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IHOBUITABAHE HA TOYHOCTTA IIPU CTPYI'OBAHE YPE3 U3I1OJI3BAHE HA
PEXKEIIM UHCTPYMEHTU CbC CMEHSAEMUA INVIACTUHHU

Anexcanabp Mapkos!, Aurea Jumutpos!
IMPROVING TURNING ACCURACY USING INDEXABLE INSERT TOOLS

Alexander Markov!, Angel Dimitrov!

Pe3rome: CtpyroBaHeTo € €MH OT Hal-IIMPOKO M3IMOI3BAHMTE IPOIECH 32 MEXaHMYHAa 00paboTKa B MPOU3BOJICTBOTO, NPH
KOWTO pa3MepHaTa TOYHOCT M Ka4eCTBOTO Ha MOBBPXHOCTTA ca OT KIIFOUOBO 3HaUeHHUE. B HacTosImaTa craTus ca pasriielaHu
CTPYrapCcKy HOXKOBE ChC CMEHSIEMHU IUIACTUHM C Pa3jiM4Ha KOHCTPYKUMs M reoMeTpus. M3cnenBanero ce doxycupa BbpXyY
BIMSHUETO HAa TeOMETpHATa Ha MHCTPYMEHTa M BHIAa Ha HMHCTPYMEHTAJHHUS MaTepuall BbPXY pa3MepHaTa TOYHOCT Ha
oOpaboTBanuTe JeTaiinu. [IpoBeneHn ca eKCIIEpUMEHTANHE H3CIEIBaHU BbPXY CTOMaHEHU 3arOTOBKH Ype3 U3IIOJI3BaHE Ha
CTPYTapcKH HOXKOBE C Pa3IMUHA TEOMETPHS Ha PeXelnaTa 4acT.

Ki1104oBH 1yMH: CTpyroBaHe, CTPYTapcKy HOX, PEKEI] HHCTPYMEHT, PeXKella ITACTHHA, pa3MepHa TOYHOCT.

Abstract: Turning is one of the most widely used machining processes in manufacturing, where dimensional accuracy and
surface quality are of critical importance. This article examines indexable insert turning tools with different designs and
cutting-edge geometries. The study focuses on the influence of tool geometry and the type of cutting tool material on the
dimensional stability of the machined parts. Experimental investigations were conducted on steel workpieces using tools with
different geometric parameters.

Keywords: turning, turning tool, cutting tool, cutting insert, dimensional accuracy.

I. BBBEJEHMUE:
OcHOBHaTa 1IeN € Jia ce OIICHU BIMSHUETO Ha
BUJIa HA PEKEIIUS HHCTPYMEHT BBPXY TOYHOCTTA
(¢ur.1) mpu BBTPEIIHO pa3CcTbprBaHe HA OTBOP

[Tpobute ca oOpaboTBaHu Oe3 M3MOJI3BaHE
Ha OXJIAKJAllla TeYHOCT (CyXO psi3aHe), 3a Ja ce
OLICHU HOBEJICHUETO Ha pa3IUuHUTE
UHCTPYMEGHTH ITIPH  €CTECTBEHO  TOIUTHHHO

(J65 MM mpu MOCTOSHHU PEXKUMM Ha psA3aHe U
0e3 m3noisBaHe Ha oxjaxmaama tedynoct (COT).
NscnenBaneTo o6xBaia Tpu HHCTPYMEHTA:

* VCMT — ocTpa cMeHsieMa IJ1aCTUHA C BPbX
35°,

« CCMT - yHuBepcalHa  CMEHsAEMa
mractuHa 80°,
« T5KI0 — HUHCTpyMEHT CBC 3aloeHa

TBBPAOCILIaBHA IJIaCTUHA.

II. METO/JAM HA U3CJIEJABAHETO:
ExcriepuMeHTaTHUTE U3CIIeIBaHUS Ca TPOBEICHU
Ha yHuBepcasieH ctpyr SU-502, obopynBaH ¢
Ibpxkad 3a 00paboTKa € KBagpaTHO CEYeHUeE
25%25 mm, ocurypsBaml CTaOWIHOCT U
MUHUMaJIHA fAedopMalius npyu HaTOBapBaHE.

W30panusT nerain e MWIMHIPHYEH MPBT
or ctomana 40X, 3akaieHa U OTBbpHATa 10
TBBpRocT okoino HB 220-240, xkoeto g mpaBu
NOIXOJAIIa 3a HU3CIeABaHE Ha TOYHOCT Ha
YeCcTOTa PU Pa3CThpPrBaHE.

HaToBapBaHe. To3W MOAXO/ IMO3BOJISIBA TO-SICHO
pasrpaHr4yaBaHe Ha TEOMETPUYHUTE e(EeKTH,
nopoJieHH OT ¢opmara W CTaOWIHOCTTa Ha
pexemus pwo. [1]

PexxumuTe Ha psi3aHe ca moJOpaHM Taka, ue
Jla OCUTYpPSIT ONTHUMAIHO CHOTHOIICHUE MEXIY
YUCTOTA Ha TIOBBPXHOCTTA W MHHHMAJHA
KOHYCHOCT:

- Cxopocr Ha ps3ane (Ve): 120 m/min

- [Togasane (f): 0.08 mm/06

- Ipn6oumnna Ha ps3ane (ap): 0.3 mm

- IbpmxuHa Ha oOpaboTBanus ydactbk (L): 50
mm [2, 3]

Bcekn MHCTpYMEHT € W3MON3BaH 3a JBa
MOCTIEIOBATEIHH TPOX0/1a, KATO MEXIY TAX HE €
U3BBPIIBAaHA KOPEKIUS Ha TMO3MUIUATa Ha
IbpKada, 3a Jga Ce  OICHM peayHaTa
MIOBTOPSIEMOCT Ha MpoIieca.

[To Bpeme Ha eKkCHepUMEHTa ca U3MEPEHU
JIBA  XapakTepHU  JAHAMEThpa 32  BCEKHU
MHCTpYMEHTaJIeH npoxon — Dexon, u Dusxon.
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N3mepBanusaTa ca WU3BBPIIEHH C BBTPEILICH

MUKpOMETHP ¢ TouHocT 0.01 mm[4].

K = Dusxox —DBxox (r
Kbnero: OcHOBHUAT MoOKa3aTen 3a OICHKa

Ha TO4yHOCTTa € KoHycHHAT wuHAekc (K),

OIIPCACIICH KaTO pasjiuka MCXKAYy AUaMCThbpa B
Kpas 1 B HA4YaJI0TO HAa OTBOPA.

Torknonenue = max |D-Dol (2)

Kbnero:Do— € HOMUHATHUAT JUAMETB].

¥ 2 \
|/ 3arotoBka :

Pexxeit, MHCTpyMeHT

[5]

®ur.1-O6paboTka Ha BETPEIIEH THAMETHP

1. 3AK/IFOYEHMUE:

Ot ananmm3a Ha pesynrarure (tabm.l) ce
YCTaHOBSIBA, Y€ TOYHOCTTA HA Pa3CTbprBaHe MpHU
BBTPELIHU LMJIUHAPUYHU MOBBPXHOCTH DO65SMM
ce ompefens OCHOBHO OT CTaOWIHOCTTa Ha
reoMeTpHsiTa Ha MHCTPYMEHTa M YCJOBHSATa Ha
pszane. [6, 7]

Cwmensiemute mnactuau tun VCMT u CCMT
MOKAa3BaT IO-CTa0WJIHO TOBEIEHUE MOpaiau IOo-
n00poTo OanaHCHpaHe Ha CWIMTE Ha ps3aHe U
ontumanHata (opma Ha Bbpxa. [Ipu VCMT
reoMeTpusTa ¢ BI'ea 35° ocurypsiBa IjIaBeH
OpexoJl Ha  HATOBapBAaHETO W  HaMalsBa
BuOparnuure, gokato CCMT  (erenm 80°)
NOJIIbpXKa TMO-BUCOKA 3[ApaBHHA Ha pbba U €
HOAXOAAIIAa TPH TO-IBJIOOKH W MO-TpyOoH
npoxoju. [8, 9]

Tabnuna.l Pesynratu ot m3mMepBaHe Ha
BbTpelHus quametsp [10]

VCMT 65.000 65.000 65000 0.000
CCMT 65.600 65.600 65600 0.000
N
T5K10 66200 66200 6621 001

WHCTpYMEHTBT € TBBPIOCIUIABHA ILIACTHHA
T5K10 moxka3Ba xonyc unuekca K - 0.01 mm,
KOETO MOXKE Jla c€ O0SICHH C:

- Ilo-ronsiMaTa TBBPAOCT Ha BpB3KAaTa MEXKITY
Ibp)Kaya M IJIaCTUHATA, BOJEIIA JI0 IO-MajKa
eacTHYHa JeopMaIus;

- [To-BHCOK KOCUIIMEHT HA TPHEHE TPU CyXa
obpabotka (6e3 COT), Kkoero TMOBUIIABA
JIOKAJTHUTE TEMIIEpaTypH B 30HATa Ha pPsA3aHE;

- TepMmuaau HanpeKeHus, KOUTO
NPEMU3BUKBAT MUKpozaedopmarus Ha
MOBBPXHOCTTA MIPH U3X0Ja OT OTBODA.

BusyanHusT KOHTPOJ Ha MOBBPXHOCTTA
MOKa3Ba, 4Ye TpU CMEHsAEMUTE IUIACTHHH,
oOpaboTeHaTta 30Ha € IO-XOMOTE€HHa M C TIO-
paBHOMepHa TekcTypa, aokaro npu TS5K10 ce
HaOIOaBaT JIeKW CIIEAM OT U3TErJIsiHE Ha
MaTepuasa B Kpasi Ha OTBOpa.

ToBa e nokasares, 4e pu NO-IPOABIDKUTETHA
paboTa Uu MpU MO-BUCOKH CKOPOCTH pa3iinKara
MEXJ1y HMHCTPYMEHTUTE MOXKE Ja CTaHe IOo-
u3paseHa.

OcHoBHUTE (DaKTOpH, KOWUTO BIUSSAT BBPXY
CTOMHOCTTA HAa KOHYCHUS UHJIEKC, Ca!

- TemnepaTypHOTO  pa3lIMpeHUE  Ha
MHCTpYMEHTA U JeTaiina;

- H3HocBaHeTo Ha pexenus pro;

- TewvpmocTTa Ha 3aKpenBaHe Ha IbpKaya;
- Hamnuumero (wiM OTCHCTBHETO) Ha
OXJIaXKJalla TeYHOCT.

IIpu BeBexkagane Ha COT (eMylicHOHHA WU
CHHTETHYHA) C€ OvyakBa HaMaJliBaHE Ha

N3BECTHA HA CBIO3A HA YYEHUTE — BAPHA 1°2025 5
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TCPMUYHUTC HAIPCIKCHUA H CTa6I/IJ'II/IBI/IpaHC Ha

reoMeTpusTa, koeto 6u mosesno 1o K <0.001 mm.

®unancupade: Hayuynure wu3cienBaHus,
pe3yJTaTuTe OT KOMTO Cca IMPEICTaBEHU B
HAcToAlaTa MyONUKAlKA, ca W3BBPILICHH [0
npoexT K/14/2025r. B paMkuTe Ha MpUCHIIATa HA
TY- Bapna Hay4yHOM3CIIEIOBATEIICKA JEHHOCT,
(duHAHCHpaHAa IIEJIEBO OT AbPKABHUS OFOJKET.
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INPOEKTHPAHE HA MHCTPYMEHT 3A CTYJAEHO ®OPMOOBPA3YBAHE HA
HNUJIMHAPUYHU TBHKOCTEHHU JETANUJIN

sIpocaas Aprupos !, lunsina I'eopruesa 2

DESIGN OF A DIE FOR COLD FORMING OF CYLINDRICAL THIN-WALLED TUBES
Yaroslav Argirov ! Dilyana Georgieva 2

Pe3tome: M3cnenBaHeTo Ha JOMBIHUTEIHOTO (OpMOOOpa3yBaHe IIPH THHKOCTCHHU TPHOU B JOCTABHO CHCTOSHHE, BKIIOUBA
M3MEHEHHE Ha TeOMETpHATa Ha TPhOaTa M NPOMsHA Ha MEXaHWYHUTE CBOWCTBA Ha MaTepuala U, KOETO € NPeIM3BUKATENICTBO,
Oasupario ce Ha opMaTa U CTPyKTypara Ha 0a30BUs Merai. [IpenBun Te3u Mpeau3BHKATEICTBA B JOKIaAa € MpeICTaBeH
MHCTPYMEHT, KOWTO € TIPOEKTHPaH U U3paboTeH, ¢ Bb3MOXKHOCT 3a JieUHIpaHe Ha IUIACTHYHUTE U SIKOCTHH XapaKTEPUCTUKU
Ha MaTepualia, B 3aBUCHMOCT OT CXeMaTa Ha HaTOBapBaHe.

Kiar04oBH 1yMH: TEHKOCTEHHH TPBHOH, CTyAeHO (hopMooOpa3yBaHe, HHCTPYMEHT.

Abstract: The study of additional forming in thin-walled tubes in the as-supplied condition includes changes in the tube's
geometry and alterations to the mechanical properties of the material, which is a challenge based on the shape and structure of
the base metal. Given these challenges, the report presents a die for cold forming that has been designed and manufactured
with the capability to determine the plastic and strength characteristics of the material depending on the loading scheme.
Keywords: thin-walled pipes, cold forming, die.

I. BBBEJIEHMHE: WHCTPYMEHT, KOWTO JlaBa BB3MOXKHOCT 3a
N3cnensanero Ha JOI'BJIHUTETHOTO  Je(UHMpaHEe Ha IUIACTUYHUTE M SKOCTHHU

¢opmooOpasyBaHe NpU THHKOCTEHHH TPHOM B  XapaKTEPUCTHKU HA MaTepualia NpH Pa3InIHU

JIOCTaBHO CbCTOSIHUE Ipe/CTaBIsiBa  CXEMH Ha HATOBapBaHE.

IPEIN3BUKATEIICTBO nopaau HNPUCHIIUTE

IPOMEHH B TEOMETPUSITa U MEXaHHUYHUTE
CBOMiCTBa Ha MaTepuana, KOUTO ca IMpsKO
3aBUCUMH OT (Qopmara u CTpyKTypata Ha
U3XOJIHUS MeTall.

Brorpeku Te3U MPeIM3BUKATEIICTBRA,
BB3MOKHOCTTA 32 paboTa ChC CTAaHAAPTHU TPHOU
B JIOCTaBHO CHCTOSHUE 3HAUUTEIHO pasllIupsiBa

TCXHUS NOTCHI WA 3a IPUIIOKCHUEC B IIPpAKTUKATA.

H3non3BaHeTo Ha MacoBO MPOU3BEKIAHH, JIECHO
JOCTBITHM MaTepuain EIMMHUHHpA HYXKJIaTa OT
CKBIIM U BPEMEEMKH WHIUBUIYaTHU MOPBHYKH,
KOETO MPaBH MpoIeca NKOHOMHYECKH e(PeKTUBEH

U JIECEH 3a BHEAPSBaHE B  pa3iU4yHU
WHyCTPUATIHU CEKTOPH.
ToBa 1oO3BOJsBA CTaHIAPTHUTE TpPBHOM,

I'bPBOHAYAJIHO IIPEJHA3HAYEHU 34 JIMHEHHU
NPUIOKEHUS, 1a ObAaT TpaHCHOPMUPAHU dUpe3
TOIBIHUTETHO (popMooOpazyBaHe B CIOXKHU
KOMITOHEHTH ChC CIICIM(DUIHN U3BUBKH

3a ;1a ce OTrOBOPHU Ha MPEAM3BHKATEIICTBATA
npu (hopMooOpa3yBaHETO Ha TE3W CTAHAAPTHHU
TpOM M J1a Ce TapaHTHUpa HAJACKIAHOCTTA Ha
KpaHHUs TMPOAYKT, B JOKJIaa € IpeaCcTaBeH
CICIHATHO MIPOCKTHPAH u u3paboTeH

II. METOIUKA HA PABOTA

2.1. lepunupane 1ejTa Ha U3CJI€IBAHETO
Ilenta Ha U3ClIeIBAHETO € JIa CE€ OCHIIECTBU

dbopMooOpa3yBaHe Ha THHKOCTCHHU TPHOM OT

HepbXaaema crtomaHa kiac 304 B cTyaeHO

CBhCTOSIHME, KAaTO €IHOBPEMEHHO C€ HaMallsiBa

rpanaBoCTTa U Ce ysK4aBa MOBbPXHOCTTA.

JAedopManaosHO
YSIKYeHa OBbPXHOCT

/

Hsxogna
rpamaBocT

®@ur. 1. Cxema nokaspaia CTpyKTypHHUTE U SKOCTHU
M3MEHEHHMS TIPH CTy/eHa IUIacTHYHA Aedopmanust ¢ men
(dopmooOpa3yBaHe
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2.2. [IpoekTHpaHe HA HHCTPYMEHTA
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®@ur. 2. [IpoekTupane Ha UHCTpyMEHTAIHATA
E€KUITUPOBKA
|-Ba ycTaHoBka ‘

@ur. 3. [Ipoekrupane Ha GpopMooOpa3zyBaHaTa
TBHKOCTEHHA TpBH0Oa

III. "”3BPABOTBAHE HA HHCTPYMEHTA

Obdpaborena Tpuda

JIOCTABHO ChCTOSIHHE HA
TpBOaTa

CeuBage S mm

@ur. 4. lHCTpyMeHTaIHA EeKUITUPOBKA 32
(dhopMooOpazyBaHe upe3 CTyACHA IIIACTUYHA Ae(hopMaIius
Ha ThHKOCTEHHU TPHOU

IV. 3AKJIIOYEHMUE:

PazpaboTreHaTa TEXHOJOTMYHA EKUITUPOBKA
MOCTHTHA IIenTa cu - QopmMooOpasyBaHe Ha
THPHKOCTEHHH TPBOM B  CIIOXKHO penedHu
NOBBPXHUHH. J[OMBJIHUTEIHO Ca MOJY4YCHHU
TOYHU LWIMHIPUYHM pa3MepH B 30HATa Ha
oOpaboTkara, KaTo e KOMIICHCHpaHa
ObPBOHAYAIHATA HETOYHOCT IO  OKPBKHUS
pa3mep Ha TpHOUTE B JOCTABHOTO MM ChCTOSHHE.
[lpu uenHo BB3ACHcTBUE U nedopMmanus B
HAlPEYHO  CCUCHME,  BKJIIOYUTEIHO  IIPU
noJiy4aBaHe Ha OOpbIaHe Ha YeJIOTO Ha TphOara,
HE Ce HapylllaBa TOYHUAT HWIMHAPHYCH pa3Mep B
30HaTa Ha oOpaboTka. O6paborenute
MOBBPXHOCTH C€ XapaKkTepu3upaT C BHUCOKA
TBBPJIOCT M HHCKa TpamaBocT. B 30Hara Ha

oOpbluaHe, KbpAETO C€ Ch3laBa TPHUMEPHO
HAlPErHATO HATHCKOBO CBHCTOSIHUE, HE ce
HaOmIoaBa TMosiBA Ha  IyKHAaTHHH, KOETO

IIOTBBpPIK/AaBa CQ)GKTI/IBHOCTTa U HaACKIHOCTTa
Ha NPUIJIOKECHATa TCXHOJIOTUAA.
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CTPYKTYPHU OCOBEHOCTH HA CTOMAHEHO-bPOH30BU BUMETAJIA,
MHOJYYEHU YPE3 JIEEHE NJIU HABAPSABAHE

Huxonaii Beaue !, Tarsana Meukaposa 2

STRUCTURAL FEATURES OF STEEL-BRONZE BIMETALS OBTAINED BY CASTING OR
SURFACE LAWING

Nikolay Valchev ! Tatyana Mechkarova ?

Pe3rome: JlokmagbT aHaMM3Upa CTPYKTypara, IOJIydaBaHa clie]l JeeHe MM HaBapsBaHE HAa OMMETAIHN MaTepHally, OIyICHH
MEX/Iy KOHCTPYKIIMOHHA CTOMaHa M alyMHHHEB OpoH3. Pa3riexnar ce KONMM4ecTBo M BUJ Ha CTPYKTYpHHUTE (hazu U nedekT,
KaTo ce HabJsAra Ha TPyAOEMKOCT Ha Pa3INYHUTE TEXHOJIOTHH.

KarouoBu qymu: Gumeran, amyMUHUEB OpOH3, JieeHe, HaBapsiBaHe.

Abstract: The report analyzes the structure obtained after casting or surface layering of bimetallic materials between structural
steel and aluminum bronze. The quantity and type of structural phases and defects are examined, with emphasis on the labor
intensity of the different technologies.

Keywords: bimetal, aluminum bronze, casting, surface layering .

I. BBBEJIEHHE:

bumeranuuTe marepuanu HaMuparT UIUPOKO
NPWIOKEHUE B PA3JIMYHU UHAYCTPUH:
e EjekTpoHMKA U €JIeKTPUYECTBO: HU3I0JI3BAT
ce 3a KabeaHU ChEeIUHUTETU (KJIEMH M THI3H
Al/Cu), TbHHM TIIIATKH, KOHEKTOPU U PauaTOpPH,
KBJIETO € HEOOXOIUMO HAJIC)KTHO CBBbp3BaHE Ha
pa3mu4HU MIPOBOAHULIA 15030 e(eKTUBHO
pasceiiBaHe Ha TOIUIMHATA,
e ABTOMOOWJIHA MHAYCTPHUSl: IpWiIarat ce B
KOMIIOHEHTH Ha JBHUTATENH, W3ITyCKATEIHU
CUCTEMHU U CIIUPAYHU CUCTEMU;
e AepokocMHYecKa NPOMUILILIIEHOCT:
MO3BOJIIBAT ~ pa3pabOTBaHETO HAa  MOJCPHU
ABUTATCIH W CHCTEMM 33 TCpMHUYHA 3allUTa, @ur. 1. [Ipunoxxenne Ha OUMETATHHA BTYJIKH:
KOUTO U3ABbPKAT HA EKCTPEMHU YCIIOBHUS, 2) GUMETATHH BTYJIKH 32 IBHTATEI;
e UHcTpyMeHTH: OUMETAJIHUTE CBpeMsia U 0) ¢nanern Brynku 6e3 MacJo.
TPUOHU CHYETABAT 3IpPaBUHA U U3APBKIUBOCT,
KOETO TM TpaBU TMOAXOIAIIM 34 pA3aHE Ha
pa3IMYHU MaTepuaad Karo JObPBO, METAIHU
JUCTOBE M TUIACTMACOBH TPHOU; XapakTepHO 3a U3CNUsITa OKa3aHu Ha ¢ur. 1,
¢ Bumerajguu MJACTUHU (TepMOCTaTI/I): € Y€ chyeTaBaT IKOCTTa Ha CTOMaHaTa C BUCOKa
CIIy>KaT KaTo OCHOBHU eJIEMEHTU B HU3HOCOYCTOMYHUBOCT U KOPO3HMOHHA YCTOUYHUBOCT
TEeMIIepaTypHU CEH30pH, peKbCBAYU u Ha 6POH30BHT€ CIJIaBH.
TEPMOPETYJIATOPH.
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II. CTPYKTYPHU OCOBEHOCTH HA
CTOMAHEHO-BPOH30BHU BHUMETAJIA,
HOJYYEHH YPE3 JIEEHE nin
HABAPSBAHE

2.1. Crpykrypa Ha HaBapeHH OHMeTAJHH
oopa3zum (Pwur.2)

HaBapsBaneto € 3aBapbyeH Ipouec IpHU
KOMTO BBpXy ©0a30B MertasieH oOpaszen ce
HaIlJIacTsBa OTrope 100aBbyYeH MeTall, Hail-uecTo
ten upe3 BUI unu PE/I3-meton Ha 3aBapsiBane.
B cnyuas e uznonszsan BUI'-meTon ¢ Bongpamon
HETONUM €JIEKTpoX M J00aBbYeH MeTan -
OpOH30Ba CIUIaB ChC ChABPKAHHE HA AyMUHUI
nmo 8%. Mapka Ha [100aBBYHHS MaTepuai
CuAl8Ni2. 3a ocHOBEH MeTal BbpPXY KOWTO ce
HaBapsiBa € n30paHa KOHCTPHUKI[MOHHA CTOMAaHa,
M3II0JI3BaHa 3a BaJIoBe U ocH, Mapka 40X.

®ur. 3. MUKPOCTPYKTYpH B:
a) HaBapeH MeTall; 0) 30Ha Ha CIUIaBsABaHE; B) 30HA Ha
TEPMUYHO BIUSHHE; T') OCHOBEH MeTal

@ur. 2. HaBapenu ¢ anyMuHHEB OpOH3 OUMETATHH
00pasmu ot ctomana 40X

Ot nomyyeHutre OUMETaJIHU  NPOOHU
obpasim  (¢dur.2) crmex HaBapsBaHETO ca
u3paboTeHN MUKPOCTPYKTYpH (¢ur. 3), kouro ca
MOCJEIOBATEIHO NUTM(GOBAHU, TMOJUPAHU U
pa3siieHu c HOIX OIS peaKkTuB
(FeCI3+tHCI+H20- 3a Oponza u 3%HNOs:- 3a
CTOMaHaTa).

Ha mnaBapenute OumeranHu oOpasuu e
U3MepeHa M MHUKpPOTBBPJIOCTTA MO METojAa Ha
Bukepc (¢wur.4).

= 306 HVD.05

= 2TTHNOS
331 HVOOS

§ B HVE0S
- 7S HVOLS
T V005

Ry HVD.05
= B0 MVDLGS
E 36 EVOS

— SEA V005

—— 357 HVD.0%

®@ur. 4. Mukpo t8epaoctd HVO0,05 B cTpykTypara Ha
HaBapeHU OMMETaIHN 00pa3n
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2.2. Crpykrypa Ha 3aJATH OHMeTAJHH
o0pasuu (Pur.4)

bumeramauTe 00pa3ny, MONydYeHH Upe3
3aJMBaHe ca M3pabOTEeHH 4Ype3 TEeXHOJIOTUs
HapevyeHa KOKWJIHO JIeeHEe B METauHH (popmu, B
KOMTO C€ 3aJlara ChbpLEBHUHA OT KOHCTPYKIIMOHHA
cromana wmapka 40X. ChIIHOCTTA C€ ChCTOU B
HOArpsiIBAaHE HAa  MeTajHaTa KOKMJIa  ChC
MeTaJHaTa ChpIEBMHA Ha MOJIrPEeBHA Maca,
cilefiBa MPEMECTBAHETO UM BbpPXY BUOpPO Maca U

3aJIMBAaHC B KyXHHATa Ha M[IPEABAPUTCIIHO

CTOICHHUS aTyMHUHHEB OPOH3 ChC ChIAbpKAHKE Ha
aJ'IP/MI/IHI/Iﬁ 12%.

@ur. 4. 3TN C aTyMIHHEB OpOH3 00pa3Iy OT CTOMaHa
40X 3a mosiyyaBaHe Ha OUMeTaIH

Ot nomyyeHutre OUMETAJIHM  NPOOHU
o0pasiu (pur.4) ca u3paboTeHU
MHKPOCTPYKTYpUTE OKa3aHH Ha ¢ur. 5.

HV 0.05

440
400

[Cual12Pbd]
(CuAl12Pb2
3601, |CuT12Pb6|

280
260

" L,mm
0.5 1 15 2 25 3 35 4 4.5 5 5.5 6 65

@ur. 5. MUKpPOTBBPIOCT HA 3aJSITH OUMETATHU 00pa3Iy ¢
Pa3IHYHO CHABPIKAHUE Ha OJIOBO B CIUIABTA U CHIBPIKAHHE
Ha amymMuHui 12%

OCHOBHUTE U3BOJIHU Ca:

1. IlpeanoxxeHUsAT TpUM3MEpEH MOJENI IpHU
W3BBPIICHUS KOMITFOTHPHO-CUMYJIAIIHOHEH
aHaJM3 T0Ka3a, 4e € cTabuieH U Oe3omaceH npu
MPUIIOKEHOTO BHTPEITHO U BHHIITHO HAJSITaHe.

2. IlpennoxkeHara MeToaUKa € NOAXOAAIIA 3a
IWHAMUYHUA ~ W3MUTaHUA  HAa  KOMIIO3UTHHU
TpbOOIIPOBOJM,  HOJABOJHU  WJIM  BHCOKO
aTMOC(epHHU KOPIYCH Ha JICTSIIN WM TMypPKaIIH
Ce ChbOPBKEHHUS.

3. CnepBamata CThIIKA € U3TCPAKIAHETO HaA
¢u3nyeckd MPOTOTUI HAa CTEHAAa U H3MUTBaHE
pU CUMYJUpPaHE Ha PEaTHU PAaOOTHU YCIOBHSL.
1. 3AKJ/IIOYEHHUE:

W3cnenBaHeTo Ha CTPYKTYPHHTE OCOOEHOCTH
Ha HAaBapEHUTE U 3aJeTUTE OMMETalHU 00pa3Iu
OT  aJyMHUHUEBO-OJIOBHM  OpOH3M, IIOKa3Ba
3HAYUTEIHO [OBHIIABAaHE Ha TBBPAOCTTa B
MOBBPXHOCTHUTE 30HH, JHIca Ha jaedekry,
KOUTO BEpPOSITHO M€ OKaXaT OJaronpusTHO
BJIMSIHHE HAa U3HOCOYCTOMYMBOCTTA IPHU TPHEHE.
3asretn 0Opasnm ca OT aryMUHUEB OpoH3 HaJ 8%,
KOUTO MOXXE Jla C€ ysK4aBa TEPMHYHO M CIE[
TOBa MOXke Aa ce yakuu u upe3 IIII/], koeTo mie
moo0pu M3HOCOYCTOMYHMBOCTA, HO 0OpasuuTe
KouTOo ca HaBapeHu (<8% Al) He ca TepMHUYHO
ysIK4aeMH, a MoraT caMmo Ja ce ysKyaBaT 4pe3
[II11), xoeTo € B MUHYyC 3a TaX. CbIllO Taka MpU
HaBapsBaHE aAJTyMHUHHMAT o00Opa3zyBa XMMHUYHO
cheIMHEHHuEe ¢ xemsa30To FesAl, koeto e ¢ MHOTO
Brucoka TBeproct ~ 600 HV0.05. Tosa HapymaBa
XOMOTEHHOCTa Ha HABape€HOTO ChEIWHEHHE U
BJIOIIABA MAJKO H3HOCOYCTOMUMBOCTTA MOPaIU
HEPaBHOMEPHOTO U3HOCBAHE.
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PA30BU USMEHEHMUS B IIOBbPXHOCTHATA 30HA IIPHU ITPOLEC HA
HABAPSBAHE HA CTOMAHA 42CRMO4 C EJIEKTPOJA AYCTEHUTEH KJIAC

sIpocaaB Aprupos ! Anocrosn Yuepaxues

PHASE TRANSFORMATIONS IN THE SURFACE ZONE DURING THE OVERLAY WELDING
PROCESS OF 42CRMO4 STEEL USING AN AUSTENITIC-CLASS ELECTRODE
Yaroslav Argirov ! Apostol Ucherdzhiev 2

Pe3tome: CraTusaTa u3cienBa NPOMEHHUTE, KOUTO HACTBIIBAT B CTPYKTypaTa U MEXaHHYHHUTE CBONCTBAa Ha KOHCTPYKIIMOHHA
ctomana 42CrMo4 naBapeHa 1o ppaHO enekTpoasroB Meron (PE/]) ¢ aycrennten xiac enekrpoan AISI 316. U3cnensanero e
HAacOYeHO KbM HM300p Ha TEXHOJIOTHS 33 PEMOHTHO-BB3CTAHOBHTEIECH IPOIEC HA M3HOCEHU BaJOBE, PabOTEIN B yCIOBHUS Ha
KOpPO3HOHHA Cpela.

Kiro4uoBu 1ymu: HaBapsiBaHe, KOHCTPYKIIMOHHA CTOMAaHa, ayCTEHUTECH EJICKTPO/I.

Abstract: The article explores the changes occurring in the structure and mechanical properties of 42CrMo4 structural steel
surfaced by manual electric arc method with AISI 316 austenitic class electrodes. The study is aimed at selecting a technology
for the repair and restoration process of worn shafts operating in a corrosive environment.

Keywords: surface, manual electric arc, austenitic class electrodes.

I. BBBEJIEHHE: II. METOAUKA HA EKCIIEPUMEHTA
Koncrpykunonnara cromana 42CrMo4 e 3a LEJINUTe Ha U3CIIEIBAaHETO
JerupaHa CTOMaHa, [IMPOKO U3MOJ3BaHA 3a IMPEIBAPUTEIIHO Ca CTPYrOBAaHU LIWJIMHIPUYHHU
n3pab0TKa HAa HATOBAPCHHM MALIMHHU €JeMEHTH o0Opasuum ot cromana 42CrMo4 c¢ auamersp
kaTo BajoBe U ocu. HaapsBaneto n € 30mm. Crnegq ToBa c€ W3BBPIIM HALIBKHO
MPEAN3BUKATEIICTBO TMOPAAN ChIBPKAHMETO HA  IOJaraHe Ha HaBapeH MeTaj BBPXY
BBIJIEPOJ], XPOM U MOJHOJIEH, KOUTO yBelIWYaBaT LWIMHApHUYHATa moBbpxHOcT 1o PEJ[ wmeton,
pucka OT TmosiBaTa Ha MyKHATMHH TPU  KaTO HIEBBT CE HAHACS IIEB IO IIEB, KATO BCEKU
KpUCTAIM3alMOHHUTE mpouecu. Yectro Tte3u  caeasai meB € Ha 180°C crpsMo NpenuIiHms, 3a
MallMHHA ~ €JEMEHTH Cce  TMojjlaraT Ha Jla Ce  HaMaliIT  TEPMHYHHUTE  OIBHOBU
Bb3CTAHOBUTCIIHM PEMOHTH BCJIEJICTBHE Ha HampexeHus (dur.l).
W3HOCBAHE, KaTo OCHOBCH METOJ, 3a
Bb3CTAHOBSIBAHE HA F'€OMETPUYHHUTE UM pazMepHu
U pabOTOCTIOCOOHOCT € UMEHHO HaBapsIBAHETO.
M3non3BaHeTo Ha HEPBAKIAEMU EJIEKTPOIU
ayCTECHUTEH KJIaC TI03BOJISIBA TMOJydyaBaHE Ha
IJJaCTU4EH M YCTOMYMB  Ha  TEPMUYHU
HanpexeHus: cioir. Upe3 moaxomsam; u3bop Ha
€JEKTPOJT M KOHTPOJ Ha TEXHOJIOTUYHUTE
napameTpu (monrpsiBane, MEXIYyTIaCTOBA
TEeMIEepaTypa, OXJaxaaHe) MOXKE J1a Ce OCUTYPH
KaueCTBEHA U HAJIeXKHA 3aBapbyHa BPb3Ka.
Hactosimiata cratusi aHanu3upa MpOMEHUTE
B CTIPYKTypa ¥ MEXaHUYHH CBOWCTBAa Ha
HaBapeHa CToMaHa 42CrMo4 ¢ ayCTCHUTCH KIlac ®ur. 1. Cxema nokas3palia MeTO/Ia Ha IIOJIaraHe Ha
enexTpon AISI 316. HAIUTHKHH [IEBOBE
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Ha ¢wur.2 e nokazan naBapenus cioi meran 111

B paOOTHH yCIJIOBUSI.

®@ur. 2. HaBapeH cioit mertain

Cnen mpolieca Ha HaBapsIBAaHE CE U3BBHPIIBA
MexaHW4YHa oO0paboTka Ha oOpaszena 3a Ja ce
npenu3upa IMWIMHAPUYIHATa (opMa Ha JeTaiiia
W J1a ce U3paBHHM JcOeInHaTa Ha HaBapeHUs CIION
10 IIsU1aTa MOBBPXHOCT 10 2mm (¢wur.3)

R

rl i
®ur. 3. MexannyHa 00pabOTKa Ha HaBapeHHs 00paserr

Taka monarorBeHus obpasell € Haps3aH Ha
M0 MaJIKK MPOOHM TeJla, Ha KOMTO C€ M3BBPIIBAT
MeTaniorpad)CKu  M3CJIEABAHUS CJel TAXHOTO
nuMoBaHe ¢ PA3JIMYHHU IO 3BPHECTOCT BOIHHU
IIKYpKH, TIONIMpaHe ¢ monmpama nacra KOW u
MPOSIBSIBAHE C TMOJAXOJSI PEaKTHB: IapcKa BOJA
3a HepBXKJaeMHs HaBapeH ciod u 3% a3oTHa
kucenuHa  (HNOs) 3a  KOHCTpyKIMOHHaTa
CTOMaHa.

N3CJEABAHUS HA CTPYKTYPA U
CBOMCTBA

Ha ¢ur4 e nmnokazana cxema

MIPOBEJICHUTE MeTaIOrpadCKu H3CIICIBAHUS.

Ha

HasapeH — maxpo/ Muxpé'crpvim

LMMDH@@ 1 /

HasapeH Al'a"’l"ﬁ?ﬁ
hh_.

®@ur. 4. Cxema Ha METOJIMKATA HA EKCIIEPUMEHTATHOTO

HU3CJICABAHC

Ha d¢urypa 5 e moxaszaHa mnposiBeHara
MaKpOCTPYKTYpa.

30Ha HA TEPMHYIHO

OcHoOBeH MeTATT

BJHAHHE

®ur. 5. MakpocTpyKTypa

3601

3304

270

Ocnoéen meman

| 3ona Ha mepmusno
eéauAnNE

L, Zones

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

®@ur. 4. MUKPOTBBPIOCTH
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OT mpoBeneHus Ipoliec Ha HaBapsBaHeE,
OYaKBaHO B CTPYKTypara ce Moixy4u oOpa3yBaHe
Ha  ayCTeHHWTHAa  MaTpuua ¢  KapOuJgHU
BKJIIOYBAHUsA, KOUTO CIOpEN  HaIpaBCHUTE
IIPOYYBaHUs B JIMTEPATYPHUTE HU3TOYHHULIMU CE
OCHUTYpsIBa BUCOKA TBBPJOCT HA HABapEHUs CIIOH.

B 30Hara Ha TEPMUYHO BIMSAHUE C€
Ha0JroaBa YacTUYHO OTAEIsIHE Ha KapOuaw,

KOETO BOJAM JO YMEPEHO YyBEJIWYEHHE Ha
TBBPJOCTTA.
IV. 3AKJ/IIOYEHHE:

N3cnenBanusra Ha CTpyKTypaTa 51
MEXaHUYHUTE CBOMCTBa Ha  HaBapeHa C

AyCTEHUTEH KJac eJEKTPOJ KOHCTPYKIIMOHHA
cromana 42CrMo4 ce mpaBsAT ¢ 1en Obaenu
H3CIIeBaHUS Ha  M3HOCOYCTOWYMBOCT u

KOPO3HOHHA YCTOHMYMBOCT, 00eKT Ha
JCEePTALlUOHEH TPYA. C HACTOSILOTO
u3cieqBaHe € JoKa3aHo (opMupaHeTo Ha
racuBUpaly CJIOH, KOWTO [IOBUIIIABA
KOPO3MOHHAaTa yCTOMYMBOCT, a HaJIMYHUTE
KapOuam JTOTPUHACST 3a no-g06pa
MN3HOCOYCTOWYHUBOCT.

KOM6I/IHaIII/I$[Ta OT INIAaCTHU4YHAa ayCTeHI/ITHa
MaTpulla U TBBPIU KapOUTHU OCUTYpsiBa OallaHC
MEXIY TBBPIOCT, HU3HOCOYCTOMYMBOCT U yJlapHa
SKOCT, TIOAXOMAAII 3a JUHAMHUYHO HAaTOBAapeHU
JeTalIIn.

V. JIUTEPATYPA:
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[2] B. Miller, P. Swartzentruber, J. Perdomo,
"Failures of Shafts" / "Failures Related to
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Equipment Failures, ASM International, pp 349—
378 / pp 266-306, 2021.

[3] Sadeghi, M., & Shamanian, M.
"Abrasive Wear Behavior of Surface Hardfacing
on Propeller Shaft Made of AISI 4140 Alloy
Steel"; Applied Surface Science,
ScienceDirect;Vol. 425, pp 146-152; 2017.

[4] Osman, A. A., & Mashmoushy, H. A_;
"Study of the Effects of Welding Process on the
Microstructure of Worn Carbon Steel Shaft"
(Focuses on low carbon steel repair); Journal of
Failure Analysis and Prevention, Springer;Vol.
20, pp 115-122;2020.

[5] Beretta, S., Carboni, M., & Sciuccati,
F.;"Renovation of 42CrMo4 Shaft Blade"
(Industrial Case Study);Aciero Welding Case
Studies.
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"Development of High-Strength  Corrosion
Resistant Austenitic Steel for Oil Equipment
Shafts";IOP  Conference Series: Materials
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"Hardness and Microstructure Characterization of
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PA3BPABOTBAHE HA YCTAHOBKA 3A TUHAMHNWYHO U3IIUTBAHE HA
KOMIIO3UTHU MATEPUAJIN

Tarsina Meukaposa!, Ceiume HcmanioBa®
DEVELOPMENT OF A STAND FOR DYNAMIC TESTING OF COMPOSITE MATERIALS

Tatyana Mechkarova' Selime Ismailova®

Pe3rome: Hactosmiata cratus pasmiexaa pa3padoTBaHETO HA JaOOPATOPEH CTCH]] 33 TUHAMUYHO WU3MUTBAaHE HA TPHOCH THII
KOHCTPYKIOHWHU OT KOMIIO3UTHHM MaTCpualn IOI B'I)S,Z[el‘/lICTBI/IeTO Ha BBTPCIIHO MW BBHHIIHO HAaJIATAHC. HpeI[CTaBeHI/I ca
ChIIECCTBYBAIIUTE METOAM 3a MCEXaHWYHH U3NMUTBAHHUA, KOHOCTHIHATA 3a MNPOCKTUpAHE Ha HU3NUTBATCIHUA CTCHI,
KOMIIIOTBPHO-CUMYJIALIUOHHUA MOJCT U PE3YJITATUTE OT HETO. CI/IMyJ'IaHI/I)ITa € MpOBEACHA BBPXY Tp1,6a OT BBITICPOAHU
BJaKkHa ¢ auaMeTbp 80mm u gebGenmmHa 5 mm c (iaHm, 3axBaHAT MEXIy CTOMaHeHH (huaHIU. Pesynrature mokasmar, de
HaAIpeXKCHUATA U AeopMaliuTe OcTaBaT B PaMKHATE Ha JOMYCTHMHUTE CTOMHOCTH, KOETO MOTBBPXKIaBa YCTOWIMBOCTTA Ha
KOHCTPYKIHATA M BAIMJHOCTTA HA MPEUIOKEHATa METOIHKA.

Kiro4oBH AyMu: CTCHI, TUHAMUYHN TECTOBE, KOMITIO3UTHH MaTEpHAH.

Abstract: The current article discusses the development of a laboratory setup for dynamic testing of tubular composite
structures under internal and external pressure. The analysis of existing mechanical testing methods, the concept for
designing the setup, the computer simulation model, and its results are presented. The simulation was conducted on a carbon
fiber tube with a thickness of 5 mm with a flange clamped between steel flanges. The results show that the stresses and
deformations remain within acceptable values, which confirms the stability of the structure and the validity of the proposed
methodologymaterials. A computer simulation analysis of the possibilities for creating test pressure and simulating a fatigue
cycle of the material was also performed.

I. BBBEJIEHMHE:

KoMmnozutHure Marepuann 3aeMar KIHOYOBO
MSCTO B HaIpEIHAIUTE UHXXCHEPHU
KOHCTPYKLMH  OjarojapeHue  Ha  CBOsTa
KOMOMHAIIMSI OT BUCOKA MEXaHUYHA SIKOCT, HUCKO

3al10TO HEC oTHMuTaT CHGIJ;I/I(i)I/I‘-IHI/ITe
HaTOBapBaHUA, IMPOU3TUYAIIMU OT BBTPCIIHO WJIU
BBHIIHO HAJIATraHC, KaKBOTO CE€ Ha6JHOI[aBa npu
Tp’L6HI/I " KYXH KOPITYCHU KOHCTPYKIHHU.

B nmocnemaure TOmMHM CTaHa AKTYyaJIHO

TEJI0O U YCTOMYMBOCT Ha arpecuBHa Cpena.
TsaXxHOTO NpuIOkKEHHE 00XBallla IUPOK CIIEKTHP:
ABUALIMOHHU  CTPYKTYPH, KOMIIOHEHTH 32
aBTOMOOWIIN, IPEHOCHU TPBHOOTPOBOAH, BATHPHU
TypOMHH, MOJABOHU KOHCTPYKIIMH U AP.

Bbopexku npenumcrTBara cu, KOMIIO3UTUTE Ca
CUJIHO  aQHU30TPOIIHM  MaTepHalid,  YUETO
IIOBEJICHUE IIPY HATOBAPBAHE 3aBHUCH OT:

* OpHEHTALMATA HA BIAKHATA;

* THIA MaTPULA;

* HayMHa Ha IPOU3BOJICTBO;

* TIpaJMEHTA HA HAJIATAHETO;

* YCIJIOBUSTA HA 3aKpEIIBAHE.

Hopamd TOBa € H606XOI[I/IMO TAXHOTO
IIOBCACHHUEC Ja 6”[),[[6 H3CJICABAHO B YCJIOBUA,
KOUTO MAKCHMAJIHO TOYHO OTpa3dBaT pcajiHaTa
ekcroaranusa. 4Yecrto CTaHAAPTHUTC TCECTOBC!:
OI'bH, HATUCK, OI'bBAHEC, YAap €Ca HCAOCTAaTbYHH,

OIpeIesIsIHE AKOCTTa HA KOMIIO3UTHH MOJMMEPHHU
CbOPBIKCHUA, HU3I10JI3BAHU B yCJI0BUA Ha
AMHAMUYHUA Harpexenus. [lopamu ciaydauTte Ha
AMIUIO3US HAa JBIOOKOBOJHHW MOJABOIHULUA U
HEJIOCTAaThYHU JaHHH 32 MOBEJCHUETO HAa TE3U
Marepurai B CKCTPEMHU YCIIOBUA.

Toea  ompenmens  HEOOXOAMMOCTTa  OT
pa3paboTBaHe Ha crenHUaiu3upaHa jJadopaTropHa
YCTAHOBKA, Ype3 KOATO Jia C€ CHUMYJIUpaT
pealHuTe YyCJIOBUS Ha paboTa Ha TaKHBa
KOMITO3UTHH U3JENHUs, C 1IeJ ChOMpaHe Ha JTaHHU
3a JUHAMHU4YHaTa UM SIKOCT.

II. CBHIECTBYBAILIM METOIN 3A
MEXAHHWYHU U3IIMTAHUA:
CrangapTHUTE MEXaHUYHU M3MUTBAaHUS ca
OCHOBEH HHCTPYMEHT 3a OIpEelclIsHE Ha
MEXaHUYHUTE XapaKTEPUCTUKU HAa KOMIIO3UTHUTE:
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* l3nuTBaHe Ha ONBH — ONpeeist MOLyJia Ha
€JIACTUYHOCT, SIKOCTTa IPU OITbH, Ipe/enHara
nedopMmarus;

* l3nurBaHe Ha  HATUCK —  OLCHsBA
YCTOMYMBOCT IPU AaKCUAJIHO HAaTOBapBaHE U
CKJIOHHOCT KbM H3KPUBSIBAHE;

* OrpBaHe (Tpu- U YETUPUTOUYKOBO) —
U3I10J13Ba C€ ITPH MHOTOCIONHHN KOMIIO3UTH;

* VYiaapHu  M3OMTBaHMS ~ —  IIOKa3Bar
IIOBEJICHUETO TP BHE3AITHU HATOBAPBAHUS.

OrbBane

OnsH
®@ur. 1. CTanaapTHI MEXaHUYHU U3TUTBAHUSA

Haruck

OrpanuveHHuss Ha CTaHIAPTHUTE METOH,
nopajid, KOUTO HE CE OTYHTAT:
* CJIO)KHHUTE TPAHWUYHU YCJIOBHS TIPH PCATHH
KOHCTPYKIIUY;
*  KOMOHMHHPAHO
HaJIsATaHe;
*  JIOKQJIHW HAaNpeKeHUs B oOJIacThTe Ha
3aKpernBaHe;
* (dopMou3MeHeHUs BCJIC/ICTBHE Ha
JMHAMUYHA TIPOMSIHA Ha HAJSITAHETO.
Eto 3amo e HeoOXoauMo pa3pabOTBaHETO
Ha CTCHJ, KOWTO Ja MOXE Jia BB3IPOU3BEIE
HaTOBapBaHE 4Ype3 HalsiraHe, a HE CaMo
MEXaHUYHO HATHCK MJIH OITBH.

BBTPCIIHO n BBHIITHO

III. IMPOEKTUPAHE HA CTEHI 3A
JAAHAMUWYHO U3IIUTBAHE

Llenute Ha pa3paboTkaTa ca:

1. Ja ce CHUMYJIHpAT peaHuTe
eKCIJIOATallMOHHU  YCJIOBHSL BBPXY TPBOHU
KOMITO3UTHH U3JICIIUS;

2. Jla ce momage = KOHTPOJHUPYEMO
BBTPEIIHO U BHHIITHO HAJISTAHE;

3. Ha ce U3MEPST HaIpeKeHus,

neGopMaIu U IPEeMECTBAHHUS;
4. Jla ce ch3nane KOHCTPYKIIUS, yCTOUYNBA
Ha BUCOKHU HaTOBAapBaHMSI,

5. Jla ce ocurypm BB3MOXKHOCT 3a
JUHAMUYHO  (IPOMEHJIMBO  BBB  BPEMETO)
HaJIAraHe.

3
x?{pf‘ )

@ur. 2. Cxema Ha 1a00paTOPHUS CTCHA:
l-cTofika; 2-¢maHnm; 3-MaHOMETPH MEPEUIN BBHHITHO H
BBTPEIIHO  HajsAraHe; 4-cTOMaHeH IMIMHABP;  5S-
KOMMO3uTHa TpbOa ¢ (raHmn, 6- peaynup BEHTWIH; 7-
pe3epBoap 3a TEYHOCT; 8- XHUApABIMYHA MOMIIA C BHCOKO
HaJIATaHe;

[IpeaumcTBa Ha IpeAsIOKEHATa KOHCTPYKITHS:

* II03BOJISIBA TpHWJIaraHE Ha €JIHOBPEMEHHO
BBTPEIIHO U BHHIITHO HAJIATAHE;

* MOXe Ja paboTH B IMHAMUYHH yCIIOBUS;

* TOAXOAAIIAa € 3a Pa3jIu4YHU JAUAMETPU U
Marepuaji Ha TPBOUTE OT KOMIIO3UTHHU
MaTepuaiy;

* oOcuUTypsiBa  BHCOKAa  HaJeXIHOCT U
BB3IPOU3BOIMMOCT Ha PE3YIITATUTE.

IV. KOMIIIOTBPEH CUMYJALHWOHEH
AHAJIN3 3A IPEJABAPUTEJIHO
YTOYHSABAHE HA NTOAXOJAL PEXKUM
HA PABOTA HA CTEHJA

B mporpama SolidWORKS e Hnanpasen
KOMITIOTBPEH TPUU3MEPEH MOJell Ha Tpbba OT
MOJINMEPEH KOMIIO3UT ¢ auaMersp 80 mm u
nebenHa 5 mm, 3aKkpereHa MEeXIy CTOMaHEHHU
bnaHmm.
BxonHu naHHuM 3a cuMynanusTa:

e u30op Ha Marepual 3a MOJUMEpPHUs
KOMIIO3UT OT BBIVIEPOJHU  BJIAKHA, 4pe3
BbBEXK/JAHE HA MEXaHUYHUTE U TEPMUYHHU
napameTpu B OuMONMOTEKaTa Ha CTaHAAPTHHUTE
MaTepuany;

e BBTpeUIHo HamsraHe: 1 atmocdepa;

e BBHIIHO Haysrane: 16 armocdepu .

®@ur. 3. [Ipunarane Ha OrpaHUYUTENTHH yCI0BUA Ha 3D
MoJena
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Pesynrarure OT
KOMIIIOTBPHO-CUMYJIaTUBEH aHaJIN3 3a
pasnpeneneHueT0  Ha  HANpPEKEHHATa WU
nepopmanuute B 3D Mmojena ca mokasaHdH Ha
¢ur. 4uS.

IMPOBCACHU

o Mies N T (NG

RIS

@ur. 4. PasnpenencHue Ha HaIPEXKESHUATA:
Maxcumanuu:8,22 N/mm?

URES {mm)
EAEETS )
| P
< 570604
. A0l
460
fiet 3566604
L 2853004

| 31004

140760
T
1,000e-30

®@wur. 5. PasnpenencHue Ha nedopMaiuuTe:
Maxkcumanuun:0,00007mm

OcHOBHHTE U3BOJM Ca:

1. IlpennoxxeHUsST TPUU3MEPEH MOJEN IpU
W3BBPIICHUS KOMIIIOTBPHO-CUMYJIALINOHEH
aHaJM3 T0Ka3a, 4e € CcTaduieH u 0e30maceH mpu
IIPWJIOKEHOTO BBTPELIHO U BHHIIHO HAJIATAHE.

2. IlpennoxkeHata MeTOAMKA € MOJIXOIAIIA
3a JUMHAMUYHHM U3MHATAaHUS Ha KOMIIO3UTHHU
TpbOONpPOBOAM,  MOJABOJHM  WJIM  BHCOKO
aTMOC(EpHHU KOPITyCH Ha JISTSIIU WIM IMypKalu
CE ChOPBKEHHUSI.

4. Cnenpamara CThIIKA € U3IPAXAAHETO HA
¢u3nUecKn MPOTOTUI HAa CTEHAAa W H3MHUTBAHE
OpU CUMYJHUpPaHE Ha PeaTHu PaOOTHU YCIOBHSL.

V. 3AKJ/IIOYEHMUE:

Pa3paboTkara mpencTaBisBa IIEHEH MPUHOC
KbM HWH)XEHEpHAaTa IMpakTHKa B o0iacTra Ha
KOMIIO3UTHUTE  MaTepuaid M [pejuara
METOAOJIOTHYHA PaMKa 33 O'bJeIN U3CIICABAHUSI.
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AHAJIN3 HA TOIIIOU30JJAIMOHHA MATEPUAJIN ITPU PEAJTHA
EKCIIVIOATAIIMOHHMU YCJIOBUS 3A EHEPITMMHO E®EKTUBHO CTPOUTEJICTBO

Hesena MuJiesa!, Kpym SInazos

ANALYSIS OF THERMAL INSULATION MATERIALS UNDER REAL OPERATING
CONDITIONS FOR ENERGY-EFFICIENT CONSTRUCTION

Nevena Mileva!, Krum Yanazov

Pe3rome: B nyGiukarusra e HallpaBeH aHAJIN3 HA OCHOBHHUTE TOIUIOM30JALIMOHHH MaTEpHaNH U TSIXHOTO MOBEJCHUE IPHU
pEayHN eKCIUIOATAlMOHHH BB3ACHCTBHUS — BIAKHOCT, TEMIIEPATYPHU KOJIEOaHUS U CTapeeHe. AKIIEHTUPAHO € BbPXY JICKHTE
OeTOHM KaTo HEOPraHWYHM KOMIIO3UTH, KONTO ChUETaBaT TOIIOM30JIAMOHHN W KOHCTPYKTUBHH CBOiicTBa. Pasrienanm ca
BPB3KUTE MEXIYy 00eMHAaTa ITbTHOCT, TOIIONPOBOAHOCTTA M YCTOWYMBOCTTA MIPU XUTPOTEPMHUYHN HATOBAPBAHMS, KAKTO H
BIIMSTHUETO Ha EKOJIOTMYHHUTE M MKOHOMHYECKNTE (DaKTOpH BBPXY TAXHATA €PEKTUBHOCT. Pe3ynTaTture MOTBBpPXKIABAT, Ue
JIeKUTEe OETOHU MPECTABIABAT YCTOWYHNBO U TEXHOJOTMYHO 00OCHOBAHO PEILICHUE 38 EHEPTUIHO e()eKTUBHO M €KOJIOTHYHO
CTPOUTEJICTBO.

Kaio4uoBu 1ymMmu: TOIION30JIaLMOHHN MaTepHalH, JeKH OSETOHHU, TOIUIONPOBOIHOCT, EHEPriiiHa e()eKTUBHOCT, YCTOHYHBO
CTPOUTEJICTBO

Abstract: An analysis of the main thermal insulation materials and their behavior under real operating conditions—such as
moisture, temperature variations, and aging—is presented. Emphasis is placed on lightweight concretes as inorganic
composites that combine thermal insulation and structural properties. The relationships between bulk density, thermal
conductivity, and stability under hygrothermal loads are examined, along with the influence of ecological and economic
factors on their efficiency. The results confirm that lightweight concretes represent a sustainable and technologically
justified solution for energy-efficient and environmentally friendly construction.

Keywords: thermal insulation materials, lightweight concrete, thermal conductivity, energy efficiency, sustainable
construction.

I. BBBEJAEHME: TOIUIONIPOBOJAHOCT, HO U OT YCTOMYMBOCTTa MY

[ToBumaBanero Ha eHepruiiHaTa €()EeKTUBHOCT
B  CrpaJHUs CEKTOp € TMPUOPUTET Ha
EBpomneiickus cwvio3 (EC), 3amoxken B peauna
HOpMaTHBHU JokymMeHTH [1,2]. CTpouTenHusT
CEKTOp € OTIOBOpEH 3a HaJ 36% OT eMHCUUTE Ha
BBIJICPOJICH JUOKCU U npubnm3uteHo 40% ot
o0uioro kpaiiHo eHepromoTpebienne B EBpomna
[2]. Emna ot Hail-epeKTUBHUTE MEpKU 3a
OrpaHMuYaBaHE Ha CHEpPruilHUTEe 3aryou e
ONTUMHU3HPAHETO Ha TOIUIMHHATA 3allldTa Ha
OTpaKJaIlUTe KOHCTPYKIMH, Ype3 MpHIIaraHeTo
Ha BUCOKOC(DEKTHUBHU H30JIAITMOHHN MaTCPUAIIH.

TomnouzonanuoHHUTE MaTepuanu ca
Hepas3JenHa 4acT OT crpajgHata OOBHBKa, KaTo
OTpaHHuYaBaT TOIUIMHHUTE TOTOIHM  MEXIY
BBTPEIIHATA U BHHIITHATA CPE/ia M 1O TO3U HAYUH
nonoopsBar MUKPOKJINMATA, MOBUIIIABAT
koM(popTa ¥ HaMasIBAT €HEPromoTpeOICHUETO.
N300pbT Ha MOAXOASAI MaTepHall ce OIpeness
HE camo oT Heromata HOMUHATHA

IPU PEATHU EKCIUIOATAllMOHHU BbB3JIEHCTBUS -
BJIQXKHOCT, 3aMbpCsIBaHe, TEMIIepaTypHU
IpaJiMeHTH, LIUKINYHU HATOBApBaHUS U CTapeeHe
[3].

B cpBpeMeHHaTa npakTHKa OCHOBHUTE TPYIHU
W30JIallMM  BKJIKOYBAT TIOJUMEPHU MaTepHaly,

MUHCPAIHU MaTcpraiIn )51 HCOPraHUu4HHU
koMmo3utu. (Pwur.1).

‘IIB}HKMEPHH MaTepHaIn

‘ MuHepaaHl MaTepHAIH

F‘PS’ XPS’ PI‘TR’ Heoprann'mu

€HOIHA IHA
¢ CTbKJIeHa Bara, KOMIO3HTH

KaMeHHa BaTta,
MepauT, N9HO CTHKII0

Hucka
TOILIONIPOBOTHOCT,
MaJIKa JIIBbTHOCT

Jlek GeToH, aepore.,
BaKyyMHH

OTHGYCTOK']“BIB H30JA0HOHHH NAHEIH

NApONpPONYCKIHEH,
NOBHINEHO
BJaronoribiiaHe

Cpenna
TOILIONPOBOTHOCT,
HMAaT KOHCTPYKTHBHAa
byaxnas

®ur. 1. OcHOBHO pasnpeacICHUE Ha TOIION30JIalUOHHA
Marcpuain
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[IspBuTEe nBEe rpynu ca AOOpe MPOYUYEHH H
YIBBPICHH, HOBUTE KOMIIO3UTHH MaTepUaNIHd C
nopecTa CTPYKTypa WIA HaHOMOAU(UIIMPAHU
ChCTaBH MIpEACTABISIBAT aKTHBHA
u3cienoBarericka oomact. Te chueTaBaT BHCOKA
e(heKTUBHOCT, MEXaHWYHA 3/IpaBUHA U MO-HUCHK
€KOJIOTHYCH OTIeYaThK [4].

B craruara ca o0oOUIeHH OCHOBHUTE TPYIH
M30JIalli1, aHATU3UPAHO € TAXHOTO IOBEACHUE
IIpH TPOMCHJIMBH KJIUMATU4YHU (aKTOpH U ca
noJYepTaHu TpeauMCcTBaTa Ha JIEKUTe OETOHU
KaTo pelieHue 3a CHEpruiiHo  e(EeKTUBHO
CTPOUTEIICTBO.

II. METO/JAM HA U3CJIEJBAHETO:
Tonnon3onanMoHHUTE MaTepuanyd Morar jaa
ObpJar KiIacu(UIMpaHd N0 Pa3IMYHU MPH3HALY,
HampuMep MO MPOU3XOM, MO CTPYKTypa M IO
eKCIUIOATAllMOHHU XapaKTEPUCTHKH. Bceku ot

T€3M TapaMeTpu OKa3Ba BIMUSHUE BBPXY
JBJIFOCPOYHATa eKCIUI0aTalus Ha
M30JIallMOHHATa cucTema [5].
2.1. [TorumepHM MaTepHaIH
Haii-pasnpocrpanenure MMOJIMMEPHU
uzonauun  ca  excnanaupanust (EPS) wu
EKCTPYAUPAHUSIT (XPS) MOJIUCTUPEH,

MOJIMypETaHOBATA TsTHA ¥ PCHOTHUST ITEHOTUIACT.
XapakTepHO 3a TSIX € HUCKa 00eMHa IUTbTHOCT U
TOILIONPOBOAHOCT B quana3ona A = 0.030-0.040
W/m-K. Cpen OCHOBHHTE UM NpeIuUMCTBa ca
OTpaHWYEHA XUTPOCKOMMYHOCT, HUCKA Maca U ca
necuu 3a o0paboTka. OCHOBHHUAT HEHAOCTAaTHK €
OrpaHMYEHaTa MM YCTOWYMBOCT Ha BHCOKH
temneparypy u UV  JbueHHE, KakTto U
3aBUCHMOCTTA UM OT METPOJIHATA UHIYCTpUs [6].

2.2. MuHepaJHu U30J1a1M U

MunepanHata M CThKJIEHaTa BaTa ca
KJIACUYECKH TPEJACTaBUTEIN HA HEOPTaHHUYHUTE
BJIAKHECTH H30JIallMU. Te€ WMar mo-BHUCOKA
IUTBTHOCT OT TOJUMEPHUTE MaTepHald |
torutonpoBogHocT A = 0.035-0.045 W/m-'K,
OTNIMYaBaT Ce€ C BHCOKAa OTHEYCTOMYUBOCT U
aKyCTHYHU CBOMCcTBAa. OCHOBEH MPOOIIEM TIPH TAX
€ BHCOKaTa XHUIPOCKOMUYHOCT, KOETO BOAH IO
BJIOIIIABaHE HA TOIUTMHHUTE XapaKTEPUCTUKHU MPHU
IPOIBIDKUTENTHO U3JIarane Ha Biara [7].

2.3. HeopraHmyHu  KOMIIO3UTH U
HHOBATUBHU MaTepHAJIH

[Ipes mnocnegHuTe TOAWMHU 3HAYUTEIIEH
UHTEpeC MPEeIU3BUKBAT MMOPECTUTE HEOPTAaHUYHU
KOMIIO3UTH — JIeKH OETOHH, TII€HO CTBHKIIO,
aeporeiu M BaKyyMHHM H30JAIlIOHHU TaHEIH.

Nmatr ngobOpa MexaHWyHa YCTOWYMBOCT U
TepMuuHa edekTUuBHOCT. Hampumep, aeporenure
UMaT W3KIIOYUTEIIHO HHUCHK KOe(HUIIMEHT Ha
torutonpoBoaHocT (A = 0.015 W/m-K), koero ru
MpaBu €HU OT Hai-e()eKTHBHUTE W30JIAIIMOHHU
Marepuayiv B cBerta [8].

Jlexute OeToHn MPECTaBISBAT
cnenu@uyHa Tpyna KOMIO3UTHH MaTepualli,
3aemMara MeKIUHHO MSICTO MEXKY KITACHUSCKUTE
TOTUIOM30JIAIIMOHHN U KOHCTPYKTHUBHU CHCTEMHU.
TsaxHata mopecta CTPyKTypa M KOHTPOJIMpaHA
o0eMHa IUTBTHOCT OCHUTYpSIBaT OyaronpusiteH
OamaHC MEXIy MEXaHW4YHA SKOCT M TEPMUYHA
e(eKTUBHOCT, KOETO T'd MpaBU MOAXOMAIIU 3a
MIPWIOKCHNUE B SHEPruitHO edekTuBHU (hacagHu
pellleHrs, MBJIHEKU Ha CaHIBUY-TIAHETHU U
MPOU3BOJICTBOTO HAa TEPMOM3OJIMPAIIN 3UTAPCKU
eleMeHTH. Marepuaiure OT TO3W THUI Ce
OTJIIMYaBaT C BHCOKAa OTHEYCTOMYMBOCT, n00pa
BJIArOyCTOMYMBOCT ¥ CHIIHO M3PAa3eHU aKyCTUYHHU
XapaKTePUCTHKH, CIIOCOOCTBAIITH 3a
nonoOpsiBaHe Ha TOIUIMHHUSA KoMpopT U
3BYKOHM30JIAIUATA B CTPAJINTE.

TunuuHu XapakTEepUCTUKH U CTOWHOCTHTE
uM ca mnpencraenn B Ta6aumma 1, a ®ur.2
MpPEJICTaBs CPaBHEHUE HAa 3aBHCHMOCTTa MEXIY
Koe(HIMEeHTa Ha TOIUIONPOBOAHOCT M O0eMHATa
IUTBTHOCT Ha Pa3jM4HUd  TOIUIOM3OJIAllMOHHU
MaTepHai 1 JeK OETOH.

JlexuTe GeTOHM MOTraT Ja ce MPOU3BEXKIAT
C pa3iWyueH THUM IIBIHUTEIH, MHUHCPATHH |
XUMHUYECKU J100aBKH, KOWUTO I[EJIEHACOUYECHO
Momudumpar  mopecrara  CTPyKTypa  H
CHOTBETHO BIHMSIST BBPXY TOIIOM30JIAIIMOHHUTE
U MEXaHWYHUTE MM XapaKTepuCTUKU. M300pbT
Ha MopooOpa3yBaill areHtr, pasMepbT |
PaBHOMEPHOCTTA HA IMOPUTE Ca ONPENIEIAIIN 32
BeJIMYMHATA Ha KoeduIueHTa Ha
TOIUIONIPOBOJHOCT M 33  JABIATOTPAHOTO
MOBEJICHUE Ha Marepuaia. BHenpsBaneTto Ha
MUKpOAaepaTOPpu H HAHOCTPYKTYPHHU JIOOABKH,
Karto cuimnueB auokcun (Si02) uiam alyMuHUEB
mpax, JONpHHACS 32 ONTHMHU3HpaHE Ha
MUKpPOCTPYKTYpaTa W TIOCTUTaHE Ha HHCKHU
CTOWHOCTH Ha KOC(UIIUECHTHUTE Ha
TOIUIONMPOBOJHOCT TMpH  3ala3eHa SKOCT U
YCTOMYMBOCT HA HATUCK.

[Ipe3  mocnegHUTe  TOAMHU  peAuIia
SKCIIEPUMEHTATHN H3CIICABAHUS TOTBBPKIABAT,
4e TOIJIO(U3MYHUTE CBOICTBA HA JIEKUTE OETOHU
Cce 3ama3Bar CTAOMITHY JOPH TIPH PO IBIDKUTEITHO
OBJIAKHSIBAHE U TEMIEpATypHU IpoMenu [9—11].
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Tabéauua 1. Tummaan pusuko-
MEXaHWYHU XapaKTEPUCTUKH Ha JICKH OCTOHH

Ilokazamen Cmounocmu
O6eMHa NIBTHOCT
(p. keg/m?) 400-800
TomronpoBoHOCT
(h, W/m-K) 0.08-0.16
Bononormsniane 10
(%) 8-12%
SIkocT Ha HATHUCK 26
(o, MPa)
ITopso3HoCT
(%) 50-80
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®ur. 2. 3aBUCHMOCT MEXAy Koe(dHUIMeHTa Ha
TOILIONPOBOJHOCT M 00EMHATa IITbTHOCT

Ot ®Pur.2 MoXe a ce Kaxke, 4Ye JIEKHUTE
OCTOHHM 3acMaT TO3MIHS MEXKIY KIACHYECKUTE
W30JIAlIMA ¥ KOHCTPYKTUBHUTE MaTEpHAIU, KaTo
OCUTYpSIBAT ~ J0OpO  CHOTHOIICHHUE  MEXIY
IUTBTHOCT Y TOTLJIOTIPOBOTHOCT.

[Mpu naGopaTopHH W3MUTBAHUS, MPOBEIACHU
IpH pa3IMYHM BJIAKHOCT HA OKOJHATa cpefaa
(30-90%), um3MeHeHueTo Ha KoeduiMeHTa Ha
torutonpoBonHoct ¢ mox 10% [9-11]. Tasm
CTa0WIIHOCT ce OOsICHABa C  KamWispHAaTa
CTPYKTypa ¥ CHOCOOHOCTTa Ha Marepuajia Ja
perynupa BiaakHocTHUs Oainanc. OCBeH ToBa IpU
peann (dacaHH TPWIOKECHUS B yMEPEHO-
KOHTHHEHTAJICH KIIUMAT JICKHUTE OCTOHH MMOKa3BaT
HaMaJieHue Ha TOIUIMHHUTE 3aryou ¢ 18-25%
CIPSIMO TPAJAMIIMOHHA MUHEPATHHU M30JIAIUU ChC
chimara jeOenrHa Ha ciios. ToBa MOTBBpXKIABA
TAXHATA  MPHIOKUMOCT B  CHUCTEMH  C
WHTETPUPaHa TOIIOM30JIAIIMOHHA (DYHKITHUS.

EnHo oT chlnecTBeHUTE TNpeAMMCTBA Ha
JeKUTEe OCTOHW € TAXHATa CTA0WIIHOCT IIpH
IBITOTpaiiHa CKCIUIOATalusl W [POMEHIIMBU
KIIUMATHUYHU YCIoBHsL. [Ipr MHOTOKpaTHH ITUKIN
Ha OBJI)KHSBAHE M M3CYIIaBaHE U3MECHEHUETO Ha

TOIJIONIPOBOTHOCTTa OCTaBa MUHHMMAJIHO, KOETO
npeanonara 00pa CTPyKTypHa YCTOWYMBOCT Ha
[IOpPUTE U OrPAHUYECHO KaIWISIPHO NPOHHKBAHE
Ha Bijara. B pe3yarar Ha BHCOKaTa UM
CHOCOOHOCT 3a nu(y3us Ha BOJIHU TapH, TE3HU
MaTepHali MO3BOJISIBAT €CTECTBEHO ,,JUIIaHe" Ha
CTEHUTE u HamaJsiBaT pucka oT
BBTPEIIHOKOHCTPYKTHUBEH KOHJIEH3 M pa3BUTHE
Ha MHUKPOOPraHM3MH, Karo IO TO3M HayuH
0J100psIBaT MUKPOKIMMAaTa Ha IOMEIIEHUATA.

Ot riegHa TOYKa Ha MOXKapHaTa OE30MaCHOCT
JeKuTe OETOHM ce KIacu(UIMpaT KaTo HErOpUMHU
MaTepuaiy, KOeTOo TH TpaBdU  OCOOCHO
HNOJIXOAAIIM 32 TPUWIOKEHHUE BbB BHCOKHU,
OOIIECTBEHH M EHEPruiiHO e(EeKTUBHU CTpaju.
OcBeH TOBa, B CpaBHEHUE C IIOJIMMEPHUTE
M30JIallud, T€ MMAT 3HAYUTEIHO IO-HUCHK
€KOJIOTUYEH OTNEYaThK, Thil KaToO HE OTHENAT
JIETJINBA OPTaHUYHU CHEIMHEHUS U MOJUIeKaT Ha
OBJIHO PEUUKIMpAaHEe KaTo IIBJIHUTET B HOBHU
CTPOMTENHU cMecH. V31oyI3BaHETO HA BTOPUYHU
CYpPOBUHH — II€Mel, LUIaKa WM MUKPOCHIIMKATH
— JOIpHHAcS 3a HaMalsBaHE Ha €MHCHUMUTE Ha
CO: mpu npous3BOACTBOTO M CHOTBETCTBA Ha
NPUHLMIIATE Ha KpbroBara HMKOHOMHUKA U
YCTOMYMBOTO YIpaBICHUE Ha pecypcure B
CTPOMUTEJICTBOTO.

2.4. Buamsinue Ha eKCILIOATALIMOHHUTE
(paxrTopn BbPXY e(peKTHBHOCTTA Ha
TOIJION30/IALIHOHHUTE MaTepHaJIu

Peannute exkcruioaTallMOHHU YCJIOBUSL 4YECTO
Ce pa3iMyaBaT ChILECTBEHO OT J1abOpaTOpHUTE
napaMeTpu, IpU  KOUTO C€  OIpeneysT
TePMOPHU3UUHUTE XapaKTePUCTUKH Ha
M30JIAIIMOHHUTE MaTepuaiu. EQexTuBHOCTTA Ha
M30JIAI[MOHHATa CHUCTEMa ce Ompenels OT
HOMHMHAJIHaTa M  TOIUIONPOBOJHOCT U  OT
CTaOWJIHOCTTA IIPU KOMOMHUPAHU KIUMATUIHU U
MeXaHUyHu Bb3jaedcTBUsA. Cpel  OCHOBHUTE
dakTopy,  BIMSEIIM  BBPXYy  TOIUIMHHATa
e(EeKTHUBHOCT, BJjaraTa 3aeMa BOJEHIO MSCTO.
[ToBuIIaBaHETO Ha BIAroChAbP)KaHUETO BOAU 10
yBEJIMUYEHUE Ha KoeuIreHTa Ha
TOIJIONIPOBOJIHOCT, OCOOCHO MNpH BIAKHECTH U
KaluIsipHO aKTUBHU MaTepuau. [Ipn
MOJUMEpPHUTE H30Jaluu e(eKThT € mo-ciadbo
u3pa3eH  NOpajAM  3aTBOpPEHAaTa  KJETbyHa
CTPYKTypa, OKAaTo IpH JIEKUTe OETOHHU Biararta
ce paslnpezeinss HepaBHOMEPHO, KaTO OCHOBHO C€
3abpka B OopH ¢ quamersp Hag 0.1 mm, KouTo
HE y4acTBaT aKTUBHO B TOILNIOOOMEHA.
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TemnepaTypHute KonebaHUS MNPEAU3BUKBAT
HUKIMYHO  pa3lIMpeHue W  CBHBaHE  Ha
Marepuanurte. [lomuMepHuTe M30IaIUK, TTOpaIU
BUCOKHS CH  KOehUIMEHT Ha TEPMHUYHO
pasiupeHue, ca MO-TOJIATINBU Ha
Mukponedopmanuu U crapeeHe. MuHepalHUTE
U30JIAlIMA | JIGKUTEe OCTOHH JIEMOHCTPUpPAT TI0-
no0pa TepMUYHA CTAOMIIHOCT — U3MEHEHUETO Ha
Koe(UIIMEHTa Ha TOTUIOTPOBOJIHOCT B JHAaIa30Ha
0—40°C obukHoBeHO He HazaBumaBa +3%. Ilpu
MaTepuaii CbC 3aTBOPEHA IMOPECTOCT, KAKBUTO
ca roisMa 4YacT OT JIeKUTe OETOHH, HE ce
HaOJMIOZaBaT TOJEMU M3MEHEHHS JIOpH  CIel
MHOTOOPOMHU TeMIEPATypHU ITUKIIH.

[Ipouecure Ha crapeeHe OKa3BaT HaW-CUIIHO
BJIMSHUE BBPXY MOJUMEPHUTE H30JALUU, MPHU
kouto UV ~ JgbYEeHHMETO UM OKHUCJIEHHUETO
NpeIM3BUKBAT BJOIIABAaHE Ha CTPYKTypaTta.
MuHnepaaHUTE U HEOPraHWYHUTE MaTepUaId ca
XUMHUYECKH YCTOWYHMBH, HO MPHU MPOIBIKUTEIHO
OBJIAXKHSIBAaHE € BH3MOKHA YaCTUYHA MPOMSIHA B
MUKPOCTPYKTYpara.

Onenkara Ha yCTOMYMBOCTTA Ha
TOTJIOM30JIAIMOHHUTE MaTepHalld BKJIIOYBA HE
CcaMO TEXHUTE EKCILIOATAI[MOHHU CBOMCTBA, HO U
€KOJIOTHYHUSL UM OTIEYaThK Mpe3 IeNUs KU3HEH
Kb, [Ipon3BOICTBOTO HA JIek OETOH, 0COOCHO
IpU M3MO0J3BaHE HA BTOPHUYHU CYpOBHUHHU KaTo
nernesa Wid CThKJICH Ipax, HamMalsiBa €MHCHUTE
Ha CO:2 ¢ 1o 40—45% u peayuupa KOJIMYECTBOTO
WHIycTpuanHu otnaabiu [9,11,12,13].

CpaBuennero Ha emucuute CO2, cBbp3aHU C
MIPOU3BOJICTBOTO, € BAXKEH IOKAa3aTelsl 3a OIICHKA
Ha YCTOMYMBOCTTa HAa MaTepHaluTe OT TIJIeJHA
TOYKAa HAa EKOJOTUYHHUAT UM OTnevyarbk. dur.3
npecTaBs CpaBHUTEJICH aHaIu3 Ha
cnenuduunure emucu Ha CO2, TeHEpUpPaHU MIPU
MIPOU3BOJCTBOTO Ha YeTHPU OCHOBHU
ToruionzonanonHu Mmarepuana - EPS, XPS,
MUHEpanHa BaTa u Jek OeroH. [lommmepnute
mzonauuu (EPS m XPS) noxa3Bar Hal-BUCOKH
BBIJIEPOJIHM €MHUCHH — CHOTBETHO O0KoJi0 180 u
150 kgCO2/m?, ~ koero ce IOBDKA Ha
E€HEPrOMHTEH3UBHUTE TEXHOJOTUYHU MPOLIECH U
U3MOJI3BAHETO  HAa  HETOMPOAYKTH  KATO
CYypOBHHA. Mumnepannara Bara nMa
MPUOJIM3UTENHO JBA IBTH MO-HUCHK BBIJIEPOICH

OTIICYATDBK CIIPAMO IMOJUCTUPCHOBHUTC MAaTCpHUATIN.

" EPS =XPS MuHepaaHa BaTa Jex deToH

180

40

®ur. 3. CpaBHenue Ha emucuute Ha CO2 Ha pasIU4HU
TOIUTOM30JIAIIMOHHN  MaTepuald NpH IPOU3BOJCTBOTO,
kgCO2/m?

Jlexuar OeToH JeMOHCTpupa Hal-HUCKHU
emucunn  (mpubnusurenHo 40  kgCO2/m?)
OnmarojapeHue Ha HM3MOJI3BAHETO HAa MHHEPATHU
CYpOBUHHM, BB3MOXXKHOCTTa 3a BJIaraHe Ha
BTOPUYHU MaTE€pHaIN M TO-HHCKAaTa eHepruiiHa
MHTEH3UBHOCT Ha IPOU3BOJACTBEHUS IPOLIEC.
Pesynrarure moguepraBaT HEroBHsI MOTEHIIMAI
KaTo yCTOHYMB alTE€pHATUBEH Marepual B
S€HEPTUIHHO €(PEKTUBHOTO CTPOHUTEICTBO, OCOOCHO
B KOHTEKCTa Ha HapacTBALUTE EKOJOIMYHHU
M3HUCKBAaHUS M CTpEMEka KbM HaMmallsiBaHE Ha
BBIJICPOJIHUS OTIIEYAThK Ha CIPaJuTe.

OT uKOHOMHYECKA TJIeHA TOYKA, JIEKUTE
0E€TOHM MMAT HO-ABJIbI' €KCINIOATAL[MOHEH )KUBOT
U MUHUMaJIHU DPa3XoAM 3a MoAJApbkka. Makap
I'bPBOHAYANIHATA MHBECTUIMS Ja € MalKo IIOo-
BHUCOKA, TSI C€ KOMIIEHcHpa B pamkute Ha 10—12
TOJMHU Ype3 CIecTeHa €HEeprus 3a OTOIUIEHUE U
oxyiaxknaHe. Bucokara moxapHa 0e30MacHOCT,
HHUCKaTa TOIUIONPOBOJHOCT U BB3MOXKHOCTTA 3a
pELMKIMpaHe T'M ONPEAeNiT KaTo YCTOMYMBO U
PEHTAOMJIHO  pelIeHHe 32  ChBPEMEHHOTO
EHEepTuiHO epeKTUBHO cTpouTescTro [12,13].
1. 3AKJ/IIOYEHHUE:

Enepruiinata e(eKkTMBHOCT B  CrpajHus
CEKTOp 3aBUCH B 3HAUYUTENIHA CTENEH OT U300pa
Ha TOIUIOM30JALIMOHHU  MaTepuaid, KOHUTO
3ama3BaT CTaOWJIHM CBOWCTBA TIPU  pEaTHU
eKCIUIOaTallMOHHU  yciioBus.  [lonmmepHute
U30JIallUd  OCUTYpsIBAT BHUCOKA II'bpBOHAYajHA
e(EeKTUBHOCT, HO Ca OIPaHMUYCHH 10 OTHOILIEHUE
Ha  yYCTOMYMBOCTTAa ¥  JBJITOTPANHOCTTA.
MuHepanHUTe MaTepuaIl ce OTJIMYaBaT ¢ A00pa
Mo)KapHa W aKyCTU4YHa yCTOMYMBOCT, HO
MOBMIIEHATa MM XUIPOCKOIMYHOCT BOJIU J0
BpeMeHHa 3ary0a Ha N30JIal[HOHHa e()eKTUBHOCT.
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Jlekure O€TOHM ce XapakTepH3HpaT Karo
rpyna HEOpPraHWYHH KOMIIO3UTH, ChueTaBalla
HHCKa TOIUIONPOBOJHOCT, BHCOKa IIOXKapHa
0e30macHOCT M CTPYKTYpHAa  CTaOMIIHOCT.
Ilopecta wuM CTpyKTypa ¥ KOHTpPOJHUpaHa
IUTBTHOCT OCUTYpSIBAT MUHUMAJHU IPOMEHH TIPU
HU3MCHCHUETO Ha KOe(bI/IIII/IeHTI/ITC Ha
TOIUIONIPEMUHABAaHE B YCJIOBHS Ha NPOMEHJIMBA
BIQXHOCT U  TeMmeparypa, a BHCOKara
HapOIPOITYCKIUBOCT JTOTPUHACS 3a
XUTPOTEpPMHUYEH  OajlaHC Ha  Orpa)kIaIInuTe
KOHCTPYKIIUH.

Ot exonoru4Ha riieHa TOYKa JEKUTe OETOHU
UMaT HUCHK BBIJICPOJICH OTIEYATHK, HE OTICISAT
BpCAHN CBCAUHCHHA U ITO3BOJIABAT PCUHUKIIMPAHEC
¥ BJaraHe Ha BTOPUYHU CYpPOBUHH. Te3m
XAPAKTCPUCTHUKU T OMPCACIIAT KaTo YCTOﬁqHBO
¥ TEXHOJIOTHYHO OTIPaB/IaHO pelieHue 3a ObaeImun
EHepruiiHO e(QEeKTUBHU U T0XKApOOE30MacHU
CTpajH.
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CPABHUMTEJIEH AHAJIN3 HA TOIIVIOPU3NYHUTE XAPAKTEPUCTUKU HA JIEKUTE
BETOHH 3A EHEPTUIHO E®EKTUBHO U YCTOHUYHABO CTPOUTEJICTBO

Hesena MuJiesa!, Kpym SInazos

COMPARATIVE ANALYSIS OF THE THERMOPHYSICAL CHARACTERISTICS OF
LIGHTWEIGHT CONCRETES FOR ENERGY-EFFICIENT AND SUSTAINABLE
CONSTRUCTION
Nevena Mileva!, Krum Yanazov

Pe3ome: B myOnmkanusTa € M3BBPIICH CPaBHUTEICH aHAIW3 Ha TOILIO(GHM3WYHHUTE XapaKTEPUCTUKHA HA PA3IUIHU BHIOBE
JIeKH OCTOHM, M3IIOJI3BAHM 32 CHEPTHHHO e(EKTHBHO W YCTOWYHMBO CTPOMTENICTBO. IIpeacTaBeHH ca 3aBHCHMOCTH MEXIY
o0eMHaTa IUTBTHOCT, TOIUIONPOBOJHOCTTa M SIKOCTTa Ha HATHCK, KAaKTO M BIUSHHETO HAa MHKPOCTPYKTypaTra BBPXY
TepMHUYHaTa eQeKTUBHOCT. Pe3ynraTure mokKa3BaT, ye 4pe3 ONTHMH3HMpaHE Ha IOpecTaTa CTPYKTypa W H3MOJI3BaHE Ha
NOAXOJSIIM 100aBKH MOXKE Ja C€ MOCTHIHE OJIaronpHsTeH OallaHC MEXAY HW30JalMOHHH M KOHCTPYKTHBHH CBOMCTBA.
JlekuTe OETOHM CE€ OUEPTaBAT KaTO EKOJOTUYHO U TEXHOJIOTHYHO YCTOHYHMBO PELICHUE 32 MOAEPHOTO CTPOUTEIICTBO.
KoarouoBu qymu: nexu OETOHHU, TOIUIONPOBOJHOCT, 00EMHA ITBTHOCT, CHEprUiiHa e)eKTUBHOCT, YCTOWYHBO CTPOUTEIICTBO

Abstract: The paper presents a comparative analysis of the thermophysical properties of various types of lightweight
concrete applied in energy-efficient and sustainable construction. The relationships between bulk density, thermal
conductivity, and compressive strength are examined, along with the effect of pore structure on thermal performance. The
results demonstrate that optimizing porosity and admixture composition enables a favorable balance between insulation
efficiency and mechanical strength. Lightweight concretes are identified as an environmentally and technologically
sustainable solution for modern building applications.

Keywords: lightweight concrete, thermal conductivity, bulk density, energy efficiency, sustainable construction

I. BBBEJAEHME: HaMaJleHa IUITbTHOCT W HHUCKM CTOWHOCTH Ha

CTpOUTETHHSIT CEKTOp € Cpell Hai-roJeMuTe
NOTpeOUTENN Ha EHEPrusi M pPECypcH, Karo
JOTIpUHACS 3a HaJl €Ha TpeTa OT BBIVICPOJIHUTE
emucun 1 okono 40% ot  KpalHOTO
eHepromnoTtpebiaeHue B EBpormeiickus cpro3 [1,2].
[locnennure  mpomMeHW B E€BPOICUCKHUTE
JTUPEKTUBU BBBEXKIAT MO-CTPOTH M3UCKBAaHUA 3a
OrpaHWYaBaHE Ha OIMEPATUBHUTE M BIIOKCHUTE
EMUCUU Ha COs., POABILKUTEIHUSA
eKCIUIOATAIlMOHEH JKMBOT HAa MaTepuaiuTe |
TAXHATa POJsi B YCTOMYMBOTO OOHOBSBAaHE Ha
crpaguusa ¢oup [1]. ToBa Haylara M3IMOJI3BAHETO
Ha MaTepuajy C BUCOKa EHepruitHa e)eKTUBHOCT,

no0pa  mokapo0e30macHOCT, KOHCTPYKTHBHA
CTabMIIHOCT U HUCHK BBIJIEPOJECH OTIICYATHK.
B TO3M KOHTEKCT JekuTe OeToHu ce

YIBBpPXKAABaT KaTo OCOOCHO 3HauMMa rpymna
cTpouTenHu Marepuanu. [IpurexxaBatr xubpuaeH
Xapaktep, KOMOWHHMpaiku  GyHKIUHM  Ha
M30JIALIMOHHU U KOHCTPYKTHBHHM cucteMu. Upes
KOHTPOJIMpaHa MOpecTa CTPYKTypa M MOJIXOJISILL
n300p Ha arperatd Morar Ja ce€ IOCTUTHaT

Koe(uIMeHTa Ha TOIUIONPOBOIHOCT, KOETO BOJIU
0 MKOHOMHUU Ha EHEprusi W peaylupaHe Ha
00IIIOTO TErJIO Ha OrpaKIAIIUTe eleMeHTH [3,4].

[locneguure  mpoyuyBaHuMs ~ IIOKa3Bar,  4e
napameTpuTe HA  MHKPOCTpPyKTyparta  —
BKJIFOUUTEITHO pasmep, MOPQOIOTHS u

CBBP3aHOCT Ha I[OPUTE — OMPEACNAT KaKTo
TOIUTMHHUS TIPEHOC, TaKa U MEXaHWYHaTa SKOCT,
MOBE/ICHUETO npu OBJIYKHSIBaHE u
YCTOMYMBOCTTa Ha IUKIM Ha 3aMpb3BaHe-
pa3mpaszsBane [3—5]. Marepuanu ¢ mo-rojsM st
3aTBOPEHM TIOpPU  JEMOHCTPHUpPAT  TO-HHCKA
TOIUIONPOBOJHOCT U MO-I00pO TMOBEACHUE MPHU
OBJIAKHSIBAHE, KOETO € KPUTUYHO 33 KIMMATHYHU
30HU C YECTH TeMIlepaTypHH KojeOanus [4].
Monudunupanero Ha JICKUTE OCTOHU dpe3
n00aBKM KaTO MHUKPOCWIHMKA, (GUOpH WU
HaHOYACTHIN OCHUTypsIBa MO-pPaBHOMEPHO
pasmpeneneHre Ha MOpUTEe U MO-J00BP KOHTPOI
Ha BJIaroadbcopOUpaHeTo, KaTo ChIIEBPEMEHHO CE
nonoOpsiBaT  SKOCTHUTE TMOKa3aTelu U Ce
peayuMpar  MHUKpPONMYKHAaTHHH, CBBpP3aHU C
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TepMUYHU HatoBapBaHus [5]. KomOuHanusTa ot
MUKpPOCTPYKTYpPHa CTa0MJIHOCT H HaMmaJeHa
TOIUIONPOBOJHOCT TO3BOJISIBA TIOCTUTAaHE HA TO-
BHUCOKa C€HepruiiHa e()eKTHUBHOCT Ha CTpaJHUTE
OrpaKIaIid KOHCTPYKIIUU 0€3 HEOOXOJAUMOCT OT
JTOMBIHUTETHU U30JIAIMOHHHU CIIOEBE.

OT ekojornyHa TJIeJJHA TOYKA JICKUTE OCTOHU
npejarat 3HAYUTEIHU IpeIuMCTBA.
H3nosns3BaHero  Ha  BTOPUYHM  CYpPOBHUHH,
HAMAJICHOTO KOJUYECTBO IIMMEHT M MO-HUCKaTa
EHepruifHa MHTEH3WBHOCT Ha TMPOU3BOJICTBOTO
BOASAT 1O ChHIIECTBEHO HaMmalsBaHEe Ha
BJIO)KCHHUTE BBIJIEpoaHU emucuu. l[locnegnure
aHanu3u Ha >ku3HeHus uukbil (LCA) mokassar,
4ye ONpelesieHu BHUJIOBE JIeKH O€TOHH ¢
PELMKIMPAHU MaTepuald MoraTr Ja MOHIKAT
€KOJIOTUYHUSL OTIEYaThK HA KOHCTPYKTUBHUTE
eneMeHTH ¢ 30-45% cnpsiMo TpaaUIIMOHHUTE
cucreMu [6]. Toma oOycmaBs  TsAXHaATa
OPUJIOKMMOCT B paMKHT€ Ha KpbroBaTa
WKOHOMHKA W TIOJUTHUKHUTE 3a TOCTUTaHE Ha
BBITIEPOJHA HEYTPATHOCT.

Hacrosimata cratus npenctaBs CpaBHUTEICH
aHaJIM3 Ha Pa3JIMYHU BHUJIOBE JIEKU OETOHU upe3
OIICHKa Ha Bpb3KaTa MEXIY MHUKPOCTPYKTYpa,
o0eMHa TIBTHOCT, TOIUIOPU3UYHH CBOMCTBA U
XUTPOTEPMUYHO TOBEACHHE. AHAIM3UpaHU ca
OCHOBHUTE MEXaHU3MH, KOUTO BIHUSAT BBHPXY
TOIJIONIPOBOJTHOCTTa,  BiaroabcopOmpane U
yCTOWYMBOCTTa Ha  Marepuana, ¢  Lel
dbopMypaHe Ha HAYYHO OOOCHOBAaHU KPHTECPUHU
3a u300p Ha Jieku OETOHM, MOAXONAIM 3a
€HEPTUIHO e(eKTUBHH u YCTOWYHBU
KOHCTPYKTHUBHU PEILICHUSI.

II. METOJAU HA U3CJIEABAHETO:

2.1. Knacudukanus Ha JeKUTe 6€TOHH

Crnopen HaunMHa Ha TMOJy4YaBaHE Ha MOpecTara
CTPYKTypa W BUJAa HA HW3MOJI3BAHUTE arperarw,
JeKuTe OETOHU ce JAENSAT Ha YeTUPU OCHOBHU
rpynu (Tabmuua 1) [7,8]. OcHoBHara 1en npu
pa3paboTBaHETO UM € Jla Ce IMOCTUTHE HHUCKa
IUTBTHOCT TpW  3ama3BaHe Ha JOCTAaThyHA
MEeXaHMYHa YCTOMYMBOCT U IbAroTpaiiHocT. Tesu
MaTepUaii C€ OTJIMYABAT ChC 3HAYUTEIHO I10-
no0pa TOIUIOM30Jalus U MO-HUCHK €KOJIOTHYeH
OTIICYATHK B CPAaBHEHUE C OOMKHOBCHHSAT OCTOH.

beronu ¢ neku arperatu — ToBa ca MaTepHan,

B KOHUTO C€ M3M0JI3BaT €CTECTBEHU WU
U3KYCTBEHU MOpECTH arperatu KaTo
€KCIaHJIupaHa TJIMHA, rmeM3a, MIEPJINUT,

BCPMUKYJIIUT WA NUIAKOBU T'PAHYJIN. Te ce

xapaktepusupar ¢ mibTHOCT OoT 1400 mo 2000
kg/m® u cpaBHHTETHO BHUCOKA SKOCT, KOETO T'H
MpaBu TOIXOASAIIM 3a Hocemm u (acagHu
eneMeHTH [7].

Ta6umna 1. Knacudukaius Ha jieku 6eTOHU

ITnvm-
OcHoeHU Oonacm Ha
Bud bemon Hocm cbCcmaekKu npujioxcenue
(kg/m’) P
Ekcnannupana Hocemw
C Jieku arperatu 1400-2000 AP tacagau
[IMHA, TIeM3a
CIIEMCHTH
Kiaerbuen 400-800 T'azoberon, Orpascnamu
IeHOOETOH MAHENH, 3UAAPUN
W3omamun
IToauctupo- nmeHT + EP ’
po 300-1000 | "P™© ol ——
0eToH rpaHyJIu
cJl0eBe
Jlersa
ere. aKa. Eko-6eronu ¢
I'eonosiumepeH 8001200 | "CUCT LIAKA, ror
aJKaIHU BHCOKa TPAWHOCT
AKTHBAaTOPHU

[Topro3HOCTTAa TIpH KJIETHUYHUTE OETOHU Ce
ch3ZaBa M3KYCTBEHO  4Ype3  BB3AYX  HWIH
ra3oo0pasyBally areHTd B IIMMEHTOBaTa CMeC.
Haii - decrto um3mons3BaHUTE ca Ta300€TOHBT U
MEHOOETOHBT - MMAT HUCKA OOEMHA IUTBTHOCT
(400-800 kg/m?), nmoOpa Tomymou3onanus U
aKyCTHUYHU CBOICTBa. OCHOBHOTO UM
MPUIOKEHUE € TP U3TpaKIaHe Ha Orpa)aalu
CTEHM U IIaHEJIH.

[Tonuctuponberon — MIpeJICTaBIsIBa
KOMIIO3UTEH Marepuall, Hpu KOHTO dYacT OT
BB3JIYIIHUTE MEXYPU C€ 3aMEHSAT C IpaHyld OT
excrianaupad nonuctuped (EPS). B pesynrar na
TOBA ce Moyy4aBa 0eToH ¢ Hucka mrbTHOCT (300
1000 kg/m3®) w mobpu TOIUIOM3OIAIIMOHHU
cBoiicTBa. M3mon3Ba ce 3a MOJOBH 3aMa3KH,
MOKPUBHU M30JIallUU U THIHEKHH KOHCTPYKIINY,
KaTo OCUTYpsiBa I00pO ChUETaHHE MEXKIY JIEKOTa
Y U30JIAlMOHHU KauecTBa.

['eononumMepHuTe GETOHU M3IONI3BAT ATKATHU
aKTUBUpaHU MaTepuayy (JeTsiua Iemnen, [aKa)
U ce OomIMYaBaT C BHCOKa XHUMHYecKa
YCTOMYMBOCT M  HaMajJeHM €MHUCHUM  Ha
BoryiepogeH auokcupa (CO:2) [8]. Brmaknectute

KOMIIO3UTH CBhIbPXKAT CUHTETHYHHU BIJIAKHA,
KOUTO MOBHUINABAT SKOCTTa U AeopMalioHHaTa
YCTOMYHUBOCT.

2.2. OU3NKO-MEXAHUYHU U TONJIOPU3NIHHA
CBOlicTBa

XapakTepUCTUKUTE Ha  JIGKUTE OETOHHU
(Tabnuua 2) 3aBUCAT OCHOBHO OT CTpPYyKTypaTa
Ha TMOpHUTE, BUJA Ha arperature, XUMUYECKHUS
CbCTaB U M3IIOJI3BAHOTO CBBP3BAILO BEILIECTBO
[3,5]. Konkoro mno-BUCOKa € MOPbO3HOCTTA,
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TOJKOBA [IO-HUCKa e IJIBTHOCTTA u
TOILIONPOBOJIHOCTTA, HO CBIIIO TaKa C€ HaMajsiBa
U sKocTtta Ha Hartuck. llopagm ToBa mpHU
pa3pabOTBaHETO Ha JIEKM OCTOHM € HEOO0XOoIuM

Oananc MEXTY Maca, SIKOCT u
TOIJION30JIAMOHHU ~ CBOWMCTBA,  KOHTO  Jia
ocUrypsiBa €IHOBPEMEHHO KOHCTPYKTHBHA

YCTOWYMBOCT U €HEepruiiHa e()eKTUBHOCT.

Ta6uuna 2. Haxou
CBOMCTBA Ha Pa3IMYHUTE BUIOBE JEKU OCTOHH

o y) Cp

Buo bemon | b | wmk) | (WkeK)
Jlek arperaten | 20-40 | 0.45-0.70 900
I"a300eTOH 4-10 | 0.12-0.25 950
IlenoOeToH 5-15 | 0.25-0.35 960

Toauerupoa- | 5 15 | 905020 | 1200
0eTOH
I'eonosmmepen | 25-50 | 0.35-0.55 920
[InpTHOCTTA € OCHOBEH IIOKa3zaTesl 3a

kinacudukanusaTa Ha gekute 6eronu. Ts Bapupa B
3aBUCHUMOCT OT ChCTaBa W TEXHOJOTHUATAa Ha
npousBoAcTBo. [lopecrara crpykrypa Biusie He
camMoO BBbPXY TOILUTMHHHUTE CBOMCTBA, HO M BBHPXY
MOBEJICHUETO TPHU OBJIAKHABAHE, 3aMpPb3BaHE U
MEXaHUYHU HATOBAapBaHUA. 3aTBOPEHHUTE MOPHU
noo0psABaT M30JAMATa W YCTOMYMBOCTTA Ha
3aMpb3BaHe, JOKAaTO OTBOPEHUTE YBEIMYABAT
HapoNpoOINyCKIUBOCTTa, HO BOJASAT 10 MO-BUCOKA
BlaroadcopOuus [4,5].

Skocrra (6) Ha HAaTUCK € OCHOBEH
KOHCTPYKTUBEH TMapaMeTsp M € CBbp3aHa C
IUThTHOCTTA W BHUJIa HA M3MOJ3BAHUTE BB3AYIIHU
cMmecH. 3a arperaTHUTe OETOHM SKOCTTa Bapupa
Mexay 15 u 40 MPa, 3a kKIIeThYHUTE — MEXKIY 2 U
10 MPa, a 3a mNOIUCTUPOIOETOHHUTE — B
rpanuiute 5—-10 MPa [7]. T'eononumepnure
nexku OeroHu, OnarojapeHue Ha  CBOsTa
MUHEpaJHa CTPYKTypa, MOrar Ja JdOCTUTHAT
sakoct Hax 40 MPa npu mibtHOCT moa 1200
kg/m3 [8].

KoepunmenTbT Ha  TOIUIOMPOBOAHOCT €
OCHOBEH KPHUTEpUM 3a OICHKAa Ha TEepMHUYHATA
e(deKTUBHOCT Ha JekuTe OeroHu. Toil MmokasBa
KOJKO TOIUIMHA TpEMHUHAaBa Tpe3 eIUHUIA
nebenrHa Ha Marepuana u Bapupa ot 0.05 mo 0.7
W/m-K, nokato mnpu OOMKHOBEHHS OCETOH €
okono 1.8 W/m-K [3,7]. Hail-Hucku CTOMHOCTH
ce  HaOnofaBaT  NpU  KIETBYHUTE U
MOJIUCTUPOIHUTE OCTOHH, 3apaay Ha HATIUYHETO
Ha BB3JYIIHU MOPH U MOJUMEPHU BKIIIOYBAHUS.

CrenupuuHUAT TOIJIMHEH KalalUTeT Ha JICKUTe
6eronu Bapupa mexay 900 u 1200 J/kg-K, xoero
MO3BOJIsIBA HATPYIBAaHE M OTJaBaHE Ha TOIUIHMHA,
MOJITOMaraiky CcTabuiIn3anusiTa Ha BBTPEILIHUS
MHUKPOKJIMMAT B CrpajuTe W HaMaJsBaKu

aAMIUTUTYIUTE HA JHEBHUTE TEMIIEPATypHU
KoJyieOanus [5].
XWUIPOCKOIUYHUTE CBOWCTBA CBHINO HMAaT

BIIUSTHUE BBPXY CKCIUIOATAIIMOHHUTE MapameTpu
Ha Jiekuss OeroH. Marepuanute C BHCOKA
OTBOPEHA IOPHO3HOCT, KaTO TMEHOOETOH, MoraT
na abcopOupar rojiemMu KOJIMYeCcTBa Bliara, KOETo
MOBUINIaBa Koe(HIMEeHTa Ha TOIUIOMPOBOJIHOCT
BPEMEHHO W  HamalsBa  H30JAIlIOHHATa
e(eKTUBHOCT. ['€ONOTMMEPHUTE W BIAKHECTHUTE
0EeTOHU UMAaT MO-HUCKA BIIArONPOITYCKIUBOCT U
YCTOWYMBOCT MPU [HUKIA HAa 3aMpb3BaHE U
pa3MpassiBaHe,  3apaaud  [O-IUIbTHaTa  CH
cTpykTypa [4,5].

2.3. AHaJIu3 Ha pe3yJITaTHTe

AHaIM3bT HA PA3TMYHUTE TPYIH JICKU OCTOHU
MOKa3Ba, Y€ TEXHHUTE CBOICTBa ca B TiCHA
3aBHCHMOCT OT CTPYKTypara Ha Marepuaia |
HAaYMHA HAa TMPOU3BOACTBO. 3aBUCHUMOCTHUTE
MEXIY IUIBTHOCT, TOIUIOIPOBOJHOCT U SKOCT
OTIPECTISAT MPUIOKUMOCTTA Ha BCEKH TUIT OETOH
3a KOHKpPEeTHH crpouTenHu Ienn. OcHOBHATa
3aKOHOMEPHOCT €€ CBhCTOM B TOBa, Y€ C
HAMQJSIBAHETO Ha IUTBTHOCTTA C€ TIOHWXKaBa
AKOCTTa, HO 3HAUUTENHO ce Tmoao0psBaT
TOITIOM30JIAlIMOHHUTE KadecTna [3,7].

Ha ®wur.l1 e mnpencraBeHa 3aBHCHMOCTTA
MEXIy IUIBTHOCT W  TOIUIONPOBOAHOCT 3a
pasnuuHuTe BUAOBE Jeku Oetonu. Habmonasa ce
SICHO M3pa3eHa TCHJICHIUS KbM yBElIMYaBaHE Ha
TOIUIONPOBOJHOCTTa  C  [OBUINIABaHE  Ha
IUTBTHOCTTA, KOETO MOTBBPIK/IaBa KOJIKO € BaKHA
mopecratra  CTPyKTypa  3a  €HEpPruiHUTE
xapaktepucTtuku [3,5]. Marepuanure ¢ mo-HUCKa
ITBTHOCT (Ta300€TOH, MOJUCTUPOJIOSTOH) MUMAaT

MHOTOKpPAaTHO no-go0pa M30JIallMOHHA
CIOCOOHOCT u MO-HUCKA MEXaHWYHa
YCTOMYUBOCT.
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®@ur. 1. Bpp3ka Mex 1y IUTBTHOCTTA U TOIUIONIPOBOIHOCTTA
Ha pa3lUYHU BUAOBE JICKH OETOHU

Ha ®wur.2 e noka3aHo CbOTHOILIEHUETO MEKIY
AKOCT u IUTBTHOCT. Knerpunure 51
HOJUCTUPOJIHUTE OETOHM ca pa3loJOXKEeHU B
30HATa HA HUCKA SIKOCT M HUCKA ILTBTHOCT. Ta3u
3aBHCUMOCT IOTBBP)KJaBa HEOOXOIUMOCTTa OT
KOMOWHUpaH MoaXo Mpu n3bopa Ha MaTepuai —
B 3aBHCHMMOCT OT TOBa Jalld CE€ LEIM Ja Ce

IIOCTUTHE KOHCTPYKTHBHA 3ApaBUHA NN
eHepruitHa eekTuBHOCT [5,7].
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®ur. 2. 3aBUCHMOCT MCKAYIITBTHOCT U AKOCT HAa HATUCK
IIpy pa3JINIHU BUAOBC JICKU OcTOHH

OcBeH  (pU3MKO-MEXaHUYHUTE I[OKa3aTelH,
AQHAIN3BT [10Ka3Ba U Pa3JInYus B €KOJIOTMYHUTE U
eHepruiinuTe napaMerpu. lIpom3BoacTBOoTO Ha
JeK arperaTeéH M TeOoNoJMMEpeH OeToH e
CBBP3aHO C MO-HUCKA €HEepruiiHa KOHCyMalus U
[O-MaJKO  BBIJIEPOAHHM  E€MHCHM  CHPSMO
TpaguioHHuss OeroH [6,8]. Kuerbunure wu
HOJIMCTUPOJIIHUTE OETOHM JONpPUHACAT 3a MO-
HUCKM  €KCIUIOATallMOHHU  Pa3Xolu  MOopaau
HUCKAaTa CH TOIUIONPOBOJIHOCT.

N300pbT HA KOHKPETEH THII JIEK OETOH clie/iBa
Ja OTYATa MEXaHWYHUTE U TOIIODU3UIHHUTE
MOKAa3aTeNH, a ChIIO U LSIOCTHOTO BB3JICHCTBUE
BBPXY JKU3HEHUS LUKBJ Ha crpaaarta [4,6].

I11.

2.4. MMUKpPOCTPYKTYPHM MEXaHU3MH H
BJIMSIHUE BHPXY TONJIONPOBOJHOCTTA

MukpocTpykTypata Ha JIEKUT€ OETOHH
MpeJ/ICTaBiIsIBa CUCTEMa, ChCTaBeHa OT CBhp3Balla
MaTpulla, MUHEPAJTHU WIH MOJMMEPHU arperaTu
U BB3AYIIHH TOPU, PA3MOIOKEHH B pa3iMyHa
CTEIEH Ha CBBP3aHOCT. [Tocnennure
U3CIEBaHUSI  BBPXY IOPECTH  CTPOUTEITHHU
KOMITO3UTH MOKa3Bar, 4e UMEHHO
pasmpeneneHuero, ¢opmara W Bpb3KaTa Ha
MOpUTE WMaT  BOJICUIO  BIUSHHE  BBPXY
TOILIONPEHOCa, TOKATO e(heKThT Ha IUTBTHOCTTA €
BropuueH [3,5]. [lopure ¢ Manbk aAuamMeTsp (MO
0.1 mm) orpaHu4aBaT TOIUIONPEMHUHABAHETO

nopajad  JOMUHHUpall  TOIUIOOOMEH  4pe3
HEMOJBIKEH BB3JyX, JOKaro IO-TOJEMHUTE,
CBBpP3aHU IIOpH  yBenW4YaBaT e(deKTHBHATA

TOIUIONPOBOJIHOCT Ype3 KOHBEKTHBHH IPOLIECH
[3,7].

ExcriepuMeHTanHu JaHHU 3a KJIEThYHU U
MOJINCTUPOJTHA ~ OCTOHW, IIOKa3BaT, 4Ye MpH
yBeJIMYaBaHE Ha Jiela Ha 3aTBOPEHHUTE KIETKH C
Hang 15% ce moctura HamaisiBaHe — Ha
koeduimenTa Ha ToruionpoBoaHocT ¢ 10—-18%,
06e3 [ma ce KOMIPOMETHpa MeXaHUJHaTa
YCTOWYUBOCT [5,7]. ToBa noj4yeprana
HEO0OXOIMMOCTTa OT KOHTPOJUPAHE HA TIOPUTE B
CTPYKTypa C 1eld MoaoOpsBaHe TepMOPUZUIHUTE
CBOMCTBA Ha JiekUs 0eTOH. MUKpPOCTPYKTYpPHUTE
HaOII0IeHUS Ha KOMIIO3UTH c
HAaHOMOJM(UKAIMSA I[OKa3BaT IO-PAaBHOMEPHO
pasmpeneieHue HA  TOpHTE, MOBUIIICHA
CTPYKTypHa CTaOUITHOCT " HHUCKa
YyBCTBUTEITHOCT HA HABJIAKHSBAHE MPU PEaTHU
KJIMMaTUYHH BB3JICUCTBUA [5,8].

SAKJIIOYEHHUE:
[ToBumaBanero Ha eHepruiiHaTa €()eKTUBHOCT
B CTPaJHHUS CEKTOp € IPSAKO CBBp3aHO ¢ m3bopa
Ha MaTepuau, KOUTO 3ama3Bar TOIIO(GU3HUHUTE
CH XapaKTEePUCTUKU TMPU PEATHU KIUMATHUHHU
BB3/eiCcTBUS. JlekuTe OETOHM JEMOHCTpUpaT

SHAYUTCJIICH IIOTCHHHAJI KAaTO HCOpPTraHUYHU
KOMIIO3UTH, cbUycTaBallu HHUCKa
TOIIIOIPOBOJHOCT, JOoCTaTb4Ha MEXaHHMYHa

YCTOMYMBOCT U ONArONpHUSITHO XUTPOTEPMHUYHO
MOBEICHUE. TexHudar opecT CTPOEK,
KOHTpOJIUpaHa ITBTHOCT u BHCOKa
MMApOIPOMYCKIMBOCT  OCUTYpsIBAT  YCTOMYMBO
MOBEJCHUE TMpU MPOMEHJIMBA BIAXHOCT U
TEMIIEPATypHU KOJIeOaHHS, KAaTo PHCKBT OT
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KOHZEH3 U MHUKPOOUOJIOTUYHO YBPEXKIAaHE Ce
penyuupa.

Ot exoJIOrM4YHa TJIEAHA TOYKA JICKUTE OCTOHH
npeiaraT IpeIuMCTBA CHPSIMO TIOJUMEPHUTE
M30JIallii, ThM KaTo HE ChIBPXKAT JETINBU
OpraHUYHU ChbEeIUHEHH, MOJIEKAT Ha
peUUKINpaHe W TIO3BOJISBAT M3IOI3BAHETO HA
BTOPUYHH CYpOBHHH, KOETO HaMaJjsiBa
BBIJICPOIHUS OTIIEYaTBbK u MOAKpEIs
MPUHIMIIATE Ha KpbroBaTta MKOHOMHKA. HoBuTe
TEHJCHIINH B Pa3pabOTBAHETO MM, BKIIFOUUTEITHO

ONTHMHU3AIMs HAa TIOpecTa CTPyKTypa U
npujgaraie  Ha  (QYHKIMOHATHH  J00aBKH,
IIOKa3BaT  BB3MOXKHOCT 32  JONBIHUTEITHO
no1o0psiBaHe Ha M30JIAIIHOHHUTE

XapaKTEPUCTUKH 0€3 KOMIIPOMHUC ¢ MEXaHHUYHUTE
CBOMCTBA.

Bb3 ocHOBa Ha TexHHTE (DPU3UKO-MEXaHWYHH,
TepMO(i)I/IBI/I‘-IHI/I U CKOJIOTUYHH XapaKTepI/ICTI/IKI/I
MOXKE Ja Ce 3aKIouH, dYe JIEKHTe OETOHH
HpeI[CTaBJIHBaT YCTOI?ILII/IBO U TCXHOJIOTHUYHO
000CHOBaHO DpelIeHue 3a ObJenM CHEPruiiHO
e(l)eKTI/IBHI/I nu HI/ICKOBT)FJIepOZ[HI/I CTpOI/ITeJIHI/I
CHCTEMH.
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CPABHEHUE HA TAPAMETPUTE U ITIOTEHIUAJIA HA BATBHPA B JIOKALIUU OT
CEBEPOU3TOYHA BBJT'APUSA C TIPUJIOXKEHUE HA TIPOAYKTA WINDPRO

Jamsanka CrosnoBa lumutpoBa

COMPARISON OF WIND PARAMETERS AND POTENTIAL IN LOCATIONS IN
NORTHEASTERN BULGARIA USING THE WINDPRO PRODUCT

Damyanka Stoyanova Dimitrova

Pe3rome: BATbpbT € umcT, Oe3IUIaTeH M HEM3UEepIaeM HM3TOYHHMK Ha €HEPrHs. 3a OLEHKAa Ha BETPONOTCHIMANa Ha AaaeH
palioH ce MpOBEXIaT MOHE EJHOTOJWIIHM M3MEpBaHUs Ha mapamerpute My. Ilo mpoekt Ha TY - BapHa ca MOHTHpaHH
MeTeoposiornaHu Mautéd B CeBepHa bwarapus. HampaBeHo e cpaBHeHHE Ha HM3MEpPEHMTE IIapaMeTpH Ha BAThpa U Ha
noteHuuaita My. [Ipunoxena e efHa oT Hal-M3BECTHUTE U TOYHHU nporpamu - WindPRO.

KuarouoBu nymu: Bsarep, CkopocT Ha BATbpa, [lapamerpu Ha BsTbpa, [lotennuan Ha Bitbpa, WindPRO.

Abstract: The wind is a clean, free and inexhaustible source of energy. To assess the wind potential of a given region, at
least one-year measurements of its parameters are carried out. According to a project of TU - Varna, meteorological masts
have been installed in Northern Bulgaria. A comparison of the measured wind parameters and its potential has been made.

One of the most famous and accurate programs - WindPRO - has been applied.
Keywords: Wind, Wind speed, Wind parameters, Wind potential, WindPRO.

I. BBBEJAEHHE:

B  nocnegHuTe  nmecerwiieTus — HapacHa
cepro3Ho uHTepechT KbM BEU 1 B yacTHOCT KbM
BB3MOKHOCTUTE W YCBOSIBAHETO Ha BATHpHATA
eHeprus. buzHechT M ydyeHHTE HacoyBaT
BHMUMaHUE KbM BETPOBUTE IMapaMeTpu U
noreHuman. [lo mpoekr Ha TY - Bapnua B
CeBepna bearapus ca pasmonoxenu 15
METEOPOJOTUYHH MaYTH. 3a 00pa30BaTEIHH LIETH
e mpenBHJieHa U elHa 34m MauTa 3a paiioHa Ha
YHUBEPCUTETA.

II. H3J0XEHHE:

IL.1. OcHOBHM IapaMeTPH HA BATHPA.

OcHOBHUTE TTapaMeTpU Ha BETPOBATa €HEPrus
ca CKOpPOCT M TIOCOKa Ha BATHpPA, KaKTO U
TeMIlepaTypa Ha OKOJHaTa cpefa. EHepruiiHuAar
MOTEHIIMAI Ha JaJeHO MSCTO CE€ Ompeness B
pe3ynaTaT Ha CUCTEMHHTE MM H3MEpBaHHs /3a
MuHEMYM | rogunHa/. Cria3Ba ce YTBBPACHUAT U
npuiarat B 1su1 cBAT cranaapt IEC 61400-12.

OrnpenensHeTo Ha apaMeTPUTE Ha BATHPA CE
OCBIIECTBSIBA C  IOMOINTAa Ha  CEH30pH,
MOHTHUPAHM Ha pa3JIMYHA BUCOYMHU BBPXY
METEOpOJIOTHYHA MauTa, KaTo OTYUTAHETO € Ha |
win 2s. CpenHuTe CTOMHOCTH C€ ONpEAesaT Ha

10min. CTanmapTHUTE OTKIOHEHHSI HAa CKOPOCTTA
M T0COKaTa Ha BATHpPA Ca CHIIECTBEHH KaTo
WH/IUKATOPU Ha TypOyJIGHTHOCTTA u
atMocepHara cTaOWIHOCT. MaKCHUMaJIHHUTE |
MUHHMAaJIHUTE CTOWHOCTH Ha CKOpOCTTa |
TeMmIreparypara TpsiOBa 1a ce€ ONpeAessaT Haii-
MaJIKO BEJIHBXK JTHEBHO. [Tocokara,
CHOTBETCTBAIIA Ha MaKCHUMalTHaTa
/MHHUMAaHaTa/ CKOPOCT Ha BATHpa, TPsOBa Ja
Obae peructpupana [1].
11.2. BeTpoBM nOTEHUMAJL.

BerpoBusaT mnoreHnuan Moxe ga  Obie
pasrienaH Karo:
- pa3smoJiaraemMa, TeOpeTHYHA BeTpoOBa

MOIIHOCT /MOIIHOCT HA Te4YeHUeTo Mpe3
BeTpoTypouna/, W [2];

- BETPOBH pecypcu, W/m?;

BerpoButre pecypcm ce Hamupar —dUpes
UHTErpUpaHe Ha nudepeHnuaniHaTa GyHKIus 3a
pasmpenencHrne Ha BeilObn B nuamazoHa Ha
paboTHHTE CKOPOCTH. Pasrnexna ce
BETPOTypOMHAa ¢  YCJIOBHA  IUIONI  Ha
Berpokosenoro 1 m? [3], [4].

- MOTeHIUAJIHH 3anacu, Wh/m?;

Wwma ce npeaBua equHMIIA YCIOBHA IUIONI HA
BETPOKOJICNIOTO 3a MIEPUO/] OT BpeMme [5].
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- BETPOBH eHeprueH noreHuuag, Wh;

[IpencraBisBa ycaoBHA MPOU3BOAUTEIHOCT Ha
BeTpoarperara IMmpu CICIHUTE YCIOBHS: TEPHO
oT BpeMe - | T.; yClIOBEeH JuamMeThp Ha
Berpoarperara D = 1 m; MOIIHOCTEH
koepunueHt C, 0,3; mexanmuen KIIJI nHa
BeTpoarperara 7, = 1 [6].

-  TeXHHYECKH
noreHnuaa, TWh.

EHepruiiHMAT BETPONOTEHIMA € CBBP3aH C
TPU Pa3HOBUIHOCTH pecypcu. [Ipupoonume
/meopemuunume, momanirume, NOMeHyuaiHume/
pecypcu BKIIOYBAT KWHETUYHATA CHEPrus Ha
BB3IyIIHUTE TeueHusl. EHepruiinuTe pecypcu Ha
BATHpA Ca OMPEJIETICHU 3a CKOPOCTH B MHTEpBaja
or 0 mo 40 m/s. Texuuueckuam /0ocmwnuusim/
nomeHyuan MIpe/ICTaBIISIBA pecypceure,
MOAXOAAIIM 33 M3IMOJI3BaHE IPU CHBPEMEHHO
HUBO Ha Pa3BUTHE HA TEXHUYECKHUTE CPEIICTBA U
ChOJIFOaBaHE  HA  €KOJOTUYHUTE  HOPMHU.
HUronomuueckume pecypcu /nomenyuan/ ca 4act
OF TEXHHWYECKHs TIOTCHIHMAJ, 3a KOATO €
WKOHOMHYECKH OIpaBAaHa TpaHchopMmanusra B
TPAAUITMOHEH BUJI CHEPTUs NMPU CHIIOCTABSIHE C
obukHOBeHUTE eHepropecypceu. [7], [8], [9], [10].

B MereoposornyHuTe CTAaHIIMKM CKOPOCTTa Ha
BATHPA ce Mepu Ha BucounHa 10 m, HO XbOHATA
BUCOYMHA OOMKHOBEHO € HSKOJKO IThbTH TIO-
rossiMa ot Hed. 1lo mpoekra Ha TY — Bapna ca
npoBesieHn u3mepBanus Ha 10 m, 40 m, 50 m u
60 m.

II.3. Onucanme Ha _000pYIBAHETO KbM
METE€OPOJOrHYHATA MAYTa.

o [llect yamkoBuauu anemomeTpu, NGR #40,
Pas3IoJI0KEeHN Ha BUCOYMHM: Ba Ha 60 m, 1Ba Ha
50 m, enux Ha 40 m u egud Ha 10 m — 3a
M3MEpBaHE Ha CKOPOCTTA Ha BATHpA.

e J[Ba Berpomokazatens, NGR #200P,
pasnosnoxxeHu Ha Bucounnu 60 m u 50 m.

e Temmnepatypen censop, NRG #1108,
Pa3IoJI0KEeH Ha BUCOYMHA 3 m.

e Jlata snorep, NRG Symphonie Plus ¢ 5
anajioroBu u 10 mmdpoBu Bxonma, cHabIeH C
iPack momyn 3a Ge3xkMUHO IpenaBaHe Ha JaHHU
MOCPEJICTBOM ~ KJIEThYHA MOOWIJIHA HHTEPHET
Bpb3Ka U JIBE€ aKyMyJaTOpHU OaTepuu CbC
3axpaHBall cIrsHYeB Moty /10W/.

N3mepBanusATa ce 3amucBaT 4pe3 JaTa jorepa,
KaTo HMHTEpBAIBT Ha oTuMtane e 2 s [11].
CypoBuTe JaHHHU C€ U3TErNIAT OT EJIEKTPOHHATa
noma Ha Madrara. [locie ce oOpabGorBar B
nporpamMHus mpoaykT Symphonie Data Retriever.

/nocTbnieH/  BeTPOBM

daiioBeTe ce EKCIOPTUpPAT KaTO TEKCTOBU 3a
pabota B mpoaykra WindPRO.

11.4. Ipuiioxenne HA coPTYepHUS NPOAYKT
WindPRO.

[IpunoxkeHa € enHa OT HaW-U3BECTHUTE U
tounu nporpamu WindPRO, Bepcus 2.6.

I1.4.1. Texnuyecka cnenupukanus "
pe3VITATH 0T HM3MePBAHMATA 32 MauTa ¢
HHBEHTApeH HoMep 6052 B mepuoaa or
13.01.2010 r. 50 13.01.2011 r.

1. Texuuuecka cneyuguxayusi.

eMaura Tun: NRG Now 60 m
Taou. 4.1.1. Jlanam 3a mauta 6052 — 1

Hneenmapen nomep Homep oamanozep

6052 01314
T'eooe3uunu Koopounamu Haceneno
mACmo
N043°46.980' | E027°07.281' c. Paznen

Tao.. 4.1.2. Jlanau 3a mauta 6052 - 2

Iocoxka macmo Oowuna Oonacm
ror, 100 m JynoBo Cunuctpa
Excnnoamauyuonen SIM

CPOK Kapma

13.01.2010T. - 13.01.2011 0884011521

T.

AHEMOMETpUTE U CEH30pPBT 3a CIIbHYCBA
panuanuys /mupanoMeTbp/ ca kanudpupanu [11].

2. Bemposu Xapakmepucmuxu u
memnepamypa Ha 8v30yxa.:

WindPRO renepupa rpaduku 3a ckopoctra u
TypOyJIeHTHaTa WHTCH3MBHOCT Ha  BITHPA,
pasnpeieNicHH CIopes] TOCOKUTE 3a YETUPHUTE
M3MEpPBATEIIHNA BUCOYHHH.

speed

@ur. 4.1.1. CkopocT u TypOyJICHTHOCT Ha BATHPA IO
nocoka /60 m, 50 m, 40 m, 10 m/ 3a maura 6052, m/s

3a maura 6052 Hali-BUCOKUTE CKOPOCTH Ha
BATBpa Ca HW3MEPEHM Ha BHcounHa 60 m.
Oruerenn ca B 3amanHa /W/, roxua /S/ u 10r-
roron3touHa /SSE/ mocoka, KakTo U Hali-HUCKUTE
TypOyJIeHTHOCTH Ha BiATHpa /ur. 4.1.1/.
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®@ur. 4.1.2. Poza ra BaTHpa /60 m u 50 m/ 3a Mmadra

6052, %
CrriiacHo po3ata Ha BATBHPA
npeoOiasaBamara TOCOKa HM  Ha  JBETE

U3MEpBATEIHA BUCOYMHHM ¢ 3aman /W/, ror-
torousTok /SSE/ u 3aman-ceseposamnany /WNW/ -
¢ur. 4.1.2. 3anagaure BetpoBe /W/ ca ¢ Haii-
3HauMTeNHa MoBTropsemoct — 16,178% Ha
BrcounHa 60 m /kanan 1/.

C mnHail-roneMu CpeIHOTOJUIIHUA CKOPOCTH Ce
OTJIMYaBaT BETpOBETE OT tor-forom3tok /SSE/ Ha
BucounHa 60 m - 7,238 m/s /kanan 1/ u 7,357
m/s /kanan 2/.

Haii-yecto nyxart BerpoBe cbc ckopocT 2,50 -
8,49 m/s. ITocokure ca rimasuo 3amax /W/, 3aman-
ceBepo3aria /WNW/, ceBep-ceBepo3ana
/NNW/ u ror-rorou3rok /SSE/.

B tabn. 4.1.3 ca mpencrtaBeHH 4YeCTOTHTE Ha
BeTpoBeTe OT nauamnaszoHa 2,50 - 8,49 m/s karo
yacT oT Bcuukd 3amucu /52200/. C Hai-roiaama
YecToTa ca BeTpoBere ot rpaxauunte: 2,50 - 3,49
m/s; 3,50 - 4,49 m/s; 4,50 - 5,49 m/s; 5,50 - 6,49
m/s 3a BCHYKU HM3MEPBATEIHH BUCOYMHU. Tyk
BIu3ar u rpagamuute 6,50 - 7,49 m/s /3a 60 m u
50m-3/u1,50-2,49 m/s /3a 10 m/.

Tabsauna 4.1.3. YecToTa Ha CKOPOCTHUTE OT IpaJanuara
2,50 - 8,49 m/s 3a mauta 6052, %

[Ipu BeitObs paznpenencHueTo Ha CKOpOCTTa
Ha BATHpa /ur. 4.1.3/ mapameTspbT Ha Mamada
A /c/ e B nnamazona 4,3 - 6,3 m/s, a mapaMeTbpbT
Ha ¢opMmarta k ce aBroku B mHTEepBana 1,90 - 2,19,
KakTo € ImokazaHo B Tabn. 4.1.4. Huckwute
CTOMHOCTHM Ha JBaTa MapaMmeTbpa ChbOTBETCTBAT
Ha Hail-HUCKaTa u3MepBaresiHa BucoynHa — 10 m.
Bucokute croitHoctn ca npu BucoumHa 60 m
/kanan 1/, a mpu mapameTppa A TOBa O3HAaYaBa U
MO-BUCOKA CpeHa CTOMHOCT Ha CKOpPOCTTa Ha
BSTBHpA.

OmpeneneHa € CBIIO IUTBTHOCTTa  HA
BETpOBaTa MOIIHOCT /BETPOMOTEHIHUAIBT/ 3a
BCSIKa M3MEpPBATEIIHA BUCOUMHA U € MpeACTaBeHa
B Tab6m1. 4.1.4.

Tabauna 4.1.4. [I1bTHOCT Ha BETpOBaTa MOLIHOCT U
rmapaMeTpy Ha pasnpeaeiieHueTo Ha BelOba 3a maura 6052

Mauma 6052 60m-1|60m-2|50m-3
IIabTHOCT Ha | 183,2 184,3 166,7
BeTpPOBaTa  MOIIHOCT,

W/m?
ITapameTsp Ha | 2,19 2,16 2,18
dopmara k
IMapameTsp Ha mamada | 6,3 6,2 6,1
A /c/, m/s

50m-4 40m-5 10m-6
164,5 145,4 66,4
2,17 2,13 1,90
6,0 5,8 4,3

Maura 6052 60 m - 60 m - 50m
1 2 -3
YecToTa HA 72,34 72,22 74,97
CKOPOCTHTE OT
rpaaganusTa 2,50
-8,49 m/s, %
50m-4 40m -5 10m-6
74,87 75.62 65,97

®@ur. 4.1.3. YectorHo 1 Weibull pasnpenenenue na
BucourHa 60 m 3a mauta 6052

Haii-BuCOKM CpelHM JIHEBHU CTOMHOCTH Ha
CKOpPOCTTa Ha BATHPA Ca U3MEPEHU HA BHCOYHHA
60 m /kaHam 1/ BBB BEUEPHUTEC W HOIIHUTE
JacoBe, a HaW-HUCKH ca CyTpuH /8 4./ u
MOJUTbPXKAT CTOWHOCTH, MAJIKO HaJ JIHEBHUS
MUHUMYM TIpe3 CBETJaTa YacT OT JCHOHOIIHECTO
/pur. 4.1.4/. Ha Bucounna 10 m ce 3abemns3Ba
oOpaTHaTa TCHICHITHSI.

Mean wind speed

0 1 2 3 & 5 & 7 B 9 10 11 12 43 14 15 16 17 8 18 M 2 2 =W

[=800m-1 —500m-4 — 20.0m-5 — 10.0m-8 |

®ur. 4.1.4. Cpeqau THEBHU CTOWHOCTH HA CKOPOCTTA
Ha BATHpa /60 m, 50 m, 40 m, 10 m/ 3a maura 6052, m/s

Cpennure THEBHU CTOMHOCTH Ha MOCOKATa HA
BIATHpA Ca C MOYTH IIBJIHO CHBIIAJICHUE HA JBETE
M3MepBaTeIHM BUCOUYMHHA — 60 m /kanan 1/ u 50
m /kanan 13/. Jlo 15 - 16 4. e 1uiaBHO
W3MEHEHHETO Ha T[OCOKaTa, IMOYBAWKH OT
MOJIYHOL[ — OT 3amaj-lforosamaj Ipe3 T J0
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HU3TOK. HO—6’Lp33 € IIpOMsHATa BHB BCUCPHUTC

yacoB€ — OT H3TOK TMpe3 CeBep /O 3amaj-
rorosara.
Cnopen ¢ur. 4.1.5 cpennure JTHEBHHU

CTOMHOCTH Ha TypOyJICHTHATa HHTEH3UBHOCT Ca C
Hal-rOJIeMH CTOMHOCTH 1O 0057 ©  mpe3
okojoobOexnute 4vacoBe. KpuBurte wum ca
HNOAYMHCHM HAa €lHAa W ChlIa TEHICHUMS Ha
U3MCHEHHE.

Turbulence intensty

1 2 3 4 5 6 7 B & 10 M 12 13 14 15 16 7 6 18 2 N 2@
[=80.0m-1 —50:0m-4 — 40.0m-5 — 10.0m-5 |

®ur. 4.1.5. CpenHu 1HEBHU CTOWHOCTH Ha
TypOyJIeHTHOCTTa Ha BATHpa /60 m, 50 m, 40 m, 10 m/ 3a
mauTa 6052/s

TemmepatypaTa Ha BB3QyXa € Hail-BHCOKa
npe3 [0 U aBryCT, a Hal-HUCKAa Npe3 SHyapu
[IpencraBisiBa MHTEpEC C OTJEA BIUSHUETO U
BbPXY M3MEHEHUETO Ha IUIBTHOCTTA, a OTTaM M
BbPXYy MOIIHOCTTa Ha BB3AYIIHOTO TEUCHUE.
MunumaniHata CpeIHOMECEYHAa CTOMHOCT €
W3MepeHa B Ha4yajoTo Ha sHyapu u € -5°C, a B
HA4YaJIOTO Ha aBrYCT € OTYETEH MAaKCUMyMbBT —
25°C.

Hali—Bucokure ckopocTm Ha BATbpa ca
OTUYETEHH Ipe3 3UMHUS Ce30H C MECEYHU ITUKOBE
npe3 ¢espyapu, MaptT u HOoemBpH, 2010 r. Ha
BucounHa 60 m /xanan 1/ /dur. 4.1.6/. Haii-
rojsMara  CpeIHOMEceYHa  CTOMHOCT  3a
€HOTOAMIIIHKS TIEpHOJ € 6,82 m/s Ipe3 HOEMBPH,
2010 r. CpeaHoroguiiHara CKOpoCT 3a BUCOYMHA
60 m e 5,39 m/s /kanan 1 u 2/ Ha 6a3a BCHYKHU
3aluCH Ha JaHHHU.

Mean wind speed

[=880m-1 —&0.0m-4 —40.0m-5 — 10.0m-8 |

®@ur. 4.1.6. CpeHM MECeYHH CTOMHOCTH Ha CKOPOCTTa
Ha BATHpa /60 m, 50 m, 40 m, 10 m/ 3a maura 6052, m

Cpennure MECEYHM CTOMHOCTH Ha IMOCOKaTa
Ha BATHPA MUMAT MOYTH MBIHO CHBIAJICHUE TPE3
msIaTa roguHa Ha sucounna 60 m /xkanan 1/ u 50
m /kanan 13/. B Hauanoto Ha roAuHATa BATHPBHT
€ M3TOYEH U TOCTENEHHO CTaBa IOr-loro3arajeH
npe3 'BPBOTO TpUMeceuue. CnenBa
MIpEMUHABAHE KbM 3allajl-CeBEpOo3araHa nocoka,
3a J1a ce IOCTUTHE JI0 FOT-IOTOU3TOK Mpe3 JIATOTO.

CnenBa WU3TOK, CceBep-ceBepo3amajgy H  IOr-
[oro3anaj B Kpas Ha roJIMHaTa.

[Ipe3 3umara ce HaOIIOJaBAaT MUHUMAIHHUTE
CTOMHOCTM Ha TypOyJeHTHOCTTa — Mpe3
beBpyapu U HOEMBPH, KaKTO € BHIHO Ha (HT.
4.1.7. Haii-ronsiMa TypOyJIEHTHOCT € H3MepeHa
mpe3 JIATOTO /mpe3 Tepuoia OT IOHU  JIO
CenTeMBpH/. [Ipe3 IOHHU, 2010 T.
cpenHoMeceyHata TypOyieHTHocT ¢ 17,96%,
npe3 toau, 2010 r. — 18,77%, npe3 asryct, 2010
r. — 18,66%, a mpe3 centemBpu, 2010 r. —
17,72% na Bucounna 10 m /ma 06a3a 3amucure
0e3 nyOupaHu u W3BBH
o0xBart/.

Turbulence intensty

[=#00m-1 —S0.0m-4 — 40.0m-5 — 10.0m-8 |

®@ur. 4.1.7. CpenHu MecedHU CTOHHOCTH Ha
TypOyJeHTHOCTTa Ha BATHpa /60 m, 50 m, 40 m, 10 m/ 3a
mayta 6052

TypOynentnoctra no crannapta IEC 61400-1,
3-T0 W3JaHuWe € B CTaHJApPTHHUTE CTOWHOCTH,
KaKTo € mpezcraBeHa Ha ¢wur. 4.1.8.

CkopocTHusAT npodus Ha BiATbpa € Ha 0aza
CpCaAHUTE CTOMHOCTH Ha CAHOBPCMCHHHUTC JaHHU
3a BCHYKU BHCOYMHH. B cnyuyas TepeHBT e
PaBHUHEH, C JIEK HAKJIOH.

ol

i el sl s st i sl

[

@ur. 4.1.8. HuBo Ha TypOyIEeHTHOCTTa U CKOPOCTCH
npodui Ha BATHpa OT 3a MauTa 6052 , m/s

11.4.2. Texnuyecka cnenupukanus "
pe3VITATH 0T HM3MEePBAHMATA 33 MauTa ¢
HHBeHTapeH HoMep 6054 B mnepuoaa ot
15.12.2009 r. 10 15.12.2010 1.

1. Texnuuecka cneyuguxayusi.

e Mauta tum: NRG Now 60 m
Tao.. 4.2.1. Jlanau 3a mauta 6054 - 1

Hueenmapen Homep
HoMep odamanozep
6054 01356
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Haceneno
MACMO

Teooe3uunu Koopounamu

N043°27.523' | E026°40.104' c. Becenuna

Tao.. 4.2.2. Jlanau 3a mauta 6054 - 2

IHocoxa macmo Oowuna Oonacm
3amajn, 650 m Jlo3nuia Pasrpag
Excnnoamayuonen SIM
CPOK Kapma
15.12.2009 . - 15.12.2010 . 0884015300

AHEMOMETpUTE W CEH30pBT 3a CIIbHYEBA
paauarus /mupaHoMeTsp/ ca kKanmopupanwu [11].

2. Bemposu Xapakmepucmuxu u
memnepamypa Ha 6v30yxa.:

N 3a mauta 6054 Hali-BUCOKHTE CKOPOCTH Ha
BAThpa Ca OTYETCHM Ha BUcounmHa 60 m. B
nocoka n3tok-torou3tok /ESE/ ca uamepenu naii-

BHCOKHTE CKOPOCTH u Hal-HUCKUTE
TypOyJIGHTHOCTH Ha BATHpa. B pasnpenenenuero
no 1nocoka TypOyJeHTHaTa HHTEH3UBHOCT

HaMaIsiBa C IIOBUIIIABAHC Ha CKOPOCTTa Ha

BATHpA BBB BHCOYMHA IOPAIAM TPEBHCTHI U
paBHHUHEH TepeH /ur. 4.2.1/.

ind speed

/
i

e 5 &
08\
Sy

= —= —4om-E — —Son A= e

@ur. 4.2.1. CxopocT 1 TypOyJIECHTHOCT Ha BATHpa MO
nocoka /60 m, 50 m, 40 m, 10 m/
3a mauta 6054, m/s

Crnopen po3ata Ha BATHpa IMpeobiagaBamiara
MOCOKAa W Ha JBETE BHCOYMHU € OT H3TOK-

rorou3tok  /ESE/, 3amag /W/ wu 3anag-
ceseposaman, /WNW/. BerpoBere oOT U3TOK-
orom3tok  /ESE/ ca ¢  Hal-3HauudTEIHA

noBTopsiemocT —17,734% na 60 m /xanan 1 u 2/,
aHa50m - 18, 623% /kanan 3 u 13/.

C Hali-rosieMH CpeIHOTOAMILIHU CKOPOCTH ca
BeTpoBeTe OT wM3TOK-forou3tok /ESE/ wHa
BucounHa 60 m — 7, 131 m/s /kanan 1/ u 7,025
m/s /kaHan 2/.

@ur. 4.2.2. Po3a ra BaTepa /60 mu 50 m/ 3a mauTa
6054, %

Haii-yecto nyxar BerpoBe cbe ckopoct 1,50 -
7,49 m/s Ha BCHYKH HM3MEPBATEIHU BHUCOYMHHU.
[TocokuTe ca riiaBHO 3amaja-ceBepo3anan /WNW/,
n3Tok-toron3tok /ESE/, 1or-toromstox /SSE/ mu
ceBep-ceBeposaman /NNW/ 3a Bucounna 60 m,
50 m u 10 m. Ha 60 m ce nposiBIBaT CUJIHO U
3amagHuTe BeTpose /W/.

B tabn. 4.2.3 ca mpeacTtaBeHH 4YeCTOTHTE Ha
BeTpoBere OT nauamnaszoHa 1,50 - 7,49 m/s karo
yacT OT BcHuku 3anucu /52595/. C Hai-ronsMa
YeCcToTa ca BeTpoBeTe oT rpagauunte: 2,50 - 3,49
m/s; 3,50 - 4,49 m/s; 4,50 - 5,49 m/s; 5,50 - 6,49
m/s 3a BCHYKH M3MEPBATCITHU BUCOYMHH, KAKTO
u rpagamnusara 1,50 - 2,49 m/s /3a 10 m/.

Tabauua 4.2.3. YecToTa Ha CKOPOCTUTE OT IpajalusTa
1,50 - 7,49 m/s 3a mauta 6054, %

Mauma 6054 60m-A 60 m -B
Yecrora Ha ckopoctuTe | 67,91 68,28
ot rpagauusara 1,50 - 7,49
m/s, %
50m-C 50m-D 40m -E 10m-F
68,27 68,57 70,03 71,89

HpI/I CBIIOCTABAHCTO Ha yecrorara Ha

CKOpOCTTa Ha BATHPA CHPSAMO paslpeeeHHeTO
Ha Beii0bn pesynratuTe ca OKOJO WM Hal
CTaHJApTHHUTE CTOMHOCTH - pur. 4.2.3.

2 N ¥
i )

®@wur. 4.2.3. YectotHo u Weibull pasnpenesnenue 3a
BrucounHa 60 m 3a mauta 6054

[lapamerspbTr Ha Mamaba A /c/ oT
pasmpenencarero Ha Beitoba e B tuana3ona 4,8 -
6,2 m/s, a mapamMeThpbT Ha (hopmaTa k ce JIBHXKH
B uHtepBana 1,69 - 1,85. BerponoreHuuansbT
/TUI'BTHOCTTA Ha BETpOBaTa MOIIHOCT/ Bapupa OT
110,2 W/m? pgo 214,0 W/m? u e orpaseH B
Tabnuna 4.2.4 3aeIHO ¢ MapaMeTpuTe Ha mairaba
u Gopmara.

Tabéumna 4.2.4. [I1pTHOCT Ha BETpOBaTa MOIIHOCT U
rmapaMeTpy Ha pasnpeeicHrueTo Ha Beiiona 3a mauta 6054

Mauma 6054 60m-A | 60m-B | 50m-C
IIabTHOCT Ha | 214,0 205,1 194,8
BeTpOBaTa

MolHocT, W/m?

Mapamersp Ha | 1,85 1,84 1,81
dopmara k

MapameTrnbp Ha | 6,2 6,1 6,0
mamaba A /c/, m/s
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50m-D 40m-E 10m-F
191,3 177,3 110,2
1,81 1,79 1,69
5,9 5.8 4,8
Ha  Bcuuku  u3MepBaTellHU  BUCOYMHH

CKOPOCTTa Ha BAThpA ¢ Hal-HUCKA MPe3 HOIITa, a
Hall-BHCOKa - 1m0 0011 1 Beuep /ur. 4.2.4/.

Mean wind speed

8 % 18 1 12 13
[=800m-A —500m-D — 40.0m-E — 18.0m_F |

4 & 7

@ur. 4.2.4. CpeiHU THEBHH CTOWHOCTH Ha CKOPOCTTa
Ha BaTHpa /60 m, 50 m, 40 m, 10 v/ 3a maura 6054, m/

I'padmkara Ha CcpeHHUTE JTHEBHH CTOWHOCTH
Ha TTOCOKaTa Ha BATHpa IOKa3Ba M3MEHEHHE Ha
MmocokaTa OT 3amaj-ceBeposamaj 0  IoT-
roro3amnaj B 6 - 7 4. Ha BucoynHa 60 m /kaHain 1/,
clie]l KOETO ce AOCTHra M3TOK KbM 14 u. Cuep
uHtepBasia 14 - 15 4. mocokara MmJIaBHO ce
M3MEHS OT U3TOK JI0 ceBep-ceBepo3anai. Hamuie
€ ChBHAJECHHE HA IIOCOKUTE B IO-TOJIIMATa 4acT
OT JICHOHOIIMETO 3a [BETE€ H3MEpBATEIHU
BrucounH — 60 m u 50 m.

Ha derupure wu3mepBarenHu
CpEIHHUTE JTHEBHU CTOMHOCTH Ha
TypOyJCHTHOCTTAa TIOKa3BaT €IHAa © ChIla
tenaenuus /¢ur. 4.2.5/. Tlpe3 obemHuTe yacose €
Hali-BHCOKa CTOMHOCTTA M - Ha BHcounHa 10 m -
Hazx 16%, a Hali-MaJika - Ha BHcounHa 60 m — Hax
13%.

BUCOYHHU

Turbulence intensity

5§ 6 7 8 8 10 1 12 13 14 15 46 17 18 18 20 21 2 23
[—60Em-A —500m-D — 40.0m-E — 10.0m-F |

@ur. 4.2.5. CpeiHU THEBHU CTOWHOCTH Ha
TypOyJeHTHOCTTa Ha BATHpa /60 m, 50 m, 40 m, 10 m/ 3a
Maura 6054

TemmepaTypata Ha BB3JyXa Ce IOKa4Ba OT
sSHyapy 10 aBryCT, clajga 10 OKTOMBPH, OTHOBO
JEKO pacTe ® CEepUO3HO HamayisBa TIpe3
MOCJIEIHUTE MeCeM Ha roguHaTa. MUHUMaIHaTa
CpeIHOMEcEeYHa TeMIleparypa € B HAa4aJloTO Ha
rogunara — -2°C. TTOBHUIIIEHHETO € HAW-TOJIIMO B
HaYaJI0To Ha aBrycT — 10 okoso 25°C.

[Ipe3 pasauyHuTe Mecemu OT TroAuHaTa
W3MCHCHHETO Ha CKOpPOCTTa Ha BATBHpa 3a
OTJICJTHUTE HW3MEPBATCIIHM BHCOYMHU CJIEABA
€IHO W CbhINO pasButue /¢ur. 4.2.6/. Haii—
BHCOKHTE CKOPOCTH Ca OTYETEHHU IIPe3 3MMHHS

Ce30H C MECEYHHM MHKOBe IMpe3 ¢eBpyapu u
okToMBpH, 2010 r. CpegHoroguiiHara CKOpocT €
5,43 m/s u 5,34 m/s 3a BucounHa 60 m /xkanain 1
u 2/ Ha 0a3a BCUUKHU 3aIlMCH Ha TaHHU.

Wean wind Speed

6]

1 2 3 4 5 6 7 8 9 10 i) 12
[=6006m-A —50.0m-D — #0.6m-E — 10.0m-F |

®ur. 4.2.6. Cpe1HI MECEUHU CTOMHOCTH Ha CKOPOCTTa
Ha BiaThpa /60 m, 50 m, 40 m, 10 m/ 3a mauta 6054, m/s

l'oguHata 3amouBa C BETpPOBE OT CeBep-
CEBEpOM3TOK, MPEMHUHABA MPE3 CEBEp U 3amaj, 3a
Jla CTaHe OT IOT-I0ro3amaj B HAa4aJloTO Ha MapT.
Crnen ToBa mpe3 3amaj] mocokaTa Be4ye € CeBep B
Hayanoto Ha ampui. Jlo IOHH BETpOBETE ca C
MPOMEHSIAa C€ IMOCOKa — Mpe3 3amaj A0 IoT.
HOxxHuTE BEeTpOBE AOMUHUPAT IIpe3 IOHHU, HO Mpe3
I0JIM TTOCOKAaTa ce U3MEHS JI0 U3TOK, Mpe3 3amnaj u
ceBep. OT aBrycT 10 Kpasi Ha TOJMHATa OTHOBO C€
M3MEHS PA3TIICKIAHUAT TTapaMeThp - IIPe3 CeBep
W 3amaj 10 ror-roro3amnaj 3a BucounHa 60 m, HO
3a 50 m e 10 U3TOK.

Ha ¢ur. 4.2.7 ca orpazeHu cpeqHOMECEUHUTE
CTOWHOCTH Ha TypOyJICHTHAaTa WHTCH3UBHOCT 3a
Mauta 6054. KpuBuTe Ha M3MEHEHHUETO Ha TO3HU
BETPOBH MMApaMETHpP Ca C MPUOIM3UTEIHO SAUH U
cpil xapaktep. Ilpe3 3umara ca oTueTeHH
MUHUMAJIHUTE CTOMHOCTH Ha TypOYyJIEHTHOCTTA.
3a mecen nekeMBpu, 2009 1. ToBa € 8% Ha HUBO
60 m /kanan 2/. Haii-uucka e TypOyJieHTHaTa
WHTEH3UBHOCT Ha BucounHa 60 m, a Hali-BUCOKaA
- Ha BucounHa 10 m: 15,87% 3a roum, 2010 r. 1
Ha Ta3W JIOKAIUs Mpe3 JSATOTO € OTYeTeHa Haid-
rojsiMa TypOyJICHTHOCT — OT Mai 70 CeNTEeMBpHU
— ot 14,37% npe3 makcumyma 110 14,55%.

Turbulence infensity

0.14
0.12
0.1

PR s e S e
—600m-A — 500m-0 — 40.0m-E —100m-F
®@ur. 4.2.7. CpeiHu MeCEUHU CTOHHOCTH Ha
TypOyJeHTHOCTTa Ha BATHpa /60 m, 50 m, 40 m, 10 m/ 3a
Maura 6054

TypOynentnoctra no crannapta IEC 61400-1,
3-To W3/aHue NoMNaaa B CTAHJAPTHUTE CTOWHOCTH,
KakTo € 1mpencraBeHo Ha  ¢ur.  4.2.8.
CkopoctHusT npodun Ha BATbpa € Ha 0asa
CpCaAHUTE CTOMHOCTH Ha CAHOBPCMCHHHUTC JaHHU
3a BCUYKM BHCOYMHHU. TepeHbT, Ha KOHTO €
pa3moJiokeHa MauTara, € paBHUHEH.
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®@ur. 4.2.8. HuBo Ha TypOyIEHTHOCTTa U CKOPOCTEH
npodui Ha BATHpa 3a MauTta 6054, m/s

I1.5. KopeaalnMoHeH aHAJU3 HA MOJYYEeHHTE
ype3 npoaykra  WindPRO crToiiHOCTH _HA
BETPONOTEHINAJIA.

[Ipn HampaBeHUs KOpEIAIMOHEH aHAlU3 ca
BKIIoueHrn 3 wMaurh: c¢. Paszmen /6052/, c.
Becenmuna /6054/ u rp. JIse Morunu /6057/ B
CEeBEpOM3TOYHATAa YacT Ha cTpaHara. M3momsBar
C€ MHOXKECTBEHHM KOpEIAIlMOHHM KOC()HUIIMECHTH
Ha [lupceH 7 /KoeuUIMEHTH Ha OOMKHOBEHA
JUHEHHA Kopenamus/.

[Tonydyenuar koepUIIMEHT HaA KOpeJalus
MEXAy BeTponoTeHiuana Ha wmaura 6054 wu
BeTpornoTeHIMasia Ha Mmaura 6052 e 0,99631,
KOETO CBOTBETCTBA HAa MHOIO CHJIHA BpBb3Ka
MEXIy NMOTEHIIMAIUTE Ha ABeTe MauTu [12].

1. 3AKJ/IIOYEHHUE:

Mautu 6052 wu 6054, nHamupamu ce B
Cunuctpencka u Pasrpazncka oOnactu, He ca
pas3noNiokKeHW B  IUIAHUHCKUTE O0JacTd |
CEBEPHOTO KpahOpexue, KbICTO € HaH-BHCOK
BETPOCHEPTrUUHUAT NoTeHMan. Maura 6052 - no
c. Paznen, o6m. [{ynoBo, 061. Cunmcrpa - € ¢ mo-
rojisiMa CpeaHOMEceuHa CKopocT 6,82 m/s, mpe3
HoeMmBpH, 2010 r. npu BucounHa 60 m. Mauta
6054 - 1o c. Becemuna, o6mi. Jlo3Huia, o0I.
Pasrpan - e cbc cpegHOMECEUHA CKOPOCT CKOPOCT
6,38 m/s, mpe3 c¢espyapu, 2010 r. u mnpe3
oktomBpH, 2010 1. - 6,11 m/s Ha BucounHa 60 m
/kanan 1/. Taka MecTaTa 1 Ha JBETE MauTH Ca ChC
Hal-3HAUMUTEJICH BETPOBH IOTEHLHAT TIpe3
3UMara, a ¢ Hali-HUCHK - MIPe3 JIATOTO.

C mno-ronsiMa CpeaHOTOAMIIHA CKOPOCT Ha
BUucourHa 60 m ce mpeacTaBs palioHBT HA MayTa
6054 - 5,43 m/s, cnegsad ot Te3n Ha Maura 6052
- 5,39 m/s.

BerponoreHnmansT /TUTBTHOCTTA Ha
BETpPOBaTa MOIIHOCT/ € IMO-BUCOK IpU MayTa
6054 /110 — 214 W/m? 3a Bucounna 10 m, 40 m,
50 m u 60 m/. ITpu maura 6052 croliHOCTUTE ca

no-Hucku - 66,4 — 183,2 W/m?. Tlonydenure
pe3yNTaTH MOKa3BaT, Y€ pasriellaHuTe JIOKAlUU
ca OT 30HaTa ChC CPEJICH BETPOBHU MOTEHIHAI -
3oHa b /B/ [13].

HanpaBeHHUAT KOpelanuoHEH aHAIU3 MEXITY
u3uucnenure  uypes  copryepa  WindPRO
CTOWHOCTH Ha BETPOBUTE TOTCHIMAIH ITOKa3Ba
MHOTO CHJIHA TIOJIOKUTEJIHA KOpeNnanus MexXIy
TAX.
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HAYYHO-ITPUJIOKEH AHAJIM3 HA TEXHOJIOT'UHA 3A IIOBUITABAHE HA
E®PEKTUBHOCTTA HA ®OTOBOJITAUYHU U XUBPUIHU CUCTEMHU

Becesun Ierpos!, Kpnerun Mopaanos?

SCIENTIFIC-APPLIED ANALYSIS OF TECHNOLOGIES FOR INCREASING THE
EFFICIENCY OF PHOTOVOLTAIC AND HYBRID SYSTEMS

Veselin Petrov!, Krastin Yordanov?

Pesiome: IlpenMer Ha TOBa H3CIEABAaHE € AHATUTUYCH 0030p HAa CHBPEMECHHHM TEXHOJIOTMH, KOUTO MOBHIIABAT
eexTrBHOCTTA Ha hoToBONTan4YHM (PV) U XHOPHIHN eHEprUifHU crucTeMH. PasriielaHu ca TCHCHIIMU B Pa3BUTHETO Ha PV
TEXHOJIOTHHTE M MPUHIUIUTE HA paboTa Ha KJIETKHTE, KAKTO W MPEAUMCTBATa HA XUOPUAHUTE (HOTOBONTANYHH TEPMAJHH
(PV/T) cucremu. AKIIEHT € IOCTaBEeH BBbPXY TOBa Kak TeMIleparypara Biusie BbpXy €(EeKTHBHOCTTa U HEOOXOAMMOCTTA OT
ONTHMAJIHU OXJI&XKJAIIX TeXHOoJoruK. HampaBeH e aHanW3 Ha MaCMBHM W aKTUBHH METOJAW 32 OXJIaXK/JaHe, BKIIOYHTEIHO
(ha30BO-NIPEXOJHA MaTEpUAIT M TEPMOCIEKTPHUECKH TEXHOJIOTHH. [IpeicTaBeHr ca MH)KEHEPHHU PELICHHs 32 BHEPSIBAHE B
pas3IMYHN KIMMATHYHH 30HH, HACOYCHH KbM IMOCTUTAHE HA IO-BHCOKa €(PEKTHBHOCT M HAMCKIHOCT HA CHEPTHHHHTE
CHCTEMH.

KoarouoBu aymmu: (GOTOBOJNTAWYHM CHCTEMH, XHOPHIHM CHEPrHHHHM CHCTEMH, OXJIQKAAIIM TEXHOJOTHH, CHEepruiiHa
epextuBHOCT, PV/T TexHOMOTHH.

Abstract: The subject of this study is an analytical review of modern technologies aimed at improving the efficiency of
photovoltaic (PV) and hybrid renewable energy systems. It examines trends in PV technology development and the
fundamental operating principles of solar cells, highlighting the advantages of hybrid PV/T systems. Special attention is
given to the impact of temperature on efficiency and the necessity of optimal cooling solutions. Both passive and active
cooling methods, including phase change materials (PCM) and thermoelectric technologies, are analysed. Furthermore,
engineering guidelines for implementation in various climatic zones are presented to achieve higher system performance
and energy sustainability.

Keywords: photovoltaic systems, hybrid energy systems, cooling technologies, energy efficiency, PV/T systems.

I. BBBEJAEHUE
®oroBonranunutre (PV) u xubpumgHute

TeMIepaTypHaTa CTaOMIHOCT U Jerpajanusra Ha
PV wmopynure. IloBumaBanero Ha paboTHaTa

BBH300HOBSIEMHU EHepruiiHU CUCTEeMH TemIepaTypa BOAM JO  HamMailsBaHe  Ha
MPEJICTABIISIBAT CTPATETHYECKO HAIpaBJICHHE B  e(EKTHBHOCTTA u ChKpalaBaHe Ha
ChbBPEMEHHATA EHEPreTUKa U UrpasiT ChIECTBEHA EKCIUIOATAllMOHHUA  CPOK,  KOETO  Halara
poJIs B TIpeX0Jia KbM YCTOWYMBO M TIPOU3BOACTBO  pa3pabOTBaHETO Ha HOBH OXJIaXKIaIlu
C HHUCBK BBIIIEpoAeH orneyarbk. [Ipe3 TexHomormum W~ Marepuaid € BHCOKaA
MOCJICTHUTE JIeCeTWIeTUs pa3BuTuero Ha PV  rtomnompoBoaumoct [2]. B TO3M KOHTEKCT
TEXHOJOTHMHUTE C€ XapaKTepu3upa C MHTEH3WBEH HHTErpanusta Ha TacUBHU M  aKTUBHHU

Hay4YHO-TEXHUYECKU HAIPEAbK, U3pa3sBall ce B
[IOBUILIABAHE Ha e(eKTUBHOCTTA Ha
TpaHchopManus Ha €HEeprusArTa, HaMalsBaHEe Ha
pa3xoaMTe 3a IMPOU3BOJCTBO U PAa3LIMpPsBaHE Ha

OXJIAKIAIMA  CUCTEeMH, KOMOWHUPAHETO Ha
dbotoBonTanynn U TepmaiHu pemenus (PV/T),
KaKTO W M3MOJ3BAHETO HAa HAHOMATEpHAIH Ce
oyepTaBaT Karo KIIOYOBU HAINpaBICHHS 3a

npwioxkaute obmactu [1]. Te3um mnoctmxeHUs
YIBBbPXKAaBaT (DOTOBOJITAMYHUTE PEIICHUS KaTo
OCHOBEH KOMIIOHEHT Ha Objemiara eHepruiiHa
uH(ppacTpyKTypa, CbhbueTaBalla HKOHOMHUYECKa
€()EeKTUBHOCT M €KOJIOTUYHA YCTONYHUBOCT.

Hapen ¢ nmocturnarus nporpec obaue, npea
WHIYCTpUsTA MPOIbIKABAT na CTOAT
CHILIECTBEHU TNPEIU3BUKATEIICTBA, CBBP3aHU C

Obaemio pazsutue [3].

Ilenta ©Ha HacTOsAINAaTa CTaThid € Ja
OpeACTaBU  TOCJIEJOBaTe/IeH  aHalIW3  Ha
OCHOBHHTE TEXHOJIOTUYHU PEIICHUS, MaTepHaIH
U WMHOBallMM, KOWTO IIOBHIIIaBaT e(l)eKTI/IBHOCTTa
Ha (OTOBOJIITANYHUTE U XUOPUIHU CHCTEMH.
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II. METOIU HA U3CJIEJABAHETO
Hacrosimoro uscnenBane € ¢ npeaMer jaa
Ce HampaBu TMOJPEXKIAHETO M aHAIU3BT Ha
ChBPEMEHHUTE TEXHOJIOTHYHH MOAXO0OH,
MaTepuaJii ¥  WHOBAlIMOHHU  pa3palbOTKH,
MOBHUIIABAIM €(PEKTHBHOCTTA M HAIACKIHOCTTA

Ha  (ortoBonramunute(PV) wu  xubpumnure
€HEeprUiHU CUCTEMHU.
DOTOBOATAUYHUTE TEXHOJIOTUU

MpEeJICTaBIsIBAaT €HO OT HAW-ObpP30 pa3BUBAILIUTE
ce HalpaBlieHHs B o0jacTra Ha Bh300HOBsieMaTa
eHeprusi. OT  mbpBUTE  HHUCKOE(DEKTHBHHU
CUJIMIIMEBU KJIETKH J0 ChbBPEMEHHUTE MOJIYJU C
edexktuBHOCT Han 25%, pa3BUTHETO UM €
Oeisi3aHo  OT  3HAYMTENIEH  TEXHOJOTUYEH
Hanpenbk [4]. BHeapsiBaHeTO Ha THHKOCIIOWHH,
nepoBCKkUTHH ©  xubpugau PV/T  cucremu
MOBHINAaBa OOIIaTa €HepruitHa eQeKTUBHOCT Ha
cUCTeMaTa, uype3 MPOU3BOJICTBO HA EICKTPUUYECKA
Y TOIUIMHHA €HEPrus B €HO U CHIIO BpEME.

[TogoOpenusita B MaTEepUAIINTE,
MPOU3BOJCTBEHUTE TPOIECH M OXJIAKIAIIUTE
TEXHOJIOTHM — BKJIIOYUTEJIHO H3MOJI3BAHETO Ha
HAHOCTPYKTYPHUpPaHU u (hazoBo-pexoIHI
MaTepuaii — JONPHHACAT 3a IMO-ToJsMa
HAJSKIHOCT U ABIBI EKCIUIOATAI[HOHEH >XUBOT
Ha cucremute [5]. bnmarogapenwe Ha TeE3m
WHOBAIMH, (OTOBOJITANYHUTE PELICHUS HAMUPAT
BCE MO-LIMPOKO MPHIOKEHUE B HMHIYCTPUATA U
UTpasT KI0YOBa POJIA B MPEX0/a KbM yCTOHYHBA
Y HUCKOBBIJIEPOHA CHEPTUiHA NKOHOMHUKA.

1. Pa3BurHe Ha GOTOBOJITAUYHHUTE TEXHOJIOT MU
doToBoNITAMYHATA TEXHOJOIUA CE pa3BUBa
YCTOMYMBO, KaTO HAYaJI0 OT MBbPBUTE MOIYJIH C

edektuBHOCT TmON  10%, JgocTHTaiku 110
ChBPEMEHHU  MOHOKPUCTAIHH  KJIETKH  C
edbektuBHOCT Haxm  25%. IlpexogpT  OT
KJIACUYECKH CUJIMIIMEBH MOJAYJIH KbM  IIO-
ehEeKTUBHH  TPWIOKUMH  pCEUICHUs,  KaTo
THHKOCJIONHH, MIEPOBCKUTHU KIETKHA Hu

komOunupanu PV/T cucreMmu € oOT rousaMo
3Ha4Y€HUE B pa3BUTUETO Ha PV TexHosnoruure .
[Ipon3BOACTBEHUTE MPOLIECH Ca CE Pa3BHIIU
U3KIIIOUUTEIHO MHOTO: TOJ00peHH METOAM 3a
JeTUpaHe, MO-JOOPUAT KOHTPON Ha Jae(deKTd B
KpUCTaJHaTa PEelIeTKa Ha MaTepUAIIUTE U HOBUTE
AHTUPEQIIEKTOPHH MTOKPUTHUS JTOTPUHACAT 32 TI0-
HUCKHM TIPOU3BOJICTBEHH Pa3XOJud U IO-BUCOKA
€HepruiiHa IJIBTHOCT. JlobJIHATETHO,
ynorpebaTa Ha JBYIWILEBU MOIYJIH yBeJIUYaBa

MMPpOU3BOACTBO HA CHCPIrus, 4Ype3 YJIaBAIHC Ha
0Tpa3CHa CBCTJIMHA.

2. lIlpunnunu Ha padora W marepuaium Ha PV
CHCTEMUTE

CnpHueBaTa eHeprus ce MpeodOpazyBa
JTUPEKTHO B eJICKTpUYECcKa BbHB
dboToBONTAaMYHUTE  KIETKH,  4pe3  ¢oTo-

enekTpudeH edekr. Marepuanure, KOHUTO Ce
M3MOJI3BaT HAM-MHOTO  Ca MOHOKDHCTAJIEeH |
nonukpuctasien cwmiuii, CdTe, CIGS u HOBHM
XUOPHUIHU CTPYKTYpPH.

®DoTo-eNeKTPUUHUAT ePeKT ce Oazmpa Ha
MOJIy4aBaHETO Ha JABOWKH €NEKTPOHU—AYIKH MO
BIIUSTHHETO Ha CIIbHYEBATa paauanus.
Hocutenute Ha 3apsn ce pa3feisT Ha JBa CIOS
OT CHINECTBYBAIlla EICKTpHUYECKa 00IacT B p-n
mpexojja M C€ TeHepupa eJICKTPOBIIKEIO
HanpeKeHue, KOeTo € MoKazaHo Ha ¢wur. 1.

BortMeTep

" 059V

p—

| N-croit
. IOy IPOBOIHIEK
— o
i
MIpeX07eH CIokH

P-cioi
MOV IPOBOIHHK

@ur. 1. [Ipuanun Ha padota Ha (HOTOBOIATANIHA KICTKA

HpOI/ISBOI(I/ITeJ'IHOCTTa Ha KJICTKaTa 3aBHCH

OT:
* KayecTBOTO Ha MOJYIPOBOJAHUKOBHS
Marepua,
* CHCKTPAJHOTO CBHOTBETCTBHE MEXIY

KJIETKaTa 1 CI'lbHYEBATa CBETJIMHA,
* TemrmepaTypaTa Ha paboTa.

3. XuOpuanu Bb300HOBSIEMH €HEPTHiiHU CUCTEMH
Ob6enunsaBanero Ha PV ¢ BITbpHU TypOUHH,
aKyMyJlaTOpM WM TOIUIMHHA MOXAYJIH B
XUOPUTHUTE CUCTEMH, BOH JIO TOCTUTAHE HA I10-
cTabuiaHO eHeprocHaOasBaHe. BuBexkgaHeTo Ha
TE€3W TEXHOJOTHH II03BOJIIBA MHOTO I10-100pO
OITOJI30TBOPSIBAHE HA KOJMYECTBOTO EHEPIUS W
HaMaJsiBa 3aBUCHMOCTTA OT BbHIIIHU U3TOYHUIIH.
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B  xubpugaure PV/T cucremun ce
KOMOMHUpa Tpeo0pa3yBaHETO Ha CIIbHYEBATa
SHEprusi B CICKTPUYECKAa C YJIABIHETO Ha
oTnajHata TOIUIMHA. [lodyvyeHaTa TOIUIMHA €
BB3MOXKHO J1a ObJI€ M3I10/I3BaHa 3a OTOIICHHE Ha
MOMEIICHUS, MOArpsIBaHE HA  BOJAa  WJIH
npoMHIUIeHu npouecu — ¢ur. 2. Taka HapacTBa
oOmiara eHepruiiHa e(h)eKTUBHOCT Ha CHCTEMaTra U
Ce HaMmansBa HYXJara OT JIOMBIHUTCIHU
CHEPrUiHU U3TOYHUIIH.

)

2. DoToBOITANEEH
naHem

3. Tennap
4. Panka 0T aIyMHHHEE
npodun
5. BogeH TOImo o0 Me HEIK

6. MzonanHoHeH MaTepHan

®@ur. 2. [Ipumepna xubpunna PV/T cucrema

4. UnaycTpuajJHu NPUJIOKEHHS HA CJIbHYeBaTa
eHeprus

PV CUCTEMUTE HamMupar IIAPOKO
MPUJIO)KEHUE B HHAYCTPUATA — OT JIOKaJHU
pELIeHUs] 10 MHTETPUPAHU EHEPrUMHH CUCTEMU
3a UEeIU TPEAIPUATHS.

TunuyHm NpuIIoKEeHUs ca:

* IMOArpsIBAHE Ha TEXHOJOTMYHA BOJA U
napa;

* 3axpaHBaHE Ha MPOU3BOJICTBEHU JIMHHUH
Y aBTOMaTU3HPAHU CUCTEMU;

* o0e3neyaBaHe Ha PE3EPBHO 3aXPaHBAHE;

* U3rpaXkJaHe Ha €HEePTUMHO HE3aBUCUMH
00€KTH.

CipHYEBUTE CHCTEMM Ca MHOIO BaXKHa
4acT OT EHEPruMHHS MPEXOJ B HWHIYCTPUATA,
ype3 TAX Ce HaMaJIBaT BbIVIEPOJHUTE EMUCHH.

5. Buusinue HA TeMIepaTrypara BBPXY
edexTuBHocTTa HA PV cucremure
IIpou3BoacTBoTO Ha eHeprus oT PV

MOJIyJIUTE CE BIIMSE OCE3aEMO OT TemIlepaTypara
N3menenue Ha TeMIeparypara HaJ
cranpaptaure yciaoBus (25 °C), Boau 1o
noHmwkaBaHe ane Ha edextuBHoctTa ¢ 0,4-0,5%
Ha rpanyc.

[Ipu mno-BucOkM pabOTHU TeMIlepaTypu
HAIpEeKEHUETO Ha OTBOpPEHA BEpUIa HaMmallsiBa
Nopaay yBeJlIWYeHaTa BhTPEIIHA TeMIlepaTypa Ha

¢doroenementute. ToBa Boau 10 cmaja B oOmara
MPOM3BE/ICHA  EJICKTPHYECKAa  MOIINHOCT |
e(eKTUBHOCTTA Ha MIPeoOpa3yBaHe ce TOHMKABA.
B pesyarar He Moke cucTeMaTra Ja JOCTUTHE
HOMHWHAJIHAU IIOKa3aTCIIn HpI/I JocTarTbyHaA
cIipHYeBa pamguarusa. [lopaad Tasw nNpUYHHA
OCHUTYpSIBaHETO Ha €(EKTHBHO OXJaXIaHE € OT
3HAYCHHUE 3a HAJeKJIHATA W ONTHUMalHa padoTa
Ha UHCTAJIagusiTa. B FOpeIIII/I KIIMMaTU4YHU 30HMH,
KBICTO TEMIICpAaTYpHUTE HATOBapBaHUS ca
IIOCTOSHHH M BHCOKM € OCOOCHO BaXKHO
M3II0JI3BAHETO HA TaKWBa CIIOCOOHM, KOETO €
MoKa3aHo Ha ¢wur. 3.

60
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t=70°C,
Pu=393W,
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0 5 16 is 20 25
Hamnpexenne [V]
®@ur. 3. BausiHue Ha TeMepaTypaTa BbpXy
epexTBHOCTTA Ha PV Momyn

6. Oxuaxknamnu TexHooruu 3a PV nanean
Oxnaxxganeto  Ha  (OTOBOJITAUYHHUTE
MaHeaId MoO)Ke Ja Oblle IMACHMBHO WM aKTHUBHO.
[TacuBHOTO ce€ OCBHIIECTBSIBA, 4YpPE3 E€CTECTBEHA
BECHTHUJIALUSA u MaTepuain C rojasaMa
TOIUIONPOBOJHOCT, a4 AKTUBHOTO C€ W3BBHpPILIBA
ype3, IPUHYIUTEIHO OXJIaXIaHe C Bb3AyX, Boaa
WJIH TEPMOCIICKTPHUYECKO OXJIaxaane — ur. 4.
DoTOBOITAHIEH DoTOBOITAHYIEH

TIaHeI TIaHeI

IlacueHO BR3OVIOHO
OXIaxIaHe

AKTHEHO BOOHO
OXIAKIaHS

®@ur. 4. CpaBHEHME Ha OXJIaXKIAIIN TEXHOIOIMH 3a PV
MOIYJH
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CpaBHHTEIICH aHaIu3 Ha paszIuYHu
OXJIAJUTEIHN TEXHOJIOTHMH, IIOKa3Ba OTYETIMBHU
pasnuuus B TAXHATA €)EKTUBHOCT M TEXHHUYECKA
CJIIOKHOCT — (ur. 5.

[TacuBHOTO BB3IYIIHO OXJIAXKIJAHE
OCHUTYpsIBa TEMIIEpaTypHa pa3iivKa B JMarazoHa
or 5 go 10 °C m Bogu A0 IOBUINABAaHE Ha
koeduieHTa Ha ToJIe3HO neilictBue ¢ 2-4 %,
KaTo Cc€ XapaKTepu3upa ¢ HUCKA KOHCTPYKTHBHA
CJIIO’)KHOCT M1 MUHUMAJTHU Pa3X0/Iy.

AKT
BO/IHO

TTac.

=
5
R

BAT, °C OCmoxn.. % HEPasx., % BKII, %

@ur. 5. CpaBHUTENCH aHAIN3 HA OXJIAJUTEIHU
TexHojoruu 3a PV

[Ipy aKTHUBHOTO BOJHO OXJAXIAHE Ce
Ha0Jr0/1aBa MO-BUCOKA eeKTUBHOCT, ipu AT oT
10 no 20 °C KIIJ napactBa ¢ 5-8 %, mnpu
YMEPEHO YBEIMYEHHE Ha CJIOXHOCTTA U
pazxoqute. CucreMuTe ¢ marepuaaud c (a3oB
npexonq (PCM) umar mogoOHM CTOWHOCTH —
TeMmIiepaTypHa paziauka ot 15 go 25 °C nm
yBEJIMYaBaHE Ha KILJ C 6—
10 %.TepmMOeNeKTpUUECKOTO OXJaXJIaHe € C
Hai-Bucoku mokazarenu — AT ot 20 mo 30 °C u
nosuwmasane Ha KIIJ ¢ 8-12 %, KOHCTpyKTUBHO
CJIOHO 32 U3IIbJIHEHUE U BUCOKHU Pa3XO/H.

7. HoBu Marepuaii U HAHOTeXHoJiorMu B PV
OXJIAJKIAHETO

.HanocTpykTypupanurte Marepuaii "
KOMIIO3UTH Ha OCHOBaTa Ha rpadeH, cpeObpHU
HAHOYACTHIIH, BBIVIEPOTHU HAHOTPHOU 1 (pa3oBo-
npexonnute Matepuanu (PCM), mokasBat
3HAYUTEIHO MMOBUIIEHUE HA TOIJIONPOBOIHOCTTA,
NpaBeMKU T'M HU3KIIOYUTEIHO TMOAXOASIU 32
MPUJIOKEHUS B YIPABJICHUE HA TeMIEpaTypHUs
pexum Ha PV wmoapynu. HMuaTerpupanero Ha
dazoBo-npexoaan mMatepuanu (PCM) ¢ mogoOHu

HaHOCTPYKTYPU BOJU 1O YCKOPEHO OTBEXIaHE
HAa TOIUIMHATA Y TMOJOOpsiBa 3HAYUTEIHO
TeMIieparypHara CTaOMITHOCT npu
MIPOU3BOCTBOTO HA €HEPrUsl U yAbJKaBa KUBOTA
Ha PV nanennre.
1I. 3AK/IIOYEHUE

[ToBumaBanero Ha eekTHBHOCTTA HA PV 1
XUOpUIHUTE CHEPTHUilHH CHCTEMU MpEeICTaBIIsIBa
cbliecTBeH  (akTop 3a  YCKOpsBaHE  Ha
€HEePrUuiHMS NPEX0]l KbM YCTONYMBYU TEXHOJIOTHH.

Oxaxxgammre TEXHOJIOTHUH u
WHOBATHUBHUTE MaTepuaiu oQopMAT KIHOYOBUTE
HaIpaBJICHUs 32 HAMPEIbK, KATO UHTErpalusTa ¢
BOJOPOAHU  PELICHMS, IPWIOKEHUETO  Ha
WHTEJUTCHTHU QJITOPUTMH 3a YIPAaBJICHHE U
Pa3BUTHETO HA HAHOMATEpUAId M TEPMaJHU
KoMIo3uTH. Te mompuHacsT 3a mojoOpsiBaHe Ha
eKCIUIoaTallMOHHATa HaJeXAHOCT U €HepruiiHaTa

IMPOU3BOAUTCIIHOCT.
KOM6I/IHI/Ip aHCTO Ha OXJTaXJaHCTO C
TCXHOJIOIT'NH 3a eHeerﬁHo CbXpPaHCHUC

JOMBIHUTETHO YyBeJIWYaBa CTaOWITHOCTTAa Ha
CHUCTEMMUTE.
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CPABHUMTEJIEH TEXHUKO-UKOHOMMNYECKHU AHAJIN3 HA TEXHOJIOTUHA 3A
OITIOJI3OTBOPSABAHE HA OTITA/THA TOIIJIMHA 3A MTPOU3BOJACTBO HA
EJIEKTPOEHEPI'UA CITPAMO TOIIVIMHHUA MPUJIOKEHUSA B ITPOMUIIIVIEHOCTTA

Huxkonaii KeueB Kosen !

COMPARATIVE TECHNO-ECONOMIC ANALYSIS OF TECHNOLOGIES FOR WASTE HEAT
UTILIZATION FOR ELECTRICITY GENERATION VERSUS THERMAL APPLICATIONS IN
INDUSTRY

Nikolay Zhechev Kolev!

Pestome: [IpoMHIIIEHUAT CEKTOP TeHEpHpa OTPOMHH KOJNHYECTBA HEONON30TBOPEHA OTMAaAHA TOIUIMHA. B HacToAmoTo
W3CIIeZIBAaHE € HAIpPaBeH CPaBHUTEICH TEXHUKO-MKOHOMHYECKH aHajlW3 Ha JBE CTPATETHU 3a OIOJ30TBOPSBAHETO I:
npeobpasyBane B enekrpoeHeprust (SRC, ORC) w mupeKkTHH TOIUTMHHU TPWIOKEHUS (TepMOIOMITH, aObCOpOUMOHHU
qrbpH). Llenra e 1a ce onpenenn Kos OT Te3H ABE CTPATETHUH OCUIYPsBa MO-BHCOKA TEXHUKO-MKOHOMIYECKa e(heKTHBHOCT
U M0-3HAYMMa JBJITOCPOYHA TI0J13a B XapaKTepHUTE 3a ObJArapckara MPOMHILIEHOCT ycinoBHs. [Ipeuioxkenara MeToIuKa,
Oaszupana Ha nokaszatenu kato PBP u LCOE, ce mpuiara xbM Tpu NpeACTaBUTENHH cueHapus. [lomyueHnTe pesyiraTu
[IOKa3BaT, 4e IPOM3BOJCTBOTO Ha €IEKTPOEHEPIHs, OCHIypsiBa IO-BHCOKA (hMHAHCOBA BB3BPBIIaEMOCT. l3cnenBaneTo
noAnomara u30opa Ha MOAXOAAIIY TEXHOJOTHHU 3a ONOJI30TBOPsIBAaHE HAa OTIAAHATa TOIUIMHA M YJIECHSABA IUTAHUPAHETO Ha
€HEPrUifHO €)EKTUBHU PEIICHHUSI.

Karouosu nymu: Onon3oTBopsiBaHe Ha OTHAHA TOIUIMHA, TEXHUKO-UKOHOMHUYECKH aHAIIM3, OPraHMyYeH LUKbJI Ha PeHKHH,
TEPMOIIOMIIH, POMHILICHA CHEPTUiiHA ePEKTUBHOCT, a0COPOLIMOHHN YHITBPH.

Abstract: The industrial sector generates significant unutilized waste heat. This study performs a comparative techno-
economic analysis of two recovery strategies: power generation (SRC, ORC) versus direct thermal applications (heat
pumps, absorption chillers). Aiming to identify the optimal approach for the Bulgarian industry, we apply a methodology
based on PBP and LCOE to three representative scenarios. Results indicate that power generation yields superior financial
returns. This research guides the selection of efficient waste heat recovery technologies.

Keywords: Waste heat recovery, techno-economic analysis, Organic Rankine Cycle, heat pumps, industrial energy
efficiency, absorption chillers.

I. BBBEJAEHME: MOTEHIHAI HA WU3TOYHWKA W ITa3apHUTE LICHU Ha

[IpoMuIIIIEHUAT CEKTOP € eOuH OT CHEPrOHOCHTEIINTE.
OCHOBHHUTE KOHCYMAaTOpH Ha €HEPrusi B CBETOBEH Venyru Ceeko H ropeko
Mmarao, Karo CBIIIEBPEMEHHO reHepupa TloMaxuHCTBA 1297,1 x. THe T;%H;HCTBO
,9 X. THe
3HAYUTEIHA KoJmdecTBa ornaaHa TorwtuHa (OT). 2046,6 x. THE
Cnopen penuua wuscneaBanus, mexay 20% u
50% ot BiOXKEHAaTa €HEeprus B UHAYCTPUATHUTE
WNunycrpus
mpouecu ce ryoum B okonmHaTa cpema [l]. 3a 2 454.7 x. THe
bearapus,  KpOeTO  NPOMMILICHOCTTa € Tparicriopt
3 527,8 X. THE

OoTroBopHa 3a 26% OT KpallHOTO EHEPruiiHO
norpebsienue [2], ePEeKTUBHOTO yIpaBlieHUE Ha
TO3W pecypc € OT KPUTUYHO 3HAUYCHHE 3a
KOHKYPEHTOCIIOCOOHOCTTa U JIeKapOOHHM3alusATa

@ur. 1. KpaitHo eHepruiino motpebieHue mo CeKTopH,
Bbirapus 2023 1. B xuiL. T H.€.!
! X.THe. — XWiIsAaK ToHa HEQTEH eKBUBAJIEHT; | THE. =

Ha UKOHOMUKATA.

OCHOBHMST HMHXEHEPEH U MKOHOMMYECKU
npobusieM nipu yrumnzanuaTa Ha OT e nu30opsT Ha
HOJAXO/A1Ia TEXHOJIOTHSI CIIPSIMO TeMIIEpaTypHUS

11 630 kWh;
Texauueckure XapaKTCPHUCTUKHU Ha
HAJIMYHUTEC TCEXHOJIOTHUM Bapupar 3HAYHUTCIHO
CIIopea pa6OTHI/I$I UM Avalla30H U e(beKTI/IBHOCT.
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Haili-nocTenHuAT MeTon 3a yTUIU3alus €
TUPEKTHOTO OTIOJI30TBOPSIBAHE ypes
TOII0OOMeHHUIM. Ta3su  3psyla  TEXHOJIOTHUs
orepupa B U3KIIOYUTEIHO IIUPOK TeMIepaTypeH
nuamnazon (or 20 mo wam 1100 °C) m mocrtura
edextuBHOCT Mexay 80% u 95%. IlpenumcTBaTa
M BKJIFOYBAT HUCKA ITbPBOHAYAJIIHA UHBECTULIMS U
KpaThK CPOK Ha W3KyIyBaHe (YECTO MOJA eaHa
roJiuHa), HO IMPWJIOKEHUETO € CHJIHO 3aBUCHMO
OT HAJIMYUETO Ha TMOAXOASAIl KOHCYyMaTop B
HEINOCPEACTBEHA OJIM30CT U YCJIOXKHSBAHETO Ha
TaKMBa CHUCTEMHU HJBA OT PHCKOBE CBBP3aHU ChC
3aMbpCsBaHE HA TOIJIOOOMEHHHTE MOBBPXHOCTHU
U B HIKOM cllyuyan M3KJIIOYBaHE Ha CMECBaHE Ha
TOIJIOHOCUTEIH.

3a TeHepupaHEe Ha eIEKTPOCHEPTus ce
Ipujarat pasiMyHUd TEPMOJMHAMUYHMU LUKIIH.
[Ipu temnepatypu Hag 350 °C, IlapHuAT HUKBI
Ha Penkun (SRC) e yTBbpAEHMAT cTaHAApT,
ocurypsiBany  BUCOK  enmektpuuecku  KIIJ
(20—40%) npu ronemu MomrHOCTH. Toil 0baue e
HeeeKTUBEH NPU TMO-HUCKH TEMIEepaTrypu U
M3MCKBa CKbIIa NOJIPBKKA. 3a CpeAHO- U
HUCKOTemmnepaTypHusi nuana3oH (80-350 °C) ce
npusara OprannyHusT HuKbI Ha Penkun (ORC).
Bonpexkun mno-uuckus cu  KIIJ (10-20%) u
Bucokara crneuupuuyna uHBectuius, ORC
CUCTEeMHTE IIpeajaraT BHCOKa HaJEXKIHOCT,
I'bJIHA aBTOMAaTHU3alMs U epeKTUBHA paboTa Mpu
YaCTHYHU TOBApH, KOETO T'M MPaBU MOAXOASIIN
3a MPOMEHJIMBY U3TOUYHUIM Ha OTHa/IHA TOILJIMHA.

[Ipu yTunmzanusita Ha HUCKOMOTEHIIMATHA
tornHa (20-150 °C) ce u3nona3BaT TEXHOJIOTUU
3a akTuBHa TpaHchopmanus. TepmomommuTe
MOBUILIABAT TEMIIEPATYPHOTO HUBO Ha OTIAJHUS
NOTOK ¢ KoedpuuueHT Ha TpaHcopmarus (COP)
mexay 3.0 u 5.0, HO TsIXHaTa MKOHOMHUYECKA
e(eKTUBHOCT  3aBUCHM  OT  IleHaTa  Ha
KOHCYMHUpaHaTa eJIeKTpOeHeprus. AnTepHaTHBa
ca abcopOIMOHHHUTE YUIBPU, KOUTO HU3IMOJI3BAT
toruinHHa eHeprus (>80 °C) 3a npon3BOACTBO Ha
ctryn ¢ COP 0.7-1.4. TsaxHOTO TIJaBHO
OpeIMMCTBO €, Y€ IpeoOpa3zyBaT oOTMagHaTa
TOIUJIMHA B TION€3€H CTyl C MUHUMAllHa
KOHCyMallus Ha  TOK, Makap 4e ce
XapaKTepU3upar ¢ Mo-ToJIeMU TabapuTu CHpSIMO
KOHBEHIMOHAJHUTE KOMIIPECOPHU OXJIAJAUTEIN
[1,3].

OcBeH yTBBpPACHHUTE TEPMOJUHAMUYHU
[UKJIU, ChUIECTBYBAT U MHOBAaTHUBHU MOJIXOAM 32
crenupuaHu MIPUJIOKEHUS.
Tepmoenektpuueckute  reneparopu  (TEQG)

npeajaraT JUPEeKTHO IpeodpazyBaHe Ha TOILTMHA
B EJEKTpUUECTBO 0Oe3 [ABIKEUIM C€ YacTH,
MOAXOJANI0 332 MaJIKM MOIIHOCTH U BHUCOKH
M3HMCKBaHUS 32 HAASKIHOCT. 3a U3TOYHULIU C
temneparypa Hax 1000 °C ce wu3cnensar
tepmodoroBonTanunu cucremu (TPV) , a 3a
MOBHIIaBaHEe Ha €(EeKTUBHOCTTAa NpPU CPEIHU
TeMIiepaTypu BCE MO-TOJISIM UHTEpec
MIPEeIN3BUKBAT LIUKINUTE ChC CBpBXKpUTHUEH CO2
(sCO2)

II. METOJAU HA U3CJIEABAHETO:

MeTtononoruara Ha U3CIEIBAHETO  Ce
0a3upa Ha CPaBHUTEIHO TEXHUKO-UKOHOMHYECKO
MoOJeNMpaHe Ha TpU JAePUHUPAHU CIEHAPUS,
IIPEICTaBUTEIHU 3a €HEeproMHTEH3UBHATA
npomunuieHoct B bovarapus. Cuenapuute ca
KOHCTPYMpaHU Taka, Y€ Ja IOKPUBAT ITbIHUS
CHEKThp Ha TEMIepaTypHUs TMOTEHIMAl Ha
ornagHara TommHa (OT) u 1a oTpassiBaT peanHu
WHAYCTPHUAIIHU YCJIOBUS B CTpaHAaTa:

1. Cuenapuit 1: CpennoremmneparypHa
yrunuzanusa ~ (CTekiIapcka  IPOMUILIEHOCT).
Pasrnexxna ce omnosi3oTBOpsiBaHE Ha TOIUIMHATA
HAa JUMHU Ta30Be€ OT CTBHKIAPCKU TMEHH C
temneparypa okono 350 °C. W3Opanara
TEXHOJIOTUS 32 KOHBepcus € OpraHuveH LHKbI
Ha Penkun (ORC) c¢ mommuoctr 5 MWe, karo
CICHApUAT € aJanTHpaH KbM YCIOBUSATA Ha
rojeMH IPOU3BOAUTENN Ha IJIOCKO CTBHKIO B
boearapus (ranp. "Iumemxam™)

2. Cuenapuii 2: HuckoreMmmneparypHa
yTUIIU3aLUS (XpaHuTenHO-BKyCOBa
IIPOMUIIEHOCT).

Mopnenupa ce MOTOK C HUCHK MOTEHLHAT
<100 °C, HanuyeH KaTo BTOPUYEH MPOAYKT OT
TEPMHUYHU TponecH. TyK CpaBHUTEITHHST aHAIHU3
pasriiexzaa JBe ajJTEepHATHBM 3a W3MOJI3BaHE Ha
TOIUTMHEH TOTOK ¢ MomHocT 2 MWth: (2a)
[IOBUIIIABAHE HA TEMIIEPATypHOTO HHUBO Ype3
WHAYCTpUATHA TEPMOIIOMIIa 3a HYXIUTE Ha
oTtoruieHne uiau (20) TpaHcopmauusi B CTyA
ype3 a0COpOIMOHEH YHUIBpP 3a TEXHOJOTHYHO
OXJIaXKIaHe.

3. Cuenapuii 3: BucokoremneparypHa
yruinsauus (L{lumeHToBa MpOMHUIIIEHOCT).

Tozn CLIEHapui MOJIeNInpa
OIOJI30TBOPSIBAHETO HA  BHCOKOINOTEHLMATHA
TOIUIMHA OT AMMHH Ta30Be C TemrepaTypa Ha
n3rounuka >800 °C . TeXHOTOrHYHOTO perieHue
ce Oasupa Ha kmacuyecku I[lapeH uuKbI Ha
Penkun (SRC) ¢ wuHcTanmupana eneKkTpuUvecka
MomHocT oT 9 MWe. MonensT pedepupa KbM
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Mmarraba u OTepaTUBHUTE napameTpH,
XapakTepHU 3a I[IMMEHTOBUTE 3aBOJAU (HAmp.
"JleBHs Llument").

HNkonomuueckara oleHka ce Oa3upa Ha
METO/1a Ha IPOCTHs CpoK Ha u3kynysaHe (PBP) u
HopMupanata 1ieHa Ha eHepruara (LCOE).
KnrouoBure  nomyckaHus 3a  IIEHUTE  HA
eHepronocutenure B bwvarapus (H2 2024) ca:
LIEHAa Ha EJIEKTPOEHEprus 3a MPOMUIIIEHOCTTA
0.190 €/kWh u nena nHa mpupoaen ra3 0.043
€/kWh [4, 5]. MonensT npuema HENpeKbCHAT
npou3BoAcTBeH pexkuMm ¢ 8000 paboTHuM dyaca
TOJIUIITHO, €KCTUIOATAIMOHEH KUBOT HA aKTUBUTE
20 roAMHU W JUCKOHTOB TMpoleHT oT 8%.
Kanuranosure pasxonu (CAPEX) ca
ompezeneHd Ha 0a3a OCpEeJHEHH CTOMHOCTH OT
aKTyaJlHU Ma3apHU IPOY4YBaHHUA, KAKTO Clie/Ba:
1 800 €/kWe 3a SRC, 2 500 €/kWe 3a ORC, 800
€/kWth 3a Ttepmonommnenu cucreMu u 550
€/kWth 3a abcop6rmonnu unnwpu [3].

II. PE3VYJITATHU U JUCKYCUS:

Pesynrature oT wu3cieqBaHETO MOKa3BaT
OTUETJINBA 3aBUCUMOCT Ha HUKOHOMHYECKaTa
e(eKTUBHOCT OT BHJa HA 3aMeCTBaHaTa CHEPrusl.
O06o0uiennTe naHHM ca npencTaBeHu B Tadmuium
lu?2.

Taoauna 1. O000IIEHN TEXHUKO-UKOHOMUYECKHT
pe3yaTaTu OT ciieHapuu 1 u 2a

[Tokazaren Cuenapwii Cuenapwii
1 2a

TexHosorus ORC Tepmonommna
MonrHocT 5 MWe 2 MWth
HNuBecTunus 12,5 maH.€ 1,6 mitH.€
T'on. enepr. 40000 MWh | 16000 MWh
cHecTsiBAHUA
Tox. pun. 7 600 xun.€ 688 xu.€
CHeCTSIBAHUA
Cpox na ~1,6 rox. ~2,3 rox.
H3KYIyBaHe
LCOE /llena na 38 €/ MWh ~13 €/MWh
eHeprus (cmecreHa)
Ton. penyxuus 19 200 ToHa 1 312 Tona
Ha CO:

Taoauna 2. O000IIEHN TEXHUKO-UKOHOMUYECKH
pe3yNTaTyu ot crieHapuu 20 u 3

[Tokazaren Cuenapwii Cuenapwii
26 3
TexHoJorust AOc. 9mIBp SRC
MomHocT 2 MWth 9 MWe
HNuBecTuus 1,1 miH.€ 16,2 MaH.€
Ton. enepr. 8000 MWh | 72000 MWh
CIIeCTSIBAHMS

Ton. dun. 1 520 xmL.€ 13 680 xu.€
CIeCTsIBAaHUS
Cpox Ha ~0,7 Top. ~1,2 ron.
H3KyNyBaHe
LCOE /Uenana | ~I8€MWh | ;) 0nu
eHeprus (cnecreHa)
Ton. penyxuust 3 840 Tona 34 560 ToHa
Ha CO;

AHaM3bT 1OKa3Ba, Y€ CPABHUTEIHO
BHCOKATa L[eHa Ha IPOMHUIILIEHATa

enexkrpoereprus $0,190 €/kWh crnpsimo Huckara
rieHa Ha npupoanus ras $0,043 €/kWh cw3maBa
cieuu(UYHA CTUMYJIM 32 HWHBECTUIMH B
eHepruiiHa e()eKTUBHOCT.

[lpu peamusupane Ha CHCTEMH 32
NpOU3BOJACTBO Ha enekrpuuectBo or  OT
(Cuenapun 1 wu 3) Texuomoruure 3a

MIPOU3BOJICTBO Ha CJIICKTPOCHEPT S
JIE€MOHCTPHUPAT Hall-BHCOKa JBJITOCPOYHA
PEHTaOMITHOCT.

Boenpeku uye cucremure ORC u SRC
W3HUCKBAT 3HAYUTEITHHA I'bPBOHAYAITHU
WHBECTHIIMH (ChOTBETHO 12,5 m 16,2 MiH. €), Te
OCUTYpsIBaT Obp3a BB3BpPBILIAEMOCT

OnmarofjapeHue Ha TEHEpPHUpPaHUs MPOAYKT C
BHCOKa Jo0aBeHa croWHOCT. CpokoBeTre Ha
u3KynysaHe ot 1,6 nu 1,2 romunum ca
Oe3NpeneIeHTHO KPaTKH 32 €HePrHiiHU MPOSKTH
¢ xuBOT Hax 20 roguHH.

2500 €/kWe
1800 €/kWe
800 €/kWth
| 550 €/kWth
Oprannuen Ilapen nukba IlpommunuieHa AGcopOLHOHEH
LUKBI Ha Ha PeHknH ~ Tepmonomma  umibp (Abs.
Penxun (ORC) (SRC) (HP) Chiller)

@ur. 2. CiennpUYHE KaNUTATHH Pa3XOan

LCOE npenumctBo: HopmupaHnata nieHa Ha
npowusBenenara enekrpoeneprus (LCOE) Bapupa
mexay 31 u 38 € MWh. ToBa e MHOroKpaTHo
MO-HUCKO  OT ma3apHata Tapuda, KOeTo
OCUTYpsiIBa Ha MPEANPUATHATA CTPATETHYECKH
Oydep cpemy KoiebaHHMATa Ha EHEPrUWHUTE

nasapi.
Exonornuen  egexr:  Cuoenapuii 3
(lumeHnTOBa NPOMHMILICHOCT) TIIOKa3Ba Haid-

MaIaOHUs EKOJOTHYeH e(PEeKT ¢ pEemayKIus Ha
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BbraepoaHu emucur ot Hax 34 500 ToHa
TOJUIIHO, KOETO TeHepupa JOMbIHUTEIHU
MapuYHU TOTOLM TIPU II€Ha Ha KBOTUTE OT
70€/tCOs,.

Crparerust 3a TepMHYHA OIOJ30TBOPSBAHE
(Cuenapuii 2)

[Ipy HHUCKOTEMIIEPATYPHHUTE HM3TOYHUIN
<100 °C ce nabnronaBa ¢pyHIaMEHTAIHA pa3IuKa
B MKOHOMHYECKATa JIOTHKA MEXIY OTOIICHHETO
U OXJIAKIAHETO:

Oxunaxaane (Cuenapuit 20):
WucTtanupanero Ha aOCOpPOIIMOHHU YHUIBPU CE
OKa3Ba Hal-eeKTUBHATA KpaTKOCPOYHA
unBectunss (PBP ~0,7 roawnwm). Ilpuunnara e
TEPMOJMHAMUYHA W HWKOHOMHYECKA: YHIBPBHT
U3MO0J3BA ,,0e3MIaTHa® OTHaJHa TOIUIMHA, 33 Ja
3aMeHH paboTaTa Ha CJIEKTPUICCKH KOMIIPECOPHU
B KOHBEHIMOHAHUTE KIMMATUYHH CHUCTEMH,
CIIECTSIBAKY CKbIIA CJIEKTPOCHEPT U

Ortomuienue (Cuenapuit 2a):
NHnycTpuaHuTe TEPMOIIOMITM  TTOKAa3BaT —TI0-
IBJIBI CPOK Ha BB3BpBLIAEMOCT (~2,3 TOAUHH).
Makap 4Ye TEXHOJIOTHATA € BHCOKOC(PEKTHBHA
(COP > 3), wuKoHOMHMYECKAaTa Ioji3a €
orpaHnueHa ot ¢akTa, 4e Ts Hall-uecTo 3aMecTBa
KOTJIM, paboTely Ha €BTHH MPUPOACH ra3. To3u
CIICHapWll CTaBa IMO-aTPAKTUBEH MPH OYAKBAHO
MOBHINIABaHE HA IIEHUTE Ha U3KOMAeMHUTE TOpHBa
WJIH BBIVICPOTHUTE KBOTH.

2,3 rox

1,6 ron

1,2 ron

0,7 rox

Oprannuen [Ipomuiuiena AdcopOunonen IlapeH nuxbi
LUKBJI HA ~ Tepmomomma 4uiabp (Abs.  Ha Penkun
Penkun (ORC) (HP) Chiller) (SRC)

®ur. 3. Cpok Ha OTKYyIlyBaHE

AHanu3bT Ha pe3yiTaTuTe IMOKa3Ba, ue,
JIOKaTO BCHUYKHM pas3iielaHd TEXHOJOTUU ca
MKOHOMMYECKU >KM3HECIOCOOHHU, TO TeKymlaTa
nazapHa CTpykTypa B boarapus ¢aBopusupa
NPOEKTUTE, KOUTO JAUPEKTHO  EIMMHHHUpAT
KOHCYMAIlUATa Ha €JICKTPOCHEPIHs — OWIo upe3
cooctBeno mnpou3BoactBo (ORC/SRC), 6uno
Ype3 TEPMUYHO 3aIBUKBAHO oxJaxaane, durypa
3.

IV. 3AKJUIFOYEHUE:
Bb3 ocHOBa Ha TOJy4yeHHUTE pe3yiTaTH ca
(bopMyIHpaHH CICTHUTE OCHOBHH U3BOJIH:

1. UkonoMuueckute ycioBus B bwarapus —

BHCOKH OCHHU Ha CIICKTPOCHEPIUATA n
CPaBHUTCIHO HUCKHU OCHH Ha rasa -
6J'IaI‘Ol'[pI/I$ITCTB aT TCXHOJIOI'MUTC 3a

MPOU3BOJICTBO HA EJIEKTPOCHEPTUs M CTyH OT
OTIIagHa TOIIJIMHA.

2. Ilpouecute ¢ BHCOKM U  CpEAHHU
TEMIICpATypu Ha oTIagHarta TOIIJIMHa [
HEO0O0X0MMO J1a ce HacodaT KbM T€HEpUpaHe Ha
CIICKTPOCHEPI'UA, ThH KaTo TO3HU IIoaxon
npejjiara KparbK IEpUOJ Ha BB3BPBIIAEMOCT U
ocurypsBa I10-BUCOKa CTCIICH Ha eHepFHﬁHa
HE3aBUCHUMOCT 3a NPEANPUATHUSATA.

3. B HUCKOTEMIICPATYPHUA AUarta3oH
a0COpPOIIMOHHOTO OXJIAKIAHE € IO-TTOAXO/IAIIO0
oT OTOIINIUTCIIHUTEC IIPUIIOKCHUA, KoraTro
TEXHUYECKUTE YCIIOBUSA I'O I103BOJISABAT.

B 3aKJIFOYCHHUC, OITIOJIBOTBOPABAHETO Ha
OTIagHaTa TOTUTMHA B OBaTapckara
MNpOMHUIUICHOCT IIPCACTAaBIsIBA CAHOBPEMCHHO
C€KOJIOTHUYHO H€O6XOZ[I/IMO U HUKOHOMHNYCCKHN
000CHOBaHO HaIIpaBJICHUEC, KOCTO AOIIPHUHACS 3a
MOBUINIABAHE HA CHEpPruiiHaTa Ee(PEKTUBHOCT U
KOHKypeHTOCHOCO6HOCTTa Ha [pCANpuATUATA.
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FEATURES OF INTELLIGENT TRANSPORTATION SYSTEMS IN RELATION TO THEIR
RELIABILITY PREDICTION

Bosun Kapamuies!

OCOBEHOCTU HA UHTEJIMT'EHTHUTE TPAHCIIOPTHN CUCTEMU BEB BPB3KA C
I[TPOT'HO3UPAHETO HA TAXHATA HAAEXIAHOCT

Boyan Karamilev!

Pe3tome: B Ta3m cratus ca pasriegaHH OCOOCHOCTHTE Ha HHTEIHreHTHUTE TpaHcrmopTHu cuctemu (MTC) m TexHuTe
OCHOBHM THUIIOBE - CHCTEMH, M3MOJ3BaHU B TPEBO3HUTE CPEACTBA, U CHUCTEMHU, WHTETPHUPAHU B TPaHCIOpPTHATA
uH(ppacTpyKkTypa, 1Mo OTHOIIEHHE Ha OIleHKaTa Ha HaaexaHocrta uM. UTC ca oT KIIOUOBO 3HAYCHHE 3a Pa3BHTHETO,
ONTUMM3AIMSITA U €KOJOTUYHATA YCTOMYUBOCT Ha ChbBPEMEHHHUTE TPAHCHOPTHH Mpexku. [Ipu aHanmm3a Ha xapayepHUTE U
coryepuuTe KomroHeHTH B cbcTaBa Ha MTC ce ycranoBu, ue apxurekrypata Ha MTC ¢ U3KIIOUUTEIHO CIOXKHA W
W3HCKBA HEMPEKbCHAT MOHUTOPUHT U KOMIUIEKCHH TOJXOIU 3a HaIeXTHOCTeH aHanu3. [IpencTaBeHUTe METOIU 3a OlIEHKA
Ce OTHACST OCHOBHO JI0 €JEKTPOHHUTE (xapayepHu) komrnoHeHTH Ha UTC, HO Te3n MeToau He ca AUPEKTHO MPUIOKIMHU
TIpH OIICHSABaHE HA COPYTYEPHUTE aCIICKTH HA CHCTCMHUTE.

KuarouoBu aymn: VHTETUTeHTHH TPaHCIIOPTHU CHCTEMH, SIIEKTPOHHA KOMIIOHEHTH, HH(PpacTpyKTypa, MPEeBO3HU CPEACTBa,
HAJEXKTHOCT, OLICHKA

Abstract: This paper examines the characteristics of Intelligent Transportation Systems (ITS) and their main types -
systems used in vehicles and systems integrated into transportation infrastructure, in relation to the assessment of their
reliability. ITS are of key importance for the development, optimization, and environmental sustainability of modern
transport networks. An analysis of the hardware and software components within ITS shows that their architecture is highly
complex and requires continuous monitoring as well as comprehensive approaches to reliability evaluation. The assessment
methods presented in the paper apply primarily to the electronic (hardware) components of ITS; however, these methods
are not directly applicable to the evaluation of the software aspects of the systems.

Keywords: Intelligent Transportation Systems, electronic components, infrastructure, vehicle, reliability, evaluation

I. INTRODUCTION:

The 21st-century challenge of
transportation is no longer just about building
more roads or railways; it is about making
existing infrastructure smarter, safer, and more
sustainable. The basis of this are Intelligent
Transport Systems (ITS)—a complex structure
of information, communication, and sensor
technologies into transportation infrastructure
and vehicles. ITS represents a transformative
force, crucial for the development, optimization,
and environmental protection of our transport
networks. However, the very complexity of ITS
can also creates significant challenges in
evaluating its fundamental attribute: reliability.

II. MAIN TYPES OF ITS

ITS are used in two main structures, mainly
in automobiles and in the transportation
infrastructure. These main types of systems are

directly related to: traffic management systems,
mobile information systems, vehicle management
systems, and vehicle control and safety systems.

Operating with Dbetter transportation
infrastructure users will be better informed, while
using existing public transportation in a safer,
more coordinated, and "smarter" way. How-ever
ITS are not used only in the public transportation
they are related with vehicles. Electronic car
systems can help with the driver in the driving

process. Different sensors and
telecommunications  can  provide  better
connectivity and information about the
environment.
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Table. 1. Main types of ITS

Main Types | System Type | Primary
Function
In-Vehicle ADAS, V2X | systems that
Systems, enable safety and
Telematics cooperative
driving and
situational
awareness beyond
sensors, providing
better connectivity
and information
Infrastructure | Traffic optimizing
Management, | traffic flow and
Public providing real-
transport time information
for  improving
efficiency,
traffic
congestion and
ecology

In-
Vehicle
ITS Main

types

Traffic
lights

Infrastr
ucture

- Cameras

Fig. 1. Block scheme of Main type ITS

In this block scheme is shown the main two
type of ITS and is shown the systems types for
each main type of ITS. In which both cases these
systems have its necessary hardware and
software devices for it to communicate with the
road, as its primary function is to provide safety
and better cooperative driving which can help with
connectivity and real-time data information (V2X)
device. As for the infrastructure there are various
hardware and software devices like various
cameras, traffic lights, smart signals and Al
powered applications that can improve, optimize
traffic flow, reduce traffic congestion and
ecology inside of a city.

III. HARDWARE  AND
TECHNOLOGIES IN ITS
There is a wide range of technologies used
in ITS, from basic traffic management systems
like: GPS and traffic lights to monitoring
applications and cameras like CCTV and

SOFTWARE

automatic incident detection or stopped vehicle
detection to more complex ones like parking
guidance that integrate real-time data and
feedback  from  multiple  sources/sensors.
Important characteristics of these systems both
in-vehicle and infrastructure are

e Hardware:

A variety of devices designed to collect,
process and transmit transport-relevant data are
part of the hardware components of ITSs. These
include: sensors, cameras, traffic signals, IoT-
based transportation devices vehicle detection
systems, all of which are essential for the
efficient operation of modern ITSs. IoT are the
main hardware components that are used and ITS,
it can modify the business processes, strategies,
and competencies across the transportation sector
through a new computing paradigm. Through the
adoption of IoT, objects, and machines may
correspond with each other, locate, sense, and
control via the global internet platform in which
most sensors can connect with each other. Using
the IoT will increase driving comfort and safety.
In addition, this technology will collect data on
the vehicle and provide information in areas such
as fuel filling, early detection of possible
malfunctions, and regular maintenance indicators.
IoT prevents collisions with autonomous vehicles
and greatly reduces transportation problems. It
has helped reduce accidents, especially by
simultaneously monitoring the location and
directions of autonomous vehicles from security
systems. Hardware part of IoT systems in ITS
uses interconnected devices like sensors on
vehicles and infrastructure to collect and transmit
real-time data for better traffic management,
safety, and efficiency. Key applications of IoT
include smart traffic signals with a lot of sensors,
communication devices such as microprocessor
and various indicators that can adapt in real time
to congestion, route optimization, and electronic
tolling. This integration creates a very complex
network of electronic hardware devices which
collect data-driven information and can make
decision-making that optimizes transportation
based on that information both for drivers and
city official.

e Software:

ITS processes and analyses data collected
information by hardware components. That can
include a wide range of applications for traffic
management, public transit optimization, safety,
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leveraging data analysis, Al and connectivity,
which can improve efficiency and safety, that
also can enable, improved and optimized real-
time decision-making which can enable more
efficient management of the road traffic. With
this information it can control the vehicle flows,
optimization of routes and can make reductions
in environmental impacts. The software aspect is
very essential to help with vehicle-to-everything
(v2x) communication, ADAS systems and C-ITS,
which are systems that use to share collective
data from vehicles and infrastructure via software
applications. Key examples for better software
applications in ITS can include Al-powered tools
implemented inside the software system for
predictive analytics of the information gathered
from the sensors. ADAS systems uses improved
Al software application in vehicles that can
provide analytic information about collision
avoidance, also can provide lane-keeping
assistance, and automated braking in the most
vehicles, which can prevent accidents. The
ATMS systems are the main part of the
infrastructure, wusing Al-powered computer
software that can make various calculations in
real time and adapt traffic signals, detect various
incidents and reduce urban congestions. This can
enable better route optimization, and real-time
traffic signal controls, and as well software for
better commercial vehicle operations like
automated monitoring, fleet administration, and
electronic toll collection.

Knowing how both hardware and software
works we can analyze that both hardware and
software devices in ITS are very essential for the
proper work a system like this, as well as that to
happen both aspect needs to work in harmony
through a continuous cycle that can provide
better, faster, reliable and secured software
applications, like Al powered tools for predictive
analytics and hardware electronic devices like
sensors, microprocessors and microcontrollers as
both hardware and software needs to work in
sync and it can analyze and communicate with
various different information on the road for both
infrastructure and vehicles.

IV. FACTORS AFFECTING HARDWARE
AND SOFTWARE UNITS IN ITS

The core problems of ITS comes from their

complex system nature, and various factor which

can create new problems for traditional
evaluation methods, problems such as:

e Inside a sub-system, failure or data error in
one component can occur, making it hard to
isolate and measure the reliability of a single part.

e Software application security problems can
be possible from cyber attack vectors or a bug in
the software system, as these are aimed at
stopping, shutting down, or completely crashing
the system.

oITS are operates in a non-stationary
environment with changing conditions, as factors
for the hardware devices can be various climate
conditions like humidity, temperature, weather

eFactors from the working environments,
such as impacts, vibrations can lead to breaking
essential electronic components in the system,
which can stop the entire system from working

e Current leakage can occur due to damaged
insulation, moisture, or faulty components, which
can lead to fire hazards, electric shock or
equipment failure, this can also cause inaccurate
measurements of the data information about the
traffic.

Fig. 2. Factors affecting ITS’ reliability

As shown in figure. 2 there are many

Factors affecting
ITS

Leakage Physical
current impacts

Software

Climate Security

Problems

conditions

Cyber Attacks

factors that can occur in a singular intelligent
transportation system which be very complex and
hard for us to estimate the reliability of all these
factors. It can be very demanding and time
consuming to isolate a specific electronic
component or a network connection to predict the
reliability of the entire system, as ITS can be
reliable under one condition but may fail under
another, requiring continuous evaluation with
different methods. In all cases reliability
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prediction is necessary to have a better estimation
of the security and safety on the entire system.

V.Methods for troubleshooting
factors in ITS

Various methods for eliminating problems
in ITS can be qualitative and semi-quantitative
methods, such as FMEA and FTA, are using
structured worksheets or diagrams (fault trees),
that can detect a possible failure, cause and
effects. Burn-in electrical tests are a type of
accelerated stress test used to identify early
failures in electronic components and systems by
operating them under high stress conditions like
elevated temperature, voltage, or power cycling.
This method is necessary to estimate the
reliability of each electronic component, which
needs to pass this test in order to operate in
intense weather conditions or in a case with
current leakage, because of the non-stationary
environment. Various standards like - MIL-
HDBK 217, FIDES 2009 or TELCORDIA SR-
332 are used for failure data collection and
classification, which can be mostly used
depending on the evaluation of the hardware
parts inside an ITS. These different
methodologies provide mostly component level
predictions. Creating a sheet with materials for
ITS and using a detailed models to predict failure
rates of each electronic parts in a system. These
various standards like MIL-HDBK-217 and
Telcordia SR-332 are very similar between and
are mostly used for evaluation of a specific
electronic component. As similar they can be
these methodologies are also very different
between each other, and each methodology can
practically represent different spreadsheets with
various models and brands of electronic
components, as well those standards have its own
functions and formulas for the evaluation of
various electronic components, which can be
used in various different working environments,
some more intense than others.

When comparing both standards in Fig. 3 is
shown how each standard models failure rate is
operating based on its operating times (hours)
and its failure rate (FPMH). FPMH is represented
as failure rate per million hours, which is a
metric for product and system reliability,
indicating the expected number of failures for
every one million hours of operation. This
calculation is based on factors like temperature,

affecting

stress, and environment, and is a key indicator of
a system's performance and longevity, especially
in safety-critical industries. As for the both
standards we can see a very different graph from
each other, in the green line is shown MIL-
HDBK-217 and in the blue is Telcordia SR-332
both graphs are based on the bath curve model,
that has three phases: infant mortality
(decreasing), useful life (constant), and wear-out
(increasing), and is shown horizontal dashed
lines in the useful life region: one at 20 FPMH
which is for (MIL-HDBK-217) and one at 5
FPMH for (Telcordia SR-332). With the
information based on the pattern of the bath
curve it can be said that MIL-HDBK is relatively
more stable for over operational lifetime of the
electronic component, as it can assume constant
failure rate after the initial burn-in of the
electronic part, which this methodology is very
good to use for systems that are used in extreme
conditions and the operation needs to be in a
worst-case scenario. Other standard like SR-332
is displaying a way more stable bath curve,
which focuses on the early life of the electronic
component, that can be more relevant in a real-
world alignment, which match better observed
field data for commercial electronics and for
products with expected reliability growth over
time.

Fig. 3. Failure rate behavior over time

Failure Rate Behavior Over Time - MIL-HDBK-217 vs Telcordia SR-332
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UNCOVERED ISSUES WITH
RELIABILITY PREDICTION IN ITS
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While methodologies like MIL-HDBK 217,
FIDES 2009 or TELCORDIA SR-332 are
excellent for predicting the reliability of the
electronic and electrical components, they fall
short on the software aspect (bugs, glitches,
memory leaks) can cause a system to crash.

Fig. 4. Block diagram of a software crash

Which is shown on figure 4 how a software
crash can occur if the security has been bypassed.
A traffic signal controller's microprocessor might
be perfectly reliable (per FIDES or SR-332), but
this type of problems can lead the software
algorithm controlling its timing to fail
catastrophically, which that can cause gridlock or
chain of traffic accidents. When comparing the
various methodologies, for example FIDES can
fall short if a system that can be "up" but
behaving dangerously. In these case standards
like: IEC 61508, are used as they focuses on
ensuring that the entire system's specified
behavior is safe and that potential hazards are
mitigated with better isolation and monitor. In
this paper when comparing SR-332 and MIL-
HDBK 217 is shown that MIL-HDBK is better
for safety critical applications that require worst
case scenario analysis and if the system is
operating in extreme environmental condition.

For SR-332 its designing is better for
commercial markets and gives access to a better
field failure data for based components, as with
this information this methodology is better for
more accurate early-life predictions of the
components in moderate environmental stresses.

VII. CONCLUSION

ITS is crucial for the development,
optimization, and environmental protection of
our transport networks. However, the very
complexity that grants ITS also creates
significant challenges in evaluating its reliability.
The methods like (FTA, FMEA) can detect a
possible failure, cause and effect of a specific
sub-system of a system. On the other standards
like MIL-HDBK-217, IEC, SR-332 or FIDES
can cover a lot of factors about its reliability for
each electronic component of a sub-system. For
methodologies like MIL-217 and SR-332 many

industries are moving toward to Telcordia for
commercial products while maintaining MIL
standards are better wused for extreme
environment applications. In summary, the
reliability of Intelligent Transportation Systems
(ITS) is not a standalone attribute but a direct
outcome of its core technological features. The
shift from traditional, isolated transportation
components to a connected, fully data-driven
ecosystem  fundamentally  redefines  how
reliability is achieved, measured and predicted.
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RELIABILITY OF ULTRASOUND EQUIPMENT AND ITS IMPACT ON PUBLIC HEALTH
SYSTEM SUSTAINABILITY

Anrejauna JIumMurposa’

HAJEXIHOCTTA HA YJITPASBBYKOBATA AIIAPATYPA U HEMHOTO BJINSIHUE BBPXY
YCTONMYMUBOCTTA HA CUCTEMATA HA OBIHIECTBEHOTO 3/IPABE

Angelina Dimitrova!

Pe3rome: Cucremara Ha OOIIECTBEHO 3APaBEOINa3BaHE BCE IO-CHIIHO 3aBHCH OT HAJESKAHU JHATHOCTHYHH TEXHOJIOTHH,
KaTo YJITPa3BYKOBUTC CHUCTEMH Ca OCHOBCH HHCTPYMCHT B MCIAWIMHCKATa IIpaKTHKa. HaCTOHHII/IHT aHaJIu3 Hu3CJICABa
B3aUMOJICHICTBUETO MEXIy CTpaTerMHTE 3a YIpaBJICHUE Ha 3APaBEONa3BaHETO M HAJEKIHOCTTAa Ha YITpPa3ByKOBaTa
amaparypa, ¢ aklleHT BbpPXY yCTOHYMBOCTTa, NKOHOMUYECKaTa €(peKTHBHOCT M Ka4eCTBOTO Ha TPHKHTE 3a MalUeHTUTe. B3
ocHOBa Ha Hacoku Ha C30, TaHHU 3a OOIIECTBEHU NOPBUYKHU U OMHUT OT 45 IbpKaBU ce MOKa3Ba, 4e HUCKATa HaJCKJHOCT Ha
000py/IBaHETO BOAM JI0 NMPEKBCBaHE HA AMArHOCTHYHHU yciyru ¢ 15-25% B pecypcoorpanndenu pernonu. IlpemnoxxeHnTe
peleHusl To4YepTaBar MOUIbPKAHETO, OPUCHTHPAHO KBbM HAJEKAHOCTTA, KaTO KJIIOYOB IOJXOJ] 3a HaMalsiBaHEe Ha
pasxoaure ¢ 10 40% n mooOpsiBaHE HA PE3yATATHTE NPH HAUEHTHTE ¢ OKOJIO 25% B pa3BUBALINTE CE€ 3APABHU CHCTEMH.
KarouoBun aymu: oOIIECTBEHO 31paBeona3BaHe; HAASKIHOCT Ha YITPa3ByKOBaTa amaparypa, YCTOWYHMBOCT Ha
3/paBeona3BaHeTo, Hacoku Ha C30.

Abstract: Public healthcare management increasingly depends on reliable diagnostic technologies, with ultrasound systems
serving as essential tools in medical delivery. This analysis explores the interaction between healthcare management
strategies and ultrasound device reliability, emphasizing sustainability, cost efficiency, and patient outcomes. Drawing on
WHO guidelines, procurement data, and reports from 45 countries, the study demonstrates that poor equipment reliability
disrupts diagnostic services by 15-25% in resource-limited regions. Evidence-based recommendations highlight reliability-
centered maintenance as a core strategy that can reduce healthcare costs by up to 40% and improve patient outcomes by

about 25% in developing health systems.

Keywords: public health management, ultrasound devices reliability, healthcare sustainability, WHO guidelines.

I. INTRODUCTION:

The management of public health has become
a highly regarded discipline that deals with such
health-related issues as necessitating coordinated
international actions to give the entire world an
equal right to proper medical services of good
quality. Within this concept, the reliability of
medical diagnostic equipment is one of the main
driving forces behind the provision of health care
in an eco-friendly way, especially in poor areas
where the malfunctioning of the equipment could
lead to disastrous things for patient care [1].
Ultrasound technology is regarded as a major
player in global health management because of
its versatility, non-invasive qualities, and general
application to medical fields [2]. Due to the
primary diagnostic tools in about 70% of the
world's healthcare facilities, ultrasound systems
are used from obstetric care in rural clinics in
Africa to emergency trauma assessment in
disaster-affected areas [3]. However, the issue of

unreliability of these systems in various global
contexts has not yet been properly dealt with by
the existing international health management
frameworks. The World Health Organization
(WHO) has pointed out that medical equipment
reliability is an important factor for achieving
sustainable development of healthcare systems
[4]. In spite of this acknowledgment, the
systematic evaluation of the connection between
global health management strategies and
ultrasound equipment reliability is still very
limited. This creates a situation where there are
no clear guidelines for policy formulation,
procurement choices, and operational
sustainability planning. In this research, these
lacunae are filled with a detailed analysis of the
impact of ultrasound equipment reliability on
global health management objectives, drawing
upon evidence from different healthcare settings
around the world and even proposing evidence
from diverse healthcare settings.
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II. GLOBAL HEALTH MANAGEMENT III.

FRAMEWORK

A. WHO Health Technology Assessment (HTA)
Guidelines

The  Health  Technology  Assessment

framework of the World Health Organization
forms the basis for the evaluation of medical
technologies within the context of global health
[5]. HTA guidelines underline safety, efficacy,
cost-effectiveness, and social impact as the four
main principles. Nevertheless, the existing HTA
frameworks do not properly account for the long-
term reliability aspects, especially for the
instruments used in harsh environmental
conditions.

B. Global Health Security and Equipment
Resilience

Medical equipment reliability is progressively
acknowledged by global health security
frameworks as a necessity for emergency
readiness and response [6]. The COVID-19
outbreak exposed major weaknesses in global
healthcare systems, where ultrasound machines
were very important in the areas of respiratory
evaluation, cardiac monitoring, and procedures
guidance.

C. Sustainable Development Goals Integration

The United Nations Sustainable Development
Goals (SDGs) framework has specifically
mentioned the reliability of health care
technology as one of the factors that could help
achieve the overall development goals through
their interrelation [7]. Universal health coverage
as per SDG Target 3.8 will be accomplished
through the provision of quality essential health
care services while the scientific research is to be
improved and the technological capabilities in the
developing countries upgraded according to SDG
Target 9.5.

The reliability of ultrasound machines has a
direct effect on the achievement of these goals
because unreliable diagnostics restrict both the
access to and the quality of health care. An
economic study shows that every 1% increase in
the reliability of the wultrasound systems is
associated with a 0.3% rise in the overall
healthcare access measurements in developing
nations [8].

CRITICAL ROLE OF ULTRASOUND
IN GLOBAL HEALTHCARE

A. Point-of-Care Diagnostics in Resource-
Limited Settings

Ultrasound technology is the main method
for diagnosis in imaging in healthcare that have
few resources and where access to CT, MRI or
advanced laboratory facilities is restricted [9]. In
rural healthcare facilities throughout sub-Saharan
Africa, ultrasound systems are the only source of
diagnostic imaging in 68% of cases, thus, the
reliability of the equipment becomes a life-or-
death issue for millions of patients yearly.

B. Emergency Medicine and Trauma Care

The FAST (Focused Assessment with
Sonography in Trauma) protocol has become the
standard practice in emergency medicine globally,
and thus the rapid trauma assessment would be
done  with reliable ultrasound systems
specifically designed for this purpose [10].

C. Obstetric and Maternal Health

The accuracy of ultrasound has a
significant role in determining the health
outcomes of mothers and infants all over the
world, especially in developing nations where
obstetric ultrasound might just be the sole means
of fetal monitoring [11].

IV. POLICY RECOMMENDATIONS AND
IMPLEMENTATION STRATEGIES

A. WHO Guidelines Enhancement

According to the present guidelines
developed by WHO regarding medical devices,
there is an urgent need to totally revamp them,
especially to deal with the issue of ultrasound
reliability in the context of global health [12].
The suggestions for improvements are as follows:

Environmental specifications:

» Extended temperature ranges: -10°C to
+60°C

* Humidity tolerance: 20% to 95% RH

* Dust and particulate resistance: IP54
minimum rating

» Power supply flexibility: £30% voltage
tolerance

Reliability requirements:

¢ Minimum MTBF: 2500 hours for basic

systems

+ Maximum MTTR: 4 hours for critical
components

 Uptime requirements: >95%  for

emergency-designated systems
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* Preventive  maintenance  intervals:
Clearly defined protocols

B. International Procurement Standards

Reliability is the primary concern, not the
initial cost, in the standard procurement
frameworks which are going to be used by the
global health organizations [13]. The suggested
procurement criteria are as follows:

Reliability scoring system:

+ Climate adaptation: 25% weight

* MTBEF rating: 20% weight

* Local service availability: 20% weight

* Training program quality: 15% weight

+ Total cost of ownership: 20% weight

Vendor qualification requirements:

* Demonstrated deployment in similar
environments

» Local service network establishment

* Comprehensive  training  program
delivery

* Warranty and support commitments

C. Technology Transfer and Local
Capacity Building

One of the prerequisites for the reliability
of sustainable ultrasounds is the development of
the local capacity via the transfer of technology
programs [14]. The strategies for implementation
are such:

Regional service centers:

» Establishment  of
maintenance hubs per continent

* Local technician training programs

» Spare parts inventory management

* Remote diagnostic capabilities

Educational partnerships:

* University-industry
technical training

5-6  regional

collaboration for

» Certification  programs for local
maintenance personnel
» Research partnerships for climate-

adaptive technology development.

V. CASE STUDIES FROM GLOBAL

IMPLEMENTATION
A.  Sub-Saharan  Africa  Deployment
Program

A complete five-year project that rolled out
2,400 ultrasound systems in 12 countries across
sub-Saharan Africa has given great insights for
global health management [15]. Some of the
main findings are the following:

Reliability performance:

* High-specification 94.2%
uptime achieved

» Standard systems:
same environments

» Climate-adapted designs: 40% fewer
failures than standard units

Economic outcomes:

* 35% reduction in patient referral rates

* 50% improvement in  diagnostic
accuracy

* $12.3 million in healthcare cost savings
over 5 years

Lessons learned:

* Local training programs essential for
success

* Climate adaptation
underestimated initially

» Regional service networks crucial for
sustainability

systems:

76.8% uptime in

requirements

B.  Emergency Response in Natural
Disasters
The examination of the ultrasound

machines' performance in the course of the
extensive natural disasters has brought up the
indispensable reliability needs for emergency use
[16]. The case of Hurricane Maria (2017) in
Puerto Rico was a clear example.

Equipment survival rates:

* Ruggedized systems: 78% remained
operational

» Standard hospital systems: 23%
remained operational

» Portable battery-powered units: 89%

remained operational

Response effectiveness:

* Functioning ultrasound sites provided
care for 340% more patients

* Diagnostic  capabilities
emergency care standards

* Mobile units enabled healthcare delivery
in damaged facilities

These findings emphasize the importance
of disaster-resilient medical equipment design for
global health security.

C. Telemedicine Integration in Remote
Areas

The wuse of state-of-the-art ultrasound
equipment for telehealth consultations and
diagnostics is becoming one of the necessities
where remote healthcare delivery is reliable [17].
A project in rural Alaska shows:

Technology requirements:

maintained
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+ Satellite communication integration

» High-resolution image transmission

» Remote expert consultation capabilities

» Extreme cold weather operation (-40°C
to +30°C)

Clinical outcomes:

* 67% reduction in medical evacuation
requirements

» 89% diagnostic accuracy for expert-
guided examinations

* $2.8 million annual cost savings for
remote communities.

VI. CONCLUSION
This thorough assessment affirms the
essential connection between global health

management and ultrasound equipment reliability,
proving that the latter is the factor which
influences healthcare access, costs, and quality of
care globally. The proof categorically shows that
the existing international health management
structures overlook reliability issues to a great
extent thus contributing to the unsustainability of
the healthcare delivery system.

The proposed framework for integrating

reliability considerations into global health
management includes updating the WHO
guidelines, setting up standard international

procurement criteria, and establishing technology
transfer programs for building the local capacity.
If these recommendations are put into effect, then
the annual number of preventable deaths could be
reduced by thousands, and the global healthcare
cost savings could be in billions of dollars.

Future studies should concentrate on the
creation  of  climate-adaptive  ultrasound
technologies, the application of IoT-based
reliability monitoring systems, and the setting up
of elaborate training programs for universal use.
The collaboration of artificial intelligence for
predictive maintenance and the invention of
modular, field-serviceable designs signify major
technological breakthroughs that are required for
sustainable global health equipment deployment.
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IMPUJIOKEHUE HA IPOH TEXHOJIOI'MNMTE B MOHUTOPUHI'A HA MOPCKH
OITAAbIM

Mmupocnasa Poouncon, lanunena ToneBa
DRONE TECHNOLOGIES APPLICATION IN MARINE LITTER MONITORING

Miroslava Robinson, Daniela Toneva

Pe3rome: Hacrosmusar 1oKIang pasriexia BB3MOKHOCTUTE W €(EeKTHBHOCTTa Ha [JPOH TEXHOJOTHH CIIPSIMO
KOHBEHLIMAIHUAT MOHHMTOPHMHI Ha MOPCKM OTHAABIM OTJIOXKEeHH Mo Opera. IlpeacraBeHM ca pe3ynTaTH OT IPOBEAEH
MOHUTOPHHI' C BB3AyHIeH ApoH npe3 2024 T. u cpaBHHUTENEH aHAIM3 C NapajiefHU IOJIEBH HAOJIONEHHS Ha MOPCKH
oTHagpli B eKCHepUMeHTaneH moyuroH ,OpnoBo Onaro“, CeepHo UYepHomopcko KpaiOpexue. EdexTuBHUST
MOHHTOPHHT € KJIIFOUOB €JIEMEHT 3a pa30upaHe Ha KOJIMYECTBEHOTO pa3lpeeeHre, TPOCTPAaHCTBEHO-BpeMeBaTa JUHAMUKA,
YCTaHOBSIBAHE HAa M3TOYHUIMTE HAa MOPCKH OTHNAAbLUU M OLEHKA HA MNPWIAraHUTE MEPKH 3a OrpaHHYaBaHe Ha TAXHOTO
pasnpocTpaHeHue. M3BejeHH ca OCHOBHUTE Bb3MOXKHOCTH U MPEAN3BUKATEICTBA HA IPOH TEXHOIOTUUTE 110 OTHOIIEHUE HA
TPAIUIIMOHHUAT METO]] 32 MOHUTOPHHT 4pe3 phueH crocod. PopMyInpaHu ca IPEenopbKy 3a OBACIIO0 NpHUIarane Ha APOH
TEXHOJIOTUUTE B MOHUTOPHUHIa HA MOPCKH OTHAIBLIH.

KarouoBu nymu: Mopcku otnaasim, ApoH TexHoioruu, PJIMC 2008/56/EC.

Abstract: (This report examines the opportunities and effectiveness of drone technologies in comparison to conventional
monitoring of marine litter deposited on the coast. Results are presented from monitoring conducted with an aerial drone in
2024 and comparative analysis with parallel field observations of marine litter at an experimental polygon “Orlovo blato®,
North Black sea coast. Effective monitoring is a key element for understanding quantitative distribution, spatio-temporal
dynamics, identifying sources of marine litter and evaluating measures for limiting its distribution. The main opportunities
and challenges of drone technology are outlined regarding traditional manual method for monitoring. Recommendations are
formulated for the future application of drone technologies in marine litter monitoring.

Keywords: Marine litter, drone technology, MSFD 2008/56/EC.

I. BBBEJIEHME:
Mopckute oTnaabuu
€KOJIOTHYEH MpoOJieM B TJ00alleH IUIaH ChC
3HAQUUTEJIHO HETaTUBHO BB3JCHCTBUE BBPXY
MKOHOMHKATa, YOBEUIKOTO 3JIpaBe, eCTeTUKaTa 1

IPEJOTBpATABaHE U 3HAYMTEIHO HaMallsiBaHE 0
2025 roavHa Ha 3aMbpCSABAHETO HAa MoOpcKaTa
cpeAa OT BCSIKaKkbB BHJ, IO-CHELMATHO OT
HAa3eMHHU HU3TOYHUIU U Z[GleOCTH, B TOBa YHCIIO
HamajsiBaHe HAa  MOPCKUTE  OTHAAbLUU U

ca TpHU3HATH KaTo

YCTOWYMBOTO YIpaBJICHHE Ha KpalOpeKHUTE
30HH, MPUOPUTH3UPAH OT OpraHu3alud B
peruoHaNieH u cBeroBeH Mmamad [1, 2, 3, 4, 5].
Opranmzanuara Ha obeauHeHute Haruu (OOH)
u KoHkpeTHO [IIporpamara 3a  yCTOWYMBO
pazsutue 10 2030 r. ,,JIa mpeoOpa3uM HamIUAT
cBaT”, mpuera mpe3 2015 r., ¢opmymupa 17
00amHu  IeNd 332  yCTOWYMBO  pa3BUTHE
(Sustainable  Development  Goals, SDGs)
TpyNUpaHU B TPU HAIMPABICHUS - HKOHOMUYECKO,
COIIMAJTHO M CKOJIOTUYHO C JEHCTBUS HACOUYCHU
KbM XOpaTa, M TIUIaHeTaTa 3a IIOCTHraHe Ha
ycroiunB mpocrieputrer. C  aKIEHT BBPXY
OMa3BaHETO Ha MOpCKaTa OKOJHAa cpeda e
ocHoBHa 1ien 14 ,)KuoT mox Bomara“. JIBe ot
MOJILEINUTE ca doxycupanu BBPXY

OuoreHHOTO 3ambpcsiBaHe (momuen 14.1), kakto
U IIOCTUTaHE Ha YCTOMYMBO YIpaBlieHHUE U

3amMTa HAa  MOPCKUTE U KpalOpexHHTe
eKOCUCTEeMH C Orjiel MHHMMHU3HMpaHe Ha
3HAYUTEJIHW  HEONaronpusiTHU  Bb3JIEHCTBUS,

NpearpueMaHe Ha JIGUCTBUS 3a  TSIXHOTO
Bb3CTAHOBSIBAHE, C 1€ IPEBPBHIIAHETO HM B
3IpaBU M TMPOAYKTHMBHU MOpETa U OKEaHUu
(momuen 14.2.).

Ha  eBpomeiicko HMBO  ycunuATra 3a
HAMaJsIBAHE HA  MOPCKUTE OTHAgbUM  Ca
anpecupanu B PamkoBaTta JUpEKTHBA 3a MOpCKa
crpareruss 2008/56/EO (PAMC 2008/56/EO),
KOSITO M3HUCKBAa OT €BPOIECHCKUTE JIbprKaBHU-
WICHKH Ja pa3paboTAT MOPCKU CTPaTeruu,
BOJICIIA 7O MpOrpaMyd OT MEPKHU 3a IOCTUTaHE
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WM TOAIbpXKaHE Ha J00pO CBCTOSHHE Ha
OKOJIHAaTa cpela B €BpoIeickuTe MopeTta [6]
OneHkara Ha CbCTOSIHUETO HA MOpCKaTa OKOJIHA
cpena ce u3BbpHIBa Ha 0aza 11 kauecTBeHH
JECKPUNTOpa, C KOHKpeTHa (OopMyJIuUpOBKa 3a
Heckpunrop 10: ,,Omauuumennume xkauecmea u
Konuuecmeama Ha omnaovyu 8 MOpCKume 600u
He HaHmacam 6peda Ha KpaubpexcHama u
mopckama cpeoa‘. 1lpe3 2017 r. EBpomnelickaTa
Komucus ¢ peBuszupano peuieHue [7] ycraHoBsBa
crenupuaHu KpUTEPUH, METO/I0JIOTUYHU
CTaHJapTH, CHeUU(PUKAIUN U CTaHAAPTU3UPAHU
METO/JM 32 MOHUTOPUHT M OIlEHKa, U JeduHHUpa
nparoBu crtoiiHocTu [8, 9]. Baxen eran ot
nporeca no npwiarane Ha PZIMC 2008/56/EO e
U3TOTBSIHETO U MpPUJIaraHeTo Ha MOHUTOPHUHTOBHU
Mporpamu, MO3BOJIABAIIM MEPUOJIUYHO HA BCEKHU
6 TroAMHUM Ja ce€ OIeHSIBAa CHCTOSHUETO Ha
MOpCKaTa OKOJHA cpefa. PernoHanHutre MOpCcKu
KOHBEHIIMM  OCHTypsBaT  NpUJIaraHeTo  Ha
npuiunure u nenure Ha OOH u PJAMC nHa
0aceifHOBO HHMBO 3a OTICIHUTE MOPCKU PETHOHU

ype3  ChbBMECTHM  JEHCTBUSl, MOHUTOPHHT,
IUIAaHOBE W TporpaMM  OT  MEpKH  3a
Mpe0TBpaTABAHE u HaMaJsiBaHe Ha
3aMBbPCABAHETO C MOPCKU oTnaabuu [6, 10, 11,
12, 13].

Hacrosmara pa3paboTka mpecTaBs

pe3yaTaTH OT MPOBEJAECH MOHUTOPUHT HAa MOPCKH
OTMAaBIM C BB3AYILIEH JIPOH B €KCIIEPUMEHTANICH

ITOJINTOH ,OpJIOBO 61aro®, CeepHo
YepHomopcko  kpaitOpexkuwe. Ilapanenno e
I/I3B’I)pIII€H KOHBCHIIMOHAJICH I10JICBAU

MOHUTOPHUHTI ChIVIACHO U3UCKBaHUsTA Ha [8, 9, 14,
15]. W3rotBeH € CpaBHUTEIHEH aHaIU3 Ha
pe3ynaTaTUTe OT JABaTa IMOAXOJAa, W3BEACHU ca
OCHOBHUTE BB3MOKHOCTH U TPEAU3BHKATEICTBA
Ha JUCTAHIMOHHUAT METO, KaKTO M MPEIOPbKU
3a OBJCIIO MpWIaraHe Ha APOH TEXHOJIOTHHUTE B
MOHUTOPHUHTA HA MOPCKH OTITaIbIN

II. METOJU HA U3CJIEABAHETO:
MOHUTOPHI'BT € KIKYOB €JIEMEHT 3a
pa3bupaHe Ha KOJMUYECTBEHOTO pa3lpeiesieHHe,
IIPOCTPAHCTBEHO-BPEMEBATA JTUHAMUKa,
UACHTUQUIMPAHE HA HM3TOYHHULUTE HAa MOPCKHU
OTHaAbLM, IPOCIEIABAHE Ha TEHACHIUU U
OLICHKA Ha NPWIAraHUTe MEPKH 3a OrPaHUYaBaHE
Ha TAXHOTO pa3NpOCTpaHEHHWE, W H3HUCKBA
CUCTEMATU3UPAHO PETUCTPUPAHE HA OTHAJBLUTE.
TpaZ[I/ILII/IOHHI/IHT MCTOA 3a MOHHUTOPHUHI Ha
MOPCKH OTHaIbIM OTJIOXKEHH 0 Opera BKIIIOYBA

BHU3YyaJIeH oryen, o0Xol U opa3MepsiBaHe Ha
M30paHUAT y4YacThK, PBUYHO NpoOOHAOHpaHe,
npeOposiBAaHE W TpeTeryisiHe, MopQOJIOTHYCH
aHalM3, Kareropu3amuss M Kiacupukauus Io
OCHOBHHU rpynu marepuanu. Karto cmaboct Ha
KOHBEHIIMOHATHUSAT MOHUTOPUHT C€ OTOENsA3BaT
OTPaHHYEHOCTTAa MY 10 00XBaT, TPYAOEMKOCT U
BpEMeOoTHEeMaIII, HETOIX OIS 3a
TPYOHOIOCTBIIHM  MPOCTpaHCTBA. B To3m
KOHTEKCT TMpWJIAaraHero Ha  JUCTAHIIMOHHU
METOAM 3a HaOmoneHne ¢ Oe3MIIOTHU
nerarennu amapatu (BJIA) ¢ ormex TaxHOTO
JI0Ka3aHO TIPHJIOKEHUE B pEIulla CEKTOPH -
CEJICKO CTOMAHCTBO U 3€MEJAETHE, MOPCKH
TPAHCIIOPT, CUTYPHOCT W CIIACHTEITHHU OTepaIliu
[16, 17], ce oyepraBa KaTo TNEPCHEKTUBHA

TEXHOJIOTHS 32 MOHUTOPMHT Ha  MOPCKHU
ormaabuu  [18].  BJIA, nonymspaun  karo
»JPOHOBE®,  mpemIarar  Bb3MOXKHOCTH  3a
MOBUINIaBaHEe e€()EeKTHUBHOCTTA M ONEPaTHUBHOCTTA
Ha MOHUTOPMHTa Ha MOPCKH  OTHAIbIHU
ornoxkeHu 1o Opera [19] CoBpemeHHUTE

IVCTAHIIMOHHW TOAXOAM 3a HaONoJeHne Ha
MOPCKH  OTHAABIM  Ca  HACOYCHH  KBM
M3II0JI3BAHETO HA JIPOH TEXHOJIOTUH, CIbTHUKOBU
CHCTEMH ¥ QITOPUTMH Ha  HM3KYCTBCHHUSAT
MHTEJIEKT CHhBMECTHO C TEXHOJIOTHUH 332 MAITMHHO
oOyuenue. bBJIA obopynBanu ¢ ¢oto- U
BUJICOKaMEPHU C BUCOKA PE3OJIOLHS MPEIOCTaBAT
BB3MOKHOCTH 32 €pEeKTUBHO HaOUpaHe HA JaHHU
32 MOpPCKHM MAakpoOOTHIagbld W OMXa MOINIH Ja
OblaT yTBBPIACHU KaTO €(PEeKTUBEH MHCTPYMEHT
3a HaOmomenue wu Kaprorpadupane. Cien
3acCHEMaHe H300paKeHHUATAa NpPEMHHABAT IIpe3

eram Ha  00paboTKa, KOWTO  BKIIOYBA
reopedepupane u Ch3/1aBaHe Ha
oprodoromozaiika.  CnegBammsar  eram €

uaeHTUGUKAIMSA U KapTorpadupane Ha MOPCKUTE
OTHaabLd TI0 OCHOBHM TPYNHU MaTepua,
TAXHOTO  MECTOMOJOXEHHE U  IUTBTHOCTHO
pasmpenenenue. [IpouechT ce U3BBPILIBA PHUHO
OT omeparop - BU3YaJeH aHalu3, W
aBTOMATU3HMPAHO Ype3 IMpHUIaraHe Ha aJirOpuTMHU

M U3KycTBeH  wuHTenekT.  [lpumep  3a
aBTOMaTU3HUpaHa uACHTH()UKAIUSA e
pazpabotenara ot  EBpomeiickust  Cpio3

mwiargpopma iMagine [20], kosTO mpemoOCTaBs
Oe3ruiaTeH JOCTBII A0 Oa3upaHH Ha H3KYCTBEH
MHTENEKT YCIYT'H 3a aHaJIu3 Ha M300paKeHus OT
IpOHOBE NpW HAONIOJACHWE HA OTHAIbLU IO
MOpCKaTa MOBBPXHOCT, KpAaHOPEKHU 30HH, PEKH
U e3epa. ABTOMAaTU3UPAHHAT ITOAX0 3HAYUTEITHO
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HamalsgBa BpeMeTo 3a o00paboTka, HO MpH
3aIJDKUTENIHO YCJIOBHE 3a SICHO 3aCHETU OO0EKTH
u g00pa ocBereHocT. [Ipenu3HoTo 3acHeMaHe Ha
pa3inyHa MOJCTHIIAIIA MOBBPXHOCT — IIAXKOBE,
JIOHU, CKQJIH, TUTUTKH KPaOpeKHU BOJU CIICIBA
na ObJie OCUTYPEHO Upe3 BUCOKA IPOCTPAHCTBEHA
W BpeMeBa pE30NIONMA 32 Ch3/laBaHe Ha
HAJACKIHU U CpPaBHUMH JaHHU 32 MOPCKHU
OTHaJbIIM, KOUTO Ja MOCIYKaT 3a MocieaBalia
OIICHKa Ha CBCTOSHUETO HA MOpCKaTa KOJHA
cpena. Ilpu cpaBHUTENTHO W3CIEABaHE Ha
IIaKHO-TIOHHU cuctemMu ¢ BJIA pesynrarute
OTYUTAT  HECHIISCTBYBAIIK  OOCKTH  MpH
CpaBHEHHME HA  pa3IMYHM  TEXHHKH  3a
aBTOMaTHYHa O00paboTKa Ha W300paKEeHUs C
BHCOKA PE30JIIOLHUS CIPSIMO BU3YaJIeH IMperjen OT
omepaTrop, KOETO BOAM [0 HEKOPEKTHU
CTOMHOCTH B IUTBTHOCTHOTO pa3mpeesieHne Ha
otnamabiute [21].

W3cneaBanus mpoBexaaHu 3a HAOIIOICHUS
Ha MOPCKHM OTMAIbLU Ype3 JAPOH TEXHOJIOTHUU U
CI'bTHUKOBH JTaHHU KOMOMHHUpAT
BHCOKOPE30II0LUOHHN n300paxenus ot bJIA u
CaTeIMTHU CHUMKH, TOMBIHUTETHO 00paboTeHU
3a arMmochepHu kopeknuu. Ilpoekmanu ca
U3CIEABBAHUS €  M3KYCTBEHO  IOCTaBEHU
oTnaabli (MpeXH, OYTWIKH, TOJUETUICHOBU
TOPOMYKH) M HM300pPKEHHUsI C MHOTO BHCOKa
reomnpocTpancTBeHa pe3onmonus ot BJIA, xouto
ca MIPUIIOKEHU 3a nonoopsiBaHe
reopedepupaHeTo M OIEHKAa Ha MPOIEHTHOTO
MOKPUTHE OT CAaTEJIMTHU AaHHU. [22]. AHAIU3BT
MOKa3Ba, Y€ MPHU CIIOKOMHH MOPCKH YCJIOBUS,
ACHa BHUAMMOCT MOTarT Jaa ObaaT pa3iuueHu
OTMAIBIIM OT TrpynaTta Ha  U3KYCTBEHUTE
MOJIMMEPHU MaTepuanu upe3 HaOIIoJeHHe OT
CaTeJUT W JAPOH TpHU JOCTaThYHO BHUCOKA
KOHIeHTpanus. OrpaHudyeHusITa Ha MeEToJa
POU3THYAT oT XUJAPOMETEOPOTOTUIHUTE
YCIIOBUSI — BBJIHEHUE, HATMYME HAa MOPCKA IISHA,
NPWINBHO-OTJIMBHA  IIPOIIECH, OTOJISICHIIH,
MPOCTPAHCTBEHO-PA3JEIUTEIHA CIIOCOOHOCT Ha
caTeluTa 3a 3acHMYaHe Ha IO-MaJKH OOCKTH U
HEBBH3MOXKHOCTTA 32 PETUCTPUPAHE HA OTMAIbIHI
YaCTHYHO 3apUHATH B TISIChKA WM TOKPUTH C
O6uomaca. MeronsT 3acera He MPeIOCTaBs
KOJIMYECTBEHA OIIEHKA 32 MacaTa Ha OTMaIbLIUTE,
€IMHCTBEHO JICTEKIMA U pa3no3HaBaHe [23, 24].

Hacrosimoro MpOy4YBaHe MPEICTaBs
pe3yaTaTH OT E€THOTOJUIIHO HaONIoJeHHE Ha
MOPCKH oTIagabuu OTJIOKCHU BBpPXY 10

6per0BaTa JIMHUA CKCIICPUMCHTAJICH I10JIUMI'OH

,OpioBo 0Omaro®, pasmosnoxkeH Ha CeBepHO
YepHoMoOpcko Kpaitopexue. O06exT Ha
MOHUTOPUHI Ca KOHKPETHO OTHAAbLM IO
IJIaKHATa UBHIIA C pa3Mep Haj 2,5 cM, ChIIIaCHO
knacudukanmsara Ha PJAMC  2008/56/EC,
Heckpunrop D10, kpurepun DI10C1 [1, 2].
ExcniepumeHTamHusaT  moauron € - u30paH
CbOOpa3HO M3HCKBaHMATA Ha PBHKOBOACTBOTO 3a
MOHUTOPUHI Ha  MOPCKHTE OTHaaAbLd B
eBporneiickutre mopeta, EK, P/IMC, TexHnuuecka
rpyna ,,Mopcku ornagbuu‘ [8, 9]. Otrosaps Ha
MOCTAaBEHUTE KPUTEPUU — IBIDKMHA Hax 1 K,
JoCTaThyHa 3a 2 CeKIuu ¢ Ab/kuHA 1o 100 m
BCsKa, MO BOJAHATA IWHUSA. M30paHusT y4acThK €
JOCTBIIEH TIPe3 BCHUYKM TOAMIINHM CE30HU 3a
HENpPEeKbCHATO HAOMIOJCHHE 3a Ja OTpassiBa
pa3IMYHU BUAOBE HATUCK M HUBA HA €KCIIO3UIUS

Ha MOpcku otnagbuu. [8, 9, 11, 14, 15].
AT e

X

b \\\
%\ﬂﬁf\“ \W plifa
®@ur. 1. 'eorpadcko monoxeHune u reopedepupano
n300pakeHne Ha eKCIIEPUMEHTAJICH ITOJIUTOH ,,OpIIoBO

Omato*.

Excnepumenranes  moauroH  ,,OpiioBo
Omato® momaza B JBE 3allUTEHH 30HU OT
mpexxkata HATYPA 2000 - , JlypaHkyjamiko
ezepo’, kox BG0002050, cbrioacHo JupextuBa
79/409/EEC 3a oma3BaHe Ha AWBUTEC NTHIH M
»JAypaHKynamko —e3epo®, kox BG0000154,
ceriacHo Jupektusa 92/43/EEC 3a oma3BaHe Ha
MPUPOJHUTE MECTOOOUTaHUS U uBata Quopa u
¢dayna [25, 26] Excnozunmsita Ha
EKCIIEPUMEHTAIHUAT MOJIUTOH € ¢ opueHTtanus E-
NE (®wur. 1), B HemocpencTBeHa OJM30CT 0
BOJOJMHUATA, M3KIIOYUTEIIHO H3JI0KEHa Ha
BbJIHEHHE U mpeobnanaBamu BeTpoBe oT N-NE
[27]. B pamkuTe Ha TOJMUILIEH YETHUPHUCE30HECH
MOHHUTOPHHI ca oOcieqBaHM 2 CEKUUU C
nbmkuHa 100 M, Cekuus 1 - CeBep u Cekuus 2 -
IOr, oOxBamamm  psgnata 30Ha  MEXIY
BojonuHusATa U AroHuTe. lllupunata Ha Beska
CeKIUs € U3MepeHa MEepHeHAUKYISIPHO Ha
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OperoBaTa JMHMS NPHU MPOBEXKAAHETO HA BCAKO
ce30HHO HabmoeHue (dur. 1. u Owur. 2).

I[Ipu  ce3onHuTe  HaOmOIEHHWS  ca
U3BBPIIEHM  OOJMMTaHUS  C  JIpOH  Ha
EKCIIEPUMEHTATHHUAT TIOJIMIOH 33 MOJyJYaBaHe Ha
reopedepupanu U300paKeHUs U
KOHBCHIIMOHAJICH MOHHUTOPHUHI Ha BCAKA OT
cekiuure (dur. 1). 3acHemMaHeTo Ha ydJacTbhKa €
U3BBPIICHO C OE3MWIOTEH JIeTaTelieH amnapar
monen UAV Phantom 4 Pro V2.0, o6opyaBan ¢
GPS 3a npeunsupane Ha KOOpAUHATUTE, KaMepa
20 meranukcena (dur. 2).

@ur. 2. TeXHUUECKH CPEACTBA 3a MPOBEXKIAHE HA
MOHHUTOPHHT HAa MOPCKHU OTHAIbIIU.

IIpu BuCcOouMHA Ha oOiuTaHe 25 M U BI'bI
Ha 3acHeMaHe 90°cnpsiMO 3eMHaTa MOBBPXHOCT
ca IoJlydyeHH reopedepupaHu HU300pakeHHsl Ha
IUT&)KHATA WMBHIA C PAa3/CIUTEIHA CIIOCOOHOCT
0,68 cm/mimkcer, ¢ oy 5,342 kM2,

®@ur. 3. [IpoBexnane Ha KOHBEHIIMOHAJIEH Ha
MOHHUTOPHUHT Ha MOPCKH OTIIaIBIIH.

IIpu nmpoBexIaHe Ha TPAJULIMOHHUAT
MOHHUTOPHHT KOJIMYECTBATa MOPCKHU OTIAIBIH Ca
0TOpaHu 3a BCSKA CEKIMsI IO OTIENHO, OIMCAHH,
KaTerOpU3HUPaHU B 8§ OCHOBHU KaTETOPHH CIIOPE
BUJa Ha Matepuana: ,,JI3KyCTBeHH MOJIMMEpPHU
matepuanu, ,Kayayk®, ,Ilmar/ Tekcrmn®,
»Xaptust/  Kapron®“, ,,O06paboTreH  abpBeH

matepuan“, ,Meran“, ,,Crpkio/ Kepamuka” u
LHeunenruduuupanu” (Pur.3).

Knacudukanusra, npeOposSIBAaHETO i
M3MEpPBAaHETO Ha TErJIOTO Ca W3BBPIIEHU B
CHOTBETCTBUE C YKa3aHUsATA M M3UCKBAHUATA Ha
[8, 9, 11, 14, 15]. IlpeoOnanaBamata 4acT OT
chOpaHUTEe MOPCKM OTHAIBIN Ca OT TpyIara Ha
OTNAJbIHUTE OT U3KYCTBEHHU MOJUMEPH, CBHP3aHU
OCHOBHO C XpaHW W HAIKUTKH - OyTHIIKH, YaIlH,
Kalmaykyd,  OMAaKOBKH, TOPOWYKH,  CJIAMKH,
nurapeHu  ¢gacoBe u  (QUIATPU, TOJUCTHPOI,
neHononuypera (dur.4).

90.24 %

=AM = TexeTna

= Kayayx/ I'yma

Xapras = [spBo = Metaax

B Creriao/ K B Heument

@ur. 4. [[1710B0 pa3npenescHAe Ha OCHOBHH IPYIH
OTIHabIM, KOHBEHIINOHAIEH MOHUTOPHHT.

Bbnpekun orpanedeHocTTa  OT  CHIJIHO
ypOaHu3upaHu paroHH, e YCTaHOBEH
TPAHCIPAHUYEH NPEHOC HAa MOPCKHU OTHAIbLHU -
MJJACTMACOBU Karauykd OT HAIMUTKH, €THUKETH U
OMAaKOBKH HAa HANUTKU [28].

88.12, %

2.99, %
1%

1.22,%

0.18, %
2.13,% 2.67,%

1.68, %

=AM = Kayayx/ I'yma B TexcTHI

“ Xaprus u [spBo HMetan

® Crprao/ Kep m Henpent

®ur. 5. Jla10Bo pasnpencsnieHue Ha MOPCKHU
OTIIAABITH, TIPETIIC Ha reopedepupaHo H300paKeHHE.

W3bpmien e  mperyien W PHUHO
UACHTUHUIMPAHE HA M300paKCHUATA TOIY4ECHU
OT 3acHEMaHe C JpOH, KaKTO U CpaBHUTEJCH
aHAJIM3 Ha KOJHWYEeCTBAaTa OTHAIBLIM IIO0 JBaTa
METOAa — KOHBEeHIIMOHaNeH u ¢ bJIA.
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@wur. 7. CpaBHHUTENCH aHATHN3 HAa UACHTH(QHUINPaHU
OTHaIbIH C APOH U KOHBEHIIMOHAJICH MOHUTOPHHT.

[Tpu npernen Ha opTodoTO M300pAKEHUATA
pe3yATaTUTe OTYUTAT MO-HUCKU CTOWHOCTH BBHB
BCEKH OT CC30HHMTC M 3a JBETE CEKIUH Ha
EKCIIEPUMEHTAJICH MOJHUTOH ,,OpiioBo 01aT0*, HO
Ce 3arma3Ba JISJIOBOTO Pa3lpeeIICHHE 0 OCHOBHU
kareropuu Marepuanu (dur. 5 u dur. 6).

901
743
658
589
516
480
I | 394 |

MIPOJET JATO ECEH 3UMA

784

= Teop p H300p oK

JIeH MOHHTOPHHI

®@ur. 6. KonuuectBa uaeHTUGUITMPAHA MOPCKU
OTHAaABIH, OPOii/Ce30H.

[Ipu Bu3yaneH mpersien Ha opToMo3aiKaTa
ce KoHcTatupa 110 27 % mo-manbK Opoil MOpCcKu
OTIAIbIHU CHpSAMO KOJIMYEeCTBaTa oT
KOHBEHIIMOHATHUSAT MOHUTOPUHT, Karo Hai-
rojisiMa pasjidka € OTYETeHa B KaTeropus
,»/I3KyCTBEHU MOJIMMEPHU MaTepuain‘.
Pesynrarure mokassar, 4e Hal-pa3lo3HABacMU
ca OTHaabLM B OsUI, UepPBEH, CUH, OPAHKEB, IPKO
3eJIeH LBAT, PA3KO OTJIMYaBally ce Ha (oHa Ha
Operosata uBuia [29].

[Tpunoxenara KOMOWHAIHS 3a
MOHMTOPUHI Ha MOPCKM OTHAAbLU C JAPOH
TEXHOJIIOTUM ¥ (PHU3NYECKH 00XO0A TO3BOJIU
00CTONHO HaOJIIOIcH1E Ha LEUAT
eKCIIEpPUMEHTAJICH  IOJINIOH,  BBIPEKU Y€
TEPUTOPUSTA TIONajga B 3alUIUTEHH MPUPOJIHU

30HM C HOPMATHUBHO YCTAaHOBCHU OTPAHUYCHHUSL.
Kato ocHoBHM HenocTarbim Ha MeToza ¢ BJIA ca
KOHCTaTUpaHH  BUCOKAaTa  CTOWHOCT  Ha
'bpPBOHAYAIHATA WHBECTUIIMA 3a 3aKyllyBaHE Ha
IPOH, HEPErHCTPHUPaHe HA APEOHU OTMAIBLH O
2,5 cM, HEBB3MOXKHOCT 32 MICHTU(QHIHUpPAHE Ha
NPO3pPavyHU U MOJIYNPO3PAYHH MPEIMETH, TPYIHO
pasrpaHNuYaBaHe Ha OTHAaJbLUM B ECTECTBEHU
I[BETOBE — 0EXO0BO, Ka(sBaBO, MSICHUYHO JKBITO.
[Tpu KOHBEHIIMOHAJTHUAT MOHHUTOPHHT
(dbuHACOBHUAT pecypc 3a o0OpyABaHE (PHU3MUECKO
npoOoHabupaHe € He3HAYNUTEIICH, BpEMEOTHEMAII],
HO C€ WU3BBpPIIBA KAYECTBEH M KOJIWYECTBEH
aHaJIM3 Ha OTIIAIBIMTE OTIOXKEHH 1o Opera. BJIA
TEXHOJOTUTE M HW300paXKeHUsTa OT TIX He
IPEJOCTaBAT PAa3TPaHUUYCHUE IO MaTepHAIH U
uHpoOpManus 3a TErJo. 3a Nperu3eH aHaIu3 €
HEoOXOoaMMa CHIIOCTABUMOCT C TPAJAUIHOHHUSAT
MOHMUTOPHHT Ha MOpCKH oTnaabuu [30].

3AKJIIOYEHMUE:

[Tpu IIPOBEJICHUSAT MOHHUTOPHHT B
€KCIIEpUMEHTAJICH MOJuroH ,,OpjoBo OnaTo* e
H3BBPIICH aHaau3 Ha KOJIMYECTBEHOTO
pasmpeneicHrne W IPOCTPAHCTBEHO-BpEeMeBaTa
JMHAMUKa Ha aKyMyJalusTta Ha MOPCKHU
oTnagbi. M3cienBanu ca BB3MOKHOCTUTE Ha
MPWIOKUMOCTTa Ha JPOH TEXHOJOTMHTE IPH
oOciieBaHe Ha MOPCKHU OTIIAJIBITM OTJIIOKEHU 10
Opera - Bapupar B 3aBUCUMOCT OT BUCOUMHATA HA
obnuTane, pa3uyHu TUTIOBE KaMepH,
MOCJICABAI METO/M 3a aHaJliu3 M 00paboTKa Ha
M300paKeHUsATA 32 Pa3ll03HABAHE HA OTIIAIBITUTE.
ToBa pa3HOOOpa3zue 3aTpyaHSBA JTUPEKTHOTO
CpPaBHCHHE Ha PE3yATaTUTE OT pPA3IAYHUTE
M3CJICABAHMS M UACHTH(PUIMPA HEOOXOAMMOCTTA
OT CcTaHmapTh3amuss Ha Meroma. llopaam
pasIMYHKUTE YCJIOBUSI Ha oOcielnBaHaTa Operosa
WIM TUT&XHA WBUIA, METCOPOJOTUIHUTE U
MopdosioruaHuTe (HAKTOPU Ha cperaTa € TPYAHO
¢ 1a O’bJIe IPEeI0KECH YHUBEPCAICH ITOAXO/I.

I11.

Brnpeku HEJOCTaThIIUTE Ha
aBTOMATU3MPAHUIT METOJ 3a TIperjies Ha
opToOTOMO3aiKH, HU3MOJI3BaHETO Ha JAPOH

TEXHOJIOTUM € TPEIUMCTBO 110 OTHOIICHHUE
MOHHUTOPHHTA HA Y4aCTBIM C OTPAaHUYEH JOCTHII,
OTHEMa MHOTO TO-KPaTKO BpEME, MOBOJISIBA I10-
rojasiMa 4YecToTa Ha HaOIIOJIEHUE, CIecTsBa
criectsiBa 00Opy/ABaHE, BPEMEBH U YOBCIIKH
pecypc Tpu pPBYHO CHOUpaHE HA MOPCKUTE
oTmaabuu. BusyalHusT pbueH mperiieq Ha
BUJICOM300pKEHUSI UM KOHBEHI[MOHATHUST
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MOHUTOPHUHI cllefiBa Aa OBbJaT NpearnoYUTaHu
METOIM C OrJe] IOCTUIaHE Ha TOYHOCT U
NPEUU3HOCT HA JaHHUTE NP HISHTH()HUIUpaHEe U
OTUMTAHE Ha MOJIY3apOBEHU, CUYIIEHU WJIM YacTH
OT TpEeIMETH, OO0E3IBETEHH, IPO3PAuYHU HITH
IIOJIyNIPO3PAaYHU MaTepUaIaHn.

N3Benenure OTpaHUYCHUS Ha  JIpOH
TEXHOJIOTUUTE Morar ja ObAaT NpeBb3MOIHATU
YaCTUYHO 4Ype3 JOIBIBAHE C MYJITHUCIECKTPAIHH
CEH30pH, MAaKCHUMaJIHa PE30JIIOLUs Ha KaMEpUTe,
00xBaT B HMH(]paUYEepBEHUAT CIEKTHP. Bbmpekwu,
4ye ce odepTraBaT KaTo IEPCIEKTUBEH METOJ 3a
CbBPEMEHHO HAOI0ICHHE Ha MOPCKHM OTMAbLH
cilefiBa Jla C€ M3NBIHABAT B KOMOMHALUA C
KOHBEHI[MOHAJICH MOHUTOPHHT.
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PA3PABOTBAHE HA METOJMKA 3A OIPEJEJISIHE IPEM®A HA BETPOXOJHA
JIOAKA 511 6

SIpocaas Aprupos !, ITaBes [lerkos 2

DEVELOPMENT OF A METHOD FOR DETERMINING THE DRIFT OF A SAILING BOAT
YAL 6

Yaroslav Argirov ' Pavel Petkov 2

Pe3ome: Cratusra aHammu3upa U3pabOTBaHE HA METOJMKA 3a ONpenelsiHe npelida Ha BeTpoxonHa joaka SJI-6 ¢ otuntane
Ha BBHIIIHU (baKTOpI/I KaTo, BATHpP, TCUCHNUEC U BbJIHA. I[aHHI/ITe M3I0JI3BaHU IIPU U3YUCIICHUATA B MCTOJAUKATA CE€ OTYUTAT CHC
crienuany3upana amaparypa, kato GPS antena 3a rio6amHo mo3unmMoHMpaHe Ha Joakata B peanHo Bpeme, OBSCAPE
CEH30pHA amapaTypa 3a U3MepBaHe Ha T€UCHHE M BBJIHA, JUTHTAIHA HaBUramuonHa kapta Tun (Open SPN 5.12.4), kxosaro
JlaBa BB3MOXKHOCT Ja ce cBbpke cb¢c GPS aHTeHaTa W HU 1aBa B peaylHO BpeMe KOOPAMHATH, KYypC M Jia c€ MPaBU KOPEKLIHUS
Ha Kypc. M3cienBaneTo e HACOYEHO KbM M300p Ha TEXHOJIOTHS 32 PEMOHTHO BB3CTaHOBUTEJICH MPOLIEC HA U3HOCCHHU BaJIOBE
paboTely B yCIIOBHSI HA KOPO3UOHHA CpeJia.

KuarouoBu xymm: Metoauka, npeiid, momka SJI-6.

Abstract: The article analyzes the development of a methodology for determining the drift of the sailing boat YAL-6, taking
into account external factors such as wind, current, and waves. The data used in the calculations within the methodology are
recorded using specialized equipment, including a GPS antenna for global positioning of the boat in real-time, OBSCAPE
sensor equipment for measuring current and waves, and a digital navigation chart type (Open CPN 5.12.4), which allows
connection to the GPS antenna and provides real-time coordinates and course for course correction. The study is aimed at

selecting a technology for the repair and restoration process of worn shafts operating in a corrosive environment.

Keywords: methodology, drift, YAL-6 boat.

I. BBBEJIEHMUE:

Cnen HallpaBeHU MIPOYYBaHUS ca
YCTAaHOBEHU PAa3IUYHU METOJMKH 3a OIpeessiHe
HA Jpeiia Ha  JIOAKH, Bapupamy  OT
TPAAUIIMOHHN  HAaBUTAIIMOHHU  TEXHUKU  JIO
ChBPEMEHHU HAyYHU MOJEIIA U EKCIIEPUMEHTHU.
Te morar ma O6pAarT pasfesieHH Ha JBE OCHOBHHU
KaTeropuu: JAUPEKTHU (EMIHUPUYHHU) METOIU
ChOMpaHe Ha JaHHU B PEATHU YCIOBUS, Ype3
HAOMIO/IEHUS! W W3MEpBaHUA U HHIUPEKTHU
(TEOPEeTUYHH/INCIICHH) METOIU  W3IIOJI3BAIIH
MaTeMaTUYeCKH MOJEIM MW CHUMYyJalud 3a
npejacKazBaHe Ha apenda.

e JlupekTHHU (eMIMPUYHH) METOAH

- HabGmiomenue Ha pasiaukata MeEXIy

KOMIIacHUs Kypc U Kypca cupsimo apHoTo (COQG):

Enun oT Haii-necHHUTe HAaYyMHU 3a OICHKA Ha
npeiipa e upe3 cpaBHSBaHE Ha Kypca, KOWTO
noakara moaabpxka mno kommac (Heading), ¢
NEHUCTBUTEITHUS M KypC CIPSMO 3eMsITa/IbHOTO
(Course Over Ground - COG), usmepeH c
nomomra Ha GPS. breasr mexay Te3u aBa
Kypca MpecTaBiIsiBa br'bjia Ha Apeiid.

- U3mepBane Ha npetida ¢ momormra Ha GPS
U ceH3opHa anapatypa: [lono6HO Ha MeTonMKaTa,
ONHMCaHa BbBB BAIIETO PE3IOME, CHbBPEMEHHUTE
U3CIIeIBaHUS U3MOJI3BAT crenuaiu3upana
anaparypa (GPS anTeHu c BHCOKa TOYHOCT,
ceH3opu 3a BbJHU U TeueHus: kato OBSCAPE, u
uuppoBu HaBUTraunoHHU KapTtu kato OpenCPN)
3a MpociesBaHE Ha MO3UIUATA U JBUKCHHETO
Ha JIoAKaTa B peajgHo Bpeme. ToBa mo3BossiBa
TOYHO U3MEpBaHe Ha BeKTopa Ha JApeid,
IIPUYMHEH OT BHHIIHU (DaKTOPHU.

- Meron wnHa "Leeway" (cTpaHHYHO
OTMECTBaHE) B IIOJIEBU eKCIlepuMeHTH: To3u
METOJI, IIUPOKO H3MOJ3BaH MpPH ONEpaluu I0
ThpceHe U cnacsBaHe  (SAR), BkirouBa
MPOBEXKIAHE  HA  KOHTPOJIUPAHU  TOJIEBH
€KCIIEPUMEHTH C pa3inyHu o0ekTu. M3mepaar ce
CKOPOCTTa W TIOCOKaTa Ha BIThbpa U TEYECHUETO,
KaKTO U JICHCTBUTEIHATA TPACKTOpHS Ha OOeKTa.
Upe3 perpecMoHEH aHalu3 C€ ONpEeAeIsT
cneunpuyHn  KoeuumeHTH Ha Apeid 3a
pa3IUyYHU TUIIOBE IJIaBaTeNIHU ChJIOBE.
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e HNHaMpeKTHH (TEOPeTHMYHHM M YHUCJIEHH)
MeTOH

Mopnenu, 0a3upanu Ha (PU3HYHUTE 3aKOHU:
Pazpabotenn ca TEOpeTHUHU MOJEIHU, KOHUTO
Ipujarat 3aKOHUTE Ha (pU3uKaTa 3a JBUKEHUETO
Ha TUIaBallo TSAJIO B JAJIEHO IOJIE HA BATHD U
HOBBPXHOCTHO TeueHue. Te3n MoJenu OTYuTaT
ACpOAMHAMUYHUTE U XUAPOJUHAMUYHHUTE CHIIH,
JeiicTBallld  BbpPXYy KopIyca, Kuia, pyias u
HA/BOJHATA YacT Ha JIOJKAaTa.
- Meron na “ynwmkenus” kun (Extended Keel
Method - EKM): Ta3u meroamka, mpeacraBeHa
ot Gerritsma npe3 1971 r., ce gokycupa BbpXy
U3UYUCIIIBAHETO HA CTpaHWYHATa CUJIa BBPXY
KWJia ¥ pyis (M KOpIyca) Ha BETPOXOJHA SIXTa.
W3non3Ba ce 3a oOleHKa Ha LsUIOCTHATa
CTpaHW4YHa cwia ©W  e(deKTUBHOCTTa  Ha
HaMaJsiBaHe Ha Jpeiida.

- HM3non3BaHe Ha 4YHCIEHH MOJEIH 3a

nporro3upane (Hanp. Monrte Kapno cumynanun):

B cBBpemenHure cucreMu 3a TBPCEHE U
cracsiBaHE€  CE€  HW3MON3BAaT  CTOXACTUYHH
(BEepOSITHOCTHU) MOJETH KaTo Merojga MoHTe
Kapmo. Te3um Momenun cuMynupar XwIAIx
BB3MOXKHH TPAaeKTOpPUU Ha Jpeid, KaTo B3eMaT
NPEIBU HEOMPEICIICHOCTTa HAa  BHHIIHUTE
dakTopu (IPOTHO3U 3a BATHP WU TEUYCHUS) H
XapaKTePUCTUKUTE Ha OOCEKTa, 3a J]a TeHepHpaT
BEPOATHOCTHA 30HA HA MECTOIOJIOKEHHE.

- Xunponunamuunu cumynauuu (CFD -
Computational Fluid Dynamics): M3non3Bar ce
CJIOKHHM KOMITIOTBPHH CHUMYJIAIMK 33 aHAJW3 Ha
JTUHAMHYHOTO MOBE/ICHNE HA KOpabu u nojaku. Te
M03BOJISIBAT JETANITHO U3CIIeIBaHe Ha
B3aMMOJICHCTBHATA MEXIYy KOpIyca U BojaTa
IpH pa3InYHU BIIM Ha Apedd u yciaoBusl Ha
BBJIIHCHHE.

KiaouoBu ¢akTopu, KOUTO CE OTYUTAT BHB
BCUYKM METOIMKU 3a OIpeaeisHe Ha OOUIUST
nperid:

- Teuenus (MOBBPXHOCTHH u
TBJIOOYNHHU).
- Barep (aepoguHaMuuHU CHIIH).

- Bwanau (Brmrountenno "Stokes drift").

II. METOAUKA HA EKCIIEPUMEHTA
3A OIIPEJEJSTHE HA OBIIUS JIPEV®
AepoaTuHAMUYHH CUJIH BBPXY
BeTpujaTa. J[BIKEHHETO Ha BETPOXOJHATA
JOJIKa 3ar04YBa OT B3aMMOJICHCTBHETO HA BATHpA
¢ BeTpwiara. BATHPBT ch3llaBa acpoOJAMHAMUYHU
CHJIM, KOUTO MOTaT Jia ObJaT pa3jioKeHU Ha JIBE
OCHOBHHM KOMMOHEHTH: TernurenHa cuia (TAra):

KomnoHeHTa 10 mOCOKa Ha JBM)KEHUETO Ha
JoJKaTa, KOATO s 3aABWXBa Hampeld.CTpaHMuHA
cuiia (mpeiidoBa cuia): Komrmonenra,
NEepIEHINKYJIIpHA Ha JBU)KEHUETO Ha JIOJKara,
KosATO s u30yTBa BCTpaHu. TeopernuHuTe
u3CIeIBaHUs  pasriaexjgar  kKak  (opmara
(mpomTbT) W BrBIBT HA aTaka Ha BETPHIIOTO
CHPSAMO BUJUMHUS BATHP BIUSAAT Ha TE€3U CHIIM.
IIpu kypcoBe cpemy BsaTbpa (beiinuBuur),
BETPUJIOTO pabOTH KaToO KPUJIO Ha CaMOJIET,
reHepupaKy MOJAEMHA CUjia 4Ype3 pasjuKara B
HAJIATAaHETO OT JIBETE CTPAHU, KOETO € OCHOBHUSAT
JBUTATEN.

XuApOAUHAMMYHH CHJIH BBPXY
Kopnyca M mBepra/kmia. 3a  Ja  ce
IIPOTUBOEHCTBA HA CTPAHUYHATA CUJIa OT BATHPA,
KOPIYChT U 0COOEHO MOABOJIHATA YacT (KW WUIU
mBepT npu SJI 6) renepupar XuIpoAUHAMUYHU
cwin: CtpaHuuHa nojemMHa cuia: Tasu cuia ce
reHepupa OT ILBEpTa, KOraTo JIOAKAaTa ce JBHKHU
oA BIbJ Ha Jpeild copsimo Bojata. Ts e
HacoyeHa oOpaTHO Ha  aepoJMHAMUYHATa
CTpaHMYHA CUJa U LU J1a NOAIbpXka JIoAKaTa
o 3aJjaIeHUs Kypc. XHIpOAUHAMUYHO
cenporusieHue: Cuila, HacoueHa  Cpelry
[oCOKaTa Ha JBW)KEHHE, KOSATO BKIJIIOYBA
CBIIPOTUBIICHUE HA TPUEHE U  BBIHOBO
ChIIpOTHBIIEHUE. TeopusTa Hamara M3MCKBaHETO
3a OajaHCc MEXIy AaepoJMHAMHYHHTE U
XUJPOAUHAMUYHUTE cuiM. Jlojkara ce ABHXKHU C
MOCTOSTHHA CKOPOCT M BI'BJI Ha Jpei(, xorato
CHJIUTE ca B TUHAMUYHO PaBHOBECHUE.

Teopuss Ha jgpeiipa u '"Poza Ha
BerpoBeTe' JIpeiidhbT € OCHOBHUAT OOEKT Ha
TEOPETUYHO U NPAKTHYECKO H3CIIE/IBAHE B TO3U
IpoeKT. B TeoperuyeH miaaH breABT Ha Apeild
3aBucu npsko or: Kypca copsmo Barspa: [lpu
KypcoBe belauBuHT (OCTBp M WBIEH) U
XandBuHT, CTpaHUYHATA CHJIA € Hal-roNsIMa U
ChOTBETHO JpedbT ¢ Hai-uzpaseH. Ilpu
I1aBaHe 1o BsATbpa ((oplaeBUH), CTpaHUYHATa
cuja € MHHMMalHa M Jped(bT KIOHH KbM
Hyna.Cuna Ha BaTppa: C yBenuuaBaHe Ha cuijlaTa
Ha BATbpa, aepOJMHAMMYHUTE CHJIM pacraT
HENPONOPLUUOHAIHO, KOETO MOXE Jia YBEJINYHU
Brblda Ha Jpedd, ako XUAPOJUHAMUYHUAT
Oanmanc He e anekBareH./[u3ailH Ha Kopryca U
mBepTa: EdexkTuBHOCTTa HAa MOABOIHUS MPOPUIT
MPSIKO BIIUSie HA CIIOCOOHOCTTA 3a TeHepupaHe Ha
CTpaHMYHa IOJEMHA CHJla U MUHUMHU3UpaHE Ha
npeiidpa.  TeopermunurTe  W3CIAEABAHUSA — IIE
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usnomsBaT  koHuenuuara Ha  [lomspuara
nuarpama Ha ckopoctta (Polar Diagram).

Ta3u guarpama e rpa@uuHO NpeCTaBsIHE,
KOETO  TEOPEeTUYHO  ONHCBA  ONTHUMAIHUTE
CKOPOCTH W BITIM Ha Apeid, KOUTO HATEH CbhJ
MO’KE€ Ja MOCTHTHE MPU PA3JIUYHU CKOPOCTH Ha
BATHPA U BIJIM HA TUIaBaHe. EMIIMpUYHATE JaHHM,
cvOpanu ¢ nmonkara SJI 6, mie ObIaT HaHeceHU
BbPXY TEOpPETHYHA MOJSpHA JuMarpamMa, 3a Ja ce
BepUQUIMpPa MOJIETbT U Ja CE OLIEHH peaHaTa
e(heKTUBHOCT Ha ChJIa.

HaBuranmonna Tteopusi 3a omnpejaeisiHe Ha
apeidga.

TeopeTnuHaTa OCHOBa 3a WU3MEpPBaHE Ha
npeida ce KOpeHu B HaBUTanUATa. [|BI>KEHUETO
Ha JIOJKaTa BBB BoJaTa € pa3IU4YHO OT
JBUKEHHUETO N cripsiMo AbHOTO. Kypc 1o kommnac
(CC): TlocokaTa, B KOATO € HAacOY€H HOCHT Ha
nonkata.Mctuacku kype (TC wm CMG):
Peannata mocoka Ha JBMKEHHME Ha JIOJKaTa
CIpPSIMO HETOJABM)KHA OTIPaBHA TOYKa (ABHOTO),
otueteHa upe3 GPS. B wupeannu ycinoBus, 6e3
npeiip m teuenus, \(TC=CC\). B peamnocrra
pa3iuKaTa MEXAy ABaTa Kypca JaBa bI'bjla Ha
npeiid: \(\alpha =TC-CC\). To3u HaBUTAIIHOHEH
NPUHIIMII € B OCHOBaTa Ha €KCIIepUMEHTalIHATa
METOJI0JIOTHSl 32 KOJMYECTBEHO OIpEEIIsHE Ha
npeiida BbB BapHEHCKOTO €3epo.

III. AITAPATYPA
Ha ¢ur4 e nmnokazana cxema
NPOBEICHUTE METAOTPa(CKH N3CIICIBAHMSL.

Ha

®ur. 4. GPS anteHa ,,quescan gps receiver
Ha ¢urypa 5 e mnoxa3zana mnposiBeHara
MaKpOCTPYKTYpa.
Erann na IMPOBCIKAAHOTO H3CJICABAHC 34
ompeneasHe brbja Ha apeida Mpu pas3audyeH

KypC Ha JIOJIKaTa CIpsMO BATbpa OTHOCHO po3ara
Ha BeTpoBere. M3cienBaHero ce mpoBexaa Ha
ocTpu Kypcose (OeiauBuH 10 Xand BHHI).
ExcniepumenTa ce nposex/a B €3epoTo C
e 1a ce ImpeHeOperHe BIMSHUETO Ha BHJIHATA,
KaTo BakeH (PaKTOp BIMsAEL] BbPXY H3MECTBaHE
Ha jogkara ot UK.
T . S

oy (PTMF 777
2025-03-13 12:00 - 2025-03-27 12:00

Significant wave height
s, Y

Maximum wave height

Swell wave height

®@ur. 5. llamaagypa obopynBaHa ChC CEH30pH 32 MEpPCHE
Ha BBJIHU 1 TEYEHHS B PEasTHO BpEMe, ChC CBAJISIHE Ha
rpaduynu nannu B data portal Ha pupma OBSCAPE

3a oTUYMTaHE HA TEYCHHETO C€ HM3IOJI3Ba
nanmnyHata cuctema (ADCP Acoustic Doppler
Current Profiler — ypen 3a wu3sMmepBaHe Ha
CKOPOCTHUTE KOMIIOHEHTH Ha TeYeHHETO 1o X, Y,
Z) 3a HErOBOTO OIPENENIIHE KaTO CE MOCTaBs B
U3CIIeI0BaTeNCKH Oyl (11aMaHypa) pa3noiaokKeH
Ha KpaiiHaTa TOYKa, KbM KOSTO CE€ Haco4Ba
JOJKaTa 4pe3 OTYMTAaHE Kypca MO Komraca OT
IIpECMETHATUS MK=MII. N3cnensanero
NPEIBApUTEIIHO €  3aJaJCHO H  IOCOYCH
UCTUHCKUS Kypc KbM KpaiiHata Todka Oys,
MoKaszaH Ha ¢ur.6.

Charoe

HJ!_I_J_Jm WT=HK
1817=151%
MM=ITT+5
MN=MK

- MK=1B6"30"

| 2

BSITEP '
|

L]
& TEMEHHE

A A

e

_ (@IEL e 2=
@ur. 6. [{urnranaa HaBurannonna kapra (Open SPN

5.12.4)
3ajlaBaHEeTO Ha Kypca € IpPOBEACHO Ha
HaBUTALlMOHHA Kapra “OpenCPN5.12”.
N3non3Banata kapra € JuruTagHa W JaBa
BB3MOXHOCT OCBEH MpEeBApUTEIHO HAHACSHE Ha

66 N3BECTHUA HA CBbIO3A HA YYEHUTE — BAPHA 1°2025



CEPUA “TEXHUYECKU HAYKH”

ISSN 1310-5833

I'bTS HA Kopaba W Ja clied HOBUTE KOOPIUHATH
Mpyd TMPOBEKJAHE HaA ILJJaBaHETO. 3amuca OT
KOODAMHATH M34epTaBa MCTUHCKUSA MObT HA
Kopaba. ‘briiosoro OTKJIOHCHHE MEXIY
npeasBapuresHo 3agaaeaus MK ¢ nomnpaskara ot
CKJIOHEHUETO (0-OTYETEHO OT HaBHTallMOHHATA
KapTa W KOPUTHPAHO 3a KOHKPETHATa TOJIMHA),
KouTO oTtroBapsa Ha MII kbM H3cIEIOBATENCKUS

Oyii ® pealHOTO MECTOIOJIOKEHUE  ClIe]
nporuiaBae Ha 5 xabenta mo MK, (oT4eTreHO OT
GPS KOOPJMHATHUTE Ha JTUTUTAIHATA

HaBUTallMOHHA KapTa) JaBa OTYET 3a odmiara
rpeiika Ha MPOIJIABAHOTO PA3CTOSHUE I10
u3vncieHus Kypc. Harpymanata rpemika Moske
ma ce ordere rpadumuHo, Karo Brea a’+B°

(pur.7.).

MNw

. Mz
V b

v
Visenne

| Apeiid +Tenenne o3

Vg

Wacneposatenciu
Byit

®@ur. 7. 'padmuHO TpescTaBsHE HA IpelIKaTa HaTpynaHa
OT TEYECHUETO

3a 1a OT4ETEM M3MECTBAHETO Ha JIoJKaTa
NpeIu3BUKAaHO camMo OT  Apeida, TpsOBa na
MNpeMaxHEM HU3MCCTBAHCTO MNPCAU3BHUKAHO OT
teuennero ( 0°). ['pemkara HaTpynmaHa oOT
TEYCHHUETO ce ompeaens rpagudHo (BEeKTOPHO) ,
npencraBeHa Ha gur.2. JlanHuTe HEOOXOIMMU 3a
onpezeNisHE Ha CKOpOCTTa M IOCOKaTa Ha
TEYEHHETO TMpPU BEKTOPHOTO IIpecMsATaHe Ce
B3eMaT OT  amaparypara MOHTHpaHa B
U3CIIeI0BATENICKUS OYif.

Onpenensine apedida B CPaBHUTEIHO
TUXH BOJU (BapHEHCKOTO €3€p0) MpH JIMICAa Ha
MOPCKO BBJIIHCHHUC U3II0JI3BaiKi TaOJIMUHUTE
JaHHU OT Brbhjia Ha jJApeida Npu pazIuuHU
CKOpPOCTM Ha BATHPA U BI'BJA CIPAMO Kypca Ha
JOJKaTa, MOXXEM Ja BKIIOYUM BIUSHUETO Ha
BBJIHEHUETO CIIPSMO M3MECTBAHE Ha JIOJKATa OT

muHusaTa Ha 3anagenus Kb chopsmo 3amanena
KOOpJIMHATHA Touka (M3CIeAOoBaTelICKH Oyil
o0opyaBaH ¢ amaparypa 3a H3MepBaHE Ha
tedyenneto ADCP Acoustic Doppler Current
Profiler — ypen 3a m3MmepBaHe Ha CKOPOCTHHUTE
KOMIIOHEHTH Ha TedyeHuero mo X, Y, Z Hu
amaparypa 3a HW3MEpBaHE Ha BBIHEHHETO
Aquadop Current Profiler 600 mnpomykt Ha
Nortek, Hopserus).

3ajiayara ¢ BIMSHHUE Ha BBIHEHHETO MpPU
OIIpeJIeJIEHH TPEABAPUTETHO CyMapHUs Apeid oT
BIUSHUE Ha TEUYEHUE U BATHP, MOXKEM Ja
OIpENIeIUM BIHMSHUTO Ha BBIHEHHETO BBPXY
MOJIBOJHATA YacT Ha U3CJIe/IBaHaTa JIOJKa
IV. 3AKJ/IIOYEHHE:

Pa3paborenata  Meromonorus  IMO3BOJISIBA
U30JIMPAHETO Ha "quctus" aepo-
XUIPOJUHAMHUYEH nperid, MpeIn3BUKaH
€IMHCTBEHO OT B3aMMOJCWCTBUETO HA BATHPA C
BeTpHJIaTa M BoJaTa ¢ Kopmyca/mBepra. ToBa ce
MOCTHUTA Ype3:

[IpoBexxgaHe Ha OCHOBHUTE EKCIIEPUMEHTH B
KOHTponupaHa cpeaa (BapueHckoTo e3epo) c
MUHUMAJIHO BBJIHEHUE U TeUCHHE.

[Ipunarane Ha BekTopeH (rpaduieH) MeToI 3a
KOpEeKIUs, KOWTO  M3MOJ3Ba  JaHHH  OT
crienuainu3upaH u3cienoBarencku Oyi. Upes
TO3U METOJ] C€ M3UUCISIBA U U3BaX]a BEKTOPHT
Ha W3MECTBaHe, NPUYMHEH OT TEYECHHETO, 3a Ja
ce MOJIy4d camo BI'BIBT Ha Jpeid, AbiKail ce
Ha BATHpA U AW3alHA HA JIOJKATA.

Upes crbupaHe Ha TaONMYHU JAaHHU 3a BI'bIA
Ha JIpeii] mpu pa3ITUYHU CKOPOCTH Ha BATHpA U
BINIM COpSAMO Kypca Ha noakarta (beiinuBuHTt,
XandBuHT), TNpOyYBaHETO IE€  TeHepHpa
EMIUPUYHHU JaHHU C BHCOKAa Hay4dHa CTOMHOCT.
Te3n naHHuM 1€ MO3BOJIAT:

ChcTaBsiHe Ha Mpelu3Ha MOJSpHA AUarpaMa
Ha jonkara SJI 6, KoATO Cily’)kM, KaTo Hay4yeH
MOJIeTl 3a OIIeHKa Ha e(EeKTUBHOCTTa Ha TO3M
KOHKPETEH THUII ChJ.

Bepudukanus Ha chIIeCTBYBAIld TEOPETUYHHI
XHIPOJAVNHAMUYHU MOJEIH 33 MAaJIOTOHAKHU
ChJIOBE.

W3cnensanero mpeiara MHOBaTHBEH MOIXO.
3a nudepeHIrupato U3CIe/IBaHe Ha
BB3JCHCTBUETO Ha BBIHEHHeTo. Ciex Karo
"cymapHusT Apeid" (OT BATHp U TeueHHE) Oble
MPEBAPUTEIIHO OTPENICICH U KOPUTUPAH B THXHU
BOJM, JAHHHUTE OT amapaTypaTa 3a U3MepBaHe Ha
BeiiHeHHeTo (Aquadop Current Profiler 600) Ha
Oysl 111 MO3BOJISAT J]a C€ U3YUCIH CreUu(PUIHUSLT
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INPUHOC HA BBIHEHUETO KbM CTPAaHUYHOTO
U3MECTBaHE Ha JioAkara. ToBa e pe3ynarTar c
MPWIOKEH M YUCTO HAY4YEeH XapakTep, ThH KaTo
MO3BOJISIBA:

Nnentudunmpane Ha XUIPOAWHAMHYHUTE
CWJIH, TIOPOJICHU OT KOJIeOATEeTHOTO JABM)KEHUE Ha
BOJIaTa BHPXY MOJIBOJIHATA YACT HA JIOJIKATA.

Pa3paboTBaHe Ha KOPEKIIMOHHU KOS(HUIIUESHTH
3a HAaBUTAllMOHHU HM3YUCJICHHUS TPU IUJIaBaHE B
YCIJIOBHS HA BhJIHEHUE

[IpakTruecko NMpUIOKEHUE HA U3MEpBATEIHA
anmaparypa:  CryneHTuTe e  NOPUAOOUAT
YHUKAJIHU YMEHHUS 3a pabora c
BHUCOKOTEXHOJIOTUYHO oOopyaBane kato ADCP
(Acoustic  Doppler Current  Profiler) wm
METOJONIOTHs 32 00paboTka Ha  CIOXHHU
XUAPOrpadCKu JJAHHU OT U3CIIEAOBATEIICKUS OYil.

CranpapTuzupaHa METOJMKAa 3a HW3IUTBAHE:
[IpoekThT mie yCTaHOBHM BBTPEIIHA 3a KiIyda U
YHUBEpPCUTETA METOJMKAa 3a IPOBEXKIAHE Ha
XOJIOBU U3MHUTAHUS HA MAaJOTOHAXXHU CbHJOBE.
Ta3u MeTonuka Moxe fa ObJe IPUIoKEHa U MPU
OIICHKa Ha JPYrd JIOAKA WU SXTH, C KOUTO
kny0sT unu TY-Bapha pasnonarat B Obaerie.

[TomobOpsiBane HAa  y4eOHHs porec:
Pesynarature 1mie ObaaT  MHTETpUpaHU B
MPaKTUYECKUTE 3aHATUS U KypCOBU pabOTH Ha
CTYIGHTHUTE OT MOPCKHUTE  CIELHAIHOCTH.
Harnennoro nemoncTpupane Ha '"TeopusaTa Ha
MpakTUKa" 3HAYUTEIHO TOBUIIABA KAY€CTBOTO Ha
00yuYEHHUETO.

Crtumynupane  Ha  ekumHara  pabora:
[IpunoxxHara HaCOYEHOCT Ha MPOEKTa HM3HUCKBA

KoOpJIuHHpaHa paboTa Ha ekuna (HaBUTaTOpH,
pyJeBU, WHXXEHEpPH, TEXHHUIU), KOETO pa3BUBa
KIIIOYOBM yMEHHUsT 3a paboTa B CKUI U
CBIVIACYBAHOCT B JIEUHOCTUTE.
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OINIPEAEJISAHE ITAPAMETPUTE HA PABOTA HA IPOTUBOIIOKAPHA CUCTEMA HA
CITACUTEJIEH KOPAB

Baaaumup Hopaanos', Huxonaii Ilerpos?

DETERMINATION OF THE OPERATING PARAMETERS OF A RESCUE SHIP FIRE SYSTEM

Vladimir Yordanov, Nikolai Petrov

Peslome: B pabotaTa ce mpeyiara rpaBUTalliOHEH METO[ 3a ONpEAENIsiHE BOJHUS JEOMT Ha CBOOOJHO M3THYAIA
BBB BB3yIIHAaTa cpefa cTpys. TO3W IpaBUTallMOHEH METOX 3a OIPEACIIHE Ha BOJHMS ACOWT, € MPHIIOKEH 3a
eKCIIEpUMEHTAIHA NTPOBEpKa Ha E€KCIUIOATAIMOHHHUTE MapaMeTpH Ha IPOTHBOIIOKapHATa CHCTEMa Ha CITACHTEJICH

Kopao.

KiouoBu AYMH: BOJICH I[e6I/IT, TpaBUTAlIMOHCH MCETOHA, MNapaMeTpu, Kopa6Ha OpOTUBOIIOKApHATA CUCTEMA,

CIIaCUTCIICH Kopa6.

Abstract: The report provides a gravitational method for determining the water flow, freely flowing into the air
environment. This gravitational method for measuring of the water flow rate, is applied during the experimental
verification of the operating parameters of a rescue ship fire system.

Keywords: water flow, gravitational method, parameters, ship fire system. rescue ship

I. BBBEJIEHMUE :

W3cnenBanero Ha paborata Ha KOpaOHUTE
CHUCTEMH B EKCIUIOAQTAllUOHHU YCIOBHS C IIEJ
OpoBepKa  JIOCTMTAaHETO  HAa  IPOCKTHHUTE
napamMeTpu  HajaraT OIlpeNIeJIIHETO  Ha
MOMCHTHATa MNPOU3BOAUTCIHOCT Ha CHUCTCMUTC
OpU M3MEHALIM CE YCJIOBUS Ha 3aCMyKBaHE U
Har"veTsBaHE.

M3mepBaHeTo Ha Ta3u MPOU3BOIUTEIHOCT C
no0pe W3BECTHUTE ACOMTOMEpUM OT THUIA Ha
Onenaure, poTameTpu U BBPTYLICUHU
neOuTOMEpH € CHIIHO 3aTPyJHEHO Ha TpaKTHKa
nopaau HeoOXOAMMOCTTa OT clupaHe paborara
Ha CHCTEMHUTC, Ha MOHTaAXHO-ACMOHTAXHUTC
olepalMd B CTECHEHUTE KOpaOHU YCIIOBUS,
BBPXY  CWJIIHO  TPEIUIETEHH,  €BEHTYAJIHO
KOpO3UpaIH 4acTU oT ne0enoCTeHHU
TpbOONpoBoaM U T.H. ToBa Haii-uecTo NOBEXIa
JI0 OTKJIOHSIBaHE OT M3IMTBAHUSA M 3aMEpBaHMS,
KOUTO ouxa JaJin OCHHU JaHHU 3a
e(eKTUBHOCTTa U HAJEKAHOCTTa Ha KOpaOHMUTE
cucremu [1].

II. METOJAU HA U3CJIEJABAHETO:

3a mnpeonosisiBaHE Ha IOCOYEHUTE IIO-TOpe
3aTpyaHeHus, B  pabotara ce mpesara
pa3paboTeHus IpPaBUTALlMOHEH METOJ 3a
ornpezensiHe Ae0uTa Ha CBOOOJHO M3THYAIIA BHB
BB3MylIHATa cpeaa crpysa. llomoOHO cTpyiiHO
M3TUYaHEe HaJ MOPCKOTO HHMBO MOXe Ja Obe
OCBIIECTBEHO npu MIPOTUBOTOKAPHUTE,
OCYILIUTETHUTE U OaJaCTHUTE CHCTEMH, a CHIIO
TaKa W IpHU TOBAPO-3aYUCTBAIIMTEC CUCTCMH Ha
HAJIMBHUTE KOpaOu, MpH H3MHUTBAaHE C MOpPCKa
Boga. Upes U3MOJI3BAHETO  Ha  TO3U
TPaBUTAllMOHEH METOJ MOXE Ja C€ H3BBPIIU

eKCIIepUMEHTATHA MIpOBEpKa Ha
eKCIUIOATAl[MOHHUTE  MapaMeTpu  HAa  Ha
criacuTeseH Kopao.

MPOTHBOIIOYKApHATA cucrema u
nmpoTtuBonoxapHarta  nomna Ilpm MHOro or
KOpaOHHTE  CHUCTEMH  KaTO:  OCYIIHMTEIHHU,
6aﬂaCTHI/I, IMPOTHUBOIIOXKAPHHU, a CbIIO TakKa
pedyiepHr CHUCTEeMH 3a TPAHCHOPTHPAHE Ha
ImyJima CbAbpiKalia IISICBK 501051 CKaJIHU

Marepuaiy, TPAHCIHOPTUPAHUAT IIOTOK H3/IM3a
npe3 (UHAIHO OTBEPCTHE BBB BUJ Ha CTpPys
YUUTO MapaMeTpu Morar Aa ObJaT U3IMO0J3BaHU
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3a ompejelnssHe Ha 00EMHATa MPOU3BOIUTEIHOCT
(medwur).

HpeIlJIO)KeHI/IFIT METOJ C€ CbCTOU B CICOHOTO:

TPAHCHOPTUPAHUAT (IyUa KOHTO MoOXke aa Oble
MHOTO(]a3Ha CMEC ce OCTaBs Jja U3THYa CBOOOTHO
B IlOcOKa Oim3ka 70  XOpPU3OHTAJHATA.
HezaBucumo, ve cBOOOIHUTE CTPYHM H3MEHSAT
HAlpe4YHOTO CH CeyeHue B pe3yaraT Ha
CBHIIPOTUBJICHUETO Ha BB3AyLIHaTa cpela Ha
JIOCTaTbYHO TOJIIMO PA3CTOSIHUE W3MEHEHHETO €

HE3HAYUTCIHO, TOCCT CTPYsATA OCTaBa KOMITIAKTHA.

B chiioro Bpeme mopajay rpaBUTaIM[Ta CTPYSTa
IPOMEHS MMOCOKaTa CH W B PE3yNITaT Ha 36MHOTO
YCKOPCHHE OIKMCBA TpaeKTopus OJu3Ka J0
napabona. Omnpenensiiiku  BeIMYMHATA  HA
XOPH30HTAIHOTO M BEPTUKATHOTO OTKJIOHCHHUE
Ha M3BECTHO Pa3CTOSHUE OT pb0a Ha M3XOTHUS
OTBOp MOXe Ja ObJe ompenelieH neOurta Ha
TPaHCHOPTUPAIIUA [IOTOK.

3a wu3BeXJAHE YpaBHEHHSTA  OMHUCBAIIH
paborara Ha rpaBUTAIIMOHHUS croco6
U3X0XKJIaMe OT cieIHuTe o0cTosTencTBa u dur.1 :

o

—
==
N
o~

TTEvIv T FT T80 FATRvETEY 811

S

-

@ur. 1. [Tapamerpu Ha cBOOOJHO M3THYAIA BOTHA
CTpys

2,1.Cnen u3nu3aHe OT M3XOJHOTO OTBEPCTHE
CTpySTa MPOJIBIKABA JIa CE IBUKH PAaBHOMEPHO
Hanpea U U3MHHABA ONPEICNICHO Pa3CTOSHUE - S
3a Bpeme - t mpu ckopoct - V CBIJIACHO
ypaBHenue (1):

S
t==

V
(1)

2.2,BepTHKAIHOTO OTKJIOHEHHUE - h B pe3yiTar
HA  3E€MHOTO  YCKOpPEHHE  MpEeAU3BUKBAILIO
PaBHOYCKOPHUTENIHO JBH)KEHUE CE€ I0JIydaBa OT
u3paza (2):

2
h :% )
KbACTO.

h — BepTUKaIHO OTKIIOHCHHE, M,
t — BpeMme, S;
g — 3eMHOTO yckopenue (g =9,81m/s?)
2,3.3amecTBaiiku (t) B ypaBHEHHETO (2)
nojiyuaBame u3pasa (3) u oT Tam nojydaBame
ypaBHeHueTo (4) 3a ckopocTTa - V !

2
po85" 5 3)
2V
§?
V=82 4
2.h @
24Ype3 wu3paza (4) 3a gebmra - Q
noyryuaBame uspasa (5):
O = (n.d°V)/4=314159.4%.S 3<2g—h (5)

2.5.AKO BCHYKH MEPHU CIIMHUIIM 33 IbJDKUHA
ca B mm, TOoraBa ImojiyuaBame u3paza (6) 3a
nebuta Q B JINTPU 3a CEK

O =nd’.Vi4=0,553681.10"4.d°.S z— ©6)

[Ipu wu3MepBaHusATA OT TIJIEAHA TOYKA Ha
nmpakTUKaTta oTyuTaHeTo Ha h m S craBa He
CIIPSIMO OCTa Ha CTpysTa M TpbOara, a CHpsSIMO
nepudepusaTa Ha CTpysATa U AOJTHATA 00paszyBamia
Ha JIMaMETPAITHOTO CEUCHHE Ha HU3XOJHHS OTBOP
Ha TpbOarta. [Ipeamonara ce chIO0 OTCHCTBHE HA
TpHEHE TIpU UW3TUYAaHE Ha CTpPysATa BbB
BB3IyIIHATA Cpella, OTCHCTBHE Ha pa3IIMpEHUE
WIM CBHUBaHE Ha CTpysTa IPU U3JIHM3aHE OT
TppOara, a ChHIIO Taka €JHAKBH CKOPOCTH Ha
OTJCITHUTE YaCTUIM B CCUYCHUETO HA TpbhOara u
T.H. 3a IpOBepKa Ha M3BEJEHATA 3aBUCUMOCT U
OTYMTAHE KOMIUICKCHOTO BIIMSHUE HA BCHUYKH
dakTop € TPOBEACHO  EKCIEPHUMEHTAIHO
UCJICZIBAHE Ha CTEH]I TIOKa3aH Ha dur.2.

[Tpu ucnenBaHero O6€ MpPHUET CIACTHUAT MOZIEI
(7) Ha B3aMMOBpB3KAa MEXKIy MapaMETPUTE
MOJUIeXKAIN HAa EKCTIPUMEHTAIHO OTpeeIIsTHE:

Q = k.d=SP.n* (7)

Cren noraputMmyBaHe O€ MPHUET JIMHESH MO/
(8) Ha B3auMOBpB3KAa MEXAY JOTAaPUTMHUTE HA
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nebutra Q u reomerpuynure pasmepu d, S, h
Ype3 HeU3BECTHUTE KOSHUIIMEHTH o, B U A.

1gQ =1gk + a. 1gd + B.IgS + A.Igh (8)

-1

@ur. 2. CteHn 32 I3MepBaHe Ha TEOUT OCPEICTBOM
BOJHA CTPYS

Bcekn omur ¢ moBroped mo 10 mbTH, KaTo
pe3yaTatuTe 3a JeOWTa, KOMTO ca IOKa3aHU B
Tabna.1 ¥ ca cpeHH CTOMHOCTH 3a ChOTBETHATA
koMOuHarust ord , S uh.

Taoauuna 1. Pesynraru ot ekciepuMeHTa

-| Bepth -
No [nameTsbp F;aHaggo g?gpﬁg _ C;:éﬂf:
d, mm |S, mm |HeHKe

h,mm | Ql/s

I 14,15 100 50 0,1639
2 8,30 200 50 0,1090
3 8,30 100 100 0,0390
4 14,15 200 100 0,2299
5 14,15 100 50 0,1636
6 8,30 200 50 0,1092
7 8,30 100 100 0,0387
8 14,15 200 100 0,2310

3a mpoBepka Ha 3aBucuMmoctTa (8) Oe
U3I0JI3yBaH I0CJIeIOBATEIICH kBazu-/1-
ontuMaieH miaH [2] 3a Tpu (akTopa, ChCTOSII]
ce or &8 omumra. Crnen obOpaboTkara Ha
pe3ylTaTUTe 4Ype3 pErpecHOHCH aHauu3 U
aHTHJIOTApUTMYyBaHe, 3aBucuMocTTa (7) mpuema
BUJIa peicTaBeH oT Gopmynata (9):

0578. 21,999. 1,029

10000. 0534,

©)

T

Bwxna ce, ye 3aBucumoctta (9) € MHOro
osm3ka 10 3aBucuMoctTa (6). KoedumentsT Ha
Kopenaius 3a ChOTBETCTBUETO HA TO3U MOJEN C
ekcnepuMeHTtanuuTe JanHu € 0,998, karo
MaKkcHMajaHaTa a0COJIOTHA Tpelika € TOo-Majka

or 2,5 %, a cpeqHOKBaJpaTUYHATA TpEIIKa €
1,4 %.

3aBucumoctra (6) O mpuiIOKeHa MpH
eKCIIepUMEHTATHA MpOBEpKa Ha
EKCILIOATAIHOHHHUTE napameTpu Ha
MIPOTUBOTIOKAPHATA cucTema "
NPOTHBOIIOKApHATA  IIOMIIAa HA CIACUTEIICH

KOopaO, Npu CIETHUTE YCIOBHUSA:

- Bucounmna wa JsadeTHHs CTBOJI  Haj
BogosimHuATa € h=10 M

- Pascrosnue 110 TOYKaTa Ha
CBIIPUKOCHOBCHHE Ha CTpPysATa C BOJHATa

MOBBPXHOCT - S= 100 M
- Jlmamersp Ha u3xoaa — d=65 mm.

®@ur. 3. O001 BU HAa CLIACUTEITHUS KOpab

Ilpy BCHYKK pa3Mepd B MM ChIJIACHO
dopmymnara (6) ce moiydasa:
4 2 o1

0 =0,553681.10"".d“.S . =232410/c (10)

[Tonmy4yenara CTOMHOCT CHOTBETCTBA Ha JeOuTa
Ha IMPOTUBOIIOKAapHATa IOMIIa 3a 3ax0opnaHa
BoJ1a, KosiTo € Tun 250/1140M.
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FROM DIGITAL DOCUMENTATION TO AN XR MUSEUM ENVIRONMENT:
AN INTEGRATED APPROACH TO CULTURAL HERITAGE REPRESENTATION THROUGH
PHOTOGRAMMETRY, DIGITAL RECONSTRUCTION, XR, AND 3D FOOD PRINTING

Nadya Stamatova, Elif Giimiis, Anupama Shiji

OT JUTUTAJIHA JIOKYMEHTALIMS JIO XR MY3EIHA CPEJIA:
WHTEIPUPAH ITOJIXO/] 3A TIPEJICTABSIHE HA KYJITYPHOTO HACJIEJICTBO
YPE3 ®OTOTPAMETPUS, IUTUTAJIHA PEKOHCTPYKIIMS, XR U 3D IEYAT HA XPAHU

Hans Cramarosa, Enud [Nomiom, Anynama Hlumxu

Abstract: This study proposes an integrated approach to the digital presentation of cultural heritage through
Heritage Building Information Modelling (HBIM), Extended Reality (XR), and interpretative methods related to
dietary practices in antiquity. The case study focuses on the archaeological site known as the Small Roman
Thermae in ancient Odessos (present-day Varna, Bulgaria), with particular emphasis on a space in the north-
western part of the building, which is assumed to have been associated with the provision of food and beverages
(thermopolium). A concept for an XR museum exhibition is being developed, in which the visual environment is
complemented by a multisensory component based on archacogastronomic interpretations and experimental edible
“flavour blocks.”

Keywords: thermopolium, Roman thermae, archaeonutrition, archaeogastronomy, 3D food printing, HBIM,
photogrammetry, extended reality (XR), Varna, Odessos, immersive environment

Pe3rome: HacrosmoTro u3cineaBane npezyiara HHTETpUPaH MOAX0/] KbM AUTUTATHOTO NPEICTaBsIHE HAa KyITYPHOTO
HacleAcTBO upe3 mmppoBo MomenupaHe Ha TakuBa obOektn (HBIM), pasmmpena peamHoct (XR) u
MHTEPIIPETAMOHHA METOIM, CBBP3aHM C XpaHEHeTO B aHTHYHOCTTa. KasychT e (okycupan BBPXY
apXeoJornyecKus 00eKT ,,Mankn puMcku TepMu B antuaHus Opecoc (mH. Bapna, Bwirapus), ¢ akImeHT BBPXY
MIOMEIIIEHNE B CEBEpO3anaaHaTa 4acT Ha CrpajaTa, 3a KOEeTO ce IpeJroara, ye € OMIo CBbp3aHo ¢ MpeaIarane Ha
xpaHa u HamuTku (thermopolium). PazpaborBa ce koHmemus 32 XR My3eifHa eKCIO3HUINS, B KOSTO BH3yaJTHATa
cpeia ce JONbJiIBa OT MYJITHUCEH30pPEH €JeMEeHT, 0a3upaH Ha apXeo-raCTPOHOMHYECKH HHTEpIpETalud H
eKCIIEPUMEHTAJIHH ,,BKYCOBH Oyiokuera“.

Kao4yoBn aymu: TepMONWIMYM, PHMCKH TEPMH, apXeoracTpOHOMHUS,
¢dororpametpusi, pastmpena peantoct (XR), Bapua, Onecoc, umepcuBHa cpeia

3D mewar Ha xpanu, HBIM,

L. INTRODUCTION the available evidence is
functionally ambiguous.

The present study focuses on the archaeological
site. known as the Small Roman Thermae in
ancient Odessos (present-day Varna, Bulgaria)
(fig.1). In contrast to the Imperial Roman

fragmentary or

The digital presentation of archaeological heritage
increasingly relies on integrated methodologies
that combine precise documentation,
interpretative  modelling, and  immersive

technologies. In recent years, approaches such as
Heritage Building Information Modelling (HBIM)
[1], including photogrammetry based on the
Structure from Motion (SfM) methodology [2],
and the visualization of digital models through
various forms of Extended Reality (XR) [3] have
significantly expanded the possibilities for
documenting, analysing, and communicating
archaeological sites, particularly in cases where

Thermae (also known as the Large Roman
Thermae) [4] of the city, which constitute one of
the largest bath complexes in Europe, the Small
Roman Thermae represent a comparatively
compact building with a limited number of spaces.
Despite their smaller scale, the site presents
serious interpretative challenges, primarily due to
the absence of published excavation diaries and
primary archaeological documentation from the
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excavations carried out in the mid-twentieth
century. As a result, functional interpretations
rely mainly on the preserved architectural
structures, spatial configuration, and later

museum interpretations.

archaeological site
(aerial photo: 1. Atanasov, 2024,
combined drawing: N.Stamatova, 2024)

NIAH PLAN
HA MATTKHUTE (HOXHH) OF THE SMALL (SOUTH)
TEPMW HA OfIECOC THERMAE OF ODESS0S
- Vi B, 3"-6"c AD.

NASEHM YACTH (1 NEPHOR) [ SAMASEHM HACTH(1 NERHOA)
JACTH (I TEPHOR) |
EHU YACTH EHW YACTI

Fig.2 Exposed plan of the Small Roman Thermae
(photo: N.Stamatova, 2024)

Particular attention is given to a space (fig.2,3,4),
located in the north-western part of the building,
which has direct access from the adjacent street
and is spatially separated from the main bathing
circulation. Based on its plan layout, access
pattern, and architectural characteristics, this
space has been hypothetically associated with the
provision of food and beverages, corresponding
to what is described in the Roman urban context
as a thermopolium. This functional attribution,
however, remains interpretative rather than
definitive, as no direct archaeological evidence,
such as in situ finds or stratigraphic
documentation, is currently known to the authors.
In this context, the study does not aim to establish
a final functional identification of the space.
Instead, it adopts an interpretative framework in
which uncertainty is regarded as an integral part
of the research process. The photogrammetric
documentation of the site is treated as a
fundamental stage within an HBIM-oriented
workflow, providing a precise geometric and
spatial basis for subsequent interpretative
modelling. Building upon this digital foundation,
a conceptual approach to XR-based museum
presentation is developed, focusing on the

visualization of alternative spatial and functional
scenarios rather than the assertion of a single
historical interpretation.

-~
Fig.3 The thermopolium, view from north
(photogrammetric model: Elif Giimiis, 2025)
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Fig.4 he thermopohum view from south-east
(photogrammetric model: Elif Giimiis, 2025)

Fig.5 Examples of “ﬂavour blocks
(Al-assisted design: Nadya Stamatova, 2025)

A distinctive feature of the proposed XR
exhibition concept 1is the inclusion of a
multisensory component informed by
archaeogastronomic  research.  Experimental
“flavour blocks” (fig.5), produced through 3D
food printing [5], are introduced as a means of
extending the visitor experience beyond visual
immersion. In this way, the study explores the
potential of combining digital and sensory
technologies to communicate both architectural
space and aspects of everyday life in antiquity,
while maintaining full transparency regarding the
hypothetical  nature  of  the  proposed
interpretations.

II.LARCHAEOLOGICAL
AND SPATIAL CONTEXT

The Small Roman Thermae are located in the
eastern part of ancient Odessos, within the
present-day urban fabric of Varna. The site is
situated in an area integrated into the urban
infrastructure of the Roman and Late Antique
periods and connected to the ancient street
network. Archaeological evidence indicates that
the building functioned between the 3rd and 6th
centuries AD, undergoing several construction
phases and spatial transformations during this
period.

In contrast to the so-called Large Roman Thermae
of Odessos, which represent a monumental bath
complex with an extensive spatial and technical
layout, the Small Roman Thermae constitute a
comparatively compact building with a limited
number of rooms and a simplified circulation
scheme. Their functioning begins and develops
during a period that coincides with the gradual
decline and restriction of activity at the Large
Thermae. In this context, the Small Roman
Thermae may be considered part of a broader
process of transformation of urban infrastructure
during the Late Antique period.

There are grounds to suggest that the construction
and use of the Small Roman Thermae are also
related to changes in the techno-economic
possibilities for maintaining heating systems in
larger public baths. The reduction or
discontinuation of heating in the Large Thermae
likely necessitated the construction of a smaller
bath building capable of fulfilling basic hygienic
and social functions under lower maintenance and
resource  requirements.  This  hypothesis
corresponds to well-documented processes of
adaptation and reduction of public facilities in
Late Antique cities.

The preserved architectural fabric of the Small
Roman Thermae reveals a layout organised
around a large hall, interpreted as the main
bathing or communal space, complemented by
auxiliary rooms arranged along the perimeter of
the building (fig.2). The orientation of the
structure shows a slight deviation from the
cardinal directions, reflecting adaptation to the
existing urban fabric and local topography [6].

N3BECTHUA HA CBIO3A HA YVYEHUTE — BAPHA 1°2025 75



CEPI “TEXHUYECKU HAYKIT”

ISSN 1310-5833

Within the scope of the present study, analytical
attention is directed towards a space located in the
north-western corner of the building. It is
distinguished by direct access from the adjacent
street and by the absence of a functional
connection to the internal bathing circulation. Its
position at the interface between the public street
space and the interior of the building suggests
activities that were not strictly integrated into the
main bathing route. The room is approximately
rectangular in plan and differs in floor level from
the neighbouring spaces, indicating a certain
degree of functional autonomy.

Based on its plan configuration, access pattern,
and architectural characteristics, this space is
hypothetically associated with the provision of
food and beverages, corresponding to what is
described in the Roman urban context as a
thermopolium. This interpretation, however,
remains conditional and non-definitive. The
absence of excavation diaries and published
archaeological reports from the excavations
conducted in the 1950°s significantly limits the
possibility of establishing a secure functional
attribution for the individual spaces within the
building. Consequently, the spatial analysis
presented in this study relies primarily on
observable architectural characteristics, the
relative position of the examined space within the
building, and analogies with better-documented
Roman sites. This state of interpretative
uncertainty constitutes a key premise for the
adopted methodological approach, in which
digital modelling and XR-based visualisation are
used to explore and present alternative spatial and
functional scenarios rather than to impose a single,
final interpretation.

INI.LMETHODOLOGICAL FRAMEWORK:
HBIM, INTERPRETATIVE MODELLING,
AND THERMOPILIUM CONCEPT

The methodological framework of the present
study is grounded in an integrated HBIM-oriented
approach  that combines photogrammetric
documentation, interpretative digital modelling,
and Extended Reality (XR) - based visualisation.
Rather than aiming at a definitive reconstruction,
the methodology is designed to accommodate

uncertainty and to support the exploration of
alternative spatial and functional interpretations.

The photogrammetric survey of the Small Roman
Thermae constitutes the foundational layer of the
HBIM workflow [1]. Using the Structure from
Motion (SfM) methodology [2], (fig.6), a detailed
three-dimensional model of the preserved
architectural fabric was produced, providing
accurate geometric and spatial data. This digital
documentation serves as a stable reference

framework  for  subsequent interpretative
operations, including spatial analysis,
hypothetical reconstruction, and immersive
visualisation.

® ’ P e F =,
Fig.6 Structure from Motion (SfM) process
(photogrammetric model: Elif Glimiis, 2025)

Within this framework, the space located in the
north-western corner of the building is examined
through an interpretative lens. Its architectural
configuration (fig.7), access pattern, and
relationship to the surrounding urban space allow
it to be discussed in relation to the Roman
thermopolium (Greek for “hot-selling place”) - a
type of small-scale establishment associated with
the preparation and sale of food and beverages in
urban contexts. In Roman cities, thermopolia
typically functioned as semi-public spaces
positioned along streets or at points of high
pedestrian circulation, often operating
independently from adjacent buildings while
remaining closely integrated into everyday urban
life (fig.8). The present study seeks to employ
the thermopolium concept as an interpretative
model that enables the exploration of specific
experiential and sensory dimensions of the site. In
this sense, the thermopolium serves as a
methodological construct rather than a fixed
historical  attribution.  This  interpretative
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flexibility is essential for the development of the
XR-based museum concept proposed in the study.
The digital reconstruction does not aim to present
a single, authoritative version of the past, but to
visualise plausible scenarios grounded in

architectural evidence and comparative analysis.
XR technologies are employed to immerse the
user within these scenarios, allowing spatial
hypotheses to be experienced rather than merely
observed.

F ig;7 Functional interpr.etation- f the inner space
(sketch: N.Stamatova, 2025)

Fig.8 Exaple ofa hermopolium
(Al-assisted design: Elif Gilimiis, 2025)

A distinctive component of this approach is the
integration of archaeogastronomic research into
the immersive framework. The concept of the
thermopolium provides a suitable context for
introducing gustatory elements as part of the

interpretative experience. Experimental edible
“flavour blocks,” produced through 3D food
printing, are conceived as abstract sensory
references rather than literal reconstructions of
ancient recipes. Their role is to enhance
engagement and to evoke aspects of everyday life
associated with food consumption in antiquity,
while remaining accessible to a broad museum
audience.

Through this combination of HBIM-based
documentation, interpretative modelling, XR
visualisation, and multisensory experimentation,
the methodological framework supports a form of
heritage presentation that foregrounds
interpretation, transparency, and experiential
engagement. The thermopolium, understood as a
hypothetical and flexible concept, becomes a
focal point for testing how digital and sensory
tools can expand contemporary approaches to
archaeological storytelling.

IV.MUSEUM CONCEPT
AND MULTISENSORY EXPERIENCE

The proposed XR museum concept builds upon
the HBIM-based documentation and
interpretative modelling discussed in the previous
sections, translating analytical results into an
immersive and accessible form of cultural
heritage presentation. The XR environment is not
conceived as a virtual replica of the
archaeological site, but rather as an interpretative
medium that allows visitors to explore spatial
hypotheses and sensory dimensions of the past.
The concept is designed to operate in multiple
modes, including on-site augmented reality (AR)
and virtual reality (VR) in museum or remote
settings. In the on-site scenario, XR content can
be superimposed onto the existing ruins of the
Small Roman Thermae, enabling the perception
of reconstructed spatial relationships while
visitors are physically present at the site. In off-
site or museum scenarios, VR allows the
reconstructed environment to be experienced
independently of its physical location, thereby
expanding access and interpretative possibilities.
Within the XR experience of the Small Roman
Thermae, the space interpreted as a thermopolium
functions as a narrative anchor through which
broader aspects of everyday life, social
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interaction, and urban practices in Late Antiquity
can be explored.

A distinctive feature of the proposed XR concept
is the integration of multisensory elements, in
particular gustatory experiences informed by
archaeogastronomic  research.  Experimental
edible “flavour blocks,” produced through 3D
food printing, are integrated as complementary
components of the XR narrative. They are not
intended to reproduce specific ancient dishes, but
rather to act as abstract sensory stimuli that evoke
associations with food consumption, ingredients,
and culinary practices of the period.

The inclusion of gustatory elements extends the
XR experience beyond visual and spatial
immersion, encouraging active engagement and
embodied perception. By combining digital
visualisation with controlled sensory stimuli, the
concept aims to establish a deeper emotional and
cognitive connection between the visitor and the
archaeological site, while maintaining full
transparency regarding the hypothetical nature of
the interpretations presented.

In conclusion, the proposed XR museum concept
demonstrates how digital technologies can be
employed not only to visualise archaeological
spaces, but also to experiment with new forms of
multisensory storytelling. Within this framework,
interpretation is presented as an open and
exploratory process that allows visitors to
perceive the past as a dynamic and experiential
construct rather than a fixed historical narrative.

Appendix: Roman Thermopolium Menu
(Adapted for XR Multisensory Interpretation)

Outlines the methodology and technical
specifications for translating these elements into
VR Flavor Blocks using advanced 3D printing for
tactile prototyping.

1. Roman Thermopolium Menu

The menu items were selected based on
archaeological finds and historical recipes,
focusing on the cheap, quick, and warm dishes
served from the embedded dolia (large
earthenware jars) on the counter.

Dish Simple Primary
Name Description Historical Source
Literary/Archaeolo
Thick Grain gical: Cited by
Porridge: A hot, Roman guthors
basic porridge (e.g., Pliny the
made from El.de.r) as the

Puls wheat (emmer or girgtgnllgl (i(t)lr;jlrrll ¢

Frumenti ||spelt), seasoned ) .
with herbs or presence 15
cheese. The 1mplled by the‘
primary Roman dolia (storage jars)
staple food. embedded‘ln

thermopolium
counters.
Roman Meat
Patty/Burger:
i\(/fglec;ei;rrlﬁat Literary: Recipe
sometimes ’ﬁsh preserved in the
in coastal Rom?m cookbook
.. regions like Ap 1S (De e

Isicia Varmna/Mocsia Coqun.lar.la, Book

Omentata Inferior), mixed I1). This is the key
with piné nuts textugl souree
wine-soaked ’ Qeﬁniiqg 1:S d

ingredients an:
Ezziade,r??l?en preparation.
formed into a
patty.
Hot Pot/Stew: A Archaeological;
hearty mix of Res1dge analysis
legumes (lentils of dolia contents
chickpeas, fava " |[from the recently .

Legumes |(beans) with fgggzteiii?nmpeu

& cheap cuts of (Regio Ii/)

Fowl Stew |pig, goat, or % dth
duck. It was kept contirmed Hhe
warm and served [P oonc® of duck,
by the ladle from pig, goat, and fish
the dolia. fragments cooked

together.
The Restorative |[Nutritional/Histori

Lomentum Dragght: A cal: Widely cited

(Barley nutrltlogs, non- |by Hlppocrates

Water) alcoholic and Pliny the

beverage made

by simmering

Elder as a "ptisan"

(medicinal tea). It
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Dish Simple Primary Concept ,il::l[: ;llt:tei((i)n for Technical
Name Description Historical Source to Encode VR Rationale
hulled barley was used to fluidity (e.g., the|[the direct input for
with water, then |sustain physical viscosity of the |[VR haptic feedback.
straining and labor and soothe porridge) into
chilling the the digestive numerical
liquid. Often system, making it values.
lightly the "ancient Estimated . .
sweetened with a|lelectrolyte drink" Caloric Density Dietary Sglence: A
touch of honey | for both laborers (E.C.D.): The core functl‘on of the
or brightened  |jand the elite. "block is VR block is to
with a squeeze assigned a simulate Energy
of lemon (Or . simple Valu.e (eg, Puls
vinegar- Nutritiona numerical provides ngh
alternative). | Impact E.C.D. value Carb§, Iswl.a
b?;,Sﬁ; d .on . provides High
. . . |[Protein, which
2.Methodology: Incorporating Flavor into VR modern analysis drives eamenla
Blocks of the ancient gamepiay
recipe's effect:s
. . (stamina/health).
The goal is to translate the food’s complex ingredients.

material properties into simple, quantitative data
that can be coded into a VR asset (the "Flavor
Block"). This involves quantifying the sensory
experience.

Concept
to Encode

Simplified
Translation for
VR

Technical
Rationale

3.Technical Characteristics for 3D Printing
Prototypes

A Multi-Material Fused Deposition Modeling
(MM-FDM) or PolyJet system is required to
create physical models of the Flavor Blocks that
accurately reflect the textures derived from the

Nutrient and Food Chemistry: rheological data, thus ensuring the VR haptic
Spice Profile:  ||Assigning relative feedback is realistic.
Assign a simple |values to historical
variable Garum |key ingredients (e.g., Techni p .
) . urpose in
Flavor/ Rgtlo (e.g.,. Garum, Defructum cal Spe.c1ﬁ Prototypin | Key Source
Aroma High, Medium, |(reduced wine)) Para |cation
Low) to allows the VR meter
simulate the experience to trigger Allows Engineering/
intensity of the |a specific sensory simultaneoullAdditive
Garum (fish response within the s printing  |[Manufacturing;
sauce) flavor. _ |lsoftware. Dual or |jwith Fundamental
Rheological Food Rheology: Extru Quad . Multiple requirement for
Mapping (G' Scientific fields use sion. Extrusio Material§ . combi.ning .
and G" values): ||storage modulus (G'- S n Head ||(e.g., a rigid |materials with
Texture/ |Translate the elasticity/stiffness) (MM-  |core and a ||different Shore
Mouthfeel |food's stiffness |and loss modulus FDM) |soft outer |Hardness
(e.g., the (G"- viscosity/flow) layer) to (Durometer) in
chewiness of the to quantify a food's simulate the |ja single print
meat) and texture. This data is layered job.
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Techni . Techni .
cal Specifi Purpose in cal Specifi Purpose in
Para |lcation Prototypin |[Key Source Para |lcation Prototypin | Key Source
meter meter
structure hard/rigid
and varying parts (like
hardness of Isicia or
the food Panis
items (like Quadratus)
the Isicia allows
patty direct
wrapped in physical
caul fat). testing of
Essential télf G'l and
for values.
capturing A future
Micro- ideal state
Surface where the
TOP ography printing Advanced Food
. High- process can ||, . .
. g
resolution ) be
cintin Technical: monitored Research:
gnsuref e |[Standard Closed- | "™ O | Highlighted by
benchmark for Loop . researchers as
<50 prototype . . Integrat adjusted
. high-fidelity Control / the necessary
Micron |has the . g ed . based on .
Resolut Laver  ltactile multi-material Process In-Line real-time step to bridge
ion Th?cknes roushness printers to Rheomet rheological the gap between
< of c%) Arse- achieve the fine er Port data & material
round detail needed ensu’rin the property data
£ro for Haptic . g and physical
grain or a print Lo
. Assessment. fabrication.
crisped-up matches the
meat encoded
exterior, G'/G"
which values.
directly
informs VR
texture Illustration samples
mapping.
The use of . Direct Image
Thermoplas Polymer Concept (Description URL g
Variable gf)l rethan Science: TPU A photo of the
Duromet . (TylglU) for offers high 1 counter from the
Materia|jer ) flexibility (low N recently
soft/viscous . Historical
Is Polymers . G', while PLA excavated
parts (like . Context: o
(TPU & offers high Thermopolium in
Puls and : ) Roman . .
PLA) . stiffness (high Pompeii (Regio
Polylactic , Thermo : .
Acid (PLA) G"). olium V), showing the |fhttps://pompeiis
foil . embedded dolia |ites.org/en/comu
(large storage nicati/the-
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Direct Image

Concept (Description URL
jars) where hot  ||ancient-snack-
food was served. |bar-of-regio-v-
This visualizes  |[resurfaces-in-
the origin of the ||its-entirety-
"Flavor Block." |with-scenes-of-
still-life-food-
residues-animal-
bones-and-
victims-of-the-
eruption/
E A
A technical ) =
diagram
illustrating the . bt
relationship =S5 ——
between Storage |[https:/www.res
2. Modulus (G') earchgate.net/fig
Scientific |land Loss ure/Rheological
Quantifi |Modulus (G') ||-results-
cation: over time or showing-
Rheology ||frequency. This is |[changes-of-
crucial for storage-
explaining how  [modulus-G-
you quantify food loss-modulus-
texture for haptic |G-
feedback. and fig3 40040
773
A diagram of a i N I'H;
Multi-Material B~
FDM (Eused ¥ —H‘i"t—_ .
Deposition u_]
Modeling) 3D L ATy [
3. printer extrusion || . S
Technical |head. This shows
Proto the mechanism | https://www.res
typing: |[that allows earchgate.net/fig
3D combining ure/Basic-
Printing ||different diagram-of-
polymers FDM-3D-
(llke ﬂexible TPU printer-extmder-
and rigid PLA) to |la-Direct-
model varied food||extruder-b-
textures. Bowden-
extruder figl 3
43539037

V.CONCLUSIONS

The present study demonstrates the potential of
an integrated approach combining HBIM-based
digital documentation, interpretative modelling,
and Extended Reality (XR) technologies for the
contemporary presentation of archaeological
heritage. The case study of the Small Roman
Thermae in ancient Odessos illustrates how sites
characterised by limited primary documentation
and uncertain functional attribution can be
analysed and communicated  through
methodologies  that  treat  interpretative
uncertainty as a starting point rather than a
limitation.

The focus on a hypothetically defined space
associated with the provision of food and
beverages enables the development of an
interpretative scenario in which architectural
evidence is combined with comparative analysis
and archaeogastronomic research. In this
context, the thermopolium is not approached as
a definitively proven function, but rather as a
methodological tool for exploring aspects of
everyday life and urban practices in Late
Antiquity.

The proposed XR museum concept extends
traditional visual modes of presentation by
incorporating  multisensory  elements, in
particular gustatory experiences realised through
experimental edible “flavour blocks.” This
approach  seeks to enhance audience
engagement and to encourage experiential
modes of perception, while maintaining
scientific rigour and transparency regarding the
hypothetical nature of the interpretations
presented.

More broadly, the study highlights how
contemporary digital technologies can be
employed not only for reconstruction and
visualisation, but also for experimentation with
new forms of archaeological storytelling, in
which interpretation remains an open, process-
oriented, and dialogical act between scholarly
research, the digital environment, and the visitor
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GENERATIVE AI IN THE INTERPRETATION OF MEDICALLY-CONSTRAINED
ARTISTIC EXPRESSION: A 2025 CASE STUDY

Nadya Stamatova

I'EHEPATUBEH AI ITPU UHTEPIIPETALIUATA HA XY AOXECTBEHU ITPOSABU
C MEJIMIMHCKU OI'PAHUYEHUSA: KA3YC OT 2025 T

Hazxg Cramarosa

Abstract: This paper presents a 2025 case study examining the use of generative Al in interpreting a hand-drawn
sketch created under severe communicative limitation following tracheostomy. An iterative human—Al prompting
process was applied to reconstruct possible semantic interpretations of an abstract, dynamically structured drawing.
While object-level elements (horse, rider, helmet) were successfully generated under hypothesis-guided prompting,
the system consistently failed to preserve the kinetic tension encoded in the original sketch, particularly the
diagonal propulsion axis and pre-leap compression. The results suggest that contemporary generative architectures
prioritize symbolic object reconstruction over embodied dynamic inference. The study highlights the boundary
between probabilistic semantic generation and phenomenological meaning attribution, demonstrating that
generative Al can support semantic exploration but cannot access experiential intention. Interpretative
responsibility therefore remains human.

Keywords: Generative Al; Human—Al interaction; Prompt engineering; Semantic reconstruction; Dynamic
representation; Kinetic tension; Medically constrained communication; Diffusion models; Interpretative limits.

Pe3tome: Cratusita npeactass kazyc ot 2025 r., pasriiexaall U3MoI3BaHeTO HAa TeHEPATHBEH U3KYCTBEH MHTEIEKT
TIpU UHTEPIPETAusI Ha PHYHO Ch3/ajicHa rpaduka, Bb3HUKHAJA TIPU TSKKO KOMYHHKAIIMOHHO OTPaHUYCHHE CIIC]T
TpaxeocToMus. Upe3 WTEepaTHBHO B3amMojeiicTBHe 4oBeK—Al Osxa peKOHCTpyHpaHH BB3MOKHH CEMaHTHIHU
MPOYNUTH Ha aOCTpakTHAa PHUCYHKA C SCHO M3pa3eHA NWHAMHYHA CTPYKTypa. Makap oOCKTHHTE eleMEHTH (KOH,
e371a4, IUIeM) [1a 0s1Xa yCIEeIHO BB3IPONU3BEACHHU IIPH XUTIOTE3HO HACOUCHO MIPOMITHPAHE, CHCTEMAaTa He ChXpaH!
KHHETHYHOTO HAIPE)KCHHE HA OpPWUTWHANA, BKIIOYHTEIHO JWArOHAJTHATA OC HAa OTCKOK M KOMIIPECHATa MpEean
cKoKa. PesynratmTe mokas3Bar, Y€ CHBPEMCHHHTE T'CHEPATUBHU ApXUTEKTypH MPHOPUTH3IUPAT CHMBOIHOTO
BB3MPOU3BEXKIaHE HA OOEKTH Npej] PEKOHCTPYKLUSITAa HAa BBIUIbTEHA NUHaMMKa. KasychT ouepTaBa rpaHHIaTa
MEKIY BEPOATHOCTHA CEMAaHTHYHA I'CHEpAlUuAa U (beHOMeHOJ'IOFI/I‘IHO MpUIMMCBaHE HAa CMUCBHJI, KaTO Imoa4YepraBa, 4c
HHTEPIPETAIMOHHATA OTTOBOPHOCT OCTaBa YOBCIIIKA.

KimouoBu paymm: TD'enepatuBen Al; B3aumoneicTBUe 4UOBeK—Al; TpPOMOT WHXXEHEPHHT;
PEKOHCTPYKI A, JUHAMHUYHO MpCACTaBAHEC, KHHCTUYHO HaIpEKCHUE, KOMYHHUKallTUOHHU
IU(GY3MOHHHA MOJICITN; MHTEPIIPETAITMOHHY TPaHHIIH.

CeMaHTH4YHa
OrpaHUYECHUS;

I. INTRODUCTION visual expression may become a primary channel of
Generative artificial intelligence has increasingly —Mmeaning transmission. The interpretative challenge
been applied to tasks involving semantic N such situations is amplified by the absence of

reconstruction, visual synthesis, and interpretative
assistance. While significant progress has been
achieved in object recognition and image
generation, less attention has been given to the
capacity of such systems to reconstruct embodied
dynamic intention from abstract or minimally
specified inputs.

In contexts of severe communicative limitation,
such as speech loss following tracheostomy, non-
verbal

verbal clarification, increasing semantic uncertainty.
This study examines a 2025 case in which a hand-
drawn abstract sketch, created under conditions of
communicative constraint, was subjected to
iterative interaction with a generative Al system.
The objective was not diagnostic evaluation, but
semantic reconstruction and hypothesis exploration.
The central research question is:

To what extent can generative Al preserve and
reconstruct kinetic compositional intent embedded
in an abstract human drawing?
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The contribution of this paper lies in identifying a
structural limitation in generative image systems:
while object-level symbolic reconstruction is robust,
dynamic constraint transfer—specifically torque-
based propulsion encoding—remains insufficiently
captured.

II. CASE BACKGROUND

The case concerns an adult individual who
experienced significant speech loss following
tracheostomy. Verbal articulation was severely
limited, and written = communication was
inconsistent. Under these conditions, a hand-drawn
sketch was created on a whiteboard (Fig.1) as a
form of non-verbal expression.

The drawing process unfolded sequentially. The
lower portion of the composition was executed first
and appears to represent the hind legs of a horse.
The torso area and a horse’s head with a mane were
then sketched; both elements were subsequently
erased, most likely as part of a correction or
compositional refinement.

Following the erasure of the horse’s head, attention
shifted to the upper part of the composition, where
the head of a presumed rider was sketched. A
clearly structured composite element was
constructed, consisting of a triangular upper form, a
band-like base beneath it, and a more softly
contoured segment below. Taken together, these
three components resemble a medieval helmet
configuration. The rider figure itself was rendered
in a comparatively rough and partially illegible
manner.

In contrast, certain linear elements were articulated
with greater clarity. A curved line suggestive of a
flexible object such as a whip was distinctly
emphasized. In addition, a straight line running
parallel to the horse’s torso was introduced and
later interpreted as a spear.

The sequence of drawing, erasure, and selective
refinement indicates intentional compositional
structuring rather than spontaneous abstraction. The
fact that the composition begins with the hind legs
rather than the head may suggest an emphasis on
propulsion and take-off as the organizing principle
of the image.

The subsequent interaction with Al was undertaken
to examine whether a generative system could
assist in reconstructing the possible semantic

content embedded in this dynamically structured
configuration.

Fig.1 Original sketch (drawing: P.Petrov;
photograth: N.Stamatova, 2025)
III. METHODOLOGY: HUMAN - Al
INTERACTION PROTOCOL
The interaction with the generative Al system
followed an iterative, hypothesis-driven process.
The objective was not automated diagnosis or
definitive interpretation, but structured semantic
exploration under conditions of communicative
uncertainty.  Contemporary  diffusion-based
generative models have demonstrated strong
object-level and high-resolution image synthesis
capabilities [1], [2]. These architectures optimize
probabilistic reconstruction in latent space,
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enabling semantic convergence under prompt
constraints.

e 3.1 Initial Open-Ended Interpretation
The background-cleaned sketch (Fig.2) was
submitted to the Al system without contextual
information. The prompt requested a description
of the depicted image. The system generated
multiple probabilistic interpretations, including a
human figure, a person in motion, a climber, and
an abstract drawing. These responses reflected
object-level pattern recognition based solely on
visual characteristics.

24
dl

Fig. 2. Sketch with background removed
using Al-assisted processing
(edited: N. Stamatova, 2025)

e 3.2 Contextual Augmentation
In the second stage, limited contextual
information was introduced. The system was
informed that the drawing had been created by an
adult individual who had lost the ability to speak.
No diagnostic assumptions were provided. The
purpose of this augmentation was to observe
whether semantic convergence would shift under
minimal human framing.

o 3.3 Hypothesis-Guided Prompting
In the subsequent stage, an expert-informed
hypothesis was introduced, suggesting that the
drawing might represent a medieval mounted
warrior. An additional image (Fig.3), in which the
elements erased during the drawing process were
reconstructed in red, was provided to support this
semantic probe. This possibility was not
presented as a conclusion, but as a test hypothesis
accompanied by the augmented image.

Fig.3 Sketch with erased elements
digitally reconstructed in red
(reconstruction: N.Stamatova, 2025)

Figs. 4-5. Tnitial Al-generated iconographic
reconstructions of a mounted medieval warrior
(prompting: N. Stamatova, 2025)

Further prompts requested interpretations within
folkloric, religious, and archetypal frameworks.
The AI system converged toward iconographic
reconstructions (Figs. 4, 5) that included a rider,
horse, helmet, and weapon-like elements. These
outputs demonstrated semantic alignment with
the introduced hypothesis.
e 3.4 Text-to-Image Reconstruction and
Dynamic Constraints
In the next phase, the system was instructed to
generate a colored image derived from the sketch
while preserving the dynamic structure of the
original. Explicit constraints were introduced,
including:
e preservation of the diagonal compositional
axis

N3BECTHUA HA CBIO3A HA YVYEHUTE — BAPHA 1°2025 85



CEPI “TEXHUYECKU HAYKIT”

ISSN 1310-5833

e emphasis on propulsion from the hind legs
o representation of pre-leap compression
e avoidance of a static frontal pose

Multiple iterations were conducted with refined
prompts emphasizing movement, tension, and
torsional asymmetry (Figs. 6-9).

Figs. 6-9. Al-generated visual outputs exploring
iconographic reconstruction and dynamic
constraints (prompting: N. Stamatova, 2025)

3.5 Evaluation Criteria
The generated outputs were evaluated
qualitatively according to the following criteria:
1. Object-level correspondence (horse, rider,
helmet, weapon).
2. Preservation of dynamic
propulsion vectors.

tension and

3. Maintenance of asymmetrical force
distribution ~ consistent ~ with  take-off
mechanics.

While  object-level  correspondence  was

consistently achieved, dynamic constraint transfer
was not preserved. The generated images
exhibited stabilized postures, bilateral symmetry,
and reduced kinetic compression.

This  methodological sequence enabled
comparative observation between open-ended

interpretation,  hypothesis-guided  semantic
convergence, and  constrained  dynamic
reconstruction.
IV.  RESULTS

4.1 Semantic Convergence

Across successive  prompting stages, the
generative Al system demonstrated increasing
semantic convergence toward a culturally
codified representation of a mounted medieval
warrior.  While the initial  open-ended

interpretation produced multiple high-probability
hypotheses at the object level, the introduction of
contextual framing and hypothesis-guided
prompting resulted in stabilization around a
consistent iconographic type.

The generated images repeatedly included a rider,
horse, helmet, and weapon-like elements. This
indicates successful symbolic reconstruction
aligned with the proposed medieval warrior
hypothesis.

Object-level correspondence proved robust. The
system effectively translated abstract linear cues
into recognizable figurative components. These
findings suggest that generative architectures are
capable of resolving semantic ambiguity through
convergence toward culturally established visual
archetypes when guided by structured prompts.

4.2 Dynamic Constraint Failure

Despite  successful  object  reconstruction,
preservation of dynamic structure was not
achieved. The original sketch encoded propulsion
through emphasis on the hind legs, a diagonal
force orientation, and compression consistent
with a pre-leap phase.

In contrast, the generated outputs consistently
gravitated toward stabilized configurations. Limb
positioning tended toward bilateral symmetry,
and weight distribution appeared evenly balanced.
Even under repeated prompt refinement
emphasizing movement, take-off mechanics, and
tension, the system produced compositions
resembling posed or suspended representations
rather than mechanically grounded propulsion.
This indicates that dynamic constraint transfer
from the original sketch to the generated image
did not occur.
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4.3 Biomechanical and Compositional Analysis
The central structural feature of the original
sketch lies in its dynamic organization. The
composition does not prioritize facial detail or
iconographic clarity, but force generation. The
drawing begins with the hind legs, establishing
propulsion as the organizing principle of the
image.

In equestrian biomechanics, the take-off phase is
characterized by rear-leg compression, diagonal
force transmission, and asymmetric torque
distribution. This phase requires visible structural
imbalance and muscular tension. The original
sketch encodes precisely these indicators through
posterior emphasis and diagonal alignment.

The Al-generated images, by contrast, tended
toward balanced weight distribution and
symmetrical configurations. Movement was
suggested through surface-level visual markers,
but without a clearly articulated propulsion vector
or mechanical compression.

The diagonal axis present in the original drawing
functions not merely as a compositional
inclination but as a vector of force. The inability
of the generative system to preserve this vector
suggests that it does not internally simulate
physical mechanics. Instead, it synthesizes
statistically plausible configurations derived from
learned distributions.

The divergence between propulsion-driven
structure in the human sketch and pose-stabilized
structure in the Al reconstructions constitutes the
primary empirical finding of this study.

V. DISCUSSION

Semantic convergence toward a mounted
medieval warrior acquired greater clarity not
through further algorithmic optimization, but
within the context of human dialogue. During a
conversation related to cultural heritage, the
keyword “bogatyr” was suggested, directing
attention to established epic representations. This
led to the identification of the painting Bogatyrsky
Skok (1914) by the Russian artist Viktor
Vasnetsov (1848—-1926) (Fig. 10),[3].

The painting depicts the epic hero Illya Muromets
at the precise moment of dynamic take-off. The
horse’s hind legs are visibly compressed, the
compositional axis is strongly diagonal, and the
force orientation of the bodies conveys imminent

propulsion. ~ The  structure = demonstrates
mechanical tension and phase specificity
comparable to the dynamic organization observed
in the original sketch.

Notably, despite multiple iterations and carefully
refined prompts emphasizing movement, tension,
and diagonal force orientation, the Al system did
not achieve a comparable dynamic reconstruction.
The generated images tended to stabilize posture
and symmetrize weight distribution rather than
reproduce the compressed pre-leap phase.

The recognition of a visual parallel with
Vasnetsov’s composition emerged within human
communication rather than through algorithmic
interaction. This moment delineates a structural
boundary. While the generative system
demonstrates capacity for semantic classification
and iconographic stabilization, it does not possess
mechanisms for associative cultural recognition
grounded in experiential or biographical context.
The distinction between probabilistic semantic
generation and human associative intuition
becomes particularly evident in this case. Human
recognition integrates visual structure with
cultural memory, historical narrative, and
analogical reasoning. The generative model
operates through statistical consistency and
optimization of visual plausibility.

Thus, the present case does not illustrate a
technical failure of AI, but rather a structural
boundary between algorithmic reconstruction and
human interpretative cognition. The generative
system effectively supports semantic exploration,
yet the final recognition of dynamic analogy
arises within human dialogue.

Fig. 10. Viktor Vasnetsov,
Bogatyrsky Skok, 1914 (oil on canvas)
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III. CONCLUSION

The present study analyzed the interaction
between a human-generated sketch and a
generative Al system under conditions of
communicative  uncertainty.  The  results
demonstrate that, under structured prompting, the
system achieves semantic convergence at the
object and iconographic levels.

However, the dynamic constraint embedded in the
original sketch was not preserved. While the
generated images reproduced recognizable
elements such as a horse, rider, and helmet, they
did not maintain force orientation, hind-leg

compression, or  phase-specific  take-off
mechanics.

The analysis delineates a boundary between
probabilistic ~ visual synthesis and force-
constrained biomechanical representation.
Generative architectures optimize statistical

plausibility and structural coherence but do not
internally model kinematic constraints or phase-
specific motor organization.

The findings do not indicate a technical failure of
Al but rather an architectural limitation in
transferring  dynamic and  biomechanical
structures from abstract sketch input to realistic
visualization. Generative systems are effective in
semantic reconstruction; however, the
reproduction of force-oriented dynamic structure
remains outside the representational scope of
current models.
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