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MATEMATHYECKHN METOIU 3A I'PYIIMPAHE U ONEHKA
HA PAMOHUTE HA BFBJITAPUS CIIOPEJ] CPEJEH JOBUB HA
HAKOU 3EMEJIEJICKH KYJITYPHU OT 2001 I'. 1O 2015 T.

Hean KepanoBa

Arpapen yuusepcurer-Iliosaus

USING MATHEMATICAL METHODS FOR GROUPING AND
EVALUATING THE REGIONS OF BULGARIA ACCORDING
TO THE AVERAGE YIELD OF SOME AGRICULTURAL CROPS
FROM 2001 TO 2015

Neli Keranova

Agricultural University-Plovdiv

Abstract

The present work analyzes statistical data related to the average yields of the following
agricultural crops: wheat, barley, grain maize and silage maize, sunflower, rye, triticale and
alfalfa in Bulgaria in the period from 2001 to 2015. For this purpose the territory of our
country is divided into six regions: northwest, north central, northeast, southwest, south
central and southeast. The main objectives that have been set can be summarized in the
following directions: to group the regions of our country according to the average yields of
the respective crops, to make a comparative assessment, to compile mathematical models
representing the dependence of the average yields of the respective crops on time for each
region. Hierarchical cluster analysis and single-factor analysis of variance were used. As a
result, it was found that the northeastern region has the highest average yields of wheat
(3930.07 kg/ha) and barley (3556.13 kg/ha). The highest average yields of grain maize
(4749,07 kg/ha), sunflower (1868,93 kg/ha) and triticale (3625,75 kg/ha) are in the north
central region and the highest average yields of rye (2178,21 kg/ha) — in the northwest. The
highest average yields of alfalfa (5009.43 kg/ha) are in the southwestern region.

Keywords: mathematical models, hierarchical cluster analysis, agricultural crops



BbBenenue

3bPHOIMPOU3BOICTBOTO € OCHOBEH MOJOTPAChI HA PACTCHUEBBACTBOTO B bhirapus, Thid
KaTo 3BPHOTO € OCHOBHATA YaCT OT XPAaHWTCIHHWTE 3allaCk Ha CTpaHaTa. 3bPHCHUTE KYJITYPH
OCHTYpPSIBAT XPaHH 33 KMUBOTHHUTE M XOpaTa. 3bPHOTO M HETOBUTE MPOU3BOIHN 3a6MaT 3HAYUTEIICH
msm B m3Hoca Ha bwarapums (Kostadinov, A., Mollov, D., 2015, Ivanov, P., 2014). V Hac
CBIIECTBYBAT OJArONPHUATHH MOYBEHH U KIIMMATHYHU YCIOBHUS 32 OTIJICKIAHETO HA pa3HOOOpa3HU
3BPHCHU KYJITYPH - MIICHUIA, CYEMHUK, napeBuna u ap. OTIIeKIAHETO UM 3aBHCH JI0 TOJIsIMa
CTEICH M OT peliepa, HaIMOPCKaTa BUCOUHHA, IUIOIOPOJINETO Ha MOYBUTE U TAXHATA BIAYKHOCT.

OCHOBHUTE IIEJIHM B HACTOSIIAaTa paboTa MOrar Ja ce KIaCHOUIUPAT B CJASIHUTE HAKOIKO
HaIpaBJICHHS:

e Jla ce HAIpaBW IpyNUpaHe Ha MICCTTE paiioHa, HA KOWUTO € pa3zencHa bbarapus, cropen
CpelHUTE MOOWBU OT 3BPHEHHUTE KYNTYpH: MIICHUIA, NAPEBUIA 332 3bPHO U 33 CHIIAXK,
CUEMUK, PBIK, TPUTHKAIIC,

e Jla Cc HalpaBM MHOTOIIOCOYHA CPAaBHHUTEIIHA OICHKA Ha TE3W PAMOHH CIIOpPEI CPEIHHUTE
JOOMBH OT TIOCOYEHHUTE KYJITYPH.

Marepuanau 4 MeTOIH

CTaTI/ICTI/I‘IeCKI/ITe JAaHHU, ITOMJIOXKCHH HAa MAaTCMAaTHU4YCCKa 06pa60TI<a B Ta3u CTaTud, ca
TIOJTyYeH! OT 0a3aTa aHHU Ha OTHEN ,,ATPOCTaTHCTHKA" Ha MHUHHCTEPCTBOTO HAa 3eMEICIHETO U
xpanute (Agrostatistical Reference Book 2000-2014). IToxyuenata ua(opMaIys ¢ CBbp3aHa ChC
CpenHUTe NOOMBH Ha CICTHHUTE 3bPHEHH 3€MEICNICKH KYITYpHU: MIICHHUIIA, CYSMUK, [[APEBHUIIA 32
3BPHO, IAPEBUIIA 33 CHJIAXK, CIILHUOTIIEHA, PBXK, TPUTHKAJE U JIfolepHa 3a nepuona ot 2001 r. g0
2015 r. 3a mectTe paifoHa Ha TepuTopusiTa Ha bearapus: ceBepos3amajeH, CEBEpPEH IEHTpAJEH,
CEBEPOM3TOUCH, FOTON3TOYEH, I0JKEH IICHTPaJICH U I0T03aIaicH.

Krnacuueckn MaTeMaTHKO-CTaTHCTHYCCKH METOJl 3a TPyNUpaHe Ha OTIOCIHU OOCKTH B
KIBCTEPH CIIOPE]] CTEIICHTA MM Ha CXOICTBO IO OIPEACICHH II0KAa3aTeld € HepapXU4HUST
KIIBCTECPEH aHaIn3. C'LHIeCTByBaT PasiInIH METOAU 3a KIIbCTCpU3alUsa, KaKTO U Pa3INUHU MAPKU
Ha CXOJICTBO, Upe3 KOUTO MOXKeE Ja ce U3BbpIH To3u aHanu3 (Ganeva, Z., 2016, Cronk, B., 2012).
B mactosmara paboTa HM3MOI3BaMe METONBT Ha MEXIYTPYMOBOTO CBBP3BaHE, a 3a MsIpKa Ha
CXOJCTBO M30HMpaMe KBaJPaTUYHOTO EBKIUIOBO pa3cTosHHUE. [Ipy TO3M METOoJ pa3CcTOSHHETO
MeKIy nIBa KibcTepa A u B ce mepuHmpa kato cpemHara crodHocT Ha nA.nB  Ha Opoi
pa3cTosHUS Mexkay nA Touku oT A U nB Touku ot B upe3 dopmynara:

1 Ny Np o
D(A,B)=———3 3 d(x, %) d(x%) = Shes(kim = )’ . = Lom
nyng o j=1

KBJIETO CyMara Ce€ M3MeHs 1o BCHYKM Toukd X (1 ) M X j or A m B. Upe3 o3nHauaBame

KBAJPAaTHYHOTO  CBKIMIOBOTO DA3CTOSHHE Mexay naBa Bekropa X, (X;,X,, ,...,xip)n
X (X5 X 50 X5,

3a W3BBPIIBAHE HA MHOTOIMOCOYHA CPABHUTENHA OlEHKa Ha paiionure or bbarapus
CIIOpe/ CpenHus UM JO0OUB OT CHOTBETHATA KYJTypa € M3MOJI3BaH eAHO(MAKTOPEH JAUCIEPCHOHCH
aHanmu3 U TecT Ha J[pbHKaH. JlaHHUTE ca M3BIeUYEeHHN U TIOJATrOTBEHU 3a 00padoTka B cpepata Ha MS
Excel. Maremaruueckara o0paboTka € W3BBpIICHA Ype3 CTATHCTUYECKHUS MPOTPaMeH MPOAYKT
IBM Statistics SPSS 23 (Ward JH., 1963).

PesysraTu u 06chikaaHe

Ha ¢wurypa 1 ca mpencraBeHum rpadudHO pe3ynTaTuTe OT KIBCTEPHU3AIMOHHATA
nporeaypa 4pe3 AeHIporpama. B camMocTosiTeneH KIIbCTEp Ha CPABHUTEIHO MAJKO EBKJIHJIOBO

5



Pa3CTOSIHME Ce TPYNMHPAT CEBEPEeH LEHTPAIeH PailoH M CeBEpPOM3TOYEH pallOH, KOWTO HMar
JIOKa3aHO CXOJCTBO MO CpEJIeH JOOWB Ha MIICHWIA, CUYEMHK, CITBHYOIIIE], TIPH TOBAa Ca C Haii-
BHCOKHM JIOOMBH IIO NTOCOYCHUTE KYITYpH B CpPaBHEHHE C OCTaHAIHUTE paioHu. FOxeH LeHTpaieH
paiioH M rorozamaJieH paiioH ChIO (GOPMHUpAT OTAENICH KIIBCTEP, IOpaJH JIOKa3aHO CXOJCTBO B
JOOMBHTE OT JIIOLEPHA /Hali-BUCOKH B CPaBHEHHE C JIPYIHTE paloHW/ W Hal-HHUCKU JTOOWBH OT
HIIECHNUIA, €4EMHK U CITbHUYOTIIE].

Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine

a = 10 15 20 25
1 1 1 1 1
K2meH ueHTRpaneH 5
K2 rozanageH (5]
K rousToden 4
=
CesepeH UgHTpaneH 2
CesepoMaToqeH 3
CeseposanageH 1

®urypa 1. lennporpama, npencTapsiiia pe3yaTaTHTe 0T KIIbCTEpH3alHOHHATA TIPOLeIypa Ha
mecTTe paioHa Ha bweirapus criopen cpeneH noous Ha ¢pypaxkuu kyntypu (kg/ha) ot 2001 r. 10
2015 r. ype3 MeTo1a Ha MEXIYTPYIIOBOTO CBbP3BaHE

EnHodakTOpHUAT IUCHEPCHOHEH aHalW3 JaBa BB3MOXKHOCT Ja C€ HalpaBH
MHOTOIIOCOYHA CPaBHHUTEJIHA OIEHKA Ha IIECTTe paioHa, HA KOWTO € pa3JieleHa TePUTOPHATA Ha
Bbarapust cropex cpeaHuTe JOOMBH OT pasrieKIaHUTe 3eMelernckd Kyiarypu. OOmara
CTATUCTUYECKA OLICHKA INPU MOBEYETO 3EMECNICKH KYJITYPH MOKa3Ba HMBO HAa 3HAYMMOCT, IO-
Majko or rpemkara 0,5, KOE€TO € IOCTaTb4YHO Ja CYHTaMe, Y€ CPeIHHUTE IOOMBH OT TIX
NPHUTEKABAT CTATUTHYECKH PAa3IM4usi U OOIIUAT MOJEN € CTaTUCTHYECKH 3HauuM. M3kiroueHne
MIPaBAT OIIEHKUTE 3a CpejicH MoOMB Ha 1apesuna 3a 36pHO (0,7) u napesura 3a cunax (0,9). Tosa
03HauaBa, 4e OOIIMAT MOJIEI, OTHACSII CE JI0 TSX, € CTATHCTUYECKN HE3HAUUM.

Crien nmpunarane Ha eIHO(AKTOPEH JAUCIIEPCUOHEH aHAIU3 Ce YCTAHOBH, Y€ C Hal-BUCOKH
cpenHn mobuBHM OT mmeHMIa 3a mepuoxa or 2001 r. mo 2015 r. e CeBepOM3TOYHMAT paloH
(3930,07 kg/ha), HO Tyk TOOWBUTE MMAT TOJISIMO CTaHJIApPTHO OTKJIOHEHWE, KOETO O3HavaBa, 4e He
ca cTaOUIIHHU BBB BPEMETO, a C Hail-HUCKHU — foro3amanuus (2721,87 kg/ha). C Hail-BuCOK cpeneH
JI00MB OT edeMHuK e ceBeponsToueH (3556,13 kg/ha), HO CHIIO HEYCTOWYNBY BEB BPEMETO, a C Haii-
HUCBK — roKeH neHtpaieH 2550,87 kg/ha) u rorozamamen (2549,07 kg/ha). Cpauornen (1258
kg/ha), pex (1579 kg/ha) u Tputukane (2476,29 kg/ha) nma Hail-manko Ipou3BeAEHO KOIUIECTBO
B 1oro3amnajieH paiion. Haii-Bucoku no6usu ot cpHuories (1868,93 kg/ha) u tpurukane (3625,75
kg/ha) uma B ceBepen neHTpaieH, oT pbx (2178,21 kg/ha) — ceBepo3amanen. Hait-Bucoku cpennu
nooun Ha monepHa (5009,43 kg/ha) mma B rorosamajeH paioH, KaTo CHLIIEBPEMEHHO TYK



noOWBHTE ca ¢ Hail-Manko ctaHmapTHO oTkioHeHne (660 kg/ha), koeTo Joka3Ba CTaOWIHOCT BHB

Bpemeto. Haii-urcku ca B ceBepoustoueH (4284,86 kg/ha).

Knbscrep HapeBuna 3a
Ne Paiion [Tmenuna Euemuxk 3bpPHO CrpHYOTTIE]
1 Cesepo3anajieH 3401,27 3271,47% 449467 * 1762,13 ®
) CeBepeH neHTpaned | 3754,67 ® 3517,4° 4749,07 2 1868,93 #
CeBepons3ToueH 3930,07 2 3556,13 2 4706,93 2 1843,87 2
3 IOronsroucH 3240,53 b¢ 3167,87* 4324332 14894 b
4 IOsxeH LeHTpanen 27948 ¢ 2550,87% | 4171°® 12994 ¢
IOro3amagen 2721,87 ¢ 2549,07® 40574 1258,8 ¢
Hapesuma 3a
Kiscrep CHJIX U 3a
Ne Paiion 3eJIeHO Pux Tpurukane Jlrouepna
1 CeBepo3zanalieH 11917,33 2 2178,21% 2869 be 4649 *
Cesepen nientpanes | 14090,2 2 1972,62% | 3625,75% 4730
2 CeBepon3ToueH 14163,33 2 2002,79% | 3312,79 @ 4284,86 °
IOrousrouen 13672,2 2 1860,71 20 | 2486,43 ¢ 4710,07 *
HOxeH nentpasnex 13966,2 * 1724,64% | 2521,86°¢ 4987,86 *
4 IOrozananen 13426,73 2 1579 ° 2476,29 © 5009,43 2

Tabmuna 1. MHOromocoyHa cpaBHHTEINIHA OLCHKA Ha IIECTTe palloHa Ha TepuTOpHsATa Ha brarapus
cnopexn cpenau nobusn Ha dypaxun kyntypu (kg/ha) 3a mepmoma ot 2001 r. mo 2015 . upe3
eqHO(pAKTOpEH AUCIIEPCHOHEH aHAIU3 o Kpurepust Ha [{pHKaH npu o = 0,5

H3Boau

B pesynrar Ha HampaBEeHUTE aHAIM3U CE YCTAHOBH, Y€ CEBEPEH LIEHTPAIEH pailoH U
CEBEPOM3TOUYEH PailOH ca C HalW-BUCOKM JOOMBH IO MIIEHWIA, €YEMHUK U CIBHUOIINIEN, IIPU TOBA
dopmMHpaT CaMOCTOSTENICH KIBCTEpP, MOpajdl CTATUCTHYECKH J[OKA3aHOTO CXOJCTBO IO TE3H
[oKa3aTenu. BTopusaT KibCTEp BKIIIOUBA FOKEH LICHTPAIECH PaliOH M IOro3anajieH paioH mopaau
CTaTUCTUYECKH JI0Ka3aHO CXOJCTBO B JIOOMBHUTE OT JIIOIIEPHA, KOUTO Ca Hali-BUCOKH B CPaBHEHHUE C
OCTaHAIIUTE PallOHHU.
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WOLFRAM CLOUD NPUJIOXKEHUE 3A U3CHSAIBAHE HA
MATEMATUYECKHN MEXAHU3BM HA 3ACTPAXOBAHETO U
IMPE3ACTPAXOBAHETO
Mapus T. BacuieBa, Hukouaii B. Kropkunes
IInoBnuBckn ynuBepcurer ,,Ilancuit Xuiaengapeku®, yia. Llap Acen 24,
4000 ITnoBauB
WOLFRAM CLOUD APPLICATION TO CLARIFY THE
MATHEMATICAL MECHANISM OF THE INSURANCE
Maria T. Vasileva, Nikolay V. Kyurkchiev
University of Plovdiv Paisii Hilendarski, 24 Tzar Asen, 4000 Plovdiv

Abstract In this paper we developed wolfram cloud application to clarify the mathematical
mechanism of insurance and reinsurance in all three phases "Risk in perspective",
"Insurance perspective" and "Insurance liability" for insurance events governed by
different probability distribution.

Keywords cloud object, insurance, actuary, mixture probability distribution

BbBenenne.

OcHoBHAaTa LieT HAa BCEKH ,,0TTOBOPEH aKTIOEP™ € 1a MOXKe J1a MOZENNpa, Ja CUMYJIUpa U Ja
aHAIM3Mpa pa3IMYHM 3acTpaxoBaTelNHH chOWTHS. ToBa Hajara M3ION3BAaHETO Ha CKBIH
codTyepHa cpeu 3a YUCIOBH aHanmm3u kato Mathematica, MATLAB, R u npyru. PaboTara ¢ Te3u
CHCTEMH M3UCKBAT JOIBIHUTEIHA KBATH(UKAIMS, KAKTO ¥ 3HAHWS 110 TIPOTrpaMUpaHe.

OcHOBHaTa 1€l Ha HacTosmara pabota € ga ce peamm3upa MOAyJN, Oa3supaH Ha
MaTeMaTHYECKHs MEXaHM3bM Ha 3aCTPaxOBAHETO M NPE3acTPaXxOBAaHETO, MOACIMPAH ¢ M300p Ha
BEPOSITHOCTHH Pa3Ipe/ieNieHus], C JIECHO AOCTBIIEH HHTEp(EHC.

Mamemamuuecku MexaHu3bmM Ha 3ACMPAXOEAHENO U NPE3ACHMPAXOEAHENO
(uKCHpaHu 1 €THOTHUIIHM 00EKTa, BCEKH M3JI0KEH Ha PUCK OT 3aryOu B pa3Mep HA y U

(UKCHpPaHO BEPOSTHOCTHO pasnpeieIeHue

[Tpu m3rpaxknane Ha cTparterusra ,,PUCK B HepCHeKTHBa™, aKTIOEpHUTE MPUONU3UTETHO QUKCHpar:
BEpPOSITHOCTHO paslpesielicHre (Bb3 OCHOBA Ha HATpyNaHUTE CTaTUCTHYECKH JaHHU OT
M3y4aBaHETO Ha 3acTpaxoBaTEeJHOTO chOMTHE); Opoi mocTpagamu 00exTH (IPOM3BOJHA
BEJINYMHA); BEPOATHOCT 32 HACTHIIBAHE Ha 3ary0a 3a To3u Opoif 00eKTH 1 001IH 3ary0Ou, 3aBHCEIIN
ot Opost Ha mocTpaganuTe 00ekTH.[3 - 5] Bb3 ocHOBa Ha HanmpaBeHNTE MPEIIOIOKEHI MOTaT Jia
ce HaIpaBsT U3BOJIH 3a:

M KyMyIaTHBHUTE BEPOSTHOCTH (MBKIIOUUMETHO 6AJICeH e aHamu3d Ha Kpueama Ha
KyMYIamueHume 6epOAMHOCIYU C HAMPYNBAHEMO NPy HApacmeawe HA Opos Ha
nocmpaoanume obexmu);

M  oOmus pasmep Ha 3arybuTe U ChOTBETHUS OPOM MOCTpafaiy 00EKTH;

M 3ary0ure, IpeTErieH! ChC ChOTBETHUTE BEPOATHOCTH JIa CE CITyYar;



] MareMaTHYeCcKOTO OYaKBaHe 3a OOIIMA Pa3Mep Ha 3aTyOHTe B LisJIaTa ChbBKYIIHOCT;

M pasyMHUAT pasMep Ha 3aCTpaxoBaTeHATA MOJIUIIA;

M KOJKO 3aCTpaxOBaTENHH CJIy4as MOTAT J1a Ce HOKPHUST C TO3H PECYpC.
[onyuennuTte naHHM Morat jAa OBJAT W3MON3BAaHU 33 M3TOTBAHE Ha CTPATErus ,,3acTpaxoBaTelHA
MepCHeKTHBA* B Cilydash Ha M3IMOJI3BaHE Ha HOB pe3epB (IUIIOC NMPEMUHHHUTE MOCTBHIUICHHUS) 32
MOKpPHUBaHE Ha JONBIHUTENHH 3aCTPAaXOBATEIHU ClIyuas, a MMEHHO pa3Mep Ha KOMIIEHCAIUUTE,
IIPETErJIEeHd ChC CHOTBETHHUTE BEPOSTHOCTH, MPHUPACT B CUTYPHOCTTa Ha 3acTpaxoBaTens. Ilpu
HaIM4YMe Ha JONBJIHHUTCIHHTE pe3epBH (IUTIOC (UKCHPAHUTE TPEMHWHU IOCTBIUICHHUA) U
MOKPUTUTE 3aCTPAaXOBaTEIHU CIydas C€ IHpaBsIT HU3BOAM 32 BB3MOXHOTO WU3IBIHEHUE HA
3aCTpaxoBaTeNHaTa OTTOBOPHOCT, T.€. AHAIW3 Ha JaHHUTE 3a M3rOTBSHE Ha CTparerusra
,/I3I'bJIHEHUE Ha 3aCTpaxOBaTEIHATa OTTOBOPHOCT .

[Ipunoxxernero mo3BONsIBA Ha OBJCIINTE AaKTIOCPH Ja W3CIEIBAT W aHAIA3UPAT
3aCTpaxoBaTeNHU MEXaHU3bM B TpUTe My (a3u — puck 8 nepcnekmusd, 3acmpaxos8amennad
nepcnekmuea u 3acmpaxosamenna omeogopHocm [8], KaTo ce WM3IBIHABAT 3aIbDKUTEIHHUTE
KOHTpPOJIM 3a crioMeHatute (as3u (BKIIOYMTETHO AEHCTBHETO HAa 3aKOHA 3a HaMalsBallara
(MapkuHaliHa)  BB3BPBIIAEMOCT) M YAOBJIETBOPSIBAHETO HA OCHOBHOTO ypaBHEHHE B
3actpaxoBanero [1]:

NpeMuUs = ouaxeana 3azyba + guykmyayus + aomunucmpamueen nian + neuanoa

BeposiTHOCTHH pa3npe/esieHus

3acTpaxOBaHETO Ce ONMpa Ha OYAKBAHUATA 3a 3ary0W, 3aelHO C BEPOSTHOCTHTE 1a Ce
ciydar. Ha pucka ce riea karo ciydyaiiHa BEIHYMHA U JIOPH CIYYaeH MPOIEC ChC ChOTBETHHUTE
BEPOSATHOCTHH pasmnpejesieHus. Te3n QyHKIMU HaA pasnpejaeseHue (M MIBTHOCT WM T'bCTOTA HA
pasmpeneneHreT0) ce KOHKPETH3UpAT MPU Pa3InYHUTEe MOJENU ChC CHOTBETHH MaTEMAaTHYECKH
mocTpoeHus [6].

Wolfram Mathematica mpennmara peanm3upaHd ,,KIaCHUECKH® TUCKPETHH BEPOSTHOCTHU
pasnpenenenus: ounomno (BinomialDistribution[n,p]), ceomempuuno (GeometricDistribution[p]),
noacorogo (Poisson[ A ]). Hamarta mem e na mo0aBUM HSIKOM CMECEHH BEPOSTHOCTHH
pasmpeneneHus, KakTO W BEPOSTHOCTHO pAa3Mpe/elieHue 3aBHUCEII0 OT M[apaMeThp, Karo
peammsupame mnoTpeOuTenckd QyHKuuH w3uHcisBamm PDF (QyHKIMS Ha IDTPTHOCT Ha
BepositHOCTTa) 1 CDF (QyHKUIMSA Ha HATpyNaHa IDTBTHOCT Ha BEPOATHOCTTA) HA BEPOATHOCTHHUTE
pasnpeneneHus. [IporpaMHuST €3MK MO3BOJISIBA M3BBPLIBAHETO HA CJIOKHU MaTeMaTHYECKH
n34UciIeHus], 0e3 ToBa 1a BIHsAEC Ha TOYHOCTTA.

Peanusupanu ca cneqHUTe ABOMHN BEPOSITHOCTHH pasnpenencHus [3]:

e 1BOIiHO GuHOMHO pasnpenenenue (Binomial (n, p;) & Binomial (n,p,))

® JIBOWMHO reoMeTpUuHO pasnpeaencuue (Geometric ( p,) & Geometric (p,))

e 1BOIHO pasnpenenenue Ha [loacon (Poisson (A,) & Poisson (4,))

Pasrienano e TpaHCMyTHpaHO KyMYJIaTUBHO pasnpeaencHue [2]:
F(x)=(1+0)G(x)-AG(x)* u f(x)=g@)[(1+1)-21G(x)], |41,

kpaeTo G(x) e CDF Ha 6a3ucHO BEpOSTHOCTHO pasmpeneneHue, g(x) u f(x) ca ChOTBETHHTE
(GyHKLIMK Ha IUIBTHOCT Ha BepositHocTTa (PDF), otroBapsiin Ha G(x) n F(x) . e orOenexum,
ye ipu A =0 ce moiyyaBa 0a3uCHO BEPOSTHOCTHO pasmpeneieHue. 3a 0a3ucHu pasmpeeaeHus ca
pasrieaH ,,KIaCHYECKUTE : OUHOMHO, 2e0MEMPUYHO, HOACOHOBO.
Wolfram Cloud TexHoJiorusi|7]

Iporpamuusit e3uxk Wolfram Mathematica 1mo03BoJisIBa H3BBPIIBAHETO HA CIIOKHH
M3YUCIICHUS] C BHCOKa TOYHOCT. TO# mpemocTaBst Ha moTpeduTens Oorat HaOOp OT BIpajieHU
¢yakumu. Wolfram Cloud mo3BossiBa Ha TpPWIOKEHHS, HAlMCaHW Ha e3uka Ha Wolfram

Mathematica ma ObIaT M3MBJIHEHW B MHTEPHET B mapaaurMata "software as service" 0e3 ma e
HEOOXOMUMO SAPOTO 3a HW3UHMCICHHS Ha Mathematica WM TOCTOSHHU 3assBKM KbM HHTEPHET
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Bepcusata Ha mporpamara — Wolfram Alpha. Wolfram Cloud mpencraBnsiBa meHTpain3upaHa
uH(ppacTpykTypa 3a Bcuuku cloud Ga3upaHy MpOAYKTH U YCIyTH, KaTO OCHI'YpsiBa MHTETPHPAHO
XpaHWJIuIiE, PIHTep(I)eﬁC, N3YUCIICHUSA, 3HAHWA, JUHIBUCTUKA W BB3MOXHOCTHU 3a BHEIAPSABAHC.
ToBa mpaBu Bceku acriekT Ha cloud onepanuute NporpaMUpyeMH — MPEJIOCTABSIH BUCOKO HUBO
Ha MHTETpalysl, '’bBKaBOCT, IIPOCTOTA ¥ CHJIa B HOBOTO MOKoJIeHHe Ha cloud TexHomorusra.
Peanusupan mogen

3a BCSKO €/IHO BEPOSITHOCTHO paslpesiesieHHe € m3rpaaeH camocrositeneH cloud obekr
(Bmx @wurypa 1). Beexu cloud o6exT Moxe 1a 0b1e UMITIEMEHTHPAH B IIPOU3BOIHO Web Oa3mpaHo
NpWIOKEHHEe. B pesynrar OT BBBEICHHTE MapaMeTpH MOraT jJa ObJaT HalpaBeHH CIICTHUTE
n3uncnenus: Tabnuma 1 — Puck B nepcniektuBa; ['paduka Ha nonydeHuTe BeposTHOCTH; ['paduka
Ha KyMyJaTHBHHATE BeposATHOCTH, Tabmmia 2 — 3acTpaxoBaTenHa TepcrekTrnBa; Tadmmma 3 —
WzmpaHeHne Ha 3acTpaxoBaTelNHATa OTTOBOPHOCT; Tabmuma 4 — 3acTpaxoBaTenHa MEepCleKTHBA
npu npesactpaxopane; Tabmuma 6 — 3acTpaxoBaTenHa MEPCHEKTHBA IPEJ 3acTpaxoBarels U
Ipe3acTpaxoBaTes.

CLOUD OBJECT
Probability distribution |
v

Parameters:
number of damaged objects; probability of losses;
total losses

[ CALCULATIONS

Table 1

Graph of generated data

)

N N\
Table 6

Table 4

Table 3
(" Table2 )

Graph of cumulative
probability

®urypa 1

IotpeduTescku untepgeiic

Peammsupanute cloud obextn ca BrpageHn B web cTpanumia, m3rpageHa upe3 HTML,
JavaScript u CSS texnonorun. OT nasieHO MEHIO ce M30Mpa BEPOSTHOCTHO pasmlpenesicHre, 3a
KOETO MOTar Jia ce BbBelaT M3MCKBAaHUTE MapamMeTpu — Opoil mocTpajanu 00EKTH, BEPOSTHOCT,
3aryOu 3a BCCKH OOCKT U Ce MMpaBu M300p Ha BuI u3uuciacHue. Ha ®urypa 2 ¢ nokasa npumep ¢
u30paHo TeOMeTpHYHO pasnpenencHue. [lokaszanu ca momydenure pesyiraTtu 3a Tabnuma | — Puck
B niepcriekTrBa 1 Tabiuna 3 — M3nbiaHeHne Ha 3acTpaxoBateiHara oTroBopHocT. Ha ®@urypa 3 ca
NOKa3aHH TOJIy4eHHTe TpadyKd Ha TeHEpHpPaHWTE JaHHM OT MOACOHOBO pAas3MpeAeNieHue M
rpadukara nomydyeHa oT Tabiauua 3 — V3nmbiHeHue Ha 3acTpaxoBaTeNHaTa OTTOBOPHOCT,
CHOTBETCTBAIIlA HAa 3aKOHA 3a HaMaJlsiBaliaTa (Map)KMHaJIHa) Bb3BPBIIAEMOCT.

Ille pasrmename exuMH TpUMEp Ha CpaBHEHHME Ha moidydenure ,[I'padukn Ha
KyMyJaTHBHHTEC BEPOSTHOCTH Ha JIBOWHO OWHOMHO pa3lpesiesieHHe M TPAHCMYTHPAHO
KyMyJIaTHBHO pasmpeleNicHne ¢ 0a3ucHO pasmpenencHue — OmHOMHO (Bmk QPurypa 4). Ot
MOKA3aHUTE TPAaQUKH BCEKH aKTIOEP MOXE Ja HAlpaBW W3BOJA 32 MHUHUMAIHHS Opoil 0OEKTH,
KOMTO MOraT jAa ObJaT MOKPUTH C HAJIWYHUTE PECYPCH M MPOIEHTAa Ha 3acTpaxoBaTelHATa
OTTOBOPHOCT, KOSITO MOJKE Jla Ce ToeMe (CTparterus 3acTpaxoBaTeiHa OTTOBOPHOCT, Oa3upaHa Ha
3akoHa 3a HaMamsBamara (Map>KMHATHA) BBH3BPBIIAEMOCT) W HA IMO-KBCEH eTam naa (dopmupa
TMIOJINTHKA 32 3aCTPaXOBaHE M MPe3acTpaxoBaHe.
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Table 1-
— "t Geometric Distribution -
Probability i Number of | Probability | Cumulative ‘General losses during Losses with
Distributions Puttheentire parametars: abjects probability number of objects probability
Home
= Number of objects | 0 0.2106 0.2106 o 0
Ll . 1 0166248 | 0376848 100 16.6248
Geometnic
Foisson L4 - 2 0.131236 0.508084 200 26.2472
Drscrete Mixtures: J i
Binomial & Binomial 3 0.103598 0611681 300 31.0793
Geometric & Geometric Risk for losses for each abject
e e 4 0.08178 0.693461 400 k-3 j+]
Transmuted distribution
o option 5 00645571 0.758018 500 32.2785
Generated data - [ 0.0509614 0.808398 600 30.5768
T 0.0402289 0.845208 T00 28.1602
Graphic of generated data
8 0.0317567 0.880965 8OO 25.4054
| Tablel
Graph of cumulative probability 9 0.0250687 0.506034 500 22.5615
Table 2 10 00197893 0.925823 1000 19.7803
ditied General | 0925823 265.435
Graph Table 3
Table 4 Table 3 - Implementation of the insurance liability
Table & rezernves + covered insurance execution of insurance %
bonuses cases liability
400 4 106,663 401843 %
0O B 2723.084 B4.044T %
1000 10 265.435 100. %
®@urypa 2
Poisson Distribution Law of diminishning marginal returns
100 - - - - - - -
Put the entire parametars:
8ok
Number of objects
100 [l g
A
40
10.5
i 2 204
Risk for losses for each object
100
20 40 60 80 100
Choose option
-
craphiTabie2 | oia Data of Poisson Distribution
010F
o.0a
006+
004+
002F
20 40 60 80 100
®@urypa 3

N3Boan: Cp3naneHuTe MporpaMHH €IEMEHTH MOTaT Ja ObJaT M3MOJI3BAaHH CAMOCTOSITEITHO MU
cIiel IMIUIEMEeHTaIMs B web 0asnpano npuiioxkenne. Te morar 1a Ob1aT B OMOII HA akTIoepa 3a
(opmMupaHe Ha OTIOpEH IUIAH NPH M3CIIE/IBAHE Ha 3aCTPAXOBATEIHO CHOUTHE, KAKTO U C yueOHa el
IpY TOATOTOBKA HAa OBJCIIM AaKTIOCPH WM CTYJCHTH, HW3ydYaBalld 3acTpaxoBaHe H
3aCTpaxOBaTEIHU CHOUTHS.
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OcHnosnume npedwwcmsa Ha npedcmaee;—tume mexHoaocuu nped Ccvlyecmeysawu nakemu ca:
® JaBa C€ Bb3MOXHOCT Ha aKTIOCpa Jia MOJCIMpa 3aCTPaxoBaTCIIHA CHOHTHS 11O nmapameTsp,

KOUTO JIPYTH CPeIv U HAYYHHU IIAT(HOPMH HE TIPEJIOCTABSAT Ha TOTPEOUTEIs;

e ynoOcH HHTEePEIiC;
e  JIHIICa Ha MPOTPAMEH KOJI;

L4 npeaoCcTaBsiHC HA rpaq)ano MpeaACTaBAHE HA MOJTYUCHUTE PE3YyJITATU,

Bbaaropapnoctu. Tasu crartus ce ¢unancupa ot mpoekt PII17-OMU-008 ¢ Poun “Hayunn

n3cnensanus” npu [lnosausckn Yausepeuret “Tlancuit XuneHmapekn”.

Binomial & Binomial Distribution

Put the entire parametars:

Number of objects

3000

p

Transmuted cumulative distribution

Put the entire parametars:

Choose base probability

| ginomiat

Number of objects

I 3000

‘ fi fi
!} 1]
P2 04725 probability of base distribution
fil o037 |
L
Risk for losses for each object Risk for losses for each object
‘ 1000 | | 1000 |
Choose option Choose option
‘ Graph of cumulative probability v | | Graph of cumulative probability v |
=

Cumulative probability of Binomial & Binomial Distribution

Transmuted cumulative distribution

_

0] 12
0 08
08 0g
0.4 o4

0z L2

500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000

®urypa 4
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OIIEHKA HA OCHOBHHM MOP®OJIOT'HYHU U XUMNYHHU
MNOKA3ATEJIA ITPU HOBOCEJIEKIHIMOHUPAHU 'EHOTUIIOBE
TIOTIOH BUPKUHMUSA
Mapuna JIpymepa-Honuesa, Musiena Craiikosa, Honko Honuen
HMHCTUTYT 110 TIOTIOHA ¥ TIOTIOHEBUTE U3/Aeusa, MapKoBo

EVALUTION OF BASIC MORPHOLOGICAL AND CHEMICAL
INDICATORS OF NEW SELECTED VIRGINIA TOBACCO
GENOTYPES

Marina Drumeva-Yoncheva, Milena Staykova, Yonko Yonchev
Tobacco and Tobacco Products Institute, Markovo

Abstract

The study was conducted during the period 2013-2015 in the experimental field of
TTPI. Basic morphological characteristics of three hybrid combinations and control variety
Virginia tobacco were studied - plant height, number of leaves and size of leaves. There were
made comparative chemical characteristics of the hybrids by basic chemical components of
tobacco — nicotine, sugars, total nitrogen. The aim of the investigation was to evaluate basic
characteristics of three hybrid combinations Virginia tobacco with control variety Virginia
0514. It was established that in all three variants the width of the leaves was higher than that
of the control variety. There was a successful combination between number and size of leaves
for X27, which provided higher productive potential. The same line had the most balanced
chemical composition and a slight variation in the ratio of total nitrogen / nicotine over the
entire study period.

Key words: Virginia tobacco, morphological characteristic, chemical characteristic,
genotype, selection, quality

BnBenenue

TIOTIOHBT € KyJATypa ¢ TOJIIMO HKOHOMHYECKO 3HAUYEHHE U € OCHOBEH IIOMUHBK 3a 4acT OT
HACEJICHHETO Ha 3HaYuTeJIeH Opoil cTpaHu B cBeTa (Bozukov, 2014, Masheva, 2014, Dimanov,
2011). B bparapust ce oTraexxaaT YeTpr COPTOBH rpyIH TIOTIOH — Oriental tobacco - opueHTancku
TroTIOH bacma u Kaba Kymnak u enponuctan TroTIoHH — copToBa rpyna Flue cured — Bupsxuans u
Air Cured — Bbrppreit. TroTion BupkuHus € OCHOBHA ChCTaBHA YACT Ha IUTAPUTE THIT BUPKUHAS
omenn — 100 % u Amepukan 61esz - ot 40 % 10 60 %.

[To mamam Ha M3XT TrOTIOH BupXmHUS ce moOmMmkaBa MO OTIJICKAAaHE B CTpaHATa JI0
OPHEHTAJICKHS TIOTIOH, BBIIPEKH OTYETCHOTO MOHIKEHUE Ha PEKOIATHpaHuTe Iuromm mpe3 2016
r., B cpaBHeHue ¢ 2015 r.

ChbabpKaHHETO Ha OCHOBHN XMMUYHU KOMITOHEHTH B TIOTIOHEBUTE IPON3XO0/IH € CIICIIM(PUIHO
U 3aBHCH OT COPTOBHSI CHCTaB, MOYBEHO-KIMMATHYHHUTE YCJIOBHMS Ha paioHa M MpHiaraHara
arporexHuka Ha otraexaane (Stoilova A., 2003). Cpro0pa3sBaiiku ce chC cpeaTa Ha OTIIICKIA-
HE, 32 BCEKH COPT TpsiOBa Ja ce Ch3AaaaT ONTHMAIHU yCIOBHS 32 ITPOsiBaTa Ha TCHETHYHUS MY
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norennuain (Kusheva, 2013).

[TorpebuTenckure KayecTBa Ha TIOTIOHA CE€ OIIGHSABAT HAa 0azaTa Ha T'€HOTHIIA M peaula
00EKTHUBHU XUMHYHHM mokazarean. OcoO0eHO BHHUMAHHE ce O6p’l:-].[13. Ha XMMHUYHUS CBCTAB Ha
TIOTIOHA ¥ EMHUCHHTE OT TIOTIOHEBH HM3JIEJIUs, Thil KATO OCHOBHATA KOHCYMAIIHsI OT YOBEKA € Upe3
JIMa, TIOJTy9eH TpH TaxHoTo mymreHe (Weeks, 1999).

[enTa Ha HACTOSIIIOTO MTPOYYBAHE € /1A CE HAIIPAaBU CPAaBHUTEIIHA MOP(HOJIOTHYHA U XUMHYHA
OLICHKA Ha HOBOCEJIEKIIMOHUPAHU T€HOTUIIOBE TIOTIOH BUpKUHMSI.

Marepuan u MeToau

TTonckusT excriepuMeHT € IpoBeieH Ha onuTHOTO nosie Ha UTTU - MapkoBo npe3 nepuoja
2013-2015 . mo 6710K0B MeTOA B 4 TOBTOPEHHUS C TOJIEMHHA Ha PEKOJTHATa maprienka 27 M2
B m3cnenBaHeTo ca BKIIOUCHH HOBOCENEKIIMOHUpaHU reHoTumnoBe F1 — X 27 (C254xV385); X
33 (0594xV385); X 51 (0594xL825). 3a crannmapt e u3non3Ban copt Bupkunus 0514. Beekn
TCHOTHII ¢ OlleHeH 10 OCHOBHH MOP(}OJOrHYHM U XUMUYHM noka3atean. O0padoTkara Ha
JaHHUTE 32 U3CJIeIBAHNTE MPU3HAIM 10 BapuaHTH e ¢ nporpamara SPSS 19.0.

XUMHYHUTE MOKa3aTeNld - HUKOTHH, 3aXapud MU o0l a30T ca ONpejeieHH C aBTOMAaTHYCH
aHanmu3aTop B moTok AutoAnalyzer II C, Technicon ¢ metoan, crorBetHO ISO 15152, ISO 15154,
BJIC 15836.

Pe3yaratu u odcbxaane

dopmupaneTo Ha MOP(OIOTHYHNTE XapaKTEPUCTHKH Ha TIOTIOHA 3aBUCH B U3BECTHA CTETIEH
OT KJIIMMAaTUYHUTE OCOOECHOCTHU Mpe3 BEIrCTAllMOHHUA NEPUOI HA OTIJICKIAAHE. OCHOBHUTE KJIH-
MaTUYHU NOKa3aTe/Iv, BJIUACIIU BBPXY HMPOU3BOJACTBOTO HA TIOTIOH BI/Ip)KI/IHI/Iﬂ B CTpaHaTa ca
TeMIIepaTypa 1 KOJIMYECTBOTO Ha BanekuTe. [leprnoasT, mpe3 KOWTO € MPOBE/IeH EKCIIEPUMEHTBT,
Ce XapaKTepu3upa ChC 3HAUMTEIIHHU PA3IIMKY 110 OTHOIICHNE Ha TEMIIEpaTypa 1 BaJIeKH MO BpeMe
Ha BereTanusTa Ha TIOTIOHA.

IIpe3 2013 r. u 2014 r., mo Bpeme Ha daza ,,po3eTKa’™ Ha TIOTIOH Bupxunus (M. oHN),
kosruectBoTO Basiesku (109,9 I/m?) u (95,2 1/m?) e 3HaunTenHo Hajx Hopmara (63 1/m?). CeriacHo
,VIHCTPYKIIUS 32 OTIVIS)KAaHe Ha TIOTIOH Bupskunusi™ ToBa e ,,HyseB nepuoa’ /6e3 monuskw/. [Tpe3
Mmecerr aBryct 2013 1. ca oTueTeHu Haii-Brucoka Temmeparypa 25,1 °C (mpu Hopma 22,7 °C) 1 MUHH-
MAJTHO KOJIMUeCTBO Bajexu — 7,7 1/m?* (ipu Hopma 31 1/m?). PacTexbT 1 pa3BUTHETO HA pACTECHUATA
Mpe3 TO3U MEPHOJI MPOTHYA B YCIOBHATA HA OCTHDP BojieH neduuut. Criopes MeTeopoIOrnIHUTE
JIaHHW, OT TPHUTE W3CJICJBAaHU TOJMHH, MO-OJaronpusiTHa 3a pacTeXxa M Pa3BUTHETO Ha TIOTIOH
Bupsxunus e 2014 r.

CpennoneHoHomHaTa Temneparypa mnpe3 M. romu 2015 1. (25,3 °C) mpeBumiaBa KakTo
Hopmara (23,2 °C), Taka u Temneparypara npe3 cbims Mecert Ha 2013 1 (23,8 °C) n 2014 1. (23,7
°C). MecebT € eKCTPEMHO CyX 1 TOBa C€ OTpa3siBa HEOIAronpHsITHO BBPXY pa3Mepa Ha JIMcTaTa
Ha u3cienBaHuTe TIOTIOHH (Taom. 2).

JlanHuTe 3a CTOHHOCTUTE HAa OMOMETPUYHUTE ITOKA3aTeNN - BUCOUYMHA U OpOH TEXHUUECKH
TOAHU JIMCTA HA PACTCHUATA HA TCHOTUIIOBE TIOTIOH Bl/lp)KI/lHI/IH, Ca MpeiCTaBCHU B Ta6m/1ua 1.

Tabnuma 1. Onenka Ha XUOPHIU TIOTIOH OT COPTOBA Irpyna Bup:kunus cropen BUCOYMHA U
Opoit nmucta mo meToaa Ha Duncan

I'enotunose | Bucouuna, cM. Bpoii nmucra

2013r. (2014~ 2015 2013 (2014 |2015m
X 27 146,7* 144,4¢ 175,275° 1 20,375* | 22,6 28,350¢
X33 161,75* [ 156,175* [ 165,375 | 22,65* 23,85° 27,75°
X 51 165,55+ | 153,175* | 150,9¢ 21,85° 21,9 23,675¢
B 05140 157,45 | 149,65° | 190,7 23,325 [22,75% |27,675°

a,b,c,d — creneH Ha 10Ka3aHOCT ITPU HUBO Ha 3HadumocT o = 0,05

IIpe3 2013 r. HsMa 1oka3aHa pa3iavKa MEXAy U3MUTBAHUTE BAPUAHTHU MO MPU3HAKA BUCOYHMHA
Ha PacTEeHUsTA - TS € B rpaHunara ot 146,7 cMm. npu renotun X 27 no 165,6 cm. npu renorun X
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51. (Tabm. 1). Ilpe3 2014 r. ce HabmonaBa pa3yinKa BbB BUCOUMHATAa MEX/y KoHTposiata B 0514
n X 33. IIpe3 2015 r. u TpuTe reHOTUNA UMAT AOKa3aHa pa3lIMKa MO OTHOLICHHE Ha MpHU3HAKA
BrucounHa. Y mpe3 tpute roguuu Ha nicieasane renotunosere X 33 u X 51 dopmupar cxonHa
BHCOUYMHA HA PACTEHUSATA.

Bpodar nucra e CBIIECTBEH MPU3HAK, OMpPEAENIl MPOAYKTUBHOCTTA HAa PACTEHUETO U €
BakeH copToB Oener (Taodu. 1). [Ipe3 2013 1. 1 TpuTE reHOTUIIA OTCTHIIBAT IO TO3M ITOKA3aTEN OT
koHTposata Bupxunus 0514. ITpe3 2014 . u 2015 r. X 33 npeBuinasa 1o Opoi Jimcra KOHTpoJara,
a X 27 npe3 2015 r. popmupa Hali-rosasiM Opoii JIMCTA U € C paHT ,,a™.

JIboKMHATA M IIMpUHATA Ha JIMCTaTa ca BakeH MOP(OJIOrHYeH MpU3HaK, XapaKTepH3upall
TIOTIOH BUpXHUHUS 1 ca OCHOBHHMS (haKkTop, ONpe eIl IPOAYKTHBHOCTTA Ha pacTeHusTa (Taou.
2). KonmmuecTBoto Ha Basexute npe3 M. 1oau 2013 1. 1 2014 1. oka3Ba NOJIOKHUTEITHO BIMSHUE BbP-
Xy pa3Mepa Ha jcrara. [Ipe3 2014 r. u 2015 r. X 27 dopMupa no-biru JIMcta OT KOHTpoJIaTa.
ITo oTHOmIEHME Ha MOKa3aTess mupuHa Ha auctaTa X 27 u X 33 npeBb3X0kKaaT KOHTpoJIaTa mpes3
TpuTe ToauHN Ha udcnensane. IIpe3 2015 r. ¢ Hai-mupoku nucra e X 27 ¢ paHr ,,a“, a ¢ Haii-
TecHU — KoHTposara B 0514 ¢ panr ,,c.

Tabnwuma 2. OueHka Ha XHOPHUIN TIOTIOH OT COPTOBA Ipyna BupikuHuUs criopes IbDKUHA U
muprHa Ha 12 nuct no metoja Ha Duncan

I'enotunose | IbmxuHa Ha 12 nuct, cm. [upuna Ha 12 nucrt, cm.
2013r. |[2014r. [2015r |2013r |2014r |2015T
X 27 62,825 |62,325* | 61,725* |35,975* |34,575* |34,9°
X33 62,325 [63,175* |59,6° 35,92 34,150° [ 33,350°
X 51 64,425* | 60,1* 53,225¢ 136,5°® 32,950 | 31,925¢
B0514 0 63,125* |[58,725* |[59,525° |35,175* |31,250* |31,9°

a,b,c,d — crenen Ha TOKa3aHOCT MpH HUBO Ha 3HaYMMOCT o = 0,05

B tabnmma 3 ca mpeacTaBeHH OCHOBHU XUMHYHH ITOKa3aTeN — HUKOTHH, OOIII a30T, 3aXapu
Y TeXHH OTHOIIEeHHs. Te uMar rojsiMa MpakTUIecKa CTOHHOCT 32 00EKTHBHOTO XapaKTepu3npaHe
Ha 00II0TO Ka4eCTBO M MyIIATEIHUTE CBOMCTBA HA MPOYYBAHUTE TIOTIOHH.

Tabnmma 3. CpaBHEHHE TTO PEKOJTH HAa CHABPKAHMETO HAa HUKOTHH, 3aXapw, OoOII a30T U
TeXHHU 0aJaHCOBU OTHOIICHUS B TIOTIOHH OT COPTOBa rpyna BupxuHus

I'ogmna | I'emoTumn HukormH, |OOmra3or, |3axapu, |OO0m azor/ | 3axapu/
% % % HUKOTHH HUKOTHH
X 27 2,95 2,68 5,74 0,9 2,0
2013 X 33 2,98 2,38 8,62 0,8 2,9
X 51 2,57 2,62 9,46 1,0 3,7
B05140 (2,63 2,36 10,6 0,9 4,0
X 27 2,32 2,40 16,2 1,0 7,0
2014 X33 2,57 2,54 14,4 1,0 5,6
X 51 2,39 3,26 15,1 1,4 6,3
BO0514 @ 2,69 3,31 15,5 1,2 5,8
X 27 2,16 2,18 12,8 1,0 5,9
2015 X 33 1,81 2,48 11,0 1,4 6,1
X 51 1,78 2,11 14,8 1,2 8,3
BO0514 @ 2,26 2,29 10,8 1,0 4.8

CLZ['Bp)KaHI/IeTO Ha HAKOTHUH B TIOTIOHA CC€ BJIUAC OT CKOJIOTUYHHUTE YCJIOBUA WU I'IaBHO OT
TIOYBEHATa BJjlara U XpaHUTCIITHUA PEKUM. Haii-Bucoxo CbABbPIKAHNUC HAa HAUKOTUH € OTUCTCHO B
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muans X 33,2013 r. (2,98%), a Hait-aucko —B X 51,2015 1. (1,78 %). B aBe ymanm - X 27 u X 33,
pexonara 2013 r., CbABPKAHUETO HA HUKOTHUH € 3HAUYUTEIHO MO-BUCOKO OT KOHTPOJIHUS COPT U B
cpaBHeHHeE ¢ TIOTIOHUTE OT pexonTr 2014 1. u 2015 r. Ipu TroTionuTe OT pexonta 2014 r. (MTuHIH
1 KOHTpOJIa), c€ HaOIII0JaBa N3PaBHEHOCT IO OTHOIICHNE ChABP)KaHUETO Ha HUKOTHH.

ChabppxaHUETO Ha OOIIT a30T B U3CIIEABAHUTE TIOTIOHU OT COPTOBA rpymna Bupkunus Bapupa
B IIMPOKH TPaHUIIM Mpe3 TpuTe roaunu - ot 2,11 % (X 51, 2015 ) no 3,31% (9, 2014 r.), xaro
C Hal-BHCOKO a30THO ChIbpKaHue ca npodute oT pekonta 2014 r. M3cnenBaHuTe TIOTIOHU ce
XapaKTepu3upaT ¢ IOYTH €IHAKBH HJIM [TO-HUCKHU CTOMHOCTHU Ha MTOKa3aTesi HIKOTUH B CPAaBHEHUE
C ToKa3aTels 00I] a30T, KOETO CEe € OTPA3UIIO OJIATOTPUATHO Ha 0AIAHCOBOTO OTHOIIIEHHE OOII
a30T/HUKOTHH. TOBa OTHOIICHNE € XapaKTePHO 3a BUPKUHCKHUTE TIOTIOHH, KOETO TIOKa3Ba 100pe
OaylaHcupaH BKyC IpH IyIIeHe, KOrato HeroBaTa croiHocT Bapupa or 0,7 mo 1,2 (I'ro3enes,
1980). 1 3a TpuTe TOAMHU HA WU3CIIEBAHE KOJHUUYCCTBCHOTO ChOTHOIICHUE OOIIl a30T/HUKOTHH B
TIOTIOHWTE Bapupa B TeceH unrepsain (0,8 - 1,4), Ho Hail-nokazaTtenHo e npu Juaust X 27 - (0,9 -
1,0).

PasTBOpuMUTE BBIIIEXUPATH Ca €AHHU OT Hal-BaXKHUTE KOMIIOHEHTH Ha CBETJIUTE TIOTIOHU
U ca B IIOJIOKUTEIHA KOpEJalus ¢ KaueCTBOTO UM. Ha BbriexuapaTuTe ce IbJIKU XapaKTEPHUSIT
MPUSITEH BKYC MPH IMyIIEHETO Ha TE3W TIOTIOHU. 3a BUPKUHCKHUTE TIOTIOHU [Ipm moBedeTro OT
M3CIIe/IBAHUTE ITPOOU OT TPUTE PEKOJITH KOJMUYECTBOTO Ha 3axapute € B rpanuuure ot 10,6 % 1o
15,5 %. Enuncteeno npu pexonta 2013 1. cToiiHOCTUTE 3a ChABpKaHUE Ha 3axapu ca mof 10 %,
KOETO € HETUIMYHO 32 TIOTIOHU OT cOpToBa rpyna Bupskunus. Hail-tunuyna no To3u nokaszarel e
pexonra 2014 1., IpH KOSATO ChIBPIKAHUETO HA 3axapy € Mexay 14,4 — 16,2 %.

BKychT Ha TIOTIOHEBUS UM MOXKE [1a C€ XapaKTEpPU3UPa C KOJUUECTBEHOTO ChOTHOLLIEHUE
MEX/Ty Pa3TBOPUMHUTE BHIIEXUIPATH M HUKOTHH. TIOTIOHUTE, KOUTO Ca C IT0- HUCKO ChAbPIKaHNE HA
3axapy ¥ UMaT 0AJTaHCOBO OTHOILICHHUE 3aXapH/HUKOTHH 110 6,0 pOosBABAT MyIATESIHA Ka4eCcTBa
Ha CpPeIHO KayeCTBEH MaTepuall. ToBa BaKHM OCOOCHO 32 KOHTPOJHHS COPT U FCHOTHIIOBETE OT
pexonra 2013 1., IpH KOSATO CTOWHOCTUTE Ha 0aJaHCOBOTO OTHOMICHHWE 3aXapW/HUKOTHH € B
rpanummre ot 2,0 1o 4,0 (Tabm. 3).

3akii0ueHue

OT poy4YeHUTE OCHOBHU MOP(HOJIOTHYHHU M XUMHUYHH TIOKA3ATEIIU Ha M3CJICABAHUTE BAPHAHTH
€ YCTaHOBEHO CIIOJY4IMBO ChueTaHHe MeXly Nokaszartenure Opoii simcra pu X 27 u X 33 (2014
r. u 2015 r.) u pa3mep Ha Jcrara (MIMPHHA, ABDKAHA HAa 12 JIHCT), KOETO € MpeInocTaBka 3a
M0-BHCOK MPOJYKTUBEH MOTEHUUAN. JJaHHUTE OT MPOBEIEHUTE XUMUYHH U3CIIE/IBAHUS T0Ka3BaT
CXOJCTBO B XMMMUHHS ChCTaB MEXAY TpUTE HM3ciieqBaHu reHotuna npe3 2014 r. u 2015 r., u
KOHTpOJHHA copT. W3cnenBanure mpobu ot pexonrta 2013 1. ce XapaKTepu3HpaT C BHCOKO
HUKOTHHOBO ChIIbPYKaHUE U CPABHUTEITHO HUCKO ChAbp)KaHue Ha 3axapu. C Hail-0anaHcupaH xXu-
MUYEH CHCTaB MO0 OTHOIICHHUE Ha M3CJIEIBAHUTE MOKa3aTeIu € TeHOTHN X 27.

Jlureparypa

Bozukov H., 2014. History, Present and Future of Oriental Tobacco in Bulgaria, Jubilee In-
ternational Scientific Conference “70 Years Tobacco and Tobacco Products Institute”.

Dimanov D., 2011. State and Directions in the Tobacco Selection in Bulgaria, Bulgarian Tobacco, 6,
13-17.

Guzelev L., 1980. Stokoznanie na tutuna, Plovdiv.

Kusheva M., D. Dimanov, V. Masheva, 2013. Evaluation of the qualitative and chemical indicators of
oriental tobacco from different varieties depending on ecological conditions. Scientific Papers of the Union
of Scientists, Plovdiv, Series B, XVI, 32-36

Masheva V., N. Tachsin, M. Mutafchieva, 2014. Study on the Biological and Morphological Qualities
of Foreign Varieties of Oriental Tobacco, Jubilee International Scientific Conference “70 Years Tobacco and
Tobacco Products Institute”.

Stoilova A., G. Stankev, 2003. Chemical - technological indicators of tobacco lines from Dupnitsa
origin, Bulgarian tobacco, Ne 6, 20-23

Weeks, W., 1999. Relationship between Leaf Chemistry and Organoleptic Properties of Tobacco
Smoke, Tobacco Monograph “Tobacco: Production, Chemistry and Technology”.



Hayunu TpynoBe Ha Cblo3a Ha yueHute B boiarapus—Ilnosaus. Cepusi B. Texnuka u
Texnogoruu, T. XV, ISSN 1311 -9419 (Print), ISSN 2534-9384 (On- line), 2017. Scientific
Works of the Union of Scientists in Bulgaria-Plovdiv, series C. Technics and Technologies,
Vol. XV., ISSN 1311 -9419 (Print), ISSN 2534-9384 (On- line), 2017.

AKYMYJIATUBHA ®PEMMOBH MOJIEJIU B E-OBYUYEHUETO
I'eopru TorkoB, CuaBus I'apranakuesa, Pocuna [oneBa
IInoBauBcku ynusepcurer , Jlaucuii Xunegapcku*

ACUMULATIVE FRAME MODELS IN E-LEARNING
George Totkov, Silvia Gaftandzhieva, Rositsa Doneva
University of Plovdiv “Paisii Hilendarski”

Abstract: The use of frames as a mean of presenting knowledge in artificial intelligence
has been suggested by M. Minsky in 1974. Frames are used in the theory and practice of
e-learning (in Physics, Mathematics, English, etc.) as a mean for classifying and cataloguing
of learning units in the text. The relevant methodology is based on the students‘ solution of
the task ,,reading with comprehension of the learning text*, coupled with frames creation.
The paper introduce the term ,,accumulative frame model*“. The advantages of the proposed
model are the possibility of its non-standard applications in e-learning such as automated
generation of metadata and test items to learning materials, segmentation of text to learning
units, data extraction of text, etc. The paper presents stages of a study for development
a software system for designing, creating and using accumulative frame models in the
e-learning.

Keywords: Presentation and extraction of knowledge, Frame models, Computation text
analysis, E-learning, Intelligent learning tools

1. YBon

W3pnuuanero Ha nanHu oT TekcT (Feldman, 2007) e HayuHa 00J1acT, KOATO MpuIoOuBa BCe
o-ToJIsIMO 3HaueHne. CHOTBETHUTE METOJIM 32 M3BJIMYAHE Ha JaHHH OT TEKCT Ca CBBP3aHU ChC
,,CbprpaHe B JOKYMEHTH B eJlEKTPOHEH (opmar ¢ 1el ,,0TKpUBaHe ‘, U3BINYAHE U arperupaHe
Ha naHHH. [Ipn ochiecTBSIBaHETO HA peIuIa ITPOLECH B 00YYEHUETO ChIIIO CE M3MCKBA PEllIaBaHe
Ha rpoOsieMa 3a U3BJIMYAHE W arperupaHe Ha eJIEMEHTAPHU WM ChCTaBHU JIAHHU (3HAHHMS I
pe3yiTaTd Ha TpolecH Ha O0ydeHHE) OT TEKCTOBU JOKYMEHTH B EJIEKTPOHEH HJIM XapTHEH
¢dopmart. [Ipumepy Ha TUIIMYHY 331241 32 00yUeHNE, M3UCKBAIIHU PElllaBaHe Ha 110100eH npodieM
ca:

- MpolecH HAa caMOOOyYeHHUE B n3ydaBaHa npenmeTHa oonact (UI10);

- CHHTE3MpaHe Ha BBIIPOCU KbM YUeOHU MaTepHaIH;

- pe3loMHUpaHe M KOHCIEKTHpaHe Ha yueOeH TeKCT (BKJI. ,,4eTeHe ¢ pa3dupaHe™);

- TpejcTaBsHE Ha 3HaHWA 1oA popMaTa Ha (HPEeHMOBH MOJIEIIH;

- TeHepupaHe Ha METaJlaHHU KbM y4eOeH MaTepHa u Jp.

B IInoBauBckust yHuBepcureT ,llamcuit Xunmenpapcku™ ce mpoBexJa H3CIEABAaHE 3a
npeAcTaBsiHUs Ha 3HaHus B pazinuynu 110 nox gpopmara Ha Mpexu (rpadu), HapudaHu Gpperimu,
CEeMaHTUYHU MPEKH, KOHLENTYaIHH Tpadu, KOTHUTUBHU MOJEJIH, CKPUITOBE, CIIEHAPHH W
Jp. ¥ TEXHHUTE MPUIOKCHUS 32 Ch3/laBaHE HAa MHTEIUTCHTHH CO(TYCpHH PELICHUS! B Pa3IduHU
obnactu. Ilopanm oOmHOcTTa Ha QpeliMOBUTE TpENCTaBsIHMS, 0COOCH MHTEpEC NPE/ICTaBIsIBA
MIPUIIOKUMOCTTA UM B Pa3HOPOIHY 001acTh. B paMKkuTe Ha M3cIieIBaHETO Ce MPOBEXK/Ia [IPOyUBaHE
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10 OTHOILIIEHUE Ha cepaTa Ha 00YYEHHETO U ITO-TOYHO Ha €-00YUEHHETO, C KOSITO Ca CBbP3aHH
OCHOBHU JISHHOCTH Ha YHUBEPCUTETCKUTE MPEIO1aBaTEIH.

3a pasnuka OT JAPYTH U3CICIBAHUS B O0JACTTA, MPEUIATaHUAT MOIXOJ 32 M3BIMYAHE Ha
CBIHOCTH M OTHOIICHUS Mexay Tsx B UI1O, u3moissa mo-o0mu 1 KOHCTPYKTUBHU MEXaHU3MH.
Toli ce ocHOBaBa Ha UJIes, CBbp3aHa ¢ (popMaTu3upaHe He CaMO Ha OTKPUBAHETO M U3BIIMUAHETO HA
eJIeMEHTapHH (IIbPBUYHHU) JaAHHU U ChCTABHU CTPYKTYPH, HO M Ha HICHTU(DUKAIMS (C OIpeIeTicHa
TOYHOCT) Ha TEXHUTE CUHTAKTUYHU U CEMaHTUYHH XapaKTEPUCTHUKH.

2. CbIIHOCT HA U3CJICABAHETO

OcHOBHa 1€ Ha MPOBEKIAHOTO H3CIEIABAHE € Ja Ce€ aBTOMAaTH3Upa HW3BIMYAHETO U
arperupaHeTo Ha JJAaHHU 33 3HAHUS U MPOIECH B e-00y4eHUeTO. IHTETUTeHTHUTE TEXHOIOT UIHH
peLIeHus 32 HY)KAUTE Ha e-00y4eHNETO ce ThPCSIT Ype3 U3I0JI3BaHe Ha METO Y Ha KOHIIEITYaJTHOTO
MOJIETUpaHe M KOMIIIOThpPHATA JIMHIBUCTHKA. B pamkuTe Ha HW3CIEABaHETO ce Mpejiarar,
U3CIIeIBaT U alpoOUPaT CPEICTBA U METOIUKA 33 M3BIIMYAHE U arperupaHe Ha JaHHU, TIOIXO TSN
3a OATOTOBKA M IIPOBEX/IaHE Ha e-00y4eHHe.

Lenrta Ha n3cneaBaHeTo ce MOCTUTA C TIOCJIEAOBATEIHO PELIABAHE HA JBE OCHOBHU 331auu:

e  u3cIe/BaHe Ha MOJIEIH, METO/IM U CPEJICTBA 3a U3BJIMYAHE U arperupaHe Ha JaHHU 3a
3HaHMsS U MIPOLIECH OT TeKCToBH JoKkymeHTH 3a UITO, BKIL.:

- aHaJM3 HA U3BECTHU (HPEVMOBH MOJICIIH U METOJHU, CPEACTBA U MPAKTHKH 32 TAXHOTO

mpujarase B 00JIacTTa Ha 00y4CHUECTO;

- KOHIICNITyaJTHO MOJIeIUpaHe Ha 3amaun 3a e-o0yuenme B MIIO Ha ocHoBaTa Ha

abcTpakTeH 00eKT, HapeueH ,,aKyMyJaTiBeH ¢peiimoB Mozer™ (ADM);

- TpeJularaHe Ha METOAMKA 3a W3BJIMYAHE W arperupaHe Ha JIAaHHU 3a 3HAHUS U MPOLIEeCU

B e-00ydeHuero, Oasupana Ha moHsTHeTo ADM, W momxoxasmia 3a KOMIIOTHPHA
peanuzanus;

e  peamu3ais, anpoOUpaHe H YCHBBPIICHCTBAHE HA CH3[AJICHUTE MOJICIIM U METOH 3a
W3BIIMYAHE U arpeTUpaHe Ha TAHHU OT yUeOHU MaTepPHAaIH IPH pelllaBaHe Ha 3a7a4yu 3a e-00ydeHHe
B koHKpeTHH UTTO, BKII.:

- TMpOeKTHpaHe M pa3paboTBaHE HAa CHOTBETHUTE HHGOPMAIMOHHA W KOMIIOTHPHH

MOJIeNH, U COPTYyEepHH HHCTPYMEHTH;

- anpobupaHe Ha Ch3/1a/ICHUTE CPECTBA.

JBeTe 3agaun ce pemiaBaT MocCie0BaTEIHO — HA OCHOBATa Ha MPEIBAPUTEIHU €KCIEPTHU
aHAJTM3W Ha M3CIICJBAHUATA U TCHACHIIMUTE B 00JacTTa, BKIIOYBAIIY CPABHUTEIIHU aHAIN3U Ha
W3BECTHH (hpeMOBH MOJETH, METOIU M CPEJCTBA, HA MPAKTUKU 3a MpuiaraHe Ha (peidMOoBH
MPEJICTaBSIHUS B 00JIACTTa HAa 00YYECHUETO, KAKTO M Ha THUITUYHU 33]1a9H 32 00YUICHHUE, TIOIXOISAIIH
3a aBTOMATH3AIlMs C MPUIIaraHe Ha (peiMOBH NPEACTABIHUSL.

[Ipo6meMbT 3a KOHIIETITyaTHO MOJCIHpaHe Ha 3amaun 3a e-o0yueHwe B UIIO, cBBp3anu
C U3BJIMYAHE W arperupaHe Ha JIaHHHU, C€ OCHOBaBa Ha PEIIEHUS, CBbP3aHU ChC Ch3/IaBaHE Ha
MOJIENIA U CTPYKTYPH OT JaHHH, Oa3upaHu Ha T. Hap. ,,aKyMYJIaTUBHH (peiiMoBr Momenu™. B
CpaBHEHHE C KJIACHUYCCKUTE (peiiMOBU MOJEIH, Ha CIIOTOBETEe Ha ()peliMUTE OT MpeIIaraHus
nHoBatuBeH ADM MoraT Ja ce CBhIIOCTAaBIT — OCBEH MpOoleAypy (KOUTO Ce U3IMBIHSIBAT CIIEH
3ambJIBaHe HA PA3NIUYHU CIIOTOBE Ha (peliMa) WU JSMOHH (32 M3YUCISIBAHE CTOMHOCTH Ha CIIO-
TOBE), U T. Hap. ,,aKyMYyJIATHBHH (DYHKIIMH *, IO3BOJIABAIIN HATPYIIBAHE HA JOIBIHUTEIHU JTaHHU
B IIpoIleca Ha e-00y4YeHHe, KOUTO MOTaT Jia Ce U3MOJI3BaT 3a aBTOMATH3MPAHE Ha JOMBIHUTCITHH
3a/auu 3a 00yJYeHue.

PemapaneTo Ha mpoOiiemMa 3a M3BIMYAHE W arperupaHe Ha JAHHH OT WH(POPMAIMOHHU
pecypcu (Harp. TSKCTOBU JOKYMEHTH U JIOPH OT JaHHU 32 TIPOIIECH, CBBP3aHH C TAX) 32 KOHKPETHH
HUIIO uzucksa:

a) nepunupane Ha cucremu or A®M 3a crorBetHuTe UIIO Ha 6a3ara Ha mpeaBapUTeIcH
SKCIICPTEH aHAllM3 Ha CHIBPKAHACTO HA PECYpCH/TEKCTOBH JOKYMCHTH Ha W3y4YaBaHH
JICIATUTMHY, eKCIIEPTEH aHa W3 Ha JEWHOCTH 3a MOJATOTOBKA W MPOBEXKIAHE Ha e-00ydYeHUE U
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cenexiys Ha u36panu UIIO u 3amaun 3a e-00yueHHe 3a KOHLENTYaTHO MOJIETMPAaHE;

0) cp3naBaHe Ha aNTOpUTMH 3a yHUpHKamss Ha ADM Ha 6a3aTa Ha TEKCTOBH HH()OPMAITMOHHA
pecypcu (yueOHM Marepuaiy) ¥ WASHTH(UIMPaHe W MONbJIBaHE HAa ChIbPKAaHUETO Ha HETOBU
CIOTOBE;

B) Cbh3JjaBaHe Ha aJITOPUTMHM 3a M3BJIMYAaHE W arperupaHe Ha JaHHH OT TEKCTOBH y4eOHM
Marepuanu B cborBeTHa UI10 mon dopmara Ha cuctemu ot nonbiHeHn ADM;

T) pa3paboTBaHe Ha METO/IMKA 33 M3BJIMYAHE U arperupaHe Ha JaHHM 332 aBTOMaTH3alus Ha
3a7a4M 3a e-00yueHue Ha 06azaTa Ha Habopu ot ADM npu oOyuenue B UI1O.

W3BnnyaHeTo W arperupaHeTo Ha JaHHA OT TEKCTOBH JOKYMEHTH (IpH CHIIECTBYBaIla
cucrema or AOM) e 3a/1aua, KOSITO Ce peliaBa ¢ METOIN Ha KOMIIOThbpHarta tuHreuctuka (Totkov,
2003; Totkov, 2004) nnu ¢ nHTEpIpETHPaHe HA Ta3y 3a/ada KaTo crenuduyHa 3a/1a4a 3a OleHKa
Ha 3HaHwus B choTBeTHaTa UI1O (Totkov, 2014.1-2). Mnesita 3a perraBaHe Ha TO3H IPOOIEM MOXKE
Jla ce IIPEeICTaBU B HAKOJIKO CTBIIKH:

e [IpenBaputenna oopaborka: lokymeHTHTE CE 00pabOTBAT C el ,,HOPMAIH3AHS " ¥ ChX

paHsiBaHE Ha OCHOBHOTO ,,HEOOpaOOTEHO  TEKCTOBO Ch/IbPIKAHHE;

e PasnozHaBaHe Ha MMeHa Ha oOexTH: Ha Ta3m cThIKa B JOKyMeHTa ce MIAeHTH(UIHpar
BCHYKM MMEHA Ha 00EKTH (,,ChIMHOCTH ), HANpP. HA MOHSTHS, IPOLEILYPH ¥ OTHOIICHHS
MEXYy TAX, Ha KOHKPETHH Jnna, GupMu 1 1p. PasnuuHu BapuaHTH Ha MICHTH(UKAIMS
ca rpezacrasenu B (Zhou, 2002). Mnentudunmpanute IMeHa ce MoJI3BaT Ha CIIe/IBAIUTe
CTBIIKH KaTO WAEHTH(UKATOPH HAa OTKPUTHUTE CHITHOCTH;

e PasnosnaBane u u3BimuaHe Ha A®M: PasnosnaBaneTo ce M3BBpIIBAa Ha 0Oazara Ha
rpamaruka Ha AOM B crorBeTHaTa UI1O, cb3naneHa npeaBapuTeIHO OT eKCIIEPT, U Ha
0azara Ha oOydeHHe 110 HabOp OT PUMEPH B HHPOPMAIMOHHH U3TOYHHMIIH;

e l3BnnuaHe U arperupaHe Ha eleMEeHTapHU U cbheTaBHU AaHHU B MIIO: Bbasupa ce Ha
,,AKyMyJIaTUBHUTE" Bb3MOKHOCTU HAa ADM 1 n3moa3BaHe Ha CPeCTBa HA KOMIIOTbPHATA
JIMHTBUCTHKA.

Ha ocHoBaTa Ha cbh31afieHUTE KOHLENTYalHU MOJAEIM M Ha METOAMKATa 3a U3BIMYaHE U
arperupane Ha nanuu 3a UI1O nox ¢opmata Ha cuctemu ot ADOM (Ha 6a3ara Ha aKTHBUpaHE
n yaupukanus Ha (pelmu), ce peanusupar U CHhOTBETHH CO(TyepHH HHCTPYMEHTH, KOETO
Iperoara:

® W3M0JI3BaHE HAa MHCTHUTYIHMOHAJIHATa MH(POPMAIMOHHA UH(PACTPYKTYpa KaTo M3TOYHUK
Ha HHQOPMALMOHHH pecypcH 3a 3HaHus 1 npouecu B UT10;

e IIpPOEKTHpaHe U M3rpaxaaHe Ha crenuanusupana bJ[ 3a cbxpaHsBaHE Ha CUCTEMHUTE OT
A®M B UIIO, cucremute or monbiHeHH ADM, KakTO W JpPyruTe HEOOXOIAUMHU
€JIEMEHTapHH U ChCTABHHU JIaHHU (BKJI. aKyMYJIHpaHN);

e Cb3JaBaHe HA BU3yaJIeH PEaKTOp, KaKTO M Ha MOAXOASII HHTep(eiic 3a MapKupaHe Ha
€JIEMEHTH OT ChbP>KaHUETO Ha TEKCTOBU JOKYMEHTH, KAKTO M Ha CPEJICTBA 32 aCOL[UUpaHE
Ha AOM KbM TsX (HalIpUMep, B IPOIIEC HA e-00yUCeHHE);

® TIpoeKTHpaHe 1 pa3paboTBaHe HAa COPTYEPHU HHCTPYMEHTH C TPUSATEICKH NOTPEOUTEICKN
nHTep(deiic 3a MHTEPaKTHBHO M3BJIMYAHE W arperupaHe Ha JaHHU OT WH(OPMALMOHHU
pecypcH 3a 3HaHHS U MPOLIECH o1 opmaTa Ha cuctemu 0T AOM;

e U3rpakJaHe Ha CHOTBETHH HH(POPMALMOHEH ¥ KOMIIOTBpeH Mmojenun Ha bJ[ 3a
ChXpaHsBaHe Ha ()pEHMOBHTE MPEICTABSIHUSI.

Ch3mafeHuTe METONMKa, MOJIENM M MHCTPYMEHTH Ce anmpoOHpaT M yChBBPIICHCTBAT 3a
KoHCTpyuparne Ha cucteMu oT ADM 3a onucanue Ha UIIO 0T cTyAeHTH U IpU Ch3JaBaHETO
Ha TIPWJIOKEHMsS 32 aBTOMAaTH3allMs Ha M30paHM 3ajaud 3a e-o0ydeHuwe. Excniepumenrture ce
OCBILECTBSABAT NPH IIOJrOTOBKA M MPOBEXJaHe Ha e-00yueHue, B ciydas Ha WUI1O, cBbp3anu ¢
nH}popMaTrKa, THOOPMALIMOHHN TEXHOJIOTHH U Ap. Pa3paboTBaT ce MHTEIUIeHTHH HHCTPYMEHTH
32 aBTOMATH3MPaHO Ch3/laBaHEe Ha aHOTHPAHU EJIEKTPOHHM y4eOHHM MaTepualld OT THUNa ,,yMHa
KHUTa“ (BKJI. 32 aBTOMATH3MPAHO OLICHSIBAaHE Ha 3HAHKUATA Ha 00yJaBaHH) M Ha aJIaITUBHU y4eOHH

19



MBTHUIIA 33 IOCTUTaHe Ha yueOHH 1enu B pasimmyan [10.

3. OCHOBHH pe3yJITaTH

OCHOBEH pe3yJTaT OT MPOBSIKIAHHUTE H3CIICABAHUS € Ch3aBaHETO HAa METOTUKA M COPTYCPHH
CpeJCTBA 3a U3BJIMYAHE U arperupaHe Ha JaHHU 3a 3HAHUS U [TPOLIECH, CBbP3aHU C aBTOMATU3aLUs
Ha JICHHOCTH B €-00y4EHHUETO.

Ha ocHoBata Ha MIMPOKO H3CIEIBaHE HA BBH3MOXKHOCTHTE Ha (ppeiiMOBUTE MoOJIenu 3a
omucanne Ha UIIO, ¢ men w3BIMYaHE W arperupaHe Ha JaHHU OT TEKCTOBU MH()OPMAIIMOHHH
pecypcH ce MpOeKTUpaT U peain3upar:

e Tturnosu AOM;

e cuctemu oT A®M 3a onucanue Ha koHkpeTHH MIIO (mpenHa3zHaueHU 3a €KCHEPTH U

CTY/ICHTN);

® aJNrOpUTMHU M METOJMKA 3a U3BJIMYAHE M arperupaHe Ha JaHHU 3a 3HAHUS B IIPOLIEC Ha

e-o0yueHue (Ha 0a3ara Ha cucremu or AOM);

e KOMIIOTBPHHM MOJENIM Ha MocoyeHute mno-rope TunoBu ADM, cucremu or ADOM,

aJTOPUTMHU U METOJMKA;

® MPOTOTHIY Ha COPTYCPHU HHCTPYMEHTH 3a M3BIMYAHE U arperupaHe Ha JaHHU B MIPOIICC

Ha e-00y4eHHue;
® CKCIICPUMEHTH 33 aBTOMATU3UPAHO M3BIUYAHE U arperrupaHe Ha JaHHU MPU e-00ydeHUE
B koHkpeTHU UTIO u nip.

[opanu cBosATa OOIIHOCT PE3yATATUTE MOTAT Jla C€ MYJITUILTAIUPAT 3a paznudan UT10.

4. 3akoueHue

Pesynrature OT W3CNEABAHETO TO3BONSBAT B HMHCTHTYIMOHATHA HMHGOPMAIMOHHA
UHQpACTPYKTypa J1a Cc€ HWHTErpUpaT COPTYepHU CPENCTBa 3a aBTOMATH3AIlMs HAa TpyAa Ha
YVHHUBEPCUTETCKHTE MPETIOIABATEI! IPH TIOATOTOBKA U IPOBEKIaHE Ha e-00ydeHue. PaspaboreHuTe
WHTEJTUTeHTHH UHCTPYMEHTH TPEAOCTaBIT BBH3MOXKHOCTU 32 aBTOMATHM3HpaHE Ha JEWHOCTH IO
MOJIrOTOBKA W TIPOBEXKJaHEe Ha e-o0ydueHue B pazmumuHu MIIO, BKII. TOCTUTAaHE Ha IMO-BHCOKO
Ka4eCTBO Ha YYCOHUTE JCWHOCTH U MOJI3BAaHHU MAaTEPUAITH, PEAYIIMPAHE HA Pa3XOIU U CPOKOBE MPH
W3IBJIHECHUE Ha ChOTBETHUTE 3aJ1a4H, TIO-TOJIsIMa OOCKTHBHOCT IIPH OIICHSBAHE U JIP.).

B nepcniektuBa Bb3MOXKHOCTHTE 32 aBTOMATU3MPAHO M3rpakaaHe Ha cuctemu oT ADOM e
Obaat uscienBanu B KOHKpeTHH NUTTO kato nHpOpMaTHKa, 9yKI0C3UKOBO 00yUCHHE, (DU3HKA H JIp.

Baaropapuoctu

Paborara e mojkpenena ot nmpoekt MY 17-OP-023 ,, AkymynaTuBHE GpeliMOBH MOJIENH 32
W3BIIMYAHE U arperrpaHe Ha TaHHH 33 3HAHUS U IpoIiecH B 00yueHneTo kbM DoHn ,,Hayunu
n3cneaanus Ha [1Y | Ilaucuit Xunenmpapcku®.
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KOMITIOTBHPEH JU3ANH HA BYTWIKA 3A JIETEPTEHT
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COMPUTER DESIGN OF DETERGENT BOTTLE
Snezhanka Atanasova, Momchil Hristov
University of food technologies-Plovdiv

Abstract

An effective approach to optimizing bottle design as packaging is the use of modern
engineering analysis methods that require the creation of a three-dimensional computer
model. The paper examines the main stages in the development of the individual components
for 3D model of detergent bottles in SolidWorks environment.

Key words: computer design, detergent bottle

[lpu pa3zpaboTBaHeTO Ha OYTWIKHM 3a HAIMTKH, TEYHOCTH 32 XUMHYECKaTa WHAYCTPUS H [p.
NPEBAPHUTENHO CE M3MCKBA MPOM3BOACTBOTO Ha WHCTPYMEHTAJIHA CKUITMPOBKA 3a mpedopMa U
OyTHiKa, TPOW3BOJICTBO Ha MNPOOHA CepHs, NPOBEXKIAHE HA W3NUTaHHA HA YCTOHYMBOCT Ha
pa3Nu4YHN HaToBapBaHWsA. To3M mpouec € TPYHEH, MPOIABIDKUTENICH U M3UCKBA JIOCTa CPEJCTBA.
Enna BB3MOXKHOCT 32 MOCTHTaHE Ha ONTUMAIHHU Pe3yaTaTH Obp30 M 03 TOIeMH pa3sXxoIH € upe3
Ch3[aBaHETO Ha TpUHM3MEpHH KoMmioThbpHH Monend Ha PET Oyrunku (Van Dijk, 1998). Ha
OCHOBaTa Ha METO/la Ha KpalHWUTE eNIEMEHTH MOorar Ja Ce NPOBENAT M3MHMTBAHHS Ha TEXHHTE
SIKOCTHH TIOKa3aTeli 3a ONTUMH3KUpaHe Ha opmarta u pasmepute uM (Stefanov, 2009), (Karalekas,
2001).
B paborara ca pasriesaHn OCHOBHUTE €Tald NpPH pa3pabOTBAHETO HA OTJIEIHHTE CHCTABHU
€JIEMEHTH 3a TPHU3MEPHH MOJIENH Ha OyTHIIKHM 3a JieTeprent B cpena Ha SolidWorks.
I etan - 'paguaHo oopmiteHHEe HA KOHTYPUTE Ha OyTHIIKATA:
o OponramHo rpaduyHo odopmieHue Ha | ¢ Ch3maBaHe Ha HampewyHute mpodmim B
KOHTYpUTe Ha OyTHJIKaTa, MACTOTO 3a | OCHOBATa, CPEAHATA PaBHMHA M PaBHHHATA Ha
eTHKETHUpaHEe U OTBOPA 3a JAPBIKKA: I'bpJIOBHHATA!

II eramn - Cp3aBaHe Ha OCHOBHATA MMOBBPXHOCT HAa OyTHIIKATa M MACTOTO 33 €THKETHPAHE!
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e Cp3maBa ce OCHOBHATa NMOBBPXHHMHA Ha OyTHJIKATa 1O TPHUTE HANpEYyHH mpoduma u aBara

(bpoHTaTHU CTpaHUYHK KOHTYpa upe3 Boundary surface:

+ -

r”.1

-

L8 LAy
T

e Odopmst ce MACTOTO 3a eTukeTupane upe3 Surface offset HaBBETPe OT OCHOBHATA MTOBBPXHUHA U
Surface trim u ce 3ambaBa npasHuHata ¢ Boundary surface, karo mpeaBapuTenHO ce BbBEKIA
pasnensima JuHAS BBPXY TsoTo Ha Oyrtmikara ¢ Split line. Cec Surface knit ce obemmusBat

TMOJTYYCHUTE TPU MIOBHbPXHUHHU.

III erar — OdopmsaHe Ha OTBOpA HA APBKKATaA:

npoduiTe 32 BHHIIHKS Kpail Ha 0TBOpa Ha JAPHIKKATA:

e BpBeknar ce 4eTupy IOMOIIHM PaBHUHM TEpIeHAUKYIIpHH Ha Front plane u ce odopmsr

e Odopmsi ce BbHIIHATA MOBBPXHMHA Ha OTBOpa 3a Jphikkara upe3 Boundary surface

AHAJIOTUYHO BBHTPCIIHATA ITOBbPXHUHA!
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34 Normal To Profile

R
W Ay
A

e Odopms ce mormHaTa TOBBPXHMHA Ha OTBOpa 3a Japwikkarta upes Filled surface w anamormyno
ropHaTa NOBbPXHHUHA!

Curature - £1- Boumdary

e BnBeKIaT ce 3aKpPBIJTICHUSA Ha OCTPUTE p136013e n C€ Komupa Chb3aJcHaTa IOBbPXHHHA
OIJICAAJIHO 34a I1OJYyYaBaHC Ha ITbJIHATA TOBBbPXHUHA Ha 6yTI/IHKaTaI

IV eran — OdopmsiHe Ha IHHOTO U T'bPJIOBUHATA:
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e 3ambI
JIBHOTO,
TAJIO:

Ba ce IbHOTO 1 TopHUS Kpait ¢ Surface plane u ¢ Dome ce oopmst n3gpidanaTa gact oT
a ¢ Revolve ce mombiiBa repiioBHHATA, ciiell KOoeTo ¢he Shell ce ch3maBa ThHKOCTCHHO

3akioyeHune
[pennoxena e METOAMKA 3a TPHU3MEPHO MOJENMpaHe Ha Ha OyTHIIKa 3a JIETEPreHT B Cpeia Ha
SolidWorks B yeTnpu mocnexoBatenHu eramna: rpaguaHo oGopMIIeHHEe HAa KOHTYPHTE, Ch3/laBaHe

Ha OCHO

BHATa MOBBPXHOCT Ha 6yTI/IJ'IKaTa 1 MSCTOTO 3a CTUKCTHPAHE, O(I)OpMSIHC Ha OTBOpa Ha

JpBKKaTa, 0pOpPMAHE HA ABHOTO M TI'bPJIOBHHATA. 3a NPEJIOKEHHUSAT MOJENT HAa OCHOBAaTa Ha

METOIa

Ha KpallHUTE eJEeMEHTH MOXE Jia Ce MPOBEJE SKOCTeH aHalu3, 4pe3 KOWTO 1a ce

ONPEIEISAT MECTaTa OT KOHCTPYKIHMATA, KOMTO Ca 3aCTPAIICHH BCICACTBHE HA BH3HUKBAHETO Ha
HEAOMYCTUMH BBTPCIIHN HAINIPEKEHUA U Aa C€ ONTUMU3UPAT TCOMECTPUUYHUTE MapaMETpU 1 Q)opMa
Ha OyTuiIKaTa.

Jlutepa
1.
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Yausepcuter no 6md1moTeK0O3HAHNE M NHPOPMALMOHHH TEXHOJIOTHH

THE PLACE OF REPUBLIC OF BULGARIA IN CYBER WAR
Gergina Zhablyanova
University of Library Studies and Information Technologies

Abstract:

Not only the citizens but also the majority of government institutions and businesses
conduct their activities in cyber space to reduce the cost of services and increase profits. Our
lives in this "fifth domain" inevitably see our exposure to a large number of cyber threats. A
large percentage of these threats are part of the cyber war currently taking place in the
global Internet space. The report aims to find the place of the Republic of Bulgaria among
the affected, from the everyday cyber attacks countries in Europe.

Keywords: cyber space, cyberattacks, cyber war, security.

VBon

Bcexn equH oT Hac HEM30EXKHO KMBee, pa3BUBa ce, 00IIyBa W paboTH B T. Hap. KHOEp
npocTpancTBo.  CBBPEMEHHOTO HH o0mecTBO ce HaMHpa Cpex CeMeiCTBOTO, Ha
OBP30pa3BUBALINTE CE TEXHOJOTMYHO M MH(OPMAMOHHO, HA MHTEPHET 3aBHCHMHTE OOIIECTBA.
HbpxaBata, OM3HECHT U TPAKAAHUTE CHINO Ca YacT OT TOBAa KHOEp MPOCTPaHCTBOTO. B romsima
CTENEH TE pa3uuTaT Ha HAJeKIHOTO (YHKIMOHHpaHE Ha WH(OPMALMOHHUTE CHCTEMH,
TEXHOJIOTHUTE U UHTEPHET cpefaTa. ExenHeBHUTE HU JEHHOCTH ca 0OBBP3aHM C M3IIOI3BAHETO HA
yCTpoiicTBa 3a Bpb3Ka C MHTEPHET, KOETO MOXKE J1a Ce OIpe/iesId KaTo TeHICHIMO3HO HapacTBalla
3aBiUCHMMOCT. HO Ta3um 3aBHCHMOCT KpHue M OrpoMeH Opoil Kubep 3amiaxu ¥ pPHCKOBE, KOWTO
IOCTOSIHHO C€ YCHBBPILIEHCTBAT U Pa3BUBAT U MOXKeE Jla Ce Kaxe, 4e Beue ca 4acT OT T. Hap. kubep
BoiiHa. [IpeBeHImATa Cpeuly pasiUMYHUTE KHOEp 3alulaXxd M PHUCKOBE M3UCKBA 3a/IBIO0YCHHU
MO3HAHWS M aHAIN3M Ha HAUMHHUTE 33 TSIXHOTO CB3JaBaHE U PA3MpPOCTPAHEHME, 3a Ja MOXKE
YCIEIIHO J1a C€ MPEeJOTBPATAT IMOJ00EH BHJ 3aKOHOHapyIIeHus. [1obann3annoHnTe IpoIecH 1
YBEIMYaBAHETO Ha MHTEPHET 3aBUCUMOCTTA HA TPAXKJAHUTE JaBa BB3MOXKHOCT 3@ M3MOI3BAHETO
Ha MHTEPHET U KOMITIOTBPHATE MPEKH KaTo ruaropMa 3a U3BbPIIBAHE HA IPECTBIUICHHUS, IOPU
3a BOJICHE Ha T. Hap. kubep BoiHU. bpp3nTe TemMmoBe Ha pa3rphinaHe Ha KuOep BoWHATa M3MCKBA
TSCHO CHTPYIHUYECTBO MEXK/IY IbPKAaBHUS M YaCTHUS CEKTOP, 3a Ja CE€ 04epTasT ICHU TPaHUIH 32
60pba ¢ TO31 HOB BHI MPECTHILICHUS.

CpeHCTBa 3a OCBIICCTBABAHC HA KI/I6€p BOMHATA.

L [eTUST TOMENH", B KOWTO KUBEEM U C€ pa3BUBAMe MOXKEM Jla OTIPENIENIUM KaTo cpefa, B
KOSITO C IMOMOIITa HA WHPOPMAIMOHHN CUCTEMHU M (H3HIecKa HHPPACTPYKTypa ce OCHIIECTBSBA
KOMYHHUKAIHS 1 OOMEH Ha pa3NyHA WHPOPMAIUOHHU CHOOIIEHUS. B TO-TeceH CMUCHIT MOXKe Jia
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ce TOBOPH 32 BpPbB3KaTa MEXAY OTACIHHTE MOTPEOMTENH Upe3 M3MON3BAHETO HAa KOMITIOTHD,
tenedoH, Tabner u ap. 6e3 orien Ha TAXHOTO reorpadcko MecrononoxeHue. KbM HacTOSIIUST
MOMEHT MOXXEM Ja TOBOPHM 3a MoBeue oT 3,5 Muimapiaa rpaxaand, win mnoeue oT 40% ot
HACeJICHHETO Ha 3eMsTa, KOMTO  OOMEHAT MH(OpMaIMs, MIeH, YCIyrd, OM3HEeC pelieHus U
NPHATEICTBO 4pe3 counannure Mpexu.[3] [Totpedurenure n3BbpLIBAT rosiMa 4acT OT OCHOBHHTE
CH ©XEJAHEBHM (QYHKIMM B HMH(OpPMAIMOHHA Cpe/la, KOETO MOXE Jia Ce ONpelend KaTo
TEHJICHIIMO3HO HapacTBallla 3aBUCHUMOCT OT BUCOKHTE TE€XHOJOTMM U uHTepHeT. Ho 3amnaxute u
pHCKOBeTe B Ta3W MH(OPMAIOHHA Cpela IIOCTOSIHHO C€ YCHBBPIICHCTBAT M pa3BuBaT. B
Bwarapus 6mmzo 60% ot momakmHcTBata W Ham 90% OT mpenmpuATHATa MMar JOCTBII 10
Wureprer [5] ToBa maBa HOBM NEpCNEKTHBH Tpej OM3HEcAa W JbpKaBHATA aAMHHUCTpAIWs, 3a
MOBHIIABAaHE Ha e()EKTUBHOCTTA Ha MPEUIaraHUTe YCIyTH W 32 MOBHINABAaHE HA MeYaaOuTe, HO OT
Jpyra cTpaHa IIPEIOCTaBsl W HOBHM BB3MOXKHOCTH 32 MamlabHO M 3JI0HAMEPEHO H3IONI3BaHE OT
Pa3NUYHK TEPOPUCTHYHY IPYNH WIH 32 TyKIECTPAaHHO pa3y3HaBaHe.

B sureparypata ce cpemaTt pa3nudHA ONpEAeIeHNS 3a KHOep BOWHA, HO €HO OT MOXe OH
Ha-TIOMyIISIpHATE € ToBa, koeto maBa Pruapn A. Kmapk (,,Kubeproitna”, 2010). ,,Kubeproiina —
TOBa € JICWCTBHE HAa €IHA Ibp)KaBa MO NPOHMKBAHE B KOMITIOTPUTE WIM MpPEXHTE Ha Jpyra
IbpKaBa 3a TOCTHTaHE HA 1M, BOJCHIM 10 3aryOu mimm paspymenus”’. CpencraTra, KOUTO ce
U3II0JI3BAT 33 OCBIIECTBIBAHETO HA KNOEp BOMHATA CE SBSIBAT 3aILlaxa KaKTo 3a TPakIaHUTE Taka
U 32 (YHKIMOHUPAHETO Ha HayKaTa, 00pa30BaHMETO M LETHS IbPXKABEH CEKTOp. Te3u cpexncTsa
HAMAT HAalMOHAJHM, KYIATYpPHU WIM IOpUAMYECKM TIpaHuiy. ETo 3amo TAXHOTO SCHO
UJICHTUOHUIMPAHE € CI0XKEH IMpOoLeC, KOUTO Ce YCIOXHSIBA OT TPYJHOCTHTE HPH ONpeJelisiHe Ha
U3TOYHUKA Ha BB3/ICHCTBUE, IEIUTE M MOTHBUTE M OBP30TO eCKaJIMpaHe Ha camara 3aruiaxa.
TaxHOTO BB3/IEHCTBHE HA-YECTO € HACOUEHO CPelly KPUTHYHH MH(PACTPYKTYPH 32 AbprKaBaTa U
00IIECTBOTO, THH KAaTO IOCIIEUIUTE TaM OT YCIIeIIHa aTaka e ObJar Haif-rojJeMu — (PMHAHCOBH,
a TIOHSAKOTa M YOBEWKU. YacT OT Te3n cpencTBa, KOMTO ca yacT OT KuOep BOHHATa Morar Ja
OblaT: aHOHUMHOCTTA B KHOEp MPOCTPAHCTBOTO, TPYAHOCTH HPH MPOCIEASBAHETO HA aBTOPa Ha
JnameHa KuOep araka, W3MON3BaHETO Ha T. Hap. ,,00eH codryep” (Kalchev, 2016), xubep
MIITHOHAKBT U PA3INYHATE TEXHOJIOTHH, KOUTO CE M3IOJI3BAT 3a peaau3alusra Ha JajieHa Kuoep
araka. 3a brirapus kato odurnmanen wieH Ha cemeirictBata Ha HATO u EC moxe nma ce ovaksa,
4e me Obpae 00eKkT Ha Kubep aTaku. JlelicTBuATa npexnpuets B Hadanoto Ha 2009 1., ¢ pemenne
Ha Munmcrepckus chBeT Ha PenmybOimka beirapus, e cp3maBaneTo Ha UTIkkHOCTTa HarmonaneHn
KOOPAMHATOP MO KHOCPCUTYpHOCT, KakTo u mpe3 2016 r. Ha IbpKaBHO HHMBO OeIle M3rOTBEHA
Hammonanua crparerus 3a kubepcurypHocr - ,,Kubepycroituna boarapus 2020, koeTo Boau 10
nofo0psiBaHe Ha MEXIYHapOIHOTO CHTPYIHMYECTBO C LeJl HaMajsBaHE Ha PHCKOBETE 3a
Bbbarapusi, KakTo OT Yy)KAECTPAaHHH aTaKH Cpelly KpUTHYHATa HHPPACTPYKTypa, Taka U OT aTakH,
WUHULMMPaHH Ha Tepuropusita Ha crpaHara. Cnopex npoyusane Ha CISO (Chief Information
Security Officers) Bceku neH Hax | MWIMOH AymM HO IST CBAT ca JKepTBa Ha KHOep
MpeCcThIUICHNS, KaTo brirapus He ¢ m3kmouenue. Criopen Jokiaa oT kommanuaTa Akamai [1] 3a
o0maTa KapTWHa Ha CHTYpHOCTTa Ha OOJNaKa W Ha 3alUlaXUTe B HEro ¢ HampaBeHa CBETOBHA
KJacals Ha W3TOYHMIWTE Ha 3amiaxa, B Kosto bwarapus 3aema 10-to mscro B Espoma ot
n3cnensann 45 nbpkaBu. ToBa TOKa3Ba, 4Ye HE3aBHCHMO OT TOJIEMHHara cu bwirapus e
MIO/TIO’KEHA Ha TTOYTH €KETHEBHU KHOEp aTaKH.
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Omre exnH mpuMep MOKa3zaH Ha QuUrypa 2, meMOHCTpHpa, ye brirapus e moanoxeHa Ha
©XKEIHEBHU KHOep aTakH.
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@urypa 2. MpexoBu ataku cpeity boarapus B nepuoga 02 — 08 mapt([2]

Or rpadukara SCHO JIM4HM, Y€ YCTPOWCTBA HAMHUPAIIM CE HA TEPUTOPHATA Ha Bwirapus n
MMalli Bpb3Ka KbM UHTEPHET Ca KESJJHEBHO aTaKyBaHU U Opos Ha KUOep aTakuTe € CPaBHUTEITHO
BHCOK. TOBa HM [1aBa SCHA MpENCTaBa, ue TPsOBa CEPHO3HO @ Ce MOMHCIH 3a CUTYPHOCTTA Ha
BCHYKH YCTPOMCTBA, HMAIIH JOCTHIT IO HHTEPHET.

Axo moryieiHeM caiThT Ha ['MaBHa mupekiusa 60pda ¢ opraHu3upaHaTa MPEeCTHIHOCT [4]
11e OTKPHUEM ChOOLIEHHE 332 HOBUSI KPUIITOBUPYC M3BecTeH mnoj nmeHara WannaCrypt, WannaCry,
WanaCryptOr, WCrypt, WCRY.[6] Ilo Tuma cu Ha pa3npocTpaHeHHE € OT THUIa Ha
KOMIIOTBPHHUTE YepBei, HO 110 M3IThJIHEHUE ce Oa3upa Ha jBara kpunrorpadcku anropursma AES
n RSA, 3a na xpuntupa ¢aitnoBere Ha 3apaseHute MammHH. Cliesy 3apa3sBaHETO Ha JaJieHa
MalliHa ¢ TO3M BHPYC M CJ€J KaTo KPHITHPAHETO 3aBBPIIM HAa €KpaHa Ce IOSBSBA CIEAHOTO
choOIIeHHE:!

- Wana DecryptOr 2.0 x|

Ooops, your files have been encrypted!

What Happened to My Computer?
Your important files are encrypted.

Many of your doct P videos, and other files are no longer
accessible because they have been encrypted. Maybe you are busy looking for a way to
recover your files, but do not waste your time. Nobody can recover your files without
our decryption service.

Can I Recover My Files?

5/16/2017 00:47:55 Sure. We guarantee that you can recover all your files safely and easily. But you have
not so enough time.

You can decrypt some of your files for free. Try now by clicking <Decrypt=.

But if you want to decrypt all your files, you need to pay.

You only have 3 days to submit the payment. After that the price will be doubled.
Also, if you don't pay in 7 days, you won't be able to recover your files forever.

'We will have free events for users who are so poor that they couldn’t pay in 6 months.

How Do I Pay?

/2072017 00-47:55 Payment is accepted in Bitcoin only. For more information, click <About bitcoin=>.
Please check the current price of Bitcoin and buy some bitcoins. For more information,
click <How to buy bitcoins>.

|And send the correct amount to the address specified in this window.

After your payment, click <Check Payment>. Best time to check: 9:00am - 11:00am

Time Left

WueZ9NyMgw5s19p7AABIS|ré SMw

Check Payment

Contact Us

@urypa 3. Cpobienne Ha 3apazeHa MamuHa ¢ Bupyca WannaCry [4]

Enun uHTEpeceH acmeKT Ha TO3W BapHaHT HA KPHUITOBHPYCHUTE €, 4e CHOOLICHUETO 3a
OTKYIl BCBHIIHOCT € H3IBIHHM, a He H300pakeHMEe WM TeKcToB (ain. M3monsBaHero Ha
kpunrorpapckute aimroputMu AES and RSA mpennonara u u3mosi3BaHeTo Ha KIOY 32
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JEKpUINITHPaHe Ha Beue Kpuntupanu (aitmose. B coydas ma WannaCry, cren 3ammamniaHeTo Ha
UCKaHaTa CyMa 3a JEKpUIITHpaHe Ha MOXHUTeHUTe (aiiiioBe, KIIOYBT KOWTO ce INPElOCTaBsl Ha
NOTBHPIEBIINTE HE JaBa pe3ylNTaT. YCTaHOBeHO Oelle, 4e BHPYCHT ce paslpocTpaHsiBa Oe3
JKCJIIAHUECTO MW HaMecaTa Ha JICTUTHUMHMUS HOTpe6I/ITeH Ha KOMIPOMETUPAHUSA KOMIIOTHP YPE3
HACKOPO YCTAQHOBEHA YS3BMMOCT B KOMYHMKAIIMOHEH MPOTOKOJ 3a BPB3KAa MEXAY CHPBBPH II0
CBeTa, M3MOJ3BAIM OnepaluoHHara cuctema Yunaoyc.[4] [Ipecuentspsr Ha MBP usnese cbe
ChOOLIHNE, Ye MMa PETHCTPUPAHU CiIydyall Ha KOMIIOTPH B IbpXKaBHaTa aJIMMHHUCTpAIXs, HO TO3U
npobiem e Omn Obp30 paspemieH. He Osixa oOsiBeHH peanHU NaHHU 32 Opos Ha 3apa3cHTE
KoMITioTpr. DakThT, Y€ BBPYCHT 3apa3dl MIUIMOHH KOMITIOTPH TI0 IENHs CBAT TpsOBa 1da ObIe
MOKa3aTelieH 3a pa3MepHuTe Ha KuOep 3aruaxute W Kubep BOWHATa, aKo TE3W 3alUIaXd HABAT OT
€/THO MSCTO U Ca KOHTPOJIAPAHH.

3aKiIroueHNe

Cl'[panIHeTO C IMPOABJICHHUATA Ha KI/I6€p BOMHATA U OCUTYPSABAHCTO Ha CUT'YPHOCT CC
OKa3Ba CEPUO3HO MPEAU3BUKATCIICTBO MPEJ HAIMOHAJIHUTE I/IH(i)OpMaI_lI/IOHHI/ITe CUCTCMH KAKTO Ha
AbpKAaBHUTC HWHCTUTYIUH Ha P B’BJIFapI/IiI U Taka M Ha TE3U B YaCTHUA CCKTOP. Twit KaTo
Pa3sBUTHUCTO Ha TCXHOJOTHMHUTC CC ABUKHU CKOPOCTHO, a CHPAMO TAX I[CﬁCTBPISITa OT HaKas3aTcCJIHaA
TJIeAHA TOYKa Cpelly aTaKyBalllUTS CC JABWIKAT HA 3aJICH XOM.

Crnopen crnienmanuctu B cdepara, cpel HoBara ()pOHTOBA JIMHUS Urpaela pojisi Ha HOBO
U3MEpeHne Ha OOWHOTO IMPOCTPAHCTBO, NMPOTHBHUKBT B Ta3M cdepa ce CTpeMH Ja INpupodue
KOHTPOJI W Jia YHpaBiIsiBa BHCOKO TEXHOJOTHMYHUTE CHCTEMH WIM TEXHUTE EJIEMCHTH,
BKJIIOUMTEITHO W TaKWBa C BOCHHO NpeaHa3HaueHue. Hsikom oT kubep aTtakuTe Cpemry HAKOU OT
MHPOPMAILMOHHUTE CHCTEMH MOXE Ja JAOBEAe MO0 CEPUO3HHM TOPAXEHUS, [a HapyIln
YIPaBICHUETO M Taka Ja 3acTpalld CUTYPHOCTTA, HE CaMO Ha OTACTHM WH(PACTPyKTypW HIN
rpaXkJaHH, HO ¥ Ha LIEIH AbPKaBH.

B TO3M pen Ha MHCIM MHOTO CTpaHH, OPTaHW3ALMU W WHCTHTYLHMHU Ca NPHHYACHU 1a
IpeanprueMaT KOHKPEeTHH MEpPKH 3a MOBHUIIABaHE Ha MH(OpPMalMOHHATA CH CHTYPHOCT, KaTo 3a
IeJITa ce BBBEXK/IAT 3aKOHOAATENIHNA POMEHH, YBEIMIABAT CE M3UCKBAHMUATA TIPU OCUTYpSIBAHE HA
JOCTBII U C€ M3TPAKAAT CIICHUANN3NPAHN OPTaHH 3a TIPOTUBOICHCTBIE HA KNOEp 3aIlTaxuTe.
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EJJEKTPOCTATUYHO B3AUMOJIEMCTBUE MEXIY JIBE
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ELECTROSTATIC INTERACTION BETWEEN TWO CONDUCTING
SPHERES WITH EQUAL RADII AND A POINT CHARGE ON THEIR
CENTERLINE
Dimitar Doichev?, Stefan Bozhkov"*, Yordan Epitropov?, Kiril Kolikov*
*Plovdiv University “Paisii Hilendarski”, Plovdiv, Bulgaria
"University of Food Technologies — Plovdiv, Bulgaria

Abstract

In this work we solve a particular case of the three body problem in the electrostatics.
Let two conducting spheres of equal radii and arbitrary electric charges @1 and @2 and one
point charge ¢ lying on the line through the centers of the two spheres. We determinate the
electrostatic force of interaction between the spheres and the point charge, using the image
charges method and the exact analytical formulas found by us for the electrostatic force of
interaction between two spheres.

Keywords: three body problem in the electrostatics; electrostatic force of interaction;
Coulomb’s law; method of image charges.

§1. BbBenenne.

TpuuacTnyHata 3agava 3a Tena, KOMTO CH B3aMMOJCHCTBAT EJIEKTPOCTATHYHO B TPUMEPHO
MPOCTPAHCTBO, € CTAp KIACHYESCKH MPOOIEM U € eIHO OT Hal-rOJEeMUTE MPEAU3BUKATENICTBA B
MareMaTnueckara Qusnka. Penrennero Ha 3amayaTta B OOLIMS CIydaid, IpH IPOU3BOJIHU HAYaHH
YCIIOBHS 3a Tellata, He € HaMepeHo W j0 aHec. ToBa Hajara THPCEHETO Ha HOBU CTPATErHH,
M3HCKBAIH Ka4eCTBEHO HOBH ITOIXO/IH.

Hue mnomyyaBame TOYHO aHANMTHYHO pEIICHHE HAa Ta3W 3aJadya B YacTeH Cllydad MpH
OTHOCHTEJIHO NPOCTH HAdajHH YCIOBHS — MMEHHO, KOTaTo ABE OT Tenara ca cepu ¢ paBHH
pajiycy, HO C MPOM3BOJHHM 3apsAu, a TPETOTO TSAJIO € TOYKOB 3apsj, JeKall Ha LIEHTpanata Ha
nsete cdepu. ChlIeCTBEHO HOBOTO B Haius nojaxo] ca uzsenenure ot Hac (Kolikov et. al., 2012)
TOYHU AHAJIMTHYHHU (bOpMyHI/I 3a CujlaTa Ha CJICKTPOCTATUYHOTO BSaHMOIlefICTBI/Ie MCXKIY JBE
cepu TPy IPOU3BOJHU HAYATHH YCIIOBHUS.

Heka g e TouxoB 3apsn, a S, u S, ca ABe He3a3eMEHU HAaCICKTPU3UPAHU MIPOBOAALIN chepH,

CBOTBETHO, CbC 3apsaau O, ¢, U paBHH PaJuycu 7 .

B Ppe3yaTaT Ha CJICKTPOCTATUIHOTO BSaHMOﬂCﬁCTBHC MCXKIY C(bepI/ITC W TOYKOBHA 3apdad o
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IOBBPXHUHUTE Ha S, M S, ce MOSABIBAT MHAYLMpPAHW 3apsau choTBeTHO O, U (J,, KOUTO ca
CBBP3aHH MOMEXAy cu. ToraBa 10 TOBBPXHMHHTE Ha C(EPUTE OCTaBaT PaBHOMEPHO
pasnpenenenu 3apsau O, U Q,, KaTo OT 3aKOHA 3a ChXpaHCHUE Ha CNCKTPUIHUS 3apsiy ca B CHIIa
paBeHCTBaTa
0,=0-0n0,=0,-0,

Axo ¢ nexu Bbpxy mpaBata O,0,, To ¢opMmamHO MoxkeM na mpuemem, 4e O, u Q, ca
pasnoio’KeH! BBPXY chlnara mpaea, a O, u O, ca ceepenoroueHu B nentposere O, u O, Ha
chepure.

§2. EnexTpocTaTUYHO B3auMO/IeficTBHE Me:KAY ABe 3apeleHd MpoBoasu cepu
Hexa S, u S, ca 1Be He3a3eMEHU HACNEKTPU3UPAHU NPOBOMALIU CHEpH, CHOTBETHO, ChC

sapsau O, O, U paBHU paguycu r. Ako R e pa3cTosHHETO MexIy neHtposere um O,, O,, T0 B

(Kolikov et. al. 2012) nonarame 6 =r/R u k=0,/0, u3a j=0,1,2,... BbBeKIAME O3HAYCHUATA
j+1 j+1
(1+«/1—(25)2)J —(1—./1—(25)2)1
- 2 1= (26)? ’

z 5" ot 1+ X+kY - I+ X+k'Y
X=="—, v=> a0=0——7—,0=0——"7—.
C %=0 (1+X)*-y? Q=0 (1+X)-7?

m=1 2, m=1~2,-1

57 -
. . J
Ipu i=1,2 u j=0,1,2,... nomarame ome O, ; =(-1) C—Q,..
j
ToraBa noiy4aBame pa3cTOSHUATA Ha 3apaauTe 00pasy 10 LEHTpoBeTe Ha chepure S, u S,
2 C/'—l
D =D, =6R—.
Lj 2.J C
J
Axo BCHUKH 3apaau 00pa3y, HaMHUpaIIY ce B S|, U Pa3CTOSHUATA UM JI0 LeHTbpa O, 03HAYUM
cboTBeTHO ¢ Q) W D', a HamupammTe ce B S, U pascrosHusTa um g0 O, — cboTBeTHO ¢ O N
D", 1o cvriacHo 3akona Ha Kynom, 3a ronemuHata F Ha NpOEKIMATA HA CHUIATa Ha
B3auMozeiicTeue Bepxy O,0, , neiicTBama Ha Te3u IBe cdepy, oryyaBaMe
QIQ"
- Ji
o
476, )55 (R-D] - D))

j_

§3. EjekTpocTaTH4YHO B3aHMOJEHCTBHE MEXKAY JBe 3apeleHd NPOBOAAIH cdepd u
TOYKOB 3apsii HAMHPAII Ce HA [eHTPaJiaTa MeKAy ABeTe cepn
Heka ¢ e ToukoB 3apsn, nexan Mexay neHrposere O, u O, Ha chepute S, u S, ¢ paBHH

paguycu r. Axko R, e pascrosHuero or ¢ go O,, a R, — pascrosuuero ot ¢ no O,, To
pascrosiauero Mexay O, u O, ¢ R=R +R,.
Osnauasame §=r/R u A, =R/R, (i=1,2). Ako d,, e pascrosHuero oT nentbpa O, 10

3apsna obpas g;, , MOPOJIEH OT 3apsna ¢ B cpepara S,, To (Budak et. al., 1988)

d

il

2
I _spR _spa
R R

i i
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10

q
| q’,rz'": QI,Zm-[

R

@ur. 1. EnexTpocTaTidHO B3aMMOJCHCTBHE MY ABE MPOBOISAIIN Chepr U TOUKOB
3apsi/l pa3MoJiokKEH Ha IEHTpaHaTa UM OTCeUYKa

3apsnure g, MHAYnMpar peauua obpasu ¢, ; (i=1,2;j=1,2,3,...) B nBete chepu. Axo d, ;

Ca pa3CTOdHUATA MCKAY 3apAIUTE 06pa31/1 q; J U [ICHTPOBCTC Ha C(I)CpI/ITe, B KOUTO T€ JICKAT, TO €

B CHJIa
d, = A S
(1) R_di,n—l R(l— di,nlj
R
Or (1) nonyuasame d,, = rz/(R —d,.,l) = rz/(R -5 (RZ/RI. )) .
Hexa
d, 2 d, 2
) d, “Lu 2 R:su,, dl, =—" -0 a=234.
" R R R 1-d],
Jla moroxum
a,, (52)
3) d, =———=,n=234,..,
" b,(8)
KBICTO a,, =4, (52) ub, =b, (52) ca nonuxomu Ha & . Torasa
oo O by
- 1 - di’,nfl 1 _ ai«”*1 bi,nfl - ai,nfl
bi,n—l
OtTyk u ot (3) moNTy4aBamMe cucTeMara
4 ai,n = 52 in—1
® bi,n = bi,n—l —4; 0 ’

OTKBJIETO CJIEBa
(5) bi,n+l _bi,n +52b'

i,n—1

=0.

VYpaBraeHueto (5) € pPEeKypeHTHO XOMOTreHHO u chriacHo (KrouykoB u ap., 1995) mma
XapaKTePUCTHYHO YPaBHECHUE

(6) yz—y+§2:O.

Monexe R>2r, 10 §=r/R<1/2, T.e. 6° <1/4. Torasa ypasHenueto (6) UMa 1Ba Pa3IUUHH
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Ley1-ds® 141248

3 b2 — CnenmoBarenHo pemeaneTo Ha (5)
cpritacHo (KrouykoB u ap., 1995) e

peaHH KopeHa Y, =

7 b,=c,y +c,yy, n=123,..

Or 2) u (3) cnemsa d, =a,, /b, =A46° wu a, =46, b, =1. Torasa or (4) nomyyasame
b,=b,-a, =1-16".

Or (7) 3a b, u b,, nonyyasame cucremara

CiTCa= 1
®) s

CoYyTCLY, =1=4
Pemasame cucremara (8) OTHOCHO ¢;; M ¢;, W KaTo B3€MEM NPEBHU, Y€ J; H Y, Ca KOPEHH
Ha ypaBHeHHeTo (6), omyJaBame

o) . A=l o =2y
il = i2 = °
Vo= Vo=
2
) b.
Ord, :b# u (4) cnensa, ue d;, = 6° l’)’"’] . Torapa
i1~ At in
b.
(10) d, =8R—"=
’ bi,n
Ottyk u ot (7)
(an d =&°R Ci,lyln_l +Ci,2y;_l
AR

Teii kato A, = R/R, , 1o ot (9) u (11) ciiensa

_op (Ry=R)W —(Ry—R)y;
del - 5 R n+l n+l *
(Ryz _Ri)yl _(Ryl _Ri)yZ
Kato umame mpezBug ude y, 1 y, ca KOpEHH Ha ypaBHEHHETO (6), moryyaBame

n-1 n
&Ry (yj ~1|-RY, [yj -1
4 &R Vs b
imn n n+l :
SRy, [(yj —IJ—R,.y:“ [(y] —1}
W N

_ 2 [ _ 2
Ot (6) moryuaBame K M
Vs 20

H CJICOTOBATCIHO

n—-1 n
[ 1-282 +41-452 1-268% ++/1- 45>
SRV | YR | !
d. =0R

in

25 72 25

n n+l
_ 2 _ 2 _ 2 _ 2
5y, [1 26° +\1-45 J ory? [1 26” +\1-45 J .
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llle onpepenum 3apsaure-o6pasu ¢, ;. IIbpBo, B cnna ca pekypeHTHHTE (opmyiu

d d :
1 1, .
3 112 G0 = —Lgq, s J=12,3,.. Upes HEMOCPENCTBEHO MOCIEOBATEIHO H3pa3sBaHe
. 1

Ha 3apsuTe 00pasu g ; MOTydYaBame U3pasa

q.; =

(-0’
9= ~—(d,,d,
Wznomnsaiiku hopmyia (10), 3a ropHUst U3pa3 MoayyaBame

() o'R 1

qi’j rj Ri bi‘n

i,j-1

d,, ,.d,d,)q

' _ r " _ "o '
Heka 03HaYUM @), | = ¢, 315 G2 = Drom > Dot = G22m1 ¥ Doy = i,y - 110 TO3M HAUMH C g
CMC O3HAYUJIM BCUYKHU 3apaan 06pa3I/I IOpOJACHU OT ¢ W HaMHpaliu cC B Sl ,ac q;’ — TC3U B S2 .

Ilo chmms HAYMH MOXKEM J1a 03HAYUM U CHOTBETHUTE M Ppa3CToTHUA di "

OrunTaiikn 3aKOHA 3a CbXpAHEHHE Ha CICKTPUYHUSA 3apsf 3a HecBbp3aHuTe 3apain O, u O,
HoJTy4aBame

o0 o0
0=0 -0 XY S grmg, - X EY Y
-7 & -7 %
TOraBa CBI'JIACHO HpI/IHHI/IHa Ha CyHepHOSI/IHI/IﬂTa U 3aKOHa Ha KyHOH, 3a roJJeMmuHaTra Ha
culiaTa Ha B3aHMOHeI>’ICTBHe F 5 IlefICTBaIHa Ha TE3U IBC C(l)epI/I " TOUKOBUIA 3ap${Z[, HoﬂyanaMe

z Q z o’ +Z 4q; +Z 4q; n

4;:50 = (R,-D)Y T(R-d) T(R-d)

+ZZ 0.0/ 2+ii q:q; +ZZ q;0! +ZZ 0.q

j=0f=0(R—DJ’.—Dl.") j=01=0(R a” a’”)2 j=0f=0(R—d’.—Dl.") j=01=0(R D’ d”)z

3akiouenne

[Monyduenute GopMyNn 3a €IESKTPOCTATHYHO B3aMMOJICUCTBUE MEXIY IBE cepd C paBHU
pamuycH W C IPOU3BOJIHU 3apsiIi U TOYKOB 3apsi, JISKAI[ Ha [[CHTpaJlaTa Ha JBeTe CepH, uMar
TEOPETHYCH MPUHOC. TESHICHIIMUTE OT MOCICTHUTE TOJMHU OKA3BaT 3HAYCHUETO HA JCTAHIHOTO
[I03HaBaHe Ha KJIACHYECKOTO MOBEAEHUE HA TaKMBa CUCTEMHU B aHAJIM3a Ha MHOI'O YMCTO KBAHTOBU
npobiemu. OCBEH TOBa, Te3U TOYHU (POPMYIH JaBaT BB3MOXKHOCT 32 Ch3/IaBaHE Ha Mporpama 3a
YHUCICHO CHMYJIMpAHe W TOTBBPXKIABAaHE HWIM OTXBBPIISHE HA TEOPETUYHU XUIIOTE3H MPU
€NEKTPOCTATUYHOTO B3aMMOJICHCTBUE MEX/TY TPH TEJa.
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EKCIIEPUMEHTAJIHA CUCTEMA 3A IPOEKTUPAHE
HA AKYMYJATUBHU ®PEMMOBH MOJIEJIA
Teonopa IlanaiioroBa, I'eopru Torkos, Unusina Yaksposa
Y , Ilaucuii Xunengapcku*

EXPERIMENTAL SYSTEM FOR DESIGNING ACCUMULATIVE
FRAME MODELS
Teodora Panayotova, George Totkov, Iliana Chakarova
PU ,,Paisii Hilendarski“

Abstract:

The use of frame models (emerged in the theory of artificial intelligence in 1974 as
a means of knowledge representation) in education has long history nowadays. Different
applications of frames have been adopted and commonly used in the field of physics, math-
ematics, English language, etc. targeting systematization and categorization of educational
test units in the form of frame-instances. Similar experiments in e-learning (with limited
application in the case of test units) necessitate the definition of ‘accumulative test units’ and
creation of relevant software systems for their application. In this paper experiments have
been performed on the basis of a new defined term ‘accumulative frame model’ (AFM) in a
direction of implementing a system for designing and using of AFMs in e-learning.

Key words: frame model, education, accumulative frame model

1.BbBenenue

@peliMbT € QyHIaMEHTAIHO IMOHATHE, HAa 0a3aTa Ha KOETO CHCTEMAaTH3UpPaHO CE OMUCBAT
3HaHMA 3a CUTyaluH, 0OEKTH, MPOLECH M sBicHUs. [IOHATHETO € BBBEJEHO KaTo CPEeJCTBO 3a
MPEJCTaBIHE HAa 3HAHMS B TEOPUATA HA U3KYCTBEHUS UHTEJIEKT OT aMEpUKAaHCKUs ydeH MapBuH
Muncku (Minsky, 1974), xoiito npeara ciennara gedununus: ,,OpeiMbT € CTpyKTYypa OT JaH-
HU, MIPEIHA3HAYCHA 32 OIMCAHUC HA CTAHIAAapPTHA (CTEPEOTUITHA) CHTYaIUs .

Crpykrypara ,,ppeiimMm™ Ma UMe U ce ChbCTOM OT S/IMH WK TI0BeYe Ha Opoit cioToBe. OT CBOsI
CTpaHa, BCEKH CJIOT UMa M€ M ChIbpKaHHE, KOETO MOXKE Jia € OT pa3jIinyeH TUIl (peayHo WM
1510 YKCJI0, TEKCT | T.H.). B ciioToBeTe MOXKe J1a ce 3amcBa U ChbXpaHsiBa KOHKPETHO ChIbPKaHHe
OT CHOTBETHHSI THII, BKJI. M JIa C€ yKa3Ba Ha JpYT, Bede Ch3aaJieH (hpeiiM (ako TUITBT Ha CJIOTa
no3Bojisiea ToBa). [lo To3M HauMH oTHENHU (QpeiiMu MOXe Ja ce CBBP3BAT €IUH C JPYT C Lel
MOJIeJIMpaHe Ha KOHKPETHO 3HaHKE, HAIo100sIBallki HEBPOHHA MpPEeXa.

Wznons3Banero Ha anapara Ha QpeliMuTe B 00Yy4EHHETO MMa JIbira ucropus. M3BectHu ca
TEXHH MPUIIOKEHUS C IeJl CUCTEMaTU3UpaHe M KaTaJorM3UpaHe Ha TEKCTOBHM yYEOHM €IUHHIH
noj ¢opmarta Ha (QpedMH-K3EMIUISIPH B TPAJAUIMOHHOTO OOydYeHHe 10 (QH3MKa, MareMaTHKa,
6uonorus, nHopmarTuka, aHrmicky e3uk u ap. (Gurina et al., 2007), MmapkupaHne U aHOTUpPaHE
Ha TCKCTOBM Tacaxxu B yueOHu marepuanu (Panayotova et al., 2016) — 1. Hap. ,,eICKTPOHHU Oc-
JeKKHU", ,,akyMmynaruBHu TectoBu equHunn (ATE) B e-o0yuenuero (Totkov et al., 2014) u np.

B Hacrosimara pabora, Ha 0a3ara Ha BBBEICHOTO IOHSTHE ,,aKyMyJaTUBEH (peliMoB
Mojen®, nzcnensanuara 3a ATE ca pa3BUTH B TOCOKa Ha peau3alys Ha CHCTEMa 3a IPOEKTUpaHe
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W M3II0JI3BaHE HA aKyMYJIaTUBHU (pEHMOBH MOJIENHN B €-00yUeHHETO.

2. @peiiMoBH MO/IeJIH B 00y4eHHETO

B TpamunnonHOTO 00yueHME € TpeUIo’KeHa METOAMKa 3a MpPEACTaBsHE W M3ydaBaHe Ha
yueOHMs MaTepuai, 6a3upana Ha ¢peiimu (T. Hap. ¢ppeiimoBu onopu (Girina et al., 2005, 2007).
Cow3naznenn ca GpeiiMOBH CTPYKTYpPH, MOAXOSIIM 32 CUCTEMAaTH3HpaHe Ha 3HAHMS M PEIIaBaHe
Ha 33/1a4d B peJula MpeAMEeTHNH o0JIacTH, U3y4YaBaHH B CPETHOTO M BUCIIETO OOpa3oBaHHE —
Maremarnka, HHpopMaTHKa, GU3NKa, XUMUSI, NCTOPUS, AaHTJIMHCKH €3HK | JIp. MHOKECTBOTO OT
CTaHAAPTHH CUTYyalluH, CIIEHAPHUH, PAMKH, THAJ03U U CTPYKTYPH Ha BCSIKAa KOHKpPETHA U3ydaBaHa
npeametHa obnact (UI10) ce Mmogenupa cbe cucteMa oT ppeimu.

B e-o0yuennero, 3a aBTOMaTH3NPaHO TeHEpUpaHEe Ha TECTOBH €MHUIN OT PA3JIMUYEH THII €
MIPEUI0KEH METO/, CBBP3aH C aKyMyJIUPaHE U OLIEHSBaHE Ha OTTOBOPH Ha BBIIPOCU OT OTBOPEH
TUI. 3a [eNTa € BbBe/IeH U n3yueH HoB Tun TecroBa eqununa (TE), Hapeuena ,,akymynaTHBHa
tectoBa enunnna” (ATE) (Kostadinova et al., 2011; Sokolova et al., 2007). ITo-kbcHO e mpen-
noxena u cucrema ot ATE (Totkov et al., 2014), noaxozsima 3a npuinarane B pasnuanu UI1O ¢
1IeJT Ch3/1aBaHe Ha KoHIenTyaiaHu onncanus Ha UT1O u Ha TecTOBM OaHKM (BKII. pa3IMuHU T10 THUIT
TE (Minsky, 1974)) kem Tsx. [To cemectBo, ATE Moxe na ce pasmiex/a ¥ Kato crienupuyueH
(peiM-TIPOTOTHII C HKOJIKO CJIOTA; ITbPBUST — MpeAHa3Ha4yeH 3a ycinoBuero Ha TE, a cnenBamure
— 32 aKyMyJIMpaHe Ha OILIEHSIBaH OTroBop. B To3m ciryyaii, B poliec Ha OLleHsIBaHe NpH e-00yde-
nue, nageHa ATE me ,,iponsBexaa’ ¢ppeiiMu-ek3eMIUIsIpy, KOUTO MOTaT Jia ¢ T0JI3Bar 3a Ch3/1a-
BaHe Ha TecToBU B/,

[Tpn noGaBsiHe Ha ,,eIEKTPOHHU OENISKKU (AHOTALMM KbM TEKCTOBHM IAaCaXH) Ha y4eOeH
Mmarepuan (Panayotova et al., 2016), mocnenoBaresHO ce MapKHpar IacaXm OT TEKCTa U Ce
aHOTHpAT (Ch3/1aBa ce ChIAbPKaHMETO Ha Oenexkara). Criopea TEpMHUHOJOTHATA Ha QpelMuTe
B TO3M CIIy4ail ce M3I0J13Ba CHCTeMa OT €MH €ANHCTBEH (peiM-TIpOTOTHII ¢ nMe ,,EnexktponHa
Oerexka’ ¢ JjBa ClIoTa: MbPBUST — MpeTHa3HAYEH 3a ChbP’KaHUETO Ha OenexkaTa (TUI ,, TeKCT )
W BTOPHSIT — 3a acayka OT TEeKCTa, 3a KOMTO ce oTHacs Oeiexkara (MpUMEpeH THI Ha ClI0Ta —
nAeHTH(UKATOP HA YUeOHUS MaTepHall, yKa3zaTelrd KbM Ha4aJoToO M Kpas Ha Tacaxa).

OcHoBHaTa uaest Ha pafoTaTta e — B ciydas Ha e-o0ydeHue, Ha Oaszara Ha ,,(ppeliMOB
MOJX0/", 1a ce 00EMHSAT TPUTE TOAX0/a 3a:

— TIpuiiarase Ha perMOBH ONOPH B TPAJUIIMOHHOTO 00y4eHue 3a paszinnaau UI10;

— npoexTtupane Ha cuctemu oT ATE 3a nanena MIIO u BkIOYBaHETO MM B IPOIECH HA
e-o0y4yeHue (ChC CieBaIlO OIEHSBAHE 3a Pa3MYHM 00y4aBaHM) C i€ Ch3/laBaHe Ha
cboTBeTHA TecToBa B/;

— MapKHpaHe U aHOTHpaHe C ,,eJIeKTPOHHH OeNeKKU* (0T pa3yindyHu 00yyaBaHU B ITPOLIECH
Ha e-00y4eHHe) Ha TEKCTOBH MTacaXu B yueOHM MaTepuany 3a najnena UI10;

Peanm3zanus Ha moo0OHa nyest Ou chueTasa nperuMyIecTBara Ha 3-Te oAXoaa, 1 Ou uMaia

MIOTEHIIMAT 32 Pa3BUTHE B Pa3JIMYHM HAIIPABJICHHS Ha €-00y4eHUETO.

3a nenta € HeOOXOAUMO:

— B 3aBucuMoct oT MIIO na mMa BB3MOXHOCT 3a JeduHHMpaHe Ha cucTeMH (pedMH OT
CrenyaseH TiH (HapeyeH ,,akyMyJiaTiBeH (peiimMoB mozen™ (ADM) — Bxk. pasnen 3.);

— aHAJIIOTHMYHO Ha ciIydas 3a ppeiM ,,eIEeKTPOHHH OEJIeKKHU , 1a C€ OCUTYPH aBTOMAaTU3UPAHO
Mapkupane ¢ AOM Ha TEKCTOBM Macaku B y4eOHU MaTepHaiy (0T pasIuyHyA 00ydaBaHH
B IIpoIleCcH Ha e-00y4YeHHe) ChC CIlIe/BAIlO0 aHOTHpaHe (NpH Koero cioroBe Ha ADM
TIOJTy4aBaT CTOMHOCTH) 1 (hopMHUpaHe Ha cucTeMa oT (peiimu-exsemiunsipu 3a UIMO;

— J1a ce Ch3JajaT METOJM M CPEJICTBA 3a pa3NpoCTpaHeHHe Ha ,,(ppeiiMOBHS MOAXOA ™ MPH
e-o0yuenwue B paznuunu UI10;

3. AkymyJaatuBHHU (ppeiimoBu moaenn B Moodle

AxymynatuBHUAT QpeiiMoB Mojien (ADM) Moske J1a ce oTpeiesil KaTo UMeHyBaHa (peiiMoBa
CTPYKTypa, ChCTaBeHa OT cioToBe. OT CBOSI CTpaHa, CIOTHT € C YHUKAIHO UMe (Pa3IndHO OT MMe-
Hara Ha ocTaHanuTe ciotoBe HAa ADM), HEroBOTO ChABPXKAHUE € OT TOYHO omnpeneneH Tum. C
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Besika cucteMa oT ADOM ce cBBp3Ba U CHCTEMa OT €JIEMEHTapHHU M ChCTaBHHU THIIOBE JJaHHM (32
MOIBJIBaHE Ha CIIoTOBeTe). [IprMepH 3a eeMeHTapHU THIIOBE Ca MHOYKECTBATa PEajlHU M 1IN
YHCIa, JaTh U TIEPUOJTH, TEKCTOBE U M300paKeHUsl, (haiiloBe OT pa3inyeH THII U Jp., a 33 ChCTaB-
HH — CIIMCBIIN/3AMNCH OT JIpyTHu Tunose i ADPM.

Ipumep 1. A®M ,,IlousiTHE*” M MOHATHETO ,,BpoiiHa cucTtema®

®peiiM-npororun ,,IlonsaTHe* Dpeiim-exkzemisp 3a AOM , Ilousitue*
CJioToBe CaoroBe

Ne Nwme Tun Nme ChappxaHue

1. | Ioustme TEKCT ITonsarue Bbpoiina cucrema

2. | Onpenenenne TEKCT Omnpenenenne | KpaifHu CBBKYITHOCTH OT 3HAIM |

MIpaBHJIa 32 3aMMMCBaHE Ha YUCIIa

[Ipumepu TEKCT [Ipumepu 2-Ha, 10-Ha, IpEeBHOIPBLKA, pPUMCKA

4. | OcHoBHa TEKCT OcHoBHa [IpeBexxmane Ha 3amuc Ha YHCIO OT
mporenypa mporenypa elHa B Ipyra OpoifHa crcTema.

5. | Bunose TEKCT Bunose Heno3uunonHu U MO3UIMOHHN

Ipumep 2. A®M ,,UcTtopuyecko cbouTHE* U chOUTHETO ,, JIbpBa CBeTOBHA BOiiHA*

®peiiM-npoToTHI ,,cHONTHE ®@peiimM-ex3emmiasip 3a AOGM
HHAcTopuyecko chLouTHE®
Crorose Crorose

Ne Nwme Tun Nwme CpabpxaHue

1. | CrOurue TEKCT Crburtne [IespBata CBETOBHA BOIHA

2. | Iepuox nara [lepuon 07.1914 - 11.1918

3. | Macto TEKCT Msicto EBporma

4. | [Ipuunnu TEKCT [Ipuunnu KOMILJIEKCHU

5. | IloBox TEKCT TToBox VYoutictBoro Ha Dpani OepruHang

6. | YyactHuIHN TEKCT VYyactaunm | BenmukoOpuranus, @panmmsa, Pycus,
Cep0Ousi, benrapus, ['epmanns, ABCTpo-
VYurapus, OcmaHcka UMIepust

7. | Pesynrat TEKCT Pesynrat [NonnucBane Ha MUPHU 1OTOBOPU

8 | Onenka TEKCT Onenka 10 Munuona youru, 20 MUIMOHA paHEHH

3a HAKOHM ITPUIIOKEHHUS aKyMYJIATUBHUAT (PEMOB MOJIEI CE YCIIOKHSABA, KaTO 32 BCEKH CJIOT,
OCBEH THII Ha HETOBOTO ChABPIKAHKIE, MOXKE J1a CE HAJIOXKHU aTalllpaHe U Ha APYTH TUIIOBE (Harp.
CHHTAaKTH4EH ¥ ceMaHTHueH TuIl). [IpruMepn 3a pa3snuyHy CHHTAKTHYHU THITOBE Ha JIaTH Ca MM.JUI.
ITIT U JI.MM.ITTT, 32 TeKCT — N, A N u NP (CchIIecTBUTEIHO, IPHITaraTeTHO+CHIIECTBUTEITHO HITH
rpyIia Ha ChIECTBUTENHOTO). [IprMepy 3a cCeMaHTHYHU THIIOBE Ca JINIA, Teorpad)cKu paiioH! UITH
MECTHOCTH H Jp.

[Ipouenypara 3a mapkupane c AOM Ha TEKCTOBH NTACaKH B y4eOHN MaTepualii 1 popMupaHe
Ha cucremMa oT ¢peimu-exsemiursipu 3a WMIIO (B cimywas Ha ¢peiiMu oT THN ,,eJIEKTPOHHH
Oenexxkn™“) e ormucana B (Panayotova et al., 2016). ITak Tam ¢ 000CHOBaHa IeIeCHOOPA3HOCTTA
OT TIpeJBapUTEIHO NpUBEXKAaHe Ha ydeOHHMTE MaTepuanu 3a e-odoyuenme B EPUB ¢opmar
(Panayotova et al., 2016), amanTuBeH 3a pa3InYHA MOOWITHH yCTPOHCTBA.
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B o0mus cirydait, MapKupaHEeTO Ha TEKCTOBH MACAKU B YUCOHH MaTepHaliu 1 HOPMUPAHETO
Ha cucTemH OT (periMu-ek3emiuisipu 3a MI1O usrnexaa mo ciaeHus HauuH.

Eran 1. IloarorBure/ieH

Crpnka 1. EkcroprT Ha y4yeOHHWTE MaTepualid B EICKTPOHEH (opmaT, MOAXOIINI 3a
00paboTBaHE B CICIBAIINTE CTHITKH.

Crpnka 2. BkimroyBaHe Ha eKCIIOPTHPAHUTE MaTEepHal B IIPOIIEC Ha e-00ydeHUE — HATIpUMep,
B €-KypCOBE, Pa3IoJIOKeHH B cpena 3a e-00ydeHue (CeO) U TOCTHITHY 32 KOHKPETHU TPYITH OT
oOydJaBaHU.

[IpemomaBaTensT w30upa y4eOHM MaTephald W TH BKIIOYBA B IIpolleca Ha e-00ydcHUE.
[Ipennonara ce, ye yueOnute Matepuamu ca or UIIO u ca cpoOpa3eHu ¢ y4eOHHS IUTaH Ha
JUCHUILIAHATA.

ETtan 2. Cp3naBane Ha cuctemMa AD®M 3a UI1O

Crbnka 3. Cp3naBane Ha crienuduunn AOM, HeoOX0MMH 32 MapKHpaHe Ha ChOTBETHUTE
yueOHHM MaTepuay.

Bw3moxkHO e 1 mosizBaHe Ha ADM, cb31a/ieHn BB BPb3Ka € APYTH IIPEIMETHH 00JIacTH.

Crenka 4. MapkupaHe U ch3aBaHe Ha MHOXECTBO oT (peiimu-nportotunu 3a WUIIO B
Tporieca Ha e-o0ydeHue.

OcBeH cbC CpeICTBa 3a aBTOMATH3MpaHO Mapkupane, CTbrnka 4 € HEoOXOJMMO aa ce
CBIIPOBOJIM U C TIPOLIEYPH 32 OIEHSIBAaHE Ha JISHHOCTTa Ha 00y4aBaHMTE.

[lle 3a0enexxuM, 4e aHOTAIIMUTE OT ONpEJENIeH TUI KBbM IacakW Ha y4eOeH Marepual
— pe3ynTar Ha e-o0ydeHHe, Morar Jia ce pasmIekJaT M Karo Creru(UYHH METaJaHHH KbM
Mapkupanus yueden marepuai. Crienudukara Ha METaJJaHHUTE € CBBbp3aHa ¢ 00CTOSTENICTBOTO,
ye noszBanuTe AOM Ha npakTHKa CHBIIAJIAT C T. HAp. ,,AUIAKTHYHH CIUHUIH B CHOTBETHUTE
HUIIO. Karo crnexctBue, Ha MO-KbCEH €Tall, YYeOHHWTE Marepuasy Morar jaa ObJar M30upaHu
3a BKJIIOYBAHE B MPOIECH HA €-00y4YeHHUE, B 3aBUCHMOCT OT HAaJMYHETO WJIM HEe Ha MOJXOJSIIH
JMJAKTAYHU €JMHULI.

Penna tpaaniuioHHN y4eOHN AEHHOCTH MOTaT Jla ce MOZEINpAaT Ha Oa3ara Ha BbBEJCHUTE
A®M. 3a nenrta, MOAETHT HA GPEHM-IIPOTOTHI TPsIOBA 1A ce onbyiHK ¢ Habop oT ATE, oTHacswm
ce 110 dpelima (KaTo 15710), 10 OT/AEIHU HErOBH CIOTOBE (WM TpynH oT TsiX). [logoOHa cucrema
ot ATE e HeoOXo1Mo Ja ce Ch3/1a/ie M 32 MHOXKECTBATa OT (hpeHMH-EK3eMIUISIPH.

Oco0eHO NMepCreKTHBHO € Pa3BUTHUETO Ha MOA00EH IMO/IX0/ B CiIydast Ha JeHHOCT YeTeHe ¢
pa3odupane (B 00y4eHHETO 1O IpOrpaMupane, pu3nka, NCTOPHst U JIp.).

Peanmzanmsita e n3BbpiieHa B pamkure Ha nomyisipHata CeO Moodle. Tlpoektupano e
codryepHo pasmmpenue (plugin), koeto 100aBst HOBU (DYHKIIMOHAIHH Bh3MOXKHOCTH B Moodle,
a uMeHHO: AeunHupane Ha AOM u nmomabpkaHe Ha CHOTBETHA b/l, €ICKTPOHHO MapKHpaHe U
aHotupaHe Ha yueOHu marepuanu (B8 EPUB ¢opmar) xbM e-kypce (o popmara Ha HOBa ydeOHa
neiiHocT B Moodle) oT Bcekn 00y4aBaH; MOHUTOPHHT 1 OlIEHKa Ha 00y4aBaHHUTE OT MPETo1aBaTe
(3a M3BBpIIBAHATA JIEWHOCT) | AP.

4. 3akn04yeHne

B (Torkos I'., C. I'adpranmxkuesa, P. Jlonesa, 2017) ce npeacTaBst yHUBEPCUTETCKU TPOEKT,
CBBP3aH C M3CJIeBaHEe HA BE3MOXXHOCTHUTE 3a mpriiarane Ha ADOM B o0yuyenuero. B Tazu nocoka
MIPEACTON MPOEKTHpaHe Ha COPTyepeH MPOTOTHI Ha CHCTEMa 3a Ch3JaBaHe Ha TUIOBH ADM
U TEXHU EK3eMIULIpU (32 Pa3iIMYHW METOJMKH, HaOOpH OT AMAAKTHYECKH EAWHHWIM W JAp.) H
HErOBOTO €KCIIEPUMEHTHPAHE B Pa3JINYHU 00J1acTH Ha 00ydeHue — MH(pOpMaTHKa, MporpaMHUpaHe,
AHIJIMICKY €3WK, (PU3HKa U Jp.

Buaropapnoctu
Paborata e noakperneHa ot npoektr MY 17-Odd-023 ,, AkymynaTuBHU GpeiiMOBH MOJEIH 32
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W3BJIMYaHE W arperupaHe Ha JaHHM 32 3HaHHS U NporecH B o0ydeHnero kbM Donx ,,Hayunu
n3cneaBanus Ha [1Y |, Ilaucuit Xunennapcku.
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N3CJIEJIBAHE HA XAPAKTEPA HA 3ABACUMOCTHUTE HA
PE3YJITAHTHUTE CBITIPOTUBJIIEHUA OT PAJIUYCA HA IUCKA
IPU PA3AHE HA XPAHUTEJIHU NIPOAYKTU C IMCKOB HOX
CumeoH BacuiieB — YXT - ILitoBaus
Ninanana UianeBa — YXT - ILinoBaus

INVESTIGATION OF THE CHARACTER OF RESULTANT
RESISTANCE FORCES DEPENDING ON RADIUS OF THE DISC TO
CUTTING FOOD PRODUCTS BY DISC KNIFE
Simeon Vasilev — UFT — Plovdiv
Iliana Ilieva — UFT — Plovdiv

Abstract. Subject of the present theoretical study is the cutting process, which is one of the
most common processes in the different sectors of the food industry. Cutting devices using
disc knives are discussed. A study is proposed on the influence of the radius of the disc knife,
on the resultant friction force, caused by the friction between the side walls of the knife and
the material getting cut. An investigation of the character of these relationships between the
resultant friction forces and radius of the disc has been suggested.

Keywords: resultant friction force, disc knife, food, friction, relative deviation, linearity

BbBenenne. TeXHONOTMYHHUTE TPOLECH 32 TPOM3BOJCTBO Ha XpaHH, OKAa3BaT ChILECTBEHO
BIIMSIHUE BBPXY KayeCTBOTO, CEOECTOMHOCTTA M €CTETHYHHs BBHIIECH BHI Ha NPOAYKIHUATA B
XPaHHUTEITHO-BKYyCOBaTa IPOMHUIIIIEHOCT. Ba)keH eTar OT Te3M TeXHOJIIOTUYHH TPOLECH € PA3aHETO.
To e MexaHHYEeH MPOLEC CHIIPOBOJICH OT JIOKATHO JehOpMHUpaHe M pa3pyllaBaHe HA XPaHUTEITHUS
MPOAYKT C MOMOIITA Ha PEXEIl HHCTPYMEHT, IPUTEkKABAIL ONpeelicHa FeOMETpHs Ha pexelara
yacT. MexaHWKaTa Ha Mpolleca ps3aHe B TroJisiMa CTEHEH 3aBUCH OT (PU3MKO-MEXaHUYHHUTE
CBOWCTBA M CTPYKTypa Ha 0O0pa0OTBaHHTE NPOLYKTH, KAaKTO M OT KOHCTPYKTHBHUTE H
TeOMETPUYHU MapaMeTpH Ha pexelius HHCTPyMeHT. L1Inpoko mpuioxkeHne B pasiMiHU OTPaciH
Ha XpaHUTENHATa IPOMHUIIICHOCT UMAT PEXKEIINTEe YCTPOHCTBA ¢ AUCKOB HOXK MM MakeT (Habop)
IHUCKOBH HOKOBE. TeXHM IpeIuMCTBa ca CPaBHHUTENHO NPOCTaTa MM KOHCTPYKUHS M JIeCHA
KUHEMaTHKa, KayecTBeHa oOpaboTKa Ha XpaHUTENHUTE IPOJIYKTH BCJIEACTBUE NPHJIAraHETO Ha
BHCOKU CKOPOCTH Ha psi3aHe, yJoOHO Mpe3aTouBaHe ¥ JiecHa caHuTapHa oOpabotka. IIporeckT
psi3aHe Ha XPAHUTEIHH MPOIYKTH C JMCKOB HOX ¢ O00CKT Ha pasnuuHu Teoperwunu (Daurskii,
1980, 1994 ) n excriepumenTanuu ananusu (Boteva, 2016; Karpov, 1971).

B npepnmnn uscnensanus (Vasilev, 2010) moapoOHO e pasrienaH AMHAMHYEH MOJEIN
NP psi3aHe C JIMCKOB HOX C IMOIBTHO IOJaBaHe. PHOBT Ha pexelys HHCTPYMEHT € IaIbK U
JIByCTpaHHO 3aToueH. Ha 6a3aTa Ha TO3M MOAEIN ca ONpEENeHN pe3yJITaHTHATa TPHEIa CHia U
BBPTAIIMAT MOMEHT, KaTO € OTYETEHO TPHEHETO MEX/y Pa3psA3BaHUs MPOAYKT W CTPaHHIHUTE
CTEHH Ha JIMCKOBHS HOX. 3a pe3yJITAHTHATA TPHEII[a CHJIa € MONydeH u3pasa:

T. = ,u%[er4 ~(r—A-B)J, +B(2r—2A—B)tg%],
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KBIETO
A4 - KOCQUIMEHT Ha TPHEHE MEX/y Pa3psA3BaHMS IPOIYKT U HOKA;
E - Moy Ha eIaCTHYHOCT Ha pa3psi3BaHus IPOAYyKT, Pa ;
a - TIOJIOBUHATA OT IIMPHUHATA HA HOXKA, 711 ;
[ - emHOCTpanHa MeopMaImoHHa 06IacT, MEpEHa M0 HalpaBlIeHHE, IEPIICHINKYIIIPHO Ha
JbJDKMHATA Ha PEXKEIHs PO, m ;
7 - paauyc Ha JUCKOBHS HOX, m ;
B - nebenuHa Ha pa3psi3BaHUsI IPOAYKT, 711 ;
A - BUCOUMHA Ha Bpﬂ?)aHI/IH B IJIOTA JUCKOB HOX, m .
[apamerpure J, u J, ce HapuyaT CHOTBETHO MbpPBA M BTOPA CHIPOTHBHTENHA

xapakrepuctuka (Ilieva, 2016) n npeycraBisBaT CleHATE SIUIITHYHA HHTETPAIH:

. Acosgp —1 ) 2 Acosp—1
Jy= . dos Jo=["— : dp-
Po \/1+i —2Acos@ % cos” @1+ A" —2Acos@
Tyk A= Yo € CKOpPOCTeH KOe(HIMEHT, KOHTO Ipe/CcTaBisiBa OTHOLIEHHETO Ha IepudepHaTa
%

n

CKOpPOCT Ha HOXa Vp KbM  CKOPOCTTa Ha MOJaBaHC Ha Marepuaja v , a I'PAHUIMTC Ha

UHTCTPATIUTC J4 u JS , Ca OIPCACIICHN OT U3PA3UTC:

r—A r-A-B
» (@, =arccos ——— -
r r

[apamerpure gz, E, a u [, 3aBHCAT OT €CTECTBOTO HA Pa3ps3BaHMs IPOIYKT U ca

@, = arccos

U3BEICHU eKciepuMenTanno. CTOHHOCTHTE HAa BequuuHUTe 7, B, A u 1 ca 00eKT KaKkTo Ha
TEOPETHYHH, TaKa U Ha €KCIIEPUMEHTAIHN U3CIICABAHNSL.

HacrostmusiT Tpy npeiara u3cie/[BaHe Ha BIMSHAETO HA KOHCTPYKTHBHHS MapaMeThp
7 Ha PeXENHs NHCTPYMEHT, BbPXY pe3yITaHTHATa TPHEIa CHIIa.
W3xonnu nanHu. IIpoBeneH € 4ncieH aHaIu3 3a CypoOBHHA MECO, KaTO Ca PasIiie/laHy CIICJHUTE
U3XO/IHU JIaHHH:

e ckopocrer koedument A =10;
e jiebenuHa Ha paspssBanus npoaykr B =0.01m;

e  BHCOYWMHA Ha BPs3aHMs B 10T IUCKOB HOK A = 0.001m .
Ioayyenu pesyaratu. BinsuueTo Ha panvyca Ha JMCKOBHS HOXK BBPXY 7, OTYETEHO upe3
croifHoctuTe Ha J, ¥ J 3a pa3snn4HU CTOHHOCTH Ha 7 ca M3NI0XKeHH B Tabnuua 1 1 Ha Qurypm 1,
2u3.

tabuna 1. CTOHHOCTH Ha pe3yJITaHTHH ChIPOTUBIICHUS TIPU Pa3IMYHU CTOWHOCTH Ha pajnyca Ha
JICKOBUS HOX 7

r,m 0,055 0,065 0,075 0,085 0,095
J, 0,4011 0,3747 0,3528 0,3342 0,3183
Js 0,4891 0,4424 0,407 0,3788 0,3558

T.,N 0,0912 0,1005 0,1091 0,117 0,1244
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0.45 |

O.;J-'- 3.;33 D.;JE O.IHJ -' 0.07 0.08 3.!‘35 0.10
¢ur. 1 [IppBa cenpoTHBUTETHA ¢ur. 2 Bropa cenpoTuBUTEIHA
XapaKTepUCTHUKA, B 3aBUCUMOCT OT 7 XapaKTepUCTUKA, B 3aBUCUMOCT OT 7

0.12

0.11

0.10
L L I L r r

0.07 0.08 0.09 0.10 ) oor 006 008 010

¢ur. 3 PesyTanTHa TpHella cHIa, B ¢ur. 4 OTKIOHEHNE OT JTMHEHHOCT Ha
3ABUCHMOCT OT 7 pe3yNTaHTHaTa TpHUEIla CUIa,
B 3aBUCHUMOCT OT 7*

HampaBeHa e KonM4yecTBEHa ONEHKA HA OTHOCHTEIHOTO OTKJIOHEHHE OT JIMHEHHOCT Ha
pasTIIeKIaHUTE PE3yATAHTHH 3aBUCUMOCTH J,, J, u T, OT pajuyca Ha JUCKOBHUS HOXK 7 .
KomnnuecTBeHa OlieHKa Ha CTETICHTAa HA TOBA OMHOCUMENHO OMKIOHEHUEe Om JUHEUHOCH
0 ce ompeetst OT yCIOBHATA:
o 1pu 0 <5% dyHKUMsATA Ce mpreMa 3a IMHCHHA;
e 1mpu 0 >5% (yHKUMATA HE MOKE [a Ce IPUEME 3a JIMHEHHA.
[pekappa ce mpaBa L mpe3 TOYKHTE SABSBALIM CE HAYalno W Kpail Ha rpadukara Ha
T =T, (r) B MHTEPBaIa OT CTOWHOCTH, 32 KOUTO 7 € [0.055,0.105] (pur.4).
Pasrnexxnanus untepBan ce genu Ha 11 moaunTepBana cbe crbnka 0.005. 'enepupa ce
KOJl, KOHTO mpecMATa KoopauHatute Ha 7' ¥ L, BbB BCAKa JeNflla TOYKA HA 3a]1aJICHHUTE
MOAMHTEPBANN, a CBIIO TaKa M EBKJIUJOBOTO pA3CTOSHUE MEKAY CBOTBETHHTE TOYKH OT
rpadukuTe Ha cuToBaTa Xapaktepuctika 7. umpasata L . [lomydenu ca ciesHUTE NaHHM:
d _0.00180004

S, Yo=—m 00 =
7 maxT.(r) 0.113081

KbIeTO =~ € Hal-rOIMOTO DA3CTOSIHHE MEXJy ChOTBETHHTE TOUKH OT JIBETE IpaduK,

100~1.59% »

maxT; € CTOMHOCTTa Ha pe3yiTaHTHaTa TpUClla Cujia, KbACTO € Hai-roJIIMOTO Pa3CTosAHUEC dmax
uc 5T € 03HAYEHO OTHOCHUTEITHOTO OTKJIOHEHHUE OT JTUHEHHOCT Ha T)C .

Twii KaTo 32 OTHOCHTEIHOTO OTKJIOHEHHE OT JIMHEHHOCT Ce IoJryvdaBa

8, % ~1.59% < 5%,
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TO KpHBaTa Ha M3MeHeHne Ha QyrkimaTa 7 =T, (r) ce TIpreMa 3a JIMHEHHa.

3a OTHOCUTEIHOTO OTKIOHCHHE OT JIMHEHMHOCT Ha IIbpBa MW BTOpAa CBHIIPOTUBUTCIHA
XapaKTCPUCTHKA, B 3aBUCUMOCT OT paJinyCa Ha AUCKOBUA HOXK Ca MNOJIYYCHU PE3YJITATUTE!

duss 100 0-00957581

S5, Yo =——m = 100 ~2.71%,
©7 maxJ,(r) 0.352804

5, %= D100 = 00210998 06+ 5.18%,
*7 maxJ,(r) 0.406957

Moske 5a ce 3aKiIroud, ye rpaQuKuTe Ha pe3yNTaHTHATA TPHEIIA CHIA, KAKTO M Ta3d Ha
'bpPBA CHIPOTUBUTEIHA XapaKTEPUCTHKA, B 3aBUCHUMOCT OT pajJnyca Ha AMCKOBHS HOX MOTaT Jia
ce mpueMaT, 4e MMaT JIMHEeH XapakTep, I0KAaTO 3aBUCUMOCTTa Ha BTOpa CHIPOTHUBHUTENHA
XapaKTEepUCTHKA, B 3aBHCHMOCT OT pajdyca Ha IUCKOBHSA HOX — HE MOXE Ja ce IpHeMe 3a
JINHEHHA.

YcTaHOBEHUTE 3aBUCHMOCTH MOTAT Ja ObJaT MPHII0KEHH TIPH POSKTHPAHE Ha Pa3IHIHI
KOHCTPYKITHH PEXKEITH yCTPOHCTBA, ANHAMHUYHO opa3MepsiBaHe (M300p Ha 3aIBIKBAHE), SIKOCTHI
1 neopMaIioHHH aHATH3U | JP.
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REGION OF INTEREST IMPROVEMENT BY IMAGE PROCESSING
IN BROWN BREAD POROSITY EVALUATION
Angel M. Danev', Hristina Andreeva', Atanaska Bosakova-Ardenska’,
Lena Kostadinova-Georgieva'
'Department of Computer Systems and Technologies, Technical Faculty,
University of Food Technologies, Plovdiv, Bulgaria

Abstract: This paper presents a research over using of different shapes for ROI (region of
interests) definition by image processing of brown bread. Two types of analyzes are made —
physicochemical and computer one (through image processing) for evaluation of porosity of
the middle of bread. A software product with GUI (Graphical User Interface) implemented
in C# is developed for brown bread images binarization. Two types of shapes for ROI are
applied — rectangular and elliptical one. A calculation of the percentage of white pixels to the
total number of pixels in the images using both types of ROI is made. These values
correspond with the porosity of the middle obtained by physicochemical method.

Key words: region of interest (ROI), image processing, brown bread, bread porosity, C#

Introduction

The brown bread takes an important place in the food industry. It is produced by approved
standard “Bulgaria” according to which the porosity of the middle of brown bread should not be
less than 65%. The main raw material for the brown bread production is wheat flour. The quality
of the finished product depends on the used raw materials — wheat flour, bread yeast, iodized
cooking salt, technological additives such as sugars, fats and so on [Approved Standard
"BULGARIA", 2011]. For evaluating the quality of the bread the following parameters are
analyzed — organoleptic, physicochemical, existence of chemical impurities and microbiological
ones. In this paper a contactless and a non-destructive method for evaluating the physicochemical
parameter such as the brown bread porosity of the middle is presented.

Materials
Four different brands of brown bread have been purchased from a marketplace with the aim

of accomplishing the analysis. The bread is produced by approved standard ‘“Bulgaria”. For
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physicochemical analysis implementation a measuring cylinder is used. It has measurement scale
up to 100ml. At each measurement, the cylinder is filled with water exactly 50ml. From the middle
of each slice a rectangle with size 3 by 6 cm. is cut. The taken sample is cut again to 3 equal in size
pieces. Each of the pieces is creasing in the shape of a small ball. Every single ball is dropped into
the measurement cylinder and the volume V; [cm?®] is evaluated. The overall volume V of the
tested sample is a sum of the volumes of all three balls. The porosity of the bread is calculated
using the following formula:

X V-V, 1
= [=5—] 100

To determine the porosity of the brown bread using the modern computer systems, a special
software product is developed. It is used for digital processing of images captured by camera. A
special region of interest is chosen and the porosity of the middle is calculated algorithmically. For
getting images a digital camera Olimpus PEN mini E-PM1 is used. The technical characteristics
of the camera are the following:

- resolution: 12.3Mp;

- type of the optical sensor: Live MOS;

- processor: TruePic VI;

- image processing format: JPEG, MPO, RAW + JPEG;

- lenses: Micro Four Thirds;

- minimum focal length: 9.8 inches;

A tests of the algorithms and analyzes of the experimental data are made by using a modern
computer system.

Methods

In this paper a comparison between two methods for analyzing and control of brown bread
porosity is made. The physicochemical method has two significant disadvantages. On the one
hand, the time needed for processing physicochemical analysis of brown bread porosity is too
long, on the other hand this method is contact and brake the integrity of the sample [Andreeva H.,
Kostadinova-Georgieva L., Bosakova-Ardenska A., 2013]. Unlike the physicochemical method,
the computer one provides an opportunity for making much faster analyzes. This method is not
contact and it doesn’t broke the integrity of the sample. The experimental setting shown in fig. 1 is
used for capturing each slice from both sides. It is composed of following elements: 1) tripod for
locking the camera in stable position; 2) lever for precise positioning the camera; 3) digital camera
- OLIMPUS PEN mini E-PM1; 4) the analyzed slice of bread; 5) a pad with black color (it is used

for unification the background color of the image).
©) The captured images are loaded in the software
product and a region of interest (ROI) is defined. A
©) ROI with elliptical shape is chosen. This region of
interest is cut from the image and it is saved in bmp
format. The new image (containing the ROI) is loaded
in to the computer program and after that it is
binarized. The received binary image is processed by
the Tsai algorithm. The porosity of the brown bread is
calculated on that base of percentage ratio of white to
total number of all pixels in the image [Andreeva H.,
Kostadinova-Georgieva L., Bosakova-Ardenska A.,

2014].

® O

Fig. 1. The experimental setting

The obtained values correspond to the porosity of the brown bread received from the
physicochemical method.
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Computer software for analyzing the porosity of the middle of the bread
Software implementation
It is used the high-level programing language C# for developing the computer program
[Nakov S., Kolev V., 2011]. The graphic user interface and the main screen of the program is
shown on fig. 2. When the user starts the program a dialog window appears on the screen. Then
using a dropdown menu the user can choose between
e SEEE two types of analyzes. The first one is called Tsai
moment preserving thresholding [Tsai, W-H, 1985]
and the second one is called Vector median
thresholding [Andreeva H., Kostadinova-Georgieva
L., Bosakova-Ardenska A., 2013]. After pressing the
Start Experiment button the main window of the
program appears. In the first step, the original image
of the whole slice is loading. After pressing the Save
Cropped Image button a new image containing only
the ROI that we choose is saved. For the purpose of
this study a ROI with elliptical shape is chosen.

wun 1 1 CiopRecimage ] l Crop Elipselmage

— prrews) psr——

Origins Imsga Binary Imsga

Fig. 2. The GUI of the computer program. Loaded
original image and the binarized image obtained after
Tsai processing.

Regions of interest (ROIs) definition and improvement

To determine the exact region of interest on the image have been taken into consideration the
following parameters - the distance between the surface and the camera lens; the image size in
pixels; the corresponding size of the captured image in centimeters. Fig. 4 illustrates example of an
image used in a previous study in which a ROI with rectangular shape is used. On the other hand,
fig. 3 a) shows an image with the elliptical ROI. After processing that image with the Tsai
algorithm the image shown in fig 3. b) is obtained. Using an image with elliptical ROI is expected
to achieve greater accuracy in obtaining the final results. The rectangular ROI contains less pixels
than the elliptical ROI.

Fig. 3 a) Cropped elliptical ROI Fig. 3 b) Binarized image after ROI Fig. 4 Cropped rectangular
Tsai processing

Results

In fig. 5 the accuracy of the methods used for evaluating the brown bread porosity of the
middle is illustrated graphically. All of the data corresponding to the porosity of the middle are
plotted on the graphic. Also the minimum allowable value (shown with straight line) for the brown
bread porosity of the middle, according to the established “Bulgaria” standard is illustrated on the
graphic. According to the examinations that have been made and the results that have been
obtained it can be concluded that all of the analyzed breads meet the requirements of this standard.
The values obtained after the analysis are shown in table 1.

Table 1. Results for brown bread porosity of the middle in percentages obtained using elliptical and rectangular
ROI in comparison with physicochemical method

Bread 1 Bread 2 Bread 3 Bread 4
Rectangular ROI, X% 96,22 96,67 97,25 96,21
Elliptical ROI , X% 96,44 96,69 97,05 96,26
Physicochemical method, X, 84,90 88,20 88,70 85,00
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Brown Bread Porosity of the middle by image processing [%]
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Fig. 5. Graphical representation of the results for brown bread porosity using elliptical ROI

Table 2. Correlation analysis

Elliptical ROI Rect:lgular Phys'l;:::’:ws;nical
Elliptical ROI 1
Rectangular ROI 0,975 1
Physicochemical method 0,911 0,920 1

For comparison between the two methods presented above a correlation analysis is
performed. From the values obtained after correlation analysis shown in table 2 it can be made the
conclusion that the correlation is very high between physicochemical method and the
elliptical/rectangular ROI.

Conclusion

According to the results received from the analyzes that have been made it can be made a
conclusion that the method using computer software with algorithms for digital image processing
with elliptical ROI in term of evaluating the brown bread porosity of the middle can provide
results close to the reference method such as physicochemical one.
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METHODS FOR DETERMINING INDICATORS
OF BREAD AND BREAD PRODUCTS
Hristina Andreeva'
Department of Computer Systems and Technology, Technical Faculty,
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Abstract: By increasing the expectations and demands of consumers on the quality of bread
and confectionery products, the process of searching for methods of objective evaluation of
the quality of these basic food products is increased. In this paper different methods for
evaluating the basic indicators of bread and confectionery products quality are presented.
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BoBenenne

Xns0bT € OCHOBEH XpaHWTEJEH INPOJIYKT 3a YOBEKAa M B TEUCHHE Ha BPEMETO HEroBOTO
noTpebieHne ce yBelandaBa. XpaHWTEIHATa ITBIHOLEHHOCT Ha XJistda M XJIeOHWMTE M3Jenus ce
oIpesieNist OT TSXHATA KaJIOPHUUHOCT, YCBOSEMOCT M KaUeCTBO Ha ChABPIKAIINTE CE B TAX CYpOBHHH.
[IpomeHAT ce W OuYaKBaHMATA, M H3UCKBAHMATA HA MOTPEOUTENUTE KbM KadeCTBOTO Ha
KOHCYMHUpaHUTE MPOAYKTH. 3a ToydaBaHe Ha JOOBp XJsI0 € HeoOXOAMMO Jia ce CIa3BaT TOYHO
pelenTypata M PEeXMMHUTE Ha BCHYKM TEXHOJOTHYHHM IIpolecH. Bceska enna mnpomsHa B
TOpPECIIOMEHATUTE YyCJIOBU BOJAU N0 CHUICCTBCHA MPOMAHA B KAYECTBOTO HA TOTOBUTE U3CTIHA.

OT KOHCyMaTopcka TIJeAHAa TOYKAa KauecTBOTO Ha XJICOHM M CIAAKapcKy HU3Lenus ce
ompenens Haii-Beue Ha 0a3aTa Ha Pa3IMYHU OPraHOJENTHYHM TOKa3aTeNnu: OOl BHHIIEH BHUJ,
(dopma, IBAT Ha TOPHA U JIOJHA KOpa, IBAT HA CPEANHA, ITYIUINBOCT, pa3lpe/ielieHHe Ha IIYTUTHTe
B IPUIOCTHUSL 00eM Ha XJis10a, BKyC W apomaT. Mojke ChINO Taka ja ObJaT ONpeAeNeHN MacaTa,
obema, nebenuHa Ha Kopara, crienuduuHus 00eM U (HOpPMOYCTOHUMBOCTTA HAa TOTOBOTO M3ZIENHE.
Kpurepunte, Ha KoMTO TpsOBa Ja OTroBapsAT TOTOBUTE M3ZENUS Ca 3al0XKEHH B CTaHAApTH
[VrBbpmen crammapt ,bearapus®, 2011]. 3a koHTpona Ha mDapaMeTpuTe c€ H3MO0I3BAT
(M3MKOXUMUYHN W OPTaHOJENTHYHM METOAM 3a OIEHKA Ha IIOKa3aTelUTe Ha KadeCTBOTO Ha
rotoBus mponykT [BJAC 2684-79]. Ilpu mpoBexxaaHe Ha aHamM3a ce paspyllaBa HM3CiIeABaHATa
npoba u e HeoOXOJMMO BpEME, 3a Jla CE MOIYydYH pPe3ynTaT. AHAIM3BT Ha KPaiHUS MPOLYKT €
CyOeKTHBEH, 3allOTO B IPeoOIajaBallUTe CIydyad C€ M3BBPIIBA OT YOBEK. ToBa Hajara
HE00XOANMOCT OT Pa3pabOTBAHETO Ha HOBU METO/M U TEXHOJIOTHH 32 aHATIN3 HA XPaHH.

3a ompezensHe Ha LIYIUIMBOCTTAa Ha XJsI0a MOraT Ja ce H3MO0JI3BaT Pa3IMuHU METOIIH:
UHCTPYMEHTAJHH, ONTHYHH, €JIEeKTpU4YeckH, (OoTorpadcky, PpEHreHOBH, HH(pAUEPBEHH U
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crniektpoMeTpudad Metoau [Pallav P., 2009; Garcia-Alvarez J, 2005; Gan T. H, 2006; Alava J. M,
2007].

MeToau 3a onpee/isiHe CbCTOSTHUETO HA X150

Hnempymenmannu memoou

EnHo ot Haii-BakHHTE XJ1€00MEKapHH CBOMCTBA HA OPAILIHOTO € HEroBaTa Cuiia U TS MOXKe Jia
Oble ompeseseHa MO PEOJIOTUYHUTE CBOMCTBA HA TeCcTOTO. B Bhirapus chiecTBar HSKOJIKO
METO/Ia 3a OTpeJIelIsIHE Ha Te3W CBOWCTBA: Upe3 pa3CTUIIaHEe HA TECTEHO TOIYe OT OpalllHo M BOAA,
¢ Bajopurpad, ¢ excrenzorpad Ha Bpabunnep, ¢ anseorpad na llloneH, upe3 neHeTpupaHe Ha
tecto u ¢ papunorpad Ha bpabunzep [Zlateva, D.,2011].

PeosornunnTe CcBOICTBA HAa TECTOTO ca BAXHHM 32 KAauecTBOTO Ha TNPOIYKTHTE [Arpita
M.,2008] u ca cBBp3aHH ChC creUUIHEA 00eM U TEKCTYPHHTE XapaKTEPUCTUKH HA XJICOHUTE
U3/IEIHS.

Xpanurenuute BinakHuHN (GuOpH) ca oOma 1 BakHa ChCTaBKa Ha €HO HOBO TOKOJICHHE OT
37paBOCIIOBHM XPAHUTEIHU MPOAYKTH THPCEHH BCe MOBede OT kiaumeHTtHte. [uernunnte Gubdpu
OKa3Bar BIIMSHHAE BbPXY PEOJIOTHYHHUTE CBOMCTBA HA TECTOTO W OPraHOJEITHIHHTE TIOKa3aTeN! Ha
roToBusl MpoAyKT. M3cienBan e edexra Ha HIKOM NMPEUYUCTEHH AWETHYHU (HHOPH OT pasinyueH
nponsxon (Tpax, Kakao, kade, TMIIEHNNIA W MHKPOKPHCTATHA IENyI03a) BBPXY PEOJOTHIHHTE
CBOMCTBA Ha TECTO OT MIIEHWYHO OpAIIHO M Ka4eCTBOTO Ha TOTOBHTE XistooBe. M3cienBanero Ha
PEOJIOTHYHOTO MOBEACHHE Ha TECTOTO CE M3BBPINIBA C IOMOIITA HA (aprHOTpad-KOHCHCTOTpad 1
anBeorpad. 3a ompenensHe Ha BIMSHUETO Ha BiokeHure ¢uOpu B xisba € HampaBeHa
censopHa orenka [Jefferson, D.R., 2007].

Or (u3uKo-MexaHWYHA TJEAHA TOYKA, XJIA0BT MMa CTPYKTypa C BHCOKa IIYIUIMBOCT.
OOGexTHBHATa OIEHKA Ha CTPYKTYPHHTE MapaMeTpH Ha MPOAYKTH ChCTABEHU OT OpaIrHo - XJsi0 1
OuckBuTH, ce 6azupa Ha U3MOJI3BAHE HAa OPraHOJENITHYHA OI[CHKA Ha TOTOBHUS NPOAYKT [Arpita M.,
2008; Scanlon, M. G., 2001; Giannou, V., 2003]. IllymmmBocTTa € €IWH OT Hal-Ba)XKHUTE
MOKa3aTel Ha KauecTBOTO Ha XJIEOHH U ciaakapcku npoayktu [Razmi-Rad E., 2007; Caballero P.
A.,2007; Ribotta P., 2007; Zhang J., 2006].

Kpaiinara cTpykTypa Ha cpenuHATa Ha XJs10a € BayKHA IpH M300pa Ha XJIEOHH MPOAYKTH H
OKa3Ba BIHMSHHE BBPXY BBINPUATHETO Ha TOTPEOMTENWTE 3a KAdyecTBOTO Ha xisba [Arpita
M.,2008].

Axyemuunu memoou

AKYCTHYHHUTEC METOAM 3a HM3MEpPBaHC MoOrarT Jga ObJaT JUPCKTHH WIH HHIUPCKTHH. 3a
OIpeIeisHE Ha HIYIUTMBOCTTA Ha MPOIYKTH, MOTAT Jla CC M3M0JI3BaT KakTo AupekTHU [Alava J. M.,
2007; . Prakash M. N. K., 2003; . Juodeikiené¢ G., 2004; Povey M. J. W., 1998], Taka u
urgupektH [Elmehdi H. M., 2003; Gan T. H., 2006; Pallav P., 2009] yntpa3BykoBu METOMH.
MeronbT Ha IUpPEKTHO u3MepBaHe (¢ur. 1) ce 0a3upa Ha TPOMsIHATA Ha TAPAMETPUTE Ha
YITPa3BYKOBHUS CUTHAJI TIPEIIH JIa BJIE3€ ¥ CJIEJ KaTo ¢ MPOHUKHAI B OPECTUs MPOAYKT [Povey M.
J. W., 1998]. lllymmBocTTa ce onpeaens 4pe3 aHalu3 Ha CbOTHOLIEHHETO Ha Te€3U CHTHANU. AKO
OIYIUIMBOCTTa HAa TIPOAYKTa € BHUCOKAa W TOPHTE Ca JOCTa TOJIEMH, TOTaBa IMPOMEHHUTE B
mapaMeTpUTe Ha YITPa3BYKOBHS CUTHAIHM Ca IMO-MaJKH M TPYIHO MOTaT Ja ce W3MepBar. 3a
CpaBHsABaHE Ha OI[CHKUTE 3a MPOYKTa, 1eOenHaTa Ha IpoduTe TpsiOBa na Ob/Ie eqHAKBA.

Ultrasonic Ultrasonic
transmtter receiver
A N
) et
| —
P
g

@ur. 1. Orenka Ha MIYMIIMBOCTTA Ha XJISI0 ¢ IUPEKTEH yATPa3ByKOB METOX 3a H3MEpBaHE
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JIMpeKTHH aKyCTUYHM METOJH 3a OINpE/IelisiHE IIYIUIMBOCT HA MaTepHayd MOTaT YCIENIHO Ja
ce mpuwiiaraT IpH NPOEKTUPAHETO Ha aBTOMATH3UpaHH CHCTEMH 3a yIpaBleHHE, 3aIl0TO Te3U
MeToau ca OBpP3U U MpeNocTaBIT MHOTO MH(opManus 3a Marepuaina. [1o-HUCKUTE yNTpa3ByKOBU
YECTOTH C€a TO-TIOJXOAIIH, PH MPUJIAraHeTO Ha Te3W METOJM, Thil KaTo 3aTHXBAaHETO Ha TE3W
4eCTOTH € Mo-ciado B xusiba. [IpexusT Meron 3a akyCTHYHO M3MepBaHe € Oe3paspylluTeNieH U
YCIIEIIHO MOJKE JIa Ce M3II0JI3Ba 32 OH-JIAHH KOHTPOJI Ha MpoIieca 3a U3CiIe/IBaHe Ha CTPYKTYPHHTE
MOKa3aTeJad M KavyecTBOTO HA XJeOHM wu3jenus. To3w MeToJ ce IpenopbuyBa KakTo 3a
11abOpaTOPHH, TaKa M 3a MPOMHUIILICHU [IPUIOKCHUSL.

Meroaute 3a kocBeHno usmeppane [Gan T. H., 2006; Garcia-Alvarez J., 2005; Juodeikiené G.,
2004] ce ocHOBaBaT Ha BBH3MOXKHOCTTA IOPECTHSI MaTepHall ja ycBosBa TeuHocT. IIpobara ce
MoTanst B M3MepBaTenHus ¢ba. [locTeneHHo TeYHOCTTA 3aMouBa Jla ©3MECTBa Bb3/IyXa OT IIOpPHTE.
CreneHra Ha Ta3W MPOMSIHA 3aBUCH OT IIYIUTMBOCTTA Ha Matepuana. Hapex ¢ npyrure meronu 3a
M3MEpBaHE Ha MpOMsHATA B HUBOTO Ha
TEYHOCT ~ MOXKe  Ja  Cce  M3M0J3Ba
VIATPa3BYyKOBUSI METOJ HA  €XOJOKAIHs
[Juodeikiené G., 2006]. 3mepBaTenHus CbA
€ MOHTHUpPaH BBPXY TBBpPJAA U COJHIHA
ocHoBa [Petrauskas A., 2007]. Emektpo-
aKyCTHYHHUs CEH30p Ha YJTpa3ByKoBara
cucteMa  3a  exojokamus  (ultrasonic
echolocation level meter) ¢ MOHTHpaH Ha
€THaKBO pAa3CTOSHHE HAJ W3MEpPBATEIHUS
cba. [1o To3M HauMH PaA3CTOSHUETO MEXITY
eJIEKTPO-aKyCTUYHOTO YCTPOUCTBO M JTHOTO
Ha Ch/Ia 32 U3MEpBaHE 0CTaBa MOCTOSTHHO

(¢ur. 2).

@ur. 2 Etanu Ha npoleca 3a OLeHKa Ha
IIYIUTMBOCT C aKyCTHYHA EXOJIOKALUS

HenpeknTe akycTHYHH METOAM 3a OMNpeJeNsHE Ha LIYIIMBOCT MOXE 1a C€ HM3IO0J3BaT B
71a0OpaTOpHU yCIOBHUS, THH KaTo Te ca MO-Obp3M B CPaBHEHHE C METOAWTE 33 MEXaHHYHO
n3MmepBaHe. Korato ce u3non3Ba HHIUPEKTEH aKyCTUYEH METOA 3a M3MEPBAaHE HA LIYIIIMBOCT CE€
MOJTydaBa JONBIHUTETHA HH(pOpMaIms 3a JeeKTUTE Ha IMOBBPXHOCTTA Ha Ipoaykra. Ilpm
M3M0JI3BaHE Ha aKyCTWYHHM METOJM 32 OIEHKA Ha IIyIUIMBOCTTA Ha XJISIO, MpaBUIIHATA MTOATOTOBKA
Ha POOUTE € OT pelIaBamlo 3HaYCHHE.

Komniomvpru memoou

[TpoBepkara Ha KayecTBOTO HA XpaHU M CEJICKOCTOMAHCKA MHPOAYKIHUS € TPYI0EMKO.
EnHOBpEMEHHO C MOBUIIEHUTE OYAKBAHHS 32 XPAHUTEIHH HPOAYKTH HAa BHCOKH CTAaHJIApPTH 32
Ka4ueCTBO M 0E30MMaCHOCT, HEOOXOMUMOCTTa OT TOYHO, OBP30 U OOCKTHBHO OIPCICISHE Ha
KaueCcTBOTO HA TE3M XapaKTEPUCTHKU B XPAHUTEIHUTE TPOLYKTH MPOABIDKABa J1a pacte. Brrpekn
TOBA, TE3W OMEPAIMH YECTO CC H3BBPIIBAT PHUHO, KOCTO € CKBIIO M HEHAICKIHO, 3aII0TO
YOBEIIKOTO PEIICHHE MPHU ONMpPEJEe/SIHETO Ha KayeCTBEHHM (DAKTOPH KaTO BBHIIEH BUJ, apoMar,
XpaHUTEJIHU BEHIECTBA, CTPYKTypa M T.H., € HEIOCIEI0BATeHO, CYOSKTHBHO © OaBHO.
MamunaHoro 3penue (dur. 3) ocurypsBa eqHa aiaTEepHATHBA 33 aBTOMATHU3HMPAaHA,
Oe3paspymiuresiHa ¥ e(QEKTHBHA TEXHOJIOTUSI 33 HU3IBJIHEHWE HA TOJsIMAa 4YacT OT TOPHHTE
M3UCKBaHWs. B omucaHuTe B JIMTeparypara M3CIEIBAHHs CE MOJYEpTaBa MOTECHIIMATA HA Te3d
MO/IXO/IM [IPH MHCIEKIMATA M OKAYECTBSIBAHE HA IJI0JIOBE U 3EJCHUYIIH, OIIEHKA Ha KAYeCTBOTO Ha
3BPHOTO M HA JPYTH XPAHUTEIHH HPOAYKTH, KATO XJIEOHH WM CHAJAKAPCKH HW3JENHs, MUl U
MakapoHHu U T.H. [Babin P, 2007].

3a 00EKTHBHO OMpe/eNsHE Ha MOKA3aTeNNTe HAa KAueCTBOTO HA XPAHUTEIHH MPOLYKTH CE
M3M0JI3BAaT ChBPEMEHHUTE KOMITIOThPHH TEXHOJIOTHH, KOUTO MPEIOCTABAT FOJIEMH Bh3MOKHOCTH B

49



Ta3W Hacoka. V3mon3Bar ce BEpOSTHOCTHH W CIEKTPalIHH MeTojd, yeilBieru [Georgiev A.S.,
2010] u pa3aMyHM aNrOpUTMH W TporpamMu 3a o00paboTka Ha NbpBUYHA HHGMOpPMALMS U
UICHTU(UKAIMS Ha Pa3JIMYHK [TOKA3aTeIM Ha KauecTBO ¢ Ien kiacudukaims [Georgiev A., 2007].
3a aHajM3 HA TOTOBOTO M3JEJIME HAW-4eCTO Ce M3IO0J3BAaT ONTUYHU MeTo[u. OCOOEHO TrosimMo
NPHUJIOKEHNE UMaT ONTHYHUTE METOAM BBB BHAMMATa W MH(pauepBeHaTa 00acT, 3ali0TO B T€3U
obnacTn OBP30 M JIECHO CE ONpEeAeNsT ITokaszaresure — (opma, pasMepH, LBST, HaINYME Ha
JneekTH M JApYyru. 3a ILenTa ce W3MOJ3BAaT CHCTEMH 3a MAlllMHHO 3peHue. Te mpencraBisBar
Kamepa Wi (Qoroamapar, KOUTO TOTydYaBaT MbpBHYHATA MH(OpPMAIWS 3a O0EKTa, CIICIHATHO
OCBETJICHHE, KOETO OCBETSBA IIOJIETO HA 3PEHHE M KOMITIOTBP ChC CBHOTBETHHS CO(Tyep 3a
00paboTka Ha moTydeHaTa HH()OPMAIIHS.

MexaHnYHUTE CBOMCTBA Ha XJisi0a M TECTEHUTE TNPOIYKTH CHJIHO 3aBHCAT OT TSIXHATA
mrymmBocT [Scanlon, M. G., 2001]. lymute B cpequHara Ha Xi110a ce ONMPEACTAT 10 pa3Mep,
pasmpenenenue, (Gopma M JeOeNMHA HA CTEHUTE MEXIY TAX U JO TOJIIMA CTENEH ONpPEeAeIsT
OPTaHOJICIITHYHNATE XapPaKTEePUCTHKH Ha mpomykra [Baardseth, P., 2000]. M3ciensanero Ha

CTPYKTypaTa Ha CpeIrHAaTa Ha TECTCHH H3MCIUS MOXE Ja Ce W3BBPIIM 4Ype3 H3MOJ3BaHE Ha
METO/IH 3a MOJIy4aBaHe Ha U300paXKeHUsI. 3a I1ieJiTa MOTaT Ja CE M3IO0JI3BAT PA3IMYHU YCTPOHUCTBA
3a reHepupaHe Ha uzoopaxkenus: ckenepu, CCD kamepu u sipeHO-MarHuTeH pe3oHanc [Gonzales-
Barron, U., 2006; Lassoued, N., 2007]. Cien koMmoTepHa 00pab0TKa M aHAIU3 HA TIOJYYCHUTE

I/I306pa)KeHI/IH C€ noJjiy4yaBa 00eKTHBHA OLICHKA Ha BU3YAJIHUTC XapaKTCPUCTUKU.
F_mme gm_t:hcr

®ur. 3 KoMIOHEHTH Ha CHCTEMA 3a MALIMHHO 3pEHHE

Jpyr BakeH IOKa3aTell Ha KayeCTBOTO HAa XPaHUTE € CTPYKTypara, XapaKTepH3UpaHa KaTo
MeKa, BIIaXKHa, CyXa WM pOHJIKMBa. KOMIIOTEPHOTO 3peHHe € MOAXOJSIIO0 CPECTBO 32 OL[CHKA Ha
TO3M TOKazared. MeToabT € Oe3KOHTaKTeH ¥ He paspyliaBa HM3CJIEABAaHUS  IPOJIYKT.
XapakTepucTUKM Karo IIYILUIMBOCT, €AHOPOJHOCT M LBAT Ca MHOTO BaKHM NPH aHAIM3a Ha
crpykrypata. IlpoyuBaHusita TOKas3BaT, 4e€ XpaHH C II0JOOHM TEKCTYypH Morar na Obaar
IPYIHpPaHU, KOETO BOJAM JIO Bb3MOXKHOCTTA 3a IIpUJIaraHe Ha M3KYCTBEH WHTEICKT 3a aHAIN3 Ha
JIAHHU 32 pelaBaHe Ha TeKcTypHH pobsiemu [Mohd. Zaid Abdullah, 2008].

[punaranero Ha udpoBa 00paboTKa Ha M300paKEHUST BOAM 10 MO-HAJICKIHA U OOEKTUBHA
OLICHKAa Ha CTPyKTypara Ha xjeOHara cpeaumHa. Scanlon u Zghal [Scanlon, M. G., 2001] ca
pasrienand reoMeTpuYHaTa CBBP3aHOCT M XOMOTEHHOCT Ha LIYIUIUTE. 332 KOPEKTHH pe3yJTaTd
OTHOCHO TEKCTYpHM CBOWCTBa Ha XjieOHaTa cpequHa TpsiOBa ja ObAaT M3ydaBaHW M300paykKeHHs,
3aCHETH B Pa3iIMYHH YaCTH HA CPEANHATA.

W3obpaxennsrta Ha cpequHara (Grey level image) u chOTBETHUTE UM OMHAPHN M300paKEHHS
(Binary image) mpu pasiMyHa MPOABDKUTENIHOCT 3a IeYeHe, KAaKTO M TeMIieparypara B
LIEHTpaJHATA 30HA Ha TECTOTO ca MokazaHu Ha ¢ur. 4. Temneparypara e ©3MepBaHa ¢ MOMOILTA Ha
TepMo/Boiiku. CTpyKTypHUTE IpoMeHH, HaOmomaBaHu B TectoTo (dur. 4 A-L), mokaszar due
EBOJTIOIMATA Ha IIYIUIATE € HeTpeKbCeHAT mporec [Perez-Nieto, A., 2010].
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Baking time and Grey level Baking time and Grey level Binary image

Binary image

core temperature image core temperature image
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Our. 4 EBomoum Ha IIYIUIUTE KaTo (DYHKIMS Ha BPEMETO Ha TIeUeHe

KommioTspeH aHanmu3 Ha W300paXeHWs ce Npuiara 3a KOJMYECTBEHO OIpeleNsHe Ha
XapaKTEePUCTHKUTE Ha Pa3nyHu BUIOBE XJs10. Beekn Tvn xmisi0 ce xapakTepusupa ype3 Habop oT
Mop¢onornunu u 1BeTosr napamerpu [Thiele, C., 2004; Brescia, M. A., 2007].

N300paxkeHnss Ha CTPyKTypaTa Morar jga ObIaT CbCTaBEHH OT eIHAa WM IOBeYe
NPOCTPAHCTBEHN NPUMHUTHBH. MoraT na ObJaT W3MOJI3BaHH TPU MOAXOAA 33 paslo3HABaHE Ha
CTPYKTYPHH XapaKTEepUCTUKH Ha Oazata Ha 0OpabOTKa Ha H300paKeHUs Ha TIPOJYKTa:
CTaTHCTUYECKH, CTPYKTYpeH u ciiektpaiieH [Gonzalez, R. C., 2002].

Rouille u ap. [Rouille, J., 2005] oueHsiBaT cpeauHaTa Ha (PEHCKH XJIsi0, MPOU3BEACH C
paziauyHu OpalliHa, Ype3 rpaHyIOMEeTPHYEH METO/I, TIPUIarail MaTeMaruiecka Mop(hoorus BbpXy
n300paKeHUs] ¢ HIOAHCHM Ha CUBOTO. M3mosi3BaHM ca MOpP(ONOrHYHHTE ONepaluu epo3us,
JMIaTalys ¥ TSXHATA KOMOWHAILMS, OTBAPSHE U 3aTBapsiHe, MOIU(UIMpaHe HA H300paKeHUsITa B
3aBUCHMOCT OT TOJIEMHUHATA M MHTCH3MTETAa HA CBETIMTE M ThMHHTE 00MacTH. METOABT MpaBH
BB3MOXKHO ~KONIOTBPHOTO ~ONpeAeNssHe Ha HAKOM CTPYKTYPHH —XapaKTePHCTHUKH, KaTo
CBILIEBPEMEHHO Ce N30srBa MparoBa CerMeHTAIIHS.

3akJjrouenne

HanpaBenoto nuTepaTypHO TMpoy4yBaHE TIOKa3Ba, Y€ C HapacTBaHE OYaKBaHHUATA U
M3UCKBAaHMATA HA MOTPEOUTENNTEe KbM KAuecTBOTO Ha XJI10a W XJICOHUTE W3ICIHs HapacTBa U
HEO0OXOJUMOCTTa OT METOAM 3a OOEKTHBHA OIlEHKAa Ha CHLCTOSHHUETO HA KAayeCTBOTO Ha TE3H
OCHOBHU XpaHUTENTHH MpoAyKTH. ChIECTBYBa TEHJAEHIMS KbM TbPCEHE Ha BB3MOXHOCTH 32
NpUJIaraHe Ha METOIUTE, 0a3upaHW Ha IU@poBa 00pabdOTKa Ha HM300pakKEHHMs, 332 OICHKA Ha
Ka4yeCcTBOTO Ha XJIeOHM wu3ienus. [IepCHeKTHBHOCTTa WM IPOM3THYA OT OE3KOHTAaKTHOTO
MoJTy4aBaHE Ha IThPBHYHA WH(OpPMAIM W BB3MOXKHOCTTA 3a 00paboTkaTa W IMOJydYaBaHE HA
pCIICHHS B peaHo BpeMe.
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Abstract

Nowadays, analysing images has become a common problem in many life science fields;
hence, tools that automatise or semi-automatise this task are instrumental for researchers.
Since there is not a unique tool that can tackle every single aspect (acquisition, analysis,
visualisation, and so on) of biomedical image processing, different programs are required;
however, this might be a challenge for the researchers since they need to know how to use
and combine several tools. Therefore, special-purpose software that combines several
programs, and guides and helps the users is desirable. In this paper, we present a generic
architecture that can be employed to create special-purpose tools combining several systems.
Such an architecture has been already particularised into two tools called GelJ and
AntibiogramJ.

1. Introduction

The analysis of images is instrumental in many life science fields and, in particular, in
Biomedicine (Dietz, 2012). Currently, the datasets of bioimages are growing exponentially, and
due to the huge size of such datasets, visual inspection and manual measurement of the images is a
time-consuming task that lacks sensitivity, accuracy, objectivity and reproducibility (Cappellen,
2007). Hence, researchers need to rely on automatic or semi-automatic imaging techniques,
provided by different software tools (Eliceiri, 2012).

Nowadays, most researchers and students in life sciences have some background using software
tools. However, mastering the skills to analyse biomedical images might be a challenge since it
requires the combination of techniques and tools coming from several fields. For instance, there is
not a any tool that can handle every single aspect (acquisition, analysis, visualisation, and so on) of
biomedical image processing; and, therefore, researchers need to combine them. This issue can be
tackled by developing special-purpose applications that deal with concrete bioimaging problems,
and that guide and help the users to solve them.

Developing good applications is almost an art (Anderson, 2010) because they must be easy-to-use
and also easy-to-learn — the creation of such tools is not a simple task at all. In this paper, we
present a general architecture for developing usable tools for bioimaging, see Section 2, that has
been successfully applied in two projects, see Section 3.

" This work was partially supported by Ministerio de Industria, Economia y Competitividad,
project MTM2014-54151-P

54



2. A General Architecture

The proposed architecture is depicted in Figure 1. This architecture is similar to a multitier
architecture with three layers: presentation, logic, and persistence. The particularity about this
architecture is that the logic layer is implemented by combining several third-party tools (S1,..., Sn
in Figure 1) for image processing thanks to a bridge. Such a bridge can be defined using two
different approaches. In the former, the data from one of the programs are exported into a format
that can be read by other tools. In the latter, an interface is created to allow the access to the
functionality of one tool from others.

Presentation laver

Logic layer
Bridae

S1 | S2 Sn

Persistence laver

Figure 1. Proposed Architecture

Despite the fact that the GUI, the model for the database, and the logic of the application could be
different for each concrete problem, this architecture provides a general framework that allows
developers to reuse several fragments of code, and patterns across problems. This avoids re-
inventing the wheel several times and facilitates new developments.

In order to particularise the architecture for a concrete problem, many programming languages
could be employed. From our point of view, Java is the best candidate for several reasons. First of
all, in order to implement the persistence of the application, we can use the JavaDB library
(Oracle, 2014) that provides an embedded database, avoiding the installation of databases like
MySQL or Oracle. Moreover, there are several libraries for image analysis that are implemented in
Java or offer wrappers that can be accessed from this language; this facilitates the implementation
of the logic of the application. Finally, the development of interfaces is a common task in Java that
is simplified thanks to widget toolkits like Java Swing.

3. Case Studies
In this section, we present two case studies where our architecture has been successfully applied.

3.1. GelJ

GelJ (Heras, 2015) is a Java application designed for analysing DNA fingerprint images. Gell is a
feather-weight, user-friendly, open-source and free tool that combines the simple design of free
systems with instrumental features for DNA fingerprinting that are only available on commercial
tools. Some of the outstanding features of Gell are functionality for accurate lane- and band-
detection, several methods for computing migration models and generating dendrograms,
comparison of banding patterns from different experiments, and database support. The main
window of Gell is shown in Figure 2.
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Figure 2. Screenshot of GelJ main interface

Gell follows the architecture presented in Section 2, and in order to implement the logic to process
DNA fingerprint images, we combine two systems: ImageJ (Schneider, 2012) and Weka (Hall,
2009). In particular, ImageJ provides the functionality for image processing; and, Weka features
machine-learning algorithms (namely, clustering analysis) that are employed to compare DNA
patterns. In order to connect Image] and Weka in Gell, the data obtained thanks to ImagelJ is
exported into a format that can be read by Weka.

3.2. AntibiogramJ

AntibiogramJ (Alonso, 2017) is a Java program for the identification, measurement and
categorisation of inhibition zones in antibiogram images captured with any device that
incorporates a camera (including digital cameras and mobile phones). The main interface of
Antibiogram] is presented in Figure 3.

AntibiogramJ implements the architecture presented in Section 2, and relies on two third-party
libraries widely applied in Bioinformatics: Imagel, that provides functionality for image
processing, and OpenCV (Bradski, 2015), that features several computer vision and machine-
learning algorithms. The combination of those two libraries was possible thanks to the interface
provided by the 1J-OpenCV library (Pascual, 2017).

56



Figure 3. Screenshot of the main window of AntibiogramJ

4. Conclusions and further work

In this paper, we have presented a generic architecture that can be employed to create special-
purpose tools combining several systems. Such an architecture has been already particularised into
two tools called Gell and Antibiogram]. Currently, we are working in applying the same
architecture to create a tool for measuring the decolorisation of fungal isolates in dyes by
combining ImageJ with the deep-learning library Keras.
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READING PROGRAM CODE WITH UNDERSTANDING
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Abstract

A relation between the terms frame and programming invariant is established on the basis of
the term Accumulative frame pattern (AFP). As a consequence two methods for initial train-
ing in programming are proposed and experimented. The first method (,,source code reading
and understanding®) refers to training for analysing unknown program code by detecting
programming invariants and identifying their parameters. The second method (“program
design and implementation”) is limited to: initial presentation of the solution as a number
AFPs of programming invariants; modification (if necessary) and valuation of their
paramters; implementation of a program code as a set of program frames (possibly
modified) of the respective AFP; testing and correction. As a conclusion some other
prospective directions and possibilities for using AFP are also commented, including the
creation of a Virtual Laboratory for Training in Programming.

Keywords: training in programming, reading and understanding, knowledge representation
by frames, virtual laboratory

1. VYBog

®peiiMbT ce U3MoN3Ba 3a NPEACTaBSIHEe Ha MUHUMAJIHAaTa CTPYKTYpUpaHa HHPOpMALHs, KOATO
neuHUpa eIHOTUIIHK sBIeHUs, chOuTHs, cutyauun win nporecu (Korzh, 2016). Tlonstuero
»PpeiM™ e BbBeJIeHO B M3KycTBeHHs1 uHTeIeKT oT M. Muucku (Minsky M., 1974) kato cpencTBo
3a mpejcraBsHe Ha 3HaHus. [lox ¢opmara Ha T. Hap. ,,(peHMOBH OMOPH* YCIIEIIHO € MOJI3BaHO B
00yueHHeTo 10 MaremaTuka, (u3nKa, XUMUs, UCTOpHs, aHrmiicku e3uk u ap. (Gurina et al.
2007). B cny4as Ha oOy4eHue 3a pUAOOMBaHE Ha YMEHUs M CTHJI 110 Tporpamupane, GppeiiMoBu
MOIeIH ca TIpeasiokeHu B (Somova et al., 2014) mox uMeTo ,,yHBapHaHTH  (TTaca’ky OT MPOrpamMeH
KOJ, KOUTO C MaJKH HECTPYKTYpHH NPOMEHH C€ CpeliaT B pelIeHWsTa Ha 3aJadyd 3a
HpOTpaMUpaHe).

Ha 6a3ara Ha moHSTHETO ,,aKyMyJaTHBeH QpeiiMoB Moaen — ADOM (Panayotova et al., 2017),
B paboTara € HanpaBeHa Bpb3Ka MEXIY IOHATHSATA ,,AHBAPUAHT B NPOrPaMHUPAHETO™ U ,,pperm™,
MIPEIUIOKEHN M eKCIIEPUMEHTHPAHN ca METOINKH, TTOJXOSIIH 32 POBEKIaHEe Ha HAYaITHO

o0ydeHwe 10 MporpaMHpaHe.

2. @peiimoBHU MoeJU B 00y4eHHETO MO MPOorpaMupaHe
WHBapnantute B MporpaMeH TEKCT MoOTraT Ja ce pas[iIexaaT KaTo OTHOCHTEIHO
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CaMOCTOSITENHH, JIOTHYECKH O0OCOOCHM €OWHMIM, KOUTO CE€ OTJIMYaBaT C BB3MOXKHOCTTA 3a
MHOT'OKPaTHO M3IO0JI3BaHEe B pa3iuuHu cuTyauuu. ChiioTo ce oTHacs U 3a ADM, koiTo Moxe 1a
ce IMpeJCTaBH KaTo UMeHOBaHa (peiiMoBa CTPYKTypa, chCcTaBeHa OT cioToBe. OT cBOs CTpaHa,
BCEKHU CJIOT € C YHUKAJHO MMe (pa3MyHO OT MMeHaTa Ha ocTaHajuTe cioToBe Ha ADM) u cbe
ChAbpKaHHE OT TOYHO ONpeJeseH THI (eleMeHTapeH Wiu cberaBeH). [IpumMepn 3a eneMeHTapHH
THIIOBE Ca MHOYKECTBaTa OT MMEHA Ha NPOMEHJIMBH, Ha PEaIHUTE U Ha LIEJUTE YHCIIa, Ha TEKCTOBE
(c ompezeneHa IbIDKUHA), N300pakeHNUs, (QaiiyioBe OT pa3IUyeH THIl, IpOrpaMeH KoJ U Jp., a 3a
CHCTaBHU — CIHCHITH/3AIICH OT APYTHU TUTIOBE Ui ADM.

Yactau ciydan Ha AOM B oOyuenuero ca ,,ppeiimoBure onopu™ (Gurina et al., 2005; 2007),
»akymyinatuBaute TtectoBu enunuiu” (Totkov et al., 2014) u ,enexTpoHHHTE OeEMEKKH
(Panayotova et al., 2016; 2017).

Opeiimure-exzemmuripu ot [pumepn 1. u 2. (Momenu Ha ABa MHBapHUAHTA B IPOTPaMHUPAHETO),
4eCTO CE M3IOJI3BAT B 33/1a4Hl 3@ IPOrpaMUpaHe.

IIpumep 1. Opeiim-ex3eMIUIp 3a HHBAPHAHT ,, Pasmsana Ha cmouHocmu Ha 08e npomMeHausl "

Caor Coabpkanue
HanmenoBanue Ha Qpeiima Pa3msHa Ha CTOMHOCTH Ha IB€ MPOMEHJIMBU X H Y
Bxonmnu aprymenTH X, y, type
W3xomHu apryMeHT! X, ¥
CroifHocT Ha type (mpumep) int
ITporpamen xox type buf= x; x=y;y=buf;

Ipumep 2. Opeiim-eK3eMILLIp 32 MHBAPUAHT ,, Hamupane Ha MakcumaneHn enemenm na macug

Caor Coabp:kaHue

HaunmenoBanme Ha Qpeiim Hamupane Ha MakcumaeH egeMeHT( max ) Ha MacuB ( arr) ¢ n
Ha Opo¥i eneMeHTa

Bxonmau aprymenTu arr, type, n

W3xoaHu apryMeHTH max

CroitHocT Ha type (mpumep) int

[Iporpamen kon int max=arr[0];for (int i=1; i<n; i++)
if (arr[i]>max)max=arr[i];

Ha 6asara ma A®M, B o0ydueHHeTO MmO IMporpamMupaHe ce 000coOsBaT CleAHHTE TIPyHH
3aauu:

A. CaMOCTOATEIHO MPOEKTHUPAHE U MHCaHe Ha IPorpamMeH Ko/l (110 TaJieH! crielu(uKaIin);

b. 3amo3HaBaHe ¢ 4ecTOo W3NOJN3BAHM MHBApHAaHTH 3a [porpamMupaHe (CIel. CbC

ChIBPKaHUETO Ha cJoT ,,[Iporpamen kox'");

B. TIlpoextupane Ha pelueHusl Ha 33jaddl 3a Nporpamupane mox (Gopmara Ha CIOBECHH

oIrcanus (ChbCTaBeHH OT (hpeHMHU-MHBAPHAHTH C KOHKPETHO ChABbPKaHNE HA CIIOTOBETE).

I Ananu3 Ha Hemo3HAT MpOTpaMeH KOoJl, OTKpPHBaHE Ha MHBapHAHTH (BKJI. U Ha HOBH), KaKTO

¥ Ha CTOWHOCTHTE HA TEXHUTE MapaMeTpH (ChbpKaHNe Ha ChOTBETHHUTE CIIOTOBE);

JA. MoauduunpaHe Ha HEIO3HAT MHporpaMeH Kox (C NpoMsAHA Ha ChABbPKAHUETO Ha

CIIOTOBETE Ha (ppeliMU-MHBAPHAHTH M BHBEXK/IaHE HAa HOBH HHBApHAHTH);

Ha mpakTtrka (KbM MOMEHTA), TBPBOHAYATIHOTO OOYYEHHE MO TPOTPaMHpPaHE Ce CBEXIa IO
pemiaBaHe Ha 3agaud camo oT rpyma A. [locienHoro ch3gaBa ompemeNeHH TPYIHOCTH —
IPOMEHH B KOHTEKCTa (YCIOBHETO) WJIM BapHalUHM B ChIABbPKAHUETO, 4YeCTO 3aTpyIHsSIBAaT
oOyuaBanute. [lpymumHaTa — He ca HaydyeHM Oa AaHAJIM3UPAT KOHTEKCTa B TEPMHUHHUTE Ha
WHBAPHAHTH U HE YMEST Jia TPUCIOCOOSIBAT TAXHOTO ChAbpKaHKE (IIAPAMETPH) B 3aBUCHMOCT OT
KOHKpE€THAaTa CuTyamus.

B cnucwka ot 3agaun cnenuanto me ordenexuM rpyna b. Ilo Hame MHeHHe, HOAXOAALIO €
pasriexaaHeto Ha rpyna b. ga e ocHoBeH mpeaMeT Ha JIEKIMOHHMSI KYPC, CHIIPOBOX/IAI
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MPaKTHIECKOTO 0OyUYeHHE.

VYMmenuaTa na ce pemaBarT 3agayd oT rpymu B. — JI. ca OCHOBHM KOMIIETEHLIMH Ha
MpOTPaMUCTUTE, HO 3a ChKaJleHHe (II0He KbM MOMEHTa), He HaMHpaT CBOETO JOCTOMHO MACTO B
00y4eHHEeTO TI0 TIPorpaMHpaHe.

3a BcAka rpyma 3agaud A. —J[. MoraT jJa ce BBBEXKAAT U EKCIHEPUMEHTHpAT Pa3IUYHU
»PpEAMOBH® METONMKH 3a TAXHOTO peliaBaHe. B ciemBamus pasnen ce mpeijiarat |
EKCIIEPUMEHTHPAT METOJUKH 32 pelllaBaHe Ha HIKOW OT ITOCOYCHHUTE MPOOIIEMH.

3. IlposeneHu excnepuMeHTH
[Ile nemoHCTpHpaMe ABe MeTOAUKH B 00y4eHHMeTO 32 pellaBaHe Ha 3aga4yu OT rpynu B. —
., cBbp3anu ¢ nmpunaraHe Ha ADOM u ekcnepumenTupaHu BBB Pakynrtera mo TexHuka u
TexHoJoruu (SIMO0I) C¢he CTyAeHTH OT 1-BH Kypc B CHELHAIHOCT ,,ABTOMAaTHKa M KOMITIOTBPHU
cucremu, OKC ,,bakanaBbp“ (peoBHO 00yUeHHE).
VYcnoBHO, mbpBaTa METOAMKA MOXKE Ja C€ ONpelelnH Karo ,4eTeHe ¢ pa3dmpaHe Ha
nporpaMeH Ko ¥ ce oTHacs Jo 00ydeHHe 110 pelaBaHe Ha 33/1auu oT rpyma [
»JeTeHeTo ¢ pazdupaHe’ TPaAUIIMOHHO C€ W3IOJ3Ba B O0YUCHUETO 110 POJCH U Uy e3HK. B
00ydYeHHETO IO MPOrpaMHpaHe TO3M IOJAXOA MOXKE 1a Ce MHTEPHpETHpa Karto , pazdupaue Ha
20MO8 Npozpamen K00 upe3 OmKpuane Ha Qpeumose-eK3emMniapy Ha CbOMEEMHU UHBAPUAHMU 30
npocpamupane .
3a mpoBeXmaHe Ha eKCIepuMeHTa (B AucuumumHa llporpammpane M uH3MON3BaHE Ha
kommmoTpu™ II-pa gacT) ca MOATOTBEHH CIEAHUTE YUeOHN MaTepHaIH:
- Tabmuua 1. ot ¢peiiM-nHBapHaHTH C Be KOJOHH (HaMMEHOBaHME Ha ()peiiMa-MHBapHaHT
U LBSIT 32 MapKUpaHe Ha Tacaku ¢ MHBapUaHTa B IIPOTPaMEH TEKCT);

- Ilporpamen kon Ha C++ (pemeHne Ha 33/1a4a MO IPOrpaMHUpaHe, YCIOBUETO Ha KOSTO HE €
W3BECTHO Ha CTYACHTHUTE);

- Tabnuua 2. 3a MacuBU C TPH KOJOHH (THIl, IME WM MakCHMaJeH Opoil eleMeHTH Ha
MacuBa);

- Tabnuma 3. 3a POMEHIIMBY € TPU KOJIOHHU (TUII, UME M ONIMCAHKNE Ha IPOMEHIINBA).

B Tadauua 1. ¢ ¢peiim-unBapuanTu ca BmodeHn (Somova et al.,, 2014) nekmapupane Ha
NPOMEHIINBY, ACKJIapupaHe Ha MAacuB, BbBEK/IAHE HA OPOST EIEMEHTH HAa MAacuB, BbBEK/IAHE Ha
CTOMHOCTH 3a €JIeMEHTH Ha MacHB, ThPCCHE Ha MHHHMAJICH €JIEMEHT B MAacuB, ThpPCEHE Ha
MAaKCHMaJIeH €JIeMEHT B MacuB, pa3MsHa Ha CTOHHOCTUTE Ha J(BE NPOMEHIMBH, COPTUpPAHE Ha
MAacHB, U3BEXJaHe Ha CTOMHOCTH Ha MPOMEHIINBY, U3BEXK/JaHE HA CTOMHOCTHTE Ha €IEMEHTHTE Ha
Macus.

Ha cryzenture ce mpemmara — B mporpameH kox Ha C++ 1na OTKpusAT M Mapkupar (cbe
CHOTBETEH LBAT) (periMu-uHBapuanTu ot Tabuuna 1., KaTo onpeneNsT ChAbPKaHUETO Ha TEXHHUTE
ciortoBe (cmer. — Ha cioT ,,IIporpamen kon“). B Ilpumep 3. ca mpeacTaBeHH HSKOM OT Te3U
(peliMu-MHBapHUaHTH.

IIpumep 3. OpeiiMu-uHBApUAHTH, OTKPUTH B IPOTrpaMeH KoJl

HaumenoBanue Ha ¢peiim IIporpamen xox
TepceHe Ha MUHAMAJICH €JIEMEHT m=0; for(i=1;i<n;i++) if(a[i]<a[m])m=i;
Pa3msHa Ha cTOHHOCTH Ha JBe IpoMeHimBH | b=a[m]; a[m]=a[n-1];a[n-1]=b;
3Bexnane Ha eJICMEHTHTE Ha MacHB for(i=0;i<n;i++) cout<<a[i]<<endl;

VYenemHoTo peraBaHe Ha NPeyIOKSHUTE 3aJa41 € CBHICTEICTBO 32 YMEHHETO Ha CTYICHTHTE
Ja ,,9eTaT ¢ pazdupaHe MporpaMeH KOJ Ha ChOTBETEH €3WK 3a mporpammpane. Ilpennoxenure
MPOTrpaMHH KOJIOBE ca TI0JOOHM Ha PEIICHNUs Ha 3a/1a4uM, 32 KOUTO IIPEAN TOBA CTYJECHTUTE CaMH ca
Ch3/1aBaJiM IPOTPaMHHM KOJIOBE. B ekcriepuMeHTa CTyIeHTHTE ca pa3eieHn Ha TPH TPYIIH.

3amaunTe, MPOTPaMHHUTE PEATH3AMU Ha KOMTO ca NpeAMeT Ha JeiHOCTTa ,ueTeHe Ha
nporpamMeH Koj ¢ pa3oupane® ca:

- Ja ce HaMepsAT MaKCHMalHMd M MUHMMAJIeH €JIEeMEHT Ha eJHOMEpPEH MacuB, Ja ce
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PasMEHAT TEXHUTE CTOﬁHOCTH, CJICO KOCTO na CC U3BCaaT BCUYKHU CIICMCHTH,

Ja C€ HaMCpu MHUHUMAJIHUA CJIEMCEHT Ha CIHOMCEPCH MACHB, Ja C€ pasMCHH HCETroBaTa
CTOMHOCT ChC CTOWHOCTTA Ha ObpBUA CJIIEMCHT, CJICA KOCTO Oa C€ U3BEAAT BCHUYKH
CIICMCHTH,

Ja C€ HaME€pHU MaKCHUMAaJIHUA €JIEMCHT Ha €IHOMEPEH MacuB, Ja C€ pasMEHH HEroBaTa
CTOMHOCT ChC CTOMHOCTTA Ha TMOCTETHHS CJICMCHT, CJIC KOCTO Ja CC M3BCIAT BCHUYKH
CJIICMCHTH.

Broparta ekcriepuMeHTHPaHa MeToAMKA, OazupaHa Ha ADM, e npexHa3HaueHa 32 00yueHHe
no pemaBaHe Ha 32/1a44 OT rpyna A., ¥ ce CBeXaa JIo:

NPOEKTHpaHe Ha PeHIeHneTo 1o popMaTa Ha peanna oT GppeiiMu-uHBapuanTH (3a1a4a oT
rpyna B.);

Moau(HIMpaHe Ha ChABPKAHUETO Ha CIOTOBETE Ha (peliMuTe-MHBapHaHTH (CIel. Ha
ciot ,,IIporpamen ko — yMeHue, KOETo ce ImpeJrosara ue € Npuao0uTo OT pellaBaHe Ha
3aauu oT rpyma b.) ;

peanuzanys Ha TmporpaMeH Kojn (,,criobsBaHe Ha MoAM(UIMpaHUTE NacaXu OT
TporpaMeH Kox).

TECTBAaHE M KOPUTHPAHE.

JIBeTe MeToAMKM ca eKCIIEpUMEHTUPaHu B Kypca IO JucuuiuiMHara ,JlIporpamupane u
U3M0J3BaHe Ha KOMMIOTpH (2-pa yact). 3a 1enta, B cucTemMara 3a e-00yueHue Ha TpakuicKus
yauBepcutet (Ctapa 3aropa) € ch3/1aJieHa Bb3MOKHOCT 32 3alTUCBaHE OT BCEKU CTYJIEHT Ha:

4.

(baiiin ¢ pereHns, ChIbPIKAIN aHAINA3 Ha TIPOTPaMeH Kol (cleaBamu 1-Ta MeToIuKa);
CaMOCTOSITETTHO HAmMWCaH (CIeqBaliKé 2-Ta METOAWKA) MPOTpaMeH KOJ — pelIeHHe Ha
3agaya oT rpyma A.;

rpaduueH Qaiin, chIbpKAI] H300pPAKEHHUETO HA JMCIUICS CJeA W3MBIHCHHETO Ha
TIPEACTaBEeHHS POTPAMEH KOJ C OTIpeJieTieH Ha0op OT BXOTHHU JTaHHHU.

3akiouenne

PaGotara e eneMeHT OT IO-IIMPOKO M3CIIe[BaHE HA BE3MOKHOCTHTE 3a mpuiarane Ha AOM B
obyuenueto (Totkov et al., 2017). OmpeneneHo MpeAN3BUKATEICTBO B Ta3U IMIOCOKA Ca:

NPOEKTUPAHETO Ha cucTeMH OT TunoBu ADM (3a pa3nuyHHU JMCUMILIMHH, HAOOpU OT
JUIAaKTUUECKU SIIMHUIIH U JIP. );

W3CIIEABAHETO Ha AJITOPUTMHU M METOJM 3a M3BJIMYAHE M arperupaHe Ha JaHHH OT y4eOHH
MaTepualy B MPOIECH Ha e-00y4eHHe, ,,Mapkupanu' ¢ ADM;

ch3IaBaHeTo Ha copTyepHu cucteMu u b/l 3a pabota ¢ AOM u TexXHH eK3eMILLIPH;
pa3paboTBaHETO HAa METOAMKY 32 n3non3Bane Ha ADOM B e-00yueHneTo u Jip.

[Ipencrosima 3agaya € NMpoeKTHpPaHe WM peaau3auusi Ha Bupryaana jgadoparopusi no
nporpaMHupane, B OCHOBaTa Ha KOSTO Ja € cucreMa 3a cb3fgaBane Ha ADPM. Ilpoenenute u
eKCIIEPUMEHTH JlaBaT OCHOBAaHMS Ja Ce TBBPAH, Ye (PYHKIMOHATHOCTTA Ha 1on00Ha Bupryanna
nmabopatopusi Ou OCUTypriIa e-00y4eHHETO IO peliaBaHe Ha 3ajaqu oT rpyma A. — J1.
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MOJEJI HA HITYMA B TPAHCUMIIEJAHCHUTE YCHUJIBATEJIA,
PEAJIM3UPAHU C OITIEPAIIMOHHU YCWJIBATEJIN
HBan Paues
TY-Copus, ®uaunaa Ilnosaus, Kareapa ,,Enexkrponnka”,
rp. IlioBaus, Oya. “Caunkr IlerepOypr”’63

A NOISE MODEL IN TRANSIMPEDANCE AMPLIFIERS REALIZED
BY OPERATIONAL AMPLIFIER
Ivan Rachev
TU-Sofia, Plovdiv Branch, Department of Electronics,
Plovdiv, 63 Sankt Petersburg, blvd

Abstract: The paper presents an analytical model of generated noise in the
transimpedance amplifiers realized with operational amplifiers (op amp). The main goal is to
determine the noise power spectral density (PSD) in respect to the amplifier input in order to
give conclusions and recommendations for its minimization. The proposed model is based on
the assumptions that the flicker noise is neglected, the op amp gain without feedback is
infinity and the polarization currents on two inputs are equal. The results of the performed
analysis determine that the minimum PSD is received when the op amp non-inverting input
is grounded, the feedback resistor has maximal possible value and the used op amp has
inherent low noise with minimal input polarization currents.

Key words: operational amplifier, shot noise, flicker noise, thermal noise, power
spectral density (PSD).

BbBenenue

Koraro ycuiBaHHTE OT €lEKTPOHHHTE YCHIIBATEIM CHUTHAIM Ca MHOTO CJIa0M, BIMSHHUETO
Ha IIlyMa UMa Ba)XHO M JIayKe PEeIlIaBallo 3HaueHHe. TaknBa NPUIOKEHHS Ca YCHIIBATEIINTE B OMTO-
CNEKTPOHHUTE W KOMYHHKAI[IOHHHTE CHCTEMH, B ayIWO TEXHHWKaTa, B MEAWIMHCKATa
eNeKTPOHNKa, B M3MepBaTesHaTa amaparypa u ap. OT Ka3aHOTO ciefBa, 4e HM3CIIEABAHETO Ha
IIyMa, KakTo MO OTHOIIEHHE Ha (hM3WYHATa MPUPO/A HA HETOBOTO TCHEPHPAHE B EIEKTPOHHUTE
€JIEMEHTH, TaKa U [0 OTHOIIEHUE HAa CXEMOTEXHUYECKUTE CPEJICTBA 32 HETOBOTO OTPaHUYABAHE €
Ba)KHA M aKTyallHa 33/1aya.

Haii-yecto pasriexiaHu ca MOJENM Ha HEMHBEPTHPAILM YCHJIBATENN HAa HANpEKEHHE,
YMSATO CXeMa e mokaszaHa Ha ¢ur.la). Ilpu ycnoBue, ye MMIEAaHCUTE KbM JBaTa BXOJAa Ha
ONEPAIMOHHNS yCHIIBATEN ca M3paBHEeHH (upe3 R ), T.e.
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) R,=RR,/(R+R,)

U 4e ce mpeHeOperna (iukep (1/ /) 1yMBT, TO CrIeKTpanHaTa IIBTHOCT HA MOIIHOCTTA Ha [IyMa,
TpHBEJCHa KbM HEHMHBEPTUPAIIUS BXO] ¢ paBHa Ha [1,2,6 u 1p.]

Q) N,

in(+

, =Ny +8KTR, +4el R?, V*[Hz .
B nocnennara ¢popmyna (2) ca M3MON3BAHM CIACAHUTE O3HAYCHHUS:

® ¢ Ny € o3HaueHa obwara CIEKTpaTHa ILIBTHOCT HA MOLIHOCTTA HAa LIyMa Ha CXeMara,
NpHBE/IeHA KbM HEMHBEPHPAIIHS BXO/I HA OMEPAIOHHKS YCUIIBATET,

e ¢ N, € 03HauCHa CHEKTpaJHATA [LIFTHOCT HAa MOIHOCTTA Ha CaMHs ONEPAI[MOHCH yCHIIBATEI
(OY), KoATO € KaTalokKeH mapameTbp;

e 8kTR, e obumara CIeKTpalHa ILTBTHOCT HA MOIIHOCTTA HA TOILIMHHHS LIYM, TCHEPHPAH B
pe3ucropure npu usnbiaHeHue Ha (1);

o del ipRSZ € CyMaTa Ha CIEKTPaJHUTE IIIFTHOCTH Ha I1aJI0BETE HA HANPEKEHUE, KOUTO Ch3/1aBaT

ApOGOBHTE LIYMOBE HAa TOKOBETE Ha monspusamst [, Ha aBara Bxoza Ha OY;

o k=138.107J /K e nocrosuna Ha Bomman, a T e abCoMmOTHa TeMIiepaTypa B °K .

R, R
+ u out I_Il_l + uaut
—0 J_ —O
e, R I R
I 1 1
I LI
a) 0)

®ur.1. Cxema na neungepmupawy ycungamen Ha nanpesicenue ¢ OY¥Y—a) u na
mpancumnedancen ycuneamen ¢ OY—o).

OT 3aBHCHMOCTTA (2) C€ BMIK/JA, Y€ MUHUMAJICH IIyM C€ IOJy4aBa, KOIraTO CC HU3II0JI3Ba
MaJIoOIIyMsIIL oy (MaJ'IKO NOA ), KOraTo TOKOBCTC Ha MOJISIpU3ALUA Iip C¢ca MUHUMaJIHKU U KOraTto

U3II0JI3BAHUTE B CXEMATa PE3HCTOPH MMAT MHUHUMAJHO ChIIPOTUBICHHE. [locneHOTO H3NCKBaHE €
pasrienaHo v MpakTHYECKH MMoKa3aHo B [3].

B tpancumnenancuute ycunsarenu ¢ OY (mpeobpa3yBaTenuTe TOK-HAPEKEHNE), YUATO
OCHOBHA CXeMa € MoKa3aHa Ha (ur.26), He € PalMOHAIHO Jla Ce HamalsiBa ChIPOTHUBICHUETO Ha
U3IIOJI3BAaHUTE B CXeMara pe3ucropu. ToBa HamMansBa KoeUIMEHTa Ha IIpeAaBaHe
(TIpeaBaTeNHMS UMIIE/IAHC)

A3 4,=-R;,

KOETO B ITOBEUYETO CIyYau € HeKeIaHo.

[opagu mMoO-MaJKOTO TPUIIOXKEHHE, ONHCAHUTE B JUTEpaTypara MOICIUTE Ha LIyMa B
TPaHCHUMIICIAaHCHUTE YCHUIIBATENH Ca II0-MAJIKO B CPaBHEHWE C YCHIIBATENUTE Ha HampexeHue. B
[4] e mpencTBeH MOZEN Ha TPAHCHUMIICJAHCEH YCUIIBATe 32 YCHIIBaHE Ha (OTOTOKA Ha (HOTOIHO.
AKLEHTBT € IOCTaBeH HEe CaMO BbPXy IeHepaluusTa Ha IIyM, HO M BBPXY yBelIHYaBaHE Ha
Obp3oneiicTBUeTO Ha cxemaTa (OTOAMON W BXOJHA Bepura. I10oCIeTHOTO yClIOBHE MMa BaKHO
3HAUYeHWE BBPXY OOIMA IOyM, KakTo € JgokazaHo B [5]. OOmm ™momenn Ha myma B
TPaHCUMIICAHCHUTE YCUIIBATeNN ca TpezacTaBeHu B [6] u [7]. B Te3u momenu ca pasrienanu
CAHUBPECMCHHO M T'CHEpaluATa Ha IIyMa, U HEroBarta (bI/IJ'lTpaL[I/IH, KaToO Ca B3€THU IIOA BHUMCHHEC
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JiaXe NMapasuTHUTE U MOHTaKHUTE PEAKTUBHU EIEMEHTH. TaKkuBa MOJENHN, Makap M IIbJIHU (0011H),
3aTpy/HsBa Jla C€ MPELEeH! BIMSHUETO Ha BCEKH €MH OT pasriefaHuTe (HakTopu BBPXY OOLIMS
LIyM.

B wuscrnenBanero, omucaHo B Ta3M CTAaTUs, € IOCTaBEHa 3ajadara Ja Ce Chb3Aale
aHAIUTHYEH MOJEN Ha IIyMa B TPAaHCHUMIIEAHCHHUTE YCHJIBATENH, KOMTO ONMUCBAa CaMO HEroBaTa
reHepalys B cxeMara, a He HeroBata ¢uirpanus. Llenrta e upe3 aHanu3 Ha Cbh3JafeHUS MoJeN Ja
Ce HaNpaBsT NPENOPHKU [0 OTHOIICHUE Ha N300pa Ha ENEKTPOHHM €JIEMEHTH U ChOTHOLIEHHETO
MEXJy TEXHUTEC HOMUHAIHM [1APaMETPH, IIPU KOUTO CIIEKTPAjHATa ILIBTHOCT HAa FE€HEPUPAHUSL B
cxemara IllyM ¢ MUHMMAaJHa.

Pa3pa60TBaHe Ha aHAJIUTHYCH MOJ€J]1 Ha IIyMa

B pa3paboTennst aHaMTHYEH MOZEI Ha IIyMa B TPaHCHMIIEJaHCHUTE ycunBatenu ¢ OY
ca TIPUETH 32 BEPHHU CIIEAHUTE MPEATIONOKEHHUS:

e mpeHeOperHar e Qiukep (l/ /) 1uryma, KOMTO MMa CHINECTBEHO BIHUSHHE CAMO MPU HHCKH

4eCTOTH (MHTEpEC MPENICTABIISABA CaMO Os1aTa ChCTaBKa);
e mpueMa ce, 4e ycmwiBaHeto Ha OY 0e3 oOpaTHa Bpb3Ka B IJIaTa YECTOTHA JIEHTa € MHOTO
roasamo ( A — 00 ) u pectl. AMQEPEHIUATHOTO BXOJHO HAMPEKEHNE € TIPEHEOPEKUMO MAJIKO;
e TpHeMa ce, Ye TOKOBETE Ha MOJISIPH3AIis Ha JIBaTa BXOJA Ca PaBHH, T.€. IIPEHEOPErsa ce TOKbT
HA HECUMETPHUSI;
® IIBPBOHAYAITHO CE MPHEMA, Y€ CHIIPOTHBICHUETO HA BCHUKU PE3UCTOPHU € IIPOU3BOIHO.

Ilpu pa3paboTBaHETO HA EKBHBAICHTHATA CXEMa [0 IIyMa Ha PpasTiIeKAaHUs
TpaHCHMIIEIaHCEH ycmiBaTel ((ur.2) e m3moia3BaH J00pe M3BECTHUAT MOAXOA — BCEKH €IEMEHT

N,

wp

NR NRX

®ur.2. Exgueanenmua cxema Ha mpaHcumMneoanceH
yeuneamen no wiyma.

OT cXemara € 3aMEHEH C HAeaJeH HEIIyMAIl eJIeMEHT, MOCJIEeJOBATETHO Ha KOWTO € CBBp3aH
eKBHBAJICHTEH T'CHEpaTop Ha LIyMOBO HANPEXKEHWE WM TapajelHO € CBbp3aH EKBHBAJICHTEH
TeHepaTop Ha IIyMOB TOK. B cxemaTa oT ¢ur.2 ca n3non3BaHy CICIHUTE O3HAYCHHS:

e ¢ N,, ¢ O3HaueHa CIEKTpalHaTa IUITBTHOCT Ha MOIIHOCTTa Ha myma Ha camui OA BBB
2
V / Hz , kosTO € KaTaJokKeH napamersp;

® CIICKTPAJTHUTE IUIBTHOCTHA Ha MOIUIHOCTTA Ha TOIUIMHHHUA LIYyM, '€HEPUPAH B PE3UCTOPUTE, Ca
O3HAQYCHH KaKTO CJICaBa:

N, =4kTR,, V’[Hz,
N, =4kTR,, V?/Hz u
N, =4kTR,, V*/Hz,

® CIEKTPAIHATE IUIBTHOCTH Ha MOILIHOCTTa HA APOOOBHSA LIyM, I'€HEpHUpaH B pe3yiraT Ha
IIPOTHYAHETO HA TOKOBETE Ha MOJSAPU3ALISL, C€ ONpenesT o Gpopmyiara Ha LlloTku:
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N, =2el,, A*/Hz.

ip ip?
Bcewnuku W3TOYHHIIM Ha MHIyM Ca BKJIOYCHHU B pa3jMIHA TOYKM Ha CX€Mara U Humart
Pa3InIHO TETJIO BHB Q)opMHpaHeTo Ha O6H.II/I5[ IIyM B U3X0Ja Ha ov. HpI/IBe)KZ[aHeTO KbM HU3X0aa

2
Y OMKCAHUETO Ha OTAEHUTE ChCTABKU BB V' / Hz ce ochlnecTBsiBa ChC CIIETHUTE 3aBUCHMOCTH:
® CIICKTpajHa IUNIbTHOCT Ha MOIIHOCTTA Ha IITyMa Ha CaMusd OY MpUBCJICHA KbM HCTOBUA U3XOM:
2
Rg+R,
N, =Ny | ——1|
RS

® CIICKTPaJIHA IUIBTHOCT HAa MOITHOCTTA Ha ITyMa Ha Rf IIprUBCACHA KbM U3XO0/Ja Ha ov:

N, =4kYR,;
[ ] CHCKTpaJ'IHa IUTBTHOCT HAa MOIIIHOCTTA HaA H.IyMa Ha R HpI/IBC,I[CHa KBbM HU3X0Jda Ha Oy
R.+R
_ S .
Ny=Ng| =L,
RS
[ ] CHCKTpaJ'IHa IUTBTHOCT HAa MOIIHOCTTA HA HIyMa Ha RS HpI/IBe[[eHa KBbM HU3X0/Ja Ha OY
2
N,=N R
4 =Ng | —=13
R

N
® CIICKTpalTHA TUTBTHOCT HAa MOIHOCTTA HAa JAPOOOBHS IIyM HA WHBEPTHPAIIUS BXOJ, IPHUBEICHA
KBbM u3xona Ha OVY:
2 .
Ns= Nl.p.Rf ;
® CIICKTpasHAa IUTBTHOCT Ha MOIITHOCTTA Ha APOOOBHS IIIYM Ha HCMHBEPTHPAIINS BXOJ, IPUBE/ICHA

KbM m3xXo0s1a Ha OV
2

Rg+R,

RS

Paszrnenanute IIYMOBE Ca HEKOPCIMpPAaHU W CIEKTpajIHaTa IUITbTHOCT Ha U3XOOAHHUSA IIYM
e ce ompeacian 4pe3d CyMUpaHC Ha CHOCKTPAJIHUTC INIBTHOCTH Nl _N6' PeSyJ‘ITaT’LT BbB

N¢=N,.R*.

N,

out

VZ/HZ e:

2
R.+R
N s

out

Rg+R, Y R,
=Nog| ——| +4kT|Rg| ——| +R,+R.
Rs RS ! s
Rg+R,Y
+2el,,| R} +R* | ——L

3a mosyyaBaHe Ha CIEKTpalHaTa IUTBTHOCT HA MOIIHOCTTA HA BXOJHUS IIIYM B A / Hz,

TpsaOBa (4) ma ce pa3aeny Ha KBajpara Ha mpemaBaTenHus umrenanc. Karo ce B3eme mpeasuz (3)
TO Clie]l MAaTEMAaTHYECKO Mpeodpa3yBaHe ce MoIydaBa

5) Nin=&+4kT. L+L+L +2el,,. 1+L ,
(Rf ||RS)2 Ry Ry (Rf“RS)z (Rf“RS)z
KBIETO C (Rf"RS): % € O3HAYCHO C'BHpOTI/IBHeHI/IeTO Ha HapaJIeJ‘IHO CB'Bp3aHI/ITe pe?)I/ICTOpI/I
TR
R, u Ry.
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AHaJIM3 HA NOJIyYeHHUTe Pe3yJITaTH H U3BOAH

MaremaTudecKkusIT aHaNIM3 Ha (5) HEC € CJIOXCH. MI/IHI/IMI/ISaHI/IﬂTa Ha N-" MOXKC Ja C€

!
OCBIIIECTBH UpPe3 MPHIIATAHETO CIEIHUTE TPU N3NCKBAHUS WM HA HIKOH OT TAX:
I. Or (5) ce Bmxpma, ue MHUHUMYM N, CcboTBeTcTBA Ha R =0, T.c. Ha 3a3eMeH

1
HEWHBEPTHpAIL] BXOJI Ha ONepallMOHHHMs ycuiBatel. Pazdupa ce, ToBa 1ie JoBee 10 HECUMETPHS B
U3X0/1a, KOETO € He)KellaHO MpH paboTa ¢ HOCTOSHHM TOKOBe. KoraTo uHTEpec mpezcTaBisBa caMmo
MIPOMCHITMBATa ChCTaBKa HA TOKa (IpeAroiara ce, 4e Cliell TPAHCHMIICAAHCHUS YCHIIBATEN €
BKJTFOUCH BUCOKOYECTOTEH (PUIITHP), TO HAH-PAIOHAIHO € JIa CE 3a3¢MH HCHMHBEPTUPAIIUSIT BXO/I,
MIPU KOETO IIYMBT IIe ObJe MUHIMAJICH.
2. MunumyMm N,, ce Hoiy4aBa, KOraTo ChIPOTUBIICHHETO Ha IMapajlesHO CBbP3aHUTE

pesucropn Ry u R, e makcumanHo. OOMKHOBEHO M3TOYHMKBT HA CUTHAN € M3BECTCH M PECIL. ©
M3BECTHO HETOBOTO BBTPEIIHO CHIPOTHBICHHWE R. 3a HamalsiBaHe Ha IIyMa TpsOBa ma ce
yBenuyaBa R,. VYBelMYaBaHETO Ce OrpaHHYaBa OT BB3MOKHOCTTA 3a HACHINAHE Ha
TpaHcuMIeaHcHus yennsaren. [lopanu toa ce npenopbusa R, na ce M30Mpa MakCHMAIHO

BB3MOKHO B 3aBUCHMOCT OT KOHKPETHOTO HPUJIOKCHH.
3. 3a nonyyaBaHe Ha MUHUMYM N, Tps0Ba Aa ce M30Mpa MaJOIIyMSL] OIEpaliOHEH

L

yeuisaren (min N, ) 1 ¢ MEHUMAJIHE TOKOBE Ha mossipusanust [, .

3akiaouenne

Pa3paboteHmar Mojen, Makap W HACAIM3HPAH B ONpeNeieHa CTENeH, NaBa sCHA
IpeacTaBa 3a TeHEPHPAHETO Ha LIyM B TPACHMIICIAHCHUTE YCHIIBaTeNd. Tod Moxke na Obue
M3IIOJI3BaH OT HHXKEHEPH NPH NPOESKTHPaHe Ha CIa00TOKOBH CXEMH, a Taka ChILIO U B Ipoleca Ha
o0ydJeHre Ha CTYACHTH.
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NH>KEHEPEH AHAJIN3 HA AKCEJIEPOT'PAMU B
CPEJA HA MATLAB
Mapusn Kukos  I'eprana MosiioBa Muxaena KyreBa-I'enueBa
Karenpa ,,ABTOMaTn3anusi Ha MHKEHEPHUs TPyA*,
Yuusepcurer no Apxurexkrypa, Crpouresncrso u I'eogesus,
oya1. , Xp. CmupHencku“ Nel, 1046 Copust

ENGINEERING ANALYSIS OF ACCELEROGRAMS IN MATLAB
ENVIRONMENT
Mariyan Zhikov  Guergana Mollova  Mihaela Kouteva-Guentcheva
Department of Computer-Aided Engineering,
University of Architecture, Civil Engineering and Geodesy,
1 Hr. Smirnenski Blvd., 1046 Sofia

Abstract: This paper demonstrates in brief the capabilities of a newly developed Matlab-
based program module for engineering analysis of accelerograms. The module is developed
for educational and research purposes. Definitions of major ground motion parameters of
engineering interest are provided, accompanied by a brief description of the main methods
for quantitative estimation of these parameters. Some capabilities of this module in Matlab
environment are demonstrated by three particular examples of real processed
accelerograms, selected from the ESD strong motion database. Relevant comparative graphs
and tables are provided. The obtained results have shown a consistent realistic processing of
the chosen accelerograms in order to derive the velocigram and seismogram from ground
motion acceleration record. First results, obtained using the developed procedure for
visualization of the analysed engineering parameters are also shown.

Key words: accelerograms, engineering seismology, Matlab

BobBenenne

Pa3pactBaHeTo Ha 0a3uTe NaHHH ChC 3allUCH HA CHJIHU 3¢MHU JIBHOKCHHC M Pa3BUTHETO HA
MH(OPMALOHHUTE TEXHOJOTHHU 32 JIECEH M OBP3 JOCTBII A0 TOJsIMa 4acT OT Te3M 0a3u JaHHU
JIONPUHACST 3a YyJOBICTBOPSBAHETO HA CHBPEMCHHHUTE M3UCKBAHHUS KbM CTPOHUTEIHOTO
MPOEKTUPAHEe 3a W3MOJ3BAHE Ha aKCeJIeporpaMH B MPOLECHTE HA aHAIW3 M MPOCKTHPaHE Ha
CTPOMTETHUTE KOHCTPYKIMU. Bee moBeve ce yBennuaBa v 3HAYUMOCTTa HA O0CTOMHUS 1 KOPEKTEH
aHaIU3 HA CeM3MHUYHHUTE Bb3JCUCTBHS, BKIIOYUTEIHO OIIEHKATA Ha XapaKTEePUCTUKHUTE Ha 3eMHOTO
JBIDKEHHE, KOUTO Ca OT IIbPBOCTEICHHO 3HAYCHHE 332 WMHXEHEPUTE — YECTOTHO ChAbpIKAHMUE,
aMIUTUTYa ¥ TPOABIDKUTENIHOCT. [nternet MPOCTPAHCTBOTO Ipeijara CBOOOJEH JOCTBII O
paznuunn 6a3u nanuu (bJ]) 3a CHITHU 3eMHH IBHKCHUS, KOUTO ChIBPIKAT OOraT HaboOp OT 3alKcCH
Ha YCKOPEHHETO Ha 3eMHaTa OCHOBA IO BpeMe Ha pa3uyHu 3eMeTpeceHus. Hakon mo-u3BecTHH U
npenmnountanu 3a pabdora bJl, ceabpkamy romsiM Habop ot cBeroBHH naHHU ca COSMOS (1)
/Consortium of Organizations for Strong Motion Observation Systems/, CSMIP (2) /The
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California Strong Motion Instrumentation Program/, PEER (3) /The Pacific Earthquake
Engineering Research Center/, K—NET (5) /Kyoshin Net/, xakto u Hai-nomynspautre BJ[ ¢
esporneiicku naunu ESD (4) /European Strong-motion Database/ w ITACA /itaca.mi.ingv.it/.
W30paHuTe 3amicy HA CHITHHA 3€MHH JBWXKCHUS C€ PAsTIeKIAT M W3BIMYAT YPE3 CHOTBETHH
3asiBki. Bewmuku BJ] mpemoctaBaT apxuBupaHa HMH(OpPMAIMA 3a OCHOBHHTE WHXXECHEPHO
CCH3MOJIOTHYHN XapaKTEPUCTHKH HA CCH3MHYHHTE CHOMTHS - JAHHH 332 BpeMe M MSCTO Ha
BB3HHKBAaHE, CHJIA HA 3EMETPECCHHETO, MEXaHW3bM HA H3TOYHHKA, MECTOMONOXKCHHE H
WH)XCHEPHO-TCOJIOKKH ~ XapPAaKTEPUCTUKH HA PETUCTPHPALINTE CTAHIMM, HANpaBiIeHHEe Ha
3aMICaHUTE KOMIIOHECHTH.

Hacrosmmst noxnaxg MMa 3a Len Ja NpeAcTaBu: 1) KpaThK 0030p Ha HAKOM CHBPEMEHHH
TpOTpaMHU TIPOAYKTH 32 00pabdOTKa Ha aKceleporpaMu u 2) MEPBH pe3yaTaTH oT oOpaboTkara Ha
akceneporpamu ¢ HoBopaspaboreH Matlab-6azupan mporpamen Mmozayn. HoBopaspaboreHusT
MOIyJl € MJEMOHCTPHpaH C OIHMCaHHE Ha pa3pabOTeHHTE INPOLEAypH M pPe3ylaTaTd oT
IPHIOKEHUETO UM 33 H3UUCIIABAHE HA N30paHy MHXKEHEPHHU NTapaMeTpu Ha TPU aKCeJIePOrpaMy OT
eBporeiickata b/ ESD. 3a 1ienta ca n30paHu 3amucy OT JIBa TUIA CHIIHU 3EMETPECCHHS — IUTUTKH
(®puynu, Utanus, 1976r. u U3mur, Typrwms, 1999r.) u cpennoasnboku (Bpanga, 1990r.).

1. KpaTbk mnperiel Ha HSKOH CbhbBPeMEHHH INPOrpaMHH HMPOJYKTH 32 aHAJIU3 HA
aKceJiepOrpaMHu M H3YHC/ISIBAHETO HA TeXHH HHKEHEPHH NapamMeTpu

3eMHOTO JIBIKEHUE CE XapaKTepHu3upa ¢ borat HabOp OT MMKOBU M MHTETPAITHU ITapaMeTpu OT
WH)KEHEPEH WHTEpeC, YMUTO CTOMHOCTH MOKEM Ja IMONy4YuM B Ipoleca Ha o0padoTKa Ha
CHOTBETHUTE CEM3MHYHH CHTHAJIH.

[TporpamuusT naker Ha SeismoSoft (6) BKI0UBa B ceOe CH HAKOJIKO PA3NIHMYHHU MPUIIOKEHUS,
MOKPUBAIY TOJISIM CIIEKTBP OT HYXAWTE HA CTPOMTENHOTO WH)XeHepcTBo. [Iporpamara
SeismoSignal (6) mpemara peania Bp3MOKHOCTH 32 00pabOTKa Ha peasHH aKeleporpamMyd U
OLICHKA Ha Pa3INYHM TapaMeTpH 3a LETNTE Ha CEM3MUYHOTO HHKEHEPCTBO. TakuBa rmapameTpH ca
HaIpyMep: CIEKThp Ha pearupaHe U MCEBAO-CIIEKTHP, CPEIHO KBaJpaTHIHA CTOHHOCT (RMS) Ha
YCKOPEHHETO, CKOpPOCTTa ¥ TIPEMECTBAHETO, MHTEH3WTET Ha Apuac la (Arias intensity) u
XapaKTEepUCTHYCH HHTEH3UTET [c, KymynaTuBHa abcomoTHa ckopocT (Cumulative absolute
velocity, CAV) u cneuuduyna rrbTHOCT Ha eHeprusita (Specific Energy Density, SED),
CIIEKTpaJICH MHTEH3UTEeT Ha yckopeHueto (4S]) u Ha ckopoctra (VSI) u ap. IIenHara uHTErparys
Ha mponykra SeismoSignal ¢ OC Windows, 103BoJIsIBa YUCICHUTE W TpaQUUHE PE3yaTaTH Ia
OBbIaT M3MoNI3BaHY 32 00paboTKa B IPOM3BOIHO Windows-npHioKeHue.

SeismoSpect (6) npencrapisiBa IPOCTO U €PEKTHBHO MPOTPAMHO PEIICHUE, KOSTO TT03BOJISABA
Ha TOTpeOUTEeNINTe Ch3JaBaHe Ha COOCTBEHA OMOJIMOTEKa OT 3alMCH Ha 3EMHH ABWIKEHUS |
3aI1a3BaHETO MM B €AMHCTBEH (haifln ¢ men mo-necHo Manumyaupane. [IporpamaTa HU penocTaBs
BB3MOXKHOCT 32 padoTa C HAKOJKO PasiiMYHU BHIOBE (QUITPU M KOpeKiMs Ha Ga3oBaTa JIMHMS,
U3IIOJI3BANKK TIOIMHOMHM JI0 TpeTa creneH. J[pyrn (yHKIMOHAJIHOCTH HA TO3W MPOAYKT ca: 1)
W3UKCIISBAaHE HA CPEIHUS CIEKThpD Ha pearnpaHe Ha MHOXKECTBO W30paHH akcelneporpamu |
CpaBHsJBaHE Ha TOJYYESHUs pe3yiTar ¢ peepeHTeH CHEKTHp; 2) U3UKCIIBAHE HA CTOMHOCTUTE Ha
pa3IMYHM TIMKOBM W WHTETPAJHU MapaMeTpy Ha CHJIHOTO 3€MHO JBH)KCHHE KaTo MaKCHMAaJHH
CTOHHOCTH Ha YCKOPEHHETO, CKOPOCTTa U NMPEMECTBAHETO HA 3eMHATa OCHOBA, €JIACTUYCH CIIEKTHP
Ha pearupaHe, IICEB/IO-CIIEKTbD Ha CKOPOCTHTE, ICEBJIO-CIHEKTHD Ha YCKOPEHHETO, CpPEIHO
KB3J[paTWYHAa CTOMHOCT Ha YCKOPEHHETO, CKOPOCTTa M  IIPEMECTBAHETO, 3HAYMMa
MIPOIABIDKUTETHOCT U AP.

SeismoMatch (6) e mporpamMeH MPOIYKT, MpeAHA3HAYCH 32 MamabupaHe Ha aKceleporpamMu
KbM KOHKPETEH ILIEJIEBH CIIEKTBHP C M3ION3BaHE Ha yeiBneT (wavelef)—anropurbM. Be3moxkHa €
pabora ¢ eauH iy nosede 3anucu. LleneBusT (farget) cHeKTHp ce 3a/1aBa ChIIIACHO U3UCKBAHUSTA
Ha EBpoxox 8 nmm ce gepununpa ot morpedbutens. C nomomnra Ha SeismoMatch ce oneHsBat Haii-
YEeCTO W3IOA3BAHUTE MapaMETPH 3a HHI)KCHEPHAa XapaKTEPUCTHKA Ha 3EMHOTO JIBIKCHHE:
MaKCHMAaJIHi CTOMHOCTH Ha yckopeHueTro (PGA), ckopoctta (PGV) m mpemectBaneto (PGD),
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OTHOIIICHHETO HA MAaKCHMajJHaTa CKOPOCT KbM MAaKCHMAITHOTO YCKOPEHHE, WHTEH3UTETHH
napameTpH u Jp.

Proschema (Segou, 2010) e Matlab (8) 6a3upana nporpamMHa cuctemMa 3a nudposa o6padboTka
Ha 3aIlMCH HA CeM3MHUYHU cUrHaimi. ToBa € HeKoMepcHallHa IporpaMa 3a M3CJIeJOBaTeNICKU LeIH -
HeWHaTa OCHOBHA IeJI € Ja IIOJIIOMOTHE MOTpeOuTeNss MPU HM3YMCISIBAHE HA Pa3IM4HHUTE
napameTpH Ha 3eMHOTO JIBI)KEHHE OT MH)XeHepeH uHTepec. OO0paboTkara Ha 3alMCHTe UMa 3a e
Jla peayluupa IymMa B MHTEPECYBAIlUTe HM YECTOTHM MHTEPBAJIM M Jia 3alla3d ChIICCTBYBAIIUS
YECTOTEH ChCTaB Ha 3aruca.

EquART (Zhekov, 2015) ¢ WEB-6a3upana nmporpamMHa CHCTEMa 3a TeHEpUpaHe U 00paboTka
Ha CEM3MHYHH 3anMCH. BB3MOXHOCTUTE Ha CHCTEMaTa BKIIOUBAT: 3apeXk/aHe Ha akceieporpama
oT (ailn WM or HanmuuHuTe B [nternet 6a3u paHHW, oOpabOTKa Ha akceneporpamara C el
NoJiydaBaHe  Ha BEJIOCHIpaMaTra M CEM3MOrpamara, W3YMCICHHE Ha pEAWIia HHKEHEPHO-
CeM3MOJIOTUYHN  TapamMeTpu (MakCHMalHH CTOMHOCTH Ha YCKOPEHHETO, CKOpOCTTa |
MPEMECTBAHETO, MHTEH3UTET Ha ApHac, CPEIHO KBaIpaTHIHA CTOHHOCT Ha YCKOPEHHUETO U JIP.).

2. IpeacraBsne Ha pa3padotenust Matlab-0a3upan mporpaMeH MOAyJ 32 HH:KCHEPEH
AHAJIN3 HA CEM3MHUYHH CUTHAIA

Ienrta Ha TO31 Momyn (Pwur.1), KoiTO € B mporiec Ha pa3paboTKa, € J1a MPeaOCTaBU CPEICTBO
3a HU3YUCIIABAHC Ha HWHXKXCHEPHU MapaMETpU, XapaKTepusupamu CCU3MHUYHOTO BB3Z[CIZCTBH€ Ha
0aza Ha HaJMYHM AKCEJIEPOrpaMH MPHU ChIECTBYBAIA Bb3MOXKHOCT 32 Pa3BUTHE M BKIOYBAHE HA
HOBU (DYHKIIMOHAJTHOCTH B Tpolieca Ha pabora. MoaynbT ce pa3paborBa B cpenara Ha Matlab,
KaTo ce MpEABWKAA HAATPAKIAHETO My C (DYHKIMH, KAcaclld CHEPTHAHOTO ChIBbPKAHUC Ha
3eMETpECeHUsITa U pa3paboTBaHE HA CHOTBETCH MOTpeOuTencku rpadhuucH unrepderic (GUI).
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[l it T
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1,
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Hacrosmure Bb3MOXXHOCTH Ha IPOTPAMHHSAT MOJIYJ Ca:

- 3BapexJaHe Ha akcejeporpama ot (aiii;

- Uzuncnenwe u Bu3yanuzanusi Ha CHOTBETHHTE BeEJOCHIpaMa M Ccen3Morpama upe3
MOCJIE/IOBATEIHO YHUCIICHO MHTEIPUpaHe Ha akcejeporpaMara B paMKdTe Ha oOmiara
MPOABIDKUTETHOCT Ha 3aITica;

- HzuncnsiBane Ha CrieKTbpa Ha pearnpaHe Ha NPEMECTBAHUATA, CKOPOCTTA U YCKOPEHUETO
(SD, SV, SA) nocpencrsom f-memod na Newmark (Chopra, 1995);

- OmpenensiHe cCeKTpHUTE Ha TiIceBIockopocTute PSV u niceBnoyckopenusrta PSA;

- Mzuncnssane Ha MakCUMaJHUTE (BBPXOBH) YCKOPEHUS, CKOPOCTH M TIPEMECTBAHUSL:

o PGA (Peak Ground Acceleration) — MaKCUMaJTHO YCKOPEHHE;
o PGV (Peak Ground Velocity) — MakcumaiHa CKOPOCT;
o PGD (Peak Ground Displacement) — MaKCUMAJTHO ITPEMECTBAHE;

- Ompenensine Ha otHOeHusATa PGV/PGA u PGD/PGYV,

- M3uucnsBane Ha MHTeH3UTETa HA Apuac la (Arias Intensity);

- HMzuncnsBane Ha cpefHO apUTMETHYHATA CTOMHOCT Ha YCKOPEHHETO Ap, CKOpPOCTTa

V pus ¥ ipeMectBaneTo D pyq;

- H3uncnaBane Ha BaXKHM BPEMEBHM ITapaMETPH, ONMCBAIIM 3EMHOTO JBWKECHHE, KaTO
MOCTOSIHHATa MPOIBIDKUTENHOCT DU, OrpaHuYeHa IPOXBIKUTENHOCT Dp, 3HauMMa
OPOABIDKUTEIIHOCT Iy U AP.

3. Omnucanme Ha TeCTOBHTEe CHITHAJIM, NPOrpAMHHSI MOAYJ H KOMEHTap Ha
pe3yJaTaTuTe.
3a nenure Ha U3CIEABAHETO ca U30paHU TPU HeMaladupaHu 1 00paboTeHH aKkceaeporpamu (¢
nenToB untep 0,25-25Hz n nuHeliHa Kopeknus Ha 06a30oBaTa JMHMA) OT 0a3aTa JaHHU 33 CHIIHU
semun nBmwkeHus ESD (4). Kparka uabopMmamms 3a m30paHHTE 3alUCH W 3EMETPECCHHUS €
noxasasa B Tabmuua 1.
Tabu. 1. [TapameTpy Ha pasriIexXaaHATE 3aIiCH

Howmep Ha 3anuc 1 2 3

Mme 3anuc Friuli, Mramus (ESD) Vrancea, Pymsaust (ESD) | Izmit, Typrus (ESD)
Jara 06.05.1976 30.05.1990 17.08.1999
T"eorp. KoopiMHATH HA H3TOYHHUKA 46.292N; 13.253E 45.85N; 26.66E 40.702N; 29.987E
Maruauntyn Mw 6.5 6.9 7.60
Poxkanna apabdounna [km] 7 89 17
Crannus "Castelfranco-Veneto" "Birlad" "Gerede"
EnunenTpanHo pascrosaue [km] 126 88 186.00
HarpagsieHne / KOMIIOHEHTa 000048/XA/Xop. 002792/XA/Xop. 006833/XA/Xop.
PGA [m/s’] 0.3 0.266 0.243

IIpoumenypara 3a w3UHCIsIBaHE HA OCHOBHHTE WH)KCHEPHH TIapaMeTpU Ha TECTOBUTE
aKceJIeporpaMH Cce OCHOBaBa HAa TOCOYCHHTE IMO-AONY ACHUHUIMK 32 NMHUKOBHUTE IapaMeTpu —
MaKCHMaJHa CTOWHOCT Ha 3eMHOTO yckopeHue PGA, ckopoct PGV u npemectBane PGD; cpeaHo
KBaJ[PaTUYHU CTOWHOCTH Ha YCKOPEHHETO Agys, CKOpOCTTa Vgrys W mpeMecTBaHETO Drys;
WHTCH3UTET Ha Apwac la, pa3NWYHU THIIOBE TPOABIDKATETHOCT HA CEU3MHUYHHUS CHUTHAT:
orpanuueHa Dp, ocTosiHHA DU 1 3HaUnMa 4.

o  MakcuMaJHUTe CTOWHOCTH Ha YCKOPEHUETO, CKOpocTTa U mnpemectBanero (PGA, PGV,
PGD) ce neduHMpar chbOTBETHO KaTO:

PGA = max|a(t)| PGV = max|v(t)] PGD = max|d(t)|

Tesn mapamerpm ™orar 1ga OBZAT ONpEAETICHH MAWPEKTHO OT AaKCeleporpaMuTe,
BEIIOCUTPAMUTE M CEN3MOrPaMHTe, KaTo CTOWHOCTHTE UM Bapupar B 3aBUCUMOCT OT MarHuTy/a Ha
3€METPECEHHETO, OTAAICYEHOCTTa OT ENMIEHTbpPa, MECTHHTE TEOJIOKKH YCIOBHA U Jp.
WsuucnsBaneto Ha Benmocurpamara v(t) u cemsmorpamata d(t) Ha 3ammca CTaBa upes
[OCIIENOBATENIHO  YUCJIEHO MHTErpupaHe Ha akceneporpamara a(t) cmpsmo —ofuiara
HPOBIDKUTEIHOCT Ha 3aITHca:

v(t) = [a(t)dt d(t) = [v(t)dt = [[ a(t)dt
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3a nmoctpanust Ha Our.2 m Our.3 ca mpeaCcTaBeHH BPEMEBUTE XapaKTEPUCTUKH 32 3aIHCHTE
Friuli 1976 u Vrancea 1990. Ot rpadukara Ha npemectBanusita d(t) ce BWKIa, Ue 3a 3armmca
Friuli cnensa na ce U3BBPIIN JOMBIHUTEIHO KOPUIHpaHe Ha 0a30BaTa JIMHUAL.
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®uwr.2 3anwuc Friuli 1976, Utanus:
a) akcerneporpama; 0) BelTocurpama; B) CeH3MOTpaMa;

Accelerogram

Y Al Wﬂmﬂm 1 J\AM&AAM MLt B At p o hap oo
i wvw Ay VJL VAN I A L a)

« PGA= 26.57 cm/s?

a
o

o

a
o

Velocity [cm/s] Accel. [cm/s’]
(9]

5 10 15 20 25
e PGV=2.8735 cm/s
o AN wﬂv/‘\h s 6)
5
20 5 10 15 20 25
= »\<_ PGD= 1.0422 cm
8]
~ o B)
Q
0
(@]
2
0 5 10 15 20 25

Time (s)
@ur.3 3anuc Vrancea 1990, PymbHus:
a) akceseporpama; 0) Belocurpama; B) CCH3MOrpama;

OmpenenstHEeTO Ha TIOCOYCHUTE TPU MapaMeTspa B cpenata Ha Matlab, kakTo u BpeMeHaTa, B
KOUTO Te Ce MPOABSBAT € PEaTU3UPAHO IIPOrPaMHO KaTo:

[pga,indx_pga] = max(abs(acc_rec)); Yopeak ground acceleration with index
t pga=T rec(indx_pga); %the time in which PGA is located
[pgv,indx_pgv] = max(abs(vel)); Y%peak ground velocity with index

t pgv=T rec(indx_pgv), %the time in which PGV is located
[pgd,indx_pgd] = max(abs(disp)), Y%peak ground displacement with index
t pgd=T rec(indx pgd); %the time in which PGD is located
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OTHOIICHHATA MEKIY MAaKCUMAJIHUTE CTOMHOCTH HA CKOpPOCTTa U yckopeHueto PGV/PGA u
MEXIy MaKCHMalHUTE CTOMHOCTHM Ha IIpeMecTBaHeTo W ckopoctta PGD/PGV onpenenst
CTOMHOCTHUTE HAa BaYKHU TPAHUYHU MEPUOIN B M3UUCIUTETHUTE CIIEKTPU Ha pearupane (Bommer,
2000).

e CpeaHO KBaJpaTUYHUTE CTOMHOCTH Ha YCKOPEHHETO, CKOPOCTTa M HPEMECTBAHETO
(Hancock, 2006) ce nedunupar xaro:

"2 42 (1)

Jes

ty—ty

252(t)

Jes

ty—ty

2 a2(t)

Jes

to—tq

Apys = Vems = Dgus =

KBJETO t1 U t, OMPEAENAT MPOABIDKUTEITHOCTTA Ha 3aMHCa, 33 KOSITO CE U3BBPIIBA OTIUTAHETO.
B nporpamuusaT kox 3a uzuncieHue Ha Agpys, Vams U Dpys ce W3nonsBa (QyHKIHsATa Ha
Matlab ,trapz“ 3a YUCIEHO UHTETPUPAHE:

arms_eq=sqrt((trapz(acc_rec.”2)*dt rec)/T rec_end); %Calculating the Arms
arms=max(arms_eq); %Arms
vrms_eq=sqrt((trapz(vel.”2)*dt _rec)/T rec_end); %Calculating the Vims
vrms=max(vrms_eq); %Vrms
drms_eq=sqrt((cumtrapz(disp.”"2)*dt rec)/T rec end); %Calculating the Drms
drms=max(drms_eq); %Drms

e Jlpyr BaKeH HapaMeTbp, KOWTO Ce HM3IOJ3Ba 33 OLEHKA Ha BB3MOXKHUTE MOBPEIH OT
3emerpecennero (Arias, 1970) e wuatemsurera la (Arias Intensity). 3aBucumoctra la = f{f)
ompexnens kpuBata Ha Xycun (Husid plot, Buwx ®wur.4), KoATO MOKa3Ba OOMIOTO KOIMYESCTBO Ha
SHeprusATa NpeHacsHa OT TPYCOBETE, KAKTO M TEMIIOTO C KOETO ce IIpe/iaBa Ha KOHCTPYKIHUATA!

la = % Iy Ta(t)?dt,

KBJIETO g € 3eMHOTO YCKOPCHHE, ffof € TIPOABDKUTEIHOCT Ha 3aruca a(?).

100 —

_

80 ﬂ/-""’_
60

r/ [ Calculated
40 /
20
0 5 10 15 20
Time (s)

la [%]

®ur.4 3anuc Izmit 1999, Typuus:
Kpusa wa Xycun (Husid plot, paznpenencaue Ha la)

Peamm3anusra Ha n3uncnennsnTa B Matlab cpena e cneqHaTa:

g=9.81;

la_int = (pi/(2*g)) *(cumsum(acc_cm.”2)*dt rec);  %Arias intensity
la_tot=Ia_int(end); %Arias intensity at the end
la = (Ia_int/la_tot)*100; %Arias intensity in percent

e [lapaMeTbpbT OrpaHMueHA NPOABIDKUTENTHOCT Dp (Bracketed duration) mpencraBisiBa
BpemeBus nHTepBai (Hancock, 2006) Mexay TbpPBOTO U TMOCIETHOTO MPEBUIICHHE HA CTOWHOCTTA
Ha KBajpaTa Ha YCKOPEHHETO HAJ ONpeIeNeHO HUBO a, (10 IoApa3dupaHe ce Nphema HHUBO,
npencraisBaiio 5% ot PGA, Bux ®wur.5).
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®ur.5 3anuc Izmit 1999, Typuus:
OrpaHuueHa NPOABIKUTEIHOCT IIpH HUBO 5% PGA

s L - Broketod uraton DB= 15.91 of
T
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T
|

e [locrosnHara npoasiwkutentoct Du (Uniform duration) ce omnpezens, KaTto ce OTYMTA
cyMmara Ha BCUYKH HHTEPBAJM, B KOUTO aKkceleporpamara MMa Mo-BHUCOKO HUBO OT 33/JaJJ€HOTO (110
nosipa3dupane ce mpreMa HHUBO, MpeacTaBisiBaio 5% ot PGA).

lNopaure nBa mapamerspa ce usuucissar B Matlab cpena xato:

bri11=0;j=0;
A0 _per_db=0.05; %By default, the acceleration level is 5% of PGA
A0 _db2=(40_per db*pga)"2; %Calculating the square of acceleration level
acc_db=acc _rec.”2; %Calculating the square of record acceleration values
for br=0:dt rec:T rec(end)

brii=bril+I; %Counter for the number of steps included

if AO_db2<acc_db(bril) || AO_db2==acc_db(brll)
=it t db(j)=T rec(brll),

end
end
DU=j*dt_rec; %Uniform duration
DB=t db(end)-t db(1), %Bracketed duration

e  3HauMMa MPOIBIDKUTENHOCT t, (Significant duration) e natepBansT oT Bpeme (Hancock,
2006), mpe3 KOHUTO ce HaTpymBa A5 (IPOIEHT) OT 00IIaTa HHTEH3UBHOCT /a (110 ToxpazoupaHe e
UHTEpBANBT MeKIy 5% u 95%, Bux ®ur.6).

”/-*/(:IEF 94.9991 %; t=13.89 s
) /M
80
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f *  Significant duration td=12.88 s
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Our.6 3anuc Izmit 1999, Typuus:
3HaUYNMa POABIDKUTEITHOCT tg4
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[TporpamMHUAT KOJ 3a onpeseNnsiHe Ha napamerspa ty B Matlab e cboTBeTHO:
la_len=length(la); %total length of la array
br td=1I;
for br_ai=1:1:1a_len
if la(br_ai)>=5 && la(br_ai)<=95

t dr td)=T rec(br_ai), %calculating the significant duration
la_t d(br_td)=la(br_ai); %values of la included in the significant duration
br_td=br td+1;
end
end
td5 95=[t dd)t dend)]; %T d time interval
t ddur 5 95=1t d(end)-t d(1); %T d duration
T td=t d(1):dt rec:t d(end); %Time interval for plotting the significant duration

Ha ®ur.7 (Vrancea 1990) u ®ur.8 (Izmit 1999) ca nzobpa3eHu rpagukute Ha aOCOJIFOTHATA
rpelika € MeX/Iy U34ucieHaTa u peepeHTHaTa Cen3MorpamMa Kato (yHKIUSI OT BPEMETO:

&= |xSeismoSignal - xMatlab|
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®ur.7 3anuc Vrancea 1990, PymbHus:
AOGcoIoTHa TpelKa - censmMorpama
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@ur.8 3anuc Izmit 1999, Typuwust:
AOcoIoTHa TpelKa - censmMorpama

CpaBHEHHETO Ha MONYyYEHHUTE Pe3yNITaTH NMpu 00padoTka Ha n3dbpanute 3anncu (Friuli 1976,
Vrancea 1990 w Izmit 1999) ¢ HOBOpa3pabOTEHHs MOIYN U CHOTBETHUTE CTOMHOCTH, OTPE/ICIICHH
mpu 00pabdoTKaTa Ha CEM3MUYHHUTE CUTHAJIH C TIPOTPaMeH MPOAYKT SeismoSignal (6) e mokazaHo B
Tabmuma 2. B cpmara tabmmma e mgafgeHa W OTHOCHTENHATA Tpemika A MEKIy W3YHCICHUTE
PE3yJITaTH U TE3H, TONyUYCHU Che SeismoSignal, onipeaeneHa CbriacHo J0HATA ACOUHHUIIUS:

A= XSeismoSignal~XMatlab 100 [%]

XSeismoSignal
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Pesynratute, mokazanm B Tabmuma 2, m0Ka3BaT TOYHOCTTAa Ha paspabotenure Matlab-
6aszupanu mpouexypu 3a 00pabOTKa Ha aKCeIeporpaMH - Ha TPAKTHKA HAMAME Pa3jinKa MEXIy
CTOMHOCTHTE Ha OLICHABAHWUTE ITApaMeTPH upe3 NpHJIaraHe Ha ABETE MPOTPaMHU peaaH3alid 3a
00paboTKa HAa CEM3MUYHH CHTHAIIH.

4. 3akiaiodenue

KopekTHOCTTa Ha TOKa3aHMTE pe3ylATaTd OT aHAM3a HAa H3IOJN3BAHUTE AKCENepOrpamMu
nocpeiactsoM paspaborenus Matlab-6a3upaH mporpaMeH MOAyJ, IOKa3BaT BaJMIHOCTTA Ha
pa3paboTeHuTe NPOLEAYPH U BH3MOXKHOCTUTE 32 NMPHIOKEHHETO UM 33 WHXKEHEPHU aHAM3U U
W3CJIEABAaHUS Ha CEM3MHYHHU cUrHaiM. PaboTaTa mo Mojyina 1ie poabiKK ¢ Led HaJrpaXkJIaHe C
(yHKIMM, Kacaeliy OIEHKAaTa M aHajin3a Ha EHEPruifHOTO ChAbp)KaHHE Ha aKCeJIeporpaMH H
paspaboTBaHe Ha CBHOTBETEH MOTpeOMTENCKH TpadudyeH unHrtepdeiic. Matlab-6azupanusirt
HporpaMeH MOAYN ce pa3paboTBa C Ien CBOOOZHOTO My H3MON3BaHE M IOJNOMAaraHe Ha
HOTpeOHUTENUTE B TAXHATA HHXKEHEPHA WIIH HAYYHO-H3CIIe0BaTeIICKa ISHHOCT.

5. BaaropapHocTH

ABtopute u3KkasBar cBosita Omarogapuoct Ha I[HUIT mpu YACT-Codus 3a okasanaTa
(uHaHCcOBa moakpena npu peanusanus Ha uicnenBanusata ([Ipoexkt Ne J[-91/16), kakro u Ha
JlaGopatopus 3a YHCIEHO W €KCIIEpUMEHTANHO AuHaMUuHO Mozenupane (JIYEJIM) kM katenpa
"Texunuecka Mexanuka', XT®, YACI c pwrkoBoauten pou. A-p umxk. Ilersp IlaBrmoB 3a
CBHAEHCTBUETO IIPU M3IMOJ3BAaHETO Ha JIMIEH3WpaHW npoayktu Ha Mathworks, Master license:
30729735. License: 729736, Use-option: Classroom - designed computer. Term: Perpetual.
Products: Matlab, Simulink, Service end day: 31 Dec 2016.
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CHANGES IN THE QUALITY CHARACTERISTICS OF EGGS
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Abstract: The main purpose of this research was examination of the changes that occur in the
quality characteristics of eggs for consumption, during storage in different conditions (room
temperature and refrigerator) from laying to the 40th day of storage. As a material for research
were used eggs from two hybrid lines ISA Brown and DeKalb. A total 112 eggs from category L
(63 -73 g) were used for the investigation. Half of the eggs (from both hybrid lines) are kept at
room temperature (13 to 22°C) and half in the refrigerator (0-4°C). Weight loss, air cell size and
yolk color were recorded at 0, 10, 21 and 40 days of storage. The egg weight loss in eggs stored at
4 °C significantly (P<0.01) lower than the eggs stored at 22 °C. Changes in the color of egg yolk
were more pronounced in eggs stored at room temperature.

Key words: eggs, hybrid lines, quality characteristics, storage

Introduction

The poultry industry, which is mainly focused on egg production, shows constant development in
the last twenty years, and the private individual farms which increase their activity in this sector are the
greatest contributors. The egg and broilers production in small family agricultural economies has long
tradition and representation in the Republic of Macedonia and it is also a part of the rural heritage. In
egg production part, the main goal is keeping the current situation of total self-sufficiency on the
domestic market with domestic production through keeping and advancing of the domestic
consumption. According to data from the Statistical Office from 2015, the total number of laying hens
is 1.352.564 and the average egg production by laying hen is 150. In total production, 109.977 is from
individual producers and 93.406 is a part of egg production in the business sector. Global production
and egg consumption, as well as their effects on human’s health is result of their easy availability and
accessibility, high-quality proteins, vitamins and minerals, which are necessary for healthy and quality
life Zaheer, (2000). Eggs are available for everyone through the year, easy for cooking and also tasty
and useful. Eggs are perfect food for balanced and healthy diet.

Material and methods
Eggs from two hybrid lines: (Isa Brown which lay brown eggs) and De Kalb which lay white
eggs), grown in modern private poultry farm, were taken as research material in this researches.
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According to quality, they belong to A “fresh eggs” class intended for consumption. Eggs from L
category with weight 63 - 73 g or in total 112 eggs from both hybrid lines were taken from each hybrid
line for foreseen research. Half of the eggs (from both hybrid lines) are stored at room temperature (13
- 22°C), and half of them in refrigerator (0 - 4°C).

Examinations of physical characteristic of eggs for consumption from both hybrid lines are conducted
in Meat and Meat Products Control and Quality Laboratory at the Faculty of Biotechnical Sciences -
Bitola. For the necessary examinations, seven eggs from each hybrid line were taken immediately after
laying, then on 10" day, 21 and 40" day. In the last group eggs from both lines, after 40 days, on each
10 days the mass change of eggs and the height of air chamber were followed individually. Egg mass
was measured every day with digital beam scale. The height of air cell size was determined with
candling. After each measurement, mean value was calculated. Yolk color was determinate with DSM
Fan Yolk scale. The data obtained was analyzed by using the statistical program (Ms.Excel), so as to
compare the treatments and to make analysis of variance.

Results and discussion
From the results presented in (Table 1), it could be determined that the mean values of egg mass on

laying day of white and brown eggs stored at room temperature (16°C) are: 58+0.93; 59.14+1.02.

Table 1. Changes in egg mass

Storage | Hybrid Day of storage
condition | lines | Parameter
0 10 21 40
DeKalb X 58.00£0.93 | 57.71%0.52 | 55.28+1.13 | 52.14+0.96
min 55.00 56.00 53.00 52.00
. max 62.00 60.00 59.00 58.00
(16°0) sd 2.44 1.38 2.98 2.54
Cv 422 2.35 5.39 4.70
ISA X 59.14+1.02 | 57.71£0.75 | 54.42+0.68 | 51.42+1.18
Brown min 55.00 55.00 53.00 46.00
max 62.00 61.00 57.00 56.00
Sd 2.67 1.97 1.81 3.15
Cv 4.51 3.42 3.33 6.13
DeKalb X / 58.85+0.74 | 56.71+0.89 | 53.43+1.16
min / 57.00 54.00 49.18
(4°C) max / 62.00 61.00 57.34
Sd / 1.95 2.36 3.06
Cv / 3.31 4.02 5.74
ISA X / 58.85+0.51 | 56.28+1.11 | 53.16+1.06
Brown min / 57.00 54.00 50.93
max / 61.00 62.00 58.54
Sd / 1.34 2.92 2.80
Cv / 2.28 5.02 5.28

On the 10" day of storage, a decrease in the average mass from 57.71+0.52 of white eggs and
57.71+0.75 of brown eggs has been noticed. On 21* day, bigger decrease in the weight of eggs from
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both hybrid lines, such as: 55.28+1.13; 54.42+0.68. On the 40™ day of storage of the egg at room
temperature, white eggs mass is 52.14+0.96, and brown eggs mass is 51.42+1.18.

The obtained results for eggs stored in refrigerator (4°), starting from the 10" until the 40
day also show decrease in the weight of the egg mass. The difference in the decrease of values from
the 10™ until the 40" day of egg storage in refrigerator is 5.42 of white eggs and 5.69 of brown eggs.
Our results are similar to the results of (Akyurek and Okur, 2009) and Chonkas et al., (2014).

From the results in (Figure 1), it could be stated that on the initial day, at room temperature,
the air cell size has smallest value 5.8+0.38 of white eggs and 6.4+0.51 of brown eggs.

Gradually, as time passes by, the mean values of air cell size, starting from 10" day, 21", until 40 day
of eggs storage from both hybrid lines increase, which indicates drastic changes regarding the values.

40

30 /
25 ///’/ ——DeKalb (16T)
20

/ =TS ABrown (16 T)
15 DeKalb (4 T)
10 // =TS ABrown (4 T)
L/
0 T T T 1
0 10 21 40
Storageperiod

Figure 1. Dynamics of changes of air cell size during storage period

In comparison with other author for air cell size in the same or similar conditions, our results are
similar to the results of Chonkas et al.,(2014); (Vasilev and Kitanovski, 2005), Kralik et al., (2014).
Results of the yolk color during storage period of the eggs from both hybrid lines are presented in
(Table 2).

Egg yolk pigmentation is a practical subject for the egg production industry, which requires the
production of eggs with an appropriate pigmentation level and homogeneous distribution of color to
satisfy food industry demands, (Sachchidananda et al.,2008).

From the results of Table 2 can be determined that color of the yolk is changing during storage period.
According to the indicators of the DSM Yolk Fan ranges from 13 to 15 at the ISA Brown and DeKalb.
Changes in the color of egg yolk were more pronounced in eggs stored at room temperature.
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Table 2 Changes in egg yolk color

Storage | Hybrid Day of storage
condition | lines | Parameter
0 10 21 40
DeKalb X 13+0.00 | 14.20+0.01 | 14.60+0.00 | 14.20+0.00
min 12.00 13.00 14.00 14.00
max 14.00 15.00 15.00 15.00
(16°C) Sd 0.71 1.09 0.54 2.54
Cv 5.44 7.71 3.75 4.70
ISA X 15.00+0.00 | 14.60+0.00 | 14.60+0.00 | 14.20+0.00
Brown min 15.00 14.00 14.00 13.00
max 15.00 15.00 15.00 15.00
Sd / 0.54 0.54 0.83
Cv / 3.75 3.75 5.89
DeKalb X / 13.00+£0.00 | 14.20+0.00 | 14.60+0.00
min / 13.00 15.00 14.00
(4°C) max / 13.00 15.00 15.00
Sd / / 1.05 0.54
Cv / / 7.71 3.75
ISA X / 15.00+0.00 | 14.60+0.00 | 14.40+0.00
Brown min / 15.00 14.00 13.00
max / 15.00 15.00 15.00
Sd / / 0.54 0.89
Cv / / 3.75 6.21

Conclusion

From the study, it was observed that egg weight, height and width, air cell size indices decreased
with increase in storage period. The regression relations given for the external evaluation parameters
can be used for estimating optimum period for loss in egg qualities and for planning storage facilities.
It can be concluded that the quality of an egg is affected by the method and length of storage and also a
hybrid line.
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ABSTRACT

District of Mitrovica North lies in the northern part of Kosovo and it is known as the center
of the largest mining, industrial and polluted area within the country. Pollution in Mitrovica
North surroundings is due to the over exploitation of mineral resources and intensive
development of ferrous metallurgy, and other chemical industry. In this paper we represent
the work for characterization of the pollution grade and for increasing the public awareness
for the risk of exposing there and undertaking actions required for more effective
monitoring of pollution within the area and wider surroundings. Referring to the tests being
performed in the National Institute of Public Health in Mitrovica North for the period 2016 -
2017, results in almost all water sampleshigher values of most harmful chemicals. As it can
be seen, the main purpose of this study was to identify physical and chemical characteristics
of drinking water in some villages in the municipality of Mitrovica North. On the other
hand, local authority need to take urgent measures to improve situation and to offer for the
exposed population living in the vicinity of the pollution source, other source of drinking
water for personal and community usage.

1. INTRODUCTION
Being the most common substance on earth, water is not only necessary for life, but also
indispensable for development and sustainability in our planet. The role and importance of water
is very large as physiological, hygienic, economic and ecological means of usage. According to
specific reports the World Health Organization, every year, as a result of unsanitary water use,
about 500 million people get sick.

Other reasons of this pollution has been also installation of such facilities in a relatively small
area, caused a high rate of exploitation, wrong configuration of the terrain with wind rose,
inadequate urban choice, etc., which has led to extremely high levels of water pollution.

It is estimated that nearly half of Kosovo's mineral reserves, 49.7% is concentrated in the
vicinity of Mitrovica North, and so, in the past an intensive development of ferrous metallurgy has
been the main industrial activity of the area, except other chemical plants and manufactures. Due
to such a concentration industry which has used old facilities and outdated technology brought
about this resulted situation.

In Kosovo, 64% of residentpopulation are connected to the network pipeline for water supply,
while 54% of them have sanitation, and some 42% of rural population used to get their water from
unhygienic wells, being drilled close to the septic damps. Kosovo is the country in Europe with no
perfect water supply network and sanitation.
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Supplying the population with drinking water, poses very specific requirements and criteria,
ranging from water quality, construction and purification technology, various operations of
preparation, supervision and supply reservoirs to distribution customers. Therefore continuous
physical-chemical and bacteriological tests and analysis are more than necessary, even obligatory.

The presence of some chemical substances in drinking water is naturally imposed because
they influence in certain amount the organoleptic and sensorial characteristics. Drinking water
should be firstly clean, which means biological and bacteriological purity need to be ensured, then
to be clear, having a pleasant taste, and no smell and of course no fever, which ensure the
refreshing taste. Above mentioned properties and desirable taste of the water are reflection of
presence of some gases dissolved in water (oxygen and carbon dioxide) and small amount of
calcium bicarbonate. The concentration of oxygen in water depends, not onlyby the temperature
and partial pressure, but also from the degree of water pollution [1,2]. The presence of the
reducing substances such as: ammonia, iron (II), nitrites and other substances, which being
oxidized, can easily disrupt this balance, thereby diminishing the amount of dissolved oxygen, so
that the concentration of dissolved oxygen can be related to the presence of various impurities in
the water [3-5].

One of the more important parameters which indicates the degree of purity of the water, is
chemical oxygen consumption (GO) or oxidization, which shows the necessary amount of
oxidizing reagent for oxidation of colloidal substances, belonging to the organic or inorganic
structure. The greater value of GO's, the more water pollution we have, deriving in an urgent
measure to be taken for its cleaning [6]. The products of the disintegration of organic substances
under the influence of special bacteria, can produce to water an unpleasant odor, and make it
unsuitable for drinking purpose.

2. MATERIAL AND METHODS
For this research work, samples have been taken in different sites, and analyzed strictly for the
indicators responsible for water quality. Sampling points have been located close to the water
wells opened in some villages, and also taken in locations immediately after the so called disk of
"Trepca"mine.

Measurements have been performed for determining such parameters [7-9] as smell, color,
turbidity, temperature, pH value, chloride and thermo tolerant Coliform bacteria presence of fecal
origin, employingan instrument such as "Portals Water Testing Kit", while other parameters like
specific conductivity, consumption of KMnQOs, dry residue without filter, dry residue after
filtration, suspended substances, nitrites, iron and manganese, which have been determined in the
laboratories of the Regional Public Health Institute in Mitrovica North.

Measuring the temperature, the amount of chlorine, turbidity and pH value was made on site,
but the presence of thermo tolerant Coliform bacteria of fecal origin, was done in the special
laboratory setup. Analyses of chlorine and pH value were performed in comparator, which is part
of the instrumental device [2].

Water samples were taken with the clean container, but not sterile (part of the apparatus) [2].
The vessel was rinsed several times with water that was taken for analysis. Comparator cells rinsed
several times with water to be tested, filled with water and then to introduce the tablet right cell
DPD - 1 for testing of chlorine, while the left cell comparator introduce phenol red tablet for
testing pH value. Values of free chlorine residual and pH, was readduring daylight, having the
opportunity to compare the sample’s color with standard set of colors in the central part of
comparator.

Total residual chlorine content has been analyzed according to the standard procedure or protocol.
Turbidity was determined in turbidity pipes, which were scalable from 2 to 5 TU.

Their scaling was done on a logarithmic scale with higher criticalvalues. The result was the
value of the line that is closest to the water level.

Evaluation of electrical conductivity was done using the conductometer, while the the oxygen
content, was evaluated by Winkler's bottle. Nitrites were defined in the Helligenit comparator,
while other parameters were determined according to standard methods [10, 11].
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3. RESULTS AND DISCUSSION
The experimental research has been performed for the characterization of the drinking water and
its quality in some villages of the municipality of Mitrovica North, mainly to thosewatersamples
taken directly after the disk Trepca Mine, and the respective results of analysis are presented in the
following tables No.1, 2 and 3.
In order to simplify the presentation of the results and not repeating values, we have been
referred to the selected time for experiments. During the experiment is worth mentioning that all
experiments were performed in the field conditions.

Table 1. Physical and chemical analysis of drinking water in village Lipa

Actual
Parameters Units Standards Value
Temperature K/C 281.16-285 (8-12) 9
Wind n.a n.a
Taste n.a n.a
Blur NTU 1.2-2.4 0.21
Color Scale Co- Pt 10.0-20.0 n.a
Value of pH pH 6.8-8.5/6.5-9.5 5.02
Wastage of KMnOq mg/l 02 g*12%* 2.16
Free Chlorine DPD1/DPD4 mg/l C12 0.2-0.5 n.a
Chloride mg/l1 Cl 200 230
Ammonia mg/IN 0.1 0.03
Nitrites mg/IN 0.005 0.006
Nitrates mg/I N 10 0.8
Iron mg/l Fe 0.3 n.a
Manganese mg/l Mn 0.05 n.a
Residue after evaporation mg/l 800-1000 n.a
Electrical conductivity ms/cm 1500 315
Lead mg/Pb 0.01 n.a
Sulphates mg/SO4 200 56.22
Hardness dH 30 4.6
Phenol mg/1 0.001 n.a
Detergents mg/l 0.1 n.a

Table 2, Physical and chemical analysis of drinking water in the village Mazhiq

Actual

Parameters Units Standards Value
Temperature K/C 281.16-285 (8-12) 11.2
Wind n.a n.a
Taste n.a n.a
Blur NTU 1.2-2.4 0.25
Color Scale Co- Pt 10.0-20.0 n.a
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Value of pH pH 6.8-8.5/6.5-9.5 3.61
Wastage of KMnOy mg/1 O, 8*12%** 3.67
Free Chlorine DPD1/DPD4 mg/1 Cl, 0.2-0.5 n.a
Chloride mg/l Cl 200 270
Ammonia mg/IN 0.1 0.04
Nitrites mg/I N 0.005 0.017
Nitrates mg/IN 10 8.6
Iron mg/l Fe 0.3 n.a
Manganese mg/l Mn 0.05 n.a
Residue after evaporation mg/l 800-1000 n.a
Electrical conductivity ms/cm 15000 860
Lead mg/Pb 0.01 n.a
Sulphates mg/SO4 200 74.30
Hardness dH 30 5.48
Phenol mg/l 0.001 n.a
Detergents mg/l 0.1 n.a

Table 3. Physical and chemical analysis of drinking water in village Zhazhé.

Actual

Parameters Units Standards Value
Temperature K/C 281.16-285 (8-12) 6.5
Wind n.a n.a
Taste n.a n.a

Blur NTU 1.2-24 0.10
Color Scale Co- Pt 10.0-20.0 n.a
Value of pH pH 6.8-8.5/6.5-9.5 39
Wastage of KMnO4 mg/1 O, 8*12%* 3.76
Free Chlorine DPD1/DPD4 mg/1 Cl, 0.2-0.5 n.a
Chloride mg/l Cl 200 250
Ammonia mg/I N 0.1 0.01

Nitrites mg/IN 0.005 0.004
Nitrates mg/I N 10 0.47
Iron mg/l Fe 0.3 n.a
Manganese mg/l Mn 0.05 n.a
Residue after evaporation mg/l 800-1000 n.a
Electrical conductivity ms/cm 15000 257
Lead mg/Pb 0.01 n.a
Sulphates mg/SO4 200 64.7
Hardness dH 30 2.35
Phenol mg/1 0.001 n.a
Detergents mg/1 0.1 n.a
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4. CONCLUSION AND RECOMMENDATION
Based on the physical and chemical analyzes, it can be drawn this conclusion:

From all analyzed samples of drinking water fountains and water wells,can be derived some
results that most of them were characterized to be in normal range according to the allowed limits,
but there was a case of sampling water which exceed the level of chemical contents and higher
value of other physical indicators that the values of approved standards established by regulations
of the country and international allowable values. This was the case of the water sample taken
from wells drilled within the territory the village Crohn Lipa, which represent a high value for the
nitrites ions to be 0.006 mg/l N, which is much higher than the recommended standard.

Except this case, all the analyzed samples showed characteristics within the allowed limits and
the water quality seems to be suitable for usage as drinking water, although no bacteriological
characterization has been made to set the presence of the bacteria colonies.

Considering the water as a universal solvent, it can be distinguished that in all water samples
analyzed, there is a high value of acidity with a low pH, indicating the fact that Trepca mine
minerals affected groundwater, increasing its acidity (lower the pH value).

This phenomenon has been observed only in this region of Kosovo, which is the most
impacted area from Trepca mines and its mineral industry.
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Abstract
Fat content affects several aspects of cheese, including the composition,
biochemistry, microstructure, yield, rheological properties and textural features. The
process of creating milk gel occurs through hydrolysis of casein micelles, acidification to
isoelectric point, acidification at pH 5.4 to 5.6. Networking fat globules occupy the space
between the protein chains and can be considered physically difficult aggregation paracasein
matrix. Milk fat contributes directly or indirectly on the yield of cheese. Proteolysis directly
affect the level of intact casein, which is the main determinant of fragility and functional
properties. Primary proteolysis was investigated indicates that the effect depends on the level
of MNFS in cheese. Secondary proteolysis plays a role in forming taste FFa also participate
as precursors for a number of volatile compounds aromatic. The dependence of the strength
of the cheese by the presence of fat has been shown that there is no meaning.
Keywords: cheese, dairy fat, proteolysis, milk fat
1. Introduction
Fat is the main ingredient in most kinds of cheese, but its content and meaning varies
considerably between species. Within species and between species are differences in fat content
which are influenced by many factors, including the composition of milk (especially the ratio of
protein / fat), the processes of production of cheese (recipe, production process and technology)
that affect levels of milk fat and moisture that keeps the rennet and the moisture content of the
cheese. Fat contributes to the formation of flavor directly and indirectly via lipolysis. Fat content
affects several aspects of cheese, including the composition, biochemistry, microstructure, yield,
rheological properties and textural features.
2. The influence of fat composition on the cheese
2.1 Fat content
Fat is the main ingredients of most types of cheese and significant changes in its composition
and representation results in concurrent changes in moisture levels and protein, and the yield of
cheese. In a study where conditions in cheese production is kept constant, reducing the fat content
in cheese is simultaneously associated with an increase in the concentration of moisture, protein,
and reduction in the content of fat in dry matter, moisture not fatty substances and pH.
2.2 Contribution of fat on the microstructure of cheese
Basically cheese represents a concentrated protein gel that captures fat, moisture and other
substances. The process of creating milk gel occurs through:
e Hydrolysis of casein micelles stabilized in k-casein by the action selected acidic
proteinases (rennet)
e Acidification to an isoelectric point (pH value) of the application of casein with lactic
acid bacteria or food acids,
e Acidification at a pH of 5.4 to 5.6 at high temperature (89-90°C)
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Differences in the composition of the cheese between the inside and surface of particles
arising as a result of cutting or interrupting the coagulum particles that further lead to loss of fatty
globules from freshly cut surfaces surrounding medium consisting of whey, said surfaces covered
with fat become of the internal structure of the cheese.

2.3 Microstructure for the fat phase

Networking fat globules occupy the space between the protein chains and can be considered
physically difficult aggregation paracasein matrix, to the extent related to their volume fraction
and distribution by size. As a result, higher levels of fat leads to slower development of syneresis
during the manufacturing process and higher levels of MNFS in cheese, a dominant influence on
the yield of cheese and its quality. The temperature applied during the manufacturing process of
cheese (30-55°C), most or almost all milk fat is in the form of liquid and as a result, she has the
ability to run and aggregates, allowing implementation of the process of symbiosis in changing
external force. The significant part of the fat (about 20-30%) that can be at the liquid form at the
temperature of maturation applied in the production of cheddar and mozzarella (about 6-7°C), it is
further extended aggregation, leading to symbiosis. For these reasons, an increase of the liquid
versus solid by increasing the ratio of the fraction with low melting point (fat, oleic fraction) vs.
fraction with high melting point (stearic fraction), resulting in higher levels of free oil in
mozzarella cheese which gets to rekombination milk, which in turn is produced by
homogenization of skimmed milk and fat fraction. Homogenization of milk for cheese production,
at a pressure in the range of 2.6 - 30 MPa causes more even dispersion of fat globules and a
significant reduction in size and degree of association and symbiosis fat globules in Cheddar and
mozzarella.

When cooking cheese is heated to a higher temperature (80-100°C), which turn affect the
application of its microstructure to a level depending on the fat content, the degree of emulsion,
the nature of the membranes of the fat globules or the type of cheese.

2.4 Effects of fat on the yield of cheese

Milk fat contributes directly or indirectly on the yield of cheese. The direct link is clearly reflected
in the equation who is used to calculate, making the link between the concentration and yield of
milk fat and protein

Table 1. Effect of fat content of the milk on the yield of cheddar and fat of cheese?

Fat in milk (%, | Actual  yield | Provided yield® | Yield of dry | Fat obtained

W/W) (kg/100kg milk) | (kg/100kgmilk) matter from cheese
(kg/100kg milk) | (% of'total )

0,54 6,37 6,47 3,43 80,84

1,5 7,49 7,58 4,29 87,84

2,00 8,09 8,21 4,79 89,48

3,33 9,50 9,61 5,92 87,84

2Collected data from Fenelon and Guine (1999)
® Provided using modified Van Slykes formula as mentioned in the text.
The fat also indirectly affect the yield of cheese, because its presence in paracasein matrix affect
the degree of contraction of the matrix, and thus the moisture content and yield of cheese.
Occluded fat globules physical limit the contraction of the surrounding area paracasein network,
thereby reducing the volume of syneresis. It is becoming harder to remove the moisture because
the fat content of the whey is increased. As a result, the ratio of moisture versus casein increases,
while the percentage of creating cheese modified in order to emphasize the casein aggregation.
2.5 The impact of fat on proteolysis

Fat contributes to the taste, through the creation of peptides and free amino acids and
indirectly through catabolism of free amino acids to a variety of compounds, including amines,
acids, thiols. Proteolysis directly affect the level of intact casein, which is the main determinant of
fragility and functional properties.
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Primary proteolysis was investigated indicates that the effect depends on the level of MNFS in
cheese. * Cheese with a similar level of MNFS, Rank has studied the impacts of the fat content,
within 13.5 to 30% w / w, the proteolysis of cheese flasks in which they were made certain
changes in the manufacturing protocol in order to obtain content MNFS similar to that of full fat
cheese. After 6-8 months storage at 4° C, concentration of ay — casein at low level fat cheese
(13,5% w/w) it was only moderately lower than that of full fat cheese (30% w/w).
* Cheese with variety content of MNFS. Contrary to previously stated, referring to the fact that the
level of fat in the region of 6-33% w / w, has a significant impact on the level of proteolysis in
Cheddar produced using identical conditions but with varying levels of MNFS.
Secondary proteolysis come researchers found that the proportion of 5% phosphotungstic acid
soluble N, which includes pepticite low molecular weight and free amino acids is affected very
low at 40% reduction of fat content. Fatty Acid Metabolism in addition to their direct role in
forming taste FFa also participate as precursors for a number of volatile compounds aromatic
substances example: n-methyl ketones (alkane-2-ones), secondary alcohols, hydroxy acids,
lactones, esters, and thioesters.

3. Conclusion

Change the fat content has a significant impact on its surface fragility in different types of
cheese, including the Cheddar and Mozzarella. Reduce the fat content in Cheddar resulting in
increased elasticity, cohesiveness, easy of chewing, as well as rubber and reduce adhesion, as a
result, the texture of Cheddar with reduced fat content is much less affordable for consumers,
compared with full fat Cheddar, which is much softer and has less features of rubber. According to
some research scientists came to the conclusion that the strength of different cheeses generally
shows an increasing tendency by reducing the fat content, the link between fat and strength proved
to be not very significant.

4. References

Ardo,Y.1993 Characterizing ripening in low-fat,semi-hard-eyed cheese made with undefined
mesophilic DL-starter.Ind.DairyJ.3, 343-357
Bryant. a.,Ustanol,Z.,Steffe,J.1995.Texture of Cheeddar cheeseas influenced by fat
reduction.J.Food.
Collins,Y.F McSweeney,P.L.N Wilkinson,M,G 2004.Lipolusis and catabolism od fatty acids
incheese.In Cheese Chemistry,Physics and Microbiology.Vol. I,General aspects 3rdedn,pp 373-
389,Elsevier. academic Prees. Amsterdam.
Curtin, a ,C.McSweeney,P.L.H.2004.Catabolism of amino acids in sheese during ripening.
Drake.M. a.,Herrett,W.,Boylston,T.D.,Swanson.RG.1995a.Sensory evaluation of reduced-fat
cheese.J.Food Sci.60,898-901.
Fox,P.F.,Guinee, T.P.,Cogan,T.M.,McSweeney,P.L.H.2000.Fundamentals od Cheese Science.
Aspen Publishers,Inc.,Gaithersburg, MD.
Gilles.J.,Lawrence,R.C.1985.The yield of cheese.N.z.J.Dairy Sci.Technol.20,205-214.
Jarrett. W.D., Aston,J.W.,Dulley,J.A simple method for estimating free amino acids in Cheddar
cheese. Aus.J.Dairy Technol.37, 55-58.
Metzger,L.E. , MistryV.V.1995. A new approach using homogenization of cream in the
manufacture od educed fat Cheedar cheese.1l.Microstructure,fat globule sizedisrtribution, and free
oil.J.Dairy Sci.84, 1348-1895.
Wright. A.J.Marang. a .G.Hartel,R.W.2002.Lipids: Rheological properties of and their
modification Encyclopedia of Dairy Sciences.Vol.3pp.1577-1583, academic Prees,London
academic Prees.London.

Corresponding author: monika.karabeleska@yahoo.com

89



Hayuynu TpynoBe Ha Cbio3a Ha yuyenute B boarapus—ILliosaus. Cepusi B. Texnuka u
TexHosorum, T. XV, ISSN 1311 -9419 (Print), ISSN 2534-9384 (On- line), 2017. Scientific
Works of the Union of Scientists in Bulgaria-Plovdiv, series C. Technics and Technologies,
Vol. XV., ISSN 1311 -9419 (Print), ISSN 2534-9384 (On- line), 2017.

MICROBIOLOGICAL RESEARCH ON THE DISSOLUTION OF
WHITE CHEESE FROM WHITE COW'S MILK DURING STAGING
Lorike Salihu,' S. Kadriu Nikshiqi ,> D.Salihu,’ L.Salihu !

! University of Chemical Technology and Metallurgy, Sofia — Bulgaria
?University of Mitrovica “Isa Boletini”, department of Food Technology,
Mitrovica — Kosova

Abstract

The cheese-texture of the fresh cheese, it does not have the taste or aroma we desire. But this
is the result of complex complexity between starter bacterial enzymes, goblet processes, dry
matter, especially casein, and secondary flora [acidophication], and factors ambient
temperature, and relative air humidity during staging. Microbiological and biochemical
processes are carried out during the course.

Dissolution of the prototypes on the 6th to the 12th day has changed in the unpurified cheese
38-55% on 32 to 45 days it has risen only in 32-38%. When the highest dissolution has been
in the days of 6 to 12, then cheese starts to form the first and second holes, lose the taste,
unwanted winds for consumers.

Key words: dissolution, stagnation, enzymes etc.

Introduction

White cheese is part of the group of soft cheeses, where it is obtained from cow's milk when it is
fresh there is no flavor or aroma that it desires and is difficult to be perceived by the human
organism. To form the sensory organ market, taste the aroma suitable, for consumption it should
be trained to perform microbiological and biochemical processes, these processes make cheeses
specially mixed with the microflora of different composition. In general, clean bacteria should be
able to form lactic acid to form Proteins and produce CO,. When milk clots the bacterial cells
concentrate on the formation of lactic acid decreases the pH, this phase is called Sinerezis [ie
clotting, or coagulation of clotted mass], apart from releasing the calcium and phosphorus chips
and Cheese shakes.

Cheese classification can be done according to this division:

e Trained cheese - is the cheese that has completely passed the staging stage, meaning
that it has reached the necessary breakdown of the constituent parts and has formed
the taste, aroma, characteristic consistency and is ready for consumption.

e Molded mold cheese - is the cheese that comes in addition to the acid-lactic
microflora with mold that breaks down the fat forming the taste and appearance of
molds in the interior or on the surface of the cheese.

e Fresh cheese - is the cheese that does not pass on a long stage of cooking but is
consumed fresh, such as processed cheese or melted cheese.

Enzymatic action and breakdown of organic acids in white cheese
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During thermal treatment, the cheese passes into the protein coagulation stage by acidic reactions
and enzymatic reactions. The decomposition of organic acids in cheese makes the calcium-
phosphate complex of cheese protein converted into organic acid casein and calcium ions are
released into solution and form calcium lactate with acid decomposition.

Fresh white cheese
(enzymes source)

coagulant milk miC nisms

protein carbohydrate
Pro}ease / %
v

peptone sugar fatty acids

peptide aldehyde alcohwl acetic

amino acid —|
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Materials and methods

Preparation of cheese under laboratory conditions:

The study's research started in January-May 2016 during this research. We evaluated the physical-
chemical composition of the cheese during the temperature of 12 -16 ° C. Cow milk was taken and
the physical-chemical, organoleptic properties and its composition were evaluated. For the
preparation of cheese under laboratory conditions fresh cow milk was obtained, No.2 milk sample
was pasteurized, bacterial enzyme disposal at 37 ° C.

Laboratory work was carried out at the Faculty of Food Technology Laboratory at the University
of Mitrovica, during the work done in the laboratory was determined the number of holes in the
cheese changing the cheese proteins during storage and storage at the warehouse.

Analyzes were performed on the Velp DumashNitrogen NDA 701 Analyzer, which works in
principle by swirling nitrogen, determining the number of proteins. The instrument is connected to
the monitor, it is also connected by three gas cylinders, the containers are filled with Oxygen (02),
Nitrogen (N2), and Carbon Dioxide (CO2). The instrument works in such a way as the samples are
placed on the aluminum foil and placed on the instrument, whereby by pressing the Start command
automatically, the instrument starts working.
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The procedure for determining the number of proteinase is thus, from which the sample is taken
from three values expressed in mg, these cheese masses are placed on the aluminum foil. Then
their weighing is done on the scales, and finally the closure of the foil is done so that the cheese
sample does not come out.

After the measurement, all the samples are placed on the instrument, for the start of the work the
instrument must reach 1720°C, and after adjusting all options it is given the Start command, and
the instrument works automatically.

Figure 1. Carry out analyzes using the Velp DumashNitrogen Analyzer NDA 701 instrument.
Discussion of results

Changes that the cheese has undergone during storage and staging at 12-16 ° C for a month in a
row, with regard to the number of proteins Cheese "Kabi" 1'd 6-12 days was 42-48%, while we
The cheese prepared in the liberator 2 ', 38-55%." The dairy goose '3', 32-36%. On the day 32-45
the change of the prototypes "Kabi" 1", 39-52%, the cheese prepared in Laboratory 2 ', 32-38%, in
"Eggs" milk 48-48%. The decrease of the protons is shown in the unpasteurized milk of laboratory
preparation that the number of early holes increased by 3-4 mm, 3-7 mm.

Most of the microorganisms of the milk are capable of fermenting galactose glucose to the lactic
acid, producing an acidophic acid which causes the sucking of the casein at a pH of 4.64 to 4.78 in
excess of 10 to 37 ° C, High, milk with acidity of 0.30-0.45% is expected [breaks]. In white
cheese, besides the acids, a certain amount of gaseous activity of some bacteria of the
Enterobacteriaceae family of Coli-Aerogenes (Escherchia coli, Aerobactere aerogenes) is formed.
Gas emulsion is caused by Coli aerogenes bacteria. Unwillingly creates cheese blowing forms
holes where they are formed at the beginning of the training in the first 10 to 12 days, while the
second holes form 15 to 45 days, beginning with small dimensional 2-3mm and later 3-7mm. the
cheese take the stink aroma, undesirable taste for consumers. A peppermint group of
Saccharomyces fragilis lactose. With the overexposure of the lipids with the microorganisms of
the Clastredium family, CI.butricum. Cl.tyrobotricum where they create a large amount of acidic
gases and CO; and Ho.

Table. 1. The results of the analysis of the composition of white cheese during the staging

Evaluation of the analysis during the seasoning
Nr. | Day Name Value - ;
“Kabi” 1 Laboratory 2 “Ajka” 3
1 Pasteurization °C 72-73/25 min | Without pasteurization | 70-72/30 min
2 | 9 Acidity °T 215-237 248-253 232-243
3 » Holes formation | mm 1-2 3-4 1.8-2
4 General proteins % 42-48 38-55 32-36
5 Pasteurization °C 71-72/28min | Without pasteurization | 71-72/28 min
6 | B Acidity °T 230-242 270-290 238-253
7 :42 Holes formation | mm 2-2.1 3-7 2-23
8 General proteins % 39-52 32-38 48-48
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Recommendations

During the processing of milk for the production of cheese, the application of PMH in the white
cheese processing plant is done.

Make thermal processing - pasteurization, standardization of yogurt and casein.

Adhering to the chain during the shrinkage of enzymes, processing batches,

Stabbing, waiting, and crying, concentration of saddles.

Storage of the cheese in hygienic conditions at the warehouse, during the hot seasoning of 14 -16 °
C, while the warehouse is applied at temperatures of 2-4 ° C.
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TOTAL B-ACTIVITY IN ORIENTAL TOBACCO GROWN IN THE
STATIONARY EXPERIENCE WITH FERTILIZATION

Anka Georgieva, Stefka Kirkova
Tobacco and Tobacco Products Institute — Markovo, Republic of Bulgaria

Abstract

For more than 10 years, the WHO is working hard on its FCTC. In recent years, a new
theory has emerged in WHO work under the FCTC, according to which the cause of the diseases
due to the consumption of tobacco products is the ionizing radiation contained therein. The issue
has become particularly relevant when discussing the already adopted Directive 2014/40/EU.
There is still no scientific evidence on how and to what extent the total p-active isotopes
contained in the tobacco affect consumption and evidence that they are the cause of various
diseases.

The chemical composition of the tobacco smoke, respectively the content of ionizing
radiation is determined by the chemical composition of the tobacco.

The purpose of our study is to establish the total p-activity of leaves from individual
harvesting belts in oriental tobacco grown under stationary fertilization conditions.

Key word: tobacco, total p-activity, ionizing radiation.

BbBEJIEHUE

IMpe3 menust cu KUBOT YOBEK € W3JIOKEH HA PA3IMYHM ENEKTPOMAarHUTHM JbueHus. Yact ot
TE3H JIBYCHHS MAT CHOCOOHOCTTa Ja HOHM3MpaT aTomuTe, T.Hap. Houmsupaiy aeueHns. (Kobilarov
et al., 2006). Hormsupanmre buenus o0yclaBaT eCTECTBEHNS PaIMaIOHeH (OH Ha 00KphKaBaIIaTa
HH cpera.

CorinacHo Hapenbara 3a ocHOBHHTE HOpMH 3a pammarmonHa 3ammura (SG,2004) ectectBeH
(mpupozeH) paxuanoHeH (OH € paJHalMoHHO IMOJe, ABJDKAIIO Ce Ha eCTeCTBEHH M3TOYHHMIM. [lox
HETPOMEHEH eCTECTBEH paiuaroHeH (oH ce pa3dmpa ecTecTBeH paiuaioHeH (oH, KOWTO HE e
TIOBJIMSIH OT YOBEIIKA JEHHOCT. (4)

PannoakTBHOCT, HapUYaHa Olle PaJHOAKTHBHO NPEBPBIUIAHE UIH PAJAUOAKTUBHO pasnajiaHe, e
CIIOHTAaHHO HM3MCHCHHUEC Ha Macata, CJICKTPpUYHUA 3apsa] WM CHEprusgta Ha AaTOMHUTEC sA4pa,
NPUPYKEHO C M3IbUBaHE HAa 0O- WIM [—YacTULM, WIM y-JIbYeHWE. Pa3nmuuHuTe JIbUeHHS MMaT
pasnuyHa NpOHMKBaIIA crocobHoCT. Tasu Ha B-yacTHUMTE HapacTBa C TSAXHATA €HEPrHs Karo Hpu
200keV npoOersT UM B MycKyJIHa ThKal € lmm, a mpu 1MeV — Smm. (7)
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PaanonyknmmauTe OT 3eMEeH NMPOM3XO CE TI0eMaT OT KOPEHNTE Ha PACTEHHATA U Ce BKIIOYBAT B
pactuTenHuTe cTpykTypr. OT TaMm Te MpOABIDKABAT MO XpaHUTeNHaTa Bepura. OcBeH 4pe3 MOTTbIIaHe
Ha XPaHUTENHH TNPOAYKTH W BOJAA, PAAMOHYKIMAWTE IOMAJaT B YOBEWIKMS OPTaHM3bM M HUpe3
saumBane. (UNSCEAR, 2000)

EcTecTBenn panuoHyKiIman, 00yCIaBsiy obmara B-akTHBHOCT ca m3oTond Ha Kamus (YK) u
011080T0 (>'°Pb), KaKTO M KOCMOT€HHHTE PAJHOU30TOIINTE Ha BhIIlepoaa 1 Bogopoaa — “C u *H, xouto
ce B3eMaT IPeABH] IPH OIIEHKaTa Ha CpeIHaTa TOJHIIHA e(peKTHBHA 1032 32 HACeTICHUETO. (4)

Beue moseue ot 10 rogunu CeroBHaTa 3apaBHa Opranmsanus (C30) ycuieHo paboTu mo
paszpaborenata oT Hes PamkxoBa Konsenmus 3a Kontpon Ha TroTtona (PKKT). Ilpes 2006r. (SG,
2006) Pbbarapus paruduumpa KonseHuusra.

I1pe3 nocnenuure roxunu, npu padorata Ha C30 mo PKKT, ce mosiBu HOBa Teopwsi, criopen
KOSITO HE HMKOTHHA, KaTpaHWUTE M BBIVICPOJHHS MOHOOKCH] ca TpUYMHA 3a 3a00NsABaHUATA B
CIIE/ICTBHE Ha TIOTIOHOIYLICHETO, a HOHM3MpAIIM JBUYCHHS B TIOTIOHEBUTE H3JENHsi. BbrpochT
npuI00M 0coOeHa aKTYaTHOCT U 00CHXAaHeTo Ha Bede npuerara Jupexrusa 2014/40/EC. Bee ome
JIMIICBAT HAy4YHM JIAHHH 3a TOBA I10 KaKbB HAUMH U B KaKBa CTEIEH, 00II0 ChIBPIKAIIUTE CE B TIOTIOHA
[-akTHBHM W30TONM BIMSAAT IPH KOHCYMalWs M JOKa3aTelCTBA dYe ca MNPHYMHA 33 PasiInyHU
37I0KaYECTBEHH, XPOHUYHH U IPYTH 3a00IABAHUS.

XAMUYHHAT ChCTAaB HA TIOTIOHEBHS JHMM, PECI. ChIBP)KAHHETO HA HOHM3MpAINM JTBUCHHUS CE
00ycnaBsi OT XMMUYHHS CbCTaB Ha TIOTIOHA, KOMTO OT CBOSI CTpaHa [0 TojsMa CTEIEH 3aBHCU OT
arpoTEXHUYECKUTE MEPONPHATHA, NIPHIAraHu IpU OTIIEkKAaHEeTOo My. EIHO TakoBa MepompusTHE €
TOPEHETO, Upe3 KOETO CE 0CBOOOXK/1aBa KanalUTEeThT Ha I0YBATA OT YCBOMMHU XPAHUTEIHH BEIIECTBA.
(Cao, P. Y. et al.,, 2004; Angelova, V. R., et al., 2013)

LlenTa Ha HaleTO M3CJE/IBAHE € I CE YCTaHOBH o0LIaTa B-aKTHBHOCT Ha JINCTATa OT OT/ICIHUTE
OepuTOEHH TIOSICH TIPU OPUEHTAIICKH TIOTIOH, OTIVICXK/IaH B YCIOBHSATA HA CTAL[MOHAPEH ONUT C TOPEHE.

MATEPHAJI 1 METO/

[pexmer Ha aHanU3 ca MpOOM OT MOYBA U OPUEHTAJICKU TIOTIOH, OTINIEKIAH B YCIOBUATA HA
CTal[MOHApeH OIMT. V3cieBaHMAT BapHaHT HA TOPEHE MPE/CTaBIsBa TOpeHe 0e3 Kaiui, a MMEHHO
N5P7,5K0.

TroTroHeBuUTEe IPodH ca moabpanu 1Mo OepuTOEHM MOSCH (HOJIEH, cpelieH U ropeH OeputOeH
nosic). 3a TAX ca ONPENeNICHH ChbP)KAHHETO Ha KaJliii U 00111a f-aKTHBHOCT.

ChbIbpKaHUETO HA KAl B TIOTFOHEBUTE MPOOHU € ONPEIENICHO Ype3 CyX0 u3rapsiHe Ha Ipooure
pu 500°C 3a 6uaca. Tlocnesamara 06paboTka BKIOUBa npuGasHeto Ha 20% HCl, usnapenue Ha
pastBopa u ¢uirpyBade. [lomydenust pastBop ce paspexna 1:100 u ce aHanmm3mpa upe3 aTOMHO
abcopOIMOHEH CIIEKTPOMETHP IpHU 766,5nm.

Obmara B-akTMBHOCT Ha mpobuTe € ompeneneHa 1o Brvrpemno Jlabopatopna Meroamka,
paspaborerna B UTTU 3a amapar ,,Pagmomersp 2014f” 3a mpaxooOpasuu mpodu. MeTomukara ce
0a3upa Ha MeTozia Ha ,,0e3KpaiiHo nebernara mpobda”.

PE3YJITATU U OBCBHXJIAHE

Ha ¢wurypa 1 ca mpencraBenu manauTe 3a 00ma -aKTUBHOCT Ha 1OYBATa M JIMCTaTa OT TPUTE
OepuTOCHH T05ICa.

OT mpeAcTaBeHUTE TaHHH SICHO Ce BIDKAQ, Ye OoOIIaTa P-akTUBHOCT B JIUCTATa OT CPEAHHUS
OepuTOEH MosAC € Hali-BUCOKa, CIeABaHa OT Ta3M Ha J0JieH OepUTOEH MosC U Hal-HUCKA € TIPH JIMcTaTa
OT ropHust OepuTOeH nosic. JlaHHKTE 3a JIUcTaTa OT AOJHHUS ¥ TOPHUS OEpUTOEH MOSIC ca MHOTO OJNM3KH
— pasnukara e mox 15Bqg/kg.
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Axo nanHuTe 32 001112 B-aKTUBHOCT Ha 1ouBaTa ObatT npupasHenu Ha 100%, To oTueTeHara 3a

JucTaTa OT JoJieH OepuTOeH mosic mpexacrasissa 73,36% ot Ta3a B mousara, 86,86% 3a nmcrara oT
cpenen 6eputoen nosic u 71,21% 3a nucrara oT ropeH OepuTOeH MosIC.

Durypa |

O6wa B-aKTMBHOCT Ha Npoburte,
Ba/kg

800
700 -

600 -
500 -
400 -
B O61a B-aKTMBHOCT Ha
300 4 npobute, Ba/k
200 - p , Ba/kg
100 -
0 i T T T

no4ysa AoneH noAac  cpegeH ropeH noAc
noAac

Ha ¢urypa 2 e npencraBena oryeTeHara CTOHHOCT 3a o01a B-akKTHBHOCT 3a TpUTE OepUTOCHH

nosca 1 yyactueTo Ha kamus (“°K) B mes.

Durypa 2

800

B CneumdnyHa
aKTMBHOCT, Ab/IKaLLa
Ce Ha CbAbpKAHMETO
Ha Kanwii, Bg/kg
06ua B-aKTMBHOCT Ha
npobuTe, Bg/kg

600

400

200

0

[0N1eH NosC

cpeAaeH nosc

ropeH noAac

B u3cnenBanute mpodH ChAbPKAHMETO HA KWl € Haii-BUCOKO B cpejHHUs OepHTOEH mosic,

CIIEIBAHO OT TOpeH OepuTOeH MOSC U € Hal-HUCKO B JojieH OeputOeH mosic. Te3n Haum pes3ynTaTda
CBBIAJAT C JAaHHUTE 32 PaslpeleNCHHET0 Ha KaJIMH B OPHEHTAJICKU TIOTIOH 10 OepuUTOSHH MOsCH
NPEJICTaBeH! OT JpYyrHu aBTopH. (Zapryanova, P., R. Bozhinova, 2009)
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PeCneKTHBHO TOBA Ce OTHACA M 3a ChAbPKAHUETO Ha ‘K, THIl KaTO € M3BECTHO, Y€ yUaCTHETO
Ha ‘'K B M30TOIHATa cMeC Ha eJeMEHTa Kaluil ¢ HmocTosHHO, a uMeHHo 0,0119 %, xoeto 1aBa
crienu(uyHa akKTUBHOCT OT TpupojeH kanuit 31,6 Bq/g.(Naydenov, Y., B. Zaharinov, 2012)

JlaHHuTE Tpe/IcTaBenH Ha Qurypa 2 CHO MoKassa, 4e yuactueto Ha K B 00miara B-akTHBHOCT
CIIE/IBAT TEHACHIUATA 32 ChAbPXKAHUETO Ha KaJus - HAll-BUCOKO 3a CpeIHUS OEPUTOEH T10sIC, CIIEABAHO
OT TOPHHUS ¥ € Hal-HUCKO 3a JOoNHUs OeputOeH mosic. Kato mponeHTHO u3paXkeHue, CTOWHOCTHTE ca
46,92% 3a noxnen 6epurden mosic. CrorBeTHO 64,11% 32 cpenen Geputden mosic u 68,42% 3a ropeH
OeputOeH mosic.

Pesynratute 3a yuactuero Ha ‘K B ofmara B-akTMBHOCT Ha TyK ONMCAHMTE TPOOM ca
3HAYUTETHO MO-HUCKU OT T3 IIOJNYYEHH OT HAC 3a MPOOU OT CBHUIUS COPT OPUEHTAICKU TIOTIOH,
OTIJIOKAAH B YCIOBHMATA HA CTAllMOHAPEH OMMT O€3 TOpEeHe Ipe3 ChllaTa MPOM3BOJCTBEHA TOJMHA.
(Georgieva, A., St. Kirkova, 2017). IIpu BapuanTa 6e3 TOpeHe BBIPEKH MO-HUCKOTO ChIBPKAHUE HA
Kaquii B TIOTIOHEBUTE TpoOH, yyactuero Ha YK B oOmata P-akTMBHOCT € Hall-HUCKO B CPEJIHMS
OeputOeH mosic 1 cheTaBisiBa 75,25%, a 3a JI0JICH U TOpeH OepuTOEH TMosC HAAXBBPIIL 95%.

3AK/IIOYEHHUE

B 3axiodenue Moke 1a ce Kaxe, 4e ¢ BHACAHETO Ha JON'bIHUTENIHH KOJIUYECTBA OT EJIEMEHTH,
B YaCTHOCT Ha a30T U (ocdop, npyu M30paHUAT BapHaHT TOPEHE CE MOTBBPIKIaBa OCBOOOXK/IaBaHETO
KallaluTeTa Ha ModyBaTa OT YCBOMMHM BemIecTBa. T03W OCBOOOJICH KallalUTET ce OTpassBa M Ha
npoueHTHOTO yyactue Ha ‘'K B obmiara B-akTMBHOCT, HAMANSBANKH HETOBOTO Y4acTHE U yBEJIMYaBa
Y9IaCTHETO Ha APYTuTe B-aKTHBHU H30TOIIH, UMAIIN OTHOIICHHE KbM M3CIIE/IBAHNS TTOKa3aTel.
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Abstract
Milk is one of the major sources of mineral substances. Within these substances, in very

small concentrations and in trace, heavy metals are contained. The purpose of this study
was investigation the influence of altitude in some heavy metals (Fe, Zn, Al, and Mn) in
fresh milk. During 2016, fresh milk samples were obtained from nine dairy farms located in
different areas of Kosovo with different altitudes, ranging from 389, 512, 582, 585, 636, 888,
1008, 1040 up to 1142 m. In each of the farms, five of dairy cows were selected, a total of 45
cows and in each of them, milk samples with a volume of about 200 ml were taken. Results
were statistically analyzed using JMP 7.0 statistical package. Obtained results of the study
showed that the altitude did not have a statistically significant influence on any of the heavy
metals of the analyzed milk.

Key words: Milk, heavy metals, altitude

INTRODUCTION

Milk and dairy products are one of the major sources of mineral substances (Iwegbue et al.,
2008). Zamberlin et al., (2012) emphasize that the amount of minerals in milk is not constant
and depends on the lactation phase, status of animal nutrition, environment and genetic factors.
According to O’Dell and Sunde (1997), milk composition includes macro elements and microele-
ments. In almost all foods, including milk and dairy products, within mineral substances, in very
small concentrations and in trace, heavy metals are contained. According to Aslam et al., (2011),
Malhat et al., (2012), heavy metals are elements that have a specific density more than 5 g/cm’.
Heavy metals are essential for regular body metabolism, however the difference between their ef-
fective and toxic level is very small. Abdulkhalié¢ et al., (2012) emphasize that heavy metals are
persistent pollutants in environment and can cause serious environmental and health hazards. Milk
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and dairy products are contaminated with heavy metals either through food and water or through
production and packaging processes (Anastasio et al., 2006; Ayar et al., 2009). Pollution with
heavy metals raises serious environmental concerns such as intake into food chain, which may be
potentially harmful to human health (Namihira et al., 1993, Isaac et al., 2012). Determination of
residual metal concentrations in milk can be an important ”direct indicator” of the hygienic status
of milk as well as an “indirect indicator” of the environmental pollution level, in which milk is
produced (Licata et al 2004, Gonzdlez-Montaiia et al., 2012). According to Rezaei et al., (2014),
the presence of heavy metals emphasizes the need for regular monitoring and a more stringent
food safety management system (FSMS) in order to control the heavy metals at the lowest pos-
sible levels.

The sources of the investigated literature on the influence of altitude in the concentration
of heavy metals in milk have been mainly related to human milk, while for cow milk and other
animals, scientific information has been mainly rare. For this reason, the purpose of this study was
to investigate the influence of altitude in some heavy metals (Fe, Zn, Al and Mn) in fresh milk.

MATERIAL AND METHODS

During 2016, fresh milk samples were obtained from nine dairy farms located in different
areas of Kosovo with different altitudes, ranging from 389, 512, 582, 585, 636, 888, 1008, 1040 up
to 1142 m. In each of the farms, five of dairy cows were selected, a total of 45 cows and for each
of them, milk samples with a volume of about 200 ml were taken according to IDF 50 B: 1985
standards (Griiner and Filajdié, 1993). Heavy metal presence was determined using a Thermo
scientific (M-series) atomic absorption spectrometer with deuterium and Zeeman background cor-
rection equipped with acetylene/air flame (FAAS). Results were statistically analyzed using JMP
7.0 statistical package (SASS unit). The results of the analyzes are presented in tabullary form, and
the statistical processing of the obtained results include determining the average value, minimum
and maximum values, standard deviation, coefficient of variation and the P value of the signifi-
cance between analyzed samples.

RESULTS AND DISCUSIONS

Results obtained this research are summarized in table 1., and the following conclusions
drawn:

The highest concentration of zinc was observed in milk samples at altitude 389 m, with about
6.0009 mg/L, whereas the lowest concentration (2.9047 mg/L) was found at altitude 1142 m. An
easy trend of decreasing values depending on altitude was observed, but statistically it was found
that the differences between high points of altitude were nonsignificant (P=0.0130). Cow’s milk
normaly contains 3-5 mg/L of zinc. Moreover, the Recommended Dietary Allowance (RDA) of
zinc is 8 mg/day for women and 11 mg/day for men (Mason, 2008). Results of this research re-
garding to this element are between limits prescribed by the author and this parameter.

The highest level of iron concentration resulted in altitude 1008 m (1.4150 mg/L), whereas
the lowest level resulted in 1040 m of altitude (0.3146 mg/L), with an average of 0.6522 mg/L.
This parameter also show an increase and decrease in values, with a very slight tendency to in-
crease acording altitude, but the differences between points of altitude were nonstatistically sig-
nificant (P=0.0376).

The highest level of copper concentration is contained in milk samples from the altitude 636
m. (0.2935 mg/L), followed by samples at altitude 1142 m. (0.1593 mg/L), whereas the lowest
concentration is contained in milk samples from the altitude 582 m. (0.0412 mg/L), followed by
altitude 585 m. (0.0828 mg/L). Average value of this parameter was 0.1139 mg/L. The normal
amount of copper in milk varies from 0.5 to 0.85 mg/L (Jovié, 1963). According to (Mason,
2008), the RDA of copper is 0.9 mg/day for men and women.
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Table 1. Concentration of zinc, iron, copper and manganese (mg/L) in milk depending on

altitude
Altitude Zinc Iron Copper Manganese
(m) mg/L) | (mgL) | (mgL) (mg/L)
389 6.0009 # 0.5690° 0.1066 b4 0.0467 *¢
512 4.3980 @b 0.4314° 0.1354 abe 0.0276 <
582 3.2488¢ 0.5363° 0.0412 ¢ 0.0343 b«
585 5.2690 ° 0.6290° 0.0828 0.0102 ¢
636 4.6996 ¢ 0.7612° 0.1935¢ 0.0599 abe
888 3.3802 ¢ 0.4793 0.1232 abe 0.0649
1008 5.2210® 1.4150° 0.0995 bed 0.0546 ¢
1040 3.4381 % 0.3146° 0.0839 « 0.0507 abc
1142 2.9047 ¢ 0.7338° 0.1593 = 0.0825 ¢
Average 4.2845 0.6522 0.1139 0.0479
Min. 2.9047 0.3146 0.0412 0.0102
Max. 6.0009 1.4150 0.1935 0.0825
StDev 1.0890 0.3190 0.0452 0.0215
CV, % 25.4184 48.9079 39.6904 44.8822
Pvalue 0.0130 0.0376 0.0116 0.0057

* Levels not connected by same letter in superscript are significantly different

Results of this research regarding this element are under the limits prescribed by the authors
and this parameter don’t exceed maximum allowed level for milk. In this element, also, the dif-
ferences between diferent points of altitude were statisticaly nonsignificant, even though the very
slight trend of increasing values in accordance with increasing altitude was registerd (P=0.0116).

The lowest concentration of manganese resulted in milk samples from points in altitude 585
m. (0.0102 mg/L). A litle bit higher concentration resulted in points of altitude 512 and 582 m.
(0.0276 mg/L) respectively (0.0343 mg/L). The highest concentration of manganese is registered
on the samples from altitude 1142 m. (0.0825 mg/L). In nine points of different altitudes, concen-
tration of manganese did not show statistically significant differences (P=0.0057), even though a
slight trend on increasing values in accordance with altitude was registered.

CONCLUSIONS

As a general conclusion on this research, it can be concluded that obtained results of the
study showed an average values of analysed heavy metals of milk within the permissible limits.
Analyzed milk in all altitude points can be considered as safe for consumption and processing. In
order to determine the differences in heavy metals of milk depending on altitude, the results of the
study showed that the altitude did not have a statistically significant influence on any of the heavy
metals of the analyzed milk.
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SAFFRON — THE KING OF SPICES
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Abstract: In the past, spices used to be expensive as gold. Because of them many wars
were fought. For someone they represented heaven and for someone precipice but the truth
is that they were a symbol of wealth and power. Jack Turner in his book “Spices: History
of a temptation”, writes about their influence on humans desire and actions. Today the
privilege to be called the most expensive spice in the world has the spice called “Saffron”,
often referred to as the king. One kilogram saffron is more expensive than a kilogram of
pure gold. Considering these features of the saffron I have decided to elaborate the topic:
“Saffron- the king of spices”. This paper is about the origin, spread, description of the plant,
nutrition value production (what kind of soil manages, necessary conditions, time of harvest,
method of storage, drying...) Practical application of saffron as spice, use of the saffron as
spice, use the saffron in medicine and what are the conditions for cultivation of saffron in
Republic of Macedonia.

Key words:saffron,spices,benifits of saffron, Crocus sativus.

Introduction

In the past, spices were as expensive as gold. For some, spices represented a Paradise, for
others, the road to perdition, but they were potent symbols of wealth and power, and the wish to
possess them drove explorers to circumnavigate the globe—and even to savagery. The influence
of spices on human desires and actions is written by James Turner in ,Spice-History-Temptation®.

Saffron, Crocus Sativus Linnaeus, is a gene in the family Iridaceae. Pronounced “SAF-
ruhnoxidase enzymes saffron has been used for thousands of years for seasoning, fragrance, dye,
and medicine. The stigmas of the flower are harvested and processed by hand, which is very labor
intensive and the reason why Saffron is considered the world’s most expensive spice.

True saffron is considered a domesticated plant that has only a few related species growing in
the wild. This makes it difficult to pinpoint its exact origins, thus, some food historians believe it
is native to the area known as Asia Minor (the westernmost protrusion of Asia, which makes up the
majority of what is today the Republic of Turkey) while others have the opinion that it originated
from ancient Persia (modern day Iran).

Saffron is called za-faran (Arabic), fan huang hua (Mandarin), safran (French and German),
zaaffran/kesar (Hindi), safuran (Japanese), acafrao (Portuguese), shafran (Russian) and azafran
(Spanish). Saffron is also known as rose of saffron, crocus, and hay saffron.

History of Saffron

Saffron was firstly documented in an Assyrian botanical reference compiled under
Ashurbanipal, an Assyrian king (who reigned from 668-627 BC. The earliest recordings of
saffron in Greek culture date back to Bronze Age (3200-600 BC). A saffron harvest is shown in

the Knossos palace frescoes of Minoan Crete, which depicts the flowers being picked by young
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girls and monkeys Saffron‘s appearance in South and East Asia has various accounts of how
and exactly where it first arrived but the earliest Persian records suggest that after ancient Persia
conquered Kashmir they had saffron and various spices sent to them to stock their newly built
gardens.

The first Persian saffron crocus corms were transplanted to Kashmiri soil and were harvested
prior to 500 BC. Saffron was also favored by Alexander the Great (356 - 323 BC) and his forces
during their Asian campaigns. Saffron was added to teas and used to make saffron rice. Alexander
also had saffron added to his bath water as he came to believe that it help heal his many wounds
suffered in battle.

One of the earliest references to the use of saffron in Ancient Egypt had it used by Cleopatra
(69 BC - 30 BC) and other Pharaohs as an aromatic and seductive essence. Because Egypt does
not have the correct climate to grow the flower this also suggests that it must have been brought
to the area from further north or the Persian Empire. Saffron was introduced into Spain by the
Moors who are credited with planting it throughout the southern provinces of Andalucia, Castile,
La Mancha, and Valencia. This exotic spice is a native of Southern Europe and today cultivated
worldwide in many countries, particularly in Spain, Italy, France, Greece, Turkey, Iran, and in the
Indian state of Jammu and Kashmir.

Saffron nutrition facts

The Crocus sativus plant grows to about 15-20cm in height and bears lavender colored flowers
during each season which lasts from October until November. Each flower features perianth
consisting of a stalk, known as “style,” connecting to three “stigmas” or threads to the rest of the
plant. These orange-yellow colored stigmas along with the ,,style” constitute ,,saffron” a prized
condiment spice. Good saffron crop production demands cold, dry climate with well-drained rich
fertile soil and irrigation facilities or sufficient amount of rainfall. The flowers harvested during the
early-morning hours and soon their stigma separated, allowed to dry, and packed for marketing.

Saffron has a distinct flavor that comes from chemical compounds in it such as picrocrocin,
and safranal. It also contains a natural carotenoid chemical compound, crocin, which gives saffron
its golden-yellow hue. These traits along with its medicinal properties make it a valuable ingredient
in many cuisines worldwide.

Saffron tastes bitter and contributes a luminous yellow-orange coloring to foods. Because of
the unusual taste and coloring, it adds to foods, saffron is widely used in Persian, Arab, Central
Asian, European, Indian, Moroccan, and Cornish cuisines. Confectionaries and liquors also often
include saffron. Medicinally, saffron has a long history as part of traditional healing; modern
medicine has also discovered saffron as having anticarcinogenic (cancer-suppressing), anti-
mutagenic (mutation-preventing), immuno-modulating, and antioxidant-like properties. Saffron
has also been used as a fabric dye, particularly in China and India, and in perfumery. Recent
studies have shown the beneficial effects of saffron in depression, premenstrual syndrome (PMS),
and Alzheimer’s Disease.

Saffron, in about 100 grams of its quantity contains 310 kilocalories, 65.37 grams of
carbohydrates, 11.43 grams of protein, 5.85 grams of fat and Omg of cholesterol. Dietary fibre
content is 3.9 grams with other minerals like calcium 111mg, copper, 0.328mg, iron 11.10mg,
magnesium 264mg and manganese 28mg contributing to its mineral base.
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See the table below for in depth analysis of nutrients: Saffron (Crocus sativus), Nutritional
value per 100 g.!

Principle Nutrient Value Percentage of RDA
Energy 310 Kcal 15.5%
Carbohydrates 6537 g 50%
Protein 11.43 g 21%
Total Fat 585¢g 29%
Cholesterol 0 mg 0%
Dietary Fiber 39¢g 10%
Vitamins

Folates 93 g 23%
Niacin 1.46 mg 9%
Pyridoxine 1.010 mg 77%
Riboflavin 0.267 mg 20%
Vitamin A 530 IU 18%
Vitamin C 80.8 mg 135%
Electrolytes

Sodium 148 mg 10%
Potassium 1724 mg 37%
Minerals

Calcium 111 mg 11%
Copper 0.328 mg 37%
Iron 11.10 mg 139%
Magnesium 264 mg 66%
Manganese 28.408 mg 1235%
Phosphorus 252 mg 36%
Selenium 5.6 ng 10%
Zinc 1.09 mg 10%

Health Benefits of Saffron

= Saffron contains several plant-derived chemical compounds that are known to have been
antioxidant, disease preventing, and health promoting properties.

= Their flower pistils compose several essential volatile oils, but the most important of them
all is safranal which gives saffron its pleasant flavor. Other volatile oils in saffron are cineole,
phenethenol, pinene, borneol, geraniol, limonene, p-cymene, linalool, terpinen-4-oil, etc.

= This colorful spice has many non-volatile active components; the most important of
them is @-crocin, a carotenoid compound, which gives pistils their natural golden-yellow color.
It also contains other carotenoids, including zeaxanthin, lycopene, a- and f3-carotenes. These are
important antioxidants that help protect the human body from oxidant-induced stress, cancers,
infections and acts as immune modulators.

= The active components in saffron have many therapeutic applications in many traditional
medicines as antiseptic, antidepressant, antioxidant, digestive, anti-convulsant.

= This novel spice is an excellent source of minerals like copper, potassium, calcium,
manganese, iron, selenium, zinc and magnesium. Potassium is an important component of cell
and body fluids that helps control heart rate and blood pressure. The human body uses manganese
and copper as co-factors for the antioxidant enzyme, superoxide dismutase. Iron is essential for
red blood cell production and as a co-factor for cytochrome oxidasesenzymes.

= Additionally, it is also rich in many vital vitamins, including vitamin-A, folic acid,
riboflavin, niacin, and vitamin-C that is essential for optimum health.?

Saffron in the treatment of PMS
The aim of this double-blind and placebo-controlled trial was to investigate whether saffron

1 Source: USDA National Nutrient data base
2 http://www.nutrition-and-you.com/saffron.html
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(stigma of Crocus sativus L.) could relieve symptoms of premenstrual syndrome (PMS). Double-
blind, randomised and placebo-controlled trial. Departments of Gynaecology/Obstetrics and
Psychiatry, Tehran and Zanjan University of Medical Sciences. Women aged 20-45 years with
regular menstrual cycles and experience of PMS symptoms for at least 6 months were eligible for
the study.

Women were randomly assigned to receive capsule saffron 30 mg/day (15 mg twice a day;
morning and evening) (group A) or capsule placebo (twice a day) for a two menstrual cycles
(cycles 3 and 4). The primary outcome measure was the Daily Symptom Report, and secondary
outcome measure was the Hamilton Depression Rating Scale. In this trial, saffron was found to be
effective in relieving symptoms of PMS.

A significant difference was observed in efficacy of saffron in cycles 3 and 4 in the Total
Premenstrual Daily Symptoms and Hamilton Depression Rating Scale. The results of this study
indicate the efficacy of C. sativus L. in the treatment of PMS. However, a tolerable adverse effects
profile of saffron may well confirm the application of saffron as an alternative treatment for PMS.?

Saffron and Heart Disease Protection

Antioxidants in saffron tea can reduce the risk of cardiovascular diseases. The flavonoids,
especially lycopene, found in saffron can provide added protection. A clinical trial at the
Department of Medicine and Indigenous Drug Research Center showed positive effects of saffron
on cardiovascular diseases.* The study involved 20 participants, including 10 with heart diseases.
According to the Indian Journal of Medical Sciences, all the participants showed improved health,
but those with cardiovascular diseases showed more progress.

In addition, saffron has been found to be the richest source of riboflavin. Due to the presence of
crocetin, it indirectly helps to reduce cholesterol level in the blood and severity of atherosclerosis,
thus reducing the chances of heart attacks. It may be one of the prime reasons that in Spain, where
Saffron is consumed liberally, the incidence of cardiovascular diseases is quite low. The crocetin
present in saffron is found to increase the yield of antibiotics.’ Two compounds of safranal are
supposed to increase antibacterial and antiviral physiological activity in the body.

In conclusion, saffron helps reduce the risk of heart diseases by strengthening the blood
circulatory system. Rich in minerals like thiamin and riboflavin, saffron promotes a healthy heart
and prevents different cardiac problems.

The above facts about Saffron finds that saffron is widely used as a spice, in medicine and in
the cosmetics industry and is rightly called the king of spices.
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Abstract

Cooling is widely used in various fields of industry, and is important in the food industry.
The application of cooling in the food industry, is primarily in terms if providing the
condition for reduction of degradation processes in food produces and products. It describes
the structure of technological operations in cold treatment by cooling of food products with a
sequence of execution of operations are also described and how the cooling of foods and
products, the choice of cooling is dependent on the type and characteristics of the product
which cooled, and the technological purpose of chilling. It will also be explained application
of freezing in the food industry. In application are different ways providing for the freezing
normally using different types of equipment.

Key words: cooling, food industry

1. Introduction

The application of cooling in the food industry, is primarily in terms of providing the
conditions for reduction of degradation processes in food products and items. This enables their
long-term storage without significantly diminishing their biological value, nutrition, taste, smell,
color and the like. Except for an increase in the duration of food products and products cooling is
used for optimal management of various technological processes such as fermentation in the
brewing, maturing of meat and some meat products, in obtaining chocolate and processing of
chocolate products, cryogenic milking etc. Keeping food and products at low temperatures will be
successful if the temperature mode supports continuous without interruption since the moment of
consumption. In addition, it is sufficient and short-lasting increase in temperature of the product to
reduce its quality. From the foregoing, the need to create a cooling chain consisting of different
types of coolers that provide technological needs in keeping the goods and products.
The basic division of refrigerators is in relation to the purpose of the function the same as:
1. Production
2. Location
3. Trade - base
4. Cooling ports
5. Trucking in Trade Network
6. Household refrigerators
7. Trucking - vehicles
Also, the division of refrigerators can be done with respect to a number of other criteria, as in the
type of products that treat conditions that support the type of cooling installations apply.

2. Basic technological operations in cold

The structure of technological operations in refrigerators for cooling treatment of food products
and the sequence of the operations are reduced to:
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- Taking products and products
Cooling
- Freeze
- Warehousing and storage of chilled or frozen products and products
- Shipping and Transportation
In this important and technological operations:
- Warming of chilled food products and products
- Defrosting frozen products and products
The equipment required for realization of the mentioned technological operations down to two
main groups:
1. Motor vehicles and devices to feature the implementation of loading, unloading and
transportation of goods and products
2. Cooling plant and equipment in order to realize and ensure the required technological
regimes in cooling, freezing, storing and keeping food products items.
In this application of the individual types of refrigeration plants depends on a number of factors
such as the type and capacity of the refrigerator, the type of products and the products that treat
regimes should be provided support.

3. Taking products and products
Admission products and items are directly related to the following stages of treatment
products and products with cooling. When it is essential that the preparation of products and
products for further treatment, in terms of classification, packaging, or palliating preparation of
articles for further treatment. Of particular importance in receiving the control products and
products with further treatment should be provided only for quality products and items.

4. Cooling of foodstuffs

Cooling of food products and end products to a temperature higher than the freezing
temperature of the juice product. With cooling of food products and items inhibit biochemical
processes and activity and reproduction of microorganisms. This increases the duration without
significant disruption of the biological value of goods and products, nutrition, taste, smell the
paint. The final temperature of the cooled products and products usually in the range of supports (-
2) to (+5) °S. Cooling product is performed directly after their production, at a certain temperature
and humidity in the refrigeration space. Cooling is a process in which it takes heat from food
products and items which are reducing the temperature to a temperature approaching krisko
temperature.
The process of cooling influence:
1. The properties of the product that is cooled as its size, shape, size, packaging, etc. initial
temperature.
2. The type and properties of the coolant, such as temperature, speed, thermo physics properties
etc.
Methods of cooling

5. The methods of cooling food products and products can be listed according to:
1. Air
2. In a liquid environment
3. With ice or mixtures of salts and ice
4. Gases
5. sublimation of CO2
The choice of cooling is dependent on the type and characteristics of the product which is cooled,
and the technological purpose of cooling.
6. Procedures for cooling

Cooling air is implemented mostly in chambers or tunnels for cooling.Chambers for cooling

where cold air is used as an intermediate medium for cooling the products can be realized in
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different ways. Mode which supports the cooling chambers for food products is a limit of -2 to +2
°S 90% humidity and air velocity 0,5-2 (3M / s). In enclosed chambers with air circulation cooling
air is cold air. Air circulation is provided by fans. The distribution of air in the cold storage can be
realized with no channel or channel network.

< image 1
Cooling tunnels as compact units with intensive air circulation. In these plants cooled air mixes
with cooler air through vents and goes through tunnel where the products hang on hooks, placed
on pallets, etc. For air circulation using fans. The tunnels can be performed by periodic or
continuous mode. Application has a so-called indirect cooling which is commonly implemented
with cold surface. As a refrigerant are commonly used water and air with the use of water can be
realized more intensive cooling of the air.

7. Duration of Cooling

The duration of the process of cooling products envy many factors:

1. The type of products and the items and their physical characteristics
2. Geometric shape and thickness
3. The initial and final temperature of the product that cools
4. Nature, the temperature and speed of the cooling environment
The duration of cooling affect physiological processes like breathing in fruit and vegetables bound
with using oxygen and separation of CO2.

8. Freezing of food products and items

Freezing is a process where the discharge of heat from food products and items and reduce

their temperature under krisko temperature be implemented partially or completely freezing water
containing products. In the food industry freezing apply to: preservation of food products and their
long-term storage, concentrating the juice, wine, etc., production of some foods (ice cream, fruit
yogurt, fruit puree, etc.), drying the food products where the water from solid state transforms into
gas state.

9. Methods of freezing
In application are different ways providing for the freezing normally using different types of
equipment. Depending on the cooling medium such ways can be divided according to:

1. Freezing air
2. Freeze in liquid medium
3. Freezing the gas liquids
10. Plants and equipment for freezing

The food processing industry for freezing food products and products use different kinds of
plants and machines for freezing. Most general division therefore may be made against:
1. Facilities and equipment to freeze intensive forced movement of air in various performances
tunnel freezer.
2. Plants and apparatus for freezing a liquid medium
3. Plants and equipment for freezing with liquefied gases
4. Plant and apparatus for freezing fluidized bed
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5. Contact very common appliances

11. Requirements placed on products during storage and storages are as follows:
* Meat in carcasses, halves and pieces of slaughtered poultry. Well cleared from the blood, no
traumatic parts and pieces also carefully parted, be prepared with regard to needs.

o Table 1.
kind of | temperature | Preparation | durability | * Fish - be well cleared without any
meat wounds and traumatic injuries
beef 4 unpackaged | 10-14 * Eggs - be free from defects with clean
weeks shells previously adequately checked,
-1,5100 unpackaged | 3-4 weeks packed in carton standard, suitable for
-1,510 0 packaged 9 weks further storage. _
pork 4 unpackaged | 8 days * Milk and dairy products - to a suitable
-1,5100 unpackaged | 3 weeks clean and healthy carton.
lamb 4 unpackaged | 1-2 weeks | ° Erult - is in proper ripe, well pr.es.er\./ed
and without  scratches and injuries,
sheep respectively bottled in a clean and
-1,5m0 5 vacuum 3-4 weeks healthy carton .
packaged ?2. Warming ' and
beef 4 unpackaged | 6-8 days defrosting of food produc'ts and items
15100 unpackaged | 3 weeks Before the presentation of food

products and items of refrigerators is
necessary on them to perform special technological preparation that amounts to: a warming of
chilled products and items and defrosting of frozen foods and products.

13. Shipping and Transportation

Characteristics in cooling, freezing, storing and keeping foods and products.

* Modes and duration of storage for food products
[1 For various food products and products proofs based on examinations of the changes and the
reasons that cause it. With meticulous organic examination and chemical - microbiological testing
can determine the degree of durability of products, and products based on it can be determined to
some extent the possibility for the duration of their storage. Accurate determination of the duration
of storage of individual products and items is connected with difficulties in terms of many and also
by nature different influential factors.

14. Conclusion

From being mentioned above conclusion can be Cooling is widely used in various fields of

industry, and is important in the food industry. The application of cooling in the food industry, is
primarily in terms if providing the condition for reduction of degradation processes in food
produces and products.

15. Used literature
1. Paper technique and technology of cooling and heating
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Abstract

Ice-creams are delicate products, which are produced from cow milk and other addition like
sugar, milk fat, and solid material without fat, fibers from fruits, vitamins, minerals,
proteins from egg and other additives for aroma and texture improvements. All this
nutrients are as factors of cofactors for growing and development of microorganisms.
During this research, XLLD, BGA medium are used for identification and confirmation of
Salmonella spp. Amount of the sample taken for research is 25g or 25cm® and 37°C is used as
incubation temperature for 24 or 48h depend on agar. From results is shown that in ice-
cream produced with milk which was produced from non-regular pasteurization process in
two agars Salmonella spp. was present, while in the ice-cream produced from regular
pasteurization process no Salmonella strains were identified.

Key word: Milk, Ice-cream, temperature, pasteurization

INTRODUCTION

In food products, the presence, resilience and multiplication of Salamonella of various serotypes is
more favorable, especially in unprocessed milk, and its derivatives, which will cause epidemic
outbreaks when they are contaminated with Salamonela spp. Good understanding of Salmonella
resistance is of great importance not only in medicine but also in the food industry, especially in
dairy, eggs, meat, canned and poultry farming centers. Propagation and solemnity of Solomon
should be taken into account in the selection of water resources, not only for humans, but also for
animals, especially for dairy cows, which may cause a strong outbreak and spread of
Salomonelazes infection. Salomonelous diseases are seen as special infections in the patient, but
they are also seen in the form of food poisoning caused by the use of contaminated foods with
Salomonela. This was due to 256 outbreaks observed in England in 1984, of which 181 or 71%
were caused by Salomonela. During the 1980s and 1980s, there were isolated sources in Italy from
7,514 cases that were exonerated by the Superior Sanita Institute of Rome. There has been an
increase in cases in Germany and elsewhere. According to G.K.Kovalev [1982] the number of
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smudged Salomonelazes in recent years in the world has grown 7-9 times. It has been noted that
the addition of "minor" salmonella is accompanied by a reduction of intestinal fatigue and
parathyroid A and B. These few cases in recent years are related to the extent of hygiene
conditions, the centralization of drinking water, the regular size Stalls and channeling them.

MATERIAL AND METHODS

Salmonella spp bacteria are round-shaped, round, oval, 2-4 micron, 0.5 micron-long oval end
germs. With few exceptions, vaginal scattering throughout the body does not form spores or
capsules Dye with the gram method. Grow well in aerobic and semi-aerobic conditions at 15-43 °
C. Most bacteria of this genus die for one hour at 55 © C and for 5 minutes at 85 © C. Salmonella is
good for low temperatures where they can be multiplied. Consequently, S.chalores suis in agar
fields at temperatures of 0 ° C died after 142 days. So Salmonella can spend the winter easily in
outdoor environments. These bacteria have a tendency to drought, dry fertilizers where 80-90 days
live, while in dry feces for up to 185 days. Salomonelat live in seabed waters, with fecal
conditions, and especially during dairy milking on unbroken farms, storing milk in poor hygienic
conditions.

Salmonella spp. Poses an important cause for the outbreak of disease in humans. The most
common strains of these diseases are serotype enteriditis and typhimurium.

In accordance with the requirements of Dir. 92/46 / EEC and 94/71 / EC cow's milk should meet
the following standard: spp. M) n=5m=0M=0c=0.

Salmonella spp. Causes people to develop 12 to 17 hours after the human exposure to the infected
milk. The symptoms are not very tough but they are manifested by diarrhea, abdominal pain and
fever. Most cases occur without hospitalization, while few individuals require the replacement of
fluid lost with injected electrolytes. (Bizena, 2011).

RESULTS AND DISCUSSIONS

The prevalence of Salmonella spp. Was reported in the samples taken from the pasteurized milk
tanks. Studies show that Salmonella spp. Was detected in 0.17 to 8.9% of the tanks tested,
indicating that its presence is widely present in unpasteurized milk. Salmonella spp. It is proven
that it is destroyed by pasteurization.

The tablets are placed at a temperature of 37 © C and stay at night 18-24 hours.

After 24 hours of cultivation, we find that in crude milk we have the presence of bacteria in both
nutritional sites. While in base and ice culture we do not have the presence of bacteria, because the
base has been pasteurized. This is because the pasteurization stifles the bacterium of Salmonella

Spp.

Figure 1. Salmonella Presence in BGA Nutrition Sites, and Salmonella Colonies at BGA
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Figure 2. Presence of bacteria on XLD nutritional sites, and Salmonella colonies in XLD

From the Petri dishes where we have the presence of bacteria by yeast, we get little culture with
the presence of bacteria and easily do some lines with the XLD and BGA plates.

The Salmonella spp colonies on the BGA plate cause the color of the terrain to be red in pink,
while the Salmonella colonies in the XLD are white.

The conclusion is focused on the isolation of Salmonella spp in milk, bases and ice cream under
laboratory conditions in accordance with ISO-6579 standard, resulting in Salmonella's presence in
fresh milk.

Two XLD and BGA nutrient media have been used in the research, which are prepared according
to the manufacturer's description. Throughout the practical work, we have come to the following
results and discussions as a result of the process of isolating Salmonella spp in ice cream.

Table 1. Results obtained from fresh cow's milk.

Color Result Comment Standard The sampling plan
n ©
Morphology | Reddish, and Positive We have 5 0
in XLD colonies are Salmonella | EN/ISO6579
white in color presence
Spp
Morphology | Bright green Positive We have 5 0
in BGA and colonies Salmonella | EN/ISO6579
are red presence
Spp

From the results obtained we see that the morphology of the XLD is reddish compared to that of
the BGA that got a glossy green. Both the colonies of both morphologies differed from the white
XLD compared to the red BGA.
The results of both morphologies were positive and the comments resulted in Salmonella's
presence.

Table 2. Results obtained from ice cream bases or dough

Color Result Comment Standard The
sampling
plan
n ®
Morphology Reddish Negative We do not have EN/ISO6579 5 0
in XLD Salmonella spp
Morphology Brown Negative We do not have EN/ISO6579 5 0
in BGA Salmonella spp
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From the results obtained from ice cream bases or dough for two morphologies in XLD we
encountered reddish color while in morphology in BGA we encountered brown color. The results
of both morphologies were negative as the comments resulted without the presence of Salmonella.

CONCLUSION

Based on the results of analyzes for the isolation of Salmonella spp in fresh milk, we have come to
the following conclusions and recommendations:

Samples analyzed in crude milk resulted in the presence of bacteria in both nutritional sites;

In the cultures of the base and the ice cream we have no presence of bacteria, because the base has
been pasteurized. This is because the pasteurization stifles the bacterium of Salmonella spp.

Based on laboratory work, the results obtained were satisfactory at a high level.

RECOMMENDATIONS

Competent institutions should work on farmers' awareness on farm hygiene because bacteria were
present only in crude milk.

We recommend the application of farm PMH to reduce the presence of microorganisms in fresh
crude milk;

In the end we recommend the application of PMH in ice cream processing factories in order to
produce satisfactory results as the case in our research.
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Abstract

Pasteurizers of tehnical aspect is heat exchangers which are widely used in milk-
processing capacities.With their help is happening proces of pasteurization in order to
prolong the shelf life of the products. In milk-processing capacities are meet plate and
tubular pasteurizers which are characterized with certain performances, but their negative
side is forming a precipitate which affect in big part in quality in product and consumption
of energy.

Key words: pasteurization, pasteurizers, plate pasteurizers, tubular pasteurizers,
sediment

1. Introduction

In our daily life we meet various food products and goods, produced by different companies
and made in various ways. All consumers prefer that food is prepared by certain standards of
quality, while nutritional values be maintained. Food is exposed on microbiological contamination
and therefore in most cases food is treated on high temperature with purpose for inhibition of
growth, development and destruction of microbial flora. Existence of microbial flora in food is
causer on process of boiling and spoilage of food. Long ago in 1862 process of pasteurization was
implemented for the first time by French chemist and chemist and biologist Louis Pasteur. Primary
goal of pasteurization is exposure of goods on high temperature, but under the point of boiling on
that product with purpose to destroy only some of existing pathogenic bacteria and
microorganisms and reduce the enzyme activity in that product. Such process is mostly present in
milk industry, because milk is biological secretion of mammary gland in mammals and It contains
more than 90 different substances necessary for normal processes in human body. In process of
pasteurization most sophisticated and modern heat interchanged devices are used, so called
pasteurization devices. Process of pasteurization is most dependent by level of resistance on heat
of certain microorganisms in food, as well as of sensibility of that same food product. In this
manner there are two kinds of pasteurization:
-pasteurization on high temperature in short time (HTST),
-pasteurization on low temperature in longer time, or treatment of extended shelf life (ESL)

Pasteurization of milk was suggested by Franz van Soxhlet in 1886, with purpose to prevent

from diseases like: tuberculosis, diphtheria, brucellosis and for destroy harmful bacteria like
Calimnnnalla T intnwia Qéawnhiilananniia atisania as A LCranlhawviahin Anli nvnnna Aathaea Thiia catantifaanlle,
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2. Plate heat exchanger

Number of companies exist on market that produce pasteurization devices with different
capacity of production, performance and price. Not always most expensive pasteurization device
is better to include in production. Pasteurization devices are heat exchangers from technical aspect,
but dependent of their construction most used are plate and tubular heat exchangers.
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Fig.1: Elements of plate heat exchanger

Plate heat exchanger contains certain number of sheets made of stainless steel joined in one
frame. In that frame only one section can go on (heating) or more sections during different levels
of processing (preheating, heating, temperature maintenance and cooling). During that exchange of
heat is done by transport of it between two media on stainless steel. This is great advantage
towards conventional heat exchangers, since the exchange of heat is done over greater surface, so
that transfer of heat is facilitated and speed of temperature exchange is increased.

Sheets are made of stainless steel because of its durability on high temperature and its
resistance of corrosion. Construction of sheets is such that allows optimally efficient heat transfer.
The sheets are fastened to the frame and touching points of wavy parts form through channels that
allows fluid movement. The distance between sheets, or size of channels is about 1,3-1,5 mm.
Placement affect in that way forming of composition of parallel channels with double sided flow
of fluids. Attention to be paid on maintaining turbulent flow of fluids, because high degree of
turbulences helps to low rates of flow and coefficient of transfer of high heat.

3. Tubular heat exchanger

The construction concept of tubular heat exchangers (Image 2) is by use of eccentrically
mounted pipes through which flows one fluid, while other fluid is in chamber around pipes with its
purpose for heating or cooling by process of transfer of heat between two fluids (Image 3).
Attention should be paid that the pipes should be made of stainless metal or different substance
characterized by high coefficient for transport of heat. Also tubular pasteurization devices can
work on principle of purification and re-heating of flowing media used for heating or
pasteurization of food product. In comparison with plate pasteurization device advantage is that
the process is done in much shorter time period because of circulation of both media which can be
in same or opposite direction.

Shall inlat } Shall outlat

Tube outlat
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115



4.Forming of sediment

During thermal processing of milk comes to degradation of proteins and their accumulation on
surfaces of pasteurization devices. According Burton (1988), occurrence of sediment and its
control contribute for increase of costs, energy, time to maintain, loss of production and quality
change of products. Sediment increase the wall thickness, and it contains materials with low
thermal conductivity of metal sheets. Further this sediment considerably reduces the rate of heat
transfer. Occurrence of sediment instantly leads towards reduction of free space between sheets
and lower flow of fluids, which results by great spent of electric energy. pH value of products have
certain role on forming sediment. But, we can conclude that by reducing of pH value
sedimentation is increasing, or that is inversely proportional.
For cleaning of pasteurization devices from this problem great investments are needed. This is
additional problem for milk processing capacities.

[ Is
AN RS LS O LN B LA LN

s {Frez it
- L&

=]
O LN

o
(=]

E4 5.5 &

&

BT

&
[ ]

pH
Fig. 4: Variation of the amount of sediment formed depending on pH-value of milk

5. Conclusion

From being mentioned above conclusion can be made that pasteurization is a necessary process
in manufacturing industry, and particular in milk industry primarily because of great benefits by its
use. As benefits we find are obtaining quality milk and quality milky — sour products without
impact of its chemical composition and characteristics, reduce of number of present
microorganisms and their fully destroy, as well as extending of shelf life of this products.
Dependent of the amount of production, exterior characteristics, amount of energy spent and
available funds for profitability, each milk manufacturing company make its own decision of what
kind of heat exchanger will implement in their producing process. Despite number of benefits that
this pasteurization devices possess yet their greater shortage is forming of sediment, that affect on
producing process, spent of electric energy, large investments for its elimination and in the end
biggest problem change of composition of food products.
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Abstract

White brined cheese is a traditional product with specific taste and quality parameters. The
examination was done during 2017 in a small farm in R. Macedonia. In this research work
the influence of three different starter cultures of three white brined cheese variants (A, B,
C) has been examined regarding the salt content dynamics. The starter culture in variant A
(SMCH - 5) contained following bacteria strains: Lb. bulgaricus, Str. thermophilus and Lb.
acidophilus. In the variant B (Choozit Feta A) the follow bacteria strains were included: Lac.
lactisssp. lactis, Lac. lactis ssp. cremoris,Str. thermophilus, Lb. bulgaricusand Lb. helveticus.
The variant C (MOTC 092 EE) was a combination of the strains: Lac. lactis ssp. lactis, Str.
thermophilus, Lb. bulgaricus, Lb. helveticusand Lb. casei. The impact of the above mentioned
three different starter cultures was determined over the salt content during the process of
ripening of the white brined cheese.

Key words: white — brined cheese, starter cultures, salt content, dynamic

Introduction

One of the most widely produced cheese types in the Mediterranean, South-east European
and Middle Eastern countries is white brined cheese (Mazahreh et al, 2009). It can be said that
cheese is a fermented food product in which lactose is converted to lactic acid by the action of
bacteria. The strains of lactic acid bacteria used to acidify milk are carefully selected and added to
milk as a starter culture.

Macedonian white cheese is a brined cheese variety with a semihard or soft texture. The
main characteristic of this cheese are high acidity, sharp and salty flavor. (Smiljani¢ et al, 2014).
It is white coloured and close textured. Generally Macedonian white brined cheese is made from
cow’s milk. A wide range of cheese varieties with different flavours can be produced from the
basic ingredients (milk, starter culture, salt and rennet). The specificity of white brined cheese is
that the ripening occurs in salt brine, usually for two months. (El Soda et al., 2003).
The concentration of salt content in white brined cheese is very important. Salt slows the
development of the special bacteria used in the cheesemaking process. Without salt these bacteria
would multiply uncontrollably and cause the cheese to spoil quickly. Salt also speeds up the
release of whey from the curd. It acts as a preservative, preventing the growth of undesirable
bacteria. This is essential for the safety of cheeses, particularly those with a longer shelf life. Salt
is important in helping the curds to mature. A lack of salt would prevent the curds from maturing,
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meaning cheese will remain in its raw state and be inedible. The average salt concentration in
white brined cheese is between 2.5-4.0%.

Material and methods

For this survey the white brined cheese was produced from pasteurized cow milk in a small local
dairy plant, in Bitola, R. Macedonia. The milk that is used for manufacturing of white cheese has
had the following chemical composition: 12.24% total solids, 3.60% fat, 3.55% protein, 0.66 %
ash, and 4.43% lactose. The pH of the milk was 6.55. The white brined cheese was manufactured
according to modified protocol for white brined cheese production (Ozcan et al. 2012). Three
different types of starter cultures were used in order to determine their influence on salt content
dynamics in the process of white brined cheese production. Three variants of white brined cheese
were produced. Each variant of cheese differ by the starter cultures that were used in production
process (Var. A - SMCH — 5, product by LB Lactis — Bulgaria, Var. B- Choozit Feta A- product by
Danisco - Denmark and Var.C MOTC 092 EE (produced by Sacco Clerici). The salt content in
cheese samples was determined by using standard method by Sabades (1996). Standard statistical
method was used for statistical presentation of the analyzed data as well as the F-test for analysis
of the variance in tested cheese variants.

Results and discussion

The salting process of white brined cheese is an important procedure in production, which affects
on dehydration and microbiological processes, the taste of the cheese, and also inhibits the growth
of pathogenic microorganisms, affects the rheological and some other properties during the
ripening. Salt diffuses from the outer surface to the interior of cheese pieces, while the water goes
in opposite direction.

In this survey the process of cheese salting was performed after the pressing procedure, the pieces
of cheese were placed in brine solution 18%, with temperature of 16-18°C and pH of 4.4-4.8 in a
period of 12-14 hours. The next day, the pieces of cheese were placed in tin cans and between each
row salt was added in order to avoid gluing. The next step was filing the tin cans with 8 % brine
solution, with temperature of 16°C and pH of 4.2 to 4.6. The salt that is used for making brine
solutions must be microbiologically tested in order to avoid cheese contamination.

The salt content regarding the examined three varieties of white brined cheese is presented in
Table 1, 2 and 3, and in Figure 1. According to the results depicted in Tables 1, 2 and 3, it can be
concluded that salt content in the white brined cheese (var. A, var. B and var. C) at the first day of
production was the following: 2 % (var. A); 2,10% (var. B) u 2,14% (var. C). During the ripening
period in all three variants was noticed continuous increase of salt content.

Variant A, at the 10" day had 2.24%, on the 30" day — 2.54%, while after 2 months the salt
content was 2.84%. Variant B, after 10 days had 2.46%, after 30 days — 2.68%, while at the 60™
day- 2.90%. The variant C, on the 10" day- 2.48%, on the 30" day -2.70%, while after 60 days -
2.92%.

The presented data are in correlation with the conclusions of Ruzi¢ Musli¢ et al. (2011), who have
determined variation of the content of salt from 1.77% up to 5.20% in Sjenichko cheese.
According to Tratnik (1998), active acidity of the curd and the chemical composition, have
significant impact on the level of absorption of salt in cheese. In fatty cheese, fat globules block
the capillary structure of the curd, making it harder for the salt to penetrate in the cheese, and those
cheese have lower amount of salt.
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Table 1 Salt content, Variant A Table 2 Salt content, Variant B

Variant A (SMCH - 5) Variant B (Choozit Feta A)
Day | 1day | 10day | 30 day | 60 day Day | 1day | 10day | 30day | 60 day
X 2 2,24 2,54 2,84 % 2,10 2,46 2,68 2,90

Min | 1,80 2,10 2,40 2,70 Min 1,90 2,30 2,50 2,80

Max | 2,20 2,50 2,70 3

Max | 2,30 2,60 2,80 3,00

Sd | 0,158 | 0,167 [ 0,114 0,114
Cv | 7906 | 7,470 | 4,489 | 4,015

Sd | 0,187 | 0,152 | 0,130 0,100

Cv | 8909 | 6,165 [ 4,865 3,448

Table 3 Salt content, Variant C

Variant C (MOTC 092 EE)
Day | 1day | 10day | 30day | 60 day
X 2,14 2,48 2,70 2,92
Min 1,11 1,78 1,99 2,28
Max | 1,31 2,04 2,14 2,49
Sd | 0,114 0,084 0,100 0,130
Cv | 5328 3,374 3,704 4,465

Our results compared with the examinations made by Mateva (2012) have shown higher values of

salt content in cheese. In its analysis, the average concentration of salt content was 3,75%, with
extremes of 3.05% to 4.01%.
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Figure 1: Salt content dynamics in white brined cheese

Popovi¢, Vranje§ et al. (2011) had similar results in their study regarding the salt content in
Sjenichko cheese. They have determined that the average of salt content was 2,8% (minimum
2,5% and maximum 3.1% of salt content) which appears as similar to the results presented in this
paper. According to Anifantakis (1996), the average value for salt content in feta cheese was
2.94%, which is quite similar with the results presented in this survey.

A lower value for salt cheese concentration is determined by Dozet and Macéej (2006) for
Zlatarsko cheese - 2,60%. The salt content is important for normal dynamics of white brined
cheese ripening process. Also, ithas an inhibitory effect on the starter culture activity.
Nonstarter microorganisms can survive higher salt concentration and make significant
influence of the ripening process and the formation of white brined cheese sensory characteristics.
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The salt concentration of three variants white brined cheese made in this survey is below 3% and it
is important for the sale of the products, because nowadays more attention is given to the
nutritional and health element. According to numerous polls, more acceptable cheeses for our
regions are those with less salt concertation, especially by the younger population.

Table 4. Analysis of variance for the salt content in white brined cheese

Source Sum of Degree of Variance F-
of squares freedom value
variation (SQ) (DF)
Total 0,178 14
Between
aroups 0,018 2 0,009 »1.80
In 0,160 12 0,005
groups

ns- not statistically significant; * significance level p<0.05;** significance level p<0.01
Fo.05=3.74 3a p<0,05; F.0:=6.51 3a p<0,01

With the use of Fisher’s-test statistically significant differences among the tested varieties were not
determined, so it can be concluded that the starter cultures do not affect the salt content in white
brined cheese. (Table 4).

Conclusion

According to the presented data it can be concluded that starter cultures do not have impact on the
salt content dynamics in the process of white brined cheese production. The three variants of
cheese had the following value for salt content: Variant A-2,84%, Variant B-2.90% and Variant C-
2.92%, after 60 days of ripening period.
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Abstract

Goat breeding is considered an attractive investment by poor farmers in many develop-
ing countries. Goat breeding has many advantages, goats are capable of adapting to various
agro-climate, and they are very sociable and independent animals. This paper covers world’s
goat population size, and state’s goat population size from 2010 till 2015. This research pa-
per is based on analysis of relevant data from Official Statistics of the Republic of Macedonia
and FAOQO. The world’s goat population was approximately 875, 5 million, but according to
the latest statistical data in 2015, in the Republic of Macedonia, the goat population was
88.064, which is about 27% more than 2012. Production and marketing products from goat
milk have a great significance in intensive goat breeding in the Republic Macedonia.

Keywords: goat breeding, goat milk, population, production.

Introduction

Goat breeding is considered an attractive investment by poor farmers in many developing
countries. The goat is a multi-purpose animal producing milk, meat, and wool. Goats are capable
of adapting to various agro-climate. They can be raised in plains, hilly tracts, and sandy zones and
at high altitudes. They are more tolerant to hot climate than other farm animals. Goats suffer from
fewer conditions/diseases than other large animals. Goats are very sociable and independent ani-
mals. The country’s long tradition of goat breeding was discontinued in 1947 (by a law prohibiting
goat breeding), when about 500 000 goats were slaughtered. However, a few goats continued to
be bred in very remote rural areas. (Official Gazette No. 38) Goat breeding in Macedonia was re-
established in 1989 by the Law on Breeding Goats. (Official Gazette No. 21) These actions have
a major part affecting the goat sector overall.

Material and methods

Description of the study area

The study was conducted in the Republic of Macedonia which is a landlocked country that
lies between latitudes 40°and 43°N, and mostly between longitudes 20° and 23° E.

Source of data

Information of the size of goat population was obtained from Official Statistics of R. Mace-
donia, annual report series, and reports from FAO. The paper covers world’s goat population size,
compared to state’s goat population, from 2010 till 2015. The annual reports covered goat popu-
lation in all regions of the country. The collected data were statistically processed and presented
in tables and graphics. Relevant literature was also reviewed to provide theoretical background.
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Results and discussion

The world’s goat population was approximately 715 million in 2000, with over 60 percent
of that found in Asia and more than 95 percent in developing countries. India has the largest goat
population at 123 million, which represents slightly more than 17 percent of the world’s popu-
lation. Thus, while the number of sheep in the world has remained almost unvaried at around
one billion in the last 30 years, the global goat population doubled from 464 million in 1980 to
924 million in 2011. Combined sheep and goat population is just over 2 billion. (FAO, 2014)
The world’s goat population was approximately 875, 5 million, with more than 200 recognized
breeds of goats throughout the world, which 63% is for milk production, 27% meat production
and about 5% for wool. Asia has the largest goat population at 539 million, Africa has 276 mil-
lion, Australia and New Zeeland with 4.5 million, Europa 17 million. (FAO, 2011)
There are about 200 recognized breeds of goats throughout the world. A major part of goat breeds
in the Republic of Macedonia are: Balkan goat along with her Saanen or Alpine crossbreeds, and
few well-organized farms has Alpine as the main breed. Current goat population has the following
production features: live-weight 30-40 kg, milk production 90-110 liters (for seven months lacta-
tion) and wool production 0.5 kg. (Agency for Food and Veterinary)

Tab 1. Number of goat breeds in the period of 2010/2011

No. Breed Head In%
L. The domestic Balkan goat | 38.378 48%
2. Other 21.772 27,4%
3. Alpine crossbreeds 6.330 7,9%
4. Saanen 6.256 7,,8%
3. Alpine 4.193 5,5%
6. Saanen crossbreeds 2.735 3,4%
Total 79.664

The milk production from the home population of goat is about 150 — 250 liters (Kozarovski,
1999), while the production of milk from the goat Alpine depends from the country. Different
research shows that highest milk yield is about 2.215 liters per lactation, in the USA. (Popovski
etal. 2012)

Tab.2 Total number of goats in the period from 2010 till 2015 (Statistical Annual Report
of the Republic of Macedonia)

122

Year Total number of goats Milk (1)
2010 75.709 15.074
2011 72.778 15.565
2012 63.585 14.848
2013 75.028 14.395
2014 81.348 13.587
2015 88.064 15.568
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Fig. 1 Goat population statistics from 2010 till 2015

In 2012, in Republic of Macedonia goat population was approximately 63.585, which is
about 11% less than 2011. (Statistical Annual Report of the Republic of Macedonia, 2012) There
are 1800 farms that are breeding goats. (Pacinovski et al. 2012) In 2013, in Republic of Macedonia
goat population was about 75.028, which is about 17% more than 2012 and 8% less than 2014.
(Statistical Annual Report of the Republic of Macedonia) The information recorded in 2015, in
Republic of Macedonia goat population was 88.064, which is about 8% more than 2014, and about
27% more than 2012. In conclusion, the goat production in Republic of Macedonia is character-
ized by spontaneous and continuous development.
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Fig. 2 Milk production statistics from 2010 till 2015
In 2010 milk production equaled 15,074 liters, which in 2011 increased to 15,565 liters of
milk. In 2012 the production of milk decreases (by 4.6% compared to 2011) to 14,848 due to the
decrease in the number of goats. The biggest drop was recorded in 2014, when milk production
equaled 13,587 liters. An increase of 14.6% in 2015 was registered in the production of goat’s
milk.

Conclusion

1. The capacity for goat breeding in Macedonia is far greater than the current number. There
are ideal conditions in the Republic of Macedonia for developing goat breeding, indicated by a
large number of pastures, especially low and high forests.

2. The domain of agriculture and goat production needs to be supported by the government:
organization of land surfaces and improvement of soil fertility, protecting the soil from contamina-
tion, support for training the producers and research in goat breeding, development programs for
goat production, and subsidies for production.

3. Thereis a need to determine suitable production system using different goat breeds suited
to the different environments which produce carcasses that cater to the needs of domestic and ex-
port markets. I.e. improve progeny by crossbreeding.

4. A diverse range of goat products should be produced and their markets should be sup-
ported. Farmers should be educated about hygiene, animal health, and breeding strategies. The
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access to new markets for goat dairy products as a dietary and organic food is a very important
aspect for reactivating goat production and the processing of goat products in Macedonia.

5. Goats give more production per unit of investment. Their milk is considered better for
human nutrition than other species of livestock. Goats can provide income from wool, meat, and
milk and are relatively cheap to maintain.
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Abstract

The production of yogurt products has an important role in the dairy industry of
Vietnam. In this article various Vietnamese yogurt samples were studied by using Bulgarian
standard methods. Yogurt samples were produced from four different companies in
Vietnam, which include Vinamilk without sugar (sample 1), Vinamilk with sugar (sample 2),
Vinamilk probi with sugar (sample 3), BaVi with sugar (sample 4), TH true milk with sugar
(sample 5), Dutch Lady with sugar (sample 6). Microbiological, physicochemical and
organoleptic characteristics of these samples have been determined. From the obtained
results, it was found that the Vietnamese yogurt products with Lactobacillus bulgaricus and
Streptococcus thermophilus cultures have lower titratable acidity, low number of
Lactobacillus bulgaricus, viscous consistency, mild yogurt flavor and aroma in comparison
with traditional Bulgarian yogurt. Studying the possibilities for enhancing the biological
properties of Vietnamese yogurt is appropriate.
Keywords: Yogurt, Vietnam

1. BeBenenne

MiteqyHOKHCENHUTEe MPOAYKTH C€a CPel MAacoBO KOHCYMHPAHHTE MIICYHH IPOIYKTH.
M3BecTeH € IMPOK CIIEKTHP OT MIICYHOKHCEIH IPOLYKTH KOHTO C€ IpeajaraT B pasHOOOpasHH
KOHCHCTEHIMH (IUTBTEH KOArylyM, TEYHH), ChAbPXKAHHE Ha Ma3HHHM (IBIHOMACIICHH, C HHUCKO
ChAbp)KaHWE Ha Ma3HHMHA, 00e3MacleHH) M BKYCOBE M apoMmard (HaTypajHH, IOJCIaeHH,
mwionosu) (Tamime and Robinson, 2007).

Coumanmuctudecka pemyoOnuka BuerHam e cTpaHa ¢ jgo0Ope pa3BuUTa XpaHUTETHA
MPOMHMIIIIEHOCT. BaxkHO MsCTO B Ta3u obyiacT 3aeMa rpepadoTKaTa Ha MIISIKO B MJIEYHH TIPO/TYKTH.
OcHOBeH 511 B MIleKoIpepaboTBaTeHaTa NpoMHIIIEHOCT 3aeMa kpaseto misiko (Khoi and Dung,
2014), cneaBano ot oBue, K03e M OMBOJICKO. [Ipon3BOACTBOTO Ha MJIEYHOKHCENH MPOAYKTH BBB
Buernam 3aema TpeTo MACTO CieA ITPOM3BOACTBOTO HA CYXO MISIKO W ITHTEHHO MIISIKO
(Euromonitor international, 2016).

MieqHOKHCENUTE TPOAYKTH TIPOM3BEICHH BBB BHeTHaM ce XapaKkTepu3upar CbC
crieu(UYHE OPTAHOJCNTHYHH XapaKTePUCTHKH — CHagbK BKYC, HEIUIbTHA W BHCKO3HA
KOHCHCTCHIIHS.

buonornyHuTe M 3IpaBOCIOBHH Ka4ecTBa HA BHETHAMCKHTE MIICYHOKHCETH MPOTYKTH
BCE Ollle HE ca JOCTaThYHO HM3CIEIBAHHU. 3a OCHIIECTBABAHE HA ()EPMEHTALIOHHHUS IIPOLEC Ce
U3I0NI3BAT CTATePHU KyNTYpH, OMOJOTMYHATa XapaKTEPHCTHKAa Ha KOMTO He € choOpaseHa ¢

125



NOTpeOHOCTUTE 3a WBJIHONCHHO H3IOJ3BaHE HA MIIEYHOKHCEIHNTE TPOMYKTH KAaTO XPaHU C
onpeneneHy (yHKIIMOHAIHYU CBOMCTBA.

HeobxoanmocTTa OT M3CienBaHKs 110 TO3M MPOOJIEM MPOBOKHpA HAy4HHs HHTEpeC 3a
U3CJIEABaHE AHAIMTHYHO Ha KauyeCTBEHHMTE I0KA3aTeNM Ha BUJIOBE MIICYHOKHCENH HPOAYKTH
NpOU3BEAEHN BbB BHeTHaM M ThpCeHe HAa BH3MOXKHOCTH 3a IIOBHILABAaHE Ha OWOJIOTMYHATA UM
CTOMHOCT U 3/{paBOCJIOBHU CBONCTBA.

llenta Ha HacTosIaTa M3CienOBaTelicka paboTa € MOBHIIABaHE Ha OWOJOTMYHHTE
CBOMCTBa Ha MIJICYHOKHCEINTE NMPOAYKTH HA BuerHam upe3 wmsnonsBane onurta Ha bbarapus 3a
MPOM3BOJICTBO Ha TPAHANIMOHHO KHCEIO MIISIKO.

2. MaTepuanu u MeToau 3a padoTa
2.1. Mamepuanu

IIpobure ca mpousBemaeHH OT BHETHAMCKH ¢upmu: Vinamilk 0e3 3axap (mpoba 1),
Vinamilk c¢sc 3axap (mpoda 2), Vinamilk probi ¢sc 3axap (mpoba 3), BaVi cbc 3axap (mpobda 4),
TH true milk cwc 3axap (mpo6a 5), Dutch Lady cbe 3axap (mpo6a 6). Te ca goctaBenu ot BuetHam
B KOHTEIHEp MpHU XJIaJUITHO ChbXpaHEeHue Mpu Temiepatypa 5-6 °C.
2.2. Memoou
2.2.1. DU3HUKOXUMUYHHA METOIH

Turpyemara KHCETMHHOCT € ompefeneHa upe3 Metox Ha TropHep ceriacHo BJIC 1111-
80.

AKTHBHA KHCEITMHHOCT — pH € ompeseneHa MOTCHIIMOMETPIYHO ¢ TOMOINTa Ha pH-MeTsp
PHT 004TA.

Macnenoctra e omnpezeneHa ceriaacHo ISO 2446.

Cyx0TO0 BemecTBo Ha mpobure e onpeneneno ceraacao bJIC 1109-89.
2.2.2. MUKpOOHOIOTUYHN METOTU

Unentuduipade u u30posiBAHE HA XapaKTEPHUTE MHUKPOOPraHM3MH B arapoBH
xpanutennu cpenu: ceraacuo bJIC ISO 7889/IDF 117.

HW3cnenBane Ha akTUBHOCT Ha MuKpoduiopa ce u3BbpiiBa cbriacio bJIC 10945-91
2.2.3. Opra”onenTuyHa OlleHKa

OpranoneTnyHa olleHKa ce u3BbpuiBa chriaacHo bJIC 15612-83 mo ciegHute OCHOBHU
IOKa3aTeJM: BKyC, MUPHC, apoMaT, KOHCHCTEHLHS, CHHEPE3NC ¥ BHHIIEH BHJ] HA IPOIYKTA.

3. PesyaraTu u 00chbxKIaHe
3.1. Quzukoxumuunu nokazamenu Ha nPodume

PesynraTuTe OTHOCHO U3CJIEABAHUTE POOU 1O TIOKA3aTENUTE THUTPyeMa KHCEIMHHOCT
(°T), axtuBHa kucenunHocT (pH), cpappxkanue Ha cyxu BemectBa (%) u MacieHocT (%) ca
Ipe/CcTaBeH! Ha Tabmuma 1.

Taoauna 1.
DU3NKOXUMHYHM NMOKA3aTe/H HA U3CIeIBAHU BHETHAMCKHM MJIEYHOKHCETH MPOIYKTH
[Tpo6a Ne 1 2 3 4 5 6
Tutpyema kucenusocr, °T 88 90 93 116 82 110
pH 5,10 5,05 5,01 4,49 5,16 4,51
Cyxo BeriecTBo, % 12,65 23,43 22,95 23,56 23,28 22,87
Macnenoct, % 3 3 3 3,2 3,2 3,3

OT monmyveHHWTE pe3yiTaTH CE BIXKIA, 4Ye TUTPyeMaTa KUCCIMHHOCT C€ JIBIKH B
nmuanazona oT 82°T mo 116°T. Te3n CTOMHOCTH HA KUCETMHHOCTTA Ca MO-HUCKU B CpaBHEHHE C
Ta3w Ha OBITapCKOTO KHUceNo MISKO. CpaBHHTEITHO Hal-HHCKaTa CTOMHOCT € OTYeTeHa IIpU
mpoxykta TH true milk cbc 3axap (mpoba 5), mo-Bucoku crorHOocTH (Ham 110°T) ca Ha
npoxykrute oT BaVi (mpo6a 4) u Dutch Lady (mipo6a 6).

OT monmy4yeHHWTe AaHHM 3a CYXOTO BEHICCTBO Ha MPOAYKTa € BHIHO, Ye Tpodata Oe3
nobaBka Ha 3axap mMa 12,65% cyxo BemmectBo (poba 1); a cyxoTo BemecTBo Ha mpodu 2, 3, 4, 5,
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6 e B rpanumure ot 22,87% nmo 23,56%. Te mMar MOBHIIEHO CyXO BELIECTBO B pPE3ylNTaT Ha
nobaBka Ha 3axap cpeano 10,57%.

MacneHocTTa Ha MJIEYHOKHCENH MPOAYKTH € B Tpanuire or 3 a0 3,3%, a akTHBHA
kucenuuHocT pH ot 5,10 1o 4,49. HabnromaBa ce n3BecTHA pas3iivKa B aKTHBHATA KHCEIMHHOCT Ha
npoOuTe ChabpKamm 3axap. TeHICHIMATA € IMOHIKABAHE HA AKTUBHATA KUCEIMHHOCT MpPHU
poOUTE C MOBHUIIEHO ChIBPXKAHUE HA 3aXap, KOETO MO3BOJISBA J]a IperojaramMe, ye pa3BUTHETO
Ha MHUKpo(IIopaTa € pasjinyHo.

3.2. Mukpoobuonozuunu nokazamenu
BumoBusT cheTaB MEKpOQIIOpaTa Ha MIICYHOKUCEIHTE MPOJAYKTH € TPEICTaBeH B TadIHIa 2.

Taoanua 2.
Muxpoduiopa Ha BHETHAMCKH MJI€YHOKHCEIH MPOAYKTH

Ne ITponyxT MuKpoopranu3Mu

1 Vinamilk (6e3 3axap) Lactobacillus  delbrueckii  subsp.  bulgaricus,
Streptococcus thermophilus

2 Vinamilk (cwe 3axap) Lactobacillus  delbrueckii  subsp.  bulgaricus,
Streptococcus thermophilus

3 Vinamilk probi (cbe 3axap) Lactobacillus  delbrueckii  subsp.  bulgaricus,
Streptococcus thermophilus, Lactobacillus casei

4 BaVi (cbe 3axap) Lactobacillus  delbrueckii  subsp.  bulgaricus,

Streptococcus  thermophilus,  Bifidobacterium
species, Lactobacillus acidophilus.

5 TH true milk (cbe 3axap) Lactobacillus  delbrueckii  subsp.  bulgaricus,
Streptococcus thermophilus
6 Dutch Lady (cbc 3axap) Streptococcus thermophilus, Lactobacillus

acidophilus, Bifidobacterium lactis

Ot MukpoOuomornyHo w3ciensaHe Ha mpoda Vinamilk (6e3 3axap) B MRS u MI17
XPaHUTENHA CPENH ce oTuuTar chotBeTHO: 1,8.10% Cfu/em?® Lb.bulgaricus u 2,3.10'" Cfu/cm?
Str.thermophilus.
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@ur. 1. MUKpPOCKOINICKA KAPTHHA HA NPO0U MJIEYHOKHUCEIN NPOAYKTH OT BueTnam: npoba 1
u3.

OT MHKPOCKOIICKATE KapTHHU C€ BIDKIA, Y€ B M3CIEIBaHUTE MpoOM mnpeobiiamaBar
JIAKTOKOKUTE TOJA (opMa Ha MOHOKOKHM, IHMIUIOKOKA W CTPENTOKOKH. I300paskeHHeTo Ha
MHKPOOPTaHW3MUTE HA BCHUYKH MTPOOH ca aHAJOTHYHHU Ha nipodu 1 u 3.

3.3. Akmuenocm na mukpognopama na usciedganume npoou

3a akTUBHOCT Ha MuKpoduopara Osxa TectBaHd mpodbu 1 u 2 (pupma Vinamilk),
CBOTBETHO 0€3 3axap W CbC 3axap. Kwucenute mieka ca MOIydeHH OT PEKYITHBHpAaHA 3aKBacka OT
mpoba 1 u 2. UscnenBan e QepMeHTAIMOHHMS TPOIEC IO MOKA3aTeNIn: BpeMe 3a Koarylalws,
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aKTHBHA KHCENMHHOCT W THTPyeMa KHCENMHHOCT CJie[] Koarylanus IpH TeMIlepaTypa 3a
HakBacBaHe 43°C (Tabauua 3) u BpeMe Ha cbxpaneHue 21 auu npu temmneparypa 4-6 °C (purypa 2).

Taodauua 3.
Bpewme 3a koarysanusi, AKTHBHA KHCEJIMHHOCT M THTPYeMa KHCeJIMHHOCT CJ1el KOaryJanus
Iloxaszarenu Bpewmero 3a koarynamus | AKTHBHa Turpyema
kucenHoct pH KHCEJINHOCT,

°T
PexynTtuBupana 3akBacka | 4 yaca 5,56 52
ot mpoba Ne |
PexynTtuBupana 3akBacka | 4 yaca 5,60 50
ot mpoba Ne 2

AKTHBHA KHceJMHHOCT pH Turpyema kuceannsoct °T

54 100

\ ¢ amm
NI . ==
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N\,

- . o 80
49 7
48 75 /z
4.7 70
Jlen 1 Hen 7 Jlen 14 Jlen 21 Jen 1 Jlen 7 Jen 14 Jen 21
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@ur. 2. AKTHBHA KUCEIMHHOCT U TUTPyeMa KUCEINHHOCT 110 BpeMe Ha ChXpaHeHue Ha 21 qHu

Ot ¢urypa 2 ce ycTaHOBSBa W3BECTHAa pa3liMKa B JUHAMHKaTa Ha CTOMHOCTUTE Ha
aKTHBHATA KHCEIMHHOCT: B Ipoba 1 ¢ peKyITHBHpaHa 3aKBaca, TS ce MOHMWKaBa oT 5,34 1o 4,96, a
B npoba 2 cbe 3axap - ot 5,27 no 4,93. Paznukara B CTOHHOCTUTE Ha THTpyeMaTa KUCEIMHHOCT €
CPaBHHTENHO IO-He3HauuTenHa: mpoda 1 or 78°T mo 96°T; a mpoba 2: 75°T mo 97°T.
CpaBHHUTEITHO 1TO-9yBCTBUTEIHO MTOBUIIABAHE HA KUCEIMHHOCTTA Ha MPOOUTE NP ChbXpPAHEHHE Cce
JBIDKU Ha YCTAHOBEHO pa3inyue B MUKpodiiopara, chIbpiKalia ce B MpPOIyKTa.

3.4. Opzanonemuuen ananus Ha npodoume

[Tomy4yennTe pe3ynTaTH OTHOCHO OPTaHOJENTHYHHTE MOKAa3aTeNnd Ha MIICYHOKHCEIHTE
MPOAYKTH TI0Ka3axa, 4€ OpraHoJeNTHKaTa Ha MIIEYHOKHCENHWTE IPOAYKTH OT BuerHam ce
pazinuaBa OCHUIECTBEHO OT Ta3W Ha OBJIrapCKOTO KHCENO MIISIKO MO MOKa3aTenuTe: BKYC, apoMar
U KOHCUCTCHI .

BkychT M apoMaThT Ha HATypaJHHTE MIICUHOKHUCENM IPOAYKTH Ha BuertHam e
cIIabOKKCEN C YUCT U YMEPEHO M3pa3eH MJIEUHOKKCceN apoMaT. KoHcucTeHIusATa e HeloCTaThuHo
IUIbTHA, BHCKO3HA INPU MEXaHWYHO Bb3JeHCTBHE. MIIEUHOKHCENHTE NMPOLYKTH ChC 3aXap M
¢GpykTOBH J100aBKM HMaT MOAYEPTaHO CJIaJAbK BKYyC M apomaT Ha J00aBKa, BHCKO3HA
KOHCHCTEHIIHS.

4. N3Boan

1. BueTHaMCKHTE MJICYHOKHCENH NPOAYKTH, NMPOM3BENCHHM C Kyntypu Lactobacillus
bulgaricus u Streptococcus thermophilus, ce pa3mm4aBaT CHIIECTBEHO 10 KaUECTBCHHU TOKA3aTeIN
OT TPaHIMOHHOTO OBJITAPCKO KUCEIO MIISKO.
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1.1. BHONOTMYHOTO CHOBPKAHHE HA MIIEYHOKHCETHWTE MPONYKTH Ha BuetHam ce
XapaKTepu3Mpa ¢ HUCKO Chabpkanue Ha Lactobacillus bulgaricus v HeTHn4HA MOPQOIIOTHSL.

1.2. Mneunokucenara (epMeHTALMs NP BUETHAMCKUTE MIICYHOKUCENHU TPOIYKTH CE
XapaKTepU3Mpa ¢ Mo-HUCKa aKTHBHOCT OT Ta3H Ha TPAHIMIIMOHHOTO OBJIrapcKO KHCEIO0 MIISIKO.

1.3. OpranojenTukara Ha BUETHAMCKUTE MJIEYHOKHCENH TIPOIYKTH CE XapaKTepu3upa c
BUCKO3HAa KOHCHCTEHIIHS, yMEPEHO N3Pa3eHH MIICYEH BKYC U apoMar.

1.4. B mpomeca Ha cbxpaHeHMe Ipu Temmeparypa 3-4°C  KHCENMHHOCTTAa Ha
BHETHAMCKHUTE MJICYHOKHCENN NPOAYKTH HE CE ITOBHUIIABA.

2. TwpceHeto Ha BB3MOXKHOCTH 3a TMOBHIIABAHE OWOJOIMYHHUTE CBOMCTBa Ha
BHETHAMCKHUTE MJICYHOKHCENHN NPOAYKTH € [eJIeCho0pasHo.
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Abstract

Heliciculture, commonly known as snail farming is an activity that has developed in Western
Europe and the United States in the last few decades. This paper presents the technology of
Helix aspersa maxima snail production in one private farm in Pelagonia region, Republic of
Macedonia. The system of the production chain consider the following stages: indoor
breeding, outdoor fattening and packaging. The period of the whole production process is
from May to October, wherein the average weight of the adult fresh snail is approximately
20-23 g, respectively. The aim of this study was to put an accent on the production
technology of snails reared in ecological conditions in our country, the yield and the quality
of this product targeted for the European market.

Key words: snails, Helix aspersa maxima, rearing technology, Pelagonia region

1. Introduction

Since past times people considered the snail as a quality food. The snails are consumed and
appreciated for their high nutritious value, the high percent of proteins including almost all of the
amino acids, iron and other minerals, low content of lipids and cholesterol. All in all it can have a
great positive effect on the wellbeing.

In the present times, in most of the western European countries the snail meat and the caviar from
snail eggs are considered as a special delicacy. The use of the snail meat in the human diet is
drastically lower compared to other kinds of meat. One of the reasons for this is the limited supply
of this product in commercial use, as well as the promotion of the snail food as a luxury high
priced food. In the last couple of decades the breeding of the snails evolved in order to satisfy the
need for diverse and new food on one side and the true economical value on the other side. The
global pollution and the destruction of the natural eco-systems is one more reason for breeding
snails on farms. Essential to achieving high quality snail meat is great care and a lot of hard labor,
as is securing the adequate conditions and the modern stated criteria for breeding on well based
holdings or farms.
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2. Snail farming technology

The environment in which the snail farms are going to be build should secure the best possible
conditions for the breeding of snails that include factors like suitable temperature, air currents,
annual atmospheric sediment (rain) and the creating of dew, physics and chemical structure of the
land and the accessibility to water for irrigation.

The adjustable land should cover: adequative texture (mixed or loosed soil) with pH value of 5, 8-
7, 5, the presence of limestone 1, 5% - 2, 0 %, without planted trees (or big spaces between
regularly planted trees), source of water for irrigation and as maximal sun exposure. The adverse
properties include: too much muddy or too much sandy soil, highly acid soil, presence of trees
(especially irregularly planted) and uneven terrain.

The holding or farm is a well build and fenced space which includes all the necessary conditions
for the undisturbed breeding of the snails. The fences represent one of the core elements for the
proper production in the open-air farms. The fences are the key to success, they should stop the
snail migration, to protect the snails itself from predators and to divide the snails in to the different
stages of development (from offspring to matured snails ready for fattening).

Imagel. Snail farm with alongside feeders

The fencing of the space should be done with appropriate plastic net (buried in the ground for
about 30 cm, to stop the predators from entering) with height at least 60-70 cm, galvanized metal
sheets with 0.3-0.4 mm width and concreate or wooden pillars. The inner space should be divided
into lanes with spaces between the lanes of 50-100 cm, and planted with low grass. This spaces are
essential for the uninterrupted movement of the farmers and making the feeding and harvest much
casier. The lanes are planted with vegetation: spinach, Swiss chard, sunflowers, English grass and
are equipped with an irrigation system (artificial rain).

The feeders (feeding boards) are being stationed in the lanes (wooden plates with average size
dimensions 50x50 centimeters placed under certain angle ) and are used to spread the food as well
as a protection from the sun, excess of water (muddy soil) and other pests and predators. Snails
crawl and stick to the bottom side of the feeders but when the optimal conditions are met (in the
mornings when there is dew or at sunset when the water sprinkles are on) they migrate to the top
of the feeding boards.

Our farm ( LLC Chashitovski ) is located in ecological environment in the village of Kukurechani
close to the town of Bitola, R.Macedonia, and is consisted of 3 open-air holdings (farms) with the
total area of 15 000m2, reproductive center, 3 chambers with the necessary conditions for the
maintenance of the finished product, and other helpful objects for production of the food for the
snails and the storage for other equipment.
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The snails we breed in the farm are coming from our own reproductive center. The most resistant
and the fully formed mother snails are selected very carefully. The mother snails are placed in
appropriately equipped room with good thermal isolation and heating system (heating equipment
and air conditioners), irrigation system, particular water dispersion system composed of: water
pump, hose pipes from the source and sprinklers, as well good artificial lightening (neon lamps).
The entire equipment is essential to provide optimal conditions, namely: a constant temperature of
18-20 degrees Celsius, air humidity of 80%, well illuminated room (18 hours daylight and 6 hours
nightlight).

The mother snails are placed in housings-wooden boxes in which they are preparing during 21
days for laying.

During this period they are additionally feed up every day with a special mixture of crushed
cereals, sunflower, vitamins and minerals. At this juncture/period occurs the snails’ reproduction.
Snails are hermaphrodites (possess both male and female reproductive organs), but to get to
fertilization is necessary pairing two individuals.

Following the 21 days in the boxes, the fertilized snails are placed in plastic boxes with soil
(moist, porous, loose) in which the snails will lay their eggs.

The process of laying eggs lasts 3-4 days, and in this period each mother snail lays about 80-100
eggs, buried in the ground of about 5 cm. When the egg-laying is done, the plastic boxes are
removed from the wooden boxes. The eggs are manually extracted from the soil with a spoon in
other plastic boxes perforated on the top side. The boxes with eggs are placed in a room for
incubation (with the same optimal conditions) on wooden shelves and they are left to mature for 2-
3 weeks in order to hatch small snails. These small snails are ready for settlement in the farms.

2.1.The raising of the snails Helix Aspersa Maxima on our farm is carried out in the
following manner:

On the already constructed farm with all its elements, creating one sustainable eco-system, till the
end of March the process of planting the necessary vegetation starts - chard which is planted on
the corners of each lane and cabbage which is planted in the middle of each lane.In the begging of
April in the already grown vegetation within the lanes, small snails — offspring (20-25 days) are
populated in the lanes.

Image 2. Habitation of small snails

Their development lasts till October. In this period the snails feast on the planted vegetation and
additional nourishment — special mix from grinded grains mostly corn, sunflower, soy, concentrate
with vitamins, potassium carbonate which are necessary for the good development of the snails
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body as well as forming a strong and quality shell. This food supplement in the form of powder is
being poured daily on the feeding boards in the lanes. Also the required quantity of water is being
secured through the systems of irrigation (sprinkles). The process of the growth of the snails is
being carefully monitored, active measures are being taken to suppress all the pests and the sick
and dead snails are being removed. On the end of October the snails are being gathered manually
in suitable fishnet bags that can hold 5kg. During the gathering a classification is being made. First
class (snails from 25-35 grams with good calcified helicoid shell), second class (same meat quality
but the shell is not calcified around the opening of the shell ).

After the conducted inspection, the bags with the snails are being put into special dryers which are
open and perforated from the bottom side in order to drain the excess water and remove the
excrement as well as all the others debris (leaves, grass, stones etc.) as well as their ventilation.

Image 3. Shelves - dryers perforated on the underside; bag (5 kg)
in a plastic crate; snail’s membrane in the aperture

During this procedure the so called “starving” of the snails is being performed. In this faze during
a reduced impute of nutritious ingredients the snails are being put into hibernation. They dehydrate
and create solid membrane from mucus — a kind of operculum on the shaft of the shell. All the
vital functions are reduced to a minimum (puls -2 beats per hour, reduced respiration, and the
securing of energy is being performed through the reserves that are stored in the liver).

The bags are being carefully turned over in the next few days. When this procedure is done the
and the snails are stored in specials chambers which provide adequate temperature and ventilation
(they are equipped with fans, air conditioners) and are ready for selling on the market.

Reference
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Abstract

Fermented sausages are the result of biochemical, microbiological, physical and sensorial
changes occurring in a meat mixture during ripening. These products are attractive to
consumers because they offer a wide variety of color, flavors and textures. This study was
conducted to determine some sensory characteristics (appearance, color, odor, aroma, flavor
and texture) of four different samples of Macedonian fermented sausages made in an
industrial way of production, where different meat category, spices were used and two of the
products are produced with starter culture and the other with Glucono delta-lactone (GDL).
As seen from the results, all samples show similar average values (3.90; 3.70; 3.92; 4.05) that
point to high quality of the fermented sausages based on consumers’ expectations of taste.
There was a significant difference (p<0,05) between products produced with starter culture
and Glucono delta-lactone on the texture, color and odor.

Key words: fermented sausages, sensory analysis, starter cultures, Glucono delta-lactone

Introduction

Most of the meat products produced today is based on traditional practices (Ahmad S. and Amer
B., 2013). The process of fermentation was carried out throughout centuries without any scientific
information regarding the nature of the processes involved in the fermentation of meat products
(V.P. Singh et al., 2012).

Sausages are produced from a meat batter composed of lean and fat meat, and other ingredients
(curing agents etc.), stuffed in natural or synthetic casings, and, then subjected to a ripening
process under controlled temperature and relative humidity (Coloretti et al., 2014). In addition to
meat, many other ingredients can be added to the batter, including spices (black and red peppers,
fennel, nutmeg, cumin, etc.), curing agents (nitrate and nitrite), sodium chloride, sugars (to favor
lactic fermentation) and starter cultures (lactic acid bacteria, micrococci, staphylococci and fungi)
(Toldra, 2006).

For manufacturing of fermented sausages usually are required starter cultures such as Lactic Acid
Bacteria (LAB) strains, for example Lactobacillus pentosus, L. casei, L. curvelius, L. planterium,
Pediococcus acidilactici and P. pentosaceus. Starter culture reduces pH and lowers the water
activity which protects the product from pathogenic microorganisms. Fermented sausages
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produced with starter culture are more tender (soft) than non fermented sausages due to activity of
certain enzymes produced by the starter culture (V.P. Singh et al., 2012). Starter cultures improve
product’s taste, aroma, flavor and color. They play important role on proteolysis which affects the
consistency of the product by the degradation of myofibrillar structure and on its taste through the
accumulation of small peptides and free amino acids (Ahmad S. and Amer B., 2013).

GDL (glucono delta lactone) is a weak acid, which converts to gluconic acid in water and slowly
dissociates in hydrogen ions with time ( Chang et al., 2009). Glucono delta-lactone functions as a
curing and pickling agent, leavening agent, pH control agent and sequestrant. GDL lowers the pH
and helps preserve the food from deterioration by enzymes and microorganisms. GDL accelerates
the cured color development. According to Ngapo 1996 higher GDL concentrations increase
lightness of meat protein gel and produces lighter and more yellow sausages. According to Chun
2014 adding GDL increases texture profiles such as hardness and cohesiveness of pork meat and
its products.

There a many factors affecting the sensory characteristics of meat products such as the meats used
as raw materials (genetic type, feed, age, sex and rearing system), microorganisms selected as
microbial starters for the fermentation and type of processing technologies (cooking, drying,
smoking etc.) (Ahmad S. and Amer B., 2013).

The sensory evaluation is needed to determine the influence of sensory characteristics of
fermented meat products manufactured with Glucono delta-lactone or starter culture on the
consumer acceptability.

Material and methods

The fermented sausages used as samples for this study were manufactured from pork or beef meat
in four different factories of the meat industry in Macedonia. The samples were obtained from
local meat market. Two of the products used as samples for the study are produced with starter
culture and the other with Glucono delta-lactone (GDL).

The experiment was prepared as part of the Faculty of biotechnical sciences, by 43 panelists. The
panelists, who were involved, were faculty members, students, and stuff, between the age of 21 to
61. Selection of the panel members was based on their willingness to participate and a training
session was carried out before the testing.

The samples of the fermented sausages were cut in slices and placed on plastic plates individually
for every panelist. The samples were kept anonymous for the panelist by assigning product codes
with three digit numbers on every sample. A glass of water was provided for rinsing mouth
between samples.

The evaluation method was based on quantitative descriptive ranking method with the 5 point
scale (1 = worst, 5 = the best) to evaluate the samples. The final score was calculated by
multiplying with a coefficient of significance which represents the contribution of individual
parameters in the maximum sensory profile (appearance 2, color 3, odor 5, aroma 3, flavor 5 and
texture 2 of maximum sensory profile).

Results and discussion

The obtained results from the sensory evaluation of the four different samples of fermented
sausages, two manufactured with starter cultures, and two with Glucono delta-lactone, using the
quantitative descriptive ranking method with 5-point scale are presented in the following table.
According to the results from sensory evaluation, we can conclude that the sample 654 (C) which
is sample from fermented sausage produced with Glucono delta-lactone, has the best score (4,05).
The other sample from fermented sausage produced with Glucono delta-lactone, the sample 323
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(D) has score 3,90 which is very approximate with the score of the sample 543 (B) from fermented
sausage produced with starter culture. The lowest score has the sample 432 (A) which is sample
from fermented sausage made with starter culture. There was a significant difference (p<0,05)
between products produced with starter culture and Glucono delta-lactone on the texture, color
and odor.

The high value of the color and odor were recorded in the fermented sausage produced with GDL
4,23 and 4,28 respectively, while the lowest value of the color and odor were recorded in the
fermented sausage produced with starter culture 3,67 and 3,70. The high value of the texture was
recorded in the sausage produced with starter culture (4,02), and the lowest value was recorded in
fermented sausage manufactured with GDL (3,69). These differences probably are based on the
different meat category, spices and technological process that were used in the manufacturing of
the fermented sausages.

Table 1. Determination of sensory characteristics of fermented sausages

Starter cultures GDL
A B C D
Appearance 423 3,77 433 3,65
Color 3,67° 3,932 4.23b 3,84°
Odor 3,70° 4,16* 4,28° 4,12°
Aroma 3,63 3,98 4,19 3,98
Flavor 3,51 3,95 3,72 3,88
Texture 4,022 3,782 3,83P 3,69°
X 3,70 3,92 4,05 3,90
% of

maximum 74,09 78,40 81,02 77,95

quality

% _ values (mean) in the same row with different superscripts differ significantly (p<0,05)

Appearance

Texture Color
—9—D
== A
B
=i C
Flavor Odor

Aroma

Figure 1. Sensory analysis of fermented sausages
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Conclusion

We can conclude that variant C has 81,02% of the maximum quality and has the best sensory
properties according to the results, and the lowest sensory properties has the variant A (74,09% of
the maximum quality). There was a significant difference (p<0,05) between products produced
with starter culture and Glucono delta-lactone on the texture, color and odor. According to the
results the fermented sausage produced with Glucono delta-lactone shown better result of the color
and odor, and fermented sausage produced with starter culture shown better result of the texture.
These results are based on consumers’ expectations of taste, and probably the observed differences
mostly depend on the different technological processes, the different category of meat (beef or
pork), added spices, and foremost addition of starter culture or Glucono delta-lactone in the
manufacturing of the fermented sausages.
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Abstract

The aim of this study is to determine the heavy metal levels in Propolis samplesfrom two
selected regions (lowland and mountain area) in the RepublicofMacedonia.The research
material was obtained from five Langstroth — type beehives at each apiary, during the period
May — October 2015.Quantitative analysis of the studied toxic elementswasconducted using
AAS- Atomic Absorption Spectrometer after dry ashing. All samples met the World Health
Organization (WHO) and FAO standards regarding the maximum permitted amount of Pb>
Cd > Zn.The seasonal research that was made, give results that define Propolis from this
region for ecological pure product for consuming.

Keywords:Propolis, toxic heavy metals, Atomic absorption spectroscopy.

Introduction

Propolis is a sticky, gummy, resinous substance collected by honeybees from various plant
sources.Propolis was used for its healing by the Egyptians, Greeks and Romans etc.Propolis is
collected by honeybees from buds and exudates of plants to be used as a protective barrier in the
beehive. It is currently incorporated in food and beverages to improve health and to prevent
several diseases. The color of propolis depends on its origin. Besides its use in folk medicines, it
possesses various pharmacological activities, such as antibacterial, (TrushevaB. ef al. 2010)
antiviral, (Lotfy M. 2006) antifungal, anesthetic, anti-inflammatory, hypertensive,
immunostimulatory, and cytostatic properties.
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Nowadays, the negative influence of mankind and the development of industry especially
chemical, engineering and mining industry, as well as traffic-related pollution contributed to a
huge increase in environmental pollution (Porrini Claudio et al.2003).

The aim of this study was to determine the concentration of selected “heavy metals” in propolis as
an indicator of contamination, from different regions, collected insummer -fall season.In Republic
of Macedonia some experimental research were made in attempt to provide level of ecological
safety and to prevent pollution of surrounding.Monitoring of trace elements in honey products also
were investigated to determine ecological safety (Stankovska E.et.al. 2008).

2. Materials and Methodology
2.1.Area description and propolis samples

Propolis samples were collected monthly from four different areason a territory of R.
Macedonia,divided in to twogroups: one lowlandarea, and one mountain area.This area and
climate in is classified as Mediterranean. The combined quantitative effects of air temperature,
relative humidity, and wind speed have been explored. The air temperature varied from 10 °C to
30 °Cin 5 °C- intervals. The relative humidity ranged from 0% to 50%. The wind speed was from
0.1 m/s to 0.4 m/s. (http://www.weather.com/weather/wxclimatology/monthly/graph/MKXX0005)
2.2. Instrumental Analysis

Quantitative analysis of the studied elements wereconducted using AAS- Atomic Absorption
Spectrometer after dry ashing. (EN 14084:2003) Foodstuffs - Determination of trace elements -
lead, cadmium, zinc, copper and iron by atomic absorption spectrometry (AAS) after microwave
digestion. We used the official method for the determination of heavy metals in feed and food.

2.2.1.Sample preparation for processing on AAS:

Propolis samples were collected during the period May — October, from two different areas. The
research material was obtained from five Langstroth — type beechives at each apiary, from two
different areas, which they disposed a“Health certificate of bee colonies and apiary
products”.Propolis material was collected representative, directly from the hives, with a special
sharp instrument, (Ra'ed J. Abu Fareset al. 2008) from the wooden walls and frames was scraped
down and collected in dark flacons-containers.Propolis samples were pooled, combining in
identical quantities samples (10 gr) from the 5 months of each colony.Propolis samples were
classified into 2 different groups.

It was weighted (with precision of 0.1mg)lgr of each sample-propolisin quartz potandsamples
areplaced on hitting plot, for about 30min. Next, the samples are passing in another stage of
heating in muffinoven at 500° C about 3h, and samples of propolis are glowing to the tarnishing of
the ash. We were using 5ml distillate water filing up to the mark with Sml 5% HNO; (Trace
Pure).Experimental material was filtering throw the filter paper and it’s measured in volumetric
pumpkins of 25ml, it’s filth up with distillate water to the mark. Samples prepared through this
typeof procedure wereplacedin cuvette of 1ml and measured on AAS.

Statistical Analyses were estimated by statistical one-way analysis of variance (ANOVA) and t-
test, to present statistically significant differences in the mean concentrations of heavy metals in
propolis between the groups from the determent regions and their differences. The chosen level of
significance for all statistical tests was (p<0.05).

3. Results and Discussions

The analysed samples of propolishave presented a low concentrations in heavy metals. Heavy
metal accumulation in propolis was dependable on the region of the sample origin. In samples
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coming from a region in the lowland areas the analyzed toxic elements were present in a higher
concentrationthan the elements contained in there search material from the mountain areas.

Lead

In the agricultural lowland region (X), the mean values of the Lead element in propolis samples
were higher than the mean levels of the lead accumulation in the propolis from the highland area
(Y), (0.40 mg/kg and 0.34 mg/kg). Statistically significant differences (p<0.05) in Lead levels
between study areas were observed (Tab. Ne 1).

TableNe 1. Determination of the concentration of chosen element (Pb) in bee propolis (n=20),
surrounding of four different areas Xand Y

X Y
Concentration | 600m (ASL) 802m (ASL)
Pb (mg/kg)

Min 0.033 0.022

Max 0.049 0.042
Average 0.040 * 0.034 "

SD 0.005 0.007
CV(%) 12.25 20.58

“=bDjfferences between average values with the different letters are significant on level p< 0.05

Cadmium

Cadmium concentration in the assesed propolis samples was an average of 0.030 mg/kg in samples
originated from lowland region (X) and 0.014 mg/kg in the highland region (Y) (Tab. Ne 2).
Statistically significant differences (p<0.05) in Cadmium levels between regions of the study were
demonstrated. A considerably very low concentrations of Cadmium were observed by Caroli et
al.(2000).

TableNe 2. Determination of the concentration of chosen element (Cd) in bee propolis (n=20),
surrounding of four different areas X and Y

X Y
Concentration | 600m (ASL) 802m (ASL)
Cd (mg/kg)

Min 0,027 0,011

Max 0,038 0,018
Average 0,030 * 0,014 "

SD 0.003 0.002
CV(%) 10 14.28

“»bDjfferences between average values with the different letters are significant on level p< 0.05
Zinc

In the present study a very low concentration of Zinc in propolis was observed without exceeding
the acceptable limits. Statistically significant differences (p<0.05) in Zinc levels between lowland
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and highland regions of the study were demonstrated (Tab. Ne 3) . Comparable concentrations of
zink were noted by Conti et al. (2001). Cvek et al. (2008) observed a much higher concentration
of zinc in propolis from diferent regions of Turkey.

TableNe 3. Determination of the concentration of chosen element (Zn) in bee propolis (n=20),
surrounding of four different areas X and Y.

X Y

Concentration | 550, (451) 802m (ASL)
Zn (mg/kg)

Min 0,021 0,013

Max 0,038 0,031

Average 0,030 * 0,020 "

SD 0,006 0,005

V(%) 20 25

“»bDifferences between average values with the different letters are significant on level p< 0.05

Conclusion

Many factors influence the heavy metal contents of propolis, such as geographical and botanical
origin, soil, atmosphere, beekeeping equipments/practices, elemental composition of nectar,
season of the year, rainfall and anthropogenic activities among the others. Our present results
indicate that, concentration of the selected heavy metals in the samples of propolis from the
selected areas are generally not considered contaminated and are well below the standard regulations.
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Abstract

The fish production in the Republic of Macedonia is based on performing commercial
fishing from natural and enlarged artificial lakes - reservoirs, as well as, in fish breeding
facilities, or aquaculture. The main purpose of research in this paper is establishing
production of the rainbow trout (Oncorhynchus mykiss) in one of the biggest coldwater
fishponds, located in Pelagonia Region. Besides the main purpose of research, there are
other purposes which are directly related to the production of the rainbow trout, such as
determining food consumption to produce the appropriate amount of fish in a given period,
the fish growth in a given period and conversion.

The coldwater fishpond Strezhevo is located near Bitola (Macedonia) and functions within
the PC "'Strezhevo'' - Bitola.

In 2014, in the fishpond Strezhevo 12.588 kg or 85.252 pieces of pre consumable fish, as well
as, 3874 kg or 14.761 pieces of consumable fish are produced. Also, 90.891 kg fish food is
spent and 60.932 kg fish growth is gained. The conversion is 1.49. In 2015, 3.759 kg or 23.759
pieces of pre consumable fish, as well as, 18.508 kg or 63.072 pieces of consumable fish are
produced. Also, 71.110 kg fish food is spent and 51.815 kg fish growth is gained. The
conversion is 1.37. In 2016, 14.032 kg or 162.086 pieces of pre consumable fish, as well as,
6.812 kg or 33.408 pieces of consumable fish are produced. Also, 43.495 kg fish food is spent
and 36.880 kg fish growth is gained. The conversion is 1.18.

It is noticed that high fish productivity is conditioned by a proper diet including all of the
components that help for intensive growth and development while preventing the occurrence
of fish diseases. With properly normalized food, the cultivation of maximum fish production
per unit area, as well as, minimum consumption of food can be achieved.

Keywords: rainbow trout, aquaculture

Introduction
The fish production in the Republic of Macedonia is based on performing commercial fishing
from natural and enlarged artificial lakes - reservoirs, as well as, in fish breeding facilities, or

aquaculture. The aquaculture production in our country mainly refers to the production of fish
under controlled conditions and fish breeding in ponds - fish farming. Depending on the
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temperature needs of individual fish species grown in ponds, the aquaculture production is divided
into:

1. Breeding of fish species (cyprinid fish) in warmwater fishponds;

2. Breeding of fish species (salmonid fish) in coldwater fishponds.

In the coldwater fishponds, mostly cultivated fish are: rainbow trout (Oncorhynchus

mykiss), brown trout (Salmo trutta), Ohrid trout (Salmo letnica) and brook trout (Salvelinus
fontinalis). The fish production in the coldwater fishponds is based on trout production, in which
the rainbow trout (also known as Californian trout) has the dominant role.
The main purpose of research in this paper is establishing production of the rainbow trout
(Oncorhynchus mykiss) in one of the biggest coldwater fishponds, located in Pelagonia Region.
The coldwater fish pond Strezhevo is located near Bitola (Macedonia) and functions within the PC
"Strezhevo" - Bitola. Besides the main purpose of research, there are other purposes which are
directly related to the production of the rainbow trout, such as determining food consumption to
produce the appropriate amount of fish in a given period, the fish growth in a given period and
conversion.

Materials and methods

For achieving the aforementioned goals of the research in this paper, examinations and analysis of
the situation of fish farming in one of the biggest coldwater fishponds Strezhevo, situated in
Pelagonia Region (Bitola, Macedonia) were made. Thereby, the analysis covered the period of 3
years, or processed data from fish production in 2014, 2015 and 2016.

The rainbow trout (Oncorhynchus mykiss) is one of the most known fish species grown in the
coldwater fishponds. It originated from the North America, from the rivers around San Francisco.
In Europe, it was first brought in 1880. It spawns in a controlled manner from the end of
November and early December, until late March (depending on water temperature).

Results

The coldwater fishponds are covering small areas, but have almost unlimited production
capabilities which mainly depend on the amount of water into the flow. The fishpond Strezhevo is
a typical coldwater fishpond that is located near Bitola (Macedonia) and in which rainbow trout is
grown. The fishpond is supplied with water from the reservoir Strezhevo.

In table 1, the results of rainbow trout production in fishpond Strezhevo from the period of 2014 —
2016 are shown.

Table 1. Production of rainbow trout in the fishpond Strezhevo 2014, 2015 and 2016

Year 2014 2015 2016
Rainbow trout Number FI.Sh Number Fl.Sh Number Fl.Sh
(Oncorhynchus of pieces weight of pieces weight of pieces weight

mykiss) (kg) (kg) (kg)
Consumable fish | 14.761 3.874 63.072 18.508 33.408 6.812
g:ﬁ consumed 85.252 12.588 23.759 3.759 162.086 14.032
Fish eggs 350.013 | 17.212 0.00 0.00 0.00 0.00

In 2014, in the fishpond Strezhevo 12.588 kg or 85.252 pieces of pre consumable fish, as well as,
3874 kg or 14.761 pieces of consumable fish are produced.

In 2015, 3.759 kg or 23.759 pieces of pre consumable fish, as well as, 18.508 kg or 63.072 pieces
of consumable fish are produced.
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In 2016, 14.032 kg or 162.086 pieces of pre consumable fish, as well as, 6.812 kg or 33.408 pieces

of consumable fish are produced.

Table 2. Fish growth, food consumption and conversion for 2014 in the fishpond Strezhevo

DESCRIPTION Input Output Condition
kg kg kg

Fish food 2 / / /
Fish food 3 / / /
Fish food 4.5 extruded 46.575,00 44.011,00 2.564,00
Fish food 3.0 extruded 22.000,00 22.000,00 0,00
Fish food 2.0 extruded 2.500,00 2.500,00 0,00
Fish food 4.5 ex. carotene 6.700,00 6.025,00 675,00
Fish food 0.3 - 0.5 HE start 40,00 40,00 0,00
Fish food 0.5 - 0.8 HE start 60,00 60,00 0,00
Fish food 1.0 start 220,00 160,00 60,00
Fish food starter 1.000,00 1.000,00 0,00
Fish food 2.0 Pre Grover / / /
Fish food 4.5 suppressed 8.000,00 8.000,00 0,00
Fish food 3.0 suppressed 5.575,00 5.575,00 0,00
Fish Food 1.5 1.520,00 1.520,00 0,00
TOTAL 94.190,00 90.891,00 3.299,00
Total food consumption in 2014 90.891,00
Total fish growth in 2014 60.932,00
Conversion with a total production in 2014 1.49

Table 3. Fish growth, food consumption and conversion for 2015 in the fishpond Strezhevo

DESCRIPTION Input Output Condition
kg kg kg

Fish food 2 3.000,00 3.000,00 0,00
Fish food 3 31.150,00 27.825,00 3.325,00
Fish food 4.5 extruded 26.000,00 26.000,00 0,00
Fish food 3.0 extruded 3.000,00 30.00,00 0,00
Fish food 2.0 extruded 9.175,00 8.725,00 450,00
Fish food 4.5 ex. carotene / / /
Fish food 0.3 - 0.5 HE start / / /
Fish food 0.5 - 0.8 HE start 60,00 60,00 0,00
Fish food 1.0 start 1.500,00 1.500,00 0,00
Fish food starter / / /
Fish food 2.0 Pre Grover / / /
Fish food 4.5 suppressed / / /
Fish food 3.0 suppressed 1.000,00 1.000,00 0,00
Fish Food 1.5 1.000,00 1.000,00 0,00
TOTAL 74.885,00 71.110,00 3.775,00
Total food consumption in 2015 71.110,00
Total fish growth in 2015 51.815,00
Conversion with a total production in 2015 1.37
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Table 4. Fish growth, food consumption and conversion for 2016 in the fish

ond Strezhevo

DESCRIPTION Input Output Condition
kg kg kg

Fish food 2 4.900,00 3.625,00 1.275,00
Fish food 3 6.800,00 6.800,00 0,00
Fish food 4.5 extruded 19.050,00 12.475,00 6.575,00
Fish food 3.0 extruded 13.000,00 9.925,00 3.075,00
Fish food 2.0 extruded 975,00 975,00 0,00
Fish food 4.5 ex. carotene 5.900,00 5.075,00 825,00
Fish food 0.3 - 0.5 HE start / / /
Fish food 0.5 - 0.8 HE start / / /
Fish food 1.0 start 1.500,00 620,00 880,00
Fish food starter 300,00 300,00 0,00
Fish food 2.0 Pre Grover / / /
Fish food 4.5 suppressed 3.000,00 3.000,00 0,00
Fish food 3.0 suppressed / / /
Fish Food 1.5 700,00 700,00 0,00
TOTAL 56.125,00 43.495,00 12.630,00
Total food consumption in 2016 43.495,00
Total fish growth in 2016 36.880,00
Conversion with a total production in 2016 1.18

The whole rotation time or the period from spawn to consumable fish lasts 16-18 months. At
every stage of cultivation there are certain losses or perishes, but it's considered that from 1000
pieces of spawn (roe), 350 to 480 samples of consumable fish are obtained (weighing 200 gr).

Table 5. Fish growth, food consumption and conversion for 2014, 2015 and 2016 in the

fishpond Strezhevo
Fishpond Strezhevo
Year
Food consumption (kg) | Fish growth (kg) Conversion
2014 90.891 60.932 1.49
2015 71.110 51.815 1.37
2016 43.495 36.880 1.18

In 2014 in the fishpond Strezhevo, 90.891 kg fish food is spent and 60.932 kg fish growth is

gained. The conversion is 1.49.

In 2015, 71.110 kg fish food is spent and 51.815 kg fish growth is gained. The conversion is 1.37.
In 2016, 43.495 kg fish food is spent and 36.880 kg fish growth is gained. The conversion is 1.18.

Conclusion

1. The term coldwater fishpond means pond that breeds coldwater fish species, or fish which live,
grow, evolve and reproduce in a temperature range between 4 - 18 °C (optimal temperatures are in

the range between 8 -14 °C).
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2. The rainbow trout (Oncorhynchus mykiss) is one of the most known fish species grown in the
coldwater fishponds. It spawns in a controlled manner from the end of November and early
December, until late March (depending on water temperature). Females sexually mature in 2nd or
3rd year of life, and males are sexually mature at age of 2 years.

3. The basic principle in the salmonid fishery is to provide cold, clean, clear, unpolluted water,
with large amounts of oxygen, which is necessary to be renewed more often, although it can be
tolerated certain deviations from the optimal water quality.

4. Tt is noticed that high fish productivity is conditioned by a proper diet including all of the
components that help for intensive growth and development while preventing the occurrence of
fish diseases. With properly normalized food, the cultivation of maximum fish production per unit
area, as well as, minimum consumption of food can be achieved.
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N3CJIEABAHE BJIMSAHUETO HA TEMIIEPATYPATA HA
GOEPMEHTALUSA BbPXY PABBUTUHETO HA 3AKBACKA 3A KUCEJIO
MJISAKO U TIOCTKUCEJIMHHOTO OBPA3YBAHE
Mapun I'eoprues’, Bornan I'opanos?, An6ept Kpbcranos!,

Mapus Banragxuesa’

"YHUBEPCTUTET MO XpaHUTEJHH TexHoaoruu — [LiioBaus
U3cnenoBaresicka JjaGopaTopus 3a MJISIKO U MJiedHu npoaykTu JIBb-Jlakt

RESEARCH ON THE INFLUENCE OF THE TEMPERATURE OF
FERMENTATION ON THE GROWTH OF A STARTER CULTURE FOR
YOGURT AND THE POSTACIDIFICATION
Marin Georgiev', Bogdan Goranov?, Albert Krastanov', Maria Baltadjieva’
"Univercity of food technology- Plovdiv
2 Laboratory for examination of Milk and Dairy Products LB-Lact

Abstract

In this article the influence of temperature on the growth of yogurt starter “Rila”
was studied, as well as the postacidification during storage. The results have showed that
although the temperature in the range of 40-42°C had an insignificant influence on the
coagulation time, it affected the intensity of the processes occurring in the cells of L.
bulgaricus. In the yogurt produced at 42°C, there was a lower intensity postacid formation
during storage. At both fermentation temperatures, reciprocal values of death rate constant
of lactic acid bacteria were determined, indicating that the strains of the selected starter
cultures express high resistance to the lactic acid.
Key words: Yogurt, Postacidification, Starter culture

1. BwBenenue:

JlokasaHo e, ue TPAAUIMOHHOTO OBJIrapCKO KUCENO MIISIKO, B CPABHEHHE C JIPYTUTE MIICKa OT
THIIA HOTYPT, MMa Hai-BHCOKOTO ChIbp)KaHHE HA AKTUBHU Streptococcus salivarius subsp.
thermophilus n Lactobacillus delbrueckii subsp. bulgaricus, npumaBamy Ha TOTOBUS HPOIYKT
BUCOKM (yHKIMOHanHK UM Ouonornunu cBoiictBa (Chomakov, H., 2005). Cunre3upanute
AHTUMHUKPOOHM BEIIECTBA OT Ta3d MHKpOQJopa OKa3BaT AaHTUMUKPOOHO JEHCTBHE BBPXY
Mycobacterium tuberculosis, Salmonella typhimurium, Staphylococcus aureus, Esch. Coli,
Shigella sonnei w 1p., ¢ KOETO TpaBU OBITAPCKOTO KUCEIO MIISKOTO JICUeOCH MPOIYKT.
OmmunTtenHa 0COOCHOCT Ha TPAJUIMOHHOTO OBJIrapCKO KHCENO MISIKO B CPaBHEHHE C JAPYTHTE
MJIEKa OT THIIa HOTYpPT € BHCOKOTO ChAbp)KaHHE Ha aKkTUBHU Streptococcus salivarius subsp.
thermophilus w Lactobacillus delbrueckii subsp. bulgaricus, mpumaBamm Ha TOTOBUS TPOIYKT
XpaHa ¢ BUCOKH (DyHKIMOHANHH 1 Onosnorndnu coiictBa (Chomakov, H., 2005).

IMpe3 mocneHUTE TOANHN BKYCHT HA KOHCYMATOPHUTE C€ HACOYBA KbM KHCENH MIIEKa C Mo-c1ado
M3pa3eH KHCel BKYC, HO TOBa Ce€ IIOCTHra MpU CiydYaif, 4Ye ce H3I0JI3BaT 3aKBACKU 32
(epMeHTAIMOHHUS TIPOIIEC C MO-HUCKO ChIbPXKAHUE MM OTChCTBHE Ha L. bulgaricus, ¢ kKoerto ce
MOHMKABAT 3/IPABOCIOBHUATE W OMOJNIOMYHHM CBOMCTBA Ha KHMCEJIOTO MJISKO. 3a TOBa C€ Hajara
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CEJIeKIMATA Ha 3aKBACKW, ChIbpKAIM L. bulgaricus ¢ TO-HHCKA IOCTKHCEIHMHOOOpa3yBala
CIIOCOOHOCT TIPU ChbXpaHEeHHE.
3a menra creBa Ja ce M3y4yd BIUSHHETO Ha (DAKTOPHUTE, OT KOUTO 3aBHCH aKTHBHOCTTA Ha

KuceanHooOpasyBaneto Ha L. bulgaricus. OcHoBeH (GakTop ce sBsiBa TeMIeparypara Ha
KyJITHBUpaHE Ha 3aKBaCKaTa.

2. MaTepuaJjau 1 MeTOIu

2.1 Mamepuanu

2.1.1 3non3BaHa e 3akBacka ,,Punma®, mpuiarana 3a Iojy4yaBaHe Ha TPAIUIMOHHO OBIrapcKo
KHCEJI0O MJISIKO, OTTOBapsIlO0 HAa WM3HMCKBAHMATA KbM MPOAYKTa W chabpxama Lactobacillus
delbrueckii subsp. bulgaricus u Streptococcus thermophilus

2.1.2 W3X0OHOTO MISKO € CTaHZApPTH3UPaHO, XOMOTCHH3HMPAaHO ¥ MACThOPU3HPAHO IO
m3uckBaHmATa Ha craHmapra (BDS 12:2010) cbc ciuenanTe (GM3UKOXMMHYHH TOKA3aTeNH:
Macnenoct-2,9%, CBEO- 9,6%, Genrbk- 3,7%, kucenmunnoct- 16°T u pH- 6,6. ®epMenTtanusra e
IpoBeieHa npH aBa pesxxuMa Ha tepmocratuteane 40 °C u 42 °C. KonndecTBOTO Ha 3aKBacKaTa €
0,033%.

2.2 Memoou 3a ananu3

2.2.1 Tutpyema ucenuHHOCT 1o MeTox Ha TropHep, chrinacao BDS 1111-80

2.2.2 AxruBHa kucennHHocT (pH) morennuomerpuyto ¢ nomonira Ha pH-mersp PHT 004TA.

2.2.3 XKuznecriocobu kietkn (cfu/g)- mnenTnduimpane n u30posBaHe Ha XapaKTEpHHUTE
MHKPOOPTaHWU3MH B arapoBH XpaHUTEIHH cpeu: 1o Meroza B BDS ISO 7889/IDF 117

2.3 Mooenupane na xunemuxama Ha GEPMEHTALMOHHUS TTPOLIEC € U3BBPIICHO IO MOJIETBT Ha
Weibull (Tishin V.B and A.V Fedorov, 2016; Tishin V.B. and O.V Golovinskaya, 2015) c
ypaBHEHHSATA!

1

J
o=y ——— fy=a-be ¥
1+be
KbJIETO: X5 € Onomaca B Ge3pa3sMepeH BUJ; [im — MAKCHMalHa CIEHU(pHIHA CKOPOCT Ha PACTEX,
h''; p — oTHOCHTENHO (CpemHa) CKOPOCT Ha PacTex B MHTepBaT oT =0 10 T=T;; b — eMnupu4eH
KOC(HIMEHT, OTYHUTAIL pa3iHKaTa B OMOXMMHYHHUTE MPOIIECH, IPOTHYANIN B KJICTKUTE U TIXHATa
MHTEH3MBHOCT B 3aBHCHMOCT OT YCJIOBHSTA Ha KyITHUBHpaHe; T — BpeMe, h, q — MakcumaiHa
crerdudHa CKOPOCT Ha MOCTKHUCENMHHO HATpyIBaHE Ha MiedHa kucenuHa, °T/cfu.g.h; t-Bpeme
Ha cpxpanenue, h; KT — turpyema kucenmaHOCT, °T; a — MakcHMaliHa CTOWHOCT Ha THTpyeMara
kuceauHHocT, °T npu T —oo; b (B Mmoaena na Weibull) — koeduiieHT paBeH Ha pa3iHKaTa MEKIY
MaKCHMaJlHaTa ¥ HavyajHaTta TUTpyema KucenuHHOCT °T; & — 1mokasareln, onpeiessi n3MEHEHHETO
Ha (hopMaTa Ha KpHBaTa WIM H3MEHEHHETO Ha CKOPOCTTA Ha HATPYyINBaHEe Ha MJICYHA KUCEJIMHA BbB
BPEMETO.

3. Pe3yaraTu u o0chbKIaHe

Pesynratute OT cepus eKCIEPUMEHTH OTHOCHO BIMSIHUETO Ha TeMIlepaTypara BbpXy BPEeMETO
Ha Koaryjiamus, TUTpyeMaTa KHCEIMHHOCT U Oposl Ha JKUHECTIOcOOHHUTe KIeTKH (cfu/g), KakTo u
MOCTKHCENMMHO00Opa3yBamara CliocoOHOCT Ha 3aKBacKaTa W ChIbPKAHUETO HA aKTHBHH KIETKA Ha
JIAKTOOALMITH TP XJIATUITHO ChXpaHEHHe ca IpeacTaBeHu Ha ¢ur. 1 u ¢ur. 2.

Te mokazBat cnabo BIHSHHE HA TEMIIEpaTypaTa BbPXY BPEMETO Ha Koaryiamus, KaTo pooure,
tepmocTarupann npu 40 °C koarynupar 3a 3 yaca u 20 munyTH, a Tesu npu 42 °C koarymupar 3a
3 vaca u 30 munytH. KoHUeHTpanusTa Ha akTUBHU KJIeTKM Ha Lactobacillus bulgaricus w
Streptococcus thermophilus npu miekara nonydenu npu temmneparypa 40 °C ma 24-tu yac e
cvotBeTHO 1,4*10° m 3,5%10'%, a Tasu Ha Miekarta noiydenu npu 42 °C e crorsetHo 7,2%10%
3,2%10'2,

PesynraTuTe 0T MaTeMaTHYHOTO MOJEIHpPaHe ca mpeacTaseHn Ha ®ur.l u 2., a B Tabnuia 1 ca
W3BENICHN KMHETHYHHUTE YPaBHEHHS B IBEH BUJI M Ca OTPA3CHU KHHETUIHUTE KOSPUIMEHTH.
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®wur.2 CpaBHeHNE HA ONMTHHUTE JTaHHW C TE3M HA MOJIENa Ha JIOTHCTHYHA KpHBa 3a Streptococcus
thermophilus nipu Temnepatypa Ha hepmenTarust 40°C

Ta6auna 1.
KuHeTuyHn koepuIMeHTH W ypaBHeHHMsl B sIBeH BUJ HAa IaMOBETe OT HM3cJieBaHATa

3aKBacKa NpU TeMmInepaTypa Ha (epmenTanusi Ha Misikoto 40°C
[lam tm b [ w,h! | b R? e VpaBHenue
1

L.bulgaricus 1,423 | 0,511 | 0,439 | 0,9554 | 0,049 )

fy= 14—
140433751

St.thermophilus | 1,543 | 0,567 | 0,633 | 0,9536 | 0,069 )

T

Or ®ur.l, ®ur.2 u Tabn.l e BUAHO, Ye MOMOEIBT OIKCBA C HEOOXOAMMATa TOYHOCT
eKCTIEpUMEHTAIHITE pe3ynTaTd. ToBa ce MHOTBBpXKIaBa M OT BHCOKHTE KOGDUIMEHTH Ha
kopenanus (0,9554 u 0,9536), kakTo U OT HHCKaTa uaeHTHHKaonHa rpenika (0,049 u 0,069).
Ot KMHETHYHUTE TTapaMeTpu npeactaBeHn B Tabm.1 ce Bexna, 4e St. thermophilus ce pa3BuBa ¢
MO-BUCOKM MaKCHMallHa M OTHOCHMTEJHA CKOPOCT Ha pacTex B cpaBHeHue ¢ L. bulgaricus.
Koepunuentst b npu St. thermophilus € 61130 1,5 T 10 BUCOK OT TO3W 1ipu L. bulgaricus,
KOCTO IIOKa3Ba, Y€ IIpHU Tasu TEMIICpATypa B KJICTKHUTC HAa KOKHUTEC MPOTHYAT I10 MHTCH3UBHU
OMOXVMUYHHU TIPOIICCH.

AHaNOTUYHN H3CNICIBAaHHS Ca MPOBEICHU M Mpu (EpMEHTAIMs HA MIISKOTO ChC ChIata
3akBacka mpu 42 °C. Pesynrature oT Te3u U3CeBaHuUs ca OTpa3eHu Ha ¢ur. 3, ur. 4 u Tabmuna

2.
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@wur.4 CpaBHeHNE Ha ONMTHUTE JaHHH C TE3W HA MOJIENa Ha JIOTHCTHYHA KpHBa 3a Streptococcus
thermophilus nipu TemnepaTypa Ha hepmenTarus 42°C

Tadauua 2.
Kunernunu koeuuueHTH W ypaBHeHHMsl B SIBeH BHJ Ha IIaMoOBeTe OT H3CJeBaHATa

3aKBACKA MPHU TeMIepaTypa Ha ¢gepMeHTANMA HA MIAK0TO 42°C

[am m b [ wh! | b R? e VpaBHenue
L.bulgaricus 1,458 | 0,561 | 0,464 | 0,9554 | 0,049 _ !
AT —
T
St.thermophilus | 1,526 | 0,528 | 0,609 | 0,9536 | 0,069 =156 !
b= |
T

OT KHHETHYHUTE MapaMeTpH TNpelCTaBeHd B TalOl.2 € BWAHO, 4Ye C MOBHIIABaHE Ha
TeMnepaTyparta Ha (epMEHTalMsATa HapacTBa MakCHMalHaTa crenudUyHa W OTHOCHTENTHA
ckopoct Ha pactex (1,458h''m 0,561h")ma Lactobacillus bulgaricus B cpaBHenue ¢ Tesu mpu 40
°C. celmara TeHjeHuus ce 3abemsi3Ba M 3a koepummenra b (0,464). Toea rosopu 3a
WHTEeH3U(UIMpaHe Ha OMOXMMHYHHUTE MPOIeCH B KieTkute Ha Lactobacillus bulgaricus, mopaan
npubIMKaBaHe Ha TEMIIEpaTypaTa O ONTHUMAJIHATA 33 Pa3BUTHE Ha JAKTOOAIMIIHTE.

Ot nanuute npencraseHu B Tabu.1 u Tabn.2 ce Bmx7a, 4e ¢ MOBHMIIABaHE HA TEMIIEpaTypara
Ha (epMEeHTAIMs CTaBa HE3HAYUTEIHO ITIOHIKEHHE Ha MaKCHMaJIHaTa CleM(HUIHA U OTHOCHTEHA
CKOPOCT Ha pacTex Ha Streptococcus thermophilus. Cpmata TeHICHIMA ce HaOII0gaBa W 3a
koeummentsT b. ToBa moka3zBa, We w3cieABaHHWAT TemmeparypeH wuHTepBan 40-42 °C e
ONTHUMAJICH 32 PA3BUTHETO Ha KOKOBUTE (DOPMH.

OT poBE/ICHOTO MaTEMAaTHYHO MOJIEIUPAHE CE YCTAHOBH, Ue TEMIIepaTypara OKa3Ba BIUSHHUE
noBeue Ha Lactobacillus bulgaricus B cpaBHenue ¢ Streptococcus thermophilus.
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Ipu pepmenTarms Ha maskoto mpu 40 “C ce gocTHra 0 Mo-BUCOKA KMCEIMHHOCT B Kpasi Ha
koarynanusta (84 °T) B cpaBHenue ¢ Ta3u mpu 42 °C (78 °T). Toa moxe na Obae 00sCHEHO C
OTHOIIIEHHETO Ha OTHOCHTENHUTE CKOPOCTH Ha PAacTeX Ha €MHHS M JPYrus MHKPOOPTaHH3bM B
acouuupaHata cumOuotHuHa JjBouka. Ilpum Qepmentanms npu 40 °C ps > iy TOeCT
OTHOCHTENTHATa CKOPOCT Ha PacTeX Ha CTPENTOKOKHUTE € IO-ToJsIMa OT Ta3H Ha JIAKTOOAIHIIUTE.
ToBa OT cBOSI cTpaHa BOAM 10 1M0-0bp30 N3UEpIIBaHE HA PA3TBOPEHUS KHCIOPOJ OT CTPENTOKOKUTE
IIPU KOETO CE€ Ch3/IaBaT aHACPOOHHU YCIOBUSI CTHMYJIUpAINU KucenunHooOpasyBanero (Varfolomer
S.D. and K.G. Gurevich 1999; Varfolomer S.D. and S.V. Kalyuzhny 1990).

Ha ¢ur4, ¢wur.5, ¢ur.6. ca orpaseHn pe3yirature OT MaTeMaTHYHO MOJENUpaHE Ha
OTHOCHTEIIHAaTa CKOPOCT Ha IOCTKHUCEIMHHOOOpa3yBaHEe Ha MJIeYHa KHCEIMHAa C MOJeia Ha
Weibull, cpaBHeHH ¢ eKCTIEpUMEHTAHITE JaHHA Ha MileKata chxpansBanu 21 qau. Ha Ta6mn. 3 u 4
ca 0Tpa3eHH KHHETHYHHUTE TTapaMeTpH Ha MOJICINTE U YPaBHEHHUATA B SBEH BHI.

@ TuTpyema KUCEeNMHHOCT

TUTPYEMA KUCEMHHOCT-MOAenN
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@ur.5 CpaBHeHue Ha OmUTHHTE NaHHW ¢ Mojeina Ha Weibull Ha wmieka mnomydeHu mpu
Temiieparypa Ha dpepmenTtarms 40°C
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@ur.6 CpaBHeHWe Ha ONUTHHTE NaHHW ¢ Mojeina Ha Weibull Ha wmieka mnomydeHu mpu
temneparypa Ha pepmenranus 42°C

Ta6auna 3.
Kunernunu napameTpu Ha MopeJsia Ha Weibull
Temneparypa | a, °T b, °T q, °T/efu.cm®h | 8 R? €
°C
40 116 32 5,4.10° 2,30 0,9989 0,0017
42 111 33 6,9.10°° 2,25 0,9990 0,0015
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Tabmuna 4.
KuHeTuynu ypaBHeHHsI B sIBeH B/ 32 MoJleIMPaHe HA KHHETHKATA HA MOCTKUCEJNHHO
HATPYNBaHe HA MJIeYHA KHCEJIHHA MPH ChXPaHeHHe
Temneparypa YpaBHeHue
°C
40

230
)

Ky = 116-32,¢ (55107

42 K =111-33. 690"

Ot npexacraBenure Ha ¢ur.4 u GUr.5 JaHHU € BUIHO, Y€ MOJCIUTE OMUCBAT MHOTO TOYHO
eKCIIepUMEHTAIHUTE AaHHU. [IpoBeJeHNTe eKCIIepUMEHTHU TO0Ka3BaT, Y€ OTHOCHUTENIHATA CKOPOCT
Ha MOCTKHCEIMHHOOOpa3yBaHe Ha MJIEYHAa KHCENMHA ca TNpuOiIM3uTenHo paBHH. Chlnara
TEHJEHLMS CE OTHACs W 3a KOe(HUHMEHTHT O, MOKa3Balll M3MEHEHHWETO Ha MHTEH3MBHOCTTA Ha
KHCeNMHOOOpasyBaHe BBB Bpemero (2,30 m 2,25). O TOBa cCrnemBa, 4Ye MPOLECHT Ha
MOCTKHCEMTMHHOO0pa3yBaHe MY ChXpaHEHUE Ha MileKara, nosydeHn npu 42°C me npoTuya c 1o-
MaJIka HHTEH3UBHOCT, TI0OpPaJIX TI0-HUCKATa CTOMHOCT Ha KOC(UIIMEHTHT O, B CPAaBHEHUE C TO3H MIPH
40 °C.

== MRS 40 MRS 42 ==fe=M17 40 =>6=M17 42
. 15

3 ¢ e——

£ 10 e —

)]

2%

E 3 0 T T T 1
E 24 168 336 504

< Bpeme Ha cbxpaHeHue, h

@ur. 7 V3MeHeHHe Ha KOHIIGHTpAIMATAa Ha AKTHBHM KIETKH CTPENTOKOKH M JAKTOOAUMIN B
MIIEKa TOJTydYeHd npu Temneparypa Ha gepmenTtanus 40°C u 42°C, cbXpaHABaHU NPH XJIAIWIHI
ycnoBus 3a 21 aHu

Ot pesynratute npenctaBeHn Ha (ur.7 ce BWXKIa, Ye MIleKaTa MOJNYYeHH M TPH JBETE
TeMIlepaTypH 3ala3BaT BHCOKAa KOHIEHTpalus Ha akTMBHM KieTku okono 10% cfu/g sa
nakrobaumute 1 okoso 10! cfu/g 3a cTpenTokokuTe. 3a Ia ce yCTAHOBU CKOPOCTTA Ha OTMUPAHE
Ha KJIETKUTE OT 3aKBackara MNpPH CBhXPaHEHHETO Oe¢ M3BBPIIEHO MaTeMaTHYHO MOJENHpaHe,
pe3ynTaTUTe OT KOETO Ca IPeJCTaBeH:! Ha 5

Tabsmna 5

KuneTnyHu napamMeTp 0T KHHETHKATA HA OTMHpaHe
Temneparypa °C | mam K, h'! 1/K,
40 L.bulgaricus 0,0032 | 313
42 0,0037 | 279
40 St.Thermophilus | 0,0025 | 400
42 0,0032 | 313

OT HampaBeHOTO MOJEIMpPAHE W JAHHWTE, NPEICTABEHM B TaOIMMIA 5 ce yCTaHOBSBA, 4
CKOPOCTUTE Ha OTMHpAHE Ha aKTUBHU KIETKHM M PELMIPOYHATA U CTOMHOCT ca ONM3KH 3a JIBETE
TeMIIepaTypH.
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4. U3Bon

Ot HanpaBeHUTE U3CIIEABAHUS MOTAT Jia ce (OPMYJIHPAT CIISTHUTE MO-BAKHH H3BOIH:

1 TemneparypaTa B auanasoHa 40-42 °C oka3Ba HE3HAUYMTEIHO BIMSAHHE BLPXY BEPEMETO Ha
KOAryJianus.

2 Tlpu temneparypa Ha (Qepmentanus 40 °C ce HaOmurozaBa MO-WHTPEH3UBEH PACTEX Ha
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Abstract

Milk is one of the most important foods that people consume. The purpose of this study was
investigation the influence of altitude in physico-chemical parameters and the somatic cells
count of fresh milk. During 2016, milk samples were obtained from nine dairy farms located
in different areas of Kosovo with different altitudes, ranging from 389, 512, 582, 585, 636,
888, 1008, 1040 up to 1142 m. Milk samples were analyzed in total solids, fat, solids non fat,
proteins, lactose, ash, density, freezing point, pH value, titration acidity and somatic cells
count. Obtained results of the study showed a good average of milk composition. In order to
determine the differences in milk quality depending on altitude, the results of the study
showed that the altitude did not have a statistically significant influence on any of the
physico-chemical parameters and on the somatic cells count of the analyzed milk.

Key words: Milk quality, altitude

INTRODUCTION

Milk is one of the most important food for human nutrition (Buldini et al., 2002). Quality of milk
is determined by chemical composition, physical characteristics and hygienic parameters.
According to Alcomo, (1996), Abdalla et al., (2013) milk is almost a full nutrition of high
nutritional value containing protein, fat, carbohydrates, vitamins and minerals. Acording to Claeys
et al., (2014), the composition of the milk of all mammals can vary considerably. These variations
may be due to the influence of genetic factors (on the level of the species and on the level of the
breed), physiological factors (eg lactation phase, milking interval), nutritional factors (eg
composition and value of feed energy) and environmental conditions (eg location and season).
Moreover, Cadié et al., (2003) emphasized that the main indicators of hygienic quality of milk
(total number of microorganisms and somatic cell count - SCC) play an important role in milk
quality. The purpose of this study was investigation the influence of altitude in physico-chemical
parameters and the somatic cells count of fresh milk.
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MATERIAL AND METHODS

During 2016, fresh milk samples were obtained from nine milk dairy farms located in different
areas of Kosovo with different altitudes, ranging from 389, 512, 582, 585, 636, 888, 1008, 1040
up to 1142 m. In each of the farms, 5 heads of dairy cows were selected, a total of 45 cows and in
each of them, milk samples with a volume of about 200 ml was taken according to IDF standard
50 B: 1985 (Griiner and Filajdi¢, 1993). Milk samples were analyzed in total solids, fat, solids
non fat, proteins, lactose, ash, freezing point, density, pH value, titration acidity and somatic cells
count. Results were statistically analyzed using JMP 7.0 statistical package. Solids non fat, fat,
proteins, lactose and freezing point were analysed with Lactostar “Funke Gerber” apparatus,
according to the combined thermo-optic method; total solids - by calculation of fat and solids non
fat content; density (specific weight) with the picnometer (Bajt ef al., 1998); titration acidity by
titration method according to Henkel Soxhlet; active acidity (pH value) - with pH meter GLP 21 -
”Crison”, (Bajt et al., 1998); Somatic cell count - with Somatic Cell Counter MTOS.

Results were statistically analyzed using JMP 7.0 statistical package. Obtained results includes the
determination of the average value, the minimum and maximum values, standard deviation,
coefficient of variation and P value of significance between analyzed samples.

RESULTS AND DISCUSIONS

Results obtained with the purpose to investigate physico-chemical composition and somatic cell
count of the milk depending on altitude, are presented in table 1.

The data presented in table 1 shows that generaly, milk produced in different altitudes, had a good
average of composition, which is proved through physical-chemical parameters and SCC.
Analyzed milk had the physical-chemical composition and the number of somatics cell within the
limits allowed by administrative instruction MA—No. 13/2011 for quality standards and grade of
fresh milk.

The content of the total solids of the analyzed milk samples ranged between 12.06 % to
13.51 %, with average value of 12.92 %. Average values have been within the limits specified by
administrative instruction for quality standards and grade of fresh milk. This parameter expresses
a tendency to increase depending on altitude, but differences in these values are considered to be
statistically nonsignificant (P=0.5194).

The lowest value of fat within this research was 3.66 % and the highest value 4.84 %.
There was no trend of changing in values depending on altitude, and the differences in this quality
parameter between the different points of altitude were statistically nonsignificant (P=0.5637).

The lowest average of protein value (3.15 %) is displayed in altitude of 1040 m., while
the highest value (3.49 %) in altitude of 389 m. Average results obtained in this research (3.36 %)
were comparable to Konte, (1999), who analyzing the composition of milk from different
mammals, in cow constated protein content on the average of 3.5 %. In our research, this
parameter depending on altitude, also has value movement, with a slight tendency toward
decrease, but statistically nonsignificant (P=0.2008).

155



Table 1. Physico-chemical composition and somatic cell count depending on altitude

. Solids . . .
dAeltltu ;F(:)lti?ils Fat non froteln Lactose | Ash Density Acidity (S:(Slrln(e:l(t)llfn ¢
0, 0, 0, 3
o |G |0 B ey |00 o0 Je fgy T
0
389 12.79® | 430 | 8.49° 349°* 4.67° 0.84* 1.032® 7.86° 6.63 ™ | 198000 >

512 13.03% | 391 | 9.00® | 3.38% | 4.65° 0.72%® 1.030 7.80%® | 6.59 % | 734000 **

582 12.06° | 418%™ | 890® | 341® | 4.52° 0.53°¢ 1.031% 7.50 6.73¢ 432000 ¢

585 12.84% | 416%™ | 8.68% | 347* 4.66° 0.73 % 1.031% 7.11° 6.53 ¢ 224000 <

636 12.83% | 4.18% | 8.83% | 3.44° 4.57° 0.65"% 1.032® 7.54%® 6.70® | 429000 *

888 13.01% | 414 | 887® [ 3.25® | 483° 0.81° 1.030° 7.64® 6.62 % | 274000 **

1008 12.85% | 3.66° 9.19® | 327% | 4.65* 0.80 ® 1.036® 7.52% 6.54 " 242000 b

1040 13.39* | 450 | 8.89® | 3.15" 4.79¢ 0.76 * 1.031% 748 ® 6.61 ™ | 220000 «

1142 13.51% | 4.84° 8.68% | 340 4.63° 0.78 1.037¢ 7.32%® 6.65* | 318000 *

1g\evera 1292 | 421 8.84 | 336 4.66 0.74 1.032 7.53 6.62 341222
Min. | 12.06 | 3.66 849 | 3.15 452 0.53 1.030 711 6.53 198000
Max. | 13.51 | 4.84 919 | 3.49 4.83 0.84 1.037 7.86 6.73 734000
StDev | 0.41 033 020 | 0.11 0.10 0.10 0.003 0.23 0.07 171052
OCA)V> 3.20 7.93 229 | 339 2.08 1299 | 0246 3.04 1.00 50.13

’V) ve | 05194 | 0.5637 | 06813 | 02008 | 0.1873 | 0.0087 | 0.3616 | 0.6198 | 0.2636 | 0.0116

* Levels not connected by same letter in superscript are significantly different

The lactose content ranged between 4.52 % at altitude of 582 m., and 4.83 % at altitude
of 888 m. Average value of lactose (4.66 %) in all analysed samples was within the limits set by
the milk quality regulation. Moreover, this parameter between all analysed points of altitudes
showed values which were statistically nonsignificant (P=0.1873).

Lowest average value (0.53 %) of mineral substances was recorded at altitude of 582 m.,
while the highest value (0.84 %) at altitude of 389 m. This parameter also had increase and
decrease of values depending on altitudes, but it was found that differences between different
points of altitude were statistically nonsignificant (P=0.0087).

The lowest value of density (1.030 gr/cm®) was recorded at altitude of 512 m., and 888
m., while the highest (1.037 gr/cm®) in altitude of 1142 m. The results showed movement of the
values, with a slight and statistically nonsignificant tendency to increase depending on altitude
(P=0.3616).

Analysed milk at all points of altitude has been within the limits, set by regulation (6.8-
7.5 °SH) for the titration acidity value and has met the quality criteria for processing. This
parameter shows a slight decrease in value from 7.88 °SH as recorded at an altitude of 389 m., up
to 7.32 °SH in the altitude of 1142 m., but was found to be statistically nonsignificant between
analysed points (P=0.6196).

The pH value is found to be within the limits set by the milk quality regulation (6.3-6.9).
The milk analyzed within this research, has shown values with small movements and statistically
nonsignificant differences. There were no tendency of increasing or decreasing of values
depending on altitude (P=0.2636).

Somatic cell count is an indicator of hygienic quality of milk and a general indicator of
the health status of the udder (Rupié, 1988). According to administrative instruction for quality
standards and grade of fresh milk, cow milk should contain less than 300.000 SCC/ml. At all
points surveyed depending on altitude, except in the altitude of 512 m. (734000), 582 m. (432000),
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and 636 m. (429000) the milk had a somatic cell count within the limits prescribed by regulation
(< 300000) for fresh milk, derived from health animals. This parameter has also moved towards
increasing and decreasing of values, but with statistically nonsignificant differences (P=0.0116)
depending on altitude

CONCLUSIONS

As a general conclusion of this research, it can be concluded that obtained results of the study
showed a good average of milk composition. In order to determine differences in milk
composition depending on the altitude, the results of the study showed that the altitude did not
have a statistically significant influence on any of the physico-chemical components and the
somatic cells count of the analyzed milk.
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TOOLBOX KBbM INTPOI'PAMATA MATLAB 3A BBBEK/IAHE B
KOMITIOTBP, BU3YAJIIU3ALIUA U ObPABOTBAHE
HA AHAJIOI'OBU CUT'HAJIA
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MATLAB TOOLBOX FOR IMPORTING TO PC
VISUALIZATION AND PROCESSING OF ANALOG SIGNALS
Ivan Rachev
TU-Sofia, Plovdiv Branch, Department of Electronics,
Plovdiv, 63 Sankt Petersburg, blvd

Abstract: This article presents a toolbox created in MATLAB IDE. The toolbox is
designed to import analog signal into a PC. Besides, visualization of the imported analog
signal and assessment of its parameters is being provided. The paper also presents an
approbation of the toolbox in the mode of importing signal from a microphone and a photo
receiver CCD line type. Recommendations are made in respect to its application.

Key words: Matlab toolbox, Analog Input block, receiver CCD line type,
microphone.

BnBenenue

B nmocnexHMTe TOOMHM BCE MO-TOJMO TPWIOKECHHE HAMUPAT KOMIFOTBPHO-
MHTETPUPAHUTE CPEICTBA 32 H3MEPBAaHE HA SNCKTPHYHM BenmynHU. ToBa ce o0sCHsABA C BCE IO-
rosiMoTO TpmiokeHH Ha kommrotpute (PC), oT emna crpaHa, KakTo M C JOIBIHUTEIHHUTE
BB3MOXKHOCTH, KOUTO TE3H YCTPOWCTBA NPENOCTABAT, OT Apyra. YacT OT Te3u BB3MOXHOCTH ca
3allUC Ha pe3yiTaTHTe OT HM3MEPBAaHHATA, BB3MOXKHOCT 3a TAXHOTO H3MpamaHe o Internet,
obpaborBane Ha curHanmute W 1Ap. OT TPENCTaBEHOTO CJEABa, Y€ YCHBBPIICHCTBAHETO U
aBTOMATH3MPAHETO Ha CHIIECTBYBAIUTE CPEACTBA 3a H3MEpPBaHE W CH3JaBaHETO HAa HOBH,
BEPOSITHO, Ille UMa Ba)KHO 3HAYEHHE U 1Lie Objie BUHATH aKTyaiHa 3a/1a4a.

Kaxro e nobpe m3BecTHO, MOBEYETO (PU3MYHHU BEIUUMHH Ca aHAIOTOBH ¥ 32 BHBEKIAHETO
uM B PC e HeoOxomuMa TSXHaTa AMCKpPETH3alWs MO apryMeHT M 1o HuBO. Tasu 3agada ce
OCBIIECTBSIBA OT aHaloro-muppoBu npeodpasysBatenn. Ha mpakTika ce  U3MOJI3BAT
CHELUANN3UPaHd yCTPOWCTBA, HapuyaHW agantepu. CbBpEMEHHHMTE ajanTepud HMMaT BUCOKA
pasaenuTeNHa CIOCOOHOCT, CKOPOCT Ha MNpeoOpasyBaHe M JMHAMHYEH OOXBAaT Ha BXOJHUTE
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QHAJIOTOBU CHUTHAJM. [OJIIMO TNpWIIOXKEHWE HAMHUpAT MpeJiaraHuTe aJanTepu OT (QUPMHTE
,National Instrument” u ,,Advantech” (amantepure PCL-812 u PCL-812) [1,2]. Tlpu mo-
HHUCKOYCCTOTHO NPHUIOKCHHUA, B KAaYCCTBOTO Ha aAallTCp CC€ HM3MO0J3Ba UM 3BYKOBATa KapTa Ha
KOMITIOTBpa.

B Ta3su crarus e mpencraBeHo paspaborBaneTo Ha Toolbox, mpenHasHaueH 3a
BbBEXKJaHE HA aHAIOrOBH curHaiu B PC, omnpenernsHe Ha TEXHU IMapaMeTpH M TAXHATA
obpabotka. Ilocnennara moxe na Oblie pa3iuvyHa B 3aBUCHMOCT OT crerudukara Ha
n3non3Bane. Llenra Ha pa3paboTkata e n3cinenBane Ha Ch3JaJCHUsI IPOrPaMeH IPOAYKT U
JlaBaHE Ha MPENOPHKU OTHOCHO YCJIOBHATA 33 HETOBOTO H3IION3BAHE M OYAKBAHUTE IPH
TOBA PE3yJTaTH.

Karo cpena 3a mporpamupane B pa3pabOTBaHHs MpOrpamMeH NpPOAYKT € u30paHa
cpenara, cb3ganeHa ot nporpamara MATLAB. Ilpuunnara 3a ToBa e, ue T4 mpeajara
pelMiia TOTOBM MHCTPYMEHTH 32 BbBEXJaHe W 00pabOTBaHE HA CHTHAIUTE, KaKTO U
MHOTO 100pH TpadUuHK BE3MOKHOCTH 33 BU3yalH3allys Ha pe3ynTaTure [3].

Onucanne Ha pa3padoTeHUs MPOrpaMeH NPOAYKT

Kato ce mma mpensun mpmnokennero Ha paspaborBanmsi Toolbox, To Toil TpsiOBa na
OTroBaps Ha CIETHUTE OCHOBHH M3MCKBAHHUS:
e 5a uma noaxomsu (friendly) rpaduuen morpeburencku uHTEpdeEic, T.e. 1a HEe ce M3UCKBAT
3HaHUs B 00JlacTTa Ha KOMIIOTHPHUTE CUCTEMH M JNaxke mo3HaBaHe Ha MATLAB mpu pabota ¢
HEro;
®  DPE3YITATUTC OT BU3YyaJIU3allUdATa U UBUHUCIICHUATA Ja MOraT Aa C€ 3aluMcCBaT BbPXY CICKTPOHCH
HOCHUTEJL, Jja ce u3nparar no Internet u 1a ce pasneyaTsar B JOKyMEHTALMSL.

Crien crapTupaHe Ha TporpaMara ce Ch3aaBar rpaduueH UHTEp(dEic, 00eKT aHAIOroB
Bxox (analoginput) u ce nobaest xapayepeH kaHan (addchannel). Upes TaX ce 3amaBaT TUIA Ha

(=
Umax = 0.765 Ueff = 0.216 — | mg]'i:;m'
S 10 T T N N T
8 L LA ] w I
0 1AM A RACI S M
{M ! i I Ul:( ‘ ]‘U. |! ML AN

1} 100 200 300 400 &00 BOD 700 800 800 1000
SAMPLES

®wur.1. [paguuen unmepgetic Ha paspabomenus npoepamer nPOOYKM.

U3M0JI3BAHOTO YCTPOKCTBO (adanmep), pa3MepbT Ha Oydepa U ap. mapamMeTpH, KOUTO OMPEACIAT
BBBEIKIAHETO HA CUTHAJIA.

I'paduunusar uHTepdeiic Ha mporpamarta ¢ mokasaH Ha ¢wur.l. Toit chabpxa yeTHpu
nmaHena. B TopHUS NSB MaHEN ¢ Pas3MojOoKEH TEKCTOB MPO30peIl 3a M300pa3siBaHE HA TEKCTOBA
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I/IH(l)OpMaIII/IH. B Cliydas € IOKa3aHa MaKCUMajHaTa CTOMHOCT Ha CHTHAaja Uma B CHCTaTa U3BaJKa

X

1 HelHaTa e(beKTI/IBHa CTOﬁHOCT, onpeaciicHa CbC 3aBUCUMOCTTA

Uef' =

B nocnennara gopmyna N e Opost Ha cHeTHTe oTueTH, a ¢ U, € o3HayeHa CTOMHOCTTA Ha k -
THs OTUCT Ha CUI'HaJ1a.

B ropHus cpeneH maHen ca pas3noJOKEHU UHCTPYMEHTUTE 3a YNpaBICHHE Ha
BeBekIaneTo. C npeskimousarens ,,CONNECT/DISCONNECT” ce BKITIOUBa/H3KIIIOUBA
npeoOpa3yBaHETO HA aHAJIOTOBUS CHTHAN W BhBeKAaHeTo My B PC. Baxuau cBoiicTBa Ha
o0eKTa ,,aHaJIoroB BXoa  ca obem (pa3mep) Ha Oydepa M CKOPOCT Ha mpeoOpa3yBaHe,
KOMTO MOXE J]a C€ MPOMEHST C PEAAKTUPYEeMH TEKCTOBU IPO30PIHM, PA3IMOJI0KEHH B
cpmus manen. Ha ¢ur.1 o6emsbT Ha Oydepa ¢ 1000 otgera, ckopoctta — 44100 oTueTa B
cekyama. Cren 3ambiBaHe Ha Oydepa ce m3mbIHABA (DYHKINS, KOATO H300pa3siBa
CUTHala OT W3BajKara B TpaQuUuHUS MPO30pEl, Pa3MOJIOKEH B JOJHUS TMaHEN, W
OCBILIECTBSBA MPEABAPUTENHO 33aJICHU U3UNCIICHNUs BbPXY HM3Bajakara (B ciyvad U, U

Uy )-

B ACCHHUA MAHCI Ca PA3IOJO0KCHU MHCTPYMECHTH 34 aBTOMATHUYHO BKJIIOUYBAHC Ha
npeoOpa3yBaHETO MpPU ITHPBOTO HAJBUIIABAHE HA BXOJHUS CHUTHANl HA TPEIBAPUTEIHO
3aja/ieHa CTOMHOCT, KOETO € T.Hap. TpurepupaHe. HampexeHueTo Ha Tpurepupase ce
MPOMEHsI ChC Claiijiep B MHTepBana (—1++1) V', a BKIOYBAHETO Ha TO3U PEXKHUM Ce

OCBLIECTBSBA C MPEBKIIOYBATENS ,, 1 Tig. on/ Trig. off .

AnpobannsTa Ha paspaborenus Toolbox

3a ampobamust Ha paspaborenus Toolbox e m3mon3BaHa 3BykoBata kapTa Ha PC, T.e.
U3IIOJ3BAHMAT ajantep € ,winsound . [IbpBOoHa4YanHO O€ MOJAAEH CUrHAJ OT MHKPO(QOH KbM
MHKpO(OHHHMSI BXOJ Ha 3ByKoBara kapra. [lpu Hanuume Ha 3ByK, B rpaduunmsi mposoper ce
HaONI0/laBa OCLMIOrpaMa Ha M3BaJKaTa, a B TEKCTOBUS C€ BU3YaIM3UpaT MaKCUMalHaTa U
edexTHBHAaTa CTOMHOCT Ha cuMrHaja. To3W pesynirar, mpejcraBeH Ha ¢wur.l, rmoka3zBa KOpPEKTHa
paboTa Ha CUCTEMTA B ,, PEXKHM Ha OCLIUIOCKON .

3a n3npoOBaHe Ha ONMpEICIIHETO HA MapaMETPUTE HA CHTHaja Oe IMoJaieH Ha JMHEHHUS
BXOJ[ CUTHAJ OT CHHOCOWJIAJIEH reHeparop. AMILIMTyaara Ha curuana O6e 1 7, pu KoeTo Oe

omnpeeneHa epeKTUBHA CTOHHOCT MpuOnu3utento 0.7 V .

[lo-uHTEepecHO mpuilokeHHe Ha paspaboreHus Toolbox € B ONTOCICKTPOHHHUTE
ycTpoiicTBa 32 OE3KOHTAKTHO ONpeleNsHe Ha Majku npemectBanus [4]. B To3u ciyuait BbpXy
(doTONpUEMHHK THI ,JIMHUWKA” ce TPOCKTHpPa H300paKEHHWE Ha MPOIEN, KOETO MPOMEHs
MOJIOXKEHNETO CU pH TpemectBaHe. CHTHAIBT B M3X0ja Ha (OTONpHEMHHMKA € Hal-4ecTo
AQHAJIOTOB M CC W3BEXKJAa BBB BHUI Ha ,nopuuu” (kagpu) ¢ obeMm, paBeH Ha Opos Ha
(DOTOUYBCTBHUTEIIHUTE €IEMEHTH Ha (hoTONpUeMHNKA. TO3M CUTHAI Cie/l HOpMalU3alys ce 10/1aBa
Ha JIMHEHHMS BXOJ Ha 3ByKoBaTa KapTa. OciuiorpaMara Ha N3XOHUS CHTHAJ ITPU M3MOJI3BaHE Ha
muaniika CCD133 ¢ 1024 enemenTa e nokaszan Ha ¢ur.2. 3a MpeMecTBAHETO ce ChAW WIH MO
HOMEpa Ha eJIEMEHTa ¢ MaKCHMaJIHAa OCBETEHOCT, WJIM 110 HOMEpA Ha eJIeMEeHTa, ChOTBETCTBAII Ha
SHEeprUiHMA IEHTHP Ha TMETHOTO [4]. B pasrnexmanus cimydaii, mporpaMara ompezeis HoMepa Ha
MaKCHMAJTHO OCBETEHUS €JIEMEHT X.
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ExcnepuMeHTHpaHeTO ChC  CH3JAJEHOTO IPOTPAMHO IPWIOKCHHE MOKa3Ba, e
M3IOJI3BAHETO €IHOBPEMEHHO Ha MHOTO MHCTPYMEHTH 3a 00paboTBaHe Ha curHana ((prirparms,
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ELECTROSPUN FIBROUS FLUOR-CONTAINING POLYMER
MATERIALS DECORATED WITH ZnO NANOPARTICLES:
PREPARATION AND PROPERTIES
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Nadya Dimitrova Markova?, Iliya Blagoev Rashkov'
"Laboratory of Bioactive Polymers, Institute of Polymers, Bulgarian
Academy of Sciences, BG-1113 Sofia, Bulgaria
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Abstract

Nanofibrous materials of fluor-containing polymers and ZnO nanoparticles were
prepared by electrospinning and electrospraying techniques. Two types of fluor-containing
polymers: poly(vinylidene fluoride) (PVDF) and poly(vinylidene fluoride-co-
hexafluoropropylene) (PVDF-HFP) were used. ZnO was incorporated in the fibers (design
type “in”) or was deposited on the fibers’ surface (design type “on”). The prepared
materials were characterized by scanning electron microscopy (SEM), transmission
electron microscopy (TEM), differential scanning calorimetry (DSC), thermogravimetric
analysis (TGA) and contact angle measurements. The decoration of fibers with ZnO
resulted in increase of their thermal stability and hydrophobicity. The microbiological tests
showed the materials exhibited antibacterial activity against the pathogenic microorganism
Staphylococcus aureus.
Keywords: PVDF, ZnO, electrospinning, electrospraying, antibacterial activity

Introduction

Recently, increased attention is paid on the self-cleaning effect of natural plant leaves. The
excellent water repellent properties of the lotus leaves are due to the combination of a rough
structure and the covering waxes on the leaves' surface (Marmur, 2004; Barthlott 1997; Neinhuis
1997).

Inspired by nature, researchers have developed various methods for the preparation of

162



superhydrophobic surfaces. Recently, electrospinning method was applied to obtain
superhydrophobic materials as well (Karim, 2011; Lim, 2010; Cho, 2010). Furthermore,
considerable attention has been devoted to fluorine-containing polymers due to their unique
characteristics, such as chemical, thermal and oxidative stability, hydrophobicity, excellent
mechanical properties and biocompatibility. These characteristics are imparted by the specific
properties of fluorine atom (Laroche, 1995). ZnO is nontoxic compound with photochemical and
antibacterial activity (Sirelkhatim 2015). Recently, we have reported the possibility to incorporate
ZnO nanoparticles in PVDF and PVDF-HFP nanofibers by electrospinning (design type “in”)
(Spasova 2016). The incorporation of ZnO nanoparticles resulted in an increase of the mean
diameter of the composite fibers, improved their thermal stability and increased the
hydrophobicity in comparison to the PVDF and PVDF-HFP fibers. When placed on the surface of
a material, ZnO nanoparticles may increase the surface roughness and therefore to be used for the
preparation of superhydrophobic materials.

The aim of the present study is to prepare nanofibrous mats consisting of PVDF or PVDF-HFP
fibers and ZnO nanoparticles and to study the properties of the obtained materials with design type
“in” and type “on”.

Experimental

Materials

Poly(vinylidene fluoride) (PVDF, Aldrich, France) with MW =180,000 g/mol and B=2.53;
poly(vinylidene fluoride-co-hexafluoropropylene) (PVDF-HFP, Aldrich, USA) with MW

=400,000 g/mol and P=3.07 and commercial nanosized zinc oxide with silanized surface available
under the trade mark Zano®20 Plus (Umicore Zinc Chemicals-Belgium) were used. N,N-
dimethylformamide (DMF) and acetone were of analytical grade of purity.

Nanofibrous mats of PVDF or PYDF-HFP and ZnO with design type “on”

Zn0O-on-PVDF and ZnO-on-PVDF-HFP nanofibrous mats were prepared by simultaneous
electrospinning and electrospraying. The mats with design type “on” were fabricated by using two
syringe pumps NE-300 (New Era Pump Systems, Inc.) for delivering solutions in DMF/acetone
(80/20 v/v): (i) PVDF or PVDF-HFP solution (25 wt% and 20 wt% for PVDF and PVDF-HFP,
respectively) for the electrospinning and (if) ZnO suspension (30 % w/v) in solution of PVDF or
PVDF-HFP (0.5 wt%) for the electrospraying. The spinning solutions and suspensions were
delivered at a constant rate of 0.5 ml/h. Electrospinning and electrospraying were conducted at a
constant tip-to-collector distance of 20 cm, rotation speed of the aluminium collector - 1000 rpm
and at constant applied voltage of 25 kV provided by custom-made high-voltage power supply.
Nanofibrous mats of PVDF or PVDF-HFP and ZnO with design type “in”

PVDF, PVDF-HFP, ZnO-in-PVDF and ZnO-in-PVDF-HFP fibrous mats were prepared
according to the procedure described in details elsewhere (Spasova 2016).

Characterization of the nanofibrous materials

The morphology of the fibrous materials was evaluated by scanning electron microscopy
(SEM) with Jeol JSM-5510 (Jeol Ltd., Japan). TEM observations were carried out by JEM-2100
LaB6 (JEOL Co. Ltd.) operating at 200 kV and equipped with EDS elemental analysis. The
thermal behavior of the obtained fibrous materials was evaluated by differential scanning
calorimetry (DSC) in the temperature range from 0 to 200 °C at heating rate of 10 °C/min under
nitrogen (TA Instruments, DSC Q2000, USA). The thermal stability of the fibrous materials was
determined using TA Instruments TGA Q5000, USA under nitrogen flow from r.t. to 800 °C at a
heating rate of 10 °C/min. The water contact angles of the fibrous materials were measured using
an Easy Drop DSA20E KRUSS GmbH apparatus, Germany. The antibacterial activity of the
fibrous materials against S. aureus 749 was evaluated by using the viable cell counting method.

Results
SEM and TEM micrographs are shown in Figure 1 for the ZnO-on-PVDF mat (Figure 1A) and
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Zn0O-on-PVDF-HFP mat (Figure 1B). As seen from the presented TEM micrographs the Zn
particles were distributed in the form of small (ca. 100 nm) or large (1 pm) spherical particles on
the PVDF and PVDF-HFP fibers. ZnO particles were evenly distributed over the entire surface of
the nanofibrous mat. The mean fiber diameter of the composite ZnO-in-PVDF and ZnO-in-PVDF-
HFP fibers was 228+50 nm and 147+39, respectively (Spasova 2016).

v WiD -.'\ /B " 3 g e
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A. | B.
Figure 1. SEM and TEM (inset) micrographs of nanofibrous mats of: A. ZnO-on-PVDF and B.
ZnO-on-PVDF-HFP.

The thermal behaviour and properties of the obtained nanofibrous mats were assessed by
differential scanning calorimetry (DSC) and thermogravimetric (TGA) analyses. It was established
that the as-spun fibrous mats of PVDF and ZnO-on-PVDF manifest high degree of crystallinity —
ca. 42 % and enthalpy of 43 J/g. Similarly the mats of PVDF-HFP and ZnO-on-PVDF-HFP had
almost identical values for the crystallinity degree - 18 % and enthalpy of 17 J/g. The
incorporation of ZnO nanoparticles in PVDF and PVDF-HFP fibers resulted in decrease in the
crystallinity and increase of the amorphous phase of the composite fibers. A possible explanation
for the observed decrease in crystallinity is that the addition of the nanofiller in such high
concentrations hinders the movement of the polymer chains due to some specific interactions
between ZnO and PVDF or PVDF-HFP which hamper the polymer crystallization. The TGA
curve for the mats based on PVDF-HFP (Fig. 2B) showed an initiation of degradation at around
350 °C. The incorporation of ZnO in PVDF and PVDF-HFP mats increased their thermal stability.
Improvement of the thermal stability was observed as well for the mats with design type “on”
where ZnO decorated the surface of the PVDF and PVDF-HFP fibers.
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a T \
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° \ _ \‘,
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Figure 2. DSC (A.) and TGA (B.) thermograms of the obtained fibers.

The water contact angle values of the obtained nanofibrous materials based on PVDF are shown in
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Figure 3. The average values of the water contact angle of PVDF and PVDF-HFP mats were
143£2.3° and 141£2.6°, respectively. The obtaining of novel fibrous mats of PVDF or PVDF-HFP
and ZnO nanopraticles with design type “on” resulted in increase of the water contact angle values
and in preparation of materials with superhydrophobic properties.

A. B. C.

Figure 3. Images of distilled water droplet onto mats of: A. PVDF, B. ZnO-in-PVDF and C. ZnO-
on-PVDF,

The antibacterial activity of all nanofibrous mats prepared in this study was tested against S.
aureus in liquid medium. The log of the survival cells versus the exposure time for the nanofibrous
mats was determined. It was found that the nanofibrous mats of PVDF and PVDF-HFP did not
affect the bacterial growth. On the contrary, significant decrease of the number of viable cells was
attained after contact of 2 hours with the mats decorated on their surface with ZnO particles
(design type “on”). Moreover, all bacterial cells were killed after contact of 24 hours with the
Zn0-on-PVDF and ZnO-on-PVDF-HFP mats.

Conclusion

Novel nanofibrous materials based on PVDF and PVDF-HFP decorated with ZnO
nanoparticles were prepared. The obtained materials with design type “on” were obtained by using
electrospinning and electrospraying techniques. It was found that the decoration of the mats with
ZnO resulted in obtaining of materials with improved thermal properties. Moreover, ZnO-on-
PVDF mats were superhydrophobic. Furthermore, the mats decorated with ZnO exhibit strong
antibacterial activity against S. aureus which makes these fibrous materials suitable for potential
application as wound dressing materials.
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Petya Tsekova'’, Mariya Spasova', Nevena Manolova',
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Abstract

Curcumin is a naturally occurring phenolic compound with antioxidant properties and
antimicrobial activity. The extremely low water solubility of curcumin limits the possibilities
for its application in the biomedical field. New polymer materials for enhanced release of
curcumin in aqueous medium were developed. Different approaches were used to create
curcumin-containing cellulose acetate-based nanofibrous materials of various design using
electrospinning and electrospraying. The effects of the composition and the design of the
materials on curcumin release were studied. The curcumin-loaded materials exhibited
antibacterial activity against pathogenic microorganisms. The results suggest that the
obtained new materials are promising for wound dressing applications.

Key words: electrospinning, electrospraying, fibrous materials, curcumin, cellulose acetate

Introduction

Cellulose is the most abundant naturally occurring polysaccharide. Bioactive wound dressings
that take active part in the healing process may be loaded with naturally occurring compounds to
enhance wound healing process (Boateng, 2008). Curcumin is a biologically active substance
found in the roots of Curcuma longa plant. This naturally occurring polyphenolic compound
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manifests antibacterial (Moghadamtousi, 2014), anti-inflammatory (Basnet, 2011) and antitumor
(Sarika, 2016) activity. The main disadvantage of Curc is its poor aqueous solubility.
Incorporation of Curc in polymer matrix is expected to contribute to obviating this drawback. In
the recent years, fibrous nonwoven materials produced by electrospinning have shown great
potential as wound dressing materials (Toncheva, 2014; Spasova, 2008).

The aim of the present study was to obtain novel Curc-containing fibrous materials with
diverse architecture using the versatility of combining the techniques electrospraying and
electrospinning. The morphology and structure of the obtained electrospun materials have been
characterized. The antibacterial activity upon contact of the mats with Gram-positive bacteria (S.
aureus) and Gram-negative bacteria (E. coli) has been evaluated.

Experimental

Materials

Cellulose acetate (CA, Aldrich) with Mn 30,000 g/mol and acetyl content 39.8%,
polyvinylpyrrolidone (PVP, Fluka) with Mr 360.000 g/mol and curcumin (Curc,Merck) were used.
Acetone was of analytical grade of purity and was purchased from Sigma-Aldrich.

Preparation of fibrous materials of Curc/PVP-on-CA by conjunction of electrospinning and
electrospraying

Curc/PVP-on-CA materials were fabricated by using two pumps for delivering: (i) CA solution
and (i) Curc/PVP solution. The pumps for delivering the spinning solutions were located at an
angle of 180° in respect to the rotating collector (1000 rpm). The delivery rate of the spinning
solutions was 3 ml/h. The tip-to-collector distance was 15 cm. The applied voltage was provided
using a common high voltage power supply at a constant applied voltage of 25 kV. CA solution
with concentration 10 wt% in acetone/water (80/20 v/v) was subjected to electrospinning and PVP
and Curc mixed solution was electrosprayed. Curc was 10% in respect to polymer(s) weight.

Preparation of fibrous materials of CA and Curc-in-CA by electrospinning
CA and Curc-in-CA fibrous mats were prepared according to the procedure described earlier
(Tsekova, 2017).

Characterization of the nanofibrous materials

The morphology of the fibrous materials was evaluated by scanning electron microscopy
(SEM) with Jeol JSM-5510 (Jeol Ltd., Japan). X-ray diffraction (XRD) analyses were performed
at room temperature using a computer-controlled D8 Bruker Advance ECO powder diffractometer
with filtered Cu Ko radiation. The water contact angles of the fibrous materials were measured
using an Easy Drop DSA20E KRUSS GmbH apparatus, Germany. The antibacterial activity of the
Curc-containing fibrous materials against Gram-positive S. aureus and Gram-negative E. coli was
evaluated by using the viable cell-counting method.

Results

Representative SEM images of the obtained CA and Curc/PVP-on-CA are shown in Figure 1.
Electrospinning of CA solutions resulted in preparation of fibers with mean fiber diameter 780 +
110 nm (Fig, 1A). The mean fiber diameter of Curc-in-CA fibers was 1150 + 260 nm (Tsekova,
2017). As seen, in Curc/PVP-on-CA mats Curc/PVP particles were deposited on the CA fibers.
Formation of Curc/PVP particles was observed on the surface of the mats as well as in their bulk.
This finding is evidence that the used concentrations of the Curc/PVP solution are suitable for the
formation of separated particles. The average size of the small and large particles in the Curc/PVP-
on-CA material was 1060 + 220 nm and 6070+430 nm, respectively. The microparticles obtained
by electrospraying have great potential as carriers for delivery of biologically active substances,
for wound dressing applications, etc.
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Figure 1. SEM micrographs of fibrous mats from: A. CA mat; and B. Curc/PVP-on-CA.

X-ray diffraction analysis of CA and Curc/PVP-on-CA mats and Curc powder recorded in 26
range from 5 to 60° was performed and XRD patterns are shown in Figure 2. The presence of the
main diffraction peaks of pure Curc powder located at 26=8.9°, 14.5°, 17.2°, 18.2°, and 23.3° were
detected. Characteristic peaks for Curc were absent in the XRD pattern of Curc/PVP-on-CA mat,
thus implying that Curc was in amorphous state.

CA mat

Curc/PVP-0n-CA mat
Figure 2. XRD patterns of:

CA mat, Curc/PVP-on-CA mat and Curc
powder.

10 20 30 40 50 60
2 theta angle (°)

Digital photographs of water droplets deposited on the surface of the mats are presented in
Figure 3. It was found that the CA and Curc-in-CA mats were hydrophobic with water contact
angles 123° and 129.4°, respectively. In contrast, the value of the water contact angle for
Curc/PVP-on-CA mat was much lower ca. 81°. This was attributed to the addition of the water-
soluble polymer - PVP and thus higher wettability of the mat was achieved.
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A. 123° B. 129.4° C.81°
Figure 3. Digital photographs of water droplets on the surface of mats: A. CA, B. Curc-in-CA and
C. Curc/PVP-on-CA.

Moreover, the antibacterial activity of the fibrous CA, Curc-in-CA and Curc/PVP-on-CA mats
against the pathogenic microorganisms S. aureus and E. coli was evaluated. The number of
survived bacteria was assessed by plating and counting of CFU on solid medium after the contact
of fibrous mats with the suspension (Figure not shown). It was found that neat CA mats did not
inhibit the growth of bacterial cells and after 24 hours of contact, the number of the cells increased
to over 6 logs for S. aureus and to more than 6.5 logs for E. coli. In contrast, a decrease in the
number of the viable cells for the exposure time of 2 h was observed for the Curc-containing mats.
Moreover, Curc/PVP-on-CA mat showed the capability to kill all the S. aureus cells within 24 h of
contact. On the other hand, Curc was released more slowly from the Curc-in-CA mat where the
phenolic compound was incorporated in the CA fibers. In this case decrease in the viable cell
number was observed, however, the antibacterial efficacy was lower (ca. 2 logs).

Conclusion.

Novel fibrous mats based on CA containing biologically active substance — Curc were prepared
by conjunction of electrospinning and electrospraying techniques. The Curc/PVP particles were
electrosprayed on the CA fibers in order to modulate the wetting of the fibrous materials and to
facilitate the dissolution and release of Curc from the obtained mats. Moreover, the Curc-
containing mats exhibited antibacterial activity against S. aureus and E. coli.
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AHAJIN3 HA ITIO3HABATEJIHUTE PE3YJIITATU HA YYEHUIIUTE
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RESEARCH ON THE COGNITIVE PERFORMANCES OF STUDENTS
IN TEACHING "MAN AND NATURE" STH GRADE
(MODULE CHEMISTRY) - PART I
Antoaneta Angelacheva
University of Plovdiv “Paisii Holendarski”

Abstract. In the article are presented the results of the evaluation of students’
achievements in "Man and nature" 5™ grade, in the part related to the study of substances
and their properties. The purpose of the research is to determine to what extent the students’
performances meet the expected results in the curriculum. The students’ achievements are
evaluated with test, established in accordance with the State educational requirements and
the curriculum for the 5% grade. From the obtained results are made specific conclusions
with respect to the students’ achievements and the curriculum.

Keywords: chemistry education, educational standards, didactic test

YBoa

VYuebnust npenmer ,,JoBEeKbT U HpHupojara™ 5. Kiac, KaTo 4acT OT y4eOHHTE NPEeAMETH B
KynTypHO-0Opa3zoBaTenHaTa obmact ,JIpuposHu Haykn W EKOJIOTHA', HAATpaKAa 3HAHUAITA,
YMEHHATA W OTHOUICHHATA, KOUTO YUCHUIIUTE OBJAJSIBAT IO CHINUS y4eOeH mpenmeT oT 3. 1o 5.
kiac. Ilo cBosiTa CBHIIHOCT TpeNCTaBisABa MHTETpAnysd Ha (U3WYHH, XUMHYHH U OMOJIOTHIHH
3HAHUS U OCUTYPSIBA Bb3MOXHOCT 32 U3rPaK/aHe Ha IUIOCTEH 00pa3 B Ch3HAHUETO Ha YUCHHUIIUTE
3a HeXMBaTa M )KUBaTa MPUPOJIA B TIXHOTO €ANHCTBO M MHOTOOOpa3He.

VYuyebnara mporpama 1o ,,Y4oBeKbT U MmpupoAaTa““ 5. kiac, pa3paboTeHa B ChOTBETCTBHUE C
JbpxaBHUTE 00pa30BaTEIHA M3UCKBAHMUS 32 YYEOHO ChABPIKaHUE, OIPEIEINs IeNUTe, OYaKBAaHUTE
pesyiaratd, CTpykTypata ¥ obOemMa Ha ydeOHOTO chabpxanue. [IpoBepkara Ha crereHTa Ha
pean3upaHe Ha OYaKBaHUTE PE3yJITaTH JaBa BakHa WH(OpMaLMs 3a yueOHHTE MOCTIKEHHS Ha
YUEHHILIUTE U CIIYKH 32 aHaJIN3 M KOPEKLMsI Ha Ipoleca Ha 00ydJeHHe.

[Mpenmountan MeToN 3a JUArHOCTHKAa Ha pE3YJNTaTHTE OT Ipolieca Ha OOydeHHe e
tectupaneTo. OCHOBHHU CPEACTBA 32 HETOBOTO pealIM3UpaHe ca TECTOBETE, pa3paboTeHH Ha OaszaTa
Ha JIppkaBHUTE 00pa30BaTEITHN M3UCKBAHUS 32 YICOHO CHABPKAHUE U OYaKBAHUTE PE3YNTATH OT
YdeOHara nporpama. J{nIakTHIECKUTE TECTOBE MOTAT Jla C€ M3MOI3BAT KAKTO 33 PETHCTPHPAHE Ha
NOCTIKCHUATA Ha YUYCHUIIUTE II0 OTACIHHUTE Yy4YeOHHM MpeAMETH, Taka W 3a pa3BUTHE Ha
MIO3HABATEITHNS HHTEPEC U Ha JIOTHIECKOTO MUCIICHE Y YUCHUIINTE.

Llenma Ha pabomama e 6 cvomgemcmaue ¢ USUCKBAHUANA HA MeopUama u Memoouxama
3a cvcmassaHe HA mecmoge 0a ce cb30ade OUOAKIMUYECKU MeCm 3a U3MepeaHe PAGHUWEmo Ha
SHAHUAMA U YMeHUAMA HA ydYeHuyume npu usyuaeame Ha paszoena , Bewjecmea u mexuwume
ceoticmea“ 5. xiac. Ycmanoeemume nosHagamenHu pe3yimamu om oOyyeHuemo 0a ce
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cvnocmasam c gopmyarupanume 8 Yuebnama npoepama 3a 5. Kiac o4axkeéanu pe3yaimamu u oa ce
HANPAssm CbOmeemuu U3600uU.

Metoao10rus

Obexm Ha U3CICIBAHETO Ca YUCHHUIM OT 5. KJIac, a npeomem — TAXHATa yueOHA IEHHOCT C
pe3ynrara OT Ta3W JNCWHOCT — 3HAHUS M YMEHHS 332 OOCKTH, MPOIECH U SIBICHUS B HEXHBATa U
)KUBarta IpupoJa.

I]enma Ha W3cneBaHETO € Jla Ce NMPOBEPH B KakKBa CTENEH MOCTIDKEHHSATA HA YUCHUIINTE
OTrOBapsT Ha 3I0KCHUTE OYaKBAHU Pe3yJITaTd B yueOHATa mporpama 1o ,,JoBeKbT U mpupoaaTa‘
3a 5. KIac — MOxya XUMHusl.

Xunomesama Ha W3CIEABAHETO €, YC II03HABATCIHUTE pE3yNTaTH HAa YYCHHIUTE
CHOTBETCTBAT Ha IPECTABCHUTE B yueOHATa IporpaMa 3HAHWS i YMCHHUS Ha YUCHUIIHUTE.

B®B BpB3Ka C IenTa M XUIIOTe3aTa Ha M3CIEIBAHETO Ca ONPEACIICHH CIEAHUTE emanu 3a
peanu3upaHeTo My: (a) ompenersHE Ha LIENTa Ha TecTa M Ch3JlaBaHe Ha TecT-cnenudukarms; (0)
pa3paboTBaHe Ha CHABP)KAHUETO HAa TECTOBUTE 33aJa4M U KOHCTPYHpaAHE Ha TeCTa; (B) U3CIICIBaHE
Ha KayecTBaTa Ha TECTOBHTE 33Jadd M Ha TECTa KAaTo I[UIO 4Ype3 eKCHepTHa OLEHKa; (B)
MPOBEXIAHE HA TEIAarOTHUECKH EKCICPUMEHT M aHalIW3 Ha mosydeHute pesynatatu (Bizhkov,
1996).

Onucanue Ha u3cjeBaHETO

I]enma Ha TecTa € 1a ce MPOBEPHU B KAKBA CTEICH Ca IIOCTUTHATH OYaKBAHUTE PE3yJITAaTH Ha
HHMBO y4eOHa mporpama 1o ,,YoBekbT M mpuponara™ 5. kiac, moxyn Xumus. Llenra orpasssa
OCh3HATaTa HEOOXOAMMOCT OT OOCKTUBHO HW3MEpPBAaHC HA II03HABATCIHUTE pE3YNTaTH Ha
VYCHHINTE TIPH OBJIA/IIBAaHE HA 3HAHWA W YMEHHsS 3a CBOMCTBATa M ymoTpeOaTa Ha BEUIECTBA U
cMecH, 32 ChCTaBa M CBOMCTBATa HA BB3/AyXa U BOJIATA.

Konkperm3anusra Ha IelTa B 3aJada Ha M3MEPBaHETO Hamara oOBBp3BaHE HA IETHTE U
CHOBPKAHMETO HA OOYYEHHETO C IeTMTe M 3aJadnTe Ha KOoHTpoma. ToBa ce OTHAcsS M0
W3TOTBSHETO Ha T.HAP. mecm-cneyugurkayus — NOAPOOEH CIHCHK OT 3HAHWS W YMEHUS, KOUTO
Morar ga Opmar obekt Ha KoHTponm Hu omeHka (Bizhkov, 1996). Tecrpr-cnenudukamms e
pa3paboTeH Ha 0a3zaTa Ha 3HAHUAMA U YMEHUAMA, 3AL0JCEHU KAmO OYAKEAHU pe3yamamiu B
yueOHaTa rmporpama 3a 5. Kiac B pasjena ,,Beiiectsa u TeXHUTE CBOUCTBA®.

3uanus 3a:

® Pa3NpOCTpaHEHHETO, ChCTaBa M CBOIMCTBATA HA BEIIECTBA U HA CMECH;

® CMecH B TBBPJI0, TEYHO U ra3000pa3HO CHCTOSHHUE,

® SIIHOPOAHU U HECTHOPOIHU CMECH;

¢ [OJYYaBaHETO M METOAWTE 3a pa3leiiiHa Ha CMECH — KpHUCTaIM3alus, IpecsBaHe,
pasTBapsiHe, u3lapsiBane, GUITPyBaHe, yTasiBaHe;

¢ MarHWTHHUTE CBOMCTBA M CIIOCOOHOCTTa Ha HAKOHM BEUICCTBA Ja C€ 3aAbPXKAT BBPXY
MOBBPXHOCTTA HA aKTHBEH BBIVICH KaTO BE3MOKHOCTH 32 Pa3eisTHE HAa CMECH;

® BEIIECTBA M CMECH C PAKTUYECKO 3HAUCHHE — XPaHH, JICKapCTBa, MaTEPHAIIH, CIIaBH;

® T0YBaTa KAaTO BakKHA YACT OT 3eMHATa IOBBPXHOCT, MPEICTABIIABAIIA CIOKHA CMEC OT
BEIIIECTBA,;

¢ [IOCTOSTHHUTE CHCTaBHU YAaCTH Ha BB3IyXa (A30T, KHCIOPO) U MPOMEHINBUATE CHCTaBHU
YacTH Ha BB3OyXa (BBIVIEPONCH IOWOKCHA, BOJHU MapH, TBBPIAM YACTHIM W Op.) M TEXHHUTE
CBOICTBA;

¢ 3TOYHUIIATE Ha 3aMbpCSABaHE Ha aTMocepara — NMPUPOAHH SBICHUS W JCHHOCTH Ha
YOBEKa,

® METOJIUTE 32 HAMAIIIBaHE 3aMBPCIBAHETO HA BB3IyXa;

e CBoiicTBaTa Ha BoOJaTa — CBCTOSHHE, IIBAT, MHpPHUC, BKYC, OOOBD pPa3TBOPHTEI,
MIPOBEXIaHE HA TOIUIMHA, TEMIIEpaTypd Ha KHIIEHEe M Ha TOIICHE, TeMIlepaTypHa aHOMAlUs Ha
BOJIATA;

e CBOHMCTBaTa HA pPA3TBOPHTE B 3aBUCHMOCT OT CBCTaBHHTE WM YacCTH W TEXHHTE
KOJINYECTBA,
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® BEIECTBA, KONTO €A 3aMbPCHUTENN HA BOJATa U BH3/ICHCTBHETO UM BHPXY OKOJIHATA Cpe/a
Y 3[IpaBETO Ha YOBEKa;

® BH3MOKHOCTHUTE 32 OTIa3BaHE YUCTOTATA HA IPUPOAHATA U HA MUTEifHAaTa BOJA.

Ymenus 3a:

® CpaBHCHHE Ha BEIECTBA U CMECH IO CXeMH (MOJEINN);

® Ha0JIIO/ICHUE M ONIMCAHKE Ha €THOPOIHH 1 HESTHOPOIHH CMECH;

e onvcaHue ¥ U300p Ha METO/IM 3a pa3/ielsIHE Ha CMECH B 3aBUCUMOCT OT BHJIa HA CMECTa;

® U3sICHSBAaHE CHIIHOCTTA Ha MPOLIECUTE TOPEHE U JUIIaHe BbB BPb3Ka ChC CBOMCTBATA Ha
MPOCTOTO BEIIECTBO KUCIOPOJ;

® pa3KpHBaHe 3HAYEHHETO Ha BHIVIEPOIHNS JUOKCH/ 38 KIIMMaTa Ha 3eMsATa ¥ 32 XpaHEHETO
Ha PacTCHUATA;

® onycaHue 3HAYCHNETO Ha 030HA 3a 3ara3BaHe KMBOTA Ha IUIaHETaTa;

® I0COYBAaHE Ha NPHMEPU 3a BEIIECTBA — 3aMBbPCUTENIM Ha BBb3JIyXa M OIMCaHUE Ha
BB3JICHCTBHETO UM BBPXY OKOJIHATa Cpeia M BbPXY 3[paBeTO Ha YOBEKa;

® 00sicCHEHHE Ha BH3MOKHOCTHTE 32 ONa3BaHe YHCTOTaTa Ha Bb3/yXa;

® OnycaHue Ha BOJHUTE Pa3TBOPH KaTO €THOPOJHH CMECH;

® CpaBHEHHE Ha HACUTEHU W HEHACUTEHH Pa3TBODH;

® J13CIe/IBaHe Pa3TBOPHUMOCTTA Ha BEIECTBAaTa BBB BOJA M KiacH(UIMpaHe Ha BEIlecTBATa
B 3aBHCHMOCT OT TSIXHATa Pa3TBOPUMOCT HA Pa3TBOPUMH, MAJKO Pa3TBOPUMHU M IPAKTHYECKH
HEpa3TBOPHMH;

® OIMCAaHWE HA ChCTABHHUTE YacTH (BPEIHM M IOJIE3HM) HAa NMPUPOAHM M Ha NMPOMHIICHH
BOJIH;

® OMMcaHWE Ha 3aMBPCUTENH Ha BOJATa M METOJM 3a MPEYNCTBAHE HA 3aMbPCEHH BOAN WX
3a OrpaHHYaBaHe 3aMbPCIBAHETO Ha IPUPOJHUTE BOJIH;

® IBIIBJIHCHHWE Ha XMMHYHM EKCHEpPUMEHTH IIpH Clia3BaHe HA IpaBWiaTa 3a Oe3oracHa
paboTa ¢ BemecTBa U 1abOpPaTOPHHU CHIOBE;

® aHAJIN3 Ha EKCIIEPUMEHTAIHN PE3YITATU U MPEACTABSIHETO UM 110 TTOIXO/SIL] HAYHH.

Cnopen mutepatypuu m3tounnim (Bizhkov, 1996; Ganchev & Gergova, 1998) xomnkorto
MOBEYE 33/1auyl ChABPKA JIAJICH TECT, TOJIKOBA IO-TOJEMH Ca Bh3MOXXHOCTUTE My 3a IIOCTHTaHE Ha
BHCOKa HaJISKTHOCT. [IpetoxKeHuAT OT HaC TUMIAKTHIECKH TecT chabpxka 20 3anaun. TeopeTnuHo
OCHOBaHO TOBA TapaHTHpPa BUCOKATA My HaJEKIHOCT.

B Tecta ca BKIIOYEHM 3aJadd OT pasiM4YEH TUII — CBbC CTPYKTYpUpPaH OTTOBOp, CBC
CBOOOJIEH OTrOBOp, 3aJa4yM 3a JONBIBAHE HAa OTroBopa W Ap. ChABPKAHHETO HA CHCTABCHUTE
TECTOBH 3aJ]a41 MOXeE Ja Ce MPE/ICTABH Upe3 ONMCAHUE Ha IEHHOCTTa MPU PEIIaBaHEeTO UM:

3adaua 1. PasnozHaBane Ha (PM3NYHUTE M HA XMMUYHUTE NPOMEHH Ha BEIIECTBOTO 3axap.

3adaua 2. CpaBHsiBaHe (M3MYHMTE CBOMCTBAa HA BEIECTBATa IOTBApCKa COJ M 3axap;
rpadur u cspa.

3adaua 3. PaznnuaBaHe Ha BEIIECTBA U CMECH; HA CMECH, KOMTO CE CpelIaT B IpupoaaTa u
CMeECH, MOJIy4EHH OT YOBEKa.

3adaua 4. Pa3nozHaBaHe Ha CMECH IO TIPU3HALMTE ChCTOSHUE M €THOPOIHOCT.

3adaua 5. V1360p Ha MOAXOMANIM METOJIH 3a Pa3/eNITHE Ha CMEC OT BELIECTBa.

3aoaua 6. Ilpunarane Ha 3HaHUS 33 METOJWTE 3a Pa3/e/sTHE Ha CMEC OT BEIIECTBA B HOBA
TIO3HABAaTEIIHA CUTYaIHsL.

3aoaua 7. OnpenensHe Ha MOYBATa KaTO CIOKHA HEETHOPOIHA CMEC OT BEUIeCTBA.

3aoaua 8. PaznuuaBaHe Ha IOCTOSIHHUTE U IPOMEHINBUTE ChCTABHH YacTH Ha BB3/yXa.

3aoaua 9. llpunaraHe Ha 3HAHUS 3a TIOCIEACTBHATA OT 3aMBPCABAHETO HA BB3AyXa C
XMMHYHH BEIIECTBA.

3adaua 10. OnuTHO pa3no3HaBaHe Ha Ta30BETE KUCIOPO/, a30T U BBIVIEPOJIEH THOKCHUI.

3adaua 11. TlocouBaHe Ha HEM34YEPIIAEMHUTE U3TOUHHIM Ha EHEPIHS.

3aoaua 12. Xapakrepusupane Ha (pU3NUHKUTE CBOWCTBA HA BOJIATa M HA BOJAHUTE Pa3TBOPH.
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3aoaua 13. CpaBHsABaHE CBOWCTBaTa Ha JECTHIMpAaHA BOJa W HA BOAA OT MHHEPAIHU
U3BOPH.

3aoaua 14. OnpenensHe Ha eTalKMTe OT KPbroBpara Ha BOAaTa B MIPUPOJIATa.

3aoaua 15. Pa3nnuaBane Ha 10JIE3HU U BPEHU ChCTABHU YaCTH HA IPUPOJHHUTE BOJIH.

3aoaua 16. [lo3HaBaHe Ha M3UCKBAHUATA, CBBP3aHU C yNOTpedara Ha KOHKPETHO BEIIECTBO.

3aoaua 17. Xapaktepu3upaHe Ha MPOLECUTE U ABJICHHUATA, KOUTO MPOTUYAT B HEXKMBATA U
B JKMBaTa IpUpO/Ia.

3aoaua 18. Tlpenarane Ha HAYMHM 32 OIA3BaHE YNCTOTATA HA BB3JyXa W HA MPHPOJHHUTE
BOJIN.

3aoaua 19. TlocouBane Ha mpaBuiaTa 3a Oe3omacHa padoTa B XUMHYECKaTa JabopaTopus.

3aoaua 20. Ananu3 Ha CHTYaliH, OTIACHU 32 37PaBETO Ha YOBEKA.

ToukuTe, KOUTO OLEHABAT BAPHOTO pELICHHE HA 3aJa4UTe OT TECTa UMAT Pa3iiyHa TEKECT
B 3aBUCHMOCT OT XapakTepa Ha JEHHOCTTa, KOSATO H3MCKBAa pEIICHWETO Ha 3aJadaTa U B
3aBHCHMOCT OT OIpeIeNIeHHTE OT HAC PaBHHIIA HA MOCTIKEHHUATA Ha yueHHuuTe (Tabm. 1).

Ta6sauua 1. PaHuIna Ha HOCTIDKEHHATA HA YUCHHUIINTE ¥ KDUTEPHH 32 TSXHOTO OLICHSBAHE

PaBunma Ha
MOCTUKEHUATA HA Kputepun CbabpikaHue Ha KpUTepust
YYeHULUTe
1. PemponyktuBHO | K| — 10 2 Toukn | BKirouBa ymeHHs 3a pelnaBaHe Ha TPEHUPOBBYHU
P, (3amaum 1, 7, 8, 3aj1aud: Pa3lo3HABAHC HA XUMHUYHU (DaKTH M TIOHATHUS,
11,12, 14, 15) pasmno3HaBaHe Ha  IpaBWia, [PUIOKEHHE  Ha
JIehMHULNH, BB3IPOM3BEKIaHEe HA OCHOBHU 3HAHUS H
YMEHHUSL.
2. IlpomyktuBHO P> | K, —mo 3 Touku | BrimrouBa ymeHnmss 3a pellaBaHe Ha IO3HABATEIHH
(3amaum 2, 3, 4, 5, 3a7aud: TPWIOKEHHE HAa 3HAHMS ¥ YMEHHA B
9,13,16,17) AQHAJIIOTHYHHU CHUTYyallWW, W3BBPIIBAaHE HA YaCTHIHO
MIPOIYKTUBHA JEHHOCT MO 337aIeH MOJIEL.
3. Tsopuecko P3| K3 —mno4 Toukn | BxmouBa ymeHus 3a pemaBaHe Ha TBOPYECKH 3aJa4H:
(3amaum 6, 7, 10, npuiiaraHe Ha 3HAHMS W YMEHHA B HEMO3HATH
13, 18, 19, 20) CHUTYyalliH, U3BSKIaHE HA 0000MIeHNs, GOpMYIIUpaHe 1
JIOKa3BaHe Ha XUIOTE3H.

3akiroueHue

B 3axioueHne mMoxe jga ce 00001y, Ye MPH CHCTABSIHE HAa TECTa Ca CIIA3eHH CIEHUTE
u3KMCKBaHUs: (a) TecThT ¢ chriacyBan ¢ JJOU 3a y4ueOHO chabpikaHue M ¢ YdyeOHATa mporpama
(2016 1.); (0) TECTBT € CAMOCTOATENEH IO OTHOIICHHE HA CHhIBPKAHUETO; (B) 3aMaunTe OT TecTa
00XBamaT CHIIECTBEHH MOMEHTH OT YU4eOHOTO ChIbpHKAHKE 32 BEIIECTBATAa U TEXHUTE CBOMCTBA;
(T) 3amaumTe OT TecTa ca MOAPEACHU CHOOPA3HO OILCHABAHWTE PAaBHUINA HAa TMOCTIDKCHHATA Ha
yuenunure (Tadi. 1); () BcAka 3a7a4a OT TeCTa € He3aBHCHMA IO ChIBPKAHUE OT OCTaHAIUTE; (&)
3a BCSAKA 33]a4a € OIpeeNieHa OIIeHKa, KOSTO OTrOBaps Ha CI0KHOCTTa Ha HEHHOTO ChABpIKAHUE;
(k) m30paHa e ckana 3a mpeBphIane Ha ToukuTe (0ana) OT BAPHO PENICHHUTE 3aJa4YH B OLICHKH.

Pesynrature oT M3cieABaHETO Ha KadyecTBaTa Ha TeCTa W OT HEroBara ampobamnus mpu
U3yYaBaHe Ha BEIECTBAaTa M TEXHUTE CBOICTBA B 5. Kiac mie ObAaT NMPEACTaBCHH B CleBaIla
My OIuKaIis.

Asmopvm u3kazea onazooaprnocm Ha ¢ono ,Hayunu uscneosanusn kvm I1Y ,JIaucuit
Xunenoapcku® 3a punancupane na Hacmoaujomo uzciedsane (002060p @I117-XD-013).
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MNPUJIOXKEHUE
JMIAKTAYECKH TECT ,,BEIIECTBA U TEXHUTE CBOMCTBA” 5. KJIAC
3agaua 1. [locouere Te3n OT M3OPOEHUTE CBOMCTBA HA BELIECTBOTO 3axap, KOUTO ca
CBBpP3aHU ¢ XUMUYHU IpoMeHH. OOOCHOBETE 0TroBOpa CH.

a) pa3TBaps ce BBB Boja; 0) mpu Temneparypa 185 °C ce crams; B) mpu HarpsiBane mpu
BHCOKa TeMIIepaTypa KapaMmelu3upa U ce OBBIJIABA; T') PH MPOIBIDKUTEIIHO HarpsBaHe Ha BOACH
pas3TBOp Ha 3axap (B IPUCHCTBHE HA JIMMOHTY3Yy) Ce IOJNy4YaBaT HOBU BEIIECTBA — TIIIOKO3a U
¢dpykTO3a.

CaoiictBarta ......... Ha 3axapTa ca CBbP3aHHU C XUMUYHH IIPOMEHH, 3aIIO0TO ........ucne.e....

3anaya 2. [To kou cBOMCTBa CH MPWIIMYAT U 10 KOH CE pa3iiMiaBaT BEIIeCTBaTa:

a) HATPHEB XJIOPH[ (TOTBAPCKA COJ) U 3axap;

005011709, RN Paznmuku: ...
0) rpadur u cspa;
IIpUmuKK: ...oveneeininnnn, Pasmuku:... ...

3apaua 3. M36poeHn ca mMeHa Ha BEIIECTBA M HA CMECH:

a) BOZa, BB3AYX, KHCIOpod; 0) BB3IyX, MOpPCKa BOAA, IOYBA; B) NECTIJIMPaHA BOJA,
rpadur, a30T; ) YyTyH, CTOMaHa, [IMMEHT.

ITocouere OykBara, B KOATO ca H30pOEHH UMEHA Ha!

— BEIECTBA — ...... ;

— CMECH, KOUTO C€ CpelaT B IPUPOAATa — ....... ;

— cMecH, KOUTO Ca TOJy4eHH OT YOBeKa — ........

3anaua 4. a) I'pynupaiite mocoyeHUTE CMECH IO MPH3HAKA ChCTOSHME: BB3AYyX, MOYBA,
kade, MopcKa coil, MOpcKa Boja, HedT, OakHa 0051, OCH3MH, IPUPOAEH Ta3, IapeHa CoJl.

0) I'pynupaiite mocodeHUTe CMECH IO TPH3HAKA €THOPOJHOCT: CMEC OT BoJda M OCH3WH,
CMecC OT BOJIa ¥ OJIFO, MHHEpaIHa BOAA, Tap(PIOM.

EfHOpOIHM CMECH: .....nvneeennnen. HeenHopoaHu cMeCH: ....ooeevenviniennen.

3agaya 5. Cmecenu ca onmo, BoJa M ToTBapcka coi. M3bepere moaxonsiiara
TIOCJICIOBATEITHOCT Ha JEUCTBHUS 3a pa3feisiHe Ha ChbCTaBKUTE Ha CMeCTa!

a) M3I0JI3BaHE HA aKTUBEH BBIVICH, GUITPYBaHe, AECTUIAIINS;

0) oTnMBaHe, pUITpyBaHe, M3MAPSBAHE HA BOJIATA;

B) U3II0JI3BaHE HA JIeNTUTENIHA (YHUS, U3MIapsBAHE HA BOJIATA;

r) GUITpyBaHe, OTIMBaHE, U3MAPsIBaHE HA BOJATA.

3amaua 6. [Tuemap ¢ TPUTOTBII 3aXapeH CHUPOI 3a MOAXPAHBAHE HA ITYCTHTE, KOUTO
orrnexna. CHpPOIBT € ONBETEH M JOCTa MBTCH, a MUpH3Mara My He ¢ mpustHa. [loMoruere Ha
muenapsi, KaTo My MOCOYMTE HAYMHU 32 OTCTPAHSBAHC HA HEKCIAHUTE MPUMECH OT 3aXapHUs
cuporn. Onuimere HaKpaTKO Kak TpsOBa 1a ce AeicTBa.

3amaua 7. Onpenenenuero: BaoicHa uacm om 3eMHAMA NOBbPXHOCH, NPeOCMABIABAUA
CII0JICHA HeeOHOPOOHA cMec Om 8eujecmad, Ce OTHACS 3a:

a) Bp31yXa; 0) mouBara; B) MOpCKaTa BOJa; I') IHKIOBHATA BOJA.

3apaua 8. [IpoMeHIMBY CHCTABHU YaCTH Ha BB3IyXa Ca:

a) BBIJIEPOJICH AUOKCHI, a30T, IIPpaxX M BOJHU MapH;

0) BOJJHM TIapH, BBIJIEPOCH AUOKCH]I, TIPaX, CEPeH AUOKCH];

B) KHUCJIOPO/I, BBITIEPOJICH JJUOKCHI, TPaX U BOJTHU MapH;

T) KUCIIOPOJI, BOJTHH TIapH, a30T U Ipax.

3amaua 9. 30pocHu ca 3aMbpCUTENH HA BB3IyXa:

a) BBIVIEPOJIEH OKCHUJT; 0) BBIVIEPOJIEH TUOKCHU]T; B) Ipax; I') a30T€H TUOKCHUI.

IMocovere OykBara, moKa3Bama UIMETO HA 3aMBPCUTEN, KOHTO:

— € CHJIHO OTPOBEH JIOPY B MAJIKH KOJMYECTBA — ....... ;

— y4acTBa B 00pa3yBaHETO HA KUCCIUHHU IBXKIOBE — ....... ;
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— Mopaju HaTpyIBaHEe B aTMoc(epaTa BOAU 10 3aTOIUIAHE HA TUIAHETaTa — ......

3anaya 10. Pa3nonarare ¢ Tpu ChJia, TBJIHU C KKCIOPO/, a30T U BbIUVIEpoieH auokcua. Kak
OTIMTHO IIIe JOKaXeTe B KOU ChJ1 KOU ra3 ce Hamupa?

3anaua 11. B kol pent ca mocoyeHH caMo HeM34YepInaeMy H3TOYHUIM Ha €HepTUs?

a) BATBHP, CIBHIIC, BHIIIUINA,;

6) HedT, BATHD, MPUIIMBHU U OTIIMBH;

B) CITBHIIE, BBIUIMINA, IPUPOICH Ta3;

T) BATHD, CIBHIIC, IPUIABH U OTJIABH.

3amaya 12. [TomrpaHETE HEOOXOIMMUTE YUCITA B CICIBAIIUTE M3PCUCHUS:

a) Boyata mpeMuHaBa OT TEYHO CHCTOSIHUE B TBBPO MPU TemIeparypa ..... °C.
0) Bonara kunu mpu Temmneparypa ..... °C.
B) BojHuTE pa3TBOpU KUMAT IPHU TEMIIeparypa, Mo-BUCOKa OT ..... °C.

r) TemneparypaTa Ha 3aMpb3BaHe Ha BOJIEH pa3TBOP Ha rOTBapcKa coil € Mo-Hucka ot .. °C.

3apgaya 13. 3amo gectuinypaHaTta Boja UMa €IHU U ChILIM CBOMCTBA HE3aBUCHMO OT TOBA
KbJIE € TOJIydeHa, a BoJaTa OT Pa3IMyHM MHUHEpaJHU W3BOPH NPOSIBSBA Pa3lINYHU CBOMCTBA B
3aBHCHMOCT OT MSCTOTO, OTKBJIETO N3BHpPA?

a) [lectrimpaHaTta BoJla ©UMa €THH M CHIIMHA CBOMCTBA, 3AIIMOTO .....vvnenenenenenennneananannnnns

0) BomaTa ot pa3nmyHM MUHEPATHN U3BOPH UMa Pa3IUNYHH CBOICTBA, 3alI0TO

3amaua 14. Kak Bojara or BomHHTE OacefiHM NMpeMHHABA BBB BB3AyXa W CJIEI TOBA CE
3aBphIla Ha 3€MHATa IOBBPXHOCT WM B Mopckute OaceiHm? OTroBopere HaKpaTKO, KaTo
MOJpeNTe B MOAXOMAII Pl IBICHUATA: BaJIeXK, M3APEHHE W KOHICH3AII.

Lo 3 2 3 3

3anmaua 15. B xoii pent ca mocoyeHu camo MOJIEe3HN ChCTABHHU YaCTH HA IIPUPOJHHUTE BOJIH?

a) BB3/1yX, MHHEPAITHH BELIECTBA, TOPOBE;

©) MUHEpaJHU BELIECTBA, TBBP/IM YACTHIH, KHCIOPO;

B) MHEIIH BEIIECTBA, KUCIOPOJ, TOPOBE;

T) TBBP/IY YaCTHIM, MUELIN BEI[ECTBA, MUHEPAIHH BEIIECTRA.

3agaua 16. [IpmioskeHHETO B MpaKTHUKATa Ha BEIIECTBATa 3aBHCH MPEJUMHO OT TEXHHTE
cBoiictBa. Vima obaue W Ipyrm WM3MCKBaHWS, Ha KOWTO TpsiOBa ja OTroBaps ymnorpedara Ha
KOHKPETHO BelecTBo. [locouere Te3u M3nCKBaHUS cpell H30pOeHHTE:

a) Ia ce HaMHpa B MPHUPOJATa B TOJEMH KOJMYECTBAa WIMA J]a CE€ TONy4aBa JIECHO OT
JOCTBITHH BEIIECTBA,;

0) 11a € eBTHHO;

B) TIPH IPOM3BOJICTBOTO MY Jia CE U3Pa3X0/[Ba MAJIKO CHEPTHS;

) IPOM3BOJCTBOTO U yHoTpebaTa My Ja He BOAAT 10 3aMbpCSIBaHE Ha OKOJIHATA CPEAa;

A) BCUYKH M30POCHU N3UCKBAHMUS.

3anaya 17. ®U3M4HU U XUMUYHH OPOLIECH U SBICHUS IPOTUYAT:

a) caMo B He)KUBaTa NMpUpoJa; 0) camMo B KHUBATa MPUPOIA;

B) B He)KMBATa U B KMBaTa IPUPOAA; I') HABCAKBAE OCBEH B YOBEILIKHS OPTaHU3bM.

3apmaua 18. Kakso Moxe na HanpaBu Bceku oT Bac u ot Bamero cemeiicTBo, 3a ona3BaHe
YHCTOTaTa Ha: a) Bb3AyXa; 0) MPUPOAHUTE BOJIH.

3amaua 19. Hamwmmere mer mpaBmia, HapymiaBaHETO Ha KOWUTO MOXKE Ia JOBEAE IO
MHIWJICHTH B XMMHUYecKara J1abopaTopHsl.

3agaya 20. OGsicHere 3alo0 ca BpeIHM 3a 3]paBETO HA YOBEKA OIMCAHUTE I10-JI0JTy
KUTEHCKH cuTyauuu. [Ipennoxxere u Ipyru npuMepH.

a) POJBIKUTEIIEH IPECTOM B HEMPOBETPEHA CTASL — +.enveeneeteneneneneeneneeneneanenennen ;

0) TIPECTOI B 3AMPAIIEHA ATMOCHEPA — .+ e e eeeeeetetetetenenenen e et eaee et eeaaenenanenenes ;

B) ITBTYBAHE BBB BATOH 38 ITYIITATH — ... eueueneneneneett et et enetenenenetenenenene e neaaaaenenes
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NEW ELECTROSPUN MATERIALS WITH SHELL FROM
BIOCOMPATIBLE POLYESTERS AND CURCUMIN-CONTAINING
CORE: PREPARATION AND PROPERTIES

Irena Borisova, Olya Stoilova, Iliya Rashkov, Nevena Manolova

Laboratory of Bioactive Polymers, Institute of Polymers, Bulgarian
Academy of Sciences, Acad. G. Bonchev St., bl. 103A, 1113 Sofia, Bulgaria

Abstract

Currently, coaxial electrospinning has gained considerable interest since it enables
obtaining core-shell fibers loaded with bioactive compounds encapsulated in the core. The
structure of the fibers provides means to protect the bioactive compound from any damaging
effects on storage and to modulate the drug release. In the present work the preparation of
new micro- and nanofibrous materials containing curcumin — a bioactive compound of plant
origin, was studied. The materials were prepared by coaxial electrospinning using
polyvinylpyrrolidone/ curcumin solution for the core and poly(3-hydroxybutyrate)/poly(e-
caprolactone) solution for the shell. The core—shell structure was evidenced by transmission
electron microscopy and by fluorescence microscopy. The release of curcumin from the
coaxial-fiber mats was carried out at 37°C. In addition, the antioxidant activity of the
materials was evaluated depending on time.

Keywords: coaxial electrospinning, poly(3-hydroxybutyrate), curcumin, antioxidant activity

Introduction

Coaxial electrospinning allows one-step preparation of materials with purposely tailored
structure and properties [1]. Moreover, coaxial electrospinning enables obtaining core-shell fibers
loaded with bioactive compounds encapsulated in the core. Thus, the core-shell structure of the
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fibers provides means to protect the bioactive compound from any damaging effects on storage
and to modulate its release.

It is well-known that curcumin as a polyphenolic bioactive compound of plant origin has
antimicrobial, antioxidant, and anti-inflammatory activity [2]. However, its poor water solubility
and instability under illumination limits its applications. To overcome these drawbacks curcumin
has been loaded in different micro- and nanoparticles or fibers [3]. Recently, aliphatic polyesters
poly(3-hydroxybutyrate) (PHB) and poly(e-caprolactone) (PCL) have been considered as one of
the most promising polymers as carriers of bioactive compounds [4]. It is known that the
electrospun materials based on these polyesters combines a number of valuable properties and
hence great potential for different biomedical applications.

The present study shows the possibilities for preparation of new electrospun materials
with shell from biocompatible polyesters (PHB and PCL) and curcumin-containing core. The
properties, curcumin release and antioxidant activity of the materials are studied and reported.

Materials and methods

Poly(3-hydroxybutyrate) (PHB, 330000 g/mol), poly(e-caprolactone) (PCL, 80000 g/mol)
and polyvinylpyrrolidone (PVP, 360000 g/mol), as well as commercially available curcumin
(Curc) and 2,2-Diphenyl-1-picrylhydrazyl (DPPH) were of analytical grade of purity. Chloroform
(CHCl3), dimethyl sulfoxide (DMSO) and N,N-dimethylformamide (DMF) were of analytical
grade and used without further purification.

For the fabrication of PVP/Curc-PHB/PCL core—shell fibers, solution of PVP/Curc (10%
curcumin in respect to PVP) in DMSO/H,O = 1/1 (v/v) was used as a core solution. A mixed
PHB/PCL (1/1 w/w) solution in CHCIl;/DMF = 9/1 (v/v) at a total polymer concentration of 14%
(w/v) were used as a shell solution. Coaxial electrospinning of PVP/Curc core and PHB/PCL shell
was performed at 17 kV applied voltage, coaxial spinneret-to-collector distance of 20 c¢cm and
collector rotation speed of 1200 rpm. The flow rates of the core and shell solutions were 1 and 3
ml/h, respectively.

The morphology and core-shell structure of the obtained PVP/Curc—PHB/PCL fibers
were studied by scanning electron microscopy (using a Philips SEM 515), transmission electron
microscopy (using a JEM 2100 instrument operating at 200 kV) and fluorescence microscopy
(using Carl Zeiss fluorescence microscope NU-2).

Results and discussion

The PVP/Curc-PHB/PCL materials were composed of uniform and defect-free fibers as
shown by SEM analyses (Fig. 1A). In addition, TEM micrograph (Fig. 1B) clearly evidenced the
core—shell structure — a defined dark core and a light shell were observed along the fiber length of
the PVP/Curc-PHB/PCL materials. It is known that curcumin is a fluorescent compound, which
enable observation by fluorescence microscopy without any addition of fluorescence probe.
Indeed, the intensive fluorescence, characteristic of the curcumin in PVP/Curc-PHB/PCL
materials appeared (Fig. 1C). This result evidenced that curcumin is uniformly distributed in the
fibers.

A B C
Figure 1. Morphology and structure of PVP/Curc—PHB/PCL core—shell fibers: SEM (A), TEM (B)
micrographs and fluorescence microscopy (C) image
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Thermal properties of the PVP/Curc—PHB/PCL materials were studied by differential
scanning calorimetry (performed with a TA Instruments Q200 at a heating rate of 10°C/min from -
20 to 200°C). The DSC thermograms of the PHB and PVP/Curc—PHB/PCL are presented in
Figure 2. The peak corresponding to the melting temperature of PHB was shifted to lower
temperatures — from 166°C for PHB fibers to 164.5°C in the case of PVP/Curc-PHB/PCL. No
peak corresponding to the melting point of curcumin (at 175°C) was observed. This indicated that
in the core of the PVP/Curc—PHB/PCL, curcumin was amorphous. In addition, PHB crystallinity
degree (%) was calculated using the heat of fusion of 100% crystal polymer. The crystallinity
degree of PHB from PVP/Curc-PHB/PCL (30%) increased as compared to the PHB fibers (41%).
These results, as well the lowering melting temperature of PHB in PVP/Curc—PHB/PCL material
probably may be attributed to intermolecular interactions between the polymers and the phenolic
compound curcumin.
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Figure 2. DSC thermograms (first heating run)

The in vitro release of curcumin from the core—shell PVP/Curc—PHB/PCL materials after
storage for one year, was carried out in acetate buffer (pH 5.5) containing Tween 20 (95.5/0.5 v/v)
for 24 h at 37°C. The cumulative release percentages of curcumin are presented in Fig. 3. As seen,
after 24 h of the release, about 31% of the loaded curcumin had left the core. This result indicated
that the core—shell structure successfully can protect and preserve the bioactive compound inside
the core after one year of storage and to modulate its release.

40,
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Figure 3. In vitro curcumin release from PVP/Curc—PHB/PCL mats after one-year storage
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The effectiveness of the curcumin antioxidant activity after being loaded in the core of the
PVP/Curc—PHB/PCL fiber mats was evaluated by DPPH assay. DPPH is a stable free radical,
which ethanol solution gives deep violet colour with absorption at 517 nm. The reaction was
followed spectrophotometrically by monitoring the decrease of the absorbance of DPPH in the
presence of PVP/Curc-PHB/PCL. Antioxidant tests were performed after one-year storage of the
materials. As shown in Fig. 4, the DPPH scavenging ability of the loaded in the core curcumin was
more than 40% even after 5 min of reaction, as expressed by the calculated antioxidant activity
percentage (AA, %). The prepared core—shell materials protect and preserve curcumin during
storage, hence keeping its properties undamaged. It was proven that the loaded in the core
curcumin preserved its activity.
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Figure 4. Antioxidant activity percentage of PVP/Curc-PHB/PCL mats
after one-year storage

Conclusions

New electrospun materials with shell from biocompatible polyesters (PHB and PCL) and
curcumin-containing core were prepared and characterized. The in vitro release and antioxidant
effectiveness of the curcumin after being loaded in the core of the PVP/Curc—-PHB/PCL fiber mats
proved that the core—shell structure successfully can protect and preserve its properties after one
year of storage and to modulate its release.
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Abstract

The extensive and dynamic development of the nanotechnologies has led to the
creation of a new generation advanced materials with unique features. Nanofibrous polymer
materials prepared by electrospinning — a cutting-edge technique for simple and efficient
fabrication of polymer fibers with diameters in the micro- and nanoscale, and extremely high
aspect ratio are such kind of materials. The present research is focused on study of the
possibilities for improving the physico-mechanical properties of poly(3-hydroxybutyrate)
(PHB) materials obtained by electrospinning using two types of patterned rotating collectors
— drum and blade collector. The materials are based on PHB matrix built of micro- or
nanofibrous non-woven textile with tailored structure. Thereby, the effect of the collector
geometry on the structure of PHB non-woven textile, as well as the dependence on the
composition—structure—properties of these materials is studied.

Keywords: electrospinning, poly(3-hydroxybutyrate), patterned rotating collectors,
mechanical properties.

Introduction

Recently, an abrupt increase in the number of studies on electrospun materials has been
observed, since they possess specific properties related to their size and their exceptionally large
specific area. It is well known that the mechanical properties of the electrospun materials depend
on diverse parameters [1]. A key factor is the structure and the achievement of a certain alignment
of the fibers that compose the non-woven textile during the electrospinning process [2].

Poly(3-hydroxybutyrate) (PHB) is worthy of special interest as promising polymer
obtained from renewable sources. Because of its high crystallinity, PHB materials are stiff and
brittle, and thus results in very poor mechanical properties with a low extension at break [3,4]. In
this respect, the present research is focused on study of the possibilities for improving the
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mechanical properties of PHB-based materials obtained by electrospinning using different types of
patterned rotating collectors — drum and blade. The effect of the collector rotation rate and
geometry onto the alignment of the fibers and on the mechanical properties (tensile strength) of the
electrospun PHB-based materials is studied. The effect of the position of cutting the specimens in
respect to the direction of collector rotation on the tensile properties is assessed.

Materials and methods

Poly(3-hydroxybutyrate) (PHB, 330000 g/mol), chloroform (CHCl;) and N,N-
dimethylformamide (DMF) were of analytical grade and used without further purification. For the
fabrication of PHB-based non-woven fibrous materials a solution of PHB (14% w/v) in
CHCIL:;/DMF (4/1 v/v) was prepared by heating at 60°C and further were used as a spinning
solution. Electrospinning of the PHB was performed at 25 kV applied voltage, spinneret-to-
collector distance of 25 cm and feeding rate of 3 ml/h. For the fabrication of non-woven textile
with tailored structure two types of patterned rotating collectors — drum (conventional) and blade,
were used. In order to achieve desired alignment of the PHB fibers, the speed of the collectors was
varied (600 or 2200 rpm).

Results and discussion

It is known that the fibrous materials from PHB prepared by electrospinning by means of
conventional rotating collector are characterized by poor mechanical properties [5]. Thus, the
working hypothesis is that the electrospinning of PHB onto patterned rotating blade collector and
at various speeds will enable the preparation of a non-woven textile with well-defined morphology
and tailored fibers alignment as shown in Figure 1. In this respect, a series of electrospun non-
woven fibrous materials based on PHB onto drum and blade rotating collectors and at various
collector speeds were fabricated.

Figure 1. Schematic
representation of fibers obtained
at rotation rate below (left) and
above (right) 1500 rpm

Collector rotation direction
Collector rotation direction

Morphological and structural characteristics, as well fiber orientation of these materials
were observed by scanning electron microscopy (using a Philips SEM 515). The electrospinning
onto drum rotating collector at 600 rpm caused obtaining of randomly oriented PHB fibers (Figure
2A). As can be seen, the increase of the drum collector speed to 2200 rpm resulted in an
arrangement of the PHB fibers along the drum collector rotation direction (Figure 2B). It was
found that between the blades, PHB fibers were randomly deposited at 600 rpm (Figure 2C),
whereas at 2200 rpm they were aligned along the blade collector rotation direction (Figure 2D).
Therefore, by varying the collector speed and the type of the collector an additional fibers
alignment in collector rotation direction was achieved.
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Figure 2. SEM micrographs of PHB fibrous materials obtained onto drum (A, B) and blade
rotating collectors (C, D) at 600 rpm (A, C) and 2200 rpm (B, D) collector rotating rate. The
arrows show collector rotation direction

In order to study the effect of the collector geometry on the mechanical properties of PHB
non-woven textile, the tensile testing was performed on a single column system for mechanical
testing INSTRON 3344, equipped with a loading cell of 50 N, at room temperature and extension
rate of 20 mm/min. The testing was carried out using specimens cut out with 20x60 mm
dimensions, at a constant loading rate based on 10 measurements. All specimens were cut in the
direction of collector rotation, since cutting the specimens in this direction yields the best results
for mechanical properties of the electrospun materials [6]. The obtained stress-strain curves are
shown in Figure 3. Clearly, the increasing the collector speed from 600 rpm to 2200 rpm leads to
enhancement of the strength of the electrospun PHB materials obtained onto patterned collectors.
Based on the obtained stress-strain curves the values of the modulus of elasticity (E, MPa), tensile
strength (o, MPa) and the elongation at break (eg, %) were determined, as well. It should be noted
that the materials prepared at higher collector speed (2200 rpm) were characterized by higher
values of the modulus of elasticity compared to those at lower speed (600 rpm). It was found that
the Young's modulus in both types of PHB materials obtained at 2200 rpm increased two times
compared to that at 600 rpm. In addition, the elongation at break also increased 1.4 times at higher
collector rotation rate.
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Figure 3. Stress-strain curves of PHB fibrous materials obtained onto drum (A) and blade (B)
rotating collectors at 600 rpm and 2200 rpm collector rotation rates

Conclusions

Non-woven fibrous materials from PHB onto patterned collectors were prepared by
electrospinning and characterized. It was shown that certain alignment of the fibers that compose
the PHB non-woven textile might be successfully achieved by using the patterned collectors and
by varying their rotation rate. Moreover, it is a suitable approach for improvement the strength of
the electrospun PHB materials.
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Abstract

Polymeric nanoparticles play a central role in the systems for controlled drug delivery.
Herein, we present a novel polymeric drug delivery system intended for both cellular and
subcellular targeting. The synthetic strategy involves a multistep procedure leading to the
formation of amphiphilic triblock copolymer poly(ethylene oxide)-b-poly(D,L-lactide)-b-
poly(N,N-dimethylaminoethyl methacrylate), PEO-b-PLA-b-PDMAEMA bearing all the
necessary functions (targeting and degradable) in the same macromolecule. Initially,
amphiphilc diblock copolymer PLA-b-PDMAEMA with terminal amine group and pending
triphenylphosphonium subcellular targeting ligands was synthesized applying controlled
polymerization and modification techniques. In the second step, a heterobifunctional PEO-
block, decorated with lactobionic cellular targeting ligand and aldehyde end group was
attached to the diblock copolymer through the formation of pH-sensitive aromatic imine
bond to yield the multifunctional triblock copolymer. The amphiphilic triblock copolymer
self-associated in aqueous media into nanosized multifunctional micelles that were
characterized with dynamic light scattering (DLS) and transmission electron microscopy
(TEM).

Kyewords: multifunctional block copolymer, polymeric nanoparticles, targeted drug
delivery

1 Introduction

Over the past two decades, the attention of the leading pharmaceutical companies is directed to the
problem of controlled and targeted delivery of drugs into the human body to achieve therapeutic
effect. Polymeric nanoparticles exhibit several features that favor their utility as nanocarriers for
drug delivery applications. The most important advantages are low toxicity, various opportunities
for functionalization, ability to impart desired properties, control of size, topology and
microstructure (Blanco, 2015). The rational design of drug delivery nanovehicles is based on two
targeting approaches. Passive targeting relies on the characteristics of the delivery vehicle itself
and the pathology of the specifc disease that leads to a preferential accumulation of nanoparticles
at the site of interest. The passive mechanism of nanoparticle accumulation and uptake is known as
the enhanced permeability and retention (EPR) effect and was frst reported by Maeda et al.
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(Matsumura 1986; Maeda, 2012). The use of stimuli responsive carriers is another option for
accumulating active substances to the desired sites (Shenoy, 2005; Hoffman, 2013). The second
approach is based on active targeting strategies that direct the drug delivery systems to the sites of
interest on cellular and subcellular level using various targeting moieties (ligands) (Tada, 2007).
The proposed drug delivery concept for polymeric nanocarriers is composed of three main
elements: a hydrophobic core of PLA-block (drug carrier), a positively charged layer of
PDMAEMA-block that behaves like endosomotropic agent (accumulates in endosomes, buffering
the pH and promoting the nanocarrier endosomal escape) and detachable PEO-corona, which
suppresses the non-specific interactions with biological components including entrapment by the
reticuloendothelial system (RES), thereby leading to prolonged blood circulation time of micelles
(Miyata, 2011).

2 Materials and methods

2.1 Reagents and materials. All chemicals were purchased from Sigma-Aldrich.
Dichloromethane (DCM,) and tetrahydrofuran (THF) were distilled from calcium hydride prior to
use. D,L-Lactide (LA) was recrystallized from toluene/ethyl acetate mixture (95 : 5 v/v). N,N-
Dimethylaminoethyl methacrylate (DMAEMA) was passed through a column containing neutral
aluminum oxide. Ethylene oxide (EO) was distilled over calcium hydride at subzero temperature.
Propargyl alcohol (PrOH) and N,N-dimethylethanolamine were distilled under reduced pressure.
Triethylamine (TEA) was distilled from potassium hydroxide. Methanol, hexane, acetone,
copper(I)  bromide  (CuBr), 2-  bromo-2-methylpropionyl bromide (BIBB), 4-
dimethylaminopyridine (DMAP), 1,1,4,7,10,10-hexamethyltriecthylenetetramine (HMTETA), (4-
bromobutyl) triphenylphosphonium bromide (Br-Bu-TPP-Br), lactobionic acid and 4-formyl
benzoic acid were used as received.

2.2 Methods. 'H NMR spectra were recorded in CDCl; or DMSO-dg on a Bruker Avance 11+ 600
MHz instrument. Gel permeation chromatography (GPC) was performed in THF at a flow rate of
1.0 mL min" using Shimadzu Nexera XR HPLC chromatograph, calibrated versus polystyrene
narrow molar mass standards. Infrared spectra were recorded on a IRAffinity-1 Shimadzu Fourier
Transform Infrared (FTIR) spectrophotometer with MIRacle Attenuated Total Refectance
Attachment. UV/Vis spectra were taken on a DU 800 Beckman Coulter spectrometer.
Transmission electron microscope (TEM) images were obtained using HRTEM JEOL JEM-2100
(200 kV) instrument. Dynamic light scattering (DLS) measurements for particles' size and size-
distribution determination as well as their surface zeta potential analyses were carried out on a
NanoBrook 90Plus PALS from Brookhaven Instruments Corporation.

3 Results and discussion

3.1 Synthetic strategy. Controlled synthesis of the multifunctional amphiphilic triblock
copolymer involves several steps. A metal-free organocatalyzed controlled ring-opening
polymerization proposed by Nederberg et al. (Nederberg, 2001) was applied for the synthesis of
PLA biodegradable block. A commercially available propargyl alcohol was used as a
heterobifunctional initiator for D,L-lactide controlled polymerization (Babikova 2016). Thus,
while the hydroxyl group initiated the polymerization process, each of the formed polymer chains
was quantitatively functionalized with the “clickable” alkyne end-group with no need of additional
protection/deprotection steps. The obtained heterobifunctional polyester was characterized by
GPC, '"H NMR and FTIR spectroscopy. The polyester’s terminal hydroxyl group was reacted with
BIBB followed by a controlled radical polymeization of the second polymer block of PDMAEMA
with desired length. The polymerization proceeded in THF and was completed within 5 hours. The
copper-containing catalytic system was removed by passing the reaction mixture through Al,Os-
containing column. The amphiphilic diblock copolymer was recovered in high yield (above 75%).
The final steps at this stage of the synthetic procedure involved the primary amine group
modification of PLA chain end through reaction of its terminal alkyne groups with
azidopropylamine followed by the introduction of subcellular targeting ligands into the
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PDMAEMA-block through partial quaternization of the dimethylamino-groups with bromobutyl-
derivative of triphenylphosphonium (TPP+) ligand.

Separately, a heterobifunctional PEO, bearing dimethylamino and hydroxyl end groups was
synthesized by an anionic ring-opening polymerization of ethylene oxide using potassium
alkoxide of N,N-dimethylethanolamine as an initiator (Berlinova, 2000). The next step was
modification of the PEO terminal hydroxyl and dimethylamino groups with aromatic aldehyde
and lactobionic (cellular targeting) moieties respectively. Finally, the functional PEO-block was
attached to the amphiphilic PLA-b-PDMAEMA diblock copolymer through the formation of pH-
sensitive aromatic imine bond yielding the multifunctional triblock copolymer (Figure 1).

pH-sensitive group polycationic block

NP o] o] o]
N 'ﬂ/y\o 0\[]*0 O\HJ\O Br
\ /\,0.(/\ )'\,0 Nz, x- 1z z
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Figure 1. Chemical structure of the multifunctional PEO-b-PLA-b-PDMAEMA triblock
copolymer.

The degree of each monomer polymerization and the completeness of the modification reactions
were determined by 'H NMR spectroscopy. The polymers molar-mass distributions were obtained
from the GPC analyses. Since only controlled and living polymerization techniques were applied
the resulting homo- and block copolymers obtained at different stages of the synthetic procedure
exhibit monomodal and narrow molar-mass distributions with dispersities in the 1.1-1.3 range.

3.2 Block-copolymer micelles formation. Above their critical micellization concentration (CMC)
the amphiphilic triblock copolymer can spontaneously form micelles comprising hydrophobic
PLA cores, polycationic PDMAEMA layer with TPP+ subcellular targeting ligands and PEO
corona with lactobionic cellular targeting ligands. The polymer micelles were obtained in aqueous
media by the nanoprecipitation technique. Initially, a predetermined amount of the triblock
copolymer was dissolved in acetone (good solvent for all constituent blocks) and added dropwise
to water or phosphate buffered saline (PBS, pH 7.4). After the organic solvent evaporation
polymer micelles were formed and subjected to analyses. The CMC of the triblock copolymer in
aqueous media was determined applying the dye solubilization method described by Alexandridis
et al. (Alexandridis, 1994). UV measurements on increasing concentrations of triblock copolymer
(0.005-2.0 mg mL™) in the presence of the hydrophobic dye 1,6-diphenyl-1,3,5-hexatriene (DPH,
10 puL from 0.4 mM solution in methanol) in aqueous media were performed. While DPH does not
dissolve in water it solubilizes into the hydrophobic micellar core, giving a characteristic spectrum
with absorption maximum at 356 nm. By plotting the intensity of this maximum vs. block
copolymer concentration the CMC value of 0.03 mg mL"' was estimated from the cross-point of
the obtained two straight lines. Thus, for further analyses micelles with concentration of 1 mg mL!
were prepared.

The DLS measurements showed formation of particles with an average diameter of approx. 50 nm
with monomodal and relatively narrow size-distribution (Figure 2a). Thus, the obtained
mutifunctional micelles are with optimal for potential use in nanomedicine sizes. The formation of
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spherical nanoparticles was visualized by TEM analysis (Figure 2b). The data concerning average
particle sizes are in good agreement with those obtained from the DLS measurements.

The particles suface charge is reduced significantly after the attachment of the PEO-block. The
surface zeta potential drops from 17 mV for the micelles of PLA-b-PDMAEMA diblock
copolymer to 5,7 mV for the multifunctional PEO-b-PLA-b-PDMAEMA triblock copolymer
micelles. This is as an evidence for the “stealth” effect of the PEO-block (Figure 2c).
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Figure 2. Characteristics of the functional PEO-b-PLA-b-PDMAEMA block copolymer micelles:
(a) size-distribution curve measured by DLS in PBS, pH 7.4 (d = 46.3 (£1.9) nm, PdI: 0.253); (b)
TEM-image (d = 61 (x£11) nm); and (c) zeta potentials measured in PBS, pH 7.4 (16.9 mV for the
amphiphilic PLA-b-PDMAEMA diblock copolymer micelles and 5.7 mV for the PEO-containing
multifunctional triblock copolymer micelles).

4 Conclusions.

Novel, multifunctional amphiphilic triblock copolymer was designed and successfully
obtained applying a multistep synthetic pocedure. The copolymer consists of biodegradable
hydrophobic block of poly(D,L-lactide), polycationic poly(N,N-dimethylaminoethyl methacrylate)
block with weakly basic amino groups having sufficient buffering capacity and detachable
poly(ethylene oxide) block. Furthermore, the system was decorated with lactobionic cellular and
triphenylphosphonium subcellular targeting ligands. The amphiphilic triblock copolymer self-
associated in aqueous media into multifunctional nanosized micelles intended for targeted drug
delivery applications..
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AMPEROMETRIC DETECTION OF HYDROGEN PEROXIDE IN
ALKALINE MEDIUM USING RHODIUM-MODIFIED GLASSY
CARBON
Yanna Lazarova, Totka Dodevska
Department of Organic chemistry and Inorganic chemistry, UFT, Plovdiv

Abstract

The electrocatalytic response of rhodium-modified glassy carbon electrode towards
hydrogen peroxide (H20:) oxidation in alkaline medium (0.1 M NaOH) was studied using
cyclic voltammetry (CV) and chronoamperometry. CV experiments yielded evidence that
rhodium deposits facilitates hydrogen peroxide electrooxidation. The amperometric
detection of H20: was carried out at a constant potential of 0.25 V (vs. Ag/AgCl, 3 M KCI)
and the operational parameters of the modified electrode have been defined: electrode
sensitivity 231 pA mM™' em?, range of the strict linear concentration dependence of the
current signal up to 6.0 mM HzO: (r’=0.999), response time 15 s.
Keywords: hydrogen peroxide oxidation, alkaline medium, rhodium, modified glassy carbon
electrode

Introduction

In recent years, development of sensitive, accurate and simple methods for reliable, fast and
low-cost quantitative analysis of hydrogen peroxide (H»O,) over the micro- and nanomolar
concentration ranges is practically important and widely investigated (Chen et al., 2012; Chen et
al., 2013). H,O, plays a fundamental role as an oxidising, bleaching, antiseptic and disinfecting
agent, therefore it is an essential analyte in pharmaceutical, cosmetic, food and environmental
monitoring.

Rhodium (Rh) is an excellent catalyst in hydrogenation reactions, applicable in C—C cross-
coupling (Kanuru et al., 2009) and oxidation reactions (Sathe et al., 2011). Rh has a high activity
for the catalytic conversion of atmospheric pollutants (Gomez et al., 2004), thus it is a common
component of the catalysts used to remove nitrogen oxides, CO and some hydrocarbons from auto
exhaust gases. Furthermore, rhodium with its chemical inertness towards acids and bases can
withstand even harsh reaction environments, rendering Rh micro- and nanostructures broadly
applicable (Sathe et al., 2011). In 2016 research paper, related to the catalytic activity of rhodium,
has been reported that Rh nanocrystals with specific morphology may be highly promising
alternatives to Pt electrocatalysts for methanol electrooxidation in an alkaline medium (Kang et
al., 2016). In this connection, present work deals with the studies on hydrogen peroxide oxidation
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in alkaline medium on Rh-modified glassy carbon electrode with respect to quantitative
amperometric detection of H,O,. The modified electrode shows well defined, stable voltammetric
response at high pH (pH 13, 0.1 M NaOH). Effective electrooxidation of H,O, at reduced
overpotential (0.25 V, vs. Ag/AgCl) was performed using presented here catalyst.

Experimental
Materials

The working electrode was disc from glassy carbon (GC) with diameter of the working surface
d=3 mm and visible surface area of ca. 7.07 mm? (Metrohm). RhCl;.nH,O (Fluka), HCI (Merck),
30% H,0, (Fluka), NaOH (Fluka) were of analytical grade and used as received. Double distilled
water was used to prepare aqueous solutions.

Apparatus and measurements

The electrochemical measurements were performed using computer controlled electrochemical
workstation EmStat2 (PalmSens BV, The Nederland) in a conventional three-electrode cell,
including working electrode, an Ag/AgCl (3 M KCl) reference electrode, and a platinum auxiliary
electrode.

The electrochemical measurements were carried out in Ar-purged 0.1 M NaOH at a constant
temperature of 25 °C. Cyclic voltammograms (CVs) were recorded at scan rate of 50 mV s’'. Peak
intensities of CVs were reported with baseline correction. The chronoamperometric experiment
was performed by successive addition of aliquots of freshly prepared 3x102 M H,O; (in 0.1 M
NaOH) solution to basic electrolyte 0.1 M NaOH in the cell (30 mL initial volume) with
simultaneous registration of the current at a constant potential.

The experimental data were processed by software package "OriginPro 8".

Electrochemical deposition of Rh

Before modification, the GC electrode surface was carefully polished with 0.3 and 0.5 pm
alumina slurry on a polishing cloth (LECO, USA), followed by sonication in double distilled
water for 3 min in order to remove adsorbed particles. After bath sonication, the electrode was
rinsed with double distilled water and allowed to dry at room temperature for few minutes. The
rhodium structures were electrodeposited onto the clean working surface of the GC electrode by
means of CV — 1 cycle at a scan rate of 0.1 V s™! from electrolyte containing 2% RhCls, dissolved
in 0.1 M HCI. The electrode surface was seeded with rhodium particles when starting the cycle at -
0.3 V, then the scan goes up to 0.9 and back to -0.3 V. The modified Rh/GC was subsequently
rinsed twice with double distilled water, dried at ambient conditions and employed for the
electrochemical studies.

Results and discussion

The electrocatalytic behaviour of the modified electrode Rh/GC in 0.1 M NaOH was studied
using cyclic voltammetry (CV). Fig. 1A presents the CVs recorded in the potential range from -0.2
to 0.4 V in the absence and presence of 1 mM H,0O. It is obvious that the bare GC electrode
exhibits low catalytic activity for the electrooxidation of H,O; in alkaline medium (Fig. 1A inset).
The appearance of catalytic wave on the voltammogram for Rh/GC, recorded in the presence of
H,0,, provides a proof that the metal phase, deposited onto GC, is electrochemically active. As it
can be seen from the CV, upon the addition of H,O,, the electrocatalytic oxidation of H,O, on
modified electrode starts above 0 V (vs. Ag/AgCl). The anodic current increases sharply with
further increase of applied potentials and reaches its maximum at a potential around 0.25 V.

In order to evaluate the electrocatalytic activity of Rh particles, the CVs of the modified
electrode in the presence of different concentrations of hydrogen peroxide in 0.1 M NaOH were
recorded. As shown on Fig. 1B, the anodic peak currents increased gradually with increasing H,O»
concentration and the peak potentials shift to more positive both of which demonstrate that the
oxidation current is caused by the electrooxidation of H>O,. The results (inset to Fig. 1B) showed
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that the concentration dependence of the catalytic peak currents was linear over the studied range
(up to 1.5 mM) with a correlation coefficient of 0.997. It can be inferred from these results that the
presence of the electrodeposited Rh on the surface of GC electrode facilitates the detection of
H,0; in alkaline medium.

0
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Fig. 1. CVs of the modified electrode Rh/GC in 0.1 M NaOH: A) in absence and presence of 1
mM H>O;, inset: CVs of the bare GC electrode; B) in presence of various H>O: concentrations,
inset: plot of the anodic peak currents vs. H,O, concentration; scan rate of 50 mV s7.

Since amperometry under stirred conditions is much more current sensitive than cyclic
voltammetry, this method was employed in order to estimate the electrode sensitivity. Fig. 2A
displays the typical steady-state catalytic current time response of the modified electrode with
successive injection of hydrogen peroxide at a constant applied potential of 0.25 V in 0.1 M
NaOH solution. The chronoamperometric record indicates that the oxidative current increased
stepwise upon introducing in the background electrolyte aliquots of the analyte stock solution,
rapidly reaching a steady-state current in less than 15 s (Fig. 2A). These results demonstrate a
stable and efficient catalytic property of Rh electrodeposited on GC electrode. There is a linear
relation between response current and peroxide concentration up to 6 mM HyO»; the
corresponding calibration curve is presented in Fig. 2B. The linear least squares calibration curve
(15 points) is I(LA)=16.299C(mM)-0.423 with a correlation coefficient of 0.999, indicating that
the regression line is very well fitted with the experimental data. The electrode sensitivity of 231
pA mM!' cm™ was determined as the slope of the linear portion of the calibration graph, divided
by geometric electrode area.

The analytical system is characterized by a relatively simple preparation and wide linear
dynamic range of the analyte. The sensitivity of detection (231 pA mM-! cm™) is also a significant
advantage, as it is about 4 times as high as the one achieved by Ojani et al. by means of modified
electrode type Nikel oxide/CPE (Ojani et al., 2012) obtained at a much higher working potential
(0.6 V) and 6 times as high as the sensitivity achieved by Li et al. by means of electrode type
MnO,/GO (Li et al., 2010) in a much more shortened concentration range (up to 0.6 mM).
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Fig. 2. A) Authentic record of the amperometric response of modified electrode Rh/GC to
successive additions of H>Ozinto 0.1 M NaOH at an applied potential of 0.25 V (vs. Ag/AgCl, 3M
KClI), temperature 25 °C; B) The corresponding calibration curve (the dependence of the
electrode response on the concentration of H>O,).

Conclusions

The quantitative detection of H,O, in alkaline medium, based on rhodium-modified glassy
carbon electrocatalyst, was demonstrated. A Rh/GC catalytic working electrode used as part of a
three-electrode system appeared to be effective in electrocatalytic oxidation of the H,O,. This
observation was confirmed by the cyclic voltammograms taken in 0.1 M NaOH background
electrolyte. Based on this information, H,O, was detected amperometrically at a constant potential
of 0.25 V (vs. Ag/AgCl) within a linear dynamic range up to 6.0 mM with a sensitivity of 231 pA
mM-' cm? (1>=0.999).
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TEPMHUYHA CTABUJIHOCT HA XEMOILIMAHUH U30JIMPAH OT
OXJUIIOBH HELIX ASPERSA MAXIMA
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'"MucTuTyT N0 oprannyna xumusi ¢ LlenTsp no puroxumus — BAH
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THERMAL STABILITY OF HEMOCYANIN ISOLATED FROM
SNAILS HELIX ASPERSA MAXIMA
Yuliana Raynova!, Svetla Todinova’, Krassimira Idakieva'
'Institute of Organic Chemistry with Centre of Phytochemistry — BAS
’Institute of Biophysics and Biomedical Engeneering — BAS

Abstract

The thermal unfolding of hemocyanin, purified from garden snails Helix aspersa
maxima (HaH), was investigated by differential scanning calorimetry and far-UV circular
dichroism (CD). Denaturation of HaH was found to be an irreversible process. One
transition, with an apparent transition temperature (7m) at 79.8 °C, was detected by DSC in
the thermogram of HaH in 20 mM HEPES buffer, containing 0.1 M NaCl, SmM CaCl; and 5
mM MgCL, pH 7.0, using scan rate of 1.0 °C/min. The scan rate dependence of the
calorimetric profiles indicated that the thermal unfolding of investigated HaH was
kinetically controlled. The 7w and specific enthalpy values (AHca) for the thermal
denaturation of Hcs were found to be independent of the protein concentration, indicating
that the dissociation of Hc into subunits does not take place before the rate-determining step
of the process of thermal unfolding started. The calorimetrically observed thermal transition
showed excellent coincidence with the unfolding transition monitored by CD measurements.
The thermal denaturation of HaH was described by the two-state irreversible model and
parameters of the Arrhenius equation were calculated.

Keywords: hemocyanin; Mollusca; Helix aspersa maxima; thermal stability

XeMOIMaHUHUTE Ca KUCIOPOA-TIPEHACSIIN MPOTEHHH, Pa3TBOPEHH B xemonuM(ara Ha
0e3rprOHAaYHH OT JBaTa OMONOTHYHHU BHAA — Arthropoda (anenectonorn) u Mollusca (MexoTemnm).
[pe3 mocneHUTE TOMHK, B CBETOBEH Mallad, ce HaOIr0/[aBa HEMPEKbCHATO HAPACTBAIIl HHTEPeC
KbM T€3M NPEHOCHUTENIN Ha KUCJIOPOJ HE caMoO MOpajy BaKHATA UM OuonorndyHa (GYHKLHS, HO U
nopaj BbH3MOXKHOCTUTE 3a YCIEHIHOTO WM MPUIOKEHHE B MEAUIMHATA. XEeMOILMaHWHH,
M30JIUPAHH OT Pa3IMYHU OPTaHU3MHU, HAMHUPAT MPUIIOKEHUE NPH MPUTOTBSHE HA BAKCHHH, KaTO
UMYHOMOJYJIATOPH, KAKTO U IPU TEPANKATA HA PAaK HA IIMKOYHUSA MEXYD.

llenta Ha HacTOSIIETO W3CiE/BaHE € Ja Ce IOoJydyaT HOBH JIaHHM 3a TepMHUYHATA
CTaOWITHOCT Ha XEMOLIMAaHWH, W30JIMPaH OT IpaJuHCKK oxmoBu Helix aspersa maxima (HaH).
To3u mpoTemH Moxe fAa ObJe MOMyYaBaH B TOJEMU KOJMYECTBA 32 OMOTEXHOJOTHYHH H
MEIULUHCKA [ETd OT OXJIOBH, OTINICAaHH B CIHCHHATM3UPaHH (EpMH TPU KOHTPOJIUPAHH
ycnoBusi. Ha 6a3ata Ha mpoTteonutuyHo-aktiHBUpaH HaH, mMoOHIN3upan B ren OT XuTo3aH, Oerie
Ch3/a/ieH MOJIeN Ha OHOCEH30p 3a ONpEJCNsHE ChABPKAHHETO Ha KATeXOoJ BHB BOJHA Cpela
(Raynova et al., 2013).
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HaH 6emre u3onupan chriacHo Meronma omucan B (Raynova et al., 2013). Hakpatko,
xeMoJuMQa eKCTpaxrupaHa OT OXJIIOBU H. aspersa maxima Oeme nearpodyrupana mpu 5000 x g B
npoxpokenne Ha 30 muH, npu 4 °C. ITocpenctom yarpaneHTpodyrupane Ha xeMoauMdara mpu
180 000 x g (yarpauentpodyra Beckman LM-80), B npoxbinkenue Ha 4 yaca npu 4 °C, Oerie
yTaeH KUCIOPOA-TIpeHacsmus npoTenH. HaH Oemre mpedncTeH NOMBIHUTENHO C TOMOINTAa Ha
MOJIEKYJTHO-CUTOBa XpoMaTorpadus BBpXy KomoHa Sepharose 4B (¢ur. 1A). Enexrponna
MHKPOCHAMKA Ha MPEYUCTCH XEMOIMAHWH, HEraTHMBHO KOHTpacTHpaH ¢ 5% (W/v) aMOHHEB
MOJHOIaT, AEMOHCTpUpPAa XOMOTCHHOCTAa Ha Ipemapara. HalOmromaBaT ce camo aupeKaMepHHU
OUTHHAPAYHA MOJICKYJIH, TUIMYHH 32 XCMOLIMAHHHHATE OT TacTPOTOAM, HSAMA IHCOIMHpPaH
MarepHal Win TyoyjaapHu cTpykrypu (¢ur. 1B).

5

QD280 nm

A <] 100 200 sl ) 400 s00 E_
Elution volume [ml)
@ur. 1. A. MonekynHo-cutoBa xpomaTorpadus Ha HaH BBpxy komona Sepharose 4B (90 x 2.4
CM), ypaBHOBeceHa u enyupana ¢ 50 mM docdaren oydep, pH 7.2. Crkopoct Ha enyupane 16
wi/gac, obem Ha ¢pakmms 8 mu. b. EnekrponHa MHKpOCHMMKa Ha oOpasel] OT HaTHUBEH
XEMOIIMaHH, H30JIMPaH OT OXJIoBH Helix aspersa maxima.

Tepmuunara crabuinoct Ha HaH Oemre m3cnenBana ¢ momolnra Ha JudepeHIHaiHa
ckanupama kanopumerpus (JICK). M3mepBanusara 0sxa NpoBEIEHH Ha BHCOKOYYBCTBHUTEICH
mukpokaropuMeTsp JACM-4 (Biopribor, Pushchino, Russia). B Tepmorpamara ma HaH ce
HaOJTro1aBalle TOIUIMHEA abcopOuus B uHTepBaia Mexay 70 u 87 °C, ¢ TemmepaTypa Ha mpexoa
(Tm) mpu 79.8 °C (¢wur. 2, b). TepMuuHaTa JeHaTypauus Ha XeMOIMAHMHA MMalle HeoOpaTum
xapakrep. I[Ipym moBTOpHO ckaHmpaHe Ha TpoOara ciieq oxJaxjaaHe He Oemie HaOMO7aBaH
tToruHeH edekt (¢ur. 2, c). [locpeacTBoM uHTErpupaHe Ha IUIOIITa IIOJ KpHBara Oere
U34KCIIeHa KaopumeTpuaHara enranmus AHq = 130.5 MJ mol™.
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Temperature (“C)
@uwr. 2. Tepmorpama na HaH B 6ydep 20 mM HEPES, ceabpixain 100 mM NaCl, S mM CaCl,, 5
mM MgCl, (pH 7.06 npu 80 °C), mpu ckopoct Ha ckanupane 1.0 °C/min (b); moBTOpHO
ckaHupase (c); 6azoBa U Oyhep-0ydep (a). Konnenrparms ra HaH — 4.65 mr/mr.
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IMTpu ICK excriepumMenTH ¢ pasnuyau konneHrparmu Ha HaH (1.5, 2.6, 3.0 u 4.65 mr/mi)
B TepMorpamure He Oeme HaOMOaBaHa TPOMSHA B CTOMHOCTHTE HA Tm M AHc. Jlumcara na
KOHIIEHTPAIIMOHHA 3aBUCUMOCT Ha Ty M AHc TOKa3Ba, 4e MPOTEHHBT HE JHUCOIMKPA B XO/a Ha
TepMHUYHA JICHATYPAIHSL.

[Tpoenenn 6sixa ICK excriepumentn ¢ HaH npwu pasznuuana ckopoct Ha ckanupane (0.2,
0.5, 1.0 u 1.5 °C/min) (¢wur. 3). HabnronaBano Oemie 0oTMECTBaHE Ha TEMIIEpaTypaTa Ha Mpexoaa
KbM II0-HHCKM TEMIEpaTypH C HaMalsBaHE Ha CKOPOCTTAa Ha CKaHMpaHE. YCTaHOBEHATa
3aBHCHMOCT Ha TEMIepaTypara, ChOTBETCTBAallla Ha MaKCHMyMa Ha TOIUIMHEH KallallUTeT, OT
CKOpPOCTTa Ha HArpsiBaHe, MPE/Iosara, ue NpoLuechT Ha TOMIMHHA JCHATYpaIus Ha XEeMOIMaHIHA
UMa KHHETHYEH XapaKTep.

3aBUCHMOCTUTE HA TOIUIMHHHMS KaranureT oT Temneparypara Ha HaH Osixa ananusupanu
CBIJIACHO ONPOCTEHHMS ,,two-state” Mozel 3a HeoOpaTuMma JieHarypanus Ha nporennu (Lumry and
Eyring, 1954): k

N—-D, (1)

criopen Koito HaTHBHUAT npotenH (N) mpemMuHaBa B JieHaTypupaHo cberosuue (D) crenBaiiku
KHHETHYECH TPOIEC OT IbPBU TOPSIABK, ONMpPENENeH OT CKOpPOCTHA KOHCTaHTa (k), KOsITO ce
MIPOMEHS C TeMIIepaTypara ChIJIACHO YPaBHEHHETO Ha ApeHHYyC:

k=en[2(F-7)] @
=exp|—=(=- =
PIR\r 7 T
B HOﬂerHa Ha BaJIMJAHOCTTA Ha HpeI[J'IOX(eHI/IS[ KHMHCTHYCH MOJACTI, HUC aHaHI/I3I/IanMe

SKCIIEPHUMEHTAIIHUTE JTaHHH C TEOPETHYHOTO ypaBHEHHE, KOCTO KOJUYECTBEHO OOSCHSIBA KPHBHTE
Ha TOIUTMHEH KamaruTeT KaTo QyHKIws Ha abcomoTtHaTta Temneparypa (Kurganov et al., 1997):

o~ toa ol Do ol o)
o TR\ T TS TP P R T T ®)

TeopeTnyHHUTE KPUBU MPAKTHYECKH CHBIMAJIAT C €KCIIepUMEHTANHUTE ((Pur. 3), HOTBBPIKIaBaANKH,
4ye MpouechT Ha TepMmuuHa JeHarypauust Ha HaH cnena m30paHmsT KHHETHYEH MOJIEIN.
W3uncnena Gemre akTuuparia eneprus £, = 498 + 21 kJ mol™'.

excess heat capacity (MJ mol’ K")

@ 5 e 70 80 90 100
Temperature (*C)

@ur. 3. Tepmorpamu na HaH B 6ydep 20 mM HEPES, cbabspixkair 100 mM NaCl, 5 mM CaCls, 5

mM MgCl, (pH 7.06 at 80 °C), mpu ckopoct Ha ckanupane: 0.2 °C/min (1); 0.5 °C/min (2); 1.0

°C/min (3) u 1.5 °C/min (4). EkcriepiMeHTaIHUTE JaHHHU Ca MOCOYCHH ChC CUMBOJIH. [LTBbTHHUTE
JIMHUY ca TEOPETHYHH KPUBH, ChIJIaCHO ypaBHeHHE (3).

C nomomira Ha KpbroB AWXPOW3BbM OsiXa TPOCIEAEHH HPOMEHHTE BBHB BTOPUYHATA

cTpykrypa Ha HaH, xowro HacThmBaT mo BpeMe Ha TepMHYHATa JICHATypalus Ha IMPOTEHHA.
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W3mepBanusta 0sxa m3BbpuieHn ¢ auxporpad Jobin-Yvon CD6, cHabneH ¢ TepmocraTHpaH
KioBeToAbpKaTel. CHeKTpuTe Ha KPhroB IUXponu3bM B qaneynata UV-obmact Ha cnektspa (190-
260 nm) mpUTEeKABAT JIBE XapaKTEPUCTHYHHN MBHIH, ChOTBETHO Tipu 208 1 222 nm, CBBP3aHU ChC
CBHIBPKAHUETO Ha O-ClUpaiHa W P-muctoBa cTpykTypa (dur. 4A). 3a na ce moiaydm moBeue
nH(pOpMaLyA 32 MEXaHW3Ma Ha TOIUIMHHA AeHaTypaiws Ha HaH, Hue npocnenuxme npomenure B
MOJIapHATa EJUNTUYHOCT MpH 222 nm, THH KaTo NpH Ta3W JBDKWHA HAa BBJIHATA NIPOMEHUTE B
SMMITUYHOCTTa Ca 3HAYUTENHM IIpU JeHaTypupaHe Ha mnporenHa. C IOBMIIaBaHE Ha
TeMIepaTypara ce HalJo1aBale HeoOpaTUM KOOTIEPaTHBEH MPEX0 OT HATUBHO B AEHATYPHPAHO
CBCTOSIHUE Ha M3CIe/BaHMs XeMoluanuH (¢ur. 4B). AHanu3bT Ha TO3M mpexon Oele H3BbPIICH
Ha Oa3zarta Ha ,two-state” Mojena 3a HeoOpaTuMma JeHATypalus Ha TPOTEHUHH, H3Pa3eH C
ypaBaeHue (1). B To3n ciygaif, mapamMeTspa, KOWTO MpOCIeAsBa JCHATYpalusTa, y, U ¢ JIHHSHHO
CBBpP3aH ChC CTEIICHTA Ha JICHATypHpaHe, ce JlaBa KaTo (YHKIHs Ha KHHETUYHUTE IapaMeTpH OT
ypaBuenueto (Kurganov et al., 1997):

1 (T E,r1 1
y =yp— [yp— wl x exp{—;fmexp [F(F_ ;)dT} C))
IMocpencTBoM aHAllM3 HA EKCIEPUMEHTAIHUTE [aHHH, CBIJACHO TEOPETHYHATA 3aBUCHMOCT
uspaseHa ¢ ypasHenue (4), Oeme onpezeneHa akTuBupama eneprus £, = 457 + 4.2 kJ mol™! 3a

mporieca Ha TepMudHa neHarypanus Ha HaH, kosito € B 100po ChOTBETCTBHE C TAHHUTE MOTYICHU
ot JICK.

15+

A 24 B
- £ 4
B °
£ E 64
- -
™ ~
E g B4
= (]
g g
2. =2
7 42
=] (=]
- -—
» = 14
=, =, 46 2

20 2 184
T T T T T T T T T T T T T
200 210 WO 20 M0 280 20 30 40 S0 s T0 B0 90
|
Wovelonght [nm) Temperature (*C)

@ur. 4. A. Cnextpu Ha Kpbsros auxpoussM Ha HaH B 6ydep 20 mM HEPES (pH 7.06 mpu 80 °C),
npu HarpsiBaHe c¢bc ckopoct 1.0 °C/min. B. 3aBucuMocT Ha enunTH4HOCTTa mpH 222 nm OT
TeMIIepaTypara IpH pa3indHa ckopoct Ha HarpsisaHe: 0.5, 1.0 u 1.5 °C/min.

B 3akiroueHue, HACTOSIIETO H3CIEABAHE IOKA3Ba, Y€ XEMOIMAHMHA, H30JIMpaH OT
OXJIIOBH OT Buna Helix aspersa maxima, IpuTeXaBa 3HAYWTETHA TepMHUUYHA CTabmwiHOCT ¢ Ty
=79.8 °C. Monena 3a HeoOpaTHMa JeHaTypamms “‘two-state”, TOCTPOEH CIICIHAIHO TpPH
eKCTIEPUMEHTAIHH U3CJICIBAHUS BEPXY MAJKU T100yIapHU IPOTEHHU, MOXKeE Ja Ob/Ie MPUIOKEH U
IIpU W3CJIeIBAaHE Ha JCHATypaluATa Ha I0-TOJEMHUTE ONUTOMEpHH MpoTenHH. CHEeKTpuTe Ha
KpPBIOB JIUXPOM3BM DPErUCTPHpAT MPOMEHH BBB BTOPMYHATA CTPYKTypa Ha INPOTEHHA Cle[
HarpsiBane 10 Temmeparypa okono 75 °C. ToBa o3nauyaBa, ye HaH octaBa cTpykTypHO U
(YHKIIMOHATHO CTAaOMIICH 10 Ta3W CPAaBHHUTEIHO BHCOKA 3a MPOTEHHHTE TemrepaTypa. [Ipensna
BB3MOXXHOCTUTE 3a NPAKTHYECKO IPWIOKEHWE Ha XEMOIMaHWHa, JAaHHUTE 3a HEromara
CTaOMIIHOCT MPE/ICTABIABAT HECHMHEH HHTEpEC.

Aemopume uskazeam 6Onacooapnocm 3a  Qunancosama nooxkpena Ha Ilpocpamama 3a
noonomaezawre na maaoume ywenu 8 BAH (npoexm JJ®OHII-152/12.05.20162).
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Abstract

Light polarization is an important part of Modern Optics. There are many
demonstration experiments visualizing different aspects of that phenomenon, but they
present mostly its technical aspect. Human eye is not sensible to light polarization. However,
many living organisms explore it for orientation and communication, for personal defense or
to find food. Using such examples, we present two classroom demonstrations on polarization
of light by reflection and refraction.

Key worlds: light polarization, polarization vision, polarization pollution

1. Introduction

Sunlight is essential for life existence in our planet. Passing through the atmosphere, it
undergoes selective adsorption and scattering from small particles. Earth landscape, buildings,
other rough surfaces, as well water pools reflect and scatter light in different ways. Light also gets
polarized by ear and water due to border surfaces or variations of pressure and temperature [1].

Human eye is not able to distinguish polarized light. However, many leaving organisms
such as insects, birds, see inhabitances and amphibians, during the evolution have adapted to use
polarized light for different biological needs [1, 2]. Polarization vision is typical for ants, bees,
grasshoppers, beetles, bats, shrimps, some fishes, amphibians and fishing birds. For example, the
polarotactic insects are able to distinguish horizontally polarized light [3-5]. Some of them get
attracted to the lighting surfaces, while others get refused. Polarization vision helps to eliminate
gleamed light and to see the objects clearly. Some transparent organisms can be seen only because
of polarized light passing through or reflected by them. Migratory birds are using sunrise and
sunset polarized light for geographical orientation. Some sea organisms have developed inner
species communication on the base of polarized light perception [2].

Since the last century the world industry is producing large number of shining materials.
For example, widely spreading are asphalt roads, glass windows, black plastic sheets for building
and agriculture, polished cars, etc. Darker and flatter is the surface, higher is the degree of
polarization (Umov’s effect) [6]. In some cases this may cause a lot of ecological problems. That
because speaking about polarized light pollution became very actual [5]. For example, due to the
higher reflection, artificial materials attract the polarotactic insects stronger than water [3-5].
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Insects fall onto materials which often are warm or adhesive and that can causes their mortality or
reproductive failure of the laid eggs. The petroleum pools or spills are also traps for water
insects. From another site, the big amount of insects collected on such surfaces is quite rich food
store for birds.

2. Light polarization by reflection and refraction

The plane of oscillation of light electrical vector is related to the wave polarization. Natural
light consists of oscillations lying in all possible planes perpendicular to the direction of its
propagation, so that it’s depolarized. When the oscillations are only at a fixed plane, light is called
linearly polarized. In particular cases light may have right or left circular or elliptical polarization.
Partly polarized light is mixture of linearly polarized and depolarized light. The ratio between their
intensities is called degree of polarization and has value between 0 and 100%. Polarized light may
be obtained by transmission, reflection, refraction, scattering or birefringence.

Water surface is primary source of light polarized by reflection and refraction. The degree
of polarization depends of many factors such as water transparency, impurity, depth, surface
roughness, illumination etc. Strong influence causes the incident angle (Sun’s position). As shown
in Fig. la reflected light is dominantly polarized perpendicularly to the incident plane (s-
polarization), while the refracted light is dominantly polarized in the incident plane (p-
polarization). According to the Snell’s laws, the angle of reflection «' is equal to the incident
angle o, while the angle of refraction £ is defined by:

nsina =n,sin 3, )
where 71, and 7, are the indexes of refraction of air and water relatively. The relative coefficients

of reflection and refraction 7, , Ty, t and? pare defined by the Fresnel’s formulas:

n,cosa —n, cos fB n,cos f# —n, cosa )
r, = , r = ,
n,cosa +n, cos P n cos f+n,cosa
2n, cosa 2n, cosa
t = ! t, = ' 3)

" n cos B+n,cosa

* " ncosa+n,cosf
For any surface there is an incident angle ¢, called Brewster’s angle, for which the
reflected light is fully s-polarized. It can be defined by the Snell’s laws, since in this case the angle

between the reflected and the refracted beam is 90° (sin £ =sin(90° — &) = cosary ):

a, = arctg(n, / n,) 4)
reflected linearly
. polarized light
non polarized
light reflected partly
air nl polarized light - 90°
refracted partl
water n2 . Cted partly L
polarized light &
é- -
® s-polarization ~~ p-polarization
a) b)

Fig. 1 a) Llight polarization by reflection and refraction; b) Light polarization at Brewster’s
angle — reflected light is completely polarized in the horizontal plane.
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3. Demonstration experiments and discussion

Water is sustainable factor for life origin and evolution. This is due to its specific physical
properties. The most important of them are: water exists in liquid state in a large temperature
interval; it has high specific heat capacity, high thermal conductivity, low viscosity, high surface
tension, good dielectric properties, and optical transparency. Here we point how light polarization
by water influences on leaving organisms.

The simple demonstration experiments presented here are inspired by the unique abilities of
some leaving organism to adapt to and to explore the physical world. Nature offers a large variety
of physical phenomena which provoke the human curiosity. Here we demonstrate light
polarization by reflection and refraction. We discuss the behavior of some insects and fishing birds
toward polarized light. This helps to keep the students interest and illustrates better the theory of
light polarization.

In Fig. 2a is shown light polarized by reflection and refraction by water at an incident angle
of the sunlight equal to the Brewster’s angle. The observer sees s-polarized light reflected from the
water surface and partly polarized light (where p-polarization is dominating) coming at the same
direction from the bottom. The gleam of the s-polarized light makes underwater objects invisible.
However, some fishing birds having polarization vision percept only p-polarized light, so that they
are able to see underwater objects.

1t

%/ ol "

™

O®

a) b)

Fig. 2 a) Light polarization by reflection and refraction in water; b) Experimental setup:
1- lamp, 2 —diffusion transparent screen, 3- water bath, 4 — transparent objects; 5 — camera.

Our experimental setup, similar to the described observation, is presented in Fig. 2b. Light
coming from an incandescence lamp (1) is depolarized by passing through white transparent
screen (2). On the bottom of water bath (3) are placed some transparent objects. They are observed
troughs a digital camera (5). The camera position is found so that light reflected from the objects
put in the bottom, enters into the objective only when the corresponding incident angle of the
sunlight on the water surface is equal to the Brewster’s angle. At this case bright light reflected
from the water surface dominates on the light reflected from the objects and they are not visible
for the experimenter (see Fig. 3a).When in front of the camera is placed a vertically oriented
polarizer, it blocks the horizontally polarized light (s-polarization) and only the p-polarized light
coming from the object is transmitted. The objects becomes visible (see Fig. 3b).

The same effect is valid for any transparent dielectric material. Using the same setup we
replace the water bath by coloured picture covered by sheet of Plexiglas. The image observed by
the camera is shown in Fig. 3c. One can see only strong gleam. In Fig. 3d the same picture is
observed though vertical polarizer inserted in front of the camera. The horizontally polarized light
reflected from the upper Plexiglas surface is blocked and the vertical component of the light
coming from the picture forms clear and contrast image.
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Fig. 3 Objects observed through dielectric material when the incident light falls on the upper
surface at the Brewster’s angle: a) Underwater objects; b) Underwater objects seen through
vertical polarizer: c) Picture covered by Plexiglas sheet; d) Picture covered by Plexiglas sheet
and seen through vertical polarizer.
Conclusions

The demonstration experiments presented here aim to visualize light polarized by reflection
and refraction. We point on the effect over some leaving organisms of light polarized by water.
The experiments help the students to understand better some theoretical aspects of light
polarization and to increase their interest toward the optical phenomena in nature.
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Abstract

The quality of optical imaging strongly depends on the optical system geometry and
on the relative aberrations. Using professional software is extremely helpful for computer
simulation and optimization of optical systems, as well for educational purposes. In this work
we discuss some methodical aspects of such procedures by using Zemax OpticStudio. for
simulation and optimization of a two lenses astigmatic objective working in the middle
infrared range.

Key worlds: optical systems design, optical systems optimization, two lenses astigmatic
objective, infrared optics

1. Introduction

Optical system design requires a prototype elaboration, then measurement and verification
of its given parameters [1,2]. This process is time and money consuming and, for this reason,
theoretical evaluation and optimization of the optical system is extremely needed. Nowadays,
software development led to creation of specific programs, allowing fast calculation and
evaluation of a large number of parameters, such as geometrical characteristics and various kinds
of aberrations.

Zemax OpticStudio is professional software performing fast and precise calculations,
visualization of the designed optical system and light rays tracing, as well preview of the optical
aberrations effects by analyzing each one separately. This is extremely useful for understanding
the importance of each optical element and the disadvantages of the optical system. Then, the
optimization process should start by reducing the aberrations, which makes worse the image
quality.

In this paper we establish a basic methodology for software analysis and optimization of
optical systems by Zemax OpticStudio, using as an example a two lenses astigmatic objective,
working in the middle infrared range, which basic parameters are specified by the customer [2].

The work was supported financially by Optix JSC, Panagyurishte, Bulgaria, where legal
professional software was used and the prototype was elaborated and tested.
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2. Optical system optimization by Zemax Optical Studio

The optimization procedure consists of several consecutive steps. First of all, the given
parameters such as number of elements, lenses radii, thicknesses, diameters, etc. are inserted in the
program. Then Zemax calculates the value of each aberration and the global optimization value.
Besides, the designer can visualize the effect on the system and on the the image spot sizes of any
examined aberration. In order to reduce the aberrations and improve the image quality, several
variable parameters, such as curvature, thickness, index of refraction, etc., may be modified by the
program. An error function (measure of optical quality; zero typically implying "perfection"), and
constraints (boundary values that restrict possible configurations), are also defined. Furthermore,
the designer sets the limits in which variables can vary. After any optimization step follows image
quality analysis. Then, if necessary, the optimization procedure can be repeated.

After all, the lenses with optimized parameters calculated by Zamax are elaborated and
tested. Comparison of the calculated with the measured values is always required. In the end,
follows the construction and the technical control (measurement) of the optical system.

2.1. Optical system simulation

A simulation by Zemax starts with inserting of all given data in the program. The physical
parameters are set in the “Lens Data Editor” (LDE). Any optical element is presented by its
diameters, radiuses, thickness and optical material starting from the first to the last surface. The
distances between the elements are given too. These parameters should always be entered from left
to the right, starting from the object as an optical source, going forward through all elements and
ending with the image. Designer shouldn’t lose track of its work. That because, the program offers
an additional field for every element “Comment”, where helpful information can be written.

Parameters, such as apertures values, wavelength range and field of view are next to be
indicated in the program. A primary wavelength (WL) can be chosen. The field of view can be
entered either in angles or in millimeters, referring to the image high. These options are usually
found on the left side next to the LDE. In the top menu bar, there are 2D and 3D imaging sections.
After updating the system with the “update button”, a picture of the optical system appears
visualizing the results of the entered data.

Since our work is methodical, the given numerical parameters of the two-lens objective
used as example are not reported here. In Fig. 1 is presented the first its design by Zemax. The
calculated Effective Focal Length is shown on the right bottom corner as EFFL value. Text
document containing all calculated values and named “System info”, or ”System data”, can be
open from the top menu. Optionally, the document content can be changed and save as a txt file.

(b 1: Layout ﬂﬁ‘v 3 30 Layout
O 2hake /0=A 2 A% & 3 © standard- || vizmuea /0 =—Al L BT 2140

" —

LajouT b _Layout

Fig. 1. Visualizing window: a) 2D; b) 3D
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2.2. Optical system optimization

Usually there is a basic idea, or, in other words, first-order requirements to be satisfied. In
this work these are the EFFL () with a value of 90 +/- 1mm and the Total Optical Track (TOTR -
L). The optical materials for all Lens 1, Lens 2 and the Optical Window should transmit in the
range (3,4 +5,1)um. Their selection from software catalog is performed by entering of the
characteristics of different combination of materials and lenses in “Lens Data Editor” searching
for combination which gives EFFL value, equal or close to 90mm. In our case, we use to change
the distances between the elements for image quality optimization. The software recognizes the
variable parameters, when they are marked by “V”. This is done with the optimization menu,
called the Merit Function Editor (MFE). In “Type” column are inserted the parameters under
optimization. The values with zero aberrations are entered in column “Target”. EFFL is fixed to
90mm and Zemax do not change during the optimization.

The main optimization criteria is the different kind of aberrations. Usually, their effect on
the image quality can be realized, after the system is elaborated and measured. Zemax offers an
easy way to evaluate in advance which aberration has most powerful influence, by calculating the
total optimization value. In principle, the first task is decreasing of spherical aberration, coma and
astigmatism. All calculated values after optimization are presented in a table. Merit Function value
presents the total rate of optimization for sagittal and tangential plane with respect to a specific
parameter. Designers can compare this value reducing different aberrations one by one.

In our case, simulation is performed for four different lenses combinations. The Merit
Function analysis led to the conclusion that the spherical aberration needs to be decreased first.

Scattering spots in the range (3,4 +5,1)um referred to image high of Omm (the axes ray),
Imm and 3mm obtained after optimization of the optical system are presented in Fig. 2.
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Spot Diagram

Zemax
8/8/2016 OpticStudio 14.2 SP3
Units are pm.
Field : 1 2 3
RMS radius : 23.004 24.176 24.372
GEO radius : 42.377 50.021 52.624

Fig.2. Scattering spots referred to image high of Omm (the axes ray), Imm and 3mm

The smaller optical blur for all wavelengths is formed for the axes rays. Off-axes rays have
different optical paths in the sagittal and tangential planes. Every off-axes optical blur in the image
plane is more scattered due to the spherical aberration.

The MTF presents the resolution as a function of image spatial frequency, and depends
from its brightness. Smoother the transfer function is, better is the resolution. In Fig. 3 and Fig. 4
is presented the MTF before and after the optimizations. Next steps consist of decreasing spherical
aberration, coma, astigmatism, filed of view (see Fig. 5a), distortion (see Fig. 5b,c) etc.

After the optimization is completed, the optical system is elaborated and tested. The
comparison between the measured and the calculated required parameters and the image quality
analysis can suggest an additional optimization before starting real production of the optical
device.
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Figure 5. a) Field curvature; b) Distortion; c) Distortion grid.
Conclusion

We have discussed some methodical aspects on optical system optimization by Zemax
Optical Studio software on the base of two-lens astigmatic objective designed for the near infrared
range. Some experimental results are presented and analyzed.
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Abstract

In the present paper analytically and numerically is investigated the evolution of
cnoidal waves in silica single-mode fibers. A new exact analytical solution of the one-
dimensional nonlinear amplitude equation, describing the propagation of optical pulses in
nonlinear dispersive media, has been obtained. The solution is presented in the form of
elliptic delta function and describes cnoidal waves. It is shown that at certain values of the
parameter x the solution is reduced to sech-soliton.

Key words: cnoidal waves, soliton solution, nonlinear amplitude equation

1. Introduction

In recent decades, a considerable attention attracts the investigation of the nonlinear
regime of propagation of ultrashort light pulses in dispersive single-mode fibers, or more
specifically the possibility of formation of optical solitons. There are a number of publications
which, with their experimental and theoretical contribution, complete the models, associated with
the behavior of this type of pulses [1-4]. On the other hand, the development of modern laser
systems and the growing needs of ultrafast optics increased the interest of scientists in studying the
effects of the evolution of broadband light pulses [5-9]. Nowadays, it is not difficult to obtain
phase-modulated broadband pulses or to reach the attosecond region where (Aw=ay). For this
reason, it is important to study the behavior of ultrashort optical pulses in different waveguides.

The well-known (1+1D) nonlinear Schrodinger equation (NSE) describes very well the
propagation of laser pulses in optical fibers and other one-dimensional structures [10-13]. It is
derived for narrowband pulses (Aw<<wo). However, when we examine the evolution of
femtosecond and attosecond light pulses, it is necessary to use the more general nonlinear
amplitude equation (NAE) [14]. It differs from the standard NSE with two additional terms. The
dimensionless analysis shows that these terms play a significant role in the dynamics of broadband
pulses. For this reason, we have directed our attention to NAE.

The main task of the present paper is to find an exact analytical soliton solution of NAE
in the form of cnoidal waves.

2. Basic equation
We are interested in the evolution of one-dimensional optical pulses in nonlinear single-

mode waveguides. It is assumed that the Oz axis of the coordinate system matches with the
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geometry axis of the fiber. In “local time” coordinate system the propagation of narrowband and
broadband laser pulses is described by the nonlinear amplitude equation (NAE), written in
dimensionless form [6,14,15]:

oU 1 (U o) |Aléu
-2 + -0

l_
o0& 2a\ 08> 08t ) 2a 07’

+/ufu=0 O

where f=kp2 K| <1, y=am|4[ /2, a=kz =kTy,

In the equation above U is the amplitude function of the pulse envelope, the constant a (a>1)
determines the number of harmonic oscillations at level //e from the maximum of the pulse
amplitude. The coefficient S characterizes the second order of the linear dispersion. We examine
the propagation of the pulses in medium with anomalous dispersion. The parameters y is
connected with the nonlinearity.

It is important to mention that the coefficient (//) is inversely proportional to the initial
pulse duration 7). For optical pulses with 4yp=1,5um and different Tj, its magnitude is presented in

Table 1. For nanosecond and picosecond laser pulses this term is quite small and can be neglected.
Then equation (1) is reduced to the well-known standard NSE. That is way, in the narrowband
case NSE describes well the evolution of optical pulses in single-mode fibers. Obviously, for
femtosecond and attosecond optical pulses the expression in brackets must be taken into account.

Table 1.

Ty l/a

5fs 6.4.10"
155 76107
35 fs 3,2.107
50 fs 6,4.10°
70 fs 1,6.10°
250 fs 4107
70 ps 1,6.107
70 ns 1,6.107

Having in mind that, we search for a solution of (1) in the form of [16]:
U(r,&)=®(r)exp(iaé +ibT) 2)

where a and b are constants about to be defined. @(7) is a new real amplitude function. After
substituting (2) in (1), it is obtained the following complex ordinary differential equation:

. 2 .
McD"—MuMq)'—Mq)—“—2q>—ﬁq>’+“—bq>+;@3=o 3)
2a a 2a 2a o a
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As a next step, in order to find the solution of equation (1) and the unknown constants a
and b, we equalize the real and imaginary part on both sides of (3):

Re: D" —n’D+2d° =0, 4)

e Jza+a2+b2|ﬁ|—2ab
where: ] =
1A

= const (5)

!
im:— (B[ =a)=0 ©)
(04
Using (5) and (6) a connection between the constants a and b is found:

o=t}

o 2
b1’2:1——|ﬂ| 1+ 1_%(1_|ﬂ|) (7

Let’s now consider equation (4). By substitution 5> =2-x°, the equation (4) can be presented as
follow [17]:
y -k l+2)" =0, p(0)=1, 0<x<I @®)

where x is a constant. For random values of « the solution of (8) is the elliptic delta function
dn(z,x) of second order. Its periods are 2x and 4ix’, where ' =(I-x°)"”. The graphics of this
function is presented on Figure 1.

— =0
&=05

—_ k=075

— k=095

- k=1

T T T T
-10 -5 0 5 10

Figure 1. Graphics of function dn(t, k) for different k.

The solution of (8) is of the kind:
®(T):dn(TaK)7 KZ :2_772‘ €

Using that result, the solution of NAE (1) can be presented in the form of cnoidal waves:

207



U(S,7) =dn(r,x)exp(iy) (10)
where i the phase of the pulses.

It is well-known that for k=1 the dn(z,x) function can be written in the form of seck(7)
[18:]

dn(z,]) = e =sech(7) (11) Having in mind (7), (9), (10) and (11),

the solution (2) of NAE (1) in “local time” coordinate system takes the form:

U(&,7) =nsechn(t —,)]exp(iy) (12)

where the phase is written as follow:

__a e
V=11 1 1= 1) el +<] (13)

The solution of NAE has the same sech form as that of NSE. The difference is in the phase of the
pulse, which is more complex than that observed in the frames of NSE. The expressions (12) and
(13) describe the evolution of broadband as well as narrowband fundamental solitons in single-
mode fiber.

3. Conclusion

In present paper is reviewed the evolution of optical pulses with broadband and narrowband
spectrum in nonlinear dispersive medium. It is found an exact analytical soliton solution of NAE
(1) in the form of cnoidal waves. The expressions (12) and (13) differ from the classical soliton
solution of NSE — the constant 7 depends on the coefficient «, characterizing the number of
harmonic oscillations at level //e from the maximum of the pulse amplitude. The graphics of the
elliptic delta function dn(7 k) show that the soliton solution with standard sech-form is observed
when the constant x is equal to 1.

Acknowledgments: The present work is supported by project FP17-FF-010 to the Scientific
Research Fund at Plovdiv University “Paisii Hilendarski”, Plovdiv, Bulgaria.
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Abstract

The objective of research was to evaluate the impact of direct discharge of dairy wastewater
in a river. Dairy industry uses about 3L of water for every L of processed milk, which
produces high amounts of wastewater. The derived wastewater from milk except water
contains lactose, fats, casein and whey proteins that are organic in nature and nutrients for
micro-organisms. Discharged wastewater has unpleasant odor and can causes pollution of
rivers. The research evaluates pollution of a river through changes of some water physico-
chemical parameters. River's water samples were taken before and after wastewater
discharge to determinate pH, oxidation reduction potential (ORP), dissolved oxygen (DO),
nitrate as nitrogen (NO3; — N), ammonia-nitrogen (NH; — N) and turbidity. Results are
within maximum allowed limits so can be concluded that river's water is not polluted.
Keywords: dairy wastewater, pollution, impact, river.

Introduction

Research was done in a river in which dairy wastewater is discharged in daily basis. In total 6
samples were taken for the research, tested for some water physico-chemical parameters changes
that are used as indicators for river's water pollution. Dairy wastewater is discharged from the
factory after milk processing and is mainly water. As water is the main component of milk, whey
is mostly water and mixes with water used for cleaning. However, whey left over from the process
of cheese making has relatively low pH and nutritional value as mentioned before, containing
lactose, fats, casein and whey proteins. These components of whey respectively wastewater after
discharge are used by micro-organisms mostly bacteria, producing metabolism products and
causing unpleasant odor. This research represents the current condition of river based on some
physico-chemical parameters, compares with maximum allowed limits and evaluates river's water
pollution.

Methodology

Samples were taken in polyethylene bottles before and after wastewater discharge to
determinate pH, ORP, DO, NO; — N,NH; — N and turbidity. These parameters are used as
indicator of the rivers pollution and the impact of pollution comparing the sampling site where no
wastewater discharge has ever happened and other sampling sites after discharging place. First lot
represents the day of wastewater discharge and immediate effect in river's water whereas second
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lot represents the next day remaining effect before upcoming daily discharge. Samples were
refrigerated at 4°C and analyzed within 24h of collection. For analyzing each parameter was used
respective equipment.

Results
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Figure 1. Variations of some river's water physico-chemical parameters for the first lot
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Figure 2. Variations of some river's water physico-chemical parameters for the second lot
Discussion of results
Variations of river's water physico-chemical parameters at three different sampling sites are
shown in figure 1 and 2 (Arifi, 2017). Determined river's water parameters were pH, ORP, DO,
turbidity, NOj3; — N and NH; — N, which vary after discharge due to whey content and sanitation
chemicals.
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pH is a measurement of hydronium ion in water and is very important parameter for aquatic life,
even species are sensitive to these changes they adapt to small changes but require specific
optimum pH. Aquatic shrimps and crabs require optimum pH range of 6.8 — 8.7 for maximum
growth and reproduction but adverse levels are harmful (Omaka, 2014). The pH of the river is
slightly alkaline in range 7.5 — 7.6. After dairy wastewater discharge it drops into neutral, mostly
from low pH of whey and sanitation acids. However, in couple of meters it increases to a pH 7.27
and then back to normal. As seen form second lot of results in the three sampling sites, the other
day before discharge river's pH is normal — slightly alkaline. The pH of the samples were within
the acceptable limits according to EU regulation, as the standard is 6 — 9 for fisheries and aquatic
life (Chapman, 1996).

ORP represents the water ability to oxidize contaminants. It is one of the essential indicators of
natural and wastewater properties, used to classify the river condition; aerobic, anoxic, or
anaerobic and as an indicator of the present state of the river for occurring biochemical reaction in
that range (Al-Samawi, 2016). The ORP of the river was between + 8.2 mV to + 36.6 mV. Before
dairy wastewater discharge ORP was + 23.6 mV whereas after discharge it drops to + 8.2 as whey
has low ORP. However, in couple of meters as seen it increases to + 20.6 mV. From the second lot
of results, next day before discharge river's ORP is even higher than first day + 36.6mV, which is
an indicator that except in second sampling site where dairy wastewater discharged there were
municipal wastewater discharges before first sampling site the day before. Surface waters and
groundwaters containing dissolved oxygen are usually characterized by a range of ORP values
between + 100 mV and + 500 mV (Chapman, 1996). Our study shows that river's range of OPR
values is lower than values for surface waters as a result of deficiency of dissolved oxygen. ORP
values for biochemical reaction of denitrification are - 50 mV to + 50 mV (Al-Samawi 2016).
ORP values range shows that river's condition is anoxic and continually undergoes denitrification.

DO represents the amount of oxygen that is dissolved in water and has direct impact in aquatic
life.

DO is indirect measure of the degree of pollution by organic matter, the destruction of organic
substances as well as self-purification of the water bodies (Ewemoje, 2014). The DO values in
river where in range 1.66 — 5.97 mg L™1. Dairy wastewater discharge decreases DO level from
4.61 to 1.66 mg L1 but its increase is slower that other parameters as organic substances are
destructing and are oxygen demanding. The next day results show higher values 5.97 mg L™ in
the sampling site where no dairy discharge occurred, so is supposed that oxygen concentration
decrease the first day 0.8 — 1.3 mg L™! was caused from municipal wastewater. The standard for
sustaining aquatic life is stipulated to be 5 mg L™! and concentration below 2 mg L™t adversely
affects aquatic and biological life while the concentration below 2 mg L' may lead to death of
fish (Ewemoje, 2014).

DO values are very low only in the point of wastewater discharge into river due to organic matter
demands for oxygen while DO level increases as river's has rapid water flow and diffuses
organics.

NO; — N is the measurement of oxidized form of nitrogen in water that occurs in low levels in
river, however excessive amounts occurring after wastewater discharge and other activities pollute
water.

Our study shows that NO; — N is in range 2.1 — 5.8 mg L™1. When influenced by human activities,
surface waters can have nitrate concentrations up to 5 mg L™ NO; — N, but often less than
1 mg L™ NO; — N. Concentrations in excess of 5 mg L™ NO; — N usually indicate pollution by
human or animal waste, or fertilizer run-off. The World Health Organization (WHO)
recommended maximum limit for NO; — N in drinking water is 11.3 mg L™ (Chapman, 1996).
Comparing our results show that nitrate concentration are lower than 5 mg L™ as mentioned by
Chapman for surface waters, however they are higher than 5 mg L™! only when dairy wastewater
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is discharged. Nitrate of the samples were lower than acceptable limits according to WHO
regulation for drinking water.

NH; — N is a measure for the amount of ammonia, a molecule that is degradable by micro-
organisms but also toxic when excessive for animals, fisheries and aquatic life. Unpolluted waters
contain small amounts of ammonia and ammonia compounds, usually <0.1 mg L™! as nitrogen.
Total ammonia concentrations measured in surface waters are typically less than 0.2 mg L™ N but
may reach 2 — 3 mg L1 N. Higher concentrations could be an indication of organic pollution such
as from domestic sewage, industrial waste (Chapman, 1996). Our results show that the range was
0.1 — 1 mg L™ N. Before discharge it was typical value of NH; — N but was high until dairy
wastewater distributes in river. Results show that values of NH; — N are typically surface waters
concertation and water is not polluted, but are high while discharging that indicate organic
pollution.

Turbidity represents suspended solids in water that is known as clarity of water and is measured
in NTU. It is a parameter that indicates river pollution, higher it is more suspended solids are in
water and less light permeates. Our case study turbidity is in the range 1.68 — 34.5 NTU. World
Health Organization prescribed the highest desirable limit 5.0 NTU and maximum permissible
limit 25.0 NTU (Mandal, 2012). Before wastewater discharge turbidity was in desirable limit, then
high amounts of suspended solids are discharged and increase turbidity to 34.5 NTU. However in
couple of meters after discharge diffusion being high and rapid flow of water, turbidity is near
desirable limit. Results of second lot show turbidity is mutable before dairy wastewater discharge,
can be supposed that it is a natural source effect from algae or time to time municipal wastewater
discharge.

Conclusion

Physico-chemical parameters of water pH, DO, ORP, NO; — N, NH; — N and turbidity show
clearly that before discharge they were mostly within acceptable limit but river is polluted only as
long as wastewater is being discharged. Results show a decrease of pH, DO, and ORP and an
increase of turbidity, NO; — N and NH; — N. After discharge parameters slowly change towards
normality. Comparison of result of a discharge day and next day before discharge show that except
dairy wastewater there happen time to time municipal wastewater discharges in river. Rapid water
flow enables fast diffusion and prevents pollutants concentration, odor and toxicity. In conclusion,
even dairy wastewater and municipal discharge have negative effects in river, results are within
maximum allowed limits from WHO and EU so can be concluded that river's water is not
polluted.
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Abstract

Ambit-Reactor is a newly developed software module for simulation of chemical reactions as
a part of open source chemoinformatics platform Ambit. For a given set of initial reactants,
Ambit-Reactor applies exhaustively all transformations based on generic chemical reaction
rules described in a predefined set of reactions. For each of the result products all possible
transformations are applied to obtain new products and so on. In order to control the
combinatorial explosion, the process stops when conditions defined by the user are reached.
Ambit-Reactor is configured via JSON files that specify the reaction strategy, reaction rules,
allowed and forbidden products, set of parameters and logical conditions for reaction
application and definition of sites where reactions occurs. The reactor strategy is defined by
logical expressions of molecular descriptors’ values. We demonstrate applications of Ambit-
Reactor for generation of virtual compound libraries and for combinatorial generation of
metabolites.

Key words: chemical reaction, software reactor, SMIRKS, SMARTS, JSON

Introduction

Computer assisted application of molecule transformations and simulation of chemical reactions
have become important tools in the process of searching new biologically active compounds and
lead optimization unto medicinal drugs especially in the context of combinatorial chemistry and
big data processing. Software based reaction applications determine what products can be obtained
when a transformation takes place on a given set of initial reactants. The virtual combinatorial
chemistry relies on various chemoinformatics techniques for representation of chemical reactions
e.g. linear notations: SMIRKS (http://www.daylight.com), SLN (Homer, 2008), RInChl (Grethe,
2013) and xml based format CSRML (Yang, 2015). Such techniques are used to define the exact

topology of reactants and the products, with all the necessary atomic and bond features,
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represented in a compact form which is easy to interpret. A number of cheminformatics toolkits
are recognized to be widely used for simulation of chemical reactions: CDK (Willighagen, 2017),
OpenBabel (O’Boyle, 2011), RDKit (http://www.rdkit.org), OpenEye
(https://www.eyesopen.com/), Daylight (http://www.daylight.com) and ChemAxon Marvin
(https://chemaxon.com). Cheminformatics toolkits are attracting considerable interest due to the
tools they provide for molecule comparison (exact and substructure search), handling of chemical
structures and generation of molecular fingerprints. Specification of sites of the reacting
molecules that undergo chemical transformations and assembling models of the appropriate
products is a methodology that is applied in modeling of metabolic processes (Kirchmair, 2012)
and generation of virtual compound libraries (Durrant, 2012).

In this paper we present a newly developed software reactor based on linear notation SMIRKS.

Ambit-Reactor Software Architecture

Ambit-Reactor is a software module for simulation of chemical reactions developed in our group.
It is a part of Java library Ambit-Reactions within Chemoinformatics software platform Ambit
(Jeliazkova, 2011). Ambit-Reactor module is developed in Java on top of the Chemoinformatics
library CDK (Willighagen, 2017) which is used for internal representation of the molecules.
Ambit-SMARTS module (Jeliazkova, 2011) is previously developed by authors software that
provides basic functionality for representation of search queries via linear notation SMARTS and
representation of chemical reactions via linear notation SMIRKS. Ambit-Reactor uses the latest
extension of Ambit-SMARTS called Ambit-SMIRKS that performs: (1) parsing of SMIRKS linear
notations into internal reaction (transformation) representations and (2) application of the stored
reactions against target molecules for actual transformation of the chemical objects.

(i) CCCN (SMILES) connectjon tapje Atomcongajner
Atoms Bongs CDK Object
) 4 1c 121
3 NHZ 2 C 231
NS 3¢c 341
(ii) [C;Rl]_[C;RO] (SMARTS) connectjon taple (specialiZed, QUeryAtomcontajner
AtOm expressjons CDK Object

BONd eXpressjons

K match molecule fragment

iiiy [C:1HP>>[C: 11101 H SMILES SMIRKSReactjon
amy  [CHEPTTCIoMET ) AmbitObjEC:

aliphatic hydroXylatjon \/NH2 — 5 /\/NHZ

Figure 1. Representation of molecules, search queries and reactions by means of linear notations
(i) SMILES, (ii) SMARTS and (iii) SMIRKS.

Figure 1 illustrates the techniques used in Ambit-Reactor for the handling of three basic types of
chemical objects. The molecules are represented as CDK objects (e.g. AtomContainer) where the
input to the system can be done via several chemical formats; figure 1-(i) shows as an example the
popular linear notation SMILES. Search queries are handled by means of SMARTS notations
(figure 1-(ii)). The chemical reactions are represented via linear notation SMIRKS which can be
considered as notation constructed from two SMARTS parts - one for the reactants and one for the
reaction products and additional atom mapping.

Ambit-Reactor is characterized with the following basic functionalities:
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(1) Exhaustive application of all possible transformations from a predefined set of generic
chemical reaction rules;

(2) Reactor configuration with a set of chemical and logical rules called "strategy of the reactor";

(3) The user can define the logical conditions for particular reaction application.

Reactor Configuration

The Reactor is configured via JSON (http://www.json.org/) configuration files that specify
reaction rules, the reaction strategy, allowed products, forbidden products, parameter values that
define the logical conditions for reaction application and the sites where reactions occur. Each

reaction is represented as a JSON section in the following format:
{

"NAME" : "Aldehyde oxidation",

"CLASS" : "phasel",

"SMIRKS" : "[H][C:1]=[0:2]>>[C:1] (O[H])=[0:2]",
"USE_CONDITIONS" : ["REACTIONiAPPLICATIONSiPERiREACTANT < 2"]

}
The basic reaction description includes a formal name, reaction class, SMIRKS defining the
reaction and conditions for the reaction application.
The combination of multiple chemical and logical conditions is called the “strategy of the reactor”.
Formally these conditions are set by logical expressions of the values of descriptors calculated for
the compounds taking part in the reactions. Figure 2 show the Reactor configuration process and

Reactjon
data pase

............... 0.\

.-~ Searcy, reactjon rujes -, .-~ "Search, reactjon rujes
from data pase against Logica] <—  fTom gata pase agajnst !
product congjtjons input mojecuje .+’

S e . ” S )

Alloweq progucts
FOrhidden proqucts
parameters
Flags

Figure 2. Reactor configuration.

Reactor Algorithm

The Reactor algorithm workflow is illustrated in figure 3 which shows a part of #yrosine
metabolism simulation tree.
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The start molecule is submitted to the reactor by means of popular structure data formats:
SMILES, InChl or * MOL file (figure 3). For a given initial reactant, Ambit-Reactor applies
exhaustively all possible transformations from a predefined database with generic chemical
reaction rules. For each of the products all possible transformations are applied again to obtain
new products and so on. In order to control the combinatorial explosion, the process stops when
conditions defined by the user are reached e.g. number of reactions to take place, maximum
number of nodes, number of “success” or “failed” nodes etc. The reaction simulation can be
represented as a tree data structure where each node in the tree represents particular products
obtained from reactions applied to the compounds from the upper level nodes. Each node includes
also information about the transformation path and descriptors that are used for the reactor
strategy. Typically the root node is the input starting molecule. “Success” nodes are those nodes
that comply with the strategy; accordingly “failed” nodes are the nodes that do not comply all
logical conditions defined in the reactor strategy. Tyrosine molecule is the starting (root) node for
the example simulation given in figure 3. Aromatic hydroxylation reaction is matched to four
possible sites of #yrosine molecule and accordingly four possible products are obtained; they form
children nodes of the root node. Product 2 is topologically equivalent to product 1 and analogously
product 4 is equivalent to product 3 therefore only two children nodes are generated. The reactor
strategy in figure 3 is applied with condition REACTION_APPLICATIONS_PER_REACTANT < 2 hence
aromatic hydroxylation is not further applied to products 1 and 3. The reaction application
continues with decarboxylation reaction which is matched at one site for of product 1 and one site
for product 3 as well. The obtained products are dopamine (products 5) and 4-(2-
aminoethyl)benzene-1,3-diol (product 6). Dopamine molecule is in the “allowed products” list
from the reaction strategy and thus dopamine node is a terminal one for the reactor tree. The
reactor algorithm continues with product 6. Analogous steps are repeated for the obtained products
that fulfill the reaction strategy conditions until reaction tree is exhausted, maximal number of
nodes is reached or some other condition for simulation termination is reached.

Ambit-Reactor Applications

According to the configured strategy of the reactor, Ambit-Reactor software can be applied for
synthesis planning and retrosynthetic analysis, modeling of metabolic processes, combinatorial
generation of virtual compound libraries and guided generation of compound libraries.

Figure 4 represents three simple cases of exhaustive combinatorial generation of hydrocarbons and
alcohols.

a) b) ¢)

Reactor configuration: Reactor configuration: Reactor configuration:
Methylation of terminal carbon Methylation (any carbon) Methylation of terminal carbon
[CH3:A][H>>[CH2:1]C(HD(HDH]  [C:AJH]>>[C:1]C(HD)(HDH] [CH3:1][H]>>[CH2:1]C([H])((HDIH]
Starting molecule: Starting molecule: Starting molecule:

CC (ethane) CC(ethane) OCC (ethanol)

Result: Result: Result:

CcCC (propane) CCC (propane) OCCC (propanol)
CcCccc (butane) CCccc (butane) OCcccC (butanol)
ccccece (pentane) Ccc(o)c (isobutane) OCcccce (pentanol)

CCcccce (hexane) CC(C)yo)C (neo-pentane) OCCCCCC (hexanol)

Figure 4. Combinatorial generation of molecules with Ambit-Reactor.
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The hydrocarbons generated in case a) are only normal alkanes since the reactor is configured with
methylation reaction applied only for terminal carbons while in case b) branched hydrocarbons are
obtained as well (see figure 4). In case c¢), the same strategy of the reactor as in case a) is applied,
but using ethanol as a starting molecule, hence alcohols are obtained.

Summary

Ambit-Reactor software can be used for exhaustive combinatorial generation of molecules by
means of preliminary set reaction database and reactor strategy. Focused compound libraries and
virtual libraries which contain molecules with higher synthetic accessibility can be generated by
means of suitable strategy rules.

Ambit-Reactor module can be used as a software library by means of Java API access
(http://ambit.sourceforge.net/). Also command-line standalone application is available at the
following address http://ambit.sourceforge.net/reactor.html.
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Abstract: The portfolio is increasingly being implemented in the university system of
education, as a modern and versatile educational technology available to the teacher. This
paper presents theoretical analysis and findings of the practical application of an educational
portfolio in the plant systematics seminars in the study course of students from the "P.
Hilendarski ".University

Keywords: educational portfolio, plant systematics seminars

INTRODUCTION

Plant systematics seminars are an essential part of students' study in agricultural, biological,
environmental, and other courses. Studying the diversity of the plant world and the accumulated
knowledge of its taxonomic classification is a challenge for both teachers and learners.

A large part of the students say they are disappointed by the impersonal style of teaching in
universities and that passive learning is encouraged. In examining the state of modern educational
technologies the works of Gyurova and Bozhilova (2008), Derycke (2000), Weiss (2000) draw
attention to the portfolio as a modern multi-purpose educational technology.

The present study aims to provide a brief theoretical analysis and practical aspects of the
education portfolio as an opportunity for innovation in the learning process and improving the
level of competence of students in plant systematics seminars at the University. Research refers to
second year students in Ecology and Environmental protection and Biology and Chemistry at the
"Paisii Hilendarski" University of Plovdiv in the period 2009 -2011

THEORETICAL BACKGROUND OF THE STUDIED PROBLEM

The historical roots of the portfolio are associated with the Renaissance, when famous artists
and architects collected their works into "folders". In the 70s of the past century the portfolio was
widely used in Canada and the U.S., mainly in higher education. A little later, the portfolio was
widespread in teaching in the UK and other western European countries, it was developed by and
required from both teachers and professors from universities and colleges. In some universities
there are guidelines for the development of portfolios in different teaching / research areas -
humanitarian, social, natural, and sciences ("The course portfolio volume" - AAHE).
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In Bulgaria the problems for the use of portfolios in the educational process are reflected in
the research of Gyurova and Bozhilova (2008), Zecharieva (2005), Nedkova (2010), Pavlov (2003)
It is widely accepted that its implementation into practice is limited

Applied in education, the portfolio has, according to Nedkova (2010, p. 241) the name
"educational portfolio" and is connected with the requirements of the whole learning process in a
given subject. In relevant literature, the educational portfolio is also called "portfolio or folder of
individual learning achievements."

According to Slavin (2000) the educational portfolio is a kind of "record" of the student
learning process, what he/she has achieved, what the individual steps of learning are, how they
think and what questions they ask, what they analyze, synthesize, produce, and create. How the
student interacts with others - emotionally, intellectually and socially. Pavlov (2003) defines the
portfolio as a collection of collected and arranged materials, objects, tools that presents the efforts
and achievements of students in one direction or another. Arter, Spandel end Culham (1995)
characterize it as a purposeful collection of student works that tell the story of individual
achievements and growth.

From the above we can observe that the definition of portfolio is multi-variant. In the present
work portfolio is interpreted as an educational technology based on person-oriented approach. In
the centre of the learning process is the student - his/her purposeful cognitive, emotional, and
creative activity.

There are different portfolio types depending on the criterion selection. According to the
subject for whom it is addressed, it can be student, teacher oriented. According to the format -
paper, electronic, mixed. According to contents - on the relevant subject / for example: Portfolio in
plant systematics/. According to the duration of training - by term, semester, by volume, etc.
Depending on the purposes of training, Gyurova and Bozhilova (2008) consider four types of
portfolio: professional / teacher portfolio; course portfolio; teaching portfolio; student portfolio.

Portfolio content often varies depending on the type, purpose, intended audience, and the
individual needs of the author - student / teacher. Zacharieva (2005) states that the portfolio
typically contains two parts: the main part / 'body' / and "applications". In all cases, the educational
portfolio includes structured and systematic information in the context of the studied problems.
According to some authors, the portfolio can contain all materials from the student's work on the
assigned tasks, while others argue that it should feature only the most important ones. They may
be records, drawings, photographs, herbarium material, reports, computer printouts, projects,
journals, and other documents which are a sort of evidence demonstrating the steps of learning and
development, and reflecting the results of practical activities.

In the absence of research indicating precise parameters required, in the content of the
portfolio may be included everything a student considers relevant or the teacher requires in view of
its usefulness and necessity for training of the student, in order to stimulate his/her uniqueness and
individuality.

The portfolio structure can vary widely and is usually subject to the recommendations of the
relevant subject teacher. Frequently, the sequence is:: title page, contents of the package of
materials, a brief retrospective of the student's achievements in related courses or analysis of
his/her own results / what is achieved more easily and what presents difficulties /, tests for
progress assessment and others,

For the above, we should bear in mind that it is not necessary to include everything, but what
presents the student best and demonstrates his/her success and individual approach in dealing with
tasks.

Formatting the portfolio can be done in various ways. Depending on the information
medium, it can be developed in the paper printed or electronic format (such as web-page in the
global network, or on electronic disk - CD, DVD).
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The educational portfolio of the student periodically or at the end of the semester is assessed
by the relevant course teacher. This may be a separate step in the student's education or transition
to overall training in a scientific field.

Gyurova and Bozhilova (2008), Zacharieva (2005), indicate the following criteria for the
evaluation of the portfolio: compliance of the content with topics; quality and creative approach in
the implementation of the portfolio; precision in describing observations, construction of models,
schematic drawings, etc. which are an integral part of the portfolio; originality and aesthetic value
of the layout; thematic completion. It is important when evaluating that the teacher should exercise
maximum objectivity, good will, attention, and pedagogical tact.

The application of the educational portfolios in teaching at the university involves certain
requirements for the teacher. Among them are his/her ability to: motivate students; to provide a
timely positive feedback, support, to encourage creativity, partner students accepting their
personalities, encourage self-confidence.

THE PRACTICAL APPLICATION

The experimental model of research is related to the practical application of the educational
portfolio in plant systematics seminars as a reflexive practice in the work of second year students.

The practical realization of the portfolio was implemented within two consecutive academic
years /one semester each/ for 108 students from the above courses and years of training.

At the beginning of the cycle of seminars students were given detailed instructions on the
structure and content of the portfolio, they should develop during the semester. Where possible,
model samples are provided, to which to adhere.

In view of the specificity of training in Systematics of plants, the following structure of the
portfolio was developed: cover pages/name of student, course, seminar teacher/; contents/it shall
mention the elements included in the portfolio and their sequence/; key elements in the
content/tasks here are included for each seminar and their implementation; applications/schemes,
graphs, herbarium material, photographs, schematic drawings, progress assessment tests, teacher
recommendations, etc./.

In the course of work on developing the portfolio the student can be consulted and the
teacher may correct the way of building the portfolio. At the end of the semester each student's
portfolio is assessed by the seminar teacher.

During the survey the teacher observes the work of students and records his/her findings. At
the end, a survey was conducted with the students regarding the attitudes, the positive and negative
aspects of the educational technology experimented.

Pooled data by reported criteria are presented in Table. 1.

Table 1. METHODS, CRITERIA AND RESULTS

Research methods Reported criteria Number of %
students
Creative learning 78 72
Observation Responsibility for tasks 83 77
/conducted by the - -
teacher/ Completion of portfolio 68 63
Long-term strategy 59 55
Motivation 87 81
Survey of students Assisted learning 94 87
Presence of problems 35 32
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Positive changes and benefits identified in research.

Students: work purposefully and plan their work according to specific targets; they are
responsible for the implementation of the prepared plan (activity algorithm); assess their strengths
and weaknesses, plan next steps and longer-term strategies for self-expression and development.
Students evaluate the educational portfolio as an opportunity for creative learning and a bank of
academic achievement and social skills. They find this way of learning interesting and useful.
Learners reflect on their achievements from the position that the final result depends on their
individual effort and discipline, rather than on the subjective opinion of the instructor. The
educational portfolio on a specific subject enables students to seek and find a connection between
different subjects and to use previous experience as a high start in the new situation. They are
convinced that what they do makes sense and the efforts are worth it.

The teacher: the conduction of the seminars was interesting and economical. The experience
gained leads to improved academic work commensurate with global education trends.

CONCLUSION

The presented study has no claims of comprehensiveness and thoroughness. It was carried
out with the belief that any innovation in education requires research in a real classroom
environment. The educational portfolio must undoubtedly find wide application in educational
practice in higher education.
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