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REGIOSELECTIVE SYNTHESIS OF
FUNCTIONALIZED ALLENECARBOXYLATES

Hasan Hasanov, Ismail Ismailov, Ivaylo Parushev, Dzhemil Yuseinov, Galin Georgiev,
Tolga Seidov, Yordanka Ivanova, Ivaylo Ivanov, Valerij Christov

ABSTRACT: An efficient method for regioselective synthesis of 4-heteroatom-functionalized allenecarbox-
vlates by an atom economical [2,3]-sigmatropic rearrangement of the mediated 2-heteroatomfunctionalized alk-
3-ynecarboxylates is described. Alkyl 4-(dimethoxyphosphoryl), (diphenylphosphinoyl), (benzenesulfinyl), or (me-
thanesulfonyl)- alka-2,3-dienoates can be readily prepared via reactions of alkyl 2-hydroxy-alk-3-ynoates with
dimethylchlorophosphite, chlorodiphenylphosphine, benzensulfanyl chloride, or methanesulfinyl chloride, respec-

tively, in the presence of a base.

Key words: synthesis, allenecarboxylates, [2,3]-sigmatropic rearrangement, alk-3-ynecarboxylates, alka-2,3-

dienoates.

Introduction

In the past three decades, the synthesis and use
of allene derivatives have been expanded in
preparative organic chemistry. The presence of
two 7 electron clouds separated by a single sp
hybridized carbon atom is the identifying struc-
tural characteristic of allenes, and it is this unique
structural and electronic arrangement that is re-
sponsible for the extraordinary reactivity profile
displayed by allenic compounds [1].

Functionalized allenes have attracted a grow-
ing attention because of their versatility as key
building blocks for organic synthesis. The syn-
thetic potential of functionalized allenes has been
extensively explored in recent years and this has
led to the development of novel methods for the
construction of a variety of functionalized hetero-
cyclic and carbocyclic systems [2].

A plethora of methods exists for the construc-
tion of alka-2,3-dienoates, including the Wittig
[3], Wittig-Horner [4], or the Horner—
Wadsworth—-Emons [5] olefination of ketenes,
iron-catalyzed olefination of ketenes with diazo-
acetate [6], and by other methods [7]. There are
methods [8] for the synthesis of phosphorus-con-
taining allenes (phosphonates [9], phosphinates
[10], and phosphine oxides [11]) including

reactions of a-alkynols with chloridecontaining
derivatives of phosphorus acids followed by [2,3]-
sigmatropic rearrangement. The reaction of pro-
pargyl alcohols with halogen-containing sulfur re-
agents, such as sulfanyl halides [12] and sulfinyl
chlorides [13], is a convenient method for the
preparation of propargyl compounds (sulfenates
or sulfinates), which usually undergo [2,3]-sigma-
tropic rearrangement to allenic products (sulfox-
ides or sulfones) [12—14]. An alternative route,
which enables the preparation of 2-thio- [15a], 2-
sulfinyl- [15a,15b], and 2-sulfonyl-substituted
[15a] allenecarboxylates, starts from methyl 4-hy-
droxy-2-alkynoate.

As a part of our research program on the chem-
istry of the bifunctionalized allenes, we required a
convenient method to introduce a heteroatom-
functionalized group, such as phosphonate, phos-
phine oxide, sulfoxide, or sulfone group, in the
fourposition to the ester group of the allenecar-
boxylates. The above-mentioned groups attract
increasing attention as useful functionalities in or-
ganic synthesis. Of particular interest are the ap-
plications of these groups as temporary transform-
ers of chemical reactivity of the allenic system in
the synthesis of eventually heterocyclic com-
pounds.



In a continuation to our previous reports on the
synthesis [16a,16b,16g,16h] and electrophilic cy-
clization reactions [16,16a—f] of bifunctionalized
allenes, we have found an efficient method for re-
gioselective synthesis of 4-heteroatom-function-
alized allenecarboxylates by an atom economical
[2,3]-sigmatropic rearrangement of the mediated
2-heteroatom-functionalized  alk-3-ynecarbox-
ylates.

Results and Discussion

Since its discovery five decades ago
[9a,10a,10b], the reversible interconversion of
propargylic  phosphites, phosphonites, and
phosphinites to allenyl phosphonates,
phosphinates, and phosphine oxides has become
one of the most studied and synthetically useful
[2,3]-sigmatropic  rearrangement. Numerous
synthetic applications of the rearrangement have
been reported, including its use in the synthesis of
allenic steroids as substrate-induced inactivation
of aromatase [17a], in the efficient synthesis of
(2R)-2-amino-5-phosphonopentanoic acid as a
powerful and selective N-methyl-D-aspartate
antagonist [17b], in the preparation of the
phosphonate  analogues  of  phosphatidyl
derivatives [17¢,17d], and, in the synthesis of new
acyclic analogues of nucleotides containing a
purine or pyrimidine moiety and an allenic
skeleton [17e,17f].

Our strategy for the synthesis of the 4-
heteroatom-functionalized  allenecarboxylates,
using our experience on the preparation of the
vinylallenyl sulfoxides [18], sulfones [19], and
phosphine oxides [20], relies on the well-
precedented 2,3-sigmatropic shift of propargylic
phosphites to allenephosphonates [9], propargylic
phosphinites to allenyl phosphine oxides [11],
propargylic sulfenates to allenyl sulfoxides [12,
14], and propargylic sulfinates to allenyl sulfones
[13, 14]. Precedence exists for such an approach
to the synthesis of allenic compounds. However,
to the best of our knowledge, the use of
propargylic alcohols bearing an
electronwithdrawing group such as 4, to give the
corresponding allenic esters 6, 8, 10, and 12, has
not been reported. To assess this approach toward
the target 4-heteroatom-functionalized
allenecarboxylates 6, 8, 10, and 12, a range of
propargylic alcohols 4a—f was prepared by the
reaction of the metallated acetylenes 2a—c with
commercially available alkyl 2- oxoalkanoates
(pyruvic acid esters) 3a—c (Scheme 1 and Table 1)
[21-23].

R——

Mg 1a-c
EtBr T» EtMgBr R——=
er

MgBr >
ether
reflux, 2h reflux, 2h 2a-c
I
R" “CO,R? R?
3a-c |
R——
ether / >co,R?
reflux, 3.5h HO 2
4a-f
SCHEME 1

TABLE 1 Preparation of the Propargylic Alcohols 4a—
f from the Metallated Acetylenes 2a—c¢ and the Alkyl 2-
oxoalkanoates 3a—c

Entry Product R A’ R Yield? (%)
1 4a Pr Me Et 76
2 4b Pr Ph Me 77
3 4c Bu Me Et 73
4 4d Bu Ph Me 72
5 de Ph Me Et 73
6 4af Ph Ph Et 75

2|solated yields by chromatographical purification.

With the required propargyl alcohols 4a—f in
hand, we were then able to investigate the
proposed reactions with the corresponding
chlorocontaining phosphorus and sulfur reagents,
such as dimethylchlorophosphite,
chlorodiphenylphosphine, benzenesulfanyl
chloride, and methanesulfinyl chloride in the
presence of a base and subsequent [2,3]-
sigmatropic rearrangement of the mediated 2-
heteroatom-functionalized alk3-ynecarboxylates
5, 7,9, and 11. In the first instance, the alkyl 4-
(dimethoxyphosphoryl)-alka-2,3-dienoates  6a—
c,f can be readily prepared via an atom
economical 2,3-sigmatropic rearrangement of the
mediated alkoxycarbonyl-functionalized
propargyl phosphite Sa—c,f, intermediate formed
by the reaction of the alkyl 2-hydroxy-alk-3-
ynoates 4a—c,f with dimethylchlorophosphite,
prepared in situ from phosphorus trichloride, 2
equiv of methanol, and 2 equiv of triethylamine,
in the presence of triethylamine, according to
Scheme 2 and Table 2.

1 CO,R? 1 CO,R?

R 1. PCla, EtsN R
2. 2MeOH, 2Et3N C;
W/ OH A
ether, -70°C w_ :P(OMe)
R R 2
4a—c.f 5a—c.f

R

R1
[2.3)- /\_—_:/\
o

ether, i, 3h (MeO)gP\\ CO,R?

6a—c,f

SCHEME 2



TABLE 2 Synthesis of the Alkyl 4-(dimethoxyphosphoryl)-
alka-2,3-dienoates 6a-c,f by [2,3]-Sigmatropic Rear-
rangement of the Mediated 2-(Dimethoxyphosphinooxy)-
alk-3-ynoates 5a-c,f Prepared via Reactions of the Alkyl
2-hydroxy-alk-3-ynoates 4a-c,f with Dimethylchlorophos-
phite in the Presence of a Base

Entry Product R R’ R? Yield® (%)
1 6a Pr Me Et 62
2 6b Pr Ph Me 69
3 6¢c Bu Me Et 63
4 6f Ph Ph Et 65

dsolated yields by chromatographical purification.

Pleasingly, the reaction of the alkyl 2-
hydroxyalk-3-ynoates 4c—f with
chlorodiphenylphosphine in the presence of
triethylamine at —70°C gave the expected alkyl 4-
(diphenylphosphinoyl)-allenoates 8c—f in
moderate yields (Table 3) as a result of [2,3]-
sigmatropic ~ rearrangement of the  2-
(diphenylphosphinooxy)-propargyl esters 7c—f for
5 h at room temperature, according to the reaction
sequence outlined in Scheme 3.

; CO.R? . CO,R?

R R
PhyPCI
J——
/ OH EtsN %‘?
ether, -70°C g — PPhy

R
4c-f 7c—f
23] R R!

—_—

ther, rt, 5 h 2

ether, PhoR{ CORR
(0]

8c-f

SCHEME 3

TABLE 3 Synthesis of the Alkyl 4-(diphenylphosphinoyl)-
alka-2,3-dienoates 8c—f by [2,3]-Sigmatropic Rearrangement
of the Mediated 2-(Diphenylphosphinooxy)-alk-3-ynoates 7¢c—
f Prepared via Reactions of the Alkyl 2-hydroxy-alk-3-ynoates
4e—f with Chlorodiphenylphosphine in the Presence of a Base

Entry Product R R’ R Yield® (%)
1 8c Bu Me Et 60
2 8d Bu Ph Me 58
3 8e Ph Me Et 57
4 8f Ph Ph Et 62

4solated yields by chromatographical purification.

The strategy for the synthesis of
sulfurcontaining allenes (sulfoxides and sulfones)
relies on the well-precedented [2,3]-sigmatropic
rearrangement of propargylic sulfenates and
sulfinates to allenyl sulfoxides and sulfones [12—
14]. Pleasingly, the reaction of the propargylic
alcohols 4a—c,f with benzenesulfanyl chloride in
the presence of triethylamine led to the formation
of the expected 4-(benzenesulfinyl)-allenoates
8a—c,f, which were isolated in 59-67% yield after
purification by column chromatography as a result
of [2,3]-sigmatropic rearrangement of the

mediated formed 2-(benzenethiooxy)-alk-3-
ynecarboxylates 9a—c,f for 7 h at room
temperature, as outlined in Scheme 4 and Table 4.

Al CO,R? Rl CO,R?
PhSCI (‘
—_—
4/ ©OH EtaN y /4 (;?

P ether, -70°C = »_:SPh
da—-c.f 9a-c,f
12,31 R R’

—_— #l=<
ether, rt, 7h F'h—S\\ COZH?

10a-c,f
SCHEME 4

TABLE 4 Synthesis of the Alkyl 4-(benzenesulfinyl)-alka-
2,3-dienoates 10a—c,f by [2,3]-Sigmatropic Rearrangement
of the Mediated 2-(Benzenethiooxy)-alk-3-ynoates 9a—c,f
Prepared via Reactions of the Alkyl 2-hydroxy-alk-3-ynoates
4a—c,f with Benzenesulfanyl Chloride in the Presence of a
Base

Entry Product R R’ R Yield® (%)
1 10a Pr Me Et 64
2 10b Pr Ph Me 64
3 10c Bu Me Et 67
4 10f Ph Ph Et 59

Fsolated yields by chromatographical purification.

The starting materials in the synthesis of the
alkyl 4-(methanesulfonyl)-alka-2,3-dienoates
12¢—f are the appropriate a-alkoxycarbonyl-a-
alkynols 4c—f, which react with methanesulfinyl
chloride in the presence of triethylamine. Reflux
of the intermediate formed alkoxycarbonyl-
propargyl sulfinates 11¢—f (which may or may not
be isolated) in dry toluene for 8 h provokes a [2,3]-
sigmatropic rearrangement to the expected 3-
alkoxycarbonylallenyl sulfones 12¢—f, which
were purified by column chromatography on
silica gel with 46-52% yield (see Scheme 5 and
Table 5).

1 CO.R? L COR?

R
MeS(0)Cl (‘
—_—
/< OH EtsN // LCI)
= ether, -70°C R »__ :S—Me

1]
4c—f 11c—f O

1
2.3} H: R
— (@] *—<
toluene X CO.R2
reflux, 8 h Me/S\\O 2

12c-f
SCHEME 5



TABLE 5 Synthesis of the Alkyl 4-(Methanesulfonyl)-alka-
2,3-dienoates 12¢—f by [2,3]-Sigmatropic Rearrangement
of the Mediated 2-(Methanesulfinyloxy)-alk-3-ynoates 11c—f
Prepared via Reactions of the Alkyl 2-Hydroxy-alk-3-ynoates
4c—f with Methanesulfinyl Chloride in the Presence of a Base

Entry Product R R R Yield®® (%)
1 12¢ Bu Me Et 48

2 12d Bu Ph Me a7

3 12e Ph Me Et 46

4 12f Ph Ph Et 52 (54)°

Fsolated yields by chromatographical purification.
bQverall yields without isolation of the alkynes 11¢c—.
“QOverall yield with isolation of the alkyne 11f.

After a conventional workup, all allenic
products 6, 8, 10, and 12 were isolated by column
chromatography and identified by 'H, *C, and *'P
NMR and IR spectra as well as by elemental
analysis.

Conclusion

In conclusion, a convenient and -efficient
method for regioselective synthesis of a new fam-
ily of 1,3-diacceptor-substituted allenes, namely
4-heteroatom-functionalized allenecarboxylates,
derived by [2,3]-sigmatropic rearrangement of the
intermediate formed 2-heteroatom-functionalized
alk-3-ynecarboxylates in the reactions of alkyl 2-
hydroxy-alk-3-ynoates with dimethylchlorophos-
phite, chlorodiphenylphosphine, benzensulfanyl
chloride, or methanesulfinyl chloride in the pres-
ence of a base has been explored.

Further investigations on this potentially im-
portant synthetic methodology are currently in
progress. At the same time, the synthetic applica-
tion of the prepared 4-heteroatom-functionalized
allenecarboxylates for the synthesis of different
heterocyclic compounds is now under investiga-
tion in our laboratory as a part of our general syn-
thetic strategy for investigation of the scope and
limitations of the electrophilic cyclization reac-
tions of bifunctionalized allenes. Results of these
investigations will be reported in due course.
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HMHIYCTPUAJHHI TEXHOJIOT U INDUSTRIAL TECHNOLOGIES
TOM 13 (1) 2026 — VOL. 13 (1) 2026

EJIMHHO 3/IPABE U YCTOWYHNBH MOJIUTUKH B MOPCKATA UHJIYCTPUSA
Ilersp Bankos

ONE HEALTH AND SUSTAINABLE POLICIES IN THE MARITIME INDUSTRY
Petar Vankov

ABSTRACT: The maritime industry occupies a strategic position in the global economy and international
transport while simultaneously functioning as a complex system of interactions between human health, the marine
environment, and technological processes. In recent years, there has been growing recognition that risks such as
antimicrobial resistance (AMR), marine ecosystem pollution, and the transboundary spread of pathogens cannot
be effectively addressed through isolated, sector-specific policies. This paper examines the One Health concept as
an integrative and interdisciplinary framework for the development of sustainable policies in the maritime and
shipping industry. It analyses the role of the marine environment as a potential reservoir and mediator of
antimicrobial resistance, the significance of shipping activities and associated technologies in the dissemination
of biological risks, and the need for coordinated approaches that bring together technical, natural, and health
sciences. The paper concludes by highlighting the relevance of the One Health approach for sustainable risk
management and the long-term development of the maritime industry in the context of public health.

Keywords: One Health; maritime and shipping industry; antimicrobial resistance; marine environment;
sustainable policies; public health

BbBenenne AHTHUMUKpPOOHaTa PE3UCTEHTHOCT Cce TIpe-
BbpPHA B I1o0aliHa 3/IpaBHA 3ariaxa, KaTo Cropes

CeBpemenHnTe obmiectBa QyHknuoHmpaT B CBeroBHaTa 3apaBHa opranu3ars/World Health
YCIIOBHUSITA HA BUCOKA B3aUMOCBBp3aHOCT Mekay  Organisation (C30/WHO), 151 € enHa OT jecerre
TEXHOJIOTHYHHUTE CHCTEMH, IPUPOJIHATA CpeJla U Hai-roJleMH pHCKOBe 3a dYoBedecTBoTOo [EC,
YOBEILIKOTO 3/1paBe. Tazu B3auMocBbp3aHocT oc-  2026]. ChLIeBpeMEHHO, MOpCKaTa WHAYCTPUS
TaBs MO BBIPOC e(DEeKTUBHOCTTA HA TPAIUIUOH- MPEeJICTaBIIsIBa CIICIU(pHUYHA Cpejia, Thil KaTo KO-
HUTE, CEKTOPHO OPHEHTHPAHU MOAXOAM KbM yII-  pabHTe ca 3aTBOPEHH, PECYpPCHO OTpaHMYCHH U
paBIICHUETO HA 3/IPABHUTE PUCKOBE. HUTO eqHA  MEXIyHApOTHO CBBP3aHH MPOCTPAHCTBA, KOETO
00J1acT OT YOBEIIKHS XHBOT W MKOHOMHYECKAa  YJIECHSABA PA3BUTHUETO M PA3MPOCTPAHCHUETO Ha
JISHHOCT HE MOXKE Jla OCTaHE M30JIMpaHa OT Orac-  pe3ucTeHTHH maroreHu [Shao et al.,, 2025;
HOCTHUTE, KOUTO ,,JICOHAT  001IecTBEHOTO 31paBe,  Adebisi, 2025]. B To31 KOHTEKCT MOpCcKaTa cpea
BKJTIOUHTEITHO B3HUKBAHETO U PA3NPOCTPAHEHHU-  BCE MO-YECTO CE PA3rIIek/a He caMo KaTo KepTBa

eTo Ha WH(pEKIHo3HH 3a00INIsABaHMS, €KOJOTMY-  Ha 3aMbpcsBaHe, HO U KaTo aKTHBEH YYacTHUK B

HaTa Jierpajanus 4 HapacTBalllaTa aHTUMUKPOOHa ~ €BOJIIOLIMATA U PAa3IIPOCTPAHEHUETO HA PE3UCTEH-

pesucternTHOCT (AMP). THU MHKpoopraHuzMu. ToBa Hamara mpeocMHUC-
Mopckata HHIYCTpHsI € 0COOEHO MOKa3aTeNleH  JISIHE Ha ITOJUTUKUTE B MOPCKaTa HHIYCTpUs Upe3

MpUMeEp 3a Ta3W KOMIIEKCHOCT U B3aMMOCBBP3a-  WHTETPATHBHM  KOHIENIMH  KaTo ,,EamnHO

HocT. Ts o0equHsABa TEXHUYECKH CUCTEMH C BH-  371paBe’.

COKa CTENEeH Ha aBTOMAaTH3alus, YOBEIIKH (ak- HesTa Ha HacTOALIATA MYOIUKAIMSA € Aa IPe.-

TOp C MOBHINEH NPOGECHOHANICH PUCK W JWHA-  CTaBH, aHAJU3UPA M MOTEHIUPA IPUIOKHUMOCTTA
MHMYHU €KOCUCTEMHU, KOUTO Ca UYBCTBUTEIHU KbM Ha KoHuenusTa ,,EnuaHo 3apase” (One Health)
aHTPOTIOTeHHO BB37cicTBUe. KopaOoruiaBaHeTo  KaTO WHTETpaTHBHA paMKa 3a pa3paboTBaHE Ha
ocurypsia Hajx 80% OT cBeTOBHATa THPIOBHSA, HO  YCTOHYMBH ITOJIUTUKK B MOpPCKaTa MHAYCTPHS, C
CBIIEBPEMEHHO IMPEICTABIIABA KaHAI 3a TPaHCr-  (POKYC BbPXY B3aMMOACHCTBUETO MEKIY OOIIec-
paHUYHO MPEHACSHE Ha 3aMbPCHUTEIH, TATOTEHU U TBEHOTO 37paBe, MOPCKaTa Cpe/ia U TEXHOJIOTUY-
WHBAa3WBHU BHJIOBE. HUTE MPOLIECH.
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[TyOnukarusaTa iMa aMOUITUATA 1a JOTIPUHECE
KbM HaI[MOHAITHHS Hay4eH Je0aT OTHOCHO YCTOM-
YUBOTO Pa3BUTUEC HA MOPCKATa MHYCTPHSI, MO~
yepTaBaiiki, 4e e(eKTUBHOTO YIpaBIICHUEC HaA
3PaBHUTE PUCKOBE U3UCKBA XOJHUCTHUYCH U CHUC-
TEMEH TOJIXO/I.

MaTepuaju ¥ METOAU

Hacrosmoro u3cnensane e paspaboTeHo KaTo
Ka4ecTBEHO aHAJUTUYHO W KOHIIETITYaTHO, OCHO-
BaHO Ha MHTEPAUCLMIUIMHApEH noaxon. Msmoms-
BaHU Ca BTOPUYHHU JaHHU OT MyOJIMKAI[IH U TTOJTU-
TUYECKU JOKYMEHTH, CBbp3aHu ¢ EnnHHO 3a1paBe
(One Health). OcHoBeH akIleHT € IIOCTaBEH
BBpXy: myonukanuu Ha C30; JOKyMEHTH U CTpa-
terun Ha Food and Agriculture Organisation
(FAO) u United Nations Environment Program
(UNEP), cBbp3anu ¢ €KOIOTUYHO 3ApaBe M yC-
TOWYMBO M3MOJI3BaHE HA MOPCKHUTE PECypcH; pe-
T'YJaTOPHH M TEXHUYECKH JOKYMEHTH Ha Mexy-
HapoJHaTa MoOpcka opranm3anus/International
Maritime Organization (IMO), BKIIOUHTETHO Ha-
COKH 3a yIIpaBJieHHE Ha OallaCTHW BOJH U OMa3-
BaHE Ha MOpPCKaTa cpefa.

[IpurnoxeH e KOHLENTyaJIeH aHaIn3 33 UIEH-
THUQUIMPAaHE Ha KIIOYOBUTE B3aUMOBPB3KH
MEXJy YOBEUIKOTO 37paBe, MOpCKaTa EKOCHC-
TeMa ¥ TEXHOJIOTUYHUTE IPOLIECH B MOPCKaTa UH-
nyctpusi. To3u aHaIM3 ce OCHOBaBa Ha MbPBUTE
nyOoJMKanMu y Hac, TOCBeTeHHM Ha EjuHHO
3npaBe/One Health [Vankova, 2022, 2023(a);
2023 (b)], ko#iTo ciry>ku Kato 6a3a 3a pa3paboTBa-
HETO Ha MHTETPaTUBEH MOJieN ,,ENMHHO 37paBe u
MOPCKa UHAYCTPHS.

Konunennusita ,,Enunno 3apase“ — cbll-
HOCT U pa3BUTHE

Honxomset ,,EnnaHo 31paBe” (One Health) ce
OCHOBaBa Ha pa30MpaHETo, uYe 3APABETO Ha XO-
pata, )XKUBOTHUTE U OKOJHATa cpela ca Hepas-
puBHO cBBp3aHu. KoHnenmusara ce pa3BuBa ak-
THBHO TIpe3 IOCICIHUTE JIBE JECCETUIETUS H €
Oo(UIMATHO MOJAKpPEeINieHa OT MEXKIYHAPOIHH Op-
ranuzanuu kato WHO, FAO u UNEP [WHO,
2022; FAO, 2021; UNEP, 2023].

»EJIUHHO 37IpaBe’ He MPEACTaBIIIBA CAMOCTO-
sITeJHA IUCIUIUIMHA, @ PaMKa 3a HHTEPAMCLIUTIIH-
HapHO B3aWMOJICHCTBUE, KOATO MHTETPUPa MEU-
1MHA, BETEpUHAPHA MEUIIMHA, €KOJIOT S, HHKE-
HEpPHHU W COUMANHUA HayKu. OCHOBHHAT M MPHUH-
U €, Y€ KOMIUIEKCHHTE 3paBHU NpOOIeMHU
W3HUCKBAT CUCTEMHH U KOOPIAWHUPAHU PELICHHMS.

CbBpeMEHHUTE 0030pHM aHAJIW3U IoI4YepTa-
Bart, ue ,,EnMuHHO 3/paBe™ ciueaBa na ce pasriekia
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KaTo OIepaTUBHA paMKa 3a yIpaBJCHUE Ha CHC-
TEMHH PHUCKOBE, a HE €JIMHCTBEHO KaTO KOHIICTI-
TyaJleH MOJeJl, KaTo KJII0UOB aKIEHT Ce MOCTaBs
BbpXY MPEBEHLUATA, TPAHCTPAHUYHUS HAI30D U
MOJUTUYECKATA KOOPIUHAINS MEXIY CEKTOPUTE
[Adebisi, 2025].

B KoHTeKcTa Ha MOpCKaTa MHIYCTPHUS TO3H
MOJIXOJT € OCOOCHO pEelIeBaHTEH, Thil KATO MOpPC-
Kata cpena (QyHKIMOHHMpa KaTo pe3epBoap Ha
MHUKPOOPTraHU3MH, KOpaOoIIaBaHETO OCHUTYpSBa
TpaHCTPaHUYHU BPB3KH, & TEXHUYSCKHUTE pellie-
HUS OKa3BaT JUPEKTHO BB3JICHCTBHE BBPXY €KO-
CHUCTEMHTE M YOBEIIKOTO 3/IPaBe.

AHTHMHMKPOOHA Pe3MCTEHTHOCT U MOPCKAa
cpena

AHTHMUKpPOOHATa PE3UCTEHTHOCT MpPEACTaB-
nsBa TII00aeH 37paBeH MpoOIeM C eKOJIOTUIHO
n3MepeHre. MOpCKHTE €KOCHCTEMH ca IOJUIO0-
JKEHHM Ha HATHUCK OT OTMaIbYHU BOJAW, UHIYCTpPH-
AJTHU €MHCUH M MHTEH3WBHO KOpaboIuiaBaHe, KO-
€TO Ch3/1aBa yCJIOBUS 32 HATPYIIBAHE U CEJICKIMS
Ha PE3UCTEHTHN MUKPOOPTaHU3MHU.

CbBpeMeHHH METareHOMHH H3CIIeIBaHUsI I10-
Ka3BaT, e KaKTo KpailOpexxHuTe, Taka u odmiop-
HHUTE MOPCKHU 30HU MOraT Aa GyHKIHOHUPAT KaTo
pe3epBoapH Ha FeHHU 32 aHTUMUKPOOHA Pe3UCTEH-
THOCT, BKJIFOUUTEITHO B palOHU C OTPaHUYEHO JTU-
PEKTHO aHTPOIOT€HHO BB3AEHCTBHE, KOETO MOC-
TaBsl HOBU TIPEIN3BUKATEIICTBA MPE]] TPAAULIUOH-
HUS ,,KpalOpeKHO-LIEHTPUpaH' MOZEN Ha eKOJIOo-
rudeH puck [Parab et al., 2025].

banactHuTe BOIM Ha KOpaOHWTE CHIIO UIPasT
KJIF0UOBA POJIS 32 TPAHCTPAHUYHOTO Pa3MpoCTpa-
HeHHe Ha MUKpoopranu3mu [IMO, Ballast Water
Management Convention, 2020 edition]. Beuuku
Te3u (paKkTW M M3CIeABaHUs JOKa3BaT, OT IJIeJHA
touka Ha Exunno 3npase, AMP crnensa na ce pas-
TIeKIa KaTo pe3yinTar OT B3aUMOJACHCTBHETO
MEXY TEXHOJOTUYHH, EKOJIOTUYHU U COL[ATTHH
¢dakTopHu, a HE EIMHCTBEHO KaTO MEIUIMHCKU
mpooIem.

YcToiiuMBH MOJMTHKH B MOPCKaTa M KO-
padHaTa HHIYCTPHUS 32 €IHHHO 3paBe

VY CcTOHYMBOTO pa3BUTHE HA MOPCKaTa U KOpao-
HaTa WHAYCTPUS WM3MCKBA WHTETPUPAH TOJIHUTH-
YECKH TOAXOH, KOWTO OTYMTA B3aHMMOBPBH3KUTE
MEXly TEXHOJIOTUYHHTE MTPOLIECH, ONTA3BAHETO HA
MOpCKaTa cpefja M 3aluTara Ha OOIIEeCTBEHOTO
3nmpaBe. B To3u KOHTEKCT KOHIeNuATa ,,EnHHO
37paBe‘ MpeocTaBs CUCTEMHA paMKa 3a paspa-
0OoTBaHE Ha MOJUTHKH, HACOYCHU HE CaMO KbM
MUHUMH3UpPaHE Ha E€KOJOTHYHHUTE BBH3JIEHCTBHS,



HO W KbM TPEBEHIWS Ha 3IPaBHUTE PHCKOBE,
BKIIFOUYUTEITHO aHTUMHUKPOOHATA PE3UCTEHTHOCT.

EnuH OT KIFOYOBUTE €IEMEHTH Ha YCTOWYH-
BUTE TMOJIMTUKU B MOPCKAaTa UHAYCTPHUS € YIPaB-
JICHUETO Ha OTMaAbuHUTE U OanacTHuTe Boau. Pe-
TyJIaTOPHHU HHCTPYMEHTH KaTo MexayHapoaHaTa
KOHBEHLUS 32 YIpaBJlIeHUE Ha OaJaCTHUTE BOAU
Ha MexayHapoJaHaTa MOpCKa OpraHH3aIlus
(IMO) mpencraBisBaT BakHa CTBHITKA KM OTpa-
HUYaBaHEe Ha TPAHCTPaHUYHOTO pa3lpoCTpaHe-
HUE HA MHKPOOPTaHW3MU M WHBA3WBHU BHIIOBE.
Brnpeku ToBa, epeKTHBHOTO MpuiaraHe Ha TO-
IOOHU MEpPKHM HW3HUCKBA CHHXPOHHU3ALUS MEXIY
TEXHUYECKUTE CTAaHIAPTH, CKOJIOTUYHUS MOHUTO-
PUHT ¥ 3ApaBHUS HAI3OP.

JpyT ChIIeCTBEH aclekT € HHTErPUPaHETO Ha
3JIpaBHH KPUTEPUHU B IIPOIICCUTE Ha MPOCKTHPAHE
W eKCIUIoaTalusi Ha MOpCKa HH(PaCTPyKTypa.
YcToHuMBUTE MOJIUTHKU CIEABA Ja BKJIKOYBAT
olleHKa Ha 3apaBHOTO Bb3aciicTBue (Health
Impact Assessment) Ipu U3rpaykKaaHe U MOJCPHU-
3anus Ha TIPUCTAHUINA, KAaKTO W MIPH BHEAPSBaHE
Ha HOBH TEXHOJIOTMYHU PCUICHUS B KOpa6OHHaBa-
HeTo. ToBa mo3BoMsiBa paHHO HIEHTU(DUIMpaHE
Ha MOTEHIIMATHA PUCKOBE 32 paboTeluTe B CeK-
TOpa ¥ 32 KpalOpeKHUTE OOIITHOCTH.

Yosewko 3gpaee

Ot riexHa Touka Ha ,,EMUHHO 31MpaBe™, yCTOM-
YUBHTE MOJIUTHKHA B MOPCKATa UHAYCTPHS CIICBA
Jla HAChPUYABAT M MEXITYCEKTOPHOTO ChTPYIHH-
YECTBO MEXKAY 3JIpaBHH, CKOJIOTUYHH W TpPaHC-
MOPTHA WHCTUTYIMH. [1og00HA KOOpIUHAIUS ©
OT 0COOEHO 3HAYCHHE 3a pa3pabOTBaHETO HA WH-
TErpUPAHU CUCTEMH 32 HAOIIOICHHE U PAHHO TIpe-
IyTIpeXeHne, KOUTO oOXBamaT MHKPOOHOIIO-
THYHU, CKOJIOTMYHU M COIMATTHH WHIUKATOpu. B
KpalOpeXHH PETrHOHU, KbJETO MOpPCKaTa UKOHO-
MUKa WUTpae KIFYOBa POJIs, MPUIaraHeTo Ha Ta-
KHBa TOJIMTUKA MOXE Jia JONpUHEce KaKTo 3a
WKOHOMHYECKATa YCTOWYMBOCT, TaKa U 3a M0100-
psiBaHE Ha OOILIECTBEHOTO 3/paBe.

Konuenryasen monea ,,EnuHHO 3apaBe H
MOpCKAaTa HHAYCTPHUA*

KoHuenTtyanHusit Mopnen, NpencTaBeH BbHB
®urypa 1, uirocTpupa CUCTEMHHS XapakTep Ha
noaxona ,,EquHHO 3/1paBe” B KOHTEKCTa Ha MOPC-
KaTa UHAYCTpUs. MOIEensT € CTpyKTypHpaH

OKOJIO TPH OCHOBHHM B3aMMOCBBP3aHU KOMIIO-
HEHTa: YOBEILIKO 3[paBe, MOPCKA €KOCUCTEMA U
MOpCKa UHTyCTpUsl, KOUTO POpMUpAT AMHAMHYHA
TpUaJa Ha B3aUMOJICHCTBHUE.

Mopcka ekocuctema

3apaBe Ha ekunaxm
W NPUCTAHULLHK
paborHuLM

Eauuno
3qpaBe
(One Health)

3amBpcsaBaHe u
Pe3UCTEHTHM
MUKPOOPraH13um

Mopcka unpycTpus

KopabonnasaHe u
6anactHu Boau

_ Wnrerpupanu nonutukm

—— HayuHo cbTpyaHUyecTBO

= YCTONUMUBU TEXHONOTUM

®urypa 1. KonuenryaneHn mMozen, WIIOCTpUpAIl HHTETPaTUBHUS Moaxof ,,EnunHo 31pase’ (One
Health) B koHTekcTa Ha MopckaTa HHIYCTpUs. MoJaenbT IpeACTaBs B3aUMOBPB3KUTE MEXKAY YOBEII-
KOTO 3/I[paBe, MOPCKaTa €KOCHCTeMa W TEeXHOJOTHYHUTE MPOIIECH, KaTo MOAYepTaBa poisTa Ha aHTHU-
MHUKPOOHATa PE3UCTEHTHOCT U HEOOXOAMMOCTTA OT YCTOHYMBH MOJUTHKH U HHTEPANCLHUIIIMHAPHO YII-

paBicHHE.
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IlenTpanHusT eneMeHT Ha Mojena — ,,EquHHO
3/paBe’ — CUMBOJIM3UpA MHTETrpaTUBHATA PaMKa,
KOSITO 00eIMHSIBa TE3W KOMIIOHEHTH 4pe3 KOoop-
JTUHUPAHU TOJIUTHKH, HAYYHO ChTPYAHUYECTBO U
YCTOMYMBH TEXHOJIOTMYHU pelieHus. JIBynocou-
HUTE BPB3KU MEXIY KOMIIOHEHTHUTE IOAuYepTa-
BaT, Y€ MPOMEHHUTE B €Ha OT CHUCTEMUTE HEH3-
0eKHO OKa3BaT BIUSHHUE BPXY ocTaHanuTe. Ham-
pUMep, TEXHOJIOTUYHH PELIeHUs] B KopaboIiaBa-
HETO, HACOUEHH KbM MOI00psABaHEe Ha €KOJIOTHY-
HaTa €(QEeKTHBHOCT, MOTaT Ja HMMaT JUPEKTeH
edeKT BbpXYy KayecTBOTO Ha MOpCKaTa cpela u
WHAUPEKTEH e()eKT BBPXY 3[paBeTO Ha YOBEKA.

MogensT Moke Aa Obae Tpuilaral Kato aHa-
JUTHYEH WMHCTPYMEHT 3a WACHTH(QULUpaHE Ha
KJIIOYOBH TOYKH 32 HHTEPBEHLUS U 32 IUIaHUPAHE
Ha yCTOWYUBU ITOJIMTUKU B MOPCKATA HHLyCTPHSL.
Toif momuepraBa HEOOXOAUMOCTTA OT XOJHCTH-
YeH MOJXOJH, NPU KOWTO 3ApaBHUTE, EKOJIOTHY-
HUTE ¥ TEXHUUECKUTE acleKTH ce pa3riexaaT He
M30JIMPaHo, a KaTo YacTH OT €JMHHA CUCTEMA.

3akiIouyenue

Mopckara HHAYCTpUS € Hepas[elHa YacT OT
rII00aTHUTEe CHCTEMH, KOUTO (hopMmpar CbBpe-
MEHHUTE 37paBHH PHUCKOBE. AHTUMHKpOOHATA
PE3UCTEHTHOCT U €KOJOTHYHUTE MPEeAU3BUKATEN-
CTBa TOKa3BaT, Y€ HM30JHPAHU CEKTOPHH IOJIH-
THUKM ca HenmoctatbuHu. IlogxonsT , Enmnno
3/paBe‘’ mpejiara MHTErpaTUBHA paMKa 3a YCTOM-
YHBO yNpaBJICHNE Ha T€3W PUCKOBE U Ch3/[aBa OC-
HOBa 3a JBJITOCPOYHO YCTOWYMBO Pa3BUTHE Ha
MOpCKaTa MHJTyCTPHSL.

Mopckata WHIYCTpHs 3aeMa CTpaTerndecko
MSICTO B TTIO0QTHATA MKOHOMHUKA U MEXTyHAPO/I-
HUS TPAHCIIOPT, KaTO CHIIEBPEMEHHO IPeICTaB-
JIsiBa CJIOXKHA €KOCHCTEMa Ha B3aMMOJEWCTBHE
MEXy YOBEIIKOTO 3/paBe, MOpcKara cpema
TEXHOJOTHYHUTE Tpouecu. B mocnemnure ro-
JTUHU HapacTBa OCh3HABAaHETO, Y€ PHUCKOBE KaTo
aHTUMHKpPOOHAaTa pe3ucTeHTHOCT (AMP), 3ambp-
CSIBAHETO Ha MOPCKHUTE €KOCUCTEMH W TpaHCTpa-
HUYHOTO pa3lpoCTpaHEeHHE Ha MaTOTeHH He MO-
rar Ja ObJaT eEeKTUBHO yIpAaBIsIBAaHU YpPe3 U30-
JUpaHU CEKTOPHM NoiuTuku. Hacrosmmara cra-
TUS pasriiexaa KoHuenuusTta ,,EquHHO 31paBe’
(One Health) kato uHTErpaTMBHA paMKa 3a pazpa-
0OoTBaHE Ha yCTOWYMBH IOJIMTUKM B MOpCKaTa U
KopaOHaTa UHAYCTpUsA. AHaJIM3MUpa ce PojIsTa Ha
MOpCKaTa cpefla KaTo pe3epBoap U MEAHaTop Ha
AMP, 3HaueHneTo Ha KOpabOIUIABaHETO 32 pasii-
POCTpaHEeHHETO Ha OMOJIOTMYHU PUCKOBE U HEOO-
XOJUMOCTTa OT HWHTEPAHMCIUIUIMHAPEH MOIXO,
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o0eMHABAILl TEXHUUYECKUTE,
3[paBHUTE HayKU.

MextyHapogHaTa MOpPCKa OpraHU3alus pery-
JIATOPHO Haslara HOBU M3MCKBaHUS KbM KOopaOuTe
na ObpaT CHaOACHH C MOJIEPHH U €PEKTHBHHM TIpe-
YHCTBAaTEeHU HHCTAJALMM 32 OTNAIHU OWTOBH,
CaHTUHHHM U 0AJIACTHU BOJH, KAKTO U MO OTHOIIIE-
HHUE HaMaJIBaHE 3aMbPCSIBaHETO Ha Bb3Ayxa. B
KOHTEKCTa Ha HapacTBAIIUTE EKOJOIMYHH IIpe-
JU3BUKaTeNCTBa, MeXIyHapoaHaTa MOpPCKa Op-
ranmzanust (IMO) mocnenoBarenHo BHeIpsiBa
CTPUKTHA peryjaTopHa paMKa, Haco4eHa KbM
TEXHOJIOTHYHA MOJICpHU3alKs Ha CBETOBHHS
¢not. KirouoB eneMeHT B Ta3u CTpaTerus € MH-
TErpUpPaHETO Ha YChBBPLICHCTBAHU HMHCTAJIALNH
3a TpeTHpaHe Ha OTHAIHU OUTOBH BOAM (CHIIIACHO
[Mpunoxenue IV wa MARPOL 73/78) u can-
tuaHN Boau (IIpunoxkenue I), rapartupamu mMu-
HUMM3MpPaHE Ha AaHTPOIOI'CHHHUS OTIEYaThK
BBPXY MOPCKHTE €KOCHCTEMH.

Oco0cHO KpUTHYHO € BHEJPSBAaHETO Ha
Ballast Water Management Convention (BWM
2004), KosATO 3aIbJKaBa KOpaOUTE J1a U3IOJI3BAT
CEepTUQUIMPAHU TPEUUCTBATCIHH CUCTEMH 32
NpeIOoTBpaTsIBaHE HAa TPAHCIPAaHUYHUS TpaHcep
Ha WHBAa3UBHM BHUJIOBE M NATOT€HH — ACIEKT C
JUPEKTHO OTpaKCHHWE BBPXY Tio0aliHaTa mapa-
nurma ,,Enuano 3apase’ (One Health). Ennospe-
MEHHO ¢ ToBa, upe3 IIpunoxenue VI Ha
MARPOL u uHMIIMaTUBUTE 3a JIeKapOOHU3AIHS,
IMO nHanara HOBM TEXHOJIOTHYHH CTaHAApTH 3a
HamassiBaHe Ha atMmocdepuure emucuu (NOX,
SOx u CO2), yTBbpKIaBaiiky IIpexoa KbM eHep-
THIHO €(EKTHBHO U €KOJIOTHYHO YCTOHYHBO KO-
paboruraBane

MPUPOJTHUTE U

Orpalmqemm Ha N3CJI¢ABAHETO

ITopanu KOHUENTYaIHUSI XapakTep Ha MyOJu-
KallyATa, pe3yITaTUTe He BKIIIOUBAT KOJIMYECTBEH
aHaIM3 WIM €MIUPUYHM JaHHU. BbIpeku ToBa,
W3MO3BAHUAT HMHTEPAUCUUIUIMHAPEH TOIXOJ
1o3BoJsiBa (hOPMYJIMPAHETO HA OOOCHOBaHM M3-
BOJIM U TIPEMOPBKH, PETIEBAaHTHU 32 HAy4YHH, €KC-
MIEPTHU U NMOJIUTUYECKU JUCKYCUH.
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INPUCTAHUINATA BAPHA U BYPT'AC HA 120 'OJJUHU: UTHCTUTYIUOHAJIHA
IHAMET, TEXHOJIOI'MYEH HAIIPEABK U KYJITYPHA PEIIPESEHTALIUA

ITersp BankoB

PORTS OF VARNA AND BURGAS AT 120: INSTITUTIONAL MEMORY,
TECHNOLOGICAL PROGRESS, AND CULTURAL REPRESENTATION

Petar Vankov

ABSTRACT: In 2023 and 2026, Bulgaria marks the 120th anniversaries of its two major seaports — Burgas
and Varna. This article offers a comparative analysis of their historical evolution, technological modernization,
and cultural representation, with a particular focus on the role of commemorative postage stamps as instruments
of institutional memory. The study applies an interdisciplinary approach combining historical overview, visual
semiotic analysis of philatelic issues, and evaluation of infrastructural indicators. Findings reveal that the Port of
Burgas has been actively commemorated through cultural and visual means — including two postage stamps issued
in 2003 and 2023 — whereas the Port of Varna, despite its historical significance, lacks a dedicated philatelic
release. The paper emphasizes the function of visual communication in shaping public and institutional memory
and proposes specific cultural initiatives for Varna’s upcoming jubilee in 2026. The study contributes to the
discourse on industrial heritage, visual history, and the cultural function of the postage stamp as a document of

national identity.

Key words: ports, Varna, Burgas, jubilee, philately, industrial heritage, cultural memory, postage stamps

BnBenenne

IIpe3 2023 u 2026 1. ce oTOENA3BAT CHOTBETHO
120 roguuu oT oTKpuBaHeTo Ha [lpucranurie
Byprac u Ilpucranume Bapua — nBara Haii-
rojieMHd MOpPCKH nopra Ha bearapus. [loctpoenu
MOYTH €THOBPEMEHHO, MpHcTaHuIna BapHa u
Byprac BpIurbIIaBaT MHAYCTpHaTHAaTAa aMOWLHS
Ha HOBOOCBOOONEHAaTa ObIrapcka IbpKaBa H
dopMmupar  KIIOYOBH TC€OMKOHOMHYECKH U
KYJITYpHHU OCH Ha MOoJiepHu3anusaTa. Te3u roounen
NpPEACTaBIsIBAT HE MNPOCTO OTOens3BaHe Ha
KaJleHJapHa JaTa, a BB3MOXHOCT 3a KyJITypHa
peduiekcusi, MHCTUTYIIMOHATHA PaBHOCMETKA H
UcToprdecko mnpeocmucisiHe. CraTusara NpaBH
CPaBHHUTEJICH aHAIN3 Ha TAXHOTO HMCTOPHYECKO
pa3BUTHE, TEXHOJOTWYHA MOJIEPHH3AIUA |
KYJITypHa penpe3eHTalus1, KaTo o0pbia 0codeHo
BHUMAaHHUE Ha pOJIsiTa HA I0OMJICHHUTE MOIEHCKH
MapKed Karo CpEeACTBO 3a HMHCTUTYIIMOHAIHA
nameT. M3momsBaH € WHTepIUCHMILIMHAPEH
MOJXOM, BKIIOYBALl HCTOPUYECKU TpPETJIeH,
BU3YalTHO-CEMUOTHYEH aHalu3 Ha (QWIATCITHH

W3JIaHUs, W OIEHKa Ha WHPPACTPYKTYpPHH
MoKa3zaTend. AHaIM3bT IIOKa3Ba, 4Ye JOKaTo
[lpucranume Byprac akTuBHO  oTOens3Ba

o0nnenTe CH Ype3 BH3YAIHH M KYJITYpPHH
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CpelcTBa — BKIFOYUTEITHO JBE IMOIMIEHCKH MapKH
(2003 1 2023 r.), IIpuctanumnie BapHa Bce ome He
€ TPEACTaBeHO C AaHAJIOTUYHO (PHIIATEIIHO
W3JlaHUe, BBIPEKH Oorarata CU HUCTOPHUS MU
npeacrosmara roquuHuHa mnpe3 2026r. TekeTbT
mojuepTaBa  3HAUYCHHWETO  HA  BH3yajlHaTa
KOMYHUKAIlUS B Cbh3/IaBaHETO Ha MyOJMYHA H
WHCTUTYIIMOHAIIHA  TIaMET, KaTo  Tpejyiara
KOHKPETHH HJIIEH 3a KYITYpHO OTOeIs3BaHe Ha
00uiess  Ha  BapHEHCKOTO  MPHCTaHHMIIE.
WscnenBanero mma MOPUHOC KBM TEMUTE 3a
WHAYCTPUAITHOTO HACIIEICTBO, KYJITypHATa MaMeT
Y pOJIsiTa Ha MOIIEHCKAaTa MapKa KaTo JOKYMEHT
Ha HAI[MOHAJIHATA UICHTUIHOCT.

Ilenta Ha HacTosAmaTa HAy4YHA ITyOIHMKAIHS €
Jla HampaBW CPaBHUTEIICH aHAIU3 MEXIy JIBETE
MPUCTAHUINA — WCTOPUUYECKH, TEXHOJOTHYEH U
KYJITYpEeH, C aKIeHT BbPXy HAYUHUTE, 10 KOUTO
J'bpKaBaTa, MECTHUTE OOIHOCTU M BU3YaITHUTE
Meauu (BKII. TIOMICHCKH MapKH) pempe3eHTHpAT
Ta3h 4YacT OT OBJArapcKOTO HMHIYCTPHAIHO U
TEXHOJIOTUYHO HACIEACTBO.

MeTopoJjorust

N3cnenoBaTenckuaAT MOJAXOA Ha CTaTHTa
KOMOHMHHpa CPaBHUTENIECH TEXHOJIOTHYEH aHAIIN3



U KAa4yeCTBCH BHU3YaJHO-CEMHOTHYCH aHAJIM3.
W3nomn3Bany ca WbPBUYHU BU3YaITHU W3TOYHUIIN
(momeHCKM ~ Mapkd, TrpapuuHM  OJOKOBE),
ouumanHu MyONMKAaMd U UCTOPUKO-apPXUBHU
JIAHHH, JIOITBIHEHN C BTOPUYEH aHAIN3 Ha HayJHa
U HOpMaTHUBHa JwuTeparypa. Msciensanero
MHTEPIPETHPa MapKUTE KAaTO WHCTPYMEHTH Ha
KyJATypHa TIIaMe€T ¥ BH3yaJHAa HICHTUYHOCT,
NpUIaraiiky MOHATHEH amapaTr oT o0jlacTTa Ha
WH)XEHEPHHUTE HayYKHU, KYJITYypOJIOTHSATA,
BU3yaJlHATa KOMYHUKalUsl W WHIYCTpUAIHATA
HCTOPHSI.

1. UcTropuyeckn mnapasesu:
Bapua

Wnesra 3a ch3naBaHe HA MOJICPHU ThPTOBCKH
IIpucTaHuila BbB BapHa u byprac Bb3HHKBa B
Kpag Ha XIX Bek KaTo 4acT OT MO-LIUUPOKHS
IPOEKT 33 MHAYCTPHAIM3AaLUs U CBBP3aHOCT Ha
cienocBoboxkaeHcka benrapus. 1o To3u MOMEHT
TBPrOBHUATa C€ OCBIIECTBABA TIJAaBHO upe3
HEyJO0OHU KEeHOBE M IUIAKHU TIATGOPMHU, KOETO
orpaHuyaBa obema Ha BBbHIIHaTa Thpropus. C
Vkaz No5 or 1894 r. ce B3ema pelieHue 3a

Byprac nun

W3rpaXJAaHe Ha  MPHUCTaHWINA 1O  HaW-
CBBPEMEHHUTE 32 BPEMETO TEXHOJOTHH, C
Obp)KaBHO (UHAHCHUpaHE W  YyXKAeCTpaHHA

WH)KEHEpHa eKCIIepTH3a.

Ipucranume byprac e oTKpuTo opHUIIHATHO
Ha 18 maii 1903 r. u ce cuura 3a IIBPBOTO
IBPKABHO THPrOBCKO IMPHCTaHUINIE B CTpaHaTa.
W3rpazneHo ¢ yqacTHeTo Ha OEIruiicku HHXEHEPH
W U3NO0JI3BaiKM HOBM 3a BpEMETO OCTOHHHM
TEXHOJIOTHH, IPUCTAHUIIETO OBP30 Ce MpeBphIIa
BBbB Bpara 3a U3HOC HA 3bPHO, COJ, BBIVIMINA U
Metasin ot IOxna bwirapus. Herosoro
CTPaTernyecko pas3lojoXKeHHe U Bpb3KaTa C
JKeNe30MbTHATa MpeKa CIocoOCTBaT 3a OBP30TO
MY pa3BUTHE.

Nmero ,,byprac® He ce cBbp3Ba €AMHCTBEHO C
MPUCTAHUILIETO — TO € W HMETO Ha MbpPBUA
TBPrOBCKM Mapaxon mon Owyrapcku uar,
npuaoouT HETOCPEICTBEHO cien
OcBobOoxennero. 3akyneH npe3 1879 r. or
Pycus ot nmeto Ha HOBOCh3AaAeHaTa bbirapcka
IbpXkaBa, ,byprac“ TmocTaBs HadajgoTo Ha
ChBPEMEHHUSI MOPCKH (PIIOT Ha CTpaHaTa.

ITapaxoabT € MOCTPOEH B AHTIIHS U MIPEAN aa
cTaHe coOcTBeHOCT Ha bwarapus, mnaBa mox
pycko 3name. Crien mTpuUOOMBaHETO My €
MperMMEHyBaH B YECT Ha FOKHOTO MOPCKO
MPHUCTaHUINE, KOETO TEIbpBa IPEJCTOM Ja Ce
YIBBPAM  KaTO  WMHAYCTPHAJEH  LEHTBP.
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[InaBaTenHUAT CbJ € M3MOJ3BAaH 3a THPTOBCKU
IpeBo3u 1o YepHOMOPHETO — OCHOBHO MEXIY
Byprac, Bapna, Koncranua, Oneca u Ucrtan0Oy.
Toli urpae BaxkHa poiisi B I'bPBUTE TOJWHH Ha
BB3CTAHOBSIBAHE HAa HKOHOMUYECKHUTE BPbB3KH
cien OcBOOOXICHHETO, KaTO TPAHCIIOPTHpA
TOBapu W MBTHUIM. ,.byprac* ocraBa He MpoCTO
KOpab — Toil ce mpeBpbIla B HAIIMOHAJICH CUMBOJI
Ha aMOMLusTa 3a CaMOCTOSITEIHA MOpCKa
TBPTOBHSI U UKOHOMHYECKa HE3aBUCUMOCT [3; 6-
8].

IIpucranuime Bapmna, Makap u
CBILECTBYBAJIO KaTO TBPrOBCKM Ked mpeau
OCBOOOXKIECHHETO, CHIIO0 € PEKOHCTPYHUPAHO U
ouIaTHO OTKPUTO KAaTO MOAEPHO THPTrOBCKO
npuctanume mpe3 1906 r. (¢ HaganoTro Ha
cTpoutencTBoro okoino 1903 r.). BapHenckust
MOPT € OpHUEHTHpPaH KaKTO KbM TIpaXIaHCKa
TBPIOBUS, Taka © KbM BOCHHOMOPCKATa
uHdpactpykrypa. bnaromapenne Ha Onmu30cTTa
CH 10 I[YHEIB " Bpb3KaTta C KCJIC30IIbTHUA BbH3CII,
Bapna ce yTBBp)KAaBa KaTO CEBEPEH MOPCKH
HEHTHP C NIMPOKU MEXAYHAPOJHU KOHTAKTH [1].

W nBere mnpucraHuma ca CBUAETENM Ha
3HAaYUMHU COLIMAJIHH, MOJUTUYECKU u
WKOHOMHMYECKH MPOMEHH: HWHIYCTPUAIN3ALMS
npe3 30-te, MunuTapuzauus 1 0oMOapAMPOBKU
npe3 BropaTa cBeTOBHA BOHA, HAIIMOHATN3AIIHS
U pa3MypsIBaHe [pe3 COLUaIn3Ma, IPUBaTU3ALMS
u nuoepanmuzanus cien 1990-te. B To3u cMucht
npucTanuinara BeB BapHa n Byprac He ca camo
JIOTUCTUYHU TOYKH Te ca orjejaio Ha
Opirapckata MOJEPHOCT UM TEXHOJOTHYHO
pasBuTHE.

2. TexHoJOrM4YHHU NapaJiesiu: NPUCTAHUINA
Byprac u Bapna

Cpasuenuero mexnay Ilpucranume Baphaa n
[pucranumie Byprac He Moxke n1a ObJie THIHO O3

morjiesl KbM  TAXHOTO  TEXHOJIOTHYHO H
uHppacTpyKTypHO  pasButue. M nBete
MIPUCTAHHUILIA peThPIABaT 3HAYUTEIHU

tpancopmanun B xoma Ha XX um XXI Bek,
OTpa3siBailkl KakTO TJOO0aJHUTE TEHACHUUH B
MOPCKHUSI TPaHCIIOPT, Taka W HalHWOHAIHUTE
WHBECTUIIMOHHH TPHOpUTETH. Tabnumara To-
JOJy TPpeACcTaBs KIIOYOBH WHIWKATOPH Ha
KalauTeT, MOJEPHU3alMsi W  JIOTUCTHYHA
(yHKIUS, KOUTO OYepTaBaT TeKyIus npodui Ha
JlBaTa TOpTa W IMOKAa3BaT CXOJCTBA, Pa3IN4Hs U
nepcnexTiBHy 3a pazutue (Tabmuma 1).



Taoauna 1: Texnonornynu napanenu mexnay [Ipucranuie Bapna u IIpucrannme byprac -

uHporpaduka c TMHUN Ha Pa3BUTHE

IHoka3zaren IMpucrannme Bapua Ipucranume byprac

l'onuna Ha 1906 (cTtpourenctso ot 1903) 1903

OTKpHUBaHE

JIp100ourHa Ha 11.5-145m 11.5-142m

KEHOBETE 10

Oo6ma keiioBa Haa 5.7 KM Hayg 3.1 kM

JIUHUS

Tepmunanu Twproecku, [IbTHHYECKH, Konrelinepen, Hacunuu,
®epubdoren, Konrelinepes, Hedren, [Ipucranumen
Hacunuau ToBapu TepMuHal ,,J3TOK*

T'ogninen ~8.9 MIIH. TOHA ~11.6 MiH. TOHA

TOBapOOOOPOT

(2022)

MuaBectunuun >300 miH. JIB. >400 MJIH. JIB.

(mocnemaute 10 T.)
Jururanuszanus

KOpabomoToKa

3. KO0Ouneitnu orOensi3Banusi: byprac u
npenio:keHusi 3a Bapua

IIpe3 2023 r. Byprac TepkecTBeHO oTOENsA3a
120 roMHU OT CH3JABAHETO HA MPUCTAHUILETO C
penuna CcbOMTHS, BKIIOYUTENTHO H3JaBaHE Ha
ro0unIeiiHa ToIeHCcKa MapKa (XyI0KHUK ['eopru
SIHKOB), TOKyMeHTaJIeH QHiIM, H3110K0a U KpbIia
Maca, OpraHu3upaHu cbBMecTHO ¢ OOmuHa
Byprac u Ilpucranume byprac EAJl. Tesu
NEeHCTBUS SICHO MO3UIMOHUPAT IPHUCTAHUIIETO
KaTo KyJATYpeH W WH(PACTPYKTypeH CHUMBOJ Ha
CBBPEMEHHOTO pa3Butue [3.4].

3a  Hacrosmarta  120-rogumHuHAa — Ha
[Ipucranume Bapua npe3 2026 1., Beue e
HalnpaBeHa IIbpBa Kpauka 4Ype3 BKIIOYBAHETO Ha
TeMata B TPaJUIMOHHOTO 27-MO H3JaHHE Ha
Kanennap ,,Ctapa Bapua®. KanenmapsbT chappixa
13 kapTuHH W300pa3sBalld NPHUCTAHHUIIETO OT
I'BPBUTE TOAMHHM Ha XX BEK. 3a IbPBU NIBT ca
BKJIFOUEHH U CTUXOBE Ha BAPHEHCKH ITOETH, aBTOP
Ha KapTUHUTE € BapHEHCKaTa XyJoxH14Ka FOmus
Bysunosa. ToBa ch31aBa 0CHOBA 3a MTOCIIEABALLO
pa3BUTHE HA YECTBAHMATA, KOWTO IE OOXBaHAT
msiata 2026 ronuna [4]. A 3a110 He U Ch31aBaHe
Ha I00MJIeiiHa NoLIeHcKa MapKa 1 3a [Ipucranuiie
Bapna?! TakbsB moaxoj Ime OCHTYPH HE CaMoO
WHCTUTYIIOHAIHA BHJIUMOCT, HO M TO-IIMPOKa
KyITypHa aHTaXHpaHOCT C TeMara M CbC

WuTenurenTHa nHGOpMaLMOHHA
CUCTEMA 3a yIIpaBJICHUE Ha
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CucreMa 3a caTeIuTeH
MOHHMTOPHHT U €JICKTPOHHA
JIOTUCTHUKA

3alasBaH€ Ha MOpCKaTa HCTOpHSA B IIaMETTa Ha
IIOKOJICHHUATA.

4. Koit m kak cb31aBa mnamerra?
DuiaTeJusiTa 1 BU3yaJqHaTa penpe3eHTanus

Ilomenckata mMapka € He caMO IUIaTEXHO
CPeICTBO, a KyITypeH apTedakT W BU3yaleH
HOCHUTEJ Ha HaIlMOHAJIHA WJeHTHYHOoCT [2]. B
boearapust 100wieiHUTe Mapku, 0COOEHO Te3H,
MTOCBETEHU Ha HHPPACTPYKTYypHH u
MHIyCTPUAIHN OOEKTH, UTPAAT KIIOUOBA POJIs B
WHCTUTYLMOHATM3UPAHETO Ha mamMerra. Te
MapKUpaT HE CaMO XPOHOJIOTHS, HO U KYJITYpHO
OTHOIIIEHNE KbM CHOUTHUSATA.

[Ipucranume Byprac e yHukaneH cimy4ail, B
KOHTO ca W3JaJIeHH JBe TIOCJIe0BaTeTHU
to0uneitan mapku — npe3 2003 u 2023 1. [IppBaTa,
Ch3/1aJIeHa OT XyAoKHUKa Xpucto Ilanes, e yact
OT BB3MOMEHATeNHaTa Tpagunus cien 1989 r.,
KOTaTO 3aro4BaT Jia c€ THPCAT HOBH (opMH 32
YTBBpK/1aBaHE HA NKOHOMHUYECKUTE MOCTHKEHUS

Ha  gppxkaBata. C  xapakrepHara — CH
WHAYCTPUATHO-PEATNCTUYHA  CTHJIMCTHKA |
cAbp)KaHa IIBETOBAa MaJHWTpa, Ta3d Mapka

mpencTaBs CTaOWIIHOCTTa M BaXKHOCTTA Ha
MPHUCTaHUIIIHATA UHPPACTPYKTYpa B IMEepHOjIa Ha
mpexon. Bropara wmapka, mo moBoxm 120-
TOJMIIHMHATA, € Neno Ha npod. ['eopru SAuKoB



(opuruHanbeT ce cbxpaHsBa B HanuonanHata
XYHOXKECTBeHa akazeMmusi). Ts BrnedarisiBa Cbe
CBhbBpEMCHEH BU3yalleH €3UK, 0orar XyA0KeCTBEH
($OH U KOMIO3UIMOHHO pa3BuTHe. OOpasuTe Ha
CBbBPEMEHHOTO IIPUCTAHUILIE Ca CBBP3aHU C
apXMBHM IIpPENpaTKu, a NBeTbT M (opmarta
BHYIIABAaT  JAWTHTANM3ALMsI, MOOMIHOCT H
cBbp3aHOCT. To3M mOAXO0N € He IPOoCTO
€CTETUUECKO OOHOBJIEHHE, a CTPaTETHYECcKO
BU3YyaJIHO TIOCJIaHue 3a Ob/IeIeTo Ha ObarapcKaTa
JIOTHCTHKA.

Wnroctpanunre oT JIBETE MapKH
CBUJICTEIICTBAT 3a pa3liukaTa B CTHWIMCTHYHHS
MOOXOX M UeneBaTa KOMyHHKauus. JlokaTto
mapkaTta ot 2003 r. u3TpUBa MHCTUTYIIMOHATHA
ropaoct, Tazn oT 2023 T. ThPCH OTBOPEHOCT U
ny0nuyHO Bh3AckcTBHE. TOBa € siceH mpuMep 3a
€BOJIIOLMATA HA KyJITypHara IaMeT 4pe3
¢unarenusra.

IIpucranume Bapna, makap u C jgbiara
UCTOPHUS, BCE OIIe HEe € OWio O00eKT Ha
crerduaHa roOwuneitHa Mapka. ChIIecTByBaT
¢dunarenHu u3naHus ¢ usrieau ot rpaga (1980,
1995), HO Te He ca HacCOYeHH KbM MPUCTAHUIIIETO

KaTo WUHCTHTYITHSL. Tosa noj4yepTana
HeoOxomumocTTa mpe3 2026 1. — mpu 120-
roJAWIIHMHATA — BapHa cbI0 ga  Obze

npecTaBeHa B KyATypHATa BU3yaTHa IaMeT upe3
HOBO (hutatenHo uznanue. Taka e ce MOCTUTHE
mo-700bp OanmaHc B  pemnpe3eHTAlMsITa Ha
MOPCKHUTE IIOPTOBE B B’LHFapI/IH 1 1€ CC 3aTBbpAn
posisita Ha (uatenausTa Kato WHCTPYMEHT Ha
Jbp)KaBHA CHMBOJIMKA M KYJITYpHA KOMYHHUKAIIHSI.

3akiIoueHne

120-romumanauTe Ha [lpucranume Bapua u
IIpucranuie byprac ca He caMO MHJyCTpUAIHU
U TBPTOBCKA CBHOUTHS, a BB3MOXHOCTH 3a
KyJITypHa KOMYHHUKAIMsl 32 MHHAJIOTO U
opaemero. Jlokaro byprac Beue peanusupa
Oorara mporpamMa, BKIFOYHTEIHO M (HIATEITHO
orOensi3BaHe, BapHa TembpBa HaBIW3a B CBOS
robueeH 1uKbiI. Bpeme e ToBa chOuTHe na Obie
U3MOJ3BaHO HE caMo0 3a OT4YeT, HO U 3a
BJIbXHOBSIBaIlla BU3US u oO1mecTBeHa
aHTKHUPAHOCT, KOSTO Ja CBBPKE MOKOJECHUATA
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gpe3 oOpasm, H3I0KOHW, apXWBH W MapKd —
HOCHUTEIU Ha IaMeT ¥ MoJiepHOCT. ToBa uecTBaHe
oTpa3sBa  JBITOTOAMINIHUTE  yCHJIUS  Ha
MPUCTAHUIIIHUTE OTIEPATOPHU U CIYKHUTEITH 33 TOBA
MPUCTAHUINIATA HHU 1a OBJaT Oe30macHu u
BHCOKOTEXHOJIOTHYHH.
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CUTI'YPHOCT HA MEJUIIUHCKUTE AI CUCTEMM: IIPEI'JIE/Ll HA AIBEPCHUAJIHUTE
ATAKHU U YA3BUMOCTHU

Kusxko IleiiueB

SECURITY OF MEDICAL AI SYSTEMS: A REVIEW OF ADVERSARIAL ATTACKS AND
VULNERABILITIES

Zhivko Peychev

ABSTRACT: The rapid adoption of artificial intelligence (Al) in clinical practice is transforming modern
medicine through automated diagnostics, disease prediction, and personalized therapeutic approaches. Despite
its significant potential, medical Al systems exhibit serious vulnerability to adversarial attacks—deliberate
manipulations of input data that can lead to systematic errors in diagnostic decisions. This article provides an
in-depth analysis of the nature of such attacks, their applicability in the medical domain, real-world and
experimentally demonstrated cases, as well as the ethical, legal, and clinical implications of these
vulnerabilities. Current defense mechanisms and future research directions necessary to ensure the safety and
reliability of medical Al systems are also discussed.

Keywords: adversarial attacks, Al diagnostic models, Al security in healthcare, medical Al systems,

BnBenenne MeIUIMHATa, JaHHUTE OT e/lHa TaKaBa cHUCTeMa
MOTaT Ja U3TJIeKIAT ,,HOPMAIHU " 3a JIeKapsl, Chb-

W3KyCTBEHUAT HWHTENEKT 3HAYUTEIHO Mpo-  LIeBpeMeHHO Al MomensT Aa ru ,.BuxAa“ mo pasz-
MeHH 00JIMKA HAa CbBPEMEHHATa MEIMIIMHA U TIOC-  JIMYEH Ha4MH. B ciieacTBUE Ha TOBa, Pe3ylTaThT
TaBU HOBY CTaHAAPTH B 3IpaBEONa3BaHETO, HAMH-  MOJXKE Jia € TpelllHa AUaruos3a, mporycHaTo 3a00-

paiiku mpuioXeHue B oOpa3HaTa AMArHOCTHKA,  JIsIBaHE WIIM (haniinBa TpeBora.
aHaJM3a Ha EJIEKTPOHHM 3IpaBHU JOCHETa, Ipe-

JTUKTUBHA MEIUIIMHA ¥ KJIMHIUYHO B3€MaHe Ha pe- Men

IeHus. AJITOPUTMHU 3a JTBJIOOKO OOydeHue Jie- Ilenta Ha Ta3u cTaTus € Ja NPEICTaBU CUCTE-
MOHCTPHUPAT TOYHOCT, KOSITO MOKE J1a CE CPaBHM  MATHYEH W KPUTHUYEH aHAJIU3 HA aJBEPCUAIHUTE
WU HAIXBBPIW Ta3W HA CHCIHAIMCTH B ONPEIe-  aTaku cpemry MenunuHcku Al cuctemu, moadep-
JICHW JUarHOCTMYHM 3aJayd. To3W HampeabK  TaBaKW TSAXHATa 3HAYMMOCT 3a KJIMHUYHATA
o0ade mopak/Jia HOB BUJ] PHCKOBE, C KOUTO TPaJl-  IMPaKTUKa U HEOOXOJUMOCT OT TPHKa 3a CHTYp-
IIMOHHATA MEJUIIMHCKA TPAKTHUKA JIOCeTa HE C€ €  HOCTTA KaToO KIIFOUOB €JIEMEHT Npu pa3paboTka u
cOmbckBana. EMWH OT Hal-ChIIECTBEHUTE W HE-  BHEIPSBAHE Ha MOJAOOHH CUCTEMH.

JOCTAaThYHO M3CJIE/IBAHU XapaKTEPUCTUKU Ha Al

MOJEJIUTE € CUTYPHOCTTA. 3a Pa3jivKa OT KIacu- Hcropuyecko pazBurue

YeCKUsl MEeIMIUHCKU codTyep, Al cucremure pas- AJnBepcraTHUTE aTaky ca BbBEJICHU B JINTEPa-
YUTAT HA CTAaTHCTUYECKH 3aBHCHMOCTH B JlaH-  TypaTa IO MallMHHO OOy4YeHHE KaTo (heHOMEH,

HUTC, KOCTO I'M IIpaBH 0co0eHo YYBCTBUTCIIHU npu KONTO MHUHHMAaJIHH IIPOMEHU BBB BXOJHUTC
KbM YMHUIJICHO CB3JaACHHU BXOAHU CMYUICHUS. JaHHU BOJAT JO 3HAYUTCIHHU OTKJIIOHCHHA B U3-

AJBepcHaTHUTE aTakyd W3MOJ3BAT Ta3W Ys3BH-  xoaa Ha mojena [4]. IIppBoHagasiHO HaAOIOMA-
MOCT, KOMIIPOMETUPAWKH IUATHOCTHYHU peIlie-  BaHH B KOMIIOTHPHOTO 3peHHE, T€ OBP30 ce MpeB-
HUs 0€3 BUIMMU HHIUKAIIUY 32 MaHUITY IaIHsl. pBIIAT B KIIIOYOB NPOOJIEM 3a CHTYPHOCTTa Ha

ITo cBosATa CHITHOCT, aJBEpcHAHATA aTaka  HEBPOHHHUTE MPEXH. B MEAUITMHCKA KOHTEKCT
BKJIIOYBA YMUIILICHA MaHUITYJIAlMs Ha BXOJHUTE  TO3W MPOOJEeM ce 3aibi0o4aBa, ThH KaTo Juar-
naHHM KbM Al cucremara, Taka 4e Ts J1a B3eME€  HOCTHYHHUTE MOJIEIH YeCTO padOTAT B YCIOBHS HA
TPEelTHO perieHne, 0e3 ToBa 1a € OYeBHUIHO 32 HO-  BHCOK PHCK M HHCKAa JOIMyCTHMAa 4YeCcToTa Ha
Beka [5,60]. Baxkno e ma ce orOenexu, 4€ B  TpEIIKH. ,,Jlopy eIMHUYHA IpEIiKa, HHAYIHUpaHa
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OT ajJiBepCHajIHa aTaka, MOXKE Jla UMa JUPEKTHU
HOCJIEACTBHUS 3a 3/paBEeTO WU KUBOTA Ha MaIy-
enrta® [1].

Va3BuMocT Ha IbJIOOKHTE
MpeKU

OcHoBHa npUYUHA 3a ysA3BUMOCTTa Ha Al Mo-
JEeNIUTE ce KpUe B HAYMHA, 10 KOWTO Te HHTEpIpe-
TUPAT AaHHUTE. 32 Pa3/IMKa OT YOBEIIKOTO Bb3II-
pUsITHE, HEBPOHHHUTE MPEKH Pa3unuTaT Ha BUCOKO-
W3MEPHU TPENCTAaBSIHUS, IPH KOUTO MAaJKH YHC-
JIOBU OTKJIOHEHMS MOraT Aa IMPOMEHAT 3Hauu-
TEJIHO BBTPEIIHOTO IMpeACTaBsiHe Ha BXonxa. Me-
JUIMHCKUTE U300paskeHHs, HallpUMep, ChABPKAT
MUJIMOHU ITUKCEJIHU, BCEKH OT KOUTO IONPHHACS 32
KpallHOTO pellleHre Ha Mojena. ToBa cb3jaBa
cpela, B KOSITO MPELU3HO ONTUMUZUPAHU CMYIIe-
HUS MOTarT Ja ,,[IpeHaco4ar’ pelieHueTo Ha ajro-
puTBHMa, 0e3 1a MPOMEHAT BU3YaJTHOTO BB3MIPUS-
THE Ha M300paKEHHETO 3a YOBEIIKUs HalIrona-
tes. B Tadnunua 1. e npeacraBeHa kinacuGUKaLHs
Ha aJBEpCHAJHUTE aTaku B MEAMLMHATA, 00XBa-
HIaa OCHOBHHTE YSI3BUMH 00jacTu — oOpa3Ha
JANarHoCTuka, Ta6HI/I‘IHI/I 1 BpECMCBU JaHHH, KaKTO
Y KJIMHUYHU Al acCUCTEHTH.

HEBPOHHH

Ta6auna 1. Knacudukanus Ha agBepcuainu
aTakyd B MeIUIMHATA

Buj aTtaka Onucanne Ipumepu 3a Tlorenuuanen
JIAHHH/CHCTEMH eext
Ataku Bbpxy | Haii-unren- Pentrenosu DanuuBo oT-
o0pa3Ha 1u- 3UBHO U3CJIE/- cuumku, CT, MRI, pULATETHI
ArHOCTHKA BaHHUTE aTaKH, XUCTONATONOTHYHU i Qanmuso
HACOYEHU KbM H300paKeHus TIOJIOXKUTEITHA
CHCTEMH 32 pesynTtaTu
aHaJu3 Ha Me- (Harp. mpo-
JHUIMHCKH MyCKaHe HiIn
M300paxeHns. MOTrPENIHO OT-
Upes nobassHe KpHBaHE Ha
Ha MMHHMMaJleH pak)
IIYM MOJIEIINTE
Morar a ObaaT
HOJIBEJICHH.
Atakn BbpXy | Ilo-crabo usc- JlaGoparopuu pe- Henpasunna
TaGIUYHA U JIe/IBaHHU, HO 3yJITaTH, )KU3HCHU Knacuukanms
BpeMeBH Me- KPUTHYHH MOKa3aTeNy, Bpe- Ha PUCKA WITH
JAUIHHCKH aTaku BbPXY MEBH CEpHH OT MO- HEToJIX0/1s11a
JAHHU YHCIIOBU HHTOPUHT YCTPOMHC- TepaneBTHYHA
JaHHU. Maikn TBa npenopbKa
HPOMEHH B
cToHHOCTHTE
MOrar /1a MoB-
JIMSIST HA aHa-
JIM3a.
ATaku BbpXy | Araku upe3 Cucremu 3a MoAmo- I'enepupane
KJIMHAYHH MaHHUITyJIUpaHe | MaraHe Ha KJIH- Ha HEKOPEK-
Al acue- Ha BXOIHHMS HUYHU PELIeHUs, THU MEAULHH-
TeHTH KOHTEKCT WITH MEJNIHHCKH YaT- CKH ChBETH,
BMBKBaHE Ha 6otn 0co0eHO prc-
TOJIBEX1AlIa KOBO B CIIeII-
uHpopManus B HATa MeJIu-
CHCTEeMH 32 iviicel
KJIMHUYHA MOJI-
Kpera.

Ot m3noxkenarta B Tadauma 1. cucremMaTusu-
paHa kiacuduKaIus Ha agBePCHATHUTE aTakd B
MeJUIMHATA, HAall-ChIECTBEHO BHUMAHHE B HAYU-
HaTa JUTEpaTypa Ce OTHAEIS Ha aTaKUTe BBPXY
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oOpa3HaTa JNWArHOCTHKA, KBAETO IOPU MHUHH-
MaJHH W3MEHEHUS B JaHHUTE MOTaT Ja JOBeIaT
JIO CBHIIECTBEHU TUATHOCTUYHU TPEIIKH, BKIFOUH-
TETHO (haIINBO OTPULIATESIIHU WK (DaTIIUBO T0-
JIOKUTEITHN PE3yATaTh. 3a pa3ifKa OT TAX, ara-
KHTE BHPXY TAOIWYHA W BPEMEBH MEIUIIMHCKH
JaHHU ca MO-Ca0d0 U3CIIEABaHHU, HO HE TTO-MaJIKO
KPUTHYHHU, Th KaTO MOTaT Ja MOBIHUSAT MPSIKO
BBPXY OIICHKaTa Ha prcKa M n300pa Ha Tepamus
4pe3 He3a0eIeKUMHU POMEHU B YHUCIIOBUTE ITOKA-
3atenu. OcoOeHO BHUMAaHHUE 3acily’KaBaT M aTa-
KUTE BbpXYy KIMHUYHUTE Al acucTteHTH, IpH KO-
WTO MAHUITYJIMPAHETO HA BXOJHUS KOHTEKCT
MOJK€E Jia TOBEJIE A0 TeHEepUpaHe Ha MOABEXKIaIlH
WJIH JOPH OTIaCHU MEIHUIIMHCKH penopbku. Karo
5010, aHATM3BT MOAYEPTaBa, Y€ HE3ABHUCHMO OT
paznuyusTa B THUIOBETE JaHHU U CHUCTEMHU,
BCHYKH KaTErOpWH aTakd WMaT TOTEHIMAN Ja
KOMITPOMETHpAT HAJEeKTHOCTTA HAa MEIHUIIUHC-
kuTe Al pemieHus, KOeTo TU MPaBU CHIIECTBEH
PHCK 3a KauecTBOTO M Oe30MacHOCTTa Ha 37paB-
HUTE TPIXKHU.

PeasiHu M ekciepuMeHTATHHU CJIy4au, J0Ka-
3aHHU B JIMTepaTyparta

AJIBEpCHATHUTE aTaKku MPEACTABISABAT ChILEC-
TBEHO NPEIU3BUKATEICTBO IMpPEI HAISKIHOCTTA
Ha CHBPEMCHHUTE MOJICNIM 3a MAIIMHHO 00ydYe-
HUE, 0COOCHO B YYBCTBUTEIIHU 00J1aCTH KaTO Me-
MULMHCKATa JUAarHOCTUKA. B mocnenHuTe roqusu
penuia U3CIeABaHUs JEMOHCTPUPAT KAKTO YsI3-
BUMOCTHUTE Ha TE€3M MOJENHN, TaKa U BE3MOXKHOC-
TUTE 32 TSAXHATA 3alUTa. AHAJIU3BT HA SKCIIEPHU-
MEHTAJHUTE JaHHU MOTYepTaBa ysI3BUMOCTTA Ha
MEJUIUHCKUTE MOJETH 32 MAalIMHHO OOydYeHHe
KBbM aJIBEPCHAITHY aTakKH, KAKTO ¥ MOTEHIIAAIA Ha
3AIUTHUTE MEXaHU3MU 3a [IOBHUIIABAHE HA TAX-
HaTa ycroiunBocT. B Tabauna 2. ca 0600meHn
KJIFOUYOBH EKCIICPUMEHTAJIHH PE3yJTaTH OT Ch-
IIECTBYBAIIMTE U3CIICIBAHUS.

Tadauna 2. JlokazaHu eKCIIEpUMEHTAIHA
ciydau, NyOJIMKYBaHU B JIMTEpaTypaTa;

OfexT Ha
OcHOBHO HabJI10-
ABTOpH H3cTIe- Meton
JeHune
BaHe
Finlayson et al. Jluarnoc- Fast Han 90% or ara-
(2019) THKA Ha Gradient KHTE BOJIAT JI0 HeTl-
nHeBMOHMSL | Sign PaBHIIHU HpEJICKa-
Method 3aHMs HA MOjleNa
Tsai et al. (2023) | Omukoio- T'enepa- MoyienbT cTaBa 1o-
I'HYHA KJia- THUBHHM LN HETOYEH IPH aTaka
cudukarms
Rudnitskaya & 3amuTHI Multi-layer MozeirsT e 1o-yc-

Poltavtseva defense TOWYHMB Ha aTaKu

(2023)

CJI0€BE




Mznoxenute B Tabanna 2. ekcriepruMeHTaTHI
W3CTIeIBAaHNAS IEMOHCTPHPAT 3HAYUTEITHOTO BbH3-
JCHCTBHE Ha aJBEPCUAIHUTE aTaKu BBPXY pas-
JIUYHU TIPUIOKEHUS Ha MAIIUHHOTO OOyYeHHUE B
MeaunuHata. EAHo oT Hall-IiuTHpaHUTe eKCIiepu-
MEHTAITHW W3CIIeABaHMs (MAaHUITYIAINS Ha PEHT-
TCHOBU M300payKeHUs) JeMOHCTpHUpa, ue Al cuc-
TeMa 3a JAMAarHOCTHKAa Ha ITHEBMOHHS MOXE Ja
O0pae noasenena ¢ Hag 90% ycrex 4pe3 MUHH-
MaJHH TUKCEIHH MPOMEHH, KOUTO Ca IPaKTH-
YeCKU HEeBUIMMU 3a panuoiio3u [1]. B oGmactra
Ha OHKOJIOTMYHATa KiacH(UKaus TeHEepaTHB-
HUTE MOJXOJYU ITOKA3BaT CHIICCTBCHO IMOHMkKA-
BaHE Ha TOYHOCTTa Ha mozaenute [2]. ChiieBpe-
MEHHO, W3CIICBAHHUATAa BHPXY 3alUTHH MeXa-
HU3MH TIOKa3BaT, Y€ MpUJIaraHeTo Ha MHOTOC-
JIOWHU 3aIUTH MOXKE 3HAYUTEITHO J1a ITOI00pH yc-
TOMYMBOCTTa Ha CHUCTEMHTE Cpelly IOJ00HU
araku [4].

COVID-19 u ys13BMMHM AWATHOCTHYHH MO-
e

ITo BpeMe Ha mannemusiTa MHOKecTBO Al Mo-
nenu 0sixa pa3pabOTeHU 3a aBTOMATHYHO OTKPH-
BaHe Ha COVID-19 ot CT u penTrenoBu n3obdpa-
xeHus. [locnensamy aHanusu Nokas3Bar, 4e 3Ha-
YUTEIHA 4acT OT Te3H MOJENN Ca U3KIIOUUTEITHO
ySI3BUMH KbM aJIBEpPCHATHH aTaKH, KOETO IIOCTaBH
O[] BBIIPOC TSAXHATA KIMHUYHA HAZCKIHOCT.

KanHUYHH, eTUYHH U IPABHYU aCNEKTH HA
CUT'YPHOCTTA B MeIMI[UHCKHUS U3KYCTBEH HH-
TEJIEKT

C pa3BUTHETO Ha W3KYCTBEHUS WHTEJIEKT B
3JIpaBeolla3BaHETO BCE TO-5ICHO Ce OYepTaBaT He
caMO HETOBUTE IIOJI3M, HO W pEeuIla PHCKOBE,
CBBP3aHU ChC CUTYPHOCTTA, €TUKATA U peryJaly-
siTa. B TO3M KOHTEKCT aaBEPCHATHHUTE aTaKh
MPEJICTaBISIBAT KOHKPETEH MpHMep 3a YI3BH-
MOCTH, TP KOUTO MAHHITYJIAIUATa Ha BXOTHUTE
JAHHU MOXeE Ja JOBEJe 10 CEPUO3HH TPEIIKU B
IMarHOCTHUKATa. Te3n mpeIu3BUKaTeICcTBa MoCTa-
BAT Ha M3MHTaHUE NOoBepueTo B Al cucremure u
M3HUCKBAT ISTIOCTEH MOAXO0/ 32 TSIXHOTO yIpaBiie-
HHE.

Kiannuuna 6e30macHoCT
EnvH oT Hali-ChIIECTBEHUTE PHUCKOBE, H3XO0XK-
Jany ot ys3BuMoctTa Ha Al monenuTe, € cBbp3aH
C KIMHHWYHATa Oe3omacHoCT. ['periHa auarHosa,
pe3yiTar OT aJBepcHaliHa aTaka, MOXKE Jla UMa
TEXXKH IIOCIEACTBUS — OT 3a0aBsHE Ha JEUYECHUETO
J0 TpWIaraHe Ha HEMOAXOJslla Tepamus WiIu
JIOpY M3BBPIIBAHE HA HEHY)KHU WHBA3WBHU IIPO-
ueaypu. IIpu Te3u o0CTOATEICTBA, CUTYPHOCTTA
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Ha aJITOPUTMHUTE Ce SIBSBa MpsK (pakTop, ompee-
TSI 3APAaBOCIOBHOTO CBHCTOSHHE W Oe3omac-
HOCTTAa Ha MalMCHTHUTE.

ETnyHa oTroBopHoCT

Hapen ¢ xnuHWYHWTE PHCKOBE BH3HUKBAT U
(dbyHIamMeHTaTHU eTHYHU Bbipocu. Kol Hocu 0T-
TOBOPHOCT, Korato Al ciucrema nomycHe rpemika?
Hanmu ToBa € pa3pabOTYMKBT Ha MOIENa, MEIu-
[UHCKATa MHCTUTYIUSA, KOSATO T'O U3IOJI3BA, WU
camusT yiekap? Jlurncara Ha sICHO AepUHUPAHH OT-
TOBOPHOCTH Ch3/]aBa HECUTYPHOCT W BBH3MHUPa T0-
IIMPOKOTO BHEJPSIBAHE HA TE3U TEXHOJIOTHHU B pe-
aJHaTa KJIMHUYHA MPaKTUKA.

PerysaTopHu npeau3BuKaTecTBa

Hacrosiute perynaTopHu paMK# 4e€CTO H30C-
TaBaT OT OBP30TO Pa3BUTHE Ha TEXHOJOrUUTE. B
MHOTO CITy4au HE C€ M3HCKBA 3abIDKHTEIHO TeC-
TBaHe Ha Al cuctemuTe cpeuly aaBepcHaTHH
aTakH, KOETO Ch3/]aBa CEPHO3HU MTPOIYCKH B TPO-
1eca Ha cepTuduKanus Ha METUIUHCKA cOPTyep.
ToBa noguepraBa HEOOXOIUMOCTTA OT aKTyalH-
3UpaHC Ha CTAHAAPTUTC W BBBCKIAHC Ha II0-
CTPOTY M3MCKBAHHUS 38 CUTYPHOCT.

MeToam 3a 3alIMTAa ¥ NMOBMIIABAHE HA yC-
TOMYHBOCTTA

3a 1a ce MUHUMHU3MPAT PUCKOBETE, CBBP3aHU C
W3II0JI3BaHeTO Ha Al B MeuIMHATA, Ce pa3padboT-
BaT pa3IMYHU TOJXO/IH 32 3aIHUTa U To00psiBaHe
Ha YCTOWYMBOCTTA Ha MOJICIIHTE.

Adversarial training

EnuH oT OCHOBHUTE METOAU € 00Y4YEHHETO Ha
MoJIeNuTe ¢ T.Hap. atakyBaHu (adversarial) mpu-
Mepu. To3u moaxoa mogo0psiBa CHOCOOHOCTTA Ha
cUcTeMara Jia pa3lo3HaBa U yCTOsIBA HA MaHUITY-
JIMpaHU BXOJHM JaHHU. BelIpeku ToBa, TOU 4ecTo
BOJIM IO KOMIIPOMUC C TOYHOCTTA M U3KMCKBA 3Ha-
YHUTEJHO NTOBEYE U3YMCIUTEIHU PECYPCH.

O0sicHUM
(Explainable XAI)
OOSCHUMHUAT U3KYCTBCH MHTEJICKT Ipejijiara Bb3-
MOXKHOCT 3a TI0-700pa MPO3pavdHOCT Ha PEIICHU-
siTa, B3eMaHu OT anroputmure. KiuvHunucrure
MOTaT Jia MPOCIEAT JIOTUKATa 3a]1 JaJICHa Juar-
HO3a, KOETO yJIECHSBA OTKPHUBAHETO HA aHOMAJTUH
WJIU MOTEHIMAIHA MaHUIyJauuu. ToBa € KII0Y0B
€JIEMEHT 3a u3rpaxkane Ha aosepue B Al cucre-
MUTE.

H3KYCTBCH HHTEJIEKT



Human-in-the-loop noxxoau

WHTerpupaneTo Ha YOBEIIKA EKCIIEPTH3a B
Ipolieca Ha B3€MaHe Ha PeleHHs OCTaBa €1UH OT
Hal-HAJC)KTHUTE MEXaHU3MHU 3a KOHTpoJ. T.Hap.
human-in-the-loop moaxomm rapanTHpaTr, uUe
KpaifHaTa TyMa UMa MEIUIIMHCKHAT CIIEIHAIINCT,
KOETO 3HAYUTEIIHO HaMaJIsIBa PUCKA OT HEKOHTPO-
JUPaHU TPEIIKH.

Bbaenu HanpaBieHusl 3a N3cJieIBaHe

3a ia ce rapaHTHpa 6€30MaCHOTO U €PESKTUBHO
n3noia3Bane Ha Al B 3;mpaBeonazBaHeTo, ca Heo0-
XOJIUMU JIOTTBJIHUTEIHA YCWIINS B HAKOJIKO KJTFO-
4oBU 00jacTu: pa3paboTBaHe Ha CTaHIAPTH3M-
paHu TeCTOBE 3a ycroilunBocT Ha Al monenu, Bb-
BEX/JTaHE Ha SCHU PErylaTOPHU M3WUCKBAaHUS 3a
CUTYPHOCT, Hacbp4aBaHE€ Ha WHTEPIUCIMILIHU-
HapHUA W3CJeIBaHUA, OOSAMHSABAIN MEIUIINHA,
KHOEPCUTYPHOCT M U3KYCTBEH HHTEIEKT.

3akiIouyeHne

AJBepcHUaIHUTE aTaky MpPeACTaBIsABaT CUCTeE-
MEH PHUCK 3a MeaunmHckuTe Al cuctemu, KOUTO
HEe MOXe 1a Obae urHopupad. JJoKkaTo TEXHOJIO-
TUATa Ipeyiara 3Ha4UTEIHN 11013, HEHaTa CH-
TypHOCT TpsiOBa Jla ObJe TpeTHpaHa KaTo Hepas-
JIeJIHA YacT OT KIMHUYHATa HaJaexaHocT. HTer-
pauusta Ha Al B MenuUMHATa Ipeasiara OrpoMeH
MOTEHIUA, HO CHIIO Taka M3MCKBA BHUMATEIHO
yrnpaBieHue Ha puckoBeTe. ToBa Moxe 1a ce ra-
paHTUpa €AWHCTBEHO Ype3 KOMOWHUpaHE Ha TeX-
HUYECKH, €THYHHU W PETYJIATOPHU Moaxou. bes
MoT0OHM MEPKH PHUCKBT OT BHEIpsiBaHE Ha ys3-
BHMMH CHCTEMH III€ TPOABIIKHU 12 HapacTBa.
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CATHODIC STRIPPING VOLTAMMETRIC ANALYSIS OF ANTIMONY (IIT)
AND ANTIMONY (V)

Krasimira Stancheva, Viktoria Trifonova, Chand Pasha, Petia Vasileva

ABSTRACT: A simple and sensitive method for the simultaneous determination of Sb(I1l) and Sb(V) has been
performed using cathodic stripping voltammetry technique at a mercury-film electrode. The elements studied can
be determined due to the difference in their half-wave potentials: -1200 mV for antimony(Ill) and -1000 mV for
antimony(V), supporting electrolyte 0.1M HNOj;. The calibration plots are obtained for all the metals individually
in the ranges of 100-300 ppb for Sb(Ill) and in the range of 100-400 ppb for Sb(V). The detection limits and
quantitation limits are found to be as follow: for Sb(Ill): 0.200 ug/L and 0.606 ug/L; for Sb(V): 0.150 ug/L and
0.454 ug/L. This method is extremely sensitive and can be used to determine antimony(Ill) and antimony(V) having

concentrations ppb in real samples such as seawater.

Key words: Cathodic stripping voltammetry, determination of antimony(IIl) and antimony(V), seawater.

Introduction

Antimony is a naturally occurring element and
is ubiquitous in the aquatic environment as a result
of natural processes such as rock weathering, soil
runoff, atmospheric deposition, and human activ-
ities [1, 2]. Antimony exists mainly as anti-
mony(V) and, less frequently, as antimony(IIl) in
the environment, biological and geochemical
samples [1, 2]. Soluble antimony occurs in triva-
lent, pentavalent forms, and organic antimony [3].
Global antimony reserves exceed 2 million tons
and are found in many countries.

Antimony is used in the production of fire-re-
sistant coatings, enamels, ceramics, alloys, as well
as in the composition of various paints, varnishes,
and rubbers. Current global production of anti-
mony is around 140,000 tons per year, with China
being the largest producer in the world (48% of
global production) [1]. In industry, antimony has
been widely used for years in the production of
alloys to increase the strength of materials [1].
Nowadays, antimony is used in large quantities as
a fireproof additive in the textile industry, ceram-
ics, semiconductors [3], battery grids, cable
sheathing, photovoltaic glass for solar cells, and
other industries [4], and even in medicine [1].

Industries associated with antimony typically
produce wastewater or solid waste contaminated
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with antimony and its compounds. Nearly
3.8x10'" g of antimony is released into the envi-
ronment from industrial plants each year [5]. An-
timony and many of its compounds are toxic.
From a clinical point of view, antimony poisoning
is very similar to arsenic poisoning [6]. The tox-
icity of antimony depends on its chemical form.
The toxicity of inorganic antimony is much
greater than that of organic antimony species, and
antimony(IIl) is about ten times more toxic than
antimony(V) [1, 3, 7, 8]. Accordingly, antimony
has been included in the list of thirteen metal ion
pollutants in wastewater by the US Environmental
Protection Agency (USEPA) since 1978. The Eu-
ropean Union (EU) [1, 2, 8, 9] also recognizes that
antimony and its compounds should be consid-
ered contaminants of preliminary concern. As
hazardous contaminants, antimony and its vari-
ants often cause serious concerns for human
health and other environmental issues [3, 4].
Antimony is a brittle element, so contaminat-
ing dust may be formed during its processing.
Dermatitis, rhinitis, upper respiratory tract inflam-
mation, and conjunctivitis have been observed in
workers exposed to antimony dust. Pneumoconi-
osis, sometimes combined with obstructive pul-
monary changes, has been described after pro-
longed exposure. Continuous intake of low doses
of this metal can cause diarrhea, vomiting, and



stomach ulcers. Transient purulent skin infections
have been observed. The maximum permissible
concentration in the air is 0.5 mg/m®. Antimony
trioxide can cause damage to heart function,
which can be fatal.

Therefore, the study of antimony species is
very important for environmental protection, as
the toxicity, biological and electrochemical reac-
tive behaviour of the element depends on its oxi-
dation state.

Various instrumental methods for solution
analysis are used to determine trace elements in
environmental samples: Spectrophotometry [5,
71, flame atomic absorption spectrometry (FAAS)
[10], Inductively coupled plasma atomic emission
spectroscopy (ICP-OES) [11], Inductively cou-
pled plasma mass spectrometry (ICP— MS) [12,
13] are used for antimony analysis. Numerous
studies have been described for the analysis of an-
timony by voltammetric analysis [14- 16].

Electroanalytical methods offer important ad-
vantages, such as high sensitivity, low detection
limits, relative simplicity, low cost, and portable
field equipment capable of determining trace ele-
ments. For this reason, electrochemical tech-
niques are an interesting alternative to the meth-
ods currently in use. Among the electrochemical
methods described for antimony analysis are volt-
ammetric methods. They are relatively wide-
spread and, thanks to their accuracy and sensitiv-
ity, have contributed significantly to the determi-
nation of trace elements. Adsorption inversion
voltammetry has also been used in the determina-
tion of antimony after adsorption accumulation of
antimony complexes.

Cathodic stripping voltammetry is a voltam-
metric method for quantitative determination of
specific ionic species. It is similar to the trace
analysis method anodic stripping voltammetry,
except that for the plating step, the potential is
held at an oxidizing potential, and the oxidized
species are stripped from the electrode by sweep-
ing the potential negatively. This technique is
used for ionic species that form insoluble salts
and will deposit on or near the anodic, working
electrode during deposition. The stripping step
can be either linear, staircase, squarewave, or
pulse. This method is highly effective for trace
metal analysis, as it significantly enhances detec-
tion limits, allowing for the measurement of ele-
ments at levels as low as 107'° to 1072 mol/L.
Choice of working electrode is a vital component
for experiment. Traditionally, hanging mercury
drop electrodes (HMDE) and mercury film
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electrodes (MFE) have been used as the working
electrode for electrochemical stripping analysis of
Sb.

The aim of this study is to develop a new, sen-
sitive, and reliable voltammetric method for the
determination of traces of Sb(IlI) and Sb(V) using
a mercury-film microelectrode.

Experimental

Apparatus

Voltammograms are recorded using an Ekotest
—VA (Ekoniks-Ekspert, RF) computer-controlled
voltammetric analyzer connected to a three-elec-
trode cell.

Fig. 1. The set for the measurements of the
heavy metals in the laboratory and field condi-
tions.

The electrode system is a three-in-one trans-
ducer designed as a single body electrochemical
cell with a polycarbon indicator electrode, an aux-
iliary electrode and a reference electrode located
in the same plane®. The combination «3 in 1»
electrode is a whole voltammetric 3-electrode cell
in a single body. All component electrodes (work,
auxiliary and reference electrodes) are place co-
planarly on top of the sensor. MFE is generated
from the solution of mercury salt by electroplat-
ing. The indicator electrode surface is regenerated
by polishing it with an ashless paper filter wetted
with ethanol. Voltammograms are recorded in an
alternating-current mode with alternating voltage
amplitude. The pH is measured using an Ekspert
001, model 3 (0.1) pH meter/potentiometer
(Ekoniks-Ekspert, RF) with a glass electrode.


https://en.wikipedia.org/wiki/Anodic_stripping_voltammetry
https://en.wikipedia.org/wiki/Anode
https://en.wikipedia.org/wiki/Linear_sweep_voltammetry
https://en.wikipedia.org/wiki/Staircase_voltammetry
https://en.wikipedia.org/wiki/Squarewave_voltammetry

Fig. 2. «3 in 1» electrode (A) and working area
(B)
1- polycarbon indicator electrode;
2- auxiliary pyrographyte electrode;
3- silver chloride reference electrode;
4- glass body of the sensor;
5 and 6 — teflon isolated rings.

Reagents and Solutions

All chemicals (Merck, Germany, high purity
>99 %) were of analytical-reagent grade and em-
ployed without further purification. Double-dis-
tilled water was used in the preparation of the var-
ious solutions. The following reagents were used:
HNOs; SbCl;; SbCls. A stock solution of
Hg(NO;3),xH,O at a concentration of 5 g/L; a
working solution of Hg** - 100 mg/L; stock solu-
tions of 1 g/L of Sb*" and Sb>". The working solu-
tions of standard of Sb** and Sb** solutions having
concentrations 100-400 ppb were prepared with
appropriate dilution.

Sampling and samplepreparation

In seawater samples, it is necessary to first de-
compose the organic substances that interfere with
the determination of metal ions. Decomposition is
carried out by mineralization to wet salts.

Sampling and sample preparation are carried
out according to the standard methodology. The
sample of the tested seawater is taken in a clean
glass container with a ground stopper or a poly-
ethylene bottle. The container is pre-rinsed with
the water being tested and filled so that there is a
small amount of empty space under the stopper.
The sample size for seawater is 500 mL. 50 g of
seawater samples are evaporated to wet salts in
quartz dishes. Portions of double-distilled water
are added and quantitatively transferred to a 50
mL measuring flask. Add 25 mL of diluted back-
ground solution and 1 mL of the test solution to
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the electrolytic cell and follow the specified anal-
ysis procedure.

Table 1. Optimal conditions for voltammetric
measurements using a three-in-one transducer.

Stage of | Solution Poten- The
analysis composi- | tial, time of
tion working | expos-
elec- ing,
trode, texp, S
E,, mV
1.Electro- 0.1M +100 100
chemical HNOs3
cleaning of
the electrode
2.Formation | Hg(NOs),. | -600 200
of the mer- | H,O
cury film 100 mg/l,
0.1M
HNO;
3.Electro- 0.1 | -600 200
chemical M HNO:3
pre-concen-
tration of
cadmium
and zinc

The calibration curves were obtained by se-
quentially adding 1, 2, 3, 4, and 5 mL of standard
solutions containing Sb(IIl) and Sb(V) (100-500
ppb) were added to five beakers containing 25 mL
of 0.1 N HNO; background electrolyte and 7-8
drops of 100 mg/L Hg(NO3),. The voltammetric
curves were recorded under optimal conditions —
Table 1. The tested seawater samples are filtered
through a "blue tape" filter. They are stored in a
refrigerator and 24 hours before the determination
of metals, the samples are tempered to room tem-
perature. Place 25 mL of 0.1 N HNOs electrolyte
and 7-8 drops of 100 mg/L Hg(NO3); in the elec-
trolytic cell. Add 1 mL of seawater sample. Im-
merse the electrode in the solution. Record the
voltamperograms. Calculate the concentrations
using the equations from the calibration graphs.
All measurements are performed at room temper-
ature and with 5 parallel samples.

Results and Discussion

Selection of optimal conditions for conducting
the analysis is presented in Table 2.




Table 2. Potentials of the peaks of the studied
elements.

Elements Potential of the E ,mV,
peak, mV 172
0.1 M HNO3
Sb(I1I) From -1300 to - -1200
1100
Sb(V) From -1100 to -900 -1000

The elements studied can be determined
jointly due to the difference in their half-wave po-
tentials. Qualitative analysis is generally limited
due to difficulties associated with accurately
measuring the half-wave potential values for sub-
stances with similar properties, background inter-
ference, etc.
The optimal current range is 2+200 pA. The elec-
trochemical cleaning time of the electrode is 300
s. The optimal time range for the accumulation of
the detectable elements on the electrode is 300 +
600 sec.

The background electrolyte most commonly
used for voltammetric determination of anti-
mony(IIl) and antimony(V) is a solution of hydro-
chloric acid or a mixture of hydrochloric acid and
potassium chloride solutions. In this thesis, 0.1 M
nitric acid was used.

0 =
1
201 2
/2 40 3
ES
~ 60 4
N
= 5
2 s}
i
=
O 100
120
140 . . L :
“1400 1200 1000 800 ~600
Potential (mV)

Fig. 3. Voltamperograms of standard antimony
(TIT) solutions. 1) 0.1M HNO3, 2) Hg(NOs),, 3)-5)
100-300 ppb Sb(III).

Scanning cathodic voltammetry was used to
determine Sb(IIl) and Sb(V) concentrations in
ppb. The peaks from the scan are proportional to
the concentration of Sb(IIl) and Sb(V), which
shows that the method allows the determination of
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antimony traces. Figure 3 shows voltammetric
curves of standard antimony(I1I) solutions against
a background of 0.1M HNOs. The solutions have
concentrations of 100, 200, and 300 ppb Sb(I1I).

Figure 4 shows voltammograms of standard
antimony(V) solutions against a background of
0.1M HNO:s. The solutions have concentrations of
100, 200, 300, and 400 ppb Sb(V).

-60

Current (pA)
= &

—
=
=

-120

-140
-1400 -1200 -1000 -800

Potential (mV)

-600

Fig. 4. Voltamperograms of standard antimony
(V) solutions. 1) 0.1M HNOs, 2) Hg(NO3)a, 3)-6)
100-400 ppb Sb(V).

The linear ranges of the calibration curves for
antimony(IIl) and antimony(V) were determined
by recording the peaks of a series of standard so-
lutions with increasing concentrations of the de-
terminable ions in a background electrolyte of
0.1M HNO:s and the specified optimal conditions
of analysis. In four electrolytic cells, 100, 200,
300, and 400 ppb standards of the analyte were
added to the background, respectively, and after
recording the voltammetric curves, the peak
heights were measured (Figures 3 and 4). Calibra-
tion graphs were constructed from the experi-
mental data, the linear regions were found, and the
equations of the straight lines were determined, as
well as the detection limit and the determination
limit of the determinable ions.

Figures 5 and 6 show the calibration curves for
antimony(IIl) and antimony(V), respectively. The
concentrations of the samples studied were deter-
mined from the equations of the curves.
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Fig. 5. Calibration graph of a standard series of
antimony(IIT).
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Fig. 6. Calibration graph of a standard series
of antimony(V).

The detection limits and determination limits
of the ions are determined from the slope of the
calibration curve and the standard deviation of the
blank sample background electrolyte—Table 3.

Table. 3. Metrological characteristics of the
method.

Standards Limit of detec- Limit of quan-
tion titation
(ng/L) (ng/L)
Sb(I1I) 0.200 0.606
Sb(V) 0.150 0.454

Limit of detection (LOD = 3.3x06/S)

Limit of quantification (LOQ = 10xc/S)

o - standard deviation of blank sample, pg/L
S - slope of calibration curve.
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The standard deviation of the blank sample
was calculated for five parallel measurements.

The accuracy and precision of the method were
achieved by analyzing model solutions containing
200 ppb standards of the analytes. The results are
presented in Table 4.

Table 4. Analysis of model solutions contain-
ing 200 ppb of analyte standards.

Standard | Determined concen- RSD B

200 ppb  tration S, = (S x)x
x+tSANn (ppb) 100 (%)

Sb(III) 198.20+3.20 1,4

Sb(V) 199.09 + 4.38 1,91

Number of determination n = 5; ¢ - Students ¢-
value at 95% probability; S - standard deviation;
X an average.

To assess the risk of contamination with these
toxic species, an analysis of seawater was con-
ducted, and the data were compared with the max-
imum permissible concentrations for the respec-
tive samples (Table 5).

Table 5. Experimental data from the determi-
nation of Sb(III) and Sb(V) in seawater.

Samples Found RSD 3
x + SAnS = (S x)x
(ppb) 100 (%)
Sb(I1I) 7.47 £291 33,92
Sb(V) 4.55+£2.62 50,04
Conclusions

Cathodic stripping voltammetry has been de-
veloped for the determination of Sb(III) and anti-
mony(V). Under the optimal conditions alternat-
ing- current voltammograms were recorded and
the concentrations were determined by calibration
graph method. The results obtained show that the
method offers advantages as easy sample pretreat-
ment, good selectivity, sensitivity, reproducibility
and linearity. The method is used for determina-
tion of antimony(Ill) and antimony(V) in real
samples such as seawater.
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CHEMICAL SYMBOLS AND FORMULAS. THE MENDELEEV LAW
Krasimira Stancheva

ABSTRACT: Dalton was the first to introduce symbols that were simpler than alchemical ones that empha-
sized that atoms have a spherical shape. Chemical symbols were introduced by Berzelius in 1819 as Latin letters.
In 1808, he devoted a special chapter to organic chemistry in his chemistry textbook for the first time. In the 1820s
and 1830s, Berzelius created the first system of ideas about the structure of organic compounds, called the Theory
of Radicals. The electrochemical dualistic theory is replaced by the so-called Unitary theory. In the 1840s, the
theory of radicals was replaced by a new one called the Theory of Types. In 1815-16, the English scientist W.
Prout put forward the idea that the atoms of all elements are "aggregates" of hydrogen atoms. In 1825, German
chemist I. Deberener grouped elementary substances based on their characteristic chemical properties, combining
similar elements into triads. In the second half of the 19th century, the problem of the relationship between atomic
weights and the chemical nature of elements attracted the attention of many researchers as J. B. Dumas, A. de
Chancourtois, W. Odling, and others. In 1865, the English chemist J. Newlands arranged the elements in order of
increasing atomic weight and obtained a new vertical row of eight elements. This periodicity in the system was
called the Law of Octaves. At the end of 1860, D. I. Mendeleev believed that atomic weights, as a basic charac-
teristic of elements, should determine their chemical affinity and, accordingly, their properties and the properties
of the simple and complex substances formed. Mendeleev created a table of alternating groups and rows of ele-
ments and showed that the properties of each element depend on its position in the table. This systematization
contributed to a certain order in the multitude of chaotic facts about chemical elements and their compounds.
Mendeleev himself saw in this system not just a convenient classification, but a new law—the periodic law, which
established periodicity in the physical and chemical properties of elements as a function of their atomic weights.

Key words: Chemical simbols, formulas, Mendeleev law

Introduction In 1808 Berzelius devoted a special chapter to
organic chemistry in his chemistry textbook for
Dalton was the first to introduce symbols that  the first time. He defined the subject matter of this
were simpler than alchemical ones, making it pos-  section as substances isolated from animal and
sible to express the quantitative aspect of pro-  plant organisms.
cesses. Through his symbols with circles, Dalton
emphasized that atoms have a spherical shape.
Chemical symbols were introduced by Berze-
lius in 1819 as Latin letters.

Jons Jacob Berzelius - Swedish chemist
1779 - 1848
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In the 1820s and 1830s, Berzelius created the
first system of ideas about the structure of organic
compounds, called the Theory of Radicals. Ac-
cording to this theory, organic compounds are
made up of complex radicals with opposite
charges. Radicals correspond to the elements in
inorganic compounds and represent groups of at-
oms that, during chemical reactions, pass from
one compound to another without changing. Thus,
radical theory points to one of the essential com-
mon features of organic compounds—the pres-
ence of structurally stable groups of atoms—radi-
cals that remain unchanged during chemical trans-
formations.

A disadvantage of this theory is that it assumes
radicals to be absolutely stable and unchangeable
parts of organic compounds. Contrary to this as-
sertion, a large number of substitution reactions
have subsequently been carried out in which an
electropositive element of a given radical is re-
placed by another electronegative one, with the
newly formed compounds having the same chem-
ical character as the initial ones. This categorically
rejects both the claim of the absolute immutability
of radicals and the dualistic ideas about the struc-
ture of compounds. The electrochemical dualistic
theory is replaced by the so-called Unitary theory
(unit — unity), according to which each compound
is a whole in which atoms are connected in some
as yet unknown but unified way, without being di-
vided into positive and negative.

In the 1840s, the theory of radicals was re-
placed by a new one called the Theory of Types.
According to this theory, organic compounds are
considered to have originated from the simplest
inorganic compounds through the replacement of
hydrogen atoms by atoms called organic residues.
Inorganic compounds are called types for the cor-
responding organic compounds derived from
them. Depending on the characteristic reactions in
which they participate, organic compounds are
classified into four basic types, denoted by formu-
las called types. Organic compounds belonging to
the corresponding types are also represented by
similar type formulas.

The theory of types creates the first classifica-
tion of organic compounds. A major drawback is
the assumption that the arrangement of atoms in a
molecule is unknowable. Type formulas do not re-
flect any real existing structure, but only represent
the analogy in the chemical transformations of
compounds and their types under the action of a
given reagent. It follows that several type formu-
las can be assigned to a single compound, depend-
ing on which of its reactions is being represented.
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Dalton's atomistic concept implied that the dif-
ferences between elements were due to differ-
ences in their atomic weights. However, the prob-
lem of the interrelationship between the chemical
properties of elements and their atomic masses
was not studied for a long time.

Attempts to systematize the elements

In 1815-16, the English scientist W. Prout put
forward the idea that the atoms of all elements are
"aggregates" of hydrogen atoms. This idea led to
the hypothesis that all atomic weights are integers
and multiples of the atomic weight of hydrogen.
This idea attracted the attention of many chemists,
but was rejected: for example, the atomic mass of
chlorine is 35.5 g/mol.

William Prout — English physicist and
chemist 1785-1850

In 1825, German chemist 1. Deberener
grouped elementary substances based on their
characteristic chemical properties, combining
similar elements into triads (Ca-Sr-Ba; CI-Br-I,
and others) and discovered that the atomic weight
of the middle element in each triad is equal to the
arithmetic mean of the other two elements.

In the second half of the 19th century, the prob-
lem of the relationship between atomic weights
and the chemical nature of elements attracted the
attention of many researchers. Between 1850 and
1860, attempts to solve this problem were made
by J. B. Dumas, A. de Chancourtois, W. Odling,
and others.



Johann Wolfgang Dobereiner - German
chemist 1780 — 1849

In 1865, the English chemist J. Newlands ar-
ranged the elements in order of increasing atomic
weight and obtained a new vertical row of eight
elements. This periodicity in the system was
called the Law of Octaves.

John Newlands — English chemist 1837-
1898

Mendeleev's system

At the end of 1860, D. I. Mendeleev believed
that atomic weights, as a basic characteristic of el-
ements, should determine their chemical affinity
and, accordingly, their properties and the proper-
ties of the simple and complex substances formed.

34

He set himself the goal of creating a universal
classification system for the elements. As the
basic principle of this classification, Mendeleev
chose the similarity of the elements in a qualita-
tive sense, i.e. by the nature of their reactions
(which is why he compared them in relation to ox-
ygen and hydrogen, correlated the physical and
chemical properties of the simple substances and
compounds formed by the elements, etc.).

Dmitri Mendeleev - russian chemist 1834 —
1907

The main principle of the system was to study
the similarities and differences in the quantitative
parameters of the compared elements, primarily
the atomic composition of their compounds. Other
characteristics such as valence, isomorphism, and
specific volume of simple substances were not
key criteria in this classification (although Men-
deleev took them into account in cases where
other properties coincided).

Ultimately, Mendeleev created a table of alter-
nating groups and rows of elements and showed
that the properties of each element depend on its
position in the table.
This systematization contributed to a certain order
in the multitude of chaotic facts about chemical
elements and their compounds. Mendeleev him-
self saw in this system not just a convenient clas-
sification, but a new law—the periodic law,
which established periodicity in the physical and
chemical properties of elements as a function of
their atomic weights.
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This law not only summarized the known
facts, but was also intended to serve future re-
search, a necessity dictated by the fact that in the
19th century many regularities remained incom-
prehensible: different lengths of periods in the
system, the need to rearrange some elements, etc.
The very nature of the relationship between the el-
ements and the properties of the complex mole-
cules they form was also unclear.

Experimental verification required facts pre-
dicted by Mendeleev himself on the basis of the
periodic law. These predictions concerned the un-
known elements for which empty cells had been
left in the table. Mendeleev's predictions about the
atomic weights of undiscovered elements (scan-
dium, gallium, and germanium), as well as their
physical properties and the properties of their
compounds, were soon confirmed. This increased
interest in the periodic law and demonstrated its
ability to organize and refine the newly discov-
ered elements.

Considering the previously established scien-
tific truth of the periodic law, it could, in principle,
have been proven wrong by contradictory facts.
This is how inert gases, radioactivity, isotopes,
and other phenomena were discovered. At the be-
ginning of the 20th century, the law itself under-
went a change. The importance of the discovery
of the periodic law lies in the fact that it contrib-
uted to a new aspect in physical research, which
helped bring physics and chemistry closer to-
gether. The repetition of properties in groups of
elements led to the idea that there was something
that repeated itself in the atoms themselves. Men-
deleev also believed this, suggesting that the rea-
son for the law lay in the "internal mechanics of
atoms and molecules." At the beginning of the
20th century, the thinking of chemists and physi-
cists was focused on understanding this "internal
mechanics," which led to the establishment of
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new views on the structure of substances and pe-
riodicity.
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HUHTEJIMI'EHTHOTO NPOU3BO/JACTBO — IBUT'ATEJ HA UHAYCTPUA 4.0
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3A ITAKETUPAHE HA SIIKHU/

Henu Hukonoga, Uaitino JluMutpoB

INTELLIGENT MANUFACTURING - ENGINE OF INDUSTRY 4.0
/EXAMPLE OF A ROBOTIZED NUT PACKAGING LINE/

Neli Nikolova, Ivaylo Dimitrov

ABSTRACT: The purpose of the report is to analyze the role of intelligent manufacturing as a key engine of
Industry 4.0, by examining the example of a robotic assembly line for packing nuts. As a result of the study, it is
established that the implementation of a robotic assembly line for packing nuts significantly improves the efficiency
of the production process by increasing speed, reducing human errors and optimizing costs. Smart technologies
provide constant quality control, traceability of production and the ability to quickly adapt to market requirements.
The analysis confirms that smart manufacturing is a key factor for the sustainable development and
competitiveness of enterprises in the conditions of Industry 4.0.

Key words: Industry 4.0, intelligent manufacturing, robotic assembly line, smart technologies

BnBeaenne

3agpnbouaBaHeTo Ha JeMorpadcekara Kpusa
MMa OTPOMEH HeraTuBeH e()eKT BbpPXy HaMHpa-
HETO Ha CIY)KHUTEIH U BbPXY Pa3XOJHTe 3a TPY.
HsiMa kak OBArapckusT OM3HEC Jia Ce CIpaBU C
TO3U TIpobieM 6e3 aBTOMaTH3aIs M ONTUMH3a-
U Ha TPOU3BOACTBOTO. HeobOxommmocTra OT
MOCTOSIHEH TEXHOJIOTHYEH HAIpeIbK Mpe3 Ioc-
JISTHUTE TOAMHH TTOPAXK/Ia U3KITIOYUTEITHO KOHKY-
pPEHTHA cpeia Ha pa3BUTHE HA WHIYCTpHAIHATA
aBTOMaTH3alys. /lHeC HOBOTO Tpeau3BHKATEIIC-
TBO TIpe]l Hesl € Jla Ce yBEIWYM MPOU3BOAUTEI-
HOCTTa U J]a C€ YCHhBBPIICHCTBAT BE3MOXHOCTHTE
3a ChBMECTHA paboTa Ha epcoHal M aBTOMaTH3H-
paHo obopyBaHe, 6€3 a ce paBU KOMIIPOMUC C
Ka4eCTBOTO. PelieHust KaTo U3KyCTBEH UHTEIICKT,
HMI (UuTepdetic voBek-mammua) u lloT (UH-
TEpHET Ha HelllaTa) U BHEJAPSIBAHETO HM BbB BUCO-
KOTEXHOJIOTUYHO 000py/IBaHE MPEIOCTABAT €HU
OT Haii-o0eIaBanuTe KOHICIIHY 32 CIpaBsHE C
TOBA MPEIM3BUKATEIICTBO.

Ienra Ha TOKIJIaa € J]a c€ OCUTYPU aBTOMATH-
3MpaHO PElICHHE 32 BUCOKOCKOPOCTHO MAaHUITY-
JHMpaHe, KOeTO J1a YBEIMYH IPOU3BOAUTEIHOCTTA
B Kpas Ha JIMHUSTA TPH TO-MAJIKU MMaKeTH H Ja
NPEIOCTaBH BB3MOXKHOCT HAa MPOHM3BOAUTENS 3a
pasmmpsiBaHe Ha TMPOU3BOACTBOTO B OTTOBOp Ha
HapacTBallOTO ThPCEHE.
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Pemenuero e uHCTanmMpaHe Ha HOBA JIMHUS,
o0opyZBaHa ¢ IBe TPAHCIIOPTHU JICHTH, KaMepa 3a
KOHTPOJI, CUCTEMa OT BAJIAIH 3a IIPOBEpKa Ha ro-
TOBaTa MPOIYKIM, Ba poboTa: enuHuAT ABB
IRB 1100 e 3a crpBaHe Ha KallOHU U ABB
IRB 360 nmenta po0OT 3a copTHpaHEe U MaKETH-
pane Ha saku. HoBata aBTOMaTm3upaHa OmaKo-
BBYHA JINHUA 111€ IOMOTHE Ha IPOU3BOAUTEIS HA
1KY ,,JleTennna® 1a Kopurupa TECHUTE MecTa B
MIPOM3BOICTBOTO U JIa YBEIMYH MpoayKiusTa. [1o
TO3W HAYMH KallalUTEeThT 3a MaKeTHpaHEe LIe ce
yIIBOM, KOETO II€ MO3BOJM KOPUTHpaHE Ha Tec-
HUTE MeCTa U yBeIM4YaBaHEe Ha MPOIYKIHUATa Ha
knuenTta. CkopocTTa U epeKTUBHOCTTa Ha pobo-
THUTE [IPEJOCTABST Bb3MOKHOCT 32 HAMaJIIBaHE Ha
BpeMEHaTa 3a IUKBJ, ONTHMHU3UpPAHE HA MPOU3-
BOJICTBEHUTE Pa3XoJy M CBUBaHE Ha PaOOTHHTE
CMEHHU OT TpH Ha Ase. M3nom3Banero Ha poboTn
Hajiara Ha IIPOM3BOAMTEINTE J1a Ipepasriiesar pa-
OOTHUTE CH MPOIECH U TM IPUHYKJaBa Ja CTaH-
JapTU3UpaT 3a7ayll, YaCTH U MaTepuallu.

HN3aoxenue

WHTEeNUreHTHOTO MPOM3BOJCTBO € ABHIaTel
Ha Ungyctpus 4.0, Teii kato oOequHsIBa ChBpe-
MEHHH MU(PPOBH TEXHOJIOTHH, aBTOMATU3AIUS H
aHaJIM3 Ha JaHHH B €IMHHA IPOU3BOACTBEHA CUC-
tema. To npeobpassiBa TpaiuUHOHHUTE (HabpUKH



B YMHH MPEATNPUATHS, CIOCOOHH J]a paboTAT T0-
0BbP30, MO-I'EBKABO U MO-¢(EKTUBHO.

B ocHOBaTa Ha WHTEIMTCHTHOTO MPOU3BOJIC-
TBO crosT M3kycTBeH unTenekt, IHTepHeT Ha He-
maTa, poOOOTH3UPAHUTE CUCTEMH, OOJTAYHHUTE TEX-
HOJIOTMH Y TOJIEMUTE MaCHBH OT JJAHHU. MalivHu,
CeH30pH U coTyep KOMYHUKUPAT MIOMEXK/Y CH B
peaxHo BpeMe, chonpaT mHpOpMaIis 1 aBTOMa-
THYHO ONTHMHU3UPAT MPOU3BOJCTBEHUTE MPO-
LECH.

Taoaunal. KirouoBu TeXHOJIOTMH 32 WHTEIHN-
TCHTHA TpaHChopMaIlus

TexHos0rus IIpusoxkenne B MHAYCTPUSATA

H3kycTBeH nH- | OnTEMH3aIUS HA IPOU3BOJCT-
TeJiekT (Al) BOTO, KOHTPOJI Ha KA4€CTBOTO

IoT (MuTepHeT | MOHHUTOPUHT B pEATTHO BpEME,

Ha Helara) HOAAPBHXKKA Ha 000pyIBaHEe
Big Data n ana- | AHanu3 Ha MIPOU3BOACTBEHU
JINTHKA JITAaHHU 32 B3€MaHE Ha pelICHUs

Kob6oTu (kona-

Pabota cpBMeCTHO ¢ Xxoparta —
0OpaTHBHHU Po-

Oe3ommacHa U aJanTUBHA

0oTHn)
O0sa4Hu TexHo- | [leHTpanu3upaHo ynpaBieHue
JIOTHH Ha nH$opmanus
Ku6epcurypHnocr | 3amura Ha HHTEJIEKTyalHa cO0-

CTBCHOCT U UHAYCTPHUATTHU CUC-

TEMHU

OCHOBHO npeaAuMCTBO Ha HWHTCIUTCHTHOTO
MPOM3BOJICTBO € BBH3MOXKHOCTTA 32 B3eMaHE Ha
OBp3u ¥ TOUHM perneHus. Hampumep cuctemure
MOraT Ja OTKPHMBAT HEU3IPaBHOCTH IIpeABapU-
TEJHO, J1a TUTAHUPAT MOJJPHKKA, J1a HAMaJsBaT
Pa3Xxo/uTe 3a CHEPrHsl U Ja MOBHUIIABAT KAYeCT-
BOTO Ha mpoaykuusrta. ToBa HaMaisBa IpecTos
Ha MalllMHUTE W YBEJINYaBa MPOU3BOIUTEIIHOCTTA.

Jlpyra Ba)kHa XapakTepUCTHKA € 'bBKaBOCTTA.
[Ipennpusarusara Morar JIECHO J1a IIPOMEHSAT IIPO-
W3BOJICTBOTO CIIOpE/ HY)KJWUTE Ha Ta3apa, Ja u3-
paboTBAT MEPCOHATU3NPAHU POIYKTH U Jia pea-
rUpar no-0bp30 Ha KIIMEHTCKUTE H3UCKBAHUSL.

HHTEenureHTHOTO MPOU3BOJICTBO CHIIIO MOJ100-
psiBa yCJIOBHSTA Ha TPyJ. POOOTHTE moemMar Tex-
KHTE, ONTACHUTE U MOBTAPSIEMUTE IEHHOCTH, a XO-
paTa ce Haco4BaT KbM YIIpPaBJIEHUE, KOHTPOJ U
nHoBanuu. ClieZI0BaTEIHO HHTEIUTC€HTHOTO IPO-
W3BOJICTBO € OCHOBHUAT IBUTaTeN Ha MHIyCcTpHus
4.0, 3amoTo Ch3maBa MO-KOHKYPEHTOCIIOCOOHA,
YCTOMYMBA M BUCOKOC(EKTUBHA WUHIYCTpUS, TO-
TOBA 3a MPEAN3BUKATEIICTBATA HA O'BJICIIIETO.

Pemenwusra 3a aBTOMaTH3aIus MOTaT J]a HamMa-
JSAT JIPACTHYHO Pa3XOJUTE 3a JIOCTaBKU. ToBa
JlaBa CTUMYJT Ha WHOBAITUUTE B poOOTHKATA, T03-
BOJISIBAIIM HAa TMPEANPHUATHATA B  Pa3IAYHU
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WHJIyCTPUU JIa paboTAT aBTOHOMHO C YBEJIWYCH
KararuTeT U Bb3MOKHOCTH.

[TpoabmKUTEIHOTO O0yYeHHE M aJanTHpaHe,
KaKTO U HEJJOCTUTHT Ha pabOTHA PBKa, ca BAKHU
(bakTopH, IBMKEIIN BHEApsABaHeTo. Bee moBeue n
MoBeYe MPEINPUITHS 32 JIOTUCTHKA, JUCTPUOY-
IS ¥ YIIPaBJICHUE HA CKJIAJJOBU 0a31 HHBECTHPAT
B aBTOMAaTHU3UpaHu perieHus. Thi KaTo TEXHOJIO-
THSITa ce MOJI00PsBa U MPHUIOKECHUATA CTaBaT 10~
HMIMPOKOOOXBATHHU U TO-T'bBKaBH, pOOOTHKATa Ce
BB3IpPHEMa OT MO-3HAYUTEJICH OpOil MPOU3BOICT-
BEHH OIlepalyy.

BbBexaHeTo Ha MHAYCTPUATHH POOOTH TO-
BUIIABa €()EKTUBHOCTTA M PEHTAOMIHOCTTA Ha
MPOU3BOJICTBEHUSI IPOIIEC Ype3 ONTHUMHU3UPAHE Ha
W3MoN3BaHuTe pecypcu. HTerpanusara Ha HHAyC-
TpUAIHA pO6OTI/I CIIECTABA SHAYUTCIHU PECYPCH B
CPEHOCPOYCH M JBJITOCPOYCH IIaH. Br3Bpaina-
€MOCTTa OT TIOJI0OHU TIPOEKTH € CPEIAHO OKOJIO
20% 10 50% Ha roAuHA, a B CHCHU(PUYHYU CITydau
u noseue. MHaycTpranuute podoTu Morar jia pa-
6otst genonomHo npu 100% edextuBHOCT. 13-
MOJI3BaHETO HAa POOOTH Hajara Ha MPOU3BOJMTE-
JUTE Ja TpepasriieiaT pabOTHUTE CH MPOIECH U
TH TpPUHYXKJaBa Ja CTaHAApPTU3UPAT 3aJaud,
YacTH M MaTePHUAIH.

C'I)BpCMeHHI/IHT €Tall Ha Pa3BUTUC Ha aBTOMa-
TH3ALHUITA Ce XapaKTepH3Upa ChC 3HAYUTEITHO YC-
JIOKHEHUE Ha 3a/1aYlTe Ha aBTOMATUYHOTO YII-
paBJICHHUE: yBeNIWYaBaHe OpOsi Ha PeryIUpPyeMHUTe
mapaMeTpd M Bpb3KaTa Ha PEryJaTOpHHUTE
00eKTH; yBeMYaBaHe HA HEOOXOAUMATa TOYHOCT
Ha peryJupaHe, CKOpOCTTa UM, YBEJIMYaBaHEe Ha
JMCTAHIMATA 32 KOHTPOJ u mp. Te3u 3agauun Mo-
rar ia ObJat pelieHy caMo Ha 6a3ara Ha MOJISpPHO
ENIEKTPOHHO 000py/BaHe, MHUPOKOTO MPHIIONKE-
HHE Ha MHKPOIPOLECOPH U YHHBEPCATHH KOM-
motpu. JJoOporo pazdupaHe Ha MpeIUMCTBaTa U
HEJIOCTATBIUTE HA UHIyCTPUATHUTE POOOTH € OT
CBIIECTBEHO 3HAYCHHUE 32 YCIICIIHATA UM HUHTETr-
parysi B IPOU3BOCTBOTO.

B ycrnoBusTa Ha 4YeTBBpPTATA HMHAYCTpHAITHA
PEBOIONHMS MPSANPHUITUATA B MAITHHOCTPOUTEI
HHSI CEKTOP Ca U3IPABEHH MpeJl MPEIU3BUKATEIIC-
TBOTO JIa TOJJOOPSIT onepaTuBHaTa €()EKTHBHOCT U
Ka4eCTBOTO Ha MPOAYKIUSATA CH, CHIIEBPEMEHHO
penyuupaikiu TMPOU3BOJCTBEHUTE Pa3xoau U
LMKJIH. 3a Ja IIOCTUTHAT Te3M eI, MHOI'O KOM-
NaHUM BHEIPSBAT BUCOKOTEXHOJIOTHYHU pellie-
HU 3a aBTOMATHU3alluA 1 I'bBKaBU pO6OTI/I3HpaHI/I
CUCTEMHU, KOUTO 3HAYUTCIIHO OITHUMHU3HUPAT Ma-
IMIMHOCTPOUTEITHUTE OTIEPAIIMHU U TIOKPUBAT BHCO-
KUTE CTAHIAPTH Ha MOJICPHH KOHLICTIIINH 32 HHTE-
JUTEHTHO MPOU3BOICTBO Karo Industry 4.0, Smart
Industry u Smart Manufacturing.



Criopen ekcriepTuTe NpeBphIaHEeTO HA TPa -
[MUOHHOTO TPOU3BOJICTBO B HWHTEIHMI'CHTHO OT-
HEMa MEXAY CeAeM M MeTHaAeceT TOAWHH. Bb-
BEXJIAaHETO HA MHTEIIMTEHTHO MPOU3BOJICTBO HE €
CBBP3aHO CaMO ChC 3aMsHA HAa MAIllUHH, a C IIs-
JIOCTHO TIPECTPYKTYPHPAHE HA CHIICCTBYBAIIUTE
1 100aBsHE Ha HOBH MPOM3BOACTBEHH MPOLECH.
OcBeH TOBa CIyXUTenuTe TpsiOBa aa MPUIOOUSIT
HOBU KomrneTeHIMU. OT ChIIECTBEHO 3HAUCHHE €
3D gurutanuzanusTa B WHTECIMTEHTHUTE MPOU3-
BOJICTBa. Bce mo-mMainko 4OBEHIKH TPYA ce cpelia
B CbBPEMEHHOTO TIPOH3BOJICTRO.

Ha mazapa ce npemuiarat mmpoka raMma HHAYC-
TPUATHU POOOTH, MPOEKTHPAHH CIEHHUATHO 32
MPUIOKEHUS B MAITHHOCTPOSHETO, BKITFOYUTEITHO
MOHTa)XHH, 00paboTBaNTy W 3aBapbuHH POOOTH,
pobotu 3a oOcimyxkBaHe Ha 00OpaboTBalU Ma-
IIMHU, pOOOTH 32 M3ITBIHECHUE HA PA3IIHYHH CITO-
MaraTelH TEXHOJIOTUYHU OTEpaIiu, KaTto 00s-
JUCBAHC, HAHACAHC Ha IMOKPUTHA, JICTIUIIA U YII-
JIBTHUTCIIN, pO6OTI/I 3a aBTOMaTHU3MpaHa MaHUITYy-
Janps ¢ MaTepualiid, 3a MEXAyoIepaloHeH
TPAHCIOPT U T. H.

PoGoTu3upanuTe cucTeMu HaMUpPAT MPUITOKE-
HUE BbB BCHUYKH IMOJIOTPACITN HA MAITHHOCTPOH-
TeNHUS OpaHIl, KAKTO W BbB BCHUYKU CTANU Ha
MPOM3BOJCTBOTO, BKJIIOUMTETHO MeTanoobpa-
00TKa, 3aBapbUHU OINEPALUK, MAHUIYJIUPaHE C
MaTepHaly, YaCTH U KOMIIOHCHTH, HaHACSHE Ha
IMOKPUTHUA, MOHTaX Ha BB3JIM U aCCM6JII/IpaHe Ha
eI MalllMHA, BU3yaJlHa UHCIICKIUA U IP.

Wunycrpuanaute poOOTH 3aMeCTBAT YOBEKA
MIPY U3ITBJIHEHUETO HA BCE MTOBEYE TEIKKHU, OTIACHH
WM TIOBTOPSIEMH OTIEPaIliy B aBTOMOOMIIOCTpOE-
HETO, TPAHCIIOPTHOTO U WHBECTHIIMOHHO MAIIIK-
HOCTPOCHE, EJICKTPOHHOTO U €JICKTPOTEXHHUECKO
MaIIMHOCTPOCHE, MPOU3BOJICTBOTO HA MEMIIMH-
CKO 000pyABaHE 1 OUTOBH EICKTPOYPEIH, IIPOU3-
BOJICTBOTO Ha MAIIIMHK, 000PYIBAHE U ChOPBIKE-
HUS 32 TEKKATa M JIeKaTa MHIYCTPUS, KaKTO U 3a
0TpacinTe Ha MAITUHOCTPOSHETO METATIOPEIKEIH
MAIllMHH, KOBAIIKO-TIPECOBO 00OpYBaHE, MHCT-
PYMEHTH H T. H.

C BCsIKO cieqBaIio MOKOJEHHWE aBTOMATH3H-
PaH{ TEXHOJIOTUH POOOTHUTE B MAIIMHOCTPOEHETO
CTaBaT BCE MMO-KOMITAKTHU U KOJAO0OpaTUBHU, BCE
IMO-MaHEBPECHU H e(i)eKTI/IBHI/I, BCC IIO-MOIIHU N
Obp3u, TapaHTHPANKH MO-KPaTKH MPON3BOJCT-
BEHU I[HKIM M YCHBBPIICHCTBAHO KAueCTBO Ha
MPOMYKIIUATA B ChUETAHUE C TOM0OpeHa pecyp-
CHa, pa3XxojiHa ¥ eHepruiiHa e()eKTHBHOCT.

Pick and place poboTute yecto ce u3noa3BAT
B CbBPEMEHHHTE MPOU3BOJCTBEHU cpenu. Te ce
CTIPaBsAT C MOBTAPSIIIY CE 33]]a4H, KATO OCBOOOXK-
JIaBaT CIYXHUTEINUTE Ja ce POKyCHpaT BhPXY I0-
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KOIUIeKcHa pabota. M3non3Bar ce B MPOU3BO/IC-
TBO OT pa3jM4YeH BHJ, KAKTO U B TPUIOKECHUS
KaTo ONaKoBaHe, ChOMpaHe Ha KOHTEHHEepH, UHC-
nekius ¥ 1pyru. OCHOBHUTE MPEAMMCTBA Ha TO3H
TAT poOOTH ca OBp3WHATA W TIOCIEIOBATEll-
HocTTa. Te yecTo ca ¢ MaNKu pa3MepH U ca JICKH,
KOETO 'l IPABH WACATHH 3a U3MOJI3BaHEe B MPUIIO-
JKEHHUS, KbACTO MPOCTPAHCTBATA Ca OTPAHIYCHH U
TPYIHOOCTHITHH.

ABB Robotics ¢ nronep B poboTHkara, ma-
[IMHHATA aBTOMATU3AIMS U JUTHTATHUTE YCITyTH,
MPEOCTABSIMKK WHOBATUBHHU pEIICHUS 3a pas-
JUYHA WHAYCTPUH, OT aBTOMOOMIIOCTPOEHETO
mpe3 eJeKTpOHUKaTa 10 Joructukara. Poborute
ABB onepupar B 53 ctpanu u osede ot 100 pe-
THOHA IO LENHUS CBST ¢ HATPYIAH KanaluTeT, 00-
XBallAL ITUPOK CIEKTHP OT UHIYCTPUU U NIPUIIO-
KCHUS.

IIpenn 10 romman ABB mpencraBs YuMi,
II'BPBUSAT B CBETA HAMCTHHA KOJIA0OpaTHUBEH pOOOT
- MIHOBAaTHUBEH M YAOOEH 3a 4oBeKa POOOT C JBE
phIie C PEBOIIOIMOHHA (YHKIIMOHATHOCT, TPE]-
Ha3Ha4YeH J1a OTKJIIOYH OTPOMEH TIo0aieH A0mb-
HUTCJICH MOTCHIMAJ 3a aBTOMAaTU3alusa B UHAYC-
TpusTa.

YuMi® e mpoekTupaH 3a HOBa €pa Ha aBTOMa-
THU3alWs, HAPUMED TIPH CTIIO0SBAHETO HAa MaJIKU
4acT, KbJECTO XOpa U pobOTH paboTAT paMo 1o
pamo 1o eJHU U ChINU 3amaun. be3onacHocTTa €
BrpajicHa BbB ()YHKIMOHAIHOCTTa HA CaMUS PO-
00T.
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®@ur. 1. Konaboparusen pooor ABB YuMi®

HapacrtBamoro cemeiictBo ot pobdorn YuMi
Ha ABB e gacT oT Habop OT BBJITHYBAaIIHN PEIIEHUS
3a CbBMECTHA aBTOMAaTH3alis, KOUTO IIoMaraT Ha
xopaTta u poboTuTe 0e30macHoO Ja padoTAT Mo-
01130 3aeJHO, OTKOJKOTO € BB3MOXKHO JIOCera.
ABB 100aBg # HOB 4jleH KbM CEMEWCTBOTO Ha
YuMi, 7-ocoB YuMi, Hali-MaJIKUAT U HAl-IIbpraB
KojabopaTuBeH poOOOT J0cera, KOETO TIpaBU



ITyCKaHEeTO My B IPOHU3BOJICTBO MO-JIECHO OT BCS-
kora. HoBarta 7 oc cbII0 Taka OTBaps CBSAT OT I'bB-
KaBU BBH3MOXKHOCTH — Hampumep YuMi ¢ enHo
pamo U JIBOMHO pamMo Morar fa ObJaT KOMOMHHU-
paHm, 3a 1a ce m00aBM CTAaHIHA 3a MMOJaBaHE Ha
YacTH WM WHCIEKIMOHHA CTAaHIWS KbM MOH-
TakHa KieTka. OCBEH TOBa KIMEHTHT MOXKE Aa
HCKa J1a ©Ma TP WK TleT YuMi pamMeHa B priio-
YKEHHeE, 3a Ja MoI00pH BpEMETO Ha IUKBJIA.

Lsnoro cemetictBo YuMi € MpOeKTUPaHO Jia
ObJe JIECHO 32 HACTPOIKa M U3MOJI3BaHe Oiaroza-
peHHe Ha MHTYUTHBHOTO CH BOJIEHE Upe3 Mporpa-
mupane. ToBa o3HauaBa, ye JOpH xopa Oe3 cre-
IUATU3UPAHO 00yUeHHNE WU NPEAUIICH OMTUT MO-
raT yCIIeNTHO Ja U3I0I3BaT POOOTH.

KomoboparuBauTE poOOTH MK KOOOTH Cca po-
00TH, IpeJHA3HAYCHU 32 TIPSKO B3aMMOICHCTBHE
C XOpa B paMKHTE Ha CITOJIEIICHO MPOCTPAHCTBO
WM KBJETO X0OpaTa v POOOTHUTE ca B HEMOCPEICT-
BeHa Onm3oct. Te umMar BrpajeHu CeH30pH, KOUTO
CIHpar JABIKEHHUATA Ha paboTa B OIU30CT 0 XO-
pata. KoGoTuTe BB3MpreMar Bce oBede U oBeUe
HOBH (DYHKIIMH B TPOU3BOJICTBATA U JIOTUCTUKATA,
BKJIIOUUTCIIHO HMHCIICKIMA, MaJCTU3UPAHE, IMOA-
IpBXKKa HA MAIIMHU, BU3yaJTHO HACOYBAHE 32 M3-
0op, 3axBaIade W MMOCTaBsHE, MIIH(OBAaHE U 3a-
BapsiBaHe. [1o Ta3u npuyrHa HEMPEKHCHATO CE MO~
N00psBaT W BB3MOXKHOCTUTE 3a MPEIHU3UpaHEe H
obe3ormacsBane Ha poOOTUTE 3a TO-IIBIHOIICHHO
aganTupane KbM pas3iIM4Hd CbBMCCTHU CPEAU Ha
pabora.

Pa3zpaGorenure crieruanHo 3a 1enTa naaeTH-
3aTOpPH OT Ta3u Cepusl yBeIINIaBaT MPOU3BOTUTEI-
HOCTTa 3a MPHUJIOKEHUS B 00JIACTTa Ha MaNeTH3H-
paHeTo W MaHHWITyJupaHeTo. bmaromapenue Ha
Hal-ChBpEeMEHHHUS U3aiH ¢ 4 ocu, Obp3ara Ma-
IMHA chYeTaBa 00xBat oT 3,15 MeTpa ¢ mosie3eH
ToBap ot 250 KT, KOeTo s MpaBH KeaHa 3a najie-
TH3WpaHe Ha YyBaJIH, KYyTHUH, Kach, OYTHIKH U
npyru. BrieuarnsgBamusat o0xBaT Ha poboTa 03Ha-
YaBa, 4ye TOH MOJKe Ja 00CIyKBa JI0 YETUPH I0J1a-
Ballli KOHBelepa, JBa MaJETHU CTeKa, €ANH CTEK
C TUTH3TAIH CE JIMCTOBE M YETHPH MMAJICTH3IUPAIIH
W3XOJISIIH JIMHUH.

,»JAnku Jerennna” EOO/L e munep Ha Obarap-
CKUST Ma3ap 3a MPOU3BOJCTBO M THPIOBUS C TIe-
YCHHU U CYPOBH AJKHU, CYHICHU ITIJIOAOBE U 3CJICH-
qyIy. YCHEIHO € HaJOoKWIa Ha Ia3apa CBOUTE
mapku: Detelina’s Nuts, Detelina’s Seeds u
Detelina’s Fitness. ®upmara pasmonara ¢ go0pe
00y4eH u KBATM(UIMPaH TIepCOHAN, TPOU3BOJIC-
TBEHUTE W CKJIaJOBUTE IUIOLIM Ca PAa3IOJIOKEHH
Ha 5100 m?, a CypOBHHHTE ca KaKTO OBJTapCKH,
TakKka 1 BHOC OT ITOYTH BCUYKU KOHTHUHCHTH.
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brnaromapenne Ha n0o0pHs MapKETHHT, OT-
JUYHO pa3BHTaTa AUCTPHOYTOpCKAa Mpexka ! JIOo-
TUCTHYHA JEHHOCT, MPOIAYKTUTE C ThpProBCKa
Mmapka ,,Snku JlerennHa” Morat qa Obaat KylneHu
B THPTOBCKAaTa Mpeka Ha IsiaTa cTpaHa. 3a 3a/10-
BOJIIBAHE HAa BUCOKHTE N3UCKBAHUS HAa KITHEHTUTE
M0 OTHOILICHHWE Ha KayecTBO M Oe3omacHocT, 60-
raT acOpTHUMEHT Ha MPOAYKTUTE U pasHooOpa3ue
B ONAKOBKUTE M pPa3(acoBKUTE, APYKECTBOTO
pasnonara ¢ MOJIEPHO TEXHOJIOTHUYECKO 00opya-
BaHe 3a MeYeHe U MaKeTupaHe, KaKTo U C Jo0pe
o0opy/ABaHH CKJIaIOBE 3a ChXpaHEHHe M coOCT-
BEHU TPAHCIOPTHH cpeAcTBa. CTPOTUAT KOHTPOI
Ha Ka4yeCTBOTO M CAaHUTAPHO-XUTMEHHUTE U3HCK-
BaHMS Ha BCEKH €Tal OT IPOU3BOJICTBOTO, ChXpa-
HEHHETO U TPAHCIOPTHPAHETO, IIpaBH (QupMaTa
CHIJIHO KOHKYPEHTHOCIIOCOOHA Ha Ta3apa.

VYenexbT ¥ € rapaHTUpaH OT MOCTOSHHUTE UH-
BECTUIINH B HWH(]PPACTPYKTypara, MaTepuaTHO—
TeXHMYECKaTa U ThProBcka 0a3a, pekjiamaTra u
00y4eHHeTO Ha TMepcoHaNa, OTINYaBall ce ¢ BU-
COKHSl CH TPO(ECHOHAIN3HM, KOMIIETEHTHOCT,
CHJIHa MOTHUBAIUS U I'bBKAaBOCT B NMPOU3BOJICTBE-
HaTa U 1IEHOBA IOJUTHKA — Pe3yJTaT OT OpTraHu-
3aIMOHHATA KYJITypa Ha KOMIAHUITA.

®upmara mpenyara MUPOK ACOPTUMEHT OT
MPOAYKTH, C KOUTO 33JI0BOJISIBA HY>KJUTE Ha CBO-
UTEe KJIMEHTU: MEYEeHU CEeMKH U SAKH, IIOKOJIH-
paHM SOKH, CYIIEHU IIOJOBE W 3eICHUYIIH, CY-
POBHU KU U CEMEHA, 3PaBOCIOBHH MUKCOBE.

»Anku [lerenuna” EOO/] monepHu3upa u pas-
IIMpsiBa CBOSATA MPOU3BOJICTBeHA 0a3a. Ts e cep-
Tudunrpana u 3a npousBoactso Ha BUO cemena
u saxu ceriacHo periamentu (EC) 834/07 u (EC)
889/08. OnakoBKUTE, U3MOI3BAHU B MPOU3BOICT-
BOTO Ca C OTJIIMYHO KayecTBO W IIPUTEkKaBaT
CBOIICTBa, KOMTO 3ama3BaT CBEXHS BKYC Ha Mpo-
IYyKTHUTE 3a Mo-IbJaro Bpeme. HoBa aBTOMaTu3u-
paHa OTMaKOBbYHA JIMHUSA [TIOMara Ha TPOU3BOJIHU-
TeTs Ha SIIKM ,,JleTenuHa® m1a Kopurupa TeCHUTE
MeCTa B IPOU3BOICTBOTO, YBETUYaBAUKH MTPOTYK-
nusta. DOKyCchT B Pas3riIekIaHOTO JPYKECTBO €
npeJiaraHe Ha T'bBKAaBY M HAJICXKTHU PEIICHUS 3a:

"  TaJIETU3UPAHE;

* JlenajeTU3NpaHe;

* B3€MaHe U NOCTABSHE;

" TIaKeTHpaHE;

"  MaHWITYyJIHpaHe;

* 3aBapsBaHec;

" ONTUMH3AIMS Ha CHIIECTBYBAIH POOOTH.

ABTOMaTHYHAaTa CHCTEMa 3a IAaKeTHPaHE B
TPaHCHOPTHA ONAKOBKAa Ha MPOAYKTH, MOCTHII-
Ballly OT TPAHCIIOPTHA JIEHTA MPEACTABISABA KOM-
OMHAIMA OT MaHWIyJaTop c JexaproBa X-Y



KMHEMaTHUKa U JICHTA 3aXpaHBallla C TPaHCIIOPTHU
OITIaKOBKH.

®@ur. 2. BepTukanHa nakeruparia MaiidHa

[IpomykTuTe 3a MaKETUpaHE IMOCTHIIBAT IH-
PEKTHO OT M3X0/1a Ha TIOCTIeAHAaTa MaIlIMHA B IPO-
M3BOZCTBEeHUS Tporiec. KoHkpeTHaTa peam3arius
MIPEACTABIISIBA MTAKETHpPaHe Ha TMaKeTdeTa SAKH ,
KOWUTO BJIM3aT B CHUCTEMaTa 3a MakeTupane 1o 1
Opoii Ha Bcska ceKyHIa. MaHUIYIaTOPbT CIEAH
BCSIKa IMTOCTBITBAIIA IPYIla K aBTOMATHIHO CE OpH-
SeHTHpa 3a HeWHaTa MO3WIMS BBPXY BXOJTHATA
TpaHcnoptHa jeHTa. Cien KaTo moeMe rpymnara,
4ype3 BaKyyM eJIeKTPO-MeXaHWIHA CHCTEMa KOMII-
pecupa (HU3UYECKH TpymnaTa, Taka ue TS Ja Bie3e
B TpaHCIIOpTHATa onakosa. [IporechT ce moBTaps,
JIOKaTO TPAHCIIOPTHATA OIAKOBKA C€ 3aITbIIHU.
CnenBa aBTOMATUYHO 3aTBapsSHE U MO3ULIMOHU-
paHe Ha HOBa TPAHCIIOPTHA OIMakoBKa. llsmara
CUCTEMa MOMJIC)KH Ha MOAU(DUKAIMA B 3aBUCH-
MOCT OT TIAKETUPAHUSAT MPOIYKT U TeMIIa Ha pa-
0ora, TpaHCIIOpTHATa OMAKOBKa M (DU3MYCCKUTE
BB3MOKHOCTH Ha paOOTHOTO IIPOCTPAHCTBO.

ETo kak emHa mHBecTHIUS B poOOTH momara
Ha MPOU3BOAUTENA HA SIAKY ,, JleTenuHa “ na yBe-
JIMYM PEHTAOMITHOCTTA CU U JIa Ch3/1ajie 1mo-100pa
pabotHa cpena. ®upmara HaMupa HAYUH 12 yBe-
JUYA KAaKTO TPOAYKIHUATA, TaKa W PEHTAOMII-
HOCTTA ¥ JI1a aBTOMAaTHU3UPa MOHOTOHHUTE 3a]1aul
B MIPOM3BOJICTBEHUS MPOIIEC, OKA3BAIIN BIHSHUE
BBPXY 3/IpaBeTO M 0E30MacHOCTTAa Ha CITy>KUTe-
nute. MHCTaNMpaHeTo Ha  BHCOKOCKOPOCTHHS
poOOT TToMara mpu MOCTaBSTHETO HA OMTAKOBAHUTE
SIIKU. ABTOMAaTU3UPAHETO HA Ta3U 3ajJaya M03BO-
JIsIBa Ha JPYXKECTBOTO Ja MOCTUTHE LEIHUTE CH,
KaTo HaMajsiBa MPOW3BOACTBCHUTE Pa3XOIH, OC-
BOOOXK/IaBallku PaOOTHHIIUTE Ja C€ CIPaBAT C
HOBU 3aja4yd. JIOMBJIHUTENIHUTE MNPEAUMCTBA
BKJIFOYBAT CBINO mMOAo0OpeHa XWUTHEHA |
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CIOCOOHOCT 3a yBeJIM4aBaHe Ha MPOU3BOJICTBOTO
B OTTOBOP Ha OBJICIIOTO YBEJIMYCHUE HA ThpCe-
HETO.

Wznon3BaHeTo Ha ChBPEMEHHUTE MPOU3BOJIC-
TBEHH TEXHOJIOTHH IOJ00psiBa paboTHaTa cpenma
3a (PUPMEHHUTE CIYKUTEIH, CITUMUHUPAUKA MO-
HoTtonuute omepauuu, a Jerenmuna EOO/[ ce
MPEeBpbIIa B O-NPUBIICKATEIICH Pad0TOJaTEN.

®@ur. 3. [Tanetr3uparmm podoTH

na OpHar
0BP30 M3BaJICHH OT KOHBEHepHATa JICHTa U MOCTa-
BCHHU B KAaIlIOHHU C MHOI'O 6’Lp3 pI/IT'bM U CcJIed TOBa

PobOoTuTe mo3BOJABAT ITAKCTUTE

Ha MaJeT 3a IMO0-HATATBIIHO TPAHCIOPTUPAHE JI0
KITMCHTH B ISJ1aTa CTPaHA U U3BBH Hesl.

ABTOMaTHU3MPAHETO HA MPOIIEca CHIXKABA Pa3-
XOJIUTE 3a mepcoHan ¢ npubausutenHo 40 mpo-
[IEHTA U YJECHSABA NOIbPKAHETO HA BUCOKH XU-
TCHMEHHU CTaHJapTH, HAMAISIBAWKY PUCKa OT Hapa-
HSIBaHUS Ha PAOOTHUIIMTE.

Ot npyra crpaHa onTuMH3UpaHaTa pabOTHA
cpejia 4pe3 HOBHTE TEXHOJIOTHM MO3BOJISIBAT HA
CITY’)KMTEJIUTE JIa YCBOSIBAT HOBH 3aJ1a4 U Pa3BU-
BaT CBOUTE yMeHHS. DUPMEHOTO PBHKOBOJCTBO
ITAHUPA OMTBITHUTEITHA WHBECTUIIMHY B IOMBJIHHU-
TEJIHU POOOTH, KOUTO JIa TOMOTHAT HA KOMIIaHH-
sITa Jia MPOJIBJIXKH Jla pacTe U J1a Ce pa3BHBa.

ABTOMATH3MPAHOTO PEICHHE 32 BHCOKOCKO-
POCTHO MaHHWITYJIMpaHe yBeIHdYaBa MPOU3BOJIHU-
TEJIHOCTTA B Kpas Ha JIMHUATA NIPH IMO-MaJIKU T1a-
KETH M MPEA0CTaBs Bb3MOXKHOCT 3a pa3linpsBaHe
Ha MPOM3BOJCTBOTO B OTTOBOP HA HAPACTRAIOTO
ThpceHe. Ha mpakTuka e MHCTaqupaHa HOBA JIM-
HUsA, 000pyABaHA C JIBE TPAHCIIOPTHHU JICHTH, Ka-
Mepa 3a KOHTPOJI, CUCTeMa OT BaJISIIA 3a TpO-
BepKa Ha TOTOBATa MPOAYKIHs, IBa poOOTa e1u-
HUSAT - 32 CT’bBAaHE Ha KAIIOHM U Jienta poldoT
3a COPTUPAHE U MMAKETUPAHE Ha SJIKH.



B pesynraTr Ha TOBa KamanuTETHT 3a IMAKETH-
paHe ce yABOsBa, KOETO TI03BOJISIBA KOPUTHUpPAHE
Ha TECHUTE MECTa U YBEIMUYaBaHE HA TPOIYKIIHU-
ara. CKkopocTTa 1 e(eKTUBHOCTTAa Ha poOOTHTE
HaMalsBaT BpeMeHarTa 3a IUKBII, TPOU3BOJICTBE-
HHATE Pa3Xogud | TpaHchopMupaTr pabOTHUTE
CMCHHM OT TPH Ha JIBE.

T'oToBUTE MaKeTH TPBIBAT MO TPAHCIOPTHATA
JICHTa, B HAYAJIOTO HA KOSITO € MOHTHpaHa KaMepa.
Cren kaTo KallOHUTE ca CrbHATH OT podoTa ¢
MOMOIITa Ha 3aXBalllally BEHAy3U TOW B3eMa He-
o0xoaumust Opoil MakeTH U MpPH yCIOBHE, 4e
OpOST UM € JOCTaThUCH, TU MOCTaBs B CT'BHATHUS
KaioH. JIeCHUAT 3a U3MO0JI3BaHEe KOMIUICKC Ce YII-
paBIIsABa U3ISLIO OT KOMITIOTEP. C momaphiKKa 3a
MPOMEHJIMBO ¥ KPBroOBO TPOCIEIsIBaHEe, YCHBBP-
IICHCTBAHUAT MOJIYJI 3a IPOCIICsIBaHEe Ha KOHBE-
Hiep ocurypsisa rbBKaBa HHCTANAIMS U TTO3BOJISBA
Ha KIUCHTHUTE JIa C€ CIPABAT C TOISIMO Pa3HO00-
pasue OT MakeTH 3a MacoBO MEPCOHAIN3UpPAHE.
CkopocTTa Ha IpociieisiBaHe Ha MOJTyJIa MOXe /1a
ce perynupa oT MPOMEHJIMBA JI0 TOCTOSTHHA  ITOC-
TOsIHHA 10 TipoMenynBa. OcBeH TOBa, TOH pa3mo-
Jara ¢ IOCTHXKHMU IIeJIH, 32 Ja JaJ1e Bb3MOKHOCT
3a OpaHe MU MO-BUCOKU U MO-TIPOMEHJIUBU CKO-
POCTH Ha KOHBelepa, KOETO OCHTYPsIBa ITO-BUCOK
MMPOLCHT HAa NMHUKUpPAHC U CIIMMHUHHpPpA Cliopagnyv-
HUTE TPEUIKH Npu Jocturane. [1o oTHoIIEHHE Ha
KPBroBOTO TPOCTEIABaHe, MOJYIBT MOJIbpPKA
npoclieisBaHe B paJuaHu, KOETO MOXE Jia ce pe-
I'yJINpa OT KPbroB KbM BI'PAJIEH IIOTOK U OT Brpa-
JICH KbM KPBIOB MOTOK.

Y ChBBPIICHCTBAHUAT MOJTYJI 32 TIPOCIIE/ISIBAHE
Ha KOHBelep MmoyIbpika MamabupyeMo perieHue
3a ynoOHo pasmupsBane. OCHOBHUTE My Xapak-
TEPUCTHUKH U MPETUMCTBA Ca:

" Obp3a CKOPOCT Ha MPOCIIE/ISIBAHE;

" [IPEeBB3X0JHA MPOU3BOIUTEIHOCT HA MPOC-
Jie/IIBaHe;

" [IPOMEHJIMBO M KPBrOBO MPOCIIEISIBAHE;
" HamayieH OpOoi MOJIYJIH 3a POCIIE/IIBaHE;
" HamaJieHH OOINU Pa3XxO/u 3a HHTETPAIlHSL.

®@ur. 4. Moayn 3a mpocieasBaHe Ha KOHBEHep
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Heobxomumute yactu ca HamaneHu ot 12 Ha
1. 3a cucrema ¢ yeTupu poOOTa U TPU KOHBEHEpa,
OposT Ha HEOOXOAUMHUTE MOAYIIH 33 MPOCIE/Is-
BaHE Ha KoHBeiiep HamamsaBa oT 12 Ha 1. OcBeH
TOBa 0Ka0EJIIBaHETO HA MACTO € HamayieHo ¢ 60%,
OTIPOCTSBAWKY WHCTANAIMSTA M HAMAIIIBalKK 00-
IIUTE Pa3XOJH 32 HHTETPAIHS.

Moy BT CBHINO Taka pasnoiara ¢ MHOXKECTBO
KOHEKTOPH 3a UHTETPUpPaHe Ha JI0 8 KaMepu/CeH-
30pu U 4 KOHBelepa/eHKoiepa. Y ChbBBPIIICHCTBA-
HUST MOJIYJ 32 MPOCIIE/IsIBAHE Ha KOHBEHEp MOXKe
necHo npa Owme wunTerpupan ¢ PickMaster,
RobotWare 6 u Bcuuku podotu Ha ABB. Tloaxo-
JISIIIT € 32 BCUYKH Ta3apy, BKIFOYUTEIHO XPaHH U
HAIHUTKH, MOTPEOUTEIICKH OMAKOBAHU CTOKH, JIO-
THCTHKA, 00paboTKa Ha aBTOMOOMIHH YacTH, 3C
MOHTaX, (PapMaleBTHYHH U MEIUIIMHCKH H3JIe-
U

3akiIo4yeHne

ABTOMaTH3UpaHUTE PaOOTHU NPOLIECH BOIAT
JI0 TIOBUIIIaBaHE Ha MPOAYKTUBHOCTTA, ThU KaTo
3a pasJinKa OT XOpaTa, MallMHUTE HE Ce HYKIasT
OT peryJisipHa MOYMBKa U MOTaT J]a OCUTYPAT Hell-
peKbCHAT IUKBJ Ha MPOU3BOACTBO. 3HAUUTETHO
MPEeMMCTBO €, Y€ T€ MOAIbpPXKAT JKeJaHOTO Ka-
YEeCTBO HA MPOU3BEXKIAHMS MPOAYKT, KaTo orpa-
HUYaBaT BB3MOXKHOCTTA 3a I10SBa Ha I'PEUIKU U
MPOM3BOJICTBEHU JleeKTH. BHenpsiBaneTo Ha pe-
LIEHUS 32 HHAYCTPHAIHa aBTOMATH3aLUsl OTPaHu-
yaBa 3a0aBSHUTA, HE CE MPaxOCBaT MaTepHAIIH
KaTo ce rapaHTupa M0cIeJ0BaTeIHOCTTA Ha IIPo-
M3BOJICTBEHUTE MPOLIECH U OIOJI30TBOPSABAHE HA
BIIOKeHUTE pecypen. O1iie e1HO rojasMo MpeInuM-
CTBO, KOETO aBTOMAaTH3MPAHUTE MPOU3BOICTBEHH
CHCTEMH Tpejyiarat — TOBa € JOCTBITBT 70 IIOBeYe
nHpopmanus. ToBa mo3BoJsIBA HA MEHUIKBPUTE
Jla ¥MaT MO0-00EKTHBEH TOTJIe] BHPXY MPOAYK-
THBHOCTTA Ha KOHKPETHUTE ChOPHKEHHS, BMECTO
Jla ce I0BepsIBaT €IMHCTBEHO HA TOBA, KOETO BIK-
Jar.

Pemenusra 3a uHAyCTpHAIHA aBTOMATHU3ALINS
MPEIOCTaBAT 3HAYUTEITHO MO-TOJIsIMa I'bBKAaBOCT,
THH KaTO MAalIMHWTE MO-JIECHO MOTaT na Obaar
MpenporpaMrupanH, 3a a OTTOBOPST HAa HOBUTE
MPOM3BOACTBEHN HYyXIW. besomacHocTTa M CH-
TYPHOCTTA ca OT U3KIIOYUTETHO Ba)KHO 3HAUECHUE
3a BCEKM IPOU3BOJCTBEH Ipolec. M3non3Banero
Ha aBTOMATH3WpaHU CHCTEMH 3a MPOHU3BOJICTBO
OorpaHnyaBa JeHMHOCTHUTE, U3BBPILIBAHU OT XOpaTa,
KaTo 10 TO3M HAUYMH NOBUIIABA JIMYHAaTa Oe30mac-
HOCT Ha paOOTHUIIUTE ¥ HAMAJISIBa BB3MOXXHOCTTA
OT BB3HUKBAHETO Ha TPYJOBU MHIMAEHTH. ToBa e



rojsiMa IpeIuMCTBO, Thi KaTO TPYAOBUTE 3J10I0-
JYKHA MOrar Jia JI0BeJaT O CEpHO3HU HapaHsBa-
HUSI, @ CBILO U JI0 3aryOH 3a TIPEANPUSITHETO.
PoboTtnsupanata moToyHa JIMHUS 32 MMaKETH-
paHe Ha SOKU NPEACTaBisiBa CbBPEMEHHO pellie-
HHUE 32 aBTOMAaTU3alysl B XpaHUTEIHATa HHIYCT-
pust. Ta xomOuHMpa poOOTHKA, U3KYCTBEH HHTE-
JIEKT U CEH30pHHM TEXHOJIOTUH 32 IIOCTHTaHe Ha
BUCOKa e()eKTUBHOCT U KadecTBO. BHeapsiBaneTo
Ha MMOT00OHM CUCTEMH € KIIF0UOBa CTHIIKA KbM HH-
nyctpus 4.0 1 MOIEpHO TPOU3BOJICTBO.
VHTenureHTHUTE MPOU3BOACTBA 1€ UMAT BO-
JeII0 MSICTO B MKOHOMHUKHUTE Ha WABALINTE Jece-
twietns. HoBu mnardopmu, mMO3BONSABAIIM Ha
Om3HEeC CYOEKTHTE Ja TpEeMecTST OM3Heca CH B
coOctBenu ympapnsiemu cloud BupTyamHu cbp-
BbpH C BKIIOYCH KOHTPOJICH ITaHCJI, CKCIAHCBHU
OCKbIH M CHAIIIOTH; KOJTa0OpaTUBHU POOOTH —
KOOOTH, KOUTO MOTaT Aa ObJaT CBBP3aHU C IPYTH
yCTpoiicTBa U Jia ce npenporpamupart; Al — uzkyc-
TBEH UHTENEKT U [0T — uHTEpHET Ha Hewara —
TOBa € paMKarta, B KOSTO OHM3HECHT OT BCHUYKH
chepu Ha JEHHOCT, aKO MCKa Ja ObJie TICUCIIHUII,
TpsOBa Jla ce BITUCBA BCE MMO-UHTETPUPAHO.
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OIITUMM3ALIUA HA METO/IA 3A EKCTPAKIIMSA HA NIOJIMOUKJINYHU APOMATHH
BBIVIEBOAOPOIU OT TEYHU MATPULIN

Mapus bpbp3kosa, Ilets Crepanosa

OPTIMIZATION OF EXTRACTION METHODS FOR POLYCYCLIC AROMATIC HY-
DROCARBONS (PAHs) FROM AQUEOUS MATRICES

Mariya Brazkova, Petya Stefanova

ABSTRACT: The reliability of biodegradation kinetic models for polycyclic aromatic hydrocarbons (PAHs)
is fundamentally contingent upon the precision of the analytical procedures used to quantify residual concentra-
tions. When utilizing white-rot fungi such as Trametes versicolor, the presence of complex extracellular matrices,
including ligninolytic enzymes and secondary metabolites, poses significant challenges for the quantitative liber-
ation of analytes. This study focuses on the systematic optimization of liquid-liquid extraction protocols for four
representative PAHs with varying physicochemical properties: acenaphthylene, phenanthrene, fluorene, and py-
rene. A comprehensive screening was conducted to evaluate the efficiency of several organic solvents, including
hexane, toluene, ethyl acetate, and dichloromethane. Beyond solvent selection, the investigation prioritized the
optimization of procedural parameters through the comparative analysis of three distinct variants (V1, V2, and
V3), differing in solvent-to-sample ratios and the number of extraction cycles. Our findings unequivocally demon-
strate that a "one-size-fits-all"” approach is insufficient. Ethyl acetate was identified as the most effective extractant
Jor tricyclic compounds like acenaphthylene and phenanthrene, achieving nearly 100% recovery without intensive
pretreatment. Conversely, for the more hydrophobic fluorene and the highly lipophilic pyrene, toluene and hexane
were essential, respectively. The study established Variant 2 (V2)—utilizing a 1:1 initial ratio followed by two
1:0.5 cycles—as the optimal balance between analytical rigor and resource conservation. This variant achieved
a quantitative recovery rate exceeding 99.5%, while successfully reducing total solvent consumption by 33% com-
pared to the more resource-intensive Variant 3. Furthermore, the results highlight that extended phase-contact
times of up to 60 minutes are critical for overcoming the distributive forces of the biological matrix for four-ringed
structures. These validated, high-precision protocols eliminate the necessity for mathematical correction factors,
providing a robust methodological framework for future bioremediation research and ensuring the integrity of
PAH metabolic tracking in fungal systems.

Key words: PAHs, extraction optimization, recovery efficiency, ethyl acetate, biodegradation.

Introduction PAHs are introduced in the environment via pe-
troleum-related activities, including oil spills and

Polycyclic aromatic hydrocarbons (PAHs) industrial processing (Ifegwu et al., 2015).
represent a significant class of organic pollutants Over the past decades, research focus has in-
with a global environmental distribution. Struc-  tensified on PAH exposure, toxicity, and the de-
turally, these compounds consist of two or more  velopment of bioremediation strategies for con-
fused benzene rings composed primarily of car-  taminated sites. To date, environmental analysis
bon and hydrogen. However, they also exist as  has identified more than 100 distinct PAHs, while
functional derivatives, including nitrogen, sulfur ~ over 200 have been detected in tobacco smoke
and oxygen containing PAHs (Menichini et al.,  (Menichini et al., 2003; Fan et al., 2011).
2003). The sources of PAHs in the environment In studies evaluating the potential of various
are diverse and can be categorized based on their  biological agents for the biodegradation of toxic
formation process. Diagenetic PAHs are result of  environmental pollutants, the initial phase typi-
natural phenomena such as volcanic eruptions or  cally involves the supplementation of specific
biological degradation of organic matter. Pyro-  contaminant concentrations into a medium that
genic PAHs are generated through the incomplete  optimally supports the growth of the biological
combustion of organic materials and petrogenic
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agent (Chang et al., 2016; Brazkova et al., 2019;
Brazkova et al., 2024).

Biodegradation processes are typically con-
ducted in either solid-state or liquid media; in both
instances, an extraction procedure is mandatory to
determine the residual concentration of the con-
taminant. Following extraction, the quantitative
analysis of the pollutant is performed using chro-
matographic techniques, such as gas chromatog-
raphy-mass spectrometry (GC-MS) or high-per-
formance liquid chromatography (HPLC)
equipped with UV-VIS or fluorescence detection.
Liquid-liquid extraction (LLE) and solid-phase
extraction (SPE) are the primary methods em-
ployed for the isolation of polycyclic aromatic hy-
drocarbons (PAHs) from aqueous samples (Ma-
noli et al.,, 1999; Pereira Netto et al., 2002;
Azevedo et al., 2004). The existing literature de-
scribes a wide array of diverse conditions and pro-
tocols for the liquid extraction of PAHs from
aqueous matrices (Pereira Netto et al., 2002;
Azevedo et al., 2004, Manoli et al., 1996; Titato
et al., 2005).

The objective of the present study is to opti-
mize the extraction procedures for recovering
acenaphthylene, phenanthrene, fluorene, and py-
rene from culture medium utilized for the cultiva-
tion of the basidiomycete fungus Trametes versi-
color. The optimization process involved varying
the volumes of the organic solvents (extractants),
the extraction duration, and the number of succes-
sive extraction steps.

Materials and methods
1. Chemicals and reagents

The used in the present study target PAHs,
acenaphthylene (99.7%), fluorene (98%), pyrene
(98%) and phenanthrene (99%) were supplied by
Merck KGaA, Germany. The organic solvents
hexane, toluene, ethyl acetate and dichloro-
methane of analytical grade were purchased from
FILLAB Ltd., Bulgaria. Acetonitrile (ACN,
HPLC grade) was purchased from Merck KGaA,
Germany.

The aqueous matrix used in the present study
represented a Czapek-Dox culture medium with
the following composition (g/L): sucrose — 30.0;
yeast extract — 5.0; NaNOs — 2.0; K,HPO4 — 1.0;
KCI - 0.5; MgSO4x7H20 — 0.5; FeSO4x7H,0 —
0.01 with pH prior sterilization — 6.5. All chemi-
cals were supplied by FILLAB Ltd., Bulgaria.
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2. Preliminary Selection of Extractants

A screening process was conducted to evaluate
the affinity of four organic solvents — hexane, tol-
uene, ethyl acetate and dichloromethane — to-
wards each specific PAH. The initial concentra-
tion of each PAH in the medium was 200 ppm,
and the control was 200 ppm PAH dissolved
solely in the tested solvent. The selection was
based on the percentage of quantitative recovery
(%QR) from a control matrix, calculated by the
formula:

C
%QR = C—x100
0

where C marks the recovered PAH concentra-
tion and Cy marks the initial PAH concentration.

3. Experimental design

The optimization of the extraction process was
conducted to ensure maximum recovery of the tar-
get PAHs while maintaining economic and proce-
dural efficiency. Once the most suitable organic
solvent was identified for each PAH, three exper-
imental variants (V1, V2, and V3) were designed
and tested to determine the optimal solvent-to-
sample ratio and the necessary number of extrac-
tion cycles. It is important to be noted that the
sample volume in all cases was 10 mL.

e V1 — The procedure involved a triple extraction
cycle, using 5 mL of the selected organic solvent
for each step. The total solvent volume was 15
mL.

e V2 — In this version the initial volume of the sol-
vent used for the first was increased to 10 mL, fol-
lowed two subsequent extractions with 5 mL each
and total solvent volume of 20 mL.

e V3 — This procedure involved three extraction
cycles with 10 mL of organic solvent per each cy-
cle (total solvent volume: 30 mL).

The effectiveness of these variants was evalu-
ated by analyzing the influence of both the solvent
volume and the duration of the primary extraction
on the final recovery rate. The decision-making
process for the final protocol was based on achiev-
ing 100% (full) recovery of the analytes from the
matrix. In cases where all variants yielded com-
plete recovery, the selected variant was the opti-
mal from an economic standpoint.

4. Determination of PAHs concentration

The extracted samples were evaporated under
vacuum for solvent removal, suspended in 5 mL



ACN and filtered through 0.45 um PTFE syringe
filter. The PAHs concentration was determined by
HPLC analysis on Agilent 1200 Infinity Series
(Agilent Technologies Inc., US) with Zorbax
Eclipse PAH (5um; 4.6 x 150 mm) separation col-
umn at the following conditions: 100% acetoni-
trile as a mobile phase at a flow rate 1 mL/min and
injection volume 20uL. The detection was per-
formed at 220 nm on UV detection module and
each sample was analyzed in triplicate. Standard
calibration curves were constructed for each PAH
and the linearity of the method was confirmed by
a correlation coefficient (R?) > 0.99.

5. Data analysis

All extraction experiments and analytical
measurements were performed in triplicate to en-
sure reproducibility. Results are expressed as
mean values + standard deviation (SD).

Results and Discussion

The reliability of biodegradation studies is fun-
damentally dependent on the precision of the ana-
lytical procedures used to quantify residual con-
taminants. While various protocols exist in the lit-
erature, many fail to address the specific recovery
efficiency (Recovery %) within complex biologi-

cal matrices, necessitating a systematic optimiza-
tion of the extraction process. Preliminary experi-
ments indicated that standard extraction proto-
cols, such as US-EPA Method 610, yielded
suboptimal recovery rates when applied to the
specific reaction matrix used for fungal cultiva-
tion. This observation prompted a detailed inves-
tigation into the chemical affinity of different sol-
vents, starting with a preliminary screening to es-
tablish a baseline for procedural optimization.

1. Preliminary Solvent Screening

The initial phase of the investigation focused
on a comparative evaluation of four organic sol-
vents — hexane, toluene, ethyl acetate, and di-
chloromethane — to identify the most effective ex-
tractant for each targeted PAH. The selection cri-
teria were based on the ability of the solvent to
achieve maximum quantitative recovery from the
Trametes versicolor culture medium.

Data obtained during the screening process (ta-
ble 1) revealed significant variations in solvent ef-
ficiency depending on the specific analyte. Alt-
hough dichloromethane is frequently cited as a
universal solvent in standard methods (e.g., EPA
610), it demonstrated inconsistent results in our
specific matrix, particularly for the more volatile
and the highly lipophilic compounds.

Table 1. Recovery of PAHs after extraction with organic solvents

Hexane Toluene Ethyl acetate Dichloromethane
Recovered acenaphthylene 182.7+2.09 185.2+1.16 199,90.09 174.4+0.89
concentration (ppm)
%QR 91.4 92.6 99.9 87.2
Recovered fluorene con- 139.7+0.94 199.7+0.47 193£2.16 182.342.49
centration (ppm)
%QR 69.8 99.8 96.5 91.17
fec.overed pyrene concen- 199+0.27 179+0.81 169.1+1.65 117.7+0.28
ration (ppm)
%QR 99.5 89.5 84.6 58.9
Recovered phenanthrene 153.3+0.15 134.2+0.27 199,9+0.09 177.6£0.17
concentration (ppm)
%QR 76.5 67 99.9 88.8

1.1.Solvent Selection for Acenaphthylene

Acenaphthylene is a tricyclic PAH often stud-
ied for its degradation potential (Schocken et al.,
1984; Srivastava et al., 2017; Ofman et al., 2020),
yet precise extraction protocols are frequently
omitted in scientific literature. In the initial
screening phase, ethyl acetate, hexane, toluene,

and dichloromethane were evaluated for their
ability to recover acenaphthylene from the fungal
culture medium (Table 1).

The experimental results indicated that ethyl
acetate provided the most efficient quantitative re-
covery among the tested solvents. This finding is
partially supported by the work of Poonthrigpun
et al. (2006), who employed a double extraction
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with ethyl acetate for acenaphthylene isolation.
However, their study did not specify the recovery
efficiency, leaving a gap in the validation of the
method's accuracy. Furthermore, while standard
protocols like EPA Method 610 suggest the use of
chlorinated solvents such as DCM, our data
showed that ethyl acetate not only achieves com-
parable or superior recovery but also offers a more
favorable safety profile and lower environmental
impact for routine laboratory analysis.

1.2. Solvent Selection for Fluorene

Fluorene, characterized by its specific hydro-
phobicity, requires a precise choice of extractant,
particularly when dealing with biological matrices
rich in exometabolites. In our study, toluene was
identified as the most effective solvent, ensuring
nearly complete quantitative recovery (99.8% Re-
covery, Table 1).

This selection stands in contrast to the methods
described by Garon et al. (2002), who proposed
the use of ethyl acetate for fluorene extraction. In
their protocol, extraction is performed three times
with an equivalent volume of ethyl acetate under
intensive stirring (240 rpm). However, our com-
parative experiments revealed that when ethyl ac-
etate is applied to the specific culture medium of
T. versicolor, the extraction efficiency remains
significantly lower — approximately 80%.

The lower recovery rate associated with ethyl
acetate, as reported in the literature, would neces-
sitate additional mathematical corrections of the
final results, increasing the risk of analytical error.
The choice of toluene in the present study was
driven by its higher affinity for fluorene compared
to ethyl acetate. This allows for maximum preci-
sion without the need for concentration recalcula-
tions, which is essential for accurately monitoring
biodegradation kinetics.

1.3.Solvent Selection for Pyrene

Pyrene is a highly lipophilic four-ring PAH,
making its quantitative liberation from a complex
organic matrix particularly challenging. For this
analyte, hexane demonstrated the highest effi-
ciency among the screened solvents, achieving a
recovery rate of 99.5% (Table 1).

While ethyl acetate is often used as a multi-
purpose solvent in degradation studies (da Silva et
al., 2003; Zaugg et al., 2006) due to its intermedi-
ate polarity, our findings indicated that it is insuf-
ficient for the complete recovery of pyrene from
the T. versicolor broth. The strong hydrophobic
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nature of pyrene requires a non-polar solvent like
hexane to overcome the distributive forces within
the biological matrix. By utilizing hexane, we
achieved high recovery rate ensures that the ob-
served decrease in pyrene concentration during
subsequent biodegradation experiments can be
confidently attributed to biological activity rather
than analytical loss during the extraction phase.

1.4. Solvent Selection for Phenanthrene

Phenanthrene, a three-ring aromatic hydrocar-
bon, presents specific challenges in liquid-liquid
extraction due to its interaction with the organic
components of biological growth media. Our
screening process identified ethyl acetate as the
most efficient solvent for the recovery of phenan-
threne from the 7. versicolor culture broth.

The choice of extractant for phenanthrene var-
ies significantly in the literature. A notable ap-
proach by Han et al. (2004) utilizes methylene
chloride (dichloromethane) as the primary sol-
vent. Their protocol, however, requires a rigorous
mechanical pretreatment, involving intensive agi-
tation at 300 rpm for 10 minutes prior to each ex-
traction cycle to ensure sufficient mass transfer.

In contrast, our results demonstrate that ethyl
acetate provides excellent thermodynamic affinity
for phenanthrene molecules within this specific
matrix, achieving complete quantitative recovery
(% QR) without the necessity for such intensive
energy-consuming pretreatment (Table 1). While
dichloromethane is a standard choice for many
PAHs, the superior performance of ethyl acetate
in our experiments suggests that the latter is better
suited for maintaining analytical integrity when
working with complex fungal supernatants. By se-
lecting ethyl acetate, we achieve a high recovery
rate that simplifies the subsequent chromato-
graphic analysis and minimizes the risk of analyte
loss during the pre-analytical phase.

2. Impact of Solvent Volume and Extraction
Cycles on PAH Recovery Rates

After selecting the optimal extractants, we
evaluated the influence of solvent volume and the
number of extraction cycles on the recovery effi-
ciency. The objective was to achieve 100% recov-
ery while maintaining economic efficiency.

2.1. Optimization of acenaphthylene recovery

For acenaphthylene, the comparative analysis
of the three variants demonstrated that the initial



solvent volume is critical for overcoming the ma-
trix effects of the culture medium (Fig. 1). When
V1 extraction procedure was applied the recovery
of acenaphthylene was incomplete regardless of
the duration of the initial extraction. With the ap-
plications of V2 and V3 led to full recovery of
acenaphthylene concentration from the samples.

250

200

150
v

EEE V2
=avs

e Control

Recovered acenaphthylene, ppm

30 45

Duration of initial mixing, min

Fig. 1. Effect of the extraction volume and ex-
traction time over acenaphthylene recovery.

Consequently, V2 was selected as the opti-
mized protocol, as it provides maximum precision
with significantly lower solvent consumption
compared to V3. The obtained data led to the for-
mulation of the following extraction protocol: The
initial extraction of acenaphthylene from 10 mL
sample was performed with 10 mL ethyl acetate
and 15 min agitation on orbital shaker at 150 rpm.
The mixture was then transferred in separation
funnel and the organic fraction was collected. The
following two extractions were performed with 5
mL solvent and all organic fractions were col-
lected, mixed together, evaporated under vacuum,
resuspended in ACN and were subject of quanti-
fication on HPLC system

2.2. Optimization of fluorene recovery

Fluorene extraction with toluene required care-
ful balancing due to the compound’s interaction
with fungal exometabolites. As shown in Fig. 2,
with V1 the maximal QR of fluorene was nearly
75%, but when V2 and V3 were employed the
maximal QR increased to 100%. It is important to
be noted that these results were achieved after 45-
and 60-min initial agitation on orbital shaker at
150 rpm. As a result, V2 with 45 min initial agita-
tion was selected for further work from economics
point of view.
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Fig. 2. Effect of the extraction volume and ex-
traction time over fluorene recovery

The data collected from this experiment was
the foundation for the development of the follow-
ing extraction protocol: The extraction of fluorene
from the matrix started with sample-to-toluene
mixture in 1:1 ratio for the first extraction and
1:0.5 for the second and the third extraction. Prior
the separation of the phases in the funnel the mix-
ture of sample and toluene was shaken on orbital
shaker for 45 min at 150 rpm. The organic frac-
tions of all three extractions were collected, evap-
orated under vacuum, resuspended in ACN and
were subject of quantification on HPLC system.

2.3. Optimization of pyrene recovery

The increase in extraction duration for pyrene
was an expected outcome of its pronounced hy-
drophobicity. To overcome the distributive forces
binding the analyte to the complex biological me-
dium, the initial stirring period was extended to
ensure that the distributive equilibrium between
the matrix and the hexane phase was fully reached
(Fig. 3).
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Fig. 3. Effect of the extraction volume and ex-
traction time over pyrene recovery

As clearly demonstrated in the Fig. 3, V1 fails
to achieve optimal recovery of pyrene from the
matrix. Once again, both V2 and V3 demonstrate



optimal results. In the case of V3, complete recov-
ery of the spiked pyrene is achieved following a
45-minute initial sample treatment, whereas V2
requires an initial contact time of 60 minutes.
Based on these findings, the following protocol
was established for the extraction of pyrene from
T. versicolor culture broth: The extraction of py-
rene from the experimental aqueous matrix was
conducted through a triple-stage treatment with
hexane. In the first extraction step, a 1:1 sample-
to-solvent ratio was utilized with a stirring time of
60 minutes. This was followed by phase separa-
tion in a separation funnel, after which the sample
was mixed with fresh solvent at a 1:0.5 ratio, ho-
mogenized for 30 seconds, and separated again.
For the third extraction, the ratio remained 1:0.5
in favor of the sample. The collected organic frac-
tions were pooled, evaporated under vacuum, and
resuspended in acetonitrile for the quantitative de-
termination of pyrene concentration.

2.4. Optimization of phenanthrene recovery

Once ethyl acetate was selected as the optimal
extractant for phenanthrene, achieving a recovery
rate of 99.9% (Table 1), subsequent experiments
focused on optimizing the extraction protocol.
This involved evaluating the necessity of pre-ex-
traction stirring with the initial solvent volume, as
well as the solvent-to-sample ratios used in Vari-
ants V1, V2, and V3. During the course of the ex-
periments, it was established that additional pre-
stirring was unnecessary when applying Variant
V2, leading to its selection as the optimal proce-
dure. Based on these results, the following proto-
col for phenanthrene extraction was established:
The sample is mixed in a 1:1 ratio with ethyl ace-
tate in a separation funnel, shaken vigorously for
30 seconds, and allowed to stand until phase sep-
aration is complete, after which the organic frac-
tion is collected. The extraction is performed in
triplicate. The resulting organic fractions are
pooled, evaporated under vacuum, and resus-
pended in acetonitrile for the quantitative determi-
nation of the phenanthrene recovered from the
samples.

Conclusion

The present study successfully established and
validated highly efficient extraction protocols for
four representative polycyclic aromatic hydrocar-
bons (PAHs) — acenaphthylene, phenanthrene,
fluorene, and pyrene — within the complex biolog-
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ical matrix of Trametes versicolor culture me-
dium. Through a systematic evaluation of various
organic solvents and procedural parameters, we
demonstrated that a "one-size-fits-all" approach is
insufficient for multicomponent PAH analysis.
Ethyl acetate was identified as the optimal extract-
ant for acenaphthylene and phenanthrene, while
toluene and hexane were essential for achieving
quantitative recovery of fluorene and pyrene, re-
spectively. Among the tested variants, Variant 2
(V2), utilizing a 1:1 initial solvent-to-sample ratio
followed by two 1:0.5 cycles, was established as
the most effective strategy. It ensured near-com-
plete recovery (>99%) while reducing solvent
consumption by 33% compared to higher-volume
alternatives. The study highlighted the necessity
of extended mixing times (up to 60 minutes) for
highly lipophilic analytes like pyrene to overcome
the distributive forces of the biological medium.
The optimized protocols developed in this re-
search eliminate the need for complex mathemat-
ical correction factors, providing a robust and re-
producible foundation for monitoring biodegrada-
tion kinetics. These results ensure that subsequent
observations of fungal metabolic activity are
based on high-precision analytical data, ulti-
mately enhancing the reliability of bioremediation
studies involving ligninolytic fungi.
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HAJIMMUME HA TEHETUYHO MOAUN®PUIIUPAHU EJIEMEHTU B MECHU ITPOJAYKTU:
CKPUHHUHI' 1 KOJIMYECTBEHO OIIPEJAEJISSHE HA COEBA JIMHUSA MON 40-3-2 YPE3
EVENT-CIIEU®HUYEH PCR METO/{

ITers Credanora, Mapus bpr3koBa

OCCURRENCE OF GENETICALLY MODIFIED ELEMENTS IN MEAT PRODUCTS:
SCREENING AND EVENT-SPECIFIC PCR QUANTIFICATION OF THE MON 40-3-2
SOYBEAN EVENT

Petya Stefanova, Mariya Brazkova

ABSTRACT: The rapid development of biotechnology has significantly transformed global agriculture and
the food supply chain, with genetically modified (GM) crops becoming widely integrated into food system since
their first commercial introduction in 1996. Soybean represents the most extensively cultivated transgenic crop
worldwide, with the MON 40-3-2 event (Roundup Ready®) being one of the most prevalent and historically
significant GM events. Despite its agronomic benefits, the increasing and sometimes undeclared incorporation of
GM soybean-derived ingredients into processed foods has raised ongoing concerns regarding food authenticity,
consumer transparency, and regulatory compliance. These issues highlight the necessity for robust traceability
systems and reliable analytical methodologies capable of ensuring accurate detection and quantification of GM
material. The present study employed PCR-based screening combined with event-specific qPCR analysis to detect
and quantify the MON 40-3-2 soybean event in commercially available meat products on the Bulgarian market. A
total of 36 meat products without GM labeling claims were analyzed to evaluate labeling accuracy and compliance
with EU regulatory requirements. The screening results revealed that 23 samples (63.89%) contained GM
elements, including the CaMV 35S promoter and/or the epsps gene. Event-specific analysis confirmed the presence
of MON 40-3-2 in 20 of these positive samples. Quantification showed that five products contained less than 0.1%
GM content, while 12 samples fell within the 0.1— 0.9% range. Notably, three samples exceeded the 0.9% threshold
established by Regulation (EC) No 1829/2003, indicating non-compliance with mandatory labeling requirements.
Overall, 8.33% of all tested products were incorrectly labeled. These findings demonstrate the widespread
presence of GM soybean-derived material in meat products and reveal gaps in labeling compliance, underscoring
the need for strengthened monitoring and enforcement within the Bulgarian food control system.

Key words: GMO, soybean event MON 40-3-2, screening, qPCR, meat products, EU legislation

Introduction regulatory approvals for cultivation granted in
more than 30 countries (ISAAA, 2026). Soybean
The swift advancement of biotechnology has  (Glycine max (L.) Merril) remains the most prom-
fundamentally transformed modern agriculture  inent transgenic crop, consistently accounting for
and the global food supply chain. Genetic engi-  approximately 50% of the total global biotech
neering facilitates the precise transfer of genetic =~ area, which now exceeds 100 million hectares.
material between unrelated species, creating ge-  Furthermore, genetically modified (GM) varieties
netically modified organisms (GMOs) with en-  represent over 85% of total global soybean pro-
hanced traits, such as increased yield, resistance  duction, a figure anticipated to surpass 400 mil-
to pests, and tolerance to specific herbicides (Ba-  lion metric tons during the 2024/25 season
tista and Oliveira, 2009; Holst-Jensen, 2012). (OECD and FAO, 2025; ISAAA, 2026). These
Since the first commercial plantings in 1996, the  statistics underscore the deep integration of GM
global adoption of biotech crops has seen unprec-  events into the global food and feed supply chains,
edented growth. By 2025, the global landscape of  raising critical requirements for robust traceability
biotechnology has reached a significant mile- and analytical verification (Holst-Jensen, 2012).
stone, with the area utilized for biotech crop pro-
duction expanding to 206.3 million hectares and
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While the current landscape of transgenic soy-
bean is increasingly diverse, boasting over 56 reg-
istered events featuring traits such as modified
fatty acid profiles and resistance to lepidopteran
insects, herbicide tolerance remains the most
dominant characteristic (ISAAA, 2026). Among
these, the MON 40-3-2 event (commercially
known as Roundup Ready™), developed by Mon-
santo, is arguably the most representative GM
crop in history. This event was engineered to ex-
press the CP4 EPSPS protein derived from the soil
bacterium Agrobacterium tumefaciens, which
confers high tolerance to glyphosate-based herbi-
cides (Shao and Ieong, 2024; Holst-Jensen, 2012).

Soybean protein products are extensively uti-
lized in the food industry due to their superior nu-
tritional, functional, and health-promoting proper-
ties (McClements and Grossmann, 2021). Charac-
terized by a high biological value and a complete
profile of essential amino acids, soy protein has
become a key ingredient in food processing
(OECD and FAO, 2025). Global production ex-
ceeds 1 million tons annually, with approximately
55% incorporated into the meat industry, where
soybean is a ubiquitous additive. Its functional
properties, such as emulsification, water binding,
and texturizing, make it particularly suitable for
products like sausages, hamburgers, luncheon
meats, and minced meat preparations, contrib-
uting to emulsion stability, structural integrity
during thermal processing, and improved juici-
ness of the final product. (McClements and Gross-
mann, 2021; da Silva et al., 2024).

Despite these technological and nutritional ad-
vantages, the widespread and sometimes unde-
clared use of soy proteins raises important con-
cerns regarding food authenticity and consumer
transparency (Conter, 2024). These concerns are
further amplified by the incorporation of GM soy-
bean into processed foods, which has stimulated
considerable scientific and public debate related
to environmental biodiversity, human health, and
food safety (Fanelli et al., 2021). As a result, the
development of robust traceability and analytical
strategies has become essential to ensure regula-
tory compliance and to strengthen public trust
(Conter, 2024; Fanelli et al., 2021).

In this context, despite the commercial intro-
duction of second-generation GM events, the
original MON 40-3-2 event remains the primary
focus for analytical laboratories and regulatory
authorities. Its long-standing presence on the
global market, combined with its extensive use as
a functional additive, particularly in the meat in-
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dustry, makes its accurate detection and quantifi-
cation crucial for enforcing international labeling
standards and supporting reliable food control
systems (Grazina et al., 2017).

In response to these concerns, the European
Union has implemented a rigorous legal frame-
work to regulate the trade and labeling of GMOs.
According to Regulation (EC) No 1829/2003,
mandatory labeling is required for all food and
feed products containing more than 0.9% of au-
thorized GM material, provided its presence is ad-
ventitious or technically unavoidable (Regulation
(EC) No 1829/2003). To enforce this legislation,
many countries have developed specific analytical
methodologies to verify the authenticity of raw
materials and finished products.

Currently, Polymerase Chain Reaction (PCR)
based methods are the gold standard for GMO de-
tection due to their exceptional specificity, sensi-
tivity, and efficiency (Li et al., 2022). Analytical
strategies generally follow a hierarchical ap-
proach. The initial step typically involves screen-
ing for common transgenic elements, such as the
35S promoter from the Cauliflower Mosaic Virus
(CaMV) and the epsps gene from a soil bacteria
Agrobacterium tumefaciens, encoding resistance
to glyphosate-containing herbicides (Barbau-
Piednoir et al., 2010; Yoke-Kqueen et al., 2011).
This allows for a rapid and cost-effective discrim-
ination between GMO-free samples and those
containing transgenic DNA (KupreSanin et al.,
2025; Bogozalec Kosir et al., 2023). Further, real-
time PCR techniques are widely recognized as
highly effective tools for GMO detection in pro-
cessed foods, owing to their high sensitivity, spec-
ificity, and reduced risk of carry-over contamina-
tion (Kim et al., 2016). Despite significant ad-
vances in analytical methodologies, real-time
PCR continues to be the most reliable approach
for the quantification of GM material in agricul-
tural and food products, as many alternative tech-
niques still lack full practical applicability and/or
robust quantitative capabilities (Grazina et al.,
2017). As a result, real-time PCR is often consid-
ered superior to conventional PCR not only for
quantitative purposes but also for qualitative anal-
ysis in complex and highly processed food matri-
ces (Kim et al., 2016). However, for precise iden-
tification and compliance verification, event-spe-
cific quantitative PCR (qPCR) is required. By tar-
geting the unique junction between the integrated
transgene and the host genome, event-specific
methods provide the highest level of selectivity
(He et al., 2025).



While numerous studies have investigated the
prevalence of GM soybean in various markets, in-
cluding Brazil (Branquinho et al., 2010; Dinon et
al., 2010), Turkey (Turkec et al., 2015; Ulca et al.,
2014), Serbia (Taski-Ajdukovic et al., 2009;
Zdjelar et al., 2013), Hungary (Ujhelyi et al.,
2008), Saudi Arabia (Elsanhoty et al., 2013),
South Korea (Kim et al., 2016) and China (Wang
and Zhu, 2016), comprehensive data regarding the
Bulgarian market remain limited. Although the
analyzed foods included some meat products such
as, sausages, hamburgers, luncheon meats and
minced meats, there is still a notable lack of re-
search focusing on the molecular analysis of meat
products for the presence of undeclared transgenic
soybean events. Given that meat products repre-
sent a high-risk category for the “hidden” incor-
poration of GM soy, systematic monitoring is es-
sential to ensure food authenticity and transpar-
ency.

In this context, the present study aimed to per-
form a molecular screening combined with event-
specific PCR quantification of the MON 40-3-2
soybean event in a variety of meat products com-
mercially available on the Bulgarian market. By
targeting products without GM labelling claims,
the study seeks to assess the accuracy of food la-
beling practices and verify compliance with the
0.9% threshold established by EU legislation,
thereby contributing valuable data on the authen-
ticity and traceability of meat products within the
local food supply chain.

Materials and Methods
Samples and reference materials

The samples used in this study comprised 36
meat products with no declared GM content on
their labels. They were categorized into three
groups: raw meat products (13 samples), pro-
cessed meat products (18 samples), and smoked
or dry-cured meat products (5 samples). Certified
Reference Materials ERM-BF410dk and ERM-
BF410gk (IRMM, Geel, Belgium) served as pos-
itive controls and standards for evaluating the
transgenic soybean event MON 40-3-2.

DNA extraction
All samples were homogenized using a VWR

431 laboratory homogenizer (VWR, USA). A
modified CTAB extraction procedure was

employed to obtain DNA from both the
experimental samples and the controls (Stefanova
et al., 2013). DNA concentration was quantified
by absorbance at 260 nm, with purity assessed
using the Ajso/Asgo ratio (Shimadzu UV-VIS,
Shimadzu Corporation, Japan). The final DNA
concentration was adjusted to 50 ng/ul. Each
sample and control was extracted in triplicate.

PCR analysis of meat products for the pres-
ence of soybean DNA and transgenic elements
(the CaMV 35S promoter and the epsps gene)

The amplification of the endogenous /lec gene
and the transgenic elements (the CaMV 35S
promoter and the epsps gene) was conducted ac-
cording to Stefanova et al. (Stefanova et al.,
2025). Initially, the meat products were subjected
to PCR analysis for the presence of soybean DNA.
The amplified fragments were analyzed by elec-
trophoresis in 2 % agarose gel carried out in 0.5x
TBE buffer for 60 min at 100 V, stained with Safe
View Nucleic Acid Stain (NBS Biologicals, Hun-
tingdon, England). The agarose gel was visualized
under UV light, using MiniBIS Pro transillumina-
tor and gel documentation system (DNR Bio-Im-
aging Systems, Jerusalem, Israel). Further, all
positive samples from the soybean DNA detection
assay were screened for the presence of the
transgenic elements (the CaMV 35S promoter and
the epsps gene).

Event-specific PCR quantification of MON
40-3-2

Positive samples for the presence of the
transgenic elements (the CaMV 35S promoter
and/or the epsps gene) were subjected to event-
specific real-time PCR assay for quantification of
GM soybean event MON 40-3-2. Event-specific
gPCR was carried out with 7300 Real-Time PCR
System (Applied Biosystems, Germany). The
oligonucleotide primers and probes are presented
in Table 1. The PCR reaction was performed in a
final volume of 25 pl, containing 5 ul DNA
extract, 1X Maxima Probe qPCR Master Mix,
150-200 nM of each primer and 50-200 nM of
each probe. Parameters of amplification were as
follow: UNG at 50°C for 2 min; initial
denaturation at 95°C for 10 min; 45 cycles of
denaturation at 95°C for 15 s and annealing &
extension at 60°C for 60 s. PCR amplification of
each sample was performed in three replicates.

Table 1. Oligonucleotide primers and probes used in event-specific gPCR
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Target | Primer / Probe Sequence (5' —3")
Lec F 5'—=CCA GCT TCG CCG CTT CCT TC — 3'
Jec gene Lec R 5'— GAA GGC AAG CCC ATCTGC AAG CC-3'
Lec P 6-FAM 5'— CTT CAC CTT CTA TGC CCC TGA CAC — 3' TAMRA
MON 40-3-2 AF 5'—TTC ATT CAA AAT AAG ATC ATA CAT ACAGGTT -3
40-3-2 40-3-2 AR 5'—= GGC ATT TGT AGG AGC CACCTT-3'
40-3-2 AP 6-FAM 5' — CCT TTT CCA TTT GGG — 3' MGBNFQ

For the generation of standard curves, five
standards with defined copy numbers of soybean
genomic DNA and GM soybean event MON 40-
3-2 were used. The first standard (S;) consisted of
a DNA extract derived from a 10 % GM soybean
MON 40-3-2 reference material (ERM-BF410gk,
IRMM, Belgium) at a concentration of 30 ng/pl.
The remaining standards were prepared through
serial dilutions of S; using a fourfold dilution
factor (1:4).

Results and discussion

DNA extraction, concentration and purity

The results of the spectrophotometric assess-
ment of DNA concentration and purity are pre-

sented in Table 2.

Table 2. Concentration and purity of DNA ex-
tracts from meat products

DNA
Products concentration | Aazeo/Az2s0
range (ng/pl)

Raw meat 89.7-386.5 | 1.81—1.92
products

Processed 121.4-419.6 | 1.79-1.95
meat products

Smoked/Dry-

cured meat 214.6 -495.3 | 1.80-1.87
products

The quality and yield of isolated DNA are
critical parameters in sample preparation for

subsequent PCR analysis. DNA concentrations
varied depending on the type of meat product. The
highest values were observed in raw meat
products, ranging from 89.7 ng/ul to 386.57 ng/pl,
with comparable results obtained for processed
meat products (Table 1). The highest DNA
concentrations overall were recorded in smoked
and dry-cured products, ranging from 214.6 to
495.3 ng/pl.

The purity of DNA extracts across all sample
groups was high, with Assp/Asgo ratios between
1.79 and 1.95. Spectrophotometric evaluation of
DNA concentration and purity indicates that the
CTAB extraction method provided effective
removal of contaminants, including
polysaccharides, polyphenols, and proteins.

PCR analysis of meat products for the pres-
ence of soybean DNA and transgenic elements
(the CaMV 35S promoter and the epsps gene)

DNA extracts from all meat products were
subsequently subjected to PCR analysis to detect
the taxon-specific /ec gene in order to confirm
their suitability for amplification. All extracts
yielded a positive signal for soybean DNA and
were therefore considered suitable for further
PCR analysis targeting the CaMV 35S promoter
and the epsps gene. The obtained results are pre-
sented in Table 3. The CaMV 35S promoter was
detected in 9 of 13 raw meat products, 11 of 18
processed meat products, and 3 of 5 smoked or
dry-cured meat products (Table 3), giving a total
of 23 positive samples.

Table 3. Screening of meat products for the presence of the /ec gene, the CaMV 35S promoter and the

epsps gene
Products Number of lec gene CaMV 358 | cp4 epsps
samples (n) promoter gene
Raw meat products 13 13 9 9
Processed meat products 18 18 11 10
Smoked / Dry-cured meat products 5 5 3 2
Total 36 36 23 21

Further, the epsps gene was identified in 9 raw
meat products, 10 processed meat products, and 2
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smoked or dry-cured meat products. Notably, the
CaMV 35S promoter was detected in two more



samples than the epsps gene, suggesting the
presence of different GM soybean events. Overall,
the screening analysis showed that twenty-three
samples contained either the CaMV 35S
promoter, the epsps gene, or both, representing
63.89% of the analyzed products (Figure 1).

63.89 %

. Meat products containing CaMV 35S promoter
and/or ¢p4 epsps gene

\\\j Meat products without CaMV 35S promoter
and/or cp4 epsps gene

R

Fig. 1. Percentage content of the CaMV 35S pro-
moter and the epsps gene in the analyzed meat
products

The obtained results are consistent with those
reported by other authors. During the period
2000-2005, Greiner et al. analyzed 100 soy
products and reported that 13 % of samples
contained DNA from the GM soybean event
MON 40-3-2 (Roundup Ready®) in 2000,
increasing to 78% in 2005 (Greiner et al., 2005;
Greiner and Konietzny, 2008). This finding
demonstrates a rapid rise in the proportion of
products containing GM soybean on the Brazilian
market. Ujhelyi et al. (2008) screened 208 soy
products on the Hungarian market for the
presence of the CaMV 35S promoter and the T-
nos terminator sequences and detected transgenic
DNA in 80 samples (38.46%). Similarly, Dinon et
al. (2010) analyzed 59 soy and meat products
from the Brazilian market, detecting the lec gene
in 54 samples and transgenic DNA from the GM
soybean event MON 40-3-2 in 6 samples. In
another study, Taski-Ajdukovic et al. (2009)
applied a duplex PCR method targeting the lec
gene and the CaMV 35S promoter and reported
the presence of transgenic DNA in 12 samples
(24% of the analyzed meat products). Nikolic et
al. (2009) examined 347 soy products with
varying degrees of processing and identified 39
samples containing the CaMV 35S promoter and
T-nos terminator sequences. Similar results
(63.33%) were reported by Kim et al. (2013), who
analyzed 30 soybean-derived food products from
South Korean and U.S. markets and found that 19
samples tested positive for GM Roundup Ready
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soybean (RRS). Significantly lower results were
reported by Grazina et al. (2017), who found that,
out of 73 soybean-containing samples, 6 tested
positive for the GTS 40-3-2 event.

The published data on the occurrence of GM
soybean DNA in food products reveal
considerable variation in the proportion of
samples containing transgenic material. On the
one hand, this proportion has increased over time,
reflecting the continuous introduction of new GM
soybean events and the growing share of
transgenic soybeans relative to conventional
varieties. On the other hand, the reported
percentages depend on the type of food matrix
analyzed, as well as the geographical region in
which the studies were conducted.

The results obtained in the present study
indicate a widespread distribution of GM soybean
events in meat products and highlight the need for
strict and reliable control, including the
quantitative determination of the most prevalent
event, MON 40-3-2.

Event-specific PCR quantification of MON
40-3-2

Given that the GM soybean event MON 40-3-
2 remains the primary target for analytical labora-
tories and regulatory authorities, all samples pos-
itive for the CaMV 35S promoter and the epsps
gene were further analyzed using an event-spe-
cific real-time PCR assay for quantification of this
event. The real-time PCR quantification was per-
formed in parallel reactions, targeting taxon-spe-
cific lec gene and the event-specific MON 40-3-2
sequences, using calibration curves for each tar-
get. The calibration curve parameters demon-
strated the excellent performance of the methods
used, as the correlation coefficients (R?) of the
standard curves exceeded 0.997 and PCR efficien-
cies ranged from 94.97 % to 98.60 % (Table 4).

Table 4. Calibration curve parameters for quanti-
tative real-time PCR analysis

Target R*+ SD E, % + SD
Lec gene 0.997+0.002 | 98.60 & 6.69
MON 40-3-2 | 0.997 £0.001 | 94.97+143

The quantitative real-time PCR results for the
GM soybean event MON 40-3-2 in the analyzed
meat products are presented in Table 5. The re-
sults obtained for the positive control sample
(ERM-BF410dk, containing 1% MON 40-3-2)
confirmed the accuracy of the method (Table 5).



The data showed that 20 out of 23 meat sam-
ples tested positive for the MON 40-3-2 soybean
event, while three samples likely contained other
GM events, as indicated by the presence of the
CaMV 358 promoter and/or the epsps gene. The
MON 40-3-2 content was below 0.1% in 5 of the

tested products, whereas 12 samples contained
this transgenic event within the range of 0.1 —
0.9%. According to EU legislation, the MON 40-
3-2 content in these samples was below the 0.9%
threshold and therefore does not require labeling
(Regulation (EC) No 1829/2003).

Table 5. Event-specific PCR quantification of MON 40-3-2 in meat products containing the CaMV

35S promoter and the epsps gene

lec gene MON 40-3-2

Sample Copy number + Copy number + MON
Ct+SD SD Ct+SD SD 40-3-2

Positive | 22.94+0.04 | 126 935+ 1 062 32.92+0.01 1276+ 16 1.01
Negative ND * ND * ND * ND * ND *
1 23.13+0.14 | 116490+4 163 33.80+0.11 728 + 42 0.63

2 22.93+0.01 137 746 + 707 35.38 £ 0.04 257+6 0.19

3 23.00+0.05 | 124917+ 2 357 3742 +0.24 66+ 8 0.05

4 23.57+0.05 83 669 +2 372 37.75 £0.15 55+6 0.07

5 22.87+0.08 | 140 711+1 814 32.85+0.10 1339+86 0.95

6 2320+ 0.23 | 107 565+ 9 402 35.43 £0.03 249+ 4 0.23

7 23.11+£0.04 | 117 614+ 3 445 36.61 £0.22 196 + 17 0.17

8 22.85+0.08 | 1414571814 33.01 £0.10 1043 +73 0.74

9 24.67+£0.06 | 27579+2415 38.34+0.09 46+ 3 0.17

10 26.06 = 0.02 10232 + 178 38.24+0.17 48 £4 0.47

11 2496 +0.10 | 22377+1570 38.30+0.12 47+3 0.21
12 27.45+0.14 6 790 =427 ND * ND * ND *

13 25.80+0.14 13975+ 1 252 37.96 £0.11 62 +4 0.44
14 27.44 +0.09 6779 £ 185 38.47 £ 0.06 44 + 1 0.65

15 26.01 +0.01 10490 + 16 37.83£0.11 66 + 4 0.63
16 2594+ 0.14 12599 +1 102 ND * ND * ND *
17 24,13 +£0.02 55398 £ 921 33.46+£0.17 928 + 17 1.68
18 22.83+0.10 146 876 + 546 34.03 £ 0.01 626 £7 0.42

19 23.18+0.14 | 108 112+ 7 045 3746 £0.17 61+3 0.06
20 23.61 = 0.05 83 447 +2 292 37.25+0.15 64+ 6 0.08
21 28.12+0.18 3 866 + 543 37.16 £ 0.06 69+ 6 1.78
22 26.57+0.01 9244 +21 ND * ND * ND *
23 27.32+0.12 6257+ 19 36.14 £0.02 178.00 0.67

* ND — not detected

The results

showed that three

samples
contained GM material above the 0.9% threshold
(samples 5, 17, and 21 with MON 40-3-2 levels of
0.95%, 1.68%, and 1.78%, respectively (Table 5).
According to EU legislation (Regulation (EC) No
1829/2003), 8.33% of all analyzed meat products
were incorrectly labeled with respect to GM
content. These findings are consistent with those
reported by Nikoli¢ et al. (2009), who analyzed

347 soybean products and found that 29 contained
MON 40-3-2 in the range of 0.1 — 0.9%, while 10
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samples exceeded the 0.9% threshold. In the
remaining samples, GM content was below 0.1%.
Similarly, Ujhelyi et al. (2008) analyzed 80 GM
positive soy-containing products and reported that
39 contained MON 40-3-2 below 0.1%, 28
samples fell within the range of 0.1 — 0.9%, and
15 products (approximately 6%) exceeded the
0.9% threshold. Rott et al. (2004) also detected
MON 40-3-2 in 14 out of 36 soybean products,
with levels ranging from 0.04% to 87.00%. In
contrast, Grazina et al. (2017) reported a



comparatively low occurrence, with only 1.4% of
analyzed samples exceeding the labeling
threshold. Herzallah et al. (2012) similarly
observed that approximately 2% of food and feed
samples contained more than 1% MON 40-3-2
soybean.

Conclusions

In the present study, a range of commercially
available meat products from the Bulgarian
market was subjected to PCR-based screening for
the detection of GM elements. The results
revealed that 63.89 % of the samples contained
the CaMV 35S promoter, the epsps gene, or both.
These findings indicate a widespread presence of
GM soybean-derived material in meat products
and underscore the need for rigorous and reliable
control measures, including the quantitative
assessment of the most prevalent event, MON 40-
3-2. Subsequent event-specific PCR analysis
confirmed the presence of the MON 40-3-2
soybean event in 20 of the 23 positive samples.
The RRS content was below 0.1 % in 5 of the
tested products, while 12 samples contained this
transgenic event within the range of 0.1 — 0.9 %.
Three samples exceeded the 0.9 % threshold and,
according to EU Regulation should be labeled
(Regulation (EC) No 1829/2003). Overall, 8.33 %
of all analyzed meat products were incorrectly
labeled with respect to GM content. Taken
together, these results highlight gaps in
compliance with current labeling regulations and
emphasize the need for strengthened monitoring
and enforcement by the relevant Bulgarian author-
ities to ensure adherence to EU and national leg-
islation.
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ADVANTAGES AND DISADVANTAGES OF CHEMICAL WATER TREATMENT IN IN-
DUSTRIAL BOILERS

Mariyana Hristova

Abctract: The application of corrosion and scale protection of high-pressure industrial boilers is more than
obligatory to ensure their reliable and safely operation. The most commonly used methods are through water
deionization, physicochemical removal of oxygen and carbon dioxide, application of scale and corrosion inhibi-
tors. The program used years ago with hydrazine, which absorbs oxygen and ammonia to correct the pH of the
water is not applicable in modern steam generator systems. The current inhibitors for preventing corrosion from
dissolved oxygen and carbon dioxide are similar chemical compounds on hydrazine, but on amine and carbonyl
bases. Phosphates and phosphonates use for good heat exchange as prevent the formation of calcium and magne-
sium deposits, increase alkalinity and limit acid corrosion in boilers. Experience shows that both their deficiency
and excessive use would also lead to problems in the boiler system.

Key words: water treatment, boiler, DEHA, phosphate, monitoring, control, corrosion

Introduction

The conventional chemical water treatment of
boiler systems for industrial use includes: demin-
eralization (deionization) of the feedwater to the
boiler, physical separation at elevated temperature
and deaeration, equipment protection from acid at-
tack through pH regulation within a specific range
of activity of the remaining treatment chemicals.
The most applicable are carbohydrazide, dieth-
ylhydroxylamine, methylethylketoxime, hydro-
quinone, as well as other amines, polyamines or a
combination of them, which have the ability to re-
act with dissolved oxygen and carbon dioxide in
water. They prevent oxygen corrosion and that
caused by carbonic acid [1]. In the recent past, hy-
drazine was the most common oxygen scavenger
of all compounds, due to its high reactivity in re-
ducing oxygen. The main limit of the application
of volatile hydrazine comes from its highly toxic,
carcinogenicity and mutagenicity [2, 10].

Phosphates and phosphonates are used as in-
hibitors against calcium-magnesium scale in in-
dustrial boilers with medium and high pressures.
Various polymers are aplicated for the dispersion
of suspended substances and their precipitation on
the internal surfaces of the boilers [3]. Sodium hy-
droxide dosing is allowed to increase alkalinity
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and correct pH, but its application is extremely
limited.

Experiment

The considered steam generator system con-
sists: a deaerator, a steam drum with a vertical ar-
rangement of water heating pipes and natural wa-
ter circulation, a steam superheater, an economizer
for heat recovery from flue gases. The heating sur-
faces consist of concentric tube cells, which inside
surfices forms a cylindrical combustion chamber.
The boiler operating parameters are: pressure up
to 40 bar and temperature up to 280°C.

The boiler-utilisator is fed with demineralized
water (DMW), it is obtained from a specialized
chemical workshop at the thermal power plant.
The boiler's productivity is 15 t/h, approximately
15.3 t/h is the feedwater and about 0.3 m*/h is the
constant blowdown.

The separation of dissolved O,, CO» and other
aggressive gases from the DMW is carried out be-
fore the steam drum, feedwater passes through a
deaerator, where it is heated to a temperature of
104°C by bubbling steam at a pressure of 2.5 bar
through the water.

The steam is generated in the water heating
pipes of the DMW boiler at the expense of the heat



released during the combustion of the fuel in the
furnace chamber. The generated steam is sepa-
rated in the boiler drum, then superheated in the
steam superheater and fed to the heat exchange
equipment of the installation.

The main fuel burned in it is factory hydrocar-
bon gas. The air required for combustion is sucked
from the atmosphere to the furnace burner. The
flue gases released during combustion give off
their heat in a convective chamber of an econo-
mizer and are fed to the chimney. The heated wa-
ter from the economizer is fed to the steam drum.

The chemical treatment of the boiler includes
protection inhibitors against scale and corrosion.
After the deaerator, 5 ppm of pH corrector with
oxygen scagenger addes before the steam drum,
2.5 ppm of phosphate is dosed accordingly.
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Fig.1. Scheme of an industrial steam generator
system

The metallurgical elemental composition of the
steam generator system consists of high-strength
and heat-resistant carbon steels: P265GH and P-
355NH according to BDS EN 10216-2 and BDS
EN 10028-3, structural steel according to S235JR
EN 10025-2.

Results and discussions

The contact of DMW with the internal steel
surfaces of the boiler leads to the formation of a
barrier layer of iron magnetite (Fe304), which, in
turn has a protective function. The addition of a
pH-correcting inhibitor aims to ensure that this
layer remains continuous and does not break
down. Low values of pH and carbonic acid content
are detrimental to the resistance of magnetite. The
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accumulation of carbonate and silicate deposits
prevents the formation of Fe;O4 also leads to dis-
ruption of the heat exchange process and clogging
of the pipe elements of the system [4].

The principle of action of the protection against
corrosion of the internal surfaces of the waste heat
recovery boiler with a combined inhibitor of dieth-
ylhydroxylamine (DEHA), aminopropyldimethyl-
amine (DMAPA) and aminoethanol is through the
absorption of dissolved gases and pH correction.
The high reactivity of DEHA towards dissolved
oxygen in the water, as well as prevention the for-
mation of deposits, is the main advantage of the
inhibitor, which is added after the deaerator. A dis-
advantage is its thermal instability in the steam
drum and its decomposition to acidic compounds
[7]. The standard for the content of residual DEHA
in the treated water to the steam drum is from 0.1
ppm to 0.2 ppm.

As a result of the incorrect sampling of the
drum blowdown to determine the residual amount
of DEHA, unrealistic concentrations of the inhib-
itor have been reported for several years in a row,
presented in Fig. 2. Due to its volatile nature, the
residual amount of DEHA must be determined af-
ter the deaerator before the drum. When analyses
of residual DEHA in the feedwater after the deaer-
ator made, values more than ten times higher than
the maximum permissible limit of 0.2 ppm were
found.

The results of the latest measurements are pre-
sented at the end of the graph.
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Fig. 2. DEHA in the feedwater from the steam
drum blowdown and after the deaerator

The application of phosphates to the water be-
fore the boiler drum has a primarily preventive
function towards the formation of carbonate and
silicate deposits. The sodium-phosphate (Na/PO4)
ratio is important for achieving this effect. High
phosphate levels above 10 ppm in boilers up to 60
bar can lead to the precipitation of sodium iron
phosphate on the hot metal tubes during periods of
high load, which, in turn dissolves the protective



Fe304 layer, causing further scale accumilation
and corrosion [6, 8].

Phosphates in boiler water, ppm

L)
5 anlessems »

Aa". '-..h&o' [ . . ®
PRy SUNVREL LN\ P NP PR SY.
o
g
..s-“-*}

"
A

ad
o> i
Y

-‘_\\"—" A

al
hlg 0 oY
W& ¥

o A0 A
Q\.\‘\. L g ¥ \\\-\\.’

o
¥ ’

42

# Phosphates, ppm ® min # max

Fig.3. Phosphates in boiler water

In this case, the inhibitor is a mixture of phos-
phates with up to 10% NaOH, and during the pe-
riod of operation of the boiler until its emergency
shutdown, it was dosed below the minimum per-
missible limit value of 5 ppm, as shown in Fig. 3.

The saturation of the steam pipeline with so-
dium hydroxide occurs when the blowdowns are
not carried out regularly and the steam condensate
is periodically returned from the installation to the
boiler. Evidence of this is the high sodium content
in the steam of over 15 pg/l (Fig. 4) and the in-
creased alkalinity of the condensate of over 0.12
mgeqv/l (Fig. 5) throughout the entire period of
operation of the boiler.
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Fig. 4. Sodium content in the saturated steam
after the drum

Excessive dosing of amines and phosphates
can cause the so-called caustic corrosion, caustic
cracking or alkaline embrittlement.
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Steam condensate alkalinity, mgeqv/l
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Fig.5. Steam condensate alkalinity

The mechanism of action of this specific type
of corrosion is explained by the formation of a
layer of vapor parallel between the boiler water
and the tube wall, not enough water reaches the
tube surface for effective heat transfer. The water
near the superheated boiler wall quickly evapo-
rates, leaving behind a concentrated NaOH solu-
tion, it is highly corrosive [5, 8].

Porous metal oxide deposits also allow the de-
velopment of high concentrations of sodium hy-
droxide and subsequent corrosion by the same
mechanism [5, 6].

Corrosion from the concentrated NaOH solu-
tion creates disproportionate ulcers, often called
“gouges”, as shown in the photographs in Fig. 6.
[5,6].

|

Fig. 6. “Caustic corrosion” of water heating pipes
and samples of defective pipes

Steam generator systems fed with DMW or
pure steam condensate can be protected from
“caustic corrosion” by coordinated control of
phosphates and pH.

Phosphates buffer the boiler water, reducing
the likelihood of large changes in pH with increase
sodium hydroxide concentration. Excess NaOH
reacts with mono- or disodium phosphate, forming
trisodium phosphate through reactions (1), (2),
and (3). The amount of mono- or disodium phos-
phate must be sufficient to bind all the free sodium
base and form trisodium phosphate. The scheme



of neutralization of NaOH by mono- and disodium
phosphate is as follows [5, 9]:

NaH,PO, +  NaOH - NaHPO, + H,0 1)
sodium sodium disodium water
phosphate hidroxide phosphate

Na,HPO, +  NaOH —  NayPO, + H,0 )
disodium sodium trisodium water
phosphate hidroxide phosphste

Na;PO, + HO —  Na,HPO, +  NaOH (3)
trisodium water disodium sodium
phosphste phosphate hidroxide

The control of this process is achieved by feed-
ing an appropriate type of phosphate into the drum
to raise or lower the pH while maintaining an op-
timal concentration of phosphates. The amount of
amines in the feedwater is also important. They
can also drastically increase the pH of the water
before the steam drum. The concentration of in-
hibitors and the pH of the water are reduced by
more frequent blowdown.

Therefore, by monitoring the parameters of the
water, steam and condensate in the steam genera-
tor system and regulating the dosage of inhibitors
within the permissible limits and the frequency of
blowdown, appropriate levels of protection
against scale and corrosion are achieved, and the
operating mode of the boiler unit is optimized.

Conclusion

The efficiency of the steam generator system
process depends on compliance with the operating
conditions (pressure, temperatures, loading), con-
trol of chemical dosage, regular removal of me-
chanical impurities, through the so-called blow-
down and periodic measurement of key indicators
of boiler water. Incorrect sampling for analysis, in-
sufficient or inappropriate analyses at specific
sampling points, uncontrolled dosing of inhibitors
beyond permissible limits, return of condensate
saturated with salts, mechanical impurities, corro-
sion products, inhibitors or their decomposition
products leads to disruption of the heat exchange
process, silting and clogging of the system with
deposits and corrosion of the boiler. Dosing of in-
hibitors to the feed and boiler water has its ad-
vantages, but also disadvantages. Often, the lack
of adequate monitoring and ineffective control
causes breakdowns and costly repairs of boiler
units. Constant automated monitoring and control
of the parameters of these waters is a very effec-
tive modern solution.
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HN3CJIEJABAHE HA IIOJIM®EHOJHOTO CBABbPKAHUE, AHTUOKCUJAHTHUSA KA-
HAOUTET U CHHEPTUYHUS EOEKT HA EKCTPAKTH OT I'PO3/10BU CEMKU U
PO3MAPHUH

ITamena I'eopruesa, SABop MBaHoB

STUDY OF POLYPHENOL CONTENT, ANTIOXIDANT CAPACITY AND SYNERGISTIC
EFFECT OF GRAPE SEED AND ROSEMARY

Pamela Georgieva, Yavor Ivanov

ABSTRACT: The growing interest in natural antioxidants determines the purpose of the present study. The
replacement of synthetic antioxidants with natural ones is a subject of scientific interest due to the many health
benefits. Extracts of plant origin are a valuable source of biologically active substances with wide industrial
application. This is due to the rich polyphenol composition and high antioxidant activity. The aim of the study was
to obtain extracts from grape seeds and rosemary leaves and to make a comparative analysis of their
characteristics, as well as to assess the synergism between the two extracts. The extraction was carried out on a
magnetic stirrer with a water-ethanol solution. The obtained extracts were dried at 40 °C for 24 hours and stored
at 4 °C. The color characteristics of the extracts were determined. By appropriate analytical methods, the optimal
extraction conditions, yield, total phenolic content and antioxidant capacity were determined. The analysis of the
obtained data shows that the total phenolic content of the grape seed extract is significantly higher (994.73 mg
GAE/100 g) compared to that of the rosemary extract (597.26 mg GAE/100 g). Similar to these results, the grape
seed extract also exhibits higher antioxidant activity compared to the rosemary extract. The measured antioxidant
capacity by the ABTS method of the grape seed extract is 78.97%, and that of the rosemary extract is 67.5%. A
similar trend is observed in the DPPH method, where the antioxidant activity of the grape seed extract is 72.99%,
and that of the rosemary extract is 34.92%. A synergistic effect was found, with an increase in antioxidant capacity
by 4%, compared to the individual extracts. The influence of chlorophyll was additionally investigated, as the
rosemary extract was subjected to purification with activated carbon. It was observed that the removal of
chlorophyll leads to an increase in antioxidant activity, which can be associated with its potential participation in
prooxidant processes. The antioxidant capacity measured by the ABTS method increased by 15%, while that result
obtained by the DPPH method has increased by 40%. The results obtained show that the plant extracts possess
high antioxidant activity, which highlights their potential for application in the pharmaceutical, cosmetic and food
industries.

Key words: grape seed extract, rosemary extract, antioxidant activity, polyphenols, synergism.

BnBenenue MeMOpaHa OT yBpEXIaHe, IPUUNHEHO OT CBOOO/I-
HUTE PaJUKaIN C€ OCHINECTBSIBA UMEHHO OT aHTH-
ChlecTBYBAaT MHOXECTBO MHTEPECH KbM €C- okcumanTute (Rahman 2007) . Te ce sBsaBaT B oc-

TECTBEHUTE aHTUOKCUIAHTH OT PACTHUTEJIEH IIPO-  HOBaTa HA MHXMOMPAHETO HAa PeaKklMUTe Ha B3aH-
u3xoj. ToBa ce 1bpiku Ha (akTa, ue Te ca IIeHeH  MozelicTeue ¢ kuciopoza (Poljsak et al., 2013).
M3TOYHMK Ha ()EHOJHH ChEAWHEHHMs, KOUTO UMaT  ToBa o0yciaBs HEOOXOAMMOCTTa OT ThPCEHE Ha
KJIIOUOBA POJISL B IPOSIBSIBAHETO HA aHTHOKCHIAH-  €(EKTHBHU MPUPOJHH W3TOYHHULM Ha AaHTHOKCH-
THaTa akTUBHOCT. [lopagu penuna moisu 3a 4o-  JaHTH, CIIOCOOHU Ja HEyTPaJu3upar peaKTHB-
BEIIKOTO 3/IpaBe, HAyYHHUAT HMHTEPEC € HACOUYCH  HHTE KUCIOPOJHH BHIOBE U J]a OTPAaHHYAT YBPEK-
KbM 3aMECTBaHE Ha CHHTETUYHHWTE aHTHOKCH-  jAaHusTa B Ouonormunure cucremu (Chibuye et
JIAHTH ¢ pacTuTesHu. EnHa ot npuuunanTe 3a Thp-  al., 2014). deHoNMHUTE CheJMHEHUS MIPEJICTABIIS-
CEHETO Ha MPUPOJIHU aHTUOKCHUJIAHTH € Pa3BUTH-  BaT €JHU OT Hai-pa3NpOCTpaHeHUTEe OMOAKTHBHU
€TO Ha MHOXKECTBO XPOHUYHHU M JIETCHEPAaTHBHM  BEILECTBAa B I'PO3JETO, KOUTO NPUTEKABAT KO-
3a00JsIBaHMs, IPUYMHEHN OT OKCHJIATHBEH CTPEC  YOBO 3HAYCHHE 332 HETOBUTE AHTHOKCHUAAHTHU U
(Forman et al., 2021). 3amurata Ha KiIeThb4HATA
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OMOJIOTHYHU CBOMCTBA. Haif-BHCOKHM KOHIICHTpA-
1K Ha ()CHOJIHU ChETMHEHUS CE OTKPUBAT B CEM-
KHTE U TUMHTE Ha TPO3JETO, KOUTO CE CUUTAT 32
OCHOBHHU M3TOYHHIIY Ha OMOJIOTUYHO AKTUBHH Be-
mectBa (Hussain et al., 2021). Cpen momudeHo-
nute, (aaBaH-3-0JINTe W TEXHUTE IPOU3BOIHH
MpeICTaBiIsIBaT €IHa OT OCHOBHUTE TPYIH ChEIH-
HEHUS, IPUCHCTBAIIN B Tpo3ieTo. KbM TAX ce oT-
HacAT (+)-KaTeXWH, eMUKATeXWH U CITUKATeXUH-3-
O-ranat. OcBeH Te3M MOHOMEPHH ChEINHEHNS, B
TPO3JETO ce CpelaT U OJIMTOMEPHH U MIOIMMEPHH
(hopMH, M3BECTHH KATO MPOIMAHUANHA, BKIIOUH-
TENHO AuMepu Ha npounanuguaute (B1-BS),
npormanuaud C1 u npouuanuauy B5-3-O-ranat
(Kanagarla et al., 2013). Te3u creauaeHuUs 10T-
pUHACST B 3HAYHTEIHA CTETICH 32 aHTHOKCHIAHT-
HaTa aKTMBHOCT W OMOJOTWYHATa CTOHHOCT Ha
TPO3JETO W TPONYKTHTE, IOIyYeHH OT HEro.
Rosmarinus officinalis, L., e apomaTHO pacTeHue
OT ceMeiicTBoTO Lamiaceae, KOETO MPOHU3X0XKIa
oT CpeIM3eMHOMOPCKHSI PETHOH U MIPEACTaBIIsIBA
JOCTBITHA TIOJIpaBKa C TMOIYepTaHa aHTHOKCH-
nanta aktuBHOCT (Cuvelier et al., 1996). ®otoxu-
MUYHHUAT My CBhCTaB BKJIIOUBA pPa3sHOOOpa3HH
TPyNH ChEIMHEHUS, Cpell KOUTO (DeHOIHU KHce-
TUHY, (IAaBOHOWIM, MUTEPIICHH, TPUTEPIICHH U
JETIBA KOMIOHEHTH. OCHOBHUTE OWOAKTUBHH
BEIIECTBA B poO3MapHHa ca (DEHOJHHUTE TUTEp-
MeHH, KaTO KapHO3HA KHUCEIMHA M KapHO30J], KO-
WTO C€ CUMTAT 32 OCHOBHH HOCHUTENM HA aHTHUOK-
cunanTHaTa aktuBHOCT (Mena et al., 2016). Bwn-
pexu 1oOpe M3yYeHUTE CBOICTBA Ha OTIEITHHUTE
PACTHUTEITHH EKCTPAKTH, HAYYHUSIT UHTEpPEC € Ha-
COYCH KbM H3ydYaBaHe B3aUMOJICHCTBUETO MEXTY
KOMOMHHpaHU PaCTUTENHH eKcTpakTu. CuuTa ce,
4e TOBa MOXKE Ja JIOBEJIE 0 CHHEPTHYEH e(eKT,
MpHU KOWTO 0oOlIaTa aHTHOKCHJIAHTHA aKTHBHOCT
Ha/IBUIIaBa Ta3W Ha WHIUBHIYaTHUTE KOMIIO-
"HeHTHu. To3u momxon 6u Own obemasar o OTHO-
nmeHue e(QEeKTUBHOCTTA Ha MPHUPOIAHUTE aHTHOK-
CHJIAHTHU U TAXHOTO MPUIOKCHHUE B UHIYCTPUSITA
(Villanueva-Bermejo et al., 2024). Pactutenaure
€KCTPAaKTH OOMKHOBEHO C€ IOJy4aBaT upe3 pas-
JUYHYU EKCTPAKIIMOHHU METOJIH, KaTO BOJTHO-ETa-
HOJIHATA EKCTPAKIMS Ce CUMTA 3a €IHA OT Haii-
e(eKTHBHUTE IOpaIu BUCOKaTa CH CIIOCOOHOCT
Jla W3BJIMYA TONU(PEHONHN ChEJAMHEHHS, KaTo
e(eKTHBHOCTTA U 3aBUCH OT MOJIIPHOCTTA HA Pa3-
tBOpUTeNs (Alara et al., 2014). B pesynrat Ha
TOBA, PACTUTEIHUTE EKCTPAKTH HAMUPAT MIUPOKO
MPUIOKEHHUE KaTO ECTECTBEHH AaHTHOKCHJIAHTH
BBB (papMalrieBTHYHATA, KO3METUYHATA U XPaHH-
TEJHO-BKyCOBaTa NpoMuuuieHocT. CbBpeMeH-
HUTE (apMaKOIOTUYHU H3CIIE/BAHHS TOKa3BaT,
4e Te3W EKCTPAKTH MOTaT Jia ObJaT WU3IMOJI3BaHH
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KaTo (UTOMpenapaTi ¢ aHTHOKCHIAHTHO JEUCT-
BH€, HACOYEHHW KBbM peIylHpaHe Ha OKCHIATHB-
HUS CTPEC U 3allUTa Ha KICTHYHUTE CTPYKTYPH.
OT KJII0YOBO 3HAYCHHE € TAXHATa HUCKA TOKCHY-
HOCT M €CTECTBEH IIPOU3XOJ, KOETO TH IPaBH MO/~
XOJIAIIN 32 IBITOCPOYHA yroTpeba 3a JeueHus ¢
HaTypajJHU ChCTaBKU. B ko3meTrnkata HamupaT
MPUJIO)KEHHE KAaTO CBCTaBKM B TPOAYKTH 3a
TprKa 3a KoXKaTa, Mopagy CIoCOOHOCTTa UM Ja
HEYTpaJIM3UpaT CBOOOTHUTE PAJMKAIIU U JIa TIPE/I-
masBaT OT MPEXKAECBPEMEHHO cTapeeHe. B xpaHu-
TETHO-BKYCOBaTa HHIYCTPHS TE€3U €KCTPAKTHA MO-
rar jga ObJaT U3MO0J3BaHU KAaTO ECTECTBCHHU U Oe-
30MacHH KOHCEPBAaHTH, KOUTO 3a0aBAT JIMITH-
HaTa OKCHUIANNA U YIbJDKaBaT CPOKa HA TOTHOCT.

B TO3M KOHTEKCT HACTOSIIOTO W3CIIEABaHE
¥Ma 3a I1eJ1 J1a Ce MoJIyyaT eKCTPaKTH OT IPO3I0BH
CEeMKHU U PO3MapHH, J]a C€ U3BBPIIHA CPABHUTEIICH
aHaNMM3 Ha TEXHHUTE XapaKTepUCTHKH W Ja ce
OIICHU TIOTEHITUATHUAT CUHEPTU3bM IPHU TIXHOTO
KOMOMHHMpPaHE KaKTO M Bb3MOXKHOCTTA 3a TOCIIe/I-
BaIlOTO UM TIPUJIOKESHHE.

Marepuaan M MeTOIH
1. Marepuanu

Marepuanure U3N0I3BaHN B TOBA 3CIIC/IBAHE,
0s1xa ceMKkHd OT 4epBeHO Tposne (Syrah) m mucra
ot po3mapuH (Rosmarinus officinalis). PeakTu-
BUTE, U3IIOJI3BAHH 33 EKCIIEPUMEHTA, 051Xa €TaHOI
99,9% v/v (Valerus, Codust, benrapus), meraHon,
AKTUBEH BBIJICH, FaJI0Ba KUCENNHA, 2,2-1n(eHuII-
| -nmukpuixuapasmi, 2,2'-a3uHo-0uc(3-eTHiioeH-
30THA30JIMH-0-CYyI(OHOBaTA KHCenuHa), 2,6 mM
K2S203, peaktus Ha ®onun- YokanTeil, HaTpreB
kapOonat, 3akynenu ot Sigma-Aldrich Co.,
raituxaiim am AnOyk, ['epmanus. JlenoHu3u-
paHa BoJia, MPEUYMCTEHA Ype3 CUCTEMHUTE 3a Ipe-
yucTtBane Ha Boga Ha ELGA (Lane End Business
Park, HP14 3BY, OGeaunHeHo KpaycTBo), Oerie
M3I0JI3BaHa MPe3 LENUs eKCIIEPUMEHT. .

2. [loaroroBka Ha rpo37I0B EKCTPAKT

CemMeHata OT Tpo3ze 0sxa OTAEICHH OT TPO3-
JeTo, M3MHUTH ¢ Boaa u uscymienu npu 40 °C. Cy-
XUTE CEMKH, C IIOMOIITa Ha OJIeHaep Os1Xxa CMIICHH
mo ¢uH mpax. Kem 5 rp mpax oT rpo3goBute
ceMku Osixa moOasenu 100 mu BOAHO-eTaHOJEH
pastBop- 70 M eranon u 30 mur Boga. Ilomyde-
HaTa cMec Oellle IMOCTaBeHAa Ha MAarHuTHa ObBp-
kajka (MMS-3000, Boeco, Xam0Oypr, ['epmanust)
NpY cTalfHa TeMIeparypa, 3a 3 yaca, TpH IOCTO-
sIHHa CKOpPOCT Ha pa30bpkBaHe or 500 00/MuH,.



Crnen ToBa cMecta Oerire 1ieHTpodyrupana 3a 10
MuH Ha 6000 rpm . oTAeNeHaTa CymnepHaTaHTa
Oelre KOHIICHTpHUpaHa 10 1 MJI BbB BaKyyMHa W3-
napurenna cuctema (Rotavapor R-215, Buchi,
O®mapun, [Iseitmapus) mpu 50-60°C u BakyyMHO
Hamsrae ot 100-175 hPa.

3. [loaroroBka Ha €KCTPAKTa OT PO3MAPHH

Jlucrara oT po3mMapuH 0s1Xa OTAEJICHHU OT CTHO-
JaTa, U3MHUT C BOJa M U3CYIICH IIpH CcTaiiHa TeM-
nepaTtypa 06e3 mIpsika CIIbHYEBAa CBETJIMHA B IIPO-
neokenue Ha 10 gau. Cineq ToBa CyXHTE JIUCTA OT
po3MapuH Osixa cmiieHu B OneHzaep. Kem 5 rp ot
mpaxa oT po3MapuH Osxa mobaBerm 100 M
BOJHO-E€TAaHOJIOB pa3TBOp — 60 mu1 eTanon u 40
i Boga. CMeceHOTO BellecTBO Oelle ocTaBeHO
Ha THMHO 3a 24 yaca, cjej KoeTo Oellle ToCTaBeHO
BBpXy MarHuTHa Obpkaika (MMS-3000, Boeco,
XamOypr, ['epManust) mpu MOCTOSTHHA CKOPOCT Ha
o0bpkane ot 50000/MuH, mpu cTaiiHa TemImepa-
Typa, 3a 3 vaca. ExcrpaxTure Osixa nieHTpodyru-
panu 3a 10 munytu Ha 6000 rpm . CynepHaraH-
TaTa Oemie oOTHelIeHa u (QUWITPyBaHA IMIpe3
Whatman ¢unrspra xaptus HOMep 1. [lomyue-
HUST €KCTPAKT Ce pa3zieis Ha ABE YacTH, KaTo el-
HaTa 4yacT ce cMecBa ¢ 0,5 rp akTHBEH BBIJIEH C
e OTJACISHE Ha XJIOopoduia U OTHOBO Oelie
¢untpyBana npe3 Whatman ¢untepHa xapTus
HoMep 1. Criesr TOBa eKCTpakTUTE Osixa KOHIICHT-
pupaHu BbB BakyyMmeH uznapuren (Rotavapor R-
215, Buchi, Flawil, HIse#inapus) npu 50-60°C u
BakyyMHO Hansirane ot 100—175 hPa.

4. Or[pez[eJmHe Ha OBETAa HAa CKCTPAKTHUTC

ITo metonma, ommcan oT XacaH W ChaBTOPH
(Hassan et al., 2015) xapakTepuCTHKHTE Ha I[BETA
Ha Pa3IMYHATE €KCTPAKTH 0sXa OompeaeNeHH. 3a
nenta Oeme wusnmon3BaH xpomamersp CR-410
(Minolta Co, Ocaxka, Snonus). M3non3ear ce 5 mi
oT mpo0aTa Ha eKCTPAKT OT T'PO3JI0BH CEMKH U €K-
cTpakt or po3MmapuH. [lapamerpure Ha nU3Mep-
BaHe 0sixa pa3Mep Ha mopTa 13 mm, ocBeTuten
D65 u crannapren nabmogaren Ha 10°. 3a kanub-
pHpaHe Ha XpoMaMmeTbpa Osixa U3MOJI3BaHU OeH
W uepHU craHnmaptd Ha X-Rite. Pesynrarure 3a
nuBera Osixa ompenenenn B ckana CIE L* a* b*.
CroitHocTTa L* mpencrasisiBa CBETIIOCT, a CTOH-
HocTHTe a* m b* mpencraBisiBAT YEPBEHOCT H
KBITEHUKABOCT. Te3n Tpu napameTbpa (CBETIOCT
(L*), uepBenoct (a*) u xbareHukaBocT (b*))
Osixa ompelesieHHM 3a BCHYKH IIOJYYEHH EKCT-
PaKTH Ype3 U3IMOI3BaHe Ha TPH MapaieTHH IPooH
OT BCEKH OT TSIX.
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5. Onpenensae Ha pH

Croiinoctute Ha pH 0sxa omnpeneneHu CbI-
macHo pedepentaus wmeron (AOAC.Official
Methods of Analysis, 2005). 1 M ekcTpakT Oete
cmeced ¢ 10 mut gectunupana Boga. Cmecra oerie
dbuntpupana npe3 Whatman ¢unrspHa XapTHs
HoMmep 1 u croiiHocTTa Ha pH Oemre n3MepeHa c
pH metsp (HAANAHI2211, Hopk, Benuko6pu-
TaHU).

6. OmpenensiHe Ha 0OIIOTO (PEHONHO CHIBP-
KaHUE

OmpenensHeTo Ha OOMIOTO ChIBP)KAHHWE HA
¢denonu (TPC) Gemre nzpbpieno (Singleton et al.,
1965). 50 pL ot mpobara 6saxa cmecern ¢ 50 pL
2N pearent Ha @onua-Yokanren u 300 uL 75 g/l
Na2CO3. Cnen ToBa cMecTa Oellie HHKyOUpaHa 3a
25 muHyTH Ha THMHO. [Ipo0ara Gemie neHTpody-
rupana Ha 6000 ob6opora 3a 10 muryTH. 1 MII OT
pastBopa Oerie cmeceH ¢ 1 mi Boja. AGcopOium-
siTa Ha pa3TBOpa Oelle u3MepeHa mpu 725 nm Ha
UV-Vis cnekrpodoromerp JENWAY 6900
(Colmworth, UK). Bcuuku mpobu 6s1xa TeCTBaHH
Tpoitno. KammOpanmonnara xkpuBa (50450
ug/mL, ¢ ypaBHeHHETO Ha mpasata ,,Y= 0.0015x
+0.2041“ u R2 = 0.9947) Gere n34uncicHa ¢ u3-
MOJI3BaHE HA TajloBa KUCEJHMHA KAaTO CTaHAapT.
®opmyrara, U3MOI3BaHA 332 U3UHUCICHHUETO, € (1):

CGA.V DF MYGAE

PC — o6mo ¢enonHo crpappxkanue (mg
GAE/100 g)

CGA — xoHIIeHTpalys Ha rajJoBa KUCEIMHA OT
KanuOpalmonHaTa kpuBa (mg/mL)

V — obem Ha ekctpakTa (mL)

DF — daxTop Ha pa3pexaane

m — Maca Ha rnpoodara (g)

7. OnpenensiHe W CpaBHSBaHE Ha aHTHOKCH-
JAHTHUS KamanurteT dpe3 metona ABTS

OmnpenensiHETO Ha aKTUBHOCTTA 32 YJIaBsHE Ha
ABTS panukanu Oemre ussbpiieHo (Sofi et al.,
2016). 100 pL ot mpoOara Osixa cMeceHH ¢ paBHH
MOJIapHU KosindecTBa 2,6 mM kanueB nepcyidar
u 7,4 mM 2.2'-a3uH0-0mc(3-eTHnOeH30THA30-
nH-6-cyndoHoBa KucennHa). Cien ToBa cMecTa
Oeme MHKyOUpaHa 32 5 MHUHYTH Ha TbMHO. AO-
copOrusta oere uamepeno npu 734 nm ¢ UV-Vis
cnekrpodoromersp JENWAY 6900 (Colmworth,



UK). Benuku npobu 0sxa TECTBaHW B TPOWHO
nopropeHune. Popmyrara, U3MoOI3BaHA 32 M3UHUC-
JICHUETO, ¢ (2):

% WuaxubupaHe Ha
ABTS * aknsHOCTTa = —=.100 (2)

A— abcopb1ust Ha KoHTpoJa ; B— abcopOuus Ha
npobara

8. OmpenensHe U CpaBHSBaHE HAa AHTHUOKCHU-
JaHTHUA KarmanureT 4dpes merona DPPH

OmnpenensiHETO HA aHTUOKCHUIAHTHATA AKTHB-
HOCT upe3 ynaBsHe Ha pamukanute DPPH Geme
m3BbpIreHo (Sofi et al., 2016). 100 uL ot mpobaTa
0s1xa cmecenu ¢ 2 mut 0,1 M DPPH pastBop, mpu-
TOTBEH €XEIHEBHO C 2,2-TueHII- | -TUKPHITXH/I-
pasun B metanon. Cnen ToBa cMecta Oele HHKY-
OmpaHa 3a 5 MHHYTH Ha ThbMHO. AGcopOIusaTa Ha
pa3TBopa Oeriie uamepena npu 517 nm va UV-Vis
cnektpodoromersp JENWAY 6900 (Colmworth,
UK). Bcrnukn mpoOu 0sixa TecTBaHU B TPOMHO
nosropenne. Popmynara, U3NOI3BAHA 32 M3UUC-
nenuero, e (3):

% WHxubupaHe Ha
DPPH * aKTMBHOCTTA = AA%B. 100 (3)

A— abcopOuust Ha kKoHTpoJia; B — abcopOius
Ha nipobara

Pe3yaraTtu u quckycus

1. OnpenensiHe Ha 00MIOTO (PEHONHO CHABP-
JKaHHe

OtneneHuTe ceMKU OT TpO3Z€ Ce M3MHBAT U
MOYKMCTBAT OT JIIOCTIUTE U APHKKUTE, ThI KaTO Te
ca ¢ o- HUCKO NoM(eHOIHO chlbpikanue. [1po-
[IECHT Ha CyIICHE € KII0YOB M MMa 3a IIeJ Ja Ha-
MaJli BllaraTa B CEMEHaTa, KOETO € OT ChIIeCT-
BEHO 3HAYEHHE KAKTO 3a TSAXHOTO ChXpaHEHHE,
Taka 1 3a epeKTUBHOCTTA Ha eKcTpakuusTa. [lox-
XOASIIOTO M3CYyIIaBaHe MMPeJOTBPaTsIBa Pa3BUTH-
€TO Ha MUKPOOPTaHW3MHU H 3ala3Ba KadyecTBOTO
Ha eKCTpakTa 1o Bpeme Ha cbxpaHenue (Bucic’'-
Kojic et al., 2009). CbcrosiHueTo Ha (HEHOIHUTE
ChEJIMHEHMsI TI0 BpeMe Ha CyllleHe Ha TPO3J0BU
CEMKH € OT CHINECTBEHO 3HAYEHUE, ThI KaTo Tep-
Mu4HaTa 00paboTKa MOXKe Aa JAOBeAe A0 3HAuYH-
TEJNHHU 3aryOu Ha OMOJIOTMYHO aKTHBHU KOMIIO-
Hent (Khanal et al., 2010). [Ipomenute, KOUTO
HACTBIBAT M BIUSAT BBbPXY AHTHOKCHIAHTHATa
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AKTUBHOCT Ca 3aBUCHMH OT CTEIIEHTa Ha Harpsi-
BaHe, CJICJIOBATEIIHO TeMIleparypara € KII0YOB
(axTOp, KOMTO BOAM A0 YCKOPSIBAHE HA pa3rpa-
JAaHEeTO Ha KOMIIOHEHTUTe B MaTrpuuara (Serea et
al., 2022). IIpu temmeparypa ra cymene 100 u
140°C ce nHabmromaBa 3HAYUTETHO HamalieHHE
KaKTO Ha oOLIUTEe W3BJICYNMHU MOTU(PEHONH, TaKa
W Ha KOHJICH3MPAaHUTE TAHWHH, KAKTO U Hamalie-
HUC Ha aHTHOKCHIaHTHaTa akTUBHOCT (Larrauri et
al., 1997). B HacToAmOTO M3CleABaHE, IPO3/A0-
BUTE ceMKH ca cymeHu rmpu 40 °C 3a 24 yaca. 13-
BECTHU Ca Pa3UYHU METOJIU Ha EKCTPaKIUs Ha
OMOAKTHBHUTE CHEIUHEHUS OT TPO3JOBU CEMKH.
CbpBpeMEHHUTE H3CJIEBAHMS CE HACOYBAT KbM
pa3paboTBaHe Ha WHOBATUBHU W EKOJOTHYHO
YHCTH TEXHOJOTHH 33 €KCTPAKIIUS, C T1eJ ONITHMU-
3MpaHe Ha Bb3CTaHOBABAHETO Ha OMOAKTUBHU Ch-
¢/IMHEHMS W TIOCTUTaHE Ha TMO-BHCOKA e()EKTHB-
HOCT Ha Ipolieca, KaTo ce HaMassBa H3MOJ3Ba-
HETO Ha BPEIHU Pa3TBOPUTEIU U CHEPTHIHU pe-
cypcu (Cisneros et al., 2024). M360pbT Ha I01X0-
JUSIII] METOJT 38 €KCTPAKIIMS 3aBUCH OT peuna hak-
TOPH, BKIIFOYUTEIHO KaueCTBEHUS M KOJIMYECTBE-
HUSI CbCTaB HA EKCTPAKTa, XapaKTEPUCTUKUTE HA
pacTuTenHaTa MaTpHIA, KAKTO U (PU3NKOXUMHY-
HUTE CBOWCTBA Ha IIENEBUTE ()CHOIHH ChEIUHE-
HUS, KaTO pa3TBOPUMOCT, TOJISPHOCT, XUAPOho0-
HOCT ¥ TepMuyHa crabmwiHoct (Rodrigues
Machado et al., 2023). lo MOMeHTa He CBHIECT-
ByBa YHUBEpCaJleH CTaHIaPTH3UPAaH METO/I, KaTo
HA-IIMPOKO TPUIIOKEHUE HaMUpPa TBBPJ0—TEU-
HaTa SKCTPaKIHs, YeCTO KOMOWHHpaHa ¢ Mexa-
HUYHO pa30bpKBaHE WM YJITpa3BykoBa oOpa-
0otka (Alara et al., 2005). Haii-yecto n3nomn3sa-
HUTE Pa3TBOPUTENU 3a M3BJIMYaHE Ha (DEHOIHM
CHEJIUHEHUS OT IPO3I0BU CEMKH Ca METaHOJI, €Ta-
HOJI, alleToH U Boja (Spigno et al., 2007). Ycra-
HOBEHO €, Ye TONAPHHUTE BOJHO-AJIKOXOIHH
cMecH (METaHOJI/Boa HITH €TaHOJI/BO/IA), KAKTO U
BOJIHM Pa3TBOPH Ha alleTOH, OCUTYPSBAT IO-BH-
coka e()eKTUBHOCT Ha W3BJIMYAHE TIOPaIH TOJISP-
HUs XapakTep Ha ¢eHomHUTe MoJekynu (Yilmaz
et al., 2006). ETaHOTBT € MHUPOKO MPeNOYnTaH
MOpaJiv CBOSITA IOCTHITHOCT, HUCKA TOKCUYHOCT H
CTaTyT Ha 0e30IaceH pPa3TBOPUTEN , KOETO IO
NpaBH NOAXOIANI 32 PHIOKEHUS B XPAHUTEITHO-
BKycoBata unnycrpus (Fontana et al., 2013).

[To ananoruyeH HauwWH, JUCTaTa OT PO3MAPHH
Cce MOYUCTBAT OT MPUMECH, KaTO TOCIIEABALL] €Tall
€ CYIICHEeTO ¢ IIeJl HamallsiBaHe Ha Biarara. [1po-
[ECHT Ha CYIIIEHE € OT ChIIECTBEHO 3HAUCHHE, ThI
KaTO BJIHMSC BbPXY 3alla3BaHETO Ha OMOAKTHBHUTE
CBEJIMHEHUSI W TPEIOTBpATsiBa PAa3BUTHETO Ha
MHUKPOOPTraHM3MH TI0 BpeMe Ha ChXpaHEHHE
(Sandhya et al., 2021). ®UTOXUMUIHHAT CHCTAB



Ha po3MapuHa € YyBCTBUTEICH KbM TEPMHUYHA 00-
paboTKa, KaTo BHCOKUTE TeMIIEpaTypH Morat Ja
JTIOBEJIAT JI0 ACTPajalIis Ha OCHOBHUTE aHTHOKCH-
JNAHTHA KOMITOHCHTH, BKIIOYMTEIHO KapHO3HA
KucelnnHa u kapHo3oa (Mulinacci et al., 2011). B
HACTOSIIIOTO HM3CIENBAHE JHCTATa OT PO3MapHH
0sixa W3CYIICHW TIpU CTallHA TeMIepaTypa B
J00pe MPOBETPEHO MOMEIICHHE, B TIPOIBIKEHUE
Ha 10 mHU ¢ e MUHUMU3HpaHe Ha TEPMUYHUTE
3ary0u Ha OMOAKTHBHH ChenuHeHUs. M300pbT Ha
METOJT 32 €KCTPAKIIUS 3aBUCH OT peaulia GakTopH,
BKITFOUHTEITHO XUMHUYHHS ChCTaB HA PACTUTCITHHS
MaTepuai, KakTo U (PU3NKOXUMUYHUTE CBOHCTBA
Ha cheluHeHuATa. Hall-uecTo u3nona3BaHuTe pas-
TBOPUTEJH 33 M3BIUYaHEe HA ()EHONHHU ChEIMHE-
HUSI OT PO3MApHH Ca €TaHOJ, METAHOJN W TEXHH
BOJIHA CMECH, KaTO BOJHO-CTAHOJIHUTE Pa3TBOPH
ce TPEAMOYUTAT TOPATH CBOSTA e(DEKTUBHOCT U
oe3omacuoct (Irakli et al., 2023).

Ha monydeHuTe ekcTpakTH Oelie OIpe/eicH
no6uBa, useta ¥ pH (Tabmuna 1). Ot npoBeneHus
aHanm3, J0OMBBHT HA SKCTPAKTHUTE € MOKAa3aTeICH
3a e()eKTUBHOCTTA Ha eKCTpakuusara. Habmoma-
BaT Ce pa3Inyus B JOOMBA Ha IBAaTa EKCTPAKTa, HO
TOBAa C€ BJDKU HA CHIBPKAHHUETO HA OMOAKTHB-
uute Bemectsa (Luis Almela et al., 2010). I'pos-
JIOBUTE CEMKH ca 0oraTh Ha KOHJICH3MpPaHU Ta-
HUHH U MPOLMAHUINHU, KOUTO ca J00pe pa3TBo-
PYMU B MOJIIPHU Pa3TBOPUTEINH, JIOKATO MPH PO3-
MapuHa [IO6I/IBT>T 3aBUCHU OT CBHABPIKAHUCTO Ha
(peHOJ'IHI/I OUTEPIICHU W JICTIMBU KOMIIOHCHTHU
(Tarek et al., 2025).

Tadauua 1. J[o6us, usr, pH Ha ekcTpakT OT
TPO3/I0BH CEMKH U EKCTPAKT OT PO3MAPUH

Buo excm- | [Jobus Lesam pH
pakm (%) e e o
GSE 10,80 | 46.35 | 3.86 9.36 4
RE 18.50 | 34.25 | 1.05 | 18.32 7

GSE- exctpakt oT rpo3noBu cemku, RE- ekcrt-
PaKT OT PO3MapHH

Ot Tabmuma 1 ce BmKaa, ye JOOMBBT Ha €KC-
TpaKTa OT PO3MapHH € MO- BUCOK OT TO3W Ha eKC-
TpaKTa OT TpPO3ZOBU CEMKH. TOBa MOXE Ja ce
00SICHH C pa3M4usiTa B XUMHYHHS CHCTaB H
CTpYKTypaTa Ha PacTUTEIHUTE CypoBHHHU. Jluc-
TaTa OT PO3MapHH ChIBPXKAT TOJISIMO Pa3HOOOpa-
3ue OT ()CHOJIHU ChEIUHEHUS, ETEPUYHHN Macia,
BOCBIIH U JIPYTH JTUIMOPUITHA KOMIIOHEHTH, KOUTO
e(EKTHBHO CE U3BIIMYAT C BOJHO-CTAHOJICH Pa3T-
Bop (Mena et al., 2016). Benpekn BUCOKOTO Cb-
Jbp)KaHUE Ha MOTU(EHONN B TPO3JIOBUTE CEMKH,
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YaCTUYHOTO CBBP3BAHE B CIIOYKHU CTPYKTYPH KakK-
BUTO ca MPOIHAHUJANHUTE, JOBIHUTEIIHO HaMa-
nsiBa €PEKTUBHOCTTA Ha eKcTpaknusTa. CregoBa-
TEJTHO, TI0-BUCOKHSAT TOOMB Ha €KCTPaKTa OT PO3-
MapurHa ce JbJDKU Ha TIO-JIECHATA EKCTPAKIUST Ha
ChelMHEHUTa. [[BETHHUTE XapaKkTEepUCTHKH Ha
JIBaTa CKCTPaKTa 0sXa ONPEICIICHU Ype3 apameT-
pute L*, a* u b*, kaTo ce 3a0e1I3BaT ChIECTBEHN
paznnuus. EKCTpakTUTE OT TPO3JIOBU CEMKH Ce
XapakTepU3UpaT € MO-THMEH IBAT U MO-BUCOKH
CTOWHOCTU Ha 4YepBeHaTa KommnoHeHTa (a*). Ot
Jpyra CTpaHa, EeKCTPAKTUTE OT PO3MAapHH MOKa3-
BAT MO-BUCOKH CTOMHOCTH Ha JKBJITHS KOMITOHEHT
(b*). Paznukute B IIBETOBHTE XapaKTEPUCTHUKU
MoraT Jia ObJaT M3MOJI3BaHU KaTo WHIUKATOD 32
ChCTaBa Ha OMOAKTHBHHTE BemecTBa. OT Hampa-
BeHMs aHajau3 Ha pH craBa sICHO, Ue JBaTa CKCT-
pakTa ce pasjuyaBaT U MO KUCEIHHHUS ChCTaB.
XapakTepHO 3a EKCTPAKTa OT IPO3JOBH CEMKH €
HUCKOTO pH, K0€eTO ce ABKKM HA HAJTHYHETO Ha
OpraHu4HU KHUCCJIIMHU U q)CHOJ'IHI/I CbCAUHCHUA.
ExcTpakTute OT po3MapHH, OT CBOs CTpaHa, Io-
Ka3BarT Mo-cJ1abo Kucen ONM3BK 0 HEYyTpaJIeH Xa-
pakrep.

2. CpaBHeHne Ha TONU(GEHOTHOTO ChIBpPIKA-
HUC W aHTHOKCHAAHTHaTa aKTHUBHOCT Ha CKCT-
PaKTH OT TPO3/I0BU CEMKH U PO3MapHH.

[TosyueHnuTe eKCTpaKkTH OT TPO3TOBU CEMKH U
po3MapuH ¢ xjopoduil Osxa aHAIU3UPAHU C 1IETT
orpefiesisiHe Ha OOIIOTO ()EHOIHO ChAbP)KaHHE
(TPC) m aHTHMOKCHIIaHTHATa UM aKTHBHOCT 4pe3
meroaute ABTS u DPPH. Pesynrarure mokassat
pasnuuMs MEXAy [BaTa PAaCTUTENHU E€KCTPAKTa,
KaKTO 110 OTHOIIEHHE Ha KOJIMYECTBOTO (PEHOITHU
ChEJIMHEHUsI, TaKa U TI0 OTHOIIEHHE Ha CIIOCO0-
HOCTTa MM Jla HEyTpalM3upaT CBOOOJHU pPaju-
Kajy. 3a0eIeKUTENHO €, Y€ CTOMHOCTUTE Ha 00-
m0To (EHOJHO CBHABPKAHWE HA EKCTPaKTa OT
rpo3IOBU CEeMKH € To- BHUCOK (994,73 mg
GAE/100 g) B cpaBHEHHE C €KCTPAKTa OT po3Ma-
puH (597,26 mg GAE/100 g). B crorBeTcTBHE C
T€3U PEe3yATaTH, eKCTPAKTHT OT TPO3TAOBU CEMKHU
MpOsABSIBA U TO-BUCOKA aHTHMOKCHJAHTHA aKTHUB-
HOCT, CIPAMO €KCTpakTa OT po3MapuH. AHTHOK-
cuganTeH kamamureT mo Merona ABTS Ha ekcrt-
pakTa OT Tpo3moBu ceMku € 78,97%, a Ha eKCT-
pakra oT po3mapuH € 67,5%. AHanoru4su pesyin-
TaTu ce noiyyasar u npu meroga DPPH, kpaero
AHTHOKCHJAHTHATA aKTUBHOCT Ha €KCTPaKTa OT
rpo3a0BU ceMKH € 72,99%, a Ta3u Ha eKCcTpakTa
oT po3mapuH € 34,92%. Pesynararute ca WItOCT-
pupanu B ['paduka 1.
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1. lonmudenonno cpabpkanue (A) U aHTHOKCHU-
naHTHa akTUBHOCT (b) Ha eKCTpakTH OT rpo3IOBH
CEeMKH U PO3MapHH.

Ot nmpoBeicHNUTE aHAIH3H MOKe Aa ce 00001
4e, eKCTPAKTHT OT TPO3I0BH CEMKH JEMOHCTpUpPA
MO-BHCOKO 0010 ()eHOIHO ChIbpPKAHHE B CpPaB-
HEHHUE C eKCTpaKTa OT po3MapHuH. ToBa ce IbJIKH
Ha 0OraroTto ChAbpKaHWE Ha TOIH(EHONH B
TPO37IOBUTE CEMKH, 2 IMEHHO (hJI1aBaHOMIU, KOH-
JICH3UPAaHU TAHUHU ¥ MTPOIUAHUINHU, KOUTO 3HA-
YUTEITHO JOMPUHACST 32 BUCOKUTE CTOWHOCTH Ha
TPC. Ilogo6Hu pe3yATaTy ca JOKIaIBaHU U B JIU-
Teparypara, KbJIETO TPO3JI0BUTE CEMKH CE OIpe-
JISJIAT KaTo €IMH OT Hali-00raTuTe MPUPOIHHU U3-
TOYHHUIM Ha nojudeHonHn ceeauaenns (Yilmaz
et al., 2014). EKCTpakThT OT po3MapHH MOKa3Ba
MO-HUCKO 00110 ()EHOIHO ChABPKAHUE, HO BBII-
PEeKU TOBa MPOSIBSIBA 3HAUYMTEITHO TOOpa aHTHOK-
CHIaHTHA aKTHMBHOCT, 0co0eHo 1mo Metoaa ABTS.
ToBa Moke [1a ce 00SICHM C HAIMYMETO Ha CIIEIH-
¢vyHM HEHOTHU JUTEPICHH, KaTO KapHO3HA KU-
CEJIMHA U KaPHO30JI, KOUTO €PEKTUBHO HEYTPAIIH-
3upar pEaKTUBHU KHCJIOPOTHH BHJIOBE
(Habtemariam, 2023). [Tpu aHa#3a Ha aHTHOKCH-
nantHaTta aktuBHOCT upe3 DPPH u ABTS meto-
IATE ce HabmromaBa cxoaaa Teaaennus. ChIecT-
ByBaT pelIylla MEXaHM3MH Ha HHXHOHMpaHE Ha
CBOOOJIHM paJvKalu, KOETO MOAYepTaBa, 4e HE
caMo KOJIMYECTBOTO Ha IOJIU(EHOIHUS ChCTaB ©
3HAYMMO, a M TOBAa Ha AWTEpICHHUTE. BbIpeku
TOBA, EKCTPAKTHT OT [PO3JI0BU CEMKH ITOKa3Ba I10-
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BHCOK TIPOIICHT Ha WHXMOWpaHe Ha CBOOOIHUTE
paluKaiy, KOeTo ce JbDKH Ha BUCOKOTO My (e-
HOJIHO ChABpkKaHue. Fima MHOXECTBO MPOBENICHH
HAyYHU M3CIICBAHMS KOUTO MOAKPEIISAT OJ00HU
tBbpAcHUs (Nieto et al., 2018). HabmonmaBanure
pas3iuKd MEXIY JBara eKCTpaKkTa MOKa3BaT, de
AHTHOKCHJIAHTHUAT KalaluTeT HE 3aBUCH CJIUHC-
TBEHO OT 00IIOTO ()EHOHO ChIBPIKAHNUE, a € pe-
3yJITaT OT KOMIUIEKCHO B3aUMOJCUCTBHE MEXKIY
pa3iauyHU Tpynu OMOaKTUBHU CheAuHeHUs. OT
MOJTYYEeHUTE PE3yATaTH MOXKE J1a Ce 3aKJI0UH, 4e
W JIBaTa EKCTPAKTA MPUTEKABAT BUCOK aHTHOKCH-
JaHTEeH NOTEHIHWAN, KOEeTO MoAuepTaBa 3HAudu-
MOCTTa MM KaTo LIEHEH MPUPOJICH U3TOYHHK. ToBa
TH MPaBH MOJIXOMAIIN 332 MPUIOKEHHE KAKTO IO
OTJENTHO, Taka W B KOMOWHAIUS B Pa3IHYHH
cdepu Ha UHITYCTPUSATA.

3. U3cnenBaHe Ha CHHEPIrU3bM MEXAY JBaTa
eKCTpakTa

Pexanua HayuHu m3cnenBanusi, ce Gokycupar
HE CaMO BBPXY XapakTCPUCTUKUTE HA OTACITHU
eKCTPakTH, HO ¥ BBPXY B3aHUMOJACHCTBHETO
Mexay Tax. Oco0eHO BHUMaHHE ce OTHeNs Ha
BB3MOXKHHUS CHHEPTHYeH e(eKT Mpu KOMOWHU-
paHe Ha eKCTPAKTH OT Pa3TUYHU PACTHTEIHU U3-
TOYHHIK . B HacTOsIMOTO M3cTenBaHe ce OTACs
0c0o0EHO 3HAYCHHE HAa BB3MOXKHHSA CHUHEPIHYCH
edeKT nmpu KoMOWHHMpaHe Ha PACTUTEIHU EKCT-
PaKTH OT I'PO3/I0BH CEMKH W PO3MapHH. Y CTaHO-
BEHO €, Y€ aHTHMOKCHJIAaHTHATa aKTUBHOCT Ha €K-
CTPaKTHUTE OT PO3MAapHUH C€ YCHJIBA B Pe3yjITaT Ha
CHUHEPTUYHO B3aUMOJCUCTBHE MEXILy OCHOBHUTE
UM KOMIIOHEHTH — KapHO3Ha KHCETUHA U KapHO-
3011. [TomoOHM pacTUTENHN EKCTPAKTH, KaTO IPO3-
JIOBHUTE CEMKH C€ Pa3riIexIaT KaTo MOIXOISIIIH 32
koMOuHHMpaHo npuinokenne (Mira-Sanchez et al.,
2020). CuHeprusMbT ce aeHUHUpPa KaTO KOMOH-
HUPAHOTO JICHCTBHE Ha JIBE WJIH TIOBEYE Che/INHE-
HUSI, KOETO BOJM J0 €eKT, M0-BUCOK OT cyMmara
Ha wHAuBHAyanHuTe UM edektu (Zhou et al.,
2016). IIpu pacTUTETHUTE EKCTPAKTH TOBA SIBJIE-
HUE ce 00SICHSBA C HAIMYMETO Ha PA3IIUYHU MeXa-
HU3MH Ha JeHCTBUE — TUPEKTHO HEYTpaIU3UpaHe
Ha CBOOOIHHU PaJMKaJH, XeJaTupaHe Ha METaIHH
HOHW W WHXUOWpaHE Ha JIMIHIHATA [TEPOKCHA-
mus (ilhami Gulcin et al., 2025). ExcTpakTsT OT
TPO3/I0BU CEMKH C€ XapaKTepH3Hpa C BUCOKO Ch-
JIbpKaHUE Ha TMONU(QEHOIHN CheJUHEeHUs. Te3u
CHhCJIMHEHUS] CTAOMIM3Npar CBOOOJIHUTE pPaju-
KaJi KaTo JapsBaT BOJOPOAHHU aTOMU M €IIEKT-
ponu. ToBa ce Ip/DkK Ha (akTta, ye MpUTEeKaBaT
MHOXECTBO XUJIPOKCHIIHU TPYITH, KOETO JIOTIPH-
Hacsl 332 BHCOKaTa UM peakTuBocrocodHocT (Jain



et al., 2025). EKCTpakThT OT pO3MapuH ChIbpXKa
KapHO3HA KHCEJIMHA U KapHO30JI, KOUTO TPOSIBSI-
BaT aHTUOKCHJIAHTHO CH JICHCTBUE, KaTO Mpe/as-
BaT JIMIUUTE OT OKUCIICHUE U OJIOKUPAT JTUITH/I-
Hata nepokcumanus (Loussouarn et al., 2017).
I[Ipu koMOWHHMpaHETO Ha JBaTa EKCTPAaKTa ce
mpeJoara mocTUraie Ha e()eKTUBEH CHHEPTH-
3bpM. HayuHu aHanmu3u codart, 4ye KOrato MoJsIpHH
AHTHOKCHJIAHTH, KaTO MONU(EHOIUTE OT TPO3-
JIOBH CEMKH, C€ KOMOWHHUPAT C MO-JIMMO(WIHU
AHTHUOKCHJIAHTH KaKBaTO € KApHO3HATA KUCEIINHA,
ce HaONIolaBa paslIMpsBAHE HA CIEKThpa Ha
JICHCTBUE KAaKTO BHB BOJIHA, TaKa W B JIMIHIHA
cpena (Frankel et al., 1994). KomOunarusra
MEXJy €KCTPAKTH OT TPO3J0BU CEMKH U PO3Ma-
PHH MOJKE J]a OCUTYpH OMOaKTUBHU ChEIMHCHHUSI C
pa3iyHa NOJISIPHOCT U MEXAHU3bM Ha JEHCTBHE,
KOHUTO J1a MPEJOTBPATIBAT MO-HATATHITHH OKHUC-
JUTENHU peakiuu. JlaHHUTe MmoKa3BaT, ue KoMOu-
HUPAHETO Ha CEKCTPAaKTU OT TPO3JOBU CEMKH W
pO3MapuH OCUTYpsSiBa BHCOKa aHTHOKCHJIaHTHA
AKTUBHOCT. ToOBa yCHJIBA MOTCHIIMATHATA BbH3-
MOXXHOCT 33 CHHEPrM3bM MEXIy JBaTa €eKCT-
pakxra.

Hacrosimus aHanu3 uma 3a 1el J1a onpeaeu
HAJIMYMAETO HA CHHEPTHYCH e(PEKT MEXKIY CKCT-
PakTUTE OT I'PO3JOBH CEMKH M PO3MapHH upe3
CpaBHCHUC MCKAY aHTUOKCHUIAHTHATA aKTUBHOCT
no aara meroga- ABTS u DPPH. 3a uenta e u3-
BBPIICH aHAJIM3 HAa OTACIIHUTE U KOM6I/IHI/IpaHI/ITe
exctpakth (I'paduka 2).
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I'pa¢mka 2. Cunepruzsm mexxay GSE u RE. (A)
ABTS AO xanamurer u (b) DPPH AO kamanutet
Ha cnepaute ipodu: 1. GSE, 2. RE ¢ xmopodw,
3. RE 6e3 xmopodui, 4. Cmec 1:1 = GSE: RE ¢
xsopodun, 5. Cmec 1:1 = GSE: RE 6e3 xiopodun
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W3BBpIIICH € CpaBHHUTENIECH aHATN3 MEXKIY €KC-
TpakT oT rpo3noBu ceMku (GSE), ekcTpakt oT
po3MapuH ¢ u 6e3 XJI0pouII, KaKTO U CMEC B Ch-
orHomenue 1:1 (GSE:RE), cwmmo ¢ u 6e3 ximopo-
¢un. [lomyuenute pe3ynraru mMoka3Bar, ye KOM-
OMHUpaHUTE EKCTPAKTH NPOSABABAT IMO- BUCOKa
AHTHOKCHAHTHA aKTHBHOCT B CPaBHEHHE C HH/THU-
BHIyanmHHUTE. TOBa MOTBBPIKIaBa HATHMYUE HA CH-
HEPrUYHO B3aMMOJEHCTBUE MeEXIy OMOaKTHB-
HUTE KOMIIOHEHTH Ha JBaTa ekcTpakrta. Habmro-
JIAaBaHUAT CHHEPTHYCH e(DEeKT MOXKe Ja ce 00sSCHU
C KOMOMHHPAHOTO JIcHiCTBUE Ha MOJIH(EHOIUTE
OT TPO3JI0BU CEMKH H IUTEPIICHUTE OT PO3MAPHH.
Bbropeku paznuuHUTE CU MEXaHU3MHU Ha JEHCT-
BHE, T€ B3aHMHO C€ JIOIbJIBAT, B PE3yNTaT Ha KO-
€TO KOMOMHHMPaHUTE EKCTPAKTH MOKa3BaT MOKay-
BaHEC Ha AaHTHUOKCHIAHTHHA KamamuteT ¢ 4%.
BaxHo e ma ce oTdere, 4e cTeneHTa HA CHHEPTHU-
3bM MOXE J1a Bapupa Crope]] U3MO0I3BaHHs METO/.
OT HampaBeHOTO H3CIelBaHE € YCTaHOBEHO, Ye
mexnay ABTS u DPPH, xomOnHupaHuTe ekcrt-
PaKTH clieIBaT CXOIHA TCHACHIIMSI, HO C pa3iIuHa
UHTEH3UBHOCT. [IpoBenenus ananus 3a omnpese-
JsTHE HA AaHTHOKCHAHTHATa aKTHUBHOCT IO Me-
toaa Ha ABTS noka3Ba MajKo 1o- BUCOKH PE3YJI-
tatu crnpsamo merona DPPH c okono 5%. Tosa
MOXe Jia ce OOSICHU C pa3iu4yHaTa YyBCTBHTEI-
HOCT Ha JIBaTa METO/a KbM CHEIAMHEHUS C pas-
nuyaHa nonsproct (Platzer et al., 2022). MetonbT
ABTS no3BossiBa o1ieHKa KaKTo Ha XUAPODUIIHH,
Taka W Ha TUNO(HUIHN aHTHOKCHIIAHTH, JOKATO
DPPH e mo-uyBcTBUTENECH KBM JHIIOGUITHA Che-
munenus (Prior et al., 2005). CrnenoBarenHo, B3a-
MMOJICHCTBUETO MEXKIY MOJSPHUTE MOINU(EHOTN
Ha €KCTpakTa OT I'PO3JOBHUTE CEMKH W IO-cIabo
NOJSIPHUTE TUTEPIICHH HA E€KCTpakTa OT po3Ma-
PHUH BOJIM JIO TIOBHIIABAHE HA aHTHOKCHIAHTHHS
KarmanuteT. MHTepec npeacTaBisBa v BIUSHAETO
Ha XJIopoduia BbpXy HaOmoaaBaHus eexr. Yc-
TAaHOBEHO €, Y¢ KOMOMHUPAHUsI EKCTPAKT Oe3 XJ10-
poduII TEMOHCTPHPA MAIIKO TT0- BUCOK PE3yJTaT
B CpaBHEHHE C TO3U C XJIOPOQHII, KOETO TPEAIIO-
jiara, 4e HUIMIHETO Ha XJIOPO(QUIT MOXKE J]a OKaxKe
M3BECTHO MOTHCKALIO BIMSHUE BHPXY OOIINS aH-
THOKCHIaHTeH KamanuTer. OT HamnpaBeHUs aHa-
nn3 o Mmetona Ha ABTS craBa sicHO, e aHTHOK-
CHJIAHTHATA aKTHBHOCT Ha EKCTPAKTA C XJIOPODUIT
e 67,5%, mokaro Ha To3u 0e3 xiopoduin e 83,35%.
ChC cXOJIHA TEHJICHIIUS Ca PE3YJITATUTE U 110 Me-
toga DPPH, xpaeTo aHTHOKCHIAHTHHS Kamallu-
TET Ha eKCcTpakTa ¢ xiopodui e 34,92%, a Ha TO3H
0e3 xiopodun e 75,45%. CriegoBarenHo, B €KCT-
PaKTH CBABPKAIIYI XJIOPOPHI, € Bh3MOKHO Jac-
TUYHO YYaCTHE B IPOOKCHUIAHTHH MPOIECH, KOETO



MOJKE JIa TIOBJIMSIC BPXY OOIIHS aHTUOKCUIAHTEH
KamarnureT. XJI0popuiabT € (HOTOUYBCTBUTEIICH
MUTMEHT, KOMTO y4acTBa B PeIOKC MPOLECH U TIPH
OIIpeeNICHH YCIIOBUS MOXeE J]a TOTIPHHECE 3a 00-
pa3yBaHETO HAa PEaKTHBHU KHCIOPOJHU BHUJIOBE
(Nikoli¢ et al., 2025). Bp3mM0oXHOTO ydacTHe Ha
xjopouna B MoJO0OHH MPOLECH, KAKTO U Bb3-
MOKHOTO MY B3aMMOJICHCTBUE ¢ ()CHOIHU Che -
HEHHS BOJU JI0 HaMallsiBaHe Ha aHTHOKCHIAHT-
HaTa aKTUBHOCT Ha eKcTpakTa. Cies oTcTpaHsBa-
HETO MY C aKTUBEH BBIJICH, C€ TOTy4aBa Mpeyumnc-
TEH EKCTPaKT, KOWTO JONpUHACS 32 TIOBUIICHUS
AaHTUOKCHJAaHTEH KananureT. HanpaBenute cpas-
HEHHUS MEXIY CHHEPru3Ma Ha EKCTPAaKTUTE OT
TPO3JIOBH CEMKH C EKCTPAKT OT PO3MapHH C U 0e3
XJIOPO(MUIT SICHO MOKA3BaT PaMKH MEXKIy J[BaTa
BUA eKcTpakTu. CMeceHHs eKCTPaKT Oe3 XJI0po-
(hn1 IOKa3Ba Mo- BICOKA HHXUOMUpAIA aKTHBHOCT
CTIPSMO CBOOOTHU paJIUKaIi. AHTHOKCHIAHTHATA
AKTUBHOCT Ha EKCTpaKTa 0e3 XJI0podHI € ¢ 0KOJI0
8 % mo- BHUCOKA OT Ta3u Ha €KCTpakTa ¢ XJIOPO-
¢wi. TlonydeHuTe pe3ynTaTd MOKa3Bar, 4e 4pe3
CUHCPIUiHU B3aHMOI{CI>'ICTBPI$I AHTHOKCHIaHTHUA
KalaluTeT ce MOBHIaBa 3HAYUTEIHO, KOETO MMa
MOTEHIIMAN 3a TPUJIOKEHHE BbB  (hapMareBTHY-
HaTa, KO3METHYHATA M XPaHHUTEIHO-BKYyCOBaTa
HUHAOYCTpHUs.

3akiIouyeHue

B HacTosmoTo uscnenpane 0sxa MoyuyeHd U
aHAIIM3UPaHU EKCTPAaKTH OT TPO3JIOBU CEMKU U
pO3MapuH C el OIleHKa U CpaBHEHHUE Ha 00II0TO
(EHOTHO ChIIbp)KaHUE U AaHTHOKCHIaHTHA aKTHB-
HOCT. YCTaHOBEHO Oellre, 4e eKCTPaKThT OT TPo3-
JIOBH CEMKH C€ XapaKTepH3Hpa C MO-BUCOKO Ch-
IbpKaHhe Ha MOJIH(EHONH, JOKATO €KCTPaKThT
OT PO3MapHUH MPOSBSIBA CHIIO 3HAUUTETHA aHTH-
OKCHJIaHTHa AaKTHBHOCT, BBIIPEKU TO-HUCKHUTE
CTOMHOCTH Ha 00mOTO (DEHOJTHO ChIbpKaHHE.
ToBa moTBBpKIaBa, Y€ AaHTHOKCUJAHTHHUAT Karla-
IUTET 3aBUCH HE CaMO OT KOJIMYECTBOTO, HO U OT
BHJa Ha OMOAKTUBHUTE ChenuHEeHUs. ChIECTBEH
pe3ynTaT OT MPOBEAECHOTO U3CIIEIBAHE € YCTaHO-
BEHUSIT CUHEPrU4eH eQeKT npu KOMOMHHPAHETO
Ha JiBaTa eKkcTpakTa. CMecuTe B choTHOLIEHHE 1:1
MTOKAa3BaT MO-BUCOKA aHTUOKCHUIAHTHA aKTUBHOCT
B CPaBHEHHE C OTJIEIHUTE €KCTPAKTH, KOETO Ce
IBJKHM Ha B3aHMOJIOIBIIBAIIOTO JEMCTBHE Ha MO-
TUQEHOIUTE OT TPO3JIOBUTE CEMKH U (EHOIHUTE
IUTEepHeHn Ha po3mapuHa. HabmromaBanure pe-
syaratu upe3 merogute ABTS u DPPH notebp-
XKIaBaT Ta3u TeHaeHUMs. JlombiHuTenHo Oerre
YCTaHOBEHO, Y€ OTCTPaHIBaHETO Ha Xyopodmuia
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OT eKCTpaKkTa OT PO3MApHH BOIH 0 JICKO TTOBH-
IIaBaHE Ha aHTHOKCH/IAHTHATa aKTUBHOCT, KOETO
npearnonara Bb3MOXKHOTO MY BIHUSHHE BBPXY
e(eKTUBHOCTTa Ha AaHTUOKCUAAHTHHUTE ChEAUHE-
Hus. B 00001menune, moTy4eHnTe pe3yiaTaTd Io-
Ka3BaT, 4e EKCTPAKTUTE OT TPO3/I0BH CEMKH U PO3-
MapuH NPEICTaBIABAT MOTEHIMAJICH H3TOYHHK Ha
NPUPOJHN AHTUOKCHIIAHTH, A TIXHOTO KOMOWHH-
paHe BOIM 110 3aCHJICH €)eKT, KOSTO OTKPHBA Bb3-
MOYKHOCTH 32 TIPHJIOKCHHE BBB (hapMaleBTHY-
HaTa, KO3METHYHATa M XPaHHUTEIHO-BKycOBaTa
UHYCTPHSL.
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HN3CJIEABAHUSA HA AJITEPHATHUBHA JTOBABKA 3A MACJIA

Kpacumupa Mapusosa, Mopnau enes, Mopnanka Tamesa

RESEARCHES OF ALTERNATIVE ADDITIVE OF OILS

Krasimira Marinova, Yordan Denev, Yordanka Tasheva

ABSTRACT: Solid waste spent coffee grounds are generated in the process of producing coffee products.
Coffee grounds currently exist in the main treatment methods of incineration and sanitary landfill, causing the
waste of resources and environmental pollution. It is urgent to establish and improve the large-scale biological
Jjoint transformation process system for comprehensive utilization of wastes from coffee grounds. The waste of
coffee grounds has many applications in bio economic, agriculture, pharmacy and industrial technologies.

Key words: Tpancniopt, ekojoruyHa e)eKTHBHOCT, aITCPHATHBHH TEXHOJIOTHU

BnBeaenne

HeszaBucumo ganu craBa Jyma 3a CEJICKOCTO-
IIaHCKa TEXHUKA, TPAKTOPH M KOJIECHU TOBapayH,
NPOMUIIUICHH TTPUIIOKEHUS, KaTo TPECH WU Ma-
UIMHY 32 JIECHE TI0/1 HaJIsITaHe, a ChIIO TaKa 1 TeX-
KOTOBAapHU KaMHWOHHU WA O6IHI/IHCKI/I IMPEBO3HU
CpelCcTBa, KaKTO M B XUOPUIHW aBTOMOOHWIIN B
OBTHHSA TPAaHK, HUE CpeIiamMe XUPaBINIHH CUC-
TEMHU HABCAKBAC B C:)KCIHCBHUA CHU ) KHUBOT.

HM3BecTHO e, 4e OCHOBHATA 33ja4a Ha XHOPH/I-
HUS aBTOMOOWII € J]a HaMaJlu pa3xo/ia Ha TOPHBO,
KaKTO M JI1a HaMaJld BPEJHUTE EMUCUH B aTMOC(e-
pata. 78% OT eMHCHNTE Ha BBIJIEPOJEH JUOKCHT
npe3 IBJIHUS )KU3HEH [IUKBJI Ha eJIUH TUITHYEH aB-
TOMOOMJI UJ(BAT OT Herosarta pabora u camo 22%
oT Bcuuko ocrtaHano. Cremosarenno 4% ,,n0-
0aBKa‘3a TIPOM3BOJCTBOTO M 00paOOTBAaHETO Ha
OartepusTa, SNEKTPHYECKUSI MOTOP U TeHepaTopa
Ha XuOpuIa e rmoBeve oT KoMreHcupana ot 30%
HaMaJIeHHEe Ha EMHCHUTE 10 BpeMe Ha ImodupaHe.
Hamocnenpk, mopaay BUCOKUTE IIEHH Ha TIETPOJIa
U IIOCTOAHHOTO IIOBHIIIaBAHE HA CKOJOTHMYHUHTEC
HN3HUCKBaHUs, MAa3apHOTO THPCECHE HA TaKUBA aBTO-
MOOHIIH C€ € YBEIMYHIO MHOTOKpaTHO. B chuioTo
BpeMe IOJIOOPSBaHETO HA TEXHOJIOTUUTE W Ja-
HBYHUTE CTUMYJIM 3a IMPOU3SBOIUTCIUTEC HA XHO-
pUIM HaMalsBaT Pa3sXxOJUTE 3a TAXHOTO MPOM3-
BOJICTBO, KOETO B Hallle BpEME € CPaBHHMO C pa3-
XOJIMTE 32 MPOU3BOJICTBO HAa KOHBEHIIMOHAJICH aB-
TomMoOmI. COOCTBEHMIITE HA TaKHBa MPEBO3HU
CpeIcTBa B MHOTO CTPaHU UMaT IPEAUMCTBA MIPU
IUTalllaHe Ha II'bTHU TAaKCHU OT HAKOJIKO TOAWHHN N
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ca 0cBOOOJIEHH OT IUIamaHe Ha OOIIMHCKH Tap-
KHHTH.

U3zBecTHO €, ue 0OCHOBHA 33a]aua Ha ChBPEMEH-
Hata He(dTompepabOTBaTEHA MPOMHUIILIEHOCT €
Ja MPOM3BEXKIA TOPUBO-CMAa30YHN MAaTEpUaAIU C
MOBHUIICHH EKCII0ATAIIMOHHY TIOKa3aTenu. Peme-
HHUETO M ce ITOCTHUTa B YCJIOBHATA HA USTPAACHUTC
B€YE MHCTANALUH, BHEIPEHN ChbBPEMEHHU TEXHO-
JIOTHH, HEOOXOIMMOCT OT MAaKCHMAaJHH HKOHO-
MHUHU U pallMOHAJIHO U3IO0JI3BaAHC Ha CYPOBHUHHUTE U
eHepruiinure pecypcu. Hedrompomykrture ce
MIPOU3BEXKAAT U KOHCYMHpAT B MUJIMOHH TOHOBE
roaumHo. [Ipo6ieMbT 32 TAXHOTO Ka4eCTBO H pe-
cypcH craBa Bce no-aktyanieH. C yTeXKHsBaHE Ha
(paKkLUMOHHUS UM ChCTAB CE YBEJIMYaBaT U KOJIH-
YeCTBaTa Ha CHCAWHCHUATA, KOUTO CHABPKAT B
MOJICKYJIUTE CH CEPHH, KHCIOPOJHU M a30THU
atomu. IIpenn3HoTO OTCTpaHsBaHE HA TE3U KOM-
IIOHEHTH OT TOPHUBO-CMA30YHUTE MaTepualld ce
HaJlara oT eKOJIOTHYHH B eKCIUI0aTallHOHHH ChO0-
PaKEHUsI, KOETO JaBa OTPaKEHHE U B MEXIyHa-
ponHuTe craHaaptu. Peauiia HOpMaTUBHHU JTOKY-
MEHTH 110 OTHOILICHHE HAa HOPMUTE 32 Olla3BaHe Ha
OKOJIHATa cpena ca BbBeleHu B Phbirapus.

[loBumaBaHeTo KayecTBOTO Ha CMAa304HHUTE
MaTepuajy T03BOJIsABA /a ce MoJ00pu epeKTHB-
HaTa 1 0e3aBapHiiHa eKCIIoaTaIusl Ha U3I0JI3Ba-
jata ' TEXHUKa U Ja ce peajru3upaT HKOHOMHUH
OT ropuBa. BHCOKO KadecTBO Ha MOTOpPHHTE
Maclia B ChbBPEMEHHOTO HedTonpepadoTBaHe ce
[OCTUTa Ype3 M3IMO0JI3BaHE HAa BUCOKO WHIEKCHH
0a30BHU Macya, B KOUTO C€ BHACAT CbOTBETHU KOM-
MO3HUIUKA OT J00aBku. Taka ce moirydaBaT CTO-
KOBU Macja ¢ HEOOXOJMMHUTE eKCILIOATalluOHHH


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/solid-waste

cBoricTBa. OYEBUIHO €, Y€ MPOHM3BOACTBOTO HA
BHCOKOC(DEKTUBHN OOABKH CE OKa3Ba OCHOBHA
MPEINOCTaBKa 32 MOTy4YaBaHETO HAa BUCOKOKaydeC-
TBEHU CMa304HU Macia. To3u mpooiieM € 0coOeHO
Ba)KCH 3a HammaTa HedTorpepadoTBalia MpOMHIII-
JICHOCT. Y HAC MPH MPOU3BOJICTBOTO HA Pa3IIMUHH
BUJOBE Macjia Ce M3IMO0J3BaT A00aBKH, KOUTO Ce
JOCTaBAT TIaBHO OT 4yxOmHa. B bearapus ve e
pa3BUTO TPOMHUILICHOTO TIONyYaBaHe Ha JO-
0aBku. B MHOTO cilydyan OTCHCTBHETO HA TaKHBa
MPOM3BOJICTBO BIIMSIE OTPULIATEITHO BBPXY PEaUIIa
CKCIUTOATAIIHOHHN TI0Ka3aTell Ha CMa30YHHUTE
Macia.

Ot npyra cTpaHa €NeKTPUYSCKUTE U XUOPU/I-
HUTE MPEBO3HH CPEJICTBA MPUBIMYAT BCE MO-TO-
JISIMO BHUMAaHUE Tpe3 MmocleHuTe roguad. Omim-
YUTETHATA PA3JIMKa MEXKY CIICKTPUICCKUTE/XHO-
PHUIHUTE MPEBO3HU CPEICTBA OT KOHBEHI[HOHAII-
HUTE € MEPUOIUYIHOTO BKIFOUBAHE U U3KITIOUBAHE
Ha JBUTATENs ¢ BBTPEUIHO FOPEHE, JOKATO eNIEKT-
PHUYECKUTE MPEBO3HU CPEACTBA PAOOTSAT C EJIEKT-
pHUecKH nBUTaTend. Tasu pa3nka ch3/iaBa HOBU
W3UCKBaHUS KbM CMa304YHUTE MaTephalld C pa-
OOTHM XapaKTEPUCTHKH, KOUTO MHAYE ca HEKPH-
TUYHU: EJICKTPUUYCCKH CBOWCTBA (KaTO EJICKTPHU-
YecKa IPOBOJIUMOCT U IPOOUBHO HaNpeXeHne) 1
TEPMUYHH CBOMCTBa (TOILIONPOBOAMMOCT, CIIe-
nupUYHA TOIUIMHA), B JTOMBIHCHHE KbM (Diynn-
HUTE XapaKTEPUCTUKHU, 32 KOUTO Ca HM3CIICIBAHU
nocera.

[Nocouennre cboOpaXKeHHsI U HACOKHU OTIPEIe-
JUXa IeNITa Ha HacTosAaTa paboTa, a UMEHHO Jia
Ce HaNpaBsT HAYYHU U3CIICIBAHUS 110 OTHOIICHHUS
Ha CBOWCTBaTa Ha alTepHATHBHA JjJ00aBKa 3a
Maclia, U3MoJI3BaHa B XUOPUIHU aBTOMOOWIIH.

B u3mbiHEHHE HA 1eITa HA HACTOSIIATA pa-
60Ta Oelile M3MOJI3BaH MaclieH 6a30B KOMIIOHEHT,
npou3BoAcTBO Ha upma ,,1u 'az*“ EOOJ] — rp.
TBproeuiie, YNHTO XapaKTEPUCTUKHU Ca MPECTa-
BeHH B Tabiuna 2.

TpsabBa na ce oTOenexu, 4e BCHUKU aHAIH3H
ca U3BBLPIICHU 110 CTAHIAPTHH METOAUKH.

C 1en cpaBHEHHE U OIICHKA HA M3IMOJI3BaHATA
OT Hac ajNTepHaTUBHA Jo0aBKa Oelle u3ciaeBaHO
CBIIIO TaKa CTAHJAPTHO CTOKOBO Macjo Ha hupma
Castrol, yniiTo XapaKTEPUCTUKH Ca MPE/ICTABCHH
B Ta0mIa 3.

B®3 ocHOBa Ha IUTepaTypHH JaHHU U Ha 0a3a
MPEIXOTHHU U3CIICABAHUS, KATO AJITCPHATHBHA J10-
0aBKa 3a W30paHHTE OT HAC Maclia HHE H3II0JI3-
BaxMe Maclio, TOJIYYeHO 1O BaIWMpaHa METO-
IMKa oT yTaiika oT kade ,, JIABALIA®. Kakto n3-
BECTHO, yTalikaTa OT Kade € OTIagbK OT pecTo-
paHTUTE M TIPEJICTaBIsIBA MPOOJEM B CBETOBEH
Mamad OT egHa CTpaHa, a OT JAPyra BbB BPB3Ka
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crazBaHe Ha JlupektuBara Ha EC 3a KpbroBa uko-
HOMHKA, KaKTO M IEIech00pa3HOTO OMOI30TBO-
psBaHe Ha IMOJIC3HUTE BEIECTBA B MOCJIEIHATA,
HHUE pelInxMe Aa 100aBUM MOTYyYEHOTO Maciio B
KOJMYECTBO A0 5 % KbM H3CIEABAHHUTE OT HAc
Mmacna. [lo yTBepleHa u BanuaupaHa METOAHKA
Oellie MoOTy4eHO Maciio OT yTalikarta oT Kade, OIu-
cana B [5]. TpsOBa ma ce oTOeek)u, de TEXHOJIO-
TUsTa Ha TOJy4aBaHE Ce OCHIIECTBSIBA MPH HOP-
MaJIHO HaJsITaHe W HEe BUCOKH TeMmeparypu. He-
JOCTaThbK € MUHIUMATHOTO KOJIMYECTBO, KOETO € B
MpsiKa TPOTIOPIIMOHAITHA 3aBUCHMOCT OT ChCTaBa
Ha yTaiikata W Buaa Ha kagero. B tabmmma 1 e
NpeACTaBeH U3CIEABAHUAT EIEMEHTEH ChCTaB Ha
M3cJeIBaHaTa OT HaC yTaiKa oT Kade.

Ha ¢wurypa 1 e mokazana cunmka Ha 0Opabo-
TeHaTa yTaika oT Kade.

/

®@wur. 1. O6paboTteHa yralika ot kade

Taoauna 1. EneMedTes cpcTaB Ha U3cieaBaHaTa
OT Hac yraiika oT kajde

Enement Coabpkanue, %
C, % 69,36
H, % 6,1
N, % 2,5
S, % 0,01
0, % 22,03

KakTo mokasBar pesynrature oT Tabinwmiara,
HOJy4eHOTO MAacjlo MMa CXOAHHU EeKCIUIoaTaIH-
OHHU XapaKTepUCTHKA, KAaKTO CBHC CTOKOBOTO
macio Castrol, Taka u ¢ 6a3oBara ocHoBa. TpsOBa
Jia ce oTOeNeXH, 4e IpU CMECBaHe He ce HaIro-
JaBaHe JOIBJIHUTEIHO IEHOOOpa3yBaHe, pas3cio-
sIBaHE WJIM MOJy4YaBaHe Ha yTaiKa.

C men wW3cieaBaHe —eKCIUIOATAIMOHHHTE
CBOMCTBA Ha HAaNpPaBEHHTE OT HAC CMECH (CHOT-
BETHO M0 CTaHAapTHAa METOJMKa), CpPaBHEHHE
MEXIy H3CIEBAHUTE Macia M Ha IOCIETHO



MSICTO BJIMSTHUETO Ha MACJIOTO, MOJTYyYEHO OT U3C-
JeZIBaHaTa OT Hac yTaiika oT Kade BbpXy 0a3oBO
Macli0 U MOTOPHO MAcjo B PEalHH yCIOBHUS, HUE
u30paxme crenHus xubpuaen astomooOmn. Ha
¢ur. 2 e nokazaHa CHUMKA Ha U3IMOJI3BAHUST
oOpasel], a XapaKTePUCTUKUTE Ha aBTOMO-
Oua ca npeacTaBeHu B Tabnwia 4.

Tadauna 2. XapakTepucTiuka Ha 0a30BO Maciio
Ha pupma ,,1u ['az* EOO/-rp. Teprosurie

ITokazaren CroitHOCT
Kunematuden BHCKO3UTET mpw | 33
40 °C, mm?*/s
Temnepatypa Ha TeunusocT, °C | -40
[InamHa Temmeparypa B 3atBo- | 212
pen turen, °C
[IapTHOCT TpH 15 °C 0.848
Buckozurer npu 100 °C 7.1
Bucko3urereH HHACKC 169
Cyndarna neren, % 0.068

Taéanna 3. XapakrepucTuka Ha MOTOPHO Maciio
Ha ¢upma ,,Castrol*

ITokazaren CroitHocT
Kunematuden Bucko3uTeT mpu | 38
40 °C, mm?*/s
Temmepatypa Ha Tewnusoct, °C | -45
[Inamua TemnepaTypa B 3aTBO- | 202
peH turen, °C
[IaeTHOCT IpH 15 °C 0.844
Buckosurer npu 100 °C 7.3
Bucko3ureTeH HHIEKC 159
Cyndarna nenen, % 0.075

®@ur. 2. Toiora kopona xeubek — 1,8 Xubpun

XapakTepuCTHKHUTE HA XHOpHIa ca mpejcTa-
BEHU B CJIeBallara radnuma.
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Tab6aunua 4. Xapaxrepuctuka Ha Xubpu ToioTa
Kopoima Xeubek

[TokazaTenu Toitora  Ko-
poira Xeubek

Maxkcumansa ckopoct, km/h | 180

Yckopenue ot 0 go 100 km/s | 9,1

Tun Ha TpaHcMucHs CVT

MaxkcumaiHa MOIITHOCT 140

EBpoxnac EURO6 EA

Drive FWD

Ha cnenpamure ¢urypu ca npeicraBeHH U3c-
JIeTBAHUTE 3aBHCUMOCTH.

45

40

35 o

30 ‘\'\‘\o—.

25

20
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10
0 2000 4000 6000
—@— castrol —@—in gas bioadditiva

@ur. 3. 3aBUCUMOCT Ha KHHEMATHYHUS BUCKO3H-
teT npu 40 °C B 3aBUCHUMOCT OT npolera Ha Xuo-
puna B KM

200
150 —2—32 3¢ o
100
50
0
0 2000 4000 6000
—@— castrol —@—in gas bioadditiva

@ur. 4. 3aBUCUMOCT Ha BUCKO3UTETHHS UHIEKC
Ha M3CJIeIBAaHUTE Macia OT rmpobera Ha XxuOpuaa
B KM
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@ur. 5. 3aBUCUMOCT Ha CyJaTHaTa Iernen OT
nmpoOera Ha XUOpHIa B KHIIOMETPH

3akiIouyenue

B 3akmmrouenue TpsOBa ga ce oTOeIekH, de a-
00OpaTOpPHO ca OKAYeCTBEHU W aHAIM3UPAHU OC-
HOBHHM €KCIUTOATAI[MOHHU XapaKTePUCTHKH Ha
THPTrOBCKAa MapKa MOTOPHO MAacyo, KaKTo U Ha Oa-
30BO MAacJjIo OT OBJTapCKHU MPou3xo. 0e3 1o0aBka
u ¢ 5 %-Ha OMoj00aBKa, MOJIYYeHA OT yTaliKka Ha
kade. Ilomydenure pesynraTh MOKa3BaT IThIHA
ChBMECTHMOCT, KaKTO 10 OTHOIIICHHUE Ha OCHOB-
HUTE TI0Ka3aTel1, TaKa U 10 OTHOILICHHUE Ha JIUTICA
Ha TOMTBIHUTEIHO IIEHO00pa3yBaHe, pa3CciosBaHe
i oOpa3yBaHe Ha yTaiika.

2. U3cnenannTe MaciieHH o0pa3ly ca W3IMH-
TaHW B PeaHU YCJIOBUS Ha XuOpuj xedOek mpu
mpober ot 0 1o 5 000 kM. Ha Bcekn xumsiga Kuio-
MeTpa, 0s1xa B3UMaHU MPOOHU, KaKTo U Osxa W3-
BBPIIBAHM aHAJIM3HM W OICHKA HA OCHOBHUTE
EKIJIOATAIIMOHHU XapaKTePUCTUKH — BUCKO3UTET
mipu 40 °C, BUCKO3UTETESH UHIEKC U cyJihaTHa rie-
TeJt.
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MARINE AND COASTAL WATERS AS NATURAL HABITATS: STRUCTURE, FUNCTIONS, AND
SIGNIFICANCE

Georgi Gyuzelev, Diana Syulekchieva, Blagovesta Midyurova, Lyubomir Kenderov

ABSTRACT: Marine and coastal waters are complex, highly productive and dynamic natural habitats that
connect terrestrial and oceanic ecosystems. As the interface between terrestrial environments and open sea,
coastal waters encompass many unique habitats and serve important human needs. Coastal habitats include
estuaries, coastal wetlands, seagrass meadows and reefs.

Coastal waters support many fish species and provide breeding habitat for migratory birds. They also
provide habitat for many other organisms such as seaweeds, zoobenthic communities, marine mammals and

submerged aquatic vegetation.

Key words: coastal waters, marine ecosystems, natural habitats, biodiversity

BLBenenue

CeriracHo upextusa 92/43/EEC 3a onazane
Ha MPHUPOJAHUTE MECTOOOWTAaHWS W Ha JUBaTa
¢dopa u dayna (JJupekruBa 3a MecTOOOMTaHU-
ATa) ,,6CTECTBEHO MECTOOOMTaHUE * O3HAYaBa Cy-
X03eMHH 00JIaCTH WIIH aKBaTOpUH, 000cOOEeHU Ha
OCHOBaTa Ha reorpad)ckv, aOMOTUYHU U OHO-
TUYHU 0COOEHOCTH, U3LSUIO MM OTYACTH €CTECT-
BEHH.

3a nenute Ha Jupektua 2008/56/EO 3a ¢b3-
naBane Ha Pamka 3a gelictBue Ha OOIIHOCTTA B
o0acTTa Ha MMOJMUTHKATa 3a Mopcka cpena (Pam-
KOBa JIMpeKTHBa 3a Mopcka ctpaterus, PIMC),
TEPMHHBT ,,MECTOOOUTAHHE " CE€ OTHACS KAKTO JI0
a0MOTHYHNTE XapaKTEPUCTHKH, TaKa 1 10 CBbp3a-
HOTO OMOJIOTMYHO CHOOIIECTBO, KAaTO U JIBaTa eJie-
MEHTa Cce BKJII0YBAT B CMUCHJIA HA TEPMHUHA ,,0H-
oron‘. TUNBT, CTPYKTypaTa U ChCTaBa Ha JbH-
HUTE CyOCTpaTy ca OnpeAessIIH 3a ChbCTaBa U pas-
HOOOpa3ueTo Ha choOIecTBaTa OT PACTUTETHH U
’KUBOTHHCKH OPTaHU3MHU, KOUTO T 00UTAaBaT, a Te
OT CBOS CTpaHa OIpeaeNsaT 001IMKa Ha MOATHIIO-
BeTe MecTooOuTaHus. [1]

TumoBeTe MOPCKH U KpalOpPEe:KHU MECTOOOH-
TaHus, onucanu B [lpunoxenue | Ha [upektu-
BaTa 3a MecTooOMTaHuATa, ca AcQUHUpaHH B
,»VIHTepIpeTallMOHEH HapbYHUK Ha EBpornenckus
ChI03 3a MecTooOuTanusTa“ (Bepcust EUR 28, ar-
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pun 2013) ma EBponetickata komucus. Ha namm-
OHAJIHO HUBO JIeQUHHUILINYU Ha KpalOpexxHHUTE U Ha
MOPCKHUTE THIIOBE MECTOOOMTaHMS ca JaJCHH B
,»PBKOBOJICTBO 3a ONpeesiHe Ha MECTOOOUTaHU-
siTa OT eBporeiicka 3HaunMocT B beirapus‘ [2,3],
KBJIETO Ca MOCOUYEHU PA3NPOCTPAHEHUETO U IPH-
POJO3ALIUTHOTO ChCTOSIHUE HAa BHIOBE M THIIOBE
NPUPOJHN MECTOOOMTAHUS B MOpCKaTa 4acT Ha
mpexara ,,Hatypa 2000 B brarapu.

OT THmOBeTE NPUPOIHU MECTOOOUTAHHS OT
Amnekc 1 Ha JlupekTHBaTa 32 MECTOOOUTAHUATA U
eKochcTeMaTa Ha MOPCKUTE M KpalOpeKHUuTe
BozH, 14 Tuma ca 00eKT Ha MPOyYBaHE U KapTH-
paHe 1o OwparapckoTo YepHomopue:

1110 ITocTossHHO MOKPUTH OT MOPCKa BOAA TIsI-
CHYHH U TUHECTH IIUTYNHU

1130 Ecryapu

1140  TuHeCTO-IECHWINBH  KpairOpexHH
IUIOIIHM, KOUTO HE Ca MOKPUTU HJIM Ca €1Ba IMOK-
PHUTH ¢ MOpCKa BOJia

1150 KpaiiGpexHu Jaryau

1160 OOmupHYu MITUTKH 3aJIMBU

1170 CwobmiecTBa ¢ kKadsBU, YESPBEHH U 3€-
JICHW BOJIOPACIH 110 CKaJIMCTH MOPCKH abHa (Pu-
¢doge)

1210 EpgHOroguimiHa pacTUTENHOCT BBPXY
MOPCKH KpailOpexxHu HaHOCH

1240 CtpbMHHM MOPCKH CKaJH, 00paciu ¢ eH-
IeEMUYHU BUIOBe Limonium



1310 Salicornia 1 gpyru € IHOTOAMIIIHH, KOJIO-
HU3UPAIIY THHECTU U MSCHYHU TEPSHU

1340 KoHTUHEHTaTHU COJICHU JIUBAJId pacTe-
HUS

1410 Cpenn3eMHOMOPCKH COJICHH JIMBAIH

1180 IlogBomuu CTpyKTypH, oOpa3yBaiu ce
MOJT ICCTBUETO HA MIPOCMYKBAIITH CE T'a30Be

1530 ITaHOHCKY COJICHH CTEIIH B COJICHH O1aTa

8330 IlomBomHM WM YaCTUYHO ITOIBOIHUA
MOpCcKU neriepu [4,5]

PactutenHocT Ha YEPHOMOPCKUTE ISICHYHH
miaxxose (01B1), mpeacraBeHa B MeCTOOOHUTAHUS:
2110 3apaxpamuy ce NOABMXKHU roHu; 2120
[ommwxkuu mroru ¢ Ammophila arenaria mo
Kpaiopeknara uBuIa (oenu nroun); 2130 Hemon-
BMKHU KpalOpEXKHU IIOHU C TPEBHA PacTUTEIN-
HocT (cuBu aroHn); 2180 Obnecenu aronm; 2190
BrnasxHu MOHMKEHUST MEXTy JFOHHUTE, HE ca pasr-
JielaHy B HACTOSAIIATA CTATHS.

CTpykTypa, QyHKIMHU U 3HAYEHHE

Mopckute u KpalilOpe:KHU TPUPOTHI MECTOO-
OWTaHMsA JeHCTBAT KAaTO JKMU3HCHOBAXKEH MOCT
MEXIy CyliaTa U OTKPUTOTO Mope. Te BKIrouBat
aKBaTOpWsATa Ha IUTUTKaTa mendoBa 30Ha, Ja-
T'YHH, BJIa)KHH 30HH, CKAIUCTH Operose, MChbYHH
IIIOHA W KpaiOpexxHu ropu. Tesum exocucTeMu
MPUTEXKaBaT YHHUKAIHA CTPYKTypa W (DYHKIUH,
OCUTYPsIBalllY KIHOYOBH €KOJIOTUYHU U UKOHOMU-
YECKH IOJI3H.

¢ 1110 Ilocmoanno noKpumu Om MOpCKa
6004 NACHLUHU U MUHECIU NIUMYUHU

[TgcbunnTe TMTIYNHA (OaHKHW) ca TIOBEUe HUITH
MO-MAaJIKO MOBJUTHATH, IPOIBIITOBATH, 3a00JICHH
WJIM C JIbHEH CyOCTpaT ¢ HEeNMpaBUIIHU Tomorpad-
CKHU XapaKTEePUCTHKH, KOUTO Ca MIOCTOSHHO MOTO-
MEHHU BHB BOJIa U 3200MKOJICHU MPEUMHO OT IO~
IIbJIOOKA BOJIa 0€3 PACTUTEIIHOCT WIIM C PACTUTEII-
HOCT, clajania KM Kiaca Zosteretea marina.
MopckuTe TpeBH ca equ(puKaTopy, KOUTO Ch3/ia-
BaT MeCTOOOWTaHHE 32 pa3HOOOpa3Ha enupuTHA
BojiopaciioBa (iopa u Oe3rppOHauHa (ayHa. Te
ca MHOTO Ba)KHHU 32 re0-MOP(OJIOTHsTa H €KOJIO-
rusra Ha KpaiOpexXHHWTe eKOCHCTEMH, KaTo cTa-
OWNM3MpaT CeTUMEHTA, CIIOMarar 3a PeluKInpa-
HETO Ha OMOTEHHUTE €JIEMEHTH M 3a (opmupa-
HETO Ha JeTpuTHaTa TpopuyHa Mpexa. CbCTosT
ce TTIaBHO OT ISICKYHU CEIMMEHTH, HO B TUTUTYH-
HUTE MOXKE JIa UMa W €JPO3bPHECTH OTIIAraHwus,
BKJIIOYUTEIIHO KaMEHHCTH, YaKbJIECTH MU IIO0-
(UHO3BPHECTH OTJAaraHus, BKIIOUUTEIHO THHS,
KaKTO M HATPOIICHH YEPYNKH OT MeKoTenu. B
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UYepHo Mope, TTOpaau JTUTICA Ha 3HAYUTEITHU TIPHU-
JIMBH U OTIIUBH, MIICHYHUTE OAHKH IMOHSIKOTa UMAT
pasinveH TEeOoNOXKKH TMPOU3XOA M TPOLECH Ha
(opmupane, KOUTO ce pa3nyaBaT OT TEXHUTE aT-
JAHTHICCKH aHAI03M. [5,6]

B UYepHO MOpe MEeCTOOOMTAHHETO CE TIPOCTHPA
ot Opera g0 nbpadounHa: 0—5 M, HO MOXKe Aa JA0C-
tura ¥ o 10 M, mopaau ToBa, 4e € oOpa3yBaHO
Mpe3 TUIEHCTONeHa KaTo MIOHU, CBBP3aHH C pas-
JMYHY BOJHYU HUBA Ha Majie0-OperoseTe.

Te3n mauTYMHU Morar Aa ObJaT OTKPUTU B
aconmanusi ¢ THUHECTH W TSACHYHH KpanOpeHH
pasuu wiony (c kox 1140).

PasnmpocTtpanenue B bearapus B paMkute Ha
3aIIUTEHN 30HH OT E€BPOIEWCKaTa EKOJIOTHYHA
mpeka Harypa 2000: [Traxx Hlxoprmnosnu, [a-
nata, Kamunsa, Ezepo [lypankynak, Kommekc
Kammaxkpa, Ezepo lllabma — Ezepen, 3anmuB YeH-
reHe ckene, Ctpanmxa, Amamka 6anka, OTMaHIN
U ap.

®ur.1 3anus Yenrene ckeie

* 1130 Ecmyapu

B ectyapute ce BKIIFOUBAT Hal-I0JHUTE y4ac-
THIIM HA PEKUTE MPH BIMBAHETO UM B MOPETO W
npuiiekanara MOpcka akBaTopus, KOSITO € CHITHO
MOBJIMSIHA OT MOHMKEHUETO Ha COJICHOCTTA U YBe-
JMYCHUTE OPraHUYHU BEIICCTBA, MPHUUYUHEHU OT
peunuTe Bou. [Ipy 4uepHOMOPCKUTE eCTyapH OT-
ChCTBA XapaKTepHATa 30HAIHOCT, OIpe/ielieHa OT
MEPUOJUIHOTO B’B3ZICI>'ICTBI/IC Ha MPUIIMBHO-0T-
JUBHUTE TEYCHUs. Te ce XapakTepusupar C u3-
MCHYMBOCT Ha XUAPOJOTUYHHUTE YCJIIOBHA, HO C
SICHO M3pa3eH rpalueHT Ha XUAPOXUMUYHHTE I10-
Ka3aTelu MU Ipexoja OT CIaJKOBOJIHA KbM MOP-
cka cpena. ['omsMo e BIMSIHMETO HAa OTTOKA Ha
peuHHUTE BOJU (CE30HHO WJIM BCIIEJCTBUE Ha KITU-
MaTHYHUTE YCIIOBHUS), KATO B 3aBUCUMOCT OT OT-
TOKA YCIIOBUSITA B €CTyapUTe C€ U3MEHSAT OT CIajl-
KOBOJIHU (TIpY MPOJIETHO ITBITHOBOAME HA PEKUTE)
110 ¢1abo cojieHu (OpakW4YHM) B 30HATA HA CMEC-



BaHe Ha BoauTe. [Ipy MUHMMAaNEH OTTOK Ha pe-
kute (Ipe3 JETHUS TIepro) B ecTyapuTte ce Gpop-
MHUpa CTa0WiIHa CTpaTH(QHKALUs C pasnojaraHe
(mpoTuyaHe) Ha CIAIKUTE BOIW HAJ MO-TTBTHUTE
COJICHU BOJH.

[loHnxeHaTa CKOPOCT Ha TE€UEHUSTA B €CTya-
puTe BOAOM A0 OTiaraHe Ha (JMHH yTallKu U TOBa
TH OIIpeess KaTO JUHAMUYHHU B CTPYKTYPHO OT-
HOLICHUE eOUHMIM. YecTo ce mperpaxaar yac-
TUYHO WJIM HAITBITHO OT MSIChYHA KOCa, KOsATO OHBa
OTHACsIHA TIPY NPOJIETHU IBIHOBOAMS. Komriek-
CHOTO BB3JIE€HCTBHE HA XUAPOXUMHUYHHUTE IPAIH-
€HTH, OTJIaraHEeTO Ha CEIMMEHTH U (JOpPMHUPAHETO
Ha TSICBYHU KOCH M THHECTH HPOCTPAaHCTBA €
IPEANOCTaBKa 3a Pa3BUTHETO HA MOYYPHA PACTH-
TenHOCT (choOiecTBa Ha Phragmites australis,
Typha spp., Bolboschoenus maritimus) u Ha U30-
OunHa BOAHA PACTUTENHOCT B IUIMTYUHUTE
(Potamogeton  spp.,  Myriophyllum  spp.,
Zannichellia palustris, Lemna spp.). ToBa onpe-
JIeNisl eCTyapuTe KaTo €IHU OT Hal-TIPOJYyKTHUB-
HUTE MecTooOuTaHus Ha 3emsaTa. bnaronapenue
Ha AMHAMUYHHUTE YCJOBUS B T€3U 30HH € BbB3-
MOJKHO HaBJIU3aHE Ha OPraHW3MH, XapaKTepHH 32
MOPCKHUTE BOAU B peKaTa, U 0OPaTHOTO — HABIIH-
3aHE Ha PEYHU OPTaHU3MH B OCJIAJHEHUTE 30HH
MpeJa yCTUETO Ha pekuTte [4, 7].

Ectyapure o0pa3zyBaT KOMIUIEKCH 3a€IHO C
OOKpBXaBalIUTe T KPaHOpe)KHU CyXO3EeMHHU
MECTOOOHUTaHHS — AIOHHU, KpapPEYHU U JIOHTO3HH
TOPH U JIp., KOETO JOIBIHUTEIIHO YBEINYaBa TSX-
HaTa poJIst 3a Olla3BaHe Ha KpalOpexHUTE eKOCHC-
temu [3,7].

Pasnpoctpanenue B bwirapust B paMkute Ha
3alIUTEHH 30HM OT €BpoIleiicKaTta €KOJOrHYHa
Mmpeska Hatypa 2000: ITnax Ilxopnmiosiu, Po-
noTtamo, Beneka, sutocka, Kamuus u ap.

®ur.2 Ycrue Ha p.Kapaarau
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* 1140 Tunecmo-necvunueu Kpaiiopeicuu
naoWU, KOUMO He Ca NOKPUMU UJIU Ca €06a NOK-
pumu ¢ mopcKa eooa

TuHecTO-eChYWINBY, MOYYPIUBH IPOCTPAHC-
TBA B 30HaTa Ha [IPUOO0s1, HApeUeHa OI11e MEANOJIU-
TOpaJl U CBbP3aHUTE C HETO JIATYHH U JINMaHHU, KO-
WTO HE ca IIOKPUTH WIIK ca eBa OKPHUTH OT BOJA,
KaTo 4eCTO ca JIUIIEHH OT BUCIIA PACTUTEIIHOCT,
0OMKHOBEHO CaMO ChC CHHbO-3€JICHU U KPEMbYHH
BOJIOPACII B TOBBPXHOCTHUS CJIOH U HACENsIBaHH
oT cboO11ecTBa Ha Oe3rpbOHAYHH.

JlutopanHUTE CEAMMEHTH ce OOUTaBaT OT Op-
TaHW3MH, TOJIEPAaHTHH KbM HM3BECTHO Ipecyllia-
BaHe, MPOMEHJIMBA TeMIIEpaTypa U MOHMKEHa CO-
JICHOCT B ecTyapHH ycioBus. Karo msmo cpo0-
[iecTBara ca 1mo-0eJHu mopaan n30poeHuTe ycio-
BUSI M TIOABIKHOCTTA Ha CEAMMEHTA B MEIHOIH-
TOpajHaTa 30Ha.

Te ca or ocoOeHO 3HaUYeHHE KAaTO MACTO 3a
XpaHa Ha BOJOIIOOMBH NTUIM IO BPEME HA MUT-
pauus u 3uMmyBaHe [4-8].

ToBa mecroobuTaHHE 4ECTO € B CHCEACTBO C
mectoobdutanus 1150, 1110.

Pasmpoctpanenue B brarapust B pamMkute Ha
3alIUTEHH 30HUM OT €BpoOIeicKara EKOJOrMYHa
mpexka Harypa 2000: 3anuB Yenrene ckeine,
IMnax lxoprnwmnosiu, ['amata, Kamums, Ezepo
Hypankynak, E3epo I1labna — Ezepen, Ctpanmxa
U Jp.

®@ur.3 [Irax HlkoprmioBnm

* 1150 Kpaiiopestcnu nazynu

JlaryauTe ca TIMTKH, KparOpexHH, pa3Inoiio-
JKEHU YCIIOpEeJHO Ha Opera, CiaJKOBOJHU, MUK-
COXaJIMHHU WJIM XUTIEpXaIUHHU OaceiiHu (Ty37H).
Te ca HaBJIHO MM YaCTUYHO OTHENICHH OT MO-
pero ¢ mACKYHHM HaHoch (Koch). Moske J1a uMar
BpB3Ka C MOPETO 4pe3 TeceH MpoTok. ConeHocTTa
UM € pa3fIidHa OT Ta3u Ha MOPETO, KaTO MOXKeE /1a



Bapupa OT JIEKO COJICHA JI0 XMIIEPCOJIEHa B 3aBH-
CHMOCT OT BQJICKUTE, N3MAPECHUATA, CMECBAHETO
C MOpCKa BoJa IpH OypH, KOETO € MPenocTaBKa
¥ 3a crieuUYHUS UM ¥ IPOMEHIIMB OPTaHU3MOB
CBAT. JINIIeHN ca OT PaCTUTEIHOCT WIIM CE Hace-
JSBaT ChC ChoOIIECTBA OT KiacoBeTe Ruppietea
maritimae, Potametea, Zosteretea, Charetea,
Phragmitetea [4,9].

MecToobuTaHne ¢ MHOTO TOJIIMO 3HaYEHHE 3a
O6unopazHoobpa3neTo — 0coOOEHO KaTO OPHUTOJIO-
TMYHO BaKHM MECTa M BJIaXHHU 30HU. Hskom ot
TSX Ca BIQXHHU 30HU C MEXIYHApOIHO 3HAYCHHE
CBINIACHO pamcapckara KOHBEHIUs (ATaHacoBC-
koTo e3epo) 1 CORINE Ouotonu (AtaHacoBcko
ezepo u [lomopwuiicko e3epo).

Pasnpocrpanenue B bbarapus B paMKuTe Ha
3allUTEHH 30HU OT EBpOIeicKaTa EeKOJOrMYHa
Mmpexa Harypa 2000: Atanacoscko e3epo, [lomo-
puiicko e3epo, Ezepo 11labna — Esepen u np.

®Dur.4 ATaHACOBCKO €3€pO

* 1160 Obuiupnu nnumku 3a1ueu

OOMmMpPHA ¥ MaJIKH TUTUTKY 3aJIMBU KBJETO, 32
pasnMKa OT ecTyapuTe HsAMAa MPSK JOCThI Ha
npsicHa Boja. Te ca orpaHWuYeHH JI0 30HATA Ha
I'bPBHUTE JBa €Taka Ha (QoToduiiHaTa CyOIUTO-
paJlHa paCTUTEHOCT — OKOJIO 15 M, 3allUTEeHN ca
OT JICWCTBUETO HA BBIHUTE, ChIBPXKAT TOJIIMO
pa3HoOOpa3ue OT yTaku M cyOcTpath M ca C
nmo0Ope U3pa3eHo 30HUpaHe Ha OEHTOCHHUTE ChOO-
mecTBa. ['paHuIiaTa Ha TUIMTKATa BOJa TIOHSKOTA
€ ompejieJieHa OT Pa3NPOCTPAHEHUETO Ha PACTH-
TEJIOCT oT KJIaCOBETEC Zosteretea u
Potamogetonetea [3,10].

XUApOAMHAMUYHUSAT PEKUM, ChCTABBT HA Ce-
JUMEHTa W JIBJI00YMHATA ONpEAeISAT XapakTepa
Ha CHOOIIECTBOTO, OOUTABAIIO MACHYHUS CYOIIH-
Topait. YecTo mIchbU4HOTO ABHO € JIMIICHO OT MaK-
poduUTH U CHOOIIECTBOTO € CHhCTABEHO CaMoO OT
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IPE/ICTaBUTEN Ha MOpPCKaTa TbHHA (hayHa — MHO-
TOYETHHECTH YepBEeH, MHAM, OXJIIOBH, PaKooO-
pasuu u ap [4,11].

CepuosHa 3amaxa 3a 6M0pa3HO00pa3ueTo Ha
MECTOOOMTAHHETO MPEACTABISIBA WHTEH3UBHUSIT
pubOIIOB M1 0COOEHO HENEraaTHOTO JHHHO TpaIeHe
3a yJIOB Ha KaJIKaH, KOETO HapylllaBa CTPYKTypaTa
Ha THHHHUTE CHOOIIECTBA. CyOMUTOpATHUTE TIs-
ChbLIM ce 00WTaBaT OT MHBAa3UBHUTE BUIOBE Mya
arenaria, KOWTO KOHKypHpa M H3MecTBa abopH-
TEeHHUTE MEKOTENH, 1 MOPCKHAT OoXioB Rapana
venosa, KOMTO ce XpaHHW C pa3IMYHHUTE BUIOBE
MUIM, OOUTaBaIld TOBa MECTOOOUTAHUE U BIIHSC
BBPXY CTPYKTyparta Ha cbobuiectBoTo [4,12].

@opMHpaT KOMIUIEKCH ChC COJEHUTE Kpail-
MopckH O1ara 1o 1s10T0 YepHOMOpPCKO Kpaitbpe-
Kue, Hai-Beue kpaii Bapna, HeceOnvp, Byprac,
Co3omoi1, AXTOIOJNI

@ur.5 ITmax Ponoramo

* 1170 Cvobugecmea c kaghsigu, uepeeHu u 3e-
JIeHU  6000paciu no  CKaaucmu  MOpPCKU
ovHa(Pugose)

IMonBoxgHM cKamHM CyOCTpaTH OT BapOBHIIU
WM TSCHYUHUIM, KAaKTO U OMOreHHU pUOBE OT
ctpuau (Ostrea edulis), obpacnu ¢ MakpouTHH
Ka(i)SIBI/I, YCPBCHU M 3CJICHU BOJOpACIN U MUOU
(Mytilus galloprovincialis Mytilaster lineatus n
np). [Inockara ctpuna Ostrea edulis n34ye3Ba Ha-
mbJHO 1pe3 1980Te roguHu oT ObArapcKus cex-
Top Ha UepHo Mope. To3u By B UepHO MOpE Ch3-
JlaBa YHHKaJTHM MECTOOOMTaHUs ChC Cpenoodpa-
3yBaia poJyis (OCTpai), KOUTO HSIMAT aHAJIOT B
Cpenuzemuo mope [13]. Asropute (Todorova, V,
et al.,2009) cwmsTar, ye BUABT M3YE3Ba MOPATH
CJIeTHUTE IPUIMHN; XUTIOKCHSI ¥ TIOBHIIIEHA CEJIN-
MEHTaIUsI TIOpaJy W3KIIOYUTEITHO 3acuieHaTa
eyTpopHKalys B TO3M MEPUOJ; MATOTEHBT IO
cTpuante Bonamia ostreae, KOWTO 3acsira u cpe-
JIU3EMHOMOPCKUTE ITOMYJIAIlUY U TPHYUHSIBA TEK-
KOTO 3a0ossiBaHe OoHamwuo3a (bonamiosis) Mpu



CTpUINTE;, XHUIHWYEeCKaTa TIpeca OT Rapana
venosa. BebIHOCT, U ocera He MOXe Jia ce T10-
COYM TOYHA MPUYMHA U BEPOSITHO CTaBa AyMa 3a
KOMILJIEKCHO BB3JICHiCTBUE HAa BCHUYKU (DAKTOPH.
MecTooOHTaHUETO ce HaMHpPa B TICEBOIMTOPAI-
HaTa U CyOJIIMTOpalIHATA 30HA Ha MOPCKUS mend
W BKJIFOYBA XOPH30HTUTE Ha (oTodUIHATA — JIO
25 M u curoduITHATA PACTUTEITHOCT — HaJ 25 M
IBI00YMHA, B KOWTO ce HaOII0IaBa HEMPEKbC-
HATO 30HMpaHe Ha OCHTOCHUTE PACTUTEIHU U JKH-
BOTUHCKH choOmecTBa. Jlomuaupamnia e popma-
nusita Cystoseireta. Cystoseira barbata u C.
crinita, nocturat 1o 1.7 M apKkuHa, 0OpazyBat
IUTBTHU TIOMYJIAIMK U Ca ChC Cperoodpa3ysala
pOJIsl — MO TAX U Cpell TIX CE Pa3BHBAT MHOTO
JPYTHd BOJIOpPACId W HAMHPAT YOEKHIIE MHOTO
0e3rppOHauHK u pudu. Cystoseira € ¢ MHOTOTO-
JMIICH Talyc, JOKATO MOBEYETO NPYrd Ka(sBH
BOJIOPACITH Ca ChC CE30HHO pa3BUTHE (NPEAUMHO
3MMHH), a TIOBEYETO YEPBEHHU U 3€JICHU Ca eIHO-

TOJWIIHH, C MAacOBO Pa3BHTHE Mpe3 MPOJeTTa U
naToTo [4,14].

®ur.6 CpobiecTBa ¢ KadsiBy, YSPBEHU U 3€-
nenu Bogopaciu [20]

* 1210 Eonozo0uwina pacmumeanocm 6opxy
MOPCKU KPAuOpescHu HaHOCU

Mecrooburanus, oOpa3yBaHd Ha MecTa C ao-
pasuoHeH Opsr, KbJETO MOPETO 0COOEHO Ipe3 3u-
MaTa paspyliaBa HaMUPAIIUTE Ce B HEMOPEJNCT-
BeHa OJIM30CT A0 MpuOOs CKATHU UITH JIbOCOBH OT-
KOCH M CTeHH. Taka ce HaTpymnBa HAHOCEH MaTe-
pHan - MUJICHU YEPYIKH, TPpeOCH YaKbil, H3XBbp-
JICHM OT BBJIHHUTE BOJIOpAciIM - OOrar Ha a3or,
BBPXY KOHTO ce pa3BuBaT (OopMaluy OT €IHOTO-
JUIITHA WIA OT €IHOTOJUIIHA U MHOTOTOJUITHH
pactureianu Bunose (kiac Cakiletea maritimae).
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Pasnpoctpaneno € B boirapus no YepHnomopc-
KOTO KpaiOpekue, IpeJIMMHO B CEBEpHATA 4acT
(Kanuakpa, 11labna, /lypankynak) [4,16].

®ur.7 Ycrue Ha p. Byramsra

* 1240 CmpomHuu mopcku ckanu, oopaciu c
eHOeMUYHU 6udoee Limonium

KpaiiMopcku ckanu U cKaiHu OperoBe ¢ pac-
TUTETHOCT 1o YepHOMOPCKOTO Kpaiibpexue, 3a-
€TH OT Xalo(UTHU CKaJTHHU CHOOIIECTBA, (POPMHU-
PaHHM 1Mo/1 Bb3IEHCTBUETO HA COJICHUTE MPBCKHU HA
npubosi. BKIIFOUBAT KakTO peAKH U CHISMUYHH
BUJIOBE, Taka M OOMKHOBEHH pyAEpasHH pacre-
Hus. Ha ToBa MecTrooOuTaHne ChOTBETCTBYBAT
cuHTaKcoHuTe or knac Crithmo-Staticetea. 3a

beiarapuss e omucaHa caMoO  acoIMaIuUsTa
Goniolimoni-Crithmetum maritimi.
@DIIOPUCTUYHUAT ChCTaB BKIIOYBA KaKTO

PEAKYU M SHISMUYHH BUJIOBE, TaKa U IIUPOKO pa3-
MIPOCTPaHEHH, BKJI. U pyAepanHu pacteHus. Toi
3aBHCH CBHIIO M OT BUJA Ha cKajara. Pa3znuyaBar
ce JIBa OCHOBHHM IIOJITHIIAa Ha TOBa MECTOOOMTa-
Hue. [IbpBUAT MOATUI BKIIIOUBA BUCOKUTE A0 60
m BapoBUKOBH ckamu Ha CeBepHoTo UYepHOMO-
pue, ocobeHo B paiioHa MexTy ¢. THOJICHOBO U H.
Kanuakpa. XapakTepHu pacTeHusi 3a choOIIeCT-
Bata ca Crithmum maritimum, Gypsophila
trichotoma, Parapholis incurva, Silene caliacrae
[4-17].

Bropusr moarun e mo-xapakTepeH 3a ByJKa-
HuyHute ckanu Ha IOxHOTO YepHomopue,
rmaBHO Ha tor OT rp. Co3omon u mo CtpaHmKaHc-
KOTO KpaiOpexxue. XapaktepHu ca Atriplex
hastata,  Convolvulus  lineatus,  Crithmum
maritimum, Limonium gmelinii, Sagina maritima,
Silene compacta. Ha MecTa, IpeIyMHO IO HOXK-
HoTo YepHOoMmopue, ce (HopMHpaT HEroJeMH IO
IJION] XPacTOBU IIEHO3M Ha CMOKuHATa (Ficus



carica) c¢ ydactuero Ha Colutea arborescens,
Ulmus minor n np. [4-17].

®ur.8 Mopcku ckanu, odpaciau BUIOBE
Limonium c. Tronenoso [21]

* 1310 Salicornia u opyzu eonozo0uuinu pac-
meHnus, KOAOHU3UPaui MuHecmu u nACHUHU
mepenu

Cpo01ecTBa NpEeAMMHO Ha €JHOTO/IUIIHU BH-
nose ot Chenopodiaceae, Hail-uecto pox
Salicornia uau )KUTHH, KOUTO KOJIOHU3UPAT MIEPU-
OJIMYHO HABOJHEHHUTE TUHECTH U ISICHYHU TEPEHH
B nepudepusITa Ha XUINEPXATUHHATE U MO-PAIKO
Opaku4HUTE YepHOMOpCKH e3epa. CmamaT KbM

knacosere Thero-Salicornietea u  Saginetea
maritimae.
Iloomunoege:

15.11 - CwnoOmectBa Ha Salicornia spp.,
Suaeda maritima, Salsola spp. VI )xuTHU TpeBH -
Aeluropus littoralis, Puccinellia convoluta, P.
distans, KOJIOHU3UPAIIA MOKPUTE THHECTU IbHA
Ha KpallOpeKHUTE COJICHH e3epa 1o 1isuoto Yep-
HOMODHE.

15.12 — Cpean3eMHOMOPCKY TMOHEPHU XaJlo-
(UTHU CHOOIECTBA, B KOUTO YUaCTBAT XaJIO-HUT-
poduiiHU enHOromuIIHM BuaoBe — Frankenia
pulverulenta, Salsola soda, Cressa cretica,
Parapholis incurva, Petrosimonia brachiata,
Hordeum hystrix, pa3BuBaiy ce B nepudepusra
Ha HsKOU e3epa 1o FOxHoTo Uepnomopue (I[Tomo-
pue, [Ipumopcko u z1p.), U3 bpKaiiy KakTo Ha 10-
MPOJIBIDKUTETHO HABOJJHEHHUE, TaKa M HA 3acyIa-
BaHe. To3u moaTurt 06pa3yBa MallKH IETHA, KOUTO
ca B KOMIUIEKC, IOMUHUPAH OT MPEAXOHUS O~
THIIL.
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®ur.9 Salicornia no THHECTH U TSICHYHU TEPEHH
ATaHacoBCKO e3epo

* 1410 CpeouszemnomopcKu cojieHu 1ueaou

CpobmectBa Ha Bucokm (0.9 - 1 M) a3ykw,
YKUTHH U OCTPHIIU 110 OKPaHHUHKUTE Ha COJICHH BO-
JOEMH 10 Kpailopexuero Ha YepHo Mope, npu-
HaajIexamy KbM paspen Juncetalia maritimi.
K®M TOBa MecTooOuTanue B bbarapus ce oTHacsT
cpobmiecTsata Ha Juncus maritimus, Juncus
littoralis (syn.: Juncus acutus ssp. tommasinii),
Elymus elongatus, Phacelurus digitatus (syn.:
Rottboellia digitata). TlouBute ca OT THIA Ha CO-
nonvarure (Solonchaks) w mpe3 mo-roJjsM Tie-
PHOJ OT TOIMHATA Ca MPEOBIAXKHEHU. MecTooOu-
TAHHETO CE acOIMHPa C APYTH XaT0(PUTHU MECTO-
00UTaHUs, KATO KOHTUHCHTAIHU COJICHU JINBAIIH
u crobmectBa Ha Cladium mariscus [4,15,17].

®ur.10 ATaHaCOBCKO €3epo - CEBEP

e 1340 Konmunenmannu conenu aueaou

BbTpeliHu ecTecTBEHO 3aCOJICHN TEPEHH, ChC-
TOSIIIIK C€ OT Pa3IMYHKU TUIIOBE MECTOOOUTAHUS,
pasaryaBalliy ce B 3aBUCMOCT OT HUBOTO Ha IMOJI-
nmouBeHuTe BoaM. [IpencrapisiBar MpeauMHO Ch-
o0I1IecTBA HA MHOTOTOJAMIIHU Xano(uUTH, Haii-
4ecTo XKUTHU - Puccinellia convoluta, P. distans,
Crypsis aculeata. XanopuTHata pacCTUTEIHOCT B



TSX MOJXKE JIa Ce€ pasriekza B KOMIUIEKC C Bpe-
MEHHH WU ITOCTOSHHU BOJIHH IUIOIIN C TPHCTH-
KOBH IOSICH 110 TIepudepusiTa um.

KoHTHHEHTaNHUTE CONEHU JHMBagX Ca MHOTO
peaxu B buarapus — cpewar ce Ha mecta B ly-
HaBckara (mommHata Ha p. Crymena) u B Tyn-
mxanckara (Kapuobarcko, PamneBo u np.) pas-
HUHU. [IpencraBnsBaT BHCOKOTPEBHH JIMBAIHM,
KOWTO C€ pa3BUBAT HA BTOPHYHO 3aCOJICHH MOYBU
— npeAMMHO HaHOCHU (Fluvisols), chIllo Taka v Ha
COJIOHYAIY C YMEpPEHa COJIICHOCT U 0e3 ,, 3 TSI-
BaHe” HAa CONM Ha MOBBPXHOCTTA. OOMKHOBEHO
OBJIQXKHEHHETO € 100po, 3al10TO Te3H JUBaIU 3a-
eMar y4yacThIM OT 3aJMBHUTE TE€pacu Ha HEro-
nemu peku — Cryznena, bnatanma, Mogypurma u
ap. 1o6poTo oBIaKHEHHE M YMEPEHOTO 3acOIs-
BaHE MO3BOJISBAT PA3BUTHUETO HA 3aTBOPEHU (H-
TOLICHO3H C yYaCTHETO KaKTO Ha THITMYHH XaJlo-
(huTH, Taka ¥ Ha BUIOBE, KOUTO HE ca XaNO(puUTH,
HO TIOHACST yMEpEeHo 3acoisiBane. Haii-uecTo no-
MUHAHT B T€3H LIEHO3H, KOITO opMupa eTax BU-
cok 0koJ0 1 m, e Elymus elongatus. Ha mo-Bmax-
HUTE MECTa, HAIPUMED B JIOJIOBETE CEBEPHO OT $3.
OBuapu1ia, ce MosABABAT U MO-XUTPOPHIHH CHOO-
mecTtBa ¢ ydactuero Ha Phacelurus digitatus, B
KOWTO OCHOBHHMSAT BHJ TOCTHTA 10 2 M BHCOYMHA
[4,15,17].

F

®@ur.11 3amurena 3oHa Peka "bnatanmna"[22]

* 1530 Ilanoncku conenu cmenu u coneHu
onama CpeouzemMHOMOPCKU COIeHU TUBAOU

3aconeHu cTenu, KpanpeuyHn HU3MHH, nepude-
puist Ha O1aTa ¥ MOUYYpH, YCIIOBUSATA HA KOHTHHEH-
TaJIeH KJIMMaT C BUCOKH TeMIIEPaTypH M 3acyllia-
BaHE Tpe3 JIATOTO. 3aCOJIIBAHETO HA TEPEHUTE CE
JBJDKM Ha 00pa3yBaHETO Ha MPOJICTHU Pa3jivBU U
OoOWIIHOTO W3MapsiBaHe Ha MOYBEHATa BOJa Tpe3
nstoro. Yecro ce HabmogaBa M3IbPTIBAHE Ha
COJIM Ha TIOBBPXHOCTTA Ha Mmo4BHTe. Te3u mecto-
o0UTaHUs ca OT €CTECTBEH MPOU3XOJ], HO U Yac-
TUYHO OT BTOPUYCH, B PE3yJITaT HA BIUSHUETO HA
marmiara v rnpecymraBanero. KeM 14x Morat aa ce
BKJIIOYAT M CYXHTE XaJO(PHUTHH CHOOIIECTBA Ha
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II'BPBUYHO 3aCOJICHH CKaiu (Meprenu). XanohuT-
HaTa PaCTUTEIHOCT CE ChbCTOM OT CHhOOIIECTBA Ha
pa3HooOpa3Hy €IHOTOAMIIHA W MHOTOTOTUIIHH
Tyl Xajo¢puth. Ilo-BucokoTo yuyactue Ha
HETHIIMYHU XaJIOQUTH ce HalmrogaBa B HAIKOU
KpailyHaBCKU HU3MHH, KbAETO IPOLIECUTE HA 3a-
COJISIBaHE Ca Ce aKTHUBHM3HMpPAIHU CJe] MpecylaBa-
HETO Ha KpaipedHuTe Onara.

B 3aBucuMMOCT OT cTeneHTa Ha 3acoJiiBaHE U
OBJIQ)KHEHHE HA MOYBHUTE, KAKTO U IO/ BIUSHUETO
Ha ocobeHocTHTe Ha KiauMaTa B CeBepHa U FOxHa
Bbwarapus, ce pa3BuBaT LIEHO3HM, KOUTO MOrar Aa
ObIaT ompenesieHH KaTto XaJo(UTHH MacHina U
CTENU M TUIUYHHM ,,cONMUINA” (COJICHH MOYYPH U
6mata). PasmpocTpanenu ca B msiaTa cTpaHa 1o
300 m HagM. BUC., KATO IIO-TOJIEMH IUIOIIH 3a€EMAT
B mopeuneTo Ha pexute JyHaB u TyHmka, HO ce
cpemar ouie kpait OcvM, SAnTpa, Mapuua u Hsikon
no-manku peku: Crynena u Ckpr ([yHaBckara
paBHuHA), Mouypuna, Caznwuiika, brarauna
(TynmkaHckaTa paBHUHA), KAKTO H [0 Operosere
Ha coyieHuTe YepHOMOpPCKH e3epa B byprackara
KOTJIOBHHA. Y CJIOBHO, THITMYHHUTE XaJI0(UTHH Lie-

HO3H Ca MPEACTaBEHU B JBE IPYIIN; TO-KOHTUHEH-
TaiHa — pasnpoctpaneHa B CepepHa brirapus, u
Ipyra — MpPeXOIHOCPEIU3EMHOMOpPCKAa — IIpe-
nuMHO B FOrousrouna brarapus [4,15,17].

®ur.12 3amurena 30Ha Pexa "braranma"[22]

* 8330 Ilo06oOHU unu uacmuuHo nOO0BOOHU
MOpcKu newiepu

[Temepute ca MoA3eMHU KyXUHHU C €CTECTBEH
npou3xof. ['anepunre UM ca XOPU30HTATHH FITH
pa3BHBAI C€ TOJ[ TOJOXKHUTENIEH (BBH3XOJISAII)
WU OTpHUIaTeNIeH (HU3XOIAIT) HAKJIOH, Y€CTO HS-
KOM OT TSIX UMaT M BEPTHKAIHH y49acThlH. Yact
OT TSIX Ca Ha Pa3JInYHA JBIOOYHHA 0] BOJaTa OT
1 no nan 20 m. JIpyru ca camoO 4aCTUYHO 3alu-
BaHW TIPH CWJIHO MOPCKO BBIHEHHWE. Hskom oT
Kpall MOPCKHTE TEIIepy ca MPOXOIHH, T.€. UMaT
BXOJl OTKBM MOPETO, KaKTO U BXOJ| OTKBM CY-
maTa. TUTTHYeH IpuMep 3a TAaKHWBa ca MEMEPUTe B



pationa Ha c. TronmeHnoso u ¢. Kamen opsr. bpero-
BETE, B KOMTO CE€ 00pa3yBaT Te3M MeEIepH, YeCTO
ca OTBECHHW WM CTPBMHO HakyioHeHH. OOUKHO-
BEHO C€ Pa3BUBAT BHB BAPOBHKOBU WJIHM BYJIKa-
HUYHH CKaJM — aHJIe3UTH U aHAEC3UTHH Ty (DH.

dur.13 Macien Hoc

* 1180 Il0o06oonu cmpyxmypu, odpazysanu
ce noo oelicmeuemo Ha NPOCMYKEAWU ce 24306€

3aIlII/IT€H THII MECTOOOHUTAHUE OT IMPUIIOKCHUC
I nma JlupextmBaTa 3a MeCTOOOWTaHUSTA
(92/43/EMIO), BxmoueHO B MpexaTa Harypa
2000. Te3u yHHKaITHY T'€OJIOKKH 00pa3yBaHus ce
(dbopmupat Ha MOPCKOTO IBHO, KbAETO METAH WIN
JIpYyTU Ta30Be, MPOU3NIM3AIIN OT pa3jiaraHeTo Ha
W3KOTIaeMH OPraHWYHU MaTepHald, Ce MPOCMYK-
BaT Mpe3 CCAUMCHTHUTE.

®ur.14 [IpocMykBaIiy ce ra3oBe 00pa3yBalu
MTOJIBOJAHU CTPUKTYPHU

3akiIouyenue

Benukn kpaitbpexHr MprpoIHU MECTOOOMTa-
HUSI ca B HEOJIarONpUsITHO-HE3a/10BOJIUTEIHO ChC-
tostHue (¢ xox Ul) 1o OCHOBHUTE KpUTEpHUi
(o, cTpyKTypa ¥ QYHKINH, ObJCIIH epCIIeK-
TUBH) 3a ompeneisiHe Ha brnaronpusiteH kKoHcep-
BanuoneH craryc (BKC). HeusBectHo € chCTOS-
HUETO UM IO OTHOIICHUE Ha Pa3IPOCTPAHEHUETO.
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OT MOpCcKHTE MPUPOIHU MecTooOuTanus, 1180 ¢
B Hay4YHa pe3epna, a 3a 8330 ChCTOSHHUETO € Hen3-
BecTHO. [lo excmepTHa oOleHKa, HEOOXOIUMO €
€KOJIOr0ChoOpa3Ho yIpaBieHHe Ha Tamara (3a
tunioBe 1340, 1530); ympaBneHne Ha puOOIOB-
HUTE NeHHOCTH; OopOa ¢ HHBa3WBHU BHIOBE; IIPO-
yuctBane (3a Turose 1110, 1160, 1170); namans-
BaHe Ha ()parMeHTANMATa HA MECTOOOHUTAHUSATA;
BB3CTAHOBSIBaHE Ha YBPEIEHH MTPUPOTHU MECTOO-
outanus (3a Turiose 1150, 1310, 1410); ona3Bane
Ha TUIMYHYU BUJIOBE B MPUPOJTHUA MECTOOOUTAHUS
(1110, 1160); HamansBaHe Ha HATUCKA M BB3ICHC-
TBUATA OT pUOOJIOBA; MMOBUINIABAHE HA KOHTPOJIA
BbpPXy 3a0paHCHM aHTPOIOTEHHU JCHHOCTH
(1110, 1140, 1160, 1170) [5,19].

Hayuen nnTepec npeacrasnsBaT YepHoMopc-
KWTE peuHy auManu (Tur R16) oTHacsIM ce KbM
mectoobutanue 1130 Ectyapu. ToBa ca moBbpx-
HOCTHH BOJHHU Tella THI PeKa, YUHUTO XHUMHUYCH
ChCTaB € CHJIHO TMOBIHSIH OT MOpPCKa BOJAa M ca
4acT OT Ipylara Ha IpexoHuTe Boau. Te ca crie-
MU(GUIHA U BCE OIIE HEAOCTATHYHO MPOYUCHH B
KOHTCKCTa Ha €KOJOTUYHHA MOHUTOPUHI HA MPEC-
XOJHHUTE BOAM B bbirapus. 3a To3u TUIl ca HEOO-
XOJIMMU JOITBJIHUTENHN TPOY4YBaHUs 10 buomo-
ruvHU enemeHnTH 3a kadectBo (BEK) u dmsuxo-
XMMHYHH [TOKA3aTe)IN 3a MPEIM3UpaHe OllcHKaTa
Ha €KOJIOTUYHOTO CBhCTOAHUC UM CHCTOSIHHUEC.

BaarogapHocTu: ABTOpHTE Onarofapsr 3a
¢unancoBata noakpena Ha HUX-512/2025 ¢u-
Ha"cupad ot HUU xem BAY “TIpod. n-p A. 3na-
TapoB‘
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HAYAJIO B U3CJIEABAHETO HA JMHAMMUKATA HA KOHCTPYKIIUUTE

JIunus b. IlerpoBa

A BEEGINING IN THE INVESTIGATION OF DINAMICS OF STRUCTURES
Liliya B. Petrova

ABSTRACT: Literature related to the study of dynamic impact systems is analyzed. The main types of dynamic
loads are described - concentrated, distributed, temporary, normative. The study of structural systems with a dynamic
coefficient is indicated. In the regulations for relevant cases of dynamic impacts, the range of change of the dynamic
coefficient is also recorded. A method of determining the dynamic degrees of freedom for various beam and frame
systems with a finite number of degrees of freedom is shown and analyzed. A method of determining the degrees of
freedom of a rod system with elastic supports, systems with an infinitely large moment of inertia, expressions for the
kinetic and potential energy of systems with concentrated and distributed mass. information about the harmonious
representation of movements and characteristics. Definitions for systems with a finite and infinite number of degrees
of freedom are introduced. Elements of distributed mass systems are defined. The determination of frequencies, periods
and forms of oscillations is defined. The use of stochastic methods for studying oscillations is indicated. Analysis and
conclusions are made.

Keywords: dynamic effects, methods, calculations, dynamic coefficient, harmonic analysis..

U3MEHAT nepuoanyHo. [IpuunHsBaT ce Hi-uecTo
BbBenenue OT aBTOMAaTUYHHU YyKOBE.
3. KpatkoBpemennu ToBapu. ChIIuTe ce paz-
JluHamMHKaTa Ha HOCELIUTE CUCTEMHU B ChbBpe-  BUBAT OBP30 M M3ue3BaT. MoraT Aa UMaT U MHUT-
MHETO pa3pabdoTBa METOAM 3a M3CJEIBaHE HAll-  HOBEHO ACHCTBHE.
PErHaTOTO CHCTOSHUE HA KOHCTPYKIIMUTE IIPH AH- 4. Tlogswxuu ToBapu. Te morar nma ObaaT
HAMHYHO HaToBapBaHe. M3rpaxmaHeTo cucTe-  OBP30 JBIKEIIW Ce TIPEBO3HU CPECTBA C MOCTO-
MaTa ce W3BBPIIBA BHPXY CHIIUTE MPEANOCTABKA  SHHA rojemuHa. [logoOHU ca ToBapuTe OT Ba-
KaTo CTpOMTENHATa MeXaHuKa. ToBapuTe ce Mpu-  TOHHU OCH, BBPXY MOCTOBU KOHCTpPYKIuH. [Ipen-
naraT 0aBHO BBbpPXY KOHCTpyKuuHuTe. CBIIUTE CE  CTaBIsSBAT OBP30 JBMIKEIIM CE XaPMOHUYHO H3-
MPOMEHSAT OBP30 MO OJIEMHUHA, IO MACTO WJIM IO MEHSLIM C€ B roJIeMHUHATa CH TOBapu. Morar aa ce
rojeMuHa 1 nmo mscto. CTpouTesHaTa JUHAMHKA  MPUYHHABAT OT IBUTAaTEIIHUTE KOJIENIA Ha JIOKOMO-
pasmoiara chC CBOM XapakTtepHu Mmetonu. [loc-  TuBu. ChimecTByBaT u  OBP30-IBIKEIIN  CE
nenHoTo obe3levaBa YCBOSIBAHETO M BHEJPSBA-  yJaapHU ToBapw. [lomyyaBar ce OT yiapu Ha KoJie-
HETO M B CTPOUTEITHATA MPAKTHKA. JlaTa B PEJICOBU CHAXKIAHUS
5. Ceusmuunu ToBapu. [lomyuaBaT ce oT BHe-
OcCHOBHM BHMJ0Be TOBaApM B CTPOWTEJHATa  3aIllHU JIBWXKEHHS HA OCHOBATa Ha KOHCTPYKLIUUTE
TeXHHMKAa: pu 3eMmerpeceHud. CplMTe MMaT CiIy4yacH Xa-
1, Henmonswxuu BuOpanmonHu toBapu. Cb-  pakrep. M3cnenBaHeTro Ha CHCTEMHUTE Ha CEU3-
IIUTE JIEHCTBAT HAa €JHO W CBINO MSICTO BHPXY  MHYHH BB3JEHCTBHSI- aHATUTUYIHO U POTPAMHO €
KOHCTPYKIUATA, U U3MEHAT IEPUOANYHO TOJIEMU-  ChIVIaCyBaHO ¢ “HopMmu 3a mpoekTHpaHe Ha KOHC-
HaTa cu. TakoBa HaTOBapBaHE c€ NMPHUYMHABA OT  TPYKIMH U CbOPBHKEHHUSA HA CEM3MHYHH BB3ZCHC-
MAIlIWHY ¢ OBP30 BEPTAIIM CE YaCTH. TBUA .
2. Henonswxuu ynapuu ToBapu. [Ipeacrasis- 6. BerpoBu HaroBapBanus. [lomyuaBat ce ot
BaT yIapy BbPXY €IHO U CHIIO MACTO Ha KOHCT-  OBp30 00THUaHE HA KOHCTPYKIHMUTE OT Bh3AYIIEH
pyKIusTa, MOraT Ja ca €IWHWYHH, WA Ja c€  TOTOK.  YyBCTBUTENHH KBbM  TO3H  BUJ
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HATOBapBaHE Ca BHCSIIU MOCTOBE, BUCOKHU KYJIH,
HOCEIIH BBXKETa, MAYTH.

W3cnenBanero Ha KOHCTPYKIIMUTE Ha JUHA-
MUYHH BB3ACHCTBUS U3M0J3Ba BEPOSTHOCTHU
(CTOXaCTUYHH METOIH).

OcBeH crOMEHAaTHTE TOBapH CHIIECTBYBAT U
JIPYTH, HETOYHO OIPEICIICHN TUHAMUYHU TOBapH,
e(eKTHT OT KOUTO ce Oompeeis Obp30 ¢ Taka Ha-
pedeHUAT nuHaMudeH koedunueHt. CToiHOCTTA
Ha JIMHAMUYHUAT KOSCPUIIMEHT ¢ B MOpsSabK 1.8-
1.9. CroliHocTTa Ha JUHAMUYHHS KOE(PHUIMEHT
3aBHCH OT CHOTHOIIIEHUETO Y€CTOTa Ha CMYIIlaBa-
miata cuia - coOCTBEeHaTa 4YecToTa Ha TPENTeHH-
aTa. B 3aBHCUMOCT OT CHOTHOIIEHHETO YECTOTa
Ha CBOOOJIHUTE TPENTEHUS W Ha TPUHYICHUTE
TpPEeNTeHusl, CTOMHOCTUTE Ha MPEMECTBAaHUATA B
CHCTEMHTE ¢ KpaeH Opoli cTereHn Ha cBoOoa ce
paznmuaBat. B sBIeHHETO ce MOCTHTaT MPOTHBO-
MOJIO’)KHU CTOWHOCTH Ha JAWHAMUYHUSA Koe(huIu-
€HT, IPOMsHA Ha 3HaKa, 0e3KpaliHN CTOMHOCTH Ha
MPEMECTBaHUATA, CHCTOSIHUE HAa PE30HAHC U pa3-
pyliaBaHe Ha CHUCTeMara. 3aBUCUMOCTTa CcOOCT-
BEHA YeCTOTa, IPUHY/ACHA YECTOTA CE TMPENCTaBS
rpaduyno. [Ipu u3BecTeH AMHAMUYCH KOe(UIIU-
€HT, pa3pe3HUTE yCHIINS, HApPEKCHUATA U TIpe-
MECTBaHUITa B KOHCTPYKIIHATA CE€ OMPEICIST C
YMHOXCHHE CBIIUTE BEIMYUHU C JUHAMHYHUS
KoeHIIUEeHT

3a u3cneqBaHETO Ha CHUCTEMHTE Ha JWHA-
MUYHH BB3ICHCTBUS CHIICCTBYBAT WU JIOIBIIHU-
TEJIHU MPUOIM3UTETHH METOIM OT Ha4yaJloTO Ha
pa3BUTHETO Ha JIWHAMHKATa HAa CTPOUTEITHUTE
CUCTEMH.

Metonu Ha CTpOHUTENHATA MEXaHHUKA - CTATH-
YECKH, CHEPrUTUYCH, YUCICHH, TPUOTU3UTEITHH.
CraTuveckuTe METOAH MPOU3IH3AT OT AuQepeH-
[IUAJTHUTE YPABHEHUS 33 IUHAMUYHO PAaBHOBECHE.
ChlnecTBeH ¢ npuHIMNGT Ha Jlamambep, criopen
KOHTO 3a]]aunTe Ha JUHAMUKATA, C€ CBEXKIAT KbM
33Jaud Ha CTaTHUKaTa, KOTaT0 KbM BBHIIHHUTE
CHII ce TmpubaBsAT wHepuuoHHUTE. Tsio ¢ maca
M, BbPXY KOETO JCHCTBAT BBHHIIHKU CHJIU C KOM-
noneHtd X, Y, Z, UCHTHPHT HA TEXKECTTa Ha

KOETO, U3MHHAaBa NbT C KOMIIOHCHTH x(l ), y(t),

Z(t ) , BCHUKH BEJIMYMHU ca (QYHKIIMU HA BPEMETO.

B TaksB cnyqaﬁ WHCPUUOHHUTC CUJIM Ha TAJIOTO

ce 03Ha4aBaT —mx ,—my ,—mz . J[Bere TOUKH 1o-

Ka3BaT MPOM3BOJIHU HA (PYHKIIMUTE HA MPEMECT-
BaHUATA 10 BpeME. YCIOBHATA 3a JUHAMHYHO
PaBHOBECHE CE 3allMCBAT BbB BUA

S X, —mx=0, Y M,~1.9.=0.

i="1 i="1
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Z":Y,.——my:o, z":My,.—?yﬁy,:o,

i="1 i="1

S Z—mz=0, Y M,~1.9.=0.

i="1 i="1

(1)

Bemuuunure [, I,, [. npencrasissar ma-

COBHM MHCPHHMOHHU MOMCHTHU II0 OTHOLICHHEC Ha
KOOpAUWHATHUTE OCH C HaydaJl0o HEHThpa HA TC-

)KECTTa Ha cucTeMara, Jy, 9y, 3. ca bIIIOBH yC-

KOPEHHS 10 OTHOIIIEHUE Ha CBHIIUTE OCH. Y paBHE-
HUSATA 32 JUHAMHYHO PaBHOBECHE Ca M3XOIHO Ha-
4aJio Ha CTAaTUYECKUS METOJ] Ha CTPOUTENHATA JIU-
HaMUKa.

EHepruTrueckusT MeTo ce M3rpaxnaa BbpXy
MPUHLMIA 3a 3ala3BaHe Ha eHeprusara. ChIIusT,
IIPU OTCHCTBUE Ha CHIPOTHUBIICHHUS, CE€ 3alKcBa
BBB BHJA

2

kpaeto Fy e kuHetnuHara eHeprus, a £, e mo-

E,+E ,=const,

TEHLMAIHATa EHeprys Ha U3X0JHATa cUcTeMa. 3a
TSUIO C Maca 7; ¥ CKOPOCT V; Ha LIEHTPOBETE My

Ha TeXKeCTTa 00l1aTa eHeprus Ha TAI0TO ce U3pa-
3siBa ¢ (hopmMyIaTa

E, :%2’”1"}12 .

3a eJlaCTM4YHM IIPBTOBU CUCTEMU C paslpelie-
JIeHa Maca

3)

1 n
E, :Eém (x)v,.2 4)

B 3ammcanusat uspas (4) m(x) € MacaTa Ha
eIIMHUIIA TBDKUHA OT OcTa Ha cucteMara. [loreH-
[MaJTHaTa €Heprus ce M3passiBa WM 4pe3 pado-
TaTa Ha BHHIIHWTE CHIIM, WU Ype3 padoTara Ha
BBTPEIIHUTE CWIIK. B bpBIIs Ciryyaid

E, :%Z:Fi&cos(FiASi ), ®)

BBB BTOpUS
2 2 2
Ep%[zj%dﬁz%dﬁ jg%ds] ©)

B cnyuas ¢ M, N, u Q ca 03Ha4eHH OTHBAIITATE
MOMCHTH, HOpMaJ'IHI/ITe nu HaHpeT-IHI/ITe CHUJIN B CHUC-
TeMara.

B ciydast ce pasriexaar caMo IMHAMHUYHU 3a-
a4yl C MaJIKu HpeMeCTBaHI/IHTa, 3aBUCUMOCTTA
MEXy TPEMECTBAHUS U JeOpMAIiK € JTHHEIHA
Y 3aKOHBT Ha Cynepno3unusra e B cuia. Heobxo-
JIUMH Ca CBEACHHS 3a KJaCU(pHUKAIUATa HA Maco-

BHUTE CHUCTEMH U 3a TCOPHATA HA XapPMOHHYHOTO
JIBIDKCHHE.



CreneHnu Ha cB000/Ja HA MACOBHTE CHCTEMHU

B crpoutennara MexaHMKa CHCTEMHUTE MOTaT
na ObJaT CTATUYECKH ONPEICTUMHU U CTATHYCCKU
HeonpenenuMu. CraTHyeckaTa ONPEAEIUMOCT
WII HEOTIPEAEINMOCT OTIPEETsl B MHOTO OT CHC-
TEMUTE METOJUTE 3a CTATHYECKH M3ClieiBaHus. B
CTpPOMTENIHATA AWHAMUKA CHCTEMHTE C€ TOAPa3-
JETSAT B 3aBUCHMOCT OT Oposi Ha CTENEHUTE Ha
cBoOoa. CterneHuTe Ha cBOOOA B CTPOUTEIIHATA
JMHAMUKA OPEJICTaBIsABAT OpOsi Ha HE3aBUCHMUTE
T€OMETPHYHH ITAPaMETPH, KOUTO ONPEEIIAT Ipe-
MECTBAHETO Ha BCSKA TOYKA OT CUCTEMAaTa B paB-
HUHATa WM [IPOCTPAHCTBOTO B IMPOU3BOJICH MO-
MeHT oT BpemeTo. Hexedopmupyema cucrema c
Maca M , Ha KOSITO IBI)KEHHETO HE € OTPaHHIEHO
OT HUKAaKBU BPB3KHU, B IIPOCTPAHCTBOTO UMa LIECT
CTENEeHHU Ha CBOOO/a - TPU MPEMECTBAHUS 0 HAIl-
paBJICHUE HA BbBEACHUTE KOOPANHATHH OCH U TPH
3aBbpPTaHHs OKOJIO TSX. TSUI0 C MajlKu pa3MepH,
KOETO NMPHUOIU3UTEITHO MOXKE JIa CE CBEIe KbM Ma-
TepUajHa TOYKa, MPEICTABIsABA CHCTEMa C TPH
CTENCHW Ha CBOOoma (OTMajaT 3aBbpTaHUSTA
OKOJIO KOOPAMHATHUTE OCH).

Henedopmupyemo Ts710, KOETO W3BBPIIBA
PaBHUHHO JBIDKCHHE, B paBHUHATA MMa TPH CTe-
MICHU Ha CBOOO/Ia — JIBE IPEMECTBaHHS U SITHO 3a-
BBbpTaHC. MacoBa TOYKa, IPpHU CbIIUTEC YCIIOBUA HA
JBIKEHHUE MMa JIBE CTETICHN Ha cBOOO/IA.

EnactuuHa cuctemMu ¢ HEMPEKbCHATO pasIpe-
JieJieHa Maca uMma 0e30poil creneHu Ha CBoOOIa.
dopmuTe Ha IBIHKEHUETO U CE ONPEJIEIIAT OT Ipe-
MECTBAHETO Ha BCSKa OT TOYKUTE HA CUCTEMATa.

Koncranrara ¢ % € KOS UIIMEHT Ha TOJIaTIIN-
BOCT Ha BCSAKA OT TOYKHTE Ha CUCTEMATA.

Haii 00mio B crpouTenHara IUHAMHUKA Maco-
BUTE CHUCTEMHU C€ MOJPA3JEISIT HAa CHCTEMH C
KpacH Opoii cTerneHu Ha cBo00/1a U CHCTEMH ¢ Oe3-
KpaeH Opoii cTereHu Ha cBoOo1a. B nmxeHepHaTa
MPaKTHKA, YECTO Ce padOTH ChC CUCTEMH C KpacH
Opoii creneHu Ha CBOOO 1.

Enacrnunara pamka Ha ¢ur.1, e mpencraBeHa
C Tpu chcpenoToueHu macu. [lpu nmpeneOpersane
3aBBPTAHUATA HA MAacHUTE, CHCTEMara WMa TpHU
crenend Ha cBoboma n=3 Ilo HampasieHue Ha
JIBIDKEHUETO HA MACHUTE C€ TIOCTaBSIT TPU JIH-
HEWHM KUHEMaTU4ecKu Bpb3ku. Ha mpaBeHute
Pa3CHKIEHUS ca B CHIIA TIPH MPEANIOCTaBKaTa, ue
MPHTUTE HA HOCEIIaTa CUCTEMA Ca JIMHEHHO Hele-
dhopmupyemu.

Enactnuynara cucrema, w300pa3eHa Ha
¢ur.1,r/, Hocu enHa ChCpeOTOYEHA Maca B Kpas
cu. [Ipu nmpeHebpersane 3aBbpTaHETO HA Macara,
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ChIllaTa MOXKE Ja U3BBPIIBA €IHO XOPHU3OHTAIHO
U €HO BEPTHKAIHO ABIMKeHHUE. [1o HampaBieHue
Ha BH3MOXXHUTE JIBIDKCHUS HAa ChCPEJOTOYCHATA
Maca ce ITOCTaBIT JBE JTUHECHHM KMHEMATHYECKHU
BPB3KHU — €IHa XOPHU3OHTAIHA M €IHA BEPTHKAJIHA.
Cucremara e ¢ IBe CTEIIeHN Ha cBoOoma n=2 .
Ha ¢wur.1,6/, B xpast Ha KOH30/1aTa, € MOCTa-
BEHA eJacTHYHa OIIOPHA BPb3Ka ¢ KOS(UIIUCHT Ha

m
IoJaBJIIMBOCT C| ——

N

MOJE Jla U3BBHPIIBA CaMO BEPTUKAIHO MPEMECT-
BaHe. Cucremara e ¢ eIHa CTeNmeH Ha cBoOOza
n=l. B u3cienBaneTo Ha CHCTEMATa TIPH OTIpejie-
JISTHE Ha HEOOXOIUMUTE MPEMECTBaHUS KoeuIm-
SHTHT Ha eJacTHYHA MO/IJaBaeMOCT CJIC/IBA JIa Ce
OTYETEC 110 U3BCCTHUTC HAYHUHU.

Ha ¢wur. 1,1/ e m300pa3ena cucrema, nsBaTa Ko-
JIOHA Ha KOSITO € Oe3KpaifHO KOpaBa U € ¢ TPH ChC-

C’I)CpeIIOTO‘leHaTa Maca

pENOTOYEHHN Macu - My, M,, My . BepXy XopH-
30HTaJIHUA PUTE] Ha ChILATA PAMKa € ChCPEN0TO-
4yeHa Mmaca 7, . XOpU30HTAJIHOTO IPEMECTBaHE
Ha ropHaTa cTaBa Ha OE3KpaifHO KopaBaTa CTOWKA
Ha CUCTEMaTa OIpenelsi XOPU3OHTATHHUTE Ipe-
MECTBaHUs HAa MaCHTE M, , M, , M, . XOpU30HTAII-

HOTO IIPEMECTBaHE Ha Macara 71, CBIIO Ce OIpe-
JeJil OT XOPU30HTAJIHOTO IIPEMECTBAHE HA IOp-
HaTa cTaBa Ha Oe3KpaifHO KopaBaTa croiika. Cuc-
TeMaTa MMa J[Be CTEIIeHH Ha cB000/Ia — BepTUKAJI-
HOTO IIPEMECTBaHE Ha Macara 1, U XOpU30HTAJ-

HOTO TPEeMECTBaHE Ha TrOpHaTa craBa Ha Oe3K-
paifHO KopaBara CToiKa n=2 .

Pamkara, u3o0paszena Ha ¢ur.1,e/ € ¢ yetupu
KOHIIEHTpUpaHu Macu. [Ipu npenedperse cooct-
BEHATa pasIpejielicHa Maca Ha HocelaTa KOHCT-
PyKIusg M 3aBbpTaHUATA HAa KOHUCHTPHUPAHUTC
MacH, ce MojyyaBa CHCTeMa C IeT CTeNeHH Ha
cBoboaa n=>5.Macwure m, u M, MOTaT a U3BbP-
IIBaT CaMO XOPU3OHTAIIHO JABM)KEHHUE, 110 HAIPaB-
JICHUE HA KOETO C€ MOCTABAT MO €JHa XOPH30H-
TaJHa JIMHEeHHA KHHEMaTHYeCKH BPb3KU. Macute
M, U M; W3BBPIIBAT OOIIO €THO XOPHU30HTAIHO

1 110 €AHO BEPTHUKAJIHO IIPEMCCTBAHC. Ilo HarpaB-
JICHUEC Ha BB3MOXKXHOTO XOPHU3O0HTAJIHO IPEMECT-
BaHC Ha MaCutTec M, W My CE€ IOCTaBA €QHA JIn-
HEilHa KUHEeMaTHU4YeCKa BPbB3Ka I10 HAIIPABJICHUC, B
ClIydad B Kpasd Ha XOPHU3OHTAJIHUS pUTCIT HA CUC-
TEéMara. C'BHlO 110 HanpaBJICHUEC HAa BCAKO OT Bb3-
MOKHUTC BCPTUKAJIHO IMPEMCCTBAH HA BCAKa OT

MacuTe ni, W My Ha CUCTEMAaTa CE€ IOCTaBs I10

eaHa
BpB3Ka.

BEepTUKAIHA JIMHEHHA
I[Ipu  mpeneOperHe

KMHEMaTHYECKa
coOcTBeHara



pasmpesieHa Maca Ha HOCelata KOHCTPYKIUS M
3aBbPTaHUsITA HA KOHIICHTPUPAHUTE MacH, ce To-
JydYaBa CHCTeMa C TIeT CTeIeHH Ha cBoboma n=> .

m m, my m, : my
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m, my
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Ha ¢wur.l mo HampaBieHne Ha BBH3MOXKHUTE
IMpeMEeCTBaHnd Ha MACUTE, JIMHEWMHUTE KMHEMAaTH-
YeCKH BPB3KH Ca TIOCTaBEHH.

CaeJeHusi 32 MPOCTOTO XaAPMOHUYHO JBH-
JKEeHHe

JIBUKEHUSI, KOUTO CE TMOBTApAT, CE€ Hapuyar
HEPUOJMYHK JIBIDKEHHMs WM TpenTeHus. Bpe-
METO, 3a KOETO C€ M3BBPIIBA €ITO TPENTEHE, CE
Hapuya nepuo] Ha Tpentere. ChIioTo ce Genexu
¢ T. Haii- npocTust BUj JBHKEHHE € MPOCTOTO
XapMOHHMYHO BIKeHHe. CBINOTO CE€ ONMCBA C
YPAaBHEHHETO.

y(t):ASin ((ot-l—%) Win y(t)zAcos((nHk) (7)

XapakTepHu apaMeTpH, OIMCBAILH IIPOCTOTO
XapMOHHWYHO ABHMXXCHHUE, Ca

A - amIuMTy1a — Hal-roJIsIMOTO OTKJIOHEHHUE
Ha JIBIDKEIIA CE TOYKA OT HAYaJIHOTO MOJIOKEHHE;

A - HauanHa (asa Ha XaPMOHUYHOTO JIBUKE-

HHE — HAYAJIHOTO MOJIOKEHHE, OT KOETO 3aroyBa
TPENTEHETO;

(® - BIJIOBA YECTOTA HA XaPMOHHUYHOTO J[BM-
JKEHHE.

Koraro 7' e nepuona Ha XapMOHUYHOTO JBH-
JKEHHE, CIENBA 1a ObJIE U3ITBIHEHO YCIOBHUETO

sin(mt+%)=sin[o)(t+nT )—I-X]
WK
sin(ot+\)=sin(ot+A+noT)  (8)

&9

B ciydas n e mpousBosiHO 15010 yncno. [loc-
JIEJIHOTO PABEHCTBO € BAPHO, CAMO aKo NMWI=2N1T
. OTTyK cienoBaTeIHo

T :2_7t u (D:z—n ©)

) T
TpenTeHus 3a 27T cekyHau. Hapwua ce bTiioBa,
KpbroBa Wiu LHUKIWYHA yecToTa. [Ipu apyru ne-
PUOANYHU TPCIITCHUA YE€CTOTATa CE€ O3Ha4dYaBa C
f, mpencraBisiBa OpOST HA TPENITEHUSTA 3a SHA

cexynua. Onpenens no Gpopmysara

f==. [s1]. (10)
Mexay f u ® cbliecTBYBa 3aBUCUMOCT, C€ II0-
ny4aBa ce HenocpenctBeHo ot (9) u (10),
f=r (1
2\

Enunniiata Mspka 3a 4ecTora ce Hapuda Xepil u
MIPEICTaBIsIBA €THO TPEIITECHE B €JHA CEKYH/Ia.

TexHn4ecka 4ecToTa € OpOST TPENTSHUS B MU-
HyTa, Oenexu ce ¢ 1 Bpb3kara Mmexay n, @ u
f ce 3ammcBa cbC 3aBUCHUMOCTTA

30w
n=——=601. (12)
T
IIpocToTO XapMOHUYHO JBUKEHHUE MOXKE J1a CE
3a1aBa U B Lprr BHUA, CiIacaBa HeHOCpe,Z[CTBCHO oT
@)

y(t )= Acoshsinot+Asinkcoso wm




y(t):A1 sinwt+A,cosmt . (13)
B ciyuas
A=Acosh., A,=Asink (14)

IIpu 3agameHO XapMOHMYHO JBHXKEHHE TOC-
penctBoM (7), BUHATH MOXeE J1a C€ HAIpaBH Mpe-
xon kpM BHAa (13), cimen mpecmsaTaHe KOHCTaH-
ture A, u A, ¢ uzpasa (14). BeamoxeH e u 00-
patHus npexoi. JlaneHo XapMOHUYHO JTBHIKEHUE
BB Buja (13) Moxke na ce u3pasu BB Buaa (7),
Clle]] IPECMATAHE HA KOHCTAaHTUTE A U A IO U3-
pasure

A=\ A2+A43 | k:arctg% . (15)
1

Y cKopeHrneTo Ha XapMOHUYHOTO JIBUYKEHHUE CE
moirydaBa OT ypaBHeHusTa (7) cien IBYKpPaTHO
nudepeHuupane 1o BpeMeTo ¢

y(t Ao sin(ot+d =02 ()  (16)
VYpasuernnero (10) Moxe aa ce 3amuiie u 1Mo
CJICIHMS HaAUMH

y+o2y=0. (17)

[ocnenHoTo e nudepeHITnaTHOTO ypaBHEHHE
Ha MPOCTOTO XaPMOHUYHO JBHXKEHUE. Besko nu-
(depeHnpanHo ypasHenue ot Buma (11) ommcea
HSIKaKBa XapMOHMYHO HM3MEHAIIA M3MCEHSIIA Ce
¢yakmus.  KoepunmentsT mnpen  GyHKIUATA
OIMMCBA HIKAKBA XapMOHUYHO M3MEHSIIA CE Yec-
tota. IHTErparsT Ha TOBa AU epeHInaIHO ypaB-
HEHHeE ce 3aImucBa BUHAryd BuB Buaa (7) wm (13).

WHTerpannoHuuTe KoOHCTaHTH A u A win A, u

Az CC OIpeacadaT OT HaYaJIHUTC OTKIIOHCHUA

y(0)=y0 Y HayaJHaTa CKOPOCT j/(O):vo . Torasa
ot (7) cneaBa

Vo=Asin\ , vy=Acoch . (18)
OTTyK ce mosyyaBa
A=\ A2+ 43 , Kzarctg% . (19)
1
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nin
(20)

CJ'ICI[ HU3YNCIABAHC HA MHTCTPALIMOHHUTE KOH-
CTaHTHU MPOCTOTO XapMOHHWYHO ABHKCHHUC € Ha-
IIBJIHO OIIPEACIICHO.

3akiIoueHne

Pasrnexxgat ce OCHOBHHM MOHATHS OT JWHAMH-
KaTa Ha CTPOUTCIHUTE CUCTEMMU.

Pasriexxmana ce OCHOBEH BBIIPOC B JUHAMHY-
HOTO HU3CJICABAHC U ITOBCACHUC HA HOCCIIUTEC CUC-
TEMHU U IIPUITIOKCHUC.

3amucaHuTe 3aBHCUMOCTH CE OTHACHT mnpe-
JUMHO 3a pPbYHHU U3YUCJICHHA B JUHAMWYIHOTO U3-
CJICABAaHEC HA KOHCTPYKIIUUTE.
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DIGITAL BRIDGING OF CULTURAL HERITAGE: 3D INTERACTIVE VISUALIZATION
OF BYZANTINE ARTEFACTS FROM VLATADON MONASTERY

Souliotis Nikolaos, Politis Dionysios

ABSTRACT: This research investigates the issues surrounding the digitization and management of cultural
heritage through web portals with the use of technology such as the integration of metadata, 3D imaging technol-
ogy and blockchain technology. This paper therefore seeks to find out the way in which technologies influence the
nature of design museums through their transformation from simple representation systems into interactive digital
museums used for cultural preservation, accessibility, and effective learning. Blockchain technology, for instance,
will be looked at as an avenue though which the authenticity and reliability of digitally stored materials can be
assured, creating credibility for institutions. The paper also investigates the use of metadata frameworks and 3D
imaging technology in increasing interpretive potential, interactivity, and pedagogic effectiveness though digital
heritage environments involving complex data requiring systematic organization and interaction. It is intended to:
(1) the effectiveness of blockchain-based authentication techniques regarding improving authenticity and reliabil-
ity in a digital Byzantine museum versus traditional digitalization processes; (2) the benefits of well-designed
metadata and 3D modelling in organizing knowledge, improving access to resources, and facilitating educational
experiences; (3) difficulties arising when using peer-to-peer workflow coordination for large-scale digital heritage
collections; and (4) possibilities of integrating web-based technology, block chain infrastructure, and 3D technol-
ogy into building sustainable and scalable digital heritage ecosystems. Contributions include providing a concep-
tual framework for understanding the convergence of technologies in cultural heritage management. These results
point out that technologies provide means of building more reliable, interactive, and sustainable digital preserva-
tion frameworks and serve as a strong basis for future empirical studies in digital cultural informatics.

Key Words: Cultural Heritage; Digital Cultural Heritage; Blockchain Technology; Web-based Platforms; Dig-
ital Museums; 3D Imaging; Interaction; Metadata Integration; Digital Authenticity.

Introduction to the digital domain has gained pace, thus giving
rise to the idea of digital cultural heritage. It con-
Cultural artifacts are vital bearers of collective  sists not only of cultural artifacts that are con-
memory and cultural identity since they include  ceived and produced in the digital domain but also
archaeological findings, artworks, and other  of highly valued material artifacts that are ren-
things preserving information about the cultures  dered in the form of 3D models and digitally rec-
in the past. Material objects can shed light on the  orded, thereby making them available and docu-
life, thoughts, and customs of earlier societies. In  mented in the digital domain (Cameron 2007, pp
addition, cultural artifacts are an essential source  45-79)
of data concerning cultural and historical heritage One of the key roles for promoting cultural col-
and traditions practiced by people long ago (Ash-  lections in the modern era is associated with the
worth et al. 2007). Nevertheless, accessing some  visualization of cultural information and objects
of these texts is challenging at the present time de-  because it allows presenting difficult information
spite their immense significance as they still re- in an understandable and appealing manner.
quire users' presence at the place where they keep ~ Based on research into cultural heritage visualiza-
these documents, such as museums and archaeo-  tion, interactive visual representations have been
logical sites. found to help explorers navigate through and in-
With the invention of digital technologies, the  terpret complex cultural datasets (Windhager et al.
evolution of cultural experience from the physical 2019, pp. 2311-2330).
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On the other hand, it should be noted that the
development of the fields of Digital Humanities,
informatics, and interface design has led to the ap-
pearance of new ways of presenting cultural data
based on the centrality of aesthetics, storytelling,
and interactivity of the user experience (Trocchia-
nesi and Bollini 2023). Visualizations have thus
become not only tools for the visual presentation
of artifacts but also means of interpretation and re-
interpretation.

Furthermore, technology such as three-dimen-
sional imaging, VR and AR makes it possible to
create interactive digital environments where us-
ers can explore cultural artifacts regardless of ge-
ographic distance (Zhang 2025, pp. 84-94). These
technologies make it possible to have remote ac-
cess to cultural heritage and to interact with digital
representations of cultural artifacts (Bekele et al.
2018).

Given this consideration, this study examines
the significance of visualization of cultural arti-
facts as a mechanism for interaction with an em-
phasis on cultural heritage in a digital medium.
Although there have been some advancements in
the digital heritage technology sector, current so-
lutions have remained disjointed and largely cen-
tered on the representation of cultural artifacts
without considering issues of interactive capabili-
ties and authenticity verifications. This study
makes contributions to the knowledge of digital
cultural heritage environments through the devel-
opment of an integrated model combining plat-
forms, visualization, metadata management, and
blockchain validation in digital cultural environ-
ments.

Moreover, it recognizes and classifies the key
constraints faced by today’s fragmented method-
ologies employed in digital heritage and develops
a systematic workflow model for the representa-
tion of digital entities, their validation, and human
interaction within Byzantine cultural heritage
contexts.

Generally, the reviewed literature shows a
move from passive digitization to interactive and
immersive digital cultural heritage, but a common
platform combining visualization, metadata and
blockchain technology is still underexplored.

1. Theoretical Background and Literature
Review

Communication Technologies and Cultural
Mediation

Over time, communication technologies have
not served as a neutral medium for the transfer of
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information, but rather as structural mediators of
human life and culture. The stages of development
of writing and typography, digital technologies
and digital networks transform our understanding
of the processes of production, storage and trans-
fer of knowledge. As Vryzas concludes, the ad-
vent of digital media does not simply mean that
new technical tools are being introduced into the
culture sphere, but rather that there is a shift in
perception of reality and culture (Vryzas 2005). In
this light, the digital recording of cultural heritage
must be seen not as a simple technical operation,
but as an interpretative practice, where cultural ar-
tifacts are included in a new communicative and
narrative context. Virtual museums are increas-
ingly using visualization technologies that allow
users to study and learn about cultural artifacts in
a more interactive way (Sylaiou et al. 2009, pp.
520-528).

In the case of religious and monastic items in
particular, cultural significance cannot be viewed
only in terms of physicality and appearance but
also includes the ritual significance as well as the
memory connected with it. Consequently, digital
communication technologies acquire the role of a
cultural mediator that enables crossing from the
natural space of the monument into the digital
one.

Digital Cultural Heritage

The idea of digital cultural heritage has
emerged through the development of methodolo-
gies related to documentation and management of
cultural resources. The early stages were charac-
terized by using printed catalogs, photography,
and analog databases that had a predominantly
scholarly and archival orientation and restricted
access from the general population. The benefits
offered by digital technology as a means of pre-
serving and organizing cultural heritage were
identified in the 1990s by the scientific commu-
nity, creating the groundwork for digital cultural
heritage (Hedstrom 1997, pp 189-202).

As digital infrastructures become more preva-
lent in museums and cultural organizations, the
process of digitalizing cultural collections has
progressed beyond simply capturing analogue
collections digitally. This has allowed for the stor-
age of massive amounts of cultural data, connect-
ing that data through metadata and making acces-
sible on the internet, thereby revolutionizing the
way that culture is engaged both by scholars and
the public (Cameron 2007, pp 45-79).



The contemporary concept of digital cultural
heritage refers to a set consisting of cultural ob-
jects that are digitized by means of recording and
modeling processes and those objects that are cre-
ated digitally from scratch. This differentiation
between two types of cultural heritage is essential
for preservation and representation of such ob-
jects, as well as opportunities for further use in
digital applications (Windhager et al. 2019, pp.
2311-2330).

The role of digital repositories and online cul-
tural collections cannot be overstated in relation
to the diffusion of digital cultural heritage, as they
represent the focal point of distribution and access
to cultural content on an international scale. In
such a way, it is possible to provide open access
to digital objects and increase their educational,
research, and socio-cultural significance. Yet,
most of such systems may prioritize focusing on
static content representation and neglect the po-
tential of interaction and visualization (Trocchia-
nesi and Bollini 2023).

As the focus on audience engagement and ex-
perience becomes more prominent, there has been
a growing interest shift from the simple process of
digitization towards the active promotion of cul-
tural heritage. In its new context, digital cultural
heritage is viewed not only as a storehouse of data,
but also as an area of interaction, interpretation,
and knowledge acquisition, where the process of
visualization and interaction design plays an im-
portant role in connecting cultural objects with
their current audiences.

Cultural Artefacts’ Visualization

Visualization of cultural artifacts is a key tech-
nique in analyzing and communicating cultural
information because it helps present the data in an
easily comprehensible manner. When digital tech-
nology was initially introduced, there were two
main techniques used in documenting cultural
items, which involved creating static images using
digital photography or basic graphic designs. The
development of visualization technology has led
to more advanced ways of presenting cultural data
(Windhager et al. 2019, pp. 2311-2330).

Since the advent of digital technologies in the
beginning of the 2000s, more interactive ways of
visualization were developed, which allowed us-
ers to navigate through digital collections of cul-
ture. Technologies like 3D modeling, virtual real-
ity, and augmented reality are currently being used
in heritage settings, providing new opportunities
to focus on the characteristics of artifacts,
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establish connections among metadata, and pro-
vide interpretive experiences for users.

In addition, the existing literature highlights
that visualization is not merely confined to aes-
thetic illustration but serves as a means of analyz-
ing and interpreting information about cultural
heritage. Visualizing the information allows dis-
covering correlations among various objects, time
periods, and styles which might not be evident
from textual description alone (Windhager et al.
2019, p. 2311-2330).

Present-day visualizations also aim at combin-
ing the elements of storytelling and interactive
navigation to enrich the user’s experience and cre-
ate a participatory approach to cultural material.
In this sense, visualization serves as an intermedi-
ate element between technology and cultural sig-
nificance of objects and reduces the gap between
the user and the object, allowing such experiences
to be gained beyond the museum environment
(Windhager et al. 2019, pp. 2311-2330).

Interactive visualization software applied in
cultural contexts is associated with providing op-
portunities for the analysis and interpretation of
cultural information, as well as with improving
the educational process; thus, there emerge new
opportunities for scholars, teachers, and people in
general. On the other hand, the necessity of having
common standards and templates for visualizing
cultural information is emphasized so that the vis-
ualization software can be reliable and scientifi-
cally correct (Windhager et al. 2019, pp. 2311-
2330).

Interactive and 3D Visualization Ap-
proaches

The development of approaches for interactive
and three-dimensional visualization has facili-
tated the conversion of digital cultural repositories
into environments where people can explore them
and learn. Since the 1990s, when 3D modeling be-
came applied, architecture and artworks could be
visualized in the digital format because of which
people got a possibility to examine objects re-
motely (Forte et al. 1997).

Virtual Reality (VR) and Augmented Reality
(AR) have made user experience much better
through the virtual exploration of museums, his-
toric sites, and cultural exhibitions, along with in-
teracting with digital objects via 3D modeling.
With interactivity included, the user can spin,
zoom in, or examine the object, thus providing
greater comprehension (Champion 2015).



The emergence of web applications has played
an important role in increasing access to digitized
cultural heritage resources. The use of virtual mu-
seums and websites helps in the display of cultural
objects using interactive means that help increase
comprehension and interaction with such objects
(Sylaiou et al. 2009, pp. 520-528).

On the other hand, scientific literature points
to the necessity of establishing interoperable ap-
proaches to visualization that guarantee interoper-
ability of systems as well as accessibility and sus-
tainability of data. The possibility of using inter-
active 3D environments for educational purposes,
creating virtual exhibitions, and conducting herit-
age research can be seen as an added value for this
method of visualizing data (Bekele et al. 2018).

Today, the use of three-dimensional and inter-
active visualization has become an inseparable
part of digital heritage, joining technological, ed-
ucational and cultural aspects as a whole.

User Interaction and Experience within
Cultural Applications

User Experience (UX) is very important within
the digital cultural application, since the mere
presentation of culture is not sufficient for engag-
ing with the user. The research on interactive sys-
tems and human computer interaction stresses the
importance of designing an interface that will ac-
commodate the user needs, interest, and expecta-
tions to allow engagement and comprehension
(Marcus 2002, pp. 22-32).

The inclusion of interactive features like
hotspots, navigation routes, interactive notes, and
adaptive narrative enables users to gain deeper in-
sights into the nature of artifacts, explore associa-
tions between objects, and form personal connec-
tions with them (Damala et al. 2008). In addition
to improving cognitive comprehension, this
method improves emotional connection, enrich-
ing the experience.

Moreover, research reveals that employing in-
teractive dashboards, three-dimensional inter-
faces, and web-based applications decreases the
gap between the user and the physical space of the
cultural object, making cultural objects more ac-
cessible via the web (Marty, 2008). However, the
design of the interface should comply with acces-
sibility standards for broader reach irrespective of
any technical or physical constraints.

The use of storytelling, gamification, and inter-
active visualization in combination has been
proven as a powerful tool for improving cultural
information retention. Through these approaches,
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users can engage with cultural artifacts through
storytelling, making their engagement more par-
ticipatory and innovative (Champion 2015).

In general, user experience in digital cultural
applications is not only an adjunct component, but
it is a determining component that contributes to
the discovery, preservation, and dissemination of
culture, facilitating access to artifacts despite any
geographical and temporal barriers.

Cyberspace as a Space of Collective Intelli-
gence and Cultural Simulation

Pierre Lévy regards cyberspace as an entirely
new environment in culture and cognition, mov-
ing from its technological nature to more philo-
sophical underpinnings. Cyberspace, for Pierre
Lévy, is created as a space of collective intelli-
gence, as knowledge does not belong to individu-
als but to the interconnectedness of people, infor-
mation and cultural processes (Lévy 2000 cited in
Vryzas 2005).

This perception helps interpret cyberspace as a
simulation of the collective human mind, because
in cyberspace, there appear memories, symbols,
and representations of culture. In this case, digital
cultural platforms become cognitive spaces, in
which artifacts obtain new meanings through vis-
ualizations and stories.

Digital visualization of cultural artifacts, there-
fore, becomes a mode of cultural participation
since, in digital visualization, the participant is a
performer rather than a passive observer. The par-
ticipant can engage in exploring the relationship
between artifacts, their historic context, and nar-
ratives. (Drucker, 2014).

From a theoretical perspective, digital visuali-
zation of monastic artifacts, such as the ones from
Vlatadon Monastery, becomes justified. It is im-
portant to note that digital visualization is not
meant to replace physical interaction with the ob-
ject but rather supplement it by offering an inter-
pretive experience beyond space and time.

Challenges

In the literature, several problems have been
highlighted that prevent the maximum utilization
of their potential even though the advent of digital
technology has paved the way for highlighting
cultural artifacts. For example, several digital col-
lections may focus on the display of static mate-
rial, whereas there is a problem with interactivity
and three-dimensional applications in terms of ac-
cessibility, interoperability, and scientific fidelity



of representations (Trocchianesi and Bollini
2023).

Moreover, although virtual reality, augmented
reality, and interactive dashboards are being uti-
lized, the usability aspect of such an application
cannot be guaranteed due to a lack of standardiza-
tion in the field (Bekele et al. 2018). Another issue
that prevents the documentation of the effective-
ness of such an application is that user interaction
with artifacts has not been systematically evalu-
ated yet (Damala et al. 2007).

In summary, despite the opportunities created
by visualization and interactivity technology,
there is still a gap in providing comprehensive and
scientifically supported representation of the cul-
tural artifact, an aspect that will be addressed in
this paper with a conceptual system that combines
interactivity, visualization, UX, and interaction
for digital artifacts.

Theoretical Foundations of Research Ques-
tions

Visualization Interpretation of Culture

Visualization can be a means of cognition,
which will allow analyzing and interpreting com-
plex structures of data (Munzner 2009, pp. 921-
928).

The digital representation allows highlighting
such aspects of the object that may not be noticed
during a live visit, for example, embossments, tex-
ture, intricate ornaments, etc., thereby contrib-
uting to interpretation (Remondino et al. 2014).

On the other hand, visualization makes it pos-
sible to integrate objects into their original cul-
tural environment, thereby making each artifact
acquire particular significance (Sylaiou et al.
2009, pp. 520-528).

Web-Based Cultural Platform Effectiveness

Web-based platforms have become key means
of displaying cultural collections since they can be
used by many people at once without any special-
ized hardware (Marty, 2008).

With respect to the collection of items found in
monastery sacristies, it would be possible to cre-
ate a webpage with all the required data, including
artifacts, historical background, and the context,
so that a user can see their place in the monastic
setting (Sylaiou et al. 2009, pp. 520-528).
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User engagement and visual storytelling

Visual storytelling serves as an effective me-
dium through which culture-related data can be
communicated since it merges images, texts, and
interactivity within a narrative framework (Cham-
pion, 2015).

For ecclesiastical objects, whose form and
symbolism are intertwined, storytelling provides
an opportunity for the user to gain insight regard-
ing their cultural and religious significance.

Studies indicate that users who adhere to a nar-
rative pattern when interacting with culture-based
online platforms exhibit greater retention of facts
and comprehension of object interrelationships
(Damala et al. 2008).

Physical Cultural Experience Versus Digital

Cultural objects can be promoted through dig-
ital means with considerable benefits, including
wide accessibility, repeatable exposure, and im-
provement in educational usage, increasing how
people and students engage with cultural heritage
(Chassagne et al. 2011).

On the other hand, digital visit cannot entirely
substitute the physical presence at the historical
site since there is no presence of the material as-
pect of the object and the monastic aura of the
place.

Digital museums use technology to extend the
physical museum visit through different ways of
accessing and interpreting collections (Parry,
2007).

The above theoretical analysis reveals an im-
portant research void which forms the basis of the
following research question: In what ways could
a systematic digital platform utilize trustworthy
cultural data and innovative technologies (such as
Blockchain technology) to ensure preservation of
Byzantine heritage?

Cultural Background: Vlatadon Monastery

One of the most famous monastic complexes
belonging to the Byzantine era is the Vlatadon
Monastery, established in the fourteenth century
in Thessaloniki. This monastery has a sacristy
with many precious relics of great importance in
terms of history and art. The relics show the ec-
clesiastical art and traditions of the era, which
makes them unique resources for researching the
Byzantine culture (Mango, 1972).

While it is obvious that there is much im-
portance to the items housed at the monastery, it



is also clear that people's presence in person is re-
stricted because of the peculiarities of the monas-
tery as well as the protective measures taken re-
garding its items. Thus, it becomes necessary to
apply modern methods of visualization, documen-
tation, and interactive communication. At this
point, this paper examines the opportunities of
promoting the sacristy of Vlatadon Monastery via
the use of the latest technologies of 3D modeling
and interactive applications.

2. Methodology
Research Design

In this research paper, a Design Science Re-
search (DSR) methodology is used with the goal
of designing a conceptual framework for digital
systems representing cultural heritage. This re-
search is of an exploratory type, and it is aimed at
developing a conceptual framework that will be
built based on interactive visualization, metadata
management, and blockchain technologies.

This work does not include the implementation
of any systems but rather the design and structur-
ing of a conceptual digital platform.

Proposed Evaluation Framework

The following list of evaluation criteria may be
suggested for future empirical study of the sys-
tem:

e UX — to evaluate the usability and inter-
activity of the environment
Perceived authenticity — to measure user
confidence with blockchain-verified virtual arti-
facts

Semantic comparison — comparing tradi-
tional digital museum platforms and the proposed
system

o Theoretical evaluation — theoretical vali-
dation provided by specialists in cultural heritage

studies

As the system proposed here has not been de-
veloped yet, the above approach can only be con-
sidered as conceptual for further empirical inves-
tigation.

Conceptual framework comparison
Additionally, a comparison in terms of ideas

between the integration system being proposed
and the existing digital museums is suggested,
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with the focus on dimensions such as interaction,
authenticity, and accessibility.

The existing digital platforms usually have a
static presentation of content and low interactiv-
ity, while the proposed platform stresses dynamic
visualization, structured data, and authenticity
through block-chain technology.

Objective and Scope of the Study

The primary goal of this research is to digitally
promote the artifacts and the cultural heritage as-
sociated with the Monastery of Vlatadon, which is
a monastery complex of considerable historical
and Byzantine importance located in Thessalo-
niki.

The purpose of this study is to help establish
the foundations for developing an interactive web-
based portal that will enable people to access the
information available at the Monastery without
physically visiting it.

The platform is conceptually organized around
three main axes:

1. The Temple and Its Activities —presentation
of the architectural place and its functions, as well
as cultural events

2. The Sacristy - a digital museum that con-
tains valuable objects like sacred vessels, icons,
and Byzantine objects

3. The Foundation for Patristic Studies -
presentation of cultural and educational events,
like lectures and conferences.

In this stage, emphasis will be placed on se-
lected items in the sacristy, taking into considera-
tion the following factors:

e Significance
Venue
Availability for digitization

Through this process, it is possible to formu-
late a theoretical model that can be further ex-
panded in subsequent implementations.

Data Collection and Information Sources

The data used in this study were gathered using
secondary sources such as scientific literature,
cultural heritage websites, and online databases.

This research entailed analyzing and synthe-
sizing various pieces of information about the
Monastery of Vlatadon. The results show that the
available information is scattered among various



sources and does not exist in a common digital
space.

This statement highlights the requirement to
develop an integrated digital platform that brings
together cultural information and presents them in
an orderly manner.

Greece.

Fig. 2. West Entry of Monastery of Vlatadon in
Thessaloniki, Greece.

Therefore, the study is founded upon the com-
parison and analysis of data provided by various
online resources. While providing useful infor-
mation regarding the history and functions of the
Monastery, the level of completeness and accu-
racy of this data is not necessarily known.

This problem points to the necessity of devel-
oping a certain digital framework that would help
collect and organize data within a single resource.
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Moreover, the development of a digital frame-
work may be helpful in establishing a connection
between physical cultural and digital spaces.

Research questions

This study will focus on the following research
questions:

1. How effective is the interactive three-di-
mensional visualization tool at improving under-
standing of Byzantine cultural heritage over sim-
ple digital representation?

2. What effect does metadata have on accessi-
bility and navigation efficiency in digital cultural
heritage platforms?

3. How does the use of the block-chain system
impact authenticity and credibility in digital mu-
seums?

4. In what ways are online cultural heritage
platforms limited when facilitating large-scale in-
teractivity and immersive museum experiences?

This will allow for the design of a system
framework that integrates visualization, meta
data, and blockchain, thus filling the gap that was
identified during the literature review.

3. System Architecture Concept and Pro-
posed Design for Cultural Content

A digital platform for the promotion of cultural
content will need to be developed using appropri-
ate technologies to support flexibility, security,
and scope for expansion. While such a platform
will need to be functional and easy for users, it
will also have scope to grow and include technol-
ogies such as blockchain. Block chain technology
has been suggested as one way in which authen-
ticity, data integrity, traceability of digital cultural
content, and long-term preservation can be sup-
ported along with 3D objects.

However, its implementation in cultural herit-
age systems remains largely experimental and re-
quires further empirical validation.

Platform selection

There are two options when developing the
above proposed platform; one can either opt to de-
velop the custom software program or use content
management system (CMS). While custom devel-
oped software will offer maximum control on the
architecture and functionality of the software, it



will take longer to develop and will also need
technical expertise for maintenance.

On the other hand, CMSs provide a much more
flexible and practical framework for creating cul-
tural and educational websites. One such solution,
which has found immense popularity around the
globe, is WordPress. It provides an easy-to-man-
age content framework along with community
support and many plugins that can be incorporated
into the website.

In view of this, it can be stated that WordPress
would be an ideal option for building the platform
where the artifacts of the Vlatadon Monastery will
be presented. This platform allows users to
quickly organize the content and integrate high-
quality media files while making the website easy
to maintain in the future. Moreover, the popularity
of the platform could guarantee support and regu-
lar upgrades, which are essential for any cultural
application that needs to remain active for many
years. (Igbal et al. 2020, pp 1214-1219)

The proposed architecture remains a concep-
tual model and is intended as a foundation for fu-
ture prototype development and empirical testing.

Metadata Management

Metadata management will be crucial for or-
ganization, searchability and certification of cul-
tural material. Every digital object will be accom-
panied by data like its name, author, creation date,
location, background, and nature.

The standardization of logging will enable:

e Searching and filtering items by users.
The incorporation of the information into
the block chain for validation (Fernandez-
Carames et al. 2019).
The future possibility of integration with
other digital archives or educational platforms.

Workflow for End-to-End Digital Heritage
Digitization and Verification Process

To demonstrate the design of the suggested
system, we present a conceptual workflow of the
digital platform. The workflow covers all the main
steps involved in digitizing an artifact, processing
its metadata, verifying provenance, and visualiz-
ing.

The first step involves digitizing cultural ob-
jects, after which the metadata is extracted and
structured semantically. Each digital object is as-
signed to a cryptographic hash that is registered
on the blockchain.
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The digital assets will be stored in either cen-
tralized or decentralized repositories and accessed
through the interface. The users can interact with
the information using visualization tools; mean-
while, any changes will create a new authentica-
tion record.

Conceptual Workflow of the Proposed Digital Platform
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Blockchain for authenticity certification

In the proposed architecture, the use of block-
chain is seen to integrate technology for authenti-
cation and integrity within the digital cultural her-
itage platform, enabling users to upload artifacts
that have provenance validated.

If a user uploads a digital object, the system
captures its metadata information, such as title,
creator, creation date, description, and cultural
significance, and stores it in a database. Concur-
rently, the content of the uploaded file is con-
verted into a cryptographic hash, acting as the
unique digital signature of the object.

The hash is then recorded in a blockchain-
based system, serving as an immutable record for
authenticating the integrity of the digital object
(Nakamoto, 2008; Fernandez-Carames et al.
2019). The content of the file is saved in the data-
base of the platform, whereas the blockchain
holds the validation information without storing
the actual content.

If the verification process is successful, the ar-
tifact will be available for visualizing and inter-
acting within the platform.



Whenever there is any further change made to
the digital object, it generates a new hash that gets
added to the blockchain as another transaction.
Thus, it becomes possible to create a verifiable
chain of history, thereby allowing you to track all
changes throughout the timeline.

The system is built on a principle of separation
between data storage and data integrity verifica-
tion, wherein blockchain serves as a trust layer,
not a data storage layer.

The implementation of blockchain technology
might guarantee transparency, security, and relia-
bility, thus allowing users to submit material with
confidence and enabling administrators to thor-
oughly oversee the process, following the concept
of decentralized and unalterable record-keeping
(Fernandez-Carames et al. 2019).

Support for 3D Content

The possibility to transform artifacts into 3D
models would be an essential factor in accentuat-
ing cultural content. Applications and websites
that support 3D cultural heritage models allow for
the creation of interactive exhibits and provide op-
portunities for exploring objects from multiple
perspectives, thereby increasing engagement with
digital content. A recent study examining the
Sketchfab "Cultural Heritage & History" ecosys-
tem emphasizes the increased presence of massive
collections of interactive 3D heritage models in
web-based environments and their role in promot-
ing public engagement with cultural artifacts.
(Pepe et al. 2026, p. 36)

Prospects and platform design

The proposed platform shall contain the fol-
lowing characteristics: self-managing content cre-
ation by users, use of 3D modeling, and authenti-
cation using block-chain. Furthermore, peer-to-
peer process management is also included in the
proposal to increase flexibility in terms of process
management.

In future, the idea is to develop a platform,
which shall have WordPress, blockchain, and 3D
integrated together. This would lead to a very du-
rable and sustainable digital archive of cultural
data that would be educational as well.
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Welcome to Vlatades Monastery.

All Viatadon Monastery's
history in one site
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Fig.4. Potential design of platform

4. Blockchain Technologies and Cultural
Heritage: A Future Research Perspective

Blockchain Technology as an Emerging
Data Management Platform for Cultural Her-
itage Applications

Blockchain technology has been recognized
over the past few years as a decentralized data
management platform which ensures the integrity,
reliability, and traceability of data. While primar-
ily used within financial contexts, their applica-
tion has recently expanded to include other areas
like digital cultural heritage.

In an online environment that uses a Word-
Press-based platform, incorporating blockchain
technology does not entail substituting the current
system. Rather, it involves augmenting the current
system. It is worth mentioning that blockchain can
be used as a tool for verifying digital assets by
proving the provenance and the authenticity of the
asset. (Fernandez-Carames et al. 2019)

Additionally, it records any changes made to
the asset. This becomes important when dealing
with Byzantine and ecclesiastical artifacts whose
value depends on the provenance and the authen-
ticity of the artifact.

Digital Museums with Blockchain Technol-
ogy vs. Traditional Museum Platforms

Unlike traditional digital museums, which
serve as mere platforms for showcasing contents,
when blockchain technology is incorporated into
a museum platform, it creates an entirely new di-
mension in terms of unique features. One of such
features is the ability to create a reliable digital re-
pository for cultural memories, where all artifacts
have verified meta data.



In terms of creating a museum or monastic sac-
risty of the Byzantine style, such as in the case of
the Vlatadon Monastery, this has two implica-
tions. First, it creates a situation in which there is
better documentation and trust from a scientific
perspective. Second, it creates an environment in
which the digital object is not only a replica, but
an actual repository of culturally certifiable infor-
mation.

At a more general level, this means that the
digital museum becomes something more than a
presentation platform, as it becomes a cultural
management and preservation center (Fernandez-
Caramés et al. 2019).

The inclusion of blockchain in cultural herit-
age management is still in the experimental stages
due to various reasons.

Based on the preceding information, the fol-
lowing research question has been proposed:

* How would embedding blockchain technol-
ogy in a web-based WordPress application affect
the veracity, authenticity, and longevity of cul-
tural heritage of a digital Byzantine museum in
contrast to a regular digital museum?

The stated research question does not imply
any practical use of technologies but only serves
as a guideline for future research.

5. Discussion

The current study demonstrated the signifi-
cance of digitization and management of cultural
content using a web-based WordPress platform
that includes metadata, 3D pictures, and block-
chain technology. The purpose is to increase in-
teraction, educational potential, and reliability of
the collections, becoming the center of cultural
heritage management. In consideration of the re-
sults obtained, further studies could be directed at
solving the following research questions: how
does blockchain integration influence user au-
thentication and trustworthiness, how does
metadata management and application of 3D pic-
tures influence user interaction and educational
potential, what difficulties appear while using
peer-to-peer workflow management in regard to
large collections, and what is the possibility of
combining the tools used to create the model of
sustainable digital Cultural Heritage Platform.

Such questions provide a theoretical frame-
work for future studies, which highlights the need
for the development of technologies aimed at
providing security to cultural content in order to
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ensure their protection, management, and presen-
tation. The current study is purely conceptual and
does not include any empirical or practical testing
of the suggested framework. The focus of future
studies should be on the development of a proto-
type solution based on the use of blockchain and
3D visualization technologies.

Furthermore, the study contributes to the field
of digital cultural heritage by proposing a struc-
tured and integrative conceptual model that
bridges visualization technologies with trust-
based infrastructures. It highlights the importance
of combining interactivity, accessibility, and au-
thenticity in the design of future digital museum
environments.

References

Ashworth, G.J., Graham, B. and Tunbridge,
J.E. (2007) Pluralising pasts: Heritage, identity
and place in multicultural societies. Pluto Press.

Bekele, M K., Pierdicca, R., Frontoni, E., Ma-
linverni, E.S. and Gain, J. (2018) ‘A survey of
augmented, virtual, and mixed reality for cultural
heritage’, Journal on Computing and Cultural
Heritage (JOCCH), 11(2), pp.1-35

Cameron, F. (2007) ‘Beyond the cult of the
replicant: Museums and historical digital ob-
jects—Traditional concerns, new discourses’, in
Cameron, F. and Kenderdine, S. (eds.) Theorizing
digital cultural heritage: A critical discourse.
MIT Press, pp. 49-75

Casino, F., Dasaklis, T.K. and Patsakis, C.
(2019) ‘A systematic literature review of block-
chain-based applications: Current status, classifi-
cation and open issues’, Telematics and Informat-
ics, 36, pp. 55-81.

Champion, E. (2015) Critical gaming: Interac-
tive history and cultural heritage. Routledge.

Chassagne, P., Trant, A. and Marty, P. (2011)
‘“Towards a new era for cultural heritage educa-
tion: Discussing the role of ICT’, Computers in
Human Behavior, 27(4), pp. 1365-1371.

Damala, A., Cubaud, P., Bationo, A., Houlier,
P. and Marchal, 1. (2008) ‘Bridging the gap be-
tween the digital and the physical: Design and
evaluation of a mobile augmented reality guide
for the museum visit’, in Proceedings of DIMEA
2008, pp. 120-127. ACM.

Damala, A., Houlier, P. and Marchal, 1. (2007)
‘Merging augmented reality based features in mo-
bile multimedia museum guides’, in Anticipating
the Future of the Cultural Past, CIPA Conference
2007, Athens, Greece, pp. 259-264.



Drucker, J. (2014) Graphesis: Visual forms of
knowledge production. Harvard University Press.

Fernandez-Caramés, T.M. and Fraga-Lamas,
P. (2019) ‘A review on blockchain for Industry
4.0’, IEEE Access, 7, pp. 45201-45218.

Forte, M. and Siliotti, A. (1997) Virtual ar-
chaeology: Re-creating ancient worlds. H. N.
Abrams.

Hedstrom, M. (1997) ‘Digital preservation: A
time bomb for digital libraries’, Computers and
the Humanities, 31(3), pp. 189-202.

Igbal, M., Noman, M., Talpur, S.R., Manzoor,
A. and Abid, M.M. (2020) ‘WordPress vs Drupal
vs Joomla: A comparative study’, ICTACT Jour-
nal on Management Studies, 6(2), pp. 1214-1219.

Mango, C. (1972) The art of the Byzantine Em-
pire 312—1453. Prentice-Hall

Marcus, A. (2002) ‘User interface design, cul-
ture, and the future’, Interactions, 9(4), pp. 22-32.

Marty, P.F. (2008) ‘Museum websites and mu-
seum visitors: Before and after the museum visit’,
Museum Management and Curatodhip, 23(1), pp.
51-64.

Munzner, T. (2009) ‘A nested model for visu-
alization design’, IEEE Transactions on Visuali-
zation and Computer Graphics, 15(6), pp. 921—
928.

Nakamoto, S. (2008) Bitcoin: A peer-to-peer
electronic ~ cash  system.  Available at:
https://bitcoin.org/bitcoin.pdf

Pepe, M., Crisan, A., Maravelakis, E., et al.
(2026) ‘Mapping 3D digital heritage at scale’, In-
formatics, 13(3), p. 36.

PLAKLE (2021) Monastery of the Viatades,
West Entry [Photograph]. Wikipedia. Available at:
https://el.wikipedia.org/wiki/Movi]_BAatddwv

101

Remondino, F. and Campana, S. (eds.) (2014)
3D recording and modelling in archaeology and
cultural heritage. Archaeopress.

Stolbovsky (2020) Monastery of the Viatades
09 [Photograph]. Wikipedia. Available at:
https://el.wikipedia.org/wiki/Movi) Blatdowv

Sylaiou, S., Liarokapis, F., Kotsakis, K. and
Patias, P. (2009) ‘Virtual museums: A survey’,
Journal of Cultural Heritage, 10(4), pp. 520-528.

Trocchianesi, R. and Bollini, L. (2023) Design,
digital humanities, and information visualization.
MDPL

Vryzas, K. (2005) Communication technolo-
gies and the development of human society. Va-
nias.

Windhager, F., Federico. P., Schreder. G.,
Glinka. K., Dork. M., Miksch. S. and Mayr.
E.(2019) “Visualization of cultural heritage col-
lection data’, IEEFE Transactions on Visualization
and Computer Graphics, 25(6), pp. 2311-2330.

Zhang, Y. (2025) ‘Research on digital display
of ancient books and cultural relics’, Communica-
tions in Humanities Research, 71(1), pp. 84-94.

Nikolaos Souliotis, PhD Candidate
Aristotle University of Thessaloniki

e-mail: nvsoulio@csd.auth.gr

Dionysios Politis, Assistant Professor
Aristotle University of Thessaloniki

Email: dpolitis@csd.auth.gr


https://bitcoin.org/bitcoin.pdf
https://el.wikipedia.org/wiki/%CE%9C%CE%BF%CE%BD%CE%AE_%CE%92%CE%BB%CE%B1%CF%84%CE%AC%CE%B4%CF%89%CE%BD
https://el.wikipedia.org/wiki/%CE%9C%CE%BF%CE%BD%CE%AE_%CE%92%CE%BB%CE%B1%CF%84%CE%AC%CE%B4%CF%89%CE%BD

HMHIYCTPUAJHHI TEXHOJIOT U INDUSTRIAL TECHNOLOGIES
TOM 13 (1) 2026  — VOL. 13 (1) 2026

AKTYAJIHA KA3YCHU B HEOTOIIPEPABOTBATEJIHATA ITIPAKTHKA
HA JTYKOWJ HE®TOXHM BYPI'AC

Jndo Crpatues, Jo6pomup Mopaanos, eopri [eoprues, Mpenuua Ilnmkosa

CURRENT CASES IN THE OIL REFINING PRACTICE
OF LUKOIL NEFTOCHIM BURGAS

Dicho Stratiev, Dobromir Yordanov, Georgi Georgiev, Ivelina Shishkova

ABSTRACT:This study summarizes the experience of the LUKOIL Neftochim Burgas (LNB) refinery, with the
response to the challenges it faces after the Russian Export Blend (REB) oil was excluded from December 2023,
the characteristics of which were used to design the technological installations at the oil refinery. Until December
2023, the oil blend processed at LNB contained between 70 and 100% REB, and the rest consisted of 17 different
types of oil. Since December 2023, 29 different oils have been processed, but the balancing influence of REB with
a content of 70% and above, which would smooth out the fluctuations caused by the different characteristics of
the alternative types of oil, is no longer present. In this transition to processing a variety of oil mixtures, various
phenomena are observed, such as linearity and nonlinearity in mixing, as nonlinearity can be both positive and
negative in the yields of individual fractions in the process of atmospheric and vacuum distillation of oil,
undescribed so far in world practice. Additionally, a phenomenon associated with high acidity of technological
condensates in AVR installations is observed when processing certain types of oil with an acid number below 0.5
mg KOH/g. Variations in the cetane characteristics of diesel fuel and cetane improver consumption were also
recorded, resulting from fluctuations in the quality of the 29 types of oil being processed.

Key words: crude oil blend, cetane number, corrosion process, TAN

AKTYaJIHOCT A., 2024) mpaBWIIHO TBBP/IH, Y€ TIETPOTHT OCTaBA
HE3aMEHUMa YacT OT INI0OAJTHUSI EHEPTUCH MUKC
HedTbT ¥ moy4eHUTE OT HErO TOPHBA, CIIO- U KATO YA00HH, €UKACHH W €HEPIHIHO ILTHTHU
pen nannu Ha (Energy Institute, 2024) 3a10B0-  pecypcu, NpUPOAHHMAT ra3 ¥ HETPOIBT IIPOCTO Ca
nsBa 31,6% OT eHepruiHUTE NMOTPEOHOCTH HA  HECPABHMMHM C HMKOS OT HAJMYHHUTE B MOMEHTA
CBbBPEMCHHOTO YOBEYCCTBO U CE€ OYaKBa TO3U HE- aJITCpHAaTUBU.
TOB JISJT J1a OCTaHE HEMPOMEHEH Mpe3 OJIU3KUTE BbIpekd MHOrOOPOMHHUTE IIPOTHO3U B MUHA-
nsaxonko jecetunerus (World Oil  Outlook,  noto, e mMpoM3BOACTBOTO M KOHCyMamusTa Ha
2023). MIETPOJT ¥ IETPOJIHU MPOTYKTH MOKE J1a IOCTUTHE

TeuHoTO arperaTHO ChCTOSHME Ha HE(PTa U NHK B HAYAIOTO HA BEKA, CETa C yBEJIUYABAHETO
He(TEHUTE rOpHBA MO3BOJIABAT JIECHO 11a CE CbX-  Ha HACEJIEHHETO M THPCEHETO, MPOHM3BOJCTBOTO
paHsABaT M TPAHCIOPTUPAT B KOHLEHTPUPAHA  Ha MEeTpos aocTurHa pexopanute 102,9 mumm-
(popma Ha xummuecka eneprus. @epapu (Ferrari,  apna 6apena Ha nen npes anpui 2024 r.
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@ur. 1. Tepcene Ha cypoB netpou B ceeToBeH Mamad 2005-2024 r. (IEA, Statista 2024)

HpeI[I/BBPIKaTe.]'[CTBa 06J'IaCTTa Ha XUMUSTA U TCXHOJIOTUATA HA He(l)Ta
H3KIIIOYUTECIIHO CJIOKHA U TPYyJIHA 3a1a4a.

HCTPOJI’I:T € U3KIIOYUTCIIHO CJIO0KHA CMEC, Ch- ETto 3a1mo OPaBUITHUAT 1/1360]) Ha IMOAXOOAI

AbprKalla BbIICBOJOPOIHN KOMIIOHEHTH, UMAaI  HeT 3a mpepaboTBane B byprackara paduHepus

MEKTy J1Ba M OKOJIO 120 BBIIIEPOJHU aTOMA B MO- ¢ M3KJIIOUMTENIHO CJI0KEH MPOLEC, UMAKMKH IpeI-

JIEKYJIUTE CH. BpOsST Ha MOTEHUMAIHWTE Opra-  BHj, Y€ T € MPOEKTHpaHa 3a IpepaboTBaHe HA
HUYH{ ChE€AMHEHUS C TAaKbB IUMPOK Nuana3oH Ha  Hedt Pycka ExcroprHa Cmec, KOWTO MpHHAI-
BBIJICPOIHUTE uncia e u3uncier Ha 10° (Broeke,  nesxu kbM rpynara Ha CpeJHUTE CPEIHO CEPHUCTH

T., 2025).

THUIIOBE HEQT.

OrpoMHOTO pa3HOOOpa3ue OT ChCTaBH Ha pas-
JUYHUTE BHUJIOBE HE(T NMpPaBH W3CIICIBAHHATA B

1,00E+40
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y = 0,0008%979%
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bpoit Ha Bpraepoaunte aromm B Moaekyaara [Broeke, T.,
2025]
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®ur. 2. Bpp3ka Mexay Oposi Ha BBIVIEPOTHUTE aTOMHU M TOYKAaTa Ha KHIICHE HA PA3IMYHUTE BBIJIEBO-
JIOPOJIH ¥ TEXHUTE TOJISIPHU POU3BOTHH, OTKPUTH B cypoBwHst ieTpoin (Ramirez-Corredores, M., 2015).

@ur. 3. IHIMIeHTH ¥ aBapuu, IOPOJIEHH OT N300pa Ha HETMOIXO/ISI THIT HePT WiTu HePTeHA cMec 3a
mpepaboTBaHe: ropHA YacT - CUJIHO 3aMbpCsSBaHe B 00OPYIBAHETO HAa MHCTAJAIMS 3a JSCTHJIAIMS Ha
cypoB HedT (Collins T., 2012); moyHa yacT — IpUMepH 3a aBapuu B HIKOW padUHEPHU, IPUINHEHH OT
KOPO3HOHHM ToBpeau: a — Padunepus ,,['onaen Uren®, b — Padunepus ,,Puumbpan (Moubaraki A.,
2021).
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Koposusita mpencraBisiBa 0COOCHO 3HAYUM
PHCK 3a paduHEpUUTE, 0COOEHO KOraTo ce mpepa-
0oTBar THUMOBE HEPT U HEPTEHN CMECH, pas3rya-
BAIll¥ C€ OT TE3H, 32 KOUTO ca MPOSKTUPaHH Hed-
TonpepabOTBaTEIHUTE HHCTAdanuu. JlaHHHTE,

39 — N=53 ] Ammonia/amrr_]oni_a compounds
30 — - Chlorine/chloride ions
-5 W Crude oil
26 —| B Hydrocarbon/hydrocarbon mixture
54 - Hydrogen
B Hydrogen chloride
22 Hydrogen fluoride
20— I Hydrogen sulphide
18— - Other
16— B Sulphur/sulphur compounds
14— - W Water
12 —
10 —
8
& — e . [ e
4 _|
2 —
0 1 T
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s £ = £ & = 3 3
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= - = = =3
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MOCOYeHH Ha (urypara mo-rope ododmasat 100
cllydasi Ha MHIUJCHTH, IOPOJICHN OT KOPO3UsS B
EBponeiicku papunepun [Maureen H., 2015].

®@ur. 4. Corrosion-related accidents in petroleum refineries (Maureen H., 2015).

BB3 ocHoBa Ha ananmsute Ha 1500 Bunma HEPT
OT IISJIOTO 36MHO KBJIOO € YCTAaHOBEHO, Y€ CBOMC-
TBaTa Ha TOBa 36MHO Macll0 BapupaT B HU3KITFOYH-
TEJHO IHUPOKH T'paHUIlM. Te ca TOIKOBa MIUPOKH,
4e 32 HAKOU OT THIIOBETE HE(T CIICAANKH TPaBU-
noto “Like dissolves like” (IToqo6um ce pa3Ta-
PAT B IOIO00HM) TIPU CMECBAHE Ce OKa3Ba, 4e He ce
pasTBapsT €IUH B APYT, KOSTO BOJHU JIO MHOT'O Ce-
pHO3HH TIPOOJIEeMU ITpU IIpepabOTBaHE HAa TaKUBa

HecbBMecTUMHU copToBe HedT (Shishkova, [;
Stratiev, D.; et al., 2022). Hali-u3sectaure pede-
PEHIIMHK 3a IIeHUTE Ha CypoBHs MeTpoi ca Brent
(CeBepno mope) m West Texas Intermediate
(WTI), HO ce ThpryBar Hajg 150 Buna cypoB met-
pon (Petroleum refining and insurance Part I,
2016).

Ta6auna 1. XapakTepucTUKN Ha pa3INdHUTE TUTIOBE HEQT.

Characteristics minimum maximum
Density at 15°C (g/cm3) 0.746 1.119
Viscosity at 40°C 0.54 106
Pour point (°C) -40 63
Carbon (%wt.) 83 87
Hydrogen (%wt.) 10 14
Sulphur (Total) (% wt) 0.05 9
Nitrogen (Total) (% wt) 0.05 3
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Oxygen(Total) (% wt) 0.05 1.5

Nickel (ppm wt) 0 237
Vanadium (ppm wt) 0 1200

TAN, mgKOH/100g <0.01 5.05
Molecular weight, g/mol 117 652

TBP wide fraction yields, wt.%
30-100°C (Light naphtha; Cs-C7) 0 27.4
100-180°C (Heavy naphtha; C;-Cjo) 0 62.4
180-240°C (Kerosene; Ci1-Ci4) 0 62.6
240-360°C (Diesel; Ci5-C22) 0 99.7
360-540°C (vacuum gas oil; C23-Cae) 0 87.2
> 540°C (vacuum residue; > Cye ) 0 68.2
Group hydrocarbon composition of crude oil

Saturates (% wt) 4 92
Aromatics, (% wt) 34 59.6
Resins (% wt) 0 62.6

Cs-asphaltenes, wt.% 0 43

CMmecBaHETO, TPaHCIIOPTHUPAHETO U TIpepaboT-
BaHETO Ha HE(T W HEPTEHU JEPUBATH, KOUTO ca
HECHBMECTUMH BOJH 1O 00pa3yBaHETO Ha CEIH-
MEHTH, KOHTO C€ OTJIaraT BBPXY Bb

PCITHUTC

Ha kapTuHaTa e moka3aH Kak W3riex/a Hed-
TOTPOBOJI, KOMTO € TpaHcropTupan HedT u Hed-
TONPOAYKTH, KOUTO ca OWIM HECHBMECTHMH B
CAIll. HedrompoBoabT € OMI COOCTBEHOCT Ha
BTOpara I10 TOJIEMHHA HeTeHa KOMITaHUSI B CBETA
Shell. Yuactek ot 120 kM e Omn 3a0uT C Mpo-
IyKTa, [0Ka3aH Ha (urypara, B pe3yiraT Ha Ko-
€TO TPU Mecella TO3U TPHOOMPOBOa € OMI HeW3-
MOJI3BAEM, HAaHACSMKH OIPOMHH MKOHOMHYECKH
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CTEHU Ha 000pYyJBAaHETO U BB3IPEISITCTBAT HEro-
BaTa MO-HATAaTBIIHO W3IOJ3BaHE, JOKATO HE ce
MTOYHUCTH.

3aryou Ha kommanusta Shell (Frans van den Berg,
2024).

HedronpepaboTBaneTo mpeacTaBiisiBa Ipe-
cedHa ToYKa Ha OW3Hec, HayKa W TEXHOJOTHS W
NPaBUIIHOTO ChUETaBaHE HA TE3H TPH KOMIIO-
HEHTa OINpeneNs >KU3HECIIOCOOHOCTTa Ha BCAKa
netpoiHa padunepus. [IpepaboTBanero Ha pas-
JMYHYU THIIOBE HEPT ce OKa3Ba, 4e ce MOAYUHSIBA
Ha JTMHEHHH W HEJIMHEHHH 3aBUCHUMOCTH.



Wt.o/o

VR A fact-calculated, %

@ur. 5. Paznuka mexxay paxktudeckust JOOMB Ha TYAPOH U TO3H, M3UUCIICH 110 JIMHEHHO CMECBAIIO Ipa-

BHJIO.

Tannute Ha urypara mokassaT KakToO CHOT-
BETCTBHUE, TaKa ¥ TOJOXKUTEITHO U OTPHIIATEITHO
OTJINYME OT MPAaBUIIOTO HA JIMHEHHO CMECBaHE.
ToBa 03HauaBa, 4e HAKOM HE(PTEHH CMECH CE TIOJI-

YUHIBAT Ha IMHEHHOTO MMOBEACHNE, JJOKATO IPYTH

HC.

[IpepaboTBaHeTO Ha CMECH OT pa3IUYHU TH-
nose HepT ce oka3Ba, Ye ce MOAYMHABA HA JIHU-
Heitau u HenuHeinn 3aBucumoctd (MTK nannn)

Taoauna 2. Jlannu 3a UTK 3a cMecu Ha paznuunu tunose HedT (Stratiev, D.; Shishkova, 1.; Dinkov,
R.; etal., 2023).

Hed- |Iranian
TeHu | Crude IHCO:SIRT|IHCO:SIRT [IHCO:SIRTI| IHCO:SIRTI
dpak-| Oil Sirtica | ICA=1:1 |ICA=1:1m3-| CA=1:2 CA=1:2 u3- |IHCO:SIRTIC [IHCO:SIRTICA=2
mun | (IHCO) | (Lybia) pakr YHCIeH paxr 4HCIIeH A=2:1 ¢akr :1 u34nciaen
IBP-
100°C| 8.2 14.7 8.4 114 7.9 12.5 8.1 104
100-
180°C| 12.2 17.2 11.6 14.7 11.1 15.5 11.64 13.8
180-
240°C| 9.3 10.6 9.0 10.0 9.2 10.2 9.25 9.8
240-
360°C| 19.0 21.5 20.2 20.3 20.3 20.7 20.06 19.9
IBP-
360°C| 48.8 64.0 49.2 56.4 48.5 58.9 49.05 53.8
360-
534°C| 254 21.7 26.3 23.6 27.2 23.0 26.15 24.2
>534°

C 25.8 14.3 24.5 20.0 24.3 18.1 24.8 22.0

Cwmecure Ha HedToBere Iranian Heavy u
Sirtica moka3BaT OTJIMYKE OT JIMHESHHOTO IIPABUIIO

Ha cMmecBaHe nmpu MTK necrunarusita Ha HET
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(ASTM D-2892 u ASTM D-5236) (Stratiev, D.;
Shishkova, I.; Dinkov, R.; et al., 2023).



Ta6smua 2. lanau mo ASTM D 86 3a cmecu Ha pasnuunu tunoBe HedT (Stratiev, D.; Shishkova, I.;
Dinkov, R.; et al., 2023).

Iranian
IASTM| Crude IHCO:SIR
D 86, Oil Sirtica | TICA=1:1 [IHCO:SIRTICA=|IHCO:SIRTICA=|IHCO:SIRTICA=|IHCO:SIRTICA=|IHCO:SIRTICA=
vol. %| (IHCO) | (Lybia) daxt 1:1 u3uuciaeH 1:2 ¢akTt 1:2 n34uciex 2:1 dakr 2:1 u3uncieH
IBP,
°C 46.0 40.0 43.0 47
up to
62 °C
distille|
d 2.0 3.0 2.0 2.5 2.0 2.7 2 2.3
up to
85°C
distille|
d 5.0 9.0 4.0 7.0 5.0 7.7 5 6.3
up to
120 °C|
distille|
d 12.0 18.0 9.0 15.0 10.0 16.0 12 14.0
up to
150 °C|
distille|
d 18.0 27.0 15.0 22.5 16.0 24.0 17 21.0
up to
180 °C|
distille|
d 23.0 33.0 21.0 28.0 21.0 29.7 23 26.3
up to
200 °C
distille|
d 26.0 39.0 24.0 32.5 24.0 34.7 26 30.3
up to
240 °C
distille|
d 34.0 46.0 30.0 40.0 31.0 42.0 33 38.0
up to
250 °C|
distille|
d 35.0 48.0 33.0 41.5 33.0 43.7 35 39.3
up to
300 °C
distille|
d 46.0 59.0 43.0 52.5 44.0 54.7 46 50.3
Cwmecure Ha HedToBere Iranian Heavy u IIpepaboTBaHETO HAa CMECH OT Pa3NUYHU TH-

Sirtica moka3BaT OTJIMYKME OT JUHEHHOTO MPABUIIO nmoBe He()T ce OKa3Ba, Y€ Ce MOMUYMHSIBA Ha JIH-
Ha CMECBaHE W NpHu jAecTwianusara no EHriep HEWHU U HeJIMHEWHU 3aBUCUMOCTH:

(ASTM D-86).

Taoauua 3. Janau mo ASTM D 86 3a cMecu Ha pa3iIuyHy THIIOBE HEPT-IPOIBIDKEHHE.

ASTM D Kirkuk Kirkuk Kirkuk Kirkuk

86, vol. Saharan 65%/SB 35% |65%/SB 35% u3-| 65%/CPC | 65%/CPC 35%

Y% Kirkuk Blend CPC pakr YHCJIECH 35% dakr H34YHCJICH
150 15.4 28.9 31.7 19.9 20.1 21.5 21.1
180 20.7 36.5 40.0 26.0 26.2 28.0 274
200 24.2 41.5 45.5 30.0 303 323 31.7
250 33.1 54.2 593 40.2 40.5 43.2 42.3
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Taoéauuna 4. Jlanau mo ASTM D 86 3a cMecu Ha pa3IMyHKA THIIOBE HEDT-MPOIBIKCHHE.

50 %
50 % | PG/50 % 50 % 50 %
ASTM D Arab Johan Unity | PG/50 % |AH uzunc-|JS/50 % UG|JS/50 % UG
86, vol. % |Payara Gold| Heavy |Sverdrup Gold AH ¢akr JleH daxr H3YHCJIEH
150 15.4 28.9 31.7 19.9 8.1 10.5 13.8 10.4
180 20.7 36.5 40.0 26.0 14.6 18.6 22.4 16.8
200 24.2 41.5 45.5 30.0 22.8 274 31.7 23.9
250 33.1 54.2 59.3 40.2 32.7 36.4 414 31.7

Cwmecure Ha HedtoBete Kirkuk m CPC u
Saharan Blend moka3BaT chkriacue ¢ MpaBUIOTO
Ha JIMHEHHO CMECBaHe, T0KaTo cMecuTe Ha Payra
Gold u Arab Heavy moka3Bar oTpHIaTeIHO OTIH-
4He OT JTUHEWHOTO MPaBHUJIO HA CMECBaHE, a CMe-
cute Ha Unity Gold u Johan Sverdrup mokassat
MOJIOKUTEJIHO OTIMYHE OT JIMHEHHOTO MpaBHIIO
Ha CMECBaHE.

CpellHO MeceUHHUSAT pa3xoJl Ha IeTaHOIo100-
pHUTEN clleA IpeKpaTsiBaHe Ha ImpepadoTBaHE Ha
npoekTHuss HeT 3a JIHB — Pycka Excmoprha
CMmec moka3Ba BapupaHe B LIMPOKH TPAaHUIM,
mexay 0,344 u 1,643 xr/T (dur. 6).
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CpenHO MeceuHHAT pa3XxoJ] Ha LIETaHOMo100-
pUTEN MOKa3Ba CHIIHA KOPEIallMOHHA 3aBHCUMOCT
OT [IETAaHOBHS MHIEKC Ha CTOKOBOTO JIN3EJIOBO I'0-
puBo (¢wur. 7).

LleTaHOBHAT WHAEKC HA AU3ETIOBUTE PPaKIUH
ot 29-Te Tuna HeTOBE, MPepabOTBAaHU B paduHe-
pusita Ha JIHBb Bapupa mexnay 41,9 u 61,2 (dur.
8).

LeTaHoBHAT MHIEKC HA KEPOCHHOBUTE (pak-
uuu ot 29-te Tuna HepToBe, MpepaboOTBaHU B pa-
¢unepusita Ha JIHb Bapupa mexny 39,0 u 50,4

(¢wur. 9).
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@ur. 6. [I[poMeHTUB pa3xo/] Ha IETAaHONOAOOPUTEN TIPH IPOU3BOICTBOTO HA TU3EIOBO TOPHUBO OT 29

Pas3In4Hu TUIA HEQT.
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Cetane improver
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L[eTaHOB MHAEKC Ha CTOKOBOTO A113€10BO TOPUBO

@ur. 7. 3aBUCUMOCT Ha [[ETAHOBUS HHJEKC OT Pa3X0/a Ha IeTaHOIOTOOpHUTET.
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@ur. 8. [laHHu 3a 1IeTaHOBUS WHJIEKC Ha JW3eoBara (Qpakius B MpepaboTBaHUTE THIIOBE HEPT B
Jlykoitn Hedroxum Byprac.
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®wur. 9. /laHHM 32 IETAHOBUS MHJICKC Ha KEPOCUHOBATa (h)paKLysi B IPepabOTBaHUTE THUIIOBE HEPT B
Jlykoitn Hedroxum Byprac.
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OCHOBHHTE KOMITOHEHTH, KOUTO H3TPaXKAAT
nuzenoBuss nyn B JIHB ca mpsiko mectunarHu
CpPEeIHM IeCTUIATH U Au3ell 0T XUAPOKPEKUHT Ha
ryapon H-Oil. Jlanaute 3a Au3enoBus Myl ca
npeacraBeHu Ha ¢ur. 10.

Haii-Bucoku ca LETAaHOBUTE MHAECKCH Ha
MPSIKO JIECTUIATHUTE AU3CIOBH U KEPOCHHOBHU
(pakmmm, a Haii-HUCcKU ca Te3n Ha JIKI ot kara-

nuTtrdeH kpekuHr u Ha H-Oil nu3ena. 3a To3u Ha-
0op OT maHHM Oelle YCTaHOBEHO, Y€ IETAHOBUSAT
WH/IEKC Ha CTOKOBOTO IHM3EJIOBO TOPHUBO 3aBUCH
OT IIETaHOBHSI MHJICKC Ha MPSKO JIECTUIIATHATA JTU-
3enoBa (pakius (mepBudHO JII7) ¥ OT IeTaHOBUS
WHJICKC Ha BTOPUYHHUTE JU3CIOBU (DpaKiyu, Chr-
JIACHO M3BEACHOTO PETPECHOHHO ypaBHEHHE, MO~
coueHo no-gomiy (¢ur. 11).
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®@ur. 10. KoMIIoOHEHTEH ChCTaB Ha JU3EIOBUS MYJI.
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Mecemns, 3artousany oT gekeMBpu 2023r.
@ I/ Ha nipsIKO gecTMaaTeH Au3ea
¢ FCCPT CI
A H-Oil diesel CI
X IV Ha OpsKO gecTraaTeH KepOCHH

LeranoB nHaeKkc HA NPSIKO JAecTUIaTeH qu3es,kepocuH, H-Oil
OW3e]T H AU3eJ1 0T XUAPOOYNCTKA HA CYPOBHHATA 3a

@ur. 11. [leTaHOBU HH/IEKCH Ha KOMITIOHEHTHUTE OT au3enoBus myn B Jlykoin Hedroxum byprac.

UMW ;e = 15,57 + 0,467 X UMy ppyano gr + 0,308 X UM gropuuno ars R = 0,82 (D
LeranoBusr unzekc Ha H-Oil nu3ena ce monu-  nuume Ha TKI OT KaTaluTUYEeH KPEKHUHT B CYpO-
’KaBa Tpu npepaboTBaHe Ha TyApoHU ¢ Bucoka  BuHara 3a H-Oil (dur. 12). [laHHM OT Heratms-
IUTBTHOCT (BHCOKO CBIbpPKAHWE HAa apOMaTHH  HHAT ONMT C NPepabOTBAHETO HA ONPENEICHH TH-
KOMIIOHEHTH ), IIPH BHCOKA KOHBEPCHS U TIpU Ha-  ToBe HeT ca mpeacraBenu Ha ¢ur. 13.
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3mepeH nieraHoB MHAEKC Ha anseaoBara ¢ppakst ot H-Oil

®@ur. 12. Lleranos unaexc Ha H-Oil au3en kaTo QyHKUUS OT KAaUeCTBOTO HA CYpOBHHATA U KOHBEPCHATA
B H-OIil.
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HOil Diesel Cetane Index = 134.274 — 56.471 x HOil Feed Density — 0.455 X
HOil Conversion — 91.193 X HOil Feed HCO content

Ta6auua 5. Tumose vedT, mpepadoranu B JIykoitn Hedroxmm byprac.

)

No Crude oil Country origin No Crude oil Country origin
1 Arab Heavy Saudi Arabia 24 KEB Kuwait
2 Arab Light Saudi Arabia 25 KEBCO Kazakhstan
3 Arab Med. Saudi Arabia 26 Kirkuk (Light) Iraq
4 Aseng Equatorial Guinea 27 I?Il:lll(gl(;fgflfleza(:fz)g- Iraq
5 Azeri Light Azerbajdjan 28 Mandji Gabon
6 Basrah H Iraq 29 Mero_Brazil Brazil
7 Basrah L Iraq 30 Okwuibome Nigeria
8 | Basrah Medium Iraq 31 Payara Gold Guiana
9 Bonga Nigeria 32 Prinos Greece
10 Brega Libya 33 RasGharib Egypt
11 CPC Kazakhstan 34 Rhemoura Tunisia
12 El Bouri Lybia 35 Sahara blend Egypt
13 El Sharara Lybia 36 Sepia Brazil
14 Es Sider Lybia 37 SGC USA
15 Forties UK 38 Souedieh Siria
16 | Gulf of Suez Egypt 39 Tartaruga Brazil
17 Helm Netherlands 40 Tempa rossa Ittaly
18 Ali‘_‘}‘;‘;;‘;gz ) Iraq a1 TEN_Oct.2024 Ghana
19 Iranian H Iran 42 Ungarian cond Hungary
20 | Johan Sverdrup Norway 43 Unity Gold Guiana
21 Kazakh H Kazakhstan 44 Val'Dagri Italy
22 AL il Kazakhstan 45 Vasconia Columbia

blend

23 KBT Iraq 46 Western Desert Egypt
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@ur. 13. Pezyntatu oT nnpepaboTBaHeTO Ha Opasmickute HeproBe Mero, Sepia u Tartaruga.

[IpepaboTBaneTo Ha bpasmnckus Hedht Mero
(xucenmnuno uncio (TAN) 0,28 mg KOH/g) B ko-
JIMYECTBO OT 0KO0JI0 50% moBene 10 HEAOMYCTHMO
MoHMXaBaHe Ha pH Ha TEXHOJTOTUYHHUTE KOHJICH-
3aTu 1oA 5,5, BBIIPEKU NMOBUIIABAHE HA Pa3xoaa
Ha NaOH nag MakcHUMaliHO PENOPBYAHOTO HUBO
ot 20 ppm. IIpu Te3u Hucku croiiHocTH Ha pH ce
YCTaHOBU U Hajduuue Ha Fe HOHU B TEXHOJIOTHY-
HUS KOHJICH3aT, KOeTo Oelle HHINKAaTop 3a KOpo-
3ust Ha oOopyaBanero. [lomoOHO sBNeHME Oere

pH = 6.54 — 0.047 X Mero(wt.%) + 0.0272 X NaOH (ppm)

Ha0JII0/JaBaHO U NpH NpepaboTBaHe Ha bpaswuiic-
kute Hedroe Sepia (TAN 0,34 mg KOH/g) u
Tartaruga (TAN 0,15 mg KOH/g). Hed 1T Sepia
W3TJIeXK/]Ia, Y€ B Hall-BUCOKA CTETIEH NOHMmKaBa pH
B cpaBHeHue ¢ Mero u Tartaruga (Stratiev, D.;
Shiskova, L.; Toteva, V.; Georgiev, G.; Dinkov,
R.; Kolev, L; Petrov, L.; Argirov, G.; Bureva, V.;
Ribagin, S.; et al., 2024).

R=0.926 3)

pH = 6.03 — 0.043 X Tartaruga(wt.) — 0.082 X Sepia(wt.%) + 0.059 X NaOH (ppm) (4)

CypoBusiT merpon Mero uzaBa ot OaceiiHa
Santos B bpa3unus, KOITO € U3BECTEH C MHOTO CY-
POBHTE CH YCIIOBHS 3a 100UB. JJoOOUBBT ce U3BBP-
IIBa Ha XWISIAU METPH MO MOPCKOTO PaBHUIIIE, a
pe3epBoapbT € MO COJIEH ClIol ¢ aebenuHa Hs-
KOJIKO XWJISIIM METpa. 3a Ja ce periaT Uil CMeK-
YaT HAKOU MPOOJIeMH C HEOPTaHUYHUS KOTJIeH Ka-
MBK 10 BpeMe Ha a00uBa, ce choOmaBa, 4e
Petrobras n3nomn3Ba oneTHa KHCENMHA WU APYTH
JIEKW OpTaHWYHU KWCENWHU. EBEHTyalHUTE Cche-
JMHEHUsI, o0pa3yBaHM OT OIeTHATa KHCEIWHA,
Moke aa He Opmar orkputu npu TAN merona,
KOWTO M3MepBa cBOOOTHHUTE KHCENUHU. Te3n Ch-
eIMHEeHHs] MOTaT Ja ObJIaT pa3leTIeH! [TPH TeMIIe-
paTypH Ha MELITa U J1a CE MOABAT B TOpHATa 4acT
Ha OTOCH3MHBAIIaTa KOJIOHA, KBAETO MOraT Aa
MOBJIMSAAT HA KUCENWHHO-aNKaIHUSA OajlaHC, Ha-
MassBaiiku pH Ha TeXHOIOrMYHMSI BOJEH KOH/IEH-
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3aT, yBeJIMYaBallki KOHCyMallMsATa Ha HEYTpau-
3atop. M3mon3Baiiku razoBa xpomarorpadusi c
MAacCIeKTPOMETPHUsI C€ YCTAHOBM HAMYME Ha
OIleTHA KHCENWHA B JiekaTa OeH3MHOBA (DpaKims
(30-110°C), noxyuena npu aTMocdepHa 1ecTuia-
1us Ha HeTa, MOAKPEISHKYA Ka3aHOTO MO-TOpe.
Ha ¢ur. 14 e npencraBen nmpumep 3a jabopa-
TOpPEH TeCT Ha HEeyTpajH3alus CbC U 0e3 opra-
HUYHU KHCEIIMHU B, KOMTO ce OTpa3siBa KaKBO
BCBIIHOCT C€ CIIy4YBa B rOpHATa 4acT Ha OTOCH-
3WHBAIIlaTa KOJOHA HA WHCTAJAIUsITA 32 aTMOC-
¢depna nectunanus Ha Hedra. [Ipu nHIYCTpHANTeH
TecT ¢ npepaborBane Ha HehT Mero no 40% ot
He(TeHaTa CMeC ce YCTaHOBU JIBYKPATHO yBEIIH-
YeHHe Ha KOHCyMalusTa Ha HeyTpanu3aTop (He-
yTpaJM3upall aMuH). YBeJIMYaBaHETO Ha J03aTa
HEyTPaJIM3aTOp yBeInYaBa pHCKa OT OT/JaraHe Ha
COJI BBPXY CTEHHTEC HA TEXHOJOTMYHOTO 000-



pyaBaHe mMmopagy oOpa3yBaHETO Ha aMHHOAIle-
tatu. [lopanu Tasu mpuunMHaA yBETWYaBaHETO HA

Jl03aTa Ha HEyTpaiu3aropa TpsioBa aa Obae moc-
JIeJIBAHO U OT yBEeJIMYaBaHE Ha j103aTa Ha QPHIMO-
oOpa3syBares.

MNeutralizer Titration Curves

1"--"'\.- -

HCI Alone

Ll

pH

B @& & O o =] 00 WD

=

500

HCI Plus
Qrganic Acids

1000 1500 2000

Meutralizer Concentration (ppm)

®@ur. 14. J[anan 0T M1abOpaTOPEH TECT 3a HeyTpaim3anus Ha HeT Mero ¢ U 6e3 OpraHuIHH KHCe-

JIMHU.

YBennuaBaHeToO Ha pa3xoja Ha HEOpTraHUYHUS
HeyTtpanuzatop (NAOH) moxe na He e ToiaKoBa
e(eKTHUBHO BbPXY MoBHIIaBaHeTO HA pH Ha Tex-
HOJIOTUYHMSA KOHJEH3aT TOpajau ciexHaTa Mpu-
YHHA: peaklusATa Ha HEeyTpaJIn3alys Ha KUCENH-
HUTE (1 MO-CHEUHUAIHO HA HEOPTraHWYHUTE, KOUTO
B TO3M CiTyuaii He ca pobiieM) ot NaOH npotnya

C MEXJIWHHA peakiys, B KOATO ydacTBaT HadTe-
HOBU KucennHU. ToBa € HEoOXO0IMMO, 3amoTo
NaOH e pa3zrBopuMa BbB BOAA U HEPA3TBOPHUMA B
HedTeHara ¢aza. O0pazyBa ce HaTpueB HaTeHAT
KOMTO € pa3TBOpHM B He()TeHaTa (pa3a v TOBA CIO-
Mara 3a HEYTpaJIM3WpaHe Ha XIJIOPHUIHTE WIH
JPYTU KUCEIHHH.

RCOO-H + NaOH — RCOO-Na + H:0

YBennuyaBaHeTO Ha Jj03aTa Ha TPETHUPAHE C
NaOH ne Tpsiosa na Haapumasa 50% ot TAN,
ThU KaTo M3MUIIBKBT OT NaOH HsMa na ce past-
BOpHU B HepTeHaTa (pasa, Mpu KOETO OCTaBa B CBO-
0omHa (opma, ¥ MOXKE Jla MPUYMHU TI0sBa Ha
KPEXKOCT B MaTepualia, OT KOHTO € U3roTBeH 000-
pynBaneto. CleqoBaTeNHO YBEIMYABAaHETO Ha
Tpetupamara go3a NaOH no 4-5 mpti MOXe ma
ObJic OMAcHO 3a IIEJIOCTTa Ha TEXHOJIOTHYHOTO
oOopynBane. B koHKpeTHUs ciyyail no3aTta Ha
NaOH He Tpsi6Ba na Hagsumasa 20 ppm.
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[IpepaboTBaHeTO HA UTATUAHCKUS HEPT
Tempa Rossa B Hemojxojsiia KOMOWHAIUS OT
Jpyru HeTOBE JOBEC 10 JOCTUTaHE HA MAKCH-
MAJTHO JTOMyCTUMHSI aMITepaxk BbB Bb3ela 3a 00e3-
coJisiBaHe U 00e3BoHsiBaHe Ha Hedta (D. Stratiev,
I. Shishkova, G. Georgiev, R. Dinkov, A.
Nedelchev, R. Nikolova, A. Veli, V. Bureva, K.
Atanassov, Frans van den Berg, D. Yordanov, V.
Toteva, 2025). JlanHuTE ca npencTaBeHu Ha QuT.
15.
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@ur. 15. [lannu 3a amrepaka BbB Bb3eJia 32 00e3BoAHsABaHE 1 00e3consaBane Ha Het Tempa Rossa.

[IpepaboTBaHeTo Ha HETEHU CMECH, CHIBP-
Kl BUCOKO BUCKO3HHU, C BUCOKO ChIbpKaHHE
Ha acQanTeHu I'yApoHH, KaTo Vasconia u Basrah
Heavy noBenoxa He caMO 10 MHOTO BHCOKO 3a-
MbpCsiBaHE Ha 00OpyJBaHETO B HMHCTAJAIMS
»XHUApOKpeKkHuHr Ha ryapon H-Oil“ Ho u 1o mHOTO
BHCOKA ONACHOCT OT aBapHifHO M3KIIOYBAHC HA
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WHCTANAIMATA, TOPAAN BIONMICHA (IIyHIU3aIHs
Ha katanmusatopa (Stratiev, D.; Dinkov, R.;
Shiskova, 1.; Nedelchev, A.; Kolev, L.; Argirov,
G.; Sotirov, S.; Sotirova, E.; Bureva, V.
Atanassov, K.; Yordanov, D.; Nenov. S.; Stratiev,
D.D., 2025).
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Ha 6a3ara Ha HEeTaTUBHHS OIHT, KOMTO UMame
¢ HedToBete Mero, Sepia, Tartaruga, Vasconia u
nH(pOpMAIIUs OT HAIIIMTE HAPTHHOPH, Y€ O J00HU
Ha Vasconia ca HedToBere Castilla (Colombia),
Maya (Mexico) B Ta3u 6a3za ot 1500 Hedra upes
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ICrA ce onensiBat Te3u HepTOBE, KATO MOTEHITH-
anHo omacHu 3a Jlykoitn Hedroxum Byprac, ko-
UTO UMaT BUCOKA CTEIECH Ha OJIM30CT 10 TOpeCTIo-
MeHatuTe Hedrose (¢pur. 16).




Xuctorpama Ha pasnpegeneHueto Ha 1500 euaa HedT no Kw-
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®@ur. 16. Paznpenenenue Ha 1500 Buaa HEPT M0 XapaKTEPUIUPALTUAT UM (HaKTOP.

Wscnensanusara, BbpXy KOMTO ce PabOTH B
CTPYKTYpHH €IMHHMLM KbM | TaBHUS TEXHOJIOT B
Jlykoiin Hedroxum Byprac BximtouBat cieHoTO:

1. [IpoGyieMbT ¢ KIacUPUKAIMITA HA CYPOBHUS
METPOIT U M300pa Ha He(T IpH papUHUPAHETO HA
METPOJL.

2. XapakrtepuszupaHe Ha TIETPOJ, MOJIEKY-
JSIPHO MOJEJIMpaHe M CUMYJalusl Ha MPOLECH B
NETPOITHNUTE U3CIICABAHNUS U IPOMHIIUIEHOCT, Bb3-
MOYKHOCTH, TIPEIN3BUKATENICTBA U TIEPCIICKTHBH.

3. MHTepkpuTepHaleH aHaIU3 KaTo MHCTPY-
MEHT 3a MUHUMH3HpaHe Ha PUCKa OT U300p Ha He-
MOJXOJIAII CYpOB TETPOI 3a MpepadboTKa B MET-
poJiHa paduHepusi.

4. Uscnenane Ha paboTaTa HAa HHOYCTpUAJIHA
BaKyyMHa JecTUialMoHHa KojoHa (BIM-1;
BAM-2 mpu QpakuuMOHUpAHETO Ha Pa3IHYHH
HE(QTEHU OCTATHLIH.

5. AntepHaruBH 3a oo0psiBaHe Ha EHEPTHii-
Hata epekTuBHOCT B JIykoitn Hedroxum Byprac.

6. Ilpunarane nwa Mertomonorus Lean Six
Sigma (LSS) 3a ontumuzanus Ha OU3HEC MpoIe-
cute B JIpy’KecTBOTO C IieJ TOBUINIABaHE Ha MPO-
M3BOJICTBEHAaTa M (DYHKI[MOHAJIHATA C(EKTUB-
HOCT.

7. llonabpkaHe U pa3BUTHE Ha CXEMH 3a cep-
tudunupane International Sustainability and
Carbon Certification (ISCC) B JIpykecTBOTO.

3akaouenne

1. be3onmacHHAT mpexoa KbM MpepadboTBaHe
Ha He()T, pa3InieH OT TO3H, 38 KOHTO € MPOEKTH-
paHa paduHEpHUITa € MPOABIKUTENEH U CIIOXKEH
Iporec, KOMTO M3MCKBA ChUETABAaHE HA MPOIbBII-
KHUTEITHU BBB BPEMETO J1a0OpaTOpHH H3CIIe/Ba-
HUsI, CUMYJIAllUK M MOJICJIMpaHe 32 MHHUMH3H-
paHe Ha pUCKa OT Bb3HUKBAaHE HA MHUUACHTH H
aBapuu.

2. B Jlykoiin Hedroxum Byprac ce pabotu
BBPXY Ch3/4aBaHETO HA MPOLEIYpa, KOSTO A3 MU-
HUMM3Hpa pUCKa OT u300pa 3a npepaboTBaHe Ha
TUIOBE HE(T - ONACHHU 32 CHIICCTBYBAIIUTE TEX-
HOJIOTHYHH WHCTAJallUuH OT IPOLIECHATa BEPHUTa B
paduHepusra.

3. HarpymaHusT onuT, B IIpoLieca Ha mpepa-
0oTBaHe Ha cMecH oT 46 HedTa, peaCcTaBIABaIIN
oko10 30% oT npetaranuTe Ha nasapa He)ToBe
Y KOHCTATHPAHUTE MIPEAU3BUKATENICTBA C EKCILIO-
aranuaTa Ha 000py/IBaHETO NpH IpepaboTBaHETO
Ha ompeesieH! HeToBe, MOCTaBsl Ha U3NUTAHUE
MMOCTUTAHETO Ha yIBJDKEH MEXIypEeMOHTEH Ipo-
Oer.

4. TlpunaraHeTo Ha KOHCEPBATUBEH IOJIXO]
3a nmpepabOTBaHETO HA HEMO3HATH HEPTOBE, ChC-
TOSII] C€ B TSIXHOTO BKIIIOUBaHE B He(h)TEHATa CMEC
B chAbpkaHne He moseue oT 10%, yecto Bin3a B
MIPOTHBOPEUHE C HATMYHHUTE Pe3epBOapHH BMeEC-
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THMOCTH, JIOTUCTUYHH OTPaHWYCHHS, KaTo pas-
Mepa Ha MapTuauTe HedT, KOUTO MoraT a ObaaT
JIOCTaBSIHU.
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WHIYCTPUAJHHA TEXHOJIOTHHA INDUSTRIAL TECHNOLOGIES
TOM 13 (1) 2026 — VOL. 13 (1) 2026

MN3IOJI3BBAHE HA BAJIACTHU BEIIECTBA B ITIPOU3BOACTBOTO
HA BAPEHO-ITYHIEHU KOJIBACH

Jwnana MamxenreBa

USE OF BALLAST SUBSTANCES IN THE PRODUCTION OF COOKED -SMOKED
SAUAGES

Diana Indzhelieva

ABSTRACT: One of the main tasks in the meat industry is the production of dietary products, which is
associated with the prevention of cardiovascular diseases. The aim of the present study is to investigate the
technological possibilities for producing cooked-smoked sausages with reduced fat content and increased content
of dietary fiber. This is not only a technological issue but also a sensory one.

When formulating a recipe for a low-fat cooked-smoked sausage enriched with dietary fiber, it is necessary to
replace fatty meat with lean meat. In the experimental work, changes in temperature during the cutting (cutter
processing) of an experimental low-fat Lyoner sausage enriched with dietary fiber were monitored. A comparison
was made between the fat content and caloric value of the traditional and the low-fat Lyoner sausage.

The study presents data on the nutritional value of the low-fat Lyoner sausage, as well as results from a
comparative sensory evaluation of a traditional Lyoner sausage and an experimental low-fat sausage. A hedonic
test was conducted using a 9-point scale, including the indicators of appearance, taste, texture, aroma, and overall
impression.

Through a combination of the specified raw materials, the additives and spices used, and the modified
technological processing, it is possible to produce an excellent low-fat cooked-smoked sausage. The use of frozen
and slightly frozen lean meat for processing requires different cutting times and, consequently, different levels of
mechanical load. As the mechanical load increases, the consistency of the low-fat cooked-smoked sausage
becomes softer. The addition of the plant-based dietary fiber inulin gives the low-fat cooked-smoked sausage a
pleasant mouthfeel, which in traditional sausage is due to its high fat content.

Key words: dietary meat products, sensory evaluation.

BnBenenne Eim, V. S., Simal, S., Rossello, C., and Femenia,
A. 2008., Fernandez-Gines, J. M., Fernandez-
Koncymarusita Ha auernyHu xpaHu jexud B Lopez, J., Sayas-Barbera, E., Sendra, E., and
OCHOBaTa Ha npouIaKTHKaTa Ha 3a0onsBanusTa  Perez Alvarez, J. A. 2004., Garcia, M. L., R.
Ha CbpAeYHO-ChIoBaTa cuctema (Jimenez-  Dominguez, M. D. Galvez, C. Casas and M. D.
Colmenero, F.,Carballo, J., and Cofrades, S.  Selgas. 2002., Huang, S. C., C. Y. Shiau, T. E.
2001., Bodner, J. M. and Sieg, J. 2009.) ). Ilpo-  Liu, C. L. Chu and D. F. Hwang. 2005).
BOKHMpPAaHH OT IJ00ajiHaTa KOHKYPEHIMS B CEK- Koraro equn nmpoaykt ce 00sBU KaTo «Oe/IeH
TOpa, MecompepabOTBATEIUTEe THPCAT BB3MOXK-  HA MAa3HUHH» WK «00OraTeH ¢ 0anacTHH Belec-
HOCTH OT €/IHa CTpaHa 3a PbCT Ha Me4YajJOUTe M OT  TBa», BUHArd TPsiOBa Ja ce cna3pa PeriaMeHTHT
JIpyra CTpaHa MOCTUTaHETO Ha ONpEICIICHU Jue-  3a JCKJapupaHe Ha XpaHWTEIHATa My CTOWHOCT
THYHM TPEIMMCTBA HAa TOTOBUTE TIPOAYKTH  CIIOPEIl €BPOIEHCKOTO 3aKOHOJATENCTBO. B cek-
(AACC 2001., Aleson-Carbonell, L., Fernandez- Topa Ha XpaHWTETHUTE NPOAYKTH CE€ CIa3BaT
Lopez, J., Perez-Alvarez, J. A., and Kuri, V.  cieaHuTe 3aKOHOBM HOPMATHBH 10 OTHOIICHHE

2005.). B MecHara mpOMHMIIUIEHOCT €IHA OT OC-  Ha OOSBSIBAHETO HAa XPAHUTEIHUTE CTOMHOCT:

HOBHHTE 33/1a4¥ B Ta3W HACOKA € MPOU3BOJICTBOTO HamauieHo chbaBp:KaHHe HA Ma3HUHHM — Ha-
Ha NPOAYKTH C MOHMKCHO ChAbP)KAHUE HA Ma3-  MajieHa eHepruiiHa CTOMHOCT Ce ACKJIapupa B CIy-
HUHH Y TIOBUIICHO ChIbP)KaHHE HAa OAJIaCTHH Be-  YauTe, KOIraTo BapEHO-NYIICHHAT KOj0ac Cb-

IECTBA, KOETO OCBEH TEXHOJIOTHYCH, € U BKYCOB  Abpika Hai-manko 30% Tmo-Majiko Ma3HUHH B
npobisieM (Desmond, E. M. and Troy, D. J. 2003.,
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CpaBHEHHE C TPAJMIMOHHUTE BapeHO-MYIICHU
KOJI0acH.

BenHo chabpi:kaHue HA MA3HUHY — ChIIbpXKa-
HUETO Ha Ma3HUHU Ha BaAPCHO-ITYIICHUTE KOI0acu
¢ «0emHO ChIbp)KaHWE Ha Ma3HUHH» TpsOBa da
BB3JIM3a MakcuMaiaHo Ha 3%.

H3ToYHNK Ha 0AJACTHH BEIECTBA — ChIbP-
YKaHUETO MY Ha 0aJacTHU BEIIECTBA € Hal-MaJKo
3%.

Borato chabp:kaHue HA 0AJacCTHU Bellec-
TBa — ¢ HaJ 6% no0aBka Ha OaTacTHU BEIECTBA
BapeHO-IIYIIEHHAT Kobac ce cunrta Oorar Ha Oa-
JIACTHH BEIICCTBA.

Hapen6a 3a MecoTo U MeCHUTE MPOAYKTH —
JOMYCTUMHUTE CTOWHOCTH, YCTAaHOBEHH B HApe/-
0ara 3a MECOTO U MECHHTE TIPOJYKTH Ca BAIUIHU
U 3a OeqHUTEe HAa MAa3HUHU U Ooratu Ha 0ajnacTHHA
BEIIIECTBA BAPCHO-MYIICHU KOJI0aCH.

PernonajiHu HOpMH 32 BOJTHO ChAbp:KaHUE
— PE€TUOHATTHUTE NO0IIYCTUMUA CTOMHOCTH 3a BOJHO
ChIbPIKAHUE MPU BapEHO-MYIICHUTE KOJIOAcH ca
BaJIMIHU W 32 O¢AHUTE HAa Ma3HWHU M OOoraTtH Ha
0anacTHH BEIECTBA BAPEHO-ITYIICHH KOJIOACH.

en

Lenra Ha HacTosmaTa paboTa e 1a ce mpoyyaT
TEXHOJIOTMYHUTE Bb3MOKHOCTH 33 IPOU3BOJICTBO
Ha BapCHO-MYIICHU KOJIOACH C MMOHUKEHO ChIbP-
JKaHME Ha Ma3HUHU U MOBHIIICHO ChAbPXKAHUE HA
OaymacTHM BellecTBa. [lopaau HW3JI0XKEHHUTE II0-
rope MPUYHHH, PH ChCTABSIHETO HA PElenTypara
3a BapeHO-MyIIeH Koybac OeleH Ha Ma3HUHH,
oborateH ¢ 0aJlaCTHH BEIIECTBA € HEOOXOAUMO Ja
Ce 3aMEHHU TIBCTOTO C HETIHCTO Meco. BapeHo-
MYIICHATE KOJIOACH C MHOTO BUCOKO ChIbp)KaHUEC
Ha HETILCTO MecO o0ade, ce BBb3IPHEMAT «Iy-
MEHU» KaTo KOHCHUCTECHIIMS U MHOTO TBBp1u. Oc-
BEH TOBA MM JIMIICBA THUIUYHHUAT BKYC B yCTaTa,
KOMTO ce JBbIKY Ha Ma3HUHUTE.

B uactHa MecomnpepaboTsaiia ¢upma Oeiiie
pa3paboTeHa EKCIepUMEHTATHA PelenTypa, KO-
STO TIO3BOJISABA Ja CE MPOU3BE/IC BAPCHO-IYIICH
K0J10aC ¢ HUCKO ChbP)KaHNE HA Ma3HUHHU C OIITH-
MaJHa KOHCHUCTECHIIUS U BKYC, OJIM3KH JIO Te3U Ha
TPaUIIMOHHUS KoJI0ac.

Penienitypara ce ocHoBaBa Ha JiBa (hakTopa:
» Texnonorust Ha 00pabOTKa;
» H3non3BaHe HA PaCTUTEITHH OANACTHH
BeIIECTBA.
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MaTepnaJm H METOaM

Texnonozus na oopabomxa

3a na ce u3berHe «rymeHaTa» KOHCHCTEHIIWS
MIpH BapeHO-IIyIIEHUTE KOJI0acH, KyTepbT TpsiOBa
Jla ce HAcTpPOM Ha MHOTO BHCOKH oOopotu. ITo
TO3M HA4WH, 3apajJy HHTeH3UBHATa 00paboTKa Ha
HETIIBCTOTO MECO, YyBCTBHUTEIHO HaMaisiBa I0-
TEHIMATBT My 3a y4acTHe npu (GopMHpaHETO Ha
KOHCHUCTCHLUATA. 3a J1a c€ YABIKU 3HAYUTEITHO
BpPEMETO 3a KyTHpaHE MpU TEXHOJIOTHATA Ha 3a
IPON3BOJICTBO HAa BApEHO-IYIICH KOJI0AC ¢ HUCKO
ChIbp)KaHUE HA Ma3HWHH, ISUIOTO KOJIUYECTBO
HETIBCTO MECO ce 00paboTBa B 3aMPa3eHo U JIEKO
3aMpa3eHo ChCTOSHHE.

JInoHCKH Ko0/16ac ¢ HHCKO ChIbpP:KaHHe Ha
Ma3HMHU M C 000raTeHo CbIbp:KaHue Ha 0a-
JIACTHM BelIecTBA.

Cyposunu:

40% HEeTIBCTO CBUHCKO MECO, 3aMpPa3eHo

40% HEeTIBCTO CBUHCKO MECO, JIEKO 3aMPa3eHO

20% nen

/lobasku u noonpaexu na 1kg npam:

18 g HuTpUTHA COJ

5,0 g KutterGold® PR Top oG (I1oMOIIHO Ky-
TEpPHO CpPeACTBO Ha nudocdaTHa OCHOBA C OIBe-
TUTEIHN)

5,0 g Bombal® (mpemnapar, momabpiKani cBe-
JKECTTa)

5,0 g Van Hees® pH Optimal (perynarop Ha
HUBOTO Ha pH)

66,0 g Van Hees® Primarom extra oG (mpemna-
part ¢ MOAIPABKY 3a BapeHO-ITyIIeH KoJ10ac)

6,0 g Van Hees® IBS 30 B (6anactrHO Bemiec-
TBO MHYJIHH)

TexHOJOrHYHH eTaNu:

1. IloctaBsiHe Ha 3aMpa3eHOTO U JIEKO 3aM-
Pa3eHOTO HETIILCTO MECO B KyTepa W IpejBapu-
TEJIHO pa3lpoOsBaHe.

2. TlpuGassue na KutterGold® PR Top oG,
Bombal®, Van Hees® pH Optimal u uurpurHara
COJL.

3. Kyrupane no 10 o6opora Ha YMHHSTA.

4. Ilpubassue Ha 1/3 ot nena.

5. Kyrupane mpu temmneparypa -1°C upes
0Bp3u 000pOTH HA HOXKOBETE.

6. JloOaBsHe Ha [Ba IHTU OCTAaHAIUTE 2/3 OT
nerna.

7. JloGapsue mpu temneparypa 0°C na Van
Hees® IBS 30 u Van Hees® Primarom extra oG.

8. IlocnenqHo BHCOKOOOOPOTHO KyTHUpPaHE
npu npubmusurenso 10°C  TemmepaTypa Ha
npara.



9. IlpnHEHE BHB BOJOHEIPOITYCKINBHA 00-
BHUBKH C Kamuobsp 75.

10.Bapene B mapoBapuiIHa KaMepa Ipu TeM-
neparypa 78°C 10 mocTHraHe Ha TeMmImepaTypa
72°C B neHTHpa Ha Konbaca.

M3nou3Bane Ha 0aJ1aCTHH BelecTBa

MHOXeCTBO OIMTH MOKAa3aBaT OCBEH BCUYKO,
4e no0aBKaTa Ha 0aacTHU BEIIECTBA CE OTpa3siBa
MHOTO TIOJIOKUTEITHO Ha YCEIIAHETO B yCTaTa MPH
meBKaHe (Ayadi, M. A., Kechaou, A., Makni, 1.,
and Attia, H. 2009., Besbes, S., Attia, H.,
Deroanne, C., Makni, S., and Blecker, C. 2008.).
OnTHUMamTHOTO 3a TaKWBa CIlydad OanacTHO Be-
IECTBO ce ChABpXka B moOaBkara IBS 30 B u
MPEJICTARISIBA PACTUTEIIHOTO 0AJIACTHO BEIECTBO
uHynuH. HYIMHBT ce qo0MBa OT KOpPEHHUTE Ha
PaCTeHHETO NUKOPHUS U HE CE pasrpakKia B THH-
KHTE YepBa Ha YOBEKa, a CE BKIIIOYBA B OOMsSHATA
Ha BEIECTBaTa YaCTUYHO B Jc0EI0TO YePBO C I0-
MOIITA Ha HAJTUYHUTE TaM MIICYHOKUCETU OaKTe-
pun. Hapen cbC cBOMTE XpaHUTEIHO-(PH3HOIIO-
TUYHU TPEUMYIIECTBA, HHYJIUHBT B TOJISIMA CTe-
MeH TpHUAaBa Ha BapeHO-IyIMIEHUTE KOJ0acu c
HUCKO ChABp)KaHWE Ha Ma3HUHU TEXHUS MPUSITCH
BKYC B ycTaTa, a 3a€JHO C TOBa U BaXHOTO 3a
BKyCa NMPUBUIHO YCEIlaHe 3a Ma3HWHU. B mpo-
1eca Ha paboTa Oelre onpeeneHa MpoMsHaTa Ha
TeMIIepaTypaTa ¥ BpEeMETO 3a KyTHpaHe MPU eKC-
MEPUMEHTAJIHUS BapeHO-MyIIeH Kkojbac. bere
HAIPaBEHO CPaBHEHHE Ha ChIbPKAHUETO HA Ma3-
HUHM, OCNTHYMHHU, BOJIHO CHABPKAHUE M CHEp-
TUHHA CTOMHOCT MEX]y TPaJULIMOHHUS U EKCIle-
pumentanaus Jlumoncku konbac (Kerr, W. L.,
Wang, X., and Choi, S. G., 2005., Kim, H.-W.,
Choi, J.-H., Choi, Y.-S., Han, D.-J., Kim, H.-Y ",
Lee, M.-A., Shim, S.-Y., and Kim, C.-J., 2009.,
Yang, H.-S., Choi, S.-G., Jeon, J.-T., Park, G.-B.,
and Joo, S.-T. 2007., Yilmaz, 1., 2005.). BogHoro
ChABbPIKaHUE OellIe ONMpPeIeICHO MO0 METO/1a Ha CY-
uieHe 1o nocrosiHHa maca npu 105°C. Ceabpika-
HUETO Ma3HHUHU Oellle OmpeaeNieHo 1Mo MeToIa Ha
Soxhlet, a Ha 6enTrunHN 10 MeToa Ha Kjeldahl
(AOAC, 2000). bemre mpoBesieH XeTOHUYEH TECT
¢ momonIra Ha 9 ToukoBa ckaina (9 = xapecBaM H3-
KIIIOYUTEIHO U 1 = He XapecBaM M3KJIFOUHUTEIIHO)
(Meilgaard, M., G. V. Civille and B. T. Carr.
1991), B KOHTO OLIEHUTEIUTE OIICHSIBAT PA3TAYHH
MOKA3aTeJIM: BHHIICH BHUJ, BKYC, TEKCTypa, apo-
Mar, o010 BIICYATIICHUE.

Pe3yJ’lTaT]{l n aHAJIU3

[Ipomsinata Ha Temmeparypara Ha KyTHpaHe
Ha eKcriepuMenTannus JInoncku xonbdac e nmpexc-
TaBeHa Ha ¢wur. 1. Bpemero 3a KyTupaHe ce yabii-
JKaBa YyBCTBUTEIHO 3apalyl 3aMpPa3eHOTO U JIEKO
3aMpa3eHOTO HETIBCTO Meco. [IpoabIKUTEIHOTO
KyTHpaHE € CBbP3aHO C IMO-TOJAMO MEXaHHYHO
HaTOBapBaHE HA IpaTa, KOETO CE MPOsIBsIBAa KaToO
(dopmupane Ha eaHa ,,lI0-MeKa““ 3axanka Ha roTo-
Bus Konbac. I1o To3u HauMH ¢ ToMoLITa Ha KOJIU-
YECTBOTO 3aMPa3eHO U JIEKO 3aMpa3eHO HeT-
JBCTO MECO MPOM3BOAMUTEINSAT € B ChCTOSHHUE Ja
MIPOMEHSI BPEMETO 3a KyTUPaHE U Ja HalpaBisiBa
KOHCHCTCHLUATAa Ha O€AHUS Ha Ma3HUHU BapeHo-
ITyIIeH Kodac.

Temnepartypa, °C

=

ONBO®ON
‘ ‘

0 60 120 180 240 300 360 420 480 540 600
Bpeme, s

®@ur.1. TemnepaTypHu NPOMEHU MPU KYTH-
paHe Ha excriepuMeHTaleH JInoHcku konbdac Oe-
JIEH Ha Ma3HMHH, 000raTeH ¢ 0aJaCTHH BEILIECTBA.

[IpousBeieHUT MO Ta3u TeXHOJIOTUs JIMOH-
CKH KoJ10ac nmokassa onucadure B Taou.1 xkauecr-
BEHU TI0Ka3aTeJId B CPABHEHUE C TPAJAMIIMOHHHS
BapHaHT.

Taéaunna 1. CpaBHeHHE Ha ChABPKAHUETO HA
Ma3HMHH U KaJOPUYHOCT MEXTy TPaJUIIMOHHHS
u OentHus Ha Ma3HUHHM JIMOHCKH Konbac.

Cpappxanne Tpagunuonen Excnepumen Pas-
Jlnonckn kon- | tanen Jluoncku | nuka,%
bac Konbac

Masuuad, % 27,0+0,34 1,0+0,12 -96+0,2

Benarbuunu, % 11,0£1,02 15,1£0,24

Bona, % 60,040,22 74,5+0,51

JlobaBeHa Boja, 14,0+0,13 13,9+0,32

%

bamactan  Be- 6,0 +6

mnecTBa, %

Enepruitna 293+0,06 84+0,08 -72+0.1

croitHoct, keal (1211+0,06) (353+0,08)

()]

*n=6

AHaIM3bT OTYMTA SICHO HAYMHA, I10 KOMTO C€
MPOMEHS ChIBPKAHUETO HA MA3HUHU U €HEPrui-
HaTa CTOMHOCT (KaJIOpUYHOCTTAa) HA OETHUS Ha
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Ma3HUHH JIMOHCKH K0J16ac B CpaBHEHHUE C Ta3H HA
TpaauioHHus JInoHcku kondac. ChabpiKaHUETO
Ha Ma3HuHU € 1% u e 96,3% Mmo-HUCKO, OTKOJI-
KOTO MpH TpaauuuoHHus JInoncku komnbac ¢ 27%
ChABpXKaHue Ha Ma3HUHU. CpaBHEHHETO € Tpe/c-
TaBeHO Ha ¢urypa 2.

o 30

o X 25

I 20

rE z W TpaguumnoHeH
3 £ 15 JINOHCKM

g 210

S 5 EKkcnepumeHTa

neH
0 -

®ur.2. CbappxKaHUE HA Ma3HUHU B TPAJULIU-
oHeH JInoHCKHU Konbac U B €KCIIEPUMEHTAJIEH,
OeJleH Ha Ma3HUHH.

OcBeH TOBa, OEIHHUAT Ha Ma3HUHHU JIMOHCKH
Kosidac, KakTo € Mmoka3aHo Ha Qur. 3, mpurexana
eHepruitHa croiiHocT 84 kcal, crorBeTHO 353 kI,
KOETO € MpUOIU3UTEeNHO 72,2% Mo-MajKko OT Ka-
JIOPUYHOCTTA HA TPAAMIUOHHUS JIMOHCKU KO-
bac.

350
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50
0
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W TpagnumnoHeH
JINOHCKM

EkcnepumeHTa
neH

®ur.3. EHepruiiHa cTOMHOCT Ha TPAJULUOHEH
JInoHcku Ko0ac M HA EKCIIEpUMEHTAJICH, Oe/IeH
Ha Ma3HHUHHU.

JlanHWTE 3a XpaHWUTEIHATa CTOMHOCT Ha €KC-
MEPUMEHTAIHUS, OeJeH Ha Ma3HUHH JIMOHCKU
kojbac ca mpencraBeHu B Tabmuma 2. CeH3op-
HaTa OIICHKa, MPOBEICHA OT CIEIHaTHO O0y4YeH
€KHIT OT JEeTyCTaTOpH, Hapell ¢ APYyruTe IMoKa3a-
TeIH, ajie 1o OTHOIIIEHUE Ha MEKOTa U BKYC B yC-
TaTa yCTOWYHMBH JOOPHU pe3yNITaTH, HIIIOCTPUPAHU
B Tabmuua 3. IIpu onleHka Ha OPraHOJIENTUYHUTE
IOKAa3aTeJIM C IIOMOIITa Ha 9-TouKoBaTa CUCTEMA,
II0 KAa4SCTBEHHUTE MOKAa3aTelH ,,KOHCUCTCHIUS ",
,»apoMaT™ M ,,BKyC* He 0s1xa OTUETCHH HEIOCTATh-
[UTE ,,TYMHAPAHOCT" WJIH ,,lIpEKaJIeHa CyXOCT"".
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Tadauna 2. J[anaW 3a XpaHWTEIHATa CTOM-
HOCT Ha OeJHMsI Ha Ma3HUHM JIMOHCKU Koyibac g /
100g.

Enepruiina croiiHOCT 84+0,08 kcal
(353+0,08 kJ)

Benrbunan 15,1£0,24

Bwriexunpatu 1+0,09

- OT TsX 3axap 0

Mazuuau 10,11

— OT TSIX HACUTEHH MAaCTHH KH-

CEJIMHU 0,3+0,05

BanactHu BemecTBa 6+0,05

Hatpuii 0,8+0,06
*n=6

Tadauna 3. OpraHolenTHIHN TIOKa3aTeIn Ha
TpaguironeH JIMOHCKH Kobac U Ha eKcIepu-
MEHTaJICH, OS/ICH Ha Ma3HHMHU KoJidac.

Opranonentuyan | Tpaguuuonen | ExcnepuMenTtasen
noKa3aTesin JInoHckun JInoHcku KkoJdac
K0J10ac

BrbHieH By 6.56+1.58 6.23+0.92
Bkyc 6.89+1.45 6.33+0.91
KoHcucrenuus 6.70+£1.54 6.56+0.86
Apomat 6.90+1.53 6.69+1.04
Obwo  sre- 6.75+1.33 6.67+0.77

YaTJeHue

*n=6
H3BoaM

C momorTa Ha KOMOMHAIUATA OT TOCOUYCHHTE
CYpPOBHHH, U3IOJI3BAHUTE JOOABKU U TIOJIIPABKH,
KaKTO U OJarojjapeHue Ha MoauQuIupaHaTa Tex-
HOJIOTHYHA 00pabOTKa, € BE3MOXKHO TIPOU3BOJICT-
BOTO Ha OTJIMYeH JIMOHCKHM KOIOac ¢ HHUCKO Chb-
Jbp)KaHUe Ha MasHUHM. V3moi3BaHeTo Ha 3aMpa-
3€HO U JIEKO 3aMpPa3eHO HETITBCTO MECO 3a Ipepa-
00TKa HaJlara NOCTUTAHETO Ha PA3JINYHO BpeMe 32
KyTHpPaHE, a 110 TO3W HAYMH U Ha MEXaHWYHO Ha-
tToBapBane. C yBenn4yaBaHe HA MEXaHMYHOTO Ha-
TOBapBaHEe KOHCHCTEHIMATAa HA OCIHUS Ha Mas3-
HUHH BapeHO-ITyIIeH Kondac cTaBa mo-meka. Jlo-
0aBkaTa Ha PACTUTEIHOTO OAJaCTHO BELIECTBO
MHYJIMH NpHIaBa Ha OeHUS Ha Ma3HUHH BapeHO-
MyIIeH KOJIOAC IPUATHOTO My yCelllaHe B yCTaTa,
KOETO NpPU TPAJAMIMOHHUS KOJOAC ce JBJIDKH Ha
BHCOKOTO ChAbpP)KaHHE Ha Ma3HHHHU.
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OIITUMU3UPAHE CTPYKTYPHO-MEXAHUYHUTE XAPAKTEPUCTHUKU HA CY-
POBO-CYHIEHU MECHU ITPOAYKTH YPE3 IIPUJIOKEHUE HA CTAPTEPHU KVYJI-
TYPU

Jnana MumxenreBa

OPTIMIZATION OF THE STRUCTURAL-MECHANICAL CHARACTERISTICS OF RAW-
DRIED MEAT PRODUCTS THROUGH THE APPLICATION OF STARTER CULTURES

Diana Indzhelieva

ABSTRACT: Despite the extensive theoretical and experimental material regarding the use of starter cultures
in the meat industry, microorganisms with probiotic properties—such as lactic acid bacteria and bifidobacteria—
remain of scientific and practical interest. There is relatively limited data on the use of bifidobacteria in the meat
industry. Therefore, studying the effect of bifidobacteria in the production of meat products is of particular interest.

Literature data indicate that bifidobacteria develop successfully both independently and in symbiosis with
lactic acid bacteria in sausage mixtures. In the present study, we used two types of starter cultures: a monoculture
of Bifidobacterium longum (B2) and a combined culture in a ratio of B. longum (B2) : Lactobacillus plantarum
(L6) = 2:1.

The aim of this study is to investigate and compare the influence of a monoculture of Bifidobacterium longum
(B2) and a combined starter culture of Bifidobacterium longum (B2) and Lactobacillus plantarum (L6) on the
structural-mechanical properties of a raw-dried meat product of the “pastirma” type.

The object of the study was a raw-dried whole-muscle meat product— “Plovdiv pastirma”, produced according to
a standard established recipe. For the production of the assortment, the m. semitendinosus muscle was separated
from the hams.

The experimental samples were prepared with bacterial cultures (monoculture and combined), which were
added to the curing brine for injection at a titer of 8-9 log (cfu/g).

The structural-mechanical properties, including structural strength and plastic strength, were determined by
the penetration method using an automatic penetrometer type OB-205 MIM (Hungary), while the tenderness of
the muscle tissue was evaluated using the Grau and Hamm method [§].

The results show that the starter cultures used accelerate the process of improving the structural-mechanical
properties of the studied raw-dried product of the “pastirma’ type. This is particularly important from a practical
point of view, as the use of starter cultures leads to intensification of the technological process.
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B pesynrar Ha TOBa ce (hopMuUpPAT CTPYKTypaTa,
EnuH oT peaiHuTe HAYMHY 32 MOIOOPSBAHE HA ~ [[BETA W aPOMATHO-BKYCOBHTE XapaKTEPUCTHKH
KayecTBOTO HAa CYPOBO-CYIICHHUTE MeCHH mpo-  Ha rotoBusi mpoaykt (Leroy F., Verluyten J.,
IYKTH U o0oraTsBaHe Ha acOpTUMEHTHaTa cTpyk-  Vuyst L., 2006). M3cnenBanusta, OTHOCHO W3-
Typa B YCJOBHATAa Ha ITOCTOSHHO HapacTBalla  IIOJ3BaHETO HA CTAPTEPHH KYJITYPH IOKa3BaT, ue
KOHKYPEHIIUS € pa3paboTBaHETO ¥ BHEJPSIBAHETO  TaKa Ce MOCTUTa M 3HAYMTEIHO ChKpallaBaHe Ha
Ha HOBM TEXHOJIOTHH, OPUEHTHUPAHU KbM MHTEH-  TEXHOJOTHYHHUS MPOIIEC, BCICJACTBHE YCKOPsBa-
3uduKaIKs Ha CIOKHUTE OMOXMMHYHHM IPOMEHM  HETO Ha MpolecuTe 3peeHe u cyiene (Drosinos,
B MecHarta cypoBuHa (Ranade, A. & Malav, O.P. E. H. et al. 2007., Pidcock K., Heard G.M.,
(2025., Buckenhiiskes H. J., 1993). TaksB Hauna ~ Henriksson A., 2002).
ce sIBsIBa IIEJICHACOUEHOTO HU3I0JI3BaHE HAa MUKPO- He3aBrucrumo oT OOIIMPHUS TEOPETHYECH U €KC-
OpPraHM3MH, Ype3 KOETO C€ HaIpaBlisiBa M pery-  IMEePUMEHTAJIeH MaTepuan [0 OTHOIICHHE Ha
JIupa XoJa Ha OMOTEXHOJOTUYHUTE, (PU3UKOXHU-  YIOTpedara Ha CTapTEPHHUTE KYATYPH B MecHaTa
MUYHHTE W  MHUKPOOHMOJOTHYHHUTE IMPOLECH  MPOMHMIUICHOCT, HAYYCH M MPAKTHUYECCKU HHTEPEC
(Arihara K., 2006., Danielsen M. and Wind A.
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3a W3CNeJBAaHE NPEJICTABIISIBAT MHUKPOOPTaHM3-
MUTE C TPOOUOTUYHHU CBOMCTBA KATO MIICYHOKH-
cenmure U Oudunodakrepunre (Pennacchia C.,
Ercolini D., Blaiotta G., Pepe O., Mauriello G.,
Villani F., 2004., Rivera-Espinoza Y., allardo-
Navarro Y., 2010., Ruiz Moyanos, Martin A.,
Benito M.G., 2008., Vuyst L.D., Falony G., Leroy
F., 2008). MneunokucennuTe OaKTepud HAMHPAT
HIMPOKO TIPWIIOKEHNE B ChCTaBa HAa CTAPTEPHUTE
KyJTYpH, a TIOHSKOTa Ce M3MOJI3BAT U CaMOCTOSI-
tenHo (Indzhelieva, D., A. Kuzelov, N.Taskov, D.
Saneva, D. Metodievski. 2014). IIpoaympaneTo
Ha OPTaHUYHH KUCETHHHU, IPEAUMHO MJICUHa KH-
CeNIMHA OT BBIJICXHPATH, € OCHOBHATA POJIsl Ha
MJICYHOKHUCETTUTE OAKTEpUH MIPU 3PECHETO Ha Cy-
POBO-CYIIICHUTE MECHH MPOoayKTH. KaTo nmosuiia-
BaT KMCEJIIMHHOCTTA Ha Cpe/iaTa, MICYHOKHUCEITUTE
0aKkTepuy yJ4acTBaT B KOAryialusTa Ha MYyCKYJI-
HUTE TPOTCHHHU, JABallXl KATO PE3yNTaT MOBH-
HIeHa crocoOHOCT 3a psi3aHe, INTBTHOCT U CTerHa-
TocT Ha KpaiHus npoaykt (Hwang, J. et al
2023.,Drosinos, E. H. et al. 2007., Leroy F.,
Verluyten J., Vuyst L., 2006). OrtHocurenHo
MAaJIKO ca JaHHUTE 32 U3M03BaHe Ha Ouduaodak-
TEpUUTE B MECHaTa MNPOMHIUICHOCT. [lopanu
TOBA, U3CIICJIBAHETO HA e()EKTa OT M3MOJI3BAHE HA
O0u(puI00aKTepUH B MPOU3BOJCTBOTO HAa MECHH
NPOJIYKTH MPEJCTABIsABa OIPEICNIiCH HHTEepecC.
JlutepatypauTe naHu mokaspar, de Oudumodak-
TEPUHTE CE PA3BUBAT YCIICIIHO KAKTO CAMOCTOS-
TEIHO, TaKa X B CHMOM03a ¢ MJICYHOKHCETH OaK-
TEpUH B KOJ0AcHATa Maca; POyIUpaT MIICYHA 1
netnuBr MacTHH kucenuHu (Indzhelieva Dijana,
K. Valkova-Jorgova, A.Kuzelov, D. Andronikov.
2015). Texnure MeTaOONUTHU TPOAYKTH HMAT
BUCOKH PEIylHUpAIld CBOMCTBA, KOETO CHOCOOC-
TBa 3a 00pa3yBaHe M CTaOWIM3alMs Ha [BETa Ha
MCCHHUTC NPOAYKTHU IPU CPABHUTECIIHO HUCKA KOH-
neHTpanus Ha HatpueB HUTpHT (Bertuci, M. L. et
al. 2025.,Talon, R. et al. 2023., Sallan, S. et al.
2023). Te3u kauecTBa Ha OuduIoOaKTEpUHTE Pa3-
KpPHBAT CEPHO3HA MEPCIEKTHBA 32 M3MOJI3BAHETO
UM KaTo CTAPTEPHU KYJITYPH B MECHATA MPOMHMIII-
JICHOCT.

Hen

enra Ha Hactosmata pabora € aa ce W3c-
JelBa M CPaBHU BIMSHHETO HA MOHOKYJITYpa OT
Bifidobacterium longum (B;) m xomMOuHupaHa
cTapTepHa Kyinrypa ot Bifidobacterium longum
(B2) u Lactobacillus plantarum (Ls) BbpXy CTpyK-
TYpHO-MEXaHWYHHUTE MOKa3aTeJd Ha CypOBO-CY-
IIIeH MECEeH MPOIYKT THI ,,TacThbpMa’.
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MaTepnaJm H METOAU

B ekcnepumenTtannaTta paboTa ca W3MOI3BaHH
guctu Kyatypu Lactobacillus plantarum (Le) u
Bifidobacterium longum (B>). [llamoBete ca mpe-
JOCTaBEHU OT YacTHA JINLIEH3UPaHa J1abopaTopHsI
3a aHalU3 ¥ KOHTPOJ Ha XpaHu — rp. CiuBeH.
Criopen JaHHUTE OT JINTEPATYPHUTE U3TOUHHULU
JBaTa I1aMa OTroBapsT Ha HEOOXOAUMHUTE KpUTe-
pHUH 32 U3MOJI3BAHETO UM KAaTO CTapTepHH KyJI-
TYpPH CaMOCTOSITENIHO, a CBhIIO M KaTO KOMOWHU-
paHa 3aKBacka. B HacTosIOTO Ipoy4BaHe U3MOJI-
3BaxMe JIBa THMA CTAPTEPHU KYJITypH: MOHOKYII-
Typa B. longum (B:) 1 koMmOuHupaHa KynTypa chbC
crotHOmenue B. longum (B;) : L. plantarum (L)
- 2 : 1. AxTUBUpaHeTO Ha CyXHs OakTepuajeH
npenapar ce M3BBpIIBA B 00€3MaciIeHO U
crepuimsupano npu 121°C 3a 13 MuHYTH MIISIKO,
Koeto ce oxyakaa 1o 37°C. 3akBackara ce BHACS
B komdectBo 0,1g Ha 11. 3akBaceHOTO MIISIKO ce
ocraBs B Tepmocrar npu 37°C 1mo mocturane Ha
KucenMHHOCT 60-65°T W JIeKo YIUIBTHSBAHE.
Cwmecra ce oxnaxaa 10 5°C.

B ToBa m3cnenBaHe 0OEKT Ha BIUSHHETO Ha
CTapTEPHUTE KYITYpH € CypOBO-CYLIEH HPOIYKT
OT Hepa3ApoOeHO Meco — macThpMma ,, I lmoBawB”.
CBHMHCKOTO M€CO 3a nmactbpma ,,[limosaus” Oerire
JIOOHUTO B periiaMeHTUpaHa kiaHuna «CTpaHka
MII», bonsiposo. EkcnepuMeHTanHUAT Cy-
POBO-CYIIIEH MPOAYKT ce MpOoU3Beae BbB Pupma
»Kapmunar” EOO/] — Crnusen.

3a Mpou3BOJACTBOTO HA ACOPTUMEHTA OT OyTO-
Bere Oerre orneneH m. Semitendinosus. Taka or-
JeNIeHATe MYCKYJIH ce opopMuxa KaTo mapyera ¢
J1aIka MOBBPXHOCT, KaTO C€ OTCTPAaHUXa U3JIHIL-
HaTa TIBCTUHHA THKaH U CyXOXWwinsa. ONUTHUTE
U KOHTPOJIHUTE MPOOH OCONIIBaXMe 4pe3 IIIpH-
[IOBaHE CBC COJIEB PAa3TBOP C KOHIIEHTpAIUs
15°Be B konnyecTBO 4-6% CrpsAMO Macara Ha Cy-
POBHHATA M TIOCIIE/IBAIIIO CYX0 OCOJISIBaHE, U3BBP-
HIBaHO Ype3 HATPUBAHE ChC COJIOBA CMEC ChC ChC-
taB 2,6% con, 0,03% natpues Hutpar, 0,30% 3a-
xap. OcoisiBaHETO NMPOBEXIaxXMe IpHU TeMIlepa-
Typa 4-6° C 3a 1Ba qHu.

OnurtHuTe NPoOM HPUTOTBIXME C OakTepH-
alHa KynTypa (MOHOKYNTypa M KOMOHMHHUpaHa),
KOSITO TpUOaBSIXMe B OCOJISIBallIMs Pa3TBOp 3a
mmpunoBane ¢ THTEP 8-9 log (cfu /g ). bakrepu-
aJlHaTa KyJITypa Biaraxme B kosimuecTBo 70 ml 3a
10 kg cypoBuHa, ocurypsiBamo oOCeMeHsBaHE C
6-7 log (cfu/g).

Crien oconsiBaHETO ONWUTHUTE W KOHTPOJIHU
npobu mozcymasaxme npu Temmneparypa 13° C u
OTHOCHTETHA BIAKHOCT Ha BB3Ayxa 75-80% 3a



eauH a0 nBa gau. Cieq OTHEMaHe Ha MOBBPXHOC-
THaTa Bllara, CyII€HETO Ha TPOOWTE MPOBEXK-
naxme npu Temneparypa 12° C, ornocutenHa
BrnaxHocT 77-80% u ckopocT Ha BB3ayxa 0,15
m/s B mpoxbpkenne Ha 19-20 nan. Ha 5-s aed ot
CYIIEHETO M3BBPIIBAXME €IHOKPATHO TPECyBaHe
Ha BUHTOBa Ipeca 3a 24-yaca. Ha 18-1 e ot cy-
IIIEHETO ONMMMUTHUTE M KOHTPOIHHU IIpodH Kaiizepo-
BaxMe C KaifzepoBama cMmec cb¢ cheTaB 50% 4u-
MeH, 30% uyepBeH numep, 20% cuykaH YechHH,
KaTo KbM cMecTa Jo0aBsixMe 0510 BUHO JI0 TOTy-
YyaBaHE Ha I'bCTA XOMOT€HHa Kaia. Taka kaiizepo-
BaHUTE MPOOH MOACYyIIaBaxXMe IIPH ropeynoMeHa-
TUTE TEMIIEPATYPHH U BIQXKHOCTHH YCIIOBHSI 32 3-
4 nam. LenusaT mpon3BOACTBEH UKBI HPOIBIDKA-
Bame 22 gaum. Ilo ommcanata TexHONOTWYHA
cxema 0s1xa MpOM3BEeIEHH IIECT MAPTHIN OT KOH-
TPOJHY U ONMMUTHU poOu macTspma ,,IlmoBauB”.

3a ycTaHOBSIBaHE BIMSHUETO HA U3IIOI3BAHUTE
CTapTEepHU KYITYpU BBPXY CTPYKTYpHO-MEXa-
HUYHUTC ITPOMCHHU Ha U3JICABAaHUA CYPOBO-CYHICH
MPOIYKT OT HEPa3ApoOEeHO MeCO, TPOBEIOXME U3-
CIIeZIBAaHUSl BBPXY H3XOJHATa CYpOBHHA, CIeEl
ocossiBaHe (Ha BTOpHSA JIEH), TPEAH IpecyBaHe
(Ha mectHs neH), cien mpecyBaHe (HA OCMHUSA
JIeH), Ha MIECTHAJECeTHs JCH OT CYIIEHETO W Ha
nBajzeceT u BTopus JieH. CTpyKTypHO-MEXaHH4-
HUTE CBOMCTBA, BKIIOYBAIIM IIOKa3aTEIUTE
CTPYKTYpHA 3[[paBHHA ¥ TUIACTUYHA 3JpaBHHA Ca
OIIpeeNICHH TI0 METO/Ia Ha TIEHETpaIHs C aBTOMa-
TrdeH nenerpomeTsp THn OB-205 MIM (YHra-
pusi), a HEXKHOCTTA Ha MYCKyJTHaTa ThKaH OIpe/ie-
mxme mo Meroga Ha Grau m Hamm AOAC
(2000).

Cratuctuueckata o0pabOTKa Ha TIOMYYCHHUTE
JaHHW € W3BBpIIEeHA 4pe3 coPTyepeH MPOIyKT
»STATPLUS 2009“.

PesyaraTu u ananu3

Wznomn3Banero Ha cTapTepHU OaKTepHaTHU
KyJITypyd TpH TPOHU3BOJCTBOTO Ha CYPOBO-CY-
IIIEHH MECHHU MPOJYKTH € CBBP3aHO U C TAXHOTO
BIIMSIHUE BBPXY CTPYKTYPHO-MEXAHUYHUTE UM
cBoiicta. [IpoBenenuTe 10 cera mpeAMMHO Opra-
HOJICIITHYHU M3CJICIBAHMS B TOBA OTHOIIICHUE T10-
Ka3BaT 3HAYUTEIHO IOJ00pPEeHHE Ha KOHCHCTEH-
uATa Ha MECHUTE IIPOJAYKTH. PeSy.HTaTI/ITe OT Ha-
IIUTE U3CIIEABAHUS BHPXY CTPYKTYPHO-MEXaHWY-
HUTE CBOMCTBA HA OMUTHUTE U KOHTPOIHU MPOOH
Ha mactepmMa ,, I lToBauB” ca mpeacTaBeHu B TaOJI.
1,2wu3.
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Taoauna 1. [IpomsHa Ha CTpyKTypHaTa 31Ipa-
BHMHa, g/cm’, (n=6)

MowmeHT KOHTpPOJIHA B.longum B. longum u
Ha WH3cneq- L.plantarum
BaHE

CypoBuHa 1833+198 18324218 18324215
2-pu IeH 4178+377 3007+193 2795+313
6-u 1eH 10270+599 9000+670 73261694
8-u nen 2385242081 | 22995+803 | 16000+1119
16-n en 4989942854 | 47000+1199 | 36200+3000
22-u JeH 70000+£6180 | 67759+£3228 | 5122744519

OT pe3ynratuTe 3a MPOMEHUTE B CTPYKTYp-
HaTa 3][paBUHA, MPEJCTaBEHH B TaOJN.1 ce BUXKIa,
4e OT HaYaJloTo JI0 Kpas Ha TEXHOJIOTHYHHUS MPO-
LIEC Ce YCTaHOBSIBAa TEHICHLMS 32 HENPEKbCHATO
HapacTBaHE CTOWHOCTHTE Ha TOKa3arels. 3a
ONUTHHUTE NMPOOH, MPOU3BEACHU ChC CTapTepHA
KyJITypa TOBa HapacTBaHE € 3HAYMTEIHO IIO0-
c1a00 B CpaBHEHHE C TOBA 32 KOHTPOJIHATA Mpooa.
Hoxarto pa3nuuusta B CTOMHOCTUTE 3a CTPYKTYp-
HaTa 3J[paBHUHA CIIe]l OCOJIIBAHETO 32 OMUTHUTE U
KOHTPOJIHATa Mpoda ca CPaBHHUTEIHO TO-MaJKH,
0coOeHo 100pe Te ca U3pa3eHH B IpoIieca Ha Cy-
nieHe. [IpomeHuTe 3a mMoKaszarens IUIACTHYHA
3IpaBUHA, IPEJICTABEHH B Ta0J1. 2 MOKa3BaT MOI0-
OcH XapakTep M JWHAMUKAa Ha HM3MCHCHUSATA,
KaKTO TpU MOKa3aTessl CTPYKTypHA 37paBHHA.
CroiiHOCTUTE Ha TUIACTHYHATA 3[paBHUHA HAPACT-
BaT 110 BpEME Ha TEXHOJIOT'MYHUA IIPOLEC 3a OIIUT-
HUTE ¥ KOHTpoHATa ipoba. Crensa qa MOCOYUM,
4ye 3a ONMWUTHHUTE MPOOW TUIACTHYHATA 3]paBUHA
UMa TO-HUCKH CTOWHOCTH, OTKOJKOTO TE3H 3a
KOHTPOJIHATA MPOo0a.

PesynTatuTe 3a mokasarelns HEKHOCT Ha MYyC-
KyJiHaTa ThKaH 1o ['pay ca npeacraBeHH Ha TaOl.
3. Ot X ce BUXK/Ia, 4e MPOMEHUTE B HEIKHOCTTA
ce M3pa3siBaT B HapacTBaHE Ha CTOWHOCTUTE Ha
MOKa3aTes Cclie]l ONepalusiTa OCoIsIBaHe, KOETO €
0Cc00eHO J100pe n3pa3eHo Mpu onuTHATa npoda. B
npoiieca Ha CyIIeHe ce HaOJ0aBa HaMallsiBaHe
Ha HEXKHOCTTA, KAKTO MPH OMUTHUTE, TAKa U MPH
KOHTpOJIHATA IIpo0a, KaTo TOBa HaAMaJIsIBaHeE € I10-
cnabo mpu onuTHUTE MpoOu. B mporeca Ha cy-
HICHE CTOWHOCTHTE Ha MOKA3aTeNs HeXHOCT Ha-
MaJISIBaT, KOETO € CBBP3aHO C MPOoleca Ha YIUThT-
HSIBaHE Ha MYCKYJIHaTa ThKaH B Pe3yTaT Ha 00e3-
BOJIHSIBAHETO Ha MPOYKTa, YBEINYCHHE KOHIICH-
TpalusATa HAa TOTBApCKATa COJ M CBHP3AHUTE C
TOBa JICHATypallMOHHU IIPOMCHH HAa MYCKYJIHUTC
oenTburHU. [Ipr KOHTPOJIHATA TTAPTH/IA MTOBHIIIA-
BaHETO Ha HEXHOCTTA 3all0YBa 3HAYUTEIHO II0-
KBbCHO enBa cien 20-s1 AeH, KOraTo Ce MPOosBsIBa
JIeCTBUETO HA COOCTBEHATa CH3UMHA CHcTeMa Ha
MECHUTE CYpPOBUHHU H OCOJIsBaIIaTa cMec audyH-
Jypa B )I’I)J'I60‘II/IHa Ha MYCKYyJIHaTa ThbKaH.



Tadauua 2. [IpoMsHa Ha TIaCTHYHATA 3]Ipa-
BHMHa, g/cm?, (n=6)

MowmeHT KOHTPOJIHA B.longum B. longum u
Ha W3Clen- L.plantarum
BaHe

CypoBuHa 485442 483440 481+39
2-pu jieH 715+64 601+50 599+37
6-1 JIeH 2407+186 2124471 1398+107
8-u nen 48074435 4177+139 26024298
16-n 1en 6700+£520 70524360 5200+702
22-u feH 7100+£501 7300+407 54934390

Ta6amna 3. [IpoMsHa Ha moka3aTenst HEX-
Hoct, cm*/ g, (n=6)

MowmeHT KoHTponHa | B.longum B. longum n
Ha W3Clen- L.plantarum
BaHE

CypoBuHa 8,34+0,36 8,64+0,46 8,69+0,38
2-pu JieH 9,10+0,15 10,70+0,30 | 12,9840,17
6-1 JIeH 7,28+0,27 7,90+0,30 9,81+0,15
8-u jien 6,61+0,50 6,41+0,40 8,25+0,32
16-u nen 5,30+0,60 5,60+0,22 7,00+0,34
22-u feH 5,014+0,20 5,30+0,20 6,94+0,37

Ilomyuenure pe3ynraTd 3a TPOMEHUTE B
CTPYKTYpPHO-MEXaHUYHHUTE CBOWCTBA Ha OIUT-
HaTa W KOHTPOJHUTE NPOOH OT H3CICABAHUTE
ACOPTUMEHTH TIOKa3BaT, Y€ W3I0JI3BaHaTa CTap-
TEpHAa KyJITypa OKa3Ba CBHIIECTBEHO BIHSHHUE
BbpPXY Te€3H cBoicTBa. IloBUIlIaBaHETO Ha HEX-
HOCTTa Ha OIIMTHHUTEC HpO6I/I " CpPaBHUTCIIHO HHUC-
KUTE CTOMHOCTH Ha CTPYKTypHaTa M IUIACTHYHA
3[IpaBHHA B IPOIIECa Ha OCOJISIBAHETO €A CBBP3aHH
C HAaCTHIIBAHETO Ha JECTPYKTUBHHU IIPOLIECH B
MYCKYyJIHaTa TbKaH W MNPEAMMHO Ha YaCTUYCH
XHUIIPOJIN3 HA MYCKYJTHUTE OENTHhUYMHU MOJ] JeHCT-
BUETO Ha BHECEHUTE OaKTEepUaIHU KynTypH. ToBa
ChbBIIaZla C aKTUBHOTO UM pa3BUTHUEC NIPE3 IIbPBUTE
JIBa-TPHU JHHU, 33 KOETO OJaronpusTCTBAT U YCIIO-
BUSITA HA cpellaTa B Ipolieca Ha OCOJISIBAHETO — IO
BHCOKa aw — CTOMHOCT. EcTecTBeHO, B HACThIBa-
UTE ACCTPYKTUBHU U3MCHCHH y4aCTBaT ThbKaH-
HUTE (PEPMEHTH M TE€3HW Ha HAIWYHATA MHUKPO]-
nopa. B nporeca Ha cyiieHe HacThIIBa MIPOLIEC HA
YILTbTHSIBAaHE Ha CTPYKTypaTa, CBUBaHE Ha MYcC-
KYJIHUTE BJIAKHA, [IOPaJld KOETO CTOMHOCTUTE Ha
CTPYKTypHAaTa U IJIaCTUYHA 3/IpaBUHA HapacTBarT,
a Te3W 3a HEeKHOCTTa — HaMmamsBaT. TakaBa TeH-
JCHI A C€ YCTAaHOBABA U B HAIIUTE U3CJICABAHUA.
[lo-HUCKHTE CTOWHOCTH Ha HpPOOUTE ChC CTap-
TepHH OaKTEpHAIHU KYJITYpH BEPOSITHO CE€ IbJI-
KaT Ha HaMaJIIBaHE BHCKO3WTETa Ha OENTHYHO-
COJIOBUTE Pa3TBOPM Ha MYCKYyJHaTa TbKaH U OT
JIpyra CTpaHa ¢ BIMSHHETO UM BbpXY 37paBUHATa
Ha MEXIYMOJEKYJIHUTE Yy4aCTBbIH Ha CTPYKTYp-
HaTa Mpexa. B mpoueca Ha cylieHe CTpyKTyp-
HUTE U3MEHEHHS B ONUTHHUTE MPOOU ca Mmo-u3pa-
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3€HH U C€ JBJDKAT KaKTO Ha Pa3BUTHETO Ha OakTe-
pHATTHUTE KyITypH, Taka U B pe3yaTaT Ha JeucT-
BHETO HAa MPOAYKTHUTE OT TAXHATA >KU3HEACATEIN-
HOCT.

H3Boan

B 3akmroueHue Mo)keM Ja 000O0IMM, Ye H3-
MIOJI3BAHUTE JIBA THIIA CTAPTEPHU KYJITYPU: MOHO-
kyntypa B. longum (B;) u koMOuHHpaHa KynTypa
cbe croTHOIIeHue B. longum (B:) : L. plantarum
(Le) - 2 : 1 yckopsBar mporieca Ha mogoOpsiBaHe
Ha CTPYKTYPHO-MEXaHHYHHUTE CBOMCTBa Ha HM3C-
JeBaHUS CYPOBO-CYIIEH NPOAYKT THI ,,l1ac-
ThpMa”. ToBa € 0COOCHO BaKHO OT MpaKTHIHA
TJIeTHa TOYKA, Thil KaTO IPH M3II0JI3BaHE Ha CTap-
TEPHU KYJITYPH C€ MOCTUTa WHTeH3UUIpaHe Ha
TEXHOJIOTHYHHUS TIPOIIEC.
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