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AucepTaunmoHHMAT Tpyn € obCbOaeH M HacoyeH 3a 3awmTta oT
KateopeHna cbBeT Ha kategpa ,XuapoaepoanHamuvka v XuapaBSiNYHU
MawnHK® kbm dPakynteT EHepromawmHoctpouteneH Ha TY-Coduma Ha
peaoBHO 3aceaaHune, nposeaeHo Ha 02.07.2026 r.

[MybnuyHaTa 3awmta Ha OUCEpPTaUMOHHMS TPyd Lie Ce CbCTOM Ha
19.10.2026 r. ot 13:00 yaca B KoHdepeHTHaTa 3ana Ha bWL| Ha
TexHuyeckn yHmBepcuteT — Cochma Ha OTKPUTO 3acefaHne Ha HayyHOTO
Xypu, onpegeneHo cbe 3anosed Ne OXK-5.1-43/14.07.2026 r. Ha PekTopa
Ha TY-Codus B CbCTaB:

BvmpewHu 3a TY-Codus

1. MNpod. ao-p Anren KoctaguHoB TepsmeB — [NH 5.1 MawunHHO
WMHXEHEepPCTBO — npeacenarern
2. Npod. ao-p Pocnua Topgoposa BenwuukoBa - [MH 5.1 MawunHHO
NHXXEHEePCTBO
Pe3sepeseH yneH Oou. a-p Nckpa Cawosa Cumosa - [MH 5.1 MawmnHHO
WHXXEHEPCTBO

BbHwHU 3a TY
1. MNpodp. A-p Munyo CrtoaHoB AHrenos — YXT-lnosgme - H 5.1
MaLLUMHHO NHXEeHEePCTBO
2. Dou. o-p Mean Togopos ToaoopoB — Akagemna Ha MBP — H 5.7
ApxuntekTypa, CTPOUTENCTBO U reoaesmns
3. Oou. a-p Xpucto KoctaguHos lNpogaHos - Akagemust Ha MBP — NH
5.7 ApxutekTypa, CTPOUTESICTBO N reoes3uns
PesepeeH uyneH: Oou. lNeHka Henunesa 3nateBa — TY-BapHa — [1H.
5.4. EHepreTuka
PeueH3eHTH:
1. Mpod. a-p Munyo CtosaHoB AHrenos — YXT-IMnosaue
2. fou. o-p ieaH Togopos Togopos — Akagemunst Ha MBP

MaTepnanute no 3awmraTta ca Ha pasnosioXeHNe Ha MHTepecyBalLnTe
ce B kaHuenapuata Ha ®akynteT EHepromawmHocTpouTernieH Ha TY-
Codous, 6ok Ne 2, kabnHeT Ne 2344.

[AucepTaHTbT e 3a04eH AOKTOPaHT KbM KaTegpa
XugpoaepogMHaMmka UM XUApaBfvyHWM  MawWwuHKU®  Ha  dpakynTeT
EHepromawmHocTponteneH. W3cnegBaHmata nNo  AMcepTauuoHHaTa
pa3paboTka ca HanpaBeHW OT aBTOpa, KaTO HSAKOM OT TSX Ca NoaKpeneHu
OT Hay4YHOM3CrneaoBaTESICKU MPOEKTN.

ABTOp: mar. nHx. Xpucummp loves

3arnasue: IMHaMmuka Ha ropckutTe noxapwu

Tupax: 30 6pos

OtneyvataHo B UMK Ha TexHu4eckun yHnBepcuteT — Copus



|. OBLWA XAPAKTEPUCTUKA HA OUCEPTALUNOHHUA TPY

AKTyanHocT Ha npobnema

AKTyanHocTTa Ha wu3crnegBaHeTo ce onpegens OT U3KMAYUTESNHO
ronsiMarta onacHOCT, KOATO NpeAcTaBnsaBaTt 3a bbnrapus ropckuTe noxapwu
npes nocrnegHUTe HAKOMKO gecetunetna Ha 20 BekK M B Ha4yanoto Ha 21
Bek. TexkaTa noxapHa obcTaHoBKa, KOATO Ce Cb3aBa B rOPCKUTE MacuBMU
Ha bbnrapma roBopy 3a HanMuMeTO Ha Cepuo3HM NpobremMu KakTo B
npeBeHUNATa Ha rOPCKUTE MoXapu, Taka U Npu opraHM3auusaTa Ha TAXHOTO
raceHe.

Odbopms ce n3BoabLT, Ye B paMKUTE Ha nocnegHoTo gecetmneTtune Ha 20
N NbpBUTE AeceTuneTus Ha 21 Bek, bbnrapus oT cTpaHa CbC CPaBHUTENHO
HUCBbK MNOXapeH PUCK B ropuTe ce e rMpeBbpHana B CTpaHa, KbOETO
NpobnemMbT C FOPCKUTE MoXKapu He camMO € Bb3HWKHAam, HO € npepacHan B
TONKOBa CEPUO3EeH, Ye Hanara TbPCEHETO U NpunaraHeTo Ha CbBCEM HOB
noaxod B npeBeHuussiTa U bopbaTta C ropckute noxapu. Hewo noseude,
bbunrapusa ce Hyxgae oOT npunaraHeTo Ha TakaBa MpOTMBOMOXapHa
npakTuka B ropute, KOATO Aa € Cbu3MepumMa C NpakTuKMTe Ha BodewmuTe B
Tasn obnact EBponenckn n gpyru agbpxasu.

LUlen Ha AnceptaumnoHHuUsA TpyAa, OCHOBHU 3agayn U mMetoam 3a
n3cnenBaHe

Llen Ha AaucepTaumMoHHMS Tpyad € ga Cce WU3BbPLUM  KOMMSEKCHO
n3yyaBaHe W aHanM3 Ha CbBPEMEHHOTO CbCTOSIHME Ha MoXapHaTa
obcTaHOBKa B ropute Ha bbnrapus M Ha cuctemaTa 3a ynpasrieHue Ha
ropckuMTe MnoXkapwu, BKIOYBaLa ABaTa OCHOBHM KOMMOHEHTA: NpeBEHLUS U
raceHe.

B wu3anbnHeHve Ha Tasu uen, ca opMynvpaHu criegHUTEe OCHOBHU
3agauv:

1. Ypes npoBexaaHe Ha uacnensaHus B nabopaTtopHu ycnosus, ga ce
onpeaenu NoBeAeHWEeTO Npu 3ananBaHe N ropeHe Ha UrMoNncTHa U Wnpo-
KONMUCTHa ropcka nocTuIika;

2. Cnep n3BbpluBaHe aHann3 Ha pes3ynratute OT NPOBEAEHUS eKCnepu-
MEHT, Aa ce npeanoxu metoq 3a ob6emMHO (MacoBO) eKkcrnepuMeHTarHo
onpeaensiHe Ha nUHenHaTa CKOPOCT Ha pas3npoCTpaHEHWE Ha TFOpPCKU
noXkap OT pasfnMyeH No BUA4 ropCkn NOCTUNKN;

3. [la ce u3BbLPWM aHaNM3 Ha noxapHaTa OOCTaHOBKA B ropute Ha
Bbnrapusa B kpasa Ha 20 1 HayanoTo Ha 21 BEK N Ce OLEHN CbCTOSHUETO U
eeKkTUBHOCTTa Ha cucTemaTa 3a NpeBeHUMs N peakuusi Npu Bb3HUKBA-
HEeTO Ha ropcKn Noxapw;

4. [la ce n3BbPLUM aHanNM3 Ha HopMaTuBHaTa ypeaba, pernameHTupalla
NpeBeHUMATa U raCeHeTo Ha ropckn noxapwu B bbnrapust u ce npegnoxar
MEPKM 3a HENHOTO nNogodpsBaHe.



3a u3NbfHEHMe Ha nocTaBeHaTa LUen Ha gucepTauuoHHUs Tpyad e
NPUNOXeEH UHTEpAUCUMNINHAPEH Noaxod, npeasua dakra Ye guHamukaTta
Ha TrOpCKUTE MOXapu MpeacTaBnsiBa CHOXeH MHOrogakTopeH MnpoLec,
n3cneaBaHeTOo Ha KOMTO W3WMCKBA MpuUIaraHeTo Ha pasfivyHU Hay4yHU
MEeTOAM.

3a ycnelwHoTo pellaBaHe Ha 3adadyuTe, NOCTaBeHN B AucepTaLMOHHMS
TPyd, € WU3non3BaHa KOMMIIeKCHa u3criefoBaTterncka MeTodoNorns, KoATo
BKMNOYBa CbyeTaBaHe Ha MeTOAM 3a CTAaTUCTUYECKM aHanu3, OLeHKa U
MPOrHo3a, ekcrepuMeHTanHn nacneaBaHusl, MatemaTtuyecka obpabortka Ha
nony4YeHuTe pe3ynTtaTi, MHXeHepHO ModenupaHe U HopMaTUBEH aHanua.

HayuyHa HOBoOCT

[MpoBeaeHUTe un3cnenBaHUs MMmaT 3a Len u3yyYaBaHe W MoaenivpaHe
NnoBedEHNETO Ha noXxap B €QHOPOAHM WU HeeagHOPOAHWU TOPCKU FOPUBHM
nnacroBe, CbCTaBNsBaLy MbpTBa ropcka NOCTUMKA U NO CBOSATA CbLUHOCT
Te ce siBsBaT opurnmHanHu 3a bnrapus.

MpeanoxeHunat obemeH (MacoB) MeTon 3a onpefensHe CKopocTTa Ha
pas3npocTpaHeHMe Ha noXxap B pasnuyHM N0 BUO TOPCKU MOCTUIKM,
npeacraBnsiBa OpPUrMHaNHO pelleHMe W paswupsiBa CbliecTByBaluTe
eKcrnepuMeHTanHu noaxoamn 3a aHanua Ha NpoLecuTe Ha ropeHe.

HpaKTquCKa NnPpUNOXMUMOCT

Kato cbllecTBEH MpakTM4Yeckn pesyntar OT  NpoBeAeHuTe
na3crnegBaHus, Ypes npunaraHe Ha paspaboteHna macos (06emeH) meTos,
MOXE [a Ce MOCOYM W3BBLPLUEHOTO EKCMEPUMMEHTANHO OnpeaensHe Ha
NMMHENHNTE CKOPOCTU Ha FOpPeHe Ha LUMPOKOSMCTHU U UMMONIUCTHU FOPCKU
MOCTUITKW.

[JonbnHUTENEH NpaKTUYeCKM MNPUHOC MpPeAcTaBnsaBaT W3BMEYEHUTE
KONMMYECTBEHM 3aBMCUMOCTU MeXAy JMHEenHaTa CKOPOCT Ha ropeHe Ha
UIMOSIUCTHA W LUMPOKOSIMCTHA FOpCKa MOCTUMKA M BNaroCbAbpKaHWETo U
HayanHata MM Temnepatypa. [lonyyeHuTe [aHHM MoraT ga HamepsaTt
MNPaKTUYECKO MNPUMOXEHNE MPU OLEHKA Ha MNOXapHUS PUCK B FOPCKUTE
MacuBM, Ype3 N3NOM3BaHE Ha HAaNMYHN METEOAAHHMN.

LleHeH npakTuyeckn pesynTtaT OT AMCEpPTaUMOHHNS TPYA NpeacTaBnsiBa
onpeaensHeTo Ha MHOEKCUTE Ha MecevHaTta U AeHOHOLHaTa CE30HHOCT Ha
Bb3HMKHaNUTe B bbnrapus ropckn noxapu. Ypes Tsax KONMYECTBEHO ce
XapakTepuampa BEPOSITHOCTTA 3a Bb3HWKBAHE Ha ropcku noxapwu npes
pasnuUYHNTE Nepmoamn Ha rognHaTa u 4YacoBWu MHTEpBanNu Ha AEHOHOLLMETO.
[MonydyeHuTe pesyntaTtv uMaT 3HaAYUTENHa npakTMyecka CTOMHOCT 3a
nnaHupaHe Ha NPEBAHTUBHUTE MEPOMNPUATUS U PECYPCHOTO OCUrypsiBaHe
Ha NPOTMBOMOXaPHUTE CNyXOW.



Anpobauusa

Pesyntatute oT npoBedeHUTe m3crnenBaHus ca goknagsaHn Ha 18th
International Conference on ‘Communications, Electromagnetics and
Medical Applications’ (CEMA’24), n 19th International Conference on
‘Communications, Electromagnetics and Medical Applications’ (CEMA’25).

Upes nanonssaHe, Ha NOIy4YeHUTE NO EeKCNepuMeHTaneH NbT AaHHK, ca
onpeaeneHn MnpakTUY4eCcKNn 3aBUCMMOCTUTE Ha JMHEMHaTa CKOpPOCT Ha
ropeHe Ha WUrnonucTHa M LMPOKOMNCTHA FOPCKN MOCTUMKK, BbB (PYHKLMS
Ha BMaXXHOCTTa M Ha4yanHata Temneparypa um.

[MponsBoguTenHocTTa Ha npeanoxeHara MHOrocronHa
KOMYHWKaLMOHHA apXMTEKTypa, € BanugupaHa, 4pes nposeaeHa nogpobHa
MpexoBa cumynauma ¢ nomowta Ha NS-3 (Network Simulator 3),
cMMynaTop Ha OUCKPeTHU cbbutus. CumynauusTa € KOHdurypmpaHa c
BMCOKOKa4YeCTBEH LUM(PpOB MOAEN Ha TepeHa Ha nnaHuMHcKkaTa Bepura Pyuna
B bbnrapma u e npoBedeHa nNpwu onpefernieH onepatvBeH CLeHapun,
npegHasHayeH ga TecTBa cuctemMara npu peanHu HaToBapBaHe U YCIOBUS
Ha okornHaTta cpega.

MyG6nukauunn

OCHOBHM TMOCTUMXEHUS W pe3ynTatM OT OUCepTauMOHHUA Tpya ca
ny6nukyBaHu B 4 6posi HAy4YHM CcTaTuK, OT KOUTO 1 Bpon € camMoCToATENHA.

Becuukn  nybnukaumm no  TemaTukata Ha  JOKTOpCkMst Tpya ca
OOoKMagBaHM Ha MeXxgyHapoaHu HaydHu dopymn — 18 n 19 International
Conference on ‘Communications, Electromagnetics and Medical
Applications’ (CEMA’24) n (CEMA’25) n ca nHgekcmpaHu B Scopus.

CTpykTypa u 06em Ha AucepTauMOHHUA TPYA,

dunceptaunoHHMaT Tpya € B obem oT 225 CTpaHuuM, KaTo BKMAO4YBa
yBOA, MNeT rnaBu 3a pewaBaHe Ha QOpPMyIMpaHUTE OCHOBHW 3ajauu,
CMUCBbK Ha OCHOBHUTE MNPUHOCWU, CMNUCbK Ha nNybnukauuuTe no
auceptauuaTa Mo m3nonsesaHa nutepatypa. Uutnpann ca obwo 124
nutepaTtypHu U3TOYHWULUK, KaTo 22 ca Ha natuHuuda u 81 Ha kMpunuua, a
ocTaHanuTe ca uHTepHeT agpecu. PaboTaTa BkntoyBa obwo 41 durypu B
OocHoBHaTta 4YacT u 120 courypu B npunoxenus, n 18 tabnuun. Homepata
Ha curypute n Tabnuumte B aBTopedepaTa CbLOTBETCTBAT Ha Te3n B
aucepTaunoHHNA TpyAa.



Il. CbABbPXAHUE HA OUCEPTALIMOHHUA TPY[]

yBO[.

[lopuTe Ha bbnrapusi ca 4YacT OT €BPONENCKOTO M CBETOBHO FOPCKO
boratcTtBo. Te nmat rnobanHo U HaUMOHANHO eKONOrMYHO, MKOHOMMUYECKO,
COLManHo 1 KynTypHO 3HaYyeHune.

CTtpaHata HM ce XxapakTepusumpa C rofnsgmMo pasHoobpasve Ha
pacTUTENHU W >XMBOTUHCKM CbOOLLECTBaA, KaTo Ha Teputopusta n ce
cpewaTr nNoYTM BCUYKM OCHOBHM TUMOBE MeECTooDOUTaHuMs u BuoTtonuy,
n3secTHu B EBpona. PasnpocTpaHeHu ca 1 HAKOM MHOro peakv eHaeMUYHN
BUOOBE, XapakTEpHM camMo 3a HawuTe reorpadpckum wupuHn. ToBa €
o0ycrnoBeHO OT reorpad)CKOTO pasnonoxeHne Ha bbnrapus mexay Tpu
30HM Ha rpaHuuaTa Ha cTapus KOHTUHEHT 1 LleHTpanHa Asus.

3emuTe 1 ropute oT ropckna goHa Ha bbnrapus cbxpaHnasaT Hag 80 %
OT 3aluTeHuTe pacteHuss u Hag 60 % OoT 3acTpalleHuTe OT m3desBaHe
BMOOBE XXMBOTHM B CTpaHaTa. 3a ona3BaHe Ha ToBa pasHoobpasue, Ha
TeputopusaTa Ha cTpaHata ca obocobeHun 3 HauuoHanHu napka, 10
npupoaHun napka, 55 pesepsarta 1 35 nogabpXxaHu pesepsara.

Hapen ¢ npobnemun, cBbp3aHn C MHTEH3UBHOTO U3MNON3BaHe Ha ropure,
pPacTUTENHOTO N BMONOrMYHOTO pa3Hoobpasne Ha bbnrapusi € nanpaBeHo
N npeq eaHo HOBO NPean3BUKATENCTBO - FOPCKUTE MOXapw.

CbBPEMEHHO CBbCTOAHUE HA MNMPOBJIEMA

Kbm 31.12.2024 roguHa obwarta nnouw, Ha ropute U T[OpcKuTe
Teputopun B bbrirapmna e 4 283 668 xa, OT KOATO 3aneceHa (BKI. U Knek) —
3 939 110 xektapa [2]. NnowTa Ha ropckute Teputopumn e 3 952 622 ha
(92,27 % o1 obwaTta), a nnowTa Ha 3eMefenckute TeputTopum,
npuTexasallM XxapakTepucTuka Ha ropa no cMucbhia Ha 4. 2 oT 3akoHa 3a
ropute (“‘ropu BbpXxy 3emegencku Teputopun’), e 331 046 ha (7,73 % ot
obuiarta nnoty).

['opuTe Ha bbnrapus, pnoparta u bayHaTta B TAX B Ca OT USKITIOYNTENHO
Ba)XHO 3HaYyeHue 3a HawaTta cTpaHa.

EcTtectBeHaTa pacTUTENHOCT € OCHOBEH dbakTop npun popmMmpaHeTo Ha
npupogHata cpeja M 3a NogAabpXaHe Ha HerWHOTO paBHOBecHe.
PasnuyHnte TunNoBe  pacTUTENHOCT UMaT FOASAMO  KIMMaTUYHO,
BOJOpErynupaLlo 1 Mno4yBO3aWMTHO 3HayeHne, KaToO CblleCTBeHa e
doyHKUMATa Ha ropckaTa pacTUTESTHOCT.

[Mo nuTepaTypHU AaHHu [4] 0O npeawn OBe-TpWU OeceTUneTus Ha roparta
ce e OTAaBano BHUMaHWe OCHOBHO BbpXY CTOMAHCKOTO M 3HA4YeHWe KaTto
M3TOYHMK Ha [ObpBecuHa, nawa, JIoOB U 3a HAKOU ApYrn CTpPaHUYHU
aenHoctn. Ponata m kato peluaBal, eKosiormdeH daktop, KynTypHO-
NCTOPUYECKOTO, PEeKpeaTMBHOTO M OPYyrM  3HaveHua ca  6Gunu
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npeHebpersaHn. Eaa B kpaa Ha 19 n Hayanoto Ha 20 Bek B Hawarta
CTpaHa 3anoyBa Ae ce obpblla BHMMAHME U Ha NPOTUBOEPO3UNOHHOTO
3Ha4yeHune Ha roparta.

[OpcknTe HacaxgeHns umaT 3HauuTenHa pond 3a HamansaBaHe
eMucnmnTe OT MNapHUKOBM ra3oBe B aTMocdepaTa, KaTo CBbp3BaT
Bbrnepoga B HaTpynaHata ©uomaca un daktmdeckn nornbwat COo.
bbnrapckute ropu ocurypsiBat okorio 85% OT BOAHMSI OTTOK B CTpaHaTta
nnm okorno 3.6 mnpa. m3 pecypc oT YncTa nuTeiHa Boaa.

Bcaka rogmHa, B pesyntaT Ha Bb3HMKHanNuTe noxapu B bbnrapu musat
YHULLOXXaBaHW XUNAAN XeKTapu ropckn HacaxaeHus, BCreacTBmMe Ha KOeTo
ce TbpnAaT OrPOMHU MKOHOMUYECKM 3arybu. Heumsmepumn ca BpeauTe,
KOWTO ce HaHacAaT Ha cnoparta u dpayHaTa 1 eKonorm4yHoTo paBHoBecue. B
aTmocdepata ce OoTAenaT ronemMum KonuyecTBa BpedHM BELLECTBa,
HapyllaBa ce BoaHUAT BGanaHc, oTBaABaT ce PUHUTE YacTuuM OT NoYBaTa,
Cb3aBaT ce NnpenocTaBku 3a epo3uns Ha 3eMHUTe nnowm [22].

B pesyntat Ha ropckute noxapu, Ce YHULWOXaBaT LEHHU U peaKku
pacTUTENHM WU KMBOTUHCKA BMAOOBE, 3a 4YMETO Bb3CTaHOBABAHE
BNnocneacteme ca HeobXxoaAuMMM [OecCeTkM M MoBevye TOAMHU, a B HSIKOU
cnyyam m306WO He € Bb3MOXHO pexabunutmpaHe Ha YHULLOXKEHUTEe
E€KOCUCTEMM.

He cnepBa na ce npeHebperBat M YOBELLUKUTE XEepTBU, NPUYMHEHN OT
ropckuTe noxapwu unun gageHn B bopbarta ¢ tax. YecTto NbTU 3HAYUTESHM
pasmepu aobumBaT LWETUTE HaHEeCEeHW Ha cneuuanuanpaHa TexHuKa W
obopyaBaHe, N3Non3BaHN 3a raceHETO Ha Bb3HUKHANUTE CTUXUN B FOPUTE.

Crtatuctuyeckute gaHHuM 3a bbnrapus nokaseat, 4e 0o kpad Ha 80-Te
rOOWHN Ha MWHaNUs BEK, OCHOBHUTE MoKasaTenu, Xapakrepusupalim
ONHaMuKaTa Ha Bb3HUKHANUTE T[OPCKM MoXapu, uMaT OTHOCUTESTHO
NOCTOSAHHU U3MEpPEHUs-cpefHO roamwHo ca onoxapssaHu (800-3000) ha
ropu.

[NlocnegHoOTO AeceTuneTue Ha MUHaNMUA BEK U HaYanHuTe rogmHn Ha 21
BEK Ce XxapakTepuauvpar C JpacTuyHa MpoOMsiIHA W YCNOXHSBaHE Ha
noxapHaTta obctaHoBka B ropute Ha bbnrapus. bposat Ha Bb3HUKHanNUTE
rOpckM noxapu ce yBenuyaBa Hag 6 nNbTW, a CPegHOroAULLHOTO
KONIMYEeCTBO Ha ONOXapeHuTe NSOy C ropcku HacaxgeHuna goctura 112
000 ha. MNpobnemMbT ¢ ropckuTe noxapwu Npunaobuea KpU3MceH xapakTep, a
3a 1999-2001 r. nonoxeHMETO MOXe [da ce onpegenu KaTo
kaTactpodganHo. [lpe3 2000 r., xapaktepusaupawia ce C Han-CroxHa
noxapHa obctaHoBka, ca yHuwoxeHn Hag 40 000 ha ropckn HacaxaoeHus
[25], [26], [27].

AHanornyHa TeHgeHuus ce Habniogasa npe3 2006 r. u 2007 r., kaTo
cpenHo roamwHo ca yHuwoxeHn 95 000 ha ropckn HacaxaeHus:.

Bb3HukHanute B Bbnrapus onycTowMTENHN rOPCKM NOoXapwu 3acerHaxa
HEe BWXOAHW OO MOMEHTa TEPUTOPUN U YHULLIOXKMXA OFPOMHWU MoK C
ropCkM HacaxaeHusi. ToBa, KOETO € Cb3gaBaHO B MPOAbIMKEHME Ha
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gecetTunetTns u cronetus, 6Gelle YHULWOXEHO HaMbJIHO OT OrHeHarta
CTUXNA.

MABA NMbPBA
AHAJIN3 HA NMOXAPHATA OBCTAHOBKA B TrOPUTE HA BBJITAPUA
N OLUEHKA HA CUCTEMATA 3A NOXAPEH MEHUIXMBHT

LlenTa Ha nacrnegBaHeTo B [faBa NbpBa € Aa Ce M3BbPLUM aHanu3 Ha
noxapHata obcTtaHoBka B ropckus ¢oHa Ha P bwbnrapua, kato ce
n3nonssa HanuyHata nHgopmauus B 6asarta gaHHu Ha F'ANB3H-MBP [22],
[23].

OcHoBHaTa 3agadYa € Aa ce npocneau AOWMHamMuKata U YUCHEeHuTe
nokasaTenu Ha noXxapHarta cuTyaumsa B ropuTe Ha bbnrapus B kpast Ha 19
N Ha4yanoto Ha 20 Bek, KaTo ce m3nona3BaT AaHHW, KOUTO ca YacT OT
odmunanHaTta 6asa gaHHM Ha ABToMaTuampaHa MHopMaLmMoHHa cucTtema
(6O AUC) ,Mpownswectena® Ha TONBE3H-MBP [22].

Ha 6a3a Ha 13BbpLUEHU aHanuM3 ga ce Habenexar agekBaTHU MepKU
3a nogobpsiBaHe Ha NpeBeHUMsTa Ha NoxapHaTa o6CTaHOBKa B ropuTe Ha
Bunrapus.

Bcuykn nsuuncneHns, pesynrtatm u cpaBHEHUA Ha NnokasaTesiv, CBbp3aHu
C no)xapHaTa cuTyauusi B TFOPCKUSI CEKTOP M OTHAcsAWM ce A0 TOPCKu
nrowm, ca npuBedeHN KbM gaHHUTe, n3HeceHn B [oanweH goknag WA -
2023 r. [31].

Bpoit ropek moapi, Bb3umKkHam! B byarapus mpes neproza 19802023 .
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Tomina

durypa .1.1.2 PasnpegeneHue no roanHn Ha 6posa ropcku noxapwu,
Bb3HUKHaNM B bbnrapus npes nepuoga 1980-2023 r.
Ha 6a3a Ha u3BbplUEHNa aHanu3 MoraTt ga ce HanpassT cnegHuTe
OCHOBHU U3BOAM:
1. Han-manko ropcku noxapwu 3a wuacnegsaHus 44 nepuon ca
Bb3HUKHanNn npe3 1984 r. - ¢ 21 6pos, koeTo e 12,66 NbTU NO-Manko B
CpaBHEHME CbC cpegHoroanuHus 6pon 3a uenus 44 roguwieH nepuoa.
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2. Hain-mHoro ropcku noxapw 3a wuscrnegBaHuna 44 nepuopn ca
Bb3HUKHaNn npe3 2000 r. — 1436 6pos, koeTo e 5,40 NbTK NoBeve CnpsiMo
cpegHoroauHns 6pown 3a uenua 44 roguwleH nepuoa;

3. [llpuymHuTe 3a BBL3HUKBAHE Ha TrOPCKUTE MoXapu ca oT
pasfnMyeH xapakrep, HO OCHOBHO Te Ca CBbp3aHM C YoBellKaTa AEeNHOCT,
kaTo noBeyve oT 30 % ca c HeycTaHOBeH xapaktep. [locnegHoTo BoAMU Aa
N3BOJa Ye NpoLeCcHT Mo pascnegBaHe Ha ropckuTe noxapu B benrapus He
e MPUOPUTETEH N YECTO TOM Ce HErnmxupa

4. HesaBMCUMO OT pasnuyHaTa ANHaMuKa B OTAENHUTE roguHn u
BbMpekn npeanpuemaHmtTe MepKn, CpeaHOoroguwHMAT 6por Ha noxapute
cneg 2000 r., nokasea TpanHO YCTONYMB XapaKkTep Ha HapacTBaHe.

MABA BTOPA
OonPEANENAHE MHOEKCUTE HA MECEYHA U AEHOHOLLUHA
CE3OHHOCT HA TrOPCKHUTE NOXAPU B BbJIFAPUA

B rnaBa BTOpa € uM3BbPLIEH aHanM3 W OuUeHKa Ha MeceyHaTa u
OEHOHOLLIHA Ce30HHOCT Ha Bb3HWKBAHE Ha rOPCKMU NoXapwu Ha TeputopusaTa
Ha P bbnrapus. 3a uenta ca u3nosi3aBaHn CTaTUCTUYECKN AaHHWU 3a MUHan
43 rogouweH nepuog npu ornpenensiHe ga mMeceyHata Ce30HHOCT U 26
roaueH nepmnon — CbOTBETHO 3a AEeHOHOLLHAaTa Ce30HHOCT [22].

C nomowTa Ha noaxogsu, MaTemMaTudeckm MeToa € WU3BbpLUEeHa
obpaboTka W aHanuM3 Ha HanNU4HMTe CTaTUCTUYECKM [JaHHM 3a
BBb3HUKHANNTE rOPCKM NnoXapu Ha Teputopusita Ha P bbnrapus.

HanpaBeHuAT aHanu3 no3BofisiBa M3MNOM3BaHETO Ha NosflyvyeHuTe
pesyntatM 3a npeanpuvemMaHe Ha CbOTBETHUM MPEBaAHTUBHU MEPKU W
NnaHMpaHETO Ha onpeaerieHn ynpaBneHCckn pewenuns 3a 6opba ¢ ropckute
noxapw B brnrapus.

N3uncneHn ca nHoekcuTe Ha MeceyHuTe Ce30HHM konebaHus Is , kaTo
rpadouyHO Te ca npeactaBeHn Ha ur.2.1.12



Wupexc Ha MecedHA MUKIMYHOCT HAa BE3HUKBAHE HA TOPCKUTE
noxkapu B bearapus npes nepuoaa 1980-2023 r.
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®dur.2.1.2. lHOekc Ha Ce30HHOCT Ha Bb3HUKBAHE Ha rOPCKUTE NoXapu B
Bunrapusa npes nepuoaa 1980-2023 r.

YcTaHOBEHa e nogvepraHa MeceyHa UMKITMYHOCT NMpu Bb3HUKBAHE Ha
ropckun noxapu B bbrirapust, KOSTO ce xapakTepusnpa ¢ ABa OCHOBHU MUKa,
NMbPBUAT U HaW-roNaAM Npe3 Mecel, aBryct, a BTOPUAT — nNpe3 Mecel, MapT
Ha KaneHgapHaTa roguHa.

N3uncneHn ca OEHOHOLUHUTE WHOEKCUM Ha CE30HHUTE KonebaHus Is
KaTo rpadmnyHO Te ca npeacraBeHn Ha cur.2.3.8.

WHpekc Ha IeHOHOMTHA ITHKIHIHOCT Ha TOPCKHTE TOKapH B
Brirapus 1o 4ac Ha Bb3HHKBAHE 3a IepHoaa 1995-2021r.

Huanekc, Is

2 4 6 g 10 12 14 16 18 20 22 24
Yac oT JeHOHOIITHETO

Qur. 2.2.7. NHaekc Ha OEHOHOWHA UMKITMYHOCT Ha ropcKUTE noXkapu B
Bbnrapusa no yac Ha Bb3HMKBaHe 3a nepmnoga 1995-2021 r.

YcTaHOBEHA € AEHOHOLLHA UMKNWYHOCT Ha Bb3HWKBAHE Ha FOpCKUTE
noxapu B bbnrapus, kato Han-sepositeH 4ac e onpegeneH 16:00 yaca ot
OEHOHOLLMETO

Ha ©Gasa pesyntatute OT M3BbpLUEHUTE aHanu3n B pas3gen 2.1 u
pasgen 2. 2 Ha rnaea BTOpa, KaTo OCHOBEH M3BO4 MOXE [a Ce U3TbKHE, Ye
Han-ronsaiMa BEPOATHOCT OT Bb3HMKBAHE Ha rOpCKu noxapu B bbrrapus
CblUeCcTBYyBa Npe3 MeceL, aBryct Ha KaneHgapHaTa rogmHa u B 16:00 vaca
Ha OEHOHOLLMETO.
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FNMABA TPETA

EKCNEPUMEHTAITIHA YACT
3.1. Metogonorua Ha wm3cnegBaHuaTa. EKcnepumeHTanHa
eKUNnMpoBKa.

[[OpcKUTE M MONCKATE MOXapWu Ce XapakTepusupaT C ropeHe npeau
BCMYKO Ha ropumm maTtepumanum OT pacTuTeneH npomsxod. ToBa MoOHATUE
TpsibBa Aa ce 0006wy C ropeHe Ha ropckata noCTUMKa, TpeBHaTa
pPacTUTENHOCT, XpacTW a npu BbLPXOBUTE MNoXapu — W ObpeeTa. Ha
pasBUTMETO Ha Mpoueca 3HAYMTENHO BIIMSIHAE OKasBaT YCrnoBuATa Ha
oKonHarta cpepfa, naHawadTa U napamMeTpuTe Ha Bb3gyxa — CKOPOCT U
NocoKa Ha BATbpa, TeMnepaTypa 1 BNaXHOCT.

EnoHa oT uenute B HAcToOsWOTO u3cnenBaHe € ga ce onuwe mMoaena,
obxBalualy npobnema Ha ropeHe Ha e€aHOPOAHU U HEEOHOPOLHW CIoeBe
NPUPOAHM FOPUMN MaTepuanu 1 pasBuTMe Ha Bb3HMKHANOTO KOHBEKTUBHO
TeyeHne Hag Tax. CrnoeBeTe ca CbCTaBeH OT MbPTBa ropcka NOCTUIKA.

[okato ocblecTBABaHNAT MawabeH MOHUTOPUHI pasynTa Ha
caTennTHMU Kn3obpaxeHnss U MeTeOopOSiIorMYHN  OaHHW, 3ananBaHeTo U
MbpPBOHAYaANHOTO Pa3npoCTpPaHEHME Ha rOPCKUA MNoXap ce ynpasnseaT oOT
npouecu, KOUTo NpoTuyaT B MUKpoMallab, B paMKuTe Ha ropmMBHUSA CIOWM
Ha ropckaTta noctunka. CbCTaBbT U CbCTOSHMETO Ha TO3M CIIOW, CbCTaBEH
npeaMMHO OT ropcka OTnagHana maca, ca KpUTUYHM hakTopu, KOUTO
onpeaenar odLwmsa puck oT noxap [69].

B cdepata Ha ynpaBneHne Ha ropute B bbnrapma e BBb3NPUETO
NoHATMETO "MbpTBa ropcka nocTuska“, KOHKpeTHa AeduHMLNSA 3a KOETO €
nageHa B [37] a uMeHHO:*MbpTBata ropcka MOCTUMKa € Hagno4vBeH
opraHudeH nnact, dQopmupaH OT oOTnagHana nAbpBecHa W Agpyra
pacTuTenHa maca“.

ToOYHOCTTa Ha OLEHKaTa Ha pucka OT FOPCKM MOXapwu U MOAENMPaHETO
Ha MOBeOEeHMETO Ha NoXapuTe € KPUTMYHO 3aBUCMMa OT MPELM3HOTO
XapaktepusmpaHe Ha T[OpPCKUTe T[OpPMBHM NNacToBe, CbCTaBnsBaLUM
MbpTBaTa ropcka NocTUrka.

B ymepeHun, cmeceHn ropu, MbpTBaTa ropcka NnocTuska YecTo € CnoxHa
MO3anKka OT BWOOBE ropmea, CbCTaBeHa NMpPeaMMHO OT OTnagbuUM KakTo OT
LUMPOKOSNMCTHN, Taka U OT WUrMONUCTHU AbpPBECHW BMOoBE. Tean BUOOBE
oTnagbuM npuTexasaT PasfnyHU (PU3NYHM U XUMWYHU CBOMCTBA — KaTo
CbOTHOLWIEHME HA YNIbTHABAHE, CbOTHOLWIEHME MOBBLPXHOCT-00EM WU
XUMWUYEH CbCTaB — KOUTO 3HAYMTESNHO BNUSAAT BbPXY AUMHAMUKaTa UM Ha
ropeHe n obLaTta v 3ananumocT

Bbnpekn Te3n pasnuku, CbBPEMEHHUTE LUIMPOKOMAaLLAbHM Moaenu,
OonucBallM OnacHOCTTa Ha ropmBa, YeCcTOo OnpocTsBaT Ta3u COXHOCT,
TpeTUupankm cMeceHnTe oTnaabuUmn KaTo eaAnHUYHa, XOMOreHHa maca. Tosa
obobuieHne Moxe QgOa [goBeae A0 3HAYUTENHW HETOYHOCTU  Mpwu
NPOrHo3npaHe Ha pasnpoCTPaHEHNETO W WHTEH3UMBHOCTTA Ha noXxapa.
KnioyoBo npeausBukaTencrtBo € nuncata Ha edekTUBHU TEeXHWKN 3a
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ONCTaHUMOHHO HabnwgeHue, cnocobHM aga pasrpaHudat Tesn BUAOBE
ropuBa Ha HMBOTO Ha 3eMsaTa, 0CODeHO Mo rbCTa ropcka kopoHa. [okaTo
ONTUYHUTE WU MHGPAYEPBEHUTE METOAM MMAT OrpaHUYeHUs nopaau
3arnywasaHe  (3aceHYyBaHe) OT  KOpoHaTa, W3MoN3BaHETO  Ha
HUCKOYECTOTEH pagap, KOMTO nma no-gobpun Bb3MOXHOCTM 3a NPOHUKBaHE,
ocTaBa [O ronsiMa CTeneH HeuscrnedBaH MbT 3a ToBa cneumduyHO
NPUNOXeHe.

[pyrata ocHOBHa LeN Ha HacToSLWOTO M3cneaBaHe € Aa ce Npeanoxu
HOB MOAXO[4 3a AMCTaHLUMOHHO KrnacuduumpaHe Ha BUOOBETE ropmea 4pes
KopenupaHe Ha noBedeHMETO MM Npu ropeHe ¢ TexHute UHF pagapHu
curHatypm 3a obpaTtHo pasceriBaHe. [lonycka ce, Ye CTPYKTYpPHUTE pasfivku
MexXay LWWPOKONMUCTHaATa W WUrNONAUCTHaATa rOPCKM MNOCTUNKW BOAAT A0
pasnuyHa AnHaMMKa Ha u3napsiBaHe Ha Brarata no BpemMe Ha HadanHaTta
drasa Ha pasBuTUE Ha noxapa.

3agavaTta e ekcnepuMeHTanHoO fa ce m3crnegsa Tasum xunortesa. 3a
LienTa Lie Ce M3BbPLUM CPaBHUTENEH aHann3 Ha AMHaMunkaTa Ha ropeHeTo
N eQHOBPEMEHHUTE N3MepBaHMs Ha obpaTHoTo pascenBaHe ¢ UHF pagap
KaKTO 3a LUMPOKOSIMCTHA, Taka M 3a UIMoNMCTHa MbpTBa ropcka MocTuiKa
NPy KOHTpPONMpaHu nabopaTopHN yCrnoBus.

KaTto kpanHa npakTuyecka uen Ha eKkcnepumeHTa, € Ja ce onpenenv
Oanu CblUecTByBa YHMKanNHa pagapHa curHatypa, KosTo MOoxe da ce
N3Non3Ba 3a HageXxaHo pasrpaHnvyaBaHe Ha Te3n BMOOBE ropuBO, KaTo NO
TO3M HAYUH CEe OCUrypu HOB METO[ 3a Cb3AaBaHe Ha MO -TOYHWU KapTWU Ha
ropuBaTa C BMCOKa pe3onouus 3a YCbBbpLUEHCTBaAHE Ha Mogenute 3a
noXxapHa OonacHoCT.

Mpobn OT LWMpOKONMCTHA MbBPTBA rOpPCKa MOCTWUMKA, CbCTaBeHa
npeauMmHo ot nucta ot Quercus robur (aHrnuinckn avb) n Fagus sylvatica
(eBponencku Byk), ca cbbpaHn OT CMeceHa ropa ¢ yMEpPEH Knumar.

Cneg KoHOUUMOHWpaHe B KaMepa C KOHTpONuMpaHa BI@XHOCT, Ha
LUMPOKONNCTHATA ropcka NocTurnka e uasbplueHa 6asoBa TepmodunsnyHa
XapakTepuctuka, 3a [[a Ce YCTaHOBAT OCHOBHUTE W  CBOWMCTBa.
Peayntatute, o06obuweHn B Tabnumua 3.1.1, nokasBaT BMCOK FOPUBEH
noTeHuman, kato neTnMenTe TBbpaAN BelwlecTBa cbetasnsaBaT Hag 90% ot
00LL0TO CyX0 BewecTBO, 40P NPU PasfnnyHM HUBA Ha BIIAXXHOCT.

Tabnuua 3.1.1 ba3osu cBoncTBa Ha NPOBU OT LLIMPOKONNCTHA
ropcka nocTuska

MNMpobGa BnarocbabpxaHue | TBbpau netnuem (%
(%) of TS)
1. 10.4 92.1
2. 17.7 90.7

3a cpaBHeHue, ca NoAroTBEHN 1 NPobu OT UrMOMMCTHA MbPTBA ropcka
nocTunka, goMuHupaHa ot Pinus sp. [70] u Pinus sylvestris.
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CbbpaHunaT matepuan ce CbCTOM OT XeTeporeHHa CMeC OT WUITINYKM,
Marsriku KrnoHKM U doparMeHTn oT kopa. [peau ropeHeTo n auenekTpuyHmnA
aHanus, e u3BbplleH aHanua 3a 6asoBaTa xapakTepucTuka Ha ropuBoTo,
3a Ja ce YCTaHOBAT OCHOBHUTE My cBoucTBa. Pesyntatmte oOT TO3M
NMbpBOHa4yaneH aHanua ca obobweHn B Tabnuua 3.1.2. YcTaHOBEHO €, 4Ye
ropckarta nocTuska npurexasa KMcenmHHu ceonctea (pH 4,2), ¢ BUCOK asn
Ha ropumMm oOpraHudeH MmaTepuan, KoeTo MnokKa3Ba 3HauuMTESIeH FopMBEH
noTeHuwnan.

Tabnuua 3.1.2. bazosu TepMopPU3NYHN CBOMUCTBA HA UrMONUCTHA
ropcka nocTusika

MapameTbp CTOoMHOCT
CbabpxaHue Ha Bnara (none, %) 13.3+0.8
pH 4.2
INNetnven 1BBpAM Bewecta (% oT 67.1+1.2
00LLOTO KONNYECTBO TBbPAM

BellecTBa)

CvabpxaHue Ha nenen (% oT obLwoTo 329+1.2

KONMYecTBO TBbPAM BELLECTBA)

WrnonuctHaTa ropcka nocTunka, Mo-cneuuanHo npeacrasnssa
NecHO 3ananuM WM3TOYHWK Ha FOpMBO MopaguM XUMWUYHUSE CU CbCTaB W
dumsnyecka CTpyktypa. HenHnte TepmMou3anMyHM CBOMUCTBA — KaTo
CbAbpXaHue Ha Bnara, obemMHa NIbTHOCT U CbAbpXaHWe Ha NeTnMBU
TBbPOM BeLlecTBa — MNPSKO BIMASAT BbpPXy HenWHata 3ananmMmocT U
nosegeHMe Ha ropeHe. TpagMUMOHHUTE  CUCTEMM 3@  PaHHO
npegynpexaeHne obavye 4ecTo HAMaT [AOCTaTb4yHO TOYHOCT, 3a [Aa
HabnogasaT Te3u KIo4oBM NapamMeTpu Ha HMBOTO Ha rOPMBOTO B pearsiHo
Bpeme. ToBa cb3gaBa KpUTUYHA MpasHUHA BbB Bb3MOXHOCTUTE 3a
OTKpUBaHe, Tbi KaTo 3HaYUTENHN NPOMEHU B puUcKa OT MoXap Ha HMBOTO
Ha 3emsaTa MoraT Aa HacTbnaT Obp30, MHOro nNpeau ga 6bOaT OTKPUTU
Yype3 MeToau 3a ANCTaHUMOHHO HabngeHue.

3a ga ce npeopfonee Tasn npasHuUHa, € Heobxoaum HOB MNoaxon,
KOWTO OUPEKTHO CBbp3Ba OCHOBHUTE CBOWCTBA Ha roOpMBOTO C peLleHune 3a
TeXHU4Yecko HabnogeHme.

LlenTa Ha npoBedHUs eKCnepuMEHT € [BOMHa: MbpBO, Aa ce
n3BbpPWM nogpobHa TepmoduanyHa XapakTepucTUka Ha WrmnosiMcTHaTa
ropcka rnocTuska, 3a ga ce onpefenn Konnmd4ecTBeHO NOBeAEHNETO M Npu
ropeHe; n BTOPO, Aa ce AEMOHCTpUpa Kak Te3an CBoWCTBa mMoraT ga 6vaat
KopenupaHn C napameTpu, M3MepBaHW 4Ype3 CEH30PHU Bb3NN C HUCKA
MOLLHOCT. [10-KOHKPETHO, n3cneaBsaHa € Bpb3kata Mexay OuenekTpudHuTe
CBOMCTBa Ha ropuBOTO M BpEMETO My [O 3anarnsaHe, HabnwogaBaHo ypes
TEPMOLBOMHN peLleTkn U TePMOBU3NOHHO n3obpaxeHune [71]. KpanHaTta
Len e ga ce cb3gage Hay4yHo o6oCcHOBaHa OCHOBa 3@ HOBO MOKOMEHUeE in-
situ, TexHMyeckn nognoOMOrHaTM CUCTEMU 3a pPaHHO npeaynpexneHve,
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CNOCOBHM Oa NpefoCTaBAT HaBPEMEHHUM U TOYHWU NpeayrnpexneHus Bb3
OCHOBa Ha OENCTBUTENHOTO CbCTOSIHME Ha rOPMBHUA NacT B ropaTa.

MogpobHa wuHdoOpmMauus 3a MecTaTta Ha B3emaHe Ha npobu wu
Ha4YMHBT Ha NpoboB3emMaHe e aaaeHa B Npunoxerue lll.

Onntute C TropeHe, nNpU OCBLLLUECTBEHUS EKCMEepUMEHT, ca
NpPoBeAEHN B cneumanHo n3paboTeH KanopuMmeTbpuyeH Kyd ¢ AbMmKMHa Ha
cTpaHaTta 21 cm (KanopumeTbp), KONTO OcuUrypsiBa KOHTpONMpaHa cpeaa
3a HarpsiBaHe W MNo3BofidBa U3MepBaHE Ha CKOpPOCTTa Ha OTAendHe Ha
TOMMUHa.

CxemaTn4HO npeactaBsHe Ha KanopumeTbpa e gageHo Ha durypa
3.1.1.

durypa 3.1.1. Cxema Ha nanuteartesieH KanopnmMeTbp

3a ga ce crnean pasBUTMETO Ha TemnepaTypata No Bpeme Ha
eKcrnepumeHTuTe, yctaHoBkaTta e obopyaBaHa ¢ macuB OT 16 Tepmo-
enekTpuyeckn npeobpasyesatenn (tepmogsouku) TmMn — K. Te ca
cTpaTern4yeckn pasnoriokeHu, 3a Ja 3anucearT TemnepaTtypu KakTo Mo
NOBbPXHOCTHUTE CTEHW, Taka M B obema Ha ropuvBHata npoba wu
TemMrnepaTypara Ha OKOJTHOTO cpeja.

CxemaTMyHO npeacTtaBsHe Ha YCrNoBHOTO oOb6oO3HayaBaHe Ha
CTEHUTE Ha KanopumeTbpa M pPasnofioKEHUETO Ha TepMOABOMKUTE €
AaneHo Ha curypa 5.2.
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®urypa 3.1.2. YcnoBHo o603Ha4yaBaHe Ha CTeHUTe Ha
eKcrepyMeHTarnHna KanopuMmeTbp 1 pasnorioXeHne Ha pernctpupaLwumre
TEPMOLBONKM.

3a uenute Ha NpoBeXaaHUs eKCNePUMEHT € KOHCTpyMpaHa onuTHa
NocTaHOBKa, KOATO € nokasaHa Ha durypa 3.1.4.

®urypa 3.1.4. OnuTHa nocTaHoBKa - norneg opoHTasnHo.

B OombrnHEeHWe KbM KOHTaKTHUTE U3MepBaHUs C TepMOOBOWKK, ca
n3non3BaHu Apa 6e3KoHTakTHU MeToaa.

[MbpBO, UEenUAT npouec Ha ropeHe ce Habnogasa C NoOMoLTa Ha
TEPMOBM3MOHHA Kamepa (TepMOBU3KSI) MO HaYMHA, MbPBOHAYaNHO ONMcaH
B [72]. 3a BM3yanHo HabngeHMe 1 NPOCTPaHCTBEH TeMNepaTypeH aHanusa
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e pasnonoxeHa tepmoBusnoHHa kamepa FLIR E40 ¢ siceH u3rnen KbMm
NoBbPXHOCTTa Ha npobata. TepMOBU3MOHHUTE OaHHW ca WU3MON3BaHM 3a
BU3yanHO MOTBbpXOdaBaHe Ha TOYHMS MOMEHT Ha 3ananesaHe M 3a
HabngeHne Ha pas3npPoOCTPaHEHMETO Ha (PpoHTa Ha nnamMbka Npes3 Cros
OT ropnBo

ToBa no3BonnM npeuusHa MNPOCTPaHCTBEHA WOEHTUMKaAUNA Ha
TOYKaTa Ha 3ananBaHe W npocrnefsBaHe B peanHO BpeMe Ha
pasnpocTpaHeHMeTo Ha OPOHTa Ha NNamMbKa No NOBBLPXHOCTTA Ha Npobarta
(cpur. 3.1.5).

®urypa 3.1.5. PasnpocTtpaHeHne Ha opoHTa Ha nnamMbKa no
NoBbPXHOCTTA Ha npobaTta n Tepmorpadcko n3obpaxeHme

BTopo, B npobata OT ropcka noctunka € BrpageHa KoakcuanHa
coHOoa Cc oTBopeH Kkpam ¢ 4yectota 10 GHz, 3a pga ce wu3MmepBa
HenpeKkbCHaATO HerHaTa KOMMSeKCHa AWerieKTpUYHa nNpoHMUaemMocT (€¥)
[73].

3a n3mepBaHe Ha obpaTHOTO pascenBaHe OT npobarta no Bpeme Ha
npoueca Ha HarpsiBaHe W ropeHe e U3Mnof3BaHa pajdapHa cuctema c
HenpekbcHaTa BbSiHa (CW) oT 450 MHz. CuctemaTta e KOHurypupaHa aga
3anucea nHTeH3uTeTa (B dB) Ha obpaTHO pascesHus curHan ¢ TedyeHune Ha
BpemeTo. Knw4yoB acnektT Ha  eKcnepuMeHTanHus  gusavH e
CUHXPOHM3NPAHETO Ha BCUYKM NOTOLM OT JaHHMW.

HaHHnTe oT TepmoaBonkuTe, Tepmokamepata FLIR E40 n UHF
pagjapHaTta cuctema ce 3anuceBaT Ha Bcekn 10 cekyHOM OT LEeHTparnHo
YCTPOWCTBO 3a CbOMpaHe Ha AaHHWU, KOETO permcTpupa BpeEMETO Ha BCSAKO
n3mepBaHe.

3a uenuTe Ha ekcrnepMMeHTa ca U3Non3BaHU TEXHUYECKN CpeacTBa
3a u3MmepBaHe OT o0JoOpeH Tun 3a nons3BaHe Ha TepuTopusTa Ha
Penybnuka bBbnrapusa. Cblumte ca ¢ pegoBeH KanmbpaunoHeH CTaTyc KbM
MOMEHTa Ha NpoBeXJaHe Ha ekcnepumMeHTa.

NHopmaumsa 3a napameTpute Ha M3MNOM3BAHUTE TEXHUYECKU
cpencTBa 3a nusMepBaHe ce cbabpxka B Tabnuua 3.1.1.
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Tabnuua 3.1.1. NapameTpu Ha N3non3BaHNTE TEXHUYECKM CpeacTBa 3a

N3MepBaHe.
Ne | HaumeHoBaHue, Ty, O6xsart Ha HeonpeneneHocT
no | uaeHTUmnKaumoHeH Homep n3mepBaHe, Ha 3MepBaHETO
peq TOYHOCT
1. | TepmoxurpomeTsbp undpos | 5,0°C [5£0,15]°C
608-H1, Ne34817326 20,0°C [20+0,14]°C
40,0°C [40+0,14]°C
30% [30+1,3] %rh
80% [80+1,4] %rh
2 | Tepmoxurpometsp ungpos | 5,0°C [5+0,15]°C
,1ecto“ 610, cep. Ne 20,0°C [20£0,12]°C
39273594/809. 40,0°C [40+0,15]°C
30% [30£1,2] %rh
80% [80£1,3] %rh
3. | Ypen 3a namepsaHe Ha [0,15-20,0lm/s | [0,2+0,1]m/s
CKOpPOCTTa Ha ABWXeHue Ha [3,0£0,12]m/s
Bb3ayxa P655-LOG [5,2£0,15]m/s
4. | bapometbp ,Tecto 511¢, [300 — [500+3]hPa
CepueH Homep 1200]hPa;
39112763/603 TouHocT: £ 3.0
%
PaspenutenHa
cnocobHocT: 0.1
hPa;
5. | Comeco TC800 — [0...1600] °C 0,4% ot obxBaTa
MHAOMKATOP 3a MHOrOTOYKOB | TemnepaTypeH
KOHTPOJT apend-0,005%
oT obxBaTa 3a 1
°C
Kopekuunsa Ha
‘cTyneHus”
Kpan = 1 °C,
aBTOMaTu4Ha
codpTyepHa
6. | ST TepmoaBoiika [-150 — 1600]°C | 3,0% ot oOxBara

[OpeHeTo € MHUUUMPaHO C nomMollTa Ha KannbpupaH M3TOYHUK Ha
TONSIMHA, 3a da ce ocurypu nosTopsiemMocT. [lo Bpeme Ha asunte Ha

npeaBapuTENHO HarpsiBaHe WU

ropeHe, OaHHUTE OT TepMOABOWKMUTE,

TepmokamMeparta 1 AnenekTpuyHaTa coHaa HEenpekbCcHaTo ce perncTpupar.
,BpeMeTo 00 3ananBaHe“ e onpederieHo KaTto BPEMETO, U3MWHaNo OT
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akKTuBMpaHeTo Ha W3TOYHUKa Ha 3anarnBaHe W1 NnoAgHaCAHETO MYy KbM
ropckata TnocCTuiika, A0 NbpBUA BUOAUM T[MPU3HAK Ha TMpPpOAbJTXUTEITHO
nnamBaHe, nNoTBbpAEH OT AaHHUTE OT TEPMOBU3NOHHOTO |/|3o6pa>|<eH|/|e.

3.2. BusyanHo wu3cnegBaHe pa3BUTUETO Ha TropeHe npu
€AHOPOAHN FOPCKN MOCTUNKM.

[laTta Ha npoBexaaHe Ha ekcriepumeHTa — 29 tonm 2023 roguHa.

MsacTto Ha npoBexaaHe — cernio KocteHel, nabopaTopeH KOMMNIIEKC
F-plus.

YcrnoBua Ha npoBexaaHe:

- aTMocdepHo HandaraHe P = 936,2 hPa;

- TeMnepaTypa Ha okosniHata cpefga Tok. cpeda = 26,9° C;

- BNaXXHOCT Ha Bb3ayxa Ph eb30. = 38,2 %

3a BCeKU ekcrepMMmeHTaneH onuT ce noaroTesa npoba ¢ onpefeneHa
Maca, 4pe3 npeTernsHe Ha  onNpedeneHo  KONM4ecTBO  OT
KOHOMUMOHMPaHaTa LUMPOKONIUCTHA U UIMOSNCTHA ropcka NocTurka

B npoBeaeHna nabopaTtopeH ekcnepumMeHT 6sxa nsBbpLueHn obLo
oceM onuta. lNMbpBUTE YETMPU OT THAX Ca ONMMCaHM B OCHOBHAaTa 4acT Ha
ANCepPTaUNOHHUS TPy, a OCTaHanuTe — B NpUnoxeHue V.

3.2.1. MNbpBUM onNUT.

Onut 1- noaroToBka M 3anbiiBaHe Ha
KanopumeTbpa C ropcka nocTunka.

[MpeterneHn ca 60 g OT ropckaTa
noctunka oT AbboB LWyma, crneg  KoeTto
CblUUTE Ca NOCTaBEHU B MOAroTBEHMA 3a
LenTa ekcrnepuMmeHTaneH KanopmmeTbp.

Omr 1 — (asa ,3ananBaHe”.
N3BbpweHo e OT TropHata 4acT Ha
KanopumeTbpa, OTKbM CTEHa ,C“ Ha
KanopumMmeTtbpa.
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Onut 1 — dhasa Ha MakcMmariHO ropeHe.

Onut 1 — pasa Ha ropeHe nog copmaTta Ha
TrneeHe.

Ha dwurypn 3.2.1.1 n 3.2.1.2 ca npencraBeHn rpaduknte Ha
n3MepeHnTe TemnepaTtypu OT BCSKa eHa TepMoABOWKa WU rpadukmute 3a
MUHUMarnHara, cpegHata MU MakcumanHarta TemnepaTypu, OTYeTeHU npu
onura.

[padukn, € oOT4YeTeHUTe Temnepatypu OT TepMOLBOMKUTE

PasnosioXXEHN MO OTAENHUTE CTEHW Ha eKCrepuMeHTanHUs KarnopumeTbp,
ca gagenu B NpunoxeHune 4.

OIIMT1
800,0
U 70010 A A
& 600,0 vl
% 500,0
% 400,0
2 300,0
E 200,0
100,0
0,0
— T — T2 T3 T4 —TI5
——TJI6 —TI7 —TJI8 —T/19 —— TJI10
— T/l — T112 TH13 T14 T/15
Tal6 —— T- okoIHA

®urypa 3.2.1.1. 'pacnyHO npeacTaBsHe Ha OTYeTEHUTE TemnepaTypu ot 16
TEPMOABOVKN U3MEPEHU NPU MbPBU ONUT
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®urypa 3.2.1.2 'padomyHO NpeacTaBsHe HA OTYETEHUTE MUHMMATHA,
cpefiHa U MakcMmarnHa Temnepartypu, UsMepeHn nNpu Mbpeu OnuT.

3.2. O6emeH (macoB)meToa 3a onpeperisiHe Ha CKOpOCTTa Ha
pasnpocTpaHeHue Ha noXxap B ropcka nocTusnka

CKopocTTa Ha pasnpocTpaHeHne Ha noxap B ropcka rnocTurka, ce
siBABa Ba)XXeH NnapamMeTbp Ha ropckusi noxap. B noeeveTto cnyvam, 19 €
onpeaensiy, hbakrop npu pasBUTMETO Ha MNoXapa, Bb3rnpueTaTa TakTuka 3a
HEeroBoTO MoracsiBaHe W pasmepa Ha HaHeceHuTe weTu. lNopaan Teau
obcToATencTBa, n3yyaBaHeTo Ha SIBNEHNETO ,CKOPOCT Ha
pa3npoCTpaHeHne Ha ropeHe B ropcka nocTurka“ e U3KnioYnTenHo BaXXHO
3a ycnewHaTa 6opba c ropckute noxapu He caMmo OT TeopeTuyecka, HO 1
OT YNCTO NpaKTMYecKa rmeaHa To4ka.

B nabopaTopHu ycrnoBusi CKOPOCTTa Ha pa3npoCTpaHEeHUe Ha OrbHSA
npu NPUeTo NnamMbyHO rOpeHe MOXe Aa ce onpeaenu Karo:

- BpEMe 3a NpeMuHaBaHe Mexay OBe TEPMOOBOWKM Ha M3CrnenBaHus
obpaseu,

nnu

- Yype3 onpegensiHe Ha CKOPOCTTa Ha u3rapsHe Ha maTtepuanure,
3anbnBalwy ONUTHUA KanopumeTbp.

Tb KaTO BTOPUAT METOL € MNO-TOYEH, TO MO Hero e HanpaBeHOo
OMNMUTHOTO M3creaBaHe.

[MbnHaTa macoBa (0obemHa) CKOPOCT Ha m3rapsiHe ce onpenens ¢
BPEMETO Ha MbJIHOTO M3rapsiHe (NNaMmbYHOTO rOPeHe U TIEeHEeTO)- tu.

w =" (3.3.1)

™
L

kbaeto: m=p.WKk — npousBegeHne Ha NMbTHOCTTA Ha fNMUCTHaTa
cmec no obema Ha ekcnepMMeHTanHMa KanopuMeTbp.

Ot (3.3.1) ce npecmaATa NUHeNHaTa CKOPOCT Ha pasnpoCTpaHeHue

Ha noxkapa no ropckata noctusrika, KaTto.
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y, = m (3.3.2)
g.B

Kbaeto: B e Hanpe4yHOTO ceveHne Ha onnuTHMs obpaseu,.

OnnTHUTE n3cnegBaHus ca NPoOBeAEHM C NOASMIOXKMA OT UFMONUCTHA
N LUMPOKOSIUCTHA ropcKka NoCTUmkKa npu crnegHuTe yCcroBus:

- NITBLTHOCT Ha oNUTHUA obpaseL — p=6,478 kg/m?;

- BnarocbabpKaHue:

a) wupokoropckata noctunka — (13,3+0,8)%;

6) 3a urnonuctHarta noctunka — (10,4+17,7)%.

BpemeTpaeHe Ha ropeHeTo npu LWMPOKOropcka noctusnka e 1.=109 s
N CKOPOCT Ha ropeHe u;=1,93=102 m/s=1,92mm/s.

BpemeTpaeHe Ha ropeHeTo Npu UrnonucTHaTa NocTunka e 1c=92 s u
CKOPOCT Ha ropeHe ur=2,28=103 m/s=2,28 mm/s.

Mo nuTepaTypHu gaHHu [86], [87] ca [adeHu CKOPOCTU Ha ropeHe
uw=3,3 mm/s, KOeTO € He3HayuTenHoO 3aBULUEHWE B CpaBHEHME C
npoBegeHnTe mnacnegBaHusi. Heobxogmmo e ga ce nogdeprae, ye He ca
TOYHO OMUCAHWU HaYasrHUTE YCIOBUSA Ha YIOMEHaTUTE OMUTMW.

[MpoBedeH e eKkcnepuMeHT M 3a ropeHe Ha ropckarta MocTuIka C
BMCOKA NMITbTHOCT - MHOrOroguLLEH CrioNn.

Mpun WwmrpokonucTHaTa ropcka noctunka u p=32,07 kg/m3, no
onucaHata MeToamKa ce rnony4vyaBa CKOPOCT Ha NIMHENHO pa3npoCcTpaHeHne
Ha orbHA u=1,166=10° m/s=1,166 mm/s.

Mpu wurnonucTHaTta noctunka n p=55,83 kg/m3, u=1.10° m/s=1
mm/s.

3.4 dakTopwm, BRnusieLum Ha BbpXY npoueca Ha
pasnpocTpaHeHUe Ha ropeHeTo B FOPCKU MOCTUNKM.
3.5

[Mo nutepaTypHu OaHHu [86], [87], hakTopuTe, Bnusewn BbPXY
npoueca Ha pasnpoCTpPaHEHUETO Ha FOPEHETO B FOPCKW MOCTUMKK, Morat
aa ce 060cobAaT B ABE OCHOBHU Ipynu:

- napameTpu Ha OKofHaTa cpeda, KbAeTo MnpoTuya npouechbT Ha
rOpeHe;
- napamMmeTpu Ha ropyMMusa mMatepuarn, ydacTealy, B npoLeca Ha ropeHe.

N3BecTHO e, Ye napamMeTpuTe Ha OKpbXaBallaTa cpefa KaTo BATHP,
ocobeHoCTUTEe Ha TepeHa, OTHOCUTESNHaTa BNaXXHOCT Ha Bb3ayxa [86], [87],
oKa3BaT CbLLEeCTBEHO BIIMSHUE BbpXY Npoueca Ha ropeHe B ropara.

3a 3aBUCMMOCTTa Ha CKOPOCTTa Ha ropeHe OT BNaroCbAbpXXaHUETO
e u3BeaeHa criegHaTa 3asucumocT [86], [87]:

u
u, = 0 W (3.4.1)

1+78 1w

KbOETo:

Uy - NMHEenHa CKOPOCT Ha ropeHe.

Ug - CKOPOCT Ha ropeHe ropckaTta noctunka npu To=20°C .
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W — BRa)XHOCT Ha ropckata nocTurika npu HadyanHa temneparypa.

[Mpunarankn dopmyna 3.4.1. e onpeneneHo WU3MEHEHMETO Ha
CKOPOCTTa Ha ropeHe BbB (OYHKUMSA Ha BMAXHOCTTA Ha WIMONIMCTHA W
LLUMPOKOSMMCTHA ropcka NocTurika, KaTto ca U3non3sBaHu onpeaesieHnTe npu
eKcnepuMeHTa CTOMHOCTU Ha Uo= 2,28 mm/S 3a LWUMPOKONUCTHA U Up = 1,92
mm/s 3a UrnonmncTHa ropcka NocTusIka.

Pesyntatute ca npeacraBeHu rpadunyHo Ha ourypm 3.4.1 ao 3.4.5.

u, m/s 3a MUPOKOIICTHA Maca crpsimo W

0.234
0.231

0.228

u, mm/s

0.225

0,222
10 15 20 25 30 35 40

W, %

®ur. 3.4.1 3aBMCMMOCT Ha CKOPOCTTa Ha ropeHe Ha LLUMPOKONMUCTHA
ropcka nocTunka cnpsiMo Bra)xHocTTa

u, m/s 3a MUPOKOIICTHA Maca crpsimo W

1
21 40 2
20 3

19 30 4

20
17 6 W. %
10

u, mm/'s
16 7

15 8

14 9

13 10
12 11

dur. 3.4.2 3aBUCUMOCT Ha CKOPOCTTa Ha ropeHe Ha LLUMPOKONIUCTHA

ropcka nocTurika CnpsiMo BRaXXHOCTTa, U3pa3eHn B pagapHa
KoopauHaTHa cucTema
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u, m/s 3a HITOIICTHA Maca CIIPAMO W

0.279

0.276

=
&
a
[¥¥)

0.27

u, mm/s

0.267

0.264
10 15 20 25 30 35 40

W, %

dur. 3.4.4 3aBUCMMOCT Ha CKOPOCTTa Ha rOPEHE Ha UrMOSIMCTHA
ropcka nocTusika CnpsiMo BraXXHOCTTa

u, m/s 3a HITOIICTHA Maca CIIPAMO \\Y%

19 30 4

18 20 5

17 6 W. %
10
u, mm/'s
16 7

15 8

14 9

13 10
12 11

dur. 3.4.5 3aBUCUMOCT Ha CKOPOCTTa Ha rOPEHE Ha UIMONUCTHA ropcka

NOCTUJIKa CrnpsAMO BJ1a>KHOCTTA

Mo nuTepaTypHU gaHHu [86], [87], Npn npoBedeHU n3cnenBaHna 3a

onpepgensdHe Ha CKOPOCTTa Ha ropeHe Ha ropcka nocTtusika npun pasmimyHu

HayanHu TemnepaTypu Ha HarpsiBaHe, € U3BeaeHa 3aBUCMMOCTTA:

u, =u,e"
Uz - fIMHENHA CKOPOCT Ha ropeHe.

Ug - CKOPOCT Ha ropeHe ropckaTta noctunka npu To=20°C .
To — Ha4YanHa Temneparypa.

0,006To (342)

Mpunarankn dopmyna 3.4.2. e onpegeneHo WN3MEHEHMEeTO Ha

CKOPOCTTa Ha ropeHe NpW pasnuUyHM TemnepaTypyu Ha WUrNonucTHa U
LUMPOKOJIMCTHA FropcKa MOCTUIKA, KaTo ca M3Non3BaHu onpeneneHnTe npu
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eKCcnepuMeHTa CTOMHOCTM Ha Uo=2,28 mm/s 3a LMPOKOSIUCTHA Uo= ,92
mm/s 3a UrnonmncTHa ropcka NocTuIIka.
Pesyntatnte ca npeacraBenun rpadpuyHo Ha cpurypm 3.47 n 3.4.8.

CropocT Ha ropeHe Ha UIIOJMCTHA IOCTUJIKA BB

byHKIMS Ha HaYaJlHATa TeMIlepaTypa
7,57
6,7
5,95
5,28
4,68
4,15
3,68

29 3,27

2,6
2,01 2,34

umm/s
O P N W H» UT O N

-21 4 22 40 60 80 100 120 140 160 180 200
To, °C

®ur. 3.4.7. 3aBUCUMOCT Ha CKOPOCTTa Ha ropeHe UrnosIMcTHa ropcka
NOCTUSIKA OT Ha4anHaTa Temneparypa

CxopocT Ha ropeHe Ha IIMPOKOJIMCTHA MTOCTHIIKA BHB
GbyHKIIMS Ha HAadaJTHATa TEMIlepaTypa

6,37
5,64
5,01
4,44
3,94
3,49
3,09

2,44 2,75

2,19
169 %8

u mm/s
o - N w SN (6)] D ~

-21 4 22 40 60 80 100 120 140 160 180 200
To,°C

dur. 3.4.8. 3aBUCUMOCT Ha CKOPOCTTa Ha ropeHe UrnosIMcTHa ropcka
NOCTUSIKA OT HavanHata Temneparypa

3.5. 13BOAU

OT npoBegeHUTe ONUTHW WU3CneaBaHUst UM aHanuau cnegsart
crnegHnTe U3BOaMW:

3.5.1. PasnpocTtpaHeHneTo Ha noxapw B ropcka nocturkarta 3aBucu
OT Buaa n, n cterneHTa Ha BNaXHOCT.

3.5.2. lNocTunkaTta OT LWMPOKOSIUCTHA ropa AaBa MO-HUCKa CKOPOCT
Ha NpuaBWXBaHE Ha OMbHS B CPaBHEHME C UMTONIMCTHATa TakaBa, KOeTo ce
OBbIDKM Ha CTPYKTypaTa U KanopuyHOCTTa N KaTo ropuBeH martepuarnn.
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5.5.3. MNpn MHororoguwH1UTe Oobpe yNNbTHEHWN MOCTUMKN NOXapbT
ce pasnpocTpaHsaBa no-crnabo, ocobeHo npu UrAonMcTHa M 3aTuxea B
Abnbo4vnHa Ha crnos.

3.5.4. Atmocdeparta v NpupoaHuTe hakTopu ca Te3u, KOUTo BNUSAT
Han-oce3aTenHo BbPXy nNpoueca Ha npuaBwKBaHe Ha noxapa ,40
yckopsiBaHeTo My. TpsibBa ga ce uma B Npeasun, 4Ye OnMUTHUTE
n3cnefBaHus ca npoBegeHM B nabopaTopHM YCMOBUS W HEMOABWKHU
Bb34YLUHN CTPYWN.

NMABA YHETBBPTA
MHTETPUPAHA KOMYHUKALIMOHHA APXUTEKTY-PA 3A
PEATMPAHE NPU rOPCKWU NOXAPU B BbJ1-TAPUA

[MpeonoxeHata apxuTekTypa € nMpoeKTupaHa p[a npeogonee
yCTaHOBEHUTE NPOMYCKN B CbLUECTBYyBaLUUTE CUCTEMW 3a KOOopAMHaALMS
Mexay cnyxébuTte, OTTOBOPHW 3a pearnpaHe MNpu rOpCcKM noxapu, KaTo
NOCTUrHE TPN OCHOBHU LIENN.

[MbpBO, TA MMa 3a uen ga HaMmanu cpeHOTO BpeMe 3a peakumsa npu
WHUMAOEHTN o0 noa 15 MUHYTW, KaTo rapaHTupa, Ye KpUTUYHUTE OaHHU
pocturat 6bp30 4O 3BeHaTa Ha NbpBa NUHKUS.

BTopo, T e npoekTupaHa Aa NocTUrHe HarMYHOCT Ha Bpb3kaTa Haj
99,5%, ocurypaBamku ycTonmumMBa W HagexgHa Mpexa gopu  npwu
HebnaronpuATHU yCroBuS.

N Hakpasi, apxuTekTypata e npegHasHadeHa fa ocurypu obuia
onepaTtuBHa KapTWHaA, NO3BONABaAWKM CTPUMMMUMHI Ha BUOEO B peariHo
BpeMe 1 ApYyrn CEH30PHN JaHHW OT MACTOTO Ha UHUMAEHTa OO0 KOMaHOHUTe
nyHkrose [90].

ApxutektypaTta WHTerpypa Tpu OTAEeNHW, HO B3auMOCBbLP3aHu
KOMYHMKaLWOHHW CNos, 3a a NOoCTUrHe Tesu Lernu:

- Cnon 1: HasemHu Bb3nM Ha TETRA (rmac m HMCKOCKOPOCTHU
naHHn): OcHoBaTa Ha apxuTekTypaTa € Mpexa OT Ha3eMHM CTaHuMn 3a
HaszeMmHO paano (TETRA). Toan cnon ocurypsisa yctomumBa, CUrypHa W,
Han-BaXXHOTO, ONepaTMBHO CbBMECTUMA Mpexa 3a rnacosa KOMyHUKaLUA
,push-to-talk® 3a BCMYKM OTroBapsWnN UHCTUTYLUUN, ENIUMUHNPANKU
npobrnemuTe ¢ HeCbBMECTUMUTE CTapn PagnNoCUCTEMM.

Cnon 2: UAV-LTE peneta (dpoHTOBa Mpexa 3a AaHHK): 3a
BMCOKOCKOPOCTHO NpefaBaHe Ha AaHHM Ha (ppoHTa Ha noxapa, cucremara
pasnonara ¢ podk ot 60 6e3nunoTHn netatenHu anapata (UAV). Teau
UAV pgenctsaTt kaTto netawm LTE (4G/5G) 6a3oBu cTaHUMKU, Cb3gaBaniku
AVNHaAMWYEH N caMOBB3CTaHOBSABALL, ce ,0bnak oT gaHHW‘ Hap 3oHaTa Ha
WHUMAOEHTA.

Cnon 3: L-/Ka-neHToB caTenuteH 6ekxon (yCcTonudmBa CBbP3aHOCT):
3a fa ce rapaHTupa, 4Ye rokanHata Mpexa HUKora He € M30SiMpaHa,
apxuTekTypaTa BKIToYBa Ba MOOUMHU caTenNUTHU LWI3a.
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[MpencraBeHNTe MpeXoBW cCUMyrnauuu, Banuaupart npeanoxeHara
MHOrOCfnonvHa KOMYHWKaLMOHHA apxuTekTypa KaTo BWUCOKOEdEKTUBHO
pelweHne 3a MoaepHusnpaHe Ha cnocobHocTuTe Ha bbnrapua 3a
pearMpaHe npu ropcku noxapu. KrnoyoBute KoHcTaTaumm — 56%
HamarieHne Ha cpeHOTO BpeMe 3a peakuuns npu MHUWMOEHTU U HanU4YHOCT
Ha Bpb3kaTa Hag 99,7% — OeMOHCTpupaT 3HauuTenHo nogobpeHune
CpsIMO HacTosiwarta pamka. 3Ha4YeHMeTO Ha Ta3u KOHLEenunsa ce CbCTon B
HENHUS WHTerpupaH, yCToMYMB Au3anH, KOWTO rapaHTMpa ornepaTuBHa
CbBMECTUMOCT M BUCOKOCKOPOCTEH MOTOK OT AaHHU B TPyAHM cpean. Tasu
XnbpugHa mpexa oT 6e3nunoTHU neTaTtesniHM anapaTtn, Ha3seMHW anapaTun 1
CNbTHULM, NpeacTaBnsiBa pellaBalla CTbMNKa Hanped 3a Obnrapckute
cny>xoun 3a cnewHa nomouy, [94 ].

MABATETA
AHAIMN3 HA HOPMATUBHATA YPEOBA, PEMA-MEHTUPALLA
OEMHOCTTA NO NPEBEHLUNA U TA-CEHE HA TOPCKU MOXXAPU B
BbJITAPUA

YcnoxHeHaTa noxapHa obcTaHoBKa B ropute Ha bbnrapusa B kKpast Ha
20 BeKk 1 Ha4yanoTto Ha 21 BeKk nokasea, Ye ePeKTMBHOCTTA Ha cucTemMara
3a ynpaBfieHMe Ha ropckuTe noXxapu He € Ha Heob6XxoAUMOTO HUBO.

YnpaBneHNeTo Ha ropckMTe noXxapu BKMKOYBaA ABa OCHOBHW BuAa
NEeNHOCTHU:

- nMpeBaHTMBHaA [OEWHOCT - Haco4YeHa KbM npenoTBpaTsBaHe
Bb3HWKBAHETO Ha FOPCKU NoXxapw ;

-onepaTtmBHa AEeWHOCT - Haco4YeHa KbM raceHeTO Ha ropCKu noxapu v
NUKBUOMPAHE Ha NOoCcneacTBmsaTa oT TSX.

OT ocobeHO BaxHO 3HaA4YeHWe 3a MPaBWUIHOTO OpraHM3npaHe Ha
OEeNHOCTTa 1 No ABeTe HanpaBrfieHUs ce siBsiBa HopMaTuBHaTa ypeoa.

Ha 6a3a ns3sbplieHmss aHanna ca odopMeHmn criegHnTe U3Boau:

» HopmatueHaTa ypeaba B bbnrapud, pernameHTvpalla npeseHumndara
Ha rOpPCKUTE MoXapu BKIOYBA akTOBE OT pasfiiyeH paHr, KaTo 4acT
OT QOKYMEHTUTE CbAbpXXaT NPUNOKPUBALLN CE TEKCTOBE, a B HSKOU
cny4dau gopv uma v onpegeneHu NnpoTuBopeYmnd B TAX.

> [loBeyeTo OT NOA3aKOHOBUTE HOPMATMBHU AOKYMEHTUN ca 06Bbp3aHn
C NnpuemaHeTo 3akoHa 3a ropute npe3 2011, HO HeE3aBMCUMO OT TOBA,
He e u3rpafeH enuvHeH noaxod npu ynpasreHMeTO Ha ropcKkuTe
noxapn B bbnrapua, TbM Kato [genHOCTTa Ha OTroBOPHUTE
WHCTUTYLUUM Ce pernameHTmpa c peauua cneumarnHm 3aKoHMU.

» B 3akoHOoBMTE © nNOO3aKOHOBUTE aKTOBE OCTaBa HeaopasBuT
BbMNPOCHT 3a B3aMMOLAENCTBNETO Ha CUNUTE N CpedcTBaTa, KakTo npu
OCblliecTBABaHe Ha MNpeBaHTMBHA OEWHOCT, Taka W Npu yyactue B
noXxaporacuTenHutTe OenNCTBUSA NPU FOPCKU NoXapw.
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» B kputepumnTte 3a narpaxagaHe Ha Il nogpasgeneHns He € B3eTO Nof
BHUMaHME HanM4mMeTo Ha roPCKM M MOSICKM MacmBn B obBcnyxBaHaTa
Teputopus
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HAYYHO-NPUIOXHU NPUHOCHK

1. PaspaboTeHa n ekcnepumeHTanHo anpobupaHa e MmeToauKka 3a
n3crneaBaHe Ha MnpoLecuTe Ha ropeHe npu pasnuyHn BUOOBE ropcka
NnocTusika, MNO3BOSMABaLWlA KOSIMYECTBEHO OrpefensHe BUSHUETO Ha
BflarocbAbp)KXaHNeTo, TeMnepaTtypaTta u gpyrn aktopu BbpXy CKOpoCTTa
Ha pa3npocTpaHeHne Ha ropeHeTo.

2. NpepnoxeH e obemeH (MacoB) MeToq 3a onpeaeniiHe CKOpocTTa Ha
pa3npoCcTpaHeHne Ha noXap B ropcka MocTurika, KOWTO npeacTaBnsiBa
OPUTrMHANHO WHXEHEpPHO pelleHne U1  paswupsiBa  M3MNON3BaHUTE
eKcnepuMeHTanHu Noaxoau nNpu n3crneaBaHe Ha ropcKUTE NoXapu.

3. YcTaHoBeHU ca 3aBNCUMOCTH Mexay ONeNieKTpuvHnTE
XapakTepnuctnkmn Ha ropumMmma Mmatepumalt 1 BEpPOATHOCTTA 3a Bb3HUKBAHE U
pa3BnuTMe Ha TOPCKN TMOXap, KOEeToO Cb3daBa MNpearnoctaBkn 3a
n3non3BaHeTo UM MNMpu OoLueHKa Ha noXXapHata OnacHOCT.

4. [lemoHCTpMpaHa € Bb3MOXXHOCTTa 3a U3Mnons3BaHe Ha OUCTaHUWOHHMU
MeToau, BkMwuuTenHo SAR TexHonorun, npu unaeHTuuumupaHe Ha
pasnnyHKU TUNOBE FOPUMKW MaTepuann N OLEHKa Ha pucka OT Bb3HUKBaAHE
Ha ropcKu rnoXxapw.

28



NMPUNOXHU NPUHOCHU

1. WM3BbplEH € CTaTUCTUYEeCKM aHann3 Ha AuHamMumkaTa Ha
Bb3HMKBAHE Ha ropcknTe noxapu B bbnrapmna n ca onpegeneHn nHgekcute
Ha MecCe4yHa M OEHOHOLLUHAa CE30HHOCT, KOUTO npeactaBndBaT MONe3eH
WHCTPYMEHT 3a NfiaHMpaHe Ha NpeBaHTMBHUTE LEWHOCTU U PEeCypCHOTO
ocurypsiBaHe Ha NpoTUBOMOXapHUTE CNyXOn.

2. PaspaboTeHa e KOHUEenuua 3a MHOrOCIIOMHa apxuTekTypa 3a
pearmpaHe MNpu ropcku noxapwu, WHTerpupawa 6e3nunoTHU neTaTesiHu
cuctemu, LTE mpexu, TETRA KoMyHUKaumnmn 1 catennTHN KaHanw.

3. [lpeonoxeHo e YyCbLbBLPLIEHCTBAHE Ha oOpraHu3aumaTta no
pascneaBaHe Ha NpUYNHUTE 3a Bb3HUKBAHE Ha ropcku noxapu B bbnrapusa
N 3a akTyanuampaHe Ha HopmMaTtmBHaTta ypeaba B Ta3n obnacr.

4. lNpeanoxeHo e M3non3BaHEeTO Ha AUCTaHUMOHHM cpeacTBa 3a
MOHUTOPUHI Ha rOPCKN NnoXapw.

5. [llpeonoxeHo e OpraHM3auuMOHHO YCbBBLPLUEHCTBAHE Ha
B3aMMOOENCTBNETO Mexay OTAENTHUTE UHCTUTYLUUKW, MMaLlM OTrOBOPHOCTHU
B npoueca Ha ynpasfeHne Ha ropcku noxapu B bbunrapus.
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|. GENERAL CHARACTERISTICS OF THE DISSERTATION

Relevance of the problem

The relevance of the research is determined by the exceptionally great
danger that forest fires pose to Bulgaria during the last several decades of
the 20th century and at the beginning of the 21st century. The severe fire
situation developing in Bulgaria's forest areas indicates the existence of
serious problems both in forest fire prevention and in the organisation of
fire suppression.

The conclusion emerges that, within the last decade of the 20th century
and the first decades of the 21st century, Bulgaria has transformed from a
country with a comparatively low forest fire risk into a country where the
problem of forest fires has not only emerged but has grown so serious that
it requires the search for and application of an entirely new approach to
prevention and combating forest fires. Moreover, Bulgaria needs to apply
forest fire protection practices comparable to those of the leading European
and other countries in this field.

Objective of the dissertation, main tasks and research methods

The objective of the dissertation is to carry out a comprehensive study
and analysis of the current fire situation in Bulgaria’s forests and of the
forest fire management system, including its two main components:
prevention and suppression.

In fulfilment of this objective, the following main tasks have been
formulated:

1. Through laboratory research, to determine the ignition and
combustion behaviour of coniferous and broadleaved forest litter;

2. Following analysis of the results of the experiment conducted, to
propose a volumetric (mass-based) experimental method for determining
the linear rate of spread of forest fires in different types of forest litter;

3. To analyse the fire situation in Bulgaria’s forests at the end of the
20th century and the beginning of the 21st century and to assess the
condition and effectiveness of the prevention and response system upon
the occurrence of forest fires;

4. To analyse the regulatory framework governing forest fire prevention
and suppression in Bulgaria and to propose measures for its improvement.

An interdisciplinary approach has been applied to achieve the objective
set for the dissertation, given that the dynamics of forest fires represent a
complex multifactorial process whose investigation requires the application
of different scientific methods.

A comprehensive research methodology has been used for the
successful solution of the tasks set in the dissertation, combining methods
of statistical analysis, assessment and forecasting, experimental research,

3



mathematical processing of the results obtained, engineering modelling
and regulatory analysis.

Scientific novelty

The research conducted aims to study and model fire behaviour in
homogeneous and heterogeneous forest fuel layers comprising dead forest
litter, and by their nature they are original for Bulgaria.

The proposed volumetric (mass-based) method for determining the rate
of fire spread in different types of forest litter represents an original solution
and extends the existing experimental approaches for analysing
combustion processes.

Practical applicability

As an essential practical result of the research conducted, through
application of the developed mass (volumetric) method, the experimental
determination of the linear rates of combustion of broadleaved and
coniferous forest litter may be cited.

An additional practical contribution consists of the quantitative
relationships derived between the linear rate of combustion of coniferous
and broadleaved forest litter and their moisture content and initial
temperature. The data obtained can find practical application in assessing
fire risk in forest areas through the use of available meteorological data.

A valuable practical result of the dissertation is the determination of the
indices of monthly and diurnal seasonality of forest fires occurring in
Bulgaria. Through them, the probability of forest fire occurrence during
different periods of the year and hourly intervals of the day is characterised
guantitatively. The results obtained have considerable practical value for
planning preventive measures and resource provision for fire protection
services.

Validation and dissemination

The results of the research conducted were presented at the 18th
International Conference on ‘Communications, Electromagnetics and
Medical Applications’ (CEMA’24), and the 19th International Conference on
‘Communications, Electromagnetics and Medical Applications’ (CEMA’25).

Using the data obtained experimentally, practical relationships for the
linear rate of combustion of coniferous and broadleaved forest litter as
functions of their moisture content and initial temperature have been
determined.

The performance of the proposed multilayer communication architecture
has been validated through a detailed network simulation using NS-3
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(Network Simulator 3), a discrete-event simulator. The simulation was
configured with a high-quality digital terrain model of the Rila mountain
range in Bulgaria and was carried out under a defined operational scenario
intended to test the system under real loading and environmental
conditions.

Publications

The main achievements and results of the dissertation have been
published in 4 scientific papers, of which 1 is a sole-authored paper.

All publications on the topic of the doctoral dissertation were presented
at international scientific forums — the 18th and 19th International
Conference on ‘Communications, Electromagnetics and Medical
Applications’ (CEMA’24) and (CEMA’25) — and are indexed in Scopus.

Structure and volume of the dissertation

The dissertation comprises 225 pages and includes an introduction, five
chapters addressing the formulated main tasks, a list of the main
contributions, a list of publications arising from the dissertation and
references. A total of 124 literature sources are cited, of which 22 are in
Latin script and 81 in Cyrillic, while the remainder are internet addresses.
The work includes a total of 41 figures in the main body and 120 figures in
the appendices, and 18 tables. The numbers of figures and tables in the
auto-abstract correspond to those in the dissertation.




CONTENTS OF THE DISSERTATION

INTRODUCTION.

Bulgaria’s forests are part of the European and global forest heritage.
They have global and national ecological, economic, social and cultural
significance.

Our country is characterised by great diversity of plant and animal
communities, with almost all major types of habitats and biotopes known in
Europe occurring on its territory. Some very rare endemic species
characteristic only of our geographical latitudes are also found. This is
determined by Bulgaria's geographical location between three zones at the
border of the Old Continent and Central Asia.

The lands and forests of Bulgaria's forest fund preserve more than 80%
of the country's protected plant species and more than 60% of its animal
species threatened with extinction. To conserve this diversity, 3 national
parks, 10 nature parks, 55 reserves and 35 managed reserves have been
designated on the country's territory.

Alongside problems related to intensive forest use, Bulgaria’s plant and
biological diversity also faces a new challenge — forest fires.

CURRENT STATE OF THE PROBLEM

As of 31.12.2024, the total area of forests and forest lands in Bulgaria is
4,283,668 ha, of which afforested area (including dwarf pine) — 3,939,110
hectares. [2]. The area of forest lands is 3,952,622 ha (92.27% of the total),
and the area of agricultural lands possessing the characteristics of forest
within the meaning of Art. 2 of the Forests Act (“forests on agricultural
lands") is 331,046 ha (7.73% of the total area).

Bulgaria’s forests and the flora and fauna within them are of exceptional
importance for our country.

Natural vegetation is a major factor in shaping the natural environment
and maintaining its equilibrium. Different types of vegetation have great
climatic, water-regulating and soil-protective significance, and the function
of forest vegetation is essential.

According to the literature [4], until two or three decades ago, forests
were considered mainly for their economic significance as a source of
timber, pasture, game and certain other ancillary activities. Their role as a
decisive ecological factor, their cultural-historical, recreational and other
values were neglected. Only at the end of the 19th and the beginning of the
20th century did attention begin to be paid in our country also to the anti-
erosion significance of forests.

Forest stands play a significant role in reducing greenhouse gas
emissions into the atmosphere by binding carbon in accumulated biomass
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and effectively absorbing CO2. Bulgarian forests provide approximately
85% of the country's water runoff, or about 3.6 billion m3 of clean drinking
water resources.

Every year, as a result of fires occurring in Bulgaria, thousands of
hectares of forest stands are destroyed, causing enormous economic
losses. The damage inflicted on flora and fauna and on ecological
equilibrium is immeasurable. Large quantities of harmful substances are
released into the atmosphere, the water balance is disturbed, fine soil
particles are blown away and conditions are created for erosion of land
areas. [22]

As a result of forest fires, valuable and rare plant and animal species
are destroyed, whose restoration subsequently requires decades or more,
and in some cases rehabilitation of the destroyed ecosystems is not
possible at all.

Human casualties caused by forest fires or sustained in combating them
should also not be overlooked. Damage to specialised equipment used to
suppress forest fire disasters often reaches considerable proportions.

Statistical data for Bulgaria show that until the end of the 1980s, the
main indicators characterising the dynamics of forest fires occurring had
relatively constant values — on average, (800—-3000) ha of forest were
burned annually.

The last decade of the past century and the early years of the 21st
century are characterised by a drastic change and complication of the fire
situation in Bulgaria's forests. The number of forest fires occurring
increased more than sixfold, and the average annual area burned with
forest stands reached 112,000 ha. The problem of forest fires acquired a
crisis character, and for 1999-2001 the situation may be described as
catastrophic. In 2000, characterised by the most severe fire situation, more
than 40,000 ha of forest stands were destroyed [25], [26], [27].

A similar trend was observed in 2006 and 2007, with an average of
95,000 ha of forest stands destroyed annually.

The devastating forest fires occurring in Bulgaria affected territories not
previously seen and destroyed vast areas of forest stands. What had been
created over decades and centuries was completely destroyed by the fire
disaster.

CHAPTER ONE
ANALYSIS OF THE FIRE SITUATION IN BULGARIA’S FORESTS AND
ASSESSMENT OF THE FIRE MANAGEMENT SYSTEM

The objective of the research in Chapter One is to analyse the fire
situation in the forest fund of the Republic of Bulgaria using the information
available in the database of the General Directorate "Fire Safety and
Protection of the Population” — Ministry of Interior [22], [23].
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The main task is to trace the dynamics and numerical indicators of the
fire situation in Bulgaria's forests at the end of the 19th and the beginning
of the 20th century using data that form part of the official database of the
Automated Information System (AIS Database) "Incidents" of the General
Directorate "Fire Safety and Protection of the Population” — Ministry of
Interior [22].

On the basis of the analysis carried out, adequate measures are to be
identified for improving prevention of the fire situation in Bulgaria’s forests.

All calculations, results and comparisons of indicators related to the fire
situation in the forest sector and concerning forest areas have been aligned
with the data presented in the Annual Report of the Executive Forest
Agency for 2023 [31].

Number of forest fires occurred in Bulgaria for the period 1980-2023
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Figure 1.1.2 Distribution by year of the number of forest fires occurring
in Bulgaria during the period 1980-2023.

On the basis of the analysis carried out, the following main
conclusions may be drawn:

1. The fewest forest fires during the 44-year study period occurred
in 1984 — 21 cases, which is 12.66 times less than the annual average for
the entire 44-year period.

2. The greatest number of forest fires during the 44-year study
period occurred in 2000 — 1,436 cases, which is 5.40 times more than the
annual average for the entire 44-year period;

3. The causes of forest fires are of different nature, but they are
mainly related to human activity, with more than 30% of undetermined
origin. This leads to the conclusion that the process of investigating forest
fires in Bulgaria is not a priority and is often neglected



4. Regardless of the differing dynamics in individual years and
despite the measures taken, the annual average number of fires after 2000
shows a persistently increasing trend.

CHAPTER TWO
DETERMINATION OF THE INDICES OF MONTHLY AND DIURNAL
SEASONALITY OF FOREST FIRES IN BULGARIA

In Chapter Two, an analysis and assessment of the monthly and diurnal
seasonality of forest fire occurrence on the territory of the Republic of
Bulgaria has been carried out. For this purpose, statistical data for a past
43-year period were used to determine monthly seasonality and a 26-year
period, respectively, for diurnal seasonality [22].

Using an appropriate mathematical method, processing and analysis of
the available statistical data on forest fires occurring on the territory of the
Republic of Bulgaria were carried out.

The analysis carried out allows the results obtained to be used for
undertaking appropriate preventive measures and planning specific
management decisions for combating forest fires in Bulgaria.

The indices of monthly seasonal fluctuations Is have been calculated
and are presented graphically in Fig. 2.1.12

Index of monthly cyclicity of forest fires in Bulgaria for
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Fig. 2.1.2. Seasonality index ot torest 1ire occurrence In Buigaria auring
the period 1980-2023.

A pronounced monthly cyclicity in forest fire occurrence in Bulgaria has
been established, characterised by two main peaks, the first and largest in
August, and the second in March of the calendar year.

The diurnal indices of seasonal fluctuations Is have been calculated and
are presented graphically in Fig. 2.3.8.



Index ofdaily ciclity of forest fires in Bulgaria by time of
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Fig. 2.2.7. Diurnal cyclicity index of forest fires in Bulgaria by hour of
occurrence for the period 1995-2021.

Diurnal cyclicity of forest fire occurrence in Bulgaria has been
established, with 16:00 hours of the day determined as the most probable
hour of occurrence

On the basis of the results of the analyses carried out in Section 2.1 and
Section 2.2 of Chapter Two, the main conclusion that may be emphasised
is that the greatest probability of forest fire occurrence in Bulgaria exists in
August of the calendar year and at 16:00 hours of the day.

CHAPTER THREE
EXPERIMENTAL PART

3.1. Research methodology. Experimental equipment.

Forest and field fires are characterised primarily by the combustion of
flammable materials of plant origin. This concept should be generalised as
combustion of forest litter, herbaceous vegetation and shrubs, and in crown
fires also trees. Environmental conditions, landscape and air parameters —
wind speed and direction, temperature and humidity — exert a significant
influence on the development of the process.

One of the objectives of the present research is to describe the model
covering the problem of combustion of homogeneous and heterogeneous
layers of natural flammable materials and the development of the
convective flow arising above them. The layers consist of dead forest litter.

While large-scale monitoring relies on satellte imagery and
meteorological data, ignition and initial spread of a forest fire are governed
by processes occurring at microscale within the fuel layer of forest litter.
The composition and condition of this layer, consisting mainly of forest
detritus, are critical factors determining overall fire risk [69].

In the field of forest management in Bulgaria, the term "Dead forest
litter" has been adopted, for which a specific definition is given in [37],
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namely: "Dead forest litter is a supra-soil organic layer formed from fallen
woody and other plant material".

The accuracy of forest fire risk assessment and fire behaviour modelling
is critically dependent on precise characterisation of the forest fuel layers
comprising dead forest litter.

In temperate mixed forests, dead forest litter is often a complex mosaic
of fuel types composed mainly of debris from both broadleaved and
coniferous tree species. These types of debris possess different physical
and chemical properties — such as packing ratio, surface-to-volume ratio
and chemical composition — which significantly influence their combustion
dynamics and overall flammability

Despite these differences, modern large-scale fuel hazard models often
simplify this complexity by treating mixed debris as a single homogeneous
mass. This generalisation can lead to significant inaccuracies in forecasting
fire spread and intensity. A key challenge is the lack of effective techniques
for remote sensing capable of distinguishing these fuel types at ground
level, especially beneath a dense forest canopy. While optical and infrared
methods have limitations due to attenuation (shading) by the canopy, the
use of low-frequency radar, which has better penetration capabilities,
remains to a large extent an unexplored path for this specific application.

The other main objective of the present research is to propose a new
approach for remote classification of fuel types by correlating their
combustion behaviour with their UHF radar backscatter signatures. It is
assumed that the structural differences between broadleaved and
coniferous forest litter lead to different moisture evaporation dynamics
during the initial phase of fire development.

The task is to investigate this hypothesis experimentally. For this
purpose, a comparative analysis will be carried out of combustion dynamics
and simultaneous measurements of UHF radar backscatter for both
broadleaved and coniferous dead forest litter under controlled laboratory
conditions.

As the ultimate practical objective of the experiment, it is to be
determined whether a unique radar signature exists that can be used for
reliable discrimination of these fuel types, thereby providing a new method
for creating more accurate high-resolution fuel maps to improve fire hazard
models.

Samples of broadleaved dead forest litter composed mainly of leaves
from Quercus robur (pedunculate oak) and Fagus sylvatica (European
beech) were collected from a temperate mixed forest.

After conditioning in a humidity-controlled chamber, a basic
thermophysical characterisation of the broadleaved forest litter was carried
out to establish its main properties. The results, summarised in Table 3.1.1,
show a high fuel potential, with volatile solids comprising more than 90% of

total dry matter even at different moisture levels.
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Table 3.1.1 Basic properties of broadleaved
forest litter

Sample Moisture content Volatile solids (% of
(%) TS)
1. 10.4 92.1
2. 17.7 90.7

For comparison, samples of coniferous dead forest litter dominated by
Pinus sp. [70] and Pinus sylvestris were also prepared.

The collected material consists of a heterogeneous mixture of needles,
small twigs and bark fragments. Before combustion and dielectric analysis,
an analysis of the basic fuel characteristics was carried out to establish its
main properties. The results of this initial analysis are summarised in Table

3.1.2. It was established that the forest litter possesses acidic properties
(pH 4.2), with a high proportion of combustible organic material, indicating
considerable fuel potential.

Table 3.1.2. Basic thermophysical properties of coniferous
forest litter

Parameter Value
Moisture content (field, %) 13.31£0.8
pH 4.2
Volatile solids (% of total solids) 67.1+£1.2
Ash content (% of total solids) 32.9+1.2

Coniferous forest litter, in particular, represents a readily ignitable
fuel source due to its chemical composition and physical structure. Its
thermophysical properties — such as moisture content, bulk density and
volatile solids content — directly influence its ignitability and combustion
behaviour. Traditional early warning systems, however, often lack sufficient
accuracy to monitor these key fuel-level parameters in real time. This
creates a critical gap in detection capability, as significant changes in fire
risk at ground level can occur rapidly, long before they are detected by
remote sensing methods.

To overcome this gap, a new approach is needed that directly links
the fundamental fuel properties with a technical monitoring solution.

The objective of the experiment conducted is twofold: first, to carry
out a detailed thermophysical characterisation of coniferous forest litter in
order to quantify its combustion behaviour; and second, to demonstrate
how these properties can be correlated with parameters measured by low-
power sensor nodes. More specifically, the relationship between the
dielectric properties of the fuel and its time to ignition, observed through
thermocouple arrays and thermographic imaging [71], was investigated.
The ultimate goal is to create a scientifically grounded basis for a new
generation of in-situ, technically assisted early warning systems, capable of
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providing timely and accurate warnings based on the actual condition of the
fuel layer in the forest.

Detailed information on sampling locations and sampling methods is
given in Appendix IlI.

Combustion tests in the experiment conducted were carried out in a
specially constructed calorimetric cube with a side length of 21 cm
(calorimeter), which provides a controlled heating environment and allows
measurement of the rate of heat release.

A schematic representation of the calorimeter is given in Figure
3.1.1.

Figure 3.1.1. Schematic of the test calorimeter

To monitor temperature development during the experiments, the
setup was equipped with an array of 16 thermoelectric transducers
(thermocouples) of type K. They were strategically positioned to record
temperatures on the surface walls, within the volume of the fuel sample and
in the ambient environment.

A schematic representation of the conventional designation of the
calorimeter walls and the arrangement of the thermocouples is given in
Figure 5.2.
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Figure 3.1.2. Conventional designation of the walls of the
experimental calorimeter and arrangement of the recording
thermocouples.

For the purposes of the experiment conducted, a test rig was
constructed, which is shown in Figure 3.1.4.

Figure 3.1.4. Test rig — frontal view.

In addition to contact measurements with thermocouples, two non-
contact methods were used.

First, the entire combustion process was observed using a thermal
imaging camera (thermography) in the manner initially described in [72].
For visual observation and spatial temperature analysis a FLIR E40 thermal
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imaging camera with a clear view of the sample surface was positioned.
Thermographic data were used for visual confirmation of the exact moment
of ignition and for observation of flame front propagation through the fuel
layer

This allowed precise spatial identification of the ignition point and
real-time tracking of flame front propagation across the sample surface
(Fig. 3.1.5).

Figure 3.1.5. Propagation of the flame front across the sample
surface and thermographic image

Second, an open-ended coaxial probe operating at 10 GHz was
embedded in the forest litter sample to continuously measure its complex
dielectric permittivity (€*) [73].

To measure backscatter from the sample during the heating and
combustion process, a continuous-wave (CW) radar system operating at
450 MHz was used. The system was configured to record the intensity (in
dB) of the backscattered signal over time. A key aspect of the experimental
design is synchronisation of all data streams.

Data from the thermocouples, the FLIR E40 thermal camera and the
UHF radar system are recorded every 10 seconds by a central data
acquisition unit that logs the time of each measurement.

For the purposes of the experiment, measuring instruments of
approved type for use on the territory of the Republic of Bulgaria were
used. These had valid calibration status at the time the experiment was
conducted.

Information on the parameters of the measuring instruments used is
contained in Table 3.1.1.

Table 3.1.1. Parameters of the measuring instruments used.

No. | Name, type, identification Measuring Measurement
number range, accuracy uncertainty

1. | Digital thermo-hygrometer 5,0°C [5+0,15]°C
608-H1, No. 34817326 20,0°C [20+0,14]°C
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No. | Name, type, identification Measuring Measurement
number range, accuracy uncertainty
40,0°C [40+0,14]°C
30% [30+1,3] %rh
80% [80+1,4] %rh
2 | Digital thermo-hygrometer 5,0°C [5£0,15]°C
“Testo” 610, ser. No. 20,0°C [20£0,12]°C
39273594/809. 40,0°C [40+0,15]°C
30% [30+1,2] %rh
80% [80+1,3] %rh
3. | Air velocity meter P655-LOG | [0,15-20,0lm/s | [0,2+0,1]m/s
[3,0£0,12]m/s
[5,2+0,15]m/s
4. | Barometer “Testo 5117, serial | [300 — [500+3]hPa
number 39112763/603 1200]hPa;
Accuracy: = 3.0
%
Resolution: 0.1
hPa;
5. | Comeco TC800 — multi-point | [0...1600] °C 0.4% of range
control indicator Temperature
drift — 0.005% of
range per 1 °C
Cold junction
compensation +
1 °C, automatic
software
6. | ST thermocouple [-150 — 1600]°C | 3.0% of range

Combustion was initiated using a calibrated heat source to ensure
repeatability. During the preheating and combustion phases, data from the
thermocouples, thermal camera and dielectric probe were continuously
recorded. "Time to ignition" was defined as the time elapsed from activation
of the ignition source and its application to the forest litter until the first
visible sign of sustained flaming, confirmed by thermographic imaging data.

3.2. Visual investigation of
homogeneous forest litter.

combustion development in

Date of the experiment — 29 July 2023.
Location — village of Kostenets, F-plus laboratory complex.
Experimental conditions:
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- atmospheric pressure P = 936.2 hPa,;

- ambient temperature Tamb = 26.9 °C;

- air humidity RHair = 38.2 %

For each experimental run, a sample of defined mass was prepared
by weighing a specified quantity of conditioned broadleaved and coniferous
forest litter

A total of eight runs were carried out in the laboratory experiment
conducted. The first four are described in the main body of the dissertation,
and the remainder in Appendix V.

Run 1 — preparation and filling of the
calorimeter with forest litter.

60 g of oak forest litter were weighed
and then placed in the experimental
calorimeter prepared for this purpose.

Run 1 - “ignition” phase. Carried out
from the top of the calorimeter, at wall “C” of
the calorimeter.

Run 1 — maximum combustion phase.
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Run 1 — smouldering combustion phase.

Figures 3.2.1.1 and 3.2.1.2 present the graphs of the measured
temperatures from each thermocouple and the graphs of the minimum,
mean and maximum temperatures recorded during the run.

Graphs of the temperatures recorded by the thermocouples
positioned on the individual walls of the experimental calorimeter are given
in Appendix 4.

RUN 1

800.0
700.0
600.0
500.0

400.0

Temperature, °C

300.0 /
200.0

100.0 TP

— :":%: ——
0.0
0O 20 40 60 80 100120140160180200220240260280300320340360380400420440460480500520
Time. s

TC1 TC2 TCS3 TC4 TCS
TC6 TC7 TCS TCO TCI10

TC11 TC12 TC13 TC1l4 TC1S

TC16 T- surrounding

Figure 3.2.1.1. Graphical presentation of the temperatures recorded by 16
thermocouples measured during the first run
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Figure 3.1.2 Graphical presentation of the recorded minimum, mean and
maximum temperatures measured during the first run.

3.3 .Volumetric (mass-based) method for determining the rate of fire
spread in forest litter

The rate of fire spread in forest litter is an important parameter of a
forest fire. In most cases, it is a determining factor in fire development, the
tactics adopted for its suppression and the extent of damage caused. For
these reasons, study of the phenomenon of "rate of combustion spread in
forest litter" is extremely important for successful combating of forest fires
not only from a theoretical but also from a purely practical standpoint.

Under laboratory conditions, the rate of fire spread under accepted

flaming combustion can be determined as:
- time of passage between two thermocouples on the test specimen,

- or
- by determining the rate of burnout of the materials filling the test

calorimeter.
Since the second method is more accurate, the experimental

investigation was carried out using it.
The total mass (volumetric) burnout rate is determined from the time

of complete burnout (flaming combustion and smouldering) — tfb.

Iy
m
tl'[lr!

where: m = p-Wk — the product of the litter mixture density and the

volume of the experimental calorimeter.
From (3.3.1), the linear rate of fire spread across the forest litter is

calculated as:
Uy, = M (3.3.2)
g.B
Where: A is the cross-sectional area of the test specimen.

(3.3.1)
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The experimental investigations were carried out with beds of
coniferous and broadleaved forest litter under the following conditions:

- density of the test specimen — p = 6.478 kg/m3;

- moisture content:

a) broadleaved litter — (13.3+0.8)%;

b) for coniferous litter — (10.4+17.7)%.

The duration of combustion for broadleaved litter is Tc = 109 s and
the rate of combustion uf = 1.93-10-3 m/s = 1.92 mm/s.

The duration of combustion for coniferous litter is Tc = 92 s and the
rate of combustion uf = 2.28-10-3 m/s = 2.28 mm/s.

According to the literature [86], [87], combustion rates of uf = 3.3
mm/s are given, which represents a slight overestimate compared with the
investigations conducted. It should be emphasised that the initial conditions
of the cited experiments are not precisely described.

An experiment was also conducted on combustion of high-density
forest litter — a multi-year layer.

For broadleaved forest litter at p = 32.07 kg/m3, the described
methodology yields a linear rate of fire spread uf = 1.166:10-3 m/s = 1.166
mm/s.

For coniferous litter at p = 55.83 kg/m3, uf = 1-10-3 m/s = 1 mm/s.

3.4 Factors influencing the process of combustion spread in
forest litter.

- According to the literature [86], [87], the factors influencing the
process of combustion spread in forest litter may be grouped into two
main categories:

- environmental parameters where the combustion process occurs;

- parameters of the flammable material involved in the combustion
process.

It is known that environmental parameters such as wind, terrain
characteristics and relative air humidity [86], [87] exert a substantial
influence on the combustion process in forests.

The following relationship for the dependence of combustion rate o
derived [86], [87]:

1
up = 0 - (3.4.1)
1+7,8 1+W

where:
Uy — |inear rate of combustion.

Up — rate of combustion of forest litter at To = 20 °C.
W — moisture content of forest litter at initial temperature.
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Applying formula 3.4.1, the variation in combustion rate as a function
of moisture content for coniferous and broadleaved forest litter was
determined using the experimentally established values of up = 2.28 mm/s
for broadleaved and uo = 1.92 mm/s for coniferous forest litter.

The results are presented graphically in Figures 3.4.1 to 3.4.5.

u, m/s broadleaved forest litter on moisture

content W
0,234
0,231
v
€
£ 0,228
-
0,225
0,222
10 15 20 25 30 35 40
W, %

Fig. 3.4.1 Dependence of the combustion rate of broadleaved forest litter
on moisture content

u, m/s broadleaved forest litter on moisture

content W
1
2140 2
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17 6 '
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12 11
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u, m/s for coniferous forest litter on moisture
content to W
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Fig. 3.4.4 Dependence of the combustion rate of coniferous forest
litter on moisture content
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Fig. 3.4.5 Dependence of the combustion rate of coniferous forest litter on
moisture content

According to the literature [86], [87], in investigations conducted to
determine the combustion rate of forest litter at different initial heating
temperatures, the following relationship was derived:

u{ — uoe—D.DDETc
Uy — |inear rate of combustion.

Up; — rate of combustion of forest litter at To = 20 °C.
TO — initial temperature.
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Applying formula 3.4.2, the variation in combustion rate at different
temperatures for coniferous and broadleaved forest litter was determined
using the values established in the experiment of u0 = 2.28 mm/s for
broadleaved and u0 = 1.92 mm/s for coniferous forest litter.

The results are presented graphically in Figures 3.4.7 and 3.4.8.

u mm/s for coniferous forest fire litter on relative on initial

temperature
7,57
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6,7
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£ 3,7 8
= 4 g 29 7
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2,013 234
7
1
0
-50 0 50 100 150 200 250
To, °C

Fig. 3.4.7. Dependence of the combustion rate of coniferous forest litter
on initial temperature
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temperature
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Fig. 3.4.8. Dependence of the combustion rate of broadleaved forest litter
on initial temperature
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3.5. CONCLUSIONS

The following conclusions follow from the experimental
investigations and analyses conducted:

3.5.1. Fire spread in forest litter depends on its type and degree of
moisture.

3.5.2. Broadleaved forest litter yields a lower rate of fire advance
compared with coniferous litter, which is due to its structure and calorific
value as a fuel material.

3.5.3. In well-compacted multi-year litter beds, fire spreads more
slowly, especially in coniferous litter, and dies out within the depth of the
layer.

3.5.4. Atmospheric and natural factors are those that most
noticeably influence the process of fire advance up to its acceleration. It
should be borne in mind that the experimental investigations were
conducted under laboratory conditions with stationary air flows.

CHAPTER FOUR
INTEGRATED COMMUNICATION ARCHITECTURE FOR FOREST FIRE
RESPONSE IN BULGARIA

The proposed architecture is designed to overcome the established
gaps in existing coordination systems between services responsible for
forest fire response, achieving three main objectives.

First, it aims to reduce the average incident response time to under
15 minutes, ensuring that critical data reach front-line units quickly.

Second, it is designed to achieve link availability above 99.5%,
providing a resilient and reliable network even under adverse conditions.

Finally, the architecture is intended to provide a common operational
picture, enabling real-time video streaming and other sensor data from the
incident site to command posts [90].

The architecture integrates three separate but interconnected
communication layers to achieve these objectives:

- Layer 1: TETRA ground nodes (voice and low-speed data): The
foundation of the architecture is a network of terrestrial trunked radio
(TETRA) ground stations. This layer provides a resilient, secure and, most
importantly, operationally compatible push-to-talk voice communication
network for all responding institutions, eliminating problems with
incompatible legacy radio systems.

Layer 2: UAV-LTE relays (frontline data network): For high-speed
data transmission at the fire front, the system employs a swarm of 60
unmanned aerial vehicles (UAVS). These UAVs act as flying LTE (4G/5G)
base stations, creating a dynamic and self-healing "data cloud" over the
incident zone.
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Layer 3: L-/Ka-band satellite backhaul (resilient connectivity): To
ensure that the local network is never isolated, the architecture includes
two mobile satellite gateways.

The network simulations presented validate the proposed multilayer
communication architecture as a highly effective solution for modernising
Bulgaria’s forest fire response capabilities. The key findings — a 56%
reduction in average incident response time and link availability above
99.7% — demonstrate a significant improvement over the current
framework. The significance of this concept lies in its integrated, resilient
design, which ensures operational compatibility and high-speed data flow in
challenging environments. This hybrid network of unmanned aerial
vehicles, ground assets and satellites represents a decisive step forward
for Bulgaria's emergency services [94].

CHAPTER FIVE
ANALYSIS OF THE REGULATORY FRAMEWORK GOVERNING
FOREST FIRE PREVENTION AND SUPPRESSION ACTIVITIES IN
BULGARIA

The complicated fire situation in Bulgaria’s forests at the end of the
20th century and the beginning of the 21st century shows that the
effectiveness of the forest fire management system is not at the required
level.

Forest fire management includes two main types of activity:

- preventive activity — aimed at preventing the occurrence of forest
fires;

- operational activity — aimed at suppressing forest fires and
eliminating their consequences.

The regulatory framework is of particular importance for the proper
organisation of activity in both areas.

On the basis of the analysis carried out, the following conclusions
have been formulated:

» The regulatory framework in Bulgaria governing forest fire prevention
includes acts of different rank, with some documents containing
overlapping texts and, in some cases, even certain contradictions.

» Most subordinate regulatory documents are linked to the adoption of
the Forests Act in 2011, but despite this, a unified approach to forest
fire management in Bulgaria has not been established, as the activity
of the responsible institutions is regulated by a number of special
laws.

» In legal and subordinate acts, the question of interaction of forces
and resources remains underdeveloped, both in carrying out
preventive activity and in participating in fire suppression operations
during forest fires.
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» In the criteria for establishing fire protection units, the presence of
forest and field areas within the served territory has not been taken
into account
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SCIENTIFIC AND APPLIED CONTRIBUTIONS

1. A methodology for investigating combustion processes in different
types of forest litter has been developed and experimentally validated,
allowing quantitative determination of the influence of moisture content,
temperature and other factors on the rate of combustion spread.

2. A volumetric (mass-based) method for determining the rate of fire
spread in forest litter has been proposed, representing an original
engineering solution that extends the experimental approaches used in
forest fire research.

3. Relationships have been established between the dielectric
characteristics of flammable material and the probability of occurrence and
development of forest fires, creating prerequisites for their use in fire
hazard assessment.

4. The possibility of using remote methods, including SAR technologies,
in identifying different types of flammable materials and assessing the risk
of forest fire occurrence has been demonstrated.
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APPLIED CONTRIBUTIONS

1. A statistical analysis of the dynamics of forest fire occurrence in
Bulgaria has been carried out and the indices of monthly and diurnal
seasonality have been determined, representing a useful tool for planning
preventive activities and resource provision for fire protection services.

2. A concept for a multilayer architecture for forest fire response has
been developed, integrating unmanned aerial systems, LTE networks,
TETRA communications and satellite channels.

3. Improvement of the organisation for investigating the causes of
forest fire occurrence in Bulgaria and updating of the regulatory framework
in this area has been proposed.

4. The use of remote means for monitoring forest fires has been
proposed.

5. Organisational improvement of interaction between the individual
institutions with responsibilities in the process of forest fire management in
Bulgaria has been proposed.
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