Two things are infinite: the Universe and human stupidity; and I'm not sure about the Universe.
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A6cmpakm: AHanu3upyomcs cusbHble CKa4yKu 371eKmpu4Yecko20 Mosis U rnomokKu Yyacmuy ¢ sHepauel 1
KaB 6 nonspHol uoHocghepe o OaHHbIM crymHuka «VHmepkocmoc-boneapus-1300». [lpusnekatomces
pe3ynbmamal 110 U3MEPEHUSIM MIa3MeHHbIX CMPYKMyp 8 MasHumocgepe Ha 8bICOKOano2elHbIX CriymHuKax u
pe3ynbmamsbi HabmodeHUl cmpykmyp MOMASPHbIX CusiHUU. Ymo4Hsemcsi camocoariacogaHHasi Mooesb
MPOX0XO0eHUs1 KOCOU arnb8eHOBCKOU B0JIHbI U3 MagHUMHO20 CII0Sl U OMpa)KeHusi ee om HUXHel UOHOCQepbI,
Komopasi J102uU4eCcKU C€8s3bleaem rocredoeameribHOCb aHOMaslbHbIX [UKO8 3NIeKmMpoMazHUMHbIX noned,
Habmodaswuxcs co cnymHuka MIKB-1300 npu npoxox0eHuu aspopasibHOU 30HbI.
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Abstract: This paper analyzes the strong jumps of the electric field and particle fluxes with energies
around 1 keV in the polar ionosphere according to the satellite "Intercosmos-Bulgaria-1300". The results of
measurements of plasma structures in the magnetosphere at satellites with high apogee and observations of
auroral structures are used. We improve the self-consistent model of the oblique passage of the Alfven waves
from the magnetic layer and the reflection from the lower ionosphere, which is logically linked sequence of
anomalous peaks in the electromagnetic fields observed by satellite SDS-1300 during the passage of the auroral
zone.

BBeneHune

B pesynbTaTbl MHOMOYMCIEHHBLIX NCCNEAOBAHUN OKOJTO3EMHOIO KOCMUYECKOro NMpoCTpaHCcTBa
CyLLeCTBEHHbIM BKMagd BHECNUM [AaHHble, noflydyeHHble B 80-x rogax co cnytHuka WHTepkocmoc-
Bonrapus-1300 (MKB-1300). Ha Hem BrnepBble Obifla NMPpMMEHEHa cTabunu3auus CnyTHMKa MO TpPem
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0oCsAM, a B COCTaB KOMMJeKca annapaTypbl BXOOuUnu npubopbl, NMeLWwmne napaMmeTpbl CyLIECTBEHHO
nyyqwme, 4Yem Ha nNpeabligylmx CHNyTHWKAX, YTO MO3BOMMIIO NpoBOAuTb Ooree KayecCTBEHHble
namepeHusa. OgHMM wu3 Takmx nNpvbOpPOB SABNAMNCHA KOMMMNEKC W3MEPEHWS LIeCTU KOMMOHEHT
3MEeKTPOMarHMTHoro nong B guanasoHe 0,1+8 'y U3CIM-MMIMM [1].

BaxxHenwmm BOMPOCOM COMHEYHO-3EMHbLIX CBSI3€W [0 HACTOALWEro BpeMeHu $BnseTcs
nsydeHvne getanen U3nNYecknx MexaHmamMoB, 06YCNOBNNBAIOLLNX MPOXOXKOEHWNE IHEPTUMN COFTHEYHOTO
BeTpa B aBpopalnbHyt unoHocdepy. OBbIMHO BbIAENAT YCPEeOHEHHYI CTPYKTYPY KOHBEKTUBHbIX
OBwKeHW (cMm., Hanpumep, [2]) n Haubonee npuHUMNManNbHY 3agadvy - OPMUPOBaHUE TOHKOM
CTPYKTYpPbl ONEKTPOMarHWTHbIX MOfien W KX CBA3b C MNONSAPHbIMKU  CUSHUSMU. JTa 3ajaya
paccmaTtpuBaeTcs B HacTosiLen paboTe.

B paHHuMx paboTax [3,4] B aBpopanbHOM BepXHeW WoHoccepe u MarHuTocdepe Obinu
oBHapyXeHbl CTPYKTypbl C aHomanbHO 6onblwmMK anekTpudeckumun nonamu ( E = 100 mB/m).
NamepeHusa ¢ nomowpto cnytHuka MIKB-1300 n KoppenupoBaHHble C HAMU Ha3eMHble HabnogeHus
[5+8] no3BONMNN YTOYHUTHE B3aMMOCBSA3b CKAYKOB 3MEKTPUYECKOrO M MarHWTHOrO Mornew, NoTOKOB
YyacTuu, ONTUYECKMX AMUCCUIA C MONAPHBIMU CUSHUAMMN.

B npoekte MHTEPBOIJI petanbHO wnccrnegoBanuvcb MNPOLIECCHI B aBpoparibHOM 30HE W
onvxHen k 3emne obnacTtn xsocta MarHmTocdepbl. Hanbonee BaxHble pe3ynbTaThl, MPeACTaBeHbI
B pabortax [9+11]. BonbliON CTAaTUCTMYECKUA MaTepuan Mo OaHHbIM, MOSlyYeHHbIM CO CMYTHUKOB
DMSP F6 n F7 3a 1986 rog no notokaMm 4actuu B 30Hax BbicbinaHusa (6onee 30000 nepeceyeHuin)
Obin ucnonb3oBaH asTopamu paboTbl [12] AnNS NOCTPOEHWS MOAENU pPasBUTUS aBpOparbHbIX
BbICbINaHU B Nepunoabl pa3snutusa cybbypb B kaxaon u3 das. 3T pesynbTatbl NO3BOMASIOT YTOYHUTL
MeXaH13M nepenayn BO3MyLLEHMI MarHUTHONO CNos B MOHOCEPY, NPEASIOXKEHHbIV B paboTe [8].

JkcnepuMeHTanbHble pe3ynbTaTbl

Hanbonee xapaktepHble OCODEHHOCTM aBpoOpanbHOM WMOHOCKEepbl Had 30HOM MNOMSAPHbLIX
cusHMA Bbinn nonyyeHbl co cnyTHuka MKB-1300 Ha BbicoTax 800-900 kKM C NOMOLLbIO KOMMIeKca
N3CIM-UTMMIM [1] n guddepeHUmManbHOro anekTpocTaTMYeckoro cnekTpomeTpa [5], KoTopbIn U3Mepsn
3HepreTMyeckoe pacnpeneneHue NoTOKOB YacTuL, C TPeX HanpaBneHun B 16 aHepreTMYecknx kaHanax
ananasoHa 0,39+15 kaB.

KOHBEKTUBHbIE TEeYEeHUs B MONSAPHOM LUAMNKe 3aBUCAT OT MEXMNNaHeTHOro MarHUTHOro nons
(cm. Hanpumep [2]), @ NOTOKM SHEPrUYHbIX JMEKTPOHOB - OT pas3bl MarHUTHOW cyObypu u
reoMarHuTHbIX koopauHat [12]. Hwke gns wnmioctpaumm TUNWMYHOW CTPYKTYPbl SMEKTPOMAarHUTHbIX
ckaukoB (OMC) npu NpoxoxaeHwss oBana MosisiPHbIX CUSIHUIA cpeau COTHM 06paboTaHHbIX BUTKOB
BbIOpaHbl Cry4yan KacaTenbHOrO M MOMEpPEeYHOro [ABMXEHWS K OBarny B YTPEHHEM W BEYEPHEM
cekTopax. Takon BbiGOp MO3BOMSET UCMOMb30BaTb TPAKT HenpepbiBHOM (C AMCKPeTHOCTbo 80 MC)
perncTpacTpauum 3nekTPOHOB C (OUKCUMPOBaHHOW 3Heprmen 1 kdB ans wvaeHTUdmKaumm 30HbI
BbiCbiNaHuA aBpopanbHoro osana — AOP (auroral oval precipitation) n 30Hbl guddy3HOro
aBpopanbHoro ceeveHuns - DAZ (diffuse auroral zone). 3pecb cpedHsisi 3Heprus BbICbINAKOLWMUXCA
anekTpoHoB 6nuka k 1 kaB [12]. B 30He msArkux amddysHbIX BbicbinaHun — SDP (soft diffuse
precipitation), npumbikatowen k obrnactu AOP ¢ npunonioCHOW CTOPOHbI, CPedHss dHeprus
BbICbINaOLLUXCH 3NeKTpoHoB ~ 0,2 kaB.

Ha puc.l npeacraBneHa B reOMarHUTHbIX  KOOpPAMHAax ropu3oHTanbHas Mpoekuuns
3NEeKTPUYECKOro nonsi ¢ ycpegHeHneMm ~10 c. BOonb opbutbl 1926 npu nponeTe yepes MossipHyHo
obracTb ceBepHOro nonywapus. SNEeKTPOMarHUTHbBINA CKavoK - peskoe ycunexve nond go 150 mB/m un
ero BpalleHue 3apermctpupoBaHo B 19.08.30 UT. B aTo Bpemsi reomarHutHble ycnosus 21 gekabps
1981 r. Obinn cnokonHble Kp=2, Dst=-11 HTn.

Ha pwuc.2 B untepBane 30 c., oxBaTbiBarowmum IMC, npeacrtaeneHbl: Ex — koMMoHeHTa
3NeKkTpuyeckoro nons BAOMb BekTopa ckopoctM, Ey — ropusoHTanbHas KOMMOHEHTa,
nepneHavkynspHas BekTopy ckopoctu, Ez — BepTukanbHas coctasnstowas, Je — ycpegHeHHbIn (3a 1
C.) NOTOK AMEeKTPOHOB B KaHane 1 kdB (BHU3 - cnnowHas NUMHWUS, BBEPX - MYHKTUPHas FNUHWS, NO
CKOpPOCTM - TO4YKM), Sz — BepTUKanbHasa cocTaBngwwas BekTopa [lonMHTMHra. 310 coObiTHe
paccMmaTpuBanocb B pabote [8]. B otnuume ot [8], B npepcTaBneHHon paboTe MCnonb3oBanuchb
AaHHbIE NO 3NEKTPUYECKOMY MO0 C YAaneHHbIM MHOYLMPOBaHHLIM NofneM nytem dunbTpaumu, 4To
Nno3BOnseT BblAeNUTb POHOBbIE KOHBEKTUBHbIE ABWXKEHUS. BepTukanbHbIMy NuHmaMu n Bykson S
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Puc.1. BpaweHue Moayns BeKTopa ropnusoHTarnbHbIX KOMMNOHEHT 3NIEKTPUYECKOro Nnosisi B 30He oMC

(Shock)

BblOeneH

WHTepBan, roe

HabntogaeTtcs

nagatoLmm

OMC. 3pecb Takxe

PerucTpUpyeTCs CrOUCTas TOHKAs CTPYKTyPa WMHTEHCWBHBIX MOTOKOB MoHOB 210° (cm®.cp-c-kaB)™,
Bocxoasawmx ¢ sHepruen 0,54 kaB n Hucxogsawmx 0,77 kaB [8].
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INTERCOSMOS-BULGARIA-1300 Date: 21.12.1981
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77.4
169.3
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717

Puc. 2. Tpy KOMNOHEHTLI 3NIEKTPUYECKOro Nons, NOTOK ANEKTPOHOB B KaHane 1 kaB u BekTop MNovHTuHra B
avanasoHe vactot 0.1 — 8 'y B obnactn SMC

Cnepytowan obnactb, oTMedeHHast B6ykBon A (Aurora), — obnactb oTpaxeHus 3MC ot

HWXKHEN

noHocdepbl,

XapaktepusyrLwladaca

BOoCXoOALWMnMHn noTokamun

MoHOB. Tak Kak

perncTpupytoLLas cucteMa CrnekTpoMeTpa Obina aganTUBHOW, TO B MOMEHT MPOXOXAEHWUN CMYTHUKOM
obractn A nocnefoBaTenbHO BKIOYaNMCb TpakThbl AnanasoHa 4+15 kaB. MakcMmym notoka MOHOB
~10° (CMZ-cp-c-K:aB)'l 3aperncTpupoBaH B kaHane 7,8 kaB.
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B nepexogHon obnactu mexagy A n So, rae Ez ~ -30 mMB/M ¢ y4eTOM HaknoHa MarHWTHOW
CWMOBOW NIMHMM 1 KOMMOHeHTbl Ex npogonbHoe anekTpuyeckoe none HesHavmTensHo. MoHocdepHas
nnasma 3gechb BblTanknBaeTcsi oT ob6nactu aBpopanbHOM Ayrv ¢ AperndoBON CKOPOCTbIO ~ 3 KM/C.

Obnactb So, roe cpegHui BekTop [MOMHTMHra HampaBneH BBEPX, MHTEPNPETUPYETCH Kak
obnactb oTtpaxeHHoro AMC. Ob6nacte C - nepexogHas K 30HEe MONSPHON LUanku, rge B ABUXKEHUU
nnasMbl BblAENSeTCA BUMXpeBas CTPYKTypa C XapakTepHow Apeurdoson ckopoctbio ~ 0,6 km/c, a
Takke BMECTe C HebOoMbLIMM MaKCUMYMOM BbICHINAKLNXCHA K3BHbIX 3MEKTPOHOB HabnogatoTcs
BOCXOAsLLME MNOTOKM MOHOB B KaHanax 0,77 kaB un 1,06 kaB. B 30He nonspHow wanku, nepesg
obnactbto C, HabnogaeTcs aHTUMCONHEYHas KOHBEKUWSI Mnasmbl C XapakTepHbIMU ApendoBbIMU
ckopocTaMM ~ 3 KM/C.

Cnegytowmn 3MC, koTopbii nogpobHO paccMoTpuMm, Habnogancsa 18 gekadbps 1981 r. npu
YMEPEHHOW MarHUTHOW BO3MyLleHHOCTU Kp=3p, Dst=-29 HTn. Bpgonb opbutel 1884 B ceBepHOM
nonywapuy 6binn 3admMKCMpoBaHbl ABE 30HbI aHOMasbHbIX 3MekTpuyeckmx nonen. B 09:30+09:32 UT
npu Bxoae B nonsapHyto wanky u B 09:39+09:41 UT npu Bbixoge 13 Hee. Ha puc.3 npeacrasneHbl Tpu
KOMMOHEHTbI 3MEKTPUYECKOro Mofsi M MOTOKM KEBHbIX 3NIEKTPOHOB B LIEHTPanbHOW 4acTu NepBoro
OMC. Ob6o3HaueHne Takne xe Kak u Ha puc.2.

INTERCOSMOS-BULGARIA-1300 Date: 18.12.1981
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Pwuc. 3. Tpy KOMNOHEHTLI ANEKTPUYECKOro Nons, NOTOK 3MEKTPOHOB B KaHane 1 k3B B gnanasoHe 4actot 0.1 — 8
'y, B obnactn 3AMC

Mepen Bxogom B obnactb D HabniogaeTcsi KOHBEKTMBHOE ABMXEHME Mnnasmbl K HOYHOMY
MepuamnaHy ¢ xapaktepHeiMu ckopoctsiMu ~0,3 km/c. Obnacte D (3oHa DAZ) Ha4MHaeTcs ¢ OTKPbITUS
WCTOYHMKA BbICHIMAIOLLMXCS KEBHbIX 3M1EKTPOHOB BAOMb MArHWTHOrO Mofsi, KOTopbit B pabote [8]
Ha3BaH npeasecTtHUkoM OMC. Okono nuka HabngaeTcs y3KUA CUNMbHBIN BCMMECK NMyYka BOCXOAALLMX
MOHOB B kaHane 1,5 kaB. [anblle BMAOHO, YTO WCTOYHUK PacrnofiokeH Hag ChNyTHUKOM W €ero
BO34eNncTBme nposiBnsieTca B nynbcauusx Ex ¢ xapakrepHsim nepuogom 0,7+0,8 c.

30Ha S, rge WCTOYHUK MO HAKMOHHOW OTHOCUTESNIbHO MarHUTHOW CUITOBOW NMHWMM OOCTUraeT
BbICOTbl CMYTHWKA, XapakKTepusyeTCs BUXPEBOM CTPYKTYpon. B Hen oHoBas nnasma cosepLiaeT
MOJIHbI 060POT MPOTUB HYaCOBOW CTPESkM 3a ~ 1 cek, a MOHbI C 3Heprusmn 1+2,8 kaB 3axBayeHsbl, T.K.
MX MOTOKM BBEpX M BHM3 ~10°+10" (cMm*.cp-c-kaB)™ oamHakoBbl. OTO COOTBETCTBYET MONEPEYHOMY
nepeceyveHunto CTpykTypbl Nnagatowiero OMC.

Mpn panebHenwem aBwxeHun, B obnactu A CNyTHUMK MepecekaeT CUNoBble NIUHUW,
npoxogsLme Yyepes obnactb Bo3gencteusa AMC Ha HxHUIO noHocdepy. 3gecb HabnogatTcs y3kne
CNouCTble CTPYKTYpPbl BbiCbiNaloLWMXCs MOHOB ¢ aHepruamu 0,5 kaB, 2,04 k3B n BocxoasdLume nyyku c
2,8 kaB. 3710 cBA3aHO C TeM, YTO ABMXKEHME 3apsKEHHbIX YacTuL, NPUBA3aHO K MarHUTHbIM CUITOBbLIM
nmHnsM. Ha rpaHvue obnactu A HabnogaeTcs CKavyoK 3MEeKTPUYEcKoro nofis U M3MeHeHue
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OpendoBbIX OBWKEHUN, KOTOpble BHE 0OMacTu MOCTEMEHHO pa3BOpPaYMBAOTCA K OBany MOMSPHbIX
CUSIHU B CTOPOHY BEYEpPHEro cekTopa.

B obGnactm Sp HabnogaeTca npoxoxaeHue CcTpyktyp oTtpaxeHHoro OMC. OcHoBHas
CONMUTOHHAas CTpyKTypa, 6onbwuve u wupokme nukn Ex n Ey, MmMeeT BbICOKOYACTOTHBIN XBOCT C
XapaktepHbiM nepuogom 0,27 ¢, 4TO Nerko BM3dyanbHO BbigenseTtcs no napametpy Ez. [ns gaHHoro
cobbITMS B CTPYKTYpax oTpaxeHHoro AMC BocxoasiLme nyykm MOHOB U 3axXBaT SHEPTUYHbIX MOHOB He
BblAENATCHA, @ MHTEHCUBHOCTb WX MOTOKOB Ha MOPSOOK MeHblle yem B obnactm S. [Janee BHe
obnactm Sp NPOUCXOOMT BOCCTAHOBMNEHWE aHTMCOMHEYHOW KOHBEKUMM B OBWKEHUAX (OHOBOW
nnasmbl.

KpoccKkoppensiuMoHHBIN aHanma anekTpu4ecknx U MarHuTHelx nonern B AMC, HabntogaBLLmxcst
co cnyTHuka MKB-1300, nokasan, YTo 30eCb BblAENSTCH HECKOMbKO CMeKTpanbHbIX COCTaBMSOLLMX
[13]. Tak Ha puc.4 npencTaBneH KBagpaTt crnekTpa korepeHTHocTu Ex u By ans OMC puc.2 B
uHTepBane 28+32 cek. BugHo, 4TO Bapuaunm aneKkTpuyecKkoro U MarHUTHbIX MOMeNn MMEKT BecbMa
BLICOKYIO CTeneHb koppensiumm (K° = 0,7) Ha yacToTax B6nman 0,7 My 1 2,1 My, OTo ykasblBaeT Ha
BOMTHOBOM XapakTep npoLecca ¢ ABYMS OCHOBHbIMW CMEKTPasbHbIMWN COCTaBNALLNMMN.

10 | K (Ex.Ey)

0.61

[T T T T T N 5
0 2 4 6 8 F (T'm)

Puc. 4. KBagpaT cnekTpa KorepeHTHOCTW 3r1eKTPUYECKOro U MarHUTHOrO rnorei B ananasoHe yactoT 0.1
-8TIy

Bonrapckuin guarHoctudeckun komnnekc NACIT Gbin ycTaHOBMNEH Takke Ha BbICOKOAMOreHOM
cnytHuke ABPOPAJIbHbLIA 30H[L, ¢ nomMowpo M3MEPEHU KOTOPOro BbIAENANMCH aHOMarbHbIE
CTPYKTYpbI C 6NM13kMMK cnekTpanbHbiMU cocTaBnsitowmumm [14].

O6cyxaeHue pe3ynbTaToB

MpencrtaBneHHble npumepbl pervctpaunin OIMC ¢ MKB-1300, a Takke pesynbTaTbl MHOMMX
OPYTMX CMYTHUKOBBIX 3KCMEPUMEHTOB MO HAOMIOAEHWIO aHOMarbHbIX 3MEKTPUYECKMX MOoMen  Ha
pasHbIX BbICOTax B MoOHocdepe u MarHutocdepe, cymmupyemble B 063ope [15], AalT noxoxwue
CTPYKTypHble 0COBeHHOCTU. ChekTpanbHbI aHanu3 3feKTPOMarHMTHbIX CKavykoB Habnwogaembix C
MKB-1300, nepBoHavanbHO caenaHHbIn B pabotax [8, 13], no3sonun yTBepxaaTb, 4YTO 3TO
anbBEHOBCKME CTPYKTYpbl. Ponb anbBEHOBCKMX BOMH B AMHAMUKe MarHuTocdepbl M nepegayu
3Heprum pasbupaetca BO MHoOrMx pabortax, Oonblasi 4YacTb KOTOPbIX MpeAacTaBrneHa B
dyHOameHTansHOM o63ope [16]. OgHako B aTux paboTax HeT MexaHu3ma, KOTopbin BbigensieT
xapakTepHble 4actoTel B OMC 1 3actaBnsieT Habniogaemble CTPYKTYpbl CaMOCOrnacoBaHHO
aBorounoHupoBsaThk. lpegnaraemas Hamu cxema, npueBegeHHas Ha puc.5, NO3BONsSIeT OTBETUTL Ha
nocTaBfeHHbIE BOMPOCSHI.
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Cxema nadexun SAGKTPOMATHWTHOTO  CKauka Ha WOHOCQepy

Puc. 5. Cxema nageHus ANEKTPOMarHUMTHOro ckadka Ha VIOHOC(bepy

OHeprusi B3aMMOOENCTBMSA COMHEYHOro BeTpa C MarHWTHbIM nonem 3emnun nepBoHaYanbHO
nepegaeTca B MarHUTHbIA CrnoW. EcTecTBeHHbIM MNyTb BbIHOCA MO MarHATHOMY MOS0 — 3TO
BO30YyXAeHNe anbBeHOBCKUX konebaHun. N3 wupokoro cnektpa konebaHunm GygyT ycunusaTbes Te
MOAbl, B KOTOpbIX MOnspu3auus fnvHenHa. OTOMy YCMOBUIO OTBEYaeT pacrnpoCTpaHeHue MIIOCKOou
BOJHbI MOA YrNoM O K MarHUTHOMY MOS0, OTBEYatoLLEMY COOTHOLLUEHMIO COS B = Vg/V,, roe Vs —
CKOPOCTb WMOHHOrO 3BYyKa, a Va — anbBEHOBCKasi CKOPOCTb. Tak kak BO BHELUHEN MarHutocdepe
OTHOLWlEHWEe AaBneHue nnasmbl K MarHUTHOMY AaBrieHuto B = 81Tp/B > m/M (oTHOLWeHue Macchbl
3MeKTPOHa K Macce NpoToHa), TO MOAUMULIMPOBAHHbIN anbBEHOBCKUIA CONMUTOH ByAeT cMellaTtbecs Ha
BHYTpeHHMe L-obonouku. B rmybuHe marHutocdepsl, roe B < m/M, 3HaK OUCNEPCUMU MEHSIETCS U
CONMUTOH ByaeT OTKMOHATbCA K Gonbwmm L-obornoukam. locne oTpakeHus B HUXHEN noHocdepe
HabntogaeTca Ta e 3aBMCMMOCTb. CHavana OTKINOHSAETCS K NOMcy, a NoToM K MCXOOHOW obnacTtu
opMMpPOBaHUA CONMUTOHA. Takum oOpas3om, ocyllecTBnsieTcsa obpaTHas CBA3b W BbigensieTcs
OCHOBHasl xapakTepHas YactoTa paBHasi oOpaTHOMy BpeMeHu npobera conutoHa. BTopas 4dacTtoTa,
CKOpee BCEero, CBsidaHa CO BPEMEHEM pacrnpOCTpaHEHUSA CONUTOHA OT ANCCUMNATUBHOIO cros, rae B =
mM/M 1 NpoOUCXOANT YaCTUYHBIA COPOC 3aXBa4YEHHbIX YaCTuLL.

Ha HavanbHOM cTagum pa3sutus cy60ypu nnasma BHELIHEN MarHUTocdepbl pa3orpeBaeTcs 1
OVCCUNATUBHBIA CITON OMycKaeTCs M, COOTBETCTBEHHO, CABWUIalTCA 30Ha MONAPHbLIX CUSHUA U 30HbI
onddysHbix  BbicbiNaHuMn. CpaenaHHble HaMM  OUEHKM He npoTMBOpedvaTt  npegriaraemomn
CaMOCOrnacoBaHHOM kapTuHe npoxoxaeHus AMC.

3aknoyeHue

MpoBeaeHHble NccneqoBaHMs NPUBOAAT K CNeAyoLMM NpeaBapuTenbHbIM BbIBOOAM:
1. CamocornacoBaHHas cxema nepefayn 3Heprum U3 MarHMTHOTO Crosi B MOHocdepy B Buae
HaKMOHHOro anbBEHOBCKOrO COMUTOHA, MEHSIIOLEro KPUBU3HY CBOEW TPaeKTopuM B COOTBETCTBUU C
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napamMmeTpamu MaFHVITOCCbepHOIZ nnasmbl, MNMO3BOJIAET YyBA3aTb U 00BACHUTL MOCreaoBaTeNlbHOCTb
MHOMMX aHoManumn ANEKTPUYECKNX nosien 1 NOTOKOB QHEPIrNYHbIX YacTuu.

2. 3oHa aBpopanbHoro oearna (AOP) npoctupaeTcs oT nagarowero oo otpaxeHHoro OMC.
3. 'pannua guddpy3sHbix Bbickinanmii (DAZ) — aTO Npoekums Ha noHocdepy BAOMb MarHUTHbBIX

CUNOBLIX NMHMI o6riacTy npenomneHns nagatowiero OMC.

4. NpaHuua Markmx AuddysHblx BbicbinaHMn (SDP) — 310 npoekumst Ha MoHocdepy BAOOSb

MarHUTHbIX CUMOBbLIX NMMHUIA 0BnacTn Npenomnenns oTpaxeHHoro AMC.
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Abstract: It is well established now that the solar atmosphere, from photosphere to the corona and the
solar wind is a highly structured medium. Satellite observations have confirmed the presence of steady flows
there. Here, we investigate the propagation of magnetohydrodinamic (MHD) surface waves travelling along an
ideal incompressible flowing plasma cylinder (flux tube) surrounded by flowing plasma environment in the
framework of the Hall magnetohydrodynamics. The waves’ propagation characteristics are studied in a reference
frame moving with the mass flow outside the tube. In general, flows change waves’ phase velocities compared to
their magnitudes in a static MHD flux tube and the Hall effect extends the number of the possible wave dispersion
curves. It turns out that while the kink waves in the framework of the standard magnetohydrodynamics are
unstable against the Kelvin—Helmholtz instability, they become stable when the Hall effect is taken into account.
The sausage waves are stable in both considerations.

BbJIHU B CTbHYEBUA BATHP U TAXHATA YCTONUYMBOCT B PAMKUTE HA
XOJIOBATA MATHUTOXNAPOOUHAMUKA

MNBaH XensskoB

@usuvecku ¢hakynmem — Cocputicku yHusepcumem “Ce. KnumeHm Oxpudcku”
e-mail: izh@phys.uni-sofia.bg

Knroyoeu dymu: mMacHUMOXudpoOuHaMuyHU 8bJIHU, Heycmoldueocm Ha KeneuH-Xenmxonu, nna3va
Ha CITbHYe8us 8IMbp

Pe3rome: YcmaHogeHO e, 4e c/lbHYegama ammocgepa, om c¢omocgepama OO0 KopoHama U
C/TbHYEB8US 8AMbP, € CUIHO cmpyKkmypupaHa cpeda. CrnbmHukosu HabrodeHuUs nomebpouxa Hanu4duemo Ha
cmauyuoHapHU rnomouyu 8 Hes. Tyk u3crnedgame pasnpocmpaHeHuUemo Ha MazHumoxuopoouHamuydHu (MX/)
MO8BLPXHUHHU 8bJIHU, pasnpocmpaxsieauju ce 8 udearneH HeceugsaeM meyaw, rniasmeH YunuHObp (MasHUmMHa
mpbba), obzpadeH om mevawa nnaameHa cpeda, 8 pamKume Ha Xonosama MasHUMOXuOpPoduHaMuKa.
JucnepcuoHHumMe xapakmepucmuKku Ha 8bJTHUME ca u3yyasaHu 8 omrpasHa cucmema, dguxewa ce ¢ Macosusi
nomok u3ebH mpwbama. [lomoyume npomeHsm ¢ha3zosume CKOpoCMU Ha 8b/IHUME 8 CPagHeHUe C mexHuUme
eonemuHu 8 HernodsuxHa MX[ mazHumHa mpbba, a ecpekmbm Ha Xon yesenu4aga 6posi Ha 6b3MOXHUME
oucrnepcuoHHU Kpusu Ha ebsiHume. Oka3ea ce, 4e dokamo kink-ebsiHUMe, 8 pamkume Ha cmaHOapmHama
MazHuUmoxudpoduHamuka, ca Heycmol4usu u Heycmol4ueocmma e om guda Ha KenguH-Xenmxony, me cma-
8am ycmou4ueu, Ko2amo ce omyuma enusiHuemo Ha egekma Ha Xon. [pyaume xapakmepHu MX/[ ebriHU —
sausage-8bJ/IHUme — ca ycmoul4usu 8 pamkume Ha 0geme OrnucaHusl.

Introduction

Various waves and oscillations which occur in structured solar atmosphere were intensively
studied over the past three decades [1]. Next step in investigating the wave phenomena in solar and
stellar atmospheres was the consideration of steady flows there. Satellite measurements performed
by SOHO, Ulysses, Yohkoh, Wind, ACE, and more recently by STEREO, of plasma characteristics of,
for instance, the solar wind and coronal plumes flows, such as the magnetic field, the thermal and flow
velocity and density of plasma or plasma compositions, are important to understand the various
plasma wave modes which may arise. However, wave analysis requires further information and
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special tools to identify which set of modes is contributing to observed wave features. In practice, one
may use filters to perform the so-called pattern recognition to detect the various kind of modes that
may propagate in plasma and to determine their contribution to the wave energy [2]. Another important
issue is the question for the waves’ stability. The magnetosonic waves in structured atmospheres with
steady flows have been examined by Nakariakov and Roberts [3], Nakariakov et al. [4], Andries and
Goossens [5]. Andries and Goossens studied also the conditions at which resonant flow and Kelvin—
Helmholtz instability take place.

It is worth pointing out that all the aforementioned studies were performed in the framework of
the standard magnetohydrodynamics. It was Lighthill [6] who pointed out 50 years ago that for an
adequate description of wave phenomena in fusion and astrophysical plasmas one has to include the
Hall term, mi(j x B)/ep, in the generalized Ohm’s law. That approach is termed Hall magnetohydro-
dynamics (Hall MHD). In this way, it is possible to describe waves with frequencies up to w = w;.
Because the model still neglects the electron mass, it is limited to frequencies well below the lower
hybrid frequency: w << wy. Generally speaking, the theory of Hall MHD is relevant to plasma
dynamics occurring on length scales shorter than an ion inertial length, L < Iy = c/wyi (Where c is the
speed of light and wy, is the ion plasma frequency), and time scales of the order or shorter than the ion
cyclotron period (t < 1/wg) [7]. Thus the Hall MHD should affect the dispersion characteristics of the
MHD waves in spatially bounded magnetized plasmas. An extensive review for the studies of waves’
propagation in bounded MHD plasmas in the framework of both the standard and Hall magnetohydro-
dynamics the reader can find in Ref. [8].

Here, we investigate the influence of flow velocities on the dispersion characteristics and
stability of hydromagnetic surface waves (sausage and kink modes) travelling along an infinitely
conducting, magnetized jet moving past also (with a different speed) infinitely conducting, magnetized
plasma. If in the solar corona plasma g (the ratio of gas to magnetic pressure) is much less than unity,
in the solar-wind fluxes tubes itis 8 = 1. Since we are going to study the wave propagation in flowing
solar-wind plasma, we can assume that we have a ‘high-8' magnetized plasma and treat it as an
incompressible fluid.

E—

T 28% U

R

Fig. 1: Geometry of a solar wind flux tube containing flowing plasma.

For simplicity, we consider a cylindrical jet of radius a (immersed together with the environ-
ment in a constant magnetic field B, directed along the z-axis), allowing for different plasma densities
within and outside the jet, p, and pe, respectively (Fig. 1). The most natural discontinuity which occurs
at the surface bounding the cylinder is the tangential one because it is the discontinuity that ensures a
static pressure balance. For typical values of the background constant magnetic field Bo = 5 x 10°T
and the electron number density inside the jet n, = 2.43 x 10° m™2at 1 AU, the ion cyclotron frequency
wel2m = 76 mHz, the Alfvén speed va, = 70 km/s, and the Hall scale length (= val/w., which is
equivalent to c/wy) is lyar = 150 km. This scale length is small, but not negligible compared to tube’s
radius of a few hundred kilometers. Here, we introduce a scale parameter € = l,/a called the Hall
parameter. In the limit of ¢ — 0, the Hall-MHD system reduces to the conventional MHD system. Our
choice for that parameter is € = 0.4. The flow speeds of the jet and its environment are generally rather
irregular. For investigating the stability of the travelling MHD waves it is convenient to consider the
wave propagation in a frame of reference attached to the flowing environment. Thus we can define
the relative flow velocity U™ =U, - Ue (Uo and U, being the steady flow speeds correspondingly inside
and outside the flux tube) as an entry parameter whose value determines the stability/instability status
of the jet. As usual, we normalize that relative flow velocity with respect to the Alfvén speed in the jet,
Vpo = Bol(yopo)”z, and call it Alfvénic Mach number M,, omitting for simplicity the superscript “rel”.
Another important entry parameter of the problem is n = pe/po. It turns out that the waves’ dispersion
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characteristics and their stability critically depend on the magnitude of n. In this study, we take n =
0.568 which, for a compressible plasma approach, would correspond to va, = Cso = 70 km/s and vae =
100 km/s, cs = 70 km/s, respectively, where ¢ is the sound speed in the corresponding medium.
Thus the waves’ dispersion characteristics (the dependence of the wave phase velocity vy, = w/k, on
the wave number k,) and their stability states are determined by the three parameters n, €, and My,
two of which are fixed (n and €) and the third one, Ma, is running.

Basic equations and dispersion relations

As seen in Fig.1, the three important vectors, the embedded magnetic field By, the relative
flow velocity U, and the wave vector k, lie along the z-axis. The basic equations which govern the
propagation of Hall-MHD waves in flowing incompressible plasma are the equations for the perturbed
fluid velocity v, and perturbed wave magnetic field B;:

1) povi/ot + p(U-V vy + V (Bo*By)lto + (Bo*V )B4/t = 0,

2) OB/t + (U*V)B1— (Bo*V )V + BoV vy +Va*(2* V)V x Bi/wg = 0,
with the constrains

3) Vev;=0 and V+'Bi=0,

where z is the unit vector of the z-axis; the other notation is standard. After Fourier transforming the
perturbed quantities proportional to g(nexp(-iwt + img + ik,z), we get a second order differential
equation for the perturbed magnetic pressure pimag:
(4) [d*/dr® + (L/r)d/dr — (k,” + m?/r?)]BoB 1./t = O,
as well as an expression for the perturbed radial fluid velocity component in terms of the first derivative
Of plmag
(5) Vi = =i PoF(dP1mag/dr)/(Bok,),
where

F=[(w - k-U)C - DI[(C - 1)* - 07]
with

C=l(w-k- U)/(kaA)]2 and 0= (w - k- U)/w.

It is worth noticing that we have different Cs and os inside and outside the jet.

The solutions to the differential equation (5) are the modified Bessel functions, more speci-
fically

Pimag(r) = Alm(K,r) for r<a
and

P1mag(r) = BKm(k,r) for r>a.

Accordingly, the expressions for v, inside and outside the jet are:
vi(r<a)= _i,UOFoAlm'(kzr)/(Bokz)2

and

Vlr(r > a) = _i,UOFeBKm’(kzr)/(BOkz)za
where

Fo=[(w-k-U)Co- DI(Co-1)*-0,] and  Fe=w(Ce~1)/[(Ce~1)* - ¢’
with

Co = [(w = k* U)(KVao), Ce = w(kVae)?, 0o = (w—-k*U)wg, and 0. = wlw.

For solving our problem we need two boundary conditions, applied at the r = a interface.
These boundary conditions are [9]:

e continuity of the perturbed interface v, /(w — k- U),
e continuity of the perturbed magnetic pressure pimag.

The application of the boundary conditions yields the following dispersion relations for sausage (m = 0)
and kink (m = 1) modes running along the jet’s interface:

6)  Golm'(Ka)/lm(k;) = GeKnm'(k,8)/Km(k,a) = O,
where
Go=(Co-1)/[(Co-1)*-0y] and  Ge=(Ce- 1)/[(Ce - 1)° - 0]
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As seen, the wave frequency w is Doppler-shifted inside the jet, and also the two modes are pure
surface waves. If we ignore the Hall term (o, = 0), the above equation reduces to [3]:

() N =k Vae") ' (k) Im(kz2) = [(W = K * U)* = k" Vag TK'(k;2)/ Kin(k2) = O,

i.e., we recover well-known dispersion relations.

As we are interested in the stability of the surface waves travelling along the jet interface, we
have to assume that the wave frequency is complex, i.e., w — w + iy, where y is the expected
instability growth rate. Since we will plot dispersion diagrams as dependencies of the wave phase
velocity vp, on the wave number k,, we normalize all quantities by defining the dimensionless wave
phase velocity Vpn = wik,vao, Wave number K = ka, and the relative Alfvénic Mach number Ma = Ula,
to get the dimensionless form of our dispersion relations. It is worth investigating in parallel both
waves’ dispersion relations (those in the framework of the conventional magnetohydrodynamics and
the Hall-MHD waves) in order to see how the Hall term modifies waves’ dispersion curves and the
instability growth rates when the waves become unstable. Thus the dimensionless forms of the
aforementioned dispersion relations are:

8) [(Ven = Ma)? = 11Zoley' (K)/In(K) = (Vipn” = 1)Z1K'(K)/Kn(K) = 0,
where

Z1 = [(Von = Ma)® = 1] = 2K*(Vpn = Ma)?,

Z, = (NVpn® = 1) = €KV,

In above expressions € = lyy/a is the Hall parameter. The dispersion relation of the conventional
surface MHD waves takes the form:

9) (1Vor” = 1) In' (KM In(K) = [(Von = Ma)® = 1] Ki/(K)/Kn(K) = O.

It is easy to see that the dispersion relation (9) of the conventional MHD surface waves is a quadratic
one and its roots are:

Von = (-MaB + D*?)/(nA - B),
where
A = 1 (K)1(K), B = Kin'(K)/Km(K),
and the discriminant D is
D = Ma”B* + (nA - B)[(1 = MA9)B - A].
Obviously, if D is non-negative (i.e., greater than or equal to zero), then
ReVy, = (-MaB + DY?)/(nA - B), ImVyh =0,
else
ReVpn = ~MaB/(nA - B), ImV,h = DY?/(nA - B).

Numerical results and discussion

While the dispersion equation (9) of standard MHD surface waves is a quadratic one and its
roots can be expressed in closed forms, that of the Hall-MHD waves, Eqg. (8), is a complex polynomial
of sixth order and it can be solved only numerically. We have used the Miller method for finding the
complex roots of that equation. Before starting the numerical procedure for solving either dispersion
equation, we have to specify the jet's entry parameters, notably n, M, and the Hall parameter ¢ for the
Hall waves. Since the dispersion relations are sensitive to the values of n, we have calculated the
waves' dispersion curves (and growth rates when the waves are unstable) for a value of that
parameter which corresponds to the jet parameters listed in the Introduction section of this paper,
namely n = 0.586. The relative Alfvénic Mach number M, is a running entry parameter whose values
vary from zero to some reasonable numbers. Recall that the value of the Hall parameter is € = 0.4.
We will first display the results for the kink mode, and later on for the sausage one.

It is clear from the explicit solutions to the dispersion equation of the conventional kink waves
that for each M, we have two curves when the waves are stable and only one curve as they become
unstable. That is seen in Figs. 2 and 3. For relatively small Alfvénic Mach numbers one observes one
forward and one backward propagating wave (look at Fig. 2). For a little bit bigger Mas, say M > 1.5,
both waves become forward running ones and at M, = 2.35 (Fig. 3) they start to merge forming close
dispersion curves. At some critical value of My, in our case at M = 2.42, the waves become unstable
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Fig. 2: Dispersion curves of forward and backward propagating conventional kink waves for
different values of the relative Alfvénic Mach number Ma.
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Fig. 3: Zoomed dispersion curves of forward propagating kink waves shown in Fig. 2.
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Fig. 4: Growth rates of the unstable conventional kink waves.
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and their growth rate can be seen in Fig. 4. The found instability is of the Kelvin—Helmholtz type and
the growth rates for other three relative Alfvénic Mach numbers are plotted in the same figure — the
corresponding dispersion curves are clearly depicted in Fig. 3. We have to emphasise that according

to Andries and Goossens [5] the Kelvin—Helmholtz instability onset starts at U > vp, + Vpe, OF
equivalently at

Ma > 1 + 1/n"2.

In our case (n = 0.586) above inequality requires My > 2.31 in order to expect an instability onset.
Obviously, our numerical calculations confirm the applicability of that criterion.

One must mention that one can get dispersion curves and growth rates of kink unstable waves
for negative values of the relative Alfvénic Mach number, however, those waves are backward
propagating ones and not acceptable from a physical point of view. The reason for that conclusion is
that the MHD surface waves are the incompressible vestige of the slow magnetosonic waves of the
compressible magnetohydrodynamics which propagate with group velocity, v,, either parallel or anti-
parallel to B, depending on the sign of k, [8].

As we have already mentioned, the dispersion relations of the Hall-MHD surface waves are
polynomials of sixth order possessing all non-zero coefficients. That means we have to expect to get
six different dispersion curves for each M. In Fig. 5 we show the dispersion curves of the kink waves

Re (vphlv Ao)

45 | e

F{e(vphfv Ao)

k,a
Fig. 6: Dispersion curves of the fast forward propagating Hall-MHD kink waves for different values of Ma.

propagating along a static (Ma = 0) flux tube. It is seen that we have three forward and three backward
waves. Considering only the forward waves one can divide them into three categories, namely fast

25



(super-Alfvénic) kink waves, Alfvénic kink waves, and slow (sub-Alfvénic) kink waves. Figure 6 shows
the evolution of the fast forward kink waves with increasing the relative Alfvénic Mach number Ma. It
turns out that all the dispersion curves correspond to stable wave propagation. The evolution of the
Alfvénic kink waves can be seen in Fig. 7. It is evident that in a flowing plasma their normalized
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Fig. 8: Dispersion curves of the sub-Alfvénic forward propagating Hall-MHD kink waves for
different values of Ma.

phase velocities increase and the waves actually become super-Alfvénic ones. Moreover for greater
values of M, (starting from 2.5) the form of their dispersion curves drastically changes — for small
normalized wave numbers k,a there exist regions of non-propagation and each dispersion curve con-
sists of two branches that merge at a specific k,a — for example, with M, = 2.5 that value of k,a is 0.78.
All dispersion curves plotted in Fig. 7 correspond to stable wave propagation. We observe a similar
picture for the initially slow (sub-Alfvénic) forward Hall-MHD kink waves whose dispersion curves are
shown in Fig. 8. What is more interesting, with the increasing the relative Alfvénic Mach number Mp
the waves generally become super-Alfvénic (with the exception of low-branch curves corresponding to
Ma equal to 1 and 1.5) and for some values of M, (for instance at M, = 2.25) the region of wave
propagation is extremely narrow. The most surprising result is that for relative Alfvénic Mach numbers
in the region of 2.4-2.6 where one may expect the onset of the Kelvin—Helmholtz instability (like in the
case of the conventional MHD kink waves) the waves are still stable! The Muller method which has
been used for solving the complex dispersion equations does not yield complex roots — the imaginary
parts of the normalized wave phase velocities always were equal to zero. In other words, it turns out
that the Hall term in the generalized Ohm’s law not only changes the form and numbers of the
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dispersion curves but also stabilizes the wave propagation along the jet against the Kelvin—Helmholtz
instability.

The dispersion curves of the conventional sausage MHD surface waves travelling along the jet
have been calculated by using Eg. (9) with m = 0 and are displayed in Figs. 9 and 10. For fairly small
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Fig. 9: Dispersion curves of forward and backward propagating conventional sausage waves for
different values of the relative Alfvénic Mach number Ma.
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Fig. 10: Zoomed dispersion curves of forward propagating sausage waves shown in Fig. 9.

relative Alfvénic Mach numbers, less than or equal to 1, we have both forward and backward
propagating waves. With the increasing of M, the shape of the dispersion curves changes and at Mx
= 2.5 both curves merge (look at Fig. 10) narrowing the propagation’s range of the waves. Moreover,
for such big enough relative Alfvénic Mach numbers for a fixed normalized wave number k,a we have
multiple (in our case two) solutions for the normalized wave’s phase velocity. Which one of these two
velocities will be registered during the wave propagation cannot be predicted by the theory. It is rather
astonishing that we get no complex solutions to the wave dispersion equation, i.e., the conventional
sausage MHD surface waves are stable against the Kelvin—Helmholtz instability.

Let us see whether the inclusion of the Hall effect will change the stability state of the sausage
mode. In the next four figures we show the dispersion curves of the Hall-MHD sausage surface waves
running on a solar-wind jet. As in the case of the kink waves, for My = 0 (propagation along a static
flux tube) we obtain six distinct dispersion curves for the Hall-MHD sausage waves — three of them
correspond to forward wave propagation and the next three to backward wave propagation. When
considering only the forward propagating modes we recognize, like before, three different types of
waves (see Fig. 11): one fast (super-Alfvénic) wave, one practically Alfvénic wave, and one slow (sub-
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Alfvénic) wave. While the evolution of the fast Hall-MHD sausage waves with the inclusion of flow is
similar to that of the kink waves (compare Figs. 6 and 12), the evolution of the initially almost Alfvénic
sausage waves is completely different (compare Figs. 7 and 13). Itis seen in Fig. 13 that those waves
quickly become super-Alfvénic and only at great enough relative Alfvénic Mach numbers their
propagation’s ranges are severely reduced — look, for example, at the curve labeled by 3 in Fig. 13.
Figure 14 shows the dispersion curves of Hall-MHD sausage waves for various relative Alfvénic Mach

k,a

Fig. 14: Dispersion curves of the sub-Alfvénic forward propagating Hall-MHD sausage waves for
different values of Ma.

numbers. It is seen, like in the case of the kink Hall-MHD waves, that the sausage waves possess
semi-closed dispersion curves which significantly narrow the propagation’s range of the waves — look,
for instance, at the curve labelled by 2.25 in Fig. 14. Here, however, we observe a notable peculiarity:
for Ma = 2.5 and 2.75 in the same range of the normalized waves’ phase velocities there appear two
dispersion curves (see the curves labelled by 2.5 and 2.75 on the right side of the plot in Fig. 14),
which initially (for zero or small relative Alfvénic Mach numbers) belong to backward propagating Hall-
MHD sausage waves. Probably it is not too surprising now to say that the sausage Hall-MHD waves,
similarly to the conventional ones, are stable against the Kelvin—Helmholtz instability. Their stability
state is not changed for negative M,s, either. In that case, however, there occur fast sausage waves
whose normalized phase velocities are smaller than those of the super-Alfvénic waves for positive
values of the relative Alfvénic Mach numbers. Similar phenomenon takes place for the kink Hall-MHD
waves, too.

As we have mentioned in the Introduction section, the dispersion characteristics of both con-
ventional and Hall-MHD waves depend upon the value of the entry parameter n. We have performed
calculations for a wide range of magnitudes of that important parameter, namely n = 0.16, 0.98, 4, 10,
and, of course, for n = 0.586. The obtained dispersion diagrams really looked differently, but their
general features for a given eigenmode are more or less rather similar.

Conclusion and outlook

Let us summarize the main findings of our study. In investigating the wave propagation along
an incompressible plasma jet moving with respect to the environment with a constant speed U we had
to take into account the influence of two factors: (i) the Hall term in the generalized Ohm's law, and (ii)
the flow itself. The combining effect of these two factors can be expressed as follows:

e The Hall term generally expands the range of propagation of the wave modes not only for
static tubes but also for jets with M # 0. While the number of dispersion curves of a convent-
ional MHD surface mode for a fixed M, is two (one for forward propagating waves and other
for backward propagating waves), for a Hall-MHD surface mode that number is six — we have
generally three forward travelling waves and three backward running ones.

e With increasing the relative Alfvénic Mach number, M,, at some its critical value the convent-
ional kink waves become unstable and the instability is of the Kelvin—Helmholtz type. It turns
out, however, that the kink Hall-MHD waves are stable for any relative Alfvénic Mach number
(be it positive or negative).
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e The sausage surface waves are stable against the Kelvin—Helmholtz instability for any relative
Alfvénic Mach number both in the framework of the standard magnetohydrodynamics and the
Hall one.

e The Hall term in the generalized Ohm’s law, except of extending the number of the possible
dispersion curves, also dramatically changes the shapes of the curves corresponding in the
limit My — 0 to slow (sub-Alfvénic) and almost Alfvénic waves. In particular, for big enough
Mas their ranges of propagation are narrowed and for a fixed normalized wave number K =
k,a one may have two distinctly different normalized phase velocities.

It is interesting and very instructive to compare our results with those associated with the
propagation of Hall-MHD waves in a flowing incompressible plasma slab along the constant external
magnetic field By [8]. In the slab geometry the Hall term generally limits the range of propagation of
the wave modes not only for static tubes/layers but also for jets possessing positive Alfvénic Mach
numbers. The limiting normalized wave number (see Eq. (18) in Ref. [8])

Kimit = (1 + n)"*/e

is specified by two plasma parameters: the densities ratio of the two plasma media (outside and inside
the jet), n, and the Hall parameter, €. With approaching that wave number the wave phase velocity
becomes very high. When M, is negative the real part of the phase velocity of the eigenmodes (kink
and sausage waves) is forced due to the flow’s presence to go beyond that limiting wave number in a
region where the wave becomes unstable (or if you prefer, overstable). The instability which occurs is
of the Kelvin—Helmholtz type. The main conclusion in Ref. [8] is that the Hall current keeps stable the
surface modes travelling in flowing solar plasmas within the dimensionless wave number range
between 0 and K, for each relative Alfvénic Mach number. Instability of the Kelvin-Helmholtz type
for the forward propagating waves is possible only at negative Alfvénic Mach numbers in a wave
number range lying beyond the K;.,;. The instability can disappear as |M,| reaches some value
depending on the magnitude of the parameter n (look at Figs. 12 and 13 and read the comments for
them in Ref. [8]). One of the unexpected surprises of our study in cylindrical geometry was that we did
not get such a K;y. Hence, if we extrapolate the main conclusion of Ref. [8], we can claim that the
Hall-MHD surface waves propagating along a cylindrical incompressible solar-wind plasma jet should
be stable against the Kelvin—Helmholtz instability. It remains to be seen whether this statement will be
valid when the plasma compressibility is taken into account. An examination of the dispersion
characteristics of the Hall-MHD eigenmodes and their stability status in a compressible cylindrical
solar-wind jet are in progress and will be reported elsewhere.
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Knrovyoeu dymu: kocmuyecka paduauusi, 11 — 200uweH CITbHYE8 UUKDLJI, ealiakmu4yHu KOCMUYECKU
YU, mModenupaHe, Force - field (@®) npubnuxeHue.

Pe3rome: ManakmuyHume kocmuyecku muyu (MKJT) ca ocHogHuUsI UIOHU3aUUOHEH USMOYHUK Ha 8UCOYUHa
mex0y 3 u 35 km e 3eMHama ammMmocghepa. Pornsima Ha aHoMasiHama KOMIOHEHMa Ha KOCMUYeCcKUme byu e
cbwecmeeHa 3a ammMmocghepHama (OoHU3ayus nMpu 8UCOKU WUpuHU. B ma3su paboma e paszanedaH emnupuyeH
moden Ha QugbepeHyuanHume Crekmpu Ha 2ajiakmuyHume U aHOMaslHU KOCMUYECKU /TbYU 8 eHepeemu4yeH
uHmepsan om 1 MeV 0o 100 GeV npes3 dadeH cibHYe8 Yukb/l. ModenupaHume daHHU om eKernepuMeHmume:
LEAP87, IMAX92, CAPRICE94, AMS98 and BESS nokpueam mpu cribHYyesu uyukbia - 20, 22 u 23.
AHanusupaHa e ponsima Ha arnpokKcuMupaHume rnapamMempu C U3MEHeHUe Ha Cl/ibHYegama aKmugHOCM.
EmnupuyHusm molen e cpasHeH ¢ Force - field (®®) peweHue Ha eOHOMEPHOMO MPaHCIOPMHO ypagHEeHUe.
Hamepena e mamemamuyecka 6pb3ka Mex0y MoOynayuoHHUS napamembp @ u cmoliHocmume Ha
napamempume 3a eajlakmu4Hama 4Yacm Ha criekmbpa. [lpecmsamaHusma ca u38bpWeHU C aneopumbM Ha
JleseHbepe-MapksapO.

HELIOSPHERIC MODULATION OF PRIMARY COSMIC RAY SPECTRA.
EMPIRICAL MODELLING

Marusja Buchvarova®, Peter Velinov?

1Space Research Institute — Bulgarian Academy of Sciences
%Institute for Solar-Terrestrial Influences — Bulgarian Academy of Sciences
e-mail: marusjab@space.bas.bg,

Keywords: cosmic radiation, 11 — year solar cycle, galactic cosmic rays, modeling, Force - field
approximation.

Abstract: The galactic cosmic rays (GCR) are the main ionization source at altitude of ~ 3 to 35 km in
the atmosphere. For high latitude anomalous cosmic ray (ACR) component has also a significant influence on the
atmospheric ionization. We discuss an empirical model that describes differential spectra D(E) of galactic and
anomalous cosmic rays in energy interval 1 MeV — 100 GeV during solar cycle. The LEAP87, IMAX92,
CAPRICEY94, AMS98 and BESS experimental spectra for protons (covering three solar cycles: 20, 22 and 23) are
fitted to the empirical model. The role of the fitted parameters is analyzed. Model approximations to Force Field
solutions to the one-dimensional transport equation are compared with the proposed model. A mathematical
relation between parameters in the developed model for GCR and the modulation parameter @ is found. The
calculation of the model parameters is performed by Levenberg-Marquardt algorithm, applied to the special case
of a least squares.

BbBegeHue

B Ham-o6w cmucen kocmmyecknte nbum (KI) ca mOTOK OT NpOTOHW, s4pa, E€NeKTPOHU U
aHTU4acTMum, T.e. CTabunHu nbpBUYHM YacTuun. Moutn 90% ot KIl, Kouto gocturat go 3emMHaTa
aTtmocdepa ca NpoToHU 1 okono 9% ca anda Yactiun. ToBa pasnpeneneHme Ha KOCMUYECKUTE by
€ NpubnunanTenHo He3aBMCMMO OT eHeprusta 3a eHepreTmyHa obnacTt ot okono 10 MeV/nucl go
Hakonko GeV/nucl. Kem KJ1 ce oTHacaT cbLo 1 yactuumTe, NOPOAEHM B aTMocdepaTta Ha 3emsiTa B
pe3ynTtaT Ha B3aI/IMOp.eI7ICTBI/IeTO Ha NbPBUYHUTE KOCMUYECKN b4 C aTOMHUTE A4pa Ha Bb3ayXxa.
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OcHOBHa 4acT OT nagalumTe Ha rpaHuuaTa Ha atmocdepata CR umat ranaktmdeH npomsxos -
ranaktmyHn kocmudeckn nbum (FKJ). Mpu eHeprun 10° + 10°® eV ce HabniogaBa Taka HapeyeHaTa
aHomMarnHa komnoHeHTa Ha KJ1. AHomanHute kocMmmyeckn nbum (AKJ) ce yckopeHu Ha rpaHuuaTa Ha
xenvocdeparTa.

WHTEH3NTETBbT Ha KocMuMYyeckaTa paguaums ¢ eHeprus no-manka ot 15 - 20 GeV Bapuapa
npe3 11- rogulHUS CMBHYEB LUKBLIT U Mogynauusita U ce M3yyaBa C pasnuyHu MpubnmKeHus Ha
TPaHCMOPTHOTO ypaBHEHME HAa KOCMUYECKUTE MbYK, U3BEAEHO 3a NPLB NbT OT [Napkep npes 1965r [1].
[MbNHOTO pelleHne Ha TPUMEPHOTO ypaBHEHWE 3a pas3npoCTPaHEHUETO Ha KOCMUYECKUTE MbuM B
xenvucdepata BbB BPEMETO [2] € psAgKO M3MNOM3BaHO Mopagu HeroBaTa CIOXHOCT. 1o - cnoxHute
(OBYMEPHU MM TPUMEPHW MoZenu) He moraT ga ObaaT M3non3BaHU Npu AbLNro-nepuoguyvHUTE
BapMaumm Ha KOCMUYECKUTE NMbYK, TbI KaTO TEXHUTE MHOrOGPONHM NapamMeTpu He ce anpokcummpar
C MpPOCTM BPEMEBM CEPUM HA MArHMTHOTO MOJie, KaKTO M Mopagu HanMyneTo Ha MHOFO HEW3BECTHU
napamMeTpu WnM AONyckaHus B TPUMEPHWUTE Modenu. Haw-yecto gudepeHumanHuaT cnekTbp Ha
ranakTM4HUTE KOCMUYECKU Mbum npe3 1ll-roguilHnst CibHYEB LUUKbBN ce onucea ¢ T.H. Force - field
(®P) npubnmkeHue [3, 4, 5]. ®P anpokcMmauusita € Hal-M3NoN3BaHOTO NpUBNMKEeHNe 3a
napameTpmsaums Ha ranakTUYHUS CreKTbp NpW MNPecMATaHETO Ha WHAyuupaHaTta WoHu3auus u
NpoayKuusaTa oT KOCMOreHHM u3otonu B atmocdepara [6, 7]. MNapameTpusmpanuat gudepeHumaneH
CMEKTbp Ce W3MoMn3Ba CblO MNpUM MNpPecMsaTaHWsiTa Ha aTMOcEepHUTE Kackagn B TeYeHMe Ha
CNMbHYEBUS LIMKBI.

OD pelleHNeTo Ha TPAHCMOPTHOTO ypaBHEHME € NOAXOAsALLA anpOKCMMaLNs Ha ranakTuyHUTe
KOCMWYECKM NTbYM BbB BbTpELHUTE obractm Ha xenuocdepa, KbOeTo eHepreTuyHuTe 3arybu ca
CblUecTBeHM (ToBa NpubNMXeHWe 3ameHsi agnabaTHUTE eHepreTU4HU 3arybm cbC CUMyNUpaHu
eHepreTnyHu 3aryom) [4]. Obauye, Nnpy HAKON U3MEPBAHNS EKCIEPUMEHTANHUTE CNeKTpu 3a 3emaTa He
MoraT ga 6baat anpokcummupann ¢ P mogen. Hanpumep, mManku pasnuvki ce HabnwogaesaT Mexay
®P pewenunsita n GanoHHute mamepBaHusa BESS2000, 2002 [8]. PasrmegaHuaT TyK eMnMpuyeH
Moden pAaBa [Oo0Opwu pesynTatu Npu anpoKCMMUpaHe Ha eKCNepuMEHTanHWTe AaHHU KakTo 3a
BESS2000 n 2002 [8, 9], Taka 1 3a eKCnepuMeHTarnHUTe U3MepBaHUsi Ha KOCMMWUYECKUTE MPOTOHMU:
LEAP87 [10], IMAX92 [11], CAPRICEY94 [12], AMS98 [13] n BESS 97, 98 n 99 [8, 9]. OcHoBHaTa
dyHKUMA Ha TO3M eMNUPUYEH MOoAeNT € U3Non3BaHeTo My B aTMOcepHM U XxenuoctepHu
NpecMsATaHns Npe3 CNbHYEBUS UUKBLI. N3pasbT 3a andepeHumnantma cnekTbp e gageH B ygobHa 3a
npecmsaTaHe opma.

CneKTBp Ha ranaktu4HuTe h aHoMasiHu KOCMUYEeCKU NbYun

[ndepeHumanH1aT cnekTbp Ha NPOTOHWUTE U APYrK rPYN OT KOCMUYHK SiApa C OTYMTaHe Ha
aHomarnHaTta KOMMOHEHTa Ha KoCMUYeckaTa paguaums ce aasa ¢ uspasa [14]:

D(E) = Dy (E{1+ gj_ﬂ {% [L+tanh(2 (E, - #))]} +
@ o[ 2] {3 et e - )]

CnekTapbT ce uamepBa B eavHuum: part/ (m?s.ster.MeV/nucl). MbpBUSAT uneH B ypaBHeHue

(2):
-B
(1a) Dgcr(E) =Dys (E)(]-JF %)

onncea MoAynauuaTa Ha ranakTMyHuMs cnekTbp B obnactta oT eHeprum: ~ 30 MeV to 100 GeV.
BTopuaT uneH:

(1b) Dcr (E) = (Eiy)
OTYMTa aHOMarnHaTa KoMMNoHeHTa 3a eHeprimn ot 1 MeV go okono 30 MeV. C E e o3HayeHa KMHETMUYHA
eHeprus (B GeV), a Dy s (E) e nokanHua mexayssesneH cnektep (JIMC). NapameTpute o u B 3agasat
mMogynauusita B obnactrta ot eHeprum ~ 30 MeV po 20 GeV. BenuuvMHata a uma 3HaveHWe Ha
eHeprus (B GeV), gokato 3 e 6e3pasmepHa. lMapameTpuTe X 1 'y 3agaBat xenvocdgepHara Mogynaums
Ha aHOMariHaTa KOMMOHeHTa 3a eHeprum oT ~ 1 MeV go 30 MeV. YneHoBeTe ¢ tanh ca narnaxgaium
PYHKUMN MeXOY ranakTU4HMa 1M aHOManHus crnekTbp. PonaTta Ha Te3n (OyHKUMM 3a usrnaxgaHeTo
Mexay [ABaTa crnekTbpa e pasrnega nogobHo B [14,15]. duauuyeckoTo 3HaveHne Ha u [GeV] e
eHeprusita Eqp Npn koaTo gudepeHumantmnat cnektbp Ha KM n andpepeHumanHmat cnektbp Ha AKI
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yyacTBaT C MoJsloBMHATa OT CBOMTE CTOMHOCTU KbM cymapHusa cnektbp D(E). C E; o3HauyaBame
eHeprusaTa npu KosTo andepeHumanHuaT cnektbp Ha K1 npecuya gudepeHumanHusa cnekTbp Ha
AKI1. TTpMHOCBT Ha ranakTUYHUTE M aHOMasTHUTE KOCMUYECKM NMbYM KbM CnekTbpa 3a eHeprus E. ce
onpegens ot cTonHocTTa Ha A. B HawwuTe npecmsATtaHusa A = 100 [15]. B 1031 cnyyai cToMHOCTTa Ha
E. e 6nuska go ctorHocTTa Ha Eq.

3a eHeprum o1 20 GeV o 100 GeV xenunocdepHaTta mogynaumsi e cnaba n JIMC ce 3agaBa
CbC CTENEH CMNeKTbP:

(29) Dus = KO(E + Eo)_y

Ko and ¥ dopmupaT cnekTbpa Ha ranaktudHuTe KocMmnyeckn nvum Hag 20 GeV, a E; = 0.938
GeV e eHeprusiTa Ha Nokowr Ha NpoToHa [16].

Mopagn xenuocdepHata Moaynauvs MbPBUYHUAT CMEKTbP Ha KOCMWYECKUTE Nbyn nog
HAkonko GeV e TpygeH 3a onpegensHe. ETo 3awo ce gonycka no-ronsma cBoboga npu HEroBoTo
HOpMUpaHe W MOAEenuMpaHe nopg eHeprunm OT HeAkonko pecetkm GeV. B (2a) ce BbBexga
HOPMUPOBBYHA KOHCTaHTa Kk, 3a ga anpokcumupa gaHHute nog 10 GeV, KbaeTo NbPBUYHUAT CNEKTbP
cTaBa MNo — paBHUHEH:

(2b) Dus = kKo(E +Ep )_y

Korato BbB chopmyna (1) 3a JIMC msnonssame m3paswT (2b), napametpute o 1 [ umaTt NPUHOC He
caMoO Mpu MOAENUpPaHeTO Ha ranakTuyHus cnektbp nog 10 GeV, HO M NpyM MoAgenvpaHeTo Ha
noKanHns Mexay3Be3feH CnekTbp.

Tbl KaToO HEmMOOynUPaHMAT CNEeKTbp He Moxe Aa O6bae uamepeH AupekTHO Ha 3ewmsTa, B
nutepartypaTta Morat Aa 6baaT HamepeHu pasnuyHN TEOPETUYHU N eMnMpuYHKU oueHkn Ha JIMC 3a
obnactta oT eHeprum ot 200 MeV go 100 GeV. EguH oT Han-4ecTo nanonssaHuTe nspasu 3a JIMC e
dageH B [17]:

1.910'P (E)>™®
1+0.4866P (E) >

CnekTbpbT (2C) Nexu Mexay emMnupuyHo u3BefdeHuTe n TeopeTuyHo npecmeTtHatn JIMC B obnactra
Ha eHeprum ot 1 go 10 GeV [18]. Toea obGycnaBsi HEroBOTO MHOFO YECTO MPUIIOXEHUEe npu
TEOpPEeTUYHUTE anpoKCMMaLMM Ha TPaHCMOPTHOTO YpaBHEHUE 3a Pas3npOCTPaHEHNETO HA MbPBUYHUTE
KOCMMYECKM NMbuK B Xxenunocdepara.

B pabGotata ca u3nonseaHu ypaBHeHus (2a) u (2b) 3a JIMC, koraTo anpokcumupame
eKcnepuMeHTanHuTe [OaHHW KbM Mofena u wu3pasbT (2¢) 3a JIMC, korato cpaBHaABame OO
NPUONMKEHNETO C NPELNOXEHNST CNEKTBP.

(2¢) Dus(E)=

MopaenHu anpokcnmauumm Ha eKCnepuMeHTanHu gaHHU

Mpun anpokcrMupaHe Ha ypaBHeHWe (1) KbM eKCnepuMeHTanHWTe AaHHW ca M3non3BaHu
AaHHW OT TpM CnbHYEBM UMkbna (20, 22 n 23). VIamepBaHMATa Ha KOCMUYECKNS CNEKTBbP 3a eHepruu
ot 1 MeV o 100 GeV 3a 20™ cnbHyeB uukbi (1965-1969) ca gagenu ot Hillas [19] u Simpson [20].
Mpu mopgenupaHeTo Ha Te3wm cnektpu 3a JIMC ce wmsnonsesa copmyna (2a). HopmupoBbUHUTE
KOHCTaHTM 3a npoToHuTe ca: K,=14.56 [GeV>*/(s.m’ster.MeV)] n y,=2.63 [19]. MapameTpuTe a, B, X,
y and u ca npecmeTHaTu no anroputbma Ha JleBeHbepr-Mapksapg [21]. To3u uncneH metoa Moxe aa
6bae pasrmexgaH kato KoMOuHauus OT MeToda Ha Han-6bp30To cnyckaHe u metoga Ha [ayc —
HioToH [21].

dur. 1 nokassa mogenupaHute crnektpu D (E) 3a kocMudeckuTe npoToHn 3a 11 HuBa Ha
cnbHYeBaTa akTMBHOCT (kpuBm oT 1 go 11) 3a 20 -us cnbHYeB UuukbA. Tabnuua 1 gaBa mogenHuTe
napameTpu oT ypaBHeHue (1) 3a cnbHYeB MUHMMYM (1965) n makcumym (1969) 3a ranaktudHute
npotoHn. PegyuupaHute CTOWHOCTM X°, Ca no-mManku oT 1, koeTo e wuHaukaTop 3a pobpa
anpokcumauus Ha Moaerna KbM eKCriepuMeHTanHnTe JaHHW.

CrtonHoCcTTa Ha mapameTbpa « HapacTBa OT CMbHYEB MUHUMYM KbM CITbHYEB MaKCUMyM,
aokato f octaBa novTu koHcTaHta ( S = 1). 3a aHOManHWTe KOCMWUYECKU fTbYM HOPMMPOBBYHaTa
KOHCTaHTa X MMa Mo-BMCOKa CTOMHOCT MPU CITbHYEB MUHUMYM, OTKOJSIKOTO MPU CITbHYEB MaKCUMYM.
ToBa e o4vakBaHO, TbM KaToO MHTEH3UTETaA Ha aHoMarHaTta KOMIMOHEHTa HapacTBa Torasa, Korato
ebekta Ha cnbHYeBaTa Mogynauus HamansBsa. [lapameTbpbT Yy ce NpoMeHs MHOro 6aBHO OT
CMbHYEB MWHMMYM KbM MaKCUMyM, a JeKOTO HapacTBaHe Ha u C HapacTBaHe Ha ClbH4YeBasTa
aKTMBHOCT € MHAuKaTop 3a cnaboTo OTMeCcTBaHe Ha MWHUMyMa Ha cnekTtbpa (1) KbM MO-BUCOKM
€eHepruun nNpu nNpexoq KbM MakcumarnHa CibHYeBa aKTUBHCT.

EkcnepymeHTanHuTe CNEeKTpyM Ha ranakTU4HWTE MPOTOHM OT mamepBaHudAta: LEAP87 [10],
IMAX92 [11], CAPRICEY94 [12], AMS98 [13] n BESS [8,9] ca anpokcumupaHun ¢ ypaBHeHue (la),
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ONMCBALLIO ranakTuyeckarta yacT Ha cnekTbpa ¢ Dy s — opmyna (2b). BbB dopmyna (2b) nonarame
K = kKg. Tabnuuu 2 n 3 gaBat CTOMHOCTUTE Ha CNEKTpanHusa MHAEKC Y, NpecMeTHaTUTE napaMmeTpu a
W B W TeXHUTE CTaHAapTHU OTKMOHEHWS! X°n 3@ W3MepBaTeNnHWTe AaHHU. CTOMHOCTUTE X, MoKa3BaT
[06po CLOTBETCTBUE HA UBMEPEHUTE EKCNEPUMEHTAITHN CNEKTPU C NPEANOXEeHUss eMnNnpuyeH Mogen.

10°

solar minimum

wap

solar maximum

D(E), part/(m2.s.str.MeV)
D(E), part/(m2.s.str.MeV)

3 o BESS97
» o LEAP87 e CAPRICEY%4 \ 10°F o BESS98 + BESS2000
E v IMAX92 + AMS98 % 10°F o BESS99 = BESS2002
10'5 1 il 1 1 il il 10'6 Tl 1 1 Tl 1 il
10° 107 10" 10° 10* 10° 10° 10° 1o|'1E Ge\lfJ" 10' 10°
E, GeV '

®ur. 1. Mogenvpann gndepeHumanymn cnektpyu D(E) Ha ranakTMyHW 1 aHOManHn KOCMUYECKU NMPOTOHM
3a efduHageceT HMBA Ha ClbHYeBaTa akTMBHOCT npe3 207" cribHYEeB UMKbIT B CbOTBETCTBME C
ekcrnepyMeHTanHuTe cnektpu gagenun Hillas (1972) and Simpson (1992). 1la) CpaBHeHue Ha MogenuvpaHuTe
CnekTpu ¢ nsmepBaHuaTa Ha [J LEAP87 (Seo et al., 1991), V IMAX92 (Menn et al., 2000), ¢« CAPRICE94 (Boezio
et al.,, 1999) n + AMS98. EkcnepumeHtute LEAP87 (Seo et al.,, 1991), IMAX92 (Menn et al., 2000) wu
e CAPRICEY94 (Boezio et al., 1999) ca npoBegeHu npe3 22 cnbHYeB UMKbi (1986-1996), AokaTo CMbTHUKOBUTE
uscnenBaHus ¢ + AMS98 (Alcaraz et al., 2000) ca 6n130 40 MUHMMYMa Ha 23 cibHYEB UMKbN (1996-2008); 1b)
CpaBHeHVe Ha MoaenvpaHuTe cnekTpu ¢ 6anoHHN faHHM OT uamepBaHusita ¢ BESS (Shikaze et al., 2007) npes
CIbHYeBUS LMKBLI 23.

Tabnuua 1. MpecMeTHaTUTE NapaMeTpUiH1 CTOMHOCTU K, @, B, X, Y , U U X°n OT ypaBHeHue (1) 3a ranakTuiHu u
aHOMarHV NPOTOHM MPU HUCKA 1 BUCOKA CTOMHOCT Ha ClbHYeBaTa akTMBHOCT 3a 3emsTa, Y =2.63

MopaenHu

napameTpu K a p X y u Xn

CnbHueB 9.848129+ |8.81466E1+ |1.23191E-5+| 1.825847+ | 4.3094E-2

Makcumym |1.455761E+1| 7.36728E-1 | 1.5875E-2 1E-6 1.5341E-2 +9.8E-4 5.81162E-1

CnbHYeB 1.10811+ | 1.029657+ [1.88999E-4+| 1.79174E+ | 1.268E-2+

MUHUMYM |1.455761E+1| 8.5916E-2 | 2.58480E-2 1.7E-5 1.5845E-2 2.027E-3 7.7175E-2
Tabnwuua 2

M3uncnennte mogenHun napametpu K, a, B and in 3a ranakTm4HM NpoToHM 3a ekcnepumMmeHuTe: LEAP87[10],
IMAX 92[11],CAPRCE 94 [12] n AMS 98[13].

EkcnepumeHTH LEAP87 IMAX 92 CAPRICE94 AMS98
y 2.63 2.61 2.73 2.76
K 10.503+1.7E-2 9.327+0.1.28E-1 14.871+3.9E-2 17.410+3.07E-1
a 0.439+2E-3 1.183+5E-2 1.907+9E-3 2.2+9.6E-2
B 1.131+4E-3 1.022+1.8E-2 0.896+2E-3 0.874+2E-2
Xn 2.49 0.47 1.16 0.25
Tabnuua 3

M3uncnennte mogenHun napametpu K, a, B and in 3a ranakTm4Hu NPOTOHW 3a ekcrnepumeHuTte: BESS97,
BESS98, BESS99, BESS2000 n BESS2002 [8], y = 2.732 [9].

EkcnepumeHTn BESS97 BESS98 BESS99 BESS2000 BESS2002
K 18.046+1.85E-1 17.424+1.9E-1 17.929+1.96E-1 21.763+2.50E-1  19.91+1.2E-1
a 2.867+6.9E-2 2.337+4.8E-2 3.238+6.2E-2 5.369+6.5E-2 3.336+2.5E-2
B 0.706+8E-3 0.926+9.9E-3 0.914+48E-3 1.428+8E-3 1.522+6E-3
X 0.17 0.14 0.24 0.48 1.48
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MogenupaHute 11 NpOTOHHM cnekTpu 3a nepumoga 1965-1976 ca cpaBHEHW C OaHHM OT
ekcnepumeHnTute: LEAP87 [10], IMAX92 [11], CAPRICE94 [12], AMS98 [13] Ha dur. 1a, a Ha dur. 1b
¢ 6anoHHMTE namepeBaHus: BESS 1997, 1998, 1999, 2000 n 2002 [8,9].

CpaBHeHMe Ha eMnNUPUYHUSA Mogen ¢ P® npubnukeHMe Ha TPAHCNOPTHOTO ypaBHeHWe

MoaynaumaTa Ha KOCMUYECKMTE NTbYKM B XenuocdepaTta e onmMcaHa HambiIHO OT YpaBHEHMETO
Ha Parker [1]. [TbNHOTO peLlleHWe Ha TPaHCMOPTHOTO ypaBHEHME [2] e psaKo M3MNoM3BaHO nopaau
HerosaTta CrNOXHOCT. /3pa3bT 3a TpaHCcnopTa Ha KOCMUYECKUTE NTbYM B OKOJTHOCT Ha 3eMsTa Moxe aa
6bae pegyumpaH oo T.H. ®® npubnuxeHue npu cnegHute gonyckaHusi: 1) cepuyHo — cuMeTpuyHa
xenuocdgepa, 2) paBHOBECEH MOTOK , 3) Nunca Ha M3TOYHWLM HA KOCMUYECKM NbuM U 4) 3amsaHa Ha
agmabaTHUTEe eHepreTuyHKn 3arybm cbc cumynupaHu Takvmea [18]. PelueHneTo Ha ToBa peayuupaHo
ypaBHEHWE e BanuaHo 3a eHeprum Hag 200 MeV [4].

OO napameTpusaumnaTa Ha KocMmudecknst cnekTop 3a 1 AU ce gaea ¢ nspasa [3]:

E(E + 2E,)

3) D(E,®) = Dy s (E + @) (E+DNE+D+2E,)

D(E, @) e uHTeH3MTeTa Ha noToka yactuum, a Dy s (E+®) e nokanHus cnekTbp Ha rpaHuuaTa Ha
xenunocdeparta, Eq= 0.938 GeV e macarta Ha nokou Ha yacTtuuara. [NapameTbpbT @ = (Ze/A) @, KaTo
@ e moaynauunoHeH noteHuman (B GV). ®manyeckoto 3HadeHue Ha @ ca cpegHu eHepreTuyHU 3aryou
Ha KOCMUYECKUTE YacTuLmM B Xenmocdgepara.

OT ypaBHeHue (3) npecmaTame AndepeHunanHus CnekTbp Ha NPOTOHUTE 3a OMNpederneHun
CTOMHOCTM Ha mopgynaumoHHus napametbp P. [pu npecmataHuaTa 3a Dy s(E+P) umanonasame
dopmyna (2c). TeopeTuyHo nonyyennte ot dopmyna (3) cnekTpu 3a gageHo d ca anpokCumMupanm ot
MoaenHo ypaBHeHue (1la). Bue coopmyna (1a) 3a Dy s (E) e nsanonseaHa cbLyo dopmynarta Ha Burger
et al. [17], T.e. ypaBHeHue (2c). MMpecmeTHaTUTEe nNapameTpn a u B 3a pasnumiyHm ® ca gageHu B
Tabnwuua 4. MNpn anpokcumupaHe Ha P cnektpute (3) oT Mogena (la) cTaHAapTHUTE OTKIIOHEHUS ca
~ (1 -2) % 3a Huckn 1 cpegHn HMBa Ha mogynaums (¢ < 0.8 GV) n ~ 3 % 3a BMCOKM CTOMHCTH (¢ > 0.8
GV).

Tabnuua 4. M3umcneHnTe Mo4EeNHM NapaMeTpu 3a ranakTuyHUTE NPOTOHU a 1 B 38 MOZYNaLMOHHN HUBa ®=¢ / 2:
0.3,0.4,0.5,0.6,0.7 and 0.8 GeV

MapameTpu ® =0.3 o=0.4 ® =0.5 d =0.6 ® =0.7 ©=0.8
a 1.446600 1.766995 2.078808 2.372635 2.654086 2.924539
B 0.921775 1.049210 1.153789 1.244398 1.324410 1.396325

Ot Tabnuua 4 Hamupame cnegHata 3aBUCMMOCT Mexay cTtonHoctute a U 3 n OO
napametbpa @ = (eZ/A) ¢:

4) D~ i[%j unm B~ A[sﬁj
A\ 3 a

KoedmumneHTbT A € npubnmsmtenHo 1.618. lNpecmsaTaHnst nokassaT, Ye Tasn CTOMHOCT He
3aBucK OT u3bopa Ha Dy s B ypaBHeHus (1a) u (3), uim A = 1.618, korato anpokcuMmnpame ¢ pasnnyHu
dopmynun 3a Dys.

Tpsabea ga 6bae nogyeptaHo obave, ye ypaBHeHUs (4) ca BanugHM camo ako popmMyraTa 3a
Dus e egHa v cbla B emnupuyHusa mogen (la) n sbB P peleHneTo Ha TPaAHCMOPTHOTO ypaBHEHWE
(3). BbB BCMYKO OCTaHanu cryvau, koraTo B ABEeTe anpokcumauun Ha CcrnekTbpa ce u3nonssart
pasnuyHu opmynu 3a JIMC, 3aBucumocTute gageHu ¢ (4) ca HeBanuaHM.

3aknroyeHue

PasnnyHuTte TnoBe atmocdepHn mogenun gagenn ot Stozhkov [22], Clem et al. [23], Djemil
et al. [24] n mMHoro gpyrv1 nokassaT, Ye CNeKTpUTe Ha KOCMWUYECKUTE fbuYM ca OT PyHAaMeHTanHa
Ba)XHOCT MpU MoZenupaHe Ha pasHooOpasneTo OT U3NYHM U XUMWYHM NpoLecu B aTMocdepaTta u
CNbHYEBO-3EMHUTE BPb3KU. KOCMUYECKMTE MbUM Ca U3TOYHULM HA aTMOCKEpPHU AOHW, KOUTO Urpasit
Ba)XHa possi B MPoOLIECUMTE Ha: XMMUYHM peakummn ¢ obmsiHa Ha 3apsf, oOpa3yBaHETO Ha BOAHM Napu u
negeHn Kpuctanm, opMUpaHeTo Ha rPbMOTEBUYHM (BypeHOCHM) o6raLm n BCUYKK OCTaHanm BUOoOBe
obnauw.

anakTU4HUTEe N CIbHYEBUTE KOCMMUYECKM NMbYM Ca gpaviBepy Ha CibHYeBO-aTMocdepHaTa
anHamuka [25]. Mopaan TsixHaTa mMogyrnauusi OT CIbHYEBMS BATHLP, CMEKTPUTE Ha Te3n vactuum ca
MOBMUSHN OT W3MEHEHWETO B aKTMBHOCTTA Ha CHbHUETO B TEYEHME Ha CITbHYEBUS] LMKBLI.
OndepeHumantmaT cnektbp D(E) Ha ranakTM4HUTE M aHOMasiHW KOCMUYECKM Nbyn Moxe ga 6bae
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n3

nonsaH npum npecMdrtaHe Ha l'lpO(bI/IJ'IVITe Ha eJleKTpoHHaTa npoaykunda B aTMOC(bepaTa n

MoHocdpepaTta 3a HUCKW, CPEdHM U BMCOKM LUMPUHM Mpe3 CIbHYEBUS LMKbLI. ToBa MpUNOXeHMe Ha
MoaenHuaT cnektbp (1) e pasrnenaHo B paboTtute Ha Velinov et al. [26], [27] n [28]. N3uncnenuTte
npocunn Ha enekTpoHHaTa NPOAYKUMst ca HeobxoanMu Npu onpeaensiHe Ha enekTpoHHaTa NITbTHOCT
N enekTpuyHaTa NPOBOAMMOCT Ha MoOHOCGepaTa B 3aBUCMMOCT OT CITbHYEBaTa aKTUBHOCT.
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A6cmpakm: HamepeHu ca aHanumuyHU peweHus 3a MaeHumoxudpoduHamuyHu (MXL]) ebnHU ¢ Marnka
amrnumyda pasnpocmpaHsisauu ce 8 cps3ealwy Momok om udeanieH HecgusaeMm pnyud. MasHumHomo more,
HarnseaHemo U cKopocmma ce rfpedcmassam C foMoujma Ha peweHue Ha egeKkmueHOmO ypasHeHUe Ha
LlipboOuHeep u ce u3passeam 4Ype3 KOHbyeHmHama ¢pyHkyusi Ha XolH. Hal-eaxHama omnudyumernHa Yepma
Ha peweHUemMoO e 3Ha4yumesIHomo ycuneaHe Ha Obri2ume Ma2HUMO38yKO8U B8bJIHU; O/lyd4eHa e u fpocma
UHmMepnonayuoHHa opmyna 3a KoeghuuyeHma Ha ycurneaHe. Toea ycuneaHe e eghekmueeH MexaHU3bM Ha
mpaHchopMayusa Ha eHepausma Ha cpsi3ealjusi NMomoK 8b8 8bJIHO8a eHepeus. V3kasea ce xunomesama, 4e
rony4eHOmMo peweHue Moxe 0O0a Hamepu MpurioxeHue eb8 ¢hulukama Ha 2opewama naasma Ha cnabo
3aMagHUmeHume axkpeyuoHHU Ouckoee. Bcsika ycuneHa ebjiHa ce roa2niblWa fpu HeHyrnee euckosumem u
aHanu3upaHomo ycuseaHe Ha 6bJIHUMEe, HassPHO, paskpusa Ob/i20 MbPCEHUS MexaHu3bM 3a HazgpseaHe Ha
akpeyuoHHUmMe OUCKO8e U 8b3HUK8AHemo Ha 20/1sM egheKmueeH 8UCKO3umem obsiCHsisaw, HagpsisaHemo; maka
e0Ha omdasHawHa 3a2adka e eeposimHO peweHa. M3ka3ea ce rnpedrnosnoxeHUemo, 4Ye noayyeHomo peweHue
moxe 0a 6b0e 8 ocHOBama Ha 8b/IHO8ama mypbyneHmHocm.

AMPLIFICATION OF SLOW MAGNETOSONIC WAVES BY SHEAR FLOW:
HEATING AND FRICTION MECHANISMS OF ACCRETION DISKS
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BnBeaenue

Beue noeeue ot 50 rogmMHu NpobreMbT 3a MOMEHTa Ha KONMMYECTBOTO Ha ABWKEHNE € Bb3IoB
npobremM Ha KOCMOrOHMATa, 3a KOWTO Ce HyXXaaem OT MnpuBnuyaHe Ha HoBW maewn. Kakto e gobpe
M3BECTHO B HallaTa cfbHYeBa cuctema 98% OT bIMOBUS MOMEHT € CBbp3aH C OpbUTaNHOTO
OBWXEHME Ha nnaHeTuTte, a 700 NbTW NO-TEXKOTO CrbHUE MMa eaBa 2% oT momeHTa. Oule ¢ nbpBuTe
TEnecKomnu ce BKAa, Ye HalIeTOo CITbHLE Ce BbPTM MHOro 6aBHO — Taka 4e BbMPOCHT € He Jgann ms
ce BbPTW, a 3al0 MO He Ce BbPTM — KOW CMpsA HaWEeTO CIbHUE fa Ce BbpPTM — TOBA € eduH OT
LeHTpanHuTe BbNpocu Ha pyHaameHTanHaTa duanka n3obuwo. Kak akpeLunmoHHUAT QUCK AercTBa KaTo
OUCKoBa crnMpadka, Kak Ta Ce HarpsiBa OT TPUEHETO, KakbB € MEXaHU3MbT Ha CBETEHETO Ha Hawn-
MOLUHUTE M3TOYHMUM Ha CBETNMHA BbB BceneHata — kBasapuTte, BCUYKM Te3n BbNpocK TpsibBa aa
HaMepsAT CBOS OTFOBOP B paMKMTE Ha MarHuTHaTa XMapoAuHamuKa, KOSITO onucea egpomallabHute
CBOWCTBa Ha KocMmM4yeckaTta nnasma.

KntoyoB getainn 3a pa3bupaHeTo Ha Te3u BbMPOCM € OTKPUTOTO C MOMOLLUTa Ha 4YuUCheH
aHanun3 ycuneaHe Ha 0aBHWTE MarHuTO3BYKOBM BBLIHW.[1] ToBa ycunBaHe Ha fMHeapu3upaHu
MarHuToxmgpoanHaMmmyHm BbnHu (MX[) oT cps3saly notok 6e NOTBbLPAEHO M B ApPYrv M3crensaHus
nocBeTeHM Ha dm3MKaTa Ha akpeuuoHHute guckoBe um MX[ Ha kocmmyeckata nnasma.[2] O6wm
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cBegeHus 3a dwm3nkata Ha guckoBeTe morat ga 6baat Hamepenn B o063opute [3]. Llen Ha
HacToswarta pabota e ga ce wusBegatr aHanuTudHudopmynu 3a MX[ npomeHnuBu, onucealim
BbIIHATE, a CblO Taka ygobHa MHTepnonaumoHHa copmyna 3a KoeduuMeHTa Ha ycunBaHe Ha
BbJIHOBaTa eHeprus. AHanM3npaHo € MSACTOTO Ha MoslydeHuTe pesynTaTty B udArnocTHaTa kapTvHa 3a
Bb3HWKBaHE Ha edheKTUBEH BUCKO3UTET B cpsisBaLwy, MX[ noTok.

Monen

[opelaTta nnasma Ha akpeumnoHHMst AUCK npegnonarame cnabo samarHuteHa n AndeHosaTa
ckopocT V, e MHoro no-marika oT ckopocTTa Ha 3Byka C, . Mpu Teau ycrnosusi AndbeHoBUTE 1 GaBHUTE
MarHuTo3BykoBu BbiHM (BMB) Morat ga ce pasrnexgaT KaTo BbfHW B HecBMBaeM dnyma ¢ Hynesa
aveepreHumns Ha ckopoctta V.V =0. MNpu BUCOKM TemnepaTypy¥ OMOBOTO CbMNPOTUBMEHME c e

npeHe6pe>K|/|M0 M MarHUTHUAT BUCKO3UTET V€ MHOIOo Nno-mMalnbK OT KUHEMaTUYHUA V) .

2720A1/2 5/2
— 2, _ ecm, Le _n_ 04Tp _
® Y VTR
€ pp p
AT N 2
) Ly=In| =%, L=In ’1D2Te , i2=47;e2 Ne Dol o %
e e JE T, T, 4z,

Tyk usnonssamMe CaMOW3SICHABALLM Ce O3HaYeHWs 3a NapameTpuTe Ha BOAOPOAHA nnasma:
mMacuTe Ha enektpoHa M, u npotoHa M o OPOsi Ha erekTpoHnTe N, 1 NpoToHnTe N, Ha eAnHULA

obem, nmbTHOCTTa O W BWUCKO3MTETa 77 , ENleKTpOHHaTa [, M MPOTOHHa TemnepaTypa Tp,
KyroHoBuTe noraputmn L, u Lp, nebaeBaTa AbIKMHA Ha ekpaHvpaHe Ay U koeduumeHTa npea
KYNOHOBOTO B3auMMopeiicTBie €°. 3a onpefeneHOCT No-HaTaTbK Lie NPUPaBHIM T, =T,, a nopaan

ronsiMaTa YMcrieHa CTOMHOCT Ha MarHUTHOTO Yucho Ha MpaHaTtn v,/ v, e npeHebperHem edekTute,
CBbp3aHy C OMOBOTO HarpsiBaHe. Halwlata ctapToBa Touka ca ypaBHeHusTa Ha MX[

) pDV=-VP+ j:VX xB+nV?V,
Hy
(4) DB=B-VV,

kbageto D, =0, +V -V e cybcraHumanHata npoussogHa, P e HansraHeTo, a j e nnbTHOCTTa Ha
Toka. Kakto oTGensisaxme rokarnHaTta AndeHosaTa ckopocT V, e MHOro mo-manka oT MecTHaTa

CKOPOCT Ha pasnpocTpaHeHne Ha 3BYyKa Cs

(5) VA:LD C

Hp
B nuHeapusupanute MX[ ypaBHeHWs 3a BbMHW C Marnka amnnuTyga e cuutame, ye
CKOpOCTTa ¥ MarHWTHOTO Mofe ca peariHUTe YacTu oT komnnekcHute noneta V u B. Us6upame

JloOKanHa KoopauHaTtHa cuctema, cBbp3aHa C UMIMHOPUYHUTE KOOPAMHATU Ha AuUCKa, KaTto Z € ocCTa
Ha BbpTeHe Ha akKpeunoHHNA OUCK

(6) (e,.€,.8,) =(e.e,.€,).
3a MarHuTHOTO none npeagnonarame, 4e JOMUHMPA NOCTOAHHATA adnMyTaliHaTta KOMMNOHEHTa
BO ycnopegHa Ha CKOPOCTTa Ha Kel‘lJ‘IepOBOTO BbpTEHE Ha Mmia3mMata OKOJ10 aKpeuunpalmaA

KOMNaKkTeH oBekT. M3non3same ABMKELLa Ce KoopAMHATHA cMCTeMa 3a KOATO MPU HSKaKbB oUKcMpaH
paguyc asumMyTanHaTa KOMMOHEHTA Ha CKOpoOCTTa Ha hryuaa ce 3aHynsiea. OpbutanHata ckopocT

V(/) = Vy 3aBuUCK OT paguyca u Taka Bb3HUKBA rpagMeHT Ha CKOPOCTTa, OnncaH 4pes3 napameTbpa Ha

cpssBaHe A:

@) V= Axe, +iV,Vv(r)e"", v 1
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®) B=-Bge, +Bb(r)e"", bl 1,
9) k=-k,ze +ke, +kge,, 7= At

Cnep nuHepusnpaHe Ha ypaBHeHUsATa Ha ABWxKeHue yp. (3) nonydyaBame cnegHara cuctema
06uKHOBEHU AndbepeHumanHn ypaBHeHus [1]

K,K, o
(10) dv,=2——=v, -Kb -1 K, d.b =Ky,
K KZ "2
(11) dv,=2—2*v, -Kb, -1 K%, db =Ky,
(12) K-v=0, K-b=0,

KbeTO € BbBedeH Ge3pasmepHusaT BbnHoB BekTop K :VAk/A, M HeroBaTa MOCTOSIHHA NPOeKUusi
2 2
Q= Ky+KZ. MogpobeH wn3Bog e pageH B pabotn [4] u [5]. 3agadata ce pegyuvpa [o

peLlaBaHeTo Ha ePeKTUBHO ypaBHeHWe Ha LUpboauHrep ¢ 6espasmepHa koopayHata & = rKy/Q n
edeKTMBEH NoTeHLman

(13) U()=

Penrenne

1
&y

EdbekTnBHOTO ypaBHeHne Ha LpboauHrep yp. (14) pelueHneTo Ha KOeTo ce m3passiBa kaTo
NHEeNHa KOMOVHauus Ha 4YeTHa /8 (&) v HevetHa Y, (&) dyHKums, chabp)awm KOHMIYeHTHUTE

dyHKUUKN Ha XOWH

2 2 1 _ _
(14) dgw{Q Ay gz)z}u 0, y(&)=Cyy,(&)+Cuy, (&),
(15) wy=L+ & HeunC(0,- =0 9 ,1+4Q —&%),
(16) N HeunC(O+;,O QL 1+4Q ,—E2).
10 T T T

w(T)
® & A M O N OB O

2y,
o

-100 -50 0 50 100

®ur. 1. Peluerne Ha edekTuBHOTO ypasHeHme Ha Lpsoautrep sa i (—100) =1,d (-100) =0, u

Q=+0.1 .1lpu 7 = 0 ce HaBrionaBa nouT ckokooBpa3HO HapacTBaHe Ha aMNNUTyAaTa Ha ocLMnaummuTe
KOeTO e CBbpP3aHo C ycunsaHeTo Ha BMB.
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EQHO TunuyHo pelueHMe e nokasaHo Ha dwur. 1. Ypes Te3an yHKUMM ce u3passiBa

6e3pa3mepHOTo MarHMTHO none

) bs%, 2E)=¢ COS(Q§)+C~usmgg§)
2K2 (5 ) Q sy(§) K,
b, — )4
(18) y Kij Q- Zrds + K e K 29,
(19 (5 LGS )

Mpn NpeHebpexxnmo OMOBO CLMPOTMBIEHME Ha ropeLla nnasma ycrioBMeTo 3a 3aMpaseHoCT
Ha CUNOBUTE NWHUWM Ha MarHWTHaTa WHAYKUUS BbB chriymaa dgb =QV, n3passBa ckopocTTa ype3

MarHMTHOTO none

C@+&0)dy (@) -¢w(©)

20 =
( ) X (l+é;2)3/2 ’
2K? v, (&) 5(1+§2)d;w(§)—§2v/(§) K
21 = =2 d -—=d
@ v, =y = [* cos[Q(¢ - N e+ W 52)3/2 T,
v, (&)
(22) oy dd +
1+¢&° Q
. _— ;
15 | 15
J ) . [N \
i VL7 i N (S ~ N ) Py Q |
-U? lUI 05 ll'J \N\/\J . e —/
i ; VR
2 . N4 \
E : & : 3 -: |\ \ ]I
) - ¢ \\.__ f:r
s : & N S ’..//.

4 6 4 2 0 2 4 6 B

1
oo o,

-100 50 o 50 100 -100 50 o

50

100

dur. 2. Ckopoct V(éj) , MarHMTHOTO none b(§) v hasoBm NopTpeTu Ha paguanHute €, = €, (ropHuAT pen),

asumyTanHte € o = ey (cpepHuAT pen) v akcuanuuTe €, =€, (QOMHMAT ped) KOMMOHEHTU Ha noneTara.

Mnowta Ha acCUMNTOTUYHUTE LUUKINKU € NponopLMoHanHa Ha eHepFMﬂTa Ha BCAKa OT KOMIMNOHEHTUTE.

YBenMyeHneTo Ha nnowTa Ha asumyTanHaTa KOMMOHeHTa (V
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60 : : : 7 : . : ; . : ; .
50 p 100 T T T "II . 6
10 r 1 ||| 5t
40 F | ) ]
1 b | | Ilulll In,ll (\‘ " 4
TAWAW LY o F
= 30} 01 T RIATATAY \VAVAVAYA'S I
100 50 0 50 100 | R 2 gl
20 | |
2 -
|
10 | |
1 k-
|I)
0 e i 0 L .
100 50 0 50 100 3 25 -2 R
E log Q

dur. 3. JIaeo: EHeprus Ha BbnHaTa kaTo yHKUMS Ha BpemeTo. Ha Bpsa3aHaTa urypa eHepTusTa Ha BbriHaTa €
nokasaHa B noraputMmmyeH mawab. JscHo: leceTnyeH noraputbm OT KOEMULMEHTBLT Ha yCUNBaHe Ha BbIHUTE
KaTo PYHKLUS OT morapuTbma Ha BbMHOBUA BekTop. pocTaTta acumnToTudHa copmyna yp. (24) (asicHata kpusa)
TOYHO OMNWCBa AbNrOBbLIHOBATA aCMMNTOTA HA aHANUTUYHOTO PeLLEHMe.

50

N J""-V.-"\ N\ N\ \NNANANNANANANANANANAANAS

30

20

0 =
-100 -50 0 50 100 150 200 250

g

dur. 4. BbnHoBa eHeprus kaTo d)yHKLl,I/IH Ha BpeMeTO CbC 3aTuxXBaLlyn nyncalnm okosmno cpegHata CTOWMHOCT.
[MokasaHo e BNUAHMETO Ha BUCKO3UTETA, KOMTO BOAM A0 3aTUXBAHE Ha BbIIHUTE U HarpsaBaHe Ha nnasmara.

OrbBallyaTa Kp1Ba ChOTBETCTBA Ha EXP —J‘Vk2 (t)dt

Ha dour. 2 ca nokasaHu aHanMTUYHUTE peLleHnsl, CbOTBETCTBALLM Ha HaYarnHUTe YCroBuS:
(23) w(-100) =1, dély(—lOO):O, ;((—oo):O:dég;((—oo), Ky =03, K,=01 Q=+0.1.

3a paguanHoTo [OBWXeHMe CKOpOCTTa M MarHUTHOTO none 3anouyBaT npu & =—00 1
3aBbplBaT Npu & =00 C Hynesu CTOMHOCTU. CamMO B MOMEHTA Ha YCWUIIBaHE VMMame 3HauuMu
paguantn komnoHentn (V,,D,). 3a asumyrtanHoto ABwxeHve (Vy,by), koeTo onuceabMB,

npeanofiaraMme HavariHa amMmnintyga, KoATo Ce ycurBa OT cpdA3BallinAa MOTOK. ToBa e oOcHoBHaTa
oTNnnynTenHa 4eprta Ha 4ABNIEHMEeTO KOEeTO W3creaBaMe. AKCHanHMTe KOMMOHEHTU (Vz’bz)' KOUTO

onuceaTt AndeHoBu BbMHU(AB), He ce ycuneaTt npu £ = —o0 Te uMaT HyneBa CTOWHOCT. HeHynesaTa
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noLy Ha acunTOTUYHWS LUnKb B pasHuHata (V,,D,) cboTBetcTBa Ha koHBepcusita Ha BMB B AB.

OTHolueHneTo Ha BeapasmepHaTa NBLTHOCT Ha BbnHoBaTa eHeprus W=1(VZ +b?) npn &=o0 un
& =—oo onucea ycuneaHeTo Ha BbrnHata G = W(o0)/W(—0). EgHa TvnnyHa Bpemesa 3aBUCHMOCT

Ha MIbTHOCTTa Ha BbrHoBaTa eHeprus W(S) e npeacrtaseHa Ha dour. 3 (1sB0). B AsicHo Ha cblyata
d)vlrypa ca npuagcrtaBeHn acMntoTn4HaTta (bopmyna 3a ycuneaHe npu ronemMm ObJikKnMHU Ha BbliHaTa
2 2 2
(24) 60 Drt 1= A g
2Q 2 VE(KZ+K?)
M TOYHOTO pelleHune. d)opmanHo Ta3n aCMMNTOTUKa Ce cBeXxaa A0 MNMpunoXeHneTo Ha MeToda Ha 0 -
OGpaSHVIﬂ noteHunan n 3amdaHaTa

(25) —— > 10(&)

@+ § )?
B eDeKTMBHOTO ypaBHeHue Ha LpboauHrep yp. (14). Heka yTouHMM, Ye napameTbpbT Ha cpsi3BaHe,
KOWTO yyacTBa BbB chopMynaTta 3a ycureaHe yp. (24) e paBeH Ha MoJioBMHaTa OT brfloBaTa CKOPOCT
Ha Op6VITaJ'IHOTO ABXeHune

1
26 A=——w .
( ) 2 Kepler

HanuuneTto Ha ManbK BUCKO3UTET BOAW [O 3aTUXBaHe Ha BbLAHUTE C AONBbIHUTENEH MHOXUTEN

exp [—J-vkz(t) dt} KOWTO BOJM [10 BpeMeBa 3aBUCUMOT Ha amnnutyaaTa

@27) v ~ D, 0(£)cos(QE + ¢, )exp(-v'K?z¥3), v L.

BnvsiHneTo Ha Bucko3uTeTa BbPXY BbJIHUTE € UITOCTPUPAHO Ha (*)I/II'. 4, KbOeTO Cca NnoKasaHu
OBe peleHna ¢ HyneB U HeHylneB BUCKO3UTET, KaKTO U MPOoCTa OrbBalla eKCrnoHeHuuanHa CbYHKLI,VIFI.
Heka gobGaBuM HSAKONKO OymMn 3a Bb3MOXHaTa Typ6y]'|eHTHOCT, CBbp3aHa C BbJIHATE U TAXHOTO
HEenMHENHO B3anmoadencTame. AKo B CueHapusa Ha KOﬂMOFOpOB nocrtynnpame noctodHHa MOLWHOCT Ha
eanHuua Mmaca & 3a Typ6yneHTHaTa KOHBEKLNA, TO TO3N NapamMeTbp AaBa OUEHKa 3a nopAabkKa Ha

nyncaunmnte Ha CKOpOCTTa Vl Ha ABe 4Yactuuu OT njiadMarta Ha pa3CTodHue A. PasrnexpgaHata
BbJIHOBa 3aga4a MMa XapaKTtepeH pa3mMmep A ¥ Ha Hero cboTBeTCTBa nyncauna Ha CKOpPOCTTa V/1

Upes Ta3u nmyncauus Ha ckopoctta V, u ckopocTTa Ha 3Byka C, Moxe Aa ce w3pasu [5] a

napameTbpa Ha Lakypa-CioHses:
2 2
Vi V,=(eA)"®, A=V, /A V,_, =(V,/A)", « G Vﬁ 0 (eV,/A)*/c?.
c?

AN, - .

(28) ¢=

S

HakpaTtko — ycuneatensat Ha BbHM paboTu un kaTto ycuneaTten Ha TypOyneHTHOCT, HO eaga
cera crief, aHanUTUYHOTO peLleHVe Ha nuHeapuaMpaHaTa BbHOBa 3ajaya MOXe Aa ce MocTpou
Teopus Ha caMoCbIiacyBaHaTa CrneKkTparnHa NiTbTHOCT Ha BbIIHUTE.

JAuckycusi u nepcneKTUBH

3allo kBasapuTe CBETST, a 3Be3auUTe Ce BLPTAT TonkoBa 6aBHO? lNpuunHaTa € Bb3HUKBaHE
Ha ronsM edeKkTMBEeH BUCKO3WTET. He e ydvyapallo, Ye rpaBUTALMOHHOTO MpUBMMYaHE yckopsiBa
noToUM OT KOCMMYECKa Nia3ma U 4e eHeprusTa Ha BCsika BbIlHA B KpaiHa CMeTka ce npespblua B
TonnuHa. [Jo cera nMMNCBALLIOTO 3BEHO B Ta3W eHepreTMyHa kackaga 6e ycunBaHeTo Ha GaBHUTE
MarHWTO3BYKOBM BBMHW B CPsA3Ball, MOTOK — AOMWHUPALUMAT MEXaHu3bM 3a TpaHcdopmauus Ha
KMHeTMYHaTa €eHeprusi Ha Ccps3Balusi MOTOK BBbB BbIHOBA eHeprusi. 3a TasuM eHepreTnyHa
TpaHcopMaUns HUe MOomydYMxMe aHanuMTU4YHM pe3ynTaTh, KOMTO OTBapsAT MepcrnekTuBaTta 3a
NoCTPOsiBaHE Ha CaMoCbINacyBaHa TeOpWsi Ha criekTpanHaTa NIbTHOCT HA BBIHUTE, T.€. TEOPMUS Ha

cnabata TypbyneHTHOCT. M3cneasaHeTo Ha HenuHenHus uned V-VV ot ypasHeHneTo Ha Hasue—

CTOKC LLie onuLLe KaK Be yCUreHn BbIHU nopaxaaT TpeTa U kak rpy6o kasaHo paboTy MawmHaTa 3a
3Be3gu.
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MODEL STUDY OF ELECTRIC FIELDS GENERATED BY THUNDERSTORMS
IN MAGNETICALLY CONJUGATED REGION

Peter Tonev

Institute for Solar-Terrestrial Influences - Bulgarian Academy of Sciences
e-mail: ptonev@bas.bg

Keywords: global atmospheric electric circuit, quasi-electrostatic fields, thunderstorm, cloud-to-ground
lightning discharges, magnetically conjugated region, numerical modelling

Abstract: Steady-state electric fields and post-lightning quasi-electrostatic fields (QESF) generated in
different atmospheric regions above thunderstorms play an important role as drivers of a diversity of processes
and events related to electron heating, such as, the newly discovered transient luminous events. Numerous
recent investigations of these electric fields and events allowed better understanding of the electrical coupling of
atmospheric regions and showed their importance. However, the problem of whether the electric fields generated
by a thunderstorm can penetrate into its magnetically conjugated region and what effects they could cause there
has not been studied sufficiently. Some observations in the mesosphere, such as the large (1 V/m and more)
QESF, which have been measured occasionally for decades at mesospheric altitudes, could be explained as
such effects, as indicated by some authors. Furthermore, red sprites have been observed, with no causative
thunderstorm in a surrounding of thousands of km - these are considered by some authors to be the result of
lightning in the magnetically conjugated region. We propose a 2D numerical model for the generation of QESF
due to a lightning discharge in the conjugated region. The model is based on the Maxwell's equations for quasi-
static conditions, which take place in the mesosphere and at higher altitudes in both hemispheres. Our results
show that in the mesosphere these electric fields can be as large as few tenths of V/m. Because of their large
horizontal scale (thousands of km), the observed larger electric fields may be the result of several lightning
discharges occurring almost simultaneously.

MOZAENHO U3CNEOBAHE HA ENIEKTPUYECKWU NOJIETA TEHEPUPAHU OT
rPbMOTEBUYHU BYPU B MATHUTOCIPETHATATA OBJIACT

Metbp ToHeB

WHCcmumym no cnbHYe80-3eMHU 8b30elicmausi - bbrieapcka akademusi Ha Haykume
e-mail: ptonev@bas.bg

Knoyoeu Aymu: enobanHa ammocghepHa esfiekmpuyecka eepuaa, KeazueekmpocmamuyHu rnosema,
e2pbMomesuyHa 6ypsi, MbiiHUe8 pa3psid obrak-3eMsi, MazHumocnpeaHama obiacm, YucrieHo Modesupare

Pesrome: CmayuoHapHUme efieKmpuyecku rosema U KeasuernekmpocmamuyHume ronema cred
muHusi (KECIT) eeHepupaHu 8 pasnu4Hu ammocghepHu obnacmu Had epbMomesuyYHU 6ypu uepasim eaxHa poris
Kamo azeHm 3a ocbljecmssieaHe Ha pa3HoobpasHU Mpouecu U SI8/1eHUSI C8bp3aHU C eJIEKIMPOHHO HagpsieaHe.
Takusa ca, Harnpumep, HO80OMKpuUmMuUmMe rpPexo0HU cbbumusi Ha ceemeHe 8 cpedHama ammocgpepa.
MHozo6poliHume cbepemeHHU u3crnedgaHusi Ha me3u eflekKmpuyecku ronema u cbbumusi roseossisam ro-
00bpo 0bsicCHeHUe Ha enekmpu4yeckume 3aumoldelicmeusi mexdy ammocgepHume obsacmu u rokassam
B8aXHOMO 3Ha4yeHue Ha me3u e83aumoldelicmeusi. Ho npobnembm OQanu enekmpudyeckume rfonema om
2pbMomesuYyHa bypss mozam da npoHUkeam 8 MazHumocrnpeaHamama U obnacm (MCO) u da npuduHsisam
egpekmu mam e HedocmacmbyHO uscriedsaH. Hskou HabnodeHus1 8 me3ocghepama buxa moanu 0a ce 065ICHIM
Kamo makusa egbekmu, Harpumep, eornemume (1 VIm u noseye) KECIT usmepsaHu roHsikoza 8 Me3ocgepama.
Cbuwjo, HabnodasaHu ca cripalimose be3 rnopaxdalja MbriHUS, 0OSCHEHU Om HSKOU asmopu Kamo pe3ynmam
om mbrHUs 8 MCO. Hue npednacame 2D yucnieH moden 3a u3cnedsaHe Ha KECII npuduHeHU om MbrIHUS 8
MCO. Modenbm e 6asupaH Ha ypasHeHusma Ha Makceesn npu k8a3ucmamu4yHU yCrio8us, Koumo umam Msicmo 6
lioHocghepama u ro-Hazope npu MbrHUSA. Pe3ynmamume Hu roka3eam, 4Ye 8 mMe3ocghepama me3u
enekmpuyecku nonema docmugam decemu om VIm. Tot Kamo CA ¢ eonam xopu3oHmarneH mawab (xumsdu
KM), HabrnodasaHume ro-20/1eMU ef1IeKmpuYecKku rnonema moz2am Oa ca pes3ynmam Om HSKOIKO no4Yymu
€0HO8PEMEHHU MBJIHUU.
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Origin of the mesospheric electric fields and model basis

A strong lightning discharge generates large quasi-electrostatic fields (QESF) above the
thunderstorm, whose relaxation is much longer than the relaxation of a free charge. These features
are demonstrated by the results in Fig.2 [5] obtained by night-time conductivity profiles shown in Fig.1.
The QESF and the related Maxwell currents are widely investigated (theoretically and experimentally)
as possible drivers of red sprites and halos in the mesosphere [1, 6]. However, almost nothing is
known about the role of these electric fields at higher altitudes. Although much smaller and shorter
living, these fields can penetrate above the lower ionosphere, as shown experimentally in [3]. If this is
the case, the electric fields at the magnetospheric basis could induce similar fields in the magneto-
conjugated region, where they could generate measurable quasi-electrostatic fields in the lower
atmospheric regions estimated from the parameters of the electric field pattern at 150 km in the
conjugated region. A similar mechanism is theoretically discussed in [2]. Under the assumption that
the QESF are potential in the strato/mesosphere and above [4], they can be computed in both regions
as a solution of the continuity equation for the density of the Maxwell's current j:

1) V-j=0, where j=jc+jo.

Here jc is the conduction current, jc = [c]E = [6]VU, where [o] is the conductivity tensor (a scalar below
70 km), E is the electric field, and U is its potential; jp is the displacement current, jo= & dE /dt, & is
the dielectric constant. To estimate the QESF generated by a lightning discharge in the magnetically
conjugated hemisphere, we solve Eq.(1) both in the region (A) of the lightning discharge and in its
conjugated region (B) (Fig.1). The following assumptions are used: a) axial symmetry takes place in
each region; and b) the electric fields at 150 km are transported without changes from the source
region to its magnetically conjugated region. Our model neglects the Earth’s curvature.

Simulation of electric field temporal-spatial distribution

We study the temporal and spatial distribution of the quasi-electrostatic field E generated by a
cloud-to-ground (CG) lightning discharge, which acts in region (A), and their induction in the
conjugated region (B) through the magnetosphere. These regions are schematically presented in
Fig.3 as large horizontal scale (thousands of kilometers) circle regions which contact to each other at
the magnetic equator. The source lightning discharge is represented in the model by the altitude Z¢
and magnitude Qq of the initial charge (at t=0), and by a function of the charge decay Q(t) by t>0. In
order to obtain the distribution of E in region (A), as well as in its magnetically conjugated region (B),
we solve an equation for U derived from Eq.(1) in cylindrical coordinates (r, ¢, z) (z is a vertical axis
through the charge removed and z=0 is the ground level). This equation is:

@ o o e a) Pl v o
Here oy and o p are the field-aligned and the Pedersen conductivities (the Hall conductivity is
neglected in order to preserve the assumption for axial symmetry, which is required in our 2D model).
In region (A) the coordinate z represents the altitude in the region of isotropic conductivity below 70
km, and an ‘equivalent altitude’ determined with respect to the magnetic field inclination (above 80 km
z is the distance along field lines). In region (B) z = 300—2z', where 7’ is the ‘equivalent altitude’. The
initial and boundary conditions are:
Initial condition:

The steady-state electric field in region (A) at the discharge beginning t=0 formed by a constant

charge Qo, is determined analytically [5, 6] by using a modified boundary condition: U=0 at z=Z,5« .
Boundary conditions:

(i) U=0atz=0and at z=Z;,=150 km;

(i) U =0 at r=r, (at lateral boundaries in A and B);

(iii) V- E(t, r=0, z=Zc) = Q(t) / & at any time t>0 (after lightning onset);

(iv) the Maxwell current j, through the boundary at 150 km is continuous.

Eq.(2) is solved numerically in two steps on a regular rectangular grid with n,=15 x n,=40 cells
which represents both regions A and B, as shown schematically in Fig.4. On the first step Eq.(2) is
solved in region (A), and on the second - in region (B) where a boundary condition for the vertical
Maxwell current jz(t% at z’=150 km is supported by the first step. On each step a finite element method
approximation in C is used by spatial components. It yields a system of linear equations whose form
depends on the comparison of the local relaxation time zz and the current time t, and thus changes
with the progress of time t. Equations which correspond altitudes with relaxation time zz>t/10 are linear

( U o,0U _ oU oo, auj a(azu 10U 62UJ
—t—— —t+— + + +—1=0
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differential, else they are transformed to linear algebraic. The total system of equations is solved by
the Runge-Kutta method of 4™ order (applied to the differential equations) and with the Givens method (for the
algebraic linear equations). An increasing time step is used, which is controlled by the relaxation time at the
lowering boundary between the regions of non-negligible and of negligible displacement current.

Conductitvity, S/m

Fig.1. Conductitiy profiles for daytime (curves 1 and 2) and nighttime (curves 3 and 4),
adopted as a combination of different theoretical results and measurements. Lines 1 and 3 are
for the field-aligned conductivity, and lines 2, 4 - for the Pedersen conductivity.
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Fig. 2. Time dependence of the normalized vertical QESF |E, /Qo| at altitudes z=40 - 90 km
above a CG lightning discharge with Zc=10 km and by an exponential time decay of the
initial charge Qq in characteristic time z=1 ms. Night-time conductivity profiles shown in
Fig.1 are used (under assumption for isotropic conductivity).
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Fig. 3. Model domain: @ - location of lightning; %..* - magneto-conjugated image; == = : - geomagnetic
field line; r - radial distance (up to 10000 km) from the lightning discharge (in region A) or from its image (in

region B).
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Fig. 4. 2D region used in numerical model. z, z’ are altitudes in regions A
and B, respectively. Thick line is a common boundary at altitude of 150 km

for each region; @ - position of the charge removed.
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Results

Model results are obtained for the QESF generated by a positive cloud-to-ground lightning
discharge in the magnetically conjugated region. The lightning discharge is realized from altitude
Zc=15 km to the ground by an exponential decay of the removed charge Q(t) = Qo exp(t /z\), where 7,
= 0.001 s. The discharge occurs at distance r,=2000 km from the magnetic equator. The results
obtained are normalized to an initial charge Qy=1 C. Night-time conductivity profiles (the same in both
regions (A) and (B)) adopted from [8, 9, 10] are used.

Fig.5 shows the temporal behavior of the quasi-electrostatic field E in the magnetically
conjugated region at different altitudes for r=0, where its vertical component E, (and the electric field
intensity) reaches a maximum. Our estimation for the electric field due to strongest lightning with a charge
moment change, say, 4500 Cxkm is that it will reach 0.1 V/m at 70 km and 0.02 V/m at 60 km. These
values are relatively small; they can not explain the large mesospheric QESF measured occasionally [12],
and do not support the suggestion that red sprites can be initiated by lightning discharges in the magneto-
conjugated region [11]. However, they can be several times bigger if the electric field penetrates downward
into an atmospheric layer with a much sharper conductivity decrease than typically. Such situation can take
part, e.g. due to an enhancement of volcanic aerosols in thin layers in the strato/mesosphere, as predicted
in [7], or by some other changes in the atmospheric content.
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. =80 km
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1E-3 1E-2 0.1
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Fig.5. Time dependence of the normalized vertical QESF |E,/Qq| at altitudes z = 60, 70 and 80 km
generated due to a CG lightning discharge in the magnetically-conjugated region by Zc=15 km
and by an exponential time decay of the initial charge Qg in characteristic time =1 ms.

The horizontal scale of the QESF E in the magnetically conjugated region (B) is studied. The
results in the Table show the coefficient of the vertical electric field E, decrease at a horizontal distance r
compared with its value at r=0. We see that E, decreases e times approximately at r ~ 1600, 1000 and 400
km at altitudes z'= 60, 70 and 80 km, respectively. Thus, the horizontal scale of the QESF in the
mesosphere is much larger than above it. Because of that, the electric fields studied can results by many
thunderstorm cells which occupy a region of dimension thousands of kilometers.

Table. Relative decrease of the vertical quasi-electrostatic field E, induced due to CG lightning
discharge in the magnetically-conjugated region with horizontal distance r from its maximum at r=0.

r, km 133 267 667 1330
z=60 km 0.95 0.89 0.77 0.48
z=70 km 0.91 0.81 0.54 0.27
z=80 km 0.85 0.73 0.24 0.11
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Conclusions

- The strongest lightning discharges cause in the magnetically conjugated region quasi-electrostatic
fields of order of magnitude up to 10~ V/m at mesospheric altitudes (60-70 km);

- These quasi-static electric fields enlarge their horizontal scale to when penetrate into mesospheric
altitudes from above.

- The mesospheric electric fields due to lightning in the magnetically conjugated region can be
dramatically increased due to the following factors: i) QESF may result from many thunderstorms, due
to large horizontal scale of these fields, especially at high geomagnetic latitudes; ii) QESF enhance at
the upper boundary of a layer of significant local decrease of the conductivity due to enhancement of
volcanic aerosols.

- QESF significantly change due to the highly variable conductivity profiles.
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AHOMAINWN B KOCMOJIOI'M4YHU, MIAHETAPHU U BUOJIOTUYHU BPEMEHA
U YCTOUYUBO PA3BUTUE HA CBETA

3apaBko AHOOHOB

UHemumym 3a kocMmuydecku uscnedeaHusi - bbneapcka akademusi Ha Haykume
e-mails: zdal952@bas.bg; zda.cosmos@gmail.com; zda@abv.bg

Knrovoeu dymu: 6D-6nD MpocmpaHcmeeHo-Bpemesu AHomarnuu, Bpemesu cevyeHusi Ha Bpemesu Meza-
Ky6 u Meea-Cepepa; Bpemesu MezampeHd u MezazpadueHm; YcmoUlyugeo KOCMOJSI02UYHO, M/1aHemapHo U
6uo02UYHO pazsumue.

A6cmpakm: TEHEPAJIHO PE3IOME: Tosa R&D (U3cnedsaHe & Pa3zsumue) ekioyea uHogamusHu 6D-
6nD [llpocmpaHcmeeHo-Bpemesa cucmema 3a ynpasrieHue U KOHmpos, Unocmpayuu Ha epemesu cedeHusi
(Time-Slices) u nD-modenu om “AHomanuu 8 KocMoslo2u4YHUMeE, rnaaHemapHume u buono2udyHUmMe spemeHa’.
U3800u u cmpameeauyvecku npednucaHus (3a “KoHmpon ebpxy Cucmemama Ha ecudku cucmemu”, Kocmudecku
cucmeMHU MezampeHOU u MmezazpadueHmu 3a aeaHzapOHO 6blew,0 Ycmoul4yueo paszsumue Ha 3emsma,
BceneHama u JKueoma) ca npedcmaseHu Kamo [MOCMUXEHUS Ha UHoeamusHusi npoekm “AHTUMYC' -
“AHOMarnuu 8 KOCMosioeu4YHUMe, ninaHemapHUmMe u buosio2udHUMe 8peMeHa uu MysmumemMropasaHu onacHocmu
3a ycmouiyueoma passumue Ha 3emsima u Ha Kueoma eve BceneHama'...

WHOBALIMOHHA MOTUBALUA U LIEN: 1. Obwa uHosayuoHHa Momueayusi e HayyHama xurome3sa, 4Ye meaa-
mpeHOume u meza-zpadueHmume Ha “Ycmoudusomo pa3sumue Ha Ceema’ KopecrioHOupam ¢ Meeaa-mpeHou U Mmea2a-
epadueHmu Ha KOCMOJIOmeUYHU, nnaHemapHU U 6uono2uyHu epemeHa. 2. [nasHama uesn e HaMupaHe Ha mpeHO- aHoMarnuu e
KOCMOJI02UYHU, niaHemapHu u buoio2uyHu epemeHa (8bpxy asaHaapOHU meopuu Ha lMpueoxuH, XokuHe, AmKuH, KanuuyuH u
0p.) u eeHepupaHe Ha Hoea ®yHOameHmanHa HayyHa Cmpameeus (HOHC) 3a “Ycmouliyueo passumue Ha Ceema”. 3.
AeaHeapOHa uen e pewasaHe Ha Hay4Hu rnpobnemu (6 m.4. FLT, RH, NBP).

ABAHIAPOHA HAYYHA METOMLOJIOMMA: 1. WHoeayuoHHu o6obujeHu 6D [MpocmpaHcmeeHo-Bpemesu
criekmpanHu mpaHcgopmayuu u 6D ypasHeHuss Ha esomouyusma; 2. 6D momoepagpusi ebpxy 6D mpaHchepeHyuu Ha
lMoaHkape; 3. R&D Ha 3D Time-Slice mexHonoeusa u 3D BbO/[] (bvp3o OuyHO [JeuxeHue) spemeHa 3a KOHOUuUsima Ha
KOCMOHasmume 6 ekcmpemalsiHu ycroeusl.

UHOBALIMOHEH PE3YIITAT: Hosa 6D cmpameeus 3a: 1. 6D npoyysaHus Ha Kocmoca, Semsima u buocgpepama;
2. 6D Ycmotiyueo passumue Ha Ceema 3. 6D Kocmuyecku, [MnaHemapHo& buo yrnpaeneHue u KOHMpPOI.

ANOMALIES IN COSMOLOGICAL, PLANETARY AND BIOLOGICAL TIMES AND
SUSTAINABLE DEVELOPMENT OF THE WORLD

Zdravko Andonov

Space Research Institute — Bulgarian Academy of Sciences
e-mails: zdal952@bas.bg; zda.cosmos@gmail.com; zda@abv.bg

Keywords: 6D-6nD Space-Time-Anomalies; Time-Slice of Time Mega-Cube & Time Mega-Sphere;
Time Megatrend & Megagradient; Sustainable Cosmological, Planetary & Bio Development.

Abstract: The GENERAL RESUME: This R&D includes innovative 6D-6nD Space-Time System Control
statements, Time-Slice illustrations and 6nD-models of “Anomalies in Cosmological, Planetary and Biological
Times”. Conclusions & Strategy Recommendations for “Space System Control of All Systems”, Space Systems
Mega-Trends and Mega-Gradients for advanced future Suitable Development of the Earth and Universe’ Life are
represented as achievements of brain new Project "ANTIMUS”: - “Anomalies in Cosmological, Global and
Biological Times & Multitemporal Dangers for Sustainable Development of the Earth & Life in the Universe”.

INNOVATIVE MOTIVATION and PURPOSE: 1. General innovative motivation is scientific hypothesis that Mega-
Trends and Mega-Gradients of “Sustainable Development of the World” correspond to Mega-Trends and Mega-Gradients of
cosmological, planetary and biological times. 2. Main purpose is finding trend-anomalies in cosmological, planetary & biological
times (on advanced theories of Prigogine, Hawking, Atkin, Kalitzin, etc.) and generation of New Fundamental Cosmic Strategy
for Sustainable Development of the World. 3. Advanced Aim is resolution of World Scientific Problems (Inc. FLT - Fermat’ Last
Theorem; RH (Riemann {(s) Hypothesis); N-Body Prob.).

ADVANCED SCIENTIFIC METHODOLOGY: 1. Innovative Generalized 6D Space-Time Spectral Transformations and
6D Equation of Evolution; 2. 6D Tomography on the 6D transferences of Poincare 3. R&D of 3D Time-Slice technology and 3D
REM (Rapid Eye Movement) Times for Cosmonauts Condition in extreme situations.

INNOVATIVE RESULT: Brain New 6D Strategy for: 1. 6D Space, Earth & BioSphere Prospecting; 2. 6D Sustainable
World’ Development and 3. 6D Space System Management and Control.
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ﬂponoe: Tosa Moe Hay4HO u3criedg8aHe Ha y4eH-u3credogamersi e MoCeemMeHo Ha:

1. 140 — eoduwHuHama Ha BAH — ocHosaHa Ha 11 okmomepu 1879 e. ¢ 1-eu lNpe3udeHm — MapuH LpuHos.

2. 90-e0duwHuHama Ha npog. 0cpmH Hukona CmunusiHoe KanuuyuH (Prof. DSc Nikola Stilijanov Kalitzin - Dec. 1,
1918 - Aug. 10, 1970) — Aemop Ha “Multitemporal Theory of Relativity” — uHosamop, pa3susaw; Hay4HuUme docmuxeHus Ha H.
Poincare, A. Einstein, K. E. Tsiolkovsky, A. M. Lyapunov; YlHoeamop Ha Relativistic rockets, Photon & Hyper-Photon Rockets...

3. 60-20duwHuHama Ha |AF, ocHosaH Ha 1-eu IACongress — Paris — Sep. 30 - Oct. 3, 1950, ¢ 1-8u llpe3udeHm -
Eugen Albert Séanger (Saenger) u cmpameeauyvecku uHuyuamop - Alexandre Ananoff.

4. 40-200uwHUHama MKW — BAH — 1-ma Bnzapcka kocmuyecka uHemumyuusi. SRI — 1% BG Space Institution.

IMPORTANT REMARK: - This R&D is only one Personal strategic point of view on the “Anomalies in Cosmological,
Planetary and Biological Times and Sustainable Development of the World"!...
The Author — November 03, 2009.

BbBeneHue

MpobnembT 3a Bpemeto, [MMapagurmute 3a Bpemeto [1-29] (M ocobeHo 3a
MHOromepHoTto Bpeme [1-9, 23]) ca HaW-BaXHUTE B UCTOpusiTa, HacTosweTo n Obaeweto Ha
LinBunmnsaummTe n cbBpeMeHHata Hayka B HermHaTa nHTepaucUMniMHapHa u MHTerpanHa cbLUHOCT [1-
9,11-14,17-30]. HesaBucMMO OT OrpOMHWUTE YCUIUA Ha CbBpPeMeHHaTa Hayka egsa nu muma no-
Abnbok nosHaBay Ha BpemeTo oT Apenun AsryctuH (Aurelius Augustinus 354-430rr.) [10]. Ton
€[MHCTBEH OTroBapsl U Ha OCHOBHUSA Npobniem 3a BpemeTo npeau “Big Bang” (“Monemust Bapms”)
[20-23] — “KakBo e npaBun bBor npegn ga cb3gage Ceeta?!”. PakTbT, Ye XOKMHT [21] nponycka Han-
cbllecTBeHaTa napagurma Ha CB. ABryctuH [10] e mHorosHaumTeneH. M BennkuaT Koanpes nponycka
npean XokuHr ga gage gepvHuums Ha noHatTneto “Bpeme” [6]... Mapagurmarta Ha AnHwanH [19]
“Hue Bcuukm xkuBeemMm B CBeTa Ha MMHKOBCKU” He usgbpxa Ha 6D kputuka [1-9,18,21,23], HO 1 Ha
enemeHTapHa 4D KpuTuKa, 3alloTO KoopauHatHata c-ma Ha MwuHkoBckm (KCM) OXYZT e
6e3BpemeBa (T.e. MbpTBa — 6€3 AMHaMMKa), T.K. T=iCt He e HMKaKBa BpemeBa KoopAuHaTHa oc — a
nNpocTo 4-Ta U TO MakpomalllabHa NpocTpaHCTBEHa koopauHaTHa oc. M3BecTHo e, ye Teopuute CTO 1
OTO Ha AnHwawH [1,11,12-27] ce oTHacAT 3a Makpomawabute Ha BceneHnarta... Ho nopagu
“koopavHaTHUAT pedekt” B KCM, mopenute Ha AnHWanH-MUHKOBCKM ca B MHOMOMEpPHO
MaKponpoCTPaHCTBO “U3BbH MHOromMepHoTo Bpeme” [1-8,23]. Taka ekcnepumeHTuTe [1-9,20-21] 3a
dm3myeckaTa CbLLUHOCT Ha BPEMETO M 3a aHomanun BbB BpemeTo Ha CERN, NASA n Han-enuTHUTE
cTpatermdeckn nabopatopum BbpXy Mogenu Ha ARMHWanH-MuHKOBCKW, LWe p[asaTt pesynrar -
“BpemeTo He cbulecTByBa’! Munsapan gonapu 3a cTpaTerMdecku ekcriepMMeHTM morat ga obaar
CrMecTeHM C BbpxoBaTa cucTeMa 3a “MucneHun ekcnepumeHtn” (Thinking Experiments -
Gedankenexperiments) Ha AiiHWwanH [5,18-22]... lpu ToBa “Science Fiction” pesyntati - “BpemeTo
He cbliecTByBa”, “CTpena Ha BpemeTo™ 1 T.H. Wwe 6baaT camo B cdepaTta Ha “HayyHaTa ek3oTuka”...

AHTPOMOreHETUYHO BUHArM CbM 3Haen oTkpuTueto [11], ye abcomnTHO cbrnacyBaHe Ha
aedopmaunm (aHomanuu) B NPOCTPAHCTBOTO U BPEMETO Ca HEBB3MOXHM [1-8]... A B CbOTBETCTBME C
OTO [11,18-23], koeUUNEHTUTE Ha WU3KPMBSIBAHE HA BpPEeMETO M MNPOCTPAHCTBOTO ca eaHaksu!
AHomanuu BbB BpemeTo no KCM e HEBB3MOXHO HUTO fa ce permctpupat, HUTO da ce uscrneneat He
CaMO KONMYECTBEHO, HO N kayecTBeHO. 3amoea u e nbpeama nybsu4Ho npedcmaseHa om MeH
6D-koopduHamHa cucmema (1-ea u 8 Ceema 6D koopd. c-ma [1] — demMoHcmpupaHa u Ha 4th
General Conference of the Balkan Physical Union — 22-25.VI111.2000 V. Turnovo) cbuwecmeaysam
npou3eosIHU cmereHHU rnokasamenu 3a ecsika S-T koopduHamHu ocu. OTkpuTneTo [11] Ha a-p
Penybn bunH oT KopHyenckus y-T, Ha 6asaTta Ha Hag 2 MIH. ranaktuku, HabnogaeaHu ¢ “Xbown” u
Op. Terneckonu, Yye B MHTepBana oT Bpeme oTtnpeau 10-11 munuapaa rogvHu, KoeuUMEeHTBLT Ha
N3KpMBSIBaHE Ha BpPeMeTo € Oun “Tpu mbTU’ No-ronsm OT KoedUUMEHTa Ha U3KpMBSIBAHE Ha
NPOCTPAHCTBOTO € caMO oparMeHT OT MHTepuopa Ha 6D-6nD CGT [1-8]...

Bb3kpecsiBam C OrpOMHO Bb3XULLIEHWE BaXkKHW LMTaTU OT Benukmusi CB. ABrycTuH BnakeHun
[10]: “Uckam da 3Ham cbwHocmma u npupodama Ha epeMemo, ¢ Koemo MepuMm A8uxeHuUsma Ha menama u
Kasgame Harpumep, 4e e0HO gpeme e 080UHO Mo-nMpodbimKuMenHo om dpyao”... “Cbuwiecmsysam 3ge3dume U
menama HebecHU 8 cb3se30usima U 8b8 epemeHama’... “Uma mpu epemeHa: - MuHano, CezawHo, brdeuwe...
Ho moxe 6u no-npasunHo 6u 6uno da ce Kaxe: Mma mpu epemeHa: Hacmosiwje 3a MunHanomo; Hacmosiuje
3a Hacmosiwyemo; Hacmosiwe 3a bndewemo”... AeegycmuH O0asa omzoeop Ha ebrpoca Ha XOKuH2,
“Kakeo e npaeusi boz npedu da cb3dade Ceema?! [21]” — “[llpasun e BpemeHa”!... B nosu4eckama cu
KOHCcmpykyusi AemycmuH rnpasu eOHa eduHcmeeHa epewka [10] — ynompebssaliku Oymama “npedu”, (8
koHmekcmma boe- Bpeme! — 3ab. 3A): “... A ako npedu Hebemo u 3emsama He e cbuwecmeysano HUKaKeo
8peme, 3awjo ce 3adasa ebripocbm: “Kakeo e npasun boe mozaea?!"... He e cbwiecmsysasno “mozaea”, koeamo
He e umario epewme... CnedosamesiHo He e umarso gpeme, 8 Koemo boz HUWO He e rnpaesuri. rTIoHexe Toli e cb30dan
Bpememo” [10]...

OT rmegHa To4Yka Ha HOBUTE peariHOCTU, Ha BCUYKM CbOHWULM 3@ KOHKYPEHTHOCMOCOOHOCT Ha
BAH no eBponeickn n ceetoBHU kputepun kato EU-NSF, FF, US-NSF, wwe oTroBopuM C apryMeHTu u
daktn, ye cnepeMeHHume enumu Ha Eeponelickama u CeemoeHama Hayka ca knaca nood
Aurelius Augustinus 354-430ee2., mbli Kamo He ca omzoeopuJsiu Ha “Tpeeozama 3a Bpememo”
Ha lNMpuzoxuH, AliHwatiH u bepacon [27]!!!... U Ha napaaurmuTe 3a 6D-6nD CBeTa [1-8,16,23-26].
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KpMTMKa Ha KOCMOJIOrM4yHHU, nrnaHeTapHuA u“ 6MOoNornyYHm napagurmMm 3a aHomanuum B
MHOIroMepHoOTO BpemMe n yCTOI;I‘-IMBOTO pa3BuTne Ha CseTa

MbpBaTta cbliecTBeHa KpuTuka kbM “CeTtoBHUTE HayyHu Enutn” (CHE) e, ye Te pabotar
0e3 koopauHaTHa cuctema Space-Time [1-9,23]. ObsacHeHusiTa ca kato 3a enutu oT WB n IMF ¢
HULLIOXXHa noAroTtoBka no komnnekceH aHanuad, CTO n OTO [12-26]... EctectBeHo, paboTteiikn 6e3
KoopauHaTHa cuctema S-T, (QoOpu NpOCT BapuaHT C €4HOMEpPHO, a He C MHOroOMepHO Bpeme), 3a
nporpec B CBeToBHaTa Hayka He mMoxe ga ce roBopu. 3a m3cregsaHe aHoManuM B MHOTOMEPHOTO
Bpeme 1 B yCTON4MBOTO pa3BuTne Ha CBeTa, CHE HancTuHa ce HyxxgasT oT cbbyxaaHe ¢ KpUTUYHO
yXurnBaHe... ToBa ecTecTBeHO HaAMa fa Obae gocTaTbyHO 6e3 CMsHa Ha usanata um ctpartervs no
OoTHOoweHMe Ha “CeeTa Ha MwuHkoBcku”. [Hec npexBanenHnte CHE ca B Science Fiction World,
KaTeropmyHo cbaevikn no 100 eoduwHuss 063op B “Nature” [14]. dnarmaHbT Ha CBeToBHaTa Hayka
XokuHr [21] cmeno npusHaBa, Ye M Han-enuTHUTE yvyeHn B CBeTa cb3gaBaT M3KMOYUTENTHO MHOro
“Hay4Hn dukummn”... bux gobasun — 6e3 noHe 6D S-T koopguHaTHa cuctema [1-8] — Bcnyko e 100%
Hay4YHn doukumm [11-22]. HayyHu cumkummK, KOMTO BbB BCsika 6e3BpemeBa koopauHaTHa cucTema ca
“MBbPTBOPOAEHN NCeBAOHay4YHM TBOpeHus”. 1-Ba “CTbnKa 3a peaHnmauus” Ha CBeToBHaTa Hayka ce
cbeToun B cnegHoto. NogyeptaBam: - I-Bo CHE TpsibBa aa pasbepart - kakBo e ToBa [1pocTpaHCTBEHO-
BpemeBa KoopagnHaTtHa Cuctema (STCS-INBKC) n nocne ga BaApsaT Ha BcsikakBu ekcriepty Ha UN,
EU n US - kakBo e ToBa “CBeTOBHO HMBO B Haykata"! KoopanHaTtHaTta c-ma Ha MuHkoBcku (CSM -
KCM) OXYZT He e STCS, a camo SCS-TIKC, b1 kaTo T=ict He e HUKaKea spemesa KOOpAuUHamHa oc
— a nNpocTo 4-Ta 1 To MakpomallabHa npocmpaHcmeeHa KoopduHamHa oc!...

Btopata cbuwectBeHa kputuka kbm CHE e, uye Te pabGotar 6e3 pa pasbupart
HenpaBunHata opMynMpPoOBKa U CHLIHOCTTA Ha OCHOBHMUA Npobnem Ha ¢maukarta [1-2,12-22]
OTHOCHO €OHOBPEMEHHOTO onpeaensHe MECTOMONOXEHUATa M CKOPOCTUTE Ha pU3nmyecku
YacTuum, 6e3 Aa Ccb3HaABaT CHLLHOCTTAa Ha KOMNMEKCHOTO Bpeme [1-8,21,23], cbuonawo ce ot
peanHa U UMarMHepHa KOMMNoOHeHTa. Taka cTurame o0 U3Boda OT BTopaTa CbLUEeCTBEHA KpUTMKA Ha
CHE: ll-po CHE TpsibBa ga pasbepaT kak oT 4yMcto npoctpaHcTBeHata KCM ce MmHaBa KbM YUCTO
BpeMeBa koopauHaTHa cuctema (TCS-BKC) — dopmanHo — enemeHTapHo OXYZT=»
OTxcTycTzcT(it) nnn kak KCM kato MNKC Ha 6B0ewo0 Hacmosawo npocmpaHcmso rnpemMnuHasa BbB
TCS-BKC Ha 6B0ewo0 Hacmosiwio epeme Nno TepMuHosriormsaTa Ha A. Augustinus n To — npexog oT
Makpokocmoca KbM Mukpokocmoca... pexoabT B cniyyass € camo dopmanHa MatemaTuyecka
TpaHcopmauus... Ha npaktuka “MukpokocmochT” 1 “MakpokocmMocbT’[16-23] BbB BCAKa To4yka Ha
BceneHaTta cblyecTByBaT e4HOBPEMEHHO, KOETO U3UCKBa N eanHHa 6D-6ND koopauHaTHa cuctema 3a
onucaHue, ynpasrieHne 1 KOHTPOM Ha ha3oBOTO CbCTOAHME BbB BCAKA TOYKa Ha egHa Space System
for all Systems [1-8,22]. To3n npexoa 06siCHsIBAa HECBHCTOATENHOCTTA HA 3HAMEHUTUS EKCNEPUMEHT
Ha Einstein-Eddington “Deflection of Light by the Sun's gravitational field” v puckosata napagurma “S-
T Antigravity & Photon Rockets Regulation” [6]. Hedopmanuuatr npexog wn HedopmanHoTo
obeguHsaBaHe Ha Makpokocmoca 1 Mukpokocmoca e cBbp3aH ¢ S-T-npedopmynmpaHe Ha OCHOBHUSA
npobnem Ha dumsukaTa [1-8,23]...

TpeTtaTa cbuwecTBeHa Kputuka kbM CHE, e cBbp3aHa ¢ HenpaBWiHOTO MM pa3bupaHe Ha
MOHATUATA 32 KOPEKTHU WU HEKOPEeKTHU 3ajaym Ha maTtematudeckata dwusnka v u3obwo Ha
NMpo6nemute B HaykaTta. Knacuuyeckata gecduHunuma Ha Xak Agamap (Jacques S. Hadamard) 3a
HEKOPETHOCT Ha efHa OMHAMW4YHA 3ajadva M HEWHOTO npefacTtaBsHe ¢ YY BnactBa u B 21 Bek,
Bbnpekn ye B MNMpupoaarta nopagu Bucokusi npupoger K e touHo obpatHoTto [1-8,29]. 3a “Benuknte
Y4yeHn” HeKopeTHa 3ajayva € Ta3u, Npu KOSTO Mankv NPOMeHU B Ha4vaslHATe yCcnoBus BOAAT OO
OTHOCUTENIHO ronemMu nNpomMeHu B kpanHuTe pesyntatu! 3a Benukata [lNMpupoga [29] e To4HO
obpaTtHoTo! — 3alloTO C MankM NPOMEHU B HaYanHWTE napamMeTpy — BMHaryM noflydaBa OTHOCUTENTHO
roriemMy KpamHu pesyntaTu U TOYHO TOBa € HOPMAaIriHOTO, KOPEKTHOTO 3a [NpupogaTa u 3a uctnHckata
Hayka. KopekTtHocTTa-HekopekTtHocTTa npu BpemeTto (pearnHo, umarmHepHO, KOMMJIEKCHO), 0COBEHO
3a pasbupaHe Ha aHOManuuTe B KOCMOSOTMYHWUTE, MraHeTapHWTe W BMONorMyHWTE BpeEMeHa e
KBUHTECEeHUMsITa Ha cbBpemMeHHaTa Hayka, KosiTo 3ano4ysa Tam, KbaeTo e cebpLlumnn Hopbept BuHep
(Norbert Wiener) — ¢ BuHepoBata gekoHsonouuns [28]. Tyk, camo 3a ga e sacHo Ha “Benuvkute Yyenun”
oT EU-NSF, kbae ce Hamupart Hal-BenvkuTe Mexay Benvkute, Le Kopernpam 3a nopefeH noT Han-
Benukuat — C. XokuHr (S. Hawking) [21]: “... Taka, ye e 6e3cmucsieHo foa nutame: Koe e peanHo —
“peanHoTo” unu “nmarnHepHoTo” Bpeme?”... Hanpotus! U MNoaHkape [25-26] (npu c-mu YY) nocousa,
Yye Haml-BaXHWM ca ocobeHocTuTe (singularities) BbB ha3oBuTe CbCTOAHMA Ha huandeckata c-ma.
Han-cmucneHoTo e ga nutame B KOMMIEKCHOTO Bpeme: Koe e pearHo u Koe € MMarmHepHoTO Bpeme?
3awoTo Ham-BaxHOTO 3a “Sustaiable World’ Development” e ¢asoBoto none {arct{[Im(T)]/[
Re(T)]}} Ha BpemeTo n aHomanuute BbB BnHoBoTo lNone Ha BpemeTo!!! [1-9,23,27-29]...

Han-BaxHu 4-pu umHoBaumm (know-how) 3a aHomanum [1-8] B: kocmornorunyHute (®wur.l);
nnaHetapHute (®Pur.2 u ®ur. 3) n GuonornyHmte (Pur.4) BpemeHa ca pesyntaTu OT NMUNOTHUA
npoekt ANTIMUS [6-8], 3aegHO C pelleHMsAATa Ha OCHOBHM Hay4yHu npobnemu FLT, RH, etc. ...:
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dur. 1. 3D pasnpegeneHve Ha MHoromepHo Bpeme T(Tx,Ty,Tz) B MNanaktnkata “Mnednuat nbut” {lMo HACA -
kaTanora Ha W. E. Harris [8] 3a CnbHY4eBO UeHTpUpaHa KoOpAuHaTHA cuctemMa M BpemeBa
TpaHcdopmaumsa Ha XYZ -pasctosiHusaTa (Kpc - Kiloparsecs) B peantu BpemeHa (Re-Times)}.

Fig. 1. 3D Distribution of Multidimensional Time T(Tx,Ty,Tz) in Galaxy “Milky Way” {By NASA catalog of W. E.
Harris [8] - Sun centered Coordinate System &Time transform XYZ distances (Kiloparsecs) to Re-Times}.

®ur. 2. 3emHn aHomanuu [28] B MHOromepHo Bpeme [3] — BpemeBu ceveHns Ha cenamMonormyHm kyb n coepa.

Fig. 2. Earth anomalies [28] in Multidimensional Time [3] — Time-Slices of Seismological Cube and Globe.
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our. 3. 6D lMpocTtpaHcTBEHO-BpemeBa MyHepanHa eBontounsi - BpemeBo-ceveHne n aHoManum B niaHeTapHu
BpemeBUu nosneTta, CBbp3aHn C AbJironepnognvyHn MmMHeparneH aHTponoreHesnc 1 Mopq)oreHeamc...

Fig. 3. 6D Space-Time Mineral Evolution — Time-Slice and Anomalies in Earth Time-Fields, corresponding to
Long-Time Mineral Anthropogenesis and Morphogenesis...
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dur. 4. EkctpemaneH 3D Bpemesn REM-daktop TC 3a Ncnxo-usmonormyHoTo CbCTOSAHWE Ha KOCMOHaBTUTE
BbB hyHKLMSA Ha ABa OCHOBHU BpemeBu dakTtopa Ta&Th npu kocmuyecka 6D-6nD TypOyneHTHOCT [8].

Fig. 4. Extreme 3D Time REM (Rapid Eye Movement)-factor Tc for psycho-physiologic status of cosmonauts
as a function of two basic time factors Ta & Tb by Space 6D-6nD turbulence [8].

3akntoyeHne n nssogm

Otkputneto [1-9,23] Ha “mMHoromepHoto Bpeme” (MultiDimensional Time - MDT) u
JewmncpmpaHeTo Ha HeropaTta CbLUHOCT M aHoManuu (B T.4. Mpu peweHusTa [4,6] u cdumandeckata
WHTEpnpeTauus Ha fBa OT Hal-BaXXHUTE CBETOBHM Hay4yHM npobnemn RH - Riemann {(s) Hypothesis
[6] & FLT [4]) e dbeHOMeHaneH HayyeH pesynTtar [1-9,24,29]. be3 Hero pa3BuTMEeTO Ha CBeTa un
CeeToBHaTa Hayka npe3 21 Bek un 4-ta BbnHa Ha Uusunnusaummte (PKmBoTbT B Kocmoca) ca
Hemucnumu... Toea oTkputne MDT (3aegHo ¢ “TTT effects-discoveries of Trifon T. Trifonov [8]) moxe
aa npomeHn CgeTa, noBevye OT BCUYKM Ham-usBecTtHU 150 oTkputua [13], cnepsavikm Tpu
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CrtpaTtermdecku Hayynn NHnunatuem [1-8], aHoHcuparnu kbMm UN & EU 1 HeroBute Han-cTpaTerniyecku
Kocmumyeckn nHctutyumm IAF, IAA, COSPAR, ISLI, ESA [7-8]:

1. Passutne Ha Hoa 6D Crtpateruma 3a 6D-6nD npoyuBaHus Ha Kocmoca, 3emsaTta wu

Buocdepara;

10.
11.

12.

13.

14

16.
17.

18.

19

21.

22.

23.

24.

25.

26.

27.

28.
20.

2. PasButme Ha Hoea 6D CtpaTterunsa 3a 6D-6nD YcTonumBo passutne Ha CeeTa;
3. PasButue Ha 6D-6nD Kocmuyecko, MNMnaHeTtapHo & Bro ynpasneHue n KOHTpor.
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Abstract: The article summarizes the enormous organizational, engineering and constructional work
carried under the project SVET Space Greenhouse (SG) - the first automated facility on board the MIR Orbital
Station in which plant experiments were conducted. The project runs already 25 years mainly in partnership with
the Institute of BioMedical Problems (IBMP), Moscow. The activities and experiments carried out during each of
the project’'s three main stages related to the development and modernization of the equipment are briefly
described. The fundamental research in the field of gravitational biology carried out in the facility was
accomplished by international teams in the frame of several research programs: “SVET-1" SG - "Intercosmos",
“SVET-2" SG — Mir-NASA, “SVET-3" SG - by EARM, National Scientific Program on Space Research, Mars-500.
The contracts and funding under these programs are described. The basic research results from the major
terrestrial and space experiments are presented in brief. The international scientific forums where the results have
been reported over the years are listed. The research results obtained during SVET SG’s experiments will
contribute significantly to the successful implementation of the first man flight to Mars.

BbBegeHue

PaspaboTkata Ha camoBb3CTaHOBsiBalla ce OWoMorMyHa cuctema, KOATO Ada noggbpxka
HOpMarsHW yCnoBUs 3a CbLUECTBYBaHEe HA KOCMWYECKUTE EKUMaXu Npu TeXHUTe AbAroTpanHu Mucum,
€ efHa OT OCHOBHWTE HayyHW 3afdadv Ha HawaTa umBunusaums. lNbTewectsuaTa Ha Gbaewwmte
KOCMMYECKN Kopabu, KOMTO JOpu 1 0 Han-0nunskaTa nnaHeta Mapc we ca ¢ npogb/mkuTenHocTt 1,5-2
rogvHu, e 6boaT HeBbL3MOXHM ©Oe3 cb3gaBaHeTO Ha Wu3KycTBeHa buonormyHa cuctema 3a
ocurypsisaHe xuBoTta (BCOX) Ha kOCMOHaBTUTE, B KOATO C€ OCbLLECTBABA aBTOHOMHO NpeynucTBaHe
Ha Bb3dyxa, BogaTa, KakTo M HabaBsHe Ha xpaHa. TakaBa 3aTBopeHa ekocuctema ce H6asvpa Ha
ecTecTBeHaTa GuonornyHa obMsiHa Ha XMMMUYECKUTE eNeMeHTH, Taka KakTo B 3emHaTa buocdepa u
MoXe Aa Obde ocbliecTBEHa OCHOBHO Ha pacTeHusi. 3aToBa E€KCMEpPUMEHTU C pasfuyHW BMOOBE
pacTeHus ce NpoBexaaT owe OT roAMHUTE Ha noneta Ha [arapvH Ha NOYTU BCEKU NUMNOTUPYEM U
HenunoTMpyem KOCMUYecKn anapar.

Llenta Ha yyeHuTe e ga ce OTrNexgaT BaXHW 3a XpaHaTa Ha KOCMOHAaBTUTE KynTypu B
ycnosus Ha 6e3TernoBHOCT. [la ce ocurypu CbLLO Taka gocTaTbyHO Gorata Guomaca 3a 6uonornyHo
npeyucTBaHe Ha Bb3dyxa OT BbIMEPOAHWS [OBYOPWUC, OTAENsH NpyM AUlIaHeTO Ha xopata WU
Bb3CTAHOBSBAHETO Ha KWCMOPOAA, KakTo WM perynvpaHeTo Ha BnaraTa ype3 doTocuHTesaTa. Tasu
3agaya obaye ce okasa M3KMIOUMTENHO TpyaHa. PacteHudaATa HAmaT BMCLIA HepBHA OEVWHOCT U He
Buxa mMornn da ce aganTvpaTt KbM KOCMUYECKUTE YCROBUS Taka, KakTto xopaTta. [1pu OTKNoHeHus oT
ycrnoeuaTa, KbM KOUTO Te ca NpuBMKHaNu Ha 3emsTa, Te pearvpaTt cbC 3abaBsHe Ha pacTexa unu
3arveat. Tpsibealle fa ce cb3faje efHa No-CbBbPLUEHA OpaHXepuiHa YCTaHOBKa, KOSTO Aa OCUrypu
YCNOBMSA 3a OTINEeX4aHeTo Ha BUCLUMTE pacTeHWs B TOYHO onpedeneHyn HOpMUM U Npu nunca Ha
rpaButaums.
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Mpeaon 25 roguun B WHcTuTyTa 3a kocMudeckn umacrnegsanHus (MKW) npu BAH 3anodHa
paspaboTkaTa Ha nbpBaTa aBTomMaTM3upaHa Kocmuuecka opanxepusi (KO) CBET 3a gbnrocpoynu
u3cnegBaHns C pacTteHuss B ycroBusi Ha 6esternoBHocT. [JoroBopbT 3a COTPYAHMYECTBO 3a
M3Mb/IHEHMETOTO Ha NPOeKTa e MOAMUCaH Ha OBYCTpaHHa MexayHapodHa cpelwa npe3 1984 r. B
MHcTuTyTa no mepmko-omnonormynm npobnemn (MMBIT), MockBa, ¢ KOWTO CMe MapTHbOPM U OO0 OHEC.
MbpBata mogmdukaumsa Ha KO CBET e moHTMpaHa kaTo waTHa anapartypa B moayn “Kpucran”,
CTMKOBaH kbM komnnekca Ha OpbutanHata ctaHums (OC) MUP Ha 10.06.1990 r. [lo 2000 r. B Hest ca
npoBefeHn obLo 680 OHM eKCrnepuMEHTU C pPasnMYHN BUOOBE PacTEHUS MO HAKOMKO MEeXAyHapOaHU
nporpamu. MocTUrHaTK ca yHWKanHW pesynTtaTu, AokassaliM 4Ye 6e3TerroBHOCTTA He e npevka 3a
pasBUTMETO Ha pacTeHusiTa U Te MmoraT ga ObaaT M3MNon3BaHM MbIIHOLEHHO 3a Cb3gaBaHETO Ha
BCOX Ha ekvnaxute npu 6baewmnTe MM SbAroTpamnHu MMUCKK.

OcHoBHMTE eTanu Ha paboTa MO npoekTa, CBbp3aHa C paspaboTkata Ha pasnuyHu
mMogudvkaumm Ha anapatypHust komnnekc Ha KO CBET ca:

| eTan (1984 - 1991) — paspabotka Ha KO CBET-1 no nporpama “UHTepkocMoc” - U3CTpernsHa
npe3 1990 Ha OC MNP, npoBeaeHn MbpBM EKCNEPUMEHTU CbC 3EMNEHYYLIN.

Il etan (1992 - 2000) — paspaboTtka Ha KO CBET-2 no nporpama MWP-HACA un pycka -
nsctpensiHa npe3 1996, nony4yeHn NbpBM CEMEHa OT pacTeHusTa ropyuua u nueHuua, gokasaHa e 1
penpoayKTMBHOCT B 6e3TernoBHOCT.

lIl etan (2001 - 2010) — pa3paboTka Ha KO CBET-3: no npoekTt ¢ bpasunus; no HauymoHanHa
Hay4Ha nporpama “Kocmudeckn nscnegsanma” Ha PHU n no npoekt ¢ Pycusa “OpaHxepes-Mapc”.

OnucaHa e HakpaTKo AEMHOCTTa M OCbLLUECTBEHUTE EKCNEPUMEHTU MO BpeME Ha BCEKU OT
TpUTe eTana Ha nsnbiHeHne Ha [poekTa, cBbp3aH ¢ pa3paboTkMTe, CbC CbOTBETHOTO (PMHAHCMpPaHe
Mo pasnuyHK NporpamMu, NPOEKTU U LOroBOPUY, KaKTO U NPeaCTaBAHETO Ha pe3ynTaTuTe.

| eTan - Mporpama "MHTEPKOCMOC"

B wu3kyctBeHuTe 3aTtBOopeHn BCOX 3a Obaewmte AbArOTpaHU KOCMUYECKUM MMUCUU
napamMeTpuTe Ha OKOSIHaTa cpeda ce noaabpXaT Mo ecTecTBeH MbT OT obUTaBalMTe S XUBU
OpraHu3Mu: pacTeHusl, XUBOTHU, XopaTa OT KOCMWYECKUSI eKUnaxX, KakTo M MUKPO-OpraHmsMm 3a
npepaboTka Ha oTnagbuuTe. PacTeHnsaTa ca OCHOBHO 3BEHO W “eHepruinHa BpaTta” Ha cucrtemaTa u
ypes hoTOCMHTE3aTa CK, MoraT 4a OCUrypsaT CbC CBOATa bMomaca o ronsiMa creneH (>90%) xpaHata
Ha KOCMOHaBTUTE, OMONOrMYHO NpevncTBaHe Ha Bb3ayxa oT CO, oTAEeNsiH OT ekunaxa npu AMwaHeTo
1 HabaBsiHe Ha Heobxoaumusa O,.

Bvnrapckite yyeHu ce BKMYBaAT akTMBHO B TemaTta “M3crnegBaHeTo Ha nbTuwaTta u
MeToguTe 3a wm3nonadyBaHe Ha pacTeHusaTa B BCOXX Ha kocmuyeckute ekunaxu” no nporpama
"Mutepkocmoc” (LK) owe ot 1984 r.. Konektus ot cneunanuctn Ha UKN-BAH B cbTpyaHmMyecTBo ¢
y4yeHu ot UMBI1, Mocksa, paspaboTBaT KoHUenumsiTa Ha nbpBaTa KocMuyecka opaHxepus, HapeyeHa
CBET, 3a npoBexgaHe Ha eKCMepuMeHTU C BUCLUM pacTeHWss B YCrnoBus Ha 6e3TernoBHOCT.
[MoaroTBeHa € U AbArOCpOYHa MporpamMa 3a pasBUTME Ype3 YCbBBbPLUEHCTBAHE Ha OpaHXepumHute
cUcTeMU, KakTo 1 3a pasluupsBaHe Ha BeretaumoHHaTa nnou (ot 0.1 m? Ha KO CBET-1 1o 1 m? cnen
2000 r.) c uen noaroToBKaTa Ha NbPBUS NONET Ha YoBeka Ao Mapc.

Mpe3 1985 r. 6e npoeeneH npenBaputeneH ekcrnepumeHT "CybceTpaT" Ha Gopga Ha OC
"CanoT-7" ¢ Uen ga ce npoy4yun kakBa xpaHuTenHa cpefa ga 6bvae usnonasaHa. bsaxa vacnegsanm 4
pas3nu4yHu pakUMoHHM CbCTaBa Ha cybcTpaTa “bankaHvH” — U3KyCTBEHa Nno4yBa Ha 3e0NIMTHA OCHOBA,
oborateHa no cneumanHa Obnrapcka TEXHOMNOrMS C HeobxoaMMuTe 3a pacTeHWUsiTa XPaHWUTESTHU
BellecTBa U MUHepanHu conu. belwe TecTBaHa 3a NpbB MbT U €MEKTPOHHATa CMCTEMa 3a U3MepBaHe
N nogabpkaHe Ha BNaXHocTTa Ha cybeTtpaTa [1].

PaspaboTtkaTta n nspaboTBaHeToO Ha BCMYKM BrIOKOBE OT KOMMMEKca Hay4yHa anapaTypa, KakTo
N NPOrpaMHOTO OCUrypsiBaHE Ha crneumanuaMpaHata MUKPOMPOLIEeCOpHa CUCTEMA € OCbLUECTBEHO
n3usno B bvnrapusi u douHaHcmMpaHo OT 6GbnrapckoTo npaBuTencTeo npe3 80-te roanHu. KO CBET ce
cbeTom oT Kamepa 3a oTrnexgaHe Ha pacTeHusiTa, B KOSATO Ce MOHTUpaT AOMbIHMTENHO B opbuTa
KopeHoBua mogyn n bnoka ocBeTneHue, Kakto U oT otaeneH bnok 3a ynpasneHue. lNMpes 1990 r.
kocmoHaBTMTe A. BbanaHamH u A. ConoBbOB nNpoBedoxa MbpBUSA AbLIITOCPOYEH EKCMEPUMEHT C
pacTeHUs - MbpPBOHAYaNHoO 3eneH4yumn (PENUYKN N KUTAWCKO 3ee) kaTo BUTaMMHO3Ha AoOaBka KbM
pauMoHa Ha KOCMOHaBTUTEe. 3a NpbB MbT Oe nony4vyeH KopeHonnon (penuyka) B YCNOBUSA Ha
KocMu4deckn nonert [2].

Ho no Bpeme Ha u3NbNHEHNETO Ha | eTan OT NpoekTa, ce pas3BMUBALLE U3KTHYUTENHO ObpP30
HanpaeneHneto Kocmmnyecka 6uonorus n megnumHa (KBM) Ha nporpama VK, cBbp3aHo ¢ noneturte
Ha KOCMOHaBTM OT BCWMYKM OMBLUM cOUMANMCTMYECKU CTpaHu (BKMOYMTENHO M Ha Obnrapckute .
MBaHoB npe3 1979 r. n A. AnekcangpoB — 1988 r.). ExxerogHo ce cbbupaxa BOAELUMTE YYEHWU MO
oTaenHuTe npoektn Ha [locTosiHHO-AencTBawara pabotHa rpyna no KBM, kboeTo poknagBaxa
pesyntaTute OT M3BbpLUeHaTa paboTa un cbrnacyeaxa [naH-nporpamarta 3a crefBalumte roguvHu. B
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Te3n CbBelLlaHUa ydacTBaxa BMHarM u pbkoBoautenute Ha npoekta ot MIKU u VMBI cbc ceou
npeactasutenu (Tabnmua 1). 3a cbXkaneHue, crneq npuknioyBaHeTo Ha nporpama MK npes 1991 r. ¢
HacTbNBaHeTo Ha gemokpaumaTta, OC MUP 6e nsoctaBeHa.

Tabnuua 1. Yyactusa B cbBeluaHunsTa Ha [NocTtoaHHo-gercTBalaTa paboTtHa rpyna no Kocmmyecka
Ovonoruns n meguunHa Ha nporpama "MHtepkocmoc”

-]

FloauHa, oT-go
1983, 19-25 toHun
1984, 10-16 toHN
1985, 27 man-1 oHu
1986, 5-12 anpun
1987, 18-22 man
1988, 6-10 toHK
1989, 14-20 man
1990, 20-26 man
1991,17-22 aBryct

Mpaa, AbpxkaBa
KeudkemeT, YHrapus
bbpHO, YexocnoBakus
larpa, P. 'py3usa
XaBaHa, Kyba

bepnuH, NepmaHus
B.-CaHgomepcku, Monwa
BapHa, bvnrapusa
Kowmue, YexocnoBakus
CaHkT-leTtepbypr, Pycus

©OPINO |01 A W IN = (Z

Il etan - no Mporpama "MUP-HACA"

Mpe3 1993 r. 6e nognucaH gorosop mexay Pycua n CALL 3a cbBMeCcTHM mscnensaHusi B
KocMOCa, KaTo ce u3non3yBa W cbliecTByBawata anapatypa Ha OC MWP. HACA oueHu
NOCTWXEHUsITa Ha B6bnrapo-pyckoTo CbTpyaHUYecTBO no nporpama VK un cdomHaHcmMpa HoBM nporpamu
3a npoAabMkaBaHe Ha u3cnefBaHusTa 3a BMMSHUETO Ha rpaBuTauMsiTa BbpPXy pasBUTUETO Ha
pacTeHusiTa C y4yacTMeTO U Ha Y4YeHW OT aMepPUKaHCKM Hay4yHU LEeHTpPoBe U yHuBepcuteTu. Kbm
cbllecTByBallaTa 6bnrapcka anapartypa Te gobasuxa 1 CBOS cMCTEMa 32 MOHUTOPUWHT Ha cpefaTa u
3a n3mepBaHe Ha rasosusi obmeH B kamepata (Gas Exchange Measurement System — GEMS),
KbOEeTO MfaHupaxa ga oTrnexaaTt pekonTu OT pasnuyHu BUAaoBe pacteHus. Llenta 6e ga ce nsmepsa
KONMMYeCTBOTO BbITNEPOAeH ABYOKMC Ha Bxoda M u3xoga Ha cucremara. 1o To3m HauuH moxelle aa ce
nporHosvpa pondra Ha ¢oTocuHTe3aTta 3a OMONOrMYyHOTO MPOYMCTBAHE Ha Bb3dyxa B Obaewute
OBbNrOCPOYHM KOCMUYECKN CTaHLMM C roniemmn opaHxepum Ha 6opaa.

Mpe3 1995 r. no nporpama MUP-LLIATBJT'95 6e npoBeaeH NbpBust 3-MeCeYeH eKCNePUMEHT C
nweHuuya (copt 1 Super Dwarf), cneuymanHo noabpaH, 3aloTo "Bb3pacTHUTE" pacTeHns ce passuBat
00 BUcoumMHa Han-mHoro 25-30 cm (Tabnuua 2). MNpu TO3M ekcnepuMeHT pacTeHusTa OOCTUrHaxa
camo A0 dasaTa Ha UbMTex nopagn CUNHO BIOLWEHUTE NapaMeTpu Ha anapaTypara, npecegsna 5
roavH1 B TEXKUTE yCroBusi Ha Heobutaemata OC MUAP.

Tabnuua 2. MNpoBeneHn ekcnepnmeHTn B 6bnrapckata Kocmmnyecka oparxepus CBET-1,2 Ha 6opaa Ha OC MUP
B nepuoga 1990-2000 r.

No lNog. Oatm (oT.. go.) OHn Bupg pacteHmnsa Mporpama

1 1990 16 toHM - 8 aBryct 54 | penuyku 1 KnT. 3ene MHTEPKOCMOC

2 1995 10 aBrycT - 9 HoemBpH 90 | nweHuuya —copt 1 MUP-LWLATBI195

3 1996 5 aBrycrt - 6 gekemBpu 123 | nweHuua — copt 1 MWP-HACA-3

4 1996-97 | 6 gek. -17 siHyapu 42 | nweHuua — copt 1 MWP-HACA-3

5 1997 31 man- 30 cenTemBpu 115 | ropuuua MWP-HACA-5

6 1998-99 | 18 HoemBpU-26 hesp. 100 | nweHnua — copt 2 Pycka Hay4Ha nporp.

7 1999 9 mapr - 17 aBryct 130 | nweHnua — copt 2 Pycka Hay4Ha nporp.

8 2000 21 maui - 15 1oHH 26 | canateHu Kyntypu Pycka Hay4Ha nporp.
O6wo gHu: 680

C duHaHcnpaHe ot HACA Ge paspaboTteHO HOBO nokorieHne Kocmwuuecka opanxepus KO
CBET-2 c ontumuaupaHn napameTpu, uactpensiHa Ha OC MUP npes 1996 r.. Bropata moaMdukaums
[oKasa cBosiTa HafeXAHOCT M paboTn 6e30Tka3HO A0 Kpas Ha ekcnfoartauusTa Ha cTtaHuusTa (oo
nocrnegHus ekunax npes 2000 r.). baxa npoBeaeHn peanua ObNrOCPOYHN EKCNEPUMEHTU C PasIiMyHK
BngoBe pacteHus no nporpama MUP-HACA-3,5 (1996-97) u no pyckarta nporpama (1998-2000).

Mo nporpama MNP-HACA-3 ce npoBegoxa gBa nocnenoBaTesiHu eKCnepuMeHTa ¢ neHuua
CcopT 1 B CbTPYAHNYECTBO C y4eHM OT YHuBepcuteTa Ha HOTa, CALL 1 ¢ yyacTneTo Ha amepuKkaHckuTe
actpoHaBTh WaHbH Jllocug n koH bnaxa: 123-gHeBEH eKkCcnepuMeHT C Lien nofydaBaHe Ha NbieH
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XM3HEH LMKBIT Ha passutue (OT 3aceTu Ha GopAaa ceMeHa da ce MosyyaT U3CYLUEHW KIacoBe CbC
CceMeHa) 1 42-0HEBEH eKCNEPVMEHT 3a NoslyvyaBaHe Ha 3efieHn pacTeHus, kKonto 6sxa 3ampa3seHum [3].

O6pasuunTe oT gBaTa ekcnepumeHTa bsxa BbpHaTu 3a nscnensaHe Ha 3emsaTa. Okasa ce, ye
MbpBUTE KOCMUYECKN KracoBe OT 4-MeCeYHUS EeKCNepuMEHT He CbAbpXaT CemeHa, BbNpeku
YCBHbBBPLUEHCTBAHUTE BuoTexHonorm u anapatypa. lNpuynHa 3a cTepunuTteTa Ha "Kocmudeckarta"
nweHuua He e 6e3TErnoBHOCTTA, @ HANMYMETO Ha rofieMy KOHLEHTpaLMM ra3 eTuneH B atmocdepara
Ha OC MNP, konto He ca BpegHU 3a ekunaxa u He ce KoHTponupar [4].

Mporpamata MWP-HACA-5 BknoyBawle npoBexgaHeTO Ha Tpu  nocregoBaTenHu
ekcnepumeHTa npes3 1997 r. ¢ pacTteHus ropyvla B CbTPYAHUYECTBO C YHMBepcuTeTa Ha JlymsmaHa,
CALU »n c yyactneto Ha amepukaHckus acTpoHaBT Mankbn doyn [5]. MNpu NbpBUA eKCNepUMEHT ce
pasBuxa HopmariHu pacteHus Ao ¢hasata Ha UubdTex OO0 AeHs Ha cbnbcbka Ha ToBapHUS kopab ¢
moayn "Cnektbp" Ha 25 toHn 1997r.. HesaBucumo ot aBapusaAta kbm KO CBET-2 ce e nogaBarno
3axpaHBaHe no 1 yac Bceks OeH, HO Taka 4e obpasdyBanuTe ce MbpBM "KOCMMYECKU" CEMEeHa
npogb/kaBaT ga 3pesT, Kato OunM M3non3BaHM 3a 3acsBaHe Ha BTOpa pekonTa npu  BTOpUS
€KCNEepPUMEHT, 3aedHO CbC cemeHa uanpateHu oT 3emarta. OT “kKOCMUYECKUTE” CEMeHa ce pa3Bu camo
€[1HO pacTeHue OT BTOPO MOKOSIeHNe, HO OT “3eMHUTE” ce noslyyaBaT OTHOBO CEMEHa, C YacT OT KOUTO
Ce OCbLUeCcTBABa TPETM eKcnepvMeHT. 3a NpbB MNbT € AokadaHa Bb3MOXHOCTTa 3a PenpoayKTUBHOCT
Ha pacTeHusiTa B 6e3TernoBHOCT.

HawwuTe naptHeopu ot UMBIT (cera ObpxaBeH HayyeH LeHTbp), MockBa, ce onuTaxa Aa
HanpaBAT nocrnegHaTta Kpadka 3a rnorlydaBaHe Ha “KOCMUYeCKU” ceMeHa OT MlleHuua U ga ocurypsaT
“xnsba” Ha GbaewmTe Kocmudeckn ekunaxu. MNpes 1998-99 r. no Pyckata HayyHa nporpama B KO
CBET-2 6sxa nposegeHu ABa nocrnegoBaTenHyW HayyYHUM eKCnepuMeHTa C HOB MueHuua copT 2
(Apogee), no-yctonumB Ha eTuneHoBus ra3 B atmocdepata Ha OC MUP. Ot 12 pacteHusa ¢ 29
dopmMmupaHn knaca ce nony4dmxa nbpeute 508 “kocMmyeckn” cemeHa nweHuua. Toea Gelle ronsmo
NoCTMXeHNe B obnacTtTa Ha byHaaMeHTanHaTa rpaButaLMoHHa 61Monorusi, Tbii KaTo 3a MbPBU NMbT Ce
oTrnexgaxa cemeHa oOT nweHuua B Kocmoca, oT kouto Oelwe nomyyYyeHa BTopa reHepauus
“KOCMMYECKN” ceMeHa B 6e3TernoBHOCT [6].

MocnepHute nacnensarns ¢ pactennsa B KO CBET-2 6sxa ocbllecTBeEHM OT 28-Us ekunax Ha
OC MUP (kxocmoHaBTuTe C. 3anetuH n A. Kanepwu) npes 2000 r., korato 6sixa 3aceTm cemeHa Ot
pasnuyHM BUZoBe canateHun Kkyntypu. o eguH obpasel OT nonyyeHnTe pacteHus 6sxa nanpaTeHu Ha
3emaTa, a ocTaHanuTe 3a NpbB MbT OAxa nNpegocTaBeHM OT KOCMOHAaBTUTE "3a [a Ce oueHAT
BKyCOBWTE KayecCcTBa Ha pacTuTenHua matepuan'.

lll eTan — npoekTn 3a paspaboTka Ha KO “CBET-3”

N3cnepgBaHuaTa ¢ pacteHus npogbikasaT M npe3 21 Bek Ha HoBata MexgyHapoaHa
kocmuuecka ctaHumsa (MKC). Beuuku ronemm KOCMUYECKU CUIM, OCHOBHU YYaCTHULM B U3rpaxgaHeTo
1, U3Non3BaT pasfnuyHU OpaHXepUNHW YCTaHOBKM, Aaxke LEeHTpodyrM 3a nacnegBaHe Ha BIIMAHUETO
Ha pasnunyHa oT 3eMHaTa rpasuTauus (0-2g) BbpXy pa3BUTUETO Ha pacTeHusiTa. bbnrapckute yyeHu
CbLLO ca pa3paboTunm HOBa KOHLeNuUMs 3a aganTvBHO yrnpaBneHWe Ha OKonHaTta cpefa B kamepaTta
Ha cneaBawoTo nokorieHne KO CBET-3 3a nocTturaHe Ha onTUManHu pesyntaTi npy eKCnepumMeHTu ¢
pacteHus [7]. NokaHeHM ca ga y4YacTBaT B pasfMyHM MEeXOyHapOL4HW MPOEKTU CbC CBOS HATpynaH
Jocera onut n "Hoy-xay".

Mpe3 2000 r. 6e nognucaH JOroBop CbTpyAHMYecTBO ¢ bpasunus (BRAZSAT) 3a pa3paboTka
Ha opaHxepuinHa ycTaHoBka (Equipment for Agricultural Research in Microgravity - EARM) 3a
n3creaBaHe Ha NPOAYKTUBHOCTTA Ha cosiTa Ha 6opaa Ha MKC (no nporpamaTa Ha norneTta Ha NMbpBust
um kocMoHaBT Mapkoc [NoHTec). HanpaBeHa 6e npegBapuTernHa OLEHKa Ha OCbLUECTBMMOCTTa Ha
npoekta (Feasibility Study), Ho 06ekTMBHN 0BCTOSATENCTBA (TEPOPUCTUYHM aTaku, kKaTacTpodmpanarta
Cosanka, BoriHaTa B Mpak) nonpeynxa Ha pMHaHCUpaHeTo 1 peanu3auusTta my.

Mpe3 2003 r. B KoHKypc Ha ®HU B6e cneyeneHo pmHaHCMpaHeTo Ha NPoekT no HauuoHanHa
Hay4Ha nporpama 3a Kocmuudecku nacneasaHusa (HHIM-KW) 3a paspaboTtkata Ha HOBO nokoneHue KO
CBET-3. Pa3paboTteHa 6e HoBa cucTemMa 3a MOHUTOPUHI Ha NMapameTpuTe Ha cpedarta B NiMcTHaTa
30Ha M ynpaefieHMe C NMOMOLLTa Ha YHMBepcanHaTa KOMMITbpHA CUCTEMA 3a cbOupaHe Ha [aHHM
ME-4610, ocbLleCTBEHM Ca €EKCMepPUMEHTaNHW W3CnefBaHus 3a BIWSHUETO Ha CTpeca BbpXy
pasnuyHu Buaosu nepcnektneHu 3a BCOX pacteHus [8].

MpoekTbT “OpaHxepes-Mapc” e OBYCTpaHHO HayyHO cbTpyaHundectBo ¢ MIMBI, Mockea,
cbrnacHo cnopasymeHune mexagy BAH n PAH B obnactta Ha ®yHOoameHTanHWTE KOCMMUYECKM
nacnegBaHua 3a nepmoga 2006-2010 r.. MNpoekTbT ce M3MNbMHABA B pPaMKUTE Ha eKCrepuMeHTa
«Mapc-500» — HaszeMHa nmuTaums Ha noneta 4o Mapc, B KOWTO wwecTtMma gobposonuu we 6vaar
3aTBOpeHM 3a noseve OT 500 gHM B HasemeH ekcnepumeHTtaneH kommnnekc (HEK). B eguH ot
MOZynnTe e pa3nonoxeHa ronsima oparxepusi (3 M%). Lienta Ha npoekTa e paspa6oTkaTta Ha Brok 3a
ocseTneHne (BO) Ha Gasata Ha cseToamoam (Light-Emitting Diodes — LED), konto ga 3amecTtu
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nsnonasaHute gocera B KO CBET-1,2 cdonyopucueHTHM namnu. PaspaboteH e nabopatopeH obpaseL
Ha HoBus BO, KoWTO € ¢ MHOro NpeaMMcTBa: MO-rofisiMa SPKOCT, eHeproedEKTUBHOCT, HUCKO Terno,
BMCOKa HaEeXOHOCT U ObMbr XUBOT. V3BbpluBaT ce ekcnepvMeHTanHu u3crefBaHus C pasfnvyHu
ovonormyHn obpa3uu 3a nogbop Ha OonNTMMarnHW napameTpy Ha CBeTMHaTa (MHTEH3UTET W
creKkTparneH cbCTaB) 3a nosnyvyaBaHe Ha foOpe pa3BuTu pacTeHus [9].

PaspaboTtBa ce n JlabopatopHa yctaHoBka Ha KO CBET-3 ¢ pactutenHa kamepa OT 3aTBOPEH
TUN C perynvpaHe Ha TeMnepartypaTa 1 KOHTponupaHe Ha ra3oBusi cbeTas [10].

PaspaboTtkaTta Ha Bcuikm mogndumkaumm Ha KO CBET n HayyHo-n3cnegosartenckata A4eNHOCT
€ (buHaHCcUpaHa no pasnu4yHK NPoeKkTU CbeC cpeacTaa B pasmep Ha 330 000 nesa n 265 000 w.gonapa
(Tabnuua 3).

Tabnuua 3. MpoekTHO hmHaHcupaHe Ha paspaboTkute Ha KO CBET-1,2,3 no [Jorosopu

Ne HanmeHoBaHuMe Ha npoekTa HDoroBop Ne/garta - UI3TOYHUK CpencTtBa
1, | /PoekTupane v uspadotsane Ha KO |\ 55056 10 1987 1. ¢ OKHT, MC 200 000 BGN
CBET-1
2, | Mopenvpane Ha 3seHo "Bucuim HW B-304/30.10.1993 . ¢ MOH 100 000 BGN
pacteHus” oT BCOX
MpoekTupaHe n n3paborteaHe Ha KO B906705/11.05.1994 r.— USU Found.,
3 CBET-2 Space Dynamics Laboratory, USA 187000 USD
4 M3paboTBaHe Ha neTaTenHu obpasum 715167J78/ 08.10. 1996 r. — Lockheed 72 000 USD
" | 3a 6opooBw n3cneasaHus. Martin Eng. & Sci. Company, USA
5 [NpenBapuTenHyn NpoyyBaHnd 3a 02102000-SJC/01.11. 2000 r. — 6 000 USD
" | 6pasuncka KO (EARM) BRAZSAT, Cao lNaono, bpasunus
6. | METOAY 1 TEXHOMOMM 33 OCHTYPABANE | i 11 1 01/15.10.2003 r. ¢ MOH 30 000 BGN
XuBoTa Ha ekunaxute — KO CBET-3

OcHoBHuU pe3ynTtatu no npoekta KO "CBET"

B pesyntaT ot ekcnepumeHTuTe nposegeHn B KO CBET Ha OC MUP (cwrnacHo Tabnuua 1
obwo 680 gHu 3a nepmoga 1990 - 2000 r.) 6sxa u3sicHeHn peguua yHOAMEHTanHU BbAPOCH,
CBbp3aHu C pacTexa 1 pasBUTUETO Ha pacTeHusiTa B MUKporpasuTauus [11]:

— PacteHudaTa ce HacouyBaT KbM CBeTNUHATa cnej Kato NMOHWKHAT - TS HaMbfHO 3aMeHs
rpaBUTaALMOHHMS BEKTOP (CBOMCTBOTO (DOTOTPOMMU3BbM, @ HE FEOTPONU3bM).

— CewmeHarta Tpsbsa ga 6baaT npeaBapuUTENHO OPUEHTUPaHKU Npeaun "noces”, Tbil KAToO ako
KOpeHbLT 3arnoyHe Aa pacTe Harope KbM CBETNMHAaTa, pacTeHNETO Le 3arnHe.

— Kopenute manbneat uenuat obem Ha cybcTpata M ca OpMEHTMPaHW He MO MOCOKa Ha
rpaBMTaLMOHHUS] BEKTOP, a MO NMOCOKa Ha KOHLIEHTpauuaTa Ha Bnararta B cybcTtpara.

— XpaHuTenHute BellecTBa B KOPEHOMNNOAWTE Ce HaTpyneaT He Mo BhAWSHWE Ha
rpaBuTauusaTa, a nopaam kanundpHarta "ocMmo3a" Ha caMuTe pacTeHus.

— Kocmunuecknte pacTeHnst M3nckeaTt CbLLOTO BpeMe 3a UbdTex 1 gobuBaHe Ha cemeHa B
MUKpOrpaBuTauusa n umat cpaBHMMa NPOaYKTUBHOCT, KaKTO U B 3€MHU YCMOBUS.

— PacteHudaTa morat ga oCbLEeCTBAT MbMeH XU3HUH LUMKBN B MUKpOrpasutauus, Te moraT
0a JagaT BTOPO MOKOMEHNe pacTeHus (ga ce Bb3npoussexaar).

OCHOBHUAT pe3ynTaT NOCTUrHaT OT CepusitTa EKCNePUMEHTU €, Ye HAMA MPUHLMIMHN NPeYKn 3a
pasBUTMETO Ha pacTeHWsiTa B MUKpOrpaBmTauus MNpyM noaxogdwo npoekTupaHo obopyaBaHe u
ouoTtexHonorun. HayyHo-nscnepoBatenckata pabota npoBegeHa ¢ nomowta Ha KO CBET
JonpuHece U3KMYNTENHOMHOrO 3a Joka3BaHe Ha Bb3MOXHOCTTA [a OTrnexaaT pacTeHUs KakTo 3a
XpaHa, Taka 1 3a npeyncTBaHeTo Ha Bb3ayxa B Kocmoca. Te gokasaxa ocbluecTBumoctta Ha BCOX
npu 6baeLwmnTe obNTOCPOYHM MUCUN Ha YOBEKA.

Pesyntatute OT u3cneaBaHusATa ca AOKMaABaHU akTUBHO Ha HayyHW OpyMn y Hac v B
Yy>xOUHa, Hal-BaXXHW OT KOWUTO Ca y4YacTusiTa HU B KOHrpecuTe Ha MexayHapogHaTta acTpoHaBTUYHA
denepaums (Tabnuua 4). MNpecTKHO € y4acTMeTo U CpewnuTe ¢ Hay4yHata obwHocT, paboTella B
obracTtTa Ha kocMuyeckaTa buonorus B koHrpecute Ha COSPAR, eBponeiickute cumnosnymm no Life
Sciences, koHdepeHuunte RAST (Recent Advances in Space Technologies) n gp. (Tabnuua 5).
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Tabnuua 4. [loknaam nsHeceHn Ha koHrpecu Ha MexayHapogHaTa
acTpoHaBTMyecka dpeaepaums no npoekt KO CBET

Ne | NoguHa, oT-go KoHrpec | 'paa, AbpxaBa

1. 1986, 4-11 Oct. 37" Innsbruck, Austria

2. | 1991, 5-11 Oct. 42" Montreal, Canada

3. | 1992, 28 Aug.- 5 Sep. 43" Washington D.C. USA
4. | 1995, 2-6 Oct. 46" | Oslo, Norway

5. | 1997, 6-10 Oct. 48" Turin, Italy

6. | 2000, 2-6 Oct. 51°% Rio de Janeiro, Brazil
7. | 2001, 1-5 Oct. 52" Toulouse, France

8. | 2002, 10-19 Oct. 53" Houston, USA

9. | 2006, 2-6 Oct. 57" | Valencia, Spain

10. | 2008, 29 Sep.-3 Oct. 59" Glasgow, Scotland
11. | 2009, 12-16 Oct. 60" Daejeon, R. of Korea

HayyHuat konektMB paboTelw, no npoekta uma obwo 120 HayyHu nybnukauum y Hac v B
Yy>xObuHa no pesyntaTute oT nacneaeanuaTa (50 B cnucanusa u 70 cbopHuum ¢ goknagun). sgageH e
nateHT Ha KO CBET wu 4 aBtopcku cBugetenctea. OcBeH TOBa ca U3HECEHW M NyONMKyBaHW B MbrieH
TEKCT goknagu Ha 20 KOHgepeHUMn 1 CMMMNO3MyMM y Hac ¢ MexayHapogHo ydactue (ET-5, SENS-5,
STIL-5, EKO u gp.), kakto 1 Ha 10 HaunoHanHu Hay4YHn koHdepeHumn. OpraHmsmpaHu oT Hac ca 3
MexayHapogHn Mukpo-cumnosnyma CBET BbB BapHa (1989, 1990 u 1995) m 2 HaumoHanHu
Workshops - B KocteHew (2005) 1 B Konpuswuua (2007).

Tabnuua 5. [Joknaay Ha Apyry KOHEPEHLMN U KOHIPECU B YyXGuHa

Ne | HaumeHoBaHue Ha hopyma FogwuHa, oT-po Ipap, cTpaHa

1. | Drop Tower Days Workshop 1992, 1-3 June Bremen, Germany

2. | COSPAR World Space Congress 1992, 28 Aug.- 5 Sep | Washington D.C. USA
3. | EU Symposium on Life Sciences Research in Space | 1993, 26 Sept-1 Oct. | Arcachon, France

4. | 18" Annual International Gravit. Physiology Meeting 1997, 20-25 April Copenhagen, Denmark
5. | 12" Manin Space Symposium 1997, 8-13 June Washington DC, USA
6. | 6 International Conference on Natural Zeolites 2002, 3-7 June Thessaloniki, Greece
7. | 9"EU Symposium on Life Sciences in Space 2005, 26 Jun-1 Jul Cologne, Germany

8. | 2" International Conference RAST 2005, 9-11 June Istanbul, Turkey

9. | 3 International Conference RAST 2007, 14-16 June Istanbul, Turkey

10. | 10" EU Symposium “Life in Space for Life on Earth” 2008, 22-27 June Angers, France

11. | 37" COSPAR Congress 2008, 13-20 June Montreal, Canada

12. | 4" International Conference RAST 2009, 11-13 June Istanbul, Turkey

B pesyntaT Ha u3crnedBaHusiTa € AdafdeHa "3eneHa ynuua' Ha yyeHute, paspaboTealim
KOCMMUYecKka TEXHWKA M OMOTEXHOMOMMM 3a opaHXepuuTe Ha ObgelmTe mexaynnaHeTHU MUCUM Ha
YoBEKa, 3a HayuyHO-u3crnegoBaTenckuTe ctaHuuu Ha JlyHata u Ha Mapc. U korato mMHoroniogHute
opbutanHu ctaHuum Bede 6baaT akT, korato NyHHUTE 6a3n 3anoYHaT ga NpUnuyYaT Ha cenuuia cbc
CBOWUTE MapKOBE WU rpaguHu, HaBSPHO camMo B VIcTopusiTa Ha KOCMOHaBTUKaTa Lie MuLle, Ye nbpeaTa
aBTOMaTM3npaHa Kocmunyecka opaHxepusi, HapedyeHa CBET, e 6una paspaboTteHa n uspaboteHa B
Bvnrapus.
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Abstract: A Laboratory Mock-up of the Svet-3 Space Greenhouse (SG) - a small greenhouse of
enclosed and environmentally controlled type is being developed. As a first stage a thermoelectric module (TEM)
based air-conditioning system is being built. To select TEM with adequate heat pumping capacity all thermal
loads must be evaluated. The study proposed describes the mathematical instrument and calculations of the heat
fluxes through the walls of a commercially available closed thermally insulated box. The total thermal load for
heating regime at steady state temperatures — chamber temperature T, = 35°C and ambient temperature Tamp =
15°C and in the absence of additional heat sources is calculated. An equivalent electrical circuit is created to
model the thermal processes in the chamber using the simulating program OrCAD PSPICE. The total thermal
load Qovera = 5.128 W, as well as the heat source (Al plate) temperature Ty = 54.17°C are assessed.

NNABOPATOPEH MAKET HA KOCMUYECKA OPAHXEPUA CBET-3:
NPEABAPUTEJIHA OLLEHKA HA TOMNJIMHHUTE NOTOLU NPE3 CTEHUTE HA
3ATBOPEHA KAMEPA 3A OTIrNMEXAAHE HA PACTEHUA

CeeTtnaHa CanyHoBa, NnameH KoctoB

MHcmumym 3a Kocmuyecku u3criedeaHus - brrieapcka akademusi Ha Haykume
e-mail: svetlas@space.bas.bg, plamen_kostov@space.bas.bg

Knroyoeu OAymu: nabopamopeH makem, KO Ceem-3, kamepa, MOMNAUHHU OMoOyu, 3agpsima
anymuHuesa rnso4a, mepmMu4yHU CbIPOMUEIIeHUs.

Pe3rome: Paspabomsea ce nabopamopeH moden Ha KocMmudecka opaHxepusi Ceem-3 - marska
opaHXepus om 3ameopeH mun C ynpaensema cpeda. Kamo nwbpeu eman ce usgpaxda cucmema 3a
KOHOUUUOHUpaHe Ha 8b3dyxa 8 KaMepama 3a omerniexdaHe Ha pacmeHusi Ha ba3ama Ha mMepMOeneKmpu4yeH
modyn (TEM). 3a da ce uzbepe TEM c nodxodsw, monnuHeH Kanauyumem, mpsibga 0a ce OUeHsIm 8CUYKU
monnuHHu mosapu. [lpednoxeHomo u3criedeaHe onucea MamemamuyecKus anapam U Uu34ucrieHusma Ha
monnuHHUMe Momouyu npe3 cmeHume Ha edHa KomepcuasHa MOIM/UHHO-U30/uUpaHa Kamepa. M3yucneH e
obwussm mepmMuYeH mMosap 3a PexumM Ha HaspsisaHe, memrnepamypa Ha eb3dyxa 8 kamepama T¢, = 35°C u Ha
8bHWHama cpeda Tamp, = 15°C 8 cmayuoHapeH pexum, npu omcbcmeue Ha OOMb/IHUMEHU U3MOYHUUU Ha
monnuHa. 3a modenupaHe Ha mepMuUYHUME MPoUecyU 8 kKamepama C noMou,ma Ha cuMyrnayuoHHama rnpozpama
OrCAD PSPICE e cb3dadeHa eksusaneHmHa eniekmpudyecka cxema. OnpedeneHu ca obwusm mepMuyeH
mosap Qoveral = 5.128 W u memnepamypama Ha u3moyHuUKa Ha moriuHa (anymuHuesa nioyva) Ty = 54.17°C.

Introduction

Background

The Bulgarian Svet SG, flied onboard the Mir Orbital Station in the period 1990-2000 and used
to accommodate a series of successful long-term plant experiments [1], had a plant chamber, open
type, allowing contact with the station cabin atmosphere [2]. In order to isolate the variable of study
(microgravity), flight experiments must be conducted in a controlled environment. Closed chamber
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plant growth facilities with controlled environment have been developed and flown onboard the U.S.
Space Shuttles and the International Space Station (ISS) [3, 4, 5]. As a first stage of the Svet-3
project, a Laboratory Mock-up (LM) of a small greenhouse of closed and environmentally controlled
type is being built. The development work at this stage emphasizes on control of plant leaf
environment — air conditioning and gas composition control. Our first task is to develop a TEM based
system for active thermal control of the chamber environment (from 15°C to 35°C) under the
conditions of varying ambient temperatures (from 15°C to 35°C).

Problem statement

To select TEM with adequate heat pumping capacity the amount of heat to be absorbed or
released from the TEM unit must be evaluated considering all thermal loads [6]. In a common case,
the thermal load may have passive (radiation, convection, or conduction) and active components. The
total amount of heat that must be absorbed or released in order to maintain steady state chamber
temperature for any particular operating regime of TEM (cooling or heating) depends on the required
temperature difference, the insulating properties of the chamber walls, the availability of radiation
sources and electronic components in the chamber volume, etc. [7].

The objective of this research is to select mathematical machinery and to calculate the heat
fluxes released from an Al plate (used as a heat source), and transferred through the walls of a
commercially available closed heat-insulated box, to be served for a plant growth chamber. The
calculations are made for the heating regime, the worst-case temperature difference AT = 20°C and in
the absence of other heat loads. The hot Al plate temperature (Ty) is calculated in order to check if it is
below the maximum admissible operating temperature of about 65°C for the standard TEM units.

Nomenclature

i First bottom index (number of the chamber area)
i =1 (Left wall), i = 2 (Right wall), i = 3 (Bottom wall), i = 4 (Upper Plexiglas window),
i =5 (Upper ABS area), i = 6 (Front door), i = 7 (Back wall thermal convection area),
i = 8 (Al plate-back wall thermal conduction area).
j Second bottom index (number of the wall layer)
j =1 (Internal air layer for convection), j = 2 (Internal insulating layer), j = 3 (Middle
insulating layer), j = 4 (External insulating layer), j = 5 (External air layer for convection).
h Heat transfer coefficient

hi 1 Inside heat transfer coefficient for the i element,
his Outside heat transfer coefficient for the i element,
hpi Al plate inside heat transfer coefficient.
k Thermal conductivity
Kiz, Kis, Kis Thermal conductivity of the i element — " layer (j = 2, 3, 4).
Q Heat flux
Qi Heat flux through the i™ chamber area,
Qpi_ch Convective heat flux from the plate to the chamber air,
Qpl_wal Heat flux from the plate through the back wall to the ambient,
Qoverall The total heat flux relesed from the source (Al plate).
0, (R) Thermal resistance, (electrical resistance)
0, (Ry) Thermal resistance of the i"" element, j" layer,

Opich, (Rpen)  Convective thermal resistance of the transition plate — chamber.

Materials and Methods

Plant Chamber Structure

The experimental equipment consists of a sealed heat insulated box with overall dimensions
L=263.5 mm, W=222 mm, H=382 mm and internal dimensions L=212 mm, W=152 mm, H=327.5 mm.

Four of the walls (excluding the top and the front one) are three-layered walls, consisting of an
external layer of Acrylonitrile Butadiene Styrene (ABS) material, 2.4 mm in thickness, in contact with
the ambient temperature, followed by polyurethane foam insulation and another internal ABS layer, 2
mm thick, in contact with the chamber environment. An Aluminum (Al) plate, 190x305x2 mm in size,
mounted inside the back wall in the place of the internal ABS layer and in thermal contact with the
other two layers, serves as a heat source.

The front door consists of a double walls made of ABS material, 3 mm in thickness, with an
insulating air gap between them.
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There is a clear top window, 205x124 mm in size, in the top wall. It consists of two 3 mm thick
Plexiglas layers with an air gap between them. The rest area of the wall is of the same three-layered
structure (ABS/polyurethane/ABS) as the four walls.

A fan, mounted in the chamber volume, at the centre of the Al plate, provides airflow of 0.1
m/sec velocity for forced convection of the chamber air. Another external fan of the same flow rate (0.1
m/s) blows the chamber outside imitating the forced convection of the air typically existing in the
spacecraft cabin.

Theoretical Performance

The objective of this study is to quantify the overall power of a heat source (the Al plate),
required to maintain the chamber temperature (T.,) at 35°C under the conditions of 15°C ambient
temperature (T.mp) outside. In the absence of additional heat sources the overall thermal load will be
the heat flux released from the source, and transferred through the chamber air and walls to the
ambient by convection and conduction due to the temperature difference AT = T, — Tamb [8].

The overall thermal load (Qoverar) is the sum of the convective heat flux transferred from the
plate to the chamber air (Qp.cn) and the heat flux transferred from the plate through the back wall to the
ambient (Qg.wai) as indicated in Eq. (1):

(1)

The convective heat transfer [9] from the heat source (Al plate) to the chamber can be

expressed as:

(2)
where A, — the Al plate area; h, — the heat transfer coefficient between the Al plate and the chamber
air.

Further, the flux Qp.cy is transferred to the chamber air by convection, through the walls by
conduction and to the ambient by convection.

®)

where Q; (i = 1+7) — the heat fluxes through the corresponding chamber wall areas described as:

(4)

where:
(4.1)

are the convective thermal resistances of the transitions chamber air - chamber wall (©;;) and
chamber wall - ambient air (©;s) respectively;

(4.2)
are the conductive thermal resistances of the corresponding layers of the three-layered walls. D;; and
Aj; are the thickness and area of the i™ element, jth layer.

Once the heat fluxes through the chamber walls are determined, the heat flux from the source

entered the chamber by convection, can be calculated using Eq. (3). The heat flux calculated by Eqgs.
(2) and (3) give a possibility to determine the heat source (Al plate) temperature (T):

®)

Using the so determined plate temperature, the heat flux Qg.wai transferred through the back
wall by conduction and to the ambient by convection can be calculated:

(6)

where:

(6.1)
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are the conductive thermal resistances of the corresponding back wall layers for the conductive Al
plate — back wall area;

(6.2)

is the convective thermal resistance of the transition back wall - ambient air for the Qpp.ua flux; and T
is the Al plate temperature calculated by Eq. (5).
The thermal resistance of the transition Al plate - chamber air O is calculated as:

(6.3)

Substituting the values of Qp.ch and Qg.wai Calculated by Eqgs. (3) and (6) in (1) the overall heat
power of the source can be assessed.

The following calculation succession is used to determine the convective heat transfer
coefficients over the flat plate (walls) surfaces h;; used in Egs. (2) and (4) to (6).

As a result of the air viscosity a boundary layer exists near the surface where the fluid velocity
changes from the value in the free stream (far from the wall) to zero at the wall. The boundary layer is
considered laminar for lower Reynolds numbers (Re < 3.10°) and turbulent for higher ones (Re >
3.10°%). To determine if the airflow is laminar or turbulent the Reynolds number is calculated as:

()

where: L — characteristic length; v — air flow velocity; p — air density; y — dynamic air viscosity.
The Prandtl number is calculated using:

(8)

where ¢ — specific heat of the air; k — thermal conductivity of the air.

For forced convection, the Nusselt number is generally a function of the Reynolds number and
the Prandtl number. In case of a flat plate, uniformly heated over its entirety (isothermal plate), and
blown by a laminar flow that is parallel to the axis, the average Nusselt number is calculated as:

9)

The heat transfer coefficients for the corresponding boundary layers are calculated:
(10)

Since air properties can vary significantly with temperature, a recommended approach is to
use the film temperature T; of the boundary layer, which is the average of the wall and free-stream
temperatures. All air properties are determined for the specific temperature of the air boundary layer.

Calculations

Calculation of the heat transfer coefficients:

The Reynolds, Prandtl and Nusselt numbers and heat transfer coefficients were calculated
using Eqgs. (7) to (10) where L is the characteristic length for the corresponding wall area, v = 0.1 m/s -
the air flow velocity and the air properties p, 4, ¢, and k are determined for the specific film
temperatures (Ty) of the air boundary layers as follows:

T; = 16°C (289 K) for the boundary layers outside the chamber walls;

T; = 34°C (307 K) for the boundary layers inside the chamber walls;

T; = 43.5°C (316.5 K) for the boundary layer near the plate.

The calculated Reynolds, Prandtl and Nusselt numbers and heat transfer coefficients for every
transition are given in Table 1. Since Re < 3.10° for every transition the airflow is considered laminar.

Table 1.
Re Pr Nu h [W/m°.K]
943.69 0.697 18.09 hys, hos1, h31,hag, s = 3.19
1051.31 0.697 19.09 he1 = 3.02
1018.65 0.697 18.79 h;1=3.07
948.67 0.697 18.13 hy = 3.18
1249.48 0.701 20.85 h1,5, h2,5, h3,5, h4,5, h5,5 =2.93
2239.02 0.701 2791 hes =2.19
1826.57 0.701 25.20 hss =2.43
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Calculation of the heat fluxes through the chamber walls

The following heat fluxes Q; (i = 1+7) through the chamber walls were calculated using Eqg. (4),
considering the chamber sizes, insulating layers thickness, the calculated heat transfer coefficients
given in Table 1, and for T, = 35°C; Tamp = 15°C: Q; = 0.6675 W, Q, = 0.6675 W, Q3 = 0.3614 W, Q,
=0.3913 W, Qs =0.0939 W, Qs =1.0689 W, Q; = 0.2806 W.

The total heat flow from the source (Al plate) entered the chamber air by convection was
calculated using Eq. (3): Qpr.ch = 3.5311 W.

Substituting this value and the data: T, = 35°C; A, = 579.5 cm?; hy, = 3.18 W/m*.K in Eq. (5)
the plate temperature T, was calculated: T, = 54.17°C.

Using this value the heat flux Qp.wai transferred from the plate through the back wall to the
ambient is calculated using Eq. (6): Qpr.war = 1.5969 W.

The overall heat power of the source is calculated by Eq. (1): Qoveran = 5.128 W.

PSPICE model

A commonly accepted approach to describe the thermal parameters of the experimental
chamber by an equivalent electrical circuit [10, 11] is applied. All non-electrical processes are
described in terms of their electrical analogies as shown in Table 2.

Table 2.

Thermal parameters Units Analogous electrical parameters Units
Heat, Q W Current, | A
Temperature, T K Voltage, V \Y
Thermal resistance, 6 K/W  Electrical resistance, R Q
Absolute zero temperature 0K  Ground oV

An equivalent circuit is used to model the thermal processes going in the chamber in case of
20°C temperature difference between the chamber and ambient by means of the simulating program
OrCAD PSPICE (free edition). The PSPICE produced model is shown on Fig 1.

Fig. 1. Equivalent circuit of the plant chamber thermal parameters for steady state
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The thermal resistances of all the chamber elements calculated using Egs. (4.1), (4.2), (6.1),
(6.2) and (6.3) are entered as electrical resistances and the heat fluxes and the steady state
temperatures at different points are assessed.

At a next stage, this program is expected to be used for testing the time dependent behavior of
the chamber. For this purpose, the thermal capacities of all the chamber elements will be calculated
and entering these data the simulating program will give a possibility for a direct assessment of the
chamber time constant by applying a voltage step across and measuring the system transient
response time.

Results and Discussions

The total amount of heat that has to be removed to maintain steady state chamber
temperature in the worst case, T, = 35°C, Tomp = 15°C, and in the absence of other heat loads, was
assessed: Qqyeral = 5.128 W. The Al-plate temperature for this case is Ty = 54.17°C.

A standard TEM module will be used to maintain the chamber temperature within the required
limits. A practical limitation (of about 65°C) of the maximum admissible hot side temperature exists for
all modules of such a type. The calculated hot plate temperature value is below this admissible level.

The upper wall is expected to be a potentially unstable component of the total thermal
resistance of the chamber. At a next stage, a powered Light Unit will be placed over the top window.
This unit would heat additionally the air in the space between the lamps and the external Plexiglas
layer of the top window what would change considerably the heat transfer coefficient and the thermal
resistance of the top wall respectively. This would require additional cooling in the lamp area.
Calculating the radiated heat by the light source at this stage would require determination of the lamp
operating temperature and air temperature in the lamp zone and recalculation of the heat transfer
coefficients hysand hss.

Conclusions

The final goal of the presented work is to make assessment the heat fluxes through the
chamber walls in heating regime necessary to determine the type and number of Peltier modules at a
next stage. Our calculations were based on the physical properties of the materials used in the
commercially available insulated box to be served for a plant growth chamber. The presented work
describes one of the operating temperature regimes in the plant chamber for the worst case — Tamp =
15°C, T, = 35°C, and without additional heat sources.
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Pe3rome: CbuyrieHeHOmMoO Kpusio e aepoluHamMu4yHa cxema, KosSmo ce xapakmepu3upa c 2orsm bpol
8b3MOXHU KOMIOHOBKU Ha aepoduHaMu4YHUmMe Kopmusia ro npedHomo u 3ad0HOMO KpUsio — efiepoHU, 3a0KpUsIKU,
KopMmusia 3a eucoquHa u Op. Hacmoswusm JQoknad pasenexda npecMsmaHemo Ha Heobxodumume
6anaHcupo8bYHU OMKITOHEHUST Ha aepoOUHaMUYHUMe KopMusa 8 3a8ucUuMOC Om KOMIOHO8Kama u pexxumume
Ha nonema. Pa3sanedaHu ca HsIkou HempaduyUOHHU, 8 CPaBHEHUEe C KOHBEHUUOHaHume femamesiHu anapamu,
MaHe8pu Kamo HernocpedcmeeHo yripasrieHue Ha nodeMHama cuna.

DETERMINATION OF THE TRIMMED FLIGHT CONTROL SURFACE
DEFLECTIONS OF A JOINED-WING AIRCRAFT IN LONGITUDINAL MOVEMENT

Hristian Panayotov, Plamen Stoyanov, Dimo Zafirov

Technical University of Sofia — Plovdiv branch
e-mail: hristian@tu-plovdiv.bg

Key words: joined-wing, aerodynamics, flight dynamics

Abstract: The joined-wing is an aerodynamic scheme, characterized by a variety of possible
arrangements of the flight control surfaces, located on the front and rear wing — ailerons, flaps, elevators,
flaperons etc. The present paper deals with the calculation of the required trimmed flight deflections of the control
surfaces for different arrangements and flight regimes. Some untraditional maneuvers are reviewed, compared to
conventional aircraft, such as direct lift control.

1. BbBeaeHue

CbUneHeHOTO KpWMo, CbC CBOSiTAa aepoguHaMM4yHa CXemMa, a MMEHHO CbYfIEHEHM, Ha
onpeaeneHo MecTOMNonoXeHne, NPeaHo M 3a4HO KpUIo, Cb3daBa NpeanocTaBky 3a pasnosfiaraHeTo Ha
CpPaBHUTEMHO MO-rofnsaM Opol M BUA aepoAMHAMMYHU YMpaBrnsiBaly MOBbPXHOCTM MU HaKpaTKo
aepoavHamunyHu Kopmuna. Hanpumep, no nsxogsiwms pbb n Ha NpegHoTo, U Ha 3aAHOTO KpUio morat
ha Obaar uM3non3BaHU KopMUIia 3a BWCOYMHA, ENEPOHU, 3aJKPUIKU, a CbLO Taka U TeXHU
KOM6I/IH3LI.I/II/I — eNieBOHU, Cb]'lal'lepOHI/I n ap. 3a cbuNeHeHoTO Kpuno Moxe Aa ce BbBeae n TepMunHa
[dbnanenepoH] = [flap (3agkpunka) + elevator (kopmuno 3a BucoumHa) + aileron (enepoH)] [1].
MocpeacTBoM Te3W HETPaAWMLIMOHHM KOMIMOHOBKM Ha aepoguHaMuMyHuTE Kopmwunia moraT ga 6baar
NOCTUIrHATU MHTEPECHW, OT rMefHa ToYKa Ha QUHaMuKaTa Ha rnoreta, MaHeBpPU KaTo HEMOCPBEACTBEHO
ynpaBreHne Ha nogemHaTta cuia npu 3anasBaHe Ha MOCTOSIHEH bIb/l HA aTtaka UMM NOCTOSIHEH bIbfl
Ha TaHrax. OCBEH TOBa OT rofsIMO MPaKTUYECKO 3HAYEHME € U3YUCISIBAHETO Ha BanaHCUpOBbLYHUTE
OTKITOHEHMS1 HA KopMuMraTa Mo NPeaHOTO U 3aJHOTO KPWUIO 3a XOPU3OHTamneH MoreT ¢ onpedeneHa
CKOPOCT M BbIb/l Ha artaka. 3a pasnuka OT KOHBEHUMOHanHUTe rnetaTteniHn anapatu ¢ ukcupaHo
KPUIO, CaMONeTUTE CbC CbYNIEHEHO Kpurno morat ga ce HanaHcupaTt Ha egHa M cblia CKOPOCT Ha
noneta npu pasfuMYyHU BIMW Ha ataka M OTKNOHEHUs Ha KopMurata 3a BWCOYMHA, 3a CMeTKa Ha
Bb3HMKBaLlaTa nogemMHa curna oT Il:l.eIZCTBl/IeTO Ha KopMunarta KaTto 3aKpWUIiku. B HacCTodALWMNA OoKNnag
ca onpefeneHn 6anaHCUPOBBYHUTE OTKIIOHEHMST 3@ KOHKPETEH reTaTenieH anapat — NeTsL, Moaen
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CbC CbUNeHeHo Kpuno — JoWi-1. AepognHaMuUyHUTE KOEMUUUEHTU N NPOU3BOLHU Ca WU3YUCIIEHWU C
nporpamHo ocurypsisaHe ,, Tornado”.

2. MatemaTnyeH mogen Ha HaANbXHOTO ABMXKEHME Ha CaMOJeT CbC Cb4/IEHEHO Kpuno

3a onucaHne Ha OBWXEHMETO Ha neTaTeneH anapaT CbC CbYMIEHEHO Kpuro morat ga ce
M3non3eaT ypaBHEHUsTa 3a OBWKEHME Ha TAMNO C Tpu cTeneHu Ha ceoboda M3BECTHW OT MexaHuKaTa,
BbB (popma ynobHa 3a onpefensiHe Ha KMHEMaTUYHUTE NapameTpu Ha ABWXEHMETO Ha camorerT. 3a
pellaBaHETO Ha Te3n ypaBHEHUs € Heobxoaumo ga ObaaT M3BECTHM HadanHWTe YCroBuS Ha
OBWXKEHNETO, KaKTO U OeWCTBALLMTE Ha fetaTtenHus anapat cunu u MoMeHTW. 3a onpegensiHe Ha
TpaekTopusaTa Ha camornerta Tpsibea Aa ce NpubaBAT U ypaBHEHUSITA 33 U3MEHEHVE Ha TPaeKTopHUTe
My KOooOpAuHaTW. B pa3rbpHat BMA ypaBHEHMATa 3a HAAMBXKHOTO ABWXKEHWE umar Buaa [2]:

1)

av

2
av oV SJr
dt

=—[cxao + AC,p +Clha+Cl5, +C 5, +C5, +cj;54)2]

P i
+—C0Sa — gsin$cosa
m

2
da a x —VS
S = 0, —(C o+ Car +C 0, + €30, + C0, + Ci, )L -
—isina+gcosl9c03a
mV \Y
(3
\V 2Sb
d;t)z = (mZO + MY+ MG, + M8, + M5, +m) S, + mzwza)z)%
4)
d&
_ = a)Z
dt
%)
dx
—9% —V cos(¢-a)
dt
(6)
d
Yo _y sin(9—a)
dt
KbOEeTo:

S — nnouy, Ha KPUoTo B NNaH;

by — oTcTbN (PascToAHneTo No oc Ox MexXay eAHOMMEHHN TOYKU OT OCHOBHUTE XOpauM Ha NPeaHoTo U
3a1HOTO KpUIo);

V — CKOpPOCT Ha caMorneTa;

a — bIbI Ha aTaka;

w, — bITNOBAa CKOPOCT Ha BbpTeHe cnpsiMo oc Oz Ha cBbp3aHaTa kKoopauHaTHa CUCTEMA;

& — Bron Ha TaHrax;
Cyo — KOEMMLMNEHT Ha NACMBHO CbMPOTUBNEHME;
A — koedULMEHT Ha MHOYKTUBHOCT;

o

ya._ npon3BoaHa Ha Koe(bMU,MeHTa Ha NogeMHa cuina No brblla Ha aTtaka,

6i

Y3 . npon3BofHa Ha kKoedULMEHTa Ha NoAEeMHa Cuna no brbia Ha OTKNOHEeHMe Ha i-TaTa
ynpasnsBalla NoBbPXHOCT;
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O; — bI'b/1 HA OTKITOHEHNE Ha i-TaTa ynpasnaBalla NOBbPXHOCT,

M, — KOEeUUMEHT Ha HaANMBXEH MOMEHT MpPU HYMNEB bIbfl HA ataka;
S
Z - Mpou3BOAHa Ha koedULUMEHTA HA HAOTHXXEH MOMEHT MO bIbfla Ha OTKIIOHEHME Ha i-TaTa
ynpasnsBaLla NoBbPXHOCT;
a)Z
Z - npou3BogHa Ha koeduUMEHTa Ha HaANBXEH Aemndupaly, MOMEHT;
P — tara Ha camonerTa;
£ — NITbTHOCT Ha Bb34yXa;
m — Maca Ha caMoreTa,;
|, — MacoB NHepUNOHEH MOMEHT cnpsimo oc Oz.

3. O6eKT Ha uscnegBaHeTo

XapakTepucTMkute Ha AMHaMuKata Ha noneta ca onpegeneHy 3a neTtateneH anapar,
6asupaH Ha netawms mogen JOWI-1 (dwur.l). FeomMeTpuyHMTE U MacoBUTE My XapakKTEPUCTUKMU ca
KakTo criegsa:

e Mo Ha Kpunoto B nnaH - S = 0.55 m?;
pasnepeHocT Ha KpunoTo - | = 1.8 m;
BB Ha CTPENOBUAHOCT Ha NPEAHOTO KPUIO - Xqpp = 25° ;
brb Ha CTPENOBUAHOCT Ha 3a4HOTO KPUIIO - X, = —25°;
brb Ha HanpeyvHa V-06pasHOoCT Ha NPeaHOTO KPUIO - Wy, = 10°;
BB Ha HanpeyHa V-06pa3HOCT Ha 3a4HOTO KpUIo - y, = —10° ;
n3neHTa maca Ha mogena - m = 7 kg;
MacoB UHepLMOHEH MOMEHT rno oc OZ - I, = 0.42 kg.mz;
OTCTBIN Ha KPUINOTO MO KOPEeHHWTE Xopau - by = 0.839 m.

3-0 Wing configuration

08

Wing y-coordinste ) -ua."' oz
Wing x-coordinate

our. 1. Netaw, mogen JOWI-1 our. 2. Mogen nscneasad ¢ TORNADO

YnpaBneHMeTo Ha camorieTa ce M3BbpLUBa MOCPEACTBOM YMpaBnsiBally NMOBLPXHOCTU — MO
efHa Ha BCAKO NOMykpusno (Ha MpegHoTo M 3agHoTo Kpwno). Os3Havennm ca ¢ ,1" — kopmuna Ha
npeaHoTo Kpuno u ,2" — KopMuna Ha 3adHoTo Kpwuro. Kopmunata Ha npegHoTo W 3afHOTO KpUmo
CbOTBETHO CE€ OTKIOHABAT CUHXPOHHO, MOMOXWTENnHaTa nocoka e ,Hagony”. 3a npecmataHe Ha
aepoguHaMUYHUTE MPOM3BOAHM € u3nonsBaHa nporpama TORNADO [3] 6asupaHa noTeHuuanHu
naHenHu metoam (wr. 2).

AepognHaMmmyHuTe Xapaktepuctnkn Ha JoWi-1 ca kakTo cnegga:
C,o =0.004; A=0.05; ¢;;, =4.13;c;;, =0.80;c;z =1.10;m,, =0;m¢ =—-0.3L;m;* = 0.24;
m? =-0.42;m? =-0.014.

4. Pesyntatu

BanaHCcMpoOBBbYHNUTE OTKIOHEHWUSI HA OMUCAHUTE aepoAMHaAMUYHU KOopMuna, Heobxooumu 3a
HaaNbXHO GanaHcMpaHe Ha camorieTa CbC CbYJIEHEHO KPUIO MoraT ga ce nonydyar, ako B y-a (1)...(3)
ce Monoxu:
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(7
v dd da
_— = 0, _—= a)z = , —_—=
dt dt dt
Cnep, HanpaBeHUTe MnpuemMaHud, 3agadarta Ce cBeXaa OO pellaBaHe Ha cuctemMa OT ABe
ypaBHEHUs1, KbAETO HEN3BECTHU Ca OTKIIOHEHUSATA Ha aepoAyHaMUYHUTE kopMmuna o, (MPeaHo KPKIo)

0.

n O, (3a4HO KPWUIIO), @ YCIOBUsITA Ca HyreB HaAMbKeH MOMEHT Ha camorieTa, Mpu ocurypsisaHe Ha

noTpebHuTe 3a Xopu3oHTaneH nonet koedWUMEHT Ha NodeMHa cuna u TernuTenHa cuna (Tara) Ha
asuratensa. Ha dur. 3 ca nokasaHu 6anaHCUMpOBBYHUTE fuarpamum CbC CbOTBETHUTE HeobGXoaumu
BanaHcMpOBBLYHN OTKNOHEHUSA HA aepOaUHAMWYHUTE KOpMUa Npy pasnuyHy brmy Ha ataka (dur. 3a),
KoeduumeHTn Ha nogemHa cuna (dwur. 36) n ckopoctn Ha noneta (dwur. 3B). OT dur. 3r moxeM Ada
HanpaB/MM M3BOAa, Ye ONWCAHWUAT feTaTeneH anapar CbC CbYIIEHEHO KpUo Moxe Aa ce GanaHcupa
npv e4Ha 1 Cblya CKOPOCT Ha MoreTa Npu pasfuMyHM bIMW Ha ataka Npyu CbOTBETHUTE OTKIOHEHUS Ha
KopmMmunara.

a=o(d;: 8,) Cya=Cyaldy 85)

15

dur. 3. bBanaHCUpPOBbLYHM AuarpaMmm

NHTepecHo e Aa ce aHanuanpaT U HAKOW HETPaAMLMOHHW MaHEBPW 3a KOHBEHLMOHanHuTe
caMoneTn — B KOHKpEeTHUA cnyqa|7| HenocpencTteeHo yrnpasneHne Ha nogemMHarta cuna. PasrneuaHm ca
aBa cniyyas. lpu nbpeua (dur. 4) ce 3ana3Ba HeM3MEHeH brbfla Ha ataka Ha camoneTa, a oT
YCTaHOBEH XOPW3OHTaneH nomneT ce npemMmHaBa B Habop Ha BMCOYMHA, KaToO npupacta Ha nogemMHa
curna ce OCbLUECTBSIBA CaMO OT OTKIMOHEHWETO Ha aepoauHaMUYHNTE KOpMKMa KaTo 3aakpunku 6e3 ga
Ce U3MeHs brbfa Ha aTtaka. OTKNOHeHWsITa Ha KopMurata 3a HenocpedCcTBEHOTO ynpasfeHue Ha

rnofemHarta cvna ca nogafeHv B MoMeHTa t = 60 s v ca: npeaHo kpuno o, =3.07°; sagHo kpuno

0, =0.75°. BbB BTOPUS Criyyan (dur. 5) ce Lenu 3anassaHe Ha MOCTOSIHCTBO Ha brbfa Ha TaHrax,

T.€. CaMONeTbT OT YCTaHOBEH XOPU3OHTAasrlieH noner npemMunHasa B Ha6op Ha BUCOYMHA KaTtoO B TO3U
cnyqal7| BIBBT HA TaHraXx octaBa HemameHeH. OTKINOHeHMATa N B TO3N cnyanl Ca oageHn B MOMeHTa
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9,15°.

11,00°; sagHo kpuro 0,
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3a CpaBHEHWE MNMpPU KOHBEHUWUOHAJTHUTE CaMOJIETU Ha6opr Ha BOCUYOHa Ce OCblleCTBABa
nocpencTtBoM OTJIOHEHME HA KOPMUIIOTO 3a BUCOYMHA UIMTN XOPU3OHTaltHUA CT86I/IJ'IVI3aTOp, npu KOETO
Ce Cb3gaBa HagMbXeH MOMEHT, KOMTO MU3MEHS bIbfla Ha ataka 1 brbfa Ha TaHrax.

3aknroveHune

MauncneHn ca GanaHCUpOBBYHMTE OTKIIOHEHUSI Ha aepoAMHaMUYHWUTE KOopMWUNa Ha neTsuy
MOZEN CbC CbyrieHeHo Kpuno JoWi-1 npu pasnmnyHu CKOPOCTM Ha MofeTa M ecknioaTaumoHHN bINK Ha
ataka. Mo paspaboTeH MaTemaTuyeH MOAEN Ha HAAMbXHOTO ABWXEHUE Ha CaMOSIET CbC CbYSIEHEHO
KpWUro ca pasrnegaHun ABa Buaa MaHeBpM, NOMy4YeHn Npyu HEMOCPEACTBEHO yNpaBrieHne Ha NogemMHaTa
cuna. MNonyyeHute pe3ynTaTv MoraT Aa ce M3Mon3BaT Npu MoAeNnvMpaHeTo Ha AMHaMuKaTa Ha noreta
Ha CaMOSIeTU CbC CbYSIEHEHO KPUITO, KaKTO U MpU feTaTesiHu eKCNepuMeHTU KaTo HayanHu AaHHu 3a
HaZnbXxHaTa GanaHcMpoBKa Ha neTaTenHus anapar.
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Abstract: The aerodynamic characteristics and derivatives of a joined-wing aircraft in the symmetry
plane have been calculated for the purpose of longitudinal movement flight dynamics analysis. The values of the
aerodynamic coefficients have been calculated, changing the position of the different control surfaces at the
trailing edge of the front and rear wings — ailerons, flaps, ruder, etc. The results have been compared with joined-
wing experimental data obtained in 3,6 m NASA wind-tunnel.

BbBepneHune

Hactosiwata pabota uma 3a Len ga nokaxe MpUIoXMMoCcTTa Ha codptyepa ,Tornado” 3a
onpenensaHe Ha Koe(bI/ILLI/IeHTI/ITe n npou3BogHuUTe Ha aepogMHaMU4HUTE CUiM U MOMEHTU B
paBHMHaTa Ha CUMETpUS 3a neTatenHu anapatM no cxema ,CbuneHeHo kpuno”. 3a uenTta
n3yucneHmTe c¢ nomowyta Ha ,Tornado” koeduUMEHTU Ha aepoanHaMUYHUTE CUNN U MOMEHTU ca
CbMNOCTaBEHM C OMUTHWU pes3ynTaTh NOnyyvyeHu npu muscneaBaHe Ha mogen B 3,6 m aepoavHaMuyHa
Tpbba Ha NASA.

~Tornado” e TpumMaMmepHa nporpama 6asvpaHa Ha MeToda Ha OUCKPETHUTE BUXpWU. Ts OaBa
Bb3MOXHOCT 3a NpecMsTaHe Ha KoedULMEeHTUTE U MNPOU3BOAHUTE Ha aepoauHaMUYHUTE CUln n
MOMEHTU CMpsAMO brbfla Ha aTtaka, brbfa Ha Nfb3raHe, bIMOBUTE CKOPOCTU WU OTKNOHEHUSATa Ha
pasnuyHuTe BMAoBe Kopmuna. [lporpamata e HanucaHa ot Tomac MenuvH OT kategpaTta no
aepoHaBTuKka kbM Kpanckus TexHonornveH WHcTuTyT B KaHaga. Ta e npegHasHadeHa OCHOBHO 3a
ynoTtpeba npu npegBapuTENHO NPOEKTUPaHe Ha NeTaTenHy anapaTy, Kakto 1 3a obydeHue.
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OGeKT Ha uscnegBaHeTo

3a oueHka Ha pesynTtatuTe Nony4YeHn ¢ nomoLluTa Ha , Tornado” e HanpaBeH Am3ainH GasupaH
Ha gaHHuTe 3a u3cneaBaHust oT NASA mogen Ha netarteneH anapat cbe ,,CbuneHeHo kpuno”. Moagena
€ nokasaH Ha gur. 1. 34mcneHnsita ca HanpaBeHW Npy cKOpocT oT 120 m/s 1 brnu Ha ataka ot -8° go
+12° npes 2°.

Ha Bcako OT nonykpunata Ha npegHoOTO U 3aJHOTO KPWUMO ca pasnonoXeHw Mo [ABe
ynpaenaesall NOBbPXHOCTU NO nU3xXoaAauma p‘b6. CboTBETHUTE ynpasnaesally NOBbPXHOCTU Ha NnesuTe
W OecHWUTe Mnonykpuna ce OTKMNOHABaAT CUMMETPUYHO M UrpasiT pondta Ha KopMuna 3a BUCOYMHA.
OTKNOHeHUATa Ha ynpaBnsiBalLMTe NOBLPXHOCTM Ca KaKTo creaBa:

Oner — BB HA OTKMOHEHWE Ha BbTpeLlHUTe (KbM TANOTO) KOpMUIia Ha NpegHOTO KpUro,
Onen — BB HA OTKNOHEHWE Ha BbHLUHUTE KOpMUIia Ha NpeaHOoTO Kpurio,

Q351 — BIbJ1 HA OTKINOHEHME HA BbTPELLUHUTE KOpMUIa Ha 3aHOTO KpUIo,

O34 — BIMbJ1 HA OTKIMOHEHUE Ha BLHLUHUTE KOpMUa Ha 3aQHOTO KpUno.

C uen ga ce enMMMHMpa rpelikata OT MOAENMPAHETO Ha TANOTO Ha NeTaTenHus anapat ca
npecMeTHaTM 1 KoeMUUMEeHTUTe Ha MNoAdemMHaTta cuna v HagfbXHUA MOMEHT CaMO Ha M30nupaHo
Kpuno — npegHo + 3agHo. CpaBHUTENHUTE pe3ynTaTh ca gageHn BbB urypu 2 oo 8.

dur. 1. Mogen Ha neTateneH anapaTt CbC CbUIEHEHO Kpuro B , Tornado”.

eomeTpuyHUTE XapakTepUCTUKM HA Mofena ca KakTo cneasa:

- pasnepeHocT | = 1,22 m;

- pedpepeHTHa nnowy S, = 0,199 mz;

- pecbepeHTHa xopaa by = 0,166 m;

- NNOLL, Ha NPEeAHOTO KPUAo Sy, = 0,199 m;

- CTPENoBMAHOCT Ha NPeAHOTO KPUIo no ¥ ot xopaaTa Xnp, = 30,5°;
- CTeCHEeHWe Ha NPeaHOTO KPUNOo Ny, = 2,5;

- V-06pasHOoCT Ha NPeaHOTO KPWUIO Wy, = 5°%;

- BrbJ1 Ha NOCTaBAHe Ha NpegHoTo Kpuno: +7,5°;

- YCYKBaHe Ha npefHoTo Kpuno: -2°;

- nnow, Ha 3agHoTo Kpuno S, = 0,087 m?;

- CTPENOBMOHOCT Ha 3a4HOTO KPUIo Mo ¥ oT xopaaTta X; = -32°;

- CTECHEHMe Ha 3a4HOTO Kpuno n, = 1,67;

- V-06pa3HOCT Ha 3aQHOTO KpUIo Y, = -20°;

- BIbJ1 Ha NOCTaBsAHe Ha 3a4HOTO Kpuo: +3°;

- YCyKBaHe Ha 3agHOTO Kpuso: +2°;

- pasCcTosiHME OT HOCa Ha camMoreTa 4o Bogelms pbb Ha npegHoTo kpuro: 0,666 m;
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- pa3CTtoAaHMe OT HOCa Ha caMorsieTa 4O BoAelnA Pb
- pa3CcTtodaHMne OT HOCa Ha camMorieTa 40 LUeHTbpa Ha

ExcnepumeHTanHu pesyntatu

© Ha 3agHoTO kpuno: 1,540 m;
macute: 0,941 m.
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Oner = Onen = Osar = Oaan = 0°.

dur. 3. 3aBMCMMOCT Ha koedumLMeHTa Ha
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Onar = Onen= 6GET = 633H =0°.

5

: /
= ©
>
8
05 M
L
0-600 /
' T T e T T T T T
.% 2 2 4 6 8 10 12
ﬂysf\ﬁ
anda, rpaa. —e— TopHago 05
—=— NASA anda, rpaa. —e— TopHago
W 3. kpuno —=— NASA
our. 4. 3aBMCMMOCT Ha koedumUMeHTa Ha dur. 5. 3aBMCMMOCT Ha koedmLmMeHTa Ha
HaaNbXHUA MOMEHT OT blbJla Ha ataka npu noaemMHarta cuna oT brbria Ha ataka npun
net = Onan = Osar = Oaan = 0°. net = Onan = 0°, Osar = Oaan = -15°.
r\yQ 2
’
. /
1
0,2 4 05
n’1
\\ 4
T T T o T T T T T T T T e T T T T T
-8 -6 -4 -2 2 4 6 8 1P -B -6 -4 -2 2 4 6 8 10 12
_011 4
f\"? n'l:
—e— TopHago —e— TopHago
anda, rpaa NASA anda, rpaa NASA

our. 6. 3aBMCMMOCT Ha koedmuMeHTa Ha
HaOMbXXHMS MOMEHT OT bIbfla Ha ataka npwu
Oner = Ongn = 0°, 63BT = 63|3H =-15°.
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dur. 7. 3aBMCMMOCT Ha koedumLmMeHTa Ha
nogemMHaTta cuna oT brrbfa Ha ataka npu
Oner = 15°, Bngn = 0°, Bapr = -15°, Bagn = 0°.
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dur. 8. 3aBMCMMOCT Ha koemLMeHTa Ha
HaANbXHUS MOMEHT OT bIbila Ha ataka npu
Oner = 15°, Bngn = 0°, Bapr = -15°, B3y = 0°.

OT HanpaBeHWTe CPaBHEHUSI Ha pe3ynTaTuTe OT YMCIIEeHNsT U (PU3NYECKMST eKCNIEPUMEHT moraT

[a ce HanpaesT crnegHuTe U3Boau:

1. KoeduuueHTa Ha cmnarta Ha YenHo CbNPOTUBMEHME NPECMETHAT ¢ noMoLTa Ha , Tornado” uma no-
MarnKu CTOMHOCTU OT Teau nony4yeHn npun n3nMTaHna B aepognHamMmnyHa pr6a. I'IpquHaTa 3a
TOBa € 3aMsiHaTa Ha TAnoTo Npu moaenupaHe B, Tornado” ¢ nepneHAnKYnspHO pasnonoxeHu
NSI0CKM NNACTUHU N HE OTYUTAHETO Ha CLIMPOTUBINEHUETO OT TPUEHE.

2. ,Tornado” paBa MHOro 6rmu3kuM OO eKCnepuMMEHTanHO MNofy4YeHnTe CTOMHOCT 3a koeduuneHTa Ha
nofleMHa cuna, KaTto pasnukm ce nonydasaTt npu No-rofeMuTe bIMnM Ha ataka, KoeTo ce ObIKU
Ha orpaHMyeHusTa Ha MeToAa Ha ANCKPETHUTE BUXPU.

3. [lpousBogHaTa Ha koedUUMEHTa Ha HaaNbXHUS MOMEHT MO brbfa Ha ataka noryyeHa upes
»Tornado” e cxogHa C Tasn OT eKCrnepuMeHTanHuTe AaHHW. ToBa ce BWKAa MO HaKfoHa Ha
KpUBUTE 3a KoeUUMEHTA Ha HaambXHUsE MOMeHT. CamMumat koeduuMeHT umMa U3BeCTHa
pasnuka C eKcnepuMeHTanHo MofyyYyeHUs, KOATO OTHOBO Ce Ob/MKM Ha MoAenupaHeTo Ha
TANOTO C ABE€ MIOCKU MNJNAaCTUHU, KaKTO M Ha no-ronamMmarta e('beKTI/IBHOCT Ha Kopmunarta
mMogenupaHun c¢ ,Tornado”, OTKONMKOTO Ha cmamyeckns mogen. lpuymHata 3a ToBa € He
OTYMTAHETO Ha TOYHATa reoOMeTPUS Ha KopMunarta nopaam HenbHaTa MHoOpMaLUa 3a TAX.

3akno4yeHue

KaTo usino ot HanpaBeHus aHanNn3 MoXe fa ce 3akroun, vye ,Tornado” gaBa nobpu pesyntatu
3a netateneH anapat CbC ,CbUNeHeHO Kpuno” 3a uenuTe Ha NpeaBapuTEnHOTO nNpoekTupaHe. pu
N3MOM3BaHETO Ha Ta3u nporpama € HeobxoauMOo AONBAHUTENHO Aa Ce NPecMATa CbNPOTUBNEHNETO OT
TPUEHE C M3MON3BaHETO Ha Apyrn meToan. Heobxoammo e ga ce npaBAaT KOpekuun 3a koeduumneHTa
Ha HaOTbXXHUS MOMEHT Cb3aBaH OT TANOTO Ha fieTaTeniHng anapar.

Nurepatypa:

1.S mith S.C and R.K. St o n u m.Experimental Aerodynamic Characteristics of a Joined-
Wing Research Aircraft Configuration, NASA —TM-101083, April 1989

2. www.redhammer.se/tornado/

81



S ENS 2 009
Fifth Scientific Conference with International Participation
SPACE, ECOLOGY, NANOTECHNOLOGY, SAFETY
2—-4 November 2009, Sofia, Bulgaria

MOAEJNIMPAHE HA HAOEXAHOCTTA HA CAMOJIETHA CUCTEMA

KpacuH NeoprueB, Mapraputa AHgoHOBa

TexHuyecku yHusepcumem — Cogpus
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Knro4oeu Aymu: camonemHa cucmema, HadexxdHocm, AornyckaHusi, cuMynayuu

Pe3rome: U3cnedsa ce enusHUemo Ha pa3snuyHu 0oryckaHusi 8bpxy oueHkama Ha HadexOHocmma Ha
camonemHa cucmema. 3a uyenma e npueedeHa Memoduka 3a aHanu3 Ha Halexo0Hocmma u e aHanu3upaHa
npumepHa camonemHa cucmema. CucmemamusupaHu ca 6b3MOXHume JdonyckaHusi. [lokasaHo e, ue
pe3ynmamume om aHanu3ume Moeam 0a ce passuyasam Ha nopsadbyu rnpu pasnuyHu OorycKkaHusi 3a
XapakmepucmuKkume Ha omkasume, pexxumume Ha TO u npuduHume 3a omka3 Ha cucmemama. lNpenopbysa ce
YMmo4HsA8aHemo Ha Kpumu4Hume doryckaHusi 0a cmaHe eOHa om yenume Ha m.Hap. rnpoepama 3a HalexoHocm
Ha camornema.

MODELLING THE RELIABILITY OF AN AIRCRAFT SYSTEM

Krasin Georgiev, Margarita Andonova

Technical University of Sofia - Department of Aeronautics
e-mail: gkrasin@aero.tu-sofia.bg, magi@o.tu-sofia.bg

Keywords: aircraft systems, reliability, modelling assumptions, reliability simulation

Abstract: The effect of different assumptions in reliability modelling is studied. For the purpose, a
methodology for reliability analysis is provided and an exemplary aircraft system is considered (Boeing 737 rudder
control, before design improvements). Possible assumptions are listed and used for calculations of reliability
characteristics. The results show that reliability characteristics have different order of magnitude at different
assumptions for failure and maintenance characteristics and functional failure prerequisites. Setting clarification of
critical assumptions as one of the goals defining aircraft reliability programs is recommended.

BbBeneHue

PesyntatuTte oT aHanuaute Ha HageXaQHOCTTa Ce U3Mon3BaT B NpoLeca Ha NpoekTupaHe, npu
aHanuM3n Ha Oe3onacHoCTTa M pucka Npu cepTudUUMpaHe Ha camoneTuTe u npu cdopmupaHe Ha
M3NCKBaHMATa KbM TexXHMYecKoTo obcnyxsaHe [1, 2]. ToBa onpedens BaKHOCTTA Ha KOPEKTHOTO
U3MbJIHEHWE HA HaAEXOHOCTHWUTE aHanuau. Llen Ha mn3cnegBaHeTO € OueHka Ha BIMSIHAETO Ha
pasnuyHy JOoMNycKaHus Npyv MOAenvpaHe Ha HageXaHocTTa Ha camorneTHa cuctema. Pa3scnegsaHeTo
Ha peavua aBMAUMOHHU MPOU3LIECTBMS MO TEXHUYECKU MPUYMHW € MoKasano, Yye ca HacTbnunu
CbOUTKSA, OLLEHEHN KaTO NPAaKTUYECKN HEBB3MOXHW, NOPaan HEOTYNTAHE Ha HAKOWM DaKTOpH, BrusdeLm
BbpXy HagexaHoCcTTa Ha 3acerHarata cucrema [3, 4]. [Mo3HaBaHETO Ha BUSHMETO Ha Pa3fMYHU
OOMyCKaHWsl BbpPXY OLEHKaTa Ha HageXAHOCTTa Le MNO3BOMM KOHLEHTPUpaHe Ha ycunuaTta npu
npoBeXaaHe Ha U3MUTAHUSA 1 aHanu3 Ha onuTa OT eKcnroaTauusaTa 3a YyTOYHsIBaHE Ha HanpaBeHuTe
AonycKaHus.

3a uniocTpupaHe Ha aHanuMauTe ce M3nonsea peanHa caMorieTHa cuctema - cuctemaTa 3a
nombTHO ynpaeneHne Ha Boeing 737, npeay BbBEXOAHETO HA KOHCTPYKTUBHM popaboTtkn. 3a
WHTEH3NBHOCTUTE Ha OTKa3WTe Ha KOMMOHEHTUTE, M3rpaxgallM cuctemaTa, ce Mona3BaT NpUMEpPHMU
CTOMHOCTYM 32 BUCOKOHAOEXOHN ENTEMEHTMU.

MeToauka 3a aHanu3 Ha HageXaHocTTa

3a aHanus Ha HagexaHoCTTa CbLUEeCTBYBaT MHOXECTBO METOAMN U TEXHUKW, B 3aBUCMMOCT OT
pellaBaHUTe 3ajaynm W pasnonaraemata WHgopmauusa. [pegnoxeHaTa MeToauka MO3BOMsSBA
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M3MON3BaHEeTO Ha MPOCTM M YTBBbPAEHW TEXHUKM MpWU onpedensHe Ha obxBaTa Ha aHanuauTe wu
MoenupaHe Ha cuctemaTta C U3norsBaHe Ha pasnonaraemus ekcrnsioatalumMoHeH onuT.

dopmynupaHeTo Ha obxBaTta Ha aHanM3uMTe ce peanuanpa MNocpPencTBOM OnpeaensHe Ha
dYHKUMOHANHNTE OTKa3W, KOUTO e ce mogenupaT. 3a uenta u3nonseBame rraBHa Jornyecka
anarpama. Npu noctposiBaHe Ha Ta3n guarpama ce 3arno4vBa C HeXenaHo CbOuTME M ce npuBexaaT
Bb3MOXHUTE MPUYMHU Ha PasfMyHU MepapxmyHn HuBa. [NpumepHa rnaBHa norumyecka guarpama 3a
HexenaHo cbbuTne ,,BHE3anHO HeynpaBnsaemMo CTPaHUYHO ABMKEHUE” € AaaeHa Ha dovr. 1.

dur. 1. [naBHa norudecka gvarpama 3a “BHe3anHo HeynpaensieMo CTpaHUYHO ABWKeHue”

OrpaHnyaBame ce o cucTemMaTa 3a MNOMbTHO ynpaeneHnve. Pasrmexpgame cvbutuda c
KatacTpodanHu nocneacTeus - 3acTonopsiBaHe Ha KOpMWoOTO 3a HanpaeneHve (KH) B kpaiHo
nonoxeHune (6rokupaHe NN CaMmoBOJTHO OTKITOHEHHME).

Cnep kato ca onpegenenn yHKUMOHANHUTE OTKasu, KoUTOo We O6baaT obeKkT Ha aHanus,
cnedBa fa ce HaMepsT NPUYUHUTE Ha U3MYECKO HUBO, KOMTO MoraT ga M npeausBukart.
OOGKMKHOBEHO TOBa ca KOMOMHaLMK OT pasnuUYyHU BUAOBE OTKa3M, 3a M3creaBaHeTo Ha KOMTO ce CTposT
ObpBo Ha oTkasuTe (Fault Tree) unu 6nokosa anarpama (Reliability Block Diagram).

3a ngeHTMdULMpaHe Ha BUOOBETE OTKa3n ce 13nonsea cuctemaTuyHa npoueaypa, Hanpumep
aHanus3 Ha Buaa u edpekta ot otkasute (FMEA), nscnegeaHe Ha onacHoOCTUTE U paboTocnocobHOCTTa
(HAZOP). MNpwn TOBa ce u3nonasaT aHanu3n Ha NPoOU3BOaAUTENSs, Pe3ynTaT OT U3NUTaHWs, ONUTBLT OT
npobneMu Mpu ekcnnoaTtaumsi U Bb3HWKHANM WMHUMAEHTWU. 3a pasrnexpaHata cuctema nogobHu
aHanusu ca npaseHu B [5, 6].

OCHOBHM AonyCKaHuda npun aHanusnTe

3a vntocTpupaHe Ha BNUSHMETO Ha MPUETUTE OOMNyCKaHUA BbpXy MOAena Ha cuctemaTta
n3non3eame cuctemata 3a MONbTHO YyrpaeneHne Ha Boeing 737 npean BbBEXOAHETO Ha
KOHCTPYKTMBHU AopaboTkn. Cuctemarta BKMtOYBa MEXaHU3bM Ha nejanute, BbXeTa, KOMMOHEHTU B
onawikaTa, XugpaBnu4yHO 3afBWKBaHE M ynpaeBnsaBalla nnockocT (KOpMUro 3a HarnpasneHune - KH).
XnapaBnnyHOTO 3aBMXKBaHe Ce CbCTOM OT [BE OCHOBHM W efHa pe3epBHa XUOPaBMNUYHM CUCTEMM,
OByKamepeH OCHOBEH W pes3epBeH CUMOBU UUNUHOPW, 3adBWXKBALUM BPb3KW, YhNpaBnsBalim
cepBoOKNnanaHu, Kato 3a OCHOBHaTa cCUCTEMa CepBOKMNanaHbT € C pe3epBupaHe (noaswkHa runsa u
Wwnobp) [5]. MexaHNYHNTE enemMeHTn OT cucTemMarta MoraT [a Ce pasefuHAT, paspyLllaTt Uy 3aknuHAT.
Ynpaensigawlata Tsara UnvM efieMeHTUTE Ha cepBoknanaHa (runs3a v wubbp) morat ga bnokupart, c
KOeTO MpeamM3BMKBAT CAaMOBOJSTHO OTKITOHEHME Ha KOPMUIOTO M GroknpaHe Ha ynpaBneHueto. Moxe
Oa uma 3aryba Ha xugpaBnuyHa eHeprus. [Npu GnokMpaHe Ha nogBwXHaTa rMn3a Ha cepBoOkKanaHa u
NPeKOMEpPHO NpeMecTBaHe Ha Wnbbpa MOXe Aa ce HabnogaBa peBepc Ha KOPMUIOTO (CamMOBOJSIHO
OTKITOHEHME B NOCOKa, 0OpaTHa Ha 3afjageHarTa, U 3acTornopsiBaHe).

¢ Bnusnue Ha nsbopa Ha yHKUMOHAMNHM OTKa3n

DyHKLUMOHANHNTE OTKa3u, KOMTO LLe Ce aHanuaupar, BNUAST OAMPEKTHO BbPXY CTPyKTypaTa Ha
mModena Ha cuctemata. [lpomeHsi ce cTteneHTa Ha pesepBupaHe. Ha dur. 2 n Ha dur. 3 e nokasaHa
6GrnokoBa guarpama Ha pasrnexgaHaTta cuctema npu gea yHKUMOHaNHM oTkasa — ,HeBb3MOXHOCT 3a
oTknoHaBaHe Ha KH” u ,3actonopsieaHe Ha KH B KpanHO nonoxeHwe”, Kato BTOPUAT OTKa3 uma no-
TEXKW NOCneacTBus.
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runza

dur. 3. Mogen npu "3actonopsasaHe Ha KH B kpaltHO nonoxeHue"

AKO 3a BCMYKM KOMMOHEHTU OT cCMCTeMaTta ce MpuUeMe WUHTEH3MBHOCT Ha OTKasuTe Ai:1.10‘9,
ToraBa ce nosny4asa Agu. :=4.10°°, Ay, 5=6.10° 3a Bpeme T = 30000 h, T.e. 3@ NO-KPUTUYHNA OTKA3
MMame no-ronisiMa MHTEH3NBHOCT Ha OTKasuTe.

¢ BnwnsHue Ha xapakTepUCTUKMTE Ha OTKa3UTE U PEXUMUTE Ha TEXHUYECKO OOCnyXBaHe

(TO)

3a npocToTa pasrnexgame cuMctema OT ABa NapanenHo CBbp3aHu enieMeHTa. B npumepHaTa
cucTema TOBa € CEepBOKIanaHbT 3a yrpaBlieHMe Ha OCHOBHUS CUIOB UMNUHABLP. KnanaHbT ce cbeTom
OT KOpryc, B KOMTO Ca pa3nofoXeHn NogswkHa runsa un wnbsp (cwur. 4).

LLnbwp

MNopBwkHa
rmnsa

our. 4. bnokosa anarpama v npuHumnHa cxema Ha cepBoOKrianaH

NHmeH3ueHOCM Ha omka3ume - NOCTOSAHHA UMW NPOMEHNMBA BbB BPEMETO

Brivse BbpXy CROXHOCTTa M BpemMeTo 3a MpecMmsATaHuaTa, BbPXy Bb3MOXHOCTTA 3a
N3Mnon3BaHe Ha aHanNUTUYHN NPECMATaHMS UNKU cMMynauuu.

Omkpueaemocm Ha omkasume

fBHMTE OTKasn ce OTCTpaHsBaT BeAHara cneq npukniovsaHe Ha noneta. CKpUTUTE OTKasu
JencTBaT OO0 Bb3HMKBAHE Ha OTKa3 Ha cuctemaTta wnv Jo npoBexpaHe Ha TO cbC cbOTBETHA
AbnboyvHa. KateropmsmMpaHeTo Ha OTKA3UTE KaTO CKPUTU UNN SIBHU YECTO M3UCKBA 3a4bnboyeHo
no3HaBaHe Ha cucTemarta UM eKCnepUMEHTH, C KaKBUTO He ce pa3nonara. YecTo kateropusaumsaTa e
3aTpygHeHa.

Pasrnexxgame Tpy BapmaHTa: CKpUT OTKa3 M Ha [BaTa KOMMOHEHTa, CaMO Ha eOuHuUS 1 OBa
SIBHM OTKa3a.

Pexxumu Ha mexHu4ecko obcnyxeaHe (TO)

Mpn ckputnTe OTKa3n nepuoguyHoctTTa Ha TO onpedens BEpPOSITHOCTTA 3@ MHOXECTBEH
oTkas. [Npu saBHMTE 0TKa3m TO onpeaens BepOATHOCTTa 3a OTKa3 U 3aBUCUMOCTTA 1 OT BPEMETO.

Pasrnexpgame Tpu BapmaHTa: 6e3 kopurmpawo TO, ¢ kopurmpawo TO npu gBeH oOTka3 u
neprvoauYHU NPOBEPKN 3a CKPUT oTka3 ¢ kopurmpatto TO npu HeobxoanmocT. AKO 3a U3BBbPLUBaHE Ha
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npecMdaTaHnAaTa ce u3non3ea cuMmynauud, Moxe na ce ot4yeTe LAOMbJIHUTENMTHO Hallmdneto wunm
nimncarta Ha KopurmpaHe Ha CKpUT OTKa3 npu (byHKLI,VIOHaJ'IeH OTKa3 Ha cuctemarta.

MexaHu3bM Ha omKasume

B mogena moraT fa 6baaT OTYETEHUN PA3NNYHU SBMEHUS, AEUCTBUTENHUAT €DEKT OT KOUTO He
€ W3BEeCTeH - Bb3AEWCTBME HA CWIIHO CMYLLEHME B CTPAHWYHOTO [BWXKEHWe, TemnepaTypHO
Bb3AeNCTBUE BbpPXY WKBbpa Npu psska NpoMsiHa Ha BMCOYMHATA UK NperpsisaHe B XuapaBrvyHaTa
cuctema 1 T.H. Mpyu ToBa ce NPOMEHs CTPyKTypata Ha Modena W BMOOBETe OTKasu, KOUTO o
narpaxaaT. Moxe fa Bb3HUKHE OTKa3 no oblua npuyMHa unv ga uma onpeaerieHa nocrneaoBaTenHocT
OT CbOUTUSA 33 Bb3HMKBAHE Ha OTKa3.

Pasrnexgave gBa BapuaHTa: He3aBUCMMO GriokMpaHe Ha nodBWXHaTa runsa u GrokupaHe Ha
LUMGBbpa C eKCNoHeHUMarnHo pasnpeferneHne ¢ UHTEH3UMBHOCT A; GrnokMpaHe Ha nogBukHaTa runsa c
MHTEH3MBHOCT A 1 NocredBallo npeHaTaraHe Ha WGbpa ¢ NocTosiHHa BEPOSTHOCT P.

YucneH €KCNepumMeHT U pe3yntatm

MscnegBa ce BRMSHWETO Ha pasrnejaHute  JonyckaHums. Pasrmexgame  pasnuyHu
KOMOWHaUMM Ha CKpUTM U SABHM OTKa3n ¢ u 6e3 nepuoguyHo obcnyxkeaHe npu OBa pPasnuyHu
MexaHu3Ma 3a Bb3HWKBaHe Ha (pyHKumoHaneH otkas. MexaHusbm A — ABa HesaBMCUMK OTKasa C
eKCMoHeHumanHo pasnpegeneHve (6nokupana noaBwkHa runsa u Gnokupan wnbbp) (tabn. 1).
MexaHn3bM B — cnep oTkas Ha eQuHUSA KOMMOHEHT CbC 3adafeHo pasnpegeneHue (bnokvpaHe Ha
runsata) e Bb3MOXEH OTKa3 Ha BTOpPMA KOMMOHEHT CbC 3ajageHa ¢UKCcMpaHa BepoSTHOCT
(NpeHaTsaraHe Ha wubbpa) (Tadn. 2). MNpu mexaHm3bm b pasrnexgame criydyam Ha eKCnOoHEeHUMarHo
pasnpegeneHue n pasnpenenexHve Ha Benbyn (cboTBeTHO Tabn. 2a u Tabn. 26).

Mpu npecmaTaHnaTa ca N3Non3BaHy cnegHUTe napameTpu:

A=1e-5 1/h, HTEH3MBHOCT Ha OTKa3NTe NPU eKCNOHEHLMAIHO pa3npeaeneHmne

n=1e+5, B=3; 1,5, napameTpun, N3Non3BaHu Npu pasnpeneneHme Ha Benbyn

p=1 1/h, WHTEH3MBHOCT Ha BbL3CTaHOBSIBAHE NPW S$BHM OTKasuM (OTYMTa BpemeTo 3a
3aBbplLUBaHe Ha noneta)

7=3000 h, neproAMYHOCT Ha NPOBEPKUTE MPU CKPUTN OTKa3n U NEPUOANYHU NPOBEPKU

Prpenar.=1€-2, UKCUpaHa BEpOATHOCT 3a OTKa3 (nNpeHaTsiraHe) Ha eauHUA KOMMOHEHT
(wnbbpa) Npn mexaHn3bM b 3a oTkas

T=30000 h, BpeMe Ha paboTa (>kMBOT) Ha cucTemara

lMpecmsATaHMATa ca M3MbIHEHW C W3MNOM3BaHe Ha cneuuanusmpaH codTyep, MO3BOMSBaLL
aHanuTUYHN NPecMATaHns 3a HeBb3CTaHOBAEMU usgenus [7, 8], cumynauum 3a Bb3cTaHOBAEMU [7] 1
HSIKOM aHanUTUYHW NpecMsATaHus Npu Bb3CcTaHoBAeMU nsgenus [8]. PopmynuTe 3a usyncneHnsTa ca
pageHn B [7, 8]. Pesyntatnte oT npoBedeHn cumyrnaumm ca otbensisaHu ¢ ~. M3nonssaHeTo Ha
aHanUTUYHN NpecMATaHWA NpPU NPaKTUY4ECKN HEBEPOSTHU CbOWUTUS € € ronsMo NpeavMcTBO CMPSMO
NpoBeX4aHeTo Ha cumynauumn.

Tabnuua 1. brioknpaHe Ha NoABMXKHA rMn3a n 6nokmpaHe Ha WNobp ¢ MHTEH3UBHOCTU Ai=1e-5 1/h

HerotoBHOCT ABHK Ckputn fBeH u ckpuT
BeposiTHOCT 3a oTka3 oTKasm oTKasmn oTKas
MHTEeH3MBHOCT Ha OTKa3uTe
Bbes TO le-10 6,7e-2 2,6e-6
6,0e-6 6,7e-2 4,0e-2
2e-10 4,1e-6 2,6e-6
MeprnognyHa nposepka 2,2e-4 1,5e-7
8,7e-3 4,4e-3
2,9e-7 1,5e-7

Tabnuua 2. BrniokvMpaHe Ha NOABWXHA MAnN3a U NpeHaTsaraHe Ha WUGbP C BEPOATHOCT Prpenar=1€-2. 3a runsarta:

a) EkcnoHeHuunanHo pasnpegenenue, A=1e-5 1/h 0) PasnpegeneHve Ha Beibyn, n=1e+5 h

HerotoBHoCT ABHK Ckputun HerotoBHocT ABHN Ckputn | Ckputn
BeposaTHoCT 3a oTka3 oTKa3n | oTkasum BepodATHocT 3a oTka3 oTKasn OoTKasn | OoTkasu
VIHTEH3MBHOCT Ha OTKasuTe VIHTEH3MBHOCT Ha oTkasunte | =3 =3 B=1,5
Be3s TO le-7 2,6e-3 Bes TO ~4,3e-8 2,7e-4 1,5e-3
3,0e-3 2,6e-3 ~2,7e-4 2,7e-4 | 1,5e-3
le-7 7,4e-8 ~2,4e-8 2,6e-8 | 7,0e-8
MepuoguyHa nposepka 1,5e-4 MepuroguyHa nposepka 7,3e-5 | 2,4e-4
3,0e-3 2,7e-4 | 1,6e-3
9,9e-8 2,7e-8 | 8,0e-8
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Pesyntatute ca npegcraBeHu rpadpuyHo Ha cwur. 5.

[x] o
21.00E+00 1.00E+00 ¥
° 1.00E-01 @
@ 1.00E-01 1 1.00E-02 6
S 1.00E-02 | 1.00E-03 E
E 1.00E-04 9
8 1.00E-03 1.00E-05 %
@ 1.00E-06 3§
1.00E-04 1.00E-07 E
1.00E-05 1 1.00E-08 3
1.00E-09
1.00E-06 ABEH  |CKPUT  |CKPUT |KOMG  [KOMG  |ABEH  |CKPUT  [CKPUT |SBEH  |CKPUT  |CKPUT  |CKPUT  [CKpUT 1.00E-10
6e3TO|6e3TO| ¢cTO |[6e3TO| cTO |6e3TO|6e3aTO| cTO |6e3TO [6e3TO| ¢ TO |6e3sTO | ¢ TO
Mex. A | Mex. A | Mex. A| Mex. A| Mex. A | Mex. B | Mex. b | Mex. b | Mex. b | Mex. B | Mex. b | Mex. b | Mex. b
Exp. Exp. Exp. Exp. Exp. Exp. Exp. Exp. | beta=3 | beta=3 | beta=3 |beta=1,5 beta=1,5
PABeposiTHOCT 3a OTKa3 6.00E-06(6.70E-02|8.70E-034.00E-02/4.40E-03|3.00E-032.60E-03/3.00E-032.70E-04(2.70E-042. 70E-04{1.50E-03|1.60E-03|
E M HTeH3nB HOCT Ha oTkaauTe |2.00E-104.10E-06|2.90E-07/2.60E-061.50E-07|1.00E-07|7.40E-08/9.90E-082.40E-08|2. 60E-082.70E-087.00E-08|8.00E-08

dur. 5. BeposiTHOCT 3a 0TKa3 U MHTEH3VBHOCT Ha OTKa3nTe NpW pPasfUYHN XapakTePUCTMKM Ha OTKasnuTe 1
pexumn Ha TO

3akntoyeHune

OnNMTLT OT M3CredBaHEeTO Ha peanHa camorieTHa cucTeMa MOo3BOMsiBa Aa Ce HanpassaT
M3BoON 3a BMMSIHMETO Ha pPasnuMYHU OOMyCcKaHWs BbpXy pesyntatuTe OT MpecMaATaHus Ha
XapaKTepUCTMKUTE Ha HadeXOHOoCTTa:

- To4yHOTO AedMHMpaHe Ha aHanuavpaHUTe (YHKUMOHAMHU OTKa3uW € OT MbpPBOCTENEHHO

3HayeHue, 3alll0TO BNUsie BbPXY CTPYKTypaTa Ha MoZena.

- PesynTatuTe OT aHanuaWTe MoraT [a Ce pasnuyaBaT Ha MOpPSAbUM MpU PasfvyHu

[AOMYCKaHNA 3a XapakTepUCTMKUTE Ha OTKasuTe, pexumnTte Ha TO 1 NpuyunHUTE 3a OTKas
Ha cuctemata

CnepoeaTenHo npu MofyyaBaHe Ha BUCOKA BEPOATHOCT 3a OTKa3 Mpu onpefeneHu
JoMnyckaHnsa e HeoBGXoAMMO [fOa ce HanpaBaT AOMbMAHWTENHW aHanuMau WUNu ekcriepuMeHTy 3a
OTXBbPMAHETO WM UMM 33 YCTaHOBSABAHE Ha KOHCTPYKTMBEH npobrnem. [pu HEBB3MOXHOCT 3a
obocHoBKa Ha M3bopa Ha onpefeneHy OOMNyckaHWs MOXe [a Ce HanpaBu BEepOosTHOCTHA OLeHKka Ha
pasnuMYHUTE BapuaHTK 1 OOMNyCcKaHUATA [la ce YTOYHAT B NpoLieca Ha ekcnroaTtauus ¢ HaTpyneaHe Ha
AaHHW.

YTOYHSIBAHETO Ha KPUTMYHWUTE [OOMNYCKAHUS MOXe [a CTaHe edHa OT LEnuTe Ha T.Hap.
nporpamMa 3a HaaeXOHOCT Ha caMoneTa.

HayyHuTe nscnegBaHus, pesyntatute oT KOMTO ca NpeAcTaBeHn B HacTodwaTa nybnukayus,
ca dmHaHcupanu no gorosop Ne091Hn022-04 oT BbTpeLHus koHkypc 3a HU B TY, Codms, 3a 2009 .
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Ab6cmpakm: PasenedaHu ca Hal-WUpOKO pasnpocmpaHeHume Memoou 3a HeUHB8A3UBHO U3MEpPBaHe Ha
apmepuasniHomo KpbeHO HansieaHe. [lpednoxeH e HO8 HeuHea3useH MemoO 3a u3MepeaHe Ha apmepuasHo
KpBbBHO HarisieaHe npu eceku ydap Ha cbpuemo, ba3upaly ce Ha 3aKbCHEHUemO Ha fysricoeama 6bJiHa CrpsiMo
EKT, usmepeHo & nepughepHa moyka Ha 4o8eUWKOMmMo msiio.

NON-INVASIVE METHOD FOR BLOOD PRESSURE MEASUREMENT
WITH EACH HEART CYCLE

Stoyan Tanev', Plamen Trendafilov', Petar Genov', Ludmila Taneva®

lSpace Research Institute — Bulgarian Academy of Sciences
*Technical University — Sofia
e-mail: spsbyte@space.bas.bg; lusy_t@yahoo.com

Keywords: Arterial blood pressure, pulse wave, electrocardiogram (ECG)

Abstract: The most commonly used methods for non-invasive blood pressure measurements are
explained with their advantages and disadvantages. The new method is based on measurement of the
propagation time between the QRS complex of the ECG and the pulse wave in a peripheral point of the human
body.

BbBegeHue

ApTepuanHoTo KpbBHO HansraHe € eAwH OT HaW-BaXXHUTe BUTarHW napameTpu Ha XusuTe
TOMSTOKPBBHU OpPraHU3Mn, KOUTO € CBbp3aH MPSKO C TAXHOTO CblUecTByBaHe. ToBa BaXu B MbiHa
CTerneH n 3a 4yoBeka. ApTepuanHoTo KpbBHO HansraHe (AKH) e HamsraHeTo, KOeTO Oka3Ba KpbBTa
BbpPXy CTEeHUTe Ha apTepuuTe. PasnunyaBaT ce OBa Tuna HamsraHe - CUCTONMMYHO (HansdraHeTo B
nepuoga Ha CUCTONa — CbKpallaBaHe Ha KaMepuTe Ha CbpAeYHUA MYyCKyn) U OUacTOSNIMYHO
(HansiraHeTO NO Bpeme Ha AmacTona — Nepuog Ha penakcauua Ha CbpAeYHUS MYCKYN - MNOCTOSIHHO
HanaraHe B cucTemara). HopmanHuTe CTOMHOCTM ca: 3a CUCTONMMYHOTO — Ao 140 mmHg, 3a
AunacrtonuyHoTto — Ao 90 mmHg.

Haii-uecto m3nonsBaHWAT B MeguUMHCKaTa npakTuka meTton 3a mamepBaHe Ha AKH e
mMeToabT Ha KopoTkoB, 6a3upaly ce Ha perncrpyMpaHe Ha LWyMoBeTe, NOpoaeHN OT TypboneHTHoCTTa
Ha KpbBTa Npu npuTUcKaHe M OoTrNyckaHe Ha KPbBOHOCEH Cb[ C NMoOMoLTa Ha TypHuKeT. Opyr meTtop,
NpPOM3BOAEH Ha onucaHus no-rope, € ocuunometTpudHma metog (OM), KOWTO M3MepBa KpvBaTta Ha
nynca npu npeycTtaHoBEH KPbBEH MOTOK M HaNMM4yne Ha TYpHUKET M BaBHO OTMycKaHe 4O MOMEHTa Ha
Bb3CTaHOBSABaHE Ha HOpPMarHuUs KPbBEH MOTOK Mpe3 KPbBOHOCHWUA CbAd. MHOro 4ecto B KnMHMYHaTa
npakTnka ce Hanara 24-4yacoBo MoHuTopumpaHe Ha AKH ¢ uen aHanu3 Ha npomsiHata Ha AKH B
nepvoga Ha 24-4acoBusi hU3NONOrMYEH LUKbI B HOpMarnHaTta cpefa 3a CbLUeCTBYBaHe Ha MHAMBMAA.
3a Ta3u uen Ham-4ecTo M3MNON3BaHMA METOA € OCUMIIOMETPUYHUAT, 3a peannsvpaHeTo Ha KOWTOo, €
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HeobxogyMa nomna, TYPHUKET (MaHLIOH) 1 AaT4uK 3a pernctpupaHe Ha HansraHeTo. [NepuoanyHoTo
NpUTUCKaHe Ha KPbBOHOCHMTE CbOOBE CTpecupa nauueHTa MoASIOKEH Ha ToBa M3cliedBaHe.
Bb3MOXHO € [a ce MOSIBAT U HEeTWUMWYHU CTOMHOCTM TMOPOAEHM OT peakuusita Ha BerutaTMBHaTa
HepBHa cUcTeMa B CNEACTBME Ha CTpeca Mpu HanoOMMBaHETO Ha MaHLUOHA W YCeLlaHeTo 3a HaTUCK.
Ipyr HegocTaTbk € HEeBb3MOXHOCTTa a Ce U3MepBa HenpeKkbCHaTo NMopaau BPeMEBW OrpaHUYeHUs
CBbP3aHN CbC cCamua MeToq Ha U3MepBaHe.

Teopus Ha meTOoAa

PasrnexgaHnaT HOB MEeTOA4 M3non3Ba OnucaHuTe Mo-rope ABa metoda, HO ce Gasupa Ha
CbBbBPLUIEHO APYr MPVHUUMN M MO3BOMsiBa OTHOCUTENHO MPOCTO M OOCTOBEPHO, HenpekbcHaTo (Ha
BCEKM yAap Ha CbpLeTo) M3mepBaHe 3a HeorpaHudeH nepuog ot Bpeme. B ocHoBaTa Ha meToga e
N3MepBaHETO Ha BpPeMETO 3a pasnpoCTpaHeHMe Ha BbfHa B 3aTBOpPEHA XuAapaBfuMyHa cUCTEMA,
KakBaToO € YOBellkaTa KpbBOHOCHaA cuctema. 3a peanuanpaHe Ha u3MepBaHeTo, € Heobxoanmo
pernctpupaHe Ha HadanHusi MOMEHT Ha reHepupaHe Ha BbfHaTa U HENWHOTO perucTpupaHe B
oTpaneyeHa Tovka Ha cuctemaTta (0OGMKHOBEHO B KpalHULMTE, pbka, Kpak, UIn YX0), KOeTO NO3BOSsBa
n3MmepBaHe Ha BPeEMETO i 3a pasnpocTpaHeHune. briokoBaTa cxema Ha TakoBa YyCTPOMCTBO € MokasaHa
Ha cpur.1

s VIIII‘__/'\_
— B
KaHal
— T ’
Yk svson
=7 A [TyncoBa BLIHA l
» 1 xanan |

dur.1. - brniokoBa cxema 3a BpemeBo namepsaHe Ha AKH

Kato Hayano 3a m3mepBaHe Ha BpPeEMEBUS MHTEpBan 3a pasnpocTpaHeHuve Ha [lyncosaTa
BbnHa (MB) ce B3ema peructpupanusa R-3bben Ha EKI, koWTo cboTBETCTBA Ha MbIAHOTO
CbKpalllaBaHe Ha KamepuTe Ha CbpLeTo. 3a Kpan Ha nHTepBana 3a pasnpoctpaHeHue “T,” ce B3ema
MakcumanHaTta CTOMHOCT Ha [1B peructpupaHa B oTAanedeHaTa Touka Ha uamepBaHe. OcobeHo
BaXKHO e Ja ce oTbenexu, Ye B MOMEHTa Ha oTyMTaHe Ha T, ce npoBexaa napanenHo u3aMepeaHe ¢
anTepHaTUBEH MeTod, HanpuMep “OCLMITOMETPUYEH", KOWTO OTYMTA CUCTONMYHO HamnsiraHe Mo Bpeme
Ha n3MepBaHeTo. 10 TO3N HauMH, U3MEPEHUAT MHTEPBAI Ce NMPMBBbP3Ba KbM CbOTBETHOTO HansiraHe.
M3BecTHa e 3aBucmumocTTa (1)

1) P=aT +b

KbaeTo P e nsmepeHoTo HanaraHe, T, — BpeMe 3a pasnpocTpaHeHWe Ha nyncosaTta BbfHa, a u b —
nepcoHanHn koeduuneHTn Ha nHanemaa [2].

3a gageH nHameug Npy U3BECTHU KoedunumneHTn a n b necHo Moxe ga 6bae onpeaeneHo HansraHeTo
P cnep namepsaHe Ha T,. 1o ronamo cToiHocT Ha T, OTroBapsi Ha MO-HWUCKO HanaraHe n obpaTHoO -
Nno-kpaTko BPEME Ha pas3npocTpaHeHMe CcbOoTBeTCcTBa Ha no-Bucoko AKH. OnpegensHeTo Ha
KoedmumeHTUTE a n b ctaBa necHo cnepn kato ce npoeenaTt ABe usamepsaHus Ha AKH B cbCTosiHME Ha
MOKOW W Cref HaToBapBaHe 1 ce peLun cuctemara ypasHeHus (2)

P=aT,+b

2)
P,=aT,+b
OnpepensiHeTo Ha KoeduumeHTUTE a M b No3BosNsiBa ONPefensHeTo Ha CUCTONIMYHOTO KPbBHO
HansraHe oT paBeHCTBO (1) 3a BCEKM CbpAEYEH LIMKBI Ha M3cneaBaHus MHOUBUA.
3a onpegensiHe Ha OWACTONMYHOTO KPBbBHO HarnsiraHe W3nosfi3BaMe M3BECTHUS 3aKOH Ha
Myasenn (3) 3a onpegensiHe Ha obema TEYHOCT, MpemMuHaBal, npe3 Tpbba C JageHo cevyeHue un
ckopocT (cur.2)
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dur. 2. - OnpenenﬂHe Ha obemMa Te4HoCT npeMuHaBaly rnpes Tp1=6a C f0afeHO ceYvyeHne n CKopocT

(Psys — Pdia) R*
2nL '

(3) Q;ﬁm=

KbaeTo R e BbTpeluHusa paamyc Ha cbaa, L — AbMmKuMHaTta Ha cbAa, 7] - BUCKO3UTET Ha KpbBTa U Q e
0beMHus pa3xopn unm noTok [3].

Ot pgpyra cTtpaHa, 3a notoka Q, kaTo @yHKUMA Ha CKOpOCTTa UM brbfla ChNpAMO
nepneHankynsipa Ha Ce4eHNETO Ha cbAa, MOXeEM Aa 3anvem 3asucumocTtTa (4):

(4) Q = Av.cos(0)

KbaeTo A e cevyeHMeTo Ha cbaa, Ve CKOPOCTTa Ha KPpbBHUA MOTOK U 6 brobna saknioyeH Mexay

nepneHOMKynsapa KbM CEYEHMETO U rocokata Ha KpbBHUA MoTok. Mpuemame 6 = 0 rpaayca, npu
koeTo (4) npugobusa suga (5):

(5) Q=Av
Ot gpyra cTpaHa
.S

(6) £

KbOETO S e MbTs KONTO N3MMHABA BbIHATa T.€. AbJIKMHATA Ha CbAa, a t € BpeMeTo 3a KOeTo BbHaTa
ce nosiBsiBa B TOYKaTa Ha U3MepBaHe.
3amecTtBame B (5) V c (6) n nony4yaBame:

S L
—AZ=A—
@ Q . T

P
Ot (3) un (5) nonyyaBame 3aBucumoctTa (8):

L _ z(Psys—Pdia) R
T 2nL '

p

® A

3a Pdiaor (8) nonyyasame:

) L
Pdia = Psys— A——27L
9) y RAT n

p
Ako M3MepBaHETO Ce U3BbpLIBa Ha eaunH nHamBug N To4Kkata Ha naMmepBaHe He Cce NMpPOMEHA,

L

TO TOraea A R4 277'— HE Ce MNpOoMeHA B XO4a Ha naMepBaHuUdATa U npeactaBidBa ANMacToJIM4EeH
T

L

KOE(bVILI,VIeHT Ha nHamnsmnaa Kdia =A 4 277'— , KOUTO MOXe Aa ce HamMepu OT 3aBUCUMMOCTTa
T
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(10) Ky, = (Psys—Pdia)T,

CTtonHocTTa Ha N3MEPEeHOTO ANAaCTOJIMYHO HanAaraHe Pdiam Cce ns4vyumcnsasa no cbopmyna .

a1 Pdian = (Psys —}flf’i)
P

N3umcneHute CTOMHOCTM 3@ CUCTONMUYHOTO W AMACTONIMYHO HansraHe moraT da GbaaT
rnokasaHu Ha rpacuka B pearniHo BpeMe WM 3anvMcBaHU Ha HOCWUTEN Ha MHAOpMauusi, crnep KoeTo
BBbPXY TAX MoraT ga 6baat npunaraHy pasnuyHn 4OMbIHUTENHU BTOPUYHN 06paboTKu.

Cbs3paBaHeTo Ha npubop, paboTtew, Mo onucaHus MO-rope BPEMEBUM MeTOon, W3MCKBa
pa3paboTBaHe Ha KOHTPOSiHa CTaHUMs 3a eAHOKPaTHO OnpefensiHe Ha NepcoHanHuTe KoeuuneHTH
Ha u3cneaBaHust MHOUBMA MO onpefeneHa metoamka. KoHTponHaTa cTaHuMs npeacTaBnsisa BpeMesu
pernctpatop Ha AKH, pabotell CbBMECTHO C anTepHaTuBeH peructpatop Ha AKH, paboTtew no

oCLMIIOMEeTPUYEH MeTOA, KOSITO onpeaens CTOMHOCTUTE Ha KoeduumeHTute a, b n K, . BriokosaTta
CXEeMa Ha KOHTpONHaTa CTaHuus e nokasaHa Ha dur.3.

®ur. 3. — briokoBa cxema Ha KOHTPOSIHa CTaHUmMs

CurHanute ot EKI 1 nyncosata BbfHa NOCTbNBaT Ha BXOAOBETE Ha aHaroroBo LMEPOBUS
npeobpa3syBaTen Ha MUKPOKOHTPOrEpa, KOUTO N3MepBa BpEMETO Ha 3akbCHeHMe Ha 1B B ToykaTa Ha
namepsaHe cnpssimo R-3bbeua Ha EKI. EgHoBpemeHHO ¢ ToBa, ce cTapTupa uamepBaHe Ha AKH no
ocuurnomMeTpuyeH meToa 1 Ha 6asata Ha NonyYeHnTe CTOMHOCTU 3a Psys U Pga No chopmynu (1.2) un
(1.11) ce wmsuncngBaT nepcoHanHUTE KoegUUMEHTU, KOMTO ce 3apexaaT B npubopa 3a BpeMeBO
namepBaHe Ha AKH.

3aknouyeHue

B 3aknoueHne mMoxeM Oa oTbenexum 4ye pasrrnefgaHus MeTod Mma crieHWUTE CblLEeCTBEHU
npeavmcTea:
- Ocurypsia HenpekbcHaTo n3aMepBaHe Ha AKH 3a Bceku yaap Ha cbpueTo.
- He cTpecupa nauueHTa no BpeMe Ha M3MepBaHeTo.
- JlecHo moxe pa 6bae CbBMECTEH C MyJic-OKCMMETbP, KOETO MO3BOJisiBA €4HOBPEMEHHO
MOHUTOpPUPaHe Ha HacKLLaHeTO Ha KpbBTa C KUCIOPOA.
- W3knouutenHo noneseH B cnydYaWTe 3a AbArOBPEMEHHO MOHUTOpPUPaHe Ha nauueHTn B
nocronepaTnBeH nepuoa.
- MpUNOoXMM B EKCTPEMHW YCMOBUSA, KAaTO NOMeTU, BOEHHWU AEACTBUS U NOABOAHMW AEMHOCTU.

Jlutepatypa:
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propagation and reflection at a bifurcation site.

2. US patent 5876348 Blood pressure monitoring apparatus, Yoshihiro Sugo, Takeshi Sohma, Hiromitsu Kasuya,
Rie Tanaka, Tokyo, Japan

3. Douglas C. Giancoli General physics. Prentis hall Inc. 1984
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OTHOCHO U3MNON3BAHETO HA TYPBUHEH TEHEPATOP
3A 3AXPAHBAHE HA HAKOU CUCTEMMU 3A BJITU3KA PAOUOJIOKALINA

Metbp NeHoB, CtosH TaHeB, NnameH TpeHaadunos

UHemumym 3a kocmuyecku uscnedeaHusi - bbneapcka akademus Ha Haykume
e-mail: spshyte@space.bas.bg

Knrovyoeu oymu: TypbuHeH seHepamop, 6ru3ka paduonokayusi

A6cmpakm: PasznedaHu ca pexumume Ha paboma Ha mypbuHeH eeHepamop Mo epeme Ha fonem,
ocuaypsieauy 3axpaHeaHe Ha cucmema 3a 6iuska paduosokauusi U 8eb3MoxHocmume d0a 6b0e u3rosi3eaH Kamo
damyuk 3a ornpedesisiHe Ha cCKoOpocmma U mpaeKkmopusima Ha 08uXeHue.

ON THE USE OF TURBINE POWER-SUPPLY GENERATOR
FOR A CLASS OF PROXIMITY RADIOLOCATION SYSTEMS

Petar Genov, Stoyan Tanev, Plamen Trendafilov

Space Research Institute - Bulgarian Academy of Sciences
e-mail: spshyte@space.bas.bg

Keywords: proximity radiolocation, turbine generator

Abstract: The paper describes the flight regimes of a turbine power-supply generator for proximity
radiolocation systems. The advantages of the generator when as a sensor to determine the speed and stages of
flight trajectory are considered.

Cuctemute 3a 6nmska paguonokauus /CBPJI/ Hamupat LWMpOKO NpUoXeHne 3a OTKpUBaHe
Ha OnuskoposnonoxeHn o6ekTn /uenu/.OnpepeneH knac TakMBa cucTtemm paboTu Ha Gopaa Ha
HOCUTEN, KOWTO Ce ABWXM B aTMocdepaTta no 6annuctnyHa TpaekTopusl, kato Heroea Len e 3eMHaTa
NMOBBLPXHOCT. B TO3M cnyyanm 3a eHeprmeH M3TOYHMK MOXe Aa ce m3nonsea TypOvHeH amnTepHaTop,
KOWTO Npou3BeXada enekTpoeHeprus oT 3aBbpTaHe Ha TypOuHa crecTBME Ha HacpeLlHUs Bb3ayLUeH
noTok. To3n Bug 3axpaHBaHe MMa HAKOW NPeaMMCTBa npen LUMPOKO M3nonsBaHuTe nutmnesn 6atepun,
OT KOWUTO HaM-CbLLECTBEHN ca paboTOCNOCOBHOCT NpU HUCKM TEMMNEepaTypu Ha OKonHaTta cpega /noa
MuHyc 20°C/ » npakTUYecku HeorpaHM4YeH CPOK 3a CKNafoBO CbXpaHeHue. B cblloTo Bpeme
TYPOMHHMAT anTtepHaTtop wuma paboTHM XapaKTepuCTUKW, KOUTO OT edHa cTpaHa gaBaT HOBM
npeaMMcTBa, a oT Apyra cTpaHa BOAAT A0 YCINOXHSBaHe Ha cuctemara.

Ha ®dur.1 e usobpaseHa banuctuyHa TpaekTopusa Ha ABWKEHUETO Ha HocuTens. lNpueTo e, Ye
TOW M3nuTa nog brbi KbM XOPU30HTa O C HavanHa CKOpOCT Vg , YNATO XOPU3OHTaNHa KOMMOHEHTa e
Vox , @ BepTuKanHaTa KOMMOHeHTa e Voy. bes oTuMTaHe Ha aepoanHaMUYHOTO CbMNPOTUBMEHUE ca B
cvna 3aBMCMMOCTUTE :

V2= vox + (Voy—gt)2 3a 0<t<T,
Vvl + Q5 (t-T)?sa T<t<2T,
KaTo

Vox = VoC0SO , Voy = VoSinog ,

0 - 3eMHO yCKOpEHHUE .
MOMEHTBLT, B KOUTO HOCUTENAT Ce Hamupa B arnoresi Ha TPaekTopusTa, € 0603HaYeH ¢

T = (vo/g)singd .
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dur. 1

PeanHo /Ha npakTuka/ € Bb3MOXHO Vo [a MMa CTOMHOCTM OT HAKOSKO AEeCETKN MeTpa B CEKyHAA
00 TakvBa, KOMTO HajBMLLABaAT xunsaa mMeTpa B cekyHaa. CbOTBETHO O Moxe Aa Mma MakcuMarnHa
cTonHocT okono 80°, a MuMHMManHata gopu Aa e nog 45°. CrnegoBaTenHo KakTo Vo, Taka U Vi, =
VoCOSB , MoraT fa npvemat CTOMHOCTM, NeXallm B TBbPAE LUMPOKM FpaHnLN.

Ha ®ur. 2 e nokasaHa kpvBa, u3oGpasssalla sasucumoctta v(t) npu 8 = 80° u vy = 67 m/s.
ToBa e eanH rpaHnYeH criydan B npakTukaTa, Korato Vpyi, Nprema Han-marnka CTOMHOCT.

70

60 \ /
50 \ /
40 \ /

m/s

30 -
20 A
10 A
0 T T T T T T T T T T T T T
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
[sek]
dur. 2

Ha ®ur.3 e npeacraBeHa CTPyKTypHaTa cxeMa Ha obcwxaaHus Bua TypbuHeH antepHartop.
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AnTtepHaTop

TypbuHa

v \
—F > (N
Bb3aylieH noToK x X

BxogHo ycTponucTBO
dur. 3

TypbuHata ce 3aBbpTa OT MPEeMUHanNMa npe3 BXOOHOTO YCTPOMCTBO BbL3AYLUEH MOTOK.
MpuHUMNHO /cbrmacHo 3akoHa Ha ®apagen/ npu nunca Ha HacuwaHe B MarHATONpPOBOAa
anTepHaTopbT reHepupa MNPOMEHNNBO ENEKTPOABWXKELLO HanpexeHue, yuuto amnnutyga U u
yectoTa F ca nponopuuoHanHuM Ha CKOpOCTTa Ha BbpTeHe /obopotute/ Ha TypbuHaTa. OT cBOS
CTpaHa BbpTeHeTO Ha TypbuHaTa 3aBuWCKM OT CKOPOCTTa Ha Bb3AyLUHWS MOTOK, T.e. OT CKOPOCTTa Ha
OBWKeHWe Ha HocuTend. Ha dur. 4 e nokasaHa eKCnepuMeHTarHO CHeTa 3aBUCMMOCT Mexay
CKOpOCTTa Ha HOCMTens W 4ectoTaTa Ha reHepvpaHoOTO OT peaneH TypOuHeH anTepHaTop
enekTpoaBwkeLwo HanpexeHue. [pakTnyeckata nuMHenMHocT Ha F(v) oT dwmrypata nokasea, 4e
BXOOHOTO YCTPOWCTBO M TypOGuHaTa B KOHKPETHMS CKOPOCTEH AMana3oH CblUO Ce AbpXaT KaTto nouTu
nuHerHn 3BeHa. C yBenuuyaBaHe Ha V CrNeACTBME Ha XapakTepHW aepoavHaMWYHM MPOLLECH, KakTo
BXOAHOTO YCTPOWNCTBO, Taka 1 TypbuHaTa moraT Aa ce AbpXaT KaTo HeMMHeNHN 3BeHa 1 F aa 3ano4yHe
no-cnabo ga 3aBUCU OT V .

i /

F[KHz ]
N w

1 ~
~

0 T T T T T
0 20 40 60 80 100 120

v[m/s]

our. 4

Ha ®ur. 5 e nokasaH 3anuc, HanpaseH npu peaneH nonet npu 6 = 45° n vy = 67 m/s. 3anuceT
npekbCcBa B MOMEHTA Ha BKIOYBaHe Ha paguoceH3opa.
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AcHo e, Ye KaTo M3TOYHWK Ha eNEeKTPOEHEPIUs anTepHaToOpPbT Ce XapakTepmanpa CbC CUHa
3aBMCMMOCT OT CKOpPOCTTa Ha Hocutensi. Taka B OnpeferneHn ycrioBmst TO MOXe fa He € B CbCTosiHUe
Ja ocurypy HommHamnHo 3axpaHBaHe Ha CBPJ1, npyu KoeTo OCHOBHUSIT KOHCymMaToOp Ha eHeprus —
pagnoceH30pbT HAMA Aa MoXe fa paboTu. ToBa MOxe Aa ce Cryyum Npean BCUYKO OKOMOo anoresi Ha
TpaekTopusita Npu roneMmn CTOMHOCTM Ha B . Tbil KaTo paguoceH3opbT TpsibBa 3aQbIMKUMTENHO Aa
pabotn B 6nmM3ocT Jo uenTta, nuncaTta Ha 3axpaHBaHe B ykaszaHaTa obnact Ha TpaekTopudaTta He e
daTanHo. Hewo noBeye — no cbobpaxeHust 3a enekTpoMarHUTHa 3aliMTa ce MpenopbyBa
pagmMoceH30pbT Aa ce BKI4YBa efBa B HermocpeacTBeHa Gnu3ocT Ao uenta. Bce nak, T.k. gpyru
3BeHa oT cTpykTypaTta Ha CBPJ1 e HyxxHO ga paboTaT no Bpeme Ha uenus nonet, TpsibBa ga ce
B3emMaT CbOTBETHU XapAyepHu U copTyepHM MepKu 3a OCUrypsiBaHe Ha HOpPMarHOTO OEWCTBUE Ha
cuctemaTa npy ycrioBMe, Ye 3axpaHBalWOTO HanpeXeHue nagHe nog HOMMHanHaTa CTOMHOCT WUnn
[opu n34vesHe.

OcurypsiBaHeTO Ha BKIOMBAHETO Ha paguoceH3opa KOMKOTO € Bb3MOXHO no-6nn3o o uenta
€ BaXHa 3ajadva, koATo cuctemata obukHoBeHO TpsbBa Aga pewwun. ToBa MOXe fa CTaHe ako no
HSKaKbB Ha4MH cucTemMaTa ycrnee [da OLUeHM Kora HOCUTENSIT HabnukaBa Kpas Ha TpaekTopusTa.
MpuHUMNHO Mma aBa nogxoga : 1). [la ce oTKpue MOMEHTBLT Ha MPeMMHaBaHe Mpes3 anorest U no
n3mepeHoTo Bpeme t, = T ga ce npeaBuam Kora e HacTbnu TbpceHaTa 6nm3ocT ; 2). [la ce namepu
yecToTaTta F; Ha reHepMpaHOTO 3axpaHBaLLO HaMpexeHue cred onpeaeneH BpeMeHeH nHTepean t; ot
Ha4yanoToO Ha MorfeTa W crnepg HenpekbCHATO criedeHe Ha F ga ce npeaBuauM  Kora e HacTbiu
TbpceHaTa 6mm3ocT. Ha dur.6 BbpXy egHa npyMepHa TpaekTopHa 3aBucumocT F(t) ca nnoctpupanu
nBarta nogxoga. Npu nbpBMa NoAXoL4 BPEMETO 3a BKIMOUBAHE HA paguoceH3opa ts = tyre = (1+ m) ty
a npu BTOpUSA tyre CbOTBETCTBA HA F3 = k F{. Yucnata m u k ce n3dumpart no uenecbobpasHocCT.
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MbpBUAT nogxon M3WCKBA M3MOM3BaAHE Ha MWUKPOKOHTpPoONep M obesaTenHo crnasBaHe Ha
ycnoBueTo paboTaTta Ha anTepHaTopa Aa He NMpekbeBa Mo uanaTa Tpaektopus. Kakto 6e ycTaHOBEHO,
nocrnegHoTo He BuHarM e wusnbnHuMo. OcBeH ToBa NpW MarnkM CTOMHOCTM Ha O OunoTo Ha
TpaekTopusitTa € NOYTWU MAOCKO M HamupaHeTo Ha T 4pe3 oueHka Ha F(t) ctaBa ¢ HegocTaTbyHa
TOYHOCT. Mo BTOpUSA Noaxon 3agayaTta MOXe [a Ce pelun KakTo aHanoroBso, Taka u undpoBo. OceeH
TOBa ToW paboTu U NpU HanM4Yne Ha NpeKkbCBaHe Ha 3axpaHBaHETO, Bb3MOXHO Mpu paboTa ¢ Marku
HavarHu CKOPOCTU Ha HOCUTENS U NO-FoNieMn CTOMHOCTM Ha brbila Ha U3NUTaHe.

N3Boaum:

1. Kato u3TOYHMK Ha EenekTpoeHeprna anTepHaTopbT Ce XapakTepusupa CbC CuIHa
3aBUCUMOCT OT CKOpPOCTTa Ha HocuTensa un TpsibBa 4a ce B3eMaT CbOTBETHU XapAyepHU 1 coPTyEepHU
MEpPKU 3a ocurypsiBaHe Ha HOpPMarnHoOTO AEeWCTBME Ha cucTemaTa npu ycrioBue, Ye 3axpaHBalloTo
HanpexeHue nagHe NoJ HOMWHaNHaTa CTOMHOCT UK SOpU U34esHe.

2. TypOMHHMAT anTepHaTOp OCUrypsiBa 3axpaHBaHe Ha cucTemarta efBa crief Kato CKopocTTa
Ha HocuTensi MPeMMHEe HsiKakBa MparoBa CTOMHOCT WM ToBa [faBa MO-fONsiMa CUTYPHOCT Ha
PYHKUNOHNPAHETO 1 .

3. TypOvHHUAT anTepHaTop € Jobbp MHPOPMALMOHEH U3TOYHMK 3a NMPOMEHUTE Ha CKOPOCTTa
Ha HOCUTENsI U MOXe YCMEeLIHO a ce M3Non3Ba 3a OTKpMBaHe Ha BrmM3oCT 4o Kpasi Ha TpaekTopusaTa.
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Knroyoeu ayMLIZ MeHmarsneH Moders1,Ho8ek, cucmema 3a ynpaerieHue, supmyariHa peasilHocm

Pe3rome: B cmamusima ce aHanusupa Yyoseka Kamo yrpassseaw,a cucmema ¢ UHMeseKkm, Kosimo ce
Xapakmepusupa ¢ Hanu4uemo Ha meHmasneH mModes, 3a KolUmo ce rpuema, 4e € Ko2HUMU8eH, uHmepgelceH
Modyrn 8 ocHogHama eepuza Ha yrnpaeneHuemo. Llenma e O0a ce u3cnedsa OuHamukama Ha MeHmanHume
yosewku Modenu u cMmucsioeama mpaHcghopmayusi Ha uHgpopmayussma. Kamo cpedcmeo 3a pewasaHe Ha me3u
npobnemu, ce npednaza mexHonoausima Ha eupmyasnHama peaslHocm, OcCHogaHa Ha romarissHemo Ha 408eK 8
U3KycmeeHus (gupmyarneH) cesam u e3aumodelicmeuemo My ¢ obekmume U fepCoHaxume Ha mo3u Cesim.
lpednoxeHa e npumepHa apxumekmypa Ha KOMI/eKC 3a u3criedeaHe Ha 4Yosek-orepamop 8 cpeda Ha
supmyarsnHama peasnHocm.

STUDY OF MAN AS A CONTROL SYSTEM IN VIRTUAL REALITY

Petar Getsov, Zoya Hubenova, William Popov

Space Research Institute — Bulgarian Academy of Sciences
e-mail: director@space.bas.bg; zhubenov @space.bas.bg, wpopov@abv.bg

Keywords: mental models, man, control system, information, virtual reality

Abstract: The article analyzes man as an intelligent control system, which is distinguished by the
existence of a mental model assumed to be a cognitive interface module within the main control sequence. The
aim is to explore the dynamics of human mental models and notional transformation of information. As a means to
solve these problems, virtual reality technology is proposed, based on man’s absorption in an artificial (virtual)
world, as well as his interaction with objects and characters in this world. The proposed architecture is a complex
study of man—operator in virtual reality.

1. BbBegeHue

MpegnaraHoTO OT Hac MscneABaHe ce OCHOBaBa Ha CbBPEMEHHOTO pasbupaHe 3a aHanus u
MoAenupaHe Ha YoBeK KaTo YacT oT epratuyHa cuctema (EC). Ha ocHoBaTa Ha AbAroroaviLeH onuT u
nscnensaHnsa gerHnUpame HoBeKa Kato CroXHa MHOronnacroBa AMHaAMW4yHa CUCTeMa C MHTENEKT,
KOATO Ce XxapakTepusupa HanuumeTo Ha meHTtaneH mogen (MM), konTto npuemame 3a KOrHUTUBEH,
WHTEepdenceH Mogyn B OCHOBHATa Bepura Ha ynpaBreHUeTo U KOWTO abCTpakTHO Moxe Aa 6bae
onpederneH Kato Nnorvko-BpemeBa (TemnoparnHa)-anroputMmmyHa cTpyktypa [1]. Tasu cTpykTypa e
nHdOopMaLMOHHa cpefa, B KOosATo ce dhopMmpaTt AMHAMUYHW, anropuTMUYHM Moaenu Ha obekTuTe Ha
yrnpaBneHue n anroputMnte Ha ynpasneHue. [pouechbT Ha OpMUpaHe Ha MeHTanHuTe Mogenun B
Cb3HaHMETO Ha YOBEeKa Ce OCHOBaBaT Ha CrocobHocTTa My 3a obydeHue. B npoctpaHcTBOTO HAa MM
ce geduHMpa NoHATUETO “MeHTanHa AbnbounHa” h, KOATO ce ynpaBnsBa B 3aBUCUMOCT OT BbHLUHATa
CMOXHOCT Ha cuTyauusaTa, Kopenupalia cbC CTEeNeHTa Ha aBToOMaTU3bM MNpPU U3MBbIHEHWE Ha
orpegeneH anropyutbM W CbC CcKanara “Cb3HaHMe — noacb3HaHMe” wunuM  “Cb3HaTernHo —
aBTOMaTM3npaHo” [14].
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B cuctemonormyeH acnekT YOBEKbT KaTo ynpaBrsiBalla cuctema Moxe [a ce pasrfena kato
CrOXKHa iepapx1MYyHO OpraHu3vpaHa cucTema 3a yrnpaBfieHne Ha Tpu HMBa: MexaHuka, yrnpasreHue,
uHTenekT. MexaHukaTa 1 ynpaBrieHUeTo ca Mo CBOsiTa (PYHKUMOHANHA CbLUHOCT M3MbIHWTENHaTa
noacuctemMa. B Hawarta uscnegBaHe OCHOBEH OGEKT e WHTeNneKkTbT, NpeacTaBeH B npeanaraHus
KOHLleNnTyaneH MOAes OCHOBHO OT MEHTarHuUs MoAer.

B n3cnensaHusaTa Bbpxy paboTata Ha YOBELLKMA MO3bK ce 06pblia BHMUMaHME BbpXYy TOBa,
Yye pa3yMHUAT YOBEK Ce CrpaBs C Hemo3HaTh CUTyaLun U B3ema paLMoHanHu peLleHns], 3aLloTo MoXe
Ja U3BMMYa HOBM 3HAHUS OT HANMMYHWA OMMT WU OBMUCHA MOocneavuuTe OT Teau pelleHus. XopaTa
obpaboTBaT He camo TOYHW, NpeaBapuUTenHO AedUHUPaHU OaHHM, HO U HeMblHa, NPOTMBOpPEYMBa
NHpopMaLMs, KOATO YecTo HsAMa 4YMCMNOB M3pas. ToBa O3Ha4yaBa, Ye YOoBeK exedHeBHO pellasa
3a4a4n OT HECTPYKTypupaH TUM, KOMTO HSMAaT anropUTMUYHO PEeLLeHME; BENUYMHUTE, C KOUTO ce
ornepupa He MoraT Oa ce 3adadaT B uucrioBa ¢hopMa; pelleHMeTo MM Mu3nckBa obpaboTka Ha
MHpopMaLus, KOATO e Hee[lHO3Ha4yHa U AMHaMUYHO Ce MPOMEHS; LenviTe Ha 3agadarta He moraTt aa
ce 13passT Ypes3 TouHa Leneea yHkums. MIHTeNeKkTbT Ha YoBeKka e CrioxkeH GuonornyeH peHoMeH U
He ce CBeXaa eAVHCTBEHO [0 pellaBaHe Ha 3afayu (CTPYKTYpUpaHu U HECTPYKTypupaHu). Ho npu
HacTOSILLETO HMBO Ha MO3HaHWE U MHCTPYMEHTapUyM HE BCUYKM BMOBE YOBELLKM pPasCbXAeHus ca
fobpe u3y4eHM U CbOTBETHO, € HEBL3MOXHO [Ja ObaaT MogenupaHu, Kkato Hanpumep,
WHTeneKTyanHuTe oyHKUMM TBOPYECTBO, MHTYULIMS, BbOOpaXKeHwe.

2. MeHTaneH mogen u MeHTaneH onuT

MeHTanHuaT moden e TepMuH, AOCTaTbYHO U3BECTEH B KOTHUTMBHAaTa ncmxonorusa (Johnson-
Laird, Rasmussen J., Nguyen-Xuan A. n gp.) u OOMKHOBEHO ce M3non3ea 3a 0bo3HayaBaHe Ha
CMOHTaHHO hopmMmpaLLn ce CTPYKTYpW Ha cybekTmBHus onuT [3,4,5,9]. MM ca 4ecto cnabo ocb3HaTy,
TpyaHo Bepbanudyemn, a 3HaHMATa CbAbpXKallM Ce B TAX Ca KOHTEKCTHO OnocpeacTBaHn n ce
U3BMMYaT HenocpeacTBEeHO B Mpoueca Ha B3aumogencTeme c obekta. B mogena komnnekcHo wu
B3aMMOCBbBP3aHO Ce CbXpaHsBa WHdOpMauus 3a ynpaBneHueTo Ha obekTa, napameTpuTe Ha
cuUTyaumusiTa nNpu TOBa B3aMMOAEWCTBME W HanuyHute cpeactea. MM no cBosiTa CbLHOCT ca
LpenpeseHTMpan obekTn, NO3BONABALLM Aa MpaBUM YMO3aKIMHOYEHMS U MPOrHo3un 3a ABneHudaTa, aa
B3eMaMe pelleHus 3a HeobxoauMu AeWCTBMSA U KOHTPOS 3a TAXHOTO U3MbIHEHWe, U KOeTo e Haw-
BaXXHOTO [a MpexuBsiBamMe cbOUTMATA, B KOUTO HMe He ydactBame” [7]. Johnson-Laird (1983)
npegnara tunusaums Ha MM, kato pasnuka Mmexgy ,dusuyecku” Moaenu, penpeseHTvpaim
npeamMeTHUs CBAT U ,KOHUenTyanHW” MOAenw, penpeseHTupawy no-abctpaktHu dopmun. Xopata
Bb3nprvemaTt BbHLIHUSA CBAT MO NbTA Ha npepaboTkata Ha WHOpMauus C fnomMoliTa Ha npea-
CbLLECTBYBALLUM MEHTaNHW KOHCTPYKUMK, ocurypssaliy pa3bvpaHeTo Ha 3aobukansawmus HU CBAT M
pellaBaHeTO Ha Bb3HukBawmTe npobnemun” (O. Hopg, 1997): ,Moeute n ungeonoruute copmupart
CybeKTMBHUTE MeHTanHW KOHCTPYKUMKW, C TMOMOLLTA Ha KOMTO WHAMBMAWTE UWHTepnpeTupart
OGKpBbXKaBalmsa HW CBAT M NpaBAT u3bop”. bnmskn TBbpOeHUs MoXe da ce HamepsT u npu Bruce
Edmonds — Ha 6a3a Ha TexHu4eckn npunomm 6NM3kn OO reHeTUYHOTO nporpamupaHe, To cb3gaBa
UMUTALMOHHO OMUCaHWe Ha MOBEAEHMETO Ha areHTa, KOeTO BKIoYBa nonynauusta Ha BbTpeLlluHUs
MOZen Ha areHTa u onuceall, obkpbxaBaLaTa ro cpeaa [8].

Opyrv cneumanuctu TBBLPOAT, Ye B AbfrOBpeMeHHaTa nameT Ha 4YoBeka Ce CbXpaHsiBa
orpomeH 06emM MHopmaLms, KaTo AoCTbNa A0 Hesl € Bb3MOXEH Npu onpeaenexHn ycnosus. MNoHskora
ce ka3Ba, Ye MM — ToBa ca kapTaTa Ha MecTHOCTTa (>kuBoTa), Npe3 KonTo BbpBUM (Tony Buzan). Ta e
CbCTaBeHa B MMHaANOTO M HME Ce PbKOBOAMM OT Hes. Te3n MUCIOBHWM obpasu ce CbXpaHsAsaT B
nameTTa v ctaBaTt 6asa 3a crnegpalum, KaTo ce Cb3faBa Bepura ot acoumaumm [12].

3a BCekM 4oBeK MHGopmauusTa ce TpaHcopmupa B MUCIIOBHM (DOPMU, Bb3HMKBALLM B
Cb3HaHMETO My — B HEroeaTta penpes3eHTaTUBHa CUCTEMA WM B HEroBaTa KapTUHa Ha cBeTa, KoATO
3amMeHs HeroBus peaneH cBaT. OcHosonmonarawmsaT Te3nc B cryyas e, Yye uHdopMaumsTa He e oT
undppu, byksn, kapTuHa, POTO U NP., @8 MUCMOBHU popMK, NpeansBUKaHn OT Te3n 3Hauu U CUMBONN,
KOMTO MO CbLeCcTBO ca noabyautenu unu CTUMYnM, wunu Tpurepu npugobmsBaHn (unu He
NprMaobuBaHun) B TeYeHMe Ha XUBOTa.

Korato mucnuMm 3a TOBa, Ye BMXAaMme, YyBaMe W ycellame, HMe npecb3gaBamMe KapTUHW,
3ByUM U ycellaHus BbTpe B cebe cu. Hne oTHOBO npexuBaBame MHopmaumaTa B OHa3n CeH30pHa
dopma, B KOATO MbpBOHaYanHo cMme s Bb3npuenu. MncneHetTo e o4eBMaHO M BaHanHoO AencTBue 1
HVe MOYTU HUKOra He MUCIUM 3a Hero (puc. 1).

Huwe usnonsesame egHV M CbLUM HEBPOMOrMYHM NbTULLA 3a BbTPELUHA penpeseHTauns Ha
onuTa 1 3a HenocpeaCcTBEHOTO My NpexusaBaHe. EQHM 1 CbLUM HEBPOHM reHepupaT enekTpOXUMNYHU
3apsau, kouto Morat Aa 6bgaTt uamepeHu. Mucbnta uma HenocpefcTBeHa puamyecka nposisa,
MO3bKbT U TAMNOTO
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Puc. 1. OcHoBHM XapaKTepucTnkm n 3aKOHOMEpPHOCTUN Ha MUCNEHETO

ca efHa cuctema. Hue nsnonssame CBOUTE CETMBHU OpraHW C BbHLIEH MeToA, 3a [a Bb3rnpuemem
CBEeTa, M C BbTPELWeH MeToh, 3a Aa “penpeseHTupame” (MpencrtaBuM) MPeXMBABaAHUATA HaA camuTe
cebe cu. Metogute 3a nonyyaBaHe, 3anas3BaHe M KogupaHe Ha MHQopMauusdTa B Cb3HAHWETO —
KapTUHKK, 3BYKOBE, YyCeLlaHusi, MMPU3MN U BKYCOBE, Ca WU3BECTHU KaTo penpeseHTaTUBHU CUCTEMMW,
KaTo ce OensT Ha BU3yarnHu, ayauanHu n KUHeCcTeTUYHM [2].

3. MeHTaneH mogen Ha YoBeKa KaTo ynpaBnsiBalja cucrema

dyHgameHTanHa OCODEHOCT Ha YoBeka KaTo ynpaBngdBalla cucTemMa € HanuMyMeTo Ha
MUCIOBEH MHTEepEeNnC, Ype3 KOUTO YOBEKBLT N3BBbPLUBA CEH30PHU, KOTHUTUBHU U MOTOPHU OEWHOCTH.
To3aun nHtepdenc, HapevyeH MeHTaneH Moger, abCcTpakTHO Moxe fa 6bae onpeaeneH KaTo NIorm4ecka,
BpeMeBa W anroputMmyHa CTPYKTypa, CbXpaHsBalia MogenuTe Ha o00ekTM Ha ynpasneHue,
anropuTtMmn Ha ynpaslnieHue, BIlMMdHUE Ha BbHLUHU B'b3,lJ,eIZCTBVIF| M C Bb3MOXHOCT 3a reHepupaHe Ha
HoBW 3HaHWsa. MM npegcrtaBnsBaT cBoeobpasHM (bunTpu, Ypes KOUTO Hue Bwxkaame cBeTa U ca
o6eanHABaLLO 3BEHO MexXay HauuHuUTe/cnocobuTe Ha MUCHEHe u AencTBusTa:

e YoBek nma cobcTBeHa yHUKaNHa KapTuHa 3a CBeTa, KOATO Ce OTpa3siBa B HEroBOTO Cb3HaHWe
BbB BUA Ha MEHTanHuM Mogenu, chopmMupaHm Ha OCHoBaTa Ha MUHan OnuT;

e UYoBek wuHTepnpeTMpa cBeTa cbriacHo ceBoute MM, KaTto 3a nNOTBbPXKOEHME Ha Te3n
MHTEepnpeTaumm ca My HyXHU onpeperneHn 3HaHna BbB BUA Ha (baKTI/I N NPpUYNHHO-CNeacTBeHn
BPBH3KU;

e 3HaHuATa He naBaT Ha rotoBO OT BbH, a ce ,KOHCTpyupaT” oT YoBeka, u3bnpaTenHo oT obwus
NOTOK UHGpOpMaLUSA, KOATO HE NPOTUBOPEYN Ha HeroBuTe MM;

e C nomowTa Ha 3HaHWSITa YOBEK HAACTPOSABa, peKoHCTpyupa ceonte MM, KOMTO 3a Hero urpasat
porsi HA MUCINOBHU KapTu (CUHTE3 Ha 3HaHWS);

e MeHTanHMTE MOZenM Ca HY>XKHU Ha YOBEK Ja OEWNCTBa, a 3HaHusATa (KaTo ,cTpouteneH matepuan”
3a MM) ca HeobOxoaumm Ton aa gencrea ePeKTUBHO;

e Ako 4oBek npecTaHe Aa fencrtsa edektnusHo, To unu MM e HeagekBaTeH Ha HOBUTE YCROBUS,
WKW Ca HY>XXHWU HOBW 3HaHUS;

e /3mMeHeHMeTO Ha cnocobuTe Ha MUCIEHE — TOBa Ca U3MEHEHUS Ha HeNpoayKTuBHuTe MM;

e 3HaHuATa, B T.M. M HOBMTE, MoraT Aa ObOaT KakTO CTUMYJ, Taka M Chivpayka no MbTs Ha
N3MEHEHNE Ha MUCIIEHETO.

CTDaTer i MWCITA
» 34 XelaH
MeHTanxn PLKOBOAHKU VIeun hop D AencTBrA
MOaenun pe3yntartu

crnocobu 3a paszbupate npescraeu

Puc. 2. MeHTanHu mogenu
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MeHTanHWTe MoAenu ca NpeacTaBUTE Ha OTAENHUS YoBeK 3a obeKkTa U HEroBUTe CBOWCTBA.
Mopa Bb3OENCTBMETO Ha HSAKAKbB CTUMYH HAa MUCNEHETO (Memacghbopu, aHanoauu, udeu, NOCTaHOBKN Ha
3adayu, 8bpPoCcU) Ce aKTMBM3UPAT HEMPOHUTE Ha MO3bKa M Bb3HMKBAT acoumaumm (Bbobpakaemm
obpasu, kapmuHu). BnarogapeHue Ha acoumauuuTe ce opMMpaT MOHSTUS Ha Pas3NNYHO HUBO
(KOHLENTN — U3XOOHW MOHATMS, KOHCTPYKTU — 6a30BM MOHATUS), KOUTO creq ToBa Ce CTPyKTypupar,
Cb34aBaliky NPoaYKTU HA MUCNEHETO (YMCTBEHA AENHOCT, pa3yM), 3a pellaBaHe Ha 3ajadaTa.

3agava: fa ce Cbh3faje npefcrasa 3a obekta, Metoaa (TexHonoTuaATa),
SBNEHUeTO, ChLOHUTNETO

1

1. CTUMYJIN 3a 3. iaxoAHW NOHATUA 5. HACTHW
MWUCIIEHE (KOHLETT) peleHNAa Ha 3aaa4yuTe
4. basoBu noHATUA 6. ObWKA
A el (KOHCTPYKTI} peleHNAa Ha 3aaa4yuTe

Puc. 3. CTpyKTypHa Ha MeHTasrH1 MOAENu

B kayecTBOTO Ha CTUMYInN Ha MUCINeHe MoraTt Aa ce npunemart NoCTaBAHETO Ha Uenn 1 3agadu,
pa3HoobpasHu memaghopu u aHanoauu, noen n sbnpocu. OCHOBEH MHCTPYMEHT e meTtadopaTa. B
pesyntat Ha Bb34eWCTBME BbPXYy MO3bKa CTUMYNMTE Ha MUCMEHe akTUBU3WpaT HEBPOHWUTE, KaTo
Bb3HMKBAT MUCNU-acoumaLmm B BU Ha BbobpakaeMu obpasu u KapmuHuU, Cb3faBanku matepuan 3a
dopMupaHe Ha MOHATUSA. ,KOHCTPYKTa” € MbpBOHAYanHoO NMoHATUE, NPEeACTaBsALLO HsiKakBa CTpaHa Ha
obekTa Ha u3dyyaBaHe (YnpaBreHWe), UM HEroBU YacTW, CBOWCTBA, XapakTepucTuku. ,KoHuenta” e
0603Ha4YeHne UM HaumMeHoBaHWe Ha NMPUCBOEHUTE MUCIM, 06euHsIBaLLM peguua KOHCTPYKTU, KOETO
Cb3aBa HOB CMUCBJ1 — HOBO HA30BO MOHATME.

MwcnoBHuTe hopMy TOBa Ca €NeMEHTM Ha penpeseHTaTtuBHaTa CUCTEMA - CbBKYMHOCT OT
MEHTaIHUS ONuUT, KOWTO Ce CbCTOM OT CIOoW pearieH (Bb3MnpueT) ONUT 1 CIIOM OT MEHTAITHU MOCTPONKN
/mocTpoeHus/ ¢opmMu Ha pasnuyHM HMBaA - BboOpakaem onuT. HaweTo noBegeHMe BbL3HWUKBA
BCneacTtBMe Ha CMeC OT BbTpEelHW U BbHLUHU NpeXxunBABaHUA. BbB BcekM MOMEHT oOT BpemMmeTo
HaleTo BHUMaHue ce CbcpeaoToyvaBa BbpXy pas3ninyHu 4acTth OT Halumna OnuT. PeanHuat onut ToBa e
Bb3npmnemMmaHeTto Ha CurHanu OT opraHnTe Ha 4YyBCTBa — BU3yallHW, ayaunanHun, KUHEeCTETUYHW,
TaKTUIMHKU, OBOHATENHKU, BKYCOBM B pPasHU CbYyeTaHus M NPOMopumy 3a BCEKU WHAOMBWUL U 33 BCEKU
cnyvan. PeanHusAT OonuT BUHarM ce CbLMNPOBOXAA OT €MOUMOHANHW CbCTaBnsiBaliM, KOMTO KbM
OaAeHnss MOMEHT MoraT ga ObaaTt nNpefus3BMKkaHy OT CbYeTaHUe Ha pasfnyYHU HACTPOEeHUst, Noaodyau,
notpebHoCcTM 1 np.

MeHTanHu cbopmu (MOCTPOEHUS) ca TakMBa CbYeTaHUS OT ENIEMEHTU HA peariHusa OnuT, KOMTO
He ca yceTeHu Ype3 ceTuBaTa, HO Ce cuMTaT 3a Bb3MOXHU — T.e. BboOpaxeHue. Ako TpsibBa aa ce
onpegenu Han-obLo CbLHOCTTa Ha BbOOpaXeHMeTo, TO TOBa € Mo3HaBaTeNleH MCUXUYEH MpPOLEC,
KOWTO Ce CbCTOM B Cb3gaBaHe Ha HOBW MCUXWYHW MPOAYKTM Bb3 OCHOBa Ha npeobpasyBaHETO Ha
CrNoBeCHO-06pa3Husi, CIOBECHO-MOHATUINHNSA 1 eMOLMOHarnHMs onuT Ha YoBek [10].

MpeoueHsBanikn ceomte MM ce yyum OT CBOS ONMUT — MNPUAOOUTUSIT OMUT HU MPOMEHS.
O6y4yeHneTo € kaTo obpaTHa Bpb3ka — AEWCTBaMe U yCBOsIBAME peakuumte OT CBOUTE OENCTBUSA U
B3eMaMe peLleHue, KOUTO MHULMMpaT HOBWM OENCTBMS. YYeHeTO O3HayaBa [a B3emall pelleHust u
cbobpassaBall gencTeuaTa cu B pesynTtaT Ha obpatHata Bpb3ka (OB): ycunsawa OB — konkoTo
nose4ye ,D,eIZCTBVIﬂ, TOJIKOBa € MNO-CUJTHa € peakumaTa Ha T4X, KOeTO noBullaBa KOJINYEeCTBOTO Ha
HOBUTE pelleHust; ynpasnsBawa OB — oTcTpaHsiBaHe Ha paspuBa Mexay AeNCTBUTENHO U KenaHo.

MM ToOBa e opsizdaHaTa A4ENUCTBUTENHOCT — KapTUHaTa Ha CBeTa 3a YOBeKa, 3aMeHs1 HEroBuAT
peaneH cBAT. ViaeaTa e B cb3gaBaHETO Ype3 NporpamMHM CpeacTBa Ha Han-nogxoAsiia CTpykTypa Ha
cBeTa (obekTa Ha ynpaBneHue), opraHM3npaHa Ha pasfM4yHM HUBA M CEKTOPM, C MOMOLLTA Ha KOUTO
YOBEK LLle YCBOSIBA Pa3fiIM4yHN CXEMU HA MUCIIEHE, NPUMOXEHN KbM CYOEKTUBHUS My ONUT (Hanpumep
doTo, BNAEO, ayamo, T.e eNeMEHTU OT pearHus ONUT) U peanHoTo B3aMMOLEWNCTBME 3a JafdeHust
cektop. igeaTa e ga ce mogenvpaTt ABe HMBA:

Hueo 1- mopgenupaHe Ha ODEKTUBHUSA CBST C peanHO B3auMOAEWNCTBME Ha obekTuTe OoT
peanHus CBAT;
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Hueo 2 — mogenvpaHe Ha Cb3HaHWeTo, MogenupaLlo NpeamMeTHNS CBAT C Bb3MOXHOCTUTE Ha
BMpTyanHata peanHocT (BP), T.e. aa umntupa penpeseHtatmBHa cMctema Ha YOBEK.

Llenta e ga ce v3cnegsa AMHaMuKata Ha MEHTanHWTE YOBELUKW MOAEeNnu 1 cMmucrosata
TpaHcdopMaums Ha WuHdopmauusita. Bcdka pabota ¢ umHGopmauuss npemMuMHaBa peguua
3a0bIDKUTENHM CTaguu: BbBedeHue, obpaboTka M oueHka. B Tasn Bpb3ka ce OTAENAT Tpu
WH(OPMALIMOHHN CUCTEMUM Ha akTMBHOCT Ha YOBELKUA MO3bK: Bodewa (BKkapBaHe Ha
WHdopmauuaTa), npegnoyntaHa (NpeactaBsHe Ha MHOpPMauMaTa B Cb3HaHWETO) U pedepeHTHa
(oueHka Ha nHpopmaumaTa). Beska ot nsbpoeHnte cuctemm moxe ga 6bae npeacraBeHa BU3yarHo,
ayamanHo U KMHECTUYHO.

3a ga ce penpeseHTupa nHdopMaumsTa, nbpeo TpsibBa ga 6bae nony4veHa. Becekn YoBek uma
npeanoYMTaHn cpeacTBa 3a nonydvaBaHe Ha umHdopmaums. CbBbplleHaTa nameT O6u cbabpxana
nbneH Habop OT KapTWHM, 3BYKOBE, YCellaHus, MUPU3MU W BKyCOBE Ha MbPBOHAYarHOTO
npexuBsaBaHe, HO 3a Aa S Bb3CTaHOBMM, ce obpblLiame caMo KbM eHa 4YacT Ha To3u Habop

4. BupTyanHu pelueHus

EovH oT cpepctBata 3a pellaBaHe Ha Te3n NpobnemMu e TexHororusita Ha BupTyanHaTta
peanHocT, OCHOBaHa Ha NoTansHeToO Ha YOBEK B U3KYCTBEHUS (BUPTyaneH) CBAT U B3aUMOLENCTBUETO
My C ODEKTU M MEepCOHaXUTE Ha TO3W CBAT, KOeTo O JOBeno [0 CbLIECTBEHO MOBMLIABAHE Ha
edeKTMBHOCTTa NpU (PYHKUUOHMPAHE Ha YOBEKOMALUMHHUTE cucTeMU. [MOHATUETO «BUPTYanHOCT»
HOCKU (pyHOAMeHTaneH xapaktep B AENHOCTTA Ha YOBEKA, MOHEXE 3acsra HMBOTO Ha Bb3NpUATUE U
npepaboTka Ha UHOpMaLMst OT YOBEK B MpoLieca Ha NO3HaHUETO.

BupTtyanHata peanHoct (BP) e cbop OT MH(OPMALMOHHM TEXHONIOMMK, OCHOBAHW Ha
WHTEPaKTUBEH YOBEKOMALUMHEH WHTepdbenc, OKasBall Ha CeH3opHaTa CUCTEMa Ha 4oBeka
Bb34ENCTBME, KOETO 3aMEHs1 UM JONbIBa AENCTBMETO HA €CTECTBEHUTE pasapasHUTENM Taka, Ye My
ce Ccb3gaBa un3uaTa 3a B3aMMOLENCTBUE CbC cpeaarta, nopaxaalla U3KyCTBeHuTe gpasHutenu. T4
€ Ha NbTA Ha abcomnTHUA MHTepdEeNCc Mexay YoBeka M MawuHaTa. IMUTauMOHHUTE MOZEenu Ha
CNOXHUTE TEXHUYECKM CUCTEMM WU3UCKBAT WUSKIMIOYMTENHO MOLLHW M3YUCIIMTENHU cpeactsa M ca
OCHOBHa cchbepa Ha npunoxeHue Ha cynepkomnioTpute. [1o cera B3aMMOAeNCTBMETO MeXay HYOBeKa U
KoMnoTbpa (MMUTALMOHEH MOAEeN) KaTto npaBuno, € uMan 3HakoB (e3ukoB) Xxapaktep. B
TpeHaxopute, HaNPoOTMB — B3aMMOLENCTBMETO MEXAy MoAena u onepatopa OCHOBHO HOCK CEH30PEH
xapaktep. [lapagokcanHo, HO BupTyanHaTa peariHOCT Ce OKa3Ba MO-MPUMUTUBHO HMBO Ha
KOMyHVKauusi — BTopaTa CurHanHa cucrema (eauka) OTCTbMBa MSICTO Ha PeLenTOpHUS KOHTakKT.
TeopetnyHo BP e abGcontoTHua MHTepderc mexagy 4YoBeka M KOMMITbpa, KOMTO U3MOona3Ba Mo4vtu
BCUYKM CUCTEMM 3@ B3aNMOZENCTBMNE C BbHLUHWS CBST: 3pUTENHU, CIIyXOBMW, TAKTUMHW, rPaBUTaLMOHNN
M T.H. VHTEH3MBHOCTTA Ha MNOTOKa WHopMaumsi npe3 To3n uHTepdenc ce npubnuxaBa KbM
WHTEH3MBHOCTTa Ha NOTOKa MHAOPMaLMs Npe3 HaluTe opraHn Ha YyBcTBaTa.

3a pasnuka OT KOMMIOTbPHOTO MoAenupaHe cuctemute 3a BP ca MHOrogyHKUMOHanHM u
paboTAaT B peanHo Bpeme. Ha egHo u cblya MalluHa moraTt ga ce noctpost BP, npegHasHayeHu 3a
CbBbpPLUEHO pasnnyHKu Lenu. BbTpe BbB BMPTYyanHus CBAT MOXe Aa ce MoAenupart He caMoO peasiHu
00eKTH, HO 1 B3aMMOBPB3KUTE UM, KaKTO U Aa ce obeauHABaT C pearHu Bpb3KW, HECHLLECTBYBALLN B
peanHus CBsT.

YCTPOMCTBOTO Ha MO3bKa Ha YOBEK € TakoBa, Ye NPaKTUYECKU BCSKO MOHATUE € CBbP3aHo C
HSKaKbB 3puTeneH obpas. [pu TbpceHe Ha KOHLENTyarHW pelleHnsl Ha BCska 3ajada, MUCIIOBHUAT
npoLec ce oCbLeCTBSABa MMEHHO Ha HWMBO 00pasv, a HE Ha HMBO TOYHM M3YUCNEHMS. AKO ce
pas3ToBapu nameTTa M Ce NMpedoCTaBu Ha YOBEeKa Bb3MOXHOCT Aa MaHunynupa Tesn (C «pearHo»
n3obpaseHn) obpasn, TbPCEHETO Ha peLUEeHMs e cTaBa MHOro no-6bp30, a caMmuTe peLleHns e ca
HaBSAPHO MO-Masiko CTaHOAPTHMU.

5. ApwaeKTypa n (*)yHKLWIVI n uenun Ha nacnenoBartesiCKn KoMnrnekc

Ha puc.4 e nokasaHa apxuTekTypata Ha KOMMIIEKC 3a M3cregBaHe Ha 4oBek-onepaTop B
cpena Ha BP cbC OCHOBHWM KOMMOHEHTH:

- cucrtema 3a obpaboTka Ha MHopMaumsiTa U ynpasrneH1e - U34YUCIUTENHO S4pP0;

- cpepfcTsBa 3a hopmupaHe Ha obctaHoBka Ha BP, Bknrousawwm: wnem (ounna) BP, ocurypsisaium
CTEpPEeOoCKONMYHO 3-MepHO u300paxeHWe Ha BupTyanHaTa cueHa M criefeHe Ha norneaa;
€NeKTPOHHM pPbKaBuLM, OCUTYpPsiBALLM YCeLLaHUs 3a A0oNup, CbNPOTUBIIEHME, TEXECT Ha 0bekTuTe,
onpefensiHe Ha MOMOXEHMETO Ha pbkaTa B MNPOCTPAHCTBOTO; aKyCTMYHa CUCTeMa, Cb3jaBa
ob6eMHN akycTuyHu edpekTun; nnatdopma, cb3gaBalla edeKkT Ha NPOCTPaHCTBEHO [ABWXEHMWe,
YCKOpPEHWE, BbPTEHE;
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cucTeMa 3a (popMupaHe Ha M3obpakeHue M 3BYK, KOSITO OCUrypsiBa pasdeT WM ynpaBlieHue Ha
BbHLLHATa cpeda npu HaToBapBaHe BbB BP nocpeacteom 3-mMepHa rpadmka u CTepeocKonuyeH
3BYK;

cuctemMa 3a hopMupaHe Ha TaKTUIHU yCeLaHUs, KOSTO Aa Ocurypsiea NoarotoBka U popmmupaHe
Ha ycellaHus Npy 4onup, CbNpoTUBMEHNE U Ap.;

cucTemMa 3a ynpasrieHWe Ha 3afBWKBAHETO Ha nnatdopmara, KosiTo ocurypsiea popmupaHe Ha
NPOCTPaHCTBEHOTO NOSIoXeHne, ABMKEHNE, BbPTEHE;

cucTemMa 3a ynpaerieHMe Ha KOMMeKkca OT MHXKeHep-MporpaMucT: MOAroToBka Ha ceaHcuTe 3a
nscnensaHe, ynpasneHue n o6paboTtka Ha pe3yntaTuTe;

cMcteMa 3a MOArOoTOBKA, ynpaBneHve u obpaboTka Ha pesyntatute OT KOHTpofnia Ha
Ncnxom3nonorMyHoTO CbLCTOsIHME Ha YoBeka-onepaTtop (YO), MeanLMHCKN KOHTPON 1 OT fiekap-
MCUXONOT;

TenemeTpusi, ocurypsiealla npegaBaHe Ha [aHHU OT peanHuTe npubopu u cpeactea BP B
cucTemaTta 3a 06paboTka Ha MHdopMauusaTa 1 ynpaerieHue;

cucteMa OT JdatyMuM M cpeactBa 3a BbBeXdaHe Ha Meauko-GuonorMyHa WHdopmaums
(maTunumTe ocurypsiBaT cHemMaHe Ha MHdopmauus ot YO, a Ypes cpeacTBaTa 3a BbBeXAaHe Ha
Meauko-omnonormyHata mHgopmauus ce Bb3gencTtBa Ha Y c onpeaeneHu gpasHuTenu ¢ uen
OLeHKa Ha peaKkuMuTe 1 ynpaBreHne Ha CbCTOSIHUETO MY;

cucTemMa 3a npefaBaHe Ha AaHHU, KOSTO BKIMOYBA KOMMpPecUpaHe, Bb3CTaHOBSIBAHE W KOHTPOS Ha
npegaBaHUTe AaHHW U CpeacTBa 3a reHepypaHe Ha BbHLUHU Bb3AeNCTBIUS;

cneunanm3nmpaHn cpegcrtBa 3a MeOUMUUMHCKM  KOHTPOJZT WM AMarHOCTUKa, KOUTO ocurypsasat
npepBapuTenHa obpaboTtka Ha pesynTaTuTe U NpefaBaHeTO Ha MHGOpMauMaTa B cucTtemarta 3a
o6paboTka 1 ynpasrneHue.

YOBEK-CMNEPATOP

Lnes VR ¢ garuaum
3a NanoweHke

ARYCTHYHE CHCTEME

ENeKTpoHHH phlaBuLm
G AATYKLK

k4

CucTema 3a pxog-
CUCTEMa OT AETHMUM W CpeaCcTEa e s Cneyuanysmpani cpeactea 33
TENEMETIHA 38 BLAESHAaHe Ha BronordHa \':D S — MEOMLIMHCKN KOHTRGT M
HHChOpMALIMA AMarHocTea
WHchopManna

I'InaTﬂ::{:-pMﬁ\\ J ‘

Cucrema 3a ofipaboTea Ha wHdopMaumaTa n ynpasnaqme

I I I 1 I

CucTema sa
CycTesa 23 cuHTEa CrcTema 23 CHHTEa ¥npasnexie Ha Cnegexe Ha A
Ha 3BYK W Ha TAKTANHKW nparopmara cexsopul obpaborka dz:guonurmumo
WaohpakeHna YCBLAHWA Ha pRIYNTaATHTE

CHETORHWE

WHseHep-nporpamnct Nexap-ncxxonor

Puc. 4. ApXMTeKTypaTa Ha KOMNJiekca 3a nacnegBaHe Ha HYoBek-onepartop B cpefa Ha BupTyalHa peanHoCcT

BuonornyHus KOHTpPOJT Ha YO n MOHUTOPUHIa Ha HEroBoTo CbCTOAHUE LLE CE€ OCbLUEeCTBABA

OT crneunanusnpaHn cpeacTtsa U cuctemMu: enekTpoeHuedganorpadus, EKI, enekrpommnorpama v gp.
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/3non3BaHeTo Ha MHTEPAKTMBHO YMpaBreHUe Mpu CUHTE3a Ha BUpTyanHa cpefa, 3ajaBaHa
OT crneuwanuct, 6u vMmMana cnegHviTe Uenu: Cb3faBaHe Ha TUMOBU M U3BBHPEOHW CUTyauun u
KOMMMEKCHa OLEeHKa Ha peakumuMTe Ha onepaTtopa; HamupaHe Ha WHAMBMAYyanHW MeToAMKM 3a
apgantaumsa Ha YO B pasnuyHM cuUTyauun; ynpasfieHMe Ha ncuxodu3nonormyHoTo HaTtoBapBaHe B
npoleca Ha u3crnegBaHeTo; noBuwaBaHe eeKkTMBHOCTTa Ha paboTa Ha onepaTopa CbC CUCTEMUTE U
npubopute B pa3nuyHu pexmnmn. C nanonssaHeTo Ha MeaMKoBMONOrnYHUTE CpeacTBa npeq nekapsT-
eKcnepT ce MOCTaBAT Lenu KaTo: OLeHKa M aHanu3 Ha ncuxoduaunonornyHute ceonctea Ha YO;
Bb3gericTeme Ha YO u oueHka 1 aHanu3 Ha pesyntaTuTe; ynpaeneHne Ha cbCTosiHneTo Ha YO.

OcHoBHaTa uen Ha KoMMnrekca e ga ce nokaxaT TakuBa MexaHU3Mmu, nocpeacTBOM KOUTO e
Bb3MOXHO [a ce u3cnegBa YoBeka KaTO yrpaBnsBallo 3BEHO 3a MorfiydyaBaHe U perncrTpupaHe Ha
CUCTEMHU NMOKa3aTenu, UHTEPaKTUBHN KbM pasfiuyHM BUOOBE HErOBU AeMHOCTU. TeopeTuyHa 6a3a 3a
pa3paboTBaHETO Ha TakbB KOMMJIEKC € KOHLUEenuuaTa 3a CUCTEMHMS Noaxod npu MoaenupaHe Ha
YOBEK KaToO YyMpaBnsiBalla CUCTEMA, ENEMEHTUTE Ha KoATO ((PM3MOMOrM4YHKW, MNOBEAEHYECKM WU
MCUXUYHKN) B3aUMOAEWCTBAT efHa C Apyra B paMKUTE Ha e€dHa OpraHuW3auus, uenta Ha KosTo e
CbXpaHeHue Ha xomeocTasaTa (ToHyca).

HeriHocTTa (ynpaBneHueTo) ce pasrnexga kato cuctemoobpasyBally daktop, obeguHsaBaLy
noBedeHYeckMTe M MCUXOU3MONOTMYHN MOACUCTEMUM B edHa cucTema, HacodyeHa 3a JoCTuraHe
nocrtaBeHuTe npen onepatopa pesyntatun. OCHOBHa Len Ha eKcnepuMeHTa e B OnpedensHeTo Ha
JaHHUTE Ha NoACUCTEMUTE, U3SICHSBaHE Ha MEXaHM3MUTEe Ha B3aMMOAENCTBMETO MM U Cb3gaBaHeTo
Ha KOHLenuus 3a YoBeka 1 Herosute ynpasnssawy yHKUNN.

[JelriHocTTa Ha YoBeKka KaTo ynpasrsiBalla cuctema ce opraHvuaupa vpes cpegcrteaTa Ha BP u
€ CBbp3aHa C ynpaslieHUeTO Ha TeXHN4YECKN 00ekT B ONMHaMU4YHO M3MeEHsALa ce cpeaa. B kauyectBOTO
CV Ha MoJen ce NpeaBwxaa Aa ce U3nonssa 3afaya 3a B3eMaHe Ha pelleHue, CBbp3aHa C TbPCeHe n
YHULLOXXaBaHe Ha Lien B YCIOBUsSl HA OrpaHu4eHo BpemMe. 3a Ka4yeCTBEH NoKasaTter 3a M3MbIIHEHME Ha
3agavaTa ce npvemMa BpemeTo. Ha nbpeusi emarn OCHOBHa Len Ha ekcrnepuMmeHTa e AeMOHCTpupaHe
Ha vHOuBMAyanHuTe cTtpaTterum Ha YO u nocnefBallo TSIXHO yrnpaBfieHne Ha MHOPMAaLVOHHO HMBO
(MHbOpPMaLMOHHO yrpaBreHne ce CbCToM B npenopbyBaHe Ha YO Ha TakTUYECKM U CTpaTernvyecku
peleHus). Popmupa ce 6asa fgaHHM 32 UHPOPMALMOHHUTE NapaMeTpu Ha AENHOCTTa U NOBEAEHNETO
My. Ha emopusi eman ce npaBu oueHKa Ha NCMXoU3NONIOrMYHOTO CbCTossHME Ha YO n ce Tbpcar
3aKOHOMEPHOCTU MeXAy napaMeTpuTe Ha AeWHOCTTa U MNCUXOMU3NONOTMYHUTE U MOBEAEHYECKU
nokasartenu, C uen nostlydaBaHe Ha MPUYMHHO-CIIEACTBEHN OTHOLLEHWUS U MHTErparnHu nokasartenu.

6. 3akntoyeHune

B Tasn Bpb3ka hopmanusaumaTa, MogenupaHeTo 1 uscnegBaHeTo Ha YoBeKa B epratudHuTe
cuctemmn (EC) ce okasBa BaxeH MHTepaucuunnMHapeH HayyeH npobnem, usanckeall, M3nonsBaHe Ha
TeopuaTa U METOAMTE Ha MHOro KIMOHOBE OT HaykaTta: KubepHeTuka, ncmuxonornsa (Teopus Ha
KOTHUTMBHUTE MPOLIECU, WHXEHEepHa ncuxonorms v ap.), usmonorus, eproHomus, mMatemartuvka
(pasmMnT MHOXECTBa, MaTemMaTUyecka NUHIBUCTMKA, MOMYyMapKOBCKM Mpouecu UM Ap.), CUCTEMEH
aHanus, GuomexaHuka, KOMMITbPHU HAYKM U T.H.

ETo 3awo oT uskniouuteneH nHTepec e yHAaMeHTanHoTo no3HaBaHe Ha ocobeHocTute 1
Bb3MOXHOCTMTE Ha YOBEKa KaTo ynpaBnsaBalio 3BeHo. Cera Ha OHEBEH pef € Cb3gaBaHETO Ha
Teopwsi, anrOpUTMUYHN U KOMMIOTbPHU MOAENM Ha YOBEKa KaTo ynpaensiBalla cuctema, a MoTMBUTE
3a ToBa ca:

» TakmBa MOJEnM ca Mo-afeKkBaTHW Ha YoBellKaTa [efHOCT M CneLmMdUYHOCT 1 ca No-necHo
dopmanusyemn.

» Camo Ha TsiXHa OCHOBa MoraT Aa ce CMHTe3upaTt XMbpuaHu CMCTEMU 3a ynpaBrieHne, B KOUTO
4YacT OT YOBeLKUTe (OYHKUMM ce npefaBaT Ha MawwuHaTa. EgHoBpemeHHO ¢ ToBa cnegBa da ce
oTYMTa N HEU3BEXHUAT PaKT, Ye Cb3dadeHUTEe OT YOBEKA TEXHOIOMMYECKN YCTPOMCTBA He Morar ga
ce camooOHOBSBAT, cCamopas3BMBaT 1 agantupaTt KbM MOCTOSIHHUTE MPOMEHU Ha OEWCTBUTENOHCTTA U
M3KCKaT KOHTPOJT OT YoBeka!

» TakvBa mogenu morat ga criykat 3a no—ajeKkBaTHa AuarHOCTMKa Ha rpeLlKkuTe Ha onepaTopa,
HeroeaTa cTeneH Ha oby4eHocT (KBanudukaums) u cb3gaBaHe Ha No—ageKkBaTHU MEeToAmM 3a TecTBaHe
1 nogdop Ha onepaTopu 3a KOHKPETHU OENHOCTH.

> lMo-ronAmaTta CNoOXHOCT npeanara noBeye antepHaTvBM 3a M3bop, noBeye CTeneHu Ha
cBobopna 3a gericteme. ToBa HanuymMe Ha noBeye napameTpu B Mogena (Mo—BUCoka MHOTOMEPHOCT Ha
NMPOCTPAHCTBOTO Ha CbCTOSHMETO) BOAW A0 Bb3MOXHOCT 3@ NO—afeKBaTHO MOAEnMpaHe Ha HSAKOoU
MHOrO BaXKHM OCODEHOCTM M KayecTBa Ha YoBeKa KaTo ynpaensBalla CUCTEMA: afanTMBHOCT,
obyyaemocT 1 camooby4aeMoCT, CamOHacToONKa 1 Jopy pasBuTue.
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Abstract: High positioning precision, independent on rotation direction when using a classic elemental
basis, repair suitability and easy operation is of special interest.

A principle for precise positioning of the executive operating bodies with an electromechanical feed-back
is implemented.

METOA 3A NO3ULMOHUPAHE HA U3NBJIHUTEJTHU PABOTHU OPIrAHU HA
CMEKTPO®OTOMETHLP 3A U3CIIEABAHE HA ATMOC®EPHUA O30H
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WHecmumym 3a kocmuyecku uscrnedsaHusi - bbreapcka akademus Ha Haykume
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Knrovoeu dymu: memod 3a Mo3uyuoHuUpaHe

A6cmpakm: OcobeH uHmepec npedcmaensiga npobieMbm 3a 8UCOKa MOYHOCM Ha Mo3UUUOHUPaHe,
He3agucuMoO om focokama Ha ebpmeHe, Npu U3ros3eaHe Ha Krnacudecka enemeHmapHa 6asa, peMOHMHO-
npuzodHocm U JfecHa ekcrnioamauyusi. PeanuaupaH e npuHYuUn 3@ MOYHO  MO3UYUOHUpaHe Ha
usnbAHUMenHUMe pabomHu opaaHu ¢ obpamHa efieKmpo-MexaHu4Ha 8pb3Ka.

Introduction

The development of the satellite spectrophotometer necessitated the development of reliable
and precise constructive decisions for the setting of a reading start or final decision of the executive
element and its intermittent observation, feed-back between initial and an executive unit for the control
of the positioning precision not only at the moment, but after a long exploitation, simplicity of
execution, repletion and reliability of the results.

Its work is highly reliable. The implementation is possible with simple parts and is electrically
adaptable with a microprocessor system and the leading motor. Various applicable schemes can be
created with different precision of work which depends on the preliminary relation in the mechanic
transmission. Depending on the wearing out with time, the principle allows it to be read by the
microprocessor system in order to keep the necessary precision. A system with such feed-back can
work with one- and two-direction circular motion.

The principle relies on the use of construction relations between the initial and final parts and
the gearing relation of the mechanic transmission between them. It is made by two disks with one
frontal slot each, which fit together immovably to the corresponding initial and final part and an optron
in the infrared part of the specter. They are installed at a proper place in the construction for an easy
tuning of the system; they do not need additional activity during operation in the practice at this
moment. The schemes of two versions are presented: one is for unidirectional movement and the
other — for two-direction circular motion within the range of +0°...360°.

The variants are created for scanning spectral device with a diffraction grating which makes
return circular motion from the arm of the cylindrical cog within the range of 9 revolutions. The
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principal scheme of the first variant is presented on Fig. 1 and it contains the following elements: a
control block 1, supply 2 of the electric motor M, a photo raster transformer 4, a block for
synchronization 3 with a link to the micro processing system mp, executing unit 5 including a
cylindrical cog and an arm with a spring 13, rotating around an axis through point 0, in the plane of the
diffraction grating 8. The source of radiation 6, diaphragm 7 and photo-electronic multiplier 9 form the
spectral part of the device for analyzing of the solution in the gutter 14. It is moved by a mechanical
gearing 10 cl=10, and a disc with a frontal slot 11 is immovably attached to each of the axes and the
disks do not touch each other but they rotate in opposite directions. An optron 12 is attached
immovably in the zone at a minimum distance and it works in the infrared part of the optical specter.

Operation:

The electromotor M is moved in the direction for initial fixing of the diffraction grating. In a
certain moment of rotation of the disks 11, their slots stand in a straight line between the elements of
the optron 12 and a single impulse is generated which stops the rotation of the electromotor M. The
system is ready to work. At the start, an initial impulse is given through the slots of the disks 11 and
the optron 12 and then the counting of the impulses is made by a photo-raster transformer 4 and the
rotation of the arm 5 is synchronized with the diffraction grating 8. There is data in the micro
processing system mp which values are apt for spectral analyses which correspond to a certain
number of impulses from a photo-raster transformer 4. the system is fixed, the radiation intensity is
measured and the process continues without the initial fixing. This is one of the working procedures,
i.e. step by step and certain data for the analysis is collected. In another working procedure of
constant scanning, the process is not interrupted and data is constantly written in the memory of mp
for the results of the radiation intensity or their corresponding length of the specter.

-~

2

L 2 4

F O

Mp

Fig. 1. Functional scheme of a scanning system for precise positioning with
an electromechanical feed-back

The second version is created for carrying out a task for automatic management and
positioning in two directions for circular rotation within the range +0°...360°. The principle scheme is
presented in Fig. 2 and it contains the following parts: a control block for the operator 1, micro
processor system, a block for synchronization 3, photo-raster transformer 4, a leading electromotor M,
three-stage mechanic transmission 5 with a general transmission relation 1:5400, including a cylinder
gearing, planetary reducer and worm gear. Two disks with frontal slots, which do not come into
contact with each other, are attached to the axle of the electromotor M and the worm gear. An
immobile optron, working in the infrared range 6H2144(MK203) is installed in the area with a minimum
distance.
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Fig. 2. Functional scheme for automatic control for precise positioning with
an electromechanical feed-back

The transmission relation between the two axles is selected in a way that when the worm gear
makes one full revolution 360°, the two slots stand in one line between the disks’ axes and a single
impulse is registered. It secures an initial nullification of the system according to certain criteria. The
next task is positioning and it is made by the micro processor system on the basis of data from the
raster transformer.
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Abstract: A new source of information for monitoring the atmospheric stability is now available thanks to
remote sensing. MODIS data provide information for temperature profile, dew point profile, K-index, Lifted index
and Total totals. In Bulgaria these data are available up to eight times for 24 hours in 5x5 km grid in real time in
Aerospace Monitoring Center. This allows a better understanding of the processes in the atmosphere in non-
frontal cases. The three stability indices help for analyses and now-casting for quickly developing cloud systems,
especially Cumulonimbus and probability of thunderstorm activity as well. This kind of information is of a great use
in airports, moreover that, so far, all the airports in Bulgaria used data from the only atmospheric sounding in
Sofia in 12 UTC or model atmospheric profiles.

Introduction

Nowadays detailed study of the atmosphere requires different sources of information.
Satellites tend to become more and more important in providing data, moreover that for many cases
and regions of interest these are the only available data. When we use satellite data we always should
consider the temporal and spatial resolution. The algorithm MODOQ7 - “Atmospheric Profiles”,
established by NASA MODIS Science Team provides data for the profiles of the temperature and the
dew point, as well as for three stability indices: Lifted Index, K-index and Total Totals in real time.

A first attempt for using this data into operational work is presented in this report. An effort is
made for detailed analysis of all three indices together. Special attention is paid to night images, which
are more important for now-casting and forecasts, especially when it is about non-frontal processes
with developing of Cumulonimbus and probability of thunderstorm activity summer-time. The limitation
of MODO7 is that it works in “clear sky”, which means that at least five of twenty-five 1km pixels must
be considered cloudless by another algorithm of MODIS Atmosphere — MOD35 — “Cloud Mask”. All
the analysis can be made for the region that is in the geographical coverage of the receiving station,
but with respect of the territory of Bulgaria.

Theoretical background
Stability indices

Using stability indices in everyday work is very appropriate in study of the moment statement
of the stratification Instability is a critical factor in severe weather development. Severe weather
stability indices can be a useful tool when applied correctly to a given convective weather situation.
However, great care should be used when applying these empirical indices because they simply
cannot be applied to every weather situation and must always be applied in conjunction with other
parameters. A number of indices are tied to specific pressure levels which may (or may not) be
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representative of a particular convective weather situation. Soundings must be looked at as a whole.
Stations at high elevations make some indices irrelevant. Local adaptations must be made at such. It
also should be considered that sometimes the upper air sounding itself may not even be
representative of the overall synoptic situation. Severe weather indices only indicate the potential for
convection. There must still be sufficient forcing for upward motion to release the instability before
thunderstorms can develop (http://www.crh.noaa.gov/crh/?n=tsp10-sevwea-stab).

Meteorologists use stability indices to quickly assess the susceptibility of the atmosphere to
severe weather. Stability indices are a measure of the atmospheric static stability (Ackerman and
Knox). Below are presented some of the indices that now can be studied better thanks to the
information received from satellites.

Lifted Index (LI)

Lifted Index is one of the most often used indices and has proved useful role in detecting the
likelihood of severe thunderstorms. By definition it is a difference between the external temperature
(Ts00) and the internal temperature (Tpsgo) at level 500 hPa:

(1) LI = Tso0 - TPsoo.

The main interpretation of the values is according to whether they are positive or negative. In
general positive LI indicates stability and negative — instability. There are some specifics presented in
table 1. Another classification is presented in table 2.

Table 1. Classification of LI and associated weather,
(http://www.engineering.uiowa.edu/~hmet/Handouts/Indices-1.pdf)

Lifted Index [°C] Associated weather
>2 No convective activity
Oto2 Shower probable, isolated thunderstorms possible
-2t0 0 Thunderstorms probable.
-4 to -2 Severe thunderstorms possible
<-4 Severe thunderstorms probable, tornadoes possible

Table 2. Classification of LI and atmospheric instability
(Galway 1956, http://www.crh.noaa.gov/crh/?n=tsp10-sevwea-stab)

Lifted Index [°C] Stability
Oto3 Stable. Weak convection possible with strong lifting or forcing mechanism
0to-3 Marginally unstable
-3to -6 Moderately unstable
-6 to -9 Very unstable
<-9 Extremely unstable

Interpretation of values that are close to zero, but positive is the most difficult. Those are
exactly the values that could be essential for development of non-frontal Cb clouds and severe
thunderstorms.

K-index (KI)

A very precise index is K-index (KI). By definition (2) it is calculated from Tgso, Tsoo and T ,
that are the temperatures and Tdgso and Td;qg, that are the dew point for each level:
2 Kl = (Tgso - Tsoo) + Tdaso - (T700 - Td700).

Kl is a measure of the potential for development of thunderstorms, based on two parameters
(temperature and dew point) at three isobar levels all together (850 hPa, 700 hPa and 500 hPa). This
is the index used most often for assessment in non-frontal cases. It is not recommended for
forecasting of very severe thunderstorms. A classification of its values is presented in table 3.

Table 3. Classification of KI and thunderstorm probability
(http://www.engineering.uiowa.edu/~hmet/Handouts/Indices-1.pdf)

K-index [°C] Thunderstorm
Probability

<15 0%

21t0 25 < 20%

26 to 30 20-40 %

31to 35 40-60%

36 to 40 60-80%
> 40 > 90%
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Total Totals Index (TT)

Total Totals Index consists of two components: Vertical Totals (VT) and Cross Totals (CT). VT
represents static stability between 850 mb and 500 mb. The CT includes the 850 mb dew point. As a
result (formula 3), TT accounts for both static stability and 850 mb moisture. However, TT would be
unrepresentative in situations where the low-level moisture resides below the 850 mb level. If a
significant capping inversion is present, convection will be inhibited even with a high TT.

VT = Taso - Tso0,

CT = Tdgso - Tso0,

(3) TT=VT+CT= Tg50 + Td850 - 2T500.

Compared to KiI, in Total Totals, dew point is calculated at one level only. A classification of TT
and the associated weather is presented in table 4. One more classification is presented in table 5.

Table 4. Classification of TT and associated weather
(http://www.engineering.uiowa.edu/~hmet/Handouts/Indices-1.pdf)

Total Totals Index [°C] Associate weather
44 to 45 Isolated to few moderate thunderstorms
46 to 47 Scattered moderate, a few heavy thunderstorms
48 to 49 Scattered moderate, a few heavy and isolated severe thunderstorms
50to 51 Scattered heavy, a few severe thunderstorms, isolated tornadoes
52 to 55 Scattered to numerous heavy, a few scattered severe thunderstorms, a few
tornadoes
> 56 Numerous heavy, scattered severe thunderstorms, scattered tornadoes

Table 5. Classification of TT and thunderstorm chances
(Miller 1972, http://www.crh.noaa.gov/crh/?n=tsp10-sevwea-stab)

Total Totals [°C] Thunderstorm chances
45 to 50 Thunderstorms possible
50 to 55 Thunderstorms more likely (some severe)
55 to 60 Severe thunderstorms likely

The above classifications of the three indices are from American references and the values
are based on climate and empirical specifications there. One classification in Europe goes that the
development of thunderstorms can be described by values TT>45 °C or KI>24 °C for 00 GMT and for
12 GMT - TT>46 °C or KI> 22°C. Moreover that there are an additional condition:

(4) LI = (L|500 + L|600 + L|7oo )/3 < 30,
where LI is taken at levels 500 hPa, 600 hPa and 700 hPa so the instability of lower levels is taken
into consideration (http://www.westwind.ch/w_0sok.php).

MODIS and MODO7

MODIS (Moderate Resolution Imaging Spectroradiometer) is the 36-channel
spectroradiometer onboard Terra and Aqua satellites from NASA’s Earth Observation System. Some
of the main advantages of MODIS are the biggest number of spectral channels, the spectral interval
0.4 — 14.4 ym, as well as the three available spatial resolutions (250, 500 and 1000 m), wide field of
view, 24-hours of operation (http://modis.gsfc.nasa.gov/).

Based on the full set of data from these satellites NASA MODIS Science Team established
algorithms gathered in three packs Atmosphere, Land and Ocean. Each product contains a set of data
and processing methods. The final product is usually a mean of visualization and analysis of a great
number of parameters that characterize the atmosphere, the land cover and the water. In this report
is presented the algorithm MODO7 - “Atmospheric profiles”. The atmospheric profile algorithm is a
statistical regression with the option for a subsequent non-linear physical retrieval. The operational
retrieval algorithm requires that at least 5 of the 25 pixels in a 5x5 field-of-view area be assigned a
95% or greater confidence of clear by the cloud mask (Menzel et al., 2002; Seeman et al., 2006).

MODOQ7 provides data for temperature and dew point for 20 levels from 5 to 1000 hPa.

A computationally efficient method for determining temperature and moisture profiles from
satellite sounding measurements uses previously determined statistical relationships between
observed (or modeled) radiances and the corresponding atmospheric profiles. The input data in the
algorithm is historical and the method is statistical. There is no unique solution for the detailed vertical
profile of temperature or an absorbing constituent because (a) the outgoing radiances arise from
relatively deep layers of the atmosphere, (b) the radiances observed within various spectral channels
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come from overlapping layers of the atmosphere and are not vertically independent of each other, and
(c) measurements of outgoing radiance possess errors.

The main disadvantage in MODOQ7 is that it does not describe quite well small scale specifics
in the stratification of temperature and especially in the humidity (Menzel et al., 2002). That can be
seen in Fig. 1. In the cases with significant changes in the vertical structure of the humidity (e.g. inflow
of dry air at higher levels) the profiles of MODO7 does not represent correctly the situation.

Used data

Data sources used in this report are Aerospace Monitoring Center, Agency Hail Suppression
and internet based archives. Complete analyses are made for August 2008 and summer time 2009.
Special cases are presented.

Analysis and results

The specifics in the profiles are presented in Fig. 1. Examples for good correlation and a bad
correlation are chosen. Chosen dates are 6 and 17 August 2008 and the graphics are built on the
complete sets of data (till 100 hPa). On 6 August 2008 the profiles of temperature (T) and dew point
(Td) retrieved by MODO7 and the atmospheric sounding (TEMP http://weather.uwyo.edu,
http://www.westwind.ch/w_0sok.php) have a very good correlation. The profiles are smooth, without
big vertical changes. As an example of the opposite is 17 August 2008. There are big differences
especially in the profiles of the dew point. Stability indices are interesting to be studied together.
Moreover a combination of these three indices is not often made in Bulgaria. So far in our country was
available an only sounding in Sofia 1200 UTC. This sounding is not representative for the whole
country and, for example, the airports in Varna and Bourgas had to use soundings from Bucharest or
Istanbul or model data. This now can be changed using satellite data in real time, both day and night.

A nice example for LI at the territory of the country is 18.08.2008. It was chosen after a
detailed analysis of the precipitation over Bulgaria. MODIS data are presented in Fig. 2. Values of LI
below zero are mapped in red and mark the areas with unstable atmosphere. At 13:40 local time
MODIS registers atmospheric instability mainly over East Bulgaria. During the following night, 18 vs.
19, the east regions of the country are at the periphery of a low pressure system, whose centre is over
Ukraine. The atmospheric front, that passes, in a combination with the instability earlier at the day,
contributes the development of clouds and leads to precipitation and thunderstorms. Rain rates at
several stations are: Varna - 18.5 mm, Silistra — 13 mm, Shabla — 3.3 mm, Sliven — 2.8 mm. According
to MODIS data at 13:40 local time in Varna, LI=-2.02 °C, which is an indicator for moderate instability
(table 1 and 2) and low probability of thunderstorms. Such situations actually develop later. At the
same time (Fig. 2) at the region of Stara Zagora LI=-0.56 °C. This value also indicates instability, but
with lower thunderstorm probability and there is no precipitation there.

The development of the cloud system over the night is shown in Fig. 3.
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Fig. 2. 18.08.2008, 13:40 local time, Lifted index (left), LI<O (red), LI>0 (green), satellite image (right)
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Fig. 3. Satellite images left to right: 18.08.2008- 22:16, 19.08.2008 - 03:51 and 06:59, local time

A new method should be developed for operational work with the night indices. The values
from the night are not even close to those that were described in tables 1-5. This is mainly because of
the temperature fall close to the land surface. For this reason it is very appropriate to monitor the trend
of the indices, not the values themselves. When there are significant changes towards instability, it is
usually followed by thunderstorms and precipitation. In case with not so significant changes cloud
development is observed, but without rain. Monitoring of the processes for longer than 24 hours period
is useful in frontal system forecasts.

For study of the non-frontal development of cloud systems is chosen 30.06.2009 for Sofia. In
table 6 are presented the data from MODO7 and the atmospheric sounding.

Table 6. Stability indices from MODOQ7 for 30.06.2009

Date Time [local] LI [°C] Kl [°C] TT [°C]
30.06.2009 03:00 7.70 20.00 41.13
30.06.2009 12:21 -0.62 33.99 53.84
30.06.2009 23:28 3.43 3157 46.71

The values from sounding at same day at 15:00 local time are: LI =-1.53 °C, Kl = 38.40 °C,

TT = 51.40 °C. By comparing these data it can easily be seen the trend of the indices. The
precipitation in Sofia for 30.06.2009 is 3 mm. For two of the periods in table 6 are made maps of the
three indices. Instability regions can be easily defined. The colour table (table 7) is made according to
the definitions of the indices (Tables 1-5). The maps are presented in Figs. 4 and 5. In the early hours
on 30.06.2009 (Fig. 4) attention should be paid to West Bulgaria. The values of the indices there show
more instable atmosphere, compared to the other regions of the country. On the maps in Fig. 5 the
areas with higher instability are: Plovdiv-Pazardzhik, Razgrad-Turgovishte and by the rivers Strouma
and Mesta. On the satellite image from 12:21 local time the beginning of developing of convective
processes can be observed. In Fig. 6 afternoon satellite images from NOAA on 30.06.2009 are
presented. By comparing these images can be seen the development of thunderstorms.

Table 7. Colour table for figures 4 and 5

LI Kl T
Value Colour Value Colour Value Colour
-10to -6 red 15t0 20 | blue 20 to 40 light green
-6 to -3 orange 20to 25 | lightgreen | 40to 44 green
-3t0 0 yellow 251030 | green 44 to 47 yellow
0to 3 green 30to 35 | yellow 47 to 50 orange
3to6 light green 35t040 | red 50 to 60 red
6t09 light blue
9to 20 blue
Other values - white

The minimum of Kl and TT (maximum of LI, respectively) in the region of Silistra-Dobrich in
Fig. 7, presents the most stable atmosphere over Bulgaria at that moment. This stability is obvious in
Fig. 9 as well — the cloud free area in North-East Bulgaria. On that date in Sofia is registered 3 mm
rain accumulated for 6 hours till 21:00 GMT. There was thunderstorm activity. The data from Agency
Hail Suppression, available in Aerospace Monitoring Center, register precipitation in a lot of stations,
in many of them the precipitation is very intensive, e.g. in Rakovski the precipitation is 20 mm from
15:00 to 18:00 local time.

113



Fig. 6. Satellite images from NOAA - 30.06.2009, 13:49 (left) and 15:06 (right), local time

Perspectives and conclusions

Nowadays remote sensing is a powerful instrument for monitoring and research of our planet.
Satellite data contributes the development of Meteorology in both science and operational work.

The main perspectives in the usage of MODO7 can be summarized as follows:

1. implementing all the data from MODOQ7 into operational Meteorology in Bulgaria;

2. improving now-casting and short term forecasts;

3. applications in Climatology, Ecology, Hydrology, etc.

The present report was made with three main goals:

1. to present the new source of information in Bulgaria — MODIS system

2. to present the achievements of MODO7 — “Atmospheric profiles” and the available data

3. to suggest analysis of combined use of stability indices LI, Kl and TT.

The research that has been made includes data from the MODIS station in Sofia and from
internet archives and has shown a good correlation between the stability indices and the development
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of cloud systems and thunderstorm activity. The analysis and results are satisfying and are just a first
attempt in the usage of MODOQ7. The author hopes that the future work over these data will be of a
great help of a variety of user of information from Aerospace Monitoring Center.
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Abstract: This paper presents the results from a conducted research on assessment of land use
dynamics of areas threatened by floods, using geoinformational technologies. The studied area is the Town of
Novi Iskur, Municipality of Sofia, Bulgaria, where in June 2005, the Iskur river suffered severe flooding as a result
of intensive rainfall. Land use maps before and after the flooding were composed for the purpose. Object-oriented
classification based on very high resolution satellite images from IKONOS and QuickBird was used. The overall
accuracy assessment of the classifications is above 80%. Map and change detection matrix for 2008 compared to
2002 was composed. The effect of the flooding was greatest for the crop field class, which has decreased from
47% in 2002 to 1% in 2008. After the flooding the prevailing part of it was changed to meadows and pastures.
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Pe3rome: B Hacmoswusi 0oknad ca npedcmaseHu pesynmamume om [poeedeHo u3credeaHe
C8bP3aHO C OUeHKa Ha OuHaMuKama Ha 3eMerno3eaHemo 3a palioHU 3acmpaweHu om HagoOHEeHUS C U3IMoi3gaHe
Ha eeouHgbopmayuoHHU mexHooauu. MscnedeaHemo e u3ebpuweHo 8 palioHa Ha 2pad Hosu Mckbp, CmonuyHa
obwuHa, kbdemo npe3 toHu 2005 2. cred obunHu eanexu, p. Ickbp HaBOOHU 3Ha4YumMesIHU mepumopuu. 3a
uenma ca cbCmaseHuU Kapmu Ha 3emerion3eaHemo npedu u cried HagoOHeHUemo Kamo e u3rnon3saHa 06eKmHo-
opueHmupaHa Knacughukauyusi Ha u30bpaxeHusi C MHO20 8UCOKa MpocmpaHceeHa pa3denumeriHa crocobHocm
om IKONOS u QuickBird. TouHocmma Ha knacugukauyuume e Had 80%. CbcmaseHa e kapma u Mampuua Ha
u3MeHeHusiIma Ha rniouwjume Ha 3eMHOmMoO rokpumue 3a 2008 e. cnipsimo 2002 2. HagodHeHUemo ce e ompasusio
HaUl-curnHo 8bpXy Knaca Husu, koimo e Hamarnsin om 47% npe3 2002 2. Ha 1% npe3 2008 e. lNo-2onsmama yacm
om msix ca npemMuHanu 8 nueadu u nacuuja cried HagoOHeEHUEMO.

Introduction

An increasing attention on hazard of floods has been paid in the past few decades. Remote
sensing techniques for monitoring rivers are introduced for solving that issue (Smith, 1997; Sanyal and
Lu, 2004). One of the primary causes of flooding is land use/land cover change. In the same time
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investigating of this hazard helps to provide useful solutions on minimizing the damages regarding
territories threatened by floods. Part of these efforts is pointed out to conversion of land usage after
flood events. Using temporal series of satellite images provide opportunity for composing land use
thematic maps for change detection.

Change detection has had various applications within land use and land cover analysis.
However, there are different approaches in applying this type of analysis. The change detection
algorithms are divided into two categories: image-to-image comparison or map to map comparison.
The map to map comparison is preferred as it can detect a full matrix of land-use/land-cover changes,
while the first one is generally accurate, but it lacks detailed information on how various land-use/land-
cover categories change (Yang and Lo, 2002).

The most commonly used automatic classification approach is to classify each image pixel as
an independent observation regardless of its spatial context. Unfortunately, this is fraught with the
limitations imposed by pixel-based image analysis. The general approach to symbolic identification is
to compare two classifications pixel by pixel, although it generally results in low change detection
accuracy (Singh, 1989).

Much attention has recently been shifted to the development of more advanced classification
algorithms, including neural network, contextual, object-oriented, and knowledge-based classification
approaches (Stuckens et al., 2000; Thomas et al., 2003; Zhang and Foody, 2001; Zhang and Wang,
2003). The shift towards object-orientation is driven by the limitations of the pixel in addressing the
issues of location, scale, neighbourhood and distance (Strobl and Blaschke, 2001). Moreover image
texture has been recognized as an important source of information for both the manual and automatic
processing of remotely sensed images (Jensen, 2005).

In many parts of Bulgaria the environmental conditions in combination with the poor condition
of the hydro-technical installations may cause flooding. The flooding in June 2005 in the Town of Novi
Iskur, Metropolitan municipality, proved this. Using this event as a case study the main objective in the
present work is to develop a spatial model for assessment of the land use/land cover changes
resulting from the flooding created by intensive rainfalls. The following issues should be resolved for
this purpose:

» Identifying areas threatened with floods using satellite images;

» Conducting digital image processing on the images acquired before, at the time of and after
the flood;

» Assessing the condition of the land use/land cover before, at the time of and after the flooding
and calculating the affected area.

Study area

The study area is located in the lowest, northern part of Sofia hollow and covers the floodplain of the
Iskur River and adjacent slopes on which the Town of Novi Iskur is located. The territory is
characterized by marshes, due to high underground waters.

The climate of the region regarding the precipitation rate is analyzed based on the data
gathered at the NIMH-BAS rain-gauge station at Kourilo, Town of Novi Iskur, for the period of 1949-
2005. The precipitation rate is characterized by spring-summer maximum with highest values in June
(Figure 1a). The lowest rainfalls are recorded in August. The distribution of the maximum 24-hour
precipitation for 2005 is characterized with two peaks — June and August (Figure 1b). On 07.VI1.2005 in
the NIMH-BAS rain-gauge station at Kourilo, Town of Novi Iskur, a maximum 24-hour precipitation for
the month is recorded (Figure 1b), when rainfall of 62 mm (I/m?) poured out.
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Fig. 1. Precipitation data for Kourilo rain-gauge station: (a) Average monthly amounts of
precipitation for 1949-2005; (b) Monthly distribution of the maximal 24 hour precipitation for 2005.
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Methods and results

The proposed approach for land use dynamics assessment in regions threatened by floods
includes five major stages (Figure 2). Their accomplishment is conducted using geo-informational
technologies, including remote sensing data processing and geographical informational systems (GIS)
(Lillesand, 2000), and (Burrough, 1996).

Locating areas threatened with floods

By satellite
images

By ground-
based data

v

Selecting appropriate satellite images

v

Creation of geodatabase

v

Digital image processing on the images

Georeferencing
and
Orthorectifying

Object-
oriented
classification

v

Conducting spatial analyses and assessment of the
newly-composed thematic maps using the geodatabase

Fig. 2. Flow chart of the study

1. Identification of the areas threatened with floods

The location of the areas threatened with floods is determined using satellite images and
ground-based data. Depending on the scale and characteristics of the flood, satellite images with
different spatial resolution are used. The necessity of having information with high spatial and
temporal resolution requires the use of various satellite sensors. The territory threatened by flooding in
the first level is detected using low resolution satellite images from the spectroradiometer MODIS on
the satellites Terra and Aqua (Figure 3), downloaded free of charge from MODIS Rapid Response
System. On the images acquired in the period 09.06 - 26.06.2005 was identified the location of the
flooded area — the floodplain of the Iskur river, Town of Novi Iskur, Metropolitan Municipality. In the
first few days the flooded area is not identified on the satellite images due to dense cloud cover.

2. Selecting appropriate satellite images

For selecting appropriate satellite images and conducting assessment for change detection of
land use/land cover in the most damaged part of the flooded area, the following criteria were used:

e Spatial resolution not less than 5 m;

e Minimal number of the spectral bands in the following wavelength diapason: 0.6-0.7 um and
0.8-0.9 (0.8-1.1) um; it is also recommended to have one band in the 0.5-0.6 um spectral
diapason;

e The images to be georeferenced and orthorectified;

e The temporal resolution to be from 1 to 3 years before and after the flood;

e To be acquired in the same season.

The chosen satellite images are presented in Table 1.
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Fig. 3. Locating floods using spectroradiometer MODIS on the satellites Terra and Aqua
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Table 1. Used images

Sensor Acqg;ietion Ressﬁj ?}ﬁ: (m) Spectral Resolution (nm)
panchvomatic 31082008 00 450-900 nm
QuickBird Spectral  Gioctoos 244 G50 600 nm (redh, 760-900 nm (near 1)
Panchromatic 16062005 im 526-929 nm
KonoSSpecrsl  SUTA am s oiom e 05 seom ey
Coloured aerial photos 20.06.2006 0.50 m -

3. Creation of geodatabase

The thematic geodatabase created for the present study in the Town of Novi Iskur is distributed
in two major datasets — raster and feature. The Geographical Informational System (GIS) created for
the Novi Iskur aerospace test site, with integrated geodatabase composed of large-scale aerospace
and ground-based data for landscape-ecological planning of land use was used. It also contains:
climate, relief, geology, soil, vegetation and land use/land cover data. The geodatabase includes also
archive aerial and satellite images for the period 1940-2009. The composed file geodatabase for the
Novi Iskur GIS contains 6 feature datasets with 27 feature classes, 1 raster catalogue with 385
images, 51 raster datasets, 14 tables, 6 stand-alone feature classes and the relevant topological and
relationship classes.

4. Digital image processing

The preliminary processing and interpretation on the satellite images is conducted in GIS with
the purpose of deriving land cover thematic layers for the studied territory. These layers are used for
composing a map and change detection matrix for the land use/land cover classes after the flood in
2005. Since very high resolution satellite images acquired in various years are used it is necessary to
be georeferenced and orthorectified preliminary. Digital Elevation Model (DEM) with 40-meter cell size
and Rational Polynomial Coefficients (RPC) geometric correction model in ERDAS IMAGINE were
used for orthorectifying the images. Ground control points selected from orthophoto images with
resolution of 0.5 m were used to adjust the RPC values. The RPC model uses cubic polynomials for
transformation from ground surface coordinates to image coordinates (Figure 4).

Fig. 4. Orthorectifying and georeferencing of the images
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The identification of the different land cover classes on the satellite images was conducted
using object-oriented classification software product Feature Analyst 4.2 for ArcGIS. For classifying
the chosen satellite images (Table 1) from QuickBird and IKONOS the following options available in
the software were chosen: Input Representation field Manhattan, Pattern width 5, Aggregate area 25
pixels, Approach 1, wall to wall selected. The panchromatic image was used as texture and
reflectance and the multispectral one only as reflectance. For better accuracy in identifying the training
samples, Normalized Difference Vegetation Index (NDVI) image was used. Depending on the land
cover condition and their appearance the following classes are identified: three classes of crop fields,
three classes of natural meadows, pastures, forest and scrub vegetation, water bodies and roads. The
accuracy assessment of the classification of the satellite image, acquired in 2008 is conducted based
on field check with preliminary selected routes.

Accuracy Assessment tool in ERDAS Imagine software was used for the accuracy assessment
of the three object-oriented classifications. Over 100 randomly distributed reference points were
generated for that purpose.

The accuracy assessment report for the object-oriented classification on the IKONOS image
acquired in 03.07.2002 shows overall classification accuracy of 80.26% and overall Kappa statistics of
0.7669. From 76 randomly distributed reference points throughout the image, 61 points are correct.
According to the reference data table from the error matrix, it can be concluded that there are some
problems regarding the accurate extraction of the classes “Meadow 3", “Crop 2" and “Meadow 2”. The
particular problems are as follows: 1) Class “Meadow 3" is mixed with the “Crop 3” class and this is
reflected on the accuracy totals table where 50% producer accuracy is observed; 2) Class “Crop 2" is
mixed with the “Crop 3” class which can be explained with the difficulties in the discrimination between
the three agricultural classes. The producers’ accuracy of the “Crop 2" class is 66.67%. The “Meadow
2" class is considered as the most difficult class for extraction from the IKONOS image because it has
some mixtures with both other classes: “Crop 3” and “Meadow 1”. This conclusion can easily be seen
in the accuracy totals table, where the class “Meadow 2" has producer’s accuracy of just 35.61%.
There are two other classes that experience some accuracy assessment problems for that
classification. These classes are “Trees” and “Crop 3" which have users’ accuracy of less that 70%.
The classes “Pastures” and “Water” have both producers’ and users’ accuracy of 100%.

The accuracy assessment report for the classification on the QuickBird image, acquired on
07.03.2007 shows overall classification accuracy of 80.60% and overall Kappa statistics of 0.7543.
According to the error matrix table of the accuracy report, it can be concluded that the classification
process has some difficulties regarding the “Meadow 2" class, which is mixed with the “Meadow 1”
and “Crop 2" classes. This conclusion is evident from the accuracy totals table, where this class has
producers’ accuracy of just 33.33%. The “Water” class has 100% accuracy and this can be explained
with the excellent extraction of this class from the Feature Analyst software and also with the fact that
the water bodies have only 4 reference points in total for that classification.

The accuracy assessment report for the classification on the QuickBird image, acquired on
31.05.2008 shows overall classification accuracy of 91.75% and overall Kappa statistics of 0.8693.
From 97 reference points in the image, 89 are correct and represent the real distribution of the classes
throughout the studied territory. According to the error matrix table of the accuracy report, it can be
concluded that this classification has some inaccuracies’ regarding the “Meadow 1" class, which is
mixed with the “Meadow 2” class and this is reflected on the error matrix table. This classification is
the most accurate from the three classifications made. The reason for that could be the acquisition
date of the image, in particular the growth stage and the condition of the meadows and crops, which
makes interpretation of the image more easy compared to the other two images.

Despite using Normalized Difference Vegetation Index (NDVI) and ground-based data to
separate between different growths stages of the classes “Meadows” and “Crops”, it is still very
difficult to receive a 100% accuracy assessment report. Having in mind that we analyze three images,
each from different time of the year and growth stage, we consider that this study will be useful for
future research in this field.

5. Conducting spatial analyses and assessment of the newly-composed thematic maps using the
geodatabase.

The border of the flooded areas and the level of dryness are evaluated using visual computer-
aided interpretation on very high resolution IKONOS image, acquired on 16.06.2005. A notable part
from the territory of Novi Iskur was affected by the flooding - 10.6% of the territory was flooded, and
the prevailing part of it has already partially dried (Figure 5).
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Fig. 5. Map and diagram of the flooded areas and the level of dryness

For assessing land cover change caused by the flooding, difference map were created using
the vector layers from the object-oriented classification of 2002 and 2008 images. A simplified
difference map showing changed and unchanged territories between 2002 and 2008 is shown in
Figure 6. Change detection matrix for the same years is also presented (Table 2), showing the change
occurred from one class to another.
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Fig. 6. Map of changed and unchanged areas for the period 2002-2008

122



Table 2. Change matrix of the land cover areas (%) for 2008 compared to 2002

2008
Land cover classes Total
Crop Meadow/ Other
Pastures
Crop 0.47% | 40.76% | 5.44% | 46.67%
A
8 | Meadows/Pastures| 0.49% | 38.69% | 3.85% | 43.03%
AN
Other 0.12% 3.28% 6.90% | 10.30%
Total 1.08% | 82.73% | 16.18% |100.00%

The studied territory appears labile as far as land use is concerned. In 2008 53.9% of the
study area is changed (Figure 6) with biggest shares for the class agricultural land. The arable land
affected by the flood is abandoned and it is occupied mostly by meadows and pastures. The
meadows/pastures land for 2002 is 43.03%, while in 2008 it occupies 82.73% from the territory
(Table 2). This conclusion was confirmed from the conducted field check.

Land use categories, affected by the flood are defined for registering the damages and their
percent shares are calculated using the created geodatabase (Table 3). The most affected classes are
crop fields and natural meadows, respectively 52% and 36% from the flooded areas. The least
affected class is forest and shrub vegetation of the territory. As a result from the flood, parts of the
irrigation equipment was damaged and flooded - mainly dikes and two channels.

Table 3. Land use categories for the Town of Novi Iskur affected by the flood in 2005.

36.01% |
Land use categories Area (%)
2.96 %

Crop fields 52.13% 140
Meadows 36.01% T
Transport and infrastructure 5.15% 515%|
Pastures 2.96%
Urban area 2.36% 5213%
Water bodies 1.40%

Conclusion

The effect from the flooding has biggest reflection on the crop class. In the recent years the
usage of the territory for agricultural purposes has decreased.

The use of very high resolution (VHR) satellite images integrated in GIS allows for regular
monitoring of the land use/land cover change to be conducted.
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Abstract: The paper presents one approach used to determine the requirements for the parameters of
imaging spectrometers, obtained as a result of preliminary data processing. It considers the various types of non-
uniformities in acquired spectral data, the factors influencing their formation and the respective correction
methods used during preliminary processing. The results from preliminary processing depend greatly on the
systems’ characteristics, too. Using this approach, a number of requirements for the image spectrometric systems
imposed by the design and construction process of such type of devices have been determined.

M3NCKBAHUA KbM NAPAMETPUTE HA BUOEOCIMNEKTPOMETPUYHH
CUCTEMU, NPOU3TUYALLU OT U3MNOJISBBAHUTE METOAN
HA NPEABAPUTEJIHA OBPABOTKA

BaneHTuH AtaHacoB, Neopru XXenes, Jllo6omupa KpaneBa

UHemumym 3a KocMmuyvecku uscredsaHusi — bbnzapcka akademusi Ha HayKume
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Knrovyoeu OJdymu: sudeocriekmpomempu, criekmpanHu OaHHU, npedsapumesiHa obpabomka,
U3UCKBaHUS KbM Xapakmepucmuku Ha eudeocrekmpomMmempu.

Pe3rome: B pabomama e npedcmaseH eOuH 1o0xod 3a onpedesiiHe Ha U3UCK8AHUSI KbM
napamempume Ha 8udeocrnekmpoMempuyHuUme cucmemu, uzsedeHu 8 npoueca Ha npedeapumesiHa obpabomka
Ha cnekmpasnHu 0aHHU. Pa3enedaHu ca pasnuyHume murnoge HeedHOpPOoOHOCM 8 roslyHasaHume CcriekmpasHu
GaHHU, hakmopume Koumo eusisim 3a hopmupaHemo UM U CbomeemHume MemooOu 3a KOPeKyUsi, U3rnos3eaHu
npu npedeapumesnHama obpabomka. Pe3ynmamume om npedgapumesiHama obpabomka ca e 3asucumocm 00
eofisiMa cmereH U om xapakmepucmukume Ha camume cucmemu. M3nonsealiku mo3u nooxo0 ca onpedesnieHu
peduya u3UCKeaHUsI KbM Mapamempume Ha eudeocreKmpoMempuyHUme cucmemu npu paspabomeaHe u
KOHCmpyupaHe Ha me3u npubopu.

1. Introduction

Remote sensing of the Earth from Space occupies an exclusively important place in the
development of modern science and technologies. The application scope of remotely sensed spectral
data and images is expanding continuously to involve new areas, such as ecological monitoring of
endangered areas, monitoring of the global changes of natural resources and the environment,
climate changes etc. The conclusion may be drawn that spectral images make it possible to map with
unprecedented accuracy biophysical and biochemical changes in the Earth’s surface and atmosphere
status.

Imaging spectrometers are a relatively new remote sensing instrument which, during the
recent decades, ranked among the top instruments used in these studies. This high ranking is due to
the numerous advantages they offer to remote sensing, the most important of which are: complexity of
obtained spectral data, i. e. ability to form spectral data in a great number of continuous spectral
channels, fast spectral data acquisition rate, high spectral and spatial resolution etc.
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But, alongside with these convincing advantages, the data obtained thereby are subject to
numerous non-uniformity effects and noises caused by the instruments’ operation and data formation
principles, the parameters of data-containing storage, the atmospheric conditions under which the
data were acquired, the detector’s operation mode (usually, a CCD matrix) and the control electronics,
the data conversion and storage systems etc. [1,2]. Each case in which non-uniformity has appeared
in acquired data requires the adoption and application of an appropriate strategy for preliminary
processing of the acquired spectral data. Therefore, the vast information potential of spectral images
may be used in subsequent scientific and practical applications only following an appropriate
preliminary processing of the initially acquired spectral data.

2. Preliminary processing methods and requirements for imaging spectrometers

In Imaging spectrometers using the principle of light flow dispersion and pushbroom type of
scanning, spectral data for each image line with width of one pixel are obtained simultaneously; thus,
the whole image is built line by line to make the entire image (Fig.1). The radiation passing through the
input slit and corresponding to one line (with width of one pixel) from the surface of the examined
object then falls onto a dispersing element, which decomposes it spectrally. The points along the
length of the input slit corresponding to one line of the examined object’'s image are displayed as
spectral lines in the imaging spectrometer’s spectral plane (Fig.2). They may be recorded by a matrix
detector (usually, a CCD matrix). The whole process is repeated after the platform on which the
imaging spectrometer is located moves forward along the carrier’s track to a distance equal to one
spatial resolution element

Fig.1. Observation geometry

Fig.2. Spectral data for one line of the spectral image
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Fig.3. Spectral data forming the so-called "spectral cube” (a), spectral images (b,c).

While conventional images have two coordinate axes, x and y, spectral images also have a
third coordinate axis, A. Thus, the so-called "spectral cube" is formed, in which each plane
perpendicular to the spectral axis A constitutes a spectral image for a definite electromagnetic
spectrum wavelength band (Fig.3). Therefore, the spectral image is not built at once, but in series,
through a scanning process, as a result of which it is subject to a greater extent to the additional
destructive influences of the conditions under which the image is built and which form the image’s
non-uniformity.

Generally, these non-uniformity effects may be expressed in: missed individual pixels and/or
lines in the acquired data resulting from the available bad pixels in the used detector, reading errors,
electronics failures, spatial and spectral direction irregularities caused by the generation of the so-
called keystone and smile effects induced by the optics etc.

Spectrometric data require correction in the three major aspects — spatial, spectral, and
radiometric.

2.1. Spatial non-uniformity

It should be noted that the effects of spatial hon-uniformity are manifested to a greater extent
by airborne imaging spectrometers, whose platforms are more unstable, so, these instruments are
designed to feature greater spatial resolution.

The real imaging spectrometers of the pushbroom type are affected by various effects of
spatial non-homogeneity, such as loss of individual pixels, lines or columns, generation of the so-
called keystone and smile effects induced by the optics, point spread function non-uniformity etc.

During the correction of spatial non-uniformity, the image within a given pixel must be
restored, which is made by choosing an appropriate restoration strategy. The most common image
restoration methods are: nearest neighbour resampling, linear interpolation, bilinear interpolation,
triangulation method. They have been examined thoroughly and their application for various specific
cases is described in literature [3,4].

The chosen restoration method depends on the type of the examined image, as classified by
parameters, such as sensor location height, sensor resolution, details of the examined object,
whereas the results are nor always unambiguous. Therefore, in studying restoration methods, a
somewhat different approach should be applied during the subsequent preprocessing procedures
whereas the methods applied on images shall be assessed depending on the correlation links
between the elements within the image itself.

Another line along which further studies will proceed is related with the fact that the impact of
these methods on the accuracy in the spectral and radiometric aspect has not been paid sufficient
attention. Additional studies are needed to assess the impact of spatial restoration methods on the
spatial accuracy of spectral images in the spectral and radiometric aspect. For instance, one spatial
pixel shift of 0.5 pixels within the image may result in errors of the order of up to 10% in the spectral
aspect [5].
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To provide for the used restoration methods’ effectiveness (least squares mean [LSM] < 2%),
the procedures should be performed within a distance of a couple of pixels (< 3 pixels), which imposes
the following requirements:

— to the platforms’ stability — deviation between 0.1° and 0.5°;

— to the carrier’s velocity — overlapping between 0.1 and 0.3 pixels;

— to the detector’s quality — reduction of the number of bad pixels and the size of bad areas,

improvement of the uniformity of pixels’ response;

— to the control electronics.

2.2. Spectral non-uniformity

The spectral non-uniformity of the instrument’s response is determined by the instrument’s
uniform response over the entire spectral range; usually, it is described by the width (normally, FWHM)
(Fig.3) and position (central wavelength A,,) (Fig.4) of the spectral channels. Therefore, the introduced
spectral non-uniformity in the data (axis A in the spectral cube) is the result of errors in the width and
position of the individual channels. It may be caused by the instrument's operation conditions,
temperature, pressure, as well as by the stability of the characteristics of the instrument itself.

The instrument’s spectral response function is determined in laboratory conditions during the
calibration process. The spectral response function is used to describe the instrument’s response to
input impact — monochrome light [6]. In most cases, the spectral function may be approximated by a
Gaussian model or polynomial approximation (Fig.4).

Requirements for reduction of spectral data non-uniformity:

—  strict requirements for the instrument’s design;

— laboratory calibration;

— envisaging of appropriate procedures for on-board calibration;
choosing appropriate algorithms for correction of SRF non-uniformities.

Digital Numbers Digital Numbers
[DN] [DN]
10.00 — —+
50.00 —
8.00 — 40.00 —
g -+ i
6.00 — 30.00 —
4.00 — 20.00 —
2.00 — 10.00 —
0.00 —PH-HHAHHHH PR 000 \ \ " \ \
‘ ‘ ‘ ‘ ‘ 400.00 450.00 500.00 550.00 600.00 650.(¢
540.00 544.00 548.00 552.00 556.00 560.00
Fig. 3. Spectral response function for the 550nm Fig. 4. Determination of the spectral range. Instrument’s
channel (polynomial approximation) response to input impacts with central wavelengths Ao of
of a videospectrometer (AAin1.65nm) 500nm, 550nm and 600nm

It should be noted that the correlation links between the elements along the spectral axis are
manifested better.

2.3 Radiometric non-uniformity

Radiometric non-uniformities in these systems are generated by the same above-described
factors, which determine spatial and spectral non-uniformity:

— the conditions under which the image was acquired: changes in the scene’s illumination,

atmospheric conditions, observation geometry etc.

— stability of the instrument’s response characteristics.

Corrections:

— accounting for the seasonal position of the Sun with respect to the Earth;

— accounting for the distance between the Sun and the Earth.

— accounting for the spectral distribution of solar radiation energy.

Thus, the acquired data are normalized depending on the Sun’s illumination conditions.

Another radiometric correction involves transforming the acquired values measured in digital
numbers (DN) to represent them in absolute units W/(m”.sr.nm). This correction is required to make
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data comparable when reflected radiation has been measured at different times by different
instruments.

Requirements:

— detectors: constructed and calibrated in laboratory conductions and featuring linear dependence of
the response function on incident spectral radiation;

— stability of the characteristics, so that this linear dependence may be preserved during the
experiment’s performance;

— envisaged on-board calibration procedures with appropriate hardware;

— The achievement of high spectral and spatial resolution with this type of instruments is also related
with the sensors’ operation under the conditions of low energy levels of the radiation collected at
the sensor’s input. The sensors’ operation in such modes results in generation of radiometric non-
uniformities. Several approaches are available to reduce such radiometric non-uniformities:

— the first of them, naturally, consists in technological improvement of the sensors themselves,
improvement of quantum efficiency, reduction of the number of bad pixels, improvement of the
pixels’ response uniformity;

— another, quite often used approach consists in improvement of sensor integration time, for
instance, from x10 ps to x10 ms, whereas the restriction imposed here originates from the
instrument’s spatial resolution and the carrier's movement velocity, so that the overlaid image be
not greater than 0.1 to 0,3 pixels of the examined scene;

— apart from the above restriction, this method also imposes a restriction originating from the dark
current levels, which increase with increase of integration time, and the saturation effects in some
individual image pixels [7] resulting in the so-called fuzzy image areas whose size should not
exceed several pixels;

— the use of TDI instruments, in which sensitivity is increased by summing up several image lines,
however, at the expense of resolution.

3. Conclusions

1. The available non-uniformities in acquired spectral data require the application of
appropriate preliminary processing of such data. Preliminary processing is a mandatory procedure, if
such data will be used for further processing and analysis.

The application of preliminary processing reduces greatly and in certain cases eliminates
completely non-uniformity effects on spectral data, which results in increasing the efficiency/cost factor
of spectrometric data use.

2. It should be noted that preliminary processing cannot compensate the omissions or
inaccuracies made during the instrument’s construction. Therefore, based on the performed analysis
during preliminary processing, requirements for the specific parameters of spectrometric systems
under construction are formulated which should be satisfied.

References:

1. AtanassovV,L.Kraleva, G.Jelev. Noise and Uncertainties in Remote Sensing Spectrometric
Measurements. Third Scientific Conference with International Participation, “Space, Ecology,
Nanotechnology, Safety — SENS’2007” 27-29 June 2007, Varna, Bulgaria. Conference Proceedings,
pp.170 — 174. (in bulg.)
2. N1 e ke J, et all Uniformity of Imaging Spectrometry Data Products IEEE TRANSACTIONS ON
GEOSCIENCE AND REMOTE SENSING, VOL. 46, NO. 10, OCTOBER 2008 1

.Schlapfer, D, etall. Effects of geo-atmospheric preprocessing on imaging spectroscopy data. Quality and
methods. Remote Sensing Laboratories (RSL), 2002, Department of Geography, University of Zurich,
CH-8057 Zurich, Switzerland

4.Schlapfer,D,NiekelJ. and|ltten K.. Spatial PSF Non-Uniformity Effects In Airborne Pushbroom
Imaging Spectrometry Data. |IEEE Transactions on Geoscience and Remote Sensing, Vol. 45(2):458-
468. 2007.

5, Schléapfer,D,SchaepmanM.,and StroblP.Impact of Spatial Resampling Methods on the
Radiometric Accuracy of Airborne Imaging Spectrometer Data. 5th Int. Airb. Rem. Sens. Conference and
Exhibition, VERIDIAN, San Francisco, pp. 8.

6. Atanassov, V., etall Hyperspectral Imaging Spectrometer as a Power Tool for Ecological Monitoring.
Journal of Balkan Ecology, vol.4, Ne 2, 2001. pp. 168 — 170.

7. Atanassov,V, G. Jelev. Algorithm for Dark Current Characterization of Imaging Spectrometer.
Aerospace Research in Bulgaria, vol. 19, 2006. pp.77-83.

w

129



S ENS 2 009
Fifth Scientific Conference with International Participation
SPACE, ECOLOGY, NANOTECHNOLOGY, SAFETY
2—-4 November 2009, Sofia, Bulgaria

ACCURACY ASSESSMENT OF AN OBJECT-ORIENTED CLASSIFICATION
FOR TRANSPORT AND INDUSTRIAL INFRASTRUCTURE, RESIDENTIAL
BUILDINGS, AND WATER BODIES BASED ON A QUICKBIRD IMAGE

Vassil Vassilev

Bulgarian Academy of Sciences - Space Research Institute
e-mail: vassilev_vas@yahoo.com

Key words: Quickbird; Image analysis; Large scale cartography; Urban planning: Feature Analyst

Abstract: A methodology for cartography and accuracy assessment of an object-oriented classification
for three different Land use classes based on extraction of thematic information from very high resolution multi
spectral Quickbird image acquired on 31.05.2008 is presented in this paper. The proposed methodology includes
several work stages and it has been applied on a highly fragmented urban and agricultural land of the Novi Iskur
Region, Municipality of Sofia, Bulgaria. The area studied is slightly above 130 km® A land use classification
scheme for the area studied was created for the three classes: transport and industrial infrastructure, residential
buildings and water bodies, depending on the differences in their spectral reflectance and texture. Automatic
identification of the land use classes based on the multi spectral image was applied using the Feature Analyst 4.2.
Extension Tool of ArcGIS software. Their accuracy assessment was calculated using ERDAS Imagine software
which shows overall accuracy of 94%. Upon evaluating the distribution of these classes it can be concluded that
the area features agriculture-orientated development. A large scale land use map is composed bases on the final
result. The methodology developed offers an opportunity for quick and objective extraction of thematic information
from multi spectral images to support urban planning of a relatively large territory. This allows to take adequate
planning decisions and to conduct a regional policy which ensures sustainable development of the environment.

OUEHKA HA TOYHOCTTA HA OBEKTHO-OPUEHTUPAHA KITACU®UKALIUA
3A KITACOBETE TPAHCNOPTHA U UHAYCTPUAINTHA NHOPACTPYKTYPA,
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Kmovyoeu dymu: QuickBird; Ananu3 Ha usobpaxeHusi; EOpomawabHo kapmozpagpupaHe; padcko
nnaHupaHe; O6ekmHo-opueHmupaHa knacugukayusi

Pe3rome: B doknada e npedcmaseHa mMemoOuka 3a KapmoepagupaHe U OUeHKa Ha mo4yHocmma Ha
obekmHo-opueHmupaHa Knacugukayusi Ha mpu pas/luYyHU Kracoee 3eMerioni3gaHe 4pe3 u3ssuyaHe Ha
memamuy4Ha UuH¢opmayuss om u3obpaxeHue CbC C8PbX BUCOKa [pocmpaHcmeeHa pa3soenumersHa
criocobHocmHa om QuickBird, 3acHemo Ha 31.05.2008e. [IpednoxeHama MemoduKa 8K/1048a HSIKOIKO pabomHu
emana u e anpobupaHa 8bpXy CUMHO ¢hpaeMeHmupaHa epadcka u 3emedesicka mepumopusi 3a paloH Hosu
Uckbp, CmonuyHa obwuHa, bbneapus. MscnedeaHama mepumopusi e manko Had 130 km®. Cb3dadeHa e
KnacughukayuoHHa cxema 3a mpu Knaca 3emeriosnidagaHe: mpaHcropmHa u uHoycmpuanHa uHgpacmpykmypa,
KUMUWHU cepadu u 800HU 0bekmu, 8 3acucumMocm Om MmexHUMme ompaxamesHu U MeKCMypHU pasniuyusi.
lMpunoxeHo e asmomamuy4HO uleHmuchuyupaHe Ha Kracoeeme 3eMerion3gaHe 8bpPxXy MHO20KaHaIHO
usobpaxeHue 4ype3 Feature Analyst 4.2. Extension Tool 8 MMC. TaxHama ouyeHKa Ha mo4YyHocmma € U34ucrieHa
ype3 ERDAS Imagine, kolimo noka3ssa obwa moyHocm om 94%. Cned aHanu3a Ha pasnpedesieHUemo Ha me3au
Krnacose Moxe 0a ce Harpasu 3ak/I4YeHUemo, Ye mepumopusima umMa aspapHa opueHmauusi. Bb3 ocHosa Ha
pesynmama om u3criedgaHemo e u3zomeeHa edpomauwjabHa kapma Ha 3emernon3saHemo. [lpednoxeHama
memoOuka Oasa B8b3MOXHOCM 3a 6bp30 U O0b6EKMUBHO u38IUYaAHE Ha memamu4Ha UHgopmauuss om
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MHO20KaHarnHu usobpaxeHusi ¢ ues nodrnomazaHe Ha 2padCcKomo [aHUpaHe Ha OMHOCUMENIHO eonsiMa
mepumopusi. Toea no3eosisiea O0a ce 83emMam MnpasuriHUMe peweHusi npu niaHupaHemo u Oa ce rnposede
npasusiHa peauoHanHa noaumuka, kossmo 0a ocueypu ycmol4usomo pa3sumue Ha rnpupodama.

|. Introduction

Urban environment is one of the most challenging areas for remote sensing analysis due to
the high spatial and spectral diversity of surface materials, and spectral confusions among different
land-use/cover types and the large number of mixed pixels [Lu and Weng, 2006]. Improvement of the
accuracy of urban land-use/cover classifications is very important and different approaches have been
proposed to solve the mixed-pixel problem in traditional per-pixel classifiers, including development of
object-oriented [Thomas et al., 2003] and object-based [Baatz and Schape, 2000; Definiens Imaging,
2002] classifications.

A methodology for cartography and accuracy assessment of an object-oriented classification
for the distribution of three very informative land use classes on an urban territory based on extraction
of thematic information from very high resolution multi spectral image is presented in this paper. A
land use classification scheme was created for the three classes: transport and industrial
infrastructure, residential homes and water bodies, depending on the differences in their spectral
reflectance and texture. The methodology is an attempt to combine the capabilities of Automatic
identification of the land use classes in the Feature Analyst 4.2. Extension Tool of ArcGIS software
and accuracy assessment tool in ERDAS Imagine software. It was shown that such approach enables
to perform accurate and objective analysis of the territory that could be useful for regional policy,
construction processes and the conservation of water resources. Such assessment of the territory is
one of the main criteria used in the landscape and urban planning to control and take decisions on
sustainable development of urban territories and for its relationship with ecological and environmental
issues as well.

Il. Methodology

The proposed methodology includes several work stages: 1) Selection of an appropriate
satellite image; 2) Selection of methodology for assessing the distribution of the three selected land
use classes on the territory using the information gathered in the geodatabase; 3) Selection of a
method for automatic land use identification on the multi spectral satellite image; 4) Conducting land
use classifications and evaluating its accuracy; 5) Accomplishment of Visual computer aided
interpretation of the classified satellite image; 6) Conducting a field check of the results; 7) Composing
a large scale land use map on the base of land use classification for the three classes and 8)
Importing the results in the geodatabase.

I1l. Results and Discussion

The methodology has been applied on a highly fragmented urban and agricultural territory of
Novi Iskar, municipality of Sofia, Bulgaria. A multispectral Quickbird image acquired on 31.05.2008
has been chosen. Additionally, a panchromatic image was used to increase the visual interpretation
with its 0.61 meters spatial resolution compared with the 2.44 meters spatial resolution of the muilti
spectral image. Digital Elevation Model (DEM) with 40-meter cell size and Rational Polynomial
Coefficients (RPC) geometric correction model in ERDAS IMAGINE were used for orthorectifying the
QuickBird image (from Digital Globe). Ground control points selected from orthophoto images with 0.5
meter resolution were used for adjusting the RPC coefficient values. The RPC model uses cubic
polynomials for transformation from ground surface coordinates to image coordinates.

A land use classification scheme for the studied area was created using the information in the
geodatabase including shape files, ground truth data and initial visual interpretation of the image. For
this purpose the first field check was conducted, ground control points (GCP) were taken with GPS for
some typical training sets for the studied land use classes, and test regions were evaluated as area of
interest for the object-oriented classification using the Feature Analyst Extension Tool in ArcGIS.

Automatic identification of the land use classes on the multispectral image were selected using
visual interpretation and ground truth data gathered in previous stages of the work process. The
training sets for the object-oriented classification were digitalized using a visual interpretation of the
image in different band combinations, as well as in-situ information. Visual interpretation of the image
was also used to identify the differenced of the land use classes in hue, shape, size, structure, texture,
shade, associations between them as the most common combinations of bands was 4, 3 and 2 and 3,
2 and 1. The panchromatic image was used to support the visual interpretation of the multispectral
image. Two to five training sets were digitalized for each class in ArcGIS software. For the class
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Residential homes the training sets were much more than for the other two classes because of the
specifics of the land use class and the need of a large group of training examples. In this paper
ArcGIS FEATURE ANALYST 4.2. tool extension was used to conduct object-oriented classification on
the territory. The key benefits of this ArcGIS extension are that it allows selection of a learning model
for the classification. A hierarchical learning for adaptive feature extraction to identify objects in
complex and cluttered scenes iteratively improves classification. This ArcGIS extension also provide
the possibility for extraction of wall-to-wall features and has the necessary image processing tools for
vector and raster conversion.

The land use classification was made using different options available in the ArcGIS
FEATURE ANALYST 4.2. extension tool. The tool extension gives an opportunity to select feature
selector depending on the features you are trying to classify, as well as to select the type of band data
to use (reflectance, texture, elevation or discrete class values). The Input presentation option provides
additional information about the area surrounding the rooftop.

A large scale land use map is composed on the base of land use object-oriented classification
(Fig. 1) as follows: Residential homes, Transport and industrial infrastructure, and Water bodies. The
statistical method Majority from Focal statistic in ArcGIS 9.2 software was applied with the purpose of
additional cleaning of the mixed pixels on the map.

Map of object oriented classification with
feature analyst tool extension in ArcGIS on the base of QuickBird
_image aquired in 2008

4

;j

- Water bodies

- Transport and industrial infrastucture

Residential homes 0 500 000 2000 3000 4000
- Meters

Fig. 1.

The accuracy assessment of the resulted classification was done using ERDAS Imagine software. The
land use classification was converted in image (img.) file and after that imported in ERDAS Imagine for
calculating it's accuracy by using accuracy assessment option. Two hundred 200 randomly distributed
points on the image were used. Some of the points were positioned in the edge of the area of interest,
so these points were left out of the actual points which accuracy was evaluated. This is one of the
downsides of choosing the randomly distributed points, but using that option the subjective factor of
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placing the points yourself was eliminated. Therefore, the actual points used were 188. The accuracy
report shows overall accuracy of 94.15% and Overall Kappa Statistics of 0.9335. The Water bodies’
class shows producer and users’ accuracy of 100%, while Residential homes class show producer
accuracy of 100% and users’ accuracy of 87.50%. The class that has been appointed as the difficult
one for determining is Transport and industrial infrastructure with producer accuracy of 83.33% and
users’ accuracy of 87.50%. A Visual computer aided interpretation of the classification was performed
and some specific areas were appointed for a field check to evaluate their difficulty in the classification
process.

A field check (Fig.2) of the results was conducted in order to compare the accomplished
results from the accuracy report with the actual situation on the field. The purpose of the field check
was to get the real picture of the quality of the work and to evaluate the methodology presented in this
paper. It can be concluded that the class Water bodies is the most accurate class from the three
classes studied. This can be explained with the fact that water by itself can easily be distinguished by
spectral and textural analysis. The other two land use classes, Residential homes and Transport and
industrial infrastructure are more difficult to accurately be separated by spectral and even texture
analysis. This can be explained for the Residential homes class by the types of roofs that the different
buildings have, for example, residential and cottages in the forested area that are build-up with very
different in structure and origin materials and with one- and two-storied buildings with courtyards and
farmyards that are predominated. The class Transport and industrial infrastructure, on the other hand,
has even more complicated problem. There are different ground surfaces from paved roads, cabbie
roads to black roads, and the industrial buildings have also very different roofs from bricks to
laminated iron and etc. This makes very difficult to recognize them as one single class in the
classification process. However, despite the difficulties that were encountered, overall it was
established from the field checks that all land use classes were well distinguished and represent the
real distribution of the classes in the study area. Finally, the thematic data obtained have been
integrated into the geodatabase.

Map of object oriented classification with
feature analyst tool extention in ArcGIS on the base of QuickBird
Iimagg aquirgq in 2_0__08

2008403404

BuickBird image aquired on 31.05.2008.img
RGB
I Rod: Layor 4
- Green: Layer_3
7] Il Bue: Layer 2 0 500000 2000 3000 4000

Fig. 2.

The methodology developed proposes an opportunity for quick and objective extraction of
thematic information from multi spectral images in order to assess the urban planning and the
congestion of buildings at a specific area, using satellite images. This allows to take the right decisions
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in planning, and to conduct a regional policy which ensures a sustainable development of the
environment.
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Abstract: Analysis of the spatial and temporal dynamics of the morphometric parameters and land cover
is conducted using archive and modern aerial photos. Two digital elevation models are created and the change of
the slopes and aspects is studied. To assess land cover dynamics a computer-aided visual interpretation for
1940, 1966 and 2006 is conducted. A change matrix is composed as a result of which it was found that 73% of
the study area land cover has been changed.
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Knrovyoeu dymu: OuHamuka Ha 3eMHOMO rokKpumue, yugpoe mModesn Ha penegpa, Mopghomempus,
AucmaHUuoHHU u3criedeaHusi, 8usyasnHa uHmepnpemauyusi

Pe3stome: V3ebplieH e aHanu3 Ha npocmpaHcmeeHama u epemesa OuHamuka Ha MopghoMempuyHuUme
rnapamempu U 3eMHOMO MoKpumue Ha 6aszama Ha apXUsHU U CbepeMeHHU aepoghomocHUMKU. CbcmaseHu ca 2
uyughposu molena Ha penega, Kamo e npocredeHo U3MEHEeHUemoO Ha HaK/IOHUme U eKcrosuyuume Ha
ckroHoseme. 3a QuHamuKkama Ha 3eMHOMO MOKpUMUE € U38bpUWEHO KOMMMBPHO MoOrnoMoeHama eu3yarsHa
UHMepnpemauusi 3a mpu epemesu nepuoda — 1940, 1966 u 2006 2. CbcmaseHa e Mampuuya Ha UBMEHEHUEMO 8
pesynmam Ha Koemo ce ycmaHosu, Ye 73% om u3yyasaHama mepumopusi € npembprsna U3MeHeHuUe Ha
3eMHOMO roKpumue.

Introduction

The integration of RS and GIS technology is invaluable for study various resource management
problems including land use and landscape changes (Gautam et al., 2002). Most studies follow the
process of the change of the spatial and temporal characteristics land-use, playing major role in the
assessment from the consequences from the urbanization on the environment. (Deng et al., 2009;
Xiao et al., 2006; Li and Yeh, 2004; Weng, 2001; Ji et al., 2001). Human activity is a major force in
affecting spatial and temporal changes in land use, but the landscape structure often constrains the
use of land (Verburg and Chen, 2000). The satellite images with medium and high spatial resolution
allow large-scale studies on small areas to be conducted, providing with detailed land use information
(Baskent et al., 2007). The change of morphometric parameters and land use has a significant effect
on the natural processes of a given territory. Few studies assess the land-use/land-cover change and
its relationship to the slope degree and soil type (Zhao et al., 2006). According to them the slope
degree and soil type appears as stable discriminating parameters, which might constrain land use and
their use in the analysis enhance the prediction of landscape dynamics. The availability of remote
sensing data with high spatial and temporal resolution as well as the development of GIS technologies
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and the possibilities for spatial analyses which they provide give us the opportunity to obtain land
cover information, fast and unbiased, for various years.

Location of the study area

The site Delino Gumno is located in the Kutina drainage basin, northwest from Kutina village. In
administrative aspect the Delino Gumno drainage basin belongs to Novi Iskur region, Metropolitan
Municipality and its area is 7.9 ha (Fig. 1). The study of this drainage basin is of interest to us,
because natural formations of the rock pyramids type are located on its territory, which are seriously
affected as a result of human impact. These natural formations have smaller sizes than the Kutina
pyramids and they are not announced for a natural landmark. The rock pyramids in Delino Gumno are
described for a first time in the work of Popov (1957), according to which they have reached 4.5 m.

LOCATION OF DELINO GUMNO fi8
DRAINAGE BASIN 3

.« Legend
Delino Gumno

AT Kutina Drainage
¢ : __1 l:l basin

Fig. 1. Location of the study area

Fig. 2. Rock pyramids

The purpose of the presented paper was to study the change of the morphometric parameters and the
spatial land cover dynamics of Delino Gumno drainage basin over 68-year period of time (1940-2008).

Structural scheme of the study

The structural scheme of the study includes 6 stages:
1. Preliminary examination of the study area;
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2. Assessment of the input information and choosing appropriate years to study the land cover’'s
dynamics and the change of morphometric parameters;

3. Generation of digital elevation models and derivative morphometric parameters — slope and aspect
for 1963 and 1989;

4. Conductance of computer-aided visual interpretation of the aerial photos and panchromatic satellite
images — 1940, 1966 and 2006;

5. Conductance of several field checks of the interpretation results;

6. Assessment of the land cover dynamics and creation of land cover change maps;

The spatial analyses for the study area are conducted using data from the geodatabase of the created
Kutina GIS (Naydenova V., E. Roumenina, 2009).

Results and discussion

Two digital elevation models for the study area are composed using large-scale topographic maps
(1:5000) for 1963 and 1989. The altitude of the study area varies from 605 to 693 m. The greatest
percentage has the territories with altitude higher than 680 m, which are situated in the upper part of
the drainage basin. Significant changes are not observed in the histogram distribution of the relief for
both years. The composed digital elevation models are used for generating of derived morphometric
parameters such as slope and aspect, and comparative analysis of their change is accomplished. The
plain and slightly hill territories with slope 0-7° predominate in the upper part of the basin, which
percentage share is almost 50%. The territories with slope over 45° are located mainly in the middle
part of the studied basin and their percentage is the smallest. This is due to the fact that the middle
and lower part of Delino Gumno drainage basin is strongly segmented by the active erosional
processes. In 1989 a slight increase of the territories with slope 3-7° and 7-12° is observed,
respectively from 17.8% and 12.8% (for 1963) to 20.7% and 13.5% (for 1989) This increase has
happened on account of the territories with slope 0-3° (from 28.3% to 25.6%) and 45-60° (from 1.8% to
1.6%). Territories with slope over 60° appeared in 1989, but their area is insignificant (0.04%).
Regarding the aspect considerable changes are not observed. With highest percentage are the areas
with SE, E and S aspect. According to the percentage ratio, an increase of the territories with SE
aspect is shown (from 31.9 to 35%) on account of the decrease of these with NE and E aspect,
respectively from 10.5% to 8.8% and from 19.3% to 19%. With smallest area are territories with NE
and SW aspect, and such with W aspect are not observed. Almost 12% of the study area is flat and its
percentage has not been changed during this period.

8497600 8497700 8497800 8497900 8498000 8498100 8498200
1 1 1 1 ] ] 1
N Digital elevation model of Delino Gumno vl
% drainage basin for 1963 -
. = :
2 = I . -2
w0 w
q ”T: I | III v
3 S
2 =+ -8
g g

Relief (m)
Bl sos-s10 650 - 655
Blcio-6is[ les5-660
B 515 - 520 [ 660 - 665
B 520 - 625 [l 665 - 670
B 525 - 630 [l 670 - 675
530 - 635 [ 675 - 680
635 - 640 M <60 - 665
= |

640 - 645 Il oes - 690 02040 80 120 160

)
4620200

645 - 650 [l 690 - 693 O —— e /lcters
1 1 I T ] T T
8497600 8497700 8497800 8497900 8498000 8498100 8498200

Fig. 3. Digital elevation model for 1963

137



8497600 8497700 8497800 8497900 8498000 MQMOO 8498200
1 1 1 [

1

N Digital elevation model of Delino Gumno o

% drainage basin for 1963 o
5 i g
S e -3
| i‘; III III |
=1 : . 2
2 Relief (m) =
¢ (I cos- 60 $

-510-615
| [GER>S
B 0625
B 25 - 620 650 - 655
-Bﬁﬂ-ﬁaﬁg%s-ss{)
[ 635 - 640 [ o0 - 665
[ 640 - 645 [ o65 - 670 [ o5 - oc0 [ o5 - e+0

0 25 50 100 150 200
| ]645 650 - 6?0 675 -630 685 - 690 - 593 O S — lVieters

8497600 7700 8497800 8497900 8498000 8498100 8498200
Fig. 4. Digital elevation model for 1989

4620200
1 1

]
4620200

BMaTTOR [ B4aTI00 8438200 438100 484200
1 L 1 1 L L

Slope map of Deline Gumno drainage basin e
for 19589 1.6%
207 s ;
e - E

for 1963

% Slope map of Delino Gumne drainage basin

L

Fig. 5 Map and diagram of the actual slopes for 1963 Fig. 6 Map and diagram of the actual slopes for 1989

[ 487700 487800 B4aT800

H H H H
% Aspect map of Delino Gumno drainage basin

waams0n sarrea saan0 BaaTI00 [ [ e
1

N Aspeet map nf Deling Cnmnn drainage basin

for 1963 for 1989

;\spect

rees)
E 0-125
25-478
67T.5-1125
125-157.8
157.6-2028
T

100
aATHON B4aTI00 B4ABOGD B4 200

Fig. 7. Map and diagram of the aspect values for 1963  Fig. 8. Map and diagram of the aspect values for 1989

As a result from the conducted analyses it was established that in 1940 the Delino Gumno drainage
basin was coved mainly by barren land with scarce vegetation (56.1%) and arable land (31.3%),
whereas the percentage of forest areas was insignificant (0.3%) and urban areas were not observed
(Fig. 9). An increase of the area covered by arable land with 10% was observed in 1966 and a
significant part of the territory is forested by deciduous species (33.8%), which was occurred on the
account of the decrease of the barren lands with scarce vegetation (Fig. 10). Nowadays, the study
area is characterized with high percentage of the forest — 39% deciduous and 12.7% coniferous
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forests (Fig. 11). The area of the barren land with scarce vegetation has decreased to 3.4%, and
several new land cover classes have appeared — urban areas, roads and perennial crops.
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Conclusions

Difference map and a change matrix for the period 1940 -2006 are created for assessment of the land
cover change (Fig. 12, Table 2). The greatest changes are observed inthe arable lands and the
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Fig. 12 Map and diagram of the change of the land cover classes for the period 1940-2006
Table 2. Change matrix of the area of land cover classes (in %) for 2006 compared to 1940
2006
Land cover classes | Arable Barren land with Coniferous | Decidious Perrenial Urban | Total
. Meadow Roads
land scarce vegetation forest forest plants area
Arable land 21.81 0.08 8.11 0.52 0.60 | 0.30 | 31.43
Barren land with

_ |scarce vegetation 3.36 10.93 35.99 0.95 0.10 4.72 | 56.06
S|Decidious forest 0.35 | 0.35
“[Meadow 0.05 1.82 2.84 2.09 3.41 0.06 | 015 | 10.42
Roads 0.20 0.07 0.74 0.06 0.15 1.22
Water 0.52 0.52
Total 22.06 3.36 12.75 38.98 11.89 4.10 0.81 | 6.04 |100.00
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barren lands with scarce vegetation. Most of the arable lands remain unchanged in 2006, and the rest
of them have transferred in meadows. The most significant changes have occurred in the class Barren
land with scarce vegetation, where only 3.4% of them have remained unchanged and the rest has
turned into deciduous forest, coniferous forest and urban area.
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WOEHTUPUKALIUA U OLIEHKA HA CIEAU OT NOXAPU B PUIA NMNTAHUHA
YPE3 U3MNOJNI3BAHE HA CMNEKTPAJTHA MHOEKCU NO AAHHU OT LANDSAT
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Ab6cmpakm: Upe3 cpasHeHue Ha cnekmpanHume uHOekcu NDVI u NBR, u3eneyeHu om
nocrnedosamenHu Landsat usobpaxeHuss npedu u cred rnoxapu, € HanpagseHa udeHmucbukauyuss U
KapmozpaghupaHe Ha HSIKOJIKO 20pCKU roxapa e Puna nnaHuHa, pa3pasunu ce npes asmomo Ha 2000 e. 3a
uenima ca u3srosnseaHu Yacmu om CUEeHU, 3acHemu cbCc ceH3opa ETM+ om 1999, 2000, 2001 2. u om ceH3opa
TM om 2007 e. B pamkume Ha noxapuwiemo npu x. Manbosuua, crnedcmeue om Hal-3Ha4YuUMUsi roxap, e
HarpaseH onum 4ype3 epadupaHe Ha pasfukama Ha uHOekca NBR npedu u cned noxapa Oa ce kKnacuguyupa
roXxapuuwjemo o cmerieH Ha ropaxeHue. Peaynmamume ca npedcmaseHu 8 cepusi Kapmu Ha cesepo3arnadHusi
0sn Ha Puna nnaHuHa u demadlin 3a palioHa Had Xx. Manbosuuya. Obpabomka Ha Landsat usobpaxeHusi 3a
usenu4yaHe Ha uHOekca NBR u oueHka Ha omoxapeHu mepumopuu 4Ype3 He2o ce rpasu 3a Mbpeu Mbm 8
bnneapus. AHanusbm Ha pe3ynmamume riokassa, 4e NBR npeenbaxoxda NDVI no omHoweHue npueodHocmma
3a udeHmucbukayusi Ha crnedu om Moxapu U 8b3MOXHOCMUME 3a KracuguuyupaHe Ha ropaxeHusima 8 msix.

IDENTIFICATION AND ASSESMENT OF FIRE SCARS IN THE RILA MOUNTAIN
USING SPECTRAL INDICES OF LANDSAT DATA

Peter Dimitrov, Alexander Gikov

Space Research Institute — Bulgarian Academy of Sciences
e-mail: petarkirilov@mail.bg, gikov@mail.space.bas.bg

Keywords: wild fires scar, NDVI, NBR, Landsat, Rila Mountain

Abstract: The scars and effects of several wild fires which occurred in the summer of 2000 in the Rila
Mountain are identified and mapped, comparing the NDVI and NBR spectral indices, calculated from Landsat pre-
and post-fire images. The used images were three ETM+ scenes from 1999, 2000 and 2001 and one TM scene
from 2007. Attempt is made to classify by fire severity the most significant burned area near the Malyovitsa hut.
The difference between pre- and post-fire NBR is used. The results are presented in series of maps of
Northwestern Rila Mountain and a detail of the Malyovitsa hut area. This work presents for the first time an
assessment of burned areas by NBR index in Bulgarian conditions. The analysis shows that NBR performs better
than NDVI in identifying fire scars and accessing fire severity.

BbBegeHue

Moxapute ca BaxeH (hakTop 3a pasBUTMETO Ha NaHgwadTuTe B Puna nnaHuHa, KoeTto ce
noackasea OT peauua UCTOPUYECKU CBEAEHUS. AHTPOMOreHHO Mpeau3BUKaHUTE noxapu ca ounm
obuyanHm B mMmHanoto [1, 2, 3], a npe3 nocrnegHuTe OeceTuneTuss BAUSHMETO Ha To3u (hakTop ce
3acunea nopagu no-yecrtarta MposiBa Ha eKCTpemariHM MeTeoponornyHu obctaHoBku. 1o AaHHM Ha
MaBHa gupekums "MMoxapHa 6e3onacHoOCT u crnacsBaHe" [4] npes3 natoTto Ha 2000 r. ce oTbenssBa
abconioTHMA MakCMMyM Ha ropckute noxapu B bbnrapya 3a uenuss nepuog Ha BOAeHe Ha
cratuctmkaTa (cpur.l.). Kato OCHOBHa npuudmMHa 3a ToBa MOXEe da Ce W3TbKHE MEeTeoposfiorMyHaTa
obcraHoBKka npe3 natoto Ha 2000 r., KoraTo Ha MHOroO MecTa B CTpaHata ce HabniogaeaT ObNru
nepvoam CbC 3aabpXaHe Ha MakcumanHuTe Temnepatypu Hag 30°C v ockbaHu Banexm [5]. OT dwur.2.
ce BuWxaa, ye B ctaHuunte Codusa n Mycana npes meceunTe 0N 1 aBryct cymata Ha BanexuTe e
Ouna HeKonKokpaTHO Mo-marika OT yCTaHOBEeHaTa HopMa, KOeTo AOBeXAa A0 CUMHO M3CyllaBaHe Ha
noacrtunaliata noBbpXHUHA U YBeNu4aBaHe Ha pucka oT noxapw. HamctuHa npes centemspu cymarta
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Ha BanexwuTe MpeBuvLlaBa HopMaTa noBeye OT ABa MbTW, HO TOBA CE AbIDKM HA MPOSIMBHU Banexw,
KOHLEHTpMpaHM caMo B 2 AHM OT Meceua. TakuBa Banexu ce oTtmyat O0bp3o, a He MPOHMKBAT B
noysata. B pesyntat Ha Te3u, GnaronpuaTCcTBaLLM NOXapwute ycrioBusd, npes natoto Ha 2000 r.
Bb3HMKBAT HSKOJIKO rOfieMu noxapa B ropckust u cybannuinckms nosic, Kouto ca obekT Ha uscneasaHe
B TO3M goknag,.
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M3cnegBaHeTo Ha nocneavumte OT NOXapwute BbpXy NPUPOOHUTE CUCTEMU € CBBbP3aHO C
pasnuUYHM Hay4yHU 1 NpakTuyeckn sagayu. NpocneasBaHeTo Ha UCTOPUSTA U PEXMMA Ha NUPOreHHUTe
HapylleHuss B [dajeH paioH HW fdaBa WHdopMauus 3a Mmopdonorusata u esonwouudtra Ha
naHawadpTnTe N NO3BonsdBa Aa NpocrneaMM CyKLEeCUOHHUTE npouecn B pactuTtenHoctTa [6, 7]. OT
Jpyra cTpaHa ycCTaHOBSBaHETO Ha CTerneHTa Ha MnopaXeHWe BbpPXy pacTuTeriHocTTa WM no4yeara,
HermocpeacTBeHo cnen ©0encTBMETO, € B OCHOBaTa Ha  MNMaHMPAHETO Ha Bb3CTaHOBUTENHU
meponpuatua [8]. CbbupaHeTo Ha TakaBa WHGOPMaUMs YEeCcTO W3MCKBA CBOEBPEMEHHA W
CKbMOCTpyBaLla TepeHHa paboTa, 3a koeTo B bbnrapusa nunceaT pecypcu. lNMopagn Tasu npuynHa Bce
Nno-4ecTo NPUNoXeHue We HamupaT AUCTaHUNOHHUTE METOAM.

bnarogapeHne Ha cbabpxawarta ce B TAX COekTpanHa uHdopmauus, caTenuTHuTe
n3obpaxeHMs oOT Tuna Ha Landsat gaBaT BB3MOXHOCT [da Ce pasnosHasaT u kaprtorpadwupart
TEpUTOPUKN, 3acerHatM OT noXapu B pervoHaneH Mawab. Bbnpeku cpegHaTta MNpOCTpaHCTBEHa
pasgenuTenHa crnocoOHOCT Te MO3BOMSABAT CPaABHUTENHO TOYHO [a Ce ovepTaaT nepumeTpute Ha
noxapute. JoCTbMNbT 4O apXMBHU CaTENUTHU U306paxeHNs, KakTo N HENPEKbCHATOTO NonyYyaBaHe Ha
HOBM [daHHUW MO3BOsIBa Npu HEOBXOOUMOCT Aa ce HaTpyna apxvmB OT NOAOOHM KapTu, Ype3 KouTo aa
ce npocrieau UCTopUsiTa Ha HapylleHusaTa, nNpeamsBukaHy OT noxapw B JafeH pavioH, a CbLUo “
npouecuTe Ha Bb3cTaHoBsBaHe. OcBeH TOBa cnekTpanHata uHdopmaumss oT Landsat npepgnara
Bb3MOXHOCT 3a W3MOn3BaHe Ha WHAOEKCU, KOUTO ca YyBCTBUTENHM KbM KOHKPETHW OCOBGEHOCTM Ha
noactunawiata MNOBbPXHOCT U MO TO3M HAYMH yrecHsiBaT U3BNUYaHETO Ha WHopmauus oT
nsobpaxeHusTa.

3a wnscnegBaHeTo Ha ecdbekTa OT noxapute 4pe3 AUCTAHUMOHHW [OaHHU Cce u3nonseat
pasnuyHM MeToau, KaTo LUMPOKO MPUMOXeHMe Hamupa cnekTpanHuat wuHgekce NDVI (Normalized
difference vegetation index), a B nocnegHo Bpeme n nHaekcbT NBR (Normalized burn ratio). LilenTa Ha
Joknaga e Aa ce npoy4vaTt Bb3MOXHOCTUTE 3a UAEHTUUKaUNSA Ha TepUTopum, NocTpagann oT ropcku
noXxapu 1 3a OueHKa Ha nopaxeHudaTa OT TAX 4Ypes3 m3nonsBaHe Ha cnektpanHute nHaekcn NDVI m
NBR, n3sneyeHu ot Landsat nsobpaxeHusi, KakTo n ga ce Hanpaeu OLeHKa Ha BCEKN OT MHAEKCUTE NO
OTHOLLEHME Ha NPUrogHoOCTTa UM.

CI'IeKTpaﬂHVI WHAOEKCU 3a uscrieaBaHe Ha nocriegMun OoT ropCKu noxxapwu

Kakto e wn3BecTHO pas3nim4HnTe TUNOBE 3EMHU TMOBBPXHOCTU NpUTEXKaBAT CI'IeLI,VICbI/ILlHI/I
OTpaXaTelyilHn XapaKTepUCTtukn. ﬂopap,m TOBa AaHHUTE, NoJly4eHn B HAKOW OMana3OHU Ha CreKTbpa
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MoraTt [a HOCAT 3HauuTernHa MHPOpPMaUMsa 3a KOHKPETHUSA O0BEKT, KOWTO nayyaBame. Taka Hanpumep
3a MOeHTMdMKAUUSA Ha pacTUTENHOCTTa OCOOEHO MOMEe3HW ca KaHanuTe B YepBeHaTa u Grm3kata
WH(pavepBeHa ob6nacT, A4oKaTo 3a aHanuM3 Ha BMAXHOCTTa Ha MOYBUMTE — KaHanuTe B cpegHaTa
WH(pavepBeHa 30Ha. Fopckute noxapu (KakTo 1 Te3n, 3acsiralim XpacToBu UM TPEBHU CbOOLLECTBA)
BOAOAT OO 3HAYUTENHU NPOMEHN B OTPaXeHWeTOo, NopaaM HamansBaHe Ha NPOEKTUBHOTO MOKPUTUE Ha
3eneHaTta pacTUTENHOCT, NpemMaxBaHe Ha MbpTBaTa NOACTUIKA, MPOMsiHA B LiBETa Ha no4ysaTta U
CbObPXXaHUETO Ha Bnara B Hesl. 3a OLEHKa Ha Te3n NpoMeHun e 6una nsanpobBaHa NPUNOXKNUMOCTTa Ha
pasnuYHM CcrnekTpanHy KaHanu, OTHOLWEHWs Ha [Ba ChnekTpanHW KaHana, WHOEKCUM unu apyru
TpaHcdopmaumm [9]. B HacToswms goknag ca pasrnefaHn camo fBaTa Han-4ecTo npunaraHu
cnekTpanHu nHgekca- NDVI 1 NBR.

BeretaumoHHnte wuHgekcn, kato NDVI HamumpaT npunoXeHme KakTo 3a OueHKa Ha
nopaxeHusaTa OT noxapu [10], Taka 1 3a npocneasiBaHe Ha Bb3CTAHOBSBAHETO Ha pacTUTENHOCTTa
cnep 1ax. 3a npecmaTaHeTo Ha NDVI ce nsnonsea crnegHOTO OTHOLLEHUE:

(band 4- band 3)/( band4+ band3),
kboeto ¢ band4 u band 3 ce o3HauyaBaT cboTBeTHWUTE Landsat TM/ETM+ kaHann B Gnu3kus
WH(ppayepBeH U 4YepBeHMs Ouana3oH. KM3non3saHeTo Ha TO3WM mHAEKC e obocHoBaHO nopaau
YYBCTBUTEMHOCTTA MY KbM CbCTOSIHUETO Ha PaCTUTENHOCTTA, KOSATO NpeTbprnsiBa 3HaYUTENHU
NPOMeHN Mpu noxap.

3HaunTeNnHo No-4ecTto obave NopaxeHUsiTa oT NOXapw ce oueHaBaT Ype3 nHaekcbT NBR [11],
KOUTO € CbCTaBeH Taka, 4e [Ja € MakCMManHo 4yBCTBUTENEH KbM USANOCTHUTE MPOMEHN B
CNeKTpanHuTe OTpaXaTenHW XapakTepUCTMKW, MpuYMHeHW oT noxap [12]. HeroBata dopmyna e
cnepgHara:

(band 4- band 7)/( band4+ band7),
kboeto ¢ band4 u band7 ca o3HadyeHM cboTBeTHUTE Landsat TM/ETM+ kaHanu B 6nu3kus
WHdpaYepBeH N cpeaHnsa NHppavepseH AnanasoH.

KakTo ce Bvxada ABaTa ropHU MHAEKCa ca NOYTU aHarorMyHn ¢ U3KNiYeHne Ha ToBa, Ye npu
NBR 4epBeHUAT kaHan e 3aMeHeH OT cpeaHus uHdpadepseH. [Npeammcteata Ha NBR no oTHoweHne
Ha U3y4yaBaHETO Ha OMNOXXapeHW TEPUTOPUM Ce ObIDKAT Ha M3NON3BAHETO Ha 4-TU MU 7-MU KaHarn, 3a
KOUTO € YCTaHOBEHO, Y€ NpeTbpnsiBaT Han-rofieMm U3MEHEHUS B CTOMHOCTUTE Ha OTPaKEeHNETO cnea
noxap [11]. OTpaxeHneTo B ONU3KMSA MHpPadepBeH KaHan ce onpeaenst OT KONMMYECTBOTO Ha
pacTUTENHOCT, nopagu KoeTo TO CWUMHO HamansBa crnej HEeWHOTO yHuwloxaBaHeTo. CpeaHuart
nHppayepseH kaHan (band 7) Ha Landsat ce Hamupa B AuanasoHa Ha CUNHO MorfblliaHe oT BoadaTta
(2,08 — 2,35 um). lNpn HanNUUMETO Ha BRaxHa Mo4YBa U CBEXa PACTUTENHOCT OTPaXEHMETO B TO3n
kaHan e cnabo. Cnep 3arMBaHeTO Ha pacTeHUsiTa U HaMansiBaHETO Ha BnaraTta B noyeaTta B pesyntart
Ha noxapa To cunHo HapacTea. [MogobHo Ha NDVI ctonHoctuTe Ha NBR cbuwo BapupaT oT -1 go 1.
[MokpuTuUTE C pacTUTENHOCT panvoHM MMAT CTOMHOCTM MO-foNemMu OT Hyna, JoKaTo paMoHUTe C rona
noysa WMNM ckanu mMmaT CTOMHOCTM MO-Manku OT Hyna. [oxapuwata ce oTnuyaBaT CbC CUIMHO
oTpuuaTeENHN CTOMHOCTW.

OcBeH, 4ye nos3BonsBa KOHTPACTHO Ada Ce MNpeAcTaByM MNEpPUMETbPBT Ha AafeH noxap,
uHgekcbT NBR e wuHdopmMaTuMBeH 3a NPOCTPAHCTBEHUTE pasnuuua Ha edekTute OoT noxapa.
YcTaHOBEHO e, yYe CblUecTByBa 3HauuTenHa kopenauusa mexay NBR u komnnekceH WHAOEKC 3a
nopakeHusiTa Bbpxy noyBaTa M pacTUTenHocTTa, OCHOBaH Ha Ha3eMHu gaHHu [13,14]. CrnegoBaTtenHo
NBR moxe pga ce u3nonssa 3a HagexaHa OueHKa Ha CTerneHTa Ha HapylleHuAaTa B pasfiyHuTe
y4yacTbLM Ha MOXapULLETO, KaTO KOSKOTO MO-HUCKM ca CTOMHOCTUTE My, TOSMKOBa MO-rorieMu ca
nopaxeHusita.

U3nonsBaHu n3obpaxxeHns n o6paboTka Ha AaHHUTe

3a kapTorpacmpaHeTo Ha onoxapeHuTe Teputopum B Puna ca n3nonssaHu TpuU CLUEHU OT
Landsat ETM+: 1 HoemBpu 1999 r.; 3 HoemBpu 2000 r.; 5 oktomepu 2001 r.; n egHa ot Landsat TM:
28 centempu 2007 r. NogbopbT Ha cueHUTE € BbB BPb3ka C HAKOMNKOTO roreMu noxapa B Pvna B
Kpas Ha natoto Ha 2000 r. C uen ga ce uscneaBa HenocpeacTBeHWUst ehekT OT Te3u noxapu be
n3bpaHo M300paxeHWe OT eceHTa Ha cbliata roguHa. [Nopaam HeobxoaMMocTTa OT CPaBHUMOCT
©a3oBoTO M300paxkeHne ot 1999 roanHa Gelwe M3bpaHO CbLLO NPe3 eCEHTA, HO 3a CbXXaneHue To e
CbC 3HaYUTENEH NPOLEHT Ha obravyHaTa NoKpuBKa. Bce nak panoHuTe Ha noxapuTe ca B AcHaTa YacT
OT cueHaTa. 3a npocriegsdBaHe Ha MPOMEHWUTE U Bb3CTAHOBSBAHETO Ha 3acerHatuTe panoHu bsxa
N3MNon3BaHu n aBe No-KbCHU n3obpaxkeHnsa — ot 2001 n 2007 r. OT CbLUMSI CE30H.

3a Bcska OT YeTupuTte aatm bsaxa usumcnenn nHagekcute NDVI n NBR, kaTo ca M3nonssaHu
cypoBute ctoiHoctu (DN). Tean mHOeKCHW M300paxeHuss Osxa W3non3BaHU Mpu MNo-HaTaTbLUHMSA
aHanua. lNpeguwiHn n3cneaBaHus ca nokasanu, Ye Noaxoda Ha peructpupaHe Ha npomeHuTe (change
detection) no3Bonsiea Han-NPELN3HO A Ce OLEHU BAUSHUETO Ha KOHKPETHO SIBMIEHWE, BKMOYUTEITHO
Ha noxapute BbPXY 3emMHaTa noBbpxXHOCT. [Mopagu ToBa 3acerHaTute Teputopum B Puna ca
naeHTUMUMpaHm Yypes pasnukaTa B CTOMHOCTUTE Ha UHOEKCUTE Npeau 1 cnej noxap, KoMTo pasnuki
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Oaxa o3HayeHun cboTBeTHO kato ANDVI u dNBR. Taka 3a Bceku MHOEKC Osixa nonyvyeHu no Tpwu
n3obpaxkeHnss Ha pasnukata cboTBeTHO 3a 2000, 2001 n 2007 cnpsiMO M3XOAHOTO CbCTOSIHME OT
1999r.

OcBeH TOBa noxapuwieto npu x. MamboBuua Gelwe pasrmegaHo OTAENHO C uUen da ce
nanonseaTt BapuauumuTe B CTOMHOCTMTE Ha NBR 3a ycTaHOBsiBaHE Ha panoHUTe nocTpagann Hau-
CUMHO OT noxapa. Bupxy nsobpaxeHneto Ha dNBR 3a 2001 r. e HanoxeH NepuMeTbLPBLT Ha Noxapa,
BeKTOpu3npaH npegeaputenHo no Quickbird. CtoriHoCTMTE B 3acerHataTa TepUTOPUS ca CTeneHyBaHu
B YETUPU Knaca, CbOTBETCTBALLUM Ha Pa3NMYHUTE CTEMEHU Ha MNOpaXeHWe Ha pacTUTENHOCTTa U
noyearta. [onyyeHata kapTa e oueHeHa BW3yarnHo, Ype3 cpaBHeHue C u3obpaxeHune Quikbird n no
NNYHW HabnaeHus.

UpeHTudmkaumsa Ha cneguTe ot noxapm B Puna

Ha cour. 3 ca npeactaBeHu pasnukute B nHaekca NBR (ANBR), a Ha dour. 4 3a nngekca NDVI
(dNDVI) Ha vacT oT Puna, nsuncnenun no cuexHn ot 2000, 2001 1 2007 r. Kato 6a3a 3a cpaBHeHue e
nanonseaHa Landsat ETM+ cueHa oT eceHTa Ha 1999 r. 3a oa MOXe Aa ce cpaBHSABAT [BaTa MHAEKCa
OWPEKTHO, KaKTO WM THAXHOTO W3MEHeHWe BbLB BPEMETO € MpuroXeHa edHa W cblla ckana 3a
Bu3yanusaumsa. Korato mexgy OBeTe CpaBHSIBaHW FOAMHU HSAMa 3Ha4vuTeriHa fnpoMsiHa B 3eMHOTO
nokputue croriHoctute Ha dNDVI n dNBR ca okono Hyna. TakbB € cnydas ¢ no-ronsgmarta 4vact oT
TepuTopudATa Ha Pwuna, 3aeTta OT ropu, annuUCKu nacuwia u ckanu. EgMHCTBEHO dheHonornvyHuTe
pasnuku moraT ga gosegaT A0 pasnuyunsa B CTOMHOCTUTE Ha MHOEKCUTe Mexay ABe rogvHu, nopaau
KoeTo TpsibBa Oa ce u3non3eaT M300paXkeHuss OT eauMH M cbly ce3oH. OT gpyra cTpaHa
nonoxutenHute n otpuuarenHute ctonHoctn Ha dNDVI n dNBR nokassaT, Ye e HacTbnuna npomsiHa
CMNpPSIMO U3XOAHOTO CbCTOSIHUE, KaTo B MbPBUA CriyYal CbOTBETHUSA MHAEKC € HapacHar, a BbB BTOpUS
e Hamansn. [Mpy HopmarnHu ycrnoBusi B rOPCKUTE M BUCOKOMMAHUHCKM Nanawadti He 6u Tpsabeano ga
ce HabnogaBa 3HA4YMMO HapacTBaHe WNW HamarieHue, OOPW B PaMKUTE Ha HSAKOMKO TFOLMHW.
HapactBaHeTo Ha nHgekca NDVI npes 2007 r. (dur. 4 C) BepoATHO Ce Ab/MKMU Ha No-paHHaTa garta Ha
n3obpaxxeHneTo OT Tasn rogMHa M e CBbpP3aHO C MO-aKkTMBHA Beretauusi Ha pactuTenHoctTa. 3a
pasnuka OT TAX B CENCKOCTOMaHCKUTE TEepPUTOPUM MOXE Ja Uma 3Ha4uMTernHM NPoOMEeHW nopagum no
ronsiMata AvMHamMuKa Ha 3eMHOTO MOKpWUTME MpW To3u TWn 3emenonssaHe. B ropckute Teputopum
PS3KOTO HamansBaHe Ha WHAEKCMTE B paMKuTe Ha efHa roguHa (vr.3 un 4) ce ObMmKM Ha ABneHune
CbC CTUXWEH XapakTep, Hanpumep noxap, npyv KOeTo pacTUTeNHoCTTa € CWUMHO YyBpedeHa wnu
HaMbHO YHULLOXEHA.

TpuTe YepHu netHa Ha ¢ur.3 A unocTpupaT TpuTe Har-3HaYMTENHW noxapa OT NATOTO Ha
2000 r. B CeBeposanagHa Pwna, wgeHtudwuumpanHn ¢ mHgekca NBR. Tbi kaTo M3Non3BaHOTO
n3obpaxxeHne e 3acHeTO camMo [Ba MeceLa crej noxapute TeXHWTe crneau ce OTKposiBaT sicHo. [Mpu
ABaTa noxapa Hag c. [lactpa, kKoMTo ca 3acerHanv npeauMHO BUCOKOMNMAHMHCKM naculla, TpesHaTta
pacTUTENHOCT He € Morna [a ce Bb3CTaHOBU B €CEHHWUS nepuof cnepf noxapa. EgHa rogmHa cnep
ToBa (Pur. 3 B) npomennTe He nuyat TonkoBa fobpe, Tbil KaTo Mpe3 nporneTTta u natoto Ha 2001
BbPXY MOXapWLLETO € 3arnoyvHana ga ce pa3BuBa TPEBHA pacTUTENHOCT. CblUeBPEMEHHO 3anagHo oT
Te3n ABe noxapulla ce BwxaaT cneguTe oT HoB noxap ot 2001 r. C Te4yeHne Ha BPEMETO cneauTte oT
Te3un noxapu ce 3anuyaeaT U Ha u3obpaxeHneTo Ha pasnukmuTe B nHaekca NBR 3a 2007 kbm 1999 r.
(cbur.3 C) Te noutn He nuyaT. B cbLLOTO Bpeme crieguTte OT rofiemmus noxap npu x. MansoBuua Bce
olLe ce oTkposBaT AcHO. NpuynHaTa e 3amsaHaTa Ha NbpBOHaYanHaTa Knekosa pactutenHoct. Cneg
3arMBaHeTO Ha Krneka B CnejcTBMe Ha rnoXapa Ha HeroBo MSCTO Ce pasBuBa TPeBHA PacCTUTENHOCT,
KOATO MMa  3HauYWUTeNHO MO-HUCKM CTOMHOCTM Ha uHaekca NBR. Hactbnunute  npomeHu B
pacTUTENHOCTTa ca KOPEHHU U OBbNTOCPOYHMU, KOETO BIMSIE N HA OTPaXKaTeNHUTE XapaKTEPUCTUKN.

CxogHu npoMeHn moraT ga ce npocrnegdar Ha udobpaxeHusTa Ha pasnukata Ha NDVI
(dwur. 4). lMNMpaBu BnevatneHve obaye He TONKOBA KOHTPACTHOTO MNPeACTaBsHE Ha OnoXapeHuTe
NnoLin, KOeTo ce AbIMKM Ha MNo-MarnkuTe pasfuku B CTOMHOCTUTE Ha TO3UM WHAEKC npeau v crnef
noxap. ToBa MOxe fa ce 0D0ACHM C Mo-mankaTta 4YyBcTBMTENHOCT Ha NDVI kbM Opyry NpoMeHu B
cnefcTtame OT NoXxapa, HanpuMep HamansiBaHe Ha Bnarata B pacTeHudaTa 1 noysaTa.

UpoeHTudukaumata n aHanusbT Ha NoxapuvwaTa, KaTo TN 3eMHO NOKPUTUE Ypes CrnekTpanHm
OaHHn oT Landsat uma [gBe OCHOBHWM oOrpaHudeHus. [1bpBOTO € CBbp3aHO C [pewku B
NHTepnpeTauusaTa Ha nsobpaxeHuata Ha dNDVI n dNBR, koraTto kaTo noxapuilia ce naeHtudpuumpar
panoHu, B KOUTO MpOMSHaTa B CTOMHOCTUTE Ha MHOEKCUTE ce ObIKW Ha gpyr caktop. Hanpumep
HanMuMeTo Ha obnaum wWnu CHAr B egHa OT CUEHWTEe e MNPUYMHM pasnuku B CTOMHOCTUTE Ha
MHOEKCUTE MeXady OBEeTe CpaBHSABaHW rogvHuW. 3a a ce akueHTMpa camMO Ha MPOMEHUTE B 3€MHOTO
nokpuTMe MOXe Aa Cce U3nonssa Macka Ha obnayHaTta u cHexxHaTa nokpueka. 1o-cnoxeH e BLNPOCHT
C BMUSIHMETO Ha CEHKUTE XBBLPMSHM OT 0bnauuTe, 3alloTO Te TpyaHO moraT ga ObaaT MackupaHu
aBTOMaTUYHO.
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®ur. 3. KapTtn Ha pasnukuTe B nHaekca NBR (dpparmeHT Ha CeBepo3sanagHa Puna):
A — 1 HoemBpK 1999 r. — 3 HoemBpwn 2000 r.; B — 1 HoemBpwu 1999 r. — 5 okTomBpn 2001 r.;
C — 1 HoemBpu 1999 r. — 28 centemBpu 2007 r.

BTopuAT Nnpobnem e cBbp3aH CbC CEHKUTE, MPUYMHEHM OT perneda B NMaHUHCKUTE TEPUTOPUMN,
KOWUTO He NOo3BOSISIBAT Aa Ce perncrpvpaTt NpomMeHu B criabo ocBeTEHMTE CTPbMHU OOMMHHU CKIIOHOBE.
CueHute oT Landsat ce 3acHemat npegu oben, koraTo CITbHLETO CBETU OT Hrou3TOK, 3aToBa Mnpwu
€CEHHNTE U 3MMHUTE CLIEHN CTPbMHWUTE CeBepo3anagHu CKITOHOBE ca 3aceH4eHu. To3u edpekT Oelue
HabnogaBaH 3a noxapa npu x. ManboBuua, K'b,D,eTO M3MON3BaHOTO MbpPBOHAYaNHO M3obpaxeHue oT 3
HoemBpu 2000 r. (BucoumHa Ha cnbHueTto 30,5 ) He gage goOpu pesynTatm B 3anagHata dacT Ha
NnoXkapuLLeTo, 3aoTO CTPbMHUSAT ceBepo3anageH CKNOoH Ha puga PbxagaBuua e 3aceHyeH. KoraTo ce
n3nonaea n3obpaxeHneto ot 2001 r., 3aCHETO e4MH MeceL, No-paHo (BMCOYMHA Ha cnbHUEeTo 40 ) ce
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®ur. 4. Kaptn Ha pa3nukuTe B nHaekca NDVI (dpparmeHT Ha CeBeposanagHa Puna):
A — 1 HoemBpK 1999 r. — 3 HoemBpwn 2000 r.; B — 1 HoemBpwu 1999 r. — 5 okTomBpn 2001 r.;
C — 1 HoemBpu 1999 r. — 28 centemBpu 2007 r.

ouyepTaBa MHOIO Mo-ACHO 3acerHaraTa OT no)apa TepuTopusl B 3anagHus kpai. CnegosartenHo 3a
npeanoYnTaHe e fa ce U3nosnssaTt U3obpakeHusi C No-BUCOKO MorioXeHne Ha CrbHLUEeTO.

OnpepgensiHe Ha cTeneHTa Ha NopaxeHue

YcTaHoBeHO e, ye NBR nma no-ronsam anHammyeH ob6xeBaT B CpaBHEHUE C APYrUTE MHAOEKCU 3a
TMNa 3eMHO MOKpWUTME NPeAcTaBnsBaHO OT noxapuwata [6]. ToBa e mpuumMHa u 3a pas3nukaTta B
KOHTpacTHocTTa mexay durypmn 3 n 4. CnegosatenHo NBR no3sonsiBa no-nnaBHO fa ce npencraBaTt
pasnuuusTa B TO3M TUM 3E€MHO NOKPUTUE, TOECT CTEMNEHTa Ha NnopaxeHusaTa. ToBa ce NOoTBbpXKAaBa OT
HanpaBeHOTO CpaBHEHME Ha xuctorpammte Ha cTtoviHocTute Ha dNDVI u dNBR B pamkute Ha

147



noxapuieto npu x. Manbosuua (dur.5). Kakto ce Bmxkaa dNBR Bapvpa B MO-LUMPOKM FPaHULN U
cnepoBaTtenHo edyekTa OT noXxapa MoXxe Aa ce audepeHumpa no-To4Ho.

KapTata Ha dur. 6 e nsroteeHa Ha 6a3ata Ha dNBR 3a 2001 r., KaTo CTOMHOCTUTE Ha UHAOEKca
ca rpynvpaHu B 4eTnpu knaca. BusyanHaTa oueHka He AaBa Bb3MOXHOCT [a Ce OLEeHU KONMMYECTBEHO
HemHaTta TOYHOCT, HO CpaBHEHMETO C u3obpaxeHne Quickbird, kakTo n HabnogeHuaTa u
cbbpaHMs CHMMKOB MaTepuan oT TepeHHaTa paboTa nokaseaT, 4Ye MecTata C OCOGEHO CUIHU
nopaxeHuna cobBnagaTt ¢ Te3n B KOUTO MHOEKCa nma Han-HUCKa CTOMHOCT. ToBa € U3TOYHUAT CKINOH Ha
punoa PwxpaBuua 6nm3o o CBUHCKOTO
€3ep0 N HSAKOM MO-CTPBbMHU y4yacTbuM Ha
JBaTa OonvHHM ckrnoHa Ha CpepgHa [lpeka
peka. B Tean mecta e Hanuue nbiHO
nsrapsiHe Ha Kriekoata pacTUTENHOCTU U
[0pY Ha YNMOBUSA XOPU3OHT Ha NoYBarta.

Painonute, kbaeTo e buna 3acerHaTa
TpeBHa pactutenHoct (npu WMoHueBoTo
€3ep0), KakTo 1 Te3u, KbaeTo UMa OTAENHU
netHa OT oOuUenenu pacTeHus umat no-
BMCOKM CTOMHOCTM Ha wuHAekca. Tosa @ur. 5. Xuctorpamun Ha dNDVI n dNBR (2001-1999 r.)
ocobeHo pobpe numuMm B ceBepHaTa 3a noxapuiieTo npu x. Mansosuua.
nepudepus, KbgeTo noxapsT e obxsaHan
ropHaTa rpaHuua Ha roparta. TyK XpaCTOBWUAT eTax € W3ropsn, HO KOpOHUTE Ha AbpBeTara ca
ocTaHanu HesacerHatn. HanunuymeTo Ha BereThpalla pactuTenHoCT Boan 00 Nno-BUCOKK CTOMHOCTU Ha
dNBR B Ta3u 4acr.

dur. 6. Kapta Ha nameHeHueTo Ha ctonHocTuTe Ha NBR (2001 cnpsimo 1999 r.) 3a noxapa npu X. Mansosuua.
Ckanarta nHaukmpa paoHUTe C Hail-ronsiMo HamaneHne Ha HAeKca U CbOTBETHO Han-roreMm nopaxeHns B
YepHo, a B NO-CBETNM TOHOBE ca No-cnabo 3acerHaTnTe panoHn. BbHLIHMAT KOHTYP Ha noXapa € oYepTaH no
VHR n3obpaxeHune ot Quick Bird.

Cnep TepeHHa Bepudukaums U3MNon3BaHUTE YCIIOBHM KNacoBe MoraTt Aa 6baaT npuBeaeHu
KbM KOHKPETHW KaTeropuu, Hanpumep cnabu, cpegHn U CUIMHW nopaxeHus. Tesun kaTeropumn Tpsibea
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Ada ca yHVI(*)VIU,I/IpaHVI M ga ce OCHoBaBaT Ha KOJINYECTBEHU KpUTEpUWU, HaANpuUMep TMpoueHT Ha
CMBPTHOCTTA Npu pacTteHundaTa uin AbnboymHa Ha npoMeHunTe B no4earta.

3akntoyeHune

CnekTtpanHuTe gaHHu oT Landsat 1 no-cneunanHo kaHanute B MHpavyepBeHNs AnanasoH ca
€[MH OT OCHOBHUTE U3TOYHULUM Ha MHOpMaLns 3a kapTorpadupaHe u usydaBaHe Ha 3acerHatu oT
noxap Teputopuun. Te 4ecTo gonbreaT UHOpMaLMsTa NofydyeHa OT aepPOCHUMKN NN APYru CEH30pU
C BMWCOKa MPOCTPaHCTBEHA pasfenuTenHa CcrnocobHOCT, a TaM KbAETO TakMBa nwunceBaT ca
e[MHCTBeHaTa antepHaTuea. [NpegMMCTBO NpU U3MNOMN3BaHETO Ha ChneKTpanHW WHOEKCW e necHaTa,
CcTaHfapTu3npaHa obpaboTka Ha n3obpaxeHusiTa, Npu KOSTO ce nosy4vasa no-npeumsHa nHdopmawms
B CpaBHEHWE C BU3yarHOTO AewwndpupaHe WM aBTOMATUYHWUTE Knacudwukauun. OcBeH ToBa
pesyntaTuTe OT TO3U aHanu3 ca CpaBHVMW BbB BPEMETO U MEXY pasnnyHu reorpadoCkm panoHu.

MupgekcbT NBR uma npegMMcTBO MO OTHOLIEHME HAa AMHAaMU4YHUA 0OXBaT B CPaBHEHME C
NDVI, koeTo no3BonsiBa pasrpaHu4yaBaHe Ha pasfnyHM CTENeHM Ha nopaxeHue. [NpakTn4eckoTo
n3nonaBaHe Ha To3n MeTog B 6baelle obave n3nckBa TepeHHa BepudrKauns n U3roTBsiHe Ha €OUHHU
KpUTEpUWN 3a CTENEHTa Ha NOPaXXeHUA NP ropCcKM Nnoxapu.

CnektpanHute mHaekcu ot Tuna Ha NBR gaBaT Bb3MOXHOCT KOMMYECTBEHO [a CE OLEHST,
npv TOBa B NPOCTPAHCTBEH acnekT, NPOMeHuTe B naHawadtiTe npeamnssmkaHi oT noxapu. Ha tasm
OCHOBa MoraT Ja ce uscriegBaTt pasfuyHu npouecyu U B3auMOBPbBL3KW, KaTo Hanpumep ganu ce
HabniogaBa 3aBUCMMOCT MeXay CTerneHTa Ha nopakeHue OT noxapa u TonorpadusaTta, U3noxXeHneTo
Ha CKIMOHa, YCroBMSATa Ha OBMaXxHeHWe, TMna Ha pacTUTenHocTTa U T.H. ToBa 61 nomorHano ga ce
OLleHU BMUSHMETO Ha Te3n (PakTopu BbpPXY MHTEH3MBHOCTTA M MOBeJeHMEeTO Ha noxapute. [dpyra
noteHumanHa obnact Ha MpuUIoXeHWe e Bpb3kaTta Mexay CTeneHTa Ha HapyleHusTa u
pa3Hoobpa3neTo Ha BUOOBETE U TAXHOTO Bb3CTaHOBSIBAHE crief noxapa [14].
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A6cmpakm: Ypes kapmozpagpupaHe u aHanu3 Ha fpoMeHUme 8 3eMHOMO Mokpumue 8 palioHa Ha
eonemus roxap npu X. Mansosuya ca npedcmaseHu uaMeHeHuUssMa, Hacmuunau cied rnoxapa 3a 20 eoduweH
rnepuod. 3a uenma ca usnonseaHu aepocHuUMKu om 1988 2. u camenumHo usobpaxeHue om QuickBird 2 om
2007 e. [HonwvnHumernHo ca obpabomeHu u 5 kadbpa, 3acHemu ¢ Kamepama MK®-6 npe3 1977 2. C uen
uughposa opmopexkmucbukayusi, 3a Mbpeu Nbm 8 bwbrzapusi e HanpaseH ornum da ce OecpuHupa modesna Ha
kamepama MK®-6 u da ce ebgede 8 cogpmyepHusi nakem LPS.

3a kapmozpaghupaHe Ha 3eMHOMO [OKpumue e Uu3ros3saHa WUPOKopasnpocmpaHeHama
HomeHknamypa Ha CORINE Land Cover, HO Ha 4emebpmo Hueo. [Tnowma, 3aceeHama 8 pa3s/iu4Ha CmerieH rno
speme Ha noxapa om 2000 e., 8 nnaH eb3nusa obwo Ha 363 ha. Mopadu nnaHuHckus peneg peanHama naow,
Ha rosbpxHocmma e marsiko rno-z2onama 397 ha. Bbe gpb3Kka ¢ ecmecmseHume rpoyecu Ha 8b3cmaHossisaHe 8
6ndeuye moxe Oa ce oyakea, Ye MOHONUMHUSAM apearn Ha noxapuwemo (3341 no CLC) we ce dughepeHyupa Ha
HSIKOIIKO Opyau muroee 3eMHO rokpumue.

APPLYING GEOINFORMATION TECHNOLOGIES TO ASSESS THE DAMAGES
AND EFFECTS OF THE GREAT FIRE IN THE AREA OF THE MALYOVITSA HUT,
RILA MOUNTAIN

Alexander Gikov, Peter Dimitrov

Space Research Institute — Bulgarian Academy of Sciences
e-mail: gikov@mail.space.bas.bg, petarkirilov@mail.bg,

Keywords: wild fires, Rila Mountain, camera MKF-6

Abstract: Changes after the big fire of 2000 near the Malyovitsa hut in the Rila mountain are presented
by analyzing and mapping land cover changes over a twenty-year period. Aero photos of 1988 and a Quick-Bird 2
satellite image of 2007 are used. Additionally, 5 frames from the MKF-6 multispectral camera of 1977 are
processed. In order to orthorectify the images, an attempt is made to define the MKF-6 camera model and use it
for the first time in Bulgaria in the LPS software package.

In mapping land cover, the fourth level of CORINE Land Cover (CLC) classification system is used. The
area affected to some degree by the fire amounts to 363 ha (planimetric area). The actual surface area is
somewhat larger - 397 ha, because of the rugged terrain. As a result of the natural regeneration processes,
disintegration of fire scar (class 3341 according to CLC) to several other land cover types may be expected in
future.

BbBeneHue

Mpe3 cyxoTo u ropewo nato Ha 2000 r. B bwnrapusa ca peructpupann 6nmso 1500 ropcku
noxapa, KoeTo € peKopa chnopen cTaTucTMyeckute [aHHM Ha [nasHa aupekuus "TloxapHa
OesonacHocT M cnacsieaHe” Ha MBP [1]. TMoBeyeTo OT Te3n nNoxapu ca B paBHWHHATA W
HMCKOMNMaHMHCKa YacT Ha CTpaHaTta, KbOeTo TemnepaTypute ca MHoro Bucoku. OT noxapu obadve He
ca nowjageHun n BucokonnaHuHckute yactu. Camo B Puna npe3 aBryct 2000 r. uma HSAKOMKO noxapa.
Han-sHauuTenHuaT oOT Tax e To3W, obxBaHamn KNekoBust cybannuncks nosic B 6nmu3ocT [o
x. ManboBuua. B pe3yntaTt Ha Hero egHa 3Ha4YUTENHA TEPUTOPUS MPOMEHSA 3HAYMTENHO 3EMHOTO CU
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nokputue. Bbnpekn 3HauyMmMocTTa Ha npobnema, gocera HAMa HayyYHu paspaboTku 3a MMOLWHO
KapTorpacdvpaHe Ha NMPOMEHMUTE, a ca pasrfiedaHn caMmo HSAKOU reoMopdOrOXKN BbMPOCK, CBbP3aHu
¢ ecbekTa oT noxapa [2].

Llen Ha goknaga e ga ce kapTtorpadmpaTt v aHanuanpaT NpOMEHUTE B 3EMHOTO MOKpUTME B
y4acTbK Ha ceBepHUs MakpoCKIToH Ha Puna nnaHvHa mexay pekute Mansosuua n JonHa Npeka peka
3a 20 roguweH nepuon. 3a Tasum Len ca U3non3BaHy CaMOSNIETHU U CaTENUTHU CHUMKKU, obxBaluaLLm
TO3K Nepuog, C NPOCTpaHCTBEHA pasdenuTenHa cnocobHOCT He No-ronsgma ot 1 MeTbp.

UcTopusa Ha noxapa

Mo cBepeHust OT OoneTnHa Ha CUTYaUMOHHUSA LEHTBbP KbM ocTosiHHaTa KoMucKst 3a 3alumTa
Ha HaceneHueTo npwu OefcTBusl, aBapuym K KaTacTpodu npu  MUHUCTEPCKM CLBET MOXapbT Hag
x.ManboBuua Bb3HMKBaA Ha 23 aBryct 2000 r [3]. He MoXe CbC CUIYpHOCT da Ce Kaxe KakBa e
npyvyMHaTa, ganu ce ObMKN Ha HEBPEXHOCT UMK € NNo4 Ha 3ra YMUCHI1, HO CbC CUTYPHOCT Ce 3Hae,
Yye MeTeopornornyHaTa obcTaHoBKa e bnaronpusaTcTBana nosieata Ha noxapw.

Jlatoto Ha 2000 r e MHOro cyxo u ropeuwo. lNpes oHM BanexuTte B cTaHummute Codma um
Mycana ca egsa Ha nonoBuHa OT Hopmarta. Te owe HamanseaT npes crnejBalliMTe Meceuu, KaTo B
ctaHumst Mycana 3a meceu tonu Te ca 18%, a npes aBryct easa 17% oT HopmaTa. B ctaHums Codus
Te ca cboTBeTHO 23% 1 5%. lNpe3 mecey aBryct Han-BncokaTa Temneparypa e otbensisaHa TO4HO Ha
23-T1 — cTaHuma YepHu BpbX (Hai-6rMska KaTo BMCOUMHA CTaHumMs aHanor — 2286 m H.B.) 19°C, Ha
Mycana (2925) 16,4°C, a B Cocusa 37,1°C [4]. Tpsbsa na ce otbenexu, ye ToBa He € eAuHUYEH
ropeLy AeH, a MakCMMyMbT Ha HEKONKOAHEBEH ropely nepuof. NukbT B MakcumanHute Temneparypu
uaBa B pesynTtaT Ha NOCTOSHHOTO UM yBenu4yaBaHe, 3anodHano oT 17 aerycT. AKo ce npueme, 4ve
BEPTUKAMNHUAT TeMMepaTypeH rpaaueHT Ha 23-TW BbB BUCOKOMMaHMHCKaTa 30Ha e 6un 0,4°C Ha 100
m, TO Ha BucouMHa okorio 1900 — 2000 m TemnepaTypaTa e npesuwasana 20°C. Bcuuko ToBa
NMokasBa, Ye PUCKbLT OT Bb3HMKBaHE Ha noxapu e 6mn BUCOK.

MoxapbT 3anoyBa Ha 23 aBrycT 2000 r. crieq oben B HeAOCTBNEH panioH Hag X. Manbosuua.
OtHavano B raceHeTo y4vactBaT camo 10 cnyxuTtenu Ha necHudvencrteata n 20 MecTHu xutenu. B
cnegpalumTe OHU ce BKMNIOYBAT noXapHukapu, ekmnu Ha ['paxgaHcka 3awmuTa n BOEHHOCIYXeLLM, KaTo
nocTeneHHo obLmaT 6por Ha orHebopunTe Ha 27-Mu aBrycT goctura 470 gywu. [Nopaaun nnaHWHCKUS
TepeH aBTOMOOMNMTE Ha noXapHata He MoraT ga gocturHaT o noxapa. Ot 24-Tm B raceHeTo
yyactea n xenukontep Ha BBC MW-17, a B oTAenHU gHM OT noxapa nomarat U 2-3 CernckoCTOMaHCKu
camorieTa. Ypes um3cuyaHe Ha MPOCEKM € MNOCTUrHaTO OrpaHuyaBaHe Ha pPasnpPOCTPaAHEHWETO Ha
noxapa. Ha 27-mv orHuMWweTo e fnokanuampaHo, HO Ha crnedBaliMs OeH MNoXapbT ce Bb30OHOBSABA.
MocTeneHHo NoxapbT e oBnagaH. OcTaBaTt Tpu OrHu1LLA, KOUTO ce gouaracsiat U Habntogaeat, 6posaT
Ha orHebopuuTe ce pegyuupa oo 150 gywm. Ha 30 aBryct e 06sBeHO, Ye NoxapbT € 3araceH. Ha 1-
BM CenTeMBpu obaye M3nm3a MHOIO CUNEH BATbP, KOWTO Bb30OHOBSBa Noxapa. B cnegBawmTte gHu
BATbPBT 3HAYUTENHO HamansiBa M B OloNeTMHa Ha CUTYaUWOHHWUSI LIEHTBbP OT 4-TM CenTemBpu ce
Ka3Ba, Ye Ha TepuTopusiTa Ha CTpaHaTa HAMa AencTBawm noxapw [3].

ETtanu Ha paboTa

OcurypsiBaHe Ha M300OpakeHUsi ¢ MHOro BUCOKa pasgenuTeriHa cnocobHocT. B cekums
LJVUCTAHUMOHHN n3cnensaHms Ha 3emsaTta” npu UKU-BAH uma apxvBHM aepOCHUMKM Ha panoHa,
oTpassiBaly CbCTOAHMETO Ha 3eMHOTO MOoKpuTue npean noxapa oT 2000 r. BbB Bpb3ka C
U3NbMAHEHNETO Ha gorosop ¢ ¢oHa HayyHu uscneasaHusa 3a pasBuMTUE Ha HayyHa UHpPacCTpykTypa
»HWK-03/2007" BCMYKM XapTMEHU CHUMKM W MO-rofisiMata 4acT OT HeraTMBute B apxuBa Osxa
CKaHVMpaHu W kaTanormaupaHu. He pasnonaraxme c nsobpaxeHue, 3acHETO crieq noxapa. 3aToBa
Delwe 3akyneHa 4acTt oT cueHa oT QuickBird 2 cbc cpeacTBa no cblymsa gorosop. MsobpaxeHueTto e
MHOrO KadecTBeHo, 6e3 HukakBu obnauu, ¢ gbnbouynHata Ha uBetall OuTa, 3acHeTo Ha 16 aBrycTt
2007 r. NpepnoyeTeH e ,Bundle” doopmar.

B cekuusaTa pasnonarame ¢ apxvMBHU MaTepuanmn, 3aCHeTU C MHOro3oHanHata kamepa MK®-6.
3a panioHa Ha Puna nnaHuHa ToBa e egHa TscHa mBuua (3,5 km), 3acHeTa Ha 20 oktomBpu 1977 T.
CkaHupaHeTO e m3BbplieHOo Ha A3 ckeHep Microtek ScanMaker 9800XL c¢ pesontoumnsa 1600 dpi.
CkaHvpaHu ca HeraTuBuTe Ha NbpBUTE 4 KaHana — ObMKMHU Ha BbHaTa 0,48 pum (cuH kaHan), 0,54
pm (3eneH), 0,60 um (kbNT) 1 0,66 um (4YepseH) [5]. HeratBbT Ha NeTu kaHan e aedekTeH, a wecTn
BbOOLLE NMNCBa 1 3a CbhXarneHue HAMaxMe Bb3MOXHOCT [a ro n3nonssame.

VMBuLaTa C UBETHM CHUMKM € TSCHA M Hal-lOXXHUTE 4acTu OT MnoXapuweTo nonagaT U3BbLH
Hed. 3aToBa peluMxme kaTo 6a3oBu n3obpaxeHusi, OTpassaBaln 3eMHOTO MOKPUTME Npean noxapa,
4a ce nonaeaT YepHobenun cHUMKMUTE OT 1988 r., KOMTO ce HamupaT B apxvBa Ha cekuusTa. Bes BTC
— TposiH Ha BUCOKOTOYEH (poTOrpaMeTpu4eH CKeHep ca CKaHWpaHu [iBa Kagbpa AMPEKTHO OT HeraTnea
c pesontoumnsa 16 mukpoHa (1588 dpi). CkaHuMpaHeTo Ha HeraTvMBa € C Len ga ce nocturHat gobpwu
napameTpu Npu BLTPELLUHOTO OpPUEHTUpPaHe, Tbid KaTo XapTUEHUTE KOHTaKTHW KOMWUS He OTroBapsT Ha
CTporuTe u3nckBaHusa Ha undposarta oTorpameTpus.
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CuHTe3npaHe Ha uBeTHU usobpaxeHusa ot MK®-6. Kamepata MK®-6 BCbLLUHOCT ce CbCTOMU
OT WecCT kamepu, obeanHeHn B OOLL CMHXPOHM3UpaH arperat. Bcska oT wecTTe kKamepy CHMMa Ha
yepHoOsina neHTa B onpedeneHa 4acT OT crekTbpa. 3a ga ce nomnydvaTr UBEeTHM u3obpaxeHusi e
Heobxo4MMO [e ce MU3BbLPLUM onepauusa No MHTerpupaHe Ha KaHanuTte B eauH dpann (layer stacking).
Mexay ChneKkTpo3oHanHUTe u3o0pakeHWs Ha BCEKM eduWH OT KaHanuTe HsiMa HWKakBa B3avMHa
opueHTauusd(3a pasnuka OT cnekTpanHute kaHanu Ha QuickBird).3aToBa 3a ga ce HanpaBAT LBETHU
CUHTE3MpPaHN U306paxkeHns Ypes3 aguTuBHMSA cnocob Nbpeo TpAGBa Aa ce M3BbPLUM NPUBBP3BaAHE Ha
Kagpute eavH kbM Apyr. [MbpBoHavanHuAT nnaH Gewe ga ce wm3non3eaT AeBeTTe KPbCTYeTa,
3arnevaTaHun BbB BCEKM Kaabp, HO Ce OKa3a Ye Te He ca AoCTaTbyHM U ce HabnoaaBalle paaMecTBaHe
Ha uBeToBeTe. PbYHOTO pa3sno3HaBaHe Ha AOMbIIHUTENHU TOYKM OTHEMA MHOro Bpeme. 3a fa Moxe
Aa ce mnsnonssaT okosno 200 TOYKU € U3BbPLUEHO aBTOMaTUYHO TbPCEHE U pPasno3HaBaHe Ha TOYKW.
Cnen npunoxeHwe Ha MOMMHOM OT 2-py MOPSABK Ce MOoNydMxa KpUCTaNHO ACHWM M300pakeHus B
peanHu upetoBe npu RGB kombuHauua 4-2-1. Tpetun kanan (0,60 um) cbo nma gedekTn — Manku
neTHa, NOMy4YeHU NMpu HagnNucBaHe Ha kagpwTe Ha cunma. Mo Ta3m npuymHa n nopagu dakTa, ye
n3obpaxkeHusaTa LWe Ce M3MNoM3BaT camo 3a BuayariHa MHTepnpeTauusd, pelumMxme a ce oTkaxem oT
M3MON3BaHeTo Ha TPeTW KaHan.

OpTopekTucpmkaumsa. BaxeH BbNpoc 3a NpaBUHOTO reopedeprpaHe Ha n3obpaxeHusTa e
HabaBsiHETO Ha 3eMHM KOHTposHM Toukn (GCP). 3a npeumsHa optopekTudmkaumusa e Heobxoammo aa
Ce u3nons3eaT TOYKM, YMATO T[pewka e Mno-manka OT pasvepa Ha nukcerna. 3aTtoBa 3a
OPTOPEKTMUKALMS HA CHUMKM C pe3ontouunsa nog 1 m He mMoxe Aa ce U3nonsBaT TOYKWU, CHETM OT
eapomMalLabHu KapTu, YNATO TOYHOCT € 3HAYUTENHO No-foLua.

Mpn opTopeKkTMdUKaLUSATa Ha CaMOMETHUTE U CaTEeNIUTHU CHUMKW Ca W3MNOM3BaHU TOYKMU,
YMUTO KOoOpAMHaTU ca CHeTu c egHodectoTeH GPS npuemHuk Magellan Mobile Mapper 6. Toau
anapart, Makap 1 OT Mo-eBTUHUTE MOAENMU, MMa Bb3MOXHOCT 3a 3anuc Ha cyposu AaHHu (RINEX), ¢
YMSTO Momoll, Mpu nocrnegpawia obpaboTka (post-processing) € Bb3MOXHO 3HaYMTENHO Ja ce
nogo6pu ToyHocTTa. lNMpoueanpa ce Kato NPUEMHUKBT Ce NOCTaBs HEMOABWXHO U ce 3anuceaTt RINEX
AaHHu npe3 30 cekyHAM OBMKHOBEHO B NpoAabimkeHne Ha 15 muHyTh. C Len npoBepka Ha TOYHOCTTA
Ha HSIKOM BaXKHM OMOPHM TOYKWM Ca HanpaBeHu Mo 2-3 u3MepBaHus. Pesyntatute nokaseaT, ye npu
OTKPUT XOPU3OHT (Ha 6mno) n curHan ot 8-10 cnbTHMKA, crnea nocrefBalla obpaboTka TOYHOCTTa € B
pamMKMTe Ha MNonoBuH mMeTbp. CumTtame, Yye TasuM TOYHOCT € AOCTaTbyHa U OTrOBaps HaMbIIHO Ha
LenuTe Ha UsINMOCTHOTO u3cnegBaHe.

OBukHOBEHO 3a 3eMHU KOHTpomrHu Todkn (GCP) npu opTtopekTudmkaums ce wmsnonssaT
aHTponoreHHn obektn. Te mMmar reomeTpudHu opMu M ACHM pbboBEe U BIMM, KOUTO NECHO ce
pasno3HaBaT Ha usobpaxeHuaTa. B nnaHvHaTa obade TakvBa obekT ca psSAKOCT M MO-4ecTo Te ca
pasnonoxeHu B AonuHute. TporoBute A0NUHM B Puna obuvkHoBEHO ca MHoro Abnbokn n GPS
NPUEMHUKBLT yNnaBs curHana camo Ha 4-5 caTenuta, KOeTO 3HauuTenHO Hamansaesa TodHocTTa. Ha
6unoTo ce xBalla curHana Ha 8-10 caTenuTta M TOYHOCTTa € MHOro no-gobpa, HO HAMAa MOAXOAALLN
06eKkTn, KoMTO Oda ObaarT M3Mon3BaHM 3a 3EMHM KOHTPOMHM TO4kM. 3a ga ce MonyyYnm epgHo
CPaBHUTENHO PaBHOMEPHO pas3npedeneHne Ha Te3n TOYKM, CMe W3MNon3Banu U NpUPOSHMU
obpasyBaHusl, KOUTO SICHO Ce pasno3HaBaT Ha CHUMKMTE. Hanpumep ckaneH OMok, pasnonoxeH B
e3epo, 6nm3o go 6pera. MNpu pasmep 1,5x1,5 m ToM ce n3obpassiBa Ha CHUMKUTE KaTO Marika cBeTna
TOYka Ha TbMeH (boH — BogHaTa NoBbPXHOCT. brim3ocTTa oo Gpera ynecHsisa goctbna o Hero. [lo
BPEME Ha TepeHHaTa paboTa npes3 natoTo Ha 2009 r. ca cbbpaHyn 20 3€MHM KOHTPOJSTHU TOYKU, KOUTO
Ca u3nonseBaHy MNpu OpTopekTUdUKaLuATa Ha aepo-KocMmyecknTe m3obpaxkeHus. 3a Kopekuus no
Bpeme Ha nocrnegpawata obpaboTtka e nsnona3saHa nepmaHeHTHaTa ctaHumsa SOFI, otganedeHa Ha
okono 34-35 km. [laHHuTe ca cBO6OAHO AOCTBLMNHU B MHTEPHET [6].

OpTopektudmkauma Ha QuickBird mnsobpaxeHue. MogenbT Ha ceH3opa QuickBird 2 e
aedvHmpaHn B codptyepHust naket ERDAS Imagine. Npu nsnonsesaHe paunoHanHMTe NOSIMHOMUAIHU
koeduumeHtn (RPC file,) Moxe Oa ce nMocTurHe BUCOKa MPELM3HOCT LOPWU NMPWU OorpaHuyeH Gpow
OMopHU ToukM [7]. Bbnpekn ToBa, C ornes niaHUHCKMA XapakTep Ha perneda ca nsnonssany obwo 15
TOYKM — 9, KaTO 3eMHU KOHTponHu Toukn (GCP) n 6, kKato TOYKM 3a npoBepka Ha TovHocTTa (check
points). Pa3ano3HaBaHETO Ha TOYKUTE € HanpaBeHO Ha MaHXpPoMaTWYHMA KaHan ¢ pesontouns 60 cm,
cnepf KoeTo pedepeHTHUTE TOYKM Ca 3anas3eHn KaTo dhavii U NPUITOXKEHU 3a CMEKTPaNHUTE KaHanu ¢
pesontouus 2,4 m. OpTopeKkTMduKaumsita € n3BbpLUeHa KaTo eqMHUYEH Kaabp, a 3a undgpoB Moaen
Ha peneda e nsnonssaH DEM c pa3amep Ha knetkaTta 30 m. Kato pecepeHTHa KoopauHaTHa cuctema
e 3agageHa UTM 3oHa 34.

B Tabn.l. ca nokasaHu pesyntatuTe npu optopekTudmkaumnata Ha QuickBird nsobpaxeHueTo.
Bwxga ce, ye rpewkaTa npu OMOPHUTE TOYKM € B paMkuTe Ha 1-2 m, a npu TOYKMTE 3a KOHTPON Ha
TOYHOCTTa Marsnko no-ronigiMa — 4o 2,5 m. ToBa BEpPOATHO Ce Ab/MKM Ha dpakTa, Ye 3a TakmBa TOYKU ca
N3MoM3BaHn Mo-manko HageXaHuU TOYKM — B AbnbokaTta gonuHa Ha p.ManboBuua mnu ¢ no-ronemu
pasnukn Mexay pasnuyHute uamepBaHus. Bce nak no-BaxHO € Ja ce Hanpasu npeumsHa
opTopekTudmKaumsa, OTKOMKOTO Aa ce nonyyatr Mankum CTaTUCTUYECKM CTOMHOCTM Ha rpelukaTa.
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CunTame, Ye nocTMrHaTaTa TOYHOCT Ha OpTOpeKkTUdMKaUUSTa € HaMmbiHO NpUeMInBa 3a MnraHWHCKa
TEepuUTopUs C pasuneHeH pened.

Tabn.1. OpTtopekTudukaumsa Ha QuickBird nsobpaxeHueto

Toukv 3a npoBepka
OnopHu Toukn (GCP) - 9 6p. .
N3oBpasxeHne Mepra P (GeP) -9 0p (Check points) -6 6p.
eqMHULa
X residual y residual | RMSE | x residual y residual RMSE
QuickBird nvkcenu 1.66 1.86 250 2.90 2.60 3.90
naHxpomMaTuyeH
kaHan 0,6 m m 1.00 1.12 1.50 1.74 1.56 2.34
QuickBird nvkcenu 0.43 0.86 0.96 0.70 0.88 112
CI'IeKTpaJ'IHM KaHanm

2,4m m 1.04 2.06 2.30 1.67 2.11 2.69

OpTopekTudmnkaumsa Ha aepoCHUMKM OT paMKOBa kamepa. EkMnbT nma n3BecTeH onuT npu
obpaboTka Ha aepocHumkM [8], 3aToBa Te ca 06paboTeHW 4pe3 CbBMECTHO CHOMOBO-O/0KOBO
n3paBHEHWE NMpu TpuaHrynaumsta. 3acHeMaHeTo e u3BbpLleHO Ha 8 tonun 1988 r. ¢ kamepa Wild RC-
10 c dokycHo pascToaHue 152,77 mm un pa3mep Ha kagbpa 23 x 23 cm. Npu BUCOYUHa Ha noneTa 7,6
-7,9 km Bcekun kagbp obxBalwia nnow, npubnuantenHo 75-80 km? (kBagpaTt c pasmep 8,6-8,9 km).
N3cnepBaHuAT paioH € CbC 3HaYUTENHO No-Manbk 0b6XBaT U M3UANo ce nlobpassiBa Ha ABa kagbpa
(cTepeo AaBoKika), KOMTO ca MnoAJNIOXeHM Ha obpaboTka. 3a TasM Uen e Ccb3gageH Manbk
doTorpameTpudeH 6nok, BknouyBalw, ABaTa kagbpa (dwur.l). He pasnonarame ¢ kannbpoBbyHUTE

OaHHM 32 Tasnm Kamepa, 3aToBa
BbTPELUHOTO OPUEHTUPaHE € HanpaBeHo C
napametpu no ,default” - yetmpute
PaMKOBM MapKuM ca pasnonoXeHa Ha no
106 mm no x 1 No y OT rraBHaTa TOYKa.
Bbnpekn TOBa, pesyntatute oT
BbTPELWHOTO OpUEHTMPAHE Cca  MHOro
0obpu — cpegHoKBagpaTuyHaTa rpellka e
eaBa 0,15 nukcena (Mnu 2,45 MukpoHa) 3a
eanHua kagbp u 0,16 nukcena (unu 2,59
MUKpOHa) 3a apyrus. No BcAka BEpPOATHOCT
TOBa Ce [AbJ/DKM Ha CKaHUMpaHeTo Ha
HeraTMBa Ha BUCOKOTOYHUS CKEHEp BbB
BTC.

dur. 1. PasnonoxeHne Ha ONOpHUTE N TOYKUTE
3a NpoBepka Ha TOYHOCTTa Ha aepPOCHUMKUTE OT
pamkoBata kamepa Wild Rc-C-10

Mpn aepoTpuaHrynaumsaTa ca usnona3saHn 9 onopHu Toukn (GCP), 8 Toukm 3a nNpoBepka Ha
To4HOCTTa (Check points) M 3HauMTeNHO noBeye cebp3Balim Todku (TP) 3a B3aMMHa opueHTauusi Ha
OBaTa kagbpa — 105. Pesyntatute ot 6nokoBaTta TpMaHrynauus Ha aepoCHUMKMTE ca Moka3aHu B
Tabn.2. CymapHata cpefHa rpelka e manka — nog eanH metbp (0,76 m). CTOMHOCTTa Ha rpellkaTa
no z e 3HaunTenHo no-ronsama (7,6 m), HO LenTa e Cb3gaBaHETO Ha opTodoToNnaH, a He N3BNuYaHe
Ha uMcpoB Moen Ha TepeHa OT CTepeo ABoKKaTa.

Tabn.2. PeayntaTu oT 6rokoBaTa TpuaHrynauus Ha aepoCHUMKUTE

Touku 3a nposepka
CpenHo- Onopru Touky (GCP) (Check pgints)p. CBbp3BalLm
KBagpaTnyHa
aoGpaxeisi ook T cpeana rpewxa (m) _ | cpeawa rpewika Toukm (TP)
m) 6poii 6poi (m)
X y z X y z 6poit
YepHobenu
CHUMKM 1988 T. 0.76 9 0.9 2 7.6 8 0.7 09 | 6.7 105
kamepa -
Wild RC-10
LiBETHWN CHUMKM
1977 r. kamepa - 1.88 6 2.8 1.7 9.7 3 35 | 40 |19 152
MK®-6

OpTopekTucpukaumsa Ha aepocHumkn ot MK®P-6. Pabotata ¢ kagpute ot MK®-6 Gele
3Ha4YMTENHO NOo-crioXHa. MbpBO 3aLO0TO TOBa HE € CTaHA4apTHa poTorpaMeTpuyHa Kamepa, 3a KOSiTo
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“uma roToB Unu nNoHe nNpubnuanteneH mogen B codtyepa LPS. BTopo 3awoTto gopw B nutepartypaTta
cBefeHuATa 3a Hesl ca ockbaHWU. B nybnukaunute [5, 9] oTnpean TpuMNCeT rOAMHU Ce MOoco4YBa Camo
pa3mepa Ha kagpute (55 x 81 mm) 1 OKYCHOTO pa3cTosiHue Ha obekTmBa — 125 mm, 6e3 gaHHK 3a
JeceTn U CTOTHM OT MunMMmeTbpa. ToBa e nopaan gakTa, Ye BCbLUHOCT KamepaTa ce CbCTOM OT 6
00eKkTBa 1 € Bb3MOXHO NMOMEXAY MM [a MMa MUHUManHu pasnuums — 0o 5 um [9]. MNMoHexe He e
pamKkoBa kamepa, HiMa u paMkoBu mMapku. NpobBaxme 3a TakvMBa Ada nonsBame AeBeTTe KPbCTyeTa,
4YMeTO MpegHasHayeHWe e HanacBaHeTO Ha KaHanuTe MPU aHanoroBOTO CUMHTE3UPaHe Ha LBETHU
I/I306pa)KeHVIF|. He OTKPUXME U HUKaKBU OaHHU 3a OTCTOAHMETO Ha KpbCTHeTaTa OT rMnaBHaTa TO4YKa.
3aTtoBa pelumxme ga nofyvyMM Tesu aHHM MO eMnvMpuyeH nbT. HanpaBuxme namepBaHus Ha Te3u
napamMeTpy Ha HSIKOMKO CKaHWpaHW Kagbpa W crnef ToBa C OCPEAHEHUTE CTOMHOCTU Cb3dadoxme
mogen Ha MK®-6 B LPS kato BapuaHT Ha MeTpuyHa Kamepa. Pesyntatute OT BbTPELUHOTO
OpUeHTUpPaHe He ca TonkoBa A4obpu KaTo Ha YepHO-6ennTe CHUMKK — rpeLukaTa Bapupa ot 0,87 go 2,2
nukcena. MNpuynHaTa e 4Ye Mpu CMHTEe3a Ha KaHanuTe CMe M3Mof3BanyM U NofvHOM OT 2-pa CTENeH.
ToBa NMpomeHsi MbpBOHA4anHaTa reoMeTpusl Ha HeraTvea, HO B MPOTMBEH crnyvan obpas3bT 6u Gun
pasaBoOEeH, KOeTo € Mo-
now BapuaHT. Tesmn
CTOMHOCTU Ha rpeLuknTe
npu BbTPELUHOTO
opueHTupaHe ca
npueMmnmen 3a Hawute
uenu.

dur. 2. PasnonoxeHve Ha
OMoOpHMUTE U TOYKMUTE 3a
npoBepka Ha TOYHOCTTa Ha
aepoCHNMKUTE OT Kamepa
MK®-6

OcHoBeH npobnem npwu

pabotata ¢ MK® e, 4ye

KagbpbT € MHOIO Manbk

N TeceH. 3aTtoBa TpPyaHO
Ce pasno3HaBaT KakTo OMOPHM TOYKW, Taka 1 CBbp3BaLLM Toukn. B nobaBka, npu KOHKPETHOTO NETeHe
He e U3MbJIHEHO M3UCKBAHETO NPW 3acHeMaHe Ha ¢hoTorpaMeTpuyeH GOk cbCceaHuTe Kagpu ga ce
3actbneat 60%, a Te ce npunokpmeat camo 50%. ToBa He NO3BOMNsiBa U3MNON3BaHETO Ha (PyHKLMATA
3a aBTOMaTUYHO reHepmpaHe Ha CBbP3BaLLM TOYKM, KOETO OT CBOSI CTpaHa MHOroKpaTHO yBenuyaBa
BpeMeTo 3a obpaboTka Ha MK® kagpute. 3aToBa Bcuukute 152 CBbp3BaLUM TOYKM Ca pa3nosHaTu
pbyHO. CpegHaTa rpeluka Ha OMOpHUTE TOYKU OT TpuaHrynauusatTa no x e 2,8 m, noy 1,7m, a no z
3HayuTenHo no-ronama — 9,7 m (Tabn.2). NpewknuTe OT TOYKUTE 3a MPOBEpPKA Ca Masiko Mo-rofiemMu.
KaTo uano pesyntatute oT TpuaHrynauusita Ha netrte kagbpa oT MK®-6 ca no-nowwm ot 1e3m ot RC-
10, HO MpegHa3Ha4YeHNETo UM He e Ja ObOaT M3NoN3BaHW KaTo u3obpakeHus 3a gewmvdpupaHe, a
camMo Ada nognomMorHaTt nHtepnpeTaumnara Ha CHUMKUTe ot 1988 r.

Mo3zankupaHe. 3a ga ce CbeaUHAT OTAENHUTE Kagpu B €OHO USArno opTousobpaxeHve e
HeobxoaMMO fa ce wm3BbpwM Mo3ankumpaHe. Cebp3BawuTe wWwesBoBe 3a kagpute oT MK®-6 ca
npokapaHu aBTOMaTMYHO KaTO € M3nona3eaH anropuTbma ,most nadir seamline”, a mexay ABaTta
Kaabpa oT 1988 r. weBbT e npokapaH no opHa lNpeka peka (Pwur.3). 3a ga He cu nMyaT MecTtaTta Ha
CBbp3BaHe ca M3non3eaHu pyHKUMWUTE 3a UBeToBM GanaHc 4pe3 M3paBHSABaHE MO XMCTOrpaMu U
nocreneHHo npenueaHe (feather-
ing). UsxogHuTte opTodoTO
nnaHoBe ca B  KoopAWHaTHa
npoekums UTM 3oHa 34, a
pasmepbT Ha nukcerna e
peayumpaH ot 0,67 m (3a RC-10) u
0,69 m (3a MK®-6) Ha 1 m.

®ur. 3. C nyHKTUP ca npeacTaBeHn
NVHUNTE Ha LLUEBOBETE Ha CBbp3BaHe
npv Mo3alkupaHe Ha kagpuTe oT
1988r-Anl1977r-B

Pan-sharpening. Tasu TexHuKa Ha CrMBaHe Ha U300paXeHus C pasnuyHa NPOCTpPaHCTBEHA
pasgenuTtenHa crnocobHOCT € M3BECTHA M C OpyrM TepMuHuM Kato, merge wm fusion, a B pyckarta
nutepatypa u kato cuHepausbm [10]. Ts npuoobu ocobeHa nonynsapHOCT B NOCNEOHOTO AeceTuneTne
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M ce nonsea Kato cCTaHgapTHa npu obpaboTka Ha caTenuTHW M300paXkeHus C MHOro BMCOKa
pasgenuTenHa cnocobHocT. lNMpuumHaTa e, Yye 3a ga ce nectn obem, NOBEYETO CEH30pU HE CHUMmAaT
BbB BCUYKM KaHanu C Han-BucokaTa Bb3MOXHa pes3oniiounsi, a camo B €0uH — NaHXpOMaTU4eH KaHar.
PasvmepbT Ha nukcena B TO3M KaHan 4YecTo € 4eTUpy NMbTU MO-ManbK OT TO3M Ha MUKcenuTe B
CMeKTpanHnTe KaHanv Unm HAKakbB pasMep, KOWTO € KpaTeH Ha pa3mMepa B CnekTparHuTe KaHamnu.
ToBa ce npaBu C Len ga ce Hamanum OorpoOMHOTO KONMYECTBO UMHMOPMaLns, KOeTo e Heobxoamnmo 3a
3anvcBaHe U NnpegaBaHe Ha AaHHWTE KbM HaseMHaTa cTaHums. Cnen npeobpasysBaHeTo (sharpening)
Cce nony4yasa LBETHO M306paxeHue, KOeTO MpuTexaBa BUCOKaTa OeTaurHOCT Ha MaHXpoMaTUyHUSA
kaHan. CbliecTByBaT peguua MeToau 3a npeobpasyBaHe M CrvBaHe: Ha [NaBHWTE KOMMOHEHTH,
Multiplicative, TpaHccopmaums Ha Brovey, IHS, HPF n gpyru [11].

Tbi kato wusobpaxeHveTo oT QuickBird e nopbyaHo kato “Bundle” npoaykt, cnepg
M3BbpLUBaHe Ha opTopekTuduKauma € HanpaeBeH ,Pan-sharpening” Ha naHxpomaTWyHMSA CbC
cnekTpanHute kaHanu. Bb3 ocHoBa Ha HanpaBeHUTE ONUTK Ce YCTaHOBM, Ye Han-gobpu pesynrtaTu ce
nony4aBaT Mpu u3nonseaHe Ha anroputbMa Gram-Schmidt Spectral Sharpening B codptyepa ENVI
4.6. MNMpununHaTta e 3aWoTo nma paspaboTeHn KOHKpeTHW mogenu 3a sharpening 3a ocHoBHute VHR
ceHsopm - QuickBird, IKONOS, IRS 1, SPOT 5. B pesyntaTt e cb3gageHo n3obpaxeHue ¢ 4 kaHana u
npocTpaHcTBeHa pesonouns 0,6 m, koeTo B crefBawus eTan e Mon3BaHoO 3a Bu3yanHa
WHTEpnpeTauus.

OcBeH Ha n3obpaxeHus ¢ pasnuyHa pes3ontouus, B3€TU CUHXPOHHO, sharpening e Bb3MOXHO
Ja ce npunara M Ha pasHOBpeMEHHU u3obpaxeHusi. TakaBa obpaboTka Beye e U3BbLPLUBAHA B
WHCTUTYTa BbB BPb3Kka C U3NbIHEHWEe Ha Hay4yHW 3agayn B panoHa Ha Pasnoxkata koTnosuHa [8].
BaxHo ycnosue e gBeTe n3obpaxeHus ga ca NpeumnsHo opTopekTuduumpaHu. 3a ga ce nonyyar
[o6pu pesyntaTu e xenaTenHo Te Aa ca 3acHeTU B efHa roavHa M euH ce3oH. ToBa Baxu C Mo-
ronsiMa curna 3a TepuTopuuTe, 3aeTu CbC CeNCKOCTONaHckM 3eMu. B aBe mocnegoBaTenHu roguHu
e[Ha 1 Cblla HMBa MOXe [a usrnexaa no pasnuyeH HaunH Ha aepoKOCMUYECKO M306paxeHne, KoeTo
Ou obescmucnuno npoeexgaHeTo Ha sharpening. B nmnaHWHCKUTE TepuTopuMM Te3n NPOMEHW Mpe3
roovHMTE He ca Taka W3ABEHW, HO Mpeyka MOoXe [a Ce OKaXe 3aKpUBaHETO Ha HAKOW 4acTu oT
obrauu, KoeTo e 4ecTo SIBfeHne B NiaHuHuTe. B Hal-BMCOKMUTE YacTu Npes3 pas3nuyHUTE FrOAMHN ce
HabnogaBa pasnuyHa CKOPOCT Ha CTOMsIBaHE Ha CHeXHuTe npecnu npe3 naroto. OT egHa cTpaHa
TOBa Ce AbJDKU Ha pas3nuung B TEMMNEpaTypHUS PEXUM Npes NATOTO Ha OTAENHUTE rogvHKW, a oT Apyra
nopagu HepaBHOMEPHOTO HaTpynBaHe Ha cHera npes3 3uMaTa. B 3aBucMmocT OT nmocokarta u cunata
Ha BETPOBETE € Bb3MOXHO 3Ha4YUTENHO NPeMECTBaHe Ha CHEXHUTE Macu.

3a pa pobnvxuMm  MakcumanHo ABete u3obpakeHus, npegHasHavYeHn 3a  BU3yarHo
dewmndpupaHe, onutaxme ga ousetuM YvepHobsnaTta cHumka ot 1988 r. 3a TO3M nepuoa npeau
noxapa eQUHCTBEHUST U3TOYHWK Ha crnekTparnHa nHgopmMauus, KOMTo e AOCTbMEH 3a Hac ca Landsat
cueHuTe, cBOBOAHO AOCTBMHU Ha yeb-canToBeTe, ynpasnsaBaHu oT AMepukaHckaTa reonoxka crnyxba
USGS [12, 13]. EanHcTBeHaTa nATHa oTHocuTenHo 6e3o6nayHa cueHa Ha panoHa (Path184, Row31)
OT cblaTta rognHa (29 tonn 1988 r.) MMa HSKOMKO Manki obnauu OKono rrnaBHOTO 6Guno.
MbpBOHauanHo Gelle HanpaBeH ONUT Aa Ce HanpaBW Mo3alika OT HAKOSKO NeTHU cueHun. Pasnukute B
rorieMvHaTa Ha CHeXXHUTe npecny obadve ce okasaxa HENpPeogoNIMMO NpensiTCTBUE

3a ouBeTaBaHe Ha YepHobenuTe aepoCcHMMKM € u3nonseaHa Landsat cueHa, 3acHeTa Ha 17
aBryct 1986 r. OuyeBnaHO pa3npedeneHneTo u pasmMepbT Ha npecnuTe npes aBryct 1986 r. ca 6unm
cxogHu ¢ Te3un npes tonm 1988 r. NMpu obpaboTkaTta (sharpening) 0THOBO € M3NoM3BaH anropuTbMbT
Ha Gram-Schmidt B ENVI, kato ca wnsnpo6eaHu pasnudHn mogenu: 3a QuickBird, lkonos,
BKMoUMTENHO M 3a Landsat 7. MNocnegHuaT obave e paspaboTeH 3a sharpening Ha cnekTpanHute
KaHanu Ha ceHsopa ETM+ ¢ naHxpomaTuyHus My KaHarn, ¢ pasmep Ha nukcena 15 m. BeposiTHO
3aToBa Mo-gobpu pesynTtaty ce nofyvaBaxa npw MsnonseaHe Ha mogena 3a lkonos. Pasnukata B
pasmepa Ha nukcena npu cnekTpanHute kaHanu (30 m) u naHxpomaTnyHus (1 m) e TBbpae rondama.
3artoBa pesontouusaTa Ha UHaNHOTO n3obpaxeHue e pegyLmpaHa 4o 3 m — NpUONM3NTENHO KakBaTo
€ pesonuuaTa Ha cnekTpanHute kaHanu Ha QuickBird.

UHTepnpeTauus n kaptorpadumpaHe. MHTepnpeTauusta Ha obpaboTeHnte nsobpaxeHus e
HanpaBeHa BW3yanHo. 3a KapTorpadMpaHeTo Ha 3eMHOTO MOKPUTUE € W3MOoN3BaHa LUMPOKO
pasnpocTpaHeHaTa HomeHknatypa Ha CORINE Land cover. Tbin KaTo u3non3saHuTe n3obpaxeHus ca
C MHOrO BMCOKa MNPOCTPaHCTBEHA pe30iounst MOXe Aa Ce MNOCTUrHe 3HaYMTEeNHO Mo-ronsma
JeTannHocT. 3aTtoBa B3exMe pelleHVe [a W3non3BaMe YeTBbPTO HMBO Ha HOMEHKnaTypara,
paspaboTeHa oT MexayHapogeH ekvn [14]. OcBeH BucokaTa pe3onioums Ha CHUMKUTE, Opyra BakHa
npuyMHa e, 4e eQuH OT OCHOBHWTE TUMOBE 3€MHO MOKpUTUE B cybannumnckus nosic Ha Puna, To3um ¢
NbTHa NOKpMBKa OT kriek (Pinus mugo), Npy N3nons3BaHe Ha TPETO HMBO Ce KapTorpadumpa KaTto krac
322 — (Moors and heathland), konTto obeguHsiBa pasnuyHM KaTo MPOM3XO4 CbOOLIEeCTBa C HUCKA
pactutenHocT [15]. Ha 4eTBbPTO HMBO KNEKbLT € OTAeNneH B camocTosTeneH knac — 3222 “Dwarf
pine” [14]. Ha cur. 4 ca npeacraBeHu pes3yntatuTe OT BU3yanHOTO AewndpupaHe Ha 3€eMHOTO
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our. 4. Kaptn Ha 3eMHOTO nokputme npes 1988 n 2007 T.

Kopose Ha knacoBeTe 3emMHO nokputne no CORINE Land cover 4eTBbpTO HUBO: 1421 — CNOPTHU CbOPBXKEHUS
(ckm nuctn); 3121 — UrNOMMCTHM TOPU C HEMpekbCHaTO nokpuTue; 3123 — WMrMONWCTHU TopyM C MPEKbCHaTo
nokputne (npexogHa 30Ha); 3125 — ropcka KynTypa OT UrnonucTHu Buaose; 3211 — ecTecTBEHU TPEBHU MoK
6e3 gbpBeTa u xpacTtn; 3212 — eCTeCTBEHU TPEBHU NIOLWM C AbpBETa U XpacTtu; 3222 — knek; 3321 — ronu ckanu
(npeanmHo cunewn); 3341 — onoxapeHu TepuTopun; 5121 — ecTecTBeHU BOAHM Tena (rnauvanHu esepa)
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Tabn. 3. MnaHuMeTpUYHM NOrLLM Ha TUMOBETE 3EMHO NOKPUTUE Ha U3crnenBaHust paoH npes 1988 1 2007 r.

1988, 2007 r.
onuncaHune koA
ha % ha %
CnopTHM CbOPBXKEHUS 1421 11,4 0,9 115 0,9
MIrnonncTHm ropy ¢ HENPEKbCHAaTO NOKpUTUE 3121 148,4 11,8 239,9 19,2
MrnonucTHu ropu ¢ NpekbCHaTO NoKpuTne 3123 205,0 16,4 78,6 6,3
"opcka KynTypa OT UrMonMCTHN BUAoBe 3125 10,1 0,8 10,1 0,8
EcrecTtBeHM TpeBHM Nnowim 6e3 AbpBETa U XpacTu 3211 36,7 2,9 31,6 25
EcTecTBeHV TPEBHM NNOLLM C AbpPBETA U XPacTu 3212 37,8 3,0 3,2 0,3
Knek 3222 738,6 59,0 450,2 35,9
"onu ckanu 3321 61,0 4,9 60,9 4,9
EctectBeHu BogHu Tena 5121 3,8 0,3 3,8 0,3
OnoxapeHun TeputTopumn 3341 0,0 362,9 29,0

nokputne 3a 1988 n 2007 r. Ha kapTaTa Ha 3eMHOTO nokpuThe npe3 1988 r. knac 3341 onoxapeHu
nnowm Bbobule He cbllecTByBa. ObLiaTa nnowy, Ha NoXapuLleTo Bbanuaa Ha 363 ha B nnaH. MNMopaan
NNaHWHCKNS XapakTep Ha TepuTopusiTa peanHaTa Moy, Ha NOBbPXHOCTTa € C AeceTHa NpoLeHTa no-
ronama unm 397 ha. B cnegcrtemne Ha noxapa ot aBryct 2000 r. orpomHa 4acT oT knac 3222 (knek) ce
TpaHcdopmupa B 3341. B 3HauMTenHoO no-manka cteneH ca 3acerHatv knac 3121 (MrnonmMcTHY ropu ¢
HenpekbCcHaTO NoKpUTME) U Knac 3123 (UrNONMCTHM ropu C NPEKbCHATO MOKpPUTKUE). VIHTepecHO e aa
ce otbenexu, 4e eqHOBPEMEHHO C MPOMEHUTE, NPUYMHEHN OT NOXapa, ce 3abenasBaTt N NPOMEHN,
ObrKally ce Ha eCTECTBEHOTO pa3BUTWE Ha pacTUTenHaTa Nokpueka. YacTt oT nnowuTte, 3aeTu npes
1988 r. ot knac 3123 ca ce TpaHcopmumpanu npe3 2007 r. B knac 3121, T.e. pa3HOBPEMEHHUTE
CHMMKM Ca 3aneyatany MOMEHT OT npoLeca Ha npeBpbLlaHe Ha nNpexoaHaTa 30Ha B ropcka, KOWTo e
BbB Bpb3Ka C NOBULLABAHETO Ha ropHaTa rpaHuua Ha ropaTa. AKO ce HanpaBu CpaBHUTENEH aHanms
Ha nnowuTe npean n cneg noxapa (tabn.3) ce Bkaa, 4Ye nrownTe, NOKPUTK C KIek ca Hamanenu ot
59% Ha 36% - T.e. ¢ 23% M TOBa Ce ObINKM Ha noxapa — KOMTO 3aema 29% OT nrowita Ha
nacnegBaHaTa Teputopus npes 2007 T.

Pa3BuTne Ha BUCOKONMAaHMHCKUTE KOMMNJIEKCU U Bb3CTaHOBSIBaHe Ha pacTuTenHarta
NMOKPUBKa crien noxapa

Mo Bpeme Ha MNoxapa He e umMano efHakBO M PaBHOMEPHO M3rapsiHe HaBcsikbae. B Hsikou
y4yacTbLM MpU MoXapa OCBEH KNeKbT € W3ropsii U XYMYCHMAT XOPM3OHT Ha Mo4vBaTta, MoHexe
NNaHWHCKUTE MOYBM CbAbPXAT 3HAYUTENHO KONMYECTBO CMabo pasnoXeHW OpraHM4HKM OCTaTbLy,
KOMTO ca npeacTaBnsiBany ropMeBo no BPEME Ha noxapa. Ha Te3n mecTta B nocnegcrteme noyesaTa e
Ouna nognoXxeHa Ha 3HayMTeNnHa epo3vs M TaM Bb3CTAHOBSIBAHETO Ha pacTUTENHOCTTa €
3aTpyaHeHo. Ha gpyrm mecta Bb3OencTBMETO Ha OrbHs € Bruno 3HaunTenHo no-crabo. B gonvHarta Ha
opHa npeka peka nog CBMHCKOTO €3epo HampuMmep MMa 3anaseHu ,O0CTPOBW” C ouensn Krek. Tam
nopagu cnabwsi HakIMoH pekarta Tede 6aBHO 1 obpadyBa MOYypnMBKU yvyacTbun. BeposaTHo BnaraTa e
Bb3NpensTcTBana pas3npoCTPaHEeHMETO Ha OrbHA. TakmBa OCTPOBM CryXaT KaTO LEHTPOBE Ha
pasnpocTpaHeHne Ha pacTUTENHOCTTa.

TpeBHaTa pacTUTENHOCT KaTo MO-rbBKaBa WM NEeCHO Bb30OHOBMMA oOlle Ha crnepsallata
rogvHa 3anoysa Bb3CTaHOBSIBAHETO CU. Bb3 OCHOBa Ha TepeHHUTE HabnoaeHNs MOXe [ia ce Kaxe, ve
TS BeYye HamnbIIHO € Bb3CTaHOBWMA apeana Cu U Ha TepeH JOpM He MOXe [a Ce YCTaHOBU [0 KbAe €
CTUrHan noxapa B TpeBHWUTE y4vacTbum (cpur.5). HabnogaBa ce obaye 3HauuTenHa NpomMsiHA Ha
BMAOBUSI CbCTaB. B orpoMHM nnowm oT GMBLLIETO NoXapuLle LUMPOKO pasnpocTpaHeHne e Hamepuna
TecHonucTHaTa BbpboBka (Epilobium angustifolium L). Ta e xapakTepeH NMoHepeH BuA, 3aemall
Obp30 onoxapeHu nnowm B GopeanHata 3oHa. M300MNHOTO M pasnpocTpaHeHwe cred noxap e
npuymHa 3a MMeTo Ha aHrnuicku (fireweed), koeTo 61 MOrno aa ce npeeefe kaTo NoxapeH bypeH.

B no-HuckuTe yactmu, B GnM30CT OO ropHaTta rpaHuua Ha roparta, ca Ce NOsSiBUNvM Opyru
noHepHn Buaose. OcobeHo M306WUMHO pasnpocTpaHeHuMe B [JOnMMHaTa nod VoHuyeBo esepo e
npugobuna neata (Salix caprea L). [lpyrm AbpBecHu BuaoBe, 3aenv HOBY MoWM crieq noxapa, ca
OpesaTa (Betula pendula Roth) u Tpenetnukata (Populus tremula L), HO TAXHOTO y4yacTue B
HOBUTe CbOobLLEeCTBA € 3HAaYMTENHO NO-CropaguyHoO, OTKOMKOTO Ha mBaTta. Cnef noxapa Ha oTgenHu
MecTa ce cpewiat owe manuHa (Rubus idaeus L), oduka (Sorbus aucuparia L) u gpyrm
Bngose. He ce 3abenssBa obave Bb3CTaHOBABaHe Ha dopmauuaTa Ha yepHata OGOpOBUHKA
(Vaccinium myrtillus L), kosTto € TunuyeH nognec nog kneka (Pinus mugo Turra). Owe no-
6aBHO MOXe [ia ce OYaKBa Ye Lie NpoThYa Bb3CTaHOBSABAHETO Ha CaMUs KIlek.
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our. 5. MNornen KbM M3TouHUA Bpar Ha MoHueBo esepo npes 2000 r u 2009. CneguTe oT noxapa B
TPEBHUTE MSIOLWM Ca HAMbIIHO 3anMyeHn. Bbrnpekn ye Ha ropHata CHUMKA B KIleka MOXe [a ce OTAensaT mecrta
CbC Mo-ronsiMa creneH Ha obrapsiHe (TbMHO CMBO) U TakvBa CbC Mo-craba (No-cBeTno CMBO) Ha AorHaTa CHUMKa
npe3 2009 r. ce BMxAa, Ye Luanarta KrnekoBa NoKpuBKa € n3cbxHarna v ce nsobpassisa B CBETIIO CUBO.

3akntoyeHune

Mo NbTA Ha CBOETO eCTECTBEHO pa3BUTUE pacTUTenHaTa NoKpMBKa B Obaelle NoCTENEHHO e
Cce Bb3CTaHOBW. BbB BMCOKOMMaHWHCKUTE KOMMIekcn obaye ToBa Bb3CTAHOBHABaHe Mpogbiikasa
3HAYUTENHO MO-AbArO0 BpEME, OTKOMKOTO B NO-HUCKMTE nosicu. OcobeHo GaBHO MoXe Aa ce ovakBa
TO3M NpoLec Aa NpoTvya Npy Bb3CTAHOBSABAHETO Ha KrekoBaTa nokpueka. Moxe ga ce nporHosmpa,
Yye 3a MbIIHOTO BbL3CTAHOBSIBAHE Le ca HEOOBXOAMMM CTOTULM roanHU. IMEHHO 3aTOBa €KOSNOMMYHOTO
3HayeHne Ha noxapa ot 2000 r. e ronsiMo 1 HeroBMTe nocneauun we 6baaT ocesaemu 1 B Obaelle.
OT rnegHa Toyka Ha TUMBLT 3E€MHO MOKpUTUE, B ObAelle USMOCTHUSAT apean Ha knac 3341 c
ornoXxapeHa Teputopus e ce andpepeHumpa 1 T4 We ce 3aema oT knacosete 3211, 3212 u 3321. B
No-HUCKUTe YacTu knac 3121 uie paswunpsisa apeana cwu.

Ha Gasarta Ha onuTta, HaTpynaH no BpemMe Ha obpaboTkaTta Ha n3obpaxeHuaTa, Moxe ga ce
HanpaBu criegHuaT u3Bog. [lo-rongamata 4vact ot BpemeTo (npubnuantenHo 80%) OGelwe
n3pasxogBaHo 3a pabota CbC CTapuTe aHanoroBu matepuanu. To3u akT e KpacHopeyuB 3a
CEpUO3HUSA Hanpeabk B obnactTa Ha AUCTaHUMOHHUTE U3CneABaHnst MpU M3MNOM3BaHETO Ha LUMdpPOBU
n3obpaxeHus.
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Pe3rome: PaseniedaHu ca 8b3MOXHOCMUME Ha CbBPEMEHHUIMe cameiumHu ceH3opu 3a HabrodeHue u
KapmoepaghupaHe Ha noxapume. [lpedcmaseHu ca RGB kombuHayuu c rnceedousemose 3a Hali-0obpa
eu3yanusayusi. 3a kapmoespachupaHe Ha Mnoxapuwiemo rpu epbx Apu3MmaHuuya U OUeHKa Ha uwemume ca
obpabomeHu u3zobpaxeHuss om Landsat-5, Landsat-7, ASTER u KOMPSAT-2. B TMIC cpeda e ovyepmaH
KOHMypbmM Ha rnoxapuujemo u e ud4yucreHa Hezogama riow. B nnaH ms e 130 ha, a kamo noebpxHocm 151 ha.

STUDY OF THE WILDFIRE NEAR ARIZMANITSA PEAK, RILA MOUNTAIN, BY
SATELLITE IMAGERY WITH DIFFERENT RESOLUTION

Alexander Gikov

Space Research Institute — Bulgarian Academy of Sciences
e-mail: gikov@mail.space.bas.bg

Keywords: Wildfire, Remote sensing, Rila Mountain

Abstract: The potentials of current satellite sensors for observing and mapping of fires are considered.
RGB combinations with pseudocolors for best visualization of bands are shown. To map and assess the area of
the fire-scar around Arizmanitsa peak, images of Landsat-5, Landsat-7, ASTER and KOMPSAT-2 are used. In
GIS environment the fire-scar is delineated. Both plan area (130 ha) and surface area (151 ha) are calculated.

BbBeneHue

["opcknTe NoXapu ca enemMeHT OT eCTECTBEHOTO pa3BUTUE Ha NaHawadTMTe U BakHa YacT oT
CYKLEeCHOHHaTa CMsiHa Ha pacTuTenHaTa My MOKpuBKa. Bbnpeku ToBa Te ca KpamHO HexenaHo
aBreHue 3a TeputopuaTa Ha Bbnrapua. Ctatuctnyeckute gaHHW Ha naBHa aupekuus "ToxapHa
DesonacHocT 1 cnacsieaHe" [1] nokaseaTt, Ye go 1990 r. roguwHo ca peructpupann go 100 ropcku
noxapa. Cnen ToBa ce HabnogaBa CbLIECTBEHO yBENMYaBaHe, KAaKTO Ha OposAT Ha NoxapwuTe, Taka u
Ha nrowiTa, 3acerHaTa ot Tax. B otgenHu cyxu rognHu ca otbenssaHn nukose B TexHUsi 6pon: 1993 T.
— 935, a npe3 2000 r. — 1436. Npe3 cblata rognuHa MmMalle 1 HAKOSMKO MoXapa Ha TeputopusiTa Ha
HaunoHaneH napk Puna, kato Han-roneMusit no 3Hadvenne u nnowy (6nmso 400 xa) e B panoHa Ha
x.ManboBuua npe3 centemepu 2000 r. NocnegHuaT ronsm noxap B Puna Gewe B Hayanoto Ha
centemspu 2008 .

MoxapbT 3anouBa Ha 3-TM centemBpu 2008 r. cnepoben MO HOKHUSA CKMOH Ha BpbX
ApnamaHunua Hag netosuweto bopgpoct. MeTeoponormyHata oOOCTaHOBKaA B Kpad Ha MSATOTO
JonpuHacsa 3a NecHOTO Bb3HUKBaHE M pasnpocTpaHeHue Ha ropcku noxapu. OT cur.l ce Buxaa, ye
cnep kpaTko cnabo 3axnaxgaHe okono 1-Bu cenTtemMBpu Mpe3 mbpBaTa MOMoBMHA Ha cenTemBpwu
BpeEMeTO npoabiikaBa Aa € C NeTHU CTOMHOCTM Ha AHeBHUTe Temnepatypu. CblUueBpeMeHHO 3a
noeeve ot eanH Mecel, (11 aBryct — 14 cenTemMBpu) BPEMETO Ce 3afbpKa Cyxo, NoyTn 6e3 Banexm.
ToBa goBexaa A0 yBennyaBaHe Ha pucka OT Bb3HUKBAHE 1 pa3npocTpaHeHue Ha noxapu.

Cuuta ce, 4Ye BEpPOSATHO MOXapbT € NPUYMHEH OT MbIHUS, KOSTO € nonanuna cyxaTta Tpesa
nog Apuamanuua. NapkoBaTa oxpaHa MbpBOHAYanHoO nokanusvpa orbHg, HO B MocneacTeme nopagu
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dur. 1. MakcumanHu TemnepaTypu 1 Banexu npes asryct u centemspu 2008 r.
B cTaHuuu YepHu BpbX U KiocteHamn [2]

CUIMHUSA BATbP NoxapbT ce paspacTtsa go okono 70 ha. 3a ga He ce paswuvpu owe ca MHCTanupaHu
MOTOPHM MOMMK, YepreLLm Boda OT ABaTa NOTOKa, HAMMPAaLLW Ce Ha 3anaj v Ha U3TOK OT OTHMLLETO Ha
noxapa. Ypes AbnArn HEKONKOCTOTMH METpa LUMaHroBe Bogarta ce M3nomnea npy ppoHTa Ha noxapa.
Ha yeTBbpTUSA OEH OT Noxapa ¢ 6yngo3ep e HanpaBeHa MUHepanu3oBaHa meuua 6nm3o o 6munoTo, B
KOATO YMMBT M TpeBaTa ca OTcTpaHeHu. Llenta e ga ce orpaHnym noxapa u Ham-Beye ga He ce
npexBbpnuM Npe3 6unoTo Ha cesep B Nocoka Punckusa maHacTup.

PenedbT B parioHa Ha noxapa € MHOro CTPbMEH U HEAOCTBIMNEH 3@ NPOTUBOMOXAPHUTE KOMW.
Ha 8 centemBpM B raceHeTo ce BKMNoYBaT M ABa camornieta Bombardier 415 ¢ dpeHckn ekmnax. Tosu
cneumanusmpaH 3a 6opba ¢ ropcku noxapu camorneTt Hocu 6 TOHa Boda, KOUTO ce u3cuneaTt camo 3a
HsIKOMKo cekyHan. Cnen aBa oHWM Te ca CMEeHeHU OT [Ba UCMaHCku camoneTa. 3aeHO C raceHeTo OT
Bb3ayxa B 6bopbara c orbHA yyacTBat 1 Hag 250 4yoBeka Ha 3emsTa. [locTeneHHO NoxapbT € oBnaasiH
Ha W3TOK, CeBep M Kr M ycunMaTa ca HAacOYEHU KbM OrpaHuyaBaHe Ha (PpoHTa Ha 3anapg KbM
KapTtancko gepe, kbAeTo vMma MMaau UrMOMUCTHU HacaXXOeHUs U OMacHOCTTa OT NPeMMWHaBaHe Ha
noxapa oT HM30B BbB BbPXOB € ronsma. Ha 10 centemBpu BeyepTa NoxapbT € orpaHuyeH 1 ot 11-tu
ce cunta 3a notyweH. [Mopagn onacHOCT BATLPBLT Ada O pasnanu OTHOBO € OpraHu3npaHo
HabniogeHue.

CaTtenutHu cpeacTBa 3a HabnopgeHue Ha rOpCKMUTEe noxapwu

B cBeToBeH malLab AMCTAHUMOHHUTE METOOU CE HamnoXuxa KaTto HageXOeH MHCTPYMEHT 3a
naeHTMdurkaumsita UM U OLEeHKa Ha WeTuTe OT TaX. [MoHacTosiwem B opbuTa onepupart pasfinyHu,
KakTo Mo NpOCTPaHCTBEHa pe30niouMs CEeH30pWu, Taka M C pasnuyHa ChnekTpanHa pasgenurenHa
cnocobHocT. CobulectByBa 00paTHO  nponopuvoHanHa Bpb3ka Mexgy BpemeBata M
NpoCTpaHCTBeHaTa pasgenuTenHa cnocobHocT. KonmkoTo no-ronsma € npocTpaHCcTBeHaTa, TONKoBa
no-marnka e BpemeBara.

MODIS (Moderate-Resolution Imaging Spectroradiometer) e kn4oB MHCTPYMEHT Ha Gopaa
Ha caTtenuTta Terra, nsctpensaH B opbuta ot HACA npe3 1999 r. Npe3 2002 r. e nycHaT Ha opbuta un
catenuTbT Aqua, KOWTO CbLLIO HOCK TakbB CeH3op. Ton paboTtm B 36 kaHana B gnanasoHa ot 0,4 um
to 14,4 pm. MNpocTtpaHcTBeHaTa pesontouns € ot 250 m go 1 km — 2 kaHana ¢ 250 m, 5 kaHana ¢ 500
m un 29 kaHana ¢ 1 km. Te ca npoekTMpaHu 3a npoBexgaHe Ha rnobanHo HabnwogeHve Ha
OVHAMWYHUTE W3MEHEHWs, BKIIOYMTENHO Ha obnayHata MoKpMBKa, paavaumoHHus 6GanaHc,
npouecuTe, NPoTUYALLM B OKeaHUTe, Ha cyllaTa U B HUCKMTE crioese Ha atMocdepaTa. LWupuHata Ha
ckaHupaHata meuua e 2330 km [3]. ToBa no3BonsBa BcsAka Tovka Ha 3emsATa ga ce 3acHeme no Asa
MbTU Ha AEH — BEAHBLX NPe3 AeHS 1 BeOHBX Npe3 HoliTa. TpaeKkTopusiTa Ha NpuaBmkBaHe Ha Terra B
ocBeTeHaTa yacT OT nnaHeTaTta € ¢ Nocoka CceBep — Hor, a Ha Aqua ob6paTHOTO — OT tor Ha ceBep. Hag
Teputopusita Ha bbnrapus Terra obukHoBeHO MMHaBa npeau obea, Aqua Marnko Mo-KkbCTO B PaHHMSA
cnepoben.
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®ur. 2. dparmeHT oT MODIS nsobpaxerue ot 8 centemepu 2008 r. CHUMKMTE obxBaLLaT AonuHaTa Ha p.
Crtpyma Ha 3anag, gonuHata Ha p. Mecta Ha ustok, Puna nnaHunHa Ha cesep v MNupuH nnaHnHa Ha tor. B
LueHTbpa ¢ bana cTpenka e NoCoYeH AMMBT, KOMTO ce u3aura Hag noxapa npu Apmamanuua. Ha nasarta cHumMka B
3erneHara 3oHa Ha cnektbpa (KaHan 4 — 459 - 479 nm) Ton ce 3abenassa No-TpyaHO, 4OKATO Ha AsicHaTa B
cuHATa obnact (kaHan 3 — 545 - 565 nm) AMMBT ce oTNnYaBa SICHO.

[aHHuTe oT MODIS ce nsnonseart 3a ngeHTMduUMpaHe Ha ropcku Noxapu 4ypes oTynTaHe Ha
TepManHuTe aHoManuu. B MHTEpHET uma pa3nuyHu canToBe, NMPEACTaBALM KapTW Ha noxapute B
rnobaneH unu pervoHaneH mawab. B Tax noxapute ca 0603Ha4YeHM C TOYUKU, ABSIBALLM CE LEHTbP Ha
nukcen c pasamep 1 km 1 ce OoTHacAT 3a HsKakbB nepuog oT Bpeme — 8-10 geHa, meceu. OT canTa ¢
obpaboTeHn gaHHM Ha MODIS [4] moraT ga ce uaTternar cBobogHo npoayktute MYD14 n MYD14A1.
Te npegctaBnsaBaT knacuduumpaHn u reopedepupann pactepHu cnoeese B hdf dopmart, B kouto
nuKcenuTe ¢ pasmep U CTOMHOCT 7,8 U 9 NpeacTaBAaT rOPCKU noxapu. YBenuyaBaHeTo Ha undgpaTta
rnokasea HapacTBaHe Ha MHTEH3uTeTa Ha noxapa. Manko no-getannHu M3obpaxkeHus ¢ pesonounst
250 m B 6nmM3ko o peanHO BpeMe ca [OCTbMNHWM OT noacantoBeTe Ha MODIS Rapid Response
System [5]. TeputopusaTta Ha Bbnrapma nsuano ce eknwouvsa B kBagpat 3_03 — KOxHa Espona [6].
lOxHaTa yacT Ha cTpaHaTa Moxe fa ce oTkpue cblo B AERONET_ Thessaloniki Subsets [7]. Ha
n3obpaxeHuata ¢ pesontoums 250 m B peanHu u nceegousetoBe (RGB 7-2-1) noxapuTe ce
pasnosHaBaTt no TexHuTe AMMHK Wwnendose. JaHHuTe morat ga ce usternat B GeoTIFF format, Taka
Yye necHo ce uHTerpupart B N'1C.

Mopaan obnayHaTa nokpueka Hag Puna, Ha nsobpaxeHnsita ot MODIS npe3 nbpBute 3 OHU
noxapwsT He ce 3abensa3sa. Ha nsobpaxeHneTo B peanHu LUBETOBE, 3aCHETO OT catenuta Terra npeau
obep Ha 6-TM cenTeMBpU SICHO Ce BMXAa MyLWeEKbT Haf noxapa U OAUMHWA LWnend, OpueHTUpaH Ha
torozanag. Ha cnegobenHoTo usobpakeHne nma obnayHocT Hag GuNoTo Ha NAaHuHaTa, HO AUMHUAT
wrendg e no-ronsiM M ctura go gonvHata Ha p.Ctpyma. B cnepBawmTte gHM noxapbT He ce
noeHTnrumpa sacHo nopagu obnadyHocTTa C U3KKYEHWe Ha cueHata oT 8 centemspu 2008 T.
(cowr.2).

MpnoputeTHo MODIS paHHMTE ca npegHasHayYeHu 3a rrnobdaneH MOHUTOPUHI U OBUKHOBEHO
He Ce MW3Mnons3BaT 3a OUEeHKa W KapTorpadupaHe Ha OMoXapeHwTe nMolWM, a camMo 3a TAXHaTa
noeHTudprkaumsa. 3atoBa ce wu3nonseaT caTenMTHU u3obpaxeHuss C MNO-BMCOKA MPOCTpPaHCTBEHA
pasgaenuTenHa cnocobHoCT.

M3obpaxeHussiTa OT amepuKaHCKMs pecypceH catenuT Landsat mMMaT npocTpaHCTBeHa
pasgenuTtenHa cnocobHoct 30 m Ha MOBEYETO CM KaHanu. Tasu pesoniouus nos3eosisiBa Ha
n3obpaxeHuata oT Landsat ga ce OTOENAT HAKOMKO CTEMNEHM Ha MNOpPaXeHuss OT noxapa.
lNoHacTosiwem onepupaTt gBa cnbTHMKA — Landsat 5 n Landsat 7. MbpBMAT HOcK ceH3opbT TM,
CbCTOSILL, ce OT 6 kaHana ¢ pesontoums 30 m u eanH TepMUYEH C paamep Ha nukcena 120 m. BropuaTt
e obopyaeaH ¢ nogobpeHns MHCTpymMeHT ETM+, npu KOMTO TEPMUYHUAT KaHan e ¢ pesonouus 60 m.
OcBeH TOBa MMa MaHXpoMaTuMyeH kaHan ¢ pesonoums 15 m. 3a cbxaneHume Ha 31 manm 2003
KOPEKTOpbT Ha ckaHupaHute nuHumM (Scan Line Corrector (SLC) pedektnpa. B pesynrtar
nonyyaBaHuTe un3006pakeHuss umMaT KIMHOBMAHM MBUUM 6e3 [aHHW, KOMTO ce paswupsiBaT KbM
nepudepuaTa Ha cueHaTta. ToBa Npeyn, KakTo Ha BM3YariHOTO MHTEpPNpPEeTUpaHe Ha M300pakeHnaTa,
Taka U Ha aBToMaTuyHaTa um knacudukaums. Mo Tasm npmumnHa Gewe peweHo Landsat gaHHuTe ga
ObaaT nycHaTu 3a 6e3nnartHo TerneHe npes uHTepHeT [8, 9]. Cera Beyve M apxmMBHUTE N300paxKeHUs OT
no-ctapute mucum Ha Landsat 1-5 ca goctbnHu npe3 yeb cantoBeTe Ha USGS Global Visualization
Viewer [10] n Earth Explorer [11].
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®ur. 3. MoxapbT Npu ApuamaHuLa Bbpxy M30bpaxKeHUsi CbC cpeaHa pasfgenutenHa cnocobGHOCT.

A — lMoxapbT 3acHeT oT Landsat — 7 Ha 6 centemBpwu 2008 r. lMopagu BUcokaTa TemnepaTypa noxapbT
npu BM3yanu3aumsa Ha TEPMUYHUS LWIECTK KaHan ce n3obpassiBa KaTo sipko NeTHO. YepHuUTe anaroHanHu MBMLm ce
ObIkaT Ha gedpekta Ha ceHsopa ETM+ cnen 31 man 2003 r.

B — cbwmaT paiioH, 3acHeT oT ASTER mecel 1 NonoBuHa cnef 3aracBaHeTo Ha noxapa (24.10.2008).
Cnegute OT Hero ce BWXAAT KaTo TbMHM MeTHa B TpeTu kaHan (780-860 nm) Ha nogcuctemata VNIR nopagwm
3Ha4YMTENHO HaMarneHoTo OTPaXXeHWe crnep rnoxapa B Tasu crnekTpanHa 3oHa.

Mpn BpemeBa pesontoums oT 16 OHM WAHCBT fa ce oTKpue m3obpaxeHue oT Landsat 6e3
obnaun (KOMTO ca 4ecTO SBMEHME 3a NMaHUMHCKUTE TepuTopuun) He e ronam 3a wactue B euH oT
OHuUTe, KoraTo He e nmano obnauun Hag Puna (6 centemBpu) MMa 3acHeTa cueHa. 3a cbXxaneHue Ta e
oT noBpeaeHus ceHsop ETM+Ha Landsat 7. Bbnpeku ToBa Ha Hes noxapbT SICHO ce 3abensiasa. MNpu
nsnona3saHe Ha RGB komOuHaLuMs OT kaHanuTe BLB BuAMMATa 4acT Ha chnektbpa 3-2-1 ce Bwxaa
OenuaT nywek Hag gonuvHaTa Ha peka bnaroeerpagcka buctpuua. UHcTpymeHTbT ETM+ uma
TepMuUyeH kaHan ¢ pesonouua 60 m. Ton Moxe da ce M3nonsea 3a uaeHTUdUKaUMs Ha ropeLiuTe
MecTa CamMOCTOATENHO B YepHOOAN0 n3obpaxeHue (pur.3-A) nnm B KOMOUHaLMA C Apyry KaHanu 3a
nony4yaBaHe Ha n3obpaxeHune B ncesgouseToBe. OcobeHo yaayHa e kKombuHauusaTa Ha kaHanuTe 6-5-
3 RGB, B KOATO TEPMUYHUAT KaHan e Bu3yanusnpaH KaTto vepseH, netu kaHan B bUY 3oHa kaTo
3ereH, a TpeTn KaHan oT BuaMMaTa YyepBeHa 30Ha KaTo cuH. [lopagu uanonssaHeTo Ha TepmarnHus
KaHan KaTto 4YepBeH MOXe SICHO [a ce BMAM M KapTorpadwupa nnowTa (T8 ce m3obpassiBa B ApKO
YepBEHO) Ha aKTUBHUTE B MOMEHTA OrHMLLA Ha OrbHS.

B web cantoBete Ha USGS Global Visualization Viewer [10] n Earth Explorer [11] HAma
HanMyHM cueHn OT Landsat-5 3a panoHa ot 2008 r., Ha KOMTO Ja ce pasno3Hasa noxapwuT. [lpu
BU3yanu3aums Ha cueHata oT 13 toHun 2009 r. B RGB kombuHauus 4-5-7 cnegute oT noxapa ce
usobpassBar B CBETNO CUHbO W ce 3abendaAssBatr sAcHo. [lpuunHata e, 4Ye B pesyntar Ha
YHULLIOXXaBaHETO Ha BereTupallata pacTUTENHOCT OTPaXXEeHWETO B YETBBbPTM KaHamn 3HauYUTernHo e
Hamansano, a B cegMu ce e yeenuuuno. Nopaaum ronsmaTta YyBCTBUMTENHOCT KbM MPOMEHUTE cnef
noxap Tesu ABa kaHarna yyacteat B nsdncnsasaHeTto Ha nHaekca NBR (Normalized burn ratio) [12].

MHcTpyMeHTT ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer)
CblLO € MOHTUpaH Ha bopaa Ha catenuTa Terra, 3aegHo MODIS. ASTER ocurypsiBa nsobpaxenus ¢
no-Bucoka pesonounda B 14 kaHana, paHxupaHu oT BuaumaTta 30Ha A0 TonfnuHHaTa MHdpadvepseHa
YyacT Ha cnekTbpa. Ton ce CbCTOM OT TpW OTAENHU nogcuctemun. Besaka oT Tax e npegHasHayeHa 3a
pasnnyHa crnekTpanHa 30Ha W MMa pasfnuyHa pesonouns. Tpute nogcuctemm Ha ASTER ca
O4yCTBEHM B cnegHute obnactu: Bugumata u 6nuskata wuHdpadepBeHa (VNIR), cpepHaTa
WH(ppavepseHa (SWIR) u TonnuHHata wHdpadvepseHa (TIR). [MbpBata wMma npocTpaHCTBEHa
pesontouunsa 15 m, stopata 30 m, a Tpetata 90 m [13]. NMpe3 man 2008 r ceHsopbT SWIR aBapupa u
CLieHnTE, 3acHeTU nNpes NaToTo Ha 2008 r ca 6e3 Hpopmauma B Tasm CnekTpanHa 3oHa.

3a pasnuka oT npogyktute Ha MODIS, Te3an Ha ASTER He ce npegnarat 6esnnaTtHo no
WHTEepHeT. LleHaTa um obaye e MHOro Hucka. EanHuyHa cueHa ¢ pasmep 60/60 km ctpyBa camo 80
USD (+ 5 USD Takca 3a uganarta nopbyka), ako ce nsternu ot ftp cbpebp.

3a onpepensdHe Ha nrowTa, 3acerHata oT noXxapa ca M3Mnon3BaHu ABe M300paxeHusa ot
ASTER. lNMbpBOTO € apxuBHO n3obpaxeHue, 3acHeTo Ha 21 aBrycT 2008 r., a BTOPOTO € HanpaBeHo Ha
24 oKTOMBpPY CbllaTa roanHa B pesynraT Ha M3NblHEeHWEe Ha NopbYka 3a 3aCHeMaHe Ha TeputopusaTa
cneg noxapa (cdowur.3-B). lMNpean Tasm paTta OGsixa 3acHeTU Olle [OBE CLEHW, HO 3Ha4duTernHaTa
obravyHOCT He Mo3BOMnsBa Aa ce HabnwpgaBa umacregBaHaTta pavioH. O6paboTteHn ca camo TpuTe
KaHana BbB BugumMata W 6nus3kata uWHdpadvepBeHa 3oHa (VNIR) c pesontouuss 15 m.
OpTopekTndukaumsaTa € u3BbpLIeHa KaTo eaMHMYEH Kaabp ¢ u3non3eaHe Ha RPC dain n onopHu
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TOYkM cbe codpTyepa ENVI 4.6. BpoaT Ha onopHuTe Toukn e 15. TouyHocTTa uMm Bapupa mexay 1 un 5-6
MeTpa. 3non3saHu ca KakTo TOYKM, YUUTO KOOPAUHATK ca CHeTu Ha TepeH ¢ GPS npueMHuk, Taka 1
TOYKW, M3BMEYEHUM OT OPTOM30OpaKeHWst C ronsMa TOYHOCT. 3a umdpoB moden Ha perneda e
nanonssaH DEM c pa3amep Ha nukcena 30 m.

[lBete ASTER wu3obpaxeHuss ca BudyanmsmpaHn B RGB komOuHauus 3-2-1. lpu Hes
BereTvMpallata 3gpaBa pacTUTENHOCT ce m3obpassiBa B YEpPBEHO, a MOXApULLETO B TbMHO CUBO.
lMpocTpaHcTBEHaTa pasgenuTenHa CnocobHOCT no3BonsiBa Ada Ce OoTAendAT MecTa BbTpe B
noXxxapuLLeTo, B KOUTO MMa 34paBu AbpBeTa. Te ce n3obpasssBart B YEPBEHO U NIECHO Ce pa3no3HaBar.
Mpn Tasm komOMHaumMsi ce pasno3HaBa W YacT OT MMHepanu3oBaHaTa WBMUA, W3rpageHa 3a
orpaHuM4aBaHe Ha pasnpoCTpaHeHMEeTO Ha noxapa. Ako He Bsixme Hamepunm n3obpaxeHne 3a parioHa
C MHOTO BUCOKa pesontounst, Team ASTER cueHM wWsixa Ja ca OCHOBHUTE M300paxeHust 3a OLeHKa U
KapTorpadupaHe Ha noxapa.

our. 4. dparmeHT ot KOMPSAT-2 n3obpaxeHneTo B CEBEpOU3TOYHATa 4acT Ha noxapa ¢ pesonoums 1 m.
OTrope e kaHanbT B YepBeHaTa 30Ha (630-690 nm), a otaony — B 6nmnskata uHdpadepseHa 3oHa (760-900 nm).
Cne,qme OT NnoXkapa ce BxagaT MHOIo No-ACHO Ha AofiHaTa CHUMKa. |_|pl/l‘-IVIHaTa €, 4e B crneacrtBume Ha noxapa
OoTpaxeHueTo B Onu3kata uHdpavepBeHa 30Ha (KbOETO pacTUTENHOCTTa CWMHO OTpassBa) € Hamansano
3HauuTenHo. Ha ropHata CHMMKa KOHTpPaCTbT € MNO-ManbK, 3alloTo pPacTUTENTHOCTTa 0bukHOBEHO nornbLia
3HauMTEeNHa YacT OT paavaumsTa B YepBeHaTa 30Ha Ha cnekTbpa. bnarogapeHvne Ha BMcoOKaTa pe3ontouust SiCHO
ce pasno3HaBaT KOPOHUTE Ha OTAEeNHWTe AbpBeTa. Ha gonHata cHUMKa Te ce BMXKAAT KaTo Mo-CBeTNM MneTHa,
KOEeTO MnokasBa, 4e Te ca ouenenu crej noxapa.
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lMpn nNpoyyYyBaHeTO Ha caTENUTHUTE apXUBHM U300paKeHWs C MHOTO BUCOKa pasgenureniHa
CMOCOBHOCT 3a paiioHa Ha MoXapa Ce Okasa, Ye eOWHCTBEHMTE HanWyHM CLEHU Ca OT KOpewcKus
carennut KOMPSAT-2. Ton e nsBegeH B opbuta (BucoumHa 685 km) Ha 28 tonm 2006 r. CeH3opbT
MMa eOuH NaHXpoMaTUYeH KaHam U 4eTUpu cnekTpanHu kaHana mexay 450-900 nm, pabGotewwm
efHoBpeMmeHHo. NpocTpaHcTBeHaTa pesonoums e nogobHa Ha Tasu Ha nonynsapHus IKONOS — 1 m
Ha MaHXpomaTuUyHMA KaHan u 4 m Ha cnekTpanHute kaHanu [14]. ObnbounHaTa Ha uBeTa npwu
cnekTpanHute kaHanu e 8 6uta, gokato npu IKONOS T4 e 11 6uTa, KOETO MOHAKOra nomara ga ce
noao6pu KOHTPACTBLT B 3aCEHYEHUTE YYaCTbLN.

B apxvBa nma aBe cueHu, 3aCHETU Npes eceHTa cnepg noxapa. [bpBaTta e oT 6 HoemBpK, a
BTOopaTta oT 11 HoemBpu 2008 r. Ha n3obpaxeHneTo OoT 6 HOEMBPU MMa TbHKA CHEXHa MOKPUBKA,
KOSITO OU ycrnoxHuna BuayanHata uHtepnpetaums. Cnen 5 oHu Ts ce e ctonuna v 3atoBa BTopaTa
cueHa e npegnodeTeHa. CueHata oT 11 HoemBpu e 3acHeTa B 10:40, koraTo BMCOYMHATa Ha
cnbHUEeTo e 6una noa 30°. ToBa 03HayaBa, Ye BCUYKM CKITOHOBE CbC CeBEpO3anafgHo M3MOoXeHue v
HaknoH 30 1 noBeye rpagyca ca B csiHKa. TS e nopbyaHa B bundle doopmar

O6paboTkaTa e HanpaBeHa cbC codTyepa ENVI 4.6. N3BbplieHn ca crnegHuTe onepauuu:
CUHTEe3MpaHe Ha cnekTpanHute kaHanm (Layer stacking), pan-sharpening ¢ naHXpoMaTU4HUS KaHan u
opTopekTudmkauns. OBMKHOBEHO ce nNpenopbyBa NbPBO Aa Ce U3BLbPLUM OPTOPEKTUdUKaLNS 1 nocne
pan-sharpening, ocobeHo ako naHxpomMaTU4HUSA KaHan He cbBnaga Aobpe CbC CnekTpanHUTe KaHanw.
OnopHUTE TOYKKM, KOUTO Ce M3MNON3BaT 3a OpTOpeKkTUdMKALMA Ha MaHXPOMATUYHUA KaHan, He moraT
TOYHO [a Ce pasno3HadAT BbPXY CreKTpanHuTe KaHanu nopagu no-mankaTa pesontiouund, a ¢ TOo3u
cobTyep He Moxe Te Aa ce 3anuwart kato ASCII dpain n nocne ga ce npunoxar 3a CnekTpanHuTe
kaHanu. MNpuynHata e, Ye obpasHUTE KOOpPAMHATK Ce 3anucBaT camo C Opost NUKCENM MO X U Mo Y, a
NaHXpoOMaTUYHNS KaHan cbabpXKa YeTUPKW MbTU MOBEYE MUKCENW U B ABETE HanpaBneHus.

3a cnuBaHeTo (pan-sharpening) Ha NaHXpPOMaTUYHWSA CbC CNEKTPArHUTE KaHamnu e NpUnoXeH
mMogensT Ha Gram-Schmidt. Crneq ToBa e M3BbpLUEHA OpPTOPEKTUMKAUMA, KaTo ca M3Non3BaHu
onopHu Todkn n RPC channbT Ha naHxpoMaTuyHMs KaHan. [MbpBoHaYanHoO ca U3nosiaBaHu 7 OnopHU
TOYKU, N3BMIEYEHN OT NO-CTapu OPTOM30OPaKEHNSI.

MNpeuunsHaTa opTopekTUmkaumna e mssbpleHa ¢ ENVI 4.6, undppos mogen Ha penecda c
knetka 30 m, ¢ nsnonseaHe Ha RPC canna Ha naHXxpoMaTuUyHWsI KaHan U 8 OMOPHU TOYKU, KOUTO ca
3aceyeHn Ha TepeH npes3 natoto Ha 2009 r. 3a nonyyaBaHeTo UM e u3nonseBaH egHodecToTeH GPS
npuemHnk Magellan Mobile Mapper 6. To3n mogen mMa Bb3MOXHOCT 3a 3anMc Ha CypoBM AaHHW
(RINEX), kouTo ce nognarat Ha nocnegpawia obpaboTka (post-processing), npy KOATO TOYHOCTTa ce
nogobpsea 3HauuTenHo. C orneqd nnaHWHCKUSA pened, 8 OMOPHM TOYKM HE ca AO0CTaTbyHO 3a
nony4yaBaHe Ha 4oOpu pe3ynTaTtv Npu opTopekTUdUKaLmMsa Ha LanaTa cueHa, HO OCHoBHaTa vacT — 6
TOYKW, Ca pasnosioKeHW OKOMo noxapuweTo. Taka ce ocurypsisa, Yye panoHbT Mpu noxapa e
06paboTeH JocTaTbYyHO KOPEKTHO. BposaT Ha OnopHUTE TOYKM Ce OrpaHMuM OT 3HAYUTESNTHUTE CEHKMU,
KOWUTO He Mos3Bofinxa fda ce pasno3HasaT 00eKTu, pasnonoxeHu B Abnbokata gonvHa Ha p. Puncka,
YMUTO KOOPAMHATU ca B3eTu 3a 0OpaboTka Ha Apyru n3obpaxeHus.

KapTorpadumpaHe u oueHKa Ha onoXapeHaTa nnouy

OKOHTYpsiBaHETO Ha onoxapeHuTe nnowm e n3sbpLueHo B NNC cpepa. Han-ronamo 3HayeHune
3a MNpoKapBaHETO Ha TO4YHATa rpaHuWLa Ha pasnpocTpaHeHue Ha noxapa pa3bupa ce wuma
nsobpaxeHueTo ¢ pesonoumss 1 m ot KOMPSAT-2, Tbil kaTo BbpXy HEro ce pasnuyaBaT MoBeuye
Jetannu. 3aegHo ¢ npeauMcTBa TO UMa U HegocTaTbUW. [lopaan HUCKaTa BUCOYMHA HA CIBHLETO
CKITOHOBETE CbC 3anagHo M ocobeHo ceBepo3anagHo u3noxeHue Ha Kaprtancko gepe ca B csiHka.
ToBa He nos3BonsiBa fa ce onpedenn BAPHO Aann TepuTopusiTa e 3acerHata oT noxapu unu He.
OcBeH ToBa, Nopagu akTa, Ye B OrpoOMHaTa Cu 4YacT NoXxapbT € Oun HN30B, N3ropenu ca TpeeHaTa u
XpacToBaTa pacTUTENHOCT, HO KOPOHUTE Ha AbpBeTaTa He ca noBpefeHn. VIMEHHO KOPOHWUTE Ha
ObpBeTa ce BMXAAT Ha N306pakeHneTo 1 Taka, CbAenKM camo No egHOMeTpoBaTa CHMMKA, MOXe Ada
Ce [onycHe rpeLlka 1 Tesu nnowm ga 6baaT uskmioveHn OT NofMroHa Ha noxapa. 3a u3bsareaHe Ha
TakuBa rpeLkn ocBeH obpaboTeHaTta cHumka ot KOMPSAT-2 ca aHanMamMpaHu u M3obpakeHns CbC
cpeaHa pasgenurenHa crnocobHoct oT Landsat-7 ETM+ u ASTER VNIR, 3acHeTn no Bpeme Ha
noxkapa un mMarnko cnepg toea. 3aegHo ¢ TsX ca uanonsesaHu u gee Landsat-5 nsobpaxeHus ot 13 oHM 1
ot 15 tonu 2009 r., Bbpxy Kouto npu RGB kombuHauua 4-5-7 acHO ce BuxaaT crnegute OT noxapa.

CueHata oT ASTER e 3acHeTa npu Manko Mo-rofiiM brbf Ha CNbHYEBUTE NbuUW, KOETO
no3BorsiBa NO-BSPHO Aa ce oyepTae noxapa no 3anagHus CkrnoH Ha Kaptancko gepe. Bvnpeku ToBa
€ Bb3MOXHO MNOXapbT [a € [OCTUrHan KaTo HM30B U MOo-3anafjHO OT o4yepTaHusa KOHTyp. Ypes
N3Mon3BaHe Ha HanuM4yHWUTE aepOKOCMUYECKM U300paKeHUs1 U NPUIOXEHNE CaMO Ha OUCTAHLMOHHMU
MeToau 3a uscnegBaHe HAMa Kak no-gobpe ga 6bae kaptvpaHa Tasum nnow,. CueHaTta, 3acHeTa Ha
6 centemBpu oT Landsat-7 ETM+, uma TepMuyeH KaHarn, no3BonisiBall ga ce uageHtudumumpar u
ropewinTe MecTa, HaMmMpallm ce nof KopoHaTta Ha gbpeeTtata (dur.3-A). Ta obaye e npeacraBuTenHa
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camo [0 CbCTOSIHMETO Ha MnoXkapa B AataTta Ha 3acHemaHe — 6 cenTeMBpu. M3obpaxeHne, 3acHETO B
Nno-KbCHa JaTta 1 nNpuTexxaBallo TePMUYEH KaHar, He € HannyHo.

O6wata onoxapeHa nrow, B nnaH Bb3nuaa Ha 130,2 ha. PeanHata nnouw e no-ronsma,
3aL0TO penedbT € CUITHO pas3ysieHEeH N YacT OT NOXapULLETO € PasnosioKeHO Ha CTPbMEH CKIOH. 3a
n3MepBaHe MrowTa Ha MOBBLPXHOCTTa € u3nonssaH DEM c pasmep Ha knetkata 30 m. Taka
n3umcneHa peanHara nnow e ¢ 15% no-ronsama unum 150,8 ha.

®ur. 5. KapTta Ha noxapwvweTo npu Bpbx ApMamaHuua.

1 —ropa; 2 — TpeBHa NOKpMBKa; 3 — onoxapeHa nnowl; 4 — NpoTUBONOXapeH noroca (MMHepann3oBaHa MBMLUaA);
5 —acdanTtupaH nbT;, 6 —YepeH MbT; 7 — BbXeHa NMHNA

3akntoyeHune

MpunoxeHWeTo Ha OUCTaHUMOHHM MeETOAM MNO3BOMsABa MoXapute pfa 6baaT SCcHO
ngeHTudnumMpann 1 6bp30 NMNOLWHO KapTorpadupaHy. 3a No-4OCTOBEPHO M3creaBaHe e XenaTenHo
Aa ce n3nonseaT U3obpaxeHus OT PasnNYHM CEH30PW C pasnnyHa pes3osnioLns, CHUMaHN Ha pasnuyHu
patn. He BuHarm usobpaxeHuaTa C HaW-BACOKA NPOCTPAHCTBEHa pasfenutenHa CcrnocobHOoCT
ocurypsiBaT Han-KOpeKTHU pesdynTtatu. Han-nbnHu pesynTtaTtv Moxe ga ce oyaksaT npu KOMOMHUpaHe
Ha AUCTaHUMOHHMTE MEeTOAM 3a u3cneasaHe ¢ TEPEHHOTO NpoyYBaHe.

BnarogapeHne Ha 6bp3aTa Hameca Ha cnyxutenute Ha HauuonaneH napk Puna n MNMoxapHa
©e30nacHOCT pa3npoCTpaHEHNETO Ha MoXapa € orpaHu4eHo. Han-ronsima eeKkTMBHOCT 3a crivpaHe
Ha pasnpoCTpaHeHMeTo Ha OrbHA Ca MManyM MOTOPHWTE MOMMKW, 3axpaHBaHW B ABeTe fAepete —
KapTtancko n 3noTo. 3a HegonyckaHe NpepacTBaHETO Ha HW3OBUST NOXap BbB BbPXOB CbLUECTBEH
NPUHOC UMaT crneuuanuanpaHnuTe CamorneTn 3a raceHe Ha ropcku noxapw. MscunsaHeTo Ha ronemu
KonuyecTBa BOAA HaA noxapa € npefoTBpaTUo nognanBaHeTo M M3rapsHeTo Ha MHOro OoT
AbpBeTaTa BbTpe B NepuMeTbpa Ha noxapa. bnarogapeHve Ha ToBa MOXe Ada ce MporHosmpa, ye
Bb3CTAHOBSABAHETO Ha NaHwadta HAMa Aa OTHEME MHOTO BpeMe.

Mpn cpaBHeHWe Ha OKoHYaTenHaTa MMoW, Ha noXapa W aKTUBHWUTE MOXapHU OrHULa,
oyepTaHu No TepmarnHus KaHan Ha Landsat-7 oT 6 cenTemBpu ce BWKAa, Ye crned ToBa NOXapbT €
paswmpun HesHauuTenHo apeana cu Ha 3anag B nocoka Kaprtancko gepe. ToBa nokassa, ye
OENCTBMSITA 3a CMMpaHe Ha pasnpoCTPpaHEHMETO Ha OrbHA ca O6unum edekTMBHU. [TbrHOTO
noTywasaHe Ha noxapa obaye ctaBa cneg nNpomsiHaTa Ha BpeMeTo B cpefarta Ha cenTeMBpu, KOeTo
ce BMXAa OT KNUMAaTUYHUTE AaHHM.

AHanu3bT Ha noxapwuTe, Bb3HWKHanNW B Pvna nnaHuHa npes nocnegHute gecetuHa roAvHM
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nokasea, Ye C Hal-ronsiM puck e nepuoabT, obxBallall BTopaTa MOJIOBMHA Ha Mecel aBryct u
nbpBata cegmula Ha Mecel centeMBpu. Bb3 ocHOBa Ha To3u u3BOA4 MOXe [a ce mperopbya no-
BMCOKa 6OMTEeNHOCT Npe3 TO3W Mepuod W rOTOBHOCT 3a AEWCTBUS MPW eBEeHTyarnHo Bb3HMKBaHE Ha
noxap.

BnarogapHocTu

3akynyBaHeTo Ha caTenutHute n3obpaxkeHns ot KOMPSAT-2 n ASTER e HanpaBeHO CbC
cpeactea ot gorosop ¢ MOH HUK-03/2007 "U3srpaxgaHe Ha Hay4YHO-MHPOPMAaLMOHEH KOMMMEKC 3a
aepoKOCMMNYECKUN MOSNMIOHW Ha TeputopusaTa Ha P bbunrapus”.

3a TepeHHUTEe NpoyyBaHus, Npu Komto Bsxa cvbpaHu GPS Toyku, HaunoHaneH napk “Puna“
OCUrypu NpeBo3 C BUCOKONPOXOAMM aBTOMOOMI 40 paioHa Ha BpbX ApuamaHuua.

NurepaTypa:

1.Web cTtpaHuuya Ha rnaeHa naeHa gupekums "MMoxapHa 6e3onacHocT u cnacseaHe" Ha MBP ¢ agpec:
http://www.nspbzn.mvr.bg/Sprav_informacia/Statistika/default.htm
.Web cTpaHuya 3a OH-NMaWH kKNMmMmatTuyHm gaHHm Ha NCDC ¢ agpec:
http://www?7.ncdc.noaa.gov/CDO/cdoselect.cmd?datasetabbv=GSOD&countryabbv=&georegionabbv=
.Web ctpaHuua MODIS: https://modis.gsfc.nasa.gov
.Web ctpaHwunuya npogyktm Ha MODIS: https://lpdaac.usgs.gov/lpdaac/products/modis_products_table
.Web ctpaHuua MODIS Rapid Response System: http://rapidfire.sci.gsfc.nasa.gov/subsets/
Web ctpaHnuua: http://rapidfire.sci.gsfc.nasa.gov/subsets/?subset=Europe_3_03
.Web ctpaHunua AERONET_Thessaloniki Subsets:
http://rapidfire.sci.gsfc.nasa.gov/subsets/?subset=AERONET_Thessaloniki
8.Web cTpaHmnua Ha nporpamaTa Ha Landsat: http:/landsat.gsfc.nasa.gov/news/news-
archive/news_0187.html
9.Web cTpaHunua 3a 6e3nnaTHMTe NpoaykKTM Ha Landsat
http://landsat.usgs.gov/products_data_at_no_charge.php
10. Web cTpaHuuya: http://glovis.usgs.gov/
11.Web ctpaHuua: http://edcsnsl7.cr.usgs.gov/EarthExplorer/
12.Key C. H. and N. C. Benson. (1999). Measuring and remote sensing of burn severity: the CBI and NBR.
Poster abstract. In L. F. Neuenschwander and K. C. Ryan (Eds.), Proceedings Joint Fire Science
Conference and Workshop, Vol. II, Boise, ID, 15- 17 June 1999. University of Idaho and International
Association of Wildland Fire. 284 pp.
13.Web cTtpaHuua Ha ASTER: http://asterweb.jpl.nasa.gov/instrument.asp
14. Web ctpaHuya Ha Spotimage http://www.spotimage.fr/web/en/1155-kompsat-2-images.php

N

No U AW

167


http://www7.ncdc.noaa.gov/CDO/cdoselect.cmd?datasetabbv=GSOD&countryabbv=&georegionabbv
https://lpdaac.usgs.gov/lpdaac/products/modis_products_table
http://rapidfire.sci.gsfc.nasa.gov/subsets/
http://rapidfire.sci.gsfc.nasa.gov/subsets/?subset=AERONET_Thessaloniki
http://edcsns17.cr.usgs.gov/EarthExplorer/
http://asterweb.jpl.nasa.gov/instrument.asp
http://www.spotimage.fr/web/en/1155-kompsat-2-images.php

S ENS 2 009
Fifth Scientific Conference with International Participation
SPACE, ECOLOGY, NANOTECHNOLOGY, SAFETY
2—-4 November 2009, Sofia, Bulgaria

DESIGN OF DIGITAL LANDSCAPE MODEL OF THE TEYNA RIVER
WATERSHED FOR THE PURPOSES OF LANDSCAPE-ECOLOGICAL PLANNING

Lachezar Filchev

Space Research Institute - Bulgarian Academy of Sciences
e-mail: lachezarhf@gmail.com

Key words: digital landscape model, landscape ecology, landscape planning, remote sensing, geo-
information,

Abstract: Landscape ecology is a relatively new science in the system of sciences. It has emerged from
the need of accurate and precise characterisation and mapping of the ecosystem. Since the beginning of the 20"
century landscape ecology has been developing its theory, so numerous landscape models were created. These
models, however, are actually based on different data sources with different quality, scale, availability etc. The
emergence of geo-informatics facilitates greatly data integration and management, as well as complex
assessment of landscape. This study represents data integration methodologies using GIS and remote sensing
techniques for designing a digital landscape model (DLM) of the territory of the Teyna River watershed. The data
used is data for climatic features, such as temperature and precipitation; soil, geology and vegetation. These
thematic layers were combined in a DLM with normalized attributive data to perform quick visualization,
classification and assessment of the landscape structure of the study area. The resulting 98 secondary landscape
units reflect the diversity in natural features and human impact on the study area and provide landscape ecology
and land-use planners with a useful tool for decision making aimed at rational land use and nature resource
management.

CBb3AABAHE HA LLM®POB MOAEN HA NAHALWA®TA HA BOOOCBOPHUA
BACEWH HA PEKA TEUHA 3A HYXAOWUTE HA NAHOWA®THO-
EKOJIOr'M4YHOTO MJIAHUPAHE

JIbyesap dunyes

WHecmumym 3a kocmuyecku uscrnedsaHus - bbreapcka akademusi Ha Haykume
e-mail: lachezarhf@gmail.com

Knrovoeu dymu: yugpos modesn Ha naHOwaghma, naHowaghmHa ekonoaus, jaHowaghmHo niaHupaHe,
oucmaHUUOHHU U3crie08aHUs,

Pesrome: [laHOwagmHama exosoeusi e OmHOCUMesIHO HO8a Hayka 8 cucmemama Ha Haykume. Ts ce
rosies;ea 8 0mM2080p Ha Hyx0ama om moYyHa U fpeyusHa Xapakmepucmuka U kKapmoepacgupaHe Ha
ekocucmemume. Om Havyanomo Ha 20-mu eek naHOwagmHama eKosoaus pa3suea ceosima meopusi. Ha ma3su
ocHoga ca cb3dadeHu peduya naHowagpmHu modenu. Teau Modesnu ca OCHO8aHU Ha pa3fnuyHu muroge 0aHHU
C pasnu4yHo kadyecmeo, maw,ab u docmwrHocm. MiHmezpupaHemo Ha daHHUMeE U MSAXHOMO yripasrieHue, Kakmo
u cb3dagaHemo Ha MoOenu U OUeHKU Ha naHOowaghmume e 3Ha4yumersiIHO YreCcHeHO C rosieama Ha eeo-
uHhopmamukama.  Hacmoswjomo  u3crnedeaHe  u3srnonsga 8b3MOXHOCMUME  Ha  2eoepadhckume
UHGOPMayUOHHU cucmemu U OuCMaHUYUOHHUMe u3crnedsaHus 3a cb30asaHemo Ha uyugppos modesn Ha
naHOwaghma 3a mepumopusima Ha 800ocbopHusi baceliH Ha p. TelHa. M3non3eaHume 0aHHU 8 Ka4ecmeomo
Ha 8x00HU napamempu 3a Modena, ca OaHHU 3a easiexu U memriepamypa, foyYsu, 2e0/I0XKKU Cmpoex U
pacmumenHocm. Te3u memamuyHU crioege ca KOMOUHUPaHU U HopManu3upaHu 8 yugpos moden Ha
naHOwaghma ¢ uyen no-6bp3a eusyanulayus, Knacugukayusi U oueHka Ha naHOwaghmHama cmpykmypa Ha
palioHa Ha u3cnedsaHe. [lonyyeHume 98 naHOwagpmHu eOuHuyu Ha emopuyHama cmpykmypa Ha
naHOwagmume ompassieam pa3Hoobpa3uemo Ha e3aumodelicmeuemo Ha pPUPOOHUME KOMIMOHEHMU U
yogewkama OelHocm u npedocmassam 6b3MOXHOCM 3a 83UMaHemo Ha PpeweHuss 3a [Mo-payuoHanHo
nnaHupaHe Ha 3eMernon3gaHemo U npupoOHUMme pecypcu.
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Introduction

Landscape ecology is a relatively new science in the system of sciences. It has emerged as a
new interdisciplinary science, almost simultaneously in West Europe and Russia in the beginning of
20" century, (Troll, 1939). Its subject is the landscape defined by (Forman and Gordon, 1986) as a
mosaic of “interacting ecosystems”. These ecosystems are mainly dealt in two-way aspect, in
horizontal-structure and vertical-functioning. During recent 15 years this discipline has thrived in terms
of public interest, various problems that it solves, i.e. conservation biology, ecosystem ecology etc,
and the widening approach for problem solving. All this aspects have many direct implications as for
example the number of articles published worldwide concerning landscape ecology (Turner, 2005).
The subject of landscape ecology is spatial and temporal in its nature. This comes to address new
approaches to solving the connection between landscape pattern and the process. The connection of
structure-pattern-function and the historical and ecosystem approach has brought the need for more
complex and diverse way of problem solving.

The emergence of landscape planning and landscape ecology planning dates back to the end
of 60s of 20" century (Ndubisi, 2002). Some of the pioneers in landscape-ecological planning in
Europe are Slovak's scientists Ruzicka and Miklos, who developed in 1982 their LANDEP model
based on the evaluation of landscape suitability, conflict of interests and assessment of assumed
impacts of proposed intentions for development of new activities. Some of the most well-known
approaches are the American methodology METLAND, (elaborated for metropolitan agglomerations),
the Dutch methodology A.P.A., the Australian methodology SIROPLAN or LUPLAN, the Canadian
methodology ABC, Kozova (2008). Landscape-ecological planning has become the most common
practice for land-use and conservation planning (Antipov and Drosdov 2002, Dobrolubov et al. 2006).
Moreover, due to the incorporation of all natural and societal features of the environment and its
systematic approach, it has become very common solution to solve complex global, regional and local
issues for Sustainable Development. Simultaneously to the developing of the paradigm of landscape-
ecological planning the connection between GIS and remote sensing to landscape ecology was
outlined in numerous publications and two monographs, (Haines-Young, 1993). Recently the need for
an object-oriented landscape GIS for nature and cultural landscape is a topic of many publications,
(Dobrolubov et al 2006; Navulur, 2007).

The legislative basis of landscape-ecological planning and assessment was laid out in 1985,
when the European Union enacted the mandatory procedures for ecological revision and
environmental impact assessment (EIA). With some delay, they were incorporated in national
legislation and updated, in 1997, (Antipov and Drosdov, 2002). In the year of 2000 the Council of
Europe enacted European Landscape Convention (PEBLDS), [1]. It was ratified from 10 member
countries including Bulgaria. The harmonization of the convention and foreseen specific actions that
shall be taken on a national and local scale for the signing parties are laid out in Articles 5 and 6 of the
Convention. Adoption and harmonization of the Convention is to be undertaken by the responsible
organizations, while the responsibility of public and scientific community is to communicate and
provide the best available practices for the implementation of the Convention.

The main objective of present study is to design a digital landscape model (DLM). The term
DLM is relatively new and was coined in the publications of (Kolejka, 2002 and 2006). Despite that,
there are terms with almost equal meaning in the scientific literature such as regional natural (land)
units or (Finke, 1986) and Landscape Description Units (LDU), (Vogiatzakis et al., 2004) as well as the
term landscape character units accepted in European Landscape Characterization — LANMAP 2,
(Muncher et al, 2009).

The objective is achieved through accomplishment of several steps:

1). Data collection — collecting archive and institutional data for the study area;

2). Data manipulation — preparation, i.e. georeferencing, digitization, rectification, attributive

data entry, geodatabase management;

3). Design and analysis of DLM — linear combination of the input data layers, topological

editing and statistical analysis of the DLM.

Study area

The study area of present work is the Teyna Watershed. The basin of the Teyna River is
located in the North part of Sofia kettle at the footsteps of Sofiyska Mala Planina Mountain. The total
area of the test site is — 4.775 km”. The altitude ranges from 500 m.a.s., at the Iskur River Gorge, to
964 m.a.s.l. on the topmost part of the watershed. Climatic conditions are Temperate-Continental to
Transitional. Due to the fact that almost 28.74% of the slope exposition is oriented to the South and
35.44% to the East, the local climatic conditions are assumed to be drier than those of the Sofia kettle.
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Materials and methods

The main dataset for the study was organized into a geodatabase in Arcinfo 9.2/ArcCatalog
9.2. The digital layers were stored in feature classes and feature datasets in UTM projection WGS 84
geoid -Zone 34. The raster dataset consists of 5 m cell size DEM, created from topographic maps
contour lines and elevation points in 1:5 000 scale, water bodies and stream network. The derived
aspect and slope from the DEM and the calculated temperature and precipitation maps were stored in
separate raster catalogue.

Results and discussions

Data collection and data manipulation are usually regarded as most important stages in terms
of time and resources in each Earth sciences research. These stages include data preparation, i.e.
georeferencing, rectification, digitization, attributive data entry, geodatabase management of data
layers. The main layers produced as input parameters for DLM are: Geology, Relief's main
derivatives: slope and aspect reclassified to maps of geochemical landscapes and map of cardinal
and ordinal directions of slope; Climate types, Vegetation types and Soil types. All this data was
organized, maintained and manipulated in the personal geodatabase.

Geology (rock types) of Teina River watershed is very important natural feature which act as
the main fundament for natural landscape units. The bedrocks are a diverse mixture of Neogene-
Quaternary argillite, Ordovician-Silurian argillite, alevrolite, schist, sandstone, breccias etc. All these
rocks are more or less loose in structure, so that they facilitate the manifestation of erosion. Their
outcrops are observed on the slopes of Iskar River gorge. The lithology of the rest part of the region is
composed mainly of flish: argillite, silicite, sandstone with Palaeozoic and Cainozoic age, where the
Palaeozoic rocks prevail. The human impact on geology of the study area has many aspects; from
which the excavations and embankments are the most apparent. The downside effect from human
activities also reflects local geochemical background in terms of destruction of natural geochemical
path flows and creation of new anthropogenic geological conditions. In the Basin of the Teyna River
such examples are the former decommissioned Kutina coal mine and Brezi Vruh uranium-ore
extraction site.

Slope and aspect are the two important DEM derivatives which are used in standard terrain
analysis. Aspect was reclassified and generalized to eight main cardinal and ordinal directions. After
reclassification of the DEM slope derivative to 2 classes from 0 to 8 degrees and from 8 to 56 degrees,
the class values were again reclassified to produce a map of the geochemical landscapes. The map of
geochemical landscapes is based on the conception of geochemical landscapes as a paragenetic
chain of elementary landscapes interconnected by migration of chemical elements Perelman and
(Kasimov, 1999). The geochemical landscapes are grouped accordingly to: 1). Eluvia or autonomous;
2). Trans-eluvia — geochemical landscape with mainly transport function of the chemical elements and
compounds, regardless of geochemical barriers, existing in nature etc.; 3). Accumulative-alluvial- are
those geochemical landscapes which are transitional in their nature and are usually in the mid or lower
parts of slopes; 4). Super-aquatic are those landscapes which are mainly influenced by high level of
the water-table. The elementary geochemical landscapes are connected by common inflow and
outflow of chemical compounds, water, energy and information into cascade landscape geochemical
systems, (Perelman and Kasimov, 1999).

Climate of the region is classified as temperate/mesothermal climate — Group C in Képpen
climate classification. For 20 years period, i.e. 1994-2005, the climate of the territory is Cw - Warm
temperate climate with dry winter. That is due to the fact that Pwmin < Psmin and Psmax > 10 Pwmin,
(Kottek et al, 2006). The climate index for all landscapes is set to be of the same origin because the
territory falls completely within the aforementioned climate class. The local climatic conditions of the
Teina River basin are influenced mainly from the South-East openness.

Region’s vegetation is represented mainly of deciduous oaks (most prominently Quercus
frainetto Ten., as well as Q. cerris L., Q. pubescens Willd.) which are the primary vegetation of the
watershed. European Beech is interspersed with conifers such as Scots Pine, Macedonian Pine,
Silver Fir and Norway spruce mostly on the mountain slopes from 800 to 1200 m.a.s.l. This situate the
Teina River watershed in the ecoregion of Balkan mixed forests according to both the WWF and
Digital Map of European Ecological Regions by the European Environment Agency, (Olson, 2001). It
belongs to the biome of temperate broadleaf and mixed forests and the Palearctic ecozone. Because
of the openness of the watershed in East-South direction the belt of the coniferous forest is missing.
The majority of vegetation is artificially afforested with durable to pollution forest types. Some of these
species found on the study area are: Scots pine (Pinus sylvestris L.) and European Black Pine (Pinus
nigra L.).

The main soil types, which play major role in the landscape structure, on the territory are
Chromic Luvisols with 45.8 % of the watershed's area. These soils are mainly located on the lower
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parts of the slopes, whereas the next prevailing soil type, i.e. Cambisols, with its 36.37 % are located
on a higher altitude. The rest 17.4 % are covered with bare soil or Antroposols, which is connected to
the human impact on soils in the region.

Data manipulation of the input layers is represented mainly by storing and managing raster
and feature classes into predefined coordinate system and extent. The normalization of the attributive
data in the geodatabase was achieved through separate storage using relationship classes in table
format. Attributive data for the layers: Slope, Aspect, Climate, Vegetation and Soil was manually input
into the model, reclassified and sub-sampled from input layers in order to achieve homogeneity of the
DLM's inputs.

The DLM was designed and created by combining the graphical and attributive representation
of the input layers. After post processing the output layer with resulting landscapes of the Teyna River
watershed the resulting layer has 452 individual landscape character units or ecotopes. Their
description in the landscape model consists of 1). Relief parameters: geochemical landscape types
and aspect; 2). Geology — rock types and their alternations; 3). Climate parameter — climate type

according to Koppen climate classification, (Kottek et al, 2006); 4). Vegetation — vegetation
associations according to the vegetation map of the watershed; 5). Soil — main soil types according to
the FAO soil nomenclature (Ninov, 2005).

The third stage of the DLM creation was the linear combination of all data layers into a sole
DLM model of the secondary landscape structure, Fig. 1. Due to the fact that most data layers are
derived from databases with different level of scales and detail, it was necessary to “clean-up” the
gaps, i.e. small landscape units under 0.1 ha, and topology omissions or commissions. After topology
editing of the input layers they were linearly combined using union function assigning to each natural
feature and parameter equal importance in the model. This equal importance or weight is essential to
perform the subsequent steps of generalization of the input parameters using multivariate statistics.
There are many introductory and specific courses which deal with application of multivariate statistics
in conservation and landscape ecology, (Thaddeus, 1994; Turner, 2001). Their actual application in
landscape ecology is about to become inevitable because a large amount of data has become
available. Nowadays, the most commonly used multivariate statistical methods are: clustering,
ordination and almost all known kinds of statistical distributions. This abundance of methods employed
is due to the complexity of natural features and the Nature as the system of all systems. The applied
statistical methods in present study include hierarchical clustering to “aggregate” the landscape
character units. It is important to emphasize that not any statistical approach is able to solve the most
specific part of the research, i.e. the expert knowledge of spatial-temporal relationships in the study
area. Therefore, a subsequent check out of the clustering result is very important to remove “errors”
from the statistical output.

As a result from the multivariate transformations of landscape characters they were grouped
to 98 landscape character units or ecotopes represented by generalized attributes of the natural
features, Fig. 1. This “aggregation” is achieved through not only semantic generalization of the input
parameters, but also throughout topology rules, detection of graphic conflicts etc. The codes of the
landscape character units are composed by concatenation of the attributive data of each nature
feature in the following order soils, vegetation type and geology. When read a climate, which is
homogenous in the study area, has to be taken into account.

Conclusions

The current study represents a design and creation of a digital landscape model for the
territory of the Teyna River watershed using the means of geo-information technologies and
multivariate statistics. The main results of the analysis of landscape structure at two levels of
classification and generalization shows that the results achieved are reliable and can be used in
preparation of DLMs for wider territories by using the means of GIS and statistical approaches. The
study also implies that landscape modelling is a tool for preparation of a reliable, fast and, ultimately, a
necessary aid to support decision makers and spatial planners, landscape architects etc. The
landscape character map derived from DLM is a comprehensive in nature, due to its complexity and
descriptiveness. It can be utilized to numerous and various applications at any scale including spatial
domain. This makes landscape modelling and DLM in particular, indispensable for any planning and
decision making in the era of Sustainable Development. It is essential for land-use and landscape-
ecology planning to use the available geo-information techniques in order to develop better strategies
and approaches toward nature-resource management. It is important to be summarized also that
stakeholders, decision makers and territorial planners are connected through GIS, RS and expert
systems with actual state-of-the-art problem solving of natural and cultural landscape issues for
sustainable development.
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Abstract: Clouds play a major role in climate and weather on a wide range of spatial and temporal
scales, mostly through their ability of changing the radiation budget at the surface and of the atmosphere and
through redistribution of heat, moisture, and chemical species vertically and spatially. We present characterization
of regional precipitating clouds by ground-based observations in cm and visible spectral ranges. Existing
raindrops and cloud top heights are detected by digitized data of meteorological radar measuring at 3 and 10 cm.
This information is merged with the ceilometer’'s data about cloud base height and optical characteristics of
precipitating clouds retrieved from the radiance data from ground-based visible images. From the multi sensor
measurements we derive cloud physical thickness and consequently, cloud optical thickness which may be
indicative of their precipitating potential. The radar and visible images are displayed simultaneously for qualitative
evaluation of coincident ground precipitation and cloud macro and microphysical parameters from ground-based
observations.

Ground-based observations of clouds

The continuous ground-based remote sensing observations of clouds are particularly suited to
monitor fine scale processes that involve complex interactions between clouds, aerosols, and dynamic
radiation processes.

The representation of clouds in models and their impact on the radiation transport in regional
and global scale numerical models is only crude. The most challenging aspect is their high temporal
and spatial variability available from ground-based observations. Although only about 10% of clouds
are precipitating, they contribute significantly to averaged liquid water path values, because they hold
nearly ten times much liquid water than non-precipitating clouds. A delay or acceleration in raindrop
formation does not automatically lead to a decrease or an increase in the accumulated rain because of
strong dynamical feedbacks induced by the changes in the precipitation-forming processes. The
evolution of clouds, precipitation formation, and the radiation properties of clouds highly depend on
meteorological conditions.

The variations of low-level cloud base height and the radiance of transmitted light, best
determined by surface observations, characterize the main cloud radiation properties — the interaction
of clouds with both the solar and thermal (terrestrial) radiation fluxes.

The Earth’s radiation energy balance and hydrological cycle are fundamentally coupled with
the distribution and properties of clouds. The climatologic importance of clouds requires
comprehensive observations of their properties at fine space and time scales. The meteorological
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conditions including the type and amount of aerosols and the motion of air masses determine the
formation and evolution, the lifetime and precipitation efficiency of the cloud systems.

The accurate determination of the cloud liquid water content (LWC) profile from one single
remote sensing instrument is not possible. The combination of all of the measured properties of the
clouds, surface and atmosphere allows for a diagnosis of the effects of cloud variations on the
planetary and surface radiation budgets. We present a technique, which allows the merging of
measurements from different instruments. A ground based system combining active and passive
remote sensing instruments from different spectral ranges is used to investigate cloud formation
processes, and cloud physical properties.

Instruments of Observations

Digital camera in visible spectral range, meteorological radars in cm range, ceilometers for
precise determination of cloud base height, and a set of instruments for attendant meteorological data
- temperature, relative humidity, visibility, wind speed, etc operate simultaneously probing almost the
same cloud volume and underneath atmosphere.

In the visible images of clouds obtained by digital camera at earth surface, the brightness of
predominantly transmitted light through clouds, which is directly related to the light extinction, and
consequently, to the optical thickness of clouds is displayed. The variability of the observed
transmittances in series of images taken in short time intervals is an estimate of the rate of changes of
cloud optical thickness. Light extinction in clouds is governed mostly by values of the effective radius
and liquid water content independently on the particle-size distribution. The number concentration of
particles, in addition to size and shape of particles, is of importance for the optical radiation
propagation, scattering and extinction in cloudy media [1]. Consequently, the variability of cloud optical
thickness is a measure of the rates of microphysical processes in cloud. The formation of cloud
droplets results in a large shift of aerosol particle size from the submicron to the super micron size
range for those aerosol particles that are activated. The size distribution of the cloud droplets
determines how much of the Sun’s radiation the cloud reflects back to space. For the same amount of
condensed water, many small droplets reflect more sunlight, than fewer and consequently larger
droplets. More water also means more reflectivity (lesser transmittance in visible). Clouds with larger
particles have “better” optical transfer functions (higher values of transmitted radiance) as compared
to clouds with very fine droplets, a fact that can be used for cloud microphysical parameters
monitoring purposes in visible range. Thus the variability of cloud radiance observed at earth surface
is related to the microphysical processes in clouds. Large optical thickness implies higher and thicker
clouds, which imply heavier precipitation. Vertically growing clouds are associated with precipitation
while decaying clouds are not. The behavior of the cloud base, edges, shape, movement, as displayed
in series of visible images, represents the transition processes between cloud and the adjacent air in
connection with cloud evolution.

The used meteorological radars implement cloud measurements at wavelengths of 3 and 10
cm that characterize the Rayleigh reflectivity from cloud layers, and provide continuous vertical profiles
of clouds as they drift over the site. The detailed radar monitoring represents the field of cloudiness at
horizontal circular surveys of local signals in radius 100 km, and discreet radial values of 250 m and
azimuthally of 10. The discreet of the radar reflectivity (signal amplitude) is 1 dBz. Such monitoring is
used for the tracing out moving of the atmospheric fronts, places with heavy rains at the surface, and
the transport of aerosol contaminants by clouds. The places with isocontours of 55 dBz localize
hailstorm rains, and those of 45 dBz - in most cases — thunderstorm activity.

The quadratic relationship between radar reflectivity and liquid water content of low-level
clouds can be applied. Inferred are also cloud top height, the type, and the approximate size of
relatively large in size hydrosols, of diameter about 70 microns. Such large particles are usually
related to precipitation. Since radar reflectivity is proportional to the 6th power of drop diameter, a very
small number of drizzle sized drops produce a detectable back scattering signal. The latter exhibits the
general problems with radar reflectivity if drizzle sized droplets are present. On the other hand, the
backscattering signal in the visible to near infrared wavelengths, as detected by the ceilometer,
increases only with the square of the droplet diameter. This is why the ceilometer does not detect
those drizzle sized drops, and is used for more precise determination of cloud base height.

Synergetic Measurements of Precipitating Clouds

The combination of all of the measured properties of the clouds, surface and atmosphere
allows for a diagnosis of the effects of cloud variations on the planetary and surface radiation budgets.
Combined remote sensing optical and microwave data from space (i.e., the International Satellite
Cloud Climatology Project and Special Sensor Microwave/lmager) for estimates of the liquid/ice water
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path (water content in a vertical cloud column) and rainfall rate of oceanic clouds have already been
used [2]. The distribution of cloud properties and their correlated variations is best illustrated either
from satellite or from surface measurements by two-dimensional frequency distributions (histograms)
of the cloud top pressure (or top height) and visible optical thickness. From ground-based
observations cloud top height is determined by meteorological radars and visible optical thickness is
inferred from digital photographs. In addition, we add two other cloud properties to these results, cloud
particle size which indicates the microphysical behavior of the cloud and precipitation. Also we will add
the results of the analysis of cloud vertical structures.

Light extinction in clouds is governed mostly by values of effective particle radius and liquid
water content. Dark clouds in visible images taken at earth surface are more likely to precipitate, but
not all dark clouds in visible precipitate - stratus clouds are dark but do not rain as much, or as often,
as Cumulonimbus clouds. Many small droplets make the likelihood for formation of drizzle that more of
the condensed water gets to stay in the cloud, rather than fall out as precipitation. Changes in aerosol
number can lead to changes in drop number during cloud formation. The overall impact of increasing
anthropogenic aerosols on low clouds such as stratocumulus may be great, and generally resulting in
smaller, more numerous drops and leading to darker, longer-lived clouds. Together with dynamical
meteorological processes, this determines the life cycle of the clouds. The average diameter of
droplets in no raining water clouds is usually around 20 um. Particles with a large diameter cannot
reside in atmosphere for a long time due to the gravitation force. The threshold of the occurrence of
drizzle is around d =30 pum, liquid water content ~1.6 g/m3.

High tops in radar images imply large physical thickness of clouds and greater probability of
rain, however Cirrus clouds are cold, but do not produce as much precipitation as some warmer
clouds. Consequently, precipitating clouds can be distinguished from all others on the basis of
brightness characteristics in visible images OR top heights from radar images. The best approach
involves at least bi-sensor combinations of data. The visible theory relies on the relationship between
cloud optical thickness and precipitation rate, while the microwave theory depends on the direct
relationship between ice and water content in clouds and precipitation. By combining both theories into
one algorithm, the future of ground and space based precipitation estimation appears promising. Rain
is most certain in clouds that are both dark in visible and have high tops in radar images taken at earth
surface.

The radar and visible images are considered for the same geographic projection format and
displayed simultaneously for qualitative evaluation.

Examples and results

In Fig.1 (19.01.07) fast forming clouds at the deep cyclone front during the lowering of the
pressure P from 1019 to 1005 hPa (at sea level) for less than three hours are shown. The skies are
mostly cloudy. Visible images indicate the high rate of the growing optical thickness — the linear
average of the brightness decreases by 49% in only 4 minutes, while still no data about radar
reflectance. At this stage of cloud formation, the size of hydrosols is too small to give detectable radar
reflectance. Nevertheless, radar measurements indicate relatively high top height of clouds — about
6000 m, and ceilometer determined base height is ~1800 m above ground level that makes over 4000
m physical thickness of cloud layer. About two hours later it began to rain, and in the course of six
hours the amount of precipitation was 6 litre/m?.

Fig.1. Visible images (a) and (b) taken in time interval of 4 minutes; The optical thickness grows very fast by 49%.
Meteorological and radar (c) data: Base height ~1800 m, Top ~6000 m, Thickness >4000 m, T=15° C, RH=45%,
P=1005 hPa (<<norm)

In Fig. 2 (29.01.07), the visible images show the early formation of cloud (a) with bright veil

behind that means accelerated convection and occasional thunderstorm, and the development (b) of
the cloud for a little more than two hours - the cloud get larger and darker in view of the prolonged
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exposition of the second picture. In the radar image (c) lesser top height and thickness of clouds as
compared with the previous example is indicated. However, the mixed phase ice-water hydrosols are
large enough to be detected by radar - reflectance R =10 -15. Two hours later a drizzle occur, and
then one more an hour later on precipitation accompanied by thunder began. The relatively small
thickness of the variable cloudiness is an indication of relatively poor precipitation potential — 1 litre/m?.

Fig. 2. Visible images: (a) — early formation of cloud; (b) —development for two hours. Meteorological and radar
data (c): Base height ~1500 m, Top ~4000 m, Thickness ~2500 m, T=4° C, RH=56%, P=1010 hPa (< horm),
Reflectance: 10-15, Precipitation -1litre/m?

In Fig. 3 (02/03/07) the appearance of precipitating cloud before and during first raindrops
reaching the ground is shown. The well defined cloud base and edges (a) is quite typical visible
feature for most nimbostratus cumuli. The rarefying of the observed cloud (b) leads to increasing of
the relative humidity and to formation of new low clouds that in turn go up. Later light rain showers for
nine hours give insignificant amount of precipitation.

a b

Fig. 3. Visible images: (a) - 13:45 h, still no rainfall; (b) - 14:20 h, passing light drizzle. Meteorological and radar
data (c): Base height ~1500 m, top ~6000 m, temperature 16° C, thickness ~4500 m at the beginning of the
rainfall.

The last example in Fig. 4 (07.05.07) shows the fast formation of dark convective clouds
surrounded by bright aerosol veil that is a sign of probable thunderstorms. Visible images (a) and (b)
are taken in only two minutes. The larger radar reflectance (R=20-25) and thickness than in the
previous examples are related to the higher liquid water path of these warm clouds. Two hours later
began thunderstorm and rainfall of amount 3 litre/m?.

a

Fig. 4. Visible images (a) and (b) present the quick darkening of clouds in only two minutes. Meteorological and
radar data (c): Base height ~1300 m, Top ~8000 m, Thickness >6500 m, T=21° C, RH=56%, P=1008 hPa
(<norm), Reflectance: 20-25.
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Our observations are in accordance with some other results, for example in [3] that a decrease
in precipitation efficiency of single cumulus clouds arising in microphysical continental air is
attributable to a greater loss of the precipitating mass due to a greater sublimation of ice and
evaporation of drops while they are falling from higher levels through a deep layer of dry air below the
cloud.

Precipitating clouds are characterized by much higher thickness above 2500-3000 m than that
for ordinary stratocumulus clouds, which is usually in the range 500-1000 m.

Geometrical thickness of clouds varies, depending on the cloud type and temperature —
warmer precipitating clouds are thicker than colder clouds. The warm clouds precipitate at thickness
around 4500 m, while colder clouds could precipitate at lesser — about 2500 m.

The amount of precipitation is directly related to the accumulated liquid water path, which is
determined by cloud water content and cloud geometrical thickness.

The rain delay depends on the rate of cloud formation and thickening that is well displayed in
visible images. Fast convective clouds over polluted urban areas (the city of Sofia) often produce
thunderstorms.

Multi-sensor synergetic measurement of clouds in different (visible/IR and cm) spectral ranges
of electromagnetic spectrum give a good basis for cloud exploration and estimation of the precipitation
efficiency of meteorologically significant clouds from ground-based data.
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Abstract: Regular monitoring of the sea environment is exceedingly required for science, governmental
organizations and private companies related to marine resource management, leisure activities and marine
industry. The sources of point-based in situ observations that are commonly used for monitoring of marine
environment can not always provide data with the required temporal and spatial regularity. These gaps can be
filled in with data registered by satellite sensors which supply on operational basis measurements of many ocean
geophysical parameters with great reliability and sufficient time frequency. Data from such observations can be
used together with field measurements for sustainable exploration and exploitation of marine resources and for
improving the accuracy of forecast of weather conditions, sea state and long-term climate changes. This paper
aims to demonstrate the usefulness of some remote sensing techniques for monitoring of various marine
processes and parameters, such as sea surface temperature, phytoplankton blooms, sea surface winds and
marine pollution for the western Black Sea.

Introduction

Bulgaria as a Black Sea nation had greatly depended on the marine natural (living and non-
living) and economic resources. The coastal and offshore areas of our country are regions of a
substantial importance from economical point of view as they are increasingly exploited for tourism,
fishing, aquaculture, transport and other marine human activities. Different studies documented [1],[2]
that during the past few decades the overutilization of coastal resources and anthropogenic pollution
of the Black Sea have led to serious effects such as resource deterioration, environment pollution,
ecosystem degradation. Comprehensive knowledge for the physical and biogeochemical processes of
the sea, forecasting capacity, and the capability to assess environmental impacts is required in order
to protect coastal and offshore waters. Moreover, it is necessary to understand ocean processes and
properly assess the exploitable potential benefit of marine resources for long-term management and
sustainable development of the Black Sea resources. This calls for regular observation and detailed
study of the sea both spatially and temporary. The greater part of in situ observations that are
commonly used for monitoring of the Bulgarian Black Sea waters are generally based on occasional
ship measurements and in recent times — on the real-time measurements of the observing systems
“Galata” [3] and "POMOS” [4] that can not always provide data with the required temporal and spatial
resolution. These gaps can be filled in with data registered by satellite sensors which supply on
operational basis measurements of many oceanographic parameters with considerable reliability and
sufficient time frequency. Data from such observations can be used together with in situ
measurements for sustainable exploration and exploitation of marine recourses and for improving the
accuracy of forecast weather conditions, sea state and long-term climate changes. This paper aims to
demonstrate the usefulness of some different remote sensing techniques for monitoring of various
marine processes and parameters, such as sea surface temperature (SST), phytoplankton blooms,
chlorophyll a (Chl a) distribution and sea surface winds for the Western Black Sea.

Satellite sensors and their potentials for marine research

Satellite remote sensing of the ocean has become available since late 1970s with the
successful launch of the three NASA's satellites: the short live SeaSat (including mainly microwave
sensors), Numbus-7 (carrying the first ocean color instrument - Coastal Zone Color Scanner) and
TRITON-N, the first of NOAA series (carrying the Advanced Very High Resolution Radiometer which
can measure SST). The success of these NASA’s missions led to demonstration how satellite data
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could be applied in oceanographic researches and to established “Satellite oceanography” as a
specialism within the marine science [5],[6]. Nowadays, a great number of orbital satellites exist
carrying different instruments for routine observations of the ocean surface and registration of the wide
range of oceanographic parameters.

Global and regional scale weather and ocean features can be monitored by geostationary and
polar orbiting satellites with sensors detecting radiation in several different portions of the
electromagnetic spectrum. The satellite sensors used for monitoring the marine environment can be
classified in respect to energy recourses as two basic types: active and passive (Fig.1). Passive
sensors detect natural radiation emitted or reflected from the ocean surface in visible, thermal-infrared
(IR) and microwave spectral windows. In contrast to passive sensors, active instruments use their own
source of microwave energy for illuminating the water body and record “echo”.

Passive Sensors Active Sensors
ical IR Microwav .
Sensor soelcrjltsg?s sensors sgnZOE ) Microwave
Class radars
Multispectral I i
Sensor scanners IR imaging Scanning Scattrerometers,
Type | ining radiometers microwave Altimeters,
magining radiometers SARS
spectrometers
Derived Ocean Sea Surface Surface
quantities color Surface roughness slope
temperature
Chlorophyll, Mixed —layer Surface vv_inds, Geostrophic
Derived Suspended temperature, skin Wave height, currents
parameters particulates temperature Wave spectra, Ocean geoid
Internal waves, Sea floor
Surface slicks bathymetry

Fig. 1 Schematic illustration the different remote sensing methods and instruments used in marine research,
along with their applications (after [7]).

In principle, there are four basic quantities of the ocean that can be observed from space
using visible, infrared and microwave part of the electromagnetic spectrum (Fig. 1). These are:

= Ocean color, characteristic of the sea water optical properties. It is used to measure
chlorophyll a concentration (the photosynthetic pigments of phytoplankton) considered as an
index of phytoplankton biomass as well as suspended matter, yellow substance, marine
pollution and water dynamics (currents, fronts).

= Sea surface temperature (SST), one of the important geophysical parameters, providing the
boundary conditions used for estimation of heat flux at the air-sea interface. Gyres, eddies,
and upwelling regions can be detected using satellite derived SST measurements.

= Surface roughness, used to measure surface wind and wave from backscatter microwave
power caused by wind on the sea surface.

= Surface slope, which derived from microwave altimeter measurements to study sea surface
height anomaly (SSHA) and geostrophic currents.

This paper is focused on the part of the satellite remote sensing techniques for measurement
of some of the above mentioned ocean parameters and respectively its applications for monitoring the
Bulgarian Black Sea waters namely surface temperature, sea surface wind, phytoplankton blooms and
chlorophyll a distribution.
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Sea Surface Temperature

See surface temperature (SST) is one of the important geophysical parameters, providing
significant information related to a wide range of the ocean marine processes and phenomena such
as ocean currents, fronts, mesoscale eddies, and upwelling areas. Knowledge of the SST changes
has been recognized as an important element of physical circulation and climate prediction models [8],
[9]. SST is observed from space by infrared radiometry during cloudless conditions, using thermal
infrared channels of the satellite sensor. The most widely used radiometers in oceanographic studies
that can measure SST are: series AVHRR on POES satellites and MODIS both on EOS Terra/Aqua
platforms. These sensors observed SST distribution at nominal spatial resolution at nadir 1.1 km and
with accuracy of 0.5°C and better [10]. An example of an MODIS/AQUA scene is shown in Fig. 2.

Sea Surface Temperature (°C)

2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

Fig. 2 MODIS/Aqua thermal infrared image of the Bulgarian Black Sea zone, 19 May 2009.

The in situ validation of the SST data derived from far infrared channels of the MODIS
instrument was carried out for the Bulgarian sector of the Black Sea [11]. The obtained results
indicated good agreement with MODIS mission requirements [10] and have been proved reliability of
satellite data for future use and applications in various scientific researches and marine activities in the
region (Fig 3).

One of the major advantages of the satellite remote sensing is its capability of ensuring the
long-term observations of the ocean, land and atmosphere which are indispensable for monitoring and
predicting climate changes. An example of digital data extracted from AVHRR imagery is a series of
annual mean SST, illustrating the inter-annual variation of thermal structure over the Bulgarian Black
Sea zone for the period of seventeen years (1991-2007). The data were clustered into two sub region
in respect to the bathymetry and surface currents. The shelf region was defined with bottom depth less
than 50m and offshore region was specified with bottom depth >200 m). The obtained results showed
that SST increases in the both regions during the study period (Fig. 4, 5).
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Fig. 4 Inter - annual observation of the SST Fig. 5 Inter - annual observation of the SST
variation in the Bulgarian shelf region from AVHHR  variation in the Bulgarian offshore region from
data. AVHHR data.
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Fig. 3 Comparison between MODIS SSTs derived from split window algorithm and in situ measurements for
the Bulgarian sector of the Black Sea.

Sea surface wind

Winds over the ocean play an important role in meteorology, oceanography and
climatology. They affect air-sea variations in heat, humidity, gases and particles, regulating the
crucial relation between the ocean and the atmosphere that establishes and supports the climate
on regional and global scale. Therefore, the accurate forecasting of ocean surface winds
contribute to good wave forecasts, which provide informativeness and safety in marine industry,
navigation and other human activities in open and offshore seas. Wind speed and direction over
the global ocean can be determined from space by radar scatterometers, such as SeaWinds on board
the QuikScat and Midori -2 platforms and scatterometers on the ERS-1/2 satellites. Scatterometer
observations estimate the wind vector at low spatial resolution of 50 km, 25 km and 12.5 km, with an
accuracy of +2 m/s in speed for the range 3-20 m/s and +20° RMS in wind direction for wind speed
ranging from 3—-30 m/s. An example of QuikSCAT wind filed observation is shown in Fig. 6.
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Fig 6. QuikSCAT wind vector filed observation for the study area 22 August, 2009 of the Black sea.

The performance of the latest QuikSCAT wind product (12.5 km) was evaluated by
anemometer measurements acquired from meteorological station mounted on the earth gas
exploration platform “Galata” in the study region [12]. For the moderate wind ranging between 3-15
m/s it was found that validation results correspond to the scatterometer mission requirements
[13]. The values of the correlation coefficient and RMS error for the wind speed are 0.88 and 1.46 m/s,
respectively (Fig.7). For the wind direction the good agreement is confirmed by high values of R
= 0.96 and RMS error equal to 25° (Fig.8). Based on the performed analysis and obtained results, the
assessment of the QuikSCAT wind product has been considered as successful and the scatterometer
data reliable for further use and applications in various areas of scientific researches and marine
industry in the region. However, ocean vector wind acquired by scatterometers has had too coarse
resolution for some applications such as in coastal regions and in estuarine. In these regions only
synthetic aperture radars (SAR) can provide high resolution images (30 m ground resolution) for
quantitative measurements of mesoscale wind field [14], [15].
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against in situ observations. against in situ observations.

Chlorophyll a

An appropriate parameter for monitoring the marine ecosystems is a chlorophyll-a. It can be
regarded as the total amount of phytoplankton biomass and measures of Chl a enables the
monitoring of the mass generation of phytoplankton [16]. The ability of satellite sensors to extract
plankton by imaging color of the sea water was established with launch of CZCS instrument in 1978.
The most broadly used satellite optical systems by oceanographer that can measure marine optical
properties are: SeaWiFS on OrbView 2 satellite, MODIS both on EOS Terra/Aqua platforms and
MERIS instrument aboard ESA's satellite Envisat.

One of the main issue of studying distribution and concentration of Chl a is the operational
monitoring of phytoplankton blooms. The blooms can color sea surface waters over large areas and
can therefore be imaged from space. An example of intensive phytoplankton bloom registered by
MODIS instrument over the Northwestern Black Sea during May, 2009 is shown in Fig. 9.

Chiorophyll Concentration [ mg/m’)
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Fig. 9. Image of bloom event observed by MODIS over the Northwestern Black Sea on 09 May, 2009.

On the other hand, the remote sensing optical measurements are valuable tool for studying of the
seasonal and inter-annual variation of the chlorophyll a concentrations [17]. An example of inter-
annual variation of surface Chl a in the study area for the period of nine years (1998-2006) extracted
from SeaWiFs imagery is shown in Fig.10.
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Fig. 10. Inter-annual observation of the Chl a in the study region from SeaWiFS data.
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Likewise, the information about Chl a in global and regional scale is needed to improve and
validate biogeochemical models, which are used for studying, e.g. the carbon cycle in the system
ocean - atmosphere and its influence on the climate.

Conclusions

The present study provides a review of the part of satellite remote sensing methods, data and
derived key oceanographic parameters, which can be useful for monitoring the marine environment in
region of sparse in situ data such as the Black Sea. The most important advantages of satellite ocean
remote sensing in comparison with standard in situ methods are as follow:

e Wide regional coverage and good spatial resolution;
Sufficient time resolution;
Continuous acquisition of data;
Relatively cheep;
Accurate data for information and analysis;
Large records of historical data.
Combining remote sensing techniques with in situ measurements can be a valuable tool for
environment protection and sustainable management of the marine resources in the Bulgarian Black
Sea region.
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Pesrome: B Hacmoswama cmamusi e pasenedaH npobrema ¢ ammocghepHUmMe 3aMbpcsi8aHUs] Ha
mepumopusima Ha obnacm Bypeac. Pesynmamume om 3aMbpcseaHusima ce O0CHO08agam Ha eXeOHE8HO eKO-
MOHUMOPUH2080 u3criedsaHe Ha LleHmbpa 3a aepokocmudyecka uHgopmauyusi, MKN-BAH. Ananu3bm Ha
pesynmamume om u3scriedgaHemo Ha palioHa CO4YU CPasUHUMENTHO HUCBHK 6poll Ha OHU CbC 3aMbpCs8aHUs 3a
nepuoda om cenmemepu 2008 2. 0o cenmemspu 2009 2., kamo ce 3abenisi3eam pasnuku 8 omyemeHusi 6pol
OHU CbC 3aMbpCsA8aHUs Npe3 pasfuyHUMme Ce30HU

WEB BASED MONITORIN IN THE RAGION OF BURGAS, USING AEROSPACE,
GROUND-BASED AND GPS DATA

Lachezar Filipov, Roumen Nedkov, Plamen Hristov, Maria Dimitrova, lva Ivanova,
Mariana Zaharinova, Daniela Boneva, Georgi Jelev, Dora Panayotova

Space Research Institute — Bulgarian Academy of Sciences
e-mail: asic@space.bas.bg

Keywords: air pollution, eco-monitoring, space data

Abstract: In this paper we describe the problem with air pollution in the region of Bourgas Municipality.
The results for the pollution are based on daily eco-monitoring investigation in Aerospace Information Centre,
SRI-BAS. The analysis of the investigation results for the region indicates an average low number of days with air
pollution during the period September, 2008 — September, 2009. During the different seasons, different number of
days with air pollution is observed.

ATMOCepaTa e MexaHnyHa CcMec OT pasnuyHu rasose. KonimyecTBEHOTO ChbabpXKaHMe Ha no-
BaXkHWUTe rasose B aTMocepata e: N — 78%, O, — 21%, Ar — 0.93%, CO, - 0.33%. 3ambpcaBaHETO Ha
aTMocdepaTa npeacTasnsBa BHAaCAHETO B JafeHa cpefa Ha HOBW, HEXapakTepHWU 3a Hes BellecTBa
UNN NpeBMIABAHETO Ha HMBOTO Ha HOpMarnHaTa WM KOHUEHTpauusi Ha XapakTepHU Takuea.
M3TouyHUUMTE Ha 3amMbpcsBaHe ca eCTEeCTBEHW WM aHTPOMOreHHW, kaTo BTOpUTE MoraT fa ca C
XUMUWY€EH, MeXaHn4eH U 6ronormyeH Npomsxoa.

Livpkynaumusita Ha Bb3gyLIHUTE Macu pasnpocTpaHsaBa 6e3npenaTcTBEHO 3aMbpcuTenvTe Ha
HeorpaHnyeHo ronsma Teputopus. MNpobnembT CbC 3amMbpcABaHETO OT fOKarneH ce npespblia B
TakbB C rnobanHo Bb3AEWCTBME, MMALLO HeraTMBHM MOCneauuu OT €eKOMOorMyHa, couuanHa wu
MKOHOMMYECKa rnegHa Todka (HangeHos. A., 2005r).

3ambpcutenute 6uMBaT C ecTecTBeH MNW aHTpornoreHeH npowusxod. EcTtectBeHn ca Tesm
3aMbpCHABaHUS, KOMTO Ca NpeausBrKaHn OT NpupogHaTa npax (aeponnaHKToH, NOMeH, CNopwu, NNeceH,
MUKpOOpraHuamm, Bakrepum, Npoayktn OT BUOMOrMYHOTO THMEHe W pasnaraHeTo Ha opraHukara),
BynkaHute, 6ypute u gpyrn. W3kycTBeHWTe (aHTPOMOreHHWUTE) W3TOYHULM OuBaT NPOMULLIIEHN,
TpaHCMNOPTHW, HedTo- 1 razonpepaboTBaLLm NPeanpUSTUSA, aTOMHU peakTopu, BuT, apyru.

Bceks OT Tesn M3TOYHMUM CU MMa CBOW crieunduyHm ocobeHOCTN U OTAens pasfiMyHu
oTnagbum u rasose. HedbtogobueawmTe n npepaboTealuTe NPeanpuUATMa OTAENAT B aTMocdepaTa
Bbrnesogopoan, SO, 1 3adyLWnvMBKN ra3oBe — aLeToH, Tonyon, n3onpeH. EMmcuute ot xmmMuyeckaTa
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npomulneHoct ca: npax, SO,, H,S, CS,, Cl,, Pb, a3oTHM okucK, xenesHu cbeauHeHus. [asoeete,
otgensHn ot TEU-oBeTe cbabpxaT S u N- okucu, npax, conu, metanu. MeTtanypruyHute
npeanpuaTusa otaenat npax, SO,, PYHKUMOHANHN CbeANHEHNSA N MeTarnu.

ATMochbepaTa pearmpa Ha aTMoOC(EepHO 3aMbpcsBaHe C MPOMSIHA Ha Npo3payHocTTa U
BMnollaBaHe KayeCTBO Ha Bb3dyxa, oOnpedensdwo ce OT HanMyneto Ha TBbpAW, rasoobpasHu
aepo3onHN M NeTNMBM BELLECTBa, BOAELM [0 MnosiBaTa Ha TemnepaTtypHU U XUApOTEPMUYHU
aHomManuu.

lMoBuweHaTa 3anpaleHoCcT Ha artmocdepata oOka3Ba BAWSHME Ha OTpaxarenHaTa
cnocobHocT Ha 3emsaTa (anbenoTo), kKaTo yBenuMyaBa oTpas3eHaTa ClibHYEBa paguaums 1 Hamansiea
KONMYECTBOTO M [0 3eMHaTa MOBBLPXHOCT, KOETO BOAW A0 W3MEHEHWE B E€HEPrMNHUAT GanaHc Ha
nnaHetata M A0 npomMsHa Ha knumata. OcCHOBHa pons 3a MpOMeHeHaTa npPO3pPayHOCT Ha
aTMocepaTta nma 1 NoBuLLIABAHETO Ha BbIMEPOAHNA AMOKCUMA. ToW nponycka KbCOBBHOBUTE MbyK
W NOrMbLLa OTpa3eHuUTe OT 3emsATa MHppavyepBeHN NMbyn, TOBa BOAM 4O 06pa3yBaHETO Ha NapHMKOBUSA
edeKT N HeNoCcpeaCTBEHO BMNMsie BbPXy TOMMMHHMA GanaHc. [NoBuwaBaHeTo Ha BOAHMTE Mapw Boau
0O HamansBaHe 3aluTHaTa pond Ha O30HOBUSA eKpaH, CbAbpXaHWeTo Ha BOAHW MNapu B
Tponocdepata CbLWO BOAM OO MNpoMeHn B knumarta. C BnowaBaHeTo Ha obwata ekonoruyHa
obcTaHoBKa, aTMochepHUTE 3aMbpcuTeEnn NpuaodmeaT BCE NO-TONAMO 3HaYEHME.

O6wmHa byprac ce oTnu4yaea ¢ BUCOKa CcTeneH Ha nHayctpunanuadauuns. OCHOBHUTE U3TOYHMLIN
Ha 3ambpcsBaHe ca pe3ynTaT Ha XuMudeckaTa, HedTonpepaboTBawiara NPOMULUAIEHOCT W
eHepreTukata. OT CblUeCTBYBallUTE B pernoHa npoOMULLNEHM Mpeanpuatusl, B atmocdeparta ce
OTOENSAT a30THU OKUCU, CEPEH OUNOKCMA, CEPOBOAOPOA, aMOHSK, heHonn, 6eHseH n Y.

B LleHTbpa 3a aepokocmudecka umHdpopmaums kbm UKUM-BAH ot Centemspu 2008 r. ce
npoeexaa Web-6a3npaH MOHUTOPUHI Ha aTMOcdEepPHM 3amMbpcsiBaHUS 3a pavioHa Ha obrnact Byprac
Ha 6asaTa Ha aepokocMmMyecka W HasemMHa UWHdopmauusi. MOHWTOPMHIOBOTO uK3crieaBaHe ce
npoBexaa Ha OCHoBaTa Ha AaHHWM OT ceH3opuTe Ha nnatcgopmuTe Terra u Aqua Ha cucTemarta
MODIS ot nporpamata EOS (Earth Observation System). 3a uenuTe Ha MOHUTOPUHra ce M3nona3eat
JaHHW OT AHEBHOTO 3aCHEMaHe Ha [BaTa caTenuta, KOUTO ca perucTpupaHu B guanasoHa mexay 10
n 15 yaca mecTtHo Bpeme (8.00 UTC — 13.00 UTC). Pesyntatnte oT 0b6paboTkaTta Ha CMbTHUKOBUTE
OaHHM ce nybnukyBaT exegHEBHO Ha cneuuwanuaupaHa web-ctpaHuua http://brg.space.bas.bg/,
KbOEeTO MMa WHdopMauus 3a akTyanHu, MnocrnedHu [[aHHM 3a aTmocdepHata obcTaHoBKa 3a
CbOTBETHUSA O€H, KOMEeHTap Npu Hanvyne Ha aTMOCKEPHO 3aMbpcsBaHe N AaHHU 3a NpeauLllHn OHW
OT uenusa mscnegsaH nepuog. [aHHuWTe 3a uUenua nepuog Ha npoBexaaHe Ha MOHUTOPWUHIOBOTO
n3cnegsaHe ce CbxpaHsaBaT B apxuB B LieHTbpa 3a aepokocMmuyecka nHpopmauma kem MKVU-BAH.

3a uenute Ha web-MOHUTOPWMHI Ha aTtMocdepHUTe 3aMbpcsiBaHWs € HeobxoauMmo Ada ce
M3Mnon3eaT JaHHW, KOUTO Aa AaBaT 0OekTUBHA MHAOPMAaLMS 32 HAaNMYMeTOo, CTEMNEHTa U pasmepuTe Ha
aTMocepHOTO 3ambpcsiBaHe. 3a peructpupaHe M aHanuid Ha 3ambpcsiBaHMsTa M3nonasame
CMBbTHUMKOBU [JaHHM BbB BMA Ha u300paxeHus u npodwnn, KOUTO CbabpXaT WHdopmauus 3a
pasMepuTe U pasnpoCTPaHEHWETO Ha aTMOC(EPHOTO 3aMbpCHABAHE B PEXUM, ONMM3bK A0 pearHo
Bpeme.

OcCHOBHWTE aprymMeHTu 3a n3bop Ha M3TOYHWK Ha OaHHU Ca CBbP3aHM CbC 3adaynTe, KOUTO
TpsbBa ga ce pelwaBaTt MpU MOHUTOPUHI Ha aTMOCHEPHUTE 3aMbpCsBaHUS. XapakTepUCTMKUTE Ha
ceH3opuTe Ha nnatdopmute Terra n Aqua Ha cuctemata MODIS oT nporpamata EOS nossonssat ga
ce rnony4art CNbTHUKOBW AaHHW C MOMOLLTa Ha KOUTO MoraT Ja ce pellat cnegHute 3agayu:

@ HabniogeHne Ha CbCTOSHUETO Ha MNPU3EMHUSI TPAHWYEH CIOM B pPeXuM Ha
peanHoTo Bpeme 1 6nmM3bk 4O pearHoTO BPEME;

@ npocreasiBaHe Ha pasnpPoOCTpaHEHWEeTO Ha aTMOCKEepHUTE 3aMbpCABaHUA Ha
rornemMu pascTtosiHns (pa3amepbT Ha nsobpaxeHneto e 2330x2330 km);

@ BMCOKa  CnekTpanHa pasgenutenHa  cnocobHocT  u  Heobxogumara
NPOCTpPaHCTBEHa pasgenutenHa ChocoBHOCT, [fJocTaTbyHa 3a OTKpMBaHe,
naeHTumunpaHe n pasno3HaBaHe Ha aTMOCepHUTE 3aMmbpcaBaHus. JaHHuTe
OT ceH3opuTe Ha Terra n Aqua ca xunepcnekrpanHui. ToBa ca nsobpaxeHus Ha
3eMHaTa MNOBBLPXHOCT B 36 CnekTpanHuM guanasoHa, 3acHeTM B €OUH U Cbly
MOMEHT OT BpeMe. C MNPOCTPaHCTBEHa pasgenutenHa CcrnocobHOCT Ha
n3obpaxeHnsata — 250 m 3a 1 n 2 kaHan; 500 m 3a kaHanu ot 3 40 7 1 1 KM 3a
oCTaHanuTe KaHanw.

Ha cnepgpawmTe curypu ca npeactaBeHM NpUMeEpU 3a PerucTpyupaHu npu MOHUTOPUHra
crny4aun Ha aTMOC(EpPHN 3aMbpcsABaHNsA B HabnogaBaHNs paioH.
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03.09.2009

k 11:45 UTC (no Mpunyi)
14:45 MecTHO Bpeme

®ur. 5. CNbTHUKOBO M306pa)KeHVIe Ha nu3cnenBaHusi panoH, Ha KOETO € PEerMcTpUpaHo OrHULLE Ha noXxap oT
09.09.2009 .

B cnegpawara tabnuua ca npeacraBeHn crniydaumte Ha perncTtpupaHo 3amMbpcdABaHe MNpes
eaHoroguwHmna nepmoa Ha MOHUTOPUHIOBOTO M3cnenBaHe.

Tabn.1. Bpon AHM C OTYETEHO Hanuune Ha aTMOCHEPHO 3aMbpCcsiBaHE 3a CbOTBETHUS Mecel, 3a
nepuwop ot efHa rognHa
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Ot rpachmkaTa Ha pasnpedenieHMeTo Ha AHUTE CbC 3ambpcsiBaHus (Pur. 6) ce Bxkaa, Ye no-
YecTo aTMocdepHU 3ambpcsiBaHUsA ce HabnwgaBaT npes NeTHUTE Mecelu, KOeTo ce CBbp3Ba C Mo-
ronemmst 6pon gHM 6e3 nnbTHa obnayHa nokpuBka. Korato BMOAMMOCTTA Hag panoHa He e
[ocTaTbyHa, €OHO €EBEeHTyanHO 3amMbpcsiBaHE Ha aTmocdepara He Moxe pJda 0Obae scHo
perncTpupaHo camo no CaTennTHU OaHHWU.

3a efHoOroguWHMA Nepuon Ha npoBexaaHe Ha MoHuTopuHra ot 1X.2008 r. go 1X.2009 r.,
o0LWwmAT 6pon OHKU € perncTpmpaHn atMocepHU 3ambpcsaBaHmsa € 23. 3a CpaBHEHME C OPYTX PANoHN,
3a CbLUSA NEepuod ca perucTpupaHu cnegHusaT 6point gHM ¢ aTMocdepHu 3ambpcaBaHuda: Crapa
3aropa — 112; Kbpaxanu — 89. [lHMTe C OTYETEHO 3aMbpcsiBaHe B parioHa Ha ob6wwmHa Byprac ca
6nm3o 5 nbT no-manko ot Ctapa 3aropa u okorno 4 MbTU NO-Marnko OT OHUTE CbC 3aMbpCsiBaHE B
panoHa Ha Kbpoxanu.

YucTtoTaTa Ha aTMOCEepPHUS Bb3OyX KOHKPETHO 3a U3CreABaHus PErMOH € CBbP3aHO OCBEH C
onasBaHETO Ha XuBaTa MaTepusl, EKOCUCTEMUTE U 3OPaBETO HA HACENEeHNETO Ha HaMMpalnTe ce Ha
TepuTopusaTa Ha obrnactta 13 o6LMHM, HO U CbC 3ana3BaHETO MY KaTo [MaBeH TYPUCTUYECKN LIEHTBLP.
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Mapusa OumuTtpoBa, MapnaHa 3axapuHoBa, BaHsa HaigeHoBa, Meopru YKenes, [aHnena bBoHesa, SENS
2007, 2008, pp. 264-273, ISSN 1313-3888, http://www.space.bas.bg/SENS-2007/4-12.pdf

2. Yordanova, R Nedkov,M.Dimitrova,l. Ivanova, M. Zaharinova, MOHUTOPUHI Ha
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rognHa, SENS 2008, 4-7 FOHun 2008, BapHa, Bwnrapus, ISSN 1313-3888, 141-148.

3. HanpgeHos, 4., 2005r. EkonornyHn ocHOBM Ha Ha atMocdepHuTe 3ambpcaBanus. “MvbnuwCanceT-Eko”,
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The present work discusses the development of a remote sensing component (the space, air
and the ground segment) of an early warning system related to the control of oil and industrial
pollution of the Black Sea coast at regional level.

The number of both cargo traffic (Fig. 1) and energy suppliers in Black Sea aquatoria (Fig. 2)
is increasing continuously. The industrial growth of the Black Sea area and the globalization
processes will accelerate further these trends in the future. The planned layouts of the South Stream,
Nabucco and Bourgas-Alexandroupolis pipelines confirm that. The oil-tanker traffic across the
Bosphorus is nearing its maximum. Therefore, observation and early warning of oil spills and possible
averages is becoming an important element of the coastal strip environmental protection and National
Security.
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Fig.1 Fig. 2

The dynamic nature of the coastal processes, oil pollution, and averages require frequent
observations to analyze the occurring impacts and changes.

Remote sensing methods, the technology of the small satellites, video spectrometers, and
radars with synthetic aperture allow building effective systems for regional observation by several
platforms.

Satellite data could be used at different levels such as early detection, evidence and security
assessment.

The additional combination of coast samples analysis and inspections done by UAV-s would
provide to estimate with great precision the environmental condition.

The operational approach toward development of a remote sensing component (space, air
and ground segment) of an early warning system includes both observational and informational
subsystems. The lack of a system for rapid informational distribution and supply at National (regional)
level represents a significant problem. Data exchange and data set collection regarding events
(averages) is another problem. The lack of end users’ direct access to the data provided by remote
sensing methods decreases additionally the progress and the efficiency.
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The effective satellite observations provide to analyze the parameters and the event (pollution)
spot as well as the effect of environmental pollution and restoration compensations.

On such basis, the national monitoring concept involves complex use of space and air
observation methods which include:

- aerospace center for information receiving;

- satellite segment;

- air segment.

The careful consideration and analysis of some of the potential satellite systems, which could
provide space observations, results in the following findings [7]:

- the only available images free of charge are provided by the US research satellites Terra

and Agua passing over about 1-2 times per day. However, their spatial resolution is 250,
500, 1000 m within the visible and infrared spectral range.

- the satellites Monitor—3, Spot—4, IRS—P5, IRS-P6,EROS-A, EROS— B and RADARSAT —
1 have relatively much better spatial resolution (from 0.7 to 40 m) but less cyclic
recurrence (excluding RADARSAT) of the passage over the same territory which is a
disadvantage;

- the prices of the observations received are much bigger and determined by the value of
the licenses issued by the operators as well as the streamlining of the reception complex’s
base organization.

Judging from the above conclusions, it is obvious that it is advisable to resolve the tasks for
real or near-real time operative monitoring using the satellites Terra and Aqua since the observations
received there from are free of charge and the cyclic recurrence of their passage over the same
territory is the most suitable one. The low space resolution in this case could be indicated as a major
shortcoming.

The base configuration of the center allows data receiving by the satellites Terra and Aqua.
Receiving images and data from other satellites, however, requires additional software and shall be
performed upon request. The cost of the license, the amount of received data, and the procedures of
interaction with the space systems’ operators shall be negotiated on signing the contract for the
complex’s supply.

On initiative of the Space Research Institute, at the Ministry of Emergency Situations,
Aerospace Monitoring Center was established (Fig. 3).

SYSTEM FOR EARLY WARNING
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Fig.3

The centre’s topical orientation is shown in Fig. 4.
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Fig. 4
At SRI-BAS, investigations are carried out based on the information received by the satellites

Terra and Aqua providing to monitor on a daily basis the atmospheric pollution in the Municipalities of
Bourgas, Stara Zagora, and Kurdzhali.
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Fig. 5

The Direct Broadcast regime of the MODIS instrument onboard the NASA satellites Terra and
Aqua allows ensuring good temporal coverage. In addition, the specificity of the Terra and Aqua orbits
allows good temporal coverage under various light conditions. Terra passes over at about 7h30min
UTC (coordinated universal time) and 18h30min UTC, respectively, while Aqua passes over 2 hours
later.

The MODIS instrument has 36 optical channels covering from 0.4 up to 14.4 uym from the
visible to the infrared range at resolution of 250, 500, and 1000 m regarding the different groups of
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channels. Data obtained through MODIS are used for various applications in accordance with the
method NASA has suggested to study regional and global environmental changes. In order to carry
out operative analysis, the combinations at higher resolution K2K1K1 at 250 m and K1K4K3 appear to
be useful. At the same time, algorithms for increasing the resolution from 500 to 250 m are employed
alongside with some more specific biophysical parameters to estimate sea surface, dry land,
atmosphere, and temperature parameters of the land.

The use of infrared channels allows fires to be analyzed (Fig. 6, 7) at different stage and
resolution. The latter must have higher value regarding the Dry Land, Clouds, and Aerosols groups.
The thermal infrared products are generated by means of data obtained at day or night at lower
resolution of 1000 m.

Fig. 7. Hot spots: gas combustion on sea platforms, MODIS, level 2A, K721, thermal anomalies, resolution 500 m
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Depending on the cloud coverage, the data received through MODIS DB in real time allow the
seacoast to be analyzed at time scale almost equal to the real one. The products at level 1B, 2 are
generated up to 1 hour after either Terra or Aqua has passed over.

Level 1B, products HDF format — 20 min after telemetry

Level 2A, products Geo, TIFF format, 10 min after Level 1

Most of the coastal security depends on monitoring oil pollution and averages in the presen