9A". Cnopep Hskon oueHkn Ha KJIA Jlyd-5X* npeacton obnro npuaBuKBaHe npes reocrtaumoHapHus
nosic 3a cpewla Cc Apyru caTenutu npes crnegpawmute roguHn. 1o MHeHMe Ha KOCMUYeCKU ekcnepTy,
CNbTHUKBLT ,JTy4-5X* e cnbTHUK-NobpaTum Ha ,Jy4-5B%, Ho e moandmumpaH kakTto B nnaTgopmara cu,
Taka u B nonesHusa Toeap [5, 6].

Mo nHpopmaumsa Ha MO Ha PO Ha 17.05. 2024 r. ot kocmogpyma ,Ineceuk” ¢ PH ,,Coto3-2.16"
€ 13BefeH B HUCKa OKoro3eMHa opbuta) cnbTHUKa ,Kocmoc-2576". Crnopep MNeHTtaroHa To3m KJITA e CU,
cnocobeH He camo Ja MHCNEKTUpa, HO 1 Aa aTakyBa U Bb3fencTBa BbpXy ApPYru cnbTHUUM. [1Ba MeceLa
no-kbcHo (Ha 15.07.2024 r.) B Pycus ca nposegeHn uanutaHus Ha HoB CW ¢ wmsnonssaHe Ha
cneuuanuaupaHa anapatypa Ha MKIA.

Ha ocHoBaHMe Ha ropemsnoXxeHOTO MOXe Aa Ce HanpaBWu 3akioYeHWeTo, Ye MbpBuYHaTa
OCHOBHa pAeviHocT Ha CW e aktmuBHOoTO pasysHaBaHe Ha pasnuyHu KITA. B cvoTtBeTcTBUME C
dopmynupaHoTo npegHasHadeHme Ha CU n nanoxeHoTo no-rope moxe Aa ce gedumHupa HoBa neta
YHKUMSA Ha pasy3HaBaTeNHWTE CMbTHULM — WHCNEKTMpaHe Ha 4yxgecTtpaHHu KITA B nonet ¢
nocneasallo npegaBaHe Ha nonyvyeHata MHpopMauus B Ha3eMeH LIEHTBP.

MpeacraBeHute Ha dur. 1 Buaose BKC HenpekbcHaTO ce pa3BuBaT, KaTo HAN-HOBUSIT BUA Cpen
TAX ca aepokocmuyeckute cuctemm (AKC). Moxe ga ce npegnoxu cnegHata geduHuuma Ha AKC:
,CBbBKYMHOCTTa OT (PYHKLUMOHANHO B3aMMOCBbP3aHW W CcbrnacysaHo gewctsawm PH un Bb3gyliHo-
KOCMWYECKM neTtaTteneH anapaT; camoneT-HocuTen, aBnaunorHa PH u cnbTHMK (NpOTUBOCNBTHUKOBA
pakeTa); camoneT-HocuTen U Bb3AYLHO-KOCMUYECKM camorneT OT edHa CTpaHa, KakTo U HaseMeH
KOMaHOeH LeHTbp, KOCMMYecka M neTuliHa MHAPACTPyKTypa OT Apyra cTpaHa, npegHasHaveHun 3a
pellaBaHe Ha pa3nuyHu uenesmn 3agayum B Kocmoca, hopmupa aepokocmuydecka cucrema’.

Ha cbBpemeHHMss eTan TunudeH npegctaButen Ha AKC  [2], e  cekpeTHusaT
Bb34yLWHOKoCcMmYeckus kopab (BKK) 3a mHorokpaTHo na3nonssaHe ,X-37B OTV* (Orbital Test Vehicle -
opbuTaneH nanutateneH anapart) - dur. 4, U3BecTeH u kaTo ,6e3nnnoTHa MmnHmucosanka“. Tosu KI1A no
CBOSATA CbLUHOCT € opbuTaneH camoneT Unm pakeTonnaH ¢ U3neTHa maca Hag 5 ToHa 1 noneseH ToBap
(MT) o 900 kg, kowTo cTapTupa ot 3emaATa kbM Kocmoca ¢ gBycTeneHHa pakeTa-Hocuten ,Atlas V*
(no-kbcHO — ¢ PH ,Falcon-9%), a cHWkeHMeTo u kauaHeTo My Ha MMCTa Ha neTule M3BbpLIBA B
aBTOMaTUYEH PEXUM KaTo camoner.

dur. 4. beanunoTtHaTta MMHUcoBarnka ,X-37B OTV" no Bpeme Ha opbutaneH nonet

MpenBug BUcokaTa xapakrtepuctmyHa ckopocT (AV) Ha pakeTonnaHa ,X-37B OTV* (3100 m/s)
TO3K opbuTaneH camorneT e B CbCTOSIHWE akTUBHO Aa MaHeBpUpa, Aa npomMeHs opbutarta cu ot 200 oo
750 km, na ce conwkasa u otaaneyasa oT KJ1A, KOeTo ocurypsisa M3nbrHEHMETO Ha NPEXBAT, KOHTPOI
W OBMnagsBaHe Ha CMbTHULM.

BesnunoTHaTa MMHMCOBanka Mo CNocoOHOCTTa ga MaHeBpupa B Kocmoca u ga npomeHs
napameTpuTe Ha opbuTaTta cu HaNoMHs 3a CbOTBETHUTE cnocobHocTu Ha CU. HeliHuaT MT nossonsisa
BKMOYBAHETO Ha Bopaa 1 Ha pasy3HaBaTenHo obopyaBaHe 3a HabnwogeHne Ha cnbTHUUM. [1o TakbB
Ha4MH cnope KOCMUYeCcKn aHanmnsatopu paketonnaHsT ,X-37B OTV* (cur. 4) nsnbnHasa v 3agaym Ha

144



KocMmyeckn nHenektop. C otuntaHe Ha ronemus BbTpelleH obem Ha Tasu 6e3nMnoTHa MUHMCOBarka
Ha Ooppga W morat ga ce pasnonarat MKIIA, nosBonsiBalM €KCNEpUMMEHTUMPAHE Ha HOBO
pasy3HaBaTenHo obopyaBaHe.

Ha ocHoBaTta Ha onvTa OT NMPOBEAEHUTE LIECT MUCUM UMa OCHOBaHWE Aa ce npefnonara, ye
ype3 TO3u pakeTonnaH ce ussexaart B Kocmoca 1 ce nyckat B okono3eMHa opbuTa pasy3HaBaTerHm
MKIIA.

B cbotBeTcTBME CbC cBOWCTBOTO Ha BKC ,mHoroueneBocTt u MHOrogyHkuUMoHanHocT" [4]
6esnunoTtHmaT BKK ,X-37B OTV* Moxe Aa pelwasa cnegHuTe pasy3HaBaTenHu 3agayn: Aa u3nbriHsaBa
ponATa Ha TeXbK CMNbTHUK 3a pasy3HaBaHe Ha 3eMHM (Mopcku) OoBekTU M 3a KOMyHuKauus; ga
n3nbnHaBa ponatra Ha CU, ocbliecTBaBal, npexsat Ha vyxaectpaHHu KIA; na 6bae Hocuten Ha
MKIJIA, ¢ nocneaBaLwoTo UM U3BEXOaHe Ha OKONo3eMHa opbuta 3a u3nbrnHeHMe Ha pasy3HaBaTernHu
OeNHOCTN. Ha ocHoBaHMe Ha ropeunsnoXeHOTO MOoXe [a ce HanpaBu 3akntoyeHuneTto, ye AKC ,X-37B
OTV* no Bpeme Ha MMCMUTE CU U3NbITHABA HOBa LiecTa (PyHKUMS Ha pasy3HaBaTeNHUTE CMbTHULMN —
KOMMIEKCHO pasy3HaBaHe 4pe3 0e3nunnoTHU MWHUCOBamnku Ha uvyxgectpaHHu KJTA n Ha oGektn ot
3emMHaTa unu MopckaTa NoBbPXHOCT.

PeanunaupaHeTto Ha pa3rneganunte dyHKUMU Ha pady3HaBaTenHuTe KJIA cnocobcTBa, KakTo 3a
nogobpsiBaHe Ha cUTyaLMOHHaTa ocBegomMeHocT B Kocmoca, Taka 1 3a nocTuraHe Ha MHOpMaLOHHO
NpeBb3XOACTBO B MUPHO BpeME, MpU KPU3n U KOHAITUKTU.
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Bb3MOXHOCTU 3A Cb30ABAHE HA MPOMULUJNIEHOCT U3BBH 3EMATA
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Knroyosu dyMU.' KOoCcmu4ecKa rpomuwirieHocm, acmepoudu, Memarnu, rosie3Hu uskoraemu

Pe3rome: Cb3dasaHemo Ha npoMuwWIIeHOCM 8 KOCMUYeCKOmoO fpocmpaHcmeo e e0Ha om 2onemume
uesnu 3a npozpeca Ha 4osedyecmeomo. B Ooknada ca pasanedaHu HAKOU OCHOBHU 8bIpOCU, C8bP3aHu C
8b3MOXHOCMIMa 3a dobusa Ha NMone3HU U3KornaeMu om KOCMUYecKU 06eKmuU U KOHKPEMHO Ha pedKu Memanu om
acmepoudu. OcobeH uHmepec npedcmaessnsieam rnonumemarnHume acmepoudu ¢ pasmepu 0o okoso 0,1 km,
Koumo e 8b3MOXHO Oa 6bdam mpaHcrnopmupaHu 0o opbuma okono 3emsama (unu JlyHama), cned koemo 0Oa
6n0am OocmaseHu Ha 3eMHama unu JslyHHama rnoebpxHocm 3a 0obus Ha Memanu om msx. Te3u acmepoudu
umMam aHaso2u4Ho CbObPXKaHUE Ha Mamepusi, KaK8OMO e CbOBbP)KaHUEemo Ha 10pomo Ha Hawama rnnaHema. Taka
emecmo 0a coHOupame Ha 2onemu 0bribo4uHU 3a 00bus Ha pyda C HUCKO CbOBPXaHUe Ha UeHHU memarnu om
3eMHuUme Hedpa, mo Moxe me3u memarsnu da usenedemM om pyda om acmepoudu, 8 KOUMO KOHUeHmpayusma e
3HaYUMesIHO Mo 8UCOKa.

Ycnosusima Ha Mukpozpasumauyusi U ¢hu3uko-xUMUYyHUMe fpoyecu 8be eakymMHama cpeda Ha KocMoca,
cbWo roseosnsieam 0a ce npoussexdam Mamepuanu C YHUKanHU bU3UKO-MexaHUYHU Xapakmepucmuku,
pasnuyHu om Te3u, Nony4YeHn B 3eMHU YCroBus.

OPPORTUNITIES FOR CREATING INDUSTRY OUTSIDE EARTH

Pavel Sinilkov

Institute of Robotics — Bulgarian Academy of Sciences
e-mail: sinilkov@mail.com

Keywords: space industry, asteroids, metals, minerals

Abstract: The creation of industry in outer space is one of the great goals for the progress of mankind. The
paper examines some basic issues related to the possibility of extracting minerals from space objects, and
specifically rare metals from asteroids. Of particular interest are polymetallic asteroids with sizes up to about 0.1
km, that can be transported to orbit around the Earth (or the Moon), and then delivered to the Earth or Moon surface
for the extraction of metals from them. These asteroids have a similar content of matter to the content of the core
of our planet. So instead of drilling at great depths to extract ore with a low content of valuable metals from the
Earth's interior, we can extract these metals from asteroid ore, in which the concentration is significantly higher.

The conditions of microgravity and physico-chemical processes in the vacuum environment of space also
allow producing materials with unigue physico-mechanical characteristics different from those obtained in terrestrial
conditions.

BbBepneHune

OBnagsiBaHeTo Ha KOCMMYECKOTO MPOCTPaHCTBO He e camMouen 3a YoBe4yecTBOTO.
KocMmunyeckoTo npocTpaHCTBO npepfiara HecMeTHW 6GoratcTBa. [lymaTa ,6oraTcTBO‘ € 3eMHOTO
OTHOLLEHME Ha XopaTa KbM onpeaeneHn NpeaMeTi U BelllecTBa. B KocMnYeckoTo NpocTpaHCcTBo, ToBa
Ouxa 6unn maTtepuanu, C YHUKaNHU XapaKTepUCTUKW, KOUTO ca cb3gadeHu OnarogapeHve Ha
cneumgryHUTE KOCMUYECKUN YCITOBUSI U KOUTO HE € Bb3MOXHO Aa GbhaT CUHTE3MpaHu B 3eMHU YCIOBUS.
CbwoTo ,,00raTcTBO” Ce OoTHacCs 1 3a A0OMBa Ha peku 3a 3emsaTa MeTanu, Kato 3naTto, kobanT, Huken
1 Te3n OT NnaTMHoBaTa rpyna, Hanpumep, 4obusbT UM oT acteponau [1], a cbluo AOBMBBLT Ha ropmBo
3a KOCMUYECKUTE Kopabu 1 Ha eHeprusi B KOCMUYECKM YCIOBUS.
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Hocera ca ocblLeCTBEHM CamMO TpU MUCUM 3a B3eMaHe Ha Npobu OT acTepovamn 1 BpbLUAHETO
Ha npobuTe Ha 3emsTa. [laHHWTE, ONOBECTEHM 3a TE€3W MUCUWN B Pa3NNYHUTE U3TOYHULM CUITHO Ce
pasnuyaBart, KakTo 3a KONIM4ecTBOTO Npobu, BbpHATO Ha 3emMATa, Taka U 3a CTOMHOCTUTE Ha camute
mMucuun. ToBa ca MucuuTe:

— Hayabusa — okono 100 mg actepouaeH npax e gocTaBeH Ha 3emMsaTa (B HAKOWM U3TOYHULM Ce
roBopu 3a 1500 npatumHku ¢ gnametbp 10—100 um, oT kouTo camo 26 6post ca npeaaneHn 3a nscrnegBaHe)

[25;

— Hayabusa 2 — goctaseHa npoba ot 5 g acteponaeH npax (5 g coparmeHTn oT actepomga
Piory) [3];

— OSIRIS-REx — goctaBeHa npoba oT 121,6 g acteponaeH npax (npoba ot actepoung beHy) [4].

CobluecTByBaLlaTta NOHACTOSILLLEM TEXHOMOMMSl 3a MbTyBaHE B KOCMWYECKOTO MPOCTPAHCTBO €
OCHOBHUSI (pakTop, KOWTO oOckbnsBa Mucumte. WKOHOMUWYECKM nornegHarto, OT edHa CTpaHa CTOST
noxapyeHnTe napu 3a Teaun mucum ($200 MunroHa 3a Hayabusa [5], $800 munuoHa 3a Hayabusa 2 1 $1,16
munmapga 3a OSIRIS-REX, cToMHOCTTa € npubnmnanTenHa, 3awoTo MaXopuTapHo € dMHaHcupaHa oT
dupmata Jlokxmig MapTuH), a oT gpyra cTpaHa pesynrtata € camo obLio okorno 127g actepouaeH
mMaTepuarn, T.e. U3KIMIYUTENHO CKbMO M HeonpaBOaBalllo MoxapyeHuTe CpeacTBa HauuHaHue. Tesu Tpu
MMCUM NMOKAa3BaT, Ye CbLUECTBYBALLMTE TEXHOMOMM 3a TPAHCMOPT B KOCMOCA He MoraT [a ce M3Mor3ear 3a
npomuLLIneH 4obus Ha nonesHn nskonaemm ot Kocmoca, nopaam HepeHTabuImHOCT.

B kocMM4eckoTO MNpPOCTPaHCTBO CbLIECTBYBAT TpuM BuAa actepouan, B 3aBUCUMOCT OT
mMaTepusTa, oT KOATO ca obpasyBaHu:

— acTtepovamn ¢ npeobnagaBallo BbLIIEPOAHO CbAbpXaHue. Te ca Han-ronamara rpyna u
cbcTaBnaBat okono 75-80% oT Bcuykn acteponam B CrnibHYEBaTa HU CUCTEMA;

— actepovan ¢ npeobnagaBallo CUNMKATHO CbAbpxaHue. Te ce cpewaT 3HaYMTeNHo no-
pPSOKO OT BbIMepOAOChbAbPXKALLUTE acTeponau;

— TpeTaTa M Han-marnka rpyna actepovau ca nonumetanHuTe. Te ca okono 7,5-8% oT BCUYKM
cpewaHn actepovau. Te npeawMsBUKBAT HaW-ronsaM WMHTEpec cpenj xopaTa, TbhA KaTo TSAXHOTO
CbObpXaHuWe e Han-LeHHO 3a Hac.

Cpellat ce acteponan 1 c Apyro CbAbpXaHve Ha maTepusita, kaTo npumep Moxe ga obaat
NMOCOYEHM acTepOMamN CbC CbAbpXKaHMe Ha BoAa (feq), acTepomamn CbC CMECEHO CbhabpXKaHue (Boda u
cunukaTtu), n apyrn. KbM HacTosILMa MOMEHT MHTEPECHT Ha YOBEYECTBOTO € HACOYEH U3USMNO KbM
nonumeTanHUTe acTtepoman u TaxHaTa npepaboTka B KOCMUYECKUN YCIOBMS.

B nocrnegHo Bpeme acteponasT [cmxest cTaHa U3KIMIOYUTENTHO MHTEPECEH OT rnegHa Touka Ha
pobvBa Ha LeHHU meTanu oT HebecHu Tena, Hamupawm ce kpan CrbHUETO, KOETO € OT peluaBallo
3Ha4eHuMe 3a ObaeLeTo Ha HawaTta umBmMnm3aaums. To3n actepous € eauH oT Han-ronemute n GoraTtu
Ha meTan B CnbH4YeBaTa cuctema. [6]

®ur. 1. ActepouanbT lNMerxes

AcTteponabT Ncnxes ce HaMmmMpa B OCHOBHUS NOSIC Ha acTeponguTe, pasnonoxeH mexay Mapc
n Onutep c opbuta 2,5-3,3 actpoHommyHum egunHunum (AE) ot CnbHueTo. VHTEpechT KbM TO3u
acTepoug ce noaxpaHea oT dpakTa, Ye ToM e nonumeTarneH, kaTo e borat Ha 3naTo, nnaTuHa, HUKen,
xenas3o n gp. CToMHOCTa Ha 3MaToTo Ha acTepouaa € OLEHEeHO Ha noBeye OT 4 KBaapuiMoHa gonapa
($4.10%%), a Ha xens3oTo — Hag 100 kBagpunuoHa gonapa ($100.101%) [7].

[ocera kocMunyeckn anapaTtu He ca 6unu manpawaHu kbM actepouga lNMeuxesa. Mucusita ce
noarotes ot 2014 r. u NASA nma gorosop cbe SpaceX 3a usctpensaHe ¢ Falcon Heavy, kocmnueckuat
anapart “lNcuxeqa” TpsabBa ga HaBnese B opbutata okono actepouaa npes sHyapu 2026 r., kato no
BpeMe Ha rnoreTa Lie ce M3nonssa u rpasutauusata Ha Mapc. MNpeasuxaa ce anapatyparta, MOHTUpaHa
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Ha bopza Ha KocMuYecknst kopab, Aa M3yyaBa XapaKTepuUCTUKUTE Ha acTeporaa Han-manko 21 meceua.
KopabbT we ce pobnmkun Han-6nmso go 85 km oT NoBBbPXHOCTTA Ha acTepouaa, ¢ uen ga cbbepar
AaHHW 32 MarHMTHOTO Mone, Aa HanpaBsiT CHUMKWU Ha MOBbPXHOCTTA M Aa U3MEPST rama-mb4eHUeTo M
NoTOKa HEeYTPOHWU.

Cnep nscneaBaHeTo Ha acTepouga lNcnxes, 0THOBO Ce 3aroBopu 3a Bb3MOXHOCTTA 3a JOOMB
Ha MOMe3HM W3KoMaemm OT KOCMUYEecKMTe Terna, Hamupawu ce B chibHYeBaTa cuctema [8].
KanudopHuiickata ctaptbn koMmnaHusa AstroForge e aage cBOsi MPUMHOC 3a KOMepcuanuavMpaHe Ha
MMHHOTO [€eno B KOCMOCa C nbpBaTa YacTHa mucms Odin 3a KauaHe Ha gpyro Tsno U3BbH cucTemara
3emsa-JlyHa. Ta uma nNpeguHM MUCKM, KaTo MbpBaTa JEMOHCTPALMOHHA MUCKS Ha KOMMNaHusATa npes
anpun 2023 r., Brokkr-1, mucua Ha ctonHocT 10 MunvMoHa gonapa, KOSiTO TeCTBa TEXHonorusita 3a
M3BnMyaHe n paduHMpaHe Ha nnaTnHa OT acTepoma C MOMOoLLTa Ha CrlibHYeBa eHeprus [9].

our. 2 KocmmnyeckmaT kopab Odin Ha AstroForge

AstroForge ce cTpemu ga ctaHe nbpBaTta dupma, KosTo Wwe gobue meTtanu oT acTepoua.
KomnaHusita 06581 oBe M1cKmM, CBbp3aHu ¢ A0OMB Ha MeTanu oT HeGECHO TAMOo, KOMUTO ca NilaHMpaHu
Aa cTapTupaTt B pamMKuTe Ha edHa KaneHgapHa rogmHa. KomnaHusita cu napTHupa ¢ gpyru ompmu,
BkntountenHo OrbAstro, Dawn Aerospace u Intuitive Machines.

B kocmoca uma MUIMOHU NN Munuapau NnogooHM METEOPUTH C pasnnyeH pasMmep 1 pasnuyeH
CbCTaB Ha MeTanHo cbabpxaHue. Kakto Gewe oTbenssaHo Beye, OOCTUraHETO OO KOCMWUYECKOTO
npocTpaHCcTBO, camo no cebe cum e ckbn npouec. Bce owe n3BexgaHeTo Ha KOCMUYECKM Kopab B
OKOJ03eMHa opbuTa e CNoXKeH 1 CKbM npouec. MI3BecTHUTE Jocera TEXHONOIMMM He ca B CbCTOsIHUE Aa
OCUrypsT edeKkTMBEH TPaHCMOPT NPW €BEHTyanHO HayMHaHWe 3a Cb3JaBaHe Ha NMPOMMULLIIEHOCT 3a
[00VB Ha MeTanu 1 opyrn None3Hn n3konaemMm oT actepovam n apyrm HebecHu Tena. MNMpea nocnegHuTe
roavHm obade Bce noBedve ce NybnukyBaT M3cnenBaHUATA, CBbp3aHW C NpeanaraHeTo Ha pPaKkeTHU
asurartenu, paboTeLum Ha HOBU (PM3NYECKN MPUHLIMNK, HA YCbBBPLUEHCTBAHN METOAM Ha hunTpupaHe
Ha MeTanu B yCrioBUsiTa Ha KocMoca, Ha HOBM METOAM 3a CKayBaHe C acTepouamn 1 T.H.

TpaHcnopTHa genHOCT mexay 3emsiTa, JlyHaTta n KOcMUYeCcKkn obekTm

KoraTo cTaBa BbMNpoC 3a TPaHCMOpTHa AENHOCT, KOATO Aa obcrnyXBa KocMMYecka NPOMULLINIEHOCT
Ha M3BbH3EMHM 0BGEKTM, NMPeMMyLLECTBEHO acTepouam, To TpsibBa Aa ce uma npeasui, Ye ToBa He ca
€KCTPEMHM MaLLMHK o cMucbna Ha [10]. Tyk cTaBa BbNpoc 3a KOCMUYECKM kopabu, KoUTo fa ce u3rnonseat
MHOFOKpaTHO, KaTo cTapTupaT oT 3emsta unu JlyHata U MmaT Bb3MOXHOCT Aa U3NuUTaT M KauaT OT U Ha
pPasnMYHN KOCMUYECKM 0BEKTU, KOUTO [a MoraT [a NpeoaonsiBaT OrPOMHM Pa3CTOSHUA U 1a ca eHEPruinHO
edhekTBHM. TpaHcnopTHaTa AENHOCT He TPSIOBa 4a M3MCKBA M3MON3BAHETO HA OFPOMHUM U CKbMO CTPYBaLLM
KocMoZpyMK, oBCry»KBaHM OT rofsiM NepcoHan 1 ckbna obcryKBalla TeXHMKa.

Kocmuyeckute kopabu, korato kauaT Ha KOCMMYECKO TS0 KbAETO HsMa cb3fjafdeHa 6asa,
He3aBMCMMO Janu e nscrnegopartericka Unn npomuneHa, e HeobxoaMmo ga umat 6uToBo-KOMaHOeH
MOZAYM C HErONAIMU pa3mepu, NOAXOASILL 3a orpaHuyeHa no BpemMe paboTa Ha KOCMOHaBTUTE, KOUTO LLe
M3BbPLUBAT NOArOTBUTENHA AENHOCT 3a A4OOWB Ha MeTanu 1 Apyri NornesHyn uskonaemu, cnep KoeTo
Tasn pabota ce noema ot poGoTu. MNpu pellaBaHeToO Ha Tasu 3afjada ce M3XOXO4a OT HYXKHOTO
NMPOCTPaHCTBO C KOeTo TpsibBa Aa ce yBenuuuM o6ema Ha KOCMUYECKMsl rneTaTeneH anapar, Kauaiku
BbpPXYy rpyHAa Ha KOCMMWYECKOTO TSANO M HauvHa Ha yBenudeHue. [Mpu HeobxogumocT 3a no-
NPOABLIMKUTENHO NpebuBaBaHe Ha KOCMOHaBTUTE, TO € HeobxoamMMo Aa 6bae cb3ganeHa NoCTOSAHHO
obutaema 6asa Ha KocMU4eckust ob6eKT.

148



MpomuiluneHa 4eHOCT Ha KOCMUYECKUA O0eKT

MpomunwneHaTa AEMHOCT Ce OCbLLECTBSABA HA CbOTBETHOTO KOCMUYECKO TASO (acTepong, nyHa
Ha nnaHeTa M Op.) Ha onpederneH yvacTbk. KoraTo ce roBopu 3a npomuLlsieHa OeNHOCT, TO ce nma
npeaBva Npean BCUYKO 3a MPOMULLIIEHOCT 6e3 y4acTMeTo Ha KOCMOHaBTH, T.e. usinaTa AeNHOCT Aa ce
M3BBbPLLBA aBTOMATUYHO, C U3MON3BaHETO Ha poboTu. NpucbCcTBne Ha KOCMOHABTM Ce Npeanonara ga
MMa camo Ha MbpBOHaYanHWTe eTanu No NOAroTOBKaTa Ha camoTo NMPOM3BOACTBO (40OMB Ha MONE3HU
n3Kornaemm), a CblLLO B MUMOTUPAHUTE KOCMUYEcKuTe kopabu, KOMTO OCbLLECTBSABAT JOCTaBKaTa Ha
nobuTtnute matepuanute go 3emsTa.

[paBUTALMOHHNTE CUIMN, KAKTO M aTMOCHEPHOTO HaNSAraHe, UrpasT KMYOBO 3HAYEHNe Npu 4obrea
Ha MeTanu 1 Apyry NonesHu nskonaemm, oCOBEHO Ha TpaHCNopTHaTa AENHOCT BbPXY KOCMUYECKMS OBEKT.
B ycnosusita Ha actepoug C He3HauMTeNHa rpaBuTaLms, KbAeTO cunarta Ha TeXecTTa e He3HauuTenHa, He
Omxa mMornmu ga ce u3nonseaTt TPaHCMOPTHM CpedcTBa OT BTOPWM KIac Ha KOHTaKT ¢ rpyHaa [11], ToecT
KONMECHO MnM BEPWKHO ABWXKeHue. TpsbBa ga ce uma npegsua, Ye Han-ronemmusit HabnogaBaH gocera
actepop [lNcuxesn, uma rpaButaumsa ot 0,06 m/s? T.e. 6 xunagn NbTU No-Manka OT TasuM Ha 3emsTa.
HesHaunTenHa rpaButaumust U3KoYBa Bb3MOXKHOCTTA 3a CTabunHa HopMariHa peakuusi, a oT TaM U Taka
HY)KHWUTE CUNM Ha TpreHe. Tasn pasnvka B CUIMTE Ha TPMEHE € CaMO euH OT acMeKTUTe, C KOUTO yCroBusTa
Ha acTepoug ce pasnuyasaT OT Te3n NPU 3eMHUTE YCIOBUS.

B Po6oTukaTa ce 3acTbnBa ngesita, 4e poboTuTe ca TpaHCNOpTHY cpeacTBa. TsaxHaTa OCHOBHa
3afava e ga MaHunynupat mMatepuanu B NpocTpaHCTBOTO. Pa3bupa ce cbliecTByBaT NPOMULLINIEHN
po60TH, KOUTO U3NBIHABAT U TEXHOMOIMYHM 3a4a4m, HO TakMBa, Y€ Te3N TEXHONOMMYHM 3aga4dm nak ca
npeyyrneHn npes3 npuamMata Ha MaHunynauuatra. B Kocmudeckata npomulinieHa AenHOCT
MaHunynauuaTa Ha Matepuanu € LUMPOKO 3acTbneHa. Kato ce 3anodHe OT 3axBallaHETO Ha Marku
KOCMMYECKN OBEKTW, MpeMuHe ce npe3 NO3ULUOHMPaHE Ha TEXHOMOrMYHa TEXHWKA U NoaroToBka U
CKnagmpaHe Ha rotoBaTta NpoAyKUMsl 3a TPaHCMOPT, U Ce CTUrHe A0 Npoy4vBaTENHU OENCTBUSA HA HOBU
TEpPEHMU.

Mo-KOHKpEeTHO, Npy 3aabNIB0YEH KOHCTPYKTUBEH aHanu3 ce 3abensi3aBa, Ye KpadyHOTO MOBUIHO
OBWKEHME € YHMBepCarnHo ABWKEHME 3a peanuanpaHe Ha JTOKOMOLUS Ha pasfiMyHM KOCMUYeCKM Tena
3a mecTa 6e3 nbTmwa [12]. CbliecTByBa 1 OLWe eaHO NPeAMMCTBO Ha KpayHOTO MOBUITHO ABWXKEHNE —
yCTpOMCTBaTa, C KOWTO CE OCbLUECTBSABA, Taka HapeyeHuTe MaHwunynatopu (kpaka), moraT pfa
ocbluecTBsBat u gpyrn dyHkumm [13]. Tosa ca:

- HsiIKou ob6cnyxBalyn oyHKLMM Ha KOpnyca Ha TPaHCMOPTHOTO CPeacCTBo;

CTabunHoO 1M HageXaHo 3aKpensaHe KbM rpyHAa;
noabop Ha TOYKa 3a KOHTaKT C rPYHAa;

- OMEKOTsiBall, KOHTAKT U T.H.

Pa3BuTreTo Ha poboTukaTta B nocnegHnTe rogmHu [14] nsasege To3m oTpachsl HA MHOIO BUCOKO
HMBO. BbBegoxa ce MHOro HOBWM MaTepuanu, TEXHOMOMMM U MeETOAM Ha ynpaeneHue. [JokaTo npeau
OKOI0 TpUZeceT roAMHN eanH MPOMULLINIEH PODOT Ce yrpaBrsiBalle OT eNlEKTPOHMKa MoMecTeHa B Tabna
C OFPOMHM pa3Mepu, TO OHEC ynpaensBallata efnekTpoHUKa ce NMOMecTBa OOUKHOBEHO B HsSIKOE OT
MEXaHW4YHUTE 3BEHA Ha camusi poboT. MaTemaTM4eckoTo ynpaBlieHWe ce cBexaa A0 NMPOoMsAHAa Ha
CTOMHOCTUTE Ha TpaHCcOopMauUMOHHU MaTpuLUM, KOETO 3aHMKaBa 3HAYUTENHO M3UCKBAHUSTA KbM
xapAyepa v faBa Bb3MOXHOCT 3a npecmsaTaHe B peanHo Bpeme. C nomowta Ha poboTukaTta moraT ga
Ce peluaBaT pefuua 3agaym B KOCMOHaBTMKATa U KOHKPETHO B NMpOMULLNIEHAaTa AENHOCT HA KOCMUYECKU
obekTu.

[pyra Bb3MOXHOCT € NPOU3BOACTBOTO Ha MaTepuanu C YHUKarnHW KavyecTBa B KOCMUYECKM
YCIOBUS, KOUTO € HEBBL3MOXHO Aa ObAaT cuTe3npaHn B 3€MHM YCroBMS. TOBa € Bb3MOXHO nopagu
cneumduyHnTe ycnosusi B Kocmoca - MykporpaesmTauus n OTCbCTBUETO Ha aTMOCKepHO HansraHe.

Ha ,,noB“ 3a acteponau

AcTeponaute ca cpaBHUTENHO Mankute Kkocmuyecku Tena ¢ pasmepu go 1 000 km. NHTepec
npeacTtaBnsBat Te3u, ¢ pasmepu go okono 0.1 km, KOMTO e Bb3MOXHO Aa 6baaT TpaHcnopTMpaHn o
opbuta okono 3emsATa (Mnu JlyHaTta), crned koeTo ga ObaaT AOCTaBEHM Ha 3eMHaTa WK INyHHaTa
NOBBPXHOCT 3a AO6VIB Ha NoJie3HN U3KonaemMun oT T4X.

Kakto 6e oTbensizaHo no-rope, 0cobeH UHTepeC NpeacTaBnsABaT NoOIMMETANHNTE acTeponau.
Mpegnonara ce, 4e TO3W TUM acTepouan ca KbCoBe MaTtepusi, obocobunm ce B KOCMUYECKOTO
NPOCTPaHCTBO crieq COMbCbK MM nopeguua ot conbCbLM Ha ronemy kocmumyeckn obektu. Mo To3m
Ha4YMH MHOrO OT acTepPOMANTE UMAT aHaNOMMYHO CbAbpXXaHWe Ha MaTepPUSTa, KAKBOTO € CbAbpPXXaHNETO
Ha A0poTOo Ha HalwlaTa nnaHeTa. Taka BMECTO 4a COHAMpaMe Ha rornemMu obnbounHm 3a 4obuB Ha pyaa
C HVCKO CbAbpXXaHUe Ha LeHHM MeTanu OT 3eMHUTE Heapa, TO MOXe Te3n MeTanu Aa 6baat ussneveHun
OT pyda OT acTepouam, B KOUTO KOHLIEHTpaumaTa € 3HaYUTENHO No-BMCOKa.
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KocMmuyeckaTta NpOMULLINIEHOCT Ha MbPBO MSACTO Ce Hyxaae oT 6a3a. Toea e MACTO, KbAETO Aa ce
ocblLecTBsIBa camara AenHocT. MAcToTo ce noabvpa B 3aBUCUMOCT OT peauLia Kputepum n 0GUKHOBEHO TO
He CbBMNaja C MECTOHAXOXOEHMETO Ha U3TOYHVKA Ha maTepuana (actepouaa). Beyuko ToBa nokassa, ye 3a
[a CbLLUECTBYBa KOCMWUYECKA MPOMULLMEHOCT € HEeobXOoaMMO [a ChblLUECTBYBa HaaexaHa NOrvcTudHa
cucTema, HaaexaHo TEXHOMOrMYHO 0bopyaBaHe N HaOeKaeH eHEepPrmeH U3TOYHVIK.

B KOCMW4eCKOTO NPOCTPAHCTBO CbLLIECTBYBAT OFPOMEH BpOV 1 pasnuyHM Mo pa3mepu acTepovam.
MHoro OoT TsX ca C Mankv pasmepu u moraTt ga 6baaT 3axBaHaTW U CKNagupaHn B TOBApHMS OTCEK Ha
KOCMUYECKusi kKopab, cnea KoeTo Tesum actepomaun morat aa 6baat TpaHcnopTMpaHun ao:

— 3ewm#ATa, 3a M3BNMYAHE Ha NONE3HNTE BeLLeCTBa OT THX;

— oOKono3emHa opbuTa, KaTo BMA CKIIAgoOBO CTOMAHCTBO, B KOHTEWHepu, npeau Aa obaat
cnycHatu Ha 3emsaTa 3a 06paboTka;

— Iynata, kbaeTo ga 6bgaT 06paboTeHn U camo NONe3HNTe enemeHTn ga 6baaT 4OCTaBeHU
Ha 3emsaTa, a oTNagbLUMTe Ja OCTaHaT Ha NOBbPXHOCTTA Ha JlyHaTa;

— XenvoueHTpuyHa opbuta, KbOeTo Aa uMMa wsrpageHa opbutanHa npepaboTeBatenHa
NPOMULLMEHOCT, M3non3Bawkn 6esrpaHnyHaTa eHeprus Ha CnbHLUETO 3a padovHUpaHe Ha NONIMMETarHOTO
CbAbpXaHue.

3akntoyeHune

KbM MOMeHTa M3Kno4MTeneH nHTepec npeacrasnsasa 4OOMBBLT HA MeTanu oT acteponan, KaTo
3naro, KobanT, HMKe, KaKTo U MeTanu OT NnaTuMHoBaTta rpyna. Kakro Beye 6e crnomeHaTo, noructukarta
urpae BaxkHa ponsi B peanvavpaHeTo Ha Ta3u AerHOCT. Bpb3kaTa Ha koCMOHaBTUKaTa ¢ poboTukaTta,
ABUraTenocTpoeHeTo, aapeHaTa uanka 1 Apyry Haykuy, Le Aage HOB OBNWK Ha KOHCTPYKUMMTE Ha
KOCMU4YeckuTe kopabu, KouTo e 6baaT M3non3BaHW 3a KOCMUYECKO MPO3BOACTBO HA MeTanu U Ha
apyrn matepuanu. e ce npoMeHW HambHO Ha4yMHA UM Ha U3NMTaHe W KauaHe Mpu 3HaYUTEsHO
CbKpalleHne Ha pasxogute. KocMoapymuTe e ce NPOMEHAT UHMPACTPYKTYPHO M PYHKLMOHAMHO.
Bbaewmte KOCMMYECKM TEXHOMOrMW Lie NO3BONAT Aa ObAaT CHWXEHW 3HAuMTenHo pasxoauTe 3a
MbTyBaHe B KOCMUYECKOTO NPOCTPaHCTBO. ToBa e no3sonu ga 6baaTt 4obvBaHM LieHHU peakn meTanu
W ApYr1 CypOBUHMW, KOMTO ca HeoOXOAMMM Ha AEeNHOCTTa Ha YoBekKa.

3anoyHanarta A4eNHOCT No Cb3fgaBaHe Ha KOMMNaKTHW padnHepumn 3a MeTanm B KOCMUYECKOTO
NMPOCTPaHCTBO, BOAM Ha4anoTo KbM efHa HoBa MHAYCTpus. ToBa e MHOYCTpUS 3a Cb3aBaHe Ha
TexHomnornyHo obopyaBaHe 3a ycrnoBuaTa Ha BceneHaTa. lMo-TOYHO 3a KOHKpeTHUTE YCnoBusi Ha
n36paHOTO MACTO 3a Cb3aBaHe Ha KOCMUYecka MPOMMULLIIEHOCT.

OcBeH fobuBa Ha MeTanu OT acTepoMaU, HY>KHO € U MPOMU3BOACTBOTO HA ropMBa U eHeprus 3a
pobuea, norucTukaTta v 3a NpoMuLLneHaTa npepaboTka Ha None3HnTe n3konaemm ot actrepomaute. Tyk
CNbHYEeBaTa EHEPrusi € Ha MbPBO MSACTO, KaTo M3TOYHMK HA EHEPIUsi, @ CbLLO U BogaTa Ha KOCMUYECKM
06eKTn, KoATO Ada ce u3non3sa 3a gobuea Ha Kucnopod v Bogopod. Tesan HOoBWM paspaboTku Lie
JOMpuHecaT 3a 3amMecTBaHe Ha 3EMHUTE W3TOYHWLM Ha €EHeprusi ¢ KOCMUYecKM TakuBa. Taka
nornctmkaTa B KOCMUYECKOTO MPOCTPaHCTBO HAMA Aa Cce Hanara Ja ce peanusupa c 3apegeHun ropusHu
pe3epBoapu OT HayanHaTa TouYka Ha cTapTa M Aa NpUKNoYM ¢ BpbLuaHe obpaTtHo 6e3 npesapexaaHe.
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Knroyoeu ayMU.' €JIeKMmpPOHHO 3dpaseona36aHe, eghekmusHocm Ha pasxodume, UKOHOMUKa Ha
€JIeKMmpPOHHO 30paeeonaasaHe

Pesrome: Llenma Ha cmamusima e Oa 0606wy rnocmuxeHuss 6 obnacmma Ha UKOHOMUKa Ha
efieKmpoHHO 30paseornaseaHe u 0a ce onuma 0a omaosopu Ha 08a ebripoca: 1. IkoHoMuyecku eghekmusHo U
e efnleKmpoHHOmo 30paeeonasgaHe? 2. Bwb3amoxHo nu e npedsapumesiHo Oa ce OueHU MomeHyuaIHusm
¢uHaHco8 eghekm om 8beexxdaHeMOo Ha eJleKmpPOHHO 30paseorna3saHe rnpedu eHedpsisaHeMo My ?

Introduction

The total health expenditure, i.e. the sum of public and private health expenditures of all
countries, as a percentage of their Gross Domestic Product, varies from country to country reaching
~12% in some countries. Globally the total health expenditures have gradually but steadily increased
during last decades and soon will reach the level when the burden of these costs will be no more
bearable.

One of the strategic promises of digital health is to increase the efficiency in health care, i.e. to
ensure high quality medical care 24 hours a day, 7 days a week to all citizens, no matter where they
are and at the same time decreasing the total health expenditure.

The wide application of digital health solutions, especially during and after the COVID
pandemic, is advertised as the way to achieve better healthcare for all citizens and to approach the
Universal health coverage goal. Yet, before applying digital health more widely, politicians and
decision makers would like to know whether this is economically feasible.

The debate whether digital health applications are cost effective or not is of high importance
as digital health developments and widespread applications are part of the strategy of many local
governments as well as international bodies such as WHO, ITU, the European Union. The issue of
cost effectiveness is vital. A correct, non-biased answer will allow the decision makers to make a final
choice in favor or not of a digital health implementation.
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The Goal

The goal of this paper is to summarize in brief the latest achievements in the field of digital
health economics and to answers two questions:

. Is cost effectiveness a specific characteristic of digital health?

. Is it possible to evaluate the potential monetary effect of digital health application
priory to its implementation?

Digital Health Economics

The role of digital health economics is to assess the costs and benefits of digital health
initiatives over time and for several stakeholders, including citizens, patients, careers, healthcare
professionals and other workers, healthcare provider organizations and payers.

The cost effectiveness is evaluated in two ways.

The first method is by applying modeling. Usually, the modeling steps on an evaluation of the
effects of already performed patients’ studies. The economic effects are calculated as disability
adjusted life years (DALYs). There are many doubts about this approach despite of the fact that the
authors recommend to assess the uncertainties using probabilistic sensitivity analyses with Monte
Carlo simulation [1-2]. At present, this method is not widely used.

The second way to access the economic effects of digital health is based on evaluation of real
applications of digital health services. The limitation of this method is that the analysis of data,
especially if the sample size of patients is big, needs lots of efforts, time and staff. Yet, this is the most
reliable approach in digital health economics. The examples and the discussion below is based on this
method.

Initial studies on cost effectiveness [3—4] were quite conclusive: there is no good evidence that
digital health is a cost effective way to deliver healthcare. Some authors are even underlining that the
costs are greater for remote consultations than for conventional outpatient appointments, although
they supported the hypothesis that losses in productivity are lower.

Data from more recent publications focusing on large-scale studies (i.e., based either on a
large number of consultations or years of experience), although very rare, are just the opposite, to cite
some:

¢ In India, the incremental cost per DALY is evaluated comparing the application of the
Reducing Maternal and Newborn Deaths (ReMiND) intervention to routine maternal
and child health programs. The enormous benefit of this study is that its sample size
exceeded 317,000 patients and covers a period of 10 years, i.e. 2011-2020 [5]. The
findings of the study suggest strongly that the digital mHealth intervention, as part of
the ReMiND program, is cost saving from a societal perspective. The implementation
of the ReMiND intervention resulted in a reduction of 312 maternal and 149,468
neonatal deaths. From a health system perspective, ReMiND incurs an incremental
cost of 12,993 Indian rupee (INR), i.e. about USD 205 per DALY averted and
INR 371,577 (USD 5865) per death averted. The authors concluded that the ReMiND
intervention is definitely cost effective and should be considered for replication
elsewhere.

e A Japanese study, examined the long-term effects of the use of digital health on the
residents of Nishi-aizu Town, Fukushima, Japan for a period of eight years. The
authors compared medical expenditure and days of treatment between telecare users
and non-users when chronic diseases (stroke, hypertension, heart failure and
diabetes) are concerned. Applying rigorous statistical methods, including system
generalized method of moments, they have revealed that digital health users require
fewer days of treatment and lower medical expenditure than non-users [6].

e A detailed survey revealed the outcome of a five-year period of tele-pediatric
consultations. The authors underlined that the total cost of providing 1,499
consultations was $ 955,996 (Australian dollars). The estimated potential cost of
providing an outpatient service to the same number of patients at the Royal Children's
Hospital in Brisbane was $ 1,553,264; thus, digital pediatric services resulted in a net
saving of approximately $ 600,000 to the health service provider [7].

e A strong evidence for the efficacy of digital health in clinical outcomes comes from
home-based monitoring of chronic disease management, hypertension and diabetes.
There is also reasonable evidence that digital health is cost saving and with an equal
quality to face-to-face care in emergency medicine, and is beneficial in surgical and
neonatal intensive care units, as well as patient transfer in neurosurgery [8—10].

Why are there such contrasting views of digital health cost effectiveness? The answers are:
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o Limited data or analyses based on articles published predominantly in English and
based on studies of the English speaking communities;

e Small sample sizes — the majority of the studies are based on samples with less than
100 participants;

e Less than 30 % of the studies reported the time frame, which is an essential
parameter in determining long-term cost benefits;

e Poor evaluation tools and lack of well accepted methodology;

e Long time to breakeven point;

e Constant technology and cost changes.

How to Evaluate the Economic Effect

It is necessary to underline that there is no a well-accepted and recognized methodology to
estimate the economic effect of digital health implementation [8].

One of the easiest ways is to calculate the return of investment (ROI). ROl is a performance
measure used to evaluate the efficiency of an investment or to compare the efficiency of a number of
different investments. To calculate ROI, the benefit (return) of an investment is divided by the cost of
the investment; the result is expressed as a percentage or a ratio.

Another, and probably a better way to judge the economic efficiency, especially in the most
widespread cases — those of introducing distant consultations and/support, is by taking into
consideration:

e The number and distance for referrals, personal and transportation costs,
depreciation, taxes and insurance of vehicles and communication costs;

¢ The additional administration, technical, clinical staff and communication costs;

e Considering in addition all costs to operate the system plus depreciation and capital
ones and dividing this sum by the number of activities developed.

Thus, it is possible to calculate the digital health unitary activity cost.

In addition, the digital health activity efficiency, defined as the percentage of avoided referrals
thanks to the use of digital health application in relation to the total number of referrals, can also be
calculated.

While comparing costs to benefits, it is possible to establish the minimum number of digital
health activities (breakeven point) needed for the system to become economically viable and to
evaluate the savings [11].

Yet another relatively easy way of estimating the economic effect is proposed in Brazil [12].
The method is derived from enormous pool of digital health interventions — over 33 000
teleconsultations and 850 000 distant ECG analyses provided in 86 municipalities during a period of 5
years. The authors take into consideration the unitary referral variable cost (RVC) and referral
distance (D):

(1)  RVC=aD,

where “a” represents transportation cost per kilometer.

It is necessary to underline that only the variable cost is applied in this analysis. The reason is
simple — digital health applications do not reduce 100% of the referrals and consequently the fixed
costs, such as personal and depreciation, are kept and the savings are based only on variable cost.

The saving (S) of digital health, applications have to be calculated as:

(2) S=mn.RVC =n1.a.D,

where n is the digital health activity efficiency which is the percentage of avoided referrals
thanks to the use of digital health in relation to the total number of referrals. Thus, for a unitary digital
health activity (UAC) to be economically efficient its cost has to be at least equal to the saving (S) or

(3) UAC=n.aDbD
Based on this simple equation, the minimum distance for cost effectiveness has to be:
(4) Dmin = UAC/n.a

If the referral distance for a specific city/medical practice/municipality, calculated as weighted
average of number and distance of referrals, is greater than Dmin the implementation of the system will
result in savings for that particular city/medical practice/municipality.

Based on their experience, the authors had calculated that the minimal distance for economic
feasibility is 20 km, i.e. introduction of digital health applications that will reduce referrals further than
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20 km is economically feasible. In addition, it has to be noted that as the activity efficiency increases
or the unitary activity cost decreases even short references distances makes the system economically
acceptable.

The authors continue their cost evaluation studies [13—15], designed especially for
municipalities in low resource areas in order to allow their health managers to evaluate in advance the
effect of digital health application on municipal health budget.

They underline that as most of the referral costs, especially in the field are of digital health
consultations, are related to patient transportation, knowing (a) the distance to the referral centers and
(b) the average number of patients referred from one city is possible to pre-calculate the economic
aspects of introducing specific digital health applications in every single case.

Conclusions

Today, many countries are facing serious problems in adapting the health care system and
securing adequate health service for all, 24/7. Digital health care becomes paramount.

Unfortunately, most of digital health studies reported findings that are skewed towards
improving the effectiveness of the intervention via digital applications. There are considerable gaps on
evidence on digital health cost efficiency. That is why it is essential to pay special attention to the
available large-scale studies, no matter from which part of the world they originate.
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Abstract: The Urban Heat Island (UHI) phenomenon is a significant environmental issue, due to rapid
urbanization and affecting many Greek regional units, where the replacement of natural areas with urban
structures leads to increased land surface temperatures. This rise in various temperature impacts like the
microclimate, quality of life, and public health.

In this study, the intensity and extent of the UHI phenomenon, were analyzed in selected Greek regional
units for the period 2019-2023. The analysis conducted in the present research, utilizing the Google Earth Engine
platform and Landsat 8 satellite data, combined with the Urban Thermal Field Variance Index (UTFVI), generated
multitemporal assessment of UHI trends. The results revealed an increased land surface temperature in urban
areas compared to surrounding rural regions, according to UHI intensity classification levels.

The present research, highlights the importance of using cloud-based geospatial tools like Google Earth
Engine, in order to monitor urban temperature, increase over time and underscores the need for sustainable
development strategies to mitigate heat stress to improve living conditions in urban areas.

Introduction

The increase in atmospheric temperature, combined with the Land Surface Temperature
(LST), plays a decisive role in the climate crisis (Mustafa et al., 2020). Since the second half of the 20t
century, the rapid urbanization of cities, together with technological advancement, human activities,
and the general increase in population, has been directly linked to the economic development and
urban sustainability of cities (Filho et al., 2017).

The intensification of this phenomenon has become the most critical challenge of the 21st
century globally, as dramatic changes in land cover were made to address issues related to urban
economic growth and residents' needs (Rimal et al., 2018).

The Urban Heat Island (UHI) phenomenon is inextricably linked to both human activity within
cities and productive activities, and it has been extensively studied across a wide geographic range
(Kim and Brown, 2021). The existence of the phenomenon became noticeable in the 19th century
when major urban centers in northern Europe began to take shape. The intensity of the phenomenon
is influenced and co-shaped by a set of factors (economic, social, topographical) (Nuruzzaman, 2015),
making its long-term study crucial for mitigating its impacts across various sectors and achieving
environmental restoration.

The thermal effects have a direct economic impact on each society, highlighting the necessity
of quantitatively assessing the UHI phenomenon in order to adopt the best practices for mitigating and
addressing it.

In this paper, we have developed a Google Earth Engine (GEE) algorithm for determining
Land Surface Temperature and analyzing the Urban Heat Island effect at 30 m spatial resolution using
Landsat 8 images. Our analysis also incorporates the Urban Thermal Field Variance Index (UTFVI),
which provides insight into the thermal stress experienced by urban areas.

All processes are developed within the cloud computing platform of Google Earth Engine
(GEE), which facilitates large-scale geospatial data analysis (Gorelick et al., 2017). GEE allows users
to access vast repositories of satellite imagery and other spatial datasets, while taking advantage of
the platform's computational infrastructure to perform complex spatial and temporal analyses
efficiently (Kumar & Mutanga, 2018).
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This cloud-based architecture eliminates the need for extensive local computing resources,
enabling the processing of global-scale datasets in near real-time. The scalability of GEE supports a
wide range of applications, including environmental monitoring, land use and land cover analysis,
climate change assessment, disaster management, and urban planning (Amani et al., 2020).

Study Area and Data

UHI and UTFVI estimation was carried out for three Regional Units in the center part of
Greece. Specifically, this study concerns the Regional Units of Magnesia, Larissa, and Phiotis. The
first two administratively belong to the Region of Thessaly, while the Regional Unit of Phiotis belongs
to the Region of Central Greece.

Table 1. GDP and Population Data for Selected Regional Units of Greece (2020-2021)

Regional Unit GDP (2020) Population (2021)
Larissa 3,864.93 305,979.00
Heraklion 3,782.01 305,017.00
Achaia 3,661.82 268,963.00
Boeotia 3,005.32 210,778.00
Euboea 2,853.49 206,831.00
Magnesia 2,354.66 177,448.00
Aetolia-Acarnania 2,223.00 156,706.00
Chania 2,026.39 151,317.00
Phiotis 2,017.77 149,896.00
Korinthia 1,942.16 146,080.00

The aforementioned regional units are among the ten urban areas with the highest population
density and economic activity, based on Gross Domestic Product (GDP) and data from the 2021
Census' regarding population distribution. In determining these areas, spatial parameters were also
considered, such as the identity of the regions and their degree of polycentricity. The regions of Attica
and Thessaloniki were excluded from the analysis due to their polycentric nature, which significantly
affects Urban Heat Island phenomenon, as well as most island regions, with the exception of Crete
and Euboea, due to their high population concentration (Papadam, 2015).

Geographic Map of the Regional Units of Larissa, Magnesia, and Phthiotis

Fig. 1. Location map of the Regions of Interest

Methodology

The methodology section will describe the stages of image processing, retrieval LST, estimation of SUHI
magnitude and UTFVI, and the relationship between SUHI and UTFVI.

"Hellenic Statistical Authority: https://elstat-outsourcers.statistics.gr/census_results_2022_en.pdf
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Specifically:

e The annual median Land Surface Temperature (LST) was computed using Google Earth Engine (GEE),
processing data from the Landsat 8 Collection 2 Level 2 for the years 2019 to 2023. This approach
allows for precise temporal analysis of thermal changes across the regions of interest, utilizing the
computational power of GEE to efficiently manage and analyze large-scale datasets

e The annual mean LST for our ROI in order to compute the UHI and UTFVI

UHI effect during the daytime was derived based on daily average temperatures. The UHI phenomenon occurs
when the temperature in an urban center exceeds that of its surrounding areas. In order to compare UHI
variations across different years, normalization was carried out using (1) as described by (Naim & Kafy, 2021):

(1)
LST — LSTmean

SUHI =
STD

Where LST is the land surface temperature, LSTmean is the mean land surface temperature, and STD is the
standard deviation.
Urban Thermal Field Variance Index (UTFVI) is applied in this study using (2) given by (Liu & Zhang, 2011).
)
Ts—Tm
UTFV]I = ———
Tm

Where Ts is the land surface temperature, Tm is the mean LST of the area.

Urban Thermal Field Variance Index is used to quantify the thermal homogeneity in urban areas,
contributing to the assessment of prevailing environmental conditions. Depending on the intensity of the UHI
phenomenon, it is classified into six levels for evaluating thermal differences and environmental stress (Renard et
al., 2019).

Table 2. Threshold values of Urban Thermal Field Variance Index (UTFVI) and ecological evaluation index

Urban Thermal Field Variation Urban Heat Island Ecological Evaluation Index
Index Phenomenon
<0 None Excellent
0-0,0005 Weak Good
0,0005-0,010 Middle Normal
0,010-0,015 Strong Bad
0,015-0,020 Stronger Worse
>0,020 Strongest Worst

UTFVI values reflect different levels of environmental quality, determined by thermal dispersion and temperature
distribution within an area. These metrics provide critical insights into the region's thermal dynamics and potential
ecological impacts, enabling the evaluation of environmental stress and sustainability challenges in urban
ecosystems.

Results

Figure 2 illustrates the trends of mean temperature, UHI, and UTFVI across the studied regions,
providing a clear comparison of thermal conditions and Urban Heat Island intensity. Specifically, analyzing the
results we noticed that the Regional Unit of Larissa, due to its inland location and lack of proximity to the sea,
experiences more intense Urban Heat Island effects, driven by high population density, lack of green spaces, and
extensive urbanization.

In contrast, coastal areas such as Magnesia and Phiotis have milder thermal conditions due to the
influence of sea breezes and the cooling effect of water bodies. The recent reduction in UHI and UTFVI indices in
Volos, linked to heavy rainfall, highlights the temporary cooling effect of water on the local climate and
emphasizes the importance of proper environmental management in urban planning.
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Fig. 2. Mean temperature, UHI, and UTFVI trends (2019-2023)

for Regional Units of Phiotis, Magnesia and Larissa

For each of the three regions of interest, the Pearson correlation coefficient was calculated between
Land surface temperature (LST), the Urban Heat Island (UHI) phenomenon, and the Urban Thermal Field
Variance Index (UTFVI). The results derived from these correlations are presented in the Table 3.

Table 3. Pearson correlation coefficients between UHI, LST, and UTFVI for the regions
of Lamia, Larisa, and Volos

Regional Unit UHI vs LST UHI vs UTFVI UTFVIvs LST
Lamia -0.30 0.98 -0.40
Larisa -0.67 0.99 -0.63
Volos 0.12 0.97 -0.05

The results reveal strong positive correlations between the UHI intensity and UTFVI across all regions,
indicating that urbanization is directly linked to increased thermal heterogeneity, particularly in inland areas like
Regional Unit of Larissa. However, the correlations between LST and UHI are varied: they are negative in
Regional Units of Larissa and Phiotis but positive in Regional Unit of Volos, indicating a distinct impact of surface
temperature on UHI intensity, influenced by the unique local characteristics of each region.

Conclusions

In this work, a methodology was developed to investigate the behavior of the UHI phenomenon, based
on the large-scale analysis capabilities of GEE. Specifically, the promising results regarding the three ROIs were
presented: they clearly show how urbanization influenced the UHI magnitude according to the LST changes. The
findings reveal a strong correlation between increased urbanization and elevated UHI intensity, highlighting the
role of land surface changes in amplifying heat stress in urban areas.

Moreover, these results underscore the importance of incorporating sustainable urban planning practices
to mitigate the environmental and social costs associated with UHI effects. As UHI contributes to higher energy
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consumption, increased cooling costs, and deteriorating public health outcomes, understanding and addressing
this phenomenon is crucial for minimizing long-term economic and societal impacts.

The study emphasizes that adopting green infrastructure, such as expanding green spaces and
improving urban design, can significantly reduce the economic burden of managing heat-related stress in urban
environments, thus contributing to more sustainable and cost-effective urban development strategies.
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Knroyosu dyMU.' eKocucmemHu ycriyeu, rnpocmpaHcmeeHu 0aHHU, UHmMeepauyus

Pe3rome: Memoduueckama pamka 3a KapmozpaghupaHe Ha ekocucmemume U ycriyeume, Koumo me
npedocmassim, e paspabomeHa om pabomHama epyna MAES (Mapping and Assessment of Ecosystems and
their Services). Memodukama 3a bwbreapus e paspabomeHa 6 pamkume Ha npoekma MetEcosMap
(Methodological assistance for ecosystems assessment and biophysical valuation) u eknoyea degem omadesnHu
MemoOuKu, ecsika om Koumo obxeawa onpedesieH mun ekocucmema crioped mumnonozusima Ha MAES. [pu
rnocnedeawomo kapmozpagupaHe 6sixa paspabomeHu Oesem omodenHu 6a3u OaHHU 3a 6CeKu mur
ekocucmema. B Hacmosiwomo u3scnedsaHe aHanusupaxme murono2usima Ha ekocucmemume 3a bwreapus u
Kopuaupaxme ycmaHoseHume Hedocmambuu. 100xo00bm Ha UHMespupaHo KapmupaHe Ha ekocucmemume,
Kolimo cb4yemasa Oesemme muronoauu, bewe Oopasgum, 3a da ce ynecHuU Mo-moYHOMO o4YepmasaHe Ha
cnadkosodHume exkocucmemu. Nodxodbm bewe npunoxeH 3a 2opHama Jyacm Ha baceliHa Ha peka Ozocma u
pe3ynmambm e nod ¢gpopmama Ha mMorosio2u4YHO KOpekmeH eQUHeH Crol npocmpaHcmeeHU GaHHU U Kapmu Ha
ekocucmemume.

MAPPING OF ECOSYSTEMS FOR THE NEEDS OF INTEGRATED
RIVER BASIN MANAGEMENT

Hristina Prodanova, lvaylo Ananiev, Stoyan Nedkov

National Institute of Geophysics, Geodesy and Geography — Bulgarian Academy of Sciences
e-mail: hristina.zh.prodanova@gmail.com, snedkov@abv.bg,IvayloAnaniev213@gmail.com

Keywords: ecosystem services, spatial data, integration

Abstract: The methodological framework for mapping of ecosystems and the services they provide has
been developed by MAES (Mapping and Assessment of Ecosystems and their Services) working group. The
methodology for Bulgaria was developed under the MetEcosMap project (Methodological assistance for
ecosystems assessment and biophysical valuation) and it includes nine separate methodologies, each of which
covers a specific ecosystem type according to the MAES typology. In the follow-up mapping, nine separate
databases were developed for each ecosystem type. In this study, we analyzed the ecosystem typology for
Bulgaria and corrected the established shortcomings. The approach of integrated mapping of ecosystems that
combines the nine typologies was further developed to facilitate more precise delineation of the freshwater
ecosystems. The approach has been applied to the upper part of the Ogosta River basin and the results are in the
form of a topologically correct and uniform spatial data layer and maps of the ecosystems.

1. BbBegeHue

Cnopeg npueTus npes Ta3u roavHa EBponencku 3akoH 3a Bb3CTaHOBSBaHe Ha npupogara
(Nature Restoration Law) go 2030 Tps6Ba ga 6baaT Bb3cTaHOBEHN MUHUMYM 20% OT HapylueHuTe
NPUPOAHN MeCTOoObUTaHWs CbC chneumanHo BHUMaHWE BbpPXY Te3n, KOUTO MMaT noTeHuman 3a
3agbpkaHe Ha BbInepoaeH AMOKCUA U HamarnsBaHe Ha rnobanHoTo 3aTonnsaHe. Bb3cTaHoBsABaHeETO
Ha cBoOOAHO TevawuTe BOAM, BNaXHUTE 30HW W CnagkoBogHWTe MecToobuTaHus ca cpeg
nNpuMopuTETHUTE B TOBa OTHOWeEHMe. Bcuyko TOoBa MMa MpsSKo OTHOLWEHWe KbM 6acenHoBOTO
ynpaBeneHue Ha BoAWTE, B PaMKWTE Ha KOETO Ce OCbLUeCTBsABa KoopauHauuaTa v nnaHupaHeTo Ha
pa3HoOoOpa3HM OeNHOCTU, HACOYEHM KbM OCUrypsiBaHe Ha pedHn BacenHn ¢ gobpo kaydecTBO Ha
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BOAMWTE, KOETO € XN3HEHOBaXXHO 3a 34paBeTo M OLENABaHETO Ha YOBEYECTBOTO U XNBUTE OpPraHu3mu.
OueHkaTa Ha CbCTOAHMETO Ha EKOCUCTEMUTE N KapTMPaHEeTO Ha CBbP3aHUTE C BOAWUTE EKOCUCTEMHM
YyCINyrn ca OT KM4YOBO 3HayeHue 3a nogobpsiBaHe Ha 3HAHWSTA, MOHUTOPWHIra M ynpaBieHWETO Ha
peyHute GaceriHu. WMHTerpupaHeTo Ha EKOCUCTEMHUTE YCMyrM B MNNaHoOBEeTe 3a YyrnpaBneHue Ha
peyHnTe bacenHn e ocobeHO BaXXHO BbB Bpb3ka C NMpunaraHeTo Ha PamkoBaTa gupekTvBa 3a BoauTe
Ha EC [1].

EBponenckata metognyecka pamka 3a OLEHKa W KapTupaHe Ha eKOCUCTEMUTE W ycrnyrute
KOUTO Te npepocTaBaT e paspaboreHa ot MAES n e nyGnukyBaHa B cepusi OT OOKNagu Kacaelum
pasnM4YHMUTE acnekTn Ha KapTupaHeTo [1, 2, 3, 4]. B Tax ca 3anoxeHn OCHOBHUTE Noaxoan U metoau
3a OueHka K KapTupaHe Ha EBponercko HMBO M OOLWM MNPenopbkM 3a TAXHOTO npunaraHe Ha
HaUMOHANHO HUBO OT CTPAHUTE YreHKN. Te3n NoAXO0AM U MeToau ca AOPasBUTU B PAMKUTE Ha NPOEKT
ESMERALDA (Enhancing ecoSysteM sERvices mApping for poLicy and Decision mAking) u
nybnukyBaHu B cepusi OT CTaTuu, Kacaellym eTanute Ha meToaumyeckata pamka [5], metogute 3a
OvodusnyHa oueHka [6], MPUNOXHMUTE acrnekTu Ha KapTUPaAHETO C NPUMEPU OT OTAENHUTE CTpaHu [7]
n ap.

MeTtognueckata pamka 3a bbnrapus e paspaboteHa nog dopmarta Ha AeBeT OTAeNHU
OOKYMEHTa, BCEeKM OT KouTo obOxBawa no eavH OT [OeBeTTe OCHOBHW EKOCUCTEMHM Tuna:
ypbaHun3mpaHu, 3emMefencku, TrOpckW, TPEBHW, XpacToBW, MfOWW C psgka pacTUTENHOCT,
CNagKoBOAHM, BRIaXHW 30HU 1 MOPCKU. Te umat obLia CcTpykTypa, KosaTo cnegsa EBponeickaTta pamka
MAES w» BkniovBa TUMOMOTNS W KapTUpaHe Ha €eKOCMCTEMUTE, OLEHKa Ha CbCTOSHMETO Ha
€KOCUCTEMMUTE U OLeHKa Ha ekocucTemMHuTe yenyru [8]. Tunonoruata Ha ekocuctemnte B Bbnrapus e
pasBuTa KaTto TPeTo HMBO Ha TunonormaTa Ha MAES, kato 3a Bceku Tun ekocuctema ca oopMeHM
onpegeneH 6pon nogTMNOBEe B 3aBUCMMOCT OT cneuudmyHuTe ycnoeBms B cTpaHata. [lpu
KapTupaHeTo, N3BbPLUEHO B NMocreapaliara AEVHOCT B paMKUTE Ha ceeM NpoekTa, ca pa3paboTeHun
AeBeT oTgenHn 6asn JaHHM 3a BCEKM TWUM ekocucTema. Te obxBawaTt 4acT OT Teputopusata Ha
cTpaHaTa WM MNO-KOHKPETHO TepUTOpUUTE M3BbH OOXBaTa Ha 3awwmTeHuTe 30HM no HATYPA 2000.
lMpunoxeHneTo Ha Te3n AaHHW 3a OENHOCTM CBBbP3aHM C yNpaBreHMeTo Ha BoauTe OM cb3gano noHe
ABa cepuosHo npobnema. NbpBo, pa3gpobeHocTTa Ha NPOCTPAHCTBEHUTE eANHULM B OEBET OTAENHU
MTMC cnost 1 cBbp3aHWTE C TOBA HECHLOTBETCTBUSA MeXAy TsaX Mog dopmarta Ha MpasHuHU U
npunokpusaHus. BTopo, nuncata Ha KkapTupaHe 3a rofieMuM 4acTu Ha CTpaHaTta, KOeTo npasu
HEBB3MOXHO a Ce NoKpue ¢ AaHHU uan BogocbopeH 6aceriH.

B Bwnrapua gocera He ca npasBeHW ONUTK Aa Ce HamnpaBw MHTerpyvpaHe Ha TunonorumiTe ot
gesette MeToauku. B kpas Ha 2022 r. e nybnukyBaHO CpaBHWUTENHO U3cnedBaHe Ha AaHHWUTE OT
OTAEenHUTE KapTupawm npoektn 3a bacenHa Ha p. Orocta [9]. B Hero ce ycrtaHoBsBaT peauua
HECbOTBETCTBMS, YaCT OT KOUTO NPOM3TUYAT OT pPasnuyns mMexgy TUNonorunTe, a gpyrn oT pasnmuns
mMexagy otaenHuTe 6a3m aaHHu. Mo BaxxHUTE OT TAX ca: 1) 3a HAKOW TMNOBE TUMOSOrMATa € pasBuTa
[0 4eTBbPTO HMBO, a 3a APYrK € A0 TPETO HUBO; 2) B HAKOW OT TUMOBETE €KOCUCTEMU, OCODEHO B
CNafKoBOOHWUTE, pasfnWYHW KaTeropum ce CMecBaT B paMKWTe Ha €4HO MepapxvMyHO HUBO; 3) Mma
aybnupaHn umgpoBn o603HaAYEHUs Mexay TpPeBHUTE U TOpCKMTe ekocuctemu. ToBa Hanara
npepasrnexgaHe Ha TunosnorusaTa u paspaboTBaHe Ha edVHHa Knacudukauus, KoATo Aa ce N3nonsea
3a HyXOWUTe Ha MHTEerpMpaHaTta OLeHKa Ha ekocuctemuTe. ToMonornyHnTe aHanuam Ha obeguHeHuTe
AaHHW MNoKasBaT M3KMYUTENHO ronsMm 6povi mMpasHWHM M npunokpyBaHus. OCHOBHaTa MpuyMHa e
M3MON3BaHeTO Ha pasfnuMyHM U3TOYHMLM 3a KapTorpadupaHe Ha pasnnyHM TUMNOBE EKOCUCTEMM.
OcHOBHUAT n3BoA OT pa3paboTkaTa e, Ye € NPaKTU4EeCKn HEBB3MOXHO Aa ce reHepupar TONonormyHo
KopekTHU nHTerpmpanm NMC cnoese oT oTgenHuTe 6a3u gaHHM, KOETO Hanara ga ce pa3paboTun HOB
noaxod 3a KapTorpadmpaHe Ha BCMYKM TUMOBE €KOCUCTEMM B edMHHa 6asa gaHHu. TakbB nogxon e
npeacrtaseH npe3 2023 r. [10], konTo 3anara Ha U3NoNnN3BaHeTo Ha eAuMHHa NPOCTPaHCTBEHA OCHOBA C
nocrnefoBaTeriHo akTyanuavpaHe Ha JaHHMTE 3a OTAEeNHUTE EKOCUCTEMHM TUMOBE.

Llenta Ha HacTosWMST OOKNag € [a ce MpeacTaBAaT pe3ynTatuTe OT MHTErpupaHeTo Ha
TUNOMOrMNTE OT AEBETTE METOAMKM 3a KapTMpaHe Ha €KOCUCTEMUTE B eAMHHa Kracudukaums u
pasBUTMETO Ha MOAXO4A 3a WHTErpMpaHoO KapTMpaHe Ha eKoCUCTEMUTE 4Ype3 akTyanusauus Ha
AaHHUTE 3a CNagKoBOAHUTE EKOCUCTEMM.

2. MaTtepmanu n metTogm

2.1. KoHuenums 3a WHTErpMpaHa OLEeHKa Ha EKOCUCTEMUTE 3a HYXOUTe Ha GacerMHOBOTO
ynpasneHue Ha BoauTe

OueHkaTta, kKapTupaHeTo U KapTorpadmpaHeTo Ha EY ca B3aumMocBbp3aHu OEWHOCTU, YMeTO
OCbLUEeCTBSIBAHE € M3UCKBA KOOpAMHaUUA MexXay pasnuyHv Noaxoau U MeToau, npunaraHeTo Ha
WHTErpMpaHu noaxoam unuM MmeToaudecku pamkn. MetogmuyeckaTa pamka 3a KapTupaHe Ha
€eKocUCTeMUTE U yCryruTe, KOUTO Te NpPedocTaBAT Ce CbCTOM OT TPU OCHOBHU Hay4YHU KOMMOHEHTa
(kapTupaHe Ha eKoCUCTEMMUTE; OLEHKa Ha CbCTOSIHMETO Ha eKOCUCTeMMUTE; OLeHKa, KapTupaHe U
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KapTorpadmpaHe Ha E€KOCUCTEMHWUTE YCIyrn) TSCHO OOBbBbp3aHU MpunoxHute um acnektun [5, 11].
KrntouoBo 3a pa3bupaHeTo Ha MeTogu4eckaTa pamMka €, Ye npunaraHeTo 1 e cneumndunyHo BbB Bpb3ka
€ TemaTa v uenTa Ha pa3paboTkaTa. baceliHoBOTO ynpaBneHve Ha BoauTe € egHa TakaBa TeMa 1 nNpu
pa3paboTku Lensiy KOHKPETHU OEWHOCTU OT YNpaBfieHWEeTO Ha BOAWTE € BaXHO Aa ce pasBue
BepCcus Ha MeToAu4eckaTa paMka Mo Ta3u KOHKpeTHa Tema. B meTtogmyeckata pamka yCrioBHO MOXe
Aa ce pasrpaHuyaTt Tpy KOMMOHEHTA: MOArOTBUTENEH, HAayYeH U KOHCYNTaTuBEH. [TbpBUAT N TpeTuAT
ca Mpsiko CBbp3aHu C NPUMOXHUTE acnekTu U 3agaBaT pamMKaTa B KOATO Lie Ce U3BbPLUBA HaydyHaTa
yacT. Bogew npuHuun npu 6GaceMHOBOTO YynpaBrneHVe Ha BOAMTE € scHaTa TepuTopuanHa
0b60ocobeHOCT nNpom3dTuyalla oT NOCTaBsHETO Ha peyvHus GacelriH BbB (poKyca Ha BCUYKU AerHocTu. [o
Tasu NpuyMHa KaTto BoAell NpUMHLMN NPW MHTErpupaHarta oOLeHKa Ha ekocucTemute cnensa ga 6vae
n3rpaxgaHeTo Ha eanHHa TUMOSIOTUA U UHTErpMpaHe Ha NPOCTPAHCTBEHUTE AAHHW MO €KOCUCTEMHU
TMnoBe.

2.2. HTerpupaHe Ha TUNonornsata Ha ekocuctemuTe

3a vHTerpvMpaHeTo Ha TUMNOMOrUsiTa Ha €KOCUCTEMUTE € Cb3gafeHa cpaBHWUTenHa Tabnuua,
ypes3 KOATO Ja Ce MNpoBepu CTeneHTa Ha CbOTBETCTBME MEXAY HauuoHanHata knacudukauus no
MAES wu paspaboteHata no Hesa 6a3a gaHHW 3a ekocuctemute B bbnrapus. lNMpoBepkaTa Ha
aTpnbyTMBHUTE AaHHU € N3BbpLLEHa NapanenHo Ha aAse mecTa: 1) B Excel, kbaeTo OT egHa cTpaHa ca
BbBEOEHN BCWYKM HANMUYHM OaHHU 3a KnacudumkauumaTa oT MeToaukuTe, 3a 0GasaTa JaHHW, n 3a
HasBaHuaTa no EUNIS; n 2) B ArcMap u ArcCatalog, kbaeto ca npoBepeHun U OTCTpPaHeHu
HECBHOTBETCTBUATA U NOMBIIHEHW NUMNCBALLMTE 3anNUCK B CbOTBETCTBME C Pa3nUcaHuTe B METOAUKUTE
Tabnuum.

CpaBHuTtenHata Tabnuua Ha ekocuctemHuTe TunosBe B Excel cbabpka no xopusoHTana
BCWYKM HMBA OT KnacudukaumaTa Ha HaumoHanHo HuBo (kornoHu A oo C) u konoHa D, kosiTo cbabpxa
MbMHUTE HaMMEHOBaHUA OT MeToaukuTe. B gonbnHeHne Ha HannyHaTa HdopMaunsa oT MeToanKuTe
Oaxa cb3gageHn aBe HoBu KonoHu (E u F), B kouTo B nocrneactesne ga ce fobasu nHdopmaums
OTHOCHO CbOTBETHOTO HaMMeHOBaHue B Apyru krnacudukaummn. KonoHa E cbabpxa HavMMmeHOBaHNETO
Ha ekocucTemHuTe TunoBe cnopef 6asata gaHHu B TMNC, a konoHa F cbaobpka HaMMeHOBaHWETO
crnopea EUNIS (European Nature Information System).

MonmbnBaHeTo 3anoyHa C komnoHa D, cbabpxalla OnMMcaHMETO Ha ekocucTtemute OT
meTtoguknte ,MeTogonorMyHa pamka 3a OueHKa M KapTupaHe Ha CbCTOAHMETO Ha EKOCUCTEMUTE U
ekocucteMHuTe ycnyru B benrapusa® Ha BcuukuTe 8, HanuuHM B panoHa Ha p. OrocTta, EKOCUCTEMHM
Tvnoee (ypbaHusnpaHu, 3emenernicku, TPEBHW, TOPCKW, XPacTOBM U €PUKOMAHM, 3eMU C psagka
pPacTUTENHOCT, BNaXHN 30HU U cnagkoBogHu). MNMonbnBaHeTo Ha konoHa E BknyBa HaMMeHOBaHUATa
Ha €KOCUCTEMHMTE TUMNOBE W MNOATUMOBE OT oduumanHata Gas3a AaHHM 3a OeBeTTe KapTupaliu
npoekta. basaTta 6e npegocTaBeHa 3a uenute Ha npoekta INES ot MOCB 4pe3 MAOC (nouckaHu c
nncmo ¢ Bx. Ne 33-00-150/20.06.2022 r. Ha MuHUCTEpCTBO Ha oKonHaTta cpeda v Bogute). 3a ga ce
M3BbPLIM MpoBepkaTta, AaHHuWTe Osxa 3apegeHn B ArcCatalog, Bepcuss 10.6.1. EavH no egwH
CcroeBeTe Ca CpaBHEHW M MNPEnUCcCaHy HauMeHOBaHMS Ha TUMOBETE M MoAaTuMnoBeTe OT GasaTta B
Tabnuuarta B Excel ¢ BogeLy Kputepun — CMUCNOBOTO UM cbBnageHve. B nocnegHata konoHa F 6saxa
JobaBeHM HauMeHoBaHuUATa Ha ekocuctemHuTe Tunose no EUNIS. 3a uenta 6e wu3nonssaH
oduumnanuuat cant (https://eunis.eea.europa.eu/habitats-code-browser.jsp?expand=182#level 182)
Ha EBponenckata areHums no okornHa cpepfa. Npu nonbnBaHeTo Ha Ta3wm KOnoHa 6sxa ycTaHOBEHM
HSAKOMKO Mponycka wW/unu pasMnHaBaHus, cped KouTo: 1) B 3eMeenickute eKoCMCTEMU B MOATMN
»>Pepmmn 3a [OOMTBHK 3a rofeMn U Manku >XMBOTHW, BKITHOYUTENHO MYenun®, no krnacudukaumsata Ha
EUNIS He ce oTkpvBa cbBNageHMe C HUKOE OT Obnrapckute HaumeHoBaHusi; 2) B ypbaHusmpaHute
ekocucteMu B noatun ,3eneHun 30HU B HaceneHute mMecTta (BKM. 30HW 3a CMOPT M aTtpakuuun)’ no
knacudpukaumsaTa Ha EUNIS He ce oTkprBa cbBnageHWe ¢ HUKOE OT Obrapckute HaMMeHOBaHUS.

Mpn usBbpleHaTa nbpBMYHa nposepka B Excel u TMC ce ycTtaHoBMXa HAKOMKO reHepanHu
npobnema, cBbp3aHu C ONpeaeneHn eKOCUCTEMHN TUNOBE, HAaW-CbLLIECTBEHUTE OT KOUTO Ca CBbP3aHu
C ropcknTe, TPEBHUTE U CNafgKoBOOHUTE ekocucTeMu. [MpobnemMHnTe MecTa, Thbpnsawm Kopekuus, bsxa
OTCTpaHeHwu, a nuncealaTa nHopmMaLmsa JONbIHEHa.

HeBeTTe TUNomormm Ha ekocuctemute crnopeq pamkata MAES cbabpxat Tpu HuBa B
knacudumkaumaTa. MNpu aHanu3a Ha cucteMaTa 3a KogvpaHe M3noni3BaHa B HauMOHanHaTa MeToauka
Ha Bbrrapusa 0sixa ycTaHOBEHM [Ba CbLUeCTBEeHM npobnema. MbpBUAT € CBbp3aH C HanMyuneTo Ha
YEeTBBPTO HMBO B TUMONOrMATa Ha FOPCKUTE E€KOCUCTEMM, KOETO MpM CblUEeCcTByBallaTa cuctema 3a
KoOMpaHe ce oTpassiBa Ha TPETO HMBO, a BTOPOTO HMBO Ha MpakTuka oTCbCTBa. BTopuaTt e npu
CNagKoBOOHUTE €KOCUCTEMU, KbAETO Ca JALEHWN MHOXECTBO NMOATUMOBE HA TPETO HMBO, HO HAKOWU OT
TSX ca cbnoavMHeHn eauwH Ha apyr. Hanpumep C.1 Esepa n C1.3. lNocTosHHM eyTpodHU e3epa u
BOJOEMU Ca B €0HO TaKCOHOMUYHO HWBO, KOETO € HEKOPEKTHO OT rnefHa TOoYka Ha npuHUMnuTe 3a
knacudukaumsa. 3atoBa 3a CcrnagkoBoAHWTE ekocucTeMn 6Gelle BbBEAEHO YETBbPTO HUMBO MU
Tunonorudata 6elwwe npepaboTeHa BLB BMAa NpeacTtaBeH Ha Tabnuua 1.
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OybnupaHe Ha kogoBeTe B 6a3ata AaHHU MeXAy TPEBHUTE M FOPCKM EKOCMCTEMU Ce NosiBsBa
npy onuT ga ce O0BeOUHSIT BCUYKM HanW4yHW CrioeBe OT OceMTe MeToauKu B eauH o6 cnow. [Mpw
TSIXHOTO KracuduuupaHe cnpsiMo umdpoBuUTe 3anucu oT aTtpubyTmuBHO none “EcosystemT” Ha npbB
nornen v3rnexpaga, ye B panoHa Ha OacenHa Ha p. Orocta nMncBaT rOPCKM €KOCUCTEMW, KOETO €
HeBsipHO. [Npy nmocrefBawata geTannHa NpoBepka ce YCTaHOBM, Ye M B ABaTa crod umndpeHuTe
03Ha4yeHus 3ano4ysaTt ¢ koa 301+. To3m koa cnopen MAES npuvHagnexu Ha TPEBHUTE €KOCUCTEMU, a
ropckute ca pasnucaHum ga 3anousat ¢ 401+. ETo 3awio npegnpuexme npeMMeHyBaHe Ha BCUYKM
KOOOBE Ha ropckute ekocuctemy 3anoysawm c¢ ,3“ Ha ,4° [lo TO3n HauuH ocurypuxme: 1)
CbOTBETCTBME C HOMeEpauusaTa OT HMBO 2 Ha KnacudukauuaTa; u 2) Bb3MOXHOCT ABaTa crnos aa
Oboat Bnocneacteve obeauHeHu 6e3 puck OT 3aryba Ha 3anMcu U HEBB3MOXHOCT Ja ce
knacuduumpart (pasrpaHuyaTt) eauH ot apyr. M3BbplueHuTe npoMeHu no atpubyTnBHmMTe Tabnmum Ha
N'MC cnoesete oTpasnxme n B koroHa “C” ot Tabnuuata CLC_MAES class_work.xlsx, cbabpxatia
KOLOOBETE Ha OTAENHNTE EKOCMCTEMHM NOATUMOBE.

2.3. HTerpupaxe Ha npocTpaHcTBeHaTa nHdopmaums B eanHHa 6asa gaHHW 1 kapTupaHe Ha
CNagKoBOOHUTE EKOCUCTEMMU

CnoaT ¢ npocTpaHCTBEHa MWHGOpPMauusa 3a HYyXOUTE OT MHTErpupaHoTO KapTupaHe Ha
eKocucTeMmTe Ha HMBO BogdocbopeH BaceliH U cb3gaBaHe Ha edvHHa 6asa gaHHu, ce 6a3upa Ha
WHpopmaumss ot 6asata fpaHHu Dusmyeckm 6nokose (Physical Blocks) Ha MwuHucTepcTBo Ha
semegenveto u xpaHute (M3X). UHdopmauuaTa oTroBapsi Ha W3MCKBaAHUATA 3a HaUMOHANHO
KapTupaHe, pe3onounst Ha JaHHUTE 1 Bpb3ka ¢ Tunonoruata MAES.

MpouenypaTta NoO MHTErpMpaHeTo Ha CrnagkoBOAHMTE €KOCUCTEMM BKIIOYBA M3MOM3BaHETO Ha
HanM4yHWTE NPOCTPaHCTBEHU AaHHW 3a CNagKkoBOOHWUTE €KOCUCTEMU U TAXHOTO obeAuHeHue C HOBU
reHepupaHu faHHM C NomoLuTa Ha Habop OT XuAPONOXKM UHCTPyMeHTu B ArcGIS Pro. Te3u gaHHu
NpeacTaBnsiBaT pasfnuMyHUTE TEYEHUS Ha PEKMTE Crnopen TEeXHWst paHr, pasgeneHu 3a uenvte Ha
HacTosilaTta paboTa Ha 4YeTupu paHra. 3a uenTta e HyxeH HagexaeH DEM (Digital Elevation Model)
mogen. Crnep reHepvpaHeToO Ha TeyeHusaTa M TEXHUTE HMBa ca Cb3gafdeHu Oydepu C pasnuyHa
roriemMvHa 3a pas3nuyHute Huea. OnpedensiHeTo Ha ronemuHaTa Ha OydepuTe crnefBa fnorukara, ve
pasmepa Ha OydepuTe HapacTBa Cropej paHra Ha TeYeHWeTO — CbOTBETHO OT 1-BM KbM 4-TW.
"eHepupaHn ca YeTupun oTAenHM cros 3a YetTupute Buga bydepu. Hakpas Bcnykm Te ca obegnHeHn B
€[0M1H CINOW, KOWTO € MHTerpMpaH ¢ AaHHUTE 3a OCTaHanuTe CNagkoBOOHN EKOCUCTEMMU.

3. PeaynTaTtu

3.1. NHTerpupaHa TMnonorusa Ha ekocnucTemmTe

WHTerpmpaHata Tunonoruss Ha ekocuctemute (Tabn.1) e nonyyeHa B pesynTtata Ha
peBM3usATa W akTyanu3aumata Ha TUNOMorMuTe OT [OeBeTTe MeTOAMKM M NOCMeABaloTo UM
obeavHsiBaHe B JIOTMYECKM KOpPEKTHa knacudukauMoHHa cucTema C HoBa yHuduuMpaHa cxema oT
umdposm kogose. Huea 1 m 2 oTroBapAT U3UANO Ha CbOTBETHUTE HMBA (KaTteropus u Tun) ot
Tunonoruata Ha MAES (Maes et al., 2013) [1].

Tabnuua 1. Pamka 3a WMHTEerpmpaHa TMNonorus Ha ekocuctemuTe B bbnrapms — cuHTesnpaHa Bepcus

UpeHTMdhMUMpaHu HUBa cnpsaAMo KnacudpukaumaTa rmc HoBu yHudumumpasu r’mc
KogoBe
Hueo 1 HuBo 2 Hueo 3 Hueo 4 Kopor | Kop1 | Kop2 | Kog3 | Kog 4
6asaTa
AaHHU
1 kaTeropusa - | 7 TMNa 35 27 ropcku 101 go 1 11-17 | 111- 1411-
Cyxo3eMHu (o3HayveHu oT | nogTuna (o3HaueHn ot 703 173 1444
1p07) (o3HaveHn | G1.0 gpo G4.F)
ot J.1 oo
D.5)
1 kateropusi - | 1 T”n 5 nogtuna 14 811 oo 2 21 211- 2111-
CnapgkoBogHu | (o3HayeH ¢ 8) | (03Ha4yeHn cnagkoBoaHu 856 215 2156
ot C.1. oo (o3HaueHn ot
8.5) C1.1 po J5.4)
1 kaTeropusa - | 1 TMn 8 noaTuna - 902 no 3 31 311- -
Mopcku (o3HauveH ¢ 9) | (o3Ha4veHu 911 318
ot A.1 oo
X.2)
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Homepauusita Ha TMNoBeTe e BbBeAeHa 3a MO-rofiiMa ACHOTa € orned o6BbP3BaAHETO CbC
cnegpawmTe HuBa. HuMBo 3 e pas3BuTOo Ha Oasata Ha TUNonorMmte OT OEBETTE METOAMKM crej
CbOTBETHUTE KOPEKLUW U akTyanusauusi, Kato ca 3anaseHun OyKkBeHO-LMdPOBUTE KOAOBE yKasBallu
Bpb3kaTa ¢ knacudukaumara Ha xabutatute no EUNIS. Cnen akTyanusauusita B Hesl ce nosyyasar
obwo 48 nogTtuna, koeto e ¢ 10 Mo-manko OT 3aNoXeHUTe B HauMoHanHaTta MeToAMyecka pamka.
Pasnukata e B cnegctene Ha TpaHcopMmaumsita Ha nogTUNoBeTe CragkoBOOHN €KOCUCTEMMU, YacT OT
KOWUTO ca npemMecTeHu Ha HUBO 4. [locneaHOTO HMBO OT TUNOSIOMNATa € HEMbIHO, Thi KaTo camo B ABa
OT €KOCUCTEMHUTE TMNoBe Uma andepeHumnaunsa Ha HUBo 4. B ToBa oTHOLLEHWe TunonoruaTa cneasa
Ja ce pasrnexaa Kato 0TBOpeHa 3a No-HaTaTbLUHO pa3BuTME C Lien no-getannHa knacudukaums Ha
BCUYKN €KOCMCTEMHU Tunose. HoBaTa cxema ¢ yHudumLmpaHn KogoBe 3a U3Non3BaHe Npu cb3gaBaHe
Ha 6a3a gaHHn B MC e paspaboTeHa Taka, 4Ye Ha BCSAKO HMBO OT TMNONoOrMsita ga oTroBaps
CbOTBETHMS UNdpoB koa. bpos Ha undpute B Koga oTroBaps Ha HOMepa Ha CbOTBETHOTO HMBO, €4Ha
umdpa 3a HMBO 1, ABE LUMGPU 3a HUBO 2 U T.H.

3.2. KapTupaHe Ha ekocuctemuTe B baceriHa Ha peka OrocTa

AKTyanusaumsata Ha MNpOCTPaHCTBEHWTE AaHHU 3a CNagKOBOAHUTE EKOCUCTEMM € BTOPUSAT
OCHOBEH pe3ynTaT OT ToBa u3crnegsaHe. B npoueca Ha kapTupaHe ca OOHOBEHU HaNMYHWUTE MOMUIOHU
3a CragkoBoOHWUTE ekocucTemu (peku u esepa). B HavyanoTo Ha npoueca v npean obHOBSIBAHETO
TexXHusAT Gpon e 76 ¢ obuwa nnouw, ot 2.5 km2. Cnep npoueca Ha ob6HOBsIBAHE C MO-TOYHM [aHHM 3a
NPOCTPaHCTBEHOTO pasnpefefieHMe Ha CrnagkoBOOHWTE ekocucTemu, BpoaT MOMMIoHW Bb3nm3a Ha
622 c obwa nnowy, ot 5.24 km?2.

B no-rongmarta cu yacT, NpOMeHUTE Ce KacadaT 3a nosiBata Ha NMHEWHW OBEKTU B ropHuUTe
TeYeHUs Ha npuTouuTe, KOMTO nNpean obHOBsIBaHE Ha MpakTuka nunceaT B AaHHute (dur. 1 - B n C).
HetannHute usobpaxeHus Ha ¢ur. 1 (D n E) dcHo nokassaT Te3um nogobpeHus n no-gobpata
CBBbP3aHOCT Ha nputounTte B 6acenHa Ha p. Orocra.

dur. 1. MNpocTpaHCcTBEHO pasnpeneneHne Ha eKocucTeMuTe B ropHaTta YacT Ha 6aceliHa Ha p. Orocra.
A - KapTa Ha ekocucTemHuTe Tunose, B 1 C - MpuBnvkeH usrned Ha JaHHUTe Npeauw akTyanusaumsaTta
B [Ba y4yacTbka oT paitoHa, D v E MpubnmkeH usrnea Ha gaHHWTe crneg NpoMeHuTe.

4. U3Boaun

MHTerpmpaHoTO KapTupaHe Ha ekocucTeMuTe Ypes3 M3nornsBaHe Ha eauHHa NpoCTpaHCTBeHa
paMka npegnara pelueHne Ha npobnemuTe, CBbp3aHu C PasfMYHMTE U3TOYHMUM HA MHGOPMAaLMS U
HECBLOTBETCTBMATA MeXAy TUMOBETE eKocucTemMu OT otaenHuTe metoawmku [10]. MNpeacraBeHaTa B
TO3W [OKMag WHTerpMpaHa TUMOJMIOMMA Ha €EKOCUCTEMWUTE OcurypsiBa ConuaHa OCHOBa 3a Mo-
HaTaTbLUHO pa3BUTME HA UHTErPMPAaHOTO KapTUpaHe Ha eKkocucTemuTe, KOeTo e OT ocobeHa BaXXHOCT
3a NpUIoXeHneTo My B 6aceiHOBOTO ynpaBrieHMe Ha BOAUTE Nopaan TeputopuanHa o60cobeHoCT Ha
BCUYKW AeMHOCTU. TunonorusaTa e passuta usuano Ao Hueo 3 (MoAaTun) u e oTBOpeHa Ha HMBO 4 3a
no-HaTaTblUHO pa3BUTME KbM MO-AeTalfHa KnacugukaumMsi Ha BCUYMKM EKOCUCTEMHM TUMOBE.
YHudmuyupaHata cucrtema 3a kogMpaHe AaBa Bb3MOXHOCT 3a no-ygobHa paboTa npw pa3paboTtBaHe
Ha npocTpaHcTBeHaTa ocHoBa 3a ekocuctemute B MC. TeCTOBOTO MHTErpMpaHo KapTupaHe Ha
ekocuctemute B BacenHa Ha p. Orocta gaBa obHagexpaBalum pesyntatm U Moxe fa ce M3nonssa
KaTo npumep 3a Apyrn nogobHu pamoHu. To e NPUNoXeHo A0 HMBO 3 OT TUMororusTa, kato npeacTou
Aa ce pas3paboTaT noaxodu 3a kapTMpaHe B Mo-rofisiMa CTeneH Ha AeTaunHOCT Ha HuBo 4 3a
CNagKoBOLHUTE U FOPCKUTE EKOCUCTEMM.
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Ha owr. 4 e npegctaBeHa kapTa B npoekumst UTM 3oHa 35 ¢ nsobpaxeHue Ha Sentinel-2 MSI,
reHepupaHo ot GEE,B koMbuHauusa Ha kaHanute 11-8-3, oT TepuTopusaTa Ha obekTa Ha n3cnegpaHe,
Ha KOSITO € BU3yanuavMpaHo NPOCTPaHCTBEHOTO pa3npenerieHne Ha CHeXHaTa NoKpuBKa 3a M. anpun,
2024 r.

eH bankaH - Sentinel-2 MSI 11-8-3 - 04.2024
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dur. 4. Kapta Ha nsobpaxeHue ot Sentinel-2, B komG1Haums Ha kaHanute 11-8-3 3a m. anpun 2024 r.

Ha ®ur. 5 e npeacraBeHa kapTa ¢ NPOCTPAHCTBEHOTO pasnpeferieHMe Ha CTOMHOCTUTE Ha
NDSI 3a mecey anpun 2024 r., usbpaHata nparoBa CTOMHOCT OyepTaBalla CHeXxHaTa MOKpuBKa e
NDSI > 0.29.

dur. 5. KapTta ¢ npocTpaHcTBEHOTO pasnpegerneHue Ha ctonHoctute Ha NDSI 3a M. anpun 2024 .

Ha ®ur. 6 e npencrtaBeHa kapTa Ha CHeXHaTa MOKpMBKa BbB BEKTOpeH chopmart (,macka®),
npeacTaBnsaBall, CTOMHOCTUTE OT 3agagenus npar Ha NDSI > 0.29, kbaeTo nnowTa Ha Teputopunte
3aeTn OT cHAr 3a M. anpun 2024 e usuncneHa Ha 1.95 km2. Cropepd nonyyYeHuTe pesynTaTy,
rpaHvLaTta BbB BUCOYMHA Ha YyCToMuMBaTa CHeXHa MnokpuBKka 3a M. anpun 2024 r., 3anoysa
npubnuantenHo ot 2000 m Hagm.B. B gaHHuTe oT OtonetvHa Ha HUMX [9], ca peructpupanu
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CHeroBanexu npes3 To3nM mecel eguMHcTBeHo Ha 20.04. un 21.04, HAma gaHHM 3a gebenuHaTta

CHeXXHaTa NokpuBKa npu Bp. boTes.
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dur. 6. KapTa ¢ NpocTpaHCTBEHOTO pasnpeferieHne Ha CHeXXHaTa NnokprBeka 3a M. anpun 2024 r.
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Ha Tabnuua 1 ca nokasaHu WM3YUCMEHWTE MNIOLM 3aeTU CbC CHEXHa MOKpMBKA 3a Lenus
uscrneaBaH Nepuog 1 onpefeneHuTe UHAMBMAYarnHu nparoeu ctoHocT Ha NDSI 3a Bcsika roguHa,
Ha ®ur. 7 e NokasaHa rpaduka ¢ AMHaMuKaTa Ha CHeXXHaTa NMokpuBKa 3a U3crneasaHus nepuoma,.

Tabnuvua 1. MNMnowm 3aeTn cbC CHEXHa NoKpMBKa 1 Nparosu ctoiHocTn Ha NDSI

FlopuHa Carenur, Mparosu cToHOCTK | [1nowm cbC CHeXHa
(m. anpun) CeH3op Ha NDSI nokpueka (km?)

2015 Landsat 8 OLI-TIRS 0.34 240.39
2016 Sentinel-2 MSI 0.36 26.89
2017 Sentinel-2 MSI 0.58 75.28
2018 Sentinel-2 MSI 0.40 7.09

2019 Sentinel-2 MSI 0.38 109.85
2020 Sentinel-2 MSI 0.35 107.23
2021 Sentinel-2 MSI 0.37 199.41
2022 Sentinel-2 MSI 0.21 134.62
2023 Sentinel-2 MSI 0.39 151.13
2024 Sentinel-2 MSI 0.29 1.95

Mnowm saetm ot cHar (km?)

2015

OWHAMWKA HA CHEXXHATA NMOKPUBKA OT
TEPUTOPUATA HA HN "UWEHTPANNEH BAJZIKAH" 3A
NEPUOAA 2015-2024T

2016 2017 2018

2019 2020 2021

ToawvHn (M. anpwn)

2022 2023 2024

dur. 7. Mpacmka Ha guHaMMKaTa Ha CHeXXHaTa NOoKpMBKa 3a nacnensaHus nepmog 2015-2024 r.
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3a uenus HabnogasaH BpeMeBM Nepuo, Han-roriemMmu nroLwm 3aeTn OT CHAr ca PermMcTpupaHm
npe3 2015 n 2023 r., gokato Han-mankute TakmBa ca npes 2016, 2018, n 2024 r., koeTo nokassa
CWITHO HeraTMBHA TEHOEHUMS B CbCTOSHMETO M pPa3npoOCTPaHEHMETO Ha CHeXHaTa MOKpUBKa B
nnaHuHckmsa nosic Ha LieHTtpanHa Ctapa nnaHuHa.

3aknio4veHue

Ha 6asata npoBeneHOTO m3cnensaHe M NonyyeHuTe pesynTtaTt OT NPUMOXeHTa MeToauka ¢
nsnonasaHe Ha cHexHus uHgekc NDSI, ce HabnogaBa HeraTMBHa TeHAEHUWS B MPOCTPaHCTBEHOTO
pasnpegeneHne Ha NMOWMWTE 3aeTU OT CHEeXHa MokpuBKa, OT TeputopuaTa Ha HI1 LleHTpaneH
bankaH“ n B HerHaTta ycTtonymBocT 3a nepuoga 2015-2024 r. MNpes 2015 r., nnowmTe 3aeTn OT CHAr
ce usuucnsaeaT Ha 240 km?2, pasnonoxeHn Hag 1500 m Hagm.B, AokaTo kbM 2024 r. Te ce paBHsiBaT
Ha 1.95 kmZ2, npu BucoumHa Hag 2000 m. MNpe3 u3cnedBaHUs BpemMeBM Nepuod, Bb3 OCHOBA Ha
nonyyYeHnTe pesyntatu u U3BbpLUEHNS aHanu3, MI3MEeCTBaHEeTO Ha rpaHuLaTta Ha yCToMYMBaTa CHeXHa
NMOKpPMBKa No BUCOYMHA Ce oLeHABa Ha npubnuautenHo 500 m.

BnarogapHocTu

lMpoBeneHOTO n3cnegBaHe U NonyvyeHUTe pesynTtat ca nHaHCUpaHW OT MPOEKT No 4OroBop
KIM-06-M64/1 ¢ dpoHa ,HayuHn nscnegsanns” kbM MUHUCTEPCTBOTO Ha 00pa3oBaHNETO U HaykaTa, Ha
Tema: ,MoHumopuHz Ha ce30HHama OJQuHaMuka U ycmou4yueocm Ha CHeXHama [oKpueka 8
rnaHuHcKusi rnosic om mepumopusima Ha P. Bvneapus 3a nepuod om 10 200uHu (2014-2024) Ha
6a3a [JucmaHuyuoHHU u3cnedsaHus” ot 15.12.2022 r.
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1. https://unric.org/en/climate-europe-warming-faster-than-rest-of-world-ipcc/.Benes, Cr. LKnumateT  Ha
Bvnrapusa“. Codous, HapogHa npoceerTa, 1990.https://dataspace.copernicus.eu/https://

code.earthengine.google.com/Hall, D.K. and Riggs, G. A., “Normalized-Difference Snow Index (NDSI) in
Encyclopedia of Earth Sciences, Encylopedia of Snow, Ice and Glaciers”, 779-780, 2011.

6. Yin, D., Cao, X., Chen, X., Shao, Y., and Chen, J., “Comparison of automatic thresholding methods for snow-
cover mapping using Landsat TM imagery” International Journal of Remote Sensing, 34:19, 6529-6538,
2013.
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APXEOJTIOIMMA N NAHALWA®T. U3MNON3BAHE HA AEPOPOTOINPADUATA
NP Bb3CTAHOBABAHE HA CEJIMLUHUTE MOAEJIN B OKOJIHOCTUTE
HA AHTUHMHA MECAMBPUA NOHTUKA

Xueko Y3yHos', BunsHa Koctoea?, Panuua Bep6eposa?

Hoe 6bneapcku yHusepcumem, JenapmameHm ,Apxeonoaus”
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Knrovyoeu dymu: aepogpomoepacpusi, NNC, naHowagmHa apxeonoausi, Mecambpusi lNoHmuka

Pe3rome: VscrnedsaHu ca mMecmama Ha 3acefisaHe 8 MUHaslomo 6 OKO/IHoCmume Ha aHmuyHa
Mecambpusi lMoHmuka. Ypes mepeHHU npoyysaHusi 8 uscriedeaHama mepumopusi ca ycmaHOo8eHU Miowu, 8
Koumo OHec ca Hanu4Hu peku, 6e3 da ce peaucmpupam credu om 3acengaHe u obpamHo — Ha Mecma, KbOemo
OHec He npemuHasam peku, ce ycmaHossisam makuga. OcHogeH no0xo0 3a MbPCEHemMo Ha fpu4yuHuUme 3a
makuea Hecbomeemcmeusi € u3rosi3eaHemo Ha Memodume Ha rnaHOwagpmHama apxeonoaus. Ypes
aepochomoepacpusi e u3crnedsaHo UMEHeHUemo 8 naHowagma 8 OKosiHocmume Ha aHmudyHa Mecambpusi
lMoHmuka ¢ uen ycmaHossisaHe Ha NPUYUHUME 3a Ha/u4yue/omcbCmeue Ha apxeosio2udecku cenuuHu obekmu
Ha onpedeneHu nnowu om u3credeaHama mepumopusi. M3rnonzeaHume oucmaHUuUuoHHU Memodu ro3eorsnuxa 0a
ce ycmaHosu, Yye HabrodasaHume HeCbomeemcmeus ca fnpuyuHeHu om eOuH om criedHuUme dsa ¢hakmopa: (i)
aHmporiozeHHa Hameca — KopuaupaHe Ha peyHume Kopuma, doeerio 00 3ajudyasaHe Ha Majlkume pPeyHu
npumouu u (i) 2eornoxka egonoyus Ha mepeHa.

ARCHEOLOGY AND LANDSCAPE. USE OF AERIAL PHOTOGRAPHY
IN RECONSTRUCTION SETTLEMENT MODELS IN THE AREA OF
THE ANCIENT POLIS MESAMBRIA PONTICA

Zhivko Uzunov', Bilyana Kostova?, Ralitza Berberova?

1 New Bulgarian University, Department of Archaeology
2New Bulgarian University, Department of Natural Sciences
e-mail: jivko_uzunov@nbu.bg; bkostova@nbu.bg; rberberova@nbu.bg

Keywords: Aerial photography, GIS, landscape archaeology, Mesambria Pontica

Abstract: The places of settlements in the ancient polis Mesambria Pontica area were investigated. The
archaeological field surveys show a discrepancy in some parts of the study area, namely where rivers are present
today, there are no registered traces of settlement, and vice versa - in places where no rivers pass today, such
was established. A basic approach to investigating the reasons for such discrepancies is the use of landscape
archaeology methods. Through aerial photography, the following reasons for the discrepancies registered were
found: (i) anthropogenic influence - correction of river beds, which led, as well, to the obliteration of small river
tributaries, and (ii) geological evolution of the terrain.

BbBepneHune

JlaHgwadTsbT Ha JageHa TepuTOpMS UMa ABa acnekra: €KOMOorM4eH U aHTPOMOreHeH.
EkonornyHmnaT e kombuHaums OT knumart, Boau, pened, pacTuTenHocT, dayHa. AHTPOMOreHHUAT
NnpeacTaBsi YOBELLKMS OTnevaTbk, KaTo npeacTaBs epeKkTuTe Ha KynTypHUTE NpoLecu, HaCcTbNUN BbB
BpPEMETO — HapyllaBaHeTO Ha ecTecTBeHaTa pacTUTENHOCT, OTIMexAaHe Ha KyNTYpHU pacTeHus U
XMBOTHU, U3rpaxgaHe Ha cenuvuia un T. H. JlaHgwadTHaTa apxeonorus Moxe Aa ce pasrnexga B ABa
acnekrta: (i) emnupuyeH, nokassall, B3aMMOJEWCTBMETO Ha YOBEKa WM OKOMHaTa cpeda B AdajeHa
obnact B MuHaNoOTo u (ii) cbBpeMeHHUTE BWXAaHUSA 3a 3HAYMMOCT Ha NaHAwadTa 3a xopaTa B
MUHanoTo. JlaHgwadTtHaTa apxeonorns nsyyaBsa kak ca bunum CTpykTyprpaHn AeNHOCTUTE Ha YOBeKa
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B MMWHArOTO Ha KOHKPETHa TEpUTOpPUS, KaTo NO3BOMsiBa Aa CE HaNpaBU PEKOHCTPYKLUUSA HaA MogenuTe
Ha XXMBOT Ha xopaTa Ha dafdeHa Teputopusi B onpegeneH Bpemesu nepuog [1]. YecTto mM3bopbT 3a
3acenBaHe B MMHANOTO Ha JajeHa TepuTopus € NPOoAMKTYBaH OT 6rM30ocTTa A0 BOAOM3TOYHMLN. BbB
Bpb3ka C TOBa MpOCMeAsiBaHETO Ha APEBHUTE N CbBPEMEHHU KOpUTa Ha PEKUTEe € OT KIIH4YOBO
3Ha4eHue npu pas3drpaHe Ha MexaHn3ma Ha 3acenBaHe B JPEBHOCTTA.

B okonHoctute Ha aHTM4Ha MecamOpusi oHTUKA ca pasnosfiokKeHW TPU TFOfIEMU Pekn —
Xapxuincka, bana n Axenomn, KakTo M TexHUTe Mno-mankm nputoun. B palioHa ca ycTaHOBEHU
apxeonormyeckn obeKkTn CbC CenulleH XapakTep, M3BECTHN OT TEPEHHU MU3ANPBAHWSA, HanpaBeHW B
nepuoga 2013-2024 r. O6wmaTt 6pon Ha permcTpupaHuTe obektn € Hag 450 n ca gaTMpaHu OT BCUYKK
ncrtopmnyeckn nepuogm [2-5]. Nonsima 4vact OT 0OekTUTe camMoO ca PerucTtpupaHn npu TEPEHHU
n3gmpBaHus, 6e3 ga ca uU3BbpLUBaAHU apxeonormyeckn paskonkn. OnpeaensHeTo UM KaTo cenvuia e
Ha 06asa OTKpUTMTE NO MNOBBLPXHOCTTA MaTepuann. Ham-manbk gan oT TsaX nNpuHagnexat Ha
npancTopuyecknuTe Nepmoamn — Xankonut n 6poH3oBa enoxa. C Han-ronsim 6pon ca obekTute ot | xun.
np. Xp. 1 NO-TOYHO OT BTOpa MOSIOBUHA Ha XMNAZAONETMETO, KakTo U OT pMMcKaTa U KbCHOaHTUYHaTa
enoxu. B nscnegeaHata Teputopms ca YyCTaHOBEHW U MIOLWM, B KOUTO AHEC ca HanuyHKU pekn, 6e3 ga
Cce perncTpupar OpeBHM cenuuia u obpaTHO — Ha MecTa, KbAeTo AHEeC He NMpemMuHaBaT pPeku, ce
yCTaHOBSIBAT TakuBa.

PanoHbT Ha Mecambpus MNoHTUKa ce xapakTepuampa C U3KMIOYUTENTHO FoNeMn U3MEHEHUS B
nangwadTa, 3anovyHanu npes nbpeaTa NonoBuHa npes3 XX B., U3BbPLUEHU C LieN yBenMyaBaHe Ha
nnowmTe, noaxogdwm 3a 3emefenve, Kato TOBa € HanoXuno npomsiHa M U3MecTBaHe Ha
€CTECTBEHUTE PEYHU KOpUTA, KOETO € OOBENO A0 YHULLIOXEHWE Ha MOBEYETO Marku Peku U noTouMw.
HanoXeHuTe aHTPOMOreHHN NPOMEHN ca ronsiMa npevka npy pasbupaHeTo Ha MexaHu3Ma Ha usbop
Ha 3acenBaHe B [OPEBHOCTTA, KOETO Hanara Bb3CTaHOBSABaHe Ha [peBHWUs naHgwadT ¢ uen
aflekBaTHa PEKOHCTPYKUMS Ha CenuuiHuTe modenu B 6nmuskaTta okonHocT Ha Mecambpusa NoHTuKa.
PekoHCTpykuMaTa Ha naHawadgTa B paioHa e M3BbplUeHa 4vpe3 MPOCTPaHCTBEHO MogenupaHe C
nomowiTa Ha reorpadckm uHdopmaumoHHn cuctemm (TMC), koeTo no3sonu Ja ce npocregu
MbpPBOHAYaNTHOTO MECTOMNOJIOXKEHNE Ha KOpUTaTa Ha PekUTe B panioHa.

MaTepManM n metogun

Mamepuanu

3a OoCblUecTBABaAHETO Ha UenuTe 3a PEeKOHCTPYKUMs Ha naHawadTa ca M3non3BaHu
opTodhoTO M30OpaxeHus, eaHOBEPCTBOBA W TpuBEpCTOBa TonorpadckM kaptm n nsobpaxeHus oT
netawa nnartdgopma.

OpTodoTo nlobpaxeHnsita ca HanpaBeHu npe3 1941-1942 r. ¢ nomowLTa Ha camoneT B
noaxoasim ycroeus B mawiab 1:10000. CbxpaHaBaT ce BbB hvnM apxvBa Ha BoeHHaTa reorpadpcka
cnyxba. V3obpaxeHusata ca gurmtanuavpanu ¢ pesontoumnsa 1200 dpi u ca reopedepupann ¢ Len
NPOCTPAHCTBEHOTO UM OpPUEHTMPAHE.

OpTodoTO M30bpaxeHnsiTa ca cpaBHEHM C MHGOPMAaLIMA OT MbpBaTa KapTa CbC CPABHUTEITHO
TOYHO 3acHemMaHe, a UMEHHO TpuBepcToBaTa Tonorpadcka kapta oT 1877-1878 r., u3roteseHa ot
pyckata Tonorpadcka cnyxkba. OcHOBHaTa LEen Ha CpaBHEHWETO Ha opTOdOTO M3obpaxeHusiTa u
AaHHUTe OT Tonorpadckarta KapTa € NpocrneasBaHeTO Ha M3MEHEHMATa U KOpeKuMuTe Ha pedHuTe
koputa B nepuoga npeaum 1941-1942 r. 3a ocHoBa Ha Tonorpadckata KapTa e WK3nonsBaHa,
,edHoBepcToBaTta” kapta B mMawab 1:42000 c BucoynHa Ha cedveHuneTo npe3 5 caxeHa (10.67 m).
MmeHHO Ha epHoBepcToBaTa Tomorpadycka KapTa pyckaTa Tonorpadcka cnyxba m3gaBa KapTu B
Mawabu 1:126000 (TpmeepcTtora) n 1:210000 (neTeBepcToBa). TpuBepcTBoTaTa Tonorpadcka kapra e
anrntanuanpada B pesontoums 1200 dpi u cbLyo e reopedepupaHa.

3a nocturaHe Ha onpegeneHuTe LENM ca MW3MNon3BaHW M M300pakeHusi, 3acHeTM 4pes3
Oes3nunoTHa netsAwa nnatgopma C kamepa, Ype3 KOUTO Ca M3rOTBEHW TPUM3MEPHW MoAeNWN Ha
TepeHa, KbAeTo Ce pasnonarar cenuvwiata U MOrmrHUTE Hacunu.

Memodu

leopeghepupaHe Ha opmogomo uzobpaxxkeHusi u morioepahCKu Kapmu:

Upe3 reopedepupaHeTo ce noctura nocraBsiHe Ha M3obpaxeHueTo/kapTata B HeEroBute
peanHu reorpadckn koopamHati. MeToaobT ce OCbLUECTBABA PbYHO, ThIl KATO B apXMBUTE, OT KOWTO
ca 3aMMCTBaHu, He ce nasu uHdopmauma 3a HaseMHUTE KoopAMHATW, MO KOUTO Ce e M3BBLPLUBANO
3acHEMaHeTo M ca MW3roTBAHM KapTute. 3a uUenTa ca u3bupaHu reorpadCkM OTAMHUMU
3abenexnTenHocT, 3a KOWTO ca W3BMEYEHW pearHu KOOpPAMHAaTW, CHEeTW C AudepeHuunaneH
GNSS/GPS, onepupaw, ¢ TOYHOCT Ha nosuvumoHumpaHe 10-15 cm. CHeTuTe koopauHatTh ca
NpvBbP3aHM KbM OpTOOTO M30bpaxeHnsaTa u TonorpadckMTe KapTu, kKato e nocTurHaTara TOYHOCT
Ha nosuumoHupaHe nog 0.50 m (3a opTochoTo nlobpaxeHusita) n nog 1 m (3a TonorpadpckmuTe KapTu).
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Eesnunom+Ha nemswa nnamagopma:

DJI Mavic 3 Pro Fly More Combo (DJI RC), o6opyaeaHa ¢ 4/3 CMOS Hasselblad kamepa
(pesontoums 20 MP) 1 oBe oBOWMHM Tenekamepu.

3a aHanusvpaHe Ha JaHHMTE U U3FOTBSIHE HA KapTu e uanona3eaH codTyep ArcGis, Bepcus
10.5.

PesyntaTtu v guckycus

M3non3BaHeTo Ha aepodoTorpacdun, HanpaseHn npe3 1941-1942 r., wucTtopmuyeckn
Tonorpacdhckn kaptn ot 1877-1878 r., KakTo U pesynTaTuTe OT TePEHHUTE U3AUPBAHUA NOKa3BaT, Ye
40 TO31 MOMEHT HAMa OTKPUTO Cenulle, KOETo Aa He ce Hamupa B O6nM30CT o edHa OT TpuTe ronemu
pekn B panoHa (Axenown, Xamkuncka n bsna) unm TexHu manku nputoun. AHanmM3bLT, HanpaBeH C
nomowta Ha M'MC codpTyep, nokasea, 4e B MOYTM BCUYKU CIlydan pa3CTOSIHMETO, Ha KOETO ce Hamupart
cenuuiaTta cnpsimo pekute, e He nosede 100-150 m.

[o TO3n MOMEHT Mpoy4YBaHWsATa B panoHa YCTaHOBsiBAT, Ye Haw-ronsm Gpon cenuwa ce
pasnonarat no p. Axenow, cnegsaHu oT Te3u no p. XamK1MiCcka U Ha NocrneaHo MACTO — Ha p. bsana.
Tasn koHCTaTaumMsi e BanugHa 3a BCUYKM WCTOPUYECKM MEepuoaM, KaTo KOHUEeHTpauusTa Ha
apxeonorm4ecku obekTn okono p. Axenow ce AbImKU 1 Ha hakTa, Ye pekaTa e NpeTbpnsana Han-manko
KOpeKUMM 1 n3ameHeHus npes XX B. 1 CbOTBETHO 3ana3eHOoCTTa Ha apxeoriornyecknte obekTu e Han-
BMCOKA, KaTo Te Ca CPaBHUTENHO FIECHO BUAUMMU 3a pasnuka OT Te3u, pa3nonarawm ce no bperosete
Ha opyrute OBe peku. Peka Xamkuiicka, KOATO € Hal-MbfiHOBOAHATA peka, € NpeTbpnsana Han-mMHoro
KOpEeKUMM 1 n3npaBsHe Ha KOPUTOTO CU, KaTo TyK € MOCTPOEH U rofisiM U3KYCTBEH BOLOEM — S30BUP
Mopow. CTpouTencTtBOTO Ha £30BMpa € paspywuno 4act oT obekTute, Hamupawm ce B
HenocpeacTBeHa 6nm3ocT o OperoBeTe Ha pekaTta M €OMHCTBEHO M3MycKaHeTO Ha A30BuUpa,
M3BbPLUEHO MOpagu TeXHWYecka npodunakTuka, HampaBuM Bb3MOXHa perncrpauuatra um. He no-
ManbK npobnem npeacraBnsBa NPeBPbLUAHETO Ha YacT OT NMoLwmnTe, pa3nonoxeHn okono p. bana, B
nacvwa, KoOeTo AOMbIHMTENHO 3aTpygHsABa HabniogeHueTo npy M3BbpLUBAHE Ha u3gMpBaHe Ha
apxeonormyeckn obektn. KaHanmaupaHeto Ha nputoum no p. bana cbwo 3acdra 4act ot
apxeonormyecknTe ob6ekTu.

KopekumaTta Ha koputata Ha pekute bana n Xagxwuiicka npes n3MuMHanNus BeK, OCBEH 4e
ocBoboxgaBa noseve obpaborBaemu nnowm, € Mmana 3a uen ga NOHWXKW HUBOTO Ha NoA3eMHUTe
BOoaM [6]. Bbnpekn Te3an npomeHn HabnogeHuaTa, HanpaBeHN BbpXY NocneaHuTe ABe peku, Nokassat
e[jHa 3aKOHOMEPHOCT MpU apXeonorm4yeckn obeKTH OKOJO TSX, @ MMEHHO pa3nonaraHeTo UM Ha TEXHU
Npekun NpUToLM B HenocpeacTeeHa 6M30CT 4O BNMBAHETO MM B pekaTa.

B pesyntaT Ha aHTponoreHHa OewHOCT (cerckocTonaHcka obpaboTka) ce 3anuyaBaT Marku
nputoun. TakbB € Cny4yasT C MPUTOK Ha p. AXErnoRn, KOWTO sicCHO ce Habniogasa Ha aepodoTo
nzobpaxerne ot 1941 r. (dur. 1), a Ha TakoBa oT 2016 r. — otcbeTBa (dur. 2).

B pesynTaTt oT TepeHHuTe ndcnegsaHus npes 2020—-2024 r. B panoHa Ha BrM3KNTE OKOITHOCTYU
Ha Mecambpus lMoHTUKa e ycTaHOBeH oOwupeH paroH ¢ nrow, Hag 15000 da, B KOWTO He e
perucTpupaH HATO eA4uH apxeonornyeckn obekr. PanoHbT ce npoctupa 3anagHo ot CnbHYeB 6psar u
OHEeC ce XxapakTepu3upa C paBHUHEH TepeH, 3aeT OT obpaborBaemu nnowmn. OTCLCTBMETO Ha
apxeonormdeckn obektn moxe ga 6bae 06siCHEHO cnepn kaTo ce o6bpHE BHUMaHWE Ha naHpwadTa,
CbllUecTByBaL nMpean HavanoTo Ha XX B. MHdopmauns 3a npomeHn B naHgwadTta npegocraBs
Tonorpacdhckata kapta ot 1877—1878 r., Ha KOATO Ta3n TEPUTOPUSA SICHO e M3obpaseHa kaTo GnaTo
(Pwr. 3).

MpeBpbLLAHETO Ha TepuTopusaTa B BraTo e pesynTtaT oT dnykTyaunnte Ha YepHo mMope BbB
BpemeTo. M3BeCTHO €, 4Ye HMBOTO My HE € KOHCTAHTHO, kaTo npu Te3an konebaHus ca
3acBMAETENICTBAHN NMOKaYBaHWSi HAa HUBOTO, M3BECTHWU KaTO TpaHcrpecusi. TpaHcrpecus e gokasaHa
MeXay XankonuTa u paHHata OpoH3oBa enoxa [7]. B gHewHo Bpeme Teputopusita Ha GnaTtoTo
npeactaBnsiBa Aenpecust U ce Hamupa Ha MO-HUCKO HMBO OT YepHO Mope, KOeTo AonpuHacs 3a
BMCOKOTO CbAbpXXaHne Ha BO4OPa3TBOPUMN HEOPraHUYHU COMNN — Xnopuau, cyndartu, bukapboHat un
HATPaTU B MOYBUTE, KOETO M MpaBuM KpamHO HebnaronpusaTHW 3a OTrnexgaHe Ha 3eMeaericku
KynTypu. 3a ga ce npegnasaT OT 3aconsiBaHe, Npes3 mbpBaTa NonoBuHa Ha XX B. ce opraHvaupar
OENCTBNA MO MNPeKbCBaHe Ha Bpb3kaTa Ha MNOBbPXHOCTHWTE MOYBEHM  XOPU3OHTU C
MUHepanuanpaHnTe Noa3eMHU BOAM Ype3 APEHaXHa CUCTEMA U OTCTpaHsBaHe Ha BOA4OPa3TBOPUMUTE
CONK Ype3 NpoMMBaHE C NpsicHa Boga [6].
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M 1:5000
0 0045009 0,18 027 0.36

M 1:5000
0 0,0450,09 0,18 027 0,36

dur. 1. Peka, npemuHaBalla 4o npavctopuydecka our. 2. O6e3nnyeHo OT cernckocTonaHckaTa
cenuiiHa Moruna B 3eMnueTo Ha rp. Kabnelukoso. 06paboTka Ha No4BaTa KOPUTO Ha peka,
Moanoxka: aepodoTo nsobpaxeHue ot 1941 r. npemMuHaBalla 4o npancTopuyecka CenuiiiHa Moruna

(ob6o3HaveHa Ha n3obpaxeHuneTo ¢ Homep 10) B
3eMnuLLeTo Ha rp. KabnelukoBo. Mognoxka:
CbBpPEMEHHO aepotoTo n3obpaxeHue

[i—=

0 0.379,75 15 2,25 3
O — —

M 1:50 000

dur. 3. Tonorpadcka kapta oT 1877—1878 r. Ha 6nuskaTa okonHocT Ha Mecambpus MNoHTMKa
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3akno4yeHune

TepeHHNTE uM3OUpPBaHWS Ha apxeofiormdeckn o06ekTn, aepodpoTorpadmmTe OT nNbpBaTa
nonoBuHa Ha XX B, JaHHUTE OT Tonorpadckute kaptn ot XIX B. n cpaBHABAHETO MM C OPTO(OTO
n3obpaxeHusi nokaseaT, Y€ pPaloHbT Ce XapakTepusuMpa C W3KIIOYUTENHO TONieMU U3MEHEHUs B
navpgwadTa. EgHM OT TsX ce ObikaT Ha reonoXka eBOMoUMS Ha YacT OT nfowuTe B panoHa.
Opyrute n3ameHeHus ca C aHTPOMOreHEH XapaKTep M ca M3BbpLUEHN Npe3 BTopaTa nonoBmnHa XX B. C
Len yBenuyaeaHe nnowMTe, NOAXOASAWM 3a 3eMeenuve, Kato 3a Lenta ca NPOMEHEHU U N3MeCTeHU
KopuTaTa Ha pekute B obnacTtTta. B pesyntaTt OT Te3n NpoOMeEHM NOBEYETO Marku peku 1u noToum ca
3anMyeHn KbM OHellHa aaTa. Bbnpeku mawabHaTta aHTpornoreHHa Hameca npes3 u3mMuHanus Bek Bce
olle YyacT OT MbpPBOHAYaANHOTO MOMOXEHWE Ha pevYHuUTe KopuTa € OONOBMMO U npeaBapuTernHuTe
HabniogeHusa covaTt, vye Ha TpuTe ronemmu pekn Axenown, Xamxuincka n bana, kakto 1 Ha TeXHWUTE no-
Mankv npuTouu, ce pasnoniarart Mno-rofisiMa 4act OT perncrpupaHy obekTu OT BCUYKM UCTOPUYECKM
nepuoau.
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Knroyoeu dymu: JlyHHa koopOuHamHa cucmema, peghepeHmHa rno8bpxXHOCM, KOHMPOIIHa MOoYKa,
HayasiHa mouyka

Pestome: JlyHHama koopduHamHa cucmema (JIKC) e om cbujecmeeHo 3Ha4deHue 3a orpederisHe
MOYHOMO MecmorosioXeHue Ha O00eKmu, Hamupawu ce Ha M[osbpxHocmma Ha JlyHama u msaxHomo
KapmoepagupaHe. To3u o0b3opeH Ooknad ce poKycupa ebpxy u3crnedsaHe U 8HacsHe Ha roseye sicHoma Mo
memama 3a JlyHHUme KOOpPOUHamHU cucmemMmu u3ronseaHu 8 OUCMaHUUOHHUMe u3cneds8aHusi Ha fyHHama
rnosbpxHocm, Kapmoepaghusi, monozpachuss u eeoepapcku uUHgopmayuoHHuU cucmemu (MMC). UznoxeHa e
meopemuyHama ocHoea Ha cbepemeHHama JIKC YcpedneHna 3ems/lonspHa oc Mean Earth/Polar axis (ME),
npenopbyaHa om MexdyHapodHusi acmpoHomudecku cbio3 (IAU) u npunazaHa 3a kapmozpacpupaHe Ha
JNlyHHama rnoebpxHoOcm, Kamo e rpedcmaseHa U anmepHamuseHama cucmema [asHa oc Principal axis (PA).
U3mbkea ce sceobxeamHomo 3Ha4YeHue u non3u Ha JIKC.

STANDARDIZED LUNAR COORDINATE SYSTEM - OVERVIEW

Iskren Ivanov, Lachezar Filchev

Space Research and Technology Institute — Bulgarian Academy of Sciences

Keywords: Lunar coordinate system, reference surface, control point, starting point

Abstract: The Lunar Coordinate System (LCS) is essential for accurately determining the location of
objects on the Moon's surface and for mapping them. This review paper focuses on exploring and clarifying the
topic of lunar coordinate systems used in remote sensing of the lunar surface, cartography, topography, and
geographic information systems (GIS). The theoretical foundation of the modern Mean Earth/Polar Axis (ME)
LCS, recommended by the International Astronomical Union (IAU) and applied for mapping the lunar surface, is
presented, along with the alternative Principal Axis (PA) system. The comprehensive significance and benefits of
the LCS are highlighted.

BbBeneHue

CraHgapTtuaupaHaTta JIKC nosBonsiBa Ha ydeHu OT pasnuyHu obnactu ga msnonssaT obuia
OTMpaBHa pamka Npu u3yvyaBaHe Ha NyHHaTa MOBBbPXHOCT, KOATO rapaHTvMpa MnocrnegoBaTesiHoCT U
TOYHOCT NPV HEMHOTO M3y4vaBaHe, NpoyyBaHe u kaptorpadupaHe [1, 2]. OT Xun3HeHa BaXKHOCT e 3a
YyCMELWHO MfaHnupaHe W W3NbIHEHWEe Ha W3CneaoBaTerncku M HaydHu mucun. Hanmumeto Ha
ctangapTtuanpaHa JIKC ynecHsBa fcHaTa 1 ehekTMBHa KOMyHMKaums, npeoTBpartaBa oObpKBaHUS U
rpeLKn Npy eOHOBPEMEHHOTO pa3BUMTWE Ha NYHHUM MUCUMM Ha PasnuYHM areHumm v Hauuw. lMpaswu
Bb3MOXHO WHTErPUPaHETO Ha OaHHW PErucTpupaHu c anapatu OT pasfMyHM MUCUM U TAXHOTO
HagexaHo apxvBupaHe. OT CbLUECTBEHO 3HA4YeHWE € 3a M3BbPLUBAHE Ha TOYHW MPOCTPAHCTBEHU
aHanuau n cb3gasaHe Ha 'IC npoaykTu. JIKC e B ocHoBaTa Ha NyHHUTE n3cnenBaHus.

UcTopusa n pa3BuTHe Ha NyHHaTa KapTorpadusi 1 KOHTPOJTHA MPEXHn

3a nuoHep B kapTorpadupaHeTo Ha NnyHHaTa MOBBLPXHOCT ce npuema [anuneo anunen,
konTo npes 1610 r., nybnukysa nbpeaTa nyHHa kapTta B cBos TpyA "Sidereus Nuncius". 3a HelHOTO
cb3aBaHe WU3Mona3Ba Terneckon, u3paboTeH OT camus Hero. B gHelwHO Bpeme, MbpPBEHCTBOTO Ha
lannnen ce ocnopea, Bb3 OCHOBa Ha 3ana3eHn OOKYMEHTU, OT KOUTO CcTaBa fICHO, 4e npe3 1609 r.
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Tomac XapuoT mpaBu cepusi OT CKALM Ha fyHHaTa nosbpxHocT [3]. Mpes cbums Bek WMoxaHec
XeBenuin cb3gaBa CBOsiTa NogpobHa kapTa Ha NyHHaTa MOBBPXHOCT, HapeyeHa "Selenographia”, ¢
KOATO BbBEXJa CUCTEMa 3a HavMeHyBaHe Ha obpasyBaHusiTa (0GeKTMTe) Ha MyHHaTa MOBbPXHOCT
(HomeHknaTypa). HeroBata HomeHknaTypa npe3 1651 r., 6uBa 3ameHeHa OT HOMEHKNaTypaTa Ha
I xoBaHu Batucta Pnyonu, yneTo npunoxeHne e aktyanHo 1 kbm Hawwm gHu. MNpea 18-tn Bek Tobunac
Marnep 3anoyBa cuCTEMAaTMYHO [Aa 3anvMcBa KoopAauHatM Ha ob6ekT OT fyHHaTa MOBBbPXHOCT,
M3MNon3Banky Teneckon ¢ BrpafeHo MUKPOMETPUYHO YCTPONCTBO. Ton pasnonara HabnwogasaHuTe oOT
Hero obekTn B KOOpAMHATHa CMCTEMAa YMUTO LIeHTbP € kpaTepa MaHunun (Manilius). MNMo-kbCcHO, npes
1839 r.,, becen wu LlUnoTep npoBexaar cBouTe WU3MEpPBaHUS 4Ype3 HabnwgeHus Ha nyHHaTa
NOBBPXHOCT LIEHTPUpaHN BbPXY KpaTepa MeoctuHr A (Mésting A). Okono 1890 r., MoxaH ®paHy
KapTorpadmpa nyHHaTa NOBBPXHOCT, KaTO Cb3aBa Mpexa OT KOHTPOSIHU TOYKU (CbCTOSALWM Ce OT
Manku kpatepu). 3a TOYHO onpedensdHe Ha TAXHOTO MECTOMONOXEeHWe W3Nnon3Ba u3mMepBaTeneH
WHCTPYMEHT (xenuomeTbp) u doTorpadckm cnocobu. MNbpBoHayanHo, NyHHUTE KOHTPOSTHU MPEeXu ca
Cb3JadeHn 4Ype3 BHMMATenHW HabnwgeHuss Ha 06eKTM OT JfiyHHaTa MOBBbPXHOCT MO U300paxeHus,
HanpaBeHW npu pasnuyHu asm Ha JlyHaTta, 3a ga ce oTyeTaT M3MEHEeHuATa B rregHaTta Touyka Ha
HabntogaTensa npomstudawm ot JlyHHaTta nubpauwns [4].

Mpe3 20-Tm Bek C nomoliTa Ha pasBMBallaTa Ce ENeKTPOHHA W3YMCNUTENHa TexXHUKa e
CbCTaBeH pedepeHTEH CNNCBK C OOEKTU 1 TAXHOTO MECTOMOSIOXEHWE, KOUTO CINYXXWN 3a OCHOBA Ha Mo-
KbCHUTE JTYHHM KOHTPONHU mpexu. B cpepata Ha 20-Tu Bek, B MOArOTOBKAa 3a MbpPBUSI KOCMUYECKM
nonet go JlyHata, no nporpama AMoONo, pas3nuyHM 3BEHa Ha aMepuKkaHckata agMWHUCTpauus,
CbCTaBAT KaTano3M C KoopauHaTUTE Ha O00eKkTM OT fyHHaTta MOBBbPXHOCT. [lo-HaTaTbLUHO
paswmpsiBaHe M CNMBaHE Ha KOHTPOSTHUTE MPEXM € M3BBPLUEHO OT Pa3fMYHM Hay4yHU eKkunu OoT
CoBetckus cbio3, ObeamMHeHOTO KpancTeo M ApyrM Hauumv B Ayxa Ha mbpsaTta ,JlyHHa Hagnpesapa“.
Tesn Mpexu pasdntar Ha CHUMKWU, HanpaBeHU OT Ha3eMHU Tereckonu, No Bpeme Ha pasnuyHu dasm
Ha JlyHaTa. Mucunte "Anono" no3sonsiBaT Ha acTPOHABTUTE Aa U3MepBaT No3vunnTe Ha cneundunyHn
OpUEeHTUpPU C MOMOLLTa Ha cekcTaHT. [locTaBeHn ca nasepHu OTpaxaTenu, 4acT OT eKcrnepumeHTa
JlaszepeH panekomepeH peTpopednektopeH ekcnepumeHT (LRRR) ot naketa Komnnekr 3a nyHHM
NMOBBPXHOCTHW ekcnepumeHTn Ha Anono (ALSEP) Ha mectaTa Ha JlyHoxog 2, Anmono 11, 14 n 15,
KaKTo 1 paguonpeaaBaTtenu ot mucumute Anono 15, 16 n 17 yact ot ALSEP, 4yinTO MecTononoxeHns
Ha NyHHaTa MOBBLPXHOCT ca TOYHO onpegeneHun [5]. Tesnm NOCTOSAHHW KOHTPOMHM TOYKWU, NOo3BOnsiBaTt
M3BBbPLUBAHE Ha TAXHOTO HA3EMHO BMCOKOTOYHO U3MEpBaHe, Ype3 nasepHa nokanusaums u pagmo-
nHtepcepomeTpus. JlyHap opbutbp |V npegoctaBs wu3obpaxeHMss C BUCOKA NPOCTPaHCTBEHA
pasgenuTenHa cnocobHOCT.

MbTaT KM M3paboTBaHe Ha JlyHHa koopAuHaTHa cucTeMa npoabikaBa ¢ EguHHaTa nyHHa
koHTpornHa mpexa (ULCN 1987) usrpageHa no gaHHu oT mucumute "Anono"”, HasemHu Teneckonu u
n3obpaxeHnsi 3acHeTU OT aBTOMaTU4YHMSA KocMmuuvecku anapat MapuHbp 10. Cnegsa ULCN 1994
CbCTOsILLA ce OT Npensymcnenn n paswmperdn gadHHn Ha ULCN 1987 nntoc TOYKM C MeCTOMOMNoXeHne
Ha ganevHaTa cTpaHa Ha JlyHaTa OoT n3obpakeHus 3acHeTUM OT aBTOMATUYHWUSI KOCMUYECKM anapat
Manuneo. MNpe3 1997 r. cuctemata ULCN ob6xBawa JlyHaTta rnobanHo, MHKOpnopupamku gaHHu OT
mucuaTa KnemeHtnH. Cbe cnegBawaTta ULCN 2005 ce npeyctaHoBsiBa MpakTukata 3a KOHTPOHU
TOYKM Ha NyHHaTa MOBBLPXHOCT Aa ce nona3eaTt obektu. [Npegnpuema ce HOB MOAXOA W JNYHHUTE
KOHTPOISTHM TOYKM BeYe ca NUKCENHN MECTOMONOXEHUS BbPXY CneunguyHn n3obpaxeHus 3acHeTu no
Bpeme Ha mucuaTa KnemeHTuH. Cnuctemata ULCN 2005 npes oktompu 2010 r. € oduymnanHo npmueta
ot [MnaHeTapHua peructbp Ha MexagyHapogHusa actpoHomuyeckn cbto3 (IAU) 3a onpepensHe
KoopauHaTuTe Ha obekTn Ha NyHHaTa NoBbPXHOCT [6]. Mpe3 toHn 2012 r. NnaHeTapHMAT perncTbp Ha
MexagyHapoaHus acCTPOHOMUYECKN ChIo3 akTyanuampa KoopanHaTute, U3non3BaHu 3a onpeaensHe Ha
MECTOMONOXEHNETO Ha 0DEKTM Ha fNyHHaTa NMOBBPXHOCT C AaHHU perncTpupaHy ot anaparta JlyHeH
opbutaneH nasepeH antumeTbp (LOLA) yacTt OT HaydyHaTa anapaTypa Ha 6Gopaa Ha nyHHUSA
opbuTtaneH kocMudecku anapart JlyHap PukoHbcbHe OpouTtsp (LRO).

MectononoxeHueto Ha JlyHaTta B kocmoca DE 421 n ICRF3

MecTtononoxeHneto Ha JlyHaTta B KOCMWYECKOTO MPOCTPAHCTBO ce onpefens bnarogapeHue
Ha lMnaHeTapHuTe 1 nyHHU edpemepnan 2008 JPL DE 421 opueHTupaHu cnpsmo MexayHapoaHaTta
HebecHa pecepeHTHa cuctema 3 (ICRF3) dmkcupaHa B bapuueHTbpa Ha CnbHYyeBaTa cucrema [7-9].
JlyhHHata opbuta B DE 421 e u3uucreHa Bb3 OCHOBa Ha KOMOWHMpaHe Ha JlyHHO nasepHo
nokanusmpaHe (LLR) u gp. uamepBaHua cbc 3abenexuTtenHata ToyHOCT OT nog 1 MeTwp.
NamepBaHusiTa M3BBbPLUBAHN MOCPEACTBOM IA3epHO JOKanu3npaHe Ha nasepHUTe oTpaxaTtenu Ha
Jlynata (LLR) wn paguo-untepdpepometpuata (VLBI) npepoctaBaAT wuHdopmaums 3a HenHaTa
OTAANeYeHoCT U bIbil Ha uamecTsaHe. Pagno-nHtepgepometpmynnte namepsaHusa VLBl Ha obektu
OT NyHHaTa MOBBbPXHOCT ca uHTerpypyemmn B ICRF3, kosito e 6asnpaHa Ha VLBI nsmepBaHusa Ha
KBa3apw.
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