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HENPaBUTEJICTBEHA MPO(ECHOHATHO-TBOPYECKa OPraHN3anus Ha OBITAPCKUTE YUCHH.

B n3manunero (B 4 cepuu) ce ImyOIMKyBar JOKJIAJH U HAydYHH CHOONICHUS, IPEJCTABeHH HAa HAyYHU
¢opymu Ha CYB — [Tnosaus. [Ipuemar ce 3a myOJIMKyBaHe U CTaTHX Ha OBITapcKu M 9yXKJIECTPaHHU YUCHU
Cpelly 3aIulamane 1o MpreTa OT YIIPaBUTEIHHS ChBET Tapuda.
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OTIeHO ce IpUilara CRUCHK ¢ yumupanume nyonuKayuu, oApeaAeHH a30ydHo cropen haMuusTa
Ha ITBPBHS aBTOp. Korato ce muTupar HIKONKO ITyOIHKAIMY OT eJIMH ¥ CHIIH aBTOp, HAif-HaIpe]| B CIIUCHKa
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n30posiBaT IMEHATa Ha BCUYKH aBTOPH. JInTepaTypHNTE U3TOYHHIM HE CE HOMEPUPAT.
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H3TOYHUIIUTE C€ TPAHCIUTEPUPAT Ha JamuHuyd, a 3arilaBHsATa Ha CTAaTHHMTE C€ NPEBEXNAT HA AHSAULCKU
esuk. IIpu TpaHcimTepupaneTo OyKBHUTE ce 3aMEHST criope]] 3aKoHa 3a TpaHciauTepanysTa. OpUrHHAITHHAT
€3UK Ha ITyOJHMKAIMUTe, NPeBEACHH Ha aHDIUHCKU €3UK, Ce 10coYBa cie Ondnmorpa)cKoTo OnucaHue B
ckobu (Obarapcku = Bg, pycku = Ru, cppocku = Sr, Makenoncku = MKk, rpbiiku = Gr, U T. H.).
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INPEMMWHABAHE HA HUKOTUHA OT ®ABPUYHU ITAPTU /N
BbJITAPCKH OPUEHTAJICKH TIOTIOH KbM TIOTIOHEBUSA IUM
Credxa Kupkoa', Mapus Cponnocka’, Anka ['eopruea’
'"MHCTUTYT 1O TIOTIOHA H TIOTIOHEBHUTE U31eausi-VMapkoBo,
PenyOnuka bbarapus
’MucTuTyT no oBomapcTBo-IlnoBaus, Penmy6auka brarapus
3YuuBepcuter CB.Knument Oxpuacku-burons, U3ciaenoBaresicku
HHCTHUTYT N0 TIoTIOHA-IIpnien, Penydinuka Makenonus

PASSAGE OF NICOTINE FROM FACTORY BATCHES BULGARIAN
ORIENTAL TOBACCO TO TOBACCO SMOKE
Stefka Kirkova', Marija Srbinoska®, Anka Georgieva’

"Tobacco and Tobacco Products Institute-Markovo, Republic of Bulgaria
’Fruit Growing Institute-Plovdiv, Republic of Bulgaria
3University St.KlimentOhridski-Bitola, Scientific Tobacco Institute-Prilep,
Republic of Macedonia

Abstract

The US Food and Drug Administration (FDA) announced it’is taking steps to reduce
nicotine levels in cigarettes. It’s not known which factors influence the transition of nicotine from
the tobacco leaf to smoke, what is the influence of the etheric-oil complex and is there regularity?
In previous studies, we found that the switch of nicotine from tobacco to tobacco smoke in
Oriental tobaccos grown in different Balkan countries is in a wide range. This requires a
differentiated country survey. The aim of the research is to establish the switch of nicotine from
factory batches of Bulgarian oriental tobacco into tobacco smoke. With the use of standard
methods for analysis and treatment of results, we have shown that switching nicotine from
tobacco to tobacco smoke could be predictable in areas typical of the cultivated ecotype; the
higher tobacco nicotine content does not provide for higher levels of nicotine in tobacco smoke
and, not least, for tobacco with markedly resinous character, lower passage values are reported.

Key words: tobacco, tobacco, nicotine, tobacco smoke, passage

BbBenenue

AMepukaHckaTa AIMUHHUCTpAIMS IO KOHTPOJ Ha XpaHute U jekapcrBata (FDA) o6siBu ,
qe mpeArnpreMa CThIIKY 32 HaMaJIsIBaHe HUBaTa HA HUKOTHWHA B IUTapHTe. ATCHIMATA TUIAaHUpa Jla
MPEIJIOKH HOBO MPaBUIO, KOETO Ja OrpaHWYM HUKOTHHOBHTE HHMBA B TIOTIOHA, KaTO KpaiHarta
LeJT € 1a ce HaMaJIu KOJIMYEeCTBOTO MY IO HENPUCTpACTABAILM HUBA. Beeku et OT TIOTIOHEBUTE
KOMITOHEHTH yYacTBalll MPH HaIllpaBaTa Ha TIOTIOHEBOTO W3EJHe HOCH CTpora CHenupuIHOCT,
xapmonupaina ¢ ocrananure (Kirkova, 2005; Kirkova, 2004). B npeauinau Hami U3cieIBaHus
YCTaHOBUXME, Y€ BIIMSHHETO Ha OTJCIHUTE THIIOBE TIOTIOH BBPXY ChIBP)KAHUETO HA JTUMa Ha
rotoBusi npoAyktT e paznauyHo (Kirkova, 2016, Kirkova at al., 2016, Georgieva at al., 2017).
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OTneTHUTE TUTIOBE M3UCKBAT pa3iuuHu ycioBus Ha otmiexaane (Kirkova and Dyulgerski, 2013;
Dyulgerski, and. Kirkova, 2013; Kirkova, 2015). He ¢ u3BecTHO KoM (haKTOpW BIHSAT IIPU
NIPEMUHABAHETO HA HMKOTHH OT TIOTIOHEBHSI JIUCT B JJUMa, KaKBO € BIHMSHHETO HAa CTEPUYHO-
MacJeHHs] KOMITJIEKC U MMa JIM 3aKOHOMepHOCT. HeussicHeHnTe BbIpOCcH ca MHOTO. B npeanuran
HAIlM U3CJIEABAaHNS YCTAHOBUXME, Y€ MPEMHHABAHETO HA HUKOTHHA OT TIOTIOHA KBbM TIOTIOHEBHS
MM He cjle[Ba OdYaKBaHATa TEHACHLMs ~TIO-BHCOKO ChAbP)KaHME HA HUKOTHH B TIOTIOHA,
PECIEKTHBHO 0-BUCOKH CTOMHOCTH Ha NMPEMUHAJ HUKOTHH B TIOTIOHEBHS JUM”. Y CTaHOBHXME,
4ye MPEeMHUHAaBAaHETO Ha HUKOTHMHA OT TIOTIOHA B TIOTIOHEBHS JWM IIPH OPHEHTAJICKUTE TIOTIOHH
OTIJIC/IaHU B PA3JIMYHUTE OAlKaHCKU ABPKABU € B MHOI'O IIMPOK JMana3oH. To3u (akT M3nucKksa
JudepeHIpaHo u3cieaBaHe IO JabpkaBu. lLlenta Ha wn3cineqBaHusATa € Ja C€ YCTaHOBH
MIPEMHHABAaHETO HAa HHUKOTHHA OT (paOpuuHM mapTUAM OBITapCKH OPHUEHTAICKH TIOTIOH B
TIOTIOHEBHS JIUM.

Marepuan u MeTo

OOekT Ha W3CIenBaHMATA ca MPoOM OT (HaObpHIHM MAPTHAW OBITAPCKH OPHEHTAJICKU
TIOTIOH KpymoBrpasn, oTriesaH B pa3iuyHHA PalioHH. Y CIOBHO ca 00O3HAYCHH C HOMEpA, KaTo:
NoNe 1, 2 m 3 ca or paiiona Ha [TnoBauB; NeNe 3, 4 u 5 ot paitona Ha XackoBo u Kbpmxanu, a
NoNe 6, 7 u 8 or paifona Ha ['oune JlemueB. M3BbpieHN ca XMMUYHHM aHAJIM3U 10 OCHOBHU
MOKa3aTelH B TIOTIOHA. C MpeaBapuTETHO U3YMCIICHA ONTUMAaTHAa Maca 3a KOHKpeTHaTa mpoda ca
n3paboTeHN JIAOOPATOPHH IUTApH 3a W3CIeIBaHE HA TIOTIOHEBHS TUM. VI3MON3BaHM ca eIHH H
ChIIM TWI3U CbC CPEAHOAPUTMETUYHU CTOMHOCTH, CBHOTBETHO 3a JABDKMHA — 83,98 mm;
BB3/IyXONPONYCKIMBOCT Ha wLurapenara xaptusa-45,13CU; auamerbp—7,79mm; IbJDKMHA Ha
MyHAIyKa 24,9 1lmm. MammHHOTO MPOIyIIBaHEe e M3BBPINU Ha [IUrapu 0e3 QUITbPeH OTPSI3bBK.
3a ;a ce mpocienu NpeMHHABAHETO Ha HUKOTHHA OT TIOTIOHEBUS JIUCT KbM TIOTIOHEBUS UM Ce
M3M0JI3Baxa CTaHIapTHU METO/M 3a aHAIN3 U 00pabOTKa Ha TaHHHTE.

PesyaraTtu u o0cb:x1aHe
Pesynrature OT W3CleNBaHUATa MO OCHOBHM XUMHWYHHM TOKa3aTeldW Ha TIOTIOHUTE ca

mokasanu Ha ¢ur. 1.

OCHOBHM XMMHYHH II0KA3aTeJIH HA TIOTIOHA

dur.1.
20 -
15 - — B HUKOTUH, %
10 - 3axapu, %
5 - M obuy azort, %
o - B cbabprKaHue Ha nenesn, %
1 2 3 4 5 6 7 8 9

C Haii-BUCOKH CTOWHOCTH 32 ChIbp)KaHHE Ha HUKOTHH B TIOTIOHA CE€ XapaKTepU3upar
npodute ot paiiona Ha ['.Jlemue. [Taptuanurte cheraBeHn or KpymoBrpas oTrienan B paiioHa Ha
ITnoBmuB m XackoBo/Kbpmkamm ca Onm3ku, che cnad mpeBec 3a TioTioHa oT IlmoBamB. Haii-
BHCOKH CTOMHOCTH 3a ChIbp)KaHHe Ha 3axapu ca rnpodure ot XackoBo/Kepmkamm. C Hail-HUCKH
ot paiiona Ha I".JlemdyeB. C Hail-BHCOKM CTOMHOCTH 3a 00T a30T ca npodute ot I11oBamB.

Pesynrature 3a chappkaHMe Ha HUKOTHH, KaTpaH U CO B anMa, ca TpEICTaBEeHH HA
¢ur.2.



Chabpikanue Ha HUKOTHH, KaTpaH 1 CO B 1uma
®Dur.2.

B HUKOTWH, Mg/cig

KaTpaH, mg/cig

m CO, mg/cig

1 2 3 4 5 6 7 8 9

Bucok HUKOTHH B quMa ce oTyuTat mpu npobute ot I'.Jlemues, cneasanu ot IlnoBaus n
C Hal-HHUCKHM CTOMHOCTH TIpHM TIOTIOHA oTrienaH B XackoBo/Kepmxamm. Ilpm karpana c Haii-
BHCOKM CTOWHOCTH € TIOTIOHAa OT [lnoBnuB, cnensan ot I'.Jlen4eB u Hali-HUCKU TPU TIOTIOHA OT
XackoBo/Kbepmkann. ChinaTta TEHASHIUS ce 3a0ea3Ba 1 pH oTYeTeHNTE cToiHOCTH 3a CO.

3a oHaryensBaHe Ha pe3yNTaTHTe TO TMPoOH, ce pa3padOTH HHUBOBAa CKaja 3a
OTHOCHTEITHHUTE JIAIIOBE Ha TOMYUCHHUTE ChIbPKAHMS 110 H3CICIBaHUTE TTI0OKa3aTenn — (urypa 3.

OTHOCHTEJHH IS1JI0BE HA MOJTYYE€HUTE CHhAbPKAHUSA 110 U3CJTCABAHUTE MOKa3aTe/J u

®ur.3.
200
100
0
1 2 3 4 5 6 7 8 9
— HUKOTKWH B TTIOTIOHA e 3AXAPW B THOTIOHA
06, a30T B THOTHOHA ChAbPHAHKE HA Nenen B THTIOHA
e HUKOTKUH B AMMA KaTpaH B Auma
O B AMMaA

Hanuue e TeHmeHIuWst 3a clie[iBaHE CBHIBPKAHHETO HAa HUKOTHH B TIOTIOHA H B
TIOTIOHEBUSI JIUM, T.C. MO-BUCOKH CTOMHOCTH B TIOTIOHA, PECIICKTUBHO IO-BHCOKH CTOMHOCTH B
JuMa. 3a OCTaHaJIMTe MOKa3aTeI HiMa OCHOBAHHE 32 M0JI00HO TBBP/ICHUE.

Pesynrature 3a npeMUHAINSI HUKOTHUH OT TIOTIOHA B TIOTIOHEBHS /MM Ca IPEJICTABEHH
Ha ¢ur.4.



IIpeMuHAJ HUKOTHH OT TIOTIOHA B TIOTIOHEBUS UM
dur.4.

17.80%17.56%17.73% 16 78% 16.81%16.85% 1 /97 %

)

Ot pe3ynTaTuTe € BUAHO, Y€ OTHOCHTEIIHO OJIM3KU ca CTOWHOCTHTE 3a IIPEMHHABaHE Ha
HUKOTHHA OT TIOTIOHA B TIOTIOHEBHS IHMM 3a paloHWTe Ha oTriexnane IlmoBouB wu
XackoBo/Kepmxamm. [Tpobute oT mapTuau TIOTIOH OTIVIeNaH B paifona Ha I'.JlendeB Bapupa B
HpoK nuana3oH — ot 13,53 % no 17,97 %. Hali-HUCKUAT IPOLEHT IIPEMUHABaHE CE OTYUTA NPU
TIOTIOHA OT paiioHa XackoBo/Kbpmkany, ciensaH ot paiiona Ha [TmoBaus.

3akaoueHne

Ot pe3ynratuTe Ha W3CICABAHUATA BBPXY (aOpPHIHM MAPTHIM OPUCHTAJICKH TIOTIOH
KpymoBrpan, or pa3indyHu paiioOHH Ha OTIJICKIAHE, MOXKE Ja ce 0000IIM: MpeMHUHABAHETO Ha
HUKOTHHA OT TIOTIOHA KbM TIOTFOHEBUSI TUM OU MOT'BJI Jia ObJIc PEABUAUM HPU PAOHN THITUYHH
3a OTIVIeX/AaHEe Ha ONpEeAeTeHUs] €KOTHIL; [10-BUCOKOTO ChABP)KAaHWE Ha HUKOTUH B TIOTIOHA, HE
OCI/lepﬂBa IIO-BUCOKHM HHMBA Ha npeMnHan HUKOTHUH B THOTHOHCBUSA AUM U HC Ha IIOCICOAHO MACTO
IIpY TIOTIOHM C IIOAYEPTAHO CMOJIMCT XapakTep, €€ OTYUTAT I10-HUCKU CTOMHOCTH Ha
NpeMHUHaBaHE.
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XAPAKTEPUCTUKA HA OCHOBHHU COPTOBE OPUEHTAJICKHA
TIOTIOH OT EBPOIIEMCKHUSI PETUOH
Mapus Kvmesa
HNHCcTUTYT N0 TIOTIOHA U TIOTIOHeBHUTE n3eaus — [liosaus, 4108,

CHARACTERISTIC OF MAIN VARIETIES OF ORIENTAL TOBACCO
FROM THE EUROPEAN REGION

Mariya Kasheva
Tobacco and Tobacco Products Institute — Plovdiv, 4108,

Abstract : A survey of basic chemical indicators of oriental tobacco from Bulgaria,
Greece, Macedonia and Turkey was made. The study was conducted at the Institute of Tobacco
and Tobacco Products in the village of Markovo. It has been shown that the quantitative ratio
between soluble carbohydrates and nicotine gives an idea of the completeness and smoothness of
the taste and of the appearance of burning and acuity. The optimal values of this coefficient are 6.0
- 10.0. The results show that for the main varieties of Krumovgrad oriental tobacco from Bulgaria,
Katerini from Greece and Izmir from Turkey, the ratio soluble carbohydrates / nicotine has
optimal values. This determines the completeness, the smoothness of the taste and the
manifestation of burning and sharpness in smoking. There are very low values of the carbohydrate
/ nicotine ratio in the Greek "Basma" and Samsun tobacco from Turkey. These values contribute to
the taste to be of sharpness and roughness.

Key words: oriental tobacco, change of tobacco chemical indicators, nicotine, sugar,
chlorine.

OBOCHOBKA 1 IEJ

Hourtn 90% ot mpomsBexganute cpenHo 220 Xwosaum ToHa TIOTIOH B EBpoma ca or
EBponeiickus cpro3. Ocrananara yact ce otriiexaar B Makenonust u Typiusi.

PaznuunnTe ekonornyHy, KIMMaTHYHU U TTOYBEHH ycioBus B bbarapus, I'spuus, Makenonus
n Typuus ca mpeanocraBka 3a Chb3JaBaHe HA TOJSIMO Pa3HOOOpa3He OT COPTOBE OPUEHTAJICKU
TIOTIOHH ChC CHEMM(UIHU KAYeCTBEHU MMOKA3aTeNyd OOYCIABAIIA TYIIATETHO-BKYCOBUTE HM
CBOICTBA.

Ilenra ma 3amavaTa € Ja ce HaANpaBW OICGHKA [0 XWUMHUYHM TI0Ka3aTeNld Ha COPTOBE
OPHEHTAJICKH TIOTIOHH, 3a€Mallli OCHOBEH IsT B TIOTIOHEBUS cekTop Ha bearapus, ['vprms,
Maxkenonus u Typuus.

MATEPHAJI U METO/JHN
Ha mpencraBuTenHu cpeaHu MPOOH OPHUEHTAICKH TIOTIOHH pek. 2017 T. oT YeTupuTe IbprKaBU
boarapus, I'spuust, Makenonust u Typuus € HanpaBeH XMUMMYEH aHAJIW3 HA OCHOBHHM COPTOBE

8



TIOTIOH. VI3BBpIIM ce CpaBHUTENEH aHAJIM3 HAa MOKAa3aTeIUTe HUKOTHH, 3aXapH M XJOp Ha
coprosere ,,Kpymosrpan™ or bwvarapus, ,bacma® u ,Karepunu“ ot I'spums, Ilpunen or
Maxenonus“, ,,M3amup® u ,,Camcyn* ot Typrwsi.
3a mocTHTaHe [enaTa Ha 3a/jaJaTa ce H3BBPIINXa CICIHATE BUIOBE PAOOTH:
e QopMupaHe Ha CPEIHU NMPOOU OPUEHTAJICKH TIOTIOH OT YETHPUTE IbPXKABH,
HEOOXOUMH 32 OIPE/ICNITHE Ha OCHOBHUTE XUMHYHH ITOKA3aTCIIH.

e OmpenensHe Ha MOKa3aTEIUTe HUKOTHH, 3aXapy U XJIOp Ha TIOTIOHA.

e OmnpenelnsiHe Ha ChbOTHOLICHUETO 3axapy/ HUKOTHH.

XUMHWYHATE W3CIEABAHMATA Ca TPOBEACHH C MPEACTABUTEIHM IPOOH 3a BCEKH COPT B
nabopatopHusi KoMmIuieke 3a m3nurBane Ha MTTU - c. MapkoBo. CbIbp)KaHUETO HA HUKOTHH,
3axapHy ¥ XJIOp ca ONpeJIeTICHH ChIIIACHO CTaHIapTH3NPAHH METOMN:

e - ISO 15152:2003 — Tobacco — Determination of the content of the total alkaloids as
nicotine — Continuous-flow analysis method, TroTion — OnpenensiHe CbIbP)KAHUETO HA
00IIMTe anKaIouau KaTO HUKOTUH — MeTosl HelpeKbCHAT aHaIU3 B TIOTOK.

e [SO 15154:2003 — Tobacco — Determination of the content of reducing carbohydrates
— Continuous-flow analysis method, Trotton — OmnpeznensHe CbIbPKAHUETO Ha
penylHpaniy BbIIIEXUIpAaTH — MeTo/ HeMpeKbCHAT aHAIN3 B TIOTOK.

e Meronuka Ha UTTH 3a onpeznensHe Ha XJIOp B TIOTIOHA.

PE3VYJITATU U OBCBHKJIAHE

OrmpesiesiHeTO Ha Ka4ecTBOTO M MIIATEHUTE CBOWCTBA HA TIOTIOHA Ha 0a3a XMMHYHHS MY
CbCTaB €€ 3aTPyAHsSBA OT CIOXKHUTE 3aBUCHMOCTH IIPU B3aUMOJCHUCTBHE MEXIY XUMHUHUTE
KOMIIOHEHTH U XEMOPELIENTOPUTE [IPH IIpolieca Aerycrauus. Benpeku ToBa, XUMUYHUSA CbCTAB HA
TIOTIOHA JIaBa I10-TOJIIMA BE3MOJKHOCT 3a TSXHOTO OOCKTHBHOTO ONpPEJIEIIHE.

XUMHYHH MOKA3aTeJId HA OPHEHTAJICKH TIOTIOH oT EBpomna.
I. Huxorun, %

Copm, fvprxcasa

CamcyH Typuma

N3mump Typuma

Mpunen
MaKegoHua

W Il knaca
/I Knada

KaTtepuHu Mepumsa
P U B | Knaca

Bacma Mepuma

Kpymosrpaza
Bvnrapua

®ur. 1. Hukotus B TIOTIOHA OT coprose ,,Camcyn®, ,,3mup®, , IIpunen”, Karepunu®, “bacma*
u ,,Kpymosrpazn*



Ha ¢wur.1 ca npencraBeHn pe3yaTaTHTe 3a TI0Ka3aTelsi HOIKOTHH Ha M3CICIBAHUTE OCHOBHU
COpPTOBE OpPUEHTAJICKU TIOTIOHW B bbarapus, I'spums, Makenonus u Typuusa. CroiiHocTuTe Ha
HUKOTMHA TI0 KJIacH C€ TMOIPEXIaT B CIEAHUS HM3XOIIII pel: - 3a IbpBa Kiaca — ,.bacma“
(Teprwst); L JIpunmen™  (Makenonwus); . Kpymosrpan™ (bearapus); ,,Camcyn™ (Typiwus);
»~Karepuan* (Uspmmst) u ,,/3mup® (Typuust);

- 3a BTOpa Kiaca - ,,bacma“ (I'epums); ,,Ilpunen™ (Makenonus); ,,Camcyn™ (Typrus);
~Karepuan* (I'spmms); ,,Kpymosrpan™ (benrapus) u ,,M3mup* (Typrms);

- Tpeta knaca - ,,bacma“ (I'spuus); ,,Jlpuinen (Makenonus); ,.Karepunu® (I'vprus);
»Kpymosrpan™ (bearapus); ,,Camcyn™ (Typuus) u ,,3mup™ (Typrus).

Haii-Brcoky CTOMHOCTH Ha HUKOTUH U TIPH TPUTE KJIACH Ca U3MEPEHU MpHU Ipblkarta , bacma®,
nocienBaHa ot copt Lllpwren (Makenonus). Hali-HWCKM CTOMHOCTM Ha HHUKOTHHA Ce
HaOmomaBaT npu copt , M3mup* (Typrms). TrotrosT OT copt ,.Kpymosrpan® (Bearapus) ce
XapaKTepu3npa CbC CPEAHH CTOMHOCTH HUKOTHH — OT 1,45% (I xiaca) no 1,20% (III kmaca).

11. 3axapu, %

Copm, flvpxcasa

CamcyH Typuma

M3munp Typuma w /Il knaca

Mpwnnen

B |l Knaca
MakegoHua

KatepuHu Mpuma B | Knaca

bacma Mpuma

Kpymosrpag
bbarapua

0 5 10 15

®ur.2. 3axapu B TIOTIOHA Ha coptoBe ,,Camcyn®, ,,13mup®, , Ilpunen‘, Karepunu®, “bacma‘
u ,,Kpymosrpan®

Ot pe3ynraTuTe 3a TIOKA3aTeNs Pa3TBOPUMH 3aXapH MPEACTABEHN Ha (HT.2, H3CICIBAHUTE
COPTOBE OPHEHTAJICKHU TIOTIOH 110 KJIACH C€ MOAPEkKAAT MO CIESIHUS HU3XOSI PE;

- 3a mepBa Kiaca - ,Kpymosrpan“ (bwiarapus); ,Karepuuu™ (I'vprms); ,Ilpumien™ -
(Maxkenonus); ,,M3mup (Typrus); ,.bacma® (I'sprus) u ,,Camcyn* (Typuus);

- 3a BTOpa Kkiaca - ,,Kpymosrpan™ (bwirapus); ,,Karepuru® (I'vprus); ,,Mzmup™ (Typrius);
HIpmren - (Makenonns); ,,bacma® (I'spmmst) u ,,Camecyn* (Typrus);

- Tpeta Kiaca - ,,Kpymosrpan (bbnrapus); ,,Karepuan™ (I'spuus); , I Ipmien‘ -(Makenonus);
»bacma“ (I'spuus); ,,M3mmp* (Typrwa) u ,,Camcyr™ (Typrms).

W mpu Tpute KJIacu Hai-BUCOKM CTOMHOCTH Ha Pa3TBOPUMH 3axXapH ca YCTAHOBEHU IIPH
OBATAapPCKUs OPUEHTAJICKH TIOTIOH ,,KpymoBrpan®, cien vero e copt ,,Karepuru® (I'sprms).

C Hali-HUCKH 3aXapH ca TIOTIOHH OT copT ,,3mup* (Typuust) u ,,Camcyn* (Typuus).
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111. Xuaop, %

Copm, [lvprcasa

CamcyH Typuma

M3mup Typuma

Mpunen Il Knaca

MakenoHua W |l knaca

Katepuhu Mpuma W | knaca

bacma Mpuma

Kpymosrpag
bbarapua

0 0.5 1 1.5 2

®ur.3. Xnop B TIOTIOHA Ha copToBe ,,Camcyn™, ,,M3mup* wien', Karepuau®, “bacma‘
2" 2 9 99 9 9
u ,,Kpymosrpan®

OT n3cneBaHUATA, U3BBPIICHH JIOCETa, € YCTAHOBEHO, Y€ XUMHUYHHUTE BEIIECTBA KOUTO
ce ChIbPXKAT B TIOTIOHA II0 CBOETO JCHCTBHE C€ PA3NpeleNsiT B JBE OCHOBHH TIPYIH — Taka
HApEUCHUTE TOJIOKHUTEITHO W OTPUIATEIHO BIMSCIIN BemecTBa. KbM Tpera rpyma ce OTHACST
BEIECTBA, KOUTO UMAT HEYTPAIHO JeiicTBHE BbPXY Ka4eCTBOTO Ha TIOTIOHA.

IokazaTens xiop cmajga KbM TpylaTa €JIEMEHTH, KOMTO ca B OOpaTHa KOpemarys C
Ka4ecTBOTO Ha TIOTIOHA. BHCOKHTE CTOMHOCTH Ha XJIOp MPEIU3BHKBAT MapeHe U Apa3HeHe MpH
IyIIeHe Ha TIOTIOHA.

Ot pesynrraTuTe 3a CBHABPKAHHETO HA  XJOp B TIOTIOHA MPEACTaBeHH Ha ¢mur.3,
U3CIIEABAHNUTE COPTOBE OPUECHTAJICKH TIOTIOH I10 KJIACH CE MOAPEKAAT I10 CIEAHMS BB3XOMIAIL pef;

- 3a bpBa Kiaca - ,,Karepuan™ (I'spius); ,,M3mup* (Typruus); ,,Kpymosrpan™ (bearapus);
,bacma“ (I'vpuus); ,[lpunen -(Makegonust) u ,,Camcyn* (Typuus);

- 3a BTOpa KJiaca - ,,Kpymosrpan™ (bearapus); ,,Jzmup® (Typuws); ,,Karepurau (I'sprms);
,»bacma“ (I'spums); ,[lpunen (Makenonusi) u,,Camcyn (Typuus);

- 3a Tpera kinaca - ,,Kpymosrpaa™ (bwirapust); ,,Mamup™ (Typrws); ,,Katepurn® (I'bprius);
,.Camcyn* (Typuus); ,,bacma® (I'sprus) u , [lpunen (Makenorus).

CroliHocTHTE Ha XJIOpa ca Hall-HUCKHU 3a IbpBa Kiaca rnpu copt ,.Katepunu® (I'spuus), a
3a BTOpa U TpeTa Kiaca rnpu copt ,,Kpymosrpan (bwirapust).

Iv. CrooTHomenue 3axapu/ Hukorun

KonmnaecTBeHOTO ChOTHOIIEHHE MEXAY pPa3TBOPUMHU BBITICXHUJAPATH W HUKOTUH JaBa
Ipe/icTaBa 3a IIbJIHOTA U IVIAJIKOCT Ha BKYyca M 3a IPOSIBJICHHE Ha IapeHe 1 ocTpoTa. ONnTHMaIHUTe
CTOMHOCTH Ha TO3W KoedwueHT ca 6,0 — 10, 0. IIpu croifHOCTH TO-HHUCKH OT 6,0 BKYCHT TpH
IyLIeHe € C MposiBeHa ocTpota u rpybocrt. [pu croiinocti Ha xoepunuenra Hag 10,0 BKychT Ha
TIOTIOHEBHS IIM € C HEZIOCTATh4HA ITBJIHOTA, TIPOSBEHO MAapEHe U € TPEKaJICHO JIEK.
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Tabmmma Ne 1

CpoTHOIICHHE 3aXapH/HHKOTHH
Pexoara — 2017 r.,
Knacn
AbpaxaBa Copr

I I 111
bearapus ,JKpymosrpan 8,97 8,73 9,88
I'sprus ,Bacma* 3,35 4,02 3,30
I'pprust ,Karepunn* 9,23 8,26 8,61
Makxeznonus Tprren* 4,67 5,67 3,42
Typuus ,Msmup 9,69 9,85 6,88
Typuus ,.CamcyH” 1,43 1,80 2,27

Ot pesynrature mnpencraBeHd B TaOi. Nel ce BWKHa, Y€ ONTHMAIIHH CTOHHOCTH Ha
CHOTHOIIICHUETO 3aXapW/HAKOTHH U 3a TPUTE KIIaCH ce HaOIltoaBa mpu copToBere ,,KpymoBrpan®,
»Karepunu®, u ,,J3mup*. ToBa onpezens mbJIHOTA, IIaJAKOCT HA BKyca U MPOSABIICHUE Ha MapeHe
1 ocTpota nipu mymreHe. [Ipu rpwikara ,,bacma®, coprt , [Ipmren” (Makenonus) u copt ,,CaMcyH*
ot Typuus ce HaOMOAaBaT MHOTO HUCKH CTOMHOCTH Ha CHOTHOIIEHHETO 3aXapu/HUKOTHH. Te3n
CTOWHOCTH JOTIPUHACST TIPH MYIICHE BKYCHT J1a ObJIe C MPOsSBEHA OCTPOTa U IPyOOCT.

HN3BOJH U TPENTIOPBKU

Bcexku moTpebuTen TBPCH TIOTIOH ChC CHEHU(HUYIHM IyHIaTeTHU CBOKWCTBA, KOHTO Ce
OMpENENAT OT TOYHO ONpEeIeHN XUMUYHH TT0Ka3aTeNu. 3a Ka4eCTBOTO Ha TIOTIOHA OT  COPTOBA
rpyna bacMu, OCHOBHA pons MMaT KakTO COPTOBHTE Oele3n, Taka M MSCTOTO, yCIOBUSTA H
HaulHa Ha TAXHOTO OTIJIEXAaHe.

TroTioHHTE OT cOpTOBa rpyna bacMu ca M3KIIOYMTENHO YYBCTBUTENHH KBbM KJINMATHIHHATE
NPOMEHH, KOUTO ca (aKT Mpe3 MOCIeHUTE TOANHH.

IIpu OCHOBHU COPTOBE OpPUEHTAJICKU TIOTIOH ,,KpymoBrpan™ or bwarapus, ,Karepunu* or
I'epums un  ,M3mup® or Typuus, koehHIMEHTa pPa3TBOPUMH BBIVIEXUIPATH/HUKOTHH € C
ONTHUMAJIHH CTOHHOCTH. ToBa ompezens MbIHOTA, MIAaJKOCT Ha BKyca M IPOSIBICHUE Ha MapeHe U
octpota npu mymeHe. [Ipu rpeukara ,,bacma™ u TioTioH ,,CamcyH™ ot Typumst ce HaOmromaBat
MHOT'O HUCKH CTOWHOCTH Ha KOS(PMIIMEHTa BBIVICXUAPATH/HUKOTHH. Te31 CTOMHOCTH JOIPHHACST
TIpH ITyIIeHe BKYCHT J1a OBJIe C MPOSBEHA OCTPOTA B TPYOOCT.

3a Bb3CTaHOBSABaHE TUIIMYHOCTTA HA HAILIMTE TIOTIOHM, 3aJBJDKUTEIIHO TPsiOBa Ja ce paboTu 3a
npeMaxBaHe Ha MIpAaKTHKaTa IIpe3 NOCIeTHWTE TOOWHM Ja Ce OTIIISKAAT KOMEpPCHAIHH,
BUCOKOJOOMBHU COPTOBE U3BBH TUIIMYHHUTE 32 TSIX PaliOHM.
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KIIMMATUYHA NHCTAJIAIIUA HA JUPEKTHO U3ITAPEHUE
C PEKYIIEPATUBEH TOIIV/IOOBMEHEH AITAPAT
Caas BbaueB, Munuo MundeB, MapTtun ApHaynos

» YHHBEPCHUTET M0 XPAHUTEJTHHN TEXHOJIOTUMn” -
rp. IliioBaus, Oya. “Mapuna” Ne26

AIR CONDITIONING SYSTEM FOR DIRECT EVAPORATION
WITH RECUPERATIVE HEAT EXCHANGER
Slav Valchev, Mincho Minchev, Martin Arnaudov

University of Food Technology — Plovdiv
26 Maritza Blv.

Abstract

The object of the study is a description of a laboratory installation composed of a air
conditioning system, working with a refrigerant gas, a ventilation box, an air to air recuperator
heat exchanger, air distribution elements - ventilation grilles, air ducts, a flow control flaps, a filter
section, control and measurement equipment for monitoring and recording of the parameters of the
running processes. The possibilities of the installation of working to different air conditioning
schemes are described.

Keywords: air conditioning system, air to air recuperator heat exchanger

YBoa

B HacTosmaTa cratus € npeacTaBeHa U3rpajicHa J1abopaTopHa YCTAaHOBKA, ChCTOSINA CE OT
KIMMaTU4HA MHCTANAIMs KaHAJICH THII, paboTela ¢ XJIaIuleH areHT (ppeoH, BEHTHUIATOPEH OOKC,
TOIDIOOOMEHHHK  PEKYIepaTop BB3AYX-Bb3JyX, CIEMEHTH 3a BBb3AyXOpaslpeleneHue —
BEHTWJIAIIMOHHM PEIICTKU, BB3yXOBOAW, KJIANM 3a PerynupaHe Ha NeOuTa, GUIAThPHA CEKIHS,
KOHTpOJIHA M H3MEpBaTellHAa araparypa 3a YIpaBJCHHE M 3acCHEMaHe Ha MapaMeTpUTe Ha
mporrdammre mnponecd. OmMcaHW ca BB3MOKHOCTUTE HA WHCTANAIMATa IO OTHOIICHUE
n3CIeABaHe Ha PEKUMHH IapaMeTpu M e()eKTUBHOCT IIPU Pa3JIMYHH CXEMH Ha KIMMaTH3aLHs.
3acHeMaHETO Ha OCHOBHH TapaMeTpW Ha WHCTAJAIMATA JlaBa BB3MOKHOCT 3a CBIIOCTaBKa M
OLICHKAa 3a eHepruiiHaTa ¥ e(pEeKTUBHOCT NPH pa3IMuyHA CXEeMH U pabOTHM pPEXUMH Ha
KIIMMaTHYHATa HHCTAJIAINSL.
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®ur. 1. TexHorormyHa cxemMa Ha HHCTAJJAlUsATA

Jlerenna:

1 — Heno/BIKHA Xkanmy3uiiHa pemierka ¢ pazmepu 300x300 mm;

2 — BB3JIyXOBO/] OT NMOLUMHKOBaHa JamapuHa ¢ pazmepu 300 x 300 mm;

3 — KOJISIHO OT nouMHKoBaHa jtamapuHa 90° ¢ pasmepu 300 x 300 mm;
4 — peryauparna Kiamna oT MOIMHKOBaHa JamapuHa ¢ pasmepu 300 x 300 mym;
5 — puntepHa cexis ¢ pazmepu 300 x 300 mMm;

6 — mpexoy1 OT MOIMHKOBaHa JamapuHa ¢ pazmepu (600 x 400)x(300 x 300) mm;
7 — pexynepaTopeH TOII000MEHHHK Bb3AyX-BB3/yX ¢ pazmepu 600x600x450 mwm;
8 — mpexox OT monuHKoBaHa JiamapuHa ¢ pazmepH (300 x 300)x(500x150) mm;
9 — KIMMaTHYHA UHCTANAIMA Ha TUPEKTHO M3MapeHNe KaHaJIeH TUTI;

10 — mpexox OT moIMHKOBaHa JlamapuHa ¢ pazmepu (500x150)x(250x150) mwm;
11 — BB3yX0BOA OT MOLMHKOBAHA JaMapuHa ¢ pazmepu 250 x 150 mm;

12 — mpexon oT noiMHKOBaHa JiamapuHa ¢ pazmep (250x150)x(D150) mm;

13 — kyrus ¢ perynupaa cexius ¢ pazmepu 200x200 mwm;

14 — TaBaHHa cTOMaHeHa BEHTHJIAMOHHA pemeTka ¢ pazmepu 200x200 mm;

15 — creHHa cTOMaHeHa BEHTUJIALMOHHA peleTka ¢ pazmepu 200x150 mm;

16 — BenTHIanMoHeH Ookc ¢ pazmepu 500x500x500 mm;

17 — TpBOEH BT (XJTAIIITHO CBBP3BAaHE) MEXIY BBTPEIIHO M BHHINHO TUIO0 HA KIMMaTHYHATa

WHCTAJIAIHNS

18 — TUCTaHIIMOHHO YIIPaBJICHHUE HA KIIMMATHYHA MHCTAJIAINS,

19 — perynarop Ha 000pOTH Ha BEHTHJIATOP BHB BEHTHJIAIIMOHEH OJIOK;
20-KOHTpoOJIEp 32 U3MEPBaHE Ha TEMIlepaTypa
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@ur. 2. O6u1 BHJ HA HHCTATALUATA

W3non3BaHnTe MallMHA H ariapatu B na6opaTopHaTa YCTaHOBKa HWMAT CICAHUTE TEXHUYCCKU
XapaKTCPUCTUKU:

TexXHHYECKH XapAKTEPUCTHKU HA BEHTHIATOP BbB BEHTHJIATOPEH 0OKC — CMYKaTeJIeH KJIOH:
(Enextponen karanor Ha SIG Air Handling Unit, 2016), (Enextponer karanor Ha Atapo Kimma
00[, 2016)

Tum: LleHTpoOeKeH BEHTHIIATOD;

Homunanen nebur: 1340 m3/h;

Enextpuuecko 3axpanBane: 230 V, 50 Hz;

O6opotu Ha apuratens: 2550 min-1;

Enexrpudecka morHocT: 0.115 kW.

TexHHYeCKH XAPAKTePHCTHKH HAa KJINMATHYEeH HHCTAJANUS HA AUPEKTHO HM3MapeHHe —
KAHAJIeH THIL

(Enexrponen karasor Ha Fujitsu General Ltd, 2016)

OxmnaauTenna MonrHocT: Q, = 3.5 (0.9-4.4) kW;

Otomurenna mourHocT: Qp = 4.1 (0.9-5.7) kW;

HomuHanen ne6uT Ha BEHTHIIATOpP BHTpentHo Tsu10: 650 m3/h;

Enextpuuecko 3axpanBane: 230 V, 50 Hz;

Enexrpudecka morHocT (pexum oxnaxaane): 1.05 kW.

Enextpraecka mormHoCT (pexkiM otoruierune): 1.11 kW.

TexHUYECKU XapaKTePHCTHKHN HA PEKYNEPATHBEH TOII000MEHEH anapaT Bb3IyX-Bb3IyX:
(Enextponen katanor Ha Tanrpa, 2016)

Venosen aebut: 3000 m*/h;

Bw3aymno ceuenne: A, = 0,31 m?.

Cp31aaeHIAT 1a00paTOPEH CTCHA MMa CIICIHOTO YCTPOMCTBO M NMPUHIMI HA padoTa: BBHIIHHAT
BB3JlyX C€ 3aCMyKBa IIpe3 HEMOABWXKHA >Kaly3uiHa pelleTka 1 upe3 BeHTWIaTopa, KOHTO €
BIPaJIcH BbB BHTPEIIHOTO TSJIO Ha KIMMAaTUYHATA MHCTANAIMS 9 U MMOCTHIIBA BB Bb3/1yXOBOIHATA
cucreMa (ChCTaBeHa OT TpaB €IEMEHT 2 W KojeHa 3). BB3IyNmHMAT MOTOK MpeMHHaBa Tpe3
perynupama kiamna 4, KaTo KOIMYECTBOTO HA MPEMHHANHS ITpe3 Hesl BB3AyX Ce Ompenaens OT
HelHaTa TO3WNHMA. BB3nymHaTa peryimpamia Kiama € TPHIIO3WIIMOHHA, KAaTo IMO3WIMUTE U ca
KaKTO cie/iBa: HaIrbIHO 3aTBopeHa (0% oT neduTa Ha BHHIIHUS BB3AyX MPEMUHABA MPE3 KIarnara),

16



orBopena Ha 50 % (50% or neOuta Ha BBHHUIHUS BB3AyX NPEMHHABa Ipe3 Kijanara) U HaIlbJIHO
orBopeHa (100% ot mebuta Ha BBHIIHUS BB3AyX NpeMHUHaBa Tpe3 Kiamarta). [loswimsra Ha
KJamaTa ce n30upa B 3aBUCHMOCT OT PaOOTHHUS PEKUM, MPU KOHTO Ce M3CIeBa MHCTANAIHATA.
Bb3ayxbT mocThIBa BBB (PUITBPHA CEKIMS 5, KBIAETO CE€ OYNCTBA M NPEMHHABAa KbM
peKymepaTUBHHS TOINIOOOMEHHHMK 7 upe3 mpexox 6. Cren pexkymepaTHBHHS TOITOOOMEHHHK
BBHIIHMAT BB3JyX IOCTBHIIBA B TOINIOOOMEHHMKA BB3IyX-(OPEOH Ha BBTPEIIHOTO TsUI0 9 Ha
KJIMMaTUYHATa HMHCTAJIallMsl 4pe3 Bb3AYXOBOIHHUTE mpexonu 6 u 8. Upe3 cMmykaTelHa CTEHHA
BCHTWJIAIIMOHHA pelreTka 15 ce ochIuecTBsiBa Bb3MOXKHOCT 332 CMECBAaHE Ha BBHIIHUS BB3IYX C
BB3AyX OT KIMMAaTH3UPAHOTO IOMENICHHE. B 3aBHCHMOCT OT W3CIEIBaHMS PEKUM Ha paboTa
perynmpanara CeKIys Ha peleTkaTa Moxe Ja ObJe B pa3Iu4HH HOIOKEHHUS, C KOETO Ce Peryanpa
KOJIMYECTBOTO HA 3aCMYKBAaHHMS OT MOMEIICHHETO BB3IyX. B TOMIOOOMEHHMKA HAa BBTPEHIHOTO
TSUIO BBHIIHUAT BB3AYX CE 3arpsiBa WM OXJIAKIA B 3aBHCHMOCT OT IOAOpaHHA PabOTeH PexXuM.
OT AMCTaHIMOHHOTO ynpasieHue 18 Ha KIMMaTHYHAaTa MHCTAJIAU MOraT Ja ce U30MpaT YeTHpH
pa3NMuHM CKOPOCTH Ha BBPTCHE HA BEHTHIATOPA, KOSTO O3HAa4daBa, 4e Ha JabopaTopHarta
MHCTaJIals MOTaT J]a ce U3CIeBaT PabOTHN PEKUMHU 33 YCTHPH Pa3JIMYHU AeOUTA HAa BBHIIHUSI
BB3AyX, IMOJaBaH B roMemieHnero. Cren ToBa KIMMaTH3UpAHMS BB3AYX NpEeMHHaBa IIpe3
BB3AyXOBOAHATA Mpexa (u3rpajaeHa or mpexox 10 m mpaB ememeHt 11, mpexon 12 u kytus c
perynupaiia cekuust 13) u ce mogaBa B OMEIIEHUETO NPE3 TaBAaHHA BEHTHIIALMOHHA pereTka 14
U CTCHHA BEHTIJIALMOHHA perieTka 15. J[BeTe BeHTHIAIMOHHHN PEIIETKH ca C PeTyINpaIH CEKINH,
Yype3 KOMTO MOXE Jia c€ NPOMEHs KOJIMYECTBOTO Ha IIOJaBaHMSl KIMMATH3MpPaH BB3IyX B
nomerenrero. [Ipn m3cnenBaHe Ha e(EKTHBHOCTTa HAa PEKYNEpaTOPHHUS TOINTOOOMEHHHK 7 ce
3aCMyKBa BB3IyX OT I[OMELIEHHETO MOCPEICTBOM LEHTPOOSKEH BEHTHIATOP, MOHTHPAH BbB
BEHTHJIANMOHeH Ookc 16. KonmdgecTBOTO Ha TNpeMHUHABamMs TMpe3  PEKylepaTHBHHS
TOINIOOOMEHHHK BB3IyX MOXKE Ja Ce perynupa MOCPEACTBOM perynaTop Ha o0OpoTH Ha
BeHTWIaTOpa 19, MOHTHpaH BbHB BEHTIIATOPHMS OOKC M IO TO3M HAYMH Ja CE W3BHPILIBAT
W3CIIC/IBAHUS 3a PA3IMYHM CTOMHOCTH Ha AeOMTa Ha TPEMHHABAIIMSA TPE3 PEKyNepaTUBHHUS
TOIIOOOMEHHHUK BB3ayX. CucremMaTa e cHab/eHa ¢ eJIeKTpUUYecKa MHCTaJalus 3a 3aXpaHBaHe Ha
CIICKTPUIECKUTE KOHCYMaTopu. VHCTanarmsaTa ¢ MOHTHpaHa B ydeOHa J1abopaTopus Ha KaTeipa
,» ] [POMHIIIEHA TOIUIOTEXHUKA” KbM Y HUBEPCHUTETA 110 XPAHUTEIIHN TeXHOJIO0ruH — [110BMB.
3akJoueHue
Cw3mazneHa e 1abopaTopHa MHCTAJALMS, MPEACTABISIBAIIA KIMMATHIHA WHCTATALUSI HA JUPEKTHO
U3MapeHUe C PeKylepaTUBEH TOIUIOOOMEHEH amapar. lV3rpajenara sabopaTopHa HMHCTAJALUS
JTaBa Bb3MOXKHOCT 32 M3CIICIBAHE HA PA3TMIHU PSKUMH Ha paboTa Ha MHCTANANATA, a UMECHHO:
- n3cieaBaHe Ha pabOTHY MTapaMeTp Ha MHCTAJIALMSTA IPH PA3JIMYHK CTOIHOCTH Ha 1eOUTHTE Ha
IIPECHUSL M PELUPKYJIAMOHHUS Bb3AyX — pexkxuMm Ha 100 % mpeceH Bb3ayx, pexxum Ha 100 %
PELMPKYJIALHsl, PEKUM Ha YACTUYHA PELIPKYJIALHs;
- W3cleqBaHe Ha pabOTHM MapaMeTpH Ha WHCTANaNUATa MPU PeXAMH ¢ paboTen u HepaboTell
pekynepaTuBeH OJIOK (peKymepaTHBEH TOIIOOOMEHEH amapaT M BEHTHIATOP HA CMYyKaTeleH
KJIOH);
- mn3crnenBaHe Ha pa0OTHM MapaMeTpy Ha WHCTANAIMATa NPH  PA3IMIHA CTOMHOCTH Ha
TeMIepaTypuTe Ha M3napeHue (KOHAEH3aLMs1) Ha XJIQAWITHUS areHT B KIIMMaTHYHATA HHCTANIALNS;
[Tpu KOBITHUTETHO MHCTAIMPAHEe HA YPEIu 3a H3MEpBaHE HA MOMEHTHA eJIEKTPHIECKa MOIIHOCT
3a KIMMAaTHYHATa WHCTaJalUs Ha JUPEKTHO M3MapeHHe Morar jaa ObAaT OIpeAeNsHH U
aHAJIM3UPAaHN CHEPIUIHN KOS(UIIMEHTH Ha KINMATHYHATA MHCTATAIMS — XJIaJMICH KOS(UIIUEHT
(EER) u ororumntenen koeduuuent (COP);
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MHOTOCJIOMHA APXUTEKTYPA 3A ABTOMATH3AIIAS HA
TECTOBE B AGILE
Jdenncaas Jlegprepos, CBerocias EnkoB
ILnoBauBckn YHusepcurer ,Ilancuit Xunenpapeku®

MULTILAYER ARCHITECTURE FOR TEST AUTOMATION IN AGILE
Denislav Lefterov, Svetoslav Enkov
Plovdiv University “Paisii Hilendarski”

Abstract

This article presents a multilayer architecture for software automation testing with Agile
flexible methodology, by increasing the test coverage and the depth of each layer. Test automation
is an act of converting manual test cases into automated scripts that can be performed
autonomously. Multilayer architecture divides the automation project into separate levels:
representative, business, data layer and service layer. These abstractions allow automated testing to
continue providing feedback despite the constant change of the system. This approach has been
explored in a real working environment, and observations have shown that the architecture of
automation is change-resistant, while increasing test coverage, depth of testing, and overall the
application quality.

Key words: software, testing, automation, architecture, agile

BnBenenue

IIpe3 mocnenuute TOAMHU COPTYEPHOTO HMHKEHEPCTBO C€ aJanTHpa KbM IPOMEHHUTE B
riobanHus Iporec Ha pa3paboTka Ha codTyep, 3a Ja ce 00JIeKJaT BHCOKHTE Pa3XOiM, BUCOKATa
CIOXKHOCT, BPEMETO 3a IIyCKaHE Ha Ia3apa, TPYAHOCTHTE IPU NOAAPHKKA M YBEIMYaBAHE Ha
YIOBIIETBOPEHOCTTa HA KpaifHUTE MOTpeONTENN. AHAIM3UTE MOKA3BaT, Y€ TECTOBETE CHCTABIISABAT
okono 60% ot obmmsa OromxeT 3a pasBuThe, kaTo mnpuOmmsurenHo 50% ca perpecHoHHH.
TenneHmsTa IoKa3Ba, 4€ MHOIO OT CO(DTYEpPHUTE OpraHM3alUM IIOCTAIIHO MUTPUPAT KbM
MIPaKTHKUTE 3a pa3paboTka Ha coTyep Mo Mozena “Agile” u aBTOMaTH3NPAHOTO TECTBAHE C IIET
Jla HaMaJsAT DPa3sXOQUTe, IBJITUTE PErpecHMOHHM LHUKIM W BPEMETO 3a IIyCKaHe Ha Iasapa.
Tpa}II/IHI/IOHHO TECTOBATa aBTOMAaTHU3allusA CC U3IBJIHABA BBPXY CTa6I/IJ'IHI/I, HC TIPOMCHSAIIU CC
npuwioxeHns. B cpemara “Agile” KOIBT MOCTOSHHO c€ IPOMEHS, aBTOMATH3HPAHUTE TECTOBH
Cllydad CTaBaT HEaKTyaJlHM M TpsOBa HENPEeKbCHATO Ja ce mpepaborBar. B MHOro or ciywaure
LleHaTa Ha MOJAAPHKKATA HAa aBTOMATU3MPAHMS TECTOB KOJ HAIBJIIHO 3aCEHYBA IISUIOTO YCHIIHE 3a
aBTOMAaTH3alMs M TpaBd HEBB3MOXHA Bb3BpbLIaeMocTTa Ha wuHBecTHUuHTEe (Return On
Investment).

Hean

IIpn wm3nom3BaHero Ha mpuHOUNUTe Ha “Agile” d¢upmata Moxe npa no0aBs HOBa
(YHKIIMOHAIHOCT W J]a IyCHE aKTyaJM3upaHa Bepcus MHOro 0bp30. ToBa BKIIOUBA M3ITBIIHCHHE
Ha IUTAaHMpPAHETo, pa3paboTBaHe, TeCTBaHEe M chOMpaHe Ha oOpaTHa MH(OpMamUs B paMKHTE Ha
KpaTKU UTCPATUBHU LUK WIW CIIPUHTOBEC. Te3u BHUAOBE CUCTEMH C€ OKa3BaT HO-C(I)GKTI/IBHI/I u
MO-KaueCTBEHH OT Te3W, pa3pabOTeHH B KIACHYECKHsA BomomageH Moxen. OcHOBHa
XapaKTepUCTHKa Ha e{H HaIpeIHa eKHIl 3a pa3BUTHE NIPU I'bBKaBa METOMOIOTUS € BKIFOYBAHETO
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Ha TEcTOBaTa aBTOMATH3alLMsl KAaTO 4YacT OT Ipoueca. ABTOMAaTH3UPAHETO OCHOBHO Ce€ IpHiara
BBPXY COJUIHO pabOoTENH CHCTEMH, KOUTO ca CTalOMIHM, KOETO O3HAa4aBa, 4e FMa MHOTO Mallko
MPOMEHN M OOMKHOBEHO ce (okycupa okono morpedutenckus untepdeiic (GUI). [locrosuuure
MPOMEHH TPABAT TECTOBETE 33 aBTOMATH3NPaHE M3KITIOYNTEIHO KOMIUIEKCHH (CTIOXHHU) U B HIKOU
CITy4au - HETIPAaKTHYHH. TecToBeTe, KOUTO Ca aBTOMATH3HPAaHH B MPEIUIIECH CIPHHT, MOXE Ja ca
BEUE OCTAPENN B TEKYIIUs, TOPaJd IPOMEHUTE B U3XOAHUA KoJl. [Ipn MHOrocioiHaTa cTpyKTypa
BCEKH CJIOM MMa pa3IndHa paMKa, KOATO € MOAXOAAIA 3a (pyHKIMOHATHOCTTAa Ha KOHKPETHATa
CHCTEMa M OOMKHOBEHO CE MHTErpHpa ¢ HENMPEKbCHATO U3IPak/laHe U MPOCIICAsBaHE.

Tasu craTtus mpencTas MOAPOOHO ONMMCAaHHUE HA apXUTEKTypaTa 3a TECTOBAa aBTOMATH3AIS B
“Agile” u oOxBallla OCHOBHM €Talll Ha PErPECHOHHOTO TECTBAHE U HEMPEKbCHATATa MHTETPALMSL.
I[IpocieneHo e HATOCTHOTO NPOSKTHUPAHE U MOAPOOCH 00XBAaT HA MHOTOCIIOHHATA apXUTEKTYpa 1 €
HalpaBeH aHAJIN3 HA CHOTBETHOTO NpoyduBaHe. Hakpas ca omMCaHW IMOCTHTHATUTE PE3YATaTH OT
U3CJIE/IBAHETO.

PerpecuonHo tectpane

PerpecroHHOTO TecTBaHe € OT pelIaBamio 3Ha4YeHHe 3a (a3zaTa Ha pa3pabOTBaHE HA KUIHCHUS
IUKBJI HA copTyepa, ThH KaTo HENTa € Ja ce MPeMaxHAT TPEIIKUTEe, NMPEAU IIPOU3BOJICTBOTO U
BHEJIPSIBAHETO Ha MpPOAYKTa. TecroBeTe 3a perpecusi ce HaTpymnBaT M KOHCTPyUpaT B XoJa Ha
IIWKBJIa Ha pa3paboTka, IOKaTO MPOXYKTHT ce crabumm3mpa. PasxommTe, CBBp3aHHM KakTO C
YIPaBJIEHUETO, TaKa U C MU3IBJIHEHUETO HAa PErpecCHOHHH TECTOBE, CTaBaT OCHOBHA IIPeUKa Mpej
MHOTO OpTaHM3alliH JHEC, 3aII0TO CIOKHOCTTa Ha CO(Tyepa ce yBelnWdaBa, KaKTO M BPEMETO,
HEOOXO0MMO 3a pa3paboTBaHeTO My. B moBeueTo ciiyyau OBIATUTE PErPECHOHHU LUKIA MOraT Ja
YIBIDKAT IPIOCTHOTO W3IBIHEHHE Ha MPOAYKTHTE M MOTaT Ja MMAaT TEeXKH ITOCIEAWIH TPH
HABIIM3aHETO HA HOBU €TalM Ha IpuioxeHuero. ClemoBaTeTHO, MPOU3BOAUTEINTE Ha cOPTyep
TBPCAT HAUYMHMU Ja CHKPATAT BPEMETO HAa PErpecHOHHUs LUKBJI M Ja YBEIUYaT MaKCUMaJlHO
TNPUXOANTE CH OT HacTosmara ureparmsa. Exua obm moxxon e ma ce m3bepar 4acTu OT Koja 3a
TECTBaHE, 0COOCHO TE3H, 32 KOHTO CE CUMTA, Y€ MMAT Hal-BHUCOK pHUCK. CElIeKTHBHOTO TECTBAaHE
MMa TIO-TOJISIM PUCK IIPH HEOTKPHUTH TPEIIKH, KOUTO MOXKe Ja He ObIaT MICHTH(GUIMpPaHT Tpeau
BHEJIPSIBAHETO, KBAETO Pa3xoauTe 3a MONpaBKa ca MHOIO Mo-rosieMu. IIpenn3BUKaTeNCTBOTO ce
CHCTOHM B HAMHpaHETO Ha OajlaHc Ipy m300pa Ha perpeCHOHHN TPYIH, H3ITBIHABAHA BBPXY MaJIKO
30HHU U MOTEHIMAIHO O3BOJISBAIIM IPOMBKBAHETO Ha cepuoseH aedekt. [locnennure TeHaeHINN
TOKa3BaT, 4e pa3paboT4uimTe Ha codryep, U3mon3Bamu “Agile”, ce 0OpbIIaT KbM TECTBAHETO HA
aBTOMATH3AIIATAa KaTO OTTOBOP HA HAMUPAHETO Ha TOYHUS OajaHC.

TecToBa aBTOMaTH3aLUSA

TecToBaTa aBTOMaTH3aIMs yBEINYaBa ABJIOOUMHATA U CKOPOCTTA Ha MPOIEca HA OCUTypsIBaHE
Ha Ka4yeCTBOTO, TS € AAPOTO B “Agile” M KIFOYOB €JIeMEHT Ha YCHEIIHOTO pa3BHTHE. TecToBara
aBTOMATH3ALM M3MI0I3Ba COPTYep 3a KOHTPOI HA M3ITBIHEHHETO HA TECTOBETE, CPABHEHHETO HA
peaNHuTe PEe3yNTaTH C MPEABUACHUTE PE3YNTATH, HACTPOMBAHETO HA IIPEABAPUTENHHUTE YCIOBUS
3a TECTBaHE U APYry QYHKIUH 32 U3MEpBaHe Ha TECTOBETE.

CodryepHara pamkara € HHTepQeiic 3a mporpaMupane Ha IPHIOKCHHUS, KOWTO Ce U3ITOI3BA 38
ylAeCHSBaHE Ha MpOLeCa Ha aBTOMATHU3UPAHE HA TECTOBUTE Ciydau. lIpuMepure 3a paMKu
BmouBar JUnit Ha Java, "Robot Test Framework", SeleniumHQ, Selenium Web Driver.
ApxWTeKTypaTta MpeACTaBiIsiBa HHTErPALUs HA MHOKECTBO PAMKHU B €IHA MHTETPUpPAHA CHCTEMA.
OT ryenHa TOYKa HA CHCTEMHOTO WHXKEHEPCTBO, €lHA paMKa € ONpHIMYeHa Ha WHAWBUAyaTHA
HE3aBHCHMa CHCTEMa M apXHTCKTyparta € CHCTeMa OT CHCTEMH, KBJIECTO MHHHMYM JIBE Ca
MHTErpUpaHy, 3a Ja IOCTUTHAT HOBU Bb3MoxHOCTH [4] [11] [16].
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HenpexbcHaTta uHTErpanus

IMocrostuHara naterpanus (Continuous Integration) e nmpakTHka, MPU KOSATO MAJKUATE IIPOMEHU
4ecTOo ce MpociensBaT. Bceska mpomsiHa Ha Koma € OTOenA3aHa, TMaKeTHpaHa U TECTBaHa, a
OCHOBHaTa M Ilel € Ja MpeJoTBpaTH NpoOIeMH ¢ HHTErpalusaTa Ha HOBU BepcuH. bbp3oro
mpueMaHe Ha MeromoiorusaTa “Agile” B TomkoBa TONsAM Mamad yBelMdYaBa H3IIOI3BAEMOCTTA.
IToBeueTro CHPBBPH C HEMPEKbCHATAa MHTErpaLlis Ha Ta3apa JHEC MMaT OCHOBEH MHTep(eic 3a
NPWIOXKHO MNpOrpaMHpaHe C Led pasliupsiBaHe Ha (YHKIMOHAJIHOCTTa. ToBa joBene 0
pa3paboTBaHETO Ha TOIAMO KOJTHYIECTBO NIPUCTABKU C OTBOPEH KOJI, KOETO yBENNYaBa I'bBKABOCTTA
u none3HocTTa M. ChbpBBPBT U3BBPILBA TECTOBE HA HAKOIKO HUBA (€IUHUIIA, (GYHKIIHOHATHOCT U
HHTETpAIysA) KaTo BKIIOYBA BHEIpsSBaHE Ha HOBaTa (DYHKIMOHAJIHOCT B OTIENHM acieKTd. Toa
OCUTypsIBa MHOXKECTBO ITOKa3aTeNI Ha BCEKM €Tall 3a MpOcIeIsIBaHEe Ha MPOLECUTE U HampeabKa
Ha JaJIEHOTO NPUIIOKEHHUE.

YnpasiieHue Ha JaHHUTE OT TecTa

EnHo ot Haif-roneMuTe MpeAn3BUKATENICTBA NIPH TECTBAHETO HAa COPTYEp € Aa ce PeIlr KaKbB
BUJI TECTOBH JIaHHU Jia Ce U3ION3BaT M KakK Ja ObIaT ch3faneHu. [IpoOdaeMbT ¢ TaHHUTE OT TeCTa
e, 4e TpssOBa ja ObaaT momabpikanu. Habopure oT maHHM 4ecTo ce oka3BaT "ocTapenu' Mopaau
mpoMeHd B OusHec jormkara. CraTWyHuTe (HEMPOMEHAIIM CE€ YECTO) [OAaHHW YyBEJIWYaBaT
MOAAPBIKKATA IIPe3 LIEJIUs )KUBOT Ha MIPOEKTa 3a aBToMaTH3alus. be3 cTpaTerus 3a ynpasiieHHe Ha
TECTOBETE, BCSIKO HAYMHAHME 32 aBTOMAaTH3anus 1e Ob1e HeedekTuBHO. Hail-goOpusaT moxxoxn 3a
CMEKYaBaHE Ha TO3M NpPoOJIEM € SICHOTO M PEIIUTENIHO pa3feisHe Ha OTrOBOPHOCTTA, Upe3
n3rpakaaHe Ha aOCTpaKTeH CIIOH MEXAY TaHHUTE OT TeCTa M KOja 3a M3ITbIHEHHe. [IMa HAKOIKO
[I0-4€CTO M3MON3BAaHM METOZAA, BapHpalld CIPSIMO CIOKHOCT M HAJEeXKAHOCT, W3MOI3BaHU 3a
OocHTypsiBaHE Ha IIpaBIJIHATAa MH(GOPMAIHA B TOYHOTO Bpeme [15].

daiisoBe ¢ JAHHHA

CpXpaHsBaHETO Ha JaHHH OT TecToBe B XML win B cxema kato .xsd (aiin e mo-eeKTuBHO OT
CJIEKTPOHHUTE TaOMMLM MM .cSV (aiiioBe, 3aII0TO MO3BOJSABAT 3aJbJIO0YEHO OMHCAHHE H
neuHUpaHe HA JTAHHUTE OT TeCTa. 3a MPESABUIUMU U CTATHIHN HAOOPH OT JaHHH Ta3W TEXHHUKA €
Hall-e()eKTHBHA, T KaTO CXEMHUTE MOTaT Jja ce YeTaT U 3apekIaT B IaMeTTa, KOETO OCHT'ypsiBa
meyanba mox ¢opmata Ha JOITBJIHHUTENCH pecype. ChINo Taka pasMepuTe Ha (aiiioBeTe ca 10cTa
MaJKH{, TPAHCHOPTHPAHETO MM TIpe3 MpeKaTa WIH CIONEISHETO UM MEXIy CHCTEMHUTE €
MpaKTHYHO W OBp30. 3ama3BaHeTo Ha (ailioBe ¢ JaHHM J00aBsS HEHY)XHA CIOKHOCT KbM
IUIOCTHATA apXUTeKTypa. IlocTosHHUTE (CTATWYHM) JAHHH, MTOJOOHHM HA (YHKIMOHAIHOCTTAa Ha
naneHa 0Oa3a JaHHHM, M3MCKBAT AOMBJIHUTEIHM MEXaHU3MH 32 CbXpaHsABaHEe M W3BIMYaHE Ha
MHPOpMAITUSITA, KOSTO BHBEXK /1A JOIMBIHATESITHA TOYKH Ha TMOIPHKKA KbM chucTemara [13].

Ynpapienue Ha TeCTOBH 00eKTH

TecroBuTe 00eKTH HamomoOsIBAT BCEKH IPYr OOEKT WM KiIac, HPHCHIMM B OOEKTHO-
opuentupanoto nporpamupane (OOII). Te ce mpemmarar B MHOTO Pas3IMYHU THIIOBE W HUMAaT
MIOTEHIINAN J1a CH ChTPYIHHYAT MEXIY efHo win noede HuBa. Hampunmep DAO/ADO oGextute
ca CBBP3aHHU C JAaHHU M C€ M3MOI3BAT MPEJUMHO 32 B3aMMOAEHCTBUETO C JAHHM, HO MOTaT Ja ce
M3II0I3BAT U B paMKUTE Ha OM3Hec ciosi. Beekn 0OEKT MMa cheTosiHHUE (CBOMCTBA) M aCOLIMMPAHO
HOBeIeHNe (METOAM), KOETO MTO3BOJISIBA HA TECTOBUTE OOCKTH Ja B3aMMOACIHCTBAT ChC CHCTEMATA.

MHoroc/10iiHa apXHTeKTypa 3a aBTOMATU3AIisl HA TeCTOBe

CodryepHHTE IPOESKTH ClIeBAT MHOTOCIIOCH NPOLIEC HA IPOEKTUPAHE, KbICTO pa3paboTKara e
paslielieHa Ha OTJENHH cioeBe wiM HuBa. Cucremara IpeOCTaBs Pa3IM4HH HHTEpdeiicn Ha
pa3NnUyYHY TUIOBE KIHEHTH. BCekn KIMEHT ce MHTepecyBa OT M3MOI3BAaHETO MIH KOHCYMHPAHETO
Ha Ta3¥ CHCTEMa I10 Pa3INYHK HaunHHU. [loTpednuTenckuaT naTepdelic Moxe aa B3aNMOCHCTBA C
JlaJieHa yciIyra, 3a Ja reHepupa HH(popMarust, Heo0XoauMa 3a BU3yalIu3upaHe Ha nmorpebuterst. C
ye0 yciyra ce U3BIMYAT WX MOAXBPKAT JaHHUTE B Oa3aTa JaHHU WIM 4Ype3 BHHIIEH MHTep(enc
KBbM JIPYTH cucTeMu. TecToBaTa aBTOMaTH3alMsl H3UCKBA 3HAYUTENHO pa3paboTBaHe Ha codTyep,
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MOpaJii KOETO YCWIIMSTA TPsiOBa Ja C€ TPETHUpAT IO CHINUS HAYMH KATO BCEKH APYT COPTyep.
CTpyKTYpHUpaHETO Ha aBTOMATH3AIHUATA B OTJCITHH CIIOEBE Ch3JlaBa aOCTPAKIINs, KOSTO yBEITHIaBa
T'BBKaBOCTTA M JBJIOOYMHATA HA IOKPUTHE, TOBA BOIH JI0 MMO-A00pO 00IIO KauecTBO HA TeCTBaHATa
cucrema. Hsama ompenenen (¢pukcupaH) Opodi HHBa, KOWTO JaJicHa CHCTeMa TpsiOBa Ja WMa.
OOWKHOBEHO MMa TIOHE JIBE: TpeICTaBUTeNeH 1 OusHec cioit [12] [13] [14].

BuzyaauzanuoHHO HUBO

I'paduunmsar morpedurencku uHrepdeiic (GUI) ce Hamupa B NPE3CHTAIMOHHHS CIIOM.
IToBeuero mpoekTH 3a aBTOMaTH3AIWS ce pokycupat BbpXy GUI — ToBa e ritaBHaTa BXOIHA TOUKA.
To3u moxgxon obaue e (GyHIaMeHTalHO HeAocTaThueH. Upe3 (okycupaHeTO Ha CpeAcTBaTa 3a
aBTOMATH3aIMs €IMHCTBEHO BBPXY IoTpedurenckus uHTepdeiic, e(eKTUBHOCTTa HA NPOEKTa ¢
OrpaHMYEHA Ype3 TPETHpaHe Ha JacT OT TeCTBaHATa CHCTEMa KaTo “‘depHa KyTus . MackupaHeTo
Ha OM3HEC JIorMKara KaTo IrpaMyHH OOEKTH M IHCaHE Ha TECTOBU CKPHUINTOBE C Ta3W CIOXHA
JIOTHKa, BrpajicHa B TIX, CTaBa TBBpPAE TPyAHA 3a pa3paboTBaHE W IOANBPXKAHE 3ajada.
INonpexxnanero Ha cioeBeTe TpsiOBa na ce (OKycHpa BBPXY OIMTa Ha Pa3pabOTYMIMTE M I1O-
MaJIKO BBPXY OCHOBHarta joruka. Cien xato Ou3Hec jornkata ObIe ch3mazeHa M oOpaboTeHa,
MICaHETO Ha TECTOBU CKPHUIITOBE CTaBa MHOTo Mo-JecHo. He camo eheKTHBHOCTTa M CKOPOCTTa Ha
CKPHIITOBETE IIIe Ce M0A00PH, HO ¥ IIOKPUTHETO HAa TECTOBETE IIIE CC YBEIUYH.

busnec HuBO

busnec crnos e nBuraTensaT, KOMTO NaBa M3WCKBaHWATA Ha mpuiiokeHueto. [locturanero Ha
TOBa HMBO € KpaifHaTa 111 Ha pa3paboTBaIlMs €KHUIl, TOBa KOHCYMHUpa TojIsiMa 4acT OT PEeCypCUTe
3a pasBUTHE. TecroBeTe 3a aBTOMAaTW3alys TpsOBa Ja OTpa3sBaT Ta3d MPHIOKUMOCT.
Pa3bupanero Ha Ou3HeC JOTMKaTa € OT pEIIaBall0 3HAYCHHE 3a YCIEHIHOTO BHEApSBaHE Ha
aBTOMAaTH3MpaHU TecToBe. V3MOM3BaHETO Ha pa3IMIHA HMHTepPEHcH HamalsiBa pHCKA OT
MIPOITYCKH TIpH TecToBeTe. M3nmpodBaHeTo camo 4upe3 rpaduyHus HHTEpQEc He € TOCTaThIHO, 32
Jla Ce TEeCTBAT HANBJIHO BCHYKHM AacleKTH W HHTepdelcH, KOUTO MajJeHa CHCTeMa MOXKEe 1a
MIpECTaBsl.

HuBo Ha nannuTe

OT caMOTO Hayaqo apXUTEKTHT MO aBTOMAaTH3alMs TpsOBa Ja ydyacTBa B JHCKYCHHUTE,
CBBp3aHM C ITbPBOHAYAIHMA JW3aiiH Ha cucremaTta. Ha To3uM eram mpoekTHaTa AOKYMEHTalUs
MOXe 1a ObJe mperjenaHa OT TJeJHa TOYka Ha KadecTBOTo. llenta B Tasm mompenda € nma ce
rapaHTHpa CUTYPHOCT, Y€ JaHHHUTE, KOUTO MPWIOKEHHETO H3MON3Ba, ca BepHU. lloBeuero
XPaHWIHUINA 33 JAHHW TPETOCTaBsAT MEXaHU3bM 33 aOCTPAKIMS U ChIIECTBYBAT HIKOJIKO paMKH 32
ch3JaBaHe Ha 00eKTH 3a JaHHu. B3auMmozeiicTBueTo ¢ 6asa JaHHM, M3MOI3BaINa O0CKTH 3a JOCThBII
1o nanau (DAQO), mo3BoJIsSIBa BUCOKA CTENEH Ha I'bBKABOCT, CTAOWITHOCT M U3ITUTAHUE.

Yeb ycayru

ChpBBPBT 3a yed YCIyrH Ha NPHIOKEHHETO € HacOYeH KbM HHTepdelica Ha maneHa yed
ycayra. Uatepdeticet, kato WSDL/WADL unu REST, ciysku KaTo Bpb3Ka MEXIy AOCTaBYMKA U
norpeburenure Ha ycaryrd. OCHOBHOTO M3ITBJIHEHHE Ha yciyraTa € 0e3 3HaueHHe; KaTo OCHOBHO
(yHKIMOHUpaA KaTo ‘“‘depHa KyTus , IpHeMa 3asBKa M BpbINa OTTOBOp (pe3yaTar). TecTBaHeTO Ha
ye0 yciayrnm OOWMKHOBEHO ce H3BBPIIBA B JBE (OPMH: TECTOBE 3a (DYHKIIMOHAIHOCT U 3a
HaTtoBapBaHe. [IpW (YHKIIMOHATHOTO TECTBaHE IeNTa € Ja ce IOTBBPAM, 4Ye Yyciayrara
JICUCTBUTENHO pabOTH CIIOpEl OYaKBAaHHUTE pe3ynTaTu. [Ipu TecToBeTe 3a HAaTOBapBaHE CE LETU
TPOBEpKa, Al ycIayraTa paboTH CIOpel OYaKBaHMATA IIPH MOBHIICHO BHHIIHO HATOBapBaHE Ha
noTpeburencko HUBo. Ha ma3apa mMa penuna HHCTpYMEHTH, KOUTO C€ CHEeHaIN3UpaT B TECTBAHE
Ha yeO ycimyru. Haii-moOpure pe3ynTaTH OOMKHOBEHO ce IMONydYaBaT, KOraTto JUHAMHYHUTE
BXOJIHM JaHHU Ca Pa3NPBCHATH M CMECEHH ChC CTATHYHH, KOETO € OT CBHIIECTBEHO 3HAUCHHE HE
caMo 3a TecTBaHe Ha (DYHKIMOHAIHOCTTA W IPOU3BOIAMTEIHOCTTa, HO M 3a H3CJICABAaHE HA
KOHKPETHOTO TOBeeHNe Ha cuctemara [8] [9].
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H3scnensane

OmmcBaHOTO M3cieBaHe Oelle MPOBENEeHO BBHPXY KOPIIOPATHBHO NPHIIOKEHHE, pa3paboTeHo
ype3 Java. ApPXUTEKTYPHHUSAT TOAXOJ 3a aBTOMATH3allUsl HAa TECTOBETE € pa3paboTeH upes
MHOTOCIIOMHHST MOJENl, OIHCAaH II0-TOpe M BKIIOYCH IIPH BTOPOTO ITyCKaHE Ha HOBHTE
(YHKIMOHATHOCTH HA cHCTeMara. bele n3non3Bana cienHara cxema 3a pabora: 10 qBycenMuaHu
cnpuHTOBE. [IpOEKTHT € mpemHa3HAauYeH Ja YIpaBisiBa U MOATBPKA CHCTEMa 3a 3alliCBaHEe Ha
crerUIHN 32 TOTpeOuTEeNs O0SKTH M Ja M3BBPIIBA CIENU(HUIHN 3a JOMEHHa aHAIN3H, KaTo
CBIICBPEMCHHO KOOPIWHUpPA CHOOLICHHUATA ¥ KOMYHHUKAIMATA MEXAY TE3H CTPYKTYPH.
TeXHONOTUYHUAT CTEK € U3IUI0 Oa3upaH Ha Java, kaTo u3mnon3Ba Tomcat CHPBBP Ha TPUITIOKCHUS,
Java Messaging Service (JMS) 3a xopecnionnenuus, Java Web Persistence Architecture (JPA) 16
Web Service. Maven 2 3a ynpasiieHre Ha OHOJIMOTEKUTE B Teus poekT. [2] [3].

ApXHTEKTypaTa Ha aBTOMATH3aLMATA 38 TO3M MPOSKT TPIOBa fa ObJe JOCTATHYHO I'bBKABA, 32
Jla ce CIIPaBH C MOCTOSHHUTE MPOMEHH, KOUTO BB3HHUKBAT IIPU BCEKU CIIPUHT. 3a Jia ce HOCTHUIHE
TOBA, BCHYKH eTany 0sxXa CBEICHH 10 TOBA MPHJIOKEHHETO Oa ObIe pas3[elieHO Ha JBE OTACIHH
APXHUTEKTYPH — BU3YaJIM3aMOHHO HUBO M CIIOH 3a 00paboTKa.

Bmya.nmaunonno HHUBO

Crost 3a Busyanu3anust obxsama rpaduanus norpedburencku uarepdeiic (GUI), nzobpasen
Ha @urypa 1. Tasu noxpenda ce GpokycHpa BEPXY TECTBaHETO Ha OCHOBHOTO Banuaupane Ha GUI
Y B3aMMOJCHCTBHATA HA TOTpeOWTENUTE, M3NON3Baiiku smoke TecroBe. llenra Ha TecToBeTE B
Tasu moapenda ¢ Ja NOTBBPAAT, Y€ MpaBIIHATA (OYHKIMOHATHOCT C€ IMOIABpPXKA MPU
MOTPEOUTEIICKUS CIIOH. 3a TO3M CIIOW aBTOMAaTH3MpaHHTE TecToBe ca opueHTHpaHu kKpMm GUI,
u3rpajieHu upe3 TexHonorusta Selenium Web Driver. M3xonen xox xpanunuimero HapedeH Git,
KOWTO IeHCTBa KaTO CHCTEMa 3a YIpaBJICHHE HAa TECTOBU Cilydad. ToBa ce INpaBH 3alloTo
aBTOMAaTHYHUTE TECTOBH CKPHITOBE ca HAMHNCaHM Ha Java M ca CHHXPOHHM3HPAHU 3aCIHO C
W3XOIHUS KOJ Ha npuiiokenueto [S] [10].
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CopBbpbT Jenkins Cl ce u3non3Ba 3a ympaBiIeHHE Ha TECTOBE, KAKTO W BH3yaJHM3HMpaHE Ha
pesynrature. [Ipy Bcsika HOBa MPOMSHA WM BHEApsiBaHe Ha HOBa (yHKIMOHANTHOCT. OCBEH TOBa
HACTpOMKaTa My BKIIIOYBA M3MBJIHEHHETO HA BCHUKU TECTOBE HA OIpeeNieH HHTEPBAI OT BpEME H
TeHepUpaHe Ha crenududaeH otyer (report) [6].

Oo0paboTBai cJ10ii

O0paboTBammus CIIOH MPECTaBIIABA TOAPA3ICICHHETO Ha OM3HEC JIOTHKATa Ha TIPHIOKEHUETO!
JaHHU U ye0d yCIyrd, KoeTo e mpeacTaBeHo Ha Purypa 2. Llenta e ga ce uU30mupar U BaIUIUPAT
OW3Hec mpaBmiIaTa, LEJIOCTTa HAa JaHHHTE W (YHKIMOHAJIHOCTTAa Ha yed YCIyTHTe OTACTHO OT
Busyamm3anuonuust cioii GUI. TIpoekTrpaHeTo Ha airOpuTMHU 3a BIWANPAHE W CHCTEMHHUTE
TOYKH ca J00pH mpuMepu 3a OH3HEC JOTrMKa, KOSTO Ce HYyXKIae OT TEeCTBaHC B TE3W HHBA.
IIpoexThT m3nom3Ba "Cucumber”, KoATO € paMKa 3a pa3paboTBaHe Ha TECTOBE Ha ITOBEICHHE
(BDD), 3aeano ¢ JUnit - paMka 3a TecTBaHe Ha eAMHULUTE (Units), 3a Ja ce crupaBu ¢ OU3HEC CIIOS
[7]. JanauTe ce mocThmBaT 4ype3 oOekTH. TecTBaHETO Ha yeO yciayrn ce m3BBpmBa ¢ Apache
JMeter — 1pyr HHCTPYMEHT C OTBOpeH Kol. JMeter ocurypsiBa Bb3MOKHOCTTA 332 €IHOBPEMEHHO
TeCTBaHE Ha (YHKIMOHATHOCTTa W TPOU3BOAMTEIHOCTTa. OTHOBO BCHYKH aBTOMATH3HPAaHU
TECTOBU CKPUNTOBE 0sXa ChXpaHEHW B XPaHWIMIIETO HAa M3XOMHMA Kof, a Jenkins e BKIIOUeH 3a
MHTErpUpaHe Ha BCUYKH HHCTPYMEHTH 3aeqHo [1] [6] [14].
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Haomonenus

[TpoekThT ce pa3BHBalIe C BCEKM M3MUHAJ CIPHUHT, (QYHKIHOHAIHOCTTA Oemle J00aBsHA M
ychpBBpHIeHCTBaHa. OOMKHOBEHO B I'BBKABUTE CPEAN M3MCKBAHMATA KBM coTyepa He BHHATH ca
HaIlbJIHO Pa3pabOTeHH, IMOpaad TOBa BCEKHM HOB CIPUHT MOXKE MOTEHLMAIHO Ja BBHBEIE
3HAYMTENHH TPOMEHH B Pa0OTHHS IOTOK HA MOTpeOUTENcKus MHTepdelic, OM3HeC mpaBmiaTa U
JIOpH B cxeMaTa Ha 0Oa3ata JaHHH. Te3u BHIOBE IPOMEHU OOMKHOBEHO NMPUUYHHSABAT XaoC B €UH
IPOEKT 3a aBTOMATH3alMsA IOpajyl BpPEMETo, HeoOXoAuMo 3a pedakropupaHe, [OKATO
CBIIEBPEMEHHO C€ ONHWTBAT Ja Ce CHpaBsAT C TecroBere. [lo Bpeme Ha TOBa H3CIEIBAHE,
MOIAPBHKKATA 3HAYUTEIHO HaMalsl. AGCTPAKIMATA MEX/TY CIIOEBETE TI03BOJIM OTHOCHTEIIHO Obp3a
onTuMHU3anys. Besko HEBO 1mo3BomM (POKYCHpaHO TECTBAHE B KOHTEKCTa, 3a Jla CTaHe I0-JECHO Jia
ce pa3paboTsT MO-CI0KHU CLIEHAPUH, KaTO Ce YBEIMYHU KaKTO IbIOOUYMHATA, TaKa U 00XBATDHT.

3akiiioueHue

Tasu craTus npeAcTaBy ONHMCaHUE HA MHOTOCIIOHHA TECTOBA apXUTEKTYpa, Ype3 HOB IOIXON 38
ONITHMHU3MPaHE Ha Pa3pabOTBaHETO HA TECTOBE B cpena Ha “Agile”. OCHOBHUSAT NPUHIMM, KOHTO
CTOM 3aJ TO3M METON, € H3BeXKIAHETO Ha MPOCKTa Ha OTACIHU HHBA. PasriemaHu ca
KOHCTPYKTHBHHUTE CHOOpakKeHHs Ha apXUTEKTyparTa 3a aBTOMATH3alWsA U ca OIMCAaHH YCTHPUTE
Hali-uecTo M3MOJI3BAaHH NpUHIOUMA. bemre npoBegeHo W3cneaBaHe, KaTo Ta3U apXUTEKTypa Oerre
MpWIoOKeHa KbM coTyepHa cucTeMa paspaboTBaHa B “Agile”, u3non3Baia TexHomorusTa Java
BbB BTOpaTa (paza Ha mpoxaykra. IlpoyuBaHeTo TOKa3a, 4e 4pe3 MpwiaraHe Ha aOCTPaKIUH
TECTOBaTa aBTOMATH3AIMs € B CHCTOSHHUE Ja 00XBaHE MO-IIMPOK HaOOp OT (YHKIMOHATHOCTH,
KaTO CBIIEBPEMEHHO II03BOJABA IO-TIOAPOOHO TeCcTBaHE B KPUTHYHM obOnacTH. OCBEH TOBa,
pa3xoauTe 3a MOIIbPKAHE Ha TecToBaTa MH(pacTpykTypa Osxa 3HAUMTEIHO HAMAJICHH U TOBa
JIOBEJe 10 yBENMYaBaHE Ha MaIabHpyeMOCTTa M I'bBKaBOCTTa. KpalfHHAT pe3ynrar moka3pa, de
IPOAYKTHT € Bede ONTUMM3MPAH U C MO-BUCOKO Ka4eCTBO B CPaBHEHHE C ITbPBOHAYATHOTO CH
CBCTOSIHHE.
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Abstract

This article presents the development of an automation-based testing framework, which
supports and helps to implement easily new tests related to Web platforms analogous to E-
commerce applications. With the advantages of Page Object Pattern and the using of the following
technologies: Java programing language, JUnit and TestNG extended libraries. The created scripts
represent automated acceptance, functional and non-functional tests in which the Page Object
pattern is used to separate the tests into individual fragments and subsequently to call them in a
different order according to the test requirements and business logic. Tests can be numerous, but
the elements visualized in a given functionality are similar in order to reuse the key iterations,
software testers need to separate the programming logic of individual modules. This is further
described in the following article.

Key words: software, testing, automation, framework, e-commerce

Introduction

In the past few decades, software testing has evolved in terms of both the tools used to
perform different activities and the mindset of the people using those tools. There used to be only a
handful of tools used in software testing, but now having a plethora of tools to choose, from
proprietary to open source. The work of the practical development is done in the following plan:
validating an exemplary website oriented to E-commerce environment and analyzes the way
continuous software testing could involve. The system incorporates a plurality of graphical
components that can provide information on whether automated tests meet the requirements and
easily new tests can be developed from the previous test logic. An automation testing framework is
described in the following way: hierarchical directory that encapsulates shared resources, such as a
dynamic shared library, helpers, conditional strings, stored files, header data, and reference
documentation in a single grouped package [6]. Framework is a wrapper around complex internal
architecture which makes end user interacts with the system easily. Test Automation Framework is
an application-independent solution that deals with all possible actions and verifications that can
be performed on a single object. Therefore, the code for the same object can be used and reused
across different applications — this is further described in the Diagram 1 [4].
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Diagram 1

Challenges in the E-Commerce testing approach:

®FEnd to end testing techniques and test management for the whole E-Commerce
transformation applications;

® Compliance with the security guidelines to safeguard customer data and identity
of the whole process, GDPR principles and guidelines;

® Compliance with accessibility standards to support multilingual markets and
business regions;

® Scalability and reliability of the E-Commerce functional API’s;

® Performance endurance for supporting almost 100% of the customer’s needs.

Problem area

Nowadays software testing technologies provide a lot of testing efforts and solutions, but
mainly they are concentrated to present the idea of general answer to the issue, and they are not
specified with the current requirements of the particular application. So, of these conclusions we
have to say that there is a need for providing an adaptive solution for proposing a set of testing
frameworks oriented to the current needs for applications of this nature, namely E-Commerce
oriented platforms [5].

The implementation of the validation Services — these services includes end to end testing
of the functionality, integration, security, performance and extensions of the solution. The key
aspects are listed below as follows:

® Main Pages/Re-Direction/Links Testing;

® Products Categories, Details and Search option Testing;
® Content Detail and Management Testing;

® Cross Sell and Up Sell Philosophy Testing;

® Order Management Based Testing;

® Payments Testing;

® Analytics, Reviews & Ratings and User Profile Testing;
® Promotions/Deals/Ads Testing;

® Social Media Integration and SEO Testing;

® Browser/Device Compatibility Testing;

® [ntegration Testing;

® Globalization Testing.
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Each one of given above should be separately developed as a test scenarios module
oriented. The Diagram 2 shows the exact structure of E-Commerce framework.

Driver Controller

Reporter Logger

Proposed Automation
Framework
Tests

Object Pattern
Repository

Y
A

Asserter

Step Data Provider

E-Commerce
Web
Application

Diagram 2

This is a designed test automation framework based on Selenium Web Driver and TestNG
and extended for current purpose. It can be used on all Web applications related to E-Commerce
structure. The framework designed in this paper includes the following components listed below:

® Object Pattern Repository;
e [ogger;

e Test Step;

e Data Provider;

e Asserter;

® Reporting Mechanism.

Object Pattern Repository

Selenium Web Driver supports various types of locators to locate the web page elements.
Web page elements can be located by its ID, Link Text, Xpath or CSS and etc. locators. Object
repository stores all the locators of web page elements [1]. This will simplify the task of
maintaining and repairing the test cases. For example previous version of Web application
contains ‘Log-in’ button. In next version ‘Login’ button changed to ‘Login Here’ or ‘Login Now’,
so it is required to change the all the test cases which contains the ‘Login’ button. To avoid such
kind of problems, there is an implementation of object repository which contains the ID, Link
Text, Xpath or CSS for all web page elements with the advantages of Page Object Pattern model.
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Whenever the QA specialist writes the test case, he will use the information to locate the web page
element. This will reduce the maintenance cost of test cases/scenarios. Whenever a change occurs
in the Web application elements, specialist will need to make changes only in the object repository
and after that a chain conversion will be made automatically in every aspect and area of the
software. [3]. Diagram 3 displays the approach from Class perspective of the Login functionality.

TestAutom ation

+options
+driver
+Client

+cumentElement DashboardPage LoginPage
+get()
+find() +ISAL() +login()

+type() +addPost() +WithP assword()
+click() +as)

+end() +open()
-buildDriver()

Login Test

Diagram 3

Logger
When a test is run there is always a chance that this approach could fail. In this case I have
extended the main solution of exception handling and define a custom one. In this way, is ensured
the approach in case of a potential failure that will have the necessary information as well as the
exact location of the failure. There are many types of loggers. Here are some of them:
e Console Logger — writes log only in the console terminal
o TestNG Logger — adds info to TestNG log and description was stored of the
failure
o Log4]J Logger — writes log in log4J log (can be configured log4J basically)

Step utensil

This file comprises the common functionality of Web application like login, logout, choose
example product, buying product, using payment methods, completing order. In test suite QA
specialist needs to login to Web platform to test internal functionality of application, choose
different type of products then complete the order purchase using a payment method and after that
log out after completion of the whole process. To avoid this kind of repetition, there were these
main functionalities added. Each action is indicated and implemented in the step path.

A new function is developed, which will take the screenshot for failure test cases. Using
this function tester can easily capture the exact screen when the error occurs. This will also help
the developer to analyze their failure. After the execution of all test suites, screenshots for failure
test cases are stored in directory according to date wise folder [7].

Steps to generate screenshot from failing test cases/scenarios:

1. Create directory where you store the screenshot for failure test case.

2. Capture the result from failed test case, detects the exact point of failure.

3. Screenshot custom method is connected with logger and listens for any action that can
occur.
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4. Set the date and time for the screenshot Image file as title.
5. Store the image file in the defined directory.

Data Provider

In most of the Web applications, end user needs to enter given information for e.g. Mail
login requires credentials to login. Such kinds of inputs are stored in data provider stub. Instead of
entering same information in the application, tester may access dynamic functions from this data
provided information.

Asserter

Assertions are used to validate the message received by a Test Step during execution,
usually by comparing parts of the message (or the entire message) to some expected value. Any
number of assertions can be added to a sampler test step, each validating some different aspect or
content of the response. After a sampler test step executes, all its assertions are applied to the
received response and if any of them fail the test step is marked as failed in the test case view and
a corresponding FAILED entry is shown in the test execution log [8].

Implementation of IAsserrter interface in the current framework:

e exception — for throwing different kind of exceptions

e silent — for avoid adding throws Exception in methods but you can throw
it (e.g. using assertTruels(false)) or hide and just add message in logger

e arcEqualing — for comparing different object values

e contains — check is actual containing expected string

e matches — check is actual string matches to regExpressions

Custom reporting mechanism

Selenium Web Driver doesn’t support built in functionality to generate reports. Here is
developed a custom method to generate test reports. TestNG generates the report in HTML format,
which is complex to understand. Some organizations want specific format of reporting by its
requirements. So, there is need to customize the default report according to organization wishes. In
this situation we extend the main method and cover all the fields which are responsible for the
statistical report. Everything is portable through csv files and can be easily configured on multiple
platforms [2].

Email customized report

After customizing the test report, it needs to be sent to respective authority. Mail.class was
developed for sending the mail to a specific expert, client or someone else. Mail.class file support
multiple protocols like SMTP, POP3. After each test suite there is a developed sendreport()
method to send the test report [7].

After use of implemented automation E-Commerce testing framework, the regression
testing efficiency is improved. QA specialists can write test cases twice faster than main approach.
This reduces the human resource required to test the Web platform. The maintenance cost of test
cases is also decreased due to global centralized repository. As the version of the system changes,
you need to refactor only object repository pattern file for newly added elements and locators.
Sometimes test cases are failed due to synchronization issues from Driver Controller and this is
not a result from Web application defects. The proposed framework reduces the error/issue rate of
failing test cases due to synchronization problems. Ultimately passing rate is increased. This
shows the accuracy of the framework over traditional approach of testing. There was an execution
test suite of 200 test cases on E-Commerce Web application. After the whole automation was run,
we got the following results displayed in Table 1 terms of overall pass rate, failure rate, execution
time and etc. Pass rate shows that test cases give the exact result as manual test cases before the
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automation [7]. Sometimes the Web application works correctly as expected, but test cases fail as
result to synchronization or parallel conflicts in the starting approach (set up the prerequisites).
The proposed framework synchronizes the test cases properly, so failure rate is reduced than
traditional approach with the extended custom methods and available open source libraries.

Table 1
Framework Overall Overall failure No. of test Execution | Maintenance
te (% te (% d ti h Cost
pass rate (7o rate (7o cases per day ime (hrs. oS
E-Commerce 89.9 8.95 48 8.6 Medium to
Proposed Low
Framework
Traditional 68.5 22.5 22 10.2 High
Framework
End to end testing covered in the E-Commerce flow chart diagram
Products
Categories
Main Details
Pages/Re-Direction/ i
Links Testing
i i Shippi
Categ‘unes Cart Telsrs)tii)%g Overal\
Products Testing . Testing
E-Commerce Customer Shipping Track the Complete the
Application Login Cart Checkout Detail Delivery Purchase
Search Checkout Delivery
Product Testing Testing
Search option Testing
Diagram 4
Conclusion

In this paper I have proposed new automation testing framework approach to test E-
Commerce based Web applications configured and extended on Selenium Web Driver. The
proposed automation framework reduces the required time to write test cases and increases pass
percentage rate of them by covering all the main steps in applications of this nature. It also reduces
vulnerable workload of testers. By using this framework specialists can implement the framework
over any application oriented to E-commerce by configuring the main methods by their needs.
They can generate customized test reports and also analyze the failures using screenshots of failed
test cases and manage to trace the issue precisely. QA specialists can maintain all the data from
centralized stored place. This framework is very useful for dynamically changing Web
applications, which implements new features very often. Automation test scripts are easy to handle
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and are understandable. In this way automation framework helps the organizations to test E-
Commerce Web applications efficiently.
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JBYMEPHO PUMAHOBO MHOT'OOBPA3ME C
JABE IUPKYJIAHTHU CTPYKTYPHU
Jumutsp Paznonos! u UBa /[oky3oBa’
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A TWO-DIMENSIONAL RIEMANNIAN MANIFOLD WITH TWO
CIRCULANT STRUCTURES
Dimitar Razpopov' and Iva Dokuzova?
'Agricultural University — Plovdiv
’Plovdiv University Paisii Hilendarski — Plovdiv

Abstract. In this paper we consider a 2-dimensional Riemannian manifold with an almost
product structure, whose trace is zero. The coordinates of the metric and of the additional structure
with respect to some basis form circulant matrices. We find a necessary and sufficient condition
for the parallelity of the structure with respect to the Levi-Civita connection. We obtain an
equation of a circle, determined with respect to an indefinite metric, associated with the
Riemannian metric. We construct examples of the considered manifolds, which are 2-dimensional
surfaces embedded in a 3-dimensional Euclidean space.

Keywords. Riemannian manifold, almost product structure, circulant matrix.

BbBenenue

PumanoBuTE MHOr000pa3sust ChC CTPYKTypa Ha IOYTH IPOU3BENCHNE Ca M3Y4aBaHU aKTHBHO
npe3 IOCIeAHUTE TOAMHN OT Yy M Obirapcku reomerpy, Hanpumep B (Gribacheva-Mekerov,
2014), (Naveira, 1983), (Staikova-Gribachev, 1992) .

TpumepHUTEe ¥ UYETHPUMEPHH PUMAHOBU MHOrooOpasust C MONBIHUTEIHU IUPKYITAaHTHU
CTPYKTYPH ca M3CJICABaHH OT aBTOPHUTE Ha Ta3M CTATHA, KaKTO U OT TEXHH ChaBTOpH. ENlHa "acT oT
pesynTature ca myonukysanu B paborure (Dzhelepov, 2018), (Dzhelepov-Dokuzova-Razpopov,
2011) u (Razpopov, 2015). B (Dokuzova, 2017) e orOemnsi3ano, 4e AOMBIHUTEIHATA CTPYKTYpa Ha
YeTHPHMEPHUTE MHOT000pasms Mopaxkaa CTPYKTypa Ha IOYTH Ipow3BeneHHe. B Hacrosmara
paboTa mOIbIBAME HAIIETO WU3CIEABAHE BBPXY PHUMAHOBUTE MHOrooOpasusi ¢ LUPKYTaHTHU
CTPYKTYPH, C pE3YITATH MOIY4SHH 3a JBYMEPHH MHOT000pa3ns OT TO3H THII.

Pasrnexxname nBymepHo auepeHImpyeMo MHOrooOpasue M, cHabAeHO ¢ pUMaHOBa METPHKA
g ¥ CbC CTPYKTypa Ha IOYTH IpousBeneHue (J, KaTo MaTPHLUTE OT KOOpAWHATHUTE Ha g U O ca
IUPKYJIAHTHH, T.€. JBETE CTPYKTYPH ca IMpKylaHTHH. MHorooOpasuero (M, O, g) nMa Hynesa
crena Ha m3o0pakeHuero. B §1. maBaMe OCHOBHM CBEICHHSI 33 pasrieKIAHOTO MHOrOOOpas3ue u
HaMHpaMe HEOOXOMUMO W JOCTAThUHO YCJIOBHE 3a MapaleTHOCT Ha cTpyktypata Q. B §2.
nollyyaBaMe ypaBHEHHE Ha OKPBKHOCT, 3aflaJieHa OTHOCHO NPHCHhEIUHCHaTa WHAC(QUHHUTHA
MeTpHKa, KOSATO € ompeselyieHa ¢ momomra Ha g u Q. B §3. Hamupame npumepn 3a MHOrooOpasus
(M, O, g), xouTo ca ABYMEPHHU HOBBPXHHUHH BJIOKEHH B TPIMEPHO E€BKJINI0BO MPOCTPAHCTBO CHC
3ala/icHa IeKapToBa KOOpAMHATHA cucTteMa Oxyz.
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Hexka M e paBymepHo peanHo audepeHIUpyeMO MHOrooOpasue, CHaOIeHO ¢ TEH30pHa
crpykrypa O or tun (1, 1). Komnonenture va Q B nonuparenHoro npocrpancrso 7,M, 3a

BCsiKa TOUKa p oT M, B Hsikaksa 0asa Ha 7, M, 3ajaBame ¢ LMPKyJIaHTHATa MAaTPULA

(01

)
Torasa Q ynoBieTBOpsiBa paBEHCTBOTO

O’ =id. (1
CrabgpsaBame (M, Q) ¢ meTpuka g, kato g © () ca ChIVIACYBaHU C YCIIOBUETO

8(Qu,0v) =g(u,v). (2)
B paBencTBo (2), KakTO M IO-HATaTHK, C ¥ ¥ V IIIe 03HaYaBaMe TIIaJKH BEKTOPHU IoJieTa BEpXy M
WM IPOM3BONHK BeKTOpH oT 1) M.

JlecHo ce mpoBepsiBa, 4e g u O yAOBIETBOPSBAT YCIOBHETO (2) TOraBa M caMo TOraBa, KOraTo
KOMITOHEHTHTE Ha g OTHOCHO chmata 6aza Ha 7, M 00pasyBaT IMpKyJIaHTHATA MATPUIIA

(4 B 3
g_BA, ()

kbeT0 A=A(p) u B=B(p) ca Tnagxu Qpynkuuu Ha Touka p(x',x>) or M.

ITo-Hararpk pasriexgame MHorooopasue (M, O, g), 3a KOETO ca H3IBJIHEHH YCIOBHATA
A(p)>B(p)>0 3a Bcska Touka p ot M. OT mocineHATe HEPABEHCTBA CIIEBA, Y€ g € MOIOKHUTEITHO
nedunutHa Metpuka. Llle orbenexum, ue (M, O, g) € pUMaHOBO MHOT000pa3ue ChC CTPYKTypa Ha
TIOYTH IIPOU3BENICHHE.

Hexa V e cBbp3anoctTa Ha JleBu-UuBura mopoaeHa ot g. Muoroo6pasuero (M, O, g) nma
mapaJiesrHa cTpykrypa Q OTHOCHO V , aKo € H3IIBITHEHO PaBEHCTBOTO

VO=0. “
VYcnoBueto (4) 3a mapanennocT Ha Q o0ycnassi peauna IUQepeHIHaTHO-TEeOMETPUYHN CBOMCTBA

wa (M, O, g).
Teopema 1. Bcsako 0gymepno mnozoobpasue (M, Q, g) yoosremasopsasa (4), mouno xoeamo e 6
CULA MAMPUYHOMO PABEHCTNEO

grad4 = (gradB)Q . 5)
k
HMoxa3areicto. Heka ¢ g, mc (), ca O3HAUCHHU JIOKATHUTE KOOPAMHATA CHOTBETHO HA g U 0,a
i k
martpuuara (g”) e obpatHa na matpuuara (g;) . Axo I, ca cumBonure na Puman-Kpucrogen 3a

V , ToraBa umame opmynure (Yano, 1965):

Fg/h = gh(aig,‘x +a,gis _a.rg[/') » V,ij = aiQ,k + fokaJ _FijQck > (6)
KBJCTO i, j, k, s IpHeMaT CTOIHOCTH OT MHOXKECTBOTO {1, 2}.
Upes (3) u mbpBOTO paBeHCTBO Ha (6) mpecMsTame

1 1 1
[ =55 (44 =2BB + BA), T, = (A4, = BA), T =5 (24B, - BA - A4),
1 1 1
r, = 5(2/132 —BA,—-A44), T,,)' = E(AA] -B4,), T, = E(AAZ —2BB, + B4,),
o4 5 _ OB

kbjeto D=A>—-B*, 4, =—, B,=—.
ox' ox'
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Torasa, kaTo u3nonzBame (1) 1 BTopoTo paBeHCTBO Ha (6) Hamupame, ue VO =0 e B cuiia, TOYHO

KOTaTo ca M3NbIHEHU 4 = B,, A, = B,, KOUTO ca eKBUBaJIEHTHU Ha (5). O

§2. YpaBHeHHe HA OKPBHKHOCT 110 OTHOIIEHHE HA MHAe(HHUTHA METPHKA

Jlobpe U3BECTHO €, ye OBIDKMHATA HAa BCEKHM BEKTOP ¥ M KOCHHYCHT Ha BIblla MEXIY JBa
HEHYJIEBU BEKTOPA 1 U V C€ HAMHUPAT ChOTBETHO C PAaBEHCTBATA!

|u| =Jg,u), cosL(u,v)= % @)
ulv

Hexa ¢ €[0,7] e BreabpT MeXTy BekTopuTe # 1 Qu. be3 orpanudeHne Ha 00ITHOCTTA MOXKE J1a
TIPEIIONOKKIM, Y€ U € IPOU3BOJICH eAMHUYeH BekTop ot 7 M, T.e. |u| =1. Torasa cwriacto (7)
uMame

g(u, Qu) = cos . @®)

OueBuaHO, ak0 @ =0, T0 Qu =u U CIEAOBATEIHO U € COOCTBEH BeKTOp 3a Q. AKO @ =7, TO
Qu=—u, T.€. u 1 Qu ca IPOTUBOIIOJIOKHU BEKTOPH.

Heka {u,Qu} e 6asa ma 7,M. B rtosu cnyuaii ¢ e B murepsana (0, 7). ChluecTByBa
opToHOpMHpaHa 0a3a ot Buma {u,Qu}, cropen (Staikova-Gribachev-Mekerov, 1987). Ille nagem
e/IMH IIpHMep 32 Takara 0aza.

Hexka u e npoussonen enuanden Bektop Ha 7, M. 3anaBame BeKTopuTe v U OV C PABEHCTBATA:

|cosgo|,/1—singo |cosg0|
V== u+

\/Esin(pcosq) \/Esin(p\/l—sin(pQu’
|cos¢)| |cos¢)|w/1—singo
u— Qu.

Qv_\/asin(p\/l—singo \/Esin(pcosgo
C momomra Ha (1) u (8) mpecmsrame g(v,v)=1 mg(v,Qv)=0, T.e. {v,0v} e OpTOHOPMHpaHA
Gasama 7, M.
[puchennneHata MeTpuka ¢ BBpXY (M, O, g) € onpezeneHa ¢ paBeHCTBOTO
gu,v)=g(u,0v). (€))
Tbii KaTo Ts ¢ HEOOXOAUMO HHAC(HUHHUTHA, TO 32 IPOM3BOJICH BEKTOP U € B CHJIA
gu,u)=a, aeRr. (10)
Criopen ¢pu3HYHATA TEPMUHOJIOTHS KMaMe CIICHOTO
Omnpenenenne 1. Heka g e mpuchenuHeHata merpuka Bbpxy (M, O, g). Axo BekTOp U

VIOBJIETBOpsiBA HepaBeHCTBOTO g(u,u)>0 (chotB. g(u,u)<0), TOoraBa u € MPOCTPAHCTBEHO-
no100€eH (CHOTB. BPEMENOA00EH) BEKTOP. AKO HEHYJIEBHAT BEKTOP u yaoBIeTBOpsaBa g (u,u)=0,

TOraBa i € U30TPOIICH.
B cuna e cnennara
Teopema 2. Hexa g e npucvedunenama mempuxa évpxy (M, Q, g). Cnednume meopoenus ca 6

cuia.

T
a) Bexmop u e npocmpancmeerno-nodoben, mouno xoeamo ¢ € (0, E)

T
0) Bexmop u e usomponet, mouno Ko2amo ¢ = >
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Vs
8) Bexmop u e epemenodoben, mouro ko2amo @ € (5 , 7).

Joxkaszarenctso. Karo uznonssame (8), (9) u (10), monydaBame g (u,u) = cosq.
Torasa ot Omnpenenenue 1. cienBaT ciydaure a), 0) M B). O

Oxpoiknoct B 7,M ¢ 1eHTBp p, N0 OTHOWIEHUE Ha g BBPXY (M, O, g), € onpenenena c (10).
Teopema 3. Hexa g e npucvedunenama mempuxa ewpxy (M, O, g). Axo {v,Qv} e
opmonopmupana 6asa na T,M u p e koopounamna cucmema, makasa ye v € p,, Qve p , mo
OKpworcHocmma, 3adadena ¢ (10), uma ypasnenue 2xy =a no ommouwenue na p..
JokasarencTBo. Pasriexaame Bektop u = x'v+x’Qv 1 Herosust 00pas Qu , Koito cbriacto (1)
uma mpencrassaero Qu = x'Qv+x’v. Karo msnomssame pasenctsata (7), (8), (9) u ycnosusra
gv,0v)=0, g(v,v)=1, or (10) momydaBame 2xy=a, KOCTO ¢ ypaBHEHHE Ha Xurepboia mpu
a+ 0wy Ha 1Be ipaBu IpH @ =0. O

§3. Ilpumepu 3a nBymMepHO MHOr0o6pasue (M, Q, g)

A) 3amaBame TOBbPXHUHA S, OTHOCHO OX)z C ypaBHEHHUsITA
! 2 s 2 1 2
S: x=e cosx’, y=e sinx’, z=cos(x +x°).
ToraBa g UMa JIOKaJIHU KOOpAUHATH
_ g o s 2,01 2 _ LD a2 2
gll_gZZ_A_e +sm (x +x )’ g12_g21_B_Sm (x +x )
Venosusta A(p)>B(p)>0 ca u3nbiHeHu 3a Besika Todka p(x',x°) U g € MONOKUTENHO NeMHUTHA

METpHKA.
C nupekTHa mpoBepka B (5) ycraHoBsiBaMme, 4e (GyHKUMHTE 4 U B He YIOBIETBOPABAT YCIOBUATA
Ha Teopema 1., T.e. VO#0.

U taka, B cuiia e
Teopaenue 4. [losvpxuunama S,, cnabdena cvc cmykmypa Q, e npumep 3a mHozoobpasue (M,
0, g), 3a koemo Q He e napanenna.
cos2(x' +x*)+sin2(x' +x*) -1

+e” —cos2(x' +x°)}’

laycoBaTa kprBHHA Ha Ta3W NOBBPXHUHA € K = . I'padpukara

it e nanena Ha @urypa 1.

durypa1.
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b) 3anaBame noBbpxHUHA S, 0THOCHO Oxyz C ypaBHEHHATA
S, x=(x")Y+E7), y=2x'x*, z=x'+x7,
KBIETO x' # x°. MeTpuKaTa g uMa JIOKaJHH KOOPIMHATH
g,=8,=A=4xX') +4(x*)Y’ +1, g,=g,=B=8x"x"+1.
VYcnosusta A(p)>B(p)>0 ca m3npaaenn. C aAupeKTHA NMpoBepKa B (5) ycTaHOBSBaMe, 4e € B CHIIA

(4), oTKBAETO CJIe/IBa BEPHOCTTA HA CIIETHOTO
Tewpaenue S. [logvpxnunama S,, chaboena cvc cmykmypa Q, e npumep 3a mHozoobpasue (M,

0, g), 3a koemo Q e napanenua.
Taycosara kpuBruHa K Ha Tasu MoBbpXHHMHA € Hyna. I padukara if e qagena na Ourypa 2.

durypa 2.

Bnazooapuocmu. Tazu padboma e wacmuyno unancupana no npoekm DI117-OMHU-008 na
@Dono nayunu uzcneosanus kom I1Y ,, [laucuit Xunenoapcku” — [Tnosous.
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A PROPERTY OF INTERVAL GRAPHS
Vasil Angelov Petrov
Technical university Sofia, Plovdiv branch

Abstract
Sufficient conditions for the existence of an interval in a finite family of
intervals on the real line intersecting all the intervals in the family are found.
Key words: family of intervals, real line

The starting point for this paper is the following simple assertion (which
is more or less known)

Proposition 1. Let G be an undirected graph with 2n + 1 vertices. Let
for each n vertices there exists a vertex (different from them) adjacent to all the n
vertices. Then there exists a vertex adjacent to all the vertices of the graph.

For the sake of completeness we shall give a proof.

Proof.Let K be a maximum clique. If |[K| =n + 1 then for the remaining
vertices (which will be less or equal to n ) there exists a vertex v adjacent to all of
them. But clearly v € K . So v is adjacent to all vertices of G and we are done.
Now if |[K| = n there exists a vertex u & K adjacent to all vertices in K. But then
K Uu form a clique which contradicts the maximallity of K and the proof is
finished.

Despite its simplicity Proposition 1 is in general the best we can assert.
Let’s consider some examples.

Example 1. We shall construct a 2n -regular graph on 2n + 2 vertices
(compared with Pr.1 we have increased the number of vertices by one) in the
following way: let the vertices be vy,v3,vVans2 and let v; is adjacent to all
vertices except Vizn+q1 (the indeces are mod 2n + 2 ). We shall show that for
any n vertices there is a vertex (different from them) adjacent to them. Let the
vertices be v, ,v;,,, v, , if we consider also v; 441, Vij4n+1,s Vip+n+1 there still
be two other vertices , say u and v and of course any of them will be adjacent to
all v; i j = 1,2,,n. On the other hand there is no vertex adjacent to all the vertices
of the graph and we are done.

Example 2. Now we shall go the other way, we shall consider a graph
with 2n + 1 vertices (as in Pr.1) but shall reduce n ton — 1. Let us consider the
2n — 2 -regular graph with vertices v;,i = 1,2,,2n constructed in exactly the
same way as in Ex.1. We shall add one more vertex 15,41, adjacent to all vertices
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except va,. Let vy, vy, v;,_, beany n—1 vertices of the graph. If v, is not

among them, then like in Ex.1 there is a vertex v in the 2n — 2 -regular graph
adjacent to them. So let v5,4+, be one of the chosen n — 1 vertices. For then — 2
vertices (vsn4+1 1S excluded) there are in fact at least two vertices, adjacent to
them (just like in Ex.1). Thus one of them will be different from v,,, and so it will
be adjacent to 5,4 and we are done. Therefore for any n — 1 vertices there is a
vertex, adjacent to them, but obviously there is no vertex, adjacent to all the
vertices in the graph.

Definition 1. A graph has the property P, if for any k vertices of the
graph there is a vertex (different from them) adjacent to all these k vertices.

In view of this definition Pr.1 and the examples tell us that the minimum
k such that { P, is valid for a graph G with 2n+ 1 vertices } implies the
existence of a vertex, adjacent to all the 2n + 1 vertices of G is n. However if we
consider not an arbitrary graph, but a graph belonging to a particular class, then k
could be smaller than n. In what follows we are interested in finding the
minimum k for the class of the interval graphs - a subclass of the so called
intersection graphs([1]). This means that we are considering an arbitrary finite set
of closed intervals on the real line. The vertices of our graph will be the intervals
and two vertices will be adjacent if the corresponding intervals have a nonempty
intersection.

Theorem 1. Let G be a family of n finite intervals on the real line. Let
for any two of them there exists an interval (different from them) which intersects
the two intervals. Then there exists an interval intersecting all the intervals in G.

Proof. The proof in fact is extremely easy. Let the intervals be
[a;, b;] i=12,..,n Let A= maxa; and B = minb;. Let ], = [ay,by] be any
interval such that @, = A and let J; = [ag4, by] be any interval such that by = B.
Suppose that B < A. There is an interval J; = [as, bs] intersecting both J,, and ;.
Now let [a;, b;] be any interval of the family, different from ], and J;. Suppose

that J; does not intersect it and [a;, b;] is situated to the left of J; (the other case
is absolutely the same). Then b; < a; < b; and we get a contradiction with the
choise of J, . Thus J; intersects all the intervals in the family.

Next suppose that B = A. Then a, < b, and obviously [a,, by] € J; for
any i = 1,2, ..., n. So in this case any interval intersects all other and we are done.

Remark 1. The fact that the intervals are closed is not at all essential.
They could be open, halfopen, whatever.

Remark 2. It is interesting that Th.1 could not be extended in general for
infinite family of intervals. Even if we impose rather strong restrictions on the
intervals (for example the family to be countable, the lengths of the intervals to be
bounded away from 0 and oo -this means that there exist positive constants p
and g such that all lengths are in [p, g]) the result does not follows as the next
example shows.
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Example 3. Let us consider the union of the following 3 sequences of
intervals: {[% -1, i]}, {[ﬁ, 1-—- i]} and {[1 — i, 2— i]} It is easy to check that

for any 2 intervals there is an interval intersecting them, but obviously there is no
interval intersecting all of them, what’s more - any interval is missing in fact
infinitely many intervals.

Proposition 1, with which we started can be considered from a somewhat
different angle. Since for any n vertices there exists a vertex, adjacent to them,
then there should be in general a lot of vertices of degree at least m. So it is
natural to ask- could we invert the statement of Pr.1, more precisely if all vertices
are of degree at least n does this implies the existence of a vertex, adjacent to all
other? Example 1 (and 2) tells us that this is not the case. Although all vertices are
of degree 2n — 2 (this in fact only 1 less than the highest possible degree in a
graph with 2n vertices) there isn’t a vertex adjacent to all other. However if
consider the class of interval graphs, we have such a result!

Theorem 2. Let G be a family of 2n + 1 intervals on the real line. If
each of them intersects at least n other intervals of , then there is an interval
intersecting all intervals of G.

Proof. The proof is based on the following lemma.

Lemma 1. Under the conditions of Th.2 there exists a n + 1-clique or
there is an interval intersecting all intervals of G.

Proof. We shall use induction on n. The assertion is valid for n =1
because obviously there exists a 2-clique. Assuming the validity of the lemma for
n — 1 we shall prove it for n. If for any two intervals there’s an interval (different
from them) intersecting them then Th.1 implies that there’s an interval
intersecting all intervals of G and we are done. So let us assume that there is a
couple of intervals such that no interval from the rest 2n — 1 intervals intersects
both of them. We shall denote these intervals by J, = [a,,by] and J; = [ag, bg] .
Then each of the remaining 2n — 1 intervals intersects at least n — 1 other
intervals (J, = [ap,bp] and J; = [agq, bg] are excuded). The induction hypothesis
implies then that there is an interval intersecting the other 2n — 2 intervals or that
there exists a n-clique. We shall start with the first possibility. Let J; = [as, bs]
intersects the rest 2n — 2 intervals. At least one of the intervals J, and J; does
not intersect [;. Let this be J, and let for the sake of definiteness J, is situated to
the right of J;, i.e. @, > bs. We shall note that ], N J; # ¢. Indeed if we assume
the opposite, it will follow that each of them intersects n intervals from the rest,
so we’ll need 2n intervals but we have only 2n— 1. Let us denote by
{J; = [a;,b;]} the intervals which ], intersects (we do not include /). There are at
least n — 1 such intervals and each of them intersects also J;. So the inequalities
a; = bs; < a, are valid. Let a; = max{a;}. Then [a;,bs] € J; for each i and
[a;, bs] € J5 , so these intervals are part of an at least n-clique. Let us consider an
arbitrary interval [, different from J,, J¢,Js and not belonging to the group {J;}. If
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Jo N [a;,bs] = ¢ we get a n+ 1l-clique and the assertion is proved. So let
Jx N[a;,bs] = @ . Since [, NJ; + @, then by < a;. On the other hand J,
intersects at least n — 1 intervals different from J,. These intervals could not be
from the group {J;}, hence ], intersects at least one of the Jis (as well as J,),
which implies [a;, bs] € J; and we again have obtained a n + 1-clique. Thus the
first possibility is fully investigated.

Now let us suppose that among the chosen 2n — 1 intervals there isn’t an
interval intersecting the other 2n — 2. Then the induction hypothesis implies that
there is at least a n-clique among these 2n — 1 intervals. By Helly theorem the
intervals in this n-clique have a nonempty intersection and let us denote this
interval (possibly degenerate) by K. If any of the other n 4+ 1 intervals intersects
K, we will have a n + 1-clique. So we shall assume that neither of them intersects
K. Since J, N J; #+ ¢, they should be on one and the same side of K. Let for the
sake of definiteness they are situated to the right of K. We shall also note that
neither J, € Jq, nor J; € Jp. Otherwise if J, € [, for example and ] N ], # ¢,
then | N J; # ¢, which is impossible. Let for the sake of definiteness

a, <ag =b, <bg. (1)

Then for any interval [, different from J, and J;, we have
] N [ag, by] = ¢. Since J; intersects at least n intervals then there exist at least
n— 1 intervals the left ends of which belong to (bp, by]. Obviously neither of
them is a part of the n-clique. Then the intervals with left end in (by, bg) should
be exactly n — 1. Any J from the clique does not intersect these intervals, [, also
does not intersect them. Then each of these intervals intersects no more than
n — 2 intervals from this group plus /4, i.e. n — 1 intervals, which contradicts the
fact that each interval in G intersects at least n intervals. Having considered the
second possibility, the proof of the lemma is finished.

Let us continue with the proof of the theorem. In view of Lemma 1 we
may assume that there exists a n + 1-clique (the other option is trivial). So let
Ch+s be a clique of maximum cardinality (s € [1,n+ 1]). Ifs =n+1 (or even
s = n) there’s nothing to prove. So let us assume that s € [1,n — 1]. By Helly
theorem an interval K (possibly degenerate) exists, which is a subset of each
interval in the clique. We shall split the intervals in G in three groups: group A
consists of all intervals that do not intersect K and are situated to the left of it; the
intervals of C,4s; form group B; group C consists of all intervals that do not
intersect K and are situated to the right of it. In view of Th.1 we shall also assume
that there is at least one couple of intervals such that no interval in G intersects
both of them. Due to symmetry we can reduce the possible locations of these two
intervals (with respect to the 3 groups) to three cases:

case 1. One of the intervals is in A and the other is in C.

case 2. Bothare in C.
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case 3. We have one in B and one in C.
Case 1. Let J, € A, J; € C and no interval in G intersects both of them.

Let |JA| = 1. Then |[C| =n+1—s— 1. ], could intersect at most [ — 1 intervals
of A and J; could intersect at most n — s — [ intervals of € . Then [, intersects
at least n — [+ 1 intervals from Cp,; and J, intersects at least s +[ intervals
from Cpys. Thus J, and J; intersect at least n + s + 1 intervals of ;.45 . Since
|Cnss| =n + s there’s an interval in C,,4s which intersects both J, and J; and
we obtain a contradiction.

Case 2. Let ], = [ay,bp] and J; = [ag, bg] are in C and no interval in G
intersects both of them. As we noticed in the proof of Lemma 1 ], N J; # ¢ . On
the other hand neither [, € J;, nor J; < J,. Otherwise (suppose [, € J;) any
interval intersecting J,, will also intersect J; which is impossible. Let for the sake
of definiteness the inequalities in (1) are valid. If ] € B and ] intersects J4, then |
will also intersect J,. So there are no intervals in B, intersecting J; and therefore
only intervals from € could intersect J;. But |[C| <n and hence J; could
intersect only n — 1 intervals, which is a contradiction.

Case 3. The unique interval in B that [, intersects is [, (otherwise there
will be an interval in B intersecting both J, and J; ) Thus ], intersects at least
n—1 intervals in € and since |C| = n then |C| = n and any interval ] in C
intersects J;. But then J could not intersect intervals in B. Since / could intersect

at mostn — 1 intervals in € we get a contradiction.

Finally, having considered the three cases, the proof of Th. 2 is finished.

Remark 3. The result of Th. 2 is in general the best possible. If for
example we increase the number of the intervals from 2n+ 1 to 2n+ 2 we
cannot assert that there’s an interval, intersecting all the others.

Example 4. Let us consider two families

A={1-3,1+7k=12,n+1} and B ={[4—, 4+ k=12,n+1}.

Obviously each interval in A and B intersects exactly n other intervals but still
there isn’t an interval intersecting all.

It is likely that the rusults in this paper can be extended to circular arc
graphs. On the other hand it is very unlikely that we have something similar for
intersection graphs generated by two or higher dimensional figures (disc graphs
for example). There are many and many classes of intersection graphs and may be
the most interesting question here is if these results are something rare, specific
only for interval graphs or not. This is completely open problem.
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IMPROVING ENERGY EFFICIENCY OF DISTILLING SYSTEMS
FOR PROCESSING ESSENTIAL OIL-BEARING PLANTS
Stepan Akterian' and Slavcho Georgiev?

! University of food technologies, Plovdiv, Bulgaria
2 Ekobiotechproduct Ltd, the town of Valchi dol, Bulgaria

Abstract. The directions for improving the energy efficiency of distilling systems for steam
distillation of essential oil-bearing plants were analysed. It was found that the energy consumption
in the proposed continuously operating distillation apparatuses with a working volume of 6 m® is
many times less in a comparison with the traditional batch distiller with a working volume of 5.5
m’. The consumption of live steam, fuel oil, cooling water and fresh demineralized water for steam
generation is respectively 3.5 times, 4.1 times, 5 times and over 20 times less. Furthermore, the
daily performance of continuously operating unit is 6.5 higher. The following additional measures
for improving energy efficiency of continuous distillation systems are also proponed: (i) using a
recuperative section in the condenser-cooler for distillation vapours as the wasted distillation water
is used as a cooler in this section; (ii) the secondary water vapours of this section are sucked in by
a steam jet ejector and they are delivered in the distiller; (iii) feeding the steam boiler with boiling
distillation water discharged from the recuperative section as fresh demineralized water. These
measures enable (i) the consumption of fuel oil to be reduced by 15 % as the quantity of distilling
steam and the rate of distilling are retained; (ii) the consumption of cooling water — by 30 %; (iii)
the consumption of fresh demineralized water — by 85 %.

Keywords: energy efficiency, steam distillation, essential oils, steam-jet ejector

BBbBEJIEHUE

Beue bearapus ¢ CBETOBHHAT JHACP B MPOM3BOACTBOTO HA JIaBaHMYoBO Macio (Stefanov,
2018). IIpe3 2017 r. ca mpomusBenenu Oimzo 200 t npaBanmynoBo Macio, pokaro mpe3 2011 r. -
camo 60 t. PexopasT or 6mm3Kko MuHamO ¢ Omin B 1976 T., Korato ca Omim mpomsBeneHH 165 t
(Stoyanova et al, 2009). ®@panmus ce Hapexaa Ha BTOPO MACTO B kiacanusTa ¢ 40-50 t roqummHo
MIPOM3BOJICTBO Ha JIABAHAYIOBO MAaclo. 3aCeTHTE IUIOLIM C JIaBaH[IyJa ca Hail-MHOTO B oOiacT
Job6puu u Cr. 3aropa. Tesu o B obnact Hobpuu ca 6mmm 24 000 dka mpe3 2017 r. u 39 640
dka mpe3 2018 1. B T03u peruon ca npousBencau 15 000 t u 20 700 t naBaHgyna, CHOTBETHO 3a
2017 r. m 2018 r. (Karagiozov, 2018). ToBa croTBeTCTBa Ha TOAMINEH IpHpacT oT 38 %.
Cpennusr nobus B peruona ¢ 525 kg/dka, kato toit moctura mo 600 kg/dka B paitona Ha KaBapHa
u I'enepan Toweso.
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[TonacrosiiieM MacoBO c€ M3IMOA3BAT TPAJULUOHHUTE MEPUOJUYHO JeHCTBAILM JECTHUIAMOHI
amapatu (Denny, 2002), kato Te B Buirapust ca ¢ paboren obem 5,5 m®  (Akterian, 2018). B
nepuoga Ha 60-te u 80-Te rogMHM Ha MUHANUA BeK B Pycus ca KOHCTpyHpaHHU, HIPOU3BEKAAHU U
W3MOJI3BaH PAa3HOOPA3HU HEMPEKbCHATO JIEHCTBANIM JSCTIIAIMOHHN amapaTd KakTo 3a IapHa,
Taka " 3a Bomo-mapHa Jnectumanus (Akterian, 2018; Dhuravlev et al, 1980). Te ca Owin
NpeAHA3HAYEHN KaKTO 3a JECTHIAlMs Ha LIBETHO-TPEBHM CYPOBHHHM, Taka U HA PO3OB LBIT U
3bpHEHU CcypoBUHH. [Ipe3 60-Te TonuHM Ha MUHAIKS BeK B bbhirapust MacoBo ca OWim BHEIPEHU
25 6posi HEMPEKbCHATO JIeMCTBAIN JIeCTUIALMOHHM ypenou YPM-2 3a mapHa aecTuianus, KaTo
OCHOBHO Ca TIpepa0OTBajM JIaBaHIyTa, MEHTAa W CalBUs CKiapes. Te He ca ce HaJOXKWINH B
Obarapckata MpakTUKa OCHOBHO IOpPAJM TEXHUYECKUTE HECHBBPIICHCTBA HA Ta3u BpBa
KOHCTPYKIIMSI Ha HENpPEKbCHATO JEHCTBall amapaT 3a IapHa JAECTWIALMs Ha IBETHO-TPEBHU
cyposunm (Irinchev, 1972; Stoyanova et al, 2009). OcHoBHHUTEe TpobIeMHu ca OWIM CBBP3AHU C
Haps3BaHETO Ha CypOBHHATA, 3arydaTa Ha Macio TpH Haps3BaHE M TPAHCIIOPTHPAHE 10 BXOIa HA
amapara, mpoOJIeMH C YIDTBTHABAHETO HA BXOAA M M3XOAa HA TO3M amapaT. Te3um mpobieMu ca
pELIeHN MOYTH HAIBJIHO B HENPEKbCHATO ACWCTBAIM JECTHJIALMOHHHU anapartd, pa3paboTBaHU
cien ToBa B Pycust m ['py3ust v ipuiiarany B MpaKTAKATA.

BypHOTO pa3BuTHEe Ha MPOU3BOICTBOTO HA E€TEPUYHOMACICHH CYpOBMHH M B YACTHOCT Ha
JaBaHIyla OIpENeNsIT HEeoOXOIUMOCTTa OT pa3padoTBaHe W TNpHJIaraHe Ha JSCTHIALMOHHU
amapaTé ¢ TO-TONMSMA MPOM3BOJUTEIHOCT M B YACTHOCT HA HENMPEKbCHATO JICHCTBAIIH
necrwiatopu. Mmaiiku npeaBul BUCOKUS pa3xojl Ha TOIUIMHHA €Heprusl IpH MapHa JeCTUIalus 1
OT JIpyra CTpaHa pacTsIINTe [IeHN Ha He)Ta U MPOU3BOTHUTE MY OPTAaHUYHU TEYHH TOPUBA MPABST
npoOseMbT 32 MOBUIIABAaHE HA eHepruiiHaTa e(heKTUBHOCT Ha JAECTUIALMOHHUTE ypernOou 0coOeHO
aKTyaJIeH.

Heara Ha HacTosmaTa pa3paboTKa € Ja Ce ChIOCTABAT HEMpEeKbCHATO eiCTBAIINTE
JECTIIALMOHHHY arapaTtd 3a mpepaboTka Ha ETEPHYHOMACICHH CYPOBHHH C TpaIULHOHHO
W3MOJI3BAaHUTE TCPHOANYHO MCHCTBAINM JCCTHIANMOHHM amapaTd, KAaKTO M Ja C€ OICHH
NPUIAraHeTo Ha JIOMBJIHUTENIHN TEXHUKO-TEXHOJOIMYHM MEPKU C Orjie]l Bb3MOXKHOCTHUTE 3a
TIOBHIIIABAaHE HA CHEpTHitHaTa e()eKTUBHOCT ITPH MPOM3BOICTBO HA €TEPUIHN MacCIa.

MATEPUAJIU U METOJU

O0exT Ha pasrnexaaHe ca (i) ypeada ¢ TpaIUIMOHHO U3MOI3BaHUTE B bharapus nepuoguIHo
JeHCTBAIM amapaTH 3a MapHa JeCTHIAIHs ¢ paboten obeM 5,5 m’; (ii) TpaamumonHa ypenda c
HEMPEKbCHATO JICHCTBAIl JECTHIAIMOHEGH amapatr ¢ paGoten obem 6 m’; (iii) ypemba ¢
HENPEKbCHATO JICHCTBAN IECTHIAMOHEH amnapaT ¢ paboTeH obeM 6 m’, B KOATO ce M3IIOJ3BAT
JIOITBJIHUTEITHA MEPKH 3a TIOBHIIIABAaHE Ha CHepTUifHaTa e(h)eKTHBHOCT.

[pecmsiTaHusATa Ha TPUTE ypeAOM Ce OTHACAT 3a MpepadOTKa Ha JIABaHIYJIOBH CHIIBETHS,
KOWTO TIPEACTABISIBAT HaW-TONAM HWHTEpec 3a OBJITApCKUTE TPEANPUATHSA 3a TNpepaboTka Ha
eTepUYHOMACIICHN CYpPOBHMHHU. M34MCIeHMsATa ca W3BBPLICHH IPU CICAHUTE NpPUEMaHHs Ha
OCHOBHHTE TEXHHYCCKH M TEXHOJIOTHMYHHU MapaMeTPU: MACIOChIbpKaHIE HA JIABAHIYIOBHUS IBST
1-1,2 %; macumHa rreTHOCT Ha cyposmHata 200-250 kg/m® (Georgiev and Stoyanova, 2006);
HOPOABIDKUTEIHOCT Ha ICCTHIALNS U HA PaOOTHUS LUKBII IIPU MEPUOANYHA AecTunaiwst: 1,5 u 3 4.,
CHOTBETHO; HaJATaHEe Ha TonaBaHaTa cBeka mapa: 0,8 MPa; cnemmdununa (omHa) TorMHA Ha
m3rapsgHe Ha TeuHOo ropuBo (Hadrta): 41,9 MJ/kg; Temmeparypa Ha cBekaTa, OOOpOTHa,
oxJlaxczama Boga: 35 °C.

PE3YJITATU U OBCBHXKXJIAHE

Ilpeonazanume oOonvinumennu MmMexXHUKO-MEXHOIOZUYHY MepKy 33 TIOBUIABaHE Ha
eHepruiiHata e(peKTHBHOCT Ha JECTUIAIMOHHUTE ypeaou BkrouBatr (¢wur. 1): (a) m3mon3Bane Ha
JIOMBJIHUTEIIHA PEKyIEpaTUBHA CEKIHs 2a KbM KOHICH3ATOP-OXJAIUTells 2 Ha ICCTHIALMOHHU
mapy, KaTo OoTpabOTeHUTE NECTIIAIMOHHU BOAM D ce M3Mon3Ba 3a OXJaguTed B ceKuusra; (0)
3aCMyKBaHE Ha BTOPMYHHMTE BOJHM Iapu B,, TmoidydaBaHM B CeKUMATA 2a, IOCPEICTBOM
JIOITBJIHUTEITHO U3MOI3BAH MApOSKEKTOP 5 M MOJaBAaHETO UM KBbM JICCTIIAIMOHHUS amapart 1; (B)
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noaaBaHE Ha ITOJIydy€HaTa KUIrilaTta JSCTUWIallMOHHA BOJa Dz KbM IapHHs KOTEJI 4, KaTo CBCXKa
OIIpCCHCHA BOAa

®@uyr. 1. Cxema Ha OCHOBHH TTOTOIM B ypei0a 3a HENPEKbCHATA JIECTHIIAINS Ha €TePHIHOMACIICHN CypOBHHH
C JONBJIHHUTEIHM MEPKU 32 IOBHIIABAHE HA CHEpruilHaTa e(PEeKTHBHOCT: 1- IeCTWIalno-HEeH amapar; 2-
KOXYXOTpBOCH TOIIOOOMEHHUK; 2a,2b- peKynepaTHBHA U OXJIAJUTENIHA CEKUuUs; 3- NEKaHTbOp; 4- MapeH
KOTEJ; 5- MapoeKeKTop; A- eTepHIHOMAciIeHa CypoBHHa; B- Boxna mapa; B*- cBexa memuHepanmmsnpaHa
Boza; C;- necrunarmonnu napu; Cy- nectunar; D- nectunarmonsn Boan; W- oxax/iamia Boza.

OcHoGHUME MEXHONOZUYHU U MEeXHUYeCKu HnoKa3ameau HA [CCTWIAMOHHH ypendu ¢
MIEPUOJIMYHO M HETPEKHCHATO JEHCTBHE CHhC CHIIOCTABUM pabOTeH 00eM ca OmNpeieieHH H
npencraBenu B Tabnuna 1 3a cbnocraBka.

IMpunaranero Ha ypeaOW C HEMPEKHCHATO EHCTBAIM JICCTHIAIMOHHK arapaTd BMECTO
ypendu ¢ TpaJULUOHHUTE TIEPUOANYHO ACUCTBAIIM AECTHIATOPU ChC CHIIOCTAaBUM paboTeH o0eM
O TTO3BOJNMIIO PAa3XOABT Ha CBEXKA MUPEKTHA IMapa Ja ce HaMaid 3,5 IBTH; Ha TEYHO TOPHBO 3a
maponpou3BoAcTBO — 4,1 mHhTH; Ha CTyIeHa OXJaXJalla Boja — S5 MBTH W HA CBEXa
nemuHepanusupana Boga — Hag 20 meTH. OCBeH TOBa, HEMPEKBCHATO NCHCTBALIMAT ISCTHIATOD
ocurypssa (i) 6,5 mbTH MO-TONSIMA JAEHOHOITHATA TIPOU3BOJUTEITHOCT B CPABHEHHUE € TIEPHOTHIHO
JeWicTBamysl anapart; (ii) MoYTH JBYKpaTHO HaMaslsABaHE Ha JIEHOHOIIHATa TpynoeMkocT; (iii)
MIPOM3BOICTBO HA €TEPUIHO MACIIO C TIOCTOSIHEH KOMIIOHEHTEH ChCTaB M Ka4eCTBO.

[Ipennaranure  MONMBIHUTENTHUTE TEXHUKO-TEXHOJOTMYHU MEPKH C H3MOJI3BaHE Ha
MAPOSIKEKTOP W PEUypKyNalMsi Ha MCCTWIAIMOHHHUTE BOIHM J1aBaT BB3MOXKHOCT C HETOJIEMH
JOITBITHUTENTHN KAITUTATHA BIIOYKECHUS ICHOHOIIHUST pa3Xxoj Ha TEYHO TOPUBO JIa ce Hamalu ¢ 15
%, Ha cBeka oxyaxuama Boma — ¢ 30 %, a Ha cBexa JAEeMHUHEpaJM3MpaHa BOAA 3a
MaponpOU3BOICTBO — € 85 %.

3AKIIOYEHUE

Taxa mpecraBeHnTe yoequTeTHA (DaKTH JaBaT OCHOBAHHE Ja Ce MPEerophda W3MOJI3BaHETO Ha
ypendu C HEMpeKbCHATO JSHCTBAIM JECTUIAIMOHHU anapard, NpWiaraiy H TpeiaraHuTe
JOITBJIHUTEITHA MEPKH 3a IIOBHIIABAaHE HAa CHEpruiiHaTa e(QEeKTUBHOCT. Te3M KaTeropHyHd
MIPEMMCTBA Ha HEMPEKbCHATO JEWCTBAIUTE JECTUIIATOPH MOTAT MPOSBAT B ITBJIEH 00eM oOade
caMoO B TPEANpPHUATHA, MPEpadOTBAIIM TOJIEMH OOEMH CTCPHYHOMACICHH CYPOBHHH, KaKTO H
ITOJITABAHETO Ha CBEXAaTa CYpOBHHA Jia € PUTMHYHO U TE€3H JCCTHIAIIMOHHY arapaTty ce HaTOBapBaT
JICHOHOIITHO.

BJIAT'OJJAPHOCTH

ABTOpHTE M3Ka3BaT OJAroJapHOCT 3a OKa3zaHaTa (PMHAHCOBA MOAKpena oT MUHHCTEpCTBO Ha

MKOMOMHMKATA 3a CyOCHAMpAHETO Ha pa3paboTkaTa, KosTo e 4act ot npoekt BG16RFOP002-1.005
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,»Pa3paboTBaHe Ha NPOAYKTOBM M HPOU3BOJICTBEHH WHOBAIMM~ B paMKUTE Ha OIEpaTHBHA
nporpama ,,JIHoBanmu 1 KoHKypeHTocrocobHoct 2014-2020 1.”
Tabéauna 1. CernocTraBKka Ha OCHOBHUTE TEXHOJIOTHYHH M TEXHUYECKH TOKA3aTEIN
Ha ypeOu ¢ IEPHOJUIHO U HEMPEKbCHATO JEHCTBAI AECTHIAMOHEH arapar
3a mpepaboTKa Ha eTePUIHOMACIICHN CYpOBUHA

c C Henpexvchamo
Oelicmeawy anapam
nepuoouUtHoO
Tokaszamenu oeil be3 ¢ napoexucexmop u
elicmeay
donvaHumen PeYupKyIayus Ha
anapam
HU MepKU decmunayuoHHa 600d
PaGoTeH 0GeM Ha JeCTHIALMOHEH allapaT, m° 5,5 6
Maca Ha npepaboTeHa cypoBuHa, t/d 8,8-11 57-72
Maca Ha nonydeHo erepudHo Macio, kg/d 88-132 576- 864
Pasxon Ha cBexa mapa, ojaBaHa ot MapeH 77 17.2 14.4
Korel, t/d
CrnenuduyeH pa3xoi Ha CBeXa Iapa, IoJaBaHa
ot napeH kore, kg mapa 3a 1 kg npepaborena 0,70-0,87 0,24-0,3 0,2-0,25
CYpOBHHA
Pa3xon Ha HadTa, kg/d 538 1200 852
Crenduaen pa3xos Ha HadTa, kg HapTa3a 1t 49-61 16,7-21 11,8-14.9
npepaboTeHa CypOBHHA
Pasxon Ha oxnaknamia Bozaa (35 °C), m’/d 78,4 1457 103,2
CI}I@HH(I)I/I‘IHI/IHT pa3xol Ha OXJIaXKaala BOJa, 7.1-8.9 226 14-18
m’3a | t npepaboTeHa cypoBHHA
Pa3xon Ha AeMUHEpaNHHpaHa BOJA 3a 7.7 17 2.4
IapONpPOU3BOICTBO, M /d
Cneunq);mﬂnm pa3xoll Ha IeMUHEpaIN3UpaHa 0.7-0.9 0.2-03 0.03-0,04
BOJia, m”3a | t cypoBHHA
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LORAWAN BASUPAHA KOMITIOTBbPHA CUCTEMA 3A KPAEH
Bb3EJI HA UHTEPHET HA XPAHUTE
Kpacumup Kousen
YHuBepcHUTET 10 XPAaHUTEIHHU TexHoJoruu — Iliiosaus

LORAWAN BASED COMPUTER SYSTEM FOR END NODE OF THE
INTERNET OF FOOD
Krassimir Kolev
University of Food Technologies — Plovdiv

Abstract: The paper focuses on an approach for using new wireless technologies and
rapidly evolving field of Internet of Foods (IoF) for traceability of foods. A variant of using
LoraWan technology for implementing network connectivity between objects representing end-
nodes providing objective technology information about food is presented. An analysis and
comparison is made with existing food traceability systems. The end-node for traceability of foods
is synthesized. The synthesed end node is based on a modern 32-bit microcontroller STM32 and
LoRa transceiver SX1276. A functional analysis of the given computer system is made.

Keywords: Internet of Food; IoF; LoRa; LoRaWAN; Computer systems.

BbBenenue

IIpocneasBaHeTo HA XPaHUTE CE MPEBbPHA B HAPACTBAIIA 3aTPHKEHOCT Ha TOTPEOUTEIUTE
7 y9CHW TI0 Tenus CBAT. [IpociensBaHEeTO Ha XpaHU B MOMEHTA C€ M3BBPIIBA MPEAMMHO Ha
aJIMAHHCTPAaTHBHO HUBO C M3MOJN3BAaHETO Ha CPEACTBAa 3a JOKYMEHTAIHO MPOCIEAsSBaHE Ha
CYpOBHMHU U KpailHu NpoAyKTH. IIpociensBaHeTo ce mpeBbpHA B MPaBeH HHCTpYMeHT mpe3 2005
r. B EBpona, KoiiTo ce mpuiiara KbM BCHYKH XPAHUTEIHH MPOAYKTH, KOUTO Ca THPTYeMH, C e
rapaHTHpaHe Ha TAXHATa OE30MacHOCT HA XpaHHUTE ChITacHO wieH 18 or Permament Ha EC
178/2002 (Montet, 2018). [Ipu Te3n 0OOCTOATENCTBA CTaHA 3aIBJDKUTENHO Jla C€ pealu3upar
CHCTEMH 3a MPOCIIEAsIBaHe, 3a J1a CE CBEIC 0 MUHUMYM IMPOU3BOACTBOTO U Pa3MpOCTpaHEHHE Ha
OITaCHY WJTH JIOIIM Ka4eCTBEHH XpaHH. HacrosmaTa myOnuKaIws aBa eIHO MPUMEPHO PEIICHHE
32 aKTHBHO TPOCIEsIBAaHE OTYUTAWKNA CHBPEMEHHU TEHACHIMH 32 MPEXOBA CBBP3aHOCT MEXIY
00eKTH.

MaTtepuajim 1 MeTOIH

C rnobanu3anmsaTa TPaTUIMOHHUTE TEXHHWKHA 3a TPOCIe/sBaHe Ha 0a3a Ha CTUKETH U
KHIW)KHU JIOKYyMEHTH HE Ca aJeKBaTHU U HAlPeIbKbT BHB BHEAPSBAHE HA ENEKTPOHHU METOIU €
JKenaTereH 3a eheKTHBHA CHcTeMa 3a TpociessBane. PamnodectorHa uaeHtudukamus (RFID) e
MIOHACTOSIILIEM HAJIOKWIA CE€ TEXHONOrus 3a eneKkTpoHHo erukupaHe. RFID Ttexnonorusra
W3M0JI3BA Pa3IMYHHU YeCTOTH U uaeHTuGuKaTopu. RFID TexHOmorus u3mnon3sa pa3inyHl YeCTOTH.
IToseuero or RFID cucremure pabdorsar B HuckodectoreH ooxsat (LF — obuxnoBeHO 125 kHZ)
ceriacHo cranaapt ISO/IEC 18000 u Bucokouecroren obxpar (HF — obuknoBeno 13.56 MHz)
cbrimacHo craHmapt ISO/IEC 15693. Jlopu na ce m3nom3Bat HoBu HF RFID mony-nacuBHU
CHCTEMH C BrpaJeHd TeMIIepaTypHHU CeH30pH, Te paborar Ha 13.56 MHz, ¢ Hucka MOIIHOCT Ha
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U3JIbYBaHEe M 00XBaTa Ha YETEHE HE € MO-TOJSIM OT TPH CaHTHMeTpa. V3BnnmuaHero Ha Tas3u
TEXHOJIOTMYHATa HH(OpMAaIHs JOPH B TO3H CIyJail He aKTUBHA W CTaBa CIIe/ ONpeIeieH )KU3HEeH
IIUKBJ Ha XpaHata. VMa Jiu pelreHue a ce peann3upa cUcTeMa 3a IpefJaBaHe Ha TEXHOJIOTHYHA
uHpopMalys B peanHo Bpeme? Jla, ToBa € BB3MOXKHO KAaTO C€ M3IOJI3BAT HOBM TEXHOJOTHH 32
xomyHukanus (Yang, 2014) u usrpagu ceH3opHa Mpexa IpefaBaria HHpopManus 3a XpaHUTE B
HnrepHer. Hail-nmoaxozadia 10 MOMEHTA 3a pealn3upaHe Ha akKTUBHA CHCTEMa 3a MPOCIEsIeMOCT
Ha xpaHu ¢ LoRa cranmapt neduampan or LoRa Alliance (LoRa, 2017), Tl KaTo momabpika
royisiM Opor ycTpoicTBa (MakcuMmanmHo 65535 Opost), ycTpoiicTBaTa UMaT HUCKA KOHCYMAIHs Ha
eHeprus (HAKONKO MHKpOaMIlepa B PEKHM Ha TOTOBHOCT), MOAXOMIIIIM ca 3a OaTepuifHO
3axpaHBaHe, IPUTEKaBaT ToasiM 00xBat (5-15 km) , Umat Manmka KOHCyManust B aKTUBEH PEXUM (
HAKOJIKO MMJIM aMIlepa) M BB3MOXKHOCT 3a M3TPaXKJaHE Ha pasIlUpseMU MPEKH 3Be371a-3B€37a
(Pethuru, 2017). Ha ¢ur. 1 e nokasaHa CTpyKTypHaTa CXeMa Ha IpeJIokKeHaTa KOMITIOThPHA
cuCTeMa H3MoN3Balla cBbp3aHocT Ha MHTepHeT Ha HemaTa (IoT) mocpeacTtBoM peanusupaHe Ha
KpaifHu BB37H Ha 0a3a TexHoioruara LoRa 3a akTWBHA MPOCIEANMOCT Ha XpaHU. Ts ce ChCTOH
ot kpaitau Bb3mH (I) 3a ceOHMpaHe TexHomornvHa uH(bopManws, crangapteH LoRa moiro3 (II) 3a
Bpp3ka KkbM MHTeprer, obmauna wuHppactpyktypa Ha loT (III) m mneHTpamen cBpBBp 32
cbxpaHeHue Ha qaHHu (IV).

. R IoT Cloud (III) . .@_
| | LoRa Gateway (II) » 4‘

Database server (IV)
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®ur.1 Cmpykmypua cxema Ha KOMRIOMbPHAMA CUCHEMA

B npunoxxeHara cTpyKTypa OCHOBEH KOMITOHEHT 3a ChOMpaHe Ha JaHHH € KPAHHUAT Bh3ElL.
HNMeHHO 3a HEro € TpeNCcTaBeHa JETailIHO ONHWCaHHe Ha CTPYKTYPHATE KOMIIOHEHTH —
MukpokonTponep (1), censop 3a temneparypa (2), LoRa npuemo-npenasaren (3), JOIbIHUTETHH
censopu (4), BXoaHo-u3X0/1eH uaTepdeiic (5), 3axpanBane (6) u anreHa (7).

Pe3yaraTu u o6cbxIaHe

Ha 6a3a Ha mpenyoxxeHaTa CTpyKTypHA cxeMa € pa3paboTeHa cXxeMOTeXHUYecKaTa 4acT Ha
KOMMIOTbpHATa CHUCTEMa Ha KpalHHUAT Bb3eld Ha VIHTepHET Ha XpaHHUTE, KaTO Ce M3XO0XKIa OT
o0IMTe NPHWHIWIN 3a peaju3alysi Ha BrPajeHd MHKPOIPOIIECOPHH CHCTEMH M H300p Ha
CbBPEMEHHH apXUTeKTypHH pemeHus. Ha ¢ur. 2 e mokazaHa NpHUHIMIHATA CXEMa Ha
peaTm3upaHuAT KpacH BB3eN 3a MpociIenuMocT Ha xXpaHu. CHHTe3a Ha MHKpOIIpOIIECOpHATa
cucteMa € Ha 0a3a Ha BrpaJeH MHUKpokoHTponep B emuH uun STM32L053R8 (IC6).
STM32L053R8 e Obp3oaciicTBai yiaTpa HHCKO KoHCcymMupam| 32-6utoB Arm CortexM0 RISC
6asupan MukpokoHTposep ¢ 64KB ¢mam mamer, 2KB EEPROM, 8KB SRAM, 51 BxomgHO-
U3XOZHM HM3BOJA, IET MOAyJla TaiMepn/Oposud ¢ PEeXHM 3a CPaBHEHHE, BHTPEIIHU W BHHIIHU
W3TOYHMIM Ha TIpeKbCBaHE Ha padoTaTa Ha MHKpOIpPOLECOpa, JBa IIOCIEIOBATEITHO
nporpamupyemu USART yHuBepcanHU CHHXPOHEHH U aCHHXPOHHU MpUEMO-IIpefaBaTels, eluH
RTC (wacoBuuK 3a peanHo Bpeme), aa 12C mnTepdeiica, uernpn SPI muTepdeiica, 16-kaHameHn
12-6utoB AIIl, exnoxananen 12-6uroB LIAII, mporpamupyeMm cTpakeBu TaliMep C BBTpEIIeH
TaKTOB TEHEPAaTOp, KAKTO M MPOrpaMHO H30MpaeMM PEeXHMH C HaMalleHa KOHCyManus Ha
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eNeKTpuYecKa eHeprus. MUKPOKOHTPOIEPHT pabOTH C eIEKTPUYECKO HampekeHne Mexay 1.8 mo
3.6 Bonta (STMicroelectronics, 2017). STM32L053R8 wusmon3Ba cBoOOACH codryep 3a
pa3paboTka oT hupMaTa IPOU3BOAUTEN U cBOOOIHATA pa3BoiHa cpena Ha ColDE u STM32Cube.
IpennoxeHnaT kpacH Bb3en ce nporpamupa upe3 ST-LINK/V2 nebyrep/mporpamaTop.
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@ur. 2 [Ipunyunua cxema Ha KpaeH 8b3ell 3a HPOCAeOUMOCH! HA XPAHU

Byrona RESET e cranmapTHa 3a TO3H THII MHKPOKOHTPOJIEP U NPOHM3BEXKJa CHUTHAI 3a
HayvaJHO YCTaHOBSIBAaHE HAa MHKpOIIpollecopHaTa cuctema. ['pymnara enementu C24, C25 u Q2 e
CTaH/IapTHA 3a peaji3allsd Ha BBHIIHA YECTOTHO 3a/aBallla I'pyla Ha TAaKTOBHS I'€HEpaTop Ha
Mukponpouecopa, a C26, C27 u Q3 3a yacoBHMKAa 3a pPEaJHO BpeMe. 3axpaHBaHETO Ha
MHKPOIIPOIIECOPHATa CHCTEMa € pealn3upaHa IOCPEACTBOM OaTepHtHO 3axpaHBaHE, KaTo €
IpefBUICHa BB3MOXKHOCT 3a 3apeXkJaHe IOCPEeACTBOM CHEeLHaIn3UpaHa HHTErpaliHa cxema
LTC4054 (IC4) 3a 3apexxnaHe Ha aKyMyJlIaTOpHH OaTepuu 3a OCHTYpsBaHE Ha aBTOHOMHOTO
3axpaHBaHE HA MPOEKTHPAHUAT BB3€N 3a IpocieanMocT Ha xpaHu. PerymaropsTt IC1 ocurypssa
3.3V NOCTOSHHO HampeXeHHe 3a NpHEMO-TIpeaBaTeNs M MUKPOKOHTpoiepa. Lora mpuemo-
TpeiaBaTells € peasu3upaH Ha 0a3a Ha crenuanu3upana wHTerpanHa cxema SX1276 (IC2) Ha
¢upmara Semtech. SX1276 mnpurexxaBa YyBCTBUTETHOCT Ha IpHeMaHe okono -148dBm.
Koncymanusra Ha npueMo-npenasatens B cram pexuM € 0.2uA, a B roropHoct 1.6 mA.
W3xomnata MomHOCT Ha npenaBane € 13 dBm. SX1276 uma BrpageHa 256 6GaiitoBa RAM 3a
Oydep Ha manHu gocthiHa B pexkuM LoRa [8]. I'pymata enementn C1, C2 n QI e cranmapTHa 3a
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peanuszalys Ha BRHILHA YECTOTHO 3aJiaBallla Ipyla Ha TakToBus reHeparop Ha SX1276. Ilpuemo-
TperaBaTeHUA TPaKT W3MON3Ba oOIla aHTEHa, IOpagyl TOBa 3a MYITHIUIEKCHPAaHE W
JEMYITUIUIEKCUpaHe Ha CHUTHAJIHTE KbM/OT aHTEHAaTa Ce W3MONI3Ba CIEIUAIN3UpaH aHAJIOroB
yIpaBJIIBaH KOMYTATOp 32 BUCOKHU decToTH TUn PE4259 (IC3). AHTeHara e cMeHseMa ¢ KYIUTYHT
SMA/UFL ¢ nen u3n0I3BaHEe Ha Pa3NMYHH aHTEHHU CHCTEMH B 3aBHCHMOCT OT IIOKPHUTHETO HA
nuto3a. CeHzopbT 3a Temneparypa IC4 e tuma DS18B20 — nudpoB eaHonpoBoaeH Ha Gupmara
Maxim. Toif mmepBa TemmepaTtypara B obxBar ot -55°C mo 125°C c Tounoct +/-0.5°C, karto
u3non3Ba 12-6utoBo M(MPOBO MpEnCcTaBsHE Ha NaHHUTE. AJTOPUTMUYHATA Jauarpama Ha
NPOEKTUPAHUAT KPAeH BB3€II € MoKa3aHa Ha ¢ur. 3.
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@ur. 3 Aneopummuuna ouazpama Ha NPOeKMuUpanusm 6b3eJ

IIporpaMHOTO OCHrypsBaHE Ha KOMIIIOTBpPHATa cHCTeMa ¢ pa3paborTeHo Ha 0a3a Ha
anantupade Ha IBM LoRaWAN C-6ubimorekn (LMiC) 3a KOHTpOJ Ha JOCThIIA J0 MPSHOCHATA
cpena (MAC). Ilpu 3asBeH MHTEpec aBTOpa MPENOCTAaBST MPOTPAMHUST KOA 3a OOCITyXBaHE Ha
cucreMara. lleHaTa Ha mpemIOKEeHaTa MHKPOIIPOLIECOPHA CHcTeMa Oe3 JIOIBIHUTEIHH EIeMEHTH
o uenu 3a 2018r. e camo 10 eBpo.

3akJoueHue

IIpencraBeHaTa CTpykTypa 3a pealu3alliss Ha cUCTeMa Ha 0a3a Ha MUKPOKOHTpOIeEpa
STM32L053R8 u mnpuemo-npenaBarens SX127, mo3BossiBa Ja ce KOHTPOIHMPAT OCHOBHH
mapaMeTpu Ha XpaHHTEeIHUTe NpoaykTu. IlpemnoxeHaTa cucrema € XapJIyepHO OTBOpEHA U
NO3BOJIsABA 1]a CE€ pas3IlUpsiBa C Pa3AM4YHU BHIOBE ceH3opu. IIpennokeHara CTpyKTypa aganTHpa
paboremy MOpmeNU W TEXHOIOTHMH, MOpagd KOETO Ife HaMEpH M IPUWIOKEHHE B XpaHHUTETHATa
ungyctpus. IIpeanokeHnsT kpaeH Bb3el € IPUIOKUM 32 MHOTOKPAaTHO U3MOI3BaHE U C Bb3MOXKHO
Hal-HHCKa IIeHa CBC IIeJT MacOBO M3IIOJI3BAaHE C ONMAKOBKHM 3a XpaHH. ITyOmmkanmsTa mpencrass
I'BPBU PE3YJITATH OT Hay4eH MPOEKT ¢ Tema ,,M3rpaxkaane Ha MOJepHa JIOKalIHa UHPPACTPYKTypa
3a Untepuer Ha xpanute” N 08/18H Ha YXT - [TnoBaus.
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KOMITIOTBPHA CUCTEMA C OTBOPEH KOJ
3A CbBUPAHE HA JTAHHHU — MTR
Pocuna MakcumoBa, Kpacumup Koses
YHuBepcHUTET 10 XPAaHUTEIHHU TexHoJoruu — Iliiosaus

OPEN SOURCE COMPUTER SYSTEM FOR
DATA ACQUISITION — MTR
Rositsa Maksimova, Krassimir Kolev
University of Food Technologies — Plovdiv

Abstract: The paper focuses on an approach for using modern open-source data acquisition
systems with a drone. A variant of using one board computer Raspberry Pi 3 for implementing a
data acquisition system is presented. An analysis and comparison is made with existing open-
source systems. A suitable periphery is chosen. An algorithmic diagram of the computer system is
given. The application software is implemented on Python 3. A functional analysis of the
presented computer system is made.

Keywords: Computer systems, Data acquisition system, Raspberry Pi, Python.

BbBenenune

XapmyepHuTe pemieHuss U coPTyepHUTE peanu3aluy ¢ ,,0TBOPEH KOA™“ ca TEHICHIUS B
Pa3BUTHETO Ha CHBPEMEHHHUTE KOMIIOTHPHHU cucTeMu M TexHomoruu nHec (OSHW, 2018). B
HacTosIaTa pa3paboTKa € MPHIIOKEeHA Ta3M KOHIEMIHS TIPH IIUIOCTHA pealn3aliys U W3M0JI3BaHe
Ha KOMITIOTBPHA CHCTEMa 3a ChbOMpaHe Ha JAHHM OT OKOJIHATa cpeja. 3a pealu3alys Ha TakaBa
cucreMa e u3bpaHa xapayepHa riatdpopma Raspberry Pi 3 (Charleston, 2016) 3aeqHo ¢ omie nBa
pasumpurenan moxyna — PiJuice (PiJuice, 2018) u Sense HAT (Sense HAT, 2018).
[penocTaBsHUTE CBOOOIM HA OTBOpPEHHUS KOX M e3uka Python 3 HU mo3BOJISIBAT &a peamm3upame
cHcTeMa, KOSITO € TOJIe3Ha 3a M3CIIeABaHe Ha PAa3IMYHH YCIOBHS Ha OKOJHATA Cpesia, He caMo upe3
JaHHHM, KOUTO CE 3alMCBAT W CHXPAHABAT JIOKATHO, a CBIIO TaKa IOCPEICTBOM OTIANICYCH
0e3KW4eH JOCTBHII Ype3 MOOMITHU YCTPOIHCTBA.

Marepuaau U MeTOTH

ChBpeMEHHUTE KOMIIOTBPHU CHCTEMH 3a ChOMpaHe Ha JaHHU OT OKOJHATa cpena TpsOBa
Jla IPUTEKaBaT IMO-ToJsIMa (hYHKIIMOHATHA MOOMITHOCT, 2 IMEHHO!

- J1a IMaT Bh3MOXKHOCT 33 0€3)KMYHA MPEKOBA CBBP3aHOCT;

- Ja WMAaT BB3MOXHOCT 3a Manka KOHCyMamws C Iien OaTepwifHO 3axpaHBaHe 3a
HelpeKkbCHaTa paborTa;

- 7a CHeMaT W JWUCKPEIUTHPAT CHOTBETHHUTE TEXHOJOTMYHM CHUTHAJH, OIWCBAIIN
CBCTOSIHUETO Ha OKOJTHATA cpefia (TeMIieparypa, HajsraHe, BIaKHOCT | JIp.);

- Jla IMaT BB3MOXKHOCT 32 JIOKaJTHO OydepupaHe Ha MOIyICHUTE TaHHH;

- Ja IMaT BB3MOXKHOCT 33 JUCTAHIMOHEH KOHTPOI;

- Jla IMaT HHCKa IIeHa;

- Ja IMaT MaJIK| Pa3MepH 3a HHTETPAIHs B JICTSAIIN aBTOHOMHH CHCTEMH (IPOHOBE).

51



Hapen ¢ Te3u OCHOBHM W3HMCKBAaHHsl W Clie[ Tperje] Ha CHCTEMHTE C OTBOPEH KOJ €
CHHTE3MpaHa CTPYKTYypHA CXeMa Ha KOMITIOThPHATA CHCTeMa 3a ChOMpaHe Ha JJaHHH, I0Ka3aHa Ha
due.1.
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@ue. 1. CmpykmypHa cxema Ha KomniomvpHa cucmema MTR

Kato simpo Ha pa3paboTeHaTa cHcTeMa € M3ION3BAaH SJHOIIATKOB KOMIIOTBHP Raspberry Pi
3B (Monk, 2016). 3a mocThrane Ha aBTOHOMHO 3aXpaHBaHe € H3MON3BaH Moayn Piluice,
yIIpaBiIsABaH 0T chBpeMeHeH MUKpokoHTponep STM32F030. IIpeaqumcTBOTO Ha M30paHUS MOIYI €
HAJIMYMETO Ha BrpaJieH yacoBHUK 3a peanHo BpeMe (RTC), koliTo ce u3non3Ba B HalaTa cUCTEMa.
3a peanu3upaHe Ha ceH3opHaTa 4acT € u3non3BaH MonyabT Sense HAT. Cenzopuust monmyn
TO3BOJISIBA J]a C€ MU3MeEpBaT, MOCPEACTBOM BIpaJieHH WHTETPAIHU CEH30pH, CIeAHUTE (QU3NUHU
BennunHA — atMocdepHo HamsraHe (260 — 1260 hPa), orHocurenna BrmaxkHoct (20-90 %rH),
yckopenue (+/-2/4/8/16 g), maruutHo mome (+/-4/8/12/16 gauss). IIpemuMcTBOTO Ha TO3U
WHTErpUpaH MOJIYJ € HaJUYMeTO Ha JIOKalHa MHauKanus, mroictuk 1 32KB EEPROM mnamer.
Bcekn censop uMa nHamBrayanes 1°C aapec.

Pe3yararu u o6cbxaane

Ha 6a3a Ha mpemoxeHaTa CTPYKTypa € peali3upaHa KOMITIOThPHA CHCTeMa 3a ChOUpaHe
Ha maHHE — MTR. 3a mpeHoc Ha KOMIIOTBPHATA CHCTeMa € U3non3BaH ApoH Phantom 3 Standard,
MPOU3BENCH OT M3BECTHATA KOMIIAHWS 3a MPOW3BOJICTBO Ha JeraTtenHu amapatd DJI. Bcewmukm
eJIEMEHTH B CTJI00CHO ChCTOSIHUE ca TOKa3aHu Ha ¢hue. 2, a Bu3yanusauus Ha paboTHaTa cpesa e
u3BBpIIeHa mocpenctBoM npunokerne DJI Go kakTo e mokasano Ha ¢gue. 3.

®@ur.2. Xapoyepna peanuzayus na MTR
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Ready to Go (!

C

00:00:31

10,5 M 0:0,8 m V. +.5:0,0 Mm/:

@Due.3. Busyanuzayus Ha pabomuama 30Ha

AJNTOPUTMHYHATA JMATPaMa HA PEATM3MPAHOTO TPHIOKHO MPOTPAMHO OCHUTYPSBAHE HA
nporpamara MTR e nokasana Ha gpue.4.

HAYANIO 4>|

[ CvsnasaHe Ha Shebang-pea |
£3

I |

MokaseaHe Ha TEKCT Ha Aaucnnen
Ha SenseHat
¥

UHnuymanmsumpaHe Ha
npomeHnmBa 3a MHTepBasia oT
Bpeme 3a 3anucsaHe B CSV danina

v
Aernapupane Ha Nnpomensinea 3a
MmeTo Ha daiina upes nsBmuKBaHe
Ha byHkuma
v

[ No6asAaHe Ha moaynm
2

Aedurnmpane Ha GyHRLMA
o6pasysaHe Ha umeTo Ha

ADedbumHmparHe Ha dbyHKUuMA 3a
cb6upane Ha AaHHU OT |

3aBbpTaHe Ha UMKB/, AOKATO He
ce HaTUCHE AXKOMCTUKBT Ha
SenseHat HanNABO MM HAOACHO |

censopuTe Ha Sense HAT cbc
SaKkpbrAAHE A0 NBPBU 3HAK U
BpbLWAaHe Ha 1TMCT OT cTonHocTUTEe

NHKpemeHTUpaHe Ha
HauasHaTa CTOMHOCT Ha
QNH-dbaxkTopa

Mpoesepka 3a
HaTucHaT 6yToH
Harope

Mposepka
3a cToiHocT O OT ceHsopa
3a HanArane

na

Mpuxsawane Ha
eBeHTyanHa rpewka ot
Aeneve na O

AdexkpemeHTmpaHe Ha
HadYanHaTa CTOMHOCT Ha
QNH-dpakTopa

TNposepka 3a
HaTucHaT 6yToH

M3BbpIBaHe Ha
msuuncneHmero sa
HaaMopcKa BUcCOYUHa

poesepka 3a cunaTa
Ha Te>kecTTa (G > 1) no egHa
oT TpuTe ocun

MokaseaHe Ha gucnaea
nonydeHaTa CTOMHOCT 3a
Bpemesun nHTepsBan n
M3nnsaHe oT uMKbAA

fokassane Ha Aucnnen
nonyuenaTa croMHoCT 3a
QNH 1 nsnmusaHe or
LUHnKbOa
v

3anunceaHe Ha
CToHOCTTa KaTo:

SasupraHe BTOPM
P P CrapTtupate Ha

X axis: G = ... nan UMKDB/, AOKaTO He ce
s G = = nporpamaTta MTR
Y axis: G = ... nan HaTUCHE OXKOMCTUKDBT Ha [4+—
Z axis: G
SenseHat HanAso uan OTBapaHe 1 3anuceaHe

HaAAcCHoO BbB datina npes
3apaneHun C A>KOMCTUKA

uHTepsas OoT Bpeme

Normal: G =1

| 3anuceaHe Ha CTOMHOCTTa KaTo

Tposepka 3a
HaTucHaT 6yToH
Harope

| Cb3paBaHe Ha o6eKT OT Knaca |
SenseHat

NMpoeepka
Sa HaTucHaT HAKOM OT

N3uncreaHe Ha ekpaHa Ha Sense
HAT

OerknapupaHe Ha NPOMEHAMBU Ha
LUUKAUTE 33 PbUHO BbBEXKAaHE Ha

NnkpemeHTupane Ha
HavanHaTa CTOMHOCT
Ha BpemesunAa

4-Te 6yToHa 3a NOCOK3
Ha O>KOMCTUKA

vHTepBan

N3uucTeaHe Ha ancnnen

CTOWHOCTU C AXKONCTUKA

MHuLnannsupane ¢ HadanHa RP AT
cToHocT 1000 Ha NnpomenHnusaTa

3a QNH-dakTopa

li

Duz.4. Ancopummuuna ouazpama Ha NPUIONHCHO npospamuo ocuzypasane Ha MTR

IIporpaMHOTO OCHIypsBaHE Ha KOMIIIOTBPHATa CHCTeMa ¢ pa3paboreHo Ha 0Oa3a Ha
nporpamuus e3uk Python 3 (Blum, 2016) Ha cpeam 3a pazpabotka Python 3 IDLE (uHa Raspberry
Pi 3B) u PyCharm (wa manrom ¢ Windows 10 Education). IIporpamMHOTO OcHTypsiBaHE Ha

cucremata MTR ce cpappka B HiIKoIKO Ha  Opoir  ckpumnra:  MTR.py,
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CLEAR SENSE DISPLAY.py, STATUS.py, CHARTS PYGAL.py, WUNDERGROUND.py u
nporpameH ckpunt ¢ rpadudeH uarepdetic GUI MTR.py, obenuHsBamn 1eicTBUETO HA BCHUIKH
CKPHUIITOBM MPOrpaMH W Mpeiarail BU3yalHO VIpPaBiICHHE HA CHCTEeMara. Peanu3upanHust
rpadudeH moTpeOuTeNcKkn uHTepdelic n opraHusanuara Ha (ainoBere B cuctemata MTR ca
[pEe/ICTABEHHU Ha huz. 5.

MTR @author: Rossi RM

d;g'r e

=) = (¢

| (ovos | [regor | [t s | cnans |

[ [ I

GUI_author_

Rossi_RM

home pi

NAPONA

A"

Duez.5. Peanuzupano npozpamuo ocuzypsaeamne
IIpu 3asBeH HHTEpEC aBTOPHUTE MPEIOCTABST IPOrPaMHHMS KO 32 0OCITy)KBaHE Ha CHCTEMarTa.

3akio4yenue

HHTepechT KbM Ch3aBaHE Ha CHBPEMEHHH CHCTEMHM 3a ChOMpaHe HA JaHHM Hajara
M3MO0JI3BAHETO HA CHBPEMEHHHU BrpajieHd KOMITIOTBPHH CHCTEMH W MPOrPaMHU CPEAM OT HOBO
MIOKOJICHHUE, TIO3BOMIABAIM peann3upaHe Ha rpadudaen norpedurencku unrepdeiic. [pemnoxenara
CHCTEMA € XapJyepHO OTBOPEHA M IO3BOJSBA Ja CE Pa3LIMpsABA C Pa3IMYHU BHIOBE CEH3ODPH.
IIpemnokeHaTa KOMIIIOTBpHAa CcHcTeMa 3a chOMpaHe Ha JaHHM TIPUTEXKaBa IIbJIHA Trama
uHTepdeiicy 3a noryyaBaHe Ha JUPEKTHA CeH30pHa MH(pOpMAaLH 32 OKOJIHATa Cpejia M MOXKeE Jia ce
M3II0JI3BA 32 MPOBEXIAaHE HA JINYHW M HAYYHH €KCIIEPUMEHTH B Pa3IMIHNA MHTEPIUCIUIUINHAPHI
00J1aCTH 1 NPUPOIHHK cpeny, OiarojapeHue Ha (akra 4e MPOLECHTE 3a 3alMCBaHe Ha JAHHHUTE U
00paboTBaHETO WM Ca aBTOMATH3MpaHM dYpe3 cKpunToBe. CBHINECTBEHO MPEIUMCTBO Ha
peanm3upaHaTa CHCTeMa € HeWHaTa MOOMIHOCT M BB3MOXKHOCT 3a JUCTAHIMOHEH KOHTPOIL.
3amicaHuTe JaHHU MOJXKE Ja e MperiexaaT U CbXpaHsaBaT Ipe3 BPEMETO KaTo apXUBHU. B cnydait
4ye ce M3UCKBa crenududeH HabOp OT CEH30pHM JaHHM, €3WKbT Python c yexora ocurypsiBa
IbBKaBOCTTA Ha Koja 3a MOCIEABAIM MOAM(PHKAIMK W paslIUpsBaHE Ha CHUCTEMaTa.
IIpencraBenaTa myONMKaIMsd TIPEIOCTaBA pe3ylTaTH OT JAWIUIOMHaTa pabora Ha Pocuma
MaxcumoBa ¢ HaydeH pbkoBoauten jpou. Kpacumup Kones.
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HUHTEP®ENC HA LAB VIEW ITIPHJIO)KEHUE 3A MOJIEJIUPAHE
HA KOJOB ITPEOBPA3YBATEJI 3A HEJIN YUCJIA
HNBanka KpbcreBa, Pagociasa I'aGpoBa
Yuusepcurer 1o XpanurejaHu TexHonoruu

LAB VIEW APPLICATION INTERFACE FOR
MODEL OF INTEGER DECODER
Ivanka Krasteva, Radoslava Gabrova
University of Food Technologies

Abstract

It is developed a model of integer decoder which convert binary numbers to decimal
numbers using three registers and one adder. The model is implemented in LAB VIEW
environment with graphical user interface. The user interface is designed with different colors
according to type of registers. The user interface shows conversion steps and math operation
results. The developed LAB VIEW application could be used for training courses of “Computer
Organization” and “Computer Architectures”.

Key words: user interface, integer decoder, LAB VIEW

BnBenenue

B crarmsra ca mpeacTaBeHM CTBIKHTE NPH Ch3JaBaHEe HAa MOTpeOMTENICKHM MHTepdeic Ha
mporpaMa 3a mpeoOpa3yBaHE Ha IeIH YHCIa OT ABOMYHA B JEeCeTHYHa OpoifHa cucrema. 3a
peanusupaHe Ha IporpamaTa € u3Ioi3BaHa rpaduuHa nporpamna cpena Ha National Instruments
(LAB VIEW), neifaure Ombmmorexn n MHCTpyMeHTH. IIporpammte m moxmporpamute B LAB
VIEW ce Hapu4at BUPTYaJIHH MHCTPYMEHTH, KaTO BCEKH OT TSAX MMa J]Ba KOMIIOHEHTa — OJIOKOBa
JarpaMa M TIpefieH rmaHen. Upes mpeaHns maHes ce BEBSKIAT U IOMydaBaT JaHHH OT pabOTeIHs
BUpTyasieH HHCTpyMeHT (Danev, 2017; Danev, 2017; Halvorsen, 2016) .

Ilpu rpaduunoro odopmsHe Ha moTpeOHTENCKUs HHTEpdeiic TpaOBa na ce MOCTUTHE
CTPYKTYpHO emuHCTBO. ToBa cTaBa dpe3 CBHIVIACYyBaHE HA HETOBHTE OCHOBHHU M3TPaXKIAIIN
enemenTH (Samara, 2007).

MaTepuajim 1 MeTOIH

Bceekn BHpTyalieH MHCTPYMEHT HMMa TPH KOMITOHEHTH: OJIOK-CXeMa, TpeleH MaHel |
CBBbp3Ball naHen. [IpenHuar maHen mMo3BojsiBa Ha omepaTopa Aa BbBEXAa JaHHU WM J1a W3BIMYA
JAHHU OT paboTenss BHPTyaslieH WHCTpyMeHT. ChINO Taka TOH MOXE Jia CIyXH H KaTo
notTpebuTencku uaTepdeiic, mpy KOUTO Ja ce BKITIOYAT U €IIEMEHTH OT 3aTHHS TIaHET.

Bwamoosrcnocmu 3a uszparxycoane na nompedbumencku unmepgeiic (npeden namnen) 6
LabVIEW
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Ipennusat nanen (Pur.l) no3BoisBa Ha omepaTopa Aa BHBEXKAA WIM U3BJINYA JaHHU OT
TEeKyI BUpTyaneH nHCTpyMeHT. B LabVIEW ce m3rpakaa norpeburencku naTepdeiic ¢ moMorra
HA KOHTPOJIM U UHAUKATOPH.

- Untitled 1 Front Panel *
Eﬂ Edit Mew 7 Eroje\:t Qperts Lols ﬂlndu elp :

:@Iﬁptnppllcalmnﬁnt -”;Dvlg.”n:v“&v'

Nurneric

Boolean

Our.1. IIpenex nanen

KoHTponuTe ca BXOJHH YCTPOWCTBA M CITyXKaT 3a BHBEXKIaHEe HA JAHHW B mporpamara. Te
OpENCTaBIABaT OYTOHH, CKaJH, MOJNeTa U APYTH BXOAHH YCTpOHCTBA. VHIMKATOPUTE Ca M3XOIHHU
YCTPOMCTBA M CIY)KAT 3a MMOKAa3BaHE Ha PE3yJITaTHTE, KOWTO C€ MOJyYaBaT OT pa3paboTeHaTa
nporpama. Te MoraT fa ObaT rpaMYHN UHAUKATOPH, CBETOANOH, TUCIUIEH U APYTH.

[MudpoBuTe maHHM MoraT jaa ce BbBexAaT upe3 moneto “Numeric Control® wiam nma ce
n3Benat upe3 nonero “Numeric Indicator, kakTo ca mokasanu Ha ¢urypa 2:

el

@ur.2 Numeric Control” u “Numeric Indicator

PazmmkaTa mexxmy “Numeric Control” u “Numeric Indicator” e, 4e upe3 KOHTponaTa MOXe
Jla ce BbBeJIe CTOIHOCT, a MHAMKATOpa CIIY)KH CaMo 3a IIPOYUTaHe HA CTOMHOCTTA 6€3 Bb3MOXKHOCT
3a mpomsHata u. “Numeric Control” mMa OyTOH 3a HaMmansBaHE W yBeIM4YaBaHE, a IU(PPOBUI
MHAUKATOP € C MO-ThbMeH (POH KOeTO MOKa3Ba, Ye € CamMo 3a YeTeHe.

Axo ce u3bepe KOHTpoOJIa 3a BbBEXAaHE Ha LudpoBa MHPOpMaNUs, TS JIECHO MOXE Jia ce
TpaHchopMupa B IMUGPOB WHIUKATOP Ype3 JECHUS OYTOH Ha MUIIKaTa M M30MpaHe Ha OIIIHATA
“Change to Indicator” (®wur.3). Ilo chluuMs HAYMH MOXE Ja CE WU3BBPIIM U OOPAaTHOTO
npeobpasyBaHe OT IM(POB HHANKATOP B KOHTpona (Dur.3).
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Description and Tip...

Create

»
Replace » Replace '
Data Operations » Data Operations
Advanced » Advanced
Fit Control to Pane Fit (IZont'::;I to P-Te
Scale Object with Pane Scale Object with Pane
Representation 3 :dapt To tSotn‘.ln:e
Data Entry... Dfap:ese: al m:
Display Format. isplay Format. ..
Properties Properties

@ur. 3 Onumure “Change to Indicator®, ,,Change to Control” u npescraBsiHe Ha BU3yaJiHaTa
pasnuka Mmexay “Numeric Control” u “Numeric Indicator”

Upes u360p Ha Tools Palette or MeHIoTO View Moxe a ce ch3/1aBa MM IPOMEHS IIPEAHMS HaHel,
a CBINO Taka Ja ce oTcTpaHsBaT W rpemku (¢ur.4). Tools Palette € mocThiieH, KakToO Ha TPEITHUS
IIaHes, Taka U Ha 0710k auarpamara. Ha ¢ur. 5 ca mokasanu nnctpymentute Ha Tools Palette.

Untitled 1 Front Panel

File Edit BUECH Project Operate Tools Window Help

Controls Palette

pekions Palette
Tools Palette
Quick Drap Ctrl+Space

Breakpoint Manager

Probe Watch Window

Error List Chri+L
Load and Sav

Warning List

VI Hierarchy
LabVIEW Class Hierarchy

@ur.4 locten go Ilanutpa ,,AHCTpYyMEHTH @ur. 5 ITanurpa ¢ UHCTPYMEHTH

| . .
. HuctpymentsT Operating tool ce u3monsBa 3a NpOMsiHA Ha CTOWHOCTHUTE HAa KOHTPOJIATa,

WM 33 MapKHpaHe Ha TeKcTa B KOHTpoiara. Toil ce mpoMeHs Buja CH Ha [ , KOraTo ce JIBHXH
BBPXY TEKCTOBa, I(POBa WM HI30Ba KOHTPOIA.

WuctpymentsT Positioning tool ce wu3mon3Ba 3a MO3WIMOHUpPAHE, CEIIEKTHpaHEe,
IpeMecTBaHe WK Ipeopa3MepsiBaHe Ha 00SKTH.

@ WuctpymentsT Labeling tool ce u3non3Ba 3a penakTupaHe Ha TEKCT M 32 Ch3JaBaHe Ha
(=

eTukeT Ha obektute. Toil ce mpoMeHs Ha E, KOraTo C€ Ch3/1aBaT €TUKETHU.

HuctpymentsT Wiring tool ce u3mnon3Ba 3a CBbp3BaHe Ha OOEKTHTE B OJIOKOBa cXeMa.
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Pesyaratu u od6cbKIaHe

Ch31a€HO € TIPIIIOKEHHE 0 aJTrOpUThMa 3a alapaTHO MpeodpasyBaHe Ha IIENH YHCia OT
JIBOMYHA B JieCeTUYHa OpoifHa cucTeMa, mpejcraBeH Ha ¢ur. 6 (Smrikarov, 2002). AmapatHOTO
npeoOpa3yBaHe Ha [IEJTM YMCIIa CTaBa 4pe3 MPHOaBSHE HA KOPEKIHs (+3) KbM TeTpaauTe (IeTHPH
Oura), KOUTO ca TO-rojeMH OT 4 W u3MecTBaHe HaysBO. VHTepdelichT Ha pa3paboOTEHOTO B
LabVIEW npunoxeHue e rpeacTaBeH Ha ¢ur. 7.

HsmecTEaHe Ha TAED 1 l

ITpemagame Ha Koga i |
[Tprmemane B2 KoJa ::I = i |

[IpegaEzHe HA EOga ::[ Pk I
3apexazHe HA EOJa
@ur. 6 Cxema Ha OJIOK 3a TIpeoOpa3yBaHe Ha IIENU JBOMYHM YHCIIa B JeCCTHYHA OpoifHa cucTeMa

MNpepasaHxe Ha Mpuemare Ha
koaa koaa WUamecTeaHe 3apexaaHe Ha
B CymaTopa oT cymartopa Ha nABo perucTsp Px

Pz

0]ojo]offojofo]ofre=fofo]o[o]o[o]oex

Kpaen pezynrar

éé

3apexaaHe Ha  [lpepaeane Ha
percTep Prop Koja B
cymartopa

@wr. 7 UnaTtepdetic Ha LAB VIEW npriioskeHne 3a MOJIeTMpaHe Ha KOJIOB IIpeodpasyBarteln 3a
LIeJIN YKcTa

[oTpeOurenaT upe3 OYTOH yKa3Ba BBBEKJAHE Ha JBOMYHOTO UHCIO, KOETO IIE Cce
npeoOpas3yBa, B peructepa Py. ANTOpUTBMBT Ce peaau3upa Ha CTBIKU: KOPEKIHUS, CyMHpPAHE,
npueMaHe Ha Kojia oT cymaropa B P, u n3mectBane HansBo Ha Py u P,. PesynrarsT ce Busyanusupa
B perucrbpa P, B nBonmuHo-gecetmueH koA. Tol ce cbCTOM OT JBE TETpaad, KOUTO ca
HPOCTPAHCTBEHO OTJAJIEYEHH, TaKa 4e OIepaTopa Ja Ce OPUEHTHpaA JECHO B KOs OT TETpaauTe €
HEeoOXOJMMO Jia ce M3BLpIIM Kopekuus. B perucrbpa P, ce BbBEXJa KOpeKuus, ako e
HE00XOIMMO Ja Ce U3BBPIIH TaKaBa.

Upes OyToH ce 3a7aBa U3MECTBAHE Ha JIsiBO Ha Py n P,. Py, € ch3nanen unentuyso ¢ P, B
Hero omepatopbT pbuyHO upe3 “Numeric Control BbBe)kma HeoOXxomumarta Kopekims. Upes
Oyronn Toil mpenaBa koma or P, m Py, B cymaropa. CymMaToOpbT aBTOMAaTHYHO MH3BBHPILBA
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chOMpaHeTO Ha JBeTe JBOMYHHU 4ymcia. OmepaTopsT upe3 OyroHa ,llpmemane Ha Kkoma OT
cymaropa®, IpexBbpiis pe3yirara ot cymaropa B P, Ciiex KOeTo UKBIBT CE MOBTApSI.

Tpure perucrtspa P,, P, u P, ca cb3manenm B pasnuyHu 1BeTOBE. byronmre 3a
YIIpaBJICHHIE Ha BCEKU PETHCTHP Ca CBBP3aHH ChC CTPEIKH, KbM PETHCTPUTE KOUTO yIpaBisiBaT. Te
ca U34epTaHHU B 3€JICH LBSAT.

[IpenBuneHa e cUTHAJNU3aNUs NPHU MOTyYaBaHE Ha KpaWHHS pe3yirar. 3a WHIUKATOpa ¢
n30paH CHHHSA IBAT (KOTaTo orepaTopa paboTH ¢ KOROBHS TpeoOpa3yBaTel) M 3€NeH IBAT 3a
MPUBJINYAHE HA BHUMAHHETO (KOraTo IMpeo0pa3yBaHETO € MPUKIIFOUHIIO).

TekcroBara mHpOpMaIUs € mpeacraBeHa ¢ bescepuden mpudt, mopaau mo-godpata My
YETHMOCT U Bb3MOXHOCT J1a Ce H3II0I3Ba 32 TEKCTOBE C MaJIka BUCOUMHA HA OyKBaTa.

3a akIeHTHpaHEe BBPXY IMO-BakHa 3a IOTpeOuTeNs MHGOpPMALUS MOXE Ia Ce H3II0i3Ba
TEKCT ¢ pasznmdeH IBAT. [Ipu ch3gaBaHeTo Ha rpaduuHusA HHTEp(EHC € BaXKHO MO3UIIMOHNPAHETO
Ha CIEMCHTUTE BBPXY IUCILICS.

Baxxen e m300pbT Ha 1BAT Ha (oHA Ha HHTEepdeiica. Toit TpaOBa 1a HE OB/Ie MHOTO SIPBK, 32
Jla He HATOBapBa 3PCHUETO U Ja ObJe ChoOpa3eH C IBETa Ha TEKCTa TakKa, Ye Jia He CC CIMBA C
(oHa, 3a 11a € JIECHO YETUM.

3a ¢on Ha wmHTepdelica e M30paH CBETIO CHUB IBAT, KOMTO MpHIaBa eIeraHTHOCT,
O(UIHAIHOCT, ¥ HEYTPAITHOCT.

3aki0uenne

Ch3nmaieHusT Mojen Ha TMpeoOpasyBaTen € MOIXOMIAII 32 OHArJIeAsBaHe Ha arnapaTHOTO
npeoOpa3yBaHe Ha 4YHcCiIa OT JABOMYHA B JeceTMyHa OpoiiHa cuctema. Toil e momxoasml 3a
MpOBEX/IaHe Ha yrnpakHeHUs 1o OpraHuzanys Ha KOMIIOThbpa M KOMMIOTBPHH apXUTEKTYpPH.
[[BeTHHAT qU3aiiH Ha uHTEpdelica ynecHsIBa paboTaTa Ha OIepaTopa.
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BbPXY U3OMOP®U3IMUTE HA KPAMHOMEPHU KOMYTATUBHU
AJITEBPU BE3 HWINIOTEHTHU EJIEMEHTHU HAJI ITIOJIETO HA
PEAJIHUTE UUCJIA
Hopaan Enutponos?, MBanka I'panesa?,

‘MaoBauBcku YHuBepcuret “II. Xunengapckun”, [linosaus, bbarapus

ON THE ISOMORPHISMS OF THE FINITE-DIMENSIONAL
COMMUTATIVE ALGEBRAS WITHOUT NILPOTENT ELEMENTS
OVER THE FIELD OF REAL NUMBERS
Yordan Epitropov?®, Ivanka Gradeva?,

*Plovdiv University ‘P. Hilendarski’, Plovdiv, Bulgaria

Absrtact. We give necessary and sufficient conditions for a finite-dimensional
commutative algebra without nilpotent elements over the field R of real numbers to be
isomorphic as an R -algebra to the group algebra RG of a finite abelian group G . Moreover, we
give necessary and sufficient conditions for an one such algebra to be isomorphic as an R -algebra
to some group algebra over R . In addition, we derive a criterion for a finite-dimensional
commutative algebra without nilpotent elements over an algebraically closed field F to be
isomorphic as an F -algebra to a group algebra FG of a finite abelian group G .

Key words: algebra without nilpotent elements; group algebra; finite-dimensional group
algebra; commutative group algebra.

1. Introduction
In the 1860s K. Weirstrass and R. Dedekind describe the structure of a finite-dimensional
commutative algebra 4 over the field R of real numbers or over the field C of complex
numbers (Kleiner, 2007). More precisely, they prove that A is isomorphic to finite direct sum of
copies of the fields R or C.
By using this result, we define in the Section 2 the notion of real cardinality of a finite-dimensional
commutative algebra 4 without nilpotent elements over the field R . We prove (Theorem 3), that
the dimension of R -algebra 4 and its real cardinality determine 4 up to isomorphism.
Through real cardinality we give (Theorem 5) necessary and sufficient conditions for a finite-
dimensional commutative algebra without nilpotent elements over the field R to be isomorphic as
an R -algebra to group algebra RG of a finite abelian group G . Moreover, we derive (Theorem
7) necessary and sufficient conditions for an one such algebra to be isomorphic as an R -algebra to
some group algebra over R .
In addition, we get a criterion (Proposition 9) for a finite-dimensional commutative algebra
without nilpotent elements over an algebraically closed field F' to be isomorphic as an F -algebra
to a group algebra FG of a finite abelian group G .

If K is an arbitrary field, then we shall denote the multiplicative group of K with K™ =K\ {0}
If G is a finite multiplicative abelian group, then we shall denote G[Z] = {g eqG | g’ = 1}.
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2. Isomorphism of finite-dimensional commutative algebras without nilpotent elements over
the field of real numbers

First, we shall give a more general view the results of K. Weirstrass and R. Dedekind with brief

proof in modern terms.

Theorem 1 (Structure). Let A be a finite-dimensional algebra without nilpotent elements over a
field K . Then it holds
A=D®D,®..&D,,

where D, are division algebras over K for i =1,2,...,s and ZdimKD, =dim, 4.
i=1

Proof. As the Jacobson radical J(4) is a nilpotent ideal of 4, then J(4)=0. This implies that

A is a semisimple algebra (Knapp, 2008). We apply the Wedderburn's Structure Theorem
(Pierce, 1982) to A4 and we get
A=M, (D)eM, (D,)e..eM, (D,),

where D, are division algebras over K, M, (Di) are matrix algebras over D, for i=1,2,...,s and

an.z dim D, =dim, 4. But if n, >1 for some i, then M, (Dl.) has non-zero nilpotent elements.
i=1
Therefore n, =1 for i=12,..,s and A is a finite direct sum of finite-dimensional division

algebras over K . #
Corollary 2 (Structure). Let A be a finite-dimensional commutative algebra without nilpotent
elements over the field R of real numbers. Then it holds

€)) A=R®..®R®CD..®C,
where C is the field of complex numbers.
Proof. We apply Theorem 1 to the finite-dimensional commutative algebra 4 without nilpotent
elements over R . From the Theorem of Frobenius (Bahturin, 2010) it follows, that D, =R or

D, =C,i.e. (1) is fulfilled. #
Definition. Let 4 be a finite-dimensional commutative algebra without nilpotent elements over
the field R of real numbers. We shall call the number », of the direct summands R in the

decomposition (1) real cardinality of A4 .
Theorem 3 (Isomorphism). If' A is commutative algebra without nilpotent elements over the field
R of real numbers and dim , A=n (ne N ), then the finite-dimensional commutative algebra B

without nilpotent elements over R is isomorphic to A as a R -algebra if and only if dim B =n
and r =ry.

Proof. Due to the Corollary 2, the necessity is evident. Sufficiency follows from the fact that the
dimension n of 4 over the field R of real numbers and the number 7, of direct summands R in

(1) determine A up to isomorphism. #
Proposition 4. Let RG be a group algebra of a finite abelian group G over the field R of real

numbers. Then the real cardinality ry; of RG is equal to |G[2]| .

Proof. The group algebra RG is semisimple. Then the decomposition RG = @RGe, holds, where
e, are different minimal idempotents of RG , which correspond to the characters y of the group
G (Passman, 2011). The real cardinality ry; of RG is equal to the number of those characters
y:G—>R", for which gy=+1 for each geG. Let G= <g1>><...><<gs>><H be the
decomposition of G in direct product of primary groups, where < gl.> are cyclic 2- groups

(i=1,...,s), and 2 does not divide |H|, i.e. |G[2] =2 For the direct factor H there exist exactly
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one character y, with the mentioned properties, namely sy, =1 for each # e H . For each of the
direct factors <g,.> there are two different such characters y,, and y,, namely gy, =1 and
g1 =—1. Therefore the number of all characters y of G with the property gy =1 for each
geGis 2' = |G[2]| . Since the case G = H is trivial, then 7, = |G[2]| #

3. Isomorphism of a finite-dimensional commutative algebra without nilpotent elements over
the field of real numbers and a group algebra

Theorem 5 (Isomorphism). Let A be a finite-dimensional commutative algebra without nilpotent

elements over the field R of real numbers and G be a finite abelian group. The algebra A is

isomorphic as an R -algebra to the group algebra RG if and only if dim, A = |G| and the real
cardinality v, of A is equal to |G[2]|

Proof. Necessity. Let the finite-dimensional commutative algebra A4 be isomorphic as an R -
algebra to the group algebra RG of the finite abelian group G . Then dim, 4 =dim, RG = |G|
Since in Proposition 4 we showed that 7, = |G[2]| ,then r, = |G[2]| .

Sufficiency. Let dim, A = |G| and the real cardinality r, of the commutative algebra 4 without

nilpotent elements is equal to |G[2]| According to Theorem 3 in order to prove that A4 is
isomorphic as an R -algebra to the group algebra RG it is sufficient to prove, that
dim , A =dim , RG and that the real cardinalities of the two algebras are equal, i.e. r, = ;. The
first condition follows from dim, RG =|G|. The second condition is true, since Proposition 4
implies r,; =|G[2] . #

Corollary 6. Let A be a finite-dimensional commutative algebra without nilpotent elements over
the field R of real numbers and G is a finite abelian p -group, where p is prime. The algebra
A is isomorphic as an R -algebra to the group algebra RG if and only if dim , A = |G| and:

1) if p=2, then the real cardinality r, of A is equal to |G[2]| ;

2)if p#2, then the real cardinality r, of 4 isequalto I.

Theorem 7 (Isomorphism). Let A be a finite-dimensional commutative algebra over the field R
of real numbers. Then A is isomorphic as an R -algebra to a group algebra if and only if the
following conditions are fulfilled:

(1) A is algebra without nilpotent elements,

(i) r, = 2", where t is non-negative integer;

(iil)) dm, A=r, (2k+1), where k is non-negative integer.

Proof. Necessity. Let the algebra 4 be isomorphic as an R -algebra to the group algebra RG for
some group G. Since A is a finite-dimensional and commutative, then G is a finite abelian
group. By Maschke's Theorem (Lang, 2005) the algebra RG is semisimple which implies that 4
is semisimple. Then according to the Wedderburn's Structure Theorem (Pierce, 1982) 4
decomposes into direct sum of fields, i.e. 4 is without nilpotent elements and (i) is fulfilled.

By Theorem 5, the equality 7, :|G[2]| is holds. Consequently r, =2 for some non-negative

integer ¢ . In this way (ii) is proved.

Since |G[2]| divides |G|, where |G| =dim, 4 and r, =|G[2]| holds, then dim , A =r,(2k+1) for
some non-negative integer k , i.e. (iii) is fulfilled.

Sufficiency. Let the conditions (i), (ii) and (iii) be fulfilled. We shall construct a group G in such

a way that the algebra 4 be isomorphic as an R -algebra to the group algebra RG .
The condition (i) and Corollary 2 imply that the decomposition (1) holds for finite-dimensional
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commutative algebra 4 without nilpotent elements over the field R of real numbers, i.e.
A=RD..ORO®CS...®C,

where C is the field of complex numbers. We shall denote #n = dim , 4. The condition (ii) implies

that the number of the direct summands R in the decomposition of 4 is ¢ and the condition (iii)

implies that dim, 4 = 2’(2k+1) for the non-negative integers ¢ and k. We construct an abelian
group G:<gl>><...><<g,>><H of order |G| :2t(2k+1), whose 2-component decomposes into a
direct product of ¢ cyclic groups and |H | =2k +1. Then Proposition 4 for the group algebra RG

implies 7., =2" and (ii) implies r, = r,.. When we apply Theorem 5 to the algebras 4 and RG,

we get 4= RG as R -algebras. #
Corollary 8. Let A be a finite-dimensional commutative algebra without nilpotent elements over

the field R of real numbers, G be an abelian group of order |G| = 2’(2k+1) for some non-
negative integers t and k. Then A is isomorphic as an R -algebra to the group algebra RG if
and only if the number of the direct summands R in (1) is 2' and the number of the direct

summands C in (1)is 2'k .

4. Isomorphism of a finite-dimensional commutative algebra without nilpotent elements over
an algebraically closed field and a group algebra

Proposition 9. Let F be an algebraically closed field, A be a commutative algebra without

nilpotent elements over F and dim, A=n (ne N ).Then A is isomorphic as an F -algebra to

the group algebra FG of some abelian group G of order n, if the characteristic of F does not
divide the orders of elements of G .
Proof. Similarly to the first part of the proof of Theorem 1 it is shown that A4 is semisimple
algebra.
For the algebra 4 over F we apply the Wedderburn's Structure Theorem and we get (Pierce,
1982):

A=M, (F)eM, (F)®..oM, (F)

b
where n’ +n) +...4+n’> =n. Since 4 is commutative, then M (F ) are commutative algebras for

each i =1.2,..,s . Therefore n, =1, which leads to

AZzFOF®..OF,
where the number of the direct summands is # .
On the other hand, according to (Passman, 2011) each group algebra FG of finite abelian group
G of order n over a field F with characteristic, which does not divide the orders of elements of
G, decomposes into direct sum of » minimal ideals, generated from minimal idempotents,

corresponding to all characters of G in the multiplicative group F* of F. Then FG is
isomorphic to direct sum of n copies of the field F :
FG=FGe, ®FGe, ©..®FGe, =FOF®..OF .

Therefore the finite-dimensional commutative algebra 4 without nilpotent elements is isomorphic
as an F -algebra to the group algebra FG . #
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AN INTEGRATING ENVIRONMENT FOR C++ PROGRAMMING
PROBLEMS SOLVING
Yuri Hopteriev, George Pashev
University of Plovdiv “Paisii Hilendarski”
Department of Computer Science

Abstract

This paper describes an Windows application which represents an integrating environment
(IE) for writing, editing, compiling and execution of C++ programs designed for the console.
This application is easy to use and fully functional in the field of C++ programming learning,
which is the basic purpose. The authors intend to develop the IE in the following guidelines: 1)
extension of the list of the programming languages the IE supports; 2) expansion of the
opportunities for practical usage; 3) addition of useful functions for learning process.

Keywords: integrating environment, C++ programming, learning on programming

BBBEJEHUE

Ha ympaxneHusTa mo mporpamMupase CTyJIeHTHTe OOMKHOBEHO paboTiT ChC chims 0a3oB
copryep (TpaHCIATOPHU, TEKCTOBH PEJAKTOPY, HHTETPHPAHU CPEIH U JIp.), KOWTO Ce M3IION3Ba U B
npakTukaTta. ToBa OHAKBIE € pa30MpaeMo U eCTECTBEHO, HO MPH H30opa Ha codryep 3a yueOHU
e e Jodpe Ja ce OTYnTa, Je:

v/ HAKOM cpelM 3a MNporpaMupaHe MpejiaraT MHOTO M TONE3HH 3a MPakTHKaTa
BB3MOXKHOCTH, HO B Ha4aJleH CTauii Ha o0y4YeHHe ce H3II0I3Ba eHa MHOTO MaJIKa 4acT OT TAX H
HE PAIKO MHOTOTO €KCTPH O0BPKBAT 00yIaeMHUTE;

v’ copTyephT € cpedcmeo 3a W3NbIHEHHE HA ONpeNeieHH (YHKIMM W Ch37ABaII0
W3BECTHU yHOOCTBa, T.€. M3IIOI3BAHETO My OM TpSOBAJO Jla yAEeCHSIBA U Jia MPaBH MO-c(HEKTHBEH
nporeca Ha oOydeHme. CTyoeHTHTE TpAOBa Ma MMAaT BB3MOXKHOCT JIa CE€ ChCPENOTOYaT BBPXY
OCHOBHATA CH JEIHOCT — N3y4aBaHe Ha JaJIeH €3VK M JIOTHKAaTa Ha IIporpaMupaHe.

BBB BpB3Ka ¢ Ka3aHOTO I10-TOpPe, aBTOPHUTE ca CH IMOCTABIIIM 3a IeN pa3paboTBaHe Ha cpeda
3a npozpamupane, KosTo, 0€3 VBIHIIHH EKCTPH, OCHTYpsBa HEOOXOAMMHTE HHCTPYMEHTH 3a
NMCAaHe W TeCTBaHE HA NPOrPaMH M IPENOCTaBs NONBIHUTENHH YHOOCTBA, IOANIOMAramiy U
npaBemy no-eexTuBeH mponeca Ha odydeHne. B paborara ce pasriexia mbpBaTa Bepcusi Ha
unmezpupawia cpeda 3a npozpamupane na C++, TpeHa3HAUCHA 32 IMCAaHE, TPAHCIAIUA |
u3MbJHeHne Ha C++ mporpamu 3a KOH30J1aTa.

64



HUHTET'PUPALLIA CPEJIA 3A TIPOTPAMUPAHE HA C++

Wnrerpupamara cpena (MC) npencrasnssa Windows-npunoscenue (dur. 1), BKIFOYBAIIO
B ce0e CH TeKCTOB PeaKkTop M He0OXOoquMHTe (DYHKIINH 3a:

v’ pabora ¢ (aiinose;

v’ U3BHKBaHE HA KOMIIUJIATOP;

v/ cTapTUpaHe Ha M3MBIHUMY (PailioBe (YCIEIHO KOMITHITMPAHH IPOrPaMu).

A C++ Programming Envirc:ﬁment [examplrpp]-‘l-:"l'@'m]

File Edit Compile PRun  Settings About

#include <iostream:s
using namespace std;
int maini)

{

floata, b, s;
cout<<"BrEEOETE CTPaHWTE HE NPEEOEMENHWKE B CAHTUMeTpK ",
cout<<"g=":

cin==a;

cout<<"b=":

cin==h;

s=a"h

cout<<"TIMUeTo Ha NpaBE0BMENHKKE & "<<5<<" KB. cM.\n";
return ;

}

Compile failed!
example.cpp: In function "int main{)':
example.cpp:12:2: error: expected ' before 'cout’
cout<< TIMUeTo Ha NpaBoRMENHKKS & " <<8<< KB, cM.\n™;

®urypa 1. Unrerpupania cpena 3a nporpamMupase. CboOIIeHHe Ha KOMIIIaTopa

WC npenocrasi Bb3MOXKHOCTH 32 Ch3/[aBaHe, MHCAHEe M PeJaKTHPaHEe Ha HOB .cpp-daiin u
3a 3apexk/aHe Ha Beue ChIIeCTBYBAIIl.

Koraro B penakTopa Ha cpenara uma .cpp-daiin (C++ nporpama), ca JOCTIIHA KOMaHIUTE
Compile v Run 0T TJaBHOTO MEHIO Ha TpUIIOXKeHHeTo. TpaHcmanusaTa Ha ChIbpXKalla ce B
pelakTopa mporpaMa ce U3BbpIIBAa OT BBHIIEH KOMIIMIATOP, KOMTO ce M3BHKBA OT MOANPOrpamMa
(pur. 2) mwa UC (mbTIT KbM KOMIMJIATOpPA C€ 3a/laBa B HACTPOMKUTE HA IPUIOKEHHUETO).
[MoamporpamaTa crapTHpa KOMIMIATOPA ¢ HEOOXOAUMUTE OILMH U TTapaMeTpH, KaTo PeHacoyBa
CTaHJIAPTHUA error-TIIOTOK Ha Tpolieca KbM JeHHUpaHa 3a [enTa npoMernsa. Ciex KaTo H3yaka
3aBBPIIBAHETO HA Mporeca, noanporpamara meexna B UC cnucwvk om zpewku (Gur. 1) uian
cvoouenue 3a ycnewna komnunayus (Gur. 3), B 3aBUCUMOCT OT MONYUICHHUS PE3YIITaT.

YenewHo komnunupana nporpama (.exe-gaiin) ce craprupa or VIC nocpeactsom ¢aiin 3a
nakeTHa o0paboTka (shell-ckpunr), KOHTO:

1) 3amaBa HeoOXOAMMAaTa KOMMPOBKA 3a micaHe Ha Kupuiiiia B KOH30/1aTa;

2) crapTHpa Iporpamarta;

3) cnen W3MTBIHEHUETO HA IPOTrpaMaTa OCHTYpsBa HEOOXOAMMOTO W34akBaHe (Tay3a) 3a Ja
MOXE JIa C€ BUAU Pe3ynTatsT (dur. 3).
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Private Sub Compile()
Me.compilerTextBox. Text = ""
If textIsChanged Then SaveCurrentFile()
If Not My.Computer.FileSystem.FileExists(compilerPath) Then
System.Console.Beep()
MsgBox("Compiler not found")
successCompile = False
Exit Sub
End If
My.Computer.FileSystem.CurrentDirectory = pathOfCurrentDir
Dim compileProcInfo As New System.Diagnostics.ProcessStartinfo
(compilerPath, """ & sourceFile & """ " & compileOptions & " """ & outputFile & """")
compileProcInfo.UseShellExecute = False
compileProcInfo.RedirectStandardError = True
Dim compileProcess As System.Diagnostics.Process
= System.Diagnostics.Process.Start(compileProcInfo)
Dim compileMsg As System.IO.StreamReader = compileProcess.StandardError
While Not compileProcess. HasExited
compileProcess. WaitForExit(1000)
End While
If compileProcess.ExitCode = 0 Then
Me.compilerTextBox.Text = "Compile succeeded."
successCompile = True
Else
Me.compilerTextBox.Text = "Compile failed!" & vbCrLf & compileMsg.ReadToEnd
successCompile = False
Me.compilerTextBox.Select(0, 15)
Me.compilerTextBox.SelectionColor = Color.Red
End If
End Sub

®urypa 2. [Tonnporpama, U3BUKBAIIA KOMITUIATOD

3AK/IIOYEHHUE U NEPCIIEKTUBH

ITvpeama eepcus na unmezpupawama cpeoa ¢ tectBana ¢ GNU-komnuiamop 3a e3uka
C++ ® ycmemHo ce H3MON3Ba B YNPAKHEHUATA IO ,, Bwveedenue 6 xommniomvprHume Hayku‘ B
CHeNUATHOCTHTE ,, Mngpopmamuxa“ M ,, buznec ungopmayuonnu mexnonoeuu” BoB Daxyimema
no mamemamuxa u uugopmamuxa Ha Ilnogousckus ynugeepcumem , Ilaucuii Xunenoapcku .
IIpeaBmwxna ce pa3BUTHE Ha CpeAaTa B HAKOJIKO HAIIpaBJICHUS:

1) pasmmpsiBaHe 00XBaTa Ha €3UIUTE 33 POTPAMHPAHE;

2) pasmupsiBaHEe BB3MOXKHOCTHTE 32 PAaKTHIeCcKo u3non3Bane Ha VIC;

3) nmobaBsHE HA OIIMWH, JONPUHACAIIN 32 KaYeCTBOTO M ©(pESKTHBHOCTTAa B Mpoleca Ha
o0ydeHue 1o mporpaMupaHe Karto:

V' (QYHKIHMS 32 Aémomamuuno NOCHIBNKO60 U HOEMANHO THCAHE Ha TIPOrpaMeH KO
(Hopteriev Y., 2007) Ha IpeABapUTEIIHO ITOTOTBEHH PELICHHS Ha 3a/adl, KOATO Il MOXE Jia ce
W3MO0J3Ba OT TpENojaBTeNs 3a JEMOHCTpUpaHE Ha TPUMEPU IOCPEACTBOM MYATUMEIUHHA
texuuka (Hopteriev Y., 2016);

v (hyHKLWsL, TOAIIOMAralia 06y4aeMusi [PU J0IYCKAHe Ha YECTO CPEIAHH TPEIKHU.
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ITvpeama eepcusn na npunoxcenuemo ¢ pazpadoreHa Ha Visual Basic m pabotu mon
onepanvoHHa cucreMa Windows 7 Ay 1o-BHCOKA BEPCHSL.

A C++ Programming Environment [example.cpp] l =NEC 2 J

File  Edit Compile Run  Settings About

#include <iostream:=
using namespace std;

int main()
floata, b, 5;
couts<"BbEEneTe CTPAHWTE Ha NPAE0LIENHMKS B CAHTHMaTpKIN";
couts="a=";
cin=>a; [ — . . -
coute<"h="" B® C++ Programming - "example.exe | = | =
cin==h: BbEEneTe CTPAHWTE HA NPAE0brbAHWKA E CAHTHMETPW:
S=EI*|:I: a::_.

"

cout<<"TTuuetd A 0 HA NPaEobrbiHWEE & 28 KE. oM.
return O; == any key to continue .

Compile succeeded.

®urypa 3. VIC 3a nporpamupase 1 cTapTupasa oT Hesl Iporpama

JIUTEPATYPA:

Hopteriev Y., 2007, An exercise practicing module on web programming electronic
courses, Proceedings of The International Conference on Computer Systems and Technologies
CompSysTech'07, 14-15 June 2007, Rousse, Bulgaria, IV.17-1 - 1IV.17-5 p.,
https://dl.acm.org/citation.cfm?doid=1330598.1330689 .

Hopteriev Y., 2016, A demonstration of examples in the web programming teaching,
Journal “Announcements of Union of Scientists — Sliven”, vol. 31 (1), 2016, 29-32 p. (in
Bulgarian).

3a aBTopuTe:
IOpn Xomrepues, http://web.uni-plovdiv.bg/hopteriev
T'eopru Ilames, http://www.gpashev.com

67



Hayunu tpynose Ha Cbio3a Ha yuenuTe B bbarapus — Iliaosaus. Cepus B. Texnuka
u TexHosiorun. Tom XVII, ISSN 1311 -9419 (Print); ISSN 2534-9384 (Online), 2019.
Scientific Works of the Union of Scientists in Bulgaria - Plovdiv. Series C. Technics and
Technologies. Vol. XVII., ISSN 1311 -9419 (Print); ISSN 2534-9384 (Online), 2019

MNPUJIOKEHUE HA KOMITIOTBPHOTO 3PEHUE ITPU
OIIPEAEJISSHE KAYECTBOTO HA CUPEHE

Aranacka bocakoBa-Apnencka, Anuren /[anes,
Jlena Kocragunosa-I'eopruesa
Yuusepcurer mo XpauurtejHu Texnosmornu — [liioBaus

APPLICATION OF COMPUTER VISON FOR CHEESE QUALITY
EVALUATION: A REVIEW

Atanaska Bosakova-Ardenska, Angel Danev, Lena Kostadinova-Georgieva
University of Food Technologies — Plovdiv

Abstract

In recent years computer technologies are evolving rapidly and they are coming most
important part of many systems such as quality control, education systems, industry systems and
etc. Quality control of food products is very important because it directly affects to the human
health and quality of life. A lot of researches are done last years for improving the systems for
food quality control. Cheese is a popular milk product and it is also an object of researches for
quality control using computer technologies. Some parameters of cheese quality are traditionally
examined by experts using organoleptic evaluation procedure. Performance of this procedure is
related to sensory evaluation using human vision, smell and taste. In order to support experts for
visual examination of cheese, computer vision technology could be applied. This paper presents a
review of possibilities for cheese quality evaluation using computer vision.

Keywords: cheese quality, computer vision, organoleptic evaluation.

BnBenenne

MIISIKOTO € IIEHEH JKUBOTHHCKH MPOIYKT, ¢ BUCOKA XPAaHHWTEIHA CTOWHOCT 33 YOBCKA U €
HEe3aMCHHMa CYPOBHHA B XpaHUTENHATa MpoMuiuieHocT. OCBeH 3a KOHCYMAaluss B TEYHO
CBCTOSIHUE, MIIIKOTO CE HM3IMOJI3Ba 3a MPOM3BOJCTBOTO HA MIICYHH IMPOMYKTH, KaTO HANpHMEp
pa3MuHM BHOBE CHPCHA M KalllKaBaJd. THUIHYCH MPEACTABUTEN OT rpymaTa Ha MIICYHHTE
NPOAYKTH € cupeHeTo. Karo HayMH 3a KOHCEpBUpaHE/ChXPaHCHHE HAa MIIIKOTO 3a IO-IBIBI
TIEPHO]T, IPOIECHT Ha TPAHC(POPMAIIXSI HA MIIIKOTO OT T€YHAa B MOIYTBBPIa (hopMa - CHpeHe, € Ouit
M3BECTEH olle B bi0oka npesroct (Walther B. at all., 2008).

OTrIIeKIaHEeTO Ha MIICKOIadHM JKUBOTHH, C II€J JOOWBaHE HA MIISIKO M IPOM3BOICTBO Ha
MJICYHH TMPOAYKTH, € IIMPOKO PA3MPOCTPAHCH OTPACHI OT CEJICKOTO CTOMAHCTBO B IISUT CBSAT.
ITpon3BOACTBOTO HA MJICUHH MPOIYKTH, KATO KHCEIIO MJISIKO, CHPEHA M KallIKaBaJId MOJYYCHU OT
pa3uYHE BUIOBE MJICKA, € Ba)KHA YaCT OT MJICYHHUS CCKTOpP Ha XPAaHUTEIHATA MPOMHUIIUICHOCT B
EC, xbpaeto brirapusi € eqHa oT BOACIIMTE IbpPXKABH ¢ J00pe M3pa3eHa EKCIOpPTHA JSHHOCT Ha
mitednn npoaykTa (Ministry of Agriculture, Food and Forestry, 2018). Kato ocHoBHa cypoBHHa 3a
MPOU3BOACTBOTO Ha MIICYHH IPOAYKTH C€ M3IOJI3BAT CICHHUTE MPOMHILUICHO 3HAYMMH MIICKA:
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KpaBe, oBue, ko3e u obuBoncko (Edgarian M. & P. Panayotov, 2012). B Hamm gHM, KOHCYMAaIHATa
Ha MJICYHH IPOAYKTH, B YACTHOCT CHPEHE, € IIHPOKO Pa3NpoCTpaHeHa B IUT cBAT. ChIIeCTBYBAT
pa3NUYHE TEXHONOIMH 3a IpepaboTka Ha MISIKOTO M TPOU3BOJACTBO HAa MIIEYHH NPOAYKTH, B
3aBUCHMOCT OT CTpaHaTa M PETHOHA, B KOHTO ce€ OTIIekAaT MileKoJaiHuTe >KMBOTHH. Upes
mpepaboTkaTa Ha CYpOBOTO MIISKO M MPEBPBIIAHETO My B MIEUHHM INPOXYKTH, CE IIOCTHTa
CbXpaHABaHE Ha BCHYKH IIOJE3HH 3a YOBEIIKUS OPraHU3bM MHUKPOOPTaHU3MH, €H3UMH H
mporenHH, 3a To-gearo Bpeme (Walther B. at all., 2008). Cupenero mnpuTexaBa BHCOKa
eHepruiiHa, XpaHUTelTHa U OMOIIOTMYHA CTOMHOCT 3a 4oBeKa. B chcTaBa Ha cupeHaTa ce BKJIIOYBAT
MHO)KECTBO TIOJIC3HH 32 YOBEKa BUTAMHHH, KaTO HallpUMep: BUTaMHUHHUTE OT TpynuTe A u D, konTto
ca MaCTHOPa3TBOPUMH; BOAOPAa3TBOPHMUTE BUTaMUHU OT rpymarta B (B2 u B6) u npyru. Upes
KOHCyMalusiTa Ha 3penu BHIOBE CHPEHA, KaKBOTO € BbIarapckoro Os10 canaMypeHO CHpEHe,
YOBEK CH OCHUTYpsIBa HEOOXOAMMHTE KOMUecTBa He3aMeHnMu amuHokucennau (Edgarian M. & P.
Panayotov, 2012).

Cropen CTaTHCTHYECKH HM3CIEABAHUS, MpoBeAeHH B PemyOmmka bwiarapms mpes 2015r.,
00110TO MPepaboTeHO KONUYECTBO CYPOBO MIISIKO € OKOIO 523 MITH. TUTpa, OoT koeTo 94% e kpase,
3.6% - oBue, 1.5% - xo3e u 0.6% - 6uBoncko (Ministry of Agriculture, Food and Forestry, 2018).
Ot MieyHuTe NPOAYKTH TPOM3BEXKIAaHM B bbiarapus Hail-romsiMo € KOJIMYECTBOTO Ha
MPOM3BEXAAHOTO OsUI0 callaMypeHO CHpEHeE, KHCEeNO MIISIKO M MAaKeTHpaHO MpsicHO Misiko. IIpes
2015r. KONMMYECTBOTO Ha TPOW3BEXKIAHOTO B bharapus Osuio 3psuio calaMypeHO CHUpPEHE €
nocturHaio 1o 67 718 tonma (Ministry of Agriculture, Food and Forestry, 2018). Cnopen
crarucrudecku naHHud or HCU 2017, TenneHnusaTa Ipu KOHCyMalUsATa Ha CUPEHE U KallKaBall B
Boarapus 3a nepuoma 2010 — 2016r. 3ama3Ba yCTOHYMBO HMBO, 32 pa3irKa OT KOHCyMalusATa Ha
npsicHo mitsiko. [To ganau or HCU 3a 2016r. Bearapus u3Hacs CpeHo OKOJIoO 1/3 OT TOAUIITHOTO
CH TIPOM3BOJICTBO HA OSJIO calaMypeHO CHpeHe, KaTo 3a ChIllaTa TOMHA ca U3HECEHH CHPEHe U
u3Bapa ¢ 0611 obem ot 25 307 ToHa 1 Ha cTorHOCT oT 93,812 MiH. monapa. ['oIsIMOTO ThpCceHe Ha
Ka4ecTBEHO OsI0 canmaMypeHO cupeHe B bearapus m M3BBH CTpaHaTa, ca MPEAIOCTaBKa 3a
HENPEeKbCHATO YChbBBPIIEHCTBAHE HA TEXHOJIOTHYHUTE MPOU3BOJICTBEHN IPOLECU U BHEIPSABAHETO
Ha WHOBATHUBHM METOJIH 32 KOHTPOJI Ha KaUeCTBOTO Ha NIPOU3BEXIAHUTE CHPEHA.

B 3aBucHMOCT OT cTpaHaTa, perHMOHAa Ha MPOU3BOACTBO M THUNA HA KPaWHMSA IMPOIYKT,
CBIIECTBYBAT Pa3IMYHH CTAHAAPTH 32 ONpPEACISTHE Ka4eCTBOTO Ha MPOMUIILUICHO TTPOM3BEKTAaHUTE
MIIedHH npoxykTH. [TokazaTennrte Ha Ka4eCTBOTO HA OBJITapCKOTO OsUIO callaMypeHO CHpPEHE ce
KOHTPOIMPAT OT CTaHAAPTH, OTHACAIIM CE€ KAaKTO O TUNA Ha CYpOBHHHUTE, W3MOI3BaHHU 3a
MIPOM3BOJICTBO Ha 3psUI0 CajJaMypeHO CHpeHe OT Kpase, oBue, ko3e wiu OmBoscko musiko (BJIC
15:2010), Taka ¥ [0 pa3aMyHU OPraHOJENTUYHU NapaMeTpH, XapaKTEepUCTHUKH M IMOKa3aTesld Ha
miregnnre mnpoayktd (BAC 15612-83). CemectByBaT © penuiia JIpYyrH CTaHAApPTH H
CTaHJApTU3UPAaHU METONOJOTMH 3a OLEHABAaHE ChCTaBa Ha OBJITapCKUTE MIIEUHH HPOIYKTH.
TakuBa crangaptu ca Hanpumep: BJIC 1111-80 — 3a onpenensiHe Ha KUCEIMHHOCTTAa B MIISIKOTO U
mieunure npoxykrw; BJIC 8274-82 ommcBamy cTaHTapTH3MpaHH METOAU 3a ONpeAeisHe Ha
kxonmuaectBoTo NaCl B mutsikoto u miteunute nponykt; BDS EN ISO 8968-1 — onmcBain Mmeton 3a
OIIpeAeNsIHe Ha KOJIMYECTBOTO a30T B MIIIKOTO M MJIEYHHUTE NIPOIYKTH H Jp.

CbBpeMeHHH TeH/IeHIUH MPH NMpocJieAsiBaHe MOKa3aTeJHTe HA KA4eCTBOTO HA CHPEeHa

C pa3BHUTHETO Ha KOMIIIOThPHATA TEXHUKA U MOsBaTa Ha HOBU U3CIEJBAHUS B 00IacTTa Ha
KOMIIIOTBPHOTO 3PEHHE, C€ YBENMYaBaT BB3MOKHOCTUTE 3a IIpWIaraHe Ha METOIHTE WU
aIropuTMHTE 3a IMdpoBa o00paboTka Ha M300pakeHHS B MPOLECUTE IO OOEKTUBHO
okauecTBsiBaHe. HampaBeHm ca wu3crnenBaHMsA 3a HPHIOKEHHE Ha KOMIIIOTBPHO 3pEHHE B
MPOIECHTE TI0 OKAYECTBSIBAHEC HA CHPEHE M JAPYTH XPAHWUTEIHH TPOMYKTH. YCIENIHO ca
pa3paboTeHH ¥ aJalTHpaHd aBTOMATU3UPaHH CHCTEMHM 3a OBbP30 M OE3KOHTAKTHO OKa4yecTBSIBAHE
Ha XpaHWUTETHH MPOAYKTH KaTo Meco W puba, cHpeHe, XJsi0 M XJICOHW HM3ICeNus, 3eJICHIYIH H
IUIOJIOBE, 3bpHEHH XpaHu U Apyru (Brosnan T. & Da-Wen Sun, 2004; Da-Wen Sun, 2008).
CucremuTe 3a OE3KOHTAKTHO OKA4dECTBSIBAHE HAa XPAHUTEIHH HMPOAYKTH, Oa3UpaHH Ha METOAUTE
Ha KOMITIOTBPHO 3pEHHE, H3IOI3BAT KaMepa M KOMIIOTHPHHM TEXHOJIOTMH 3a MONydaBaHE Ha
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IbpPBUYHATA WH(OPMALHS, KOATO ce 00pabOTBa U pe3yATaTHTe ce MHTepnpeTupat. V3nonzpanero
Ha CHUCTEMH 33 KOMIIOTHPHO 3pPEHHE NMPH OKAYECTBABAHE HA XPaHH MMa CIICAHWTE MPECIMMCTBA!
00EKTUBHOCT, BB3IMPOU3BOANMOCT, OBbp3a 00paboTKa Ha JaHHUTE U €()eKTUBHOCT HAa Pa3XOAUTE.

M3non3BaHeTo HAa CHBPEMEHHH KOMITIOTHPHH TEXHOJIOTHH W aBTOMATH3UPAHU CHCTEMH 3a
OI[CHSABAHE HA OPTraHOJCNTHUYHHUTE MOKA3aTEIX MPEAOCTABSI BB3MOKHOCT 33 HAICKICH W
00EKTHBEH MOHHUTOPHMHT Ha Ka4yeCTBOTO Ha PA3IUYHM XPAHUTEIHH MPOAYKTH. B 3aBHCHMOCT OT
0COOEHOCTHTE Ha MPOCICISBAHUS MMApAMEThp Ha Ka4eCTBOTO Ha CHPCHE MOTAT [ia C€ M3IOI3BaT
pasnuunn 1BeTtoBH Mozaenu (cucremu) — RGB, HSI, HSV, L*a*b* u npyru. B tabmuma 1 ca
NPENICTABEHN B OOOOIICH BHI MAPaMETPUTE CBHP3aHU C MPOCICASBAHE KAYECTBOTO HA PA3IMIHU
BHUJIOBE CHpEHA.

Tabmuma 1. [Moxa3aTenu 3a ka4ecTBO Ha CHPEHE, ONPEEIIHH upe3 00paboTka Ha M300paxeHus

Bupn cupene ITapamersp JIuTepaTypeH H3TOYHUK

CreneH Ha 3aMbpCsBaHE HA (Mladenov M. at all., 2015)

Kammasan /yellow cheese/ MOBBPXHOCTTA C IUIECCHU (Vasilev M., 2016)

Hanuyue Ha raszoBu iy u
HaKbCBAHUS

ITnom, 3aeMaHa OT KpUCTaNIH
UYensp, Emenran, Parycano | kaniues J1akTaT BbPXY

(Caccamo M at all., 2004)

(Rajbhandari P. & Kindstedt PS,

/Cheddar, Emmental, MOBHPXHOCTTA 2005)
Ragusano/ (Wang H. & Da-Wen Sun, 2001)
CreneH Ha pa3TarsiHe u (Hai-Hong Wang & Da-Wen
CTETICH Ha 3aln4yaHe Sun, 2002) (Hai-Hong Wang &
Da-Wen Sun, 2003)
(Hai-Hong Wang & Da-Wen
CrerneH Ha pa3TarnsHe U Sun, 2002) (Hai-Hong Wang &
Mouapena /Mozzarella/ CTeTeH Ha 3Ie)1nnqa1-le Da-Wen S)ugl, 2003) (%(ixiu l\g/la,
2013)

Crenei Ha 3AMBPCABANC HA |\ 1o qenoy M. at all,, 2015)
MOBBPXHOCTTA C IJIECEHH
(Boyanova P. at all., 2012)

Bso camamypeno cupene (Bosakova-Ardenska A. at all.,
(oT KpaBe, OBUE HIIH KO3€ 2014) (Bosakova-Ardenska A. at
MJISIKO) all., 2015) (Bosakova-Ardenska
A. atall., 2017) (Danev A. at
all., 2018) (Vasilev M., 2016)
(Ganchovska V. at all., 2012)

CtpyKTypa Ha pa3pe3Hara
MOBBPXHOCT

Mexku cupena ¢ nobasku 3a | Pasmpenenenue n
nopoOpsiBaHe Ha BKYca komuuecTBo Ha qodaBkute mo | (Jelinski T. at all., 2007)

(TTOTMPaBKY, 3eICHIYIM U p.) | IOBBPXHOCTTA

AHnanus Ha 6b3MONCHOCIMUME 3d U3NO0JI36aHe HA Ueemosa cucmema RGB

Ha-Yen CoH (Da-Wen Sun, 2000) npenjiara moxxoz 3a aBTOMaTHYHO OKAYECTBSIBAHE Ha
OHIM C HW3CIEABAaHE HA JIBE XAapPAKTEPUCTHUKW— MPOLEHTHO ChABPXKAHHE M pa3lpeselicHHEe Ha
noOaBKUTE, B TOBa YHCIO W KallKaBaj. 3a WICHTH(UKAUWS HA Pa3IMYHUTE XPaHUTCITHU
NPOAYKTH, 00aBEHH BBPXy INHI[ATa, € HM3MOI3BAH HOB METOJ 3a CETMEHTAIWs Ha BXOIHHTE
u300pakeHus, 0a3upaH Ha perwoHu (region-based segmentation) B KOMOHHAIUS C W3BECTHU
NTOPUTMH 32 OWHAapU3WUpaHe M CerMEHTalus 4Ype3 OTKpuBaHe Ha pbbOoBe (edge-based
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segmentation). l3moi3BaHa € ONUTHA TIOCTAHOBKA BKIIOYBAINA: (IyOPECHCHTHU JIAMITH
(Kaiserfototechnik, Germany); BucokokauectBeHa 3 CCD Sony XC-003P kamepa; IC-RGB
(Imaging Technology, US) Buneo kontponep; kommoTbpHa cuctemMa — Dell Workstation 400 ¢
meysaper Pentium II mpomecop m Windows NT4.0 omepamuonHa cuctema. TecTBaHH ca
MPOAYKTH, 3aKyICH! OT ThPrOBCKAaTa Mpexka. 3a onpesielisTHe Ha Pas3NpeeleHHeTO Ha ChCTaBKUTE,
n300paKeHUsATa ca pa3/Ie/iTHA Ha PAaBHU I10 TUIONI OOJACTH M € aHaIW3UpaHa BCsKa 00JIacT.

B wMieynata WHAYCTpHS aBTOMAaTH3MPAHWTE CHCTEMH 3a OIEHKA Ha KadecTBOTO ca
HAMEpPWIN MPAKTHYECKO MPUIIOKCHHUE B IPOLECUTE 110 OKAYCCTBsIBAHE CTPYKTypaTa Ha H3Bapa U
YCTaHOBSIBaHE HAJMYHMETO Ha Me(DEKTH KaTO KPHUCTAHM KaNIMeB JIaKTaT Ha MOBBPXHOCTTA Ha
cupenara ot tun Yenasp (Rajbhandari P. & Kindstedt PS, 2005). Upes mudposa obpaborka Ha
n300pakeHUs € U3MepeHa IUIOMITa 3aeMaHa OT KPUCTATUTE KaIIHeB JaKTaT MO MOBBPXHOCTTA Ha
cupernero. C mpuioXeHHEe HAa CHCTEMH 3a KOMIIIOTBPHO 3pEHHE M HHOBATHBHH METOIH 3a
0E3KOHTAKTHO OKAa4eCTBSIBaHE MMOCPEACTBOM HU(ppOBa 00padoTKa Ha N300paKEHUsI, ca IPOBEICHU
aHaIM3M Ha (YHKIMOHAJHM CBOICTBA M XapaKTEPUCTHKH KaTO: MPOMSHATA Ha CTPYKTypara H
[[BETa Ha TBBPIHM CHUpeHa oT Tun Yenbp u Momapena mpu KylnHapHa o0pabOTKa, MacjIeHOCTTa;
HAJIMYHETO U pa3MepuTe Ha Ta30BH M TEXHHYECKH LIYIUIM B cHpeHaTa. IIpe/uioxkeH € HOB MOAX0A
(Wang H. & Da-Wen Sun, 2001; Hai-Hong Wang & Da-Wen Sun, 2002; Hai-Hong Wang & Da-
Wen Sun, 2003), c¢ u3mon3BaHe Ha KOMITIOTBPHO 3pEHHE, 32 OE3KOHTAKTHO OKAYeCTBSBAHE W
aHaM3 Ha (QyHKIMOHAHM MapaMeTpy KaTo pa3TalsHe W 3alM4aHe HAa CHPeHa OT TUIl Yexsp mpH
KyJanHapHa oOpaboTka. CucremaTa 3a KOMOIOTHPHO 3pPCHHE H3ION3BaHA IPU IMPOBEXKIAHE Ha
eKCTIepiMeHTHTe BKIOo4Ba: (uyopectienTHH nammu Dulux ¢ mommoct 11W u nBerHa
temmeparypa 5,000 K; onrtuka ¢ ¢okycHo pascrosaue 12 mm.; CCD kamepa TK-1270 (JVC,
Japan); cratus 3a kamepata; IC-PCI rpaduuen konTponep (Imaging Technology, US); monuTop u
koMIToThpHa cucTeMa Dell V333c. O6paboTkaTa Ha H300paxeHUATa € peaan3upaHa ¢ U3I0I3BaHe
Ha Makpoc HamucaH Ha Optimas 6.51 (Media Cybernetics, US). IIpoBeaeHu ca u3cnenBaHus 3a
MIPOIIEHTHOTO OMAcIIsIBaHE Ha cHpeHarta oT Thn Yexbp 1o Bpeme Ha TaxHOTO rorBeHe (Hai-Hong
Wang & Da-Wen Sun, 2004). M3non3BaHu ca METOM ¥ aITOPUTMH 338 CETMEHTUPAHE Ha IA(PPOBH
n300paKeHUs] W 3a eKCTpakKIusd Ha  HWHGOPMAIMS OT IThbPBUYHHUTE NBETHH H300pa’KeHUS.
AHanu3upaHa € OCBETEHOCTTa M XUCTOrpamara 3a BCSKO OT u3clenBaHMTe Hu3o0paxeHus. OT
CEeTMEHTHPAHUTE H300paKCHUSI € H3BJICUeHAa HHGOpMAIMsS W ca ONpeAeieHU: oOmus Opoi
IIUKCENU B TPAHUIUTE Ha P0o0aTa; CpeIHUTE CTOMHOCTH 3a SPKOCTTA HAa HIOAHCUTE HAa CUBHS I[BST
3a BCHYKH IUKCENW B TpaHUIUTEe Ha mpodara (Mean). OmpeneneHn ca XapaKTEpUCTHKH Ha
SIPKOCTTa Ha HIOAHCHTE HAa CHBOTO: cTaHaapTHO oTkioHeHue (Standard deviation), Variance,
Skewness, Kurtosis, Median, Mode, Minimum, Maximum u npyru. TeXHHKH OT KOMIIOTBPHOTO
3peHHE ca U3MOI3BAaHM 32 OTKPHUBAaHE M M3MEpBaHe Ha ra30BH IIyIui B cupeneto (Caccamo M at
all., 2004). 3a 3acHemaHe Ha IBPBUYHHUTE HM300pakeHHs € HU3ION3BaH LU(POB ¢oToamapar,
MOHTHPAH 32 HEIO/BIDKHA CTOHKA. 3a 00paboTKaTa Ha N300pakeHNATa, IPEMaxBaHETO HA IIYILTH
pa3NIMYHK OT Ta30BUTE U 32 U3MEPBaHE HA IIIONITA HAa Fa30BUTE IIYIUTH € U3I0I3BaH COPTYEpHUST
nponykt MATLAB®. H3non3BaHu ca anropuTMH 3a OHHapH3MpaHEe Ha W300paKCHUsTa 3a
M3YMCIABAHE IUIONITAa HA TA30BUTE IIYIUIM M MPOIEHTHOTO MM pa3MpeeieHHe MO0 MOBBPXHOCTTA
HA CUPCHETO.

Cucremute 3a 00paboTka Ha M300paKeHWs W KOMIIIOTBPHO 3pEHHE ca HaMEPHIH
OpUIOKEHHEe M MpU OLEHKa Ha paslpefeiieHHeTo U KOJIMYECTBOTO Ha J00aBKHTE B
nacteopr3upano cupene (Jelinski T. at all., 2007). IIpu ekciepuMEHTHTE € U3MOI3BAHO CUPEHE C
nobaBKka Ha 4YEChH M MAarJaHO3 M CHpEeHe ¢ J00aBeH MUKC OT CymeHH 3eneHuynu. [Ipum
00paboTKaTa Ha M300pakeHHATa € U3Mmoa3BaH codryepHuaT mpoaykt MATLAB®. 3a 00eKTHBHO
OIICHABAHE Ha Ka4eCTBOTO Ha brnrapcko 6s10 canaMmypeHo cupeHe ¢ M3M0I3BaHe Ha KOMITIOTBPHO
3peHHe, ca Ch3/aJICHU COPTYEpHHU MPOMYKTH 32 aBTOMATUYHO OLICHSIBAHE HA OPraHOJCHITUYHUTE
MOKa3aTeNny IIBST, CTPYKTypa W CBCTOSHHWE Ha pa3pe3HaTa IIOBBPXHOCT. AJaNTHUpaHH ca
aJITOPUTMH 3a I poBa 00paboTka Ha M300paXKeHHs HA pa3pe3HaTa MOBBPXHOCT 32 aBTOMAaTHIHO
OTKpHBaHE Ha TEXHHYCCKH WIYIDIH, ONpEICsiHE Ha CTPYKTYpHUTE HM3MEHEHHs Ha pa3pe3Hara
HMOBBPXHOCT U JAp. IlpemioxkeH e MeTon 3a OKadecTBABAaHE HA pa3pe3HaTa MOBBPXHOCT Ha OsI0
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caJaMypeHO cupeHe, upe3 00paboTka Ha M300paskeHus], OIyYEeHH Ype3 MUKPOCKOIICKO 3aCHEMaHe
Ha pa3pe3HaTa MOBbPXHOCT Ha m3ciensanute cupena (Boyanova P. at all., 2012). 3a 3acHemaHe Ha
u300pakeHnATa € u3nom3BaH crepeo Mukpockom (S-30-2Led, Optika, Italy) c¢ onruuno
yBenmdenue or 10x m 20x. M3o0paxeHusita ca 3aCHETH 4pe3 BrpajieHaTa B MUKPOCKOIA KaMmepa
Opticam B5 - CMOS sensor, 5.0MP. 3a yBennyaBaHe Ha KOHTPAcTa, IOBBPXHOCTTA Ha IpoOUTe
CHpEHE € NPEABAapUTEIIHO OLBETEHA C Pa3TBOP Ha METHIEHOBO CHHBO B choTHOmeHHe 1:10. 3a
BCSIKA OIBETEHA IIp0o0a OT M3CIICBAaHNUTE CHPEHa ca 3acHeTH 1o 30 n300pa’keHus], ChXpaHEHH BHB
rpaduuen dopmar Bitmap. M3o0paskeHusiTa ca OMHapH3UpaHHW 4pe3 HM3ION3BaHE Ha BrpaJicHa B
Adobe Photoshop CE 7.0 ¢yHKuMs 3a cerMeHTHpaHE. 3a BCHYKH H300paKeHHs € HW3IOJI3BaHa
e/[HAaKBa IparoBa CTOMHOCT 3a OuHapu3upane. Cien cerMeHTHpaHe Ha BCHYKU M300paXKeHHMs, Ype3
crienuaiHoO pa3paboTeH codTyep ce wm3uuciasaBa KoeduimeHThT Ha pasmuune  (Kdiv)
HpEJICTaBIABAI OTHOLICHHETO (B MPOIEHTH) HA OPOsI YepHH NMUKCENN KbM OOIIUAT Opoil muKcenn
oT n300paxeHnero. I1o momobeH HauMH € MPOBeJICHO OOEKTHBHO M3CIIECBAHE U OKAUYECTBSABAHE Ha
pa3pe3HaTa MOBBPXHOCT Ha OsJI0 caJaMypeHO CHpEHE Upe3 CErMEHTHpaHe Ha M300paxeHHs ¢
U3IMI0JI3BaHE Ha TJIOOAJICH Mpar M 3a aBTOMATHYHO M3YHMCIISIBaHE Ha OOCKTHBHMAT NapaMeThp 3a
kadectBoTo Ha cupenero — Kdiv (Bosakova-Ardenska A. at all,, 2014). IIposemeHo € u
U3CIe/IBAHE OTHOCHO IPMJIOKHMOCTTA HAa alropursMa ,,Moments preserving thresholding® mpu
OLICHSIBaHE pa3pe3Hara MOBBPXHOCT Ha Osuto canamypeno cuperne (Bosakova-Ardenska A. at all.,
2015). TlomxompT H3MON3BAaH OT AaBTOPUTE € EBPHUCTHYCH, HEOOXOAMMA € HACTpOHKa Ha
napamMeTpuTe Ha airopuTbMa 3a KOpeKTHaTa oOpaboTka Ha creuuduuHuTe H300paskeHHUs.
[IpemnokeHUAT OT aBTOPHUTE AJITOPUTHM IONAJa B IpyHaTa Ha aNrOPUTMHUTE, KOUTO H3IOI3BAT
rio0alieH mpar 3a OMHapU3MpaHe Ha MOJYyTOHOBU M300paxkeHus. IIpu TO3U T alrOpuTMHU €IHA U
ChIIla TIparoBa CTOMHOCT Ce M3II0J3Ba 3a OMHAPU3MPAHETO Ha BCHYKH MTUKCENH OT H300pakeHHUETO.
AJITOPUTMHUTE OT Ta3u TIpyla ca MOAXOMINIM 3a OWHApU3MpaHe Ha H300pPaKEHUs KOrato
IBPBUYHNTE W300paKEHUs CE I0dyd4aBaT NPH KOHTPOIMPYEMO OCBETJIICHHE M Ppa3JIMKUTE B
HACHTEHOCTTa Ha I[BETOBETC B H300paXKEHWETO ce IBJDKAT EAMHCTBEHO HA pa3IHKHd B
HACUTEHOCTTA Ha IIBETOBETE Ha 0OeKkTUTEe U (hoHA. OT MPOBEICHUTE AaHAIU3H M HHTEPIPETUPAHETO
Ha TIONy9CHHUTE PE3yATaTH € HallpaBeH M3BOABT, Y€ AJTOPHTHMBT 3a OMHapmsupaHe ,,Moments
preserving thresholding® e mpumoXXuM 3a OKadeCTBSIBAHETO Ha pa3pe3HaTa MOBBPXHOCT Ha 0510
cajlaMypeHO cHpeHe. M3momsBaiky MoNMydeHUTe B MPEIX0IHO U3CIeIBaHe PE3YNITaTH € Ch3AaneH
cneunaneH copryepeH mponykTr (CutSurf), Hamucan Ha e3uKa 3a mporpaMmupane Java, 3a
aBTOMAaTHYHO M OOCKTUBHO OKAayeCTBSBAaHE Ha pa3pe3HaTa MOBBPXHOCT Ha OsI0 CalaMypeHO
CHpEHE OT OBYE MIIIKO 4pe3 00paboTKa Ha MHUKPOCKOIICKH m3o0pakeHus (Bosakova-Ardenska A.
at all., 2017). U3cnenBaHa e cTpyKTypaTa Ha pa3pe3HaTa MOBbPXHOCT Ha OsU10 calaMypeHO CHpeHe
¢ momorra Ha codryepuus nmpoaykt NI Vision Assistant, gact ot codryepa LabView (Ganchovska
V.atall., 2012).

AHanu3z Ha 6b3IMOINCHOCHIMA 3a4 U3NOA36AHe HA pa3iudHu ysemoeu cucmemu (HSI,
HSYV, L*a*b* u opyzu)

B mocnenHuTe HIKOIKO TOJVHU ca MyONHKYBaHH PE3YATATH OT HAYYHHU W3CICABAHUS 32
npunoxkumoctra Ha HSI nBeroBus momen mpu uudposarta o0paboTka Ha H300paXkeHus 3a
OKAaueCTBSBAaHE HAa XPaHWTEIHU TPOMYKTH. Pa3paboTeHW ca TOAXOOW 3a COpPTHpaHEe W
okauecTBsiBaHe Ha ioaoBe, 3eneHuynu (Khojastehnazhand M at all., 2010; Saladana E. at all.,
2013; Badrul H. at all., 2013; Baohua Z. at all., 2014; Payaman M. at all., 2014; Seema A. at all.,
2015; Chopra Sh. & Kadyan R., 2017; Ahmad U., 2017) u okadecTBsiBaHE HA MECHU MPOLYKTH
(Krasteva Iv., 2015; Krasteva Iv. & Ganchovska V., 2015), ¢ n3mon3Bane Ha KOMITIOTBPHA METOIH
3a oOpaboTka Ha n3o0paxkenust B HSI niBetoBa cucrema.

Ipe3 2005 r. da-Yen Cer u Yenr-Ixun Iy (Cheng-Jin Du & Da-Wen Sun, 2005)
MPaBAT OIICHKA Ha IET Pa3JIMYHU IBETOBU TpaHcPopmanuu oT RGB W NpUIOKEHUETO UM TIpH
00paboTka Ha M300pakeHus 32 OOEKTUBHO OKa4yecTBsABaHE Ha IUIbHKATa Ha NuUM. M3non3Banu ca
TpaHchOopMaIy Ha IBeTHH H300paxxeHus or RGB 1BeroBa cuctema B niBeToBu cuctemu: NRGB
(normalised RGB), HSV (hue, saturation and value), [11213, L*a*b* u YCbCr. ABtopure npaBsr
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cpaBHeHHe Mexay Tpu SVM (support vector machine) kinacupukaTopa (JIMHEEH, MHOTOYICHEH
/polynomial/ u RBF) Ha mrpHKaTa Ha MUIM C JBa KJIACHUYECKH MMoaXoa 3a kiacudukamus — C4.5
knacudukatop 1 RBF NN (radial basis function neural network) kmacudukarop. ABTopuTE
JIOKa3BaT eKCIepUMEHTalHo, 4e kinacupukatopsT C4.5 momydaBa Hai-1o0paTa TOYHOCT IIPH
knacupukammsa ot 93,3% c¢ msmomzBame Ha L*a*b* wmm 111213 mBeroBa mpocTpaHCTBEHA
Tpancopmanms, a kiacudukatopbT Ha RBF NN naBa Haii-moOpata ToyHOCT OoT 86,7% mipu
YCbCr, HSV wmm L*a*b* mseroBa mpoctpancTBeHa TpaHcdopmarus. Ot rpymata Ha SVM
K1acu(pUKaToOpuTe, MHOrOWICHHHAT SVM knacupukarop uma Haif-moOpata TOYHOCT IpU
knacupukams ot 96,7% npu Tpanchopmanus B HSV mBeroBo npoctpancTBo, gokato RBF SVM
KIacu(pUKaTOPBT JaBa Hail-gobOpata TouHoCT HpH Knacudpukanus ot 90,0% npu YCbCr, L *a*b*
m HSV 1iBeroBa tpanchopmanus. Criopes aBTOpUTE, Cpell KiTacupuKaTopuTe oT rpynata SVM,
MHOTOWICHHUAT Kiacupukatop KomOmHmpan ¢ HSV  Tpanchopmammss Ha IBETOBOTO
MIPOCTPAHCTBO € Hal-I00Bp 3a OKauecTBsIBAaHE Ha JI0OABKM HA IMULH Ype3 KOMITIOTHPHO 3pEHUE.

L*a*b* nBeroBara cucremMa e M3MOI3BaHA YCIIEITHO M 3a MPOCIIEAsIBAHE N3MEHEHHETO Ha
[[BETa Ha MapyeHIa OT cupeHe Momapena BbpXy muna npu 3amunyane (Xixiu Ma, 2013). Xixiu Ma
n3nonsBa copryepsT LensEye, 3a ma neduampa kpbprosa obiacT Ha HHTEpEC, KOSITO BKIFOYBA CaMO
n3Cle[BaHNUTE MapueHIia OT cupeHe Monapena u upe3 OCpeHEHUTEe CTOMHOCTH Ha KOMIIOHEHTUTE
L*, b* u a* ananm3upa u3MeHeHHneTo Ha 1Bera. B xonekTus ¢ apyru aBropy, npe3 2006 r. la-Yen
CpH myOnmKyBa MOKIaA, B KOWTO NpaBHM MOAPOOEH Mperiex Ha MOCISIHWTE TEHACHINH B
NPWIOKEHHETO Ha IudpoBata o0paboTka Ha HW300pakKeHUs 3a OLEHKA W HHCIEKIMS Ha
Ka4ecTBOTO Ha XpaHuTenHute npoxyktu (Chaoxin Z. at all., 2006), a mpe3 2013r. B (Di Wu & Da-
Wen Sun, 2013) aBropute npeacTaBsIT MHOBATUBHM IOAXOAM 34 OKAUECTBSIBAHE HAa XpaHHU upes3
n3MepBaHEe Ha IBAT. AKIEHTHT B paborata € BBbpXy u3mon3BaHero Ha HSV mBeroBarta
TpaHc(hopMaIMsa U METOIUTE 32 HEHHOTO MPHIOKEHHE NPK OKauecTBSABaHE Ha XpaHu. llBeroBarta
cucrema HSV e moaxopsma 3a OTKpuBaHE Ha IUIECEHM MO MOBBPXHOCTTA HA Pa3iIM4HHU BUJIOBE
cupena (Vasilev M., 2016). IIBeroBara cuctema HSI ce m3momsBa ycHemrHO HpH OLEHSBaHE
pa3pes3Hara HOBBPXHOCT Ha Briirapcko Os10 cagaMypeHO CHUpEeHE IPOHM3BEICHO OT KpaBe, OBYE
i xo3e muirsiko (Danev A. at all., 2018), a cpImo 1 npu npocnensgBane N3MEHEHUATa Ha I[BeTa Ha
0510 calaMypeHO CHPEHE W KalllkaBal B Ipoueca Ha chxpaHenuero uM (Mladenov M. at all.,
2015).

3axiIl0ueHue

IIpoBeEeHOTO JTUTEPATYPHO MPOYYBAHE TaBa OCHOBAHHUE 32 CJICIHUTE TT0-BaXKHU U3BOIIH:

- KomnrorbpHaTa TeXHHKA U B YACTHOCT METOAUTE HA KOMIIOTHPHOTO 3PEHUE MOTAT Jia ce
M3I0JI3BAT YCIICIIHO TIPH MPOCIIEIsIBAHE HA HIKOM MTapaMeTpH Ha Ka4eCTBOTO HA CHPCHA,;

- HacT OT OpraHOJENTHYHHUTE [MOKa3aTeJH 332 KayeCTBO Ha OSJIOTO CallaMypeHO CHpCHE
(cmopen BJIC) morat na ce onmpeaensT ycremHo 4pe3 oopadorka Ha nzobpaxenus B RGB, HSI,
HSV wimu L*a*b* uperosa cucrema;

- Bee ormre HsIMa JOCTaTHYHO HM3CIIEABAaHMS, KOUTO Ja IMOTBBPXKIABAT IPHIOKAMOCTTA Ha
KOMITIOTBPHOTO 3PEHUE NP OTKPUBAHETO HA OAKTEPHAIHH HIYIUIM MO IMOBBPXHOCTTAa Ha OSIIO
calaMypeHO CHpPEHE;

- Hama nuTepaTypHu MaHHM 3a U3CJCABAHHUS CBBP3aHH C BH3MOKHOCTTA 33 M3IIOJI3BAHE HA
KOMITIOTBPHO 3pPCHHE IMPH OILICHSIBAHE HAIMYUETO Ha IMOPLICIAHOB JIOM IPU OSIO caJaMmypeHo
CHpEHE.

BbaaronapaocTu

ABTOpHUTE W3Ka3BaT CBOWTE OJIATOAPHOCTH KBM PBKOBOJCTBOTO Ha YHHBEPCHTETa IIO
Xpanutennu TexHonoruu BBB BpB3Ka C OKa3aHaTa (PMHAHCOBA MOAKpena mo mpoekt 16/18-H
,»,Y CbBBPIICHCTBAHE METOANTE 3a OKA4YeCTBABAHE CTPYKTypaTa Ha pa3pe3HaTa MOBBPXHOCT Ha
Oenu calaMypeHH! CHpEeHa C U3I03BaHe Ha KOMIIOTBPHO 3peHue .
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CBH3JABAHE HA KOHTPOJIEP 3A 3APAI/PA3PSAL HA
AKYMVJIATOP
Hensinko Karpanaxues, Hukonaii Kapuodares
YXT - IlnoauB, KOMIIOTHPHU CHCTEMHU M TEXHOJIOTUH

CREATING A CHARGE/DISCHARGE CONTROLLER FOR BATTERY
Nedyalko Katrandzhiev, Nikolay Karnobatev
UFT - Plovdiv, Computer systems and technologies

Abstract

Accumulators contain harmful materials (lead, acid) that can fall into nature when they are
incorrectly charged/discharged. When recharging or draining a large current from the battery, it
may cause a deformation/cracking of the housing, and in some cases it can lead even to an
explosion. Additionally, a deep battery discharge and/or frequent recharging significantly reduces
its lifecycle and capacity. To avoid the abovementioned situations in order to reduce the
occurrence of battery damage, a controller should be used to monitor and control the
charging/discharging process. This publication discusses the process of creating a
charge/discharge controller.

Keywords: battery, controller, charge, discharge, rechargeable

BnBenenue

B Hamm JHM 4YOBEK TONKOBA € MPUBHKHAI C €IEKTPUYECTBOTO, Y€ XKHBOTHT O€3 HEro e
HeBbOoOpa3uM. EsekTpuuecTBoTO ce € mpeBbpHAIO0 B HEM30€XkKHa YacT OT €XKEJHEBHETO, TO BEUe €
HeoOxorMocT. ToBa ro MpaBH eWH OT HaW-BaKHHUTE pecypcH Ha 21 Bek. 3a ChiKaJeHHE OKOJIO
80% oT cBeTOBHAaTa eN. EHEprus ce TeHepupa OT ENeKTPOLEHTpalHd, MOAXPaHBaHU C
paZMOaKkTUBHU M 3aMbpCABallll OKOJHATa Cpela TropuBa. Te3u ropuBa ca ONAacHU M OKa3BaT
3HAYUTENTHO BIMSIHUE BHPXY mpHponara. B cpuioro Bpeme PW (mera BaTa) €KOJOTMYHO YHCTA,
BBH300HOBsIEMa COJIapHA €HEpPIus, JOCTHTa JI0 3eMHAaTa MOBBPXHOCT. Ta3W ThUHCTA SHEPTHs MOXKeE
Iia ce TpaHchopmupa B TorulMHa W/niu B enektpuuectBo (Katrandzhiev & Karnobatev, 2018).

ComapHusAT maHen TIpeoOpa3yBa CiIbHUEBATa CHEPIUsl B EIEKTpUUYECcKa. BemHbx
TpaHc(hOpMupaHa CIbHYEBATA €HEprUsATa OT (hOTOBOJNTAMYHMS MaHeN TPpsAOBa ma ObAe chXpaHEHa
HAKBJE, a UMEHHO B aKkymynaTop. CBBP3BaHETO Ha CONApHHA MaHeN JUPEKTHO KbM aKyMylIaTop
OCBEH CHEPTUifHO Hee(EeKTHUBHO € M BPEIHO 3a MOCIEAHUS. 3a MOo-IBJIBTr KHUBOT Ha aKyMylaTopa,
npesmna3BaHe OT JAeeKTUpaHe B CIECTBHE Ha ABJIOOK pa3psi, Mpe3apexkaHe WiIH IpeToBapBaHe
MO0 TOK € HeoOXOAMMO Ja ce W3MONI3Ba YCTPOHCTBO, KOETO Ja KOHTPONHpa IIporeca Ha
3apsi/pa3psa Ha akyMylaTopa - KOHTPOJIep 3a 3apsi/pa3psa Ha aKyMyaaTop.

Marepuanu u MeToau

3a cp3maBaHe Ha KOHTpOJEpa 3a 3apsn/paspsy € u3nonsBaHa miatdopmara ApAaynHO, B
Ka4deCcTBOTO CH Ha cpejia 3a pa3paborka Ha MuKpokoHTponep AT Mega 328 (Yukypres et al, 2013;
Arduino Playground; Atmel Corporation). Kato BXomHu ycTpoiicTBa 3a MHKPOKOHTpONEpa ca
M3TI0JI3BaHM CEH30p 32 TOK U CEH30pH 32 HAIIPE)KEHHE.
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CeH30pbhT 3a TOK CE HM3ION3Ba 332 OTYMTAHE HA KOHCYMHpPAHHsS TOK OT ToBapa. Toi e
peanmusupaH Cche crenuanu3upana uHTerpanHa cxema ACS712-20A (ACS712 Datasheet). 3a
OTYMTAHE Ha TOJEMHUHATA Ha TOKa ce u3nonsBa edexra Ha Xoi1. B ACS712-20A nma mpoBOAHHUK
cbc chmnpoTuBieHHe 1.2 m€. B HemocpeacTBeHa ONM30CT A0 CIOMEHATHS MPOBOTHHK €
pasnonoxeH eneMeHT Ha Xoin. Ilpm mporMuaHe Ha TOK MEXKTy CIHOMEHAaTUTE TEPMHHAIH CeE
reHepHpa MarHUTHO MOJE, TOJIEMHHATA Ha KOETO € NPOIOPIMOHANHA Ha TOJIEMHUHATa Ha TOKA,
IPOTHYAaIla BEB BepHurara. | eHepHpaHOTO MATHUTHO IIOJIE C€ PETHCTPHpa OT eJIeMeHTa Ha X0l H
KOHBEPTHpPA B HALIPSIKCHUE.

CeHzopuTe 3a Hampe)XEHHE CE W3IOJI3BAT 3a OTYMTAHE HAa HANPEKEHHWATA HA CONApHUS
maHen u Oatepusita. Te ca pealusHpaHd upe3 PE3UCTHBEH NEMUTEN Ha Hampexkenue (¢wur. 1).
JlenuTernar Ha Hanpe)KeHNE B HAif-OCHOBHUS CH BHJI IIPEICTABIISBA [[BA MOCIECOBATEIHO CBHP3aHI
pesucropa. CBOOOMHHUTE Kpauila, Ha KOUTO ce BKIIOUBaT KbM Maca (GND) u Toukara, Ha KOSITO
mre ce n3Mmepa noreHuana (Uin). ObmiaTa Touka Ha IBaTa pe3rCTOpa ce SIBSBA U3XOAHHS CUTHAT
(Uout). T ce cBBp3Ba KBM €MH OT aHAJIOTOBHUTE BXO0BE Ha MUKPOKOHTposepa. CToiHOCTHTE HA
R; 1 R, ce u30upar kaTo ce MMa Ha MPEABUA MAKCUMAaJIHOTO BXOJHO HAIPEKCHHE HA CONAPHUS
naHen u paboTHOTO Hanpeskenue Ha ALl Ha MUKpOKOHTpoOJIEpa.

KaTto oCHOBHO M3XOHO yCTPOHCTBO/CUIIOB €IEMEHT, PeryIupall Ipoleca Ha 3apsa/pa3psin
niocpeactsoM INM e uznonzsan MOS Tpansucrop ¢ uaayuupan P kanan - IRF9540 (IRF9540N
Datasheet). Ilapamerpure Ha TpaH3uUCTOpa ca mokazaHu B Tabmuma 1. Toil ce ympaBnsBa
MOCPENICTBOM OHITONSPEH TPAH3UCTOP, paboTell B KIItouoB pexxuM (dur. 3). B cxemaTa e BKIIIOUCH
u Bropu IRF9540, koiiTo ce U3Mon3Ba KaTo BEHTHI — 3a CIIUPAHE WU IPOIYCKAaHE Ha €]l TOK KbM
TOBapa.

Uin
R1
Uout
R2
GED

@ue. 1. Censop 3a nanpeicenue
Taén. 1. Ilapamempu na IRF9540 (IRF9540N Datasheet)

I[MapameTnp CroiinocT
Rpson) 0.117Q
Ip 23 A
Vpss -100 V
Vas 20V
TJ -55 mo 175 °C
Vasam 2m0-4V

C 1en BU3yaM3MpaHe Ha TapaMeTpHUTe Ha KOHTPOJIEpa B pealHo BpeMe € J0OaBeHO ollle
€/IHO U3XO/IHO YCTPOicTBO - 16x4 OykBeHO-IM(poB LCD mucmneit HD44780.

PesyaraTtu u odchikaane
3a Cb3aBaHC Ha KOHTPOJICpa Ha 3ap>111/pa3p>121 € MPOCKTHpPAaHa U Ch3JaJCHA XapAyCpHa U
codTyepHa Jacr.

1. PeaninzupaHe Ha XapayepHa 4yacT

3a peanu3upaHe Ha Xap/yepHara 4acT Ha KOHTpoJepa € ch3/iajieHa OJI0K-cXxeMa, OolrcBalia
XapIyepHHUTe KOMIIOHEHTH M B3anMoeicTBIsITa ToMexay UM (dur. 2). Ha 6a3a Ta3m 010k cxema
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¢ Ch3/1a/IcHa IPUHIMITHATA CXeMa Ha KoHTpoiepa (¢wur. 3), kakto u camust xapayep (¢ur. 4).

@ue. 2. Bnok cxema na xapoyepa

VENTIL

Pk

12 KbM SV ——————— — — — | ToBap
|
f | T
. | ]
|
Conape - = lIJleM — — —®»| batepua |-——-» BeHtTUn - A— CeH30p TOK
naxen Apainsep |
| =
T > T 4 -
| .
V \*\ V / | ',-"'
CeHsop \ CeHzop // L
Hanpex. [Tl N Hampex. , o :
-~ . . / "»’
._\\ \. L
D g el Mucpo- g _*
MHAMKaTOp KOHTponep |
LUudpoB curHan ! |
------- AHanoroB CurHan V |
— - = MM curHan :
— - 323XpaHBaHe § Qncnneil e ————————— ]
I°C uHTepdeiic

Due. 4. Cv30adenuam KoHmposep

2. Peanmuzupane Ha codTyepHaTa 4act

Ha ¢wur. 5 e mpeactaBeH anropuThM, MOKA3BaIll XOJa Ha TJIaBHATA MPOTpaMa, KOSTO
M3BUKBA TIOQIPOrpaMy, pealn3upaliyd (yHKIHOHAIHOCTTA Ha KOHTpOJEpa 3a 3apsy/paspsa Ha
akymymatopa. IlocpemctBom e3mka 3a mporpamupane C e peannsupaH Oe3KpacH IIHKBIT
(KatpanmxueB & Llomos, 2014). Toil ce m3mbaHsABa AOKATO MHKPOKOHTPOJIEpA € 3aXpaHeH M
W3BHKBAa CHOTBETHHUTE ITOIIPOTPaMH B MTOCOYCHATA MOCTEIOBATEIHOCT ((ur. 5).

78



: !
lleknapupaHe Ha 6ubnnoTekwu, KoHTpon Ha ToBapa C
KOHCTaHTWU W MPOMEHINBMU 1A
v v
MHuumanusauma Ha BX./u3X. CBETOMMONHA MHINKALMS b U
nopTose Anopa, 1l L ower Up
v v
MpounTaHe Ha aHanorosu M3npawaHe Ha maHHW no USB HE
ceH3opu
+ ;
Ws6op Ha pexum Ha M3npawaHe Ha pAaHHu o LCD
3apexgaHe
v v
A B C

Due. 5. Oboowen anzopumvm Ha nPoZpamama Ha KOHMPOAEPA 3a 3apA0/Paspao Ha
aKymynamop

bnokoBere M3BBH I[MKBJIA C€ HW3MNBIHABAT ©THOKPATHO TMpH  TOJaBaHe Ha
3axpaHBaHe/pecTapTHpaHe Ha KOHTposepa. Te ciyxar 3a HHUIMANU3AIMsI HA YCTPONUCTBOTO.

3akil0ueHue

Ce3mazieH € KOHTpOJIep 3a 3apsyi/pa3psi Ha akymyJaaTop, KOHTO Moke Jna ObJe 4acT OT
ellHa HAIBJIHO aBTOMATH3HMpaHA CHCTEMa 3a JOOMB HA CHEPrHs OT CIIbHYCBATa CBETJHHA ChC
conapeH manesn. KoHTposiepbsT MOke /1a ce M3M0I3Ba KaKTo ChC cTalmoHapeH PV manen, Taka u ¢
TaKbB, CJIEAAL] CTBHIETO IO €HA WIK JBE OCU. Y CTpoiicTBOTO pabotu ¢ 12V akymynaTopu, HO €
JeK coTyepHH TPOMEHH MoXe Ja ce jobaBsaT omuu 3a 6, 9 m 24V akymymnaropu. B
CH3/1a/ICHOTO YCTPOICTBO Ca 3aI0KCHHU PEUIla 3alUTH: 3aImTa oT npe3apexaaHe
(codTyepHa); 3ammTa OT ABJIOOK pa3psii/aBTOMATHYCH KOHTPOJI Ha ToBapa (codTyepHa); 3armmura
OT KbCO CHhEJUHEHHE W IPETOBapBaHE MO TOK OT CTpaHaTa Ha OaTepusiTa/CoNapHUsl MaHel
(xapmyepHa); 3aIIUTa OT BPBIIaHE Ha TOK OT aKyMylaTopa KbM IaHena (XapIyepHa); 3alldTa OT
MIpeHaNpe)KeHNe Ha BXOJla Ha CONApHUS MaHeNn (XapJyepHa); 3alura OT BKIIOYBAHE B oOpaTeH
MONAPUTET 3a COMapHUsI MaHend (XapayepHa); Cb3fajeHa € M BU3yalu3alus Ha CTOMHOCTHTE Ha
HaINpeXeHHeTO, TOKa M PeKuMa Ha pabora. 3a Bu3yanmsanus ce m3nonsBa LCD nucroeit.
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CBH3IABAHE HA RGB 360° TUCILIEA

Heasaxo Karpanmkues, Hukonaii Kapnotares
YXT - IlnoBaus, KoMnoTbpHU CHCTEMH M TEXHOJIOTHHU

CREATING A RGB 360° DISPLAY

Nedyalko Katrandzhiev, Nikolay Karnobatev
UFT - Plovdiv, Computer systems and technologies

Abstract

Colors affect human psyche on subconscious level. They can cause a feeling of warmth,
comfort, anger, sadness and more. In the field of advertising, the use of colors forwards messages
at this subconscious level aiming to predispose the observer to make a decision for buying the
advertised good/service. It is important to combine an innovative way of presenting an ad with the
ability to display different colors. That's why it is reasonable to create a 360 degree RGB display
that can work with the three basic colors: red, green and blue and by blending them to represent
other colors.

Keywords: 360 degree display, LED display, RGB LED, advertising, advertisement

BLBenenue

Pexmamara menu nma mpencraBu wH(GOpMAIMS 32 JNaJeH MPOAYKT IO MPHUBICKATEICH HaYWH.
OOUKHOBEHO T4 € MpeJHa3HaueHa 3a ONpelesieH KPbI MOTPeOUTENH, KaTo LEeH Jia MpeAu3BUKa
HHTEpeC KbM 00SKTa Ha peKiaMaTa.

3a peanu3upaHe Ha KauecTBEHa peKiiaMa Ce HM3IOJI3BAT Hal-pa3HOOOpa3HM CPEACTBA Kato:
pazuo, TeIeBH3Hs, Pa3InuHH JIMCTOBKH, OMIOOpIOBEe, pEeKIIaMu B MHTEPHET U 1p. Te3u cpeacTra
Bede ca Mo0pe MO3HATH 32 XOpaTa W OCBIIECTBEHATa Upe3 TAX peKiiamMa He MpeIu3BUKBA HHTEPEC,
HAINPOTHUB JJa’Ke 0OPATHOTO.

B Ta3u pazpaboTka ce npeacTaBs enuH WHOBATHBEH W IPHUBJICKATEIICH HAUYWH 33 peau3upaHe
Ha pekiamMa, a uMeHHO upe3 RGB (uBeren) 360° mucmmei, koiiTo e moxoOpeHne Ha Mpeau TOoBa
HanpaseHus: 360° MOHOXPOMEH JTUCILICH.

Marepuanu u MeTOIH

3a cp3gaBane Ha 360° RGB mucmnei e U3M0M3BaH MUKPOKOHTPONIEP, AaHAJIIOTHYEH Ha TO3U 3a
ch3maBaHeTo Ha 360° MoHoxpomen mucruiedi (Katrandzhiev & Karnobatev, 2013), uMeHHO
ATmega 328 (Atmel, 2017). B kadectBOTO CM Ha TpOrpamarop € W3MNON3BaHa IUiarpopmara ApIyHHO
(Yuxypres et al, 2013). 3a pasnuka or Katrandzhiev & Karnobatev 2013, B TekymaTa pa3paboTka
MOHOXpPOMHHUTE cBeToamonu ca 3ameHenn ¢ RGB (Tab6un. 1). RGB cBeromnonute npeacTaBisBar
TPH CBETOAMO/A (YEPBEH, 3€JIEH U CHH) MHTErPUpPaHH B €IMH Kopiyc. Bapnanture Ha cBbp3BaHe
Ha WHTETPUpaHUTE CBETONMOAM Ca JBa: TI0 CXeMa ¢ OOLI aHOJ WX IO cxeMa obmy karox. B
3aBUCHUMOCT OT cXemara Ha cBbp3BaHe RGB cBeroamoanTe ce ympaBisiBaT MO BHCOKO HHBO Ha
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curHana (IUIF0C) WM MO HUCKO HMBO HAa CHTHana (MUHYC). B KOHKpeTHHs ciiy4ail ce M3IMONI3BaT
CBETOJIMO/IU C OOII aHOJ ¥ YIPABJIICHUETO € 110 MUHYC, T.€. aKTUBHPAHETO HA ChOTBETHHS IIBAT HA
RGB cBeronmona cTaBa ¢ HUCKO HMBO Ha cUTHaja. ToBa € eqHa 0COOEHOCT, KOSATO TpsOBa Ja ce
“Ma Ha TPeNBUA KaKTO TPU Ch3JaBaHE Ha XapJyepHaTa 4YacT, Taka W TPH Ch3JaBaHe Ha
aJropUTHhMa, PECIIEKTUBHO U MIPpOrpaMaTta 3a ynpaBJieHHe Ha CBETOJHOIHNUS OJIOK.

Taén. 1. Ilapamempu na YSL-R596AR3G4B5C-C10 RGB LED (China Young Sun
LED Technology CO)

st Tr:)(:cc(l)skl;p(zlus)a CroiiHocT Munumym Homunan Maxkcumym
F
UepseH (R) Hanpeskene B 1.8 2.0 2.2
3enen (G) 20 mA npasa MocoKa 3.0 32 34
Cun (B) Vi V 3.0 32 3.4
Hepsen (R) WHTEH3UTET Ha ' ' 800
3enen (G) 20 mA CBETJIMHATA - - 4000
Cun (B) Iy, med i - 900
UepgeH (R) IT5mxeHA Ha 620 623 625
3exeH (G) 20 mA BBJIHATa 515 517.5 520
Cuit (B) A, nm 465 466 467.5

3a ch3/1aBaHe Ha Wiro3usTa 3a 360 TpaIycoB TEKCT e M3I0I3BA HHEPTHOCTTA HAa YOBEIIKOTO 3PEHUE U
Ipeln3Ha CHHXPOHU3AIM MEX/1y IIPEMUTBAaHETO U CKOPOCTTA Ha BbPTEHE Ha cBeroauoau. Korato
MIPEMHUTBAHETO HA CBETOJMOIUTE U CKOPOCTTA Ha BBPTEHE Ca CHHXPOHH3UPAHH Ce Ch3/1aBa e(heKT
Ha CTOSII BBB BB3JIyXa TEKCT, ChOTBETHO ¢ M30Bbp3BaHEe WIM H30CTaBaHE HA MOTOpA MOXKE Ja Ce
Ch3JaJic WIIO3MATA, Y€ TEKCTa CC BBPTH HAJSIBO WM HAJsACHO. be3 ja e HeoOXoauMo MpoMsHA B
Xapxyepa, U3IiuIo copTyepHO, MOTaT Jia Ce Ch3AaAaT OIIe Peariia eeKTH KaTo MoJCKavall TeKCT,
CKpOJIUpal] ce TeKCT U Jp.

Pe3yaratu u o6chikaane

1. Cb3aaBaHe HA MEXaHUYHATA KOHCTPYKLUS

3a cb3gaBaHE Ha MeEXaHMYHAaTa 4YacT € M3MO0A3BaHa KOHCTpykuus or DVD melisp ¢
aHTUBHOPAIIMOHHO OKauyBaHE M EIEeKTPOMOTOp. BbpXy Hes e MOHTHpaHa BBPTAIIA MOMIOKKA,
BBPXY KOATO IIIE C€ Pa3IoIOKaT MUKPOKOHTpoIepa U cBerouoaute (¢ur. 1).

Wlm‘;“.y.il.- L ET
QDue. 1. Mexanuka 3a 3a6bpmane na oucnnesn
2. YnpagiieHue Ha TUCILIest
Hucrutest e cberaBen oT mect RGB cBerommona ¢ o0l aHO, a KbM KaTOIUTE ca J00aBEeHH
OTpaHUYUTEIHU pe3ucTopu. Toil ce cBbp3Ba ¢ ATmega 328 MUKPOKOHTpOIEpa, Ype3 KOUTO ce U
YIIpaBisiBa ChOOPA3HO ATOPUTHMA OT (HT. 2.
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3. AIroputhbM 3a ynpasiieHHe Ha JUcIIest

ITo anropuTeMBT, IPEACTaBeH Ha (ur. 2, upe3 e3uksbT 3a nporpamupane C (Karpanmxues &

[Toros, 2014), e cb3aaaeHO IpOrpamMHOTO ocurypsisane Ha 360° RGB nucnneit.
_il ________________________________ |

|
( Havano ) UHnumanmsaums “
I

M3BexaaHe Ha CboblleHneTo

A I

3apaBaHe Ha nepuoja
Ha cBeTeHe Ha
csetoanoauTe cnep
aKTUBMPaAHETO UM
BkntouBaHe Ha
CbOTBETHUA UBAT
Ha RGB
ceetoaMoaa
I
Il
3apaBaHe Ha 6pos Ha 1l
KO/IOHUTEe B MacuBa, OT |:
KOUTO Cce CbCToU ::
cbobuieHeTo 1]
Il

Il False
v

|I 3apaBaHe
A

JNeduHupaHe Ha
cbobuieHneTo B
MacwvB v 3af,aBaHe
Ha UBAT 3a BCEKU

RGB LED I:
:. 1
|

W3skniousaHe Ha RGB LED

Iy 3agasaHe
Il NPOABMKUTENHOCT Ha
v3racsaHe

I
||
II
|
I
“ True———
|l

False

CPU_output++

CPU_output=0

CPU_output< 17 True | True—<_ Power On

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
i NPOABMKUTENHOCT Ha Col-- |
Il cBeTeHe :
l i
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

QDue. 2. Anzopumvm 3a ynpasnenue Ha RGB oucnnen
Peammupa ce mocnemoBaTenHo npemursane Ha RGB nnoawTte mo mpenBapuTenHO 3a1a/ieHa
CcXeMa C BHCOKa 4YeCTOTa, KOETO IPEMHIBaHE € ChOOpPa3eHO ChC CKOPOCTTAa Ha BBPTCHE HA
€JIEKTPOMOTOP, 3aJIBFIKBAII CBETOAMOIHUS maHen (¢dur. 3).

el

Due. 3. Cb30a0enuﬂﬁ Ocnﬂeﬁ
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HpI/I H3KIIIOYECH CICKTPOMOTOpP CC BMIXK/Ia CBETCIIA W/unu IpeMUrpaila KoJioHa OT CBETOAHUOIM,
B 3aBUCHMOCT OT 3ap€ACHaTa IporpamMa B [IaM€TTa Ha KOHTPOJICpa.

4. TecTBane Ha cb3gageHusaT RGB gucmieit

Ha ¢ur. 4 e uzo0Opazen roroBuss RGB aucruieli KakTo U CHUMKH OT Tpolleca Ha TECTBAHE.
OcHoBHHTE TIpOOJIEMHU TIpU pa3paboTBaHETO Ha JUCIUIes] OsXa CBBP3aHM C MEXaHWYHATa YacT,
Haili-Beue ¢ eJIMMUHHMPAHETO HA BHOpalMUTe TPU BBPTEHETO. 3a IedTa Cce HAJIOKHU
eKCTIEpPIMEHTATHO HaMHUpaHe Ha IeHThpa Ha TEXKECTTa, KOSTO He eIMMUHHUPA BUOpAIMUTE, HO TH
Hamanmu JapacTuyHo. JIpyra Mmspka, Opeamnpuera cpenly BHOpAlMHUTe € aHTHBUOPAIIMOHHOTO
OKauyBaHE C YETHPH I'YMEHU TaMITOHA B KpauIlaTa Ha ratdopmara dur. 1.

Due. 4. Tecmeane na cvzoaoenusm RGB oucnnei

3akjouenue

EnHo kpeaTuBHO TpeAcTaBsSHE HA PEKIAMHOTO ChIbp)KaHUE, IMO3BOJISBAIIO YJIaBSHETO Ha
BHUMaHHUETO Ha MOTEHIMAIHUA KIHMCHTH, KOETO € YyJeCeH BapuaHT 3a MapKeTHHTI, Mpeyiaraii
€/IMH M3KITIOYHUTEITHO €eKTHBEH METO/] 3a YCIeleH OM3HeC, a UMEHHO 4pe3 KpeaTHBHA CHCTeMa
3a pexsama Ha 0a3ata Ha 360 rpaIycoBH AUCIUICH.

JucrutesT Moxe a Obe Momo0peH KaTo ce MOBUIIAT pa3/ieIuTeTHaTa CIIOCOOHOCT B pa3Mepa
Ha guciuiest (kato yBenuuu OposT Ha cBeroguonute). Toil Moke Aa ce Cb3aage U ¢
MUKPOKOHTPOJIEp OT JIPYro CEeMEHCTBO. YCTPOMCTBOTO MOXKE Ja Ce TNpOeKTHpa, Taka de Jia
MIPEIOCTaBs Bb3MOXKHOCT U 32 BHHILIEH MOHTAX.
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DESIGN OF INFRASTRUCTURE FOR ACADEMIC DISTANCE-
LEARNING EDUCATION IN COMPUTER ENGINEERING
Adelina Aleksieva-Petrova, Ognyan Nakov, Valentin S. Mollov

Technical University — Sofia, Dept. of Computer Systems, FCST,
8 K1.Ochridsky blvd., 1000 Sofia, Bulgaria

Abstract; The paper presents a novel infrastructure specially designed for distance learning
education of students in Computer engineering from the Faculty of Computer Systems and
Technologies (FCST) at Technical University of Sofia. All major components of the system are
presented and discussed: the infrastructure itself, services, content and educational process.
Software tools used to obtain better performance are presented and the results from their

implementation into the infrastructure are shown as well.

Keywords: Distance learning, e-learning, educational infrastructure, computer engineering

1. BwbBeneHue

WmkeHepHHUTE CIIEIUATHOCTA Ca €IHU OT
HAl-Obp30 W JMHAMUYHO pa3BUBAIIU  CE
obnacTH, KOHMTO MOJTOTBST BHCOKO
kBanmuduipann cnenpamctu. C TeueHWe Ha
BPEMETO MHOrO OT TAX C€ HYKIAAT OT
JOTBITHUTEIHO ~ OOydeHHe,  CBBpP3aHO  C
MOCIEAHUTE  CBETOBHU  JOCTIDKEHHS B
ChOTBETHATA 00JaCT WM OT MPEeKBATH(PHUKAIIHSL.
Hapmmsamero Ha  WMHGOpPMAIMIOHHUTE U
KOMYHUKALMOHHUTE TEXHOJOTHMH BBB BCSKA
enHa cdepa criomara 3a Ch3JaBaHe U Pa3BUTHE
HA  pa3lU4YHA  CINCKTpOHHH  (opmu  3a
JIUCTAHIIMOHHO OOy4YeHHE, B T.4. TPAJUIMOHHU
u cloud 6aszupanu [1], kouTo Aa mogmoMarar u
oborarsBaT pa3BUTHETO Ha XOpaTa Mpe3 MeHs
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UM JKHBOT. 32 Ta3 LieJl € HEOOXOAMMO Ha Ce HM3rpaju MH(PacTpyKTypa 3a IUCTAaHIMOHHO H
eNeKTPOHHO O0yYeHHe, KOSATO J1a TIO3BOJIM CTAOMITHOCT, e(pEKTHBHO M3ION3BAHE HA PECYPCHUTE U
YCTOHUYMBOCT Ha €KOCHCTEMATa 3a IEKTPOHHO 00yUeHHE.

OcHoBHaTa IIeJ1 Ha CTaTHsTa € Ja ce npenacraBu mrpajneHata BbB ®KCT undpactpykrypa,
KOATO Jia IOATIOMOTHE OOYYeHHETO Ha CTYAEHTUTE C Pa3IuYHH (HOpPMAIHH U He(hOPMAIHH
SNEKTPOHHU (OpMH Ha OOYYCHHE U Jia JOIPUHECE 3a I0-KAYeCTBCHO M I'bBKaBO OOYUYCHHE ITpe3
eIV )KUBOT Ha YOBEK.

2. O6pa3oBaTeiHa MHPPACTPYKTypa

Wsrpanenata obpa3oBarenHa MHOPACTPYKTypa € pa3BUTa B YETHPU OCHOBHU HAIIPABJICHUS:
nHppacTpyKTypa, EINEKTPOHHO Y4eOHO ChIBP)KAHNE, YCIYTH U o0ydeHue - ¢ur. 1.

2.1. AudpacTpykTypa
Usrpanenata e xapayepHa W codryepHa WH(PAaCTpyKTypa U ca OIPEACICHH CIICTHUTE
OCHOBHH €JIEMEHTH Ha XapyepHOTO PEelICHHE:

e OOopynBaHe Ha y4eOHH 3aJIH C BUJICO- KOHPEPECHTHA CUCTEMA;

e UHcTpyMeHTapuyM 3a MHOTOTOYKOBA BpPb3Ka M IIEPCOHANIHA BHICO KOMYHHKALHUS Ha
MPEroIaBaTe/IUTe U CTYACHTUTE;

e lHCTpyMeHTapHyM 3a MOTOYHO W3ITBYBAHE, 3amUC W 00paboTKa Ha BHICO y4IEOHM
MaTepUau.

Codryeprara gact e marpazeHa Ha npoaykra LifeSize Video Center 2200 [2], koiTo BKIIOYBa
cieqHNTe (PYHKIMOHAIHH BH3MOXKHOCTH:

e  Bb3MOXKHOCT 32 €THOBPEMEHHO TIOTOYHO M37Tb4YBaHE KbM CTOTHIIN MTOTPEOUTENH;

e Tlo3BomsaBa 1000 emHOBpeMEHHM BPB3KH KBbM HErO Ha XKHBO ChC 3a0aBsiHE caMo OT
100ms;

e DBb3MOXKHOCT 3a KOHTPOJMpAH 3aluc M IociejBamia o0pabdoTka Ha  BHJIEO-
KOH(EPCHTHUTE CCCHUM;

e Tlo Bpeme Ha BUJICO-KOH(EPEHTHATA BPb3Ka CHHXPOHU3UPAHO C BUJECOTO M ayIHOTO OT
IperoiaBaTeNsi, BEPBAT H CICKTPOHHUTE MaTepUalli, KOUTO TOH M3ION3Ba — ClIAiIoBE,
nN300paxKeHusl, BUIIEO;

e JlecHa WHTerpauys ChC CHCTEMAaTa 3a IMCTAaHIHMOHHO OOYYCHHE, 3a MpEICTaBsSHE Ha
BHUJICO MATEPUAITUTE TIPE3 Hesl.

2.2. En1eKTpOHHO y4e0HO ChABbpPKaHUE

EjlekTpoHHOTO y4eOHO ChbJIbp)KaHHE HA OTACIHUTE JUCLHMIUIMHM B W3pabOTEHMS
OakamaBbpCKM M MAaruCThpPCKH y4eOCH IUIaH CE€ JOCTaBs 4pe3 H3ION3BaHE Ha IUIaTtdopmaTa
Moodle [3]. EnexTpoHHOTO y4eOHO ChIbpIKaHHUE € OPTAHU3UPAHO B TeMaTuueH ¢opMmart (¢ur.2) u
€ paszielieH Ha CEKLMH: JICKIUH, YHPAXXKHEHWsI, KOHCIICKT, M3IUTHH TECTOBE, NPEHOPbUYUTEIHA
nmuTeparypa. Beska enHa OT TeMAaTHYHHUTE CEKIMH H3IION3BA PA3IMYHU PECYPCH M JCHHOCTH 3a
IpeicTaBsHe HAa CAMOTO YUEOHO ChIIbpKaHHE.

2.3. Yeayru
Wsrpanenata uH(pacTpyKTypa MPEIOCTaBs YCIYTH, KOHTO MOTaT ga ce 0000msT 1o
CIEHNS HAYUH:
e Vciyra 3a J0CTaBKa Ha OOYYHTEIHM KOMIUICKTH, B TOBA YHCIIO MHTEPAKTHBHU YyUCOHU
MOMOIIHYM MaTEPUAITH, BUJICO JIEKIIUH, MYJITHMEIUIHHU MPE3CHTAIUH.
e Veiyra 3a QUCTAaHIMOHHO HAOIOJaBaHC HA JICKIHMH W JPYTH CHOUTHS HA XXHMBO IIPE3
HUHTCPHET;
e  VCIIyru 3a IbJIHOIICHHA KOMYHHKAIHST MEXTy TPEIOIaBaTe Il U CTYACHTH;
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e  VYciyra 3a 3anuc Ha JICKIUX U APYTH CHOUTHS X OPraHW3MPAHETO HA 3aIMCUTE BBB BUJIEO
MOPTaJI 3@ MO-KbCHO MPETIICHKIAHE;
VYenyra 3a U3roTBsiHE Ha BUAEO Y4eOHU MaTepHally;
OpraHmupane BUIEO yJIeOHHTE MaTepHand BBB BHACO IOPTAl 33 KOHTPOIHPAHO
n3ydaBaHe OT CTYJEHTHUTE IIPe3 ChIICCTBYBAIATA CUCTEMA 3a AUCTAHIIMOHHO 00y4eHHE.

Macneagaqe 1 ONTUMW3ALMA HA KOHBEAEPHI KOMMHKITLPHI APXHTEKTYPH B YCNOBWATA H3 KOHBEAEPHN CLCTE3aHNA.
VlacneagaHe 0praHu3aLiATa Ha Kell NameTTa.

Macneasaqe Ha NPOMIBOAWTENHOCTTA HA KOMMKOTLPHA CHCTEMA NOCPEACTEOM ETAN0HHW TECTOBE

Buaeo ypouu

=) OpuHunn Ha paboTa HA UeHTPANKHWA Npolecop

5 Moroagpeni npoyecopu. Texqonorua Intel® Hyper-Threading.

= Wepapxus Ha nametra u kel namer TexHonorus Intel® Smart Cache.

KoHenekr

ﬁ KoHcnekt no KomnioTepHM 8pxuTekTypin

3afaHuA 3a ceMecTpManHa paéora

ﬁ TemaTiyH1 HaNpaENeHNA 1 NPUMEDHN TeMI

ﬁ Yka3aHuA 3a W3roTBAHE HA KYPCOBYM NpaekTy { Kypcosu pabotn

y ) HQHMSQBH Blaeo Knun
[~ ]

% Bnnceane na nabpanu Temu

Bcekn CTyAeHT e AMbXEH A4a BIUWE B cHcTeMara napaHoTo oT Hero TEMaTMYHO HANPaBNeHNe 3aefiHo C KPaTKo
pesloMe Ha NpeanoYnTaHara B TOBa HanpaBneHne Tema 3a CLIMacyBaHe ¢ BO4EeLLnTe JUCUMNNNHaTa Npenogasareni.

| Kausaue na wapaBoTenute 337aHNR 33 oueHABaHe
Bceku cTyaeHT TpRGBA Aa KauW B CUCTeMaTa M2paboTeHOTO OT Hero 3aaanue nog opMara Ha apxueeH daiin.

ApxuebT TpRbBa Ja cbabpwa: Tekctos gokyment (MS Word); rpadudnn daitnose (MS Visio); npeaextayna (Power
Point); WHTepakTHEEH MOAEN UM BUA20 KNAN, FeHepUpani ¢ u3bpak ot cTyaeHTa codityep.

TekctoBnAT gokymenT TpRbea Aa Gbae Aolpe hopmatipad u CTpyKTYpUpaH © ACHO AediHnpaHa Len Ha
NpeACTaBAHETO MICAEABaHE, KAKTO M 3 CEALPKA UMTUPEHE Ha M3N0N3BaHWTE NUTEPATYPHN NATOUHNLA.

3a JONLNHUTENHU Pa3ACHEHHA, KAKTO U B CRyvall Ha BbaHWKBaHe Ha npofinemu c KauBaHeTo Ha daiinose,
HEeoTroBapALLYM Ha N3VCKEaHNATA 33 pasMep U A4p. & HeoDXoANMo, BCEKH CTYAEHT 4a Ce BOAELLWTe aCHCTEHTH.

w.phplid=2191

@ur.2 EnexTpoHHO yaeOHO ChABPIKAHIE HAa AUCIUIUINHE B TaTdopmaTta Moodle.

2.4. O0yueHue

OcnoBHa 1eneBa rpyma ca crymeHtn ot ®KCT B oOpa3oBaTenHa KBaJu(pHUKAIMOHHA
CTeTeH ,,0aKanaBbp™ U ,,MarucThp" B MpodecHoHaTHOTO HanpaBieHne KOMIMOTbpHU CUCTEMU H
TexHoymoruu. B mporeca Ha 00y4eHHE yd4acTBaT KaKTO CTYACHTH, TaKa M MPEIOJABATENH, KOUTO
W3MOJI3BAT H3rpajieHaTa nHpacTpyKTypa.

3. Pe3yaratu

®ur.3 mpencrass pe3yaTaTUTe Bb3pacToBaTa CTPYKTypa Ha HM3CleBaHaTa LiejeBa Ipymna
notpedurenu. Moxe Jla ce BUIM, 9e ToJIsM Opoil OT IereBaTta Ipyma ca MexIy Ha Bb3pacT oT 19
J10 24 TOJIMHU - UMEHHO mopasau ¢dakta, ye ca ctyneHtn BB PKCT.

OOydennero Ha IeneBaTa Tpyla € ChIPOBOJCHA C NPOBSKIAHE Ha F3MUT - TECTOBE B
cucremata Moodle. Ha ¢ur.4 ca npencraBeHH CTaTUCTHYCCKU JAaHHMA 3a YCIIEBAGMOCTTa Ha
CTYJICHTHTE, TPEMHHAIN JO TO3M MOMEHT B JIWCTaHIMOHHAa (opMara Ha HW3MHTBAHE UYpPE3
cucremara OT OHJaiiH TectoBe. OueHKUTEe UMAT NouTu HopManHo (I'aycoBo) pasmpeneneHue B
30Harta 5-14 Touky.
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0000ILIAT MO-CIIEIHNAS HAYNH: 0 §

o MogepHusupane HA

3ala ¢ BHCOKOTEXHOJIOTMYHH '

pelenns 3a BUJIEO- @

KOH(EPEHTHH BPB3KU v

BB3MOXKHOCT 3a Cb3JaBaHe Ha |

BHCOKOKA4YECTBEHH BHIEO 4

pecypceu. !

. Wurerpupanu ol

coryepun cpezcTBa 3a -
pasno3HaBaHe Ha 06pa31x1, 'S 5 s 8 A A A A A A B A A A A A A
KOMYHHUKAIIMOHHH ~ KaHAIH U FEF ST ST T EITI IS SIS
BUPTYaJIHH 1a00paTOpHH, KOUTO Ouenra (0-20)

Jla TPENOCTaBAT XapAyepHH | @ur. 4 CTaTUCTHYECKH JIAHHH 33 YCIIEBAEMOCTTA Ha
coryepun pecypcu c CTYJEHTHUTE

oT/IaJIed€eH JIOCTBIIL.

o YacTUYHO M3rpaKIaHe Ha WHPPACTPYKTYpa 3a €JIEKTPOHHH (OPMH HA JUCTAHIIHOHHO
o0yuenue KbM yHUBepcUTETCKHs LIeHThp 3a 00pa3oBaTEIHU U HHOBAIIMOHHH IPOEKTH.

o Cob3naBane Hajg 150 BHIOa €IEKTPOHHM pecypcd OT 0a3oBH WM CHEHHAIM3HPAHH
€JIEKTPOHHH KypCOBE B 00J1aCTTa Ha KOMITIOTHPHUTE HAYKH.

o Opranusupane Ha 00ydeHre Ha JIMIA OT [EIEBUTE MPYIH B PA3JIUYHH €JIEKTPOHHH (POPMH

Ha JIMCTAHIIMOHHO O0yYCHHE.

Jlutepatypa

1. Q.Alajmi,; A. Sadiq, et al, E-learning models: The effectiveness of the cloud-based E-learning
model over the traditional E-learning model, Proc. of the 8th International Conference on Information
Technology (ICIT), 2017, pp.12-16.

2. LifeSize Video Center 2200: https://www.cnet.com/products/lifesize-video-center-2200-video-
conferencing-device/specs/

3. https://www.online-learning.bg/moodle.
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CPEJA 3A KOMITIOTBPHO MOJEJIMPAHE
HA AKYMVYJIATUBHU ®PEVMMOBHU MOJEJIA 3A E-OGYUEHUE
I'eopru Ilames, CunBus 'agpranpxuesa, I'eopru Torkos
ILnoBauBckn yHuBepcurert ,,Ilancuit XuneHnaapceku

A SYSTEM FOR COMPUTER MODELING OF ACCUMULATIVE
FRAME MODELS FOR E-LEARNING
Georgi Pasheyv, Silvia Gaftandzhieva, George Totkov
Plovdiv University ,,Paisii Hilendarski*

Abstract. A software environment CumuFormo for designing prototypes of frames and
instances of frames with slots of different types is introduced. CumuFormo supports different
databases and facilitates modeling of pedagogical scenarios in the form of e-learning workflows.
The software tool Alpaca and a workflow interpreter, named EMS, are used in the development of
CumuFormo.

Key words: frames in e-learning, computer modeling of frames, didactic scenarios.

OpeliMOBITE MOJENH, BBbBeACHH B HHpopMaTHkaTta oT Munckn (Minsky, 1974),
IIbPBOHAYAIHO CE MOM3BAT 3a MPe/CTaBsIHE HA 3HAHUS 3a LeJIM Ha U3KyCTBEHUs UHTeNeKkT. Cropen
TeopusTa Ha MUHCKH, BB3NIPHEMaHETO Ha HOB ()eHOMEH ((paKT, cHUTyalws, SBICHHE, MOHATHE,
mpolec ¥ Ap. MOA.) OT YOBEIIKOTO Ch3HAHME, ce 0a3upa Ha: a) yCTAaHOBABaHE HA CXOJACTBO
(TIpuIIMKa U pa3iiiKa) ChC CTPYKTypa ((ppeiiM), U3BJICUEH OT MaMeTTa; 0) eBEHTYallHO aJalTHPaHe
1 3aIlaMeTsABaHE Ha MOCIeTHNS KbM Bh3IpHEMaHus HOB (peHoMeH. MnesTa Ha MUHCKH ce CBBpP3Ba
C TpeJcTaBaTa, e YOBEK BB3IPHEMa, OCh3HABA M 3allOMHA MH(OpMauus 3a HAONIOAABaHU HIN
n3y4aBaHu (PCHOMEHH B IIPUpPOATa M OOIIECTBOTO, KATO s pasIpesens, ,,HoIpekaa’  3alaMeTsBa
Ha 0a3aTa Ha Bede M3TPajJieHU M MO3HATH €IEeMEHTAPHU U ChCTaBHH KOTHUTHBHH MOJETH (BKI. C
TAXHO ajaNnTHpaHe W/WiM pas3Butue). Ilpeamonara ce, e CHOTBETHHTE KOTHHUTHBHH MOJEIH,
HapUYaHU B CiIy4as ,,ppediM-Mojenn”™ UMaT CPaBHUTEIIHO NPOCTa CTPYKTYpa, a UMEHHO: CIHCBK
OT JIBOMKHM <HME Ha CJIOT, TUII Ha CTOHHOCTHUTE Ha CJI0Ta>, KaTO KbM OTAENHH CIIOTOBE (WU IPYyIU
OT TSX) MOTaT Ja Ce aTallupaT U CHeHHaTHN (yHKIUH (HAmp. 3a ompenessHe Ha CTOMHOCTTa Ha
CIOT MpU ONpEleNeHH YCIOBHA MWIM CBOUTHA, NPOBEPKM 3a KOHCUCTEHTHOCT WU
HENPOTUBOPEYMBOCT, W Ap.). IlpuMepn 3a BBE3MOXXHH THIIOBE Ha CTOMHOCTHTE MOraT Jia ce
IpUBeaaT 3a pasiuyHU npeaMeTHH obmactu — 1O (B MaTeMaTHKaTa — LEMH U PEATHU YHCIA,
BEKTOPU U MaTPHLH U 1p., B €3UKO3HAHUETO — JyMH, CHHOHUMEH pell, U3pEeYeHHs U Op., ¥ T.H.).
OpeiiM-MOIETbT Ce 3aJaBa ChC CBOETO MME M CTpyKTypa (dur. 1.).

Nwme Ha ¢peitM-Mmonena:
(1Me Ha 1-BH CIIOT: THIT Ha CTOMHOCTTA Ha 1-BUsI CIIOT)
(ume Ha 2-Us CJIOT: TUIT HA CTOMHOCTTA Ha 2-Us CIIOT)

(MMe Ha N-TUS CIIOT: THUI HAa CTOWHOCTTA Ha N-THS CJIOT)
®urypa 1. O0ma crpykrypa Ha ¢peiiM-Moze1 ¢ ncji0Ta
Bcesiko 3amaBane Ha HabOp OT CTOHMHOCTH (OT CHOTBETHHMSI THI) 32 IOMBJIBAHE Ha CIIOTOBETE HA
naneH GpeliM-Mozena, onpenerns KOHKPEeTeH HeroB (hpeiiM-ex3eMIusp.
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Ipumep 1. @peiim-Monesn 3a JekjapupaHe Ha jJaHHU B mnporpamupanero (IlluBauesa,
Totkos, 2017)

Ne Hme Ha PppeiiM-monet Caorose
Tun HNme IIporpamen koj
1. | HdeknapupaHe Ha MPOMEHIINBA
2. | JdexnapupaHe Ha MacuB
IIpumep 2. @peiiv-mMope1 Ha Obarapcka cjiosogopma
Hme na caor OosicHeHHe
CaoBodopma KOHKpPeTHA cJ10BodopMa
I'pamatuyHa KaTeropus TJIaro)t/ ChIIeCTBUTEIHO/ TIPHIIATaTeITHO/ HApeuue
3HaueHue Ha cnoBodopmara PEUHUKOBO OIKMCAHUE
CnoBooOpa3yBaTeIH IPEACTABKU CHMCBK NPEICTaBKU (AKO ca HAJIMYHN)
CnoBooOpa3yBaTeIHN HACTABKH CIHUCHK HACTABKH (KO Ca HAJHYHN)
I'nes3no cjioBoopma
['paMaTHYHa KATEropusi Ha THE3[0TO’ I71aron / ChIECTBUTETHO / MPUIATaTeIHO / Hapedue
3HayeHue Ha THE3/10TO PEYHHUKOBO ONMCaHNE
IIpumep 3. @peiiM-ek3eMIISIp Ha c10BOdOpMa ,,MIOBJIEKAHA*
HNme Ha caor Chabp:kanue
CaoBodopma MOBJIEKaHA
I'pamMaTHdHa KaTeropus CBIIIECTBUTEIHO UMe
3HaucHUe TpoMABA M  pa3BNCHCHA, HECOpETHATA JKEHA
(HE0TOOPUTEITHO, PA3TOBOPHO)
CrnoBooOpa3yBaTeNnHH MPEACTaBKU o-
CnoBooOpa3yBaTelHH HACTaBKH -Ha
I'ne3no BJICYE
I'pam. KaTeropusi Ha 'HE3I0TO J1aroi
3HaueHue HOCS, BOJIsI (HEOI0OPHTEITHO)

B nocnegaute 10 — 15 ronuHu, GpeiiMOBUTE MOIEIN CE M3MOJI3BAT IUPOKO B 00YICHUETO.
Crienanio mie otoenesxuM MoHorpadusta® (Gurina i dr., 2007), B kosito ppeiiMosn Moaemu (Tox
(dopMaTa Ha CXeMH, PUCYHKH, TaONWIM M Jp.) C€ W3MON3BAT 32 CTPYKTYpUpaHE Ha 3HAHHSA 3a
HAYYHH TIOHATHS, 3aKOHHM, 33/1a4d W IPAKTHYECKH IpHMepH B obsiacTTa Ha (u3mkara. B cemata
MoHorpadus ce npemiarat u GperiMoBH MOJICIH B 00YIEHHETO 110 AHIIUICKH €3UK.

BB BpB3Ka C pa3BUTHETO Ha €-00y4EHHETO W OIUTHUTE 3a aBTOMAaTHU3UpaHe Ha
npenogasatenckus TpyA, B (Totkov i dr., 2014) e BbBeIeHO MOHATUETO ,,AKYMYJIaTUBHA TECTOBA
enuanna“ (ATE). Ha ta3u 6a3a ce oka3Ba Bb3MOXKHO ITPOCKTHPAHE HA aBTOMATU3UPAHU CHCTEMH
3a Ch3JaBaHE M INIPOBEXJaHE Ha TECTOBE B €-O0YUCHHETO, KaKTO M TEHEepHUpaHEe Ha DPa3IMIHU
tunose TecToBu equnauim (TE) B mporeca Ha e-o0yuenue. Ille oroenexum, ue ATE ot oTBopeH
THIT MOTAT Jia e PasriIekaaT KaTo crernuduaan GppeiiMoBr Mozeny, a TeHepUpaHHTE B TIpoIieca Ha
OLICHSIBaHE TECTOBU €IMHUIIM — KaTO CHOTBETHU (ppeiiMu-ex3zemiuisipu. B mocnennus ciyuait, ¢
eHa 0COOEHOCT — ChABPKAHUETO Ha HAKOHM CIIOTOBE MOXE J1a HE € aJeKBaTHO (HampuMmep, ako €
Cb3JalcH0O OT oOyuaBaHM B Ipoleca Ha u3ydaBaHe Ha fajgeHa [10). Taxa BbBemeHHTE
crienuprIHN GpeiMOBH MOJICTH IIIe HapuUaMe aKyMyiIaTuBHU (peiiMoBu Moaenu (APM). B ITY
,»11. Xunennapcku ca NpoBeNEHU peaulla U3CIeABaHUsA, CBbp3aHU C u3non3paHe Ha ADOM B e-
oby4enuneTo (Atanasova, Totkov, 2015; Atanasova, Totkov, 2017; AtanacoBa, 2018). Oka3Ba ce,
gye ADM morar ma ce pasriekaaT KaTo OTHOCHTEITHO CaMOCTOSTENHHM, JIOTHIECKH 000coO0eHM

' Cnopen (Bylg. tylkoven rechnik, 2001)
% 4-10 3HAuYeHHe Ha TIaron ,,Bireuc’ cropen (Bylg. tylkoven rechnik, 2001)
3 Bi. M IMTHPAHKUTE TAM ITyOTHKAIIHH.
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JMAKTUYECKH €MHULH, KOUTO (3a€IHO ChC Ch3JaBaHM Ha TSAXHATA OCHOBA CHOTBETHH (pelMHu-
eK3eMIUTIpH (BKI. M HeanekBaTHH 3a [10) Morat na ce moi3BaT B pa3iUYHM €Tall HA IpoIeca Ha
o0y4eHue.

OO6yuenue (3a uzydaBane Ha nanena I10), moctpoeHo Ha 6azata Ha ADM u Ha TexHH (perMH-

eK3eMIUIIPH, MOXeE Ja M3II0I3Ba CIICIHUTE MeJarOrnIecKy CIIeHAPHN:

A. 3anosnaBaHe Ha o0y4aBanute ¢ AOM, Tunuynu 3a I10;

b. IlpoyuBane Ha MH()OPMAIMOHHN MaTepHalld, BKI. y4eOHM (3aXBIDKUTENHH, NPEOpbYBaHH,
JOIBIIHUTENTHU U JIp.) TEKCTOBE C Lel OTKpUBaHE (M 3alaMeTsABaHe) Ha MOAXOAAIIO
ChIBPXKaHUE Ha CIOTOBETE Ha (ppeiimu-ex3eMIusipn Ha n3BecTHH ADPM (ot A.), a Taka ChIOIO0
IpeUIarane u o0ChXKJaHe Ha ApYyrd (pa3nudHu OT A.);

B. OueHsBaHe Ha 3HAHUATA HAa 00yYaBaHHUTE C M3MON3BaHe Ha HAMMYHU ADM m TexHu peiimMu-
ex3eMIusipu (Bk. b.), eTHOBpeMEHHO CHIIPOBOJCHO C M3rpakaane Ha b/l oT TecToBM enuHUIN
(ot paznuyen Tun) Ha O0a3ara Ha unesita 3a ATE;

I'. [leneHacoueHO OTKpHBaHE HAa HOBHM 3HAHUA 3a 00ekTH W mponecH Ha 110, KOHKpeTH3Mpaiku
chabpxkanuero Ha noaxosum ADPM (ot A. u B.) mox ¢popmara Ha GppelimMu-eK3eMILIPH;

J. CamocrosrenHo pa3paboTBaHe Ha TeMmH (Hamp. mmoj ¢opmara Ha KypcoBH paboTH),
n3nomBaiiku AOM 3a 1O u TexHU eK3eMIULIpH;

B cnyuas Ha oOydyeHue mo mporpamupase, cueHapuu A. — JI. MoraT ga cTaHaT 4acT OT CaMus

mporiec Ha o0y4eHue, u ce oka3Bat ajekBatHu (Shivacheva, Totkov. 2017).

Hakpatko e npezncraBum codryepna cpena CumuFormo 3a npoextupane 1 nojbpxkane Ha bJJ

ot A®M u choTBeTHH (peiiMu-ek3eMIUIIpH 3a o0ydenue B pa3nuaau [10.

OcHoBHHU ¢yHKIMOHATHOCTH Ha CumuFormo ca:

— TpoeKTHpaHe Ha (GpelM-MOIeN ChC CIOTOBE OT pa3iandeH (KpacH Opoil) ,,BrpaJeHu" THIT,

— Ch3/aBaHE Ha (ppelM-eK3eMIUIIPH 3a CBIECTBYBAIIN (peHM-MOJEIH;

— mnonabpikane Ha B/l ot Gppeiim-monenu (o A.) u Ha BJ] ot dpetimu-exzemiuisapu (o B.);

— MOJeIMpaHe W peal3ipaHe Ha IEAarorHYecKn CIeHapuu oT Tuma Ha A. — J[. 3a Habopu ot
¢bpeiiM-Monenu u GppeliM-eK3eMILTIPH

®urypa 1. CtpykrypHa auarpama Ha CumuFormo

Codryepnara pamka 3a peanmsanus Ha ciol ,,l'enepatop Ha [TIN“ ot ¢ur. 1 e Gazupana
Ha reHeparopa Ha ¢Gopmymsapu Alpaca (http://www.alpacajs.org/tutorial.html) u mva PHP Maker
(https://www.hkvstore.com/phpmaker/). Peanuzanusta Ha Bxogao-n3xoaaus ['TIN 3a yed Opay3sp
non3Ba JSON cxemu u JSON 00ekTH, CHOTBETHO MpeACTaBsiuy (peiiM moxpenute U ¢Gpeidm
ex3eMIuLipuTe. MpexxoBuar cioi 3axpanBa ,,leHepatopa Ha I'TIM“ ¢ JSON cxemu u JSON
00EKTH. KaTo MpefocTaBs yed MEeTOAHU 3a AOCTHII 10 (YHKIIMOHATHOCTH Ha HHTepnperatopa EMS
Ha mnporecu (Pashev, Totkov, 2018) ¢ mon3BaHe Ha naHHU 3a ¢pelim moxenu U Gpeim
eK3eMIUISIPH,
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CumuFormo

Slts Frame Specimens list

Projects
a1

Frame Specimens
Search Search v
Frame models

1D Slot Content Explanation Slot Name Frame Model

Slot Types

L 13 moenexaqa KoHKDETHa cnosodopra CroBogopha AM cnosodopria Pesd
e 17 | ChlUeCTBUTENHD cosodopMa TpaMaThyHa KaTeropus v cnosopopna O & 4 @)
18 TpOMaBa ¥ Pa3BNEYEHa, HECNPETHATa XeHa (Heofolp., Pasr.) PedHHMKOBO ONMCAHME  3HaYeHie Ha cioBodopMaTa amcnosopopna 0 &4 & @
19 |no- CUCHK NpencTask  Cnosoopasyeatenu mpeactaskn  AM cnosogopa O & & )
20 |-Ha CNUCHK HACTABKM CnoBoopasyBaTenti HacTask AM cnosodopra PesL b
21 Bneve cnosoopa THesno AM cnosogopra D s ﬁ fﬁ Ju]
22 maron THE3A0 TpamaTdHa KaTeropus Ha rie3nota AM cnosogopma Pedtn

23 Hocs, Bogs (Heomolp.) PE4HUKOBO ONMCaHME  3HA4EHME Ha THe3A0To AM cnosodopra Pesd i

Records 1to8of8 4 + [ 4

®urypa 2. Usraen ot exkpan 3a AeuHupaHe Ha (peiim Moaenu

Iegarorndecku cLEeHapUU Ce€ MOJENUPAT U OCBIIECTBAT CPaBHHUTENHO mpocTo ¢ EMS.
Hemo nosede, HAKOM MO-TIPOCTH 110 CTPYKTYpa M JIOTHKA CIEHApPUH MOTaT fa ObJaT 3aJafeHu U
UHUIMUPAHU caMo ¢ mocouBaHe Ha ¢peitmu ot BJI. Hampumep: cuenapuii b. 3a ce3gaBane Ha
(peiimM-ex3eMILTIpn 0T 00ydaBaHM MOJXKE Jla Ce MHUIMHUpPA caMo C yKa3BaHe Ha (peiim-mozena ot
IIpumep 2. (¢wur. 2.); cuenapuii B. 3a pemasane Ha TE — ¢ yka3BaHe Ha ¢peiim-exzemmrp ot B/l,
B KOMTO ChIBPXKAHUETO Ha HAKOM clloToBe (hopmupa ocHoBata Ha TE u ce ouakBa oOy4aBaHute Ja
TOITBJIHAT CHABPKAHUETO Ha APYTH (HAKOM CIOTOBE HA €K3EMIULIpa MOXKE M 11a HE yJacTBaT IpH
(dopmupanero Ha TE).

Paborara e nmoakpernena ot npoekt MY 17-0®-023 , AkymynaTHBHU (peiMOBH MOJICIN 32
U3BJIMYAHE UM arperupaHe Ha JaHHH 3a 3HaHUS U mporecu B o0ydeHunero keM Ponp ,,Haydnn
n3cnensanus” Ha [1Y |, Ilaucuii Xunengapcku®.
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I'EHEPATOP HA CITPABKH
B YHUBEPCUTETCKA UHO®OPMALIMOHHA CUCTEMA
Muuien bausznakos, I'eopru Torkos, I'eopru Ilames
ILnoBauBckn yHuBepcurert ,,Ilancuit XuneHnaapceku

GENERATOR OF REPORTS
IN UNIVERSITY INFORMATION SYSTEM
Milen Bliznakov, George Totkov, George Pashev
Plovdiv University '"Paisii Hilendarski"

Abstract

The work presents a web-based generator of reports in an university information system
PeU. The software tool created supports visual modeling of reports as directed graphs. The graph
vertexes are represented by blocks with a specific frame-based structure, called "accumulative
frame model", and the edges indicate the direction of data movement (including tables) when
executing the modelled query. The proposed methodology for modelling and generating reports in
the university information system PeU is based on a 4-step process. Successful experiments for
visual modelling and execution of queries in PeU have been carried out.

Keywords: visual modelling of queries, generator of reports, frame models

[IpoekTHpaHeTO W peasu3MPaHeTO HA CHCTEMa OT CIPAaBKU C JOCTBI 10 0a3u JaHHH B

naneHa WH(GOPMAIMOHHA CHCTeMa, W3HMCKBAa y4acTHe HA KBATU(PHUIMPAHH TOTPEOUTETH |
nporpaMucTd. B mporieca Ha ekcrioataiys Ha BCsika HH(QOPMAIMOHHA CUCTEMa, PAHO MIIH KHCHO
BB3HHKBAa HEOOXOIMMOCTTAa OT CBHCTAaBSHE HA CIpaBKa, KOSATO HE € BKIIOYEHAa B CHOTBETHATA
CIpaBOYHA CHCTEMA. 3a pelllaBaHe Ha MOA0OHU MPOOJIeMH € LeNecho0pa3Ho MO3BaHEe HAa CHCTEMH
OT THIIA ,,’EHEePaTOPU Ha CIIPAaBKU, XapakTepHa OCOOEHOCT Ha KOMTO € BB3MOXHOCTTa KpaiHU
MOTPEOUTENN J1a TIPOCKTUPAT, TeHEpUpaT M W3BEXKIAT CIpPaBKH (OT pa3iNuIHd HH(OPMAIIMOHHU
W3TOYHHIN) BBPXY pasinyHu nepudepHu ycrpoiictBa. HeobXoammo e reHepaTopuTe Ha CIpaBKH
Jla IMaT TIOJICUCTEMHU 3a MPOSKTHpaHe Ha Tu3aifHa Ha CIIPaBKH OT Pa3JIMYeH BHJI, 32 BU3yaJIN3aIlUs
M 3a JOCTBI N0 MH()OPMAIMOHHM H3TOYHHIM, 32 ONHMCAaHHWE U ,3aJeCTBaHEe Ha Mmpoleca 3a
W3BJIMYaHE HA JaHHUTE, Ha Oa3aTa Ha KOMTO ce (OpMHpa CHOTBETHATA CIPABKa, 32 BH3YaIH3aIlHs
Ha W3IBIHEHHETO, 32 ChXPaHABaHE M 00pabOTBaHE HA IONYYEHHTE CIPABKH IOX (GopmaTa Ha
CIIEKTPOHHU TOKYMEHTH H T.H.
JasperSoft ¢ rpyna ot copTyepHr HHCTpYMEHTH 32 MaHUITyJIalMs HA CIPaBKU, KOMTO OCUTYpsiBa
OTYCTHOCT W aHAIU3U OT PA3IUYHH U3TOYHHIM Ha JaHHU. OcHrypsiBa BPB3KH C FOJSIM Habop OT
n3togHuIy: penamronau 1 NoSQL 6a3u nannu, CSV, Java Bean, Excel u cobcTtBenu dopmarn.
JasperSoft mommepika KoMepcHanHa M CBOOOAHA BepCHsl C OrpaHMYEHH (YHKIIMOHATHOCTH.
IIpenocraBs REST u SOAP 6Gasupanu yed ycnyru u HTTP APIs 3a ompocteHa uHTErparms c
BBHIIHK TPIIOKEHUs . YacT oT (QYHKIMOHATHOCTUTE, KOUTO Mpeaiara ca: no0aBsHE Ha
M300paKeHUs U Ch3[aBaHE HA IOJCIPABKH; MHTEPAKTHBHH (DYHKIMH, BKIOYBANIHU ,,drop-down*
MeHIoTa, (uiITpupane, ¢GopMaTupaHe, aHUMHPAHW IHarpaMH;, KpOC-TaONHMIM M aHaJUTUIHH
u3rienn; ye0-OasupaH au3aifHep Ha JOKNAIM C BB3MOXKHOCTH 3a ,BJIAYCHE M ITyCKaHe.
N3zBexnanute cnpaBku ca BbB Gopmat HTML, XLS, XLSX, PDF, CSV, DOCX, RTF (TIBCO
Jaspersoft, 2014).
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Crystal Reports e npuioxeHue 3a HHTEPAKTHBHA 0OpabOTKa Ha CIIPaBKU M BH3yalH3alus Ha
JaHHU, cb3azeH oT kopnopauusa SAP SE. OyHkunoHanHOCTUTE, KOUTO Ipejylara NpoAyKTbT ca:
BB3MOXKHOCT 3a J00aBsHE Ha M300pakeHUS U Ch3/aBaHE HA MOJCIPABKU; Ch3JaBaHE HA CIOXKHH
(dopMynH, Kpoc-TabIUIM U MepCOHATM3UPaHN QYHKIMH 32 00pabOTKa Ha TaHHW; WHTCPAKTHBHH
MIaHEeNIN 3a 3aJaBaHe Ha II0JIeTa W BXOJHM IIapaMeTpH; MHCTPYMEHTH 3a Ch3[aBaHE HAa JOCTBITHO
CHIbPKaHUC HA OTYETH 32 XOpa C YBPEKIaHHA U Ip. M3TOYHUIINTE Ha TaHHH, ¢ KOUTO padoTH, ca
penamwionan BJl, enekTpoHHH TaOMHIM, KPOC-TaOMMIN U cOOCTBeHH xpaHunuma. CIpaBKuTe ce
ekcrioptupat B pasnuunu popmaru (Word, Excel, PDF u akryammsupanun XML ¢opmatu) (SAP,
2018).

D3.js e 6ubmuoTexa ¢ oTBOpeH Kox Ha JavaScript 3a cb3maBaHe HA AUHAMUYHH, HHTEPAKTUBHU
BH3yaJIM3allii Ha JaHHU B yeb Opaysppa. Ha mpaxtuka, D3 e moMoIeH HHCTpYMEHT C BrpajcHH
¢yHkmmy 3a oOpaboTka Ha romsaM o0eM OT AAaHHH M TOCJIEIBAIIO IMPEACTaBSIHE B ITOXXOJISII
¢dopmar. Mznomsea mmpoko mpwiaranure SVG, HTMLS u CSS cranmaptu. [IpeasaputenHo
Ch3aiecHNTe (DYHKIMH JaBaT BB3MOXHOCT 3a Ch3JaBaHEe Ha OOEKTH C: M300p Ha IIOIXOISIIH
eNIeMEHTH, 100aBsHE Ha AMHAMUYHH ¢(DEKTH WIIM HHCTPYKIMU KbM TAX M MaHUITYJIHPaHE Ha CTHIA
Y BH3HATA WM. ['0JIeMUTEe MacHBH OT JaHHU Morat Ja Opnat B pasnuanu ¢popmatu — JSON, CSV,
GeoJSON. M3xonsT 3a TeHepUpaHe Ha pe3ylATaTUTe € B rpaUIHU WK TeKcToBU auarpamu (D3,
2011).

Oracle Reports e KOMIUIEKC OT IPOrpaMHHI HHCTPYMEHTH 3a TeHEpUpaHEe HA CIIPABKU M OTYETH Ha
kommanus Oracle Corporation. MMa BB3MOXHOCT 32 JOCTBI O Pa3iIMYHUA HH(POPMAIMOHHH
pecypcu — penanonau 0a3u naHau, XML u TekcroBu (ainoBe. CrpaBkute Morar aa Obaat
myonukyBanu B pasnuuau ¢popmatu (HTML, XML, PDF, Excel, RTF, PostScript u ap.). Hact ot
¢yHxmonamHocTHTEe W MHCTpyMeHTHTe Ha Oracle Reports ca: WHCTpyMEHT 3a BanuanupaHe Ha
BXOJHHTE MTapaMeTpH, PeAaKTOp Ha 3adBKHU ¢ TpaduuHoO npeacrasHe Ha SQL-u3pasure; rpadudaen
pemaktop 3a odopMIICHHE HAa OTYETUTE; MHCTPYMCHTH 3a TeHEpHpaHe Ha JWHAMHYHH yeO-
CTPaHMIN B 3aBHCHMOCT OT JAaHHHTE; Ch3JaBaHC Ha OTYECTH BBH3 OCHOBA HAa BBH3HWKBAaHE Ha
ompezeneHus crOuTHs B 6a3ata nqanuu u ap. (Oracle Reports, 2016).

Tableau Software e xoMmepcuaneH HpPOIYKT 3a BU3yalu3alus Ha JaHHM, 3a aHanu3 Ha Bl u
MHOTOMEPHH MAacHBH C JaHHU. IMa Bh3MOKHOCTH 3 OCBIIECTBSIBAHE HA BPB3KU C PENAIMOHHH
6a3n oT maHHHM, oOyayHM 0a3W OT JaHHHW, EIEKTPOHHH TaONUIM W JIp., KOMTO ciies 00padoTka
MOraT Ia ce BU3yalu3upar moj ¢opMaTa Ha pa3IHYHM THIOBE Tpaduky M Kpoc-TaOaumu.
BrirrouBa (DyHKIIMOHATHOCT 3a YepTacHe Ha KapTW ¢ reorpa)cka IBDKHHA W INUPUHA Ype3
M3BIMYaHE Ha JaHHU OT crenuanusupanu ¢aitnoBe (GeoJSON). IlpemmaraT ce MpomyKTH C
pa3NUYHO TpenHa3HAYeHUEe M 1eMd (JIMYHO U TpPO(ECHOHANHO MON3BAaHE, 32 OpraHM3alliH, 32
ousHec mporecu), Mexay kouto Desktop, Server, Online u Data prep (rutatenu Bepcun) u Reader
u Public (6e3mnatau Bepcun). Mortoro Ha Tableau Software e ,,ja momara Ha XopaTa Aa BHIAT U
pas6epat nannute (Tableau Software, 2017).

Cxuntbp(i) € YHMBEPCUTETCKO IECKTON IPWIOXKEHHE C BrpajiecH MOAYI 3a CIPAaBKU KbM
nHpopMarmonHara cucrema Ha ITY ,,I1. Xunenmpapcku®. MHTErpupaHuaT TOCTHIT 10 PETalliOHHH
6a3n OT JaHHM JJaBa BE3MOXKHOCT 3a JIBA BHJA CIIPABKH: CTATHYHH (IIPEABAPUTEIHO IIPOCKTUPAHN
U TOTOBM 3a W3NBJIHEHHE) M JUHAMUYHU (Ch3JaBaHW B MOMeEHTa). lIpemocraBeHuTe
(YHKIIMOHATHOCTH TIPX ONMCAaHWE Ha CIpaBKa ca: HACTPOWKH Ha TaONWIM W TONeTa upe3
omucanne Ha XML u3pasu; qobaBsHe Ha TEKCT ¢ MapaMeTpU M YCIOBUS, IPyHNHpaHe IO MONeTa;
BMBKBaHE Ha (DYHKIWH (32 MAaKCHMYM, 32 CYMHpaHe); BE3MOKHOCT 33 IIEPHOANTHO 3apekJaHe Ha
JAHHW OT APYTU CHUCTeMHu M Jp. Busyanmmsarmsara Ha crpaBka Moxe na 0bae mon ¢opmara Ha
Tabnuia u B paznuaau Gpopmatu (Excel; OpenOffice; HTML) (Scipter(i), 2009).

Bcekn OT pasmiemaHWTe TEHEpPATOPM Ha CHPAaBKH IIPEJOCTaBsA JOCTBI JO TOIAIM Habop OT
MOMYJIAPHU U3TOUHMIM Ha JaHHM (penamuoHHM BJl, NoSQL, enextponHn Ttabmumu, XML),
npeyiara (GyHKIMK 3a JICCHO MaHUWIyJUpaHe Ha JaHHU W mociensama obpaborka (,,drag and
drop* meroau, paguo OYTOHU M 4eK-OOKCOBE, BU3YaJIHH MAaHEIH M PEJAKTOPH, U Jp.), U3MONI3Ba
cpencTBa 3a rpadUyHa BH3yalM3alys Ha JaHHUTE, KAKTO M BB3MOXKHOCTH 3a ChXpaHSIBaHE M
eKCTIOPT Ha CIIPaBKUTE B MHOXKECTBO €TIEKTPOHHH (DOpMATH.
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[InoBauBcku enekTponeH yHuBepcuteT (I1eY) e HanMeHOBaHMETO Ha MH(OPMAIIMOHHATA CUCTEMA
Ha ITY ,,J1. Xunenmapcku® (Totkov i dr., 2014). 3a npoekTHpaHe Ha TeHepaTop Ha crpaBkH B [leY
€ He0OX0AMMO TIPEABAPHUTEITHO:

— Ja ce aHaJu3upaT ChLIECTBYBAIIM MOJOOHM CHCTEMHU 3a TMPOEKTHpaHe M TeHepupaHe Ha
CTIPaBKH ¥ OTYETH OT KpaiHHU NOTPEOHUTEIH;

— Jla ce YCTAaHOBSIT OCHOBHUTE €JIEKTPOHM H3TOUHMIM HA JAHHU, NOJ3BAaHU 3a H3TOTBSIHE HA
cripaBkd B [1V;

— Jla ce HaIpaBH Iperies Ha COPTYepHUTE HHCTPYMEHTH M CPE/ICTBA 3a Ch3/[aBaHE HA CIIPABKH B
[1eVY u B Ipyru yHUBEPCUTETCKU HH(POPMAIIMOHHH CUCTECMH;

— J1a ce HalpaBH IIperje]] HA OCHOBHUTE YHUBEPCUTETCKH MPOLECH M IEWHOCTH OT IJIEAHA TOUKa
Ha BUJIAa U CHIBP)KAHUETO Ha MOI3BAHUTE OT TAX CIPABKY;

— Jla ce CHCTeMAaTH3UpaT W THUIN3UpAT OCHOBHUTE BUIIOBE 3asSBKU M CIPaBKH, MOI3BaHU B I1Y
(BKJI. ¥ CB3/IaBaHU ,,pbYHO" BPXY KHIDKHU HOCUTENN);

— J1a ce M3CJCIBAT THIIOBETE YHUBEPCUTECTCKH MOTPEOUTENH, KATO apIyMEHTHUPAHO CE ONIPEACIIAT
rpynmata OT TIIOTpeOMTEeNIM Ha TeHepaTropa Ha CIPaBKH, KaKTO M HEOOXOAWMHUTE WM
KOMIIETEHLIUH U AUTUTATHH YMEHUS;

— nma ce obocobW TpymaTa OT IMOTPEOMTENM W aIMHUHHCTPATOPH Ha TeHepaTtopa, KakTo H
cneuudunupat Texuure poiu B [1eY;

— JI1a ce ch3manat 0a30B MPOCKT Ha CHCTEMa OT THI ,,reHepaTop Ha cupaBku™ B [IeY u croTBeTeH
,,0BP3* coTyepeH IPOTOTHII, C LeJI IIPOBEPKA U pa3BUTHE HAa 0A30BUTE MPOESKTHH PEIICHHUS.

B pamxuTe Ha ropHHUTE NPEeJBApUTETHN ASHHOCTH ca MOMYyIeHH Pe3yATaTu KakTo cieBa.

Ha mepBO MsCTO ca TpOydYeHN M aHANM3UPAHW PAa3JIMYHH CHCTEMH 3a TeHepHpaHe Ha CIIPaBKH.

YcTaHoBeHO e, ye npeobiagaBamuar 6poil n3rouynuny Ha ganuu B I1Y |, Ilancuii Xunengapcku

ca B/l or penammonen tan (MySQL, MSSQL u np.), a dopMupaHeTO Ha CHPABKH B IOBEYETO

cryqau e Ha 0azata Ha SQL-3adBKM M chXxpaHeHH npouenypu. Ilorpeburenu, KOHTO MOI3BAT

CIIPaBKH, CH3/IaBAHM B HMH(pOpMAIMOHHWTE cucTeMd Ha IIY, ca mpeauMHO mperomaBaTely,

aIMUHUCTPATHBEH MEpCOHAN U cTyneHTH. CIpaBKUTE ce Ch3AaBaT OT aJIMHUHHCTPATOPHU, KOHTO

UMaT YMEHHUs 3a NpPOEKTUpaHe M u3NbiHeHue Ha SQL-3asBKM M Morar Ja H3MOJI3BaT IpH

HEo0X0IMOCT coTyepHH HHCTPYMEHTH 32 MPOEKTHPAaHE Ha IA0IOHN U M3ITBIHEHUE Ha CIIPABKH

(SQL Developer, JasperSoft). ba3zoBustT mpoekT mpearnonara, Ye MPOLECHT 3a MOJACIUpPAHE H

TeHEepHpaHe Ha CIIPaBKU € ye0-0a3upaH, U MOXe Ja ce MPEICTaBH KaTo IOCIEIOBATeIHOCT OT 4

CTBIIKHU:

Crbnka 1. [TocouBane Ha U3TOYHUKA HA JAHHU 3a CIPaBKaTa;

Crbnka 2. Ommcanne Ha 3asBKaTa 3a M3BBpIIBAHE HA CIpaBKaTa (MOJETHMPAHE C IOJI3BaHE HA

BU3yalieH rpad-penakrop;

Crbnka 3. ['eHepupaHe W I3ITBJIHEHHE HA 3asBKaTa (KOMITWIIMpaHE Ha TpaWIHUS MOIEN OT

Crprka 2. noa ¢popmara Ha 3asiBka B SQL-(popmar, u m3mbianeHue B JasperSoft);

Crbnka 4. Yeb Bu3yamm3upaHe Ha TCHEPHPAHUTE CIPABKU C BB3MOKHOCTH 32 IOMBIHHTEITHO

peJaKTupaHe.

Cr3mazeH € codTyepeH MpOTOTHII 32 OchIecTBsBaHe Ha CThIKH 1. — 4., ¢ MOMOIITA HAa KOWTO ca

TIPOBE/ICHN YCIICIIHN EKCIIEpMMEHTH 110 MOJENHWpaHe M TI'eHepHpaHe Ha chpaBkd B IleY. Ha

Crpnka 1. ce MHULOMANU3UpPAT HW3TOUHMIMTE HA JaHHU, HEOOXOAMMH 3a Ch3JaBaHe Ha

CHOTBETHATA CIpaBKa (HOBa FJIM CBINECTBYBAlla) B CHCTEMaTa 3a TeHEpHpaHe Ha CIPABKH.

CrbIKka 2. ce peanu3upa oT coPTyepeH MOAYJ - Pa3BUTHE HAa CUCTEMA 33 BU3YaJHO MPOEKTUpPAHE

Ha Onok-cxemu (Ayupov, 2017), KOHTO OAIBbpIKa pelaKTHPAHE U ChXPaHsABaHE Ha OPUCHTUPAHH

rpadu — MOZAENN Ha 3asBKH 3a CIIpaBKa. Bw3nuTe Ha Tpada ce MpencTaBsT M BU3yaIH3UpaT HOx

(dopmara Ha OJIOKOBE ChC crelMdUYHA CTPYKTypa, Oasupana Ha ¢pelimu (Minsky. 1974),

HapedeHa ,,akymynatuBeH QpeiiMmoB moxen (Totkov i dr., 2018), a cepp3BamuTe pedpa yka3BaT

MOCOKaTa Ha JBIDKEHHE Ha TaOMUIM W AaHHU (BKJI. U MEXAMHHHU) IPU U3IIBIHEHUETO Ha 3asBKata.

WHTepnperanusara Ha MoJela Ha 3asBKaTa Ce CBEXJa JIO IMOCIEIOBATEIHA HHTEPIpETalmus Ha

HETOBUTE BB3IM B 3aBHCHMOCT OT BB3IHUTE, C KOHTO TH CBBP3BAT TEXHHUTE ,,BXOMAMH" H

A3XOIIN pebpa. XapakTepHU (peiiM-TIPOTOTUIHN 3a TeHepaTopa Ha CIpPaBKH ca: TaOIUIN OT

W3TOYHMIN HA IaHHU U OJIOKOBE, IpeCTaBsIM 6a30BH QyHKIMHU 3a 00paboTBaHe Ha TabIHIH (OT

94



tuna Ha Select, Join, Union u 1p.) ¢ mapametpu. B Obp3ust IPOTOTHI ca peaau3upanu 2 0J0Ka OT
THI Select —BCHYKH C 10 €MH BXOJCH W M3XOJCH MapaMeThp OT THII ,,Ta0bimuma‘“ (eJeMeHTH Ha
MIOTOKA OT IaHHU, NIPefaBaHU ChOTBETHO MO BXO/SIIO0 M U3XOIHO peOpo Ha OI0Ka) U pa3IMIaBalli
ce mo ocraHanute mapamerpu. [Ipm 1-Bus tum Select, ocraHanuTe mapaMeTpH ca 3aia/lcHH
IpeBapuTeNHO (B rpada — MOzIell Ha 3asBKaTa), a Ipy 2-us Tum )ur. 1.), ciuchKa OT OCTaHAIHUTE
napameTpu ce (GopMHMpa IMHAMHYHO NPH HHTEpHpeTanys Ha Onoka (IOTpeOuTeNn IocodyBa
CeJIeKTHpAIUTEe MOJIeTa M3MEXKAYy MMEHAaTa Ha KOJIOHHTE Ha TaONIHWIaTa, MOJa/JeHa KaTo BXOICH
napamersp). [eiictBuero Ha Onoka or Tmm Select ce 3akiiouBa B CEJEKTHpaHE OT BXOAHATA
TabiHIla Ha TOCOYCHHTE (CTATHYHO WJIM JIMHAMHYHO) KOJIOHKM — IlapaMeTpd Ha OJioka, u
(opMupaHe Ha pe3ynTar (TabnuIiia B IOTOKa OT AAHHU C Ha4YaJlo U3XOAAIIOTO pedpo).

Columns

Result (Table)

Students T (Tbl_Students)
Col. 1
- Iname Result (Selected_Cols)
8 Alias:st

(Tbl_Students)

(Result_Table)

®urypa 1. ExcniepumenT: MoaenpaHe Ha 3asiBKa ¢ BusyasieH rpag-penakrop (Ctbnka 2.)

IIle orOenexxuM, e KOHKpeTHUTE OIOKOBE B rpada — MOJEN Ha 3asBKaTa 3a CIIPaBKa, ca IpHMep
3a (peiiM-eK3eMIUTIpH (CHOTBETCTBAIIM Ha KpacH HaOOp OT (hpeiM-IIPOTOTHIIN), CIIETOBATEITHO, 3a
TSXHOTO ChXpaHsIBaHE MOXeE J[a Ce MOJI3Ba CUCTEMa 3a ymnpasiieHHe Ha BJ] oT ¢pelm-nporoTumy u
¢peiim-exzemmusipu (Totkov 1 dr., 2018). Ha Cremka 3., rpadpbT — Momen Ha 3asBKa, ce
HHTEpIpEeTHpa B 3aBHCHMOCT OT THIIA HA BB3JIUTE Ha Tpada M mpaBmiaTa 3a TIXHATA
HHTepIpeTanus. TUIIOBETE Bb3JIM U METOAMTE 32 TAXHOTO KOMIIMJIMPAHE MOraT Jia ce peau3upar
(Ha 00EKTHO-OPHEHTHPAH MPHUHIMI) KaTo KJIacoBe. B To3W cirydaif monmeraTta Ha Kjlac MOJEIHPAT
CIIOTOBE Ha CHOTBETHHUS (QpPEHM-POTOTHII, a METOAWTE — MpaBHiaTa 3a WHTEpIIpeTanus Ha
obextute OT Kiaca. KpaitHusT pesynrar Ha mHTepnperanusita ¢ SQL-u3pa3 - 3asBKa 3a CIpaBKa,
CBbp3aHa C M3BJIMYAHE HA JAHHU OT W3TOYHMIM 32 JAHHHU, BKI. C JUHAMUYHO Y4acTHE Ha
norpebureny (3a 3a1aBaHe Ha KOHKpeTHU napaMeTpu). Ha Crbnka 4. rpadbT — MoJen Ha 3asBKa,
Ce UHTEPIPETUpa U BU3YaJIU3Upa KaToO CIPaBK, KOSATO JOIBIHUTEIHO MOXE Ja CE pelaKkTupa U
excrioptupa B Excel unu PDF.

[lonydyeHute pe3ynTaTH JaBaT OCHOBAaHME 3a CIIEABALI0 Ppa3BUTUE HA METONUKATa, CIELl.
IIPEICTaBIHETO i KaTO MHOTOCTBIIKOB MPOILEC € MO-CIOKHA CTPYKTypa. 3afada 3a U3CIEIBAHE € U
BB3MOXKHOCTTA 32 Ch3[aBaHe Ha OMOIMOTEKa OT MOJIEIIH Ha 3asSBKH 32 MHOTOKPaTHO M3IIOJI3BaHE.
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Abstract

Each educational institution faces the challenge of improving the quality of education. In
recent years, more attention has been paid to the quality assessment in secondary education. The
quality of education in secondary schools is defined by a set of indicators that characterise
different aspects of the learning process: learning content, training methods, pedagogical staff and
factors that ensure the development of competence of the pupils. In order to be objective and in
line with current trends and normative documents, the quality assessment should take into account
school conditions, training content and the organisation of the learning process in which these
results are obtained. This paper presents approaches, normative documents and methodologies for
quality assurance and assessment in secondary education.

Key words: automatic quality evaluation, quality evaluation in the secondary schools,
normative documents for quality assurance

1. BeBenenue

Ciieq; mpueMaHe Ha HOBHUS 3aKOH 3 MPEyYHIIMIITHO U YUHIIUIIIHO 00pa30BaHue, BCE MMOBEUE
ce TOBOPH 332 HEOOXOIMMOCTTa OT BBBEXKIAHE Ha CHCTEMH 3a oleHka Ha kadectBoro (OK) B
cpenHOTO ObOpa3oBanme. KagecTBOTO Ha cpeaHOTO oOpa3oBaHHWE B bbirapus, oT emHa CTpaHa,
Tpsi0Ba J]a OTroBaps Ha U3MCKBAHMATA HA 3aKOHA 32 MPEAYYMIUIIHOTO U YUMIHIIHO 00pa3oBaHKe
(ZPUO, 2016) u Ha MON3aKOHOBUTE HOPMATUBHH JIOKYMEHTH, a OT JIpyra — Ha OYaKBaHHsATa Ha
YUEHHLIM, POAUTENH U JpPYrd 3auHTEpPEecOBaHM CTpaHH (oOuiecTBo, OH3HEC KIBCTEpH,
paboTomaTeny u mp. ).

KbM MOMeHTa ca mpueTH peauia HOPMAaTUBHH JOKYMEHTH, KOUTO PEriIaMeHTUPAT OTACTHH
CTpaHM Ha YOPABJICHUETO Ha KayecTBOTO, KAaKTO M Ha aTeCTUPaHETO Ha YYWIMIIA W Ha
TpeTolaBaTellil, HO BCE OINE JIMICBA CHOTBETHA HAIWMOHATHA KPHTEpPHATHa cHUcTeMa (Hamp.,
aHaAJIOTMYHAa Ha Cbh3JajJeHaTa 3a Bucliero obpa3oBanue). Cropex naHHM Ha HanumoHanHus
cratuctraecku HHCTUTYT (NSI, 2018), obmmst 6poit Ha ObarapekuTe yurmmma npes 2017/2018 T.
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e 1969, a Ha cpenuure yumnuiia, B kouto mpe3 2020/2021 mie 3amoune npoguInpaHo o0ydyeHue
Ha equHazeceToacHuIM — 458. TomemusT Opoil y4yuiauina, KaKTO M MHOXECTBOTO (3a
ChKaJICHUE, U YECTO MPOMECHSIIN C¢) HOPMATHUBHHU W3UCKBAaHUsS, CBbP3aHH ¢ yrpasienue u OK B
CPEHOTO 00pa3oBaHWe, TOCTABIT HAa JHEBEH pell BBIpPOca 3a MPOSKTHPAHE M Ch3JaBaHE Ha
CHOTBETHU aBTOMATU3UPAHHU CUCTEMH. .

2. IIpakTuku 3a ynpasnenne 1 OK B cpeHOTO 00pa3oBaHue

Hayann noxnamu w cratum pasraexaar OK B cpemaHoro oOpasoBanue Ha I'epmaHust
(Huber, Gordel, 2006) u Benruxoopuranusi (Almadani, Reid, Rodrigues, 2011). M3non3sanute
MTOJIXOJT Ca CXOJHU Ha M3MOJI3BAHUTE MPH Ch3aBaHETO Ha ObJrapckata HopMaTHBHA ypenda. OK
ce M3BBHPIIBA Ha 0a3aTa HA CaMOOIICHSIBaHE HA YUYHMJIMINATA M BBHHIIHO WMHCIEKTHpaHe. Bomemwm
HMHIUKATOPH Ca PEe3YyJITATH Ha YUECHHUIIUTE B MEKAYHapoaHuTe n3cieasanus Trends in International
Mathematics and Science Study, the Programme for International Student Assessment, Progress in
International Reading Literacy Study.

OK Ha 00y4eHHETO B JATBUHCKHTE YYMJIHINA CC U3BBHPIIBA C U3MOJI3BaHE HA CUCTEMUTE
3a KadecTBeHH obOpazoBarenHu cuctemMu u uHcTpyMeHTH QUEST, paspaborenn or NCERT —
HanmonanHust ChbBET 3a HAydHH H3CIEABaHUSA M OOydeHHE B 00JacTTa Ha OOpPa30BAHHUETO.
CHOTBETHUTE KPUTEPUAITHN CHCTEMH BKJIFOUBAT HAOOP OT pecypcd ¢ 65 WHAWKATOpa 3a KauyecTBO
(NCETR, 2014).

B Pyckara ¢emepamusi ¢ ch3maneHa CucreMa 3a eIWHHA OICHKA Ha KAadeCTBOTO Ha
oopaszoBanrero ESOCO (FIOKO, 2018), kosro mo3BoisBa HAOMIOACHME HA 3HAHUATA HA
VUCHHITUTE HA pa3jIMdHu 00Pa30BaTEIHH PAaBHUINA, KAKTO U ObP30 MIACHTHU(GHIMPAHE U PelIaBaHe
Ha mpoOiieMuTe Ha OoOpa3oBaTeNHATa CHCTEMa OT TJIeAHA TOYKA Ha AWCIUIUIMHY, YYHIWINA U
pernonn. Cucremara 3a OK Ha yumiumiHoOTO O0Opa3oBanne B Pycus KbM MOMeEHTa €
,,MHOT'OCJIOWHA" 1 BKJIIOUBa HAKOJIKO npouenypu 3a OK. Ouenkara Ha 3HaHUATA HA YICHULIUTE CE
JIOIBJIBA OT MTPOYYBAHE M OlIEHKA Ha MPO(hEeCHOHATHUTE KOMIETCHIINN Ha YIUTEIUTE.

Cnopen Hapen6a Ne 16 or 08.12.2016 r. 3a ynpaBjieHHETO Ha KAYECTBOTO B MHCTHTYIIANATE
Ha MOH (Naredba 16, 2016) oueHsBaHEeTO Ha KayecTBOTO B CPETHOTO OOpa30BaHUE Ce
OCBIIECTBSIBA YPE3 CAMOOIICHKA U Upe3 WHCIICKTUPAHE.

B Bwvarapus, ciopen Hapen6a Ne 15 ot 08.12.2016 1., pyu WHCHIEKTUPAHE HA OemcKume
epaounu u yyuruujama (Naredba 15, 2016) ce nscneapar ase 00aacTu — 00pa3oBaTesieH MPOIEC U
yTpaBJieHHe Ha NHCTUTYIHATA.

Ob6nact ,,00pa3oBaTesieH Tpolec” BKIOYBA: NPENOJABaTeICKaTa W BB3MUTATEIHATA
JNEWHOCT; pe3ylTaTUTe OT OOYYCHUETO (BKJI. WHIUBHIYATHHAT HAIpEIbK HA BCIKO JETE);
MoJIKpenaTa Ha Jelara ChC CIEIHAJHA 00pa30BaTeIHH MOTPEOHOCTH; B3aMMOOTHOIICHUSTA
MKy TIeJ]aro3| 1 Jiela; MPEeBEHIIMATAa CPEITY OTIaJaHe OT CHCTeMaTa Ha 00pa30BaHUETO).

Ob6nact ,,ynpaBleHHe Ha WHCTUTYIUTA BKIIIOYBA: YIpaBlieHHE Ha (QuUHAHCOBHUTE
CPeCTBA; VYIpaBICHWE HAa YOBEHIKUTE PECYPCH; VYIpaBIEHHETO Ha (U3MYecKaTa cpena;
MpoQEeCHOHATHA yMEHHS W KOMIIETGHTHOCT Ha TIeNaro3uTe; B3aWMOJICHCTBUS C JPYTH
3aMHTEPECOBAHU CTPAHHU.

IMpeaBmwxaa ce WHCHEKIMATA HAa YYWIMIIATA Ja Ce OChIIecTBABA OT HarmoHasnaeH
uHcrekTopar o odpazosanue — HMO (NIO, 2018). Kpurepuute 3a HHCIIEKTUpaHE HA YUHITUILETO
ca CTaHJapTUTE 3a KauyecTBO, Ha 0a3ara Ha KOMTO 0Opa3oBaTeIHATa WHCTUTYIMS CE OLCHSIBA 1O
pa3nmuyan obsactH. VHIuKaTopuTe TpU WHCIEKTHpPaHe Ha JIETCKa TpajuHa WK YIWIUIIETO
MTOKa3BaT CTEMEHTa, B KOSTO ca M3MbIHEHH KPUTEPUHUTE 3a OllEHKAa B ChOTBETHATa. KpuTepuure u
MHIUKATOPUTE ce pa3paboTBaT, ampoOHpaT W YChBBpPIICHCTBAT OT aupekrtopa Ha HUO u ce
myOnuKyBaT Ha MHTEpHET cTpanunata Ha HAO.

MopenbT 3a aTeCTUPaHe Ha TeJarorHyeckuTe CrelHaTucTy oaApoOHo e omucan B Hapenba
Ne 12 ot 01.09.2016 1. 3a craryra U MpodeCHOHATHOTO Pa3BUTHE HA YUUTEIHTE, TUPEKTOPUTE U
apyrute mnegarormdecku crnenuanuctu (Naredba 12, 2016). MogensT BKIIOUBa HaOop OT
KpUTEPUH, TOKAa3aTeId W WHIUKATOPH, KOWTO HAa IpaKTHKa ,,IOKPUBAT® BCHYKH AaCIEKTH 3a
opraHu3alys ¥ IPOBEXKIaHE Ha MPOoQinpaHo odydeHre. MoaenbT ce ocHoBaBa Ha 50 Kputepus,
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CBBP3aHH ¢ 00acTUTE Ha MPO(hECHOHATHA KOMIIETEHTHOCT, OT KOUTO 25 Ce OTHACAT 3a YUUTEIH U
JIPYTH TIEaroruuecKy CICHUAINCTH, B 25 — 3a aupekTopu. M B aBaTa citydasi, Mo 5 KpUTepus ca
YTBBPICHU OT paboromaTelns (Ciel pelieHUe Ha MeJarorndeckusi ChbBET, B 3aBUCUMOCT OT BHJIa Ha
HHCTUTYIMSITA W CTpaTerusTa 3a HEWHOTO pasButue). Okxondatenuwmar pesynratr (OP) B

aTecTallMOHHATa KapTa Ha IeNarorMyecKusl CIEHUaIUCT ce u3yucisBa ¢ toyHocT no 0,01 mo

CO+3.0AK
(opmynara OP = ————, xbzaero CO ¢ caMOOLCHKATa OT HErOBOTO CIEKTPOHHO MOPTHONHO, a

OAK — oreHkara Ha aTeCTallMOHHATA KOMUCHS.

Besiko Opirapcko yuwnuine pa3paboTBa CBOSI BBTpEIIHA CHUCTEMa 3a OCUTYpsiBAaHE Ha
Ka4eCTBOTO, KOSATO BU3HpPA IMOJHUTHKA U 1IN Ha MHCTHTYIUATA; OPTaHH 32 YIPABJICHUEC U TCXHUTE
MIPaBOMOIIYS;, TIPaBUJIA 32 MPWJIATaHe; YCIOBHS M Pell 32 M3MEepBaHE Ha MOCTUTHATOTO KayeCTBO
Yype3 caMOOLCHsBaHe; TONUILIEH IUaH-rpaduK 3a mpoBexaaHe Ha camoornensBaHe (Hristova,
2018).

Cnopen HOpMaTHUBHATa ypeada, BCIKO CPETHO YUMIIHINE Mpeiara cOOCTBEHa CHCTEMa OT
MEpKH 3a IIOBHIIABaHE Ha Ka4yeCTBOTO Ha oOydeHHWeTo. Pemuma yuywnumia WMaT OIMUT B
n3non3Banero Ha MKT mpu cebupane m oOpaboTBaHe Ha JaHHW, CBHP3aHUM C KadyecTBOTO Ha
oOydeHre W 3a (CaMO)OLCHSABAaHE Ha NEIAarOrMYecKHTe Creruanuctd. [Ipu oOpaboTBaHeTo Ha
nmaaan 32 OK ce monm3BaT MOMyNIspHH M MTO3HATH B OBITapCKHUTE YUWIHIIA COPTyepHH NPOTYKTH
(Word, Excel, Google hopmyssipu u ap.).

Ha mammonanHo paBHHUINE, 00ade, Bce OIIe HE € MpHeTa SIIMHHA CHCTEMa OT CTaHAAPTH, C
WU3MEPUMU KPUTEPUH U WHIUKATOPH, KAKTO U METOJAWKA C SICHO Pa3lMCAaHW €Talld M MpaBuia 3a
(camo)onieHssBaHe Ha OBITapcKUTe ydmuima. KM MOMEHTa, OCHOBHH IOKa3aTenu (Ha MecTa W
€IMHCTBEHU) ca pPE3YyNTaTd B TEPCOHATHUTE OIEHBYHM KapTH 3a JAUQEpeHIUpaH Tpyad Ha
MEJJATOTUYCCKUTE CIICIHATNACTH.

He ca HW W3BeCTHH ONMWTH 3a Ch3llaBaHE Ha MOjET W cucTeMa 3a ynpasieHue U OK Ha
pa3inuyHu OOEKTH B CHCTEMAaTa Ha CPEeJHOTO 00pa3oBaHMe, BKI. M Ha aBTOMAaTHU3UPAHH CUCTEMHU U
WHCTPYMCHTH 32 OICHsIBaHE Ha KA9eCTBOTO B CPCHHUTE YUIIIHIIA.

3. KM Mogen u cuctema 3a aBTomMaTunpano yrnpasieHue u OK B cpeHoTo 00pa3oBaHue

OcHoBeH 1po0OiieM, KOHTO TpsiOBa ma ObAe pelleH, B IMocoka Ha aBromaTusupana OK Ha
O00EKTH B CPEIHOTO YYWIHINE (32 KOMIICHCHpPaHE Ha OTCHhCTBHETO Ha HarmoHamHa cucrema oT
kputepun 3a OK B cpeiHOTO 00pa3oBaHuE, KAKTO M 32 OCUTYPSIBAHE HA PA3HOPOIHHUTE MPAKTUKU
0 MeCTa) € Ch3JaBaHe HAa CPABHUTEJIHO YHHBepPcajJeH Moae Ha MeTonuka 3a OK B cpeaHoTo
o0pa3oBaHMe, Ha 0a3aTa Ha KOWTO Jia CE MPEACTaBAT M3IMOJI3BAHUTE KbM MOMCHTA METOIMKH 3a
OK (Hamp. Bcuuku, mpeiactaBeHu B paszen 2.). Ilpu ToBa, MozenbT TpsiOBa Ja IO3BOJIIBA
KOMITIOThpHA peajH3allis ¥ Ch3JaBaHe Ha ChOTBETHAa copTyepHa cucrema 3a ympasicHue u OK.
AHanu3 Ha mnpezacraBeHuTe Monenu U Meroaukd 3a OK Ha o0ekTH (yduTenu, AUPEKTOPH,
MIETarOTMYECKU CIICIUAIMCTH, YIWIUINA U JIp.) B OBITapcKOTO CpeqHo obpasoBanue (paszien 2.),
UMAT peuna oOIH eIeMEHTH:

A. I]en — KOMIUIEKCHO OICHSBAaHE HAa 00CKTa OT Pa3IHYHM TJICTHH TOYKH (ACTIEKTH);

Bb. Cmpykmypa — or #epapxXudeH THII, ChCTOSINA CE€ OT OINpeaeicH Opod paBHUIIA,
MIPEACTaBAIIN KOMIIOHEHTH/€JIEMEHTH/aclIeKTH Ha OLIEHSABaHMUS OOEKT (MMEHYBAaHH IO pa3iHyueH
HAYMH, CIIOpe] ciydas — chepu, KpUTeprH, HHIUKATOPH, XapaKTEPUCTUKH U JIp.);

B. Hauun na oyenssane — OLEHSBAHETO HAa CHOTBETHHS OOEKT ce Oa3upa Ha OIEHKU Ha
HETOBHM KOMITOHEHTH/ACTIEKTH OTHOCHO KOHKPETHH HOPMHU;

I'. Ocnosa ma oyemsiganemo — BKIIOYBA WIMPOK CHEKTHP OT JaHHU 3a KOHKpETHATa
MHCTUTYIHSA (CPETHO YUUIIHIIE), HAPUMED JaHHHU 3a BCHYKH OIICHSIBAHH OOCKTH.

A. —T. ca no0pa ocHOBa 3a pelllaBaHEe Ha MMOCOYCHHS MPOOJIEM, OIle MOBEYE Ye Beye ¢
OCBINECTBEH YCIEIIeH OMHUT 3a MOJECIUpaHe Ha pas3iuuHu KpuTepwaanu cuctemMun 3a OK,
MPOCKTUpaHe Ha MPOTOTHI Ha codryepHa cucreMa 3a auHamMuaHOo OK Ha oOektt U
aBTOMATH3UPAHO TIPOBEKJAHE HA aKPEAUTAIMOHHU TMPOICAYpH 3a BHUCIICTO OOpa30OBaHHE
(Gaftandzhieva, 2017). IIpumepu 3a aBromatusupana OK Ha 06a3aTta Ha KOHKPETHH METOIMKH Ca
nanenn B (Gaftandzhieva, Doneva, 2014).
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Ot apyra cTpaHa, BCsika aBToMaTu3upaHna cuctema 3a OK u3rckBa chOMpaHe U rmocjeaBalia
00paboTKa Ha 00EMHH JaHHU. 3a MMPEOoIIBaHe Ha MIPOOIEMHUTE I10 IIPOCIEAIBAHE 1 MOHUTOPHHT
HA MPOLECUTE, CBBP3aHU ChC ChOMPAHE W arperupaHe Ha JaHHH OT PA3IMYHU CHCTEMH, HIKOU
aBropu (Furlati, Ravaiolip, 2009) npeamarar BbBeXJaHEC Ha HHTErpHpaHd HH(OPMAIMOHHU
CHCTEMH M CKJIaJ0BE JAaHHU C M3IOI3BaHE HAa METOAN M MHCTPYMEHTH 3a M3BIMYAHE M aHAIN3 Ha
JMaHHU. B TO3M CMHCHJ, HEMOCTATHK Ha IIUTHPAHUTE MO-TOPE MOJAET M PEIIeHHe Ha MmpodjeMa 3a
aBromatusupana OK, e oTchcTBHETO Ha OOII MOJAXOA KbM BBIPOCA 3a HATPYIBaHE, aHAU3 H
arperupaHe Ha JaHHATE B KOHKpPETHATa KOPIOpaTHBHA HH(pOpMAIMOHHa HH(ppAcTpyKTypa (B
cirydast — OBJITapCKO CPETHO YUHITHIIE).

Enun moaxon 3a mpeojoisBaHe Ha IMOCOYEHHS HEAOCTAThK ¢ ImpeAcTtaBeH B (Atanassov i
dr., 2018). OnpeneneHu MepCreKTHBA Ha M3CIEABAHETO ca IPOEKTHpaHe U Ch3JaBaHe (Ha OazaTa
Ha oOmwMs Mojend) Ha codryepHu cpeacrBa 3a auHaMuyHOo OK Ha OOCKTH B CpPEIHOTO
o0Opa3oBaHKe, KaKTO M TAXHOTO ampoOHpaHe B OBJArapcKH CPEJAHH YUWIIHINA, CHCHHAIHO TPH
MIpOBEXKAaHe HA IPoHHUINPaHo O0ydeHNE.

Pa6otara e nmoakpenena ot Haumonanna nporpama ,,Miaan yueHH U OCTAOKTOPAHTH .
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YBOJ

CpBpeMEHHUTE UH(QOPMALMOHHM U  KOMYHHKALMOHHM  TEXHOJNOTMH  yJIECHSBAT
UHTErpalysaTa MeXAy LIU(QPOBUTE U peaHUTe M3MepeHus. Te morar ja CBbpxKaT (H3MYECKUs
CBSIT ChC CBETAa Ha WH(OpPMALUATA, 32 Ja YACCHIT Ch3JaBAHETO HA HOBU 3HAHUS, AHATU3UPAHETO U
criofensiHeTo Ha wH(opManus. [Ipe3 mocienHUTe TOAMHN TE3W BB3MOXKHOCTH CE EKCIUIOATHPAT
AKTHBHO M OT KYJATYPHHUTE HHCTHTYITHH.

Konuenuusra ,unmenuzenmua cpeda* onvcBa BUPTYaJHO MPOCTPAHCTBO, CIIOCOOHO Ja
npuno0Ke U IPWIOKH ITO3HAHUS 33 OKOJIHATA CPEa U HEHHUTE 00MTaTelH, C 1IeJ oJ00psBaHe Ha
HOTPEOUTENICKUTE ONMUT U MpekuBsiBaHe. CHIIECTBEHN YCIOBHUS 3a peanu3anusara i ca HaTHUIHeTOo
Ha MHTepHeT cBBp3aHOCT M 1uppoBa TpaHchOpMaIMs Ha OOCKTHTE, IOTPEOUTEICKUTE YCIYrH
KOMYHUKAIIUH.

MHoro ot obyiacTure, CBbpP3aHH € KyITYPHOTO HACIEICTBO, MOTaT Jla CE pasriexkaaT KaTo
MecTa, KBJIETO XOpaTa B3auMoOAeHcTBAaT ¢ KynTypHH apredakti. M3rpaxmaHero Ha BHPTYaTHH
KyATYpHU TPOCTPAHCTBA C MHTEPAKTUBHU apTe(akTH € aTpaKTHBHA BB3MOXHOCT 3a KyITypHUTE
MHCTUTYIMH. VIHTEepecHa e IepcreKTHBaTa 3a BKIIIOUBAHE HAa KpaiHWs TOTPEeOUTEN B IUTUTATHOTO
HIPOCTPAHCTBO KaTO AaKTHBEH €JIEMEHT, KOHTO HE caMO € CaMO KOHCyMaTop Ha JUTHTAaIHH YCIYTH,
HO M YYaCTHHUK B Ch3JJaBaHETO Ha IIIIOCTHUS ITOTPEOUTENICKH NMPOAYKT. B cratusTa ca pasrienanu
HSKOM WHOBATHBHU EKCIEPUMEHTH M PE3YATaTH, CBBP3aHW C AWTHTAIM3ALNATA Ha KYITYpHH
HPOCTPAHCTBA M apTedakTy.

TEXHOJIOTUHA 3A JUI'NTAJIM3ALIAA HA KYJITYPHO-UCTOPHYECKO
HACJIEACTBO

Pa3zpaboTBaHeTO M BHEAPSIBAHETO HA HMHCTPYMEHTH 3a CH3/IAaBAaHE HA BIECYATIABAINN
MUHTEPAaKTUBHU INPEXKUBSIBAHMS, KOMTO CBBpP3BaT (M3MYECKOTO H3MEPEHHE Ha KYITYPHHTE
WHCTHTYIIMM ChC CHOTBETHATa HU(pOBAa MyITHMEIWiiHa MHGpOpManus, € aKkTyajlHa 3ajada. B
TakaBa Hacoka e paborata mo mnpoekt meSch (Material EncounterS with digital Cultural
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Heritage). OCHOBEH akIIEHT € Ch3[aBaHETO HAa KYITYPHO IPOCTPAHCTBO C OOCKTH C TUTHTAIHO
ChIbpKaHHE, KOCTO CE BHU3yalW3upa TPH IOAXOMSAIIN YCIOBHS. TEKyIIoTO BHU3yalH3MpaHe Ha
nH(opMalys craBa B MOMEHTa, KOraTo AaA€H IOCETUTENI Ha My3eil HIM Tpyla MOCETHUTENH
npubnmkat naaeH odekt (Petrelli, Ciolfi et al., 2013).

IIpoexTsT € (hoKycHpaH BBPXY TPH OCHOBHHU HICHU:

e Ocesaemo e3aumooelicmeue, TIPH KOCTO CE W3IION3BAT IUTUTAIHU TCXHOJOTWH 3a
MIpUBJIMYaHEe BHUMAHUETO Ha IIOCETUTENHTE BBPXY KYIATYPHOTO HACIEICTBO. ToBa
BKJIFOYBA:

" GBHUHO 83aUMOOeiicmeue — TEXHOJIOTHUH, OCBETSABAIIM CpelaTa C IPOXKEKTOPH
W/WITH 03BY4YABAILY 51 C AMHAMUYHO TeHEpUPAH 3BYK, KaTo LENTa € Ch3JaBaHe Ha
aTpaxkTHUBHA aTMocdepa;

" gvmpewiHo e63aumoodelicmeue — BrPalCHN B OOCKTUTE HM3YHCIUTCIHU
YCTpPOWCTBA, CEH30PH U U3ITBJIHUTEIIHU YCTPOMCTBA.

e [lepconanuszayus, BKIIOYBAIIA JBA ACTICKTA:

" CcHOBPIHCAHUE — TIPEIOCTABS CE PA3INIHO CHIBPIKAHHWE HA PAa3IHMIHUTE BUIOBE
MTOCETUTEIH;

=  KkoHmexcm — n300pBT Ha ChABPKAHUE CE OCHOBABAa HA ONpPEIEICHA CHTYaIHs.
3a ch37aBaHETO HA MEPCOHAIHM3UPAHH B3aWMOJICHCTBHS, KypaTOpHTEe MOTaT Ja
ION3BAT CHCTEMA 3a YIpaBIEHHE Ha ChABPKAHUETO, C KOATO Ja chOupar u
CBCTaBAT MPUBIICKATEITHO ChIbPKaHHE.

e  Hanpasu cu cam. OCHOBHA IPEYKa 32 YCBOSBAHETO HA MHOBATHBHHUTE TEXHOJIOTHU H
MPUJIATAaHETO WM B KYATYPHO-HCTOPHMYECKUTE HHCTHTYIIMH € HEOOXOAMMOCTTa OT
CITY)KUTEJIH C BUCOKHM TEXHHYECKH YMEHHS U KoMIeTeHIny. Hannauero Ha codryepHu
HHCTPYMEHTH 3a JICCHO W HMHTYUTHBHO Ch3JaBaHE HAa WHTCPAKTHBHH CEKCIIOHATH,
Cb00pa3eH! ¢ HyKAUTE HAa KyITypHHUTE HHCTHTYINH, € IPEANOCTaBKa 3a YCKOPSIBaHE
Ha Ipoleca Ha AUTUTANU3AINS Ha KYITYPHOTO HACIECTRO.

B (Piccialli & Chianese, 2017) e pasrienana pamkaTa Ha npuioxenue Smart City, KOATo
W3M0JI3Ba HOBHM MHTCIHMICHTHU YCIYTH W MPHIOKEHHS, 32 Ja MPEAOCTaBH MOJIe3Ha U KOHTEKCTHA
nHdopmarg, OazupaHa Ha MECTOIOJNOKEHHETO W TPEANOYMTAHHSATAa Ha MOTpeOHTeNnTe.
[pemnoxkeHn ca MOJICNU 32 BHEIPsBAaHE Ha MHTEIUI'CHTHA CHCTEMa OT THII ,, AHTCPHET HA Helara‘
(Internet of Things, I0T), HacodueHa KbM OCHUTypsiBaHE Ha HOBU MOTPEOMTEIICKY U3KUBSIBaHHA. Te
JIaBaT BB3MOXKHOCT Ha MOTPEOUTENNTE 1A B3aMMOJEHCTBAT C OOCKTUTE KaTO C XKHBU CHIIECTBA U
Jla UMaT HHTYUTHBEH JOCTBII A0 IIMPOK CIICKTHP OT MYATUMEIUIHO ChAbPKaHHE. APXUTEKTypaTa
Ha IPWIOKEHUETO € NET-CIOHHA!

o Censzopen cnoii. ToBa e (UMYCCKUAT CJIOH, CHCTABEH OT CCH30PHHUTE BB3IU.

OTroBoOpeH € 3a yIpaBJICHAETO Ha BCHYKN BB3JIH, HAMHUPAIM CE B OKOJTHATA CPea.

o Jlokanusupauy cnoi. YUpaBisiBa THPCEHETO HA IMOCCTHUTENUM B ONH30CT O OOEKT.
W3nomsBa Hucka decToTa Ha CKaHWpaHe Ha Bluetooth yctpoiictBa, upe3 kxowrto ce
OTKpHBa OJIM30CTTA Ha MOCETUTEIIS 10 IIEIEBUS OOCKT.

e Ilpunoscen crou. IlpencrapnsaBa MOOWIHO NPWIIOKEHHE, U3MOI3BAHO OT ITOCETHUTEN,
KOETO aBTOMATHYHO ITOKa3Ba Hail-OMM3KHTE OOEKTH M CTAPTUPA BBH3IPOM3BEKIAHETO
Ha ayauodaiiioBe, BU3yalH3upaHe Ha (OTO TalepuH, BUICO, U JIp.

e Mpesucog cnoit. To3u cioil € OTTOBOPEH 3a KOHTPOJIA M YIPABJICHUETO HA TpaHChepa
Ha TAaHHHU MEX/Ty Pa3InYHI MPEKH U IPHITOKCHUSL.

e Cnoii na 3Hanua. YTpaBiABa CbH3JABAaHETO M CBXPAHCHHETO HA IIIOCTHOTO
MYJITHMEAUIHO ChIbPIKaHUE.

Context Evolution System ¢ cucrema C MOAyJTHA apXWUTeKTypa, Oasmpana Ha SOA
koHuenmuata (Chianese & Piccialli, 2016). Be3MokHOCTTa 3a JIeCHa HMHTErpalys Ha YCIYTH,
HaNMCaHW Ha PA3IMYHH e3WIH 3a MpOorpaMupaHe, YIECHSABa KOMYHHKAIMATa C PasINdHH
YCTpOIMCTBAa U JOCTaBs JIECCEH HAuMH 3a 00pa0OTKa M IpefaBaHe Ha WH(popMmanmus oT OusHEC
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JIOTMKAaTa Ha MPUWIOKCHHWETO KbM BBHIIHH HM3TOYHUIM. MOIyJgHATa apXHUTEKTypa BKIIOYBA
CIICTHATE KOMITOHEHTH:

o Menuoxcwp na ycayeume. To3u KOMIIOHEHT € SIIPOTO HA CHCTEMAara — JBUTATEISAT,
OTTOBOPEH 3a YIPABJICHHETO Ha CHOMTHATA M 3a CMsSHATa Ha KOHTeKcTa. Brimousa Tpn
HOA-MOYINA:

o /Jlemekmop na cvoumus, OTTOBOPCH 3a IPUXBalIaHe U 00paboTKa Ha CHOUTHS U
aKTUBHpaHe Ha MOIYN KOHMeKCMHO NPeeKIoUBane;

o Konmexcmno npeskniouseane — ynpapisBa IIPEBKIIOYBAHETO Ha KOHTEKCTA,
JUHAMUYHUS W300p HA WM3IJIEAM 32 KOHTEKCTYyalHH IaHHU (MOJNE3HU AaHHH,
KOUTO TpsAOBa Jia Ce TPEACTaBsAT), M IpeUIaraHeT0 Ha TOIXOMSIIN 3a
MOTpeOUTENISl YCIYTH;

o T'enepamop na 06x00nu nvmuwia, OTTOBOPEH 3a ApaHKUPAHETO HA MOIXOSIIN
00CKTH 10 00XOAHUTE MAPLIPYTH, NPEIJIAraHy Ha MOCETUTEIIHTE.

e Jlocmaguuk Ha yciayzu € KOMIOHEHTBT, OTTOBOPCH 3a aJalTHPAHETO M JOCTABSHETO
Ha yciyrure Ha norpedutenure. Hanp., ako najneH norpeduren ce Hamupa B O1M30CT
JI0 KyATypHa enuHuma: (i) KaTo IbpBa CTHIIKA, IPUCHCTBUETO MYy Il OBIe OTKPHTO OT
BHEJPEH CEH30p, U (ii) IpOMEHUTE B KOHTEKCTa U [Jocmasyuksm Ha yciyeu aKTUBUPAT
yciyraTa 3a yOpaBlI€HHE Ha MYNTHMENWATa, 3a Ja HPEeJOCTaBAT MyNTHMEAWiiHA
uH(OpMAaIs Ha TOTPeOUTENS Ype3 MOOMITHOTO My YCTPOHCTBO.

e baza 3manua u nompedumencku pecucmuvp — TE3U KOMIIOHEHTH MOraT Ja ce

pasriIexaaT KaTo XpaHWINIA, KOUTO YIPABIABAT CHOTBETHO (i) MynTUMenuitHu
JIaHHW, 32 Ja TPEAoXKaT Ha MOTpeOuTeNs TUrnTaan3upana HHGopMamms 3a 00eKTH,
nozipeZicHa BBB (opMaTta Ha OOXOAHH ITBTEKH, M (ii) PETHCTBD 3a IIOBEACHHETO M
aKTHBHOCTTA Ha MOTpeOUTENUTE.

o Konmexcmen meHuOMCHp — CIYy)XKH 3a YIPABICHHETO Ha TEKYIIWS KOHTEKCT Upe3

HEMPEeKbCHATOTO ChXpaHABAaHE Ha IPUIOCTHAaTa MHGpOpMAIMA, XapaKTepu3uparia
KOHTEKCTa B 1aJicH MOMEHT.
B (Chianese & Piccialli, 2014) cbii1o ce cieaBa KOHIICTIIUATA 32 TUTUTATHA UICHTHYHOCT
Ha My3eHHHTE OOEKTH W CBBP3aHOCTTa NOMEXIYy MM B MpeXa 4pe3 HHTEpHET Ha HellaTa.
OOexTHTe Ce AUTHTANU3UpaT OJlarofJapeHre Ha CEH30PHH TEXHOJIOTHH, KOHWTO IIO3BOJISBAT
JUCTAaHIIMOHHO YNpaBlIeHUE U NUCTAaHLHOHHO HAONIOAEHHE BBPXY YCIOBHUATA U NIPOMEHHUTE HA
cpermata. 3a pa3nmUKa OT NPEAWITHUTE MOJENH, TYK € H3Moii3BaHa TexHojormsara Web of Data
(mapudaHa olie ceMaHTH4Ha Mpexa). IIpakTiuuecku npenacraBisaBa 00paboTKa Ha HHOpMAIHS Ha
,»UOBEIIKM €3MK", KOATO CE€ JOCTaBsi Ha IIOCETHTENHMTE IIPU JIOKaJEH JOCTBII 10 OOCKTH Ha
KyATypHOTO HaciencTBo. [Ipennoikena e TpUCIOWHA apXUTEKTypa, BKIL:
® Ccen3opeH coii, OTroBapsll 3a INpuUAOOMBaHETO M TpaHchepa HA [aHHM W 32
CHTPYJHUYECTBO C BB3IIHUTE B MPEXKaTa,

®  mpexcogu cnoii, 3a TpaHchepUpaHe HA JaHHM MEXIY pa3lIMdHd MpPEXKH H
TIPUITOKEHHS,

® npunoxcen cnoii, B KoWrto ca pasnonoxeHu loT  mpunoxenusita U
(hyHKITMOHATHOCTHUTE.

B censopenua cnoit, censopure ca 1Ba BUIA - CbpEbPeH 6b3en (pasriexaH Olle KaTo
OCHOBCH) U no08w3en. CopgvpHume 6v31u CIYXKAT 3a Ch37aBaHe Ha 0€3)KWIHA MpeXa U ChIbpPIKAT
uH(OpMaIMs, CBbp3aHa ¢ 0OEKTHTEe B 30HAaTa UM. Bceku 00eKT e 00OpyaBaH C AONBIHHUTEICH
nooew3en, koito ch3mnaBa Bluetooth Low Energy (BLE) 30Ha 1 ¢ cBbp3aH ChC ChbPBBPCH BB3EIL.
Koraro noceruren ¢ MHCTaIMPaHOTO MOOMITHO NPHWIOXKEHNE HA My3es € B 30HATa HA CHPBBPHUIL
Bb3€J1, aBTOMAaTHYHO CE CBBP3Ba ¢ Oe3xknyHaTa My Mpexa. MAC azxpechT Ha TenedoHa ce 3ama3Ba
B CbPBBPHUS Bb3€Il CbC ChOTBETHUS My IP aapec. KoraTo nmoceturensar nasnese B BLE 30Hata Ha
00€KT, MoJTy4aBa Ha CMapT(OHa CH MYJATUMEIUIHHO ChIbPKAHUE 32 CHOTBETHHUS OOEKT.
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B (Petrina, Volokhova et al., 2017) ca npemioskeHr KOHIISTIIUS U MOJIEI 33 U3rpa)kIaHe Ha
HHTEIMIeHTHA cpena. MnesTa ¢ upes BUPTyaaM3alis Ha OOCKTHTE Ja Ce MPeCh3Iaie PeasrHoCTTa
um. NudopmalusTta 3a My3eiHHUTE SKCIIO3UIIMH CE TIPEIaBa Ha MOCETUTEIUTE YPe3 MYJITHMETHAHH
cpencTBa Kato Tele(oHH, TaOJeTH WIM IPYTH YCTPOMCTBA, YpPE3 BH3YAIM3aIMsAd Ha CHUMKH H
BB3IPOM3BSKAAHE HA 3BYKO3amucH. VHTENHMIEHTHATa Cpela Ce ChCTOM OT TPH OCHOBHH
KOMIIOHEHTA:

Onmonozuyen moden - ChIIbpKa ONHCATENTHA HHPOPMANNS 32 My3eHHHTE eKCIIOHATH,
KOATO C€ M3MON3BAa 3a M3rpaXkJaHe HA CEMaHTHYHA Mpexa. ToBa BKIIOYBA:
nucropudecka HHGpopManus 3a My3eHHHTE eKCTIO3UINH U eKCIIOHATHTE, HH(OpMAaIws 3a
BPB3KUTE MEXJY EKCIOHATHTEe M OOIIM KOHCTPYKTHBHH IpaBWia 3a CEMaHTHYHATA
Mpexa (KIacoBe 00eKTH, TEXHUTE aTPHOYTH W OTHOIICHUS).

Yuku mexnonozusa (Semantic MediaWiki), koaro mpeoOpa3yBa ceMaHTHKaTa OT
nH(OPMALIOHHATAa CUCTEMA HAa My3es B CEMaHTHYHA MpEXa C MOMOIITa Ha €KCIIEPTH
(cmyxuTenu Ha My3est M UCTOPHIM), CIeABailky NMpaBuiaTa Ha OHTOJIOTMYHHS MOJIEIN.
CemaHTH4HAaTa MpeXa € OpHEeHTHpaH rpad, CBbCTOSN] CE€ OT BB3JIH, KOUTO
MIPE/ICTABISIBAT MCTOPHUYECKH OOCKTH (€KCIOHATH, CBBP3aHM JIMIA U T.H.) U pedpa,
O3HAayaBallld CEMaHTUYHU BpPB3KM MexAy Tsx. IlpaBmiiara 3a cTpyKTypHpaHe Ha
nHpOpMaIIATa ce ONPEIENAT Ype3 KOHKPETHA OHTOIOTHSL.

Cemanmuunu ancopummu 32 U3BINYaHE Ha MH(OpMALMs OT CEMaHTHYHATa MpPEXa,
KaTo ce B3eMaT IPEABHJ CHIIECTBYBAIIUTE BPB3KH MEXIY My3eHHHTE eKCIOHATH U
JpYrU OOEKTH.

B (Jara, Sun et al., 2015) ce akneHnTHpa BbpXy M3rpaxkaanero Ha riodanHa [oT cpena, B
KOWTO 0e30poil ycTpoiicTBa M3rpakaaT T. HAap. YMHH IPajoBe, KaKTO M BHEIPSBAHETO HA Ta3H
TEXHOJIOTHS B KYITYPHO-HCTOPUYECKH OOCKTH W My3en. OCHOBHHTE MPEIU3BHKATEICTBA IPH
H3rpakAaHETO Ha IMTOJO0OHH CHCTEMH ca CICIHUTE:

Pazymen mooden 3a opzanusauyusa HA OaAHHUMmME 34 UHmMeNUZeHMHUme 2Padoge.
TpamuumoHHWTE MOIENM 3a JaHHA HE OTTOBApSAT HA HM3WCKBAHUTE IPH
HMHTEIUTeHTHUTE TpanoBe. Heobxoaumu ca nobpe neuHupaHu MOJeNH Ha JaHHUTE 32
MHTEINTEHTHATE T'PaJIOBE, BKJI. OTYMTAIIN MHOKECTBO CEMAHTUIHHU (haKTOPH.
Texnonozuunu npeou3sUKAmMeICMEa 3a 3QWAUMA HA XapaKmepHume Kyimypu u
Hacneocmea. MHOTO KynTypu M OOMYaW TNPOW3NIN3AT OT JPEBHHM TPAIMIMK U ca
IBI00KO0 BKOPEHEHH B ChpIaTa HAa MECTHHTE XXHTENH. Te3u KyITypH ca TPYIHH 3a
HaOJII0JICHHE OT CEH30pPHUTE YCTPOHCTBA. AyAMO M BHIEO 3allMCH MOrat Ja 3acHeMmar
caMo BBHITHATa (popMa Ha Te3W IEWHOCTH, HO € TPYAHO J1a CC MOKaKe CHITHOCTTA M.
Cuzypnocm u nogepumennocm. VIHTEIMIeHTHUSAT IPaji OCUTYPsSIBA MHOTO y100CTBa U
TIOJIE3HH YCITYTH 3a OOMTaTeNnTe CH. ATAaKWTe HA CHUTYpHOCTTa M HapyllaBaHETO HA
HETPHUKOCHOBEHOCTTA HA JIMYHHS JKMBOT Ca €HH OT Hall-roJIeMHUTe NPEIN3BUKATENCTBA
3a MHTENUTeHTHUSA Tpaj. HeoOxoammo e M3rpakIaHeTo Ha ajJeKBaTHA 3allUTa, BKII. Ha
nH(popMaIATa 0T CEH30pUTe, CHOUpPAIIN JaHHH OT KYITYPHHUTE O0CKTH.
Yemoiiuueocm na npunoscenusma — npensug o6paboTBaHETO HA TOJIEMH HOTOLH OT
JaHHW, TO3M MOAYJI € OTTOBOPEH 3a NpOoOJIEMHUTE, CBBP3aHH C PA3BUTHETO Ha
NPUIOKEHUATa. Pa3HOOOpa3nueTo OT yclyrn ce OCHOBaBa Ha CHTPYAHHYECTBOTO Ha
MHO)KECTBO YCTpOWCTBaA 3a HaOIfo/eHHMe, 3ajelicTBane n cBbp3BaHe Ha loT. 'omsamo
NPeU3BUKATEICTBO € IIOJUIbP)KAHETO Ha HENpeKbCcHaTaTta paboTa Ha BCHYKU
YCTPOHCTBA W KOMYHHKAIMATa MEXKIY TSIX, OIIE ITOBEYE, Y€ C TECUCHHE Ha BPEMETO,
YCIIOBHATA Ha CpefaTa MOXKE Ja Ce IPOMEHST.

[TepcoHaIN3UPAaHETO U MOZOOPSIBAHETO HA MOTPEOUTENICKOTO M3)KUBSBAHE B IUTHTATHHUTE
KYATYpHH €KOCHCTEMH € N3KITIOYUTEeNHO BakHO. (Paneva-Marinova, Iliev et al., 2018) pa3riexnar
BB3MOXKHOCTTA 32 HHTEIPUPAHE B DPEalHO BpeMe Ha HMHQOpMAlMs OT pasiuyHHA JUTHTATHA
KYJITYpHA €KOCHUCTEMHU, B CHOTBETCTBUEC C KOHKPETHUTE HOTpe6I/ITCHCKI/I HYXIW. CHeI_[I/IaJ'IHI/I
YCAYTM Ha JUTUTATHUTE EKOCUCTEMH HHICKCHPAT CBhABPKAHUETO Ha HH(POPMaLIUOHHUTE
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XpaHWIMILA U T aHAJIM3MPAT B KOHTEKCTAa Ha NMOTPEOMTENICKUTE M3MCKBanus. [lorpeburenckure
HY)XIH, HHTePECH, IeTH U MPEIIOYnTaHns TpIOBa Ja ObIaT BHUMATEIHO MpoydeHn. ChIIecTBEHH
ca pemuna Bbmpocu: KakBu ca MOTHBHTE Ha IHOTpeOHTENs 3a H3CIEABAaHE HAa KOHKPETHATA
gurutanHa exkocucrema? Kom ca ¢akropure, KOMTO KapaT NOTPEOMTENst Aa C€ BKIIOYH B
HaOmomaTenHu feiiHocTH? KakBo e BIMSHHETO Ha HpegumHus onuT Ha moTrpebmurens? Kak
HOTpeOuTeNAT onpenens cBoure Hyxanu? Kaksu ca neficTBusATa Ha MOTpeOUTENS B JTUTHTAIHATA
exocucrema?, u np. OTroBopuTe Ha TE3W BBIIPOCH OYEPTaBAT MHIWBUIYATHHS HOTPEOHTENICKH
npodmi, Koito TpsOBa nga ObAe W3MON3BAaH KAaTO OTHpaBHAa TOYKa IIpH Ju3aifHa Ha
HEPCOHAIU3UPAH MOTPEOUTENICKH TIPOIYKT.

3AK/IIOYEHUE

HpOBe,E[eHOTO MpOoyYBaHE IMOKa3Ba, Y€ peauna KYJITYPHU HHCTUTYLHUHU I10JaraT 3HAYUMHU
YCHIMS 33 WHOBHMpAHE Ha IPEUIaraHUTe MNPOAYKTH M YCIYTM W NEPCOHAIM3UPAHETO UM B
CbOTBETCTBUE C HWHIAWBUAYAJTHUTEC HOTpe6I/ITeJ'ICKI/I TPEATTIOYUTAHUSA. HpI/IBHeKaTeJIHa (S
BB3MOKHOCTTA 33 M3rPaXKJaHe Ha BUPTYaJHH KYITYPHHM IIPOCTPAHCTBA, KOHUTO IIPEHOCTABST
WHTEpaKTUBHA KOHTEKCTHa WH(popMamus 3a apTedakT M JIECEH IOCTBII A0 HMH(MOpMAaIms 3a
HUCTOPUYICCKU CBBP3aHU C HETO 00exTu 1 croutus. OCHOBHA 3a/laya € aBTOMaTUIHOTO arperupaHe
Ha TOXOMSIIO MYITHMEIUHHO ChAbp)XaHWe, Oa3upaHO Ha HHQoOpManusTa 32 HATMIHHUTE
apredakT W crenupUIHATE W3UCKBAaHUA Ha morpedutens. IlomabpkaHeTo Ha pa3NUYHH
BB3MOKHOCTH 3a IIPEIOCTaBsiHE Ha MH(OPMAIMOHHU PECypcH O IMOTPeOUTENs — B pasiinyeH
(hopMaT ¥ MOAXOMIAIIN 32 PA3TMIHI MOOMIHM YCTPOICTBa, € APYT BakeH (hpakTop 3a momoOpsBaHe
Ha IOTPEOUTEICKOTO MPEKUBSIBAHE.

[Ie noiine nu eH, B KOMTO 4apbT HA IOCELIEHUETO ,,HA MACTO B KYJITYPHUTE HHCTUTYLIUU
U HUCTOpUYECKATa CHEpPrusl Ha OTMUHAJIUTE CIIOXU IIIe 6'[),[[aT 3aCCHYCHU OT BHUPTYAJIHUTE
HOCEIICHUSI U SIPKOTO IWUTUTAIHO IOTPEOUTENICKO IPEKUBSBAaHE IIE OMarboca MOTPeOUTEIHTE
3aBuHaru? [Ipencron aa pasdepem!

Baarogapuoctn: Paborara e wactmuHo ¢QuHaHcupana ot npoekt CIT17-OMHU-005
»Ctynentcka mkona 3a WMKT wunoBamuu B OusHeca u oOyueHuero xbM Dona ,,Hayunu
n3cneasanus‘ npu InoBauBckust yausepeuter , Jlancuit Xunennapcku®.
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TROBAC MODEL FOR ACCESS CONTROL IN DOCUMENT
MANAGEMENT SOFTWARE SYSTEMS
Nedelcho Andonov, Emil Hadzhikolev, Stanka Hadzhikoleva
Plovdiv University ,,Paisii Hilendarski*

Abstract: This paper gives an overview of some popular access control models used for
authorization in software systems. It presents some models based on attributes, roles, tasks,
organizations etc. The TROBAC model that expands the ROBAC model is proposed. It adds
abstract layer for object typification, aimed in facilitating search, access and automated processing
of objects.

Keywords: access control model, roles and organization based access control, typified
ROBAC model

YBOJ

MozenasT 3a KOHTPOJ Ha [IOCThIIA € YacT OT IBUIOCTHHUSI MPOIEC MO HaeHTH(DHKAIWS,
aBTeHTU(QUKanus U apropusanus (identification, authentication, authorization) Ha morpedurenure
Ha eqHa copTyepHa crcteMa. Upe3 HEero ce ompenessIT MeXaHW3MHUTE 3a 3aJaBaHe Ha IpaBa Ha
UICHTU(UIINPAH U JIOBEPEH IOTPEOUTEN BBPXY KOHKPETHH OOCKTH M (DYHKIIMOHAIHOCTH Ha
cucteMmara. [Ipe3 mocineJHUTE TOAMHH Cca Ch3IaJCHA MHOKECTBO CTAHIAPTHH MOJIEIH 32 KOHTPOII
Ha JI0CTbhI1a, HOIXO/IAIIH 3a YIIOTpeda B Pa3InyHK THUITOBE NPHIOKEHHUS.

B obOpa3oBaTenHUTE MHCTUTYLMH M B YaCTHOCT BBB BHCIIHWTEC YYWIHIIA CE H3ITBJIHIBAT
MHOXECTBO OM3HEC mpoliecH, codTyepHaTa NOMAPHKKA Ha KOUTO C€ M3BBHPIIBA OT Pa3HOPOAHH
cuctemMu. He BHHATH € yIAYHO M BB3MOXKHO M3rPAXKIAHETO HA CIMHHA CHUCTEMa, MOIbpIKaIlia
pa3HooOpa3HH JACHHOCTH KaTo MPHEM Ha KaHAUIAT-CTYJCHTH, aJJMUHHACTPATHBHO OOCITY)XBaHE Ha
CIy)KHUTCIM ¥ CTYICHTH, YIPABICHHE HA YOBCUIKHTE DPECYPCH, OCHUTYPSBAHE KAa4eCTBOTO Ha
obpaszoBatennus npouec U ap. OOeKkTHBHATA TpeleHKa 3a ¢()EeKTUBHOCTTa OT OOCAMHSBAaHE Ha
O0LIONOCTBITHN JICHHOCTH C TAKWBA, M3MCKBAIIM BHCOKM HHMBA 32 CHIYPHOCT M B YaCTHOCT
HEJIOCTBITHOCT OT BBHIIHH CHCTEMH, CBHIIO € OT 3HAYCHHE.

HeoOxomumMocTTa OT HHTETPHpaHa YHUBEPCUTETCKA CHCTEMa 32 YIPaBIICHHE Ha TOKYMEHTH
BB3HHKHA TPH H3rPAKAAHETO Ha cOo(TyepHa CHUCTeMa 3a OCHIYpsSBaHE HA KAayeCTBOTO Ha
obydenuneTo u akpenuraimsa (Hadzhikoleva et al., 2016). 3a cbcTaBsiHETO Ha JOKJII-CaMOOIICHKA,
HEOOXO/MMM 3a CTapTHpaHe Ha aKpeAWTAlMOHHA MNpOleAypa, € HEOOXOMMMO H3IMPBAaHETO Ha
MHOXKECTBO JJOKa3aTEICTBEHH JOKYMCHTH U CIPAaBKH, Ch3[aBaHH M CHXPAHABAaHH B Pa3IMIHU
codTyepHH CHCTEMH ChC 3aTBOPEH HJIM OTBOpPEeH 10cThil. OCHOBHH MpOOJEMH MpPH TOBAa ca
THPCEHETO HA AKTYaJHH BEPCHU HA JOKYMEHTH U HEOOXOIHUMOCT OT MHOTOKPATHO MOBTOPSEMH
JIeHHOCTH 1O chOMpaHe W OOHOBSBaHE Ha JOKA3aTECICTBCHHUTE MaTepHaid (3a pPa3IHMIHUTE
aKpeAUTAIMOHHY Tporienypu). Ch3/1aBaHETO HA MHTETPHPAaHA CHCTEMa ChC CTPOra THIIH3ALKs Ha
yauBepcuterckute aokymentn (Hadzhikolev et al., 2018) Ou yinecHWIO M aBTOMATH3UPAJIO
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JNEHHOCTUTE MO ThPCEHE W pedepupaHe HA aKTYaJHU COUHUYHH JOKYMEHTH WM CIUCHIH C
SIHOTUIIHU TOKYMEHTH, Ch3/IaBaHN M 00paOOTBaHM OT Pa3JIMYHN OpTaHU3AIMOHHH 3BCHA.

IIpoBeneHOTO OT HAC MPOy4YBAaHE HA TOTOBU COPTYEPHU pEIICHUS 3a HU3TpaxIaHe Ha
JOKYMEHTHH XpaHWIMILIA U Ha CUCTEMHU 3a YIpaBJIeHUE Ha JOKYMEHTH [10Ka3a, Y€ He NMPEJOCTaBSIT
JOCTaTHYHO (hYHKIIMOHATHOCTH 32 MOJEITIPaHe Ha HEOOXOANMHUTE HU CHITHOCTU M B3aMMOBPB3KU
MEXAY TsAX. ECTecTBEHO pelleHHe B TaKbB CIydail € pa3pabOTBaHETO Ha COOCTBCHA CHCTEMA,
KOETO BKJIIOYBA WM peaM3alyiTa Ha MOAXOMAMII MOJEN 3a KOHTPOJN Ha JOCThIA, 0aswpaH Ha
UICHTU(QUIIIPAHUTE B IPEAMETHATA O0NACT CHIIHOCTH M 3aBUCHMOCTH MEXIY TAX.

ChInecTBYBalIUTe CTAHAAPTHH MOJICTH 332 KOHTPOJ Ha JOCTHIIA HE MOIIbP)KAT BCHUKH
XKETaHH OT Hac eJIEeMEHTH, Iopaau koero mpemnarame HOB — TROBAC, pasmmpsBai mopena
ROBAC (Zhang et al., 2006). Toit ¢ ¢pokycupaH BbpXY B3MOXXHOCTTA 32 JICTAWIHO MOJICITUPAHE
Ha OCHOBHHUTE 00EKTH M CyOEKTH Ha JOKyMEHTHATa CUCTEeMa. BhBeXIaHeTO Ha CTPOra THITH3ALM
Ha 00EKTHUTE UMa 3a IIeJT KOHTPOJI Ha MEePCOHATIM3UPAHIS JOCTHII Ha TOTPEOUTEIUTE 10 PECYypCUTe
Ha CHCTeMaTa, yIeCHABAaHEe Ha THPCEHETO M JOCTBIBAHETO Ha JOKYMEHTHTE upe3 yed yciyru, u
HHTErpanusiTa ¢ Jpyru YHUBEPCUTETCKH MPUI0KEHUSI.

MOJEJIA 3A KOHTPOJI HA TOCTBIIA

Monenure 3a KOHTPON HAa JOCTBIIA OUPENCIAT MEXAHU3MU 34 3a0aéane HA NPAea HA
nompebdumenume 3a UsnviIHeHUe HA ONEPAYUU, OCOUECINBABAHI 6BPXY PAITUYHU PECYPCU.

OcHnognu enemenmu ¢ mooenume 3a KOHMPO HA OOCMBAA CA:

e obexmu (pecypcH), IO KOHTO CE OCUTYpsBa JIOCTBII — (pailyioBe, JaHHH, TPOIECH,

3a1a4u u Jp.

e  cybexmu, OCBIIECTBSABAIIY JOCTHIIA — IIOTPEONTENH, TPHUITOKEHHUS, IPOIIECH U JIp.

®  onepayuu, KOUTO MOTaT Jia CE OCBIIECTBSABAT OT CYOCKTHTE BEPXY OOCKTHTE — YETCHE,

MomuduIupane, Bepuduimpane, 3ammic 1 Jp.

e paspewenusn (permissions) — ONPEACIAT Hpaea 3a TOBA, KOU Hompeodumen, Kakeu

onepayuu moxce 0a U3NBIHAGA 8bPXY 0OOeKmume.

MHOXECTBO CTaHAAPTU3UPAHU U MPHUAOOHIN TOMYISIPHOCT MO ONpPENEIST Pa3IndHu
HaYMHU 32 33JlaBaHE Ha MpaBaTa 3a JOCTHI 10 KOHKPETHH OOCKTH, CHECHU(DHYHHU OIepalny,
JEHHOCTH U JIp. B €Ha cCOPTYyepHA CUCTEMA.

Access control lists (ACL) e MexaHU3bM, KOWTO UMIUIEMEHTHPA KOHTPOJ Ha JIOCTHIIA JI0
JIaJieH pecypc, KaTo H30posiBa KO MOTPEOUTENHN WITH MPUIOKEHHUS MTOIydaBat JOCTHII 10 pecypcea,
KaKTO M KaKBH OICPALMK Ca Pa3pellicHH 3a CHOTBETHHUTE MPUIIOKCHHS — HAamp. YETCHE, 3allkC,
m3mbstHeHne u Jp. (Network Working Group, 2007). 3a pasnuka oT Hero, MmoaensT Discretionary
Access Control (DAC) ce ocHOBaBa Ha HJeATa 3a COOCTBEHOCT BbpXY pecypcure. COOCTBEHUKBT
Ha 00eKTa ompeAeNs KoM CyOeKTH MMaT JIOCTBII 0 oOekra. To3m Mojern ce Hapuda AUCKPETEH,
3aII0TO KOHTPOIBT HA JOCTHIIA CE OCHOBAaBa HA JIMYHATA IPEIEHKa Ha COOCTBEHHKA HA OOEKTa.
IpaBaTa 3a ZOCTHII 10 TaJICH PECYPC Ce ONMPEICIAT Ype3 CIUCHK 32 KOHTPOI Ha JIOCThIIA.

IIpu mandatory access control (MAC), cucremara (a He IOTPEOUTENUTE) ONPENENS KO
CyOeKTH MOTaT Jia UMaT JOCTHII 0 KOHKPETHHUTEC OOCKTH 3a JaHHH. MOJEThT Ce OCHOBaBa Ha
eTUKETH 3a CHrypHOCT. Ha cyOekTuTe ce maBa paspenieHue 3a TOCTHII (TaifHO, CTPOTrO CEKpPETHO,
KOH(UICHIINATHO U T.H.), a 00EKTUTE C JaHHU MOTy4aBaT KIacH(UKaIMsA 3a CUTYPHOCT (TaiiHa,
CTPOro CEKpeTHa, IIOBEPUTEIHA U T.H.). JJaHHUTE 3a pa3pelieHne u KIacH(HUKALHS ce ChXPaHsIBaT
B CTHKETUTE 3a CHTYPHOCT, KOHTO Ca CBBP3aHH C KOHKpEeTHHTEe CyOekTH u obextn. Korarto
cHCTeMaTa B3eMa PEIICHUE 32 KOHTPOJ Ha JOCTHIIA, T Ce OIMTBA J]a ChIIOCTABU pa3pelleHHsATa Ha
obekTa ¢ KiacudukanusaTa Ha odekra (Department of Defense, 1985).

B Role-based Access Control (RBAC) npaBaTa 3a U3BbpIIBaHE HA ONPEAENEHN ASHHOCTH
ca pa3pelIeHH 3a onpezeieHu pony. [lorpeduTenure Ha cucTeMaTa MONTYYaBaT ONPENEeTICHH POJIH.
3a BCsKa PO ca OMpEeNICHU TpaBa 3a M3IIBJIHEHUE Ha ONpeAeNieHH (QYHKIMU Ha cOopTyepHaTa
cucteMa. 1o TO3u HaYMH, TOTPEOUTEIHUTE HE ITOMyIaBaT IpaBa AUPEKTHO, a TH NPUI0OHBAT Upe3
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cBOsiTa pots (WK poin). YTIPaBICHUETO HAa MHIUBHAYAJIHATE OTPEOUTENICKH TIpaBa ce CBEXkK/A JI0
3a/1a4aTa 3a OnpeessiHe Ha MOAXOJIIN poiu 3a poduia Ha motpeourens (INCITS, 2012).

[Ipu Attribute-based access control (ABAC) 3asBkutTe Ha CyOeKT [1a W3IIBJIHH ONepaiu
BBPXY OOCKTH C€ M3ITBIIHABAT WM OTXBBPIIT Bh3 OCHOBA Ha KOHKPETHH aTPHOYTH Ha cyOeKTa u
00€KTa, YCIOBUsI HA cpefaTa W HabOp OT MONMTHKH, KOUTO ca CIEHU(HUIIUpaHN B TEPMUHHUTE HA
Te3n atpubytu u yciosus (NIST, 2014). To3u Moaen momabpika Joruvecka OyieBa cxema, B
kosiTo mpasmwiata cbabpkaT "IF, THEN" cunTakcuc 3a ToBa, KoMl mpaBu 3asBKaTa, pecypca u
neiictBuero. 3a paznuka oT RBAC, koiiTo n3nosi3Ba NpenBapuTeaHo AeUHUPAHU POIH, CBBP3aHU
ChC crienuduieH Habop OT IPUBHIIETHH, U C KOUTO C€ CBBP3BAT CYOEKTH, KIIFOUOBATa Pa3jIMKa C
ABAC e koHumenuusara 3a IMOJUTUKH, KOUTO H3pa3sBaT KOMIUIEKCHO MHOXECTBO OT OyJeBH
TpaBIJIa, KOUTO MOTAT Ja OICHSIT MHOTO Pa3IMIHHU aTPUOYTH.

Organization-based access control (OrBAC) no3sonsiBa Ha An3aiiHepa Ha TONMTHKATA J1a
Olpesield TONHUTHKA 3a CUTYPHOCT, HE3aBHCHMO OT HW3IBIHEHHETO. M30paHuar meron 3a
TIOCTHTaHE Ha Ta3W I € BEBE&)KIAHETO Ha aOCTPAKTHH HHUBA 32 POJIH, NEHHOCTH U H3TJIETH BMECTO
KOHKpPETHUTE, CHOTBETHO, CYOEKT, AeWcTBHEe M O0OeKT. Bcska MOMUTHKAa 3a CHUTYPHOCT €
mapaMeTpHu3upaHa 1 ce onpenens 3a mpanena opranmzanus (The SERES team, 2013).

Role and Organization Based Access Control (ROBAC) e moznen, koifTo nMa 3a 1en aa
Hanrpagu RBAC upe3 neduHHpaHe Ha IIONUTHKH 32 CHUTYPHOCT, OOXBaIIallld MHOXKECTBO
opranmzanmu. 3a paznuka ot Monenn RBAC, mpu KoiTo mpaBarta Ha MOTPEOHUTEINS 3aBUCAT CaMO OT
Herosarta poJs, npu ROBAC npaBata ce onpenessT OT ChbBKYIIHOCTTa OT JIB€ XapaKTEPUCTUKU —
ponsfTa Ha TOTPEOWTENs W MPUHAIJISKHOCTTa My KbM KOHKpeTHa opraHmsamus (Zhang et al.,
2006; Zhang et al., 2008).

Bbpxy cTaHmapTHHTE MOJIETH ca Ch3aJCHH MHOXXECTBO XHOPHIHN MOJIEITH 32 KOHTPOJ Ha
JIOCThIIA, CIEUUATN3UPaHN 32 KOHKPETHH JOMEHHH M CUTyallud — Oa3upaHH Ha paboTa B €KUI
(Thomas, 1997), pabora no 3agauu (Thomas & Sandhu, 1997) u ap.

MOJEJ TROBAC 3A KOHTPOJI HA JOCTBIIA HA YHUBEPCUTETCKATA
CHUCTEMA 3A YIIPABJIEHUE HA JOKYMEHTH

IpennoxHuaT ot Hac Mozen 3a koHTpon Ha goctbnia TROBAC (Typified ROBAC) (¢wur.
1) Ha yHHMBepCHTETCKa CHCTEMA 3a yIpaBJIeHHEe Ha JTOKYMEHTH, € 0a3upaH Ha (GaMIUIHATa MOJEIH
ROBAC, kaTo ca U3M0I3BaHH CHEU(UIHH 32 KOHKPETHUSI JOMEHH (TOKYMEHTHA CHCTeMa) NIMEeHa
Ha 00CKTH M aconuanu. KbM OCHOBHHUS MOJIEN ca T00ABEHH PA3IYHU IPYIH U TUIIOBE CIIEMEHTH
— TWTIOBE 3BEHA, CTAaHIAPTH, KAaTETOPHH, POJIM/THIIOBE 3BEHA W Jp. THIU3AIMATa MPEJOCTABS
BB3MOXKHOCT 3a MO-A00pa CKaJUpyeMOCT NMpH HapacTBaHe Ha Oposi HA KOHKPETHUTE THUIIOBE W
eneMeHTuTe B TsX. CrienuduyHn 3a JOKYMEHTHATa CHCTEMATa XapaKTePUCTHKH KaTo CTaHAapTH U
KaTeropuu ca CBbP3aHU C MOJCTUPAHETO HA TUIIOBE TOKYMEHTH U YJIECHSIBAT HACOUEHOTO ThPCEHE
(110 MeTa-uHpOPMAITHs, CTAHAAPTH, KATCTOPUH H JP.).

OcHogHume 00eKmu u RPUHYUNU 8 YHUGEPCUMEMCKAMA CUCMeMa 3G ynpasieHue Ha
Odoxymenmu, onrcanu noapo6oHo B (Hadzhikolev et al., 2018), ca:

1. EOun nompedumen MOxe 1a UIMa HAKOIKO POAU B PA3IIUYHU 36€HA HA OPZAHUZAUUAMA.

2. HepapXuuHO 3aBUCHMHE 36€Ha ONPEICIAT CTPYKTYPHHU €HHHIIE OT OPraHU3aIsTA.

3. Tunoge 36ena — ONPENCIAT OOW{H NOAUMUKU 3A CUZYDHOCHI, RPAGUNA 3d BANUOHU
63AUMOBPBL3KU  MedHcOy 36€HAMA W GBLIMONCHOCH 3a4 HACNe0A6AHE HA Npaea 6
liepapxusma om munoee 36eHa — Harope W/WITN HAJIONYy.

4. Ponu — onpedenam o0uyu npasa 3a CUZYPHOCM U OOCHIBR 00 pecypcu 3a ompeneneH
mun cmpyKmypHu 36ena.

5. /Moxymenmu — TpuTe)aBaT XapaKTEPUCTUKU KaTO MUN HA OOKyMeHmda, CaHoapm,
Kamezopuu v 1p.

6. Tunose 0oKymenmu — OUPENEIAT 0Ouyu npaea 3a OOCMBR 10 BCUYKU JIOKYMEHTH OT
CHOTBETHHUSI THUII U ,,BaJTUIHH* TUIIOBE 3BEHA, C TIpaBa 3a 3aIluc.
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7. Onepayuu BBHPXy TUIIOBE ITOKYMEHTH C BB3MOKHOCTH 3a creluduiupane — 3a 3anuc
(penmakTupaHe, MyONWKyBaHe, TOTBBPXKACHWE W 1p.) M uemeHe (YETEHE caMO Ha
3arJaBUeTO Ha TIOKYMEHT, YeTeHe Ha 3arjaBHeTO U METaJaHHH U Jp.).

8. Buoose onepayuu — wacmnu (private) — 3a NOTPEOUTENIN OT 3BEHOTO COOCTBCHHK Ha
JIOKYMEHTa WM OT 3B€Ha Harope M HaJoNy B Hepapxusara Ha 3BEHOTO COOCTBEHUK, U
nyonuunu (public) — 3a BCHYKHM OCTaHAJIU TMOTPEOWTENH, KOMTO HE MPHHAIJISKAT Ha
3BEHOTO COOCTBCHMK Ha JOKYMEHTa WJIM OT 3BCHA Harope M Hajolly B Hepapxusara Ha
3BEHOTO COOCTBEHHK).

9. Ilo3séonenun (permissions) — npasama 3a 0ocmvn (IOCTHIIHUTE OTCPALUHN) HA eOUH
nompedumen 00 O0OKymeHm ce ONpPENENsAT OT HEeroBatra poJifA, TMPHHAMISKHOCT KbM
36eHa (VM CHOTBETHHUTE M MUNOGE 36¢HA) I MUNA HA O0OKyMerma (U ChOTBETHOTO 36€HO
U mun, 3a KOETO € PETUCTPUPAH JTOKYMEHTA).

KoHKkpeTHHTE 3BEHA W POJM Ha MOTPEOUTEN BIHSAT BHPXY HETOBHTE YaCTHH MO3BOJICHUS
(private permissions) 3a KOHKPETHH HOKYMEHTH, a THIIA HA 3B€HO, KbM KOETO TOH MpPHHAIIICKH,
OIpEICNAT HEroBUTE MyONuuHHM Tmo3BoineHus (public permissions). TumoBere 3BeHa OKa3BaT
BIMSHHME W TIpU 3aJaBaHe Ha IIpaBaTa BBPXY TUIIOBE NOKYMEHTH. Koukpemnume npasa 3a
U3NBIIHEHUE HA Onepayuu 8bpXy OOKYMEeHm 3agucAm, OT €IHa CTpaHa, Om munosente 36end,
acoyuupanu ¢ muna 00OKymMeHm, a OT JIpyra — Om MUNO6eme 36¢HA, YKA3AHU 34 poiaume HA
nompebumens.

3BeHa

Ponu / 3eeHa CraHgapmi

< ™

TUnoBe QOKYMEHTH

([ Tunoee asena |}« Onepauuu

- /

@wur. 1. Mogen TROBAC 3a koHTpOI Ha AOCTHIIA A0 IOKYMEHTH B JIOKYMEHTHA CUCTEMA

Permissions

Ponu / Tunoee 3BeHa

BwBexxname o3HaueHHS 32 HAKOH OT OOEKTUTE U OCHOBHUTE MM XapaKTEPUCTHKH, KaTO PU
HEOOXOIUMOCT Te MOKEe Ja OBJaT pasMHpsBaHH. 3a YHU(DHUKALMA H3II0I3BaME CIICIHUTE
Oo3HaueHMs: Id — yHWKaJeH HIeHTH(HKATOp Ha 00EKT, name — nMe Ha oOekTa (IIpH pas3IMIHA
peaim3alii € BB3MOXXHO HMMETO Jia € CIAWHCTBEH YHHKAJeH HACHTU(HKATOp); parent —
HICHTU(QHUKATOP Ha PONUTEICKH OOEKT B JajieHa HepapXws WIM IETHA POAHUTEICKH OOEKT.
OmpezensiMe CICAHUTE MHOMCECIEA OM O00eKmMu U aAcouyuauuu, U HMexXHU OCHOGHU
XapaKmepucmuxu:

o R — muoscecmeomo om eécuuxku poru. Efqna ponst r € R ce onpenernst kKato HapeAeHO
MHOYECTBO OT Xapakrepuctuku r = (id, name, parent).

o UT — mmnodscecmeomo om écuuku munoee 3geHa B opranmsanusra. Tum 3BeHO Ut =
(id,name,parent) € UT.

e RUT S R XUT - mHuoxscecmeomo om 6anuOHu AcOUUAUUU MeHCOy POAU U MUNOGe
36ena. [lpuMepHH elleMEHTH Ha MHOXKECTBOTO (33JaJleHH OIPOCTEHO) Ca JBOMKHUTE
(,,pexrop®, ,,yauBepcutet), (,,Aekan", ,,hakynrer™) u ap.
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U — mnoscecmeomo om ecuuxku 3eena. 3seno u = (id,name,ut,parent) € U,
KBJIETO Ut — CHOTBETHUSI HA 3BEHOTO THIT 3BEHO.

RUC RXU — mHoxMcecmEOmO oM 6ANMUOHU ACOUUAUUU MeHCOy POJIU U 36CHd.
[MpuMepHU eeMEeHTH Ha MHOXECTBOTO (3a/1aJICHH OIMPOCTEHO) ca JBOUKHTE (,,peKTOp™,
,,MosT yHuBepcuter®), (,,aekan”, ,,Pakynrer no OGusuka‘“) u ap.

S - MHOIHCECMEOMO om 6CUUKU cmaunoapmu. Crangapt
s = (id,name, parent,properties) € S, Kkbuero properties — MHOXECTBO OT
XapaKTepUCTUKHN 3a ONMCaHWe Ha JOKyMeHT. CBoOWMCTBaTa ce W3MON3BAT 3a 3aJaBaHe
XapaKTepUCTUKUTE Ha JOKYMEHT U CE OMUCBAT C UME, TUII U JIp.

DT — mnoscecmeomo om ecuuku munose Ookymenwmu. Tun pokyment dt =
(id,name, s) € DT, kbjieT0 S — CTAHAAPT, OT KOWTO MPOU3XO0XK/A TUIIA JIOKYMEHT.
DTUT € DT X UT — mHuoxscecmeomo om GaIUOHU ACOUUAUUU MeHCOY MUnose
00KyMeHmu u munoge 36ena. JJOkyMeHTH OT OTpEeAETIeH THI MOTaT Ja ObJIaT Ch3JaBaHU
caMo 3a 3BCHa OT CBBP3aH C HEro THIT 3BCHO.

Users — mnoscecmeomo om ecuuku nompeoumenu. Emun morpebuten user =
(id,name, properties) € Users, xbaero properties €  MHOXECTBO  OT
XapaKTEPUCTUKH Ha TIOTPEOUTEIISL.

UsersRU € USERS X RU — mnoxycecmgomo om meKywiu acouyuauuu meycoy
nompebumenu u 6anuUOHU 080UKU POIU-36EHA.
D - MHOICECMBOMO om 6CUUKU 00Kymenmu. JlokyMeHT

d = (id,name,dt,u, log,dt_properties) € D, xpaero dt — ueHTHHUKATOP HA TUIIA
JOKYMEHT, U — 3BEHO, 3a KOCTO € Ch3[aJicH NOKyMeHTa, log — log 3a neiicTBusita Ha
noTpeduTeNnuTe BbpXy JOKYMeHTa, dt_properties — MHOXKECTBO OT aCOLHUALMU MEXIY
CBOICTBA, OIpPEACNICHN OT CTAaHAApTa 3a JOKyMEHTa dt W ChbOTBETHUTE UM CTOMHOCTH 32
TEKYIIUsI JOKYMEHT.

Op - muoscecmeomo om ecuuxu onepayuu. Onepayus op = (id,name,type) €
Op, xbuero type € {"private", "public"} e tan Ha onepauusra. B exda cucrema
olepanyuTe, KOUTO M3BBHPIIBA TOTPEOHUTENS ca KpaeH (M OOMKHOBEHO IIPEIBAPUTEIHO
¢uKcupaH, Koero B ciydas He € OT 3HadyeHue) Opoil. [lopagm ToBa e ymadHo na
MPEICTABUM ONEpPalHNTe KaTO HAPEICHO MHOXKECTBO OT KOHKpPETHH omepauud Op =

(opl, opy, ..., opopnum), opnum € N.

OpA - muapedena oOeoiuiku onepayus-oocmvnuocm (accessibility). Enna nHapeneHa
npoiika opa = (op, enabled), xbaeto op € uUIeHTHHUKATOp Ha ONEpaLys,
XapaKTepUCTUKATA enabled € Boolean U {"Not Applicable"} = {"true/1/yes/
on", "false/0/no/off","Not Applicable"}n ommucBa BB3IMOXEH JIM € JOCTBIA IO
OTepanusITa B KOHKPETHA CUTYAIHS.

OpAs — mHodcecmeo om ecuuku OOCHMBHHOCHMU 3G Onepayuu. AHAIOTUYHO Ha
MHOXECTBOTO OT omnepanuu Op, onpenensMe €IUH eleMeHT Ha OpPAs xaTo HapelcHa
MOCJIEZIOBATETHOCT OT opnum Ha Opoll NBOWKH ,,0lepaunusi-IOCTBIHOCT®, MPU KOETO
MO3UIIMHUTE Ha OlEepaluuTe B ABeTe MHOkecTBa (Op u OpAs) ca eqHakBu: opas =

((op1, enabled,), (op,, enabled,), ..., (0P opnum. enabled,,pnum)). Topanu

BbBEACHATa MOJpen0a Ha EJIEMEHTHTE B MHOXKECTBOTO 33 PA3IMYHM HW3YUCICHUS ©
YIa4HO M JIECHO M3IMOIA3BAHETO CaMO Ha MPOEKUUAMA 6bpXy OOCHMbBRHOCHUME:
T onabled (OPAS) 32 ISUI0TO MHOXKECTBO HJIH 338 KOHKPETEH CIEMEHT T ppgpred (0P AS).

P S DTUT X OpAs X R — muosicecmeomo om 6cuuku no360J1€HUsA 34 UNbIAHEHUE HA
onepauuu (Bx. 1a6n. 1). Eono nozeonenue p = (dtut,opas,r) € P, xpaero dtut —
UICHTHGUKATOp Ha BalMIHA acolyands OT THI JOKYMEHT M THUII 3BCHO, 0pas —
JOCTBITHOCTH 3a ONEPalUHTe, I' — UACHTH()HUKATOP HA POII.

Ilpeonocmaeku 3a onpedensanemo Ha npaga 6 OOKYMEHMHANA CUCIEMA CA:



MHOJICECIE0 OMm Onepayuu, ONKMCaHW B CHCTEMATa M PEajH3UpaHd C IOIXO.IIIa
OHM3HEC JIOT'UKa;

munoge — munoge 0OKyMeHmu, Munoge 36¢Ha U PO KoM MUNOGE 36eHA;
KOHKpemHu npedcmasumentu Ha munogeme — 00KyMEeHmMU, 36eHa U Rompedumenu ¢
POIU KbM YKA3AHU 36€HA.

Onpe@emmemo Ha npasama e 00Kymeumuama cucmema npemunasea npe3 HAKOJIAKO

emana:
°

AOmunucmpupane Ha 2100anHuU npaéa HA POIHU BHPXY THIOBE TOKYMEHTH KBbM
THUIIOBE 3BEHA;

3adasane na ponu Kom 36ena Ha nompeoumenume — OT AIMAHUCTPATOP WM BHHITHA
cHucTeMa,

Asmomamu3zupano u3uuciaéane npasama Ha nompedumen Ha 0aza poiHTe MY U
rJI00aJTHUTE TIpaBa.

AOMunucmpupanemo Ha 2106a1Hu npaea BKIOYBA JBa NoA-eTana (Bx. Tadu. 1):

Tunusupane na coocmeenocmma — onpenensie Ha Muoxectsoro DTUT € DT X UT.
3a BCEKM TUI OKYMEHT C€ OMNPEAENAT THIOBE 3BEHA-COOCTBEHHMLHU. JJOKYMEHTH OT
OIIpEIIeTICH TUIT MOXE JIa CE€ 3aJlaBaT caMo 3a acOI[MHPaH KbM HEro TUM 3BeHo. Hamp.
JOKYMEHTH OT Tl ,,JIpoTokon oT 3aceqanue Ha DakynTeTeH ChbBET MOXKe Ja ObaaT
Ch3J]aBaHH CaMo 3a 3BeHa OT Tul ,,Dakynrer*.

3adasane na 2nodanHu permissions — ONIpefeNsiHE Ha MHOXECTBOTO OT BCHUKHU
permissions P € DTUT X OpAs X R. AnMUHHCTpaTOp KOH(HIYpHpa IOCTBIIHOCTTA
Ha OMepalriTe, KOUTO POJIUTE UMAT BEPXY ABOMKHUTE THII JOKYMEHT-THIT 3BEHO.

Tun 10KyMeHT IIporoxoi ot 3acefanne Ha DaKyJITeTeH
CBhBET

Tumn 3BeHo dakyarer

Poasi / Tun 3BeHo Private onepauuu Public onepanun

Poust Huso. Tun 38eno | 3ammc Yerene Yerene

Pexrop 0. YauBepcurer X / v

Jexan 1. ®@akynrer v v v

Cekperap Ha JIeKaH 1. ®akynrer N4 N4 X

Unen Ha QaxynTeT 1. dakynTer X / X

UieH Ha KaTenpa 2. Karenpa X V4 X

bubnuorekap 1. bubnuorexa NA NA X

Hepeructpupan 0. be3 3BeHO NA NA X

Tabmn. 1. IlpuMepHu npaBa 3a JOCTHII 0 THI JOKYMEHT ,,IIpoTOKOI OT 3aceqaHue Ha
®dakynTeTeH ChBET KbM THII 3BEHO ,,Dakynrer
Aemomamu3zupanHomo uzuuUcIAGaHe HA NPAGAMA HA NOMPedumen MOXe Ja ce U3BbPIIBA
3a KOHKPETEH JIOKYMEHT, THUIl JIOKYMEHT WM 3a BCUUKU TUIIOBE €IHOBPEMEHHO:

Onpedensane Ha nO360J1eHUAMA HA ROMPedUmensa — ONpeNeNsTHe Ha MHOXKECTBOTO OT
BCHYKH TO3BOJICHHS 3a motpeduren P(user) € P. B tabin. 2 ca npeacTaBeHH BCHYKH
mpaBa Ha rotpeburen — P(user, dt) € P(user) — BbpXy KOHKPETECH TUI JOKYMCHT.
Te ca MoAMHOXECTBO Ha IJ00aqHHUTE MpaBa 3a TUMAa JOKYMeEHT (Tabn. 1), koeto e
OIPEIETICHO OT POJIUTE HA TIOTPEOUTEIISL.
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Onpeodensane Ha 0000wenu (aggregate) no3eoneHuUs Ha nompedumens 6vpxy mun
Ookymenm. EnyH moTpeduTen MOXXe a ©Ma €JHOBPEMEHHO HAKOJIKO POJH TIPH eTHA
cecus B cucremara. [Ipu ToBa obaye, He € BasKHO KOS TOYHO POJISL JaBa IO3BOJICHHUE 3a
U3IIBJIHEHUE Ha KOHKPETHA Orepalus BbpXY KOHKpETeH JOKYMEHT. Qobooujenume
npasa onpedenam npaeama HA nompedunen Kamo KOMOUHAYUA — U3GLPUIGAHA
upes nozuvecko HJ/IH evpxy npoexyuume no xapaxmepucmuxama enabled — na
omoennume npaea no ponu. Ilpu ToBa, noruueckoro MJIN ce npunara BbpXy BCUUKH
poInu 3a BCsiKa OTAeNHa onepauust. B pe3ynrart ce nonyyaBa camo efHa KOMOMHALUS OT
JOCTBITHOCTH 3a OIIepaLliH 32 BCEKH THIT TOKYMEHT (BIIK TIOCIEAHNS pex Ha Taou. 2).

Onpedenane na no3eoneHuama Ha nompedumen 6vbpXy KOHKPEmMEH OOKYMEHm —
KOHKpPETHHTE TIpaBa Ha TIOTpeOMTEN BBPXY MOKYMEHT Ce€ W3YMCIIBaT Ha 0Oasa

00001meHnTe MpaBa Ha MOTPEOUTENS, OMPEIETICHH 3a THIIA HA JOKYMEHTA.

B Tabn. 2 ca noxazanm OasupaHure Ha TaOy. | BB3MOXKHH OINEpalMM 3a KOHKPETCH
noTtpeburen, mpurexanamy ponu {Jlexan, Unen Ha ¢akynrer, UneH Ha karegpa} W 3a THIA
JOokyMeHT ,IIporokon or 3acemanme Ha @axynrereH cbBer. OT CBINECTBEHO 3HAYCHUE 3a
JIo0poTO (YHKIIMOHMpAHE Ha CHCTEMAaTa € MPAaBIIHOTO JepUHUpPaHEe HA POIUTE W 3aJIlaBAHETO Ha
MPHHAJISKHOCT Ha MOTpeOUTENUTe KbM TsX. Korato morpeduren e wieH Ha KaTeapa, JUPEKTHO
WIM MHAMPEKTHO TpsAOBa Jla ce yKaXke, Ye TOM € WICH M Ha ChOTBETHHS (aKyITeT W APYrH MHO-

TOpHU HUBA B MepapXusra OT 3B€HA HA OpraHU3aLusiTa.

IMoTpeduTen user

Tun JOKYMeHT IIporokon ot 3acenanue Ha PaKyNTETCH ChBET

Tun 3B8eHo daxynrer

Pousi / 3Beno: Tun Private onepanuu Public onepanuu

Pousi na user; | HuBo. 3Beno: Tun |3anmc Yertene Yerene

Jlexan 1. Xumuyecku V4 V4 V4
(dakynrer: Dakyarer

Unen Ha dakynrer | 1. Xumunuecku X V/ X
(dakynrer: Dakynarer

Unen Ha kareapa | 2. OpranudHa X v X
xumust: Katenpa

O0001enn npaBa (JIOTHYECKO HJIH): v v N4

Tabur. 2. [IpumepHH IpaBa Ha CITY)KHATEN USEr; BBPXY THII JOKYMEHT ,,[IpoTokon oT 3acenanue
Ha dakynreTeH cbBeT

B Tabn. 3 ca mokazaHM IpUMEpHH OOOONICHH OMNEpallH 3a Pa3IHYHU ITOTPEOUTENH.
OOUKHOBEHO COOCTBEHHMKBT Ha JIOKYMEHT MMa YacTHHU IpaBa 3a 3alKC M YE€TeHE Ha JIOKYMEHT
(user; u users). Hiakon morpeOuTeny Morat qa pasriexaaT JOKYMEHTH OT YKa3aHHs THII, KAYCHH

OT JIpYTH 3BeHa — omeparmy public

read 3a morpeburenure user, u | LMIl JOKyMeHT | dt;
user,. [Ilotpeburenure user; u | LHII 3BEHO @Daxyarer
usery Moxe jga deratr goxymentn |IloTpeduTesn Private onepanun Public onepanuu
OT COOCTBEHOTO 3BE€HO, HO HE U OT 3anuc Yerene | YereHne
YYKJHUTE, 2 IOTPEOUTENAT USers He | USer; </ v v/
MOXKe Jia paboTH C JIOKYMEHTH OT |yger, X Y ¥,
JAJICHUS THIL. user; 7 7 X

usery X </ X

users X X X
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Ta6. 3. [IpuMepHu 0000IIEHH MPpaBa Ha MOTPEOUTETH
BBPXY THI JOKYMEHT dt;




3AK/IIOYEHUE

3a Cbh3AABAaHETO Ha YHMBEPCUTETCKA CUCTEMA 3a YIpaBICHHE Ha JOKYMEHTH HMMa JBa
OCHOBHHM MOAX0Ma: KOH(GHUIYpUpaHe HAa TOTOBO cO(TyepHO pelleHre WK Ch3/1aBaHe Ha COOCTBEHA
TeXHOJNOTHA. [IBpBHAT MOAXOX WMa TMPETMMCTBa KaTo OBP30 W JIECHO CTapTHpaHe Ha
nputoxeHneTo. OCHOBEH HEOCTAThK € HEBB3MOXKHOCTTA J1a C€ MOAENUPAT BCHIKH HEOOX OAUMH
creuuHN 00EKTH, CYOeKTH M BPB3KH Mexny Tsx. [Ipm MomenupaHeTo Ha YHHUBEPCHUTETCKA
CHCTeMa 3a YIpaBlIeHWE Ha JOKYMEHTH, CM€ HICHTH(UIMPATH OCHOBHH CBHIIHOCTH, KOHTO HE
Morar na ObJaT MOJACIUPAHM C TOTOBH codTyepHH perieHus. [lopaaum ToBa, M3rpakAaHETO Ha
coOCTBEHa TEXHOJIOTHSA 32 YIIpaBJICHHE HA TOKYMEHTH € BaJlMJHATa alTepHATHBA 3a HAC.

M360pbT Ha Momen 3a KOHTPONI Ha JOCTBIA € BaKHAa 4YacT OT Ch3AABAHETO Ha BCSKA
copTyepHa cucreMa. 3mon3BaHeTO HAa CTAaHIAPTHM MOICNTH 3a KOHTPOJ HA IOCTBIIA, IIPH
OIIPEACNIEHUTE OT HAC CBHITHOCTH M B3aMMOBPB3KHM B JOKyMEHTHAa CHCTeMa, MOrar jga Obaar
W3MOJI3BaHH C U3BeCTHU Moandukamu. [Ipemioxenuar ot Hac mogen TROBAC e mogupukamus
Ha craHgapTaus Monen ROBAC, npu koiTo ca nobaBeHH TUMHM3AIMs Ha 3BEHA, KaTETOPU3AIUN U
CTaHJApTH 33 THIIOBE JOKYMEHTH.

Baarogapuocru: PaGorata e ¢uHancupana ot mpoekt CIT17-OMU-005 ,,CtyneHTcka
mxona 3a VKT mnaoBarmm B Om3neca m oOydenmero kpM @Donp ,,Hayann m3cienBanms™ mpu
[TnoBauBcKus yHuBepcuTeT ,,J1. XuneHmapcku*.
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ABTOMATU3UPAHO KOHCTPYUPAHE U OBYYEHUE HA
HEBPOHHU MPE’KU B MATLAB
Koctagun Motos, EMui Xaxkukones, CTanka Xa/KHKoJIeBa
IInoBauBckn ynusepcurer ,I1. Xunennapekn®

AUTOMATED BUILDING AND TRAINING
OF NEURAL NETWORKS IN MATLAB
Kostadin Yotov, Emil Hadzhikolev, Stanka Hadzhikoleva
Plovdiv University ,,Paisii Hilendarski*

Abstract: Neural networks are successfully used in solving complex tasks that require
processing of big data characterized with complex dependencies. They find application in different
areas — for process automation, risk management, weather analysis and forecasting, consumption,
financial markets etc. This widespread application is the reason for the development of various
software tools that support neural networks functionalities. The functionalities of Neural Network
Toolbox’ application Neural Fitting in MATLAB environments are presented in this paper. An
Algorithm for automated building and training of neural networks in MATLARB is presented.

Keywords: building of neural networks, training of neural networks

YBO/J

C pa3BUTHETO HAa KOMIIIOTHPHUTE TEXHOJOIMHM W YBEIUYABAHE HA W3YHUCITUTCITHHUTE
MOIITHOCTH Ha KOMITIOTBPHHUTE CHUCTEMH, HEBPOHHUTE MPEXKH CE HM3IIO0JI3BAT BCE MO-aKTHBHO, 3a
pellaBaHe Ha pa3iMYHE 33agayd. Te ycmsiBar fJa Cce CHOpaBsAT C OpPOOJICMH, MPHU KOHTO
TPAJUIMOHHUTE AJIIFOPUTMHM C€ MPOBaAT. HEBPOHHHTE MpEXH C€ H3IMOJI3BAT YCIEIIHO 3a:
anpokcumupane, Tbii KaTo 4pe3 TIX C€ ,,M3IVIAXKIAT CJIOKHA HEIUHEWHH 3aBHCHUMOCTHU, IOPH
KOraTo KaTo BXOIIA IPOMEHJIMBA CE U3II0JI3Ba CAMO BPEMEBUSAT (QAKTOP; IPU U3ZPANCOAHENMO HA
npeouKamuenu Mooeau, KaTo B KaueCTBOTO HA HE3aBUCHUMHU IMPOMCHJIMBH MOTaT Ja y4acTBaT
pa3IUYHA METPUYHA U HEMETPUUYHU HHTEPBEHHUPAIIM MPOMEHIHMBH (Pa3XOAd 3a MPOMOLMS U
peKiIaMa, 1ICHH U JIP.); 38 OMUUMAHe GIUSHUCIO HA PEKIAMHAMA OeUHOCH HA (upmume, Thii KaTO
OnaromapeHue Ha CBOSITA apXUTEKTYpa TO3M BUJI HCBPOHHU MPEKH IMO3BOJSIBA J]d CC MOJICIHPAT
e(eKTH, KOUTO Ce MPOABABAT C U3BECTEH JIal' BbB BpeMeTo. JIpyru pUIIOKEHUS ca: ynpasienue Ha
poOOMUBUpAHU  cuCmeMU; aABMOMAMU3AYUsL HA pPA3IU4HU  Apoyecu;, YnpaeieHue HaA pUckda,
npoerosupare M p. ETO 3a110 He e 4yaHO, Ye ToJsIMa 4acT OT MPUIIOKHUS copTyep, POKycHpaH
BBPXY MaTeMaTHYECKUTE W3YHCIICHUs] Ha TE3HW IMPOIECH, TSAXHATa 0OpabOTKa WIIM CTAaTHCTHKA,
npeiaraT rOTOBM MOJYJIH 3a Ch3aBaHe, 00ydeHHe U padoTa ¢ HEBPOHHU MPEKH.

ITpunoxkenuero Neural Net Fitting ma Deep Learning Toolbox B cpemata MATLAB
MPEIOCTaBsT Bh3MOKHOCTH 32 KOHCTPYHUpPaHEe Ha HEBPOHHH MPEKH. TO aBTOMAaTH3UPAa MHOXKECTBO
JICHHOCTH, CBBP3aHU C OOYYEHHETO M TECTBAHETO HAa HEBPOHHH MPEKH, HO HMa HSIKOH
HEIOCTaThIId — OrpPaHMYCH OpOil HEBPOHHM B CKPUTHS CJIOH, HEBB3MOKHOCT 3a CMsHA Ha
aKTUBHpAIIUTE (YHKIIMM KAKTO HAa HEBPOHHUTE OT CKPUTHUS CJIOH, Taka M Ha Ta3d HAa H3XOIHHUTE
HEBPOHHW, MallbKk Opol Ha MeToauTe 3a Oo0ydyeHWe Ha HEeBpOHHAaTa Mpexa, (pukcupaH Opoil Ha
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enoxure W Jp. B crarusta e npencraBeHa paboTtaTa IO Ch3/IaBaHE HA NPHIOKEHUE B cpelaTta
MATLAB, koero mma 3a Ilel Ja Npeojojiee TE3W OrpaHWYCHHs, KaKTO W Ja YJICeCHU
MOTPEOUTENNTE 1O OTHOIIEHHE HA MPOBEXKIAHETO HA MHOKECTBO TECTOBE C PA3JIMUHHU MapaMeTpH,
CBHIIPOBOX/IAIIM MPOIIEca HA Ch3aBaHE HA HEBPOHHA MpPEXKa.

N3KYCTBEHU HEBPOHHU MPEXHU

Ome oT caMOTO CH BB3HHKBAHE, CHCTEMHTE C M3KYCTBEH MHTENICKT C€ Pa3BHBAT B JBE
OCHOBHHU HampaBlieHUusl. [lvpgomo manpasnenue BKIIOYBA CUCTEMH, WMHUTHpALIM pPa3yMHa
JeHOCT, XapaKTepHa 3a YOBEeKa, HO M3MOJ3BAIN METOMM W CPEICTBA, PA3INYHH OT YOBCIIKHUTE.
TunuueH npeacTaBUTeN Ha TOBA HANPABJICHUE Ca €KCIEPTHUTE CHCTEMU. Bmopomo nanpasnenue
ce pa3BHBa BBPXY HAEATa 3a Ch3JaBaHE Ha COPTYEepPHU CHCTEMH, HAIoHoOsBamy padorara Ha
BEPUTH OT MO3BYHH HEBPOHU — U3Kycmeenu Heeponnu mpexcu (Kuposa, 1995; Humena, 1995).

YoBEUKHUAT MO3bK ChABbpPKA OKOJIO 25 MUIMAp/a HEPBHU KIETKH — HEBPOHH, KOMTO Upe3
CBOWTE CHHAICH OOIIYBAT MOMEXTY CH IO PA3IMYHNA HAYMHU — XUMHUECKH, CIEKTPHICCKU FIIH
cMmecenu. IlocpelcTBOM CHAPUTHATA CH CHCTEMa, HEBPOHBT IONy4aBa HH(pOpPMALUs OT
BBTPELIHUTE OPTaHM, XKIIE3H, MYCKYJIH, CTAaBU WM OT aKCOHHUTE OKOHYAHMS Ha IIPEIXOJKAAIINTe
ro HeBpoHU. I1o TO3u Ha4uMH ce 00pa3yBaT BEPUTH, CHCTOAIIN CE TTOHAKOTa OT CaMo JBa MM TPH,
HO JIOCTHTAIIHA 10 CTOTHIM XWISAU HEpBHH KICTKH. [Ipuera upe3 meHaputnTe MH(OpMALUATA
MOCTHIIBA B TSUIOTO HAa HEBPOHA, KBAETO ce 00paboTBa, oOpa3yBailku OMOETEKTPUIECKH
MOTEHLIHAN ¢ OompeaeneHa cToiHocT. KoiakoTo e mo-3HauuM CTUMYIBT, T.€. KOJKOTO € MO-BakKHA
MOCTBIIMNATa WH(OPMALHS, TOIKOBA IIO-TOISAM € M CB3AAICHHUAT INOTCHIMAT. AKO BXOIHHTE
JaHHU ca 0cOOEHO Ba)KHM, TO3M MOTEHLMAN HAIXBBPJsS IparoBara CTOMHOCT Ha HEBPOHA H
CHTHATBT CE Pa3NpOCTpaHsBa MO aKCOHA, KaTO B KpaiiHa CMeTKa ce IMpeaBa upe3 CHHAIICHTE KbM
JEeHIpUTHATA cucTeMa Ha crieaBamuat HeBpoH (ynen, Proerr u ap., 1985).

Cp3lazieHaTa BbpXYy €CTECTBEHHUSI MOZAEN CTPYKTYpa Ha M3KYCTBEH HEBPOH € IpEJCTaBEHa
Ha ¢ur. 1. Bxomgaute nanHu X; MOCTHIBAT KbM HEBPOHA Upe3 JICHIPUTHATA MY CUCTEMA,
cymaropHata (DyHKIUsS CBBpP3Ba
TE3W JaHHH C Terjara IIo
JEHIPUTHUTE, Cb3/JaBalKN eIuH
001 CTUMYNT S, KOWTO OT CBOS
CTpaHa  ce  Tojiara  Ha
aKTUBHpAIla GbyHKIMSA F,
S F m— MUsxon XapakTepHa 32  CbOTBETHMSA
HeBpoH. Taka B KpaliHa cMeTKa
ce (dopMupa CHTHaJ, KOHTO ce
nmpegaBa MO aKCOHa  KbM
JICH/PUTHTE Ha HEBPOHUTE OT
cleBalIys CI0H.

CymaropHara ¢pyHKIUSA
S ce MpecTaBs uypes3
CKaJIapHOTO TPOU3BEACHUE Ha
BXOIHHUSA BEKTOP X (X1, Xy, ..., Xp)
u Bektopa ot ternara W(wy, w;, , ..., w,) (bapckuit, 2004): S = XW, T.c.

n

@urypa 1. Mozen Ha HEBpPOH

(s = Exiwi =X, Wy + X, + o x,w,
i=1
3a ma neguHUpame npara Ha HeBpoHa KbM cymata (1) mobaBsime ome euH WieH b, KoeTo e
SKBHBAJICHTHO Ha JI00ABSHETO Ha JOIBJIHUTEIHA KOOpANHATa Ha BekTopute X U W, 10 ciemHus
HaunH: X (Xg = 1, X1, X, .., X)), ©W (Wy = b, Wy, W, , ..., Wp).
Taka cymata (1), ¢ BKJIIOUEH Ipar Ha HEBPOHA, NPUA00MBa OKOHUATEITHOTO MPEICTABSIHE:
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n
2)§ = inwi =b+x,w; +x,w, + -+ x,W,
i=0

B nporeca Ha 00paboTka Ha HH(pOPMAIKATA OT CTPaHA HA HEBPOHA, Ta3H CyMa Ce IoIara
Ha JISWCTBUETO Ha akmusupawiama @ynkyus F, ape3 xosTo Toi m3paboTBa M3XOJCH CHUTHAI,
npenaBail ce KbM CIICIBAIH CIEMCHTH B Mpexkara. DyHKIUUTE, aKTUBUPAIM HEBPOHA, MOraT Jia
OBIaT OT pa3iWYeH THI, U W300PHT UM HA NPAKTHKA CE OIMpeNeNs OT 3ajadara Ha MpekaTa WIIH
JKeJTaHaTa TOYHOCT. UecTo W3MON3BAHM AaKTHBHpAIIM (PYHKIUM ca: JIMHEHHa, CHIMOWJANHa,
cThIIAJTHA, XHIepoonnyeH Tanrec u aAp. (Kuposa, 1995; Humesa, 1995).

Crer TOCTPOSBAHETO Ha OT/CITHNUTE HEPBHHU KJIICTKH, CIIE/IBAIIIATA 3a/ada € CBBP3BAHETO UM
emHa ¢ Ipyra B Mpexka. PemieHusita 3a Opos Ha CIIOGBeTE Ha HEBPOHHATa Mpexka, Opos Ha
HEBPOHHTE  BBHB
BCEKU CIIOH, WU
KakBa JTa €
BpB3KaTa MEXKIY
TSIX, CC B3EMaT OT

pa3paboTuunuTe
Ha Mpexara U
3aBHCAT OT THIIA
Ha  pelraBaHaTa
3a/1aya. B
3aBHCHMOCT  OT
BUJIa HA BPB3KHTE
MEKIY
HEBPOHHTE
pa3nnyaBaMe
MHOT0OpOHHN
MPexHcosu apxumeKmypu, KOUTO MOTaT Ja ce KIacHOUIMpPAT B JBE ToJeMH IpynH (XalKuH,
2016):

o [Ipasu mpesicu — TaHHUTE CE TIPEIABAT CTPOr'O OT BXOJHUTE KbM M3XOIHHUTE HEBPOHH,
6e3 1a ChINecTBYBaT HUKAKBU OOPAaTHU BPB3KH;

o Pexypenmmnu mpescu — BKIIOYBAT M OOpPAaTHU BPB3KH, M3IH3ALIM OT HEBPOHUTC Ha
eIUH CIIOW M 3aBBPIIBAIIM HA BXOJd HA HEBPOHH OT CBHIIWSA WM HPEAXOJCH CIIOH
(ur. 2).

3a ma 3amodHe paboTa HEBPOHHATA MPEXa, CBIO KAKTO OMOJIOTHYHUTE HEBPOHHH CHCTEMH,
KOUTO HE C€ pakAaT NPOrpaMHpaHUM CBhC 3HAHME M CHOCOOHOCTH, TA TpsAOBa mga Obae
TpeIBapUTEIIHO 00yYCHA.

Cropen euoa na odyuenuemo ca yIBbpAeHH IBe OCHOBHH HamnpasieHus (Kuposa, 1995):

e  Acouyuamusno o0yuenue, U3BECTHO Olle Kato oOydeHwe ¢ yuuren. [lpm To3m THIl
o0ydeHHe Mpexara ce yuu, KaTo M ce MPETOCTaBST BXOJHN JaHHN U ChOTBETCTBAI UM
u3xoneH obpasen. IIpu oOydeHHeTo TeriiaTa Ha MpeKaTa Ce YTOYHSBAT, KaTto ce
M3MOJI3Ba pas3iMKaTa MEXIy CTOHHOCTHUTE OT HM3XOIHHTE HEBPOHH IPH 3aTaJCHHUTE
BXOJIHU 00pa3Ly.

o Camoopzanuzayus, v odydenue 6e3 yuauren. IIpy To3u METOR H3XOAHUTE HEBPOHH
ce 00yJaBaT Jla OTTOBAPST Ha KJIACOBE OT BXOAHU 0Opasiu. Ta3u uies mpearnosara, ue
HEBPOHHATAa MpEKa OTKPHBA Hal-XapaKTEpHWUTE YEpTH Ha BXOJHATA TIOMyNarus. 3a
pasnmka oT 00y4eHHETO C YIHUTel, B CIIydas He ChIIECTBYBA MHOJKECTBO OT KaTETOPUH,
C KOHWTO JIa CE CBIIOCTaBAT BXOJHHUTE JIAHHH U II0-CKOPO MpekaTa cama TpsOBa ja
n3paboTh cOOCTBEHO MpEJICTaBsSHE HA BXOTHUTE CTUMYIIH.

Camoro o0y4yeHHEe Ha HEBPOHHM MPEXKH € W3rpaJeHO Ha MPUHILMUIM 3a ,HarjacsBaHe’ Ha

TeTJIaTa Ha BPB3KUTE MEXTy OTICTHUTE HEBPOHH, CBHIIACHO HAKAKBO MOAM(MHIIMPAHO MPaBHIIO,

PexypenTtHa Bpb3Ka

Ourypa 2. Monen Ha H3KyCTBEHa HEBPOHHA MperKa: IIpaBa U peKypeHTHa
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KOETO ciieqiBa Mojeiu, Oazupanu Ha uaente Ha Jonang Xeo (Hebb, 1949). ChinecTtByBaT MHOIO H
HaW-pa3InIHu TI0 XapakTep Memoou 3a ooyuenue (Mpbues, Henesa u np., 2007; Hagan, Demuth
u 11p., 2014), KouTo ca MOAXOASIIN 3a U3MON3BAHE B PA3IUYHH CUTYAIIUH.

HEBPOHHHW MPEXKH B MATLAB

HN3MHOJJI3BAHE HA NEURAL NET FITTING TOOL 3A KOHCTPYHUPAHE HA

IIpunoxennero Neural Net Fitting tool Ha (dur. 3) e uynecHO U3BIHCHNE Ha HAEATA 32

KOHCTPYHpaHE Ha HEBPOHHH MpPEKH H TAXHOTO OOy4YEHHE MOCPEICTBOM AacCOLMATHBHATA
mapagurma (MATLAB Documentation).

HEBpOHHATa MpexKa:

1.

Buveeswcoane na 6xo0nu Ooannu
U CbomeemHume UM U3XOOHU
oopasyu ot morpedurens. [lpu
TOBa, TIOTPEOUTEIAT MOCOYBA
BeUe CB3JaJICHUTE BXOAHU U
U3XOJHU MIPOMEHIINBU B Cpejara
Ha MATLAB.

Banuoupane u mecmeane na
dannume. OCHOBEH TMpoOeM,
KOMTO BB3HMKBA B IIpolleca Ha
o0yyeHne  Ha  HEBPOHHHTE
MpEeXH € CBPBXOOY4EHHETO.
Konkoro € no-npoabinKUTENHO
O00y4eHHETO WM, TOJIKOBA IIO-
Jobpe Te Ime ampoKCHMHpaT
W3MOJI3BaHATE 33 O0YYCHHETO
npumepr. Ho axo oOydeHmeTo
HE CIIPe B MOJIXOJSIIHIS MOMEHT,
a FIMEHHO KoraTo (pyHKIMATa Ha
rpemkara HaMepH CBOSI
MHUHHUMYM, TSI OTHOBO MOXE Ja
3allouHe Ja HapacTBa. ToBa
Hajara Jia ce OOBpHE CepHO3HO
BHIMaHHE Ha KpUTEpUsI 3a
cnupaHe Ha oOydenuero. ETo
3amo, pasrojaraeMuTe JIaHHH,
cien pa3ObpKBaHE MO CIydaeH
HauyMH 4pe3 (QyHKOHATAa Ha

B Y€TUPpU CTBIOKU Ca OIPEACIAT OCHO6HU XapaxKmepucmuku 3a TCHECPpUPAHE Ha

4\ Neural Network Training (nntraintool)

Neural Network

Hidden

Qutput

Algorithms

Data Division: Random (dividerand)

Performance: Mean Squared Error  (mse)
Calculations:  MEX

S-aelly (sl

Training: Levenberg-Marquardt (trainim)

(E=5 EO =)

Progress

Epoch: o [l 19 iterations 1000
Time: 0:00:00

Performance: o3 [ e 0.00
Gradient: 3.07e+03 [ NEES | 1.00e-07
Mu: 0.00100 0.00100 1.00e+10
Validation Checks: 0| 6 5

Plots

. Performance | (plotperform)

(pltirinstote
(plotethis)
(plotrearession)
(B

Plot Interval: U

o Validation stop.

1 epochs

@ Stop Training

@ Cancel

Qurypa 3. Expan or mpoumeca Ha OOydeHHE Ha
HeBpoHa Mpexa B Neural Net Fitting tool Ha

MATLAB

MATLAB dividerand, ce pasmenaT Ha TpH dYacTH, KaTo BCEKH HAa0Op MaHHW 3a
BaJMIUpaHe M TecTBaHe € 3azazeH Ha 15% or mbpBoHauanuute gaHHu. C Te3u
HACTPOIKH BXOTHHUTE BEKTOPH U IIEJICBUTE BEKTOPHU CE Pa3eNAT, KaKTO CIIe/Ba:
e 70% ce u3non3Bar 3a 00yueHHUE;
e 15% ce m3mom3BaT, 3a Ja ce YCTAaHOBH, Y€ MpekaTa € opopMeHa W Ja cIpe
00y4YeHHUETO, MPEH a HACTBIIN CBPbXOOyUEHHUE;
e mocuenHuTe 15% ce M3MoNI3BaT KaTO HAITBJIHO HE3aBHCHM TECT Ha MpekaTa.
Te3n HACTPOIKM MOrat Jia ce NPOMEHST PBYHO OT MOTPEOHUTEIS, KATO Ce UMa MPEJIBH/L, Ue
TAXHATa cyma TpsiOBa 1a e paBHa Ha 100.
H360p na apxumexmypa na neeponnama mpedxnca. Ctannaptausat moayn Ha MATLAB
€ TIPUTOJICH 3a M3TPaXkIaHe Ha CTaHJApTHH JBYCIOHHH MPEXH C MPaBO IpeaBaHe Ha
curaana (paBu IByCIOHHN Mpekn). [1o moapasdupane, O6posAT Ha HEBPOHHUTE B CKPHUTHUS
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cioit e 10, HO TMOTPEOUTEIST MOXKE Ja O TPOMEHS, B 3aBUCHMOCT OT CBOUTE HYKIH.
AxrtuBupamara (GyHKIUS, KOATO C€ H3ION3Ba 32 HEBPOHUTE OT CKPHUTHS CJIOH, MO
noapazoupaHe € TaHI'eHC XUIMEpOONUYeH fansig, a 3a W3XOAHUS HEBPOH — JMHEHHaTa
bynxuus purelin.

H360p na memoo 3a ooyuenue na neeponnama mpeyca. Mongynst Neural Net Fitting
tool mpemnara Tpu anroputbMa 3a o0ydenne (MATLAB Documentation):

Levenberg-Marquardt (trainlm). LMA e oriaudeH anropurbM, KOHTO ce
nperopbyBa  3a MHOro mnpobimemMu. Mma OBp3a CKOPOCT Ha MpEXKOBa
KOHBEPTeHIINS U € OTIIMYHO CPEICTBO 32 pellaBaHe Ha HEIMHEHHN MpoOIeMH ¢
MIOMOIITA Ha alTOPUTMHU, CBBP3aHU C W3IOI3BAHE HAa METOJa Ha Hal-MalKuTe
kBajpati. LMA ce u3noisBa B MHOTO cCODTYyEepHU MPUIIOKEHUS 3a pelllaBaHe Ha
obum mpobiieMH ¢ MOCTPOSIBAHETO Ha THPCEHH KPHUBU. BBIIpEKH TOBa, KaKTO
npu MHoro ainroputmu, LMA Hamupa camo JIOKaJeH MHUHMMYM, KOMTO HE €
3aIBJDKUTEITHO TTI00ATHUAT MUHEMYM. LMA HHTeprionupa MEXay alropuTbMa
Ha [ayc-Hroron (GNA) u merona Ha Cryckane mo rpaguenrta. Cuura ce, ue
LMA e mo-crabunen or GNA, koeTo 03HayaBa, 4e B MHOTO CIIy4au TO3H MOX O]
HaMupa pelleHue, Jo0py aKo 3arouBa MHOTO JlaJied OT TII00aTHUS MUHUMYM.
Bayesian Regularization (trainbr). EmuH OT KIIOYOBHTE IPOOIEMH TIPH
U3TPAXKAAHETO HAa  HEBPOHHHTE MpEeXH € Ja ce MpefoTBpaTsaBa
CBpBXHACTpOiBaHeTo WM. Bayesian Regularization e emuH oT moxmxomure 3a
JIOCTUTaHE Ha CTPYKTypHATa UM CTaOMIM3amus, ITIOCPEACTBOM OrpaHNYaBaHE Ha
CKPUTUTE HEBPOHHU U MOAXOSIIO ONTUMM3MpaHe Ha Teryata. OcBeH TOBa, 3a
HAKOM OT 33Ia4nTe, CBhP3aHH C TOBEUE HANMYNE Ha IITYM CE OKa3Ba, 9 METOIBT
ce crpaBsi MHOTo 1o-106pe or LMA, Makap 1 1a OTHEMa MaJKO TOBEUE BpeMe.
Scaled Conjugate Gradient Algorithm (trainscg). AnropuTbM 3a HacTpoWBaHE
Ha TerjaTta, ¢ ThPCEHE HAa MHMHUMYMa Ha (QYHKIHMATA Ha Tpelikara, 4pes
CITyCKaHE 10 TPAJANCHTa Ha Ta3¥ (QYHKIHS.
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1 08 1

L L L L L L 4 L L L L L L L L L

-8 -4 -2 0 2 4 6 8 10 -1 -08 -06 -04 02 0 02 04 06 08 1
XunepOonuueH TaHTeHC Jluneiina QyHKIHS
a=tansig(n)=2/(1+exp(-2*n))-1 a=purelin(n)=n

®urypa 4. Uznonssanu B Neural Net Fitting tool aktuBupam GyHKIUY 110 oapazOupane

Crnen 3agaBaHe Ha HACTPOIKHUTE, MOTPEOMTENSAT CTApTHpa IpOLeca Ha TEHEpUpaHe Ha
HEBPOHHA Mpeska. 3a J1a ce OIpe/Iein MOMEHTA Ha CIIMPaHe, Ce CIEAAT IPELIKUTE Ha TPUMEPUTE OT
00ydJaBamoTo MHOKECTBO M Ha TIPIMEPHTE, 3aJIeJICHH 3a CpaBHEeHHE (Banupanms). B HagamoTo n
JIBETE TPEIIKH HaMaJIsIBaT, HO KOraTo 3all0YHE CBPBbXO0YUYEHHETO, IPelIKaTa Ha IIPUMEPUTE, KOUTO
HE ca yJacTBaJd B OOy4EHMETO, 3aIl04Ba Jla HapacTBa M TO3M MOMEHT ce M30HMpa 3a CIMpaHe Ha
npoiieca.
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ITo mozxpaszOupane 00y4EHHETO Ce MPEeKpaTsBa CJe IECT UTePalH, IIPH KOUTO TpelIKaTa
He HamasiBa. Hakpas ch3najieHaTa HEBpOHHA Mpexa ce TecTBa ¢ octaHaimute 15% TecToBH TaHHH
1 Ce J1aBa OLIEHKA Ha Bb3MOXKHOCTTA 32 TIPAKTUYECKOTO M U3MOJI3BAHE.

3a MOTBBpKIaBaHe Ha e(PEKTHBHOCTTA HAa MpEXaTa MOTPEOUTEIST MOXE Ja H3IOI3Ba
MIPEIOCTaBEHUTE BBh3MOKHOCTH B maHena ,,Plots* (¢ur. 3) xato ,,Regression* (¢ur. 4) u ,Error
Histogram®, B kouTo ce HaOJIOAaBaT IPEIIKUTE M OTKIOHEHUATA TMPH MPOLECUTE Ha o0ydeHue,
BalMIMpaHe U TECTBAHE HA HEBPOHHATa Mpexa. KonKoTo mo-ONm3KM ca MONy4YeHUTe W3XOIHU
pesynratu ,,Output ¢ oOpasimre, 3aJaJcHH B HM3XOAHATAa NpOMeHIuBa ,,Target™, ToJKOBa
KOHCTpyHpaHaTa HEBpPOHHaTa Mpexa € Tmo-100pa. B waeamHusaT ciuydail € HW3IIBIHEHO
paBenctBoto Output — Target = 0, unu

(3) Output = Target.

Taxa Toukure ¢ xoopauHatu (Target, Output) Tpa6Ba 1a JTeKaT KOIKOTO € B3MOXKHO II0-
071130 J10 TMHUATA ¢ HAKJIOH 45°, ompeienieHa oT paBeHcTBOTO (3).

Tlpu TOBa, paboTaTa TIO  [filRegesion pouegrason =
Ch3JlaBaHE Ha HEBPOHHATa MpeEka He G L e Bess Bl SShy Chi Do *
npukiarouBatr. Ha cnenpamara crbika
norpedurenure Ha Neural Net Fitting
tool Morar jga HampaBAT OICHKAa Ha
MpexaTa, KaTo S TecTBaT C HOBH
maHHun. Ha  To3m  eram,  ako
MOTPEOUTENSIT HE € JIOBOJEH OT
e(heKTUBHOCTTA Ha MpEKaTa, MOXKE J1a
HaIpaBH HAKOE OT CJICJHUTE Hella: e e o

e 71a 51 00y4U OTHOBO; Target Target

e ga ysenmuun Opos Ha Test: R=0.94805 All: R=0.96877

HEBPOHUTE; -
e Ja yBeNmM4M Habopa OT
JAHHU 32 00YYCHHUETO.

Ako e(eKTUBHOCTTA Ha
o0ydenneTo e mgobpa (c Manku
TPEUIKM B  HETOBUAT Kpail), HO
MOTPEOHUTENAT HE € JOBOJNEH OT T e e
HE3aBUCUMOTO TECTBAHE HA MpEXkKara, arget et
TOBa MOXe na O3HauYaBa
cBpBXOOYyUeHne. B To3u ciayuaii, Toit Purypa 5. IlpumepHH pesyiratd Npu 00y4eHHeTO Ha
MOXE J1a CE BBbpPHE HSIKOJIKO CThIKM  HEBPOHHA MPCKa
Ha3aJ ¥ Jla Hamaiu Opost Ha HEBPOHUTE. AKO K e(eKTHBHOCTTA Ha 00yYeHUEeTO He e j00pa (c
HE3aJ0BOJIUTENTHA TPEIIKa), TO MOTPEOMTENAT MOXKE Ja Ce YBEIMYM Oposi Ha HEBPOHHUTE W Ja
ITOBTOPH OTHOBO TIpOIieca Ha 00yUeHHe Ha MpeKaTa.

ITpu npukiIrOuUBaHe HAa TPOLECa MO Ch3AaBaHE HA HEBPOHHATA MPEXkKa, MOTPEOUTENST MOXKE
Jla 3amMile pe3ylITaTUTe B TNPOMEHJIMBH, Ja TEHepUpa CKPHIITOBE W JMarpamu, KakTo W Jia
CTapTHUpa CUMYyJAIMs Ha HEBPOHHATA MPEXka.

Training: R=0.97327 Validation: R=0.96889
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HEJOCTATBHIU HA NEURAL NET FITTING TOOL

B o06wus cnywai, 3a peunicHHETO HAa KOHKpPETHAa 3ajgada MOTPEOMTENST THPCH Hail-
eghekmuenama HespOHHA MpedHca, TIPY KOSTO ZPpeiKume u Oposim Ha HeGPOHUMeE 8 Mpelcama
oa ovoam munumanuu. Neural Net Fitting tool npeocTaBst OTIIMYHE BE3MOXKHOCTH 32 00y4YCHHE
7 Ch3JaBaHE HAa HEBPOHHU MPEXKH: SICHOTA MPH W3IMOJI3BAHETO MY; IMOAPOOHA BHU3yalU3allus Ha
U3IBIHABAHATE IPOLIECH; BB3MOXKHOCT Ja ObAe cuMmyiaupaHa paboTata Ha Mpexara dpes
MATLAB Simulink; 3anuc Ha Mpexata B cpemata Ha MATLAB, upe3 koero T ga Obie
MOBTOPHO W3II0JI3BaHA TIPH HEOOXOMMOCT U JIp. 3a HAMHPAHETO Ha JI00pO perieHre 00ade, 4ecTo
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Ha MOTpeOHTENs ce Hajara MHOTOKPAaTHO Jia TOBTaps Ipolieca Mo reHepupane Ha Mpexa. Hskou
ot cnabume cmpanu Ha Neural Net Fitting tool ca:

1. Mnoscecmeo Hacmpoiuku u RpPOOBANCUNENTHOCHL HA CH30A6AHe HA Mpedcama.
[oTpeOurensaT 3aqaBa BXOTHA M U3XOTHH JaHHU, Opoll Ha HEBPOHHUTE B CKPHUTHUS CIO,
TN Ha oOyuenneTo. Cieq TOBa CTapTUpa M M34YaKBa Mpolleca Mo Ch3JaBaHe Ha MpexaTa,
U PasriekJa CaMOCTOATETHO IOJYYEHHTE pe3ynTaTtd. [IpH HEeIOCTaTHYHO MPUEMIIHBO
peleHre, MOBTaps NPOLEAypaTa MHOTOKPATHO, KaTO NPOMEHS XapaKTepHCTHKUTE. 3a
OIpE/ICIICHH 3a/1a4H, eIHa J00pa HEBPOHHA MpPEXa MOXKE J1a ChIIbpKa XHISAIH HEBPOHH.
IoTpeOurenaT OM MOrBI Ja yKake OIIEe NPH ITbPBUTE EKCIIEPUMEHTH TOIIsIM Opoi
HeBpoHH. [Ipu ToBa 0b6aue, MOXke a Bh3HHKHE IIPpobIeM ¢ 00ydeHHeTo — TO IIIe CTaBa Bce
MO-TPYIOEMKO, IIe Ce€ Ch3JaBaT BCE IO-O0EMHH CTPYKTYpH, CBIBpXKAIld HOBH
JOIBJIHUTENHN Terjia MO ICHIAPUTHUTE, BPB3KU MO AKCOHUTE, JOMBIHUTEIHH CIOXKHHU
MPeCMATAHHA 32 ONTHMHU3HPAHETO HA TErlaTa M 3a ThPCEHE Ha MUHUMYMa Ha (yHKImsATa
Ha rpemmkaTa. [lopagu ToBa, T0OBP MOIXOM MPH EKCIEPUMEHTHTE € OPOsIT Ha HEBPOHHUTE
Jla ce yBeNu4YaBa C HIKAKBa CThIIKA, 3alI0YBAMKU OT OMpEJe]cH MUHUMAJICH Opoil, Hamp.
enHo. CThIIKaTa MOXKE J1a 3aBHCH OT CYOEKTHBHUS OIUT Ha IOTPEOUTENs, HO ThPCEHKH
ONTHMAJIHO peIIeHHE, MOAXOMAIIO € TS ChIO Ja € exuHuI@a. [Ipu ToBa e BB3MOXKHO
MPOBEKIAHETO HAa XWISIN CKCIICPUMEHTH JI0 HAMHPAHETO Ha J0OpO perIeHue.

2. Oczpanuuen opou nesponu ¢ ckpumus cnoii. B Neural Fitting e 3anoxeH MakcumaieH
Opoii Ha HEBPOHUTE B CKpUTHUs IOl — 9999. Bbmpeku, ye e roisiM, TOH MOXeE Jia ce
OKa)Xke pelIaBamnio MPEenITCTBUE IPH MO-CIOKHH 3aJauH.

3. Heéb3moocnocm 3a cMAHA HA aKmueupawjume (YHKUuUU KAKMo HA HeepOHUmMe om
CKpumus cnoil, maka u Ha ma3u Ha uzxoonume neeponu. Ilo mompazOupane ca
3amafeHy (pyHKIMUTE XUIEPOONHYEH TAHIeHC — 32 HEBPOHUTE OT CJOs, M JIMHEiHa
¢GyHKIMsA — 3a u3xomure. Te3w (QYHKIMHM ca WACATHO CPEICTBO IPH PEIIaBAHETO HA
MHOT0 TpoOJIeMH, HO B PeAMIIa CIIydail MOraT Jja ce OKaXkaT M HE TOJKOBa €()eKTHBHH,
KOJIKOTO M3IIOJI3BAHETO Ha AJITePHATHBHH TAKHBA.

4. Manvk 6poit Ha Mmemodume 3a 00yueHue Ha HespoHHama mpeyxca. V300pbT Ha
MOTPEOUTENINTE € CBEICH €IMHCTBEHO 10 Meromure: Levenberg-Marquardt, Bayesian
Regularization u Scaled Conjugate Gradient.

5. Bbpoam na enoxume e mewvpoo ycmanoeen na 1000 v ve Mmoxe na ObIe MPOMEHSH B
Neural Fitting. Enoxure ompeaensat 6pos Ha 00YYUTENHUTE LUKIIH, TPOMEHSIIN TeriiaTa
B TPEHUPOBBYHUTE BEKTOPH. Y BEIMUCHUAT UM OpOil B ONpeeeH: CIydan O MOTBJI Ja
MOMOTHE 33 OTKPHBaHE Ha MPEKH C MO-MaJTbK Opoil Ha HEBPOHHTE, KOUTO CE CIPABST C
naneH npobiieM, 6e3 IpH TOBa Te Jia ¢a CBPHXOOYUIEHH.

ABTOMATU3UPAHO KOHCTPYUPAHE U OBYYEHUE HA HEBPOHHA
MPEXA

3a na ce n3bernat HemocTarbiuTe Ha Neural Net Fitting tool, peanu3upame anroputsM 3a
ABTOMATH3MPAHO KOHCTPYHpaHE Ha HEBPOHHM MpexH. M3mom3BaHM ca BB3MOKHOCTHTE Ha
pamkaTa Deep Learning Toolbox nHa MATLAB (B npemumiau Bepcuu Neural Network Toolbox).
OcBeH rpaduIHN CPENICTBA 32 Ch3/[aBaHEe Ha HEBPOHHH MPEXXH — KaTO PasTIeaHOTO MPHIIOKEHUE
Neural Net Fitting tool, paMkaTa mnpemocTaBsi CKPHUNTOBH BB3MOXKHOCTH 3a YIpaBI€HHE Ha
HEBpPOHHNTE MpeXH. OCHOBHHM JEHHOCTH C HEBPOHHM MPEXH C€ H3BBPIIBAT C IIOMOIITa Ha
(yHKIMH 3a: Ch3JjaBaHe Ha OOEKT 3a HEBPOHHA MpeXa C €AMH WX [T0BeYe CKPUTH ciiod — fitnet u
feedforwardnet; oOyueHue — train; TecTBaHe Ha OOYICHHUETO — net; OleHKa Ha rpenikaTa — perform;
rpadudHa BH3yanH3anysa — view u ap. Exua 00exT 3a HEeBPOHHA Mpeka IMPHUTEKaBa MHOXKECTBO
CBOWCTBAa, C KOUTO CE€ KOHTPOJMPAT BXOAHHUTE W LEJNEBU PE3YITaTH, aKTUBHUpAIM (YHKIIHH,
MeToaM 3a OOy4deHHe, HaUMHWTE 3a MpEJICTaBsHE M 3aIc Ha pesyarature, n np. (MathWorks
Documentation).

INpu peanuzanusita Ha aNTOPUTHMA Ca OCTABEHH CIICTHUTE LIEIIH:
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1. Hamanseamne na nHacmpoiikume u OeiiHOCmuUmMe, U38bPUIGAHU OmM nompeodumens —
3a/1aBaHe Ha Oposi Ha HEBPOHUTE, METOAUTE 32 OOyYeHHe, MPOBEpPKa Ha e()EeKTHBHOCTTA
Ha MpeXaTa.
2. Aemomamuuna npomana nHa 06pos HA HeepOHUMe TPU PAZIUYHUTE EKCIIEPUMEHTHU IO
Ch3/1aBaHe HAa HEBPOHHU MPEXU.
Heozpanuuen o6poit Ha HegpOHUmME 8 CKDUMUA CI101.
4. H3nonzeanemo Ha no-20aam HAOGOP om memoou 3a 00yueHue u A6MOMAMUYHOMO UM
3adasane.
5. Aemomamuuno usnpooeamne nHa paznuyHu aKmusupauwume QynKyuu 3a HEBPOHUTE OT
CKPUTHSI CIIOM.
6. Asmomamuunama npomana Ha 6posa Ha enoxume TPH OOYICHHETO HAa HEBPOHHATA
Mpexa. Wpesara e To ga ce caydd Mpead yBeIMYaBaHETO Ha Opos HA HEBPOHHUTE WIIH
CMsiHaTa Ha MeTofla 3a OOydeHHe M aKTHBUpAIIUTE (YHKIMH, KaTO IO TO3M Ha4YHMH
yBeIMUaBaMe IaHca 3a OTKPUBAHE Ha MpPEXKa C MMO-MabK Opoil Ha HEBPOHHTE.
[Ipu TOBa, deltnocmume, uzsvbpuianu om nompedumensn e ca:
IToozomoeka na 6xo0no-u3xoonume dannu, HEOOXOIUMH 32 00YUISCHHETO Ha MpeKaTa.
2. 3aoaeane nHa cmoitHoCmmMa HA KpumMepus, Onpeodenan mvpceHama eheKxmugHocm.
3. Cmapmupane na kooa.
Ilpu peamuzanusi Ha aNrOpUTBMa 32 aBTOMATHU3MPAaHO KOHCTpyHMpaHe W oOydueHHe Ha
HEBPOHHM MpEXHU H3MOJI3BAME MHOXECTBOTO OT CTaHIApTHU aKmueupawju Qynkuyuu
TransferFunctions (tabn. 1), koeTo B ObJellle MOXe Ja ce pas3IINpH, BKIIOYUTEITHO U C TaKHBa

Ch3IaJeHU OT MOTPEOUTENs, KAKTO U MHOXKECTBO C Memoou 3a odyuenue TrainingFunctions
(tabm. 2).

(98]
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Tabmuua 1. AxtuBupamy ¢yskuun — TransferFunctions Tabmuma 2. Meronu 3a o6ydenue — TrainingFunctions
C]}[r]—[a’]‘ypa (l)y]-[](u“ﬂ CurHaTypa A.IIl'Opl/lT’LM

tansig Hyperbolic tangent sigmoid transfer function trainlm Levenberg-Marquardt

logsig Log-sigmoid transfer function trainbr Bayesian Regularization

hardlim Hard-limit transfer function trainbfg BFGS Quasi-Newton

hardlims Symmetric hard-limit transfer function trainrp Resilient Backpropagation

compet Competitive transfer function trainscg Scaled Conjugate Gradient

elliotsig Elliot symmetric sigmoid transfer function traincgb Conjugate Gradient with Powell/Beale
elliot2sig Elliot 2 symmetric sigmoid transfer function Restarts

netinv Inverse transfer function traincgf Fletcher-Powell Conjugate Gradient
poslin Positive linear transfer function traincgp Polak-Ribiére Conjugate Gradient

radbas Radial basis transfer function trainoss One Step Secant

radbasn Normalized radial basis transfer function traingdx Variable Learning Rate Gradient Descent
satlin Saturating linear transfer function traingdm _ |Gradient Descent with Momentum
satlins Symmetric saturating linear transfer function traingd Gradient Descent

softmax Soft max transfer function

tribas Triangular basis transfer function

OCHOBHATA udest Ha CH30A0eHUA AIZOPUMDBM € NI CC UHUYUATUZUPAM, KOHCIPYUPAm,
ofyuaeam u mecmeam HeGPOHHU MPe}cU C NOCMENneHHO Hapacmeauy Opoii Ha HeepOHUme B
CKPUTHUS C/106 3a MHOMCECMmEo Oom Hapedenu 06ouku (Axmueupawia ynkyus, Memoo 3a
o0yuenue) 00 Hamupane Ha mpedca, YOoeiemeopasauia 3a1aleH Kpumepuil 3a MaKkcumanna
2pewika npu mecmeane. 1Ipu BCsiKka MpeXa ORUUOHATHO MOXE Ja ce Jajie Bb3MOXHOCT 3a
ofyuenue c ysenuyuasane Ha oposa na enoxume. IIpenMcTBa Ha pasrieKIaHUS MOAXON Ca:

e TlocTeneHHOTO HApaCTBaHE HA HEBPOHMTE II[¢ HU rapaHTHpa, Ue Ie HAMEPUM Mpexdca
¢ MUHUMAIIEH OPOIl HeBPOHU, KOAMO Peuiasa y0061emeopUmeIHo 3a0a0eHa 3a0aua
u He e cepbXobyUena.
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o Hamupane Ha Hail-nooxoosawama 32 KOHKPETHATa 3aqada KOMOUHAUUA OmM
akmueupawia Qynkyus u memoo 3a odyuenue. Paznnian xomOuHaMy (AKTUBHpAIa
¢dhynkuus, Metoz 3a o0ydyeHue) ca NOAXOAIIHY 33 pa3InyHu 3a1aud. [Ipu onpenenenu
clydad emHa KOMOWHAIMsS HaMupa Mpeka C IO0-MalbK Opoil HEBPOHU M TO-Mallka
TpelIKa, a Ipyra — C MHOrO HEBPOHHU U MO-TOJIsIMA TPEIKa.

o Ofyyenuemo c paznuyeH MaxKcumaieH Opoil enoxu CBHII0 MOXE Ja JOBEIE [0
HaMHpaHe Ha Mpexa C Mo-MalbK Opoil HEBPOHM, HO 3a CMETKa Ha HEKOJIKOKPATHHU
0o0y4eHHsT Ha MpeXa C eIWH M ChIM Opod HEBPOHU M KOMOHMHAIWs (AKTHBHpaIia
¢ynkmms, Meron 3a oOydenue).

o EonoKkpamHo usnviHeHue HA A120pumsma e HY ANIe YIOBICTBOPUTEITHO PEIICHHUE.
HenocraTek mpu CIOKHM 3a1addl €, 9e ToBa OM MOIJIO Ja W3WUCKBa MHOTOKDATHH
00y4eHHs1 Ha MpeKaTa M ChbOTBETHO — MPOIBIDKUTEITHO BpeMe.

e Jlopu u nompedbumenu 6e3 00ocmamvuHo NOZHAHUA 34 HEBDOHHUmME Mpexcu duxa
MO2IU 0a HAMEPAM NOOX00AWU peutenus Ha TPOOIeMHU BbPXY MOATOTBEHU OT TAX
JTaHHH.

Anzopumvmom ,,AutoNN*, npedcmagen ¢ nceedo Koo, € CleHus:

inData = load('inDataFile'); 5 3apexnaHe Ha BXOIHM IaHHU
targetData = load('targetDataFile'); % 3apexnmaHe Ha LeJeBUM OaHHU
neurons = 1; % HauaJieH OpOoM HEeBPOHM B CKPUTUS CJIOM
input (maxNeurons) ; % BBBEXIaHe Ha MaKCKuMaJleH OpoM HEeBPOHU
input (criterion); % BBBEXIaHe Ha KpUTepMi 3a kpau -

% Halp. MakCuMalJlHa I'pelka 1%1071° (1le-10)

o)

o IIpM BCAKaA MUTepalMrd Ha OCHOBHMA LMKBII HEBPOHUTE Ce yBeJiMdabBaT C €IOMH
while (neurons++ < maxNeurons) {

foreach(tf in TransferFunctions) { % 3a BCAKa aKTuBMpama OyHKLUMD. . .
foreach(tm in TrainingFunctions){ % ...u 3a BCexy MeTOI 3a O0yueHUE
net = create(neurons, tf, tm, inData, targetData):;
% Cb3IaBaHe Ha Mpexa
obydeHMre Ha MpexaTa

o\°

oo

train (net) ;

performance = perform(net); % pesyJyTaT OT NPeICTaBsSHETO

if (performance<criterion)) { % ako mpexara e "mobpa'...
save (net) ; % ...3aluc Ha pes3yJiTaTuTe,
view (net); % nperJsiexIaHe Ha pesyJiTaTure,
exit () ; % TPUKJIOUBAHE Ha aJilopUTbHMa

@urypa 6. AnroputsM ,,AutoNN*

B mauwamoro ce BBBCXKIAT. JTaHHH, (I)OpMI/IpaH_[I/I BXOOHUTE W LECICBUTEC BEKTOPU,

MaKCHUMaAJICH 6p0ﬁ HEBPOHHU, C KOUTO Ja CC TECTBa MpCKATa; MAKCHMAJHO OTKJIOHEHHC OT

HCJICBUTC JAaHHU, ITPU TCCTBAHC HA MpECXKATa. B TpHU BJIOKCHH IUKBJIa CC MPOMCHAT (HO pcaa Ha

BJIO)KEHOCT) OpOsi Ha HEBPOHHTE, aKTHBUpaliata QyHKIMS U MeTona 3a oOyueHue. llpu Bcska
UTepanys Ha BBTPEIIHMS IHKBJ, MOCIEA0BATEIHO: Ch3/1aBa CE MPEXa C yKa3aHHTE IapaMeTpH;
o0ydaBa ce; OIEHsBA ce MPEACTaBSIHETO, C aBTOMATUYHO 3aJielleHaTa 4acT OT JAaHHU 32 TEeCTBAaHE;
aKo TPEJCTaBIHETO € I0-100p0 OT 3ajaJieHHsl OT MOTPEeOUTEINs KPUTEpHi, TO 3HAUU € OTKPHTA
MpeXa, KOATO MOXKe Ta ObJe IpeUIoXKeHa Ha IOTPEeOUTENsl KaTo KpaeH pe3ynraTr — NpH TOBa

MpeKaTa C€ 3armcBa, MNpEAcTaBd €€ BU3yaHa I/IHCI)OpMaI.lI/IH Ha HOTpC6I/IT€J'ISI u ajaropurbma

TPHUKITIOYBA paboTa.

Anzopumvmsm moice 0a 6v0e MoOupuUUpan B CIIeIHATE HACOKH:
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® B YETBBHPTH, BIOXKEH LIMKBJ, OPOSIT HA EOXUTE Ce YBeIM4aBa HEKOJIKOKpaTHO oT 1000
¢ ompeneneHa crbnka (Hamp. ceino 1000), ¢ KoeTo mpH onpeseeHN 3a1a9l MOXe J1a
ce HaMepHu MpesKa C O-MaJIKO HEBPOHH;

e 1300p Ha TMO-MaJIKM MHOXKECTBA OT aKTHUBHPAIIM (YHKIMH W METOAM 3a OO0ydeHHeE, C
LeJl TMo-MallbK Opoil MTepalu W KOUTO MO CyOeKTHBHA MpEleHKa Ha MOTpeOUTess
MOXKE JIa ca MOAXOJIIIN 32 KOHKPETHA 3371a4a;

e HaMHpaHE Ha HSIKOJIKO e(eKTUBHH MpPEXH, C KOMTO MOTpeduTenar OM MOrba jaa
pabotu ¢ HabOp OT HOBH JAHHU U JIp.

MHOJYYEHU PE3YJITATHU
Peammuparust B8 MATLAB anroputeM AutoNN e u3npoOBaH 3a pa3snuyHH JBOHKH
BXOJHM U II€JIEBU BEKTOpU. B M3BBpIIEHMS eKCIIEpUMEHT ydyacTBaT IAaHHU 3a apryMEHTUTe U
CHOTBETHUTE UM (DYHKIIMOHAIHA CTOHHOCTH Ha HSKOJIKO KOHKPETHH MAaTEeMaTHYECKH (YHKIHH.
BXOIHHAT BEKTOp € MHOXKECTBO OT CIy4ailHA CTOMHOCTH Ha NPOMEHIHBH X, € [n,,n,] u x, €
[n3,1n,], a HETEBUAT BEKTOpP CHIBP)KA CTOHHOCTH, TOMYYEeHH OT M3YHCICHHATA Ha M30paHH 3a
ampokcuMupane QyHKIMH [ = X, + X,, [ = in Ip.
B 1abm1. 3 ca manmeHu yacT OT pe3yATaTHTE 3a HEBPOHHU Mpexu, nonydenu ¢ Neural Net
Fitting Tool u anropurbMa AutoNN 3a aBTOMaTH3MpaHO KOHCTPYHpAaHE Ha HEBPOHHU MPEXH.
JlokaTo mpu aBTOMAaTH3MPAHOTO KOHCTPYHMpaHE MOXKE [a Ce HaMepsT MPEXH C eIHH HEBPOH U
MHOI'0 MaJka Tpemka, To ¢ npwioxenuero Neural Net Fitting Tool rpemikara npu exuH HEBpOH €
oTHOcUTeNHO romsma. C Len Ch3JaBaHETO Ha €JHAKBM HAYajJHU YCIOBMs, allpOKCUMALUATA Ha
BCsIKa OTIeNHA (YHKIUS Ce M3BBPIIM Ype3 M3MON3BAHETO HA €JHU M CHINU BXOAHU BEKTOPH OT
CHOTBETHATa JAe(UHUIMOHHA 00TaCT.

TaOnuma 3. Pe3gynratu oT IpoBeIeHH eKCIICPUMEHTH

Anpokcumupana pynkuusa | PesyjaraTu: (HeBpOHHM, TOYHOCT aKTHBHMpalia (YHKIHH,
METOJ1 32 00yUeHHe)
Neural Net Fitting Tool | Anroputsm AutoNN
_ 1 (1, 3.6e — 4, tansig, (1, 9.18¢ — 19, Inverse transfer
f= x Levenberg-Marquardt) function, Bayesian
Regulatization)
(2, 1.3e — 4, tansig,
Levenberg-Marquardt) (2, 6.8e — 32, Inverse transfer
function, Bayesian
Regulatization)
f=x2 (1, 9129851, tansig, (1, 0.097, Radial basis transfer
Levenberg-Marquardt) function, Levenberg-Marquardt)
(2, 7.2e-2, tansig, (2, 7.2e-4, Log-sigmoid transfer
Levenberg-Marquardt) function, Levenberg-Marquardt)
f=x+x, (1, 5.23e-5, tansig, (1, 4.98¢-28, Positive linear
Levenberg-Marquardt) transfer function, Levenberg-
Marquardt)
3AK/IIOYEHUE

HeBpoHHHTE MpeXH Bce II0-9ECTO CE€ W3MON3BAT 3a pEIIaBaHETO Ha MPOOJIEMH C
HEM3BECTHH 3aBHCHUMOCTH MEXKIY BXOOHM M I1eNeBH BeiauynHu. Cb3aaBaT ce Bce IOBEYE
OMOIMOTEKN M HHCTPYMEHTH 3a paboTa ¢ TAX, KOUTO MOTaT Ja ObJaT MOJ3BaHH OT IOTPEOUTEIH C
MO3HAHUS B MaTeMaTHKaTa U nH(opMaTukaTa. [IpencraBeHusT B craTuaTa anroputsbM AutoNN 3a
aBTOMAaTH3HPAaHO OOYYCHHE Ha HEBPOHHH MPEXH € H3rpajicH ¢ Bb3MokHocTHTe HA MATLAB n
nMa 3a IIeN Jla YJIECHH Mpolleca Ha KOHCTPYHpaHe M OOydeHHEe Ha HEBPOHHH MpPEXH, KaKTO OT
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3aM03HATH MOTPEOUTENH, Taka U OT MoTpeduTenu 6e3 Mo3HaHus B 00JACTUTEe HA MATEMATHKATA U
uH(opMaTukaTa. [IOCTUrHATUTE MPH EKCICPHUMEHTHTE PE3YITaTH IOKA3BaT, 4€ AJITOPUTHMBT
AutoNN otkpuBa jecHO U ObP30 MO-100pH HEBPOHHU MPEXKHU OT TAKWBA, CH3JAJCHU C [TOMOIITA
Ha ctaHmaptHu nHcTpyMeHTH kato Neural Net Fitting Tool.

Baarogapuoctn: Paborata e yactmyHO (QuHaHcupana ot mnpoekt CII17-OMU-005
»Ctynenrcka mkona 3a WMKT wHoOBamum B OusHeca m oOyueHwero” kbM Donpa ,,Hayanu
n3cneaBanus nmpu IlnoBauBckus yHuBepcuTer , Ilancuii XuneHnapcku®.
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MODEL AND MONITORING SYSTEM
OF CORPORATIVE INFOSTRUCTURE
Stoyan Atanssov, Evgeniya Alendarova, Silvia Gaftandzhieva,
George Totkov
University of Plovdiv ,,Paisii Hilendarski,
24 Tzar Assen Str., 4000 Plovdiv

Abstract

The paper presents a model, architecture and software system COMPAS-M for tracking,
analysis and monitoring of various components and elements of a corporative infrastructure. In
general, COMPAS-M allows modeling, virtualization (i.e. start-up and maintenance of a life cycle)
and management of: a) specific information structures — segments of corporative information in-
frastructure; b) processes with different nature (monitoring, data gathering, synthesing of docu-
ments, etc.) and c) digital repositories with e-resources. Compass-M includes a library of data
retrieval functions from the 3 parts of the corporative infrastructure (system, hardware and infor-
mation), incl. with the participation of users.

Key words: corporative information structure, model of information structure, automatized
monitoring of ICT structures

CHOXHOCTTa ¥ TPYZOSMKOCTTa Ha YIPaBICHHETO Ha JAafeHa HWHCTUTYIHS Haiara
HEoOXOAMMOCTTa OT CBh3JaBaHE Ha CPEACTBA 3a IPOCIEsBaHE, aHANW3 U MOHUTOPHHI Ha
Pa3IMYHY TIOTOLM OT JaHHM M AEHHOCTH, CBBP3aHU C (YHKIMOHHUPAHETO M IIOJIbPXKAHETO HA
CHhOTBETHATa KOPIOpaTHBHA HH(MOpMAIMOHHA WHOpacTpykTypa (MH(pocTpykrypa). Ilocnemnara
MOXE Ja ce pas3IiekJa KaTo ChCTaBEHA OT 3 CPaBHUTENHO OOOCOOEHM YacTH - CUCHeMHA
(MHCTUTYIIMOHAJIHN W BBHIIHH WH(OPMAIOHHH CHCTEMH), Xapoyepua (KOMIIOTPH; MpPEXOBH,
nepupepHd M KOMYHHMKAllMOHHA YCTPOWCTBA; TEXHMYECKH CPENCTBA) W UHDOpMAyuoHHa
(XpaHWIHIIA C JOKYMEHTH U 0a3¥ OT JaHHU BBPXY Pa3IMYHE HOCHTEIH) C PErIaMEHTHPAH JOCTBII
3a OCBINECTBSABAHE HA ACHHOCTU HA MOTpeOUTENH (CHell. Ha WICHOBE HA HHCTUTYLIUATA).
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3amavuara 3a Ch3ZaBaHE Ha MOJEN M CPEICTBA 32 MOHHTOPHHI Ha OINpEIeieHa Ipymna OT
JEHHOCTH, TPOBESXIAHN B ajieHa HHCTHTYIHS, € pelllaBaHa B YaCTHHS CIydail Ha MPOBEXIaHEe HA
WHCTUTYLIMOHATHA U MporpaMHa akpenutanus Ha Buciie yuunuine (Doneva, Gaftandzhieva, 2015;
Totkov i dr., 2017; Gaftandzhieva, 2017). [IpemokeHUTE TYK MOJIEIN U CPEICTBA Ca MPUIOKHMHU
obage, caMO 3a MOHHTOPMHI Ha 0a3aTa Ha €NEKTPOHHH JOKYMEHTH, pPa3lOJIOKEHH B
WHQOpPMAaIMOHHATa YacT Ha  CHOTBETHATA  HMHCTUTYIHMOHAIHA  HH(POHHPPACTPYKTYypa,
KOHCTPYHMPaHH MIIN U3BIMYAHH ,,pBYHO OT OTOPH3UPAHU MOTPEOUTENN.

B mocoka Ha mpeomoisBaHE Ha IOCIEIHOTO OrpaHUYEHHE, B padoTaTta ce MpeacTaBs
Moes, apXHTeKTypa H MPOeKT Ha codTyepHa cpeaa 3a mpocieAsiBaHe, AHAIU3 M
MOHHMTOPHHT HA cerMeHTH Ha KopnopaTusHa UKT undpacTpykrypa. PaboTHO HanMeHOBaHHUE
Ha TIPOSKTUPAHUS U pear3upaH NpoToTHIl Ha copTyepHa cpena ¢ KOMITAC-M (abpeBuatypa Ha
,»JKCOHIIETITYyaJTHO ¥ KOMITIOTBPHO MOJEIHPaHe HAa MPOLECH C AKyMYIHPAaHE U CHHTE3WpaHEe Ha
MOHUTOPHHI'OBH JTAHHH ).

3a IUIOCTHO pelraBaHe Ha MOCTaBEHHS MPo0JIeM € HeoOXOAUMO MOAEINTE U COPTYESPHUTE
APXHUTEKTYPH, B TIOCOYCHUTE MO-TOPE YACTHH CIIy4ad 3a BUCIIC YYUIHIIE, Aa ObJaT NOPa3BUTH B
MIOCOKa Ha OCHT'ypsiBaHE Ha MOHHTOPHHT M 332 OCTaHAINTE KOMIIOHCHTH M €IEeMEHTH Ha oOIaTta
KopIiopaTuBHa HH(POCTPYKTypa. Cpex TsX ca mpociesBaHe, AMarHOCTHKA U aHAJN3 Ha:

a) JeWHOCTH, TMPOBSXKIAHM C H3MON3BAHE HA HWHCTHTYIMOHAIHH W  BBHIIHH
WH(QOPMAIIOHHN CUCTEMH (CUCMEeMHA Yacm Ha UuHpocmpykmypama),

0) eKcIuToaTalus U MOIIbPKaHEe HAa KOMITIOTPH, MPEXOBH, MepU(PEpHU U KOMYHUKALMOHHA
YCTPOKCTBA, TEXHUIECKHU CPENCTBA (XapdyepHa wacm Ha uHgoCmpyKmypama);

B) M3MOJI3BAHE U ChCTOSHUE HA XPAHIIMIIA C JOKYMEHTH 1 0231 OT JaHHU BBPXY pa3indHH
HOCHTEIH (UHPOPMAYUOHHA YaACm HA UHGOCMPYKmMYypama);

T') peraaMeHTHpaHus JOCTHI U OCBIIECTBSIBAHETO HA ACHHOCTH OT CTpaHa Ha IoTpedutenu
(cment. Ha YICHOBE Ha UHCTUTYIIHATA).

Cryugaii 6) (MOHHTOPHHT Ha Xap/yepHaTa J9acT Ha KOPIIOpaTHBHA HHPOCTPYKTYpa), KaKToO U
Hiakon ekcnepumentd ¢ KOMIIAC-M, mnposenenn B [lnoBauBckust yHuBepcurer 1.
Xunenpapckn®, ca pasriaenanu B (Gluhov i dr., 2018).

BaxkeH enmeMeHT Ha paboTata € NpeiaraHeTo Ha OOl MOJEN, ¢ MOMOIITa Ha KOHTO
aJIeKBaTHO J1a Cce MPEACTABST METOAUKH H TIPOIEyPH 32 MOHUTOPHHT Ha Pa3HOPOIHH CETMEHTH (C
€JIEMEHTH OT Pa3JIMYHU YaCTH Ha KOPIOpaTHBHATA HHPOCTPYKTypa). O0musT Mozen ce 6a3upa Ha
TPEIUIOKEHY MO-PaHo JiBa MOJIENa Ha:

- MouuTopuHroB noknay (Gaftandzhieva, 2017), 3a KOHTO € XapaKTEPHO MOI3BAHE
Ha OMOJIIMOTEKH OT T. Hap. ,,AKYMYJIaTUBHU (PYHKIMH' 32 HaTPYNBaHE U arperupaHe Ha JaHHU
OT pa3NuYHI HHHOPMAIIMOHHH U3TOYHUIH, U

- MpENCTaBsHe Ha MpollechTe (BKI. M 32 MOHHTOPUHT) KAaTO MOTOLM OT JCHHOCTH
(Pashev i dr., 2013).

OGumaT Mojen' TpeIBMAIA Ch3JaBaHE U TON3BAHE HA GUOIHOTEKH OT ,,aKyMYIATHBHH
nporecu’ (BM. (DYHKITHH), KOUTO MMAT ,,IOCTBI 10 ACHHOCTH M €JIEMEHTH, XapaKTepHU U 3a 3-Te
YacTH Ha KOPIIOpaTHBHATa MHOCTPYKTYpa, BKIL. C YIaCTHE HA TIOTPEOUTENH.

B naii-o6m man KOMITAC-M no3BoiisiBa MOAENHUpaHe, BUpTyanu3auus (T.e. cTapTUpaHe
W TOJIbpKaHe HAa CHOTBETHM JKM3HEHHM IMKINM) W YIPaBICHHE Ha: a) CErMEHTH Ha o0mia
KOpIIOpaTUBHA MH(OCTPYKTypa; 0) MpOLecH ¢ pa3IMdHO €CTeCTBO — OT ,,MOHHUTOPHHIOBH' (3a
KOHKPETHH CEerMeHTH Ha HH(OCTpyKTypara), 0 TPOIECH 3a aKyMyJdupaHe M arperupaHe Ha
GIIEKTPOHHU pecypcH (e-pecypcH); B) HU(GPOBH XpaHIIIUIIA C e-pecypcH Ha HH(POCTPYKTyparTa.

Ha ¢ur. 1. e mnpencraBena apxurekrypata Ha KOMIIAC-M. C XY e o3HadeHa
XapayepHaTa 9acT Ha mHpocTpykTypaTa. MHpOpManmoHHaTa 4acT (XpaHWINIA C JTOKYMCHTH H
0a3u OT JaHHM) € MPeICTaBeHa ChC CBOMTE HHPOPMAIIMOHHU pecypcu — eleKTpoHHH (W) U Ipyru
(W,). llle orGemexxnm, de mOTpeOMTENUTE MOraT Ia MMaT JOCTBII 1O pecypcH or W, H na

! OGmMAT MOJIEN Ha MOHHTOPHMHIOB JOKJIAJ ¢ ObJIe MPEICTABEH T0-HOAPOGHO Ha APYTO MSACTO.
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ch3JaBaT B KopropaTtuBHata HH(OCTpyKpypa, B yactHocT B KOMITAC-M, pecypcu kakro B We,
Taka U B W,

ApxutekTypata Ha copryepHa cuctema KOMITAC-M Briio4Ba 8 (oceM) moacucTeMu
3a:

A. Mopenupane Ha HHOPOCTPYKTYPH, MOIJIEKANM HAa MOHHTOPUHT (CEIMEHTH OT
KOpIIOpaTUBHATa HMH(OCTPYKTYPH, CHIBPXKAIIM EIEMEHTH HA HEHHMTE 3 YacTH, BKI. M OT
MHCTHUTYIOHAIHI HH()OPMAIIMOHHY CHCTEMH);

Bb. Mopenupane Ha mpouecd (B 4acTHOCT M Ha ,,MOHMTOPUHroBU*) mox ¢dopmara Ha
,,JIOTOITH OT padotHu AeiHocTH (Pashev i dr., 2013);

B. Mogenupane Ha 1u(ppOBH XpaHWININA Ha KOPIOPATHBHU HMH(MOCTPYKTYpH (BKI. M HA
TEXHH CErMEHTH OT A.);

I'. AxkymynupaHe u arpermpaHe Ha HH()OPMALIMOHHU pECypcH (TOKYMEHTH, CIIPaBKH,
oruetd) B W, 1 ipyru 1UQpoBr XpaHWINIIA, B PE3YJITAT HA OCHIICCTBSBAHE HA BUPTYAIN3UPAHH
mporecu Ha KOMITAC-M;

J. Buprtyanuzanus Ha UHQOCTPYKTYpH, NpOLECH, XPAHWIMINA M JaHHH — MOJENH Ha
€NIeMEHTH Ha KOpIOpaTHBHATA HHPOCTPYKTYPa;

E. TlomnppkaHe Ha S>KM3HEHMs IMWMKBJI HAa BUPTyalHM MOJAEIM Ha €IEMEHTH Ha
KOpPIIOpaTUBHATA HHPOCTPYKTYPA;

7K. KomyHuKaIms 1 B3auMOeHCTBHE Ha TOTPEOUTENH;

3. VnpaBneHue u cuHXpoHHM3upaHe Ha paborata Ha KOMIIAC 3.0. u Ha HelHHTE
TIOICHCTEMH.

WUHTepHeT noptan

l My6auueH gocTbn J l KoHTponupaH aoctbn l

Moacucrema 3a CUTYPHOCT

ABTEHTUKaLUA i [ OTopusaums I l Ponu ]

OCHOBHM NoacUcTeMU

Mopgenupae MogenvpaHe MopgenupaHe AKymynupaHe
Ha UHPOCTPYKTYpU Ha npouecn Ha XpaHuauwWa 1 arperupaxe YnpasneHue
I Ha faHH1
4
v
{ Buprtyanusauyua 1
’ 4
) v

LuHa 3a ycnhyrmn
\l = = — ' - A
v

KopnopatusHa MHPOCTPYKTypa
BupTyanHm W, L
MHGOCTPYKTYPU | | W,

M

Qurypa 1. ApxurekTypa Ha copTyepHa cpea 3a IpociesIBaHe, aHAIN3 1 MOHUTOPHHT
Ha xopriopatuBHa MKT undpacrpykrypa
OcCHOBHH (pyHKIMOHATHU XapaKTePHCTHKHU Ha codTyepHa cucteMa KOMITAC-M ca:

UHPopMaLUOHHMU
cucremun

Buptyantu

npouecu

BbHLWHMU
cucremum

Motpeburenn ’4 »{
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- MozenupaHe Ha Ipouecu (mox ¢opMmara Ha IOTOLM OT KOPIOPaTUBHU
JIEHHOCTH), Ha METOIH 3a BH3YaJIH3HMpaHe (TOIXOJAIIN 3a MPEACTaBsiHe HAa WH(OPMAIOHHH
Ipolecd ¥ Ha JOKYMEHTH) M Ha IU(POBH XPaHMIUINA 3a e-pecypcu (3a KOJNEKTHBHO WU
MIEPCOHAIIHO TIONI3BaHE);

- JUHAMHWYHO YIPaBJICHHE M KOHTPON Ha JOCTBIA HA MOTPEOMTENH B PA3IHIHU
POITH 10 YCIyTH (BKJIL. 32 CTApPTHPaHE M CHIIPOBOXK/IAHE HA BUPTYAIHH MPOIIECH);

- aKyMynupaHe, arpermpaHe ¥  CHHTe3WpaHe (BKI. TEHepHpaHe) Ha
MH(POPMALMOHHN PECYPCH B 3aBUCHMOCT OT ChOTBETHHS TPOILIEC;

- yIIpaBJIeHUE U KOHTPOJI Ha OOMEHa Ha e-pecypcH — JOKYMEHTH, CIPaBKH, JaHHA
U Op. (BKI €IEeKTPOHEH JOKYMEHTOOOOpOT) Ha pas3IHYHM paBHUIA B paMKHTE Ha
BUPTYJIU3UPAHNUTE TIPOLECH;

- ABTOMATHYHO I'eHEepUpaHe HA CTAHAAPTHH JOKYMEHTH M IPETHCKH (BKJ. MHCMA,
JIOKJIaJJ¥ ¥ PEIIEHHs 3a CTapTHpaHe, IPOBeXAaHe U (MHAIN3UPaHE Ha NIPOLIECH ¥ IPOLEAYPH);

- MOATbPKaHe Ha €JCKTPOHEH apXWB OT JOKYMEHTH, MPOIEIYpH M METOIHKH,
XapakTepHU 32 MHCTUTYLMOHAJIHM JIEHHOCTH W CIPaBKU npe3 MHTepHeT (3a mpencTosiui,
TEKYIIH W TPUKIIOYIIIA BUPTYAIHHU TIPOLEIYPH);

- OCHUT'ypsiBaHE Ha HOTPEOMTENICKM TOCTBI 10 MH(pOpMAIUs 32 CHCTOSHHETO U
pe3yiTaTUTe OT KOPIIOPATHBHHM IPOLIECH U JIP.

B ciydas Ha BHpTyanu3anus Ha MPOLECH HaJ KOPHOpaTHBHA MH(OCTPYKTYpa, IEHTpaTHA

poJisi Wrpac HMHCTUTYLMOHAJIHUAT apxuB, periaameHtupan B (Naredba, 2012). 3a cwxkaneHue,
TOTBPKAHETO HA [EHTPAIHN AUTUTAIHN apXHUBU HE € XapaKTepHO 3a OBITapCKUTE HHCTUTYIIHH.
Mogen Ha qUrHTaNeH YHUBEPCUTETCKH apxuB e npemioxeH B (Trajkov i dr., 2016; Trajkov, 2016).
Csc cpenctBa Ha KOMIIAC-M Morar necHO na OBJaT TNPOEKTHPAaHW W peal3HPaHU
KOPIIOPATUBHU JUTHTAJIHH aPXUBU OT Pa3INYHO €CTECTBO.

Paborara e moakpenena ot Hammonansa nporpama ,,Miaay y4eHH U TOCTAOKTOPAHTH .
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CUCTEMA 3A MOHUTOPHUHI' HA KOPITOPATUBHU
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MONITORING SYSTEM FOR CORPORATIVE COMPUTER AND
COMMUNICATION ICT INFRASTRUCTURES

Slavi Gluhov, Stoyan Atanasoff, Evgenia Alendarova, George Totkov
University of Plovdiv ,,Paisii Hilendarski*

Abstract

The paper describes a project for creating monitoring system for corporative information
and hardware infrastructure (CIHS). The system is part of automatized environment for
monitoring of corporative infrastructure. The project treats the following aspects of monitoring: a)
creation and management of models for monitoring and analysis; b) development of tools for
visual representation of CIHS and its elements; c) extensible set of tools and functions for
monitoring and analysis of specific elements of CIHS; d) development of monitoring methods for
CIHS; e) automatic generation of monitoring reports etc. Successful experiments for monitoring of
the CIHS of Plovdiv University have been carried out.

Key words: corporative computer and communication infrastructure, model for monitoring
and analysis, automatized monitoring of ICT structures

B paGorata ce KoMeHTHpa BB3MOXKHOCTTA 33 NPOCNIEASBAHE, aHAIN3 M MOHHTOPHHI Ha
TIPEIBAPUTEITHO OINpeNeNieH MH(POPMAllMOHHN M XapAyepHH cerMeHTH Ha kopropatuBHa MKT
nadpacTpykTypa (KoprmopaTuBHa HHGOCTpYKTypa). M3cmemsanero ce 0Oa3mpa Ha Mopmenl H
codptyepHa cpeaa (Atanasov i dr., 2018) 3a mpoBexxJaHe Ha MOHUTOPHUHT Ha BCHYKU KOMIIOHEHTH
Ha JaJieHa KOpIIOpaTWBHA MH(OCTPYKTYpa — cucmemuu (MHCTHTYLMOHAIHH W BBHIIHH
MH()OPMAIIOHHH CHCTEMH), XapoyepHu (KOMITIOTPH, MPEXOBH, IepruepHN U KOMYHHKAIIMOHHA
YCTPOKCTBA, TEXHUIECKH CPEACTBA), uHpopmayuonnu (6a3u OT TaHHU U XPAHWIUIIA C JOKYMEHTH
BBPXY Pa3IHIHN HOCHUTENH) U nompedumeny (CTIeN. HA WICHOBE Ha MHCTHTYIHMATa). Cxema Ha
apXUTEKTypaTa U OCHOBHUTE (YHKIMOHAJIHH BB3MOXXHOCTH Ha coTyepHara cpesia, HapedyeHa
KOMIIAC-M (abpeBuarypa Ha ,,KOHIIENTyamTHO W KOMIIOTHPHO MOJCITHPAHE Ha MPOIECH C
aKyMyIHpaHe U CHHTe3UpaHe Ha MOHHTOPHHTOBH JaHHU) ca IpexacTtaBeHu B (Atanasov i dr.,
2018). PemieHus, CBbp3aHU C BH3MOXHOCTH 32 MOJCIHMPAaHE Ha MPOIECH Ha MOHHTOPHHI (Hai-
Beye Ha WH(OPMAIMOHHN KOMIIOHCHTH HA CHOTBETHHTE KOPIOPATHBHU WH(OCTPYKTYpH), ca
Ipe/yIaraHy B Cllydas Ha WHCTUTYLHMOHAIHAa M IIPOrpaMHa aKpeAWTAlWs Ha BHCLIC YYHIIUILE
(Doneva, Gaftandzhieva, 2015; Totkov i dr., 2017; Gaftandzhieva, 2017).
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B mocoka pemaBaHe Ha MOCTaBeHHUs MpoOiieM (MOHUTOPUHI HA CHCTEMHH M XapIyepHH
enemeHTH Ha kopniopatuBHa KT nrdocTpykTypa) e Heobxoanmo:

A. Jla ce ananm3upar (OT IJIejHa TOYKa Ha Bb3MOYKHOCTTA 3@ TSIXHO MpHIJIaraHe KbM OOLIHS
CITy4aif) MOJIEITUTE B COPTYyEepHUTE CPEACTBA, Ch3AaJICHH 3a MOCOUCHNUTE YAaCTHH CIyJau, U Ja ce
UICHTU(UITIPAT MO U CPEACTBA, ITOIXOSIIN 3 CIEABAIIO PA3BUTHE U alaNTHPAHE;

b. Mogenmute u codTyepHHTE CpeICTBa, MACHTU(QHIHMpPAHW B A., Ja ce aganThpaTr 3a
MOJI3BaHE B CIydas HA MOHHTOPHHT Ha CHCTEMHAaTa M XapayepHa YacT Ha KOPIIOpaTHBHA
UH(OCTPYKTYpa, KAKTO U J]a CE MPOBEIAT ChOTBETHH CKCIICPUMCHTH.

AHamm3sT OT A. ycraHoBH (Atanasov i dr., 2018), d9e oOmusT MOIEN HA MOHHTOPHHTOBA
mporeaypa Moxke Aa ce 6asupa Ha MpeyIoKEHHTE MO-pPaHO MOAENHM HAa MOHHTOPHHTOB JOKIA
(Gaftandzhieva, 2017) u nHa mnpouecn (Pashev 1 dr., 2013). JlokaTo B WBpBHUS MOAET
(Gaftandzhieva, 2017), 3a ,,cpOnpane” Ha JaHHH OT PA3THMYHNA MH()OPMALMOHHU H3TOYHHIM Ha
KOpIIopaTUBHaTa WH(pacTpyKTypa ce Ch3aaBaT OHONHOTEKH OT T. Hap. ,,aKyMYJaTUBHU
(yHKIMU, OOIIMAT MOZEN Mpeanoiara Hajaudue Ha OMOIMOTEKH OT ,,aKyMYITaTHBHHU TPOIECH
(AIT). Mopenute Ha TOCICAHUTE BKIFOYBAT CIEMCHTH M CETMEHTH Ha KOPIIOpaTHBHATA
HH(OCTPYKTYpa, KAKTO U JCHHOCTH, TIPOBEKIAHN C yJacTHE Ha TIOTPEONTENH.

3a MOHHTOPHHT Ha KOpIOpaTWBHATa MH(POCTPYKTypa Ha IlmoBamBckusa yHuBepcurer ,,I1.
Xunenpapcku™ (I1Y), 6sxa cb3mazaeHu momxoasiiu codryepHu cpenctBa. Excrepument El.,
Kacaell CHCTeMHAaTa dacT Ha [leY, mpexamomarame MOHHTOPHHI Ha YyJ9acTHETO Ha TIpyma
notpedutenu (33 Ha Opoil) B KOHKpeTHH HH(pOpMaiMoHHU aeiHoctd J[1 u JI2, W3BbpHIBaHU
MOCIIEZIOBATETHO B yHHBEpCHTETCKata mHpopmanuonHa cucrtema IleY (Totkov i dr., 2014).
Excrniepument E2. mpeamonaraiie MOHATOPHHI Ha HATOBApBAHETO HA HAIMYHK XapIyepHH,
MPEXOBH M H3UHCIUTEITHN YCTPOICTBA(CHPBBPH), M3IIOI3BAHH IIPH TpoBex1ane Ha E1.

B pamkure Ha El. m nHa ©Oazsata Ha KOMIIAC-M Geme peanusupaH U CTapTHPaH
»akymynatuseH mpouec Alll, mpyu M3MBIHEHUETO Ha KOWTO Ce HATPYNBAT JaHHU 32 Y4acTHETO
Ha 33-ma notpedutenu (I11 — I133) npu npoBexxaaneTo Ha nHpopManuoHHu neiHocty {1 u JI2 B
pamkute Ha [leY. HavanHu nmapameTpy Ha MOHUTOPHHTOBHS aKyMYJIaTHBEH MPOIIEC Ca HayallHaTa
¥ KpalHaTa JaTra Ha MOHHTOPHHTA, KakTo W KOHKperHHTe neitHoctnm ([1 m [[2). Cnen
BUpTyalnu3aLus U craptupane Ha mpoueca B KOMITAC-M, 3anouBa JuHaAMHYHO ()OpMHUpaHE HA
MOHHUTOPHHIOBH M3BaIKH 3a nerdHoctd {1 m JI2 B 3amaneHus mepHox OT BpeMe, IPOBSKIAHH C
yuactre Ha I11 — I133. OcHOBEH MOHUTOPHHIOB €IIEMEHT € OLIEHKaTa Ha BPEMETO, HeOOXOIMMO Ha
JanieH nmotpebuTen 3a unbiaHenue Ha JI1 u J[2. Axymynaupanute ot AIll. MOHUTOPHUHIOBH JaHHH
3a 3 mopenHu JHU ca MpeAcTaBeHu B Tabm. 1. u tabm. 2.

150 ’
100 | Jen 3
50 M leH 2
T M /eH 1

Ta6nuna 1. O6061IeHN MOHUTOPUHIOBY JaHHH 32 33-Ma moTpeburenu npu padota c [ley

! OGmmAT MOZIeN HA MOHHTOPHMHIOB JOKJIAJ li¢ ObJie MPEICTABEH 0-HOAPOGHO Ha APYTO MSACTO.
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Motpebuten - " l Cpearo- Cpea+o Cpearo
n n‘:”fﬁ?;": ,D.e;&rg;i: Qbwoo Bpemes’ spemes’ | Bpeme-za-
(M= ey sa1a 2a02s | O1w02e
Mi= o 26 13 304 277 134 145
N2= a 52 B 604 227 124 119:
N3s= ‘n 31 Nen-2u
Mda m 0 . . CpegHo- CpegHo- CpegHo-
Mns= n 30 ReficTene [efictene Obwo EpeMes EpEMes BpeMe-33-
2 He. o e 1{0)= | 2(02)= R il B el i gl
9 M7= o 21 p p Oen-38
= 19 13
= |MN&= “n 45 OefcTtene:| JedcTEne | Cpearo Cpearo Cpearo
= . 381 104 1{01)= 2(02)= Obuwoq epeme+’ Bpemes’ | Bpeme-za-
=] . = = = 10 5] 154 2244 12] 118
g [n11= = 52
5 474 EL 104 19 11 2144 104 112
N12e = 54 FT G
- - 4 4 84 3 114 a7y 199 195
nis3 26
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M16= . 20 424 104 284 of 284 724 36
N17= . 16 234 144 94 61 154 2954 214 158
N18= “a 23 749 Ik 64 24 2 1324 534 117
n19= ‘a a7 644 44 134 8 211 2544 304 142
324 24 74 51 12 1304 204 75
384 74 174 34 204 1914 534 122
484 114 54 21 74 2774 94 143
369 109 84 24 104 1754 74 91
134 04 64 04 [T 1334 66
294 164 184 2] 204 3504 264 1889
294 a1 74 04 74 534 26
74 04 74 5234 261
114 19 124 1864 EL a7
B4 19 74 95 194 58

Tabnuma 2. MOHUTOPUHTOBY JIaHHH 32 33-Ma notpebuTenu npu padota ¢ [leyY

IIpu ocemiectBsiBane Ha E2. B kopropatuBHaTa wHppacTpykTypa Ha 1Y ce Hamoxu na
ObJaT pa3paboOTEeHU CpeCTBa 3a:
- MOJeNHMpaHe Ha XapAyepHH CETMEHTH 0T HH(POCTPYKTypaTa — IMpeMeT Ha MOHUTOPHHT;
- MoOJenHupaHe, CTapTHPaHe U yIpaBieHHe (BKI. NMPUKIIOYBAHE) HA MPOLIECH 32 MOHUTOPUHT Ha

XapAyepHH CETMEHTH

- mnpedopMaTHpaHe U MPOMAHA Ha HAONMIOJaBaHUTE CETMEHTH,
— OCHUTypsiBaHE Ha IOTPEOHUTEICKH HHTEep(Elic 3a BU3yaIu3alys 1 YIIpaBJIeHUEe Ha:

O €IEeMEeHTH Ha XapAyepHHsS CETMEHT Ha HWHCTHTYLIHOHAJIHaTa HMHQPOCTPYKTypa
(IOTPEOUTENCKH KOMITIOTPH, ChPBBPH, KOMYHHMKAIIMOHHH W TNepupEepHU YCTPOHCTBA, U
ap.);

O JIaHHH 3a MPeJOCTaBIHM WH(OOPMALMOHHU YCIYTH (IMyONUYHM, YACTHH, BBTPEIIHU) H
pecypceu;

- aHaNu3 Ha JaHHH, aKyMYJIHPAaHH OT MOHUTOPHHI'OBH NIPOLIECHU HA XapAyepHH CETMEHTU U Jp.
Ch3aafeHnuTe CpeicTBa OCHI'ypUXa YCIEIIHO IpOBeXJaHe Ha 5 (TeT) eKCIepUMEHTa

(E2.1., E2.2., E2.3., E2.4. u E2.5.) B pamxure Ha E2.

E2.1. MoneaupaHe/nipeAcTaBsiHe HA XapAyepHU cerMeHTH

Pa3znuunute THIIOBE yCTpOMCTBA Ce IPyNUPAT B CETMEHTH. BB3MOXXHO € CErMEHT Jla BKJIIOYBA

pa3NMYHU TUIIOBE YCTPOWCTBA, a XapAyepHO YCTPOICTBO Ja ydacTBa €IHOBPEMEHHO B HSIKOJIKO

CErMEHTa (XapaKTepHO 32 MPEXOBHUTE yCTPOKWCTBA, NPH KOUTO, HAIIPUMEP, KOMYTaToOp OOCIY>KBa

HJKOJIKO CBPBBPA). B cilydasi, CErMEHTHT BKIIIOYBA yCTPOICTBA, HEOOXOANMH 32 OCHUTYpsIBaHE Ha

ycnyrata ot E1.

E2.2. MopesimpaHe 1 ynpasJieHHe HA IIPOLIeCH 32 MOHHTOPMHI Ha XapAyepHH CerMEHTH

B cermenTtute Morat fa ce BKIIOYBAT XapAyepHU YCTPOKUCTBA, 3a KOUTO ca Ch3AaZeHH (HYHKIIUU 3a

MOHHUTOPHHT (HapW4aHH IO-HAaTaThK Imadmonu). [llabmoHuTe ce ch3maBaT 3a KOHKPETHH THIIOBE

YCTpOICTBa C MOA3BaHe HA MOAXOAAII HHTEpPeric.

E2.3. lIpedopmaTupane u npoMsiHA HA HAOJIIOaBAHUTE CErMEeHTH

BB3MOXHO € peqakTHpaHe U MPOMSHA Ha CTPYKTypaTa Ha CETMEHTUTE B PEallHO BpeMe, Thil KaTo

JIAHHUTE 32 ChCTOSTHUETO Ha €JIEMEHTUTE Ha CeTMEHTa ce ChOMpaT 1moj opmara Ha MHPOPMALHI
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3a OTJETHUTE E€IEMEHTH U HE CE OTHACST 3a CErMEHTa KaTo Is170. MOHUTOPHHIBT HA CETMEHTHTE

Cce OIIpesieNsi OT COOCTBEH MalIIOH, KOWTO M3ITOI3Ba JAHHHM 32 OT/ICTICHUTE €IEMEHTH.

E2.4. UnTtepdeiic 3a BU3yanusanusi 1 ynpaplieHHe HA eJ1eMeHTH HA XapAyepHH CerMeHTH M

HA JaHHU 32 NPeJOCTABSHA HH(POPMANMOHHH YCJIYTH

IIpemoctaBs ce BB3MOXKHOCT 3a BU3YyaNH3alUs U yIpaBIeHWE HA EINEMEHTH Ha XapAyepHU

cermeHTH, [lognbpka ce cOOCTBEH NECKPHUIITUBCH €3UK 32 OMMCAaHUE HA EIEMEHTHTE U BPB3KHTE

MEXY TSX.

E2.5. AHanu3 Ha JaHHM — Pe3yJITAT OT MOHUTOPUHT HAa XapAyepHH CerMeHTH

JlaHHWTE OT MOHWTOpWHTa ce HATPymBaT B OTAeNHA 0a3za JaHHW. BB3MOXHO € aBTOMAaTHYHO

UHUIMUpaHe Ha JEHCTBHUSA C XapJAyepHHM €IEeMEHTH H CerMEHTH IpH OIpPEeAeNeHH YCIOBUS,

JNeGUHUPAHU B TEXHUTE IAOIOHM.

AcommupaneTo B IleY Ha ycmemHo eKCIepUMEHTHpaHUTe COPTyepHH CpPeAcTBa 3a MOHHUTOPHHT

Ha CHCTEMHaTa M XapJyepHa 4YacT Ha KopropaTuBHata uH(pOCTpykTypa Ha IIY mnosBonsBa

KOMIUICKCEH MOHHWTOPHMHT Ha XapAyepHH CETrMEHTH, BKIIOYBAIINM KOMHIIOTPH W HepHpepHH

YCTpPOICTBA, KOMYHHUKAIIMOHHH U ChPBBPHH YCTPONCTBA, a TaKa ChIIO BUPTYaIHH yCTPOHUCTBA U

yernyra. MozgenupaHeTo Ha IPOIeCHTe Ha MOHUTOPHHT M HATPYNBAHETO Ha CHOTBETHHUTE JTaHHU B

peanHO BpeMe Mpenrosiara OTAElCeH ChPBBP 3a TAXHOTO ChbXpaHsABaHEe U 00paboTka, KakTO U

HOJICHCTEMA 3a BU3yaJIM3aLHs, [I0JI3BAIA COOCTBEH JECKPHUIITHBEH €3HUK.

B pesynraT Ha @pPOBENEHOTO M3CIENBAHE Ca Cb3JAJEHU CPEICTBA 3a MOJCIMpAHE MU

OCBIIECTBABAaHE HAa MOHHUTOPUHI Ha CHCTEMHAaTa M XapJyepHa 4YacT Ha KOpPIOpaTHUBHA

nHppacTpykTypa. IlpoBemeHnm ca yCrIemHM eKCIIEpHMEHTH Ha CH3/IaJICHHTE CpeicTBa 3a

MOHHUTOPUHT Ha YHUBEPCUTETCKA HHPOCTPYKTYpa.

WHTerpupaneTo Ha CB3JaJCHUTE CPEICTBa B yHHBEpCHTETCKa MH(opMmamuoHHa cucteMa [ley

MO3BOJIABA!

- TIOBMIIABaHE Ha €pEKTUBHOCTTA HA ONPEIEIICHN XaplyepHH CETMEHTH U CIIEMEHTH;

- BUBYaJIHM3HMpaHE HA OTACIHH XapAyepHH CETMEHTH U €JIEMEHTH C BB3MOXKHOCTH 32 IMHAMUYHH
pPOMEHU;

- MCEHHWDKMBHT Ha MPEBaApUTEITHO e HHUPAHH XapIyepHH CErMEHTH;

- aHanu3 Ha HATPyNaHM MOHMUTOPUHIOBH JaHHU C LI ONTUMH3MPAaHE Ha KOPIOpaTHBHATa
nHocTpykTypa Ha [TV u ap.

Paborara e momkperieHa ot mpoekt BGO5SM20P001-1.002-0002-C ,,JIururanuszanust Ha
MKOHOMHKATA B Cpelia Ha roleMH JaHHU , GUHAHCUpaH 10 nporpama ,,Ch3aBaHe U pa3BUTUC HA
neHTpoBe 3a komnereHTHOCT 1Mo OIT ,,Hayka u oOpa3oBaHue 3a MHTEITUTEHTEH PacTex .
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NUMERICAL INVESTIGATION OF INITIAL PROBLEMS FOR
MODELS OF NEWTONIAN STARS
Pavlina Atanasova
Plovdiv University "Paisii Hilendarski",
Plovdiv, Bulgaria

Abstract

For modern astrophysics it is important to study the equations of state for different types of
stars. In the present work results of numerical investigation of initial problems within the models
of Newtonian stars are described. The main purpose of this work is to test a numerical method for
these models. Such models are valid in comparatively low masses of the stars when the curvature
of space-time is negligible - for example, white dwarfs. Numerical solution of the system of
ordinary differential equations is performed by Runge-Kutta-Fehlberg adaptive method.

Key words: Newtonian stars, models, Numerical solution.

BnBenenue

B Teuenue Ha HAKOIKO TOAMHM acTpodusmkara ce ohopmu KaTo GyHIAMEHTaTHA HayKa,
JaBaia (pamupamy OTKPUTHS 3a YOBEIIKOTO MO3HaHWe. J[oCTaThbuyHO € Ja CIIOMEHEM
eKCTICPIMEHTAIHOTO OTKPHUTHE Ha ThMHATa MaTepusi, N3MEPBAHETO Ha HEHYJIEBAa KOCMOJIOTHYHA
KOHCTaHTa (ThbMHATa eHeprus, KosATo eeKTHBHO NeiicTBa kato anTurpasurtaiust) (NASA Science,
2015; Aghanim, Armitage-Caplan et al., 2013) u pa30bupa ce METPOIOTHIHOTO OTBBPXK/ICHNE HA
TEOPEeTUYHO TMpEeACKa3aHUTe Ipedd CTO TOAMHM TpaBUTALMOHHH BBIHA. OCHOBHH
MHCTPYMEHTAITHA OOCKTH B Te3W M3MEPBaHMA Ca 3BE3IUTE BBB BCHYKUTE UM Pa3sHOBHIHOCTH IO
quarpaMata Ha XepummpyHr-Pecen (Hobbs et al., 2010). YpaBHeHusATa 3a CBCTOSHHETO Ha
3Be3UTE (TEXHUTE TEOPETUYHN MOJIEIH) CBIIECTBEHO 3aBUCAT OT INI00aNHATa (JOHOBA TEOMETPHS
Ha MIPOCTPAHCTBO BPEMETO U 3aTOBA € BAXKHO T¢ Jja ObIAT N3ydaBaHH.

TeopeTHUHOTO pa3rieXAaHe Ha EBOMIOLUSATA HA 3BE3JUTE JHEC € MHOIO pa3BUTO.
CxeMaTHYHO TOBA PA3TIIeXIAaHE C€ ChCTOM B M3YHCIABAHE Ha ITOCIEIOBATETHOCT OT MOJEIH HA
3BE3] C €HAKBA Maca, KaTo BCEKH CIEBAIl] MOJEN € C XUMHUYEH ChCTaB, MOIy4eH OT NPEeJHUS B
pe3ynTaT Ha U3MEHEHHATa My C TeUYEHHE Ha BPEMETO B CIIEJCTBHE HA TEPMOSIPEHHUTE MPOLECH -
M3TOYHMIM Ha 3Be3JHATa eHeprus. Bcekw TakpB MOJEN JaBa HM3MEHEHHETO Ha OCHOBHHTE
XapaKTEepUCTHKU Ha 3Be€37aTa, KaTO CBETMMOCT, TEMIIEpaTypa, HallsraHe U Ap., C Pa3CTOSHUETO OT
LEHTHPa, T.C. BBTPEUIHUS CTPOSK HA 3BE3/aTa, MOMYYEH TEOPETHYHO. BBTPEmHHAT CTPOeK,
BIIPOYEM, MOXKE Ja C€ TMOIy4d caMO TEOPEeTHYHO; OT HaOIIOJEHUS Ce€ ONpenensaT
XapaKTEepUCTHKUTE CaMO Ha Hal-BBHHITHHUTE CIIOEBE HA 3BE3JHUTE. BHHITHUTE XapaKTEpHCTHKH Ha
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Mojena ce OTHACAT 3a Pa3CTOSHHETO OT LeHTbpa 10 r = R (R e paguychT). ChriacyBaHOCTTa Ha
TEOPETUYHO TMONYYCHNUTEC BBHITHM XapaKTEPUCTHKH C pEaHO HaONIOZaBaHWTE CIIYXKH KaTo
KpUTEpUil 3a BAPHOCT Ha MoJena. B yacTHOCT, TemnepaTpHaTa CBETUMOCT Ha MOAENA Ipu ¥ = R
ONpeseNAT  HEroBOTO  IMONIOXKEHWE  BbpPXYy  JAuarpaMara Ha  XepummnpyHr-Pscenm;
[OCJIEA0BATEIHOCTTA OT MOJEINHU, U3UUCICHN C OTYUTAHE HA MU3MEHEHUETO HA XUMUYHUS ChCTaB,
odyepraBa BBPXY JAuarpamara JIMHUS, HapeueHa egooyuoHeH mpek. BcHYKO ToBa MOKa3Ba
TSICHATa BPb3Ka MEXk/y BBIIPOCA 3@ BETPEIIHUS CTPOEXK U BBIIPOCA 3a €BOJIOLMATA HA 3BE3UTE.

3apazm TPYAHOTO aHAJIMTUYHO PCHICHHUC Ha TaKMBa 3aJa4u CC IpcajaraTt 4YuCJI€HU MCTOIM.
HeﬂTa Ha Tasu pa60Ta € MOCTPOABAHCTO HA MOAXOIAI TPOTrpaMEH KOMITJICKC 3a YUCJICH aHaJIn3 Ha
HIOTOHOBH 3BC31 - OCHOBCH 00€KT B acrpoc’panaTa.

MaTteMaTHYEeCKH MOJE]

Ilpu cpaBHUTETHO MankW MacH (OT MOpPSAABKA Ha HAKOJIKO CITBHUCBH MacH) M HUCKH
CKOPOCTH Ha JIBIDKEHHE, e()EeKTUTE MOPOJEHH OT M3KPHBSBAHETO HAa IPOCTPAHCTBO-BPEMETO Ca
NpPEeHEOPEeXKNMO MallKM M MoOJela Ha pasriekIaHe ce MOJYMHABA Ha aKCHOMaTHKaTa Ha
HIOTOHOBaTa MEXaHHUKA.

Ot kiacnveckaTa HroToHOBa MexaHuka (Silbar and Reddy, 2003) cnenBaT ypaBHeHHATa 32
HAJISITAHETO M MacaTra Ha 3Be3/[aTa:

dp _ =GpMM{) _ —GE(r)M(r), 0

dr r? c?r?
dM 4mtr?e(r)
= = Anr?p(r) = —a 2)

Tyk G e HIOTOHOBAaTa IPaBUTAIMOHHA KOHCTaHTa G = 6.637x10™ dyna-cm’/&’, p(r) e
TUTBTHOCTTA Ha 3Be37aTa (B gm/cm’) KaTo 3aBUCHMOCT OT PajHyca r, € - ChOTBETHATA IITHTHOCT Ha
eneprusita (B ergs/cm’). Benmuunnata M (1) e rs1ata Maca Ha 3Be37aTa pH 1a/ICH PAIHYC 7.

Tps6Ba ma ce oObpHE BHUMAaHNUE Ha TOBA, Ye BB BTOPHUTE YACTH Ha YpaBHEHHsTA CME ce
OTKJIOHWIM OT HIOTOHOBaTa ()M3MKAa KaTo ONpelensMe ILIbTHOCTTa Ha eHeprusta €(r) mno
OTHOIITEHNE TUTHTHOCTTa Ha Macata P(7)  cmopen TMPouyToTO AMHINAWHOBO ypaBHEHHWE OT
crienManHata Teopust Ha otHocutenHoctta £(1) = p(r)c?. Topa nosBonspa Ha ypasuenue (1) 1a
ce M3MO0JI3BA, B3UMAHKH Ce B MPEIBHUJ CHEPTUATA Ha B3aMMOJCHCTBHE MEXIY YaCTUIUTE, KOUTO
CbCTaBISIBAT 3Be€3/laTa. B TOBa, KOeTO cienBa, ako IOCTaBUM ¢ = 1, ToraBa p W & craBaT
WJICHTUYHH.

3a na ce pemar ypaBHeHusATa (1) u (2) otHOCHO p(r) U M(r) wHTErpUpaMe OT IICHThpPa Ha
3Be31ata, KpJero » = 0 10 Kpas Ha 3Be3dara, Korato » = [, KbJEeTO HAISATaHEeTO € PaBHO Ha
Hyna. Ta3u Touka HU ompenens & KaTo paJdyc Ha 3Be3jara. 3a IeITa € Hy)KHO J1a ce neduHupa
IbPBOHAYAJIHATA CTOMHOCT Ha HajsiraHeTo B » = (), /1a 51 HApe4eM p,, cjell KaTo Ce HallpaBu TOBa,
KaKTO paJauyca Ha 3Be3jaTa &, Taka U obwaTa i Mmaca M(R) = M, 11e 3aBUCST OT Ta3u CTOHHOCT-
MapameTsp Po.

3a 1a ce M3NBJIHM MHTETPUpAHETO, TPA6Ba Ja ce 3Hae eHepruitHa mibTHOCT £(1) TO
otHouenne Ha Haisranero p(r). Tasu Bpb3ka ce Hapuua ypaBHeHHe Ha cheTosHueTo (Equation
of States = EoS) u T4 ompexens MaTepusaTa, OT KOIATO € ChCTaBeHAa 3Be3lara. Besko pa3nudHO
ypaBHEHHE Ha CBHCTOSHHE, IIe IPeJCTaBiIsiBa HOBA 3Be37a 3a m3cienBaHe. B Tasm pabora me
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MpHeMeM, Ye 3Be3/aTa € ChCTaBeHa OT HecBUBaeM (JIyHIl C ypaBHEHHE HA ChCTOSIHHETO P = const,
KOETO ¢ Hall-pocTusT Mozen. ToBa e yIadHo 3a eHO J00pPO M KOPEKTHO HAYallo 3a M3CIeBaHEe
Ha 3Be3aute. OT Qu3NYHA IIeHA TOYKA MMa TO0-CIOKHH E0S, KOUTO BOMAT 10 YCIOXKHSABAHE Ha
YpaBHCHHUATA. ChbCTaBEHUAT IporpaMeH KOMIUICKC MOXE [1a CC U3I0JI3Ba U 3a PCIIaBAHC HA TaKHWBa
3aj1aun.

3a YHUCICHOTO pellleHre € W3MON3BaH ajanTuBHUA MeTon Ha PyHre-Kyra-®enbepr 3a
pelilaBaHe Ha HAYaJHU 3a/1a4M 32 CHCTEMH OT OOMKHOBCHHU IH()CPCHIMATHN YpaBHEHUS. 3a IIeNTa

€ HaIlMcaH IporpaMeH KoMInieke Ha e3uka Fortran (Velichkov, 2012).

Yuciaenu pesyaTraTu

16 50
4 1 p(0)=10
= = 40 ————— Pressure p(r)
= 12 4 -
S > ———— Mass M(r)
= 7 T 0
2w e
2 ° p(0)=5 i
g —— Pressurep(r) £ 207
Q Q
S .. ————— Mass M(r) S
0 T T T T T 1 0 T 1
0 15 3 0 15 3
Radius (1) Radius ()

Gueypa 1. PasnpedeneHus Ha HaagzaHemo p(r) u macama M(r) Ha HromoHoea 38e30a npu p(0) = 5 (nse
naHesn) u p(0) = 10 (deceH naHen).

Ha ®ur.1 ca npencraBenn HaMepeHUTe QPYHKIMU Ha pas3NpeesieHusATa Ha HalIsraneTo p(r)
u MacaTta M(r) Ha HIOTOHOBa 3Be3/a. Te3M pasnpeeseHus ca IMOTydeHH IIPU HaYallHA CTOHHOCTH
3a po= 5 u pp = 10 cporBeTHO. Ha TSX ce AeMOHCTpHpa Kak ce yBelMuYaBa MacaTa U Hamais
HaJSraHETO B 3aBHCHMOCT OT TeKylus paamyc. Ha rpadukure ce Bmkzaa, 4e CTOMHOCTHTE Ha
HaJIsMTaHEeTO B JECHUS Kpail Ha rpadukure BuHarm e Hyna. OT ¢u3W4Ha IJeJHAa TOYKAa TOBA
CHOTBETCTBA Ha Kpas Ha 3Be3/]aTa, KOETO Ce M3IMO0I3Ba KaTo CTOI-KPUTEPU IIPU UHTErPUPAHETO B
IporpaMHaTa peann3amys. BakHn XapaKTepuCTHKN ca CTOWHOCTHTE Ha pajnyca M MacaTa B TO3H
Kpaii, KOUTO MpeACTaBsABaT pealHuTe paauyc U Maca Ha 3Be3fata. Ilpu pp = 5 umame panuyc Ha
3Be3nata R = 1.539 u maca M R) = 15.2690, nokarto mpu po= 10 ca ce yBEIUIMINA CHOTBETHO HA
R=2.183 u MR)=43.5768.

@urypa 2 (1B maHen) NpeAcTaBiIsiBa 0OOOLIEHHWE Ha pe3yiTaTHTe 3a KpalHaTa Maca Ha
3Be3jara, Npu U3MeHeHue Ha py oT 1 go 100. Ot HauMHA MO KOWTO ce M3MEHs Ta3u (YHKIU,
MOXeE J]a Ce 3aKJIIO4d, 4e NPU Ta3H 3Be3[a KOIKOTO € IO-TOISM IapaMeTbpa po, TOJIKOBA IO-
roisiMa 1ie Ob/e HeliHaTa Maca.

Jlpyra 3aBHCHMOCT, KOSITO C€ IEMOHCTPHpPA € N3MEHEHHETO Ha KpalHaTa Maca A/ CIpsMO
KpalHus paauyc & Ha 3Be3naTa. Cropen pesynrtarture oT Our.2 (IeceH maHemn) clieiBa H3BOAa, e
MOraT Jia ChIIECTBYBAT 3BE3/IM C BCAKAKBB PaANyC, KAKTO MHOI'O MallbK Taka ¥ MHOTO ToisMm. B
IefiCTBUTEIHOCT 00aye, PH HAOIIONCHHATA CE € YCTAHOBMIIO, Y€ CBILECTBYBA IyIKa B Pa3MEpPHTE
MEX]ly MaJIKUTE W TOJIEMHUTE 3BE3/IH, T.€. HE Ca OTKPUTH 3BE3]H C ONpeaeneH paguyc. dusuimre
BCE OIIe THPCAT MOJIEN, KOUTO J1a MOXKe J]a OOSICHU TOBa SIBJICHHE, HO Half-BeposATHATA IPHYHHA €
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BbBB q)OHOBa TCOMETpHA Ha IPOCTPAHCTBO-BPEMETO C KOCMOJIOTMYECH XOPU30HT Ha cpouTHsTa. 3a
TOBA 3araTBa U HCHYJICBATa, MaKap 1 MHOI'O MaJIKa, KOCMOJIOTMYHa KOHCTAaHTA.

1600

Star Mass M = M(R)

1200 4

800

Mass M(R)

400 -

Star Mass M(R)

800 -

Star Mass M(R)

Pressure p(0) in the center of the star

15 3 45 6 7.5
Star Radius (R)

®uzypa 2. /iae naHen: Mamererue Ha KpaliHama maca A (R) Ha 3ee3dama cripamo py. JeceH naren:
KpatiHama maca A Ha 38e30ama cripamo kpaliHua paouyc A npu usmeHeHue Ha pyom 1 0o 100.
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YUCJIEHO U3CJIE/JBAHE HA HAYAJIHU 3AJIAYH TP MOJEJIN
HA PEJIATUBUCTKU 3BE311
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NUMERICAL INVESTIGATION OF INITIAL PROBLEMS FOR
MODELS OF RELATIVISTIC STARS

Pavlina Atanasova
Plovdiv University '"Paisii Hilendarski', Plovdiv, Bulgaria

Abstract

In the present work results of numerical investigation of initial problems within the models
of relativistic stars are described. Such models are valid at high masses when we contribute by
distortion of space-time. Numerical solution of the system of ordinary differential equations is
performed by Runge-Kutta-Fehlberg adaptive method.

Key words: relativistic stars, numerical investigation, models.
BLBenenune

CoBpeMeHHaTa acTpodu3MKa € Hai-Obp30 pa3BuBamaTa ce obnact or QyHIaMeHTaTHaTa
¢mnyecka Hayka. ToBa He € CIydaifHO, 3alll0TO YOBEYECTBOTO JOCTUTHA CBOSI TEXHOIOIMYCH
3eMEH eHeprHeH mpenen na ,,apioae B marepusata (LHC- CERN). MmenHo oT actpodusmkara
uABaT U ce 0YaKBa Ja ObJAT PErUCTPUPAHH HOBU (PyHAAMEHTAIHU (HU3HMUECKU e(heKTH (TOIeMUsT
B3pHB € Hal-MOIIHHAT YCKOPHTEN), MPOMEHIIM W MPOMEHSIIM IMpEeACTaBaTa HU 3a (oHOBaATa
TeoMeTpHs U JIaxke 3a ApeOHOo-MamabHaTa cTpyKTypa Ha mpoctpaHcTBo-Bpemero (Verlinde, 2017;
Seiberg, 2006; Aghanim, Armitage-Caplan et al., 2013). be3cmopro, Haii-¢ppanupammTe
HaNpaBeHW JdO cera eKCIEPUMEHTAHH METPOJOTHYHH OTKPUTHSA Ca EeKCIIePUMEHTAIHOTO
MOTBBPXK/IABAaHE HA TEOPETHUYHO mpeackazanute mnpeau 100 roanHM TpPaBUTAIMOHHHM BBJIHH,
ThMHATa MaTepusl M WM3MEPBAaHETO C H3KIIOYHTEIHA TOYHOCT HA HEHYJEeBa KOCMOJOTHYHA
KOHCTaHTa (Taka HapeueHus JaM0Ja WIeH B ypaBHEHUSATAa HA AIfHIIAiiH), MOMyIspHO M3BECTHA
kato ThMHa eHeprus (NASA Science, 2015). [IbpBOTO OTKpUTHE € HaW-QUHMSA B MCTOpPHATA Ha
YOBEYECTBOTO METPOJIOTHYEH EKCIIEPHMEHT U (DaKTWYECKH IOCTaBsl HAJaJOTO Ha HOB pa3ziell B
CBhBpCMCHHATA HAyKa-TPaBHTAlIMOHHATA CIIEKTPOCKONMs. TOYHO 3a Te3W MO-HATATHIIHU
M3CIIEIBAHMS € Ba)KHO JIa Ce M3YYBAT M M3TOYHUINTE HA IPABUTAIMOHHNTE BBIIHH, KOUTO ca Hal-
YeCTO 3BE3[M W TO PENATHBUCTKU 3Be3[M. BBIpeku, ue ca HATPyNaHH U3KIFOYUTETHO MHOIO
W3MepBaTeIIHU JJaHHH, BCE Ollle (pM3HMKaTa HAMa OTTOBOpP Ha BBIIPOCA 32 TOYHUTE ypaBHCHUS Ha
CHCTOSIHUETO Ha MHOTO BHJOBE 3BE3IM M PEATUCTUYHHSI UM TEOpeTHdeH Mojena. TouHOo Mo Te3d
MPUYUHM Ce Hajlara Te3HW YpaBHEHHS HA CHCTOSHHUETO M MaTeMaTHYCCKH MOJCIH Ha 3BE3[H Jia Ce
TECTBAT C ITOMOINTa HAa M3YMCIMTENHATa MAaTEeMaTHKa | Jla CE CPAaBHABAT C M3MEPEHHUTE JaHHU. 3a
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ma ce “ycerar’ Hali- npeOHOMamaOHHWTE NMPOMEHHM B HArbBAaHETO HA IIPOCTPAHCTBO-BPEMETO €
HY)HO Jla ce pasmiefaT W J00aBAT W PETATUBUCTKYA TOMpPAaBKH WABAllM OT YpaBHCHHATA Ha
A¥iHI1aiiH 3a rpaBuTanuiTa. ToBa Beue BOAU 1O BKJIIOUBAHETO HAa MEXaHHM3Ma Ha B3aUMOBPB3Ka
MEXIy NMpoMsHATa BbB (POHOBATa TEOMETPUS M TNPUYMHATA 332 Ta3W NMPOMSHA - MO-BHCOKATa
IUTBTHOCT Ha MaTepuaTa u eHeprusrta (Thorne, 1995).

MaremMaTHYecKH MOaeJI

HroroHoBaTa (opmMynupoBka padoTH 10Ope B peXXHMMHM, KbAETO MacaTa Ha 3Be3/aTa He €
TOJNKOBA TOJsIMA, Y€ Ja “M3KPHUBH~ TIPOCTPAHCTBO-BpeMeTo. MHTerpupaHero Ha ypaBHEHHS 3a
INIBTHOCTTa U MacaTta Ie paboTu modpe B cIaydawTe, KOraTo IPOMEHHTE OT oOIa Teopus Ha
orHocurenHoctta (OTO) He ca cpuiecTBeHH. ToBa MOXe 1a ce MONydd IPH KOMITAKTHUTE 3BE3.IH
Ho3HaTH ome kKato white dwarfs (6emm mxymkera). YMecTHO € na BiIouuM npomenute Ha OTO,
KoraTo BemuunHata GM/c’R cTaHe 3HaumMa KaTo croifHoct. ToraBa ce Tomaja B CIydam Ha
HEYTPOHHH PENAaTUBUCTKH 3Be311. MoseTHuTe ypaBHEHHS 3a HAJTAHETO U MacaTa W3IJIexaaT Mo
CIICIIHUSI HAYNH:

dp —Ge(r)M(r r 4mr3p(r 26M()]"
dp _ ()()1+P() 14+ p(r) 3 ) o)
dr c2r2 e(r) M(r)c? c%r
dM 4rtr?e(r)
o anrip(r) = —a 2)
T 4 [T dr'e(r)
M(r) = 47Tf r"2dr'p(’) = Jo = ,
0

kbeTo G ¢ HIOTOHOBAaTa IPABHTAIMOHHA KoHCTanTa G = 6.637x10™ dyna-cm’/g’, p(r) e
TUTHTHOCTTA Ha 3Be3/1aTa (B gm/cm’) KaTo 3aBHCHMOCT OT PajIyca 7, £ - ChOTBETHATA TUTTHOCT HA
eneprusTa (B ergs/cm’). Benmuunara M (1) e usimata Maca Ha 3Be3/1aTa TIpH Ja/ieH PAJAYC 7.

HudepenmmanHoro ypaBHeHue 3a M(r) octaBa HempoMeHeHO. [IppBuUTE /1Ba WiIeHa B cKOOH
oT ypaBHeHueTo (1) mpencTaBisABaT KOPEKIHsTa HA ClICNUAIHATa TEOPUsS HAa OTHOCHTEIHOCTTA OT
TMOPAABK VZ/C . Moxe Ja C€ BUJW KaK HAJTAHETO p NMPEMHUHAaBa HE PEIIATUBUCTKU I'PAHUIIU KATO
K e2m = mv*/2, nokato € u Mc® craBat mc’. TloceTHUAT MHOKHTEN B CKOOHMTE MpeICTaBIisBa
kopekimsata or OTO. Pasmepa Ha GM/c’R, KakTo M3THKHaXMe MO-TOPE, OMpees TOKOIKO TOif
Urpae ChIECTBEHa POJIs.

O6p1)maMe BHUMAHHUE HA TOBA, Y€ BCUYKU KOPECKTUPAIIIN MHOXUTEIN Ca IMOJOXKUTCITHU. C
TOBa ce OOsCHsBA q)aKTa, Y€ HIOTOHOBATA I'paBUTAlUA CTaBa MO-CUJIHA Ha BCAKO 7. ToBa e Taka
3apaan cCleuyajHata " 06111aTaTa TCOpHSA HA OTHOCHUTCIIHOCTTA, KOUTO 3aCHUJIBAT CHIICCTBCHO
CuJjiaTa Ha rpaBUTaliydTa.

JIBoiikata HenuHeitHN ypaBHeHus (1) 3a p(r) u (2) 3a M(r) u B To3u ciydaii Morat a Obp1at
uHTerpupanu ot » = 0 ¢ HIKaKBa HAYaJIHA CTOMHOCT Ha py A0 ToukaTa, KpleTo p(R) = 0. Taka mie
ce ompenienn Macata Ha 3Be3jara # = M(R) m pammyca R 3a Ta3u CTOWHOCT Ha po. Te3un
ypaBHEHHUS YCTaHOBABAT OalaHC MEXAy TPAaBUTAIMOHHUTE CHIM U BBTPEHIHOTO HAIATaHE Ha
3Be3nata. Hamsranero e ¢pynkuus Ha EoS u npu onpenenenu yciaoBust Moxe a He € JOCTaThYHO,
3a Ja YIBp)KH Ha TPABUTAMOHHOTO NpHBIMYaHe. Taka CTPYKTypaTa Ha TOBa ypaBHEHHE
Hpeonara HaIMYMETO Ha MaKCUMaJIHa Maca, KOsITO 3Be3/1aTa MOXeE 12 MMa.
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PemaBame cucremata cberaBeHa oT ypaBHeHus (1) u (2) ¢ HavuaimHM ycnoBus 32 py > 0 u

M(0) = 0. 3amecTBaiiku TUPEKTHO JIICHATA CTpaHa Ha ypaBHeHue (1) B moamporpamarta Imie J0Bee

JI0 TpeIlIka, 3al0TO UMa JeleHa Ha Hyna. [IpobmemsT uasa ot HadanmHoTo ycnosue M(0) = 0 u

anr3p(r)
M(r)c?

uHTerpupa ypasHenue (3) u pesyarara ce 3amectd ¢ M(r).

HamuuueTo Ha M(r) B 3HaMeHaTens Ha [1 + ] [IpobnembT ce mpemaxBa, Kato ce

ITpu p = 1, ypaBrenue (3) npunobruBa Bua:

r 4mr3
M@) = 41rf "2dr'p(r') = 3
0
3amectBaiiku B (1) npu G=1, ¢ = 1 u ¢ = | monyyaBame:
dp —4nr 8nr2] ™"
—=—]1 1 1-
ar 3 [1 + pol[1 + 3po] 3

3a 4KCICHOTO PELLICHHE ¢ U3MON3BAH aAanTuBHIUA MeTon Ha Pynre-Kyra-®enbepr 3a peruaBaHe Ha
HAYaJIHU 33724y 32 CHCTEMH OT OOMKHOBCHU NH(EpeHIMAIHN YpaBHEHHS. 3a LeiTa € HalucaH
mporpaMeH KoMiuiekc Ha e3uka Fortran (Velichkov, 2012).

YucneHu pe3yaTaTu

Ha ®wur.1 (B maHen) ca NpeACTaBEeHH HaMepeHHTe (YHKLIMM Ha paslpeleeHusTa Ha
HansraHeTo p(r) u Macata M(r) Ha pelaTHBHCTKA 3Be3/Ia 3a €IHAa KOHKPETHAa Ha4dajlHa CTOIHOCT
3a po=0.1. Ha ®wur.1 (gecen naHe) ca moka3zaHu pa3lpeesieHUsITa Ha HAJIATaHeTo p(7) CrnpsMo
TeKyIus paguyc 7. Te ome BeIHBK MOKa3BaT Kak ¢ yBeIMdaBaHEe HA IIapaMeThpa py, TOH 3arodBa
Jla BIIUsie BCE MO-MaJKO M [TO-MAJIKO BbpXY paauyca & Ha 3Be3nata. [Ipu py=10, #=0.323 u
=0.141.

0.1 - Pressure p0 = 10
i p(o) =0.1 ——— Pressure p0 =5
Pressure p(r) Pressure p0 = 2
- e P 0=1
S 0.08 Mass M(r) e essure p
s - ]
—
= 0.06 8
Q - i
A 1 &
c - &4
O 0.04 o
© -
- 173
c 8 44
=3 -~
T 002 - a .
0 T T T T T T T T T T T T | T 1 ]l
1] T T T T T T T T T T T 1
0 0.04 0.08 0.12 0.16 0.2 0 01 02 03 04
Radius (r) Radius (r)

Gueypa 1. /lae naHen: PasnpedeneHus Ha HaaszaHemo p(r) u macama M(r) Ha penamusucmka 3s8e30a npu
p(0) = 0.1. feceH naHen: VMameHeHue Ha HasA2aHemo p(r) 8 3asucumocm om nNapamembvpa po.

139



- Star mass = Star mass
916 M= M(R) 016 —_—  M-MA)
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Pressure p(0) in the center of the star Star Radius R, where p(R)=0

®ueypa 2. /iae naHen: MameHerue Ha kpaliHama maca A (R) Ha 38e3dama & 3a8ucumocm om p,. ecer
naren: MameHeHue Ha KpaliHama maca A = M(R) Ha 36e30ama cripamo KpaliHusa paduyc XK.

Qurypa 2 (1B mTaHenm) MOKa3Ba HM3MEHEHHETO HA KpaWHWTE Mach 4 COpsMO py.
OKOHUATENHO Beue MOXKeE Jla ce 3aKIIF0UH, Y€ BIUSHUETO Ha TO3H apaMeThp MHOIO Obp30 HaMallsl.
Bennbx cien xaTo TOW CTaHe MO-TONsSM OT €JUHUIA HErOBOTO 3HAu€HHE 3a KpalHWUTE Maca U
panuyc Ha 3Be3/laTa 3all04Ba 1A KJIOHH KbM HyJa.

Ha ®wr. 2 (neceH maHen) e IMOKa3aHO M3MEHEHHETO Ha A/ KbM IR, KOETO HU JlaBa KaTo
uH(OpMaIMs KakBH 3Be3JH MOraT Ja CbIIECTBYBaT MO To3u Mojen. Chriacuero Ha Te3d
TEOPETHYHO ITOJyYCHU BBHHIIHHM XapaKTEPHCTUKH C PEaHO HaOINII0aBaHUTE OOEKTH CIIYXH KaTo
KPHUTEpHH 3a BIPHOCT Ha Mozena. Bee ome HAMa eMHEH MOJIEN 3a CTPOeKa Ha BCHYKH 3BE31H. 3a
pa3IMYHUTE 3BE3AM CE W3ION3BAT PA3IMYHM Mojenu (Hali-Bedue C pa3lMYHU YpaBHEHUsS Ha
CBCTOSIHUETO) M (I3HIIUTE BCE OIe NMPOIBDKABAaT Ja THPCAT TakbB. ExHa OT mpudmHHTE Ce
KOpeHH B TOBa, ye BcenenaTta mMa chbBceM ciiaba INMOJIOKUTENIHA KPUBHHA (CHOMEHATHS 110 TOpe
nTaM0za 4ieH), ChOTBETCTBAIA Ha MpocTpaHcTBO Ha Jle Curep, ¢ KOCMOJIOTMYEH XOPU3OHT Ha
CcbOUTHATA, KOWTO BIHUsEC BBPXY PEalHUTE ChCTOSHMA. [lpyrata mpudumHa €, 4e HAMa BCe OIle
TOUCH (PU3NUECKU MOJIE Ha ATOMHHUTE S/Ipa.

JlutepaTtypa

[1] Erik P. Verlinde, Emergent Gravity and the Dark Universe, SciPost Phys. 2, 016 (2017),
arXiv:1611.02269v2 [hep-th]

[2] Nathan Seiberg, Emergent Spacetime, 2006 arXiv:hep-th/0601234v1

[3] Ade, P. A. R.; Aghanim, N.; Armitage-Caplan, C.; et al. (Planck Collaboration) (22
March 2013). "Planck 2013 results. I. Overview of products and scientific results — Table 9".
Astronomy and Astrophysics. 1303: 5062, arXiv:1303.5062

[4] "Dark Energy, Dark Matter" , NASA Science: Astrophysics. 5 June 2015

[5] Kip S. Thorne, "Gravitational Waves". Particle and Nuclear Astrophysics and
Cosmology in the Next Millenium: 160. arXiv:gr-qc/9506086, 1995.

[6] Todor Velichkov, Numerical investigations of objects in astrophysics, bachelor thesis,
2012.

140



Hayunu tpynose Ha Cbio3a Ha yuenuTe B bbarapus — Ilinosaus. Cepus B. Texnuka
u TexHoJioruu. Tom XVII, ISSN 1311 -9419 (Print); ISSN 2534-9384 (Online), 2019.
Scientific Works of the Union of Scientists in Bulgaria - Plovdiv. Series C. Technics and
Technologies. Vol. XVII., ISSN 1311 -9419 (Print); ISSN 2534-9384 (Online), 2019

YEVBJ/IUTEH CUHTE3 HA IPU3HAIIA 3A OKAUECTBSIBAHE
INIPU ATPAPHU ITPOAYKTHU
Huxounaii lllonos, Tonu Unnen
YHuBepcUuTeT 110 XPAHUTEJHH TeXHoa0ruu, [liosaus, bearapus

WAVELET SYNTHESIS OF SYMPTOMS FOR CLASSIFICATION
OF AGRICULTURAL PRODUCTS
Nikolay Shopov, Tony Iliev
University of Food Technologies, Plovdiv, Bulgaria

Abstract: In the current paper is proposed an approach for classification of agricultural
products from Bulgarian producers. The initial information is received using ultrasound and the
data is processed through the methods for pattern recognition. There are presented the results from
a research regarding the ability for wavelet synthesis of symptoms for classification.

Key words: Symptoms, Wavelets, Pattern recognition, Discrete Wavelet Transform
(DWT), k-nearest neighbors (kNN)) classifier

BoBenenue:

EnHO3HaYHOTO yCTaHOBsIBaHE HAa Ka4eCTBOTO M OE30IIaCHOCTTa HA XPaHWTE W arpapHUTE
NPOLYKTH € IIPUOPUTET B CHBPEMEHHHs CBAT. MHOrooOpasMeTo OT TIJIEAHHM TOYKH - Ha
MOTpeOHuTeNNTe, Ha MPOU3BOJUTEINTE, HA KOHTPOJIHUTE OPTaHW M Jp., HaJlaraT ThPCEHETO Ha
eKCIpECHH, OOEKTUBHU M OE3KOHTAaKTHM METOIU 3a WACHTU(UKAIMS Ha XpaHd M arpapHu
npoxykty. Te Morar na ObJaT pa3zieNeHH Ha JBE YacTH - YChbBBPIICHCTBAHE Ha ChIIECTBYBAIINUTE
U paspaboTBaHe Ha HOBM METOAM M TEXHHYECKH CpEACTBa 3a IMOJydaBaHE Ha ITbPBHUYHA
UH(pOpMALWs U Ch3/1aBaHE Ha HOBH M MO100psSBaHE Ha ChHIIECTBYBAIIUTE METOIHU M aITOPUTMH 32
W3BIMYAHE, TpaHC(GOpPMHpaHE M H3MOI3BAaHE HA IONydeHaTa MH(OpPMAIMA 3a KauyecTBOTO HA
nponykrure. ChbBPEMEHHNTE KOMIIIOTHPHHM TEXHOJOTHU DPa3LIMPSBAT Bb3MOXKHOCTUTE B TE3H
HACOKH.

KauecTBOTO Ha XpaHUTEIHUTE MPOAYKTH Ce ONpeAess Ha 0a3aTa Ha pa3IMYHH MOKa3aTeNu.
3a aHanm3a MM Cce W3MOJI3BAT MHOTO METOIW, KaTo €THH OT IEpPCIIEKTHBHUTE ca ONTHYHHUTE W
yATpa3BykoBute Meroad. ONTHYHHTE METOAM BBB BHAMMATa W HH(pauepBeHaTa o0JacT,
NPEJCTABIABAT MHTEPEC, Thil KaTO B TE3M OOJNACTH MoraT Obp30 Ja ce ONpenessT eJHU OT Hail-
Ba)KHHUTE ITOKA3aTEIN Ha Ka4eCTBOTO — IBAT, (hopMa, HATHIKE Ha JIeeKTH U APYTH.

B YHuBepcuTeTa 110 XpaHUTENHUA TEXHOJIOTUH CHIIECTBYBA OIMMT M AKTUBHO ce pabOTH B
obracTra Ha OOCKTHBHOTO ONpEAEsIHE Ha KauecTBOTO HA XPaHW M arpapHH NPOXYKTH (Opexw,
JoMaTH, KapTodu, CypoBO MISIKO, KHCEIO MISIKO, CHpEeHa, XJeOHH H3Jenus, Meco U Ap.).
Ch3mazieHn ca eKCIIepUMEHTAIHH ITOCTAaHOBKM 3a IIOydaBaHE Ha ITbPBHYHA HH(pOpMAIWs 3a
CHCTOSHUETO Ha KQUeCTBOTO Ype3 M3IMON3BaHe Ha XapaKTePUCTUKH Ha OTPaKEHHE M IPOITyCKaHE B
pasauyHKA 00JIACTH Ha CHEeKThpa — Onmu3ka uHdppadepBeHa oomact (NIR), Buauma obmact (VIS),
yATpa3ByK U Jp. Pa3zpaboTeHn ca HOBHM WM ca afalTHPAHH aITOPUTMH H IPOrpaMHu 3a 00paboTka
Ha IbpBHYHATa MH(OpPManWs M WACHTH(UKAIMA Ha M30paHM MOKa3aTelId Ha KayeCTBOTO C e
KIacudukanus, 6a3upaHu Ha BEPOATHOCTHH W CIIEKTPATHM METOAM 3a pa3mo3HaBaHe Ha oOpaswy,
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yeiiBiaeTn u apyru. OcoO0EHO TOIXOASINM Ca YEBIUTHHTE TPAaHCHOPMALMH C NPUIOKEHUE Ha
OBp3u Ipeodpa3yBaHusL.

Marepuajiu 1 MeTOAN

OOfmaTa cHekTpasHa TEOpHS HA CHIHAIATE MOXE 1a OOCKTHBH3Mpa CHHTE3BT Ha
MPU3HAKOBOTO IPOCTPAHCTBO Ha KiIacHM(UKATOpUTE, KATO 3a NpPH3HALM Ce H3IO0JI3BAT
KOoe(hUIMEHTUTE OT pasjiaraHe Ha MONyYCHUTE M300paKeHUsATa HAa OOEKTHTE B INPEIBAPHUTEIHO
nedunupana cucrema 6a3ucHu yHkimu. [To To3u HauMH ce MpeMaxBa BIUSHUETO HA YOBEIIKUS
(akTop, HEN30EKHO MPH M3MOI3BAHE HA CBPUCTHYHH MOAXOIM, T.C. NPOLECHT Ce 0OCKTUBH3HPA,
KaTO CBIIEBPEMEHHO C€ IIOCTHTa €€ HE3aBHCHMOCT Ha CeJIEMEHTHTE Ha MPHU3HAKOBOTO
MPOCTPAHCTBO — “TIPU3HAIUTE .

OO6monpuero e, 4Ye Hail-700bp € 0a3uchT, KOWTO BOAM JIO JIEKOpeNamwms, T.e
KOC(UIMEHTHTE OT Pa3JIOKEHUETO B TO3W 0a3nC ca HEKOpEIMpaHH WK ci1abo kopenupanu. lpu
MIPAKTHIECKH 33/1a91 CE € HAJIOXKIIIO M3IIOI3BaHeTo Ha Oasmcure Ha Dypue, Ha Yo, Ha Xaap u
Jp. 32 KOHTO ca pa3paboTeHu ObP3H aIrOpUTMU 3a Pa3NIoKEHHE, TO3BOISBALIY ObP30 H3UUCICHHE
Ha CHEKTpaHUTE KoepUIMEHTH. Y eHBINTHUTE TpaHchopMmanun (wavelets) ca MEXIMHHA MEXITY
CTEKTpaNHUTe (XapMOHHYHHM, CEKBEHTHH) M BpeMmeBHTe (Hamp. mMmmyiacu Ha Kponekep). 3a
yEHBINTHTE C OPTOrOHAIHM Oa3zucHM (QYHKIMH € pa3paboTeHa Obp3a JMCKpETHA YyeHBINTHA
TpaHchopMaI, H3BecTHa KaTo anropuTbM Ha Mallat (Smolencev N. N., 2005).

VYelBauTuTe NpeACTaBIsIBAT (GYHKIUH C Half-pa3nudHa (popma, KOUTO ca JOKATU3UPAHH MO
OCTTa Ha He3aBHCHMaTa IPOMEHIHBA (t), C BH3MOXKHOCT 3a IPEMECTBAaHE M0 Hest M MaliadupaHe
(cBUBaHe/pa3TAraHe), UMaT BHUJA Ha KpAaTKU BBIHOBU TAKETH C HYNEBa CpPeJHA CTOMHOCT Ha
yeiiBnerHaTa pyHKius y(¢) - dur 1.

y v
2 ] W
u [ 1.5
s
-(2p 0 0.5 1 t os
z H o
0 I | I 4 -0.5|
1
2 0.5 1 t % i z 3 i "
a) Xaap (JoGemm 1) 6) Kouduer 1

®ur. 1 VeiipnutHa () 1 Marmadbupaa (¢) 6a3ucHu QYHKIIMHA

OcHoBaTa Ha YeHBIMTHOTO IPeoOpa3yBaHe ca /(B HEMPEKbCHATH M HHTEIPUpyeMH QYHKIMH
II0 OCTa Ha HE3aBHCHMAa IPOMEHIMBA: W(t) - yeHBInTHA (yHKIMSA OTpa3sBaiia AETalluTe Ha
curHasia W QopMmupama JeTaiu3upanmre kKoeuiueHtd W @(t) - mamabupama (yHKIus,
omnpeeisiia anpokCHMalusTa Ha CHUrHajda M (opMmHpala anpoKCHMHPAIIUTE KOS(UIIUESHTH.
Bropute ca mpuchImM caMo Ha OPTOrOHAJHUTE yeHBIUTH — Ha Xaap, [loOemmm, xouduetu u ap.
(Smolencev N. N., 2005).

B 00111 B M3XOAHUST CUTHAJI HA HUBO M CE MPECTaBs C M3pasa:

UOEDYINOES 39 X IAC @

Ha mpaxTrka 3a opTOroHaJ HM yeHBIMTH ce mpuiara 0bp30 mpeodpasyBane (Smolencev N.
N., 2005), u3BecTHO ole kKato anroputbM Ha Manat. To ce peanu3upa Ha 6a3ata Ha UTEPAIIOHCH
QITOPUTBM CBHIVIACHO cXeMaTa, MokazaHa Ha ¢wur.2. Bxomawmar curaan U(t) ce momaBa KbM
¢bunTep Ha BUCOKH YecToTH G M GUATHD HA HUCKH 4YecToTH H. YcTaHOBEHO e, 4e BCsKa BTOpa
JIMCKPETHA CTOMHOCT MOXeE Jla ce TpeMaxHe 0e3 3aryba Ha uH(opmarms (IBOMYHA NEeIAMAIIHs).
INomy4aBart ce 1Be TUCKPETHU MOPEIUNN - KOSHUINEHTHTE Ha alpOKCUMAIUs Ha HUBO m=1 a,x OT
¢mntepa G n gerainmsupanre KoepunueHTr d; ot ¢puwirepa H. [lpu pa3narane Ha mO-BHCOKO
HUBO KOG(QHUIMEHTHTE Ha AaNpOKCHMAIMs OT HMBO m=1 (a,x) ce moijaraT Ha aHAJIOTWYHU
orepalyy ChrIIaCHO cxeMaTa oT (ur.2.
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kNN | D
Knacudmkarop

@ur. 2 Cxema Ha KNN xinacudukarop ¢ yeHBIMTHO GOpMUpaHe HA IPU3HAKOBOTO
MPOCTPAHCTBO

Jeratimmsupamunre koepunueHTH d;y OTpa3siBaT INIABHO BHCOKOYECTOTHHS IIYM, TOKaTO
ANPOKCHMHpANIUTE KOCPUIMEHTH a;) OTPa3sBaT XapaKTCPHUTE OCOOCHOCTH Ha OPHIHHAITHHS
curHai. [lomydenurte, KaTo pe3ynTaT YeMBIUTHU KOS(QUIMEHTH ca MPUIOKEHH W W3CICABAHU B
Ka4yeCTBOTO HAa NpH3HAIM 3a pa3lo3HaBaHe. V3MON3BaH € €IWH OT HAl-4ecTo MpUIAraHUTE
napamerpudHn Knacudukaropu — KNN.(Marques de Sa J.P., 2001).

ABTOoMaTHYHUTE KiIacu(UKATOPA HA arpapHd NPOAYKTA Cca CHHTE3UPAHH C BXOJHA
MHQOPMAITHS OT HIKOJIKO BUJIa CEH30PH — ONTHKOCIIEKTPOHHH, aKYCTHYHHU H YATPa3ByKOBH.

B paborara ca m3nonszBann aanau (Shopov N., V. Nachev, Ch. Damyanov, T. Titova, 2009) na
CTOMHOCTUTE Ha KOe(HIMEHTAa Ha CBETJIMHHATA IPOMYCKIUBOCT kT,/T, MOJTYY4EHH KaTo

OTHOILIEHNEe Ha curHaiaute or (oro-enekrponHute cenzopu U(n)=U,,/Uy,, mpu aBe pasiimyHu
JUBJDKMHU Ha BBJIHATA A =710 nm u A, = 850 nm u HauTBKHO cKanupaHe Ha 3194 Gpost HebeneHu
KapTodeHu K1yoeHu oT copT “Arpus”. JlaHHHUTE ca MOTYYEeHU C ONTHKO-ENEeKTPOHHATa Kamepa Ha
nocieaHaTa Owirapcka coprupama Mamuaa ASM  5.01. Bceska otaenHa peanuzanysi OT
CTOMHOCTHTE Ha KOe(pUIMEHTa Ha CBETIMHHATA MPOMYCKIMBOCT € CbCTaBeHa oT L = 25
CTOMHOCTH, PETUCTPUPAHHU TIPY CKaHUPAHETO T10 IU1aTa AbJDKUHA Ha Kiryoenure (¢ur. 3).

Un) U)

5 10 15 20 25n 5 10 1s 20 250
a) Kauectso mepso (K1) 0) Kauectso tpero (K3)

®ur.3. TumoBu peanu3anuy Ha KapToheH! KIyOeHH.
Ilpn cuHTe3a Ha KIACH(HUKATOP HA OPEXOBUTE IUIOAOBE MO KadecTBO € paboTeHo ¢
aKyCTHYHA BXOJHA WH(opMaIys B 3ByKOBUs auana3oH (¢ur. 4). OkayectBenu ca 120 Op. menu u
3/IpaBH OPEXH OT ITBPBO KAYECTBO M OPEXH C JIeheKTH Mo YepymkaTa OT TPETO KadyecTBO OT TPH

7oo0

i 5000
000

000 |- B

1

2000 [0

2000 |- B

1000 [ B

o 20 10 60 80 0120 140 160 180 200 o5 Tovs ST o) ) o o0

@ur. 4 ITonydeHn aKyCTUYHU CUTHAIN @ur. 5 YATpa3ByKOB €X0-CUTHAII 32
3a KJIacH(pUIMPAHUTE OPEXH OT BE OBATapKO OSII0 caaMypeHO CHpEeHe
KayecTBa

OBATapcKy cenektupanu copta—iszeop 10, Iepywuncku u Ipocrascku.

Cxemara Ha 7a0OpaTOPHUS CTEH]] 38 MYJITUCEH30PHO M3CIIEIBaHE HA YEPYIKOBHU IIOAOBE U
KaMmepara 3a ONTHYHO ITOJy4aBaHe Ha HWH(opMmanus ca moapobHo ommcanu B (Shopov N., A.
Kansazov, N. Katrandzhiev, V. Kansazova, 2017).

BxonmHara wH(pOpManus 3a OCTaHAIUTE XPAHUTEIHH MPOIAYKTH € IOJy4eHa MOCPEICTBOM
ynTpa3BykoBusi exonokamuonen Metox (Yordanov S., R. Ilarionov, 1. Simeonov, H. Kilifarev,
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N.Shopov, H. Ibrishimov, 2010). Toifi ce ocHOBaBa Ha H3MpallaHe OT npedasamesl Ha
BHCOKOYECTOTEH MakeT OT MMITYJICH, KOWTO Ce pa3lmpoCTpaHsBa B cpejara [0 Marepuana 3a
UICHTU(UKALMS, OTPa3siBa C€ OT HEro W CE BPBILNA KATO €XO KbM BTOPHUS CEH30D - MPUEMHUK.
CHekTbpbT Ha OTpa3eHus CUrHAI ((ur. 5) 3aBUCH OT IUTBTHOCTTAa M XOMOTCHHOCTTA Ha MaTepHaa.
BenmenctBue Ha TOBa YATPAa3BYKOBHUSIT CHTHAI ce Moaudumupa u HOCH uHoOpMmamus 3a
XapaKTEePUCTHKUTE Ha cpelaTa My H3TbYBaTeI sl U IPUEMHHKA.
ToBa naBa Bb3MOXKHOCT 32 WASHTU(UKAINS HA ChCTaBa Ha BEIIECTBATA B KAUECTBEH aCIICKT.
PesyaraTu
[MonydeHnTe pe3yaTaTd NpH U3CIIEABAHUATA Ca IPEACTaBeHH B Tabu. 1.

Tabnunma 1
[omydeHn pe3yntaTd TpH KIACH(UKALMA Ha arpapHH NPOTYKTH C YCHBIUTEH CHHTE3 Ha
MPU3HAILH.

Bpoii OO6m1a rpemika
Arpaper poyKT/ kiaca/ Veiisaut Huso na Mpusnanu | Knacuguxatop TpH
CypOBHHA KauecTBa paznaraHne KJacu pukarys,
E
op. m op. %
Kaprodenu kinybenn 3 Xaap 1 9 kNN 13,12
Kaprodenu kinybenn 3 Jlobeun 3 1 11 kNN 13,82
Kaprodenn kinybenn 3 Kouduerl 1 8 kNN 13,28
Kuceno MIIIKo o MacjaeHoCT 9 Xaap 8 kNN 4,53
Kuceno misko no MacieHoct 10 Jobemn 3 8 16 kNN 6,11
Kucesno misiko o macieHoct 11 Koudguerl 8 18 kNN 6,11
Criupt 4 Xaap 8 5 kNN 4,88
CypoBO MIISIKO 14 Xaap 9 10 kNN 8,1
Bso canamypeno cupene 3 Xaap 9 9 kNN 9,94
bsi10 canaMypeHo cupeHe 3 Xaap 9 9 kNN 8,07
Opexu 2 Xaap 6 3 kNN 15
IMpemBun xapakTepa Ha arpapHATe NPOAYKTH — CIOXHH OWOJIOTMYHH OOCKTH C

MIPOMEHJIMBU TapaMeTpy M paziuyHaTa BXOJHA WHQPOpPMANUs € TodydeHa oO0Ima Tpemka OT
KIacudukanuaTa B rpanunara ot 4,88 mo 15 %. Pesynrature ca no0pwu, KaTo H3CIEABaHHUATA ca
HACOYEHH KbM IMOJOOpSBAaHE HAa TOYHOCTTA C TPWIAraHe Ha CHBPEMEHHH KIaCH(PHUKATOPH
(HEBPOHHU MPEXH, METOJ] HA OLIOPHUTE BEKTOPH U JP.)
Baaropapnoctu
Tosu goknan e noakpeneH GUHAHCOBO OT JOroBOp mpoekT 16/18-H ,,Y chBBpIIICHCTBAHE METOIUTE 32
OKaueCTBsBAHE CTPYKTypaTa Ha pa3pe3HaTa IIOBBPXHOCT Ha OelM calaMypeHH CHpeHa C H3ION3BaHE Ha
KOMIIOTBPHO 3peHne”, punancupa ot Gponx “Hayka” Ha YXT- [lnoBxus
References
Smolencev N. N., Wavelet theory basis. Wavelets in MATLAB, DMK Press,Moscow, 2005. (in
Russian)
Marques de Sa J.P. Pattern recognition.. concepts, methods, and applications., Springer, 2001
Shopov N., A. Kansazov, N. Katrandzhiev, V. Kansazova, Computer system for classification of
walnuts according to their external shell defects with acoustic receivingof information, INTERNATIONAL
SCIENTIFIC CONFERENCE “UNITEX’17”, 17-18 november 2017, Gabrovo, ISSN 1313-230X,
Journal of the Technical University of Gabrovo vol. 56 (2018) 85-89
Shopov N., V. Nachev, Ch. Damyanov, T. Titova, Wavelet Classifiers for Bulgarian Sorting Machines
ASM 501, International Conference on Computer Systems and Technologies - CompSysTech’09, 2009, Ruse
Yordanov, S., R. Ilarionov, I. Simeonov, H. Kilifarev, N. Shopov, H. Ibrishimov. System for Non-
Contact Ultrasonic Study of Mediums and Materials Intended for Embedding into Automated Manufacturing
Systems. Proceedings of the International Conference on Computer Systems and Technologies,
CompSysTech’10, Sofia, Bulgaria, 17-18 June, 2010, pp. 353-358. (ISBN 978-1-4503-0243-2)

144



Hayunu tpynose Ha Cbio3a Ha yuenuTe B bbarapus — Ilinosaus. Cepus B. Texnuka
u TexHoJioruu. Tom XVII, ISSN 1311 -9419 (Print); ISSN 2534-9384 (Online), 2019.
Scientific Works of the Union of Scientists in Bulgaria - Plovdiv. Series C. Technics and
Technologies. Vol. XVII., ISSN 1311 -9419 (Print); ISSN 2534-9384 (Online), 2019

AKTHUBU3UPAHE HA ITIO3HABATEJIHATA MOTUBALIMSA YPE3
HNPAKTHYECKH 3A1TAYN
Tonopka Tep3neBa, Acen Paxues, Ilerso Ilasiios
ITY ,Haucuii Xunenaapcku*, @akyjaTeT N0 MATEMATUKA U HHGOpMAaTHKA

ACTIVATING KNOWLEDGE MOTIVATION THROUGH
PRACTICAL TASKS
Todorka Terzieva, Asen Rahnev , Petyo Pavlov
Plovdiv University Paisii Hilendarski, Faculty of Mathematics
and Informatics

Abstract

In recent years, it has been stressed the need to optimally combine different means that
allow the new knowledge to be presented to the student as a problem. To the extent that the pupil
participates in solving problems and seeking new paths to achieve a result, learning-cognitive
motives are also improved. In this report, we present some methodological approaches for
activating the cognitive motivation of students to study computer disciplines by solving practical
problems of interdisciplinary nature. They aim to stimulate interest in knowledge and learning
process. Students are offered tasks from other school disciplines and their solution is done using
the methods and tools of informatics and information technologies. The aim of the study is to
increase motivation to study programming and to develop integrative competencies through tasks
of interdisciplinary nature.

Key words: Motivation, knowledge motivation, interdisciplinary teaching, motivation for
training informatics

BnBenenne

[To3HaBaTenHUTE MOTHUBH ce (OPMHUPAT C BCHYKH CPEICTBAa B Xoha Ha ydeGHus mporec. Te
UMaT 3a [el jJa MoAOYXKIaT MHTepec KbM 3HAHHETO ¥ Ipoueca Ha ydeHe. IIpes mocnemnute
roauHu c€ moadyepraBa HeO6XOL[I/IMOC"[Ta OT ONTUMAJHOTO ChUCTAaBAHC Ha pa3JIMYHU CPEIACTBaA,
KOUTO IIO3BOJIABAT HOBOTO 3HAHUC Oda C€ MNPCACTaBHM Ha YUYCHHMKAa BBB BHJ Ha HpO6JT€M. C
q)OpMI/IpaHeTO Ha MOTUBAIUA 3a YUYCHC C€ Cbhb3JaBa MOJOKUTCIHO €MOIMOHATIHO OTHOIICHUE KbM
nporeca Ha 00ydeHHe U O-BHCOKO HUBO Ha YOBJICTBOPEHOCT OT IOCTUTHATHTE PE3YJITATH.

IIpeneOpersaneTo Ha CTUMYJa 3a y4eHE obade MOXeE Ja C€ MPEBBPHE B CEPHO3CH IIPOOIIEM.
BcnenctBre Ha nmumcata Ha MOTHBALMS YUCHHKBT CIIUPA Ja YU Ka4eCTBEHO, Pa3BHBA HETATHBHO
OTHOIICHUEC KbM YYWIHMIICTO, YYUTCIIUTC W YYCHCTO IIO IPUHIIMUIIL. Eto 3a1mo0 € U3KIKOYHUTCIHO
BaXHO MHTEPECHT HA YUCHHMUUTE Aa ObJe CTUMYIMpPAaH aKTHBHO M Ja ce MOAABbpXKAa U pa3BUBa
MoTuBauyA 3a ydeHe. C IOHATHETO MOTHBALMS CE M3pa3siBa Haif-001I0 ,,HACOUCHA aKTHBHOCT ® Ha
JIMYHOCTTA. MOTI/IBaL[I/IHTa C€ pasriexaa Kato ﬁepapxnlma CHUCTEMa Ha MHOI'O paBHHIIA, B KOATO
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pa3JInuHE MOTHBH CE HAMUPAT B €IMHCTBO U B3aumoneiicTue (Stirling, 2013). Besika neiiHOCT U B
YaCTHOCT — YYCHETO ce MOA0YK/a OT J1a/JICHA MOTHBH.

IMo3naBaTeHaTa MOTHBALUSA NPH U3y4YaBaHe HA HHGOPMATHYHH THCHUILIMHA

[IpaBritHOTO OpraHM3MpaHe U PHKOBOJICHE HAa YIEOHHMS IpoLec ONaronpuaTCTBa 3a Pa3BUTHETO
Ha TO3HABATEITHM WHTEPECH, M3TPAKJAHETO HA TOJNIOKHUTEITHH MOTHUBH 3a ydeOHaTa IEHHOCT,
KOUTO BEIHBXK (POPMHpAHM, CaMM CTaBaT NEHCTBEHH BBTPEIIHM (PAaKTOpU 3a MOAOOpSBaHE Ha
HEeWHOTO KauecTBO W ToBHUIIaBaHe Ha epextuBHOCTTa U (Patrick, 2011). MoTtuBuTe 32 ydeHe ca
BBTPEIIHU NOA0Y/N, TIIaBHO OCh3HATH, MO CHJIATA Ha KOMTO YYaIMAT yCBOsIBA 3HAHUS, GpopMHUpa
YMEHHS W HaBUIW, W3ITBIHABA CBOM YUIIHMIIHN 3aJBbJDKCHUS W WM3BBPINBA PA3IUIHH yIeOHU
U3BBHKIACHU JAeHHOCTH. XapaKTepHO 32 MOTHBUTE 3a ydeOHaTa NEHHOCT ca HACOUYEHOCT Ha
3HAHUETO KaTO HENOCPEICTBEH IOAOYAMTEN 332 aKTHBHOCT; Y/IOBJIETBOPEHOCT OT YYacTHETO B
MO3HABATETTHUTE ACHHOCTH M HEYHOBIETBOPEHOCT OT mocTUrHatoTo (Schunk, 2012). Ot mpyra
CTpaHa Ch31aBAHETO Ha YCIOBHs 3a MONOKUTETHO €MOIMOHAIHO OTHOLIEHHE KbM YUMUIIHIIETO U
CBBP3aHUTE C HErO JCHHOCTH, TPOBOKHpPAHE HAa CTPEMEX 3a NPOHHKBAHE B CHITHOCTTA Ha
U3y4aBaHUTE MPEAMETH M SABJIEHHUA U MPEOJOSIBAHETO HAa HAMPEKEHUETO U TPYAHOCTUTE IPU
pemraBaHe Ha ydeOHO-TIO3HABATEIHH 3aJadll pa3BUBa JKEIAHWE 32 YCHBBPIICHCTBAHE Ha
COOCTBEHHTE MHTENEKTyalHH Bb3MOXHOCTH. Cmopen bpodm MormBamumsra 3a ydeHe ce
npuaoOMBa OT IPUIOCTHUS ONUT M OMBAa CTHMYJIMpaHa Hal-JMPEKTHO Ype3 MOJEInpaHe,
KOMYHUKHpaHE HAa OYaKBAHMATA W JUPEKTHH WHCTPYKIUH U COIHMAIN3UPAHETO OT 3HAUYUMHTE
Japyru (ocoOeHO poAUTENUTE U yunuTenute). Tyk ce moauepTaBa 3HAYEHUETO Ha POJIEBUTE MOJIENH,
Ha SICHUTE IETIM M OYAKBAHMSA, M YUUTENAT KaTO CONMAIM3HpAI] areHT Ha mpomsHata (Brophy,
1987).

OCHOBEH MeAarornueck e(heKTUBEH MHCTPYMEHT 3a OpraHM3alus Ha ydeOHaTa AeifHOCT Ha
YYEHHIUTE TIPM HM3ydaBaHE Ha HMH()OPMATHYHM TUCHMIUIMHM € Ch3JaBaHETO Ha NpoOIeMHa
curyarms. [Topagn dakra, 9e METOmUTE W CpeCcTBAaTa Ha MH(POpMATHKATA Ca MOTYIMIH MIHPOKO
pa3npocTpaHeHne B MHOTO O0JIaCTH Ha YOBEIIKATa ACHHOCT, 3a7a4nTe PEIlaBaHU B YaCOBETE 110
nHOpMATHKA UMAT SIPKO U3pa3eH MexynpenMeTer xapakrep (Pavlov, 2017b).

Enna YCJIOBHa KJ'IEICI/I(i)I/IKaHI/IH Ha MCKAYNIPEAMETHUTEC BPB3KW MOXKE 11a €:

® TeopeTMYHa Bpb3Ka — KOraTo 3a MO-10Opo pa3bupaHe Ha yueOHHUs MaTepuan Mo
MH(OPMATHKA CE M3IIOI3BAT aHAIOTHH W TIPAMEPH OT IPYTH 00JIacTH;

®  [paKkTHYecKa Bpb3Ka — KOraTo Ha YUCHHULHUTE Ce€ MpeIaratr 3aJaqyu OT JPYrd YUWIHIIHA
MPEIMETH, HO TSIXHOTO pPElIaBaHe Ce OCBIIECTBSABA C MOMOIITa HA METOAUTE U CPECTBATA
Ha MH(pOpMAaTHKATA.

Koraro ce u3yuaBar oOLIUTe MPUHIUIM Ha IOCTPOSBAaHE Ha MHGOPMAIMOHHU MOJENHU, KaTo
NpUMEpPH C€ pasmIekAaT HHGOPMALMOHHM MOJEIM OT pa3yIMdHU IPEIMETHH o0lacTu —
MaTeMaTHKa, (pU3MKa, eKOJIOTHs, HKOHOMHUKA, Ononorus u T.H. ToBa Boau 10 3aabia0o4aBaHe Ha
3HaHUATA HA YYEHUIUTE 10 MH(POPMATHKA U TOBUIIABAHE HA MOTHBALMATA KbM NPOrpaMHUpaHe U
pabora ¢ kommoTep. To3nm BHI Bpb3Ka AEMOHCTPHpA pOIATA M 3HAYCHHETO HAa HayKaTa
uH(OpMATHKA 3a JPyruTe 00J1acTH HAa YOBELIKOTO TO3HAHHE.

Crnopen BpyHep Hail-qo0pusIT HAUKMH Ja ce Chb3/1ajie NHTepEeC KbM MpeIMeTa € Ia ce CUuTa TOH
3a LCHEH, IOJIC3CH, TOJICH 3a yIoTpeda, 0COOCHO B CHUTYallMH, KOWTO Ca M3BBH KOHTEKCTa Ha
oO0ydenneto (Bruner, 1976). Bppxy pa3BuTHeTO Ha TO3HABAaTeTHATA MOTHBAIUS HA YUCHHIIUTE
OKa3BaT BIIMSHUC Hal-pa3uyHu (DAaKTOPH, B TOBA YHCIO M OCOOCHOCTUTE HA PA3IMYHUTE YICOHU
npeaMetr. [lo3HaBaTenHUTe MOTHBU ce (OpMHUpAT C pa3iMIHU CPEACTBAa B XOJa Ha y4eOHHS
npotec. Te UMaT 3a Lel Aa Noa0YKIaT UHTEPeC KbM 3HAHHETO M Ipolieca Ha yueHe.

B n3cijieABaHusITa Ha pezu/lua aBTOpI/I ce HpeI[CTaB}IT pa3quH1/1 BB3MOXKHOCTHU 34 IMOBUIIIABAHEC
Ha e()EKTHBHOCTTa Ha OOYYCHHETO IO MporpaMupaHe W MHpopMannoHHu TexHonorud (Rahnev,
2009; Garov, 2015; Angelova, 2010) Ha BcHYKH HUBa OT TIpolleca Ha oOydeHue. Meroaure Ha
o0ydyeHHne ca TO3M KOMIIOHEHT Ha OOY4YEHHETO, KOWTO € B CBhCTOSHME Ja TO HalpaBH
MPUBJICKATEIIHO 332 YUCHUIIUTE, & IPHBJICKATCIHOCTTA HA 00YYCHHUETO € OCHOBATE/IHA IIPHUYKMHA 33
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ydeOHa akTHBHOCT. MOIIEH MOTHBHpal] IMOTEHIMAl B TOBA OTHOIICHWE MNPHUTEXKaBa CaMOTO
pa3sHooOpasue OT TpHIaraHd MeToad Ha oOydenue. Ilpm wn3ydaBaHe Ha WH(OPMATHIHN
JUCHUIUTMHA € HEeoOXOOMMO Jla Ce M3XOAM OT MHpoOJeMHA CHTyalus, BB3HUKBAIA H3BBH
IpeMEeTHaTa O0NacT Ha NPOrpaMUPAHETO — B 00JIACTTa HA €CTECTBEHUTE HAYKM, TEXHHKATa,
MKOHOMFKATa WIH BB BCAKA JApyra MpakTudecka cdepa, u GpopmynupaHe Ha ChOTBETHH 33Ja4H.
Crenr TOBa ce IMOCTaBsl IIEJ Jla Ce pellaT Te3W 33Jaud 4pe3 CpejicTBaTa Ha MH(OPMAIMOHHOTO
MOJIeNHpaHe, T.€. a ce ChCTAaBH IpOorpaMa M Ja ce MpoBeje eKCIepuMeHT Ha kommoTsp (Pavlov,
2017a). B mnpomeca Ha pemraBaHe Ha 3ajgadyaTa OOy4aeMHUTE CaMOCTOSTEIHO 3aTBBPIKAaBaT
HAy4eHOTO, a CBII0 TaKa OTKPHBAT HOBHM XapaKTEPHUCTHKH HA H3y9aBaHWTE CJIEMEHTH upe3
I[eJICHACOYCHA aKTHUBHOCT OT TSAXHA CTpaHa. EqHa oT menute Ha 00y4EHHETO IO MPOrpaMupaHe e
CTYJCHTHUTE J]a YCBOAT TEOPHATA U Ja sl IPHIaraT KaTo PeIiaBaT MpakTHIECKH POOIEMH.

Hoata yueGHa mporpama no mu(opMaruoHHH TexHonoruu 3a VII kiac' Bimsa B cuma or
yueOHaTa 2018/2019 ronuna. B Hes eHa OT OCHOBHHTE TeMHU € ,,00paboTKka Ha TAOMMYHU TaHHH,
KaTo efHa OT IeTTe moareMu € ,,OCHOBHM THIIOBE Auarpamu. I'padmuHa WHTepIperanys Ha
nanHute. Konupane Ha quarpama B oTAeneH juct®. Te3u moaremu ca ocoOEHO MOAXOASIIU 3a
Ch3/IaBaHEe Ha MEXTYNPEAMETHH BPB3KH MEKIY TPUTE TUCHUIUIMHHI: MaTeMaTHKa, HHPOpMaTHKa
n WHOOPMAIMOHHH TEXHOJIOIMM, 3aIl0TO C€ MpeAnojara, d4e YyJICHHIUTE MpPUTEXKaBaT
HEOOXOAMMUTE 3HAHMS M yMEHMS 3a pelllaBaHe Ha rocraBeHuTe 3anaur. llle pasriename HiKoM
3aJaul OT APYTM Y4eOHM NpeAMETH, KOUTO C€ MOJEIHpaT ChC CHCTeMa OT JBE JHMHCHHU
YpaBHEHHS C JBe HEM3BECTHHM, KaTo MOKa3Bame rpaduuHoTo i pemenue B MS Excel, cnen Tosa 1me
HanuuieM nporpama Ha C#.

IIpumepute B crartusita ca HampaBeHu B cpenata MS Office 2016. 3a wmoctpupane Ha
MHTEPANCIUIUTHHAPEH MTOX0/] B 00YUCHHETO 10 HHPOpMaTHKa W HH(OPMAIIMOHHN TEXHOJIOTHH B
Ta3d CTaTUs INpeATaraMe eJWH THUI 3aJa4d 110 MaTeMaTHKa OT ABIDKEHHE, a APYTUSAT € OT
mpeaMeTa ,XUMHUS U ONa3BaHE Ha OKOJIHATa cpeja” — HaMHpaHe Ha KOJIMYecTBaTa Ha JBe
BEIIECTBA, ydJacTBAalM B XuUMHYHa peakmust. Ms Excel pasmomara ¢ HeoOxomammus
MHCTPYMEHTApUYM 32 OHaryie[siBaHe HA rpadukyM Ha (YHKIMM 4pe3 HEroBUTE PasHOOOpa3HU
muarpaMi. [Togxomsdmioro MM HW3MON3BaHE MOXKE Ja JIOBEAE MO JOOpPH ¥ JIECHO TOCTIDKHMHU
pe3ynTaTH, KOUTO MOTHBUPAT YUCHUIIUTE U Ch3/1aBaT MO3UTUBHO OTHOIICHHUE.

. . - + . + o , basosa 3amawa e mocrposBaHe Ha rpadukaTa Ha
— P a— nuHeWHata (yHKIMsA ax+by=c, ¢ mnomomra Ha
nuHelHa amarpama B MS Excel. 3a menra orBapsme

HOBa Mpa3Ha KHUra U BbBeXJIaMme B KieTka Al: x, a B
ietka Bl: y. Ilox kimerka Al BbBeXIame HIKOJIKO
(manpumep 20, a Moxe M 2 — 3ami0?) HE3aBUCUMHU
CTOMHOCTH Ha MPOMEHIMBaTa X, a B CbOTBETHHUTE

KJIETKM Ha KOjJoHa B ChOTBETHHUTE CTOMHOCTH Ha
c—axx

g
E

s

D MIPOMEHJIMBATA Y, TIOYICHU TI0 popMyliaTa y = )
19 7.5
20 12| 800

) (b#0). Ilpu b=0 ce momy4aBa TpPUBHAIHATA
rpaduka Ha QYHKOUS X =§, KOSATO € IIpaBa,

’

DQue. 1. Jluneina ghynkyus
ycnop€aHa Ha opJauHarara. CJ'ICI[ TOBa OT pasacia

Insert, BMbKkBame ToukoBa X-Y muarpama. Ha ®wur.l e mokasana rpadukata Ha QyHKOMATA -
x+2y=4. IlpemocTaBsMe Ha yYCHUIUTE BpPEME CaMHU WM TI0 IBOMKH Ja IOCTPOSAT TUArpaMH C
pa3NuyYHK ypaBHEHUS Ha mpaBu: 2x+y=7, [2x+3y=4, u np. KakTo u ¢ Takusa ,,0c00€HH cIydan™,
IIpU KOUTO ax=c, by=c, unu ax+by=0.

Crenpamiata CThKa € Ja IMOKAXEM B3aMMHO IIOJIOKCHHE Ha JBe rpadUKh Ha JIMHCHHU
(YHKIIUK B OT TaM Jia MPEMUHEM KbM TPaQHUIHOTO peliaBaHe Ha CUCTEMa OT JIBE yPaBHEHHUS C JIBE
nem3BecTHU. Jlob6aBsme B konoHa C, B kietka Cl: yl, a B KIIeTKUTe MO Ta3U KIeTKa CTOHHOCTUTE

! https://www.mon.bg/?go=page&pageld=1&subpageld=1690
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Ha yl nmomydenn ot ypaBHeHuero x+3y=/. Ciex ToBa or pazjena Insert, BMbkBame ToukoBa X-Y
muarpama (¢ur.2). Ms Excel aBromatiarao nospazoupa, ge B Haif-TIs1BaTa KOJIOHA € CTOWHOCTTA Ha
He3aBHUCHMaTa MPOMEHINBA, a B CIEABAIIUTE Ca 3aBUCHMHTE NMPOMEHIMBHU. HemocpeacTtseHo ce
3a0ersI3Ba PEIICHUETO Ha CHCTEMaTa OT JIBETE YpaBHEHHMS, B Cirydast ToukaTa (-2; 1).

Rl s [ ¢ o [ F[F sl T x Ille pasrnemame mnonremata — Pewenua Ha
= TS cucmema om 08¢ JIUHEUHU YPAGHeHUs ¢ 08e
T 200 BaaumHo nonometne Ha rpadmkm

=2 HeuzeecmHu, upes memooa Ha Kpawep u 1ie

HanuieM nporpaMa Ha C#. IIpu TakaBa cuctema
TpsOBa 1Ja ce HmpecMeTHAT TPH ACTCPMHHAHTH:

100 1.00)
150 0.67}

1
3

4

5 3 0.50 133
6

& 200 033
2

250 000f

10 300 033 A= aq b1 _|a bl _ |a1 C1|
1 3 330 067 - - -
:2 4 400 -100} a, bZ T C bZ ’ Y a; Gl
B s 450 s .
B 6 f@g :;; 3a Tas3W men Ie Ch3AaJAeM METOI determmanta,
16 8| s 233 ' KOWTO BpbIIA NpECMETHATATA JACTCPMHUHAHTA HA
7 o 630 26 oy .

0 700 300
| I = quHpHTGIICHeMGHTa.TyqueHHHHTep336HpaT
IR RTTIRET U HyKJIaTa OT 000co0sBaHE Ha OIpeJeNeH

4] 13 850 -4.00}

IporpaMcH KOA B OTACICH MCTO. AHaJ’II/IS’I/Ipa ce
Que. 2. Cucmema om 08e nuHelHuU ypasHenus ¢ BB3MOKHOCTTA 32 MHOI'OKpPAaTHO U3ITbJIHCHUE Ha

o6e neussecmuu €IMH H CBII aJIrOpUThM, HO C Pa3IM4YHU
A A
=Y =X

napametpu. Cnern ToBa jecHo uzuncisBame X u Y, 3amorompu 4 # 0, X = 7

class Program

{

static double determinanta(double a@@, double a@l, double al®@, double all)

{
return a@@ * all - a@l * alo;

}

static void Main(string[] args)

{
double al, bl, c1, a2, b2, c2;
Console.WriteLine("BbBeneTte KoeduumeHTUTE");
Console.Write("al= "); al = double.Parse(Console.ReadLine());
Console.Write("bl= "); bl = double.Parse(Console.ReadLine());
Console.Write("cl= "); c1 = double.Parse(Console.ReadLine());
Console.Write("a2= "); a2 = double.Parse(Console.ReadLine());
Console.Write("b2= "); b2 = double.Parse(Console.ReadlLine());
Console.Write("c2= "); c2 = double.Parse(Console.ReadLine());
double delta = determinanta(al, bil, a2, b2);
double deltal = determinanta(cl, bl, c2, b2);
double delta2 = determinanta(al, cl, a2, c2);
Console.WriteLine("x = {@} ; y={1}", deltal / delta, delta2 / delta);
}

}

B
CpaBHsiBaMe pe3ynTature oT rpaduuHoTo peuienue (¢ur. 2) u LOGICTE KICPUUHSHTHTE

al= —

M3MBITHEHUETO Ha MOCOYCHHS porpaMer ko Ha C# (¢ur. 3).

EnHo ot uectute MPUIOXKEHUA Ha CUCTEMUTE OT ABC YpaBHCHUA C
JBC HCU3BCCTHHU Ca 3aJayd OT ABM)KCHHC B MaT€MaTHKaTa, KOUTO CC
n3ydyaBaT B VII kjnac W MO-TOYHO B 3aJa4uTe 3a ABMIXKEHHE II0
TECYCHUETO U CPEOTy TCUYCHUECTO HA PEKa WK B 3a1a4YUTC 3a JICTCHE I10

BT Ha BATHPAa WM Cpelly BATHpAa. AKO C€ ThPCH CKOPOCTTa Ha Due. 3. Pewenue na
MPEBO3HOTO CPENICTBO M CKOPOCTTA HA TCUCHHUETO/BATHPA € MOAX OIS0 {— x+ ;y = f
x+3y =

Te 1a OpaaT o3HaueHn ¢ X 1 Y.

3amauya 1: Jlerso ¢ BaThpa camoner m3mmHaBa 750 kM 3a 3 dWaca, a B oOpaTHa Mocoka
Pa3CTOSHUETO € INpOoIbTYBaHO 3a 5 4vaca. Hamepere ckopocrTa Ha camoriera 0e3 BATBpD M
CKOpOCTTa Ha BSITHpA.
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O3HayaBame ¢ X — CKOpOCTTa 0Oe3 BATBP, a C Y — CKOPOCTTa Ha BiThpa. [lombiBame mo3HaTaTa
TabJIMITa OT YaCOBETE 0 MaTEeMaTHKA:

Ckopoct Bpeme W3muHaT oet
C BaTbpa (x+y) km/h 3h 750 km
Cpemy BATBpa (x-y) km/h 5h 750 km
OTKBICTO MONTyYyaBaMe CUCTEMa OT JIBC YPABHEHHS C JIBC I TYTEr————
HEN3BECTHU: 1= 3
{(x+y).3=750 -
(x —y).5=750 .
{3x + 3y =750
5x — 5y =750

@Due. 4. Pewenue na 3ao. 1

Craprupame npuiokeHnero Ha C#, HaMUpaIIo peleHusTa
Ha cucremarta (Dwur. 4).

BropoTo mpuMepHO MPHUIOKEHHE Ha WHTEPAMCUUILUIMHAPEH MOIXOA B OOYYEHHETO € eaHa
TUMAYHA 3a]a4a, KOSATO CE pelllaBa B YacOBETe [0 XUMHS W Ola3BaHE Ha OKOJHATA cpeja.
Cp3maneHusT UHGOpPMAIMOHEH MOJEN Ce CBeXAa OO0 TpagUyHO pellaBaHe HAa CHCTeMa OT JBE
JIMHEHHY YPaBHEHUS C JIBE HCM3BECTHH:

3anaua 2: [Ipu pa3TBapsiHe B COlHA KUCeNWHA HA 2,33 Tp. CMEC OT KEeJSA30 U IIHUHK € TIOIYYeHO
896 ml Bogopon. Komixo rpama skens30 1 KOJIKO TpaMa IIHK ca yJacTBali B peaknusaTa’?

TTonxomsmu BRIIPOCH KbM YdeHUIIUTE ca: ,,Kak e pemmm tazu 3aada? Konko Hen3BecTHH ca
B Hest? C momorra Ha Koi Meron?*. EAuH OT Bb3MOXKHUTE HAUMHH 32 HAMUpPAHE Ha HEM3BECTHUTE
€ CHCTeMara C JIBe YpaBHEHHs C JIBE HEM3BECTHHM, KaTO OOMKHOBEHO B XHUMHATA CE THPCH HE
Macara, a KOJIMYeCTBOTO BEIIECTBO — MOJ.

Heka B cmecta mmMame X Moia Kensi3o Wy Mmojia nuHka, ToraBa m(Fe)=55,845g/mol,
m(Zn)=65,38g/mol. TlonmyyaBame mbpBOTO ypaBHenue: (1) 55.845x+65.38y=2,33 g. Karo
cbo0pa3muM, 4e B XMMHYHATA PEaKIATa OT X Moia Fe ce momydaBaT X Moja BOJIOPOI, a OT Y MoJia
Zn ce moNy4aBaT y MOJa BOJOPOJ MOJIydaBaMe U BTOPOTO ypaBHeHue: (2) 22,4x+22. 4}F0 896. Ot
(1) u (2) momy4aBame:

55.845x + 65.38y = 2,33

{ 22,4x + 22.4y = 0.896

VYueHUIUTE BIKIAT, Y€ PEIIaBaHETO Ha
Ta3W CHCTEMa Ha JIMCT € JocTa TPYyHOoeMKa
3a7aya. 3aToBa CTapTHpaMe NPHIOKCHHETO
Ha C#, Koero HanMcaxMe I0-rope u
nojy4aBamMe perenueTo (¢ur. 5).

BoeEeneTe KOEOHUMEHTHTE

0.8%6
= 0,0299108547456738 ; y=0,0100891452543262

x = 0.03,y = 0.01 Que. 5. Pewenue na 3ao. 2.
m(Fe) = 55,845 x 0.03 = 1.68 g, m(Zn) = 233 - 1.68 =0.65g

HauepraBame rpadukure Ha (yHKIHWTE, MOMydeHH OT aBere ypaBHeHHMs B MS Excel mo
MO3HATHUS HU BeYe HAUMH, KaTo MOoIydaBaMe U rpa)MuHOTO pelIeHne Ha 3aqadata (¢ur. 6).

Upe3 mpencTaBeHUST MUTAKTHYECKH MOAXON C€ peann3upa MEKAYINpeAMETHa HHTETpaIlus.
LenTa e npoBOKMpaHe HAa HMHTEPEC U OBUILIABAaHE HA MOTHBAIMATA HA YUCHULIUTE 3a U3y4aBaHe Ha
nporpamupane. OT apyra cTpaHa 4pe3 MPEIIOKEHHUTE 3aadd Ce IEMOHCTPHpPA TPAKTHUCCKHUS
CMHCBJI U TIPUIOKHOCTTA HA 3HAHUATA U YMEHHATA M0 HHPOPMATHKA.
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B3anmHO nonoykeHwve Ha rpadpukm Ha IMHENHMK
byHKLMM

—8—55.845x+65.38y=2.33 —@—22.4x+22.4y=0.896

D@ue. 6. ['papuuno pewenue na 3a0. 2

3akjrouenne

XapakTepHO 3a MOTHBHUTE 3a ydeOHaTa IEHHOCT ca HACOYCHOCT Ha 3HAHHETO Karo
HETIOCPEICTBEH MOJ0YAUTEN 32 aKTMBHOCT M YJOBJIETBOPEHOCT OT YYacCTHUETO B ITO3HABATEIHUTE
JeiHoctd W mocturHaroro. OT Apyra cTpaHa Cbh3[JaBaHETO Ha YCJIOBUSL 3a IOJOKUTEIIHO
€MOIIOHATTHO OTHOIIEHHE KbM OOYYEHHETO W CBBP3aHHUTE C HEro JCWHOCTH, MPOBOKHPAHE Ha
CTpEMEX 3a MPOHUKBAHE B CHLIHOCTTA HA W3Yy4aBaHUTE MPEIMETH U SBJICHUS, U NPEOIOISIBAHETO
Ha HAMpPEeKEHUETO M TPYAHOCTUTE IMPH pellaBaHe Ha y4eOHO-TIO3HABATEIHM 3aJaud pa3BHBa
JKeNTaHWEe 32 YCHBBPLICHCTBAHE HA COOCTBEHUTE WHTEIEKTYadHM BB3MOXKHOCTH. MeToauTe Ha
o0ydeHHE ca TO3W KOMIIOHGHT Ha OOYYEHHETO, KOWTO € B CBhCTOSHHE Jia TO HalpaBH
MPUBJIEKATEHO 32 YUSHHULUTE, a MPUBJIEKATEIHOCTTAa HA OOYUYEHHETO € OCHOBaTeNHA MPUYMHA 32
y4eOHa aKTHBHOCT.

Cuiien MotuBHUpal (GakTop 3a ydeHHKa ca IIOCTUTHATHTE OT HEro ycrexu B yueOHaTa AeHHOCT
KAaKTO KaTO pe3yiTaT, TakKa W KaTO IPCKUBABAHC. OCHOBHHUTE e ca HaCO4Y€HU KbM
WHIUBHUIYaJTHOTO YCHBBPIICHCTBAHE U YOEXKAECHHETO, Y€ TIONIOKEHUTE YCWIMS Ca CBBpP3aHU C
HOBHILICHA KOMIIETEHTHOCT. be3cniopeH e (akThT, ue ycremnure qeiCTBHS CTUMYNINpPAT HHTEpeca
Ha Y4YCHUIUTC, IMOBUIIABAT TAXHATa YBEPCHOCT U AKTHUBHOCT B o6yqu1/IeTo. MOTI/IBI/IpaHIOTO
BB3JICHCTBHE Ha yClieXa IOCTaBs YUUTEINTE Npe]] TPyIHATA 3a1a4a JJa KOHCTPYHPAT CUTYalluy Ha
yCIeX, M3MON3BaWKM Pa3HOOOPA3HM CIIOCOOM — YCBOSIBAHE HA y4EOHMS MaTepHanl Ha MaJKH
CTBIIKH, JIOCTBIIHOCT NPU NPENOaBAHETO, NPAKTHYECKA MPUIOKHUMOCT U WHTEPIUCIUILIMHAPEH
MOAXO0J B OOYyUEHHETO, ChoOpa3siBaHE Ha YUYEOHHUTE W3UCKBAHWS C BB3MOKHOCTUTE Ha BCEKH
Y4YC€HUK, U3IMOJI3BaHE HA CbBPEMCHHU JUAAKTUYCCKUA TEXHOJIOIUU U JP.
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N3CJIIEJIBAHE TOBUBA HA 3AXAPU OT ®UJIU3U HA TIOTIOH
»BUP KUHUA“ ITPU XUIPOJIU3A
HMosuo Kouen
HMHCTUTYT 0 TIOTIOHA ¥ TIOTIOHEBUTE U3/1eJIUs

RESEARCH ON QUANTITY OF SUGARS IN HYDROLYSIS OF
SHOOTS OF TOBACCO TYPE "VIRGINIA"

Yovcho Kochev
Tobacco and tobacco products institute

Abstract

Bioethanol as a substitute for fossil fuels is one of the most applicable - for ICE for heating.
The sources of production are two types of raw materials - sugar-containing and cellulose-
containing. Tobacco biomass belongs to the latter. The purpose of our research is to investigate the
possibility of obtaining C,HsOH from raw tobacco shoots, such as extra biomass from growing
tobacco, by traditional hydrolysis and distillation. Average weight of the shoots period of growth
about 45 days after harvesting the first leaves is 0.600 kg at minimum / maximum - 0.200 kg /
1.300 kg. The time for maximal release of generic substances at different concentration of shoots:
water was investigated.

Keywords: Bioethanol, tobacco, hydrolysis, tobacco shoots

YBOJ{

BroeranonbsT KaTo 3aMECTHUTEN Ha M3KONAEMUTE ropuBa € €OUH OT Haﬁ-HpHHO)I(I/IMI/ITe-Ba
TOpHBO U OTOIJICHUEC. H?:TO‘{HI/IHI/ITC Ha MpOU3BOJACTBO OCHOBHO Ca ABa BUJa CYpOBUHH OTIIaAbIIH,
OUTOBH M pACTHUTENHH — ChIbPIKALIM 3axap W nenynosa. TioTioHeBaTta Guomaca — 3eleHa WU
H3CYyIICHA, MPUHAJICKN Ha IIOCI€aHaTa. B MoMeHTa OCHOBHMSAT IIBT 3a TMPEBPBINAHECTO HA TE3U
BBIIIEXUAPATH B OMOrOPHBO € Ype3 OMOXMMHUYHA EKCTPAKIUs U pepMeHTalHs 3a TPOU3BOJICTBO Ha
ouoeranon (Balat, 2011). CTpykTypHHTE MOTU3aXapyuIy ChCTABISIBAT OCHOBHATA YaCT OT IsuiaTa
pacturenHa 6uomaca, Thil KaTo Te ca MPHUCHIIUTE KOMIIOHEHTH HAa PACTUTENHATA KIEThYHA CTeHA
U ca Hai-OoratmTe BBriexuaparu. [loHacTosmeM HalW-MHOTO OMOETAaHON Ce IMPOM3BEXIA OT
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Pa3TBOPUMH 3aXapH U HHILIECTE, Thil KATO Te MO-JIECHO Ce MpepaboTBaT B GHOrOpHBa, OTKOJKOTO B
monu3axapuanTe Ha xiersunute creHn. (Naik et al., 2010)

HEJ

Llen Ha m3cnenBaHeTO € NOOMBAHE Ha 3aXapH, KaTO CypOBHHA 3a OHoMaca, upe3 XHIpOonu3a
Ha (DMIN3H OT TIOTIOH ,,BUp)KUHUS

MATEPHAJI U METOIHN

IIpenmer Ha u3cneaBaHETO ca (YMIU3H OT €APOIHUCTEH TIOTIOH Bupskunus, copt ,,Bupxunus
0454<.

N3bpaxme Quam3uTe, KOUTO Ca BTOPUYHU CTHOIA, KOUTO MOTAT Jia c€ WIACHTHUQHIIUpPAT U
KaTo TIOTIOHEBU PaCTEHMs NpeaAu OyTOHHU3alLusI.

AHaNM3UpaHU ca CICTHUTE TOKa3aTelH:

- CpenHo Terno Ha (GUIN3U OT €AHO PaCTEHHE.

- JluHamuKka Ha OTHEISIHETO Ha OOLIOPEOYLHMpAINM BEIIECTBA W 3aXapH NPH Pa3IHIHU
CHOTHOIIIEHHS OroMaca oT puin3n/Bosa.

KonunuectBoro obuiopeayupaiiy BeliecTBa U 3axapu B pa3TBOPUTE € ONEPEAENeHO 4pe3
M3I0JI3BaHe Ha aBTOHAIM3ATOP B HEMPEKbCHAT MOTOK ,, Technicon” IIAA mo ISO 15153-2003.

PE3YJITATHU U OBCBXJAHE
N3cnensanusita ca MpOBEAECHH BBXY TIOTIOHHW, OTINIEKIAHU B monero Ha MHcTuTyTra mo
TIOTIOHA U TIOTIOHEBUTE U3JIENHS.

Cpe)l]-lO TErJo Ha (l)l/l.]'l](ll}l/l OT €AHO pacTeHue

3a Ja HampaBUM TOBa M3CJEIBaHE OTKbCHaXMe (HIM3UTE OT 5 Pa3iIM4HM IUIOMIM OT MOceBa
mo 22 mopennu pacteHus (1% ot pacreHmsATa pascajcHu Ha jekap). [lepumoga Ha pacTexx Ha
¢unmzute 6e oxono 45 nHU crnex mpuOMpaHe Ha IBPBUTE JHUcTa OT moceBa. [lomydenu Osxa
CIICTHUTE PE3YNTaTH:

- Cpenno rermo - 0,620 kg;

- Mununmanso / makcumaiso — 0,200 kg/1,800 kg.

JuHaMuKa Ha OTJeJIsiHe HA 001IOpeTyIMPAIIM BellecTBa

IIpoBexxganero Ha omura 6e B UTTU, c. MapkoBo, obnmact I[lnoBamuBcka. 3a 1menrta
npuOpaHuTe (QHIN3U HACHTHUXME O ObbkuHa 10 MM. Omnpepenuxme MO JIMTEPATypHU JaHHH
HavajJHa KOHIEHTpanws ¢winiu : Boaa 25:75 m mombiHuTenHU KoHHeHTparwuu 40:60 u 50:50.
Hsebpummxme xugponuza npu 100°C mpu atmocdepHo Hansrane. B mpogsmkenne na 70 min
XUIPOJTU3UpAXMe TMOITYIEeHUTE CMecH KaTo Ha Bcekd 10 min B3emMaxme mpoOa OT MoirydeHarta
TeuHocT. [Ipobute 6sxa aHANM3UpaHU 33 ChAbpPIKAHKC HAa OOLIOpeIyIHpalny Bemecta (rpaduka
1) m 3axapu (rpaduxa 2).
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I'pacuka 1. 3aBUCHMOCT Ha OTIEISIHETO HAa OOIIOPEAYIMPAIIH BEIICCTBA OT BPEMETO Ha

XUJIPONTN32a ¥ KOHIIEHTPAIIMATA Ha Pa3TBOpPA.

o6wopeayuupalym sewecrsa, mg/ml

CbAabprKaHue Ha o6 opeayuMpalLm BELWECTBA,
mg/ml

40%

50

Bpeme Ha oTaenaHe, MMH

50%

I'padpukure mMOKa3Bar, We OTACISIHETO HA YUCTH 3axapu (MOHO-, JM3axapujiv) cleaBa
TEHICHIIMATA HA OTACISHETO Ha OOLIOpeAyLUpAaIlH BemecTBa. SIcHO ce Bikaa, 4e B 50 MuHyTa €
MaKcHUMallHaTa CTOMHOCT Ha oOmopenynupanimte Bemectsa mpu 40:60 u 50:50, kato 3axapuTe ca
80% ot obmopenympammre Bemiecta. CrnenBa HaMaleHHe KOITUYECTBOTO Ha JBaTa TOKa3aTels,
KOETO O03HayYaBa OT/ICNITHE Ha JOMBJIHATEIHO KOJMNYESCTBO JICTIMBU BEIIECCTBA.

I'paduka 2. 3aBHCHMOCT Ha OTJCTIHETO HAa 3aXapy OT BPEMETO Ha XUAPOJIH3a U

KOHIECHTpAaUATa Ha pa3TBopa.

3axapw, mg/ml

15

10

CbabprKaHue Ha 3axapu, mg/ml

50%
40%

50
60 25%
70

Bpeme Ha oTaenaHe, MUH

m10-15
m5-10
mo-5

B 70 muHyTa Ha mporeca HaOJII0aBaMe CIMBaHE Ha KOJIMYECTBATA HA OOIIOPEIYITUPAIIUTE U

3axapuTe, KOeTO BEPOSATHO € B IIPEBPBIIAHETO UM B 3aXapH.
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HU3BOIUN
1. Cpennust 100UB OT (PHITM3H OT TIOTIOH ,,BupskuHus™ e okono 1,2 + 0,25 t/dka.

2. I[0Ka3aHa € BB3MOXXHOCTTA 3a HM3IIOJI3BAHC HaA (1)I/IJII/I3I/ITG IIpy TIOTIOHA KaTO U3TOYHUK Ha
CypOBHHA 3a MPOU3BOACTBO Ha OHOETAaHOIL.

3. MakcumaJiHaTa CTOMHOCT Ha ToyrydeHu 3axapu npu 50:50 koHneHTpanus - 12 mg/ml.

Jlurepartypa

1. ISO 15153:2003(en) “Tobacco — Determination of the content of reducing
substances - Continuous-flow analysis method”

2. Balat M. (2011). Production of bioethanol from lignocellulosic materials via the
biochemical pathway: a review. Energy Conversion Manage. 52, 858-875

3. Naik S. N,, Goud V. V., Rout P. K., Dalai A. K. (2010). Production of first and second
generation biofuels: a comprehensive review. Renewable Sustainable Energy Rev. 14, 578-
597
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CPABHUTEJIEH AHAJIN3 HA HOBUSA BAKEH TEXHOJIOI'MYEH
INOKA3ATEJI OBIIA B-AKTUBHOCT IIPU CEPTUO®UIIUPAHU
COPTOBE 1 OIIMTHU JIMHUU OT TIOTIOHHU OT COPTOBA
I'PYIIA BbPIENR
Amnka I'eopruesa
HNucTuryT no oomapcrso, rp. Ilnosaus, buiarapus

COMPARATIVE ANALYSIS OF NEW IMPORTANT TECHNOLOGY
INDICATOR GROSS B-ACTIVITY IN CERTIFIED VARIETIES AND
LINES OF TOBACCO FROM THE GROUP BURLEY
Anka Georgieva
Fruit Growing Institute, Plovdiv, Bulgaria

Abstract

The fight to limit smoking and the harmful health and social consequences are led by the
60s of last century. Currently there are several regulations introducing restrictions to curb smoking
and improve public health.

According to a new theory cause increased morbidity among smokers receive additional
radiation dose consumption of tobacco products. The indicator gross p-activity makes it possible to
evaluate a total specific activity of all B-active radioisotopes contained in the tobacco as the basis
for evaluation of their passage from the product to the consumer.

The purpose of this study on Burley tobacco is to perform a comparative analysis of the
reported values for gross B-activity harvesting layers and parts of tobacco leaf between certified
varieties and experimental lines.

Keywords: Burley tobacco, tobacco products, smoking, gross B-activity, human health

BBBEJIEHUE

BopbaTta 3a orpaHmuaBaHe HA TIOTIOHONYIICHETO, KaKTO M HA BPEAHHUTE 3APaBHH U
COILIMAJIHY MOCJIEIUIA OT HEro, He € Hemo HoBo. Ta3u 6opba ce Boau omie or 60-Te TOAMHHU Ha
MUHAJIUA BEK, KOrato € BBBCACHA W €AHA OT ITbPBUTEC PECTPUKOHUU C LEJI OrpaHN4YaBaHC Ha
TIOTIOHONYIIeHeTO. ToBa Ouna 3a0paHaTa 3a peKiiaMa Ha TIOTIOHEBH M3IEIHs 110 PAJAUOTO B IIaTa
Kampoprus va CAILLL (Balgarski tyutyun, 1964)

B momeHnTa PECTPUKIIUUTE C LICJIT OrpaHNYaBaHC Ha TIOTIOHOMYIICHCTO Ca HOPMATHUBHO
OIIPEJICIICHA C Pa3JINYHH HAIIMOHAIHH, EBPOIICHCKU U CBETOBHM HOpMaTHBHH akToBe. (Darzhaven
vestnik, 2006, 8, 9)

Ot miepgHa TOYKAa HA HAyYHHWTE W3CIeNBaHMA, Ha 0aza Ha kouTo CBeToBHa 31paBHa
Opranunzanus (C30) B3eMa CBOMTE PENICHUs, OCBEH 3aIbJDKHTEITHOTO NPOCIIe/sIBaHe Ha HUBATa Ha
E€MUCHUUTE Ha HUKOTHUH, KaTpaHU U BBIJIEPOJACH MOHOOKCHUJ B JMMa Ha TIOTIOHEBUTE U3JCIINA, €
H3roTBCH CIIUCHBK C XUMHUYHU CIICMCHTH, BCIICCTBA U I'PYIIM BCUICCTBA, YMHUTO CMHUCHH B JVMa Ha
TIOTIOHEBUTE U3JENUS CBIIO CE CIEAAT, KaTo ce IeTH ONpeAeNsHe Ha MaKCHMAalHHU PaBHHUINA Ha
EMFHCHH B JIIMA H 32 TAX.

Crnopen HOBa Teopws, NPHYMHA 32 IIOBHIIEHATa 3a00JIEBAEMOCT cpej IyIMIAunuTe €
MOJTy4yaBaHaTa JOIBJIHHUTEIHA 1032 Pagualsi NP KOHCYyMAalus Ha TIOTIOHEBH m3zenus. Tasu
TEOpusl JOBele MO IOIBIBAHETO HA CHHCHKA ChC CIEACHHU BEIIECTBA B JIMMa, OT CTpaHa Ha
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aMepuKaHcKaTa ATEHIHs 110 XpaHUTE U JeKapcTBara, rnpe3 aekeMBpu 2017r. kato Gemre BKIIOYECH
1 paguon3oTon - nosornid-210 (10).

OtHoBoO mpe3 nexeMBpu 2017T. u3cnaen0BaTeNCKUs HEHThP Ha bpurtuin amepukan Tabako
(McAdam et al., 2017) my0aukyBa pe3yJITaTUTE OT MaIaOHO HAyYHO M3CIICIBaHE HA TOJISIM OpOi
€CTCCTBCHH DPAJUOMU30TONN B O€3AMMHHU TIOTIOHEBH H3Jenus. M3BOmbT, 10 KOMTO MOCTHraTr
aBTOpHUTE €, ue He nmojoHunii-210, a kanuii-40 6u cienBao aa Obae U30TOMa KOWTO Jia e CIEAN B
TIOTIOHeBHUTe m3ienus. Amran et al. (2017) ycraHOBsiBaT, Y€ MpHW MAIIMHHO MPOIMYIIBaHE Ha
urapu camo 25% OT Kaius ChABbpXKAl ce B JUMa ce ynaBsi oOT (Guurbpa, a ocraHamure 75%
JOCTUTAT 10 KOHCyMaTopa.

IMpuunHuTE 1a HACOYMM HAIIETO BHMMAaHHE KbM [3-aKTHBHHTE H30TOIMM Ca HAKOIKO.
OrpaHnyaBaHe NpPEMHHABaHETO HA [(-aKTUBHUTE H30TONHM OT TIOTIOHEBOTO W3JEIHE KbM
KOHCYMAaTOpa € HEeBB3MOXKHO C HAJIWYHUTE CPEACTBA, ThH KaTo B-uactuiure ca 7200 mpTH mO-
MaJIKH OT (i-4aCTHIUTE U TIPUTEKaBaT MHOT'O I10-BUCOKA MPOHUKBAIIA CIIOCOOHOCT.

OT npyra cTpaHa EIWHCTBEHMST OTKPHT B CTaTUCTHUSCKM 3HAYMMH KOJIMYECTBA (-
aKTHBEH M30TOI — MoyIoHui — 210 uma kpaTbk nepuos Ha nonypasnaj (210 quu), KoeTo o3HayaBa
4e 3a Iepuoja OT IpHOMpaHe Ha PEKONITaTa OT TIOTIOH JO BJIAaraHETO Ha CHIHMSA B TIOTIOHEBH
u3Zenus U JOCTHIaHE Ha M3JEIHeTo A0 KOHCyMaTopuTe (MHHMMYM | TomauHa) Ie NpeMHHAT
HSKOJIKO ITOJTypa3lazia Ha u30Tona. ToBa HE Ba)KH JOPH M 3a HAal-KPATKO JKMBEEIIMs [-aKTHBEH
paauousoron onoBo — 210, uuniiTo nepuoa Ha nomypasnajn € 22 roguHu.

ITokazaTensaT obwa B-aKTUBHOCT HU JaBa BB3MOXXHOCT Jla OLEHMM OOLIO crienuduyHaTa
aKTHBHOCT HA BCHYKH [(-aKTHBHH DPaJHOM3OTOINH, CHIBPXKAIIM CE B TIOTIOHA, PECIEKTUBHO B
TIOTIOHEBUTE W3JENusl, KaTo 0a3a 3a OLEHKA HAa TAXHOTO NPEMUHABaHE OT M3JENHETO KbM
KOHCYMAaTopa M OIleHKa Ha 00IIOTO UM BB3/CHCTBIE BBPXY 37PaBETO HA XOpaTa.

IenTa Ha TOBa U3ClIEABAaHE BHPXY TIOTIOH Bbpileil € Ja U3BbPIIUM CPAaBHUTEIIECH aHAJIU3
Ha OTYUTAHUTE CTOHHOCTH 3a 0o0IIa -aKTMBHOCT 1O OepUTOEHM MOSICH M YacTH Ha TIOTIOHEBUS
JIHCT MEXAY CePTUHIIPAHN COPTOBE M OITUTHH JIMHUH.

MATEPUAJIM U METOIHA

M3nom3Banm Osixa aBa cepTH(HUIMPAHNA COPTA W JBE ONMWUTHH JIMHHHM OT COPTOBA Tpyma
Bboprneit. M3cnensanure npobu ca GopMupanu oT jucta 6e3 MoBpeau OT O0JecTH, HENPHUITENH
W/YJTH TIOJTY9IEHH 110 BpeMe Ha CYIICHETO .

bsaxa ¢dopmupanu npobu 3a Tpute OepUTOCHH Mosca Ha PACTEHHETO — JIOJEH, CPEAeH U
ropeH OepurOeH mnosic. bsxa ¢opmupann M NpoOH IO YacTH HA TIOTIOHEBHS JIMCT 32 BCEKH OT
n3cleBaHATEe OepHTOEHM TOsicH KaTo ce ¢opMmMupaxa HpoOHM OT TNPOBOAAIINTE THKAHU —
TIOTIOHEBUTE KWK U OT NAPEHXMMHATa YacT Ha TIOTIOHEBUS JIUCT — JIAMUHA.

AnHanmmuTe 3a crienuuYHATa aKTHBHOCT Ha W3CJIEIBAHUTE MPOOHM Ce M3BBPIINXA IO
MeTona Ha Oe3kpailHO gae0emata mpoba, Karo NpH MNPOOOMOATrOTOBKaTa HE C€ H3MON3Ba
OITereNsIBaHe Ha MPOOUTe, a CMIJIAHETO M MOACYIIaBaHETO UM JI0 abcomoTHO cyxo (Georgieva and
Srenz, 2016)

PE3YJITATU U OBCBhXKJTAHE

TroTroHHTE OT copTOBa rpyna bbpreli ca He3aMEHUM KOMIIOHEHT IIPY IIPOU3BOJACTBOTO Ha
uurapu ot tTuna Amepukan onenz. (Georgiev, 2002) CtpykTypara Ha JUCTaTa T PABH HOCUTEN
Ha 700aBSHUTE IO BpeMe Ha MPOW3BOICTBOTO HAa TIOTIOHEBH H3JENHSA COYCH W apOMaTHH
KOMITO3HIIHN.

ITouBeHO-KIMMATHYHKUTE YCIOBHS B bbarapus He ca TUNMWYHHUTE 3a TIOTIOHUTE OT Ta3H
COpTOBA TpyIa, KOETO BOAU 0 MO-MAaJKH Pa3MEepH Ha JIHCTaTa B CpPaBHEHUE C TE3U OTTIICKAAHH
IIPU TUMHYHUTE 32 TO3U COPT YCIOBUSL.

Tl kato B ObaTapckute cranmaprure (BDS 6523-78, BDS 11751-85) 3a oxagecTBsBaHe
Ha TIOTIOHUTE OT COPTOBa rpymna bbpiei kaTo KpUTEpUH 3a OTHACSHETO HAa JMUCTAaTa KbM €JHA WU
Jpyra KadecTBEHa Tpyla € 3aJ0KeH KPUTEepHs pa3Mep Ha JIMCTaTa OT efHa CTpaHa, a OT Jpyra
CTpaHa MMaMe TO-MaJIK{ 10 pa3MepH JIHCTa MOpagu HETUIMYHUTE YCIOBHSA Ha OTINIEXIAHE, TO
IpaKTHKaTa € Moka3ana 4de | kaca ce GpopMupa OCHOBHO OT JIMCTaTa Ha cpelHusl OepUTOEH MosiC
Ha TIOTIOHEBOTO PACTEHHE.
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ToBa Hajara ja ce YCTaHOBH cCrenupuvHaTa aKTHBHOCT HA JIUCTATa OT OTJCIHHTE
6€pI/IT6CHI/I MOsICH, KOUTO ITO HATATBK IPUOPUTCTHO BJIM3AT B CbCTaBa HA OTACIIHHUTC THPTOBCKH
KJTacu.

B Tabnuia 1 ca moMecTteHH pe3ydTaTMTe 3a W3CIEABAaHUTE OT HAac copToBe bbpieil mo
OepUTOCHU MOSICH.

Tabnuma 1: Obmia B-akTHBHOCT Ha OepUTOCHHUTE TIOSICH OT TIOTIOH bbpieit

Cren¢uyuHa akTUBHOCT Ha JIMcTaTa 1o Oepurdenu nosicu, Bg/kg
Copr
Jonen Cpenen T'open
BTl 1026,00 1292,40 1061,40
BT2 842,70 1050,90 1021,80
oIl 1186,50 1983,30 1398.90
o2 134880 1673.20 1432.20

PesynratuTe moka3BaT, 4e W IpH BaTa M3CICIBAHU COPTA, KAKTO W MPH J[BETE OIMHUTHH
JMHUK OT TIOTIOH bbprel Hall-BHCOKHTE CTOMHOCTM Ha obmata P-akTHBHOCT ca OTYETCHU IPH
JMCTaTa OT cpeftHus OepuTOEH I0siC, a Hal-HUCKUTE CTOMHOCTH — IPH JOJHUS OEpUTOCH I10sC.

KaTo 111710 1BETE ONMUTHY JIMHHM Ca C MO-BHCOKM CTOMHOCTH Ha o0ImaTa 3-aKTHBHOCT OT
JiBaTa CepTHGHIIMPAHH COPTa.

[Ipu cpaBHEHHE OT OTYETCHUTE CTOWHOCTH TT0 OCPUTOCHH ITOSCH 33 OTICITHUTE COPTOBE U
OIUTHH JIMHUM C€ YCTAaHOBHMXA Xal-MalKH Pa3IUKU MPH MpoOHTe OT ropeH OepuTOeH mosic, a Haii-
TOJIEMHU — TIPH CPEJIEH TTOSIC.

HesaBucumo oT HaunHa Ha NpHOHPaHE HA PEKOATATa OT TIOTIOH bbpiell — moaucTHO unn
LIEJIOPACTEHUITHO, CYIICHETO Ha JIMCTAaTa Ce OCHIIECTBSBA 0€3 Ja ce HapyllaBa TSAXHATA IIOCT.
Cren m3cymaBaHe Ha TIOTIOHA M IPEMHUHABAHETO MY TIpe3 Mpolieca Ha ()epMEeHTAIs — eCTeCTBEHA
WM KaMepHa, MpeIy BJIAaraHeTOo B TIOTIOHEBU W3JENUS JHCTaTa MPEMHHABAT Ipe3 OIle eIHa
JOITBJIHUTENTHA 00paboTka — obezxmnBane. [1pu mporieca Ha 00e3)KUIBaHE CE TOIYIaBaT CTPHUIIC H
TIOTIOHEBU JKMIIM, KaTO >KUINTE MPEMHHABAaT Olle efHa 00paboTka — eKCHaHAMpaHe, Mpexn
BJIaraHeTO UM B TIOTIOHEBHUTE U3ENUSL.

[Ipy W3rOTBSIHETO HA PELENTYpUTE 3a TIOTIOHEBHUTE H3JENUS, TIOTIOHCBHUTE XIIH U
CTpHMIICA Ce BlIaraT KaTo OTAEIHH KOMIIOHEHTH.

Ha ¢urypa 1 ca npencraBeHn pe3yATaTHTe OT aHAJIN3a HA YaCTUTE HA TIOTIOHEBUS JIHCT.

PesynratuTe nmoka3BaT, 4e HE3aBHCUMO OT KO OepuTOeH mosic ca popMHUpaHU MpoOUTe
Hali-BHCOKa 0o0Ia -aKTHBHOCT C€ YCTaHOBSBA IPU MPOOUTE OT KWK, KaTO TOBA BAXKH KaKTO 32
cepTU(HIUPAHUTE COPTOBE, TaKa U 32 ONMUTHUTE JIMHUHL.

Pa3mknTe MEeXay OTYETEHHTE CTOWHOCTH Ha crelupUYHaTa aKTUBHOCT P MPOOUTE OT
1 quet u ookmmn 3a BT1 ca mexmy 51-152% 3a ortmennure Oepurbenu moscu. Ilpm BT2
paznukute ca Mexay 126-192%, npu OJI1 — 56-124%, a npu OJI2 — 58-89%

[Ipn cpaBHHUTETHNS aHAJIW3 HA CTOMHOCTUTE OTYCTEHH IPH MPOOWUTE OT KM M JTaMHHA
pa3iMKUTEe ca 3HAYUTEIHO MO-BUCOKM OT Te3W 3a Il JucT M xui. Ilpu mpobure or BT1
OTYCTEHHUTE PA3NUKH MPU Pa3THIHUTE OepuTOeHN mosich ca mexay 121-212%, npu BT2 — 152-
242%, a mpu OJI1 - 133-142%. Haii-manxu pasnuku ce koHcratupaxa mpu OJI2 kbaero
Pa3JIMKHUTE NIPU OTACIHUTE OepUTOCHH Mosich ca Mexy 14-97%.
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d)nrypa 1: O6H.la B-aKTI/IBHOCT Ha 9aCTUTC HA TIOTIOHEBUS JIUCT IIPHU TIOTIOHHU OT COPTOBA
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3AKJIIOYEHME

Pesynrarture mokasBar, 4e JECTaTa OT CPEIHHS IMOSC, OT KOUTO OCHOBHO ce (opmupa |
Kjaca, ca C Hali-BUCOKA aKTUBHOCT, a TE3W OT [OJEH MOsIC-C Hal-HuCKa. [lpu uvacture Ha
TIOTEOHEBHS JIUCT CE YCTAHOBH, Y€ CHCHI(DUIHATA AKTUBHOCT HA JKIJIHTE.
YcraHOBEHUTE 3HAYMTEIHU PA3JIMKA B OTYCTCHUTE CTOMHOCTH Ha 00IIaTa —aKTHBHOCT
[0 YaCTH HA TIOTIOHCBHS JIMCT JaBaT BB3MOXHOCT 4Ype3 IO-HHCKO IMPOICHTHO Yy4YacThe Ha
TIOTIOHCBHUTE JKWIM B PEIENTYpUTe Ha TIOTIOHCBM W3JCNHS Ja Ce HaMalW CreluduIHaTa
AKTHBHOCT Ha TFOTIOHEBOTO H3JIC/USI, PECIIEKTUBHO MOJy4aBaHAaTa OT KOHCYMAaTOpa IOMTbIHUTEITHA
71032 paUaIiOHHO 00IbYBaHE.
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W3I10JI3BAHE HA ®PEMMOB MOJIEJI BOBYYEHUETO HA
PABOTHOTO MACTO
JInasina PycenoBa
Iy ,Ilaucuii Xuiaengapcku* Iliiosaus

FRAME BASED E-LEARNING MODEL AT THE WORKPLACE
Lilyana Rusenova
University of Plovdiv

Abstract: E-learning is emerging as a popular learning approach used by many
organizations. Despite the increasingly growing e-learning practices in the workplace, most e-
learning applications do not meet the needs of learners or serve the organization's success. There
are significant gaps between organizational interests and individual needs when they reach e-
learning, making e-learning applications less effective in terms of goals. To address this problem,
an exploration-oriented approach is presented in this study. Key Performance Indicators (KPIs) are
designed to clarify organizational training needs and help learners to establish rational learning
objectives. A review of different technologies and tools is being explored that assesses the
informal knowledge of employees and helps to create a training model tailored to the needs of the
organization, adapted to the learners' abilities.

Keywords: web-based e-learning, workplace e-learning, assessment knowledge
instruments, frames based evaluation in workplace.

Temata 3a o0ydeHHe Ha IIepCOHANa € BCe IMO-aKTyaslHa 3apaxd OBp3Us TEMIT ¢ KOWTO ce
pa3BHBAT TEXHOJIOTMUTE BBB BCHUKH OOJIACTH HAa MHAYCTPUSATA M HAJAramoTo ce MepHOAMYIHO
pa3lMpsBaHE HA 3HAHMATA M yMEHHATA HA CIY)KUTEIIUTE, 33 Jla MOraT Ja paboTsT epeKTHBHO Ha
pabOTHOTO CH MSCTO U [la JOIPHHACAT 33 PA3BUTHETO HAa KOMIIAHHUATA. 32 TIOCTHTaHe Ha TE3H eI
€ HeoOXOAMMO M3rpaKJaHETO Ha CHCTeMa 3a BbTpPelIHO(GUpPMeHO o0yueHHe HA NePCOHAJa
(CB®OII).

OOydeHneTo Ha pabOTHOTO MSCTO CE peal3Hupa Ha cefeM eramna [2, 34-37 c1p.]:

* puAeHTH(HUIIUpaHEe HA TIOTPEOHOCTHUTE OT O0OYUCHHE;

* IUIAHUpaHe U OI0/DKETHpaHe Ha 00YICHUETO (OICHKH);

* OIpe/eNsIHe Ha LeNUTe Ha 00y4EeHUEeTO ¥ KPUTEPHH 3a HeroBaTa e()eKTHBHOCT;

* OIIpE/ICNITHE HAa MPOTPAMHOTO ChIbPKaHNUE;

* 1300p Ha GOPMHU M METOIH 3a 0OyUYeHue;

* yueOeH mporiec;

* pean3upaHe Ha MPO(YECHOHAIHE YMEHUS U 3HAHUS;

* OLICHKA Ha e()eKTHBHOCTTA Ha BHTPEIIHOGUPMEHOTO 00ydEHHE;

3a edexTHBHOCTTA HA 00yYEHHETO BakeH (haKTOp € MPABHIHOTO M aJCKBATHO OICHSABAHE
Ha KOMIICTCHTHOCTHTE Ha NEPCOHANA ¥ HyXIUTE My OT ITOBUIIaBaHE HA KBATU(PUKALMATA.

WHcTpyMmeHTH 3a OIleHKa Ha IOTPEeOHOCTHTE OT 0OyUEeHHE Ha ITepcoHaa

ChIecTBYBa U3BECTHO pa3HOOOpa3Me B MHCTPYMEHTHUTE 3a OIeHKa Ha mepcoHana. Ot
TJIeTHa TOYKA Ha METOAMKATA 3a IEeJNTe Ha THarHOCTHKA M OICHSIBaHE C€ M3ITOI3BAT BBIPOCHHIIN,
NICUXOINArHOCTHYHN METOIUKH, KelcoBe (pa3paboTka Ha pa3IuyHM pabOTHH CHTYaIUH),
MHTEPBIO 3a ONpeAeIsHE Ha JIMYHUTE KOMIICTCHIMH Ha CIYKHUTENs, OnorpadMyHu BBHIIPOCHHMIIH,
CV-ta. Beexn or m30poeHHTE TOAXOIN UMa CBOUTE IUTIOCOBE I MUHYCH OTHOCHO BB3MOJKHOCTHUTE
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My 3a aJeKBaTHa OIIEHKa, HO B CBETJIMHATa Ha pa3lIekJaHara IpoOJieMaTHKa € BaKHO Ja
OTOCNEXUM, Y€ BCEKH IOXONI TpsiOBa Ta MMa CBOS €IEKTPOHEH EKBHUBAJICHT, KOMTO Ja JaBa
BB3MOXKHOCT Ja C€ OTYeTe KOHTEKCTa M CHeluduKaTa Ha M3UCKBAHUATA Ha PaOOTHOTO MACTO H
BCHYKH CBBP3aHHU ¢ Hero ocobeHoctr. TakuBa ca Mozmena Ha Kepkmarpuk, monen Ha Kaydmas,
Mozen Ha AHnepcoH, Moaen Ha bpuakepxod[2].

Ba)keH KOMIIOHEHT MpU AUArHOCTUIIMPAHETO Ha CIY)KUTEIHUTE € aJAeKBaTHOTO OLICHSIBaHE
Ha TEXHHUTE 3HAHUS M YMEHHS, IPUI0ONTH B HehopMaHu GopMH Ha 00ydeHHE B caMOo0ydeHHe-
©KEIHEeBHA KOMYHMKAalUs C KOJETM M II0-BUCOKO KBaJM(DULIMPAaHU CIYXHTEIH, padora c
WHTEPHET, W3MON3BaHE Ha INPOQECHOHATHH COLMAIHH MPEXH, OJoroBe, (GOpyMH, BHUPTYaTHH
CpeIy U CeMaHTUYHH eNeKTPOHHU PECYpCH.

3a ycraHOBsIBaHE Ha MPOQECHOHAIHUTE M JIMYHOCTHH KadecTBa Ha CIY)KUTENs ce
M3M0JI3BAT CIIEAHUTE MOAXOAN:

HucTpymeHTapuyM ,,baHka ¢ roToBH peleHus, Koito e 6a3upaH Ha:

- W3cnenBane Ha MOTHBALMOHHUTE TIPEATIOYHTaHNSA

- O1eHKa Ha yIIpaBlIeHYECKUTE HaBULIU

- OmeHka Ha e()eKTHBHOCTTA

- OrmeHKa Ha TOTOBHOCTTA HAa KOMITAHHUATA KbM HOBOCTH U IIPOMEHU
- W3zcnensane Ha KoprnopaTHBHATa KyNTypa

Wnnusnayanan npodumm

Cp3aBaHe Ha HMHIMBUIYAHH NpOQWIM HA CIYXUTEenIuTe 1o Meroga Ha 360 rpamgyca
oOXBamia WHAWBUIyAIHUTE XapaKTEPHCTHKA Ha CIYKHUTEINTe W3TPAJACHA BB3 OCHOBA Ha
3abI00YCH AaHANIUW3 HA TEXHUTE YOPABIEGHCKM YMEHMSA, IHIEPCKM KadecTBa M JIMYHH
XapaKTEePUCTHKH, KaKTO ¥ KOMYHHKAIlHOHHWTE MM yMEHHsS. B curyarms, B KOATO ce IOSABSBA
HEOOXOJUMOCT OT aBTOMAaTH3MpaHEe Ha IIPOLleca Ha OLEHsABAaHE Ce MPEMUHAaBa KBbM CIIEeIBALIHS
eTal- Ch3JaBaHe Ha eIEKTPOHHA CHCTEMA 3a OLICHSABaHE.

Ot HampaBeHWTE NPOYYBAHMS CTaBa SCHO, Y€ MACOBO M3IOJI3BAHUTE CHCTEMH 33 00yJIeHHE
Ha IepcoHana ca OT THII:

e [earning Management System — LMS;

e Learning Content Management System — LCMS;

e Virtual Learning Environments — VLE.

o Conumanuau mpexxu 1 Web 2.0/Web 3.0 uactpymenTu

LMS e codryepHa pa3paboTka, KOSTO TO3BOJISIBA IPEACTABSIHETO W YIPABJICHHETO Ha
OOy4HTENHU PEecypcd N0 TOJeMHU Tpymu noTpedutenu, web Oa3upaHa W BCHUKM YYaCTHHULU B
oOydeHreTo mMat jgocThl 10 Hes on-line. LCMS e cpBpeMenHOTO pemreHne Ha LMS cucrema.
VLE e codTyepHO pelieHre, KOeTo MO3BOJIsABA CUMYJIAMK Ha paboTHO MSCTO, KOETO UMa TolisimMa
CTETICH Ha PHUCK 3a CIY)KUTEIIs,, KOMIIAHUATA U € (PMHAHCOBO Hee(DEKTHBHO 3a 00y4eHHE B peaHa
pabotHO cpena. VLE ca moaxopsamu npu crenupuyHa paboTHA Cpepa, KaTo OTKPUTHS KOCMOC,
aBHAIIMOHHA WHIYCTPHs, MHHHA MHIYCTPHUS M JPYI'H, KOMUTO MMaT Clenu(uKa U MPAKTHIECKO
o0ydJeHHe B peaHa cpesia € HeOChIIeCTBUMO.

HenocraTpka Ha BCHUKHU TE€3M PEIICHUS € JIMIcaTa Ha MOy 3a MpeIBapUTeNHa Ol[eHKa Ha
3HaHUATA U YMEHMSTA Ha CIYKHUTEIHUTE, NPUIOOUTH B CIEICTBHE HA HeOpManHO oOydeHHe Ha
PpabOTHOTO MSCTO, KOMTO J1a MO3BOJISIBA 110 HATATHYHOTO a/IeKBAaTHO CTPYKTypHUpaHe Ha yueOHHUTE
SIMHULM CIPSIMO MHIMBUAYyaIHUTE 0cOOeHOCTH Ha oOydaemust. [IporecsT Ha ydeHe Upe3 OmnuT e
KOMIUICKC OT JEHHOCTH, OTpa3sdBaIlf B3aMMOJCHCTBHETO Ha MOTPEOHTENNTE C MHOXKECTBO
YCTpOICTBA B PaMKUTE Ha €lHA AEHHOCT, KOMYHHUKALUs C OPYIU CAYKUTENU U MHAUBHIyallHA
WHTEpIIpeTanys Ha NpuAo0nuTHTe (OopMaHH 3HaHUA. KpalfHUAT pe3ynTaT e popMupaHe Ha CKPUTO
3HaHHUe, KOeTo TPpsOBa a ObJe onncano popmMaHo, 3a 1a ce U3MOI3Ba OT OPraHU3aLMUsAITa.

Banuaupanero Ha morpeOHUTEICKUTE NEHHOCTH MOXE [a ce INpeicTaBH upe3 activityML
(e3uk 3a Mopenupane Ha aeifHoctTa), XML muanekt. ActivityML mpencraBst KOPEeHHHAT BB3el
"MeWHOCT, KaTo BCsKa aKTHBHOCT TpsOBa na mocoun URL aapeca Ha (aiina ¢ omucaHue Ha
pabOTHOTO MSACTO, UM€ U €3HK (B JOIBIHCHHEC KBbM YHHKAIHHS HACHTH(HKATOp 32 aKTHBHOCT).
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Cnen TOBa jeWHOCTTa ce pa3jeis Ha CTBIKWA, HAapedYeHW '"neiicTBue", BCsKa OT KOHUTO
MIPE/ICTAaBIsIBa CAMOCTOSITENIHA CIUHMWIIA, ONMCBamia "M3BHKBaHE" Ha IIOCIEIOBATETHOCT OT
JIeUCTBUSL, ""orpaHnueHus" 3a BaluupaHe Ha JeHCTBUATA U "MOCHaHus" 38 KOMYHHKALINS, KaKTO U
,TIOKa3BaHe WIN ,CTapTUpAHE HA TPIWIOKEHHETO (TEXHWYECKO IIPHCHOCOOJICHHE WIN
KOMITIOTBPHO IPHJIOKEHHUE).

Hpyr noaxox e usnon3sanero Ha XAPI. API Experience (v XxAPI) e HOBa crieruduKkars
3a ydeOHA TEXHOJIOTHsS, KOATO J]aBa BBE3MOXKHOCT 3a ChOMpaHe Ha JAaHHU 3a IIHPOK CIEKTHP OT
JNEHHOCTUTE, M3BBPLIBAHU OT CIY)KUTENS OHNAWH W oiaaiiH. MHOro pasinyHH CHCTEMH Ca B
CBCTOSIHME Ja KOMYHHKHpPAT 4pe3 IMpocielsBaHe M CIOAENSIHE Ha TO3M ITOTOK OT JCHHOCTH,
n3noN3Baiiku npoctust peuHuk Ha XAPIL. Besko "meficteue” nMa "mpeaukat", KoiTO € neiHOCTTa,
oITiicaHa Ype3 BMBKBaHE HA MapKEPH 3a MPOCIIEIIBaHe Ha MOTPEOUTEICKUTE AeHHOCTH upe3 XAPI
(ADL, 2013). Besiko aeiicTBHE MOKe 110 H300p J1a ONpeAesH "MeCTOON0KeHHe", T.€. ONpeIeTIeHO
"MsicTo" B MOzienia Ha pabOTHOTO MJCTO, B KOETO TO e ce cirydd. [lonpesxaaHeTo Ha JefcTBUsTa
ce MOJENupa, KaTo € YTOUHsBA 3a BCSKO JEHCTBUE KOM JPYrH JEHUCTBUs "U3BUKBA" WIN KOra
craptupa neiictBuero ("onEnter"), wmm xora ce 3azxeiictBar cwbutua ("onTrigger").
Wudopmariara 3a HaTpynaaus ydeOeH omut ce chxpansaBa B Leraning Record Store (LRS), xofiTo
MOJKE JIa CHIIECTBYBA CAMOCTOSITEIIHO WM KaTo YacT oT LMS.

Conmanuu Mpexxu (Hamnp. Facebook u Twitter) 1 Web 2.0 TexHOIOrHH, KaTO yeO THEBHUIIU
U YUKHTa- TE3W MHCTPYMEHTH U TEXHOJIOTMH CTaBaT Hepas3/ellHa YacT OT ChbBMECTHOTO OOydeHHe
Ha pabOTHOTO MSICTO, CIIOACIISTHETO ¥ ChOMPaHeTo Ha HeopManHu 3HaHus. ChOMpaHeTo Ha TaHHU
3a HeOpMaTHWTE 3HAHWS M YMCHHS Ha CIYKHTEIHTE, 3a Ja ce Ch3haZe apXHuTeKTypa Ha
eNIEKTPOHHA CHCTEeMa 32 O0YyYCHHE MOraT Jja BKIIFOYBAT M3IIOI3BaHE HA OHTOJIOTUH U TAKCOHOMHUSL.
OHTONOrMATa Ce W3MON3Ba 3a KOHCTpyHMpaHe Ha (opMaTHO ¥ MAIINHHO pa3dupaeMo
KOHIIETITyalIM3UpaHe Ha opueHTHpaHaTa kbM nocTmxenusTa (KPI moxen Ha Kppkmnarpuk) yaeOHa
cpena.

ITS (Intelligent Tutoring System) HHTEIWTeHTHa CHCTeMa 3a OOy4EHHE € CIIOXKHa,
HHTETpUpaHa codTyepHa CHCTEMa, KOATO IpWJIara MPHUHIWIHNTE U METOJUTE HAa H3KYCTBEHHS
naTenekTr (Al) kM mpoOmeMuTe M HYKIWTE Ha TIpenojaBaHeTo W oOydeHmero. Ilo3BomsBaT
ThPCEHETO HA HMBO 3HAHMS M KOMIICTCHTHOCTH HA 00YYaeMUsl U CTPATEIHH 32 YYCHE, U3IOI3BAHU
3a yBeNmMYaBaHe WIN KOPUTHPaHEe HA 3HaHUTa Ha o0ydaeMuTe. [IpeHa3HaueHH ca Jja ToArIoMaraT
1 TmoAoOpsBaT Mpoleca Ha TMpemnojaBaHe M ydeHe B u30paHa o0macT OT 3HAaHUS, KaTo
CBIICBPEMEHHO 3aYUTAT HHIUBUAYATHOCTTA HA 00yJdaeMusl.

Jpyr Be3MOXKEH MOAXO]] € M3MONI3BaHeTo Ha (peiiMoB monen. PpeiiMoBUTE CHCTEMH ca
eIHH OT Haii-yHHBEPCAJIHHTE CHCTEMH 3a NpEICTaBsIHC Ha 3HaHWA [7]. AKyMyJIaTHBHHTE
¢dpetimoBu Momenn (ADM) ca camMOCTOSITETHH, JOTHYeCKH 00OCOOCHW eIWHUIM, KOWUTO HMAaT
BB3MOXKHOCT J1a ObJaT MHOTOKPATHO U3MOJI3BAaHH B PAa3IMYHH CUTYAIMHU. 34 TAXHOTO OIHCAHUE CE
W3M0JI3Ba UMEHOBAaHA CTPYKTYpa, CHCTaBE€HA OT CIIOTOBE. BCEKH CIOT € C YHHKAIHO WMe
(pa3muuHO OT MMEHATa Ha ocTaHanuuTe cloToBe HAa ADM) U CbC CHIBPIKAHHUE OT KOHKPETEH THII
(ememenTapeH wimM chkcraBeH). CTpykrypara Ha ¢QpefiMoBe € ch3ajeHa 3a TpencTaBsHE Ha
3HaHHE, KOeTO J1a Obe M3MOI3BAaHO OT KOMIIOTEP. HoB dpeiim oTroBapst Ha HOBa CHTYaIUs U ce
CBCTOHM OT KOMIIOHEGHTH-CIIOTOBE. 3a JIa Ce YCTAHOBsIBa BPB3Ka MEXIY JABaTa (peiimMa ce u3mon3ea
yKa3zaTeql OT CIOT Ha exuH ¢peiiM kbM Opyr ¢peiiMm. Bceexm ¢peiiM cpxpansBa 3HaHHA 3a
mpexMeTHata obnacT (¢pefiM—TporoTum), a NpuU 3aJaBaHe HAa CTOHHOCTH B CIOTOBETE ce
TpaHcopMHupa B eK3eMIULIp Ha (peiiMa 3a KOHKpETHa CUTyalws. 3a MHOTO TeMaTHYHH 00JIacTH,
(pefiMOBUTE MOZIETH Ca OCHOBHHUST HAUMH 3a (popMaTn3HpaHe Ha 3HAHUATA [9] U € yHUBepcaleH,
JlaBa BB3MOXKHOCT JIa C€ IPECTaBU rosIMO MHOrooOpasue ot 3HaHus. Upes dpeiiM-cTpykTypa ce
obo3HayaBat 00ekTH W MOHATHS; Upe3 dpaiiM-porns ce 0003HAUABAT MO3UIUU — PHKOBOAUTEI,
aBTOp, OOyuaem; Upe3 ¢peiimM-clieHapuu ce OTpa3sBaT MOCICHOBATEIHOCTH OT CHOUTHSA H
neficteust; Upes ¢peiiM-cuTyarus ce oTpa3sBaT Bb3HUKHAIN CUTYaIIHH.

IpencrassiHeTo Ha 3HAHUS Upe3 GpeiiMoBe:
< FrameName>
{ <SlotName 1: value> Tabnuua < FrameName>
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..................................... SlotName value

<SlotName N: value> } SlotNamel 324

SlotName?2 ,,HOpPMaTHBHU IOKyMEHTH "
KoHkpeTHO mpuioxkeHne Ha (peiiMoBeTe B CHCTeMa 3a OllEHKa Ha HeOpMAaTHOTO 3HAHWE Ha
CIY)KUTEJIHTE 1Ie MPEJICTaBUM, KaTO ChbBKYIMHOCT (pOpMHUpaIa OCHOBHUTE KPUTEPUH 3a OIIEHKa Ha

nepcoHara:

Fundamental Skills
< PersonalSkills> <accomplishment > <MenagementSkills>
{<P§r§onal responsibility:value> | (<efficient manner: value> {<Internal Communication:
Sylinpesto e | SemPivae |e
<Orga€1 ol value> <Representative: value> <T?S MO eling: VE:.UG e
<Concentrated: value> <follow instructions: value> B Smej . anf\l/igelglen- : VEI‘ ue>
<Positive: value> <Rapport building: value> \ ccision Making: value
<Creativity: value> } j

Fundamental Skills
< PersonalSkills> <Accomplishment > <MenagementSkills>
{<P.er.sonal responsibility:value> | (<efficient manner: value> {<Internal Communication:
s plem | el e
- Orgalilized: ol <Representative: value> <T?ri1 Mone m;‘:; ‘rli'uel .
<Cotcentrated: valae> <follow instructions: value> b ¢ Ma ls/lgeki ent: V’i‘ ue>
<Positive: value> <Rapport building: value> \ ccision Making: value
<Creativity: value> } ;

Ckana 3a oneHsiBane: HesanoBoaurenano, Yacruuno, 3a10Bosiuresino, Muoro 100pe, U3KII04UTEIHO

3akil0ueHue

Bbmnpekn Bce MO-IIMPOKO TPHIIaraHUTE NPAKTHKH HA EIEKTPOHHOTO OOy4YeHHe Ha
pabOTHOTO MSACTO, TIOBEYETO MPIIIOKEHHS 32 €IEKTPOHHO OOydIEHIE HE OTTOBAPAT HA HYKAWUTE Ha
yuammre. ChIIECTBYBaT 3HAYUTCIHH IIPOIYCKH MEXIY OpPraHM3alMOHHUTE WHTEPECH |
WHIUBUAYATHATE HYXAW, KOTaTo Te CTHUTaT IO EJIEeKTPOHHOTO O0O0y4eHHe, KOEeTO IIPaBH
NPUIIOKEHHUATA 32 EIEKTPOHHO 00y4eHHe MOo-MaJIko ¢()eKTHBHYU MO OTHOIICHHE HA LeJuTe. 3a Ja
Ce pemy TO3M IPOoOJIeM € IPEACTaBeH IIONXON, OPHEHTHUpPAH KBbM IOCTIKEeHHATa. OCHOBHHUTE
nokazatenu 3a edexkruBHocT (KPI) ca cp3mamenHn, 3a 1a U3ACHAT MOTPEOHOCTHTE OT
OpraHM3aIOHHO OOy4YECHHE W Jla IMOMOTHAT YYaIlWTe Ja YCTAaHOBAT PAalMOHAJIHU IIENH Ha
o0ydenueTo. M3BnnuaHero Ha MH(pOpMAIHA 3a HeOpPMaNHHUA IpoIec Ha O0ydeHHE € KIF0UOB
(axTop 3a ycrexa Ha 00y4eHHETO Ha PaOOTHOTO MSCTO. 3a Ta3H el OIHcaxMe YIeOHHs MPOIeC ’
HPEIUTOKIXME HOBH (opMaTé 3a OOMEH Ha M3IBIHIMHU ONHCAHWSA HA YIEHETO Upe3 M3BBPIIBAHE
Ha JEHHOCTH Ha PabOTHOTO MSICTO.
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LORAWAN BASED SYSTEM FOR MEASURMENT AND
MONITORING OF TEMPERATURE AND HUMIDITY IN DATA
CENTERS AND SERVER ROOMS

Dimitar Tokmakov, Sotir Sotirov , Slavi Gluhov
University of Plovdiv “Paisii Hilendarski”, Plovdiv, Bulgaria

Abstract: This paper describes the realization of a wireless temperature and relative
humidity measurement node used in datacenters and server rooms that transmit data to a LoraWan
gateway via a LoraWan communication link. Using a wireless sensor node gives a number of
advantages, such as wireless installation, physical independence from the data center
infrastructure, battery power supply with low power consumption. Data from the LoraWan
gateway are transmitted into an Internet-based cloud application for post processing and
visualization, which enables further optimization of air conditioning and ventilation systems.

Keywords: LoraWan node, measuring temperature and relative humidity in data centers
and server rooms

Introduction: Modern server rooms and data centers have systems for monitoring,
measuring and controlling environmental parameters such as temperature, humidity, leakage,
smoke, and so on. These systems are built on 19 " chassis and require their mounting in modular
cabinets and in 19" RAK systems. The sensors are connected to the measuring system via wires
and the data being sent for processing and visualization to client applications using the data
center's communication links. The power supply of these systems is provided by the data center
infrastructure. The presence of connecting wires for the measurement sensors as well as the need
to connect to an electrical supply in server rooms limits their installation at random locations in the
server premises. The ability to mount wireless sensors that are independent of the room
infrastructure is important when the data from these sensors is used to optimize the operation of
climate and ventilation systems in order to ensure energy efficiency, in addition to critical alarm
alerts.

The realization of a remote temperature and humidity measurement system in server
rooms based on miniature battery-powered sensors and the transmission of data through the
LorraWan Communication Network is an unresolved problem that we are trying to address with
this development.

Materials and methods:

Figure 1 shows the architecture of the measurement system for temperature and relative
humidity monitoring in server premises and data centers by using the LoRaWAN Media Access
Control (MAC) protocol for WAN networks [3].
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Fig.1 Architecture of LoraWan measurement systems for temperature and relative
humidity

The measuring system consists of end devices — LoraWan sensor nodes built by a
microcontroller, temperature and relative humidity sensor, and a LoraWan radio modem running at
868MHz and powered by a 3.7V Li-lon rechargeable battery type 18650.

The sensor node measures the temperature and relative humidity and sends the data
through LoraWan communication channel to the LoraWan gateway located near the data center.
From the LoraWan gateway, the data is transferred to an Internet-based cloud application via the
IPsec protocol and from there through the HTTPS protocol can be used by various client
applications. Figure 2 shows the block diagram of the wireless measuring node.

I

3.7V 18650
LDO 3.3V
f 868MHz
-Wi SPI
DHT 22 1-wire N Microcontroller N RFM95W
o ATMEGA328 "] Lora Radio Transceiver

Fig.2 Block diagram of the LoraWan measuring node

The temperature and relative humidity measuring node is built up by the microcontroller
ATMEGA328, the Lora radio transceiver module RFM95W and the capacitive digital sensor
DHT22 (AM2302). DHT22 measures a temperature of -40 ° to 80 °© C and relative air humidity in
the range 0% - 99%. It has a pre-calibrated digital output and features great reliability and stability.
The accuracy of humidity measurement is +/- 2% and at +/- 0.5%. The interface of the sensor is 1-
Wire, the refresh rate is 1Hz. The power supply to the sensor node uses 3.7V Li-lon battery type
18650 and linear low drop regulator for 3.3V with low quiescent current.
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The ATMEGA 328 microcontroller reads data from the DHT22 sensor, encodes them in
the Cayenne LPP format, and sends them via the radio transmitter modem RFM95W to the
LoraWan gateway using the Lora communication channel. The measuring node firmware is tuned
to send the data every 5 minutes, the transmission time is about 5 seconds, and the remaining time
node goes into low-power mode.

Figure 3 shows the block diagram of the LoraWan gateway. It is built on a single board
computer with ARM-Cortex processor, USB, Ethernet and SPI interfaces, to which are connected
3G modem, GPS module and LoraWan concentrator RAK 831 based on Semtech SX1301. The
LoraWan concentrator has an external dipole antenna with 5dbi amplification. The gateway uses a
SX1301-based board that provides 8-channel for downlink and 1 uplink channel to the standard
Europe-wide 868MHz plan. The Internet connection of the gateway is via an Ethernet network
interface and a backup one from the USB 3G modem. The 5V power supply for the single board
computer is provided by a PoE converter from 48V to 5V. LoraWan gateway listens for all
LoraWan protocol packets and transmit them to an Internet-based cloud service in which data is
archived and translated to various client applications. By processing this data from the appropriate
software, a room temperature profile can be constructed to effectively manage climate and
ventilation systems for energy efficiency and to achieve normal server room working conditions.

USB 3G Modem

usB
\ 4
Eth t+PoE o
ernet+Po RAK 831
48V to 5V p{ I RM (Cortex »  semtech SX1301
PoE power supply Single board computer Concentrator board
868MHz, 5dbi
outdoor antenna

A

Timestamp | Serial Rx,Tx

MAX-7Q ¢

GPS module

GPS Antenna

Fig. Block diagram of 8-channel LoraWan gateway

Results and discussion: Fig. 3 shows the data measured by the system received by the
LoraWan gateway and sent to an internet cloud server application. The figure shows the visualized
data from the client application using the myDevices platform via the Cayenne LPP protocol.
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Fig.3 Temperature and relative humidity data sent to the server every 5 min.

The measured temperature, relative humidity, signal-to-noise ratio, received signal
strength indicator (RSSI) and the time of the last measurement are displayed. An interactive map
shows the physical position of the LoraWan measuring node.

Conclusion: The measurement system presented in this paper measures real-time
temperature and relative humidity in data centers and server rooms. Using LoraWan wireless
communication link the data is forwarded by the LoraWan gateway and sent to the Internet cloud
application for processing, archiving and visualization. The LoraWan gateway and sensor node
described in the present work are installed in the University of Plovdiv Paisii Hilendarski,
Bulgaria.

The implementation of LoraWan based measurement system has a number of advantages
over traditional data center measurement and monitoring systems: possibility of mounting the
measuring node at random location without connecting wires, battery power supply with low
power consumption, collection and processing of measurement data for their use to optimize the
operation of the air conditioning and ventilation system.
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SURFACE POTENTIAL SENSOR
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Abstract: This work presents the results of a new design of a complete non-contact
voltage acquisition system, based on surface potential sensor EFS-22D by TDK. The system is
capable to measure DC voltages from 0-950V with distance between the surface potential sensor
and the probe within 1 — 3.5mm. The signal from EFS-22D sensor which is in the range from 0-
4.5V dc is converted from the built in analog to digital converter in ATMEGA328 microcontroller.
The results from the measurements are send to LabVIEW application using Bluetooth module. The
LabVIEW application provides interface for further data acquisition and visualization.

Keywords: LabVIEW non-contact voltage measurement, surface potential sensor, ESD
measurement and control;

Introduction: There is a wide range of devices that can measure the electrical charge or
potential of dielectric or conductive surfaces without electrical contact with them.

Electrostatic voltmeters belong to the category of the most popular devices of this type.
This paper focuses on the design and construction of a microprocessor-controlled electrostatic
voltmeter using a surface potential sensor. Non-contact measurement methods give a quantitative
estimate of the electric field, surface potential, and surface charge distribution. The main
advantage of this type of measurement is that it does not change the status of the object under
investigation [1]. The absence of an electrical contact during the measurement excludes the
possibility of a charge transfer between the measuring instrument and the surface being
investigated. These methods are extremely important and widespread in measurements where a
very high input impedance of the meter is required [2].

Materials and methods:

The EFS-22D surface potential sensors from TDK [5] is used and are featuring better than
+0.05V detector output variation noise. This voltage sensor is constructed using TDK’s unique,
high precision, highly stable detection circuit which feeds the measured surface potential back to
the electrical field density control chopper and probe shield cover. Output of this probe is highly
precise and quite stable, almost unaffected by temperature fluctuations or probe spacing (probe
positioning). The adverse effects of electrical disturbances between the measured surface and the
sensor electrode are greatly reduced. [5]

Figure 1 shows the construction of EFS-22D sensor. It consists from sensor electrode,
electric field line blocking shutter, chopper, and board ground plane and shield case with window
which forms the measuring aperture. [5]
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Fig.1 EFS-22D sensor construction — image obtained from TDK application note

The chopper is vibrating sinusoidal at 700Hz by the use of piezo element. The EFS-22D
mechanism increases and decreases the number of electric field lines (electrical-mechanical energy
conversion) by utilizing flexure of the oscillating shutter to periodically increase-decrease the
effective area of a voltage element placed near the oscillating shutter.[5]

Figure 2 shows the architecture of the measurement system for non-contact voltage
measurement using surface potential sensor EFS-22D by TDK. The Kelvin type vibrating
electrodes sensor is placed in fixed block holder at distance between 0.5 and 3.5 mm from the
measuring surface. The surface potential, measured by the probe of the sensor, is converted into
analogue voltage, varying from 0 to 4.5V, which is then converted into a digital value by built in
10 bit ADC in microcontroller ATMEGA328. The results from measurements are send to
LabVIEW application to a PC via Bluetooth module HC-05.

A DC power supply module of 24V is used to power the surface potential sensor
converter.

Figure 3 shows the user interface of the virtual instrument developed with LabVIEW
2018 evaluation version. For connection between the electrostatic voltmeter and the virtual
instrument, the serial port is used with the NI-VISA driver.

The built-in microcontroller firmware for ATMEGA328 performs an analogue-to-digital
conversion of the input signal from the EFS-22D sensor to the analogue input A0. ATMEGA328
receives the number of measurements per second on a serial port from the virtual instrument, this
parameter ranging from 1 to 20. The internal measurement cycle is then started and, depending on
the amount of measurements taken after the end, the average value is calculated and sent to the
virtual instrument via serial port for visualization and post-processing.

The LabVIEW virtual instrument provides digital and analog visualization of
measurement data as well as graphic printing through a dedicated object waveform chart that
visualizes the amplitude of the measured electrostatic voltage over time or number of digital
samples sent by the microcontroller ATMEGA328.
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Fig.3 LabVIEW Virtual instrument user interface

Results and discussion: Fig. 3 shows the developed LabVIEW virtual instrument which
allows user to start and stop the measurement and to visualize voltage curves over number of
samples/time. The use of LabVIEW as a development environment for non-contact voltage
measurement allows the system to be used as a control equipment for electrostatic discharge in a
production environment.

Although the EFS-22D sensor has a linear output voltage vs. detector voltage
characteristics [5] , our measurements showed that at the beginning of the 0-50V interval there is
some non-linearity that can be compensated by the software of the virtual instrument. The non-
linearity test of the electrostatic voltmeter was done by a series of 20 measurements of different
sample voltage values ranging from 0-950 V, using Keithley 2015 (6 % digits) for the reference
voltmeter.

Based on the measurements a calibration curve is built, which is approximated with the
linear equation y = 1.0032x + 2.1944 with coefficient of correlation R2=0.998.
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The resulting calibration equation is used by the virtual instrument measurement software
for linearization of the electrostatic voltmeter in the 0-950V range.

Conclusion: The measurement system presented in this paper measures electrostatic
voltage in the range from 0-950V within 0.5-3.5mm distance between the measuring probe and the
measured surface.

Achieved accuracy in the range of 0-950 V is 500 mv, which allows the measuring
system to be used for various applications as well in university education in physics and
electronics.

The voltmeter proposed in this paper can be used for studying various types of dielectric
materials, as well as for investigating voltage sources with ultra-high internal resistance.

The use of LabVIEW virtual instrument software allows the system to be used in
industrial production environments for express ESD measurement and control.
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MOBILE DEVICE FOR ON-BOARD DIAGNOSTICS OF VEHICLES
Sotir Sotirov
Plovdiv University "Paisii Hilendarski"

Abstract: This article describes the implementation of a mobile device for on-board
diagnostics of vehicles. The developed system consists of an interface circuit ELM327 providing
communication between vehicle diagnostic interfaces (OBD) to a standard serial interface to
which the Bluetooth module BTM222 is connected. The received digital data is transmitted in
series to a mobile smartphone device via a Bluetooth module where it is visualized in a user-
friendly manner through specially designed software.

Keywords: OBD II, bluetooth, ELM237, mobile device for on-board diagnostics of
vehicles

BbBenenue

[Toutn BCHYKYU NpOM3BENICHU JAHEC aBTOMOOMIIM ca CHaOAeHu ¢ uHTepdeiic 3a CBbp3BaHe
Ha JIMaTHOCTHYHO TECTOBO 00OpyaBaHe. [IpeHOCHT Ha MaHHM 1O Te3W HHTepdelich e pearusupaH
Ype3 HAKOJIKO NMPOTOKONA, HO HUKOH OT TAX HE MOXE Jja Ce M3MOJI3BAa AUPEKTHO OT IEePCOHATHH
KOMITIOTPU WJIM CMapT YCTPOKMCTBA. 3a Ta3u el € MpOeKTHpaHa MHTerpaiHata cxema ELM327
KOATO OCHUTYpsiBa KOMYHHKAaIMs MEXIy aBTOMOOWIHHWTE auarHoctmaHH nHTepdeiicn (OBD) u
CTaHAapTEH cepHeH HHTep(eiic KOITo ce cpelia B IepCOHaTHUTE KOMIIOTPHU. J[aHHUTE OT BCUYKH
CEH30pH, KaKTO M AMATHOCTHYHATa HWH(OPMAIMI ChbXpaHEHa B EJIEKTPOHHHUS KOHTPOJIEH OJIOK
(ECU) Ha mpeBO3HOTO cpeicTBO MoraTr aa O6mmaT mpouereHu npe3 OBD. PaspaborBanero Ha
naTepdeiica 3a 6opmosa muarnoctuka OBD II npe3 mociennuTe ToAWHU, A0BEIE 10 Ch3AaBaHETO
Ha TONISIMO pa3HOoOpa3ue OT ypeau 3a 4eTeHe Ha MH(pOpMauusaTa Ipe3 TO3U AUATHOCTUUYCH IMOPT.
YeTAIoTo ycTpolcTBO OOMKHOBEHO W3UCKBAa MH()OPMALUS OT EJICKTPOHHUS KOHTPOJICH OJIOK Ha
TIPEBO3HOTO CPEJCTBO, KATO M3IIpAIlla ChOTBETHHS 32 TOBAa INECTHAIECETHUCH KOJ, CBBP3aH ChC
crierUUeH apaMeTsp, KOHTO TpsiOBa 1a ObIe MPOYCTCH.

Cucrema 3a 6opaoBa quarnoctuka (OBD)

Cucrema 3a 6opaoBa auarsoctika (OBD) m3mon3Ba koJoBe KOMTO ca AepUHHPAHU OT
crarnapra SAEJ1979. KomyHukanusita Mex 1y ABETE YCTPOICTBA C€ OCHIIECTBSBA ChITIACHO €IUH
ot nerre OBD II npotokona, kouto ca : SAE J1850 (VPW u PWM), ISO15765, ISO 1941-2 u
IS0 142300-4. Cnen npruemMaHne Ha ChOOILEHHETO B 3aBUCHMOCT OT IapaMeThpa KOWTO TpsiOBa na
Obe TpoYeTeH, IEWCTBUTEIHATa My CTOMHOCT MOXe Jja ObJe MOoNydeHa upe3 KOHBEpTHpaHE Ha
LIECTHAIECETUYHUTE CTOMHOCTH B JECETUYHU YHCIa WIM 4pe3 MpeodpazyBaHe ¢ MOMOLITA Ha
koHkpeTHa Qopmyna. Upes OBD II morar ma ce dwerar JBa THIA JaHHA OT CIEKTPOHHUS
KOHTpPOJEeH OJOK Ha aBTOMOOHMIAa. ToBa ca AMArHOCTHYHM KOJOBE CBBP3aHH C HEU3IPABHOCTU
(DTC) u mapameTpuTe Ha CEH30pHUTE B Ha TpeBo3HOTO cpenctBo (PID) (mmentndukatopu Ha
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mapaMeTpuTe 3a OoplIoBaTa IUarHocTHka). M3pectHu ca 10 JHArHOCTUYHH PEKHMA, ONKMCAHU B
Haii-HoBusl craHaapt OBD-II SAE J1979. [uarnoctuunusa pexum 01 naBa BB3MOXKHOCT 3a
MNpOYMTAHE Ha TEKyIaTa HHpOpMAIUsI OT CEH30pPUTE Ha MPEBO3HOTO CPEACTBO.

KoHcTpykunst Ha MOOUJIHO YCTPOICTBO 32 00p/10Ba TMATHOCTHKA

Pa3paboTeHOTO MOOMITHO YCTPONUCTBO 32 OOpAOBA ANATHOCTHKA HA IIPEBO3HHU CPECTBA CE
CBBbp3Ba KbM JMAarHOCTMYHHS MOPT Ha MPEBO3ZHOTO CPEACTBO U mpouuTta aaHHure or ECU B
peanmHoTo Bpeme. CucTemara € MpPEeHOCHMa M € TNPOCKTHpPaHa C BB3MOXKHOCT, Jla yCTaHOBHU
KOMYHHUKAIUsI C BCSKH aBTOMOOWII Oe3 J1a peyn Ha (pYHKIUUTE 32 yrpasieHue. KoHCTpyupaHoTo
YCTpOICTBO JaBa BB3MOXKHOCT 33 H3MEpPBAaHE Ha CIEAHUTE NapaMeTpu B DPEATHO BpeEME:
HallpeXkeHHe  Ha 3apexJaHe Ha OaTepusTa, TeMmIepaTypa Ha Bb3[AyXa MOCTBIIBAIl BEB
BCMYKaTEIIHUS KOJIEKTOp, HalsiraHe Ha BB3JlyXa BbB BCMYKATEIHHs KOJIEKTOp, TEMIlEpaTypa Ha
OXJIa[UTETHATA TEYHOCT, HATOBAapBaHE Ha JABUraTeNsd. [IpWHIMIHA cXeMa Ha yCTPOHCTBOTO €
npencraBeHa Ha ¢urypa 1.

ANT

ELM 327

BTM 222

N——

Ourypal.

IIpn KOHCTpyHpaHETO HA YCTPOWCTBOTO € M3MOJI3BAHE OPMIMHAIHATA MPUHIMITHA CXEMa
npencTaBeHa B qokyMmeHTarmaTa Ha ELM 327, xosfTo e MogudunupaHa KaTo KbM Hes € J0OaBeH
6e3xuueH omyTyT Moayn BTM 222. KoMmyHukaiusaTa MeXIy ABETE CXEMH CE OCBIIECTBIBA Upe3
cepHeH acHMHXpOHEeH HuHTepdelic. TpaH3ucTopuTe Ha cxemaTa MMAaT (GYHKIUS Ja CBIJIacyBat
JIOTUYECKUTE HUBA MEXy JIBaTa MOMYNa.

HuTerpanna cxema ELM 327

Kakto e mBectHo ELM327 mnpencraBmaBa wmuxpokontponep PIC18F2480 u e
nporpamupan oT ELM Electronics 3a ga 6p1e narepderic mexay RS232 u OBDII 3a npeBo3Hu
cpenctBa, kouTo u3non3sat nporokonu [SO-15765-4 CAN, SAE-J1850 PWM, SAE-J1850 VPW,
ISO-9141-2, 1SO-14230-4 u SAE-J1939. ELM327 nomabpka Bcuuku nporokonu 3a OBD. Kato
UMa BB3MOXKHOCT 32 ABTOMATHYHO WICHTH(GMIHMpaHEe W WHTEPIPETHpPaHE Ha ChOTBETHHSA
MPOTOKOJ, CBHIIO Taka € Bb3MOKHO mporpamupane upe3 AT xkomanau. Komanmute nHa OBD ce
CBCTOAT OT 2 Oaifra (HOHAKOTA TOBEYE), KaTO IIBPBUAT OAliT AeUHUPa ANATHOCTUYHHS PEKHM a
BTOPUSAT - OIpenens HAeHTH(HKaTopa Ha choTBeTHHS mapamersp PID. Tasu mubopmamums ce
U3Ipalia KbM IPEBO3HOTO CPEACTBO, KaTo Maker oT JaHHW. ELM327 nobaBst mOmbJIHUTENHHUTE
OaiiToBe 3a 3ariaBUe W KOHTPOJIHA CyMa KbM jBaTta koMaHaHu Oaiita Ha OBD komanpmara.
TunuyHa cTpyKTypa Ha ChOOIIEHUTa, KOATO ce u3non3Ba ot cragnaprure ASE J1850, ISO 9141-
2 u ISO 14230-4. E npencrasena Ha ¢urypa2. Ts m3nomsBa 3 3arflaBHU 0aiiTa, KOUTO CHIBPIKAT
uH(MOpMaIys 3a IPUOPUTETa, IPUEMHHKA U IpeIaBaTes.

[npuaputet | npuemnuk | npepasaten |

| 3 3arnasHu Gaidta | no 7 6aiiTa c JaHHKW | KOHTPOAHA Cyma

Ourypa 2.

174



Hampumep 3a 1a ce mpodere TeKymara CKOpOCT Ha aBTomoOmia e Heooxoaumo kbM EKY nma ce
n3npaty koMasaa ,*“ 01 0D’ , kpaero ‘01 € HOMepa IMAarHOCTHYEH PEXHUM B KOHTO ce 4yeraT
JaHHUTE OT ceH3opute a ’0D’’ e maeHTH(UKATOpa 32 MapaMeThpa Ha CKOpocTTa. B To3m ciyuaif
OTroBOpa M3MPATEH KbM YETANIOTO YCTPOHCTBO mie Obme ‘41 0D 22°°. ITbpBUsT OAalT MoKa3Ba
pexxuma Ha pabora, IIecTHaIeCeTUIHaTa CTORHOCT ,,41° choTBeTCTBa HA pexkuM 1. Bropusr G6ait
,“0D”’ e umeHTH(UKATOpa 3a MapaMeTbpa 3a CKOPOCTTa, KOWTO € M3MpaTeH ChC ChOOIIEHUETO.
CrnenBamus OaliT chabp’Ka CTOHHOCTTA Ha MapaMeThpa Ha MPEBO3HOTO CPENCTBO B ciaydas 0x22
u cbotBercTBa Ha 34 km/h. TunmyHaTa CTPyKTypa Ha ChOOIICHHUTA 32 OTTOBOP € ITOKa3aHaHa Ha
¢wurypa 2.

Bayryyr mogya BTM222

ELM 327 e nporpamupan Aa usnpaia crodmenusnta upe3 UART unTepdeiic, KbaeTO B
TO3U cilydall € cBbp3aH Moayina BTM222. Ilo To3u HauuH ce OCUrypsiBa Bpb3Ka C YCTpOICTBa
KaTo MOOWIHM Telae(OHH W MEePCOHATHH KOMITIOTPU. M3mom3Banus momyn e kiac 1 (20 dBm) u
nMma npudnusureneH ooxsat or 100 merpa. CepuitHuTe TaHHU ce MpeAaBaT aCHHXPOHHO OT / KbM
EJIM 327 cbe ckopoct 9600 bps.

Codrryep 3a MOOUJIHO IPHUJIOKEHHE

3a Bu3yanusupaHe Ha MH(POPMAILUATA, MMOTyYeHa OT EIEKTPOHHHS KOHTPOJIEH MOAYN Ha
MPEBO3HOTO CTPEACTBO € pa3paboTeH codTyep 3a MOOWIHH YCTPOWCTBA,  W3MOJI3BALIN
onepanronHa cuctema Android. Codryepa e pa3paboteH upe3 uHTerpupanara cpena RAD studio
U € MPOCKTHPaH Jia W3IbJIHABA CICIHHUTE 3a7a4u: cBbp3BaHe ¢ Bluetooth momyna, nsnpamane Ha
choOImeHnst 3a 3asBka Ha uwHopMmamms kbM OBJl, npuemane Ha wuHdopmamus ot OBJ,
BU3yanu3upane Ha uHMopMmamuiTta B yaoOHa 3a moTpebOurens dopma. brnok guarpama Ha
pa3paboTeHus copTyep e mpeacTaBeHa Ha Gurypa 3.

Cro0mennsara 3a 3asBKa Ha JAaHHHM, KOMTO C€ W3Ipamar OT KOHTpoiHHs codryep ca
oopMeHH KaKTO € Clla3eHa CTPYKTypaTa Ha ChOOIICHHUATa MoKa3aHa Ha ¢urypa 1. Anpecure Ha
naenTudukaropu Ha mapamerpure PID, konTo Morat aa ce 4etaT W BH3yalu3upart upe3 copryepa
ca mpeJcTaBeHy B Tabmuna 1.

ITapamersp PID Munumainza Maxkcumanna | ®opmyna
CTOWHOCT CTOMHOCT

HaroBapBaHe 0x04 0% 100 % A

TemnepaTypa Ha | 0x05 | -40 °C 215°C A

OXJIAXKIAIIA TEYHOCT 2.55

Hansrane Ha BB3ayxa BB | 0X0B 0 kPa 255 kPa A

BXOJIHHSI KOJIEKTOP

Temneparypa Ha Bxomuus | 0xOF | -40 °C 215°C A-40

BB3IyX

MAF (ne6uromep) 0x10 0 gr/sec 655.35 gr/sec | 256.(A+B)/100

Hanpexenne ECU 0x42 ov 655.35V 256.(A+B)/100

Hansirane Ha rOpUBOTO 0 kPa 765 kPa 3.A

EI'P kanman mmo3uuus 0x2C 0% 100 % A

2.55

Tabnumal

CodTyepbT € NpOEKTHpaH Taka 4Ye CHUIECTBYBA BB3MOXKHOCT 3a H3IIOJN3BaHE Ha
YCTPOHCTBOTO KAaTO ONBIHUTENECH H3MEpHUTEeIeH IpHOOp KbM HAIUYHOTO OOOpyIBaHE Ha
aBromoOmia. [Torpeburenckust nHTepdeiic npencTaBsI Ta3u oMLK € okaszaH Ha ¢urypa 4. [Ipn
TO3M PEXMM Ha E€KpaHa Ha YCTPOHCTBOTO ce M300pa3sBaT ABa HMHAMKATOpPA KOWUTO MOraT Ja
NOKa3aBaT pasyiMyHu napamerpu. CMsATaHAaTa Ha MHIMKATOPA 32 CHOTBETHHUS MAapaMeTbp CTaBa
Ype3 TOKOCBaHE HA €KpaHa Ha MOOMIHOTO YCTPOWCTBO BBPXY IUIOIITA KBACTO TOH € M300pa3eH.
Upe3 IOIBIHUTEIHOTO MOTPEOUTENICKO MEHIO, MPEJCTaBeHO Ha (urypa 5 Moxke Ja ce cTapTupa
€JHOBPEMEHHO HM3MEpBAaHE Ha JEBET MIAPAMETHPa, KaTo MONyIEHUTE PE3YITaTH CE BU3yallM3UpaT
Ha €KpaHa B JI€CETHIEH BUJI.

175



CTapT Ha YCTPOHCTBOTO

TbpceHe Ha ycTpoiicTBa

cHabgeHu ¢ bluetooth

v . CoobuieHme "Hama
CTPOMCTBOTO & OTKPUTO [—— == HaMepEHH yeTpoiicTaa”

WznpaiwaHe Ha
cbobLeHre Kem ERY

v

lNpremaHe Ha
cbvobuleHue ot EKY

U

MNpecbpasysaHe Ha
pesy/Tara 8 fleceTMUeH

BUA

Bu3yanusmpaHe Ha
pesynTata

Qurypa 5

Ourypa 3

3akiouenue:

IIpencraBeHOTO MOOWIIHO YCTPOMCTBO 3a OOpIOBa [UAarHocthka ¢ Oa3supaHo Ha
nHTerpanHata cxema ELM327 koATO ocHTypsiBa KOMYHHUKAIMS MEXIy aBTOMOOMIHHTE
quarHocTraHu uHTepdeiicu (OBDID) u cranmaprten cepuen unTepdeiic, KbM KOWTO € CBBp3aH
Bluetooth moxy:. Ilomydyenara mHGOpMAanus OT €IEKTPOHHHUS KOHTPOJIEH OJOK Ha IPEBO3HOTO
cpencTBo ce mpeaasa upe3 Bluetooth Moxyna kbM cMapT(hOH KBAETO Ce BU3YaIH3UPA B TOIX OIS
3a morpebuTens Bua. PazpaboreHns 3a nenta copryep raBa BE3MOXKHOCT 3a M300p HA PAa3IM4HU
MOTPEOHUTEINICKH OIIIUN KOUTO PA3MIMPSIBAT BH3MOKHHUTE IPIIIOKEHHUS Ha YCTPOHCTBOTO.

Jlurepatypa:
[1] E/E Diagnostic Test Modes Equivalent to ISO/DIS 15031-5, SAE Std.J1979 200 204, 2002.
[2] S.-H. Baek and J.-W. Jang, “Implementation of integrated obd-ii con-nector with external
network,”’Information Systems, vol. 50, pp. 69-75,2015
[3] Reza Malekian , Ntefeng Ruth Moloisane , Lakshmi Nair , B. T. Maharaj , Uche A. K. Chude-
Okonkwo , Design and Implementation of a Wireless OBD II Fleet Management System, IEEE
Sensors Journal Volume: 17 , Issue: 4, Feb.15, 152017
[4] Ashraf Tahat, Ahmad Said, Fouad Jaouni, Waleed Qadamani, Android-Based Universal
Vehicle Diagnostic and Tracking System, Digest of Technical Papers - IEEE International
Conference on Consumer Electronics - June 2012
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BE3’KUYHA MUKPOITPOIIECOPHA CUCTEMA 3A U3SMEPBAHE
HA TEMIIEPATYPA
Cotup Cotupos
IlnoBnuBckn YHuBepcurer ,,Ilancuii Xunengapeku“

WIRELESS MICROCONTROLLER BASED TEMPERATURE
MEASURMENT SYSTEM
Sotir Sotirov
University of Plovdiv “Paisii Hilendarski”, Plovdiv, Bulgaria

Abstract: This paper describes the realization of a wireless measurement system for K-
type thermocouple in the range of 0 to +1023.75°C. The developed system consists of a special
interface IC MAX6675, which performs measurement and digital conversion of thermocouple
signals obtained from thermocouple type K, microcontroller PIC16F877, which controls the
measurement and send the results to Bluetooth module BTM222. The digital temperature data
obtained is transmitted in series to a personal computer via a Bluetooth module, where a specially
designed user software processes it.

Keywords: K-type thermocouple, measuring temperature, wireless measurement system;

BobBenenue: HapactBammsaT wuHTEepec KbM MOHHUTOPHHTa Ha M3MEHEHHE Ha
TeMIepaTtypaTta NpHU pa3dW4HU IPOM3BOJICTBEHM NPOLECH B MHAYCTHATA € MNOpUYMHA 32
pa3paboTBaHETO HA TOJIsAM Opoi OE3KMYHHM CHCTEMH 3a M3MEpBaHE M CHOMpAaHEe Ha MONYyICHUTE
naHHuTe. PaszpaboreHara cucreMa ce CbCTOM OT clieLUanu3upaHa HHTepdeiicHa HMHTerpaiHa
cxema MAX6675 upe3 KoATO ce W3BBpIIBA HM3MEpBaHE W MHUQPPOBO TpeoOpa3yBaHe Ha
TEPMOENEKTPUIECKUTE CUTHAIM MOJAY4YeHH OT TepMoBoiika tum K, mukpokontponep PIC16F877,
OCBIIIECTBSABAII Bpb3Ka MEeXAy HHTep(deicHaTta cxema W Oe3kuueH OmytyrT momyn BTM222.
INomy4uennTe MU(GPOBM HaHHM OT M3MEPBAHETO HA TEMIIEpaTypaTa Ce MpedaBaT CEPHIHO KbM
MIEpCOHAIEH KOMITIOTBD, Upe3 OIyTyT MOAYIN, KBAETO ce 00padoTBaT OT CIELHAIHO pa3padoTeHa
3a menra norpeburencka nporpama. Codryepa mo3BoisiBa OnpeieieH Opoll M3MepBaHUsS Ja ce
BU3yaJM3UpaT B rpaduueH U UM(GPOB BHA Ha €KpaHa Ha MEpPCOHAJIEH KOMIIOTHP KaKTO M Ja ce
3aImicBaT BBB TEKCTOB (haif. 3a MOBHIIAaBaHE HA IIYMO3AIIHUTEHOCTTAa M HAJEXKIHOCTA Ha padoTta
Ha cucTeMaTta € pazpadoTeH udpoB GUITHP.

Marepuajiu 4 METOIM:

OcHoBHaTa Hjes NpH KOHCTPYMPAHETO CHUCTEMaTa 3a HM3MEpBaHE Ha TeMIepaTypa e
NojTy4aBaHe Ha ao0pa IIyMOYCTOWYMBOCT, BHCOKAa TOYHOCT M CTaOWMIIHOCT HA IONTY4YECHHTE
pe3ynTaTé OT W3MEpBaHUATA, P M3IIOI3BaHEe HA MUHIMAJICH OpOH €IeKTPOHHH eJIeMeHTH. Te3un
M3UCKBaHKs Ca B OCHOBaTa Ha m30opa Ha WHTerpanHus uHTepdeiicen moayn MAX6675 upes
KOWTO ce 00paboTBAT CUTHAINTE OT TEMIEPAaTypHUS CEH30p, KOWTO B CiIydast € TEPMOJBOIHKA THII
K. MAXG6675 e nudpoBa naTepdeiicHa HHTErpaiHa cXeMa CHeHaIHo pa3paboTeHa 3a 06paboTka
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Ha CUTHaIH oT TepMozBoiiku Tun K. B HelfHaTa KOHCTPYKIMS ca BKJIIOYEHH: BXOJEH YCHUIBaTelN,
12-6utoB ananoroBo-mdpoB mpeodpasysaten (ADC), ceH3opeH nuoJ 3a W3MEpBaHE U
KOPUTHpaHEe HA IPOMEHUTE Ha TeMIlepaTypaTa Ha OKOJIHATa cpefa, MU(ppOB KOHTPOIEp, CepueH
SPI-ceBMecTuM MHTEp(EHC CBBp3aH C KOHTPONHA JIOTMKA. KakTo € M3BECTHO HaNpeXEHHEeTO
HOJIy4EeHO OT TePMOABOMKATA € IMPOMOPIHOHATHO HA Pa3iNKaTa B TEMIIEpaTypUTe MEXIy ABAaTa U
kpas. Ilpenyu TepMOENneKTpUYHOTO HaNpekeHHe OT CEeH30pa Ja ce Npeodpa3yBa B €KBHBAJEHTHA
TeMIlepaTypHa CTOHHOCT € HeOOXOIMMO Jja ce KOMIICHCHpa pas3iiMKaTa MEXTy CTyAeHaTa CTpaHa
Ha TepMOJABOMKaTa (TeMIlepaTypa Ha OKOJHATa cpela Mpu KoATo ce Hamupa MAX6675) cripsimo
BUpTyalqHa CTOHHOCT 3a Temmeparypata or 0°C. Teit kato, mpu TepMmozBoiiku TUn K
HampexxeHnero ce mnpoMeHs c¢ 41uV/°C, crnemoBaTenHO Bpb3KaTa MEXAy IOIYyYEHOTO
TEPMOETEKTPUIECKO HAMpPE)KEHWE M TEMIEpaTypaTa MOXE Ja C€ MPEACTaBH CBhC CIEOHOTO
ypaBHEHHE:
VOUT = (41[,1,\/ / OC) X (TR - TAMB)

Vour - U3XOIHOTO HalpeXeHUE Ha TepMOoIBOMKaTa (LV).
Tr - TeMneparypara Ha ToIuIaTa cTpaHa Ha TepMmojBoiikata (° C).
Tamp - TeMIepaTypaTa Ha okonHaTa cpena (° C).

W3znomsBanero Ha MAX6675 xato mHTepdeiiceH Moayn 3a 3a 00paboTka Ha CHTHAINTE
OT TEpMOJIBOMKAaTa JlaBa BB3MOXKHOCT TOpELIUAT Kpall Ha TepMOJABOMKaTa Ja ce HaMupa B
nuana3ona ot 0°C no +1023.75°C, nokaTto TemrepaTypara Ha CTYACHHUAT Kpail Ha TepMOABOMKaTa,
KOATO € TeMIepaTypa IIpU KOATO ce HaMHpa IIaTKaTa KbAETO € MOHTHPaHa MHTErpajaHaTa cxeMa
MAX6675 moxe aa Bapupa ot -20°C no +85°C. IIpu MAX6675 3a U3MepBaHETO U KOPUTUPAHETO
Ha [IPOMEHUTE Ha TeMIIepaTypaTa Ha OKOJTHATa Cpejia C€ M3I0I3BA BIPAICH CEH30PCH ANO.

Koncrpyupane Ha 0e3:KHYHA MHMKpPOIPOLECOPHA CHCTeMa 3a M3MepBaHe Ha
TeMmepartypa:

Ha <¢wurl e mpenacraBeHa mNpuUHIMIHA CcXeMa Ha paspaboreHaTa Oe3KHUHA
MHKPOIIPOIIECOPHA CHCTEMa 3a M3MepBaHe Ha TemIieparypa. Pa3paboTeHOTO yCTpOHCTBO MOXeE aa
ce M3MON3Ba 3a M3MepBaHMS Ha Temmeparypa or 0 mo +1023.75°C m mma pasmenurenHa
criocobroct 0.25°C.
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Ourypal. [TpuHnmTHA cxeMa Ha Oe3’KudIHa MUKPOIPOIIECOPHA CHCTEMa 3a U3MepBaHe Ha
TemImeparypa.

OcHoBHaTa waes IpH Ta3uw KOHCTPYKIus € de MAX6675 o0paborBa CHTHAIUTE
HOJIy4eHU OT TePMOABOWKATa U NpejaBa JaHHUTE Ype3 CepUeH MHTepdeiic KbM MUKPOKOHTPOJIEP.
3a ma mpodere maHHHTE OT IpeodpazyBaHeTo Ha MAX6675 MHKpOKOHTpONIEpa ITPBO II0JaBa
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HHCKO HUBO Ha Bxox CS u ciexn ToBa TakToB curHai Ha Bxon SCK. /lanuute ot npeoOpasyBaHeTo
ce m3BexIaT Ha u3xol SO Ha uHTerpanHata cxeMa MAX6675 B cepueH BuA U NOCTHIBAT B
mukpokontponepa. [Iporokon Ha cepuitHus uHTepdeiic Ha MAX6675 e npencraBeH Ha

¢urypa 2.

[

\ /
v OO00.000000000N

®ur.2 TIpotokon Ha cepuitHus uHTepdeiic Ha MAX6675

Cnen xato mukpokonTposepa PIC16F876 mpueme 12 OuToBaTa CTOMHOCT 3a TeMIepaTrypara Ts
ce pasfens Ha jABa OalTa M Cce M3Mpalia KbM IIepCOHANEH KOMIIOTHP. Ta3m (GyHKIUS ce
OCBILECTBSIBA OT OexkuyHus OmyTyT momyn BTM?222 upe3 koiTo ce peanusupa ABYIOCOYHA
KOMYHHUKAIUs MEXKIYy MHKPOKOHTpOIEpa M KOMITIOTHpa. 3a oOMeHa Ha HH(pOpMamus MExXIy
BTM222 u mukpokontposiepa PIC16F876 ce usmonssa acuuxponeH cepueH uHTepdeiic UART.
3a M3IBIHCHUETO Ha IIOJICEIOBATEIHOCTTa OT JIOTMYCCKU OIEpaldi Ha MHKPOIPOIECOpHATa
cHUCHTEMA € crenuanHo paspaborer ¢pupmyep 3a PIC16F876, cxema ¢ anropurbMa Ha KOUTO €
npeacTaBeHa Ha ¢urypa 3.

MpoBepka ganu
NpMeTaTa CTOHHOCT B

pervcrbpa Ha
cepwiinma nopr e
paska Ha OX31

RC5=0

MpounTake Ha pesyaTara ot
npeoBpa3sysanero Ha MAX 6675

RC5=1

Nocreposarento

i He npepasaHe Ha gge |
Mposepia fAank cTolHOCTTa ¥
T e |
CepUiHMA NOPT KbM
BTM222
Aa G

Tipesasane Ha
—————|  peaynraranpe3

CEPMAHKA NOPT KbM
BTM222

@urypa 3.brok cxema Ha anrOpUTHM 32 H3MEPBaHE HA TEMIIepaTypa

Ipornenypata 3a HpounTaHe Ha CTOHHOCTUTE OT HM3MEpBAaHE HAa TEMIIEpaTypaTa ce
yHpaBisiBa OT IIEPCOHANICH KOMITIOTBP, KOMTO mpenaBa IudpoBa croiHocT croitHocT 0x31 kxaro
ycioBue 3a crapT. KoraTo ToBa ycioBHe € M3ITBJIHEHO MUKPOKOHTPOJIEpA CTapTHpa MponexypaTa
3a TpOYMTaHE Ha CTOMHOCTTa 3a TemmepaTypara or MAX6675 upe3 cepuithus SPI mopr,
npeoOpa3yBa s B IMOAXOJII BUJL U 51 U3IIpallia KbM MEPCOHAIEH KOMITIOTBD, CIEA KOETO OTHOBO ce
M39aKBa YCIOBHME 3a CTapT Ha CJIEABAIO HM3MEpBaHE. 3a BH3yalM3allMs HAa HM3MEpBaHUATA OT
TeMneparypara B rpapuueH M 1MGPOB BHA € pa3padOTeH cHenUalInu3upaH codryep.
INotpeburenckust nHTEpdEHC Ha cucTeMaTa € IPeACTaBeH Ha (urypa 4.
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®durypa 4. [Torpedurencku uHTEpEiic Ha MMPPOB TEPMOMETHP

OcHOBHHTE HACTPOWKHM Ha cOPTyepa ce 3a7aBaT OT IOTPEOUTENICKOTO MEHIO MPEICTaBEHO
Ha ¢urypa 5. 3a momoOpsiBaHEe Ha CHBMECTHMOCTTA MEXIy Pa3IHIHH TEPMOABOWKH OT THHN K m
Xapayepa Ha CHcTeMaTa € NpeABHAeHa Bhb3MOXKHOCT 32 BbBEX/[aHE Ha TEMIIepaTypHO OTMECTBAHE.
I'padmunara Bu3yanmm3amus Ha pe3yiraTa MOXKE Ja ce W30upa B ONpeIeNiCHH T'paHHIM KaTo 3a
IeTa ce BEBEXIAT IPAaHUIHU CTOMHOCH 32 MaKCHMAaJIHA ¥ MUHAMAJIHA CTOMHOCT. 3a mogo0psBaHe
Ha TOYHOCTTA M MOATHCKAHE Ha HE)KEJaH! BHHIIHHU ITYMOBE € Pa3paboTeH aJropuTHM 3a HudpoBa
(unTpanus, KaTo BIMSHUETO Ha (GUITHpa BBPXY Pe3yATaTa OT H3MEPBAHETO MOXKE J]a CE OIpPEAeIs

OT IOTPEOUTEIIS], Upe3 PeryaupaHe Ha HEroBUsl KOS(HIMEHT.
& o BEC=

[1o0 Filter coofficient
[ @ Sampling interval
[fomom Number of samples |l
Temperature chart [C°]
[ Tmin [ Tmax

[ offset  [C]

0K

@urypa 5. IToTpeduUTEICKO MEHIO
Iludposara punTparys ce OChIIECTBABA Upe3 H3MON3BAHE Ha CIeAHATA (PYHKIIMS:

X(t) =X (o) + 2D
Kbaero : X(t) — Texyi pe3ynraT noxasaH Ha expana, X ,_q) — IIpeuiuen pesyarar nokasan Ha
expana, X,,- TeKymo u3MepBane, K- koeduipeHT Ha GunTHpa

3akJroueHue

IpencraBenara Ge3XMYHA MHUKPOINPOLECOPHA CHCTEMa € TpeIHa3HAueHa 3a M3MEPBaHE
Ha Temmeparypa B quanazona 0°C o +1023.75°C c paspenurensa cnocodroct ot 0,25°C.

CucremMaTta nMa Bb3MOXKHOCT 332 KOMITCHCAITHS Ha CTYIEHHMS Kpai Ha TepMoaBoiika Thn K
B TemrepaTypHus auana3oH -20°C mo +85°C ¢ TounocT ot +/- 3 °C. Upe3 6e3’KHIHOTO TpeaBaHe
Ha JaHHM ce u30srBa TalBAaHMYHA Bpb3Ka MEXIY JABETE YCTPOMCTBA, KOETO pa3IIMpsBa
BB3MOXHOCTTA 3a U3II0JI3BAHC Ha CUCTEMATa IpU MO-rojsim 6p0ﬁ HHAYCTPHAJIHU IIPUITOKCHUS.

Jlureparypa:

[1] https://datasheets.maximintegrated.com/en/ds/MAX6675.pdf
[2] http://www.tempsens.com/pdf/materials/Thermocouple type K table.pdf
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MN3I1OJI3BAHE HA TUJAKTUYECKUA TECT 3A JTUATHOCTHKA
HA YYEBHUTE PE3YJITATHU 1O , HOBEKBT U IIPUPOJATA*
6. KIIAC (MO YJ XUMMUS)
AHTOaHeTa AHrej1ayeBa
IInoBauBckn ynuBepcurer ,Ilancuii Xniaenapapekn”

POSSIBILITIES OF DIDACTIC TEST FOR DIAGNOSTICS OF
TEACHING RESULTS IN THE 6TH GRADE, SECTION “SUBSTANCES
AND THEIR PROPERTIES”

Antoaneta Angelacheva
University of Plovdiv “Paisii Hilendarski”

Abstract. In the article are presented results from diagnostic research of students’
performances in the school subject “Man and nature” in 6™ grade, in the section related to
substances and their properties. The aim of the study is to establish to what extent are achieved the
expected students’ performances which are determined in the state documents. The students’
performances are evaluated with a test that is created in accordance with the state educational
requirements and the curriculum for 6™ grade. From the experimental data are made specific
findings about students’ cognitive achievements and some weak points in science education.

Keywords: educational standards, chemistry education, didactic test

YBoa

Y CBBBPIIIGHCTBAHETO HA Mpolleca Ha OOyUeHHE IT0 XMMHUS € CBBP3aHO C pelIaBaHEeTO Ha
peaulia BBIPOCH, MO-BaKHU OT KOUTO Ca ONTHUMAaleH MOA00p M CTPYKTypHpaHe Ha yueOHOTO
ChIbprKaHne, N300p Ha MOIXOMAIIN OPTaHW3AIMOHHN (OPMH, ITOIXOIN, METOAN W CPENCTBA Ha
o0y4yeHHe ¥ He Ha IOCIEIHO MSCTO — ONTHMHU3HpaHE Ha IIpoleca Ha KOHTPON M OIGHKa Ha
OBJIAJICHUTE OT YUYEHHIUTE 3HAHUSA U yMeHHA. [IMIaKTUUECKUTe TECTOBE Ca OCHOBHO CPEACTBO 3a
JMATHOCTHKA Ha MO3HABATEIHUTE PE3YATATH OT 0OydeHneTo. Te mo3BosBaT ydeHHUITE 1a ObaaT
MIOCTaBEHH TIPY €IHAKBH YCJIOBUS U Jla HE ce MposiBsiBa CyOeKTHBN3bM. OCBEH TOBA YUHUTENIAT UMA
BB3MOXKHOCT CPaBHHTETHO OBP30 M TOYHO Ja YCTAHOBH, aHAIM3UpPA WM OLCHH PE3yITATHTE OT
yueOHaTa OEIfHOCT M CBOEBPEMEHHO Ja HAmpaBH KOPEKIUH. J[bp:KaBHHTE 0Opa30BaTEIHH
n3uckBanus (JION) 3a yaeOHO chabpikaHue U YdeOHaTa nmporpamMa ca HOpMaTUBHHUTE TOKYMCHTH,
Ha 0a3aTa Ha KOUTO ce pa3paboTBaT JUAAKTHUECKH TECTOBE 3a AMATHOCTHKA Ha IMOCTIKEHUATA Ha
YYEHULIUTE.

IIpenBux axTyamHOCTTa Ha TMpoOieMa 3a KOHTPOJI W OIEHKa Ha Ipolieca Ha oOydeHHe ce
opraHu3upa U3CcIe[BaHE 3a YCTAaHOBSBAaHE Ha CTENEHTA HAa YCBOABAaHE HAa 3HAHMATA U yMEHUSATA HA
YUCHUIMTE TIPH M3ydaBaHe Ha pasjena ,BemecTBa M TEXHHUTE CBOWCTBA® Ha yJ4eOHHS TpeaMeT
,,HOBEKBT M mpupoaara“ 6. Kiac, KOeTO Ja € OCHOBAa 3a IMO-HATATBIIHO YCHBBPIICHCTBAHE Ha
y4eOHUS Tpoliec. Y CIENIHOTO pealn3upaHe Ha IIeNITa Ha M3CIIEIBAHETO € CBhP3aHO C pellaBaHe Ha
clemHUTe 3agadd: (a) Upe3 METOAWYEH aHalM3 Ha pa3fela OTKPOSBaHE Ha HIKOM HETOBH
ocobeHocTH; (0) B CHOTBETCTBUE C M3UCKBAHMATA HAa TEOPHATA W METOAMKATA 3a ChCTaBSHE Ha
TECTOBE pa3paboTBaHE Ha IUIAKTUUSCKH TECT 32 M3MEpBaHe PAaBHUIIETO HA 3HAHUATA 1 YMEHHATA
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Ha YYEHHUIIUTE MPU OBJIAIIBaHE HA yIeOHOTO ChIBPIKAHHE 32 BEIIECTBATA M TEXHUTE CBOWCTRA; (B)
CBIIOCTaBSHE HA YCTAHOBEHHUTE ITO3HABATEIIHU PE3YATATH OT OOYUEHHETO C OIpPEJCICHUTE B
YuebHata nporpama 3a 6. KJIac OYaKBaHU Pe3yATaTH U (GOopMyIHpaHEe HA U3BOM.

MeTomoJi0THsI U OIMCAHHE HA M3CJIEIBAHETO

O6ekT Ha m3cnenBanero ca 182 yuenumm ot 6. xiiac ot OV ,.Bacun Jlescku®, OV , Jlymio
Xamxuneko u CY Ilancuit Xunennapcku®, rpaja [InoBaus. Che ChIUTE YUCHUIM € IPOBEJCHO
nomoOHo wm3ciexBaHe B 5. kmac (Angelacheva, 2017; Angelacheva, 2018). Ilpemmer Ha
W3CIIEABAHETO ca pe3yATaTUTe OT yyeOHaTa AEHHOCT (3HAHUS U YMEHHS 3a OOEKTH, NMPOLEcU U
SIBIICHUSl B HEe)XHMBaTa M KMBaTa mpupona). llenta Ha eKCIIEpUMEHTAITHOTO H3CJEIBaHE € Ja ce
MPOBEPH B KakBa CTeMeH ca TOCTHIHATH OYaKBAaHWUTE PE3yATaTd OT OOydeHHeTO B pasjena
»BeIleCTBa W TEXHWTE CBOWCTBA™ 6. KIac Ha HUBO Y4eOHa mporpaMa. XHIOTe3aTa Ha
W3CIEABAHETO €, Y€ MTO3HABATETHUTE PE3YNITATH HA YUSHHUIIUTE CHOTBETCTBAT HA MPEICTABEHHUTE B
VYdeOHaTa porpaMa 3HaHus U yMmeHus. M300pbT Ha ya4eOHOTO ChabpXKaHUE B pasjena ,,Bemiectsa
W TEXHUTE CBOWCTBA* 6. KJlaC € MPOAMKTYBAaH OT TOJSIMOTO MY IO3HAaBATEIHO M MPAKTUYECKO
3HadyeHue. B pasgena ce oboraTsBa CbIBPKAHUETO Ha IOHATUETO BELIECTBO, HM3TPAJICHO B
,»HOBEKBT U TpuponaTa™ B 5. KJAC, ¥ CE BHBEXKIAT JAPYTUTE JIBE€ OCHOBHH XUMWYHH TTOHSATHUS —
XUMHYEH eIEMEHT M XUMH4YHa peakuus (Tabn. 1). Taka ce ocurypsiBaT mbpBOHAYAIHU XUMHYHH
3HaHUs, HEOOXOJMMH 32 BbBEXKIAaHE HA MpeaMeTa ,,XUMHS M Ola3BaHe Ha OKOJHATa cpena™ B 7.
KJ1ac.

Tab6auua 1. CoappkaHue Ha OCHOBHUTE XMMUYHU TMOHSTHUS B 6. KJ1ac
Xumu4eHn | e Buj aromu u ¥oHUM ¢ ompenerneH Opoil MpoToHH B siipara. e OmmcBa ce 1mo
€JIeMEeHT | TIpHU3HAIUTE: ChbCTaB Ha AaTOMHUTE M Ha HOHUTE; BellecTBa, oj popmara Ha KOUTO
CBIIECTBYBA XUMUYHHAT €JIEMEHT.
e BemecrBaTta chcTaBsT Tenara. e Cpemmar ce B mpupozara (Half-4ecTo B cMecH C
BemecTBo | npyru BelecTsa) WIM ce IOTYYaBaT IPH ONpEZIENICHN YCIOBHS B IIPAKTHKATA.
¢ B 3aBHCHMOCT OT YCIIOBHSAITA €A B TBBPJIO, TEYHO IIH ra3000pa3HO ChCTOSHUE.
o Il3rpasieHn ca OT YacCTHIIN — aTOMH, MOJIEKYITH, HOHH. e VIMaT onpezeneH ChCTaB —
KauecTBEH U KomuuecTBeH. e IIposBsBaT ompeneneHu cBoicTBa (Qu3uuHH U
xuMu4HN). ® CBoliCcTBaTa, KOMTO ca IIEHHH 3a MPaKTHKaTa, ONpeNersT yrnoTpedaTa Ha
BelllecTBaTa. ® YmoTpebaTa ompeaens MOTyuyaBaHETO UM, a TAXHAaTa XUMHYHA
AKTHBHOCT — Pa3NpOCTPaHEHHETO M. ® BEB Bph3Ka ¢ MOy4aBaHETO U ynoTpedaTa Ha
HSIKOU BEIIECTBA Bh3HUKBAT EKOJIOTHYHH NIPOOIEMH.
o XVMUYHHTE PEaKInH ca SIBJICHUS, IPH KOUTO SJHU BEIECTBA MPHU OIPEICIICHH
XUMMYHA | ycioBusA ce MPEBPBIIAT B APYrd BEIECTBA. ® XUMMYHWTE PEAKUMM CE OIMCBAT
PeaKkuMsl | xaTo ce IMOCOYBAT: M3XOAHHUTE BEIIECTBA W NPONYKTHUTE Ha B3aHMOACHCTBHETO;
YCIOBHATA M MPHU3HAILUTE 33 MpOoTHYaHe. ® XUMHYHUTE PEaKUUH ca pa3jelcHH B
TPYIH CIOPEX CXONHH TEXHH TIPH3HAIM: XHMHYHO ChEAWHABAHE, XHMHYHO
pasnaraHe, XMMHUYHO 3aMECTBaHE U APYT'H BUJIOBE.

AHanu3bT Ha y4eOHOTO ChABpPKAHHE 33 BELICCTBATA M 33 TEXHHUTEC CBOWCTBA, KAKTO U
3HaHWATAa ¥ YMEHHsITA, 3QJI0KCHN B Y4eOHaTa mporpama 3a 6. Kjlac KaTo OYakBaHU PE3YATATH OT
o0y4eHuneTo, ca 6asa 3a pazpaboTBaHe Ha T.Hap. TecT-cnenudukanys (Tadn. 2).

Tabauua 2. OuakBaHM pe3yATaTH OT 00yYEHHUETO
B paszjena ,,BemiecTBa 1 TEXHUTE CBOMCTBA™ 6. KIllac

3agaua Ne
OuaxkBaHu pe3yJTaTU
B TecTa
OnucBa U cpaBHsABA I'PAMBHATE YACTHIIM HA BEIIECTBATA. 1
Pa3no3HaBa mpoCTH M CII0XKHH BEIIECTBA MO ChCTAaB. 2
W3cnenpa v onucBa o anropuThM (HU3UYHUTE CBOWCTBA Ha KOHKPETHH BEIIECTBA. 3
OmnicBa yCITOBHS Y TIPU3HAIM 32 MPOTHYAHE HA KOHKPETHH XUMUYHH PEAKIINH. 4,5
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Pa3nnuaBa GU3HYHE OT XUMUYHH IIPOLIECH. 6
OOsicHABa 3aKOHA 3a 3ala3BaHe Ha MacaTa Ha BeIecTBaTa NPH XUMHYHHUTE 7
pEaKIHH, OIKCBa HETOBOTO 3HAUYCHUE ¥ IPHIIOKEHHE.

O3Ha4aBa ¢ JyMH WK C MOJIEITN XUMIUIHATE PEaKIIn. 8
Pa3nmnuaBa XWMHUYHHMTE peakuMM IO Oposi Ha M3XONHUTE BEIIECTBA W Ha 9
MIPOIYKTHUTE HAa PEAKIHUATA.

Onuca (GU3NYHUTE U XMMUYHUTE CBOMCTBA Ha NMPOCTHUTE BEIIECTBAa KHUCIOPOL, 10
BOJZIOPOJI, JKEJIA30, METOUTE 3a IMONYYaBAHETO UM W Pa3NPOCTPAHEHHWETO MM B
MIPUPOIATA.

M3nbinHABA XMMUYHM EKCIICPUMEHTHM 3a MONydaBaHE M 3@ H3CIEIBaHE 11
CBOICTBaTa Ha BEIIECTBATA IPH ClIa3BaHE HA IPAaBHIIATa 3a Oe3omacHa paboTa.

OrmyicBa OKCHIUTE KaTO ChEJUHECHHS Ha XUMHYHHUS €JIEMEHT KHUCIOpPOX C OPYrd 12
XVMHYHH eJIEMEHTH.

JlaBa mpuMepu 3a XMMHYHM pEaKLWH, KOUTO MPOTHYAT B MpPHUPOJATa U B 13, 14
MIPaKTHKATA.

OueHsiBa pornsita Ha IEHHOCTTa Ha YOBEKA 3a 3aMbpCSABAHE Ha OKOJHATA Cpena U 15
Ha OTTOBOPHOCTTA HA YOBEKa 32 HEITHOTO ONa3BaHe.

Jedunnpa mporieca TopeHe U ONKCBA MPHMEPH 3a TOPEHE B IpHUpojaTta U B 16
MIPaKTHKA.

B cwoTtBeTcTBHE € oOmpeneneHMTe B Y4eOHaTa MporpamMa OYaKBAHM pE3YITaTH OT
o0y4yeHHeTO B paszena ,,BemiecTBa U TEXHUTE CBOMCTBA® ca moxOpaHu M pa3paboOTEeHH TECTOBUTE
3aa4n.

PesyaraT u quckycus

KauecTBaTa Ha TecTOBUTE 3a/1a4dl IO OTHOLICHHWE HA TAXHATa ChIbPIKATEIHA BAJIUIHOCT,
JIMCKPUMHMHATHBHATA CHJIa U TPYJHOCT Ca OlleHEeHH OT 10 eKcriepTH — yuuTenu mo Xumusi, Gpusnka
n Ouonorns. KonudecTBeHa XapaKTepHCTHMKA Ha ChIbpKaTelIHATa BaJMJHOCT (CHOTBETCTBHUE
MEX]y TECTOBATa 3a/lada M ydeOHaTa e, YMeTO MOCTHIaHe TA € MpeAHAa3HauCHa Ja M3MEpBa) €
koedunmentsT Ha cwhorBercTBUe CVR (Bizhkov, 1996). ITlomyueHHWTe YHCIOBH CTOHHOCTH
TIOKa3BaT, Y€ ChAbPXKATEIHATA BATUIHOCT HAa OTACIHUTE 3aJadd M Ha TeCTa KaTo IO € 1o0pa

(tabm. 3).

Ta6manna 3. Pe3ynratu ot eKcriepTHaTa OLICHKA 32 KAYECTBATa Ha 3a/Ia4UTe OT TECTa
TecToBH 32124 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

OneHka Ha Rt VAR b VA B0 VAR I o VA .5 VAR N0 VAN G VAR 0 VA B o8 VA B0 VA B VAR B o VAR B SS VAR BE S VAR IR R VA IR S W

excneprute (¢) | 10e | 10e [ 10e | 9¢ | 9¢ | 9¢ | 10e | 9¢ | 9¢ | 10e | 10e | 10e | 10e | 10e | 9¢ | 9e

CVR 1 1 1 (08|08 08| 1 [08]08] 1 1 1 1 1 0,8 | 0,8
Cpappxatenta BamuaHocT Ha Tecta Kato 1o CVR =0.91; -1 < CVR < +1

Juckp. cunaDP | 0,5 0,5 /06 0405|0306 (03]06]06]05]03]04 03047105
Tpyanocr P, % 55 43 | 65 | 61 | 47 | 52 | 46 | 32 | 66 | 48 | 51 | 35 | 37 33 | 39 | 38

EmnupuuynuTe CTOWHOCTH 3a MHIEKCAa Ha IUCKpUMUHAaTHBHATa cuia DP (Bb3MOKHOCTTa
JaJieHa 3ajiada Jia pa3rpaHdvd ,,CHITHUTE OT ,,cabuTe’ 1O MOCTHKECHUS YUICHHIIM) ITOKa3BaT, 4e
npeoOnagaBamara yact oT 3aJa4nTe uMatT MHOro noopa auckpumuHatusHocT (0,40 < DP < 0,60)
(Bizhkov, 1996). C nucka mucpumunatusHocT (DP < 0,40) ca 3agaqu 6, 8, 12, 14, KOoUTO ca CchC
cBOOOJIEH OTTOBOp. 3a Mo-100pa W OOEKTHBHA OIEHKA HAa TMOCTIKEHUSATA HAa YYCHUIUTE TE3H
3aJ1a4M MOTarT Jia ce mpeodpa3yBar B 3ala4u ChC CTPYKTYPUPAH OTrOBOp. Pe3ynrature 3a uHAekca
Ha TpymHocT P (Bizhkov, 1996) (orHomeHwe Ha Opos yYEHHIM, KOWUTO Ca PEIIWIA BSPHO
3a/1auaTa, KbM o0must Opoil Ha yueHHLIUTe) MoKa3BaT, ye 3a1auu 3, 4 1 9 ca JiecHU U B Haii-MaJika
crered 3arpynasaBaT ydenurmre (P = 60-70 %). Te3u 3amaun ca mogOpaHd Ha PENPOIYKTHBHO
paBHUILC HA OBNIAJABaHE Ha 3HAHUATA M YMEHMATA Ha ydeHHuuTe. Cbe cpeqna tpyaaoct (P = 40-
60 %) ca 3amaum 1, 2, 5, 6, 7, 10, 11, xouto ca pa3paboTeHH Ha TPOJAYKTUBHO PABHUILNEC HA

183



NOCTIWXKEHUATa Ha ydeHuuute. 3amauu 8, 12, 13, 14, 15, 16 ca xoHCTpyupaHu Ha TBOPUECKO
paBHUIIE Ha [TO3HABATEITHUTE PE3yNITATH HA YUCHUIIUTE U Ce SBABAT TPpyAHH 3a TiaX (P <40 %).

CTaTUCTUYCCKUAT aHAIM3 HA JAaHHUTE OT CKCIIEPTHATa OICHKA IOKa3Ba, Ye 3aadyuTe OT
TeCcTa OTTOBAPST HA ONMCAHUTE B JINTEPAaTypaTa OCHOBHU M3MCKBAHMS IIPU CHCTaBSHE HA TECT 3a
YCTaHOBSABAHE PE3yATaTUTE Ha YICHHIIUTE OT O0YUECHHETO U He Ce HYXKIaAT OT IPOMSIHA.

3a KONMMYECTBEHA OIICHKA Ha OBJIAICHHUTE OT YYCHUIINTE 3HAHUS M YMCHUS NPH H3ydaBaHE
Ha XMMHUYHHMSA MOXy1 Ha ydeOHus mpeaMer ,JoBeKkbT M mpupopara® B 6. Ki1ac € MHpHeT
koeuieHThT Ha ycreBaeMocT SR (Bizhkov, 1996). Toii ce ompenens kaTo OposAT Ha TOYKHTE,
MOCTUTHATH OT BCHYKH YYEHWIHM 3a JajcHa 3ajada, Ce pas3Jell Ha TOYKHTE, KOMTO Te Omxa
TIOJTYYIJIH, aKO ca PelIIn BApHO 3ajadaTta. ChrilacHO m3nckBaHmATa HAa MOH cranmapture 3a
yueOHO ChIbpXKaHUE (C KOUTO Ce onpenens 00moo0pa3oBaTeTHIsI MUHIMYM IO CTETIEHU U €TaIIH )
Tpsi6Ba ma Obpmat noctmxuMu 3a 80 % or ydeHunmre. EMmipuyHnTe NaHHM 32 Koe(UIMCHTa Ha
yCIIEBaeMOCT ca MpeacTaBeHn Ha ¢ur. 1.
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KoeduuMeHT a ycnesaemocT, %

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

TecToBu 3aga4uum

@ur. 1. [lanHu 32 KOeQUIMEHTA HA YCIIEBAEMOCT Ha YIEHHUIIUTE OT TECTa

[IpencraBenure Ha Qur. 1 pe3ynTatu mokas3Bat, 4e CpeA TECTOBHTE 3aJayd HsIMa 3ajauya,
MPU KOSTO YYCHHUITUTE Jia Ca MOCTHTHAIW YCIIEBAGMOCT CIOpEe] Abp)KaBHHTE JAOKyMeHTH. Chbe
3amaund 3 m 9 ca ce copaBmau 60-70 % OT ydeHHUUTE, KOETO € CPaBHHTETHO OIHM3KO M0
W3UCKBAaHETO Ha ydeOHWTe craHaaptd. [Ipw 3amada 3 ydeHWIUTe IMO3HABAaT CBOMCTBaTa Ha
MPOCTOTO BEIIECTBO BOAOPON M pa3inuaBaT (HM3WYHUTE OT XUMHYHHUTE MYy CBOHCTBa. JJoOpute
pe3ynTaTH OT 3ajada 9 IOKa3BaT, Y€ YYCHHUIMTE MMAT 3HAHUS 32 CHIIHOCTTA HAa XMMHYHHTE
pEaKIny, 32 TOHATHATA M3XOJHH BEIIECTBA W MPOAYKTH Ha PEaKIWATa, 32 BHUIAOBETE XUMHUHH
peakuuu (XMUMUYHO ChEAMHSBaHEe, XMMHUYHO pasjiaraHe, XUMHYHO 3amecTBane). OCBEH TOBa
VUCHHWIIUTe Ha 0a3aTa Ha MOJCITH pa3lO3HABaT XMMHUYHUTE PEaKIMU MO TMpH3HaKa Opoil Ha
W3XO/IHUTE BEIIECTBA U HAa MPOAYKTUTE HA PEAKIIUATA.

3a3anauu 1, 4 u 10 ycneBaemoctTa Ha yuenuuute € okosio 50 %. IIpu 3agaua 1 yuenunure
CpeliaT TPYAHOCTH TpH TpHjiaraHe Ha 3HAHMATA 33 TPATUBHHUTE YACTHIIM Ha BellecTBaTa (aToMH,
MOJICKYIIH, FOHH) ¥ CpaBHABAHETO MM II0 MPHU3HALINTE ChCTaB, Maca, 3apsi, pasmep. Januure 3a
3amava 4 TOoKa3BaT, Y€ MOYTH MOJOBHHATA OT YYCHHIIMTE HE TIO3HABAT €IWH OT JaOOpaTOpHHUTE
METONIM 3a MOJy4YaBaHE Ha MPOCTOTO BEIIECTBO KHCIOPOI M CHOTBETHO YCIOBHUSATA, MPH KOUTO
MpOTHYa XMMHUYHATA peaknus. 3agada 10 e TpyJqHa 3a YYCHHIIUTE, ThH KaTO TS M3MCKBA 3HAHHMS
€IHOBPEMEHHO 3a TPH MPOCTHU BEIIECTBA — KHCIOPO, BOIXOPO H KEJsA30. Y USHHUIIUTE HE TTO3HABAT
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n00pe GU3NYHHUTE ¥ XUMUYHUTE CBOICTBA HA TE3M BEIIECTBA, KOETO € MPHYHMHA 33 CPABHHUTEIHO
HHUCKHTE Pe3yNTaTH.

VYcneBaemoct 40-50 % umar 3agaun 2 u 6. Ilpu 3agavya 2 yueHHIUTE CpemaT TPyAHOCTH
TP Pa3IO3HaBaHE HA MPOCTH OT CJIOXKHH BELIECTBA B 3aBUCHMOCT OT €IEMEHTHHS UM ChCTaB. B
3aJaua 6 ca WM3MON3BAHU NpPUMEpU 32 (U3WYHH U XUMHYHU SBJICHHSA, KOHTO ca IO3HATH Ha
YUEHHIUTE OT IpaKTUKaTta M OT oOydeHmero mo ,HoBekbT M mpupozara“ or 3. mo 5. Kiac.
Bbrpekn ToBa yaeHHIIUTE TPYIHO pa3IndaBat (GM3UIHN OT XUMUYHH HPOIIECH.

3agaun 5, 7, 11, 12, 16 ce xapakrepusupar c ycneBaemocT 30-40 %. B 3agaua 5 yuenunure
TPYIHO C€ OPHEHTHPAT B NMPHU3HANNTE 3a MPOTHYaHEe Ha KOHKPETHa XMMHYHA peakiusi. BeposTHa
IpUYUHA 3a CIHa0HTe pe3ynTaTd € OrPaHMYEHOTO H3ION3BaHE Ha y4eOHMS EKCIIEpUMEHT 3a
OHarJesBaHe Ha Ipolieca Ha OOydYeHHE B yJMIMINE. 3ajzada 7 € CBbp3aHa C EJIEeMEHTapHU
MaTEMATHYECKH H3YUCICHUS, HO yJYCHHIIUTE HE yMEsAT Ja W3IOA3BaT 3aKOHA 3a 3ala3BaHEe HA
MacaTa Ha BEIECTBaTa NPU pellaBaHe Ha KOHKPETHHM HpuMepH. OTCHCTBHETO HAa YMEHHUS 3a
M3ITBITHEHNE Ha OCHOBHU JIAOOPATOPHH ollepamuy, 3a paboTa C BellecTBaTa M 3a HpHJIaraHe Ha
mpaBuiata 3a Oe3omacHa paboTa oOsicHABaT ciabute pesynraT 3a 3agada 11. Ilpu 3amava 12
YYeHHIUTE TPsiOBa 1a CPaBHAT JBE XMMUYHHU ChEIUHEHHS — CEPeH TUOKCH] M KaJIHeB OKCHI MO
MPU3HALUTE CTPOEXK, ChCTaB, ChCTOSHHE M HAKOM (DU3MUHU cBoiicTBa. Ilomyuenute pesynraTtu
IIOKa3BaT, 4ye OM MOIJIO Ja Ce ONTHMHM3Mpa MSCTOTO Ha TeMaTa 3a OKCHIUTE B Yy4eOHOTO
ChIbpKaHMe 3a 6. KJIac M M300I10 /a ce MOMHCIH JalH € yAadHO BKIIOUBAHETO Ha Ta3W TeMa.
Huckoro paBHHINE Ha 3HAHUATA Ha YYCHULUTE 32 OKCHAWTE BEPOSTHO € CBBP3aHO U C
HEBB3MOXHOCTTA Jla C€ JEMOHCTPHpAaT CBOMCTBaTa Ha CEpHHS AHMOKCHJ, IIOpagyl HEroBaTa
TOKCMYHOCT. JlaHHMTEe 3a 3amada 16 moOKa3BaT, 4e YYCHULIUTE HE II03HABaT OCHOBHHTE
XapaKTepUCTHKN Ha ropuBarta (ChCTOSHHE, €IEMEHTECH ChCTaB, IPOAYKTH HA TOPEHETO, TOIUTMHA
Ha TOpeHe) U 3Ha4eHHEeTO Ha TOpUBATa 3a OUTA U 3a IPAKTUKATA HA YOBEKA.

C ycneBaemoct nof 30 % ca 3amaum 8, 13, 14 u 15. 3amaun 8 u 4 ca cbc CBOOOJCH OTTOBOP
U ¢ Hal-BHCOKA CTETEH Ha TPYIHOCT. 3aaava § M3UCKBA OT YUCHHIUTE TIPEICTaBsIHE HA MOJIEeT Ha
XMMHMYHA PeaKLys 3a IOoJydaBaHEe Ha IPOCTOTO BEIIECTBO KUCIOPOJ, ONpE/eIsiHE Ha BHIAa Ha
peakIiaTa W IpeiaraHe Ha HaYWHM 32 JOKa3BaHE HA IOJYYSHMS Ta3 W 3a HErOBOTO CHOMpPAHE.
Cnabute pe3yaTaTu IpH pellaBaHe Ha IOCNISTHUTE JBE MOLYCIOBHS Ha 3aJadaTa Morat ga Obaat
O0SICHEHH OTHOBO C HEH3ITOJI3BAHE B ITHJIHA CTENEH Ha BB3MOKHOCTHTE HA YICOHHS EKCTIEPUMEHT
3a pasKpUBaHE CBOMCTBaTa Ha KOHKPETHHU BemlecTBa. lIpu 3amada 14 ydeHHIUTE CBIIO CpeIaT
CEpPUO3HH 3aTPYAHEHMs IPH MpEJCTaBsSHE C MOJCIM Ha HEMO3HATH XMMHUYHU PEaKIHH U HpH
onpezieNsHE BUAa Ha peakuuute. Pesynrature ot 3agaya 13 moka3Bar ue yqyeHHUIMTE HE MO3HABAT
o0JacTuTe Ha NPWIOKEHHWE HA BEIECTBATa, ONPEIEICHNW OT TEXHHTE CBOMCTBa. 3ajmaua 15 e
CBBbp3aHA C TPWIAraHe Ha OBJAJCHW OT YYCHUIUTE CKOJOTWYHM 3HAHWA. YUCHHIUTE Ce
3aTpyIHABAT Ja OLEHAT KOM JEHHOCTH Ha 4OBEKa BOIAT JO 3aMbpCsBaHE Ha OKOJIHATA cpenla W
KaKBH ca ITOCIIETUIINTE OT TOBA 32 JKMBATA U 32 HE)KMUBATa IPUPOAA.

3aki0ueHne

AHaNU3bT Ha PE3YNTATHTE OT NMPOBEICHUS MEAATOTMYECKN EKCIIEPHUMEHT aBa OCHOBAHHE
3a crnexuauTe 0000meHus: (a) JunakTHIECKHUsIT TeCT, pa3paboTeH Crope]] 3aJ0KeHUTe B yueOHaTa
Iporpama 3HaHHs ¥ YMEHUsI, MOXKe epeKTHBHO Jja Ce W3IO0J3Ba 3a JMarHOCTUKA Ha MOCTHKEHHSATA
Ha YYCHHUIWTE TIPH M3y4aBaHe HA BEIIECTBATAa M TEXHUTE CBOWCTBA B 6. kiac. (0) PaBHumero Ha
3HAHMATA U YMEHUSTA Ha YYCHUIUTE HE ChOTBETCTBA Ha NpeJCTaBeHHTE B YueOHaTa mporpamMa
o4akBaHM pe3ynraT. OdepTaBaT ce NPONYCKH B 3HAHMATA HA YUCHWIIUTE 3a METOIWTE 3a
MOJTyJaBaHE Ha IPOCTHUTE BEIECTBA KUCIOPO U BOJOPOI, 32 CBOMCTBATA HA KUCIOPO/a, BOXOPOAA
U JKEIA30TO M OOJNACTHTE Ha NPWIOKEHHWETO UM, 33 XMMHUYHHTE PEaKUWH, KOUTO MPOTHYAT B
MpUpOJATa W B MPAKTHKATA, 32 BH3ACHCTBHETO Ha HAKOM BEIIECTBA M XMMHYHH PEAKIMH BBPXY
OKOJIHaTa CcpeJja M MEpKMTe 3a Omna3BaHe Ha OKOlHaTa cpeja. HesajnoBonuTenHu ca
eKCTICpIMEHTATHUTE XUMHAYHE YMEHUS Ha yJeHHIUTE, Iopax ci1ado 3acThIIeHA J1abopaTopHa
pabota B y4eOHMS Tpollec. YUEHUIUTE CpeliaT 3aTpyJHEHHsS IpU 3aJaudTe ChC CBOOOICH
OTrOBOp, CBBP3aHH C KOHCTpyHMpaHE HAa TPaMaTHYECKH IIPABHIHO IIOCTPOCHH H3PEUCHHS U
IpuiaraHe Ha 3HAaHMS B HOBHM, HENO3HATH IIO3HABAaTeNHM cHUTyanuu. (B) B cpaBHeHme c
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pe3yATaTHTE OT TECTHPAHETO Ha CHIIMTE YYCHHIM B 5. KJac, pe3yaraTure B 6. Kiac ca CbC
3HAYMATEIIHO IO-HHUChK KOC(UIMEHT Ha ycreBaemMocT. ToBa IOKa3Ba, Y€ HATPYIAHUTE Ipe3
TOAMHUTE MPOMYCKH B 3HAHHMATA W YMCHHATA HA YYCHUIMTE B OOYYeHHETO MO ,,JOBEKBT U
npupomaTa“ or 3. mo 5. KJac HE Ce W3YMCTBAT, a C€ 3aIbJ004YaBaT, HE3aBHCHMO OT
HEMPEKhCHATOTO OOHOBSBaHEe Ha YUeOHHWTE MPOrpaMy M Ha YICOHHIIMTE, Ch3aJCHH HA TAXHA
OCHOBA.

Aemopvm uskazea o6nazooapuocm na ¢ono ,,Hayunu uscnedsanusn kvm I1Y ,Ilaucuii
Xunenoapcku“ 3a punancupamne na nacmoauwomo uzcieogane (00zoeop @II17-XD-013).
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MNPUJIOKEHUE .
JUIJAKTUYECKH TECT ,,BEHIECTBA U TEXHUTE CBOUCTBA” 6. KJIAC

3anaua 1. [Tocodere B kos Tpyma ca M30POSHU YACTHITH, KOUTO HE Ca eJICKTPOHEYTPaJTHH:
a) eNeKTPOHU, AaTOMHH Spa, MOJIEKYIH; B) aTOMHH S/pa, €IeKTPOHH, IPOTOHH;

0) HCYTPOHH, EICKTPOHH, IIPOTOHH; T) aTOMHH spa, MPOTOHU, AaTOMH.

3apaua 2. Onpezenere B KOH pel BeLecTBaTa ca caMo NPOCTH U B KOH — caMO CIIOXKHHU:
a) BOJIa, KAJIMEB XJIOPHI, )KEIe3eH CYI(QHUI;,  B) CEPEH TUOKCHUI, BOAOPOI, CsIpa;

0) a30T, KUCIOPOS, JKENA30; T) 030H, HaTPUEB XJI0pHL, (hocdop.
A. camo MpoCTH — ....... b. camo ClHOXHA — ................

3anaua 3. Koe cBoOHCTBO Ha BOIOpOAa HE € GU3UIHO?

a) M0-JIEK € OT Bb3/1yXa; B) MaJIKO C€ pa3TBaps BbB BOJA;

0) HsAMa LBST U MUPH3Ma; T) TOpH B KUCITIOPOIHA CPEa.

3anaua 4. Koe ot u30poeHuTe yCI0BUS € HEOOXOANMO, 32 Ja IPOTeUe PeaKIHaTa:

KaJIMeB MEPMAHTaHAT —> KaJHeB MaHTaHAT + MaHTaHOB AMOKCH] + KHCIOpOon?

a) o0TbYBaHE ChC CBETIIMHA, B) HAJIM4YHE HA MTOCTOSHEH €J1. TOK;

0) HarpsBaHe; I) CTpUBaHe.

3anaua S. Kos ot n30poeHNTE IPOMEHH € IPU3HAK 3a MPOTHYAHE HAa XIMHYHATA PEAKIUS:
BapOBHUK + COJHA KMCETMHA —> KaJllIUeB JUXJIOPUA + Boja + BBINIEPOAEH JHOKCUA?

a) oOpasyBaHe Ha yTalika, B) OTJICIISTHE HAa CBETJIMHA;

0) mpoMsiHa Ha IIBETA; ) OTZAEJSHE Ha ras3.

3anmaua 6. [Tocouere KoM OT HOCOUCHUTE IIPOMEHU ca (PU3UUHM U KOU Ca XUMHUIHU:

a) 3aMpb3BaHe Ha BOJATA; B) FOpPEHE Ha IbPBECHHA;

0) raceHe Ha Bap; ') pa3TBapsiHE HAa FOTBApCKa COJl BbB BOJA.
DU3UUHY IPOMEHH €A ...eeevennen... , 3AIOTO «.vevervennnnnn

XUMHUYHU [IPOMEHM €A ....eenvennen. , 3AIOTO .envernennnnnnn
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3anaua 7. [Ipu usrapsiae Ha 120 g cspa Ha mpax ce moiy4daBat 330 g xeneseH cyadun. Komko
rpama e Macara Ha JKels30To?

a)225g;, ©)165g; B)210g; r)200g.

3agaya 8. Enqun or MeronuTe 3a moy4aBaHe HA KUCIIOPOJ € MPHU HarpsiBaHe Ha BOIOPOIEH
niepokcu. OCBEH KUCIIOPOJ, ce MoydaBa U BoJa.

a) 3anuieTe Mozesa Ha XuMH4YHaTa peakuus. 6) Onpenenere BUaa Ha XUMUYHATA PEeakUus. B)
[Ipennoxere HAUMH 3a JTOKa3BaHE Ha MONy4YeHUs KuciaopoA. r) IIpeanoxere HaYMH 32 HETOBOTO
chOupane.

3agaua 9. [lanenu ca MOJeNH Ha CIETHUTE XUMUYHH PEAKLIUH:

a) BBITICPOJ + KHUCIOPO —> BBIVICPOACH JTHOKCHT;

0) HUIIAIbP —> aMOHSIK + XJIOPOBOJOPOL;

B) JKeIsI30 + MeneH cyndar — Mex + xkeJe3eH cyndar,

r) KaJIueB KapOoHAT —> KaNIHEB OKCHA + BBIVICPOACH JHOKCHUI.

Omnpenenere BUIa Ha BCSAKAa XUMHYHA PEAKIMSA: XUMHYHO CHEJUHSBAHE — ......... ; XUMHYHO
pasnarase — ........ ; XHMHYHO 3aMECTBAHE — ........

3agaua 10. Koe oT TBBpaeHUSATA HE € BIPHO?

a) C 4uCT KUCITIOPOJ U C BB3/IyXa BOZOPOABT 00pa3yBa I'bpMIIL T'a3.

0) KucopomsT e ra3 cbc CHHKAB IBAT, 0€3 MUPHU3Ma U IITBTHOCT MHOTO ITO-MaJIKa OT Ta3W Ha
BB3IyXa.

B) XKens30tTo 00pa3yBa CIUTaBH C BBIIIEPO/IA U C METAIIHTE.

r) KucnoponsbT noaabprka ropeHeTo ¥ ydacTBa B IIpoleca JUILIAHE.

3anaua 11. Koe ot TBBbpAEHUSATA € BIpHO?

a) Crnen pabora ¢ KUCeIHHA TSI C€ U3CUIIBA B MUBKATA.

0) 3a B3eMaHe Ha TIPOOH OT TBHP/N BEIIECTBA CE U3IMON3BA IHXKHUIKA, & OT TCYHOCTH — THIIETA.

B) [IpennBaHeTO HAa TEUHOCTH CTaBa, KaToO OaHKATa ce ABPXKH TaKa, ue HeHHUAT eTUKeT 1a Obae
Ha NPOTUBONOJIOKHATA CTPaHA Ha JUIAHTA.

r) [ToMuprcBaHETO Ha BEIIECTBA CE OCHIIECTBSIBA Upe3 JIEKO HaBEKJaHe KbM OTBOpA Ha ChJA.

3anaua 12. CpaBHere BelecTBaTa CEpeH TUOKCHT U KaJIIHUEB OKCHI IO CIIETHUTE MTPU3HALIM:

a) CbCTOSTHHE U MUPHU3MA; B) CTPOEX;

0) Ka4eCTBCH ChCTaB; ) OTHacCsSIHE KbM BOJIA.

3agaua 13. 3a xoe OT U30pOCHUTE HE MOXKE []a ce M3MOI3Ba Bogopon?

a) XpaHUTEIHa MPOMHUIILICHOCT; B) TIOJIy4aBaHE Ha COJIHA KUCEJINHA;
0) quiranHe; I) [I0J1y4aBaHE HA AMOHSK.

3anaua 14. Kucnoponbt, KOWTO BIUIIBAME C Bb3/lyXa, C€ pa3Hacs OT KPbBTa A0 BCSKA KIIETKa
Ha opraHu3Ma OnarogapeHue Ha JBe XMMHUUYHH PEaKkIUH: a) B KPbBTa BEIIECTBOTO XEMOITTOOWH
(chABpIKA B MOJIGKYJIUTE CH JKEJIE3HH aTOMH) pearrpa ¢ KHUCIopoaa U 00pa3yBa OKCHXEMOTTIO0HH;
0) B KJIIETKUTE OT OKCUXEMOTJIO0MHA CE MOIydaBaT KUCIOPOI U XEMOTTIO0HH.

O3HaveTe ¢ MOJICNN JIBETE PEaKIMH U ONpeieieTe BUIa Ha BCsIKA OT TSX.

3agaua 15. Koe oT TBBpIICHUATA € TPELTHO?

a) M3ThHABAHETO Ha 030HOBHS CJIOW € MPUYKMHA 33 3aCHJIBAHE HA YITPABHOJIETOBATA PATUALIN.

0) dorocuHTe3aTa M JAUIIAHETO @PU pacTeHUATa MOAIbPKAT IOYTU IIOCTOSHHA
KOHIIEHTpAIMsATa Ha BbIJIEPOIHUS JHOKCUI B aTMocdepara.

B) KucennuanuTte amXKI0BE HE MOraT Jia TIOBPEIAT apXUTEKTYPHH W KYJITYPHH MaMETHHIIH,
HAINpPaBEHH OT BAPOBUK HJIH OT MPaMop.

r) MsrapsHeTo Ha ropuBara, TPAaHCIOPTHT M O0E3JNIECIBAHETO JOTPUHACAT 3a YBEIHIABAHE
CBIBPKAHUETO HA BBIJIEPOIHUS JHOKCHUI B aTMOC(epaTa.

3agauya 16. 3a koe oT ropuBarta ce oTHacs onpezeneHuero: ,,HeBuaumoro 31ato Ha 3emsta“?

a) NIPUPOJICH ras; B) BBIJIMIIA,

0) HedT; r) Topd.

187



Hayunu tpynose Ha Cbio3a Ha yuenuTe B bbarapus — Iliaosaus. Cepus B. Texnuka
u TexHosiorun. Tom XVII, ISSN 1311 -9419 (Print); ISSN 2534-9384 (Online), 2019.
Scientific Works of the Union of Scientists in Bulgaria - Plovdiv. Series C. Technics and
Technologies. Vol. XVII., ISSN 1311 -9419 (Print); ISSN 2534-9384 (Online), 2019

CHANGES IN BLOOD CELLS OF CARP (CYPRINUS CARPIO L.)
UNDER THE INFLUENCE OF INCREASING
CONCENTRATIONS OF LEAD
Desislava Arnaudova, Darinka Boyadjieva — Doychinova, Atanas Arnaudov
Plovdiv University “P. Hilendarski”, Faculty of Biology, Plovdiv, Bulgaria

Abstract

The impact of increasing concentrations of lead (Pb) on the morphofunctional
characteristics of carp (Cyprinus carpio L.) erythrocytes and leukocytes was studied. In the
erythrocytes nuclear changes were established in all studied treatment groups. Under the action of
the highest concentration, the nuclear changes were expressed by the presence of round and
swollen erythrocytes and cores. The fish leukocytes in the researched group which was treated
with the highest concentration, the number of monocytes and lymphoblasts was found to be
increased, probably due to increased tissue decay.

Key words: aquatic toxicology, biomonitoring, Cyprinus carpio, erythrocytes, leukocytes,
lead.

Introduction

Heavy metals have a negative impact on water ecosystems due to their high toxicity,
constant activity and subsequent bioaccumulation (Ali et al., 2013).

Pursuant to Directive 2013/39/EU of the European Parliament lead (Pb) is classified as a
priority pollutant. Lead is subject to monitoring and control by the Council of Europe due to its
toxicity, stability, and affinity to bioaccumulation (Rougier, 1994; Bubb and Lester, 1996).
Similarly to mercury, lead is not excreted through the excretory system but is accumulated in the
body, primarily in the bones where it turns Ca;(POy), into Pby(POy),. The latter maintains toxic
concentrations of lead in the blood (Pelova & Simeonova, 2004). Lead in food products is not
permissible even in trace amounts due to the high toxicity of lead compounds and its ability to be
accumulated in the body (Manolov, 1979). It has been proven that even low doses of lead impact
the biochemical processes in red blood cells and slow down normal body development. The effects
of chronic lead exposure are related to brain damage, kidney disorders, and malignant diseases
(Robohm, 1986; Saxena, 2008).

Fish are invaluable as a test subject in studying the haematopoiesis and morphology of the
different blood cells including red blood cells (RBC), as well as white blood cells (WBC) and
platelets (Jill et al., 2010).

Haematological indices may show different sensitivity of tested fish to the impact of certain
environmental factors and chemical compounds (Lebedeva et al., 1998).

The aim of this study is to establish the morphological and functional changes in
erythrocytes and leukocytes in carp fish (Cyprinus carpio, Linnaeus, 1758) which occur under
increasing concentrations of lead in the water.

Materials and methods
Young carp fish specimens from a single size group (100-150 mm) were used for the
purposes of the experiment. They were divided into four test groups and one control group
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comprising of ten fish each. They were grown in glass aquariums of 50 1 each filled with
dechlorinated water and equipped with aerator pumps. The fish were not fed during the
experiment.

The fish in the tested groups were exposed over a period of 72 hours to lead nitrate
Pb(NO;),, where concentrations were prepared as 75%, 50% and 25% of the maximum
permissible concentration (100% MPC) of the metal as specified in the Bulgarian legislation
(Ordinance on the environmental quality standards for priority substances and other pollutants,
2013). The physical and chemical properties of the water - pH, temperature, and conductivity were
measured at the 24" and 72™ hour using a combined pH-meter (HANNA instruments).

The test blood samples were obtained through cardiac puncture. EDTA was used to prevent
haemocoagulation with a final concentration of 0.5% where blood films were prepared at the time
when the samples were obtained. Blood films were stained using an express staining kit DKK-
Color-200 (VIVA MT-Plovdiv). The microscopic test was conducted using an Olympus
CX22LED microscope. Photographs of the microscopic test smears were taken using a digital
camera Lumenera (Canada). The percentage ratio between normal morphology erythrocytes and
erythrocytes with morphological and nuclear changes was determined. Each film featured not less
than 100 erythrocytes. The more characteristic changes in the cytoplasm and the nucleus were
described and photographed. In addition to erythrocyte morphology, the test determined the
leukocyte formula (through differential count of not less than 100 leukocytes per sample).

The obtained results were processed statistically using the software product SAS-SPSS-
2014. The reliability of the results was calculated applying the F-test.

Results and considerations

In the course of the experiment the physical and chemical parameters of the water (pH,
temperature, conductivity, oxygen content) in control samples and in the test samples were
identical. Levels were maintained within the range specified in table 1.

Table 1. Physicochemical properties in the experimental water tanks

Concentration of pH T°C Dissolved Conductivity
lead oxygen (mg/L) (uS/cm)
Control 7.22+0.3 22.6+0.8 7.240.3 472+0.3
Pb (25%) 7.58+0.2 21.740.3 7.0£0.3 501+0.5
Pb (50%) 7.52+0.5 21.240.3 7.4+0.5 496+0.3
Pb (75%) 7.69+0.5 21.4+0.5 6.8+0.3 454+0.5
Pb (100%) 7.62+0.5 21.3£0.5 7.6+0.3 496+0.3

In normal erythrocyte cells the nucleus is oval and it is located in the centre of the cell surrounded
by a homogeneous cytoplasm.

The morphological changes in blood cells treated with varying concentrations of lead have been
described in figures 1, 2 and 3. At lead concentrations of 25%, morphological changes in the cell
mainly took the form of changes in the structure of the nucleus. Results revealed an enlarged paler
nucleus which may be a sign of karyolysis. At lead concentrations of 50% and 75% of MPC, the
results revealed prominent vacuolisation of erythrocyte nuclei (Fig. 1).
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L _ - 4
Figure 1. Vacuolisation of erythrocyte nuclei of Cyprinus carpio treated with lead
(Pb 50%- A and Pb 75 - B). X 600
At lead concentrations of 100% of the MPC the fibrous protein of the nuclear membrane begins to
decompose and the diameter of the nucleus increases. This could lead to increase in the perinuclear
space and thus to changes in the biochemical activity of the cell (Fig. 2).

Figure 2. Vacuolisation of erythrocyte nuclei of Cyprinus carpio treated with lead
(Pb 100%). X 600

Vacuolisation combined with changes in the diameter of the nucleus can be seen in the
smears of all cells treated with lead.

Table 2 shows the morphological changes of erythrocyte cells in percentage terms after
treatment of the tested fish with lead compounds in increasing concentrations.

Table 2. Characteristics of erythrocytes from Cyprinus carpio under the influence of
increasing concentrations of lead

Lead-treated erythrocytes
Experienced groups | Normal morphology | Morphological changes of | Nuclear changes
cells (%) erythrocyte cells (%) (%)

Control 84.21+5.5 14.9543.8 0.64+0.2
Pb (25%) 66.4+1.8378 23.6+2.0655 10.0+3.3993
Pb (50%) 61.0£2.1602 20.8+1.6865 18.2+3.5839
Pb (75%) 56.4+2.2705 23.8+2.7406 19.8+4.9396
Pb (100%) 42.4 +3.2386 22.842.6997 34.8+4.6380
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Samples from all tested concentrations showed statistically reliable decrease in the proportion of
cells with normal morphology and a corresponding increase in the number of cells with
morphological and nuclear changes (P<0.05).

White blood cell differentials were characterised mainly by the manifestation of monocytosis and
the appearance of lymphoblasts and monoblasts in the peripheral blood of fish exposed to lead
(Fig. 3). This indicates a certain activation of the immunocompetent cell generation process.

i

Figure 3. Morphology of leukocyte cells from Cyprinus carpio exposed to lead (100%).
Lymphoblast (4), Monoblast (B). X 600

Table 3. Leukocyte formula under the conditions of increasing lead concentrations

Indicators Leukocytes
Experienced | Lymphocyte | Neutrophils | Eosinophils | Basophiles | Monocytes
groups s (%) (%) (%) (%) (%0)
Pb (25%) 87.6+5.3 11.842.0 0.2+0.01 - 0.4+0.05
Pb (50%) 85.6+5.7 13.842.4 0.1+0.01 - 0.5+0.1
Pb (75%) 79.4+6.6 19.4+3.0 0.3+0.08 0.1+0.01 0.840.1
Pb (100%) 70.0+8.8 23.8+3.7 0.4+0.1 0.1+0.01 5.740.2

Increase in lead concentrations leads to reduction in lymphocyte content in percentage
terms and to increase in the percentage of neutrophils. The most significant changes could be seen
in the proportion of monocytes. At lead concentrations of 75% and 100% of MPC the increase in
monocyte percentage proportions is statistically reliable (P<0.05). However, in all test groups the
white blood cell differential was of the lymphocyte type.

The morphological changes were similar to results obtained by other authors researching
blood cells exposed to heavy metals (Velcheva et al., 2006; Arnaudova et al., 2008; Arnaudov et
al., 2009; Georgieva et al., 2010). The monocytosis seen in the test groups treated with the highest
lead concentrations (75% and 100% of MPC) is probably due to the increased tissue
decomposition caused by the presence of heavy metals in the bodies of the fish.

In summary, it may be concluded that lead is a strong harmful factor whose effects become
present at concentrations as low as 25% of MPC. This implies further research into this field.

Conclusions
1. In carp fish lead causes erythrocyte deformations with a clear upward trend proportionate
to the increase in concentration.
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2. Erythrocyte deformations due to lead exposure predominantly take the form of changes
in the nucleus.

3. Leukocyte changes due to lead exposure occur only at the highest tested concentrations
of the metal which cause monocytosis and the appearance of monoblasts and lymphoblasts in
peripheral blood.
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INVESTIGATION OF THE CORROSION BEHAVIOR
OF ALUMINIUM ALLOYS
EN AW-6026 and EN AW-6082
Kalina Kamarska
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Technical University — Sofia, Branch Plovdiv

Abstract
The article presents the results of investigation of the corrosion behaviour of aluminium
alloys EN AW-6026 and EN AW-6082 in 3% NaCl at different pH for 30 days. The study was
done by conventional gravimetric measurements. The results showed that the pH can influence the
corrosion rate of this alloys.
Key words: aluminum alloys EN AW-6026 and EN AW-6082, corrosion resistance

YBog

Brnaromapenne Ha peauuma LIGHHH CBOMCTBA alyMHHHEBHTE CIUIABHTE ce YNOTpeOsBaT B
aBTOMOOMIIOCTPOEHETO, CAMOJIETOCTPOCHETO U XUMUUYECKATa IPOMHIIIICHOCT, IIPH KOETO T€ YECTO
ca B KOHTAaKT C NPUPOHU WIH TEXHOIOTHYHYU CPEH, IPEIU3BUKBAIY Pa3pyLIaBaHETO UM.

Kopo3noHHOTO MOBEEHNE Ha allyMHHHS U CIUIaBUTE MY [0 TOJisIMa CTEIICH CE OMNpEAEs OT
XMMHYHATA YCTOMYMBOCT Ha MOBBPXHOCTHHS 3aiuteH ciod or Al,O; (Paues, 2000), u nopaau
TOBa HErOBOTO CHEMAaHE WIM pa3pOXBaHE, MPH OMNPEICICHH MEXaHHMYHH WIM XUMUYHU
BB3JICHCTBUS, YCHIIBA KOpO3UATa Ha anymMuHHs. CKOpocTTa Ha KOpO3Hs Ha TO3U CJIOH 3aBHCH OT
xapaxrepa (pH), cbcTaBa, KOHIIGHTpalMATa U TeMIeparypara Ha cpenara (Benesa u np., 1987;
Benesa u ap., 1999). IIpucbcTBrHETO Ha arpecUBHA HOHH, HAIIPHMEP XJIOPUAHH, CHIO aKTHBHPAT
KOPO3MOHHMS MPOIIEC U HapyIIaBaT ISUIOCTTa Ha macuBHuA cioil (Huang, 2016).

Wzcnensannte anymunanesn ciaBi EN AW-6026 u EN AW-6082 ce oTHacaT KbM cepusTa
6XXX CIUIaBH, PH KOUTO OCHOBHHTE JICTHPAIIH €JIEMEHTH Ca MarHe3uil n cuunumid. Te3u cruaBu
CE XapaKTepH3UpaT C BICOKA SKOCT, Bb3MOXHOCT 32 TEPMHUYHA 00pabOTKa U OTIIMYHA 3aBAPIEMOCT
(Davis, 2001). CmmaB EN AW-6026 ce ymorpe0siBa TrJIaBHO B aBTOMOOMJIHATA HMHIYCTPHSL.
OCHOBHO M TMPEUMYIIECTBO €, 9e TS He ChIbpiKa Kajail, IpUIUHABAI] OTCIa0BaHe W HaITyKBaHE HA
MEXaHNYHO 00pabOTeHH NeTailin, MOMIOKEHH Ha BHUCOKA TeMIlepaTypa M yIapHO HaTOBapBaHE.
EN AW-6082 nHammpa mnpmwiokeHHe 0Opu U3paObOpBaHE HA KOHCTPYKIMOHHH JeTailmm 3a
CYXOITbTHHSA M MOPCKHSI TPAaHCIOPT, 33 aBTOMOOWJIHM 9YacTH, XHIPABIWYHH CHCTEMH, HUTOBE,
BUHTOBE 1 Jp. [lopaan mmpokara ynorpeda Ha TE3H CIUIABH M3CIEIBAHETO HA KOPOSHOHHOTO UM
TIOBEZCHHE B CPEIN C PA3JIMUYCH XapaKTep € OT OrPOMHO TEXHOJOTHIHO 3HAYEHHE.
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Ilenta Ha HACTOALIOTO M3CIEIBaHE € Ja CE YCTAaHOBM KOPO3MOHHATA YCTOMYMBOCT HA
amymunueBu cmiaBu EN AW-6026 u EN AW-6082 B pa3TBOp Ha HAaTPHEB XJIOPUJ C Pa3IWYHH
croifHocTH Ha pH Ha cpeaTa u Taka a ce CpaBHU KOPO3HOHOTO MM IOBEICHUE B TE3H CPEIIH.

MeToanka

B 3% pasrBop Ha NaCl mpu croitnoct Ha pH or 1 1o 13 e onpenenena Kopo3uoHaTa
ycToiuuBOCT Ha amymuHHeBuTe 00pasim EN AW-6026 u EN AW-6082 B npoaskenue Ha 30
auu. pH Ha cpemara e u3mepeno ¢ jaboparopern pH merbp MS2006. [lpenu u3nuTBaHETO
o0pasiuTe ca MOCTaBEHH B €THIIOB AJIKOXON 332 5 MMH., IPOMHUTH ca C JECTHIMpPaHa BOAA U ca
noxcymenu. Creq xoero ca nocrasend B 3% pastsop NaCl npu pH Ha cpenata ot 1 mo 13 npu
craiiHa Temmeparypa B npoabipkenue Ha 30 mHu. C momornra Ha aHanutH4dHa BesHa Acculab
ATILON c tounoct mo = 0,0001g e m3mepena macata Ha oOpasmmre mpenu (m;) u cuexn (m;)
m3nuTBaneTo (cimeq 1 w 30 geH). 3a ormeHKa HA KOPO3WOHHATA YCTOMYMBOCT Ha W3CIICBAHHUTE
CIUIaBH, MIPH TIOCOYEHUTE YCIOBHUS, € U3ION3BAH IPABUMETPUYHHUAT METOA KAaTO 110 MPOMSIHATA Ha
TErJI0TO Ha M3NUTBaHUTE 00pa3Ly B KOPO3MOHHATA Cpeja € ONpelesieHa CKOPOCTTa Ha KOpPO3Hs
(Km). 3a m3uncnenne ce n3nomssa hopmyma (1):

K = (my ~m;) /S - t [g/m® - k] @,

KBJETO

m; —MacaTa Ha U3XOIHHS oOpasel, g;

m, —MacaTa Ha obpasela ciel KOpO3HOHHOTO U3IUTBAaHHUE, g;

S — momnira Ha oOpaszera, mz;

t — BpeMeTo Ha I3MUTBaHE, h.

Ot nony4eHuTe croifHocTTa Ha Km ce mpaBsT H3BO/H 38 KOPO3HOHHOTO MIOBEJICHHE Ha
00pasuuTe OT ABETE U3CICABAHN ATyMHHHCBH CILIABH.

Pe3yataTtu u o6chKIaHE

PesynTatute OT M3cneaBaHe Ha KOPO3UOHHOTO MMOBEJEHHUE HA aTyMHHUEBUTE ciulaBud EN
AW-6026 m EN AW-6082 cnen 1 u 30 nen ca 00paOOTeHH upe3 TPaBUMETPUYHUS METON H ca
npencTaBeHy TadbamaHo (Tadm. 1 u 2).

Taonuya 1.Cxopocm na koposus Ha oopasyu om arymunuesu cniaeu EN AW-6026 u EN AW-
6082 6 3% pasmeop na NaCl npu pH 1-13 cred 1 oen

pH NaCl, % Km EN AW-6026 Km EN AW-6082
1 3% 0,0036 0,0047
3% 0,0024 0,0041
3% 0,0012 0,0009
12 3% 0,0310 0,0351
13 3% 0,3372 0,3541
Taonuua 2.

Ckopocm Ha koposus Ha odpasyu om arymunuesu cniaeu EN AW-6026 u EN AW-6082 ¢ 3%
pazmeop Ha NaCl npu pH 1-13 cned 30 onu

pH NaCl, % Km EN AW-6026 Km EN AW-6082
1 3% 0,00020 0,00008
2 3% 0,00015 0,00007
7 3% 0,00014 0,00005
2 3% 0,00046 0,00042
13 3% 0,00062 0,00980
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[TonyueHute pe3yiTaTd MOKa3BaT, Y€ B HAYaJOTO HAa H3CJIEABAHETO CKOPOCTTa Ha
koposus Ha crmaB EN AW-6082 B kucena cpena (pH 2) e 3naunTenHo mo-sucoka ot EN AW-6026
(cpur.1). B mocouenara xopozuonHa cpega EN AW-6082 ce pa3TBapsi aKTHBHO B ITbPBHUTE HAKOIKO
Yaca OT M3CJIEABaHETO, ciel KoeTo B paMkuTe Ha 30 nun Km namanssa, nokato npu EN AW-6026
pa3TBApSIHETO MPOJBIKABA TIPE3 LEMHsl U3CIEIBAH MEPUO U CTOHHOCTTa Ha Km e oTHocuTesHo
MIOCTOSIHHA C TEUEHHE Ha BpeMeTo. ToBa BEpOSTHO Ce ABJDKM Ha arpecMBHOTO JIEHCTBHE Ha
XJIOpH/IHM HOHHM, KOUTO aTaKyBaT 3alllUTHUs CIIOM M MOCTENeHHO ro paspymasar (Mazhar et al.,
2001). Te3u ¥oHN OKa3BaT MO-CHIIECTBEHO BIMSHHE BHPXY KOPO3UOHHOTO MOBEACHHE HA CIUIAB
EN AW-6082.

pH2
0,005

0,004

0,003

W ENAW-6026 (konoHa 1 w1 3)

0,002
W EN AW-6082 (konoHa 2 4 )
0,001

’

Cropoct Ha KoposHa Km

1 aex 30 aHu

@ue. 1. Koposuonno nogedenue na arymunuesu cniasu EN AW-6026 u EN AW-6082 3%
pasmsop na NaCl npu pH 2 cred 1 u 30 den

B HawasoTo mpu u3cienBaHE Ha KOPO3HMOHHOTO ITIOBEICHWE Ha JIBETEe CIUIaBH B 3%
pastBop Ha NaCl B meyrpamHa cpema (pH 7) ce 3a0enss3Ba, ue cKOpocTTa MM Ha KOpO3HS €
puOIU3UTENHO enHakBa (pur.2). B kpas Ha oTUETEHHS EPHO]] Ce KOHCTATHPA, Y€ CTOMHOCTTA Ha
cKopocTTa Ha Kopo3us Ha cmuiaB EN AW-6026 e mo-Bucoka ot taszu Ha cmtaB EN AW-6082 it e
MO-HEYCTOWYMBA B IIOCOYCHATA KOPO3HMOHHA CPEia.

pH 7

0,0014
0,0012
0,001
0,0008 -
0,0006 -
0,0004
0,0002 -

W ENAW-6026 (konoHa 1w 3)

W EN AW-6082 (konoHa 2 1 4)

Cropoct Ha Kopo3ng Km

1 aen 30 aHum

@ue. 2. Koposuonno nosedenue na anymunuesu cniasu EN AW-6026 u EN AW-6082 3%
pazmeop Ha NaCl npu pH 7cned 1 u 30 den
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B ankanna cpena (pH 13) cmaB EN AW-6082 nemoHCTprpa MHOTO TO-BUCOKa CKOPOCT
Ha kKopo3us oT EN AW-6026 u MHTEH3UBHO ce pa3TBaps Ipe3 LEeNus Mepuoj] Ha MPOBEICHOTO
u3cienBane. [Ipes u3cienBanust nepros ce HaOmoaBa, ue cwiaB EN AW-6026 e no-ycroitursa B
ankanHa cpena crpsimo EN AW-6082.

pH13

0,4
0,35
0,3 +
0,25
0,2 -
0,15 +
0,1 +
0,05

W EN AW-6026 (konoHa 1)

W EN AW-6082 (KonoHa 2 u 3)

Cropoct Ha Koposndg Ky

1 nenH 30 aHK

@ue. 3. Koposuonno nogedenue na arymunuesu cniasu EN AW-6026 u EN AW-6082 3%
pazmeop Ha NaCl npu pH 13 cneo 1 u 30 oen

3akiroueHue

[MomydennTte pe3ynTaTH MOKa3Bar, 4ye B paMkuTe Ha 30 THM ABETE CIUIaBM JAEMOHCTpUpAT
Pa3IMYHO KOPO3HOHHO TTOBEACHNE B M3CIEABAHNTE KOPO3HOHHHM cperu. B cumno xucena (pH 1 n
2) n cutHo ankaiHa cpepa (pH 13) B 3% pastop Ha NaCl, amymunnesa crmaB EN AW-6026 e ¢
M0-BHUCOKA KOpO3HOHHA ycToiumBocT cupsimo EN AW-6082 u s ¢ mo-moxxosmia 3a m3padboTka
Ha JIeTaiiy, paboTemy B Cpeau ¢ TMoJo0eH chcTaB. B HeyTpanHa cpema W JIBeTe CIUIABH ca
YMEPEHO YCTONUYUBH.
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Abstract

The investigation involved several blood indices in samples taken from 10 female
specimens of the striped mice species (Apodemus agrarius) inhabiting a protected area «Tsalapitsa
Rice Fields». Red blood cell indices (haemoglobin content, haematocrit and erythrocyte diameter)
were within the normal physiological range and erythrocytes presented with normal morphology.
White blood cell differentials were of the lymphocyte type (63.5% lymphocytes) while the
percentage of monocytes was relatively high (5.5%). There were also isolated lymphoblasts and
monoblasts, as well as phagocytic neutrophils. Eosinophil counts and especially basophil counts
were low. All blood films showed the presence of bacteria (bacteraemia). It was concluded that
environmental factors do not cause anaemia-related changes, apparently due to the good
adaptability of striped field mice. The increase in lymphocyte and monocyte generation as well as
the activation of phagocytic neutrophils is the probable reason why the microorganisms present in
the blood did not result in apparent symptoms of infection and why their activity was only limited
to asymptomatic carriage. The very low basophil count is another circumstantial evidence of
exposure to the effects of environmental stressors.

Keywords: Apodemus agrarius, blood analysis, wet areas.

Introduction

The protected area "Tsalapitsa Rice Fields" is a compound of flooded fields used for rice
production and a compound of wet meadows. It was classified as a protected area with reference
number BG0002086 pursuant to Directive 79/409/EEC on the conservation of wild birds

(http://natura2000.moew.government.bg/Home/ProtectedSite?code=BG0002086 &siteType
=BirdsDirective). The rice fields are located in a densely populated area under anthropogenic
pressure due to intensive human activity. Therefore, research should be made into its impact on
various plant and animal populations inhabiting the protected area. Striped mice (Apodemus
agrarius) inhabit various wet areas (Gliwicz et Krystufek, 1999), and are one of the rodent species
most commonly used to assess the impact of an anthropogenically modified environments on
natural sites (Dimitrov et al., 2015). Blood indices are important indicators of the physiological
response of animals to exposure to various environmental stressors in their habitat (Pérez-Suarez et
al., 1990). These factors are the justification behind this research. Its aim is to obtain data from
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complete blood count tests conducted on striped field mice (Adpodemus agrarius) inhabiting a
protected area.

Material and methods

The tested animals were caught using live animal traps of the Sherman type using the
trapline method. The mice had an average body weight of 22,0143.5 g and an average length of
100,5+7.3 mm. Blood samples drawn from the tail vein (v. caudalis lateralis) were obtained from
10 female specimens. Until the time of the test it was contained in heparin tubes (4 ml in volume)
at temperatures of 4-8°C. The following tests were performed on the samples:

1. Blood films were prepared and the following indices were measured:

1. Erythrocyte morphological features - shape, dimensions, and presence of changes;

2. Leukocyte formula (through differential count of at least 100 leukocytes) and
morphological and functional features of the white blood cells;

3. Visual inspection for blood parasites.

The blood films were stained using an express staining kit DKK-Color-200 (VIVA MT-
Plovdiv). The microscopic test was conducted using an Olympus CX22LED microscope. Certain
of the objects in the visual field were photographed with a digital camera Luminera (Canada).

II. The main blood volume was tested for haemoglobin content and haematocrit values
(Hemo Control, EKF Diagnostic).

Results and discussion

The following results were obtained from the above tests:

Table 1 shows the data collected on the main blood parameters.

Table 1. Blood count of striped mice samples (Apodemus agrarius) obtained from
specimens from the protected area “Tsalapitsa Rice Fields”

Indices Values
Haemoglobin content 14,1£1,1 g/dL
Haematocrit 0,41+0,03 L/L
Erythrocyte diameter 10,9+0,5 pm

Leukocyte formula (%):
Lymphocytes 63,5+5,7
Neutrophils 29,6+5,6
Eosinophils 1,1+£0,9
Basophils 0,3+0,5
Monocytes 5.5+1.6

Red blood cell indices - haemoglobin content, haematocrit and erythrocyte diameter (including
deviations from the average cell size) were within the normal physiological range (table 1). The
microscopic test revealed that the erythrocytes of the tested striped field mice had normal
morphology and the number of erythrocytes which had undergone changes was insignificant (fig.

).
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Fig. 1. Lymphocyte and erythrocytes with normal morphology. X600.

The calculated leukocyte formula (table 1) revealed that the white blood cell differential of
the tested mice was of the lymphocyte type (63.5% lymphocytes). Similar results were obtained
by Dimitrov et al. (2015) during a research conducted with blood samples drawn from striped field
mice caught in an area under anthropogenic influence in North-East Bulgaria (the village of
Ivanovo). The percentage of monocytes was relatively high (5.5%). There were also isolated
lymphoblasts and monoblasts (fig. 2 and 3). Some neutrophils were undergoing phagocytosis (fig.
5). Eosinophil counts and especially basophil counts were low.

Fig. 2. Lymphoblast (arrow). X600
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Fig. 3. Monoblast (arrow). X600

All blood films showed the presence of bacteria (bacteraemia) - fig. 4. The bacteria were of
varying shapes, dimensions, and location (coccus, rod-shaped, single, double, chain, etc.).

It may be concluded from the obtained results that environmental factors do not cause
anaemic changes in the blood (normal haemoglobin and haematocrit values and absence of
poikilocytosis and anisocytosis) apparently due to the good adaptability of striped field mice.
There is an increase in lymphocyte and monocyte generation and neutrophils are activated and
ingest bacteria present in the blood. This is a probable reason why the present microorganisms do
not cause an apparent infection and their activity is limited only to asymptomatic carriage. Very
low basophil count is a consequential evidence of the effects of environmental stressors since as a
reaction to stress these cells disappear from peripheral blood.

Fig. 4. The presence of bacteria in peripheral blood (arrow). X600
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Fig. 5. Phagocytic neutrophil (arrow). X600
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Abstract:

Various methods for screening of antioxidant activity of some synthetic compounds and
natural extracts were evaluated. The radical scavenging activity of some 2-phenyl-benzothiazole
compounds was examined via DPPH, ABTS methods and compared to radical scavenging activity
of natural compounds - rutin, quercetin, pyrocatechol and pyrogallol defined under the same
conditions. The benzothiazole compounds containing pyrogallol fragment demonstrated similar
activity as natural antioxidant - quercetin. The results obtained using ABTS method showed
possibility for studying of the relationship between structure-activity of the tested examples.

Keywords: Antioxidant activity, free radicals, benzothiazole derivatives, DPPH, ABTS,
FRAP, ORAC

BBBEJEHUE

I'enepupanero Ha CBOOOJHUTE paJMKAIN € €CTECTBEH NPOILEC, KOUTO HE Moxe Na Obae
crpsiH. EBONIONIOHHOTO pa3BUTHE HA OpraHM3MHUTE o0adue € OCHUTypHIO HEOOXOIUMHTE 3aIUTHH
MEXaHU3MH, KOHTO Ja TpPEJOTBPATABAT HEKOHTPOIUPYEMOTO pa3BUTHE HA OKUCIUTETHO-
paaukanoBure mnpouecu. Kucnopon-ceappxanmre dvactuud (ROS) ca BHCOKO peakTHUBHH
Mmonekyau. TakuBa ca KaKTo CBOOOHHTE pajuKaiy - xuapokcuaer pagukan ((OH), cynepokcuaen
AHUOH PaJIuKail (02"), Taka M HepaJUKaJIOBH MOJIEKYH - BopopozaeH nepokeua (H,O,), cunrneren
xucmopon ('0,), o3om (Os), xmapoxiopHa kucenmua (HOCI). Te morar na atakyBar
OMONOTMYHHUTE MaKpOMOJEKYNH, na yBpeaar nporeunu, nunuan u JHK. Cwmsra ce, ue urpasr
CBIIECTBEHAa poNisi B pa3Buruero Ha Hax 100 pa3nuyHu 3a00NsBaHUS - CHP/ACYHO-CHIIOBH,
HeBpopereHepatnBHy, TyMopHH u 1p. (Halliwell, Gutteridge,1989; Alam, 2013).

C TepMHMHA aHTHOKCHIAHT ce Je(pHHUpA ,BCIKO BEIIECTBO, KOETO IIPHCHCTBA B
CPaBHUTEITHO HHCKH KOHIICHTPAIlMH B CPaBHEHHE C TE3W HA OKUCIIIEMHS CyOCTpaT, 3HAYUTEITHO
3a0aBs WM UHXUOMpPA OKUCIABaHETO Ha To3H cyocTpat™ (Gutteridge 1994). C ,,anTHOKCHIaHTHATA
aKTUBHOCT™ ce Ha30BaBa CIIOCOOHOCT Ha eqHO chemuHeHue na pexymupa ROS. CebmiecTByBaT
KaKTO TPUPOJHH, Taka W CHHTETUYHH MPOU3BOAHHU, KOUTO TPHUTEKABAT AHTHOKCHUIAHTHA
aKTHBHOCT. ENnWH OT Hail - W3BeCTHHTE HAYMHHU 3a KJIACH(HKAIMsS HAa AHTHOKCHAAHTUTE €
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npencraBen ot Gutteredge w Halliwell, kouto Kiacupuuupar HHBaTa HAa AHTHOKCHIAHTHO
JeHCTBUE Ha CIIEIHUTE TPYITH:

e  [IbpBUYHO HMBO - IPENOTBPATIBA CE 0OPAa3yBaHETO HA OKCUAAHTY;

e  Bropuuno HuBO - 61okupar ce ROS;

e TperuuHO HUBO - BB3CTAaHOBsABaHEC Ha oOkucieHutre Monekymu (Gutteridge, Halliwell,

1994).

@deHOMUTE W TEXHUTE MPOU3BOJHM TMPOSABIBAT IIMPOK CIEKTBP OT OMOIOTHYHA
aKTUBHOCT, TIOPAJIM CIIOCOOHOCTTAa UM J]a HHXHOUpAT pa3JIMuHU eH3UMH. Te ce U3MO0I3BaT MHUPOKO
B MEAMIMHATA KaTO AHTHOKCHAAHTH M B XPAHHUTEITHATa IPOMMIINIEHOCT KAaTO KOHCEPBAHTH.
[Nopanu BuCOKaTa TOKCHYHOCT Ha HAKOW ChEAMHEHHMS OT IpynaTa Ha ()EeHONUTE Ce ThPCAT HAaUMHU
3a TAXHOTO MomuduImpaHe C IeT HaMalIsgBaHETO HA Ta3M TOKCHYHOCT. ToBa Moke ma ce
OCBILECTBU Upe3 BbBEXIAHE Ha AJIKMIIOBH (DParMeHTH KaTo 3aMECTUTENN B apOMaTHHS IPBCTEH Ha
(denoma (Kancheva, Angelova, 2016; Gami, 2016; Michatowicz, 2007).

BeH30THa3010BUAT NPBCTEH BIHM3a B CTPYKTypaTa Ha MHOI'O ChEIMHEHMS U3MOJI3BAaHH B
MEJMIMHCKaTa IIpakTHKa 3a JICYCHHE Ha pa3NIuuHd BHOOBe 3abomsBaHus. PaspaboreHu ca
pa3INdHA METOJHM 32 MOTYYaBAHETO HA CTPYKTYPHH aHAJIO3W Ha OCH30THA30JI, TOKA3BaIlN BICOKA
CTEIeH Ha CTPYKTYPHO Pa3HOOOpasue M IIMPOK CHEKThp Ha OnonormyHa akrtuBHocT (Keri, Patil,
2014; Rouf, Tanyel, 2015). IIpeacraBnsiBa HHTepec MOJYyYaBaHETO Ha OCH30THA30JIOBH
NOPOU3BOAHU ChAbpXKAIM (PEHONHM 3aMeCTUTENM Ha BTOpa MO3WIMA. BbBexIaHeTo Ha
munodunHaTa GEeH30THA30I0Ba TPyNa OM MOBHINMIO OKCHAAHTHATA CTAOWIHOCT HA (EHONIUTE U
MOANGHUIUNNPATO0 AHTHOKCUJAHTHATa MM AaKTUBHOCT. HaMmupaHeTo Ha MOAXOIAIN METOH 3a
YCTaHOBSIBAaHE Ha Te3M MOMM(MUKAIMK IIEe Jane Bb3MOXKHOCT 3a H3CIe[BaHE Ha Bpb3Kara
CTPYKTYpa-aKTHBHOCT.

IenTa Ha U3cIegBaHETO € MPOYYBAHE HA METOINUTE 3a ONpEAE/sHE Ha aHTUOKCHJAHTHA
AKTHBHOCT M W3CJIeIBaHE Ha aKTUBHOCTTA Ha 2-apHiI-0EH30THA30JI0BH ChEANHEHHS.

METO/IX 3A U3CJIEJIBAHE HA AHTHOKCHUJAHTHA AKTUBHOCT

Pa3paboTeHn ca JeceTKH METOIM 3a OIpelesiHe Ha aHTHOKCHIAHTHAaTa aKTUBHOCT B
CHHTETUYHH, XPAaHUTEIHH M OMOJIOTMYHM IpoOu. B 3aBHCHMOCT OT MexaHM3Ma Ha IEHCTBHE
METOJIUTE 32 OIpeJeIITHE Ha aHTHOKCHAAHTHA aKTHBHOCT CE JCNAT Ha:

Mertonu 3a Tpancdep Ha BogopoaeH atoM (HAT-meroan). HAT-ananusa ce 6asupa Ha
W3MEpBaHE CIOCOOHOCTTa Ha AaHTHOKCHAAHTUTE 3a CBBP3BaHE HAa CBOOOJHUTE paJWKaIN
(0oOuKHOBEHO, MEPOKCHIHU paguKanu). TakuBa ca: METOJ 3a KUCIOpPOJ paAUKaIeH aacopOIMOHEH
kamarurer — (ORAC meronm), MeTon 3a paguKai-ylaBsnia akTHBHOCT cipsmo ABTS pamukan
(ABTS wmeron), Merox 3a pagukan-ynassia aktuBHOCT cupsimo DPPH pangukan (DPPH meron),
METOJl 32 yJIaBsiHE Ha MEPOKCHIHU PajuKaid. MexXxaHu3MbT Ha Ta3H Ipyna METOOH MOXe aa Oble
00001I1eH B cleaHaTa cXeMa:

ROO" + AH/ ArOH — ROOH + A"/ ArO’
Bonoponen atom (H) or antmokcumant (AH) mmm ¢enon (Ar-OH) ce mpexsbepist kbM ROO-
pamukan. Tyk HOBoOOpasyBauusT paaukai (ArO’) e pesonancHo mo-crabmwiex (Huang, Ou, 2005;
Prior, Wu, 2005).

Metonu 3a TpaHcdep Ha enekTpoHu (ET-meroan). B moseuero ET-6a3upann anammsu,
AQHTUOKCHIAHTHO JEUCTBUE C€ M3MEpBa C MOAXOAAIIA PEJOKCH-MOTEHI[MaIaHa COH/A, 3 UMEHHO:
AQHTHOKCHIAHTa pearupa ¢ (IyopecleHTHa WIM IBeTHa Ipo0a (OKMCISIBAIl areHT) BMECTO
nepokcuaHu pagukany. ET-meronu ca: xemsi30 pegyupaiia aHTHoKcuaanTHa aktuBHoOCcT (FRAP-
MeTon), MeIn pemynupama anTHokcupaHTHa akTuBHOCT (CUPRAC-meroxm), aHTHOKCHAAHTHA
aKTHBHOCT M3MepeHa upe3 Tponokc ekBuBaneHT (TEAC merom) u ap. Upes Te3u Mmeromu ce
uU3MepBa KamaluTeTa Ha CUlIaTa HA AHTHOKCHAAHTUTE IO JBa HauyMHA: HaMajsBaHE Ha
OKHCIICHHETO, TIOCPEACTBOM IIPOMSHA Ha I[BETa U CIEKTPO(YOTOMETPUYHO - WU3IMEPBAHKU
M3MEHEHNEeTOo Ha abcopOLusTa Ha Ipobara Ipy olpe/eeHa AbJDKUHA Ha BbiaHata (Bondet, Brand-
Williams, 1997).
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DPPH meton - (1,1-nudennn-2-nukpuiaxuapa3ui) pagukan CrextpodhoToMeTpuyeH
METOJl, TIPH KOWTO Ce M3IOI3Ba CHHTETHYHO CHHTE3MpaHus (1,]-aueHun-2-MIKprIXuapasi)
pamuxan (Cxema 1). XapakTepHO 3a TO3M METOJ € NPOMSHATa B OLBETABAHETO HA pajuKaia OT
JIUJIaBO KBM JKBITO TPH HETOBOTO PEAYLHpPaHEe OT aHTHOKCHIaHTa. MakcuMmaiHaTa abcopOrs,
U KOSATO MOXE J]a ce M3MepH Ta3u mpomstHa € 518 nm. CroifHoctuTe ce mpeactasar upes ICsy -
KOHIICHTpAIMATa, NMPH KOATO ce mHxubupa 50% ot cBoOomHms paaukan. Konkoro mo-HUCKa e
croiiHoctTa Ha 1Cs), TONMKOBA MO-CHMIIHU paJIUKai-yJIaBsIy CBOMCTBA NMPUTEXaBa aHTHOKCHIAHTA
MeTroapT € YCNENIHO NPHIOKHAM 3a aHalu3 HAa AHTHOKCHIAHTHA AKTHBHOCT HAa XpaHH H
pactutennu Jiekapera (Nantz, Rowe, 2006; Brand-Williams 1995)

Q@ - "

ABTS pagukan

.
DPPH papaukan
NH
N NH,
\ 2
2NJ>< \N)ﬁ‘/

*2HCI

NH
AAPH pagukan (J)\ )\(j

TPTZ (Fe?")
Cxema 1

ABTS wmeton - (2,2‘a3uno-0uc(3-eTna0eH3THA30JINH-60-CYI()OHOBA KHCEJTUHA))
PaguKagd KaTHOH (ABTS°+) OrmpenensiHeTo Ha paaukai-ynapsmara aktuBHocT ¢ ABTS merona
ce M3BBPIIBA C M3MON3BaHETO Ha (2,2°‘a3nH0-Ouc(3-eTHnbeH3THAa30MuH-6-Cya(OHOBA KHCENNHA))
pagukan kaTHoH. CBOOOIHMAT pafMKal ceé TeHepHupa C IIOMOIITA HA CHJIEH OKUCIHTEN Karo
KMnO;, u K,S,0,4. Ot4nta ce ciekTpohoTOMETPUYHO NMPOMSIHATA B KOHIIEHTPAIUATa Ha paJuKai
kaTnoHa. Kato uHIMKaTOp 32 HaMaJsABaHETO HA KOHLEHTPALMATA ce HaOlrogaBa 0Oe3LBETsABaHE
Ha CHHBO-3eMeH pasTBop Ha ABTS™ mpu Heropata pemykuus. Pe3ynTaTuTe OT H3CIEBAHETO
Morar aa ce u3pasar cupsmMo 7Trolox cranmapr kato 7Trolox EKBUBAICHT aHTHOKCHIAHTEH
kamanuret (TEAC). ABTS metonsT € Obp3 1 JIeCHO IPHIOKHM. MoXe Jla ce H3I0N3Ba B IMIMPOK
nuanason or pH, ocBen Tosa, panukansT ABTS™ e craGusien u pasTBOPUM B BOJAa M OPraHUYHH
Pa3sTBOPHUTENH, KOETO JaBa BB3MOXKHOCT 3a OIpEAENsHE HAa AHTHOKCHUIAHTHMS KalalUTET Ha
XuApoGUIHY U THHIOPUIHN cheauHeHus (Simonetti, Pietta, 1997)

ORAC wmeToa - KHCJIOpPOA-paauKajeH a0copOuuoHeH kamamurter 3mepBa ce
OKHCIIUTETHOTO pasTrpakgaHe Ha (QIyopecmeHTHa Mojekyna (Oera-(QpUKOepUTPHH  WIIH
¢yopeclenH), cieil KaTo € CMECeHa C TeHepaTOopu Ha CBOOOAHH paauKaly, (HampuMmep as3o-
chennHeHNs, T.¢ m3MepBaHe Ha AAPH pamukamm). Te3n pamikanu nekommosnpat (GiayopecueHTHa
MoJIeKyna, KoeTo BOJH J0 3aryba Ha ¢uryopecueHus. CTeneHTa Ha 3alura Ha (QIyopeclieHTHaTa
MOJIEKyJIa C aHTHOKCHJIAaHTAa CE OMpeJeis KOJMYECTBEHO C IOMOINTa Ha (iuyopuMersp. Tyk
TepMHUHBT "aHTHOKCHIAHT" C€ OTHACS IJIABHO 3a IONMH(EHOIN, KOUTO MMAT aHTHOKCHIAHTEH
KalauuTeT in Vvitro, Taka 4e ce OMpeseNs OTHOCUTENEH MHIEKC Ha aHTUOKCHIAHTHATa CHJIa upe3
ORAC m3mepanero (Miller, Rice-Evans, 1997).
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FRAP meton - Kensizo-peayuupama aHTHOKCHIAHTHA cnocoOGHOCT To3u Meron
u3pazsiBa  CIIOCOOHOCTTa  Ha  AaHTHOKCHIAHTa  Ja  PEAymupa  JKENe3HHTe  HOHH.
CrekTpod)oTOMETpHUHO ce oTunTa penykimsaTa Ha Fe*" no Fe'™ B o6pasyBan kommiekc ¢ Ha 2,4,6
— tpunupuauH-s-Tpuazud (TPTZ). To3u Buj peakinusita ce OCHIIECTBSIBAT Ype3 EJIEKTPOHEH
Tpancdep. IIpomsHata B abcopOmusATa € TPOMOPIMOHANIHA Ha KOHIEHTpamusATa Ha
aHTHOKCHIaHTa. AOcopOuusTa, IpH KOATO Ce M3MEpBa MOTIBLIAHETO Ha CBETIMHATA € mpu 593
nm. MeTonsT € OBp3 W JIeCEH 3a M3MBIHEHHE. [IpHIoKeHHeTo Ha MeToAa B TIOCIE[CTBHE €
Pa3IIUPEHO BBPXY PACTUTEIHU EKCTPAKTH, XpaHU M APYrd Buaose npodu (Alam, Brist, 2013;
Wood, Gibson, 20006).

He ceinecTByBa equHEH METOJ 3a OMNpeelsiHe Ha aHTUOKCHIAHTHATA aKTHBHOCT, KOHTO
Jla OTpassiBa ,,00IIMs aHTHOKCHAAHTEH KalalUTeT KaKTO Ha CHHTCTUYHH BEIIECTBA, Taka M HA
NPUPOITHM eKCTpakTH. IIpum BCeKkM emMH OT W30pOCHMTE METOAM Ce H3CIIe[Ba CaMo
AHTHOKCHJAHTHATa aKTUBHOCT CIPSIMO creluduYHATa peakius Ha Pa3IMYHATE METOAM, a He
IUTOCTHATA AaHTHOKCHIAaHTHA aKTHBHOCT.

MATEPHUAJIM U METOIU
Matrepuain
W3cnenBana e akTMBHOCTTa Ha MIeCT 2-apHiI-O€H30THAa30i1M, noinydeHn no Cxema 2.
CrpykTypaTa Ha ABe OT chequHeHUATa (4a, 4b) e Moka3aHa upe3 OKHUCIUTETHA apOMAaTH3AIMA C 0-
XJIOpaHWI MO MpoLeAypa 3a 2-NUPONUN-THA30NMHM, ONKCAaHA MpPU MO-paHHH U3CIEIBAHUSL
(Stremski, Statkova-Abeghe, 2017).

S s
/> + CICOOR; + OH —m78M @ }Ar
N - HCI

1 2a,b lil

3a-c 4a-f
2a Ry = -CH,CH, 3a = GeHon COOR
2b Ry =-CHj3 3b = Katexon 4a R, = -CH,CHjs, Ar = 4-xuapokcudeHur;

3¢ = Muporanon 4b Ry = -CHj, Ar = 4-XaAPOKCUEHMIT;

4c Ry = -CH,CHj, Ar = guxugpokcudenun;
4d R, = -CHg, Ar = auxuapokcudeHusn;

4e Ry = -CH,CH3, Ar = TpuxuapokcudeHus;
4f Ry = -CH3, Ar = TpuxugpokcudeHun;

Cxema 2

3a M3MBbJIHCHHE Ha 1IENTa ca W3noi3BaHu crnenuurte peaktuBu: DPPH (2,2-diphenyl-1-
picrylhydrazyl), ABTS (2,2'-azino-bis(3-ethyl-benzothiazoline-6-sulphonic acid)), Ksepnerus,
Pyrun, Iluporanon, Katexon — umctu 3a aHamm3, 3akyneHu oT Sigma Aldrich u cunTeTnunu
ChEIMHCHHS TIPOU3BOAHU Ha OCH30THA30JI, CHHTE3UPaHH B KaTenpara mo OpraHndHa XUMHS KbM
ITnoBouBcku yHUBepcuteT ,Ilancuit Xunennapceku™ mo npoekt CIT 17 X® 018, ¢unancupan ot
®onn Hayunu uzcnensanus npu 1Y |, Ilancuii Xunennapcku”.

Metoau

Omnpenensive Ha PagUuKAI-yJaBAIIATAa AKTUBHOCT € M3M0J3BAHETO HA CTa0MiIeH
DPPH' (1,1-nupeHnn-2-nMKpUIXuapasui) paaukain. Msmomssan e¢ DPPH - wmeroxm 3a
ollpesieNIsiHe Ha aHTHOKCHJAHTa aKTHUBHOCT I10 Ipoleaypa omucana ot Docheva u ceasTopy, 2014.
Nznon3sana 6e paborHa koHueHntpamus Ha DPPH 0,12 mM wu pastBoputen meranon. Cien
MpecTosiBaHe Ha cMecTa 3a Bpeme oT 30 min mpu cTaifHa TemrepaTypa Ha TBMHO, C€ M3MepBa
abcopOLMATa Ha BCEKU Pa3TBOP ChC CHEKTpodoToMeThp mpu 515 nm. C monydyeHHuTe CTOHHOCTH
3a Ab ce m3uncmsBa RSA% 3a Besika mpoba. Ciiex KoeTo ce mocTposiBa TpadUuHaTa 3aBUCHMOCT
Ha RSA% oT KOHIIeHTpaIMATa Ha BEIIeCTBaTa B PEaKI[OHHATA CMEC.

OmnpenelsiHe Ha PaJUKaI-yJIaBAlIaTa aKTHBHOCT ¢ M3Mo/I3BaHeTo Ha ABTS™ -
(2,2°a3uH0-0uc(3-eTNI0EH3THA30JIMH-6-CY/ 1) OHOBA KHCeJINHA)) paaukan KATHOH.
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OrmpenensiHeTo Ha paJiiKal-yIaBsilaTta akTHBHOCT Ha OCH30THA30I0BUTE ChEANHEHHE CE U3BBPIIN
u ¢ u3nonsBanero Ha ABTS - Meron. M3non3Banu ca ycloBHATa Ha METOZA ONMCaHU OT Re U
cpaBTopy, 1999 - 7mM ABTS pastBopenu B gectunupana H,O + 2.45 mM K, S,05 paztBopenu B
necrumupana H,O. CmecBaHeTo Ha peareHTuTe € B choTHOIIeHue 1:1 (v/v). Pa3tBopsT npecrosiBa
14-16 gaca 3a crabunusupane. Pazpexna ce ¢ YMCT METAHON U Ce OTYUTa abcopOuusATa UM TpU
734 nm, go nocturane Ha abcopOums 0.7. 3a IPOTUYAHETO HA pealyiss MEKAY CBOOOIHHS PaauKall
1 aHTHOKCHIAHTa ca HeoOxomuMmu 10 MUHYTH IIpH CTaifHa TemmepaTypa Ha TBMHO, Ce]] KOETO Ce
n3MepBa abcopOUuMsITa Ha BCEKU Pa3TBOP ChC CIIEKTPOGOTOMETHD mpH 734 nm.

[IpuroTBeH ca M3XOIHU Pa3TBOPH Ha BellecTBaTa ¢ KoHUeHTpamus 1 mg/ml. Ot Tiax
4pe3 pa3pekaaHus C METAHON Ca IPUTOTBEHH PA3TBOPHU C MO-HUCKH KOHIIEHTPAIIUHL.

PE3YJITATU U JUCKYCHUSA

WscrnenBana e panukai-yjlaBslllaTa AaKTUBHOCT HAa HOBH 2-apui-O€H30THA30JI0BH
cbequaenus, upes DPPH u ABTS wmeron. Pesynrature 3a paaukai-ynaaBsilia aKTHBHOCT ca
CBIIOCTABEHH C TE€3H Ha MPHUPOJHUTE CHEIWHEHUS PYTUH, KBEPLETUH, KATEXOA U MUPOrasion MpU
€MHW W CBII W YCIOBHA. 3a BCAKO OT M3CIEABAHHTE BEIISCTBA ITHPBOHAYATIHO € MPOYYEH
KOHIIGHTPAIIMOHHUAT WHTEpBaj, MpPU KONTO HACTBIIBA MBJIHO NPEBpBINAHE HA paauKaia B
HeyTpaJlHa MoJieKyia. ToBa € CBbpP3aHO C NMPOMSHA Ha IBeTa - OT BUoJeToB A0 XbiAT (DPPH-
METOJI) U OT CHHBO-3eJIeH 10 Oe3uBeTeH (ABTS-meron). Pesynrarute ca nzumcinenu mo gopmyna
3a % MHXUOHLUS:

% HHXHOHLHA = (u)
Ag

ITocTtpoena e rpaduuna 3aBucumMoct Ha % uaxuounus (RSA%) or xoHmeHTpauusTa Ha
BCSIKO BEIIECTBOTO M ca HaMepeHH croiHocTute 3a 1Csy 3a BCAKO exHo BemecTBo B pg/ml m uM.
[lomydyenure pe3ynraTh OT paAdKai-yjiaBsiaTa aKTUBHOCT Ha 2-apui-0€H30THA30JI0BU
cheUHEHUs ca npenctasen B Tadumua 1.

IIpu u3cnenBane Ha akTUBHOCTTA Ha BemectBata crnpsimo DPPH-mertona e ycraHoBeHa
Hal-BHCOKa pavKall-yIaBsiia akTUBHOCT Ha mpupoauuTe duasonouan pyTaH (ICso= 5.02 uM) u
kBepuetuH (ICso = 4.60 uM), cnensarn ot muporanon u karexon (ICso = 5.71 uM). ITomydenure
pe3yaratu 3a ICso Ha pyTHH U KBEpLETHH ChBNAAAT C U3cieaBanusiTa Ha Docheva. Crenunenue 4e
IOKa3Ba Haif-BUCOKa paamkan-ymaBsimia aktuBHocT (IG5 = 3.66 uM). Ocranamure
OCH30THA30JIOBUTE MTPOU3BOIHU UMAT aKTUBHOCT B TOPsibK [Cso= 13.58 uM — 38.22 uM.

Haii-Bucoka pajaukain-ynapsia akTUBHOCT OT NPUPOJHUTE cheauHeHus cnpsimo ABTS-
MeTtona nposiBsiBa nuporanona (ICsy = 22.68 uM), a naii-aucka - xatexon (ICso = 100.42 uM).
IIpu TO3M MeTox paznuKaTa B CTOMHOCTHTE € TOYTH IeT II'bTH, JOKaTo u3cienanu upe3 DPPH-
MeToza Te MpOosBsABAT enHakBa akTUBHOCT. CroitHocTuTe 3a ICs) Ha kBepuetun (ICso = 41.04uM)
u pytuH (ICso = 91.87 uM) ce pasnuyaBaT ¢ JBa MOpSAbKa, JOKATO TaKaBa pa3jiMKa HE ce
HaOmomaBa npum DPPH-meroma. Pagukan-ynaBsmsfTa akTHBHOCT Ha OCH30THAa30JI0BHTE
CHUHTETHYHH NMPOU3BOIHU € B MO-MIUPOK MOpsSAbK - oT ICso = 45.94 uM (4e) 1o 116.23 uM (4d),
KOETO € CBBP3aHO C OpOs M MOJOKEHNETO Ha (PEHOTHUTE TPYIHN B MOJIEKyIHTe UM. CheanHeHUs
4e u 4f noka3BaT aKTUBHOCT OJIM3Ka 10 Ta3W HAa KBEPLETHHA U MHOTO MTO-BUCOKA OT OCTaHAJIHUTE 2-
apmn-OeH3zotnazonuuu. Pesynratute ca npencraBenu B Tadumma 1. Toa ce o0sicHsBa oT dakra,
Yye aJKWJIOBUTE 3aMeCTHTeNM Ha (eHona, Ha “0-” u “p-” mo3uuusi o0pazyBaT PEe30HAHCHO IO-
crabunen Genokcuaen paaukan (Kancheva, 2009). HanpaBeHusaT aHaau3 Ha pe3y/TaTUTE ITOKaBa,
ge ABTS-merona B cpaBHeHne ¢ DPPH-MeTona maBa mo-roisiMa BE3MOXKHOCT 3@ H3CIEIBAHE Ha
Bpb3KaTa MEXIY CTPYKTYpa-aKTHBHOCT.

W3cnenBanero Ha akTHBHOCTTa Ha OCH30THA30JI0OBUTE MPOM3BOIHU C (GeHONEH (parMeHT
- 4a (DPPH-ananu3) u 4b (ABTS-ananu3), nokazaxa Haii-HUCKU cToHOCTH 3a ICsy 1 mpu ABarta
METO/a 3a paJuKal-yaaBsIia akTUBHOCT. JlOCTHTaHeTo Ha JIMHEEH HHTEPBAJI IIPH TIX O TPYAHO.

)
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Tabauna 1: Pesynratu 3a antuokcugantHa aktusHocT cnpsimo DPPH u ABTS merton:

S IC50 ICso IC50 ICSO
>7Ar gm) | @M) | ugmb | M)
|

4a-f Mw
CheHHEHHe COOR, DPPH meton ABTS meronx
Ne R; Ar
4a C,H; 4-xuapoxcudeHuna 301.36 11.52 38.22 - -
4b CH; 4-xuapoxcupeHunI 287.33 - - 488.27 | 1699.2

4c C,H; AuxuapoxcudgeHmn 317.36 4.31 13.58 32.37 102

4d CH; AUXUAPOKCHPEHHIT 303.33 4.12 13.58 | 35.22 | 116.23

4e C,H; TPUXUAPOKCH(EHUI 333.36 1.22 3.66 15.31 | 45.94

4f CH; TPUXUAPOKCH(EeHU 319.33 5.77 18.10 | 20.83 | 65.19

Kgepuerun 302.24 1.36 4.60 12.4 41.04

Pytnn 610.52 3.06 5.02 56.02 | 91.87

Karexoa 110.11 0.63 5.72 11.06 | 100.42

IMMuporajon 126.11 0.72 5.71 2.86 22.68
3AK/IIOYEHUE

WzcnenBana e axkTtuBHOCTTa Ha u30paHu 2-(peHHI-O0EH30THA30J0BU CHEIUHEHHS U
CpaBHEHa C aKTWBHOCTTa Ha OMO-aHTHOKCHIAHTHTE PYTHH M KBepLeTwH, mocpexctBom DPPH-
meron u ABTS-meron. BeH30THA3010BHTE CHEAMHEHHS CHIBPXKAILIM IMHPOrajoiloB (parMeHT
HpOsBSIBAT paJyKan-ylaBsila aKkTUBHOCT CXOJHA C Ta3M HAa KBepLeTHUH. HanpaBeHHMAT aHanu3 Ha
pesyaraTtuTe mokaBa, 4e ABTS-merona naBa BE3MOXKHOCT 3a M3C/ICIBAHE HA BPB3KaTa CTPYKTypa-
aKTUBHOCT.

Baaropapnoct kbM ®@oHa HayuyHu u3ciaensanus npu Ilnosauscku yHusepcurer ,Ilancuii
Xuaengapekn“, no mpoext CII 17 X® 018.
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Abstract

We present a set of group contribution models for predicting heat of formation of organic
compounds. A dataset containing 1004 molecular structures from DIPPR database was split into a
learning set and a test set further used for model training and validation. The model building
workflow was performed with an in-house developed software Ambit-GCM. The fully
customizable and flexible features of the software tool allow execution of exhaustive data
exploratory analyses in the context of QSPR/QSAR modelling. A set of preliminary models were
build according to various fragmentation schemes, with and without use of correction factors and
external descriptors. Different orders of additive schemes were studied. Every model in the set was
validated using leave-one-out procedure and Y-scrambling technique as well as model
performances were tested using the external dataset. Best models were chosen as final model set
and corresponding statistical characteristics are presented and discussed. The best model is
available as a JSON at https://doi.org/10.5281/zenodo. 1494281 file and can be used for theoretical
prediction of heat of formation.

Key words: group contribution method, additive scheme, heat of formation, QSPR,
software modelling

Introduction

Heat of formation (Hp is an important fundamental physicochemical property of the
molecules used actively in the process of discovery and development of new energetic compounds
(Vatani, Mehrpooya and Gharagheizi, 2007) (Elioff, Hoy and Bumpus, 2016). H; value is needed
when thermal efficiency of the equipment for producing power or heat is considered (Gharagheizi,
Mirkhani and Tofangchi Mahyari, 2011). Group contribution methods are widely used for
theoretical calculation of heat of formation property (Vatani, Mehrpooya and Gharagheizi, 2007).
These methods are one of the main techniques for QSAR/QSPR modelling and are also known as
additive schemes or substructure-based methods. Property of interest for these methods is
modelled by summing the contributions of structural fragments with different sizes. Structural
fragments can be described using various local attributes (e.g. atom type, valence, number of
hydrogen atoms, pi-systems, etc.).

Used software

Models for heat of formation prediction were built using open-source tool Ambit-GCM
v.1.1 (Kochev et al., 2018), an in-house developed software that provides an environment for
creating models based on zero, first and second order additive schemes as well as customized
higher order schemes. Ambit-GCM (https://zenodo.org/record/1470792) is a Java-written software
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based on chemoinformatics library CDK (Willighagen et al, 2017) and is part of the
chemoinformatics platform Ambit (Jeliazkova and Jeliazkov, 2011). Molecular properties are
calculated by an equation of the type:

P = Z nFrag(L) IFrag(l) + Z nCF(]) ICF( ) + Z dk Id(k)

where Ippqq¢) 18 the increment (contrlbutlon) of fragment Frag(i) and Nppqq¢y is the
number of occurrences of Frag(i) within particular compound; accordingly n¢p(;y and I¢g(jy are
the occurrences and increment values for correction factor j; Iy is the increment for external
descriptor d;,. The group contributions are obtained using multivariable linear regression analysis.
The software supports dynamic configuration for atomic descriptions, user defined correction
factors and an option to use externally calculated descriptors (typically used as additional
correction factors or global descriptors for the model). Ambit-GCM tool supports methods for
model validation, e.g. leave-one-out cross-validation procedure and Y-scrambling techniques as
well as testing with external datasets. Different statistical parameters are calculated during model
building and validation.

Datasets description

The dataset used for this study contains 1004 molecular structures and their experimentally
derived standard state enthalpy of formation measured at 298.15K and lbar from the DIPPR
database accessed from (Vatani, Mehrpooya and Gharagheizi, 2007). The dataset was split
randomly in ratio 80:20, generating a learning set with 803 molecular structures and a test set
containing 201 molecular structures. Distributions of the target property (Hf) for the learning and
test sets are given in Figure 1.

(%) o i
E o o
£ M learn set -
[S)
3 [Jtest set P Iy
-]
1 ©0
Y ™~
o [o]
S N
2 n g 2
< < <
g m % S N Ul
] © © D Foo BN Y
> 8 — — — — —
n “on g we e o SARMTLS S
e N ¥ o n N o O M I~ N ¥ O o 9
Q ad 1 ¥« 6 m 8 & 4 F J a9 o & 8 &
— o o o i i Ll - o o A N o (o] (o) E
| - O O o0 NN VW 1N < o — ! —
— — I b ' T ' l [ '
Ll 1
Hf, kJ/mol

Figure 1 Distribution of the target property (H; kJ/mol) values for the learning and test sets

The molecular structures from learning and test sets are described according to their
molecular weight (MW) (see Figure 2) and the number of heavy (non-H) atoms (Dragon
descriptor nSK) in Figure 3. Most of the structures from both sets have MW in the range [60;

230]. Approximately 1% of the structures exhibit MW less than 60. Molecular weight over 400 is
observed in 3% from the learning set structures and 1% from the test structures.
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Figure 2 Distribution of the dataset structures from the learning and test sets according to their molecular
weight

The learning set includes structures containing from 2 to 50 heavy atoms and respectively
the test set structures span from 3 to 32 heavy atoms. Molecular structures containing more than
25 heavy atoms are 3.4% of the learning set and 1.5% of the test set.
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Figure 3 Distribution of the dataset structures from the learning and test sets according the number of
heavy atoms (nSK)

The statistics from figures 1, 2 and 3 show that the used datasets are well balanced in
respect to the Hy values and structural diversity.

Descriptor calculation and selection

Molecular descriptors for all compounds in the dataset were calculated using Dragon7
v.7.0.8 software (‘Kode srl, Dragon (software for molecular descriptor calculation)’). An initial set
of 5270 descriptors was generated, which subsequently was reduced by excluding descriptors with
constant values, near-constant values and the descriptors with at least one missing value. Thus, the
number of descriptors left after filtration and clean-up procedures was reduced to 2016.

Afterwards, two methods for feature selection implemented in the Weka v.3.8.2 software
(Witten et al., 2016) were used. The first method is the default Weka method based on evaluator
CfsSubsetEval and search method BestFirst. Using this approach, 19 descriptors out of 2016 were
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selected. The second method uses evaluator CorrelationAttributeEval and search based on Ranker,
which calculated ranks for all of the descriptors.

During model building, different subsets from the descriptors were used as correction
factors.

Exploratory analysis and model building results

Group contribution methods based on atomic and bond schemes were used during the
exploratory data analysis stage. All possible variations for atom coding were tested for both types
of additive schemes. The models were validated using leave-one-out cross validation and Y-
Scrambling procedure. Model predictive ability was examined using external dataset test.

Initially the models were built without correction factors and external descriptors. As a
result, a set of models were collected and compared according to their statistical results. The best

atomic (model 1) and best bond model (model 4) statistical parameters are given in Table 1

Table 1 Statistical parameters for the best Heat of formation models

. Model Training
N | LD coding FN ED CorrF Order Z R RMSE | MAE
|1 - No 0.9943 | 0.9943 | 36.6 27.2
| 2 | A<H,HeN> 29 - Yes Atomic 0.9947 | 0.9947 | 35.1 25.99
3 1 Yes 0.8943 | 0.8880 | 161.9 84.4
4 - No 0.9732 | 0.9726 | 80.0 36.9
5| AHVal> | T ) Bondbased 10035100720 | 79.6 | 361
N YS- LOQ validation
1000 R’ R Q’ RMSE MAE
1 | -0.05 0.9938 0.9937 0.9938 38.3 28.4
2 | 0.03 0.9942 0.9942 0.9942 37.0 273
3 ]-0.19 0.8757 0.8707 0.8584 181.99 87.8
4 | -0.05 0.9687 0.9684 0.9681 86.4 39.2
5 | -0.03 0.9686 0.9683 0.9679 86.6 38.6
N External model test
R’ R Q’ RMSE MAE
1 0.9868 0.9864 0.9866 353 26.3
2 0.9895 0.9893 0.9894 31.5 23.7
3 0.6732 0.6544 0.6559 178.9 86.8
4 0.9560 0.9555 0.9558 64.1 31.1
5 0.9583 0.9579 0.9580 62.5 29.3
Legend:
N — model number R’ Coefficient of determination
LD — local descriptor 0’ — Prediction coefficient
FN — number of fragments R¢” — Concordance correlation coefficient
ED — external descriptors RMSE — Root mean square error
CorrF — correction factor/s MAE — Mean absolute error
+* — Pearson correlation coefficient

In the second stage, models 1 and 4 were rebuilt by adding correction factors defined by
means of appropriate SMARTS (SMARTYS) fragments as follows:
model 2: [c;r], [#6,#7;r];

model 3: [#6;r], [#7;1];
model 5: [c;r6], [#7;r5], [#7;x6], [#8;r5,r6].
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Correction factors definitions were made after expert analysis of the molecular structures
for the compounds exhibiting largest differences between the predicted and experimental Hy
values. As it can be seen, defined SMARTS correction factors are assigned to cyclic systems with
different sizes. Statistical parameters for rebuilt models are also given in Table 1 (see models 2
and 5). Finally, we studied the influence of external descriptors.

Statistical results show that atom based model gives better statistical results in comparison
with bond based model. It uses less number of fragments - 29 atomic types compared to 74 bond
types. The full list of generated fragments (defined atomic and bond types) for Hy models is given
in Table 2. The only external descriptor used in model 3 is SssssC (atom type (>C<) E-State sum
non-hydrogen indices) calculated by Dragon v7.0 software. The addition of correction factors
reduces slightly the RMSE and MAE of the models. However, the inclusion of external descriptors
to the models leads to worse statistical results. Variety of combinations of external descriptors set
were tested but none improved the model.

Table 2. List of local descriptors used in atomic and bond based models

LD LD
A<H,HeN> A<H,Val>
Atomic Bond based
(models 1, 2 and 3) (models 4 and 5)
C22 S04 C24-N23 002=504 S02-S02 C14=C24 | Br01-C04
C21 S03 C14=002 | Cl14-Si04 C24-C24 C04-001 C14-F01
C02 Si04 C04-C34 C04-F01 C14-002 C04-002 C04-S12
C04 Si03 C24-101 002=S06 C34-N13 C14-012 C04=C14
FO1 C31 C24-S02 C04-Cl01 C14-S02 C04=N03 C04-N34
C03 Cl13 Br01-C14 | C24-S12 C24-5Si04 C04-101 C04-012
101 C12 C24-002 NO03-P05 C04#N03 C24-C34 C14-N03
N21 Cl01 002-S04 | Br01-C24 | C14=N03 002=P05 C04-C14
NO1 N31 C04=C04 | 002-Si04 | C14-ClI01 C14-S12 C34-012
N22 011 C34-002 C14-C14 C04=C24 C04-C04 012-S06
002 Br01 002-S06 C24-012 Cl01-Si04 | C04-C24
NO03 N12 C24-S06 C04-N13 C14-C24 C34-F01
001 S11 C04-NO03 Cl14=Cl14 C24-N03 C34-Si04
NO2 C34-S02 C14-N24 C34-N03 C14-C34
S02 C04=002 C24-F01 C04-S02 C24-N13
P04 C14-N13 C14-N23 C04-N23 C24-Cl101

The predicted results for the chosen models were compared according their relative error
calculated by the formula:

Predicted — Experimental

RE% =
% |Experimental|

Comparison of the results obtained for the external dataset according their relative errors
for models 1 and 4 (without correction factors) is given in Figure 4 and for models 2 and 5 (with
correction factors) in Figure 5. Negative bins in the histogram shows RE% where the predicted
values are smaller than the experimental values and the positive bins are for RE% where the
predicted values are larger than the experimental values. For example, the result for bin 6 shows

that 39 structures have RE% in the range (2;6] obtained from model 1 and the predicted values
given by the model are larger than the experimental values for the structures.
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Figure 4. Distribution of the relative error (%) for models 1 and 4

According to the RE% obtained from application of model 1 to the external dataset, 76% of
the structures have relative error in the range (-10;10], respectively when applying of model 4,
73% of the structures have relative error [RE%| < 10%. The inclusion of correction factors in
models 2 and 5 increases the structures with |[RE%| < 10% to be respectively 80% and 76% i.e.
slight improvement of the models is observed.

W model 2 Omodel 5

Number of structures

-30 -26 -22 -18 -14 -10 -6 -2 2 6 10 14 18 22 26 >30
Relative % Error

Figure 5 Distribution of the relative error (%) for models 2 and 5

Comparison of the predicted and experimental result for the atomic (model 2) and bond
based (model 5) models with correction factors is given in Figure 6. The atomic model (model 2)
has better performance than created bond based model.
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Figure 6. Comparison of the predicted and experimental results for models 2 and 5

The results obtained using model 2 are comparable with the results described in (Vatani,
Mehrpooya and Gharagheizi, 2007).

Example fragmentation for the molecule of butane-1,2-diol is given in Figure 7. The
fragmentation is based on atom coding used in model 2 A<H,HeN>. Four fragments are found and
their occurrences and contributions are used for the model calculation as follows:

Hi (predicteay = I *N(C<13>) + L,*N(C<22>) + I;*N(C<31>) + I,*N(0O<11>) =
= 1% (-22.522) + 2% (-28.347) + 1* (-34.768) + 2%(~205.096) = -524.176 kJ/mol

The predicted heat of formation, -524.2 kJ/mol, is very close to the experimental value: -
523.6 kJ/mol.

C31> L s Fragment Occurance Contribution
H30 C<13> 1 -22.522
C<13> C<22> 2 -28.347
. 0|:|1 Cc<31> 1 -34.768
HOC<) > o<11> o<11> 2 -205.096
C<22>

Figure 7.Fragmentation for butane-1,2-diol using atom coding A<H,HeN> and fragments contribution

Example application of gcm-predict (Ambit-GCM) module for a single structure is given
below:

java -jar gcm-predict-vl.l.jar -s CC(C)OCC(C)O -c model 2.json
GCM value (Hf) for CC(C)OCC(C)0O is -528.7163407123614

Heat of formation for the molecule of 1-isopropoxy-2-propanol (inputted as a SMILES) is
predicted by model 2 specified as an input json file (previously created with Ambit-GCM). Json
file contains the full model information: target property, model type, local descriptors coding,
correction factors, filtration threshold, fragments and their increments. The predicted heat of
formation value is -528.7 kJ/mol. Experimental value for this compound is -529.6 kJ/mol.

The gem-predict (Ambit-GCM) module can also be applied for a set of structures. An
example follows with 5 molecules inputted as a *.csv file:

java -jar gcm-predict-vl.l.jar -i Prediction_Examples.csv -c
model 2.json
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GCM calculateting property Hf for 5 molecules ...
Mol#,ModelValue (Hf),SMILES,CalcStatus
1,-126.23055043388635,CCCC, OK
2,-353.4883670381994,clccc(c(cl)0)0,0K
3,-524.1758445616103,CCC (CO) 0O, OK
4,-220.91676720730212,CC (Cclcccecl) O, 0K
5,-728.1309488149211,C(C(C1) (C1)F) (F)F,0OK

The output lines contain: molecule number, predicted Hg, SMILES, and calculation status

Conclusions

Several QSPR models were built using Ambit-GCM software tool. The best group
contribution model for prediction of heat of formation of chemical compounds was chosen and
validated. The obtained statistical results showed that the model has a good predictive ability and
can be effectively applied for theoretical calculation of heats of formation of organic compounds.
The model JSON file, full learning and testing raw data and model characteristics can be
downloaded from following address https://doi.org/10.5281/zenodo.1494281. Software tool gcm-
predict (Ambit-GCM) is available at https://zenodo.org/record/1470792.
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ABSTRACT

During the last few years, research in the field of the assisted reproduction is focusing on
two key elements: pursues enhancing the quality of the embryo — achieving better morphological
and chromosomal conditions of transferred embryos, as well as understanding the highly dynamic
tissue interactions of the endometrial wall. It is estimated that embryo factor accounts for one-third
of implantation failures, while suboptimal or compromised endometrial receptivity and altered
embryo—endometrial dialogue are indicated as responsible for the remaining two-thirds.

Successful implantation is a process requiring the delicate and precise interaction between
the blastocyst and a receptive endometrium. The accomplished biochemical and molecular cross-
talk between the embryo and the maternal tissue has three stages of successful implantation:
apposition, adhesion, and invasion. The actions of numerous molecules — hormones, integrins,
cytokines, enzimes and other factors are all orchestrated into and are playing a key role in this
“dialog”. The detection and investigation of biochemical markers during the implantation phase —
the window of implantation, is an area of research receiving a lot of interest and may serve to
establish future clinical models of treatments to help maximize the effectiveness of assisted
reproductive techniques (ART).

Key words: endometrial receptivity, window of implantation, receptivity biomarkers.

BbLBEJIEHHUE:

W3cnenBanusaTa B oONacTTa HAa acHCTUpaHaTa PENPOAYKIMS B IIOCIEIHUTE JIECETHHA
roquHN ce (hoKycHpaT BBPXY ABAa OCHOBHH KJIFOYOBH MOMEHTA: MOMyYaBaHETO HAa KaueCTBCHU
eMOpPHOHM — TOCTHraiiku Bce MNO-700pa cpena 3a ONTHMHU3MpPaHEe Ha MOP(OIOrHYHHUTE H
XPOMO3OMHH KPHTEPHH Ha TpaHC(epHpaHUTe eMOPHOHN M pa3dupaHe HA TMHAMUYHHUTE IPOIECH
B CHIOMETpHANHATa ThKaH. JloKaTo ,,eMOpHOHATHUAT (aKTop € OTTOBOPEH 3a OKONO €lHa TpeTa
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OT WMIUIAHTALMOHHUTE HEYCIIEXH, JIUIICATa WM HEIBJIHOICHHOCTTA HA PELECNTHBHOCTTa Ha
SHIIOMETpUAITHATa ThKaH € TIPUYMHA 33 OKOJIO JBE TPETH OT Heycnennute Opemennoctr (Edwards
,1994; Achache & Revel, 2006).

VYenemHara MMIUIAHTAIMS € CHBKYHMHOCT OT KOMIUIGKCHH U M3KIIIOYHTENIHO MpPEHU3HU
B3aNMOJICHCTBUS MEXIy OlacToIliicTa M PELEeNTHBHUS EHAOMETpHyM. To3M OHOXMMHYEH W
MOJIEKYIISIPEH JTHAJIOr MEXly eMOpHOHaIHaTa 1 MailuMHaTa ThKaH Ce OCBHIIECTBSIBA B TPH €Tara,
KOWTO XapaKTepU3UpaT U MapKupaT yCIICIIHOTO MMIUIAHTHpaHe Ha eMOpHOHA: MO3ULHOHUPAHE,
aaXxe3us W CBHIMUHCKUAT MPOIeC HAa MMIUIAHTAIUs, KaTo pa3INuHU BHOBE MOJIEKYIH — XOPMOHH,
UHTETPUHM, LIMTOKWMHW, CH3MMH M TIp. WMaTr KIo4oBa poinst B To3u ,juanor® (Trolice &
Amyradakis, 2012). VIMeHHO yCTaHOBSIBAHETO M IPOYYBAHETO HAa TaKWBA OMOXMMHYHH MapKepH,
XapakTepHU 3a MMIUIAHTAIMOHHATa (aza- T.Hap. ,,/IMIUTaHTaIMOHEH Mpo3opel, Ouxa MO aa
HOCIy)KaT 3a pa3pabOTBaHE HAa KIMHWYHM MONEIM HA TPWIOKECHHE, KOMTO Ja IOBHIIAT
e()eKTHBHOCTTA HAa METOJIUTE HA aCUCTUPAHATA PETIPOIYKIIUSI.

HEJ: lleara Ha HacTosmIMs 0030p € Ja Ce HampaBW aHaJlM3 Ha MapKepuTe 3a
PEIENTHBHOCT Ha EHIOMETHUpYMa, KOMTO OMXa MOIIH Ja MOCITYXH 3a ObJCHIH NMPOyYBaHHS U
W3TOTBSIHE Ha METOAMYHM MPENOpPbKU 3a IMOBIUSABAHE HAa E€HIAOMETpUyMa C LIeJl ONpeneisiHe Ha
ONTHMAJTHHSI MOMEHT 32 eMOproTpaHc(ep U pEeCIeKTHBHO HA eMOPHOUMITIAHTALINSL.

MATEPUAJIN U METO/IU: HampaBeHo Oe TbpceHe M aHAIN3 Ha HAJWIHUTE
nyonmukaiun B MEDLINE u PUBMED mo wito4yoBH AyMH: HMMIUTAHTAIllMOHEH IPO30peEIl,
SHIOMETpUATHA PELENTUBHOCT, eMOpHoTpaHchep, MapKepH 3a PELENTUBHOCT, HMIUTAHTAIMOHHH
Heycrexu. AHaTM3UpaHH ca JAHHU OT 68 n3TouHMKa 3a nepuopa 1994 . —2018 .

PE3VJITATH:

OT aHaNMM3MpPAHWUTE JIUTEPATypPHU W3TOYHHUITH, KATO IOIXOMAINM MapkepH Osfxa momOpaHu
MOJIEKYITH C XapaKTepHa U clien(UIHa eKCIPECHs, KaKTO ¥ CHIEH(UIHO ITOBEJCHHUE 32 BCEKU OT
OIIICAaHWTE €Tamd Ha eMOPHOMMIUIAHTHPAHETO: IO3UIIMOHUpAHE, aJaXe3ust M ChIIMHCKATa
UMILIAaHTALus.

Myuuan: MymuHATE ca Tpyla DINKONPOTEHHH C BHCOKO MOJICKYITHO TEINIO, YHHTO
npenctBuTen Mucin-1 wMa mpeanonaraeMa BaXKHa pONs 32 MPABWIIHOTO TMO3HIIMOHUpPAHE Ha
eMOpHOHa TI0 MOBBPXHOCTTA Ha CHAOMETpUyMa. ToBa BEpPOATHO € IbpBaTa MOJEKYNa, C KOSTO
eMOPHOHATHUTE KIIETKU YCTAHOBSBAT KOHTAKT BHPKY CHIOMETpHATHATA CTEHA W Upe3 JMHAMUKATa
B EKCIIPECHATA MY B PA3IMYHHUTE CTAlK HA MECEUHHS LUKBJ, TOH MapKHUpa HOAXO/IIATa JTOKAIHSI
3a IMIUTAHTHPaHe B MaTtodHata cteHa (Aplin, 1999).

HNuTerpunu: MaTErprHNTE ca CeMENHCTBO TPAaHCMEMOPAHHU TIIMKOIIPOTEHHH, (OPMHUpAIITH
ce 4pe3 B3aUMOJCICTBHATA W CBBP3BAHETO Ha JBE pasnmyHu anda u Oera Bepuru (Achache &
Revel, 2006). Te ca agxe3MOHHM MOJEKYIH, KOUTO y4acTBaT B aJXC3MOHHHUTE B3MMOICHUCTBHS
MEXAy KIETKUTE, KaKTO M MEXAy KICTKUTe M eKcTpamemnymapHd komnoHeHTn (Ceydeli et al,
2006). HemocpencTseHo crep erana Ha MO3WLMOHUPAaHE Ha OracTomucra, CTapTHpPAaT MHTCTPHH-
3aBHCHMHUTE TPOIECH HA aJXe3Ws, MO3BONSABAIIM JCIMKATHUS KOHTAaKT Ha OlacTomucTa KbM
MaTo4yHaTa CT€Ha W MUIPUPAHETO Ha TPO(OOIACTHUTE KIETKH B CHAOMETPUAIHUS CIIHTEIL.
OOmmpHAUTE M3CIeABaHNS U aKyMyITHpaHuTe JaHHH oT paboraTa Ha Lessey et al. (1996) moka3sar,
4ye Tpu Bua uHTerpuHu (alfl, a4Pl, u avp3) ce ekcnpecupar B eHAOMETpUyMa MO BpeMe Ha
perenTuBHata My (aza, Kato 0ocoOeHO ovf3 WHIWKHpa IpeolaraéMoro ,,0TBapsiHe™ Ha
uMILTaHTannoHaus nposoper (Lessey, 1998).

KonkperHusar aVP3-uHTerpuH €  MHONOXKUTENHO  WACHTHGUIMpaH  upe3
UMYHOXHCTOXUMHYEH METOJ T10 TIOBBPXHOCTTA HA JIyMHHAIHHS €HIIOMETPHAJICH EIHTEIN, KOHTO €
eIMH OT IBPBUTE B3aMMOICHUCTBAIIM C TPOo(oOIacTHUTE KIETKH Ha Onactormcra (eMOpHOHA)
(Trolice & Amyradakis, 2012).
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I[pyra rpyna MOJCKYIM OT KpUTHYHA BaXHOCT 3a YCHOCHIHATa MUMIUIAaHTAOUsA ca
IHUTOKHHHUTE.

IL-1, IL-6 xakto m LIF (Leukemia Inhibitory Factor) urpasT BaxkHa poisi Mo BpeMe Ha
ajxe3uBHaTa M KpaiiHara (MHBa3WBHA) (pa3za Ha eMOpHOMMILIAHTHpaHeTo. TsAXHaTa MakCHMaiHa
eKCIIpecHsi ce NMPOrHOo3Mpa ma ObJe ChHINO B IEpHoia Ha IpennojiaracMus ,,AMINIAHTAIMOHEH
mpo3open’” (Aghajanova, 2010). Ilpomudeparus, kIeTbuHa YCTOMYMBOCT U AU(EPEHIHAIMS ca
HSKOM OT NapakpuHHUTE W aBTOKpWHHM edextu Ha LIF. IIpobu or enmomerpmamam Ouorcuu
noka3Bar excripecust Ha UPHK Ha LIF u LIF-R B mepuona okono 20-TH, pecrieKTUBHO 25-TH JIeH OT
Meceunus ukba (Charnock-Jones et al., 1994; Aghajanova et al., 2003) .

3AK/IIOYEHMUE:

IIpoyuBaHeTO M pa3KpUBaHETO HA OMOXMMHUYHHUTE JNETAIM OT MEXaHHU3Ma Ha YCIEIIHOTO
eMOpPHOMMIUIAHTHPAHE M 3aKOHOMEPHOCTHTE, MO KOWTO TO3M MEXaHW3bM (DyHKITHOHMpA,
MpeACTOAT fAa ObAaT ciienBaiius TolsAM MpoOWB B acHUCTHpaHaTa penponykuus. Hacrosmoro
Mpoy4YBaHe, KakTO W CHOpaHUTE NaHHW JaBaT MpEArnocTaBka na cmsrame, 4de LIF, aVP3-
naterpuHbT 1 MUCIN-1 Ouxa mMomm na ObAaT W3MON3BaHM B KIMHWUYHATA TPAKTHKA KaTO
OuoMapkepu C TMOTEHLMal 3a yrmorpebara WM 3a YCTaHOBSIBaHE Ha BpeMeBaTa paMKa Ha
AMIUTAHTAIMOHHHUS ITPO30PEIl B MECEUHHS IUKBJI HA JaJIeH ManueHT. M3mon3BaneTo Ha TOIXOISII
ELISA wunu xucroxumuder merof (Demir et al.,, 2017), Ouxa mpemaocTaBWwiIM €IUH NpPELH3eH U
JOCTBITEH ,,AHCTPYMEHT ", KOUTO J]a MOBHIIH €()EKTUBHOCTTA M YCIIEBAEMOCTTA MPH MPUIATAHETO
HA aCHUCTUPAHU PENPONYKTUBHU TEXHUKH.
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BEI'ETATUBHO PABBUTUE HA CEMEHHUIIX OT MOPKOBHU B
3ABUCUMOCT OT HAYMHA HA TOPEHE
Auexcanasp TpasHoB
Arpapen yuusepcurer-Iliosaus

VEGETATIVE DEVELOPMENT OF CARROT SEED STALKS IN
DEPENDS ON THE WAY OF FERTILIZATION
Alexander Trayanov
Agricultural University-Plovdiv

Abstract

The main aim of the study was to study changes in the vegetative development of carrots
seed stalks depending on the way and level of fertilization. Two ways of fertilization were tested:
once - phosphorus and potassium were applied in autumn and nitrogen in transplanting time, and
twice - half of phosphorus and potassium in the autumn, while other half and nitrogen in soil
spring and half nitrogen in flowering. The three different levels were used. In the phase of mass
flowering are studied signs of the morphological development of seed stalk. The height, fresh and
dry mass and diameter of stalk; number and fresh and dry mass of leaves, total fresh and dry mass
were determinate. The differences between the variants have been identified. The strongest growth
of the stem is observed in twice fertilization with higher doses of nitrogen and potassium. The
number of first-order branches was greater and the fertilization method has a significant impact.

Key words: stalk, seeds, nitrogen, phosphorus, potassium, fresh weight, dry weight,
brunches

YBoa

IIpon3BOJCTBOTO HA CEMEHA € B MHOTO MpsiKa 3aBUCUMOCT OT XPAHUTEIHHUS PEKUM MPU
KOWTO ce OTriexnar ceMeHHuTe pacreHus. Ilyas et al. (2013) mpu mpou3BOICTBO Ha ceMeHa OT
MOpKOBU mpuiarat (ochopHO TOpeHE E€AHOKPAaTHO MpEeI 3aca)KIaHeTo, JOKATO KaJHuAT Hu
TIOJIOBMHATA KOJMYECTBO HA a30Ta ca BHECEHH NPH 3acaXkIaHe, a Ipyrata 4acT Ha azora 30 gHU
MO-KBCHO M C yBEIHMYaBaHEe HA TOpOBaTa HOpMa Ha (ocdopa mocTura mo-go0bp pacTex H IO-
BHUCOKa TMPOAYKTMBHOCT M KauecTBO Ha cemeHara. Stepuro (2008) ycraHoBsiBa, ue
CEMETIPOM3BO/THATE ITOCEBH HA MOPKOBH YCBOSBAT MPHEMYIIECTBEHO (hocdopa, ¢ oxomo 30% mo-
CHITHO, OTKOJIKOTO ApYyruTe BUI0BE OT ceM. Apiaceae. Crnopen Hooda et al. (2014) npu u3nutBane
Ha Tpu HuBa Ha TopeHe (60:30:30; 80:40:40; u 100:50:50 N:P:K kg/ha) mpoaykTHBHOCTTa OT
ceMeHa Ha MOpPKOBH C€ TOBHUINIABa, KOETO CE€ IBJDKM Ha MO-JAOOpHS BEreTaTWBEH pacTeX Ha
pacrenusaTa. Kushawala(2009) mpoBexxaa npoydyBaHe ¢ pa3IMuHM HHUBA Ha a30T BBPXY pacrexa u
CEeMEHHHUSI JOOMB Ha MOPKOBH copT Nantes W H3THKBA, 9e IIO-BUCOKHTE KOJIMYECTBA Aa30T
MOIOOPSBAT 3HAYUTEITHO MOP(OJIOTUYHITE XaPaKTEPUCTHKH, KaTO BUCOYHHA, OPOil pa3KIOHCHHS
W CCHHUIIM Ha pacteHusATa. [lomoOHM m3Boam choOmiaBatr m Rao and Maurya (1998), ge ¢
MOBUIIABaHE Ha HOpMaTa Ha a30Ta Ce yBelMuyaBaT 3HAYMTEIHO BHUCOUMHATA HA PACTEHUATA U
OpOST Ha BTOPUYHHUTE M TPETUYHHUTE CCHHUIM NpHu MopkoBuTe. Singh (1996) chuio KoHCTATHpA,
4ye ¢ HapacTBaHE Ha a30THATa TOPOBA HOPMa BHUCOUMHATA HA PACTEHUsTA, OpOSIT HA CEHHUIIUTE H
JOOMBBT OT CeMeHa Ha MOPKOBHU € TO-BHCOK. MakcuMaiHa BucodrHa (cpemHo 148,95¢cm), Gpoid
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CCHHUIM Ha pacTenue (46,27) u cemenen n00uB (9,84 g/ha) ca Omnu oT4eTeHHM Clie/] MpUIaraHe Ha
150 kg/ha azor. JluctHoTo Tpermpane ¢ KH,PO, Ha MOpKOBHTE 3a CEMEIPOH3BOJICTBO,
MpeIU3BUKBa HAPACTBAaHE HA JMAMEThpa Ha CTHOJOTO, IbJDKUHATA HAa BHTPCIIHUATE PA3KIIOHCHUS,
JIaMeTbpa Ha ceHHUIuTe U 6rnomacata (GunagXing et al., 2000).

OcHOBHaTa IIeJl Ha M3CIEIBAHETO € Ja Ce MPOYYH BIMSHUETO HA HAUYMHHUTE HA TOPEHE
(eIHOKpATHO WM JBYKPATHO) C PA3IMYHA HOPMH Ha a30T, (ocdop 1 Kaiuid BPXy BEreTaTHBHOTO
pa3BUTHE Ha CEMEHHHUTE PAaCTEHHS OT MOPKOBH.

Marepuaj u MeTOIH

Onwurture ce mpoBenoxa B Y4eOHO-OMUTHOTO TOJIe M j1aboparopusrta Ha KaTeapaTta Io
I panuHapcTBo” mpu Arpapen yHusepcuret-ILnoBaus npe3 nepuoaa 2017-2018 ¢ MopkoBu copT
Tymron. Bsixa nmpoydeHy clie/IHATe BapHAHTH C PasIHdHK HEBa Ha Topere B kg.da™' i cpokoBe Ha
TOpeHe — €IHOKpaTHO W JABYKpaTHO: EmnokpatHO Topene: 1.NoPoK, — kontpoma; 2.N;P41Ks
(HpeHOquHTeHHa); 3.N5P9K10; 4.N5P9K20; 5.N5P19K]0; 6.N5P19K20; 7.N9P9K10; 8.N9P9K20;
9.N9P19K10 5 10.N9P19K20 U JOBYKpPATHO: 11.N5P9K10; IZ.NSPQKZO; 13.N5P19K10; 14.N5P19K20;
15.N9P9K]0; 16.N9P9K20; 17.N9P]9K10; 18.N9P19K20.

PasnmudHuTe HMBa HAa TOpEeHE ca OMpEACTeHH Ha 0a3ara Ha TPETMOPHUUTETHOTO 3a
CEeMEIpPON3BOCTBOTO Ha MOpKoBH B bwarapus topene N;P;Kis (Mamxkaposa, 1968; ....). IIpu
€HOKPATHOTO TOpeHe (POCHOPBT W KAIUAT ca BHECCHH INMPH SCEHHATa JBJIOOKA OpaH W a30ThT
Mpeau pa3caXkaaHe Ha IEKIWHTUTE, JOKATO P IBYKPATHOTO TOPEHE MOJIOBHHATA KOIUYECTBO HA
¢docdopa 1 kamus ca MPUIIOKEHH CHIO IPH €CeHHATa TBI00Ka OpaH, a JApyrara IOJOBHHA IPEIH
3aCaKJaHe Ha INEKJIMHTUTE, a a30ThT — IMIOJIOBHUHATA IpU 3acakajaHe Ha IIEKIUHTUTE U
OCTaHalaTa 4YacT IPH IOsBaTa HA IBPBHUTE ChIBETHsA. M3mom3BaHu ca TpoeH cymepdocdar
(P,O5 46%), kanues cyndar (K,O 50%) u amonuesa cemurpa (N 34%). IloaroroBkaTta Ha mouBara
BKJIIOUBA: JYCKYBaHE M BHACSHE Ha MUHEPaJHHUTE TOPOBE IO CXeMaTa Ha ONMUTa U U30paBaHE Ha
IbI00YMHA 28 ¢cm B Kpas Ha OKTOMBpPH — HA4YaJIOTO Ha HOEMBPH; MPE3 Mecell MapT IUIONITa Ce
HaOpa3au Ha pazcTosiHue oT 80 cm ¢ mpeaBapUTETHO BHACSHE Ha TOPOBETE CHIVIACHO MOCOUEHATa
cxema. llleknuHruTe ce OTIenaxa che cemtOa B Kpas Ha oM che 700 g.da-' mpm cxema
60+20+20+20+20+20x3 cm. BeB aza 3 muct pacteHnsTa ce mpopeanxa, a npu odpasyBaHe Ha 5
CBLIMHCKH JIUCT U 20 JJHU IO KbCHO €€ M3BBPILMXA JBE MOAXPAHBAHUS C aMOHUEBA CEJIUTPa B 1032
10-12 kg.da-'. TIpubupaHeTo MM Ce OCHIIECTBH B HAYATOTO HA HOGMBPH M 0SXa ChXPAHEHH IpE3
3uMaTa B poBHUK. Pazcaxmpanero uM ce nposene Ha 27.03 2017 u Ha 13.04.2018 no cxemara 80 x
30 cm, c pa3CTOSIHUE MEXIY OTICIHUTE ONUTHHU mHapueiaku or 80 cm. OmurhT ce nposene B 4
IIOBTOPEHMs C TONEMMHA HA ONMMTHATA mapiienka or 7 m”. IIpoBeoxa ce BCHUKH HEOOXOMUMH
arpoTEeXHOJIOTHYHU TPAKTHKU Npe3 BereranmsaTa BeB daza macoB mbpdTexxk Ha BTOPH CCHHHK CE
oTpeienuxa BUCOUMHA, IeOeTnHa U Maca Ha CTHOIOTO Ha CEMEHHUIINTE, OpOil 1 Maca Ha JINCTATa,
obma BereraTuBHa Maca. OTyeTe ce BB3IYIIHO CyxaTa Maca Ha crbbia u nucra (I'eoprues u np.,
1980). N3mepBaHmsTa ce M3BHPIINXaA BHPXY 15 ceMeHHHKA OT BapuaHT. [loapaay eqHOMOCOIHOCT
Ha JaHHUTE ca MPEICTBEHU OCPEAHEHH CTOHHOCTH.

Pe3yaTaTu u o6chikaane

[Ipunaraneto Ha pazIUYHO TOPEHE MPHU CEMENMPOU3BOJACTBOTO HA MOPKOBH BIHAE
CHIECTBEHO BBPXY BEreTaTHBHOTO pa3BUTHEC Ha CEMEHHHMIUTE. BucoymHaTa Ha CTHOJIOTO
(®urypa 1) B pe3ynraT Ha TOPEHETO ce M3MEHs CHIHO. Haif-Bucoko € Ommo u Impu ABaTa HaYMHA
Ha TopeHe cien npuinarane Ha NoPoKyg, 10 82.92 cm u 1o 93.5 ¢cm, CbOTBETHO 3a €IHOKPATHO U
nByKkpaTtHO TopeHe. Ha cnenpamo mscro ca Bapuantutre NoPoKio u NoPoK,( 3a eqHokpatHo n
NsP19Koo 1 NoP 19K 32 nBykpatHo. Moxe 1a ce U3ThbKHE, Y€ B IOBEUETO CIy4yau ABYKPATHOTO
TOpPEHE TPEIN3BUKBA Pa3BUTHE HA CTHOJA C TMO-TOJsIMAa BUCOYMHA, B CPAaBHEHHUE C PEIUIPOYHUTE
BapHaHTH Ha €IHOKPAaTHOTO. /lMaMeTbpbT HA CTHOJIOTO BCIEACTBUE HA E€IHOKPATHO TOPEHE
JOCTHTa HaW-BUCOKU pa3mepH Hpu NoPoK;o u mpu NoPgK;o. Cabo HamaneHne B CpaBHEHHUE C
KoHTponata ce HabmoaaBa mpu NsPoK o, NsPoKyg, N5P19K9,NsP9Ks¢. ITo-BrcoknTe HIBA Ha a30T
1 KaJui, HO B ChUETaHHE C MO-MayKko KoiaudecTBO (ocdhop (NoPoKyy) BomaT mo ¢popmupane Ha
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neberno cTpOIIo mpu IBYKpaTHO mpriarane. CBexkaTa Maca Ha CTBHOJIOTO CBINO € MO-BHCOKA IPH
MO-TOJIEeMHM HHMBA Ha a30T M 3a €JHOKpaTHa arumvkaius moctura ao 151, 14 g mpu NoPgKy, a 3a
aBykpaTtHa 10 353.56 g. mpu NoPoK,o. Bapuanture ¢ IBykpaTHO TOpeHE pa3BUBAT IIO-TOISIMA
CBEXXa Maca OT TE3U C SAHOKPATHO, KOETO MOXKE JIa CE JBJDKU Ha MO-OJM3KUS CPOK Ha MoJaBaHe Ha
a30THUS TOp. 3a pasiHKa OT TO3U IMOKa3aTell, Bh3AYIIHO CyXaTa Maca € ¢ IMO-BUCOKH CTOHMHOCTH
MpHU MTbPBUSI HAYMH Ha BHACSHE HAa TOpPOBETE. 3a TO3W METOJ HAaW-BHCOK € MPOLEHTHT MPH IO-
HUCKHUTE KOJIMYECTBa Ha a30T, 32 NsPyKy) -49.46%, xakto u 3a NsP;9Ky-47.83%. Ilo-paznuuna e
TEHJIEHLIMUATa TPU JBYKPAaTHO BHACSIHE, KBIETO BB3AYLIHO cyxXaTa Maca € MHOIo OJM3Ka U MpH
BapHaHTH C HUCKO W C TO-BHUCOKO a30THO TOpEHE, MpHONMM3UTEHO KbM 42% 3a NsPoK,o m 3a
NoPoKy. [Momobuu pesynratu momy4yaBat u Ravinder and Kanwar (2002), kato M3TBHKBaT, ue
a30THaTa TOpPOBa HOpMa, KOpEIHpa TOJNOXKHUTEIHO C PAa3BUTHETO Ha CTHOJMATa HAa CEMEHHHUTE
pacTeHust OT MOPKOBH.

W3nuTBaHWTe HAYMHU M pa3UYHA TOPOBM HOPMH OKa3BaT CWJIEH e(PeKT BBPXY
pasButreTo Ha juctata (Purypa 2). Bposrt uMm, KakTo Mpu eTHOKPATHOTO TaKa W MPU JABYKPATHOTO
¢ Hail-BUCOK mpu HUBA Ny, CHOTBETHO 3a BapuaHTH NoPoKy (110.6 6p.) u NoP oK, (101.0 6p) u 3a
NoP9Kjg (141) 1 NoP19Kyg (149). M3kimodeHus OT Ta3u TEHICHIUS ce HaOIro1aBa Mpu ABYKPATHO
topeHe ¢ NsPoK, o uNsP9Kyo. I[lo-ronemure konuyecTsa a30T MOBMIIABAT U JIMCTHATA Maca, KaTo
MpY KOMOHMHAIMKTE ¢ Hail-BucOKU HUBA Ha NPK ce oTunTaT M Hal-BUCOKU CTOWHOCTH, 10 57.97 g
3a NgPgKy 11 54.10 g 3a NP 9Ky mpu 33.48 g 3a HeTtopeHara konrtpoina. [Tomo6Ha 3aKk0OHOMEPHOCT
¢ HaOrojlaBaHa W 3a JOPYTWs HAYMH HA TOPCHE KAaTO Macara Ha JicTata foctura mo 119.3 g u
131.36 g 3a NyP oKy 1 NgP9Kyy, crorBeTHO. OTHOBO MOXE Ja Cce OTOeNek,ar MO-TOJIEMHTE
pe3yiITaTH MpU BHACSHE Ha aMOHHMEBA CEJIUTpa B CPOK MO-ONM3BK 10 Pa3BUTHETO Ha JIMCTATa,
KaKTO € MpH JBYKPaTHOTO TopeHe. MoXke Na ce UThKHE, Ye MOCOYCHaTa 3aKOHOMEPHOCT 3a
BB3/IYIIHO CyXaTa Maca Ha CTHOJIOTO ce HaOJII0aBa U MpH Ta3W Ha JIUCTaTa, T. €. PU €IHOKPATHO
TOpEHE JJAHHUTE ca MO-BUCOKH KaTo ce ABmkaTr oT 30.28% 3a NsPoK;y mo 46.23% 3a NsP19Ky. ,
JTIOKaTo TpH NBYKpaTHO ca oT 27.47% (NsP9Ky0) 10 32.20% (NsPoK o).

OommaTta BereraTuBHa Maca (¢urypa 3)cienBa MOCOYCHHUS X0, KAKTO TO3U Ha CThONATa U
mcrata. ChINO MPH BapUAHTHUTE C Haif-BHCOKAa HOpMa Ha a3ota Ny ce HaOIoMaBaT U Hall-BHCOKU
CTOMHOCTH Ha TO3U IMOKa3aTesl, KaTo 3a eJHOKpaTHO TopeHe aocturaT 1o 209.12 g 3a NyPoKy, a
Ipu ABYKpATHO € 3a NoPoKjo — 478.91 g. EnuHCTBEHO MO-HUCKU PE3YNITATH, CIIPSIMO HETOPEHATa
KOHTpOJIa Ca Pa3BWIIM pacTeHUsTa or BapuaHT NsPoK,o. OTHOBO BHAcSHETO Ha TOpOBETE Ha JBa
eTamna JONPHHACS 33 Pa3BUTHE Ha MO-TOJIIMa 00Illa BereTaTHBHA Maca. 3a 00IaTa Bh3IYIIHO cyXa
Maca ce YCTaHOBSIBa ITOCOYEHATA TEHICHIIUS TP CTHOJIATa M JINCTAaTa, KaTO 3a TIOBEUETO BapHAHTH
C €THOKPATHO TOPEHE CTOMHOCTHUTE ca MO-BUCOKH, B CPABHEHUE C PELUIIPOYHUTE OT ABYKPATHO.

H3Bonu

HauunbT 1 HUBaTa Ha TOPEHE HA CEMEHHU PacTEHHsI OT MOPKOBH OKa3BaT CUJIHO BIIMSHUE
BBbpPXY BEr€TaTUBHOTO PA3BUTHE HAa CEMEHHULUTE, KaTO B IIOBEYETO IOKA3aTEIN I0-BHUCOKHU
CTOMHOCTH 32 OTJICJIHUTE MPU3HALM CE€ OTYUTAT IIPU JBYKPATHO TOPEHE.

Haii-BucoknTe W3NMUTBAaHM HOPMH Ha a30T B KOMOHMHAIWs C Hal-BHCOKUTE KalUCBU
(NoPgKy), HE3aBHCHMO OT IpHJIaraHusl HAYWH Ha BHACSHE HAa TOpa IPEAW3BHKBAT Pa3BUTHE HA
CEMCHHUIIU C Hal-BUCOKH CTHOJIA.

Bpost u macara Ha nucTarta ce MOBNIMSBAT B 3HAUMTENHA CTENEH OT BHACSHE HAa Haii-
BHCOKUTE B €KCIIEpUMEHTa a30THU HOpMH - No. BB3aymHo cyxarta maca W Ha cTpOiiaTa M Ha
JIACTATa € II0-BUCOKA IIPU €AHOKPATHO TOPEHE.
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THICKNESS STRUCTURES OF SEED-TREE HUNGARIAN-OAK,
DURMAST AND TURKEY-OAK DENDROCOENOSES

Roumen Petrin and Ivailo Markoff
Forest Research Institute of the Bulgarian Academy of Sciences, Sofia

ABSTRACT:

The thickness structures of natural, seed-tree relatively even-aged Hungarian-oak,
Durmast and Turkey-oak dendrocoenoses in the Balkan Mountains, namely in the regions of Staro
Oryahovo, Sherba, Tsonevo and Aytos Forest Estates, have been studied and presented in this
paper. The investigation has been carried out on the basis of 117 sample plots, 56 of these being in
Hungarian-oak dendrocoenoses, 58 — in durmast ones, and 3 — in Turkey-oak ones. The ages of all
the dendrocoenoses are within the range from 12 to 155 years. Their heights vary from 6 to 28
metres, and their spacing indices are mainly within the range from 70% to 90%.

The purpose of the investigation was to study the curves of the distribution of the
numbers of trees according to thickness levels, in terms of the curves’ forms, as well as to look for
general regularities.

The thickness-level curves of the Hungarian-oak, durmast and Turkey-oak
dendrocoenoses were investigated for finding their asymmetries in terms of the average diameter.
As a result of the comparative studies of the obtained curves, as to how they correspond to the
respective natural indicators, it has been confirmed what was found out during previous
investigations, namely: curves of right-hand-side asymmetry and zero natural indicator SNo<0.85;
curves of left-hand-side asymmetry and SNo>1.16; and curves of symmetric type - SNo within the
range from 0.86 to 1.15. It has been found out that the distribution of the numbers of sample plots,
respectively of the thickness-structure curves, according to their symmetry for the three groups
investigated in two scenarios — separately and together — is similar. The stands of right-hand-side
asymmetry dominate, next followed by the stands of left-hand-side asymmetry.

The average curves of the normal numbers (qx.y) have been calculated through the natural
indicators method, for the three investigated groups, and these curves have been compared with
Tyurin’s uniform average curve of normal numbers (This curve pertains to all tree species.). The
three average curves of normal numbers gx,, — for seed-tree Hungarian-oak, durmast and Turkey-
oak dendrocoenoses — are statistically close to Tyurin’s curve, which proves the possibilities of
studying together the thickness structures of the three tree species and of probable composing of
general models of the volumes and the assortment structures.

Key words: Hungarian-oak, durmast and Turkey-oak dendrocoenoses, thickness
structure, symmetry of curves according to thickness structure, average curves of normal numbers
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Introduction

It is important in terms of every forest that foresters can evaluate the volume and
assortment structure of its standing timber as easily, precisely and quickly as possible. For this
reason, people need to permanently perfect the normative-and-reference base for forest-evaluation
documentation, which is closely related to the improvement of all the respective models and
tables. This is why it is always necessary for scientists to improve their knowledge of the
regularities of the growth and structures of forest dendrocoenoses.

In 1965, the total area of the coppice dendrocoenoses of Hungarian oak, durmast and
Turkey oak in Bulgaria amounted to 489,314 ha, and in 2000 it increased to 623,629 ha (Y.
Petrov, 2008), hence, the current importance of studying the thickness structures of these
dendrocoenoses in the present investigation.

A number of authors have carried out studies of the structures of forest stands (Tyurin,
1938, Tretyakov, 1952, Sirakov, 1947, Nedyalkov, 1964 and 1967, Mihov, 1991, Mihov et al.,
1993, Dimitrov, 2003, and Tonchev, 2007). The more important inferences the above and other
authors have made from their studies of stand structures are as follows:

. A. V. Tyurin, 1938, while comparing the tree-number distribution curves for a number of
pure, simple, even-aged, normal stands came to the conclusion that the forms of the curves did not
depend on the tree species site conditions and spacing index of the stand. The factors found to
affect the curves’ forms to a certain extent were tree age and the kinds of conducted felling. This
gave him the reason for elaborating a uniform curve of the percentage distribution of tree numbers
and basal areas according to natural levels of thickness.

. Simeon Nedyalkov, 1955, found that the forms of the variation curves of the distribution
of beech trees in seed-tree stands in percentages according to thickness levels depended on average
diameter and, respectively, age. About growing stocks of uneven-aged spruce trees, this same
author (1967) established different curves of distribution for the particular generations. For the
generations at different ages, the distribution curves have bell-shaped or parabolic aspects, and the
general curve, for all of them, is of an exponential aspect.

. E. P. Dimitrov, 1978, has found for mature beech dendrocoenoses that age and spacing
index do not affect the aspect and nature of the variation curve of tree distribution according to
thickness levels.

J E. T. Dimitrov, 2003, having investigated different functions of tree-number distribution
according to thickness levels, has found out the availability of three typical distributions:
symmetric (or normal), right asymmetric and left asymmetric. He has cited investigations by
Tishenko, 1926, where the latter, while simultaneously investigating in detail the tree-number
distributions in Scots-pine, spruce, aspen and birch dendrocoenoses, found out that these
distributions did not depend on spacing index, age, site index (stand-quality level) but only on the
average diameter and the tree species.

. Tretyakov, 1927, while using data obtained by himself, and other ones taken from Weise,
Kunze and others, carried out a detailed study of the regularities of the structures and variation of
some dendrobiometric characteristics in even-aged pure stands and in uneven-aged mixed ones of
complex sylvicultural systems. He established that forest structure always had a constant nature
regardless of spacing index, age, tree species, growth conditions, and stands — as normal so
complex, mixed ones. This gave him the reason to formulate the Law about the Uniformity of
Stand Structure.

1. PURPOSE

The purpose of the present investigation is the studying of the thickness structures of
seed-tree Hungarian-oak, durmast and Turkey-oak dendrocoenoses with a view to solving the
following problems:
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1. Establishing the different types of thickness structures of coppice Hungarian-oak, durmast
and Turkey-oak dendrocoenoses and investigating the symmetry (or asymmetry) of each
thickness-level curve.

2. Comparing the parametric average curves of the normal numbers for the investigated
dendrocoenoses of the three groups with A. V. Tyurin’s average curve developed for all tree
species with a view to finding out proximities of values, which would give a reason for drawing
important inferences.

3. OBJECTS OF THE INVESTIGATION

The present investigation pertains to seed-tree, relatively even-aged Hungarian-oak,
durmast and Turkey-oak dendrocoenoses in the Balkan Mountains, namely in the regions of Staro
Oryahovo, Sherba, Tsonevo and Aytos Forest Estates. It has been carried out in 117 sample
plots, 56 of these being in Hungarian-oak dendrocoenoses, 58 — in durmast ones, and 3 — in
Turkey-oak ones. The ages of all the dendrocoenoses are within the range from 12 to 155 years.
Their heights vary from 6 to 28 metres, and their spacing indices are mainly within the range from
70% to 90%.

4. METHODS

For each sample plot have been calculated the natural levels of thickness (NLT) after Tyurin,
1938, which are obtained by dividing the absolute levels of thickness by the average diameter; this
is a mathematical approach that makes it possible to unify the abscissa points of thickness-
structure curves. Besides, it was also necessary to make equal the variation range, which has been
realised by dividing the variation range into 10 relative lengths, 0.05, 0.15, 0.25 and so on to 0.95,
which correspond to particular natural levels of thickness, and this has been realised through the
methods assumed (Mihov, 2005) for investigating the thickness structure by means of the natural
indicators method (Douhovnikov, 1966). The number of the trees for each particular relative
length has been calculated as a percentage. The curves of the percentage distribution of the trees,
after their unification as a total of 100%, have been transformed into curves of the total
distributions, where the number of the trees for each thickness level is calculated as a percentage
with accrual. Further on, the curves of the normal numbers have been obtained by dividing the
percentages for the particular levels of thickness by the percentage for the last level, i.e. by 100.
Obtaining the normal numbers’, also called ‘quality indicators’, curves is a stage of the
calculations done through the natural indicators method (Douhevnikov, 1966; Mihov, 2005). This
method makes it possible to indicate the aspect of a given investigated curve by means of a single
number — the zero coefficient of a straight line. Using the normal numbers’ curves, an average
curve of the normal numbers (gx,,) has been calculated for the particular aggregates of curves.
Then, each curve of normal numbers (gx;) is divided by the average one (gx,,) thus obtaining the
straight line of the natural numbers, whose coefficients are called natural indicators. The natural
indicators have been calculated through the least squares method while solving a system of two
equations with two unknown values. For the investigated dendrocoenoses have been calculated
particular average curves of normal numbers (gx,,), as well as an average one among them, i.e. a
general average curve of the normal numbers. The zero natural indicators (ZNIs) — SNo have been
calculated while using (1) a separate average curve of the normal numbers for each of the three
tree species and (2) the curve situated among these three ones, i.e. the one that is general for the
Hungarian oak, durmast and Turkey oak, i.e. two variants or scenarios of investigating the
asymmetry of the curves. The data about the zero natural indicators obtained through the above-
mentioned methods, i.e. calculated on the basis of the particular average curves of the normal
numbers, have been presented in Table 1.
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Table 1

Values of the zero natural indicators according to sample plots

13}; SNo I§I§ SNo Iiz SNo Iiz SNo Iilcj SNo Ii}; SNo
Hungarian oak | 21| (76 | 42 1.65 6 0.90 271 065| 48]0.63
Ll 099 22| 015| ® 1.45 7 2.48 281 063] 4106
2] 228 23| 090 | 44 1.36 8 0.96 291 077| 501065
31 542 24| 048 | 45 1.53 9 0.70 301 073 S1]o094
41 1.04 25| 051 | 46 023 | 10 1.57 311 075 52116
51191 26 | 064 | Y7 038 | 1l 0.21 321 162 33236
61 0.68 271 064 | 48 121 | 12 2.11 331 084 54]0.88
71 1.03 28| 047 4 048 | 13 1.44 341 08| S55]0091
81 077 29| 202 50 078 | 14 0.85 350 189 56199
91 100 30| 052 51 157 15 1.10 36 | 212 S7(1.14
101 1.08 311 o057 32 072 | 16 1.20 371 138 381070
111 0.60 320 1,09 | 33 0.66 | 17 0.76 38 | 146 | Tur oak
121 092 31 072] 4 061 | 18 0.61 391 110 1] 0.46
31 o072 341 096 | 55 025 | 19 0.33 401 0.82 21 1.63
141 124 351 031 56 1.08 | 20 0.48 411 155 31091
15| 045 36| 138 durmast | 21 0.62 21 116
16| 033 371 043 1 074 | 22 0.66 B 128
171 0.20 381 094 2 0.85 | 23 031 41 035
18] 208 391 149 3 1.62 | 24 0.57 451 070
191 1.9 40 099 | 4 074 | 25 0.40 46 | 0.76
20| 057 4l 067 S 035 | 26 0.93 471 075

The data about SNo obtained on the basis of the general average curve of the normal numbers will not be
published here; we shall only show the results.
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4. RESULTS AND DISCUSSION

4.1. Types of thickness structure according to the asymmetries of the curves of the
distribution of the numbers of trees according to levels of thickness

As it can be seen in Table 1, the values of the zero natural indicators vary within the range
from —0.14 to +3.57 and when a general average curve of the normal numbers is used, these
indicators vary from 0.09 to 2.94. We have distributed the zero natural indicators (ZNIs) of
thickness structure (SNo) according to their values into three groups, based on the ranges
SNo0<0.85, 0.86<SNo<1.15 and SNo>1.16 for both scenarios of investigation.

The symmetry of the thickness-structure curves has been found on the basis of the zero
natural indicators’ values, with which a correspondence in principle has been found (Petrin et al.,
2013; Petrin, R. and I. Markov, 2015), which is expressed in the following: to the low zero natural
indicators (SNo<0.85) corresponds a right-hand-side asymmetry, which means that the variation
curve of the tree numbers’ distribution according to thickness levels is higher in the right-hand-
side part of the graph than the natural level of thickness 1.0 of the abscissa. In contrast to it, to the
high zero natural indicators SNo>1.16 correspond the thickness-structure curves of a left-hand-side
asymmetry, and to the ZNIs within the range of 0.86<SNo<1.15 correspond curves of a
symmetrical type. This discovery has been illustrated on Figure 1.

Fig. 1. Three types of thickness structure depending on
values of SNo
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4.2. The influence of tree species upon the thickness-structure curves’ distribution

according to types of asymmetry

The curves’ asymmetry investigated through the natural indicators method (NIM) for the
three tree species, separately and as an aggregate, and established for each sample plot, as well as
the distribution of sample plots according to types of asymmetry depending on the tree species,
have been presented in Table 2 and illustrated on Figures 2 and 3.

228



Table 2. Distribution of seed-tree Hungarian-oak, durmast and Turkey-oak dendrocoenoses
according to types of asymmetry of thickness-structure curves

Scenario of investigation
Tree Separate investigation Total Aggregate investigation
species Type of asymmetry Sp Type of asymmetry
Left-hand- Symmetric | Right-hand-side Left-hand- Symmetric Right-hand-
side side side
num o o num o num | o num |
ber & " & ber & ber & " & ber &
H. oak 18 32.1 10 17.9 28 50.0 | 56 18 32.1 10 17.9 28 50.0
Durmast 16 27.6 11 19.0 31 534 | 58 13 22.4 8 13.8 37 63.8
T. oak 1 333 1 333 1 333 |3 1 333 - - 2 66.7
117
Total 35 299 | 22 18.8 60 51.3 | (100 | 32 27.4 18 15.4 67 573
%)
Fig. 2. Distribution of the numbers of sample plots in % according to
tree species and types of asimmetry - separate investigation
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Fig.3. Distribution of the numbers of sample plots in % according
to tree species and types of asimmetry - agregate investigation
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The data in Table 2 and the illustrations on Figures 2 and 3 have only been analyzed for
the Hungarian oak and the durmast as there are a sufficient number of sample plots for them. One
can see from the table and the figures that for these two species, in the separate investigation, there
has been found a similar, of too close values, distribution of sample plots according to types of
asymmetry: durmast, as compared with Hungarian oak, has a lesser number of sample plots of a
left-hand-side asymmetry, the same number of symmetric curves and a larger number of curves, or
sample plots, of a right-hand-side asymmetry. Besides, with the aggregate investigation (on the
basis of the general average curve of the normal numbers (gx,,)), though almost the same
proportion of the left-hand-side and right-hand-side asymmetries can be observed, the differences
are more substantial, and such a comparison makes it possible to see the places of the two tree
species as compared with each other, namely: the left-hand-side asymmetry and the symmetric
type are lesser with durmast, whereas the curves of a right-hand-side asymmetry with it are more
by 33.3% and this is indicative of a probably better productivity of durmast with all other
conditions equal. The separate investigation of the distribution of sample plots reveals precisely
the thickness structures of the two tree species, and close is the proximity of the curves of the three
types of asymmetry (Fig.1). This is logical, having in mind their biological relationship: both
species belong to the genus Quercus and their natural ranges overlap — from 0 m. alt. to 1,000 m.
alt. they grow together. This same pertains also to Turkey oak, though we were not able to reason
about it. However, the investigation goes on and in its course the corresponding conclusions about
this are drawn.

4.3. The influence of dendrocoenoses’ age upon the distribution of the thickness-
structure curves

Further on, we have investigated the influence of the sample plots under the trees of the
differentiated age groups upon their distribution according to types of asymmetry. The following
age groups have been differentiated: up to 80 years; 81-110 years; 111-140 years and over 140
years. The curves outlining the distribution of the sample plots in percentages (%) according to age
groups with the three types of asymmetry have been presented on Fig. 4.
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On Figure 4, one can see that for all the age groups the curves of the distribution of the
sample plots according to types of asymmetry have similar aspects. As age increases, the left-
hand-side asymmetry, except for the age group of 81-110 years, increases, whereas the right-hand-
side one decreases. With the symmetric type, as an increase so a decrease is noticed. The general
inference is that no clear relationship is distinguished between age and dendrocoenoses’
distribution according to types of asymmetry; in other words, age slightly influences the
asymmetry of the thickness structure, and this confirms earlier investigations of this matter
(Dimitrov, 1978).

dur. 4. Distribution of the number of Sample plots (SP) in % by Age groups
and type of asimmetry
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4.4. Comparing the average curves of normal numbers (gx,,)

We have compared the average curves of the normal numbers for the seed-tree
Hungarian-oak, durmast and Turkey-oak dendrocoenoses with Tyurin’s uniform average curve of
normal numbers, obtained for all tree species (Tyurin, 1938). The results have been presented in
Table 3.

As seen in Table 3, the values of the qualitative characteristics of the different tree species
with the particular natural levels of thickness (NLT) are close to one another, especially with NLT
exceeding 0.9. Wilcoxon’s test gives precise data about the proximity of the investigated curves to
that of Tyurin. According to him, the curves for Hungarian oak, durmast and Turkey oak are
irrefutably close in values as the zero hypothesis is not refused but assumed. It follows from the
proximity of the rows of the normal numbers, or the qualitative characteristics, of thickness
structure to Tyurin’s uniform average curve that the thickness structures of seed-tree Hungarian
oak, durmast and Turkey oak dendrocoenoses are statistically very close, and that it is possible to
develop general models for the three tree species on the basis of thickness level.
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INFERENCES

As a result of the investigation, the following inferences can be drawn:

What is known from earlier investigations about the investigated seed-tree
dendrocoenoses of Hungarian oak, durmast and Turkey oak has been confirmed, namely the
availability of three types of thickness structure — of right-hand-side and left-hand-side
asymmetries and of a symmetric type.

One and the same tendency as of the distribution of the sample plots according to types of
asymmetry has been observed with the Hungarian-oak, durmast and Turkey oak dendrocoenoses
(of the genus Quercus). With all other conditions equal, it can be presumed about durmast that it
has better productivity owing to that the curves of its thickness levels are more often of a right-
hand-side asymmetry in terms of its average diameter.

The dendrocoenoses’ ages influence negligibly the trees’ distribution according to types
of asymmetry, regardless of the tree species.

Comparing the average curves of the normal numbers (or of the qualitative

characteristics) of the thickness structures of the investigated seed-tree Hungarian-oak, durmast
and Turkey-oak dendrocoenoses with Tyurin’s uniform average curve of normal numbers has
shown close similarities in the aspects of the curves for the three tree species. This suggests the
possibility of developing general models of their timber volumes and assortment structures, as
long as these depend on the trees’ thickness structures.
CONCLUSION The thickness structures of seed-tree Hungarian-oak, durmast and Turkey-oak
dendrocoenoses do not depend significantly on tree species and age; it is possible to develop a
general model of their thickness structure, as well as to develop other models such as volumetric
and assortment tables.

Acknowledgement: The sample plots we used had been delivered to us by Prof. Kiril
Bogdanov, for which we express our gratitude to him.
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Abstract

Melon is among the vegetable crops, which are distinguished by a great variability in
terms of fruits characteristics. The varieties in different countries and regions of the world are
distinguished by specific features that are associated with the preferences of consumers to the
qualities and characteristics of the fruit. The specific requirements of consumers determine the
directions of breeding programs. The aim of our survey was to establish the status in preferences
of Bulgarian consumers to some traits of melon fruits. The survey was carried out during the
International Agricultural Exhibition AGRA in Plovdiv, 2018 and 100 respondents completed a
prepared survey form. Five main fruit characters were studied: shape, creasing of surface, depth of
grooves, ground colour of skin at maturity and colour of the flesh. The results showed that the
predominant part of the consumers prefer broad elliptic or circular fruit shape. Also poorly netted
creasing of surface and shallow depth of grooves were selected. The orange colour of fruit
dominated among the choice of consumers. Concerning flesh colour, it was observed that the
greatest variation in requirements ranges from white to pink-orange. The results obtained in this
survey provide important information for consumers demand in the new melon varieties and will
be the basis for development of future breeding programs.

Key words: Cucumis melo L., fruit, shape, surface, colour, flesh

Introduction

Melon (Cucumis melo L.) is one of the most important horticultural crops in Bulgaria.
The annual production amounts to 26 489 t and total area planted is 2674 ha (Agrostatistica, 2017).
The diversity of Bulgarian varieties is not very large. The hybrid cultivars Hybrid 1, Hybrid 15 and
Pobeditel, which were developed on the basis of the local variety Vidinski koravci, are the most
widely distributed in Bulgaria, (Velkov and Petkova, 2014). Other important varieties are Deserten
5 and Medena rosa (var. inodorus), which were developed more than 40 years ago. Nowadays the
varieties Persiiski 5, Plovdivski banani, Vidinski koravci, Dabnishki ranni, Barbitiun, etc. well
known in the past, are not grown (Mihov and Lozanov, 1982). Over the last few years, it has been
observed that foreign varieties such as Galia and Ananas types are produced on limited areas.

Melon is polymorphic species that is diverse in plant, leaf, flower and fruit characteristics.
Because of significant morphological variation exists in fruit characteristics and composition of C.
melo genotypes, this species is thought to contain the most diverse varieties in the genus Cucumis
(Stepansky et al., 1999, Pitrat, 2008). This advantage provides a wide choice of the consumers, but
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on the other hand, it makes breeding programs more complicated and difficult. Determining
specific parameters in terms of fruit quality and characteristics in the development of new melon
varieties is essential for their success and widespread dissemination. An understanding of the
extent of genetic diversity and relationships among different local genotypes is beneficial both for
the identification and effective conservation of genetic resources, and also for the success of
breeding programs (Solmaz et al., 2016). The exact definition of parameters of the model of
variety is a key point for the success of breeding programs.

The objectives of the present survey are to establish the most preferred fruit
characteristics by the Bulgarian consumers and to determine relative importance of those
characteristics.

Material and methods

A sample survey of consumer preferences using the quota method was conducted at the
XXVII International Agricultural Exhibition AGRA in Plovdiv in 2018. The event was traditional
gathering of people from different parts of Bulgaria. One hundred respondents completed a
prepared survey form. Questions dealt with visual features of melon that potentially affect
consumer preferences. Pictures were used to identify five main fruit characters: shape, creasing of
surface, depth of grooves, ground colour of skin at maturity and colour of the flesh (UPOV). The
test allows to be indicated several preferences (classes) for the same characteristic (Table 1). For
analysing the data frequency for each question were calculated and cluster analysis to analysing
the group of similarities. Results were processed by statistical program SPSS 16 (SPSS Inc.,
USA).

Table 1. Fruit traits and number of classes included in the survey

Fruit traits Number of classes

1. Fruit shape ovate, medium elliptic, broad elliptic, circular,
quadrangular, obovate, elongated

2. Creasing of surface smooth, finely wrinkled, deeply wrinkled, shallow wavy,
a lot of warts, poorly netted, strong netted, linear.

3. Depth of grooves very shallow, shallow, medium, deep

4. Ground colour of skin at white, light yellow, creamy, light green, green, dark

maturity green, orange, brown, gray

5. Colour of the flesh white, yellow, creamy, light green, green, light orange,
orange, pink-orange

Results and discussion

The data obtained in this survey was aimed to specify the consumer's preferences for the
different options/classes of melon fruit characteristics. In general, the quota method cannot be
considered as the equivalent of random sampling and cannot always be generalized to the
population as a whole, but it is useful tool for rapid investigations (Mercer et al., 2017). Received
data helps to better define the concept of the model of variety. The survey results indicated that
broad elliptic and circular fruit shape were preferred by consumers (31,58% and 32,24%) (Figure
1). The equal distribution to preferences of these two classes probably is due to similarity of the
fruit shape. Fruit shape characteristics such as quadrangular, obovate and elongated were less
important for consumers. The creasing of surface was clearly expressed by one class. Fruits with
poorly netted surface (40,00%) were most preferred, followed by smooth (19,35%) and finely
wrinkled (17,42%) surface. More than 48% of those taking the survey preferred the shallow
grooves. Two other groups of people selected fruits with medium (29,46%) and very shallow
(20,93%) grooves. Most participants preferred melon fruits with orange and light yellow coloured
skin (40,12% and 21,51%, respectively) compared to these with dark green coloured skin (1,16%).
Regarding colour of the flesh a clear preference was not established. Nevertheless almost one-fifth
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of the consumers preferred the orange coloured fruit flesh (21,74%). The other preferences range
from 8,15% for pink-orange to 13,04% for creamy coloured flesh. Similar results were obtained by
Carbonell et al. (1990), who found that flesh colour of the pumpkin (Cucurbita moschata) had a
greater variation in consumer choices compared to other characteristics such as fruit shape and
skin colour. These results indicate that melon breeding programs can be directed to the
development of new varieties with different coloured fruit flesh.
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It was important to investigate variation in consumer preferences because of possibilities
of multiple responses of the fruit traits. Understanding the relationships between the consumer
preferences to fruit attributes will help to develop optimal melon breeding program.

The frequency of consumer choices to specific classes of fruit shape was average 1,52
(Table 2). This means that two or more classes of fruit shape are preferred by consumers. The
choice of fruit shape varies from Minimum one class response to Maximum six classes in
particular survey forms from a total of eight possible classes. The feature creasing of surface was
selected average 1,70 times, range from 1 to 7 for each of the 8 classes. Depth of grooves was
average preferred 1,79 times, range from 1 to 3 times in a total of 4 classes. Ground colour of skin
was selected on average 1,43 times, range from 1 to 9 in particular survey forms, with potential 9
classes. The feature, colour of the flesh, was characterized by the lowest average value 1,13, which
means that the most of the people chose one colour.

Table 2. Variation analysis in frequencies of consumer preferences to five fruit traits
Fruit traits Mean iSD | CV% | Min | Max | Total No of classes
Fruit shape 1.52 0.88 | 58.01 | 1.00 | 6.00 8.00
Creasing of surface 1.70 1.00 | 58.82 | 1.00 | 7.00 8.00
Depth of grooves 1.79 1.00 | 5575 | 1.00 | 3.00 4.00
Ground colour of skin at maturity 143 1.28 | 89.60 | 1.00 | 9.00 9.00
Colour of the flesh 1.13 1.34 | 11843 | 1.00 | 8.00 8.00

237



Dendrogram using Ward Method
Rescaled Distance Cluster Combine

CASE 0 5 10 15 20 25
Label Num
69
79
11
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99
16 First sub-cluster:
b Fruit shape - broad elliptic
o Creasing of surface - poorly netted
87 Depth of grooves - shallow
s Ground colour of skin at maturity - orange
2 Colour of the flesh — orange
44
67
> Second sub-cluster:
Fruit shape - circular fruit shape
Creasing of surface - poorly netted
Depth of grooves - shallow
Ground colour of skin at maturity - orange
Colour of the flesh -creamy
26
5 Third sub-cluster:
19 Fruit shape - medium elliptic, quadrangular
o Creasing of surface - poorly netted, smooth
z Depth of grooves - shallow, medium
82 Ground colour of skin at maturity - orange, light yellow
pet Colour of the flesh - yellow, green
98
Fourth sub-cluster:
Fruit shape - broad elliptic, circular
- Creasing of surface - poorly netted, strong netted
Depth of grooves - shallow, medium
Ground colour of skin at maturity - orange, brown
Colour of the flesh - orange
54 .
56 Fifth sub-cluster:
2 Fruit shape - broad elliptic, circular
74 Creasing of surface - smooth
it Depth of grooves - very shallow
% Ground colour of skin at maturity - light yellow, green
2 Colour of the flesh - white, greenorange, brown
Sixth sub-cluster:
Fruit shape - circular
Creasing of surface smooth - finely wrinkled
Depth of grooves - very shallow, shallow
Ground colour of skin at maturity - creamy, orange
Colour of the flesh - orange, pink-orange
Seventh sub-cluster:
Fruit shape - broad elliptic, circular
Creasing of surface - poorly netted, strong netted
Depth of grooves - very shallow, shallow, medium
4 | Ground colour of skin at maturity - white, light yellow, creamy
o Colour of the flesh - white, yellow, creamy, light green
14
84

Figure 2. Cluster analysis based on the preferences of five fruit characteristics

Coefficients of variation of fruit shape, creasing of surface, depth of grooves and ground
colour of skin at maturity were high (CV% from 55,75 to 89,60%). According to Lidanski (1988)
values greater than 20% are regarded as high and values between 10% and 20% to be medium,
whereas values less than 10% are considered to be low. The highest CV% (118,43%) was
established in colour of the flesh. These results clearly showed that there are separate groups of
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participants who prefer particular colour of flesh. This could be explained by the lowest value of
the mean (1,13) and the highest coefficient of variation (118,43%).

In order to identify specific groups of users, a cluster analysis based on five studied
characteristics was performed. Three main clusters and seven sub-clusters were obtained (Figure
2). The first and second sub-clusters consisted of consumers that chose mostly one class of each
trait. The most preferable characteristics were broad elliptic or circular fruit shape, poorly netted
surface, shallow grooves, orange coloured fruit skin and orange or creamy flesh colour.
Consumers grouped in the third and fourth sub-clusters preferred mostly two classes of each trait.
They preferred mainly medium or broad elliptic fruit shape, poorly netted surface, shallow and
medium depth of grooves, orange colour of skin and yellow or orange colour of flesh. Consumers
that chose mostly three classes of each trait presented the fifth and sixth sub-clusters. They mainly
selected circular fruit shape, smooth surface, very shallow depth of grooves, but their choice vary
according to colour of skin and flesh. The seventh sub-cluster consisted of five customers which
chose three or more classes of each trait. It could be summarized that there are three main groups
of consumers. The first one is consisted from first to fourth sub-cluster (59 persons) which prefers
particular classes of fruit traits. The second main group is composed of 36 persons whose choice is
more variable. The third group of 5 persons is characterized with the largest scale of preferences.

The most preferable fruit traits were broad elliptic or circular fruit shape, poorly netted
surface, shallow grooves, orange fruit skin and orange flesh colour. These results could be priority
in melon breeding programs and development of new cultivars.

Conclusion

The survey clearly pointed the most preferable fruit characteristics among Bulgarian
consumers, which are with great importance in melon breeding programs. The data indicates that
the most preferable melon fruits were with broad elliptic or circular fruit shape and poorly netted
surface. Orange colour of fruits and shallow depth of grooves are often preferred by customers. A
wide amount of variability was observed in terms of flesh colour from white to orange-pink.
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GIS-BASED MODEL FOR ANALYSIS OF MODERN
POLLEN-CLIMATE RELATIONSHIP
Stoyan Vergiev', Mariana Filipova-Marinova’
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2Varna museum of natural history

Abstract: The aim of the present paper is to present a GIS-based model for analysis of
modern pollen—climate relationship in order to obtain reliable modern pollen analogues for
palaeoclimate reconstructions using the Modern Analog Technique (MAT). A data set consisting
of 63 modern pollen surface samples from the basic plant communities along the North—South
transect of the Bulgarian Black Sea Coast was created. Pollen percentage values were calculated
on a sum of 43 pollen taxa for each pollen sample for 2018. Climatological data for each site,
including average annual temperature, average temperature of the warm and cold half-year and
average annual precipitation were taken from the nearest meteorological station and were
corrected with an altitudinal coefficient of temperature variation. Statistical analysis was used to
reveal the relationships between individual pollen types and climate variables.

Keywords: Modern pollen data, Climate—vegetation relationship, Northeastern Bulgaria.

BnBenenue

Knacuueckute NajJeOKIMMATHYHH PEKOHCTPYKIIMH CE€ OCHOBaBaT HA KadyeCTBEHHU
MHTEpIpeTanuy Ha (OCHUIIHHUTE IOJICHOBU CIIEKTPH, IOJIYYEHH HPH CHOPOBO-TIOJCHOBHS aHAIU3
(Guiot, 1990; Vergiev & Filipova-Marinova, 2017). Heo0xomumocTTa, OT TOYHH KOJTHYECCTBECHH
JaHHU 32 TAICOKJIMMATHTE, Hajara MPHIAraHeTo Ha KOJMYECTBEHH MATEMAaTHYECKH MOJENH, OT
KOUTO HaW-TrOJISIMO MPUJIOKCHHUE 32 KBATEPHEPHU CCIUMEHTH HaMupa MeTonbT Ha ChbBPEMCHHHTE
ananosu (MCA) (Overpeck et al., 1985; Prell, 1985). To3u MeTox ce ocHOBaBa Ha ChHOMpPaHETO Ha
CHbBPEMCHHH MOBBPXHOCTHHU MOJICHOBU MPOOH M HA CPABHEHHETO HA HAJIMYKMETO M MPOLIEHTHOTO
y4JacTHe Ha IOJICHOBHU TUITIOBE B TSX ChC CHBPEMCHHH KIMMATHYHH JaHHH, KaTO IT0 TO3H HaYHH CC
YCTaHOBSABA 3aBUCHMOCTTa nojieH — kmmar (Vergiev & Filipova-Marinova, 2015). KnumaTtnannre
NPOMCHIIMBY CBBP3aHM C Haii-CXOIHATa ChBPEMEHHA Npo0a, Morat ja ObJaT acOLMUpPaHUd KbM
BpeMeTO M MsICTOTO Ha (ocuiHara mpoba, KOATO Ce PEKOHCTPyHpa B pPaMKUTE Ha JajeH
reorpadcku paioH.

MCA e TectBaH 1 Banuaupal upe3 cumynanun (Vergiev, 2014; Vergiev et al., 2014a) u
npunoxeH B V3rouna bearapus B cepus OT malleoKIMMaTHYHM peKoHCTpykimu (Vergiev et al.,
2013; Vergiev et al., 2014b; Vergiev & Filipova-Marinova, 2015), moTBbp>KAaBaIiy JaHHUTE OT
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KJIACHYECKUTE MHTYHTHBHU WHTEpPIPETAIMU Ha (POCHIHU CHEeKTpu oT chimute pernonu (Filipova-
Marinova et al., 2013; Filipova-Marinova et al., 2014a; Filipova-Marinova et al., 2014b).

ChBpeMeHHUTE JaHHU, KOUTO TPsiOBa Ja ObIAT M3MONI3BAaHU IPH MaeOPEKOHCTPYKLUUTE,
3a J1a ce HaMepH HeoOXOIMMHUSI MUHIMAJIeH Opoii CbBPEMEHHH aHaJIO3H, ca B JIMHEHHA 3aBUCHMOCT
oT Mamabda Ha U3CIeBaHUs paifOH, T.€. KOJKOTO MO-TOJISIM € U3CIEeIBaHMs PaiiOH, TOIKOBA MOBEYE
ChBPEMCHHH aHAJIO3M TpsIOBa na Obaat npuiiokeru (Seppd, 2004). Eto 3a1110, oT rojsiMo 3HaYeHHE
€ HaTPyIBaHETO Ha 0a3a OT CHBPEMEHHH KAJIMOPHPAHU JaHHU 3a MpEnU3UpaHe Ha MOJENHUTE,
JONYCKaHE Ha OTHOCHUTENHO IO-MajK{d TpEeIIKd, a OT TaM M J0 MO-TolsMa TOYHOCT Ha
pexoncTpykuute (Vergiev, 2014).

HatpymnBanero Ha ronsM o0eM pa3HOPOAHW JaHHU 3aTPyIHSIBA KakTo padoTara ¢ TIX, Taka
1 U3MOJI3BAHETO M NPWIAraHETO Ha CTATUCTHYECKU aHalIu3U. ChIIEBPEMEHHO, ChbBPEMEHHUTE
reorpadpckn  mHpopMmanmonHu cucremu (I'MC) naBar BB3MOXKHOCT 3a TpeoOpa3yBaHe Ha
KIMMATHYHUTE JTaHHH 3a JaJcHa reorpad)cka TOYKa B IIPOCTPAHCTBEHA HH(OpMAaNus, dYpes
W3IOJI3BaHe Ha Pa3iMYHH METOAM 3a TMpocTpaHcTBeHa wHTepronamwms (Hamp. IDW) (Gikov &
Nedkov, 2005). Toa Hanara mirorBsHero Ha momen B ['MC cpema, B Kpas Ha KOHWTO, KaTo
pesyarat ce nonydaBa CeBpemeHeH kanuOpanuonen cet (CKC) mpunoxuM 3a maneokmMaTHIHA
PEKOHCTPYKIIUH.

IlenTa Ha Hacrosmoro uzcienBaHe € Aa ce usrorsu I'MC mopen, koilito na uHTErpupa
MacHBUTE OT IIOJICHOBH JaHHH OT CBBPEMEHHM IIOBBPXHOCTHH mpobum 3a 2018 r. m nma
MHTEPIONUpa NPHISKAIIUTE UM KIMMATHYHUA napameTpd B CHBpPEMEHEH KaJlHOpPalMOHEH CeT
(CKC), xaro 1o TO3M Ha4YHMH CE€ OCTOHHOCTH 3aBHCHMOCTTA ITOJCH—KJIMMAT, TaKa 4e Jla MOXe Ja
ObJie M3MOI3BaHAa NPU NaJIEOEKOIOTHYHU PEKOHCTPYKIUU.

Martepuas 1 MeTOAHKA

3a u3SCHABAHETO Ha BPB3KaTa IOJICH-KJINMAT B CbBPEMEHHH YCIOBHs, ca ChOpaHH 63
CBHBPEMEHHH MOBBPXHOCTHH Npobu oT M3touna Bearapus (34 mOBBPXHOCTHH MOYBEHH MPOOH
(ITITT) u 29 nospxHOoCcTHU MBXOBU npodu (ITMIT) mpe3 2018 r. (Tabxn. 1), mo TpaHcekTa ceBep-
for B 10 xapakTepHH 3a OBJITapCKOTO YePHOMOPCKO KpaOpeskue pacTUTEIIHH ChOOIIEeCTRa.

3a aHaMM3 ca B3EMaHU Ha CIy4aeH NPUHLMUI 5 MOBBPXHOCTHU MOYBEHU MOANPOOH OT 10 2 —
3 ¢cm® OT mouBeHHs CYGCTPAT Ha JBIOOYMHA MAKCHMYM 10 5 CIM M HAKOJIKO MOAIPOOH OT MBXOBE
OT pa3NUYHM BUAOBE B PaMKHTe Ha MpoOHa Iomagka ¢ pasmepu 1 X 1 m. Bmocmexncrsue,
TOJINPOGHUTE Ca CMECEHH B €THA M OT Hesl € B3ETO KOJIMYECTBO OT 3 cm”.

JlaboparopHara o0paboTka Ha mpoOuTe € u3BbpumicHa B JlaboparopusTa 1Mo 0a3oBH
OWONIOTMYHM JMCLUMIUIMHA KBbM KaTezipa ,,PacreHmeBbIcTBO* mpu TeXHHYECKH YHHBEPCHTET —
Bapna, B ChOTBETCTBHE ChC CTaHIAPTHHUsS areTonm3eH Mmeron Ha Faegri & Iversen (1989) c
moaudukamus or Birks & Birks (1980). 3a ompenensHe Ha CTaTHCTUYECKHTE 3aBHCHMOCTH B
TIOJICHOBUTE CIEKTPH Ca M3TOTBEHH HETPAaltHW TIIHIICPHHOBH MHUKPOCKOIICKH TPETapaTH, B KOUTO
ca U30pOsSBaHU U ONPEAENSHH 10 Hall-HUCKO TAKCOHOMMYHO HHBO BCUYKHU CPEIIAIIN Ce B IPOOUTE
TIOJICHOBH 3bPHA U CIIOPH.

IIpn ycraHoBsBaHE Ha 3aBHCHMOCTTAa IIOJICH — KIMMAaTHYHH (AKTOPH € TMPHIOKEH
Anamm3sT Ha ocrareiuTe (Redundancy Analysis, RDA) (ter Braak, 1986; ter Braak &
Verdonschot, 1995), kato craTucTndeckara o0paboTKa Ha JAHHHUTE W TPaUIHOTO MpENCTaBIHE €
OCBIIECTBEHO ¢ momoITa Ha copryepHus npoaykt CANOCO 4.5 (ter Braak & Smilauer, 2002).

[TomyueHnTe AaHHU ca OPraHU3HPAaHM W CTPYKTYpHPaHH B aTPUOYTHBHM TAOIMIH H
OTHECEHU KBbM CIOEBETE BBB BEKTOPEH (popMaT MOCPEICTBOM PENAI[OHHH KIACOBE C OMOIITA Ha
Ha codpTyepuus npoaykt ArcGIS v.10.0 ESRI Inc. M3nomsBanu ca: Kaprorpadcka mpoekIust
UTM Zone 35 North, 3emna xoopauHatHa cucteMa W(GS84 u bantuiickara BHCOYMHHA CHCTEMA.

Pe3yaraTtu u o6cbxIaHe

C 1en 1a ce HHTETpUpPaAT MaCUBHUTE OT IOJICHOBU JAHHU OT ChBPEMEHHUTE ITOJICHOBU IIpoOU
U J]a ce UHTEPIIONNpAT NPWISKAIIUTEe UM KIMMAaTHYHU MapaMeTpu Oellle M3rpajeH U MPUIoKeH
I'IC 6a3upan npoctpancTBeH moxen (Pwur. 1).
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[TepBusAT eram OT Mozena € CBbp3aH CbhC ChOMpaHe W IIpeiBapUTEIeH aHalu3 Ha
HEOOXOTMMHTE M3XOJHHU JTaHHW — ChIecTBYBanm KapTh (I'eonoikka, mouBeHa W TeoMOp(hOIOKKa
xaptu Ha bparapus) u npunexamure M 6a3u gaHHU. [Ipu crOupaHeTo Ha KIMMATUYHU JaHHH ca
B3€TH IpeBHA 4 OCHOBHH MapaMeThpa Ha KiIMMata: cpeaHoroaumna remmeparypa (CI'T), cpenna
Temmeparypa Ha cryaeHoro nomyromue (CTCII), cpemHa TemmepaTypa Ha TOIIOTO HOIYTOANE
(CTTII) u cpennorogumua cyma Ha Banexute (CI'CB). Ilpenxomun uscnensanusi (Vergiev,
2014a; Vergiev & Filipova-Marinova, 2015) moka3sart, 4e Te3W mapamMeTpu AEMOHCTPHpAT Haii-
JnoOpa Kopenamusi C MOJICHOBUTE CHEKTPH W Ca HAN-NOAXOASAINM IPU  MaJCOKIMMAaTHYHU
PEKOHCTPYKITHH.

@u3ikoreorpad)cKH JaHHH 33 H3CICABAHMA Kanmatrnn Jlauuu ot
paiion AaHHH TOJICHOBHTE
(Feonoxka, Tonorpadeka, nouseHa n (CI'T, CTCIL, CneKTpH
reoMoponokka KapTH Ha bearapus) CTTIl n CI'CB)

IDW
HHTEPIOIALIHS

Ternoen
“overlay” aHamm3

Jlururanusanus

Ha TAHHHTE

Mururanen Cnoese ¢ TIpocTpancTBeno Cnoese ¢
MoJieNl Ha (uzukoreorpage pasnpeesenne Ha pasmpejieneHHe Ha
peneda (DEM) Ki JaHHH KTHAMATHYHHTE [0JICHOBHTE THIIOBE

napaMeTpu

Ternosu

bazosa kapra “overlay” aHanu3

Obobwena kapra csec CKC

@ur. 1. Anroputrsm Ha moaeupaneto B 'UC cpena

JlaHHWTE 32 KIMMATHYHHUTE TIPOMEHIIMBY Ca B3€TH OT Hal-OJM3KaTa 10 IMoJieHoBaTa mpoba
meteoponornyHa crtanuus (Knumatmuen copaBounuk nHa HPB, 1979 — 1990; Meceuen
XuapornormyeH OtonetrH). [Ipn oTnanedeHn mpodH € M3BBpIIeHa KOPEKIIHI Ha METEOPOIOTHYHNTE
CTOMHOCTH, B 3aBHCHMOCT OT pa3jIMKaTa B HAJAMOPCKAaTa BHUCOYMHA MEXIy METCOpOJIOrHYHaTa
CTaHIMS U ONpoOBaHUs TepeH. [IpuitoxeH e 1 MeTo 3a pocTpaHCTBeHa HHTepronanys (Inverse
distance weighted — IDW), kaTo 1o TO31 Ha4MH € MOIYYCHO MIPOCTPAHCTBEHOTO pa3Ipe/eeHue Ha
KJIMMaTHYHUTE MPOMEHJINBH. JlorapurMuyHaTa 3aBUCUMOCT MEXIy MHOJICYCHUTE KIMMAaTHYHU
JaHHW OT CTAaHIMUTE M HaJMOpCKaTa BHCOYMHA HA KOSNTO Ce HAMHpPAT IMOKa3Ba OJIM3KH
KOpENalMOHHH CTOMHOCTH, ChOTBETHO M BB3MOXKHOCT T Aa ObaaT uzuncienu (dur. 2). 3a CI'T —
6emre oyyen koedurment 0,534°C ma 100 m Hammopcka BucounHa. [lomydeHUST pesynaTar e
OMM3BK 10 M3MON3BaHHSA Koe(UIMEHT Ha TeMmmepaTypHo oTkiaoHenume or 0,57°C ma 100 m
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HagMopcka BucounHa ot Laaksonen (1976) m mpeBumaaiy moiydenust ot Luo et al. (2010) —
0,46°C/100 m. 3a apyrute nmpomeHiIuBH 0s1xa moinydernu ciaenaurte manan: CTCIT — 0,531°C/100
m; CTTIT - 0,519°C/100 m u CI'CB — 47 mm/m?%100 m.
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@ur. 2. JlorapuTMHYHA 3aBHCUMOCT MEKAY HAIMOPCKATA BUCOYUHA H
a) TepMAJTHUTE KJIMMAaTHYHU NapaMeTpu U 0) cymMaTa Ha FOAMIIHUTE BaJIesKU.

Ipu CrIOpOBO—TI0JICHOBHUS aHAJIM3 Ha ChbBPEMEHHHUTE NMPOOH ca YCTAaHOBCHU 63 IIOJCHOBH
takcoHa (dwur. 3), Kouto ce cpemar W B u3cienABaHU GocunHE npodbu B paiiona (Filipova-
Marinova et al., 2013; Vergiev, 2014; Filipova-Marinova et al., 2014a; Filipova-Marinova et al.,
2014b).
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®@ur. 3. OpaAUHAIIMOHHU JUATPAMHU HA aHAJIU3 HA ocTaThbuuTe (RDA).

a) buruior nokaspail B3auMOBpB3KaTa MEKAY PACTUTEITHUTE TAKCOHU M KITUMATUIHUTE
napameTpH. Beska Touka 1moka3sa OCpeJHEHOTO y4acTHEe Ha TIOJICHOBHUTE THIOBE. 0) buruior
TOKa3Ball B3aUMOBPbh3KATa MEX/Ly BCEKU MOJIECHOB CHEKThP U KIMMATUYHUTE TTAPAMETPH.
Bcesika Touka oTpassiBa eHa MOBbpXHOCTHA Tipoba: 1. TIITIT, 2. IIMIL
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OT romAMO 3Ha4YeHHE 3a HMHTEPIpETAlATa Ha 3aBHCHMOCTTA IIONEH — KIHNMaT €
HAMHUPAHETO Ha CTaTUCTHYECKa 3aBUCHMOCT B CBhBPEMEHHHUTE MpoOM M Clex ToBa
MHTEPIIONUpaHeTo ¥ 3a ¢pocunnute. [Ipy aHanm3a Ha Ta3u 3aBUCHMOCT, 32 BCEKH OTJICIICH MTOJICHOB
TAKCOH, MOXeE []a Ce MPELEeHN NPUrOAHOCTTa MYy M Jajy TOH Ja ObJe BKIIOYEH B MOAENA WM Ja
ObJie U3KITIOUEH KaTO MHANKATOP.

C 1en za ce rapaHTHpa, Y€ PAAKO CPEIIAHNUTE, HO BaXKHH 33 KPAtHUTE PE3YATaTH MIOICHOBH
TaKCOHM, HAMaA Jia ObJaT M3KIIOYEHH, Oellle NMPUIOKEH MeToAaa ,,Square—root transformation” n
Oere m3uncieHa 00mIaTa cyMa Ha KBAaJpAaTHUTE OTKJIOHEHHS HA MPOIECHTHOTO y4acTHE HA BCEKH
or moneHosute tunose (Pur. 3a). CphieBpeMEHHO 0fXa H3YHCICHH H KOpEIallMOHHUTE
KoeduenTH Ha Pearson MeXmy NPOLEHTHOTO yJacTHE HA BCEKH OT ITOJCHOBHTE THIIOBE BHB
BCsIKa 1poda 1 KIIMMaTHIHUTE mpoMernusy (Pwur. 3a).

CKC Tha Koopaunari Hazw. Biicounna Kanmatiann daxropn | Tlonenosn cnexTpy
Ne wHpHia JBIDKHHA (m) CIT°C |CTCI°C | CTTI1°C| CTCB mm (0% 20%  30% 40%  S0% 60%  70%  80%  90% 100%
I} °57'16.34"C | 27°31'9.82"H 182 11 59 . [ B B |
T 7°31'48.46") .5 8.1
i 7°52'33.77"! s 7.1
T 7°46'38.67" .2 6 3
i 7°43'11.99"! 1 2 6.1 8.
6 | I 7°56'13.58") 31 12 58 78
7| nn 7°44'37.45" 10: 129 63 84
8 | o | 26°51'53.41") 44 10.6 5.1 49
9 [ NNn | 43°26'6.47"C | 28° 724.25"H 18 1.9 54 7.
0 | T | 43°29'49.11°C | 28°29'39.20"H 54 1.8 54 7.
1 | NN | 42°7'57.63"C | 27°25'3.34] 349 12.8 4 18.
TI0IT | 42°44'45.01°C | 27°49'4.83" 262 1.5 5 16.
iyt 7°13'5.06"] 472 11 X 15..
[INTRE! 7°30'15.65° 302 1.3 E 17
nmn | 4 '1S. 368 11 A 163
TInn_| 42 66 27 : 19
T | 42° 61 .7 19
non | 4 317 3 179
nmn_| 4 A 352 K 6 182
111 43°36'12.91"C 245 . 5.7 172
1l 3° 1'59.95"C 133 X 59 15
2 | 0 42°43'37.53"C 242 14 64 158
3 | 42°45'9.55"C 612 10 49 14
4 | 11 43°10'36.84"C 47 2 6.1 8.
5 | T 42°43'40.16"C 151 4 6.2 ..
26 | 1 43°10'9.88"C 161 . 6.1 3
7 | MM | 43°1223.49"C I 6 3
I °10'43.96"C 2 6.1 3
8 58 5
7 5 3
4 52 .7 2
1 64 .8 00
8 4 8 .5 60
27°35%6.04"H 307 128 6.5 188 1
27°5725.81"H 261 1.6 53 172 8
36 4. - [ 27°017.73"H 388 10.7 52 53 71
37 4. 27°33'10.23"H 295 11 59 5.8 00
38 43°13 27°4222.75"M 131 2 6 81 40
39 427 27°470.41"H 236 A 59 5.9 5
40 4 27°53'10.76"H 2 3 57 6.9
4 4 28°2928.50"H 8 5. 7.
42 | 1Im 43°24'58.65"C | 28°22'44.39"H 2 5. T
43 | 1 43°40'17.55"C | 28°3325.22"H 3 3. 7.4
44 | MO °34'32.37"C | 28°34'5.48"H S 5. i
S | IIMIT | 43° 0'56.55"C 7°522.30"1 7 3 B 6.
6 1 23 .6 Al 9.
7 n 94 10 8 X
49 10 .9 .
42 £ . .1
211 4 .3
K 203 9 4
7°448.14°) 2: Xl X 8
16°48'59.81"] 4. 10 48 9
7°11'37.39" 8 11 59 .8
7°1. "0 232 11 59 59
56 7°164.56"H 289 11 59 57
57 7°46'40.70"H 1 2 58 78
5! 6°59'9.55"H 4. 114 64 58
5 7°56'1.70"H 7 1.4 ¢ 1.7
6°3539.11"H 23. 111 2 59
6°4229.03"H 509 10 . 14
R 27°2537.34"H 196 11 . 158
nn 3°3'56.37"C_ | 27°28'53.80"] 17 1.9 4 18.8
|« Pinus diploxylon s Juniperus Picea wQuercus wCarpinus betulus— # Corylus «Tilia  Fagus
| #Betula Fravinus ormus— » Carpinus orientalis - Juglans = Hippophae w Vitis « Humulus/Cannabis = Artemisia = Chenopodiaceae Poaceac Aster-type
| wAchillea-type = Cichoriaceae Cerealia-type = Plantago lanceolata - Rume acetosella = Centaurea cyanus  w Filipendula Apiaceae Fabaccae ' Centaurea jaceae-type = Lamiaceae
| i P = Polygonum aviculare w Xanthium « Hypericum Cirsitan-type « Abies Ephedra

Taba. 1. ATpudyTHa Tadauna ¢ KIMMATHYHU JaHHU U NPEU34HCIeHH M0JEHOBHU CIIEKTPH.
CI'T — cpeonocoouwna memnepamypa, CTCII — cpedna memnepamypa na cmyoeHomo noay2ooue,
CTTII — cpeona memnepamypa na monaomo nonyeooue, CI'CB — cpeonoeoouwna cyma na
saneocume, I — Iloevpxnocmua nougena npoba, [IMII — I[losvpxnocmua mvxosa npoba
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I[To To3m HaumH OsfXa WICHTUPUIMPAHU HIKOM AHOMAIMH M OTKIOHEHWS, Osxa
HHTEPIPETUPAHH B3aUMOOTHOIICHHUATA MEXK/TY IIOJICHOBUTE THUITOBE M KJIMMATUYHHUTE TPOMEHIHBH
u Osixa ONpeneNeHH MHAWKATOPHHUTE BUIOBE, KOMTO Ja OBOAaT BKIIIOYCHM IIPH H3YHCICHUATA B
ChOTBETCTBHE ¢ u3nuckBaHusATa Ha Tonello & Prieto (2008).

OT nAeHTU(UIUPAHUTE TIPU CIIOPOBO—TIOJICHOBHS aHANN3 56 TIOJICHOBH TAaKCOHA, B MOJIENa
0sixa BKIIOYEHH CaMO BHIOBETE ChC 3HAYMMH KoedunueHTH Ha kopenamus (R>0,29, p=0,32,
N=73-596). Texuusr Opoii e 43.

B3 ocHOBa Ha (akTOpeH aHATU3 Ha MPOMEHIMBUTE KIMMATHYHH JaHHHU U TIPOICHTHOTO
y4yacTHe Ha BCEKH THUII B CICKTpHUTE, Oclie m3uepTaHa nuarpama. Ha Hes € ChOTHECCH BCEKU
TIOJICHOB CIICKTHP KbM KOC(HITMEHTUTE Ha KOpenals Ha KInMaTuaHuTe napaMmeTpu (Pur. 30).

TIpOIEHTHOTO CHOTHOIIICHHE Ha M30paHUTE KATO MOAXOISIIN 38 HHANKATOPH TAKCOHH BHB
BCsiKa mpoba Oere mpemsuucieHo ao 100% (Taom. 1).

CrenBamusT eTan OT MOfeNa € CBhP3aH C JUTHTAIHM3AI Ha BCHYKH ITOTYYCHH JaHHU H
unterpupanero um B ['MC cpena, kaTo B pe3ynTar ce MOJIydHxa PacTepHU U BEKTOPHHU CIIOCBE,
KaKTo ¥ aTpuOyTuBHa Tabmuna (Tabm. 1).

[Ipe3 mocneanust eran Oemie m3rpaaeH nuHamudeH [MIC GasupaH Mojen ¢ MOMOIITa Ha
monyna Model Builder na ArcView Spatial Analyst (ArcGIS v.10.0 ESRI Inc.). Monenst e
MIPOEKTUPAH Jla UHTerpupa Bcuuku HanuyHu JaHHu B THC cpena, kaTo B pe3yaTar Ha TOBa Ja ce
nonyud ChBPEMEHEH KaTHOPAIIMOHEH CET MPUIIOKHM 32 MAICOKIUMATHYHNA PEKOHCTP yKIIUH.

H3Boam

V3BBpIIeHnTe aHAIM3W [MOKA3BaT 3HAYMMa KOpeNalys Ha KIMMAaTHYHUTE MapaMmeTpu |
MIPOLIEHTHUTE CHOTHOIICHHUS HAa TAKCOHHTE B IOJIEHOBHTE CIEKTpH. 3a 76,9 % OT moneHoBHTE
THUIIOBE € YCTAHOBEHAa JMHEHHAa 3aBUCHMOCT MEXKAY IPOLEHTHOTO MM CBOTHOIIEHUE U
KIIMMaTHYHUTE TPOMEHIINBH. VI3roTBeHHAT Mozien MoXe fa 0b/e npriaras 3a mrotesae Ha CKC,
a momydeHute AaHHU 3a 2018 r. ca MpUIOKUMHU NpPU NMAJEOKIMMATUYHH M TNANE€0EKOIOTUYHH
pexorctpykuuu B I'YIC cpena.

Baaropapuoctn

Haydnute wu3cnenBanusi, pe3yiTaTHTe OT KOUTO ca TPEICTABEHM B HACTOAIIATA
nmyonuKaiys, ca u3Bbpinenn mo mpoekt HIT11/2018 ,,Cw3maBane Ha ['MIC mozen 3a oleHKa Ha
3aBHCHMOCTHUTE MTOJICH—PACTUTEITHOCT 1 MOJEH—KINMAT B arpoleHO3N B paMKHUTE Ha MPHCHIIATa
Ha TY-BapHa HaydHOU3CIIEI0BATEICKA ISHHOCT, (PMHAHCHPAHA LIEJICBO OT AbP)KaBHHS OIOIKET.
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I'nC MOJEJI 3A OIIEHKA HA 3ABUCUMOCTTA IIOJIEH-
PACTUTEJIHOCT B ATPOLHEHO3U1
Crosin Beprues, [lparomup Iliiamenos, Ilapiuna HackoBa,
Pycka lumurtpoBa
Kareapa ,,PacrenneBbacro®, Texnuuecku ynusepcurer — Bapna

GIS-BASED MODEL FOR ANALYSIS OF MODERN
POLLEN-VEGETATION RELATIONSHIP IN AGROCENOSES
Stoyan Vergiev, Dragomir Plamenov, Pavlina Naskova, Ruska Dimitrova
Department of Plant Production, Technical University of Varna

Abstract

The aim of the present paper is to present a GIS-based model for analysis of modern
pollen— vegetation relationship in order to define the Relevant Source Area of Pollen (RSAP) for
agrocenoses in northeastern Bulgaria. A dataset of pollen counts from 4 modern pollen samples
together with corresponding vegetation data, measured around each sample point in concentric
rings, were collected in 2018 yr. The plant abundance of each pollen type was weighed by distance
in GIS environment in order to test and validate an adequate methodology for measurement of
goodness-of-fit between pollen and vegetation data in agrocenoses and to create a calibrated model
which can be used for quantitative interpretation of fossil pollen data in palacoecological
reconstructions. Three submodels of the ERV model are tested and show similar results but ERV 3
was selected and gives an RSAP of 4300 m for agricultural landscapes.

Keywords: Modern pollen data, Pollen-vegetation relationship, distance-weighted plant
abundance, Relevant Source Area of Pollen.

BLBenenune

CHopoBO-TIONICHOBUAT aHaIW3 € €OWH OT OCHOBHHTE METOAHM, IIpWIaraH IIpH
naneoekoaornaHu pexoHcTpykiun (Overpeck et al., 2013), kaTo MperM3HOCTTa MYy 3aBUCH JIO
rojisiMa CTENCH OT Cbh3[JaBaHETO Ha CHBPEMECHHM KaIMOpHUpaHH MOJENH, KOMTO OTpa3siBaT
CHOTHOIICHUETO MEXAY CHBPEMEHHOTO ITOJICHOBO HATOBAapBaHE M CHBPEMEHHATA PACTUTEIHOCT
(Sugita, 1994; Vergiev, 2014). 3a paznuka OT KJIACHYECKHTE KayeCTBEHM HHTEpIIpeTaluud Ha
TIOJICHOBUTE CHEKTPH, MAaTEeMaTHIECKOTO MOJETHpaHe MpeIara Bb3MOXKHOCTH 33 CPaBHUTEIHO
TOYHU KOJNMYECTBEHH DPEKOHCTPYKIMM Ha MAalCOPacTUTENIHOCTTA Ha 0a3a HAa CHBPEMEHHHTE
3aBUCHMOCTH, KaTO Ca M3BEACHM PEIWIa MOJCIH, OCHOBABAIIM CE HA CHOTHOIICHUETO ITOJCH-
pactuTenHOCT B chBpeMeHHH yciosus (Vergiev ef al.,, 2014). Ta3u Bpb3ka ce pasKkpuBa IpH
aHAJIN3 Ha TMOJICHOBHUTE CIIEKTPU OT CHBPEMEHHHM IOBBPXHOCTHHM TPOOH, KaTro HaHHHUTE ce
CBIIOCTABAT C PACTUTEIHUTE CHOOIIECTBA, IPOM3BETH CHOTBETHOTO KoJMUecTo noieH (Andersen,
1970). Ot romsMo 3HaueHME 3a IMOIYYaBAHETO HA TOUHH KOIHMYECTBEHH PEKOHCTPYKLUH Ha
MaJIeOpPaCTUTEIHOCTTA TP MaTteMaTudeckoTo Mozenupane B I YIC cpena, € 1a ce momaydaT TOUYHH
JAHHHU 32 €IMH OT KJIIOYOBUTE MapaMeTpH — IpUiIekKalaTa 30Ha N3To4HUK Ha rnojneH ([I3UIT).

II3UI1 otpa3siBa TepUTOpHATa OKOJIO TOYKAaTa Ha B3eMaHe Ha Ipobara, OT KOATO €
BB3MOXKHO J1a ObJic IPOAYLHPAH MONEH OT ChOTBETEH TAKCOH M TOH Ja ce IIPHeMe 3a JIOKAJIEH, T. €.
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ce MpOoayLHpa OT PACTUTEIHOCTTA, Pa3MoIoKEeHa B HEMIOCPEACTBEHA OJIU30CT 110 mpobara (Sugita,
1994). [lpyrata "act e pe3yaTaT OT JajiedeH TNPEHOC, TpHeMa ce 3a IMOJeHOBO (HOHOBO
HAaTOBapBaHe U HETOBOTO KOIMYECTBO € KOHCTAHTHO (Sugita, 1994; Vergiev et al., 2014).

3a pas3nuka OT IpyruTre HeOOXOIMMHU TPHU peKOHCTpyKuuuTe napamerpu, [13UIT Bapupa B
3aBHCHMOCT OT reorpad)ckata MIMPHHA U TUTIOBETE PACTHTENIHH CHOONIECTBA IMPOU3BENHN IOJICHA.
ToBa Hajara TO3W IMokKaszaten Ja ObJie W3YMCIIEeH 3a Besika emHa Tepuropus (Vergiev, 2014). 3a
pasyiuKa OT TIONYYEHHWTE M BAaTMAUPAHU Upe3 CHMYNAIWU JaHHH OT €CTECTBEHH PACTHTEIHH
cpobmectBa (Vergiev, 2014; Vergiev et al., 2014; Vergiev, 2018), Bce owe He ¢ monydeHa [13UIT
3a 00paboTBaeMH IUIOIIH 3a TEPUTOPHUSTA HAa Bhiarapus.

Ienta Ha HACTOAIIOTO M3cieABaHe ¢ Aa ce m3rorsu [MIC mozen, KOHTO ga MHTErpupa
MacHBHUTE OT TOJICHOBH JaHHU OT CHBPEMCHHH ITIOBBPXHOCTHH MPOOM W MpoW3BeNaTa T'H
pPAacCTHTETHOCT B arpoIeHO3M, KaTo Mo To3u HaumH ce ompexenu [I3UII 3a ceBepomstouna
boarapus 3a Bereranmonen nepuog 2018 r.

Marepuax H MeTOIHKA

OmnpenensHeTo Ha Bpb3KaTa MOJNeH — pacTuTenHocT 3a 2018 1. Oerre ochIiecTBeHO Ha Oa3a
4 cpBpeMeHHM NOBBPXHOCTHH mouBeHun npobu (IIIII) B oOpabGoTBaeMu IUIOMM 3aCETH C
MIICHUIA. 32 aHau3 0sxa chOpaHM Ha CITy4acH IPHHIMI 5 NOANPOOH OT NOYBEHHUS CyOCTpaT Ha
JIBI00YMHAa MAaKCHMYM JI0 5 ¢cm B paMKHUTE Ha MpoOHa IIIomaaka ¢ pasmepu 1 x 1 m, mogmpodute
Cca CMECEHH B €/IHA H OT Hesl € B3eTO KOJMYECTBO OT 3 cm’.

JlaboparopHara o0OpaboTka Ha mpobuTe € m3BbpiieHa B Jlaboparopusra mo 06a3oBU
OMONOrMYHK TUCLUIUIMHU KBbM Katempa ,,PacTeHHEeBBACTBO™ mpu TEXHHMYECKH YHHUBEPCUTET —
Bapna B chOTBETCTBHE ChC CTaHAAPTHUS aneTom3eH meron Ha Faegri & Iversen (1989) u Birks &
Birks (1980). 3a ompenensiHe Ha MOJECHOBUTE CIEKTPU Ca W3TOTBEHW HETPAMHU TIUILEPHUHOBH
MHUKPOCKOIICKH IpenapaTd, B KOUTO ca M30pOsBaHH BCHYKH CpPEINAINY CE B NPOOHTE IOJICHOBU
3bpHA W CIOpPH, KaTO Ca OMpENEICHH M0 HA-HUCKO TAKCOHOMHYHO HUBO M OTHECCHH KBM
OIIpe/ICIICH MOJICHOB THIL.

OUTONIEHOIIOTUIHOTO O0CIIE/IBaHE HA PACTHTEIHOCTTA OKOJIO MpOoOWTE Oellle M3BHPIIECHO
npe3 2018 r. B chOTBETCTBUE ¢ MeTOAMKaTa Ha Bunting et al. (2013), moauduuupana 3a roinemMu
n3cieaanu rionwm (Vergiev, 2014) (¢wur. 4). KonndecTBeHOTO ydacTre Ha BUOBETE € ONMCAHO B
4 KOHLIEHTPUYHH TPHCTEHA, MO § pPAaBHOOTHANICYEHH TPAHCEKTa, 3aloyBalld OT TOYKaTa Ha
npoOOB3eMaHe W HACOYCHU HAaBBH U € OICHEHO BH3YaJIHO B MPOOHU IUIomaakud oT 1 X 1 m mo
ckamata Ha Braun-Blanquet (1964). [IpoOHuTe TUTOmIaNKK ca Pa3MONOKEHH B CHOTBETCTBHE C
MeTonukaTa Ha Brostrom ef al. (2004) (¢ur. 4).

[lomydennTe naHHW 3a Pa3MpPOCTPAHCHHWETO M TIOKPHUTHETO Ca TUTHTAIM3UPAHU BBHB
BEKTOpeH (hopmart ¢ nomornra Ha codpryeprus npoaykt QGIS 3.0 Girona. IToneHoBuTe qaHHM ca
obpabotenn ¢ mporpamara PolERV v.4.0 (HUMPOL v. 3.1) (Bunting & Middleton, 2005),
ocHoBaBamla ce Ha Tpute moamojena Ha Moxpena ERV (Extended R-value model) (Parsons &
Prentice, 1981; Prentice & Parsons, 1983; Sugita ez al., 1999).

PesysiraTi u o6chiKIaHEe

C 1en a ce WHTErpUpaT MacCHBUTE OT TOJICHOBH JTaHHU OT CHBPEMEHHHTE ITOBBPXHOCTHHU
npoOu U Jla ce M3UUCIIH CTENEHTa Ha TeKeCT Ha (haKTopa OTCTOSHUE OT B3eMaHe Ha ImpobaTa Oerre
narpazaeH u npuioked ['MC 6asupan moaen (dur. 1).

[lomydeHnuTe maHHM 3a Pa3POCTPAHEHHETO HA CBhBPEMEHHATa pPACTUTENHOCT Osxa
OCpPEJJHEHU 3a BCEKM H3CNIE/BaH IEPUMETHP M JWTUTAIM3MpAaHUH BBB BekTopeH ¢opmar B GIS
cpena. bsixa TecTBaHM HAKOIKO MOCTAHOBKH 3a ONHCAHHE Ha pacTHTETHOCTTA ((ur. 4), MpH KOUTO
00paboTBaeMuUTe MJIOLIM ChCTAaBIsABAT CbOTBETHO 0%, 25%, 50% u 100% ot obuiara uscienBaHa
wrom. V34ncieHo € TPOIEHTHOTO MOKPUTHE Ha BCEKHM PACTHTENCH, KaKTO B €CTECTBEHATa
PaCTUTETHOCT, TaKa U B arPOLICHO3HTE.
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HpI/I CIIOPOBO-IIOJICHOBUS aHAJIN3 Ha CbBPEMEHHUTE TOBbPXHOCTHU Hp06I/I € OTYUTAH 6p0$[
Ha TIIOJICHOBUTE 3BbpHA Ha 30 kIr0490BH TaKCOHa, KaToO HNPOLHECHTHOTO HM Y4YaCTHE BBB BCCKU

II0JICHOB

Jarmu 3a pasnpocTpaHeHHeTo
disnkoreorpadexn HAHHH 32 H3CTEIBAHHA Jlannm ot HA PACTHTEINKTE BILIOBE OKOMO
paioH NIONICHOBHTE TOUKHTE Ha B3emane Ha npodnre
(l'eonomxa, Tonorpadeka, nousena n CIEKTPH OT TEPEHHH TPOYYBAHHSA 1 4Pe3
reomophonoxkka kapr wa bunrapuns) JIMCTAHIHOHHH METOIH

Juraranmsanus
T JaHHATe

TernoBn

JuraTanmsanus
“overlay” anamn3

Ha JJAHHHTE

Croese ¢

Jlururanen Cnocese ¢
MOJIEN HA (usukoreorpage Croese ¢ nonexosn pasnpocTpaHeHHe Ha
peneda (DEM) KH JIaHHH CHEKTPH BHJIOBETE B
KOHLIGHTPHYHH KPBroOBE

Ternosn
“overlay” ananu3

bazosa kapra

Oﬁoﬁmeﬂa KapTa ¢ MACHBH OT JaHHH, 0TPa3siBalla BPbL3KATA NOJCH-PACTHTECIHOCT

®@ur. 1. AnroputsM Ha moaenupanero B [MIC cpena

cnekTwp e npemzuncieno 10 100% (¢ur. 2). Orpanndenuero 3a 30 TakcoHa ce 00yciaBs
OT IapamMeTbpa CKOPOCT Ha YyrasBaHC Ha IIOJICHOBHTE 3bpHA, KOWTO ce Ompees
excrniepuMenTaiHo (Brostrom et al., 2004; Sugita et al., 1999; Fredh et al., 2012).

0%

20% 40% 509 60% 809 0% 100%
» Pinus diplonyion B Juniperus = Picea ereus B Clrpinus beruds  ® Corylus
u Ulinuss aTilia Al wicer u Fagus u Betiila
o Fravinus u Carpinus oriemtalis = Cyperaceae FPotentilia type wAster-npe wArtemisia
u Chenopodiaceae = Poaceae = Rublaceae = Cichoriaceae = Cerealia-hpe = Plantago Tanceolata
Rumex Cornus mas Filipendila Fabaceae = Sali _bies

@ur. 2. [ToneHOBH CIIEKTPH Ha CHBPEMEHHHUTE TOBBPXHOCTHH MPOOH.
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VI3BBpIICHUSIT MHOTOBApHAHTECH aHAJIM3 HA JAHHUTE 38 PACTUTEIHOCTTA M IPOLEHTHOTO
yJacTHe Ha BCEKH TIOJICHOB THIT B TOJICHOBUTE CIICKTPH OIMPENENH ChOTBETCTBUETO MEXKy JBaTa
Habopa oT jAaHHM. AHanu3bT Ha octarhiuTe (RDA) mokasa BHCOKa KOpemauusl M CHJIHA BPb3Ka
MEXIy CTOHHOCTHTE Ha TOJIeHa M pacturenHoctta (¢ur. 3). MareMaTHIecKH TOBa CXOACTBO CE
W3YHCIISIBA Ype3 brbjia Ha o0IIaTa HaCOYEHOCT MEX/TY BaTa BEKTOpa M 3HAYCHUETO Ha JBETE OCH.

3ona | (0-10 m) 5 3ona 2 (10-100 m) 3oma 3 (100-1500 m) 3ona 4 (1500-5000 m)

6
6
6

06

0 Axis 2
0 Axis 2

06 0 Axis | 06 06 0 Axis | 06 06 0 Axis | 06 06 0 Axis 1 06

——— pacTHTennoCT nosen

@ur. 3. OpanHAIMOHHA Aarpama Ha aHanu3 Ha octaTeimTe (RDA). bumnor Ha chOTHOIIEHHETO
PacTUTEITHOCT-IOJICH B PAMKHTE HA Pa3JIMYHHUTE 30HM OT TOUKATa 32 B3eMaHe Ha npoodara.

IlepmyranuuTe Ha CTOXaCTUYHMAT CTATUCTHYECKU MeToA ,,MouTe Kapno® nmemoncrpupar
MalbK BI'bJ U ChOTBETHO HHcKa crouHocT (p = 0,01). Haii-romsima crerneH Ha ChOTBETCTBHE
nokazsat Poaceae, Carpinus betulus, Fraxinus, Quercus w Betula. Tonemu OTKIOHEHHS ce
ortOens3Bart 3a Artemisia, Plantago lanceolata, Aster-type u Cichoriceae.

I[I3UIT e pa3cTOSHUETO TPU KOETO, CHOTHONICHHETO MEXKIY TPEACTABIHETO B
pPACTUTENHOCTTA M TIOJCHOBUTE CHEKTPM Ha BCHYKH TaKCOHM HMMa JIMHEHHAa HamalsBaa
3aBUCHUMOCT, KOSTO € ONpeJielieHa H OT TCOPETHIHHUTE TOCTaHOBKH B Mojienia ERV (Sugita, 1994).
Crnen ToBa pa3CcTOSHWE Ta3M 3aBUCHMOCT OCTaBa JIMHEWHa, HO KpUBaTa W3Maja B aCUMITOTa U
OCIIIUIMPa OKOJIO €IHa CTOMHOCT, T. €. He ce moxunHsaBa Ha (akropa texect (Jackson & Lyford,
1999).

W3non3Baiiku aaropurbma 3ajokeH B nporpamara PolERV v.4.0 (HUMPOL v. 3.1) 0sxa
W3YHCIIEHN CTOMHOCTUTE Ha (YHKIMATA Ha MaKCHMalHAaTa BEPOSTHOCT MEXAY ITOJICHOBUTE
CIEKTPH U peanHaTa pacturenHocT. Cren HaHacsHe Ha XY Auarpama, COpsSMO Pa3CTOSHHETO OT
TOYKaTa HAa B3EMaHE Ha mIpobaTa, Oemie W3depraHa KpHBa M OMNPEIelicH paguychT Ha 30HATA,
OLIEHEH Ha Pa3CTOSHHETO Ha KOeTO (YHKIUATa HAOMIDKM acUMMTOTa. TeCTBaHM ca W TPUTE
noamonena Ha ERV. Te ngaBat Onu3KM CTOWHOCTH, HO 3a paguyc Oelie mpuera Hail-HUCKaTa
CTOMHOCT Tipy OayaHCHpaHaTa 1o OTHOIICHHE Ha CTOMHOCTHUTE JIOTAPUTMUYHA KPUBA.

Onenkata Ha [I3UII B Hacrosmoro uzcineapane, Bapupa mexay 4300 m u 4860 m, B
3aBUCHMOCT OT wu3mnoi3BaHus moamozen. ERV1 mokasBa Hali-BHCOKa CTOWHOCT, KaKTO Ha
(yHKuMATa HA MakcuManHaTa BepoaTHocT (43820), Taka u Ha paauyca — 4860 m. IIpu ERV2 nHaii-
HHUCKaTa W Hai-BHCOKaTa CTOMHOCTH Ha (yHKIMsATa ca Mexmy 28510 u 37330. MonenbT nmokas3sa
Majlka pa3iMKa, HO JaBa CpaBHUTENHO ronaM paguyc — 4600 m. Ilogmozmen 3 mnokassa
CPaBHHUTEIHO 3aKOHOMEPHO JIOTAPUTMUYHO HaMaJIsiBaHE Ha KpUBaTa JI0 JOCTUraHe Ha aCUMIITOTA.
To3u Mozex IeMOHCTpHpa Mo-100bp OajlaHC Ha KpUBaTa M MOKa3Ba Hal-Maykus pagmyc — 4300 m
(¢ur. 4). OcHoBaBaiiki ce Ha TEOPETUYHHTE IMOCTAHOBKH, 3a pamuyc Ha [I3UII TpsiOBa nma ce
m3bepe 4300 m. ToBa e waeHTHYHA CTOWHOCT C TPEIXOAHH W3CICIABAHUSI B €CTECTBECHH
pacTuTeIHHU choOIIecTBa B ceBeponsTouHa brirapus (Vergiev, 2014, Vergiev, 2018).

H3Boau
PagnyceT Ha Ilpunexainata 30Ha H3TOYHUK HA MOJEH 3a U3CIEIBAHUTE arpoLiEHO3U € OLIEHEH Ha
4300 m, KoeTo IMoKa3Ba HMUCKa CTENCH Ha TEeXKECT Ha (paKkTopa OTCTOSHHE OT B3eMaHe Ha mpodara,
1 € CBbIIOCTaBUM C NPEAXOAHU MU3CIICABAHUA Ha €CTECTBECHU PACTUTCIIHU C"bO6LL[eCTBa.
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@ur. 4. Merojrka 3a OIMCAHKE HA PACTUTETHOCTTAa OKOJIO TOYKATa Ha B3eMaHe Ha IpodaTa

(o Bunting et al. (2013) u Vergiev (2014) u cxema Ha MECTOITOJIOKESHUETO Ha TIPOOHHUTE
mwiomaaku (mo Brostrom et al., 2004), mpuxoBaHaTa MJIOII OTPa3siBa arpolleHO3HTE;

CrworHorrenue Ha AP/NAP (TlojieH oT IbpBECHU TAKCOHH/TIONEH OT TPEBUCTH TaKCOHH); KpuBu
Ha OyHKIMATA HA MAKCUMATHATA BEPOSTHOCT, ChOTHECEHA KbM OTCTOSIHUETO OT TOYKaTa Ha
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ITonmonen ERV3 nemoHcTpupa mo-go0bp OanaHc Ha KpuBaTa W TOKa3Ba Ha-MajbK
paauyc. ChIIOTO Cce OTHACS M 32 METOAMKATA 32 ONMCAHUE HA PACTHTENHOCTTa ¢ ydactie Ha 50%
ecTecTBeHa pacTuTenHocT u 50% arporeHosu.

BaaroxapuocTu

Hayunurte wu3ciaeaBaHus, pE3yITATUTE OT KOWTO Ca MPEACTABEHA B HACTOSIIATa
nmyonmuKaIys, ca u3BbpineHn mo npoekt HIT11/2018 ,,Cw3maBane Ha ['MIC mozen 3a oreHka Ha
3aBUCUMOCTHUTE IOJICH-PACTUTEIHOCT M IOJICH-KIMMAT B arpoOLEHO3U™ B PAMKHTE Ha IPUCHILATA
Ha TY—BapHa HaygyHOHM3CIIeJOBaTEICKA IEHHOCT, (PMHAHCHPAHA LIEJICBO OT AbPIKaBHHS OIOKET.
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JTETAMJIHO 'IC KAPTUPAHE HA KOHCEPBAIITMOHHO
SHAYUMUTE PACTEHUS B HEHTPAJIHATA I'PYIIA HA
SAIUTEHA MECTHOCT ,,1IOBUTU KAMBHU*
Crosin Beprues
Karenpa ,,PacrenneBbacrso®, Texnnuecku ynusepcurer — Bapua

DETAILED GIS MAPPING OF PLANTS WITH CONSERVATION
STATUS IN CENTRAL GROUP OF PROTECTED AREA POBITI
KAMANI (NORTHEASTERN BULGARIA)

Stoyan Vergiev
Department of Plant Production, Technical University of Varna

Abstract

The aim of the present study is to check the current conservation status of rare, endemic,
vulnerable, threatened and protected plant species in Central Group (Northern and Southern zones)
of protected area Pobiti Kamani (Stone Forest). In order to investigate the distribution of 9 plant
communities (4lyssum borzaeanum, Anthemis regis-borisii, Arenaria rigida, Centaurea arenaria,
Dianthus nardiformis, Ephedra distachya, Aurinia uechtritziana, Erysimum quadrangulum,
Verbascum purpureum), a detailed GIS mapping was performed, as well as GPS topographic
survey. The collected field data were further integrated and analyzed in a GIS environment using
base maps and Digital Terrain Model (DTM). As a result of the study, detailed distribution maps
of investigated species communities in Central Group were drawn. Special attention is paid to the
zones where two or more communities are overlapped. Localization of these hotspots is crucial for
protection management.

Keywords: GIS mapping, protected area Pobiti Kamani, protected plants, vulnerability
assessment.

BnBegenue

[paBuaHOTO pasmpenelicHHe W LeIechoOpa3HO W3MON3BaHE Ha MyONHMYHHUTE (DHUHAHCOBH
pecypcu € BaKHa Ilel B JCHHOCTHTE MO 3allMTaTa W ONa3BaHETO HA PACTUTEIHHUTE BHIOBE H
texHute xabutatu [1]. OcHoBHaTa 3a/1a4a MpH onpenensiHe "KbJe U KOU BUAOBe TpsiOBa na 6baat
3ammTeHn" € Ja ce MACHTHOHIUPAT W IPHOPUTU3UPAT T. HAp. ,,LOPEIIN TOUKH  [2] M IMEHHO KbM
TAXHATa KOHCEpBaLus J1a ObJaT HACOYSHH YCHIIUSITA M OrpaHu4eHHs (GUHAHCOB pecypc.

CorimacHo wit. 33 ot 3akoHa 3a 3alUTEHUTE TEPUTOPHH [3], 3alIUTEHUTE MECTHOCTH OT
elHa CTpaHa Ce YMIpaBIsABAT C 1€ OMa3BaHe, MOIIbP)KaHE WM BH3CTAHOBSBAHE HA YCIOBHUS B
MECTOOOHTAHUATA, a OT JIpyra ce BMCHsBA 3aJbJDKCHHC 3a IPEIOCTaBSIHE Ha BB3MOKHOCTH 3a
Typu3bM. B 3alIMTeHNTE TEPUTOPUM C WHTCH3MBHO Pa3BUTa TYPUCTHYECKA JNEWHOCT ce Hajlara
OLIEHKaTa Ha YsI3BUMOCTTAa Ha XaOUTaTHUTE a Ce OCHILECTBSABA C MO-TOIsIMA YeCTOTA.

IlenTa Ha HACTOAIIIOTO M3CIIEIBAHE € Ja CE IIPOBEPH aKTYyaTHHS CTAaTYT Ha KOHCEPBAMOHHO
3HAYMMUTE BUOBE pacTeHus (peAKH, eHIEMUYHH, YA3BUMHU, 3aCTPALICH! U 3alIUTEHU PACTUTEITHI
BuaoBe) B rpymute ,lleatsp — HOr* m ,llentsp — CeBep™ Ha 3ammTeHa MecTHOCT ,,JloOuTH
KaMBHH'‘, KaTO C€ M3BBPILH JICTAMIHO KapTHpaHe Ha TsXHOTO pasnpocTpanHenue B [ IC cpena. Ha
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0a3a MPUIOKPHBaHEe HA MOJUIOHUTE HA PAa3NPOCTPAHEHHE HA [Ba WIIH [IOBEYE PACTHTENHM BUIA,
Jla ce ONPENeINAT ,,[OPEIIUTEe TOYKH  Ha PacTUTEIHOTO OMOpa3HOOOpasue, NOCThIA 10 KOMTO Ia
Obe orpaHIYeH.

Matepuaa 4 MeTOAMKA

IlpoyuBanmsita Ha ¢uopata W pacTUTEIHHTE CBHOOLIECTBA Ca M3BBPIICHH YPE3
MHOTOKPaTHH TEPEHHU IpOyuyBaHMs Ipe3 BererauuoHeH nepuoa 2017 r. IIpupopo3aluTHUAT
CTaTyT € onpeJeleH crnopen [4, 5], a eHIeMHUTUTe U PEIUKTUTE ca onpeaeneHu o [4, 6].

IIpu w3dyepraBaHe Ha KapTuTe ca m3mon3BaHu: Kaprorpadceka mpoekmuss UTM Zone 35
North, 3emna xoopaunatHa cucreMa WGS84 u banTtuiickaTa BUCOYMHHA CUCTEMA.

Pe3yaraTu u odcbikaane

3a HYXIWTC Ha HACTOALIOTO H3CIEIBAHE ca H3IOJ3BAaHM COOCTBEHH IPOYYBAHHSI U
JTUTEpaTypHU NAaHHU 3a (uiopaTa U pa3MpOCTPaHEHHETO Ha PACTUTEIHUTE BUAOBE B U3CIICABAHUS
paiioH [7, 8, 9], KaTo e MpoOBepeH aKTYaIHHs MPHUPOAO3ALIMTCH CTATYT HA PACTUTCIHUTE BUIOBE
(Tabn. 1). Ha teputopusita Ha rpynute ,llearsp — IOr u ,llearbp — CeBep™ Ha 3ammuTeHa
MeCTHOCT ,,[I00MTH KaMBbHU‘ HE ca yCTAaHOBEHH BUAOBE BKIIIOUEHH B J[MpeKkTHBaTa 3a XaburaTure
(Directive 92/43/EEC) [10], xakto u B IIpunoxenue II Ha KoHBeHIMATa 3a MeXIyHapoJaHATA
THPTOBHUS ChC 3aCTpallleHH BHOBE OT auBata (ayna u dopa (CITES) [11].

Taon. 1. Bunose ¢ npupo103auTet cTaTyc
YK — Yepeena knuea na Pbvneapus, CR — Kpumuuno 3acmpawenu, EN — 3acmpawenu; BK —
[punoowcenue I na Koneenyusma 3a onaszeame na ousama esponeticka uopa u payna u
npupoonume mecmoodbumanus (beprcka xonsenyus); 36P — Ipunooscenus 111 u 1V na 3axona 3a
buonozuunomo pasnooopasue (2002); IUCN — meacoynapooden I[UCN cmamym.

Ennemu

Ne Bun 36P | UK ond IUCN | BK
1. | Alyssum borzaeanum Nyar. + EN . i N
bop3eaHoB urnoBpbx
2. | Anthemis regis-borisii Stoj. et Acht. Buarapckn
+ EN - -
bopucoBo nogpymuue enemnuT
3. | Arenaria rigida M. Bieb. N CR ] R ]

TBBpIONUCTHA TEChUapKa

4. Centaurea arenaria M.B. ex Wild.
[Isachyna MeTIMYMHA

5. | Dianthus nardiformis Janka
KaptbioBuneH kapamdun

6. | Ephedra distachya L.

+ EN Bankancku R

CHJIEMHUT

+ - - - -
OoukHOBeHa edesipa

7. | Aurinia uechtritziana (Bornm.) Cullen & Dudley + EN ) ) +
Brarapcka aypunus (JEIHIOTPUXYM)

8. | Erysimum quadrangulum (L’Her.) Desf. + EN ) ) }
Yerupupnbecta Oosiaka (CupeHus)

9. Verbascum purpureum (Janka) Hub.-Mor. + EN Bankancxn _ +

XKnesucr nonen cyGenemut

Crnen MHBEHTapHU3alMsATa HA KOHCEPBALMOHHO 3HAYMMHTE BUAOBE, OsiXa M3TOTBEHH KapTH
Ha pasnpoctpanenneTo UM B [MC cpema (dur. 1). beme m3rpanen munamuued ['MIC Gasupan
Mojen ¢ momomra Ha Momyina Model Builder ma codryepums npomykr QGIS 3.0 Girona, ¢
MOMOIITa HA KOWTO MACHBHUTE OT JaHHU OsiXxa OPraHU3MPaHU U CTPYKTYPHPAHU B aTPHOYTHBHH
TaOJNNIM ¥ OTHECEHN KBM CIJIOEBETE BHB BEKTOPEH (pOpMAT MOCPEACTBOM pENAllMOHHU KIACOBE.
MopenbT € NPOSKTHpAH Ja OLEHH MecTaTa Ha [PUIOKPHBAHE HA MOJMIOHUTE HA
pasmpocTpaHeHue Ha BHOOBeTe (Gur. 24), U aa uACHTH(GUINpA IDIONIUTE, KBICTO ce HaOIIfo1aBa
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KOHIOEHTpaluss Ha BHUJAOBE, KAaTO IO TO3W HAYWH Oere u34depraHa Kapta Ha ,,IOPCIIUTC TOYKH

(¢ur. 25).

—

SRS
TS

@ur. 1. Kaptu Ha pa3npocTpaHeHHETO Ha KOHCEPBAIMOHHO 3HAYUMUTE BUIOBE
(HOMepanusATa Ha KapTUTe ClieIBa HOMepalusaTa Ha BuaoBere B Taom. 1).

BaaronapHocTu

Hayunure wu3cnenBaHusi, pe3yliTaTUTe OT KOWTO ca TMPEACTABEHH B HACTOsIIATa
myomKarws, ca mBbpmenn mo npoekt HII11/2018 ,,Cp3maBane Ha TMIC Monmen 3a omeHka Ha
3aBHCHMOCTHUTE MOJICH—PACTHTEIHOCT U MOJCH—KIMMAT B arpoOLCHO3H" B pAMKHTE Ha MPUCHIIATA
Ha TY—Bapna HayuHOUM3CIIe[OBaTENCKA NEWHOCT, (PUHAHCHpAHA IIEIEBO OT JIBPKABHUS OO/KET.
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m 250 500
]

®@ur. 2. A) O600IIeHa KapTa Ha MPUIIOKPUBAHETO Ha Pa3MpOCTPAHEHUETO Ha KOHCEPBAIIMOHHO
3HaYMMHUTE BHUOBE, H) Kapra Ha ,,ropenmre TOuKu*
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YCTAHOBSABAHE HA AJIEJIHOTO CbCTOSAHUE HA I'EHA PUN-1,
OTT'OBAPIII 3A CUHTE3A HA KAIICAUILIUH, B U3BPAHU
BUJAOBE OT PO/l CAPSICUM (IIUIIEP)

Tonopka CpedueBa*, bo:xun boxunos
Karenpa ,,I'eneTuxka u cesqekuus', Arpapes Yuusepcurer, Iliiopaus,
buarapus

IDENTIFICATION OF ALLELIC STATE OF THE PUN-1 GENE
ASSOCIATED WITH THE CAPSAICIN SYNTHESIS IN SELECTED
CAPSICUM (PEPPER) SPECIES.

Todorka Srebcheva*, Bojin Bojinov
Department of Genetics and Plant Breeding, Agricultural University,
Plovdiv, Bulgaria

Abstract

Known in Europe from the end of 15-th century and with key economic importance today
the species of the genus Capsicum, Solanaceae, have the unique capacity to synthesize capsaicin.
Capsaicin is the main of a group of alkaloid compounds that give the pungency to pepper. Its
biosynthesis is complex and requires a number of intermediate compounds that are produced
through two separate pathways that at the end converge so that the condensation reaction is
controlled by the Pungency gene 1 (Pun 1) at chromosome 2, identified as acyltransferase 3 (At 3).
Mutations in the Pun-1 gene lead to the loss of pungency. So far four mutant alleles of this gene
are known: punl-1, punl-2, punl-3 and punl-4.

The aim of the current study was to examine the allelic state of some Bulgarian peppers.
Genomic DNA from 2 pungent and 3 non-pungent Bulgarian pepper varieties was used for
amplification with allele-specific primers for the punl-1 mutation.

After the PCR amplification the products were subjected to electrophoretic separation in
2% w/v agarose gels and visualized by staining with ethidium bromide.

The analysis of the PCR products revealed that amplified fragments confirm the presence
of this particular allele of the Pun-1 gene (the punl-1 allele) as the cause for the lack of pungency
in studied genotypes. In the pungent C. chinense species a fragment of 1064 bp was obtained that
according to the literature corresponds to the Pun-1/Pun-1 wild type.

Keywords : Punl, Capsaicin , Pepper, Pungency, Capsicum,

BbBenenue

KaTo MKOHOMHYECKH Ba)KHa KYITypa B CBETOBEH Maiiad, MUIEPhT € MOIPOOHO M3CICIBaH
(Das et al., 2016; Ibarra-Torres et al., 2015; Lahbib et al., 2017; Moreira et al., 2018; Tanaka et al.,
2014). YcraHoBeHo e, ye camo BuaoBere OT pox Capsicum ca B CbCTOSHHE Ja CHUHTE3UpAT
QJIKAJIONIHOTO CheArHeHue KarcanituH. Ciien OMOCHHTE3a TOBa BEIIECTBO CE€ CEKPETHPAa KbM
BBHIIHUTE CMUICPMAIHA KICTKA M HaKpas ce HATPYyIBa B CTPYKTYPH, HAPEUCHH ,MeXypu,
pas3moJIoKeHH Ha TIOBBPXHOCTTA Ha muiareHTara (Ananthan et al., 2018; Aza-Gonzalez et al., 2011;
Lahbib et al., 2017; Stewart et al., 2007). KancanuabsT € H301HpaH 3a IbPBU ITBT B Kpast Ha 19-Tn
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Bek (Thresh, 1876), a Tounata My mpupoaa e ycranoBeHna mnpe3 1923 r. (Nelson and Dawson,
1923). HanmuueTo Ha KarcaulMH ce KOHTPOJUpa OT JIoKyc Pun-1, xomupain anuntpancdepasa
(Ben-Chaim et al., 2001; Blum et al., 2002; Lefebvre et al., 1995). ®ynkuuonanau nepextu B
TO3M T'eH BOIAT 10 3aryda Ha nmukantHocT (Han et al., 2013; Kobata et al., 2013). IIpu penecuBHus
anen punl-1 ce Habmogasa 2.5-kb nenerust, oOxBaIana npeamnoIaraéMus IpOMOTOPEH PETHOH U
roJIsIMa YacT Ha IbPBHsA ek30H. CMsTa ce, 4e IIHPOKO Pa3NpOCTPAHCHUAT B CIIAJKUTE COPTOBE OT
Bua Capsicum annuum aeln € Bb3HUKHAI mpean okoio 3 Beka. (Boswell, 1937; Lee et al., 2005).
IIpu anen punl-2 B C. chinense uma 4-bp nenelys B MbPBU €K30H, KOATO Ch3/aBa PaHEH CTOI
KOJIOH. B TO3WM aryen mma TpaHCKPUIIHS, HO HE Ce IMPOM3BEKIA MPOTCHHOB MPOAYKT (Stewart et
al., 2007). B anena punl-3 B C. frutescense ronsima Jenenusi BbB BTOPU €K30H BOJIHU JI0 3arybaTa
Ha 70 amuHokucenuHd B Punl mporewna. To3u anmen He ce TpaHCKpUOWpPA, HUTO TPAHCIUPA
(Stellari et al., 2010). ITponsxoxsT Ha anen punl-4 B copt Nara Murasaki or C. annuum =He e
W3BECTCH. BbBIpekn, 4e mMa IBJICH NMPOMOTOP M €K30H 1, elHa MHCepuus BBB BTOPU CK30H
TpeIM3BUKBA N3MECTBaHE B pamkara Ha derene (Kirii et al., 2017). Myranuure B Punl noxyca ca
OPENIOYUTAaHH M CE H3MOJ3BAaT OT JBIrO BpeMe IPH OTTIICKIAHETO HA CIAJKHA [HUIEPU
(Deshpande, 1935).

MHOXXECTBOTO [aHHM TOKa3BaT KaK MpPOMEHUTE BBHB (DEHOTHIIOBETE IO BpeMe Ha
KYJATUBHPAHETO HA PACTEHHATA MOraT Aa ObJaT pe3yiTaT OT CMYIICHUS B JMHHYHA JOMUHAHTHU
renu, kato Punl. Han enuH Bek ca mpOIbIDKUIIA M3CISIBAHUATA HA AJICIHUS ChCTAaB NP JTIOTUBU
W CJIaJIKH MMUIEpH. Y CTAHOBEHO €, 4e ayieNibT punl-1 e oTroBopeH 3a jurcara Ha mUKaHTHOCT B C.
annuum B pe3yNTaT Ha ToisMa jgenenus B Punl, koATO e 3amaseHa W pasNpoCTpaHsABaHA B
HPOABIDKCHHE Ha HIKOJIKO BEKa.

®urypa 1. U3BecTHuTe anenu Ha reda Punl:

Wild-type pun1
(hyp: pun?)

exon 1 exon 2
Punt B

| | I 1
-1829 45 8 1R 1716

- upoxka 5° genenus npoayuupa punl-1;
- M WSl B TBPBU €K30H NMPOMEHST paMKaT:
puml ] }E.— Promoter, beginning of yTaH p CK30 pO € pa ara
W—( o0 1 deltion Ha ueTeHe B punl-2;
-1828 735 783 132 1716 Notranscription
- IIpeKbCBaHE BbB BTOPU €K30H B punl-3.

. " 2 Exon 1 frameshift mutation - MyTaHMHTe pun 1 - 1 u pun 1 -3 HE CE

[ 1 'L‘ ;E'_ Transcription, no translation TpaHCKpI/I6I/IpaT, JIOKaTO HpI/I pun 1 _2 ce

dbpinsertion

punt?

-1829 45 78 132 1716
HaOromaBa  TPAHCKPUILMS, HO HE H
- { il i TPaneat,
punt 5 I - punl-4 IIPUTEXKAaBa €AVHUYHO
tpmetn [P AT HYKJIEOTHIHO BMBKBAHE BLB BTOPHS CK3OH,
— i L KOoeTo mpoMeHs pamkara Ha yereHe (Kirii et
purtt | T smzianetitnisin a1 2017 Stellari et al., 2010)
-1845 45 783 13 177 Transcription, no translation > > > :

3a ycTaHOBSIBaHE Ha aJICTHOTO CHCTOSIHUE HA TpUTe Obarapcku coprta numnep (IImoBauBcka
karmust, @ammmms u M3K Jlenukarec) € HEOOXOAMMO H3MON3BaHeTo Ha anen-cnenupuaan PCR
mpaiiMeps, KOWTO MOTaT Ja OTKPHAT (YHKIMOHATHUTE HYKJICOTHIHH MOIUMOPGUIMH Ha
gyetupute Punl amenu. PazpaboTBaHeTo Ha TakbB HaOOp OT MapKepu € BB3IPEISATCTBAHO OT
HaJM4MeTo Ha rceBnoreH catf2. catf2 e mapanor Ha Punl, ¢ 82% wnaeHTHYHOCT Ha CEeKBEHIHMATA
(Lang et al. 2006 1.). 3a ga ce pasrpaHu4n HaAEXKIHO anena punl-1 ot apyrure anenu Punl Wyatt
et al. (2012) mpoektupar 3-npaiimeper PCR mapkep. Upe3 Mo3UIMOHUPAHETO HA MBPBUAT MpPaB
npaiiMep B obnacTTa ¢ Aenerys, aMIUTH(UIMPaHEeTO ce CIydBa caMO B OTCHCTBHETO HA MYTAI[Hs
punl-1. BropusaT mnpaB mpaiimep oOxBamia o0JacTTa C JeNielWs, Taka Y€ ce CBBbp3Ba H
ammmunmIpa camo, kKorato aenermata Ha punl-1 e mammme (Wyatt et al., 2012). Touno Ta3u
KOMOMHALMSI OT MpaiiMepy € U3IMO0I3BaHa U B HACTOSILIIOTO U3CIIEIBaHE.

Marepuajiu U MeTOIH
3a m3BBpIIBaHE Ha aHANM3UTE Oerre ekcTpaxupaHa reroMHa JIHK ot mmanma nuctHa ThKaH
OT pacTeHus nurep, karo Oeme u3non3Bad Merona Ha Doyle and Doyle (1990). PCR ycnowusra,
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IIPH KOMTO € M3BBPIIIEHA peaKIuaTa, ca kKakto ciaensa: 12,5ul master mix, 0.25 pl ot 10 uM punll
fwd 1 mpaiimep, 0.25 ul ot 10 uM punl1 fwd2 npaiimep, 0.25 pl ot 10 punll rev npaiimep, 10 pl
ot 20 ng/ul pasteop Ha renomHa JJTHK u H,0 no kpaen obem ot 25 pl. PCR muknuTe ca KakTo
ciensa: 94°C B mpoxbinkenne Ha 4 munHytd, 35 mukbia npu 94°C 3a 30 cexynau, 60°C 3a 1
MuHYyTa, 72°C B IPOABIKEHNE HA 2 MUHYTH U KpaiiHo yabmkaBane npu 72°C 3a 10 munytu. PCR
MPOJYKTHTE Ca BU3yaIM3UPaHU BBPXY 2% arapo3cH rell, OIBETCH C CTUIUECB OPOMHUI.

Tabmuua 1: M3noms3sanu PCR npaiimepu

IIpaiimep CekBeHINU

punll fwd 1 TCCTCATGCATCTCTTGCAG

punll fvd 2 GCTCCACGGAAAAGACTCAT

punll rev CAAATGGCAGTTTCCCTTCTCTCATT

Pesyaratu u o0cbxIaHe

M 1 2 3 4 5

Ourypa 2: Crapr 1 — C. annuum, ciagbk
copt ITnoBauBcka kamus - 6eHa ot 746 bp;
Craprt 2. C. chinense - moTtuB, 6erz ot 1064
bp; Crapr 3. C. annuum, cragbk CcoOpT
Oamunus - O6enn or 746 bp; Crapt 4. C.
chinense, mrotus copt Xabanepo; Ctapt 5.
C. annuum ciagek copt [lenukarec - OeHT
ot 746 bp. M — IHK cranmapt

C rtaka uW3MON3BaHMUTE MpaiiMepu 3a perecuBHus ajen punl-1 ca ammmduIpanu
MIPOIYKTH C TOJeMUHA 746 bp mpu crankuTe Obiarapcku coprose mumep oT Buaa C. annuum. ITo
JIUTEPATypHH JaHHU Te3W (ParMeHTH OTrOBapsT Ha XOMO3ZUTOTHOTO ChCTOSHUE Ha ajena punl-1
(punl-1/punl-1), ToecT yumncaTta Ha JIOTUBUHA, PECIICKTUBHO HAa CHHTE3 Ha KAIICAWIMH, CE JBIDKU
Ha MPEMUHABAHETO HA Ta3W MYTAIMsl B XOMO3UTOTHO ChCTOsIHUE. [Ipu mpoba 2 OT JIFOT mHIep OT
Buga C. chinense ce HaOmomaBa OeHn ¢ roaemuua 1064 bp, oTroBapsin Ha XOMO3HTOTHOTO
cecrostaue Ha anena Punl (Punl/Punl) - nuBuar tum.

3akJoueHue

VnentuduimpaHeTo Ha pelecHBHUTE anenu Ha Punl, upe3 m3nom3BaHe Ha MOJICKYITHH
Mapkepu, Ile ObJe TMOIE3HO B MPOrpaMUTE 3a pasMHOXABAaHE M MPOYYBAHUS HA AJIETHO
pa3HooOpasne. YCTaHOBEHO €, 4e B M3CIEABAHUTE OBITAPCKU COPTOBE 3arydaTa Ha JIIOTHBUHA CE
JBJDKH Ha HATTMYMETO Ha HaM-IIUPOKO Pa3IpOCTPaHEHUs] MyTaHTeH anen — pun 1-1.
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Abstract

The spotted laurel (Aucuba japonica Thub.) is an ornamental plant, which is very useful for
outdoor landscaping. It is very suitable for application in soils with high humidity and acidity, as
well as in areas with high air humidity. This is a new and unconventional decorative plant for the
conditions of Bulgaria. Under current climate change conditions in our climate are becoming more
favorable to its development. One of the main problems with the cultivation of this species is its
multiplication. The main purpose of this study was to investigate the possibility of multiplication
of aura with mature cuttings in different substrates. As substrates in the study are applied peat with
perlite, pearlite and sand. For each variation, fifty cuttings with 4-5 buds and a length of 7-9 cm
were used. The planting depth of the cuttings was up to two buds. Optimum humidity of the
substrate was maintained. At the first occurrence of a true leaves, the percentage of rooting for the
cuttings was recorded. The length of the root, the number of root branches, the number of leaves
were counted. The highest rate of rooting was reported when applying a perlite substrate. The
differences between the three studied substrates are small. It should be noted, however, that in a
sandy substrate the development of the root system is stronger.

Key words: substrates, aucuba, rooting, vegetative propagation

VYBox

AykybaTa € BEYHO 3€JICHO JEKOPaTHBHO PAcCTEHHE, KOETO HaMHpa MSCTO B MapKOBO M
IBOpHO o3eneHsBaHe. Buta et al. (2009) M3TBKBAT, Ye OCBCH IIMPOKO M3BETCHUTE TPH BHIA, B
paifona Ha Kwuraif ce oTTIDKIaT M HAMHpAT NPIJIOKEHNE HAJl IECeT APYTH BHAA OT TO3W PO, BCUKU
npuHaaexamym kbM ceM. (Garryaceae. B moseueTo u3cnenBaHus, KaTO OCHOBEH —(hakTop,
OKa3Balll BIMSHHE BBPXY HEHHOTO pa3BHTHE M Hali-Bede BBPXY IbPTEKA € CBETIMHATA, HO
JPYTUTE YCIOBHS Ha OKOJHATa Cpela ChIIO OKa3BaT CHINECTBEHO BIMAHHME. B Tasum Bpb3ka
Torimaru et al. (2018) mpoy4uBaT u epekTa Ha CeleM Pa3JIMYHU MMOYBEHHUTE YCIOBHS. [10-roisiMo
BIMSHME BBPXY Ib(TEKa U BBPXY CEKCyaTHHUTE MposBU uMa ¢ocdopa, a mo-c1abo e BIUTHUETO
Ha MarHesus, a BOJOHOTO CBhAbP)KaHHE MMa II0-OpElENAII0 3HAUCHHE 3a 3aJlaraHe Ha MBXKKH
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[BETOBE. ['bCTOTAT Ha 3acakJaHe OKa3Ba OTPHIATENIHA € KOpelalyiTa BBPXY 3aJlaraHeTo H
(opMupaHeTo Ha JKCHCKHWTE IBETOBe. Hammumero Ha KaTHOHM B IIOYBATAT BB3IPEISATCBAT
(dhopmupanero Ha neroBere. Nakayama and Iwashina (2017) B ycnoBusita Ha SImoHUS U3CIeaBar,
TOCpPeNCTBOM (DIIyOpCIICeHTHA TeXHHWKa Oarpata Hajx 141 nepBecTHH BHAa, B TOBAa YHCIO W Ha
ayky0a. YcCTaHOBSIBAT, 4Y€ IIO-TBMHO OIBETCHHTE JHCTa OOTpBINAT IUIOAOBETE, a CBETIO
OI[BETCHHTE, TO-IPKHU Ca PA3IONOKCHH 10 CTBOJIA HA pacTeHHeTo. DEHOIOrnYHHUTE H3CIIEIBAaHH Ha
ayky0aTta BBB BpB3Ka C Pa3BUTHETO Ha PACTEHHATA U ¢ POPMHUPAHETO Ha IUIOJ0BETE ca OMIN 00eKT
Ha uzcinensane ot Tetsuto (2001). CprobuiaBar, ye pelenTUBHOCTTa Ha ONn3ailaTa Ha >KEHCKUTE
[BETEOBE C€ 3ala3Ba NPOABIDKUTENEH TMepHoja, OO0 MOMEHTa Ha TIXHOTO OIpalIBaHe.
Exo¢usnonornunata xapaxkrepcutuka Ha aykybaTta cmopex Kume and Yoshio (1993) 3aBucu
MHOTO OT KJIMMaTHYHUTE YCJIOBHS TIpe3 3UMHHS Neprol. ToJepaHTOCTTa MEXTy W3MHTBAHUTE
BapuereTra var. japonica W var.borealis ca cxomHW, KaTO W IIpH JBaTa HMHTCH3MBHOCTTa Ha
(oTocuHTE3aTa M CHABPKAHUETO HA XJIOpodmi ce 3am3a3Ba. V3THKBAT, Yye CHE)KHATA MOKPUBKA
MMa 3HaYCHHME 3a HaMaJsIBaHE Ha IepHojia Ha IUI0J000pa3yBaHe, KOETO € CBBP3aHO ChC 3ala3BaHe
W 3aciMBaHE Ha JCKOPAaTHBHU eekT. Upe3 CKaHHUHT eIeKTPOHHO MHKPOCKOIICKU HU3CIICIBAHUS
ca MPOYYEeH! BBTPEKJICTHYHITE 0OCOOCHOCTH Ha THKAaHUTE TP ayKyba. Y CTAHOBEHO, Ye OCHOBHO B
JICTATa HA ayKy0aTa ce HAOJIF0aBaT [IUTOCKEICTHH KOMIIOHCHTH B ME30(UITHUS CIIOM, ChP3aHH C
xyoporuiactute (Blackmore et al., 1984). ZePing et al. (2010) ¢ oriiea ona3BaHe Ha reHETHYHATA
Ia3Ma TIpH MHKPOpa3sMHOXKAaBaHE HAa BHAA IpWIaraT pefulia aHTHOMOTHIIM, KaTo Hail 1o0pH
pe3yiaTaTH ca TONy4YeHH cien u3nomaHero Ha 50 mg /L aMOuMImivH HATpuil, Taka u
CTPENTOMHITHH CydaT.

OcHoBHAaTa LieN HA U3CIIEIBAHETO € J]a Ce MPOYy4YaT PAa3IUYHU CyOCTpATH 3 aBEreTaTUBHO
pa3MHOKaBaHe Ha ayKyoa.

Marepun u meroau

ExcniepuMentute 0sxa mpoBeZicHH B ArpapeH yHuBepctute — [InoBmus mpe3 2016-2018
r. Pactutennusi matepman ce HabaBM OT padioHa Ha Tp. Xwucap B mepuwoma VII-VIIL. 3a
pasMHO)KaBaHe Osixa MOJArOTBEHH PE3HUIM C Ib/DKHHA OT 4.6 10 5.1 cm u muamersp 5.4-67 mm,
KaTo BECKH pe3HMK Oermie ¢ mo 4 gobpe pa3BuTu MbkU. M3mon3Baxa ce CIIEIHUTE CYOCTpaTH: YHCT
CTepWIM3HpaH peueH ISCHK, MEPIUT U TOp(EeHO MepauTHa cMec B choTHomeHue 3:1. Beuuku
cyOcTpati mpenBaputenHo Osixa noBemeHH mo 80% BiakHOCT. PesHmmmre ce mocTraBuxa Ha
apa6ounHa 1 cm Hax BTopata mbka. BB Bceku cyOcrpaT ce moctaBuxa mo 50 pesnuka. Ilpes
HETHAT CPOK Ha W3BEKIAaHE Ha OMHTA Ce IMOIbprKallle HeOOXOAUMATa BIAXXHCOT OT 75-80% u mpe3
JIBa JTHH Ce TyTBEPU3UPAXa ¢ BOJA U CE TOUTbprkaite TemmepaTypa 20-22°C.

BbB (aza Ha pazBuTHE Ha 3-4 HOBH JIHCTA CE OTYCTOXA CICTHHUTE IMOKA3aTe] M MPU3HALIH:
TIPOIICHT Ha BKOpEHSBaHE, TBDKMHA Ha KOPEHOBATa CHCTeMa, Opoil pa3KIIOHEHUS Ha KOPEHOBaTa
cuereMa, obeM Ha KOpeHOBaTa cucTeMa (MO0 KOMHMYECTBOTO H3MECTEHa BOJAa B MEPHUTENICH
mmaHIBp ot 100 ml), ThinkWHA ¥ TMaMeThp Ha HOBOOPMHPAHOTO cTHOI0, OpOit JIncTa, Maca Ha
JHCTaTa, JIMCTHA IUIonl (OompeneieHa dYpe3 JIMCTeH InIomomep). IIpeacTaBeHuTe maHHM ca
OCpeIHEHEHH TPUTOAUIIHHI CTOHHOCTH, TIOPAJH SIHOIIOCOYHOCT Ha PE3YITATHTE.

Pesynratn u oO6chxaHe

EnuH oT Hali-Ba)XHUTE MOKA3aTeNIX IPH BET€TATBOHOTO Pa3MHOXKABAHE € MPOLIEHTHT HA
BKOPCHSBAaHE Ha 3aJOKeHNTE pe3Hunr. OT JaHHUTE BB (urypa 1 ce BIKIa 4e Hai-BUCOK € TO3H
HPOLEHT MPHU U3MON3BAHE Ha MEPIHT, KaTo JocTHra A0 94%, cienBaH OT TO3W IPHU BapuHTA C
wIchK — 81% u Hali-cmabo e OMIo pa3BUTHETO MPH TOP(HEHO-TIEPIUTHATA CMEC.
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Ourupa 1. [IpoueHT Ha BKOpEHsBaHE Ha PE3HIM OT ayKyba

ITo-chiiecTBEHH pa3yuyMs ce YCTAaHOBHMXA I10-OTHOIICHHE (POPMHUPAHETO Ha KOpPEHOBATa
cucrema (¢purypa2). JIpokrHaTa Ha KOpEHOBaTa cucTeMa Bapupa oT 7.1 cm mpu BKOpEHsSBaHE B
msichk 10 10.3 cm npu nepnut. [To-ronsmaTa U ABDKHHA TPU U3MOI3BAHETO HA MEPIIUTa, MOXE J1a
€ CBBp3aHa C HEroBaTa MEXaHWYHA CTPYKTypa, KOATO TO ONpEAeNs, Karo IIO-IIOPbO3CH U
CHOTBETHO PAa3BUTHETO Ha KOPEHOBATa CHCTEMa € Mo-ynecHeHo. Ilo-ronsm 6poif paskiIoHeHus ce
(dopmupaT npu npunaraHe Ha cyocrpar Topd-nepnur — 9.4, a OposAT MM € Hal-HHUCBK IIpU
TIOCTaBSHE HA PE3HMINTE B IHICHK. Bim3ku ca croifHocTHTE 3a 0OeMa Ha KOPEeHOBaTa CHCTEMa OT
2.1 cm® (mepnur) 10 2.7 cm® (Topd-nepnur).
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@urypa 2. Mopdonornaau 0coOSHOCTH Ha KOPEHOBATa CHCTEMa

Pesnnrmure B TopeHO-TIepIMTHATA CMEC ca ¢ Hal-royisM mpupacT ot 4.1 cm, JoKaTo Te3n
B IICBKa ca ¢ Hal-cabo pa3BuTHE 710 2.3 cm, a B IEPJIUT 3aeMaT MEeXINHHO NoioxeHue (purypa
3). AmameTspbT Ha mpHpacTa Bapupa Mexxy 0.4 mm (mepiut u macek) 1o 0.6 mm 3a Topheno
nepuTHUS cyocTpar. bposar Ha nucrata (¢urypa 4) noctura 10 4.6 ceimo B Top¢ — nepaurt. Ilo-
MaJIKO JINCTA Ca 3aJI0KEHH IPH NpUaraHe Ha IschK. Macara Ha jucTara € B TeCeH AWAIa3oH OT
10.8 (mepmut) mo 11.7 (topd-mepmut). [lo-chimecTBeHN ca pa3MUuUsATa MO OTHOHIICHUWE Ha
nuctHaTa wiont. Haii-ronsma e mpu BapumaHT TopdeHo-mepauTHUs cyberpar — 3.61 cm?, a Haii-
HHCKH Ca CTOHHOCTHTE, OTYETCHHU IIPH BKOPEHABaHE B ICHK. [1om00HN pe3yaTaTh ca yCTHAOBEHU
u ot Buta et al. (2009), kato Te U3THKBAT, Ye HAH-MOIXOIYILO € BErCTATUBHOTO Pa3MHOXKaBaHE HA
aykyOTa J1a ce H3BBPIIBa B TOP(HEHO-TIEPIUTHA CMEC.

3aKIroueHue

Haii-Brcok NmpoLEeHT Ha BKOpPEHSBAHE IIPHU BEreTaTBUHOTO pa3MHOXKaBaHE HA ayKyba c
PE3HUIM Ce MOCTHra MpH IpHIaraHeTo Ha nepiut. Haii-momHO pas3BuTa € KOpeHOBaTa CHCTeMa
P U3M0JI3BaHE HA cyOCTpar OT TOpd-IepiInT, KaTo HeWHaTa JbIDKUHA, OpPOAT Ha Pa3KIOHEHUsTa
n obeMa ca ¢ Haii-BHCOKH cToifHOCTH. TopdeHo-nepimTHaTa cMec criomara 3a (opMHpaHe Ha I10-
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MOILICH NpUpaCT Ha PE3HUIUTE C Hail —TojsiMa IbJKUHA U JAUaMETbpP, KAKTO U C Hail-roiasiMa Maca

U IUIOIL Ha JIUcTaTa.
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®durypa 4. MopdoornaHo pa3BUTHE Ha JICUTATA MIPY BKOPCHSABAHE HA PE3HUIIMMOT ayKyOa
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