarta CipHueBa cuctema. BK € jgocThrieH 3a BCUUKK CTpaHW 0Oe3
orpannyeHus. ToBa € 30HaTa Ha MOJETU HAa Pa3JIMYHU KOCMUYECKHU amnapaTtu. B
Omm3kusi KocMoc ca ImiaHetute OT CibHYUEBaTa CHCTEMa, AaCTEPOMJIHTE,
komeTuTe. BK ¢ 00ekT Ha nHTeH3uBHO H3cnenBane. bK ce m3cneasa ¢ momorrra
Ha U3KYCTBEHU CITbTHHUIIM HA 3eMATAa, KOCMUYECKH anapaTd U MEXIYIIAHETHH
CTaHIIUHU.

Janeunusar kocmoc (K, a omie mpa0ok KOCMOC) ce OTHAcs 110 TOBa,
KoeTo € M3BbH CiabHUeBaTa cUcTeMa. B HSIKOM MHTEpIIpeTaliud MOXeE Ja ce
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MPUIMIIE HAa MEXIY3BE3JHOTO IMPOCTPAHCTBO OKOJIO 3Be€3/JaTa W HeEHHaTa
IJIaHeTapHa CcUcTeMa. MEXAYIUIAaHETHOTO IIPOCTPAHCTBO MPOABJDKaBa 10
Xeauornay3aTa, CJell KOETO CE€ 3aMEHs C MEXKIYy3BE3JHO IPOCTPAHCTBO.
Xenuoriay3aTa € Hal-BaXHHUST KOMIIOHEHT Ha xenuocdepara. Tolt mpeamnassa
BCUYKH IUIAHETH B Hamara cucrema oT paauanus. JIK — ToBa € CBEThT Ha
3BE3/IUTE U TaJaKTUKUTE, MBIJIIBUHUTE U YEPHUTE JIYIIKH, 3BE3JJHUTE KYIOBE U
KBa3apuTe, KbJIETO BIUSHUETO HA 3eMsTa Beue He ce ycema. [JIK nHec cbio ce
U3CJIe/IBa OT aCTPOHOMUTE, C TIOMOIITA HA MOIIHU TEJIECKOIU, HO IO CPAaBHEHHE
¢ uzcneasaneTo Ha bK, e npakTuuecku Hen3cie1BaH.

KocmochT HsIMAa SICHM TpaHUIM, Thidl KaTO YYEHHUTE HE Morar Ja ce
criopazyMesaT Kbie TpsOBa nga mnpemuHaT. Huxoit obade He ocmopBa, de
KOCMOCBHT 3aro4Ba Ha omnpeseneHo Msacto [1]. CmopoBere ce BOIAT OT BPEMETO,
Koraro Oellle M3CTPENITH IMbPBUAT KOCMHUYECKH CI'BTHHUK. 3eMHaTa aTmocdepa,
Ha OIpe/elieHa BHCOYMHA, 3all04yBa Jla CTaBa MO-MaJKO IUITbTHA M CBBPIIBA.
biu3kusaT kocMoc € mo-Bucoko or Hed. Cnopen pemenuero Ha OOH BK
3aroyBa Ha BUcoyuMHA OT okoyio 100 kuimoMerpa Hajg MOPCKOTO paBHHUIIIE,
KBJICTO CBBPIIBA OKOJO3€MHOTO IpOoCcTpaHCcTBO. Ho cChlecTByBaT u Jpyru
ompeseneHus, kKato crnopen eaHo ot Tax e, ye bK 3amouBa ot 20 mo 80 xm. B
HEro MpaKkTHUYECKU MOUYTH HsAMa aTMocdepa, HO BCE MaK C€ ycellla BIUSHUETO Ha
3emsTa. Ha mbpBO MsCTO, TOBA € cuiiaTa Ha MPUBIMYAHE. BIM3KUSIT KOCMOC NMa
HHCKa aTMoc(epHa IUTBTHOCT, KOETO TMO3BOJIsSIBA HA KOCMUYECKUTE amapaTH Ja
CBIIECTBYBAT OT HAKOJIKO 4aca JI0 HSIKOJKO TroguHU. Tyk ca pasIosioKeHH
JOJTHUTE 30HU Ha BBTPEIIHUS paJualiioHeH nosc Ha 3emsara [2]. Ha BucounHu
500-1000 kM moneThT Ha KOCMUYECKHS anapaT € B Hali-Majika CTeTIeH M3JI0KEeH
Ha BBHIIHU CMYIIIEHHUS.

JlameuyHusAT KOCMOC c€ OTHAacsad A0 BCUYKO M3BBH CirbHUEBATa CHCTEMA —
Ha pa3CTOSHUE OT CTOTUIIM JO MUJIUAPM CBETJIMHHU TOJAUHU OT 3eMsTa.

To3u poknan MpeacTaBs KpaTbK IIpErjie]] Ha pojsiTa MaTepUaIUTE B
TeMara 3a OJIM3KHUs KOCMOC.

MaTepuajin U3M0J3BAHU B KOCMUYECKATA TEXHUKA

[IpoexkTupaneTo, Cb3gaBaHETO, M3CTPEIBAHETO U EKCIUIoaTaluaTa Ha
KOCMHYECKUTE anapaTv € HEBb3MOKHO U HEMUCIUMO 0€3 3HAHUETO U IIHUPOKOTO
M3M0JI3BAaHE Ha CBOMCTBATa HAa MaTepUAIUTE U PE3YNTATUTE OT KOCMHYECKOTO
MaTepuasiosHaHue. Pa3BUTHETO Ha KOCMHMYECKAaTa TEXHHWKA M3UCKBA HOBHU
MaTepuaid, KOUTO TpsiOBa J1a U3AbpKAT ABJITO BpeME Ha TEKKUTE YCIOBUS Ha
pabota B KocMmoca (HaTOBapBaHUATA [0 BpeME Ha KOCMHYECKHS IOJIET,
BUOpAIIMOHHN HATOBApBaHUS, TOJEMH TEMIIEPATYpHU pa3IuKH, HaJsATaHUs,
BaKyyM, pajJualiusi, CIbHYEB BATHP, METCOPUTH, KOMETH, aCTEPOMINA H Mp.),
KaKTO M Jla Ca YCTOWYMBU Ha TOBPEIH, Ja Ca JICKU, U3APHKINBU, PCHTAOUITHH,
Jla UMaT BHUCOKO CHOTHOIIEHHME Ha SIKOCT KbM TErjJ0 M BHCOKAa KOPO3HMOHHA

74



Bauskuar Kocmoc — o011a nesr’ 2022

YCTOMUYMBOCT. BCHUYKM T€3U CWIHM BB3ICHCTBUSA, YECTO CBBP3aHH C PE3KHU
IIPEXOH, BIUSAAT BbPXY KOHCTPYKLMUTE U OKa3BaT 3HAYUTEIIHO BIIUSHHUE BbPXY
TEXHUTE CTPYKTYpHH CBOMCTBA M CJIEIOBATEIHO BBPXY HAACKIHOCTTA U
U3JIPBKIMBOCTTAa HA KOCMUYECKUTE arlapaTH.

Knacudguxanus Ha maTepuanaure 3a kocMudecku anapatu (KA)

Cnopen mnpegHa3HaYEeHUETO CH BCUYKM MaTepHad 3a KOCMHYECKHU
armapary ce pa3zelisT Ha JABE TPyNH: KOHCTPYKTHBHU U PyHKIMOHATHH [3].

KoHCcTpyKTHBHHMTE MaTepuany ca MpeIHAa3HAYEHU 3a MPOU3BOJICTBOTO HA
€JIEMEHTH, KOUTO BB3IIpHUEMAT MEXaHWYHH HATOBAapBaHMs. TakuBa €IEMEHTH
OCUTYpsSIBAT HeEoOXonuMaTa 3JpaBHHA Ha KOCMHUYECKHs amapat/kopad u
HOJIbpKAT KOH(UTypanusaTa My IIpu pabOTHH YCJIOBHUS U CIIyKaT 3a MOHTHpPaHe
Ha JIPYTU €JIEMEHTHU U BB3JIM BbPXY TAX, B PE3yJTaT HA KOETO YECTO C€ HapuyaT
HOCEIIM WJIM CWIOBHM KOHCTPYKTUBHH €JIeMEHTH. Karo KOHCTpYyKTHBHH
MaTepHuaid Hal-4ecTo ce W3MoJi3BaT MeTaiw, ciuiaBu [4, 5, 6] u pasnuynn
KOMITO3UTHH MaTEepUau.

C nomoira Ha (YHKIIMOHATHUTE MaTE€pHUaU, C ONpPEAEIeHH PU3NYHU U
XMMHYHU  CBOWCTBA, Ha MPOAYKTUTE C€ TNpujaBaT HEOOXOIUMHUTE
€KCIUIOATAllMOHHU XAapaKTEPUCTUKH W CE€ pEeIIaBaT Pa3IMYHA TEXHUYECKU H
TEXHOJIOTUYHU TTpobnemu. OOXBaThT HA QyHKIHOHATHUTE Marepuanu 3a KA e
MHOr0 IMPOK. Te BKIIOUBAT ENEKTPUYECKH MAaTEpUald, MATEPHAIA 3a
MHKPOEJIEKTPOHUKA ¥ CEH30PHU TEXHOJIOTHUH, ONITHYHHA MaTEPUAIIH, ChEAUHEHUS
U YIUTBTHUTENW, OOM M JIaKOBE, CIELUAIHU TMOKPUTHUS, HAHECEHH BBPXY
ITOBBPXHOCTTA HA KOHCTPYKTUBHU MATEPUAIIN U JIP.

Pa3HoBugHOCT Ha (PYHKIMOHAJIHWTE MaTepHUajd ca Taka HapeueHUTE
,,AHTEJINTEHTHN  MaTepuaiv, KOUTO MOraT Ja IPOMEHAT CBOMCTBATa CH B
CbOTBETCTBUE C TPOMEHHTE B ycClIOBUsATa Ha pabora. Hampuwmep,
WHTEIUTCHTHUTE ONITUYHU MAaTEPHUAIM MOTaT J1a IPOMEHST CBOSITA ITPO3PAYHOCT
B 3aBUCUMOCT OT OCBETEHOCTTA, TOKATO E€JIEKTPUYECKUTE MATEPUAIM MOraT Ja
IIPOMEHST CBOSITA IPOBOJMMOCT M MAarHUTHU CBOMCTBA, KOraTO BBHUIHUTE
€JIEKTPUYHA M MarHuTHU MojeTa ce npomeHAT. C MoMoITa Ha UHTEJIUT€HTHH
MaTepualii € NPUHLWIHO BB3MOXKHO Ja CE€ Ch3AaAaT UEIW HHTEIUTCHTHH
CUCTEMU C (PYHKIMHU 32 JUArHOCTHKA, afamnTalus U YIpaBJIe€HUE, KOUTO MOrar
Jla OCUTYpPSAT 3ala3BaHE WJIM IPOrpaMHUpaHa MpPOMSHA B XAPAKTEPUCTUKUTE Ha
MpOAYyKTa NpH IpPOMsHA HA BBHIIHUTE YCIOBUA. TakuBa marepuanu ca
M3KIIOYUTENIHO BaXXHU NpH pa3padOTBAHETO Ha MOJEPHUM ABTOMATUYHU H
nunotupanu KA.

O4eBuIHO €, 4e B HIKOM CIy4Yau €HU U ChIIM MaTepHUalyd MoraT Ja ce
U3IMOJI3BAaT KaKTO KaTo KOHCTPYKTHBHM, Taka M KaTo (YHKIHOHAIHHU. B
JNOMBJIHEHNE, HSAKOW WHTEIUTCHTHH MaTe€pUald B OIPENEIICHU IPUIOKEHUS
OYEBUIHO TpsiOBa Ja ce CcuMTaT 3a KOHCTPYyKTUBHHU. llpumep 3a ToBa e
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W3I0JI3BAHETO Ha CINIAaBH C IMAMET Ha ¢opMara 3a pas3loJiaraHe Ha aHTEHU Ha
KA.

HaHomaTepuanute, mopaau CBOMTE YHUKATHU CBOMCTBA M pa3HOOOpaswme,
ChC CHTYPHOCT III€ HaMepsAT IPWIOKCHHUE BBB BCHYKH Te3W oOmactu. Ilo-
CHEIUATHO, KOMIIO3UTHHTE Marepuaan (KOMIO3uTH) Ha 0Oazata Ha
HAHOCTPYKTYPH Ca M3KIIFOUUTEITHO OOCIIaBallly 3a U3MOI3BaHE B KOCMHYECKUTE
TexHomornu. Ype3 BapupaHe Ha KOMOWHAIMUTE OT MATPUIA U
HAIBJIHUTEIINA/YAKIUTESIIA, HAHOKOMIIO3MTHTE MOTaT Ja TOoJydaT pa3jindyHu
CBOMCTBA, KOETO TH TIpaBU TMOJXOAIIM 3a U3MOJI3BaHE KAaKTO KaTo
KOHCTPYKTHUBHH, TaKa U KaTo (PYHKIIMOHATHU MaTEPHAIIH.

B crarusara ca u3cnenBaHd TOJMMEPHM HAHOKOMIIO3MTH. Te ca cpen
oOelaBpauTe MaTepuajd 3a H3I0JI3BaHE B KOCMHUYECKHUTE TEXHOJOTHH.
Bb3MoKHOCTTA 3a Ch3/JaBaHE Ha JICKM TOJMMEPHHM HAHOKOMIIO3UTH C BHCOKa
SKOCT U TOTUIOYCTONYMBOCT, KAKTO U HEOOXOAUMHUTE €JICKTPUUSCKH, ONITUYHU U
JIPYTU XapaKTEPUCTUKU TH TPaBU TMOJIXOMAIIM 32 H3IMOJ3BAaHE KaKTO Karo
KOHCTPYKTHUBHH, Taka M Karo (YHKIMOHAJIHH MaTepuald Ha KOCMHYECKH
kopabu (KA). En1Ho oT oCHOBHUTe M3MCKBAaHUA KbM MaTepuaaute Ha KA e
3ama3BaHeTO0 HA MbPBOHAYAJHUTE MM NapaMeTPH NPH NPOABIKUTETHA
eKCII0AaTAlUs B OTKPUTHS KOCMOC.

Haii-miepciekTHBHUTE B MOMEHTA METAJHU CIUIaBH 32 TOTCHIIMATHU
MPWIOKEHUSI BHB BCHUKH OO0JACTH, BKJIIOYHTEIHO M B KOCMHYECKaTa, ca
crutaBute ¢ Bucoka entponus (HEA) [7]. Te mnputexaBar NpeBB3XOIHH
MEXaHWYHH, TEPMUYHH W OKHCIHUTEIHH CBOWCTBA, HAJBUINABAIIMA TE3W Ha
YUCTUTE METAJIM U Ha KOHBeHUHOHanHuTe crmaBu. HEA mMmar uskmrounrtesana
SKOCT, CpaBHMMa C HSKOM METaJHH CTBbKJA, a W C Ta3W Ha CTPYKTypHaTa
KepaMHuKa, KOETO Ce IbKH Ha MPOCTUTE TBHPAN Pa3TBOPH, KOUTO oOpazyrat. B
JOMbJIHEHNE KbM BHUCOKaTa SIKOCT, Bcuuku HEA ce xapakTepusupar ¢ BHUCOKa
TBBPJIOCT B OTJISATO W OTIPSIBAHO ChCTOsiHME. MaesTa 3a ch3maBaneTo Ha HEAS
3aeMa €HO OT LIEHTPAJTHUTE MECTa B ChbBPEMEHHOTO MaTepHallo3HaHWE. 3acera
HsMa IpUYHMHA Ja ce TBbpau, ye HEAS 1mie 3aMeHsAT TpaauIMOHHUTE CIUIAaBU BHB
BCSIKA MHIYCTpHs. BCHUKM HaTWYHU JaHHU M TEHICHITMHU MOKa3BaT, 4e¢ ObpP30TO
pa3BUTHE HA TO3M KJIaC MaTEPHUAIIH ITIe MPOABIIKHU TIPe3 CIICABAIINTE TOIUHA, a U
BeposATHO necetuieTs. CieaoBaTellHO, U3yYaBaHETO M PAa3KPUBAHETO HA HOBH
BUJIOBe xapaktepuctuku Ha HEAS e egna mHoro mobpa uaes u uen. B
JOMBJIHEHNWE, 1€ OKaXe TOJKpera Ha MPOMHUIUICHUTE CEKTOPHU KaTo
aCpPOKOCMHYECKUTE W BOCHHHTE TMPUIOKEHUS C HOBU HW3KIIOYUTEITHH
MaTepHallH.

B nsemHo Bpeme ¢yHKIHMOHaNHO TpanueHTHHTe Matepuanu (FGM)
npeCcTaBasBaT rojsaM (GyHIaMEHTAIeH U ekcnepuMeHTaieH nnatepec [8]. Tosa
ce IBJDKM TJIABHO Ha TAXHOTO 3HAYEHHE KaTo JECHCTBAIM M IOTCHIIMATHU
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MPWIOKEHUSI KaTo MaTtepuainu U yctporcta. OcHoBHATa cdepa Ha U3MOI3BaHE
Ha FGM ca marepuanu u ycTpoicTBa, padoTel B eKCTPEMHHU yCIOBUS (TOJIEMH
rpaJMeHTH Ha TeMIlepaTypa, MEXaHWYHO HaTOBapBaHE U Jp.), KaTo
aepoKocMHuecKaTa 00J1acT.

FGM mnputexxaBaT MHOTO BHCOKO CBHIPOTHUBICHHE HA TOTUIMHHHUS
IPaJUEHT, KOETO T'M IpaBU NOAXOMSAIIM 32 TEPMUYHA 3alIUTa HA KOCMUYECKHU
IIPEBO3HU CPEJCTBA, 33 U3MOJ3BaHE B KOHCTPYKIMU U MAaT€PUAIIH 32 KOPIIYCH Ha
KA, KOMIOHEHTHM Ha paKeTHU ABUTATEIM W ca oOOelaBalld B MO-IIHPOKU
obOnactu Ha aepokocmuueckara uHayctpusi. Kepamuuno-meramnu FGM ca
0COOCHO MOAXOJIAIIN 32 TEPMUYHHA Oapuepy B KOCMUYECKH MPEBO3HH CPECTBA.
Te UMaT NDONBJIHUTETHOTO MPEAUMCTBO, YE METAJHATAa CTpaHa MOXKe Ja Obie
3aKperneHa ¢ 6oJaToBe BbpXy pamkara Ha KA/camorer, a He 3ajeneHa, KakTo ca
KepaMU4YHHUTE TUTOYKM, u3noji3Banu B Orbiter. JIpyru BB3MOXHH ymnoTpeOH
BKJIIOYBAT M30Jallsl Ha TOpPUBHATA KaMmepa B JIBUTaTeId C BBPTEIUBO-
PEaKTUBHU WA BbPTEIUBO-CTPYHHU JIBUTATEIIH.

Ciu1aBu, M3M0JI3BAHH B KOCMHYecKaTa TexHuka u B KA

MeranHuTe CIUIaBU ca  OCHOBHUTE KOHCTPYKTHBHU  MaTepHalld
U3MOJI3BaHU B Ch3JAaBAHETO HAa MPOAYKTH 32 PaKeTHATa U KOCMUYECKA TEXHUKA
[4, 9]. MeTamHuTe CIUlaBU ca MO-yCTOHYMBU Ha PaJMAIlMOHHO YBPEXKIAHE OT
MHOTO JIpYTH TBBPAU BEIIECTBA.

Coenmanaute croManu ca MHoro m3mons3Banu 3a KA. Te ca mo-
YCTOMYMBH Ha BUOpALIMM M HA TOIUIMHA, [T0-€BTUHU Ca U Ca OT TOJISIMO 3HaYEHUE
3a cTpykTypara Ha usctpenBanua KA. HemoctarbkbT €, 4e ca MO-TEXKKHA OT
ATYMUHUS.

[ToBumaBaHeTo Ha W3MCKBAHUSTA KBbM CBONCTBAaTa Ha AaBHAIIMOHHUTE
matepuanu u KA, noBene 10 0bp30TO pa3BUTHE HA TEXHUKATA U TEXHOJOTHUSTA
Ha TPOM3BOJACTBO Ha JIEKUTE CIUIaBH. KbM KOHCTPYKTMBHHTE JIEKH CILJIaBH,
W3MOJI3BaHN B TEXHUKATAa Ha JIETATEIHUTE arapaTd, C€ OTHACAT CIUIABUTE Ha
OCHOBaTa Ha METaJId, YUSATO TUIBTHOCT € MO-HUCKA OT Ta3W Ha KeJs30To. ToBa
ca agymunueure [10], marHesueBuTe, OCPUIMEBUTE M TUTAHOBUTE CILJIABH,
METAJIHUTE KOMITO3UTH.

N3yuaBanero Ha OJM3KUS KOCMOC M HEOOXOJAMMOCTTAa OT HOBH
MaTepuaid, KOUTO J1a U3IbPKAT HA YCIOBUATA B OTKPUTHS KOCMOC, 0e3 Aa
ry0sT (pyHKIIMOHATHOCTTA CH, IOBEJE J0 Ch3/aBAaHETO HA HOB BUJ aJyMHUHUEB
KOMIIO3UT B Hamara cekuus ,,Kocmuuecko Marepuanoznanue” kbM MHCTUTYT
3a KOCMHYECKM wu3cienBanuss u texHosorun — BAH. ToBa e marepuan Ha
alyMUHHEBa OCHOBA, a MIMEHHO - BHCOKOsika anmymuHueBa ciuiaB B95 (7075) ¢
KOJM4ecTBeHa Jo00aBka Ha yaTpaaucrnepceH auamanteH npax /YI/ wu
Bondpam /W/ [11, 12, 13]. Bucokosikata adymunuesa ciias B95 (7075), Hapen
C allyMUHUEBUTE CIUIABU OT CEPUMUTE 7XXX U 2XXX, Ca HAW-U3MOJ3BAHUTE U
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pa3NpOCTpaHEHH CIUIAaBH, KOUTO C€ HU3MOJ3BaT 3a MPOU3BOJICTBOTO Ha
BHUCOKOSIKM KOHCTPYKIIMH, pa0OTEeIX B €KCTPEMATTHU YCIOBUSL.

Curyanusi B MOMEHTA

N3yuaBaHeTo Ha KOCMOCa BHHArd € OWJI0O CHIJIHO TOJUTU3UPAHO, HO
BUHAru CBbP3aHO C MAaTEPUAIIUTE.

JlocTaThb4HO € Ja CU MPUIIOMHUM II'bPBUS U3KYCTBEH CI'bTHUK Ha 3eMsiTa
(HampaBeH OT aJyMUHHEBA CIUIaB), IBPBUS IOJET HAa YOBEK B KOCMOCA,
CTBHIIBAHETO HA YOBEK Ha JIyHaTa, U3MPaIllaHETO Ha YOBEK B KocMoca oT Kuraii u
T.H. Ho MKC (Mexnynapomnara Kocmuuecka CraHmms) OelieXH peasHo
ChTPYAHUYECTBO B KOCMOCA, 3apaJiy OJy4aBaHETO HA pe3yiTaTH B kocMoca. Ha
MKC 06sixa moJiy4eHH LIEHHHM 3HAHHS 3a MOBEJICHUETO Ha HAKOW MaTepuald B
KOCMOCa, B TOBa YMCJIO M 3a aJlyMHHHUeBara ciutaB onucana B [13, 14, 15]. Ho
3acera, npe3 2024r. PO me nanmycue MKC. ToBa 6e3ycioBHO M3MIEKIa KaTO
pa3najaHe Ha MEXIYHAPOAHOTO ChbTPYAHUYECTBO WIIM B HETO 11 uma naysa. Ho
B HETO MOraT Jia c€ BKJIIOYAT HOBUTE KOCMHYECKHU cTpanu — Kurait, Unnus wim
Snonus.

B momenTa [14] Pycus (P®) e cuina B u3cnenpaneto Ha BK, a mo-ciaba B
JK. CAIIl ek ca cunau B JIK, a mo-cnadu B BK.

CrpnBaHeTO Ha 4YOBEK Ha Mapc 1me ce OCBIIECTBH ITO-KbCHO OT
IJIAHUPAHOTO, HO IIE € KaTO MEXKIYHApOIeH MPoeKT. Ako camo cien 70 roauHu
HE HACTBIIU HOB JICIHUKOB MEPHUOJ, a U aKO HE c€ MU300peTH HAYMH U MaTepuai
J1a ce MPe/a3u YOBEK OT paiualusTa.

CbBpeMEHHHUTE U3CTpeOUTENM Bede JocturaT rpanunarta Ha bK.
Hampumep ,,MUI" 31” netu cbe ckopocT 2500 km/gac Ha 21500 M Hag 3emsTa.

3anoynanata ot 90-Te TOAMHM HA MUHAIMS BEK MpUBATH3AIMs Ha
KOCMOcCa MpoJIbbKaBa Jla ce pa3BuBa ¢ OypHU TemroBe. KocMochT Bede e mo-
JOCTBIIEH, IPEBPBIIA CE B PyTHUHA, CTUTA Ja MOKEIII JIa CU I'0 MO3BOJIUII.

Ho Toli cu ocTaBa CKBII, a U HE € IO-MaJKO CJI0XKEH HMJIM omaceH. B
MOMEHTA, 3a Ja ce u3aurue B opoura 1 kr. ToBap ctpysa 2500010mapa.

Ho Bunarm moxem aa o4akBame OTKPUTHE, MPOOUB B TEXHOJIOTUUTE WA
Matepuanure. ToBa MOXe Ja CTaHE BCEKM MOMEHT, MUTHOBEHO — T'€HUHM BUHATH
ce paxnaar! /[ano TakbB Aa ce poau y Hac!

3akioueHue

[Ipo6nemute ¢ m3cneaBanero u ycBosiBaHeto Ha BK, a cbmio Taka u Ha
JIK 3a Hac, a 1 He camo ca:

- J0CTa BHCOKA I1I€Ha Ha M3CJIEIBAHETO M YCBOSBAHETO Ha
KOCMHYECKOTO ITPOCTPAHCTRBO;

- JMIca Ha HEOOXOJUMUTE TEXHOJOTUU U MaTEPHUAIIH;

- OIACHOCT MPHU YCBOSIBAHETO HA KOCMOCA.
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BbBenenue

MarepuanuTe ca JBHraTeauTe Ha Hamero oOmiectBo. Jopu emoxute /
epUTEe B YOBEIIKATa MCTOPHS MMAT MMEHA CBBbpP3aHU C HAKOM crerupudnu /
XapaKTepHU MaTepHaid - KaMEHHa ernoxa, OpOH30Ba eroxa, KeJsi3Ha eroxa,
CTOMaHEHa €roXa, epaTa Ha LBETHU METAM W TOJHMMEPH, CHUIMIMEBA €I10Xa,
eroxara Ha TOJYIIPOBOAHUIIMTE, a Ccera CM€ B epara Ha HAHO- W
onomarepuanute. Hue ouensBame U eBoroupamMe Bb3 OCHOBA Ha MaTepUajnTe,
KOUTO HHE KOHTpoiupame. 85% OT BCHYKM OTKPUTHUS B HCTOPHATA Ha
YOBEYECTBOTO Ca HANpaBeHU B 00J1acTTa HA MaTePUAITUTE.

Enna ot Hali-akTUBHUTE M aTpPaKTHUBHU 00JIACTM Ha Hay4YHUTE
U3CIEIBaHUd B  CBbBPEMEHHOTO  MaTepuajo3HaHue € oOiactta Ha
HaHoMartepuasiute U HaHotexHojoruute (HT). HanotexHomoruure ca
MPAKTUYECKA NPHIOKUMU (TJABHO MaTepUald U YCTPOICTBA) BBB BCUUKHU
Ba)KHU O0OJIACTH HA MPOMHUIIJICHOCTTA, HAyKaTa W €XKEIHEBUETO, B YACTHOCT U B
aepokocMuueckata WHAycTpus. Ho MHOro HaHomartepuanu ce pa3padboTBar
CIEUHUAIIHO 32 pEIIaBaHETO Ha ONpPEACJICHH 3aJauyd, Bb3HUKBAILU NIPH
KOHCTPYHpPaHeTo Ha KocMuueckute amapatu (KA).

['oBopuM 3a HAHOCTPYKTypa WJIM HAHOOOEKT, KOTraTO TOHE E€IUHUST OT
pazmepute My € mo-mainbk or 100 am. ToraBa ¢usnueckuTe CBONCTBA Ha
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HAHOOOEKTa CTaBaT 3aBHCHMH OT pa3Mepa, a GU3nKaTa Ha SIBJICHUATA CE OMUCBA
OT KBaHTOBaTa MEXaHHUKa.

B To3m gokmam ca  TpeNCTaBEHW ~ HAKOM  TIPUIIOKEHUS  Ha
HAHOTEXHOJIOTHUTE B aKTyajlHaTa TeMa 3a M3CJICBAHETO W YCBOSIBAHETO Ha
omuskus kocmoc (BK) [1]. BK e oOmactra 3amouyBamia OT OKOJIO3EMHOTO
MIPOCTPAHCTBA U MPOCTHUPAIA CE IO Kasg Ha CIbHYEBATa CHCTEMa. 3a HAYaJIOTO
Ha BbK Hama ennHHO MHEHMe, HO HadanoTo My Bapupa oT 20 mo oxomo 100
KIJIOMETpa HaJl MOpckoTo paBHuIe. bK ce n3cnenBa ¢ momorira Ha pa3IudHU
KOCMUYECKH amnapaTtd KaTo - M3KYCTBEHH CHBTHHUIIM Ha 3eMsiTa, OpOUTATHH
CTaHITUU ¥ MEXITYTUTAHETHH COH/IH.

Hanomatepuaiu B KOCMH4YECKATA TeXHHKA - BB3MOXKHOCTH 34
NpUJI0KEeHue

Hanomatepuanure, nmopajau cBOUTE YHUKAJIHU CBOMCTBA M pazHOoOpasue,
HaAMHpaT TPWIOKCHHE BBB BCHYKH acpoKocMuYecku obmactu  [2].
WNuren3uBHaTta pabora B o0JacTTa Ha HaHOMATEpUAIUTE 3a KOCMHYECKH
NPUJIOKEHHUS € CTUMYJIMpaHa OT MPAKTHYECKUTE W3MCKBAHUS Ha KOCMHUYECKATa
unayctpusa. Hanomarepuanute u HT ycuneHo ce wu3ydaBaT OT Hay4HOTO
HalpaBJICHUE - KOCMHYECKO MaTepuajo3HaHWE, YHHTO 3aJadd BKIIIOYBAT
EKCIICPUMEHTAJTHU W TEOPECTUYHU H3CJCABAHUS Ha MPOICCUTE, MPOTHYAIH B
MaTepHaliuTe U elleMeHTHTe Ha 00opynBaHeTo Ha KA mon neticteue Ha OKII [3]
(bakTOpM Ha KOCMHUYECKOTO IPOCTPAHCTBO), H3CJICIBAHEC HAa IMPOMCHHTC B
CBOMCTBaTa Ha Marepuanure, npuuuHeHn oOT pgeuctBueto Ha OKII wu
XapaKTEPUCTHUKUTE Ha OOpPJOBUTE CUCTEMH, Ch3JaBaHC HA HOBH MaTepHalH,
pa3paboTBaHe Ha METOAM W TEXHUYECKU cpefacTBa 3a 3ammra Ha KA ot
HEOJIaronpusITHUTE BB3JEHCTBUS HA KOCMUUYECKaTa cpe/a.

[To mpenna3HaueHre BCUUKM HAHOMATEPUAIH 32 KOCMHUYECKH amaparH ce
pas3elAT Ha JIBE TPYIU: KOHCTPYKTUBHU M (PYHKIIMOHATHH.

Metaju 1 CIIaBH

Kato KOHCTpYKTMBHM MaTepuaiud 3a MPOU3BOJCTBOTO Ha KOPIYCH U
Hocen ¢GepMu/KOHCTpYKIMu Ha KA, a ChIIo M 3a €JIEMEHTH Ha PAKCTHHTE
JIBUTATEIM HAMHUPAT H BCE TO-IIUPOKO 1€ HaMHUpAT MPHUIOKCHUE
HaHokpuctanaute Jieku metamu (Al, Mg, Ti) u criaBuTe Ha TAXHA OCHOBA.
TakuBa HAHOKPUCTATHM MaTepHad, OJjlaroJapeHHe Ha MaJIKUs pa3Mep Ha
3ppHaTa WM, WMaT 3HAYUTEITHO I10.J100pM MEXaHWYHU XapaKTCPUCTUKH II0
CpaBHCHH C OOWKHOBEHUTE MAaTEpPHAIM CbC CBHIUSA XUMHUYCH ChCTaB.
Tpyaaotonumute metanmu Nb, Ta, Mo, W, ¢ temneparypu Ha torniere ot 2500
1o 3400 °C, 1 TeXHHUTE CIUTABU CE M3IIOJI3BAT 3a HaIlpaBaTa Ha JACTalIu U BH3JIH,
paboTely Mpu MHOTO BUCOKH TEMIIEpaTypH, KaTo JII031 Ha PAKETHH JIBUTATEIIN.
Bepunust (Be) mpurexxaBa MHOTO NPUBJCKATEIHH CBOMCTBA 3a M3IOJI3BAaHE B
KOCMUYECKaTa TeXHHKa. Makap U Ja € C He MHOTO BHCOKa TeMIlepaTypa Ha

82



Bauskuar Kocmoc — o011a nesr’ 2022

tonnene (1300 °C), Toit e jek, K, MMa BHCOK TOIUIMHEH KallalMTeT H
XapaKTePUCTUKUTE MYy C€ 3alla3BaT B IIUPOK TeMIIEpaTypeH UHTEPBal.

HaHnoxoMno3uTi 1 HAHOKEPAMUKH

Komno3utHute maTepuanu (KOMIIO3UTH) CE€ ChCTOAT OT HSKOJKO BHA
MaTepuaid, Karo B oOemMa Ha KOMIIO3WTa C€ 3ama3BaT WHTepdehcuTe Ha
ormenHuTe Marepuanu. CBoWCTBaTa HAa KOMIIO3UTHTE CE€ OIPEACNAT OT
XUMUYHHUS ChCTaB HAa KOMIIOHCHTHUTE, Pa3Mlpe/IeICHUETO B o0eMa M B3auMHaTa
OpUEHTAllisd Ha KOMIIOHEHTHUTE, KakKTO W OT pasMmepure uM. [lpum TOBa
KOMITO3UTHT BUHATH C€ C00MBAa C HOBU CBOMCTBA, KOUTO HE MPUTE)KaBA HUKOM
OT CHCTABSIIIITE TO MATEPHAIIH.

ITo cTpykTypaTa Cu KOMIIO3UTUTE C€ JESAT Ha TPU TPYIIU:

- MaTpUYHH, B KOUTO €AWH OT KOMIIOHEHTHTE ¢ Marpuia (MeTaaHa WM
HEMETAIIHA), 4 OCTAHAJIMTE Ca HAIbIHUTCIIN/YIKUYNTEIIN;

- paMKOBH (B3aUMOIIPOHMKBAIIHM), BCHUKMTE MM KOMIIOHEHTH Ca TBBPIH
MOHOJIUTH,

- €THOKOMITOHCHTHH TOJUKPUCTAIH, KOUTO CE CHCTOSAT OT aHW30TPOITHU
CTPYKTYpPHHM €JIEMEHTH C €JIHaKhbB CbhCTaB, HO C pa3juyHa OpPHUCHTAIUS Ha
TJIABHUTE OCH Ha aHU30TPOTIHS.

KepamukaTta € MOTMKpPUCTATICH MaTepual, IMOJydaBail ce 4pe3 CITMYaHe
Ha HemeTtanHu npaxoBe (Al,Os, SiO,, SisNg, SIC, TiICN u ap.). Pasmuunanre
BUJIOBE KEPaMUKH MOTaT J1a C€ M3IMOJ3BAaT KAKTO KAaTO MATPHUIM, TaKka U KaTo
HAO'BJIHUTEIN HAa KOMIIO3UTHUTE.

C nmomomra Ha HT ce ch3gaBaT OCHOBHO MarpuyHM KoMIo3uTu. Karo
MaTHUPHAJIM 32 MATPHUIIATA CE€ M3IOJ3BAT MOJIMMEPH (CIOKCHIHNA CMOJIH, HAMJIOH,
MOJIMUMHU/T), METAIIM M CILJIABH, BBIVIEPOJHH MaTepPHAIA U Pa3IHYHUA KEPAMHKHU;
a B poJIsiTa Ha HAIBJIHUTEIHM BBIVIEPOJHN HAHOTPBOWYKU, (PYyJIEPEHH, JICHTH OT
rpadeH, MeTaJIHU U HEMETaTHU HaHOYACTHUIIM, HAHOBJIAKHA Y HAHO(DHIIMH.

Cop3pagennrte ¢ nomomra Ha HT koMmosuTtM ca JBa BHOA —
HAaHOKOMIIO3UTH M HAHO-HAHOKOMMO3UTH. KBbM MBpBUS BHA C€ OTHACSIT
KOMIIO3UTUTE, B KOUTO C€ M3IOJI3BAaT HaHOpPAa3MEPHU HAIBJIHUTEIM, HO camaTa
MaTpHIla HE € C HAHOCTPYKTYpa; a KbM BTOPHUS BHUJ — OCBEH HAHOHAITHJIHUTEIH
UMaT U HAHOCTPYKTypHA MaTPHIIA.

Pa3paboTkara Ha HAHOKOMIIO3UTH HA OCHOBATa Ha MOJIMMEPHU MaTpPHUIIN
[4] e cpen oOemaBammre MaTepualii 3a H3MOJ3BAaHE B KOCMHUYECKHTE
TEXHOJIOTHH. BB3MOKHOCTTA 32 Ch3/1aBaHE Ha JICKH TIOJJMMEPHU HAHOKOMIIO3UTH
C BHCOKa SIKOCT M TOIIOYCTOMYHMBOCT, KAKTO U HEOOXOJIUMHUTE CICKTPHUCCKH,
ONTUYHU U JIPYTU XaPAKTEPUCTUKHU TY TIPABU MOIXOJSAIIN 32 U3IMOI3BAHE KAKTO
KaTO KOHCTPYKTUBHHU, TaKa M KaTo (DYHKITMOHAIHM MaTepuajl Ha KOCMUYECKH
anapatu (KA). EqHO OT OCHOBHHMTE WM3UCKBaHUS KbM Marepuanutre Ha KA e
3ala3BaHETO Ha MBPBOHAYAIHHTE MM TIapaMeTpd NPH  MPOIBIKUTEIHA
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eKCIUToaTalusl B OTKPUTHS KOCMOC, KOETO Te mpurekaBar. EnHu oT Haii-
MEePCIIEKTUBHUTE B MOMeHTa ca ,,POSS-nonumepu’-te. KaTo HambaHUTEN TpH
TAX C€ M3MOJ3BaT HAHOBJIAKHA OT MOJHUEAPANICH OJIMTOMEPEH CHIICECKHOKCAH,
ChCTOAIIM CE OT OPraHUYHU U HEOPTAaHUYHU OOEKTH C HAHOMIOPHUCTA CTPYKTYpa.
Te ca ¢ moBHIIEHA YCTOMYMBOCT KbM TOIUIMHA, BHUCOKAa YCTOMYMBOCT Ha
panuanus U XMMUYECKH BB3JICHCTBUS, W 3aTOBAa HJCAIHM 3a KOCMHYECKaTa
TEeXHUKA.

W3non3BaHeTo Ha HAHOPA3MEPHH E€JIEMEHTH 3a Ch3JaBaHe Ha KOMIIO3UTHU
MO3BOJIABA CBHIIECTBEHO Jia ce MoAoOpsT cBoicTBaTa uM. Kazano oGpasHo, ako
U3MOJI3BAaME €JeMEHTH C pa3Mep OT MHUKpOJuana3oHa, CBOWCTBaTa Ha
KOMITOHEHTUTE Ha KOMIIO3MTa C€ CyMHpaT; a MpU Ipexoj B HaHOAHANa30Ha
CTaBa yMHOXaBaHE 3a CMETKa Ha TMO-CUJIHOTO B3aWMOJICHCTBUE Ha
HAITBJIHUTENIUTE C MaTpUIlaTa U MEXy ceOe CH.

Ypes BapupaHe Ha KOMOUWHAIIUUTE oT MaTpPUIIH u
HAIIBJIHUTENIW/YSIKUUTETM, HAHOKOMIIO3UTUTE MOTAT Ja TMOoJy4yaT pa3IudHH
CBOMCTBa, KOETO TH TpaBU TMOJXOJAIIM 3a U3MOJI3BAHE KAaKTO KaTo
KOHCTPYKTHBHH, Taka U Kato (yHKIUOHATHU MaTepuanu. ChIIOTO MOXE Ja ce
KaXke U 3a kepamukute. [Ipu n3060pa Ha KepaMUYHU MaTepuald 3a HampaBara Ha
HAaTOBApBaHW E€JEMEHTH Ha KOHCTPYKIMSATA C€ HMa TMPEeABHA, Y€ T€ KaTo
OPaBUJIO Ca C BUCOKA TBBPAOCT U TEPMOYCTOMYMBOCT, HO OOMIMAT UM
HEJOCTaThK € 4ye ca Kpexku. KpexkoTo pa3pyiiaBaHe Ha KEPaMUKHUTE € CBbP3aHO
C TPUCHCTBHETO B TAX HAa MHUKPOCKONMWYHU ACPEKTH, KOUTO CIyX,aT Karo
[IEHTPOBE Ha 3apakJaHe Ha MyKHaTHHU. [Ipu ciruaHeTo Ha KEpaMUKHTE, aKo ce
W3MOJI3BaT HAHOIMPAxXOBE€ KaTO W3XOAHUM KOMIIOHEHTH, C€ JOCTHra IUThbTHA
OITaKOBKA, a CJIEIOBATEITHO CE€ HaMaJIsiBa KOJIMYECTBOTO Ha JeEKTHTE.

be3 cbMHEHME, HAHOKOMITIO3UTUTE U HAHOKEPEMUKHUTE B OJIM3KO ObAele
e HaMEpsAT OIlle MO-IIMPOKO MPHUJIOKEHHE MpU ch3aaBaHeTo Ha KA, kato
MOCTETICHHO III€ 3aMEHST MHOTO €JIEMEHTH OT KOHCTPYKIIMATA, HANPaBEHU OT
MEeTajgHu Marepuanu. EgHo OT Haili-Ba)XHWUTE HANpPaBJICHHUS TPU TIXHOTO
U3MOJI3BaHE € CHh3JaBAHETO HA TMOKPUTHUS, W3MBIHABAIIM PA3IUYHU (DYHKIUU:
MEXaHWYHAa W paJuallMOHHA 3allliTa, TEPMUYHA 3allWTa TMPH HaBIM3aHE B
atMocepata U OCHTypsBaHE Ha HEOOXOAuWMUSl TOIUIMHEH pexkuMm Ha KA mo
BpeME Ha T1oJieTa, JaBaHe Ha NoBbpxHOCcTTa Ha KA HeoOxoaumute My
CJIICKTPUYHU U ONITUYHU XaPAKTEPUCTHKHU U JIP.

bnarogapenne Ha pa3HOOOpa3ueTo W YHUKaJHUTE CBOWCTBa Ha
OOCHKIAHUTE MaTepuald T€ Ce W3IMOJI3BAT U IIe CE W3IMOJI3BAT CHINO U MPH
ch3laBaHeTo Ha OopaoBoTo obopynBaHe Ha KA, BKIIOUUTENHO W
WHTEJICKTYTHUTE CUCTEMH.

HaHoeekTpoHuka
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HT namupar mmpoko ¥ OCHOBHO MPHJIOKEHUE MPU MPOU3BOJICTBOTO HA
CbBPEMEHHUTE €JIEKTPOHHU U ONTOEIEKTPOHHU ycTpoiicTBa. [lo-Momuu u mno-
MajJKd KOMIIOTpH, ch3nageHu ot HT, mie ocurypar mo-ronsiMmo yaoOCTBO,
CUTYPHOCT, 0€30IaCHOCT U €(PEeKTUBHOCT, KaKTO 3a ympasieHueto Ha KA, taka
Y 32 KOCMOHABTHTE.

CbBpEeMEHHHUTE €JIEKTPOHHUM UM ONTOEJIEKTPOHHU YCTpPOMCTBA ca C
HAaHOMETPUYHU pa3MepU M U3MOJ3BAT KAKTO HAHOCTPYKTYpH OCHOBAaHM Ha
IOJTyIIPOBOJTHUKOBH  XeTeporpexoan [5], Taka W Ha ocHOBaTa Ha HOBH
HAaHOMATEpHUAJIA. YCTPOMCTBA HAa OCHOBAaTa Ha €JHOMEPHU HAHOCTPYKTYpPH
(KBaHTOBM SIMM M CBPBXPELIECTKH) OTJaBHA BEYE CE€ MpejasiaraT Ha I[as3apa.
Hampumep, enekTpoHHU ycTpoWcTBa OocHOBaHM Ha kBaHTOBM simu (KSI), xarto
TPAH3UCTOPH C BHUCOKAa TMOJBW)XHOCT Ha E€IEKTPOHHUTE ca IOKa3aiu
3a0€NeKUTEIIHA XaPAKTEPUCTUKU JIOCTUTAMKU TPAHUYHU YECTOTH OT HIKOJIKO
crorun GHz. Te ce mpunaraT BKJIIOYUTEIHO W B CaTEJIWTHATA TEJIEBU3MSL.
JBATOBBIHOBUTE JIa3€PH, 32 ChbBPEMEHHUTE TEJICKOMYHUKAIMU U B JJUHUUTE 3a
Bpb3Ka Ha ONTUYECKU BJIAKHA, UMAT aKTUBHH 00JACTH ChIbPKAIU MTOPEAUIIa OT
K4, nomydeHu oOT XeTeponpexoa OT JBa WM IOBEYE MOIYNPOBOJHUKA.
HaHoTexHon0rnuTe JHEC C€ U3MOI3BAT 3@ IPOU3BOICTBOTO HA MUKPOUMIIOBE, 3a
MaTepualii B YCTPOMCTBa, MpEIHA3HAYCHH 3a TPAHCIOPTAa B KOCMHUYECKaTa
uHaycTpusi. CTbHUEBU €JIEMEHTH BKJIIOUBAIIM XETEPOCTPYKTYPH IIUPOKO CE
M3M0JI3BaT KAKTO B KOCMHUYECKHM, Taka M B Ha3eMHM mporpamu. Hampumep
KocMHuYeckara craHiusa ,,Mup” [6] moutn 15 roawHM W3MOJ3Ba CIBHYEBU
Oatepun Ha ocHoBata Ha xeTepocTpykTypu AlGaAs. Jlazepum Ha ocHOBaTa Ha
JIBOMHA XETEPOCTPYKTypa MNPHUCHCTBAT MPAKTUYECKH BbHB BCEKU JIOM, a U B
MHOTO OT TPAHCHOPTHUTE cpeAcTBa, moj obpaza Ha CD u DVD ycrtpoiicTsa,
na3epHu npuHTepud. CHBPEMEHHOTO OCBETIICHHE (KaKTO Ha 3eMsTa, Taka U B
KA), kakTo 1 ToBa Ha OBCIIETO, € HA OCHOBATa Ha JIAMITH OT CBETOAMOIH (a Te
ca HAaHOMNPOJYKT B YUCT BU/I, KATO HAll-ChbBPEMEHHUTE Ca ChbCTABEHU OT JIBOMHA
XETEePOCTPYKTYpa C KBAHTOBA sIMa KaTO AKTUBEH CJIOM.

XuMmuueckuTe ceHsopu Ha Oazata Ha HT ca U3KIIOYUTENHO
YyBCTBUTEIHU. MalkuTe U MO-€PEKTUBHU CEH30pPU MPABSAT U III€ HAMpaBsT
)KMBOTa M paboTara HA KOCMOHABTUTE M KOCMHUYECKUTE H3CIEI0BATENU I0-
0e3omacHu U Mo-e(hUKaCHHU.

KakBo morar na HarpaBsT HaHOTEXHOJIOTMUTE 32 KOCMOCA:!

- WHTEJIIMIEHTHO OOJIEKJI0O M MeOelM 3a KOCMaHaBTUTE C IO-TOJsIMa
TOJIEPAHTHOCT KbM TeMIEPaTypHU MMPOMEHH, YI0OCTBO U JICKOTA,;

- YBEJIMYaBaHE Ha YOBELIKATa IPOU3BOUTEITHOCT;

- T0-JIEKH, MO-0bp3u KA, KOUTO M3MOJI3BAT MO-MaJIKO TOPUBO;

- mo-lieka U e(deKTHBHA HAHOEJIEKTPOHWKA, HaHOMpeoOpa3oBaTeld U
HAaHOCEH30pH;
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- HAaHOPaOOoTH;

- monoOpeHo eHeprocHaOasBaHe Ha KA ¢ momomira Ha HOBH
BHUCOKOC()CKTUBHHU JIMTUCBH OATEpUU W TOPUBHU KIICTKH, KOHCTPYHPAHH C
TIOMOIIITA Ha BBIJICPOIHA HAHOMATCPHUAIIH;

- 10-0bp3a MHTEH3WBHA MEIUIIMHCKA ITOMOIIl 1 MHOT'O JIPYTO.

Koprmopariu, yHMBEPCHUTETH W BOCHHU/IPABUTCICTBECHH J1aOOPATOPUH
paboTAT 3aeqHO 3a [MO-HATATBIIHM  HM3CIACABaHMSA B  o0jgacTra Ha
HaHOTEXHOJOruuTe, 3armoto HT maBaT OorpoMHM Bb3MOXKHOCTH 3a TOTCHIIMATHH
oOerraBay IpuiIoKeHusI.

3akiloueHue

[TporHo3ata 3a pa3BUTHETO Ha KOCMHUYCCKHUTEC HAHOTEXHOJOTMH €, Ye
Ch3/IaJICHUTE TIPOIYKTH III€ Ca BCE MO-CIIOKHU U C BCE MO-TOJCMH IMOTCHIIMATHN
BBH3MOYKHOCTH.

C pa3BUTHETO Ha HAHOTEXHOJOTMHTE IIE CE Ch3JaBaT BCE MOBEYE M TIO-
CBbBBPIICHM MaTepUald ChC 3aJaJCHH CBOWCTBA. A TOBa IIE YCKOPHU
OCBIIECTBABAHETO HAa MPOCKTUTE IO yCBOsABaHETO Ha JlyHaTta W MOJETHTE 0
npyru wiaHetn ot CapHYEBaTa CUCTEMa, T.¢. Ha bK.

HaHOTeXHOIOTHYHUTE MPOIYKTH IIE MPOIBIKAT Ja CE MOSBSIBAT C HOBH
OPUIOKEHUS; YYEHUTE, MPOU3BOIUTEINTE M PETYIATOPHUTE areHIud obaue
TpssiOBa Ja rapaHTHpaT, 4e Te3W TCXHOJOTHH HE OKa3BaT HEOIarompHsTHO
BIMSHHAE BBPXY UYOBEIIKOTO 3[paBe M IUIaHeTaTa II0 BPEeME Ha TEXHHS
IPOM3BOJICTBEH M KM3HEH KB, HaHOTEXHOIOTHUKUTE, B KOMTO OMXME MOTJIN Ja
JONPHHECEM C HEII0 HOBO B 00jacTTa Ha KOCMOCa, 3a MPEANMOYHMTAHE C
MOMOIIITa HA MHUHMMAJTHU (PMHAHCOBM Pa3XOJH, MOTaT Jga ObJaT TEOPETHYHO
MOJIC/IMPaHe Ha HOBHM HAHOCTPYKTYpDHH MaTepHaid W YCTPOHCTBa, KaTo
MOJTYTTPOBOTHUKOBH HAHOCTPYKTYpH [7] (32 NpUIIOKEHUS Ha €IEKTPOONTHYHH
yCTpPOHCTBA) U Ha ocHoBaTta Ha anymuHwii [8, 9] — Hanokommosutu [10] u
(YHKIIMOHATHO TPaMEHTHH MaTephaid (3a HAHOCTPYKTYPHH KOCMHUECKH
NPUJIOKEHHUS B aCPOKOCMHUYECKATa HH/YCTPHS).
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KOH®JIUKTU U CBIIEPHUYECTBO B KOCMOCA
HPE3 XXI BEK

EpoJa bywkiiues

CONFLICTS AND COMPETITION IN SPACE IN THE
XXI CENTURY

Erol Buyukliev

Abstract: The report analyzes certain trends of growing rivalry and conflicts in outer
space. The analysis outlines the future conflicting relations between the leading space
powers, and the growing ambitions of non-state actors for influence in space. In addition, the
study outlines dynamic changes in the security environment. Last but not least, this study
identifies the specifics of conflicts in space in the context of the processes of de/globalization.
The conclusion outlines some implications for global and, in particular, the impact on space
security.

Kniouoeu oymu: Conflicts, un/certainty, Space, de/globalization, competition.

BbBenenue

AKTYaJIHOCTTa Ha TeMara 3a KOH(DIMKTUTE U CBHIPEHHUYECTBOTO B
KOCMOCa Cce ompeiens OT riobarHaTa TeHAeHIHs Ha GopMHUpaHe Ha KOCMUYECKH
HAIlMOHAIM3BM M MWJIUTApPU3alMATa HAa KOCMHUYECKOTO MPOCTPAHCTBO, a OT
Jpyra cTpaHa MOHOTIOJHATA TO3WIMS Ha JbPKABUTE, KOCMUUYECKUTE CHJIH, €
MOCTaBEHA TMOJ BBIPOC C JEMOKpaTHU3alMsITa Ha JOCThIA JO KOCMOca Ha
rpa)XIaHCKOTO 00mIecTBO U yacTHUTE Kopropauuu. Lleara Ha pazpaboTkara e
KaTo ce aHanu3upa Tio0amHaTa TEHACHIMS Ha HApacTBAIl0 3HAYEHHE Ha
KOCMHUYECKOTO TPOCTPAHCTBO, Ja C€ OuYepTasiT OCHOBHH KOH(IMKTHH
OTHOIICHUS MEXKIY AaKTOPHUTE, KOWTO 3asBSBAT arelallid W JIEMOHCTPUpPAT
CIIOCOOHOCTH 3a BIMsIHHE B cepara Ha KOCMUYECKaTa CUTYpHOCTa. 3aJa4yu Ha
n3cjaenBanero: 1) Jla ce u3BenaT OCHOBHUTE ACICKTH Ha TCHICHIMATA 32
HapacTBaIllo 3HaYeHHne Ha KocMoca; 2) Jla ce yCTaHOBAT OCHOBHHU HAaINPaBICHHS
Ha KOH(JIMKTHUTE OTHOIICHHS B KOCMHYECKOTO mpocTpaHcTBo; 3) Jla ce
ouepTasT OCHOBHUTE chepH Ha CHTPYAHHUYECTBO MEXKAY CTPAHHTE B KOCMOCA.
N3cienoBaresickaTa XUnorTe3a €, 4€ KOH(PIUKTUTE M CHIEPHUYECTBOTO B
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KOCMHYECKOTO IPOCTPAHCTBO CE€ OMpEEsAT OT TpaHchopmalusTa Ha CBETa B
KOHTEKCTa Ha Jie/Taobanu3anusara, JUruTalu3aiuaTa, HapacTBa0TO 3HAUYCHHE
Ha u3kycTBeHus uHrtenekt (MW), nucnepcusita Ha cuiiata, CBPbXy4acTHETO Ha
MOJMTUYCCKUTE U HWKOHOMHYECKHUTE akTopu. (OQO0eKT Ha u3ClIeIBaHE €
dbopMupaHeTO Ha TpoIeca Ha CTpaTerndecka KOH(PpOHTAIMs W HaAIpeBapa B
kocMmoca. Ilpeamer Ha u3cneaBaHe ca B3aMMOOTHOIICHUATA Ha KOH(MIUKTHOCT U
CBHIIEPHUYECTBO B KOCMUYECKOTO MPOCTPAHCTBO. B M3cieaBaHeTo ce U3Moi3Ba
HIUPOK CHEKTHP OT METOH0JI0YECKHM MHCTPYMEHTAPUYM. CUCTEMEH MOAXO],
MYITUAUCUUIUIMHAPEH  aHalu3,  [puilaraT  Cce€  TCONOJUTUYECKH U
FeOCTPATErMUYeCK KOHUEMINKM, MOCPEACTBOM JCAYKTUBHH W HWHIAYKTUBHU
00001IeHust ce ¢popMuUpaT OOIIM W3BOJHU, 3aKIIOUCHUSTA B JOKJIa/a BKIIIOUYBAT
HMCTOPUYECKH CHpPaBKW M aHaIu3MW. M3cCieaBaHETO ce€ OCHOBaBa Ha aKTyaJHU
JUTEPATYPHH WU3TOYHMIIM: MOHOTpa(pUH, KHUTH, aHATU3H Ha W3CIIE0BATEICKU
IIEHTPOBE, CTaTUH, Hay4YHA JIUTEpaTypa B chepara Ha KOCMUYECKATa CUTYPHOCT
1 MEXIYHApOJIHUTE OTHOIICHU. BKirouBat ce MHGOPMAIMOHHN U3TOYHUIIA OT
HNHtepHer, kakTo W wuHGOpPMAIMS OT JbpPXKAaBHU M HEMPABUTEICTBEHU
WHCTUTYIHH. M3M013BaHNTEe N3TOYHUIIN CE TTOCOUYEHHU B TEKCTa, 000COOCHU ca B
paznen ,Jlutepatrypa” B Kpas Ha Aokjiaja. AHAIM3BT € 0e3 MpeTeHlHs 3a
M34YEPIIATeIHOCT U CE€ OrPaHUYAaBa 0 U3BEXKIAaHE HA OMNPENENICHU CreluuKu
npu (GOpMHUPAHETO HA TEHICHIUSTA HAa KOH(PJIMKTHOCT M CHIICPHUYECTBO B
KOCMHYECKOTO TMPOCTpaHCTBO. (uepTaBaT c€ OCHOBHU TIPOSIBJICHUS Ha
KOH(JIMKTHUTE OTHOIICHUS B COMBCHKBT 3a CTPATETUUYECKO MPEUMYIIECTBO B
KOCMUYECKUTE TEXHOJIOTUU M KOCMOca. AHaIu3bT € HACOUEH KbM YHUTATENH,
KOUTO HMaT UHTEpeC KbM MPOUECUTE B KOCMHUYECKOTO MPOCTPAHCTBO,
COITMAJTHUTE HAyKH, KbM CTYJEHTH 110 MEXKIYHApOIHU OTHOIIECHUS U B cepara
Ha CUTYPHOCTTA, KaKTO W 3a TECHHU CICIUAIUCTH B cdepara Ha KOCMUYECKaTa
CUTYPHOCT.

Oo6chiknane

Kocmuueckama cuzypnocm npes XXI| eex

KocMuueckara HaampeBapa ompejessi CTpaTernuyecKUTe MpeuMCcTBa Ha
3emsara. TpaguuMoHHaTa Harjiaca KbM BBIPOCUTE, KOUTO Ca CBBP3aHU C
KOCMOCa C€ OTIPAaBAT KbM BJIMSHUETO Ha JBPKABUTE U TEXHUTE KOCMUYECKH
nporpamMu. B 3HauuTeNHa CTENEH TOBa BCE OIIE € Taka, IbPKaBHOTO
cyOocuanpaHe Ha KOCMHMYECKUTE HW3CJICABAHUS M TMPOEKTH, MU3CTPEJIBAHETO Ha
CI'bTHUIIM, Pa3pad0OTBAHETO HA TEXHOJIOTHH 3a CATCJIMTHU CUCTEMU C€ 0OBBP3Ba
C poJisiTa Ha AbpkaBaTa. OT CBOsI CTpaHa, YaCTHU KOMITAHMM 3aCUJIBAT CBOETO
y4acTUE€ B HaJIIpeBapara 3a KOCMHYECKOTO MPOCTPAHCTBO, JOPU B3MMaHE Ha
y4acTHhe U PoJjisi BbB BOeHHU KOH(IMKTH U BoWiHU. [IpuMep 3a TOoBa € yd4acTueTo
Ha Mnon MBbCK B KOCMHUYECKOTO CHIIEPHUYECTBO U BbB BOWHATA B YKpaiiHa OT
24.02.2022 r. B mauanoro uHa 2015 r. onoBa"Hata oT Mbck kommanus ,,Crenc
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Exc” (SpaceX) aHoHcupa, Ye Ie pa3BUBa IMPOCKTH, KOMTO Ja OCHUTYpSBaT
WHTEPHET MO CBETa Ha HHUCKA I[€HA, KOETO T'M MPEBPHINA B €IHa OT CTPAHUTE B
HaJpeBapara 3a JIOCTBIIHOCT Ha XopaTa A0 riobamHata Mmpexa WHTepHeT.
NudpacTpykTypara Ha Ta3u 00I11a cucTeMa npesmnosiaara u3pexaade Ha Ha 4000
caTeINTa, BCEKU C TETJI0 OT OKOoJI0 386 Kr., ¢ XKMBOT B OopOMTa OKOJO 5-7
TOJIMHU, & CJIeJ] Kpas Ha CBOsATAa MUCHS e W3Taps IPH HaBJIM3aHE B 3€MHATa
armocdepa [1]. SpaceX ce HamecBa u BBB BoWiHaTa Ha Pycus cpemry Ykpaitna
karo gocraBs 5000 wHTepHer TepmuHaia ,,Crapiauak”  (Starlink) Ha
YKPAWHCKHUTE BJIACTH, KOETO MO3BOJISIBA HEOTPAHUYECH JOCTHIT O UHTEPHET BHB
BCsAKa Touka Ha YkpaiHa [2]. To3m akieHT 3aTBbp)KIaBa TCHJICHIUATA Ha
JIEMOKpaTU3allysl Ha JOCTHIIA 0 KOCMHUYECKOTO MPOCTPAHCTBOTO, MOHOMOJHATA
MO3UIIMA Ha JIbp)KaBaTa c€ MU3MECTBA KbM IPaXJTaHCKOTO OOIIECTBO M YACTHUTE
cyOekTH B oTHomeHusaTa. Ha 8 anpun 2022 r. SpaceX ustpesnBa yacTeH €KUMax
aCTPOHABTH KbM MeXTyHapoHaTa KocMudecka cranius. Kommanusra AXiom
space opranusupa nbTyBaHeTo B cbTpyaHuuectBo ¢ HACA u SpaceX.
ExunaxsT ce cbcToM OT 4-Ma JIyIiM, KOMaHAup Ha nosneta € Maiikba Jlomec-
Anerpus — 6uBin actpoHaBT Ha HACA, BHIIETIPE3UICHT Ha KOMITaHusATa AXIOM
Space. Tyk MoXxe Ja ce HamOMHH, Y€ IIbpBaTa HAITBIHO TPaXTaHCKA MHCHS B
OopOUTATHOTO TIPOCTpaHCTBO € Inspiration4, kosro craptupa Ha 15 cenTemBpu
2021 r. ¢ momomra Ha SpaceX, Tpu JHHM MO-KbCHO KOCMHUYECKaTa Karcysa
Dragon kama B ATiaHTHYECKHUsI OKeaH, 10 OperoBere Ha KocMuueckus IEHTHD
,Kenemn”. M nBere Mucum ca B TPSIKO CBTPYIHHUYECTBO ChC SpaceX wu
u3non3Bar Falcon9 3a pakera-HocutTen 3a MHOrokpatHa ymorpeba. JloTyk
uzctpenBanusara ca 150, ycmemnure kamanusi ca 110, a 90 pakeru ca
U3II0JI3BaHH 3a IOBTOpHHU moietH [3, 4, 5, 6, 7].

Hapen cbc 3acuieHHST HHTEpPEC KbM KOCMHUYECKOTO MPOCTPAHCTBO
OCTaBa M3MCKBAHETO 3a JIOCTHIIHOCT M 3a HETOBOTO MHPHO H3IIOJI3BAHE B
HACTOSIIETO U B Objaemero. JIMHAMUYHOTO pa3BUTHE HA TEXHOJOTUUTE W
BB3MOKHOCTUTE 32 JIOCTBI OMpeaesiss KOCMOca KaTo cpela Ha KOH(MIUKTHOCT,
CHTPYAHHUYECTBO W  CBHIEPHUYECTBO, KOETO  O3HA4YaBa  HapacTBalla
HEOMpPEAETICHOCT MO0 OTHOIICHUE HA KOCMUYECKUTE OTHAbI, KOUTO OCTaBaT OT
YOBEIIKaTa JCWHOCT, KAKBUTO HAIPUMEpP ca CTapH CaTeIUTHH cucTtemu. Jlopu
Hali-MaJIKUTe TapyeTa, OTJIOMKH, MOTraT Ja pa3pyllaT CaTeMTUTEe B OpOuTa.
CnopeH e OposT Ha OTJIOMKHUTE, KOMUTO MOraT jJa ObJaT ONacHU 3a HOBUTE
CaTeJIUTHU CUCTEMH U 3a XOopara, KOMUTO u3mpamiame B kocMmoca. [Toeue ot 70
nbpkaBu 1o cBera umatr Haa 2000 carenura B opOuta. Ilnmanupar ce HOBU
CaTeJINTHU CUCTEMH 3a m3rpaxaane Ha 5G mpexxara. KbM HOBUTE TEHACHIINH CE
no0aBsT u3cnenBaHusaTa Ha JlyHaTta, KaKTO M OMMUTHUTE 3a OTKPHWBAHE HA HOBU
pecypcu. Ilo mogoOue Ha oOTHOIIEHWsATa Ha 3eMsATa, BCUYKH AKTUBHOCTH B
KOCMOCa ca CBBbpP3aHU C HAJNPeBapa, KOHPIUKTHOCT U CHIEPHUUECTBO MEXITY
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y4acTBaIIUTE aKTOpU. 103U COMBbCHK HA MHTEPECH Mpejroliara JIMiaBaHe, Ha
elHa WK Jpyra CTpaHa B OTHOIICHHATA, OT Ba)kHa WMHMOpMAaIus, OrpaHUYEH
JIOCTBIT JI0 OTKPUTHITA HA KOCMHUYECKUTE CHUJIM. 3acWiiBa C€ TEHACHIIMATA Ha
MUJIUTapU3aIus Ha KOCMHUYECKOTO MpocTpaHcTBo. Hapen ¢ HapacTBaneTo Ha
3HaYEHHETO Ha KOCMOCA C€ yBEJIMuYaBa M3MOJI3BaHETO MY 3a BOCHHHU OMEpaLUU
3a PELU3HO ONpeAesTHE Ha LEIUTe, HaBUTallisi B PEaTHO BpeEMe, pa3y3HaBaHe
u crOupane Ha nHpopmanusa. OCBeH TOBa, CATEIUTHUTE CUCTEMHU CE U3IOJI3BAT
3a CTpaTernyecka M TaKTHYecka KOMYHHKAIUs, KakTO M 3a PaHHO
CUTHAJIM3UPAHE TpU paKeTHU aTakh. B  0000mieHue, KOCMHUYECKOTO
IPOCTPAHCTBO CE€ BB3MpHUEMa KAaTO HOB JOMEWH Ha ChbBpEMEHHaTa BOMHA.
HapactBar u JeMOHCTpallMMTe Ha BOEHHM CIHOCOOHOCTM OT CTpaHa Ha
KOCMHUYECKHTE CHUJIM 3a Iopa3siBaHe Ha cartenuTHu cucrteMu. Oka3Ba ce, ue
KOCMHUYECKAaTa CHUTYpHOCT € OT KJIIOYOBO 3HAUYEHHUE 3a BCHUYKH YOBEUIKU
B3aMMOOTHOIICHHUS, 32 BOCHHH 1IE€JIM, 332 BCE MIOBEYE COLMATHU U UKOHOMUYECKU
B3aMMOBPB3KH, HE HA TMOCIETHO MSCTO, 332 HAyYHU HM3CJCABaHUS U aHanu3u. B
pe3ysTar Ha Ta3d TEHJEHLUs, JOCTBIIBT J0 KOCMHUYECKOTO MPOCTPAHCTBO €
KJIIOYOBO 3a KMBOTA, Pa3BUTUETO M OBJCIIETO Ha OTIEIHUTE XOpa MU 3a
nppxaBuTe. bazupannTe B KOCMOCa CHCTEMH MOJIIbPKAT KOMYHHKAI[MOHHUTE
cucteMu Ha 3emsTa, (UHAHCOBUTE TMOTOLM, MoxamomaraT ¢GepMepcTBOTO,
METEOPOJIOTHATA, MOHUTOPUHT Ha cpeliaTara B IOCTOSIHEH pekuM [8].
TpamguuoHHUTE CTpaHW HA CHIIEPHUYECTBO U KOH(IUKTHOCT, KAKTO Ha
3emsATa, Taka U B KocMuaeckoTo npoctpanctBo ca CAILl, Kuraii u Pycus, ocBen
Tx, HO B mo-manka cteneH CeBepHa Kopes m HUpan. B mepmoma 2019-2021
roguHa kocmudeckute protmmuu Ha Kutait u Pycus ce yBennuasa ¢ 70%, taszu
TeHneHnus cienpa nepuoga 2015-2018 roaumua, KoraTo CaTeIMTHUTE CUCTEMHU
Ha Kurait u Pycus ce yBenmuuaa ¢ Han 200%, KoeTo BKIIIOYBA ITOBEYETO TOJIEMHU
KOCMHYECKH Kateropuu: cateauTHu komyHukaiuu (SATCOM), aucTaHIIMOHHO
HAOMIOICHUE, HAyYHH WU TEXHOJOTUYHU H3CJCABAHUS M Pa3BUTHE, KAKTO H
pa3BUTHE HAa HABUTALMOHHMUTE CrIOCOOHOCTH. KOHKypupaluTe ce akTopu UMar
CHOCOOHOCTH 3a OTKa3 OT JOCTBhI JO H3MOJ3BAHETO Ha KOCMHUYECKOTO
NPOCTPAHCTBO Ha OCTaHAJIWTE CTPaHH, OCOOEHO KOTaTo cTaBa JOymMa 3a
npujiaraHe Ha KOCMHUYECKHTE TEXHOJOTMH B CHBPEMEHHUTE BOWHH. ToBa
BKJIIOYBA JIOTHCTUYHA W HABUTAIMOHHA MOIIPHXKKA, KOMYHUKALMsS B pPEaTHO
Bpeme. Jlpyr mpobiemM € TpPyAHOTO pa3rpaHMYaBaHe Ha BOSHHUTE U
IPaXXTaHCKUTE KOCMHYECKH CHUCTEMH, KOETO Tpeirojara oTka3d OT YCIyTH U
NOJIPBKKA NP ACHCTBUS CBBP3aHHU ChC CUTYPHOCTTA U OTOpaHaTa. 3acuiBa ce
TEHACHLIMATa KbM U3rPAKIAaHE Ha KOCMHYECKH OpPBXKHUS, CIIOCOOHU Ja
MPEKHCHAT MPEIOCTABIHUTE YCIYTH OT CATEIMTHUTE CUCTEMHU WJIM HAITBJIHO Ja
paspymatr kocMudeckara nHppactpykrypa. KpM TSX ce BKIIOYBAT MaTepUaTHU
paspylieHusi Wik KuOepaTakud Cpelly Ha3eMHH OOEKTH, KOUTO MOIAbpKatr
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CaTeJIMTHUTE CUCTEMU M Mpexu. KoHkypupammre ce cyOeKTH M CTpaHu B
KOCMHUYECKaTa HaAmnpeBapa MMaT CIIOCOOHOCTH 3a OJOKMpaHe Ha riolanHaTa
HaBUTAlIMOHHA CUCTEMa, KaKTO U CHCTEMHUTE 3a KOoMaHABaHe U KoHTpoia C2, a
TOBa BKJIFOYBA BOCHHOMOPCKH, HAa3eMHHM W BB3IYIIHU CWIH, BKIIOUUTEITHO U
BJIA (OGe3nuioTHM JeTarenHU amapatu). EauH 0T UMHCTpyMeHTHTE 3a
pa3pyliaBaHe Ha CaTeIMTHUTE CUCTEMHU € TIOCPEICTBOM aHTH-CATEIUTHU PAKETH
B HHCKa OKOJI0O3€MHa OpOuTa, KOUTO 0baue Morar jJa mpeau3BUKAT OOJalu OT
Obp30 Jserdamy oTiaoMKHA. CpluTe MoraT Ja TpaBUTHpaT B OpoOUTa B
npoabKeHne Ha BekoBe. [10j00HM BOEHHH CIIOCOOHOCTH C€ JEMOHCTPHUpAT OT
Kurait npe3 2007 r. cpenry HeyHKIHOHUpAI] METEOPOJIOTHYeH CbTHUK. [lo
TO3U HAuMH ce 00pa3zyBa 00JaK OT OTJIOMKH, KOWTO 3acTpaliaBa CI'bTHULMTE U
carenuTHUTE cucteMu U AHec. Pycus u CAILl umat TakuBa 60HHU CIOCOOHOCTH
or necerunetusi. [Ipes 2021 r. Pycus u3non3Ba aHTU-CaTENMTHA pakKeTa 3a
YHUILO’)KaBaHEe Ha M30CcTaBeH careiauT. OCBEH TOBa, IbpPKABUTE C SAPEHU
OpPBXKHS MOraT Jla M3CTPEelsT sAapeHa OolHa riaBa ¢ MHTEPKOHTHHEHTAJIHA
OanmuCcTHYHA pakeTa, a sApeHara JAETOHAlMs Ha rojiiMa BHCOYMHA MOXE Ja
Chb3/laBa EJIEKTPOMAarHUTHU CMYIIEHHS B KOCMOca M Ha 3emsTa, C KOETO
BPEMEHHO WJIM 3a T[IOCTOSHHO Ja TIOBpPEIUd CATCIIUTHUTE CHCTEMU U
unppactpykrypa [9]. HMHmus e japyra crpaHa, KOSATO C€ BKJIIOYBA B
KocMuueckara HaampeBapa. Ha 27 mapt 2019 r. unamiicka aHTH-caTeNIHWTHA
pakeTa e m3cTpelsiHa OT monmrona Yanmunyp u nopaszssa Microsat-R, carenmur
Ha HHCKa OKOJI03eMHa opOuTa, Ha okojo 289 kM, koito Texku 740 xr. HACA
OTIIpaBsi CTPOTHM KPUTUKH KbM HHIMNCKAaTa CTpaHa W AaHTHU-CATEIUTHUTE
paKkeTHU TECTOBE, 3alll0TO 3acTpaliaBarT MexayHapogHaTa KOCMHYECKa
cranuus. Ciell TeCTOBETE, pUCKBT OT CONBCHK ChC CTAHIUATA CE MOBUILABA C
44%, HACA mnpocnenssa okoso 60 ormomku mo-rojemu ot 10 cm [10].

OcHoéHU KOHAUKMHU HAnpaesieHuA

Bacun IlponanoB moauepraBa, 4e B KOHTEKCTa Ha M3YEpPIBAHETO Ha
BB3MOKHOCTUTE 3a HaTpylBaHE Ha IMedanba B IIoOajieH IUIaH, cTapThpa
TEHJCHILIUA Ha Jerjiodanu3alus U 3acuiBaiia ce KOH(IMKTHOCT, HajAmpeBapara
B CBH3/1aBaHETO HAa HOBHU OPBHXKHsI, OCHOBAaHM HA Hal-HOBUTE TEXHOJIOTHUHU € TIO-
rojsiMa OT BCSKOra, a OCHOBHUAT TEpeH Ha OoilHUTE JEHCTBUA €
rJ00AIM3UPAHOTO JUTUTAIHO TpocTpaHcTBO [11] m rio6amHOTO pPUCKOBO
obmiecTBo. [ururanuzanusata U IPeHACSHETO HA BCHUKH COIIMATHU OTHOIICHHUS
U BPB3KH B KHOEPIPOCTPAHCTBOTO OMPEACTAT TEHICHIMITA OMHCaHa OT
[[lomana 3y6o¢ Ha HW3MeCTBaHE Ha YOBEUIKUTE OTHOIICHHUS OT MAITUHHUSIT
nporec. /loBepuero u aBTOPUTETHT CE U3MECTBAT KbM MAIIMHUTE U OOJAUHUTE
TEXHOJOTMHM, a BCHYKM TE€ 3aBUCAT OT KOCMHUYEcCKaTa CHUTYPHOCT U
(GyHKIIMOHMpaHETO Ha caTenuTHUTE cuctemu [12]. MHTepecH akieHT B aHamu3a
Ha Te3u npomeHu BHaca IOBanm Xapapu, KOMTO H3BeXkIa 3HAUEHHETO Ha
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aNTOPUTMHUTE, U3KYCTBEHHUSI MHTEIIEKT U IPEHACSHETO HA aBTOPUTETA OT XOpara,
TAXHATa uAes 3a cBOOOAHA BOJSI M UYYyBCTBaTa, KbM aJTOPUTMHUTE U
dbopMHpaHETO HA HOBU PEIUTHHM, TOWM T'M Hapuya TEXHOPEIUTHH, KOUTO
MPENIOCTAaBIT HOBH HMHTEJIEKTYaTHU W (PU3UYECKH CIIOCOOHOCTHM Ha Xopara.
[TocpenctBoM muente Ha Xapaph BCE NOBEYE CE€ MHUCIM 3a E€BOJIIOLMATA HA
XopaTa B KOHTEKCTa HAa TEXHOXyMaHM3Ma M Jarau3Mma, WM pPEJIUrusita Ha
JTaHHUTE. B TO3M KOHTEKCT, YOBEKHT € HECHoCcOOeH /1a 00paboTBa OrpOMHUTE
WHOOPMAITMOHHN MAacCHWBH, TOBa C€ TPaBH OT QITOPUTMH, TOCTEIICHHO
IIpeHacsAMe aBTOPUTETA OT XOpaTa KbM MalIMHUTE. ToBa O3HayaBa MPEHOC Ha
BJACTTa OT XOpaTa KbM QITOPUTMHUTE M TEXHOJOTMHTE, C KOETO
XYMaHUCTUYHUTE TPOEKTH MOraT Jla C€ OKaXaT HUPEJICBAHTHU, a YOBEKHT Ja
CTaHE HE3HAUYMUTEJICH 3a BOITHATAa, MKOHOMHUKATa U MOJUTUKATa, B €IMH MOMEHT,
MPEBPBIIANKHN CE€ OT MHKEHEP B YUIIOBE, MIOCJIE B IAHHU U HaKpas Ja ce pa3MHe
B IOTOKAa OT JaHHHM ,KaTo Oyma npbcT B mpuponnia peka [13]. Xenpu
Kucunmxsp onpenens TEXHOJOTUUTE U HayKaTa KaTo BOACIIMAT JJAUTMOTUB Ha
Hamara enoxa. B CpenHOBEKOBHETO TOBa € penurusra, B IIpocBelieHueTo e
pasymsbT, B 19-20 Bek ToBa € HAIMOHAIU3MBT. Pa3BUTHETO HA TEXHOJOTUUTE,
OCBEH HaIpeAbK, BOAAT U A0 CHh3IaBAHETO HA OPBKHS, C KOUTO MOKEM Ja Ce
CaMOYHHUIL0’)KMM, a B3aUMHOTO CaMOyOMICTBO C€ MpPEBPbINA B MEXaHU3bM Ha
MEXIYHAPOIHHUS PE.

Nnesta 3a MupsbT npe3 XX u B Hadanoto Ha XXI| Bek e, e sa1peHoTo
OpBXHE € OCHOBAaHUE 3a BB3AbpPXKAHE OT arpecHBHU JCUCTBUS U TapaHTUpa
ceeroBHUA mup. FOBan Xapapu nogabpxa Ta3u ujes, HO AOMBJIBA, Y€ TOBA BEUe
He € Taka. [lo oTHomeHue Ha BoWHATa B YKpaiiHa, HUE CME B HAU-ONACHHS
nepuos 3a YoBeuectBoTO 0T KyOnHCckaTa pakeTHa kpusa ot 1962 r., koraro Ha
elHa ChBETCKa 0OifHA YacT € pa3pelieHo Ja U3III03Ba SAJIPEHU OPBKUS, HO TaKa
U HE ce cTura o TaXxHoTo u3nojsBaHe, Oowno mexay CAILl u CCCP, 6uno
cperry HesapeHu crpanu [14, 15, 16]. Pyckara wuHBa3us B YKkpaiiHa
3aTBBpKAaBa MpoMsHaTa Ha mpeacraBata 3a Bnagumup IlytuH karo 3a
pallMOHAJIEH CTpaTer, KOWTO TPEMHUCIsE CBOUTE XOJOBE W MAaHEBpH.
OcHoBanusTa Ha IlyTuH 3a HapedyeHaTa OT HETO ,,BOCHHA Olepauus’’ B YKpailHa
ca cbp3anu ¢ pasmmpsBaHeTo Ha HATO u EC Ha M3TOK, KbM I'paHULIUTE HA
Pycusi. OcHOBHUTE 1IN Ha BOMHATA ca cMsHa Ha pexuma B KueB u 3aMmsiHaTa
My C TOpOpPYyCKO mpaBUTENCTBO. OT pycka cTpaHa 3asBsSBaT, 4e€ LEIUTE ca
JeMUIUTapu3anus 1 AeHauuKkaims, KakTo 1 0CBOOOKIEHNE Ha HACEICHHUETO.
3amo TO3M AKUEHT € BaXXEH 10 OTHOUIEHWE Ha aHajiu3 3a KOCMUYecKaTa
HaJrpeBapa u curypHoct? OTroBOPbHT € MHOTO3HAYEH, JOCTHIBT IO UHTEPHET,
MOACUTYPEH OT JOCThIIA JI0 CATEJMTHU CUCTEMH IMOJIOMara M3rpaxjaaHe Ha
aNTepHATUBHM  MHEHUS, T€3M W TJEJHU TOYKH, KOUTO TIOKa3Bar
vpanroHanHocTTa Ha IlyTuH mo oTHOmIeHWE Ha YKpalHa U OTHOLIEHHUE KbM
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ceeta. OnNUTHT Ha peaJTUCTUTE B IIKOJIATa HAa CUTYPHOCTTa, KaTo JIoH
Musbpiiaiimep Hanpumep [17, 18], nma panuoHanu3upar aHTHXYMaHHUTE
nevctusa Ha Ilytun B Pycus, ooBunsiBaiiku 3anana, EC u HATO, pa3skpuBat
ocTpaTa HyXKJa OT IPEOCMUCIISIHE Ha TEOpuUUTe B cdepaTa Ha CUTYPHOCTTA.
CBeTpT ce MNOpPOMEHs, KOCMHYECKHTE TEXHOJOTWH, JAUTHTAIM3ALMITA,
JEMOKpaTU3aluiaTa U JMOepaln3alusaTa, KOJIKOTO U Ja ca KOMIIPOMETHPAHU
KAaTO WJEOJOTMU M IOJIMTHYECKA OpraHu3alusi, BOJAT JO0 H3rPAKIAHE Ha
rpaKJAaHCKa KyJATypa B HeIWOEpaaHH W HEeIeMOKpaTuyHH odmiecTBa. [1o To3m
HauMH TpaHchopmanusaTra Ha cBeta cien CTyneHata BOWHA O3HayaBa, 4ye HE
aubepanHuar, AeMokpatudeH 3amnaia, B junero Ha HATO u EC ce pa3mmpsiBa
Ha W3TOK, a TOYHO oOpaTHOTO M3TOKBT ,,0TMBA” Ha 3amaj. MuUrpanuoHHUTE
IPOLECH I'O MOKa3BaT, 3HAYUTEIIHA YACT OT MOJUTHYECKUTE E€JIUTU B OUBIINATE
KOMYHUCTUYECKH M COLUAIMCTUYECKHU IbP’KaBU M3MPAILAT JIellaTa CH Ha 3araf,
YKpauHCKUTE OeXaHIM Ce€ OTHpPaBsAT B 3alajHa M IOKHA IOCOKa, MO-MallbK
IIPOLIEHT C€ HAacO4YBAT WMJIM Ca HACOYEHU NPUHYIUTENHO KbM Pycusa. Okassa ce,
4ye JOCTBIIHOCTTA 0 KOCMHMYECKHUTE CaTEIUTHU CHCTEMM ONpENEes [0 HOB
Ha4YMH cBoOojaTa U cyOekTHocTTa Ha 3emsra. BoliHaTta, kosTo 3amouna Pycus
cpelly YKpaiiHa BOAM /10 3HAYUTEITHU HETAaTUBHU MOCIEIUIU BbPXY HHTEPECUTE
Ha EBpoma u mo-cnenuaino B kocmudeckusi cexkrop (European Space Sector).
Kputnuno 3a EBporna € u3noia3BaHeTo Ha KOCMUYECKUTE TEXHOJIOTHH 3a LEIUTE
Ha CUTypHOCTTa U oTOpaHaTa, KOETO BKJIIOYBAa ChOMpaHe Ha pazy3HaBaTEIHA
uH(popMaus U HaONIOACHUE, BKIIOYUTEIHO U AOCTHI 10 KOMYHUKAI[MOHHHUTE
cuctemu. EAuH oT mpumepure € KuOeparakaTa Cpelly €IMH OT ThPrOBCKHUTE
caTeJIMTH Ha aMepHKackaTa koMmaHus ViaSat, KosSTo MOBIUsABA HA YYACTHHUIIMTE
BbB BOMHATA B YKpalHa, HO ChIO TAKA MOBPEXKJa TAPMUHAIIA HA TPAXKIAHCKATa
undpactpykrypa B EBpona u 3acara xunsau BITbpHU TypOuHu B ['epmanHmus.
ATakata TmOKa3Ba 3HAYEHUMETO HA KOCMHYECKATa CHTYPHOCT, KakTO U
NOCJIEIMIMTE OT BOMHATa 3a ChTpyAHHUYeCcTBOTO ¢ Pycus. OtmeHns ce
M3CTPEIBAHETO Ha pakeTa-HocuTen ,,Cor3” oT Kocmuyeckus 1ieHTsp B I'BUaHa,
KoeTo OJ0KHMpa paboTaTa Ha CIITHUIM HA MHCTUTYLUH, KAKTO U U3CTPEJIBAHETO
Ha EBpPOINEHCKU TBHPrOBCKH CI'bTHUIM. 3abaBsi ce MHUCHUATa Ha Mapcoxoja
ExoMars (BepositHo 10 2026 T.), K0sITO € TUTaHupaHa 3a Mecete centemBpu 2022
r. EBponetickara kocMuuecka arennus (ESA) e npuHyaeHa Ja HaMalld CBOSTA
3aBUCUMOCT OT ChTpyAHHUYEcTBO ¢ Pycusi. HeratuBHure epexktu Ha BoWHaTa B
VkpaiiHa Bw3npenarcBar paboraTa Ha €BPONMEMCKUTE MYCKOBHM CHUCTEMH KaTo
Vega u Vega-C, xkoWTO H3M0J3BAT YKPAWHCKHU JBUTATENM, CTPOSILIA CE€ B
ykpanHcku (abpuku (FOxxmam, Yuzhmash). IbarocpounuTe MOCIEIUIMA 3a
KOCMHYECKaTa CUTYPHOCT ca  HEraTMBHHM, OCBEH  OJIOKMpaHe  Ha
CbTPYAHUYECTBOTO IO KOCMUYECKHUTE IMpOrpamMu, BJOLIABaT CE€ W
MEXIYHAPOJIHUTE OTHOLIEHUS, THPTOBHATA, BB3IPEISATCBA C€ KOHTPOIBT BBPXY
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MUJIUTApU3AIUATa HA KOCMUYECKOTO ITPOCTPAHCTBO, OJIOKUpPA C€ YNPaBICHUETO
Ha pPHUCKOBETE B CUT'ypHOCTTAa. JlMHaMMKara OKOJO BOWHAaTa B YKpaiHa
CTUMYJIMpa Ipolieca Ha aBTOHOMUS Ha EBpomna 1o OTHOILIEHHE Ha KOCMUYECKATa
curypHocT. Bpb3kute ¢ Pycus mo OTHOLIEHHE Ha KOCMOCAa ca NPEKbCHATH,
KOETO CpMBa MUTA 3a B3aMMHATA U3roJia OT CbTPYAHUYECTBOTO C aBTOPUTAPHHU U
JUKTAaTOPCKU PEXKUMH, KOUTO BMECTO OTKPUTOCT, JOBEPHUE U COJIMIAPHOCT,
W3II0JI3BAaT HATUCK, MaHMITyJIalus, U3HyABaHEe W ,,0cTpa cwia” (Sharp Power).
Oxkassa ce, ye EBona e cuitHo 3aBrcuMa oT Pycus o oTHOIIEHHE Ha JOCThIIA JI0
KOCMHMYECKOTO MPOCTPAHCTBO, KOETO pyCKaTa CTpaHa M3IMOJI3BA 32 OTMBILICHHE
Ha HAJIOXKEHWUTE CaHKLIWM, CleABalld HHBa3usATta Ha Pycus B VYKpaiiHa.
3aBucumocTtTa Ha EBpomna geMoHCTpupa OrpaHUYEHHUATA HA CTpaTeruyeckara
aBTOHOMHUS M HaJIara Ha €BPONENCKUTE CTPAHU NIPUJIAraHe HAa HOBU CTPATErUU 3a
U3rpaKJAaHe Ha KOCMHMUYECKHM crocoOHOCTH. OTKa3zbT 3a H3CTPENIBAHETO Ha
,»COr03”  3a3eMsiBa IE€T WHCTUTYLUMOHAJHU CIBbTHUKA, BKIIOYUTEIHO JBa
KOoCMHUYecKH Kopaba ["annieo u enuH QpeHCKH BOCHEH CHbTHUK, a BCUUKHU TE
UMaT KU3HCHOBAKHU MPHUJIOKEHHUS B CUTYpPHOCTTa U oTOpaHara. [lopanu ToBa,
EC wm3Bexna cBoure mHTepecH B (CTapermyeckuss KOMIIAC 3a CHUTYPHOCT H
oTOpaHa, KOMTO B3MMa OTHOIIEHHE MO BBIPOCUTE HA KOCMUYECKATa CUTYPHOCT
Ha EBpoma M HeEoOXOAMMOCTTa OT Ch3/IaBaHE HA HOBM CIIOCOOHOCTH H
TEXHOJIOTMH, BKJIIOYUTEIHO W3MNO0J3BaHe Ha mnporpamara KomepHuk 3a
OTOpaHUTENHU Lenu. Bb3HMKBAa BBIPOCHT 3a YOPABICHHWE HA pPHUCKA OT
paspylliaBaHe Ha €BpPONEHCKH CIbTHHUIM B OpOMTa, a KbM TOBa ce A00aBs U
HEIMpPEeKbCHATaTa OMACHOCT OT KMOEpaTaku HaJ CIbTHULM U KOCMHYECKaTa
uHppacTpykTypa. Te3u BBIpPOCH c€ OKa3BaT OT KPUTUYHO 3HAUYEHUE, KOETO
IIOBUILIABA 3HAYEHUETO HA EBPOIIEHCKAaTa KOCMHUYECKA CTpAaTervs HU3BEICHA B
CrpaTternueckusi kommnac, a HeiHoTo myOnukyBane rnpe3 2023 r. e cbllecTBeHa
ctbiika Ha EC 3a u3rpaxkmaHe, OCBEH Ha CTpaTErMyecka aBTOHOMMS, HO M Ha
cTparernuecka Busus. M Tyk BOJELI NPUHLMII € YCTOMYUBOTO YHPABICHUE HA
€BpPONEUCKUSA JOCTBI J0 KOCMHUYECKOTO IPOCTPAHCTBO, MPENOTBPATIBAHE HA
3aruiaxy 3a ['anuieo, KOeTo BKJIIOYBA HALIMOHAIHU M KOJEKTUBHHU IPOTrpaMu U
nercTBud. B pesyarar Ha quHaMuKara B pervorio0aiHa u rinodanHaTa cpena 3a
CUTYPHOCT, KpH3aTa OT BOWHAara B YKpallHa NpuHYXJaBa EBpoma na
MIPEOCMUCITM  CBOETO  OTHoumeHue KbM  Kocmoca, B  mocoka Ha
BOEHHOTMOJUTUYECKUTE MPOOJIEMHU HA CUTYPHOCTTA. [0 TO3M MOMEHT yCUIMsITa
ca HAacO4YeHM KbM TBHPrOBCKUTE U TPAXKIAHCKUTE  OTHOLICHUS, C
MPEUMYLIECTBEHO  OTHOLIEHHE HAa  MEXKIYHAapOJHOTO  CHTPYIHUYECTBO.
W3non3BaHeTo Ha KOcMOca Karo HOB J00EHH Ha BoifHaTa TpaHcopmupa u
€BPONEHUCKUTE TO3WLHM II0 TO3M BBIIPOC, & TOBA € IPEAIIOCTaBa 3a BCE IIO-
HecHTypHa kocmuuecka cpefa [19, 20, 21, 22].
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[IpaB e Bacuu [IpogaHoB, korato aHaJM3upa TEHICHLIUATA 32 U3TPaKIaHe
Ha KOCMUYECKH apMHUU U OPBKUS 32 BOJIEHE HAa KocMuyecku BoiiHHU. [Ipe3 mecer
tonu 2016 r. kamapara Ha npencraBurenute B Konrpeca na CAILLl omoOpsiBat
Ch3JJaBaHETO Ha HOB BHJ Boiicku, Kocmuuecku kopmyc, 3a ACHCTBUS B
U3BBH3EMHOTO  mpocTpaHctBo.  Hanrpaxma  ce  cucremata  DSP
(DefenseSupportProgram), kosito moxamomara (UKCHPAHETO Ha pPaKeTH W
TsAXHaTa  Tpaekropusi.  PasBumBa ce  cucremara  SBIRS  (space-
BasedInfraredSystem — wuH(ppadepBeHa cuctema 3a KOCMHYECKO Oa3upaHe),
CUCTEMa OT CHBTHUIM, KOUTO pealu3upaT MOHUTOPUHI HA TEPUTOPHUSTA HA
Pycuns n Ha 30HHMTE Ha MHTEpEC 1O cBeTa. Pycus n3rpaxkna EquHHa kocMuvyecka
cucrema ,, [yHApa”, KOATO CIIEIU 3a U3CTPEIBAHE HA PAKETH OT Pa3IMYHU TOUYKH
Ha [JIAHETaTa U MOJANOMAara TIXHOTO YHUIIOKEHHUE. Te3H 1enu ce mOCTUraT upes
MHOYECTBO CIIbTHHIIN [23].

B omnur ga HachpuM MHCIEHETO B IOCOKAa KbM MPENOTBpaTsABaHE Ha
anOKAJIUIITUYEH CLUEHAPUI, ONPENIeNICH OT siApeHaTa 3amiaxa Ha [lytun, ['paxam
Amnucon (Graham Allison) mpaBu onut 3a aHaIW3 Ha BH3MOXKHUTE U300pH Ha
Brnagumup Ilytun, KOHTO BCe MOBeuYe M3Maja B U30JIALMS, IPUTUCHAT B brbja.
Cnopen AnucwH, npuBexaaiiku onuta Ha JI. Kenenu ot KyOuHckara kpusa, €
HEOOXOJMMO  aMepuKaHCKMAT  mnpe3uaeHT  Jko  baiingpH,  Heromata
apMuHucTpanss U cbrosHunuTe Ha CAILl ma ce moydar OT MUHAIOTO M Ja
pOSBAT BhOOpaKEHUE 3a Ch3/aBaHe Ha u3xoja 3a [lyrtun. bailibH nmpaBu onuTH
3a U30sTrBaHE HA TakaBa ecKajauus. 3anioTo, KakTo nocousa u FOBan Xapapw,
OCHOBHATA 11eJ1 Ha 3amajia He € Ja NocTurue nodena Haa Pycus u ga cTurHe 1o
MockBa, a J1a moAKpenu cBoboaTa Ha YkpaitHa [24].

H3BoaM

- HM3Benoxa ce BOJECHIMTE aCIEKTH HAa KocMHUueckara curypHoct. Hapen
C TOBa C€ O4YepTaxa OCHOBHUTE KOH(JIMKTHU OTHOIIEHUS B ChBPEMEHHHUSI CBSIT.
[ToTBBpM ce XUIMOTE3aTa Ha U3CIEABAHETO U 3aTBBbPKIaBa uasaTa Ha [[xoysed
Hai, ye xumBeem B emnoxa Ha pa3MECTBAHE HA CWJIaTa, HEHHUAT MPEXOI,
pa3npbCKBAaHE M JUCIEPCHUS OT AbPKABHUTE MOHOMNOJIU KbM HEIbpPKABHU
aktopu [25].

- YcraHoBHXa C€ OCHOBHUTE €JIEMEHTH Ha TEHACHIIMATA HAa HAPACTBAILIO
3HaYEHHE Ha KOCMHUYECKOTO MPOCTPAHCTBO, KOETO OIMpPEAEIIsi KOCMOCa KaTo HOBa
cpella ¥ MPOCTPAHCTBO Ha ChBPEMEHHUTE KOHPIIMKTHU. B enuiiora Ha KHUTaTa CH
,EBomonusas Ha Bcuuko” (2018) Mat Pummu u3ThbkBa, Y€ B CBSAT Ha JIOIIH
HOBUHH, KUBOTHT HAa XOpaTa CTaBa BCE MO-A00bp U MPENopbhUBa, J1a pazurTame
MOBEUE Ha CIOHTAHHOCTTa W €BOJONUATa. HamoMHs HHM, Y€ MHOIO OT
MUTAHUPAHUTE JIEWCTBUSI MMAT HEraTHBEH €(eKT, XopaTa ¢ ToJIeMU TUIAHOBE IIe
peIn3BUKBAT 00JiKa U cTpaganue. Tyk ce W3KIouYBa Kananeto Ha Jlynara karto
no0pe ianupana crparerus [26].
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B 3akuiouenue, HapeJ C KOHTPOIBT Haja 3€MsATa, BojaTa M Bb3AyXa,
KOCMUYECKOTO MPOCTPAHCTBO € OCHOBEH JOMEWH, B KOWTO C€ MPOEKTUpAT
aMOMITMUTE Ha IbPKABHUTE U HEAbPKAHUTE aKTOPHU B INI00ATHATA U CHOTBETHO
KOCMUYECKAaTa CUTYpHOCT. TeHAeHIMITa Ha B3aUMO3aBUCUMOCT, II100amu3alus
W JWATUTaNu3alus BOAM cJea cede ch J0 CTPEMEX Ha TPaJULUOHHUTE
NOJINTUYECKH CYOEKTH, HAIMOHAJIHUTE IbP’KaBH, 1a CH BbpPHAT MOHOIIONA Haj
HAaCWJIMETO, YIPaBIECHUETO U BIMSHUETO B oOmectBoro. [latpuk JIukchH
NPENBHK/A, Y€ OCHOBHHUTE PHUCKOBE B OJIM3KO M MO-JAJEYHO OBJACIIE IIe ca
CBBP3aHM C PETUOHATHU KOH(MIUKTH, TOPAAM CTHUYECKH HAMPEKCHUS WU
HEJJOCTUT HAa PECYPCH, BUPYCHA MMAaHJIEMHUS, PEBOJIIOLIMH, TOPAIy HEPABEHCTBATA
B 00ILIECTBOTO, OIOKETHU ChKPAILEHUs, KOUTO I1I€ IPEAU3BUKBAT Xa0C U JIUIICA
Ha YNPaBIEHCKH MEXaHU3MH, a KHOEPTepOpU3MbT MPUHYKAaBa U30IalUsATa Ha
OTJICJTHUTE JUTUTAIHU TIATHOPMH U MPEXKH H30JMpPaHU OT OCTAHAIUS CBST
[27]. ChimTe TpaBAT ONMUTH 3a U3TPAKIAHE HA OOSICHUTEIICH HApaTHB, KOWTO Ja
3allbJIHM BAKyyMbT Ha NpOBaJeHUTE uaeojoruu. Jlubepanusmbpr mnodenu
KOMYHU3MBT U (alu3MbT, HO C€ OKa3a HEChCTOATEJCH B JMHAMHKATA Ha
HOBOTO BpeMe, TOBa € eroxaTa Ha CPUBAHE HAa aBTOPUTETUTE U TAXHATA 3aMsHa C
HOBM, T€3M Ha OO0JauYHUTE, JUTUTAIHUTE IUIATPOPMU M  AJTOPUTMHUTE.
JlerutumanusaTa Ha BJacTTa C€ peaju3upa B Te€3UM LUU(PPOBU IPOCTPAHCTBA,
KBJIETO YOBEUIKHUAT aBTOPUTET € MNPHUJIAThK Ha MPOEKUUATa Ha 3aryoeHara
HOPMAJIHOCT. bbaeniero, BKIIOYUMTETHO Ha BOWHHUTE, € B MeTacpenara Ha
W3KYCTBEHUsI MHTENEKT M aBTOHOMHOTO (YHKIIMOHMpAHE Ha TOJUTHYECKUTE,
UKOHOMUYECKUTE, COLMAIHUTE, & OT TaM M Ha KOCMUYECKHUTE CHUCTEMHU.
bpaenieTo octaBsg MajKo MPOCTPAHCTBO 32 YOBEYECETBOTO, KOETO € M3IIPABEHO
npea auiaemMaTa Jia OCTaHe HEHY)KHO 3a MOJMTHKATa U MKOHOMHUKATa WU Jia Ce
ONMHTA Ja BbPHE aBTOPUTETA B XOparTa, B €IHA 3arybeHa XyMaHHOCT. M kakTo
NUIIAT eKCHEePTUTE OT MpoeKTa ,,MuieHuym” TJI0OaTHUTE MPOMEHH, KOUTO
CTOAT TMpel YOBEYECTBOTO, Ca TPAHCHALMOHAIHM @O MpuUpojga M
TPAHCUHCTUTYLIMOHAJIHU KaTo pemieHue. HuTo enHo mnpaBUTENCTBO W/HIK
OpraHu3aiys HsIMa HY>KHUTE YMEHHS, KalaluTeT U CIOCOOHOCTH Jia C€ CIPaBH
CaMOCTOSITIICHO, HeoOXoauMu ca o0ty aerictBus [28]. Toukara Ha Oudypkanms
e 01m30, BoWiHaTa B YKpaillHa, UKOHOMUYECKUTE ChTPECEHHUS, MaHAEeMHUSTa OT
Covid-19, pascioeHrero Ha OOIIECTBOTO MPEIU3BUKBAT YHUHUE U TPEBOXKHOCT
3a Obuemero. IlocoueHuTe puckoBe ca Objelie, KOETO TpsiOBa ga Obiae
npeoTBpaTeHO, KakTo Ou kazan Yipux bek, B CBBPEMEHHOTO PHUCKOBO
oOIIeCTBO OMTHETO HAa XopaTa ce (pukcupa B CTynopa Ha TBBPAECHHUETO ,,CTpax
Me €”, a popmMupaHeTo Ha pa3IMYHUTE OOIIHOCTH M Ha TJIOOATHOTO OOIIECTBO
npe3 XX Bek ce ocHoBaBa Ha crpaxa [29]. To3u cTpax MMa CBOMTE OCHOBAHMSI,
Mapuana TogopoBa M3ThKBa 3HAYECHUETO HA U3KYCTBEHUSI MHTEJIEKT B cdepaTa
Ha oOTOpaHaTa M CHUTYPHOCTTa, KOETO MPSAKO Ce€ BiIMsI€ OT KOCMHYECKara
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curypHocT. OCBeH, Y€ H3XOAbT Ha BOMHATAa I 3aBUCH OT AITOPUTMHUTE
(ITpomanos, 2017), OCHOBHUTE CBHIICPHULA B KOCMHUYECKOTO IIPOCTPAHCTBO IIIC
Ce HYXIasiT OT perjaMeHTHpaHE HAa OTHOIICHHSTA, Thil KATO HOBHUTE OPBHKHSI
CTaBaT BCE MO-IOCTHITHU 32 TEPOPUCTHYHU TPYIH WM WHIWBUIH C TICUXOIATHH,
conuoniaTHu u JecTpyktuBHU moBeacHus [30]. CBeThT yTpe ce ompeaens OT
TEHJCHIIMATA Ha HapacTBalll0 3HAYCHHE Ha KOCMOCAa U TEXHOJOTHHUTE, a
YOBEUECTBOTO, KAKTO OMXa Ka3ajdd TPAaHCXYMaHUCTUTE YOBEUECTBOTO M3JIM3a OT
CBOETO JICTCTBO W CTPEMHUTEIIHO CE€ HAaco4yBa KbM IOcTYOBemkata epa [31]. B
OOIIECTBOTO Ha OBJCIIETO MMaMe MOTPEOHOCT W OT HOBAa OpraHM3alus Ha
JTBP’KAaBHUTE, B KOUTO 1€ CH ChTPYAHUYAT KOMIIAHUHU, YHUBEPCUTETH U BIIACTH, a
MOJIUTUKATA W WKOHOMHKATa IIIe C€ MOAYMHSABAT HAa M3KYCTBCH HWHTEIEKT, Ha
pobotu u anroputmu [32]. Ilpenopbkara e M3rpakaaHe Ha OOIIECTBEHA U
WHJUBUyallHa COJUJAAPHOCT U JOBEPHE, CaMO Taka MOXKE Ja C€ yIpaBisiBaT
CIIOHU TIPOLIECM M CHCTEMH, KOMTO BCE IIOBEYE M3KIIOUYBAT YOBEKA OT
B3EMaHETO HAa BAXKHUTE PEIICHUS.
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HAYYHOMU3CJIEJOBATEJICKHUTE KAMIIAHUU HA
HACA - 11OJI3U U ITIEPCIIEKTUBU 3A PASBUTUE

Muyen CumeoHoB, Ilenno IleneB

NASA RESEARCH CAMPAIGNS — BENEFITS AND
PROSPECTS FOR DEVELOPMENT

Milen Simeonov, Penyo Penev

Abstract: The article presents the work in a research program for young scientists
which provides high-quality astronomical data in the form of satellite images. During the
research campaigns which are part of the program, the young scientists use an interactive
software tool to process the image packets provided to them by the International
Astronomical Search Collaboration program. The work and the results of the Aerospace
Society — Georgi Benkovski Bulgarian Air Force Academy, which led to the recent
establishment of the Center for Air and Space Surveillance, is also presented.

Keywords: IASC, asteroids, astronomical observations, telescopes, Astrometrica

1. BbBeaenue.

AcTpoHOMHUSATA € €/IHa OT Hal-JAPEBHUTE MPUPOJIHUA HAYKH. T € OCHOBaHa
Ha TIBPBUTE HAOMIONCHMS Ha ABMWXeHHeTo Ha CibHieTo, JIlyHarta, TuiaHeTUTe |
3BE3AUTE U OTKPUTATA LUKIMYHOCT B TAX. OCHOBEH H3CIIEAOBATEICKU METO] B
ACTPOHOMHUSATA € HAOJIOICHUETO Ha acTpoHOMU4eckuTe ooektH [1]. [IbpBuTE MO
poJa cu B CBETa KaMIIaHWU 3a THPCEHE, MPOCIEsIBaHe W OTKpPUBAHE HAa HOBU
actrepounn ce opranuzupar ot okrtomMBpu 2006 r. oTr MexayHapoaHaTa
Kotaboparus 3a actpoHomuuecko ThpceHe (International Astronomical Search
Collaboration). Ot ToraBa &m0 cera TUPEKTOp Ha MporpamMara € HEHHHAT
ocHoBaten — mnpod. na-p Ilarpuk Munbp, YauBepcuter XapauH-CHUMBHC,
AOunmitH, Tekcac, KOWTO pabOTH CHBMECTHO C €KHUIl OT MPENOJaBaTEd OT
CHIIUSI YHUBEPCUTET.

Tesu MexayHapogHM KaMMaHWHM, YacT OT €JHOMMEHHATa OHJAiH
mporpama, JaBaT Bb3MOXXHOCT Ha YUEHUIIM, TUMHA3UCTH, CTYACHTH U KypCaHTH
OT pa3JINYHU TPAJOBE U IBPKABU Ja CE€ BKIIOYAT B HAYYHOM3CIIEIOBATEIICKA
JEHHOCT 4Ype3 00paboTKa Ha pealHd aCTPOHOMHYECKH W300pakeHus, Ja
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IIPOCIIEISAT BeUe M3BECTHU aCTEPOUIM, C IeN Ja C€ YTOYHH TOYHATa UM OpOwmTa,
KaKTO W JIa HampaBsAT OTKPUTHS HA HOBU aCTEPOHIU, C KOETO Ja C€ TOBHIIU
UHTEPEChT UM KbM aCTPOHOMUSATA, (pu3MKaTa W HaydyHUTEe m3cienBaHus. [lo
TO3W HAuWH OOydaeMUTE TOJy4daBaT BBH3MOXKHOCT Ja TPaBIAT pEaHU
ACTPOHOMHYECKH OTKpUTHUS Ha 00ekTu oT CirbHYEBaTa CHCTEMa, BKIIOUYUTEIIHO
KOMETH M aCTEPOUIH, KaKTO U Ha 00EKTH U3BBHH opOuTaTa Ha [1myToH.

[Iporpamara e craptupana cbec camo 20 yumnmia ot 3 abpkaBu. Torasa
yuactre ca B3enu o0mo 140 yuenuru. Beska roguHa B OI00HM KaMIIaHUU CE
BiurrouBaT 0mu30 3 000 ydeHwim, TUMHA3UCTH, CTYJCHTH W KypCaHTH OT Haj
250 yuunuina, TUMHa3UH U yHUBEpCUTETH OT moBeue oT 40 appxkasu. Jlo To3u
MOMEHT B IIporpamarta ca B3elu ydactue o610 okojo 500 yuwmiuina, ruMHa3Hu
U YHUBEPCUTETH 10 cBeTa, B oBeue ot 80 crpanu, cpen Kouto € u brearapus c
BCUYKM CBOM BOEHHM yuwimmiia. OT HayajioTO Ha Mporpamara ca OTKPHUTH
noBeue oT 1 500 acTepouna.

2. Pe3yaratm 0T y4yacTueTo Ha KypcaHTH oT Bucmero
BOEHHOBB3AYIIHO Yyumiauile ,l'eopru beHkoBcku” B KamMmaHuuTe 3a
ThpPCeHe Ha acTepouam, opranmsupanu ot International Astronomical
Search Collaboration B mepuona maii 2020 — maii 2022 r.

JleliHOCTTa Ha MporpamaTa € OpraHu3upana u crnoncopupana ot National
Aeronautics and Space Administration (NASA). brwirapckoro ydvactue B
KamnaHuute, opranmsupann ot  International ~ Astronomical  Search
Collaboration, cwvkpareno IASC (,,Isaac” — mpousHacs ce ,,Al3ak”) 3amo4Ba
npe3 2008 r. To ce peanmu3upa OT yUYEHUIU-KPBHKOUHHUIM OT KypCOBETE IO
aCTPOHOMHUS B
HAOII-Bapna ¢ pvkoBomuten mon. na-p Becenka Panmesa. Ilpes 2010 r. B
KaMIMaHUUTE CTapTHUpa M ydacTueTo Ha ctyJeHTH ot lllymeHckus yHuBepcuTeT
u yuenunu ot [II'TIYE-IIymen. IIpe3 mecer mait 2020 r. pabota mo mporpamara
3aro4BaT W KypCaHTUTE OT BuCIIETO BOCHHOBB3AYLIHO yuujuile ,['eopru
benkoBcku”, tp. Homna Mutponomust (BBBY) ¢ pbroBoauten — ac. WHXK.
Munen CuMEOHOB.

Jlo MOMeHTa OBJIrapCKUTE €KUNM ca OOpadOTWIIM JI€CETKH XWISIU
KOMIUIEKTH (CETOBE) ¢ M300pa)KeHUs, MPOCICIUIN Ca XUJISIU aCTEPOUIN U ca
HANPaBWIM CTOTHIM TPEIBAPUTEIHU OTKPUTHUS HA HOBH aCTEPOUIH, HSKOIKO
JIECETKHU OT KOUTO Ca MOTBBPJICHU KaTO peaiHu (PEAOBHH ) OTKPUTHSL.

B xammanumnTe 3a ThpCEHe, MpOCIEAsSBaHE M OTKPHUBAHE HA acTEPOUIIU
MOTaT Ja y4acTBaT YYEHHUIIM, THMHA3UCTH, CTYJICHTH M KypCaHTH OT pa3jndHU
IbpKaBHU, cliesl ogo0psBaHeTo uM OoT crpaHa Ha IASC. 3a menra kaHgugaTUTE
TpsiOBa Ja TpEeMHUHAT Mpe3 CIENUaTHO €THOKpaTHO oOydeHue 3a padbora ¢
UHTEepaKTUBHHUS codTyepeH makeT Astrometrica (durypa 1), c¢ koito ce
00paboTBaT HAOIIOJATEITHUTE ACTPOMETPUYHHU (ACTPOHOMUYECKU) N300PKEHHUS
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N CC IIPAaBAT IIbPBOHAYAJTIHUTC ACTPOMCTPHUYHU HU3MCPBAHUA HA aACTCPOUIU (HO
TSIX). Bcexku exun I[mojdydaBa OPHUI'MHAJIHU KOMIIJICKTH C I/1306pa}KCHHH 3a
00paboTKa ¥ padOTH CAaMOCTOSITETHO U HE3aBUCUMO OT OCTaHAJINUTE eKUMu [2].

Astrometrica ¢ mpodecroHaleH HHTECPAKTHBEH COMTYyepeH MHCTPYMEHT,
KOMTO npeaocTaBsd BbB3MOXKHOCT 3a JICCHO CpaBHsABAHC Ha ACTPOHOMHNYCCKHTC
MU300pKEHHS C IIeT ThpPCEHE, MPOCIeAsIBaHe W OTKPUBAHE HAa JABUKCIIH CE
00eKTH. 3BE3IUTE B ACTPOHOMHUYECKHUTE M300pakeHUs c€ UACHTU(PUIUPAT ChC
3Be31M OT 3Be3nHus karajor — The PPM Star Catalogue (Positions and Proper
Motions Star Catalogue).

B Astometica for Winden

File Edit Astrometry Images Tools Internet  Windows Help
~ | EEE Oo% RE oW as @ & [

Cloze all windows

View MPC Report Play blinker
Stack Images Blink Images Forward/back
Data Reduction Zoom infout one image

Settings Load Images Known object overlay Stop blinker

PPMEL Fit Order: 3 R mag P51.cfg

@uzypa 1. O6w 6uo na expana npu paboma cvc copmyepa Astrometrica.

Bcekn KOMIUIEKT ChAbpKa MO Ha-MalKo Tpu (OOMKHOBEHO YETHPH)
M300paKEeHUS 32 €IMH KOHKPETEH y4acThK OT HEOETO, MOIyYeHH Mpe3 0KoJo 15
MUHYTH. 3a TOBa BpE€ME€, aKO Ha KaJpUTE€ HMa [BIDKENIM C€ OOEKTH, Te
3a0ee)KUMO TMPOMEHST MO3MULMATa CU Ha (OHAa Ha JaJICYHUTE 3BE3JU.
[Tomyyenute uzo0pakeHus ce oOpabOTBAT OT EKUIUTE B PaMKUTE HA JO /2
yaca. [I[poabIKUTETHOCTTA HA BCSIKA KaMIaHUs € TPUOTU3UTEITHO €NH MECEI] U
OOMKHOBEHO CE 3aIThJIBa ¢ CKUIIH, Xxkenaenu aa ydactsat 30 (20-45) nuu npenn
HayaJlHaTa UM JaTa.

Habnronarennute u3o0pakeHus, KOUTO €€ H3MpamaT Ha OTACITHUTE
CKHUIK 3a 00paboTKa, ce moaydasat oT 1,8-metpoB Pan-STARRS-1 (Panoramic
Survey Telescope And Rapid Response System) Teneckon ¢hC CBETONPUEMHA
amapatypa Ha teneckona — 1,4 GP kamepa (durypa 2), KOWTO € pasnoyioKeH Ha
octpoB Maywu, Ha BucounHa ot 3 050 metpa, OOcepBaTopusita Xaneakana (The
Haleakala Observatory; OOcepBaTopusiTa Ha BHCOYMHATa Xajcakaa),
coOcTBeHOCT Ha MHCTUTyTa 1O acTpoHOMHUA Ha YHHBeEpcUTeTa Ha XaBaii

(¢purypa 3).
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ABHOKOCMHYECKOTO 00111ecTBO Ha BuHcCIIeTo BOGHHOBB3IYIIHO YUUIIMIILE
»l eopru BEeHKOBCKM~ € yd4acTBAJI0O B TpH pa3JWYHU THUNA KAMIAHUM Ha
International Astronomical Search Collaboration. Tosa ca:

e International Asteroid Search Campaigns (IASC) ¢ ekunute Student
Space Society — Bulgarian Air Force Academy (SSS) u Space Cadets —
Bulgarian Air Force Academy (SC). B Ta3m kammaHus y4acTBaT €KHITH OT
YUUJIUINA, KOJIEKU U YHUBEPCUTETH OT LIETHUS CBAT, 0OMKHOBEHO Haa 150 ekuma
€KEMECEUHO.

e All Bulgaria Asteroid Search Campaigns (All BG ASC) ¢ ekumuTte
Student Space Society — Bulgarian Air Force Academy (SSS) u Space Cadets —
Bulgarian Air Force Academy (SC). Toa e kammaHus, B KOSITO BEJHBX Ha JBa
Mecella ydacTBaT camMoO OBJATapCcKu €KW OT Buciiero BOSHHOBB3IYIIHO
yuunuie ,,I'eopru benkoBckn”, BucmeTro BOGCHHOMOPCKO yuuiuiie ,,Hukona %8
Banmapos”, Maremarnueckara ruMHasus BbB BapHa, rumHaszuu ot lllymen u
Benuko TepHOBO.

@uezypa 2. 1,8-memposuam Pan-STARRS-1 meneckon.
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e Target Near-Earth Objects! Campaign (Target NEOs!) ¢ exumna
Aerospace Society — Bulgarian Air Force Academy (ASS). ToBa e kammnaHus, B
KOSITO C€ BKJIIOUBAT CaMO HaW-ONHUTHUTE CKHUIIM, KOUTO IIpaBAT Hall-TOYHU U
Hali-mpenu3Hu 0O0pabOTKM U H3UMCICHHMS Ha OpOUTHUTE €JIIEMEHTH Ha
aCTCponaunTe. B Ta3m kxammanust ce TBhPCAT OJIN3KH a0 3eMsATa W OIAcCHHU
actepouau!

UnenoBere Ha ABHOKOCMHYECKOTO o00mecTBo ca Mwuiien CHMEOHOB,
Becenka PaneBa, Kupun KamOymies, Kpuctusina Hukonosa, Hukonaii Manes,
Anenua biausnakoBa, Paguna bomyposa, bopucinas MBanoB, Anekc Canaes u
Cserocias IBaHOB.

B nepuona mait 2020 — maii 2022 r. kypcantutre or BBBY ca B3enu
yY4aCTHucC B 7 KaMITIaHUHA 3a TBPCCHC, MTPOCICAABAHC U OTKPHUBAHC HA AaCTCOPUIH.

HepHO,ZII/ITG Ha IIPOBCXKOIAHC Ha OTACIHUTC KaMIlaHHH, B KOHTO Ca
y4qaCTBaJIM KyPCAaHTUTC U IIPCIIOAaBaATCIINTC OT YUYUJIMIICTO, Ca:

e 11 cenremBpu — 6 okromBpu, 2020 r. — International Asteroid Search
Campaign;

e 9 oktomBpu — 3 HoemBpu, 2020 r. — All Bulgaria Asteroid Search
Campaign;

e 4 ¢depyapu — 1 mapt, 2021 r. — International Asteroid Search
Campaign;

e 5 wmapt — 30 mapr, 2021 r. — International Asteroid Search Campaign;

e 5 anpun — 30 ampwmn, 2021 r. — All Bulgaria Asteroid Search
Campaign;

e 1 HoemBpu — 26 noemBpm, 2021 r. — All Bulgaria Asteroid Search
Campaign and Target NEOs! Asteroid Search Campaign;

o 28 smyapu — 22 despyapu, 2022 r. — All Bulgaria Asteroid Search
Campaign.
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@uzypa 3. Kynama, 6 koamo e pasnonodicer 1,8-wemposuam Pan-STARRS-1 meneckon.

ABHOKOCMHYECKOTO OOILIECTBO €€ BKJIOYBA B Iporpamara Ha
MexnyHapoaHata kojabopalusi 3a aCTPOHOMHUYECKO ThPCEHE H3KIIIOUUTEIHO
YCHELIHO OT CaMOTO Hayano. B pamkuTe Ha yyacTHeTO cu B U30POCHUTE CelleM
KamnaHuu, kypcanture oT BBBY ca o6pabotmiu noseue ot 800 komruiekTa ¢
U300paKeHUs, a OOIUAT OpOod Ha OTIAETHUTE M300paKeHMsI, ChAbPXKAIIU CE B
Tsx, HaaxBbpia 3 300. HampaBenu ca mpeaBapuTenHu OTKpUTHs Ha 44 HOBU
acteponna. OcBeH TOBa, oOOyuaeMHUTe ca JOKIQJABAIM aCTPOMETPUYHH
u3MepBaHus Ha Haja 150 mW3BecTHHM Beue acTepouaa, KOWUTO IIe ca B IMOJ3a MpU
U3YHUCIIIBAHETO HA TOYHUTE UM OPOUTHHU TapaMeTpH.

B Tabnuma 1 ca mpeacraBeHn pe3yiaTaTuTe OT HAyYHOU3CIIEAOBaTEICKATa
paboTa Ha OTIAEIHUTE €KUM Ha BUcCIIeTo BOGHHOBB3AYLIHO YUYHIIUIIE ,,I eopru
benkoBcku” 3a nepuoaa mait 2020 — mait 2022 r.

Taonuya 1: Ob606wenu pezyimamu om pabomama Ha eKunume 8 ACMpoHOMUYecKume
kamnanuu 3a nepuoda mau 2020 — man 2022 2.

Obpaboreny IIpenBapuren | IloTBBpacHN
T'onnua Kammnannu cerose / e OTBBPIC Exnmnu
HU OTKPUTHUS | OTKPHUTHS
M300paXeHUs
2020 IASC > 150/ 600 12 0 ggs
2021 IASC > 580/ 2350 19 2021 FE21 SSS
All BG ASC | koMOMHHpaHO 2021 EM8 SC

106



Bauskuar Kocmoc — o011a nesr’ 2022

2021 GK117
2021 GH154
2021 Target NEOs! | >25/100 10 0 ASS
2022 AllBG ASC | >50/200 3 0 g(S:S
O6mo 7 > 800/ 3300 44 4 3

beneocka: [annume ca akmyannu kom 23:59:59 u. na 04.05.2022 2. Pabomama na exunume
Ha Asuoxocmuueckomo obwecmeo Ha Bucuwemo 6oenno6wv30ywHo yuunuwe 1 eopeu
benukoscku” npoowascasa 6e3 npekvceane u credea 0a ce 0bpabomeam HO8U
acmponomuyecku uzoopaxcenus. Ilpaseam ce u Hosu npedsapumenHy OMKPUMuUs.

Ha dwurypa 4 ca npencraBeHu cepTUPHUKATHTE, KOUTO YIOCTOBEPSBAT
OTKPUTHETO HA HOBUTE YCTHUPHU acTEpoOHWja, IPUHAJICKAIIA HAa OCHOBHHUS
aCTEpPOU/JICH MOsIC, KOMTO ce Hamupa Mexay Mapc u FOnurep.

3. lleHTBPBT 32 Bb3AYIIHO H KOCMUYECKO HAOJII0IeHUeE.

Bcuuku onmcanu JeHHOCTH M Y4YacTHETO B pa3jIMYHU KaMIIaHMM Ha
ABHOKOCMHYECKOTO OOIIIECTBO JIOBEAOXA JIO MedITa 3a 000c0o0sBaHE HA MSCTO,
KBJICTO J1a MOXeE 10 BCSIKO BpEME Jla C€ M3BBPIIBAT ObJeIIaTa HaydyHa paboTa u
M3CJICIBAHUATA HA BB3AYIMIHOTO MpocTpaHcTBo. [lopaaum Ta3uw mnpuymHa ce
chb3naze LIeHTbpbT 3a BB3AYIIHO U KOCMUYECKO HAOJIOICHUE, BKIIIOYBAIIl B ceOe
CH KakTo paborara Ha ABHOKOCMHUYECKOTO OOIIECTBO, Taka M JIEUHOCTUTE,
CBBP3aHU C HAOIIOJICHUETO U OpraHu3alusaTa Ha Bh3IYITHOTO MPOCTPAHCTBO HA
PenyOnuka boearapus. Benpeku ue Bce omie LleHTbpBT HiIMa oUIIMATHO UME,
TOM 3amoyHa [a nojamoMara ABHOKOCMHYECKOTO ob6OmiectBo Ha BBBY B
Heropara paboTta mpW OBJEIIO OTKPUBAHE HAa HOBH KOCMHYECKH OOCKTH,
MPUHAJJICKAIM HAa OCHOBHHUS aCTEPOHUJICH I0SC, PA3MoOJIOKEH MEXIy Mapc u

FOnurep.
[IbpBOHaUamHO BH3MATA 3a TO3U IIEHTHP € Oe Tol na Oblie MMEHYBaH
LL{eHTbp 3a  BB3AYmHO  HaOMIOACHWE’, HO  CleJ  YCIeXHUTEe  Ha

ABHOKOCMHYECKOTO 001IecTBO Ha BuCIIETO BOEGHHOBB3IYIIHO —YUHIIUIIE
,leopru beHKOBCcku”, TOM ce ch3maBa Karo ,JIleHTbp 3a BB3AYIIHO W
kocmudecko HaOmonenne” (LIBKH).
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QDuzypa 4. Cepmughuxkamu 3a yemupume HO8U OMKPUMU ACMEPOUIA (XPOHOTIOSUYHO).

Ha nepBo msicTo, LleHThpbT pasmonara ¢ mBeACKaTa MHTEPHET-0a3upaHa
yciyra, KOSTO TIOKa3Ba HHQOpMalus 3a TMpOCIesBaHe Ha TOJIETU Ha
BB3AyxortaBarenau cpenctsa (BC) B peanHo Bpeme Ha kapta — Flightradar24.
C mnHapactBaHeTo Ha T[J00aMHUS BB3AYIIEH Tpaduk ce  yBelandaBa
HEOOXOIMMOCTTa OT pa3paboTBaHe Ha KOHIEMIMS 3a TOJ00psSBaHE Ha
Oe3onacHOCTTa U epekTUBHOCTTA MY [3, 4, 5]. Upe3 coOCTBeHA pUeMHa aHTEeHA,
pasnonokeHa Ha Ttepuropusta Ha BBBY, kosATOo 3axpaHBa cbhpBbpa Ha
Flightradar24 ¢ nponbianutenna wuHbOpMAIKs, IMOJyuYeHa OT TPaHCIOHACPH
ADS-B na BB3myXoIUIaBaTeTHUTE CPEACTBa, yClAyrara JaBa BB3MOKHOCT Ha
noTpeOUTENs Ja pasloyiara ¢ JaHHW 3a BB3AYXOIUIABATCIIHUTE CPECTBA,
uHdOopMaIs 3a PoceAIBaHe Ha MOJICTH, TPOU3X0/I U JICCTHHAIIMS, HOMEpa Ha
nosiet, TuroBe BC, mo3wmuu, BUCOYMHH, KypcoBe M CKOpocTH. ChIo Taka,
yciyrata TpeaocTaBs ITOCTHII IO METCOPOJIOTMYHA IIPOTHO3a, CIIpaBKa 3a
MOJICTHUTE TIJIAaHOBE, T.€. OTKBJAE JMOKBAC JieTh AajeHo BC, ¢ BB3MOXKHOCT 3a
Bpbh3Ka KbM CBHOTBETHUTE JeTuimia. [[o TO3u HauWH, OCBEH MOTpeOUTEN Ha
undpopmanusta ot Flightradar24, BBBY e u gocraBunk Ha nHbopMaius KbM
ChpBBpa Ha yciyrara B paiiona (B paguyc ot 200 mum).
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OcBeH TOBa, 4ye ycnyrara padotu ¢ Tpancnonaepu ADS-B, T4 chiro Taka
uma u omuusa 3a MLAT (mynTwiarepanus) aeTekuus. MynTuiaaTepainusata €
JI0OKa3aHa TEXHOJIOTUS, KOATO C€ H3MOJ3Ba OT MHOro JeceTwieTus. Tsa e
pa3paboTeHa 3a BOEHHM I1€JM, 3a TOYHOTO JIOKaJu3WpaHE  Ha
BB3yXOIUUIaBaTeIHU CPEJICTBA, MHOTO OT KOWTO HE ca HCKadu naa Obaar
,BUJICHU~ — C TIOMOIITAa HAa METOJl, M3BECTEH KAaTO BpEMEBa pa3iuKa Ha
npuemanero Ha curaaina (Time Difference of Arrival — TDoA).

[Ipu myntunarepanusTa ce U3MOI3BAT PEAUIla HA3EMHHU CTaHIIMH, KOUTO
ca pa3MOJIOKEHH Ha CTpPaTEerM4ecKd MeCTa OKOJO JIETHIIE, JICTUIIHUS
KOHTPOJIUPaH pPailoH WM TMO-IIMPOKA 30HA, KOSTO MOKPUBA MO-TOJsIMa 00JIacT
OT BB3AYIIHO MPOCTPAHCTRO [3, 4, 5].

Flightradar24 e ycayra, kosTo Moxe Ja ObJe W3IMOJ3BaHA U I ObJlE
U3MOJ3BaHa 3a OOyYEHHETO Ha BOCHHUTE CIlenuanu3ainuu ,Jleren-muior”,
»PBKoBoUTEN Ha mojeTu (Illypman-ynpaBieHre Ha BB3IYIIHOTO JIBHKEHUE)”,
KaTO 4acT OT IPaKJaHCKO-BOEHHATA KOOPAUHALIHSL.

Ha BrTopo wMmscto, He kato cucrema, a karo yciyra, LIBKH naBa
BB3MOKHOCT Ha OOydaeMHTe Jla CIylIaT paguo pa3rOBOPH B pPEaHO BpEMeE
MEXJy TPaKIaHCKA PBKOBOJMUTEIM HaA TMOJETH W MNWIOTH, U3IMOI3BalKU
nomoinHa yciryra npe3 uatepHeT — LiveATC.net. ToBa mokasa Ha oOydaemMuTe
€CTEeCTBOTO Ha Pa3roBOPHUTE, T.€. KAKBO MPEJCTABJISIBAT T€ B JEHCTBUTEIHOCT,
rmoMara UM Jia JI0OuAT mpejicTaBa 3a (pa3eosiorusaTa, KosTo ce u3noisna. Ypes
Ta3u BB3MOXKHOCT, OOyuyaeMHTE Ce€ 3alo3HaBaT ¢ MpoOiiema 3a peajaHaTa
YyBAEMOCT, KO KaKBO Ka3Ba M KO KaKBO OTBPHIIIA.

Ot 61130 MeTHaJeceT rOJUHU B O0OYUYEHHUETO Ha YUYEHHUIM OT KypCOBETE
0 aCTpOHOMHS B ACTpOHOMUYECKAaTa 0OCepBaTOpHs U TIaHeTapuyM — BapHa,
KakTO ¥ Ha CTYJACHTUTE OT CHEHUATHOCTH ,,AcTpoHOMHs® U , Duszuka” B
[IIymeHCKHsT YHUBEPCHUTET, C€ BKJIIOYBAT ACTPOHOMHUYECKH HAOIIONCHUS C
poboTtusupanu Tteneckonu [1]. YKermaHueTo Ha PBHKOBOACTBOTO Ha Bucrero
BOCHHOBB3YIIHO yuriuile B rp. JlomHa MuTpomnosus, KakTo ¥ TOBa Ha BCHUKH
npernojiaBarend U oduiepu, CBbP3BAIlld €XEIHEBHATA CHU padoTa C Ta3u Ha
[lenTbpa 3a BB3AYMIHO M KOCMHYECKO HAOIIOJICHUE, € KypCaHTUTE W
CTyJICHTUTE, OOydaBalld Cc€ B aBHAllMOHHATa ,AlMa Marep’, Ja HUMar
BB3MOKHOCTTA JIa MPOBEXKJIAT UMEHHO TaKWBa aCTPOHOMMYECKH HAOJIOJICHUS C
poboTu3upaHu Tejeckonu. ToBa ca AUCTAHIIMOHHU HAOIIOJCHUS, KOHUTO
OOMKHOBEHO C€ pealn3upar Mo MexayHapojHarta rnporpama ,,dDojke Teaeckon”
[1].

4. 3ak/oueHue.

OcHOBEH H3CJEeI0BATEIICKH METOJ B aCTPOHOMHSTA € HAOJIO/IEHUETO Ha
aCTpOHOMHUYECKUTE 00ekTu. B mporeca Ha oOydeHHe MO acTPOHOMHS B
CPEIHOTO ¥ BHUCHIETO YYWJIHWIIE, € HEOOXOIMMO aCTPOHOMHUYECKOTO
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HaOaromeHne 1na ObJe B OCHOBaTa Ha BCSKO IMPEMOAAaBaHO M yCBOSBAHO
acTpOHOMHUYECKO 3HaHue [1].

Enna oT IOCOKHTE, B KOWTO BHCIIETO BOEHHOBB3AYIIHO YUHJIMIIE
,, L eopru BeHKoBCcKK™ O MCKaIlo Ja pa3Bue B OJIIM3KO OBIEIIe CBOUTE 00ydaeMu
— KypPCaHTH H CTYJICHTH, € JIa TH JOOJIFMKHU 10 TaKaBa Ccpejia, B KOSTO Ja MoraT Ja
U3II0JI3BaT TeJIEeCKom mpe3 MHTepHeT, KbAETO Ja NMpaBIAT CHUMKH Ha HEOeTo
(deep sky images), kakTo ¥ Ja MM I03BOJIM Ja HAOJI0JaBaT rajakTHKH, KOUTO
UMaT TOYHO TOJKOBA 3BE3/M, KOJKOTO M HalllaTa COOCTBEHA T'ajaKTHKa.

HabmrofeHusaTa ¢ TeIeCKOIM ce MOArOTBIT U MPOBEK/IAT B pealicH yueOeH
OpoIleC W JaBaT YHHKAJIHAa BB3MOKHOCT 3a IOJIy4aBaHE M H3CJICABaHE Ha
ACTPOHOMHMYECKH HM300paKeHHMsI Ha OOCKTH W MpollecH. ToBa JompHHACS 3a
peaM3upaHeTO Ha Ka4eCTBEH U C(CKTHBEH 0Opa3oBaTesICH IMPOIEC, B X0Ja Ha
KOMTO 00OydaeMHTE ca H3KJIIOUUTECIHO MOTHBHPAHH Ja YCBOST MaKCHMaJICH
00eM OT aCTPOHOMHUYHHU TCOPETUYHHU 3HAHMS U MPAKTUYCCKH yMeHus [1].
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PA3BPABOTKA HA KOMIIIOTBbPHHU CUMYJIAIIUHN HA
OBEKTHU BbPXY JIYHHATA INOBBPXHOCT I1O
MEXIYHAPOIHATA ITPOTPAMATA SIMULATION
EXPLORATION EXPERIENCE

Jqumursp dumurtpoB, EBrenn Anapees

DEVELOPMENT OF COMPUTER SIMULATIONS OF
OBJECTS ON THE LUNAR SURFACE AS PART OF THE
INTERNATIONAL SIMULATION EXPLORATION
EXPERIENCE PROGRAM

Dimitar Dimitrov, Evgeni Andreev

Abstract: The article presents the projects of students and faculties from the naval
academy, realized in the international program Simulation Exploration Experience (SEE).
The technologies used to achieve the simulations and their application beyond SEE are
discussed. The article reviews four computer simulations created by naval academy teams
over the years.

Key word: simulation, SEE, naval academy

1. CumyJIallHOHHUTE NPOrPaMM KAaTO YaCT OT KOCMHYECKHTE
MUCHH.

KommioTbpHuTe cumymanuu ca Ouiu, ca u 1me ObJaT MHOTO Ba)KHA 4acT
OT IMOJroTOBKaTa 3a MUCHUUTE Ha KocMudeckutTe areHuun. HACA npunara enun
OT ITPBUTE KOCMHUYECKH cuMyJiatopu Ha Mucusra Mepkypuid. Te ce uznosssar
IpU MOJArOTOBKAaTa Ha aCTPOHABTUTE 3a PEajHU CUTYAILMM MO TPeaKkTOpUsTa Ha
MoJieTa, BB3MOXHM OTKJIOHEHHUsI U mpoOiemMu. CuMylatopbT 3a MHCHITA
Mepkypuii € cb3faseH Mo nojgoOue Ha cumyjaTopa oT mpoekta X — 15 3a
xurep3BykoB camoiieT Ha HACA u BBC na CAILLL

C pa3BUTHETO Ha TEXHOJIOTMUTE TE€3H CUMYJIATOPH CE€ YCHhBBPIIECHCTBAT U
BKJIIOYBAT TMO-KOMIUIEKCHM HW3YMCIEHUS MW aHaiuu3u. brnaromapeHue Ha
CUMYJIALIUUTE TOJISM MPOLEHT OT MUCHUHUTE Ca YCIEIIHU U ca U30erHaTy peauiia
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daranau rpemku. Huto eaHa kocMmuuecka MHCHS HE € oJo0peHa mpenud aa
ObJIaT TECTBaHU U 00PAOOTEHU JJAHHUTE OT Peaulia CUMYJIAIIUU.

Cumynarnuure ¥ mozenupaneto (S&M) cwio Taka ce H3MON3BaT B
OOy4YEeHHETO MO0 MHOI0 MHXKEHEPHHU CIEIUATHOCTH, Thil KaTO MOraT C rojisma
NPEU3HOCT J1a Ipech3Aanar AETaillii U NpoOsieMH, KOUTO Ouxa OWiM Mo —
TPYJAHO aHAIM3UPAHU OT YOBEIIKUS MO3bK.

CumynanuuTe ¥ MOJEIMPAHETO NOMArar 3a Ch3/JaBaHETO M Ha 0a3u Ha
JIpyrd IUIAaHETH WIM Ha HOBU KOCMUYecku craHiuuu. lIpumep 3a TakaBa
mporpama, KOSTO WMa 3a IeJ CUMyJanus Ha KocMmudeckn mucuu e SEE
(Simulation Exploration Experience), kosiTo BKIIOYBa OOEKTH C TEXHHUTE
XapaKTEPUCTHUKU - TbPBOHAYANIHO 3apeaeHa CiibHUeBaTa cucTeMa KaTo TPaHULIU
u CipHuero, 3emsata u Jlynara. SEE mporpamara € cChbTpyJAHHYECTBO MEXIY
YHUBEPCUTETH OT LISUT CBAT. | TaBHATA LIEJI € Ch3/I1aBaHE HA CUMYJIAlUs B PEATHO
Bpeme upe3 cranmapture Ha SISO (Simulation Interoperability Standards
Organization) u HLA (High-level architecture) [¢ur.1]. 3a Ta3u 1en cTyaeHTHTE
npwiaraT ymenuss B cdepure Ha 3] MomenupaHeTo, NPOrpPaMHUPAHETO,
MaTEMaTUYECKUST aHalu3 U (Pu3uKara.

DeepaTHBHUAT
MOJelI Ha o0eKTa
(DOM)

OB6EKTHM KhacoBe
Qepepar Qepepat Qepepar :@

MHTEpPaKTMBHW KAACOEE

——

pRTI (Pitch Run-Time Infrastructure)

@ue. 1. Cxema na HLA.

SEE peanuzupa mapTHROPCTBOTO MEXKIY MPABUTEICTBEHH OPraHU3allNM,
yacTHU Ou3Hecu U yHuBepcutTeTu. [Iporpamara e mpejcTaBeHa 3a MbPBU BT
npe3 2011r. mox umero SISO Smackdown, na Ecennara cumysanuoHHa
koHpepeHuus B boctbH. B chTpyaHMuecTBOTO ywacTBar Macauy3eTcku
TEXHOJIOTUYECKH WHCTUTYT, YHUBEPCUTETHT B lIeHCHIIBaHUS, TEXHUYECKUTE
yHuBepcutetd B ['enya, bopno u nBa craxkantcku orbopa ot Kocmuueckusit
HEeHTHP [[>KOHCBHH.

[IspBOTO OBIITapCcKO yuactue € Ha CoduiickusT yHuBepcutet mpe3 2015r.
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Cbc cuMmynanus Ha Omocepa B OaceilHa ATKHH, HaMHUpal] ce B IOXKHOTO
MOJYKBJIOO Ha oTHanedeHara crpaHa Ha JlyHaTta. /[Be rommHu MO — KBHCHO
CryneHTcKOTO KocMHuecko o6OmiectBo Ha BBMY | Hukoma Banmapo” ce
BKJIIOYBAa B TporpaMarta M 10 TO3M MOMEHT MMa 4 YCIENIHH CUMYJAIllMOHHU
MIPOTPAMH.

2. OcHoBHHUTEe copTyepu W  THAXHOTO  HU3MOJ3BaHEe  WU3BBH
cumyaanuonHute meau Ha SEE. [lapTHbopuTe Ha nporpamara

I'masaute cnioncopu Ha SEE ca NASA, Florida Space Center, SISO, VSee
u Pitch technologies. Te npegocraBar copTyepH H JIMIIEH3H, KOUTO ca HYXKHH 3a
OCBIIECTBSIBAHE HA CUMYJIAIIUUTE. Y YaCTBAIUTE SKUIHA U3IOJI3BAT CTAHIAPTUTE
Ha SISO, xouTo MO3BONSIBAT Ha pa3NpECICHUTE YacTH OT CHUMYyJalusATa aa
paboTaT 6e3mpodeMHo. OCHOBHHUTE COPTyEepH MPEIOCTaBEHU OT:

e Pitch technologies mpenocraBit  uHCTpymMenTH 3a  HLA
apxutektypa(pPRTI), cb3maBaHe, moaabpKaHe W BU3yalu3alUs Ha OOCKTH
pVisual OMT, kakto W cBbp3BaHe Ha (emepaTH Ha JOKAIHW M TJIOOATHH
CBhPBBpH IO CUTYpPEH U HanexaeH HaunH PCDS Gateway.

3apaau OpwsTHTHATa CH apXUTEKTypa W MPEIHU3HO JeHCTBUE COPTyepuTe
Ha Pitch technologies Hamupar roisiMo IpUIIOKEHUE B!

- CHUMYJIATOPHTE 3a CKauyBaHE Ha Kamlcyiu ¢ MexayHapoaHaTa
kocmuuecka craniusi(MKC), ¢ kouto TpeHupart ekunute oT Mocksa, Tyny3a u
bpemen. Exunure, KOUTO TPEHUPAT C TO3M CUMYJATOP YCHEHIHO CE€ CKaudBa C
MKC npe3 201 1r.

- IIEHTbpa 3a BB3AYIIHU cpakenus Ha llIBerus, kbpaero ca usrpajeHu 8
cUMyJiaTopa 3a O0WHU U TAKTUYECKH IIEIIH.

- nporpamara Ha HATO 3a Monenupane u Cumynupane(MSG), kosto
uMa 3a 1€ OOyYeHHeTO Ha E€KHUMU OT CTPAHUTE WICHKH Ype3 HOB THII
TPEHUPOBBYHA APXUTEKTYpa - KOMOMHUPANKU CUMYJIAIIMOHHUTE TPEHUPOBKU U
UTPHU.

- [IpoexTsT ,,Single European Sky” kem EBponeiickus Coro3 (EC), nmar
3a Ie7 CH3JaBaHETO, OICHABAHETO W OTTPECHUPAHETO HA HOBHU TIPOIEAYPH,
CBBP3aHU C BB3IYIIHUSI MEHUIKMBHT B EC cripsiMO HOBUTE peTryamum.

e NASA npenocras cpena 3a Buzyanuzanus Ha 3D monenute Ha Beue
narpagenute apxurektypu (HLA u FOMs) - DON (Distributed Observer
Network). Tasu cpema ce msmomsBa ot JSC u KSC 3a BusyanusupaHe Ha
CHMYJIAIIMOHHUTE JIYHHHU M JWHTI crieiic mporpamu| dur.2.].
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<object id="UoL Space Vehicle">
<pos>-815681.8256345909 -
296766.0468345342 -
1499649.7534911816</pos>
<quat>0.5796094794186682
0.7726450948750871 -
0.2166842183987196 -
0.14184624855957192</quat>
<parent>MoonCentricFixed</p:

nt> <vis>1</vis></object

@ue.2. Busyanuzayus 6 DON.

3. OcHOBHHUTe eTanmu B pa3padoTBaAHETO Ha CHUMYJAIMOHHATA
nmporpama

Exuner oT CrymeHTCKOTO KocMuuecko obOmectBo Ha BBMY | H.
Banmapos”, opranuszupa paborata cu B TpPU HANpaBlICHUS: HAYYHO-
U3CIIEJIOBATENICKO, JAu3ailH W mporpamupane. CTyneHTUTE OT Hay4dHO-
M3CIICJIOBATEJICKOTO HAmMpaBlieHWe pa3padoTBaT UJCEH MPOEKT, IEIUTE W
3amaunte Ha (denepara, u3bupaT U 00OCHOBAaBAT MSCTOTO Ha OOEKTHUTE,
OTpENeNAT 3aJadyuTe M BEPOSTHUTE IBMKEHUS Ha oOekTtutre oT (deneparta.
CryneHTUTe OT NU3aWHEPCKUSl €KUIl Ch3/aBaT MOJICIUTE HAa OOEKTUTE, YMITO
IBIDKEHHWE € 00eKkT Ha cumynarnuute. CTyIAeHTUTE-MPOTPaMUCTH pa3paboOTBaT
KOMITFOThpHATa CUMYJIAIIHSL.

ETtanuTe B pazpaboTBaHeTO HA CUMYJIAIMOHHATA TIpOrpaMa ca:

e [lpoyuBaHe - Hay4YHO-MU3CJIEIOBATEICKUAT €KHUI pa3padOTBAT HEEH
MPOEKT, IEeNUTE U 3aauyuTe Ha deaepara, n3dupar u 000CHOBaBAaT MICTOTO Ha
OOEKTHUTE, OINpeAeNsIT 3aJadyluTe U BEPOSTHUTE JIBIDKEHHUS Ha OOEKTUTE OT
benepara.

e (Cn3naBane Ha 3] Moaenu — cien on00peHHe HA UIEUTE HAa HAy4YHO-
U3CIICIOBATEIICKUS €KUM CKUITBT OT IHU3aiiHepH 3amouBaT m3paboTkara Ha 3]]
monenute. Haii — decro ce wmsmomsBar codryepute SketchUP u Blender.
['oToBUTE MOJIEH Ce 3ama3BaT BbB 33 bJDKUTETHUAT 32 SEE dopmar obj.

e Cp3maBa ce JokameH cbpBbp upe3 PRTI (Pitch Run-Time
Infrastructure) [¢ur. 3.], xoiTo mo - KbCHO B3ammoaelcTBa ¢ deaeparure (3/1
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monenute). KbM TO3u ChpBBp C€ CBBP3Ba OCHOBHUAT (PpeMyOpK, MO KOUTO
paboTH eKUITBT OT MPOTPAMHUCTH U B KOHTO c€ 3a7aBaT aKTUBHUTE W ITACUBHU
KJIaCOBE, B 3aBHCHMOCT OT IIeNIUTe Ha cumyianusaTa. Bceku demepar mma
cumynanuoneH mojnen Ha o6exta(CMO), koiTto ynaBs uHTepdeiica MexIy
CUMyJalMsITa U OCTaHajlaTa 4acT OT ompeneiaeHusT Qenepar. Becuuko ToBa e
4acT oT denepatuBHUS Mojaen Ha o0ekta(@OM), koitTo onucBa uHTEpQEHcuTe
MEXIy BCHUKH (heepaTH.

Direct mode

PicCd ,J PRTI" CRC listening on adapters 10.0.0.2, 172.31.20.213

Federate licenses in use: 13 out of 20

3DPrinter NVNA Modules2 Space Master

CRC

= & General

? Federations
? m‘SEE 2022

£ FoM

ne Table
1| synchronization Points
S8 Network Info
® Lost federates SEE 2022 (13 federates)

o B Space Master (Master)<33 FDD: [SISO_SpaceFOM_entity xml, SISO_SpaceFOM_environment.xml, SISO_SpaceFOM_management.xml, SISO
o B SpaceReferenceFrame

o [ DON (HLA to DON)<353

o B NVNA Station (Excavator)<

o [ NVNA Modules] (Excavator

o B NVNA Modules2 (Excavator SpaceReferenc... NVNA Rover Lunar Grid

o B NVNA Rover (Excavator)<3;

o B 3DPrinter (3DPrinter)<358!

o B LunarLandingBase (Lunarl{ ? < g

o [B Tower (Tower)<360>

o @ StructuralComponents (Str NVNA Modules1 LunarLandingB...
o B Lunar Grid (Physic y)

o B RASSOR (PhysicalEntity)<

3

Due.3. Hzo6pasicenue na copevp upes PItChRTI

Bzaiimogeiicteuetro  Mexay PRTI u ®OM  craBa  chnpsmo
mexayHaponuute ctanapatu |[EEE 1516 — 2010, npemnnoxenu ot SISO. Tosa
craBa upe3 RTI Ambassador u Federate Ambassador.

e lznpo6Bane Ha nemoTo 3a KomyHukanuu JlynspPoyBbp. ToBa e
dbenepar, nmpegoctaBeH otr SEE 3a TecroBe Ha nokanHo HUBO. [10 ChIIECTBO TO3H
denepar e MaTbK MO pa3Mep M IIIaBHOTO My TpeIHA3HAYCHHUE € Ja MIOMOTHE 3a
HACTpOWBaHE Ha MpoTrpaMara OT EKUIla Ha TPOTPAMHUCTHTE.

e (Crnen ycmemHO WMIUIEMEHTHpaHE Ha JEMOTO CE€ TeCTBa cpeiaTa Ha
Busyanm3aius npegoctaBeHa or NASA — DON. DON ®eneparst(DONT) e
cnenuaneH Qemepar, KOWTO TMPOCIEASB BCUYKM CHMYJAIMM U TOKa3Ba
uHpOpMaIUATa 3a TIX Ype3 WHCTpyMeHTa 3a Busyanmsamms. DONf | cmymra”
Tpaduka Ha Bcuuku ¢eaepatu u ru npeodpasyBa B XML. DON moxe na
Bu3yanuzupa XML B peanHo BpeMe wiM Kato noBTopenue. [1o To3u HauuH,
KOWTO M3MOJI3Ba MporpaMara uMa Bb3MOXKHOCT J1a CE€ JIBMKU U3 JIYyHHATa Cpefa,
3a J1a pa3riIekaaT pa3InyHd 00CKTH TIPU TAXHOTO B3aUMOJICHCTBHE.

e (Crnen ycCHemHOTO JE€MO C€ HMMIUIEMEHTHpAT Beue aBTOpckute 3]1
pazpaboTku

e TectBaT ce BCcHYKM HOBU (emepaTd Ha JIOKaJeH CBHPBBD 3a
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1000paboTKa Ha TIO3UIMHUTE U HEM3ITPABHOCTHUTE.

e [Ipu ycrmemHo NPUMHHATH TECTOBE M W3IBIHEHUE HA CTBIKU CE
NpeMUHaBa KbM OTAAJIMUYeH CHPBBp. ETanmure 3a cuMynamusi Ha OTIAIHYCH
CBPBBD Ca CHIIUTE KATO NpPU JIOKAJCH, pa3jiuKara €, Y€ NpU OTIATHYCHHUS
CBPBBp C€ pabOTH C OCTaHAINTE OTOOpPHU. 3a Ja Ce OCTBIM TO3U CHPBBP CE
usnoiBa VPN u cniermaiio nipenocraBeH IP anpec, npenocraBenn ot Florida
Space Institute.

e (Cren cBbP3BAHETO HA BCUYKU €KHITH B OOILIUAT CHPBBP 3armovBa odIa
CUMYJIAIs, TIPU KOSTO € Bb3MOXHO U CIOJICISTHE HAa PECYPCH Upe3 aKTHBHUTE
KJIacoBe BBB (penmepara.

4. Ilpoexktute Ha BBMY ,,H. Bannapos” npe3 pa3jiu4yHuTe roANHA

[TppBOTO ycmemHo Obarapcko ydactue € Ha COPUICKHUIT YHUBEPCUTET
npe3 2015 — 2016 rogmna. To mpencraBnsiBa cumyianus Ha Owocdepa Ha
dbenepar Ha syHata. CTyIEHTCKOTO KocMmudecko oOmectBo Ha BBMY | H.
Bammapos” yuactBa 3a mepBu 1eT nipe3 20171, — 2018. YenemnHo e pa3zpaboTena
KOMITIOThPHA CHUMYJIAIlUsl Ha KOCMHYECKa JIeTHIIEe, 0a3a u kocMouer [Dwur.4].
KocmonerbT ce MABWXKM OT JICTHIIETO W OTHBA JO0 KOHKPETHAa TOYKA.
WMHOBaTUBHOTO B TO3M MPOEKT € CHHXPOHH3MPAHETO HA CHMYJIAIUATA C
kinacudecka mysuka. [Ipe3 2018 3akmrounTennara KoH(epeHIHs Ha porpaMara
ce mpoBexna B Codus, ToraBa ce ch3gaBa 00Ia KOMIIOTbPHA CHUMYJIAIHS,
BKJTFOYBAIIa BCUYKH YIaCTHUITH.

OBJECTS METADATA

@ue. 4. Yacm om cumynayuama na omoopa na BBMY npez 2018-20192

ITpe3 2018r. — 2019r. e pa3paboTeH MOjeN Ha TJIaBeH €CKaBaTop W JiBa
MUHHM KOoMOaitHu Ha JlyHarta. ['oyisiMusT eckaBaTop MMa 3a 11eJl Jja TPaHCIopTUpa
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JIBaTa MUHU KOMOaifHa 710 ompejiesieHa ToUKa, KOATO MPEIBAPUTEHO € n30paHa
nopanu Haxoauie Ha Xenuit — 3 [Dur. 5]. Korato eckaBatopbhT MPUCTUTHE HA
MSICTOTO, TOM Mycka B JCHCTBHME JBaTa MHUHM KOMOaWHM W TE€ 3amoyBaTr jJa
chOMpaT JIyHEH peroiut, 6orar Ha Xenud — 3. BpblllaHero Ha ABETE MHUHHU
MAalllMHUA JI0 €CKaBaTropa C€ W3BBbPIIBA YPE3 MU3KYCTBEH HHTEIEKT, KOUTO
ompenens Hall - kpaTkus u 6e3omnaceH mwT. [Ipe3 2018 — 2019 exunsT Ha BBMY
ydacTBa B 3akmountenHata koHpepenmuss B Kenemm Creiic lleHThHp BBB
dnopuaa u MOJEpUpa CUMYJIALUUTE HA BCUUKHU EKUIIH.

@uz.5. Mooenume na ocHognume CUMY1AYUOHHU KOMIOHEHMU 8 NPOSPaAMAma Ha omoopa Ha
BBMY npe3 2019-2020 2.

[Tpe3 2020 — 2021 exunsT Ha BBMY mnpexacraBs cumynanusi Ha JTyHHA
0aza W OKOJO JyHHa Kocmuuecka craHuus [Pur.6]. Ilpes 2021 rog.
3aKJIIOUMTENHAaTa KoH(pepeHus Oelie BUPTyallHa W EKHIIMTE MpeICcTaBUXa
CBOHTE CUMYJIAINH.
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METADATA | CAMERAS |SIMULATIONS|  MENU

| © AITKEN BASIN
[o eartH

[o man

[O MARS

[O MOON

[O ROCKET

[o rockerpon

’VO SHUTTLE

o sruneTR

Le 12,1113
[ © STATION

"O SUN

@ue. 6. Oxono 1yHHa cmanyus u wemui, KOUmo ce npukaia koem nes. 4acm om
cumynayuonnama npoepama na BBMY 2020-202 1 ..

[Ipe3 2021 — 2022 Gsaxa mpeactaBeHu yetupu Qeaepara. J[Ba HaydHO —
U3CIICIOBATEJICKM MOJIyJia, POYBBp M 0a3za, BKJIIOYBAIA PaTUOTENIECKOIL,
KOMaHJIeH LEHThp, Ouochepa u ciapbHUEBM mnaHenu. llpencraBsHeTo Ha
cumynanuuTe [¢ur.7.] ce U3BBPINU OHIANH.

@ue.7. 3D ouzauin na pedepamume.

5. 3axkiaouenue
Cpb3maBaHeTO HA JIYHHU 0a3W IIe 3aloyHe Mpe3 CIICABAIIUTE TOIUHHU.
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[TonroTBsiHETO Ha OOIIHOCT OT MOTHUBUPAHU CTYACHTU, KOUTO CE WHTEpECyBaT
OT KOCMHUYECKH WU3CJICIBaHUA W TMporpaMHupaHe, TOTOBH Ja paboTaAT 3a
MOJITOTOBKAaTa KOCMHYECKH MHUCHHM € €IHa OT IIeIMTE Ha MEXIyHapoJHaTa
nporpama SEE. Pa3paGoTBaHeTo Ha pa3iauyHU TPOEKTU Ha QeaepaTd Ha
JyHHaTa TOBBPXHOCT WJIM OKoJI0 JlyHara W Ch3gaBaHETO Ha KOMIIOThpPHA
CHUMYJIaIHs Ha 0OCKTHUTE MO3BOJIsIBA pa3IIMpsiBaHe Ha OaHKaTa OT UJEH 3a JIyHHH
MHUCHH Ha KOCMHYECKHTE IIEHTPOBe, KouTo ca yact oT SEE. Exunnara pabora
Ha CTYJCHTUTE OT MHOTO YHMBEPCUTETH OT BCUUYKM KOHTHHEHTHU JOMpPHUHACS 3a
MOBHINIABAHE HAa 3HAHUATA U YMEHHUATA UM B pa3paboTkaTa Ha KOMMIIOTHPHHU
CUMYJIAIIH.
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KOCMHUYECKA KOMYHUKAIIMOHHA CUCTEMA 3A
OBYYEHUE

AHTOH ATaHAaCOB
SPACE COMMUNICATION SYSTEM FOR EDUCATION

Anton Atanasov

Abstract: This paper presents the educational modules, produced by the Bulgarian
space company for small artifical sattelites EnduroSat. The modules are used for physical
simulations of radiowave communication in space applications in small satellite missions.
The educational modules recreate the conditions of the surrounding environment by
generating physical radiowaves with ultra high frequencies. They can simulate the same
effects in S-band and X-band frequencies by accordingly adjusting the losses, while the
physical simulation remains in the ultra high frequencies. This paper features some of their
appications for education. The Educational modules are intended for hands-on experience
student training, targeted for the space communication sector.

Key words: Budget, Communication, Link, Satellite, Simulation

BbBenenue

Monynnata Kocmuuecka Komynukanunonna Cucrema 3a OOydeHue Ha
EnduroSat e gact ot eBporneiickus npoekt InnoSpaceComm. I'maBHarta 1enn Ha
TO3U TPOEKT € Aa ObJaT NMPOTOTHUMHUPAHU W Pa3pabOTEHH KOMYHHKAIMOHHU
Moaynu. Te TpsiOBa /1a ca CbBMECTUMH ChC CTaHIApTa 3a HAHOCATEIUTH, KOUTO
na ObJaT MpeioKEeHW Ha TMma3apa, M jJa ObJaT CBbP3aHU C HAIBJIHO
¢yHKIMOHMpamna 3eMHa craHius. Kocmudeckara kommanusi EnduroSat
pa3zpaboTrBa MoayiauTe Ha KOMyHUKallMOHHAaTa CHCTEMa, KOUTO paboOTIT C
(GbU3UYECKN YJITPABUCOKA YECTOTH W YECTOTU OT S-jeHTaTta u X-JeHTaTa H
CUMYJIMpAT yCJIOBUSTA HA KOCMUYECKaTa cpena. Te Morar n1a ObJaaT M3MOJA3BaHU
3a J]a Ce ONpeAelid HAJeKIHOCTTa Ha €lIHa KOCMHMYeCKa KOMYHHMKAIMOHHA
CUCTEMa C KOHKpPETHO 3ajajeHu mapaMmerpu. llenra Ha paszpaboTkata Ha
OOyYHMTEITHUTE MOJYJIH € Ja C€ pa3lIupu KOCMHYecKaTa WHIYCTPHsI, KaTo T ca
HOCUEHU 3a IMPHJIOKEHHWE OCHOBHO B YHHMBEPCUTETCKOTO oOpazoBanue. C
MOMOIITa Ha TE3W MOJYJIH CE€ pEAIH3UIIAT CUMYJAlMd Ha KOMYHUKHPAHE CbhC
catenuT. Te3u cuMylauuM MOraT Ja C€ H3IM0J3BaT KaTo HHCTPYMEHT 3a
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IpoBepKa Ha (YHKIMOHATHOCTTA IMPHU Ch3JIaBaHETO HAa OOOPYJBaHE 3a 3EMHH
CTaHIIUU W JIFOOMTCIICKH CITbTHUIN. KOMYHHMKAIIMOHHU CHCTEMHM Ca JIapeHU Ha
pa3IMYHU YHUBEPCHUTETH, KaTO IO TO3W HAYUH CE€ IOJKPEIST MPaKTHYCCKOTO
oOydeHre, HacoueHo KbM Kocmoca. ToBa ¢ eaHa OT JACHHOCTHUTE Ha IPOCKTa
InnoSpaceComm.

[IpeacTaBenuTe mMpUMepH 3a W3MOJI3BAHETO HA MOJIYJIHUTE B OOYYCHHETO
ype3 TPAKTUYECKH EKCIIEPUMEHT, TIOKa3aHO € KaK CTYISHTHUTE MoraT
WHTYUTHBHO J1a YCBOSIT MOHATHUATA 32 OIOJKET HA Bph3KaTa, MHTEP(ETCHIHS U
JlomtepoBo oTmecTBaHe. CucreMara TO3BOJISIBA J1a C€ CPABHAT EMIHPUYHU
pe3yATaTH OT W3MEPBAaHUSA C YHUCTO TEOPETHYHUTE W3umciieHus. [Ipumepure
BKJIFOYBAT u3MepBaHus B ynrpaBucoku yectoTn (UHF) u yectotr ot S-neHTara
u X-IeHTata C pasIuYHA 33JaJicHH [apaMeTpu, W U3CJIeABaHE Ha
B3aMMOOTHOIIEHHETO KM C BEpPOSITHOCTTa 3a Tpellka Ha MpeaajcHUTe
UHPOPMAITMOHHHU TTAKETH.

1. Onucanue Ha 000PYyIABAHETO

Cucremara ce CbCTOU OT TPU MOJIyJa. [[Ba OT TAX ca UAESHTUYHH TIPUEMO-
npenaBaTeTHl MOy u. Te m3apuBaT U mosydaBat uHpopmamms noj dhopmara
Ha PATUOBBJIHMA. TpPEeTHAT MOMYJT 3aMeCTBa MPA3HOTO IMPOCTPAHCTBO, KAaTO
UMUTHpa 3aryouTe B cuiaTa Ha curHaia. ToBa ca 3aryOurte, MOPOJAEHU OT
CBOOOJHOTO MPOCTPAHCTBO, MPE3 KOETO MBTYBAT €JIEKTPOMArHWUTHHUTE BHIIHM,
MOTIBIIAHETO WM OT aTMocdepaTa, pa3sMHHABAHETO HaA TMOJSAPHU3AIUATA B
aHTECHUTE W WHTephEepeHIMs ¢ BBHIIHU IIyMoBe. [Ipuemo-npenaBarenuTe
MPEACTaBIIBAT MOJEPHM KOMYHHUKAITMOHHM MOJIYJIM 3a yrmoTpeba B
HaHOCATENUTU. Te ca JOMBIHUTEIHO MOAU(UIIMPAHH, 32 Ja Ce HM3IOJ3BAT 3a
UMYJIalNK Ha 3eMsTa, ChC CTAHIAPTHU MHTEPPEicH 32 00YUNTEIIHN LIETH.

1.1. TexHu4eckn Bb3MOKHOCTH HA CHCTEMATA

Ha npuemo-nipegaBaTeTHUTE MOTYJIM MOTaT J1a ObJIaT 3aa/ICHN Pa3IndHU
MoOTyJIallMOHHK cXxeMu ¢ ["aycoBa yectoTHa moaynaius (GFSK), cbc ckopocT oT
1200 no 19200 O6mta B cexyHma. MoIMHOCTTa Ha IpeaBaHe MOXKe Ja ObJe
u3bpana mexay 27dBm, 28dBm u 31dBm. Peannata MOXXHOCT Ha MOMAYJIUTE €
ot -3dBm g0 1dBm ¢ nenra na ce Hamalld M3BbYBAHETO U3BBH MOJYJIUTE ChC
choOpakeHms 3a Oe3omacHOCT. OCBEH CKOPOCTTAa M MOIHOCTTA Ha TpeaaBaHe,
MOTaT Ja c€ 3amagaT KOChHUIIMEHTUTE Ha YCHUJIBaHE Ha TMpeaaBareis W
NMpUEMHMKA, HOCeIlaTa 4YecToTa, 3aryoure B caMOTO oOOOpyABaHE W
JlomiepoBOTO OTMECTBaHE Ha CHTHajda M KOMIICHCAIMSITa HAa OTMECTBaHE.
CriocoOHOCTUTE Ha MOJIYJIMTE JIKAT B JMAMAa30HA OT YJITPABHCOKH YECTOTH
mexxay 430MHz u 450MHz, cwc cremka mpu HactpoiiBane ot 10kHz.
MonynuTe mpou3BeXIaT PaIUOBBIHN MOCPEACTBOM aHAJIOTOBA arapaTrypa - Ha
TAX CE€ pa3loJiara MUKPOKOHTPOJIEP, KOUTO TpeaaBa nHpopMausaTa, moaaacHa
OT TJaBHUS KOMITFOTBP KBbM MOJYJIATOPEH 4YHUI, KOWTO 5 MpeHacs BBPXY
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HOCeIllaTa YeCTOTa, TeHepupaHa OOPIOBUS KPUCTAIECH OCIMIATOp. YecToTH OT
nuara3ona Ha S-nenrata (okojo 2GHz) u X-nenrara (oxono 8GHz) chino ce
CUMYJIUpaT Ype3 aHaJIOTOBUTE KOMIIOHEHTH, BBIIPEKH TOBA, Y€ Ca HU3BbBH
YeCTOTHUSA HHTEpPBaJ Ha OCUMJIATOpa - M3MO0JI3BA CE OPUTMHAJIHUSA CUTHAT B
yJITPaBUCOKH YECTOTH, KaTO C€ MPEU3UUCIIsIBA C IOMOIITa Ha copTyepa.

W nBata mpuemo-mipenaBaTeIHH MOAYyJa paslojiaraT C amaparypa 3a
aBTOMAaTHYHA KOMIICHCAIMsI HAa OTMECTBAaHETO Ha decToTara. YecTOTHOTO
OTMECTBaHE Ce€ IMpech3/IaBa Upe3 CUMYJIMpaHaTa CKOPOCT Ha JIBIKEHUE MEXKIY
npenaBatenss W npuemMHuka. KomyHukauumonnure wmoxynu wumar PC-104
KOHEKTOpH, C KOUTO Ja ObJaT CBBpP3aHU C OCTAHAJIUTE MOIYJIU B €IUH
CTaHJapTEeH HAHOCATENUT; YNnoTpebara Ha T€3M KOHEKTOPU HE € HAJIOKUTEITHA
npu paboTa cbe copTyepa 3a CUMYJIaLUU.

Moayna 3a cumymaiusi Ha MPa3HOTO MPOCTPAHCTBO MPECh3/aBa pasiajia
Ha paJIMOCHUTHaja MPe3 HErOBOTO Pa3MpOCTpaHEHUE OT caTeliuTa MpeaaBares 10
NpUEeMHUKA Ha 3€MHATa CcTaHlua. Toil 3aMeHsi 3aTUXBAHETO Ha BBIHUTE,
NOpPOJIECHO OT 3aryOu B CBOOOJHOTO TMPOCTPAHCTBO U BIHUSHUETO Ha
aTMocdepara, 3aBUCEI0 OT AbJDKHHATA HAa HOCelaTa BbiiHA. PenpoaynupaneTo
Ha Te3u ePEeKTH € MOCTUTHATO Ype3 XapAyepHH ateHtoaropu. OcBeH 3aryouTe oT
CJIEKTPOMArHUTHO pPa3MpOCTPaHEHHE MOTaT Ja Ce CHUMYJIHpaT U Te3U OT
pa3MuUHaBaHE B  MOJSIPU3ALMATA, HETOYHOCT TMPU  HACOYBAHETO  HA
NpUeMHHUKOBAaTa aHTeHa, JloruiepoBo oTMecTBaHe, HHTEpQEpPEHIUS C
MOHOXPOMATHYHHU IITyMOBE WJIM TTOBUIIIaBaHE HA HUBATa (DOHOB IIIYM.

2. PaGoTa ¢ o0opyIBaHETO

Bceku eaun oT Monynute ce CBbp3Ba KbM KOMITIOTHD MPE3 YHUBEPCAIHA
cepuiina muHa (USB), c¢bc ckopoct Ha oOMeH Ha cumBoiu oT 115200 Owuta B
CEeKyHJla, 32 Bpb3Ka ChC cOoPTyepa 3a CUMyJalluu, pa3pabOTEH 3a MOJIYJHUTE,
KOMTO ce MHCTAIMpa Ha TJIaBHHUS KOMITIOTBD ¢ omeparroHHa cuctema Windows.
Monynute ce  CBBp3BAaT TMOMEXKIYy CH C  KOaKCHaJIHM  Kabemwu.
KoMyHukanyonHara cucTteMa CUMyJHpa TpelaBaHeTO Ha HWHGOpMAIHsS C
PaZMOBBIHU OT CAaTEJIUT J0 3€MHA CTAaHIUS Ha PA3IMYHU YECTOTH U MapaMeTpu
3a MOIIHOCTTa HAa M3JIbYBAaHE M YCWJIBaHE HAa aHTEHUTE. EMWHUS OT mpuemo-
npeJaBaTeIHUTE MOy C€ W3MOJ3BAa ChC CTAaHIAPTHU HACTPOWKHM 3a Ja
UMUTHpPa HAHOCATEJIWT, W3Mpamian HWHPOPMAIMOHHA MaKeTH KbM 3eMmsrTa.
Bropusar npuemo-nipenaBateieH MOIyJ 3aMeCTBa MPUEMHHUKA U JEMOyJIaTopa
Ha 3eMHaTa CTaHIUs. TpeTHsIT MOAYJ IMpech3aBa BCsKa 3aryda B CHUTHAA,
KOSITO BB3HHUKBA JIOKATO HOCEIaTa BhJIHA U3MHHABA Pa3CTOSHUETO OT CaTEeNnTa
70 3eMHaTa CTaHIWsA. 1ol mMpeacTaBisiBa M 3aTUXBAHETO, MPUYMHEHO OT
aTMOC(EpHHUTE YCIOBUS, CBHIO Taka U edekra Ha J[OmIepoBOTO OTMECTBaHE,
MOJISPU3aBUOHHOTO pa3MUHABAHE HaA TpenaBaTelii C TPUEMHHKA, KaKTO H
BpeJaTa OT INIyMOBET€ W UHTEPPEpEeHIHsITa CbC CUTHAIA OT BBHHIIHU
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n3TouHuIM. [loTpebutenar Moxe Aa 3a7aBa mapaMeTPUTE MOOTIEITHO 32 BCEKH
MOAYJ TOCpACTBOM codTyepa. Moxke na ObJe HU3MOI3BaH HHCTPYMEHT 3a
CIEKTpPOrpaMu 3a Ja ce MpeAcTaBu opMara Ha CUTHAIUTE CJE]l BCEKH €Tarl OT
npenaBaHeTo uM. CriekTporpaMara mo3BojsiBa Ha CTYJEHTUTE Jla HaOJtoaaBaT
3aryOWTe OT €JIEKPOMATHUTHO Pa3MpOCTPaHsIBaHE M €()EKTUTE HA IIYMOBETE W
BBHIITHUTE CUTHAJIHM, KOETO C€ SBSBA M3KIIOYUTEITHO TIOJIE3HO B M3yYaBAHETO HA
CHEIUATHOCTH KaTo KOMyHUKAIIMOHHN TEXHOJIOTUH U TeIeKOMYHHUKAIIUH.

3. [Ipuiioxenne B 00y4eHHETO

3.1. broakeT HA Bpb3Ka

KakxTo caMoTO MMe Io/CKa3Ba, TOBA € BHJ ,,0F0/DKET , KOMTO IT03BOJISIBA
Jla 3HAaeM KakBa MOINHOCT € HaJlW4yHa W KakBa € Hy)KHaTa MOIIHOCT,
ChIIOCTaBEHa C OMNPENIETICHO KOJMYECTBO IIYM - TOBA € €HAa OT Hail-BaKHUTE
BEJIMYMHHU, KOUTO C€ B3UMAT MpeABui. bromkera Ha Bpb3KaTa ce H3YUCISABA
UTEPATHBHO 3a Ja CE OMNpe/esid KakBa aHTEeHa TpsOBa Ja ObJe M3MOJI3BaHA B
elHa CcHCTeMa M JilaBa OrpPaHUYEHUsS] BBPXY UECTOTUTE, MOIIHOCTTA,
MOJyJIAIMOHHATA CXeMa M OTUETIMBOCTTa Ha curHanute. [Iporemypara, KosATO
BBBEXKJIaMe IIIe HU MO3BOJIM JIa OIEHUM BEpPOSTHOCTTA 3a IpelIka Ha MpeajcH
OWT 32 KOHKpETHA CHCTEMa U J1a TPOBEPUM Kak TS MOKe Ja Ob/e Mmogo0peHa ako
ce HaJiara.

bromkera Ha Bph3KaTa ce M3YUCIIABA 10 BpeMe Ha ¢azaTa Ha MPOCKTHPAHE
Ha KOMYHHUKAaIlMOHHATa CUCTEMa 3a Jla Ce MPEICHH OTHOILICHHETO Ha cujaTa Ha
MOJTYYCHHUSI CHTHAJ KbM Ta3u Ha (DOHOBUTE IIYMOBE OT HW3IBUCHHS HadajcH
,,OI0JKET”, CleJl KaTO KbM HEro ce J00aBSIT BCUYKU YBEJIIMUCHUS U CE U3BAJAT
BCUYKHM 3aryOu. JlOoCTaThbuHO BHICOKHSI OFOJDKET TrapaHTHpa BEPOATHOCTTA 3a
rpeika Ha mpenageH OuT Aa Obae B JONMyCcTUMHUTE TpaHunu. [maBHaTa
BEeNMYMHA B OIO/KETa Ha BpPbH3KATa € KOJIMYECTBOTO MOIIHOCT, KOSITO JIOCTUTA
MpPUEMHUKA, CPABHEHO C IIyMa B cUcTeMaTa (OOMKHOBEHO KOJMYECTBO IIIyM 3a
eIVHMIIA IIUPUHA Ha JieHTarta/kaHama). OmnpenensHeTo Ha OmKeTa Ha
CHUCTeMaTa, MOKa3Ba KaKBW Ca HEWHHUTE OTPaHWYCHHS OTHOCHO BHJIA aHTEHA,
ynotpe0siBaHaTa 4ecToTa, MOIIHOCTTA HA U3JIbYBaHEe, MOJyJIAllMOHHATA CXeMa U
METO/1a 3a TIPOBEPKA U MONPABKA HA TPEIIKH B MHPOPMAIIMOHHUTE TTaKEeTH.

3.2. EdpexTuBHA nIon1 ¥ Koe(pUUMEHT HA YCHJIBaHe HA aHTEHA

3a nma pa3bepem aHTeHUTe, TpsiOBa Ja paszdupaMe HACOYEHOCTTa Ha
TAXHOTO M3TbuBaHe. Ts ce ompesens OT paJuallMOHHATa [IapkKa Ha BUa aHTCHA
M HeuHara cCrTpykrypa. HacodeHocrtra € CBOMCTBOTO, KOETO OIMCBA
paslpeneNeHNeT0 Ha  CHEpPrusATa, UW3IbUBaHA OT JaJeHa aHTeHAa B
MPOCTPAHCTBOTO. Ts MpEnCTaBiisiBa OTHONICHHUETO HA KOJIMYECTBOTO OTIEICHA
€HEeprus B MOCOKAaTa HAa HAW-CUJIHO M3TbUBAHE KbM CHJIaTa HA HW3TbUBAHE HA
M30TPOIHA aHTeHa (aHTeHa, YMETO HM3TbUBAHE € €JHAKBO CHJIHO BHB BCHUKH
MOCOKH, WJIH, UMa HJeaHa chepudyHa paaualioHHa IapKa) C €KBUBAJICHTHA
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MOIIHOCT. HacodeHocTTa ChIO MOXKE J1a C€ IPEACTABH KaTO KOJIMYECTBOTO
MOIIHOCT 34 €IMHHLA IPOCTPAHCTBEH BI'bJI B JaJI€HA II0COKA BBPXY CpeaHaTa
MOIIIHOCT, OTAAJE€HAa BBB BCHYKH NOCOKH. OIIPOCTEHO, HACOYEHOCTTa ¢€
VMHTEH3UTETa Ha pajualusaTa aHTeHaTa B IIOCOKAaTa Ha HAaW-TOJSIMO M3JIbYBAHE
COPSIMO CPEHUS M UHTEH3UTET. [[pyr HauMH, 10 KOWTO MOKE J1a C€ MPEICTABH €
ype3 IMpUHATa Ha HeWHus apy. T8 ce JgeduHupa ¢ moOMoOIITa Ha
IIPOCTPAHCTBEHHS BI'bJl B HM30TPOIIEH W3TOYHUK, KOMTO paauupa BbB BCHUYKU
IIOCOKHA PaBHO KOJIMYECTBO €HEPrys Ha MAaKCUMAaJIHOTO KOJWUYECTBO €HEPIHs B
JaJieHa aHTeHa B MOCOKATa M HAa HAW-TOJSMO H3JIbYBAaHE, KAaTO TO3HU BI'bJ
ChABbp2Ka TOJIKOBA €HEPIUs, KOJIKOTO LisIaTa EHEPIUs OT U3CIEABaHATa aHTCHA.
OTHOLIEHHMETO Ha TO3U BB KbM IMPOCTPAHCTBEHUS BI'bI Ha cdepa
IIPEACTaBIsABA HACOYEHOCTTA, M3pa3eHa ype3 IuMpuHarta Ha Jb4da. lloBeuero
aHTEHU MMAaT paJualliOHHA IIapKa, ChCTOSIIA C€ OT €IUH TJIaBEeH JIb4 U Habop
OT BTOPWUYHHM JIbYM CBHC 3HAYMUTEIHO IO-MAJIKa IUTBTHOCT HAa M3JIbYBaHE. 3a
TaKMBa aHTEHH, IIMPUHATA HA JIb4a MOXeE J1a Ob/e NPUOIUZUTEIHO W3UUCIICHA
4ype3 MPOU3BENACHMETO HA UIMPHUHATA Ha Jb4Ya, ChABpIKAIL I10JOBHHATA
paguanMoOHHA MOIIHOCT, HM3MEPEH Ha JBE MEPICHIUKYISIPHU paBHHUHH,
IIpecuyany Cce€ B OCTa Ha IJIABHMS JIbY. 3HAYMMOCTTA HA JIb4a Ha IMOJIOBHH
MOIIIHOCT HAaBJIM3a, KOraTO C€ U3YMCISABAT 3aryOMTe WM Trpelikata IpH
HAaCOYBAHEC HA AHTECHATA - AHTEHA C TECEH JIbY MMa II0-BUCOKAa HACOYEHOCT U
yJIaBs MO-CJIa0U CUTHAJIM, HO MAJIKO OTKJIOHEHHE OT U3TOYHUKA BOJIHU JI0 TOJIEMU
3aryOm Ha curHama. Jlpyra BakHa BEJIMYMHA, OT KOSATO CE€ H3BEXIA
HAaCOUYEHOCTTa, € €(eKTUBHATA IUIOLI Ha e€aHa aHTeHa. ChIIO Taka, MO ChIIUA
HA4MH, 110 KOWTO MO-TOJISIM TEJIECKON MMa CIOCOOHOCTTa Ja 3acuya mo-0senu
00€eKTH, aHTEHa ¢ MO-rojisiMa e(eKTHBHA IJIOL] UMa Bb3MOKHOCTTA J]a IPUXBaHEe
o-rojiiMa Mu3BaJKka OT (pOHTAa Ha €JIEKTpOMarHUTHAaTa BbIHA U Ja 5
npeoOpaszyBa B eHeprus. BaxHo e na ce orOenexu, ye edeKTUBHATA IJIOL] Ha
elHa aHTeHa HE OTroBaps Ha (Qu3uyeckaTa IUION] Ha AaHTeHaTra - T
IpeJcTaBiIsiBa aOCTPAKTHO IUIATHO, KOETO OM OTrOBapsIO Ha ONpEJeseHa 4acT
0T cpepruyHUs (PPOHT Ha €JIEKTPOMArHUTHUTE BBIHU B €JIEKTPUYECKA MOIIHOCT
U MOKE€ 3HAYUTEIHO Ja C€ Pa3jvydaBa C peajJlHaTa IUIOLl HAa aHTEHATa, U Ta3u
pasnuKa € olle Mo-u3pa3eHa Mpu ONpeIeJIeHU BUI0BE aHTEHU (HaIp. KaMIIUYHU
anTeHn). Owie nosede, ePeKTUBHATA IIJIOL] 3aBUCH ITPABOIPONIOPLHUOHAIHO OT
IBJDKAHATA Ha BbJHATA, 3a KOATO € IIPUIOJICHA JaJcHara aHTeHa. loBa
MO3BOJISIBA AHTEHA, KOSATO pabOTH C MO-BUCOKHU YECTOTH, WJIU MMa MO-TOJIsIMa
edeKkTHBHA IUION] Mopaau (u3myeckara CU CTPYKTypa, Ja HMa Mo-Aodpa
HacoueHocT. HacoueHocTTa HU BOIM U 70 Koe(UIIMEHTa Ha YCUJIBAHE Ha €/lHa
anTeHa. Koeduienra Ha ycuiBaHe € BaKHa BEJMYMHA MPHU U3UUCIISIBAHETO Ha
Oro/KeTa Ha KOMYHUKAIIMOHHUTE CUCTEMHU. Toil € paBeH Ha MPOU3BEACHUETO Ha
HAaCOYEHOCTTa M eNieKTpuueckara e()eKTUBHOCT Ha aHTeHaTa. EnexTpuueckara
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e(eKTUBHOCT € IPOCTO COTHHOCT Mexay O u 1, KosiTO ompesiesnss KakBa 4yacT OT
CHEeprusATa Ha B €JHA aHTEHa Cce MpeoOpa3yBa B EJIEKTPOMATHUTHUS (DPOHT,
U3II'bYEH OT aHTEHATa, WM OOpaHO. YCHJIBAHETO OIKCBA KOJIKO e(pHUKACHO ce
TpaHchOopMHpa B €IHATA MOCOKA - PAJMOBBIHU B €JIEKTPUYECTBO, a B 0OpaTHaTa
- @JEKTpUYECKAa CEHEpPrusi B EJCKTPOMAarHuTeH (POHT B OMNPEICIICHO
HamnpaBlIeHUE B MPOCTpaHCTBOTO. KoeduimenTa Ha yCUIBaHe MPSIKO yBEIUYaBa
CHWJaTa Ha TIOJYYCHWTE W HW3IILUYCHUTE BBIHU B TJIABHUS JIbY W HaMalsaBa
YyBCTBUTEIHOCTTA HA BTOPUYHHUTE JbUU. TOM € Cpell Hal-Ba)KHUTE MapameTpH,
KOUTO C€ TMPOCKTUpaT B €JHAa KOMYHHUKAIIMOHHA CHCTeMa KakKTO TIpH
IpeaaBaTelisi, Taka v Py MIPUEMHUKA.

4. PesyaraTu

4.1. Pe3yaTratd OT eKCHEPUMEHTH, CPbBHEHM C TeOPeTHYHU
OYaKBAHUA

bromkera Ha Bpb3KaTa € BaXKHO TOHSTHE, KOETO 3aBUCH OT MHOXECTBO
napametpu. [lopanu Tazu mpuuuMHa, TOM MOXKE Ja 3aTpyJHSBA YUCHHUIIUTE B
TSAXHOTO BBBEJACHUE KbM KOMYHUKAIIMOHHUTE TEeXHOJOTHU. CHUMyIanuuTe,
HampaBeHU ¢ momoinra Ha moayiure oT Kocmuueckara KomyHukanmoHHa
Cucrema 3a OOyueHue, mMorar jJa YJECHSAT Ipolieca, KaTo pa3KpuBaT KaKbB
epeKkT HWMaT pa3TMYHUTE TMapamMeTpd BBPXY OMOMKEeTa B peallHO BpeMe.
CuMynanuuTe MoKa3BaT MpsKaTa Bpb3Ka MEXAY TSIX M KaueCTBOTO Ha CHUTHAJA.
Monynute cblllo MOrar Ja JONpPUHECAT Bb3MOXKHOCTTA J]a C€ CPaBHAT YUCTO
TEOPETUYHN M3YUCIICHHUSI C EMITMPUYHU M3MEPBAHUS HA UCTUHCKO O0OpyaBaHE
3a [sJ1a KOMyHUKAallMOHHA CUCTEMA OT caTeluTa JI0 3€éMHAaTa CTaHIus. 3a Ja ce
3a3/paBy JOMBIHUTEIIHO TO3HAHUETO 3a OIO/KET Ha Bph3KaTa, P U3MOI3BaHE
Ha codTyepa 3a CUMYJIALUK, TTOTPEOUTEINTE PHYHO TPSAOBA Aa M3YUCIAT M Ja
BbBE/IaT CTOMHOCTTAa Ha 3aryOuTe OT pa3NpoCTpaHsBaHE B CBOOOJHOTO
MPOCTPAHCTBO 3a cCBOsl carenuT. [Iporpamara aBTOMAaTUYHO TIPOBEpSBA
BbBEJICHATa CTOMHOCT, B 3aBUCUMOCT OT BXOJHHUTE MMapaMeTpH 3a Pa3CTOSHUETO
MEXIy MpefaBaTels W NMPUEeMHUKAa U JhJDKMHATA HAa BBJIHATA Ha HOcelara
4eCTOTa.

4.2. lonjiepoBo 0OTMeCTBaHe

JlomyiepoBOTO OTMECTBAHE 3aBUCU OT OTHOCUTEIHATa CKOPOCT MEXKIY
caTeJUTa M 3eMHaTa CTaHIMs, KOATO C€ MPOMEHs Mpe3 BPEMETO, U ChIIO Ce
BIMsC OT BHJAa Ha opOurara Ha catenuta. [lpu mo-Bucokm yecToTu (Hamp.
yinrpaBucoku / UHF), edekra ot JlomiepoBoTo oTMECTBaHE MOXKE Ja W3MEHH
HOCeIIIaTa YeCcTOTa AOCTaTh4YHO, 3a Ja S OTMECTH M3BbH 00XBaTa HAa MPUEMHHUKA,
U ToBa TpsOBa Ja ce KoMIeHCHupa. B MoMeHTHTe, KoraTo mpemaBaTelis ce
npubIMKaBa KbM MPUEMHHKA, U3MEPEHATa YECTOTa € MO-BUCOKA, HAPEUCHO OIIIe
,,CHHBO OTMECTBaHE”, a KOTaTo Ce OTJajeuaBa - M3MEpeHaTa 4ecToTa € IIo-
HUCKa, OIlI€ HAPEUYEHO ,,4EPBEHO OTMECTBAHE . 3a CIIOMAraTeiiHO CPEACTBO MPH
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00Oy4eHHETO, KOraTto ce M3MoJi3Ba codTyepa, OT MOTPEOUTENs Ce M3UCKBa Ja
BbBEJIC KAKTO OTHOCHUTEJIHATa CKOPOCT MEXKIY caTeliuTa M CTaHIUATa, Taka U
CTOMHOCTTa HAa YECTOTHOTO OTMECTBaHE, KOSTO OTroBapsl Ha 3ajajeHaTa
ckopoct. Crnen ToBa, mporpamara NpoBepsiBa BXOJHOTO TI0Jie, CBITIACHO
IpeIBapUTEIHO JaeHaTa GopmyJa.

PER (%) vs. Fi
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Due. 1. ﬂonﬂepoeo ommecmedaHne ¢ aemomanmudHa KOpeKkyusl

CumynamuuTre, W3BBPIICHH Ype3 MOAYJIUTE, JEMOHCTPHpPAT Kak
YEeCTOTHOTO OTMECTBAHE BB3JCHCTBA HA BEPOSTHOCTTA 3a Tpelika Ha
MpelaJIecHUTe MAKeTH KaKTO ChC, Taka U 03 aBTOMaTU4YHA KomreHcarus. [Dwur.
1] noka3Ba kak aBTOMaTHYHAaTa KOMIICHCAIIMS 32 YeCTOTHO OTMECTBAHE HarJacs
YyecToTaTa Ha MPUEMHUKA U CTa0MITHO MTPUXBAIlla CUTHAJIU, KOUTO C€ OTKJIOHSBAT
¢ mo-manko oT 11.7kHz ot Hocerara yecrora npu AeBUAIMSA Ha MOIYJIAIHsATa
or 4800Hz. CurHaiure W3BBH TO3M JAHMANa30H, Ps3ko ce TyosT. CpaBHUMH
OTMECTBAHUS HAa YECTOTATa CE MOJydaBaT MPH TUITUYHU MPEJICTH HA CATCIIUTH B
HUCKa OpOWTa W YIATPABUCOKHM YECTOTH, 3a S-IeHTatra u X-JIeHTara,
OTKJIOHCHHSITA IIE Ca OIIE MO-BUCOKH.

Ha ®wurypa 2 ¢ npencraBeHa mocTaHOBKa 0€3 aBTOMaTHYHA KOPEKIIHUS Ha
YecToTara, KBIACTO TIPUEMHUKA CJIEAM CcaMO OCHOBHaTa udectoTta. [lpum
Moxaynanus ¢be ckopocT oT 19200 Gurta B cexynna ¢ aesuarus ot 4800 Hz,
MPUEMHUKBT 3a04Ba Jla YJIaBs CUTHAJIUTE €/IBa MPU OTKJIOHEHH OT Hall-MHOTO
2.9kHz (xoeTo e cpaBHMMO C €JiHA BTOpa OT JCBHAIMATA), IPH TOBa C BHUCOKA
BEPOSTHOCT 3a Tpemku. HamexmaHocTra 3a TPaBWIHO TOJy4aBaHE Ha
CHOOIIIEHUS pacTe, JOKATO MOJydeHaTa YeCToTa ce JTOOIMKaBa KbM OCHOBHATA.
[Ilom oTKJIOHEHHETO HaBie3e B auanazoHa mexnay + 4800 Hz, epextute Ha
JloriepoBOTO OTMECTBaHE CTaBat npeHedpexkumu [dur. 2].
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PER (%) vs. Frequency Shift (kHz)
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Duez.2. Jlonneposo ommecmaane 6e3 KopeKyus Ha yecmomama

4.3. BbHIIHM IIyMOBe M YyBCTBUTEJIHOCT KbM MHTep(depeHuus

BbHIIHNTE 1IyMOBE MOraT AWPEKTHO Jla yBEJIMYaT BEPOSITHOCTTA 3a
IPELIKU Ha OTAETHUTE OUTOBE B CHTHaNa, ThH KaTo TOBA O3HauaBa IO-BHUCOKA
CHEeKThpHA IUTBTHOCT Ha HryMa. MHTepdepeHumsITa ch¢ MOHOXpPOMATUYEH IIYM
ChC ChIIUS MHTEH3UTET KaTO Ha CUTHaJIa, MOXKE J1a MPEeAN3BUKA OT MOBUIIaBaHEe
Ha BEPOSITHOCTTA 3a IPEIIKH J0 IIbJHA 3ary0a Ha uHpopmarus. Konkoro noseye
ce A00dMkaBa MHTEpPEpEeHTHATa YecToTa A0 HOcellaTa 4ecToTa Ha CHUrHaja,
TOJIKOBA TIOBEUE OT IMIMPUHATA HA KOMYHUKAIIMOHHUS KaHAJ Ce MPe3acThIlBa OT
UHTEpPEPEHTHUTE BBJIHU U MH(DOpManusaTa My ce ryou. ['padukara nmokas3Ba kak
npu uectotu Mexay 439.8MHz u 440.2MHz, npu HOcema yectota ot 440MHz,
1sgaTa MHGopManus Ha NPeNajJeHUTe CUTHAlu ce ryOM, JOKAaTo U3BbH TO3U
JIMana3oH, KayeCTBOTO HE C€ TPOMEHSI.

4.4. KoepuueHT HA yCUJIBAHE HA MpPeAaBaTesisi U IPUEMHUKA

[To-BUCOKHS KOEPUIMEHT Ha YyCHJIBaHE € MPaBONPONOPLUOHANIEH Ha
KOJIMYECTBOTO €HEPrusi, KOSTO MpenaBaTeis U3TbuBa U KOJIMUYECTBOTO €HEPTHUs
OT  EJIeKTPOMAarHUTHUS  (QPOHT, KOSATO TMPUEMHHKA TMpeoOpa3yBa B
enekrpuuyectBo. CrefoBarenHo, KpailHaTa MOIIHOCT pacTe 3aeqHO C
KoepuIueHTa Ha ycuiiBaHe. T'hil KaTo Mo-rojiiMa MOIIHOCT BOAM A0 MO-TOJISIMO
OTHOUIEHWE Ha CHUTHajJa CHOPSIMO IIyMa, Bpb3Ka C MO-A00pPO YCUJIIBaHE Ha
aHTEHUTE 1Ie NMpeHacs MHGOopMaIKs ¢ 0-MajKka BEPOSITHOCT 3a TPEIIKU, U TOBA
€ TOYHO KaKBOTO c€ HabJt0/1aBa ype3 CUMYJIALIMUTE.

4.5. Pe3yJTaTu Npu cCUMYJIalUsl
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Codryepa u3mbiaHsIBa cCUMYyJAllUs ChC 3a/1aJICHUTE MMapaMeTpH 3a IisiaTa
KOMYHUKAIIMOHHAa cucTeMa. MoayabT mpedaBaTel H3IbUBa MOpEAUlla OT
3a/1ajiecH Opoi maketu ¢ uHbopmalusa (B ciaydas, MPOU3BOJHU OUTOBE), CieA
KOETO cUMyJanusaTa npukitousa. [1o BpeMe Ha npoiieca Ha npegaBaHe, MOAYJIbT
OPUEMHUK JeMofaynupa mpuxBaHatute curdHanu. CodryepsT crneau Opos
MOJTyYeHHU TMaKeTH U Oposi MOBPEJACHH CHOOIICHUS, MOPOJACHU OT U3MEHEHHETO
Ha CUTHAJa B CUMYJIaTopa 3a MPa3HOTO MPOCTPAHCTBO. Bcekn makeT ce chCTou
or 64 Outa W ChHAbpPKA HACHTU(DUKALUOHEH HOMEp, KOWTO TMporpamara
U3I0JI3BA 3a J1a OTOpOsiBa MPOIyCHATHTE MAaKeTH, KOUTO HE Ca IMOJYYeHU OT
npuemMHuka. [Ipy HaMM4IHO BpeMe, MEXIy MaKeTUTE, MOIYTbT MIPUEMHUK MOXKE
Ja ToJaje 3asBKa KbM TIpenaBaTelis Ja TMOBTOPH M3IyCHATUTE IaKETH.
BepositTHocTTa 3a rpemka Ha OUT ce cileau OT mporpamara M AUPEKTHO €
OTpa3eHa BbPXY BEPOSTHOCTTA 3a IPEIIHO MOIYYEH MAKET, KOraTo TPEHIKUTE He
Morar Jia ObAaT MOMPAaBEHH OT MPOBEpPKaTa Ha IUKIMYHUS OCTATHK B CaMMs
MaKeT.

5. luckycust

HapnuzaHeto Ha KOCMUYECKUTE MAUCHUIUIMHU B YHUBEPCUTETCKUTE
y4eOHM TporpamMHu M€ YCKOPH Pa3BUTHETO Ha KOCMHYECKaTa WHAYCTPUA.
Pa3zpaboTkara Ha KOMYHHMKAIIMOHHU CHCTEMH YECTO BKJIIOYBA pEIIaBAaHETO Ha
npoOsieMr 0€3 YHCTO aHAJUTUYHO DPEIICHUE, KaTO HJiesiTa Ha CUMYJAILUUTE €
TOYHO J1a C€ CIpaBsAT C Ta3u TpyAHocT. CuMynanusaTa Ha JaJieHa CUCTEMa B
TOYHATa CcpeAa TMpPeNCTaBlsABa TOJE3eH HMHCTPYMEHT 3a OIpenesHe Ha
HAJEXKIHOCTTa M clabuTe MecTa Ha CUCTeMara Karo ce Hallro1aBa
BEPOSITHOCTTA 3a TPElIKK B noAOpanu cieHapuu. Moaynure Ha Kocmuueckara
Komynukanunonna Cucrema 3a OOydeHHE CHUITHO HAIoa00sBaT 000pY/JBaHETO,
KOETO C€ U3II0JI3Ba B HAHOCATEIUTUTE U MPELU3HO MPECh3/AaBaT yCIOBUATA, B
KOHUTO C€ MpuJjarar.

3akiouenue

Cp3maBaHeTo Ha cucTteMata OT OOYYMTETHHM MOIYJIM € MO TPOEKT
InnoSpaceComm na EnduroSat, momyuni moxakpenara Ha EBpomeiickust ¢bhio3
npe3 2020 r. or mporpamara Horizon mon cnopasymenue NoO 768049.
OOyunTeTHUTe MOAYJIH, W3MOJ3BAHU 32 M3MEPBAHMUATA Ca YACT U HA MPOEKTa
MACPH - UuppactpykTypa 3a YCTOHUMBO pa3BUTHE B 00JacTTa HA MOPCKHUTE
u3clie/IBaHud M ydactue B eBponeickara uHppactpykrypa EBPO-API'O. Ilo
npoekt MACPU B oOpa3zoBaTenHaTa My 4acT, € pa3pa0OoTeHa METOJMKaTa 3a
pabota ¢ Kocmuueckata Komynukarnmonna Cucrema 3a OOydenue. Karo gact
ot paborara o npoekta MACPU B nanpasnenne OOydeHue, € peainsupaHa
3alayaTa 3a Ch3JaBaHEe W U3IMO0J3BaHE Ha MOAYJIUTE B KOMMIIOTHPHU W
(bu3nYECKU TPEHAKOPHHU CUCTEMHU.

OOyuuTeTHUTE MOIYJM Ca MHCTPYMEHT 3a CHUMYJIallusl Ha CHUCTEMa OT
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CaTCIIMT U 3CMHA CTaHIMA. TsaxHOTO IMPUIOKCHUC € OTJIMYaBalll CC MCTOI 3ad
34aTBBPKIABAHC HA 3HAHHUATA HA CTYACHTHTC YpPC3 IIPAKTUYCCKO O6yq€HI/I€ C
HU3MCPBAHHA W CBIIOCTaBKa MCKIY TCOPHUA H IIPAKTHKA. Te ca HU3KIIIOYUTEIIHO
IMOJIC3CH MHCTPYMCHT 3a YHHUBCPCUTCTH, KOUTO PAa3BHUBAT IIPOCKTHU, CBBP3aHU C
HAHOCATCJIMTH.
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OPAKTOPDHT YOBEK, PEHIEHUE WUJIM ITPOBJIEM.
PEI'HOHAJIHATA OTI'OBOPHOCT BOAH 10
I'/IOBAJIHATA TPOMSHA

Hopnanka Jlam6oBa

THE HUMAN FACTOR, SOLUTION OR PROBLEM.
REGIONAL RESPONSIBILITY LEADS TO GLOBAL
CHANGE

Yordanka Lambova

Abstract: This paper gives an overview about monitoring the policies of governments
worldwide. The influence of the collective focus on climate change regulation. Adaptation of
people with climate change.

Keywords: OOH,IPCC, economic challenges, climate change, impact, adaptation,
vulnerability and environmental policies

BbBenenue

Knumatuunurte npoOiieMu B CBETOBEH Mallad cTaBaT BCE MO-HAJICKAIIIH.
Mmnoro ABbpPKaBU Ca BBBCIIM IIOJIMTHKH, KOUTO Ca HO)I06pI/IJ'II/I eHepFHﬁHaTa
e(l)eKTI/IBHOCT, ca HaAMaJIMJIM CTEIeHTa Ha oO0e3jiecsiBaHe WM ca YCKOPHIN
BHEAPSBAHETO HA TEXHOJIOTHS 3a 4YKMcTa eHeprud. [pyru obemnaxa HaMaJIsIBaHe
Ha €EMHUCHUUTE CHIJTIACHO HapI/I)KKOTO CIIOpa3yMcCHMUC. B’BHpeKI/I TOBaA LOCIINTE HA
MHOT'O CTpaHHM HC Ca JOCTAaTb4YHO aM6HHH03HH, JOKaTO APYIrH ObprKaBHU
06emaxa da HaMaJIAT 3HAYUTCIHO CBOUTC CMHCHH, HO HC IIOKA3BaT IIPHU3HALIN
3a mpeAnprueMaHe Ha He0OXOIUMUTE JICHCTBHUS.

Bcska CTpaHa CC HY:KIAac OT IIJIaH 3a HaMaJIXIBaHC Ha CMHUCHHUTC CH, NN
3da pPa3BUBAIIUTC CC CTPAHH, [da T'M IIPCAIIa3h OT HapacCTBAHC. Ho Ja HE
3a6paB;1Me, Y€ HHUC CHIIO HOCHMM OTIOBOPHOCT 3a CIIa3BaHC HA IPOBCKIAHHUTC
OT IIpaBUTCIICTBATA ITOJIMTHKH.

[MosmTukaTta W CcHOPOTHBATA Cpelly IPOMSAHATA, €Ca OCHOBHHTE
NMpe4YKH

B nmoknama wa IPCC(Intergovernmental Panel on Climate Change) ce
TBbpAH, 4YE€ ,,CaAMO 10 TCXHOJOIrNYHH 1 Pa3xXOaHHU C’B06pa)KGHI/I$I, CMECKYaBaHETO
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Ha €MHUCHUTE C II€J OTpaHWuYaBaHe Ha 3aToruisiHeTo 110 1,5°C e ochlecTBUMO™
[1]. TIpeukuTe ca MOAUTHKATa W OTHOIICHHUSATA HA BJIACTTa M MHTEPECUTE HA
CTaTyKBOTO, OJIOKHpAIY MOJUTUKUTE B O00JACTTAa HA KJIMMAaTa, BKIIOYUTEIHO
MOCTENEHHOTO MTpEeMaxBaHe Ha U3KOMaeMHuTe ropuBa. ToBa BKIIOYBA KaMITaHUU
3a ne3uH(popManms, KOUTO AKTHBHO C€ CTPEMAT J1a TMOJKOIAsT BsApara B
HayKarta 3a KJnmMara.

, JOBa € IMBbPBHUAT BT, KOTATO BIDKIaM Jae3uH(opMaims, KaTto ce mMma
OpeABUJ TOJKOBa TrojsaMo 3HaueHne B gokiang Ha IPCC” [2], ka3Ba
AnexcaHabpp bapbH, aCHCTEHT 1O €KOJIOTMYHU HAyKH M TOJMTHKa B SMith
College B Macauyserc. ,,Kato y4en, paboTenr BbpXy HOJUTHKATa B 00JacTTa
Ha KJIMMaTa, a3 CbM BWXKJAJ] Taka HApEYCHUTE €KCIEPTH, YUETO MOCIAHHUE €
MOJCWICHO OT MO3bYHU TPBCTOBE, (PUHAHCHUpPAHU C H3KOMAEMH TOpHUBA.
Bwxnan ¢cbM akThOpH, HACTH J1a C€ MOSABSBAT Ha ChOpaHHs Ha OoOIIHOCTTA. 3a
MEH € TpPYIHO Ja C€ HAaJIIeHsBa CTENEHTa, JI0 KOATO € MMajo AaKTHBHO
NPOTUBOIOCTABSHE Ja CE IBHXHM B IOCOKUTE, B KOUTO TpsiOBa.” [3] Beuuku
Te OsiXxa HATOBAapeHU ChC 3ajJadara Ja U3MUCIAT ,,HalmoHamHO ompeaesneHu
BHocku” wim NDC (Nationally Determined Contributions) [4]: miaHoBe, KOUTO
ouepTaBaT Kak I¢ HaMalsiAT CBouTe emucuu. B mbpBoHadamnus cu NDC,
Harpumep, CAIl] 3asBuxa, de me HaMarsIT emMmucunte ¢ 26 10 28 mporeHTa moa
HuBata oT 2005 r. mo 2025r. Kuraii 3as8u, de mie noayun g0 20 mporeHTa oT
MOIITHOCTTa CH OT Hem3komaeMu n3TouHHIM 10 2030 . AMOUIIMO3HH CTpaHH,
kato Kocra Puka, ce anraxkmpaxa 1a HaMaJiAT EMUCHHUTE CH TOJKOBA HHUCKO JI0
2030 r., ge mre 3ama3sT MpUHOCA CH 3a 3aTorisHe 1ocTta moxa 2°C.

Ho koraro Bcuuku oOenianusi Ha cTpaHuTe 0sixa cymupanu cien [lapuxk,
OOH ycranoBu, 4e TJIO0ATHUTE TEMIEpaTypu BCE OIIE ca Ha MHT Ja Ce
noBumat ¢ noHe 3°C (5,4°F) u no-61m30 1o 4°C (7,2°F). C apyru nymu, NDC
HE CTUTHAaxa JOCTaThUHO Jajed.

Taka uye aBToputre Ha IlapmwkkoTo cHopa3yMeHHE H3HCKBAT OT
nbpkaBuTe na npepasriaexaar ceoutre NDC Ha Bceku meT roJuHH, KOETO e
OKa)k€ HATHCK BBPXY TAX Ja ,,3aCHIISAT cBoMTe amOuIuu 3a kinumara. Ho NDC
BCE€ OIIIC HE CTUTAT JIOCTAThYHO Jajed. Hsaxkou oT Hal-roJIeMHTEe eMHCHH, KaTo
Nunus u Kutaii, Bce oiie He ca U3padOTUIM HOBHU IUIAHOBE, a JPYTH KaTo
Pycus, ABctpanusa u bpa3unus no ChbIIECTBO HE yCIIsIXa Ja YBEJIMYAT LEINTE
ciu. HeortnaBnamen ananu3 Ha OOH Ha HOBUTE 00elIaHUS NIOKa3Ba, Y€ aKo
Bcnukn NDC Obmar mocturHatv, 3emsTa Bce ole e ce 3artomiau ¢ 2,7°C
(4,9°F). EMucuute Bce olle ca Ha IIbT jAa ce yBenuuyat ¢ 16 mporenrta qo 2030
r. cupsimo HuBata ot 2010 r., BMecto na cmagHat ¢ 45 mpoleHTa, KOETO
yYEHHUTE MPEnophyYBar Ja ce moaabpika 3aromisue nox 1,5°C [5] (2,7°F).
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B wu3BecTeH CMHCHI TOBa € IIEHHO MOJAOOpPEHHWE B CpaBHEHHE C
opurnHanHuTe NDC, xouto mporHosupar emucunte 3a 2030 r. Harope ¢ 23
nporeHTa crupsimo HuBara ot 2010 r. u 3aronsine ¢ noseue ot 3°C (5,4°F).

BebmHOCT mOCTMTHaXMe HEBEpOSTEH Hampeabk. ToBa He cmupa
3aTOIUITHETO — HE € MHOTO 1MOJI 2 Tpagyca, HO €... MHOTO T0-100pe, OTKOJIKOTO
OsixmMe Ha WHT 3a mpenu. HamcTuHa € BaXXHO Ja c€ M3MEpBa HAMPEIbKBT
CIIPSIMO TOBA, KOETO OM CE€ CIIyYHJIO MHAYE.

OcBen ToBa B gokiana Ha IPCC ce orGens3Ba, ue puHAHCHpAHETO HA
BH300HOBSIEMU CHEPTUMHH W3TOYHUIIA HE JOCTUTA HEOOXOIUMOTO U BCHITHOCT
poabiKaBa Ja OJieJHee B CpaBHEHHUE ChC CyOCHIMHTE, MaaeHU 32 N3KOMAeMH
ropuBa. B Hero ce 3akiroyaBa, ye caMO MPEKPATSIBAHETO Ha TE3U CYyOCHIANH
MOKE Jla HaMaJIi eMUCUUTE Ha mapHukoBu razose ¢ 10 mporenta no 2030 r.
Haii-ronsimata HecurypHocT B jokiana Ha IPCC e kakBo 11e HampaBsT xopaTa
U TOBa HE € U3BBH HalIUs KOHTPoJ. MoxkeM Jia nu3depem j1a MoeMeM M0 eIUHUS
WU ApYTHUs IbT. BBOPOCHT € KOJIKO Xopa 111e ce OOpsT 3a ToBa.

Haii-roiasMoT0 HH 00110 NPEAU3BUKATEJICTBO € HM3MEHCHHETO Ha
KJIMMAaTa

AKO m3rJIekKa HEMOCHITHO, TOBA € OTYACTH, 3aII0TO HUE, KaTO WHIUBHIH,
HE MOXEM J1a o cripem ¢wur. 1.

Onemca Ha etl)ek‘rnnnoc'rra Ha H3IMEeHeHHeTO Ha
KaHMaTa:

. Msoro BucoK Bucox Cpenen Hucek . MHoro HUCBEK

© Germanwatch 2020

QDue.1 OI/;eHKa Ha eqbekmueﬂocmma HA USMEHeHUeno Ha Kiumama

Jlopr u n1a cMme nepdeKTHU 3€JICHH MOTpeOUTeNId OTKa3BaMme Ja JICTHM,
M3M0JI3BaMe TTOBTOPHO Ta3apCKH YaHTH, CTaBaMe BEraHW HHE CME XBaHATH B
KaraH B CHCTEMa, KOSATO TPaBH HEBB3MOXKHO Ja cIpeM jaa go0aBsiMe KbM
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npobiema. JKUBOTHT M3MCKBAa XpaHEHE, XOJEHE Ha paboTa W OCTaBaHE Ha
JIOCTaThYHO TOIUIO TMpe3 3uMara M JOCTaThYHO XJIAJHO Mpe3 JATOTO, 3a Ja
paboTuIll U Ja COMIIL. 3acera € HEeBb3MOXKHO Jia Ce MpaBAT TE3U Hella Ha
MOBEYETO MecTa, 0e3 Ja ce oTnens Bbriepol. Te3u, KOUTo ce Bb3MOI3BaT Hail-
MHOI'O OT W3KOIAEMHUTE TOpHBa, OOMKHOBEHO HE Ca XOpaTa, KOMTO CTpaaaT
Hail-MHOTO OT M3IMOJ3BaHETO WM. EJEKTPOIEHTpaNUTe U TEXHHUTE TOKCUYHU
U3NapeHus, HalpuMep, C€ CpellaT HEmpoNOpUUOHAIHO B OeIHHTE, HEOenH
kBapTanu. Paznukarta B BBII Ha rinaBa oT HaceneHHETO MEXITy Hal-OCTHUTE H
Hali-0oraTtuTe CTpaHu Beue € ¢ 25 mporeHTa mo-roisiMa, OTKOJIKOTO Ou Ouia
0e3 M3MEHEHUETO Ha KJIMMaTa, JI0 rojisiMa CTENEH 3all0TO MOBUILIABAHETO HA
TeMmeparypaTa B TPOINHYECKUTE CTPAaHM HaMalisiBa CEJIICKOCTOIaHCKaTa
pou3BOUTENHOCT. [lo-ronemure Oypu, Cylli U HaBOJHEHHS Beue HapaHsSBaT
Hal-OeTHUTE B CBETA.

BsipHo e, ye uHaUBHIyaTHUTE NEUCTBUA caMu 1O cebe CHM He Morar Jia
U3JIEKyBaT TOBAa, KoeTo Oonu maHerata. Ho Bceku eauH OT Hac MoOXe Ja
HaMEpU HAYMHU Ja JONPUHECE 32 PEUICHUATA. B JIOMOBETE CH, KBAPTAIUTE H
MO-IIUPOKHS CBST.

He Moxem na paspemuMm KiMMaThyHaTa Kpu3a, Kato ObaeMm ,,;100pu”
notpeduteny. Ho MoxeM fa HampaBUM HeEIlaTa MHOTO IMO-A00pH, KaTo CMe
00pU rpaxkaaHu.

Ho nmpomsnaTta MoXxe na ce cliydd Mo-0bp30, OTKOJIKOTO MHOTO XOpa
olieHsBaT. ABTOMOOWJINTE 3aMEHUXa KOHETe B paMKuTe Ha 15 roauHu Ha
MHOTO MecTa. B mnpoabmkeHMe Ha XWISAUM TOAWMHU C€ CIpaBsixme 0e3
njacTMaca, a clieJ] HAKOJIKO JeceTHieTus Ts Oerne HaBcskbae. [Ipe3 msmata
UCTOpHSI HHE CMe OWJIM KaKTO TEHHAJIHW HW300peTaTenu, Taka U Obp3u Aa
Bb3IIpreMaMe HOBU T€XHOJoruu. C HapoAHATa BOJISI U MPABUIHUTE MOJUTUKH
HAMa Ja uMMaMme TpoOJjieM Ja Ch3/laBaM€ HOBH EHEPTrUHWHU W TPAHCIOPTHH
UH(paCTPYyKTYypH, CTOKH, TPOU3BEICHN 0€3 TOKCUHU WIIA BBHIJICPOJIHU EMHUCHH,
OropasrpaguMu MIACTMAaCOBU 3aMECTUTEIIH.

Kato nunauBuam € MHOTO 1MO-e()EKTUBHO J1a U3pa3X0BaMe EHEPTHsTa CH,
M3UCKBAMKM TE3W TMOJUTUKH, KOUTO III€ HAMpaBsIT €KOJOTU3UPAHETO TIO-
€BTUHUAT U TO-JIECEeH BT, OTKOJKOTO Jia KyllyBaMe CKbIIUTE, HUIIIOBU Ma3apHU
3eJICHH ONIMWHU, HAJIMYHU JHec. Bce mo-uecto BMXkKAaM Kak Xopara OCh3HaBaT
TOBa M TOBa ChHINO MU JaBa Hajexzaa. He MoxeM na pemm KiIMMaTH4HATa
Kpu3a, Karo Obaem ,,00pu” notpebutenu. Ho Hue abconoTHO MoOXeM jaa
HaIlpaBUM HellaTa MHOTO MO-700pH, KaTo cMe A00pHU TpakKIaHHU.

Enna d4eTBbpT OT eMucCUUTE UJABaT OT MPOU3BOJACTBOTO Ha
€JIEKTPOCHEPTHs U TOIJIMHHA €HEeprus. 3a IIacTue, ¢ MOJUTUYECKA BOJISI, TOBA
ca Y Hall-JIECHUTE 3a €JIMMUHHUpPAHE €MUCHUH. ,,MOXkKEM JIECHO Ja ro HaMalluM
HanojoBuHa 3a 10 rommuu” [6], ka3Ba [[xonatan oju, H3MBIHUTEICH
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nupektop Ha Project Drawdown, KoWTO mpaBH aHalW3M Ha pPa3xoauTe U
MOJI3UTE OT pPElIeHUsTa 3a U3MEHEHHUETO Ha KJIMMaTa. BaTbpHaTa U crbHYEBATA
SHEprus ca JIOCTaThbUHO 3peNid, 3a Ja Ce pa3rbpHAT B OrPOMEH Malad, a
OaTepuuTe 3a ChXpaHsSBaHE Ha €HEPrusTa, KaKTO IIEHTPAJHO, TaKa U OT KbIla
JI0 KbIa, CTaBaT BCE IO-AOOpH M I10-€BTHHH. MEXIYBPEMEHHO BBIIUIIHHUTE
KOMITaHUH (hamupar.

Hsama na usrnexnaa xkato 2020 wiau 1970 r. He MokeM J1a OTMEHUM TOBaA,
KOETO CM€ HampaBHJIM HE MOXEM Ja Ce BBbPHEM Has3aJd BBB BpPEMETO.
[IpoMsiHATa: €KOJIOTHYHA, HKOHOMHYECKA M COLMaNHa ¢ Heu30exxHa. Hakon ot
Tax 1e Obaat Tparununu. [lle 3aryoum Hema, kouto oOnyame: BUIAOBE, MECTa,
BPB3KH C HEUOBEIIKHS CBIT, KOUTO Ca CHIIECTBYBAIM OT XujsigoieTus. Hakou
INPpOMEHHM Ie OBJaT TPYAHH 3a IMporHo3upane. ExocucremMure 1me ce
MIPEHACTPOSIT, BUJIOBETE II¢ CE pa3BUBAT.

N Hue me ce mpomeHuM. MHOro OT Hac II€ Ce HayyaT Jia BHXKJAT ceOe
CH 110 pa3judeH HauyWH, KaTO €JUH BUJI CPEJl MHOTOTO U YacT OT MpHUpojiaTa, a
He B orno3uius ¢ Hes. [Iporno3upam, e e morjieaHeM Hazaa KpM Kpas Ha 20-
TH W HayajgoTo Ha 21-BM BeKk KaTo OoJie3HEH, OypeH Mpexoj, M0 Bpeme Ha
KOMTO YOBEYECTBOTO CE€ HAy4YH Ja MPOIb(TABA B MOJOKHTCIHUA €KOJOTHMYHH
B3aMMOOTHOIIICHUS €IMH C IPYT B C BUJIOBETE OKOJIO HAC.

Ocra"aauTe BBIVICPOJHM EMHCUHM HMABAT OT IPOMHUILICHOCTTA,
TpaHcmopra H crpaauTe. Kak 1me MoaepHH3UpamMe MHIHApAU Crpajiu,
3aMEHSAMKHN Ta30BUTE M NMETpoJIHUTE nenm? Kak me u3MbKHEM OT MbTHUILATA
okono 1,5 mmimmapna mormemany ra3? EQWHCTBEHUAT peajieH BapwaHT €
MIpaBUTEJICTBATA J]a CTUMYJIMpAT IPOMSHATA C JJAHbYHU CTUMYJIM U PEryJalluu
[7,9].

B Hopserus nosioBuHata OT perucTprupaHUTe HOBH aBTOMOOWIIM BeYe ca
CIICKTPHYECKH, JIO TOJIsIMa CTEIICH 3aIl0TO MPAaBUTEICTBOTO TH OCBOOOXK1aBa OT
JaHbK BBPXY HPOJKOUTE, KOETO T'M IMPaBU TOJKOBA €BTHUHH KAaTO KOJIMTE,
3aIBIKBAHU Ha Ta3 mpojaxdara Ha KouTo I1e Obae 3adpanena mo 2025 r. B
Hro Mopk rpafcKusT chBeT MUHATATA MPOJIET MPHE 3aKOH, KONTO IIe H3UCKBA
TOJICMH M CPEIHU CTPaJM Ja HAMaJSAT BBIJICPOJAHUTE CH €MHUCHUU C TIOBEYE OT
eqHa 4etBbpT no 2030 r. IlpeBprmanero Ha 1sma crpana, kato CAIIl B
¢eKTUBHM CTpaad, JECeH OOIIeCTBEH TPAHCIOPT H  CICKTPUYCCKU
aBTOMOOWIM HsIMa J1a OBbJe €BTHHO, HO HEKa Ja 3ama3uM pa3XxoJuTe B
nepcrekTuBa. IlapuTte, 3a KOUTO TOBOPUM, HE ca IOBEYE OT TOBA, C KOETO
cnacuxMme OaHKuTE”, UMaiku npeaBua gpeaepanHus OTTOBOp Ha (uHaHCOBaTa
kpuza ot 2008 r.

B npoammkenrne Ha MHOTO TOJMHU ce (POKycHpaxMe BBbpPXY HayKara 3a
M3YEe3BAaHETO M M3MCHCHHETO Ha KJIMMara M ThPCEXME TEXHOJIOTHYHU H
MOJIUTHYECKHA PEIICHUs, KaToO CI'bHUCBHM TIAHEIW WM TOBEYe IapKOBE.
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MexayBpeMEeHHO B TUYHUS CH KUBOT c€ OOpHX 3a CIIPaBeJIMBOCT 3a O€IHUTE
U TTIOTUCHATHUTE.

N otBpa TOBa? Hali-oTkpoBeHUAT MOMEHT Ha nanaemusita or COVID-19
nocera Oemie MacoBUAT OTroBOp Ha Hesl. CBETOBHHMTE JHACPHU, KOUTO
OIIaKBaxa MPOMSHATa Ha CHEPTUUHUTE CHCTEMHU Ha IIJIaHETaTa KaTo TBBPIE
CKbIIa M pa3pylIUTEIHA, Cera IMoKa3axa, 4€ CBETHT BCHIIHOCT € MHOTO
CrIoCOO€H J1a OTTOBOPH HA MPEIU3BUKATEIICTBA OT TOJISIM Mariao.

HN3Boa

KakBo Hm naBa Hamexna? Bedye mmame 3HAHUATA M TEXHOJOTHHTE, OT
KOUTO C€ HYXXKJaeM, 3a Jla HaXpaHWM TIO-TOJIIMO HACEJICHHWEe, a OCHTYPHM
€HEeprus 3a BCUYKH, JIa 3al0YHEM J1a oOpbIllaMe U3MEHEHUETO Ha KIuMaTa U Ja
MpeI0TBpaTUM TMOBe4YeTo u3ue3BaHus. OOIIECTBEHOTO JKEJaHUE 3a JIEWCTBHE
n30yxBa Mo yiuiuTe. MuHaIUs CENTEeMBPHU OKOJIO IIECT MHJIMOHA JIYIIH TIO
cBeTa o00sBUXa ,CTadyka 3a KiuMara,,. TouyHo kakro mpe3 1970 r.,
CJICKTPUUECKHUAT MYKOT Ha KyJTypHaTa NpOMsSHA OTHOBO € BBB Bb3AyXa.
Bspsawme, ue e uzrpagum no6pa 2070 r.

Cnen 15 rogunu AOKJIa/IBaHE 3a OKOJIHATA CPE/la 32 HAYYHU U MOMYJISPHU
nyOonuKanmuy 3a OBIENIeTOo Ha IIaHeTaTa, BCE IMO-YECTO CME 3aTpymlaHu OT
po0sIeMu, MpeJl KOUTO: M3MEHEHHETO Ha KIUMaTa, HaMaJsIBAIIUTE TOIYIaim
OT JIMBH PACTCHHUS W J>KWBOTHH, IIUPOKO pa3MpOoCTpaHEHaTa OKOJHA cpeaa
HECIpaBeUTMBOCT. BCHYKM Te ca mo-TpyAaHH 3a MompaBsHe oT cMora. Ho cpen
3aBUXPAILO CE€ MOPE OT CKpPbO, OE3MOKOMCTBO, SIPOCT U JIIOOOB KbM KpacHuBaTa
CTPAHHOCT Ha )KMBOTA Ha 3eMsATa HAMHUPAM >KEJISI3HA PEITMMOCT HUKOTa, HUKOTa
Jla HE Ce OTKa3BaMe.

[TapmwxkoTo cnopazymenne oT 2015 r. BKIIOYBAIIE MEXaHU3BM 3a TIO-
OoraTuTe CTpaHW Ja ToMaratr Ha Mo-OeJHUTE, 3a Ja 3alo4HaT Ja OIMpaBsT
Hernata. OUHaHCHPAHETO 0 MOMEHTa € HeJI0CTaTh4YHO, HO MOXKE Jla C€ OYaKBa
na HapacHe, ocobeHo cien kato mpaBurtenctBoto Ha CAILl mpueme rioGanHus
HAay4YeH KOHCEHCYC W C€ MPHUCHEAMHH OTHOBO KBM cCIopazymeHueTo. Hsxowu
cpernctBa Ouxa MOTNIM Ja OBJAT W3MOJI3BAHU 3a M3TPaXKJaHE Ha IIEHTPOBE 3a
W3CIIe/IBaHe Ha KJIMMaTa B CHJIHO 3aCETHATH PETHOHHW. BekoBeTe KOJIOHU3AIHS
ca KOHIIEHTpUpadu HE camMo OOrarcTBO, HO M ChIIO Taka Hai-mo0puTe
YHUBEPCUTETH B OOTaTWTE HAIMM, Ch3JaBalKH M3THYaHE HA MO3BIH OT IIO-
OenHuUTE.

HctuHckaTa KIMMaTU4YHA CHOPAaBENJIMBOCT OM HampaBwia 3emMsTa Io-
yCTOWYMBA, JOpW KOTraTO ITOMOTHAa Ha YOBEUECTBOTO Ja C€ H3JIeKyBa OT
ucropuyecka TpaBma u Oonka [8, 10]. B m3BecTeH CMHCHI U3MEHCHHETO Ha
KJIMMaTa € Bhb3MOXKHOCT 3a HaC JIa C€ U3IUTHEM J]a TIOpACHEM KaTo BUJI.
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ASTEROIDS - THE CONSTANT THREAD LURKING
AROUND US

Toni Borisov

Abstract: 17000 meteorites hit Earth each year, usually they are insignificantly small
but there are cases where a meteorite hit is so big that it changes life on our planet and makes
almost all species face extinction.

Keywords: Earth, meteorite, life, extinction

Introduction

With our progress in the last two centuries, we have created conditions on
Earth in which our technology can either kill us or keep us safe. We are trying to
avoid military conflicts, unfortunately without success. We have to deal with
viruses and other perils. We suffer humanitarian problems such as hunger,
poverty line, child marriages, modern slavery and others. These are all pressing
problems for which we devote a lot of resources and think about them daily.

There is one more threat, which is usually overlooked, except when a
space agency detects an asteroid that we will miss in the future or we have
missed. Only then will you hear about the other apocalyptic alarm, namely a
space rock to crash into Earth at great speed, creating apocalyptic conditions
leading to our destruction.

Today the world is much more connected than in the past, we are flooded
with negative news of how many people died, what happened, what got burned
and so on. The problem with the news is that they broadcast mainly the perils,
they will never announce how many people went to bed with their stomach full
or arrived safely at work. The information we receive on the news is biased and
distorted towards the negative. Nevertheless, even with the current crisis, the
world is a better place to live than in the past. Between 1976 and 2019, the
average global literacy rate increased by 23%, reaching almost 90% [4]. Global

139



Bauskuar Kocmoc — o011a nesr’ 2022

average wages have risen, despite rising inflation. Thanks to advances in
medicine, not only our lifespan but health span is longer, and infant mortality is
at record lows.

We are the only species on Earth being capable of looking forward to the
future and backward to the past at such great lengths. Dinosaurs have inhabited
the planet for 165 million years. Depending on what definition we use, homo
sapiens have lived for about 200,000 years, and the recorded history is only
10,000 years. We are unique in another regard as well; we have the capability to
destroy ourselves. Despite the reputation of nuclear weapons as guardians of
peace, we should not underestimate that they are a technology that has the
ability to forever destroy life on Earth as we know it. Nuclear weapons should
never fall into the wrong hands.

In a doomsday scenario a meteor plays a big role because it can trigger
lots of calamities such as tornadoes, tsunamis, mass fires or nuclear winter. As
an optimist, | hope that we will use our technologies to deal with threats to our
future as humanity and prosper, rather than destroying ourselves.

What are the odds of an asteroid impact?

The chances of dying by a meteorite are the same as dying in a plane
crash. A little bit more than 20 people have died from meteors in the last 400
years while thousands have died in the relatively short air passenger history so
how could this comparative statistic be true? The impact record shows that by
the end of 10 million years, when the sum of all airplane crashes has killed a
billion people (assuming a death-by-airplane rate of 100 per year), an asteroid is
likely to have hit Earth with enough energy to kill a billion people [1].

Table 1. Main characteristics

Once per... Asteroid Impact energy in Impact energy in
diameter in megatons of TNT atomic bombs
meters

Month 3 0.001 0.05

Year 6 0.01 0.5

Decade 15 0.2 10

Century 30 2 100

Millennium 100 50 2500

10 000 years 200 1000 50 000

Million years 2000 1 000 000 50 000 000

Billion years 10 000 100 000 000 5000 000 000

Our looks on nature are as it is something good for us but nature is a
hostile place. For instance, 99% of all organisms who have ever lived on Earth
are extinct. When we look through the different strata and dig up the past of the
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planet we discover periods of rapid decrease in the biodiversity. They are
famous as the Big Five extinction events. The Cretaceous event seems to be
unique because the environmental effects after a collision with perhaps a 10km
wide asteroid have caused the extinction of nearly half the species, including the
dinosaurs. But what are the current risks to society? The following table sums up
the likelihood of an asteroid impact and its impact energy in megatons of TNT
and atomic bombs. Data originally adopted by the astrophysicist David
Morrison (1992).

The table is based on a detailed analysis of the history of impact craters on
Earth, the erosion-free cratering record on the Moon’s surface, and the known
numbers of asteroids and comets whose orbits cross that of Earth [1].

Figure 1: The 200km wide crater in Chicxulub, Mexico from the asteroid that killed the
dinosaurs.0

A lot of small impacts could be traced in the recent history but when we
look at approximately 65 million years in the past the event that killed the
dinosaurs is the most notable asteroid impact. A collision like this is predicted to
happen every 100 million years. The impact energy have been calculated to be 5
billion times greater than the atomic bombs dropped in Hiroshima and Nagasaki.
Collisions like this trigger outrageous climate changes and massive extinction of
species. Ironically this event enabled mammals to evolve and our existence is
intertwined with that event. Our technological progress is very advanced but we
can’t say we have control over natural calamities.

Would we die by a space rock?

Death by a space rock is definitely on the list but the good news is that it
could be a thing which we can stop. Ever since the physicist Louis Alvarez and
his son Walter Alvarez proposed that an impact from space caused the extinction
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of the dinosaurs, scientist all around the world started to observe asteroids in the
Solar System. More than 1 million have been detected and classified according
to NASA. Recently in the Bulgarian Naval Academy ,,N. Vaptsarov”, during
observations of astronomical imaging from 2011 a new asteroid was discovered
and it was named ,,VVarna”, bearing the name of the sea capital of the country.

Asteroids are traced and their orbits predicted but the more variables you
have in your equation, the harder it is to predict what could happen with it in the
long term. According to Michael Busch, a researcher at the SETI institute in
California, over 15 000 asteroids in the 50 million kilometer range of Earth orbit
have been deemed potentially hazardous. Almost all potentially hazardous
asteroids are not an impact thread in the next 100 years so we have time to
prepare but that doesn’t mean we should get lazy.

Currently we have the technology to see if an asteroid will hit Earth but
we can’t act on it because we don’t have the time. In April 2021, NASA and
other agencies faced a hypothetical scenario in which, a large asteroid is headed
towards Earth and with our current tools and knowledge we have 6 months to
act on it. The situation was fictional, part of a week-long exercise that simulated
an incoming asteroid in order to help US and international experts practice how
to respond to such a situation [2].

The simulation taught the group a difficult lesson: If an Earth-bound
asteroid were spotted with that little warning, there's nothing anyone could do to
keep it from hitting the planet. The experts determined that no existing
technologies could stop the asteroid from striking, given the scenario's Six-
month window. There isn't a spacecraft capable of destroying an asteroid or
pushing it off its path that could get off the ground and fly to the rock in that
amount of time [2].

What must be done?

Asteroids do not choose nations, do not care about race or ethnicity. In
reality, if an asteroid like that fictional one were heading for Earth, scientists
would need years — not months — of warning [2]. To some astronomers 5
years is the minimum, to others, 10 years. In 2005 the USA Congress has tried
to address the issue by making NASA keep track of the hazardous asteroids but
they are able to track only 40% which means we are relying on luck. It is a
possibility that tomorrow the space agencies, NASA, ESA and others make a
report of a large asteroid headed towards Earth and we wouldn’t be able to do
nothing about it.

Nations must unite in the purpose of creating a system to keep track of the
hazardous asteroids, and to be able to give early notice if a space rock is about to
hit the planet. Not only that but we must further sophisticate our space programs
so that we would be able to deflect an asteroid.
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In theory we would be able to stop an incoming asteroid. But unlike in the
movies, it would be pointless to try to blow up the approaching rock. As hardy
remnants of the formation of our solar system, asteroids have survived countless
collisions in space. Some scientists think that if you blew apart an asteroid, the
gravitational pull of its core would force the rock back together. By one
estimate, it would take a nuclear weapon 4,000 times more powerful than the
biggest nuke ever created to totally destroy an asteroid double the size of the one
that killed the dinosaurs. A better approach would be to try to nudge the asteroid
off course [3].

Scientists imagine that being done with a powerful atomic bomb about
300 meters away from the asteroid. All we need is a little nudge what would
change the trajectory with thousands of kilometers over time but to do that we
need early notice. More than 99% of space is empty void and asteroids are hard
to spot. | suspect that in the future, as Al improves, the programs specialized to
discover asteroids would also improve. Al would establish a firm ground in the
programs related to our defense from asteroid impacts.

Conclusion

The lesson is that we have to improve both our detecting and deflecting
technologies. The sooner we detect a hazardous asteroid, the more time we
would have to act and the deflection would be easier. The necessary deflection
of a hazardous asteroid is inversely proportional to its distance. If an object is at
a great distance, a microscopic deflection would make a big change in the
future.

Until that improvement happens we are defenseless against a rock from
outer space. Luckily, odds of that happening in the near future are very low, but
given enough time, low odds are bound to happen and until then, we must be
prepared.

An impact with an 800 meters’ asteroid would cause a global catastrophe.
It would make everything even with the ground in a hundreds of kilometers
radius, triggering massive earthquakes and fires. The dust and smoke sent into
the atmosphere would create a nuclear winter, causing an ice age. If an asteroid
as big as the one which killed the dinosaurs hits us, we would go extinct. The
ecosystems are in a fragile balance and we as humans rely on lots of other
species to sustain ourselves. After an impact like this, the damage would be
irreversible. Odds of a big asteroid impact are low but the stakes are high. We
have to be prepared and not to rely purely on our luck.
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THE INFLUENCE OF THE CARBON MARKET ON
CLIMATE CHANGE
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Abstract: The climate change will continue for decades to come. The extent of future
climate change and its impact will depend on the effective implementation of global
agreements to reduce greenhouse gas emissions, but also on ensuring the right adaptation
strategies and policies to reduce the risks of current and projected extreme weather events,
including the carbon market.
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1. BbBejaenue

OcHoBHUS (DakTOp, KOWTO BiIMsIE HA TII00ATHOTO 3aTOIUISTHE € MTAPHUKOBUS
edekr. [lapaukoBus edekT mpencTaBisBa 3aCHICHa MPOMHUIIUICHA ACHHOCT H
YBEJIMYCHHE KOHIICHTpAIMITa HA aHTPOMOTCHHU €MHCHH Ha MapHUKOBU Ta30BE
/TIT'/ n naii-Beue Ha emucuu Ha CO; (emmcum Ha III" B pesynrar yoBemikara
JEHHOCT: W3rapsHe Ha OpPraHWYHM TOpHWBa 3a TMPOU3BOJICTBO HAa CHEPrus,
oOesnecsiBane, 3emenenue u ap.) [1].

2. BausiHMeTO HA NapHUKOBUTE Ta30Be BbPXY KIMMATHYHUTE
MpoOMeHH

IMpes 1896 r. mBeackuss xumuk Svante Arrhenius wusumcisBa, dYe
KOHIIGHTpaIMsiTa Ha IMApHUKOBH Ta30Be B arMmocepara ce € yBeIuyuia
3HAUMTETHO HAa HAYaJOTO HAa MHIYCTpHAIHATA PEBONIONUSA. TOW M3YUCIABA, Ye
IpU €BEHTYaJTHO yaBOsiBaHe Ha HUBOTO Ha CO, B aTtMocdepaTta Temmneparypara
Ha 3eMsTa 1€ Ce MOKa4Yu C HAKOJKO Tpaayca. ToBa OTKpUTHE Cllara Ha4ajaoTo Ha
pa3InYHU TJI00ATHU TIOJMTHKH 3a CIPaBsAHE ¢ KIMMAaTUIHUTE TpoMeHHu [1].

AHanmu3upar ce MOCIENCTBHUITa OT KIMMATHYHUTE MPOMEHH B OKOJIHATA
cpema u B 00mIecTBOTO. M3MeHEeHHWeTO Ha KIMMara BpPeAW Ha TPHPOIHHUTE
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pecypcu W BB3ACHCTBa BBPXY UOBEHIKUTE HYX AW. OOIIHOCTH, KOUTO ca
TBJIOOKO 3aBUCHMHU OT MPUPOIAHHUTE PECYpCH M €KOCHUCTEMHTE Ca MO-YS3BUMH,
KakKTO ¥ TIpel BpeaHuTe e(peKTH OT W3MEHEHHWeTO Ha KimMara. bemHuTe
OOIIHOCTH Cca IMO-MaJKO MOATOTBEHH 3a MPEJAOTBpATSIBAHE W MPEOJIOJIIBaHEe Ha
BpPEIHUTE MOCJICAUIIA OT U3MEHEHHETO Ha KJIMMaTa, Thil KaTo Te HE pas3moJiaraTt
C TBBPJM UKOHOMUYECKH, TTOJUTHYECKA U COITUATHH CTPYKTypH. VI3MeHeHneTo
Ha KJIKMMara, cropen MexayHapoaHaTta eKCIEpTHAa Tpyla M0 W3MEHEHHE Ha
kiumata (MET'UK) ce cbcTou OT ,,ipoMsiHA B CHCTOSIHUETO Ha KJIMMaTa, KOSITO
MOXXe Jna Obae uaeHTu(UIMpaHa (HaAmpUMEp Ype3 U3MOJA3BaHE Ha
CTaTUCTHUYECKU TECTOBE) KaTO MPOMSHA, KOSATO C€ 3arasBa 3a Mo-IbIbI TIEPUOI,
OOMKHOBEHO JIeCETUJICTUSI WU ToBedye. ToBa ce OTHAcs 3a BCSKa MPOMSHA B
KJIMMaTa ¢ TEYECHUE Ha BPEMETO, HE3aBUCHUMO JaM CE€ JIbJDKM HAa €CTeCTBEHA
NPOMCHJIMBOCT HJIM B pe3ysiTaT Ha doBemikara jaedHoct” [3]. I'moGamuute
yCWJIMSI TI0 OTHOIIIEHHWE Ha OKOJHATa Cpela ca BBIUTBTEHU Haii-Beue MO/
dbopmara Ha crnopazyMeHUss OTHOCHO W3MEHEHHETO Ha KJIMMAaTa U OKOJHaTa
cpena (karo Hanpumep KonpeHiusita 3a 60pba ¢ omyctuHsaBaHeTo; PaMkoBaTa
koHBeHIMs Ha OOH 1o u3MeHeHue Ha KJIMMaTra U MHOTO Jpyru). YoBemKkuTe
JMEHHOCTH ca JOBEJH J0 yBEJIMYaBaHE KOHIICHTPAIUATA HAa TAPHUKOBU Ta30BE
(II") B armocepara, OCHOBHO BBIJIEPOJAEH IUOKCH], METAH U A30THU OKHUCH.
Ot 1970 r. mo 2004 r. rmo6aTHUTE eMHUCHH Ha ITAPHUKOBH Ta30BE CE YBEIMUABAT
cbc 70%. [ToBeyeTo OT eMUCHMUTE HA TAPHUKOBU TAa30BE WIBAT OT M3KOIACMHU
rOpuBa, Hal-TOJEMUAT U3TOYHHK 56,6%; oOe3necsBaHeTo M AerpamanusITa Ha
ropure - 17,3% wu mpomsiHaTa Ha 3eMenoji3BaHeTo. ToBa yBelWMuUEHHE Ha
E€MHUCUUTE Ha MAPHUKOBHU Ta30BE MMa CEPUO3HU IOCJICAUIIM: YBEJIUYAaBAHE HA
TeMIlepaTypaTa Ha IOBBPXHOCTTA Ha 3eMsATa, MPOMEHHU B PEKUMa HA BAJICIKUTE,
MOKaYyBaHe Ha MOPCKOTO PaBHUIIE U yBEJIMYaBaHE YECTOTATa, KAKTO U TEKECTTA
Ha OypH, HAaBOJHEHHW, Cyllla W TOPEIIMHU. Te3u MPOMEHH, HampuMmep ,,ca
CBBbP3aHU C MKOHOMHYECKH 3aryOu Ha CEJICKOTO CTOINAHCTBO, HaMalsiBaHE Ha
JOCThIIA JI0 YWCTa BOja, 3ary0a Ha MOMHMHBK M YBEJIMYEHAa YeCTOTa Ha
npeHacsHu OojiecT Ha OeacrBamute ob6mmoctu” [2, 4, 5]. Pasauunure
pPETMOHM JOTpPHUHACAT MO pasnuueH HaumH 3a emucunte Ha CO2 B cBeTa,
MIOJTYYCHH OT U3TapsSHETO HAa TOPUBA.

B cBos mokianm 3a BIMSHHETO Ha EKOJOTHYHATa CHUTYPHOCT BBPXY
WKOHOMUKATa OpUTaHCKUAT yueH CThpH omnpeess ri100aaTHOTO 3aTOILISTHE KaTo
Haii-rojgemMust ukoHoMudecku mposain (Stern review, 2006 r.). Mi3mepBanusiTa Ha
riiobaiHaTa arMoc(epHa KoHICHTpanus Ha napaukoBuTe razose (I117) mokasBaT
3HAUWUTETHU YBEJIMYEHUS OT TNPead HWHAYCTpUAIU3aluiTa, C HHUBA Ha
BbraeponaeH ayokuc (COy) mamey HaaBUINABAIM €CTECTBCHHS OOXBaT Ha
nociaeaauTe 650 000 rogmau. Konmentpamusra mva CO, B atmocdepara ce ¢
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YBEJIMYMUIIA OT MPe-UHIYCTPUATHUTE paBHUINA OT 0Kosio 280 ppm Ha moBeye OT
387 ppm mpe3 2008 r. (EEA, 2010) [1].

['mo6amHOTO 3aTOIUISIHE € MUPOKO OO0CHKIaH (DEHOMEH Mpe3 MOCIISTHNUTE
nBagecer roauHu. [lpaBuTencrBara ca HasCHO, Y€ caMO C HapeAOW W TI0o0u
OoopOara HsMa nga ObAe credeneHa. 3a Ja ce€ MOCTUTHE LAJOCTeH edeKT Ha
HaMaJieHue Ha eMHCHUUTe, TpsSOBa Ja ce Ch3aaZe KyiaTypa 3a HHCKO
BBIVICPOIHATA TIOJIMUTHKA HE caMO OT CTpaHa Ha OM3HEca, HO U B Ch3HAHHMETO Ha
xopata. BwB Bpb3ka ¢ ToBa mpaButenctBata m EC mpeanmpuemaT MIHAPOKU
KaMIlaHuu 3a HHQOpMHpaHe Ha OOLIECTBOTO 3a MPOOJIEMUTE CBBP3AHU C
KIMMaTHIHUTE TIpodiemu. [lyOmukyBar ce HapBYHHIM, Ch3AaBaT CE MPOTPAMHU
3a 00yueHue Ha MJIaJIOTO MOKOJEHUE OT Hall-paHHa BBH3PacT B YUMIIUIIA, KAKTO U
B YHUBEPCUTETUTE C €JUHCTBEHATA IIeJ — MPOMSHA B Chb3HAHUETO Ha XopaTa H
Ch3/IaBaHE Ha KYyJITypa 3a €KOJOIMYHO NOTPEOJICHUEe M HAYMH Ha XKHUBOT. [1]

3. BbriiepoaHusiT ma3ap, MHCTPYMEHT 32 HAMAaJIeHUe HA eMUCHUTe

Cnopen CTbpH €IuH OT OCHOBHUTE HMHCTPYMEHTH 3a HaMmalieHHWE Ha
EMUCUUTE € BBhIVIEpoaHMs mazap. lIpemopbuBa ce 3acuiiBaHe Ha MEPKHUTE H
MOJIMTUKUTE 3a OICHKAa Ha BBIVIEPOJHUTE E€MHUCHH, Ch3JlaBaHe Ha TIio0ajeH
BBIVICPOJICH IMa3ap ChC CTAOWIHA IIeHa W npeapuaumo passutue. [Ipes 2006 r.,
korato CTBpH € TMcaj J0KJIaaa, BBITICPOIHUS Ma3ap € Ol B CBOSITA MJIQIOCT,
HO TOMU € yCIsiI J1a OCh3HAe HEOOXOAMMOCTTA OT MOJ00CH Ma3apeH MEXaHU3bM,
KaKTO M Bh3MOXKHOCTUTE, KOUTO BBITICPOTHISI Ma3ap npejjara 3a Ousneca [1].

Ho cpenara mHa 50 r. Ha XX B. 1 Majnko ciieq BropaTta cBeToBHA BOifHA ce
€ CMATAJI0, Y€ 3aMbPCSABAHETO B PE3yJITaT Ha MPOMHUIILUICHOTO MPOU3BOJICTBO €
JOMbIIHUTENEH e(peKT. YUeHUTe MO TOoBa BpPEME ca CMSTalM, 4Ye MOJA00HU
JEHHOCTH TPpsIOBa J1a c€ YIPaBISBAT Upe3 CepHusi OT 3aKOHOBH MEPKU (HEmazapHu
MEXaHU3MH) KaTO OMpeesHE Ha CHEIHaJH MeCTa 3a HU3BbpIIBaHE Ha
JEHHOCTH BOJCIIA JI0 3aMbpCsABaHE, KOJIMYECTBEHH OTPAaHUYCHHUS] Ha
MPOU3BEJCHUTE M U3XBBPJEHH B PEKUTE OTMNAIBIM, Cbh3laBaHE Ha
TEXHOJIOTUYHU CTaHAApTH M Jp. Taka ce CTUra J0 MbPBOTO MEXIYHAPOIHO
cropazyMeHue 3a OopOa ¢ TIo0agHOTO 3aTOIUIsTHE Ha KimmaTta PamkoBara
konBeHIuss Ha OOH no u3menenuero Ha kauMara (PKOOHUK) u noanucanus
KbM Hesl [Iporokosn ot KHOTO ¢ KOWTO c€ perjiaMeHTHpa U MEKIyHapoJHaTa
THPTOBUs ¢ eMHUCHH. [IbpBaTa cucTeMa 3a THPrOBHS C EMHUCHU € Ch3/IaJICHA OT
npaBuTeiacTBoTo Ha CAILL B onuT fa ce mpedopu ¢ KUCETMHHUTE TBXKIOBE, KaTO
BBBEXK/IA 3a]IbJDKUTEITHA TIPOrpaMa 3a THPIOBHS C €MHCHH Ha CEpeH IUOKCH]
(SO,) upes ,,3akoHa 3a YKUCTOTaTa HA BB3ayXa”. B pe3ynraT Ha MOJOKHUTEITHUTE
pe3yATaTh OT Ta3u CHCTEMa, TS YECTO C€ OMpeJeisl KaTO MOJEN MO KOUTO ce
Ch371aBa MEXJIyHapOJHATA THPTOBUS C €MHCHH TpeaiokeHa oT [Iporokona ot
Kuoro [1].

ITpe3 1992 r. B Puo nme Kaneiipo ce mpoBexna CBeToBHaTa cperia 3a
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3emsiTa. YyacTBauIuTe B HEsl MPEACTABUTENM HAa IbP>KaBUTE OT IIEJIHS CBAT CE
aHTKUpAT Jl1a HaMaJISIT eMUCUUTE Ha TApHUKOBU T'a30BE /10 HUBO, ,,KOETO HAMA
J1a IOBEJIE JI0 OMAcHO U3MEHEeHue B kinumata’”. Te3n aHra)XuMeHTH ca OMUCaHu B
PamkoBata KonBenuus nHa OOH no U3menenuero na Kmumara (PKOOHUK)
nprera B Hio Mopk Ha 9 mait 1992 r. Ha dopyma cTpaHuTe ce cropasyMsBar aa
Ce CpellHaT OTHOBO, 3a Ja (opMynHupaT 3aabiDKaBal] MPOTOKOJ, KOMTO 1a
O0OBBp)KE pa3BUTUTE CTpPaHH /OTTOBOPHHU 3a TOJIEMHUs 7 OT €MHCHUTE/ Ja
HaMaJISIT CBOMTE EMHUCHHU OT NTAPHUKOBH ra3one [1].

Cpemata ce mpoBexma mpe3 1997 r. B Kuoto, a JOKyMEHTHT CTaBa
u3BecteH karo [Iporoxomsr ot Kwmoto m e moammcan Ha 11.12.1997 r.
[IpoTOKOABT TpEeABIKIa MHAYCTPUAIM3UPAHUTE CTPaHU B CBETA J1a HaMAaJST
emucuuTe cu Ha mnapHukoBu razoBe mpe3 2008-2012 r. ¢ 5.2% cmpsimo
paBHumaTa uM npe3 1990 r. (3a Hskou abpikaBu roguHara ¢ 1988 nim 1989). 3a
EC noroBopenoto Hamanenue Ha emucunte € 8%. bbirapus cwiio TpsOBa ga
Hamasu ¢ 8% emMucHUTE CH Ha MAPHUKOBH ra3oBe, HO cipsimo 1988 r.

Hamanenuero Ha mapHUKOBHM €MHCHHM MOKE Jla CTaHe, Ype3 MPOBEXKIaHe
HAa HalMOHAJHA TMOJUTHUKAa/MEPKH B CBHOTBETCTBHUE C U3IBIHEHUETO Ha
[TpoTokomna, Upe3 CBUBaHE Ha EMHUCHUUTE B MPOU3BOJCTBATa Ha CAMUTE CTpPaHHU,
MOCPE/ICTBOM WHBECTHIIMH B MPEUYHCTBAIIN TEXHOJIOTHU B JIPYTH CTPAHU HIIH
TBPrOBHsI C EMHUCUH OT TApPHUKOBM Tra3oBe. 3a Ja ObAaT TMOCTUTHATH
noctaBenute nenu [Iporokona ot Kuoto mpeacrass 3 mazapHu MexaHW3Ma 3a
U3IIBIHEHNE, KOUTO Ch3/1aBaT Taka HAPEUEHHUs ,,BBIJIEPONICH maszap”: ,,Ynucroro
pasButue”, ,,CbBMECTHO HU3IBIHEHUE , ,,MeEXKIyHAPOIHA THPIOBUSA C EMUCUN

[1].
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emmcrm B ToH CO, eKkBMBaneHT
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W 1. 06wo pasnpeaeneHy KBoTH (KBOTH 3a EMMCHM MK KBOTM 3a 2BUALMOHHM EMMCIN)

I 1.1 Be3nnatHo pasnpefeneHn KBOTH

2. Bepuduumpanu emucum

@Duczypa 1. Hzmoynux: ECII 6b3 ocnoa Ha 0aHHU OM NPULOIHCEHUEMO 3a npe2iied Ha
oannume 3a CTE na EC na Egponetickama azenyus 3a OKOIHAmMA cpeod

148


http://infocenter.bnt.bg/content/download/2158/19486/file/Protokol_Kioto.doc

Bauskuar Kocmoc — o011a nesr’ 2022

4. ,,KmumatsT oT Kocmoca”

,,KimuMarbT oT KocMoca” € HOB M MHTEPaKTUBEH OHJIAiiH MHCTPYMEHT 3a
BU3yaJIM3UpaHEe Ha MPOMEHHUTE B KiIMMaTa Ha 3eMsATa Mpe3 MOCIECTHUTE MET
necetmwierus. Cw3gageH or EBpormeiickata KOCMUYECKa areHIUsl, HOBHST
yeOcalT pa3uuTa Ha JaHHH, CHOpaHU OT PabOTEIIN OKOJIO 3eMATa CI'bTHUITU OT
70-Te ronuHM 10 Hamy JHA. MiHUIIMaTHBaTa 32 M3MEHEeHHWEe Ha KinMara Ha ESA
ChCTaBs KapTUTE OT 21 TaKeTa OT JJaHHU 3a KiiuMmara [6].

HaGnrogaTenmHn CIbTHUIM — TPOEKTHPAHU ca Ja HaOMrogaBaT 3eMsTa.
Te3u CIIbTHUIIN C€ U3MOJ3BAT 32 METEOPOJIOTUIHH HAOJI0IeHNs, KapTorpadus u
ap. [7].

MeTeoponoruyHy CITbTHUIIM — M3MO0JI3BAHU 32 HAOJIO/IEHHWE Ha KIMMaTta
Ha 3emsTa [7].

,,KornepHuk” — HabmoieHne Ha 3eMsTa OT KocMoca u 3emsta. [lo3Hara
omle karo ,,Ounte Ha EBpomna Bepxy 3emsTa”, ,,KonepHuk” — mporpamara Ha
EC 3a HaOmroeHue ¥ MOHUTOPMHT Ha 3eMsTa — IMpeoOpassBa HauWHA, IO
KOWTO pazdbupame U IJIaHUpaMe IMO-YCTOMYMBOTO H3IOJI3BAaHE Ha IICHHUTE
36MHHU U MOYBEHU pecypcu. OT TpaJicKko MIaHUpPAHE, TPAHCHIOPTHU MBTHUINA U
3€JICHM IUIOIIH, 10 MPEUMU3HO 3€MENIETINE U YIPABICHUE HA TOpUTE, ,,KonepHuk”
OCUTypsiBa OJIpOOHA U HaBpeMeHHa UH(pOpMaIUs 3a HaOII0/ICHUE Ha 3eMsITa, 3a
J1a TIOATIOMOTHE B3eMaHeTO Ha perreHus [9].

Sea Surface TemPEgalliiS

December 1, 2016

2018

December 1, 2016

Crnumxa 1. ESA; IHozneo om Kocmoca kom kaumamuynume usmenenus 6 nocieonume 50
200UHU

N3Boan:

KnuMatuyHoTO M3MEHEHHE Bpeld Ha MPUPOJHUTE PECYPCH, KOETO OT
CBOsI CTpaHa Bb3/ICMCTBA BbPXY YOBEHIKUTE HY>KIU U HETOBOTO ChIIECTBYBAHE.
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['mobannuTe ycuius 3a ora3BaHe Ha OKOJIHATA Cpella ca MPEHECeHH Haii-
Beue noj; (opMara Ha CIOpPa3yMEHUsS OTHOCHO KIMMATUYHOTO HU3MEHEHUE U
BIIUSIHUETO MY BbpPXY OKOJIHATa cpeja.

Hanuunero Ha Hapb4YHMIM, OporpaMu 3a OOydYeHHE B YYWIMILA U
YHUBEPCUTETH Ca Ch3JaJCHHU C €IMHCTBEHATA LIEJ 3a MPOMSHA B Chb3HAHUETO Ha
X0paTa U Ch3JaBaHE Ha KyJITypa 3a €KOJOTMYEH HAYUH HA KUBOT.

3aMbpCABAaHETO C EMUCUU OT IPOMHUILIIEHOTO MTPOU3BOACTBO BIMSE BBPXY
OKOJIHATa Cpe/ia, KaKTo U Ha 3/IpaBeTO U OWTa Ha XopaTa.

EauH OT OCHOBHMUTE HMHCTPYMEHTHM 32 HAaMaJCHHE HA EMHCHUUTE €
BBIVIEPOJHMAT Ia3ap, KOETO C€ OCBUIECTBABA OJIArOJApEHUE Ha IIbPBOTO
MEXIyHapOJHO cliopasyMeHue 3a 0op0a ¢ ri100amTHOTO KIMMATUYHO 3aTOIUISIHE
- PamxoBata xonBenius Ha OOH no u3menenuero Ha kimuMara (PKOOHUK) u
noanucanuss kbM Hest [Iporokon or Kuoro, ¢ KOWTO ce periaMeHTHpa H
MEKIlyHapOIHATa ThPrOBUS C EMUCHHU.

3akiouenue

JlHec Bede € SICHO, ue MIOOATHOTO 3aTOIUIsIHE € (DaKT, IbJDKAIl Ce Ha
YoBeIlIKaTa JEHMHOCT M € KpaiHO BpeMe Ja C€ B3eMaT CIEIIHH MEpPKH.
[IpoOnembT € B TOBa, ue aTMocdepara € TBbP/AE ThHKA U HUE JIECHO MOXKEM Ja
IIPOMEHHMM ChCTaBa WM. FIMEHHO TOBa cTaBa, KOraTo 3apajy YOBEIIKATa JIEUHOCT
B aTMoc(epaTa ce OTACNAT TaKka HAPEYEHUTE MAPHUKOBHU ra3oBe (BBIJIEPOACH
JTMOKCHU]I, HAalIpUMep), KOUTO yedensBaT atMmochepHus cioi. [1o To3n HauuH ce
3aIbpKAT MOBeYe MH(PpAuYEepBEHU IbYM, a TOBAa BOAM JIO0 IOCTOSITHHOTO
NIOBHIIIABAHE HA TeMIlepaTypuTe Ha 3emsra [1].

Cp3maBaHeTO Ha BBIJIEPOJEH I1a3ap, KOWTO ITOCTENEHHO CE€ pa3BUBa
HapacTBa, KaKTO MO pa3Mep (pa3lMpsBaHe W HOBU CEKTOPH) Taka W MO Opoii
U3BBPIIECHN TPaH3aKIMK, Ch37aBa HOBM Bh3MOXKHOCTH 3a OusHeca. Hapactsa u
Oposs Ha (GuUPMUTE OT CEKTOpUTE B O0XBaTa Ha CXeMa, KOUTO BKIIFOUMXA
THPTrOBUATA C BBIJIEPO] U 3€JCHUTE TEXHOJOTUH B CBOUTE (DMPMEHU CTPATETUU
3a pazBuTHE. MHOTrO OT NPOYyYBaHMTA HANPABEHU BbB BPb3KA C MEXaHU3MA U
CIIOCOOHOCTTA J1a C€ HaMaJIsIT BhIVIEPOTHUTE €MHUCHH TOKAa3BaT, Y€ € IOCTUTHATO
HaMaJIeHUE Ha BBIVIEPOAHUTE €MHCHM OJlarofapeHue Ha MNPUIIOKEHHUETO Ha
ECTE. Ha teopusa ECTE e nazapeH MeXaHU3bM, KOUTO CIIOMara 3a HamMaJsiBaHe
Ha BBIVIEPOJHHUS OTHEYAThK MO MKOHOMUYECKH e(HUKaceH HAYMH M C HHUCKA
neHa. ECTE o6xBama okono 40% ot obmmte mapHukoBu emucuu Ha EC,
CJIEIOBATETHO HEWHMS AUl OT TJIe[lHA TOYKa Ha u3MbiHeHue Ha [IpoTokona oT
KuoTto He TpsiOBa 1a ce npenedpersa [1, 10].

Cxemara Ha EBponelickusi cbto3 3a Thprosusi ¢ emucun (CTE nHa EC) e
mbpBaTa U Hall ManabHaTa CHUCTeMa 3a OTpaHWYaBaHE U THPTOBUS C EMHCHH 3a
HaMaJIsIBaHE HAa EMHUCUUTE Ha MapHUKOBH razose. Cxemara Ha EC 3a ThproBusi c
EMUCHM € Ch3JIaJIcHa W pa3lIMpeHa Ha Tpu mnocienoBarenHu erana: Paza |
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(2005—2007 r.), ®a3a Il (2008—2012 r., chriiacyBaHa ¢ II'bPBHUS IEPHOJ Ha
3aabipkeHust mo Ilpotokoma ot Kwuorto), ®aza Il (or 2013 nmo 2020 r.,
NpHUBEICHA B CHOTBETCTBUE C BTOPHS MEPHUO Ha 3abbKeHus 1o [IpoTokona ot
Kuoto) [8].

[Tpeactosmara d®a3za 1V me 3amoune mpe3 2021 1. u me TPOIBIKA 10
2030 r. CTE na EC o6xBama npubmusurenso 11 000 enexktpoueHTpany,
MIPOU3BOJICTBEHU NPEANPHUATHS W APYTH CTAIMOHAPHU WHCTAIAINH, KAKTO |
aBuanoHHU nerdHocTH B 30 mbpkaBu: 27-Te mbpkaBu — wieHkn Ha EC,
Ucnanaus, JImxrenmaitn u Hopeerus. O6mo okono 45 % ot obmurte emucuu
Ha nmapHukoBH ra3ose B EC ca ooxBanatu ot CTE na EC [8].
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THE CONTRIBUTION OF SPACE TECHNOLOGIES IN
CLIMATE CHANGE MONITORING AND THEIR EFFECTS -
A REVIEW

llina Radulska

Abstract: The observed climate changes are already having a wide impact on
ecosystems, in turn they have a wide-ranging nature, which could affect socio-economic
stability, which would create challenges for key sectors of the Bulgarian economy. It is
important to raise citizens' awareness of European climate change policies. Space technology
is a key factor in providing data for Earth observation.

Keywords: Climate, climate change, space technology, socio-economic stability,
disasters, the European Union

bopbara ¢ KkIUMaTHYHUTE TPOMEHH € €JHO OT OCHOBHUTE
NPEIU3BUKATEIICTBA MpeJ ChbBPEMEHHOTO  eBpoIlielicko  oOmectso  [1].
KocmuuecknuTe TEXHONOTWMH, JMJAaHHU W YCIYTH TPEAOCTaBAT  peauia
npeumyIecTsa B 6bopdbara ¢ ToBa npeausBukaTeiacTBo. Cpen Tax ca He3abaBHA
uHbopMaluss Tpu OEACTBHS KaTO 3EMETPECeHMs, TOPCKHM TOXKaph WU
HABOJHEHHS, KOETO MO3BOJSABA MO-A00pO KOOPAMHHUpAHE MEXAY CIIyKOuTe 3a
CIICIITHA ITOMOIII U CITACUTEIIHUTE eKuIu [2].

OTHOCHO ,,KTUMAaTHYHUTE MPOMEHN~ KaTO TEPMUH MOXKE Ja ce€ 0ObpHEM
KbM paszoupaneto Ha 1a-p VBo [{ekoB

,,KIIMMaTHYHUTE TMPOMEHU Ca M3MEHEHHS B MHOTOTOJIMIIHUS ITUKBI Ha
OTHOCUTEITHO CTAaOWJIHMSA M TIOCTOSIHEH KJIMMAT B OMNpPEACIICHU PETHOHW W Ha
3emsiTa kaTo 15710, [IprunHuTe 3a TE3u MPOMEHU OMBAT penuila, roJisiMaTa 4acT
OT TSX aHTPOIOTEHHHU, HO CHINECTBYBaT W JPYTH CBBP3aHH ChC MPUPOTHATA
akTUBHOCT. [loBHIIaBaHETO Ha TeMIepaTypuTe W TMPOMEHUTE B OKCAHCKHUTE
Te4eHHss Ouxa JIOBENIM [0 paspacTBaHE Ha IMyCTHHHUTE, HW30CTPSHE Ha
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KJIIMMaTUYHUTE KpaWHOCTH, Haill-BeUy€ Ha IMEpUOAUTE HA Cylmla H Ha
omycrommrenuu Oypu. Te3m mporecu cieaBa Ja ObAaT pasTiekaaHU
HEepas3JenHo ¢ JeMorpad)CKuTe U XyMaHUTApHU TEHJICHIIMU B Hail-3acerHaTHUTE
PErvoHU, Thil KaToO T IIe MPEAOIPEALIAT Cha0aTa Ha MECTHOTO HACEJICHHUE U B
peauna ciiyyai 1e I0BeIatT 0 ISUI0OCTHU U3MEHEHUsSI B COlIMaIHaTa CTPYKTypa’”
[3].

Moxe na ce TBbpAM, Y€ Bb3JCHCTBUETO HA KIIMMATHYHUTE IPOMEHHU MMa
HMIMPOKOOOXBATEH XapaKTep U MOXKE Ja OKa)Ke MPSIKO BIUSHUE BbPXY COLIUATHO-
UKOHOMHMYECKaTa  CTAaOMJIHOCT,  KOE€TO0  OM  CB3Jall0  ChHIIECTBEHU
IIPEIU3BUKATEIICTBA MIPEJ KIFOUYOBU CEKTOPU OT OBJIrapckara MKOHOMHKA KaTo
TypHU3bM, €HEPreTHUKa, CEJICKO-CTONAaHCTBO. B ChIIOTO BpeMe, H3MEHEHUETO Ha
KJIMMaTa II0CTaBsd HOBHM INPEIWU3BUKATEICTBA IIPEJ CUTYPHOCTTA, CBBpP3aHU
OCHOBHO C MUTpalusATa, KOH(QIUKTUTE U 3ApaBHUTE pUcKoBe [4, 9].

OTHOILIEHHETO HA HACEIEHUETO 110 TEMATa C KIIMMAaTUYHUTE IIPOMEHHU € OT
CBILECTBEHO 3HAYEHME I1I€ MMa U3BECTHU pa3ianyus, o0auye mopoJeHH oT (akra,
4ye MoBeueTo OT TAX — 86% ca Ha MHEHHE, ye Te3U KIMMAaTUYHU IMPOMEHH ca
IOPOJICHM OCHOBHO OT 4YOBEILKaTa JeHHOCT, a ocraHainure ensa 12% ot
aHKETUpPAHUTE BSAPBAT, Y€ TE€ Ca B PE3YJNTAT HA ECTECTBEHUTE IUKIUYHU
IPOLIECH, KOUTO HEe OMXa OKa3aju NaryOHO BIMSIHUE Ha IUIAHETaTa.

Couunonornyecko  mpoy4yBaHE TMPOBEAEHO B  XOAa HA  IMPOEKT
, KIIMMaTMyHUTE TPOMEHH M CHTypPHOCTTa — TJachT Ha MIIAJUATE 3a
NPEoJIoNIIBAaHE Ha MpPEAU3BUKATEICTBATA” TPEJCTaBs pe3ydATaTH, B KOUTO
,,KIIMMaTUYHUTE MPOMEHHM C€a CPEJ OCHOBHHUTE PHUCKOBE IMpel bbarapckoTo
0011eCTBO.

“Mons, onpegenete no ckana ot 1 oo 10, kou oT cnegHuTe
npegusBUKaTesricTBa cuMTaTe 3a OCHOBHM pUcKoBe npen Bbnrapusa

BenHocT )7.86

Murpaums )7.01

KnumatnyHu npomMeHu J6.41

MangemMmun : J5.67
KoHdonnkrn : )35.22
Kuoep zannaxu : J5.18

TepopusbMm )3.15

000 1,00 2,00 3,00 4,00 500 6,00 700 8,00

@uezypa 1. Pezynmamu om npoyusane [5]
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3a nga Opae Temara 3a KIMMAaTUYHUTE TNPOMEHU pasriielaHa B
CpPaBHUTEJIHA CTEIEH, € HeoOXOAMMO Ja MOTJIeIHEM TeMaThKa B PEerhuoHajeH-
eBporeiicku kKoHTekcT. Cropes nHbopmaius npenoctaBeHa oT [1omonkoBHUK
Ceeto3ap bocuikoB npoyuBane Ha ,,EBpoOapomersp” oT 2019 ronuna coun, ye
OpJrapuTe ca Hal-MaJKO 3aWHTEPECOBAaHM OT TeMara 3a KIMMaTUYHUTE
IpOMEHH OT Bcuuku eBponeiiiu. Ilo HeroBu nymu B bbearapus tpsiOBa na ce
3all04He aKTUBHO WH(poOpMUpaHe Ha Obarapckara OOIIECTBEHOCT OTHOCHO
IJIOCTHATA CHIIHOCT HA TOBA MPEAM3BUKATEIICTBO M KaKBH Ca IMOCJEICTBUITA
oT Hero. ChIIO MO HErOBM AYMH €KOJIOTMYHATa OOCTAaHOBKAa B CTpaHaTa Ce
Hy’KJla¢€ OT IIOBUIIECHHE AaHTAKUPAHOCT HAa XOpara, KakTo B Ipoleca Ha
ajanThpaHe KbM HU3MEHEHUATA B KIMMAaTa, Taka ChIIO U MPU CMEKYaBaHE Ha
HETaTUBHHUTE BB3ACUCTBUSA BbPXY H3MCHEHUETO Ha Kiinmata [6].

Kocmuueckure TE€XHOJIOTUU IIPE/ICTaBIIABAT U3KITIOYUTEITHO
GbyHKIMOHAJIEH UHCTPYMEHTAPUYM 3a HAOJIOJICHUETO Ha KJIMMATa, OMa3BaHETO
U OoTOpaHsIBAHE HA HAIMOHAIHUAT CYBEPEHHTET U TapaHTHPAHETO Ha
CUTYPHOCTTa BBB BBTPEIIHO TepUTOpUagHaTa TrpaHuna. Kbm HacTosIIMs
MOMEHT HHMKOSi cTpaHa B EBpona HsMa kamanurera Ja Tu pa3paboTBa
camocTosTenHo. bbarapusi karo abpkaBa wieH Ha EBponeickusar Cpro3 nma
BB3MOKHOCTTa Ja C€ BB3IOJ3BA OT peaula KOJEKTHBHU HHCTPYMEHTa 3a
IIPEIOCTaBsIHE MaTepHalHA cpella U (PMHAHCOBO CyOCHIIMpaHE Ha MPUIIOKHHU U
HAay4YHU U3CIEJIBAaHHUS B cdepara Ha aepOKOCMHYECKUTE TEXHOJOTHMH H
pa3paboTKa Ha METOJIMKH 3a TAXHO MPUJIOKEHUE IpU OopbaTa ¢ KIMMaTUYHUTE
MIPOMEHH.

[To nmamnu wa EBpomelickata komucus mnpe3 HoemBpu 2020 .
[Tapnamentst, ChBeTHT U KOMHUcCHSTA ce criopa3yMsixa OTHOCHO IUIAHOBETE 3a
¢dbuHaHCcHUpaHe Ha KocMuYecku TexHosoruu npe3 2021-2027 r. u 3a cb3gaBaHETO
Ha EBpormelicka areHuus 3a KocMudeckata mporpama. [lapmameHTBT omoOpu
cnopazymennero npe3 anpuit 2021 r. Crapa scHo, e 010xeTsT oT 14,8 mups.
eBpO 00XBallla MHUIIMATUBY KaTo ,,["anmneo” u ,,Konepuuk™ [7].

,KomepHuk” e mporpamara Ha EBpomeickus Cbio3 3a HAONIOJCHHE Ha
3emsara. Toil e BoJiel TOCTaBYMK HA JJaHHU 3a HAOII0ACHUE HA 3eMsITa, KOUTO CE
U3MOJI3BaT 3a JOCTABYMIIM HA YCIyI'W, MyOJWYHU OpPraHu U ApPYyrd
MEXIYHAPOJHU OPTraHM3alMu 3a MOJOOpSBaHE HA KAayeCTBOTO HA KUBOT Ha
eBponeiickute rpaxaanu. CrOpanute nanHu 3a EO ca ot momsa 3a pearupane
pU U3BBHPEAHM CHUTyallMH, TJI00AIHA MPOJOBOJICTBEHA CUTYPHOCT, TPAaHUYEH
KOHTPOJI U BbTPEIIHA CUTYPHOCT, KAaTO JOMPHUHACAT 32 MOPCKOTO HAOJIOACHHE
[8].

,,] aJniieo0” ocurypsiBa HempeKbCHATH HABUTALIMOHHM yCIIyTr Ha 6sn30 1,3
MIpa. moTpedutenu. Upes mogobHO ePeKTHBHO yrpaBieHHE Ha Tpaduka Ie
HaMaJld eMHUCUHTE U IIIe JOTpUHece 3a bopbaTa ¢ mMpoOMEeHHTE B KinMaTa [7].
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Cpmo Taka € BaXHO Ja Ce OTueTe, 4e EBpomeiickaTa KoCMHUYECKa
MPOMUIIICHOCT € €Ha OT Hal-KOHKYPEHTOCTIOCOOHUTE B CBETOBEH Mamad. Ts
noacurypsiea paborau Mecta Ha Haj 231 000 crenmanucTy U cb3aBa jo0aBeHa
CTOMHOCT B pa3mep Ha 53 — 62 munuapaa epo. Ilo manau Ha EBpormeiickara
komucus. B cpimoTo Bpeme EBpona nmpousBexa enHa TpeTa OT CITbTHHUIIUTE T10
ceera. IIpes 2016 r. cmopenm acommammsita EUrospace mnpomaxOute Ha
KOCMHYECKaTa MPOMHUIILICHOCT ca Omim Ha croitHocT 8,2 Mipna. espo. 41 333
IyIIM 32 3a€TH B CEKTOpa Ha KocMudeckara npomunnieHocT B Epoma [10].
[Iporpamute ,,I'anuneo” u ,,KonepHuk” ce mpeBbpHaxa B CBETOBHOM3BECTHU
Ha3BaHUS B 00JaCTTa HA CITTHUKOBOTO IMO3HWIIMOHHUpAHE W HAOJIIOICHUETO Ha
3emsita. C 29 cnbTHHKa B opbuta moHactosmeM v Haa 30 IiaHupaHu 3a
cneapanture 10-15 rogunu EC e u Hali-roieMUsAT HHCTUTYITMOHAICH KIMEHT Ha
yCIIYTH 110 M3CTpeiBaHe Ha cbTHUIM B EBpona [10].

Crnen ycTaHOBSIBAHE Ha OMNACHOCTTa OT KIMMATUYHUTE TPOMEHH U
OTYUTAWKH PETUOHAIHHUTE BBH3MOXKHOCTH, CJie/iBa, Y€ Ouxa MOIVIM Ja ce
peanpueMar NOTCHIIMAIHA MEPKHU 3a CIPaBsiHE C TOBA MPEIU3BUKATEIICTBO U
MPEOJIOJIIBAHE HAa OYaKBAHUTE HETaTHMBHU IMOCJIEIUIUA KaTo Cce€ MPEeABUIU
MIPOBEXKIAHETO Ha MOBeUe WH(POPMAITMOHHY KaMITaHUH.

,,JlaHHUTE ToKa3BaT, 4e /0% OT aHKeTHpaHUTE CUUTAT, Y€ MPEXOABT KbM
M0-YMCTa €HEepPrus B bbharapus 1me mompuHEce 3a TOJIOKHUTEIIHA TPOMSHA Ha
WKOHOMHUYECKHS MOJACI W MOJCpPHU3aMs Ha WHAycTpusara, mokato 18%
MOCOYBAT, Y€ CHepruiiHata TpaHc(opMmalys e JoBeAe A0 3aabidodaBaHe Ha
HEpPaBEHCTBAaTa B COIMAIHO-UKOHOMHYECKH TUTAH W TIOBUIIABAaHE Ha
Oe3paboTumara” [4].

Harmacara 3a mojoXUTETHOTO BB3JCHCTBUE HA 3€JICHUTE TMOJMUTUKU CE
MOTBBPKJaBa U OT CIEIMAIHO MpoyuyBaHe Ha ,,EBpobGapomersp” 2019 oTHOCHO
M3MEHEHUETO Ha KJIMMaTa, KOETO MOKa3Ba, Y€ CIOpe] MO-TojiiMara 4acT OT
ObJTapu MpeanpueMaHeTo Ha MEPKU BbB BPb3Ka C KIMMATHYHUTE TTPOMEHH IIIE
JOBEA€ 10 WHOBAllMM, KOWUTO Ie HamnpasaT kommnanuute B EC mo-
KOHKYPEHTOCTIOCOOHH.

Heo6xonumo na ce orieHu UHPOPMHUPAHOCTTA MO BEYE CHIIECTBYBAIIUTE
WHCTPYMEHTH Npu (GOPMHUPAHETO HA TOJUTHUKH TI0 TajieH MpoOIeM OT CTpaHa Ha
uHCTUTYIIMUTe. B Tasu Bpb3Ka, MpoyuyBaHETO MOKa3Ba, ye enBa 32% OT
3alIMTAHWTE Ca 3all03HaTH C CeBPONCHCKUTE TMOJUTHKA B 00JacTTa Ha
KIIMMaTHYHUTE TpoMeHH. OcTaHaauTe WM BBHOOIIE HE ca YyBaJd WM ca
qyBaJId, HO HAMAT T0-Cepruo3Ha HHMOPMAITHSI.
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Oa
YyBan'a cuM, HO e CbM 3aN03HaTia nonogpobHo

He ctM 3anoanaria,

13%

3%

5%

Duzypa 2. Pesynmamu om npoyusane [4]

JlaHHUTE OT MPOYUYBAHETO MOKA3BaT, Y€ UMa JeUIUT Ha UHPOpMALIHS TIO
TeMaTta ChC CHIIECTBYBAIIUTE MOJUTUKU B 001aCTTa HA KIMMATUYHUTE MPOMEHU
U OTa3BaHETO HA OKOJHATa cpeaa. Te3u pe3ynratu obadye Morar Jia ca CBbp3aHH
HE caMO C JIMIca Ha KOMYHHMKAIUs OT CTpaHa Ha WHCTUTYIIMHUTE, HO U C
€BEHTyaJIHA JIUIICA Ha WHTEPEC WJIM HEraTUBHO OTHOIICHHE B Ta3u OOJACT.
He3aBucuMo oT mpuumHata obade, Te TpeamonaraT HEOOXOIUMOCTTa OT
MIPOBEXKIAHETO Ha MOBede WH(POPMAIMOHHUA KaMITaHWHM 1O Te3u Temu. Jla ce
U3TPAIAT SCHH TIPUOPUTETH W CTpaTeTHMH 10 JajeH MpoOjieM, KaKTo W
KOMYHUKAIMATa, ca BAXHUA 3a OMO3HABAHETO HAa HArjacUTe Ha OOIIECTBOTO,
KaTo MPOYYBAaHHUATA TMPEACTABIABAT IICHCH M3TOYHUK Ha WHGOpMAIMSA B Ta3H
Hacoka [4, 11].

3akJ/oueHue:

Knumatnunure mnpoMeHM ca OCHOBEH TIpo0JiieM 3a CHhBPEMEHHOTO
EBPOIEMCKO O0OIIEeCTBO, KaKTO U  peaju3upaHEeTO Ha CBOEBPEMEHHO
OTIOBECTSIBAaHE HA HACEJIICHUETO MIPHU BH3HUKBAHE HA OCICTBUS U aBapHH.

Kocmuueckure TEXHOJIOTUU NPE/ICTaBIIABAT U3KITIOYUTEITHO
GbyHKIMOHAJIEH WHCTPYMEHTAPUYM 3a HAOIOJIEHUETO Ha KJIMMAaTa, OMa3BaHETO
U oTOpaHsSBaHE Ha HAIWOHATHHUAT CYBEPCHHTET W TapaHTHPAHETO Ha
CUTYPHOCTTa BBHB BBTPCIIHO TEpUTOpHATHATa TpaHWma. Te obOe3medyaBaT B
HACTOSIIIIOTO BpPEME CpejcTBaTa 3a cOOp Ha IIOOATHWTE JNAaHHU 3a KiIUMaTa |
MIPOMEHHTE HA KJIUMATa U ca HE3aMCHUM TIOMOIITHUK Ha YOBEUYECTBOTO.

OTHOIIIEHHETO Ha HACEJICHUETO 10 TeMaTa ¢ KIMMAaTHYHUTE POMEHH € OT
CBIIIECTBEHO 3HaueHUE. BaXHO € OBJrapckuTe TpakJaHu Ja ca Io-100pe
WHOOPMHUPAHK I10 TEMHUTE Kacaclly KJIMMaTa W KIUMAaTHUYHUTE MPOMEHU H
MOCJICIUIINTE, KOUTO T€ HOCAT ChC cebe CH, a MMEHHO Ja OKaXaT MPSIKO
BIIUSIHAE BBPXY COIMATHO-UKOHOMUYECKAaTa CTAaOMIIHOCT, KOETO Ou Ch3aalio
CHIIIECTBCHU TPEIU3BUKATEICTBA TpEJ] KIIOYOBH CEKTOpU OT Obarapckara
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WKOHOMMKA KaTO TypU3bM, EHEpreTHKa, CEJICKO-CTONaHCTBO. B chIoTO Bpeme,
W3MEHEHHETO Ha KJIMMaTa TOCTaBsi HOBHU IIPEIU3BUKATEICTBA  IIpe]
CUTYPHOCTTA, KOUTO Ca CBbP3aHH OC C MUTPALMUATA, KOHOIUKTUTE U 3IPAaBHUTE
puckoBe. Crell yCTaHOBSIBAHE Ha OIACHOCTTA OT KJIMMATUYHUTE MPOMEHU U
OTUUTANKHA PETHUOHAIHUTE BB3MOXKHOCTH, CIlie/Ba, Y€ Ouxa MOIJIM Ja ce
npeanpueMar NOTEHIMAIHA MEPKH 3a CIpPaBsSiHE C TOBa MPEIU3BUKATEICTBO U
MpPEOOJIsIBAHE HAa OYAKBAHUTE HETATHUBHU TOCIEIUIM KaTo C€ MPEIBUAU
MPOBEXKIAHETO Ha MOBeYe MH()OPMAITMOHHY KaMITaHUH.
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ITbPBOHAYAJIHU ITPOYYBAHMUA 3A
INIOTEHIIUAJTHA TYHHA KPUTHYHA
NHOPACTPYKTYPA BASUPAHU HA HAIIUOHAJIHU 1
NMHTEPHAIIMOHAJIHA HAPEJBU

Bacusn Hopaanos, Hukogai J{o1TYMHKOB

INITIAL INQUERIES OF POTENTIAL LUNAR
CRITICAL INFRASTRUCTURE BASED ON NATIONAL AND
INTERNATIONAL REGULATIONS

Vasil Yordanov, Nikolay Dolchinkov

Abstract: In the last few years, several national and private space agencies have
expressed higher interests and plans to return human on the Moon surface, with the intention
to stay. Naturally, such human presence can be possible only by the help of specifically
designed and constructed infrastructures which can ensure suitable life conditions. In this
work, was done a brief review of the main potential sectors of the needed lunar infrastructure
and regulations that are already adopted on the Earth for the definition of critical
infrastructure. As a result, are highlighted preliminary potential sectors of critical
infrastructure on the Moon, exhibiting similarities with what is already defined on the Earth,
but also defining new that are not considered by international and international regulations.

Key words: asteroids, craters, infrastructure, Moon, surface

BobBenenne

B nacrosiuus Tpya 1€ ce KOMEHTHUpa KpUTUYHA HHEGPACTPYKTypa Ha
Jlynata, KaTo MPUHIMIIMTE HA Ta3M crelruduyHa cuctemMa ca 0asupaHu Ha Beue
YTBBPICHU 3aKOHM M Hapendu B eBponeiickara OOIIHOCT, KakKTO W Ha
HaIlMOHAJIHO HHUBO. 3a TOBa B CIICBAIIUTE YacTH I¢ OBAAT pas3riicIaHH
OTIpeJIeNICHHs, CEKTOPH M 00XBaTH Ha KputuyHata uHdpactpykrypa (K1) B P.
benrapus u EBponetickusar cbro3. Crnen ToBa Imie ObJe HalpaBeH Mperjes Ha
Hay4YHaTa JIMTepaTypa 3a MOTCHIIMAIIHUTE W TUTAHUPAHWUTE UHPPACTPYKTYypHU HA
3€MHUS CITbTHUK, KOETO OT CBOSI CTpaHa IIE€ JOBEAE 0 BB3MOXKHOCTTA Jia CE
MPUJIOKAT 3€MHUTE KPUTEPUUTE 3a yCTaHOBABaHE M o3HauyaBaHe Ha KU Ha
Jlynata. B kpast Ha Ta3u riaBa 1ie ObJaT pa3riielaHd METOAUTE 3a 3aluTa OT
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CBJIQUMILIHU TIPOIECH Ha 3eMsTa U 1ie ObAaT Ae@UHUPAHU MbPBUTE CTHIKHU 3a
aJanTUPAHETO U UMILIEMEHTUPAHETO UM Ha APYTro KOCMUYECKO TSUIO.

HopMaTuBHA paMKa HA KPUTUYHATA HHPPACTPYKTYypa

[To cBoute neduHULIMU KPUTHYHA UHPPACTPYKTYpa CHOPE] 3aKOHOBUTE
HapenOu Ha PemybOnuka bowarapus u nHa EBpomeiickus cwvro3 (EC) ce
npenokpuBaT nopaau ¢akra, dye Pemybmuka bearapus e unen Ha EC u e
NpUYUCIECHA KBbM CHOUChKa Ha EBpomneickuTe KpUTUYHU HHPPACTPYKTYpH
(EKWN). Paznukarta B KM Ha HMBO HAIlMOHATIHO U €BpONEHCKa OOIIIHOCT € HUBOTO
Ha 0O0XBaT W mocieAulM mpu eBeHTyanHu meTu B KM, koetro B OoCHOBHH 3a
perynupaHu upe3 cektopHo rpynupane Ha KW. B cienamure noacexknuu Ha
Ta3W IJIaBa II€ Ce pasrjienar MpUEeTHUTe HapeAOW Ha HaIMOHAJTHO HHUBO B P.
bearapus u B EC, 1t kato KM morar na ObIaT KateropusupaHu CHOpe
TEPUTOPUSATA, KOSITO MOXKeE Jia ObJie 3acerHaTa Mpu €BeHTyaHa TeXKa I1eTa Uiu
3aryba — oOIIMHCKa, O0JacTHa, HalMOHalHAa WM EBponelicka KpuTHYHA
uH(ppacTpyKTypa.

HopmaTuBHa ypen0da Ha HAIIMOHAJIHATA KPUTHYHA MHPPACTPYKTYypa

Cnopen §1 T.15 OoT mombJIHUTENHUTE pasnopenady B 3aKOHA 3a 3alluTa
npu OenctBus ([AB, Op. 80 or 2011r.) [1] kpuThuHa WHPpacTpyKTypa €
nerHUpaHa KaTo ,,CHCTEMA WM YacTH OT Hesl, KOUTO ¢a OT OCHOBHO 3HAYEHUE
32 TOJJIBPKAHETO Ha JKU3HEHOBAXXHHM OOIIECTBEHW (DYHKIIMHM, 3IpaBETO,
0e30macHOCTTA, CUTYPHOCTTA, UKOHOMUYECKOTO WIH COLIMATHOTO
0JIaroChCTOSIHUE HA HACEJICHHETO W YMETO HapyllaBaHE WJIM YHUIIO)KaBaHe OU
MMaJo 3HAYUTENTHW HEraTUBHU mocheauiu 3a Penybnuka bbirapus B pe3yarat
Ha HEBB3MOXKHOCTTA Ja C€ 3ama3siT Te3u PyHKiuu ,,. OT TOBa cTaBa SICHO, 4e
U3MPAaBHOTO (YHKIIMOHUPAHE HAa BCSKA €JHA CUCTEMa, MO OTACIHO WJIA B
ChBKYMHOCT, KOSITO € BKJIIOYEHa B crnucbka Ha KM € OT XU3HEHO BaXHO
3HauEHHE 3a OOIECTBOTO U JbprKaBaTa Kato Is10. BChITHOCT, U3rOTBSIHETO HA
TO3U CMHCHK M BKIIOYBAHETO Ha OOEKT B HEro, KAaKTO M HA W3TOTBSHETO Ha
CBbp3aHaTa HOpMaTHBHA 0a3a 3a OIICHKA Ha PUCKA CE MPAaBH CaMO U €IMHCTBEHO
C KpaifHa 1eq Ja Cc€ W3TOTBAT ONTHUMAIHH U (DYHKIIMOHMpAIIU CTPATETHU U
MHTEPBEHIMH 32 HAMAJIIBAaHE HA PUCKA, KAKTO U CMEKYAaBAaHETO HA MOTEHIUATHH
NoCJIEeACTBUS. B TO3M CMUCHII IPEANOCTAaBKY 32 YBEIUYaBaHE HA pUCKa MOrar Aa
ObJIaT BCIECACTBHE HAa YOBELIKA JEWHOCT (aBapuu, TEPOPUCTUYHM aTaKu) WM
NpUPOJHU OeJCTBUS (CBJIAUMINA, HABOJHEHMS, MOXKapu U T.H.). Karo metu ot
BBHIIIHK BB3JEHCTBUS MOraT J1a ObJaT OINpeleieHH KAaTo MPEKH YOBEIIKU U
MaTepHalHi, HO KoraTo € 3acerHaT oOekT Ha KU moxke na ce mpuyuHAT U
uHaupekTHU 3aryou. [lopamu cnemmduunnte xapakrepuctuku Ha KU Takusa
HIeTH MoraT Ja JOBeIaT [0 BJOIIABAaHE Ha KadyeCTBOTO Ha JKUBOT upe3
HaMaJIeHW/JUICBAM  ycayru  (Hamp. 3lpaBeonasBaHe,  BOJO- U
€JIEKTPOCHAOSIBAHE) UITU IOCTHII IO CTOKH OT IIbpBa HEOOXOIUMOCT.
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[TorennuanauTe 00€KTH, KOUTO MOTrat aa omnpenenenu karo KW morar na
UMaT pazHOPOIHH (PyHKIUHN ¥ 0OXBATH, UM JIa ca MO/ Pa3INYHU YIPABICHUETO
Ha pa3jIM4yHU PECOpU. 3aTOBA CE€ Hajlara U JOIBIHUTEIHOTO UM PA3NpEEeIICHNE
110 CEKTOPU U MOJICEKTOPH, 32 J1a MOXKE J]a ca SICHO OTJEJIEHH U OT MPUOPUTETHA
rieaHa Touka. B nmpunoxenne 1 kpMm . 2, an. 1 ot Hapenba ,,3a pena, HaunHa
¥ KOMIIETEHTHUTE OpTaHM 3a yCTaHOBSIBAHE HA KPUTUUYHUTE UHPPACTPYKTYPHU U
oOeKTHTe MM U OIleHKa Ha pucka 3a Tax~ (00H. JIB, Op. 27 ot 2016r.) ca

onpeneneHu 19 cextopa ¢ kputnyHa unppactpykrypa B P. bearapus (Tabmuma
1).

Tabnuua 1. Cnucvk na cekmopume ¢ kpumuuna ungpacmpykmypa 6 P. bvieapus [2]

CekTop IloacexkTop
1. Enextpoeneprus
2. Hedr
I. Enepreruka
3.Ta3

4. TormmHHA EHEePrUsl

1. ABTOMOOMIJIEH TPaHCIIOPT U IIbTHA
UHPPACTPYKTypa
2. Xene3onbTeH TPaHCHIOPT U XKEJIE30IIbTHA
UHPPACTPYKTypa
3. Bp3ay1ieH TpaHCIOpT U JIETUILA

II. Tpaucnopt

4. BojeH TpaHCHOPT U NPHCTAaHUIIA

1. EnexTpoHHU ChOOLIUTETHN MPEXKH
II1. Uudopmaronnu u

KOMYHUKAITHOHHH TeXHOMOTHH 2. UapopmaninoHHa 1 KOMyHHUKAllMOHHA

nH(}pacTpyKTypa

IV. ITomeHcku U KypuepcKu YCIyTu

1. OxosiHa cpena

V. Okonna cpena
2. Boan, BogocHaOaABaHEe U KaHAJIU3aALIMS

1. 3emenenue
VI. 3emenenue u xpanu 2. Xpanu

3. 'opu 1 JTOBHM CTONIAHCTBA

1. MeaunuacKa 1 OOTHUYHA TOMOLI]
VII. 3npaBeona3Bane
2. JlekapcTBEHU CpeJICTBA

VIII. ®unancu
IX. Ukonomuka

X. CHOPTHU OOEKTH U ChbOPBKEHUS

XI. O6pazoBaHue, HayKa U TEXHOJIOTHH
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XII. ITpuponuu pecypeu

XIII. Typuzsm

XIV. PernoHajiHO pa3BUTHE U
0J1aroyCTpoicTBO

1. OTGpaHuTEIHA MPOMUIIICHOCT

XV. Orbpana 2. BoenHa uH(pacTpyKTypa U BOCHHH
dbopmupoBaHus

XVI. IlpaBochaue, 001MIECTBEH pel 1
CUTYPHOCT

XVII. JIsp>kaBHO ¥ COIUATTHO
YIIPaBJICHUE

XVIII. 3anmra npu 6eacTBUS

1. HenBr>xuMu KyJITYpHHU LIEHHOCTH
XIX. KyntypHO HaciencTBo A YAYPHI

2. JIBMKMMH KYJITYpPHU LIEHHOCTH

HopmaTtuBHa ypenda Ha eBponeiickaTa KpUTHYHA HHPPACTPYKTYpa

Penyonuka bearapus e crpana or EC, BCHYKM pemieHUS NPUETH B
OOLIHOCTTAa CTaBaT 3aIbDKUTEIHM W TpsAOBa na ObJaT TPAHCIIOHUPAHH B
HAallMOHAJIHUTE 3aKOHH, Taka U AupekTuBuTe cBbp3anu ¢ KW B EBpoma ca Beue
OpUeTH Ha HaluOHATHO HHUBO. CHOTBETHO WpeacTaBeHUTE AehUHUIIMU B
NpeaHaTa CeKUUs Cce€ NPENnoKpUBaT, C MAaJKH pa3iIuKh, C €Bpomeickara
(dupextuBa 2008/114/EO). B eBpomupekxtuBara 3a KM oTtHOBO ce aedunupa
CUCTEMA, CAMOCTOSITEIIHA WJIM KOMILJIEKCHA OT YCIYTH U ChbOPBAKEHUS, KOSITO TIPU
OTKJIOHSIBAHE OT HOPMAaJHOTO (YHKUMOHMpAHE MOXe Ja JOBele [0
HeOmaronpusTHU €(eKTH BHPXY O€30MaCHOCTTa W 3/PAaBETO HAa HACEJICHHUETO,
oOIIecCTBOTO M OKoJiHATa cpeda. JombiaHutenHo ce nedunupa u EBpormericka
kputnyHa uH@pactpykrypa (EKHN), koaro ce 6a3zupa Ha onpenenennero 3a KU,
HO C Pa3UIMPEH CMUCHI 32 TEPUTOPUATICH 00XBAT MPU €BEHTYaJIHU MU3BbHPEIHU
nporiecu. 3a ga Obae BKIOUeH B cnuchka 3a EKM egun ob6ekrt, TpsiOBa
BB3JECHUCTBUETO IIPU HETOBOTO ,,HAPYLIABAHE WJIM YHHILOXABAHE J1a JOBEAE 1O
3HAQUUTENHU MOCIECININ 3a JBE WIM MOBEYE NbpKAaBU-WICHKW . JIOTMYHO mpH
tasu aepuuunus, cekropute ¢ EKM He morar na ObaaT chliure, KakTo B
ciydante Ha HanuoHanHW KW. B un. 3 1. 3 ot HupextuBa 2008/114/EO ca
nedunupanu camo nBa cektopa ¢ EKUM — eneprervka m TpaHCHOPT, KaTo ce
MpUeMa, 4€ caMo IpHU TIX MOXKE Ja MMa OTPHUIIATEIIHO BJIUSHUE HA JIBE WIIH
noBeue abprkaBu wieHkH [3]. MaTepecHo, e ue crnen arakute B Maapun 2004 Ha
EBPOIICICKO HUBO ca BKJIIOYEHHW BBB (Pokyca Ha 3amuta Ha KU Tepopuctuunm
nanagaeHus [4]. Koero camo mokasBa, 4e TakaBa CJIOKHA CHCTEMa € JUHAMHUYHA
U Ma HYXJla OT 100pe M3rOTBEHU IIAHOBE 3a OIEHKA W HAMaJISIBaHE HA PHCKA,
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KaKTO W TE€3U IUIAaHOBE Jla Ca TMOCTOSHHO PEBU3UPAHM, ONPECHSIBAHU M
aJlanTHPaHUd KbM HOBHU 3aIUIaXy U MOCIIEICTBUA.

B un3 1.2 or HupexktuBa 2008/114/EO ca ymomeHaTu TpuUTe
MEXIYCEKTOPHU KPUTEPHs, HA KOATO TpsiOBa Jla OTroBaps €lHa MOTEHIMATHA
EKMU (B mombpiaenue Ha aedununuute 3a KU u EKN):

* Kpurepuii Ha mocTpagamuTe — IO OTHOIICHUE HA YOBEIIKHUTE 3ary0n 1
NOCTPaJaH.

* Kpurepuii Ha UKOHOMUYECKHUTE TOCIEIUIM — MAaTEPUAITHUTE 3aryou,
KOUTO MOraT Jia AOBeJatT J0 3aTpyJAHEHHE/BJIOIIABaHE Ha NpeajiaraHe yCiayru u
CTOKH OT II'bpBa HEOOXOIUMOCT, KaKTO U Bb3JIEUCTBHS Ha OKOJIHATA CpeJia.

*  Kpurepuii Ha oOleCTBEHUTE TMOCIEIUIIM — 3aryda Ha YCIyrd U
HapyIIeHUEe Ha KCTHCBHUS )KHBOT.

C nedpunupanero Ha asere noustus (KW u EKU) ce mocraBsa mbpBute
HaWBa)XHU yclioBUA kouto enHa noteHnuanHa EKU tpsbBa na mokpue, 3a ga
Ob1e BriItoueHa B cnuchka Ha EKU. CnexBamure ycinoBus, KOUTO TpsiOBa /1a ce
IpeMUHAT ca TPUTE MEXKIYyCEeKTOpHH Kputepus. llenmuar mpoiuec 1o
yctaHoBsiBane Ha KW, kouto morar na ObJa O3HAYEHH KaTO EBPOIEHCKHU
KpUTUYHU UHPpACTPYKTypu € ompexaeseH B [Ipunoxenue Il chroacuo ui. 3 ot
Hupextua 2008/114/EO u rpaduuno npeacrasen Ha durypa 1.

IIpoueaypa 3a ycTaHOBSIBAHE OT AbPKABATE-YWICHKH HA KPHTHYHH HH(PACTPYKTYPH, KOUTO
morar 1a 0baar o3nauenu kato EKH ebriaacHo wien 3%,%%

Tlorenuuanua

EKH

IIspBoHayaeH noadop: [Ipunarane na onpenenennero Ilpunarane Ha onpeneneHHeTo
NpuIaraHe Ha CeKTOPHUTE no uieH 2, 6ykea a) 3a KM Ha  no unen 2, 6yksa 6) 3a KH Ha
KpHTEPHH HAIIHOHAITHO HHBO HALHOHATIHO HHBO

Ilpunarane na
MEJKIYCEeKTOPHHTE KPHTEPHH

*MMo oupexmuga 2008/114/EQ na cveema om 8 dexemepu 2008 zo0una omHoCHO yemaHogagaHemo u
O3HAUAGAHEMNO HA e6PONEHCKN KPUMUNHN UHHPACIMPYKINYPI U OUEHKAMA Ha HeodxooumMocmma om
nooodpasane HaA MAXHAMA 3aujumna

** B eayuaii Ha HenpeMuHagane Ha edun om emanume nomenyuainama EKH ce uskiwuea om
npoyeca u He ce 3a nucea kamo EITH.

@uzypa 1. [Ipoyedypa no ycmanossgsane na EKHU.
Cneunduxka Ha JyHHATAa HMHEQPACTPYKTYpPa M B3aMMOJeiiCTBHE C

uHdpacTpykTypara Ha 3emsATa
HNugpacrpykrypa Ha Jlynara
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B Ta3u yact me Ob/ie HampaBeH Mperjies Ha HayyHaTa JIdTepaTypa, 3a J1a
Oblle ompejelieHa MOTEHUMATHATA HH(PPACTPYKTypa IUIaHHpaHa Ja Oble
usrpagesa Ha Jlynara. TakbB mpersieql 1€ MOMOTHE Ja OblaT TpyHmupaHH
OCHOBHHMTE THUIIOBE OOCEKTH, KOWTO TPEJCTABISABAT HHTEPEC 3a HAYYHOTO
OOIIECTBO U AbP)KaBHH/UYACTHU KOCMUYECKU areHINH, KaTO ChOTBETHUTE TPYIH
1€ Morat ja ObJaT MPUIHUCICHN IO CEKTOPH U Ja Ce MPUJIOKH Ipoleaypara mo
ycraHoBsBane Ha EKWM cnopen esponeiickure naumpexktuBu. [lopamm
cnenmuUIHOCTTa Ha pasriexaanus HaydeH o0ekT (JlyHara) He BCHYKH
JTUPEKTUBH U MPOLEAYPH MOTAT J1a OBbAAT TUPEKTHO 3aUMCTBAHU U MPUIIOKECHH,
clieoBaTeTHO  TpsibBa na  ObJaT  ajanTUpaHd 3a  crneuupuuHuTe
XapaKTEpPUCTUKHU. 3aTOBA € Ba)KHO IIbPBOHAYAIHO J]a CE pasriena ACHCTBALIUTE
MEXIyHapOJAHU HOPMATHBH B HAIIpaBICHUE OTKPUTHS KOCMOC M 3E€MHUS
CI'bTHUK.

JIoroBop 3a KOCMMY€ECKOTO IPOCTPAHCTBO

IIpe3 1967 mox pwkoBojacTBoro Ha OOH e moroBopeH W IMOATOTBEH
»JlOTOBOp 3a NPUHLUUIMUTE Ha JEWHOCTTAa HA JIBP)KABUTE I10 M3CIECABAHE U
U3I0JI3BaHE HA KOCMUYECKOTO IPOCTPAHCTBO, BKIIOYUTEIHO JYHATAa U JPYTUTE
HeOecHU Tena”, KOUTO pa3uepTaBa OCHOBHUTE MPUHLMIN MPU U3CIEABAHETO U
CKCIUIOATUPAHETO Ha KocMoca, JlyHara w japyru HeOecHm Tema [5].
[IpoekTonoroBopsT € BHeCEH OT Pyckata denepauus, Obenuneno Kpaictso Ha
Anrmua n Cesepna HMpnannus, n Ceennnenn Amepukancku lllatu, xato xpm
ssuyapu 2022, 1oroBopbT € noanucad u parupunupan ot 111 xepxasu [6].

[ToanucaHUAT JOKYMEHT AeKIapupa, 4e BCUUKU JEHHOCTH O U3IOJI3BaHe
Y U3CJENBAaHE Ha KOCMHUYECKOTO MPOCTPAHCTBO, JlyHaTa M Apyrd KOCMHYECKH
o0eKTa ce M3MOoI3BaT caMo 3a J0OpOTO U MHTEpeca Ha BCUYKU CTPaHH, KAKTO U
HE MOTar J1a Ob1aT 0OEKT Ha HAIIMOHAIHO MPUCBOSIBAHE WK OKynupaHe. B ui. 4
€ W3pUYHO yromeHaTo, ue ,JlyHata u apyru HeOecHu oOekTH Mmie Obaar
W3N0JI3BaHM OT ydacTHuiure mno JloroBopa camo 3a mupHu uemu” [5].
[IpoapmxaBaiiku, JloroBopbsT paszyepraBa M CTaTyTa Ha BCHUUKM aCTPOHABTHU B
OTKPHUTHS KOCMOC (W1. 5) KaTo ,,lIPAaTEHHIIN Ha YOBEUECTBOTO’, HA KOUTO BCHUYKH
yuyacTHUIM 110 JloroBopa TpsiOBa Ja OKa3BaT BCSKAKBa MOMOLI IO BpeME Ha
WHIUJEHT, aBapys WM aBapUilHO KallaHE Ha TEPUTOpHsTA HA Apyra Ibp)KaBa
yuyacTHUK. KakTo, U mo BpemMe Ha JAEUCTBUS B OTKPUTUS KOCMOC U JPYTU
HeOeCHU O00EKTH acCTPOHABTH TPsOBA J]a OKa3BaT MOMOII HA APYTH aCTPOHABTH.
OT rnegHa TOYKa Ha CTAaHIMHU, IPEBO3HU CpelicTBa U 0O0opyaBaHe Ha JlyHaTa u
Ipyru HebecHU Tena, wi. 12 periameHTupa, 4ye ca OTBOPEHH M JOCTHITHHU 3a
aCTPOHABTH IMPEACTABUTENIM Ha AbpKaBUTE MO JloroBopa Ha mpuHIMMNA 3a
PELUIIPOYHOCT.

B3emaiiku npensun, ve JloroBopsT € mnoamucan ot 111 pgbpikaBwy,
BKJIIOYMTEIIHO U OT JABPKABUTE C Hall-pa3BUTU KocMmuuecku nporpamu (CAILL,
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Kuraii, EKA) Moke f1a ce HampaBu U3BOJIA, Y€ 1O BpeMe Ha KOCMUYECKHA MUCHUH
B OTKpUTHUS KOCMOC U Ha JlyHaTa, BCHUKH aCTPOHABTU TpsAOBa ObJIaT TPETUPAHU
pPaBHOIPABHO, KAaTO pa3/iefieHue MO HAIMOHAIHOCT peajHo He € BamuaHo. B
TO3U CMHUCBHJI W OT TJieJHa TOYKAa Ha CBHIPUYACTHOCT M B3aUMOIOMOIII,
onpenenenusta 3a KM u EKUM He morat na ObaaT NpHIOKEHU IUPEKTHO,
3al10TO TIPH TIX ce AeduHrupa MPHUHAICKHOCT HAa HACENIEHUETO KbM HAIUs U
teputopus Ha 3emsaTa. ChrOTBETHO, B ciiydail Ha JlyHata wim apyro HeOECHO
TSJIO Ta3W MPUHAICKHOCT HE MOXKe J1a purypupa, a TpsOBa BCHUKH OOUTATENN
Ha JIyHata fa ce pasriexar KaTo 3aCerHaTo HaceJIeHUE.

Horenuuasna ungpacrpykrypa Ha Jlynara

B nocnennute rogunu JlyHata € OTHOBO HHTEPECEH OOEKT 3a M3CJIC/IBaHE
OT BCUYKHU JbPKABHU U YACTHU KOCMHUYECKU areHUMU U KoMmaHuu. OCHOBHATa
MIPUYMHA € 33 TOBA € POJIATA, KOSTO 3€MHUAT CI'bTHUK 3a€Ma B Pa3BUTHETO Ha
KOCMUYECKUTE U3CIEABAHUS U IIbTYBaHUS — TS € HEU3MEHHA CThIIKA 32 ObJICIIO
pa3Butue B kocMoca. Karo Hail-0113k0TO HEOECHO TSIO TS € Haii-JecHaTa 1elnl
3a MOCTOSIHHO YOBEIIKO MPUCHCTBUE Ha Apyra ruiaHeta. OCBEH 3a pa3BUTHETO
KaTo IMbPBU XaOUTAT, TS MOXKE Jla MPUEME U POJIsiTa Ha MEXKJIMHHA TPAHCIIOPTHA
CTaHIUS 3a MO-IbJIOOKH KOCMHYECKH MbTyBaHMs, Hampumep a0 Mapc. Takbs
npumep e nporpamara Apremuc [7] Ha HACA, kosTO cH € mocTaBmiia 3a 1ei Ja
BbpHE XOpa Ha cbTHUKA 10 2028 r. 3a pasnuka oT mpeaHuTe ATOJIO MHCHH,
KOUTO Ca MMa 33 OCHOBHA 1I€J1 KallaHEe U U3CIIe0BaTeNICKa IEUHOCT, APTEMUC €
B ITbTU NMOAMOUIIMO3HA U KOMIUIEKCHO MIaHWpaHa. EAHa OT MbpBUTE CTBHIIKU €
U3rpOKIAHETO Ha oOpOuTasHa craHius HapeueHa Gateway, kosTo na ce
M3IM0J13Ba 32 MEKIMHHA CTAHIIUS MEXKAY CIyCKAHUSATA JI0 JIyHHATa MOBbPXHOCT.
CrnenBamnuTe CTHIIKUA CIIOPE] TUIAHOBETE € YCTAHOBSIBAHETO Ha 0a30B Jiarep Ha
MOBBPXHOCTTA C 1€ HOJAIbPKAHETO Ha ABJITM €KCIJI0ATallMOHHU MHcUHU. ToBa
OT CBOSI CTpaHa BOJM O MHOTOACIEKTHO IUIAHUpPAaHE U pa3BUTHE HaA
TEXHOJIOTUU. 3a Ta3u MHOTOo ambuimosHa nporpama HACA u3rotBs 1uiaH ¢
JpyTu MyOJIWYHU ¥ YacTHHU napTHhopcTBa. Hampumep, Kananckara Kocmuuecka
AreHnus 1ie pa3BuBa poboTtukata 3a Gateway cranmnmsata, EKA e n3cneasa u
pasBuBa MexnayHapoaen Xaowrtar (IHab), cpeactBa 3a KOMyHUKanus |
BHEJIpSIBAHE HA Hay4yHW moJie3Hu ToBapu, a JAXA 1me mnoamomara
YKUBOTOIOIIbPKAIIKA KOMIIOHCHTH M JIOTUCTHKA. Starship cucremute Ha Space
X 3a MHOTOKpaTHU HW3JIUTaHUSI W KallaHus Ha Super Heavy pakeTu cbIo Ie
Opmatr wm3noi3Bann. Nokia Tps6Ba ga  wumsrpagm  nepBara LTE/M4G
KOMYHUKAI[MOHHA Mpeka Ha TOBBbpxHOCTTa Ha Jlynara [8]. B nmombinenwue,
NASA mnanupa 1a u3rpagsaT CUCTEMHU 3a HaBHTanus Oa3upaHa Ha IMPUHIIAIIA Ha
Global Positioning Systems (GPS). OcHoBHHTE MOIYJH Ha MOBBPXHOCTHHS
0a30Bus Jlarep BKJIIOYBAT CPEACTBO 3a TMPUJIBIDKBAHE, MOJBIXKEH MOIYJ 3a
oOWTaBaHe, MOCTOSTHEH MOJTYJI 32 OOMTaBaHe, EHEPTHUIHN CUCTEMHU U CUCTEMHU 3a
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U3MoJI3BaHe Ha pecypcu Ha Mmscro (in-situ resource utilization systems ISRU).
Cnopen npyru miaHose [9], Bce orie B mpoliec Ha pa3BHTHE, ,,TbMHATa” CTpaHa
HAa JIyHaTa € MOAXO/SIIO0 MICTO 3a MMOCTaBsSHE Ha TEJIECKOMH 33 aCTPOHOMUYECKU
1eJIH, TIOPaJI MUHUMATHOTO BIUSHUE HA PAJHO BBHJIHU.

Or maHa 3a pa3BUTHE Ha ApTeMHC MHUCHSATA HW OT JIPYTH
u3cienoBatesicku padbotu ome cpenara Ha 90-te rogunun [10], kakTo M MO-HOBU
tpynose [11], [12] moxe na ce pasrpaHWyaT MeT OCHOBHU HMH(PACTPYKTYpPHH
CeKTOpa, HEOOXOJIMMH 3a IMOCTOSHHAa Oa3a Ha JlyHaTa, KOWTO Ja MoraT jJa
HOJICUTYPST CaMOIOIbPIKAIIO CE, YCTOMYUBO M IMOCTOSTHHO (OT HSAKOJIKO JIeHa
710 HSAKOJIKO MECeIla) YOBEIIKO MPUCHCTBHE:

1. Euepeutinu cucmemu — OAXOJSAIIA CUCTEMH, KbM MOMEHTA, KOUTO C€
MOraT Ja C€ pas3nojio)kaT W HW3MOJ3BaT Ha JIyHHAaTa IOBBPXHOCT 3a
MIPOM3BOJICTBO HA €HEPTHUs Ce CMATAT (POTOBOJITAUYHH COJIAPHU TIAHEIH, KOUTO
ca Beue JIOKa3aHO CPEJICTBO 3a paboTa B OTKPUTHS KOCMOC (OCHOBEH M3TOYHHK
Ha CHEpTHs Ha MOoBeYe M3KYCTBEHH CaTeNUTH oOuKkassmm 3emsra). Kato Bropu
BapHaHT Ce M3CIEABAT SAPCHN pPEeaKTOpH (3apoBeHU MOHE Ha 1 KM OT eqHa Oasza
[13]), xouto nma wm3momssa He® wmzoTom, KOMTO € IOBEYE PasIpOCTpaHEH Ha
JyHHATa TOBBPXHOCT OT KOJIKOTO Ha 3eMHaTa [14].

2. Cucmemu 3a KOMYHUKayusi U Hagueayusi — BCUYKH TE3U CHCTEMH,
KOHUTO III¢ MOIbP)KAT HeMpPEeKbCHATa Bpb3Ka HA JYHHATa MOBBPXHOCT, KAKTO U
Hest ¢ opOuTanHu ctaniuu (Hanpumep, Gateway) u 3emsra.

3. Tpancnopmuu cucmemu — B TSX CE€ BKIIOYBAT, KAKTO BCHYKH
TPAHCIIOPTHH CPEJACTBA OT 3aTBOPCH THIT TNPUTS)KABAIIKA CHCTEMH 32
NOJUTbpKaHE Ha YCJIOBUS 3a JKUBOT, Taka M TE3W 3a HAIlyCKaHE Ha JIyHHAaTa
MOBBPXHOCT M OpOUTA.

4. JKusomonooovporcauu cucmemu — MECTOOOUTaHUS
npeapas3nojiaraid €CTeCTBEHH Cpela 3a JKMBOT, BKIIOYBAIIM TEPMaJTHU
CUCTEMH, BB3IYIIHU CHUCTEMH, OTIAIbUHU CHUCTEMH, KaKTO M BCHUYKH MOMIYJIH
OpUCHTHpAHE 3a Mpujlarane Ha MEIUITUHCKU TPHKH.

5. Cucmemu 3a usnonzeéamne na pecypcu na msacmo (ISRU) — toBa e
CEKTOpa, KOMTO MOJKE JIa C€ pa3/iesid Ha OCHOBHHM JIBA MOJICEKTOPA M3ITbIHABAIIH
IJIaBHA POJIM B €lIHA yCTOWYMBa WHQPPACTPYKTypa W JUPEKTHO CBBP3aHU C
MPEAUIIHO U30POCHUTE CEKTOPH.

[TbpBHUAT MOACEKTOP € CBBP3aH C KUBOTOMOMIbPKAIIMS cekTop. Upes
HEro Ie ce JA00MBa BOJAA OT JICOBETE B IMOCTOSHHO CEHUSCTHTE KpaTepH IO
nojrocute Ha JlyHara, KakTO M W3BJIMYaHE Ha KUCJIOPOJ OT perojuta. Bropo
CTaBa 4pe3 ,,M3MHUYaHe” Ha PErojiuTa 3aeJHO C BOJOPOJEH Ta3, KOHTO IpH
HArpsIBaHETO OTJAES BOJHU Tapd KOUTO MOTaT Ja ObJaT paslIeicHH Ha
KHCI0poa U Bogopos [15].
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BropusT moacekTop, € CBbp3aH ¢ €HepreThkara u TpaHcnopTa. Karo ce
IUTAaHUPA J1a CE M3I0JI3Ba TOPUBO JOOHUTO OT BBIJICPOJ MPUIOOUT OT CIIbHUCBHUS
BATHD MJIM OT CHHTe3a Ha He®.

WHTepecHO, € Y€ BCHYKH TE3H WHQPPACTPYKTYPH IOCTABIAT U KOCBEHO
yCIIOBUS 3a JIOKaIusATa WM. B ImaHa 3a pa3BUTHE Ha MUCHATAa ApTeMHuC €
apryMEHTHPAaH W TIOTEHIMAIHUAT pPaliOH 3a pa3BUTHE HA MHUCHATA — B
noKpaiiHHHUTE Ha Kparepa Shackleton (durypa 2), koiiTo ce HaMupa Ha I0KHUSI
JyHEH TOJTIOC.

MeCTOIOJIOKEHHETO € IMOAXOMANI0 TI0 HSIKOJKO MNPUYMHH — B
HETIOCPE/ICTBEHA OJIN30CT MMa KpaTepH, B YHHTO KyXWHHU € IMOCTOSIHHA CSHKA U
uMa Ham4HHU Jiegose. OT npyra cTpaHa, o OminoTo Ha kparepa Shackleton u B
palioHa OKOJIO HEro € YCTaHOBEHO, Y€ TE3M MeCTa ca C TOYTH IOCTOSHHO
OCBETGHH OT CITBbHIETO. Taka Ta3u JIOKaIlWs, C€JIHOBPEMEHHO cIlomMarar 3a
IPEOOIBAHETO Ha JIBa MpoOiieMa — qOOWB Ha BOJIa M CITPHUEBA SHEPTHS Upe3
MIOCTaBSIHE Ha COJIAPHU TAHEJIH 10 OUIIOTO.

@ Site 102

O swerss

Site 011 @
ite 004

Site 001 @r

@uzypa 2 [lomenyuannu 1oxayuu 3a kayare Ha mucuume Apmemuc (usmounux: HACA)

Ol

Site 007

3akioueHue

OT IOTYK HampaBEHHUTE TMPETIIEN Ha JIUTEpaTypa U IUIAHOBE 3a Pa3BUTHE
Ha JIyHHH O0a3m W HyXJara OT TOJdsIM Opoil CHenualHO pa3pabOTeHH
UHOPACTPYKTYPH MOXKE Ja C€ CTUTHE JO0 HW3BOJa, Y€ IMOBEYETO HW3TPAJACHU
uHppacTpykTypu Ha JlyHara, a u Ha Apyro HeOECHO Tsul0, MoraT ga ObaaT
neUHUpaHU KaTO KPUTHYHA WHOPACTPYKTypa, MOHE TE3W KOUTO Ca 4YacT OT
MIPEIXOJHO HM30POSHUTE TET CEKTOopa. Beska emHa OT MOXe Ja JOBEAC 0
3acTpaliaBaHe 3/IpaBETO M JKMBOTAa Ha OOWTABAIIOTO HACEJICHHUE, B CIIydau
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KOraro He Morar Ja ObJaT U3MBIHCHH TEXHUTEe (QYHKIMOHAIHU
XapaKTePUCTUKH.

KakTo 3a Bcska emna KM Ha 3emsita mMma MpenBHICHU MEPONPUATHS U
U3CJICIBAaHE 3a CMEKYaBaHE Ha PUCKA OT PA3IMYHU OMACHOCTH, MOPOACHH OT
YOBEK WJIM ©CTEeCTBCHHM, Taka TpsiOBa 1a ce u3paboTh W 3a crhenuduyHa
kputnuHa uHppactpykrypa (CKHW) Ha npyru HebecHu Tena.
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OBUKHOBEHHU METEOPUTHMU KPATEPU: CAMO
CUMETPUYHU BUCOYUHHHU NPOPUJIA JIN CE
HAMMPAT B TAX? AHAJIN3 HA HABJIIOJJABAHUTE
®OPMHU B KPATEPU C IMAMETPU MEKAY 10 1 20 KM

Bacua Mopnanos

SIMPLE IMPACT CRATERS: ARE THEY EXHIBITING
ONLY SYMMETRIC ELEVATION PROFILES? ANALYSIS
OF THE DETECTED SHAPES IN CRATERS WITH
DIAMETER BETWEEN 10 AND 20 KM

Vasil Yordanov

Abstract: Usually, scholars are determining three main classes of impact craters:
simple, complex, and meteoric basins, where the main differences are in the crater size but
also the geomorphological features. It is assumed that in most of the cases simple craters are
exhibiting simple bowl shape of the cavity unless modified by external factors, e.g. landslides.
More complex features are notable when the crater size is becoming bigger. However, upon
investigation, more complicated and asymmetric shapes were noted to be present in already
categorized simple craters. In this work is proposed a general subdivision classification of the
simple craters based on their elevation profile shapes.

Key words: asteroids, craters, infrastructure, Moon, surface

1. BbBenenue

Karo mnanera ot Tum ,,3emMHa” ¢ 000coOeHa MOBBPXHOCT, JIyHata ChIIo €
MOBJIMSIHA OT PAa3JIMYHU TEOJIO)KKH W TIOBBPXHOCTHU TPOIECH. [ '€0J0XKKUTE
MPOIIECH, KATO TEKTOHWKA, BYJKAHU3bM, METECOPUTHU YyJIapu U H3MEHEHWS,
IPUYUHEHHU OT epo3us [1], ChIo MOaeIMpaT T€O0NOKKUSA U CTPATUTPAPCKUS BHI
Ha Jlynara. Te3u mnpouecw 3aBUCAT OT IUIAHETApHATA CIIOKHOCT, KOSITO €
CBbpP3aHa C pa3Mepa Ha IUIaHeTara. Te Morar Ja JeMCTBaT KaTo 3aJehCTBalld
dakTopu 3a cBIAYMINA HAa 3eMsATa U APYTH 36MHU TUTAHETH.

Jlynata moxe Aa ObJe KaTeropusdpaHa KaTo OOMKHOBEHA PEOJIOTMYHA
CTPYKTypa ¢ ompocTeHa JurochepHa O0OBUBKA. TEKTOHUYHHUTE ACHHOCTHU cCe
oTHacsAT 10 jAedopmaluara Ha CKAJIUTE Ha JUTocdepaTa 4pe3 BHHIIHHU HIH
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BbTpelmHn cwid. OOBUBKAaTa Ha IJIAHETUTE OT THUIN ,lisJla IUI0o4a” TpeliaBa
HaIPEXKEHUsT OT €JHa 4acT Ha MOBBPXHOCTTa KbM JApyra. Te3u cuiau Mmorar aa
MpPOU3BEAT MIMPOK CHEKTHP OT BUAUMH Je(OPMAIIMOHHH XapaKTEPUCTHUKH,
KaTo Hampumep AeeKTd, T'bHKH, Napuera u pbOOBe. AHaIU3bT Ha TE3H
XapaKTEPUCTHKA MOXKE Jla pa3Kpue XapaKTepa Ha HANpPEKCHUETO, KOUTO €
JEeHCTBa BBPXY JIMTochepaTa Ha MiaHeTaTa. B 3aBUCHMOCT OT ToJieMHUHATa Ha
HAIMPE)KCHUETO W €CTECTBOTO HAa Marepuaia TOJl HampexeHue achopmanusiTa
MOXE€ Jla CE€ OCBIIECTBH Ype3 IMOCTeNeHHa aedopMaids Wi 4Ype3 ps3ka
noBpea.

2. MeTeopuTHH KpaTepu

[Ipotiecute Ha yaap OT 0OEKTU KaTO METEOPUTH, IIBTYBAIIH ChC CKOPOCT
okomo 15-20 km/cek, B IUJJaHETHATa TIOBBPXHOCT, Ca CBBpP3aHU C
MOCJICTOBATEIHOCT OT CHOUTHSI, KOMTO BOJAT JIO MosiBaTa Ha Kpatepu [1]. Haii-
001110, KpaWHUAT pe3yJiTaT OT cOMbCKa HA METEOPHUT C TUIAHETHA MOBBPXHOCT,
ocTtaBs ,,0ener” BbpXy IulaHeTHaTa oOBuBKa [2]. Te3u kpatepu morar na ce
pasriexaar Hai-00Imo Kato BITBOHATH C KpbIyia dopMa (MOXKE H C
SJIMTICOBHJIHA, HO COMBCHK TPsiOBa Aa € mo 10°), HO Te MoraT U Ja ce pa3januyaBar
10 OCHOBHM XapaKTEPUCTUKU — JUAMETBP Ha Kparepa (pa3CTOSTHUETO OT OMII0
0 Omino), IbI00YMHA, MPUCHCTBUE HA TEPACOBHIHM CTEHHM WM LEHTPATHO
Bh3BHIIeHue [1]. Haii-00mo mo Te3u Mop(oI0oruuHN XapaKTEPUCTUKHA MOXKE Ja
Ce pasrpaHWyYaT TPU OCHOBHU THIIA KpaTepu — OOMKHOBEHU, CIOXKHH W
MHoropuHroBu mojieta [1]. OcHoBHaTa pasinka MeXay TSIX € B AHMAMEThbpa U
HaJIMYMETO Ha TepeHHU ocobeHoctu. Kparepure ot THN ,,00MKHOBEH™ AOCTUTAT
0 TojeMuHa Ha guamerbpa a0 okoio 20 kM. Tunmunara Qopma mpu
HeziehopMHpaH KpaTep MOXKe Jia ce ONPWIMYM Ha Kyrna. HampedHo cedeHue Ha
TaKbB KynoJiooOpa3eH Kparep Moxke na ce Buau Ha durypa 1, THIMYHO € U
CUMETPUYHOCTTA HA HAMPEYHO CEYCHHE, KOSTO CE€ U3SIBABA TIPH TaKbB
HEMPOMEHEH Kpartep. B ciyuau, Kkorato HampeuyHuTe cedeHus ca aedopmMupanu
MOJKe J1a C€ TOBOPH M 3a MPUCHCTBUE HA CBIAYMIIEC B KpaTepHaTa KyxuHa [3].

Ot npyra cTpaHa CIOXHUTE KpaTepu ca MPUCHIIO MO-TOJIEMHU B TUAMETHP
U 1ba004YMHA. TUIMMYHOTO TPH TAX €, Y€ KpaTepPHUTE CTEHU CE CPyTBa MOYTH
BeJHara ciies; oOpasyBaHe W M3SBSBAT THIMYHU TepacoBUAHM GopMmu. B Hsaxou
Clly4an MO’Ke Jla ce oOpa3yBa Bb3BHIICHHE B IICHTHpa Ha KpaTepa (durypa 1).
MHOTOPHHTOBHTE TI0JIETa OOMKHOBEHO C€ pPas3lpOCTHpAT Ha JAHAMETPH OT
CTOTHIIM JI0 XWISIA KUJIOMETpa B JUAMEThP W Ca BCIICJACTBHC Ha HIKOJKO
pasmuyHU cOTBbCHKAa, KOUTO Ca CE TOJYYHJIM B €IWH paiioH, HO OOMKHOBEHO C
pa3nuvHa roJIEMHUHA.
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Simple Crater a

A Breccia }} Fractured bedrock
& Impact melt

Impact ejecta / / \\ Central peak uplift

Complex Crater

@uzypa 1. Cmpykmypa na a) ooukHoseH u 6) croscer kpamep (Mzmounux: NASA)

3. TeopeTHYHHU KpaTepHH Ka3yCcH OT THII ,,00UKHOBEHH”

B navannus nepuos Ha Tazu padota 0sxa aHaiu3upaHu o01o S1 kpartepa
OT THII ,,00MKHOBeHHU . JlnaMeTbpbT UM Bapupa oT 2 kM 10 50 km (Durypa 2).
PasmonoxeHnero Ha KpaTepuTe € pa3iudHO - 00XBala pa3HOOOpa3HH TEPEeHU
Ha Jlynata (mianuHM, Mapusi). Hskoun oT kparepure ca 3aMMCTBaHM OT
NpOyYBaHETO, W3BBbpIICHO OT bpynern [4], 3a nma ObIaT W3MON3BAHH 32
BaJIMIMpaHe Ha METO/IMKA 3a 3aCMYaHEe Ha CBJAuMila B KpaTepHU KyxuHu. Kakro
0e crloMeHaTo Mo-rope, caMo OOMKHOBEHU TUIIOBE KpaTepH ca n30paHu Mmopaju
TAXHATa MPOCTa CTPYKTypa U (opma, JOKATO CIOKHUTE TAKUBA CE€ HYXIAAT OT
MOAU(UITUPAH TTOXO].
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Onctpubyumsa Ha KpaTepHUTe AnameTpu npu 51 TectoBn Kpatepa
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Diameter

@ueypa 2. Jlucmpubyyus na kpameprume ouamempu npu 51 mecmosu kpamepa

[To-mony mie ObaT pasriefaHd JiBa MpuUMepa Ha Kparepd OT THII
oOuKHOBEeHHU. LiNNé — MambK JIyHEH KpaTep, Hamupail ce B Mape CepeHuTHac
(27.73° N, 11.79° E). C auametsp 2.23 kM u abioounHa 0.6 kM ce cuura 3a
M3KITIOYMTEHO HOB, TOOpE 3aMa3eH U HauCTHHA T00Bp MpuMep 3a OOMKHOBEHUS
tun Kparepu. llpu Ttasm pabora mepdpexkrHara My (opma ce u3MNONA3Ba 3a
CpaBHEHHE, ThU KaTo He ce HaliromaBar cBiavyummHu mporecu (Purypa 3).
[IppBOHAYATHUTE TIPEATIONOKEHHS 3a (hopMara Ha KpaTepa ca, 4e € C MpocTa
KynoJioBuaHa Gopma, HO ¢ mocieauute uscienanus ([5]) m DEM, nonydenun
or LROC NAC, nannuheTo Ha IUIOCHK IOJ] € M3BJIEYEHO OT CEHKHUTE, KOETO
npeamnonara (opma Ha mpecedeH KoHyc. B gombiaHeHne, CKIOHBT Ha CTeHATa €
MOCTOSIHEH ¢ 32.7°.

Mare Serenitalis

Hg”f:’

@uzypa 3. a) Mare Serenitalis u mecmononoscenuemo na xkpamepa Linné; 6) Oysemen
penegh na kpamepa Linné, nonyuen om LROC NAC Uszmounuyu: NASA/Goddard Space Flight
Center/Arizona State University
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Cassini A — Cassini A (50.5° N, 4.8° E) e kpatep, pasnojoxex B Palus
Nebularum, B u3tounara yact Ha Mare Imbrium. IIpunamiexu KbM CeMEHCTBO
ot 15 kparepa (®Purypa 4a), Bcuuku uManim uMeto Ha Kacuam, HO ce oTiimuaBat
¢ pasauunud Oykeu. Cassini A, 4uiiTo auaMeThp ¢ MNpUOIU3HTEIHO 15
KWJIOMETpa, ce HaMupa B mo-rojieMust kparep Kacunu (cbCc cpefeH quaMmeTsp 57
KWJIOMETpa). BbhTpemHuar ydacTek Ha Kparepa KacuHu € M3NbJIHEH C JaBa,
KOSITO Ch3J]aBa PaBHA IMOBBPXHOCT M TO-KBCHO € OomMOapaupaHa OT Ipyrd
meteoputH. [Iporenypara 3a anpokcumupane Ha Kpatepa upe3 YeOuineB chio
Oe mpuiokeHa Bepxy Cassini A. M306o0pbsT O¢ HanmpaBeH mopaau cnenuduyHara
dopma Ha Cassini A, kosaro e Buauma Ha Purypa 40. ['onsma moBpena Ha
CKJIOHA C€ HaMHpa B M3TOYHHMSI JJOO Ha Kparepa, KOETO BOJH JI0 yAbDKaBaHE Ha
OpUTHHAJTHATa KpbIiia ¢opMma cien yaapa. ToBa cBiadyuine Ha CKIOHA MOXKeE
JIECHO Ja ce OTKpue ¢ Bu3yanHa umHTepnperarus [4]. Ot mpyra crpaHa, ako
npoGUIBT B TOCOKA 3amaJ-U3TOK TPEMUHABa MPEe3 TAIOTO Ha CBIAYHMIIE,
HanpedHoTo ceueHune KOr-Cesep € MHOTO 1o-Majko npoMeHeHo. Ciie0BaTeHo,
Cassini A chIIO Taka TMO3BOJSIBA CPAaBHEHUETO MEXKIY NPOPHIUTE Ha
HAIPEYHOTO CEUEHHUE ChC M 0e3 CBIaYMIa, KOSTO BOJM Kparepa M0 nepheKkTeH
Ka3yc 3a JoKa3BaHEe Ha aJTOPUTMHU 3a pa3l0o3HABAaHE M aHAJIN3 Ha CBIIAYHIIA.

€assini C

Cassini M . ‘
‘ ’

Cassini F

Cas;ini A \ - *
?

Cassini

Cassini B

®

@uzypa 4. a) Moszaiika nonyuena om LROC-WAC nokaszsawa kpamepromo cemeticmeo
Cassini; b) Moszatixa nonywena om LROC-WAC nokaszsawa kpamepa Cassini A; scvaimume
JIUHUU NOKA38AM NO3UYUUME HA HANPEYHUME CeYeHUs HeOOX00UMU 3d AHAU3A Ype3
nonunomume Ha Yeouwes. Mzm.: NASAIGSFC
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Hait-oomo wu nBara kpatepa Linné u Cassini A ca TeopeTHYHH
KYIIOJIOBUJIHU KpaTepu, B KOUTO O TpsOBajo /a ce HaOirojaBa CUMETpUYHA
dbopMa Ha BUCOUMHHUS TPO(UI M3BICUYCH B Pa3IUYHU MOCOKH. [lokaTo ToBa e
BsIpHO 3a Linné chioro He MOXKe J1a ce HaOmoAaBa B ciaydas Ha Cassini A B Tpu
oT 4etupure BUcOUMHHH mpoduna (6e3 B mocoka Cesep-lOr). Kakrto 0Oe
CIIOMEHATa MO-paHo MPUYMHATA € CPyTBAaHE HAa M3TOYHA KpaTepHa CTcHa. BB
Bcuukute 51 kparepa (204 npoduia) Osxa HaOMOJaBaHH CaMO TE3H J[BA THIIA
npoduiia — CAMETPHYEH H aCUMETPHUCH ITOPaJIN CPYTBAHE.

Ho mpu pasmmpeHo u3cienBaHe M aHAIM3MpaHEe HA MMOBEYE Ka3yc Osxa
3a0eIsI3aHu IPYTH Pa3IndHA BUCOUYMHHH MTPODITH.

4. Pa3zmimpeHn KpaTepHU Ka3ycu

3a na ce pa3mmpu Habopa OT JaHHU ¢ KpaTepHUA (POPMH, KOUTO Ha TCOPHSI
TpsiOBa Ja momaaar B KiacudukamusITa Karto ,,00MKHOBCHH KpaTepHU (OpMHU
Osixa W3MOJ3BaHM BEKTOpPHHTE NpocTpaHcTBeHn ¢opmu oT HACA, kowuto
ChIBPKAT MECTOHAXOXKJCHUATA Ha KpaTepu C pasmepu Mexay 5 m 20 km B
nuametbp (Purypa 5).

Jlokauuu Ha KpaTepu ¢ AnameTsp > 5 kM 1 < 20 km

-180 -135 -90 -45 0 45 90 135 180
| [ 1 [ | | | [ [

{ - Kparepu - 19,361 CJ AOI

|
-180 -135 -90 -45 0 45 90 135 180

@uzypa 5. Paznonooicenue na kpamepu ¢ ouamemsp mexcoy 5 u 20 ku

PernoHsT ¢ OTHOCUTENHO Hal-HUCKA I'bCTOTA O€ ompeneneH oT 0° mo 90°
E u3rouna nbimkuHa (Y4EpBEHUSIT PETHOH) U TOBa Oelie onpeseieHo KaTo pailoH
Ha UHTEpEC, KONTO aa ObJie U3MOJI3BaH B Ta3u pa3paboTKa, HO Oelie BbBEACHO
JOMBJIHATETHO yCcioBHe U Kparepute Osxa ¢untpupanu ¢ 10 km < D < 20 kwm,
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KoeTo joBenae A0 895, kaTo TAxHATAa TUCTpUOYIIUS MOXKe J1a ce Buau Ha durypa
6.

AncTpubyumna Ha KpaTepHuTe AnaMeTpu npu Kpatepu > 5 KM u < 20 KM

@uzypa 6. Jucmpubyyus na ouamempume npu kpamepu >5 km u < 20xm (0° — 90°)

dokycupaiikiu caMo B M30paHUAT pailoH Osixa u3noszBanu 895 kpatepa,
KaTo 3a BCEKU KpaTep Osixa M3BJICYEHH BUCOYMHHU npoduim npe3 10° enuH ot
Ipyr u3non3Baiiku agururaieH moaen Ha Tepena WACGLD100, kpaiiausar Opoi
u3BnedeHu npodunm e 15,215,

MN3HavanmHo O MjaHUpaHO Ja CE€ ONpPENeNsAT MPUHAJICKHOCTTA Ha
BUCOYMHHUTE NpoduiM caMo KbM JBa kiaca Ha BII — ,,cbc cBnauunie” u Takuba
,,0e3” (durypa 7). Ho cien mo-noapoOHO MpoydBaHe ce YCTAHOBH, Y€ MOXKE Ja
ce BKIIIOYM Hail-MaJIKo Olle €AUH KJIAC BUCOYMHHU Mpoduin — ,,aedpopmupan’
(®Purypa 7). ,,JlebopMupaHuaT” Kiac € BCHIIHOCT Hai-00II0 KaTeropU3upaHe
Ha OCTaHAJIUTE THUIIOBE TNpOodUiIN, KOMTO Osfxa HaOmogaBaHu. B moBeuero
cillydan ce HaOmoJaBaT KpalHO JAerpagupaiud KparepHu ¢(OpMHU, MOpaaH
pa3jMyHU €pO3UBHMU TMPOLECH; CUIHO JehOpMUPAHU TNPOPUIH, KOUTO HE
Hanoao0sABaT BHMCOYMHHM MpoUIM Ha KpaTepu WM TakuBa, KOUTO ca
oOpa3yBaHM Ha CTPBbMHHU TEPEHHU, KOETO pEaJHO HE I03BOJSBA HAJIWYMETO Ha
cuMeTpuyHa hopma.

Cnen wuzBnuuaHero Ha (QuHanmHusg Opoit mpoduiu 3a Beska rpymna, 0e
HalpaBeHO PHUYHO BAIMAMPAHE W KiIacupUIMpaHe Ha Te3u Npoduiv, 3a Ja
ObIaT ompelnesieHu KbM HSKOM Kiac. 3a TO3W Tpoliec 0Oe H3I0I3BaHO
npuioxennero PyQt Image Annotation, B koeTo moTpeduTesi phYHO ONPEIeIIs
KJlaca Ha BCEKU €JIMH Ka3yc. B To3u ciydail 0sixa M3MO0JI3BaHU MPEABAPUTEIIHO
nosyueHute wuzobpaxkenuss Ha BII u pbuHo Oemie ompeneneHa TsXHaTa
NPUHAJISKHOCT KbM HSKOM OT KjacoBeTe (cBiayuine, Oe3 CBIAYMILE WU

nedhopMupan).
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Quzypa 1. [Ipumepu na mpume Kiaca UCOYUHHU NPOPUIU

B cneaamara ®urypa 8 ca paneHu TMOBeYE EK3EMIUISIpU OT KJlac
,waehopMupanu”, OT KOUTO SICHO BHXKJAA JIMIICaTa HAa CUMETPUYHU MOpoduiu
TUMWYHU 32 ,,00MKHOBEHU  KpaTepH, a U3Pa3CHUTE €JIEMEHTU Ha TE3HW KpaTepu
HE HamnogoOsiBaT JaXe M Te3W NPHUCHIIU 32 ,,CIO0XKHH KpaTrepu, HalpuMep
T€pacUpaHd CTEHU WM LUECHTPAIHMW Bb3BUIICHUS. HampoTus, OT pasrienaHute
BUCOUYMHHM TPO(PUIN U CATETUTHU U300paKEHUS MOXKE J1a C€ CTUTHE J0 U3BO/IA,
ye Te3u (GOopMH ca TOJYYeHHM Topaau pasznuuHu ¢aktopu. TakuBa morar jaa
ObJIaT CHUJIIHUTE €PO3MOHHU TPOIECH, KOUTO BIHSAT HA JIyHHATa TOBBPXHOCT;
BTOPUYHU METCOPUTHU CONBCHIIM BHB BE€UE HAIMYHU IMO-TOJIEMH KpaTepH,
METEOPUTHU COTBCHIM B OJIM30CT JI0 KpaTEepUTE, KOUTO C OOpa3yBaHaTa IpH
cObChKa eHeprusi MoauduIUpaT okoaHuTe Teperu. ChIo Taka He OuBa Ja ce
MPOITyCKa OIMIMATA 32 HEMPABWIHO WACHTH(PUIUPAHU KpaTepHu (GopmMu mpu

177



Bauskuar Kocmoc — o011a nesr’ 2022

HU3IrOTBAHCTO HA BCKTOpHATA 0aza JaHHH, 3a KOJATO Ca M3II0JA3BaHM aBTOMAaTHYHU
MCTOJUKH.
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@uezypa 8. [Ipumepu na sucouunnu npoguau om mun ,,0epopmupan’

5. 3akiouenmne

TeopeTnunuTe MOIENHM 3a TUIIOBETE METEOPUTHU KpaTepu B Hail-00IIO
JuHUM ca (pokycupaHu 1O KpaTepHara opmMa KaTo pe3yiTaTr OT cOIbChbKa U
noceABaIUTe MOIUGUITUPAIIN TporiecH. Te3n KIacu(puKaluu ONpeaesT TpU
OCHOBHU THIIa KpaTepu — OOMKHOBEHM, CJIOXHH U MHOTOPUHTOBH IIOJIETA.
[IspBuUTE, ce u3pa3sBar B npuOIM3uTeaHO nepdexTHa ¢opma (KyIOJIOBHIHA),
J0KaTo TpH ,,CIOKHUTE” ce HAOIIoAaBaT pa3iMyHU MOP(OJOTUYHU E€IEMEHTH
(TepacupaHu CTE€HH, IIEHTPAJIHU BB3BUIICHUE U T.H.). 3a TOBAa U KOTaTro ce
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pasriexaar BUCOUMHHUTE MPO(HUIN Ha KpaTepu ce OYaKBaT CHMETPUYHU WU
acUMeTpu4HH Tpodwind. B eqHa 9acT OT ciaydauTe aCUMETPUYHH TPOQUIH Ce
IBIDKAT Ha CBJIAUUIIHM TIPOIECH, KOWTO Ca HapyIIWIM HadaiaHata ¢gopma. B
TO3W TpyJ Osixa W3BJIEUEHU BUCOUYMHHUTE Tpoduiau Ha 895 NyHHHM KpaTepa u
TeXHUTE Mpoduian Osixa M3CIeBaHU. YCTAaHOBHU C€, Y€ MOXE Jla CE OMpeienu
Ollle¢ €IWH Kjac mpodwim OCBeH a/cuMmeTrpuyHuTe — aedopmupan. ToBa ca
npoduian Ha KpaTepu, KOUTO ca CHIHO JehOpMHUpaHHM MOJ BIUSHUETO Ha
pa3INyYHU MPOLECH U B TEXHUTE MPOPMIN MOYTH HE MPHUCHCTBAT CUMETPHUUHU
€JIEMEHTH, B HAKOU CIydau CHIIO € TPYJHO Ja C€ OMpPENEesIT M KpaTepHUTE
eneMeHTH kaTto Ounara. [lo-3agbiboueHo kiacH(pUIpaHe HAa BUCOYMHHUTE
npouiIn 3a NOJAKIACOBE Ha ,,JeopMUpaHn’ OU U3UCKBAJIO MHOTO €K3EMIUISIpU
U crenupuIHa XapaKTepUCTHUKA, MO0 KOSATO OMXa MOTJH J1a c€ JOMBJIHUTEITHO
OTIPENIETAT KpaTepUTE.
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ACTEPOUJUTE 2008 AG33 1 2006 JF42
Paaguna boayposa
ASTEROIDS 2008 AG33 AND 2006 JF42

Radina Bodurova

Abstract: Asteroids often pass by the Earth, but some are different from others. What
sets them apart the most is the proximity to which they pass our planet. The asteroids, named
2008 AG33 and 2006 JF42, differ in size, speed, and orbital elements, but are united by the
fact that they both intersect Earth's orbit. Both asteroids are being studied by NASA and
according to the way they move, they pass dangerously close to Earth.

Key words: asteroids, Earth, 2008 AG33, 2006 JF42, close.

1. BnLBeaenue

OT BEKOBE YOBEYECTBOTO CE 3aHMMAaBa C M3CJIE/IBaHE Ha ACTPOHOMHUYECKH
TeJa KaTo 3Be3/H, MJIaHETH, CIIbTHHUIIM, HO T€3H OT TIX, KOUTO MOTAaT Jja HaHecat
Hall-cepuO3HM TOCHEeAMIIa KaKTO Ha 3eMsTa, Taka W Ha JIPYrUTe IUIaHETH ca
acrepounute. Te Morar aa ObaaT pa3felieHd MO pa3IM4yHU KaTeropuu, Ha
npuMep — TOJEMMHA, Terjo, CKOPOCT, OpOuTaiHu eneMeHTH. OT BCHUYKH
KaTeropuu, Ha KOUTO MoraT Ja ObJaT pas3jesieHH, €Ha Ce OTIMYaBa Hail-MHOTO
U TS € OT Ha-3HA4MMUTE, @ UMEHHO OJIM30CTTa, Ha KOSATO Ce HaMHpaT OT HallaTta
IUTaHETA.

Ta3u xapakTepucTHka Ha acTepOUIUTE € OT ChIIECTBEHAa 3HAYCHUE,
3alI0TO TPU EBEHTyaJeH CONbChK Ha JBETe HEOECHM TEeNM IIe IOCIeaBaT
penuiia 3aryou, mopakeHus U 3aTpyIHEHHUSI Ha YOBEUYECTBOTO. B 3aBHCHMOCT OT
pa3Mepa M CKOpOCTTa, C KOSITO C€ JABW)XKH acTepoua, MOCIEICTBUATA MOTaT /1a
ObJaT ¥ KaTacTpodasiHu.

B oTroBop Ha Ta3u 3amiaxa 40BEYECTBOTO pa3padOTBa IJIAHOBE M HAUWHU
3a OTKJIOHSBaHE Ha acTEpPOMAM OT TiIXHATa OpOMTa W TMPEAOTBpaTsIBaHE Ha
eBEHTYyaJIeH COTbCHK ChC 3eMsTa.

2.Acteponj

TepMunbT acrepoup, 3Hauen ,,[10J00EH Ha 3Be3la” WABA OT T'PBLKHS
e3uKk (acTtep — 3Be3ma M eauoc — (opma, BUA) W TMPEACTABISIBA HETOJIEMH
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IIaHeTonoAoOHN Tena Ha opOurta okosio CirbHIETO. AcTepouauTe, MOpaau
MaJIKUsl CU pa3Mep U ToJeMusi Opoi CripsiMO OCHOBHUTE TJIAHETH, C€ CMATAT OIIIe
32 MaJKU IUIAHETH WM IUIAHETOMIM. 3a pas3jiuka OT BCUYKH APYTH OTKPUTH
IUIAaHETH, YUUTO JUCK € BUIUM, aCTEPOUJIUTE Ca TOUYKOBU OOCKTH, MPUIMYAIIH
Ha 3Be3au. Oluie elHa XapakTepHa TSAXHa YepTa €, Y€ T€ ca ChCTABEHU MPEAUMHO
OT CKaJli U METAJIM 3a pa3jInuKa OT KOMETHUTE.

3a OBEYETO aCTEPOUAM C€ CMsTa, Y€ Ca OCTAHKH OT MPOTOIJIAaHETAPHUS
TUCK Tipeau 4,5 Munuapaa ToJMHU, OT KOWTO ca (hopMupaHu IIaHETUTE, HO HE
ca MOTBJIHATU OT TAX WJIM U3XBBHPJICHU H3BbH CiabHYeBaTa cucrtema. Hskou
aCTepOMIM HMMaT COOCTBEHHM CITBTHHUIIA. ACTEpPOUIUTE MOTAT Ja JIOCTUTHAT
ouTH OE3MPENATCTBEHO JI0 3€MHATa MOBBPXHOCT 3a PA3IMKa OT METECOPUTHUTE,
KOUTO CYOJIMMHUpAT WIA EKCIUIOJupaT MpU HABJIM3AaHETO CH B 3E€MHATa
atMocdepa.

Haii-ronemusr acrepoun — Llepep, uma pasmepu 970 x 930 km. Te umar
Hal-pa3IMYHU pa3MepHu, KaTo Hall-MaJKuUTe HE CE€ OTJIMYaBaT OT IpallMHKa.
[Ipeamonara ce, 4e ca mNpeOpPOCHH OKOJIO TOJOBUH MWJIMOH acTepoujia C
JTMaMeThp ToBeYe OT MOJIOBUH KUJoMeThp. Bce mak, obiara mMaca Ha BCHYKHU
TIX HE HaABUIIABA €JHa XWiIiigHa Macara Ha 3emdara. Ilo-romsgsma dgact oT
OpOUTUTE HA aCTEPOMIUTE Ca KOHIICHTPUPAHH B ACTEPOUJHHS TMOAC MEKITY
Mapc u FOnurep. ChblecTByBaT M Apyru rpynu mno-6am3zo 10 CIbHIETO KaTo
rpynara Ha Amyp, ATIOJIOH U ATHHA, KaKTO U MO-OTAAIEYEHHU OT THUII LICHTABPH.
[To opOutara Ha FOnuTep ce HaMupat T.Hap. TPOSHIIU.

3.bau3ko3zeMHn acrpoHomu4yecku 00ekTH U lloTeHUMA/IHO OmacHHU
o0eKkTH

bnu3kozemMHn acTpoHOMHUYECKH OOEKTH ca BCUYKHU Tena oT CirbHUeBaTa
TeMa (acTepousi, KOMeTa, METEOPOU ) KOETO MPEMUHABA B JHUAMA30HA MEXIY
0,983 1o 1,3 a.e. or CipHIIETO. HagXBBpISHETO HA JI0JIHATA TPAHUIIA CE& OTHACS
JI0 acTepouaM, BHTPEIIHU Ha 3eMHara opoburta. [IpeMuHaBaHeTO MOJ TOpHATa
rpaHuIla ce OTHACs 3a Tejia, BRHITHU Ha 3eMHaTa opouTa. ToBa He O3Ha4aBa, 4ye
CIIOMEHATUTE Tejla BUHArM ca OJM3KO 70 3eMsTa, Thid KaTO MHOTO OT TsX
npecuyaT opoutute Ha Benepa, Mapc, AcTepouiHUS MOSC U HAKOW JOCTUTAT
nopu 10 opbutara Ha FOmuTep.

Axo opbuTaTa Ha TSUIOTO Mpecuya opoutata Ha 3emsrta (cpeaHo 1 a.e.) u
ako e ¢ pazmep no-rojasim ot 100 — 150 m, To ce mpuuuKcisiBa KbM TpynaTa Ha
[ToTeH1manHo onacHUTE OOEKTH.

ToBa ca BCMYKU OJIM3KO36MHU OOEKTH, KOUTO B JIaJICH MOMEHT MOraT Ja
ce mpuOmmkar Omm30 g0 3eMATa W KOHTO ca JOCTaThbYHO TOJIEMH Ja
MpEIU3BUKAT 3HAYMUTEITHO PETHOHAIHO YHUIINOKEHHWE B CiIy4ail Ha COJBCHK.
JlebuHupaTt ce kaTto 00€KTH, MpecHUYalld 3eMHaTa OpOUTa Ha Pa3CTOSIHUE IIO-
maiiko ot 0,05 a.e. (19,5 pascrosaus no JlyHara) u 4usiTo abCOIOTHA 3BE3/HA
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BeJIMUMHA € 22 WK To-sapKa (koeto npu cpeano anodeno 0,14 mpenmonara, ve
uMmar pasmep 140 m u momeue). Ham 98% or mo3narure kpbM MOMEHTa
NOTEHIIMAIIHO ONacHU OOEKTH He mpenacTaBisgBaT omacHocT B Omuskute 100
TOJIMHHU.

4.0pOuTaHN eJIEeMEHTH

OpOurtanHuTe €IEeMEHTH AaBaT Bb3MOKHOCT 3a HAaOJI0JaBaHE U CIIEABAHE
Ha J1aJiecH O0EKT BbB BCEKU €IMH MOMEHT OT BpeMeTO. TOYHO MpecMEeTHATHTE
opOUTaTHN €NeMEHTH TMO03BOJsIBAT Ja ObJe HampaBeHa TouyHa edemepuia
(Tabmumia ¢ koopamHaTthTe Ha OOekTa). IlpaBunmHaTa edemepuaa e MOKaXKe
TOYHOTO IOJIOKEHUE HA 00EKTa B HEOECHOTO MPOCTPAHCTBO, KOETO LIE MO3BOJIU
TOH a Objie HaOJI0JaBaH C TEIECKOIH.

OpOurtanHuTe eIeMEHTH, ONPEIEISAIIN TTOJI0KEHUETO Ha €IUH aCTepOuI B
CnpHUEBaTa cucTeMa, ca:

e JIbJoKMHA HA TroJsiMaTa mojayoc Ha ejaumncara — a. [laBa ce B
acTpoHoMudecku exuuuiy au (1 au = 149 597 870 km).

e [llepuxesuiiHo pa3crosinue - (. ToBa e pascTossHueTo OoT CIIBHLETO
710 Hal-0m3KaTa 10 Hero (actepoujaa) ToOUuka OT KOMETHaTa opouTa P, HapeyeHa
MIEPUXEIIUH.

e Exkcuentpumurer Ha opouTaTra — e. ToBa € mapameTbp, OMUCBAII]
BUJIa HA opOuTaTa. EKCIEHTPUITUTETHT € pa3CTOSHUETO OT IIEHThpa Ha eurcaTa
10 CTbHIIETO, pa3/ielieHo Ha rojisiMaTa Mojlyoc Ha eurcara.

e Haxknon nHa opOurara — i. ToBa ¢ HAaKIOHBT Ha paBHUHATA HA
KOMETHata opOUTa CIpsMO paBHHHATAa HA 3€MHAara (E€KJIMITUYHATA) PABHUHA.
JlaBa ce B rpamycu.

o JIb/KMHA HA BB3XOASAIIHNA Bb3ea — Node; ToBa ¢ BrbIIbT MEKIY
auHUATa, cheauHsBam@a CIBHIETO C  BB3XOASAMIMS BB3EN W JIMHUSATA,
chenunsiBaiia CIIBHIIETO ¢ TIepUXeTuiiHaTa TOYKa P OT opOuTaTa Ha acTepoua.
To3u BI'BJI ce OTYMTA OT BB3XOMAIIMS BH3EJ, MO MOCOKA Ha JBUKEHUETO HA
acTepouna.

e AprymMeHT Ha mepuxeauss — pPeri. OnucBa opueEHTaNUsATa Ha
opbuTaTa Ha HEOECHOTO TsUI0O B COOCTBEHAaTa M paBHHUHA. BrbiIbT JEXKH B
paBHMHATa Ha opOHTaTa Ha TSIIOTO.

e Ilepuoa Ha oOukajsiHe HA TAJ0TO 0K0J10 CabHuero — P. /laBa ce B
roguHu. TOYHHUSIT MOMEHT, B KOMTO KOMETaTa WM acTEPOUIHT IPEMUHABA MPeE3
NepUXEeNus CH, T.€. IPe3 TOUKaTa p.

e M - aHoMaiusi — MSCTOTO Ha acTEpoOMJa B OMpPEAESICH MepUuos OT
BpeEMeE.

e Q - pa3crosauero Mexay acrepouaa u CoabHHETO B Hail-
OTJIaJieueHaTa To4uKa oT opourara My — adenus.
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5. Knacudgukanusa Ha 0J1M3K03eMHUTE aCTEPOUIH

Anononu (Hai-roynsimata rpyma): @ > 1 AU; q < 1.017 (t.e. mpecuyar
oTBBH adenus Ha 3emsTa). HapeueHu ca 1mo MMETO Ha MbPBUS OTKPUT aCTEPOUS
1862 Amnonon (otkput 1937 r.), koitto e ¢ mepuxenuit q = 0,65, ademmit Q =
2,293, excuentpuruteT € = 0,56 u ronsma nomyoc a = 1,47 a.e. Hait-romemusr
actepont oT amnoJyionute ¢ 1866 Cusud ¢ nuamersp okoio 7,0 — 8,5 km (q =
0,875, apemmit Q = 2,91, excuentpurureT € = 0,539 u ronsma monyoc a = 1,89
a.e.).

ATeHU: acTepouu, BTPEITHU HA 3eMHaTa OpOUTa, C XapaKTEPUCTUKH a <
1 AU; Q > 0,983, T.e romsMara UM TOJIyOoC € Mo-Majka oT 1 a.e., KOeTo ¢
CpellHaTa BEJIMYMHA Ha Pa3CTOSHUETO Ha 3eMHaTa opOuTa okojo CHbHIETO, U
npu cBos adenuil mpecuyar nepuxenus Ha 3emsTa. [1o To3u HauMH OpOUTHTE
UM MOoYTH M3IsUI0 ca Mexay CapHileto u 3emsTta. Tazu rpyna € HapedeHa 1o
nbpBUsA TakbB OTKpHUT actepoua 2062 Aten (1976 r.) ¢ mepuxenuit q = 0,79,
adenuii Q = 1,434, excuentpunuteT € = 0,183 u ronxsma monyoc a = 0,97 a.e.

ATHpHU: HapuUYaHHW CHIO AaNoXejlu, ca acTEePOUIU, YUHTO OpOUTHU ca
U3IUI0 BBTPEIIHU CIIPSIMO opOuTara Ha 3eMsTa, T.e. TEXHUAT adeanil BUHArU €
no-01u30 1o CipHIETO OT mepuxenws Ha 3emsaTa. Hapedenwm ca mo mbpBHs
OTKPHT acTepOu I ¢ TakuBa mapamerpu 163693 ATtupa, KOWTO € ABOCH acTepOuI,
BBPTAIL C€ OKOJO OO0I OapuIleHThp, ¢ pa3smepu cboTBeTHO 4,8 m 1,0 km u
napametpu = 0,5; Q = 0,98, e = 0,32; a = 0,74 a.e. [lopagum mankuTe UM
pasMepu M TPyIHOCTH mpu Habmomenuero, kbM 2020 r. ca otkputu camo 20
TaKMBa acCTEpOWIa — MOTaT J1a Ce yJIOBAT 3a KPaTKO HUCKO HaJ XOPWU30HTA IMPHU
U3TPEB WM 3aJI€3 CITBHIIE.

AMypu: TOBa ca acTepOUIM, KOUTO HUKOTa HE TpecuyaT 3eMHaTa opoura,
T.€. T€ Ca M3IJI0 BHHIHU cripsMo 3emsita. OOumuTe UM opOUTATHU MapaMeTpu
ca: royisiMaTa UM mosryoc a > 1 a.e., OpOUTATHUAT UM MEPUOJ € MOBeUe OT eaHa
roJIHa, B MEPUXENHsI CU HE MpecuyaT 3eMHus adenuid, HO ca MPUYUCICHH KbM
OJIM3KO3eMHHUTE acTepouu, 3amoro nepuxemusat uMm e 1,017 < g < 1,3 a.e.
['pynaTa HOCH UMETO Ha IBbPBUS OTKPUT actepoua 1221 Amyp (q = 1,08 AU, Q
=2,75 AU, a=1,92 AU, e = 0,44 u nuametsp okoso 1 km).

6. Actepous 2008 AG33

Acrepounst 2008 AG33 e otkputr Ha 12 snyapu 2008 ot yuenu B
obcepparopusta Mt. Lemmon SkyCenter B Apusona. Toii mpuHamiexu Ha
OCHOBHMSI aCTEPOUJICH TOSAC, KOMTO ce Hamupa Mexay Mapc u FOnurep.

AcrtepounbT pemMuHa mnokpaii 3emsita B 22:46 4. Ha 28.04.2022r. u ce
npuOIMXKU 10 TUlaHeTata Ha 3,2 MUJIMOHA KWiIoMeTpaMm (moBede OT 8 mbTH
pascrosiuueTo 70 JlyHaTta), KOeTo To nmpu4uciisBa KbM [loTeHIAIHO onaceHUTe
oOekTH 3a HamaTa mraneTa. Koraro HaBiese B opOuTara Ha 3emMsTa U JTOOIKH
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vac (37 497 kM), win kbM 30 IBTH MTO-BHCOKA OT CKOPOCTTA Ha 3BYKa.

Opoutanaute eneMmentn Ha actepouna 2008 AG33 ca mpeacraBeHH Ha

durypa 1.

Osculating Orbital Elements

Miscellanzous Details

Element

Epach 24596005 (2022-Jan-21.0) TDB
Refarence:

Value Uncertainty (1-sigma)
0.337472130566519 301268
1480682322764414 T0181E-9
09677427472202558 4 3275E-8
16.00086171813878 8.387E-6
38.32002520356850 1.2655E-5
155.5191238943786 20529E-5
7110794965746 6.574E-G

2450676.961842498871

2022-Apr-07 45184250 16G5ES
44 8104795103677 4647T1E-6
1.769304878875488 127238
0 5583035813458916 40237E-9
1453621838308473 §.3865E-9

(neliocentric IAUT6IJ2000 eclipiic)

Units

au
au
deg
deg
deg
deg

DB

d

y
deg/d
au

s0lution date

# obs, used (tofal)
# delay obs, used
# Doppler obs. used
data-arc span
first obs. used
last obs. used
planetary ephem.
§B-pert, ephem.
condition code
norm. resid. RMS
solrce

producer

Earth MOID
Jupiter MOID
T_jup

2022-Apr-27 141926
13

2

1

G783 days (1857 years)
2003-09-27
2022043

DE441

SB441-N16

0

38081

JPL

Giorgini

0154161 au

300987 au

452

@uzypa 1. Opoumannu eremenmu na acmepouda 2008 AG33 (image: Solar System
Dynamics, NASA Jet Propulsion Laboratory).

OpOutannara nuarpama Ha acteponna 2008 AG33 e mpencraBena Ha Durypa 2.

@uzppa 2. Op6uma na acmepouda 2008 AG33 3a 23h00min UTC, 2022-04-28 (image: Solar

System Dynamics, NASA Jet Propulsion Laboratory).
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[Ipeaumuoro My munaBane crnopeq HACA e Ouno na 1 mapr 2015
roJiiHa, a CJEeJBaIlOTO MpeMHUHaBaHe ce odakBa ja ¢ 2029 r. m Taka me ce
CIly4Ba Ha BCEKH / TOJIUHHU.

7.Actepoun 2006 JF42

Actepounpt 2006 JF42 e otkputr Ha 11 wmait 2006r. or CSS,
Kamudopuus. Coblio mpuHAIe)Kd Ha OCHOBHHUSI acTEPOUACH IOSIC, KOUTO ce
Hamupa mexay Mapc u FOnutep.

OuakBa ce actepouabT Ja ce npudmpku 10 3emsata Ha 09.05.2022r. Toit
CBIIIO C€ CMSTa 32 OTEHIIMATHO OIACEeH, 3apajii CBOUTE FOJIEMH pa3MepH, KOUTO
Bapupat ot 380 mo 860 M. u ckopoctTa, ¢ KosiTo ce ABwxH - 40 600 km/u.(17
0BT TO-0BP3 OT u3TpeduTen). PascTosiHMETO, Ha KOETO Ie ce HaMmHupa OT
3emsiTa ce paBHsIBa Ha 3,5 MUJIMOHA KHJIOMETpA.

OpOuranuute enementd Ha actepouna 2006 JF42 ca mpencraBeHH Ha

durypa 3.
Osculating Orbital Elements Miscellaneous Details
Epoch 2459600.5 (2022-Jan-21.0) TDB solution date  2022-May-06 05:53:07
Reference: {heliocentric IAUT6/J2000 ecliptic) # obs. used (total) 213
Uncertainty (1-sigma) i data-arc span 5336 days (15.98 years)
e 0.531683770016968 1.7806E-7 first obs, used  2006-05-11
a 0.6718279247750963 25758E-0 o last obs. used 2022-05-03
q 0.2810365246892423 1.2046E-7 au D‘:E‘;e‘a:*’-p:e'“- g:::lma
i 5.950289362147032 255115 deg -DE__-*’-D el;- : -
node 40.87482579456339 3.9389E-5 deg o “'F’C'I‘C;M: Si2s
peri 17.80878773655132 40421E-5 deg norm. resid. 5
M 317.0097992756011 5.2352E-5 deg 5:“"39 J:)TL .
2459624.513864725692 producer Otto Matic
D 2022-Feb-14.01286473 28208E-5 TDB Earth MOID 00294062 au
eriod 201.1340062513755 1.1567E-B d Jupiter MOID 42863 au
R 0.5506748073343614 3.1669¢-9 v T jup 8326
n 1.789851436128483 1.0293E-8 degid
Q 1.06261932436095 4.0741E-9 au

@uzypa 3. Opoumannu eremenmu na acmepouoa 2006 JF42 (image: Solar System Dynamics,
NASA Jet Propulsion Laboratory).

OpOuramnara muarpama Ha actepomnma 2006 JF42 e mpencraBeHa Ha
®urypa 4.

@uzypa 4. Opouma na acmepouoa 2006 JF42 3a 00h00min UTC, 2022-05-09 (image: Solar
System Dynamics, NASA Jet Propulsion Laboratory).
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8. Bb3MOKHHU mocjIequuu 0T COIBCHK C ACTEPOU/I

Yyenute uaeHTUPUIUPAT HIKOJIKO (pakTopa, KOMUTO MOraT Jia Mocie/1Bar
ciell eBeHTyalleH cOnbehK. KaTo Te ca kpaTep, CEM3MUYHU TPYCOBE, TOpEIINHA,
yJapHa BbJIHA, JIETAIIM OTJIOMKH, CWJIHHM BSITbPHU MOPHWBU WM ILyHamuTa. B
3aBUCHMOCT OT TOJEMHHATA, CKOPOCTTA M MSCTOTO, Ha KOETO IIe IaJHe
acteponjia, pakTOpUTE 1€ ObJAT U3PA3CHH B pa3IMYHA CTETCH.

Jlopy moO-MalKy acTepouayd OT TOpe IOCOYEHUTE MoraT Ja HaHecaT
CEpUO3HO MIETH. A Hal-OMACHUAT OT (AKTOPUTE € BB3IYIIHUTE YAApHU BBJIHHU,
KOUTO ce 00pa3yBaT HpH MPEMHHABAHETO HAa acTepouaa mpe3 arMmocdepara.
Cnopen nmpoy4yBaHHsITa CEU3MUYHUTE TPYCOBE, KPATEPHT M JIETALIUTE OTIOMKH
ca Hall-MajKko omnacHuTe QakTopu. TeXHUAT TECTOB MOJAEN € IoKa3al, 4e
acTepou]l TpyJHO OW TeHepupal U JOCTaThbYHO TOJEMH I[yHaMuTa, KOUTO Ja
HaHecaT CEPUO3HU LIETH.

9. IlpenoTBpaTsiBaHe HAa COJBCHK C ACTEPOU/I.

3a 1a HaMaJAT 3arUiaxaTa OT cONbChbKa C aCTEPOUAM, YUEHU OT LS CBST
pa3paboTBaT MOAXOIU, KOUTO OMXa MOIJIM J1a MOMOTHAT 3a OTKJIOHSIBAHETO Ha
Te3U 00EKTH OT Kypca UM, aKO HSIKOT'a BJISA3aT B IPSIK KOHTAKT ChC 3eMsATA.

HACA, EKA, Kutaii u gpyru paloTsT MO peleHus 3a IUIaHeTapHa
orOpaHa, KOUTO MMAT 3a ed Ja NPeAOTBPATAT JOCTUTAHETO HA MHOKECTBOTO
METEOPUTHU U aCTEPOUIN A0 3eMsTa, B CIIy4ald 4e ca Ha MpsK Kypc.

HACA craptupa mucusita DART (Double Asteroid Redirection Test),
KOSATO BKJIIOYBA KMHETUYEH yAap Ha KOcMHuYecKH Kopad ¢ acrepoua. Conpara
KaMHUKaJ3€ I1e ce OJIbCHE B €IMH OT acTEpPOMIUTE M YUEHUTE LIE OLICHST Ha
IOpaKTHKa 10 KakBa CTENEH yJIapbT HAa COHJATa IIe MOBJIHse (PU3MUECKH Ha
Kypca Ha acTepouja.

Kurait cbmo ymoctoBepu, ye mMMa 3a Iied Ja pa3Oue rajakTUYeCKd
TPAaHCIOPTEH CBbJ B METEOPUT KATO 4YacT OT MPOEKTUTE 3a CHUCTEMa 3a
rJIaHeTapHa OTOpaHa.

Hpyru opranmzanuu, karo Kocmuueckure cwnum Ha CbheauMHEHU
aMEepUKAHCKH IIAaTH, pabOTAT BBPXY MO-A00pO CleleHe, ¢ LeN J1a CISISIT Haj
600 000 u3BeCTHU METEOPHTA.

10.3akir09enue

HACA roaumso OTKprBa M pErucTpupa MHOXKECTBO aCTEPOHIIH, HAKOU
Janed ot 3emsTa, Ipyru 1no-6sm3o 1o Hest. Criopea HEMHM U3CcaeABaHus 3aruiaxa
oT cOMBCHK ¢ acTepoust He € umaio oT 100 roaunu.

Anammu3bT Ha actepouaute 2008 AG33 u 2006 JF42 nokasBa, 4e BBIIPEKU
MacCHUBHUTE CH pa3Mepu M ONM3KOTO pAa3CTOSHUE, Ha KOETO MMHAaBaT He
IIPEICTABIIABAT KPSIKA ONACHOCT 32 HAIlATa [JIaHETa.
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Bce mo-ronsiMo BHMMaHuE ce OTIENs Ha BbIpoca 3a UACHTU(PUIUpPaAHETO
Ha acTepoOWjJM, YUATO OpOMTa TpecHya 3eMHaTa M 3a KOWTO ChIIEeCTBYBa
BEPOSTHOCT B OBJIEIIETO Ja ce COMBCKAT ChC 3eMsTa.

Jlureparypa:

1.

2.
3.
4

Jet Propulsion Laboratory — NASA

Center for Near Earth Object studies — NASA
https://ewikibg.top/

https://bg.wikipedia.org/

Aodpec 3a Kopecnonoenyus:
Paouna Heanosea booyposa, kypcanm-mnaowu cepxcanm, Bucuwie 6oennowv3oywno yuunuuje

,, I eopeu benxoscku”, ep. /lonna Mumpononus, ¢axynmem ,, Asuayuonern ™, ep. Xackogo, yi.
., Cnasancka” 50, men.: 0 87 646 55 70, Email: r.bodurova@abv.bg
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POJISITA HA IBEULAPCKUS ,,CIBTHUK-YUCTAY”
B KOCMOCA

Hukosain ManeB

THE ROLE OF THE SWISS ,,SATELLITE CLEANER” IN
SPACE

Nikolay Manev

Abstract: More than half a century of sending objects into space has left the Earth
surrounded by junk. Bits of long-dead satellites, spent rocket stages and other debris orbit the
planet at almost 18 000 mph, each chunk a potential hazard to working satellites or
astronauts. NASA keeps track of 16 000 pieces of orbiting junk that are larger than 10 cm (4
in) in diameter. There could be more than 500 000 measuring from 1 cm to10 cm and many
hundreds of millions of smaller ones.

Key words: long-dead satellites, NASA, orbiting junk

1.BbBenenue

Kocmuueckust 60KIIyk HE € cepro3eH MpoOJieM 3a HallaTa IiaHeTa, HO €
CEpHO3Ha 3aIiaxa 3a XopaTa W KOCMHYECKHTE amapaTh, KOWTO H3MpamiaMe B
kKocMoca. [loBede OT MOJOBMH BEK M3MpaniaHe Ha OOEKTH B KOCMOCA, OCTaBH
3emaTa 3ao0ukoyieHa OT Ookiynu. YacTu OT OTJaBHA MBPTBHU CITHTHHIIH,
OTJIOMKH OOHMKaIAT 0KoJIO mtaHerara ¢ moutu 18 000 munm B yac, KaTo BCsKa
4acT MPEICTaBIsABa IMOTCHIIMAIHA OMACHOCT 3a padOTeIUTe CIBTHHUIM WU
actponaBtutre. HACA crnenn 16 000 mapuera Gokiyk B opOuTa, KOUTO ca IO-
rotemu oT 10 cM (4 muua) B aumameTbp. Moxe ga uma moseue ot 500 000 ¢
pasmepr 1 cm-10 cM W MHOTO CTOTHIIM MWJIMOHM IO-MaJIku. Jlopn MaibK
(dparMeHT OT OTIIOMKH MOXE CEPHO3HO Ja MOBpeau (WM JOPH Ja YHHIIOXKH)
COBTHHUIIM WM JPYTH KOCMHUYECKH KOpabW, KOUTO c€ CONbCKaT ¢ THX,
Ch3IaBaKH Ol MMO-OMAaCHU OTJIOMKH. MeXIyHapoHaTa KOCMHYECKA CTaHITHSI
TpsiOBa PEIOBHO J1a MPOMEHsI opOuTara cu, 3a Ja He OBbAC ynapeHa OT TOJEMU
napdera 60KJIyK. Bceku mbT, KoraTo JBa opouTanHu o0eKTa ce cOTbCKaT, TE Ce
pasmajnar Ha omie XWISAU OTIOMKH. EPeKkTHBHM MepKkH 3a 3aiuTa OT 00CKTUTE
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Ha KOCMHYECKHs OOKIyK C HampedeH pa3mep Hajg 1 CM (Ha HUCKH U CPEIHU
OpOUTH) MPAKTUICCKH HAMA.

[TnanupanaTa pycka JyHHa COHJIa Ha Mapc HUKOra He € m30sraiga oT
opOuTaTa Ha 3emsTa cie/l U3CTPEJIBAaHEeTO Mpe3 HoeMBpU. Bbrpeku ycuiusTa Ha
PYCKUTE U €BPONEHCKUTE KOCMHUYECKH areHIIMU Jla C€ CBBPXAT C HEro, TOH ce
pPEeBbpPHA B €IHO OT HAN-TEXKKUTE W HAW-TOKCUYHUTE YacCTH KOCMHUYCCKH
OOKITyK, TIaJJa)Ti HSIKOTa Ha 3eMsTa.

ITpe3 despyapu 2009 r. amepukaHCKuAT cbTHUK Mpuanii-33 n30yxHa,
KOTaTo CIy4YalHO yJlapHu OTJaBHA M30CTaBeHUS PyCKH cITbTHUK Kocmoc-2251.

2. [IbPBHUAT ,,cATEJTUT 32 MOYHCTBAHE”

[IBeitapuure odaye UMAT TUIaH. YUEHUTE OT IMIBEHIIAPCKUST KOCMUYECKU
uentsp B EPFL, ¢enepannus texnonormyeH uHCTUTYT B Jlo3aHa, WcCKaT aa
U3MpaTAT B OpOUTA ,,CATENIUT 3a MOYUCTBAHE”, 3a Ja MMOYUCTAT OTIOMKHU U Ja TH
peMaxHaT 3a MOCTOSHHO OT opowuTa. ,,CleanSpace One”(¢ur. 1) me chrocTaBu
TpaeKTOpUsITa CH C Ta3W Ha IeJITa CH, U3IMOJI3BANKU CBPBHXKOMIAKTEH MOTOP,
npoektupan ot EPFL. Koraro mocturHe menrta cu, 1€ yJIOBHU KOCMHUYECKHS
ornaabk. IIpu ckopoctu 10 18 000 munm B yac ToBa HsIMa Ja € JecHa 3ajaya,
ocobeHo ako OoxiynuTe ce BppTAT. Cien ToBa ,,CleanSpace One” mie ce BbpHE
oOpaTHO KbM 3eMsTa | IIIe U3TOpH B aTMocdeparta, 3a¢HO ¢ MPUKPEIICHUTE KbM
Hes Ooknyuu. LleHata Ha TakbB MpPOEKT ce oueHsBa Ha 11 muinona gonapa. B
Cllydail Ha YCHEINTHO W3IBIHCHHE Ha IThpBaTa 3aJada KOCMHYCCKHAT Kopad
CleanSpace One mie Obae MycHaT B CEPUHHO MPOU3BOACTBO. B opOuta
CBbTHUKBT ,,CleanSpace One” TpsOBa a HaMmepH, Ja YJOBH WU3CTPEIISHUS I0-
pano (npe3 2009 r.) mBeapcku CIbTHHK ,,SWISS Cube” u 1a otuzae ¢ Hero 3a
YHUIIIO’)KaBaHE B TUITBTHUTE cJloeBe Ha atMocdepara. C enHa qyma, €IHOMOCOUYEH
TMOJIET.

@ue.1 CleanSpace One
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3.Il1ana 3a m3mbJIHEeHHe HA MbpBaTa Mmucust Ha CleanSpace One

WNuxenepute, pabOTEIH IMOJA PBHKOBOJCTBOTO Ha OWBIIHS €BPOTCHCKH
acTpoHaBT, a cera u3BecteH mnpodecop or EPFL Knox Huxonme, Bede ca
u30paiu MBPBUS 0OCKT, KOUTO MOXe Na Obae Ae30pOUTHpaH OT CI'bTHHKA OT
cepus CleanSpace One. M300pbT € MHOTO CHUMBOJIMYCH: IIBEHIIAPITUTE
BHUMATEITHO III¢ TOYHCTIT clie]] cebe cu, TmpeMaxBailku MHPBUS CH ITHUKO-
catemmut SwissCube, m3ctpensa npe3 2009 r., koilTo Bce o1ie ocTaBa B KOCMOCa,
WM KoJierata My [ 1Sat, u3cTpenssiH roguHa no-KbCHO. KakTo € 3aMHUCIEHO OT
Ch3JATEINTE, CJIe[ M3CTPEIBAHETO CIBTHUKBT-YACTAY IIe 3alovyHe Ja
MaHEBpHpa, HABIM3alKU B TPAGKTOPUSITA HA Cpellla C IIeNITa: 3a TOBa Ha Oopja e
OCUTYpEH YJITPaKOMITAKTEeH HoHeH nasuraren. Cren KaTto ce MpUONKHA 10
o0eKTa, TOM BHMMATEIHO 111 TO YJIOBH U IIe CTabWIM3Upa MoJieTa, KaTo 3a0aBu
BBPTEHETO My. B ciiyuyast Ha MMKO caTelMTHTE, ClioMeHaTH mo-rope, CleanSpace
One me ce aBuwxku cbe ckopocT oT 26 000 kM/4 1 HagMopcka BucounHa oT 630
1o 750 kM. Crnep ToBa, 3/1paBo 3aJbpKalKu yJIOBEHHs TOBap, TOM 1€ ciese, 3a
Jla U3TOPH C HETO B IUTBTHUTE ciioeBe Ha atMocdepara (dur. 2). CleanSpace One
nie ObJe u3BeJAeH B OpOUTa HE IO HAMBIHO TPAagUIMOHEH HayuH (0e3
W3IMOJI3BaHEe HA paKeTa-HOCUTEN), a ¢ TOMOIINTAa Ha IMBEHIAPCKH KOCMHYECKH
camMoJIeT 3a MHOTOKpaTHa ymorpeba. OdakBa ce TO3M TOMAXOJ Ja HaMalH
3HAYMTETHO 00IIara IieHa Ha MpoeKTa. MucusTa 1me AEMOHCTPHUpPa TEXHOJIOTHH
3a Cpeld, yJaBsSHEe W W3JU3aHe OT OpOWTa 3a CITBTHHIM B Kpas Ha >KUBOTA W
U3rpak/ia MbTSA KbM OTCTPAHSIBAHETO HA KOCMHYECKHUS OOKITYK.

CleanSpace One
The first janitor satellite to be sent by EPFL

Space debris represents an increasing risk for operational satellites.
Developed at Ecole Polytechnique Fédérale de Lausanne (EPFL),
CleanSpace One will be the first janitor satellite to be sent into space.

@ Approch
i Speed:28,000 km/h (2) Rendez-vous
3 phase

CleanSpace One

Sge 30x10x 10 cm Temperature: more than 1000°C
Predicted launch: 2015-2016
Mission: De-orbit an obsolete satellite

Iefogeaphin: Pascal Coderay / EPFL

@Due. 2. Mucusima na ,,CleanSpace One”
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4. VioHHMST ABMIaTe HA CleanSpace One

Electrospray microthruster e mynBepusarop, KOWTO MPOM3BEXK A TATa Ype3
U3IbYBAHE Ha CTPYSA OT YAaCTHIM, Ch3JajJcHa OT Taka HapeuyeHHs KOHYC Ha
Telinbp, B KOWTO 3ape/icHH TEYHHU KAIYMIM WK HOHHM Ce M3BJIMYAT OT EMHUTEP
gpe3 NpHIIoKeHo enekTpudecko mose (pur. 3). [To To3n HaYMH enekTpocupei
TJIACKaYUTE MOraT Ja IMPOM3BEXJAaT BHCOK CHEHH(DUYCH HUMIIYJIC MPH HHUCKA
CKOPOCT Ha ITOTOKa, HO HUCKA TsIra.

An lon Thruster for Clean

The EPFL is leading a consortium developing an u aturized fon thruster Woknbii psuratens
inkthe's framework of a European research projegt.\vnh this technology, small satellites = Macca: 200
willfinally be able to autonomously change orbits. " TONAUBHBIA KOHTEMHEP:
50-100 mn

CONMHEYHBIE
BATAPEA

3IEKTPOA

INEKTPOCTATU4ECKAF
IKCTPAKLIA OHOB

®
|

© ®

KANUNNAPHBIN TPYBEOMNPOBOA

SKCTPATUPYIOLLIAV SNEKTPOA
(1000-4000 v)

®uz.3 Honnusm dsucamen na CleanSpace One

CxemaTnuHa auarpama Ha electrospray microthruster e mokasana Ha
¢urypa 4. I[lponenanTbT MOXe Aa ObJle UM WOHHA TEYHOCT WJIM CMEC, WIH
Te4eH MeTall. EMuTepuTe Morar jaa ObaT YBEIMYCHH C YCKOPHUTEIHA PEIISTKA
CIIe/l eKCTPAKTOpa, 32 J]a C€ YBEIMYHU JOIIBIHUTEIIHO CKOPOCTTA HA M3JIM3aHE Ha
gacrunute. Electrospray microthruster ca nmpusnatu 3a obelaBaia TEXHOIOTHS
3a OCHTYpsIBaHEC Ha BH3MOXKHOCTH 32 MUKPO3aJBM)KBAHE HA MAJIKH KOCMUYCCKU
KOpadwu, IOpaay TSIXHATA OTHOCHTEITHO BUCOKA MPOU3BOIUTEIHOCT M MTPOCTOTA.
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Extractor electrode

Liquid Cone

\

Capillary Particle
spray

B

@ue. 4. Cxemamuuna ouacpama na electrospray microthruster

Myanrumiekcupanust electrospray (MES) mukpotiackay, KOWTo MOKpHBa
IIMPOK JMAMa30H OT CIEU(pUIHN UMITYJICH ¥ TeHepHpaHa Tsra MpH BHUCOKa (>
50%) wuma e(peKTUBHOCT Ha 3aJBWKBAHE 4Ype3 WU3JIbYBAHE Ha OBp3U
HAHOKAITYHUIIH.

Alumina accelerator
holder
Stainless steel accelerator
elecrtode

j

I

\

."b Alumina extractor holder

/4

Stainless steel extractor
electrode

PFA spacer

Silicon MES device
holder

Alumina MES device holder

PEEK nanoport

P
e
T

1T mm

@ue. 5. Pazenoben usened na mukpomaacvujomo ycmpoicmso MES
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Microthruster MES ce cbcTon OT [1030B OJIOK M JBa €ICKTPOIa, KOHUTO
BKJIIOYBAT U3BJIMYAI] €JIEKTPOJl U YCKOPUTEJIEH €JIEKTPOJ C ONTUMalIHa
MEXIYENeKTPOIHA W30Jalus, 3a J1a C€ YBEJIUYU MPUIIOKEHOTO HAIMpEeKEHUE.
durypa 5 mokaspa pasriodeH M3IJIe] Ha MUKPOTIACHIIOTO ycTporictBo MES.
W3cnenBana € mpoU3BOAUTEIIHOCTTA HA PA3IMYHU YCTPOHCTBA CHOTBETHO ChC 7,
37 u 91 mio3u. Microthruster 37-MES npoussexna tsara ot 31,10 puN mpwu
Hanpexxenue 7,56 KV u cnemmduunust ummync goctura 1870 S. OcBen ToBa
yctporictBara 91-MES mpowmssexmar Tiara ot 65,20 uN u cnenupudaUST
ummysic nocrura 1140 s npu Hanpexenne 7,35 KV.

5. ,,Pac-man” B kocmoca

3a na npoekTupaT Hali-e)eKTUBHATA CUCTEMA 34 YJIaBSIHE, UHKEHEPUTE Ce
BB3MOJ3Baxa OT ChTPYJAHUYECTBOTO HA CTYACHTH 1O MUKPOUHKEHEPCTBO OT
Hepia Geneva, uien Ha YHUBepCUTETa 3a NMPWIOKHU Hayku U uskyctBa HES-
SO B 3amanna llIBeiinapus. YueHUIIUTE U3MHCIHUXA PA3IMYHU DPEIICHUS, OT
ChUJICHEHU PBIIE C HOKTH J0 cucTteMa oT nunana. Haif-Hakpas u3zbpaxa Taka
Hape4yeHoTo pemieHue ,,Pac-Man”. I[lpoToTundsT mNpwinya Ha Mpexa IOoJ
dbopmata Ha KoHYC ((ur. 6), KONTO ce pa3rbLBa U CICA TOBA CE 3aTBapsi 00paTHO,
CJIeNT KaTo YJIOBH MAJIKUs CI'bTHHK. ,,Ta3u cucTeMa € Mo-HaJeKIHA U Tpeajiara
MO-TOJISIMO TIOJI€ 32 MAaHEBPUPAHE OT HOKBT WM IIAapHUpPHA pPbHKA~, Ka3Ba
Mumen Jlaypus, mpodecop o MHIyCTpHaIHHU TeXHOJIOTHHU B Hepia.

Due. 6., Pac-Man”
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6.3aksr0uenue

OuakBame pe3yaTature Aa ObAaT TakUBa KAKBUTO CM€ IIaHUpaiu. ToBa e
HOB CKOK B OBJEUIETO, C KOHNTO MOXXEM Ja C€ pa3BUBaMe€ W 3a Hampen. AKo
UCKaMe Jia MpaijamMe HOBU CI'bTHHMLIM WJIM JOPH Xopa TpsOBa Ja MoJIbpiKame
KOCMOCA HU YHCT.

CrpsiMo TOBa Kak ce pa3BUBaMe B Ta3M MOCOKA, CMBbPTTa MOKE OM OUaKBa
camo mepBus TectoB catenut CleanSpace One. B Owaermie, criopen aBTopuTe,
TOM Il ce MPEBBbPHE B OCHOBA 3a Ch3JaBaHE Ha IsNia Cepus OT KOCMHUYECKU
,, AUCTa4YM”’, IPUTOJICHU J1a U3BEKIAT OT OpOUTa OOCKTH C pa3iIMyHU pa3Mepu U
dopmu. Te chpIIO MoraTr Ja CTaHAT 3a MHOTOKpaTHa ymoTpeda, M3Mpariaiku
camo CBOs TOBap Ha 3eMsTa, JOKaTO CaMUTE T€ MPOAbIKaBaT J1a paboTHT.

Jlureparypa:
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4. http://stella-sol.info/clean-space-one-chistilshhik-kosmicheskogo-
musora/
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KOCMUMNYECKATA EKOJIOT'YSA U KOCMUYECKHUTE
OTIHAABIIN

Kpucrusina HukoJioBa

SPACE ECOLOGY - SPACE WASTE
(OBSERVATIONS, TRACKING, COOPERATION WITH
SPACE ENVIRONMENTAL MISSIONS)

Kristiyana Nikolova

Abstract: For years, NASA, ESA and other space agencies have been researching
technologies to remove debris in space. More than 1 million pieces of waste between 1 and 10
centimeters in orbit around the Earth - a number that continues to grow. Another problem
related to space debris is the difficulty of financing cleaning projects. Private companies such
as SpaceX have begun designing satellites to return to Earth at the end of their life cycle.
Space debris is dangerous for astronaut flights, but it can also have a negative impact on life
on Earth.

Keywords: NASA, ESA, debris, SpaceX

Ot mavasioTo Ha KocMHueckaTta HaamnpeBapa okosno 6000 u3ctpenBaHus
u3Benoxa B opbutra 11 800 cmbrHmMka, ot kouto 4550 ¢yHKUIMOHUpAT, a
OCTAaHAJIUTE Ca OTHAJBIH, KOWTO MPOIbDKAaBaT Ja oOMKamaT B opowra. [Ipes
cienBamuTe ToauHU e ObaaT u3ctpensau noede ot 20 000 mombaHUTETHH
CbTHHKA. B pe3ynraT Ha TOBa KOCMOCHT OBpP30 CTaBa I'bCTO HACEICH ChHC
Ch3BE37MS OT CITBTHUIIM W CHUCTEMH 3a HW3CTpEJBaHE. YBEIWYaBAaHETO Ha
MIPETOBAPBAHETO B KOCMOCA 3acTpalliaBa KU3HECTIOCOOHOCTTAa U 0€301TacCHOCTTa
Ha KOCcMHYeckarta HHpacTpykrypa u onepanuu. I[loBeue or 1 wMwuimmoH
ormanbity ¢ pazmep mexay 1 u 10 cm ca B opbuta okono 3emsita — Opoii,
KOWTO MPOABJIKAaBa J]a Ce YBEIN4aBa.

IIpencraBeTe cu KOJIKO ormacHO O OWMIIO J1a ce IIaBa, ako BCHYKH Kopaow,
3aryO€HH B MCTOPHSTA, BCE OIIE CE€ HOCAT MO MOBBPXHOCTTA HA BOJATAa, Ka3Ba
renepanausT qupexktop Ha EKA Sln Beophep [1]. ToBa e HacTosiiara cutyarms
B opOMTaTa M HE MOJXKE JIa POIBIDKH Taka [2], mobaBs TOM.
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Huxonac boOpuHcku, KoWTO pbKOBOAM Tiporpamara kKbM EKA
,,JAHbopMupaHOCT 3a cutyanusara B kocMoca” Ka3pa: ,,10 caHTuMeTpa — ToBa €
rojieMMHaTa Ha MapyeHllaTa OTHaabK, KOSTO YECTO M3MOJ3BamMe 3a OPUEHTHUD,
M0-CKOPO JIMMUT TpPHU M3YHUCICHUATA CU. B TO3M CMUCHI €JHAa OTJIOMKa C
roJIEMUHA €JIMH CAaHTUMETHP 1€ HAaHECE MIETH BbPXY CaTEeNUT, ako ro yaapu. Ho
ako T ¢ Hax 10 canTMeTpa U B KOMOMHAITUS ChC CKOPOCTTA, C KOSITO CE JABHKH
— HarpuMep 8 KUJIoMeTpa B CEKYH/IA - CATEIUTHT MPU COTBCHK IIE eKCTUIOANPA,
a ToBa I1ie TeHepupa oire 6oxiryk B Kocmoca [3]!

B cbmoro BpemMe ChIIECTBYBAT CaMO MHOTO OrpaHUYEHU TJIOOATHU
,IIpaBWjia 3a JABWXKEHHE BBbB Bpb3Ka C TOBEJACHUETO IMpPU JEHHOCTU B
KOCMHUYECKOTO TMPOCTPaHCTBO. Bbmpeku uve Ha paBHumero Ha OOH O6sixa
oTOEJsI3aHN 3HAYUTEIIHA MOCTHXKEHUS, pa3pad0TBaHETO Ha BCEOOXBATEH MOAXO/
Ha MEXIYHApOAHO PABHUILE € U3MPABEHO MPEJ] 3HAUUTEIIHU AUILIOMATUYECKU U
MOJIMTUYECKH TIPEUKH, KOUTO YBEJIMYABAT CIEIIHATa HEOOXOJUMOCT OT
JIEUCTBUSL.

3a110 KOCMUYECKUAT OOKITYK € TOJIKOBA roJisiM IpooiiemM?

[IpoOneMbT ¢ KOCMHUYECKHSI OOKIyK — BCEBB3MOXKHU OCTAHKH OT
KOCMUYECKU amnapaTH, CTapu CITbTHUIM, OTHAAbIM, HU3XBBPJICHH B KOCMOCA,
OOMKaJISIIId HAa OpOUTa OKOJIO 3eMsATa, CTaBa BCE MO-HAOOJSI. 3a CHpaBSHE C
Hero ot EBpomnerickara KOCMHYECKA areHysl UMaT HOBO Tpejioxkenne. OT Tam
3asBSIBAT, Y€ BCSKA JbprKaBa TPsiOBAa CAMOCTOSITENIHO Jla C€ TPUXKU 32 CBOUTE
KOCMHYECKU OTHAbIM U J1a TH OTCTpaHsIBa noetanHo. [[puunHaTa He € camo B
YKEJTAHUETO 3a OPraHU3UpPaHoO ,,MIOUYKMCTBAHE HA KOCMHUYECKOTO MPOCTPAHCTBO,
HO € CBbP3aHa U C IOpUAUYECcKaTa CTpaHa Ha Helara.

Bcuuko ToBa ce pee U3 KOCMHUYECKOTO MPOCTPAHCTBO — HSKOW YaCTU CE
JBHXKAT ChC CKOPOCT, HAJBUIIABAINA Ta3W Ha KypiuyM. Thi KaTto ce€ JABUKAT
TOJIKOBAa OBp30, TOpU HAW-PUHHUTE YACTUIIM KOCMUYECKH OOKIYK HOCST
CEpHO3HAa OMACHOCT ChC cebe CH, Thl KaTo MoraT Ja MOBpPEeAsT paboTeru
CaTEJIUTHU UM KOCMUYECKUA COBAJIKHU.

KocMmuueckute oTIOMKH ca OMAacHU 3a MOJIETUTE C KOCMOHABTU Ha Oopja,
HO CBIIIO TaKa MOrar Jia UMaT HETaTUBHO BIUSHUE U HA KMBOTa HA 3eMsTa, Thil
KaTO €BEHTyaJlHa MOBpeja Ha CaTeNUTU OW BB3MPENATCTBajIa MOJy4YaBaHETO Ha
BakHa MHGOpMaIIYsl, U3I0JI3BaHa B MPOTrHO3aTa 3a BPEMETO, KOMYHHUKAIUATA U
GPS ycnyrure.
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Quzypa 1. Kocmuuecku omnaovk

3a na u3ue3HaT OTJIIOMKUTE OT opOuTara Ha 3emsTa, Morar jga ObaaT
HE0OXOMMH BEKOBE, aKO M3001110 TOBa ce ciaydu. [IpoOaeMbT e ToJIKOBa ToIsM,
ye BedYe ce yMHOXkaBa OT camo cebe cu. Jlopm 4OBEUeCTBOTO [a CIpe ja
U3CTpEIIBa PAKETH U CATEIUTH, OOKIYKBT II€ C€ MHOXHU, Thi KATO YaCTUIUTE IIIe
ce cOTbCKBAT M pa3Apo0sBaT Ha BCE MO-MAJKH U MHOTOOPOMHM OOKIIyLH, CTaBa
sacHO oT oOsicheHueTo Ha EKA. Ilpennaranero Ha 3acTpaXxOBKM 32 KOCMHYECKH
MOJIETH M3IJIEXK/1a KaTo J10CTa CJIOKHO OM3HEC HauWHaHUE.

Ot romuan HACA, EKA u apyrute KOCMHUYECKM AareHIMH IpPOy4dBaT
TEXHOJIOTMH, Ype3 KOUTO Ja MpeMaxBaT OTIOMKH B KocMoca. Hsikou ot unente
BKJIIOYBAT ymoTpebaTa Ha MpEeXH 3a chOMpaHe Ha OOKIyK, XapryHU W
poOOTH3HMpaHU PBIIE.

3a IBABT IEPUOJ OT BpEME MPOCTO HAMaXMe HE0OX0AMMAaTa TEXHOJIOT s,
3a Jia MOCpenHeM TO3W MpoOjIeM, HO Mpe3 MOCASTHUTE TOAUHN ce HalJIr01aBa
nporpec. Hanpumep, sSIMOHCKH y4eHHW pa3pabOTBAT CaTEIUT, KOWTO pa3dunTa Ha
MarHuTH, 3a Ja yJIaBs U YHHUII0)KaBa OTIOMKH.

ExcrniepuMeHTanHO yCcTpoilcTBO, pa3paboTeHo BbB BenukoObpuranus, ycns
Jla TIpUXBaHE HEAKTHBEH CATEUT C Mpeka B KocMmoca. TecThT mokasza, ue Ta3u
TEXHOJOTHsI WMa ObJemie, HO HMPOHUATA €, Y€ MpekaTa U YCTPOWCTBOTO
OCTaHaxa Jia ce pesiT CBOOOIHO B KOCMOCA, PEATHO MPEBPBINAWKH CE B TTOPEIHHS
KOCMUYECKO OOKITYK.

Hpyr mpoOnem, CcBbp3aH C KOCMHYECKHS OOKIyK, € TPYIHOTO
¢uHaHCHpaHe Ha MPOEKTH 3a IMOYKMCTBAHETO MYy. BpUTAaHCKOTO yCTpOWCTBO
cTpyBa 15 MIJIH. €BpO, KOETO € HHCKa LI€Ha, KOraTo FOBOPUM 3a KOCMHUYECKH
texnosorud. Mucusita Ha EKA ClearSpace pasmosnara ¢ 6romkeT ot okosno 100
MJIH. €BpO.

[TouncTBaHeTO € caMO €HA YacT OT PEIICHUETO, MPEBEHIUATA € IPYTUSIT
THXXBK MOMEHT. YacTHU KoMmaHuu, KaTo SpaceX, 3amoyHaxa jJa MPOEKTHUpaT
CaTeNuTH, KOUTO Jla ce BphIIAT oOpaTHO Ha 3eMsATa B Kpas Ha KXU3HEHUS CH
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IIUKBJI, BMECTO Ja OCTaBaT CBOOOJHO peemu ce B opourtata . Ho 3acera
KOCMMYECKUTE OpraHM3allii ca OCTaBeHW Ha CaMOKOHTpojid. Hsma
MEXIyHApOJHHM TMpaBWiIa, KOUTO Ja JIbpKaT OIEepaTOpuUTe Ha CaTCIHUTH
OTTOBOPHHU 3a OOKJIyKa B KOCMOcA.

1957 1992

Quzypa 2. Kocmuueckume omnaovyu okono 3emama

ITo nymute Ha crienpanucty oT EBponeiikata KocMUYecKa areHuus, JOpy
Xopara Ja IMpecTaHaT Ja IIyCcKaT KOCMHYECKa MalllWHU, CJEJl HAKOJIKO
JICCETUJIETUs] Ha OKOJO3€MHAa OpOuTa IIe C€ CIy4Yd KackaleH cOJIbChbK Ha
anapatu. ToBa 111e npeBbpHE OJIU3KUS KOCMOC B aDCOIOTHO HEMIPUTOAHO MSCTO
32 MPAKTUYECKO U3MO0I3BAHE, IPOTHO3UPAT CIELUATUCTUTE.

KakBo npezcrapisiBa ynpaBieHHUETO Ha KOCMUYECKUS Tpaduk?

KocmuueckusT tpaduk ce ompeaens Karo cpeAcTBaTa U NpaBWiaTa 3a
JOCTBII, MIPOBEKIAHE HA IEMHOCTU U BPBIIAHE OT KOCMUYECKOTO MPOCTPAHCTBO
1o 0€30MaceH, yCTOMYMB U CUTYPEH HAaYuH.

Toli € CBbP3aHO ChC CIEAHUTE CIEMEHTH:

- IEMHOCTH 32 OCBEJIOMEHOCT 33 CUTyalusiTa B KOCMOCA;

- HAMaJIIBaHE M OTCTPaHsIBaHE Ha KOCMUYECKHUTE OTHAIbIIN;

- YOpaBJIEHHE Ha OpPOUTUTE B KOCMHYECKOTO NPOCTPAHCTBO M Ha
PaguoOYECTOTHUS CIIEKTHD;

- LeNMs KU3HEH LUKBI Ha KOCMHUYECKUTE OIepaluy, BKIFOYUTEIHO
¢dazata Ha M3CTpeNBaHE, OMNEpaluUTe B OpOMTa HAa KOCMHUYECKH JIETATEIHH
arapaTy ¥ ONEepalyuTe M0 U3BEXKIaHe OT OpOuTa B Kpasi Ha )KU3HEHUS UKBI,

- (a3a Ha TMOBTOPHO HAaBIM3aHE Ha KOCMHUYECKH JIETaTEeJIHU arapaTH
(KaKTO KOHTPOJIMPAHO, TaKa U HEKOHTPOJIUPAHO ).

C necetuneTHHs ONMUT B NMpaBEHE HAa Mapu OT Kocmoca, JlrokcemOypr
3ajara Ha BCHYKO - OT KOCMHYECKHM PECypCH /0 caTeluTh U oOydaBaHE Ha
CJIEJIBAILIOTO MOKOJEHUE KOCMUYECKHU MTPeANprueMayn.
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Cnopen CtuB Komap, aupektop Ha SES e MHOro BbJIHYyBaIlo, 4e
JIrokceMOypr ocTaBsi MHOTO TIO-TOJISIMA CJieJla B KOCMOCA, OTKOJIKOTO Ha 3eMsTa.
WNma Haii-roneMusi KOCMUYECKH OIOJIKET Ha TJlaBa OT HACEJICHUETO, OT KOSATO U
Jla € Ipyra cTpaHa B CBETa.

Maraitac  JIuHK, JUpPEKTOp IO MEXIAYHAapOJHH OTHOUIEHHS B
JIrokceMOyprckaTa KOCMUYECKa areHIus Ka3Ba, ue € YTpoeH Oposi KOCMUYECKU
koMmriannu B JIrokcemOypr 3a mo-mManko OT 6 rogwHu W Haj /0 KoMmaHww
y4acTBaT B CEKTOPA.

['onemute amMOUIIMK HA Ta3u MajKa CTpaHa MOJKE J1a HU OTKPHUST LI HOB
CBAT Ha BB3MOXXHOCTHU, HAYYHM OTKPUTHUS M H3CJIEIBAaHUSA, KOUTO € HH
NO3BOJIAT Ja HalpaBUM clle[Ballara Kpauka. VICTHHCKHM JHOKCeMOYyprcku
KOMIIAaHMM C€ ONMUTBAT Ja BbBEAAT MHOBALMM B KOCMOCA, 3a Ja HOI0OpSAT
KUBOTA HU Ha 3eMsTa, KAKTO U CIIOCOOHOCTUTE HU J]a )KUBEEM U3BbH 3eMsTa.

C HacTosAHIOTO MpEeNsoKEHUE ce LeNu Ja ce pa3paboTH cucrema 3a
CUTypHa U aBTOHOMHA KOCMHYECKa CBbP3aHOCT, 3a Jla C€ OCUTYPST rapaHTUpPaHU
Y YCTOMUYMBU CII'bTHUKOBH KOMYHUKALIUH, 10-CIEILIUATTHO:

- Ja ce OCUTYypH 3a NPABUTEJCTBEHUTE II0JI3BATEIM HAJIMYUETO B
OBITOCPOYEH TUJIAaH W B CBETOBEH Mamad Ha HaAeKIHW, CUTYPHH U
UKOHOMHMYECKU €(DEKTUBHU yCIIyTH 32 CTBTHUKOBH KOMYHUKAIIUH, TIOAKPETISIIN
3alUTaTa Ha KPUTHYHUTE WH(PPACTPYKTypH, HAOIIOACHUETO, BBHHIIHUTE
JNEHCTBUSL W YyNPABICHUETO HAa KpPU3HM, KAaTO MO TO3M HAYMH C€ TIOBHIIHU
YCTOWYMBOCTTA HA IHPKABUTE UJICHKHU;

- 1a ce Jajie Bb3MOXKHOCT 3@ BUCOKOCKOPOCTEH HIMPOKOJIEHTOB JOCTBHII 32
THPrOBCKM IIeHM B Lsja EBpoma, kato ce mnpemMaxHaT MbPTBUTE 30HH U C€
rapaHTupa cOlmXaBaHe MEXIy TEPUTOPUUTE Ha JAbP>KaBUTE WIEHKH, U J1a Ce
OCUTYPH CBBP3aHOCT B reorpa)Ckd paloHM OT CTPAaTErHuecKU HHTEpEC, KaTo
Adpuka 1 ApKTUYECKHUS PETHUOH.

[To-crienmanHo 1enyMTe Ha UHULMATUBATA Ca:

- n1a ce pa3paboTH, WU3rpagd U EKCIUIoaTUpa Haill-CbBpeMeHHa
MHOroOpOUTaIHa CUCTEMa Ha KOCMUYECKa CBBP3aHOCT, TOCTOSHHO a/lalTupalia
ce KbM TIPOMEHHUTE B TBPCEHETO HAa TPABUTEICTBEHH CI'HBTHUKOBH
KOMYHHKAIIMH, KaTO C€ OTYMUTAT CHIIECTBYBAIUTE W OBICIINTE aKTHBH Ha
TbPKABUTE UJICHKH;

- 1a ce JombJHu 0a3zara Ha Cbhr03a OT KaMalMUTeT U YCIYTH 32 CITbTHUKOBU
KOMYHHKAIIMH U J1a C€ WHTErpupa HHPpacTpyKTypaTa Ha Ha3€MHHS CETMEHT Ha
GOVSATCOM, nocouena B wien 67 ot Permament (EC) 2021/696;

- Ja ce JOompuHece 3a KUOepyCcTOMYMBOCTTa cpelly KuOep3ariaxu H
eJIEKTPOMAarHUTHH 3aIljlaxy, KaKTO U 3a olepaTUBHATa KHOEPCUTYPHOCT, U Ja ce
UHTETpUpa €BpoIeiickaTa KOCMHUYecKa MH(pacTpyKTypa 3a KBaHTOBA
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xomynukanus (EuroQCl), 3a na ce nase Bb3MOXKHOCT 3a CUTYPHO INpeaBaHe Ha
KpUITOTpadCKH KIIIOYOBE;

- nJa ce momoOpu yCTOMYMBOCTTa Ha  TEIEKOMYHHUKAI[HOHHHUTE
uHppacTpykTypH Ha Cbl03a;

- Ja ce MoAOOpAT M Pa3LIUPAT CIIOCOOHOCTUTE M YCIyTUTe€ Ha JIPyru
KOMIIOHEHTH Ha KocMHuuecKkaTa rnporpama Ha Cpio3a;

- Jla ce CTUMYyJiUpa pa3pabOTBaHETO HAa WHOBATUBHU U PEBOJIIOLIMOHHU
TEXHOJIOTUHM, KAaKTO M M3IOJ3BAaHETO Ha eKocucremara ,,HOBO KOCMHYECKO
IIPOCTPAHCTBO M Ja C€ Ch3Jaje OnaromnpusiTHa cpela 3a MO-HAaTaThIIHOTO
pa3BUTHE HAa BHCOKOCKOPOCTHHS IIMPOKOJICHTOB JOCTHI U OE3MpersTcTBeHaTa
CBBP3aHOCT B Isu1a EBpomna.

BaxxeH acmekT € B3aMMHOTO JIONBJIBAaHE HA WHULUATHUBaTa CbC
ChILIECTBYBAIIUTE UHPACTPYKTYpPH 3a HA3eMHa CBBP3aHOCT, C KOUTO c€ J100aBs
,»1IOCTIeIHaTa MU U Ce Tpejylara BUCOKA CTENEeH Ha TyOsupaHe.

Jlureparypa:

1. Kocmuueckure OTHaabLUM - BB3MOXKHO JH € OOII0EBPONEHCcKO
peuienue?

3opnuna bimsHamka - mporpama ,,Xopu3oHT” - euranetplus

2. Kocmmuecko mpoctpanctBo: EC cTapTupa CI'bTHHKOBA CHCTEMa 3a
CBBP3aHOCT M 3aCWJIBa JCHCTBUATA 3a YNPABIECHUE HA KOCMUYECKHS TpaduK 3a
no-ycroiunBa EBpoma - Odwunuanen yebcaiit Ha EBpomeiickus cbhro3 Sonya
GOSPODINOVA, Temedbon +32 2 296 69 53, En ampec -
sonya.gospodinova@ec.europa.eu

3. Bwonpocu u orroBopu: CurypHa cBbp3aHocT - - OdunmaneH yeocant
Ha EBponeiickus cpro3 Sonya GOSPODINOVA, Tenedon +32 2 296 69 53, En.
anpec -sonya.gospodinova@ec.europa.eu

4. Kaxk 4oBe4yecTBOTO IJIaHUPA J]a CE€ CIIPaBU C KOCMHUYECKUS OOKIyK? -
profit.bg

5. EKA: Bcska nmppxaBa na uuctu Kocmoca oT cobcTBeHUTE CH
KOCMUYECKH OTHaIblIM, peaakTop: AHHa MapuHoBa, AKTyanHO.0r

Aodpec 3a Kopecnonoenyus:
Kpucmusna Heanosea Huxonoea, Kypcanm-cepacanm, Bucuie 60eHHO8b30yWHO Yyuunuuje

,Teopeu Beukoscku”, ep. /lonna Mumpononus, ¢axynmem ,,Asuayuonen”, ep. Ilnesen, yn.
., Tenepan Crobenes” Ne 3, 0 88 463 28 86, Email: kobrietal23@abv.bg
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YOBEUIKUTE JEMHOCTU KATO I''IABEH ®AKTOP
3A BATOIVIAHETO HA KIIMMATA

Bequko JlamOoB

HUMAN ACTIVITIES AS A MAJOR FACTOR IN
GLOBAL WARMING

Veliko Lambov

Abstract: Increased heat waves, droughts and floods lead to mass mortality of plants
and animals as well as trees and corals.

Keywords: Environmental problems, Climate warming, solving climate problems.

BbBenenue

EdekTtute OT 3aTOMIIHETO BEYe MPOTOHBAT XOpaTa OT JOMOBETE UM C
U3JIMTaHETO Ha MoOpeTaTa, KakTo M yOuBaT AbpBeTa U JKUBOTUHCKH BHJOBE.
Moxxem na ce ajmanTthupaMe, HO ChIIO Taka CHEIIHO TpsOBa J1a HampaBUM
IbJI0OOKM M He3a0aBHU CHKpalleHUs Ha €MHCHMTE, 3a Ja MPElIOTBPATUM OLIE
MO-JIOIINUTE BB3ACHCTBUSL.

N3MeHeHneTo Ha KiIMMaTa MPUYMHSABA IMO-TOJSAMO BB3ICUCTBUE OT
OYAaKBAaHOTO TPH TMO-HUCKU TEMIIEpaTypu OT OYAaKBAHOTO, HapyllaBailku
NPUPOJHUTE CUCTEMHM W 3acAralkd >KMBOTa HAa MUJIMApAM Xopa MO CBeTa,
cropesl MocieAHusl AOKJaA Ha MeXIynpaBUTEICTBEHA E€KCIEepTHa rpymna Io
KJIMMaTuyHu nnpomenu Ha OOH.

HoBusT noknag ycTaHOBHM, Y€ CYLIUTE W TOPELIUTE BBIHU yOHUBAT
JbPBETA U KOPAJIM, IOBUILIABAHETO HA MOPCKOTO PaBHUILE NIPUHYXkAaBa XopaTa
B ySA3BUMH paiiOHU J]a HAIlyCKAaT JIOMOBETE CH, & EKCTPEMHUTE yCJIOBHUS MOTaT
Jla yBeJIWYaT BEPOSATHOCTTA OT HACWJICTBEH KOH(IMKT.AKO 3aTOIUISIHETO HE
ObJie CIPSHO CKOPO M TO MPOABIIKH, A0 MOJOBUHATA OT BUIOBETE, YKUBECIIH
Ha cylllaTta, MOXE Ja WM34e3HaT, HEJOXPAHBAHETO B YACTH Ha CBETAa BEPOSITHO
I€ CTaHE MHPOKO PAa3NPOCTPAHEHO, @ EKCTPEMHUTE METEOPOJIOTUYHU SIBJICHUS
II€ CTaHAT BCE MO-YECTH.

bennute, MHOro MiIaAWTe W MHOIO BB3PACTHUTE, ETHUYECKUTE
MaJIIMHCTBA U KOPEHHOTO HACEJIEHHUE Ca U3JIOKEHU Ha HAl-TOJIsIM PUCK.
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W noxaro MepkuTe 3a orpaHuYaBaHe Ha Bb3JCHCTBUETO HA U3MEHEHUETO
Ha KJIMMaTa ChIIECTBYBAT, €JMHCTBEHATa HAMCTHHA 3HAUYMMa CThIIKA € J1a Ce
HaMaJIsIT eMUCHUUTE Ha MapHUKOBH T'a30B€ Bb3MOYKHO Hail-CKOPO.

Hoxnanst ,Ilpomsna Ha kiaumara 2022: Bw3aeiicTBusi, aganTtamus U
ysiz3BuMocT” [1] myOmukyBan ciieq omoopenue ot 195 nbprkasu. Toif ,,moka3Ba
SICHO KOJIKO MHOTO TpsiOBa Jla MPOMEHHM Kypca, 3aioTo 3a0aBEHUTE JACHCTBUS
PUCKYBAT Jia IPEAN3BUKAT BH3ICUCTBUS, KOUTO Ca TOJKOBA KaTacTpodaaHu, ue
HAITUAT CBSAT OABHO CTaBa HEYy3HABAEM.

MHoro BB3AelCTBHSI OT HM3MEHEHHETO Ha KJIMMAaTa ca IO0-JIOIIH,
OTKOJIKOTO C€ CMATa

KbM nHemHa mata eMUCHHUTE HAa MAPHUKOBU Ta30BE JOBEAOXA 0 CPEIHO
MOBUIIIaBaHe Ha riobaHaTa Temieparypa camo ¢ 1,1 rpamxyca o Lemsuit. EqHo
OT HaW-TMIOpa3UTEITHUTE 3aKIOYEHUs €, 4Ye BIKJAaMe HeOIaronpusTHHA
BB3JCHCTBHS, KOWTO Ca MHOTO IO-IITUPOKO Pa3MpOCTPaHEHO M MHOTO IIO0-
OTPUIIATEIHO OT OYAaKBAaHOTO IIPM TOBAa HHUBO Ha TIOBUINABaHE Ha
TeMIeparypara.

OcobeHa 3arpmxeHocCT, 100aBs, Y€ TOBa CPABHUTEIIHO MAJIKO 3aTOILISHE €
OmIo IOCTaThUHO, 3a Ja 3allOYHE TOMEHETO Ha BEYHATa 3aMPB3HAIOCT,
W3CYIIaBaHEeTO Ha TOpQHINATa M YBPEKIAHETO HA TOPUTE 4Ype3 OTHMINA Ha
BPEAUTEIINA OT HACEKOMH U TOPCKHU TTOKAPH.

N3meHeHneTo Ha KaMMaTa Bede 3acsira CEJICKOTO CTOIMAHCTBO, TOPCKOTO
CTOITAHCTBO, PUOAPCTBOTO M akBakynTrypute. lIpmMmep 3a ToBa € 4We B Isijia
CeBepHa AMepuKa M3MEHCHHETO Ha KJIMMaTa € HaMajiujo CEJICKOCTOMAaHCKaTa
npousBoauTesHOCT OT 1961 r. Hacam.

Hemo moBede, yueHnTe Morar BCe IOBEUE Jla CBBP3BAT CKCTPEMHHUTE
METEOPOJIOTHYHH SIBICHHS TUPEKTHO C M3MECHEHUETO Ha KiauMara. Hacrosimure
MOJICIN MPOIbKaBaT Aa ,,IOAINCHSIBAT Bbh3ICUCTBUETO, KOSTO HM3MEHECHHUETO Ha
KJIUMaTa Be4e OKa3Ba BBPXY IMOCTOSHHO €KCTPEMHH METEOPOJIOTHYHU YCIIOBHUS
Y TIpeICKa3BaT BJIOIIABaHE HA T3 BB3JACUCTBUS C IOMIBIHUTEIHO 3aTOIIISHE.

JloknmaabT 3akiarouyaBa, 4Ye ,,JIOBHUIICHUTE TOPCIIM BBJIHHU, CYIIUTE U
HABOJHCHUATA BeUe HAAXBBPJIAT MPAroBETe Ha TOJEPAHTHOCT HA PACTCHHATA U
KUBOTHUTE, KOETO BOAM JO MacoBa CMBPTHOCT NPH BHUIOBE KAaTO IbpPBETA U
kopamu” [2]. Te3u eKCTpeMHH METEOPOJOTHYHM YCIOBHS C€ IOSBSBAT
CIHOBPEMCHHO, TNPUYMHSABAMKN KAaCKaJHU BB3JCHCTBHs, KOUTO ca BCE IIO-
TPYJIHHU 3a YIIpaBJCHUE.

Heo0xoaumocTTa OT A€HCTBHE € CIIeNIHA

[IpuznaBaHeTo, 4e BB3ACHCTBHETO BBPXY KJIMMATa Be€YE€ CE€ YyCella,
yBelIn4aBa HEOTJIOKHOCTTa OT OTpaHWYaBaHE Ha MO-HATATBITHOTO 3aTOTUISHE.
Ha cymara go moBede ot 15 mpoieHTa OT BUIOBETE BEPOATHO IIe ObAAT
M3IpaBeHU IIpeJl ,,MHOTO BHCOK PHCK OT M3ue3BaHe” IpH HHBA Ha TJI00aIHO
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3arormisine ot 1,5°C, ce ka3Ba Mpu ckayaHe Ha rio0ajgHaTa TeMnepaTrypa J0 He
royisiMata pasznuka ot 2°C. Tasu nuudpa Hapactsa 10 20 npouenTa u 4ak g0 50
nporeHTa npu 5°C (AKO HallUUTE MO CBETA CMA3AT HACTOSALIUTE CU OOCIIaHMUs
3a HaMaJIsiBaHE Ha €eMUCUHUTE, YCTAHOBU CKOPOIIEH aHalln3, 3aTOIISIHETO IIIE Ce
noaabpika mox 2,5°C) [3].

ITpu 2°C win mo-BHCOKO 3aTOIUIIHE PUCKOBETE 3a MPOJIOBOJICTBEHATA
CUTYpPHOCT Ha Xopara Mopagd HM3MEHEHHETO Ha KiIWMara e Obaar Io-
CEpPUO3HU, KOETO e J0BeAe M0 ACPUIUT Ha XPAHUTEIHH BEIIECTBA H
HeJoXpaHBaHe, ocoOeHo B Adpuka, MOxna Aszums, Ilentpamna u HOxna
AMepHka W MaJKHT€ OCTPOBHH JbpxkaBu. OcBeH TOBa, TbH Karo
TEeMIIEpaTypUTE MPOIBJDKABAT Jla CE MOKAuBaT, Bb3JCHCTBUATA U PUCKOBETE OT
M3MEHEHUETO Ha KJIMMaTa BEPOSITHO 1€ CTaHaT ,,BCE MO-CIOXHU U MO-TPYAHU
3a yIpaBJieHUE”’, KATO MHOKECTBO OMACHOCTH — OT CYIIU M TOPCKU MOKAPH J0
MOKauyBaHEe Ha MOPCKOTO PaBHUIIE U HABOJIHEHUS — BH3HUKBAT €THOBPEMEHHO.

NmenHo mopaau Ta3u npuyuvHa 1enta Ha [lapmwxkoTo criopazyMeHue e
Jla OTPaHUYU 3aTOIUISTHETO /10 ,,MHOTO TOJ 2 rpajayca, a 3a npeamnoyutane 1,5
rpaayca” 3aTtoruisHe. Bpnpeku ToBa, 1OpH MHOTO OT CTPAHUTE, AHTAXKUPAHU C
1,5°C, ouakBar cpeaHaTta rio0OajiHa TeMIlepaTypa IbPBO Ja C€ MOKayu Haj
TOBa HUBO, MPEIM Ja NajHe, NPoleC, U3BECTEH KaTo MpeBUIllaBaHe. Thi KaTo
cera ce ycellaTr CEpuo3HHU Bb3JEUCTBUS, TAKbB MOIX0]I MOXE Ja ObJI€ OMACEH.

ThHid KaTO BCHYKM TE€3U MPOMEHH BEUE Ca BBBEICHU B PEIICHUETO 3a
npobyieMa Ha €KOJIOTMYHa KaTacTpoda, HUE cTUTrame A0 3aKJIIYEHUETO, Ye C
MpEBUIIABaHE... UMaM€ TOBHIIEH PUCK OT HEOOpaTUMM BB3JCUCTBUS, KaTO
M34YE€3BaHE Ha BUJOBE, KAKTO M Y€ HSIKOM OT TE3U MPOLECH, KOUTO BeEue
HaOJIr01aBaMe Jia ce CIIy4Bart, Ie ObJe Bce O-TPYIHO J1a ce 0OBbpHE.

TpsO6Ba BcHUKM HAIMM Jla C€ OMUTaME€ Ja OTPAHUYUM 3aTOTUISTHETO 10
1,5°C ¢ BB3MOXKHO Hall-MaJIKO MPEBUIIABAHE, B WJCATHUS CIydail HYJEBO
npeBumiaBaie. Ho ToBa, xoeTto TpsOBa aa HampaBuUM, BCBHIIHOCT € J0CTa
poCTO: TpsAOBa j1a HAMAJIMM BBIJIEPOTHUTE €MUCUU Bb3MOKHO Haill-Obp30.

HN3meHeHHeTO HA KJIMMATA 3aCATra HAKOU MOBeYe OT APYTrH

[TpoMeHuTe B KJIMMaTa HH 3acaraT BCHUKH [4], HO HE BCUYKH HH 3acsSraT
eqHaKkBO. Te3u, KOMUTO Bede >KUBEAT MOJ TMpara Ha O€IHOCTTa, MIIAJAUTE U
Bb3PACTHUTE, €THUYECKHWTE MAaJIMHCTBA M KOPEHHOTO HacejeHue. ToBa ca
MOMYJIAIH, HETIPOIIOPIIMOHAIHO 3aCETHATH OT Bb3eHCTBUETO HA KiauMarta. 1 B
MHOTI'0 CJIy4au T€ ca U T€3U, KOUTO Ca HAMpaBUJIM Ha-MaJIKo, 3a 1a JOTPUHECAT
3a npobisema. ETo 3a1110 ”3MEHEHHETO Ha KJIMMaTa € IbJI0OKO HEeCIIPaBEINBO.

N3cnenBanusitTa Ha €KOJOTUYHUS MPOOIIEM MMOKA3BaT Y€ YA3BUMOCTTA KbM
M3MEHEHHETO Ha KJIMMAaTa € MO-BUCOKA B MECTaTa W CpeJl MOMyJaluuTe, KOUTO
UMaT TO-MaJKa YCTOWYMBOCT HA EKCTPEMHU TMPOMEHHU: HAMpUMep Te3H,
3aCeTHATH OT O€THOCT U HACUJICTBEHU KOH(IJIUKTH.
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Bbnpekn ue pocera mma MalIkO JOKAa3aTeNCTBA, Y€ H3MEHEHUETO Ha
KJIMMaTa JUPEKTHO MPUYUHSABA KOH(MDIMKT, TO MOXE Ja YBEJIMYU PUCKA OT
HEro,KaTo M30CTPU COLMATHU, UKOHOMHYECKH M €KOJIOTMYHU Mpobiemu. OT
2010 mo 2020 r. yoBeMIKMTE CMBPTHH CIIy4au OT HABOJHEHMs, CYIIH U OypH ca
Ownn 15 mbTH TO-BUCOKM B CHJIHO YSI3BUMUTE PETHMOHHM, B CpPAaBHEHUE C
PETMOHUTE C MHOT'O HUCKA YsI3BUMOCT. CBBbp3aHUTE C HABOJHEHHUSITA U CyIllaTa
MIPOJIOBOJICTBEHA HECUTYPHOCT W HEIOXpaHBaHE ce yBennuuxa B Adpuka u
[enTpanna u IOxxHa Amepuxka.

KinumaThT U €KCTpEMHUTE METEOPOJIOTUYHU YCIIOBUSI BCE MOBEYE BOJSIT
JI0 U3MECTBaHE HA HACEJICHUETO B HSIKOW PETMOHU;MAJIIKUTE OCTPOBHHU JIbPKABH,
3acTpalieHd OT W3JMTraHeTO Ha MOpeTara, ca HEeMpOIOPIIMOHATHO 3aCEeTHATH.
3arybaTa Ha €KOCHUCTEMHHU YCIYTd MMa OCOOCHO TEXKKH IMOCIEIUIUA 3a Te3H,
KOUTO pa3yuTaT NpPsSKO Ha TIX 3a 3aJI0BOJISIBAHE HA OCHOBHHM HYX[IH,
BKJIIOUYMTEITHO KOPEHHOTO HACEJICHUE.

Mo:kem 1a ce ajanTHpaMe NPUPOAATA € KJIIY0Ba

C moBwuIIaBaHETO HA TEMIIEpAaTypUTE XopaTa TpsOBa Jla ce ajganTupar.
Enna oT ocHOBHMTE KOHCTaTallUM €, Y€ TaKaBa ajamnTallys pa3dyuTa MoBede Ha
ectecTBeHUTE ekocuctemMu. Cera uMa TMOBeYe JOKa3zaTelicTBa 3a TasH
3aBUCHUMOCT.

PuckbT OT HaBOJHEHHS MO pPEKUTE MOXKE J1a ObJe HamajeH upe3
Bb3CTAHOBSIBAHE Ha BJIAXHU 30HU U JPYTHM €CTECTBEHH MECTOOOUTAaHUS B
3JIMBHU PAaBHUHU WM Ype3 BpbIIaHE HAa PEKUTE B €CTECTBEHOTO UM PYCJIO.
Ona3BaHeTO Ha MaHTPOBUTE TOpPHU Mpenana3zBa OperoBara JUHUS OT OypH H
epo3usi. Upes HaMasnsiBaHE Ha MPEKOMEPHUS YJIOB, MOPCKUTE 3aIUTCHH 30HU
OCHUTYpSIBAaT YCTOMYUBOCT Cpelly M3MEHEHUETO Ha KiauMmarta. ['pamoBeTe morar
Jla ce OXJIaKJAaT 4Ype3 MapKoBE MU €3epa W uUpe3 O3€JICHSABaHE Ha YJIULUU U
MOKPUBH. 3E€MENEJICKUTE MPOU3BOJIUTENM MOTaT Ja YBEJIHYAT KaKTO CBOSITa
YCTOMYMBOCT Ha KJIUMaTa, Taka W JOOMBHUTE CH, KaTO MOJAOOPAT 3ApaBETO Ha
oyYBaTa.

Apnantupanero, Koeto ce (Qokycupa BBPXY MNOJIAbPKAHETO HAa
€CTECTBEHUTE CUCTEMHU, ChIIIO Nomara Jia ce uzberse. Hanosisaneto Ha moJsiera
C MOJAMOYBEHU BOJM MOXKE Jla OCUTYpH He3ab0aBHO OOJIEKUEHHE OT Cyllara,
HalmpuMmep, HO aKO CYIIUTE CTAHAT IMO-YECTH WJIU MPOIBIKUTEIHU, BOJHATA
Maca MOXe B KpaifHa cMeTKa Ja u3desHe. 110 chlus Ha4YuH, MOPCKUTE CTEHU
MOraT Jia 3alluTAT KpalOpeKHUTE 30HU B KPATKOCPOUEH IUIaH, HO TAXHOTO
M3TpAKIaHEe MOXKE J1a YHHIIOXKHU KpaOpeKHUTE €KOCHCTEMHU KaTO KOpaJloBU
pudoBe, KOUTO camu o cebe CU JOTPUHACST 3a 3aluTaTa Ha Opera.

3a nma ce aganTupame KbM BB3JCHCTBHITA HA M3MEHEHUETO HA KJIMMATa,
0e3 ga mpennpueMame aJeKBaTHU CTHIKU 3a MpPeMaxBaHE HAa €MUCHUUTE Ha
MapHUKOBH Ta30B€, KOUTO IO Mpu4uHsABaT. OMacHOTO U3MEHEHNE Ha KIIMMaTa €
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npej Hac M € MPOCTO BBIPOC HA TOBA KOJKO 3J1€ CM€ TOTOBHU Jia TO OCTaBUM Ja
CTaHe.

MexaynpaBuTeJCTBEHA eKCIIEPTHA TPyNa M0 KJIMMATHYHM IPOMEHH

JloknansT oOTpas3siBa KoHcTaTanuuTe Ha PabGorna rpyma |l Ha
MesxTynpaBUTEICTBCHA EKCIIEPTHA Tpyra Mo KIMMaTHYHH NpoMeHH [5], emHa
OT TPUTE TaKWBa TPYyMNH, KOWUTO MMyOJMKYBAT aKTyaJU3UpPaHU KOHCTATAINH
NpUONM3UTEIHO HAa BCEKU oceM roauHu. PabGotnata rpyma |l Ha
MexaynpaBUTeICTBEHATa EKCIIEPTHA Tpyla MO KIMMAaTUYHU MPOOJIeMU ce
3aHMMaBa C Kak UW3MEHEHHMETO Ha KJIMMaTa B3auMMOJCHCTBA C Xoparta,
UKOHOMMKHTE U OKOJIHATA Cpefa.

HoxnansT o60xBama 3675 cTpaHulMd, KaTo TOJPOOHO OIHUCBA
BB3JICUCTBUETO HA HM3MEHEHHUETO Ha KIUMAaTa BbPXY KOHTUHEHTATHHUTE W
MOJISPHUTE PETUOHHU, CYXO3E€MHUTE M MOPCKUTE EKOCHUCTEMHU, XpaHaTa W
3npaBeTo. To#l ChIIO Taka H3CiEIBa IMpeceyHaTa TOYKAa Ha TJI00ATHOTO
3aTOIUISTHE ¥ O€THOCTTA M U3CJe/IBa MbTUILATA 32 PA3BUTHE, KOUTO Ca Bh3MOXKHO
Hal-yCTOWYMBY Ha W3MEHEHHETO Ha KJIMMAaTa U HETOBUTE BBb3JeHCTBUS. TO €
MpeANecTBaHo oT 35-cTpaHu4HO ,Pe3tomMe 3a monuTUIMTE”, KOETO €
CTapaTeIHO OJJOOPEHO, U3PEUCHHUE TI0 U3PEUEHUE, C KOHCEHCYC .

HN3Boau

EBponeiickuaT chbi03 € cpel BOJCHIUTE 3HAYMMH WKOHOMHUKH, KOTaTO
CTaBa BBIIPOC 3a CIpaBsHE C eMHUCHHTE Ha mapHukoBu razome. [lo 2019 r.
CHIO3BT € HAMAJIWJ E€MUCHUUTE Ha MapHUKOBU razoBe ¢ 25 % B cpaBHEHHE C
HuBata oT 1990 r., kKaTo BBPBU YBEPEHO KbM MOCTUTAHETO Ha MENTa IO
[Iporokona or Kuoto 3a HamansaBane Ha emucuute ¢ 20 % mo 2020r. Ilpes
nexkemBpu 2019 r. Komwucusita mpencraBu EBporelickusi 3eleH TakT U cera
mpeasiara makeT OT MepKu, HaCOYeHHM KbM yBenndyaBaHe Ha amOunusara Ha EC 3a
HaMaJsiBaHEe Ha eMUCHUUTe Ha mapHukoBHU razose 3a 2030 r., u HaMassBaHe Ha
BBIJICpOIHUTE eMucuu Ha nkoHomukaTta Ha EC mo 2050 r. B choTBeTcTBHE C
[TapmwxkkoTo criopazymenue, 3a ga moxke EC nma ciena OanmaHcupaH HMbT KbM
BeIVIepoaHa HeyTpanHocT 1o 2050r., mpe3 ampun 2021 r. Komucusara ce
chrjacu Ja ObJie MOBUILEHA aMOULIMATa B 00JIACTTAa HA KJIMMAaTa 3a MMOCTUTaHEe
Ha IIeJT 32 HaMaJIIBaHe Ha eMHUCHHTE Ha mapHuKoBH Tra3ose oT 40 % nHa 55 % mo
2030r. B cpaBHenue ¢ paBHumara or 1990 r. B Hio Mopk rpaackusar chBer
MUHaJIaTa MpoJieT Mpre 3aKOH, KOWTO 1€ U3UCKBA TOJIEMH U CPEIHM CTpaju 1a
HaMaJIsIT BBIVIEPOJHUTE CU €EMUCHUHM C TIOBEUE OT e1Ha 4eTBBPT 110 2030r.

CaeTa mpuemMa BCE MO CTPOTH MEPKH, KOUTO HE caMoO CE€ MpueMar HO U
peryaupar Bce mo-crporo [6, 7].

3akiouenue

BbB BCHUYKM CEKTOpM U PETHOHUW C€ HaOJaBa HaNpeabK B
MJIAHUPAHETO Y MPUJIATaHETO Ha MEPKUTE 32 aJanTUPaHe KbM MU3MEHEHHUETO Ha
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KJIMMaTa, KOE€TO BOJU O MHOTO MOJ3U. To3u Hanmpeabk obaye € HEpaBHOMEPHO
pasnpezeneH U ce HaOnogaBaT Npomycku. ChIIeCTBYBAT OCBILECTBUMHU U
e(peKTUBHU ONIMHU 3a aJanTanus, KOUTO MOraT Ja HaMajsaT PHUCKOBETE 3a
Xopara ¥ npupozaTta. Bp3MOXKHOCTTA 3a KPATKOCPOUYHH ONIMHU 33 aJaIllTallysl
BApHPA B PA3IIMYHUTE CEKTOPU U PETUOHH.

OnpeneneHn TrpaHWLM Ha BB3MOXKHOCTTA 3a ajanTalus Bede ca
JOCTUTHATH, HO T€ MOTaT /1a ObJaT MPEO0I0JIEHU Ype3 MPEoI0siBaHe Ha peaula
OrpaHWYEHUs, Hall-Beuye (PUHAHCOBH, YIPABICHCKH, WHCTUTYLHOHAIHU H
MIOJIUTUYECKU. BBIpekn TOBa, B HAKOM E€KOCUCTEMM Ca JOCTUTHATH TBBPIH
rpaHuM Ha ajantauus. Thi KaTro TIJI00ANTHOTO 3aTOILIIHE CE€ YBEJIMYaBa,
3aryOuTe U IETUTE 1€ CE YBEIUYaBaT U Pa3jIM4YHUTE CUCTEMHU 1€ JOCTUTHAT
npara Ha CHOCOOHOCTTa CU JAa ce ajantupar. Jlumcara Ha aganTauus KbM
M3MEHEHUETO Ha KJIuMara MOXe Ja Ch3JaJe YCIOBHUSA 3a YyS3BUMOCT, U3JIaraHe
Ha PUCK U J1a U30CTPU CHILECTBYBAIIUTE HEPABEHCTBA.
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MHNOCJIEANIIN OT UBMUHUHHUETO HA KIIMMATA
BBHPXY ITPUPOJHATA CPEJA

XpuctusH bo:xkaHoB

CONSEQUENCES OF CLIMATE CHANGE ON THE
NATURAL ENVIRONMENT

Hristian Bojanov

Annotation: In this report we will look at what climate change is, what are the natural
causes influencing these changes, what are the anthropogenic factors and what are the main
consequences of climate change.

Key words: climate change, natural environment

BbBenenue:

N3meHenusATa Ha KIMMara OKa3BaT BJIMSHUE BBPXY BCHYKH cepu Ha
npupojara. KnumarsT Ha 3eMsTa BUHATY € € MPOMEHSUT Mopajyd MHOT0OOpa3HU
dbakTopu, HO MPOMEHUTE Mpe3 MOCICAHUTE JBa BEKa C€ JBJDKAT OCHOBHO Ha
YBEJIMYCHUETO HAa HUBaTa Ha MApPHUKOBU ra30Be B aTMocdepara B pe3ysTaT OT
yoBerikara naedHoct [1, 2, 10]. TlocieacTBusita OT MPOMEHUTE B KiIMMAaTa
BKJIIOYBAT: TIOBUIIICHHE Ha CpelHaTa TeMmIiiepaTypa Ha 3emsiTa, NPOMEHU B
pSKUMHUTE Ha BAJICKUTE, YBEJIMYCHHWE HA YeCTOoTaTa Ha EKCTPEMHUTE
METEOpPOJIOTUYHH SIBJICHUS, CTOISBAHE HA MOPCKATE W KOHTHHEHTATHHTE
JIeTOBE, TOKauBaHE Ha MOPCKOTO PaBHUINE ¥ MHOTO apyTH [3, 4].

KaxkBo npexacrasiisiBa npomMsinata B KauMmara?

[IpoMsiHa B KIMMaTa O3Ha4aBa U3MEHEHHE HA CHCTOSHUETO HA KJIMMATa,
KOETO MOXe Jla Ob/Ie MASHTH(PHUIIMPAHO Ype3 MPOMSIHA B CpeHaTa CTOMHOCT HITH
Koie0aHusiTa Ha CBOWCTBAaTa My, KOWTO MPOABIDKABAT 3a ABIBI TMEPHOA OT
BpeMe, OOMKHOBEHO OT IOHE HAKOJKO JeCeTHeTHs. Bb3meicTBusita BHPXY
KITUMaTa, KaKToO U MOCJIEIUIIUTe OT HETOBUTE M3MEHEHHsI, ca MHOTooOpa3Hu. Te
OWBaT MPEKHU M HETPEKH M ca BCE OIIE B IPOIIEC HAa U3y4aBaHEe OT HayKara.

KakBu ca ectrecTBeHU NPUYHUHU, KOUTO BJIMSASAT HA KJauMarta?

Knmumarst Ha 3eMsara ce € HM3MEHSJI B HMCTOPUYECKH IUIAH TOpaJu
€CTECTBEHM TMPUYMHM, KATO HaAlpUMEp TMPOMSHA B HWHTEH3UBHOCTTa Ha
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CIBHYCBOTO TI'PECHC, KoJicOaHMATa B 3EMHATa Op6I/ITa M BYJKaHHM4YHaTa
AKTHUBHOCT.

I rnonapex Cy6TponuueH { | Cy6eksaTopuaneH
Cy6nonapeH TponuueH [ ExkBaTOopuaneH
[ YMmepeH

@Que. Ne 1 — Knumamuunu nosicu na 3emsmalNe 6]

Huto emun or Te3u ¢aktopu oOaue HE MOXKE Ja OOSCHU U3ILSIIO
HaOJIFOJaBaHUTE B CHBPEMEHHATAa €rmoxa MpoMeHW. Ha mbpBO MACTO, HsIMa
CBINIECTBEHA MPOMSHA B CHEPrUsATa HAa CITBHUEBHUTE JTbUM, KOSITO JOCTHTA [0
3emsta mpe3 mocnenaute 150 rommmam. IlpomenuTte, kouTo Omxa OWIH
MPUYUHECHH OT IUKJIA B 3¢MHATa OpONTA, C€ OYAKBaT JIa Ce CIydyaT B PpAaMKHUTE Ha
XWISAIA U JIECeTKH XWISAIW TOauHHU [5]. A M3pUrBaHHUATa OT BYJIKAHHTE Ipe3
MOCJICTHUTE CTOJIETUSI IPUUMHSBAT BPEMCHHH 3axXJIaXKIaHUsA Ha KiuMaTta. Te ca
OTTOBOPHH 3a MO-MaJIKO OT 1 % oT roauiiHuTe eMUCUM HA BBIIEPOJEH JUOKCHU
(COy).

KakBu ca anTtponoreHuuTe (akTopu, KOUTO BJIAMSAAT HA KaumaTa?

KimrouoBata mnpuumHa 3a 3aTOIUITHETO Ha KiIUMaTa Ha 3emsaTa €
YBEJIMYCHUETO Ha KOHIEHTpAIlMsATa Ha MAapHUKOBHUTE ra3oBe B arMmocdepara.
KoraTto cirbHuYeBaTa eHeprusi JOCTUTHE 10 3eMsiTa, YacT OT Hes Ce OTpassiBa B
KOCMOCa, HO TO-ToJsIMaTa dYacT C€ TMONTbIIa OT 3eMHaTa IOBBPXHOCT,
atMocepara wian obsanuTe. Ta3u MOrbjiIHATa €HEprus ce W3IbuBa OOpaTHO,
rmaBHO moxa QopmaTta Ha WHGpadepBeHO NbueHue. [lapHWKOBHTE Ta3oBe ca
OHE3W CHCTAaBHU YaCTH Ha aTMocdepara, €CTeCTBEHH M aHTPOIOTCHHU, KOUTO
yJIaBsIT YacT OT TOBA JIbYCHHE U CJIEJl TOBA IO MPEU3IHUYBAT BB BCHUKH TTOCOKH
— O TO3W HAa4yMH HE IsJlaTa EHEprusl yCIsBa Ja HalyCHEe IUIaHeTaTta U
aTMocdepara ce OKka3Ba MO-TOIJIa, OTKOJIKOTO Ou Owmiia 6€3 HaTu4YheTO Ha Te3U
rasoBe. ToBa siBIeHHE HapHUaMe MMAPHUKOB e(EKT, a ra30BeTe — MApHUKOBH [6].
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OcHOBHUTE MApHUKOBHM Ta3oBe B 3eMHaTa aTMocdepa ca BOJIHa Mapa
(m.H20), Beraeponen auokcun (CO;), nuazoren okcun (N2O), metan (CH4) n
030H (O3). B armocdepara uma u 3HauuTeleH OpOd Ha W3IIO CHHTETUYHHU
HapHUKOBH ra3oBe — (piryopuHupanu razose [Ne 2].

[TapHUKOBHAT €(EKT HE € HEMPEMEHHO HEIO HEraTuBHO. AKO He Oellle
HETOBOTO JICWCTBHE CpeaHAaTa TeMIEpaTypa Ha MOBBPXHOCTTA HAa 3eMsTa IIelie
ma e ensa -15 °C, ¢ 30 °C mo-Hucka ot ceramuara. OT HayajJoTo Ha
WNunycrpuannata pesomonms (1750 1.) aTtmocdepHaTa KOHIIEHTpamusTa Ha
BBITICPOIHUS TUOKCUA ce € yBenuumia ¢ nmoutu 50 % — ot okono 280 ppm mo
413 ppm mpe3 2020 1. OcHOBHAaTa MpUYMHA 33 YBEIWYCHUETO HaA
KOHIIEHTpAI[MUTE Ha MAPHUKOBHUTE T'a30BE € M3TapsSHETO Ha M3KOMAeMU ropuBa
KaTo TEeTpOJ M BBIJIMIIA — TOBa C€ CIy4Ba, 3allOTO MPU HU3TAPSHETO
ChABPKAIIUSIT CE€ B TOPUBATA BBIJIEPO]I CE CBHP3Ba C KUCJIOPOJia BbB Bb3yXa U
KaTo pe3ynTar ce 00pa3yBa BbIVIEPOJCH TUOKCU.

B no-manka crerneH u3cM4aHeTo Ha TOPU U MPOMEHUTE B U3MOJI3BAHETO HA
3eMHaTa MOBBbPXHOCT (3eMefieNine, MUHHU, CTPOUTEJICTBO) CHIIO Ca JONPUHECITU
3a HapacCTBAHETO Ha KOHIICHTPAIIMUTE HA MAPHUKOBH Ira30Be.

KakBu ca 0ocHOBHMTE NOCJI€ACTBUS OT KJIMMATHYHHUTE MPOMeHHU?

Cmamucmuyecku OaHHU 3a NOBUUWIEHUE HA CPeOHama memnepamypa Ha
3emama. Ot kpag Ha XIX B. HacaM cpegHaTa Temneparypa Ha MOBbPXHOCTTA Ha
3emsTa ce e moBummia ¢ noseye or 1 °C. 3aTomIIHETO ce yCKOpsiBa — IIO-
rojsmMaTa 4acT OT IMOBUIICHHETO Ha TeMIepaTypaTa ce HaliromaBa Ipe3
nocienauTe yetupuuaecer roguman kato 2016 r. m 2020 r. ca Ha#l-TorIMTE
TOJIMHU OT HAYaJOTO Ha CBETOBHUTE METEOPOJIOTHYHM HaOmoaeHus. [IpomsHaTa
Ha Temriepatypara mnpe3 nociueanute 150 roguHu € B mBTH TO-OBp3a OT
MIPOMEHHTE, KOUTO Ca C€ CIY4YBaJIM MPEIU JNCCETKH XUISIN U MUJIMOHU TOJAUHU
[7].

Humensuenu npoyecu ca c6vp3anu CbC CEUBAHEMO HA JEOHUKOBUME
wanku u omopwvneame Ha niaHuHckume JneoHuyu. Jlenenute 1iendoBe Ha
['pennanauss u AuTapkTuga ca 3aryounu maca. [lo gaHHM OT CIIBTHUKOBH
HaOmoaeaus ot mucusata Ha HACA GRACE, I'pennanaus e 3aryomiia oKoJio
279 munmapaa ToHa Jieq Beska roauHa B mepuona oT 1993 no 2019 r., mokato
AHTtapkTuia e 3aryouna roaumHo 148 wmwnimapna Tona. [neruepute ce
OTIPBIIBAT TIOYTH HABCAKB/E MO CBETA — BKIIOYUTEIIHO B ANMHUTE, XUMAaJIanuTe,
Anpute, Ckanuctute [Inanunu, Ansicka u Adpuka.

209



Bauskuar Kocmoc — o011a nesr’ 2022

@ue. Ne 3 — Cmansne na neonuyu u omoensne na coremu aiicoepeu [Ne 3]

Koncmamupano e namanasane na cnesicnama nokpuska. CbTHUKOBHUTE
HAOMIOIEHUsT TIpe3 TOCJIETHUTE TEeTAEeCeT TOAWHW pa3KpuUBaT HaMalieHHE Ha
IUTONITA HA CHEXHAaTa MOKPHUBKA Mpe3 mposerta B CeBepHOTO MOIYyKBJIOO U TO-
paHHo TomeHe Ha cHera. Cmopen MpoydYBaHE, OICHSIBAIIO EBPOIEHCKUS
IUTAHWHCKH MacuB, AJIMUTE ca 3aryOMiM TMOYTH METhpP OT CBOSTa CHEXHA
MOKPUBKa 3a TIEPHUOJ OT MOJIOBHH Bek. 3a mepuona 1971 - 2019 r., Bpemero,
pe3 KOeTo ce HabJoaBaT CHErOBAJIEKH € HaMaJIsJIo CpeHo ¢ oT 22 1o 34 nHu
B Annute Ha BucounHa 2000 m Hag MOPCKOTO paBHUIIIE.
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Due. Ne 4. CnvmHuko8a CHUMKA HA cmansue Ha 1e0HUKo8U uanku 3a epememo om 04
Despyapu 0o 13 @espyapu [Ne 1]

Knumamuunume npomenu 600sam 00 3amonjiAHe HA OKEAHCKUme 600U,
nokaueame HA MOPCKOMO paGHUWe U OKUCAABAHE HA OKeAHCKume G0O0U.
OrpoMHaTa 4acT OT JOIBJIHWTENHATA TOIUIMHA B KJIMMAaTHYHATa CHUCTEMA €
noera OT OKeaHWTe, MOopagu KOeTo ce HabimoJaBa M IOBUIIEHHE Ha
TEMIIEPATYpUTE Ha MOpPCKHATE Boau. Hampumep arTnaHTH4yeckata TpeECKa,
CKyMpusiTa W xepuHrara B CeBEpHO MOpPE MUIPHpPAT OT HUCTOPUYECKHUTE CH
MECTOOOMTaHHs KbM TO-XJIQJHUTE BOAM Ha ceBep. lloBumnaBammre ce
TEMIEpaTypyu Ha BOAaTa MoraT Ja yBeJIMuYaT U pHCKa OT OOJIECTH, NpeJaBaHU
ype3 BojaTa, HampuMmep BHOpuo3aTa B peruoHa Ha banruiicko Mope.
JlpaMaTU4HO yBeJIWYeHHE Ha U30€IBaHETO Ha KOpaloBUTE pu(oBE, IbIKALIO Ce
IJIaBHO Ha MOBHIIEHUTE Temrieparypu B Tuxua u Muauiickus okean. lopu
Majika IPOMSHA HAa €IMH OT KJIIOUOBHUTE AaCIEKTH KAaTO TeMIepaTypara WIH
COJICHOCTTAa Ha BOJATa WU CBHABPKAHUETO HA KHUCIOPOL MOXKE Ja OKaxe
OTPHIIATEITHO BB3/ICHCTBHE BBPXY TE3U YyBCTBUTEIIHU ekocucTemu [1, 4].

211



Bauskuar Kocmoc — o011a nesr’ 2022

Q@ue. N 5. Cnvmuukosa cnumka Ha CesepHus OIIOC, NOKA36AWA USMEHEHUemO Ha
neonuxosama wanka [Ne 1]

Hanpumep xuBOTHT B bantuiicko Mope, KOETO € IoIy3aTBOPEHO MOpE, €
CHJTHO 3aBHCHM OT COJICHOCTTa M ChABbp)KaHHeTo Ha kuciopos (O2) B MopckaTa
Boaa. [Toeue ot 1 000 Bmma MOpCKHM KMBOTHU OOMTaBaT 30HaTa Ha Karerar,
KbJIETO PaBHUINATA HA COJICHOCT U ChABPKAHUETO HA KUCIOPOJI Ca OTHOCUTEITHO
BHUCOKH, HO OposiT uM HamansiBa 10 enBa S0 Buga B ceBepHATa dYacT Ha
boranueckus 3anmuB W BbB DUHIAHACKUSA 3ajJUB, KBJAETO 3amouyBaT Ja
npeoOasaBaT CIAAKOBOJAHM BHJIOBE. 3apajy TOMEHETO HAa KOHTHHEHTATHHUTE
Je0Be W PaslIupsiBAHETO HA BOJaTa, HUBOTO HAa MOPCKOTO PAaBHUIIE CE €
yBenu4miio ¢ Haa 25 cm oT kpas Ha XIX B. Hacam. CKOpOCTTa Ha MOKaYBaHE Ce
YCKOpsIBa BCSKAa TOJMHA M B MOMEHTA TS € 2 MBTH MO-TOJsIMa OT Ta3W Ipe3
MuHaaus Bek [3].

OcHogen npobnem e u Hamanraéawe Ha Mmopckus aeo. llmomra u
nebenrHaTa Ha MOPCKHS Jel B ApKTHKa 3HAYUTETHO HaMallsBaT TIpe3
MOCJICTHUTE JCCETHIICTHS. T0Ba BaKW 0COOEHO CHITHO 32 HUBOTO Ha Jie[a Mpe3
Hali-ToruTe Mecer. Hamanenue Ha Mopckus Jiej] ce HaOIojaBa v B pailoHa Ha
AHTapkTuKa. TONEHeTO Ha MOPCKHUS JieA HE MOXKE Ja IOBUIIM MOPCKOTO
paBHUIIE, HO UMa OTHOIICHHE KbM Taka HapEUECHUTE 00paTHU BPB3KU. KOIKOTO
MoBeYe HamaysiBa OCNMUAT JieA, TOJKOBA TOBEYE CIBHYEBA CHEPrUs e Ce
MOTIBIIA OT THMHHUTE MOPCKM BOAM M IO TO3W HAYMH TeMIlepaTypara Ha
OKEaHCKHUTE BOJY O HapacHaja 3HAYMTEIHO, KOETO OW JTOBEJO J0 OINe MOBEYE
TOTICHE Ha JIeJT U T.H.
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Ot Hawanmoto Ha WHIycTpuamHata peBONIONUS, KHCEIWHHOCTTA Ha
MOBBPXHOCTHUTE OKEaHCKH BOJM ce ¢ yBenuumiaa ¢ Hax 30 %. [Ipuumnara 3a
TOBa Ca JOMBIHUTEIHUTE AHTPOIIOTCHHW EMHCHHM Ha BBIVIEPOJCH THOKCH,
KOMTO BOJAT JI0 MO-ToJIsIMO moribiiane [5]. Okeanute ca abcopOupamr Mexy
20 u 30 % oT BcUYKUTE aHTPOTOTCHHH BBIJIEPOJHU EMHUCHH TPE3 MOCIECTHUTE
necetunerus (mexay 7,2 u 10,8 munmapaa Tona rogumniHo). YoBeuecTBOTO Beue
€ OKa3aJo 3HAYUTEIHO BIIMSHHE BBPXYy Kiaumata Ha 3emdAra. llpu Haii-
NECUMHUCTUYHUTE CLICHApHH, CPEIHATa TeMIIepaTypa Ha 3eMsTa 1€ C€ TIOBHILH C
10 4 - 5 °C, a HUBOTO Ha MOPCKOTO PaBHHMIIE II[e CE MOKa4M ¢ moBede oT 1 m,
KOETO 11e Ob/ie maryOHo 3a KpaOpEe)KHUTE 30HH.

Omuemeno e Hapacmeane HA YeCMOmMAama HA eKCMpeMaiHume
MemeoponocuyHu sAe6leHusA. YCTaHOBEHO €, Y€ AaHTPOIIOICHHUTE EMHUCUHU ca
JIOBEJIM JIO YBEJIMYEHA YECTOTa U UHTEH3UTET HAa EKCTPEMHUTE METEOPOIOTHUHU
apnenus. Ot 1950 r. nHacam ce HaOmogaBa TIOBHUINCHHE HA TOPEIIUTE
eKCTPEMyMHU W HamajeHue Ha cTyjeHuTe. HaOmionaBa ce M yBenuuaBaHe Ha
Opost Ha METEOPOJIOTUYHU CHOUTHS C MHTEH3UBHU BaJIeKU B pe/ulla palloHU Ha
CBETAa.

lIpeonosicenu ca pasnuunu nooxoou 6 bopbama cpewyy KIUMamudHume
U3MeHeHUs, HO 6ce owe He ce Habaoasam icelaHume pe3yaimanmu.
CpuiecTByBaT JBa OCHOBHM TMoOAXoAa B OopbaTa cpenly KIMMaTUYHUTE
WU3MCHEHUs, KOUTO OM CJICIBAJIO JIa BBPBAT Mapaiieiato [6, 9].

[IBpBHUAT MOAXOM € CBBP3aH ChC CMEKUABAHEMO HA 8b30EUCMBUETNO 8bPX)
oxonnama cpeoa. Toll BKIIIOUBAa TPEAOTBPATSIBAHETO HA IO-HATATHIITHUTE
BB3JICHCTBUS, @ OCHOBHUTE MapKd ca: HaMmalsBaHe M CIUPAHETO Ha
NAapHUKOBUTE E€MMCHHM, 3aJIECABAHETO U MPEANa3BaHETO HA IOpPH, TOPCKUTE U
IPUPOJTHUTE EKOCUCTEMHU.

Bropust nonxon € To3u Ha adanmayusma — MPU HETO C€ B3UMAT MEPKHU
COpPSMO BEU€ CIYyUWIMTE Ce W OYaKBAHUTE B ObJEIle HEraTUBHU €(PEKTHU OT
KJIUMaTUYHUTE npomeHH. [lpumepu 3a aganrtanus ca U3CPAKIAHETO Ha
OpeIynpeaUTeIHd CUCTEMH 3a TOpEeIM BbJIHHU, MOKapy WIM HAaBOAHEHUS B
PUCKOBU panoHu. [[pyrm mpumepu ca CBbp3aHU C rpajckara cpeaa — Karo
00siIMCBAHETO HA TIOKPUBHU B 051710, 3aCa)/1aHe Ha TIOBEUE AbPBETA B HACEIICHUTE
MECTa, C e MO-TOJISIMO OXJIaXKIaHe Ha Tpajickara cpeaa [3, 8].

3akioueHue

B cpBpeMenHaTa Hayka KIFOYOBaTa MPUYHMHA 32 3aTOIUISTHETO Ha KJIMMaTa
Ha HaIllaTa IiaHeTa B MOCJIEIHUTE ACCETUIICTHS € CBHP3aHO C YBEITMYCHHUETO Ha
KOHIIEHTpalusATa Ha MAapHUKOBUTE Tra3oBe B aTrMocdepara B CJIEICTBUE Ha
YOBeIlIKaTa JEHHOCT, AOKATO POJsITa Ha €CTeCTBEHU (HaKTOpH KaTO CIbHUEBA
aKTUBHOCT, U3MEHEHHUSI B 3eMHAaTa OpOUTa U M3PUTBAHUS Ha BYJKAaHU € TBBPJC
HechllecTBeHa. KiMMaTUYHUTE MPOMEHM MMAaT HIMPOK KPBI OT IMOCIEICTBUS,
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KaKTO BBPXY IpHUpoJaTa, Taka U BbpXy Xopara. Cpea Haill-ChIIECTBEHUTE OT TAX
ca MOBUIIIABAHETO Ha TeMIlepaTypaTa Ha aTMoc(epaTa U OKeaHUTe, TONEHETO Ha
JIeIOBETe, TOKAYBAaHETO Ha MOPCKOTO PaBHMIIE, HAPACTBAHETO HA YECTOTATa Ha
EKCTPEMHUTE METEOPOJIOTUYHU SIBJIICHUS M OKUCIISIBAHETO HA MOPCKUTE BOJU —
IPOLIECH, KOUTO HAOJII0/1aBaMe JTHEC.
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BBBEJAEHUE B PAIMOACTPOHOMMUATA. ITIOSABATA
HA HAYKATA U KOCMHNYECKATA
PAIUOUHDPPACTPYKTYPA

Kynuana MuxneBa

INTRODUCTION TO RADIO ASTRONOMY. THE
EMERGENCE OF SCIENCE AND SPACE RADIO
INFRASTRUCTURE

Zhuliana Mihneva

Abstract: The mission of radio astronomy is to use radio methods to study astronomy.
Although radio waves from space were perceived as early as 1932, true radio astronomical
research developed during World War II. Initially, ,,vigilant radar ” detects the strong radio
noise emitted by the sun, which leads people to conclude that the conditions for the study of
celestial bodies by radio signal have evolved. This is because the Earth's atmosphere can
transmit radio waves, and receiving equipment at this time can receive certain signals from
space.

Key words: radio astronomy, radio noise, space, terrestrial atmosphere

1. BbBejaenue

B nHemno BpeMe BmWkIaMe paguoacTPOHOMHMSTA KaTo HAI'bJIHO
WHTErpUpaHa 4acT OT acTpOHOMHUATA. Ts € MOAMNOJe Ha acTPOHOMHUATA, KOETO
OTKpHBa HEOECHUTE OOEKTH MOCPEACTBOM paguodecToTH. CaMOoTO HaOIOACHUE
MO0 PaguoTO C€ MPOBEXKJA C MOMOIITA HA €IWHWYHA AHTEHA WIM PEIIeTKa OT
aHTEHHW, U3BECTHA KaTo paauoTreneckorn. M3yuaBane Ha HeOECHUTE Tena 4pes
U3CIIeIBAHC HAa CHEPrusATa, KOATO TE€ H3JIbYBAaT HA PaTUOYECTOTH.
PannoacTpoHOoMUYEeCKUTE HAOIIOACHHS 00XBaIaT e PaIuOCIEKThP OT I0-
Majko OoT 1 MM, KbJIeTO KOCMHYECKUTE CUTHAIM CTAaBaT CHIIHO OTCIA0CHH OT
aTMocdepara, 0 ABDKMHH Ha BBIHUTE OT JIECETKHM METPH, OTBBJI KOHUTO
BXOJSIIUTE CHUTHAJIM Cce€ OTciaabBar oT #oHocdepata. Bbnpeku ToBa,
PaIMOBBIHATE C ABJDKMHA HAa BBIHATa MEXAy okojso 1 ¢m m 1 m He camo
mpeMUuHaBaT npe3 3eMHaTa atMocdepa u oHocdepaTa ¢ MaJKO M3KPUBSIBAHE,
HO CBIIO TaKa MPOHUKBAT B TOJIsIMA YaCT OT rasa M mpaxa B KOCMOcCa, KakTo U B
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oOnanuTe Ha MaHeTapHUTe arMmocdepu. CreaoBaTeIHO PaauoacCTPOHOMUSITA
MIOHSIKOTa MOJKE J]a JaJie MHOTO TIO-sICHA KapTHHA Ha 3BE3JIUTE M TaJaKTHUKUTE,
OTKOJIKOTO € BB3MOXHO 4Ype3 KOHBEHIIMOHATHO HAOIOJEHHE C TIOMOINTa Ha
BUJMMa CBETIMHA. PagmoacTpoHOMHsITa ce€ cuuTa Y€ MMa TPETUMCTBO TIPE.
JIPYTH QJITCPHATUBU HA ONTHYHATA ACTPOHOMHUS, MOPATX CIOCOOHOCTTA CH Ja
W3BBPINBA HAOIIOJCHUE OT HUBOTO Ha 3€MSATA.

2. HcrTopus Ha paanoacTpOHOMHSTA

2.1. PaHHU OTKPUTHS BOJENIH 10 PAAHOACTPOHOMHUATA

Bbnpekn de pamnoacTpoHOMHSITA € CpPAaBHHTEIHO MJIaJ KJIOH Ha
acTpOHOMHYECKaTa Hayka. /[Hec HSIKOM OT Hall-Ba)KHUTE OTKPUTHS 3a HallaTta
Bcenena uaBat ot paauoreneckonure. B Hauanoro Ha 20-tu Bek. IIpe3 1932 r.
unxeHepbT Kapin I'. SIucku ce 3aema ¢ o3amayaBany mpoOiem: IIlyMHaTa CTaTuKa
peuyrd Ha TPAHCATIAHTHUYECKUTE TJIACOBM KOMYHHUKAIMM C KbCU BbIHU. Cren
Mecelld Ha MpocielsBaHe HAa M3TOYHWKA, TOW 3abels3a, 4e TOW ce M3MecTBa
06aBHo 1o armocepara. PabGorata My, HapeueHa ,,PaniuoBbIHM U3BBH
CrnpHueBaTa cuctema”, myOnukyBaHa mpe3 1933 r. moBena 1o eaHa OT Hai-
BKHUTE CTATUU B UCTOPUATA HA acTpoHOMUATA Tipe3 20-TU Bek.

2.2. OTkpurtuero Ha [[:xocenun bea

EnHo oT Hali-u3BeCTHUTE OTKPUTHS B pagroacTpoHOMHusATa € mpe3 1967 r.,
Korato cryiaeHTka Ha uMme JDxocenmun benm 3a0ens3ana cTpaHeH CHUTHAI B
pasredaTka OT paJIuOTeNIeCKOI, KOWTO TS TIoMara Jia ce moctpou. B mocneacTaue
TS OTKpPWBAa OOEKT, MPOM3BEKIAI CHJIHA PATUOMMITYJICH C PEIOBHA CKOPOCT,
okono 30 meTH B cexkyHaa. benm u HeilHWTE KOJEeTW MBPBO MOMHCIWIA Y€ ca
OTKPWJIM CHUTHAJ OT M3BbH3EMHA IMBWJIM3AIUS, HO HAKpas CE€ OKazajlo 4e ca
OTKPWJIM €IuH HeoOsscHUM tipupojaeH ¢henomern. O0ekTsT Hapekiu LGM-1 kato
[IETOBUTAa OTMETKA, Y€ PEJOBHUTE UMITYJICH MOXE Jla ca OT ,,Manku 3eJeHH
yoBeyera” [1]. [IbpBUTE CUTHATH, CEpUs OT OCTPH MMITYJICH, UIBAJIA Ha BCEKH
1,3 cexynnu. B nocnencreue ben 3abens3ana apyr 1mogo0eH cCuraa, mpuCcTUraIll
C UHTEpBaI OT 1,2 CeKyH/IM U OT ChBCEM pasziinyHa o0JacT Ha HeOeTo. A mpe3
Komena 1967 r. ben 3abens3ana omie 1Be TakUBa KbcUeTa, ¢ KOETO obImara cyma
cranana dyetupu. Jlo kpas Ha 1967 r. ca OTKpUTH JECETKU TaKUBa MPOOIIACHIH
Ha pajvo U3IbUBAHUS OT CTPAHEH 00EKT, HapeueH myJcap [2].

[Tyncapure ce oka3BaT OBP30 BBPTSIIM CE HEYTPOHHH 3BE31H, KOUTO
OWBaT M3KIIYIOUMTETHO IIBTHU. Te ce oOpasyBar cjei KOJIallC Ha MacHBHA
3BE3/1a U CJie] CBPhXHOBA. XapaKTepU3UpPAT C€ ChC CHUIIHM MarHWTHH TIIOJICTa,
KOUTO HE ca TOJIpaBHEHU C OCTa Ha BBPTEHETO Ha 3Be3nara. CHIIHOTO TOJIC |
OBpP30TO BBPTEHE NPOM3BEKAAT U pPaaUalUs, KOWTO C€ JBMKU HAOKOJIO,
JTIOKaTO 3Be3/mara ce BbpTH. Ha 3emsaTa BukaamMe TOBa KaTo cepusi OT UMITYJICH,
JIOKaTO HEYTpOHHAaTa 3Be3Jla C€ BBPTH, KAaTO b4 cBeTMHA OT (ap. Toi
usnpamia objany OT OTJIOMKH B KOCMOCA, OCTaBSIHKH clie]l ce0e CH MacHUBEH
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KOMITpECUpaH 00EKT, HallpaBeH U3ISI0 OT HEYTpoHH. OTKpUTHAT myJicap ben ce
BbPTH OKOJO ocTa cu 30 mbTH B CEKyHJa, HU3MpAIAWKU MasK TpPHU BCSIKO
3aBbpTaHe. ToBa € MOYTH KaTO TUKTAKaHETO Ha YACOBHUK.

nen—rremy oL
St s R A

@ue. 1. Cuumxa na Jococenun ben ¢ Paouoobcepsamopuama na Mwvrapo npes 1967 2.
¢ ouazpamama Ha nyicapume, 81460. H300pasicenuemo e npedocmaseHo om
nabopamopuama Kasenouuu.

Huec 3naem 3a moede oT 2000 myscapu. 3a HSKOM, KaTO HampuUMep
myJcapa B IEHTbpa Ha MbIJIsiBUHAaTa Pak, MOXeM Ja BHUANM M CBETEIIUTE
OTJIOMKM Ha MacHuBHaTa 3Be3la. PanmoactpoHoMute ce ¢GoKycupaT BBPXY
TUKTaKalluUs MyJicap B ChPLETO HA EKCIJIO3UTA.

2.3. Paguounrteppepomersp AJIMA

Atacama Large Millimeter / Submilimeter Array (ALMA) e Haii-
rOJEMUST B CBETA pauOMHTEP(HEPOMETHP, PA3NOoIOKEH Ha mIaToTo YalHaHTOp
B Unmmiickute Auau [3] Ha Haamopcka BucourmHa oT moseue oT 5000 m Hanx
MOPCKOTO paBHUIIIE, C YCIOBHS, HEJOCTHKUMH JAPYyTraje 1Mo CBETa UMa eaHa OT
Haii-cyxute atmochepu Ha 3emsta [4]. OOcepBaropusita € pa3moOJIOKECHA
TOJIKOBa BHICOKO, Y€ aCTPOHOMHUTE, paloTelId B Hes, TpsAOBa Ja M3MOI3BAT
KUCJIOpoAHU Macku. ChCToU ce OT 66 mpenu3Ho u3paboTeHH paguoTeNIecKora C
muamerpu 12 u 7 wmerpa. Te mnpoBexxgaT HaOmoAeHUss B oOxBaTa Ha
MUJIMMETPOBH U CyOMUITMMETPOBH BBIIHHU.

ALMA e peBomroliMoHeH Teseckor, padoTen] B auama3zoHa ot 31,3 GHz
no 950 GHz. Toit uma MHOTrO MO-BHCOKAa YYBCTBUTEIHOCT W pa3AeiUTEIIHA
CHOCOOHOCT OT CBhIIECTBYBALIUTE TEJIECKOMM C ABbDKMHA Ha BbIHATA IO
MUJIUMETBD.
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@ue. 2. Cuumxa na usened om oocepsamopuama AJIMA npes 2021e.

M3mpuBaHeTo C Ta3u ABbJDKMHA HA BhIHATA Y€CTO UABA OT HAW-XJIATHUTE U
oTjanedeHu 00eKkTH B KocMoca [5]. Pamno emucunrte, kakto U nH(ppadepBeHaTa
CBETJIMHA MOTAT Ja MHTYBaT HANpPaBO Mpe3 TE3W I'bCTH O0JIAIM OT ra3 W Mpax,
,,JTIOBJIUTAiKK Boasia” BHPXY MPOIIECUTE HAa 0Opa3yBaHe HA 3BE3 U IUIAaHETH. Te
BKJIFOYBAT Ta30BU M MPAXOBU O0JIAIA, KOWTO pa)XaaT HOBHU 3BE3MIU, U JAJCUHU
raJlakTHKM Ha pb0a Ha BuaAMMara BceseHa [6]. KocMochT Ha Te3u OBbJDKUHHU Ha
BBJIHATA JIOCETa HE € M3CJIC/IBAH 33hJIO0YECHO, Thid KaTO 3a J1a Ce MPaBAT [ICHHU
HaOJMIOICHHS € HeoOXouMa 00cepBaTOpusl Ha MCTO, KOSITO rapaHTHUpa HE CaMo
100pU METEOPOJIOTUYHU YCIIOBHSI 32 HAOIOIEHNS, HO U MHOTO HUCKA BIQXKHOCT
Ha BB3IIyXa.

Ha npyro msicto B ramaktukara ALMA e oTkpui cieau oT MOJIeKyJia,
HapedyeHa METWI u3oIuaHaT. To3u OTPOBEH MaTepHall c€ OKa3Ba MPEKypCOpHa
MOJIEKYJIa, KOSITO MOXeE Jla c€ KOMOMHHUpA C APYTHM MOJICKYJIH, 32 Ja 00pa3yBa
NpeOUOTUYHU OPTaHWYHU ChEIWHEHUS, HAPEUEHU MENTUIM, KOUTO ca €AUH OT
pannute rpanuBHu enemeHTd Ha JIHK. C apyrm aymu, ALMA nomara Ha
aCTPOHOMMUTE Jl1a OTKPHUBAT MPEIIIECTBEHUIIM Ha >KUBOTA M JIABAMKHU YIUKH 3a
TOBa KaK >KMBOTHT MOXE J1a € Bb3HUKHAJI B Halara coOCTBEHa CI'bHYEBA
cucTeMa npeau MUJIMapAu TOJAUHH.
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@ue. 3. H3o0pasicenue na wacm om uzeecmuama mvensagurna Opuon, obnacm Ha
obpa3zyeane Ha 36e30u, paznonoxcena na okono 1350 ceemaunnu coounu om 3emama. Toti
Chuemasa Mo3auKa om MUIUMemposu u30opasjicenus ¢ Ovidicura Ha evanama om ALMA u
30-uemposus menreckon |IRAM, nokazan 6 uepgeno, ¢ no-nosnam ungpauepsen uzeied om

uncmpymenma HAWK-1 na Mruoeo conemus meneckon na ESO, nokasan na cun. I pynama om
APKU CUHBO-Oenu 36e30u 61560 e Tpaneyuesusm Kyn, 2opewju Maaou 36e30u, KOUMmo ca camo
HA HAKOJIKO MUIUOHA 200UHU.

3. TexHOJOTUsITA HA PAAHOACTPOHOMHUATA

Pamnoreneckona Moxke nga  Obae pasriegaH  Kato 3a MHOTO
CrelUaliu3upaHa aHTeHa, o0opyJBaHa ¢ NpUEeMHUIM. B  exenHeBueTO
TEJEBU3USATA W CATCJIMTHUTE UWHUM YJIABAT CUTHAJIM, KOUTO JIOCTaBST
3a0aBjieHHE B JJOMOBETE Ha XOpaTa U Ha JIPyTH MecTa. PajinoreneckonuTe caMmu
o cebe CH yNaBsAT CUTHAJIM OT OOCKTH B HEOETO, KOMTO HE ca HAIPaBEHH OT
xopa. Hsakon OT Te3u TeNecKomu ca TOoJIeMHU YMHUM, JPYTH HU3TIECKIAT KaTo
OTpaJIM WJIM MAJIKA BEPTUKAITHU METAJTHU PAMKH, pa3NpbCHATH U3 Nel3axa.

TUUYHUAT paJuOTEIECKOI, HE3aBUCUMO OT HETOBHS pa3Mmep U ¢opma,
MMa HSKOJKO OCHOBHM KOMMIOHEHTa. [IbpBO € unHusATa Win aHTeHarta. PasmepsT
u ¢popmaTa ce IUKTYyBaT OT YECTOTUTE, KOUTO MHCTPYMEHTHUTE Ca Ch3/JIaJICHU Ja
OTKpUBAT U (PUHUTE AETAMINU, KOUTO aCTPOHOMHUTE HMCKaT Ja u3obpazsar. Exna
yuHUS TpsiOBa Ja € rojsiMa, 3a Ja chb0epe MHOTO CabUTe CUTHAIM OT JajJeyHu
M3TOYHUIIM B KOCMOCA BBPXY TE€XHUTE AeTeKTopu. Toil gokycupa cursaia ot
JanedeH 00eKT BbpXy noapeduieKkTop HaJ YnHUsATa. ToBa OTpa3siBa CUTHAJIa KbM
JIETEKTOp W CJIeJ TOBa KbM YCHJIBAaTEJ Ha CUTHAJIA, 3a Jla YCWIM CUTHAJIA, aKo €
MHoro cyia6. Cies ToBa JJaHHUTE Ce 3aIMCBaT 3a MOCJIEIBAI0 N3CJICABaHE.

3.1. Pa30uBKa Ha TejecKona

* J'ppMOOTBOA — Pa3monokeH B HaM-BHCOKaTa TOYKa Ha TEJIECKOIIa,
BBpXa, € MajKa 30Ha 3a JIOCTHI JI0 oIpedIeKTOpa OTAOTY U TPbMOOTpaXKaTes,
KOWTO 3aliTaBa YyBCTBUTEITHUTE €IEKTPOHHU PUEMHHUIIN B 000pYyABaHE.

= Kpaka Ha yetupuHorn — CBCTOM C€ OT YETHUPU Kpaka, KOHUTO
MOJIBPKAT €THAKBO CTPYKTYPUTE HA BHPXa, BKIIFOUUTEIIHO CyOpedeKTopa.
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» Jlogpednekrop — acTPOHOMHYECKUTE CHUTHAIM C€ CcbOupar or
NOBBPXHOCTTA HA UMHUSATA U CE€ OTpa3sABatr 10 noapediaexkropa, KOUTO ciea ToBa
OTXBBPJISI CATHAJIUTE HAJ0IY KbM I10JABaLUTE KIIAIU.

= JloBbpxHOCT Ha ynHUATa — [lapabonuuHaTa ynHUA € ¢ JuameTbp 88
¢dyTta (25M) u e HampaBeHa OT €/IHa TPeTa akpa CTOMaHEHU MaHeTu. Bh3MOXHO €
Jla c€ XOIM IO NMOBBPXHOCTTA HA ChJa, HO CaMO TaM, KBIAETO MaHEIUTE Ce
CBhEAUHSBAT, a HE IO LIECHTPOBETE.

= Jlogmopu 3a uywmHMKM — MexaHnyHa HOCea KOHCTPYKIMSA 3a
NOBBPXHOCTTA Ha YMHUATA. BbpXoBaTa cras ce HaMHpa B Ta3H CTPYKTYpa.

= AHemoMeTBp — BeTrpoMepHO yCTpOWCTBO € IPUKPENEHO KbM BCSKA
YUHHUS U C€ CIIEAM 3a ycloBUs Ha cuieH BATbp. Koratro He e Ge3zomacHo
TEJECKOIIBT /1a PadOTH, TEIECKOIBT 1€ CE MPEMECTH B MO3ULIUSA ,,lIpHOupaHe”,
KBJIETO IJIe1a JUPEKTHO HArope.

" 3axpaHBalM poroe- — MeTaaHu BBIHOBOJAHM POrOBE HACOYBAT
CUTHajia OT noapedaeKkTopa KbM NIPUEMHHUKA [0/ TOBbPXHOCTTA HA YUHUSATA.

* IIpuemnuim — Oxnaxaanu 1o 16 rpaayca Haj abcoroTHaTa HyJa, 3a
Ja C€ HamMalM IIymMa, TEHEpUpaH OT EJIEKTPOHMKAaTa, MEPCOHAIU3UPAHUTE
OPUEMHULM  pPA3AENAT, yCWIBaT, O(OPMAT U OTKpPUBAT CHUTHAIUTE C
M3KJIIIOUYUTEITHO HUCKA MOIIHOCT, KOUTO BJIM3aT B 3aXpaHBAllUs CUTHAN. 3a€qHO
C ToJIEMHs] IMaMEThbp HAa YMHUATA, NPUEMHUIMTE MOMaraT 3a OTKpHBAaHE Ha
CUTHAJIA OT 3BE€31M U TAJIAKTUKH, OTAAJIEYEHU HA MHOTO MUJIMAPAH CBETIIMHHH
TOJIMHU.

= Beprekc ctag — Chappka NpUEMHHUIUTE, yCHJIBaTeNUTe, IIKada 3a
npoOU U MaHeNa ¢ ONTUYHU BJIAKHA.

» KaOuner 3a ycwiBarenu — [lIkapbT BBB BBpXOBaTa cTas IpHema
BHUCOKOUYECTOTHU CUTHAJIM OT MPUEMHHUIIUTE UM c€ KOMOMHHpA ChC CHTHAJIM Ha
JIOKaJHUS OCLMJIATOpP, 3a Ja MPOM3BEXK/IAa AHAJIOTOBH CHTHAJIM C IO-HHUCKA
yectoTa. OTTYK CUTHAJIUTE NMPEMUHABAT 110 KOAKCHAJIHU Kabeau KbM ONTHUYHUS
HIaHEeN.

* QOnTuyeH naHen — Pa3nosiokeH BBB BBPXOBATa CTas, TO3M IAHEIN
npueMa KOAKCUAJIHUTE KaOeau OT ycuiBatess U 1mkada 3a mpoOu U mpexBbpIIs
CUTHAJIUTE KbM BIJIAKHOTO.

» Crpadu ¢ OrpaHUYCH JOCTHI — JlOCTBI MO CTHIOHUINE OT 3eMsATa IO
matgopmara Ha Kommpecopa. Komnpecopute 10CTaBAT U IpUeMaT XeIuil KbM
KPUOT€HHUTE XJaJAWJIHULIM Ha 8 mpuemHuka. KoraTto TeneckombT ce JBUXKHU MO
a3uMYT (BBPTHU C€ B KPbI'), CTHIOUTE CE JBUXKAT 3a€JTHO C TEJIECKOIIA.

= Elevation Gear — [To3BosiBa OCHOBHATa CTPYKTYpa Ha YMHHUATA J1a CE
HaKJIaHs Harope U HaJoJy, COpsMO ocTa (JIMHHS) MEXAY BbPXOBETE HA sSpMaTa.
KoHcTpyknusita Ha Tapenkara c€ JBHXKH BbPXY BHCOYMHHO-a3UMYTAIHO
MOHTHPAHE, KbJIETO BUCOUYNHATA CE€ HApU4a OILIE ,,HAIMOPCKA BUCOYMHA .
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= Jpma — MexaHWYHO MOJIBPKA CTPYKTypaTa Ha YHUHHUITA U B
KOMOMHAIIMs C MOBJUTallaTa npeaaBka Mo3BoJisiBa HA YMHHUATA J1a CE HAKJIAHS
Harope 1 Ha/oJly BbB BUCOUHMHA.

»  Azimuth Gear — [To3BoJisiBa Ha OCHOBHATa CTPYKTypa Ha YMHHATA JIa
ce BppTH 1O a3uMyT. CBIO Taka MEXaHWYHO TMOJIbpXKA pamIiata, CThIOUTE 3a
JOCTHIT ¥ KOHCTPYKIUSTA HA YAHUSTA BHPXY JIarepa Ha a3uMyTHaTa OC, KbJIETO
€ pa3MoJI0KEH [IEHTHPHT Ha TEKECTTA 3a LIEJIHS TEIECKOIL.

= KaGenHa oOBMBKAa M YaCOBHUKOBA MPYXKMHA — TB KAaTO TEIECKOMBT
Ce BbPTH 10 a3UMyT, OOBMBKaTa Ha Kabeya ce BbPTU B 00paTHA MOCOKA, HO ChC
ChIIaTa CKOPOCT, KOETO MPEJOTBPATIBA MTOBPEIA HA NETUKATHUTE Kabenn. bere
nobaBeHa OOBMBKA C NPYXKWHHU TNPYXKUHU 32 YIpaBICHUE HA JCIUKATHU
ontuyHU Kabenu. Te3n OoNTUYHM, KOAKCHAIHHU U 3aXpaHBallld Kabelu CBbp3Bat
TeJIECKOIa KbM CrpajiaTa 3a yIpaBjeHHE.

» (Crag 3a nuenectan — ChbIbpika €JIEKTPOHHMKATA 32 YIpaBICHUE Ha
3aJIBIDKBAIIUTE JBUTATEIM [0 a3UuMyTa M BHCOYMHATa HA AaHTEHaTa W
pasnpesielIeHHeT0 Ha MOIIHOCTTa B aHTEHAaTa. 1oBa € W MACTOTO, KbJETO
3apOBEHUAT BBJIHOBOJ - TPHOOMPOBOA, KOUTO MO3BOJISIBA KOMYHUKAIIMN KbM U
OT aHTEHUTE KbM KOHTPOJIHATA 3aJia - BJIM3a B aHTEHATA.

= [loncuieHu ONopu Ha OCHOBaTa — Te€ OCUTypsiBaT MEXaHWYHa OIopa
3a a3uMyTaJHaTa IMpelaBKa M MO TO3W HaywH 1suiata 230-TOHHA CTPYKTypa Ha
aHTEHaTa.

* beroHHu onopu — TeneckombT € KJIACUYECKH TPUHOXHUK (TPUKPAK)
MOHTaX. TpUbIbIHATA OCHOBA CE€ MOJAbPKAa OT TPU OCTOHHU OMOPHU CTHJIOA,
MPUKPENEHU KbM MUEECTaIN Ha cpeHo 36 gyTa moj 3emsra.

3.2. UuTepdepomerpusita

Jloxaro ,,1o-TojisiM” OOMKHOBEHO O3HaudaBa ,,ITO-SIPKU HU300paKeHHsS” C
no-puHU  JIeTalau, TENeCKONUTEe MoraT Ja CTaHaT TOJKOBa TOJIEMHU.
BBb3MOXHOTO KOJMYECTBO JIETANIIN CHIIO 3aBUCH OT AbJDKMHATA HA BbJIHATA HA
paboTa Ha TelecKorna. 3a Jia ce MOJIy4YH pa3JIe/IuTeNIHa CIIOCOOHOCT, T0100Ha Ha
XbOBJ, eAUH paauoTeNIecKon OM TpsAOBajgo aa € Ha MHOTO KuinoMmeTpu. Koraro
PaauoacTpPOHOMHUTE C€ U3UCKBA (PUHO MOJAPOOEH MOIJIea KbM OTJajiedyeH OOEKT,
T€ HAcO4YBaT HAOOp OT aHTEHH KbM TO3M OOEKT, CJej KOETO M3MOJ3BAaT TOYHO
BpeMe U CYIIEPKOMITIOTHP, 3a JIa TH HaKapar Ja JEHCTBAT KaToO €IWH TMTaHTCKH
Teneckon. Besika anteHa cbOupa paroBbIHU, KOUTO TpsiOBa Aa c€ KOMOMHUpPAT
0 yMHHM HAYWHH, I[IO3BOJSIBAMKKM HAa AaCTPOHOMHUTE Ja IPOM3BEKIAT
HM300paXkKeHUsl C JETAllIMTE Ha OTPOMEH TEJECKOI, PaBHU Ha Pa3CTOSHUETO
MEXIy KOMIOHEHTHUTE TeJeckonu. M3momsBaiiku KOMITIOTpU U 00paboTKa Ha
CUTHAJIA, BCHUKHU T€3M CUTHAJIM C€ KOMOMHHPAT, 3a Jla C€ Ch3/1ajie N300pakeHHEe
C BUCOKA pa3JIeNTeNIHa CIIOCOOHOCT.
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@Due. 4. [IpumepHa cxema Ha unmepgpepomemvp

Haii-nipoctusit unTepdepomersp ce cbecton or 2 uuHuu (A u B),
CBBP3aHHU C MPOBOAHUIIU. PamnoacTpOHOMUYECKHUIT CUTHAJI IIBPBO JOCTUTA JI0
guHHs A, cien ToBa B, cbc 3akbCcHEHHUE, KOETO 3aBUCH OT TIOCOKATa, B KOSITO ca
HacoueHW aHTeHuTe. Upe3 BBbBEXIaHE Ha 3aKbCHEHHE B IbTA Ha BBHJIHATA Ha
yuHUS A, ce MOoJyyaBaT CUTHAJIUTE Ja HPUCTUTaT BbB (ha3a KbM CHEIHaJICH
KOMITIOTBP, Hape4eH ,,kopernarop” (dwur. 4).

KopenaropbT koMOMHHpa jBaTa curHama (uasamm ot A u  B),
oOpa3yBaiiku ToBa, KOeTo ce Hapuua . IHTepdepenmonna rpanuna’. B to3u
Clly4ail pa3/ieiauTenHaTa CHOCOOHOCT HE 3aBHCH OT JUaMeTbpa Ha ChAOBETE, a
OT Pa3CTOSIHUETO UM.

‘brioBa pazgenurenHa cmocoOHOCT = pa3cTossHUE/TamMb1a

4. CapHuyeBaTa cUCTEMAa Ipe3 PaauoTeeCKon

4.1.IlpocneasiBane Ha Oyps no CirbHIETO

[ToBbpxHOCcTTa Ha CIIBHIETO € CHJIEH U3TOYHHUK Ha Pajuo U3TbUBaHE — U
Ha MOTEHIMajJHa Bpeaa, Mopaau Ta3u NMPUYMHA ChIIECTBYBAT PAJIUOTEIECKONH
HaOII0JaBaIM 3Be3/1aTa Ipe3 ISUI0TO BpeMe. T, KaKTo TMOBEYETO APYTH 3BE3/IH,
¥Ma TUTaHTCKO MarHuTHO ToJie. Jlokaro CObHIIETO c€ BHPTH, MOBHPXHOCTTA MY
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yBHBA MOJICTO BbB BUXPH, 3aIUTMTAlKH T0 [7]. 3a 1a BB3BbPHAT pejl, TUHUUTE Ha
MOJIETO C€ CBBP3BAT OTHOBO B TOUKWTE HA HATPYIIBaHE, OTKbCBANKU HEXEITaHU
HUIIKA U OpUMKH, 32 Ja HampaBsT MO-KbCH, TUPEKTHU MBTHILNA OT IMOJIOC IO
nostoc. Becekn maTtepuall, KOWTO BCE OIIE C€ BKOMYBA B OTKJIOHEHMSTA, CE
OTHACSI KaTO BBJIHA OT 3apelleH CIIbHUYEB Marepuai. ToBa ce 3aKirouyaBa KaTo
»CIITBHUEBH M3pUrBaHus . Korato H3XBbpJIEHUTE OpPHUMKH Ca JOCTATHYHO
rogemMu, 3a Ja ekcronupar B CiobHuUeBaTa cHCTeMa, T€ C€ Hapuyar
,,A3XBBPJIsTHE Ha KopoHaiaHa maca” (coronal mass ejections) (CME) [8]. Te3u
I[yHaMUTa OT 3apeJCHU YaCTUIM MOTaT J1a MPEKbCHAT PaJUOKOMYHUKAIIMUTE Ha
3emsTa, Aa W3MbPXKAT YyBCTBUTETHO OOOpyABaHE B CI'BTHUIM U JOPH Ja
3acTpalaT acTpOHAaBTUTE Ha MexayHapo/iHaTa KOCMHUYECKA CTaHIMA. 3aToBa
aACTPOHOMHUYECKHUS KOHCYJITATUBEH KOMUTET MMa MMbPBOCTENIEHHA HAy4HA LI U
OPUOPUTETHOCT B  NPOrHO3MpPAHETO Ha TOBa ,,KOCMUYECKO BpeMme’.
PanuoTeneckonure mMoraT ja BUAST U3XBBPIISIHUATA, KOUTO YECTO MPEIXOKIAT
CME, 3aToBa ca MHOTO 100pu IpenynpeauTenHu ycrpoiictsa. [Ipumep 3artoBa e
45-(byTOBUSAT, TECTOBO CHOPHKEHHE 32 IMUPOKOMAIadeH Ha0op OT TEJIECKOIH,
HapeueH ,,Frequency Agile Solar Radiotelescope” niu FAS.
4.2. Mepkypuii

@Due. 5. U300pasicenu na nai-ebmpewnama niavema 6 nawama CivHuesa cucmema,
Mepkypuii 6 Kosmo paduomenecKkonume OmMKpPUEAm U3HeHAO8AWUMe OMpAdXCeHUs Ha 1edd Ha
noaocume Ha uHave copewiama niaHema.

[Inanerara Mepkypuil MOKe Aa € Mo-MaJIka OT MOJIOBUHATA Ha 3eMsTa, HO
€ JIBa mbTH Mo-6mm30 A0 CabHUETO OT Hac. YacTu OT JiyHHATa CKalaucTa
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MOBBPXHOCT Ha Mepkypwii ce HarpsBat oT CTBHIIETO JI0 TeMIepaTypH, OJHU3KU
10 800 rpamyca nmo ®apenxaiit (425 rpaayca o Ilensmit) [9].

Brrpeku de ToBa He CBAT KaTo TO3M Ha 3emsta, mpe3 1991 r. mnaHeTapHu yueHH
u3y4aBat MepKypuii, H3MOJI3BaiKN pajapHa CUCTeMa, CheTosa ce ot 70-
metpoBa (230-¢yra) anrena Ha HACA B I'onacroyn, Kamudoprus, obopyasana
C mpeaaBaTel ot moJioBuH MruinoH Bata u (Very Large Arrays)(VLA) karo
npuemHa cuctema. VLA e koHpurypupas na kaprorpadhupa Mepkypuii ¢
netaiiy 10 100 metpa B muameTsp [10].

@ue. 6. H300pasicenu na FOnumep 6 paduogwvinume Hano00OABAWO 2UAHMCKU 2yujep,
nopaou MOWHOMO MAZHUMHO NoJle, KOemo 20 3a00uxani. 3apedeHume 4acmuyu, U3pUSHaIU
Om He208Ume JYHU, ce Yassam om moea noje u Uivyeam paouosbiHu.

JIbubT oT 8,5-GHZz MukpoBbiIHU, u3npareH oT ['onaAcTOyH, AOCTHTa OT
Mepxkypuit 1 crOpan BbB VLA, 3a ga ce momyuyu pagapHO U300pakeHHE Ha
mwranerata. M3mona3sBana e pagaphata cucrema ,,Goldstone-VLA”, 3a na
pasrienat cTpaHata Ha MepKypuid, KosSTO He € cHuMmaHa ot ,,Mariner 10” B
cpenata Ha /0-Te TOJUHM.

[TonydenoTo pamapHo uzodpaxenue (dwur. 6), MokasBa B 4ePBEHO CHITHO
OTpaXE€HHUE Ha paJlapHUs CUTHAJ, a B )KBJITO, 3€JICHO U CHHBO, POTPECUBHO 10~
cnabo oTpakeHue. SIpkara yepBeHa TOYKA B rOpHAaTa 4acT Ha M300paKEHUETO
[I0Ka3Ba CUJIHO PaJapHO OTPa)XEHHWE Ha CeBepHHUs IoJiroc Ha Mepkypuii. Ilpes
1994 r. ekubT OTKPUBA MOAOOHO MSCTO HA FOXKHMSI MOJIOC Ha MepKypHid.

224



Bauskuar Kocmoc — o011a nesr’ 2022

,,HOpMamHuAT” 5e, KaTo TO3M Ha 3eMATa, € KaTo rpda, KosiTo abcopoupa
PAIUOBBIHUATE, HO JIEABT MPU MHOTO HUCKH TEMIEpaTypu € Orjeaano 3a
paauoBbiiHUTe. CHIIHOTO OTpa)keHUe, HabitogaBaHO Ha Mepkypuil, € TBbpJe
roJIsiMO, 3a J1a ObJie MPUYMHEHO OT MOMEHTEH ,,0TOJISICHK” OT CTeHa Ha KpaTepa
M KOrato ce wu3cienBa IMO-MIOAPOOHO, CHOAENS XapaKTepPUCTUKUTE Ha
OTpaXEHHUATAa OT BOJHHUS Jied, HaOmonaBaH Ha Mapc W JeneHuTe JIyHH Ha
FOmurep [11].

B nHemHo Bpeme ydeHWTE BSpBaT, Y€ JEABT C€ ChOMpa Ha Tojaa Ha
IBIOOKU KpaTepu Ha TMoOdrocuTe Ha MepKypuil, KbIETO MOXKE J1a OCTaHe
MOCTOSTHHO 3aceHueH oT CHBHIETO M Ja JOCTUTHE TeMIeparypu 10 -235
rpaayca o @apenxait (125 rpaayca no Kensun) [12].

4.3. Benepa

Benepa e Hail-OMM3KUAT HU ChCEJ B KOCMOCA M HaW-ONM3KHUAT HU
poIHMHA TO pa3Mep. B MHMHANOTO €AMHCTBEHOTO KOETO C€ € 3HAaelo Karo
uHdopmalusi 3a Ta3M IUIaHeTa OuiM JebenuTe cioeBe o0namu, KpUeHu
MOBBPXHOCTTA M. B mpoabibkeHne Ha JIEeCeTUSIeTUss MHOTO XOpa BApBalU, 4e
rbCcTUTE OOJAIM Ch3JaBaT Topella JIbXKIOBHA Topa OT BEHEpPUAHCKA
PACTUTEIHOCT 1o cede CHl.

Ome 1o HM3KIIOUMTETHU Teopun OuBar  pa3OMBaHH, KOIaTo
panroTENeCKONMUTE CE TMOsBABAT Ha clieHaTa mpe3 S50-Te roaWHu HAa MUHAIWS
Bek. ObOnanure Ha BeHepa He ca mpeyka 3a paUOBBIHUTE, MOPAAU ABITUTE
TBIDKAHA Ha CBETIWHATA, KOSATO TpEeMHHaBa Tpe3 TaX. PamgmoacTpoHOMHUTE
CTUTAT J0 OTKpPUTHE, ye¢ BeHepa MMa MOBBPXHOCTHU TEMIIepaTypy JOCTa Haj
TOYKaTa Ha KUIEHe Ha BojaTa. Hukos MkyHria He O MOrJia Jia oresee B Iely ¢
TaKbB pa3Mep Ha IJIaHETa M CKOPO CE MOSBUXA OMUCAHUS Ha CypoBa MyCTHHHA
TJIaHeTa.

[Tornexnaiiku kbM BeHepa ¢ pagapHu TEXHUKH, paMOACTPOHOMUTE Hali-
Hakpas oO0sBIBaT Tpy0Oa mpejcTaBa 3a TEpeHa Mo AeOEI0TO ra30BO MOKPUTHE,
KOeTO TOo 3ao0ukans. B HadamoTo paguo OTpaxkeHusi OT MOBBPXHOCTTA OWIIH
HEpPaBHOMEPHH U TIOKa3BajM IMO-CHEIMATHO OTPOMHA IUIAHWHCKA BEPHUTra,
u3aurama ce moj oOnamurte. JIPYMCTHTE PaAMOBBIHM B MPOABIDKCHHE Ha
9acoBe pa3KpWJIM OTpOMHA U3HEHAIa: TNIAHWHCKATa BEpHUra, MpocTHpalia ce HaJl
rneakata. HaGmonaBany BEPTEHETO Ha IUIaHETaTa OOpaTHO CPENly BBPTEHETO
Ha 3emsra.

ToBa OMJIO MOKOBO OTKPUTHE MOPA3HIO MHOTO acTpoHOMHU. Te BsipBaiy,
4ye BCUYKH IIJIAHETH TPsOBa J1a ce BBPTAT B ChINATa MOCOKA, B KOSITO OOHMKAJISAT
CapHIIETO - 00paTHO HAa YaCOBHHMKOBATAa CTpeika. Xy0aBo € M MOAPEIEHO, HO
cera 3HaeM, 4e ChIIo € rpemnrHo. ToBa pamgapHo u3ciaeaBaHe Ha Benepa Hakapano
OOIIECTBOTO Ja MMPEOCMHUCIIA TEOPUUTE CH 3a TOBA KaK ce € popMupasia HamaTa
CnpHueBa cuctema (dur. 7).
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Que. 7. [lpoexyus na padapnume oannu na Benepa, cvopanu npesz 2012 2. Ilopazumentu
NOBbPXHOCMHU XAPAKMEPUCTUKU — KAMO NAAHUHU U Xpebemu — ce sudicoam necHo. Yepnama
OUA2OHANIHA JIeHMA 8 YeHMbPa NPeodCcmaesiea oonacmu, mevpoe 0130 00 OONIePOosUs.
,,exkeamop”’, 3a 0a ce noayuam 00Ope paspeuieHu OaHHU 3d U300PaAANCEHUEMO.

THi kKaTO pagapHUTE TEXHUKHU CE€ YCHBBPIICHCTBAIU C TOJWHUTE, HSKOU
KOCMUYECKH KopaOu mnocetuiaun Benepa, ¢ pamap, ¢ BUCOKa pasaeiauTenHa
criocoOHocT Ha Oopnaa. Taka crtaHano scHO, ye moj oOnamure cu Benepa e
MyCTUHS C XBJIMOBE, 00pa3yBaHM OT JiaBa, CMayKaHa MoJi eKCTPEMHHUSI HATUCK Ha
I'BCTHUS TOPEI] Bb3AyX HaJ Hes. PagapbT mokaszaia MHOTO KpaTepH U BYJKaHUYHU
IJIAHWHHU, T10-BUCOKHU OT BpbX EBEpeCT Mo MOBbPXHOCTTA.

4.4. Mapc

Hasicho cMe, ye Mapc € miaHeTa OKOJO IOJIOBMHATa OT 3eMsTa.
[ToBbpxHOCTTA My 00aue € cyxa ¥ u3Ma3aHa C re0JIOKKa UCTOPHS Ha BYJIKaHU U
Teyala BoJia. 3a paguOTEIECKONNUTE, U3MOJI3BaHU KAaTO paJapHU yCTPOWCTBA,
IJIOCKUTE PAaBHUHU HA JPEBHU JIABOBH IOJIETA Ca U3KIIOUUTEIHO SIPKH, KAKTO U
»JEIICHUTE IIAaNKK Ha IUlaHeTata. ACTPOHOMMTE W3IOJ3BAIA IpUMEpa C
JECHUTE IIanku Ha Mape, 3a Ja aHalmu3upar paJapHUATE OTPAKECHUS,
HaOmonaBanu Ha Mepkypuil. Hakpas ce goctura A0 3aKIIO4€HH, Y€ T€ ChIIO ca
NPUYUHEHU OT JIeJl, XBaHAT BbB BEYHO THbMHM KpaTepu B TO3W HMHAYE TOpEI]
CBSIT.
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@Due. 8. U300pasicenu na ammocpepama nHa Camyph, KOAmMo oxXaaxcoa KoM GbHUIHUME
cnoese Ha Mo3u 2a308 eueanm. lIpvcmenume om 1€ u npax uzeneHcoam mvMHu npeo
niaHemama, 3aujomo no2uvwam paouosvinume om CamypH.

4.5. Acteponau

Xunsaau actepouan ooukansaT okojio CabpHIETO Mexay Mapc u FOnutep,
a JIECETKH Mpecuyaly 3eMsTa aCTEpOUIH CE 3aII0NISIBAT OllEe M0-0I130.

Pagnoreneckonure, W3MON3BaHM Karo pagapHA HWHCTPYMEHTH, Ca
HaOMoMaBainu 4eTupure Hail-ronemu actepoupa: llepepa, I[lamama, Becra u
Xurus, IUIFOC MO-MAJIKA aCTEPOMAX, KOMTO Ca MPEJIUTAIM ITOKpal Hac Mpe3
roguanTe, kato Kacramms, Murtpa, MtokaBa, Toyratuc u 2012 DA14, xouTo ca
nporycHaiu yaapa camo ¢ 17 200 mumnm!

Pesynratute oT pamapure yCTaHOBWIIM, Y€ NO-TOJIEMUTE aCTEPOUIIH Ca
MOKPUTH ¢ (PUHO 3BpPHECTAa MPBCOTHS, MyJIBEpU3UpPAHATA CKalla, Ch3JaJeHa OT
CTOTHMLIM MWJIMOHHM TOJMHHU MeTeopouJeH ynaap. IloppxHocTtra Ha JlyHara e
MOKpPUTA MO MOJ00EH HAYMH C TO3W BUJ ,,peroiuT’. be3 armocdepu, kouto aa
3a0aBAT W CIUPAT MAJIKUTE yIapu, MOBBPXHOCTUTE HA TE€3UW MaJIKU CBETOBE Ca
MHOTOKPaTHO MECKOCTPYEHU OT BCAKAKBH KOCMHYECKH OTIOMKHU. OKa3Ba ce, 4e
MO-MaJKUTE aCTePOUIU CE MOSBSBAT KaTO JBOWKH CBETOBE, KOUTO OOUKAJIAT
€MH OKOJIO JIPyT WJIM Ca B KOHTAKT €IMH C APYT, CIEJl KaTO HE Ca HAI'bJIHO
CMAauKaHH B €JIHA rojisiMa cKaja.

4.6. M3cienBaHe HA ra30BUTE THTAHTH

PagnoactpoHOMHTE OTKpPWIIM WHTEH3UMBHU PAJAUALUOHHU IIOSICH OKOJIO
FOnutep, ch3gaaeHu OT €JIEKTPOHM, YJIOBEHH B HETOBOTO MOIIHO MarHUTHO

227



Bauskuar Kocmoc — o011a nesr’ 2022

nosie — 10 bt noseue ot 3emsaTa. Kocmuueckust kopad na HACA ,,Bostxsp”
,,CIyIa” paano u3puBanusaTa ot KOnuTep, 3a 1a yia0Bu aajaeHu uzosmiy [13].

VLA OGetire cpey MHOTOTO aCTPOHOMHYECKH O4M, HacTpoeHu Ha FOmutep,
KOraTo mapyera OT KoMeTra ce nmoronuxa B Hero npe3 1994 r. PagunanumonHure
nosicu Ha Omutep [14] ce BaurHaxa B paJMOBBIHU 10 BpEME HA yJIapUTE H
OCTaHaxa SIPKU MECELH CJe/ TOBA.

Bwxnanero nwnboko B razoBus rurant Ha lOmwmrep, CarypH, Ypan u
HenTyH € HEBB3MOXKHO C ONTHYHU TEJIECKONMM, HO MAarHUTHUTE II0JIeTa
OOMKHOBEHO ca MPOAYKT Ha TOIUIO, JBMXKEIIO C€ sIpO, Taka 4e Te ca J00po
PBKOBOJICTBO 3a CTPYKTYPH U JCHHOCTH B PAMKHUTE Ha TUIAHETHUTE.

4.7. Meteopu

MeteopHuTe ciaenu AeiicTBaT KaTo HEOHOBU TaOEIM 3a PaJAHOTENIECKOIIH,
KOUTO YJIaBAT T€3M CTaTUYHU M30JIUIM U 10 HeOeTo. Te3n mbTeku pexiiaMupaT
He caM0 aTMocdepeH ynap, HO CKOpOCTTa, BUCOYMHATA M BI'bjla HA HABIIM3aHE
Ha OTJIOMKUTE. MacaTa Ha OTJIOMKUTE € OCHOBHO M3UMCJICHUE OT TE3H JIaHHHU.

3emsiTa HENPEKHCHATO OpE B OTJIOMKH, CHOMpANKK XWISIIU TOHOBE
KOCMUYECKH CKaJIM TOJIMIIHO; TaKa Y€ BBIIPEKU Y€ HE MOKETE Ja TU BUJIUTE,
METEOpHH WBHUIIM C€ CIy4yBaT W TMpe3 JeHsd. Pagworeneckonute Morar a
noIbpxKaT 24-4acoBa cucTteMa 3a HaOIOJICHWE HACTPOCHAa KbM METEOpHaTa
aKTUBHOCT. BCBIIHOCT OrpOMEH HW3TOYHMK Ha TOCTOSHHH PaJHOMETEOPHH
JAHHU WJIBA OT TPAXJTAHCKU YUYEHHU, KOUTO M3MOJ3BaT COOCTBEHO OOOpYyABaHE,
3a J1a HaOJIro1aBaT HEOEeTo.

5. IlpocaensiBane Ha kKocMu4yecku kopadu B CiibHYeBATa CHUCTEMA

Pamuoteneckonute wmorar ga ObJaT UW3BUKAHM, 3a Ja [pUeMar
peaBaHusiTa OT KOCMUYECKH KOpabu B opOMTa OKOJIO 3eMsiTa WX MIHTYBaIH
npe3 CirbHUEBATa CUCTEMA.

[Ipe3 80-Te TogmHM Ha MHHAJIMS BEK Ca CE€ HHCTAIUpaid HAaOOp OT
cneruanau npuemMHui Ha VLA antenute, 3a yyactueto B mucuu Ha HACA,
Voyager |l, cmemumanHo 3a na ce UW3BJIEKAT NpelaBaHHUATAa HA JAaHHU OT
KOCMUYECKHsI KOpad, T0KAaTO ce BLPTH OKOJIO riaHeTata HenTyH.

[Ipe3 90-te rogmau Ha MuHamUs Bek 45-pyroBust Teneckom B Green
Bank ¢ Oomn exna ot wyernpute npocieasBaiim cranimd Ha HACA, mocBeTeHH
Ha TOJJpHKKAaTa Ha CHBTHULIM C MHOTO Abira 0azoBa uHTEpdepomeTpus
(VLBI).

[IpocnensBamuTe CTaHIMK TpeJaBajd CUTHA 32 CHHXPOHHM3HpPaHE KbM
opbutamHuTe CbTHUIM. CaTeTUTUTE U3BJICKIN MPOOM OT aCTPOHOMUYECKUTE
CM CHTHAIM W Tpedadd JaHHUTE [0 HU3XOHSIIa Bpbh3ka OOpPaTHO KbM
cranruute. [IpocneasBaniuTe CTaHIIMU BIIOCJIEICTBHE 3aMUCald JaHHUTE Ha
[IUPOKOJICHTOBA MarHWTHA JIEHTA, KOUTO M3MPATUIN JO0 CyNEPKOMMIIOTHPHOTO
cropbxkerre Ha HACA 3a o6paboTka.
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Koraro mepBusT kocmudecku paauoreneckon, HALCA, e uzcTpensiH oT
SAnonus npe3 1997 r., amepuxkanckure VLA u VLBA ce cbueranu ¢ Hero, 3a J1a
HaNpaBsIT CHUMKH Ha TaJaKTUKWA C HUBO Ha JIETaHIIHOCT, KOETO HUKOTA Jlocera
HE € IOCTUTAHO.

[Ipe3 2008 r. GBT Oeme mpu3oBaH B JeHCTBHUE, 3a Aa CIEAU OTOIU30
ormacHoTo ciryckane oT 13 000 mph wa Phoenix Mars Lander [15] na HACA na
Mapc. Bbopekn ye KOCMHUYECKHAT KOpad MOXKe Ja IMpeaaBa CBOS MOTOK OT
JAaHHU KbM KOCMHYECKH Kopal, KOWTO Beue € B opOuTa okojao Mapc, anteHara
Ha GBT ot 2,3 akpa necHO TpabHa TO3M CUTHAJl OT JECETKH MHJIMOHU MUJIH
pa3CTosIHUE.

B MomenTa 43-metpoBust Teneckorn B Green Bank e npuemna cranius 3a
pyckus 33-¢yroB (10-meTpoB) KocMuuecku pagauoteneckon RadioAstron [16].
GBT pyTunHO ce CBBpP3Ba C TO3W KOCMHUYECKU PaTUOTENIECKOI, KOUTO MbTyBa
MOYTH TOJIKOBA Jajied OT 3emsTa, KojkoTo JlyHarta, 3a ma HaOmogaBa
CBPBbXMAaCHBHU YEPHH TYTKHU B ChpIlaTa Ha JaJICYHH TATAKTHKH.

6. 3akioueHue

CrnpHUEBaTa aKTHUBHOCT TPECTABIISIBA YHUKATHO JOCTBIICH TpUMEp 3a
MOBCEMECTHUTE TPOILIECH Ha €Heprusi OcCBOOOXKIaBaHE M YCKOpPEHHE Ha
YACTHUITUTE, KOUTO CE CPEmaT B IMHMPOK CIIEKTHhP OT KOHTEKCTH, OT IUIAHETApHU
MarauTocepn KbM rajgaktukata. Cpel MHOTOBBIHOBH HAOMIOMEHUS Ha
CIIHYEBH  SIBJICHMS, PAJAMOHAOIIOEHUSTA TPEIOCTaBIT  OOenuHsBaIIA
MEPCTIIEKTHBA, TIOPAN TAXHATA YyBCTBUTEITHOCT KaKTO KbM TEPMHYHA TUIa3Ma,
Taka U KbM HETCPMHYHH YAaCTHUIM M TAXHATa YHUKAJIHA YYBCTBHUTEIHOCT KbM
CIIbHYCBH MarHUTHH I10JIETa — U3TOYHHK HAa CHEPTHS 3a CThbHUEBA aKTUBHOCT.

Panno nznpuBaHETO € 0COOEHO HEHAIMUHATO T10 CBOSITA YyBCTBUTEITHOCT
KbM YCKOPEHH 4YacCTUIM. PaauoCneKThpbhT C MPOCTPAHCTBEHO pa3pelieHue
OCHUTYpsIBa MOIIICH W3TOYHHK HA TUArHOCTUYHA MH(POPMAIUS C TIOTSHIIHATBT 32
TpaHCc(HOpPMAIIMOHHU TPO3PEHUsS 3a CITbHYCBATa aKTUBHOCT M HEHHHUTE 3EMHHU
BB3/eHcTBUSA. CBIIUTE MPOIECH, KOUTO MpeoOpa3yBaT MarHWTHATa €HEPTUs B
YCKOPEHH YacTUIIA 0 BpeME Ha CIbHYEBAa aKTUBHOCT, C€ CpEIaT B MHOTO
JIpYyTH acTpodU3NIHA KOHTEKCTH U TOBA, KOETO Hay4YaBaMme 3a TE€3H MPOIECH OT
W3CIICIBAHUATA Ha CTPHUYCBOTO PAJINO € MPSKO MPUIOKUMH 3a THX.
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OPU3UKO-TEOI'PAO®CKA YUUNJIMIITHA
KOJIABOPAIIUSA — CHEHUDPUKHU U BBb3MOKHOCTU B
KOHTEKCTA HA KOCMHNYECKATA EKOJIOI'UA

Tamapa /Iparanosa, Auka [lonueBa

PHYSICAL AND GEOGRAPHICAL SCHOOL
COLLABORATION - SPECIFICS AND OPPORTUNITIES IN
THE CONTEXT OF SPACE ECOLOGY

Tamara Draganova, Anka Tsoncheva

Abstract: The article presents the collaborative connections and interactions between
the general education subjects in the Bulgarian school — , Physics and Astronomy” and
,, Geography and Economics” on a normative basis. Models of competence scope have been
studied and systematized, didactically interpreted and visualized, applied competence and
research approach, as expected results from the training of physics and geography. The
specifics and the opportunities for school education in the context of space ecology are
presented.

Key words: Physics and Astronomy, Geography and Economics, school education,
space ecology

VYyeOHuTe npeaMeTy B ObJIrapckoTo yUmiuile ,,du3rka u aCTpoOHOMUS™ U
,2leorpaduss W WKOHOMHKA” ca JBa OT o0mo 21 o6mooOpa3oBaTenTHUTE
IpeIMeTH, KOUTO C€ H3ydaBaT B 00mooOpa3oBarenHaTa MOJITOTOBKA,
npunoOvBaHa B XOJa HA IBUIOTO YYMIMINHO oOydeHue. HopmaTUBHUST
MHTEPAUCLMIUIMHAPEH MOJIEI pa3KpuBa yueOHa konadoparus ¢ GpyHIaMEHTAITHO
3HAYCHHE 3a COIMATHO-UKOHOMHYECKAaTa M €KOJOTUYHO-IICHHOCTHATa (DYHKIIUU
Ha oOpaszoBanueTo. [lsocTHATa MporeaypHa pamka Ha 00mooOpa3zoBaTeIHaTa
MOJIFOTOBKA € 00XBaHaTa OT JEBETTE IPYIHU KIIOYOBH KOMIIETEHTHOCTU U KaTo
oOpa3oBarenHa MOJUTHKA € JOKa3aTeJICTBO 3a ydeOHa Koyabopalus, HO C
pa3IMyYHU KJIOYOBU HIOAHCH HA HUBO B3aMMO3aBUCHUMOCTH M ChbBKYITHOCTH.

JlefiHOCTHTE TI0 HEOOXOJMMOCTTA ,,3a JUYHOCTHOTO pa3BUTHE Ha
WHAMBHA Tpe3 LETUs XHUBOT, 3a M3IPaXJaHETO Ha aKTHUBHA TpakIaHCKa
MO3UIMS M y4acTHe B COIMATHHS JKUBOT, KAKTO M 3a MPHUTOJAHOCTTa My 3a
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peanuzanysl Ha masapa Ha Tpyaa’ ca ChIpaJeHH WUMEHHO BBbpPXY OCHOBaTa Ha
KJIIOYOBUTE KOMIIETEHTHOCTH, KOHMTO W3HMCKBAT HWHTEPAUCHUILUIMHAPHOCT H
B3aUMOJICHCTBHE, BETPEIIHA OOBHP3aHOCT M MEXKIYIIPEAMETSH HHTErpUTeT [4].

OO011000pa3oBaTeTHUTE HPEAMETH ca OOBBP3aHU C TPYIUTE KIIOYOBH
KOMIIETEHTHOCTH, HO HOPMATUBHUS AM3aiiH M JIUJAKTUYECKO MPOTrpaMHUpaHe 3a
¢uszukara u reorpadusATa T TOCTaBid HA PaA3TUYHU KOMIETEHTHOCTHH
II0CKOCTH — ur. 1.

162 yyedun yaca

VI kaac: 54 yu. yaca

vin : 36 yu.
KJjac y4. uaca IX kaac: 36 yu. yaca

IX kaac: 36 yu. yaca

X kaac: 90 yu. gaca CPEJHA OBPA30OBATEJIHA CTEIIEH Xkaac: 72 yu. vaca
IbPBY THMHA3HMAJIEH ETATT Ao ATHIA
2. YOBEKBT M IIPHPOJIATA
1. POAMHO3HAHUE W
2/4OBEKHT U OBIIIECTBOTO 3. PUBUKA U ACTPOHOMMSI

4. BUOJIOI'UA U 3IPABHO

" MCTOPUST M IMBUIMBALWMH (T OBIIOOBPA3OBATEIHY YUERHU IPEJIMETH ) ) PO

4. FEOFI;A‘%IJFIIOI/'I:gIgI)}[I;OMHKA 5. XMW U OTTA3BAHE HA
o OKOJIHATA CPEJIA
6. TPAJKJAHCKO 6. TEXHOJIOT UM U
OBPA30BAHHME 10. TEOT'PA®US U 16. ®PU3UKA U b

MKOHOMHKA | ACTPOHOMHSI TPE/IPUEMAYECTBO

.............. e et SRR
Anpmco CBBP3AHH C IPHIOBUBAHE HA MATEMATHYECKA
ﬁ "rm&ol?r‘l?f;f‘: gAKmE -~ KOMIETEHTHOCT H HA OCHOBHHM KOMIIETEHTHOCTH B OBJIACTTA
con JAHC HA [IPMPOJIHUTE HAVKH U TEXHOJIOTMUTE 1 CA HACOYEHH KbM

- KOMUETEHTHOCTR NOCTUTAHE HA MATEMATHUYECKA U HA HAYYHA TPAMOTHOCT
N\,
AN L BV THOCT OT - — - ) © HACOYEH K'bM IIPUJOBMBAHE HA
\\\ ( hB'\. ITHOCT OT 3HAHUSI, YMEHUSI HOIHO,I,I,lkH”?!'”'” - YMEHHMS A CE PEATUPA HA
N —— HOBOCTH U JIA CE IOEMA
N,

OTIrOBOPHOCT, KATO CE I'PAJIH

__CPVIM KJIFOY0BU KOMIIETEHTHOCTH:

YMEHUE 3A UHUIIMATUBHOCT 1

A 3. MaTemMaTHYeCKa KOMIETEHTHOCT H OCHOBHH KOMIETEHTHOCTH B 0612CTTa OPEAIPMEMYHMBOCT
Ha NPHPOTHUTE HAYKH M HA TeXHoJJoruuTe. 6. COIMATHA H rPAKIAAHCKH

KOMIIETeHTHOCTH. 7. MHMIMATHBHOCT U NpeINpPHEeMYHBOCT

@Due. 1. Hopmamusno-unmepoucyuniunaper Koiabopamueen mooen medxcoy Qusuxa u
acmponomust u I'eocpaghus u uxonomuxa [3, 5]

HopmaTtuBHO-TIpOIIEAypHUTE U METOAMKO-TUIAKTHUCCKUTE H3CICABAHUS
B HacTosIaTa cTaTWs OOXBallaT THhPBM THMHA3WAJICH €Tall Ha cpeaHaTa
oOpa3oBarenHa CTEMEH IO JBaTa 00II000pa3oBaTelHM y4eOHU TpenMera —
@uszuxka u acmponomus u 2eozpagus u ukoHomuxa. CneupuKu ce OTKpOsiBaT
Ha HIKOJIKO HOPMATHBHM paBHUINA, Ha OOEKT Ha M3CleBaHe ca yuyeOHaTa
KoJjabopalusi B KOHTEKCTa Ha KOCMUYecKaTa eKoJioTus. 3a ga Ob/e mpocieaeHa
oOeKTHBHATA KapTHHA TPH JBaTa OOMI000pa30BaTEIHM y4eOHU TpenMeTa e
HEOOXOIMMO Jla ce WM3BeJaT HOPMATHBHHUTE WM3UCKBAHUS U 32 EKOJOTUYHOTO
oOpa3oBaHHE KaTo MpEAMETHAa HOpPMa W BBH3MOKHOCT 32 OCBIIECTBSBAHE BBHB
BCHYKH BH3PACTOBH IPYNH B OBATAPCKOTO YUUIIHIIIC.

Exonornunoro oOpazoBaHue € CHIIHOCTHO HACOUYCHO KbM (hOopMHUpaHE Ha
CKOJIOTHYHA KYJITypa, €KOJOTUYHO Ch3HAHUE W €KOJIOTHMYHO TMOBEACHHUE, KOUTO
ca HOPMAaTHBHO EKCIIOHHMPAHU OT €JHA CTpaHa HA CAMOCTOSITETHO MPEIMETHO
HUBO, a OT Jpyra MHTCPAUCIUIUIMHAPHO C SCHO Pa3MO3HABACMH W YCTOHYHMBO
BrPAJICHA 331 TPAHUIIMTE HA HEBUAMMOTO C YUYEOHH TPEIMETH KaTo — reorpadus
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¥ UKOHOMHKA, GU3MKAa M aCTPOHOMHS, XMMHS W OTa3BaHE Ha OKOJIHATA Cpela,
Ouonorusi W 3ApaBHO oOpazoBaHue W JAp. B ydunumHoTO 0oOpa3oBaHHWe Ha
pa3sIMYHMA  TPEIMETHH HWHTETPUPAHU TUIOCKOCTH Ca JIOKAIM3WpPAaHU U
TUIAKTAYECKH HWHTEPIPETHPAHU B3aUMHUTE Bpb3Ka 3a ,ITI03HaBaHE Ha
CKOJIOTUYHUTE 3aKOHHW, 3alluTa, MOJ00psIBaHEe, YNpaBICHUE U Pa3yMHO
U3M0JI3BaHE Ha MPUPOAHHUTE PECYPCH, KAKTO U OMa3BaHE Ha MPUPOAHATA Cpelia U
Ha CKOJIOTHYHOTO paBHOBecHe ’[2].

Exonornunata kyamypa, €KOJIOTHUYHOTO Cb3HAHUEe W EKOJIOTHYHOTO
nosedenue ca HeOENMMa YacT OT HoocepaTa M KOCMHUYECKAaTa EKOJOTHS,
YCHOPEIHO HAATpaXIallM KOMIETEHTHOCTHTE KaToO OYaKBaHH pPE3yJITaTH OT
oOyuenuero mo ¢usuka u reorpadus. Kocmuueckusit ym u Ouocdepara Ha
3emsTa (HepenuMa 4acT OT chepuTe Ha IJIaHeTaTa) ca CJIOXKHU U KOMIUIEKCHH
rJI00aJIHU CUCTEMH, KOUTO CE SIBABAT MOJCUCTEMHU HA HaW-TOJIsIMATa CUCTEMA —
Bcenenama. B yunnuinoTo o6pa3zoBaHue € HaOOJS1 MOMEHTA, JOPY B U3BECTHA
CTENEH 3aKbCHSUI Jla C€ YYM HE CaMO 3a €KOJIOTHsATa B KOHTEKCTa Ha IUIaHeTaTa
3emsi, HO ¥ 32 KOCMHYEecKaTa eKOJIOTHs B KOHTeKcTa Ha Beenenara.

Exonornynure, WKOHOMHYECKUTE W COLMAIHUTE U3MEPEHUS 32
KOHCTpyHpaHE Ha JBITOCPOYHA BH3HUS 332 OOIIECTBOTO, CE OCHINECTBABA UpE3
OOyUYEHHUETO MO PA3NUYHU yU4eOHH MPEAMETH U BHIOBE MOATOTOBKA KATO ILIETH
U3rpaKIaHe Ha yYMEHHE 3a MOEMaHe Ha JIMYHAa OTTOBOPHOCT 3a YCTONYMBO
opaeme. ChabppxaTeHaTa KOpeamus ¢ KOHIICTIIHUATA 32 YCTOMYHUBO Pa3BUTHE
JNETEPMUHUPA MHOXECTBO JONUPATENHHU 3a oOydeHue no (usuka, reorpadus,
€KOJIOTHSI ¥ IPYTH 0011000pa3oBaTeIHU yUeOHH PEIMETH.

YerBbpTara OoT 00mo 12 menu Ha MOPEIyYWSIUITHOTO M YUWJIMIIHOTO
o0Opa3oBaHME ce OTHACS 3a NPUOOOUBAHE HA KOMNEMEHMHOCMU 34 NPULA2aHe Ha
npunyunume 3a ycmouuuso pazeumue [1]. BbB B3auMopeicTBie ¢ ocTaHAIUTE
1eJIM ¥ IPUHIIMIN Ha 00pa30BaHUETO, Ta3H 11€J1 € MPSKO 00BBbp3aHa C MACTOTO U
3HAYEHUETO, POJISITA U1 OCOOCHOCTUTE, CTPYKTYpaTa M ChAbPKAHUETO HA TeMmaTa
3a €KOJOTHYHHS MpoOJeM MO HOPMATHUBEH BEKTOP B HEroBaTa XOPOJIOTHMYHA U
XOJIMCTUYHA TMPOIEAYpHA paMKa, JIOTUYeCKa BH3UA U JHJIAKTHYECKa
ChIBPKATEITHOCT B TOBA YKCIIO U 32 KOCMUYECKHUTE €KOJIOTHYHU 1podiemu [12].

Jloka3aTelncTBO 3a MPUCHCTBHETO HA BBIPOCUTE 3a YCTOWYUBOTO
Pa3BUTHE U TAXHOTO TpaHC(HOPMHUpPAHE B yIEOHOTO ChIbPIKAHKE TI0 PA3TMIHUTE
y4eOHM TIpeIMETH B KOHTEKCTa Ha KOCMHYECKATa EKOJIOTHS € HOPMAaTHBHO
HOBOBBBEJICHO W Upe3 TpyNUpaHe Ha KIFOYOBUTE KOMIIETEHTHOCTH, OCOOEHO
peneBaHTHO 00BBp3anHu ¢ 2, 3, 4, 6 u 9 rpyma: 1) xomnemenmuocmu &
obnacmma na OvIAPCKUs e3ux, 2) yMenus 3a oowysane Ha uyxcou esuyu, 3)
mMamemamuyecka KOMNEemeHmHOCM U OCHOBHU KOMNEMeHMHOCMU 8 001acmma
Ha NPUpOOHUmMe HAYKU U Ha mexHoaocuume, 4) oueumanina KOMnemeHmHoOCm;
5) ymenus 3a yuene; 6) coyuanrHu u epaxcoaHcKu Komnemewmuocmu, 1)
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UHUYUAMUBHOCT U npeonpuemuugocm, 8) KyIimypHa KOMHemeHmHOCH U
YMeHus 3a uspasseane ype3 meopyecmso, 9) ymenus 3a nookpena Ha
YCMOU4U8OmMo pazeumue u 3a 30pasocilosen HauuH Ha xcugom u cnopm [4].

Konnenryannara oOpa3oBaTesiHa uaesd 3a NPUHLMIIATE HAa YCTOWYUBOTO
pa3BUTHE € YacT OT WHTPAJAUCIUIUIMHAPHUS EKOJOTHMYEH CHHTE3 (EKOJIOTHS,
T€OEKOJIOTHS, KOCMHUYECKA €KOJIOTUS | JIP.), KAKTO U OT MHTEPAUCIUILTUHAPHHSI
CHUHTE3 C JPYru y4eOHU MpPEIMETH, KOUTO ChIbpKaT 0azoBaTa ChAbpiKaTeIHa
pamMKa, KOATO OOXBalla B3aUMOOTHOIIEHHUSATA BBB (yHAaMEHTalIHATa
MHTETpaTUBHA CUCTEMA: npupooa — obwecmeo — cmonancmeo — Kocmoc —
kocmuuecka exonoeus [13].

WHTepAMCIUIUIMHAPHUAT NPOYUT HAa HUBO y4e€OHHM MpOrpamu 1o @usuxa
U acmponomus M 2eocpagus U UKOHOMUKA 3a T'BPBU T'MMHA3HaJIeH €Tan Ha
cpenHaTta oOpa3oBaTeNHa CTENEH pa3KpHBa MHOXECTBO TEMAaTUYHU U KIIFOUOBH
B3aMMOJCHCTBUSI M  UHTETpaTHMBEH CHHTE3, KOUTO C€a  HMIUIMIMTHO
KOHCTPYHMPAHU 3a] TPAaHULIUTE Ha BUIUMOTO yU4€OHO ChABPIKAHUE U PA3ITUYHOTO
MUCJIEHE, HO KOCMUYECKH UHTEPIPETUPAHO U pa3rbHATO B yueOHa cpena.

HeoOxomuma e  HOpMaTMBHa M JUJAaKTHYEeCKa  pEBU3MS  3a
oOpa3oBarenHaTa TMOJHUTHKA B KOHTEKCTa HAa KOCMHUYECKaTa EKOJIOTHS Karo
TEMHU, OYAaKBAaHU pE3yITaTd M HOBU TOHATHS HA HHUBO Y4YEOHO MPOTpamMHO
ceabpkanue. llemeBata KoHmemus Ha 00pa30BaHMETO 3a KOCMHUYECKaTa
eKOJIOTHS TpsOBa Ja ce pa3BUBa Ha OCHOBaTa Ha WHTEPIMCIUIUIMHAPHOCTTA,
KOMITICTCHTHOCTHHUSL W WHTETPATUBHUS TOAX0a (MpUMEpEeH IEeNeBU MOJEN 3a
YUMIHITHOTO 00pa3oBaHue — Qur. 2).

| TEOTPA®HS H
| MKOHOMHKA

= H3passBa 000CHOBAHO I KPHTHYHO TPAKAAHCKATA CH

= T03HaBA H HHTEPNPETHPA EKOJOTHYHHTE
TO3HILHS,

npof.1eMH B KOHTEKCTA 1 HA /
KOCMHYeCKATA eK0I0INS, = 103HABA H CIA3BA HOPMHTE 32 eKOJIOTHYHA KYATYPA H

CpaBHABA H KOMEHTHPA CTATHCTHYECKA
HHQOPMALHA H CATCJTHTHH moﬁpameuuﬂ,
CBbP3aHH ¢ KOCMHYECKATA eKOJIOTHS,

- HIeHTH(HIMPA H AHATH3MPA NPodIeMHTe
Ha KOCMHYECKATA eROJIOTHS - KOCMHYeCKH
oTHaTbUH (6OKIYK), KOCMIYECKH 3apaH,
KOCMHYECKA CHIYPHOCT M JIp.;

- H3CJIe]1BA H MPeACTABS €KOJIOTHYHHTE H

[100aTHHTE NPEH3BHKATENCTBA OT
Kocmoca upes HKT, teket, mocrep u p.

[ OUUKAHM
| ACTPOHOMHS
KOCMHYECKA
EKOJIOT St

| EKOJIOTHYHO
\  OBPA30BAHHE

TOBe/IeHIe ¢ OIVIe]| ONa3BaHe HA MPHPOJATA H Ch3laBaHe
HA YCTOI{4HBA 0KO/IHA CPEJa;

= TMO03HaBA MeXAHH3MHTE HA Hyﬁﬂll'-ll-ll/l"[e HHCTHTYLHH H

TPAKIAHCKOTO 001LIecTBO 32 TpuUIaraxe Ha CHoje/eHa

OTrOBOPHOCT 32 OMa3BaHe HA OKOJIHATA CPela H POABABA
TOTOBHOCT 32 Y4acTHe B THX;

= ymee J1a IPaBH BPB3KH MeAKY 0TACTHH cheph Ha

o0uiecTBeHHs AHBOT H /12 Pa30HPa MPHYHHNTE 32
COLMATHUTE HePABEHCTBA, eKOJIOTHYHHUTE H [100ATHHTE
TPe/IH3BHKATENCTBA.

@ue. 2. [Ipumepen yuunuujen Mooeu 3a pe3yimamua Koiabopayust

Qurypute 3, 4 W 5 mpencTaBAT aBTOPCKU MOJECIH 33 BB3MOXKHU
ChABPKATEIIHU TPAHCMUCUM Ha HUBO YydeOHH mporpamu 1o Dusuka u
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acmponomus n I'eoepagpusa u ukonomuka, CBbp3aHu C TeMaTa 3a KOCMHYECKaTa

exosiorust (VI xmac - ¢ur. 3, IX knac - ¢wur. 4, X kiac - ¢wur. 5).
anﬁonnuﬂa dopma, enuncoun,)

eHepr"“H" Zaryﬁn
TPI/IEHE noaph ) Copvia n pausmme pLpxy muBoTa ;I,)gl\l,}/lfl‘,g

Pa3xoj HA eHeprusi ) NOJIsIpEH W eKBATOPHAJIEH pann@ HA 3EMSTA [~ (o

MOmHOCT sasbpenpatie na oxoanata ) ABWKenue na Jewsra IJIAHETATA
K0J10 0cTa if 1 Chianme ‘o) 3EMS
Commmn e ) awcens
PABHOBECHE Dapymanane A CrpaT A S TTA %
PATEIrHYECKH CHOPbKECHUSL m

iy

P )
3aMbpCsiBAHE HA H3BOPH, PEKH, MOpeTa, okeann D ( ppb3ku B cucremara 3emsi D, Kaac
DIYNIN « reocd crpoesk na cucremara 3emn P, TEOI'PADUS N

HUKOHOMMUKA

NPHPOJEH PHCK
m @@epa - auTocdepa - xuapocdepa - negocepa - ﬁnuc@
3aMbpCcsIBAHE HA OKOJIHATA Cpejia @mkanen CTPOe’K HAa 3eMHATa aT ¢
b3IefCTBHE HA YOBEKA BLPXY ChCTOSHHETO Ha aTMocdepara i ap. chepu >
eHeprusi Ha ObPKOTHSATA NJIHHEH Pe;KHM Ha aTMocepaTa, H3ThUBaAHE O
€KOJIOTHHII0 CTPOHTEICTEO, 3eMHATA MOBBLPXHOCT, paAHALHOHEH abaHac,
5

TeMIepaTypeH rpaauent

IA®Y3US
TOIUIMHHU TEMIIEPATYPA

\ TEOI'PA®US
HA

| mPIPOIATA

TOMJIOOBEMEH €KOTeXHOJIOTHH
NPHPOIOCHOOPA3HH KHIHIIA HA Cusnapenue, B T, BaJIeKH D
Pa3IHYHATE HAPOIH Ipe3 eNmoXuTe Gﬁma i ———
IIPEXOIU gany
NPHPOIHM BeICTBHS JIMMaTO00pasyBaluH GaKTOpPH, KIMMATHYHH IIPOMEHH
MEXKILY PHPpoin bea :
EIATHUTE KJAMMAT Ha 3emsTa
CbCTOAHUSA
TONIMHHO 3aMbpCsIBaHE ayen a K ATA B 1
TOILIMHHA M3YepIaeMu eHePruii Hu N3TOYHHIM BO/IH Ha cywaTa - OX3¢MHM BO/IH, e3¢pa,
MAIIUHHA 0JaTa, JIeAHHIH, PEKH l

HH PHM NIPOGJIEeMH M €KOKATACTPODH

ChCTaB HA 3¢MHATA KOPa, TEKTOHHKA Ill

peJiedooGpasyBaiu npouecu (M3BeTPsina, epo3usi, eK3apanns, abpasusi, KApcToB
IpoLec, €0IHYEH )

HA 1104 K
CHIOTreHHH (TEKTOHCKH /IBHKEeHHUS, BYJIKAHU3BM, 3eMeTPeCeHHs ) H eK30IreHHH ,',

NPHPOJIHH KOMIIOHEHTH H NPHPOJAHH KOMILJIEKCH Ib

« npupoanopecypceH noTeHIMAaN Ha 3eMsiTa
Goﬁa.rmu npodJieMH Ha CbBPeMeHHOCTTA

«_ anrepHATHBHH M3TOMHMIM HA eHEPrHsI

@ue. 3. [Ipumepen yuunuwen MoOel Ha CoObPHCAMENHU MPAHCMUCUU 3d NPEOMENHA
konabopayus mexcdy Duzuka u acmporomus u I'eoepagpust u ukoOHOMUKA NO yueOHU
npozpamu — VI krac 6 konmexcma na Kiumamuynume nPOMEHU, eKOIOSULHUME U
kocmuneckume npoonemu [7, 10]
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I'EOTPA®US U UKOHOMMKA

OU3UKA U ACTPOHOMMUSA IX kaac
CTATUIHO €JIEKTPOCTATHYHO 3aMbPCSIBAHE, PAAHOH30TONHH HEeYTPAIH3aTOPH TPE3HACHT, PeMyGIHKka, MOHAPXHST
EJ]EKTPI/I'-IECTBO'< BHCOKOPa3BHTH CTPAHHU
BJHSIHHE BHPXY )KHBHTE OPraHu3Mu
¥ k Pa3sBHBAIIH Ce CTPAHU —
o =
. e NPHPOHOTeorpadcKo MoIoKeHHe
= eHepruiinu 3aryou, noxapu
= EJEKTPHYEH ! : r ] =]
= TOK J00HB HA CYPOBHHH H CTPaTerHyecKH MaTe pHaIH TOJIMTHKOreorpadicko nouokenne -
eOr >
E HPOU3BOJCTBO HA €JIEKTPOCIIECTABALIH Ype/IH HKOHOMOreorpadeko nojokenue S
& cbBpeMeHHH JeMorpadeku npodiemMu =
UIAHA CBIUIHOCT, 0CO0EHOCTH 1
; EHEPT $&—— e(eKTHBHOCT NPH TOJIyYaBaHe, IPeBPbIIAHE H NPEHACSIHE HA eJeKTPOeHe Prusi 6 -
e(he KTHBHOCT JIyuaBaHe, IpeBpPbIIaHe eHACSIHE HA eJIEKTPoeHe 5
= CUCTEMA F PEBPBIN L L L MmocJeJHIH HA ypOaHH3AUSATA E
E cyOypOaHu3aIHnsi, ATIOMePAIHsI, METATONO0IHC o
CTpaTerHyecKH CyPOBHHH, YHCTH H ¢ (PeKTHBHH TE€XHOJIOTHH CBETOBHO CTOMAHCTBO, CEKTOPH, OTPACIH, HAVIHO 2]
HHKEHEPHU P CCRTOP, IpReT, Y E
TeXHHYECKH PaKT
TIMPOBJIEMHA BB3CTAHOBSIBANE HA 3aMBPCEHATA OKOJIHA CPEI2  ILPBHYEH CEKTOP, arPOTeXHHYECKH Mepgnp“gemg; ee.&mﬂi"m? g
KOHTPOJI U NpaBuJia 3a padora M MHTEH3MBHO 3eMe/leJIne, NPO0BOJICTBEH NpodJem ;
Q
BTOPHYEH CEKTOP, eHEePre THKATA, IPOMEHH B MOTPefIeHHEeTO Ha =
(=}

eHepruiiHu M3TOYHHIIH, eHepruen 6ajanc, enepruiina

COBCIEFHHIH | __-BJMSIHHE BHPXY KHBA H HE/KHBA MATEPHSI
NPUHYIEHH TPENTEHMSL. : e : o ’ i
Ill’E30H HC npeN3BHKATEJICTBA MPe/] YOBEYeCTBOTO €()eKTHBHOCT, AITEPHATHBHH CHEPrHiiHH H3TOUHHILH
MeTaJyprusi, MALIMHOCTPOEHEe U XHMHYECKA IPOMHUILLIEHOCT
}(‘\'Q'l)‘fc(‘""" BCJIe/ICTBHE HA YOBeIIKaTa - CHEIHATHIAIMA U K()Ol'lepl/lpaHe Ha “pon;BOHCTBOTO’
, BCJIe] 2 <aTa
MEXAHMYHM BbJIHM  + BHCOKOTEXHOJOTHYHH MPOH3BOJICTBA

JeiHOCT, IyHAMH, TOPHAI0
reorpacKu KasycH, CBbP3aHH ¢ MeCTOYCTAHOBSIBAHE!

/luyr\lmm 3aMbpCsiBAHE HA OKOJIHATA cpeja, Ha NPOMHILJIEHO POU3BOJCTBO

3BYKOBHU BbJIHH HEWIeHTHPHUMPAH 3BYK TpeTHYeH CeKTOP, TPAHCIIOPT, TPAHCIIOPTHA CHCTEMa,

TPaHCIOPTHA HH(PACTPYKTYpa, reorpadcKu KasycH,

TIpHYHHM, TOcae NN, GapuepH, CBBP3aHH C TPAHCIIOPT:

»XABAHCKH CHHAPOM THProBusi, ThProBCKH 6aj1aHC, BHOC, H3HOC, BHINHOHKOHOMHYeCKH BPb3K!

<‘|\'0up0(’).|cmu CBETOBHM M perHoHaJHM opranu3annu, ®AO, OHECKO, CTO, EC, HAT!

HKOHOMHYeCKA HHTETrPpalHsi, Me;KIyHAPOAHO ChTPYAHHYECTBO, IJI0GAIHH M PeTHOHATHH NMPodieMu
XapaKTepu3HpPaHe HA CTPAHH MO MPABH.I

reorpa)cko noJiozkeHue, NPHPO/HA CPe/ia, HaceJleHHe, CTONAHCTBO, Clie HHPHYHH POdIeMHU

pernoHannu opranusauun, ACEAH, HA®TA

MEXAHUYHO
JABUKEHUE

€JIEKTPOMArHHTHO 3apa3siBaHe,

EMB

ALUHVdILD
U ALULHAHULHOX
VH BU®VJI0d1

Due. 4. [Ipumepen yuunuwer Mooei Ha CbObPHCAMENHU MPAHCMUCUU 3 NPEOMEMHA
konabopayust mexcoy Qusuxa u acmporomus u I eoepagus u uKoHOMuUKa no yueoHu
npoepamu — IX knac 6 KOoHmekcma Ha KIUMAmMuyHume npoMeHU, eKoi0cudHume u
kocmuneckume npoonemu (EMB — erexkmpomacnumnu évanu) [6, 9]

Monenute Ha CbIBbpPXKATEIHW TPAHCMHCHM 32 TPHUTE Kiaca Ha MHPBU
TUMHa3MaJIeH eTal Ha cpegHata oOpas3oBaTeliHa CTENeH JEeMOHCTpUpaT
pa3iIuyHa CTENEH Ha AUJaKTUYecKa Kojlabopalusi, KOJIMYECTBEH! U KaUeCTBEHU
OPUJIMKY U Pa3ivKH, CIeNU(PUKU B IPeHOCa HAa MHTEPAUCLUIUIMHAPHUTE BPb3KU
U B3aUMOJCHCTBUS, IUITBTHOCT Ha WHTErpaTUBHUS CHUHTE3, 4YEeCTOTa Ha
JTUIaKTHYecKaTa 0OBbP3aHOCT, C pa3lIMyHa IMOCIEIOBATEHOCT U CHEIU(pUYHA
NOHATUIWHA CHUCTEMa, C KOHKPETHKa B CTENEHTa Ha KOOpJUHUpPaHE U
KOOIIEpUpPaHE B MPOSBICHUETO Ha EAMHCTBOTO HAa HAYYHOTO 3HAHUE B
oOpa3zoBaHueTro. Bcsika OT ChAbpXKATENHUTE TPAHCMUCUU MO (QU3HKA WU
reorpadus ca caMOCTOSITENTHU ,,TyXJIM , KOUTO B Kpas Ha MIbPBU TMMHA3HaJICH
eTam Tpamar (QusmKo-reorpadckaTta yUWIMINHA TpeIMETHA KapTHHA W
KoJlaboparius, KOSITO oe3 MPUYNMHHO-CJICICTBEHUTE BPB3KU u
MEXIYIPEIMETHUTE B3aUMOJICHCTBUS HsAMA Ja MMa yclexa Ha ChrpajeHara

29
,,KbIIa’”.
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OU3BUKA U ACTPOHOMMUSA IF'EOT'PA®UA U HKOHOMHUKA 1
\/ |
v

' EJIEKTPYYHO TOJE 0TPazKeHHe BbPXY KHBHTE OPraHU3MH, €/IEKTPO3aMbpPCSiBaHe abeouTioTHO reorpagieko nosokeme /
0 adek -
J0GMEB HA CYDOBHHH H CTPATETHYeCKH MATEPHATI OTHOCHTEJTHO TeorpadcKo nooKeHne TEOT'PA®CKO /
5 JbPKABHH TPAHHITH MNOJIO’KEHUE
eJIeKTpOCIecTBALIH YpeH . S . . —__ WTPAHMIMHA
MATHUTHO NIOJIE ¢ BB3/IEiCTBHE BBPXY YOBEIIKATA IHBHIH3AINSA H )KHBOTHHCKH CBSAT Brarapusi, Baskanu, Espona, Coera > 4 BBJICAPUS |
NPOMSIHA HA 3eMHOTO MATHHTHO NoJie, MPoG/IeMH, MATHHTHA JIeBHTALNS ocoGenocTH Ha peeda

BJIMsIHHE BBPXY GHOOPraHH3MHTE €H/IOTeHHH H eK30TeHHH peledoobpasysamu

TIPOMEHJIMB TOK & M
©KOMAaTepHAJIH, eHePrHiiHa cHeTeMa, eKonpodieMu npouecH (1eHyaauns, eposus, abpasus,
“ eK3apanusi, oKapeTaBane, jaeduanns)
q

-

WHXEHEPHU &

TTPOBJIEMHA

H3KOMaeMH B KOHTEKCTA HA YCTOHYHBOTO pPa3BHTHE
CBETIIHHHO 3aMbpcsiBaHe -
crienndHIHI 0C0GEHOCTH HA KAMMATa: GaKTopn, eJTeMenTH,

¢
PA3BIIPOCTPAHEHHE & JI00MB HA MaTePHAJIH, TPOH3BOJICTBO HA ONTHYHH Ypeaun

//' //d \

NPHPOHA CPL{A/ 4
HA BbJITAPHSL.
IIPHPO/THA i

KOMIIOHEHTH .

¥

A
npm’oaﬂl //
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KOCMMYECKH NPOGIeMH, KOCMHUYECKH GOKIYK NPodJeMH Ha eHepreTHKAaTa, MeTAIYPrHsATa, MAIIHHOCTPOEHETO TEOI'PA®USI.

; PAIOHH 3A
M3CJIEIBAHUS P OT 1 KbM 3emsTa THIHYHHA NPoGIeMH HA XHMHYECKATa MPOMHILIEHOCT ~ IUIAHUPAHE
HHKEHEPHI H3c/ieIBAHE HA H3BLH3EMHH KOCMHYECKH MATepHAIH (JIYHHH THIHYHE PoGIeMH Ha TekaTa u XBIT n
TIPOEJIEMHA Q POGH, METEOPHTH, ACTEPOH/IH H AP.) THIHYHH NPOGIeMH HA TPAHCIOPTA // / / \
€CIHICMHOJIOTHYHA CHIYPHOCT Ppaiionu HA IJIAHHPAHeE - ChBPEMEHHO ChCTOSIHHE H NPOGIeMu

eKCIaH3Ms Ha YoBevecTBoTo B KocMoca, KOHTPOI Hajl rpaBUTALMSATA

@Due. 5. [lpumepen yuunuwer Mooei Ha CbObPHCAMENHU MPAHCMUCUU 3 NPEOMEMHA
konabopayust mexcoy Qusuxa u acmporomus u I eoepagus u uKoHoMuUKa no yuebHu
npocpamu — X K1ac 6 KOHmeKcma Ha KIUMamudHume npomMeHu, eKoaocuiHume u
kocmuyeckume npoonemu [8, 11]

»Haykama ce npasu om axmu, Kakmo Kvuiama ce NPAeU ¢ Myxiu.
Ho nampyneanemo na gpakmu ouwie He e Hayka, KAKMoO KynuuHa myxjiu He e
kvwa”. - A. Iloanxape
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IHPUPOJA HA PEAJTHOCTTA U KOCMHNYECKATA
EKOJIOI'UA B YYUJIMIIHOTO OBPA3OBAHHUE —
ANJTAKTHYECKHU AJITEPHATUBU U MOJIEJIA 3A
IMPUJIOKEHUME B YYEBHA CPEJIA
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THE NATURE OF REALITY AND SPACE ECOLOGY IN
THE SCHOOL EDUCATION - DIDACTIC ALTERNATIVES
AND MODELS FOR APPLICATION IN A LEARNING
ENVIRONMENT

Tamara Draganova, Anka Tsoncheva

Abstract: The article presents the nature of reality through the prism of space ecology
and the modern space research adapted for the school education. Exemplary models for
application of the issues in the learning environment for the secondary education level in the
Bulgarian school have been created, as didactic alternatives, author's constructs and
methodological ideas have been proposed.

Key words: space ecology, school education, didactic alternatives, Physics,
Geography

['mobannuTe mpobieMu Ha CbBPEMEHHOCTTA B YUMIIMITHOTO 0Opa3oBaHue
B bbarapus uMar IMMPOKO  pasrbHaTO  CHABPIKATECIHO  MSICTO B
oOmoobpazoBaTenHUTe U OpoduivpaHuTe  yuyeOHM  MpeaMeTH  Ha
WHTEPIUCUUIUIMHAPHO HHUBO - Yosekvm u npupooama, Ieoepagus u
ukonomuxa, Qusuxa u acmporomusi, Xumus u onazeare Ha OKOIHAmMaA cpeoa u
np. B yumnuimmHOTO 00pa3oBaHWe ca MPEACTABCHH pAa3IMIHH 110 CBOSTA
CBIIIHOCT, TPOCTPAHCTBEHOCT, CIENU(PUKA U MOCICAUIN TI00aTHN TIPOOIeMH,
KaTo Hal-49ecTO W3y4YaBaHUTE Ca — CKOJOTUYHHS, KIMMATHYHUTE IPOMEHH,
CYPOBHHHO-CHEPTMHHHKS, MPOJAOBOJICTBEHHUs, aeMorpadckus u ap. Hact ot
rmo0amHUTe MPOOJIeMH WMaT pas3iMdHa CTEMEeH Ha JIOKAJTHO M PETHMOHAIHO
NPOSIBJICHUE, HO MIOOATHUAT XapaKTep OT MOCICIUIIMTE € IOKa3aH BbB BPEMETO
¥ TPOCTPAHCTBOTO, a IMPOBOKUPAHUTE TJIOOATHM KpuU3H M Katactpodu ca
CBUJICTEJICTBO 3a HECITPABSIHE C MPOOIEMHUTE OT YOBEUECTBOTO.
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[IpuponaTa Ha peaJiHOCTTa BKJIIOYBA M €IUH JIPYT CBETOBEH MpOOIIEeM,
KOMTO HsIMa JIOKAJTHO WJIM PETMOHAIHO TMOKPHUTHE, a C€ OTIMYaBa C INIOOATHU
U3MEpPEeHHUs], HO TO3H IPOo0JIeM BCe Ollle HE HaMHUpa JOCTOMHO MSICTO B Y4EOHOTO
chabpkaHue. B oOydyeHunero mo reorpadust 1 MKOHOMHUKA TP MpoduIupaHara
MOATOTOBKAa KOCMHYECKAaTa eKOJIOTUSA WMa WMIUTAIUTHO TIPUCHCTBHE B
KOHTEKCTa Ha 3ambpcsBaHe Ha Kocmoca, 6e3 BBIPOCHT Aa € MpEACTaBeH,
pOCIeZICH BHB BPEMETO M PA3KPUT KATO MOCIICINIIA 32 YOBEUECTBOTO.

Enna ot mpobOnemMuTe Ha KOCMHYECKaTa €KOJIOTHS € TPOOJIEeMBT C
KOCMHUYECKHUTE OTHAABIMU WIH KOCMUYECKHSI OOKIYK (HAy4YHO eTePMUHUPAH
KaTo HOBWsI TyioOanieH mpobiem). [Ipobnemarnkara Moxe na Obae ,,BrpaacHa’
nporpamMHo 1o Dusuxa u acmpoHomus TIPUA CICAHUTE TEMH Ha Y4EOHOTO
ChIbpIKaHHE:

& VI xnac: 1. Mexanvka; 2. TOINIMHHY SIBJICHHS

& IX knac: 2. MexaHHIHO JIBIDKCHHUE,

¢ X xmac: 2. Cserimua; 3. Ot aroma o Kocmoca, 3.3. 3Be3nm,
rajiakTuku, Beenena.

[IpumepHa nporpaMHu JOKAIlMK Ha TemaTa 3a KOCMUYECKaTa €KOJIOTHUs B
oOydenunetro 1o [eocpagus u ukoHomuxka Ha HUBO YUEOHO CBHIbpKaHUE IO
y4eOHHU MPOTpaMu:

VIl xnac: 1. Ilnanerata 3emsi; 2. I'eorpadusa Ha mnpupomata u
noaremu: 2.1., 2.3., 2.5, 2.13-2.14, 2.17-2.18, 2.19. I'noGanuu npodiemMu Ha
ChbBPEMEHHOCTTA;

IX xnac: 1. 'eorpadus Ha 00111eCTBOTO;

¢ X xnac: 4. Hacenenue Ha bovarapu; 7. CTonmaHcTBo.

KoHTeHT-aHaM3bT Ha y4yeOHHUTE TpOorpamMu Mo reorpadusi ¥ UKOHOMHKA
3a mpodusMpaHa MoAroToBKa pa3kpuBaT MSICTOTO HA KOCMUYECKATa €KOJIOTHUS B
3aIBIDKUTENTHUTE MOy H 1, 2, 3 u 6 ipu clieTHUTE TEMU:

¢ Xl xnac — Mooyn 1 |, Ilpupoonopecypcen nomenyuan. Ycmotiuugo
passumue”. 1. OCHOBHU MeTOAM HA reorpadckoTo uicneasane; 2. [Ipouecu u
3aKOHOMEpHOCTH B reocdepure; 5. ['nobGamnute  npobiemMu  Ha
MPUPOTHOPECYpCHUST TOTeHIMan Ha 3emsaTta; 6. ChBpeMEHHW acleKTH Ha
B3aMMOBpPB3KM B CHCTEMara ,Ipupoja — OOIIEeCTBO — CTOMAHCTBO”; /.
YCcTOMYMBO pa3BUTUE HA IUIAHETATA,

Xl xnac — Mooyn 2 ,,I'eononumuuecka u oowecmeena xyamypa’ 1.
[Tomutruecka reorpadus W TEONMOJMTHKA; 3. ['€OmOIUTHKA U UKOHOMHYECKO
passuthe; 12. MexayHapoiHu mpoOIeMu U peTHOHAIHA KOH(IJIUKTH;

Xl xnac — Mooyn 3 ,,Cvepemenno ukoHomuuecko pazeumue’”. 1.
CpBpeMEHHH TIPOIICCM Ha HMKOHOMHYECKO pas3BuTHE; 3. MeXIyHapoaHa
WKOHOMUYECKa HWHTerparus; 4. BrHIITHOMKOHOMUYECKH BPB3KH; 8. Bucokute
TEXHOJIOTUH U CBETOBHOTO CTOMAHCTBO; 9. TpaHCHAIIMOHAIHHA KOPIIOPAIIHH;
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¢ Xl knac — Mooyn 6 ,,['eoepaghcrka u uxonomuuecka ungopmayus’™. 3.
I'eomndpopmarmonan  TexHonoruw, 4. [lpunokHM  HampaBieHHS  Ha
reorpadckara Hayka; 5. Tpanchopmupane Ha reorpadcka unpopmarus [1, 2, 3,
4].

He e oOocHoBaHa nwmcara Ha CHABPKATEITHH AaKICHTH, CBBP3aHU C
KOCMHUYECKaTa eKOJIOTHS Ha MPOTrPaMHO HUBO, KaKTO U B YUEOHHUIIUTE TIO (PHU3HKa
u reorpadus npu nojoxenue, ye npe3 2022 r. ce yectBar 50 rongunu ,,bearapus
— Kocmmuecka gpprkaBa”. Kimro4oBW AyMH, KOWTO ca CHbOTHECHMH KbM TeMarta
3a Kocmoca koHCcTaTupame B 00y4eHHETO 1o ¢u3nKa u reorpadus: KOCMUYECKa
XpaHa, OBJTapcku KOCMOHaBT, ['eoprum lBaHOB, 3ambpcsiBane Ha Kocmoca,
KOCMHUYECKU OOKIIYK U JIp.

KocMmuueckusaT OOKIyK TpeACTaBisiBA CHBKYMHOCTTa OT WM3KYCTBEHU
00eKTH, (hparMeHTH U OTIOMKHU OKOJIO 3eMHaTa opOuTa (Ch3/1aJIEHU OT YOBEKA),
KOUTO HE (DYHKIIMOHMpAT, HE ca B M3MPABHOCT, HE MOra Jia ObJaT MOJIE3HU 3a
yoBeuecTBOTO. B kpasg Ha 50-Te roamHum Ha XX BEK CTapTHpa TEOPETUYHO
TeMara ¢ u3cTpesiBaHeTo B KocMoca Ha M3KyCTBEHU CITbTHUIIU, a O(DUIIMAIIHO ce
perucTpupa Ha MEXIyHapOJHO HHUBO 4pe3 JMOKJIaa Ha ['eHepanmHusi cekperap Ha
OOH ,,Bbp3zeiicTBHETO HA KOCMUYECKUTE ACHHOCTH BbPXY OKOJIHATa cpena’ OT
10 nexemBpu 1993 r., B KOWTO € OOSBEHO 3aMbpCSIBAHE HAa KOCMHUYECKOTO
IPOCTPAHCTBO Ha 3eMsTa, KOETO 3acsira €IHAKBO HETaTUBHO BCHUYKHU CTPAHU.
Kocmudeckute oTmagbliy HOCAT OMACHOCT 3a YOBEUECTBOTO M HaIllaTa TUIAHETa,
KaTo ca OMpEeNITHA KaTO aHTPOIOT€HHO BB3NIEHCTBHUE BHPXY OKOJIO3EMHOTO
IPOCTPAHCTBO.

35 786 km
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900 000 ot
128 million objects
2000 billion objects

@ue. 1. Kocmuuecku omnadvyu 6 opoumu na nianemama 3emsn — 2022 2.

YacT OT KOCMHUYECKHUTE OTIMAIbIM CE€ HamMupaT B TeOoCTallMOHapHATa
op6uta Ha 3emsTa Hax ExBaTopa Ha 35 786 kM, a mpOCTPAaHCTBOTO B pAMKHUTE Ha
2000 kM OT 3eMHaTa MOBBPXHOCT CE HapHya ,,HUCKa okoJio3eMHa opouta” (LEO
— ,,Low Earth orbit”) u e Hali-koHIIEeHTpUpaHaTa 00JIACT OT KOCMHUYECKU OOKITyK
(¢ur. 1). Upe3 HayuyHH METOIM U MOJEIU OOIIUs Opol OOEKTH OT KOCMHYECKU
OTIIOMKH B OKoyio3eMHaTa opburta 3a 2021 r. ce omensBat Ha okojo 29 000
KocMuueckn ooekra ¢ pasmep Han 10 cm, 670 000 oGekTa ¢ pa3mep mMo-ToIsIM OT
1 cMm u moBeue ot 170 mutH. oTiIOMKH ¢ pa3mep no-rosiemu ot 1 mwm. [11]. Beekn
OT Te3: 0OEKTH MOXKE J1a MPUYUHU Bpeaa Ha paboTel KOCMUYECKH Kopald, a mpu
cOTbChK Ha OTJIOMKM ce HabmogaBa edekrta Ha Kecnmep. KomuuectBoto Ha
KOCMUYECKUTE OTHAAbIM B OpOMTAa MPOJBJDKABA Jla HapacTBa MO JaHHM Ha
eBporeiickara kKocMudecka areHuus (¢ur. 2). B 3aBucumocT or opOuTara
CKOPOCTTa Ha YaCTHUIIUTE MOXKE Jia JOCTUTHE 10 14 KM/CeK.

Edexrpr Ha Kecnep mpeamonara, ye mpu cOTbCHK Ha JBa OpOUTAIHU
o0eKkTa WM OTJIOMKH, TOBa BOAM JI0 OOpa3yBaHETO HA XWIAIW W MUIHUOHH
OTJIOMKH, 00JIaK OT KOCMUYECKH OTHAIbIIN, KOUTO € JIETAT BbB BCUYKH TTOCOKH
U Tpu COTBCHK C JPYrH IIE Ch3JaBaT HOBH W HOBU OTJIOMKH (BepHKHA
peaxius).

25000
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P

:
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Due. 2. Esonroyus na nabrooasanume KOCMUYeCKU omnadvy 8b8 8CUYKU OpOUmu Ha
naanemama 3ems no 2oounu u eudose [13, 14]

JInIaKkTHYECKH BB3MOKHOCTH 332 M3TOTBSHE Ha HAYYHO ChOOIIEHHE TIO
npaBWio B oOydeHUeTo no (pusuka u reorpadus ce pa3KpuBar MpHU CICIHUTE
TeMu (TeMHUTE ca MPUJIOKUMU U 3a HAMKMCBaHE Ha ece MO0 (U3MKaA WM 1O
reorpadus):

v' KocMmudeckusaT GOKIyK — MCTOpUs Ha mpobiema u perrenus B XXI
BCK;

v MepKu cpelly KOCMUYECKHUTE OTIAIbIIN;

v Kak 1a yJI0BMM HEBUIUMOTO?;

v KocMuueckara WHIYCTPUsS U HEWHHUTE MOCIIEANIM 32 [UIaHETaTa 3eMs
¥ 4YOBEUECTBOTO;

v Ha 0B 3a KOCMHUYECKH OTJIOMKH B 3€MHATa OpOnTa;

v BTOpHSAT )KHBOT HAa KOCMUYECKHUTE OTIAIBIIN;

v Karanoruzupase Ha KOCMHYECKHUTE OTIAIBIIN;

v' TIpocnenuMu 0O6eKTH B OpOMTA OKOJIO 3eMsTa;

v/ 3amo HucKaTa 3eMHa opOMTa € C Hali-roisMa dYecToTa Ha
KOCMHUYECKUSI OOKITYK?;

Edexr na Kecnep B 3eMHaTa opOuTa ¥ mpor1o3u 3a owpaeiero [12];
BuoBe KoOcMHUYECKH OTIAIBITH;

ITamane Ha KOCMHUYECKH OTHAABIM Ha 3eMsITa;

KocMmuyeckn eKOTEXHOJIOTHUH B ICUCTBHUE;

Moxenst MASTER;

ExcniepumenT cbe catenuta RemoveDebris;

Pyckusit anapart ,,JIukBugarop” — carenur-uncrad [9];

VYerpoiicTBo 3a chOMpaHe Ha KOCMHYECKH OTIOMKH B opouta ,,CKM”;
[Ipunoxenue Ha J1a3zepa 3a YHUIIIO)KaBaHE HA KOCMUYECKUS OOKITYK;

AN N N NN YA NN
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v KocMmuuecku Kopabu 3a KOCMHYECKHUS OOKIYK;

v’ Pa3paboTBaHe Ha METOAM W CPEICTBA 3a 3allliTa HAa KOCMHYECKHUTE
Kopaou;

v' MekayHapoaHaTta KOCMHUYECKa CTaHIMs ¥ KOCMUYECKHUTE OTIIaIbIIN;

v CuenHapuu 3a ObI€EIIETO — KOCMUYIECKH OOKITYK.

Jlpyr nHMOaKTHYeCKW BapHaHT 3a NPWIOKEHHE B ydeOHA cpema €
pemaBaHe Ha ka3yc. Kasyc nHa tema ,IIbpBUSAT B HCTOpHATAa COJNIBCHK B
opoura” [7, 11].

S vpsusm 6 ucmopuama ciyuaern cONbCHK 8 3eMHama opouma mexcoy
0séa cnvmuuxa ce cayyu ¢ 16:56 UTC (19.56 uaca mockoecko epeme), 10
gespyapu 2009 2., na 805 xm sucouuna nao Cubup. Conbcvbkvbm e mexicoy pycKu
soenen cnvmuuk om cepusma Strela ,,Kosmos-2251" (meoxwcecm — 900 ke,
useeden om excnaoamayus npez 1995 2) wu  uacmen amepuxancxu
KOMYyHUKayuonen mupeoscku cnomuux ,, 1ridium-33"  (meoscecm — 600 ke,
uzeeden 6 opouma npesz 1997 2.). Cropocmma na convcvra e 11,7 km/s., npu
KOemo 08ama CNbMHUKA CA YHUUJOINCEHU U 2eHepUpam BepudiCHa peaxkyus om
omaomku - nosewe om 2 300 mpocreoumu ¢paemenma (o6wo 200 000
¢pacmenma c paznuunu pazmepu). Yacm om msax ca Hagne3nu 6 ammocpepama,
Kkvoemo ca uzeopeau. COnvbcvkvbm HA 08ama CHBMHUKA ce Onpeoessi KAmo
nwpeama Kocmuiecka kamacmpoga.

Hea uaca no-pano mamemamuyeckomo mooenupaue, NpPoOBeOeHO Om
cucmemama SOCRATES, e nokazano, ue 0sama obexma we npemunam onacHo
onuzo eoun 0o opye — Ha 584 mempa pazcmosmue. Ho 6 momenma na
conudicasanemo Ha oOsama obekma, ,,HMpuouym” cnpsan uzivusaHemo Ha
CUCHANU U MAIKO Cled MOo8ad AMEPUKAHCKUMeE BOeHHU ca 6udeiu 001aK om
(dpaemenmu na maszu opouma, moecm cONbCHKbM Ce € CbCMOsLL

Cneo convcovka ce 0bpasysan oepomer obaax om Xuisaou gpazcmenmu 8
opouma. Camo npu mosa cvoumue Oposm HA KOCMUYECKUME OMIOMKU Ce €
yeeauuun ¢ nogeue om 10% — ceea na opouma ca npocneoseam oxkono 29 xunsaou
OMILOMKU.

Cvoumue, cpasHumMo no omHowieHue ,, MowHocmma’, e Oulo camo
paspyuiasanemo Ha Kumatickusi memeoponoauser cnvmuux ,,Fengyun-1C” no
speme Ha UBNUMAHUAMA HA NPOMUBOCHbMHUK080 opwvaicue om KHP, koeamo ca
ce NoABUNIU OKONO 3 XUNAOU NPOCIeOUMU PpacMeHma KOCMU4ecKy ODOKIYK.

lIpe3 2015 2. npeocmasumen Ha uHGOPMAYUOHHO-AHATUMUYHUS YEHINBD
Ha Meocoyovpoicagnama akyuoHepra xopnopayus ,,Bumnen” e cvoowun, ue
nocireduyume om nvpPEAmMa 8 UCMopusma ,,Kocmuiwecka kamacmpogha” we

GIUAAM HaA cumyayusma 6 oxonozemHomo npocmparcmgo owe 20-30 eoounu
[5, 8, 10].”
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1. Tlpoydere Kou CTpaHU UMAT yyacThe B COTbCHKA U XaPAKTEPUCTUKUTE
Ha JiBaTa KOCMUYECKU 0OEKTa.

2. KakBa e pomsra Ha CAIl u Pycus B cBeToBHaTa KocMHuYecKa
uHayctpus? OLeHeTe MICTOTO Ha IBETE CTPAHU B PA3BUTHETO HA KOCMUYECKHUTE
W3CIIC/IBAHUS.

3. Kak Bmuse xkocmmueckata Karactpoda BBPXY OKOJIO3EMHOTO
IPOCTPAHCTBO?

4. TeHepupaHuTe KOCMHYECKH OTIOMKH 3a BpeMeTo Ha cOrbcbka (2009
r.) mpeacraBisaBaT 1/3 oT BCHYKH KOCMHYECKH OTHaabIM. Ha KakBO ce JIbJDKU
TOJIIMOTO KOJIMYECTBO HA TCHEPUPAHUTE KOCMHUYECKHA OTIOMKH OT COTBbCHKA?
3aimo yJacture, KOMTO OCTaBaT clie]] cOabchka ca MHOro rojemu? Kak ce e
nposiBuI cunipoma Ha Kecnep?

5. Kwbze rpemu nporHosara 3a mpeacTosus cObChK?

Jpyra numaktudecka BB3MOXKHOCT 3a MPWIOKEHHE B ydeOHA cpena €
Ch3/]JaBaHEC HAa Y4YEHHYeCKHM BH3yaJleH MOJeJ 3a CTEIEeHTa Ha OMaCHOCT OT
KOCMUYECKUTE OTHAIbIM upe3 rpadudecku opranuzatopu. [Ipumepnu Bbipocw,
KOUTO Ja ObjgaT excrnoHupanu: KoJKo ABIT0 KOCMHUYECKUTE OTMAIbIM Ca B
opbuta?, KakBa € CKOpOCTTa Ha JABMXKEHHUE Ha KocMudeckuTe oTnaabim?, Kak
Jla C€ PEIMKINPAT KOCMUYECKUTe oTranbim?, KakBo ma ouakBame ciren 50 rog.
— KOCMHYECKa KpH3a WM KocMHYecka Katactpoda?

Ipyra paupgakTUyecka BB3MOXKHOCT € paldora ¢ u300pakeHusi u
M3cjeIBaHe HAa CUTYallMu C TaJaHe Ha KOCMUYCCKHU OTIaablM Ha 3emsTa (dur.
3). U3cienoBarencka 3ajada: OTKPUHTE MO M300pakeHHsATa Ha ¢ur. 3 Ko ca
CUTyallMNTe Ha TaJHAIA KOCMHYECKHM OTHaablii Ha 3eMsTa — TOJUHa,
MECTOTIOJIOKEHHE, XapaKTEPUCTUKN Ha KOCMUYECKUS (parMeHT, IpoOIeMH.

@ue. 3. Cumyayuu Ha nadnanu Kocmudecku omnadvyu Ha 3emama [6]
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HAMAJISIBAHE HA PUCKA OT JIABEPHO
HAPAHSBAHE

Hukouaaii IlIbpapes
REDUCING THE RISK OF LASER DAMAGE

Nikolay Padarev

Summary: In the last few years, the introduction of laser technology in the military
has been observed, the use of laser technology is accelerating more and more, but the
information for safety of personnel is very scarce. The report presents the dangers of laser
radiation. There is a structure of the process for risk assessment for personnel and the limits
of exposure to laser radiation are proposed. Means have been proposed to reduce the risk of
laser radiation.

Keywords: laser, radiation.

Laser safety is the safe design, use and implementation of lasers to
minimize the risk of laser accidents, especially those with eye injuries. Because
even relatively small amounts of laser light can cause permanent eye damage,
the sale and use of lasers is usually subject to government regulations.

Moderate and powerful lasers are potentially dangerous as they can burn
the retina, or even the skin. To control the risk of injury, various specifications,
such as 21 Federal Code of Conduct (CFR) Part 1040 in the United States and
IEC 60825 internationally, define ,,classes” of lasers based on their power and
wavelength. These provisions require manufacturers to take the necessary safety
measures, such as labeling lasers with specific warnings and wearing laser
goggles when working with lasers. Consensus standards, such as the American
National Standards Institute (ANSI) Z136, provide consumers with laser hazard
control measures, as well as various tables useful in calculating maximum
exposure limits (MPEs) and available exposure limits).

Class 1 laser equipment is safe for normal use and therefore no evaluation
is required. However, an assessment is required when carrying out technical
maintenance or servicing of Class 1 laser equipment if the equipment contains a
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built-in higher class laser. Class 3B and Class 4 laser beams pose a risk of eye
damage. Class 4 lasers also carry a risk of skin injury.

Distribution of laser equipment to class 2 is performed on the basis of
GSE, which will not be exceeded in case of accidental exposure lasting up to
0.25 sec. If the use of the equipment means that the worker's eyes are likely to
be repeatedly exposed to the laser beam, then a more detailed assessment is
made to determine whether the GSE is likely to be exceeded.

The basic concept of a datacom/telecom GSE laser is shown in cross-
section in Fig. 1. These GSE lasers use a planar cavity with first-order DBR
gratings on both ends for feedback and a second-order grating in the middle
(Fig. 1a) or near one end (Fig. 1b) of the device to out-couple light. Because the
lasing wavelength is selected by a first order grating in a passive region that has
the same effective index and temperature dependence as the out coupling region,
the out coupled beam is stable over temperature and current. (This would not be
the case if both DBRs were replaced by broadly reflecting cleaved facets.)

One of the shallow DBRs could be replaced with an extremely deep DBR
(as shown in Fig. 1b) that would give a very high and broad reflectivity in less
than ten microns [1, 7, 8].The emitting aperture is ~ 10 um to 15 pum
longitudinally and ~ 6 um laterally for efficient out-coupling into single mode
fibers.

(b)

Fig. 1. a) Basic concept of a GSE laser with an out-coupling grating within the gain region.
b) GSE laser with an out-coupling grating at the end of the gain region and one deep and one
shallow grating DBR on each side.

Class 1M, Class 2M and Class 3R lasers must be evaluated in order to
determine the likely exposure scenarios. When calculating radiation or radiation
exposure, then the radiation or radiation exposure from the laser beam should be
averaged over an aperture called the limiting aperture [10]. When deciding on
the time of exposure, it will depend on whether the exposure is accidental or
planned. In case of accidental exposure, when the exposed organ is the eye, 0.25
sec is usually allowed for laser beams from 400 to 700 nm, and for all other
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wavelengths - 10 or 100 sec. If only the skin is exposed, then it is prudent to use
10 or 100 seconds for all wavelengths. [2, 3, 9]

It is possible to calculate the maximum power for these exposures over
the specified aperture before the GSE is exceeded. The results of these
calculations for the exposure of the eyes to a laser beam with a non-decaying
wave from a small source are presented below.

A step-by-step approach to risk assessment:

Step 1. Identify hazards and people at risk
Step 2. Risk assessment and prioritization
Step 3. Choosing a preventive action

Step 4. Take action

Step 5. Monitoring and review

The usual approach has been used to assess the risk from these simple
sources. This approach is set out in great detail below and is broadly followed in
each of the following examples. [4, 5, 6] This general method has been
developed on the basis of standard EN 62471 (2008), but where possible,
simplification assumptions are made to act as cautiously as possible as far as
retinal hazards are concerned. The following explanation is rather complete, as it
is intended to cover all the examples given later. The risk assessment is
performed in several steps:

Source description
Deciding on the exposure distance to be allowed
Deciding which exposure limits to apply
Calculation of angular coefficients required for exposure limits
Carry out a rapid preliminary assessment, if appropriate
Perform the assessment using simplifying assumptions

If the assessment identifies a possibility of unacceptable risk -a more realistic assessment is perfermed

Measurement of optical radiation is something that can be done as part of
the risk assessment process. Due to the wide variety of sources emitting optical
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radiation, the risks arising from their use vary considerably. Data provided by
manufacturers of equipment that emits optical radiation should assist users in
assessing the hazard and determining the necessary control measures. In
particular, the classification of the safety of laser and non-laser sources and laser
hazards can be very useful in conducting a risk assessment [11, 12].

The distance at which the exposure level has fallen to the level of the
applicable exposure limit value is known as the hazardous distance: outside this
distance there is no risk of injury. This information, if provided by
manufacturers, can be useful for risk assessment and ensuring a safe working
environment. At a certain distance, the radiation is aligned with the GSE for the
eyes, as the laser beam is deflected. The nominal ocular hazard distance
(NOHD) is defined as the distance from a radiation source at which eye
exposure to laser radiation equals the maximum permissible exposure (MPE). At
a greater distance, the GSE will not be exceeded - the laser beam is considered
safe outside this distance. Manufacturers often provide NOHD information
along with technical requirements for equipment. Another important definition
for laser safety calculations is the Nominal Hazard Zone (NHZ). This is a
distance within which exposure to a direct, reflected, or scattered beam is greater
than the MPE. Mirrors, optics, and reflective materials in the beam path may
result in diffuse or specular reflections in unintended directions. Specular
reflections are hazardous over a greater range than diffuse reflections. If you are
in the NHZ, you are at risk of an exposure above the MPE. A measure of the
attenuation of laser radiation through a material. The OD is a logarithmic
relationship with a higher OD providing increased attenuation of the laser
radiation. This value is primarily used in laser safety eyewear and viewing
window specifications. The Accessible Emission Limit (AEL) is primarily used
for the classification of lasers and defines the maximum total power of radiation
that can be emitted from a laser of a particular class. The AEL is the product of
the MPE and the Aperture of the eye at that wavelength.

Calculations allow us to assign quantitative values to laser safety
parameters. As mentioned above, the MPE value varies by wavelength and time
of exposure and while under some circumstances the MPE may be represented
by a single value, in other cases, notably those of visible and near-infrared
radiation during ordinary time-periods of exposure, the MPE is found via a
calculation with numerous variables. Therefore, it is important to verify the
MPE for each laser. The human body has developed aversion responses to
certain wavelengths such as turning or blinking in response to bright light or
responding to the heating of tissues. Table 1 below provides us with
approximate exposure times to use in MPE calculations.
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Table 1. Maximum anticipated exposure

Wavelength Range Diffuse Viewing (seconds) Intrabeam Viewing
(seconds)
UV: 180 nm — 400 nm 30,000 ( 8 hour work day /| 100
24hr period)
Visible: 400 nm — 700 nm 600 0.25
Near IR: 700 nm — 1400 nm | 600 10
Far IR: 1400 nm — 1000 pm | 10 10

In addition to the proper exposure time, proper calculations will depend
on the beam diameter. The most common profile of a laser beam is a Gaussian
profile. The diameter of a Gaussian beam be specified according the 1/e or 1/¢?
point. Laser manufacturers may often use the 1/e? definition since this area
encompasses 90% of the total beam energy. However, safety calculations use
the 1/e diameter, so check which one you are using for consistency in your
calculations.

First, the source is described and its dimensions are listed. These
dimensions will be needed if the source emits in the visible or IRA spectral
regions.

It is necessary to decide at what distance the risk assessment should be
performed. The distance for the measurements is usually chosen so that the
closest approximation is realistic, even a slightly unfavorable option is chosen.
Do not just choose the closest possible distance to the source.

Choice of exposure limits. Which exposure limits are appropriate?
Considering the worst possible exposure, which is someone staring at the source
for 8 hours.

If the source emits visible and / or IRR, the appropriate exposure limits
and radiometric values will depend on the geometric coefficients to be
calculated. Some of these coefficients are explained in standard EN 62471
(2008). If the source emits only UVR, these coefficients are inappropriate.

The angular coefficients are:

e 0 (the angle between the perpendicular to the source surface and the
field of view used for measurement), (see diagram on the right)

e Z (means source size)

e o (angle opposite to the source)

e Ca (coefficient depending on o),

e o (spatial angle opposite the source).

Before calculating these coefficients, it is important to note whether or not
the source emits a relatively homogeneous field. If the source is homogeneous, it
should be understood that all dimensions (length, width, etc.) refer to the total
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area of the source. If the source is obviously inhomogeneous (such as a strong
lamp against a weak reflector), these dimensions should be considered as
referring only to the brightest area. In cases where the source includes two or
more identical emitters, each of them may be considered as a separate source,
which participates with a proportional share in the measured emissions [2, 13].

The eyes are at risk of damage from optical radiation if the exposure
exceeds the exposure limit values. If other measures are inappropriate to control
the risk to the eyes from exposure in excess of the applicable GSE, eye
protection products recommended by the equipment manufacturer or the optical
radiation safety consultant specially designed for the eye should be worn. for the
given wavelengths and power output.

Eye protection should be clearly marked with the range of wavelengths
and the corresponding level of protection. This is especially important if there
are multiple sources that require different types of eye protection, such as lasers
with different wavelengths, which require specially designed eye protection. In
addition, the use of a clear and sustainable method of marking eye protection is
recommended to ensure that there is a clear link to the individual equipment for
which the PPE is designated.

The level of attenuation of optical radiation provided by the eye protection
in the hazardous region of the spectrum should be at least sufficient to reduce
the level of exposure below the applicable GSE. Light transmission and ambient
color, as seen through protective filters, are important characteristics of eye
protection, which can affect the operator's ability to perform necessary
operations without compromising the safety of non-optical radiation. Eye
protection should be properly stored, regularly cleaned and subject to a certain
inspection regime.

From a professional point of view, the areas of skin that are most often at
risk of exposure to optical radiation are the hands, face, head and neck, as other
areas are generally covered by work clothes. Hands can be protected by wearing
gloves with low permeability to hazardous optical radiation. The face can be
protected with an absorbent face mask or an absorbent face visor, which can also
offer eye protection. Proper head protection can protect the head and neck.
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RISK ASSESMENT AND SAFETY MEASURES FOR
OPERATING WITH HIGH-ENERGY LASER SYSTEMS

Deyan Nedyalkov, Ivan Kostadinov

Abstract: With the advancement of laser technology, engineers are facing new
challenges. Adequate protection against laser radiation is mandatory, especially for High-
Energy Laser systems such as Class 4. Risk assessment and Safety Measures of laser systems
can minimize the adverse effects of laser radiation hazard for the biological tissue and to
prevent unwanted and negative effect of the personnel.
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1.Introduction

Since their first appearance in 1960, lasers have been seen as potentially
useful light sources for medical applications, because they have three
characteristics which distinguish them from conventional light sources: their
directivity, the ability to use them in pulsed mode, and their monochromaticity.
The word laser is an acronym for Light Amplification by Stimulated Emission
of Radiation [1, 4]. In this document, the word laser will be limited to
electromagnetic radiation-emitting devices using light amplification by
stimulated emission of radiation at wavelengths from 180 nanometers to 1
millimeter [2, 3]. The electromagnetic spectrum includes energy ranging from
gamma rays to electricity. Figure 1 illustrates the total electromagnetic spectrum
and wavelengths of the various regions.

Directivity, i.e. the emission in a narrow parallel beam, allows the
transmission of light (whether visible, near infra-red or near ultra-violet) with
the aid of an optical fibre of small diameter (50 to 600 um). Very short emission
times (pulsed mode) from milliseconds to femtoseconds (10-3 to 10-15 s),
deliver extremely high instantaneous power which can be as high as Gigawatts
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(109 W), with different tissue effects than one obtains with continuous
exposures. Emission of a single colour, a property known as monochromaticity,
allows the use of a laser beam to produce wavelength -selective effects, as an
alternative to using a filtered broad-band light source, which is inefficient. It
should be remembered that biological molecules have a wider absorption
spectrum than the narrow band emitted by a laser and that this characteristic,
although important for physicians, is not fully utilized [5, 6, 7].

2.Laser safety and risk assessment

There are two types of laser hazards: the laser beam hazards and the non-
beam hazards. Laser beam hazards include eye and skin burns which are due to
laser beam shining on a person's body [8]. Non-beam hazards are associated
with the laser equipment or the hazardous substances released from the laser
equipment, and fumes emitted from materials exposed to laser beams, including
laser-plumes produced during surgical procedures.

2.1. Laser Safety

The primary objective of the laser safety program is to ensure that no laser
radiation in excess of the maximum permissible exposure (MPE) limit reaches
the human eye or skin. Additionally, the program is designed to ensure that
adequate protection against collateral hazards is provided. These collateral
hazards include the risk of electrical shock, fire hazard from a beam or from use
of dyes and solvents, and chemical exposures from use of chemicals and
vaporization of targets [9].

In order to implement the program properly while giving the greatest
possible latitude to the researcher and instructional laboratories, all laser
operations at the University must be reviewed and approved by the Laser Safety
Officer (LSO) and the Laser Safety Committee (LSC).

2.1.1. Sources of laser hazards

Unintentional eye exposure during alignment, misaligned laser beam,lack
of eye protection, equipment malfunction, improper handling of high voltage
systems, use of unfamiliar equipment, improper restoration of equipment
following service.

2.1.2. Eye hazards when using lasers

The eye is the most vulnerable to injury from a laser beam. The potential
for injury depends on the power and wavelength of the laser beam (light).
Intense bright visible light makes us blink as a reflex reaction. This closing of
the eye provides some degree of protection. However, visible laser light can be
so intense that it can do damage faster than a blink of an eye. The invisible
infrared laser beam, such as carbon dioxide (CO,) laser beam, does not produce
a bright light that would cause the blinking reflex or the pupil to constrict and,
therefore, chances of injury are greater compared to visible light beam of equal
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intensity. The location of the damage depends on the optical nature of the laser
beam. Lasers in the visible light and near infrared range focus on retina. The
refore the injuries produced are retinal burns. The infrared radiation is absorbed
in the cornea and may cause corneal damage and loss of vision.

2.1.3. Eye Protection

Lasers can produce serious injury to the eyes if adequate protection is not
worn. A laser eye protection device can be defined as a filter which is designed
to reduce light transmission of a specific wavelength, or range of wavelengths,
to a safe level while maintaining adequate light transmission at all other
wavelengths. Eye-protection devices which are specifically designed for
protection against the emitted wavelength of the laser should be used when
engineering and procedural controls are inadequate. All laser protective eyewear
shall be clearly labeled with the optical density values and wavelengths at which
the particular eyewear affords protection. The optical density of laser protective
eyewear at a specific wavelength.

2.1.4 Skin Protection

Skin protection may be required if one is likely to be chronically exposed
to scattered ultraviolet light, such as during excimer laser applications, or
acutely exposed to levels greater than the MPE for the skin. If exposure of the
body to a concentrated, high-power laser beam is likely, such as greater than 100
watts in a 1 cm diameter beam, then one must consider skin as well as eye
protection. One should always strive, if the laser application permits, to enclose
as much of the beam as possible, or to use protective barriers. Skin protection is
required when personnel are exposed to laser radiation greater than the MPE for
the skin.

Where personnel are subject to chronic skin exposure from UV radiation,
even at levels less than the MPE for the skin (e.g., certain excimer laser
applications), skin covers and/or ,,sun screen” creams are recommended.

2.2 Risk assessment

Risk assessment is a term used to describe the overall process or method
where you: ldentify hazards and risk factors that have the potential to cause
harm (hazard identification). Analyze and evaluate the risk associated with that
hazard (risk analysis, and risk evaluation).

A risk assessment is not about creating huge amounts of paperwork, but
rather about identifying sensible measures to control the risks in your workplace.
You are probably already taking steps to protect your employees, but your risk
assessment will help you decide whether you have covered all you need to.

Think about how accidents and ill health could happen and concentrate on
real risks — those that are most likely and which will cause the most harm.

2.2.2. Management
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The departmental management is responsible for guaranteeing a safe
working and healthful environment for its employees. The principal investigator
will ensure that all laser operators will be sufficiently trained to operate the
research lasers under their authorization and that all necessary safety controls
are operational and in place.

When new Class 3B or Class 4 lasers are acquired by a facility, Radiation
Safety should be notified so that the laser can be properly inventoried and
pertinent safety and operational information can be provided.

When Class 3B or Class 4 lasers are moved to another location or sent out
for surplus, the supervisor (or a designated individual) will notify the Radiation
Safety Office in order to update the inventory requirements.

2.2.2.1 Inventory requirements.

Personal Protection (PPE):

Eyewear in particular is a very effective control, if and only if, it has the
correct optical density (OD), and is actually worn. This is a control that is easily
defeated, however, such as when a laser operator decides to push his/her goggles
up on the forehead to ,,get a better view.”

Eyewear Requirements: Protective eyewear is required for all individuals
who are exposed to Class 3B and Class 4 laser radiation. The eyewear must be
labeled with the wavelength to be attenuated and the optical density (OD) for
each wavelength.

All eyewear should be inspected every six months to ensure that there is
no damage, such as cracks, scratches, holes, or discoloration. All eyewear
should fit the user well.

Eyewear Selection:

When selecting eyewear the following should be considered laser
wavelength or range, Optical Density (OD) for that wavelength or range,damage
Threshold of the eyewear (the maximum irradiance or beam power that the
eyewear will protect against for at least 5 seconds, visual transmittance of the
eyewear (how much visible light is transmitted to the eye), field of view and
curvature of the lens,goggles large enough to accommodate prescription
eyewear, ventilation to prevent fogging and general comfort, effect on color
vision, impact resistance and cost

Key Control:

Class 3B or Class 4 lasers or laser systems should be provided with a
master switch. This master switch shall affect beam termination and/or system
shutoff and shall be operated by a key or by a coded access (such as a computer
code). As an alternative, the master switch can be designed to allow system
activation using a momentary switch action (or alternative) that initiates system
operation with the option that the key (or alternative) can be removed after
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operation commences. In this mode, if the system ceases to operate, the key
switch (or alternative) must again be used to restart the laser or laser system.

Blocking barrier:

A blocking barrier, screen, or curtain that can block or filter the laser
beam at the entryway should be used inside the LCA to prevent the laser
radiation from exiting the area at levels above the applicable MPE. In some
cases, where the barrier does not extend completely to the ceiling or to the floor,
the LSO shall conduct an NHZ analysis to ensure safety is afforded to all
workers outside the barrier-protected area. Laser barriers shall be specifically
selected to withstand direct and diffusely scattered beams. The barrier shall
exhibit a damage threshold for beam penetration for a specified exposure time
commensurate with the total hazard evaluation for the facility and specific
application. Note: Flammability and decomposition products are important
factors to consider in the selection of the barrier material. All laser protective
barriers sold other than as an integral part of a product shall be labeled with the
barrier exposure time for which the limit applies and the beam exposure
conditions under which protection is afforded

Enclosed Beam Path:

In applications of lasers or laser systems where the entire beam path is
enclosed and the enclosure fulfills all requirements of a protective housing [i.e.,
limits exposure to laser radiation to levels at or below the applicable MPE, the
requirements of Class 1 are fulfilled and no further controls are required. When
the protective housing requirements are temporarily relaxed, such as during
service, the LSO shall affect the appropriate controls. These may include
establishing a temporary laser-controlled area and instituting appropriate
administrative controls Protective housings that are of sufficient size to allow
personnel within the enclosure require special interlocking

Laser Radiation Emission Warning:

Within the laser-controlled area, an audible or visible laser radiation
emission warning device (or emission indicator) should be used with Class 3B,
and shall be used with Class 4 lasers or laser systems during activation or
startup. The purpose of this radiation emission warning is to ensure that persons
already within the laser-controlled area are aware that a laser is emitting or is
about to begin emitting accessible laser radiation within the area. The most
common laser radiation emission warning device is a single (red) light located
on the laser or its control panel. This form of emission warning device is a
requirement for any Class 3B or Class 4 laser or laser system certified for
compliance with the CDRH or with IEC standards.

Laser Controlled Area:
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In the Laser Controlled Areas, the following must be designed into the
location.

NON-BEAM HAZARDS:

Non-beam hazards of laser systems may include electrical, fire, explosion,
other optical radiation hazards, compressed gases, cryogenic, toxic and
carcinogenic materials, noise, ionizing radiation and toxic air contaminants from
beam interaction with a target material.

These hazards must be evaluated separately by each principal investigator
for their specific laser system and appropriate control measures for these hazards
incorporated in the laser safety procedure. Additional information on specific
guidelines and evaluation of non-beam hazards may be obtained by contacting
EH&S, or reviewing the UCSB Laboratory Safety

Electrical:

The most lethal hazard associated with lasers is the electrical hazard.
Electrocution, burns and severe shock have occurred to a number of individuals
trouble-shooting or servicing laser equipment. To prevent electrical injuries, all
personnel should be adequately trained and the ,,buddy system” used whenever
working around high voltage laser power supplies. Training in Cardiopulmonary
Resuscitation (CPR) is recommended for all laser service personnel, research
personnel, and their assistants. Periodic refresher courses are also recommended.

Call the EH&S Training Coordinator for a list of CPR classes. The
following potential problems have frequently been identified during laser
facility audits: Uncovered or improperly insulated electrical terminals Hidden
,,power-up” warning lights.

Lack of personnel trained in CPR, or lack of refresher training. ,,.Buddy
system” not being practiced during maintenance and service. Non earth-
grounded or improperly grounded laser equipment. Non adherence to the OSHA
lock-out standard (29 CFR 1910.147). Excessive wires and cables on floor that
create a fall or slip hazard. Laboratory researchers have been killed or burned by
the hot gas plasma formed from arcing. 480 volt systems powering a laser, by a
simple thing as a metal pen falling out of one’s pocket, or by setting an
inexpensive multimeter to ,,ohms” and trying to measure 480 volts at unlimited
current. Facilities Management's Electrical Shop can provide assistance in fuse-
changing, or anything involving 480/277 volt work. For new 480 volt equipment
installations contact the Senior Electrical Power Engineer (x4315).

Laboratory lasers at UCSB are required to be supplied with the following
wall-type connections for operator safety: A fully fused, enclosed and rated
disconnecting means at the wall for ampacities over 30 amperes, at 208 or 480
volts. This provides a means for operator turn-off at the laser when working on
the laser.
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High-powered 480 volt lasers must be equipped with a full 600 V AC
disconnect switch and fusing means (locked), as well as a sign warning
operators of the extremely hazardous voltage and current available at the source
of laser power.

3.Conclusion:

Decisions regarding the allocation of future resources to attempt to reduce
the lack-of-knowledge, and gather new data, should take into consideration the
most influential input factors in the model and the cost of gaining new
information about these factors. Sensitivity analysis can be used to identify
which factors are most important in the model. Once so determined, the source
of its spread or distribution should be determined. If it has a significant
uncertainty component, further research can be used to reduce this uncertainty.
If, on the other hand, the distribution represents inherent variability, the spread
cannot be reduced.

The risk assessment methodology is mature and has been used on a
number of occasions by a number of different people. As stated above, it will
only become adopted by the laser display industry if they can see the benefits to
them, and these will normally be commercial benefits. Adoption by enforcing
officers should ensure a consistent approach across the UK.

The methodology could be programmed into a decision support system
which would be of value to the laser display company, the enforcing officers,
venue managers and the promoters. It is important that the methodology does
not become a ,,worked example”, which is copied for different performances
without consideration of the performance and/or venue specific issues. The
software developed for this application could be tailored to specific industries or
could be generic. Such an approach may be able to attract financial support from
government departments or regulators. 127 The existing guidance for the safe
use of lasers in the entertainment industry throughout the world has generally
been written by enforcing bodies and not by persons within the industry. The
initiative by the International Laser Display Association to develop its own
international guidance is to be welcomed. The research undertaken here will
hopefully be taken forward by the industry under the ILDA banner to provide
detailed practical guidance on how to undertake safe laser shows, the technology
required to ensure that they remain safe, and that the residual risks can be
assessed.

There needs to be a major investment by the industry either as individual
companies or collectively to consider what makes an impressive laser show. The
ability to arbitrarily scan laser beams in to audience areas for effect has stifled
the development of more impressive beam effects. Audience scanning generally
appears effective to a small proportion of the audience at a time, and these
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people are spending a significant amount of time recovering from eye exposures,
even at irradiance levels below the MPE. Beams projected just out of reach
above the audience should present the same impact to a much larger proportion
of the audience at a time. Laser show can be impressive and the risks can be
effectively managed. Hopefully, future research will not include studies of eye
injuries resulting from the use of lasers in this industry.
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LASER SAFETY IN MILITARY ENVIRONMENT

Lyubomir Linkov, Ivan Ninov

Abstract: With the development of technology, is increasingly observed the use of
laser systems to deal with certain problems and tasks. The developments of the military-
industrial complexes are aimed at the invention of modern weapons using laser systems for
surveillance, targeting and destruction. Here arises the need to solve the problems of laser
safety and protection, and the accompanying safety measures as an integral part of the
training of military personnel at all levels in the army.

Keywords: laser, laser safety, laser in army, laser hazards, Light Identification
Detection And Ranging (LIDAR)

1. Introduction:

With the advancements in modern technology, new equipment and
materials have been develop that can improve the quality and longevity of dental
treatment, resulting in better comfort, safety and excellent patient acceptance.
,Laser” is a synonym for ,light amplification by stimulated emission of
radiation”. First principle of the laser was known in 1917 when physicist Albert
Einstein described the theory of stimulated emission [1, 5, 6].

The main task facing users of laser systems, regardless of where they are
in industry or the military is to create and maintain a laser-safe environment for
both personnel and casual people in the danger zone of laser radiation [2, 7, 9].

Characteristics of Laser radiation

Coherence — Visible light receives its emission from excited electrons
(electrons of the higher energy level) are moved down to the lower energy level.

Directionality — In conventional light sources like lamps, torchlights,
electric bulbs, etc, photons move at random points. As such, these sources
scatter light in all possible directions. The lasers emit light in a particular
focused direction.
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Monochromatic — Monochromatic light means a light beam which
contains a single wavelength. Photons that originate from natural light sources
contain a range of energies, wavelengths, and colors [3].

Wave intensity is the energy flowing through a unit normal area per unit
time. Light from an ordinary source spreads out in all directions. The light of a
laser is focused in a particular direction.

Electromagnetic Spectrum — The primary wavelengths for lasers include
the ultraviolet, visible and infrared regions of the spectrum. Ultraviolet radiation
for lasers consists of wavelengths between 180 and 400 nanometers (nm). The
visible region consists of radiation with wavelengths between 400 and 700 nm.
This is the portion we call visible light. The infrared region of the spectrum
consists of radiation with wavelengths between 700 nm and 1 mm.

The color or wavelength of light being emitted depends on the type of
lasing material being used. For example, if a Neodymium: Yttrium Aluminum
Garnet (Nd: YAG) crystal is used as the lasing material, light with a wavelength
of 1064 nm will be emitted. Table 1 illustrates various types of material
currently used for lasing and the wavelengths that are emitted by that type of
laser. Note that certain materials and gases are capable of emitting more than
one wavelength. The wavelength of the light emitted in this case is dependent on
the optical configuration of the laser [4].

With all these capabilities, however, sometimes it seems that news of laser
weapons has been played out. Since the 1960s, engineers and science fiction
writers The U.S. Navy is set to complete installation of the High Energy Laser
and Integrated Optical-dazzler and Surveillance (HELIOS) system aboard the
destroyer USS Preble sometime this year.

The U.S. Navy is set to complete installation of the High Energy Laser
and Integrated Optical-dazzler and Surveillance (HELIOS) system aboard the
destroyer USS Preble sometime this year.

The primary concern in laser safety is the possibility of eye injury. A
secondary one is damage to the skin. Biological effects of laser light may
depend on a number of factors including the wavelength of the light; its power;
whether it possesses a continuous wave nature or is pulsed; or whether it is the
result of a direct exposure of laser light rather than a diffuse reflection. Lasers
has to be treated with great respect and caution.

2. Laser Classes:

The International Electro technical Commission (IEC) is a global
organization that prepares and publishes international standards for all electrical,
electronic and related technologies [10]. The IEC document 60825-1 is the
primary standard that outlines the safety of laser products. Classification is
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based on calculations and determined by the AEL as with the ANSI standard,
but the IEC standard also incorporates viewing conditions:

Class 1 lasers are very low risk and ,,safe under reasonably foreseeable
use”, including the use of optical instruments for intra beam viewing.

Class 1M lasers have wavelengths between 302.5 nm and 4000 nm, and
are safe except when used with optical aids (e.g. binoculars).

Class 2 lasers do not permit human access to exposure levels beyond the
Class 2 AEL for wavelengths between 400 nm and 700 nm. Any emissions
outside this wavelength region must be below the Class 1 AEL.

Class 2M lasers have wavelengths between 400 nm and 700 nm, and are
potentially hazardous when viewed with an optical instrument. Any emissions
outside this wavelength region must be below the Class 1M AEL.

Class 3R lasers range from 302.5 nm and 106 nm, and is potentially
hazardous but the risk is lower than that of Class 3B lasers. The accessible
emission limit is within 5 times the Class 2 AEL for wavelengths between 400
nm and 700 nm, and within 5 times the Class 1 AEL for wavelengths outside
this region.

Class 3B lasers are normally hazardous under direct beam viewing
conditions, but are normally safe when viewing diffuse reflections.

Class 4 lasers are hazardous under both intrabeam and diffuse reflection
viewing conditions. They may cause also skin injuries and are potential fire
hazards.

3. LASERS IN THE MILITARY

3.1Military Interest in laser systems

Researchers at the Defense Department’s Advanced Research Projects
Agency (ARPA) and military services’ research and development (R&D)
laboratories, including the Army’s R&D labs at Pica tinny Arsenal, New Jersey,
and Ft Monmouth, New Jersey, quickly recognized that laser energy possessed a
number of special properties, not least of which are spatial and temporal
coherence. Coherent and almost parallel beams of light can achieve extremely
high radiation densities when tightly pulsed and highly focused, creating
transitory temperatures exceeding those on the sun’s surface.

Impressive though they are, even today’s most modern laser applications
still pale in comparison to the power and efficiency of those depicted in science
fiction. Early military applications were all the more benign by contrast. The
original ruby lasant was applied to a number of applications with military
potential. Within a year of Maiman’s original achievement, the first prototype
military laser device — an artillery laser rangefinder — had been designed and
built. In much the same way that radar modernized air operations, some
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visionaries believed the laser could fundamentally change future battlefields
across a wide spectrum of military functions.

4. Types of laser systems in the military.

4.1. Aiming Lasers

Although the handheld TD-100 laser marker is often described as an
,,aiming laser,” this term is now more commonly used to describe systems that
are fitted onto weapons. These include the families of the AN/PAQ-4 and the
AIM-1 systems (International Technologies Ltd), which fit many individual and
crew-served weapons used by the US Army and Marine Corps. In a similar
category are the handheld, clip-on, or finger-mounted ground commander’s
pointer and air commander’s pointer. These pointers are small infrared aiming
lasers that can be used with night vision devices to identify and illuminate
targets at night. They are used by all US military services. 6 other aiming lasers
also exist.

4.2. Laser Training Devices

Laser training devices have been in use since the late 1970s. The multiple-
integrated laser engagement system (MILES) is a training system that provides a
realistic battlefield environment for soldiers involved in direct fire, force-on-
force training exercises that utilize tactical engagement simulation and eye safe
lasers.

4.3. HEL

High-energy laser (HEL) as one that could produce an output energy of 10
KW. That criterion was quickly raised to 100 kW, and then to 400 kW. Within
the Department of Energy, the megawatt-class laser was considered a HEL. As a
practical matter, the term ,,HEL” is one whose output causes the destruction or
mission-neutralization of a target, whether it is an electro-optical missile seeker,
a helicopter in attack mode, an intercontinental ballistic missile in flight, or a
satellite in orbit. For example, mounted on a tracked vehicle, a single-kW (but
more likely 10-kW) laser might be considered a HEL. However, for the
purposes of this section, ,,HEL” will refer to any laser that satisfied or exceeded
ARPA’s original definition (10 kW).

4.4. Airborne Laser Laboratory

With these objectives met, the next logical step was to install a HEL in an
airframe as a weapon testbed. In March 1972, the Air Force Weapons
Laboratory took possession of a Boeing NKC-135A aircraft and instrumented it
with a 400-kW CO2 GDL. The system was integrated with a Hughes optical
pointing and tracking system and a Perkin Elmer dynamic alignment system to
become the Airborne Laser Laboratory, a program platform that lasted 11 years
and was successfully used to shoot down five AIM-9B Sidewinder air-to-air
missiles in 1983.39
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4.5. Unified Navy Field Test Program

While the US Army tested the MTU, the US Navy entered the HEL arena.
In 1978, the Navy mated a 400-kW TRW Inc (Cleveland, OH), deuterium-
fluoride HEL with a Hughes pointer-tracker. Dubbed the Unified Navy Field
Test Program, this system destroyed four out of five tube-launched, optically
tracked, wire-guided antitank missiles in flight. Later, a UH-1 Iroquois
helicopter was targeted and destroyed.

4.6. Close-Combat Laser Assault Weapon

In the early 1980s, the US Army commenced development of a laser
system known as the close-combat laser assault weapon (C-CLAW), nicknamed
,,Roadrunner.” The C-CLAW used modestly low-powered lasers to attack and
neutralize electro-optic sights, night vision equipment, and helicopter canopies.
The system employed the primary frequency of pulsed CO2 at 1 kW and both
the primary and doubled frequencies of Nd: YAG. As a consequence of the
latter, the system was quite capable of inflicting severe damage to enemy eyes,
although these were not its intended targets.

4.7. Laser Diode Illuminator

The US Air Force also developed the LX-5 Laser Diode Illuminator,
which is a compact, lightweight system for illuminating the battlefield at night.
The LX-5 operates in the near-infrared range and is used with night vision
goggles. The system uses 230 W of power at 28 V and provides up to 9.5 W of
illumination, adjustable from spot to floodlight size. Completely self-contained,
the LX-5 can be operated by battery pack or platform electrical system.

4.8. Rapid Optical Beam Steering

The rapid optical beam steering (ROBS) system is a one-of-a-kind laser
radar system operating at White Sands Missile Range. ROBS utilizes a 0.5-m
aperture optical system, two tunable 3- to 5-um imaging cameras, and a CO2
laser radar for range and Doppler measurements. The optical system is based on
a roving fovea design, enabling signal target tracking over large angles at a high-
track update rate and rapid retargeting among multiple targets. Although this is
currently a singular system, it hints at what is possible. 52 A transportable
ROBS system was under development in 2003.

4.9. Laser Navigation Systems

A host of laser navigation systems, laser inertial navigation systems, and
laser inertial navigation attack systems has also been in use by the military for
many years. These systems employ a three-axis ring laser gyroscope and laser
inertial navigation system. Carrier aircraft use one of several generations of
carrier aircraft inertial navigation systems.

4.10. Laser Spot Tracker
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Numerous laser spot trackers are also in service. Normally aircraft
associated, these devices lock onto the reflected energy from a laser-marked or
designated target and define the direction of the target relative to itself. The pilot
can then self-designate the target for an LGM, relay target coordinates, or select
another type of precision or conventional munition for delivery to the target.
Once the laser spot tracker achieves target lock, the operator who designated the
target can cease designation activity and exit the area or designate another
target.

4.11. LiDAR

Light Detection and Ranging (LIDAR) sensors provide high-resolution, 3-
dimensional (3D) geospatial data. Using capabilities developed and refined
under the Rapid Terrain Visualization Advanced Concept Technology
Demonstration (RTV ACTD), the AGC continues to perform LIDAR data
collections, exploit LIDAR data for operational support, and research LIDAR
technologies. LIDAR data can be used as a stand-alone product, or as an
accurate foundation for rectifying and draping high-resolution imagery.

Provides a way to see urban areas in rich 3-D views that give tactical
forces unprecedented awareness in urban environments. LIDAR data is both
high-resolution and high-accuracy, enabling improved battlefield visualization,
mission planning and force protection. LIDAR also supports automated
extraction of urban features like buildings and trees-a critical technological
improvement for constructing simulation databases rapidly.

Other data collections for training, research, and system development take
place as required. Distribution of data from the archive of LIDAR holdings is
continuous and ongoing. Data distribution is accomplished via DVD, hard drive,
and web-based downloads on all DoD networks. High-altitude LIDAR
collectors have been demonstrate in Afghanistan, and the next generation of
high altitude systems is in development.

6. Laser Safety and Interaction of the laser beam with the biological
tissue

6.1. Types of Beam Exposures

Exposure to the laser beam is not limited to direct beam exposure.
Particularly for high powered lasers, exposure to beam reflections may be just as
damaging as exposure to the primary beam [8].

Intra beam exposure means that the eye or skin is exposed directly to all
or part of the laser beam. The eye or skin is exposed to the full irradiance or
radiant exposure possible.

Specular reflections from mirror surfaces can be nearly as harmful as
exposure to the direct beam, particularly if the surface is flat. Curved mirror-like
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surfaces will widen the beam such that while the exposed eye or skin does not
absorb the full impact of the beam, there is a larger area for possible exposure.

A diffuse surface is a surface that will reflect the laser beam in many
directions. Mirror-like surfaces that are not completely flat, such as jewelry or
metal tools may cause diffuse reflections of the beam. These reflections do not
carry the full power or energy of the primary beam, but may still be harmful,
particularly for high-powered lasers. Diffuse reflections from Class 4 lasers are
capable of initiating fires.

Whether a surface is a diffuse reflector or a specular reflector will depend
upon the wavelength of the beam. A surface that would be a diffuse reflector for
a visible laser may be a specular reflector for an infrared laser beam.

6.2. Eye.

The major danger of laser light is hazards from beams entering the eye.
The eye is the organ most sensitive to light. Just as a magnifying glass can be
used to focus the sun and burn wood, the lens in the human eye focuses the laser
beam into a tiny spot than can burn the retina. A laser beam with low divergence
entering the eye can be focused down to an area 10 to 20 microns in diameter.

The laws of thermodynamics do not limit the power of lasers. The second
law states that the temperature of a surface heated by a beam from a thermal
source of radiation cannot exceed the temperature of the source beam. The laser
Is a non-thermal source and is able to generate temperatures far greater than it's
own. A 30 mW laser operating at room temperature is capable of producing
enough energy (when focused) to instantly burn through paper.

Per the law of the conservation of energy, the energy density (measure of
energy per unit of area) of the laser beam increases as the spot size decreases.
This means that the energy of a laser beam can be intensified up to 100,000
times by the focusing action of the eye. If the irradiance entering the eye is 1
mW/cm2, the irradiance at the retina will be 100 W/cm2. Thus, even a low
power laser in the milliwatt range can cause a burn if focused directly onto the
retina.

NEVER point a laser at someone's eyes no matter how low the power of
the laser.

6.2. Skin

Lasers can harm the skin via photochemical or thermal burns. Depending
on the wavelength, the beam may penetrate both the epidermis and the dermis.
The epidermis is the outermost living layer of skin. Far and Mid-ultraviolet (the
actinic UV) are absorbed by the epidermis. A sunburn (reddening and blistering)
may result from short-term exposure to the beam. UV exposure is also
associated with an increased risk of developing skin cancer and premature aging
(wrinkles, etc) of the skin.
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Thermal burns to the skin are rare. They usually require exposure to high-
energy beams for an extended period. Carbon dioxide and other infrared lasers
are most commonly associated with thermal burns, since this wavelength range
may penetrate deeply into skin tissue. The resulting burn may be first degree
(reddening), second degree (blistering) or third degree (charring).

7. Laser safety in the military

The policy on range laser safety is dominated by two principal
requirements: The first isto ensure that all service personnel and civilians on or
around training areas are protected from exposure to hazardous levels of laser
radiation. The second is for realistic training to be possible whilst all guidelines
and legal requirements (both civilian and military) are adhered to. This is a
challenging.

When the laser hazard class is unknown, or when the laser has been
modified and the hazard class has changed, the Laser Safety Officer must be
contacted to evaluate and classify the laser system.

The four laser hazard classes, along with their subdivisions, are:

Class 1 lasers are considered safe based on current medical knowledge.
This class includes lasers which cannot emit levels of optical radiation in excess
of the exposure limit for the eye (i.e. Maximum Permissible Exposure) under
any exposure condition inherent in the design and intended use of the laser. A
Class 1 laser system may contain a more hazardous laser embedded in the
enclosure, but no harmful levels of the laser radiation can escape the system
enclosure. For Class 1 lasers containing an embedded higher class of laser, the
enclosure must be interlocked.

Class 2 lasers operate in the visible wavelength region (400-700 nm), are
sub-divided into Classes 2a and 2, and are considered low-power lasers
operating at less than 1 m\W.

Class 2a lasers are not intended for prolonged viewing of the beam, but
under normal operating conditions would not be hazardous if viewed directly
(i.e. intrabeam viewing) for periods not exceeding 1,000 seconds. Class 2 lasers
are not considered hazardous for momentary viewing of the direct beam for up
to 0.25 seconds (i.e., aversion response time).

The aversion response, blinking of eye and turning away, will afford
ample protection from the beam of all Class 2 lasers. However, a Class 2 laser
beam could be hazardous if one were to intentionally overcome the aversion
response and stare directly into the beam for longer than 0.25 seconds. As a
comparison, conventional bright light sources are also considered

Class 3 laser system can emit any wavelength, but cannot produce a
hazardous diffuse reflection unless viewed for extended periods at close range or
with collecting optics. Class 3 is subdivided into Class 3a and Class 3b. Class 3a
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lasers would normally not present a hazard if viewed directly for momentary
periods with the unaided eye (i.e., without collecting optics) and operate at 1 to
5 mW for those emitting a continuous wave beam. Class 3b lasers operate at 5 to
500 mW for continuous wave. The beam from all Class 3 lasers are not
considered a fire, skin, or a diffuse reflection hazard.

Class 4 laser systems can emit any wavelength, exceed 500 m\W, and are
considered a fire, skin, and a diffuse reflection hazard. The most stringent
control measures have been established for these lasers.

7.2. Maximum Permissible Exposure

Maximum Permissible Exposure (MPE) levels have been established by
ANSI Z136.1 for various laser wavelengths and exposure durations. The MPE is
the level of laser radiation to which a person may be exposed without hazardous
effect or adverse biological changes in the eye or skin. In most cases, it is
unnecessary to make use of the MPE directly, if the laser hazard class is known
and appropriate controls for that hazard class are implemented. Since the
determination of the MPE for various wavelengths and exposure situations can
be quite complicated, the complete ANSI Z136.1 standard or the Laser Safety
Officer should be consulted for further information. It is good practice to
maintain exposure levels as far below the MPE values as possible. One reason is
that exposure to levels at the MPE values may be uncomfortable to view or feel
upon the skin. MPEs for the eye and skin, along with correction factors for
certain wavelengths.

8. Conclusion:

The invention of the laser was very quickly and successfully applied to
military tasks involving line of sight from laser to target, including range
finding, target illumination, marking, and designation. The latter evolved
concurrently with the ability to place laser seekers on maneuverable munitions.
These applications involved low-energy lasers. Weapons required higher
energies.

As technologies matured, higher-energy lasers were again investigated,
this time with an expectation of fielding a system. The first efforts were again
too large, too complex, too dangerous, too expensive, or a combination. Only at
the lower end of high energy were successful systems deployed, due entirely to
breakthrough advances in solid-state laser technologies.

The United States has not been alone in its efforts to develop lasers for
use on the battlefield. The former Soviet Union (now Russia), France, Germany,
the United Kingdom, and China are five of the nine or ten nations that have tried
or succeeded in developing laser weapons. As far as is known, all have
abandoned the search for a megawatt class of weaponry and, instead, have found
promise in the revolution in SSLs, especially fiber SSLs.
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In conclusion, it can be emphasized that the assessment of the risk of laser
radiation in the dynamic conditions of the army and in terms of the huge variety
of strategic and tactical laser systems used in air and water field conditions is an
extremely difficult task that requires highly trained professionals, at each level
of the army structure. Laser safety and risk assessment must be the task of the
entire officer corps.
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Summary: We are at a fairly critical point in this war, where it is difficult to say what
will happen next. The forces of the parties are actually aligning thanks to massive Western
aid for Ukraine. Therefore, in order to upset the balance or end this unfavorable conflict,
Russia may follow a path consistent with the escalation doctrine. After achieving all-out war
and carrying out criminal activities, there is a risk of using nuclear weapons as the final
argument to end the present conflict. This may be a warning nuclear strike, somewhere high
in the air, over the Black Sea, but with a simultaneous message to Ukraine to end the war and
accept their terms.
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The longstanding efforts of the international community writ large have to
exclude weapons of mass destruction (WMD) from international competition
and conflict. The proliferation of these weapons is likely to be harder to prevent
and thus potentially more prevalent. [6] The threat of exposure of the civilian
population to nuclear, biological, and chemical agents, which has traditionally
been considered a military issue, has increased due to the potential causes from
direct military attacks, stolen weapons of mass destruction (WMDs), acts of
terrorism, and industrial accidents and disasters. Based on mass casualty effects,
the release of such CBRN agents might create thousands of casualties, thereby
overwhelming local health and medical resources. [7]

At the moment, in the military field, we can speak of a level playing field
on the eastern and southern fronts. This state should persist, assuming that the
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massed western side will reach the Dnieper, where the main fighting is currently
taking place. However, it is harder to talk about a situation of final victory for
one of the sides.

In general or strategic terms, however, we can say that Russia failed
because it did not win the war right away, it did not defeat Ukraine at the very
beginning. In addition, the Ukrainian army of the battle in Donbas does not have
to lose (although most information indicates that it will not lose anyway)
without defeating the Russian army.

Therefore, we should draw our attention to the forecasts of the stalemate
in eastern Ukraine. Such a situation would force both sides to an initial truce and
continue peace talks (which may last for years) so that the hostilities would be
stopped. In a military sense, it is a matter of weeks of armed struggle, which
may be followed by truce negotiations in the summer, but there is no indication
that this war can be ended by victory by either side.[1]

There is no indication of the possibility of surrender to either Russia, the
nuclear power, or Ukraine, whose strength is the determination and will of the
entire nation. It can be assumed that armed struggles will continue for some
time, followed by a ceasefire, perhaps the introduction of some international,
peaceful forces on the line of contact, and then a long-lasting search for a
solution to this frozen conflict, of a scale largely dependent on the course of the
battle in Donbas, giving Russia the opportunity to continue manipulating and
propaganda activities.[2]

At the very beginning of the conflict, the possibility of using nuclear
weapons was minimal, but today, unfortunately, it can be assessed as quite
probable. In the course of the conflict in Ukraine, we can see a certain pattern of
behavior that Russia uses in the conduct of its activities. This doctrine could be
summed up in a simple phrase: If you start losing a war, escalate it. For the best
way to avoid losing a war that has already been lost is to escalate it to ever
greater levels of violence.

We see the application of this doctrine and its stages in the intensity of the
activities carried out. The conflict began with expeditionary operations to enter
roads and highways quickly and deeply so that Ukraine would fall without the
need for major armed struggles. The master plan did not bring results, so Russia
escalated the conflict into a total war. We can see the change in the nature of the
activities carried out in the intensification of the massive bombing of civilian
infrastructure, cities and people in order to intimidate the population and put
pressure on the authorities.[4] It turned out that the determination of the
Ukrainian people to fight is stronger than initially assumed, therefore another
escalation took place, which turned the total war into a terrorist or criminal
conflict.[3] This is confirmed by the published evidence of the use of war crimes
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on a massive scale, which refer to, for example, genocide. Terror is used on a
massive scale.

This escalation trend in the Ukrainian war is very evident, but it is
especially dangerous if Russia were indeed to receive a staggering, if not
knockout, blow. Even assuming that Russia wins the battle in Donbas, it will not
stop, it will continue with its escalation philosophy to continue its offensive on
Odessa in order to take over the entire southern Ukraine, establish Novorossia
there, which Putin talked about in previous years, and connect to Transnistria.
At this point, the possibility of using weapons of mass destruction as another
level of escalation of the conflict cannot be ruled out. It would not have to be
associated with the direct use of nuclear weapons, but e.g. provocative activities
aimed at the use of various chemical, biological or radiological agents, i.e.
weapons below the nuclear threshold.

In support of the above statements, the recently published leaks, signals
and information about the Ukrainian laboratory discovered by the Russians in
which research on the development of chemical and biological weapons in
cooperation with the Americans and the British were conducted. Additionally,
quite incomprehensible actions in the area of Chernobyl and during the capture
of the nuclear power plant in Enerhodar.[4] These behaviors should be treated as
laying the foundations for Ukraine's future accusations of using chemical and
biological agents or the preparation of radioactive materials by using them in a
provocative manner. This could significantly contribute to the weakening or
collapse of the strong will of the Ukrainian people, which would make it easier
for Russia to continue the implementation of its original plans.[5]

At present, it can be estimated that such a development of events will not
take place, taking into account the course of the war to date, Russia could
proceed with the implementation of its doctrine of the so-called nuclear de-
escalation of war conflict.[1] This doctrine assumes that if Russia waged some
conventional war and began to lose it, mainly NATO, which would threaten
important strategic interests of the state, it is ready to use tactical nuclear
weapons as a warning by causing a small nuclear explosion somewhere high
above the sea or in the air which would give a clear message to the other side
that the war is over, but what has already been won or taken over will be
retained.[4] As we would be on the brink of nuclear war, such actions would
convey a clear message that Russia is determined to carry out this type of action.

In the context of the war with Ukraine, which is not a nuclear opponent, it
may be a warning attempt, e.g. on the Black Sea, to convey the message that this
war should be ended on Russian terms because by continuing to act, they can
only lose.[1] This scenario is becoming serious today and should be taken into
account as it is behind another escalation level, i.e. the use of low-power tactical
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nuclear charges to destroy selected strategic objects on the Ukrainian side. This
could be a precisely targeted attack on military depots, warehouses or bases, etc.
This was the end of the conflict, after which Ukraine could only go on to
conduct capitulation talks. as in the case of Japan after the impacts of Hiroshima
and Nagasaki where the mere use of dirty bombs caused a collapse of the will.

Fear of nuclear weapons is an extremely important factor in conflict
management, especially according to the Russian de-escalation doctrine. It
follows that even a small use of nuclear weapons can lead to uncontrolled
escalation, to the use of strategic nuclear weapons and the exchange of such
strikes on a large scale, on a global scale, which could lead to the extermination
of not only these countries.[1] For example, if several hundred such nuclear
charges fell on Russia and the USA, these nations would almost cease to exist,
and it is not even known what the global effect of such strikes would be.

In current trends, we can define two approaches to the use of nuclear
weapons. The former describes nuclear weapons as a tool not to win the war but
to conduct activities aimed at preventing war by intimidating or deterring the
enemy. Nuclear weapons are more of a political weapon here, the second
approach is clear that nuclear weapons are for winning wars. As soon as the
Americans had nuclear weapons, the main strategic concept was massive
nuclear retaliation: in the event of aggression, a massive and devastating attack
was to be carried out on the aggressor, and thus the nuclear weapons alone
would be sufficient to ensure safety [1, 4]. But when the USSR also obtained
nuclear weapons, such a strategy turned out to be insufficient and the concept of
flexible response was adopted, including the possibility of conducting a nuclear
war. Initially, it was assumed the possibility of a controlled escalation of war, at
first with a low intensity and, in the event of an unresolved issue, moving to the
next escalation levels. However, the prevailing opinion was that nuclear
escalation could not be controlled, it was difficult to limit it and treat it as a
single act leading to almost unpredictable consequences, rather than consciously
controlling their sequence. Therefore, the concept of escalating warfare fell in
favor of the idea of nuclear weapons as a tool to prevent warfare. However, the
Russian doctrine presents a new view on the use of nuclear weapons, which was
inadvertently revealed by General J. Batujewski, former chief of the Russian
General Staff, that it is possible to use nuclear weapons as a warning to de-
escalate a conflict that Russia is losing as a peculiar means of surviving a
conventional war [4, 8]. This is the de-escalating doctrine that the Russians may
apply in the present Ukrainian war, if they find themselves against the wall, or
Putin forcibly wants to achieve a greater goal than is suggested by the course of
the conventional war with the Ukrainian army [1].

278



Bauskuar Kocmoc — o011a nesr’ 2022

Therefore, one should ask the question what would happen if Russia had
used nuclear weapons in accordance with its doctrine. Ukraine is not a nuclear
power, it is not a member of the nuclear alliance. It is also not a member of
NATO and therefore it cannot nuclear deter Russia or use the protection of the
allied nuclear deterrence system. Therefore, Ukraine would probably have to
capitulate [1. 9]. However, it should be added what effects this would have for
Russia itself. It would become a country politically marked as having gone so
far as to use this type of weapon, which could lead to even greater isolation on
an unprecedented scale, as is now the case with sanctions.

So, going to the summary, although at the beginning of the war the
possibility of using weapons of mass destruction existed but the chance of using
them seemed extremely small, at the moment considering Russia as a state that
is deliberately destroying the Ukrainian nation with mass murder and terrorist
methods, it is in my opinion, the probability of an escalation of the war in
Ukraine along with the transition to weapons of mass destruction or, in
particular, nuclear weapons becomes something that cannot only be excluded,
but which should be taken into account very seriously.
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Abstract: Research in the field of laser initiating of explosives is derived from the need
for versatile, fast-acting, and reliability. Ideally, the laser device can meet the criteria for use
required by sensitive explosive materials, respecting the necessary safety measures for
personnel when operating it. In essence, the surface of the explosive material will be in direct
contact with the pulsations of the laser device, thus initiating it. In another context, the laser
may represent the momentum through which the electrical-pyrotechnical circuit used for
initiation is actuated. The radiation of the laser beam, its divergence and pulse duration can
vary considerably depending on the intensity and power of the laser, characteristics that will
be taken into account when initiating each explosive.
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Introduction

Today humanity enjoys widespread automation, integrated systems based
on artificial PC intelligence and advanced research in the scientific fields. In the
military field, the use of laser is a necessity because, on the one hand, the
military must carry out high-risk missions to which they are exposed, and on the
other hand, missions without interventions, but extremely important that require
increased attention for a long period of time [4, 8].

It has been almost a decade since the photoelectric effect was completed
with the advent of the laser device, and since then it has undergone a multitude
of changes that are today the subject of a very valuable and important scientific
discovery.

Basically, a laser device or scientifically speaking, a laser oscillator
consists of three main elements: The first is the active medium, in which atoms
in a higher energy state than equilibrium is found. Through this medium, the
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amplification of incident light radiation or even its emission and amplification
occur.

The excitation system, the second element of the laser, is necessary for
obtaining atomic systems with several atoms in a higher energy state. It is worth
noting that there are several ways to achieve the excitation of atoms in the active
environment, depending on the nature of the environment [3, 5, 9].

The optical resonator, the last component of the laser device, is a system
of lenses and mirrors necessary for the optical processing of the emitted
radiation. The laser beams are perfectly parallel when exiting the active
medium, and the optical resonator thus manages to achieve their concentration at
a well-calculated point, or also their dispersion.

The initiation of the most powerful explosives is carried out either
directly, the laser wave being propagated directly on the surface of the
explosive, by heating to be initiated, or by means of a metal sheet applied to the
surface of the explosive that the laser pulsations heated and which generated a
quantity of heat that initiated the explosive material.

1. Direct initiation of explosives with the laser device

Studies of the initiation of explosives by optical means began shortly after
the laser appeared. The wavelength used was usually between 0.266 and 1.06
um. The initiation was carried out with energies below 10 J (joules), with
radiant exposure measured in (J/cm? and irradiation in (W/cm?). The variety of
lasers included Ruby, CO,, Excimer and ND-YAG. All lasers were operated via
pulsations to emit radiation measured in (GW/cm?) range.

Apart from the safety measures needed by staff when operating these
high-power lasers, it is also important to know the limitations of the laser.
Exposure to radiation from the output of the beam from the device, its
divergence and pulse duration can vary considerably depending on the output
energy. To overcome these problems, it is recommended that the beam intensity
at the target is attenuated by external filters while operating the laser without
interruption. The attenuator consists of a half-wave plate and a polarizing prism.

When the laser pulse is used in a concentrated way, the power handling
capacity of the optical components must be carefully specified. In addition, in
the case of irradiation with a size greater than 50 GW/cm?, it should be noted
that it is possible to break down the gas at room temperature and that this may
affect laser interactions and target targets. For this reason, laser studies requiring
high radiation are frequently performed at low ambient pressures.

In this approach, laser light interacts directly with the explosive sample.
The explosive is usually pressed into a container that may have a window. If
used, the window provides insulation. The procedure is shown in Figure 1.
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Sensitivity of PETN, HNS, HMX and RDX was observed at direct laser
initiation. The parameters of interest were: Density, particle size, specific
surface (SSA), wavelength, pulse duration, beam point size and insulation
materials used.

The researchers used a ND: YAG laser (1.06 um) against the high density
(1.7 g/lcm®) of PETN at a maximum intensity of 105 GW/cm?2. Their one-
dimensional calculation indicated that surface pressure would reach 500 GPa
(Giga pascali) for a radiation of 103 GW/cm3 This was considered an
overestimation because in reality the interaction is not one-dimensional.
However, PETN was successfully initiated at ~103 GW/cm? with a beam size of
approximately 1 mm. However, it was found that at smaller beam sizes of the
order of 250 um, detonation could not be achieved at even 105 GW/cm?. It has
been found that the initiation energies for PETN are virtually independent of the
wavelength for a ND: YAG operating at 0.355, 0.532 and 1.06 um. The
initiation energies were 7 mj at the two smaller wavelengths and 10 mj at the
longer wavelength. The radiation was approximately 0.2 GW/cm? in each case.

Explosive
Focusing lens
Laser beam (j>>~ ; }
/ __________ )
Window \
Container

Fig. 1. Schematic of the method typically employed for direct laser initiation [1]

RDX was also successfully initiated with laser excimer at 0.308 um and a
ruby laser at 0.694 um. No details on the type of RDX were provided and no
other exercises performed with RDX were reported. Attempts to initiate pure
HNS have so far failed even with an SSA of up to 13 m?/g and a radiation of 10
GW/cm?,

The most important aspect determined by direct laser initiation studies
was the process of fine-detail decomposition of explosives. RDX and PETN,
explosives subjected to such investigations, have undergone surface
modifications in the form of craters, which are micrometer in size, subsequently

283



Bauskuar Kocmoc — o011a nesr’ 2022

discovering the possible routes of reaction of the explosives to direct laser
ignition.

2. Initiation of laser-driven explosives on a strip of glass
placed on the surface of the explosive

In this experiment, a glass window, a thin metallic layer on the inside of
the window, and the explosive to be initiated are used. Following laser action,
the closed metal layer explodes, generating a shock that ignites the adjacent
explosive. This approach is also known as EBW mode, and is shown in Figure
2.

Metal film J
Explosive
Focusing lens
A /1
Laser beam WJ>>~ »
Window
Container

Fig 2. Schematic employed for laser initiation of HE in contact
with a thin metallic foil [2]

The shock generation was studied this time on 26 different materials with
thicknesses between 0.004 um and 1 um, and limited between two glass slides.
As a result, if one of the closing glass slides is replaced by a porous explosive,
the low air impedance tends to reduce the maximum voltage. However, local
stresses generated inside the explosive may depend on explosive morphology
and plasma expansion rate, rather than the presence of air.

For PETN in the form of fine grain (<40 um) at density 1.58 g/ cm® and
RDX at density 1.18 and 1.52 g/ cm?, detonations took place at a much shorter
distance than for tests where the explosives were made of larger granular
material. The results indicated that as the density of the explosive increased, the
radiation threshold also increased. PETN has been found to have a lower
radiation threshold than RDX; 1.4 GW/cm? compared to 5 GW/ cm?,

The effect of film thickness on the energy required to exceed the initiation
threshold was examined. It was found that smaller radiant exposures were
required for thinner strips. It has been suggested that the thinner film forms a
plasma in direct contact with the explosive. [3, 6]
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It was also attempted to separate the explosive sample from the metal
layer by an air gap. The researchers show that to provide heat to heat such a
layer is only required about 10 mj. Therefore, in multi-GW/cm? laser irradiation
with sub-millimeter beam dimensions and pulse duration < 10 ns, a very dense
plasma can form and reach very high temperatures.

Following laser irradiation of the metal sheet, the created plasma expands
adiabatically, sending a shock into the target explosive material. The result was
that the transformed plasma provides a shock wave-like force and that its initial
transformation can begin after 8 ns before reaching the maximum power
rendered by the laser pulse [1, 7].

Its blowing speed or released pressure continues to increase as maximum
plasma condensation capacity is reached. Changes to the target material are
made at very high speed.

The characteristics of the initiation plate is an important aspect in the
understanding and implementation of the laser initiation of explosives. Laser-
driven plates have a rapid acceleration of approximately 1010 m/s and reach
90% of the maximum initiation speed in about 20 ns.

Precise time, rapid response, low electromagnetic vulnerability and low
explosive sensitivity to initiate are requirements for effective initiation. The
ability to port light in different ways and initiate even through optical fibers
offers added versatility. It is obvious that both direct laser initiation and laser
initiation through thin strips of metal and glass in contact with explosives are
unacceptable for incorporation into modern and military wear. The production
of a shock-triggering plate that initiates the explosive has successfully detonated
HN. Currently, the only viable approach to laser initiation of explosives is
therefore through the metal and glass plates on which we operate laser.

Conclusion

Currently, the size, cost and energy requirements of the right lasers are too
high to be incorporated in all areas. Future developments ensure that laser
initiation will become a widely used practical option. It is considered, however,
that laser initiation will not become the only ignition option, as percussion
detonators are also an effective alternative. The use of one of the methods will
depend on the specific initiation requirements.

In this regard, | could say that laser systems will be delegated missions of
the most complex with various fields of activity. Laser systems prove to be
effective because the military benefits by using them with caution, speed of
execution, safety and protection. | therefore recall some of the missions that
lasers will soon have, namely those in which they help personnel in the event of
dangerous initiations of explosives, those in which they have the ability to
vaporize targets, to interrupt technological signals of adversaries, as well as
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those in which they are used as laser weapons that would change the way the
military combats small drones, fast-moving missiles and human enemies, having
effects on them ranging from skin irritation to blindness.
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IMMPOLEC HA JIABEPHO 3ATOYBAHE HA CK 45 B
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LASER HARDENING PROCESS ON CK 45 DEPENDING
ON THE LASER PARAMETERS - ASMALL REVIEW

Arturs Vorkalis

Abstract. This study displays the effect of laser surface hardening parameters on the
Ck 45 steel. The method is mostly based on experimental tests, with micro-hardness data
being used to obtain the hardness profile Ck 45.The beauty of the surface laser hardening
technique is that, it hardens a specific area without changing the surface qualities of the
surrounding area. Due to its versatility and capacity to manufacture parts with complex
geometry, laser heat treatment is regarded one of the best-performing manufacturing
technologies currently in use.

Keywords: Laser hardening, hardening of steel Ck 45, parameters.

Introduction

Laser hardening is one of the economical techniques used to improve
surface properties of target materials. This process is easy to use for improving
surface properties of a complex shape component with minimum time
requirement. The important beauty of this process is that only selective surface
area properties can be improved without changing the remaining bulk material
surface properties [1-3].

Surface properties and wear resistance can be improved by laser
hardening process. There are wide variety of industrial applications of laser
hardening process for the mechanical components such as steering gear
assemblies, diesel engine cylinder liner, turbine blades and stub axles to achieve
maximum microhardness and to increase the wear resistance.Because of the
self-quench and easily regulated laser power, laser surface treatment is a very
versatile method that has been widely employed in the car and other industrial
sectors [4-5].

287



Bauskuar Kocmoc — o011a nesr’ 2022

One important application is the laser hardening, which involves only a
thermal effect on the surface where a new structure with high hardness is
obtained on the top surface. In most of these applications, laser does not treat the
complete surface of the components but rather small local tracks. With a
designed and delicate movement control system, laser hardening is suitable for
some components with complex geometry, i.e. edges, corners and holes [6].

Many parameters that might affect the procedure should be examined in
order to execute proper laser hardening for the parts and get the desired
outcomes. Many studies have been conducted to determine the impact of the
independent parameters of the laser hardening process, such as laser power,
processing speed, laser spot size, and the work material's thermal characteristics
[7-8].

Methodology and Experimentations

Material.

The process of laser surface hardening performed on metal components
reveals different types of responses like hardness, depth of hardness, grain
structures. The material with few chemical compositions including Carbon,
Chromium, Manganese, and Molybdenum in process shows different
responses.[9].

Table 1. Chemical composition and mechanical properties of C45 steel

. . Chemical composition, %
Designation

C Si Mn P S Cu Cr Mo Ni
0.42-0,50 0,17-0,37 0.5-0.8 =004 | =004 | =030 =030 =0,10 =0,30
Mechanical properties
C45
R.. MPa R MPa As, %o HB
340 620 16 207

The steel C45 has a carbon percentage of 0.5 percent, making it a medium
carbon steel.Steel C45 has a high carbon content, as stated in table 1 [10],
indicating that it is appropriate for laser hardening.

Lasers.

Carbon dioxide (CO,) lasers have been used in heat treating for over 30
years, as an alternative for induction or other traditional heat treating techniques.
However, limitations in CO; laser reliability and cost of ownership have made
their use as a heat treating source less than ideal. Over the past few years, a new
approach for heat treating based on the high-power, direct diode laser has
emerged. Direct diode lasers utilize a very different technology than CO, lasers
to produce light and in this way overcome the most significant disadvantages of
CO; lasers. While direct diode lasers are by no means a panacea for all
applications they do offer some compelling advantages in certain distinct
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applications. This article reviews the basics of laser heat treating, its optimum
uses, and compares CO, with diode laser technology [11, 16].

For the majority of laser hardening applications, the HPDDL output beam
illuminates an area that is smaller than the total area to be processed. Thus,
either the work piece or the beam is moved in order to achieve total coverage. A
typical implementation of this approach, in this case for a large construction
vehicle spindle, is shown in the photograph [10, 15].

Figure 1. The laser beam is moved across the part in order to heat treat large areas [10]

HPDDLs offer a substantial cost advantage over CO, lasers. One reason
for this is that their electrical efficiency (conversion of input electrical energy to
useful light output) is about 3 — 4 times higher than that of the CO, laser. This
translates directly into lower operating cost. Additionally, the HPDDL has
,instant on” capability so there is no standby power consumption. Even larger
savings results from reduced maintenance costs which are orders of magnitude
less for the HPDDL as compared to a CO, laser.[10].

Results and Discussions

A typical laser hardening process is shown in Figure 2 whereby a
defocused laser beam is utilized to scan over a surface to obtain the hardening
effect. The hardened zone can be clearly distinguished from the base
microstructure after etching with 2% nital solution.
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Figure 2. A single laser-hardened track showing associated depth and width.

Heat input can be varied by changing the power and speed. If the power is
high and the scanning speed is slow.The efficiency is low at low heat input
which is expected as a lower heat input is insufficient to increase the
temperature at the surface. With the increase in heat input, the temperature at the
surface can reach the austenitization temperature required for hardening. Further
increase in heat input expands the austenitized region in the steel substrate
which transforms into martensite on rapid cooling.Increase in hardened depth
and width with an increase in heat input. This results in a rapid increase in
hardening efficiency. However, it is to be noted that the austenitized region does
not keep on linearly increasing. The increment slows down at higher heat input.
This is because the depth of penetration is limited by the thermal conductivity of
the material. Therefore, the hardening efficiency slightly reduces after
approximately 20 J/mm2. The further increase in heat input might result in
surface melting [11, 16].

The absorption of the laser beam by a steel surface increases with the
decrease in laser wavelength. Higher absorption should result in a larger amount
of energy available for surface heating. Nevertheless, infrared lasers are still
widely employed for surface hardening due to their low cost and easy
availability.A slightly lower efficiency was calculated for the fiber laser used in
our experiment compared to others. This is probably due to the low power used
in our case. With the low power available, the hardened volume is small and
much of the energy is lost in heating the substrate [12, 15]

The effect of laser power on the depth of hardness
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As the power of the laser beam increases between 210 and 330 watts, the
value of the signal to noise ratio and hardness depth of laser hardened sample
increase too which is shown in Fig. 3. It is observed increments in the hardness
depth are 308.51, 325.14 and 340.25 um respectively of laser hardened samples
of Ck45 steel with variations in the laser beam power of 210, 270 and 330 watt
at constant 1.0 mm/s laser scan speed and the maximum achieved hardness
depth is 340.25 um.[13]

Main Effects Plot (data means) for SN ratios

Mean of SNratios

Lasar beam pow er

Laser scan speed

50.0
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16.0

49.5
49,0 + e
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Figure 3. Main effects plot for S/N ratios [13]

The effect of laser scanning speed on the depth of hardness

The effects of the process parameters as a laser scanning speed on the
laser treated samples hardness depth value shows that a curve trend graph is
inversely proportional as shown in Fig. 3. As the variations in the laser scanning
speeds are 1.0, 8.5 and 16.0 mm/s at 330 watt constant laser beam power is
observed. Table 2 shows the effects of laser scanning speed which decreases the
hardness depth to 340.25, 322.32 and 300.34 um respectively and decreases the
signal to noise ratio values [13, 14].
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Table 2. Experimental Ck45 steel laser hardness depth

Sr. Laser Laser Standoff | Width (pm) | Hardness S/N
No. Power | scanning | distance | Ck45 depth of Ratio

(w) speed (mm) HAZ(pum)

(mm/s)

1. 210 1 200 111481 308.51 49,7854
2. 210 8.5 250 1088.34 249.10 479275
3. 210 16 300 1037.75 220.13 46.8536
4, 270 1 250 1094 .68 325.14 50.2414
5. 270 8.5 300 1022.67 264.18 48.4380
6. 270 16 200 1063.68 231.32 472843
7. 330 1 300 1090.14 340.25 50.6360
8. 330 8.5 200 1093.22 32232 50.1657
9. 330 16 250 1027.93 300.34 49,5523
Conclusions

Laserhardening is widely used in many industries and laserhardening of
steel C45 is common occurrence. The experiments show that it is possible to
harden the steel C45 with CO; laser however results was not continual good but
showed that used laser with choosen parameters is suitable to achieve the
requirements what are stated in the drawing.

From all the three variables, laser scanning speed is the foremost
impacting noteworthy calculates of laser hardness depth of Ck45 steel, taken
after by the laser beam power and standoff distance separate individually.
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