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HOB B - TMYJITUCEH30P HA OCHOBATA HA E®EKTA HA XOJI

Agryct lBaHOB

ANOVEL B-T MULTISENSOR BASED ON THE HALL EFFECT

Avgust lvanov

ABSTRACT: The article describes a new modification of a multisensor for simultaneous and independent
measurement of the value and direction of the magnetic field and the ambient temperature. By functionally inte-
grated in the chip area p*-n diode thermometer can be realized thermal compensation of magnetosensitivity with

high accuracy over a wide temperature range.

Keywords: multisensor, magnetic-field measurement, temperature registration

BnBenenne

OcHoBeH Tpo0JIeM B MUKPO €JICKTPOHHUKATA ©
BIMSHUETO Ha TEMICPAaTypHUTE W3MCHCHHUS
BbPXY IapaMETPUTE Ha HMHTETPAJTHHUTE CXCMH
[Baltes et al. 1986, Roumenin 1994, 1995, Zieren
1983]. ETo 3amo e HeoOXoauMo 1a ce Hamepu
MOJXOJ, Ype3 KOWTO ¢ JOCTaThuHA CTCICH Ha
TOYHOCT Jia MOXKE Jla C& KOMIICHCHpa TOBa Iapa-
3UTHO BiHsHUE. J[o CKOpO TO3U mpobiieM ce pe-
IaBaIie ¢ pa3mnoyiaraHeTo Ha JUCKPETCH JUOJICH
P - N TepMOMETHP B OJIU30CT 10 30HATA C €Jie-
MEHTH B YHIIa, KOSATO CJIEJBA J1a KOMIIEHCHpaMe
TepMu4HO. EAvH OT rnaBHHTE (aKTOPH, KOHTO
Jlocera BB3MPEIATCTBAT U3MEPBAHETO HA TEMIIC-
paTypHUTE H3MEHEHHUS € OTHaJCUeHOCTTa Ha
JIOTIBJIHUTEITHUS JUCKPETEH TEMIIepaTypeH CeH-
30p OT 30HATa, B KOATO C€ OCHINECTBIBA MPeoO-
pa3yBaHETO Ha OCHOBHHUS CHUTHAJ, Harpu-Mep
MarHuTHO noJie B B enekTpuiecku. ToBa OT CBOS
CTpaHa HEe MOXeE Jia rapaHTUpa JOCTATBYHO J00-
pa BB3MOXKHOCT 3a NpPELUHU3HA TEPMOKOM-
neHcarus. Jlopu pa3snojiaraHeTo Ha TePMOCEH30P
B HEMOCPE/CTBEHA OJIU30CT J0 CXeMaTa ChINO He
oOe3neyaBa JIOCTaThuHA TOYHOCT, MOPAIM pas-
JIMYHUTE M B TO3M ClIydail TeMIEpaTypH Ha JBaTa
npeoOpasyBaTeliss — TeMIIepaTypHUsS U MarHUTH-
YYBCTBUTEJIHUS, BCIEACTBHE pa3celiBa-HETO Ha
TOIUIMHHA €HEPIrus OT 3axXpaHBAIUTE TOKOBE.
ETo 3amo ce Hamara ma Objae waeHTHQUIHPAH
TEMIIEPAaTypHO 33aBHCHUM CHTHAJI OT aKTHBHATa
30Ha Ha MarHUTOYYBCTBUTEIHHS ceH30p [ROU-
menin et al. 1985, Roumenin 1990, 1994, 1995].
3a menTa € 0coOCHO yAaduyHO Jia Ce€ M3IOI3Ba U3-
BECTHATa JIMHEHHA 3aBUCUMOCT OT TeMIIepaTypa-

ta Ha maja Ha Hanpexenue Veg(T) BbpXy BKIHO-
YeH B IpaBa MOcoKa P*-N Mpexo Mmpu 3aXpaHBa-
HETO MY C MOCTOsTHEH TOK lg = const. Tosa cBoii-
CTBO € pe3yJTaT OT TeMIepaTypHaTa 3aBUCHMOCT
Ha [IMPUHATA Ha 3a0paHeHaTa 30Ha Ha TOJIYIPO-
BOJHUMKOBUTE Marepuanu [Roumenin et al.
1985]. B macrosiara cTaTis € MpeACTaBeH HOB
CHJIUIIMEB MYJITHCEH30D 32 €THOBPEMEHHO U He-
3aBUCHMO HM3MEpPBaHE Ha MAarHUTHOTO MOJE H
TeMIieparypara.

KoHcTpykums Ha cHIMUIUeBUSI MYJITHCEH30P

Ha ¢ur. 2 e nmokasana cTpykTypHaTa cxema Ha
u3cieBaHusl Si MyJITHCEH30p 32 MATHUTHO T0JIe
U TeMIieparypa, u3noinspani egekra Ha Xoin. He-
roBaTa peajqu3alus € OChLIECTBEHA HA OCHOBAaTa
Ha CTaHJapTHa CWIMIKEBA IUIaHApHA TEXHOJO-
rus. Vznon3sana e N-Si 1oJU10KKa ¢ KOHIIEHTpA-
1us Ha nermpamarta npumec N ~ 10" cm® Bupxy
e/lHaTa CTpaHa Ha MOAJOXKaTa, ca (HOpMHUpaHH
Ha PasCTOSIHHE CIMH OT JAPYr jABa N OMHYHH
koHTakTa By u By, u equn p* emutep E, ¢ur. 2.
Pasmepute Ha emutrepa E n 6a3oBus koHTakT B
ca €IHaKBHU, a KOHTAKT B, € cumeTpu4Ho pasmo-
JIOKEH crpsMo B; u e nBa nbTH mo-Manbk. Paz-
MI0JIATaHETO Ha KOHTAKT B, M3BBH 30HaTa MEXIy
emurepa E 1 6a3zoBus konTakt B; nma 3a nen aa
ce u30er€e peaylupaHeTo Ha XOJIOBHUS CUTHAI
BCJIEICTBUE HACUIIAHETO Ha Ta3u oOJIACT ¢ JBaTa
BHJIa TOKOHOCUTENIN — EIEKTPOHH U IYNKHU NpH
MHKEKIMATA HA BKIIOUBAHE B MpaBa Mocoka P -n
mnpexoza. B To3u ciydaii BbpXy Hero 1ie ce pas-
BHE OKOJIO ITOJIOBUHATA OT TE€HEPUPAHOTO XOJO-
BO Hampe)XeHue. ['0TOBUTE CHUIMIMEBH YMIIOBE



ca MOHTHpPaHH B TUIACTMACOBH KOPIYCH THII
DIL-4 BppXy HEMarsmTHa HOcCeIla JICHTa OT

opons. Ha ¢ur.1 ca nokasanu obpasuu Ha B — T
CUITUIIMEB MYJITHCEH30DA.

®@ur. 1. O6pas3nu Ha cunmuiies B — T mynTucensop.

&
+

s

@ur. 2. CTpykTypHa cxeMa (M3riie/l 0TTope) Ha MYJITUCEH30pa 32 MATHUTHO TI0JIE U TeMIIepaTy-

pa.

IIpunumMn Ha neificTBMe HA MYJITHCEH30pa

a) JleficTBMeTO Ha H3CIIEIBAHUS MYJITHCEH30D
3a MarHWTHO TIOJIE M TEMIIepaTypa € CIEIHOTO.
3axpaHBaHETO HA CXeMaTa Ce OCHIIECTBABA UPE3
BKIIFOUBaHETO Ha TeHeparop Ha Tok ([".T.) mexmy
emutepa E u 6a3oB konTakt B;. IIpu momaBane
Ha 3axpaHBaHE OT TeHepaTopa Ha TOK, EMUTEPHT
E ce BxitouBa B mpaBa nocoKa 1Mo OTHOLIECHUE Ha
0azoBus kKoHTaKT B;. Twii kaTo KoHTaKT B; TIpen-
CTaBJIsIBa €KBUIIOTCHIIMATHA TIOBBPXHOCT, TOCO-
KaTa Ha TOKa OT OCHOBHU HOCHUTENH, IMPOTHUYAIL
MIPEe3 HEro B MOJUIOXKKATA, MbPBOHAYAIIHO € Mep-
MEHAMKYJISIPHA HAa TOpHATa U IMOBBPXHOCT, (ur.
3, mojo0HO Ha cTpykTypute B [Pymenmn 1995,
Roumenin 1992, Lozanova et al. 2009-a, 2009-b,

2009-c, 2010-a, 2010-b, 2010-c, Roumenin 1994,
1995, Roumenin et al. 2000]. Tlopamau Ta3u npu-
YUHA, TPAEKTOPHUATA HA TOKA MPOHHUKBA JHIOOKO
B o0eMa Ha CTpyKTypaTa.

ITo cemectBo muoasT E-By, B pesynrtar Ha
KpUBOIIMHEIHATa TpPAaeKTOpUsS Ha HOCUTEIUTE
MpeJICTaBIsiBa AbJBI AUOM, T.C. Iudy3HOHHATA
IObKMHA L, € mo-manka OT pasCTOSHUETO IO
tpaekropusta E-B;, Ly < 30 um < lgg;. B T031
CIIy4ail ChCTaBbT Ha TOKA lgg; B HauamHaTa 4acT
OT TpaeKTopusATa OKOji0 eMurepa E e or enekr-
POHHO-JIyITYecTa Ij1a3Ma, Cliel KOeTO 3aroyBa Ja
JIOMHHUpPA JIpei(oBUs TpaHCIOPTEH IMpoIeC Ha
OCHOBHHUTE HOCHUTENH (CJICKTPOHUTE) B OazoBaTa
obmact [Roumenin 1994]. Tlpu npunarane Ha
BBHIIIHO MAarHUTHO T0JIe B MOTOKBT OT OCHOBHH



TOKOHOCHUTENH, IO/ KOHTakT B; ce oTkioHsIBa
upe3 cuiata Ha Jlopern F| Harope (kbM roprara
MOBBPXHOCT) WM Hajaoiy (B IBJIOOYMHA HA
oOeMa), B 3aBHCUMOCT OT TOCOKAaTa Ha MPHUIIO-
JKEHOTO MarHUTHO Tojie T.e. oT cmiaarta Ha Jlo-
penn F.. B pesynraT BppXy ropHaTta moBbpXHOCT
HAa TMOJIOKKATa, OT JBETE CTPAHU Ha 0a30B KOH-
TakT Bj, ce reHepupar XoJOBU TNOTEHIMATIU C
MPOTUBOIIOJIOKEH 3HAK. BB3HWKHAIOTO Hampe-
skeHUe Ha XO0J, TEHEPUPAHO BCJICACTBUE OIMKCA-
Hust auonmeH edekt Ha Xonm [Lozanova et al.
2009-c] ce peructpupa ¢ XOJOBHUS OMHYEH
KOoHTakT Bj,. CroifHOCTTa Ha HaIpPEKEHUETO

H
Vél) BBPXy KOHTakT B, e 2 or mamoTo
HanpexeHue Vy, TeHepUpaHo OT JABETE CTPaHU

1
Ha KOHTakTa Bj, T.c. Vs(zH)ZEVH- Bbpxy

ChIIUS KOHTakKT B, obave, mpu Hanuuue Ha
MarHuTHO moJyie B ce reHepupa ¥ KBaJpaTHYHO

MR 2
MarHUTOPE3UCTHBHO Hampexenune Vg,” ~B7,

KOETO Cce TMoJlyyaBa TOpagyl HaJUYHeTO Ha
MarHutopesucTuBeH edekt B obOmactra E-B;. B
HalIus Clly4ail TO € mapa3uTeH CUrHaji. 3a Jia ce
U3BJE€YEe €JUHCTBCHO MOJIE3HUAT XOJIOB CUTHAI
Vi 0T 00LIOTO perucTpUpaHo HampexeHue Vg, =
Vy + Vur ce u3mo3Ba KOMIIEHCAIIMOHEH ITOIXO0/,
omucan B [Roumenin 1994].

+ z P

0) TemnepaTypHHAT KOCOHHUIMEHT Ha MarHu-
touyBcTBUTeNHOCTTa T.C. B MOIyIpOBOIHUKO-
BHUTE CCH30PH 3a MarHUTHO TIOJIE € MOCTOSHEH B
IUPOK TeMIlepaTrypeH auama3oH A7. 3a cuiumn-
€BUTE TPUOOPH TO3U HHTEPBAI € MEKIY
- 40 + 120 °C wu croitnocrta Ha T.C. e okoJ0
01 + 04 %/°C, T1.e. pgerpamanusTa Ha
MarHUTOYYBCTBUTEIHOCTTa S OT TeMIleparypara
T e B rbpBO MPUOIIHKEHNE TMHEIHA QYHKITHS.

JluneiiHaTa 3aBUCHMOCT Ha Iajja Ha Hal-
pexxenne Veg(T) BBpXy BKIIIOUCHHS B TIpaBa
0COKAa P -N TPexox TpH KOHCTAHTEH TOK
(leg=const) BcieACTBHE TeMIlepaTypHaTa 3aBH-
CUMOCT Ha IIUpUHATa Ha 3a0paHeHaTa 30Ha Ha
MIOJIYyIPOBOTHUIIATE € 100pe m3BecTHa. B To3m
CITy4ail Hallpe>KeHUETO B 00JIacTTa Ha MPOCTPaH-
CTBEH TOBap HA EMUTEPHHSAT P'-N Mpexoj Hama-
JIsiBa JIMHEHHO C YBCJINYAaBAHCTO Ha TEMIICPATY-
para.

kgT

|
In| == (1)
IEB

Vp—n =@y —

KBIETO, ¢ = AEy/Q e mupunaTa Ha 3a0paHeHaTa

30Ha 3a CHJIUINH, |g, € TOKBT Ha HACUILIAHE TTPU

IEBl

> Vu(B,T)

> VEB 1 (T)

yd

B,

] X
\1\/ A\

=

~p

—

@ur. 3. Cxema Ha BKIIIOUBAaHE HA MYJITHCCH30pa 3a MArHUTHO IIOJIC U TEMIICpATypa. IlokazaH e
" CbCTABBT HA 3aXpaHBalllus TOK IEBl B oOema Ha IIOJJIOXKKaTa.



T — oo, lgg << | 4, a kg € koHCTaHTaTa Ha Bo-
man [1]. CermacHo ¢opmyna (1) koeduirenTa
HAa TEpPMO-4yBCTBUTEJIHOCT Ha P'-N mpexoja
Kyn=0V,, /0T e orpunarenen, T.e.

Kp_n=—(kB/q)|n(|Sw/|EB). [MagpT Ha Ha-

npekeHneTo Vg BbPXY CHIIPOTHUBICHHUETO Ha Oa-
30Bata obnact Rg MoOXe na ce ompeaend OT 3a-

Bucumoctra Vg = | 5.R, xaro

1
Ry~p~—01— (@
q.Ng- 44,

KbACTO ,un € NOJABHMIKHOCTTAa Ha TOKOHOCHUTCIIUTC, B

HaluAa cnyqaf/i CJICKTPOHU.

W3BecTHO €, ye chmpoTuBiIeHHETO Rp ce yBe-
Jn4yaBa Cc TeMmmeparypara I CbILIO MO JIMHEHHA
3aBHCUMOCT. ToBa € Taka MOpaju HaMalsIBaHETO
Ha MOABIKHOCTTAa n(T), @ OT TyK cieiBa 4e
TemneparypHusT koepunueHt Kg e momoxure-
nen [Pymenun 1995]. ETo 3amo upe3 mocieso-
BaTEJIHOTO CyMUpaHe Ha JBeTe HampexeHus V.,
u Vg, TeMIepaTypHHSIT CUTHAN CE peaylupa, T.c.
MOJTY4EHUST pe3ynTaHTeH KOeQULUECHT

Kgg =0V /0T e mo-mampk 0T craHmaprHara
CTOMHOCT Kp_n ~—2mV/°C B cMIeBH IHO-

nu. lopagu Tasu nmpuyrHa, OpU BKJIOYBAHE HA
emuTtepa E B mpaBa mocoka Mo OTHOIIEHHE Ha
0a30B KOHTaKT B; M yCTaHOBSIBAHETO Ha PEKHUM

reHeparop Ha Tok (lgg = const), ce moctura Jim-
HEilHa 3aBUCHMOCT Ha HANpPEKECHUETO eMUTEep-
0a3a Vgg OT M3MEHEHHETO Ha Temmeparypata 7.
CrnenoBaTelHO  MPEUIOKEHHUAT — MYJITHCEH30D
MPUTEKABa COOCTBEH JIMHECH TEPMOMETPHUYCH
curHan Veg(T), KoiiTO MOXKe 1a ObAe PEerucTpu-
pan mexnay emurepa E u 6a30BusaT konTakT B;. B
HAIUAT cIyvadl upe3 TpuMepa I ce KOMIIEHCHPA
MarHUTOPE3UCTUBHUAT KBaJIpa-THYCH HAKJIOH
Vur ~ B? Ha M3XOMHUAT CHrHAI Vu(B,7) u ce
Hyiupa odceta. MarHUTOUyBCTBU-TETHUST CHT-
Han Vp(B) ce cHema upe3 noka3zaHaTta TpuMepHa
cxema, ¢ur. 3.

ExcnepuMeHTATHH pe3yJITaTH

Kakto e mokazano Ha ¢ur. 2, U3XOAHHUAT
CUTHAJ 3a MarHUTHOTO Tone B ce cHeMa MexIy
cpelHaTa TOYKa Ha TpUMepa I 1 OMUYHUS KOH-
TakT B,. BbHIIHOTO MarHuTHO Tosie B € mapa-
JIEJIHO Ha TOpHAaTa MOBBPXHOCT HA CTPYKTypaTa,
T.e. CTpyKTypara € ¢ paBHMHHa MarHuTO-
YYBCTBUTCIIHOCT.

OcHOBHATa 3aBUCHUMOCT - IOJIyYEHUAT HU3XO-
JIeH CUTHaJl OT TNPWIOKEHOTO MAarHUTHO IMOJIE
Vu(B,T) e npencraBeHa Ha ¢ur. 3, KaTo U3Mep-
BaHETO € OCBIIECTBEHO MPH CTaliHa TemIepaTypa
T = 300K.

Vy, mV
300
200 IEBl =1ImA- o
AmA - g
100 10mA - A
0.2 0.4 0.6 0.8 1
B, T

-300 -

@ur. 4. 3aBUCIMOCT Ha N3XOJHOTO HaIMpexeHue Vy OT MarHUTHOTO ToJie B 3a Tpu CTOHHOCTH
Ha 3axXpaHBaIius ToK lgp;.
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ITonyuyenara 3aBucumoct Vy(B) e nuHelina. JpyrusiT OCHOBEH M3XOJIEH CUTHAJl € TeMIle-
ToBa e TUMHUYHO 32 CEH30PUTE, YMUTO MPHUHIMI  paTypHATa 3aBUCUMOCT Ha HANPEKEHUETO, pas-
Ha jeiicTBue € eexThT Ha Xoi1. Bukaa ce ICHO — BMBAIO ce BBPXY P'-N mpexopa. Ilomyudenure
M3pa3eHO MPONOPLHUOHATHOTO YBEIMYABAHE HA  HM3MCHEHHWS Ha HamNpeXeHUeTo Veg B MHTEpBaia

XoNoBUs CUTHAJ MIPHU CHOTBETHO HapacTBaHe HA  -10 = 80 °C e moka3aHO HA ¢ur. 4. 3mepBaneTo
3aXpaHBalus TOK lgp;. € peaqn3upaHo MPHU OTChCTBHE HA MAarHUTHO IO-
ne B=0.
Ves, V
12 i T.C.=-0.70mV/°C
A A
117 *A_Z a —Ah—A

T ——a——— les=10mA
1+ T.C.= -0.91mV/°C

C
0.9 WD 4mA

0.8+

T.C.=-1.65mV/°C

0.7 | 1ImA

0.6

T T T T T T T T 1

-10 0 10 20 30 40 50 60 70 80 T,°C

®@ur. 5. I3MeHeHNEe Ha HaNpe)KeHUEeTo Veg OT TeMIepaTypara 3a TpU CTOWHOCTH Ha 3aXpaHBa-
IIUAT TOK lggs.

Su(f), V3/Hz
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~
N
10-14 \ﬁ \\
— ~=
T aM A
N NV W
\\/V/\V‘AV‘VA MJ W [ | L
10" At 3
= WP
™~ - \J — 2
L 1Uf T~ | .
10
10° 10* 102 10°

Yecrora f, Hz

@ur. 6. CiekTpaiHa IUTBTHOCT Ha LIyMa IIPH HapaMeThp 3aXpaHBaIlusIT ToK 1- 2mA, 2- 4mA,
3- 8mA.
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Tyk sicHO ce BWXJa IOJy4YeHaTa JIMHEHa
3aBUCUMOCT Ha TEMIEPaTypHO 3aBUCUMHS
curnan Veg(7T) B nscaensanus ooxsat A7. Coirio
Taka TpsiOBa Aa ce OTOeNeXH, ue MpU yBeIuda-
BaHE Ha 3axpaHBamIus TOK lgg, ce HaOmromaBa
peaynupaHe Ha TeMIlepaTypHusi KOe(HUIMEeHT Ha
gyBcTBUTENHOCTTA T.C.

Peructpupanust TepMOMETpHUYEH CHUTHAI
Veg(T) orpassBa MakCHMaJHO TOYHO peajHaTa
Temneparypa T Ha cTtpykrypara Ha Xoi, Tbil Ka-
TO MH(POPMAIIMOHHUAT CUTHAJ C€ M3BIMYA HETo-
CPEICTBEHO OT 30HaTa Ha TeHepupaHe Ha XOI
edexTa (aKTHBHATA CEH30pHA 30HA).

[lymoBuTE wW3CNnenBaHUs, pEANU3UPAHU C
MyJaTHCeH30pa OT ¢ur. 3 ca gaxeHu Ha ¢ur. 6.
Tyk e mpencraBeHa u3MeEpeHaTa CIIEKTpaiHa
IUTBTHOCT Ha COOCTBEH IYM 32 TPH CTOWHOCTH
Ha 3aXpaHBaIlus TOK.

CeH3zop Ha
Xon

OT npeicTaBeHUTE SKCIICPUMEHTAITHY JIaHHH
32 MYJITUCEH30pa C€ BHXKJA, Y€ MPHU HUCKH Yec-
TOTH [IYMOBaTa XapakTepucTHKa ¢ oT Tuma 1/f,
KOETO ChOTBETCTBA Ha TMOBEJCHUETO HA IIyMa B
MOJTyTIPOBOHUKOBUTE mprOopu. ChIO Taka yBe-
JIMYaBaHETO Ha 3axpaHBaliusi TOK lgg; Boau 10
CHOTBETHO HapacTBaHE HUBOTO Ha IIyMa, KOETO
CBIIO € XapaKTePHO 32 TO3H KIIaC CEH30PH.

TemmepaTypHa KOMIEHCAIIUSI HA MATHH-
TOYYBCTBHUTEJTHOCTTA

Enna mpumepna OnokoBa cxema, peaiu3u-
pama KOMIEHCHpaHe Ha TeMIlepaTypHaTa 3aBH-
CHMOCT Ha 4yBCTBHTEIHOCTTA € MPE/I-CTaBeHa Ha
¢ur. 7. Haii-o0mo T ce cbCTOM OT CEH30PEH
MOAyN ¥ OJIOK, BKJIIOYBAI YCHJIBATEN C YIpaB-
JsieM KOeHITEHT Ha yCUIIBAaHE.

@ur. 7. CTpyKTypHa cxeMa Ha OCTaHOBKa 3a TeMIlepaTypHa KOMIIEHC Al

Kakto ce Bmkma ot dQurypara, Ttemmepa-
TypHaTa KOMIICHCAIMs MOXe 1a ObJe OChIIecT-
BEHa upe3 M3IMOJ3BaHE Ha JIMHEWHOTO Hampe-
xenue Veg(T), KOETO € MpOMOPIMOHATHO HA W3-
MEHEHHETO Ha TemrepaTtypara I’ Ha mpeoOpasy-
BaTeNs. 3a LesiTa € HeoOXOAMMO TOBa HaIlpexe-
HUE J1a ce TIPUIIOKHU KbM YIPaBISBAIIHS BXOJ HA
OIIepaIMOHEeH YCUIIBATEIN C yIpaBisieM Koeduim-
€HT Ha yCHJIBaHE, HA OCHOBHHS BXOJl Ha KOHTO €
MOJIaJIeH TEeMIepaTypHO-3aBUCHUMHUSL  MarHUTO-

gyyBctBuTeneH curaan Vy(B,T) ot censopa. Ilo
TO3M HAYWH 4pe3 YNpaBlICHHE HA KOCHUIMEHTA
Ha ycwiBaHe Ha OY ¢ Hampexenueto Veg(T)
MOJXe J]a Ce TIOCTHIHEe KOMIICHCHPAHE C rojsMa
TOYHOCT Ha TEMIIEpPaTypHATa 3aBUCHMOCT Ha
MarHUTO-4yBCTBUTEIIHOCTTA B IIMPOK MAIa30H
AT, T.e. m3xoguusar curHain Ha cxemarta Vy(B) e
TEMIIepaTypHO HE3aBHCHM, T.€. KOMIICHCHPAH.

Tabuuna 1.
Ne ITapameTsp CroiiHocT
1 | AGcomotHa MaranTouyBcTBUTEITHOCT (S) (11pH TOK lgg; = 4MA) 105 mV/T
2 | Jluneen obxBar +1T
3 | Hemunetinoct (NL) <15%
4 | TemmepatypeH koedunueHt Ha MaraurouysctButennoctTa (TC) 1 %/K
5 | MUHMMAaJIHO JIeTEeKTUpYeMa MarHUTHA HHAYKIUS (Bmin) ~10 puT
6 | Bxomuo cemporusienue (Rj,) 310 Q
7 | UsxoaHo cerpotusieHue (Roy) 310 Q
8 | 3axpanBaiil TOK (Inom) <20 mA
9 | PascetiBana momHOCT (P) 50 mW
10 |'eoMeTpuyHM pa3Mepu Ha MYJITUCEH30pa 250190 um

O606H_I€HO NpeaACTaBAHC Ha OCHOBHHUTC IMApaMCTpH, XapaKTCpHU3HUpalll HOBUSA MYJITUCCH30P € Ja-

neHo B Tadamuma 1.
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3akiaouenue

Cb3/1a/ieH € HOB TPUU3BO/ICH SJICMEHT Ha XOJ
C mapajeijHa OC Ha MAarHUTOYYBCTBHTEIHOCT,
XapaKTepU3upall ce C TOBHUIIEHA TOYHOCT Ha
TEPMOKOMIICHCAIIMSI HAa YyBCTBUTENHOCTTa. HoO-
BUSIT MOJIOKUTENEH e(eKT € pe3ynrar oT (QyHK-
[MUOHAITHOTO WHTETPUpaHe B €Ha U ChINa IMpe-
oOpasyBareiHa 30Ha Ha CEH30p 33 MArHUTHO I0-
e, u3nonsBail edexra Ha X0 U JJMHESH CCH30p
3a temreparypa. OT mpakTUuecka 3HAYHMMOCT €
HAJIMYMETO HA J[BA JTMHEHHO M3MEHSINU CE CHUT-
HaJI, OT 10Ope ampoOupaHus TUOJEH €PEeKT Ha
XoJ M OT TeMmmeparypHaTa 3aBHCUMOCT Ha Ha-
npexenneto Vig (7). Upes moaxomaIno pasmoia-
raHe Ha M3XOJHHS KOHTAaKT, KbJIETO CE TeHEepHUpa
XOJOBUAT CHTHAN Ce H30ArBa PEayLHpaHETo,
KOETO Ce MOoNy4yaBa BCJEJCTBHEC OWITOSpHATA
NPOBOJMMOCT B 30HaTa emuTep-0a3za. ETo 3amio
eIEMEHTBT Ha XOJ Mpe/ACTaBisiBa (QyHKIHOHA-
JICH MYJITHCEH30p 3a €IHOBPEMECHHO U HE3aBH-
CHUMO M3MEpBaHe Ha CTOMHOCTTA M MOCOKaTa Ha
MarHMTHOTO T0Jie U Ha Temmneparypara. [Ipuio-
JKEHa € cXeMa 3a TePMOKOMIICHCAIIMsl Ha MarHu-
TouyBcTBUTENHOCTTAa. HOBUSAT B — T MyntuceH-
30p € C YHHBEpCAIHA MPHIOKUMOCT B WHIYCT-
pHUATHUTE TEXHOJIOTUH.
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YPE3 TPBBOIIPOBOAN U OLUEHABAHE OBEMA HA PA3JIMBUTE.
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Anexcannsp JumMutpos

ECOLOGICAL PROBLEMS IN TRANSPORTATION OF CRUDE OIL/PETROLEUM PROD-
UCTS AND VOLUME ASSESSMENT OF OIL SPILLS.
II. ADVANCED METHOD

Aleksandar Dimitrov

ABSTRACT: The crude oil and oil products transport is extremely complex and important process. The
pipeline using is much more economical and faster than other types of transport. The accidents were occurring
by exploitation of the pipelines. The estimation of the volume of oil spills from pipelines includes various meth-
ods. The method developed has a rapid application and provides information on the pollution. This method is
suitable for immediate action, and for prevention the possible damage from oil spills.

Keywords: oil spills, water treatment, pipeline, crude oil

BnBenenune

TpancrioptupaneTo Ha HedT W HEPTOIMPO-
IOYKTH € M3KJIIOYMTEIHO CIIOKEH W BaKECH IPO-
nec. TpancnoptupaneTo upe3 HEPTONPOBOAN U
ra30IpoBOJH € MHOTO HO-HKOHOMUYHO M OBP30
B CpaBHCHUE C JPYTUTE€ BUAOBE TPAHCIOPT
(Munkos u Iletkos, 2002).

B cBeToBeH mamal ChIIECTBYBAT peAMLA H3-
TpaJicH! MPOJYKTOIPOBOAM, & MPEACTON U U3T-
paXJaHeTO Ha HOBU TakuBa B EBpomna.

Hea

PasznuBu Ha TIETPOIT UM ETPOITHU TPOTYKTH
BBHB BOJHH OaceilHM ca MpernocTaBKa 3a ToJeMu
exojornuan  Katactpopu [Cmacosa, 2007
Amuda & Ibrahim, 2006; Bernard & Jakobson,
1972; Dimitrov et.al. 2008; Dimitrov et.al.
2011; Smith, 1983].

[lpu aBapum Ha TaHKEPH 3aMBPCEHUTE ILIO-
mu ca orpomud [Dimitrov & Petkov, 2012;
Dimitrov et.al., 2012].

HI/ICKOKI/IHS[HII/ITG KOMIIOHCHTH CC I/ISHapﬂBaT
WHTCH3UBHO, a 00pa3yBaHHWTE KOAaryJaHTH Ce
oTjlaraT Ha MOPCKOTO JBHO HJIU C€ OTHACAT OT
teuenusra [Enzler, 2006; ITOPF, 2010].

Manka 9acT OT M3IMyCHAaTHUTE MPOIYKTH 00-
pasyBar emysicus 1moja ¢opmaTa Ha THHBK CIOH
Ha MOpCKaTa MOBBPXHOCT, KOMTO BOJIU 10 yHH-
mo)kaBaHe Ha meiam ekocuctemu [Kapoor &
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Rawat, 1994; Ladd & Smith, 1970; Lehr, 1974;
Vlaev et.al., 2011].

Ornenkara Ha o0emMa Ha pa3iINBHUTE OT TPb-
0OMpPOBOAM BKIIIOYBA Pa3IMYHM MeToAu. Te ce
H3M0J3BaT, 3a Aa C€ HU3YHCIH I/I3HyCHaTOT0 KO-
JUYECTBO TPOAYKTH TPHU CKHCBaHE Ha TPHOOM-

poBox [Dimitrov, 2013; Pipeline Oil Spill
Volume Estimator, 2002; USEPA, 2000].
ExcnepumeHTa Ha yacr
PasmupeHusit  MeTox  yCHBBPUICHCTBA

OIIEHKaTa 3a o0ema Ha pa3nmBa. HeoOxoxaumu ca
MOBeUe MPOMEHJIMBU, Thi KaTro TpsOBa aa ce
OCHTYpST TIOBEUE PEeajTHH JIaHHU 3a MPEI0TBpa-
TSBaHE TOCICIUITUTE OT MHIMAeHTa. To3m Me-
TOJ HE € MPUJIOKHUM IPU TEYOBE OT MAJIKH IyK-
HATHHU.

Wzuucnurennarta mponeaypa oOxBama U
M3WCKBa cliefHaTa MH(pOpManus: 3a TPHOOIpo-
BOJIa - BHTPEIICH JIUAMEThp, Jb/DKUHA, HaJsATra-
He, 1e0uT; ChOTHOIIeHHe ra3-HedT; apia0odrHa
Ha BOJara JI0 MSCTOTO Ha CKHCBaHE, BPEMETO
Mpean M30JUpaHe; IIOTO KOJIMYECTBO METPOI
MyCHATO Ipe3 Tph0aTa; KOJIMIeCTBOTO Ha He(Ta,
U3ITyCHATO, TIpeIn TphOaTa a ce 3aTBopH; 00e-
MBT Ha TPBHOONPOBONA; OOKpPHKABAIO HAJATA-
HE; U3XBBPJIEH 00eM (hpaKIiK; ChOTHOILICHUETO
ra3-HeQT.

Jonvinumenno Heobdxooumu OAHHU: meM-
nepamypa 6 mpvbonpogood u Ha 0OKpwLICABAUA



cpeda; NABMHOCM HA  MPAHCROPMUPAHUME
npooykmu (nepm u 2as); epeme npeou 3amed-
PpAHE HA NPOOYKMONPO8ood.

OreHka 3a pa3jiuB Ha MPOSKTECH TPHOOIPO-
Box: ITonsomua yact - 900 km, Ha aBi6OuYMHA
po 2000 m. Hamsrane B TphOOmpoBoma: 5,50
MPa. CrotHomenuero raz-uept (GOR) 3a Teu-
HoCTTa B TphbompoBoa ¢ 80 m*/me. Berpemen
nuameThp Ha TpbOata ¢ 0,7 m. ITbiaeH Kamaiu-
teT: 35+50 MuiH. TOHA HeT roauHO. Tpwvbon-
Po6o0vm ce 3ameopsi 2 Min cred npobusa. Hed-
TBT C€ TpaHcmoptupa cbc ckopoct 95000
m*/day. Onepamuena memnepamypa é mpv6on-
posooa e 25°C. Ilnemnocmume na negpma u
2a3a npu CMAHOAPMHU YCI0BUSL CA CbOMBENHO
800.92 kg/m? u 0.8009 kg/m?. IIpo6us Ha 1000
M nenbounHa. Cpeona okoiHa memnepamypa 8
mouxama na npoous 15°C.

H3uucnssane na xonuvecmeo Hepm usnyc-
HAmMomo npu npoous Ha mpwvOoOnpPoLoo.

®ur. 1. Mogen Ha mpoOHB B TPHOOIIPOBOIA.

Heo0xoauma nudopMmarus:

Bbrpemen nuamersp Ha TphOOnposoaa, D,
[m];

JpmxuHa Ha TpEOOIpOBOAa, L,y [M];
Hansrane Ha TppbomnpoBona, P, [I;’a] ;3
CootHomienue ra3-uept, GOR [m*/m?];
JbnbounHa Ha BoJaTa B MECTOIOJIOKEHUETO
Ha CKbCBaHe, d [m];

Jebur ©Ha mortoka B TpwOOMpoBOma, Q
[m*/day];

Bpeme nipean usonupane, t [Min];
Temmneparypa B Tpr6onposona, T, [°C];
Cpenna Temmneparypa Ha 1000 m nbibounHa,
Toom [°Cl;

[IrpTHOCT HA HE(T MPU CTAaHIAPTHU YCIIOBHS,
no APl 1 oTHOocHTENHA MITBTHOCT, CHOTBETHO:

d . .
P e LG, et [-15 v0 [];
> HJ‘I’LTHOCT Ha rasa l'IpI/I CTaH,E[apTHI/I yCJ‘IOBI/IH

YV VYVVV VY VVVYV V

td 3
¥ OTHOCHTEINHA TLIBTHOCT, P . [KG/M’], Ve [-

I

O06eMBT Ha TPHOOIPOBOIA OTHOBO CE M3UHC-
JISIBA [0 YPaBHEHUETO MM TaOJHIaTA.

KBJIETO,
V., - O6em Ha TpBOONIPOBO [m];

D,, - Berpenren nuamersp Ha TpBOOIPOBOI [M];
L., - smkuna Ha TpBOOIPOBOR [M].

Taoauma. OOeMHa OICHKA Ha TPHOOIIPOBO/

BouTpeuieH guamersp O6em Ha 300 meTpa
Dy [m] [m’]
~0,1 2,46
~0,2 9,88
~0,3 22,22
~0,4 39,53
~0,5 61,73
~0,6 88,97
~0,7 96,36

CrnenmoBarenHoO 3a HallWs MPUMEPEH TPBHOOI-
poBoj oOema 111e Obe:

MBOOOOO =289080 m*
300

2
VvV = (%) .900000.3,14 = 289080 m®

mp.

Cvenacno memoouxama [POSVE, 2002]:
v' TIpeBpbliamMe IIILTHOCTTA Ha He)Ta U Tasa B
OTHOCHTEJHA: Yo = 0,8009 u v, = 0.649;
v' OrHocuTeHAaTa IUIBTHOCT MpEBpBIIAME B
API, upe3 cnennara ¢popmysia:

1415

OMH.NTBIMHOCM

~1315=4518AP

Te3u cToitHOCTH ca HEOOXOIUMHU 33 U3UUCIIS-
BaHE Ha rasoBara pa3TBOPHMOCT, HAJISTAHETO B
TOYKaTa HA MPOOMB, CICHU(PUUYHHUTE MIBTHOCTH
Ha pa3TBOpEHUs B He(Ta ra3 U Ha CBOOOIHMSI
ra3, IpecMsITaHe Ha Pa3IMIHUTE TEMIEPATypH U

HaJsITaHWs, Ta3oBaTa CMBCTUMOCT M T.H.
[POSVE, 2002].

v H3uncisiBame IIbTHOCTUTE Ha HC(i)Ta n rasa
IIpH OIICPATUBHUTEC YCJIOBUSI.

ponb =759,3 [kg/m?*;  pore = 52,54 [kg/m?];



v 00€MHOTO KOJIMYECTBO HEPT IPH OIEPATHBHU
onep.
Heghm ! [_]

yenoBus (P, Typ), X

onep.
XHe(j)m

=0,6628

v/ OIepaTHBHOTO KOJMYECTBO B TPHOOMPOBOIA

[ka]:
i = (o Ny X2 J+ (02, (x50 )
m°" =150.10° kg

v IUTBTHOCTHTE HA He(bTa M rasa npm arMocC-

, [kg/m?].

M. amm.

(l)epHI/I ycioBus, p:er([n;m Ly 2

amm.

p Heghm

amm.

=796,1 [ka/m*]; pi™ =2,39 [kg/m?]

v 00eMHOTO KOJIMYECTBO HeT, mpu armocep-

amm. [_] .

Heghm !

HH yenoBUS (Pory, Tan), X

amm.
XHe{f)m

=0,037

v/ IUI0TO KOJIMYECTBOTO Ha HeTa B TPHOOIPO-
BoJa npu atMocdepHo Hasraneto [Kg]:

J+!

s

Hegpm

amm V

eas mp

mamm: — (pamM. -\/ .Xan’LM.

mom. Hepm * ¥ mp " negpm

am. —7,85.10° kg

mo

m

v' Usuncissame OAJI0TO OCB060,Z[€HO KOJIMYECT-

Bo [kg]:

_ monep. _ @mm. — 6
My =M% — M = 142 76.10° kg
v' U3unciasBaMe KONMYECTBOTO ra3 npu CTaH-

JapTHU yCIoBHS [-].

X0 = L =0,0140
Pl 5614583
(Gor )

GOR=80 [Dimitrov, 2013]
v’ UzuucnsBame obema Ha HedpTa, OCBOOOIEH OT
TpBOONpOBOaa ey 3aTBapsuero [M° (bbl)].

v, . = Qb g
P 1440
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v' U3uucnsBame o0eMa Ha H3IycHATUS HePT
npu craxaptaE yenosus [m (bbl)].

td
Myor - Xzsaa
std +V

np.us.
Hegpm

V39 =0,4781.

V. =84146 m® = 529262 bbl (6apena) nedr

[Tosry4eHOTO KOJNMYECTBO M3MYCHAT HEPT IO
,,Ompocren meron” e [Dimitrov, 2013]:

V, = 104205 m® ~ 655430 bbl (6apena) vedr

Pasnukara B KOJUYECTBOTO, OMPEACICHO IO
1. OmpocTted u 2. Pa3mmpen MeToau e:

Vp - V9 =20059 m® ~ 126168 bbl (6apena)

He(T
3akiarouenne

B pesyaraT Ha H3BBpIICHHTE W3YHCICHHS
MOTarT Jia Ce HAMpaBsIT CICAHUTE 3aKITIOUCHUS:

1. V3n013BaHUAT pasIIMpeH METO € Y9acT OT
IIbJIHATA OLICHKA Ha Pa3liuB IpPHU ,,CKbCAH~ TPb-
OorpoBo.

2. Toii maBa MO-TOYHA U TO-IIbJIHA WHGOP-
Manusi, Mopaj i BKIFOYBAHETO HA JOIBIHUTEITHU
napamMeTpH: TeMIepaTypu B TpbOONpoBoIa U Ha
oOKpbKaBala cpesa; MIBTHOCTH Ha TPaHCIOp-
THPaHATE TPOAYKTH (HEPT U Ta3);

3. C BKIIIOYBAHETO HA TE3W IapaMeTpH ce
00sICHsIBa pa3iinKka B ,,M3IyCHATHS MPOAYKT IO
JIBaTa METO/a.

4. Y mpu TO3U METOJ 3aKOHOMEPHOCTHUTE ca
cnenr(UYHU 32 Pa3IMYHUTE BOJHHU OacelHH U
Ce OMpeNeNAT OT HAITaHETO, TeMIlepaTypara,
IBI00YMHATA, TEYSHUS U JIP.

5. YcraHoBu ce, ue Pasmmpenus Meton € 1o
0aBeH, HO MO-TOYEH B MH(pOPMALUATA 33 KOJIH-
YECTBOTO 3aMbpcCsiBaHe (M3MTyCcHAT HEPT).
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FEATURES AT DETERMINATION OF PHASE TOLERANCE
OF GASOLINE-ALCOHOLIC BLENDS

Anton Palichev, Todor Palichev, Yordanka Tasheva, Petko Petkov

ABSTRACT: The properties of commercial gasoline are influenced by the origin of the crude oil, the refine-
ment processes and the presence of additives, which are added with the purpose of improving the performance
and reducing the emissions of automotive vehicles. The addition of oxygenates to gasoline became widespread

after the elimination of the tetraethyl lead compounds.

In the present study are considered the features at determination of phase tolerance of gasoline-alcoholic
blends. It's established that the origin of basic petroleum gasoline has determining matter at definition and im-
provement of phase tolerance of gasoline — alcoholic blends.

Keywords: gasoline-alcoholic blends, ecology, phase tolerance

Introduction

The composition of fuel has changed tremen-
dously, and also engine technology has played an
important role in improvements related to com-
bustion. At the same time the number of motor
vehicles has increased rapidly world-wide and
the cut-backs on harmful emissions have become
of utmost importance. One of the major changes
in gasoline composition has been the develop-
ment of reformulated gasoline and the introduc-
tion of high-octane oxygen-containing com-
pounds, known as oxygenates, into the gasoline
pool.

Emphasis has been given on producing refor-
mulated gasoline, which is friendly to environ-
ment. The requirement for gasoline is unleaded,
low aromatics, low vapor pressure, high octane
number and content of oxygen.

On the other hand the composition of a gaso-
line can influence the emission of organic com-
pounds. Gasoline containing high proportions of
aromatic hydrocarbons such as benzene, toluene,
xylenes, and olefins produce relatively high con-
centrations of reactive hydrocarbons [1]. There-
fore, gasoline’s formulated with oxygenated
compounds may contain lower amounts of aro-
matic compounds. Gasoline’s with high concen-
trations of aromatics have a greater tendency to
emit unburned hydrocarbons, which are not easi-
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ly oxidized in catalytic converters and are pre-
cursors of photochemical contamination [2].

The most important pollutants associated with
the operation of internal combustion engines are
carbon monoxide, unburned (or partially oxi-
dized) hydrocarbons, nitrogen oxides and partic-
ulate material. CO2, though traditionally not
considered a pollutant, accumulates in the at-
mosphere, leading to climatic changes [3]. All
oxygenated fuels reduce the emission of carbon
monoxide (CO) and unburned hydrocarbons
from automobile exhausts, in addition to being
less photochemical reactive than most of the hy-
drocarbons of gasoline [4]. Based on studies in-
volving vehicles, Reuter et al. [5] state that the
addition of oxygenates reduce the formation of
CO by 12.5% in mass. Poulopoulos et al. [6] in-
vestigated the effect of ethanol in gasoline on the
exhaust gases from an internal combustion en-
gine equipped with a three-way catalytic con-
verter, and found that the addition of ethanol in
gasoline causes a 10% decrease in CO emission.
They also detected a general decrease in the
emission of aromatic hydrocarbons.

Al-Hasan [7] carried out a series of tests using
mixtures of gasoline and ethanol, and found a
reduction of approximately 46.5% in CO emis-
sions from a four-stroke, four cylinder engine
with electronic fuel injection. In tests involving
two-stroke engines using gasoline and ethanol



mixtures, Roger Magnusson et al. [8] also ob-
served a reduction in CO emissions. Thus, the
use of gasoline’s formulated with ethanol is an
important factor in the reduction of environmen-
tal contamination. The vapor pressure of gasoline
is a fundamental physicochemical property for
the level of emission nonvolatile compounds in
the gasoline supply system and in the combus-
tion process, especially in starting the engine on
cold days and in continuous operation on hot
days. A fuel’s volatility is expressed by one or
several characteristics: distillation curves, vapor
pressure, vaporization enthalpy and, less fre-
quently, the vapor/liquid ratio. Today there is a
strong tendency for a reduction of the volatility
parameters, among them the vapor pressure in
gasoline. Recently, the American Auto/Qil Pro-
gram carefully examined the relation between
evaporative losses and the vapor pressure of gas-
oline. It was found that, for a gasoline with the
same composition, a 0.1 psi reduction in the wa-
ter pressure resulted in an average 4.3% evapora-
tive loss in vehicles equipped with the most up to
date fuel injection systems.

Just for these reasons, adaptation of the com-
mercial gasoline engines to fuels with various
ratios of ethanol and gasoline are current inter-
ests and numerous attempts have been done in
the past decade [9]. Since the definition of water
tolerance or phase separation of gasoline —
alcoholic blends is of necessity and significance.
In order to find these general regularities, it is
necessary to determine how ethanol added is dis-
tributed between different fractions of gasoline.

Experiment

The aim of present investigation is to study the
phase separation of some gasoline —alcoholic
blends with different content of bioethanols and
low octane gasoline fraction and establish the
effect of each other components under its phase
separation.

We used two probes of industrial bioethanol
with different content of water so called B-1 and
B-2. The physico-chemical properties of used
probes of bioethanol are given in Table 1.

We used two probes of petrol gasoline, too.
The components of them are presented in Table
2. For preparing of petrol gasoline we used as
components, produced in “Lukoil Neftohim
Bourgas” as a component, produced in” Bulgari-
an Petrol Refinery”-Sofia.

For definition of phase tolerance of gasoline-
alcoholic blends we are consisted mixtures from

petrol gasoline and 5, 10 and 15 % v/v of B-1
and B-2.

Table 1. Characteristics of bioethanols

Parameters B-1 B-2
Research octane number | 107.5 107
/RON/

Motor  octane  number | 91.0 90.5
/MON/

Reid vapor pressure /RVP/, 17 15
kPa

Distillation characteristics:

-10 % (v/v), °C 77.3 77.4
-50 % (v/v), °C 78.3 78.3
-90 % (v/v), °C 78.3 78.5
Hydrocarbon content, %:

-aromatics 0.31 0.50
-olefins 0.11 0.13
Relative density 0.798 0.803
Ethanol content, % 98.61 96.6
Water content, % 0.96 2.71

Sulphur, ppm 3.0 4.0

Benzene, % 0.02 0.03

Oxygen content, % (v/v) 33.7 31.7

It can seen from the table 1 that the probe B-1
content higher quantity of ethanol and oxygen
accordingly higher octane number and less high-
er RVP. The increasing of water content in bio-
ethanol let to decreasing of these parameters.
Moreover higher content of water is datum for
deterioration of phase stability of bioethanol
probe.

Table 2. Component composition of basic petro-
leum gasolines /BPG/

Content , % (v/Vv)
Component

BPG-1 | BPG-2
Gasol_me from catalytic 59 12
cracking
Reformate 30 26
Alkylate 12 56
BAS 4 4
MTBE 2 2

In the present investigation we prepared mix-
tures which content of bioethanol were 5, 10 and
15 % (v/v).We made the last mixtures with bio-
ethanol content 15 % (v/v), because of expres-




sion more pronouncedly the effect of bioethanol
under physico-chemical and exploration proper-
ties of blended fuels.

It’s known that gasoline-alcohol blends have
a very limited ability to retain water in solution
or in a stable suspension, and if the amount of
water in the blend exceeds this limit, the fuel will
separate into a lower aqueous phase and an upper
hydrocarbon phase. The most important factor
governing the ability of a specific fuel to retain
water without such separation is its temperature.
This test method is intended to determine the
maximum temperature at which the fuel will
separate. The 10™ percentile 6-h minimum tem-
peratures or 10°C (50°F), whichever is lower, for
the time of year and geographic area of the Unit-
ed States in which the fuel may be stored or used
are tabulated in Table 13 of Specification D
4814,

On the consisted mixtures were investigated
the ability to retain water in solution or in a sta-
ble suspension at the lowest temperature to
which they are likely to be stored or exposed in
use. The test methods are intended to measure
the temperature at which a gasoline-alcohol
blend separates into two distinct phases in ac-
cordance with the criteria defined in standards
BSS EN 23015:1997 and ASTM D 6422. The
standard BSS EN 23015:1997 defined test meth-
od for determination of cloud point of petroleum
products and covered only petroleum products
that are transparent in layers 40 mm in thickness,
and with a cloud point below 49°C. The sample
of investigated fuel is cooled at a specified rate
and examined periodically. The temperature at
which a cloud is first observed at the bottom of
the test jar is recorded as the cloud point.

The sample of fuel is cooled at a controlled
rate to its lowest expected storage or use temper-
ature and is periodically observed for phase sepa-
ration. The apparatus of Test Method D 2500 or
a dry ice-isopropyl alcohol bath may be used. A
maximum cooling rate of 2°C/min is specified
because phase separation in gasoline alcohol
blends can have a relatively long but unpredicta-
ble induction period. It was made the follow pro-
cedure:

First the sample was shaken to redissolve any
water that may have settled out during storage.
We observed to minimize vaporization losses
and absorption of water from the atmosphere as:
It rinsed out the test container with a portion of
the sample to be tested by either pouring a small
portion directly from the sample container or by
using a 5-mL pipette. If using the 5-mL pipette,
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draw the specimen from approximately the cen-
ter of the sample container to minimize the
chance of atmospheric moisture coming in con-
tact with the specimen taken. Drain the specimen
used to rinse the test container.

We used a pipette, draw a sufficient quantity
of test specimen from approximately the center
of the sample container and dispense a volume
into the rinsed test container so that the bottom
of the test specimen meniscus is at the marked
line. Alternatively, pour a test specimen directly
from the sample container so that the bottom of
the test specimen meniscus is at the line. If the
test specimen has phase separated, we terminated
the test and obtain a new sample for analysis.
Then we inserted a thermometer through a cen-
trally bored Viton rubber, or equivalent material
stopper, as specified in ASTM D 6422. Seal the
test container that holds the test specimen by
snugly fitting he stopper into the test container
opening. Position the thermometer at approxi-
mately the center of the fuel sample. Place a gas-
ket around the test container, approximately 25
mm from the bottom, and place a disk on the bot-
tom of the jacket in the cooling bath. Place the
disk and jacket into the cooling medium a mini-
mum of 10 min before the test container is in-
serted. Depending upon the time of year and ge-
ographic location at which the fuel may be used,
set-up the appropriate number of cooling baths
with the temperatures kept between the ranges
shown in Table 5. Insert the test container in the
jacket of bath. The sample is not to be swirled or
shaken while in the jacket. Take the first temper-
ature reading at 14 °C. At 2 °C intervals, remove
the test container from the jacket in the cooling
bath and shake vigorously for 5 to 10 s. Wipe the
exterior of the test container with a towel mois-
tened with isopropyl alcohol to remove any con-
densation, and observe the condition of the test
specimen for no more than 5 s against a light
colored, illuminated background. Monitor the
cooling rate while in the jacket, so as to not ex-
ceed 2°C/min. If the test specimen has not phase
separated and has not reached the test tempera-
ture identified in Table 3, return the test contain-
er to the jacket. If the test specimen has phase
separated, record the temperature. If the test
specimen has not phase separated and has
reached the maximum test temperature above
which the fuel must not phase separate, in ac-
cordance with standard specification, for the time
of year and location for intended use. If the user
of the test method is interested in determining the
actual phase separation temperature of the test



specimen, even though it meets the seasonal and
geographical requirement in Specification D
4814, the option exists for continuing the test.

Table 3. Bath and test specimen temperature

ranges
Bath Bath Test spesimen
temperature temperature
setlling, °C range, °C
1 -lto+2 >10
2 -181to - 15 +10to-8
3 -35t0-32 -8to-24
4 -5210-49 -241t0-42

When the test specimen temperature reaches
+ 10°C and has not phase separated or reached
its intended test temperature, transfer the test
container to bath 2, maintained at a temperature
between— 18 and —15°C. It Repeated steps for the
test specimen in Bath 2 until the test specimen
reaches a temperature of —8°C.When the test
specimen temperature reaches —8°C and has not
phase separated or reached its intended test tem-
perature, transfer the test container to Bath 3,
maintained at a temperature between— 35 and —
32°C.It repeat steps for the test specimen in Bath
3 until the test specimen reach a temperature of —
24°C. When the test specimen temperature
reaches —24°C and has not phase separated or
reached its intended test temperature, transfer the
test container to Bath 4, maintained at a tempera-
ture between —52 and —49°C. It repeats steps for
the test specimen in Bath 4 until the test speci-
men reaches a temperature of —42°C. Allow the
test specimen to warm at ambient temperature.
Shake the sample vigorously after each tempera-
ture rise of 2°C and observe. Record a warming
phase recombination temperature. Average the
temperature results obtained upon cooling and
warming to determine the phase separation tem-
perature.

Results and discussion

The obtained results are given in following
tables.
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Table 4. Cloud point of gasoline-alcoholic mix-
tures, which are obtained from BPG-1 and dif-
ferent content BE-1 and BE- 2

Probe Cloud point, °C
Probe 1 - 27
Probe 2 -30
Probe 3 -32
Probe 4 -6
Probe 5 -11
Probe 6 -15

Table 5. Cloud point of gasoline-alcoholic mix-
tures, which are obtained from BPG-2 and dif-
ferent content BE-1 and BE- 2

Probe Cloud point, °C
Probe 7 -23
Probe 8 - 27
Probe 9 - 30
Probe 10 -3
Probe 11 -7
Probe 12 -11

Table 6. Separate point of gasoline-alcoholic
mixtures, which are obtained from BPG-1 and

different content BE-1 and BE- 2

Probe Separate point, °C
Probe 1 under - 30
Probe 2 under - 30
Probe 3 under - 30
Probe 4 -16
Probe 5 -19
Probe 6 -21

Table 7. Separate point of gasoline-alcoholic
mixtures, which are obtained from BPG-2 and

different content BE-1 and BE- 2

Probe Separate point, °C
Probe 7 under - 30
Probe 8 under - 30
Probe 9 under - 30
Probe 10 -14
Probe 11 -17
Probe 12 -19

The presented data had shown that the content
of bioethanol effected under phase stability. It's
established that phase stability is worsen when



the ethanol content decreased and respectively
water content increased in each other probes.

It’s established that basic gasoline composition
was effected essential to phase stability of gaso-
line-alcoholic blends. The gasoline-alcoholic
blends from gasoline BPG-1 have had higher
phase stability at the same amount of ethanol.
But it must be noticed that this gasoline content
two times larger quantity of arenes and olefins.
It's known that arenes and olefins easier polarize
and it’s probably formed associates with ethanol
as a result of intermolecular forces.

Conclusion

Some features of phase stability of gasoline-
alcoholic mixtures have been presented. Some
blends with two probes bioethanol and two com-
positions of basic petroleum gasoline have been
made. The measured cloud points and separate
points have shown that the phase stability effects
as ethanol and water content in bioethanol as
gasoline composition.
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ON MECHANICAL TECHNOLOGY FOR PLASTIC WASTE PRODUCTS
RECYCLING WITH TOOTH DISINTEGRATOR

Georgi Tonkov

ABSTRACT: In the paper is presented a new approach to fine grinding of different kinds of plastic scraps. It
is completed through a designed for this purpose grinding gear mill. Special attention is brought on the con-
struction of the disintegrating member which is a technological gear mechanism. The gears used for it are fully
engaged. Any axial displacement opens a gap between the gears in which the scraps falls. Changing the contact
gap changes the size of the end product and the mill efficiency. The technological features of the disintegrating
gear mechanism allow lower energy consumption then the regular mechanical technologies used for this pur-

pose.

Keywords: tooth mill, technological tooth mechanism, milling, recycling, destruction, waste plastics, poly-

meric materials and raw materials
BLBenenue

PeruknupaneTo Ha TIacCTMacH € akTyalieH
npobjeM, Ha KOWTO ce OT/AaBa BCE MO-TOJSMO
3HAYEHUE KaKTO B HAlllaTa CTPaHa, Taka U B CBe-
toen acmekt (http://ecomedia.bg; http:// www.
reinforcedplastics.com/; Bo6osuu b., B. JleBs-
tul, 2000; ITatent 2133152 RU B02C19/18).
Heob6xomuMocTTa OT MO-ISUIOCTHO OMOJI30TBO-
psiBaHE U MO-¢)EKTHBHO PEIMKIUpPAHE HA OTIIa-
IBYHU TIOJMMEpPHU MaTepuanu (IIacTMacH) ce
00yCIIaBs OT CJICTHUTE TPH OCHOBHU (hakTopa:

+ Exosoruyen - CBbp3aH € ¢ OMa3BaHeTo U
BH3CTAHOBABAHETO Ha OKOJHATA Cpela OT Or-
POMHHUTE KOJMUYCCTBA HATPYIIaHU B IpUpOaAaTa
j1acTMaCoBu OTIIAAHU TIPOAYKTHU, BOACHIU 10
HEOOpaTUMU HEOJIATOTIPUSTHH MTOCIIEICTBHUSL;

+ EHeprues - NpsKko € CBbP3aH: MbPBO - C
KOJINYECTBOTO BJIOKEHA SHEPrus 3a JoOMBaHE Ha
CYpPOBHHH 32 MTPOM3BOICTBO HA HOBH IIACTMACH,
BTOPO - ChC CIIeCTEHaTa €HEPTHUsS OT PEIUKINpa-
HETO Ha YNOTpeOCHHTE OUTOBH M OTHAJBUYHHUTE
MPOMUIIIJIEHH TUIACTMACOBH M3ZENUS U MaTepua-
JU ¥ TPETO - C TOJyyaBaHE Ha €HEeprus OT TsX-
HaTa MpepadoTKa U M3MOI3BAHETO UM KaTo eHep-
THUHHU U3TOYHUILIN;

+ VIKOHOMMYECKU - CBBP3aH € C IOJIOXKH-
TejeH (PUHAHCOB €PEKT OT LSJIOCTHO IIBJIHOLICH-
HO Y PallMOHAITHO PEUUKIIUpPAHE.
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en

Jla ce mpeutoxu 1 u3cienBa 000CHOBAaHO MO-
e(eKTHBHA TEXHOJIOTHS 32 PELUKIMPAHE Ha OT-
NaJHY [J1aCTMACOBH MPOAYKTH.

O0ocHOBKA

OOoOCHOBKa 32 THPCEHE Ha PEIIeHHUs 3a II0-
e(exTHBHO crpaBsiHe B TJI00aJHO OTHOIICHUE C
pOOJIEMHUTE OT H3XBBPJICHUTE IUIACTMACH U
TSXHOTO PELUKIMpaHe € HalpaBeHa ciex o0c-
TOIHO MPOy4YBaHE Ha CHBPEMEHHOTO CHCTOSHHUE
nekomorus - ornagau noiumepu” (http://www.

agro.bg/; http://dariknews.bg/;  http://plastics.
americanchemistry.com/plastics-to-oil; WWW.
iituk.com/news_04.php; Patent: 20130192421;

Muxanesa 3., A. Konres, B. Tapos, 2002; ITa-
teur 2036097 RU B29; Patent RO B23
F21/12.10.95). Ot Ta3u rienHa ToYKa € mpecTa-
BEeH NPHUHIMUIICH BapyuaHT HA 3b0HA MEJIHMIA, B
KOSITO CMHJIAHETO C€ WM3BBPIIBA IO MEXaHWYHA
TEXHOJIOTHSI, O0EAMHSABAIA MPUHIUITUTE HA CH-
JIOBO, TEOMETPUYHO W KHHEMATHYHO BB3ICHUCT-
BH€ BEPXY IOJUMEPHHUSI MaTepral. TakoBa KOM-
IUICKCHO BB3ACHCTBHE MOBEXKIA 0 MHTSH3UBHO
paspyliaBaHe Ha MaTepuaya 0e3 M3MOJ3BaHE Ha
OCTPHU PEXKEIH PHOOBE OT CHUIIOBUS MHCTPYMEHT
B paboTHaTa 30Ha Ha Mennunara (Tonkos, 2007,
Toukos, 2008; Abamxues B., I'. Jumues, I.


http://dariknews.bg/;

Toukos, 2003; Ab6amxkues B., I'. Touxos, 2007;
Toukos I'., E. Abamxkuesa, 2005).

OT WU3MON3BAaHUTE CHBPEMEHHH MEXaHUYHH
METOJM 33 PEHUKINpaHe Ha IIACTMACOBH OTIIA-
JIBITU CE€ M3ITOJI3BAT MPSIUMHO MEJTHHUIIH, B KOUTO
JC3MHTETPUPAHETO HA Marepuaga CcraBa dpes3
pssane  (Tomko, 2008, http://pkb.hit.bg/;
http://plastic-bg.com).

[TpeauMCTBOTO Ha Ta3W TEXHOJOTHS CE ChC-
TOW B CPAaBHUTEIHO BHCOKATa IMPOWU3BOIMTE-
HOCT.

KaTo OCHOBHHM HEIOCTATHIU MPH CMUIAHETO
Ha MJIacTMAacH upe3 ps3aHe Morar ja ce mocoyar:

»  rojemu rabapuTH Ha M3MOJI3BAHUTE TEX-
HOJIOTUYHH ChOPBKEHHS;

»  HEOOXOIMMOCT OT 3aJb/DKHTEIHO MPEe-
BApUTEJIHO Ka4eCTBEHO CElapupaHe U MOATOTBSI-
HE HA MaTEPUAITUTE MPEIH TIXHOTO CMUIIAHE;

»  W3pa3xoj[BaHC HA TOSIMO KOJHYECTBO
CHEPrHsl MIPU OCHIIECTBSIBAHE Ha JE€3UHTETPAIH-
OHHHTE MPOLIECH;

J

»  WHTEH3MBHO M3HOCBAHE HA OCTPUTE pe-
XKeI phOOBE U YECTO CUYIBAHE PEKEIIUTE HHC-
TPYMEHTH U MOBpPEXKJIAHE HA CHIIOBUTE HOCELIH
YCTpOMCTBA;

» TONyYaBaHEe Ha €IpO0 M HEeITHOPOIHO
CMeJIeH MaTepHall.

CrenoBaTeaHO ca HAJIUIE JOCTaThbYHO OCHO-
BaTEJIHA MPUYHMHHU 32 ThPCEHE HAa HOBU TEXHOJIO-
THH 32 TT0-e(DEeKTUBHO PEUKINPAHE Ha TacTMa-
CH.

HN3a0xeHne

B pabotara e nmpeanoxeH BapuaHT Ha 3bOHa
Menuuia (¢wur. 1), mpeaHasHavyeHa 3a JC3UHTET-
pUpaHe Ha BCSKAKBH ITACTMACOBH OTHAIBIIH,
HE3aBUCHMO OT TEXHUS Bua U  (usuko-
MEXaHUYHH XapaKTEepUCTHKH. EAWHCTBEHOTO

W3UCKBAHE MO OTHOIICHUE HAa MaTepHaiTe, MOoC-
THIBAIM 32 JIE3UHTETpUpaHe, € Te Ja OBbaaT
OTIpeJieNieHN pa3MepH, B 3aBHCUMOCT OT THIIO-
pa3Mmepa Ha pabOTHHUSI OpraH, U3MOJ3BaH B MeIl-
HUIIATA.

“tn

fﬂ

®ur. 1 CAD mozen Ha 3p0Ha METHHIIA C IC3MHTErPUpaIl] pabOTeH OpraH - TeXHOJOTHYCH

350€H MEXAaHU3bM

Ha ¢wur. 2 ca mokazaHu MOHOJIUTHH IJIacTMa-
COBH OTHaaAbUOX - YaCTU OT U3XBBPJIICHU Ty6I/I,
OWIOHM, JIETEHW W KAaCeTKH, KOUTO IMOMJIeKAT Ha
penmkirpane. 3a 1a ObIaT MOAJMOKEHN HA CMH-
naHe, eaporabapuTHUTE MaTepuald TpsOBa

il [V

@ur. 2 Ornagbyau OMTOBH IJIACTMACOBH MIPOLYKTH
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MpeJBAPUTETHO Jia C€ TOATOTBAT KaTo ce pasi-
poOsT 10 Tmapyera ¢ pa3Mepd, NMPEeMUHABAIN
npe3 BXOJHHS OTBOP HA 3aXpaHBAILIOTO YCTPOMC-
TBO (OyHKep nmnu QyHus - gur. 1) Ha pasriexna-
HaTa 350Ha MEJTHHUIA.



http://pkb.hit.bg/;
http://pkb.hit.bg/;
http://pkb.hit.bg/;

Ha ¢ur. 3a u ¢ur. 36 ca npencraBeHu enpu-
HHUTE Ha Tapyerara, MOCTHIIBALIMA 332 CMUJIAHE B
€/IHU OT Hai-MaJKHUTE MO TUIOpa3Mep MEITHHIIH,

MIPOEKTHUPAHH OT aBTOPA U U3CIEABAHM EKCIIEPH-
MeHTaJ HO B Jaboparopuu Ha TY - Codus u Un-
ctutyTa 1o Mexanuka Ha bBAH.

@ur. 3 [InacTMacy, HOCTHIIBAINY 32 PELUKINPAHE: a) IPEABAPUTEIHO HACUTHEHH, 0) MOHOJIIUTHH

B MmenHunaTta ce W3Moi3Ba MPUHIWIIHO HOB
MOJXO0J, OCHTypsiBall e€(EeKTHBHO pa3pyllaBaHe
Ha MMOJMMEPHHUTE MaTepHAIN 10 MEXaHUYEH ITBT.
ToBa ce peanu3upa upe3 TEXHOJIOTHUYEH 3bOEH
mexanu3bpM (T3M), mpencrasisBamy (GyHKIHO-
HaJIHUS OpraH Ha MenHunata (¢ur. 4a).

I'eomerpusaTa Ha pabOTHUTE 3BEHA HA MeXa-
HU3Ma € moAdpaHa M0 HA4WH, MO3BOJISBALI II0-
NajHAINTE MEXAYy KOHTaKTHUTE 3bOHM MOBBPX-
HUHU yacThLH (¢ur. 40) aa ce paszpylasar ¢ I0-

a)
®ur. 4 350eH MexaHu3bM 3a Ae3uHTerpanuoHHu npouecu: a) CAD monen Ha MmexaHu3Ma,
0) MoJien Ha Tporieca Ha CMUJIaHe

[IpeioskeHUAT KOHCTPYKTHBEH BapUaHT Ha
3p0Ha MEJHHMLA, Ype3 KOMTO ce peanusupa GUHO
CMHJIaHE Ha OTHaIHHU MOJIMMEPHHU MPOAYKTH, € B

MalKo BJOXKeHa eHeprus. ToBa ce ABIKH Ha
(akTa, 4e BbPXy MEXaHHYHO TPETUPAHHUTE Yac-
TUIM € HAJIWLE E€AHOBPEMEHHO DPa3HOIOCOYHO
CHJIOBO BB3JICHCTBHE, MIPUAPYKEHO C MPOMEHIIH-
BO 10 TOJIEMHHA NpuIlb3Bane. CrnennduiaHuTe
mo ¢opmMa M CTPYKTypa KOHTAKTHH 3bOHH IO-
BBPXHHHHU U 3aJI0)KEHUTE T'€OMETPUYHM U KHUHE-
MaTHYHH OCOOCHOCTH Ha MeXaHHW3Ma JIOTpPHHA-
CSIT 3a MO-ToJIsIMa €()EeKTUBHOCT IPU OCHILECTBSI-
BaHE Ha Ipoleca Ha CMUJIaHE.

pe3yATaT OT 3aIBJIOOYEHO aBTOPCKO HM3CIIeIBaHE

(Tonkos I'., E. Abamxuesa, 2005; Tonkos, 2007;
ToukoB, 2008; Ilarent 02149056 RU BO02



C7/04; Tlarent 2087194 RU B02 C7/06). Tlox-
BIDKHHTE 3BeHa Ha m3cienanus T3M ce chCToAT
OT 3aJpyXHO paboTemu 3b0HU konena 1 u 2,
M3BBPIIBAIIY CAHOMOCOYHA poTanus (C BIIIOBa
CKOPOCT (1 M (7) OKOJIO YCIIOPESTHH OCH a-a u b-
b (¢ur. 5). Te mpencrasiasgBaT pabOTHHS HHCT-
PYMEHT, 4pe3 KOMTO ce peanusupa NpoIlechT Ha
cMuiIaHe. 350UTE W IMPU ABETE KOJella ca YSITHO
Pa3MoJI0KEeHN 10 PAaBHWHHH (JIMIICBH) TOBBPX-
HUHU Ha HOCeIU auckoBe. [Ipu romsiMoTo Koie-
710 (KOpOHAaTa), Te ca KOH30JIHO YCTAaHOBEHH, 00-
pa3yBailku BeHEI| C BBHIIEH TUAMEThp, ChBIIa-
Jalll ¢ TUaMeTbpa Ha TETOBUS IMINHIBD df1 u

BBTPEIICH AUAMETHP, ChBIAAAI C AUAMETHPa Ha
BBPXOBHSI ITHIHHIBD dal , OTpaHUYaBaIlHA 3H0U-

A
Wl
/\\
al— _
/
T

Te 1o BrucoumHa. [Ipu MalkoTo Koineno (MUHBO-
Ha), 3p0MTE MoOrar aa OBJaT W3MBIHCHHU IIO1
(dopMaTa Ha BEHEIl, OTPAaHHYCHH 110 BUCOYMHA OT
BBPXOBUS [WINHIBD da2 U TIETOBUS IWIMHIBD

df2 , KOUTO e KyX (He e mokazaH Ha (urypara)

WM MoraT Aa ObAaT Haps3aHU B IUTbTEH IMIUH-
abpp (1mo3. 2 ¢ur. 5). Broporo usmbiHEHHE €
MHOI'O I0-0JIaronpusiTHO OT TIJiefHa TOYKa Ha
TOBapOHOCMMOCTTAa Ha TOBa KOJIEJIO, KOETO B
nporeca Ha paboTta e mo-Texko HatoapeHo. Ko-
JiefiaTa ca KOH30JIHO YCTaHOBEHH, KOETO YJIECHS-
Ba KOHTpOJia BbpXY Ipolleca Ha CMMJIaHe, MOJ-
JIpbXKKaTa 1 peMoHTa Ha T3M.

®@ur. 5 ['eomerpuyen moaen Ha T3M

IMpodunute Ha 30UTE U TEOMETPUITA HA Me-
XaHWU3Ma Ce MOJOMpAT MO Pa3UYHU KPUTEPHUH,
0 TOJIAMa CTEHeH 3aBUCEINd OT (U3UKO-
MEXaHUYHUTE XapaKTePUCTHKH Ha CMUIIAHUS
Matepuan (Abamxkues, 2003, Abamxkues, 2007).
OcHoBHHTE KpUTEpUH ca popMupaHu Ha Oa3a Ha:

¢  TEXHOJOTHMYHOCT MpH H3pabOTBaHE Ha
3BOHHUTE KOJIENa;

¢ ompeneneHa SKOCT B Pa3UYHUTE HArl-
PEUHH CEYCHUS MO JbJDKUHATA HA 3hOUTE;

4 [IOCTHTaHE HAa ONTHMAJIHH CHIIOBH CHOT-
HOILIEHUSI 10 PAaOOTHUTE 3BOHM MOBBPXHUHHU
MeXIy TaHTeHIuai Ha (mepudepHa), paauaiHa U
0COBA CHIIA;

¢ [oNyyaBaHE HA HEOOXOAWMH KHHEMa-
TUYHM 3aBUCHMOCTH U KaYECTBEHH II0KA3aTEIH B
3aIleBaHETO;

¢ TapaHTUPAaHO peryiupaHe Ha 3aaajicHa
xJ1abuHa MEXTy 3bOHUTE OBBPXHUHHU.
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3aapykHO paldoTeIuTe KoJiena B MEXaHU3Ma
Ce BBPTAT C Pa3MuHu 00OpPOTH, KAaTO pean3u-
paT ompeneneHo TMpPeAaBaTeIHO OTHOIICHHUE.
CkopocTTa Ha BBPTEHE 3a€lHO C IMOJaBaHaTa
KbM paOOTHHS OpPraH MOIIHOCT BIIUSISIT BBPXY
rojeMHHaTa Ha BBPTALINS MOMEHT, a OT TaM H
BBpPXY FOJIEMHHATa Ha CHIINTE B 360HOTO 3alien-
BaHe. Te3n cuiM ce mpenaBaT AUPEKTHO BBPXY
YaCTUIIMTE OT CMUJIAHUS MaTepHall U UTPasiT Chb-
IIECTBEHA POJISI BBPXY MHTEH3UBHOTO MY Pa3py-
mraBaHe. Ha ¢ur. 6 e mpexacraBena cuioBarta
KapTHHa B pabOTHATa 30HA Ha JE3WHTETPUPALIHS
MEXaHHU3bM.

Pe3yaTaTi 0T AKOCTHOTO MPeCMATAHE HA
CHJINTE B Pa00THATA 30HA HA
nesunTerpupamus T3M

AHaJIUTUYHOTO ONpEJENITHE HAa TOJIEMHUHATA
Ha JieficTBamuTe cuin (M ChOTBETHO rOJIEMUHATA
Ha BB3HMKBAIIWTE HAMPEKEHNS) CE M3BHPIIBA Ha
0a3a Ha HEOOXOAMM BHPTSII] MOMEHT:



T

mea

()

Sl

kbaero: P e mompmocrra B [W];

z.n -1
w= 5 € brijioBaTa CKOpOCT B [S :' )

N - 4gecroTaTa Ha BBPTEHE HA IOIBIKHUTE
3BEHA B [min’lJ .

®@ur. 6 Cuny, aeiicTBaly BbpXy KOHTAaKTHUTE 3b0HU MOBBPXHUHH, MPEAABAIN CE€ HA CMIJIAHUS Ma-

TCpHal: F - HOpMaJiHa CuJjia B 001110 II0JIOKCHHC, th - XOpHU30HTaJIHa CUJia B O6H_[O ITIOJIOKCHHUC,

n

F

T

BwB dopmyma (1) 3a onpenensiHe roneMuHaTa
Ha BBPTALIAS MOMEHT, 3a Ja Ce€ W3ION3BaT JH-
PEKTHO OT €JEKTPOJBHUrarTelslsi ykazaHaTta HOMH-

HanHa MomsocT B [KW | 1 yectora Ha BhpTCHE B

[min’lJ , C€ TPaBH CIIEAHOTO MIpeoOpa3yBaHHe:

P

_1000P30 4550 P Nm. @)
n

zr.n

T

P 1 n ca oOMKHOBEHO MpeIBAPUTEIHO 3ajajie-
HU WM JIECHO Morar J1a ce onpezaensart. Crnenosa-
TEJTHO BBPTALINS MOMEHT B 3b0HUS MEXaHU3BM €
n3BecTeH. Toil MoXe na ce u3pa3u upe3 MepH-

¢depHata cuna F, 1o cieqHus HaUuH:

(3)

kpaero d p © CTBIKOBHSAT MAMETBP Ha 350HOTO

KOJIEJIO, U3BECTEH OLIE KaTO JICJIUTENEH, 10 KO-
TO TEOPETHUYHO JebennHaTa Ha 3p0MTE € paBHa
Ha mMpoYrHaTa Ha Mexay3bOusita (Abadjiev,
V., D. Petrovaq E. Abadjieva, 2006; Abadjiev,
V, 2003; Litvin F, 2000).

Ot ypaBHenue (3) 3a nepudepHara cuma ce
HOJTy4aBa:
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- nepudepHa cuna, F, - pannanna cuna, F, - akcnanHa cuna

(4)

IIpu u3BecTHH @ U [, KOUTO Ca CHOTBETHO

OPOQUIHHUAT BI'BJ TIO CTHIIKOBATa OKPBKHOCT U
BIBIBT HA HAKIOHA HA 3BOUTE CHPSIMO T'€OMET-
puvHATa oc Ha poTanus, oT ¢ur. S u ¢ur. 6, mo-
rar Ja ce ONpenessT AeiicTBAalUTe CHWIIM U OT-
HOIICHHUATA MEXKTY THX:

% OTHOIICHHE Ha PajJilaliHa KbM HOpPMaJlHA
cuia

®)

Fr H .
—L =sina;
Fn
% pajManHa Cuiia, U3pa3eHa 4ype3 HopMall-
HaTa
F. =F, .sina; (6)

“* HOpMaJHa CWJIa, M3pa3cHa upe3 pajuai-
Hara
F

Fn: - . )
Sina

()

< OTHOLICHUEC Ha XOPHU3O0HTAJIHATA HOp-
MajlHa KOMIIOHCHTAa KbM HOpMaJIHaTa Cujia
Fh
F” =Ccosa ; (8)

n




% XOpH3OHTAJHA HOpPMAalHA KOMIIOHEHTA,
M3pa3eHa Ype3 HopMaliHaTa Cria

F, =F.,.cosa; 9

“* HOpMaJHa CWJa, HM3pa3eHa 4Ype3 XOpH-
30HTaJHATA HOpMaJTHa KOMITOHEHTA

I:h
F,=—; (10)
cosa

«* OTHOLIEHHE Ha TaHT CHIIMaJIHaTa Cujia
KbM XOPHU3O0HTAJIHATA HOpMaJiIHa KOMIIOHCHTA

F
L =C0Sf;
hn

(11)

** TaHTCHIMAIHA CWJIA, U3pa3cHa 4pe3 XO-
PH30HTATHATA HOPMAJTHA KOMIIOHEHTA

F =F, .cosj; (12)
¢  XOpH3OHTAJHA HOpPMAalHAa KOMIIOHCHTA,
n3pa3cHa 4Ype3 TaHICHIKMaIHaTa CuJjia
F, = K.
hh ™ ’
cos 3

(13)

«* OTHOIIEHWE Ha aKCHallHaTa CHJa KbM
XOpHU30HTaJIHaTa HOpMaJiHa KOMIIOHCHTA

F .
& =sing;
hn

(14)

% akcuaaHa ChJia, n3pa3cHa 4Ype3 XOPU30H-
TaJlHaATa HOpMaJiHa KOMIIOHCHTA

F, = th Sing; (15)

** XOpHW3OHTAIHA HOpPMAaJHa KOMIIOHEHTa,
W3pa3eHa upe3 akcuallHaTa CHiia

- (16)

sin g
Crnen xato ot ypaBHeHue (4) ce m3pasu Ie-
pudepHara cuia, TO JIECHO CE OMPEACIIT OKOH-

YaTCJTHUTE CTOWHOCTH HAa TOJICMHHHTE HAa OCTa-
HaJIUTE JCHCTBAIINTE B MpoIleca Ha paboTa CHIIH:

1) Xopu3oHTaaHa HOpMaaHa KOMIIOHEHTA!

o= (17)
" cosf
2) AkcuanHa cuia;
. Foo

Fa = Fh .Slnﬂ= - -Slnﬂ: Frtgﬁ ' (18)

n cos 8

3) Hopmasna cuia:

F

- m _ R (19)

" cosa cosp.cosa

4) Pagnanua cuia:

. F F t
F =F.sina=——F——s na:f—ga. (20)
Cos S.cosx cos 3

Ha ¢wur. 7 e npeacraer CAD monen Ha 3b-
OcH MeXaHHM3bM, H3IIOJ3BaH B IMPOCKTHpaHaTa
Mmennuna. Ot Hero ca pa3paboTeHu TpH BapuaH-
Ta, KOUTO Ca C CJMH M ChI| rabapuT U MoraT Ja
ObJIaT IIOMECTEHHU B OOIIl KOPITYC.

a)
®@ur. 7 CAD monen va T3M: a) o0 Bug Ha MexaHu3Mma, 0) 6a30BO KoJesio (KOpoHa), B) TEHEPH-
paHo Koneso (MMHBOH)

Bcexkn CAWH OT BAPUAHTUTEC € IMOJYUCH CJICH
MHOT'OKPATHU U3CJICABAHUA HAa TCXHUTC AKOCTHU
nu Q)YHKHI/IOHEIHHI/I BB3MOXHOCTHU, U3BBPIICHU CHC

0) B)

CBHBPEMEHHU METOIH IO JI00pe TMpPOy4YEeHH CBe-
TOBHO M3BECTHH aKTYaJIHH U HOBH aHAJUTHUYHH,
KOMITIOTBPHHU M MeXaHH4YHU TexHosoruu (Litvin



F, 2000; Baastein G, 2000; Ghionea A, G.
Constantin, I. Stanasel et al. 2008; Ilie K., A.
Subic, 2005; Nacy S., M. Abdullah, M. Mo-
hammed, 2007).

IIpemioxenure BapuanTu (¢ur. 8a, pur. 86
u (ur. 8B) ce oTiMUaBaT MO CIICTHUTE TEOMET-
pYYHU apaMeTpu:
Opoit  eaHOBpPEMEHHO
3L0HH KOJIETIa;

e  Opoii Ha 3p0UTE HA OTACITHUTE KOJeTa U
0011 Opoit 3501 B MEXaHNU3Ma;

®  Pa3IMYHO MpEeJaBaTEJIHO OTHOLICHUE;
NPUIOKEHH KOPEKIMH B 350HOTO 3aller-

L4 KOHTAaKTyBallll

BaHE;

e  HAKJIOH Ha 3BOUTE CIPSIMO TeOMETpUY-
HHUTE OCH Ha POTAIHS;

®  MOyJ Ha 3bOHUS MEXaHU3bM;

e MEXIYyOCOBO pa3CTOSHHE.

Tpure CAD monena (¢ur. 8) ca mpoekTHpaHu
NpY ellHa U ChIIa BXOAAIIA MOUIHOCT ¥ YECTOTa
Ha BBPTEHE W NIPU €IHU M CBHIIU ChCTABHHU MaTe-
puamu. M npu TpuTe BapMaHTa, BCHYKHTE ChB-
MECTHO paboTemy 3bOHM KoJjella H3BBPIIBAT
€THOTIOCOYHA POTALHSL.

ITpu codpryepHOTO M3CIEBaHE HAa MOIEIHTE
ca TOJy4eHH DPA3IMYHA KAPTUHH Ha CHUIIOBOTO
HaTOBapBaHe B 30HATa Ha cMuiaHe. KauecTBeHu-
TE MOKA3aTesH, KaTO KOS(HUIMESHT Ha MPEIOKPH-
BaHE W OTHOCHUTEIHO IUTh3raHE CHIIO BapHpar B
MHOTO TOJIEMH TpaHuIH. Te ca BbB Bpb3Ka C Ie-
OMETPUYHUTE OCOOCHOCTH Ha MexaHu3Mma. Kom-
OMHALMHUTE OT TEOMETPUYHH, CHJIOBH U KHHEMa-
THYHM TIApaMETPU IO3BOJIIBAT Pa3IMYHHUTE Ba-
pPHAHTH J1a ce MpHJIarar MpH Pa3IndHU CIydyan Ha
CMMJIaHe, B 3aBHCUMOCT OT BHJIa Ha Marepuana,
BXOJAINA W HU3XO[MIIa €JpHHAa Ha CMWJIAHE H
OYaKBaHa MPOU3BOJUTEIHOCT.

[Ipu mepBust ciyuait (¢pur. 8a) 3O0HUAT Me-
XaHU3BM C€ CHCTOM OT JIBE 3aJpy’KHO padoTern
kojena. Toll ce xapakTepus3upa € Haill-MaabK
o0y Opoit 3b0M, Hali-MaTbK KOS(QHUIMEHT Ha
NPENOKpUBaHE W HAW-TOISAMO  OTHOCHUTEITHO
IUTh3TaHEe MEXIy KOHTAKTHHTE 3BOHU IOBBPX-
HuHU. [lomxomsin e TpH Ie3MHTErPUpaHe KaKTO
Ha IJIACTMAaCH C roJisiMa TBbP/IOCT, Taka M Ha BU-
COKO €JIACTHYHH IUIACTMAcH ¢ pa3iIndHa ae0ein-
Ha. [lo3BosIBa cMUIIaHE HA KBCOBE C MO-TOJSIMA
enpuna (20-30 mm).

a)

6)

B)

®@ur. 8 Bapuantu Ha ae3unTerpupam T3M ¢ enHakBu rabaputu:
a) T3M c aBe 350HH KOJjIea, MaTbk Opoli 350M U TOJIIMO MPEIABATEIIHO OTHOILICHUE,
0) T3M c nBe 360HU KoOJIENa, TOJISIM OpOi 3601 M MaJIKO MPEIaBaTeIHO OTHOIICHHE,

B) T3M c yetupu 360HH Kosena

IIpu BTOpUs ciy4yaii (pur. 80) T3M chiio €
CbCTaBeH OT JiBE 3bOHHM KOJeNa, Karo OOmms
Opoii Ha 3p0uTe € Hai-rosiM. KoeduumeHThT Ha
NPENOKPUBAHE € MAKCUMAJICH, & OTHOCUTEITHOTO
IUTb3raHe - MUHUMaIHO. [lomxonsi e mpu GuHO
CMWJIaHE Ha TPaHYJIH C pa3MepH HE MO-TOJIEMHU
or5-6 mm.

IIpu tpetus cinyuait (pur. 88) T3M e chera-
BCH OT YETHPH 3bOHHU KOJIeNa - €IHO BHHIIHO U
Tpu BbTpeiHu. Toil e mog00eH Ha TbpBHS Bapu-

29

aHT, HO Ce OTJIMYaBa C MO-0JIATOMPUATHO HATO-
BapBaHe, IMO-BUCOK KOE(HIIMEHT Ha TPEMOKpPH-
BaHE U M0-BUCOKA IPOU3BOIUTEIHOCT.

[MapameTpure oT cOpTyepHOTO H3CIE/BaHE
Ha 3b0HUTE MEXaHMU3MH ca mafeHHd B Tabna. 1 u
Tal0Il. 2, OT KBAETO SCHO CE€ BIKJA, Y€ MPU €THU
U ChIIM rabapuTH, MOIIHOCT U YECTOTa Ha BBP-
TEHE CHJIOBHTE IapaMeTpH W KauyeCTBEHUTE II0-
Ka3aTelld CHITHO CEe pa3NyaBar.



Tab6auua 1. 'eoMeTpuyH MapaMeTpy Ha AC3UHTETPUPAITITE 3HOHH MEXaHU3MH

T3M ot ¢wur. 8a

T3M ort ¢ur. 86

T3M ot ¢wur. 88

Gear 1 Gear 2 Gear 1 Gear 2 Gear 1 Gear 2
Type of model Component | Compenent | Component | Component | Component | Component
Number of Teeth 8 ul 19 u 100 u 108 ul 2 ul 21 u
Unit Correction 0.3820 ul 0.1720 ul 0.4000 ul 0.2470 ul 0.3971 ul 0.1871 ul
Pitch Diameter 178.715 mm | 424.448 mm |456.942 mm |493.497 mm|162.468 mm |426.479 mm
Outside Diameter 239.523 mm [407.610 mm [469.542 mm [486.720 mm|218.352 mm |410.806 mm
Root Diameter 140.523 mm | 487.016 mm |449.292 mm | 506.970 mm|128.352 mm|483.963 mm
Base Circle Diameter 167.633 mm|398.128 mm |428.606 mm |462.895 mm|152.393 mm |400.033 mm
Waork Pitch Diameter |dy |170.101 mm |403.989 mm [434.854 mm |469.642 mm|156.290 mm 410.261 mm
Facewidth 150.000 mm | 150.000 mm |150.000 mm |150.000 mm|150.000 mm|150.000 mm
Gear Ratio i 2.3750 ul i 1.0800 ul i 2.6250 ul
Module m | 22.000 mm m | 4.500 mm m | 20.000 mm
Helix Angle B |10.0000 deg B |10.0000 deg B |10.0000 deg
Pressure Angle a (20.0000 deg a |[20.0000 deg a |20.0000 deg
Center Distance aw |116.244 mm aw | 17.394 mm aw [126.986 mm
Product Center Distance |@ |122.867 mm a |18.278 mm a |132.005 mm
Total Unit Correction ZX | 0.2100 ul Ix | 0.1530 ul 3x | 0.2100 ul
Contact Ratio £ | 13140 ul e | 3.5953 ul € | 14111l

Ta6auna 2. CuinoBr napaMeTpy Ha Ae3HHTETPUPALINTE 3b0HN MEXaHU3MH

T3M ort ¢ur. 8a

T3M ot ¢ur. 86

T3M ot ¢ur. 88

Gear 1 Gear 2 Gear 1 Gear 2 Gear 1 Gear 2
Power P 3.000 kw 2.940 kW 3.000 kW 2.940 kw 3.000 kw 2.940 kw
Spesd 65.00 rpm 27.37 rpm 65.00 rpm | 60.19 rpm 65.00 rpm 24.76 rpm
Torque T | 440.737 N'm |1025.815 N m|440.737 N m|466.476 Nm| 440.737 Nm [1133.795N m
Efficiency n 0.980 u 0.980 ul 0.980 u
Radial Force Fr 892.479 N 347,354 N 1283.536 N
Tangential Force Ft 5182.071 N 2027.059 N 3639.991 N
Axial Force Fa 913.739 N 357425 N 994.483 N
Mormal Force Fn 5317.180 N 2079.552 N 5853.720 N
Circumferential Speed|v 0.608 mps 1.555 mps 0.553 mps
Resonance Speed Nei|14149.051 rpm 712.567 rpm 15704.732 rpm

3b0HUTE KOJIeJa MpPEACTaBIsIBaT POTOpPa Ha
MenHHIara. Yecrorara UM Ha BBPTEHE € TMpPe/-
BHJICHA J]a C€ YMpPaBJsABa MO CIEKTPOHEH BT, a
OCOBOTO MM TIpeMecTBaHe Mo MexaHuueH. Te ca
MOMECTeHH B OOII METaJeH KOpIyC, KaTro CIie-
UQpHUKaTa Ha KOHCTPYKIUATA UM BOJIU 10 000-
cO0sSBAaHETO Ha MOJy3aTBOPEHA KOMIIAKTHA pa-
0otHa kamepa (dur. 9), B KOSITO Ipe3 CTPaHUYCH
OTBOp MEX/Y JBETE KoJielia Ce W3BBhPIIBA MO/a-
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BaHe, 3aBBbpPTaHe, pa30ObpKBaHE M CMHJIAHE Ha
MoJUMEpHHUs Matepuall. B Hali-HHUCKaTa 4act oT
paboTHUS 00eM Ha Kamepara € MOMECTeH Ccera-
patop (¢ur. 10), mpe3 KOUTO cTaBa HEMOCPEACT-
BEHOTO OTBEXJAHE HAa CPaBHHUTEIIHO €IHOPOJIHA
¢bunHa (pakmus, MosyyeHa OT CMHUIAHETO Ha I0-
numepure. CenapaTtopbT MPeICTaBIABA HAOOP OT
CMEHSIEMU CTOMaHEeHU CHTa, KOUTO ca C oIpeie-
JICHA TOJIEMHHA Ha MPOIycKanure oTBopu. Toil e



pa3NoJoKeH B Hal-HUCKaTa TOYKa OT pabOTHHA
o0eM, B HEMOCpeACTBEeHa OJIM30CT 10 30HATa HA

CMWJIaHE M TOBA YJIECHSIBAa M3BEKAAHETO HA Ma-
TepHaa.

®@ur. 9 [Nony3aTBopeH paboTeH 06eM, GopMHPaH
OT 3b0HMS MEXaHU3bM, KOpITyca U cermaparopa

Baxxna ocoGeHOCT B TeOMETpHUsITa HA KOHTAK-
TyBammre 3601 oT T3M e U3MeHeHHeTo Ha pas-
MEpUTe Ha HANPEYHOTO CEYCHUE IO TAXHATA
IbIDkrHA. ToBa BOAM N0 cieqHHUTE ABa Ojaror-
PUATHH 32 CMUJIaHETO (pakTopa:

1) Ilpu ocoBo mpeMecTBaHe Ha €AHO OT HOJ-
BIJKHUTE 3BCHA HAa MEXaHU3Ma CE MPOMEHS MEX-
ny3pOHaTa xjlabruHa B 3allelIBAaHETO, B KOSTO TO-
naza marepuanbT. C IpoMsiHa Ha Ta3u XJIaOUHA
ce peryiaupa eIpuHaTa M IPOU3BOAUTEIHOCTTA
Ha CMUJIAHE.

2) IlomyuaBa ce mpocTpaHCTBEHa pabOTHA
3p0Ha MOBBPXHMHA, N0 KOATO HOpPMajHATa CHJIa
ce pasnara Ha TpU AONBIHUTEIHN KOMIIOHEHTH -
JIBE paJMajHi U €JJHa aKcuallHa Cuja, JieiicTBa-
M 10 TPUTE OCH HAa KOOpAMHATHATa CHCTEMa
(¢ur. 6). To3u daxTop BOAM OO BH3HUKBAHE HA
CJIO’)KHO HANpETHATO ChCTOSHHE B Marepuaia oT
CMHJIAaHUTE YaCTULIH.

C namansBaHe Ha CBOOOTHHSI 00€M B MEXITY-
3'[)6I/ISITa, IomnajHaJIuAT B TAX MaTepurall, U3IMUTBa
O0Bp30 HapacTBallO HATOBapBaHE JO MHOTO BU-
COKHM CTOMHOCTH. ToBa JOBEXKJa 10 HHTEH3UBHO

i

®@ur. 11 ExcnepumenTanen odpasell Ha 350Ha METHUIA 33 JC3UHTETPUPAHE Ha TIONUMEPHU MaTeprau

ol
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®@ur. 10 Cenaparop, uznoxnszsad B T3M

[OKa4yBaHE Ha BHTPEIIHUTE HAIIPEKEHHUS U ChOT-
BETHO /10 MUTHOBEHO pa3pylllaBaHe.

Kpaitnara dhpakmnus Ha ne3wHTErpUpaHAs Ma-
Tepua, MOJy4YeH C MpOoeKTHpaHaTa MEJIHHUIA, € C
rojeMuHa Ha JacTunure oT 60 um g0 3 mm npu
cernaparop ¢ JUaMeTbp Ha MPOIYCKAILUTE OTBO-
pu S mm.

[Tonyuenu ca naHHM, Y€ pa3iIMYHU MaTepua-
JIM, IE3UHTETPUpPAHH 10 NMoJ00eH Ha4yMH, ce 3a-
PEXIAT JOMBIHUTEIHO C €HEPrHs U MPH TAXHOTO
CIIeJIBAIl0 M3MOJ3BaHE MpUTEXaBaT MO-TOIsIMa
AKTUBHOCT TPU MPOTHYAIINTE XMMHUYHU H OHO-
JIOTUYHHU TIPOLIECH, B KOWTO y4acTBaT, U CHOT-
BETHUAT MOJy4yaBaH OT TSAX MPOAYKT € C TO-
BHCOKO Ka4ecTBO OT TJielHa TOYKa Ha OYaKBaHU
($u3MKO-MEXaHUYHM XapakTepucTuku. (Bbikos
B., M. Benes, T. Xemes u cpaBT., 1989;
http://www.iituk.com/news_04.php).

Pesynratu oT cMuiaHeTo Ha OTHAagbYHH OU-
TOBM M NPOMHIIJICHU TOJMMEPHU MaTepUaIU C
IIPOCKTHpaHaTa MEJIHHUIA ca [IOKa3aHW Ha ciel-
BalIuTe QUTYPH.



http://www.iituk.com/news_04.php

®ur. 14 [Ipobu, mosydeH! MPH CMUIIAHETO HA TMOPECTHU TIACTMACH
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A e

®ur. 16 HPOGI/I, IMMOJIYy4YCHU OT CMMWJIAHETO HAa TCXHUYCCKU IJIaCTMAaCH

HN3non3san codryep

3a ISUIOCTHOTO TPOEKTHUpPaHe, HU3CJeIBaHE H
TEXHHYECKO IOKYMEHTHpaHE Ha eKCIIepUMEH-
TaHUS oOpaser] Ha Ae3WHTerpupamara 3b0Ha
Mmennuna (pur. 1) e uznonsean codryepHus mna-
KeT 3a NpOMHUIIUIeHO poekTupane Design Suites
2014 Ha ¢bupmara Autodesk
(www.autodesk.com; www.cadpoints.com). ITa-

Ta6auna 3. Autodesk Product Design Suite 2014

KEeTBT ChIbpKa Haj 13 codTyepHH NPOAYKTH,
obenMHeHN B JBe OCHOBHHU Tpymu - Autodesk
Product Design Suite 2014 u Autodesk Facto-
ry Design Suite 2014 (tabx. 3 u Ta61.4), KOUTO
MOTaT Jla c€ M3MOJ3BaT KaKTO CAMOCTOSATENHO,
Taka W CHbBMECTHO, ThH KaTO ca WHTErpHUpaHH
nomesxay cu (I'puropos b., 2012).

Autodesk Alias Autodesk | Autodesk AutoCAD Autodesk Autodesk | Autodesk | Autodesk
Inventor Design Inventor 3ds Max Mechanical | SketchBook Vault Showcase Modbox
Professional Design Designer
Standard o ° . . .
Premium ° ° ° ° . . .
Ultimate . . . . . . . . .
Taoauna 4 Autodesk Factory Design Suite 2014
Autodesk Autodesk Auto- | Autodesk Auto- Auto- Auto- Auto- Auto- Factory
Inventor Navisworks desk Naviswor | desk 3ds CAD CAD desk desk Design
Professional Manage Inven- | ks Simu- Max Mechani- | Archi- Vault Show- Suite
tor late Design cal tecture case Utilities
Standard . . . . ° °
Premium o . o . . . ° °
Ultimate . . . . . . . . . .
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http://www.autodesk.com/
http://www.cadpoints.com/

Pesynrartute, orpaszeHu B crarusTa, ca IoC-
THUTHATH TIPH M3II0JI3BaHe OCHOBHO Ha Autodesk
Inventor Professional.

3a MoaenupaHeTo Ha 3BOHUTE Tpoduau e
nsnoiBan AUtoOCAD Mechanical cbe 3amosxe-
HUSA B Hero mporpamed esuk AutoLISP. Upes
pa3paboTeH cohTyepeH alrOpUTHEM B cpefiaTa Ha
AUutoLISP, npu usnon3Bane Ha 0azoBute (ToJIE-
MUTE) KoJjella KaTro PeXelld HHCTPYMEHTH, ca
TeHEPUPAHHU CIIPETHATHTE 3bOHH MOBbPXHUHU OT
MaikuTe 30HU kKonena (¢ur. 4a). C AutoCAD
Mechanical e Busyanusupana cuoBara KapTHHA
BBPXY 3bOHUTEC MOBBPXHUHHU HA MPOCKTUPAHUTE
npenaBku (¢ur. 6).

C Autodesk Inventor Professional e wus-
BBpIIICHA OCHOBHAaTa JIEHHOCT OT MHPOEKTHpa-
HETO W W3CIICJIBAHETO HAa 3bOHATAa MEITHHUIIA
(dwur. 1):

- pa3paboTeH € MeXaHO-MaTeMaTHYeH MO-
Je CBC ChOTBETHaTa  T'€OMETPUYHO-
kuHeMaTtndHa cxema Ha T3M (¢ur. 5);

- KOHCTPYKTHUBHO € O(pOPMEH OKOHYATCITHUS
KOMITIOTBPEH MOJCJII Ha 3’[)6HI/IH ACBUHTCIPpU-
paug MmexaHus3bM (¢ur. 4 a);

- CXEMaTUYHO € MOKa3aH MpoIeChT Ha CMHU-
nane ¢ ipoektupanust T3M (¢ur. 46);

- aBTOMarusupano ca renepupanu CAD mo-
ACIIUTE OT TPUTEC BapHWaHTa Ha MH3CJICABAHUTEC
T3M (¢pur. 8 u dur. 9);

- [0 CTaHAapTHa MeToauka (IOCoYeHa OT
notpedures - ISO, DIN, ANSI u ap.) ca uzuuc-
JICHW Y W3BEJICHU B CUCTEMATHU3UPAH BHUJ - I'eO-
METPUYHUTE, CHJIOBUTE, KHHEMATUYHUTE, Kadec-
TBEHUTE U JPYTH IIapaMeTpU U II0Ka3aTeld Ha
3b0OHUS MEXaHH3bM, YaCT OT KOUTO ca TpecTa-
BeHHU B Tabauna 1 u tabnuna 2;

- pa3paboTeH € MPENU3eH KOMITIOTHPEH MO-
nen Ha 3p0Ha MenHuna (¢wur. 1), oT Koiito e mo-
Jy4YeHa ITbJIHATA KOHCTPYKTOPCKA TOKYMECHTAIHS
U ¢ u3paboTeH eKCIepUMEHTAIHUus o0pasel|
(Qur. 11);

- CUMYJIUpaHH Ca U Ca aHAIM3WPAHU BCHYKU
KHMHEMATUYHU JIBW)KEHHS, OTPAHUYCHU OT HAJO-
KCHUTEC BPB3KU HA CbOTBECTHUTEC KOMIIOHCHTH Ha
3p0HATa MEJTHUIIA.

YacTHYHO ca H3MOJI3BAHU MPOJYKTUTE
Alias Design, Autodesk Vault, Autodesk
Navisworks Manage u Autodesk Factory
Design Suite Utilities. (CodTyepauTte npoayk-
ta Autodesk Inventor Professional 2014 u
AutoCAD Mechanical 2014 ca napenn na TY-
Codus ot dupmute bu Em Ixu, KA/ [oitnT n
Autodesk. Te aktuBHO ce m3mon3BaT B Maiu-
HOCTPOUTCIIHUA (I)aKynTeT U B KOMIIIOTbpHATa
3aja Ha HOBaTa OMOIMOTEKa Ha YHWBEPCHTETA.
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OcrananuTe MPOAYKTH Ca M3IMOJI3BAHHU C paspe-
ICHUETO U JI00e3HOTO chieicTBre Ha bu Em
Hoxu u KA/l TIolHT. ABTOPBT € U3MOJI3Ba OIH-
caHus co)Tyep B qUCEpTAIlOHHATAa CU padoTa,
samuTeHa mpe3 2011 r. B karempa ,,MammHHA
€JeMEeHTH M HEeMETaJIHH KOHCTPYKIun Ha Ma-
mHOCTpouTenHus (akynarer Ha TY - Codus,
KBJICTO pabOTH KaTo IJIaBeH aCHUCTEHT).

H3Boan

1) IlpenaokeHuAT TMPUHIMI Ha CMHJIAHE Ha
MOJIMMEPHU MaTepHallil Ce pa3inyaBa OT U3BECT-
HUTE 10 MOMEHTa MEXaHHYHU TEXHOJOTHH IO
TOBa, Y€ pa3pyllaBaHETO Ha MaTepuaja ce u3-
BBpPIIBA HE Upe3 ps3aHe, a Upe3 MIpuiaraHe Ha
KOMOHMHAIIAS OT CHUJIOBO BB3AEHCTBUE, CHYETAHO
C OTHOCHTENHO ILTB3TaHe IMpH OIpeaeNieH Koe-
(UIMEHT Ha MPUIIOKPUBAHE Ha KOHTAKTYBAIIHUTE
3T>6HI/I MOBBPXHHUHU KU OIPECACIICHA KHMHCMAaTUKa
Ha paboTHUS mpollec. XapaKTepHO 3a U3MOJI3Ba-
HUSl HHCTPYMEHT €, 4e TOH He MpUTEXaBa OCTPH
pexemn ppOOBe, KOETO B M3BECTHA CTEIECH pe-
1raBa npoOiemMa ¢ U3HOCBAHETO MY.

2) MenHumaTa npUTe)aBa BUCOKAa e(DEeKTHB-
HOCT, KOSITO ITO3BOJISIBA UKOHOMHS Ha €HEprus,
MO-MaJTbK Pa3Xxoll MpH 00CITYKBAaHETO, TO-MaJIKO
W3HOCBaHE Ha PaOOTHHS MHCTPYMEHT M BH3MOXK-
HOCT 3a pEryJMpaHe B IMUPOK AHWAINa3oH Ha el-
pHHATA IIPH CMUJIAHE.

3) KommakTHOCTTa Ha KOHCTPYKLIHATA, TEX-
HOJIOTHYHOCTTA Ha pa0OTHUSI OpraH M BHCOKaTa
e(heKTUBHOCT Ha paboTa OKa3BaT BIUSHUE BHPXY
Mo-7100p0oTO (PMHAHCOBO OTPaKEHUE, KOETO € OT
3HaueHHUE 3a MO-IIMPOKOTO BHEAPSBAHE U U3IIOJ-
3BaHe Ha TpejyiaraHata TexXHOJorus. ToBa e
CIIOMOTHE 3a OrpaHMYaBaHe Ha NpPOOJIEMHUTE,
MMpEAN3BUKaHN OT H3XBBPJICHUTE B IIpUpOJATa
TIaCTMACH.

3akiIouyenune

[IpensioxkeHUAT BapUaHT Ha 3bOHAa METHHLA
ce mpeABIKA Aa ObJie N3MOI3BaH KaTo 4acT OT
MOTOYHA JIMHUS Ha €KOJIOIMYHO ChOPBKEHHE 3a
¢uHO cMHUIaHEe Ha OUTOBH M NPOMMIUICHH IJIac-
TMacoBH OTmagbly. KOHCTpyKIMATa Ha MEITHH-
1aTa € MpOoeKTHUpaHa KaToO MHOTOBAapHAaHTHA IO
HA4MH, OCUTypsBall JOCTaTbYHO KOMIIAKTHOCT U
HaJeXKIHOCT Ipu padora. B 3aBucuMOCT OT Ka-
MaruTeTa TS MOXE Ja ObJe W3MBJIHEHA B TPH
TUTIOpa3Mepa, NMPUWIOKUMHU MPH Pa3IudHU yCIIo-
BUS U CpEAM Ha EKCIUIOATalUs:

1) Jle3uHTerpupaiid METHHIM C MAJKH pa3-
MEpH - IPUIOKUMHU B OWTA;



2) JIe3MHTEerpUpaIiy MEIHHUIIU ChC CPEIHHU TI0
roJieMHHA pa3MepH - MPUIOKUMHU B MaJIKH TIPeJ-
MPUSATUS 32 TUPEKTHO CMUIJIAHE HA H3IOJ3BaHU
IJIACTMACOBH OTHAAbYHU, OTIAKOBKU;

3) Jle3uHTErpupaIid METHHIK C TONSIMO Ta-
OapuTHHU pa3MepH - TPUIOKUMHU B TPOMUIIICHI
YCIIOBHS 32 PEIUKINpaHe Ha OTHAaJHU MPOAYKTH
OT MPOU3BOCTBOTO HA OJUMEPHHU MaTEpUaAIH.

3p0HaTa MOJIMMEPO-Ie3UHTErpUpaIla METHH-
1[a MOXKE YCIIEHIHO /1a CE€ M3I0JI3Ba B XOTEJICKH
KOMIUJIEKCH, 3aBOJH, NAPax0OAH, JOPU CaMOJIETH,
KBJETO OTIAJHUTE IUIACTMACOBU ONAKOBKH MO-
rar ga ObaaT AUPEKTHO cMmuiaHu. KpalHusT
IPOAYKT OT CMHJIAHETO MOXKE Ja C€ U3II0JI3BA B!

v\ XUMHYeCKaTa MPOMHUILUICHOCT 3a IOJy-
YaBaHe Ha: JICMJIA; TBIHUTENH, IacTHduKaTo-
pH, pa3InuHK ChCTABKU H JIp.;

v/ XpaHWUTEJIHO-BKYCOBaTa IPOMHILIEHOCT
- 3a TIPOM3BOJCTBO Ha OYTHJIKH, YaIll¥, YHHHH,
BWIMIM M JTBKUIM 32 €JHOKpaTHA ynorpeda u
ap.,

v/ OuroBara c(epa - 3a ChJIOBE 3a TOTBEHE,
Pa3IMYHM MPOIYKTH U MPUOOPH 32 ChXpaHsSBaHE
Ha XPaHUTEIHU M HEXPAaHUTCITHHU MPOJYKTH, KO-
¢u, pa3Iu4HU €NeMEeHTH OT 003aBeXIaHEeTO Ha
OaHU U TOAJIETHH U T.H.,

v' 1po()eCHOHATHOTO | JINYHO 003aBeXk/a-
He - oducH, KaOMHETH, KaHIEIAPUHU, CTaW - C
XUMHKAIIKH, JTHHUH, TIepudepHa TeXHUKa (IpHH-
TepH, MOHUTOPH, KIABHATYPH) U IIp.;

v\ [IpOMHIIIEHATA TEXHHWKA - 32 Pa3jIdYHU
YIUTBTHUTEH, W30JaTOPH, CBBP3BALIH, pasJie-
JISIIIH, TIOJUTOKHH MaTepHaln, TPBOU H JIp.

HesunTerpupamuar T3M moxe na 6b1e 000-
co0CH B HSKOJKO BapHaHTa B 3aBUCHUMOCT OT
Oposi Ha ChBMECTHO PabOTEIINTE 3b0HH KOJIesia 1
OT TSAXHATa OPUECHTALIUS:

1) ¢ enHa nBOMKa 3BOHH KOJIENA - €IHO TOJIs-
MO U €JHO MAJIKO;

2) C €IHO TOJISIMO IIEHTPAJHO U J[BE, TPU HJIH
YEeTHUPH MAJIKU 350HU KOJIela,

3) ¢ XOpPHU30HTAIHU OCH;

4) ¢ BepTHKATHO PA3MOJIOKEHH YCHOPEIHH
TEOMETPUYHH OCH;

5) ¢ HaKJIOHEHHU B IIPOCTPAHCTBOTO OCH.

Te3u BapuaHTH MPEACTOAT 1a ObaAT U3CICI-
BaHM OTHOCHO BB3MOXHOCTUTE, KOUTO MPEa0C-
TaBIT W Ja ObJaT OOOCHOBAHO, PAIMOHAJIHO,
KOHCTPYKTHUBHO U TEXHOJIOT'MYHO MU3IIOJI3BAHH.
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Baaronapnoctu

ABTOpPBT U3Ka3Ba OJaromapHOCT Ha (upmaTa
bu Em /[xu n Ha [lekaHa Ha M® 3a oka3aHOTO
CHJICHCTBHE MPH OTIIeYaTBAHE HA CTATHATA.
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MATEMATHYECKU MO/IEJI 3A ITPOT'HO3UPAHE
HA TPYJOBATA 3AETOCT 1O PETHOHH

Henana JIlumoa

MATHEMATICAL FORECASTING MODEL FOR EMPLOYEES BY REGIONS

Delyana Dimova

ABSTRACT: This paper presents a mathematical forecasting model for the employees by districts and
regions in Bulgaria. The National statistical institute is an organization that provides economic and statistical
data. The information concerning the employees is stored in separate files. These data are presented in tabular
form. The necessary information for selected periods (months and years) is searched from the files and is
presented in one table. Data about three districts that are included in two different regions are studied in this
paper. The model is applied for forecasting the employees in these districts over the next seven months. It is also
possible to select other period, districts or regions. The mathematical-statistical methods that are used in this

work are regression analysis and moving average.

Keywords: Mathematical model, mathematical-statistical methods, forecasting, employees

BnBeaenne

[TporHo3upanero € mporec Ha M3Ka3BaHE Ha
TBBPJICHHS 3a CHOUTHS, YHUTO JEHCTBHTEIHH
pe3ynTaT Bce omie He ca HaOmomaBanu. Kadec-
TBEHHUTE METOJU 32 NMPOTHO3UpAHE ca CYyOCKTHB-
HY, Oa3MpaHd HAa MHEHHETO Ha IOTPEOHTEIH,
ekcriept. Te ca moIXomsIy, Korato JaHHUTE 32
MUHAJIM TIEPHOAM HE Ca Ha pPas3MoJIOKEHHE
(Daniel, Ngozi, Njide, Patrick, 2014). Puckst u
HECUTYPHOCTTA Cca OT LEHTPAIHO 3HAYE€HHE IpU
nporrosupaneTo. Karto 1sio ce cunta 3a mobpa
NpakTUKa Jia Ce MOCOYM CTENEeHTa Ha HECHTyp-
HOCT, CBBp3aHa ChC CHOTBETHATa MpOrHo3a. Ts
Tpsi0Ba 12 Ob/ie BB3MOXKHO HAif-TOYHA, 3aTOBa €
HEOOXOIMMO W3MOJI3BAaHUTE JIaHHH JIa ca aKTya-
mazupanu (Armstrong, Collopy, Graefe, Green,
2013). Hsxkou ™MeTomu 3a MPOTHO3UpPAHE Ce
ONMTBAT J1a MACHTU(PHUIMPAT OCHOBHUTE (DAKTO-
pH, KOUTO OMXa MOTJIH Jia MOBIUSAT Ha TIPOMEH-
nauBaTa, kKoaro ce mporHosupa (Nahmias, 2009).
MeTtoaute 3a IpOTrHO3UPaHEe Ha BPEMEBU PEIOBE
W3UCKBAT ONpEJIEICH eIEMEeHT Ha YOBeIIKa Tpe-
IeHKa U ca 00ekT Ha rpemka. Koraro nadopma-
UsITa, W3NO0JI3BaHa 3a MPOTHO3UpaHe € 1o0pe
pa30Opana, TpenikaTa MOXKe Jia € B PaMKHUTE Ha

nonycrumure HuBa (Wagner, Michalewicz,
Khouja, McGregor, 2007).
Kiacuueckure  MareMaTHKO-CTaTUCTHYECKHU

METOJU 3a MPOTHO3MPAaHE BKIIFOYBAT CKCIIOHCH-
OUaTHO HU3IJIAaXXJAAaHC, MbJ3dlla CpeaHa WA JIU-
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HeeH perpecuoned ananu3 (Flitsch, Jahn, 2012).
ITpOrHO3HKUTE CHUTYAIlMHd CE pa3iM4yaBaT 3HAYM-
TEJTHO 10 CBOUTE BPEMEBU XOPH30HTH, (PaKTOPH,
ONPENENSIIA HACTOSAIIUTE PE3YITaTH, BHIOBE
MOJIENIM Ha JJAaHHH, KaKTO U MHOTO JPYIH acIekK-
ti. KakBuTO M ma ca oOCTOATENICTBAaTa WIIHU
BKJIIOUYEHHS] BDEMEBU MHTEPBAJI, IIPOrHO3UPAHETO
MOAIIOMAara M € OT CBIIECTBEHO 3HAYEHHE 3a
epekruBHoro 1ranupane (Hyndman, 2009).
YacT 0oT U3JI0KEHUTE TPOOIEMH ca 0OEKT Ha pas-
[JIEXIAaHE B TOBA U3CIE/[BAHE.

Llenra Ha Hacrosimara paboTa € Jga NpeIcTaBH
MaTeMaTHYeCKd MOJEJ 3a IPOTHO3UpPAHE Ha
JIaHHHU, CBBP3aHK C TPYyJOBaTa 3a€TOCT B OT/IEl-
HHM 00JIACTH WM PErnoHH B Bhirapus 3a ompe-
JIEJIEHU BPEMEBH HHTEPBAJIH.

IIpeacraBsiHe HA JaHHUTE

HNudopmanusta oTHOCHO Opost Ha paboTenH
JIWIIA TI0 pailOHH B HAIlIaTa CTPaHa Ce MPEIOCTaBsI
B TabnuuHa opma. B ciyuast ce naBa TpyaoBata
3a€TOCT BHB BCEKH €JIMH OT pallOHUTE 3a ChOT-
BETHHS Mecel] OT KaJleHJapHa roanHa. 3a olmac-
TUTE, BKIIFOYEHH B TAX IPE3 CIIOMEHATHUS BpeMe-
BU WHTEPBAJI CHIIIO CE BOJM CTATHCTHKA, CBBp3a-
Ha ¢ HaeTH Juna. Tasu uHpopmalus ce myoJu-
KyBa B caiita Ha HanuoHamHHs CTATHCTHUSCKH
uHCTHTYT. TS e pencraBena B Excel ¢aiinose. B
HacTofAIaTa pa3padoTka 0OEKT Ha M3CJE/BaHE €
nH(popMaluATa OT CclIoMeHature ¢aiioBe



(www.nsi.bg). 3a ma morar ma ce W3BBPIIAT Chb-
OTBETHHUTE TPOTHO3M M OLEHKH, € HEOOXOANMO
JaHHUTE 3a U30paHMsl PETHOH /1a Ce TPEACTaBsT
no noxxosin HaunH (['eopruesa, 2010). B Tazu
BpB3Ka, TPEABAPHUTEITHO TE TpsOBa ga ObIar
pasmpezieieH B OTHenHH Tabmunu. EmHOBpe-
MEHHO C TOBa Ce Hajara fia ce OTpeAeiy U ydac-
TBAIMsI BPEMEBU MHTEPBAJ, B CIIydas MOCIEH0-
BaTEJTHOCTTA OT MECENH 3a €HA WJIH ITOBEYE TO0-
JIMHHY.
Haii-o0mo 3a Bcika exHa oOmact A,
(p=1+28) wm paiion By (q=1+6) xaro msio
01 MOTJIO 1a ce TO0JI3Ba CIECIHOTO MPE/ICTABSIHE:

ﬂ'i+1v\

@iz11 Tjr12 Qiz13 o

Qitz1 Fizzz Xipz3 Qitaw
@431 Xi432z Xi433 Q430 (1)
Bitnl Citn2 Ciand = Litn 1,‘/

KBJETO ;4. - OpO¥ HaeTH nuila npe3 (i+n) ro-
JuHa Ha ompereneH mecerl (V) B u3bpana obact
(unu paiion); i>=2007, Thil KaTo HAIMYHHUTE

JaHHU 3a u3MuHaNIM nepuona ca ciex 2007 ro-
IvHa, V =1+_12, V-Opoit Mecery; N-Opoit romu-
mg, n €{1, 2,3, .}.

Besika eHa kommioneHTa ot u30paHn pexa B (1) ce
MpeJICTaBs B OT/EIIHA KIIETKA OT pell B €Ha Tao-
nmura. bposAT Ha pemoBeTe ce ompenens oT Opos
Ha yuyactBamure roguHu. OT Ta3u Tabnuua mie
ce W3BJIMYAT THPCEHUTE JaHHH. Pa3riexnaHusT
BPEMEBH HMHTEPBAI MOXKE Ja BKJIFOYBA BCHYKHU
NaJICHU TOJWHU WKW CaMO €JIHa 4acT OT TIX. To-
Ba 3aBUCH OCHOBHO OT IICJIUTE HA W3CJIECJBAHETO
n ot m3bopa Ha morpedOutenute. JlaHHWUTE 3a
BCsAKa eHa 00JacT ce MPEeCTYKTypUpar Mo Ciel-
HUA HAYUH:

Qit11 Ditaq Qitni
Qig12 Ai4a2 Qigna

(2)
Bizir Ditzp o Ritno

[MTpakTHYeCKH, U3BJICUCHUTE PEIOBE ce Mmpeodpa-
3yBaT M CE MPEACTABAT KaTto KoJioHH. OCBEH TOBa
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TpsIOBa J1a ce TmocoyaT U ChOTBETHUTE Mecenn. B
TO3HU CIy4ai IPeICTaBsIHETO € CIICTHOTO:

/‘m1

My

Qit11

Qit1p

(3)

Mip—1)v+1 Ci+ni

\m(nv} Qitne

KBIETO C My, CE O3HAYABAT MOPEAHUTE MECCIU

OT TIOCOYCHUS BpeMeBH MHTepBai, V=1+12; n-
Opoii romuHu. AKO ce pasriiexkia camo ¢JIHa To-
muHa (N=1), ToraBa CHOTBETHHTE MECEIH CE H3-
MeHsT oT My (1™ mecenr) mo My, (127 mecern). B
CIIydYaii, ue ce W3CJeaBar JBe rofaunu (N=2), me-
cenute e Bapupar ot My (1™ mecer) 10 My
(24™ mecen, (Nv)=24) T.H.

BposiT Ha MOBTOpeHMATAa Ha MECEIUTE CE OIpe-
nenst oT Opost Ha u3OpanuTe roauHu. Ho Bb3-
MOXKHO € JIa HAMa W HUTO €JHO WJIM CaMO Yac-
TUYHO IMOBTOPEHHE, KOTATO Pa3rieKIaHUs Bpe-
MECBU UHTEPBAJI € MMO-MaJIbK OT ABC I'OJUHH. Bces-
Ka KOMIIOHEHTA, B CJIy4as Mecell, Ce MPE/ICTaBs B
MOCJIeIOBATEIIHN KJIETKH OT efHa KoyoHa. Kowm-
MOHEHTUTE - OpOl HAaeTH JIMIA 3a NAJCHUTE Me-
cery (hopMUpaT BTOpaTa KOJIOHA Ha Ta0JMIlaTa,
OT KOSITO IIe C€ M3IMOJI3BAT JIAHHHUTE 332 U3BBPII-
BaHC Ha CbOTBCTHUTEC IIPOTHO3U.

MaremMaTH4YeCKH MO/Ie] 32 MPOrHO3HPaHe Ha
TPYAOBATA 32€TOCT

Ilpn mporHosupaHe Ha JOaHHH, CBBP3aHU C
TpyZOBaTa 3a€TOCT C€ M3I0JI3Ba MPEOCTaBeHATa
uHpOpMaIus 3a Tpu obnactu - Bunun, Cunuct-
pa u Pasrpaz. [IspBata oT Tsx e BkitoueHa B Ce-
Bepo3anajeH, a Bropure e B CeBepeH LeHTpa-
neH paiioH. OCHOBEH KpUTepHil Mpu nU300pa Ha
Te3n OOCKTH € Hai-ManbK Opoil Ha paboTemu
muna. He3aBucuMo, ye HaMTMYHUTE TaHHU 33 U3-
MuHanu nepuoau ca ot 2008 no 2013 ronuna, B
paspaboTkaTa ce wu3moi3Ba WHGOpMarmATa 32
MOCJIeTHUTE JIBE WU TpU ToauHHU (24 Mecena
i 36 mecena). [IpenBapurenHo e He00X0AUMO
JTAHHHUTE 10 00JacTH 3a CHOTBETHHS MECEII JIa Ce
MOJpenaT BbB BB3Xomanl pen. Tepciar ce camo
T€3H, YAUTO CTOMHOCTH ca Hal-HHUCKH. B ciyda-
UTe, KOrato ce H3HCKBa HOTpedurenuTte Onxa
MOTJIH Jla BKIIOYAT B HM3CIIEIBAHETO IOBEYE Ha
Opoii 001acTH WM Pa3iIW4YHU OT TE3H, KOUTO Ca


http://www.nsi.bg/

nmocoueHu. HMudopmanmara oO0IIO0 MO paioHH
OTHOCHO Pa0OTENIUTE JIUIA CHIIO MOXeE Ja Objie
M3BJICYCHA U JIa c€ M3M0JI3Ba [IPH U3BBPIIBAHE HA
NpPOTHO3M. 32 HAMUpaHEe Ha HEOOXOTUMHTE JaH-
HU OT JIaJIeHU O0JIACTH WITM PaiOHU C€ HM3II0JI3Ba
paspaboten codryep. B cmyuas cien ykasBane
Ha ChOTBeTHaTa o0nacT TpsOBa Ja ce MOCOYH U
BpPEMEBUSI MHTEPBAJ, TOSCT OpOS HA TOIMHUTE.
BB3MOXHU ca cUTyalluu, KbJCTO Ce U3UCKBA ca-
MO OTpeleNieHH Meceld OT TeKylara TOIUHA.
Benuky naHHM 3a TpyAoBaTa 3a€TOCT C€ M3BIIU-
gar ot XIS ¢aitmose. Te ce BbBEXIAT B OTHETHH
TabNMMIHM 3a BCSKa €qHa OT obnactute - Bunuw,
Cunuctpa u Pasrpaa. [lonyuenara undopmanms
OTHOCHO Opost paboTeIy JuIa 3a pasriIeKIaHus
BpemeBu uHTepBan (2011-2013) e Busyanmsupa-
Ha Ha Tabimuua 1. CodTyepbT 3a Beska 00JacT
MOOTJACITHO TMpPEHApeXkaa JaHHUTE 110 HAYHH,
KakTo € mocoueHo B mpexactaBsHe (3). Taka Te
BeYe ca CTPYKTYpUpPaHU B MOIXoAslIa Gopma c
HeN Jla MoraT Ja ce H3BBpIIaT HeoOXOAUMUTE
MPOTHO3H U aHAJIN3H.

Tabéauna 1 [MogpexaaHe Ha TaHHUTE 32 HACTH
TUIa

Bumun MECETH

romez | 1|2 3 4 i 6 7 8 9 1o i 12
2011{18978) 19063| 19117 18624| 18498 | 13610( 18901| 18878| 18944 19240] 19114] 19117
2012(18692) 18384 18034 18461 | 18393 18331|18113|18252| 18299 18434) 18514 13846
2013{ 18267) 18240| 18148 17833| 17606] 17700[17833|17006| 18490 18418) 18206] 17768

Pasrpan MECEIH

romez | 1| 2 3 4 3 6 7 8 9 1o i 12
2011{27668) 27673| 27819 28023| 28603 28698 | 20168| 20113| 28384| 281001 27772 26990
2012{ 26161 23903 | 26260 26398| 26671| 26363| 26477| 26210| 26093 | 26134) 26007| 23320
2013(27189) 27489| 27363| 27477| 27808 | 28132| 28193| 28265| 28036| 27346 27028 26299

=

Cuamerpa NECEIH

omE |l 2 3 4 3 6 7§ 4 oW o1 o1
2011{21360) 21320| 22437) 12081| 22387) 22381{22373| 22707| 22797| 23172 22780| 21847
2012| 21029| 20861| 21736| 21837| 21738| 21730| 21812\ 21864) 22303 21919| 21736| 21087
2013{21002) 21010| 21332 | 21438| 21338] 21317| 21641| 21604| 21382{ 21703 21606| 21137
Ilpumara ce eguH OT  MareMaTUKO-

CTaTHCTHYECKUTE METO/M, @ UMEHHO MPOTHO3H-
pane ¢ mby3ama cpeana (Kapnoepr, 2003; Jlu-
mancku, 1988). Uscnensa ce mupopMmanusaTa 3a
mocieaHuTe aBaHazeceT mecena (M=12). Heka
OposT Ha MEPHOAUTE, 32 KOUTO IIIe Ce M3UMCIIsIBa
nBJI3sIIaTa cpeHa e yetupu Mmecena (p=4). U1sz-
Moj3Ba ce cieqHara GopMmylsia 3a HAMUpaHE Ha
cpe/Ha apUTMETHYHA CTOMHOCT:
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KbIACTO yi -6pOI>'I HaCTH Jula 3a CbOTBCTHUA MC-

cel B AafeHa o0macT, Wy — MPOTHO3HA CTOM-
HOCT 3a HaetH Juiu npe3 (d+p) mecen, de{l, 2,
3, ..}, d+p-1<=m.

B cirydas ce monmy4aBat KpaTKOCpPOYHH MPOTHO3H
(Tabnuua 2) B paMKUTE Ha cieBanl nepuop (Me-
cern).

Pe3ynTaThT OT W3BBPIICHOTO M3CIEIBAHE MO-
Ka3Ba, 4Ye TPOTHO3HUTE NaHHW COYaT TBBPIC
MaJIk0 TIOKayBaHe Ha Opos HaeTW JHIa mpe3
CIIe/IBAIMSI MECEI] B TPUTE Pa3riIekIaHu odac-
1 - Buaun, Pasrpan u Cunuctpa.

Tabauua 2 [Tporaosupane upe3 ObI3SIIH CPEa-
HH

B Pasrpan Cumictpa
Ep. npormos- Bp. mporsos- Ep. mporxos-
HAETH HH HAETH HI HAETH HI
MECELH /O3 JaHHH  (Mecemp JOMIA JAHEI  hecelns JOMIA TAHHH
1 18267 127189 1 21002
2 18240 227489 221010
3 18148 3 27363 3 21332
4 17833 4 27477 4 21438
5 17606 18128 527808 27380 5 21558 21201
6 17700 17962 6 28132 27533 6 21517 21340
717835 17827 728195 27696 7 21641 21466
8 17906 17749 § 28266 27903 § 21604 21339
9 18490 17762 9 28036 28100 9 21582 21380
10 18418 17983 10 27346 28162 10 21703 21586
11 18206 18162 11 27028 28016 11 21696 21633
12/ 17768 18233 1226299 2774 12 211537 21646
13 18221 13 R 13 21535

3HAUUTEIHO I0-YeCTO CE Hajara Jia ce W3-
BBPIIBAT MPOTHO3M 32 MO-TOJIEMHU BPEMEBU HH-
TepBad. MaTeMaTHKO-CTaTUCTUYECKH METOI,
KOWTO MOXeE Ja Ce TPHWIOXKHU € JIMHEeH perpe-
cuoneH ananus (Muxaitnos, 2010). TIpu uscnen-
BaHE Ha TPYJ0BATa 3a€TOCT WHPOPMAIUITA, KOSI-
TO C€ W3IOJI3Ba OT MUHAJIH Tiepruoau 3a Bugun u
Cumctpa e ot 2011 mo 2013 roxuna (36 mece-
ma), a 3a Pasrpan Bxmousa 2012 u 2013 ronuHa
(24 wmecema). JlmarpamMuTe Ha pa3CceBaHETO
(TOUYKOBHTE AMArpaMu) c€ MOCTPOSBAT IO JaHHU
(B cmydas Opoil HaeTW IUIA TPE3 TOCOUYCHUS
BpEMEBU WHTEPBaJI-MECEIIN) 3a BCSKa OT U30poe-
Hute obsactu. [lo xoHpHUTypanusITa HA TOYKUTE
OT TE3U JMarpaMy Moxe Jia ce omnpenenu popma-
Ta Ha 3aBucuMoctra. OT ¢durypa 1 e BumHO, Ye
TS € JIMHEWHA U B TPUTE PasTIekKTaHU Cirydas. 3a



MOJICIMPAHE HA TPEH/A € U3I0JI3BaHa NporpaMa-
ta Microsoft Excel.

yr="TH07%x + 24931 ——Parpag

= Litieat (Pasrpag)
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@ur. 1. HpCHCTaBHHG Ha MOCTPOCHUTEC TOYKOBHU
auarpamMiy U JUHUA Ha TCHACHIIUUTC

PerpecnonHusT aHanu3 gaBa BB3MOXKHOCT Jia Ce
ornpeacin TCHACHIHATA Ha BPEMCBOTO H3MCHEC-
HUETO Ha Oposi HaeTu nuIa B obnactute BunuH,
Cunuctpa u Pasrpan. [loctposiBaneTo Ha MoJen
M3UCKBAa HAMHPAHETO Ha mapamerpure (%, b) Ha
JIMHENHOTO perpecuoHHo ypaBHeHue Y = a+bX,
Monynbr Regression B Excel ocBen 3a us-
YHCIISIBAHE MOXeE JIa C€ W3I0JI3Ba ChHLIO Taka U 3a
MPOBEpPKa Ha aJIeKBaTHOCT Ha KOS(UIIMEHTHUTE Ha
YpaBHEHHETO Ha perpecus. JuHamu4HuTE MpO-
MeHU B Oposi Ha HaeTUTe JIUIIa B TPUTE 007IacTH —
Bumun, Cumuctpa u Pasrpang aHamuTH4HO ce
npeaAcCTaBAT CbOTBECTHO C YPABHCHUATA:

y=-31,56x+19037 (5)
y=-28,104x+22343 (6)
y=79,078x+24931 (7)

Bceku ennH OT ommcaHWTE TPU MoOjeNa € ajeK-
BaTeH, Thii KAaTO HMBOTO HA 3HAYMMOCT Ha F-
kpurepus (Significance F) e mo-manko ot rper-
kata 0=0,05 (tabauna 3). V3BbpieHa e OleHKa
Ha TapaMeTpUuTe Ha MPECTABEHUTE PETPeCHOH-
HU YpaBHEHMS U TEXHUTE CTOMHOCTH Ca ITOKa3a-
Hu B konoHa Coefficients ma tabmumna 3. Te ca
CTaTUCTHYECKHY 3HAYMMM, TOBA CE€ BIDKIA OT HH-
Bara Ha 3HauyuMoOCT P-value, kouto ca mo-manku
ot rpemkarta 0=0,05.

3a pasriexaaHuTe MoKa3aTelld — Opoil HAeTH
JIATIA TIPE3 CHOTBETHUTE MECEIN OT IpeICcTaBe-
HUTE BPEMEBU UHTEpBaIU BbB Bunun, Pasrpan u
Cunuctpa M3YUCIICHUTE KOSPUIIMEHTH Ha Kope-
Jarug ca caeguure: - rp = 0,75; 1, = 0,66 u r3 =
0,51. B mbpBuTe ABa Citydas KopejalMOHHATa
BpbB3Ka MEXKJIY M3CJICBAHUTE MPHU3HAIM € BHCO-
Ka, a B TPETHs 3HAYUTEITHA.
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Tao6auuna 3 Pe3ynraT oT U3CICABAHETO

1
ANOVA
df S5 ME F Significance F
Regression 1 3E60430,545 386048054 4387357 1,36354E-07
Residual 34 3001838435 BEI803663
Total 33 6871338
Coeficients Sfandard Brror| § Sfaf Foralueg
Intercept 19037 101,13 188,21 6,630E-53
X Vatiable 31,56 477 6,62  1,364E.07
2
ANOVA
4f ey M5 F Significance A
Regression 1 3068534,116 3088534,12  11,82006  0,001539372
Residual 34 B210818,19 | 259406,417
Tatal 35 11888352,31
Cogfiicients Stavdard Brror | f Staf Foralue
Intercept 22343 173,37 128287 2, 56E-47
3 Vatiahle 1 -28,10 217 -544 0,0015599
3
ANOVA
df S5 ME F Significance F
Regression 1 7191297063 F191207.97 16633493 0,000497407
Residual 32 0508586,993 4312085
Total ] 16600824,06
Cogfiicients Stavdard Brror | f Staf Foralue
Intercept 24931 403,5612755 | 50,5130828  3,002E-24
3 Vatiahle 1 70,078 10,3864251 | 407903085 0,0004974

3aMecTBallkl ChC CHOTBETHHUTE CTOWHOCTH B
MOCOYEHUTE T0-Tope ypaBHeHU: (5, 6 u 7), Moxe
Jla ce MPOTHO3Upa OpOSAT HACTH JIUIA MPe3 CIe-
Bal[UTEe ceaeM Mecena (B ciydas X-BpeMEBHs
UHTEPBAJI) B TPUTE U30paHU 00JIACTH.

Ta6auna 4 [Iporaosu 3a 7 MecedeH nepuos oT-
HOCHO HaeTu Jula

B
p. HaeTH

CHTeTa
(], HAETH

Pasrpam
p. HaeTH

i
26209

21857
21936
28015
28054
2:173
28252
26331

MeCeLH

TOTHO3A IMIOTHDZA TPOTHOZ

THIR
36 157
n
3k
s
40
4
44

4

HE 17763
\Arryaps
Derpyaps
IlapT
Bduaid
[l
HOieme
Hme

17869
17833
17806
17773
17743
17711
17680

21303
20275
1247
21219
21191
21163
21135

PesynTtatuTe OT M3CIIEABAHETO ca NpeAcTaBe-
HU B Tabnuma 4. IIppBaTa MporHo3Ha CTOMHOCT
3a Opoi paboremure ChOTBETHO BBHB BuiuH,
Cunuctpa u Pasrpan e Majko 1mo-BUCOKa CHPSIMO
CTOWHOCTTA 3a MOCIEeIHUS Mecel] Ha H3MUHAIaTa
roauHa. CrieruanHo 3a JBere obnactu Bunun u
Cunuctpa ce HaOMoJaBa MpoLec Ha HaMaJIsiBaHe
Ha TPyZOBaTa 3a€TOCT B CieJBaliaTa IOJOBHH
TOJIMHA.

N3BOIBT OT M3BBPLICHOTO U3CIIEABAHE, KOWTO
MOJXKe J1a ce HampaBu 3a obmact Pasrpazg e, ue
MUMa TIpOIIeC Ha M3BECTHO YBEIMYEeHUE Ha pabo-
TEIIUTE JIUIIA, HO TO € TBBPE MAIIKO.



3akiouenue

Hacrosimata paboTta mpenctaBs maremaru-
YEeCKU MOJIEN 332 IPOTHO3UPAaHEe Ha JIaHHU, CBBP-
3aHU C TpynoBara 3aerocT. M3ciensaHa e WH-
dbopmarmaTa 3a Opoil HaeTH JUIA MO 00JacTH,
BKIIIOUCHHU B ChOTBETeH paiioH (CeBepo3amajcH,
Cesepen nentpaiieH, CeBeponstoueH, FOronsro-
geH, Orozanmagen wim FOxen nentpanen). Mar-
paneH codTyep ce mpwiara 3a HaMuUpaHe, MOJ-
peKIaHe U MPEACTABSIHE HA HEOOXOUMUTE JaH-
HU OTHOCHO pabOTeIIy JHIa 33 MPEIBAPUTEITHO
n30paHu mepuou (TOJUHH, MECEIH) OT Leies
pasriiexiaH BpeMeBU WHTepBaji. M3mon3BaHuTe
MaTeMaTHKO-CTATHCTHYECKH METOJU 3a MPOTHO-
3WpaHe B pa3paboTkara ca MeI3sa CpelHa W
JIMHEEH PETPECUOHEH aHAIH3.
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noaxo/J 3A OPTAHU3UPAHE U U3CJIEABAHE HA JIAHHHU
CBBP3AHU C OCHOBHU HEXPAHUTEJIHU TPOAYKTHU

Hensana JIumoBa

ONE APPROACH IN ORGANIZING AND STUDYING DATA
ON MAIN NON-FOOD PRODUCTS

Delyana Dimova

ABSTRACT: The paper presents an approach for organizing and studying data on main non-food products.
The National Statistical Institute provides information about them in Excel files. Data on average prices and
purchased quantities of main non-food products average per 100 households are presented in these files. This
information is entered and stored in the created relational database. Depending on the selected conditions, indi-
cators and time interval the necessary data on non-food products are searched from the database. The examined
period covers generally 12 years from 2001 to 2012. Several types of products (electricity appliances; lighting,
heating, water; equipment for recreation and education; fuels for vehicles) are studied in this paper. The results
of the data processing for non-food products are displayed in tabular or graphical form.

Keywords: Relational database, approach, data organization, non-food products

BnBenenune

CnOupaHeTo Ha JaHHU ce MPEeBbPHA B TIOBCE-
MECTHA (PYHKITUS 32 OPTaHU3AIMUATE HE CaMO MPH
BOJICHE Ha IOKyMEHTAIMsI, HO U 3a MOJIoOMarane
Ha pa3iMYHU 3a/1a4d, CBHP3aHU C aHAIU3 Ha
JAHHU, KOWTO Ca OT peIIaBalio 3HaYCHHE.
Beopekn ToBa €IWH IIMPOKO Pa3lpOCTPaHEH H
cepro3eH Mpo0JieM 3a MOYTH BCSKA OpraHU3aIus
€ Ka4ecTBOTO Ha JaHHHuTe. Hanuuunero Ha Hempa-
BUJTHU WMJIM TIPOTUBOPEUMBYU JJAHHU MOXKE 3HAYU-
TEHO Jia M3KPUBH PE3YJITaTUTE OT aHaIn3a
(Hellerstein, 2008). M3BneueHa OT XapTHEH HIIH
eNeKTPOHEeH Hocuten uHpopmaims (Sarawagi,
2007) TpsiOBa 1a € KOpEKTHA, aKTyajaHa U MpeJIC-
TaBeHa B noaxojsnia popma (I'eopruesa, 2010),
3a J]a MOXe BIIOCJIC/ICTBHE J]a CE€ U3BBPIIMN HEW-
HaTa oOpaborka. HoBure MHpOpMALIMOHHU TeX-
HOJIOTHMH, CTeNHaTN3upannTe 0asu JaHHW W WH-
TEPHET JaBaT Bh3MOXHOCTHU Jla CE HAMEPH HE0O-
XOAMMaTa WHPOPMAIHS, KOITO Ja Ce aHAIU3Upa
(Silerova; Kugirkova, 2009). Penannonnara 6asa
JTAHHU € OpraHu3MpaHa ChbBKYITHOCT OT CBbP3aHH
nanHu. Te ce oOpaboTBaT, 3a Ja ce MOJIy4d WH-
bopmarus, KOATO Ce M3MOJ3Ba MPH B3eMaHE Ha
OTIpEEIIEHN PEMIEHNsT B ChOTBETHUTE OpPTraHM3a-
un (Ram, 2008). PenaimonnuTte 6a3u 1aHHU CE
msmoisBar jgocra gecrto (Walls, 2007; Pomam,
2003) 3a cwexpaHsBaHe Ha Pa3IMYHA HKOHOMH-
YeCKH JIAHHU, KAKBBTO € CITydyasl U B HACTOSIIATA
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paborta. MH(popmMarusaTa 3a CpeAHH LIEHU U Ky-
MICHU KOJIMYECTBA OCHOBHU CTOKH, KOSITO CE M3B-
Iu4Ya OT caiita Ha HanuoHaneH cTaTHCTHYECKH
HHCTHTYT € nyOnukyBana B XIS daiimose
(www.nsi.bg). YmectHo e T na Obne mpenacta-
BCHa B peJallMoHHAa 0a3a JaHHM, 3a JIa Morar Jia
Ce MPOCJEST ChHIIECTBYBAIINTE BPB3KU MEXIY
u3cieBaHuTe 00eKTH. B pesynrar Ha TOBa B
0a3zara JaHHH Ce ChXpaHIBAT CIEIHUTE TET Tald-
TN

- [IpoaykTr (Ma_HOMEp, KaTEeropusi);

- XpaHHUTEITHU CTOKH (Xp_HJ_HOMEp, HauMe-
HOBaHHe, UI_HOMED);

- O6em xpanu (Tepuoj, MspKa, Cp_IeHa, KO-
JMYECTBO, Xp_HUJI_HOMED);

- Hexpanutennu croku (HEXp_HI_HOMEp,
UMe, BH], UJ_HOMED);

- Pasnpenenenue (roamHa, MepHa €IMHUIA,
Cp_IleHa, KOJIMYECTBO, HEXP_HI_HOMED).
Llenra Ha HacrosmaTa paboTa € Aa NpPEeICTaBU
NOAXOJ 332 OpraHU3MpaHe W M3CJeBaHEe HA JIaH-
HH, CBbP3aHU C OCHOBHHU HEXPAHUTEIIHH MPOIYK-
TH. M3rpanenara penannonHa 6a3a JaHHU ce U3-
NI0JI3Ba KaTO M3TOYHHMK, OT KOMTO c€ ThPCH HEO00-
xonumara UHGOpPMAIKsI B 3aBUCUMOCT OT BbBE-
JICHU YCIIOBUSI, TIPU3HAIM U BPEMEBU HHTEPBAIIH.
[Toyyenute pesynratu oT 0OpaboTKaTa Ha JlaH-
HHUTE 332 HEXPAHUTEIHH MPOIYKTH CE BU3YaIH3H-
paT B TabyinyHa uiu rpadpuuna Gopma.



Onucanue Ha MoaXoAa

Tabmuua “TlpogykTu” cbabpika aBaTa oOC-
HOBHM THIIA - XPAaHUTCITHH W HEXPaHUTCIHH.
Beska ot crienBantuTe nBe Tabmumu (XpaHUATEN-
HU 1 HexpaHUTeTHN CTOKH) ChXpaHsIBa ChOTBET-
HO HAaUMEHOBAHUSTA HAa CTOKUTE OT MIOCOYEH THII

roaHHa
MEPHS EAHHHLLE

HA_HOMED
KATEMIpHA

nepHod
MApKa
p_lieHa
KOMMUECTED
¥P_MA_HOMED

HaMMEHOBaHME
H_HOMED

®@ur. 1. CtpykTypa Ha O6a3ara JaHHU

B tabmmmm “O6em xpann” u “Pasmpenenenne”
ca TPEICTaBeHHW pPa3TIIeKIAHUTE BPEMEBH WH-
TepBanu (TOAWHM), KOJIMYECTBa, Mapka (Op., Kr.,
J., KyO.M, U T.H), CPSIHU IICHH CHOTBETHO 3a

BCSIKA OT CTOKHTE OT HM30pOCHUTE IIBa THIIA
(¢dur.1). ToBa pasnensHe ce Hajuara, ThbH KaTo
MpY XPAHWUTCITHUTE MPOAYKTH IIEHU W KYICHH
KOJIMYECTBA Ca JIAJICHU CPEIHO Ha JIOMAKUHCTBO,
IOKATO TIPH HEXPAHUTEIHUTE MPOAYKTH Te ca
rmocoueHn cpemno 3a 100 momakuHCTBa. BKiio-
yeHata B 0a3aTa JAaHHM MH(OpMAaNUs € 3a Ie-
proma ot 2001 mo 2012 rommua. OOmMAT Opoi
Ha BBBEICHHUTE XPaHWUTCITHH CTOKH € 81, a Ha
HEXPAHUTEIHUTE ChbOTBETHO 32.

Odurypa 2 npejacraBs OJ0K cxeMara Ha IMOJ-
xona. KakTo € mokasaHo Ha Hesl, Hal-HaIpes €
HEOOXOAMMO Ja C€ IMOCOYH HAMMEHOBAHHETO Ha
u3clieiBaHaTa Tpyna. B ciyuyas ToBa ca Hexpa-
HUTENHUTE MpoaykTH. MHpopMammsTa 3a TIX ce
ChOBpKA B CICAHUTE TPU CBHP3aHU TAOIHUIHA OT
0azaTa JaHHH:

- “IIponyktu”;

- “HexpaHuTeNnHU CTOKU;

- “Pasnpenenenue”.

CreqoBaTelIHO TOBa ¢a 0OEKTUTE, KOUTO e Ob-
maT m30paHW W W3IOJI3BAaHM TIPH ThPCEHE Ha He-
00X0auMHUTE JaHHU. Bb3MOKHA € cuTyaius, B
KOSTO XpaHI/ITeJ'IHI/ITe HpO)Z[yKTI/I Ja ca H'prOHa-
YalHO BBBeNeHUS Thil. ToraBa wH(poOpMarusTa
OTHOCHO TsIX IIIe Ob/lec HAaMEepeHa OT TabIUINTE:

- “IIponykTn’”;

- “XpaHHUTEIHH CTOKH;

- “Obem xpaHn”.

AN

N

5 penanronHa

n300p Ha THUI MPOTYKTH R [ — -

(XpaHUTEHU, HEXPAHUTEI- » > n300p Ha
HH) Ta0OIUIH

300D Ha MOJIeTa OT <
TabIMIM

MIPU3HALH

A

MepUOaH

opraHusmpane u oopa-
00TKa Ha U3CJICABAHUTE
JIaHHH

A

BU3yalIM3allUsl HA Pe3yNTaTUTe 3a
U3CJIeIBAHUTE IPU3HALIU U TIEPHO-
bit

®@ur. 2. briok cxema Ha npeACTaBeHUS OIX0T
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3a Ja MpOoJBIDKU THPCEHETO HA JAHHUTE 32 He-
XPaHWUTENHU TMPOJYKTH, KOWTO CE€ H3CIe/BaT B
HacTosmaTa pa3paboTka TpsiOBa Ja ce ompeeu:

- BpeMeBUs HHTepBa (Oposi TONNHHM);

- M3CIIe/IBAaHUTE MPHU3HAIM (B CiIydas CpeaHU
IICHW, KOJIMYECTBA, MEpHa eawHWIa, Bum). OT
TOBa 3aBUCH KOU OT MOJeTaTa BbB BCSKa OT Taod-
nuruTe e Obaat n3dpanu. IIpakTHIeCKH OT TAX
ce HaMupa UHopMaIHATa, CBhP3aHa C OCHOBHH-
T€ HEXPaHUTETHH NPOAYKTH. BB3MOXKHO € na
ObJIaT BKJIFOUCHU BCUYKHU 32 BHBEACHU MPOJIYKTA
WIA 4YacT OT TsAX. VI3BIieUeHUTE IaHHU ce W3-
creasar M aHanusupat. [lomydenure pesynratu
3a U3y4aBaHUTE MPHU3HALM CE BU3YyalupaT B Tald-
mrgHa (opma. M3Benenara mHbOpMAus MOXKE
na Obae mpencTaBeHu U TpadudHO B CIydaid, de
TOBa Ce W3UCKBA OT MoTpeduTenuTe. 3a HaMUpa-
HE W W3CIIC/IBAHE Ha JIAHHHWTE, CBBP3aHH C He-
XPaHUTEHUTE TIPOIYKTH CE W3MOJ3Ba pa3pado-
TeHa coTyepHa cucrema. M30paHa 4yact OT u3-
BJICUCHHUTE JJAaHHMW CHIIO Taka MoraT ga Objar
aHaNM3MpaHU Ype3 H3MOJI3BAaHE HA MPOTPAMHHU
npoaykti kato Excel (Muxaiinos, 2010) u SPSS
(George, Mallery, 2005).

Pe3yaraTu u o0cbh:kaaHe

U3MeHeHneTo Ha eAWH OT MpHU3HALUTE, B
ciIy4asi KyneHu KoiuuectBa cpeano Ha 100 mo-
MaKWHCTBa c€ M3cJeBa Mpe3 eHsl pasriiekIaH
JIBAHAJICCETTOJIUIIICH TIEPUOJ] MPH CIICAHUTE BU-
JI0BE HEXPAHUTEJIHU CTOKH.

- IOMaKUHCKH €JIEKTPOYPEIH;

- OCBETJICHUE, OTOIJICHUE W CHEPT U,

- IPEeMETH 32 CBOOOTHOTO BpEME;

- TOpHBa 32 MIIC.

WNudopmarus 3a Besika cTOKa, BKIIOUCHA B €TUH
OT M30POCHUTE YETHUPHU BUJA CE M3BIMYA OT CIIO-
MeHaTuTe To-rope Tabmumy ‘“‘Hexpanuremnu
ctoku” u “Pasmpenenenue”. Ilomydenure qaHHU
ce cpaBHsBAT M aHanu3upar. M3uucnsBa ce pas-
mukara (d;), kpaero:
di=Xis1-x; (1)
Xi+1 M Xj — Opoll KyIlleHH KOJIMYecTBa CPEAHO Ha
100 moMakWHCTBa CHOTBETHO 3a JaJICHa U Tpel-
xomHa roguHa; ieN u 1<=i<=11.
Axo pasznukute (di) ca MOJOKUTEIHH YHCTIA IIe
UMa HapacTBaHe. AKO Te3M PasMKH ca OTpHLA-
TEJIHU LIe MMa HaMaJsiBaHEe Ha KYNEHHUTE KOJIHU-
4yecTBa B ChOTBETHATA €/IHA WIIK MOBEYE TOJIUHH.
B ciryuast 3a u3ciieiBaHUTE JAaHHW W3rpajieHaTa
co)TyepHa cuCTeMa BU3yallu3upa CICTHHUTE pe-
synraru (Tabmauma 1):
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- TIpU JBE CTOKH OT JOMAKHWHCKUTE E€JIEeKTPO-
ypeau, a IMEHHO XJIQJIWJTHUIN 1 OOoWjepH, 3aKy-
MEHUTE KoJaudecTBa cpeaHo Ha 100 qoMakuHCTBA
HENPEeKbCHATO HApacTBaT B I'bpBaTa IOJIOBUHA
Ha pasmiexganuns nepuon (pasmukara  di>0,
1<=i<=6);

- 3a cJelBaIllUTe HEXPaHUTEIHU CTOKH - Te-
JIEBU30pY W BUAEOANapaTH, KOUTO Ca BKIIOUYEHHU
KBM TIPEIMETH 3a CBOOOJHOTO BpeMe, KYIIEHUTE
konuuecTtBa oT 2001 mo 2006 roauHa chIIO He-
NPEeKbCHATO ce yBenuuaBaT. B kpas Ha mocoue-
HUS BpEMEBH HHTEpBAJI T€ Bede ca OKOJo 2,5
nbTH noBeve. Pasmukure d; (7<=i<=11) B unTep-
Baja oT 2007 mo 2011 rogunHa ca oTpuLIaTETHU
gucia. HaGmromaBa ce oOpaTHUS TIpoIeC, €aHO
HENMpPEeKbCHATO HaMalisiBaHE Ha W3CIICABAHUI
MPHU3HAK.

- OCHOBHO IIpe3 BTOpaTa MOJIOBHHA Ha TIEpHO-
Jla KyIIEeHUTe KOJW4YecTBa OT M30pPOCHUTE JoMa-
KHHCKH eJeKTpoypeau cpenno Ha 100 momakuH-
cTBa HamansBaT. M3kmouenne uma mpes 2009 3a
MBPBHUS BUJ CTOKA (XJQJAWIHHUINA) U CHOTBETHO
mpe3 2009 u 2012 roauHa 3a BTOpHS BUJ CTOKA
(Ooitiepu), KbJETO PA3IUKUTE Ca ITOJIOKUTEITHU
YHUCIIa, TOECT UMa HapacTBaHe.

Tadauna. 1 Pesynratu 3a KylieHH HEXpaHUTEJI-
HU CTOKH

Tl 0MAkHHCEH ENERTPOVREDH TIpenueTs 2a ceob. BpeMe

Xnagmooam  Bofmepn | Tenepmsopr  BrpeoanapaTn
roguHa Bp [pasmdal Bp paunmd Gp |paamma| bp  pasmma
20011 0,63 1,40 1,82 0,05
2002 0.%4( 031} 161 021 1,85  0.03{ 0,06 0,01
2003|097 002) 1,63| 002|323 1,38| 0,07 0,01
2004) Loof 003 2300 067 4000 077 0,27 0,20
2005 Laof 0602400 010 417 0,07 0,90 0,63
2006| 2,10( 050|313 0,73 467  0,50{ 1,03 0,13
007 2,07 -0.03) 260 -053) 427 -040{ 0,73 -0,30
2008 L70f -0.37) 2500 0100 3,27  -L00f 047 -0,27
2009 Laof 0101277 027 243 -084( 0,17 -0,30
aniop L7 -0y 200 08 L2 -2 01 -0,07
001 L3f -04) L7 03 07 -0.5)-
a012) L1f  -02) 23 0g 1,7 Lof 01

Ha ¢wurypa 3 ca mokazaHu TEeHJCHIMHUTE Ha W3-
MEHEHHETO Ha MOTPEeOJIEHHETO Ha W30pOEHUTE
HEXpPaHWUTEITHH TPOAYKTH. 3a MOJeUpaHe Ha
TPEeHJa ce W3MOJ3Ba MpOrpaMHus MPOAYKT MS
Excel. TlpencraBeHn ca CbIIO M CHOTBETHHTE
perpecuoHHu ypaBHeHus. llapamerpute uMm ca
cratuctudyecku 3HaunMu npu 0=0,05. B ciyuas
ONMCaHHUTE MOJIeNH (ITOJMHOMH OT YEeTBBPTA
CTeleH) ca aJIeKBaTHH.
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®@ur. 3. HpeI{CTaBﬂHe Ha CbOTBETHUTC TPCHAOBH JIMHUU

Buzyanusupanu ca cbl0 U CTOMHOCTHTE Ha KO-
edummentute Ha netepmunarms (R?), xouro ca
JOCTa BUCOKH. B ciydas Te ca mo-rolemu OT
0,83. ®wur. 1 mokasBa, 4e Mpu €IHA OT CTOKHUTE,
BKJIIOUYEHA KbM IPEAMETH 3a CBOOOTHOTO BpeMe,
B CIly4as TeJICBH30pU TEHICHIIMATA 3a HApacTBa-
HE Ha 3aKyleHuTe KojiuuecTBa cpenHo Ha 100
JOMAaKWHCTBA € IO-CHJIHO M3pa3eHa OT Ta3H IpH
JOMAKWHCTKHUTE ENEKTPOypeau (TeIEeBU30PH U
Ooiliepn) 3a THPBUTE IecT roauHHU. B ciensa-
IIMTE YETHUPU TOAWHH ce HabI0AaBa HamassBa-
12 TCHACHLUS Ha 3aKyNECHUTE TENEBU30PH, N10-

PEHHUTE MaKCHUMAJIHU CTOMHOCTH Ha M3CJIeIBaHUS
MIPU3HAK 32 HEXPAHUTEIHHUTE MPOAYKTH OT Tald-
auua 2 ca ocHoBHO mpe3 2011 u 2012. U3kito-
YCHUC nma caMo Inpu TCUYHHUTC ropuBa-
makcumyma e npe3 2003 ronuHa.

W3MeHeHneTo Ha KyNEHWTE KOJIMYECTBA TOPHBA
3a mrc cpeaHo Ha 100 moMakwHCTBa Mpe3 pas-
TJICKAaHud BPpEMCBHU MHTCpPBAJI CC MPEACTaBA Ha
rpadukara ot ¢ur. 4. OT Hes ce BIKIA, U 3aKy-
IMCHUTC KOJINYCCTBA HAPACTBAT OKOJIO ABA IIbTH B
Kpast Ha TIepHoa.

16000

16000

KaTO IpH OCTAaHAJINUTE CTOKHU TA € mo-cado nuspa- 14666,

/\

3eHa. Kpas na nepuozaa (2012) ce xapakrepusupa |33

12000

C HapacTBalo HOTpe6J’I6HI/Ie IIpu TpU OT U3CJICA-
10666, 7

BaHUTE CTOKHU (OoiinepH, TeIeBU30pH, BUAEOAIa-

933333

aTH).
p ) 8000 | e

OTI[CJ'IHO 3a BCJKa OT HCXPAHUTCIIHUTC CTOKH, e6s 67

KOMTO Ca BKJIIOYEHHM KbM OCBETJIEHHE, OTOIJIEe- |3y

4000
266667

HUE U EHEprusl ce HaMupa Hali-MajlkKa W Hai-

rojsMa CTOMHOCT Ha KYIICHO KOJN4YECTBO CPECAHO
133333

Ha 100 moMakuHCTBA 32 pa3rJICKAAHUS BPEMEBU
0

14686,7
133333
12000
10666,7
833333
8000
6666,67]
533333
4000
266667
133333
0

HWHTCPBAJ. N3uncnsgsa ce ChbIIO TaKa TAXHaTa
pa3inkKa

Ta6aumna. 2 [IpencraBsHe Ha JaHHH 332 OCBETIIE-
HUEC, OTOIUICHUEC U CHECPI'UA

M,
11149

ronmHa  Makc, roguMa  pasmika
0017 0N 16062
1 A T
moR 136A8 2003 10437
005 382383 2012 T084E1 T
A A A1) 1/ R

Nupea feyim
Burmiia firf 16608, 33
TRUHM ropuea inf nn
Enettniiecteo kBry 273881 23
Tz inf 77459

KakTo e mokazano Ha Tabiuma 2 MUHUMAITHATE
3aKyIeHH KOJMYECTBa JIbpPBA, BBIJIMINA H a3 ca
npe3 nepBata roguHa (2001) Ha nepuona. Hame-
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@ur. 4 I'paduyno npeacraBsiHe HA KYNICHH KO-
audecTBaTa ropusa 3a mic 3a 2001-2012 r.

CpenHuTe LIEHN Ha HEXPAHUTEIHUTE MPOAYKTH B
JIBAaHA/IECETIOANIIIHMS MIEPUOA CHILIO HAPACTBAT.
EnunacTBEHO TIpM XIMAaTMITHUAIM (BKIIOYEHH KBM
JMOMaKHHCKH €JIEKTPOypeny) ¥ BHAeOoamapaTH
(BKJIIOYEHHM KBbM HPEAMETH 32 CBOOOJHOTO Bpe-
Me€) Ce YCTaHOBsIBAa 3HAYUTEJIHO HaMaJIeHHUE, 0CO-
OeHo mpe3 nociexHaTa rofMHA HA WU3CJIEBaHUS
uHTepBan (2012), KpIETO ca MpenCTaBeHU Hali-
HUCKH CTOMHOCTH Ha CpeJHM LIEHHU 3a JIBaTa Ipo-
JYKTa.



3akiaouenue

B HacTosiimaTta pabota e mpeacTaBeH MOAXOA
32 OpraHu3WpaHe W W3CICABAHE HA NaHHUTE OT-
HOCHO OCHOBHU HEXPaHUTEITHH MPOAYKTH. Tazu
nHpOpMaIUATa € TpeaoctaBeHa oT Harmonan-
HUS CTAaTUCTHYSCKU MHCTUTYT B XIs daiinose. Ts
¢ BBBEJICHA W ChXpaHEHA B W3rpajJicHa pellaru-
oHHa 0a3a manHU. Pa3zpaborena codryepHa cuc-
TeMa Ce M3IO0JI3a NPU ThPCEHE Ha HEOOXOAMMUTE
JaHHM OT 0a3ara JaHHM OTHOCHO HEXPAaHUTEITHU-
T€ MPOJYKTH B 3aBUCHMOCT OT ChOTBETHUTE H30-
paHM yCJIOBHS, MPU3HAIM U BPEMEBH UHTCPBAJIH.
[MomyuenuTe pe3ynTatu, CBbP3aHU C KYIICHH KO-
mgecTBa CTOKK cpeaHo Ha 100 qoMakWHCTBA U
CpE/IHU TIEHH C€ BU3yalH3UpaT B TaOJMYHA WA
rpaduyHa popma. VM3BBPIICHU ca CHINO TakKa U
CTATUCTUYCCKU aHAITU3U HA 4acT OT U3CJIe/[BAaHU-
T€ JIJAaHHH, CBHP3aHU C HEXPAHUTEITHHUTE MPOAYK-
TH.
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OT LACTOBACILLUS PLANTARUM BBPXY pH U HBETOBUTE MNOKA3ATEJIN
HA CYPOBO-CYHIEHHU INTPOAYKTHU OT HEPA3JIPOBEHO MECO

Jwnana MamxenreBa

RESEARCH ON THE INFLUENCE OF STARTER CULTURE OF LACTOBACILLUS
PLANTARUM ON pH AND THE COLOR CHARACTERISTICS
OF RAW-DRIED PRODUCTS FROM UNCUT MEAT

Diana Indzhelieva

ABSTRACT: This study explores the problem about pH and colour characteristics of raw-dried products
from uncut meat, which are produced with starter culture of L. plantarum
Key words: raw-dried meat products, starter culture, L. plantarum

BnBeaenne

IIpe3 mocnenHuTe TOAMHU OKOJIO €HA TpeTa
OT HaIlMOHAJHOTO TPOU3BOJACTBO Ha CYpOBO-
CYLUICHH MECHU MNPOAYKTH C€ MOJy4aBa C IIO-
MOIIITa Ha cTapTepHU Kyntypu. [loTBbpAeHu ca
Ha MHJIyCTpHaJHA OCHOBAa TEXHOJIOTUYHHTE, Ka-
YECTBEHUTE, CAHUTAPHUTE M HKOHOMUYECKUTE
NPEeIVMCTBA Ha T€3U MPOTPECUBHHU TEXHOJOTHH.
Te craBaT eAWHCTBEHW 3a IOBEYETO BOJEIIH
OPEANPHUITUS. B IPOU3BOJICTBOTO HA MECHH IPO-
OYKTH. YToTpebaTa Ha CTapTEpHU KyJITypH JaBa
CJIEJITHUTE MHOTOOPOHHN TMPEUMYIIECTBA 3a MPO-
M3BOAMTEINTE Ha CypOBO-CYIIEHM MECHH MpO-
IOYKTH!

1. TIpou3BOJICTBEHOTO BpeMe MOXKe Jia ObJe
CBKpaTeHo Kato I1su10. [lo To3u HaUMH ce MocTu-
ra 3Ha4MTEJIHO ChKpAILlaBaHE Ha Pa3XOIuTe.

2. I[Ipou3BoACTBOTO € MpocTo U curypHo. He
ce Hajara napamMeTpuTe Ha 3peeHe Ja Ja Obaar
POMEHSHHU.

3.ChiiecTByBaT MHOTOOPOMHM HHTEPECHH
BB3MOXHOCTH 33 pa3pa0OTBaHETO HA HOBU MPO-
IyKTH B TIOCOKa Ha TPAAWIIMOHHUS BKYC, WIH 3a
HaITbJIHO HOBH BKYCOBH TEHJICHIIHU.

EnvH oT BaxHUTE mpolecH, KOWTO OKa3Ba
CBINECTBEHO BIIMSHUE BHPXY KAa4eCTBOTO HA TO-
TOBHS IPOJYKT, MPOTHYAILl I10 BpEME Ha 3peeHe-
TO W CYyIIEHETO HAa CYPOBO-CYIIEHUTE MECHHU
NPOJYKTH OT HEPa3IpoOEHO MECco € MPoIechT Ha
00pa3yBaHEeTO W CTaOWIM3HPAHETO Ha IIBETA.
BbB BpBb3Ka ¢ TOBa, pa3BUTUETO M KU3HENEATEIN-
HOCTTa Ha CTapTEPHUTE KYJITypH OKa3Ba OIpese-
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JICHO BIUSTHUE BBHPXY (hOpMUpPAHETO HA CTAOMIICH
[BAT Ha TOTOBUTE MECHU MpOomykTH. [Ipmmoxe-
HUETO Ha CTAPTEPHUTE KYJITYPHU B TEXHOJOTHSITA
HAa CYpPOBO-CYIICHHTE MECHU MPOAYKTH ¢©
CBBP3aHO C MOHIKaBaHe Ha PH-croitHOCTHTE.
Cropen pemuiia aBTOPH, TOBa OOCTOSTEIICTBO
urpae M3KIIIOYUTEITHO BaKHA POJIs 3a crenuduy-
HOTO (hopMHpaHe U CTa0MIN3UpaHe Ha I[BETa Ha
CypOBO-CyIlIeHHTe MecHH npoayktu (Leroy, F.et
al., 2006; Rantsiou, K. et al. 2005; Valkova-
Jorgova K., et al. 2009).

Meuoro wuscnenosarenu (anos, K., JI. I'pa-
nuHapcka, K. BBHKOBa-ﬁOpFOBa, K. Bacwuies,
2010; Vulkova-Jorgova et al., 2007; Chasco,
Lizaso and Beriain, 1996; Mbdller et al. 2003;
Wirth, 1987) mocouBat, 4ye moja BIWSHHE Ha
CTapTEpHUTE KYJITYpH TPOIECHT HA OOpa3yBaHe
Ha cTabwieH UBAT ce yckopsBa. lIpomecure Ha
[[BETOOOpa3yBaHe MpPU CYPOBO-CYIIEHUTE MECHH
MPOAYKTH Ca CTPOrO XapaKTEPHH 3a TOBA MPOU3-
BOJACTBO W TPEICTABISABAT TBBPAE NPOABIIKH-
TEJIHHM KOMIUICKCHHM IPEBPbBIINAHUS B XEMOBUTE
nurMeHTd. ToBa 00sCHSABA 3HAYUMOCTTA HA TO3U
IPOIIeC 0COOCHO TpPH MPOU3BOJCTBOTO HA Ta3H
rpyna MECHH MPOJIYKTH W 4pe3 OIpejaessHe Ha
KOJIMUYECTBEHATa U KauyeCTBEHA XapaKTePUCTHKA
Ha I[BETa W HETroBaTa CTa0WIIHOCT MPHU ChXpaHe-
HUE MOXE Jia Ce ChJIM B Hal-TOIIIMa CTEICH 3a
BJIMSTHUETO HA CTAPTEPHHUTE KYJITYPU BHPXY TO3M
Ba)KEH Ka4eCTBEH I0Ka3aTell.



MaTepnaJm H METOIM

IIMambr Lactobacillus plantarum (Lg) e mpe-
JOCTaBeH 3a padoTa OT YacTHa JIMICH3UpaHa Jia-
Ooparopus 3a m3cienBaHe Ha xpaHd, byprac. B
TOBa M3CIeIBaHEe OOEKT Ha BIMSHUETO Ha Lacto-
bacillus plantarum (Lg) ca cypoBo-cyiieHu mpo-
OYKTH OT HEpa3IpoOeHO Meco ,,] aOpoBCKa
Kaitzep macthpma”’ W mactbpMma ,,ILmoBous”. I'o-
BEXJIOTO Meco 3a ,,] abpoBcka Kaiizep nactbpma”
¥ CBUHCKOTO MeCO 3a mactbpma ,,[LmoBauB” Os-
Xa TOOWTH B perijaMeHTHpaHa KJIAHHHUIA B CEJO
Pycokactpo, Bypracka obnact. 3a mpousBoACT-
BOTO Ha JBaTa acopTHMEHTa OT OyToBeTe Oerre
otaeneH M. Semitendinosus. Taka otaeieHHTE
MYCKYJH ce oopMIxa KaTo OTIENH! Iapuera C
r7ajka MOBBPXHOCT, Karo C€ OTCTpaHUXa W3-
JMUIIHATA TIBCTHHHA TBKAH W CYXOXKHIIHSL.
OnuTtHATE W KOHTPOIHUTE MPOOH OCOJISIBAXME
Ype3 MIMPHUIIOBAHE ChC COJIEB PA3TBOP C KOHIIEH-
tpamus 15° Be B konmmuectBo 4-6% cripsmo Ma-
caTa Ha CypOBHHATa W IOCIEABAIIO CyXO OCOJIS-
BaHE, U3BBPIIBAHO Ype3 HATPUBAHE CHC COJIOBA
cMec cbe cberaB 2,6% com, 0,03% HaTpues HUT-
par, 0,30% 3axap. OcossiBaHETO NPOBEXKIaAXME
npu Temmeparypa 4-6° C 3a 1Ba qum.

OnurHute npoOM OT J[BaTa acopTHMEHTa
MNPUTOTBSIXME C OaKkTepHanHa KyJITypa, KOSTO
mpubaBIxXMe B OCOJISBAIINS Pa3TBOP 3a IIMIPHUIIO-
BaHE BbB BUJ Ha 24-4acoBa OyJhOHHA KYJITypa B
MRS- 6ynson ¢ Tuthp 8-9 log (cfu /g). bakrepu-
alHarta KyJaTypa Biaraxme B konmuectso 350 ml
3a 50 kg cypoBuHa, ocurypsBamio ooceMeHsIBaHe
¢ 6-7 log (cfu/g).

Crnen ocoJsiBaHETO ONWUTHUTE W KOHTPOIIHU
npo6u noacymasaxme npu temmeparypa 13° C u
OTHOCHTETHA BIAKHOCT Ha BB3myxa 75-80% 3a
enuH 1o nBa nHU. Ciel OTHEMaHe Ha MOBBPX-
HOCTHATA BJIara, CyIIeHETO Ha MPOOUTE MPOBEK-
maxme mpu Temmeparypa 12° C, oTHocuTenHa
Brnaxuoct 77-80% u ckopocT Ha BB3myxa 0,15
m/s B npoxbiokenne Ha 19-20 auu. Ha 5-s1 gen
OT CYIIICHETO M3BBPIIBAXME EIHOKPATHO Ipecy-
BaHE Ha BUHTOBa npeca 3a 24-vaca. Ha 18-1 nen
OT CYIIEHETO ONMUTHUTE W KOHTPOJIHU TpoOH
KalizepoBaxMe ¢ Kal3epoBallla CMEC ChC ChCTaB
50% ummen, 30% uepBen mumep, 20% cuykaH
4echbH, KaTo KbM CMeCTa J00aBsiXMe BHHO JIO
MoJlydyaBaHe HAa T'bCTa XOMOTEHHa Kamia. Taka
Kaif3epoBaHUTE TMPOOM MOJICyIIaBaXMe MpPH TO-
pEYNOMEHATUTE TEMIIEPATYPHU M BIAXKHOCTHH
ycioBus 3a 3-4 nHu. LlenusT mpou3BOJCTBEH
LUMKBI mpoxbipkaBame 22 nuu. [lo omucanata
TEXHOJIOTHYHA cXeMa OsXxa MPOU3BEJCHU TET
NapTUId OT KOHTPOJHH M ONMTHU IPOOH OT
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,l abpoBCKa Kaizep macTepMa” H TacTbpMa
LI 1TTOBIMB”. 3a yCTaHOBSBAHE BIUSHHUETO Ha W3-
MOJI3BaHATa CTapTepHA KYIATypa BbPXY IIBETOBU-
TE MOKAa3aTeM Ha M3JICIBAHUTE CYPOBO-CYIICHU
MPOAYKTH OT HEpa3ApoOeHO MecOo, MPOBEIOXME
n3cnenasanus cien 27, 57, 77, 97, 117, 137, 15™
, 177, 19™ u 227 1eH OT 3pEEHETO U CYIIECHETO
uM. pH Oemre m3MepeHa ¢ ITOMOIITa HA aBTOMa-
tnaer pH wmersp (Momenm Microsyst 2002,
Crison).

OnpenenssHeTO Ha IBETa HA pa3pe3Hara Io-
BBPXHOCT Ha M3CJIEBAHUTE MECHU MPOAYKTH Ce
U3BBPIIA C TOMOINTa HAa CHEKTPOPOTOMETHP
Spectrophotometer PYE Unicam PU 8800
UV/VIS, Philips B xoMOHHAIIUS ¢ KOMITIOTHD
Hewlett Packard 85 B — USA. Iloka3arenure,
XapakTepu3upaly I[BeTa C€ M3YUCIAIBAT OT
cnekrpute o cucrema CIE Lab. SIpkocrra na
I[BETa Ce M3passiBa C Mmokasarens ,,L”. Yaactrero
Ha YCPBCHUA U XBJITHUA LUBAT CC XapaKTCpHU3HUpaT
C TMOJIOKUTEIHUTE CTOMHOCTH Ha ITOKAa3aTelInTe
CBOTBETHO ,,a” H ,,B”. OTpHULIATETHUTE CTOUHO-
CTH Ha ,a ¥ ,B” XapakTepusupaTr y4acTHETO
CHOTBETHO Ha 3CJICHUA U CUHUS LIBAT.

Pe3yararu u o0chikgane

ExcniepuMeHTanHuTe pe3yiaTaT 3a MpOMEHH-
T€ Ha BOAOPONHO-MOHHATa KOHIEHTpALHs Ha
OMUTHHU ¥ KOHTPOJHH NPOOU OT CypOBO-CYILICHH
npoaykTu [ abpoBcka kaiizep mnacTepMa” H
nacTepma ,,IImoBnuB” ca npencraBeHu Ha ¢wur. 1.

——e—— ra6poscka onutHa
——® a6poscka KoHTPONHA
———— Mnosaws onwtHa
——=—— Mogaus KoHTPOAHA

PH

@ue. 1. [Ipomenn B pH-cToifHOCTUTE HA OMUTHU
Y KOHTPOJIHU NMPOOH OT acopTuMeHTuTe — ,,l'ab-
pOBCKa Kaiizep macTepma” M macTbpma ,,I110B-

2

B

AHanu3bT Ha MOJIyYEHUTE PE3yNTaTH 3a Mpo-
MeHHuTe Ha pH-CTOHHOCTHTE B ONMUTHUTE KOJOa-
CH IIOKa3Ba SICHO OYEPTaHO BIHUSHUE HAa H3IOJI-
3Banus 1mam Lactobacillus plantarum (L), xoiiTo
OPUYMHSABA 3HAYUTENIHO TO-OBp30 M TMO-
CBUIECTBEHO IMOHMKEHUE HA BOAOPOIHO-HOHHATA




KoHIeHTparus. [Ipn BCHUKH KOHTPOJHH TPOOH
MoHMKaBaHeTo Ha pH e mo-6aBHO W B mo-Manka
CTENeH B CpaBHEHHE C IMPOOUTE, MPOU3BEICHU
ChbC cTapTepHa Kynrypa. Cuntame, ye siCHO U3pa-
3€HOTO TMOHIKaBaHe Ha PH-croifHOCTHTE OIIE B
HAYaJIOTO HAa TEXHOJOTHYHATa 00pabOTKa BEPO-
ATHO C€ OBJDKA Ha aKTUBHOTO Pa3BUTHE Ha JIak-
TobarmmnTe oT wam Lg mpe3 to3u mepuom. Tsax-
HOTO OCHOBHO JIEHCTBHE Ce IMPOSBSBA B IPOIY-
UpaHe Ha CheIWHEHUS C KUCENl XapakTep U Io-
CIeNMaIHO Ha MJIeYHa KHcennHa. ToBa ch3aaBa
OJTaronpusATHU yCIOBHSA 3a OOpa3yBaHe Ha CIie-
IUQUUHUA BT, HAMAIsABaHE HA BOAO3aabpiKa-
11ata CrocOOHOCT, KaKTO M MPOMEHH B KOHCH-
CTEHIMATA HA MECHUTE MPOIAYKTH.

ExcriepuMeHTaIHUTE pE3yiTaTH OT MPOydBa-
HE BJIMSHHUETO Ha M3MOJI3BaHATa cTapTepHa KyJ-
typa Lactobacillus plantarum wam Lg BBpPXY
MOKA3aTEeNINTE, XapaKTepU3UPaIy I[BETa Ha M3C-
JeIBAaHUTE CYPOBO-CYIIEHHM MECHH MPOAYKTH
1 aOpOBcKka Kaiizep macTbpMa” ¥ MacTbpMa
L lTOBIMB”, ca mpeacraBenu Ha dur. 2, 3 u 4.

Ot nanHuTe Ha QUr. 1 € BUIHO, Y€ CTOMHOC-
TUTE Ha mMokazarens ~’L”, xapakrepusupani sp-
KOCTTa Ha I[BETa Ha pa3pe3HaTa MOBBPXHOCT Ha
ONUTHU M KOHTPOJHH MPOOH OT ABaTa acopTH-
MEHTa CBINECTBEHO HapacTBaT a0 5-9™ neH or
TEXHOJIOTHYHHSI TIPOLIEC, CIIe KOETO ce HabIo-
JlaBa ciabo MOHMKaBaHe.

——4—— raposcia onutHa
——&—— TaGposcka KOHTPOAHA
——&—— Mnoaaus onuHa

——x—— MN0BANE KoHTPONHA

o 2 5 7 9 11 13 15 17 19 22

aen

@ue. 2. TlpomsHa B APKOCTTA Ha [IBETAa HA pas-
pe3HaTa moBbPXHOCT ’L” Ha ONMUTHHU M KOHTPOII-
HU Tpobu ot ,,I'abpoBcka Kaifzep mactepMma” U
nactTspma ,, I imoBauB”

[IpaBu BrneuaTiieHWe, Y€ TP BCUYKH OIMUTHU
poOH MaKCHMMAaIHUTE CTOMHOCTH 3a SIPKOCTTa Ha
1[BETa M3MpEeBapBaT TE€3HW IMPH KOHTPOIHHUTE 00-
pasiu. [lpu onuTHUTE TIPOOH € yCTaHOBEHO, 4e
MaKCHUMAaJIHUTE CTOMHOCTH 3a Imokazareis L ce
gocturar ome Mexay 2-5 nen (¢ur. 2). Jlokaro
MpH KOHTPOJHUTE NPOOM MaKCHUMAaITHUTE CTOM-
HOCTH ce gocturat Ha 9-117 nen. Ilpu ToBa Mak-
CHUMAaJIHUTE CTOMHOCTH 3a TO3W IOKa3arei IMpH
ONHUTHUTE TPOOM OT acCOPTUMEHTH ,,I'abpoBcka

49

Kaif3ep mactbpma” u mactbpMma ,IlnoBaue c 16
% u 18% IMO-BUCOKH OT TE3W TPU KOHTPOIHUTE
mpoOu, Kato HaOII0AaBaHOTO pa3lUYue ce 3a-
ma3Ba JI0 Kpas Ha TEXHOJOTHMYHUS mpouec. Ek-
CIIEPUMEHTAITHATE PE3yATaTH IOJIyYeHH 32
BIUSHUETO Ha OakTepwitHus wam Lg BBpXy mo-
Kazarens ’a”, oTpa3sBallld y4acTUETO Ha YepBe-
HaTa KOMIIOHEHTa B IIBETa Ha pa3pe3Hara IIo-
BBPXHOCT HAa M3CIEABAHUTE CYpPOBO-CYIICHU
MPOAYKTH, ca npeacTtaBeHu Ha ¢ur. 3. Te mokas-
BaT TCHJCHLUS KbM 3HAUUTEIHO MOBUIIABAaHE HA
CTOMHOCTHTE Ha TO3M IIOKa3aTesl INPHU BCHUYKH
uscnenBanu npodbu. Heobxoammo e aa ce otOe-
JIe)KH, Y€ CTOMHOCTUTE Ha IMoKazaTels ’a” ocTa-
BaT IO-BHCOKH IIPHU ONMHUTHHUTE NPOOW OT JBaTa
aCOPTHMEHTa B XO/a Ha IIEJHS TEXHOJIOTMYEH
npollec B CPaBHEHUE C KOHTPOITHHTE.

YCTaHOBEHOTO HApacTBaHE HAa CTOWHOCTUTE
”a” TIpY OTIUTHUTE MPOIYKTH MOXKE JIa C& OOSCHH
¢ QakTa, 4e TPOMEHHUTE B XEMOBUTE MUTMEHTU
NPOTUYAT U3KITFOUUTETHO MMO/1 Mpeo0IIagaBaioTo
aKTHBHO BB3JICHCTBHE Ha W3IIOJI3BaHATa CTap-
TepHa KynTypa. [IpuunHa 3a TOoBa € TBBpAE WH-
TEH3UBHOTO pa3BUTHE Ha wam Lg ome B Havano-
TO Ha OCOJIIBAHETO M 3PECHETO OT TEXHOJIOTHY-
HUs mporec. [lo Bcska BEpOSTHOCT, BHECEHATa
CTapTepHa KyJITypa OKa3Ba MOJOXHTENEeH e(eKT
BBpPXY LBETOOOPa3yBaHETO B OMUTHHUTE IMpPOOH,
KaTO CBINECTBEHO IMOAO0psBa Mporeca Ha MOJ-
KUCIISIBAHE U BEPOSITHO CTUMYJIMPAa XUMHYHHTE
TpaHchOpMallui HA MHOTJIOONHA B 0coOeHO 00-
pa3yBaHETO Ha HUTPO30MHOTIIOOWH, KOMTO MpH-
JaBa crelu(UYHUS YepBEH LBSAT HA T'OTOBHUTE
HPOJIYKTH.

YcTraHOBEHO €, 4e MpHU ONUTHHUTE NPOOH ¢
BHECEHA cTapTepHa Kyarypa (wam Lg) Habmroma-
BaHaTa TEHJEHIMS € IO-CHJIHO H3pa3eHa olle
Py OCOJISIBAHETO W B HAYaJOTO Ha 3pPEeHEeTO,
KaTo MaKCHUMYyMHTE C€ JOCTUraT B ITO-Ha4yaJeH
HIepUO Ha M3CIe/IBaHe Ha 5™ JIeH OT MPOM3BO/I-
ctBoTO (¢ur. 3). JlokaTto mpu KOHTPOJHHUTE TIPO-
O MaKCHMyMBT ce moiy4aBa kbM 7~ neH. [lpu
OITUTHHUTE NPOOH OT M3CJIEABAHUTE ACOPTHMEHTH
MaKCHMAaJIHUTE CTOMHOCTH Ha MoKa3arteis ~a” Ha
5" nen ca cporBeTHO 19,65+0,03 3a ,,I'abpoBcka
kaizep mactepma’ u 18,46+0,02 3a macTepma
,IIJIOBIUB” M ca 3HAYMMO IIO-BHCOKHM OT TE3HU
Ipy  KOHTPOJHHUTE TMPoOM  (CHOTBETHO
16,43+0,03 u 13,78+0,06).
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@due. 3. IlpomsHa B mokaszareis ’a” Ha pas3pes-
HaTa MOBBPXHOCT Ha OMMUTHU M KOHTPOJIHH MPO-
ou ot ,,l'abpoBcka Kaiizep macTbpma” W TMACTh-
pMma , IlmoBauB”

——&—— Mnosaus onuHa
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@Due. 4. llpomsHa B mokazatens “b” Ha pazpes-
HaTa TOBBPXHOCT HAa OMHUTHU W KOHTPOIHH MPO-
ou ot ,,l'abpoBcka kaiizep macTbpma” W MACTh-
pMma , IlnoBauB”

[Ipu pesynraTtute, oTpa3sBalid IPOMEHUTE B
XKBATUS HBAT “b” Ha pa3pe3Hara MOBBPXHOCT Ha
W3CIIeIBAHUTE TPOOU ce HaOJIIo/IaBa TEHIEHITUSL
3a MOHIDKAaBaHE HAa CTOWHOCTHTE My B XOJa Ha
TEXHOJIOTHYHUS TPOIEC, KAaKTO 3a OIMTHHTE,
Taka W 32 KOHTPOJHUTE NMpoOU Ha JBaTa acoOpTH-
MeHTa (¢ur. 4). 3HAUUTEITHO MO-HUCKUA CTONHO-
CTH 3a TO3W IOKazarea obade, ca YCTaHOBEHH
MpU ONUTHUTE NMPOOH OT M3CIEIBAHUTE MECHH
MPOIYKTH.

3akiIouyenue

B®3 ocHOBa Ha monyueHHUTE eKCIEpUMEHTAa-
HU PE3yJiTaTH MoOXe Aa ce 0000y, ue U3MoJI-
3BaHaTa CTapTepHa KyJITypa BOIM JO ChIIECTBE-
HO YCKOpsIBaHE M MMOJ0OpsBaHEe Ha Mpolieca Ha
[[BeTOOOpa3yBaHe B H3CJIEIBAHUTE CYpPOBO-
CYIIEHH MECHHU TPOJYKTH Ipe3 IEeIHs TEXHOJO-
rudeH npouec. llo-MHTeH3MBHUTE M3MEHEHHS B
MOKa3aTeNInTe, OTPa3siBalld IIBETOBATA XapaKTe-
pUCTHKAa Ha ONWTHUTE Kojbacw 1O BpeMe Ha
OCOJISIBAHE M B Ha4yaJloTO Ha CYLIEHETO ca
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CBBbpP3aHU C MHTCH3WBHOTO PAa3BHUTHUC Ha HU3IIOJI-
3BaHUsA wam Lg 1pe3 To3m mepuon. JlericTBreTo
My 3a o0pa3yBaHE Ha TMO-yCTOHYMB M CTaOMIICH
OBAT Ha pa3pe3HaTa MNOBBPXHOCT Ha MCCHHUTC
IIPOAYKTHU CE€ OBJIKH Ha HO-6”bp3OTO IIOHM>KaBaHE
Ha PH ome B HaYajgoTo Ha MPOW3BOACTBEHUS
npotiec 10 cToitHoctu 5,4 — 5,6. B TexHonorunuex
ACIICKT TOBa Ch3aaBa p€ajiHa Bb3MOXKHOCT 3a I10-
BHCOKa CKOPOCT Ha IMPOTHYaHC Ha pCAaKIHUUTE Ha
JeHUTpU(UKAIHS, CBbP3aHU ¢ 00pa3yBaHETO Ha
HuTpo3omuorioduna. [logoOHM pesynratd ca
omnm HabOmomaBanm ot Chasco, Lizaso and
Beriain (1996); Danov K., K. Valkova-Jorgova,
D. Gradinarska, D. Yordanov, K. Vasilev (2009);
Dellaglio, Casiraghi and Pompei (1996); Soyer,
Ertas and Uziimciioglu (2005).

CuuramMe, 4e H3MOJ3BaHATa CTapTEpHA KyJ-
Typa yCKOpsiBa Ipolieca Ha IBETOOOpa3yBaHE C
OKOJIO 5 mHH, KaTo HaOJroJaBaHaTa I[BETOBA Xa-
paKTepUCTUKA Ha OMMUTHUTE MPOOU € 3HAYUTEITHO
no-nobpa. TpabBa na orOenekuM, ye MPHUIIOKe-
uuero Ha Lactobacillus plantarum wam L mpu
MIPOU3BOJACTBOTO Ha CYpOBO-CYLIEHU MECHU IIPO-
OYKTH OT Hepa3Apo0CHO MeCO ChIIECTBEHO IO-
IpyuHacsA 3a IOBHUIIABAHE Ha yCTOﬁqHBOCTTa Ha
[BE€Ta Ha pa3pe€3HaTa NMOBBPXHOCT Ha I'OTOBUTE
MPOAYKTH IIPU CbXpPaHEHHE.
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PABPABOTBAHE HA XETEPOI'EHHU KATAJIM3ATOPHU CUCTEMUA
3A IIPEECTEPUDPUKAIINSA HA MACJIEHA ®PAKIIUSA
B BUOJAMU3EJIOBO I'OPUBO
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DEVELOPMENT OF HETEROGENEOUS CATALYST SYSTEMS
FOR TRANSESTERIFICATION OF OIL FRACTION IN BIODIESEL

Dobromir Yordanov, Zlatotsvet Tsonev, Todor Palichev, Zilya Mustafa, Galina Yordanova

ABSTRACT: The aim of this study is to obtain heterogeneous catalytic systems for the process of trans-
esterification of the oil fraction in biodiesel, based on mixing and impregnation of different metal oxides and
hydroxides and agricultural waste. The good thermal stability of systems was proved by the zero mass loss at
temperatures up to 100 <C. The experimental data show that at the end of the reaction, the degree of transesteri-
fication of the oil fraction of coffee grounds by using both heterogeneous catalyst systems reaches 68% and 72%.

Keywords: heterogeneous catalyst systems, biodiesel transesterification, coffee oil fraction

BnBenenne

B EBpomna Bce moBede ce roBopH 3a HE00XO-
JUMOCTTa OT M3I0J3BaHETO Ha AaJITCPHATUBHU
€KOJIOTUYHO YHCTH W3TOYHHUIIM Ha eHeprus. 3a
aBTOMOOMJINTE €IMH OT TE3W M3TOYHHUIM € OHo-
JIU3EI0BOTO TOpuBO. KakTo OOMKHOBEHOTO TO-
pUBO, Taka W OWOAM3ENBT € TMpEeIHa3HAa4YeH 3a
aBTOMOOMJIM C JW3€JIOBM [BHUraTeIH. 3a Ja ce
MPEeMHHE KbM M3IO0J3BaHETO Ha OMOJU3ET HE €
HY)KHO JIa C€ MOJCPHU3UPAT CHCTEMUTE Ha aB-
TOMOOMIA, TOCTATHYHO € caMo Ja Ce MOJAMEHST
I‘YMCHI/ITG CbCAMHCHUS CbC CUJIIMKOHOBHU TAKHBA.

OcHoBHaTa pa3jMkKa MEXIy Ouoauszena u
OOMKHOBEHHUS IU3€E] € EKOJIOTMYHATa YUCTOTA Ha
mepBHs. M3ropennTte razoBe Ha aBTOMOOWIIUTE
M3II0JI3BAIIN TO3U BUJ FOpI/IBO, I10 HJIKOU IT0OKa-
3aTEIM, ca JOCTa MO-YMCTH OT T€3W Ha OOMKHO-
Benus au3eil. OcBeH ToBa OMOAM3EIBT HAITBJIHO
Ce pasrpaxkJia Ha HearpeCUBHHU 3a OKOJIHATa cpe-
Jla KOMIOHEHTH. ToBa Ce IbJDKU Ha TPOU3BOJICT-
BOTO MY OT PAcTHUTEIHHA Macliia, a He OT MeTPOJI-
HU IIPOAYKTH.

ThpceHeTo Ha OMOU3EN HApACTBA HABCSIKBIC
o cera. [loBumaBaHeTo Ha IleHAaTa HA TIETPOIIA,
ChUETAHO C MMOCKBIIBAHETO HA JIOJIapa, TOBENE 10
PEKOPIHO BUCOKH IIEHH Ha TEYHUTE rOPHBA y HAC.

[Ipy M3KIFOYHUTENHO ONArONPUATHUTE YCIIO-
Bus B bwarapus 3a oTriexmaHe Ha parnwia,
CJIBbHYUOTJICO N prrl/l MaCHOHaﬁHH Ky.HTypI/I, BCUC
€ UKOHOMHUYECKH M3TOJIHO J1a CE I0JI3BaT rOPHBa,
MPU3BEACHA OT PACTUTEIHH W/WIHA KUBOTHHCKH
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Ma3HuHH. Te mMorar na ObaT CMECBaHH H C IeT-
pOJIHH TIPOAYKTH. buoropmBaTta ca MOAXOASIIH
3a TU3EJIOBH JIBUTATENN U Ca €KOJOTUYHO YHCTH,
Hopagu KOeTo He ce obnaraT ¢ akiu3, KakTo
neTporopuBaTa. A TOBa TPEICTaBIsBA CHIICH
MKOHOMHYECKHA CTHUMYJ 3a HPOMU3BOJACTBOTO M
U3MO0JI3BaHETO MM. MacoBOTO U3MOJI3BaHE Ha
Ono/u3en 3a TPAaHCIIOPTHHUTE CPEJCTBA y HAc, 10
BCSIKA BEPOSITHOCT IE C€ Pa3BUBa IMOJOOHO HA
HaBJIM3aHETO HAa JPYTd aITEpPHATHBHU aBTOMO-
ownmHu ropuBa. Kakro B 3ananna Espoma u Ce-
BepHa AMepuKa, Taka M y Hac Ce OYaKBa II0-
MAacoBO Jla c€ M3I0JI3BaT TOPUBHU cMecH (OJeH-
JI0BEe OT OMOJM3eN U TETPOJIHU JCPUBATH W/HITH
OMOMa3HWHU U MIETPOTOPUBA).

Beuuku Te3n ¢akropu ca mpearocraBka 3a
HO-IIMPOKOTO Pa3NpOCTPAHEHUE HA MIPOU3BOJICT-
BEHM MOIIHOCTH 33 MPOW3BOJICTBO Ha OHOropyBa.

B nocnienuTe TOOMHN Ce POBEXIAT U3CIE -
BaHUsI 32 [OJly4aBaHe HA OMOTOpWBA OT OTIAIHH
CYpOBWHHH M3TOUHHUIM. [lonydenure Onoropusa
HE CBABPXKAT CApa, HE ca TOKCHYHU U HAIIBITHO
ce pasiarat Ouosorunyno [1-16]. TIpousBoaute-
nUTe Ha Kae B EeTHs CBAT MPOU3BEXKIAT MTOBEYE
oT 8 MJIH. TOHA Bcska roauHa. ToBa, KoeTo ocTa-
Ba CIie/l MPOM3BOJCTBOTO Ha €CIPECO M Kamydu-
HO, OOMKHOBEHO CE M3XBBPJIS WIN B PEJIKH CIIY-
Yad ce M3MO0J3Ba 3a MOAXpaHBaHE Ha IOYBATA.
VYdeHuTe mnpaBsAT NPUOTU3UTEIHA OLEHKa, de
TOJMITHO MOTaT Ja OBbJaT MPOHM3BEJCHH OKOJIO
1,28 mupza. auTpa TOpMBO OT yTaiika Ha Ka-
¢e.ToBa Moke J1a cTaHe KaTro ce chbOupaT yTaii-



KHTE OT Kae U ce npuinokar e)eKTUBHUA METOIH
3a M3BJIMYAHE HA MacliaTa OT TsX, Clie]] KOeTO OT
TAX Aa ce Jo0ure Onoau3el.

[oprBOTO, MpOM3BEXKIAHO OT Kade MMa ce-
PHO3HO TPEIUMCTBO TIPEJA TPATUIMOHHUS OHO-
JU3ENl 3apajyl ChABPKAHUETO HAa XeTepoopra-
HUYHU CHCMHEHHUS, KOUTO JCHCTBAT KaTO aHTH-
OKCHIAHTH. YacTHUIUTe, OCTAaHAIU OT TNPEBPH-
IIaHETO, MOTaT Jia C€ W3IMON3BaT KaTO KOMIIOCT
WU J]a CE IPEBBPHAT B €TAHOIL.

YBenuuaBaHEeTO Ha TOTPEOJICHUETO Ha OWO-
JIU3EIT M3UCKBA KAKTO Pa3lMpsiBAaHE HA CypOBHH-
Harta 0a3a, Taka U ONTHMHU3UPAHE HAa TPOU3BOJIC-
TBCHUTE MPOLIECH, KOSTO MO3BOJISIBA BHCOK IPO-
W3BOJICTBCH KaIalUTeT, OMPOCTEHH OIEpPaIiH,
BUCOKH JToOMBH. [IpH M3mon3BaHe Ha XOMOTECHHH
KaTaJM3aTOPHU CE MOJy4aBaT CallyHH U C€ U3HCK-
BaT TOJIEMHU Pa3XOJU 3a OTCTpaHsSBaHE Ha KaTa-
JU3aTOpHATA CHCTEMa OT TMOJy4aBaHHs ecTep.
Upes npeecrepudukaims Ha CypoBUHATA B TIPH-
ChCTBHE Ha XETEPOTeHHHW KaTanuzaTopu [17-25]
ce HaMaJlsABaT Pa3XxOJUTE 3a OYMCTBAHE HA eCTe-
pute, nopaau ¢pakra, ye KaTaau3aTopbT Obp30 ce
pereHepupa OT peakIMOHHATa cMec upe3 (HuiIT-
pamus, KOETO BOJW JO TMO-€BTHHA U TMO-
€KOJIOTUYHU KpalHU MOpPOAYKTH. AKTyalHOCTTa
Ha pas3paboTkara ce Ompeaeis OT HuiaesTa 3a
H3I10JI3BAaHC Ha C€BTHHH, HeI[e(i)I/IHI/ITHI/I, MECTHU
CYpPOBUHH U MaTepHAaIIH.

Marepuaju U MeTOAHU

1. Mamepuanu

3a mony4YaBaHETO HA XETEPOTSHHHUTE KaTaH-
3aTOPHH CHCTEMH OsXxa W3MOJ3BAHU CIEIHUTE
matepuanu, a umenHo: NaOH (HarpueBa OCHO-
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Ba), KOH (kxanmmeBa ocHoBa), Al,O3 (anymuuunes
tpuokcun), BaO (6apues okcunm), MgO (marue-
3ueB okcuna), V,0s (BaHAIUEB TICHTAOKCHU]),
Zn(OH), (umHkoB xumapokcuna), PbO (omoBen
okcun), SiO, (cunMIMeB MWOKCHI), OTIAIEH
MIPOIYKT OT CEJICKOTO CTOMAHCTBO (KapOOHW3H-
pan mpu 580°C oTmambk ChC ChIbpPXKaHWE Ha
CUWJIMIIMEB AUOKCH 0K0s0 90%).

2. Memoou 3a nonyuaeane xemepozeHHUNe
Kamanuzamopu

l'opeonucannute MeTamHu cbhbeANMHEHHUS (OKCH-
JIM ¥ XUJIPOKCHIIN) CE CMECBAT B TPU CHOTHOIIIE-
aus (1:4; 1:1 u 4:1) c oTnagHUs TPOAYKT OT Cell-
CKOTO cTOHaHCTBO (kapOoHmzupan mnpu 580°C
OTHAaABK ChC CHIbPKAHUE HA CHITUIMEB JHOKCHUIL
okono 90%). Cnen ToBa MOMYYEHUTE MO TO3U
HAYMH CMECH Ce HarpsBaT B My(esHa Iell mpu
350-400°C B npoawmxenue Ha 1 (eamH) 4ac ¢
men JIexuapaTands Ha KoMOwHanumsra. B kpas
TemmeparypaTta ce mosumasa g0 650-850°C B
pobJbKeHre Ha | (€UH) Yac 32 aKTHBHpaHe Ha
KOM6I/IHI/IpaHaTa CHUCTEMA. HOJ’Iy‘IeHI/IHT 10 TO3HU
HAYMH MPOAYKT CE OXJIAX[a, TPOMUBA CE C BOJA
u ce cymu npu 120°C 3a nosyyaBaHe Ha opecTa

CTPYKTYpa.
Pe3yaratu u o0chKIaHUS

IlomydyenuTe 1o ropeomnncaHaTa METOAMKA
OPONYKTH OsiXxa OXapaKTEepU3UPaHU C MOMOIITA
Ha meroaure Ha MY-cniekTpockonust U TepMOr-
paBuMmeTpusita. Pesynraturte 3a HAKOM OT IpO-
NYKTUTE ca npeacraBeHu Ha ¢ur. 1-10.
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®@ur. 1. UY-criektbp Ha NPOAYKT, mosrydeH npu cmecBane Ha NaOH u cenckocTomaHCKH OTHaIbK
(xapOonusupan npu 580°C oTnaxbk cbC ChIbpPKAHUE HA CHIIMIMEB AUOKCHI okojio 90%) B ChOTHO-

mrenue 4:1.
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@ur. 2. UY-ciekTsp Ha MPOAYKT, monydeH npu cmecBaHe Ha KOH u cenckocTonmaHcku OTHagbK

(xapoonm3upan npu 580°C oTmagbk ChC ChABPXKAHKUE HA CHIIMIIKMEB AHOKCUA 0kojio 90%) B ChOTHO-
menwne 1:4.
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®ur. 3. YU-ciekTsp Ha MPOIYKT, monydeH npu cmecBaHe Ha KOH u cenckocTonmaHcku OTHa bk

(kapbonmsupan npu 580°C oTmaabk ChC ChABPKAHKUE HA CHIIMIIKMEB AHOKCHA 0Kojio 90%) B ChOTHO-
menwne 4:1.

54



Teanumitturce [%]

95

[0

an

80

70

A727

A4

3800

2624
2053

3000

AL RS

200 1500

Anzunter !

2500

1100

1000 30

@ur. 4. NY-criekThp Ha MPOAYKT, moiydeH npu cmecBaHe Ha Al,O3 M CeICKOCTONMAHCKH OTIAIbK
(xapOonmsupan npu 580°C oTnambK ChC ChIbpKAHUE HA CHIMIMEB AUOKCU 0KoJio 90%) B CHOTHO-

menue 4:1.
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@ur. 5. UY-criekTbp Ha MPOAYKT, MOJy4deH npu cMecBaHe Ha BaO u cenckocTonancku oTnaabK (Kap-
6onmsupan npu 580°C oTnaabK CbC ChABPKAHUE Ha CHIIMIHUEB TUOKCHA 0Koiio 90%) B chOTHOLIEHKE
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®ur. 6. NU-ciekTbp Ha MPOAYKT, MOMydeH mpu cMecBane Ha V;Os M CEICKOCTOMAHCKU OTMHaIbK

(kapoonmsupan npu 580°C oTmagbk ChC ChIBbPXKAHKUE HA CHIIMIIUEB AHOKCUA O0kojio 90%) B ChOTHO-
menwne 4:1.
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®ur. 7. MY-criekThp Ha MPOAYKT, MOJydeH mpu cMecBane Ha ZN(OH), 1 CeICKOCTOMaHCKH OTHaIbK

(xap6onmsupan npu 580°C oTnaxbK ChC ChIbpKaHUE HA CHIIMIHUEB AMOKCHT oKojio 90%) B choTHO-
nrexue 1:1.

56



JannuTte ot nipeacraBeHute Ha ¢ur. 1-7 MU-cniekTpu Ha MOTyYEHHUTE TI0 TOPEOTUCaHATa METOINKA
TPOYKTH MOKA3BAT, 4 MOSBHINTE ce abcopOuponnn meuiy npu 817-830 cm™, 688-691 cm™, kakro
¥ CHJIHO H3pa3eHara mBHua mpu 1652-1630 cm™, mMorar fa caykaT KaTo I0Ka3aTelICTBO 3a 06pa3yBa-
HETO Ha HOBU XMMHUYHH BPBH3KHU B IPOJYKTHTE CIIC/ TAXHOTO aKTUBHPAHE MPU PA3TUYHUTE OTHOIICHHS
Ha CMECBaHE MEXIY OTJCITHUTE ChCTABKH.
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@ur. 8. TepMorpaBUMETpHUYHH aHAIHM3U HA MPOIYKT, Moiy4eH npu cmecBane Ha NaOH u cenckocro-
NaHCKU OoTHamabK (kapOooHmsupa npu 580°C oTmaabK ChC ChIbpPIKAHWE HA CHIIMIMEB JHOKCH] OKOJIO
90%) B choTHOIICHUE 4:1.
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@ur. 9. TepMorpaBUMETPUYHN aHAJIU3W HA NPOAYKT, moy4deH npu cmecBane Ha KOH u cenckocro-
MaHCKU oTHaabK (kapOooHusupan npu 580°C oTHaabK CbC ChAbPKAHNUE HA CHIIUIMEB JUOKCH] OKOJIO
90%) B choTHOMmEHHE 4:1.
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@ur. 10. TepMorpaBUMETpHUYHN aHAJIM3U Ha MPOIYKT, MOJIy4YeH Ipu cMecBane Ha BaO u cenckocTo-
MaHCKU oTHaxbk (kapooHmsupad npu 580°C oTnaabk chbe ChabpKaHUE HA CHIIUIIUEB TUOKCH]T OKOJIO

90%) B croTHOMIECHHE 4:1.

[lony4yeHuTe XeTEpOTeHHM KaTaau3aTOPHH
CHCTEMH Ca HEpa3TBOPUMH BHB BOJa, METAHOI,
OeH3eH, XeKcaH, JUMETHI(POpMaMHUIl, OJICHHOBA
KHCEJIMHA, TOPH MPH TeMIepaTypuTe UM Ha Ku-
neHe. TepMuyHaTa CTAOMIHOCT HA IMOJMYYECHUTE
NPOIYKTH € OLIEHEHa Ype3 TePMOTPaBUMETHUYCH
anamu3 (TG, DSC, DTG). obpara TepmuyHa
CTaOMITHOCT Ha CHCTEMHUTE CE JIOKa3Ba 4pe3 Hy-
JeBaTa 3ary0a Ha Maca INpH TeMIepaTypH [0
100°C (MakcuMaiHaTa TeMmIepaTypa Ha Ipeec-
TepuduKalMoHHus mpomec ¢ okono 70°C), u
makcumyMm 7% mo 200°C.

Ot npoBeneHHs TEPMOTPaBHMETPUYEH aHa-
JM3 Ce BHXKIIA, Y€ CE TOSIBSIBA IIMPOK €HI0S(PEKT
mpu okoj10 110°C, opaau oTaensiHeTo Ha (hu3u-
YeCKH CBbp3aHaTa BOJA, KOETO C€ CBHITBTCTBA C
okono 1% 3ary0a Ha maca. B Hsikon oT 0Opa3iu-
Te (¢ur. 8) ce nosBsBar engonukose npu 280°C
n 760-770°C, mpmKkamm ce Ha pasnajaHe Ha Oc-
HOBHATA YacT Ha MPOAYKTa MOpaay OTACIsHE Ha
XMMHUYECKH CBBp3aHaTa BOJa, KOETO € ChIIPOBO-
neHo ¢ okoJo 3%-Ha 3ary0a Ha maca. [Ipu okosno
790°C ce nosiBsiBa €K30IHK, CBBP3aH C MPOLIECH-
Te Ha (hopMUpaHe Ha HOBH (ha3u, KOETO € CHIIPO-
BOJICHO C M3BECTHA 3aryba Ha maca.

[MpoBenenn Osixa eKCHEPUMEHTATHH W3CIE-
BaHUs BBPXY NpeecTepupuKanusITa Ha MOIyye-
HaTa MacieHa (Qpakius OT eKCTpaKIusITa ¢
MpeBapuTeIHO 00paboTBaHe Ha yraiikara oOT
kadpe mpu 600W MHKPOBBIHOBO OOJI'BUBAHE,
BpeMe Ha peakiuara oT 20min u ekcTpaxupaHe
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Ha OoObUCHATa CYpOBHHA C pa3TBOpPHUTEN N-
XEKCaH, ¢ TbPBHUTE JBE XETEPOTCHHH KaTalu3a-
TOPHHU CHCTEMH, 2 UMEHHO MPOIYKTHUTE, ITOIyYe-
Hu mpu cmecBane Ha NaOH u KOH, u cenckoc-
TOMAHCKU OTHanbK (kapOoHmsmpan mpu 580°C
OTIAABK ChC CHIbPKAHUE HA CHITUIHEB JTHOKCHU]T
oxo1no 92%) B croTHOMIeHNE 4:1. YcioBusara Ha
peakiusTa Osixa: Temreparypa Ha npoieca 70°C,
MOITHO OTHOIIIEHHE METAHOINI KbM MaclieHa (pax-
mus 9:1, xomudecTBo Karanuszarop 3% cropsMo
Macara Ha cypoBHHATa. TeOpETHYHO MpeecTepu-
¢uKanusATa Ha TaKbB THUI Ma3HHUHHW, KaKBUTO ca
Te3W, M3BJCUEHU OT yTailka OT Kade, W3HUCKBA
TPH MOJIa METAHOJ 32 BCEKH MOJI TPUTIIHIICPHTH.
Obaue, B mpaKTHKATa € JJOKa3aHO, Y€ TOBA MOJIHO
OTHOIIIEHUE € MO-BUCOKO (6+15:1), THit KaTo MO
TO3W HAYUH C€ TOCTUTa TO-TBIHO MPEBpBINaHe
Ha Ma3HUHHUTE B METWJIOBH €CTEPU M II0-BHCOK
JIOOMB HA METHUJIOB €CTep KaTo KpaceH MPOYKT.

Ha ¢ur. 11 ca npepcraBenn naHHHUTE 32 CTe-
MeHTa Ha Tmpeecrepudukanus Ha MaclieHaTa
¢dpakius oT yraiika oT Kade B NMPHUCHCTBHE Ha
'BPBUTE JBE XETEPOTCHHU KaTalM3aTOPHU CHC-
TEMH, & UMEHHO Te3H, TMOJIYYeHH NPU CMECBaHE
Ha NaOH u KOH, u ceiackocTonmaHcKy OTIamabK
(xapbonmsupan mpu 580°C oTnagbK CbC ChABP-
JKaHWE Ha CHUJIMIIMEB AMOKCHUI 0K0Jio 92%) B Cb-
otHomeHue 4:1.



IIpeecrepuduxanus, %

O T T T

—&— NaOH:otmanek 4:1

—8— KOH:otnaapk 4:1

40 80 120

160

Bpeme Ha peakuusiTa, min.

200 240

@ur. 11. Crenen Ha npeectepuduKanus Ha MaclieHaTa (ppakLus OT yTaika oT Kade B MIPUCHCTBHE
Ha XETEPOTeHHUTE KaTaIM3aTOpHU cucTeMu, rmonydeHu npu cmecBane Ha NaOH u KOH, u cenckoc-
TOMAHCKM OTHaaAbK (kapOooHusupan npu 580°C oTnaabk ChC ChABPKAHUE HA CHIIUIUCB JUOKCHI OKO-

10 90%) B croTHOMICHNE 4:1.

Ot nanHuTe Ha Qurypata ce BIKIA, Y€ B
Kpasi Ha peaknusATa (Ha YeTBbPTH Jac) CTEIeHTa
Ha TpeecTepuUKAIUs Ha MacieHara (paKius
OT yTaiika OT Kade MpH HU3MOJI3BAHETO HA JIBETE
XETepOTeHHH KaTaJIM3aTOPHH CHCTEMHU JOCTHTa
68% mnpu mbpBaTa U 72% CHOTBETHO MPH BTOpPa-
ta. IlomydeHure pe3yiTaTd ca TBPBUYHH U CE
HYXJadaT OT IO-HAaTaTbIIHA OIITUMHU3alUA. Bce
NaK JJAHHHUTE [TOKa3BaT, Y€ TE3H JBE XETEPOreHHU
KaTaJIM3aTOPHU CHCTEMH NPOSBSABAT 100pa KaTa-
JUTHYHA aKTUBHOCT B Mpolleca Ha npeectepudu-
kanus. CreoBaTeTHO TO3M THI KaTalUTUYHU
CHCTEMH cJIeJl OKOHYAaTeIHaTa MM MHOTOKPHUTE-
pHaTHa ONTHMU3AIMS MOTaT Ja C€ W3MOJI3BaT
BMECTO XOMOI'CHHUTCTC KaTAJIUTUYHH CUCTCMU,
B PE3yJTaT Ha ChKpalllaBaHe Ha [IUKbJIA 32 OYMC-
TBaHE Ha ecTepHara (paza mopaau JuIca Ha oca-
MyHBaHE, KaKTO M MOpajau Mo-e(peKTUBHOTO OT-
JIeTsTHE Ha ecTepa OT TIIMIeposia U JecHaTa pere-
Hepanus Ha KaTaJu3aTopa.

OcBeH TOBa, TpeecTepUPUKAIMOHHUAT TPO-
1iec Ha MaclieHaTa (h)pakius OT yTaiika oT Kade B
NPUCHCTBUETO HA TE3H JIBE XCTEPOTCHHH KaTaJH-
3aTOpHH CHUCTEMH, B CpPaBHEHME C ITpolieca, Ipu
KOMTO ce W3MOI3BaT XOMOT€HHHM KaTaln3aTOPH,
npeckaya MmocjeBallyuTe To CKbIIM €Tany Ha J10-
OUYHUCTBaHE C M3IOJI3BaHE HA XMMHUYECKH pearcH-
TH, KOETO ITOKa3Ba, Y€ Te3U KAaTaJIM3aTOPHU CHUC-
TEMH ca €KOJIOTUYHO 1eNIechoOpas3Hu.
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H3Boau

Ilo meronuka, onucana B HacTOSIIIATa €KCIIe-
pUMEHTalIHA YacT, Osixa TOJyuYeHH XeTepOreHHH
KaTalIM3aTOPHA CHCTEMH 3a Ipoleca Ha Ipe-
ecTepuduKanysi Ha MacieHata (pakuus B Ono-
JIM3EJI0BO TOPUBO, HA OCHOBAaTa HAa CMECBAaHE W
MMIIpETHUPAHE MEXIY Pa3InYHH METAIHH OKCH-
U ¥ XUIPOKCUIW U OTHAagbLU OT CEJICKOTO CTO-
MIAHCTBO.

Hannute ot MY-crieKTpu Ha MOJYYEHUTE IO
ropeonucaHara METOAMKa IMPOAYKTH IIOKa3BaT,
4ye MOSBWIMTE c€ a0COpOLMOHHM HWBHULM IIPH
817-830 cm™, 688-691 cm™, kakTo  cHIHO W3-
pasenara mBni@a npu 1652-1630 cm™, morar na
CIIy’KaT KaTo J0Ka3aTeJICTBO 3a 00pa3yBaHETO Ha
HOBU XUMHWYHU BPB3KU B MPOAYKTUTC CJICHA TAX-
HOTO AKTHBHPAHE NPHU PASIAYHUTC OTHOILICHHSA
Ha CMECBaHEe MEXIy OTIEJIHUTE ChcTaBKu. J[00-
para TepMHYHAa CTAOMIIHOCT Ha CHUCTEMHUTE Ce
JIOKa3Ba 4pe3 HyleBaTa 3ary0a Ha maca IpH
temneparypu no 100°C (MakcuManHarta Temrie-
patypa Ha mpeecTepUPHUKAIMOHHUS TIPOILEC €
okosio 70°C), u makcumym 7% mo 200°C. Ilomy-
YEHUTE EK30IMKOBE B 0OpasLuTe MpU TeMmIepa-
Typu okoso 800°C ca cBBp3aHH C MPOLECH Ha
oOpa3zyBaHe Ha HOBH (a3u, CHIPOBOJIEHO C H3-
BeCTHa 3aryba Ha Maca.

[MpoBenenn Osixa eKCHEpUMEHTAHH W3CIE-
BaHUs BHPXY MpeecTepuduKanusaTa Ha IMOIyYe-
HaTa MacjeHa (pakous OT EKCTPakUusITa C
npeaBapuTenHo oOpaboTBaHe Ha yTralkara OT



kabe mpu 600W MHKPOBBIHOBO OOIBUBAHE,
BpeMe Ha peaknusaTa oT 20Min u ekcTpaxupaHe
Ha oOJpuUeHAaTa CypOBHHA C pa3TBOpHUTENT N-
XEKCaH, ¢ ITbPBUTE JIBE XETEPOreHHH KaTalu3a-
TOPHU CHCTEMH, & UMEHHO MPOIYKTHUTE, TOTyUe-
uu npu cmecBade Ha NaOH u KOH, u cencko-
CTOIAHCKU OTnaabK (kapOoHusupad mpu 580°C
OTHAIbK ChC ChIBP)KAHUE HA CHITUIINEB AUOKCH
okono 90%) B choTHOIIEHHE 4: 1.

Ot nmanHuTe Ha (Qurypata ce BIKIOA, Y€ B
Kpas Ha peakuusaTa (Ha YeTBBPTHUS Yac) CTENEHTa
Ha mpeecTepuduKanus Ha MaciieHaTa (ppaxius
OT yTaiika OT Kade MpH W3IMOJI3BAHETO Ha JBETE
XCTEPOTEHHH KAaTAM3aTOPHU CHUCTEMH JIOCTHTa
68% npu mepBata u 72% CHOTBETHO MpU BTOpa-
Ta.

[MonydyeHuTe W M3MON3BAHUTE OT HAC XETEPO-
TCHHU KaTAIUTHYHH CHCTEMH CJel OKOHYaTel-
HaTa UM MHOI'OKpUTCpUAJIHA ONTUMHU3AIUA MO-
rar Jia ce M3MO0JI3BaT BMECTO XOMOTCHHHUTE KaTa-
JUTHYHUA CUCTEMH, B PE3YNITAaT Ha ChKpalllaBaHe
Ha MKBJIA 32 OYMCTBaHEe Ha ecTepHara (aza rmo-
pamd JnUrca Ha OcalyHBaHe, MOpPaad TO-
e(eKTHBHOTO OTIEJISTHE HA ecTepa OT TIUIIEePOIa,
JiecHaTa pereHepalys Ha KaTalin3aTopa u eKoJo-
rUYHATa UM 1eJIeChOOPa3HOCT.
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HOJAOBPABAHE HA KOHKYPEHTOCIHHOCOBHOCTTA HA INPEAIIPUATHUE
3A TIPOU3BOJACTBO HA IIUBO

Jlo6pomup Hopnanos, I'amuua Hopaanosa

IMPROVING THE COMPETITIVENESS OF THE ENTERPRISE FOR BREWING

Dobromir Yordanov, Galina Yordanova

ABSTRACT: The purpose of this study was to improve the methodology for increasing the competitiveness
of the company, consisting of three modules based on TQM principles, and an algorithm for removing the incon-
sistencies. There has been a 10% improvement of the performance of the company after the initial self-
assessment. Understanding of the principles underlying the methodology and its application in long and short
term can help other companies to fight rivals on the way to perfection in the work.

Keywords: quality management, competitiveness, brewing company

BnBenenne

N300pbT Ha HacTOsIATa TeMa W HEeWHaTa aK-
TyaJHOCT C€ MpenonpenensiT oT (akra, ye B
yCIIOBUSATa Ha TI00aIu3Mpana ce MUKOHOMHKA H
CBETOBHa MKOHOMMYECKAa KpH3a, HapacTBalla
KOHKYPEHLIUS 1 HENIPEKbCHAT PBCT HA LICHUTE Ha
MaTepUaIHU PEeCcypcH U €HEeproHOCHUTENH, €IUH
OT OCHOBHHUTE MPOOJIEMH Ipe]] MHIYCTPUATHUTE
NPEOnpUsITHs y HAac € MPOU3BOACTBOTO Ha IIO-
rojisiMa CTOMHOCT Ha I0-BUCOKO KadecTBO. To3u
mpo0GyieM MocTaBs MpeJ, UHIYCTPUATHUTE Tpel-
NpUATHS CIIOXKHATa 33/1a4a 3a peliaBaHe Ha Qu-
HAaHCOBM YPaBHEHMS 32 HaMajsiBAaHE Ha LIEHUTE
Ha CYpPOBHMHMTE, MAaTEpUAIUTE, CHEPrUHHUTE U
IpYyTUTE pecypcu 3a MPOU3BOJACTBO MpHU 3a-
na3BaHe Ha BHCOKO KAayecTBO Ha IOJy4YaBaHUTE
MpOoAyKTH. Bcuuko ToBa BOIM A0 ThpceHE Ha
HOBU HAYMHH U aJallTUpaHC Ha U3BECTHU MOIC-
JU 32 aHaJM3 M OTCTPAaHSABaHE Ha HECHOTBET-
CTBHS TIPH INPOU3BOJICTBOTO HAa IPOAYKTHTE C
1eJT TIOBUINIABaHE Ha KOHKYPEHTOCMOCOOHOCTTa
Ha ¢Qupmute Ha masapa (Michael Isher, 2007),
(Jessika Harper, 2007).

Excnepument
Pa3paboTBaHe Ha MeTOaMKAa 32 MOBMILIA-
BaHe HA KOHKYPEHTOCNOCOOHOCTTA Ha (pupMa

3a MIPOMU3BO/JCTBO HA MIMBO

Pa3paboreHa e MeTonuKa 3a MOBHIIABaHE HA
KOHKYPEHTOCIIOCOOHOCTTa Ha (hUpMa, ChCTOSIIA
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ce or Tpu Moxmyma, ocHoBann Ha CAF
(www.eipa.eu/files/File/CAF/Brochure2006/Bul

garian_2006.pdf) u anroputbM 3a OTCTpaHsABaHE
na HecvotBercTBus (Mopnanos n Jlo6pes, 2013).

1. Monyn A — Ilpomec Ha camooIleHKa Ha
¢upmara

1.1. ETan Ha niuaHupaHe - CThIKU

A) TlpoBexxnaHe Ha KOHCYJTAIMM C OpraHu-
3aIusITa;

b) Ompenensne Ha oOxBara W TOIXOAa Ha
caMoolIeHKaTa U U300p Ha JIMAep Ha CaMOOLIEH-
Kara;

B) PaspaboTBaHne Ha BBIPOCHUK 3a CaMo-
OLIEHKAaTa Ha OpraHu3alusTa, 00XBallalll AeBETTe
kputepus Ha CAF.

1.2. Eran Ha pa3npoctpaHeHue Ha HHpOpMa-
LUSTA 32 CAMOOLICHKATA - CTBIIKH

A) PazpaboTBaHe Ha KOMYHUKAIMOHEH TIaH
3a CaMOOLICHKATa,;

b) BrurouBane U cTUMyJIMpaHe y4acTHETO Ha
NepCOHANa B CAMOOIICHKATA,

B) IlonabpikaHe Ha KOMYHHKAlWs C BCHYKU
3aWHTEPECOBAHU CTPAHHU.

1.3. Etam Ha cp3aaBane Ha Tpyma/u/ 3a caMo-
OIIEHKATa - CTHIIKH

A) Cb3naBaHe Ha rpymna/w/ 3a caMOOIICHKa,
KOSTO € MoAXonsa 3a msjara ¢upma Ipu
Cra3BaHe Ha ONpeJielIeHH KPUTEPUH;

b) N360p Ha PrroBOIMTEN Ha TpyNHaTa;

B) B3emane Ha peleHHe OTHOCHO BKJIIOYBA-
HeTo Ha PproBoanTENS Ha pupMarta B rpymaTa 3a
CaMOOLIECHKaA.
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1.4. Etan Ha opranu3anus Ha 0Oy4YCHHETO 32
CaMOOIIEHKATA - CTHITKU

A) OpranusupadHe Ha OOY4YEHHETO Ha PBKO-
BOJIHUSI €KHIT HA CAMOOLICHKATA;

b) Oprannsupane Ha 00ydeHHETO Ha rpymnara
(TpymnTe) 3a cCaMOOIIEHKATA;

B) Omnpenensine Ha KIIOYOBUTE 3aWHTEPECO-
BaHU CTPAHH, IPOIYKTHTE U yCIyTUTE, KOUTO CE&
IPEIOCTABST U KITIOYOBHUTE ITPOIIECH.

1.5. Etan Ha nmpoBexJaHe HAa caMOOLIEHKATa -
CTBIIKH

A) ManuBuayanHa caMOOIICHKA,

b) IMocTurane Ha KOHCEHCYC B TpyIiaTa 3a ca-
MOOIICHKA,;

B) ToukyBane (kmacudaecko niu (puHO).

To3um eram OT caMOOIEHKAaTa 3aBBPIIBA C
MOJATrOTOBKaTa M MPEJOCTaBIHETO HA JOKJIAf OT
CaMOOIIeHKATa.

2. Moayn b — OtrctpaHsiBane Ha HECHOTBET-
CTBHA W pCllaBaHC Ha HpO6JIeMI/I, BB3HUKHAJIN
IIpH CaMOOIIEHKaTa M onucany B noknana (Mop-
nanoB u Jloopes, 2013).

2.1. Eran Ha uneHTudUKanys Ha npobiema.

Wnentudukanusara Ha mpobiema ce H3BBP-
miBa ype3 Ilapero-ananus. To3u aHanu3 BKIHOYBA
CIICTHUTE OCHOBHY CTBIIKH:

2.1.1. Bzemane Ha pelieHHe OTHOCHO HaYMHA
Ha knacudukanus Ha IpodIeMHTe.

ToBa BKIIOYBA pasriiexIaHe Ha NPUYUHUTE
3a BbPHAT WIKM OTXBBPIIEH IPOAYKT, PasrOBOPU C
KJIMEHTa WIH NpepaboTBaHE Ha aclleKTH Ha Ja-
JICH TIPOIIEC.

2.1.2. Cp3maBaHe Ha TpeABAPUTENEH CITUCHK
Ha poOJIEeMHH KaTerOpHH.

Ha T03u etan € HE0OX0AMMO J1a ce OrpaHIdH
cruchKa A0 6-7 kareropuu. To3u COUCBK MOXKE
Jla ce IPOMEHsI B X0/1a Ha aHaJn3a.

2.1.3. Onpenensine Ha BpeMeBa paMka 3a 00-
XBaTa Ha aHAJM3UPAHHS MaTepHall.

N36panara BpeMeBa pamka Wi 00XBar Tpsio-
Ba Ja ObJaT MPEJICTABUTEIHH 3a LEJHs MPOIEC,
HOJIeKAI] Ha PAa3TIISKIaHe.

2.1.4. CpoTHacsiHE Ha CHOMTHATA IPU BCAKO
KnacupuIppane Ha npodieM.

AKO 1IeHaTa WJIM BPEMETO Ca INPOOJIEMHHTE
o0JlaCTH MOXKE Jla ce CBhOTHecaT pPa3XoauTe M
CPOKOBETE 3a BCEKH KJIACH(QHUIMpPaH MPOOIIeM.
AKko nazeH npobieM He ce BMECTBa B HSKOH OT
HalMTe Kiacudukalmu, To OTHacsiMe B Tpada
LWApyru”.

2.1.5. OnpepnensiHe Ha Opost Cilydad Ha ChOM-
ThATa (WM 00ma CTOMWHOCT WM 000 BpeMme)
BBB BCSIKA KJIaCU(PHUKAIHSL.
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B mocnencteue chbmpame Te3m OOIIM CTOK-
HOCTH 3a BCHYKH CHOWTHS 3a CBH3/JaBaHE Ha
ISTOCTEH 0011 cOOp.

2.1.6. OnpezensHe Ha MPOICHTHOTO y4acTHe
Ha BCEKH IPOOJIEM.

Pazgens ce croitHOocTTa Ha BCsKa Kiacu(HKa-
s Ha oOmus cOop 3a ompenesnsHe Ha MPOLEH-
Ta, KOWTO BCEKW MHIUBUAYAITHO KIacCHU(pHUIpaH
mpo0JieM TpPeACTaBiIsiBa CHOPSIMO BCHYKH IIPO-
OnemMu B3eTH 3aeHO.

2.1.7. Tlompenba
poOIeMH.

[ogpexnanero Ha KiIacUPUIUPAHUTE MPO-
Onemu B pela OT Hail-BUCOKaTa CTOWHOCT, WIIH
Hali-4ecTo CIy4YBalllUTE c€, [0 Hal-HUCKaTa
CTOMHOCT, WM Hal-psIIKO CIy4YBAIUTE CE.

2.1.8. HauepraBane Ha nuarpamara Ha [lape-
TO.

[IspBOTO TIpeMHHABaHE Tpe3 Auarpamara Ha
[Mapeto Moxe naa waeHTHQUIUpPA 3HAYUTENCH
npo0OJieM, KOHTO Bce ollle € TBHPJIE ToMsM, 3a J1a
MOXKeM J1a paboTUM BHPXY Hero. Bp3MOXHO € 1a
Ce HAJIOKU W3BBHPIIBAHETO HA BTOPU aHAIN3 Ha
[apero, koliTO Aa pa3apoOM TO3M Hal-BaXKEH
mpo0JieM Ha TO-MaNKH YacTH, BBPXY KOWTO €
peanucTUdHO 1@ Obae paboTeHO.

2.2. Eran wa bBpeitncTopMunr (,,Mo3buHa
aTaka’) Ha IPUYMHHTE 32 M0ABATa Ha IpodIieMa.

Hakou oT crammapTHUTE, OOIIOTPUIOKIMHE
npaBuIia 32 MO3bUHA aTaKa BKIIOYBAT:

2.2.1. Unentudukanus Ha TOUYHUTE TEMH, KO-
WTO IIe Ce AUCKYTHpAT.

QDOoKyChT BBPXY TE3W TeMH TpsiOBa na Oble
3abpKaH Mpe3 MAJI0TO BpEME Ha MPOBEXK/IAHETO
Ha CecusITa.

2.2.2. VI3non3BaHe Ha OMUTEH MOJEPATOP.

MopepatopbT € JnIe, KOeTo ImoMara Ha rpy-
ma OT X0Opa Jja OCh3HAAT CBOMTE OOIIH e 1 J1a
IJTaHUpAT TIOCTUTAHETO WM, 0e3 Jja B3eMa ompe-
JieJieHa MO3MIKs B JUCKycHaTa. MoiepaTopbT ce
ONMTBA JIa ChJCHCTBA Ha TpyraTa 3a MOCTHI'aHe
Ha KOHCEHCYC IO BCHYKH pPa3HOTIIACHS, ChIIe-
CTBYBAJM TI0-PaHO MJIM Bh3HUKHAIU 110 BpeMe Ha
cpeliaTta, Taka 4e KOHCEHCYCHT Jia € 3/[paBa OcC-
HOBa 3a OBIeH TEeHCTBHSL.

2.2.3. llpennarane Ha MaKCUMAITHO BB3MOXK-
HO KOJIMYECTBO HJIEH OT yYaCTHHIIUTE.

Hsma nommm unen. Beeku oT exuna TpssoBa 1a
ce 4yBCTBa aHTaxupaH. Mneure He TpsOBa aa ce
KPUTHKYBAT, KAKTO U He TpsiOBa Jja ChJIUM HHUKO-
ro OT yyacTHUIIMTE B cecusita. He TpsiOBa ja uma
HUTO TO3UTHBHHU, HUTO HEraTUBHHU OLICHKH, 32
KOSITO M J1a € uJies 10 Kpast Ha cecHsiTa.

2.2.4. OnpepensiHe Ha WIEH OT €KHUITa, KOWTO
Jla 3a11cBa UICHTE.

Ha KJ'IaCI/I(p HIOHUPAHUTC



Uznon3ear ce Osita JabcKa WM APYT MOIXO-
TSI MHCTPYMEHT 3a BOJICHE Ha Oenexkku. ToBa
MO3BOJISIBA B Kpasi Ha CECHsTa Ja C€ OCBIIECTBH
W3CIeBaHe U OLICHSBAaHE Ha pe3yJTaTUTe.

2.2.5. Y4acTHUIH B CECHSITA.

B cecusra He TpsOBa ja ydacTBaT MOBeYE OT
8-10 mymm, a ako ca moBede 0OCHKIAHETO MOXKE
Ja ce paznenu Ha rpynd. [IpoxbIKUTEIHOCTTA
Ha cecusTa He TpsAOBa ga HaaxBbpis 1 wac. Juc-
KycusaTa TpsioBa 1a ObJie MPOTOKOIMpaHa Ha Xap-
THUS M €JIEKTPOHEH HOCHUTEL.

Exunbr 3a Mo3buHaTa ataka TpsOBa na ce
CBbCTOM OT PA3IMYHHU THIOBE XOpa, KOUTO UMaT
pa3HooOpa3Ha MOATOTOBKA M OMHT. AKO IOCTa-
BEHISIT TIpo0JIeM He ObJe pa3pericH B PaMKUTE
Ha eJJHa cecus, TpsOBa BeJHAra jJa ce HacpodH
MPOBEKJAHETO Ha HOBA CECHSI.

Bceku unen Ha exuma TpsiOBa Ja MpencTaBs
uzesiTa CM Bb3MOXKHO Hal-Obp30. AKO ce CTUTHE
1o 3a0aBsiHe B AMCKycHATa (May3a B 00CHKaaHe-
TO), MOJEPATOPBT TPsIOBa Jla ce HaMecH M TpH-
MOMHU IIeJITa HA CECUsITa 3a MO3bYHA aTaka.
Bceku TpsibBa 5ma ce oTHacs C yBaKEHHE KbM
OCTaHaJNTE YJICHOBE HA EKWMA, KaKTO M KbM
MpencTaBeHUTe OT TsIX wiaeu. Hukoil He TpsiOBa
na Obpae mpexbeBaH. UneHoBeTe Ha eKuma TpsioBa
Jla W34YakaT, JIOKATO JIPyr WICH Ha eKWIa He e
3aBBbPIINII MPEACTABAHCTO HAa UACATA CH.

Cren kato OCHOBHHUTE MpaBWia 32 MHO3bY-
HaTa araka ca Ch3JaJeHH, PHKOBOIUTEIAT Ha
exuna Ty mpernexna. Creapa mpencTaBsiHEe HA
MpaBUiiaTa Ha OCTAHAIWTE YICHOBE 3a 00-
chbxaaHe. BcHuky dieHoBe Ha eKHWMa TpsOBa Ja
OBJAT CHIIIACHU C TaKa Ch3/IaJJCHUTE MTPaBUIIA.

2.3. Eranm Ha cB3maBaHe Ha TNPUYHHHO-
CJIC/ICTBEHA JMarpamMa W pamKUpaHe Ha MPUYH-
HUTE 3a Mpoodiema.

2.3.1. Cw3maBaHe Ha MPUYUHHO-CIICACTBEHA
Juarpama.

[MpuunHHO-CNIeICTBEHATA AMAarpamMa MOXKe Ja
ce MOCTPOH, KAaKTO OT €IMH YOBEK CaMOCTOSITE-
HO (PHKOBOJHUTEN KadyecTBO), Taka M OT rpyrna
EKCIEepTH IO YIpaBJICHHE HA KAa4eCTBOTO, KATO
pe3yiTaTuTe OT BTOpHs ciydaii Oe3cropHo ca
mo-106pu. CnemoBaTelHO KaTo MHpPBa CTHIIKA
MOXe Jia ce OTOeNe)KM HAaOMpaHETO Ha SKHUI 3a
HEHHOTO MOCTpOsiIBaHE, Karo IpeobiagaBamara
YacT Ha eKuma TpAOBa Jia ca Xopa, MMO3HaBalIH
no0pe mpobiieMa, MoIJIeKall Ha periaBaHe.

Bropara crTblika OT MOCTPOSIBAHETO HA JMa-
rpamarta ,,pubeHa KOCT’ TpeJCTaBIIsIBa HAHACS-
HETO Ha Mpa3eH JIMCT XapTus Ha AeQUHUpaHUs
npodjeM OT JscHaTa CTpaHa Ha LEHTpaJHaTa
JIWHUSA CJIe]T cTpenkaTa (TyiaBara Ha pubdara). Oc-
HOBHOTO TIPH Ta3W CTHIKA € Jla Ce OCTaBH JIO-

CTaThYHO MSACTO OTJISBO HAa CTpPENKaTa Ha LCH-
TpajHaTa KOCT, KbAETO IIe Ce I0COYBaT M MU300-
pa3siBaT MPUYNHHTE.

Tperara cThIIKa MpeACTaBlIsIBA HaHACSHE Ha
KaTETOpUHTE MPUYMHN KaTO KOCTH Ha puda OKO-
JI0 IEHTpAIHATA OC.

Ilpu pasrnexxgane Ha (U3UYECKH MPOLECH
T3 KaTeTOPUH OT IPHYMHHU MOTaT J1a Obaart:

- Xopara;

- 000pyABaHETO ¥ MAIIMHUTE;

- MaTepHanTe;

- METOANTE (TEXHOJIOTHATA);

- U3MEPBAHUSITA;

-00KpBKaBalaTa cpeia — OpraHu3aluOHHATa
CTPYKTypa, KynTypaTa, (U3NIecKOTO OOKpBHKe-
HHE H T.H.

2.3.2. Pamxupane Ha NPUYMHHUTE 3a MOSBATa
Ha TIpo0Jema.

OtcTpaHsBaHETO HA BCHYKH BB3MOYKHH IPH-
YHMHU 3a M0sBaTa Ha MpobJieMa € HEBB3MOXKHO H
HepeHTaOmwiHo. HeobOxonauMo e ma ce oTaemisT
Hali-BaXHUTE [BE-TPH NPHYMHHU, KOUTO 1a ce
YIpaBIISBAT [IPH PELIaBaHETO HaA TpodeMa.

3a paH)XUpaHETO HAa TE€3W NPUYMHHU U OICHKA-
Ta Ha IOCJIE/ICTBHATA INpEAaraMe ja ce HM3I0J-
3Ba METOABT ,,Mozen Ha OTKa3a M aHajIW3 Ha
edpekrta ot Hero”. Ilpu mpoBekIaHETO Ha TO3H
aHaJM3 ce M3YUCIsiBa 0000IIeHaTa OIICHKa, YKa3-
Ballla 3a CTENEHTA HA PUCKA OT Bh3HUKBAHETO HA
HECHOTBETCTBHETO. TOBa € T.HAap. PUCKOB MPHO-
purerex Homep (RPN), koiiTo ce xapakrepusupa
0 CIICTHHS HAUHH:

- 3HAQUUMOCT Ha  TOCJIEICTBHETO  OT
HechoTBeTCTBUETO (S — Significance - 3Haum-
MOCT);

- B3MOXKHOCT 332 BB3HHKBAaHE Ha IPUYMHUTE
3a HecboTBeTcTBHETO (O — Origination - Hauasno);

- BB3MOXKHOCT 332 OTKPHBaHE Ha MPHUYMHUTE
(D — detection - otkpuBasue).

OT ChIIECTBEHO 3HAUEHHE € Ja CE OTOETIeKH,
Yye BCEKHM OTKa3 MOXKE Jla UMa Pa3lIMuHu MOCeI-
CTBHUS U C PAa3JIMYHO HUBO Ha TeXecT. B3 ocHO-
Ba Ha TOBa TpsOBa Ja ce Jaje WHIMBHAyaJHA
OIICHKa, B 3aBHCHUMOCT OT CTEIEeHTa Ha MOCIe]-
CTBHUSATA OT CHOTBETHHS OTKA3:

Taoauna 1. 3Hayenue Ha oTkasza S

Onenka 3HaveHnue
1 Hswma edexr
2 MHoro mManbk
3 Mansk
4/5/6 Cpenen
718 Bucok (3ary0BaHe Ha MEPBUYHHATE (PYHKIIHH)
9/10 MHoro BHCOK




Bb3 ocHOoBa Ha 0a3ara JaHHH Ce OIpeaels
MHTECH3UBHOCTTA Ha MOsIBsiBaHe Ha oTKazuTe. Ko-
raTto TakMBa HE ca HAJIWYHU WM Ca KpaiHO He-
JOCTaTh4HH, TPsIOBa Ja ce MPOTHO3Mpa BEPOST-
HOCTTa OT I0s5IBa Ha OTKA3UTE Bb3 OCHOBA HA Me-
TOAWTE M CPEJCTBATA W3IMOJ3BAHH B TEOPHs Ha
HaJeKAHOCTTA (TadI. 2):

Tadauua 2. Unren3uBuoct Ha nosisa O

Ouenka 3nayeHue
1 Hsma nanuu 3a mosiBsiBaHe
Ha NOJ00HU 0TKa3U
213 Crnaba (HOBH OTKa3H)
4/5/6 Cpenna (pSIIKO MTOBTAPSIIH CE
OTKa3M)
7/8
Bucoka (moBrapsiHe Ha OTKa3a)
9/10 MHOTro0 BHCOKA (OTKa3bT €
MTOYTH HEM30CIKEH)

OueHkata 3a oOmNpeleisHe Ha TMPUYAHHO-
CIIC/ICTBEHUTE BPB3KH 32 Bb3HHUKBAHE M JIOKAJIH-
3UpaHe Ha OTKa3a [0 roJisiMa CTEICH ce Ompesie-
Js1 OT KOHTPOJIOINPHUIOJHOCTTA, JOCTHIIHOCTTA M
OT HAJIMYHETO Ha CHOTBETHATA KOHTPOJIHO-
JUAarHOCTHYHA amaparypa (tabim. 3).

Ta6auna 3. OTKpUBaHe MPUYMHATA 32 0TKA3a

D
Ounenka 3Ha4yeHHe
1 [TouTH HEM3BECTHH
2 JlecHO OTKpHBaeMH
3 CpemHa TpymIHOCT
IPH OTKPUBAHETO UM
4/5/6 TpyaHO OTKpUBaEMHU
7/8/9/10 MHOTO TPYJIHO OTKpHUBAaEMHU

PuckoBUAT pHOpUTETEH HOMEP CE€ TpECMATa
o ypaBHeHue 1:

RPN =S.0.D [1]

2.4. CpOupaHe Ha TaHHU TI0 Hall-Ba)KHATA/UTE
MPUYUHA/M Ype3 KOHTPOJICH JIUCT.

3a cpOupaHeTo Ha HEOOXOAMMHUTE JAHHHU TIO
OTIpesIeNICHUTe 4Ype3 pamKupaHe Hai-BaKHH
MPUYUHK 3a T0sBaTa Ha JaJCHUS MPOoOJieM ¢
HEOO0XOMMO J1a Ce ChCTaBSIT ChOTBETHUTE OJIaH-
K (KOHTPOIIHU JINCTOBE) ChOOpa3sBAlKU Clie[-
HUTE eTaIu:

- oIpeessiHe Ha ChOTBETHUTE BBIIPOCH, KOH-
TO JIa ChOTBETCTBAT Hall-I00pe M TOYHO Ha Kade-
CTBEHUTE N3UCKBAHWS,
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- m300p Ha OmpeseNieH METOJl 33 aHajiu3 Ha
JMaHHUTE (B HAIIAA CITydai - XUCTOTpama);

- IPAaBWJIHO M TOYHO OTpENeNsiHE Ha MSCTOTO
B TEXHOJIOTUYHUS TPOIIEC 32 CHEMaHe Ha JaHHU-
TE;

- ydactue Ha KBajudumupana paboTHa cuia,
KOSITO J1a € B CbCTOSIHUE J]a aHAJIM3Upa TaHHUTE;

- m3paboTBaHe Ha OJlaHKaTa 3a CHEMaHE Ha
paboTHHTE TaHHWU;

- HampaBa Ha WHCTPYKLUS, CIOpE KOSTO A2
Ce CHeMaT pa0OTHUTE JaHHU;

- MpPOBEpKa Ha aJIeKBaTHOCTTa Ha W3MOJI3Ba-
HUTE KOHTPOJIHH JIUCTOBE M HHCTPYKITUH;

- 3alo3HaBaHe HAa 3aWHTEPECOBAHUTE (HMMa-
[IMTE TPABO Jla B3EMAT YIPABICHCKH PEIICHUS
X0pa) ¢ Tpolleca U HerOBOTO M3ITBIHEHHE;

- CBOCBPEMEHHO IMPOBEpsIBAaHE Ha Mpoleca 3a
CHEMaHe Ha JIAaHHUTE U MONyYaBaHUTE pe3ylTa-
TH.

BunbT Ha KOHTPOJIHUS JIMCT ce pa3paboTea
KOHKPETHO 3a JajJeHaTa (M3ClieZiBaHATa) CHTYya-
IUs1, KATO B HETO CE ITOCOYBAT:

- M3y4aBaHMWAT OOEKT (HAMMEHOBaHUETO,
MUMETO M YePTEXKBT Ha MpoIieca 3a Moy4aBaHeToO
Ha TIPOJIYKTA);

- TaOnuIa 3a HaHACSHE Ha pE3yNTATUTE 3a
KOHTPOJIMPAHUS TapaMeThp;

- KOHTPOJIHUSIT y4YacThbK (MHCTanauus, Iex,
3aBOM);

- KOW CHEMa JaHHUTE (IUTHXHOCT M MME Ha
paboTHHKA);

- TOYHOTO BpeMe (J1aTaTa U 4achT HA CHEMaHe
Ha TaHHUTE);

- IPOABJKUTCIIHOCTTA HA USMEPBAHEC U BUABT
HAa HW3MOJ3BAHOTO TEXHUYECKO CPEJICTBO 3a W3-
MEpBaHe.

B perucrpaiyionHara tadyuia B ChOTBETHUTE
MecTa C TOMOIITA Ha Pa3IMYHH CHMBOJIM KaTo
YEepTH, TOYKH, KPBCTUETA U JP., CE HAHACAT KO-
JrYecTBaTa Ha PErucTpupaHuTe chbOuTHs (Tadd.
4):

Ta6auna 4. HauuHu HA perucTpupaHe Ha

Oposi cbONTHUS (HECHOTBETCTBUA - 1eeKTH)

Bpoll enfin e

Hapuanr na pernerpim
[ redenri ) 1

Hlapunast 1 pet e
2

NEI I

=

9 [11HH
10
R




2.5. Xucrorpama Ha TOJNYy4YCHHTE JaHHU U
aHaIu3.

B mpaktukara xucrorpaMarta € W3BECTHA H
KaTo CTHJIOOBUAHA Auarpama. Ts ce u3noi3Ba 3a
rpa@UYHO TIpeACTaBSHE HA pE3yNTaTH 3a pas-
npeJiefieHde Ha CTOWHOCTH WIKM pa3ceiiBaHEeTO Ha
CTOMHOCTHTE Ha JaJIcH NOKa3aTell. 3a pa3jiuka OT
[lapero-muarpamara, KOATO IOKa3Ba TpapuaHO
pasIpeeleHneT0 Ha HAaTPyNaHWTE YeCTOTH Ha
nosiBaTa Ha JaJieHo ChbOWTHE, XUCTOrpamara Imo-
Ka3Ba pa3ceiBaHETO WM YeCTOTaTa Ha TonajgaHe
Ha YMCJIEHAaTa CTOMHOCT Ha TOKa3aTens B 3a/a-
JICHYSI THTEPBAJI.

[Ipu wuzpaboTBaHeTO Ha XHUCTOTpamaTa ce
V3ITBJIHSIBAT CIETHUTE €TaIlH:

- oTIpeAeIIsTHe Ha o0 Opoit m3mepBanus N,
KOHUTO 32 MOCTPOSBAaHETO HA JOCTOBEPHA XUCTO-
rpaMa He TpsSOBa aa Objae Mmo-Manbk oT 50;

- ompeiensHe Ha pa3Maxa (quarma3oHa) Ha
cHerute aaHHu R. Jluama3onbT € pasiaukaTa
MEXy Hal-rojiiMaTa U Hal-MajkaTa CTOMHOCT;

- B 3aBUCHMOCT OT Opost Ha cHeTHuTe naHHu N
LEJUSAT WHTEpBal Ha pa3Maxa R ce pasnens Ha
paBHHu kiacoBe C 1o ypaBHEHHETO:

c=+N 2]

- onpeziesisiHE HA MpHUHaTa H Ha BcekH Kiac,

KOSITO CE€ U34MCIISIBA II0 YPABHEHHUETO:
C

3aKpBITISIBAHETO MPU ONPENENITHETO Ha IIu-
pHUHATa Ha KJIacOBETE CE U3BBPIIBA J0 TOUYHOCT-
Ta, C KOSITO Ca M3MEPECHU BXOSIINTE TAaHHU.

2.6. BzemaHe Ha pemieHHe TO HISHTH(U-
LUPAHUsS IPOOJIEM.

Uznon3eaHero Ha XHWCTOrpaMH B Ta3W CH
¢dopMa € TSICHO CBBP3aHO ChC CTATHCTHUYECKHUTE
METOAM 3a yIpaBlieHHe Ha mpouec. B cvmoro
BpeMe ¢ TIOMOIITAa HA KOHTPOIJIHU KapTH MOXe Ja
Ce OCBLIECCTBSIBA HEIPEKbCHAT MOHUTOPHUHI U
CTaTUCTUYECKO YIIPaBJICHHE Ha MPOIEC, a C I0-
MOIITa Ha XHCTOTpamMa MOXeE Jia ce MOKaxe I0-
CTOSTHHO OTKJIOHEHHE OT Tpolleca, KOeTo He €
BUAHO OT KOHTposiHUTE KapTtu. dopmara Ha xu-
cTorpamara € OOeKT Ha MIATeJIHO HW3CIe/BaHe,
Thl KaTro HeWHaTa WHTEpHpeTalus [0Ka3Ba
chlIeCcTBYBalIM pobiemu B poneca. Karo usio
XHcTOrpamara JaBa HH(popMauus 3a pasceliBa-
HETO Ha JIaHHHWTE, HO 3a€JHO C TOBa TA € UyB-
CTBHTEJIHA U II0 OTHOIICHHE HAa JICTAWINTE Ha
nocrposiBane. Koraro npu HanpaBaTa Ha XHUCTO-
rpama ce M3MOJI3BaT TBHPJE MalKO KJ1acoBe, OT
KOUTO JIa Ce MOJTy4YaT U Mallko CThIOOBE, TO TOBA
e J0BeAe A0 HENOCTaTh4YHO PEaJMCTUYHHU pe-
3yJITaTH 1O OTHOIIEHHE Ha HSIKAKBA TEHACHLMS
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Ha u3MeHeHWe. Ho mbK W TBBpAE ToisIMaTa
Opoiika KJIacOoBE CHIO HE € 3a NPEANOYUTaHE,
THH KaTo UMa OMACHOCT AaJieHa TCHACHIIUS J1a ce
CKpHe B OrpaHWyeHHs Opoll NaHHU (HSKOM OT
CTBIIOOBETE OcTaBaT HyneBH). TakaBa xucTorpa-
Ma TIpWIMYa Ha pa3pecBaHe ¢ rpeOceH, Ha KOWTO
ca My CUYICHH 3h0UTE.

B ompenenenu cnydyan Moxe Ja ce U3BBPIIH
aHallu3 W 4pe3 Juarpama Ha pasceiiBaHe 3a ycra-
HOBSIBaHE Ha CHJIaTa Ha Bpb3KaTa MEXAY JBE
MPOMEHJIMBU BEJINYHHHU.

2.7. IlpocnensBane Ha CTA0MIHOCTTA HA IIPO-
1eca 4pe3 KOHTPOJIHA KapTa.

Ha ¢wurypa (¢ur. 1) e npencraBeHa KOHTPOJI-
Ha KapTa Mo KOJIUYECTBECH MPU3HAK:

'K

X / S A | s  Lesirpans woom

1 ME A CTROTO

rAs e
-«
-

|

@ur. 1. KonTposHa kapTa 3a cpeHa CToli-
HOCT Ha II0Ka3aTeJs

Kaptute 3a perynupaHe Ha KadecTBOTO IO
Shewhard ca cpenctBo 3a HaOmOACHHE TaTH
€JMH TpolleC € OBJajfH, T.e. MapaMeTpuTre Ha
npoleca ca KOHCTAHTHH BbB BPEMETO, ChOTBET-
HO TIPOLIECHT MOXE Ja ObIe XapaKTepHU3upaH
KaTo cranuoHapeH. ToraBa mapaMmeTpure Ha
M3BaJKUTE CE pa3ceBar CirydaiHo.

Cren kpast Ha TO3M MOZYJl OTHOBO CE€ M3TOTBS
JTOKJIaJ] 32 TIOCTUTHATUTE PE3yJITaTH CIe] pelia-
BaHETO HA HAW-BaYKHUTE MPOOIEMHU.

3. Moayn B — [1nan 3a ycbBbpLICHCTBAHE

3.1. Eranm Ha pa3paboTBaHe Ha IUIaH 3a
YCHBBPIUICHCTBAHE HA OCHOBaTa HAa MPUETHUS JO-
KJIaJ 3a TOCTHTHATUTE PE3YJTaTH OT NpPEIAHHUS
MOJYI - CTBIIKH

A) IlocTaBsiHe Ha MPUOPUTETH Ha IEUCTBUATA
3a MoJ00peHHE;

b) PasrpannuaBane Ha AelicTBUSTA 4pe3 TO-
CTaBsIHE HA PEANMCTHYHH CPOKOBE;

B) Hnarerpupane Ha miaHa 3a JEHCTBUE B
HOPMAaJIHUA TIPOLEC Ha CTPATErH4YecKo IUIAHU-
pase.

3.2. Eran Ha pasnpocTpaHsBaHe Ha HH)OP-
Malys 3a IJIaHa 33 YChbBhPIICHCTBAHE

3.3. Etan Ha wu3nmbiHsABaHe Ha IUIaHa 3a
YCHBBPIICHCTBAHE



IIpe3 To3m eram ce ompenenas MOAXOA Ha
HaOJroleHHe U OlICHKa Ha AEHHOCTHTE 3a IIOo-
nmoOpsiBaHe, ocHOBaBamu ce Ha mukbia PDCA
(ITnanwmpaii-Hampasu-IIposepu-Zeiictait). Tyk
ce OIpENEAT OTTOBOPHULIM 3a BCSIKO NECHCTBUE U
C€ M3I0JI3BAT MOCTOSIHHO MOAXOJAIIN YIIPABIICH-
CKH MHCTPYMEHTH.

3.4. Etan Ha myiaHMpaHe Ha cClie/Balla caMo-
OILICHKA

IIpe3 To3u eram NEHCTBUATA, KOUTO ca MpEH-
NpUeTH 3a MoA0OpeHne ce OLCHSABAT C HOBa ca-
MOOIIEHKA, T.€. 3aBbpPTa C€ OTHOBO ITBJIECH UKD
Ha METOAMKATa C U3MbJIHEHNE Ha TPUTE MOAYJIA.

Pe3yaTaTu u 06chiKkIaHe

CuMyJIaMOHHO anpodWpaHe HA MeTOAMKATA
32 MOBHIIABAHE HA KOHKYPEHTOCHOCOOHOCTTA
Ha ¢upMa 3a NIPOU3BOJACTBO HA MMBO

B Ta3m yacT Ha HACTOSIIIOTO H3CJICABAaHE €
MPUWIOKEHA METOJUKAaTa, ONKUCaHa B EKCIIEpU-
MEHTaJIHATa 4YacT 3a (pupMa 3a MPOU3BOJCTBO HA
ITHBO.

OO0eKT Ha W3CIEABAHETO € WHIYCTPHAIHO
NpEANpUATHE C TOJAM KamauuTeT Ha IPOMU-
LIIJIEHO MPOU3BOJCTBO HAa MHUBO, B KOETO ca 3a-
CTBIICHU BCUUYKH CTPYKTYPHH 3BEHA U MPHU KOETO
€ BBBEJICHA CHUCTEMa 3a YIPABICHHUE CBINIACHO
BJIC EN 1SO 9001:2008.

CexTopbT, B KOMTO OCBHIIECTBSABA NEHHOCTTA
cu ¢pupMara € UKOHOMUYECKa JIEHHOCT ChC CIie-
U(UICH TPOU3BOJICTBEH ITUKBII, TEXHOJIOTHS Ha
obciykBaHe u crieruduyeH mpoaykT. B ucropu-
YEeCKH TUTaH, KaTo MoJiepHa (hopMa 3a Ch3/laBaHe,
npogak0a ¢pupMaTa mpeMrHaBa JbIBI U CIOXKEH
msT Ha pasButue. OCHOBHaTa ycCiyra, KOATO
npejyara € nuBo. [TuTelHusIT NpoAyKT, mpesia-
raH BbB (upMaTa MMa H3IUIO MOTPEOUTEIICKU
XapakTep. XapakTepHOTO € obaue, 4e ycIyrure
Ha (upmara 3a pa3jiuka OT IPYT'H BHJIOBE YCIYTH
- KaTo HampuMmep OaHKOBW, (UHAHCOBH, MMAT
oce3aeM xapakrtep. ToBa o3HauaBa, ye Te MoraT
Jla ce BUAT, JOKOCHAT WX (PU3UYECKH Ja Ce
npunoousat. ToBa criomara 3a mo-go0para KoMy-
HUKAIlUsl Ha OPEINpUsITUETO C HETOBUTE MOTpE-
ourenmu.

[Tpunaranero Ha MeTOAMKaTa BbB (hupMara 3a
nmpou3BoACcTBO Ha muBo (Momynm A) 3amouBa ¢
OpPraHU3UpaHETO Ha TMOpeauiia OT Cpeu B
MPOABIDKEHUE Ha JIBE CEIMUIM C PHKOBOJUTENA
Ha otnen KonTtpon Ha kauectBoTO U U3mbiHuU-
tenaus JlupekTop Ha ¢upMara ¢ ekdma 3a
M3BBPIIBaHE Ha caMoolleHKaTa. Ha te3u cpemu
OIICHSBAIUAT CKHUI IIPEACTaBs METOIWKaTa M
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MPUHIIAIIMTE 3ajierHaan B Hes. OOCTOIHO ca 00-
CHJICHU IIETTUTE CTOSIIHU MpeJ €KHUIa U PHKOBOI-
CTBOTO Ha KOMIIAHHATA W OYAKBAHWUTE TOJ3U B
Kpas Ha mpoleca.

Crnen wm3paseHa OT TSIX TOTOBHOCT, €KHUITBT
WM3BBPIIBA IISUIOCTEH IIpersie]l Ha BHEJpeHaTa
cuctema 3a ynpasienue ceriiacHo bJIC EN 1SO
9001:2008. IllaremHo ca pasriienaHd BHEAPEHU-
T€ TPOIEAypH U OOBBP3AHHUTE C TAX MPIUIOKE-
HUS, ¥ ChITBTCTBAIIM BETPEIIHHA JOKYMEHTH.

AHaMHM3bT TIOKa3Ba CHIIECTBEHU MPOITYCKH B
KOMYHHKAIIMOHHUTE TPOIECH W Hail-Bede BEHB
Bpb3KaTa OTrOpe HA0Ny, KOSTO HIACHTH(HIIIPA
Cepro3Ha MOTPeOHOCT OT OLEHSBAaHE Ha JUACP-
CKATE YMEHHS Ha XopaTa OT PBKOBOJCTBOTO.
CrencTBre Ha TOBa € 00CHICH U MPHUET pa3pado-
TEHUSAT BBIPOCHUK IO JCBETTE KpUTEpHsS Ha
EFQM.

B pesynrar Ha mpemBapUTENHH IUCKYCHH H
aHanmM3u ¢ u30paH BapuaHT 3a MPOBEXKIAHE Ha
CaMOOLICHKaTa, KaTO CIy>KUTEIHUTE CE Pa3ueisT
Ha TPYNH, a BCSIKAa TPyTa MOIMBIBA BHIIPOCHUKA,
clle]l TOBa NMPEeMUHAaBa Clie/iBallaTa rpymna U Taka
10 Kpas Ha mpoydBaHeTo. PasmpeneneHueTo Ha
NEHHOCTUTE IO CaMOOIIEHKa M OTTOBOPHOCTHTE
Ha YJICHOBETE B €KHUIIA Ca CIICIHUTE:

1. PazmpenencHue Ha YYACTHUIIUTE B OTACITHU
rpyny — 3a HEHapyllaBaHe pa0OTHUsS MPOIEC U
KODEKTHO TIOMBbJIBAHE Ha BBIIPOCHTE TPYIUTE
BKJItOUBaT Mexay 10 u 15 ciyxurenu.

2. Bpemero 3a nmpoBexaHe Ha caMOOIIEHKATa
OT BCSIKA TPYIIa CITY>KUTENIN — B3€TO Oe pelieHue
TPYNHUTE YYACTHHUIM Ja OTTOBAPST HA BHIIPOCUTE
MOCJIeIOBATeIHO Beeku paboteH jaeH 16.30 mo
17.30 gaca. O6paboTBaHETO HA TaHHUTE U TpPEI-
CTaBSHETO Ha pE3yNTaTUTe € MPHUEeTO Ja Obiae
B€AHBX CCIAMHNYHO B IIPHUCHCTBUE HA KOOpPAHHA-
TOpa Ha OIEHSBAHETO.

3. MsicTo 3a IpoBeXJaHe Ha CaMOOIICHKAaTa —
n30paHa Oe 3acenaTenHaTa 3aja Ha Gpupmara.

4. Heobxomumu pecypcu 10 Kpas Ha caMo-
OIIEHKaTa — 32 OCUTYpSBaHE Ha BCHUKH PECYpCH
BKJIFOUBAIM OTIIEYaTBaHE Ha BBIPOCHHUKA II0
OTACIIHUTEC KPUTCPHUU, KAKTO U APYTUTE HeO6XO-
UMH KaHIIETApCKH MaTepual, OTTOBOPHUK Oe
OIICHSBAIIUAT €KHIL.

5. 3a pasmpoctpaHeHue Ha uH(OpMaNUs 3a
CaMOOIIeHKaTa OTTOBOPHUK O€ KOOPIUHATOPHT
Ha CaMOOIICHKATa.

Cre1 IpUKIIIOYBAHE HA MPAKTHYECKOTO ChOU-
PaHE€ Ha MMbPBUYHU JaHHU C IIOMOLITA Ha paspa-
0OTEeHUS BBIPOCHHK, TIOMBITHEH OT CIYKHUTEIUTE
B OIlCHABaHaTa (UpPMa, € W3BHPIICHA OLICHKA U
aHaJIN3 Ha Pe3yJITaTUTe.



Cnen oOpaboTBaHe M aHAIM3 HA JAHHHUTE Ha
BCEKH KpUTEpHH 3a camooreHka (Momayn A) mo-
OTJCTHO W TMPECMATAHETO WM C€ MOJyJaBa
0000111eHa OIICHKA B pa3mep Ha 435,25 Touku.

ToBa 03Ha4aBa, 4e B OlCHABaHATA OpPTraHU3a-
IIUSI IMa JTOKa3aTeNicTBa 32 JOOPH TOCTHXKCHUS B
paboTtaTa B OTIENHU 00JIaCTH, HO CHIIECTBYBAT U
roJeMd BB3MOXKHOCTH 32 YCHBBPIICHCTBAHE B
Obenie. Bce mak ppKOBOJCTBOTO TIOKA3Ba aHTa-
KHPAHOCT U CTPEMEXK KbM CHBBPIIECHCTBO B pa-
oorata (Tabmuma 5):

Ta6auua 5. PesyaraTu 3a nbpBoHaya-
HaTa camooneHka (Moaya A) o BCHYKH KpH-
TePUHU U IPYyIH

Kpurepuu 3a Pesyarar /Touxkn/
CaMOOLIEHKA
JlunepctBo 46,18
Crparerus 35,48
[UIAaHUPaHEe
Xopa 35,12
[MapTHBEOPCTBO M 39,55
pecypcu
[ponecu 61,61
Knuenrtu- 93,43
pe3ynratu
Xopa-pe3ynaTaTu 34,67
OO01ecTBO- 23,98
pe3ynratu
KnrouoBu 65,23
pe3ynratu
OO0 pe3yaTar 435,25

Ounenkure, mpeacTaBeHd B Taba. 5 mokassart,
4ye mpen (upMara MMa IOCTaBEHH IOCTa IpPO-
Onemu 3a peniaBaHe BBIPEKU MOJOKEHUTE YCH-
M 0T PBKOBOACTBOTO KbM MOMEHTA Ha M3CIE-
BaHeTo. Hali-BHCOKa OILIGHKAa € IOJydYeHa IpH
pe3yiararure 3a  KiheHture. JlBere  Hai-
po0GsieMHU 00J71aCTH ca CBBP3aHU C Pe3yNTaTUTe
3a xoparta (IepcoHana) 1 pe3ylnTaTuTe 3a oouie-
cTBoTO. Te moka3BaT jmIicara Ha JOCTaThYHO
no0pa ¥ KOMyHMKAaTUBHA CTpaTeTHs 3a pasIpo-
CTpaHEHHE Ha TOJOKUTEIHUTE pPE3ylNTaTH |
00OBBp3BaHE ¢ HEOOXOJMMHUTE TIPOMEHH.

[Nony4yenuTe ONM3KM CTOMHOCTH Ha pe3yJiTa-
TUTE OTHOCHO CTpaTerusira W IJIaHUPaHETO,
MapTHROPCTBOTO M PECYPCUTE IIOKa3BaT II0-
CTHTHAT yCIieX NPU OOBBP3BAHE HA CITY>KUTEIUTE
OT BHCIIETO PHKOBOJICTBO M aIMUHUCTPAIHATA C
HOB YINPAaBJICHCKH CTHJI, Pa3BUTHE HA 3HAHUS H
YMEHHUSI OTHOCHO npuHImnute Ha TQM, pabora
B SKUII, yIIPABIICHHE HA IPOMSHATA U JIp.

Unentnduuupanero Ha mpodiaeMuTe, KOUTO
TpsiOBa J1a ce paspelar 3a NOBUIIABAHE HA KOH-
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KYPEeHTOCIOCOOHOCTTa Ha (pupMmaTa Oe 0OCKT Ha
Monyn b ot meTonukara. Ciaex nIpuiaraHeTo My
U OTCTPAaHSABAHETO HA OTKPUTUTE HECHOTBET-
CTBUS 1O OTACIHUTE KpUTepuu O¢ HW3BBLpIICHA
HOBA CaMOOIIEHKa B PAMKHUTE Ha JBE CEIMUIIH, 3a
KOSITO pe3yNTaTUTE ca MpeJICTaBeHH B Ta0I. 6:

Ta6auna 6. PesysaraTu 3a nocjensamniara
camoouenka (Moaya B) no Bcnmuku Kputrepumn
W TPynH

Kpurepnu 3a Pesyarar /Toukn/
CaMOOLIEHKA
JlunepcTBo 49,21
Crparerus u 43,81
IUIaHUpaHe
Xopa 38,33
ITapTHBOPCTBO U 43,11
pecypcu
Iporecu 62,40
Knuenru- 95,16
pe3yaTaTu
Xopa-pe3yaTatu 44,88
O011ecTBO- 34,55
pe3yaTaTu
Kirouosu 69,31
pesynratu
OO0mur pesynrar 480,76

[Monmyuenusit pesynrat ¢ ¢ okono 10% mo-
BUCOK B CPaBHCHHE C pe3yJiTaTta OT IbpPBOHAYAI-
HaTa caMOOlleHKa Ha pupmaTa.

VYcenemHoTo npuiaraHe Ha TOJ00OpeHHs Oc-
HOBaHM Ha HACTOAIIUTE pPE3yATaTH Morar jaa
ObJIaT TOJIE3HU Clie]] OOCHKIAHETO UM Cpejl Iep-
COHAaJIa B OlCHsBaHAaTa hUpMa.

3akiaouyenue

[IpencraBeHHAT mpolEC HAa CaMOOILCHKA €
€/IMH OT OCHOBHUTE TMOJXO/I1 B YIPABJICHUETO HA
OpraHu3alMuTe, BOJEIl J0 TO-BHCOKAa KOHKY-
PEHTOCIIOCOOHOCT B HAcTOsIATa JAWHAMUYHA
WKOHOMHYECKA cpenia. PazpaboTeHa € MeToanKa
3a MOBHILABaHEe Ha KOHKYPEHTOCIIOCOOHOCTTa Ha
¢dupma, chCTOSIIA C€ OT TPH MOJIYJIA, OCHOBAaHA
Ha npuHiunure Ha TQM 3anernamn B CAF, u
NTOPHUTHM 33 OTCTPAHSIBaHE HA HECHOTBETCTBHSL.
[Mocturnaro e 10%-Ho nogoOpeHue Ha JIeHHOCT-
Ta Ha (QupMara ciex IIbPBOHAYAIHATA CaMO-
orieHka. Pa3bupaneTo Ha IPUHIMIINTE 3aJICTHAIH
B METOJIMKATA U TIPWJIATAHETO i B IBJITOCPOUCH H
KpPaTKOCpOUeH IJIaH MOKe JIa IOMOTHE U Ha Jpy-
ria ¢GupMu B OopOaTa ¢ KOHKYPEHTHTE IO ITBTS
KbM CHBBPIICHCTBO B paboTara.
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FH CUT'HAJIA YPE3 ITPOU3BOJIHU IIUKJINYHU KOJOBE MOJIEJIMPAHHU C
OBOBHIEHU MPEXHA

Wgenuna Bapaesa, JIunus Anectuena

FH SYGNALS WITH RANDOM CYCLE CODES MODELED BY GENERALISED NETS

Ivelina Vardeva, Liliya Anestieva

ABSTRACT: This article introduces the classic structure of FH codes for data ciphering. They are chosen
because of their wide application in contemporary communication-information systems which is due to their
good possibilities for seeking and correcting mistakes while it has relative simplicity of coding and decoding
procedures.

For modeling and describing is used the apparatus of generalized nets including the whole algorithm of the
work — from the begging to the end of the process. The level of detailing is defined because it is necessary for the
realization of every single step of the algorithm and there are also foreseen possible exits and rules for taking
decisions. It is done a current analysis of the processes appearing during the realization of the algorithm.

Generalized nets used for modeling of the algorithm are one of the best famous techniques for describing
processes by formal and abstract way. Semantic of the process instances, which are received by process models
by generalized nets, is so defined that there is not any ambiguity. Receives nets are abstract — they do not take
into consideration the circle of realization of the process. In this way every other aspects, which are different
from the functional and process aspects, are not included.

Keywords: FH codes, coding in telecommunication systems, generalized nets, cyclic coding.

BbBenenne M3THYAT OT (paKTa, Y€ MOJIMHOMHUTE, KOUTO ChOT-
BETCTBAT Ha Pa3pELICHUTE KOJOBU IyMU B HAKa-
Kommpanero camo mo cebe cu mpefcTaBisgBa  KbB IUKINYEH KO, ca anreOpuyeH wuuean B
METOJI 3a U3MCHEHHE Ha CHOOIIECHUE 10 TaKbB  MNPHCTCHA HAa BCHYKU IOJUHOMH, B KOWTO YMHO-
HAYMH, 9€ HETOBOTO CHABPIKAHME Ja CTAHe He-  JKEHHETO Ce M3BBpIIBA 1Mo Moay (1).
pa3zbmpaeMo 3a BCEKH, KOWTO He pa3lo3HaBa Me-
TO/Ja Ha W3MEHEHUE HA OPUTHHAIHOTO ChOOIIE-

n
HUE. (X - 1) (1)
Coritacuo nureparypa [4], [5], [7] uwuknny-
HUTC KOJOBC Ca PasHOBHUJIHOCT Ha JIMHENHUTE N310xeHue
OJIOKOBH KOJIOBE, TPHTEKABAIIH CICIHOTO J0-
ITBJIHUTETHO CBO#CTBO — ako C e paspelieHa Ko- B crarusra e pasrienana obmara CTpykTypa

JIOBa KOMOMHAIMs Ha HAKaKbB IMKIMYEH KOJ, Ha FH konose 3a mmdpupaHe Ha JaHHU TpPEJC-

TOraBa BCUYKHU KOJIOBM KOMOWHAIIMH, TOTyYEHU TaBeHa 4Ype3 Mojela Ha O0000IIEeHH MpPexHu

Ype3 LUMKJINYHO M3MECTBAHE HAa M3XOAHATa KOM-  dwur.l. Ha 6a3arta Ha 00001mIeHUTE MpEXH CE pe-

Ounanus C, chbIIO ca paspelleHH KOJOBU KOM- au3UpaT adCTPAKTHU MOJICNIM MPH KOWTO HE Ce

OuHanum. B3UMAT I0J] BHUMAHUE CpeJaTa Ha U3MbIHECHUE

Ha camus npotec. [1o To3u HaUKMH BCUYKHU JIpYTU

[IMpOKOTO MPUIIOKEHHUE HA LUKIUYHHUTE KO-  aCHEKTH PA3jIMYHM OT (YHKIHO-HAJIHUTE U IIPO-

JI0OBE B CHhBPEMEHHMTE KOMYHMKAlMOHHO — MH-  recHMTe He ce BKmousar. [1], [3].

(hopMaITMoHHN CUCTEMH C€ IBDKH Ha J00phTe

KM BB3MOXHOCTH 332 OTKPUBAHE U IOMPABSIHE Ha

TPEIIKY TPYU CPaBHUTEIHA MPOCTOTA Ha TPOIIe-

IypuTe 3a KOoIWpaHe W JekoaupaHe. Te3u moio-

JKUTEJIHU CBOMCTBA HA LIMKJIMYHUTE KOJOBE IMPO- O000611eHO MpPeKOBU MOAET
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IIspBOHAYaTHO ca JaJCHU CICIHUTE sIpa

BKIIFOUCHH B 00001IIeHaTa MpexKa:

- Ha mo3unus |; BIM3a - a3 - Aapo ¢ xapa-
krepuctuka ,,N” - IBIDKMHA Ha KOJOBaTa
Jiyma.

- Ha mosuimsa l, BIM3a - a, - AmApPoO ¢ Xxapa-
KTepUCTHKa “N” - pa3Mep Ha CEMEHCTBOTO OT
FH curnanu;

- Ha mosuimsa l; BIM3a - a3 - AOApPO ¢ Xxapa-
KTepUCTUKA “P”’ - IPOCTO YUCIIO.

Pazpaboren ¢ 0000ImEHO MPEKOBH MOIET C
BBBEJICHO MHOXECTBOTO OT IPEX0U A KOUTO:

A ={Zy, Z5, Z3, Z4, Zs, Zg, Z7}, KBAETO TIPEXOLIM-
T€ OMKCBAT CIIEIHUTE MPOLECH:
Z; = “Ilposepka 3a HammaHocT Ha N, N u p”’;
Z;

HOM;

“IlpaBuna 3a U3rpakJaHe Ha IOJIU-

Z3 = “llpaBuna 3a pa3jaraHe Ha IOJTUHOMU

Z, = “IlpaBuna 3a onpenensHe Ha wHPOpMa-
LUOHHA AyMa”;

Zs = “IIpaBuina 3a obpa3yBaHe Ha KOJOBA [Ty-

ER]

Ma’”;

Zs = “3amavya W3BBpIIBAINA JIOTHYECKA He-
paBHO3HAYHOCT”;

Z7
oupane”.

Bceku npexoa Moxe Ja uMa M BXOJHU U

N U3XOMHH MO3ULMH, KbAeTo M>1 u N=1. Bxox-

“3amava W3BBLPIIBAIA JIOTHYECKO Chb-

!

HUTE ITO3UIHHU 3a IPEXoaa Z ca 03HAYCHU C Il’
I 14

o Ige

BxoaHa mo3uims, B KOATO HE BJIM3a Jbra ce Ha-
pHYa BXOJ Ha MpeXaTa, a M3XOJHA MO3UIHUS, OT
KOSITO He WM3JIM3a Jbra — M3X0J Ha Mpekara. B
MO3UIMUTE B MPEKATa MOKE JIa MMa siapa, KOUTO
ce TPHUIBIKBAT OT BXOJHHTE KBbM H3XOIHUTE
MO3UIMK Ha mpexoaure. Koraro BbB BXOIHUTE
MO3UIMK UMa JI0CTaThueH OpOoii s/Ipa ¥ HACTHITH
OmpeJIeIIeH s 3a TPeXola MOMEHT OT BpeMe, s
para OT BXOJHUTE TIO3MIMH TPHIOOUBAT Bb3-
MOYKHOCT J[a C€ MPUABMKAT 10 U3XOJHUTE TO3H-
. To3u mpoliec Ha IpeMUHABAHE Ha SIpaTa OT
BXOJHUTE B U3XOJHUTE TO3MIMU HA MPEXOJa Ce
Hapuya akTUBMpaHE Ha MNpexoja. B HayamoTo
sApaTa, KOUTO TIOCTHIIBAT B MpEKaTa Mpe3 BXOI-
HWTE W MMO3MIMK MMAT T.Hap. HAYaJlHW Xapakre-
puctukd. [Ipu BCAKO MpeMUHABAHE MPE3 MPEXOJT
B MpejKara Te MOJIy4aBaT HOBH XapaKTEPUCTUKH
1 Taka BCSKO SPO B MPEKaTa € YHUKAJIHO U HMa
cBOs1 uctopus [6].

I' I, Iﬂ I”
vy Nj ey Iy @ maxommmre — ¢y, 15

Z4 22 Zs Zs
I \\: lg ! ; Is N 1y 12
N 7y
LY q
Gt o g
lg Lea

L1a

I3
( )4}1
& =

®@ur. 1. Monenupane Ha FH komoBe ¢ 00001eHn Mpexu

HpexonMTe umart CJICAHOTO OIMMCAaHUC!:

Z;= < {ly, I, I3, Lia}, {4, Lia}, Ry, My, 2 (14, 1y,
I3)v (Lin))>
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|4 LlA

|, | false true
R,= |, | false true
I, | false true
Lia WlA,4 true

Wip 4= “Hammuanu ca N, nu p”.

Bxopsmure sinpa oy, 0, ¥ 03 TOCTHIBAT B I10-
3umus Lia. Smpoto £ ot mo3umms Lia TocThIIBa B
mo3unus |, . Ciren mpexoa AapoTo OT mo3uIus |,
M3IU3a ChC CJICJHATA TEKyIla XapaKTePUCTHKA
.Jsnpamane Ha N, N u p”.

Z,= <{ls, Lon}, {ls, Loa}, Ro, M2, v (l4, Loa)>

| Is Loa
R,=1, | false true
Loy [W,a5 true

Woa 5= “chCTaBeH € OTUHOM .

Bxopsmroro sapo ot mosuinms |, mocTenBa B
no3utys Loa. SAnporo mznuzamio ot no3unus Lo
C TeKylla XapaKTepPHCTHUKA ,,U3rpajeH € MOIu-
HOM” TOCTBIIBA B o3uIys s .

Z3= < {ls, Lsp}, {l6, l7, L2a}, R3, M3, v (I5, Lsp) >

| ls l, Lsa
Rs= I, | false false true
Lin |Wang Wi, true
W3a 6= “n30paH € TeHepaTopeH MOJINHOM;
Wsa7 = “u3bpan e WHPOpPMAIMOHEH TOJIH-
HOM”.

Slapo mocThBamo OT Mo3unus ls Bim3a B no-
3unus Lga. Slppara y u 6 u3nu3amy OT MO3ULUS
L3a mocThnBar B nmo3unui lg u |7 ¢ Texya xapak-
TEPUCTHKA ,,FeHEPaTOPeH IOJMHOM”, ,HH(pOp-
MAaIlHOHEH MMOJIMHOM .

Z,= < {l7, Lspn}, {ls, Lsn}, Ra, My, v (l7, Lgn) >

| |8 Lya
Rs= 1, | false true
Lyn | Wyag true
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Wyag = “n30bpan e nHPpOpMaIOHHA AyMa”.

Snpo mocThmBaiio ot mo3unus l; ¢ xapakte-
pucTHKa O BIM3a B MO3UIMs Lga. SapoTo m3nu-
3am10 OT mo3uims Lg4s mocThBa B mo3unus lg ¢
XapaKTepHUCTHKA € - ,,AHPOpPMaIIHOHHA JyMa .

Zs= < {lg, ls, Lsp}, {lo, l10, l11, Lsa}, Rs, Ms, v (lg,
lg, Lsa) >

| |9 I10 Ill I-5A
I, | false false false true
R5 =
l; | false false false true
LSA WSA,Q WSA,lO WSA,ll true

Wsa 0= “B HHpOpMaLIMOHHATA TyMa Ca aKTUB-
HH II0BEYE OT €I1H OUT”;

Wsa 10 = “B mH(pOpManIMOHHATA TyMa € aKTH-
BEH TOYHO €IUH OUT”;

Wsa 11 = “00Xxo0s1eHu ca 2N UH(pOPMAIIOHHU
ymu’”,

Snpara mocThMBaIM OT mo3uiuu lg u lg ¢ xa-
PaKTEPHUCTUKU Y U € BIW3AT B MO3UIHA Lsa. Sm-
pata { ¥ 1 U3AM3AMA OT MO3UIHA Lsa TOCTHIIBAT
CHOTBETHO B mo3uiuH lg u lyg ¢ XapakrepucTuku
,,AHPOpPMAIIMOHHA yMa C TIOBEYE OT EINH aKTH-
BeH OuT”, ,,AH(pOpMa-IIIOHHA JyMa C eIUH aKTH-
BeH OuT*. SIapoTo K u3nm3amo oT mo3unus Lsa
MOCTHIIBA B MO3MIKH i1 ¢ XapakTepucTHKA ,,H3-
X0 OT LIUKBJIA oNee,

Zs= <{lo, Len}, {l12, Lea}, Rs, Mg, v/ (lg, Lea) >

| |9 Lsn
Ry, =1, | false true
Lea | Weno true

Wspao = “U3NBIIHEHA € JIOTHYeCKa HepaBHO3-
HA4YHOCT .

Snporo mocTeBamio OT nosuims lg ¢ xapa-
KTEpUCTHKA { MOCThIBA B MO3UIMsA Lea. SIapoTo
0 w3auzamo oT mosunus Lgy MOCTBIIBA B MO3H-
ust |y, ¢ xapakTepucTrka ,,Ko70Ba qyMa’.

Z7= < {lo, L7}, {l13, L7a}, Rz, M7, v (Lo, L7a) >



| lyo La
R, =1, | false true
Lo | Wyape true
W7a10 = “U30BIHEHa € JIOTHYECKO ChHOH-

pane”.

SnpoTo moCThHIBANIO OT MoK |1g ¢ Xapak-
TEPUCTHKA 1) TOCThIIBA B MO3UIHs L7 SIapoTo 1
M3IU3aI00 OT HO3UIUA L5 IOCTBIIBA B MO3UIUS
l13 ¢ xapakTepucTuka ,,Kk00Ba qyma’.

3akiIoueHne

upokoTO NMPUIOKEHUE HA LUKIMYHHUTE KO-
JOBE B CBBPEMEHHHUTE KOMYHHKAI[MOHHO-
WHQOPMAIMOHHH CUCTEMH CE JIBJDKH Ha TEXHUTE
BB3MOXKHOCTH 3a OTKPUBaHE M KOPHUIHpaHE Ha
TPEeIIKM NPU CPaBHHUTENHA MPOCTOTa HA MpoLe-
JIypHTE 32 KOAUPAHE U JCKOAUPaHE.

[IporpamuaTa peanuzanys Ha ajaropuTbma €
6asupana Ha MATLAB e omucana B [2] u Hamu-
pa MUpPOKO IpuiokeHue npu ,.Komupane B Te-
JIEKOMYHUKAIIMOHHUTE CUCTEMU .
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ABTOMATHU3UPAHO ITPOEKTHPAHE HA EJIEKTPOHHU CXEMU
MOJAEJIMPAHU C OBOBIIEHU MPEXHU

Jlunus AnectueBa, MBenuna Bapnesa

AUTOMATIC DESIGN OF ELECTRONIC SYSTEMS MODELED BY GENERALIZED NETS

Liliya Anestieva, Ivelina Vardeva

ABSTRACT: This article presents a method for authomatization of electronic schemes and their modeling by
generalized nets. Preparation of contemporary electronic schemes and devices is done in the surroundings of
automatic professional systems for design. Existing systems for design are quite various and the methods for
analysis of electronic schemes are based on the methods for analysis of linear and non-linear electric chain.

During the analysis we applied not only the Om and Kirchhoff’s laws but and generalized matrix methods,
the method of the structural numbers, method of the variability of the state, method of polar column and etc. Ex-
actly these calculating resources make possible the real appliance of the matrix methods and their establishment
like ones of the possible methods for analysis in electronics

For modeling and describing is used the apparatus of generalized nets including the whole algorithm of the
work — from the begging to the end of the process. The level of detailing is defined because it is necessary for the
realization of every single step of the algorithm and there are also foreseen possible exits and rules for taking
decisions. It is done a current analysis of the processes appearing during the realization of the algorithm.

Generalized nets, used for modeling of the algorithm, are one of the best famous techniques for describing
processes by formal and abstract way. Semantic of the process instances, which are received by process models
by generalized nets, is so defined that there is not any ambiguity. Receives nets are abstract — they do not take
into consideration the circle of realization of the process. In this way every other aspects, which are different
from the functional and process aspects, are not included.

Key words: electronic circuits, automatic design, generalized nets.

BnBenenne CedeHueTo mpencTaBisiBa 3aTBOPEHa BBHOO-
paxkacMma JIMHUA, KOATO Ipecuya 4acT OT KIOHU-
3a 1a ce HaIpaBU MOJIE] HA €IEKTPOHHA CXe-  Te Ha CXemara.

Ma Ce€ M3M0JI3BaT MaTeMaTUYECKU anapar 3a Bb3- OTBOpEH KOHTYp M MOJPENEHO MOJMHOXKECT-
MPOM3BEXKIAHE HA MOBEJCHUETO Ha E€JIEKTPOHHO  BO OT KJIOHOBE Ha rpada ce Hapuda HEeNpeKbCHa-
YCTPONCTBO WM €NIeKTPOHHA Bepwra. [IbpBHY-  Ta JIMHUS, B KOSTO BCEKH KJIIOH M COOCTBEH Bh3ell
HUTE €IIEMEHTH Ha €JIEKTPOHHATA CXEMa BKIIIOY- €€ CPella I10 IPOTEKEHUE Ha JIMHUATA CAMO €IUH

BaT TOKA U HAIPEKEHUETO BBPXY OTACIHUTE  IIBT.

CJIEMEHTH Ha CXEeMaTa, KaKTO BB3JIOBHTE Harpe- 3aTBOpPEH KOHTYpP € MOJAPECHO MOIMHOKECT-

JKEHUS 1 KOHTYPHUTE Ha TOKa. BO OT KJIOHOBE Ha rpada, Taka 4ye aa ce oopasysa
CorioacHo nutepatypa [l] eNeKTpOHHUTE  HENPEKbCHATA 3aTBOPCHA JIMHUS.

CXEMH C€ CHCTOSIT OT B3aUMHO CBBP3aHU MACHB- Marpu4HO — TOMOJIOTHYHH METO/U 33 U3YHC-

HU U aKTUBHHU PCAJIHHU ABYNOJIFOCHUIIM U MHOI'O- JIIBaHC Ha CJIICKTPUYCCKU BEPUTU:

MOJTFOCHHMITH. VpaBuenwusra 1mo 3axkonnTe Ha Kupxod 3a Toko-
ChCTaBHUTE JIBYMOJIOCHHUIM HAa CXEMHUTE C€  BETEe M HANPEKCHHATA MOTAT Jia CE 3aluIliaT B

HapH4aT KJIOHH. MaTpruyHa ¢popma. Marpunure oT KOeQHUIIMEeHTH-
TO‘IKI/ITC, B KOHMTO C€ CBHP3BAT B3aMMHO Hau- T€ Ha TE3U YPABHCHUA C€ CHCTOAT OT CJIICMCHTUTEC

MAaJIKO TPH KJIOHA HA CXeMara, ce Hapuyar Bp3md.  +1, -1 u 0 u Morar ja ce onpeiessT OT CTPYKTY-

[locnenoBarenHo CBBpP3aHM KIOHHM, KOWUTO  paTa Ha cxemara @ur.l winm HEHHUSAT OPUEHTH-
oOpa3yBar 3aTBOpeHa Bepura, ce Hapuyar KoH-  pad rpad dwur.2

TypH.
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@ur.1. CTpykTypa Ha eIeKTprUIecKka cxema

HN3ao:xenue

B crarumsra e pasrinenana odmara cTpyKrypa
3a Ch3JaBaHE HAa ABTOMATH3HPAHU EICKTPOHHH
CXEMH TpeJCTaBeHa 4pe3 Mojelia Ha 0000IIeHH
mpexu [2], [3], [4], Pur.3. Cnopen meromoso-
TUsTa 33 WU3TpaXKJAaHe Ha O0OOIIEHW MpPEXH ce
BKJIIOYBA M3rPaXKIaHe Ha CTaTHYHATa CTPYKTypa
Ha MOJICJIMPAHMs MPOIIEC, OTpa3siBaHe HA JWHA-
MHKaTa Ha MOJENUpPAHHS INPOIEC, OMMCAaHHEe Ha
(YHKIIMOHUPAHETO Ha MOJCIUPAHUS POLIEC BHB
BPEMETO, OIPE/ICNISIHE Ha TAHHUTE, KOUTO MPEJIC-
TaBIISBAT HHTEPEC 32 MOJCIHPAHUS IPOLIEC.

24 23 VA

Y

lg

A

rd

®@ur.2. OpueHTrpad rpad Ha eIeKTpHIECKa
cxeMa

00001eHO0 MpeKOBU MO/IEJ

Pazpaboren e 06001IeH MpeKOBH MOJIEN C BhBE-
JIEHO MHOKECTBOTO OT MPEXOAH A, KOUTO:

A= {7y, Zy, Z3, Z4, Zs}, KBbAETO TPEXOIUTE
OITMCBAT CJICJHUTE IPOIIECH:

Z, = “H300p Ha IOCOKa Ha TOKOBETE”;

Z, = “TlocTposiBane Ha HacodeH rpad”’;

Z; = “TlocTposiBaHe Ha IJIaBHA MaTpuUIR”;

Z, = “O0pblliaHe Ha TJIaBHA MaTPHIA”;

Zs = “YMHOXCHHE Ha TJIaBHA MaTpHIla C BEK-
TOp CTHIO”.

Za Zs

Y

&
p= 4

L1a ls Laa

‘l;-.\
O O

@ur. 3. O0001IEHO MPEXOBH MO/IEIT 332 aBTOMAaTU3UPAHO MPOEKTUPAHE Ha €JICKTPOHHHU CXEMHU

Hpexozu/lTe numart CJICAHOTO OIMHUCAHUC!
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Z;= <{ly, Lia}, {l2, Lia}, Ry, My, v (Iy, Lia) >



| I, Ly
I, | false true
I-1A WlA,Z

Rl
true

WA= “HanuuHa € eJeKTpruiecka cxema’ .

Karo BxomHUM apryMeHTH 3a MOCTpOsIBAaHE HA
HacodeH Tpad € HAIMYHEeTO Ha eJeKTphdecKa
cxeMa W u300pa Ha MPOU3BOJIHHU MOCOKU Ha TO-

KOBETe B OTJenHUTe KiIoHOBe. Clesl KaTo ca cra-
3€HU TE3W YCIIOBHUS BXOJSIIOTO SIPO OT IMO3UIIHS
I, moctenBa B Ly, ceM mpexoa smpOTO H3IIH-
3am10 OT MO3MUIMs Lja MMa TEeKyla XapakTepuc-
THKa “ypaBHEHHE Ha elIeKTprIecKaTa cxema’ .

Z;= < {ly, Laa}, {ls 14 15 ls, Loa}, Rz, Mo,v (I,
Lon)>

R,

| I3 l, l5 lg l; Loa
I, | false false false false false true
Loa [Wons Wons Wons Wong Woa, true

WgAyg, WZA'4, W2A,51 WZA’GZ “HaJIMYHU ca HEOO-
XOJTMMUTE JAHHU 32 TIOCTpOsiBaHe Ha rpad’’;
W 7= “HanuuyHU ca HEOOXOJUMUTE JaHHU 3a

MOCTPOSIBAHE HA BEKTOP CTHJIO .

Bxopsmoro simpo ot nosuims |, mocTenBa B
mo3unus Lya. Crien mpexona sapata ls, g, Is, ls, |7
W3M3alH OT Ho3uus Loa ca ¢ Tekymm xapakre-
pUCTUKHM  “‘MaTpulla Ha CHIPOTHUBICHUATA”,
“MaTpulla Ha KOHTYpHUTE”, ‘““‘MaTpuiia Ha Bb3JO-
BUTE HANPEKEHUS ', “eAMHMYHA MaTpula”, “BeK-
TOP CTHIO Ha EIIEKTPOIBHKEIIUTE HATIPEIKEHUS .

Z3= <{l3, ls, Is, ls, Lan}, {ls, Laa}, R3, M3, 2 ((I3, s,
Is, l6) Vv (L3a)) >

lg Laa

I, | false true

I, | false true

Rs = I; | false true
lg | false true

L3p | Wy, true

W3a 7= “nHanmuunu ca siapara ls, Iy, Is, lg, 3a moc-
TPOsIBaHE Ha KBaJpaTHa MaTpuia’.

BxopsuTe siapa ot nosutmu lg, Iy, Is, lg moc-
ThiBaT B Laa. Cren mpexoa sipara ce 00eauHsi-
BaT B €IHO sApO lg ¢ TeKylia XapakTepuCTHKa
“KBajpaTHa MaTpHIa’.

Z,= <{lg, Lan}, {lo, Lan}, Ra, My, v (lg, Lsn) >

| lg Lan
R,=lg | false true
Lya |Wypo true
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Woa o= “HanmyHa € KBaJpaTHa MaTpuIa’.

Bxopsimio siapo ot nosunust lg mocTemsa B mo-
sutms Ly Crien mpexoda sApOTO M3IHM3AIIO B
nosuimsi lg mpueMa Tekyiia XapakTepHCTHKA
“oOpaTHa MaTpuna’.

Zs= < {l7, lg, Lsp}, {lio, l11, Lsa}, Rs, Ms, v (l7, lg,
Lsp) >

| 1o iy Lsa

; I, false  false true
> Iy | false false true
Lsa [Wsat0 Wspgn true

Wsa 10= “nonydyeHn ca TokoBeTe”;
Wsa 11= “TIONTydeHO € HampexKeHue .

Bxomsmute simpa ot nosutmu 7 u lg mocton-
Batr B mo3unus Lsa. Ciien akTuBHpaHe Ha MPEXo-
na manmsarute sapa lyo u lyg ca ¢ Texymm xapax-
TEPUCTUKHU “TOK” U “‘HampekeHue™.

Crnen mpexona ¢ Taka MOJTy4YEHHUTE XapakTe-
PUCTHKHM Ha M3XOJHHUTE SApa € BH3MOXKHO Jia ce
OTIpeZieNIn pealiHaTa TOCOKa Ha TOKOBETE U Jia Ce
KOHCTpYHpa eNeKTPHIecKaTa cXxema.

3akiIouyenune

HpezmonceH € HOB IIOAXOJ 3a ChCTaBJAHEC Ha
YpaBHEHUA HA CJICKTPOHHHU CXEMU YpPE€3 MOACIN-
paHETO UM C 0606IJ_ICHI/I MpPCIKU. MOI[CJTBT 1103~
BOJIsIBA A CC pa3ryIC)KAAT PA3JIMIHUTC CTAllU IIPU
H3rpaXa1aHE€TO Ha CJICKTPOHHA CXEMa, KAaKTO U
npeaAOTBpaTdBaHC Ha CBCHTYAJIHU BB3HHUKHAJIU
T'pCHIKK B Mponeca Ha pa60Ta. CobriacHo Ta0nu-



ma Nel B nuteparypa [5] pesyarature 3a aKTHB-
HUTE KJIOHOBE ca:

KIIOH 2 € TEeHepaTopeH, T.K. € HaJuIe
koMOuHanus Nel;

— KIOH 3 € KOHCYMaTOpeH, T.K. ¢ HaJlUIe
KoMOuHanus Ne4;

— KJIOH 4 € TeHepaTopeH, T.K. € HaauIe
KoMOuHaIusg Ne2;

— KIOH 5 € TeHepaToOpeH, T.K. € HaJule
xoMOuHanus Nel;

— KJIOH 8 € reHepaTopeH, T.K. € HaauIe

koMOuHaIwms Ne2.
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TEXHOJIOT'MYHU Bb3MOXKHOCTMU 3A IOJOBPAABAHE APOMATA HA CYPOBO-
CYHIEHU NPOAYKTHU OT HEPA3/IPOBEHO MECO, YPE3 M3I10OJ3BAHE HA
CTAPTEPHM KVYJITYPU

Kats BwakoBa-Hoprosa, {uana Mumxenuena

TECHNOLOGICAL METHODS TO IMPROVE THE AROMA OF RAW DRIED PRODUCTS
FROM UNCUT MEAT THROUGH THE USE OF STARTER CULTURES

Katya Valkova — Yorgova, Diana Indzhelieva

ABSTRACT: In the present paper is studied the influence of starter culture on aroma characteristics of raw-
dried products from uncut meat, which are produced with L. plantarum (L)
Keywords: raw-dried meat products, starter culture, L. plantarum

BnBenenne

dopMHUpaHETO  HAa  apOMAaTHO-BKYCOBHTE
CBOMCTBA Ha CYpPOBO-CYIIICHUTE MECHH MPOTYKTH
3armo4Ba OIIe Mpe3 BpeMe Ha MPOTUYaHe Ha Mpo-
IIeCUTe Ha 3peeHe B MECHUTE CYpPOBHHH, KOTAaTO
Ce HATPYIBAT apPOMATUYHHUTE MPEIIICCTBECHUIIH
OT OCHOBHHUTE KOMIIOHEHTH Ha CYpPOBOTO MECO U
MPOJAYKTHTE Ha TSIXHATa NECTPyKIusa. ToBa e
CJIO’)KeH OMOXMMHUYEH U MHKPOOHOJIOTHYEH MpO-
1IeC, KOWTO € CBhP3aH C MPUPOIaTa Ha CypOBHHA-
Ta, C HaJIMYHATA MHUKPOQIIOpa, C yCIOBHITAa HA
MPOU3BOJCTBOTO, ¢ TeMIleparypara u ap. Te3u
(dakTopu BIMSAT BBPXY AMHAMHUKATa Ha IPOIlE-
CUTE, HACTBIIBAIIM IO BpeMe Ha 3peeHe U CyIlle-
HEe 1 00yCHaBsT MPOTHYAHETO HA Peaulla €H3UM-
HU, XUJIPOJIU3HU W OKCHUIATHBHHM PEaKIIMU, BO-
JeImy 10 00pa3yBaHETO W HATPYIBaHETO Ha Be-
IeCTBa ChC CHEMU(PUIHNA apOMATHIHO-BKYCOBH
KauecBa B MECHUTE MPOJAYKTH. 3a YCHBBPIICHC-
TBaHE Ha TEXHOJIOTHSTA HA TE3U MPOJYKTH BCE
MO-IIIMPOKO C€ H3IIOJI3BAT Pa3HOOOpa3HH CTap-
TEPHH KYJITYPH, KOUTO UMAT OIPEIeIsIa POy B
KaueCTBCHUTE M KOJMYECT-BEHUTE M3MEHEHUS B
apomaToo0Opa3yBaiuTe MPOIECH U BOIAT J0 00-
pa3yBaHETO W HATPYNBAHETO Ha Pa3zHOOOpa3HU
BEIIECTBA ChC CHNEUU(PUYCH MPHUATCH apoMar H
BKyc. TSIXHOTO mpuiaraHe € B OTTOBOP Ha CTpe-
MeXa Ha MHOTO MPOU3BOAUTENH KbM IIeJIeHACO-
YeHH NPOMEHM Ha peluila TEXHOJIOTMYHH Iapa-
METpPH, KOCTO € BaXKHO YCIIOBHE 3a MOJIyYaBaHETO
Ha BHUCOKOKAYECTBEHH CYpPOBO-CYIICHH MECHHU
nponyktu ([xesuzon, 1984; Kroces, 1971; Ku-
ceBa, 1990; Xoponbckuii B.B. (1988). ). B xona
Ha TE3W MPOIECH H3IOJI3BAaHETO HA CTAPTEPHU
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KYJITYpHA Hapel ¢ MUKPOOPraHU3MUTE, IPUCHCT-
Ballld B CypOBO-CYIIIEHUTE MECHU NPOLYKTH Chb-
IO OKa3Ba BIUSIHHUE BHPXY (POPMHUPAHETO HA OC-
HOBHHTE BEIECTBA, ydacTBAllld IpPU 0OpasyBa-
HETO Ha apomara u BKkyca (Mottram, 1998;
Olesen et al., 2004; Patarata et al., 2008 ).

Marepuayu U MeTOAHU

IMambr Lactobacillus plantarum (L) e mpe-
JIOCTaBEH 3a paboTa OT YacTHA JIMIIEH3UPaHa Jia-
Oopatopust 3a W3clenBaHe Ha XpaHd, byprac. B
TOBa M3clieiBaHe 00EKT Ha BIMSHUETO Ha Lacto-
bacillus plantarum (Lg) ca cypoBo-cCyIieHH mpo-
IyKTH OT HepazapoOeHo meco — ,l'aOpoBcka
Kaifzep mactbpma” U nactbepMma ,,IlnmoBaus”. ['o-
BEXJI0TO Meco 3a ,,['abpoBcka Kaiizep macTbpma’
¥ CBHHCKOTO MECO 3a mactbpMma ,,IlmoBnuB” 0Os-
Xxa AOOWTH B periaMeHTHpaHa KJIIaHHHUIA B CEJIO
Pycokactpo, Bypracka o6mact. 3a mpou3BOACT-
BOTO Ha JBaTa acOpTHMMEHTa OT OyToBere Oere
otmenieH M. Semitendinosus. Taka oTmeneHUTE
MYCKyJIU ce ohopMHUXa KaTo OTIEIHH Mapyuera ¢
TJIafika TIOBBPXHOCT, KaTO C€ OTCTpaHuxa W3-
JUIIHATA TIBCTUHHA TBKAH W CYXOXKIUIHS.
OnuTHATE W KOHTPOJHHUTE MPOOHM OCONIIBaxMe
Ype3 MIMPHUIIOBaHE ChC COJIEB PA3TBOP C KOHIIECH-
Tpauus 15° Be B xommuectBo 4-6% CIPSIMO Ma-
caTa Ha CypOBHHATa W MOCJEIBAIIO CYyX0O OCOJIS-
BaHe, M3BBPIIBAHO Ype3 HATPHBAHE CHC COJIOBA
cMec cbe cheTaB 2,6% coi, 0,03% HaTpueB HUAT-
pat, 0,30% 3axap. OconsiBaHETO NpOBEXKAAXME
npu Temmeparypa 4-6° C 3a 18a qum.

OnuTHHTE TPOOM OT JBaTa acOPTUMEHTA
NPUTOTBSIXME C OaKTepHanHa KyJITypa, KOSTO
nprubaBsxMe B OCOJISIBALLMS Pa3TBOP 32 LINPHILIO-



BaHE BBHB BHUJ Ha 24-4acoBa OyJIbOHHA KyJITypa B
MRS- 6ymson ¢ Turep 8-9 log (cfu /g). bakrepu-
aHaTa KyJaTypa Biaraxme B koimdectBo 350 ml
3a 50 kg cypoBHHa, OCUTYpsIBAIIO OOCEMEHIBaHE
¢ 6-7 log (cfu/g).

Crnen oconsiBAaHETO ONWUTHUTE M KOHTPOJIHU
npobu noacymasaxme npu temmepatypa 13° C u
OTHOCHUTENHA BIAXKHOCT Ha Bb3ayxa 75-80% 3a
eauH no nBa nHU. Cien OTHEMaHe Ha IOBBPX-
HOCTHATa BJlara, CylIEHETO Ha MpOOUTE POBEXK-
naxme mpu Temmeparypa 12° C, oTHOcHTenHA
BiaxHocT 77-80% u ckopoct Ha BB3ayxa 0,15
m/s B poabibkeHue Ha 19-20 qHH.

Ha 5-1 nen or cymeHeTro W3BBPIIBaXME €[I-
HOKPaTHO TIpeCyBaHE Ha BHHTOBa Ipeca 3a 24-
yaca.

Ha 18-s1 nen ot cymieHeTo ONMUTHHUTE U KOHT-
pOJIHH TIpOOM Kaii3epoBaxMe C Kaif3epoBaa
cMmec cbe cbetaB 50% uumen, 30% yepBeH nu-
nep, 20% cdykaH 4echH, KaTo KbM CMecCTa 100a-
BSIXME BUHO JIO MTOJTy4aBaHe Ha I'bCTa XOMOTEHHA
kama. Taka kaizepoBaHHTE MPOOM MOJCYIIA-
BaXMe TpPH TOPEYNOMEHATUTE TEMIIEPATypHHU H
BIIQYKHOCTHH YCJIOBUS 32 3-4 THHU.

IlenusaT HpPOM3BOACTBEH LUKBJI NPOABIIKA-
Bamie 22 pguu. Ilo ommcaHaTa TeXHOJNOTHMYHA
cxeMa 0sxa MpOU3BEICHH TeT MapTUIHN OT KOHT-
POJHU M ONMUTHH TpodH ot ,['abpoBcka kaizep
nacTepma’ u nactepma ,,IlmoBaus”.

ExcTpaxupaHeTo Ha JIETIMBUTE ChEAWHEHHS
OT FOTOBUTE MPOIYKTH U3BBPIIBAXME MPU HHUCKA
TeMIIepaTypa U B IPUCHCTBHE HA MHEPTEH ra3. 3a
uenTa 25 g oT MECHUTE MPOAYKTH C€ CMUIIaxa B
MHUKCEp W TOCTaBsiXa B LWIMHAPHYEH CTHKICH
eKCHUKaTop /muamMeTsp: 65 mm, Bucoumna: 145
mm, KaTo mpoOWTe ce MpOAYyXBaT B IOTOK OT
Xenuit B mpoxbsmkenne Ha 40 min. (54 ml.min.™).
ExcTpaxupaHute IETIUBH CHEJUHEHUS ce aj-
copOupar BbpXy yJoBuTen TeHakc OT aBTOMaTH-
3upaH JTUHAMAYEH amapar "Xencmeric"
/Xelcnelc - MapHUSAT HATHCK BBPXY MPOJYKTa/:
JACUIEJICH.

WHxeKkTupaHeTo Ha JETINBUTE ChEANHEHUS B
raz-xpomatorpada /Xrwomner-ITakapg 5890 Cepust
I/, xymmupan c¢ Maccnektpomersp (Xroner-
IMakapny 5971 A/I'C-MC), ©e u3BBPILIEHO TMO-
CPEJICTBOM TepMHUYHA JeCOPOIUS Ha yIOBUTEIS
npu Ttemneparypa 250°C. Xpomarorpadckure
ycnoBusl 0sixa, KakTO CieiBa: HEMOoJsIpHA Kallu-
nsipHa JIb 5 konona /nbipkunaa: 60 M, BhTpeLicH
muametsp: 0,33 mm, neGenuHa Ha ciost Ha (aza-
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ta: 1 MHUKpOH/, TeMmmeparypa Ha TepMmocTaTa
/memrra/: 35 1m0 200°C ¢ makmon ot 3°C.min.";
CKOPOCT Ha IporpamMupaHe, CKOpPOCT Ha JIecopo-
wust mpu MEkektupasero: lem®.min™; ckopoct
Ha TOTOKa B KomoHata: lcm®.min?. Maccmek-
TpuTe 0sXa OMpeIe/sTHA B HOHH3AIOHHA Kamepa
mpu 70 €V, KaTo TUIONIMTE HA BCUYKU IMTHKOBE
0s1Xa TOJy4CHH IOCPEICTBOM HHTEIPUpAHE Ha
oO1mIust iOHEeH TOTOK Ha crieKkTpute. Pesynratute
ca W3paseHH B HaHorpamu (NQg) ¢ MoMoITa Ha
BBHIIICH CTAaHIAPT /IOJICKaH/.

Pe3yaraTtu u o0chiKkIaHe

WscnensanusaTa 3a yCTaHOBSIBAHE BIIUSTHUETO
Ha Oaxrepmitnus wam Lactobacillus plantarum
Ls BBpXy cbhCTaBa Ha JICTIIMBUTEC apOMaTHYHH
CBhEIMHEHUs] Ha CypOBO-CYLICHHTE MECHH IpO-
IyKTH ,,I'abpoBcKka Kaiizep macTbpma’ U mMacThbp-
ma ,IlnoBauB” moOkKa3Bar, ue EKCTpaKTHATa
(dpakuus chaAbpKA PA3THYHH aJICXUIH, KETOHH,
QJIIKOXOJIM, KHUCEIIMHU U JPYTH ChEIUHEHUS, 32
KOHTO ce MprueMa, 4e yJacTBaT B 0hOpMSHETO Ha
apomara ¥ BKyca Ha FOTOBUTE MPOIYKTH (TaO.
1). B ta3u ¢pakmus ce ycraHOBSIBAT U HIKOH
JpPYyTH JIETIMBU CheIUHEHUs], IPUPOIaTa Ha KOU-
TO HE € JOCTAaThYHO MPOYyUYCeHa, MOPaan KOETO HE
0sixa M OT HAC UJICHTU(DUIIUPAHH.

[lony4yenuTe npu HamKTEe WU3CIECABAHMA JIET-
JVBH CHEJAWHEHHS B OIUTHUTE M KOHTPOJIHHUTE
npoOu CypoOBO-CYIIEHH MECHU MPOAYKTH, MOTaT
Jla ce pa3lesAT Ha YETHPH IPyNU B 3aBUCHMOCT
OT NPOM3XO0Ja MM, a MMEHHO: ChEAWHEHHS OT
(depMeHTaIUsl HA MPOAYKTA; CHEJUHEHUS OT
OKHCJICHHE Ha Ma3HMHHUTE; OT KaTaOoiau3ma Ha
AMHHOKHCEJIMHUTE; B PE3yITaT Ha OPYry MpoLe-
CH, U3BBPIIBAIIY CE B MIPOIYKTUTE (JIeKapOOKCH-
JYpaHe Ha KUCEIUHH, ecTepu-(QHKaius) OT JIeT-
JTUBUTE ChEIUHEHUS OT IbpBaTa rpymna (tadi. 1).
B omuTHHTE APTHIN CYpOBO-CYIICHU MPOAYKTH
€ HIeHTU(UIMPAHO 3HAYUTEIHO pazHooOpasme
OT MOHOKap-OOKCHJIOBU OpPraHWUYHU KHCEIUHU
(tabmn. 1). Beopekn, ue kucennanre cse C20:0 u
apaxugonoBata C20:4 He ca waeHTHQUIIUPAHH,
TAXHOTO TNPHUCHCTBHE € TBBPAE BEPOSTHO, THU
KaTo Te ca €JIEMEHTH, y4acTBAIld BbB BBTPEIL-
HOMYCKYIJIHUTE JIMMUAH, CHIbpPXKAIIH CE B H3-
XOJHUTE MECHH CypoBWHH. M3rnexna, mopaiu
TSIXHATa HEYCTOHYMBOCT, T€ OBP30 C€ OKUCIISBAT.



Ta6auua 1. ApoMaTHYHU CheIUNHEHHUS, HACHTHPUIIMPAHH B H3CIICIBAHUTE IPOIAYKTH ,,[ abpoBCKa
Kaiizep macrspmMa’” 1 mactbepma ,,ILtosaus” (Ng)

HaumeHnoBanne ., abpoBcKa Kai3ep nacTbpma’ nactbpma ,,Ilmopaus”
OIMTHU KOHTPOJIHU OIMTHU KOHTPOJIHU

BeuecTBa o1 3peeHe
€TaHoI 52,63 23,45 57,82 22,76
OIleTHA KUCENHA 1,20 1 1,64 1,08
OKCaJIoBa K-Ha 11,43 8,20 10,58 7,46
OyTaHIMOJI0BA K-Ha (CYKIMHAT) 9,46 5,12 8,15 3,78
2,3 — OyTaHJMOH (JIMAIICTHII) 38,69 18,06 46,75 23,10
3-XHIpOKCU-2-0yTaHOH 89,42 43,79 91,85 46,60
(anetonn)
BemwecTBa oT JIHIHIHO
OKHCJIEHHE
[EHTaH 16,75 10,29 16,52 11,74
XeKcaH 10,13 7,44 10,50 8,63
XenTaH 96,84 69,52 82,10 78,67
OKTaH 122,15 94,25 107,84 84,25
HOHAaH 5,69 - 4,61 -
1-xenren 6,47 - 5,20 -
1-okren 8,16 - 6,83 -
2-0KTeH 9,62 1,43 10,25 2,19
IIEHTaHAll 10,43 - 12,68 -
XEKCaHall 59,21 34,11 81,23 53,05
HOHaHaN 11,65 - 12,86 <1
2-TIPOTIaHOH 94,32 73,65 117,60 98,35
2-0yTaHOH 18,47 8,54 15,42 7,60
2-IIEHTaHOH 24,17 11,83 38,40 16,20
2-X€eNTaHOH 7,26 5,27 5,41 3,80
3-IeHTaHoH 2,19 1,10 2,64 1,15
IIEHTAaHOJI 13,85 7,42 14,56 8,16
1-nenren-3-oma 12,53 6,64 12,56 7,85
1-okren-3-o1 23,72 12,50 17,49 9,61
BemecTBa oT KaTa00a1H3Ma
HA AaMHHOKHCEJTHHUTE
2-MeTHIOyTaHaN 6,95 4,32 5,89 3,80
3-MeTmIOyTaHaNT 21,16 15,40 17,62 9,14
HM30IIEHTaHaI 8,51 3,65 6,63 3,05
XENTaHajl 12,47 3,81 11,35 3,96
HM30XeNTaHall 7,22 1,60 5,18 <1
JIeKaHa 4,30 - 2,84 -
2-OyTteHan 1,12 - 1 -
2-XeKceHal 4,78 2,86 3,60 2,17
2-0KTeHal 2,45 - 2,34 -
2-METUJIITPOTIAHOI 11,56 - 10,82 -
3-Metna0yTaHoNI 72,19 37,86 65,42 32,60
JTIUMETHIANCYIUT 4,65 1,07 3,74 1
JApyru
OeH3eH 5,93 2,15 4,38 1
TOJTyeH 100,95 80,91 120,34 100,56
M-KCHIJIEH 19,44 15,37 5,47 5,18
p-KCHIICH 14,90 13,58 4,56 4,60
0-KCHIJIEH 1,52 - 1,52 -
(denon 3,67 3,61 3,08 2,75
KapOoHauCcynhuI 10,34 9,82 9,05 8,13
2-0yTOKCHETaHOJ 5,23 - 4,36 -
y-OyTHponakToH 9,68 - 8,10 -
eTHJIaneraT 35,78 20,41 38,54 24,17
XeKcHIpopMaT 1 <1 1 1
TeTpaxJIopeTeH 14,05 13,30 10,62 10,70
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C 13BECTHO OCHOBaHHE MOXKEM J1a HaIpaBUM
U TIPEeNINOJIOKEHUETO, Ye BHECEHaTa CTapTepHa
KyaTypa (wam Lg) chaeiicTBa 3a Mo-MHTCH3UBHO
pasrpaxknaHe Ha CBOOOIHUTE JIETIIMBH MAaCTHHU
KHCEJIMHH TI0 IThTSI HA MUKPOOHMaTHUS MeTabo-
JU3bM U CBHINECTBEHO AONpHHAcsA 3a oOpasyBa-
HETO Ha aJIKOXOJIH, KETOHH, alfeXuan u Ap. Te3u
ChEIWHEHUS] MOTaT Ja C€ IOIy4YaT W TOCpPe.-
CTBOM OKCHJATHBHU M3MEHEHUS Ha CBOOOIHUTE
MacTHH KHCEIMHU. BTOpHMAT BUA peakuuu e
yIIeCHEH OT MPUCHCTBUETO HA MEPOKCUIM, TIOTY-
YeHU OT OaKTEepUUTE, NPUCHCTBAIIU B MECHUTE
NPOAYKTH M OT KHUCIIOpOJa, TPOHWKBAI Ipe3
oOBHBKaTa. YCTaHOBEHUTE MPHU HAIINUTE W3CIEMI-
BaHWS KapOOHWIHHM CBEAWHEHUS, KOUTO Ce
HATPYIBAT B U3CJICABAHUTE MIPOAYKTH Ca alKaHH,
1- u 2 - ankenu, 2, 4 - agKagueHN, CHIIO U 2- 3-
aTKaHOHW. MHOTO OT HeCTaOWIHHTE alJeXUu
PAIKO ce HATpyNBaT M YECTO C€ OKUCIABAT IO
KapOOKCHJIHM KHCEIMHHU. Penmuiia aBTOpW CBHINO
MOCOYBAT, Y€ TUIIHYHUAT apoMaT Ha CyXH MECHH
NPOAYKTH C€ IBJDKH Ha Pa3IudHU JICTIUBH Che-
JUHEHUS, KOUTO ce 00pa3yBaT MpH KaTaboiIu3Ma
Ha 3axapure, Ma3HUHHUTE, MPOTEUHUTE U [Ip.
(Mottram, 1998; Olesen et al., 2004). B pesyarat
Ha TpubaBsHEe Ha cTapTepHara KyaTypa Lactoba-
cillus plantarum wam Lg B CypoBoO-CyIlIeHHUTE
MpoAyKTH - ,labpoBcka Kaifzep mactepma’ H
nactepMma ,,[lnmoBauB”, mporechT Ha QepMeHTa-
[HsI € TTO-MHTEH3UBEH, 3a KOETO C€ ChIU 110 00-
pa3yBaHETO W KOJIHMYECTBEHOTO HATpPyNBaHE Ha
eTa”o’a, auamerna (2,3-0yTaHANOH) U aleTou-
Ha (3-xuapokcu-2-0yTaHoH), (Tabmn. 16). TexHu-
T€ KOJMYECTBA B OMMTHUTE KOJOACH TMOYTH Ce
Y/IBOSIBAT, B CPAaBHEHHE C KOHTPOJIHUTE TTPOOH.

[Tpu BTOpaTta rpymna chbeJMHEHHsI, TOTYICHU B
pe3yiTaT Ha OKUCICHHE Ha Ma3HUHHTE, B Haid-
TOJISIMO KOJIMYECTBO c€ 00pa3yBaT BBIVIEBOAOPO-
JUTE XENTaH U OKTaH. Te3n pe3ynTaTtu ca Moiy-
YEeHU 32 ONMHUTHHUTE M KOHTPOJHUTE MpoOU U Ha
JIBaTa aCOpTUMEHTA H3clieIBaHu kKonbacu. Hsakoun
OT KETOHHUTE, NMAaT CHJIHA OOOHSTEIHA XapaKTe-
pHUCTHKa, KaTo 2-XeNTaHOH (TMKaHTEH MUPUC Ha
CHHBO CHpEHEe). B Hail-roisiMo KOIW4ecTBO ce
CBhABpPKA 2-TiponaHoH (Tabm. 1).

Hamuumero Ha n-amkaHu OM Moo Ja ce
JIBIDKA HA aBTOOKHCJIGHHWETO Ha JUmujauTte. Pas-
KJIOHEHHUTE aJIKaHW ca MOJIEKYJIH, YECTO CPEIaH!
B MPSICHOTO MECO, KOETO MOXKE J]a € Pe3yiTaT OT
OKHCIICHHETO Ha Pa3KIOHEHUTE MACTHU KUCEIU-
HU, YMETO TPOICHTHO ChIIbPXKAHUE B KHUBOTHH-
CKHTE THhKaHW € HHCKO, WM MPOU3XOXKAAT OT
HeocamyHBamara (Qpakius Ha pPACTHTEIHUTE
NPOJYKTH, BKIFOUEHH B XpaHATa Ha )KUBOTHHTE.
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OcBeH TOBa, NMpPH aBTOKHUCICHUETO Ha CBO-
0OJTHUTE MAaCTHU KHCEJIMHU CE€ TOJydyaBaT aJje-
XHIU OT TO-HUCHK XOMOJOXeH pen. TpsOBa na
OTOENIEIKUM, Y€ HIKOU OT HACUTCHUTE W HEHACH-
TEHHUTE aJJIEXUHU ce 00pa3yBaT B HE3HAUUTEITHU
KOJNHMYECTBa, MOpPagd KOETO He ca HIACHTU(U-
UpaHU B W3clenBaHuTe NpoaykTH. ChIo Taka,
HSIKOW HEHACHUTCHH ANJEXUIN HE MOTaT Jia ObJat
OTIpeJiesIeHH, TIOpay TAXHATa TeMIlepaTypa Ha
u3MapeHne, HeCTabMITHOCT U CIIOCOOHOCT 3a I0-
JVMEpHU3HPAHE.

YcTaHOBEHUTE BBITICPOJHH  KbCOBEPIIKHH
KOMIIOHEHTH C METHJIOBO pa3KJIOHEHHE, KaTo 2-
MeTHWIOyTaHal, 3-MeTWIOyTaHal, KaKTO U W/ICH-
THQUIEPAHATE ATKOXOHU: 2-METHIIPOIIAHOI, 3-
MeTHJIOYTaHON c€ OTJINYaBaT C BHCOKa JICTIIH-
BocT (Tabm. 1). B Hal-TOIIMO KOJIHYECTBO Ce
o0pa3yBa 3-MeTHIOyTaHOI, KOWUTO B pe3ynTaT Ha
npubaBsHATa CTapTepHa KyJATypa TMOYTH Cce
ynBosiBa. Ta3u 3aBUCUMOCT ce HaOIoJaBa, KakTo
pu ,,I'abpoBcka Kaifzep mactppma”  (KOHTPOII-
Ha - 37,86; onuTHa - 72,19), Taka u Ipu MACTHP-
ma ,[lnoBauB” (koHTponHa - 32,75; onurTHa -
65,42).

3a Te3u CheJIMHEHHS Ce CUKTA, Y& MOTaT Jia ce
Nojy4yaT B pe3yiaTaT Ha MpoTeoiu3aTa Mpu
3pecHe Ha MECHUTE NPOIYKTH, OT JIMIIONHU3aTa
nin katabonu3sma Ha aMuHOKucenuHute. [Ipo-
TEOJM3aTa B CypOBO-CYIICHUTE MECHHU MPOAYKTH
Hal-4ecTo mpoTrva mnoj BJIMAHUCTO HAa CHAOI'CH-
HUTE ThKAHHU CH3UMH. HSIKOM MPOTCONUTHYHH
OakTepry, KAKBUTO Ca JIAKTOOAIMINTE CHIIO MO-
rat aa ydacCTBaT B XHUAPOJIMTUYHOTO pasrpax-
JlaHEe HAa MECHUTE OenThIM W 00pa3yBaHETO Ha
CBOOOJHM aMHUHOKHCENUHH. [loBeueTo OT amm-
HOKUCCIIMHUTE B MCCHUTC MPOAYKTHU Ca NPECANM-
HO B CBOOOJIHO CHCTOSIHUE B MECHATa Maca clie]l
MPOTHYAHETO HA XMJPOJU3HU MporecH. Moxem
Ja TpHeMeM, 4ye H3cieIBaHuAT wam Lg okaszpa
3HAYHUTEIIHO BIMSHUE M CHOCOOCTBa 3a 00pazy-
BAaHETO HAa €IHM OT OCHOBHHTE KOMIIOHCHTH,
oOycnaBsny crenuuYHUs apoMar U BKYC Ha
TOTOBUTE CypOBO-CYIICHU MECHH MPOJYKTH.

JletnuBUTE NPOAYKTH, OOpa3yBaild ce OT
AMUHOKHUCETIMHHUS KaTabOoIU3bM, BEPOSTHO Ype3
pasrpaxkaane o llpekep, ce momyyaBar Bciel-
CTBHE peaKklMd Ha Je3aMUHUpaHe M JeKap-
OokcunupaHe Ha aMmuHOKucenuHuTe. [Ipu ToBa,
OT €JIHa aMHHOKHCEJIMHA ce 00pa3yBaT HKOJIKO
Kap6OHI/UIHI/I CbCIUHCHHA, YHNUTO BLIJICPOACH
CKeJIeT B 3HAUMTENIHA YacT CE pa3indyaBa OT TO3U
Ha W3XOJHUTEC aMHUHOKHUCENWHU. Ta3m peaxius
JIOBEXKJIA JIO TOJydaBaHe Ha aJIeXHJIH, UMaIH
€/IMH BBIJIEPOJICH aTOM II0-MaJIKO, B CPAaBHEHUE C



M3XO0JIHATa aMHHOKHCeNuHa. Taka Hampumep 3-
MEeTWJIOyTaHal ce TOoJydaBa OT JIEHIIMHA M U30-
NelIHa, TonyeH oT (eHwtanannnaa, H,S ot mu-
crerHa 1 MeTHoHHHA. OT 4™ rpyna chbeAUHEHHS
B Hal-TOMSIMO KOJMYECTBO C€ MOJy4YaBa TONIYEH,
KaTo B pe3yiTaT Ha NpudaBeHaTa CTapTepHa
KYJITypa HETOBOTO KOJIMYECTBO 3HAYUTEIHO CE
rosummasa (tabdmn. 1). Ilpu onurHUTE MpodwM ,,I'a-
OpoBcKa Kaiizep macTepMma’ W macTbpma ,,I1moB-
nuB” ¢ OaktepueH mam Lg ce momyuaBa v-
OyTHPOJIAKTOH, KOWTO BEpOSATHO € MPOAYKT Ha
OeXuapaTanusaTa ¥ - I[UKIA3ApPAaHeTO Ha Y-
XUIPOKCUKHCEINHU, 3a KOUTO ce 3Hae, de
MPUCHCTBAT B )KMBOTUHCKUTE Ma3HWUHH. J[okaTo
B KOHTPONHHUTE TpoOW Yy-OyTHpOIIAKTOHA Ce
YCTaHOBSIBA B 3HAYUTEITHO HUCKW KOHIIEHTPALINU
W JIOpH CJIeTH OT HETO.

KoncTaTtupanure npoMeHH B CTOMHOCTUTE 3a
apomaTa Ha W3CIIeIBAHUTE MECHH IMPOJYKTH II0-
Ka3BaT 3HAYUTEIIHO TII0-BUCOKH OLEHKH MpH
OIMMUTHUTC MapTHUAN, MPOU3BCACHU CHC CTApTEP-
HaTa KynTypa. Pesynrarute OT opraHoienTHd-
HUA aHaJIW3 HE IIPOTUBOPECYAT HA TC3U, IMOJTYYCHU

Ype3 onpeieNissHe Ha apOMaTHYHUTE BEIIECTBA C
MOMOIITa Ha Ta3oBaTa Xpomartorpadus ¥ Mac-
cnekTpanHus aHanu3 (tadn.l). Tesu pesynratu
MOTBBPKABaT CTaHOBHIIETO, Y€ BJIAaraHETO Ha
Oaktepuitnus wam Lg ch3gaBa HEOOXOTUMHUTE
YCIIOBHS 3a MPABUIIHOTO TPOTHYAHE HA MPOIICCHU-
T€ Ha apoMaTooOpa3yBaHe, B pe3ylaTaT Ha KOHTO
ce popmupa criemUpUIHIAT apoMaT Ha TOTOBUTE
MPOIYKTH.

Ot Tabn. 2 e BUIHO, Y€ OLEHKUTE MO OTHO-
IIEHWEe Ha apoMaTa Ha ONHUTHHUTE MPOAYKTH ca
3HAYUTEIHO TO-BHCOKU OT TE3M MOJY4YCHU 3a
NPOAYKTHTE, TPOU3BEICHNM Oe3 BlaraHe Ha
Lactobacillus plantarum wam Lg. TpsbBa na ce
OTOEINEeXKH, e He € YCTAHOBEHO 3HAYMMO Pasiiu-
Yyre MEXKAy OIICHKHATE Ha TO3M IOKa3aTell MpH
onuTHHTE 1Ipodu ,,I'abpoBcka kai3ep macTbpma”
1 macTbpMma ,,I[710BIMB”, KOETO HH JaBa OCHOBA-
HUE Jia IPUEeMeM, Ye CTapTepHara KyJiTypa okas-
Ba €THAKBO OJIAarONPHUSATHO BIUSHUE BBPXY 00pa-
3yBaHETO Ha apoMaTa Ha M3CJeJIBaHUTE CYypPOBO-
CYIICHHU MPOJYKTH OT HEPa3apoOEHO Meco.

Ta6auuma 2. OpraHonenTuyHa OIEHKA HA TOTOBH MPOIYKTH OT ONWUTHH W KOHTPOIHU TPoOH
ot,,l'abpoBcka kaiizep mactbpma’ U macTbpMa ,, I lmoBnus” , N=9

TIpo6a ,,] aOpoBCKa Kai3ep nactbpma” nactbpma ,,ImoBauB"

Iokasarein OIUT KOHTpOJIa OIUT KOHTpOJIa
BoHIICH BHJ 8,32 +0,04 7,25+0,04 8,29+0,05 7.2120,04
s Ha paspesta 8,54+0,05 6,89+0,05 8,31+0,05 7,2040,03
TIOBBPXHOCT

Apomat 8,46+0,05 6,34+0,03 8,43+0,04 6,42+0,05
Bkyc 8,1120,04 6,90+0,05 8,15+0,05 6,55+0,02
KoHcucreHuust 8,19+0,08 6,34+0,06 7,82+0,07 6,40+0,04
O61ma oleHKa 8,25+0,04 6,90+0,04 8,10£0,03 6,75+0,03

YcTaHOBEHO €, Ye U3CICABAHUTE MMPOAYKTH OT
JBaTa aCOPTHMEHTA, MPOU3BEIEHN ChC CTApTEp-
Ha KyJATypa TOJly4aBaT IO-BHCOKAa OIICHKa 3a
BKyC (Tab61.2). OcBeH TOBa, BKYCHT Ha ONMUTHUTE
MpoOM Ce OIEHsABAa ChC 3HAYUTEIHO IMO-BUCOKH
CTOWHOCTH B CpaBHEHHE C T€3W Ha KOHTPOJIHHUTE
npobu. Ilo Bcsika BEpOSITHOCT, H3MOJI3BAHUST
OakTepueH wam Lg mputexkaBa criocoOHOCTTA Aa
HaIpaBIIsBa MPOTEOIUTUIHHUTE TIPOIECH TT0 Bpe-
M€ Ha 3pEEHETO U CYIICHETO W Ja JOMpHUHACS 3a
MOJTy9aBaHETO HA MPHUATEH U XapaKTEPEH BKYC 3a
CypOBO-CYIICHUTE MECHU IpoaykTu. OT pe3yi-
TaTuTe B TaOJ. 2 ce BWXKJA, Y€ HE € YCTaHOBEHA
3HaYMMa pa3iuKa B CTOMHOCTUTE 3a OIUTHUTE
mpobu Mexny ,,l'abpoBcka kaizep macTepma’ U
nactepma ,Ilnopnus”. Ilo oTHOLIEHUE HA TO3U
mokasares obade, ¢ IO-BUCOKA CpelHA CTOMHOCT
€ OLICHEH aCOPTUMEHTHT nacTbpMa ,,[[1oBauB”.
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W3BecTHO €, 4e KOMIUIEKCHT 3a BKycCa, ChCTO-
I C€ OT MHOTO IMOKa3aTelld, € B OCHOBATa CHU
pe3yiTaT OT BB3ACHCTBHETO Ha pa3iuyHU (ak-
TOpY BBPXY MPOJYKTa MpPU HEroBaTa TEXHOJO-
rus. ETo 3amo, Moxe na ce mpueme, ye Oakre-
PUHHUAT wam Lg B3eMa ydacTHe IpU 3pEeHETO
Ha CYpOBO-CYIIEHHUTE MECHHU TMPOJIYKTH, Karo
MPOLEC OT TAXHOTO NPOU3BOACTBO M Ch3AaBa
BB3MOXKHOCT J1a C€ JOCTHTHE IMO-IIbJIHA XapMO-
HUYHOCT, KOSTO IPENN3BHKBA €IHOPOJIHO YycCe-
IIaHe MpU BKYCOBOTO Bh3mpustue. OCBEH TOBa,
M3IIOJI3BaHATa cTapTepHa KyJATypa OKa3Ba I0JIO-
JKHUTENEH eeKT C OrJIe/l TIOCTUTaHEe Ha MO-JI00Bp
apOMaTHUYHO-BKYCOB OYyKET IpH OMHUTHUTE MpO-
JTyKTH.



3akiaouenue

[MomydenuTe pe3yaratu oT razxpomarorpad-
CKHS U MAacCIEKTpaJieH aHajlu3 HH JaBaT OCHO-
BaHWE Jia MPHEMEM, Y€ H3IOJI3BAaHETO Ha CTap-
tepHara kyatypa Lactobacillus plantarum wam
L mpu MpOM3BOACTBOTO HA CYpPOBO-CYIICHHU
Ko0acu Ch37aBa BB3MOXKHOCT 32 yBEIHYaBaHE
Ha KOJIMYECTBOTO M 00OTaTsABaHE HA pa3HOOOpa-
3MeTO OT BeIIeCTBaTa, (OPMUpAIIN CKCTPAKT-
HaTa ¢pakius. Te3n BemecTBa ce BKIKYBAT MPU
o0yCclaBSHETO Ha apomMara Ha TOTOBHTE TMpPO-
IYKTH. YCTAaHOBEHO €, Y€ TNPUIOKCHHETO Ha
wam L 3HAYMTENHO CHJICHCTBA 3a HATPYIBAHE
Ha pa3HOPOJHU apoMaTHYHHU BeliecTBa. ToBa
JlaBa OCHOBAaHHE Ja CE€ CUYHWTa, Y€ CTapTepHaTa
Kyntypa oT wam Lg ce sBsBa momxopsia 3a
Mpujlaraie B TPOMU3BOJACTBOTO Ha CYpOBO-
CyIIEHN KON0AcH W CHAEWCTBA 3a 3HAYUTEITHO
HATPYIBaHE HAa Pa3HOOOPa3HH apOMATUYHH Be-
IIECTBA U MOJ00PsABaHE HA apOMATHO-BKYCOBUTE
KadecTBa Ha MpoAyKTa. B ommrHUTE TIpodm ca
UACHTU(OUIMPAHA JONBIHUTEIHO 12 chenuHe-
HUS B CPaBHEHHUE ¢ KOHTPOIHUTE 00pa3iu. AHa-
TU3BT HA MONyYSHUTE Pe3yNTaTH HU JaBa OCHO-
BaHWE Jla MPUEMEM, Y€ HM3MON3BaHUAT wam Lg
OCHUTYpsiBA HEOOXOJMMHUTE YCJIOBUS 3a TpPaBUJI-
HOTO NMPOTUYAaHC Ha OMOXMMHUYHHMTE IMPOIIECCHU, B
pe3ynTaT Ha KOuTo ce (opMupa CeH30pHAaTa Xa-
PaKTEpPHUCTUKA Ha CypOBO-CYIICHUTE MECHH IPO-
JIYKTH U ChJACUCTBA 3a TOJYYaBaHETO HA TOTOBU
MPOAYKTH C BHCOKA OPraHOJENTHYHA OLEHKa 3a
KadeCTBOTO WM.
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I'opu U OBLIECTBO
Mapus beueBa, Hukona Bakpuios
FORESTS AND SOCIETY
Maria Becheva, Nicola Vakrilov

ABSTRACT: For thousands of years man has lived in the woods and used their vast resources. It is affecting
forests but this influence was practically imperceptible. Many years ago, the ancient representatives of the peo-
ple believe that natural resources (which are also the forest) are inexhaustible
After many observations and analyzes, scientists have determined that there is direct correlation between the
historical development of human society, social production and use of forests. Based on human needs and are
based on the relationship between man and nature.

Forests have very many features that benefit the benefit of society, but the more mankind evolves, the more
noticeable separation from nature. This requires studying the regularities in nature, and hence the study of for-
ests. In order to study the actual situation is necessary to conduct research in primary forests, as unfortunately
almost no longer remained. Small remnants of these forests are located on our continent, but access to them is
extremely difficult, which led to their preservation in this form. Research and study of these forests is necessary
in order to restore and maintain the ecological balance in a reclamation sites where the balance is violated. To
establish laws and methods to maintain the ecological balance in forests is necessary to learn how to run prima-
ry natural forests. Therefore create reserves where it can be inspected and watch is the development of ecosys-
tems naturally. Sustainable management of forest ecosystems requires the integration of social interests, eco-
nomics, ecology and relation to the resource potential of forests.

Keywords: forests, society functions of forests, sustainable development.

BbBenenne MUHQJIOTO TOpPHUTE ca MOKpuBain okoso 50% ot

cyliaTa Ha 3eMsTa HO IOJ BIMSHHE Ha YOBEKa U

B 3aBucMMOCT OT KakBa TJelHa TOYKa Hie  APYrd (GaKTOpH, MPOIEHTA € HaMallsul 3HAYUTEII-
MOTJIeIHEM Ha Topara, U ONpeNeieHUATa 3a Hes  HO U TeHJSHIMSTA € Ja MPOJIBIDKU Jja HaMallsiBa.
ca MHOTO M pazHooOpa3Hu. OT riegHa Touka Ha [ 'opUTe 3aeMaT BaXHO MSCTO B YOBELIKHS KH-
€KOJIOrUATa, Hali-IIPOCTOTO OLIPEJE/ICHUE 3a Topa  BOT, 3alllOTO T€ IPEACTaBJIIBAT M3TOUYHUK Ha
3Byun Taka: ToBa e elHa eKocucTeMa, B KOATO  MHOIo pecypcu. Te yuacTBar B peryjaMpaHero Ha
JOMHUHMpPAIUTE BUIOBE Ca IbpPBETa M XpacTH.  KiIMMaTa, HOANOMAaraT HaMmajsIBAHETO Ha II0C-
Axko TpsOBa 51a ce 3aaBI004MM oOaue mie 3a0e-  JIEACTBHATA OT NMPUPOJIHHU OEICTBUS KaTO HaBOJ-
JIeKUM, Y€ HE CaMO IbpBETaTa W XpacTUTe ca  HEHWS M yparaHHH BeTpoBe U Apyru. OCBeH ToBa
MIpPEICTaBUTENINTE HA TOpUTE. B Hed ce BKIIIOYBAT B FOPCKHUTE MACHBH CE€ ChABPKAT okoio 90% ot
u crneuuduyHaTa TPEeBHA PACTUTEIHOCT, MHK-  HAa3eMHUTE IPEACTABUTEIIM Ha OHWOJIOTHYHHUTE

POOHU U )KUBOTHHCKH TIPEICTAaBUTEIIH. suyose (Barthod, 1993)
Crioper OBJITApCKOTO 3aKOHOIATENICTBO MO/
TEepMUHA ropa ce pa3dupa BcsKa €HA 3eMHA II'bpBH 1ONMPH HA YOBEYECTBOTO C ropaTa
IUIONI KOSITO € 3aeTa C XPACTOBH WU JbPBECHU
HPECTABUTENH U € [O-TOJIsSIMa OT SIMH JeKap. Crtest ABJITH HAOIONCHHS M AHAIN3H YYEHHUTE
B pasnuyHUTE TOYKM Ha 3€MHOTO KBJIOO M Ca YCTAaHOBHIIUS, Y€ CHIIECTBYBA MpPsKa 3aBHUCH-
pa30upaHMATa 3a ropa ca pa3iuvHH. B 3aBHCH-  MOCT MEXIy HMCTOPHYECKOTO pPa3BHUTHE Ha YO-

MOCT OT TOBa B KOs TOYKa Ha CBE€Ta CC HaMHpPaMe BCIIKOTO O6IIICCTBO, 06H1€CTBCHOTO IIpoOU3BO/JIC-
OIIPpE€ACIICHUETO 3a rOpa MOXKE aa Bapupa 3Ha4u- TBO M H3MOJI3BAHCTO HA T'OPUTE. Ha 6azara na

TEJTHO U 110 pa3Mep | IO KIIaCU(pUKAIHUS. YOBEUIKUTE TMOTPEOHOCTH ce 0a3upar M B3auMO-
I'opckure MacuBH MOKpUBAT OKOJIO 9.5% OT  OTHOIIEHUATA MEKIY YOBEKa M IMPUpOIaTa.
MMOBBPXHOCTTA Ha 3emsATa wiu okoio 30% or B npombmkenue Ha XWISAIH TOOUHU YOBEKHT

TCPUTOPUUTC Ha CyllIaTa. Vuenure CMsTa, 4€ B € JKHUBAJI B TOPUTC U € U3MNOJ3BAJ OT TCXHHUTC
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HeoOsTHH pecypcu. Tol e oka3Bajl BIHSHHUE
BBPXY TOPUTE HO TOBA BIUSHUE € OWMIIO NMPaKTH-
yecku Heszabenexxumo. [Ipenn MHOrO roauHH,
JIPEBHHUTE NPEJICTABUTEIIN HA XOpaTa CMATAIH, ue
MIPUPOTHUTE pecypcu (KaKBHTO CE SBABAT H TO-
puTe) ca HenmzuepraeMu. B ropure Te HamMupamu
MSCTO 3a JIOMyBaHE, MSCTO 3a Ha0OaBsHE Ha
npexpana, ckpupaimmie u T.H (baiikos,1998). C
EBOITIONHATA CH 00ade YOBEKHT OTKPHJ, Y€ OC-
BEH 3a TOpeu30pocHUTE (QYHKIMU IbpBETaTa
MOTaT Jia CIIy’)KaT 3a OTOIUICHHWE, 3a HW3XOICH
MaTepual 3a HalpaBaTa Ha IMO-yJOOHH KUIHIIA,
3a HampaBaTa Ha pa3lIM4YHA CEYUBA KOUTO Ja
YJIECHSIBAT TEXHUS HAYMH Ha )KUBOT. e MOj3Ba-
U TOpUTE HAIBIHO CBOOOMHO W 0€3 HHUKAaKBU
orpaamyeHus. Koraro 4oBe4ecTBOTO HaBJIE3HAIO
B epaTa Ha BB3PAKIAHETO U MPOMHUILICHATA
uagyctpus (XVI — XIX Bek), ¢ pa3BUTUTETO HA
npepaboTBaliaTa WHIyCTPHs, KOHCyMalusiTa Ha
I'bpBECHHA C€ YyBeJIMuYaBa a OT TaM U TIXHATa
wionl. IIpe3 mocneaHUTe NECUTHICTHS HAa MUHA-
mus BeK Mama0bT Ha CIEAWTE KOWTO HaHACs
YOBEYECTBOTO BBpPXYy ropute ¢ roysm. Cropen
YUCHHUTEC, IMOYTHU IIOJIOBHHATa OT T'OPUTC KOUTO
HSKOTa ca MOKPWBAJIH CylaTa ca OWIM YHHILO-
skeHu. Camo 3a okono 500-550 roauHu miomra
Ha FOPUTE B CBETOBEH Mallad € HamaJisijia OKOJIO
Tpu bTH. B 1tudpu ToBa 111€ pede ciIeAHOTO:

» Usceuenwu ca Han 3,2 MIpJ XeKTapa ro-
pu.

»  Yuumoxenu ca Ouwiau okojo 0,6 mupa
XeKTapa MacHima.

»  KonunuecTBOTO Ha KHCIOPOa B atMoche-
paTa HamaisiBa BCSKa roguHa ¢ okojio 10 mipx
TOHA.

Nzuesnanu ca, uiu e Ouia HapyiieHa oce3aTell-
HO moITysianuaTa Ha Haj 150 Buma JUBH )KUBOT-
uu u nruiy (Haiinenos, 2010).

FopuTe B HAlllM THHU

[loBuiieHOTO ThpCeHE Ha ObpBECHHA U OBp-
3UTE TEMIIOBE Ha M3CHYaHE MPHUHYKJaBaT YOBE-
YEeCTBOTO Oa O6’LpHe BHMUMAHHUE Ha TO3U TPEBO-
eH npobsiem. Pa3paboTBar ce Mepku 4MATO Lel
€ Ja cé HaMaJd KOJIMYECTBOTO HA YHHUIIOKEHU
TOpCKU IUIOIM. BBBEXIAaT ce penpecuBHU U
3aKoHOAATeTHH Mepku. CTUMyIupar ce Mepor-
pUATHS CBBpPA3HU C 3aJleCsiBAHE, OTIVICKJAHE U
oma3BaHe Ha ropuTe. BpBexIaT ce TakcH 3a Joc-
TBII U TOJ3BaHe Ha AbpBeceH marepuan. Ho go-
PY TE€3U MEPKHU HE Ca B ChCTOSIHUE Aa MPOMEHST
KOPEHHO TEMIIOBETE Ha YHUIIOXKaBaHE Ha TOpH-
Te. Hail-moThpneBiy ca ropute KOUTO ca JIECHO
JOCTBITHU U B OIU30CT 710 TPaJoOBe, cela U Mpo-
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MHUIIUIEHU crpanu. ToBa e Taka, 3aIloTO WHBEC-
TULMXTE CBBP3aHU C JOOUB Ca MUHUMAJIHU.

Ona3BaHeTo Ha TOpUTE Hajara KOpeHHa Mpo-
MsHa B IOJUTHKATa, M3MOJI3BAHETO Ha OTHAlb-
LUTe, HaMaIABaHE HA CBPbBX-NIOTPEOJIEHUETO,
LIEHOOOpa3yBaHETO U CcToNaHHCcBaHEeTo. B nHem-
HO BpeMe rOpHUTe ce CpelaT Ha BCUUKH YacTH Ha
3eMsATa ¢ M3KIIOYCHHE Ha AHTapKTHKa U ['pen-
naaaus. ['ossiMa yacT OT BCHYKHM TOpH c€ HaMU-
par B Tpormuuute. OT 0OIIOTO KOJIMYECTBTO TO-
pH, TOJIsIMA YacT c€ HaMHpaT Ha TEpUTOpHUsATa Ha
caMmo ceneM abpxaBu. Toa ca Pycus, Kanana,
bpazunus, CAIll, Uunonesus, Kuraii u Konro.
Cnopen cTaTUCTHKaTa Ha TEPUTOPUITA Ha Te3U
celeM IbpKaBu ce HamupaT okoio 60% ot ro-
pute B cBeta(Chauvin u xoi., 1994).

Cnopen nanHu Ha CBETOBHHS WHCTHUTYT IIO
pecypcuTe mpe3 MOCIEAHUTE ACCUTHIIETUs, Io-
JsIMa 9acT OT YHMILIOXKEHHUTE Topu ca OWiM B
EBpoma, CeBepna Adpuka, bnmskus M3tok u
CeBepHa Awmepuka. brmarogapenue Ha ywmena
MOJIMTHKA W 3apaboTWiiM MepKH B o0iacTra Ha
ONa3BaHeTO Ha UM, TopckaTa Mmokpuska B EBpona
u CeBepHa AmepuKa ce e crabunusupana. Tosa e
TaKa, 3alI0TO TEPUTOPHUHUTE ChC 3aCEJIICHUTE BTO-
PUYHH TOpPH HOIBJIBAT MECTAaTa Ha 00E3JIECECHUTE
tepuropun. Ilak cropen manHm Ha CBETOBHUS
WHCTUTYT II0 PECypCHUTE OT CEerallHUTe TOpH,
enBa 22% ca OT IbPBOHAYATIHOTO €CTECTBEHO
ropcko nokputue (Carbiener, 1991).

OOe3necsiBAHETO € €AMH OT CEPHO3HHUTE
npobiaeMy npes KOUTO € U3NPaBeHO YOBEUECTBO-
TO B OopbOara cu 3a 3ama3BaHe Ha ropute. ['omns-
Ma 4YacT OT TOPCKHUTE MAacHUBU ca C HApYLICHH
kauectBa. Okxono 95% oT ropure B KOHTHHEH-
tamHata yacT Ha CAILl ca Omnm Beue M3CeUCHH
MOHE €MH BT OT MOMEHTa B KOMTO ca ce 3ace-
JIWJIM 110 TE3U TepuTopuu esponeinure. B EBpo-
1a TO3U MPOLIEHT € He Mo-MaJIko cTpsickaml. Enpa
0KOJI0O 1 TPOIEHT OT ceramrHaTa JbPBECHHA €
mepBudHA. OK0II0 2-3 0T 001I1aTa 1o Ha TOPH-
Te e Omna u3cuyana noHe 1 mbT. Bbropeku, ye
TE3W TOpU CJel TOBa CE€ 3ajJecsBaT IOBTOPHO
TE3W MecTa HUKOra IoBeue HsiMa Jia ObJaT Chb-
mure. Jlopu recTOTaTa M BUCOYMHATA HA ABpBE-
TaTa Ja JOCTHTHE Ta3W Ha MpeIuIlHaTa ropa, B
T€3W HOBH M IPOMEHEHN €KOCUCTEMH Ca PSIIKOCT
ciydaiiTe B KOHTO CE€ BH30OHOBSBA IBIHOTO
pasHooOpa3ue OT MECTHM BHJIOBE, MOpagd Ha-
PYLIEHUTE €KOJIOTHYHHU IPOIECH XapaKTEepHH 3a
ecrectBerute ropu (Dubourdieu, 1982).

3aMBpCsIBAaHETO Ha BB3JyXa CBHILO € ONpese-
711 (pakTop 3a Ka4yecTBOTO Ha ropute. MpbCcHU-
AT BB3AyX OTCIa0Ba TAXHATA 3/paBUHA U T'U Ipa-
BU 110 YSI3BUMHU 3a Bb3JEHCTBUSITA HAa OOJIECTUTE,



BpEINUTENNTE, HEAOCTUTA HA XPAHUTEIHN Bellec-
TBa U cymara. Oco0eHO CHITHO TOBa € M3Pa3eHo
B EBpomna, CeBepHa Amepuka u Asus. B EBpomna
MPOIEHTa HA YMEPHO WJIM CHJIHO 00e3JeceHUTe
IbpBeTa (KOETO € B pe3ysTaT Ha 3aMbPCSIBAHETO)
e okojio 25. Ta3n CTaTUCTHKA WM3TIICKIA CTPsIC-
Kallo, HO B JCHCTBUTEIHOCT MOJOXKECHUETO €
MHOTO TIO CEPHO3HO, 3aII0TO Te3u mupu ca Ha
0aza Ha oQUIMATHA TPABUTCIICTBCHH IaHHH.
MHoro oT IbpkaBuTe 0obade He ca B ChCTOSHHE
Ja W3TOTBAT JOCTOBEPHH CHCTEMAaTHU3MpPaHH
OIIEHKH, a 32 MOMEHTa He € M3PadOTeH He3aBH-
CUM Ha3eMEH WIH CaTeIMTeH MOHHUTOPUHT
(Chauvin u ko, 1994).

YBenmueHOTO TOTpeOieHne W HapacHajiaTa
THPTrOBHUS Ca OCHOBEH MOTHB 3a M3CHYAaHETO Ha
TOPHUTE W M3IMOJI3BAHETO HA IJIOLIUTE MOJ TAX 32
npyru nenu. Karo ceproseH mpobieM Moxe 1a
ce mocoyaT CyOCHIOWHTE W TIOOIIPSIBAHETO Ha
IbPBOJOOMB, C 1Nl MPEBPBIIAHETO Ha TOPUTE B
oOpaboTBaeMa 3eMs U Ch3llaBaHE HA HOBH CEJIH-
ma.

Teproeusra ¢ TOPCKH MPOAYKTH CHIIO € OC-
HOBeH nBwxken ¢axtop. Crnopen nannu Ha Hko-
Homuyeckata komucus Ha OOH 3a EBpoma, 3a-
KOHHATa PETUCTPHUpaHa TBHPTOBHS C IBPBECHHU
MPOIYKTH BB3MW3a Ha 115 mupa momapa romuii-
HO U € €IWH OT OCHOBHUTE CEKTOPH Ha T00al-
Hua naszap. B cpaBHenue ¢ 1950 ronuna, Thpce-
HETO Ha KPBIJU TPYITH 3a MPOU3BOJICTBO HA Xap-
THS, 32 MHAYCTPHATHHA HYX/IU, 32 OTPEB U JPYTH,
€ HapacHaJlo TOBeYe OT J[Ba IIBTH. Y BEIINYaBa-
IIOTO Ce HaceJeHWe Ha IJIaHeTaTa He € OCHOBHA
MPUYHHA 32 MTOBHUIICHATA KOHCYMAIUs Ha JbpBe-
cuHa. Hali-romsimMaTta gact ot morpebieHHETO €
MIPY IKOHOMHUYECKH Pa3BUTUTE W OOTaTH CTPaHMU.
[Ipu TsX OpOSIT HA HACENEHHETO € OTHOCHTEIHO
noctosiaaer (Deconchat u koi., 2004).

Bausinue Ha XopaTa BbPXY ropure

B muHanoro 3a 100MB Ha JAbpBECHHA XOpaTa
ca U3IM0JI3BaJIM OpaJIBU a B IOCIICACTBHE

u TproHu. Cera Te3u ceuynBa ca 3aMEHEHH OT
MOTOpHUTE pe3auku. biaromapeHue Ha TAX Bpe-
METO 3a ps3aHe HamaisiBa B MbTH. OCBEH TOBa 3a
psi3aHe Ha €JJHO TOJISIMO IBPBO B MUHAJIOTO € OWII
HEoOXO/IMM M CepHO3eH YOBEIIKH pecypc. Karo
Ce 3all04He OT PSA3aHETO, KBAETO MOHIKOTa Ce €
HaJlarajuo peyBaHeTO Ha HSAKOJIKO YOBEKa Hopa-
JIM M3TOILICHUE, MUHE C€ Mpe3 HErOBOTO Hapsi3-
BaHE M CE CTHTHE JI0 TPAaHCIOpTHpaHeTo. B Hamm
JHU €IMH YOBCK BBHOPAKEH C €IWH CIHHCTBEH
MOTOPEH TPHOH 3a €IMH JIeH MOKe J1a HaHece
TOJIKOBA MOPEKEHHs, KOJIKOTO B MHHAJIOTO IS0
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celo He MoXke Ja HaHece 3a 1 romuwHa. OcBeH
TOBa enporabapuTHaTa TEXHUKA MO3BOJSBA TIpe-
BO3BaHETO HA TOJEMHU KAaTO KOJMYECTBO M 00eM
Tpynu, 0e3 na ce Hajara pa3(acoBaHETO MM B
ymobHa 3a TpaHcmoptupade ¢opma (Barthod u
KoL, 1993).

Upe3 HW3cHYaHETO Ha TOPUTE, YOBEUECTBOTO
ryOu MHOTO ToBede OT abpBecuHa. Cres 1ppBe-
CHHATa HaW-IPOJaBaHUTE TOPCKH IMPOIYKTH ca
KOpKa, YIKWTEe, MEAMKAMEHTH, Macia M JIPYTH,
KaTo ofmara CTOMHOCT Ha TakKWBa MPOIYKTH
HamxBbpisA 11 mupna monmapa 3a romuaa. OCBeH 3a
npojaH, He OuBa Ja ce mpeHeOpersa u Apyr co-
[IUATHO-UKOHOMHUYECKH (hakT 3a ropure. OCBeH,
4Ye OCHUTYpsBaT NpexpaHaTa Ha MECTHOTO Hace-
JieHne B O€THU pailoHUW, TOBA € M €IUH OT HadH-
HUTE 3a OlEJIsIBaHe Ha MIJIMOHHM XOpa IO CBETa
(TIOHSIKOTa HACEJIEHUETO Ha IIeNH TPajioBe pado-
TAT KaTO JbPBOCEKAYN).

B romunute 1o cpeaara Ha XIX Bek, B pa3Bu-
TUTC CTpaHH, JICCHO AOCTBIIHUA ObPBCH MaTpC-
puain Oerre m3cedeH, KaTo AbPBECHHATA B TOIA-
MaTa cu YacT Oellle M3MON3BaHa 3a TOPUBO U 32
cTpouTesicTBO. ['oyisiMa 4acT OT M3IMOJ3BaHATa B
MOMEHTa IbpPBECHHA € BCE OIIe OT IbPBUYHH
ropu. 3abens3Ba ce TeHISHIH o0ade, MPOoIeHTa
Ha IIbPBUYHUTE TI'OPU Ja OTCTHIIBA 11O OTHOIIEC-
Hue Ha BTopuuHMTE. ToBa € Taka, 3a10TO KOJIU-
YECTBOTO HA TE3W TOPU € HAMAJSUIO 3HAYUTEITHO
W OCTaHAIIUTE 3amacu OT TAX ca B TPYAHO JOC-
TBHIIHA PaliOHH, KOETO € WKOHOMHYECKH HEH3-
TOJHO. 3a ChKaJeHHe BCE Ole € U MallbK MIpo-
[IEHTa Ha JbPBECHHATA KOSITO € W3BIIEYCHA OT
YCTOMUYUBO CTOITAHUCEAHH I'OPH.

OcBeH npsAKo (4pe3 W3CHYaHe) YOBEYECTBOTO
BIIMSie U MHAWPEKTHO Ha ropute. [lopamu cBosita
HEMBPIUBOCT WM HEOPEKHOCT YeCTO CTaBatr
MalaOHU TOPCKU MOXKAPH, KaTO TOPaKEHUSITA OT
TAX Ca CTOTHIM XWJISAM JIEKaph BCSIKA TOJWHA.
MHoro roisMa 4acT OT OINOXapeHara ropa e
MPaKTUYEeCKH HEW3IoJ3BacMa U HE MOXKE Jia ce
M3M0J3Ba 3a HUINO. KiMMaTHyHWTE NPOMEHH,
3aMBbpPCABAHETO Ha BB3AyXa M JPYyTrd ca CaMo
Majka 9acT OT ()aKTOPUTE KOWTO OKa3BaT BIIMS-
HHE BbpXyY ropure (3apkosa u Koit., 2005).

IIpuiioxkeHue HA TOPCKUTE pecypcH B
e:KeTHEBHETO

Ilopaau TMOCTOSHHO MOBMIIABAIIOTOTO C€
norpebJieHre, HaMAISIBAaHETO Ha KOJIUYECTBOTO
Ha TOPUTE U CUJIHHS UKOHOMUYECKH U COIMAJICH
HATHCKO JIOBEJOXa JI0 Ch3JaBAaHETO HA MEPKH,
KOWTO IIEJIAT Mo-eeKTHBHA yIoTpeOa Ha TbpBe-
HUS MaTepual. BUJHO OT JaHHUTE Ha KPYITHHUTE



IBpBOTIpepadboTBareny B romuauTe OT 1950 mo
1990 3a mpon3BOACTBOTO Ha €IWH TOH IIPOMHIII-
JIEHU ABPBECHU MPOIYKTH € u3pasxozasaHa 23%
MO-MaJIKo cypoBa nbpBecuna. [lopamu Ta3u npu-
YMHA W3MO0JI3BAHETO HA Ha MHOTO KpaWHH IMpo-
JYKTH KaTo XapTHs, IITIepIuiaT u JIpyTH, ce yBe-
JrYaBa MHOTO T0-0Bp30 OT 00K ABPBOAOOUB.

HapnuzaneTo Ha KOMIIOTPUTE W MOJIEPHUTE
TEXHOJIOTHH B 3aBOJIUTE JIOBEJIE /IO YBEIUYaBaHE
Ha MaKCUMyM KOJHMYECTBOTO Ha H3MOJI3BaHHS
NPOAYKT OT BCSIKO OTCeueHO AbpBO. Hammpa ce
MPUIOKEHUE U HA OCTATHIUTE KOUTO B MUHAJIO-
TO ca OWIM M3XBBPISHU KAaTO HEU3IOJI3BaeM
npoaykT. Cera Te ce HW3MON3BAT 3a LENyJ03a,
HOBHM KOMIIO3UIIMOHHHA JIBPBECHH MPOAYKTH,
TOPUBO M JPYTd KOWTO HAMHPAT MPHIOKECHUE
BB (habpukure. MHBeCTHpa ce B pa3paboTBaHe-
TO Ha CHBBPIICHHO HOBH JBPBECHH MPOIYKTH.
JlocTa OT Te3u NPOYKTH UMAT MHOTO MO-TOJIsIMa
30paBUHA OT TEXHUS aHAIOT M3PabOTEeH OT Ma-
cuBHO 16pBO (MapaupocsH, 2009).

O1re oT JpeBHH BpEMEHA JbPBOTO CE H3MON3-
Ba KaTO OCHOBEH CTpOUTENIeH MaTepual. Tosa e
Taka, 3al0TO MpPU HETOBOTO IMPOW3BOJCTBO CE
W3pa3XoJ[Ba MO-MaJIKO CHEPTHUs U POHU3BOICTBO-
TO € TO0-YUCTO B CPaBHEHHE C MPOU3BOJCTBOTO
Ha MeTanu, 0eToH W TuiactMaca. [lopamu 3aBu-
MICHUTEC IEHH, HUCKOTO KAa4Y€CTBO M HamMaIsiBa-
1iata HAIWYHOCT, CTPOUTCIHUTE APXUTEKTH U
npeAnprueMadn, €KOJI031 U TOPCKU pabOTHHUIHN ce
NIPUHYXKJABaT Ja ThPCAT AJITCPHATUBHYU HAYUHU
32 CTPOUTEJICTBO M MPOCKTUPAHE, KOUTO Ja ca
UKOHOMHYCHHU, PECYPCHO S()EKTHBHU U YJIOOHH.
3a 1a ce HaAMalM Oce3aTelIHO KOJIUYECTBOTO Ha
W3MOJ3BaHKS JTbPBEH MaTephal € He0O0XOIUMO
Ja ce momo0py PeHUKIMPAHETO U Jia C€ YCKOPH
MOBTOpHATa ynoTpeba Ha Bede M3IMON3BaHH BE/l-
HBXK mpoaykT. Kato npumMepu 3a ToBa Morart ja
ce ToCcoyYar, U3MOJM3BaHETO HA MaTepUall KOUTO €
OWJ M3MOJI3BaH MPH Hampaparta Ha KOMpaxu 3a
MOKPUBHHA KOHCTPYKIMH. OCBEH TOBa IBHPBOTO
KOETO € OCTaHaJo IpH pa3pyllaBaHe Ha Crpaau
O MOrJIo J1a ce M3MOJ3Ba KaTo TOPHBO, WM 32
HalpasaTa Ha XapTus U T.H.

Ot 1sutata qo6uTa IbpBecHHa, OKoio 19% e
M3pa3xojiBa 3a HampaBaTa HAa XapTUEHU HPOIYyK-
. Oxomo 42% MBK € KOJIMYECTBOTO Ha AbPBEH
Marc€puall KOUTO OTHBa 3a IMPOMUIIIICHU HYXIHU.
TengeHuusTa € ABPBECHHATA KOSTO CE M3II0JI3Ba
3a HampaBaTa Ha XapTHs Jia ce TMOBUIIM 3HAYH-
TeAHO M ja jgocturHe ot 19% na 50%. Ilpes
1950 roguHa KONMMYECTBOTO HA MPOMU3BEIECHA
xapTus ¢ 6usio okono 50 mutH ToHa. [Ipe3 1998 T,
TOBa KOJIMYECTBO € JOCTUTHAIO0 okoyo 300 miH
ToHa. OUakBaHUITA HA YYCHHTE Ca, THPCEHETO
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Ha xaptus B iepuona ot 2010-2015 roguna na ce
mosut ¢ 30-35% ( @apuen u ko:1., 2007).

3amuTHU PYHKIMH HA TOPUTE B M0J13a HA
00111eCTBOTO

3amuTHUTEe QYHKIMU HA TOPUTE MOTaT Jia ce
pasrienar B HIKOJIKO OCHOBHU I'PYIIH.

Xuaposaorudeckure (QpyHKIMHM Ha TOpUTE ca
CBBbp3aHU Hai-Bede C NPOTUBOCPO3UOHHUTE
¢ynkumu. OT eaHa cTpaHa 3a Ja MMa TOYBEHA
epo3usi € He00X0ANMO Jja UMa ToJIIMO KOJINYECT-
BTO OTTHYAIA C€ BOJA, KOSTO J]a OTHACS TUIONO-
ponHus cioil Ha mouara. OT gpyra cTpaHa Ko-
raro HAMa KakBO Jla CIIpe BojaTa KOATO IpPOC-
MyKBa B IouyBaTa Ts (opMHpa MOIINOYBEHU OT-
Touu. ['opara urpae chlecTBeHa poJisi 3a Mpe-
JOTBPATSABAaHETO Ha Te3W Iporecu. Upes cBosita
KOpOHa, Te¢ (uiaTpupar BoJaTa HIBalia OT aT-
Moc(epara ot npaxta. OcBeH TOBa B KOpOHaTa
ce U 3aabpKa U3BECTHO KOJMYECTBO BOJA KaTo
HE TO3BOJISIBA O HSKAaKBa CTEIEH 00pa3yBaHETO
Ha TEUEHHWsS KOUTO J1a YCKOPSBAT E€PO3MOHHUTE
npouecu. ['opute yyacTBar B roJjissMa CTEIIEH U B
KpbroBpara Ha Bojata (3axapues u koi. 1999).

Kmumarer e apyr ¢dakrop Ha KOHTO ropute
CBII0O MOTAaT Jla OKa3BaT BIMsIHUE. YUYCHUTE ca
YCTaHOBWJIM, Y€ Ha MecTa KbJIETO UMa CHITHO
W3pa3eHU TOPCKH MAacHBHU, CPEIHHUTE TEMIEepary-
pu TIpe3 3uMara ca ¢ 10 okoio 2-3 °C mo-BUCOKY,
a mpe3 JEeTHUTE Mecermu 10 okoyo 1-2°C mo-
HUCKH. [lo TO3M HauMH Te ca yCTAaHOBWIH, Y€ C
MOJIXOAII THII HACAKICHUS OT TOPCKH THII, MO-
e Jla ce MOCTUTHE JI0 U3BECTHA CTEIICH U Peryp-
nupane Ha kiauMata (Couvreur, 1982).

I'opute urpasT chiecTBeHa pojisi U B ra30BUs
Oananc Ha maHetara. He ciyuaiiHo Te ce Hapu-
yar ,,0eiute apoOoBe Ha IuiaHeTara”. Yact oT
ra3oBeTe ce abcopOupaT B TUCTaTa HA ABPBECHU-
T€ BHJOBE. YUCHUTE ca YCTAHOBHJIM, Y€ JIHCTATa
Ha HSIKOW BHJOBE MOrar jJa abcopOupaT cepeH
JBYOKHC M Jla TO BKJIOYBAaT B CBOMTE MeTabo-
JTUTHY npouecu. KaTo mpumep 3a npedrcTBaHETO
Ha BB3JIyXa MOXE Jla ce JIaJie CICTHHS MPUMED.
AKO B elIMH KyOMYECKH METBD BB3IYyX C€ Chb-
nbpaxa okoso 0.10 Mr cepeH IBYOKHC, TOH MOKe
Jla ce MPEYNCTH HAITBIHO aKO TOBAa KOJIHYECTBO
BB3yX MHHE Npe3 OyKOBa ropa ¢ pa3MepH OKO-
JIO €/IMH XEKTap ChC CKOPOCT OKOJIO 25 KM B yac.
Korato obadye KONMYECTBOTO € B MO-TOJIEMHU
KOHOCHTpalnuu, BMECTO Jia IPpECYUCTBAT Bb3ayXa,
ropute OuBaT yBpexgaHu. Hsxou mbppBecHH
BUOBE Ca 0 U3APHKIMBU U Ca YCTOWYMBU Ha
OTpOBHHU rasose. Takusa ca siceH, rabbp, TOIOIA,
o0 u npyru. Kato 1o uyBCTBUTEIHHM MOTaT Aa



Ce TI0COYaT UTIIOIUCTHUTE MIPEICTABUTEIN OCBEH
TOBa akanus, ope3a, oyk u apyru (Chevassus-au-
Louis u koi., 2009).

OcBeH karo ¢uaTpu 3a oTpabOTEHU Tra3oBe,
TOPUTE ¥ BETPO3AMMUTHUTE TOACH OT AbpBETa
MOTaT J1a CIy)XaT W Karo (puiaTep 3a MpaxoBU
YaCTHIIU ChABPXKAIIM CE BBB Bb3Ayxa. Kionure
M JUCTara WMMarT CIOCcOOHOCTTa Ja 3axbpKaT
MHOTO TOJISIMO KoimdecTBO mpax. Cien kato Ts
Ce TOJISNU IO KIIOHWTE W JINCTaTa, TS OMBa OT-
MHUBaHa OT JBKJOBETE M 0 TO3U HAUWH CJIK3a B
nouyBara. Hail-roisiMo KOJIMYECTBO Mpax KOETO
3aJIbPXKU 33 €UH XeKTap ¢ Oyka. Toil Mmoxe aa
3a1bpxKU 10 68 ToHa. Cien Hero ce HapexaaT
nunara (42 ToHa), 6emust 6op (35 ToHa) 1 cMBpUa
(30 Tomna).

HmenHo 3atoBa ce mpernopbyBa Ha MecTa B
OMM30CT [0 TOJIEMH TIPENNpPHUSTAS ¥ 3aBOAM,
ayTo0aH!, MaruCTpalH, TPAToBE U IPYTH CHIIHA
3aMBPCUTENH J1a C€ U3TPKAAT 3AIIUTHU IOSICH
oT ropcku BujoBe. OT eHa CTpaHa T€ UMaT Bb3-
MUPAIo ACHCTBUE Ha IIIyM W BHOpamuu, OT Jpy-
ra CTpaHa UrpasT pois Ha GUITHD CIOPSAMO Mpax
U OTpabOTEeHM Tra3oBe. 3a M3rpakIaHETO Ha Ta-
KHBa TIOSICH C€ TPENophUBa HaCAXKICHUATA Ja ca
C IIUPOKOJHUCTHU MPEACTABUTENHN, ThIA KaTO Te ca
mo-ycroiiunBu (3axapueB u koit. 1999). IIIymbT
KOUTO € pe3yiraT OT TEXHWYECKHsl MpOrpec Ha
Hammara ermoxa € roisM mpoOmeM. To3u mrym
OKa3Ba BJIMAHUE BLHPXY HCPBHATAa CHUCTECMa Ha
Xopara. YUEHHTE ca TPOBEXJaIH peaula HM3c-
JIeIBAaHHUS M Ca YCTAHOBHIIM, Y€ 32 TOTIIbIaHe Ha
myMa € HeoOXoauMa rOpUCcTa WBHUIA C IIUPOYH-
Ha okoisio 120 — 180 merpa. UBnnata ¢ Tasu um-
pOYMHA 1€ € HAIIBIIHO JIOCTATHYHA 32 YJIaBSHETO
Ha BHOpaluuTe M IIyMa OT aBTOMOOWIHTE H
TeXKHTE MamuHU. Upe3 Ta3u mperpajga ce moc-
TUTAT Pe3YJITaTH, KOUTO CE PaBHABAT Ha OTJalle-
yaBaHe Ha koo 1800 — 2000 meTpa OT 1mryMmous-
TounmKa (3axapuHOB H KOII., 2002).

YcToitunBO ynipaBjieHue HA TOpHUTe

KonkoTo moBeue ce pa3BHBa 4HOBEYECTBOTO,
TOJIKOBA IOBeYe Ie ce 3a0ersa3Ba OTKhCBAaHE OT
mpuponara. ToBa Hajmara Ja ce W3ydaBaT 3aKo-
HOMEPHOCTUTE B NpHpajara, a OT TaM M H3ydYa-
BaHETO Ha TOpuTe. 3a Ja MOXKe Jla ce U3y4H pe-
ayiHaTa 00CTaHOBKA CE€ Hayara M3CJIe/[BaHUATA Jia
Ce NPOBEXIAT B ITbPBUYHU TI'OPH, KAKBHTO 3a
KaJOCT IOYTH BeYe HE ca OCTaHa h. Mayku
OCTaThIM OT TE3W TOPU CE HAMUPAT Ha HAIUs
KOHTHHEHT, HO JIOCTBITBT J0 TSIX € U3KIIIOUUTEII-
HO TPYJIEH, KOETO € TOBEJIO U JI0 3aIa3BaHeTo UM
B TO3W BuA. M3cnenBaHeTo W WM3y4aBaHETO Ha
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TE3W T'OPU € HAIOXKHUTEIHO 3a Ja MOXE Jia ce
BB3CTAHOBH M IOJUIbP)KA EKOJIOTMYHOTO PaBHO-
BECHC TPH €IHO PEKYITUBHPAHE HA TEPECHHTE,
KBJETO CE € HAPYIIIIO PAaBHOBECHETO. 3a Ja ce
YCTaHOBSIT 3aKOHOMEPHOCTHTE W METOJIUTE IOJ-
IbpKaHe Ha eKOJIOTUYHOTO PAaBHOBECHE B TOPUTE
¢ HeoOXOAMMO Jla Ce M3y4yaBaT KaK MPOTHYAT B
OBPBUYHHTE ecTecTBeHH ropu. Ilopamu Tas3u
NpUYMHA C€ Ch3JaBaT pe3epBaTd B KOWUTO Ja
MOJXKE J]a Ce MHCIEKTUpa U HaOIlFo/1aBa Kak Tede
Pa3BUTHETO HA EKOCHUCTEMHTE MO €CTECTBCH ITBT
(Haitmenos, 2010). B Te3u pesepBaru HE ce I0-
MycKa BBHIIHO BMemiaTesacTBo. HabmomeHusra
JaBaT pe3yiaTaTH KOMTO CE M3MOJ3BAT 3a MOJ-
Ibp)KaHe U BBH3CTAHOBSBAHE HA EKOJOTHYHOTO
paBHOBecHe. M3mon3Bar ce i npu OUOIOTHYECKO
BB3CTAHOBABAHC Ha TCPCHU KOUTO Ca 6I/IHI/I YHU-
IIOXKEHH WIIM 3aCerHATH OT MHIAYCTpUsTa. 3a 1a
HE Ce HapylllaBa ropckus OajlaHC € HeoOxoamma
KOpPEHHa MPOMSIHA B MOJIMTHKAaTa Ha cBera. He-
00X0IMMO € Ja Ce HM3paBHU KOJIHYECTBOTO Ha
U3CEUYCHUTE TOPU C KOJIUYECTBOTO HA 3aJIECEHH
ropH, 3a Jia iMa OBJCIIOTO MOKOJIEHHE CHIIO OT
to3u 1ieHen pecype (baiiko, 1998). Exonoru-
YyecKara CHTyalus B CBETa M3HAYCHHETO Ha Top-
CKHTE EKOCHCTEMH, KaTO Ccpenoo0pasyBall HK-
Jaumaroperysupany (pakTop Ha IJIaHEeTaTa Haja-
raT B OJU3KO OBIIEIICBCUYIKH TOPCKHU PECYPCH Ja
Ob/aT pe3ynTaT OT HACOYEHO MPOBEIeH U 100pe
WHBECTHPAH TPOM3BOJCTBEH MPOIIEC, T.€. Topc-
KUTE PECYpCH MIE Ce SBAT KaTo KpaeH MPOIYKT
OT YIpPaBICHUETO M HMKOHOMHKaTa Ha TOPCKHS
CEeKTOp. YCTOIYMBOTO CTONAHUCBAaHE HA TOPCKH-
TE €KOCHCTEMH W3MCKBA MHTETPAIlHs HAa COIMAI-
HHM MHTEPECH, HKOHOMHKA, SKOJIOTUS U BPB3Ka C
pecypcuust moteniman Ha ropurte (Schnitzler-
Lenoble u koa., 2007).
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INPUIOKEHUE HA KOMIIIOTBbPHHU TEXHOJIOTI'NH 3A ITIPOI'HO3UPAHE
CIIOCOBHOCTTA HA ITIOJIMAPOMATHMU BBI'JIEBOJOPO/IHU 3A CBBP3BAHE C
ECTPOI'EHEH PEIEIITOP C OTYUTAHE HA TEXHUSI METABOJIN3BM

Munen Togopos

APPLICATION OF IN SILICO TECHNOLOGIES FOR PREDICTING THE ESTROGENIC
EFFECT OF PAHS WITH REGARD TO THEIR METABOLIC ACTIVATION

Milen Todorov

ABSTRACT: Polycyclic aromatic hydrocarbons (PAHSs) are ubiquitous environmental pollutants present in
combustion products of fossil fuels, wood, and other organic materials. The estrogenic effect of PAHs has been
confirmed and it was considered that it is strongly depend from the role of metabolism. The early identification
of PAHs which may act as estrogen binders can be done by making use of computational tools for chemical risk
assessment. As an area of growing concern a strategy for development of such tools is one of the primary tasks
of governmental and international organizations. In the current study the estrogenic potential of series of hy-
droxylated and non hydroxylated PAHs is analyzed by using widely accepted and standardized computational
tool. The obtained results suggest that the system is equipped with scientific reliable modules for prediction of
the estrogenic potential of diverse chemicals as well as robust machinery for adequate metabolism simulation.

Keywords: estrogen receptor, QSAR, polyaromatic hydrocarbons (PAHSs), metabolic simulation, computa-

tional tools
Introduction

Endocrine disruption has emerged as an
environmental issue based on the hypothesis that
exposure to certain environmental chemicals has
an effect on hormonal activity and thus alters the
endocrine system, increases the incidence of
endocrine diseases and disorders, and adversely
affects development in both humans and wildlife
[1].

In recent years, a wide variety of structurally
diverse environmental compounds have been
identified as endocrine disrupters. Among these
compounds are natural steroid hormones,
pharmaceuticals, industrial chemicals including
polychlorinated  biphenyls, pesticides and
polycyclic aromatic hydrocarbons (PAHs). PAHs
represent a major class of organic compounds.
They are formed in the environments related to
production, refining, and application of coal,
mineral oil, and oil shale as well as motor vehicle
exhaust, and tobacco smoke [2]. Historically,
human exposures to a variety of those complex
mixtures have been associated with increased
cases of health disorders.

A number of studies have suggested that
PAHs may interfere with estrogen signaling [3,
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4]. Recent investigation performed by Hayakawa
et al. [5] led to the conclusion that non
substituted PAHSs did not poses estrogenic effect.
On the other hand the authors states that
metabolic transformation of investigated PAHs
allows formation of hydroxylated forms which
exert estrogenic effect. Hydroxylated PAHSs
(OH-PAHSs) are formed from the corresponding
PAHs in the presence of cytochrome P450
enzymes (CYPs) in human and animals [6],
suggesting that the concentrations of OH-PAHSs
may increase easily in the body.

The latest legislative and government efforts
were focused on finding out simple screening
tools for identifying those chemicals most likely
to bind estrogen receptor without experimental
testing all chemicals of regulatory concern. The
QSAR (Quantitative Structure-Activity Relation-
ship) approach is a powerful in silico technique
that should be considered for prioritizing
chemicals for subsequent empirical assessments.
This is supported by the five-level conceptual
frame-work of the OECD [7] according to which
the use of in vitro and QSARs is foreseen before
use of in vivo tests.

The aim of the present study is to investigate
the possibility of application of in silico



technology for prediction the estrogenic effect of
PAHSs with regard to their metabolic activation.

Materials and Methods
Estrogen binding data for PAHs. Chemical

structures of PAHSs used in this study are shown
in Figure 1.

Fluorene (FI)

Pyrene (Py)

Phenanthrene (Ph)

Chrysene (Ch)

benzo[a]pyrene (BaP) benzo[k]fluoranthene (BKFR)

Figure 1. Structures of PAHSs used in this study.

Experimental values for estrogen binding are
listed in Table 2 [5]. Non substituted PAHSs with
three to 5-rings did not bind to the estrogen
receptor (ER), while each of the corresponding
OH-PAHs showed binding effect. Among them
2-OHCh 3-OHBaP and 8-OHBaP showed the
strongest binding affinities.

Table 1. Binding affinity of PAHs and
OH-PAHSs to ER.

Number |  Abbreviation® RBA’

of rings

3 Fl NB
Ph NB
20H-FI 0.128
20H-Ph 0.232

4 Ch NB
Py NB
10H-Ch 0.126
20H-Ch 0.406
30H-Ch 0.138
40H-Ch 0.012
60H-Ch 0.090
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10H-Py 0.110
5 BaP NB
BKFR NB
10H-BaP 0.187
3-OHBaP 0.394
8-OHBaP 0.376
3-OHBKFR 0.150
9-OHBKFR 0.205
10-OHBKFR 0.115

Fluorene (FI), Phenanthrene (Ph), Chrysene
(Ch), Pyrene (Py), benzo[a]pyrene (BaP) and
benzo[k]fluoranthene (BKFR); *Relative binding
affinity; NB-Non binder.

Metabolism of PAHSs. It is well established
that information on the metabolism of a sub-
stance is important when evaluating its toxic po-
tential. The liver is usually the primary site of
metabolism. The enzymes of xenobiotic metabo-
lism have been divided into Phases | and Il. The
former involves oxidation of the parent mole-
cule, e.g., by the mixed function oxidase activi-
ties of the many isoforms of the cytochrome
P450 (CYP) family of enzymes. Phase Il me-
tabolism involves the conjugation of metabolites
generated by oxidation reactions in Phase | to
water soluble entities, e.g., glucuronidation and
sulfation.

PAHs are extensively metabolized by cyto-
chrome P450 enzymes in humans and animals
[8]. The major metabolites of PAHs are mono-
hydroxy phenols and dihydrodiols [9].

Computational tools for estrogen binding
prediction. The assumption that biological activi-
ty is implicit from chemical structure offer a pro-
cess to formalize this knowledge and an attempt
to form some direct relationships between chem-
ical structures and biological effects. There are a
number of software packages for the prediction
of human health effects and related toxicities
[10]. These are described by the general term
“expert systems”. Such systems allow different
biological effects to be predicted directly from
chemical structure and have been used by regula-
tory agencies and industry alike because of their
ease of use and rapid application. Among the
available systems one should point out the grow-
ing use of non commercial platforms for end-
point predictions [11, 12].

OECD QSAR Tollbox. The Organisation for
Economic  Co-operation and Development
(OECD) is running a project, funded by the Eu-
ropean Union and in collaboration with regulato-



ry bodies in Europe, Japan, and America to pro-
vide a tool suitable for use by the regulators. The
system is designed, developed and currently
maintained by the Laboratory of Mathematical
Chemistry at “prof. Dr. Assen Zlatarov” Univer-
sity, Bourgas, Bulgaria [13]. The OECD QSAR
Toolbox [14] is designed around the workflow a
regulator/researcher would typically follow. The
first step is to identify the chemical of interest,
and the Toolbox allows standard options for
chemicals input (SMILES, CAS, ECI code).
When the chemical is entered it is possible to
retrieve all available toxic data from the largest
publicly available endpoint datasets incorporated
in the system. If there is no information then the
system provides option to investigate the chemi-
cal by using collection of profilers. Each profiler
is related to a specific biological/toxic endpoint
and it is organized as a combination of structural
and/or molecular descriptors as rules.

The main advantage of the system is the op-
portunity to investigate a chemical with account
to its metabolic fate. It is well known that the
chemical in its parent form may not exert toxic
effect however after metabolism a reactive me-
tabolite can be produced which may damage bio-
logical macromolecules.

In the following two subsections details will
be given for current versions of both estrogen
binding profile and in vitro metabolic simulator
incorporated in version 3.2 of the Toolbox.

Estrogen binding affinity profile. The incor-
porated ER binding profiling scheme is based on
structural and parametric rules extracted from
literature sources and supported by experimental
data. The ER-binding profiler classifies chemi-
cals as non binders or binders depending on mo-
lecular weight (MW) and structural characteris-
tics of the chemicals:

e Very strong binders: Chemicals with MW be-
tween 200 and 500 Da and two rings with a hy-
droxyl group connected to each of them.

e Strong binders: Chemicals with at least one 5-
or 6-members carbon ring with an unhindered
hydroxyl or amino group and MW between 200
and 500 Da;

e Moderate binders: Chemicals with at least one
5-or 6-members carbon ring with an unhin-
dered hydroxyl or amino group and MW be-
tween 170 and 200 Da;

e Weak binders: Chemicals with at least one 5-or
6-members carbon ring with an unhindered hy-
droxyl or amino group and MW less than 170
Da;
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in vitro metabolism simulator. The current in
vitro rat liver metabolic simulator represents
electronically designed set of 509 structurally
generalized, hierarchically arranged biotransfor-
mation reactions, which are characteristic for the
metabolism for in vitro experimental systems
such as rodent (mostly rat) liver microsomes and
S9 fraction. A training set of 647 xenobiotic
chemicals of a wide structural diversity, with
experimentally observed metabolic reactions and
pathways has been built, using published data on
their metabolism in rodent liver microsomes and
S9 fraction. On the whole, the simulator contains
450 — 470 enzymatic phase | transformations,
such as aliphatic C-oxidation, aromatic C-
hydroxylation, oxidative N- and O-dealkylation,
epoxidation, ester and amide hydrolysis, carbon-
yl group reduction, nitro and azo group reduc-
tion, N-hydroxylation, etc. Additionally, 15 — 20
enzymatic phase Il transformations, such as glu-
curonidation, sulfation, glutathione conjugation,
N-acetylation, etc. are included with significantly
lower priority than phase I ones.

The principal applicability of this simulator is
associated with the reproduction as well as the
prediction of the metabolic activation reactions
and pathways of xenobiotic chemicals, which
may elicit diverse array of in vitro biological ef-
fects.

Results and Discussion

The applicability of the Toolbox for predict-
ing the estrogen binding potential for all PAHs
listed in Table 1 is analyzed. A separate discus-
sion for each chemical is presented in next sub-
sections.

PAHSs with three rings. In this group the anal-
ysis is based on two main chemicals Fluorene,
Phenanthrene and their hydroxylated metabo-
lites. Summary for estrogen binding predictions
and simulated metabolites is provided in Table 2.

Table 2. Estrogen binding predictions and simu-
lated metabolites for Fluorene (FI), Phenanthrene
(Ph).

PAHSs Observed | Predicted | Simulated
RBA! RBA | Metabolism?
Fl NB Negative
Ph NB Negative
20H-FI 0.128 Positive +
20H-Ph 0.232 Poisitve +

INB — Non binder; ? +/- simulated/not simu-

lated metabolite



The estrogen binding prediction for both
chemicals as parent structures is negative. The
prediction is based on the fact that all require-
ments encoded in the Toolbox estrogen binding
profile are not met.

A total number of five metabolites were simu-
lated for Fluorene. One of them is predicted as
non ER binder and the rest are classified to be
moderate ER binders containing hydroxyl group.
The observed metabolite 20H-FI is one of the
simulated metabolites with positive prediction
for estrogen binding.

As result of metabolic simulation eleven me-
tabolites were generated for Phenanthere. Ac-
cording to the profile six metabolites are predict-
ed as non ER binders. The rest five metabolites
are predicted to be ER binders with moderate
activity. The observed and experimentally tested
20H-Ph falls in this group. This is an indication
for reliability of the system for both predictions
the estrogenic effect and metabolism simulation
of specific class of chemicals.

PAHs with four rings. PAHSs related to this
group are Chrysene, Pyrene and their hydrox-
ylated metabolites. Summary for estrogen bind-
ing predictions and simulated metabolites is pro-
vided in Table 3.

Table 3. Estrogen binding predictions and simu-
lated metabolites for Chrysene (Ch) and Pyrene

(Py).

dicted to be strong ER binders by the profile. It
should be noted that the most potent binder
among all investigated hydroxylated PAHs is
20H-Ch. The highest potency is explained with
its structural similarity with the endogenous
hormone estradiol. More specifically the simi-
larity is toward specific distance between the OH
groups in 3" and 17" positions in the steroidal
skeleton. In the case for 20H-Ch it is considered
that the distance between hydroxyl group at 2™
position and the farthest hydrogen atom is almost
the same with this one between OH groups in
estradiol.

As a result of metabolic simulation three me-
tabolites are generated for Pyrene. Negative ER
binding prediction is assigned for two of them.
The only positive predicted metabolite is 10H-
Py which is in agreement with its experimental
data. This result suggests that the system is well
tuned in respect to the combination of the ER
binding profile and the in vitro metabolic simula-
tor for four membered PAHSs.

PAHs with five rings. In this group repre-
sentative PAHSs are benzo[a]pyrene (BaP), ben-
zo[K]fluoranthene (BKFR) and their hydroxylated
metabolites. Summary for estrogen binding pre-
dictions and simulated metabolites is provided in
Table 4.

Table 4. Estrogen binding predictions and simu-
lated metabolites for benzo[a]pyrene (BaP) and
benzo[k]fluoranthene (BKFR).

PAHSs Observed | Predicted | Simulated
RBA! RBA Metabolism* PAHSs Observed | Predicted | Simulated

Ch NB Negative N/A RBA' RBA | Metabolism?
Py NB Negative N/A BaP NB Negative N/A
10H-Ch 0.126 Positive + BkFR NB Negative N/A
20H-Ch 0.406 Poisitve + 10H-BaP 0.187 Positive +
30H-Ch 0.138 Positive + 3-OHBaP 0.394 Poisitve +
40H-Ch 0.012 Positive + 8-OHBaP 0.376 N/A -
60H-Ch 0.090 N/A - 3-OHBKFR | 0.150 N/A -
10H-Py 0.110 + 9-OHBKFR | 0.205 Positive +

INB — Non binder; ? +/- simulated/not simu-

lated metabolite

In this group Chrysene and Pyrene as parent
structures are predicted to be non ER binders due
to the lack of hydroxyl group in their structures
which is considered as extremely important key
structural feature for estrogenic effect.

The application of the metabolic simulator re-
sults in generation of a total number of twelve
metabolites for Chrysene. According to Table 3
all experimentally tested metabolites with excep-
tion of 60H-Ch are simulated and they are pre-
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INB — Non binder; ? +/- simulated/not simu-

lated metabolite

The five-membered PAHs benzo[a]pyrene
and benzo[K]fluoranthene are predicted to be non
ER binders. The lack of hydroxyl group similar
to the previously discussed PAHSs is the reason
for non binding effect.

The total number of the generated metabolites
for benzo[a]pyrene is fifteen. Nine of them do
not correspond to none of the rules related to
positive ER binding effect. The rest six metabo-
lites are predicted to be strong ER binders.



Among them 3-OH and 8-OHBaP were success-
fully generated and correctly predicted by the
system. With one exception only - not simulated
8-OHBaP it can be concluded that the ER bind-
ing activity of hydroxylated BaPs can be suc-
cessfully predicted by the system.

As a result of metabolism simulation for ben-
zo[K]fluoranthene seven metabolites were gener-
ated. Three of them were predicted as non ER
binders. Two different cases for negative predic-
tion are identified. The first one is related to
those metabolites in which the hydroxyl group is
hindered by the presence of another substituent
in ortho position. The existence of such substitu-
ent is considered to be responsible for lack of
estrogenic effect. The second one is more trivial
— there is no hydroxyl group at all positions in
the chemical structure.

The other four metabolites were predicted to
be strong ER binders. One of them is 9OH-BkFR
which is experimentally confirmed to have estro-
genic effect. Only one metabolite 30H-BKFR
was not simulated.

Conclusion

The prediction results for the estrogenic po-
tential of PAHs with regard to their metabolism
suggest that the use of the system Toolbox is
highly reliable. It should be emphasized that the
predictions strongly depend from the scientific
guality for both the ER profile and metabolism
simulator. In this respect the predictive rules able
to discriminate the structural characteristics of
PAHSs from their hydroxylated forms are respon-
sible for predictions which in larger degree coin-
cidence with experimental data. On the other
hand the largest part of the hydroxylated PAHs
with experimental ER binding data was simulat-
ed and correct predicted. This can be used as ex-
ternal assessment of the high quality of the meta-
bolic simulator.
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KATAJIMTUYHO BA’KHU AMUHOKUCEJIMHHU OCTATBIM B EHAOKCHUJIAHA3HU
OT THERMOMICES LANUGINOSUS (IUB U MYTAHTEH LIIAM)

Hanka bakanosa, Ceetna IlerpoBa, Jlumutsp Komes

CATALYTICALY IMPORTANT AMINO ACID RESIDUES IN ENDOXYLANASES FROM
THERMOMICES LANUGINOSUS (WILD AND MUTANT STRAINS)

Nadka Bakalova, Svetla Petrova, Dimiter Kolev

ABSTRACT: Two endoxylanases, RMB- wild strain (22 kDa) and M ,- mutant strain (24kDa), from Ther-
momices lanuginosis were modified with several specific reagents. The catalytic role of the carboxyl groups
was estimated through modification studies. Water-soluble carbodiimide (CMC) inactivated the xylanases rap-
idly and completely in a pseudo-first-order process indicating involvement of carboxyl groups in the cataly-
sis.Treatment of the enzymes with diethyl pyrocarbonate (DEPC) resulted in modification of 2.71 histidine res-
idues in the RMB and 1.42 hitidine residues in the M, ,. .Titration of the enzymes with 5,5 - dithiobis-(2-
nitrobenzoic acid) (DTNB) did not result in the release of 5-mercapto-2-nitrobenzoic asid, suggesting that no
free thiol groups exist in enzymes. The lack of reactive thiol groups in the intact enzymes was confirmed using
the specific cysteine modifiers — iodoacetamide and p-chloromercuribenzoate, neither of which had any notice-
able effect on xylanase activities after 60 min of incubation. N-Bromosuccinimide (NBS) showed a strong in-
hibitory effect on both xylanases, suggesting that trypthophan residues are essential for the activity, since the
presence of substrate protected the enzymes against inastivation.

Keywords: xylanase, chemical modification, Thermomyces

BbBenenne B namra npeaumaa pabora HEE omucaxMme Mo-
JTyYaBaHETO M OMOXMMHYHATA XapaKTEPHCTHKA
KcunanbT e BakeH KOMIOHEHT HA pacTUTEN-  HAa  eKCTpaleNnylapHUTE eHIOKCWIAHAa3W  OT
HHUTE KIIETHYHH CTEHM M € M3TPaJeH OT OCHOBHA  Thermomices lanuginosis - 1uB 1 MyTaHTEH IIam.
Bepura [-1,4-rmuko3uano cBbp3anu D-kcmio-  (Bakalova,N.,2002).
NUPAHO3WIHU OCTATBLHU C Pa3KIOHEHHS, ChIbp- B Hacrosimata pabota mpezcTaBsiMe H3CIEA-
JKali HeYTPaJIHU 3axapu KaTo L-apaOuHo3a MM BaHHs 332 yCTAHOBSIBaHE HA KATAIUTHYHUTE TPY-
D-rmokyponoBa kucenuHa (Bastawde KB. 1nu B aKTHBHUTE IIEHTPOBE Ha JIBE MOJICKYJHO
1992). XOMOTE€HHU KCWJIaHa3d OT TePMOQWIHHUS IaM-
TossiM OMOTEXHOJIOTHYCH MHTEpPEC TMpeacTaB-  mpoxaymeHt Thermomices lanuginosis (RMB-aus
JSIBaT EH3MMHUTE, KOWTO pasrpaxaar KCWiaHa, m@aM U M, —MyTaHTeH 1am).
TBI KaTO T€ HAMHUPAT NPWIOKEHHE B PA3IHMYHU

OTpaciii Ha HapOJHOTO CTOMaHCTBO. [IpomaykTH- Marepuaau u MeTOAH

T€ OT CH3UMHATa XHUJIPOJIN3a Ha XEMUIIETYJI03UTE

pecn. Kcunanute mMorar aa ce M3IMoJ3BaT 3a I10- Kcunaubt 6e mocraBen ot Sigma (USA);N-
JyYaBaHE Ha EIHOKJIETbYEH mpoTeuH, eraHon  Opomcykuuaumug (NBS) u 1-nmkmoxexcu-3-
(EKOJIOTMYHO YHCTO FOPUBO), KCHJI03a U KCWIO-  (2-MOpGhOIMHOETHI)-KapOOIMUMH  XHUIAPOXJIIO-

omurozaxapuan (Beg, Q. K. 2001, Collins, T.  pux (CMC) ot Merck (Germany); #onaremamu,g
2006, Dhiman, S. 2008, Jang, Z. Q. 2005, Shar-  (IAA), muerninupokapbonatr (DEPC), 5,5-
ma, M. A. 2013). autrnoouc-(2-aurpodensoena kucenuna (DTNB)
[IbnHOTO pasrpakiaHe Ha KCWJIaHa M3MCKBA M 2-xy0p-1,3,5-TpuHuTpoOEH30€Ha KHCEIMHA
CBbBMECTHOTO JieiicTBHUe Ha eH3umu, Hail-BaxxHus  (TNBC) ot Fluka (Switzerland). Bcuuku
OT KOUTO € eHJOKCWIaHa3aTa. EH3UMBT KbCa  H3MOJI3BAHU XUMHUKAIN 0SXa ChC CTEICH HA YH-
BpB3KaTa MEX/IY BHTPEIIHUTE KCHUIOMMPAHO3MI-  CTOTa P.a.
HH OCTaTbIIH.
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Onpeueﬂm{e HAa ¢CH3MMHAa AaKTHUBHOCT U
CbAbpPKAHUEC HA 0eJaTBhK

Enmoxcunanasute ot Thermomices lanugino-
sis RMB- n1uB mam u M;, —MyTaHTeH mam 0sxa
MPEYNCTECHH U OXapaKTepU3UpaHu, Kato Oe or-
oenszano mo-rope (Bakalova,N.,2002). Enmok-
CHJIaHA3HATa aKTUBHOCT Oe OIpeiesieHa che cyo-
cTpar KcuiaH, pa3tBopeH B 0.05 M mHaTpmeBo-
aneraren 0ydep (NaOAc), ¢ pH 4.8, mpu 40°C
(Kanda, T.K.,1976). En3umHara akTHBHOCT Oe
W3YHCIICHA Ype3 OmpeselisiHe Ha OCBOOOJCHUTE
penyuupamu 3axapu (Miller,G.L. 1959). Enna
CH3MMHA eJWHUIa O¢ nedHHHUpaHa KaToO KOJIH-
YEeCTBOTO €H3UM, KOETO KaTallu3upa MPOIAyKIUs-
ta Ha lumol penyrmpamnm 3axapu 3a 1min mpu
YCIOBHUATA HA OTPEICISIHETO.

benrpunoTo chappikaHue O ONMpenesieHo Mo
MeTona Ha LOWry, n3mon3Baiiku KaTto CTaHaapT
TeNemkn cepyMeH anOymuH (V Qpakuus) uiu
ype3 ompezeisHe abcopOuusara mpu 280 nm
(Lowry, O. H. 1951).

E¢exT Ha cienupuyHATE peareHTH

Bonno-paztBopumusar kapoogunmun (CMC)
0e u3noi3BaH 3a MoaudUIMpaHe Ha KapOOKCHII-
HU Tpynu upe3 WHKyOammsi Ha peareHta (1-70
MM KpaiiHa KOHIIEHTpAaI|s) C MPEYUCTCHHUTE
keunanasu (0.08 mg/ml) 8 0.05M MES / NaON
6ydbep ( pH 6.0) mpu 25°C 3a 60 min (Bray,
M.R.,1990, Robinson, S.1998). Ha ompexaesnenu
MHTEPBAJIM OT BpeMe OsXa B3eMaHH AIUKBOTH M
npubasstan kpM 90 pl 0.05 M NaOAc (pH 4.8)
3a NMpeKbCBaHE HA €H3WMMHATa peakiys. 3arase-
HaTa GH3MMHA aKTHBHOCT Oe ompeieneHa Ipu
CTaHJApPTHU YCJIOBHSI C KCHIIAH KaTto cyOcTpaT u
M3pa3eHa KaTo MPOIEHT OT KOHTposa ( eH3UMHA
mpo0Oa 0e3 peareHr).

[TpeBpbIaHeTo Ha XUCTUAMIOBUTE OCTATBHIU
B eHaokcunanazute B N-kapOoeTokcu JepuBaTH
0e m3pbpuIeHo upe3 Tperupane ¢ DEPC a oxwuc-
neHneTo Ha TpurrodanoBu octarhim upe3 NBS
mo crmexHarta mporeaypa: anukBota (10 pl) or
npsicao npurotBed DEPC (0.1 M B etanou) wiu
NBS (0.5 mM B Ouaectuiupana Boja) Osixa
npuOaBsiHW TOCIIEOBAaTeTHO KBbM EH3MMHATa
npoba ( 0.08 mg/ml) 8 0.05 M MES / NaON 0y-
¢ep ( pH 6.0) 3a DEPC uim B 0.05 M NaOAc
( pH 4.8 ) 3a NBS aupekTHO B KBapiioBa KIOBETa.
Crnen Besko mpuOaBsiHE, TTOBUIICHUETO B aOCOp-
ouusita pu 242 nm ( mpu DEPC) unu nmonmxe-
HHeTo Ha abcopOumsara npu 280 nm ( mpu NBS)
0e perucTpupaHo u Oe orpesieNieHa OCTaThYHaATA
aKTHUBHOCT. bposT Ha MOJU-QHUIIMPAHUTE XUCTH-
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JUHOBU WK TPUNTO(GAHOBU OCTAThHIU OsXa OII-
peIeNeHn M3IOJI3BAaiKH MOJIapHHUS a0copOIHo-
HEH KOCPUIMCHT 3200.M*.cm™ 3a KapOOCTOKCH-
nupanus xuctuauH 1 5500 M™*.cm™ 3a Tpumnro-
¢an ( Chauthaiwale,J,1994).

Enpoxcunanasure (0.08 mg/ml B 0.05M nat-
pueBo-pocdaren oydep, pH 7.8) 6sxa moaudu-
umpand ¢ 1AA (5-50 mM) mpu 37°C 3a 60 min 3a
OTIpeJieNIsIHE Ha KaTaJTUTUYHO OTTOBOPHUTE THO-
nosu rpymu (Wen, L,1999). bpost Ha cB0OOAHU-
T€ THOJIOBH Tpynu O oIpeleNieH Ype3 TUTPYBa-
He Ha ensumute (20 pM) B 5 M ypes /50 mM
Tpuc 6ydep (pH 8.0) ¢ DTNB (1 mM kpaiina
koHueHTanus). [IpomsiHaTta B abcopOuusta mpu
412 nm Ge HEMPEeKbCHATO PErHCTpHpaHa v Opost
Ha THUOJIOBUTE Tpynu O€ W3YKMCIICHO, W3MON3Baki-
ki abcopOuuonnus koepurment 1.36.107".M
Lem™ 3a ocBoGomenara 5-THo-2-HHTPOGEH30CHA
kuce-nmuna pu 412 nm (Bray, M.R.,.1990, Wen,
L, 1999).

[Tpu BcHYKHM peakluy HA XUMHYHO MOAU(H-
KaIln, CocoOHOCTTa Ha cyOcTpara Ja mpeamnasun
SH/IOKCHJIaHA3UTEe OT WHAKTHBAIMsI O M3BBpILE-
HO upe3 MHKyOalus Ha eH3UMUTEe ¢ MOoAuDUIH-
pamuTe peareHTH B MPUCHCTBUE HA Pa3IHMYHU
KOHIICHTpAIMK Ha cyOcTpaTa MpH CHIIUTE SKC-
MIEPUMEHTAIIHU YCIIOBHSI.

Pe3yararu u o0cbikgane

IlpeuncrenuTe KcuiiaHa3d B KOHUEHTpaUUU
0.08 mg/ml 8 0.05M MES/NaON 6ydep ( pH
6.0) Osixa WHAKTHBUPAaHH OT CHCHUPHUHHSA 3a
KapOOKCHIIHUTE TpyHnu  MOAWQUIMpAI] areHT
CMC. YcranoBeHo 6e, 4e KOHIIEHTpauu ot 40
MM noBexnat 10 50% 3aryba Ha akTUBHOC-
Ta 3a mepuoa ot 30 Min, KOeTo MoKa3Ba BKJIIOY-
BaHETO Ha KapOOKCUJIHM TPYIIM B €H3MMHATa pe-
aKIIs.

[MoynorapuTMHYHHTE KPHBU 32 OCTaThYHATA
aKTHBHOCT KaTo (YHKIHS OT BPEMETO 3a pas-
muuHu KoHieHTparuu Ha CMC Osixa nuHeiHH,
KOETO TIOKa3Ba, Y€ IMPOIEChT HAa HHAKTHUBAIIWSI
NpOTHYa KAaTO PEaKIHs OT IICEBIO IbPBH IO-
PAIBK, TOKAa3aHO W 33 PeAUla IPYTH XUAPOJIa3H
(¢bur.1, ¢wur.2) (Bray, M. R., 1990, Wen, L,
1999).

3a 51a JIoKaxkeM Janu KapOOKCHIIHHTE TPYIIH,
moaudunupanu or CMC ca pasnoyioxeHu B ax-
THUBHUS LIEHTBP, MOIU(UIMpaHeTo O W3BbpILe-
HO B IPUCBHCTBUETO Ha cyOcTpar kcuial. Ilpu-
OaBsiHeTo Ha 0.8% KbM pea-KIMOHHATa CMEC Jia-
Ba 100 % 3ammra cpeury 20 MM u 40 mM komn-
[EHTPAIMU CHOTBETHO HA MOAMDUIUPAIIYS pea-
redt (ur. 3).
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®@ur. 1. [TonynorapuTMU4YHU KpUBHU 32 MOIUDU-
[UpaHe Ha XOMOTEHHA KCHJIaHAa3a OT JUBUS IIaM
RMB ¢ paznmuanan konnenTparmy Ha CMC
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@ur. 2. [lonynorapuTMHUYHN KPUBHU 32 MOAU(U-
[paHe Ha XOMOI'€HHA KCHJIaHAa3a OT MyTaHTHHS
mam My,, ¢ paznuyan koHnentpauu Ha CMC.
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®@ur. 3. [Iporeknust Ha KCUIIaHA3a ChC CyOCTpaT
Kcuiiad oT uHaktuBauus Ha CMC; A-B npuchCT-
BHUE Ha cyOcTpart; B- B oTcheTBHE Ha cyOCcTpaT

Toit kato CMC momudumpa cbino GeHOTHH U
THOJIOBU TPYIIX TPH JIEKO KUCEH YCIOBUS, Tpe-
YUCTEHNTE eH3UMH Osixa TuTpy-Bauu ¢ DTNB u
Homaueramug. Moaudu-uupaHeTo Ha €H3UMUTE
¢ 2 MM DTNB B npucsctBue Ha 1 % SDS npu
pH 6.0 3a exmn mepuox ot 3 yaca He OCBOOOIN
5-MepkanTo-2-HUTpOOEH306Ha KHCEIMHA KaTo
nponykT ( mpo-msiHa B abcopOuumsita mpu 412
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nm). To3u pe3ynrar O¢ MOTBBPIACH IPH KCHIIA-
Ha3WuTe OT TePMODUITHUSA IaM.upe3 peakuus ¢ 20
MM ionarieramuy (crieruduueH MOAUQUIIHpaI
peareHT 3a HHUCTeHHOBU ocTarbim) mpu PH 6.0
3a MPOIBIDKUTENICH TEePHo Ha WHKyOanus Tosa
Ipenronara OTChCTBUE Ha IUCTEHMHOBU OCTa-
TBIHX B KaTaJIM3UpaHaTa OT EH3UMHUTE PEaKIHS.
DEPC B xonmeHntpanus ot 25 mM 0Oe ycra-
HOBeHO na Moauduimpa 2.71 u 1.42 xucrumn-
JIOBU OCTaTBIM, CHOTBETHO 32 KCHIIA-HA3UTE OT
IVBHSA U MyTaHTHHSL TepModuiieH maM (pur.4).
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Bpeme, MunyTu
®ur. 4. Moauduuupase Ha MOJEKYIHO-

xoMmoreHnu kcuianasu ¢ DEPC;

Moaudunmpanero 0e CBHIPOBOIEHO ChC 3a-

ry0a Ha eH3UMHa aKTUBHOCT ciea 60 Min uHKY-
Oarsa.  IlpeBpbhianeTro Ha  XHCTHIHIOBHUTE
octarhlll B N-emokcu-kapOaMonin XUCTUANH Oe
OmpeAeiicHO  MpHu a0COpOLMOHEH Koe(HIIMEHT
(A=242 nm) 3.2x10.M™*.cm™. (Tabosa-Voz, S.,
2011)
BritouBanero Ha TpuntodaH B aKTUBHHS IIEH-
Thp Ha kcwnanasute ( Kluepfel, D.,1990, Kolev,
D.,1988) e HeoOXx0aMMO 3a CYyOCTPATHOTO CBBP3-
BaHE B MOBEYETO TIIMKO3WA-XUAPOJIA3U U Hrpae
JOMUHHpaIa poys KaTo JOHOpP Ha TMPOTOH B
JIBOMHO-M3MECTBAIINS MEXaHW3bM Ha JCHCTBHE.
W3cnenBanuTe OT HAC KCWJIAaHA3W Osixa HMHKY-
Oupanu ¢ HHCKM KoHIeHTapanuu Ha NBS, cre-
muuueH MoAMQUIMpAl] peareHT 3a TpH-
nTO(GaHOBU OCTATBIIH.

IMpu kcumanasure ot T. lanuginosus koH-
neHTpauuu Ha pearenra ot 10-100 uM  noBene
10 3ary0a Ha €H3MMHA aKTHBHOCT, KaTo IIPH
[1L00uM] Ha NBS wunakTuBanmsTa 6¢ mbiHa. B
NPUCHCTBUE HAa CyOCTpaT KCHIIAH CaMmo MpPU KCH-
JaHazaTta OT AMBUS IIaMm Oe 3ama3eHa aKTUBHOCT-
ta 100% mopu u cnem 24 dyaca WHKyOarus

(¢wur.5).



\
\

—-1
-

0 T T T T T
0 10 20 30 40 50

Bpeme, MunyTH

OcrarpYHa aKTHBHOCT

60

®@ur. 5. [Iporekius Ha KCHTaHa3a- JUB IaM ChC
cyoctpar kcunan ot wHaktuBarus ¢ NBS: 1- B
OTCBHCTBUE Ha CyOCTpaT; 2- B NPUCHCTBHE Ha
cyOcTpar .

IIporekiusaTa Ha  cyOcTpara  IOKa3Ba
MPUCHCTBUETO HA TPUNTO(PAHOBH OCTATHIM B
aKTUBHHS HEHTHD ((ur.5).

MoanpunupanuTe €H3UMH MHTpHpaxa KaTo
enrHUYHN OenThyHu MBHIU BBbpXYy SDS-PAAG
U TIPUTEKaBaxa MOJIEKYJTHH MacH, HACHTHIHU Ha
HeMOJM(HITPAHUTE, KOCTO O3HA4YaBa, 4e WHAK-
THUBAIMATA HE TMPEYUHsBA KbCAHE WIM arperu-
paHe Ha CH3MMHUTE MOJIEKYJIH NpU TpunToda-
HOBHUTE OCTaTBIIH.

H3Boau

Wscnensanm ca KaTaTUTHYHHUTE TPYMHA B aK-
TUBHHUS LIEHTBD Ha MOJICKYJIHO-XOMOTCHHUTE
kcunanasu ot T.Lanuginosus (RMB M ;).
YcTaHOBEHO € ydJacTHeTO Ha KapOOKCHIIOBH M
XUCTUIWIOBH OCTAaThIM M MPU JBaTa €H3UMA.
TpunrodaHoBUTE OCTATHIM y4acTBAT camo NPH
KCWJIaHa3aTa oT auBu4 maM - RMB.
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LINEAR DEVICE FOR EXTRACTING ENERGY
OF SLOW FLOWING WATER

Plamen Raykov

ABSTRACT: This paper aim is to describe the main relationships during designing linear chain devices for
energy obtaining from slow flowing water. A review of existing typical patents is presented.

The main dependencies ensuring maximum energy of this type of devices are drawn. Comparison between
conventional and proposed a new device for extracting energy from river and tidal currents is made. A
comparison is made of a chain with a turbine and straight relative to the water flow blades. The optimal
relationship between velocity of streaming water and velocity of a chain with blades is described. The ratio
between power characteristics of the extracted energy for different speeds of blades and for several constant
speeds of the inlet stream of the water is shown, too. Calculations of output revolutions and extracted power
are presented. On the basis of the theoretical results a new prototype with inclined blades was developed.

Keywords: water power system, blade-chain devices, linear turbines

Introduction

Much of the energy we use is produced in
large power plants. Those plants extract it from
various sources, such as coal, natural gas,
petroleum etc., and then convert it into energy of
choice, usually electricity since later this
electrical energy can be easy transported where it
is needed.

In 2011, total U.S. generation of electricity
was 4 138.4 billion kilowatt hours [1]. The
amount of electricity produced from each source
of energy is as follows: coal — 42.24%, natural
gas - 25.03%, nuclear — 19.25%, hydroelectric —
7.92%, wind — 2.92%, petroleum — 0.69%, wood
— 0.9%, biomass - 0.48%, geothermal — 0.41%,
solar — 0.04%.

Recently, in relation to day-to-day rising of
fuel prices and the global pollution of the
environment caused by carbon dioxide, one new
trend for extraction of energy from renewable
sources of energy occurs. One of these sources is
waterfalls and water currents.

The most common method of energy using
from water is hydro-electric power plant built to
dams, where the water is flowing down and thus
way rotates a turbine which captures energy to
run a generator. An advantage of this method is
that these hydro-electric power plants can work
almost through the whole year even if the water
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freezes at some places. The theory of this type
hydro- electrical-power stations is widely
described [2], [3], [4].

Construction of linear turbines to extract
energy from the slow waters is based on
researches in [5]. There are also chain-blade type
devices that extract energy from slow-fluent
water and tidal currents. There are papers of
Studying of Gear Ratio in Wind and Tidal
Current Power Generation Systems are presented
for Darrieus-type turbine in [6].

A study of completely submerged linear
turbine based of analogy of wind turbine as is
presented in [7].

This type hydraulic power generating systems
are designed to minimize equipment costs by
simplifying the configuration and therefore to
maximize efficiency of power generation by
reducing the loss in hydraulic power and to allow
an economical and convenient maintenance of
the system.

The minimum current required to operate such
devices is water speed around 1-2 m/s, but it can
be even down to 0.5 m/s, depending on the
particular technology approach. It is accepted that
the optimal currents are in the 1.5-5 m/s range.

In general, chain-blade type devices are
constructed on the basis of two or more rotating
wheels, joined to chains, on which a system of
blades is mounted. The blades, respectively the



chains, are moving with a speed lower than the
speed of water flow, and this difference is
converted to electricity by a generator.

Such devices are known from the mid-20s and
with small differences they correspond to the
basic principle of placing the different shapes and
form blades or fluid foils (US Pat. No. 6,809,430
B2, 2004), one after another in order to obtain
more power. As typical representatives of this
class water power system (WPS) can be listed the
following patents:

*WPS with a horizontal axis of gears — Pat.RU
2341679, kl. FO3B17/0612, 2006;

*WPS conveyor assembly with the disposal of
underwater spatial cassette type blades — Pat. RU
2227227/2002;

*WPS with Parachutes-US Patent No. 3 887
817,1973 [11], US Pat. 8,102, 069,2012;

*WPS with folding "pockets", type concertina
- US Pat. No. 4, 054, 031, 1977,

*WPS with folding "wings" - US Patent No.
5,134,305 B2, 1992;

*WPS which wuses accelerator facilities
(confuzor-diffuser) with different types of wheels
or the turbine-type converters - US Pat. No.
4,868,408 B2, 1989;

*Hydroelectric generator with the blades in the
shape of rakes - US Patent No. 7,329,963 B2,
2008, US Pat. No. 7,213,398 and baskets-US
Pat. 2,0130,187 B2, 2007;

*Hydroelectric-generating system with pulleys
- US Pat. No 7,033,111 B2, 2006;

«Conveyor-type  fluid  energy-harnessing
apparatus - US Pat.No 6,809,430 B2, 2004].

A major flaw in all these devices is that the
blades (in particular drawers) are located one
behind the other. In such a way the first blade as
well as the each following one reduces the flow
rate and the force of the water on all deployed
behind blades. Acceleration channels are
provided for some WPS which concentrate more
energy on the first blade. Despite this the
efficiency is still small due to shielding of the
blades located one after the other. Another major
drawback of most of these devices designed to be
used for river's currents is the necessity to fix
them with respect to the river flow with special
stands. Amongst a variety of these patents, there
are other systems which, in one way or another,
are copied from one another and logically have a
portion or all of the disadvantages of the
aforementioned systems. as shown in Fig. 1.
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Fig.1.Water flow between blades arrangedalternately
staggered.

There exist a chain gravitation basket device
published from N.M. Duy [8]1where particular
equations are given, but they not described the
common principle of horizontal chain blade
extracting devices. Currently an orderly theory
for construction of such devices is very
insufficient. Parts of it can be found in [9] and
[10]. Therefore the aim of this paper is to
describe the main relationships and rules for
construction of new class of chain blade water
WPS operating at low speeds of water flows
avoiding the above described disadvantages.

Dynamics of the device

Let us assume that L is the length of device
resp. the working chain and R is the radius or the
chain wheels, in general case L > 2R, which
gives an opportunity for increasing of the number
of blades, or for increasing their areas. We can
also tilting blades at angle o from water stree; to
reduce the overall length of the device without
shielding from the previous rows. Because
S=const>0 the equation for calculating the force
F, which is acting on the one blade because of the
water stream is F=AP/Atp, where AP=P1-P2 is
the change in the pulses caused from the water by
the strike on the blade for small period of time
At.
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Fig.2.Schematic diagram of the acting forces.

Let's assume that the speed of the water flow
is Vo (speed after the acceleration of the water
flow into the channel and before the contact with
the device), and that the blades are fixed.



Then the total force F. is the sum of the forces
acting on all blades and S, is the total area of all
blades

Let the speed of the water jet is V,. Assuming
the blade is moving at a speed V, then the amount
of water that will meet the blade for a small
period of time At is located in an imaginary
prism formed by the area S of the blade and the
length of the flow , which is (V0-V).At). The
mass of water that is:

AM, = 2, S,. Vy —V At

It is assumed that at the strike point the water
will lose part of its speed. Then:

of gearboxes and generator, accompanying the
device (Ka,....Ki..... k)) . All these coefficients

we denotes by k.
k= H ki
i=1

If the k denotes the influénce of all these
factors, the formula for the torque looks like this:

M=FER =k.p,S,.R(V, - V)?

From here, the power extracted on the output
shaft of the unit would be:

P=Mo = M.%:kpo.SCV V, -V °

P, =kg. Am, .V, =k;. Am V, -V =pS§, V, -V "t For optimal performance of the device we can

Therefore,
-}
° At ,

Where kg is a coefficients described by Betz
http://en.wikipedia.org/wiki/Betz%27). Betz
formulated this coefficient kz=0,593) for the
maximum possible energy that can be derived
from blade groups because of fluid action on
them.

Betz considered a one-dimensional model for
a plane turbine positioned in an incompressible
fluid with rectilinear streams of constant velocity
across any section of the current .In reality, the
fluid streams are deflected from the rectilinear
direction near the barrier, changing their motion
to curvilinear trajectories and reducing their
pressure on the turbine [11].

Because the blade moves with constant speed
V (chain working speed) it should be taking into
account in the above formula the relative speed
that is AV=V0-V. The difference between these
two speeds gives us the power which can be
maximal theoretically extracted from the water
flow (according to Betz), namely:

AP
Fo= 2 =KemsS: VoV :

= kBpOScVO2

Respectively the theoretical torque that is

creates is: M = F.. R, where:
M=kg0,S,R V, -V °.

Another factor which can be taken is the
inclinations of the blades relative to the direction
of water flow. For instance, if the turbine blades
are rotated at an angle of 45 degrees in the
formula for the blade area S, a new multiplier
k,=0,71 has to be added, which reflects the
reduced area. Third factor is the friction which is

a result from the rotation of the sliding parts of
the device as well as efficient and the friction in
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find a relation between V, and V in order to
achieve the maximum energy P.

Assuming that the extracted water from the
power P(V) = const, and that all factors are also
constant, then we can find the maximum of the
function by the derivative:

dP Vv ) )
e =kp,S 3V -4V, +V,

First, it is clear that when V is zero the power
is also zero, that is, P(0) = 0. Secondly, when
Vo=V, also P(Vp)=0 and because P(V) is a
continuous function, therefore in the interval
(0,Vo) there will be a maximum. The graphics of
the dependence of P from V for different values
of V, is shown in Fig.3.
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Fig.3.Power characteristics for different chain speed.

Analyzing the Fig.3 it can be seen that the
water flow will give maximum power when the
speed of the blades is ~1/3 of the speed of the
flow and when the speed of the blades is larger
and closer to the speed of the water in the
channel accelerator system input supplied power
will quickly converge to 0. This result is similar
to the studies of [12], which is reach
experimentally the dependence of the speed of
compressible fluid (air flow) and wind turbine to
obtain maximum power.


http://en.wikipedia.org/wiki/Betz%27

Therefore, the parameters of the device must
be adjusted so that the blades have a speed close
to VO /3. Maximum (optimum) power will be

V,) 4
P = P{V = ;j =5 kS.\Vg

Because k.S..p,, R and F. are constant

parameters of the device, the speed of the blades
V could be adjusted by changing the radius of the
wheels R or with the inclining angle of attack of
the blades a, so that V to be close to V/3.

Results

Based on the above research and design
expertise a CAD-based project of chain-blade
turbine with inclined vanes was developed.

The mechanical part consists two couples’
dual bearing to the base wheels. On these wheels
are mounted four chains, one above another with
series of blades. Blades, fixed on the chains,
actively interact with flowing water. The blades
are inclined relative to the direction of flow of the
water and allow a better use of the energy
obtained of running water.

We divide the blades of small pieces to
investigate S- effect the water between to
neighbor group of blades as it is shown on the
Figure 4.

'!

Fig.4.Fluid simulation of system with blades
inclined at 45° to the flow (CAD model).

By the separation and inclining of the blades it
appears S-shaped traffic flow owing to the action
of secondary Bernoulli Effect between two
adjacent rows of blades. In the simulation studies
have shown that the velocity of the water
increases. Visibly more even distribution of
power between the rows of blades. This is due to
the angle of orientation of the blades relative to
the flow.

The fluid simulation of Figure 4 represents the
behavior of the set of blades when they are
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oriented at an angle of 45 °© relative to the water
flow. There is a more uniform operation of the
blades relative the embodiment of Figure 1. In
other words, the effectiveness of the arrangement
of the blades showing the position is higher.
Moreover, this arrangement of the blades allows
to reduce the overall size of the harvesting
devise, because of the smaller size may fit a
greater number of blades.

The angle of orientation of the blades can be
varied, in order to avoid any increase in the
shielding next of rows of blades. It depends on
the desired output power and the overall
dimensions of the devise. This allows flexibility
in the design of the particular decision.
Simulation at various angles of the blades has
shown that such a device at a given angle can be
obtained up to 25% more energy compared to
this, as shown in Figure 1.

Q)

Alfo)

Fig.5.The graphics of the resultant force at
different angles and speed on the water

Prototype and necessary equipment for tests
was developed and manufactured by engineers
from the Central Laboratory of Mechatronics —
Bulgarian Academy of Sciences.

The documentation creation, development of a
conversion device model and other supplying
systems would contribute for development of
these type devices as the robotized systems,
working with human less technology.

Conclusion

The aim of the paper includes researching key
of harvesting system dependencies of related,
submerged in water blades, inclined at an angle
relative to the water flow. The optimal
parameters of the conversion device were
investigated. Graphical presentation of the power
characteristic is shown.

The advantage of this type of building power
plants is the longest period of possible using of
the equipment and the low cost of production and



maintenance. Another advantage is that they can
run almost all year round, even in partial icing of
the water flow.

The angle of orientation of the blades can be
varied, in order to avoid any increase in the
shielding next of rows of blades. It depends on
the desired output power and the overall
dimensions of the devise. This allows flexibility
in the design of the particular decision.
Simulation at various angles of the blades has
shown that such a device at a given angle we
obtain the opportunity to be harvested up to 30%
more energy compared to this, as shown in
Figure 1.

Such similar devises with accelerate systems
(confuser, working chanel and diffuser) can be
put on the pontoons in the rivers. The particular
prototype of the device can be used for
harvesting energy of tidal currents and irrigation
channels. Some of such devices can be joint in
power plants with different power in to
dependence of energy needs.
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ROBOTIZED SYSTEM FOR AGRICULTURAL WEEDING THROUGH THE USAGE OF
SENSORS INFORMATION

Roman Zahariev

ABSTRACT: In the present report a High Technology for Robotized Weeding through the usage of sensors
information, collected during the process of recognition of cultural plants, is described. This Technology is con-
nected to the possibility for Ecologically “Cilean” production of agricultural green stuff. Herewith are described
the results of such type of robot, named HortiBot, developed in Denmark. Similar project is currently developed
by the Institute of System Engineering and Robotics at Bulgarian Academy of Sciences. Despite its early stage of
development we could already predict a positive results and good practical implementation based on the re-

ceived results, which are also described in this report.

Keywords: Autonomous mobile robot, mechanical weed control, robotized weeding, image recognition, GPS

navigation.
BbBenenue

[IpoexTnre 3a cb3naBaHe Ha poOOTH 3a TUIe-
BEJIOOTCTpaHsBaHe 0€3 M3IOJI3BAaHETO HAa XHMHU-
YecKH BeIIeCTBa IpeAarnoyiarat ga ce H3cCieqBa
TOYHOCTTa M BB3MOXKHUTE OTpPaHMYEHHUS MpH
MEXaHUYHOTO OTCTPaHSIBaHE Ha IUIEBEJIUTE INPH
W3MOJ3BAaHETO HA CEH30pHa uWHGpOpMauus OT
BrpajieHH TeleBU3NOHHM Kamepu u GPS cnbTHH-
KoBa HaBuranus. KommaktHuTe, yCTOWYMBH U C
BHCOKa IIPOXOAUMOCT KOHCTPYKIMH Ha T€3U PO-
00TH W TAXHATA MOBHILECHA WHTEIUICHTHOCT MO-
raT Ja TH NpeBbpPHAT B €Ha KJII0UOBa TEXHOJIO-
I'Us 3a CTAOMIIHO CEJICKOCTONAHCKO IPOM3BOACT-
BO [1]. Pa3BUTHETO B KOMITIOTBPHUTE H CEH30p-
HUTE TEXHOJIOTUU TOCTaBs BBIpOCa Jajld MOTaT
T€3M TEXHOJIOTUM J1a CE€ NPUIIOKAT B CEJICKOTO
CTOIIAHCTBO, KBJETO HAIOCIEIBK CE MpEAsBIBAT
BHCOKHM M3MCKBaHUS KbM KauyeCTBOTO Ha MPOAYK-
[UATa, OIIE MTOBEYE 110 OTHOIICHWE Ha M3MOJI3Ba-
HUTE XUMHUYECKU BEIECTBA, HAIPUMEP MECTHUILIH-
 [2].

KakTo € M3BecTHO ChHIECTBYBAIIUTE METOIH,
Hali-Beue PBYHOTO IJIEBEHE, BOAAT JJO MOHOTOH-
Ha ¥ U3MOpHTENIHA TeKKa (usndecka padora. [lo
naHHM Ha JlaTckata opraHu3aiys Ha rpaJuHapH-
T€, B 3aBUCHMOCT OT MHTEH3MBHOCTTA Ha IJIEBE-
mute, ce m3mom3BaTt or 50 — 300 gaca/xekTap 3a
otctpansiBaneto UM [3]. ToBa Bpeme, OTHECEHO
KbM OOIIOTO KOJMYECTBO BpEME, M3Pa3XxOJBaHO

3a MPOM3BOJCTBO HA €IUHMIA CEICKOCTOIAHCKA
NPOJAYKIHSA, C€ SBSBa TBBPJAE TONsIMa IPOIICHT,
KaTo 3aeHO C TOBa IMPEJCTaBIsIBA TEXBK M3MO-
PHUTEJIEH 1 MOHOTOHEH TPY/.

JloceraniHusT HaTpyInaH OMHUT OT CHIIECTBY-
BalllUTEe EKCIIEPUMEHTH C POOOTH-3UPAHU CHCTeE-
MU TI0Ka3Ba, 4e paboTaTa Ha oOIeparopa Ha po-
0oTa mpu TO3M mpoLec ce MoJo0psBa 3HAUYNUTE-
HO, OT TJIe/IHA TOYKA Ha ChKpalllaBaHEe Ha Harpe-
JKEHHETO M MOoA0OpsiBaHe KaueCTBOTO Ha paboTa-
Ta [4].

[MpeaBapurenHuTe MpoOy4YBaHUsS TOKa3BaT, 4e
CHUCTEMHUTE 32 POOOTH3MPAHO IUIEBEHE UMAT TIO-
TEHIMAT Ja KOHKYpUpaT J0Cera ChbIIeCTBY-
BalllUTe METOJU, MPH CHW)KaBaHe Ha cebecTou-
HOCTTa Ha Pa3XxoJIUTe U JIOPU NPU ChBPEMEHHHUTE
3aBUIICHU W3UCKBaHUS KbM HpoxykKiusra [5].
ToBa e n U3UCKBaHE HA €BPONEHCKa AUPEKTUBA —
EU 178/2002 3a mnoBuIiliaBaHe MpPOM3BOIUTEII-
HOCTTa M 0€30I1acHOCTTa Ha TPyZa B CEJICKOCTO-
MaHCKHUTE MPOU3BOJICTBA.

B macTosmus goknmaa ce pasriex/ia J1aTcKaTra
paspabotka HortiBot [6], ekcmepumenranen
npoTtotun, peanusupad mnpe3 2007 r., 3a BUCOKO-
TEXHOJIOTHYHO OTCTpaHsiBaHe Ha muieBenu. [loka-
3aHU ca ¥ MOCTUTHATHUTE pe3ynraTu B MHCTHTYTA
M0 CHCTEMHO MH)KEHEpCTBO W podoTnka — BAH
(MCHUP-BAH). Tasu pa3paboTka 3acera € B Ha-
yaJieH CTaJui, HO TMOKa3aHUTE PE3yJTaTd OT U3-
NUTaHUATAa [aBaT OCHOBaHME Jia CE CMsTa, 4e
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YCHBBPIICHCTBAHETO M peau3anusITa i B pea-
HH YCJIOBHS, € TpeacTosiia [7].

Po6ota HortiBot e ciocoben ma pasmosnasa
KYJITYPHUTE pacTEHHE Ha HAKOJIKO 3aCETH PEIOBE
€IHOBPEMEHHO C MOMOIITA Ha BrPajeHH BHICO-
kamepu [8]. EQHOBpeMEHHO ¢ TOBa Ce H3IOJI3Ba
u GPS Momyin, ¢ KOHTO ce OTYMTAT KOOPJAUHATH-
TE Ha MOJOKEHHUETO Ha poboTa. JIaHHHUTE OT CeH-
30pHHTE CHCTEMH Ca JOCTBIIHM 3a oOreparopa
“online”, B peanHo Bpeme, upe3 Internet nocrerm.

ITo oTHOmICHWE HAa WKOHOMHYECKaTa edek-
THBHOCT HAa MEXaHW3UPAHOTO OTCTPAHSIBAHE Ha
wieseny, creranio ¢ HortiBot, marckure cre-
[UAJTUCTH Ca M3YMCININA, Y€ HHBECTHIMS OT
$32 000 - $113 000, B 3aBHCHMOCT OT MHTEH3HB-
HOCTTa Ha TUICBEJHATA Maca W BrPaKIaHETO Ha
JOITBJIHUTCIITHU YCTpOﬁCTBa, B YCJIOBHATA Ha
100% otcTpaHIeMOCT € MKOHOMHYECKH OIpaB-
nana [9].

Onucanue HA KOHCTPYKIUSITA HA podoTa
HortiBot

Konctpykuusara nva pobora HortiBot e cb3-
JaneHa Ha 0a3za Ha mpejiIecTnaiy Momaen Spider
ILDO1, pobGot, mpemHazHaveH 3a paboTa B mpe-
CEUYECHU CEJICKOCTONaHCKU paiioHu. Toil Moxe na
npeoossiBa HakiIoHH 10 40° U e u3paboTeH BHB
¢upmata Dvorak Machine Division, Czech
Republic. 3amsmkBanero Ha 4-Te Kollena ce
OCBIIECTBSIBA OT ICHTPAJICH XHJPABIUYCH IPHU-
BO/I, @ BBPTCHETO OKOJIO OCHTE UM — C TIOCTOSIH-
HorokoBu asurarenu [10].

P.."g%‘t i
|, ! L
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®ur. 1. Beamen usrnen va HortiBot

PRSI UREUREO U EUREES

OCBIIIECTBSIBA OT MMAapaJIeTHOTO 3aBbpTaHe Ha 4-Te
KoJjena. BBHIIHMAT Bua Ha HoBata pa3paboTka
Ha poOorta HortiBot (ycbBbpIIEHCTBAaHHAT MO-
Jiei) e mokasaH Ha dwur. 1:

AmnapatHu cpenctsa Ha pooota HortiBot

HoBoTo, otmuuaBario pobora HortiBot or
npeauniHara paspadorka Spider 1LDOL1 e uuan-
BUJIyaJIHOTO YIPaBJICHHUE HA BCEKU OTMAENEH KO-
JIeCeH MOMyJ. Bceku kolieceH MOy ce ChCTOU
OT XHUJIPaBJINYCH MPUBOJ 32 3aJBH)KBAHETO, MOC-
TOSIHHOTOKOB JIBUTATENl 32 OCOBO 3aBBpTAaHE,
CCH30PH 32 CKOPOCTTA U 32 bI'bJIa HA 3aBbPTAHE U
OT/ICJIEH CaMOCTOSTENICH KOHTpoJep. OCHOBHUST
JIBUTATENl TPEJCTABIISBA JIBUTAaTe)l C BBTPEIIHO
TOpeHe, KOMTO paboTH B CTAIMOHAPEH UKOHOMH-
YeH PeKMM M 33JIelCTBa XHIpPABIUYHA TOMIIA,
Ch3JaBallla HAJISITaHe B XUIPAaBIMYHATA CUCTEMA,
CBBp3aHa ChC 33JICHCTBAHETO HA KoJenara, KakTo
U anTepHaTop, 3apexaall aKyMyJaTopHa CUCTe-
Ma, KOSITO CE TPIIKH 3a 3aXpaHBaHETO HA MOCTO-
SIHHOTOKOBUTE JIBUTATEIH HA YNPABICHUETO Ha
OTJCITHUTE MOJYJIM W MeXaHHYHATa pbKa, Ha
KOSITO Ca PaslONIOKCHU CEPUsl UHCTPYMEHTH, B
3aBUCHMOCT OT 00pa0oTKara U ILIEBEIOOTCTPA-
HSIBAHETO, KOETO IIE CE N3BBHPIIBA.

Codryep — onepanronnara cucrema Ha HCC
e 6aszupana Ha Linux, iComLinux, pazpaboTka Ha
Cetus, [danms. iComLinux ycranoBsBa Compact
Flash card B cecrostame read-only, u B TeueHue
Ha U3IIBJIHCHUECTO HA KOMAaHAUTC, BCUYKH 3allMCHU
ce m3BppmBaT Ha RAM-namerra. ToBa naBa
MPEUMCTBO C OTJIE| MOBHIIABAHE HA CUT'YPHOCT-
Ta, 3a Ja HE ce JOMYyCHAaT CHCTeMHH (ailiioBu
IPEIIKH.

OT rieqHa TOYKA 32 CUTYPHOCT M CTAOMIHOCT
Ha MoOmIHHs pobot HortiBot, kakro u ¢ oryen
Ha aJJaliTUPYEMOCTTa KbM 6’52161111/1 U3MCHCHHUA U
MoIOOPEHUs], KOHCTPYKTOPUTE U3IMOJI3BAT TOJIe-
MUl ONUT, HATPYIAH OT aBTOMOOMIIHATA UHTYCT-
pHsi — 1O OTHOIICHHE MPEAUMCTBATa HA MOIYJI-
HUTE KOHCTPYKIMHU. A Te ca: - BCEKH (YHKIIUO-
HAJICH MOJYJl UMa COOCTBEHO yNpPaBJICHUE U WH-
JTVBHTyaTHA (DYHKIMU; - BCEKH MOJIYJ CE TECTBa
HE3aBUCUMO €IHH OT APYT OT HCHTPAJIHHUA KOM-
MIOTBP; - MOIYJIMTE Ca JIECHO HPUCIOCOOMMHU
KbM OBJCNIM AaIUTMKALUH; - BB3MOXHO € 4Ypes3
armapaTHU CPENICTBA Ja Ce peaju3upaTr OTACTHH
¢$byHKUNM.

Bpb3kata MexIy BCHYKH YCTpOMCTBa Ha yII-
PaBICHUETO C€ OCHIIECTBSIBA Ype3 BHCOKOCKO-
pocren CAN bus u cepuen unrepdeiic RS 232.
OOmusAT ynpasisBai MOy € Ha 6a3a 32-0uToB
mukporporecop, CPU moayn, CANbus momy,
cepueH uHTepderic Momyi.

MoayasT 3a 3penue, Ha ¢upma Eco-Dan A/S,
Denmark [11], e HOBa cTepeo cucTeMa C IIBETHO
3penue u ¢ 3D uHbpopManMs Ha HAJIWYHHU Tpa-
JUHCKH U CEJICKOCTOITAHCKH TIOCEBHH HaCaXKie-
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HUS. MorieH [UpPOBO-CUTHAIICH —MPOIIECOp
(DSP) amammsupa IIOCTBIBALIUTE JaHHH OT
n3zo0paxenusita. Upe3 emMMUHUpaHE Ha OCHOB-
HUS TIOCEBEH MaTepual, MPOLEecOpbT aHaIH3Hpa
HAJIMYHAETO Ha TUICBENH, Pa3MO3HABAHKU TH IO
KOHTYp, IIBSIT, BUCOUYMHA, WHAWBUIyallHA JTUCTHA
Maca u np. Bps3kara mexny HCC n Mmonynst 3a
spenne Eco-Dan ce ocwimectsssa upes CAN bus.
Cxema Ha paboTa Ha MOAyJa 3a 3pEHHE € ITOKa-
3aHa Ha ¢wur. 3.

®@ur. 3. MoayasT 3a 3penue Eco-Dan A/S nHa
HortiBot. Otnpen BHICOHAOTIOICHUETO CITe-
IM 5 TIOCEBHU pejia, 0T3a] (Ha MpeJeH IIaH)
€ MmoKa3zaHa MeXaHW4YHaTa pbKa, C MpPHKpere-
HU KbM HEsl MHCTPYMEHTH 32 IUIEBEIIOOTCT-
PaHsABaAHC

YunpasasiBaul MoayJ 3a 3aBbpPTaHe Ha KoJie-
JlaTa (KOPMUWJIHOTO yIIpaBJieHHe)

Kakro Oeme otbGensizano mo-rope, 4-te Koje-
Jla ca CaMOCTOSITEIHU U BCSKO OT TAX € YIPaBIIsi-
BaHO CBhC COOCTBEH (yHKIMOHANeH Moxyi. Oc-
HOBHATa 3ajada Ha MOJYJIUTE € Ja YIpaBIsBaT
HaTpaBJICHUETO HA KoJjeJara U Jia U3MepBar CKo-
pocTTa Ha 3aBbpTaHe. MOIy BT HE MOXE Ja yIi-
paBIsiBa CKOPOCTTA Ha 33/IBU)KBaHE (XHUIpaBINY-
HOTO HaJISIFaHe), HO YCTaHOBsBa CBHCTOAHUECTO
on/off Ha BeHTmia (B cityuaii Ha 3a0yKkcyBaHe Ha
KoJenara). ['eHepalHOTO HaONIOJICHNE U yIpaB-
JICHUE Ha 3aBBbPTAHETO U 33/IBUKBAHETO Ha KOJie-
nara ce u3BbpmBa or HCC (Hortibot Control
Computer).

Pbyen ynpasasiBauy MOIyJ1 — CTaHAAPTHHAT
tpancmutep Ha Spider ILDO1 e u3non3Ban karo
remote control pu HortiBot, Ho ¢ usBecTHn u3-
MEHEHHs. Y CTPOUCTBOTO Ce SIBSIBA YCHBBPILICHC-
TBaHa M MoaudUIMpaHa Bepcus Ha Transmitter
NANO-L na ¢dupma NBB Controls & Compo-
nents AG, I'epmanusi, 3a10keH0 IpU
Spider ILDO1, a B po6ota e Brpageso CANbus
Reciver-R-CAN NANO-L/a,, ycTpoiicTBO, mM03-
BossBamo HCC nma momydaBa OBp3u TUPEKTHBH

OT oIeparopa 4pe3 BHUCOKOCKOPOCTEH COOCTBEH
CAN bus.

IIpoexT Ha MHCTHTYTA IO CHCTEMHO
HHIKeHePCTBO U podoTuka — BAH
(MCUP-BAH)

[Ipenn tpu romuan B MCHUP-BAH 3amouna
AKTUBHA JAECHHOCT IO MPOyYBaHE HA TEXHOJIOTUS-
Ta 32 pOOOTU3UPAHO MJICBEHE MPH OTIJIEKAAHETO
Ha  CEJICKOCTOIIAaHCKAa TMPOAYKUUs W  TO-
cnenyanHo Ha 3eneHuyuu. [IpenumcrBata Ha
Ta3u TEXHOJIOTHSI ca OUEBUIIHHU, KOUTO Osixa CIo-
MCHaTH, BbB Bpb3Ka ¢ mnpoekta HortiBot. 3a
pasiika OT TO3M MPOEKT, KOHCTPYKLHITA Ha
MOOWITHHS pOOOT C BUCOKA MPOXOANMOCT, Ch3/1a-
nen B UCHP-BAH mnpeasuxma xomoBa 4acT Ha
OCHOBATa Ha TPUBI'BJIHHU BEPIXKHU KOMIUIEKCH OT
KOJIeNa, KakTo € nokazaHo Ha @ur.4. Ilpu cpema
C MPEMATCTBHE MPEAHOTO KOJIENO HA TPUBI'bIIHA-
Ta KOHCTPYKIHS c€ MPEBphIIa B LIEHTHP Ha POTa-
5], TeHEpHpa Ce MOMEHT CIpPsIMO LEHTbhpa Ha
TPUBI'BJIIHUKA U IIsIaTa KOHCTPYKILUS C€ MPEThP-
KaJBa Mpe3 TOBa IMPEIMSATCTBUE. 3aIBIKBAHETO €
peanu3upaHo C MOCTOSHHOTOKOBH JBHIATEJH.
3aBHBaHETO ce OCBIIECTBABA Upe3 MpHUIaraHe Ha
pasMyeH JBHTaTeleH MOMEHT CHOTBETHO Ha
JISIBO WITK Ha JIACHO, C KOETO POOOTAa 3aBUBA.

(-

®ur.4. MobuieH pobOT ¢ BUCOKA HPOXO/IH-
MocT, ch3naaeH B MICHP-BAH.

Bceku xoneceH MOy ce ChCTOM OT IOCTO-
SSHHOTOKOB JIBHTAaTEJ 32 3aJIBUKBAHETO, CEH30pH
3a CKOpPOCTTa U OTJEIICH CAaMOCTOSTENIEH KOHTPO-
nep. U 4-te BepmXHM KOMIUIEKCH OT Kojiesa ca
qeuratenHi. ChIO Taka OCHOBHHUSAT JBHUraTell
NPE/CTAaBIsIBa JIBUTaTe]l C BBTPEIIHO TOPEHE,
KOHTO paboTH B CTallMOHApeH MKOHOMHYEH pe-
JKUM M 3aZIeliCTBa 3a pas3liuka OT MNpPEeAUIIHUS
IPOEKT, CaMO AJITEPHATOP, 3apeKAall aKyMyJia-
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TOpHA CUCTEMa, KOSITO C€ TPYDKH 32 3axXpaHBaHe-
TO Ha IMOCTOSHHOTOKOBUTE J[BUTATENU Ha 3ajI-
BIKBAHETO HAa OTJCITHHUTE MOAYJIM M MEXaHUYHA-
Ta pbhKa, Ha KOSATO Ca Pa3MOJIOKCHU CepUs MHCT-
PYMEHTH, B 3aBHCHMOCT OT 00paboTKkaTa W Tuie-
BEJIO-OTCTPAHSIBAHETO, KOETO INE CE HM3BHPIIBA.
[Ipu cpermia ¢ npensTCTBUE U 3HAYUTEIIHO YBEIH-
YEHHWE HA CHIPOTHBHUTEIHUS MOMEHT TYK HMa
BB3MOXHOCT JIa ce M3IoN3Ba T.Hap. ,,Cynep KoH-
JIeH3aTop”’, KOUTO € B ChCTOSTHUE 3a KPaTKO Bpe-
Me Jla OCUTYPH 3HAYHMTEIHA JOMBIHUTEIHA SHEP-
THsI, KOSATO Jia TIOCTY>KH TPU TPEOJOsIBaHE Ha
npensarcTBueTo. 1o TO3M HauuH yHpaBICHUETO
Ha po0oTa € 3HAYUTETHO OIPOCTEHO, JHUIICBA
CKbIIaTa ¥ CJIOKHA XUAPABIUYHA CHCTEMa U CE
MOCTHUraT BB3MOXKHOCTH 3a MPEOJOJSIBAHE Ha
3HAYUTENHU 10 pa3Mep MPENATCTBUS.

AmnapaTHa yacT Ha cucTeMaTa
3a ynpasJIcHHe

W Tyk Bpb3KaTa MEXIy BCHYKH YCTpOMCTBa
Ha yNpaBJICHHETO CE OCBILIECTBABA YPE3 CEpUECH
untepgeric RS 232. O0muAT ynpapisBaii MOy
e Ha 0a3za 32-6utoB mukpomporecop, CPU mo-
Iyn, cepueH uHTepderic Momayn, kakto u GPS
Moy 3a Hapuraius u GPRS 3a Internet xomy-
HUKams. M Tyk e mpeaBHIIeHO J1a ce HM3MO0J3Ba
Moayn 3a 3peHue, HO 32 pa3iuKa OT TO3M Haa
¢dupma Eco-Dan A/S, Denmark ce usnomnssa 3D
WHQOpMAIUs Ha HAJTMYHYU TPAIUHCKH H CEJICKOC-
TOTMAHCKH  KYJITYpHH IIOCEBHH HACaKICHUS.
Crparerusita Ha M3MOJI3BaHUS AJITOPUTHM € TE3H
pacTeHus Ja ce 3amassT a BCHYKH OCTAaHAIU Ja
Obaar yHuinoxkeHu. KynTypHoTo pacreHue ce
pasmno3HaBa 1O KOHTYp, LBST, BUCOUYMHA, WHAU-
BUJIyallHa JIUCTHA Maca W np. To3u anropurbm
3HAYUTEITHO OMpPOCTSABa JIEHHOCTTA HA CHCTeMaTa
3al0TO C€ paslo3HaBa CaMO KyJITYPHOTO pacTe-
HUE, a HE MHOrooOpa3HeTo OT HaW-pa3InyHH
BUJIOBE IIJICBEJIH.

Co3nanex e u I'paduuen uarepdeiic Ha noT-
peourens (Graphical User Interface). Ha expana
Ha yIpaBisBalivsg KOMIIOTHP Ha cylnepsaiizopa
ce TO0Ka3BaT NOAXOAII0 0(OPMEHH ,,IPO30PLH”,
Yype3 KOUTO yI0OHO M JIECHO ce TIporpamupa po-
oora. To3u I'paduuen wnTepdeiic e ch3aaneH
4pe3 u3non3Banero Ha e3uka TCL/TK u mpesc-
TaBJIsBa MOIIEH HMHCTPYMEHT 3a IMpOrpaMupaHe
Ha pobOota. [Ipumepen expaH e mokazan Ha Owr.
5, KaTo B JisICHATA YacT Ce€ BIDKAAT U300paKeHUsI-
Ta Ha BHJCOCHUCTEMATa, KakTO TOBa KOETO C€
HaOronaBa B MOMEHTA, Taka W Ipoleca Ha pas-
Io3HaBaHe. B jsiBara yacT Ha ekpaHa ce BIDKIA

mopeaunara OT CTHIIKH Ha WU3IbIHSIBaHATA TIPOT-
pama ot poborTa.

PROGRAN SEQUENCE CONTROL

. 1

Be EM Bet .00 1.0 200 Sngl 4.

3

. = Ot | Dooo | o | oo fra st
Frogram Circbotidemasiz1d seq I ml l 4

®@ur. 5. ['paduuen naTepdeiic Ha moTpedOUTENS

Kaacupukanus Ha pusnyeckuTe MeTOAH
32 YHHIIOKAaBAHe HA IVICBeEJIN

HesaBucumo oT TOBa, KO OT (H3NYECKHUTE
METO/IM 32 YHHIIIOKEHHE Ha TJICBENHU 1Ie Ce NpH-
JIOKH, BOKHO TPEBAPUTEIIHO YCIOBUE € J1a UMa
TOYHO pa3lo3HAaBaHE M OINpECIsIHE Ha IOJIOXKe-
HHMETO Ha 3aCeTHs M0CEB, HE3aBUCUMO, JTAJTH TO3H
npoiiec e ce ochiiectsu ot GPS, HaBuranusra
WK 1€ Ce ONpeed Ha MICTO OT CHCTeMara 3a
MAaIIMHHO 3peHHe. TOYHOTO ompenensHe Ha pe-
JIOBETE, MEXKIYpeAusiTa W Pa3CTOSHUATA MEKITY
OT/ICJIHUTE PACTEHUS I10 TPOTEKEHUE HA PEOBe-
TE ca MPEIIOCTaBKa 3a MPABHIHOTO TTOJIBEKIAHE
Ha IUICBCJIO-OTCTpaHABAIINTE HWHCTPYMECHTU U
YCIEIITHO peann3upaHe Ha To3u npoiec [12].

®du3nuecKky MeTOIH 3a IJICBEJTO0OTCTPaAHABAHE

1.VmKeKIusl ChC CTBCTEH BB3AYX, NEPIICHIIN-
KYJSIpDHO Ha FOpHUS CJIOW Ha II04BaTa, ype3 Kia-
MMaHU 3a MNPCBKIIOYBAHC Ha BB3AYIIHHA ITOTOK.
(Air jet).

2. Vmxeknust chC Cr'bCTEH BB3IAYX, C J00aBEH
a6pa3HBeH Marepuai, HAaCOUYCHA KbM JIMCTHATaA
Maca Ha IUIeBela, IIEPIEHAUKYIISIPHO, YpE3 CEpUsl
or wmumkpocomia. (Air jet with abrasive
material).
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3.PoTanonHn WriIeHO-CTOMaHEHU YETKU C Ma-
TBK JAWaMEThp, paboTeln B M W3BBH PEIOBETE.
HNmat 1 gpa009nHHO BKOTIaBaHE. MOHTHPAHH ca
Ha MaHHUIyIaTop B 3aaHaTa vacT Ha HortiBot.
CpaBHuTEnHO clokHO yopasienue. (Brush
weeder).

4 1TanmoB IUIEBEIOOTCTPAHUTEN, C BKOIABAIIO
neiicteue. CbCTOM ce OT ABa Majerna, KOUTO M3-
BBpPIIBAT CJIO0KHO BBPTEINUBO, BKOIIaBaIlO-
HM3BAXJIAINO U BBPTEIIMBO JABIDKCHHUE, IIPU KOETO,
MpY BKOIABaHE, MAUTE ca ChOMpaT €ANH KbM
JpyT, ¢ Liea MOAKOIIaBaHEe U M3BaXKJaHE Ha Kope-
HOBaTa cucTeMma Ha rieBena. [lammosara dpesa
paboTH B ¥ MEXIy PEOBETE U CE yIpaBisiBa OT
MaHMITYJIaTOp, BrPajieH B 3a7HaTa yacT Ha Horti-
Bot u ynpasnsasan or HCC. (Finger weeder).

5.Topenkwu, Tumn “Sievert”, ¢ ra3 mpomas, pasio-
JIO)KEHH TIEPIICHIUKYISIPHO Ha peloBETe, YHH-
II0’KaBaT JIMCTHATa Maca Ha ruieBenure. (Flame
weeder).

6.I'bBKaBU 3601M. Pa3paBsaT MOBBPXHOCTHO MOY-
Bara. MaHMITyIaTOp 3a TPaHCBEP3aTHO (HAmped-
HO) JIBIXKEHHE B OOIIUs ClIy4ail HE Cce Mpuiara,
OCBEH KOTaTo C€ M3MCKBA 3aBHIICHO BKOIIABaHE
ot 3p0uTe B Mexaypeusra. (Flex tines).

7.3axBamniamo BBPTETUBO H3TETIISIHE HA KOPEH-
HaTa cUcTeMa Ha TuieBena. J[p1004nHHO poTamnu-
OHHO BKOIIaBaHEe, 3axBalllaHE M BBPTEINBO H3-
TeryisHe. MoHTUpa ce Ha poOOTH3MpaHa pbhKa ¢ 3
ynpasisiemu ocu. (Grasp and twist weeder).

8.Pa3psn ¢ Bucoko Hampexenue (14 kV), iionu-
3upan| BojaTta B JIMCTHAaTa KIEThbYHA Maca Ha
IUIeBeNIa U CHOTBETHOTO MY YHHILOXKEHHUeE. 3a-
IBIDKUTENTHO HeoOxoaumo 3asemienue. ( High
voltage electrode).

9.Harpsra Boza (90 °C), cbuerana ¢ GHOaKTHBHA
TNsiHa, Pa3NpbCKBaHA OT CEpHsl COIUIA, Pa3moio-
’KEHH OTrOpe M NMEePIEeHANKYIISIPHO Ha penoBeTe. (
Hot water or hot water with foam).

10.UanpeKTHO TpeTupaHe C TOIUTMHA, M0jaBaHa
OT 2 HarpsATH KepaMHYHU eKpaHa (TUIOYKH) C
MaJIKi pa3Mepu — 5 cM. M3nonsBa ce manumyma-
TOp, KOHTO HW3BBPIIBA TPAHCBEP3aTHO M BHUCO-
YUHHO HalpaBIABaHE, U BbPTU JBETE U3IbUBALIH
IUVIOYKKA OKOJIO JIMCTHATa Maca Ha IuieBena. (
Infra-red).

11.JTazepu, ot mocouenute trmoBe — CO,, HUO-
JUMOBH, AMOAHM W Ip. HArpsgBaT W H3IapsBaT
BOJIaTa OT ThKBbHHATa Maca Ha TuieBena. Jlazep-
HUTE OTJIe[alia Ce YIPaBIIsIBaT OT aKTyaTOPH, Thil
KaTo € BaKHO TOYHOTO OTCTOSIHME [0 IUIEBEINA.
(Laser (CO2, Nd:YAG, etc.), thermal).

12.JIa3epu OT TOCOYECHHUTE THIIOBE, HO C IIO-
roJisiMa M3JTbYBAlla MOIIHOCT, KOHTO MPOTrapsT
Apical meristems (cemenenHUAT JTKCT) Ha IUIE-
Bena. (Laser (CO2, Nd:YAG, etc.), cutting).

13.Tperupane ¢ teunn azor i CO,. YHumo-
JKaBaHe Ha THKbHHATa Maca Ha IUIeBela 4pe3
cryn. ( Liquid N2 or CO2).

14 EnektpomarauTHo wu3iapuBaHe (2.45 GHz),
MIPOBEXIAHO IIPe3 MUPaMUAANIEH BBIHOBOM, MOK-
puBamo miom ¢ pasmepu 20x20 cm, 3arpsiBa
BOJlaTa B ThbKAaHWUTE Ha IUIEBEIA U BOAU 1O MyJIe-
KyJSIpHO TpueHe W yHuinoxkenue; (Magnetron
(Microwaves).

15.Cucrema oT 2 Majiku MOAPSA3BaIIN JUCKOBE, C
muametsp 10 cM., oOpaboTBamm JTUCTHATa Maca
Ha 1uieBena. Pabotsar Ha 2 cm Haj mouBata. He-
00X0TMMOTO TPaHCBEP3aTHO (HAMIPEYHO) IABHKE-
HHE W BUCOYMHHA HACTPOWKa, KaKTO B3aUMHOTO
3aBbpPTaHE U HOXKOBO 00XO0’K/1aHE Ha IJIEBEla, Ce
OChIIEeCTBsIBAa OT MaHumyiatop. (Mower).

16.HatopsaBane (mpbckaHe) ¢ OMOIOTHYEH MaTe-
pHan, HacOYBaH 4pe3 IIJIAHTOBE B 30HATA HAa ILIe-
Bena. lllmanrosere ca cBbp3aHU ¢ MaHUITYJIaTOP,
OCBIIECTBSIBAIl TOYHO MO3UIIMOHUPAHE HA Pa3T-
BOpa, 3a Jia He ce 3acerHe KyJITYPHOTO pPacTeHHE.
(Mulching with biological material).

17.Potupamiyi CTOMaHEHHW pa3lBWXKHU OpaHHU.
BpanyBaT B ropHus €10l Ha IOYBAaTa OKOJIO KO-
peHHaTa cucTeMa Ha IuieBena. M3momnsmar ce ¢
MEXaHU3bM 32 BKOIIABaHE W 3a ChOMpaHe Ha OT-
JeJIHUTE 3BOLM MPH BKOMABAHETO 3a M3KOPEHS-
BaHeTo Ha 1eBena. (Rotating steel rods)

18.Potupamniu BepTHKaTHH HOXKOBE — CCTEMa OT
2 HOxOBH TnaBh. [Ipops3BaT TopHHS CilIOH Ha
noyBara. ChOpBKEHH C MAaHHITYJIATOP, OCHIIECT-
BSIBAIll TPAHCBEP3IHO ABIKECHUE U ABIOOYHMHHO
BKOTIaBaHE. BBpPTENMBO JBIKECHHE HA HOXKOBUTE
rmaBu  okojo 1ieBena. (Rotating vertical
blades).

19.Tperupane ¢ mapa. I'pyna ot coruia, HaCOUYCHH
Ha/ONly U NMEPIEHINKYISPHO Ha TUIEBENa, BHBEK-
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nar mapa ¢ temmeparypa 175 °C. Cucrema ot
KJalmaHW,  BKJIIOYBAIIM W W3KIIOYBANIH
cucremara. (Steam).

20.IIpouncrBaiiyu MOTUKHA. Morar aa ObJar Bia-
Yeld W POTANUOHHU. XOPHU3OHTAJIHO M BEPTH-
KaJHO YIpaBicHUE — MPH Biavernute. [Ipu pora-
[IMOHHUTE — MaHUITYJIaTOp, OCBIIECTBSBAI Bbp-
TeHe 0KoJI0 TuIeBena. (Sweep hoes).

21.YcykBamu 3601M ¥ HOXOBe. PaspaBsar mo-
BbPXHOCTHO II0YBaTa M M3KOPEHABAT ILIEBEJA
BBTPE B PEIOBETE. 3aIBIDKUTEITHO Ca IPUKAUYCHU
KbM MAaHHITYJaToOp, MPEABHUI CIOKHHUTE JBHKE-
HUSI ¥ 32 TOYHO MO3WIIMOHUPAHE U He3acsAraHe Ha
KyaTypHOTO pacrenue. (Torsion tines and
blades).

22.Tperupane Ha mesena ¢ Mmoo UV-npueHne
¢ eneprusi — 17 KJ, mpenu3BHKBAIIO HArpsBaHe
Ha ThKaHHaTa Maca. OCBIIECTBSBA CE OT CHCTEMA
C 2 aMIy, ¢ TPAHCBEP3aJIHO M BHPTEIUBO OKOJIO
IUIeBENa JBIDKCHHE, YIPABISIBAHO OT MaHHITyJIa-
top. (UV-light).

23.BomHo-peaktnBHa WHXkekmus. [lomaBane Ha
BOJIa C BUCOKO HallsiraHe Tpe3 aio3u. Pabotar B
pena. cucteMa OT 2 JIBOMKH AFO3H, Pa3MOIOKESHN
N0/ HAKJIOH W CHMETPUYHO Ha pena, paboTrenu
OJTM3KO JI0 TIOYBAaTa U MMO/IaBaIlld BOJHHU MUMITYJICH
B 30HaTa Ha KOpeHoBaTa cucTtema. Kiamanu 3a
BKJIIOYBAHE/M3KIIIOUYBAaHE HAa BOJATA. 3aBJDKHU-
TEITHO € BUCcOounHHO peryupane. (Water jet).
24.BopHO-peakTUBHA WHXKEKIUs, ¢ abpa3uBeH
Marepual, KBaploB IscbK. PabotsaT B pena. cuc-
TeMa OT COIlIa, Pa3IMOJIOKEHU HAJ0Iy U MEepIeH-
JUKYJSIpHO Ha penosere. Kiamanm 3a Obp30
NPEBKIIOYBaHE Ha MOJaBaHUs a0pasuB, 3a Jia He
ce 3acerHe kyntypHoro pacrenue. (Water jet
with Abrasive material).

Ha ®wur.1 ca mokaszanm ropen3OpocHUTE Me-
TOIM 3a IUIEBEJIOOTCTPAaHsBAaHE, 0 JAaHHU Ha
Harckus Hay4yHO-TeXHHYECKH H3CIEI0BATENCKU
chBeT (STVF) m Ha JlaTCKus CEJICKOCTONAHCKH
Hayuno-uscnenoBarencku cvBer (SJVF), cien
W3BBPLUICHH MHOTOKPATHU TECTOBE, BHCOYMHHO
nojpesieHu 1o edpexTuBHOCT. [lo opauHaTarta e
nokazana croiHocT 1.00 = 100% otctpansemMocT
Ha rieBenuTe [13], a mo abumcara ca mokasaHu
Pa3INYHUTE METOM 32 MEXaHU3UPAHO TUIEBEHE.
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Concepts

®@ur.6. Meroau 3a MeXaHU3UPAHO IUICBEHE,
npuitoxkumu ¢ HortiBot. Bucounnuo mpenc-
TaBAHC 1O NEPCHECKTUBHOCT.

3akiIoyenune

Uneara 3a BpBeXJaHE Ha CEJICKOCTONAHCKH
pPOOOTH B peaslHu 3eMeJICIICKH TUIONIH, Bb3 OCHO-
Ba Ha eBpormeiicka aupektiBa — EU 178/2002,
KaKTO M TOKa3aHUTE NOOpH Pe3ysITaTh OT IoJie-
BuTe TectoBe Ha HOrtiBot, a cbio u ot TecToBe-
T€ Ha JPYrd POOOTHU3UPAHH TUICBEIOOTACIISIIH
CHUCTEMH — HEpas3IJIeAaHu B TO3M [JOKJIaA, a
nmenHo: Green Trac, RTK-AutoSteer u apyru
[14], ca mpexamocraBka 3a BHUMATEIIHO BIJICK/Ia-
HE B mpolOsieMa OT CTpaHa Ha OBJITrapcKute ¢ep-
MepH, HO CBIIO M OT CHEUUAIUCTHTE MO MEXat-
pOHMKa, THh KaTO BCBHIIHOCT TE3H POOOTH ca
€/IHa MeXaTpOHHA CHCTeMa W TPEBHJ| HATpyIa-
HUS Bede JIMTEpaTypeH MaTepuall U 3HaHMSA, pa3-
paboTeHus] MPOEKT M HAJWYHHUS MOTEHIMANT Ha
crienmanuctute or MCHUP - BAH, e Bb3MOXKHO,
IIpH CHOTBETHO (PMHAHCUpAHE, J1a CE IPEMHUHE Ha
€IMH clelBall eTall — ONUTHU pa3paboTKH Ha

OBJITapcku  poOOTH3MPAHU  IIIEBEJIOOTCTPAHSI-
Bali CUCTEMU.
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ONE APPROACH IN ANALYZING THE DATA COLLECTED BY PORTABLE ECG
DEVICE USING THE POWERPIVOT FOR EXCEL

Sinisa S. Ili¢, Alempije Veljovié, Aleksandar Zori¢, Slobodan Obradovié

[MoAXOMA 3A AHAJIM3UPAHE HA TAHHU CbBPAHU OT [TIOPTATUBEH ECG DEVICE YPE3
N3IIOJI3BAHE HA POWERPIVOT 3A EXCEL

Cunnma C. Wnna, Anemnne Bensoud, Anekcannsp 3opud, Ciioboman O6pagoBud

ABSTRACT: The use of virtual instruments in measuring of various variables is more common now. One of
good feature in using them is that improvements in such devices can be achieved easily by modifying software of
devices. We developed the ECG portable device using virtual instrumentation, connected it to the database and
added some useful attributes in order to help users to get more benefit from the device. By collecting a lot of
data from ECG signals taken from the patients and data entered by cardiologists we performed analysis of data
stored in the database by using MS PowerPivot for Excel and show to cardiologists that every user can today
very easy perform the own analysis from data he/she collected during the work and improve own knowledge.

Keywords: Data analysis, virtual instruments, business intelligence

Introduction of key ECG parts of signal or to let cardiologist
to do it by themselves.
It is obvious that the knowledge is continu- The attempts for automated recognition of P

ously improving by experience. Based on obser-  wave, QRS complex and ST interval dates from
vation and reasoning and using the current 1976 (Obradovi¢ and Milosavljevié. 1988).
knowledge, some rules in making decisions can  There are also some other methods for automated
be obtained. Patient care and medical research  segmentation of ECG signal (Kunzmann et al.
are examples of areas in which human reasoning  2002; Marchesi and Paoletti, 2004), but the main
is pivotal. Such thinking essentially entails the  characteristic of all methods is that neither one
interpretation of real-world observations or data  can perform 100% accurate segmentation. Some
with the help of knowledge that is provided by  of these methods can get almost perfect recogni-
experts. In principle, both data and knowledge tion of some segments, but if the ECG signal is
can be stored in computers (Van Bemmel and  “normal”, i.e. if it is the signal of (very) healthy

Musen 1997). patient. This is the reason why we have decided
By using the databases with a large amount of  to perform segmentation of ECG manually.
data being collected and stored, it is important to We came to idea that user (cardiologist) can

develop software tools to assist in extraction of  mark points of the signal when he or she recog-
"information™ or "knowledge" from data (Han et  nizes peaks of Q, R and S spikes. Also, the inter-
al. 2011) vals (QRS, P-R, Q-T etc.) can be selected and
We have designed a portable ECG device labelled. In order to store markers and labels that
(Zori¢ and Tli¢. 2006) that consists of: user has manually created, software of ECG-
1. Acquisition hardware — device that acquires  device would offer two options: to save single
analog signal and transform it in the form suita-  point (marker) of signal or to save signal interval
ble for reading by PC and 2. Computer with by saving start and end point (marker) of signal
software application — device that reads digital  selection (lli¢ at al. 2011).
data, process it and presents results. The idea was that each marker should have
When digital data is stored in a computer it  three attributes that would be stored: marker
can be used for different types of processing as  identification number (Markerld), marker type
many times as needed by using different or same  (single point, interval start or interval end) and
software. At the beginning we were wondering  marker label (peaks: Q, R, S and intervals: QRS,
whether to perform some automatic recognition  P-R, Q-T, R-R, etc.). Marker type and marker
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label should be coded. The software would also
offer the possibility for user to define new mark-
er labels.

Because the signal is recorded in digital form,
and the sampling frequency and voltages are
known, we can measure the voltages of spikes
and time interval of signal part selected.

By using stored ECG signal data with demo-
graphic patient data (like: age, sex) and data en-
tered by cardiologist (diagnosis, signal part in-
tervals), software users can always process
stored data by creating queries like: what is the
percentage of treated patients whose Q-T interval
is less than 0.4 seconds and diagnosis is not
tachycardia, or what is the minimal, average and
maximal duration of QRS complex in D1 at pa-
tients with Left Bundle Branch Block. Some-
times cardiologist will try to compare durations
of marked intervals for several visits of the same
patient. In this way this software can serve in
improving the knowledge of cardiologists by sta-
tistical processing of data they collected from
their patients.

The ECG device properties

The proposed virtual electrocardiograph is
created upon the user requirements suggested by
cardiologists. The main user requirements were
the following functional and control system per-
formances:
selection of one of twelve leads for real time
monitoring and recording by the descriptive and
intuitive GUI,
recording of waveforms for each of twelve
leads during a time interval of 6 seconds. The

software should enable recording of the ECG
waveform 6 seconds prior or after the command
is issued,

database connection,

printed report generation (waveforms of 12
leads and cardiologist diagnosis),

easily portable and no additional power sup-
ply (plug into PC and use),

100 % patient's body insulation and negligi-
ble influence of inter-electrodes currents on heart
bio-potentials.

The hardware part of the system is designed
by using Microchip 8-bit microcontroller
PIC16F876 and USB communication port of a
PC is selected as interface for bilateral commu-
nication between hardware and a PC. The ECG
signal is sampled with sampling rate of 960Hz.
The design of software part of the instrument is
based on the traditional style of ECG paper plots
with additional overlay displays and other fea-
tures such as: zoom, filter, database support etc.
based upon proposals of cardiologists.

A sample screen is shown in Figure 1, with a
description of the icons and dialogs. Monitoring
of ECG waveform starts by clicking on the
“start” icon. If a user chooses to record a wave-
form, the dialog for adding a new patient order
appears. Then a user can either select a patient
from the existing patients’ database or add a new
one. The database automatically creates a unique
name and path of the file where recorded wave-
forms are going to be saved.

The ECG device is used the City institute for
emergency medicine of Belgrade, Serbia.

USS port is renumbered  loons for selectiog one of 12 ECG aods
ws Sarisl (COM) port

Outined ase those thet ars recorced.
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Fig. 1. Screen shot of the ECG screen with descriptions of functions
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The database layout

The layout of the database used to store data
on: patient records, ECG samples and markers is
shown in the Figure 2. The administrative data
about a patient is stored in the table Patient.
Samples of 12 leads ECG signal per each diag-
nostic session are stored in one ECG file and the
path of that file is stored in the table Orders to-
gether with doctor’s comment, objective reading
of the signal, diagnose, the flag on therapy taken
by patient before ECG samples are taken and the
flag if all ECG leads are saved.

Orders Patients

OrderDate: Date/Time Patigntid: Lang Integer

OrderlD: Lang Integer
FamikyNarme: Text(30)
FirstMame: Tex(30)
Administrative Sex: Text(1)
DateOfBirth: Date/Time

Path: Text(255)
Comment: Mema

r—
I
Sawved: Yes/No |

ResultsReading: Mema
TherapyTaken: Yes/MNo |
Patientld: Long Integer (Fk)  ®—  Diagnoses

Diagnoseld: Long Integer (FK) #— Diagnoseld: Long negar

[ Dingnase: Tex(s0)

Markers

MarkerTypes Markerld: Long Integer

MarkerPosition: Integer
SequenceMNumber: Integer
OrderlD: Long Integer (FK)
OrderDate: DatefTime (FK)
MarkerTypeld: Long Integer (FK)
Labelld: Lang Integer (FK)
Leadld: Integer

MarkeiTypeld: Long Integer
MarkerTypeDesc: Text(20)

Lahels
Labelld: Long Integer

LabelName: Text20)
LabelDesc: Tex{100)

Fig. 2. The database layout

The marker positions with their properties
(type, label and sequence number) are stored in
the table Markers. In the figure 2 are also shown

code tables: Diagnoses, MarkerTypes and La-

bels. Some records of code tables mentioned are:

- Single point, Start of interval and End of inter-
val in MarkerTypes;

- Left Branch Bundle Block, Acute Myocard In-
farction and Arrhythmia in Diagnoses and;

- ST segment, QRS complex and PQ interval in
Labels.

Labeling markers

Like mentioned before, there are two ways
how user can label markers: 1) to label the single
point in the ECG signal or 2) to label the signal
range (time interval).

Any click on the main window where the
ECG signal is drawn will cause text cursor (car-
et) to blink. By selecting shortcut in the menu
Markers->Save Marker, the dialog will appear
with the list of labels to be selected for this par-
ticular marker.

But, if the user hold down shift key and se-
lects another point in the main window of ECG
signal, the area of signal selected will be shown
with inverted colors. By selecting shortcut from
the menu: Markers->Save interval, the dialog
window will be opened like presented in the fig-
ure 3. It can be seen in the figure that for each
selected area user can see start and end sample.
By knowing the sample frequency, it can be cal-
culated also the time interval of range selected.

Fig. 3. Labeling “time interval” markers

aV
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It is clear from figure 3 that user can mark
more than one area in the signal of one lead with
the same label. For example, user can select: 1)
RR interval from 0.63s to 1.47s in the aVF lead,
and 2) RR interval from 3.07s to 3.74s again in
the aVF lead. In this case the attribute “sequence
number” in the table Markers will differentiate
between first and second RR interval (in the first
case sequence number will be equal to 1 and in
the second case equal to 2). For each area two
records will be stored in the database: selection
start and selection end position markers.

For the clarity of interpretation of ECG signal
for each patient, doctor can save in the database
the “facts” — findings obtained from the signal
(like: ST elevation in leads D1 and aVL up to
2mm, ST depression in D2 and D3 up to 3mm).
In this way, anyone who reviews signals can read
how diagnosis was obtained. In the figure 4 is
shown the window dialog for entering: findings
from the ECG signal, comments to be printed
along with ECG signal, flag for therapy taken
and diagnosis.

r —
Diagnosis ——
[
Readng resuts from ECG leads:
| BXG mnut
Beva segneria oo S
Description of dagross
| Miada bl u grusma u du pnbiska
| Chjektivno:Car 0 A 140/2C
|l N
b
| Jetra i slemna ne papebina
Pretiiainih ecema nema
[ After therapy
! r
Dwgndess | Acute syocardal infarction -
Save I

i:ig. 4. Dialog window for saving diagnosis
Analysis of data recorded in database

The analysis of data recorded in large data ba-
ses is common process in forecasting trends in
commercial business and in measuring the indi-
cators in different areas of occupations. We
found in the literature some of the similar exam-
ples: the measurement of the scholar perfor-
mance of the pupils, correlated with the financial
efforts from the scholar data warehouse (Paunica
et al. 2010), analysis of surgical treatments (di-
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agnosis, operation duration, therapy taken etc.)
from the data warehouse in General Hospital in
Vienna (Puhr 2002), measuring the student usage
of e-learning resources (Sheehy at al. 2006) and
others.

In the case we studied we tried to make an
analysis of the markers of ECG signal that be-
long to signal areas — not to the single points.
That is the reason why we created the pre-
defined SQL query - in order to export data for
analysis.

For each pair of Start and End position markers
we calculated the number of samples between,
and by knowing the sample frequency we calcu-
lated also the time duration of the signal limited
by sample markers.

The result of the query is imported to the Pow-
erPivot of MS Office Excel 2010 (PowerPivot is
free add-in for Excel 2010) and creation of pivot
charts is selected.

From the query result, the following data can
be analyzed in the pivot: number of samples in
selected signal area (width), time duration of sig-
nal selected (duration), diagnosis (diagnose), flag
therapy taken (TherapyTaken), marker labels
(LabelName), ECG lead (Leadld) etc. The set of
data resulting from the query is not the final, be-
cause the PowerPivot allows creating of derived
fields, particularly in time like: years, months,
days (in the order date) or age groups (for exam-
ple: from 1-18, from 19-30, 31-40, 41-50 etc.).

It is obvious that a number of analyses can be
performed similar to:

Distribution of most obtained diagnoses over
the age groups and administrative sex;
Distribution of most obtained diagnoses over
the calendar years;

Average time duration of time intervals for
characteristic parts of ECG signal over the most
frequent obtained diagnoses;

The difference of average time duration of
time intervals for characteristic parts of ECG
signal over the most frequent obtained diagnoses
before and after therapy taken;

The average and extreme time duration
(minimum and maximum) of time intervals for
characteristic parts of ECG signal in pre-filtered
(selected) patient over several patient visits etc.

The screen shot of results obtained after a few
mouse clicks for Average duration of QRS com-
plex (in milliseconds) over the most frequent
diagnoses and administrative sex of patients is
presented in the Figure 5.

One can see on the right side of excel window
that Diagnose is selected to be presented on X



axis (in the part: Axis fields), Average of dura-
tion on Y axis (in the part: X Values),
LabelName is pre-filtered (in the part: Report
Filter) - we chose from the filter one label: QRS
complex and the AdministrativeSex is presented
by Legend (in the part: Legend Fields).

Creating of the charts or aggregated cross ta-
bles with using different dimensions to be put on
X or Y axis (or in columns or rows in the case of
presenting tables) and filtering is very easy to be
done (Ruso 2011). So, it enables very easy ma-
nipulation in analysis of data collected during the
normal work to average users (in this case cardi-
ologists).

Conclusion

The advantage of virtual instrument is that,
once the data appear at the input of digital device
(PC, tablet, smartphone etc.) it can be stored and
processed in different ways unlimited number of
times. The quality of digital data never changes.
Improving of features of such instrument is very
easy — it is achieved by modifying the software
according to the needs of user.

We developed the ECG portable device, con-
nected it to the database and let users enter relat-
ed data with ECG signal been recorded like:

DOB and sex of patient, diagnose of patient’s
health, lead of ECG signal where problem is de-
tected, markers of regions analyzed etc. In this
way a set of different data is stored in the data-
base.

By exporting data from the database to MS
Excel (we can say that Excel is nowadays part of
commonly installed software on almost every
PC) and analyzing it using pivot tables and charts
in a few clicks of mouse button, we showed that
any user can easily make a decent analysis of
data he/she collected. The results of analysis will
be again used in the standard medical cycle: ob-
servation, diagnosing and therapy and in this way
the knowledge of cardiologist will be improved.
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OBCJIEABAHE PABOTATA HA UHCTAJIAIUSA KATAJIMTUYEH PEO@OPMUHI 1
B JIYKOIJI HE®GTOXUM BYPI'AC C IIEJI OITUMU3UPAHE HA IIPOLIECA

Tonop ITanuues, Kpacumup Kexos, Usan YaBnapos, udo CtpaTtuen

INVESTIGATION OF THE CATALYTIC NAPHTHA REFORMING 1
IN LUKOIL NEFTOCHIM FOR INTENSIFICATION OF THE PROCESS

Todor Palichev, Krasimir Zhekov Ivan Chavdarov, Dicho Stratiev

ABSTRACT: This paper presents a survey of the installation of Catalytic Naphtha Reforming1, conducted in
Lukoil Neftochim in order to intensify the process. The investigations cover a period of one year (from March 2,
2012 to February 28, 2013). The change of parameters of the stationary reactors in the hybrid unit has been
investigated. It was found that the value of the basic parameters depends mainly on the type of raw material pro-
cessed, load of the unit, catalyst cycle life.

During the inspection of the installation the revelation between petroleum composition and unit mode was
found. It was established that with higher content of naphthenes and arenas in the raw material the octane rating
is achieved with lower temperatures in the reactors.

It was found that the plant has the best yield over 85,5% m/m on a load of 100 m 3/h, allowing the accumu-
lation of coke in 5-th reactor of 4.5% m/m.

A direct correlation between the liquid hourly space velocity (LHSV) and yields of reformate hydrogen, lig-
uefied petroleum gas (LPG) was established. It was proved that with reducing the LHSV decreases the yields of
reformate and hydrogen, but it increases the yield of LPG.

It was found that release of reflux liquid to atmospheric crude distillation unit reduced the yield of reformate.
A direct proportional relationship between the vapor pressure of the stable reformate and his yield was estab-
lished.

Keywords: catalytic naphtha reforming, catalyst, reformate.

BbBenenne ToBa M3UCKBa ITBIHOLEHHOTO M3IIOJI3BAHETO HA
BTOPUYHHTE IMPOIECH U OCOOCHO KaTaTHUTUYHH-
B nmHemno Bpeme HedrompepaboTBamata — Te. [IpoM3BOACTBOTO Ha ropuBa, OTTOBapAIIN HA
NPOMHIIUICHOCT € €IMH OT OCHOBHHTE OTpPAacid  CHhbBPEMEHHUTE CEKOJOTMYHHM W3UCKBAHUS W Ha
Ha CBETOBHATa MKOHOMHKA. B OCHOBaTa Ha Bcsika ~ M3MCKBAHMATA HA aBTOMOOHMIIONPOU3BOIUTEIUTE
paduHepus ca KaTaIUTHYHHUTE MPOIECH, OT OM- € HEBB3MOXKHO 0e3 M3MOI3BAHETO Ha KaTalHUTH-
TUManHa paboTa, HA KOWUTO 3aBHCH ceOecTOH-  4YeH peOpMHHT, KaTaJUTHYCH KPEKHHT, XUAPO-
HOCTTa M KOHKYPEHTOCIIOCOOHOCTTa Ha MOJyda-  OYHMCTKA, AIKWINpaHe U n3omepusanus [4].
BaHUTE NMpoaykTH [1]. B 6musko Obzere 3a mpo- [ponecwT katanmutuyen pepopmunr (KP) us-
M3BOJCTBOTO HA MOTOPHM HE(DTCHM TOpUBA HE C€  IMOJ3BAaH 32 IPOM3BOJICTBO HA BHCOKOOKTAHOB
NPEIBIKAAT CEPUO3HU KOHKYPEHTH, BBIIPEKH  OCH3WMH, HE € 3aryOHiI CBOSATAa aKTYyaJHOCT IIpe3
BCE I0-MOIIHOTO HaBJIM3aHE Ha OuoropuBata U  MOCIEAHUTE 45 TOAMHU OT CBOETO NMPOMHIICHO
Bb300OHOBSIEMH CHEPIrHUUHH U3TOUHHIH [2]. npuiokeHue. To3u mpoliec 3aemMa KII04Y0Ba I10-
[TomoOpeHreTo Ha KayecTBaTa Ha rOpHBaTa U 3UNUS B padUHEpPHUTE, OCUTYPSIBAWKU BUCOKO-
yBeIMYaBaHe Ha acOPTUMEHTA UM € OCHOBHA 3a-  OKTaHOB KOMITOHEHT 3a OCH3WHOBHS ITyJI, BOJO-
Jlaya, ¢ KosATO He(TonmpepaboTBamata NPOMHUII-  POJ 32 XOAPOOYHMCTBAIINTE HMHCTANAIMH, CBIIO
JIGHOCT Tps0Ba J1a Ce CIpaBU B YCIIOBUATA HAa  Taka OCH3CH, TOIYEH, KCHJICH U JIPyTd apOMaTHH
CHJIHAa KOHKypeHIMs u cButH naszapu [3]. [Ipo-  BwrieBomoponu [5]. B MoMeHTa KaTalMTUYHUST
[[EHTa Ha CEPHHUCTHUTE, BUCOKOCEPHUCTHUTE U BU-  peOpMHUHT Tpom3Bexaa pedopmar ¢ w3cieno-
coKonapapMHOBUTE BHIOBE He(T, NpelylaraHd  BaTeJICKO OKTaHOBO uucio Haja 100. Pedop-
Ha CBETOBHUTE I1a3apy HENPEKbCHATO HAPACTBA.
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MaThT B ChCTaBa Ha OOIIUSI OCH3UHOB (POHI € OT
8% 3a Kwuraii, 34% 3a CAILl, 48% 3a 3anagHa
EBpona u 1o 54% 3a Pycus.

Ilenta Ha HacTosmata pabora € jma ce o0c-
nmensa paborata Ha wmHcTamamus KP-1 B
”JIVKOJI HE®GTOXHM BYPI'AC AJI” B mpo-
JIBJDKEHHE Ha €{Ha TOJWHA C IeJT ONTUMHU3UPAHE
Ha paboTaTa M.

Onucanue Ha npoueca

WNucranamus KP1 ce chbcTom OT HIKOJIKO CEK-
uu- ,, XunpoobdescepBane u crpunuur; , Ilnar-
¢dopmunr®; ,,HenmpexbcHaTa pereHepanusi Ha Ka-
tagm3artopa’; ,,Crabmwmmsamnus. CypoBuHaTa 3a
cexkmws ,,IimarhopMuHT® TOCTHIIBA ITBPBOHAYAII-
HO B CeKIUs ,,XHUApooOe3cepBaHe W CTPUIIMHT
B cexmusTa cypoBuHaTa ce mojsiara Ha O4HCTBa-
HE OT OPTaHOMETAJHU U XETePOCHhETHHEHUS BHB
BOJIOpPOJIHA CpeAa, P MOAXO0AdIIa TeMIepaTypa
B npucheTBreTo Ha Al-Co-Mo kartanusarop.

Hacrosmara cratus mpezncraBs oOciieqBaHe
Ha cexuus ,,JImardopmunr. Tyk HHCKOOKTaHO-
BaTa CypOBHMHA ce NpeoOpa3yBa BBB BHCOKOOK-
taHoBa. OCHOBHHTE PEaKINH ca ACXUAPUPaHE U
NEeXUIpON30MepHu3aIusl Ha Ha(TEeHH; HW30MEpH-
3anus Ha mnapaduHu; JEXUAPOLUUKIM3ALUS Ha
napaduHu; XUIPOKPEKUHT W XHUApUpaHe; oOpa-
3yBaHE Ha KOKC. Peakmunre ce M3BHpIIBAT B Ye-
tupu peakropa (P2,P3,P4,P5) B cpena ot Boj0-
pOolOCHIBPIKAILl a3 U MOAXOAdINA TeMIepaTypa
(Tabm. 1). M3nmon3BannTe KaTaau3aTOPH B CTaIlH-
oHapHHTE peakTopu ca bumeranuu Pt/Re. B P2,3
ca tun RG-582 na dupma Prokatalys, a 8 P4 ce
m3nomBa tun R-56 wa ¢upma UOP. B PS5 wus-
MOJI3BAHUAT KAaTaNM3aTop € eIHOMETaleH 3a
HemnpekbcHaTa pereHepanus Ha ¢pupma UOP tun
R-134. Tlpomnecst ¢ xubOpuaen. CypoBuHara
MPEeMHUHABA ITOCIIEAOBATEIHO TIPe3 BCHUKU Peak-
Topu. B mosyperenepatuBeH pexuUM pabOTAT
P2,3,4. 3a paznuka ot Tsax PS5 pabotu B pexum
Ha HEIPEeKbhCHATA pereHeparus Ha KaTajau3aTo-
pa. Perenepanusita Ha katanuszatopa oT PS5 ce
M3BBpIIBa B CeKlus ,,HempexkbcHaTa pereHepa-
st Ha kataiausatopa“ (HPK).

3a mupKynanusaTa Ha BOAOPOAOCHIbPIKAIIHS
ra3z (BCI') B obcienBanara cekuusTa ce U3Momi3-
Ba Typookommpecop (ITK-1).

Buinsinne Ha oTaenHUuTE PAKTOPH BHPXY
npoueca

Bausinne Ha BBIVIEBOOPOIHHUA CHCTaB HA
cypoBuHaTta. Pa3snpenencHuero Ha mapapuHH
(P), onepunu (O), Hadprenu (N) u apoMaTHHUTE
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crenuHeHns (A) B OeH3mHOBaTa (ppakmusi ormpe-
nenst 60raTcTBOTO HAa CypOBHHATAa, KOETO OOWK-
HOBEHO C€ Hu3pa3siBa, upe3 CTOMHOCTUTE N+A
i N+2A (XapakTepUCTHYHH WHACKCU Ha Cypo-
BHHATA 32 pehopMUHT).

Bausinue Ha TeMnepaTypHHsi HHTEPBAJ Ha
KHIIeHe HA CypOBHHATA

WuTepBanbT Ha KWNeHEe Ha CypOBHHATa €
KIIFOY0B (haKTOp B KATATUTHIHHUSA pPeHOPMUHT.
HauannaTa u xpaiiHaTta TOuka Ha KHUIICHE Ha CY-
pOBHHATa HE CaMO ONPEACIST Pa3NpereleHUETO
Ha BBIJIEBOJOPOIUTE, HO M 3HAYUTEIHO BIUSAT
Ha YCIIOBHSTA Ha peakuusTa, BHpPXy AoOMBa Ha
pedopmMaT, KaKTo U Ha CTENeHTa Ha AeaKTUBUpA-
He Ha KaTtanu3atopa. Karo cypoBuHa 3a mporeca
KaTaJuTH4eH peOPMHUHT C€ H3IIOJI3yBa MPSIKO
JecTuiupaHa OeH3WHOBa (pakums KuIsia B
unaTepsan 102 — 180 °C.

Bausinue Ha Temneparypara

TemmepaTtypara, Ha KOATO ca IOJJIOKEHH
cioeBeTe MIaTGOPMUHIOB KaTaau3aTop B peak-
TOPUTE € OCHOBEH PETyJIHpaIll MapaMmeTsp, KOHTO
ce M3MO0JI3Ba 3a Jla Ce OTTOBOPH Ha M3MCKBAHUSATA
3a KauecTBO Ha mpoaykra. [Ipu yBennyaBane Ha
TeMIeparypaTa Ha peaknusaTa, JJoOmBa Ha
Karajgu3aT ce IOHIDKaBa, HO CTENeHTa My Ha
apomartu3anusi HapacTBa. EJHOBpeMEeHHO ¢ ToBa
ce MOBHIIIABA U OKTAHOBOTO YHCJIO HA MPOIYKTA.

Bausinue Ha o6eMHaTa CKOPOCT
ObemHara ckopocT ce JeuHUpa KaTo

OTHOIIIGHHE HA KOIMYECTBOTO CypoBHHA B M’/h
KbM o0eMa Ha KaTaln3aTopa BBB BCHYKH
peaktopu Ha cekmus “Ilmarpopmunr” B m? .
Ob6emuara ckopoct(LHSV) okasBa BiusHue
BBPXy J0OWMBAa M KayecTBOTO Ha mpoxaykra. C
yBeNMYaBaHe Ha CKOPOCTTa Ha II0/IaBaHe Ha
CypOBMHAaTa Ce€ IIOBMIIABAa W JOOMBa Ha
pedopmMaT, HO CTENeHTa Ha apoMaTH3alusITa My
naja, KOeTo BOJIW JIO HaMajsBaHE Ha CyMapHHUs
JOOMB HAa apoOMaTHH BBIVIEBOJOPOH, CIIPSIMO
U3XOJHaTa CypoBWHAa. ToBa HamaisBaHe B
oTIpeieNieH! TPAaHUIIM MOXE JIa C€ KOMIIEHCHPA C
MOBHIIIABAaHE HA TEMIlEpaTypaTa Ha peakIusTa.
Ilpn mMHOrO HHMICKa O0EMHa CKOpPOCT MOrar ja
BB3HMKHAT TEPMUYHH pEaKIHUW, KOUTO Ja
HaMaJIAT JOOWBHTE Ha peopMmaTr U  BOIOPO/I.
OntumaiHuTe OOEMHHM CKOPOCTH MPH apoMa-
TU3aIs Ha HUCKOOKTaHOBa OEH3WHOBa (ppakius
ce ABWXaT B uHTEepBana ot 1.0+2.0 gac™

AKTHBHOCT Ha KaTajauzaTopa. TepMUHBT ce
M3M0JI3Ba 32 J]a Ce ONHWIIE TeMIleparypara, Mpu
KOSITO J1a/IeH KaTajau3aTop TpsiOBa 1a ce
€KCIUIOaTupa, 3a Ja Aae MPOAYKT C ONpeeleHO
Ka4ecTBo, T.e. peOopMaT ChC 33/1aJICHO OKTAHOBO
4HCciIo. 3a Mpoclie/isiBaHe Ha JIeaKTHUBUPAHETO Ha



KaTanm3aTtopa € BbBeleH TepMUHBT “AT” — ToBa
€ pa3iukara

MEXJy TemIeparypara Ha  peakTop.

BXOIAIIMS W W3XOMAIIAS I[IOTOK Ha BCEKHA

Tabnuua 1. TexHonOrMYHM MapaMeTpu Ha cekus ,, [Inardopmunr

Ne ITapamersp Enunnna | CroitHocT
1 | HaroBapBase 1o cypoBHHA m’/h 50-102
2 | Kparroct Ha nupkynanust Ha BCT moll/moll Han 3,5
3 | ObeMHa CKOpPOCT Ha MMO/IaBaHATa CYpPOBHUHA h-! Jo 1,1
4 | Hansrane Ha Bxoj B peaktop P-2 MPa 1,6-1,7
5 | JonycTuM nepenaj Ha HaJsIraHEeTo B peakTop P-2 kPa 200
6 | JonmycTuM nepenaj Ha HaJsIraHETO B peakTop P-3 kPa 200
7 | JomycTyM niepenaji Ha HaJsiraHeTo B peaktop P-4 kPa 90
8 | HomycTuM nepenaj Ha HaJsiraHETO B peakTop P-5 kPa 25
9 | Temmeparypa Ha Bxoj B peaktopu P-2,3,4 °C 480 - 511
10 | Temmeparypa Ha BX0J B peakTop P-5 °C 527 + 543
11 | Tlorok Ha perupkysaionus ra3 ciaen [K-1 nm °h 70000-100000
12 | Hansrane Ha pernupkynanuonus ra3 ciuen [IK-1 MPa 1,6-1,7
HonyctuM niepenan Ha Hansraneto Ha cekuus “ [Imardop-
w MPa 0,608
13 | muHr “-BX07/ m3xox Ha kKommpecop [1K-1
14 | Konuenrpanus na H, B nupkymupanus BCT moll% 70-88
15 | Bnara B ipkynupamust BCT moll ppm 10 + 30

Pe3y.11TaTn OT 00cJIe/IBAHETO

OO6cnenBaHeTo Ha MPOLECUTE B HMHCTaJalys
KP1 oOxBamia mepuoj or eaHa romuHa (oT 2
Mmapt 2012r. go 25 ¢espyapu 2013r.). Ha ¢ur. 1
€ IPEeICTaBeHO U3MEHEHHETO Ha nmapaMeTbpa AT

3a peakTOPHUTE OT CEeKIHs MIaTGOPMHUHT U U3Me-
HEHHETO Ha 0O0eMHaTa CKOpPOCT 3a 00cCieIBaHUs
meprog. Ha ¢ur. 2 ca mokasaHm BXOISIIUTE
Temmneparypu Ha peakropu P2,3,4,5.

dT no peaxkTopu n LHSV

®@ur.1. 3menenne Ha mapamerbpa AT u o6eMHaTa CKOPOCT.

Crnen mpuUKIIOYBaHE HA PEMOHTHHTE paboTh H
OIIPECOBKA Ha arapaTuTe ce MPeCcThIIBa KbM ITyCK
Ha uHctananusra (1 mapt 2012r.). Cnen 48 yaca
uHCTanmamusaTa € B pexkuMm (03 mapt 2012r.).

CroitnocrTa Ha mapamerspa AT(°C ) 3a P2 ¢ 78,3
; P3- 40,2 ; P4- 26,4 u 3a P5- 31 (¢wur.1). Cnen-
BamuTe 95 AHM WHCTANAIMITA € B CTa0WICH pe-
skuM. C HaroBapBane otT 103 m’/h, TeMInepaTypu
Ha P2,3,4- 474°C u 535°C 3a P5 (dur.2).
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Temnepatypa Ha BXOQ NO PEAKTOPK

Tax,, oC
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®@ur.2. Temrieparypu Ha BXoJ Ha peaktopu P2,3.4.5.

Ot 5 ronmu 1o 30 r0aM HATOBapBaHETO HAa MHC-
tamammata ¢ 90 mM°/h cbc Temmepatypn Ha
P2,3.4- 465°C u P5- 532°C. CroifHOCTTa Ha Ta-
pamerspa AT(°C) 3a P2 ¢ 71,9; P3- 36; P4- 16,5
u 3a P5- 43,3. Cnepnpamure 5 mecena ot 1 aBrycr
1o 10 nexkeMBpU HaTOBapBAaHETO HA MHCTANALIMSI-
ta ¢ 100 m*h ¢ Temneparypu na P2,3,4- 468°C u
P5- 535°C. Croiinocrra Ha mapamerbpa AT(°C)
3a P2 e 74,8; P3- 35; P4- 16; P5-45,2. Uskiroue-
Hue npassaT 3 auu oT 17 centemBpu. Torasa Ha-
toBappaseTo ¢ 88 m*/h. Kakro u 5 xuu ot 3 Ho-
eMBpH ¢ HatoBapsaHe 76 m*/h. Ot 10 mexeMBpH
110 31 ssHyapu HaTOBapBaHETO HA MHCTANALMITA €
HamaneHo Ha 75 m*/h, cien koeto e Bb306HOBe-
Ho Ha 90 m*/h. JTo kpast Ha O6CICABAHKS IEPHOL
temneparypure Ha P2,3,4 ca 468°C u na P5-
534°C. Croiinocrra Ha mapamerbpa AT(°C) 3a

P2 e 72; P3- 31,9; P4- 13,5; P5- 44. B cpaBHeHue
C MOJYTOJMETO TPH STHAKBO HATOBapBaHE BXO-
JSIIIUTE TEMIIEPATYpH HAa CTAIl[MOHAPHHUTE peak-
TOpPH B Kpasi Ha 0OcCJeBaHMs TEPHOJ Ca MOBU-
menu ¢ 1o 3°C 3a Bceku peaktop. C BpeMeTo Ha
EKCIUTOATAIMs Ha KaTaIW3aTopa aKTUBHOCTTA Ha
cwius B P2,3,4 namansBa. 3a ga ce KOMIIEHCHpa
HaMaJIcHaTa MY AaKTHBHOCT C€ IMOBHUIIAT TCMIIC-
paTtypuTe Ha BXOJ] Ha CTAI[HIOHAPHHUTE PEAKTOPH.

Ha ¢ur.3 e mpencraBeHO W3MEHEHHETO Ha
nobuBuTe Ha pedopMmat (0TOOP), BOIOPOIOCH-
nmepxa ra3 (BCIL), Beraesogoponex ras (BBI),
npomnaH- OyranoBa ¢pakmus (C3C4) u oraens-
HaTa (erMa KbM HWHCTanamus ATMochepHO-
BakyymHa aectunanus (AB/I).

NobGuen Ha npoaykTi
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®ur.3. JIoOuBH Ha TIPOITYKTH.

JloOuBbT Ha cTabuieH pedopMmar e B TpaHUIH
85-86%m/m mipe3 obciensanus mepuon (¢pur.3)
¢ W3KJIIOYeHHE Ha 8 JHU OT Mecell roHH (oT 08
torn 2012r. 1o 16 ronu 2012r.) cToifHOCTTA MY €
84,2%m/m. Hamanenunero Ha no0uBa € mopanu
MPOM3BOJCTBO HA MAapTHAA 32 U3HOC ChC HUCHK
napeH HaTUCK. HUCKUAT mapeH HaTUCK ce MOCTH-
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ra ¢ OTIapBaHETO HAa MO-TOJISIMO KOJNYECTBO Jie-
KH BBIJIEBOJIOPOJIA, KOUTO CE OTAETST KaTo BbI-
JIEBOAOPO/IEH ra3 Wi BTEYHEH NpomnaH u OyTaH,
npy KOEeTO OOMBBT Ha crabuieH pedopmar Ha-
MaisiBa. [Ipe3 mecery tonm 3a 6 quU (OT 12 107m
2012r. go 18 romm 2012r.) orbopa Ha crabuieH
pedopmar Hamans no croiHocT 83,7%m/m mo-




ousT Ha BBI' ce yBenmmuaBa ot 2,3%m/m 1o
3,1%m/m, a noOuBa Ha MPONaH-OyTaH ce yBeH-
yaBa ot 1,6%m/m 1o 2,5%m/m (¢wur. 3). Toa ce
JbJDKM Ha HaMaJleHaTa 00eMHAa CKOPOCT, BCIIEJIC-
TBUE HaMallTHE HA HATOBAPBAHETO HA WHCTAJIa-
[UATA 110 TEXHOJOTMYHM NIpHUUHH OT 100 m/h
#a 90 m*h. HamaneHara oGeMHA CKOPOCT MK
HAMAJICHOTO KOJNMYECTBOTO CypoBHHa B m/h
KBbM 00eMa KaTaln3aTop B m° BOJM 0 TEPMMH-
HHM PEaKlUH B pe3yjTaT Ha KOMTO NOOMBUTE Ha
crabuneH pedopMmaT u BOJAOPO] HamaisBaT. To-
Ba ce OOsCHSBA C yBEIMYaBaHE HA BPEMETO Ha
KOHTAKT, KOETO OJaromnpHusTcTBa MPEUMYIIECT-
BCHO DPEAaKIMUTE HA XHUAPOKPEKUHT, OTKOJIKOTO
Te3W Ha JeXuaAponukim3anys. Hamanssa ce cb-
IO TaKa W MEXITypereHepallMoOHHUs TEPHOJ Ha
MHCTAJaLuUITa, OPaJad HATPYIBAHETO HAa KOKC B
KaTam3aTopa Ha CTalldoHapHHUTE peakTopu. [lo-
HUCBHK JIOOWB MMaMme W Mpe3 CICABANIUTS JATH.
3a 4 gau (ot 10 aBryctr 2012r. mo 14 aBryct
2012r.) croitHocTTa My ¢ 84,7%m/m. 3a 10 gHu
(or 2 cenrtemBpu 2012r. mo 12 cenTemBpu

2012r.) namans go 84,2%m/m. 3a 6 aau (ot 21
nexkemBpu 2012r. mo 27 nexemspu 2012r.) cTOM-
HoctTa My goctura 84,4%m/m. 3a 7 mau (ot 1
sayapu 2013r. no 8 smyapu 2013r.) oTOGOpBT
HamansBa o0 84,3%m/m. ToBa ce IBIKM Ha
CBHBKYIHOCT OT (DaKTOPH, BKITFOYBAIIH OTAEIISHE-
TO Ha (byierMa OT CTa0MIN3allMOHHATA KOJIOHA Ha
ceKmus ,, XUApOooUncTKa  KbM HHcTanarmus ABJI,
Topaau BUCOK OCH3EH B CTaOWIHHS pedopMaT;
HamalieHa 00eMHa CKOPOCT BOJEIIa IO KOKCYyBa-
HE Ha KaTalu3aTopa; MpEeKbcBaHe paboTaTa Ha
cekmust HPK. 3a 14 muau mpe3 mecer cenTeMBpH
(ot 16 centemBpu 2012r. no 30 centemBpH
2012r.); 3a 14 mguum (ot 21noemBpu 2012r. mo 5
nexemBpu 2012r.); 3a 11 mam (ot 14 deBpyapu
2013r. mo 25 ¢espyapu 2013r.) orbopa moctura
Hag 86%m/m, xoeTo ce OOsCHSIBA OCHOBHO C
MIpeKpaTsBaHe OTMENSIHETO Ha (iierMa KbM HHC-
tananus ABJl, yBennuaBane Ha oOeMHaTa CKO-
poct (¢ur.l) U mpoMsHa B XapaKTCPUCTHUHUS
UHJIEKC Ha cypoBUHaTa (¢pur.4).

W3meHeHWe Ha N+2A B XxnaporeHusaTta(cypoBuHaTa)

+

+
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®ur.4. XapakTepuCTHYEH HHJICKC Ha CypoBHHa 3a peopmunr (N+2A).

Pasnpenenennero Ha napadunu (P), onedpunn
(0), nadprenu (N) u apoMaTHUTE CHEIUHCHHS
(A) B GensuHOBaTa ¢pakmus omnpezaens Oorarct-
BOTO Ha CypoBMHara. Bucokara KoOHIEHTpalms
Ha apoOMaTHU BBIVIEBOJOPOJN aBTOMATHYHO 03-
HayaBa, Y€ OKTAaHOBOTO YHCJO € J0CTa BHCOKO.
Hadtennte ce npeBpbluaT B apeHH ¢ BUCOKA Ce-
JIEKTHBHOCT, IIPH KOETO JIECHO CE JOCTUTA BUCO-
KO OKTaHoBO umcio. IlapadunoBa wnu napadu-
HO-0J1e(prHOBa CypOBHHA I1I€ ©Ma HUCKO OKTaHO-
B0 uuclo. llle e HeoOX0aMM MO-TBBP/I PEKUM Ha
pabora, KOETo JOBeXJa JI0 yBeIM4YaBaHE Ha
eHepruiiHuTe 3aryOM M HaTpylBaHE Ha KOKC.
M3menennero Ha N+2A e B rpanumnure 54,7-
58,3%V/Vv. u oka3Ba NPSKO BIUSIHUE C TPOMEHH-
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TE 0 TEMIICPATYPHHUS PEKHUM Ha PEAKTOPHUTE 3a
rienust oocaensan nepuoy (pur.4).

CypoBuHara 3a cexIus 1miaTGOpMUHT € XUJI-
poreHu3saTta OT CEeKIUs Xuapoouuctka. [Ipe3 mo-
rojisiMaTa 4acT OT OOCIJICJBaHMs MEPHOJ C H3K-
JMoYeHne Ha BpemeTo oT 32 mHu (0T 24 10HU
2012r. go 24 ronm 2012r.) TO3U CHCTAB € HEMPO-
MeHeH. [Ipe3 mocoveHuTe nepuoau ce HadJo1a-
Ba MPOMSIHA B HAYAJIOTO HA KHUIIEHE, KOETO € OT
90-118°C (¢ur. 5). Hawanoro Ha kumieHe OKa3Ba
BJIMSTHUE BBPXY OKTAaHOBOTO YHCJIO M (pOopMHpa-
HETO Ha OeH3eH B ctabuiiHus pedopmMat, oopasy-
Ball] C€ OCHOBHO BCIICJICTBHE Ha JACXUAPUPAHE U
peodpa3yBaHe Ha METHIILUKIIONCHTAHA U I[UK-
JIOXEKCaHa MPHU M3M0I3BAHUTE KaTaIu3aTOPH.



DPAKUMOHEH CHCTAE HA XMOPOTEHNIATA

DPIKUMOHEHN ChCTAR

naca

Sur vy L3

0 2

AT 2 e |

®@ur.5. 3meHenne Ha GPaKIINOHHMS ChCTaB HAa XMAPOTeHN3AaTa.

HuckookTanoBata OeH3WHOBa (pakimus ¢
HHUCKa HaydajHa TeMIlepaTypa Ha KHUIIEHe, OOMK-
HOBEHO ChABpPKA 3HAYUTEIHO KoiuuecTBO Cs.
BBITICBOAOPOIN, KOUTO HE MOTraT J1a ObaaT mpe-
BBPHATU B apOMAaTHHU BBITICBOAOPOAU U IPEMHU-
HaBaT Ipe3 CUCTeMaTa W30MEPHU3UPAHU W/ MM
KPEKUpaHU JO JIEKH KpailHW TPOIYKTH, KOETO
JIOBEXJIa JI0 MO-HUCHK J0OMB Ha pedopmar. 3a
oOcneaBaHUAT HEepUOA Kpasi Ha KUICHE Ha XH[-
porenmusata e B rpanuiu no 180°C ¢ m3kmrode-
Hue Ha 23 guu (ot 1lampun 2012r. go 3 mait
2012r.), nocruraiiku no 205,1°C; na 62 nuu (o1
25 1oum 2012r. go 19 aerycr 2012r.), xpaero
noctura 10 190,4°C; ot 28 auu (ot 05 nekeMBpu
2012r. no 02 smyapu 2013r.), KBIETO € CBC
croitHoctu 10 196,5°C. Bucokara kpaiiHa TeM-
nepaTypa Ha KHUIIEHE BOIU IO MO-TOJSIMa CKO-
POCT Ha KOKCYBaHE Ha KaTajau3aropa, a OT TaM U
JI0 CKbCSBAaHE HAa MEXIypEreHEpPallMOHHUS MY

npober. OcBeH TOBa B XOZa Ha Mpoleca HIKOU
OT TIO-BHUCOKO KHUIISIIUTE CHEAMHEHUS CE TPEB-
pBIIAT BB BHCOKO MOJICKYJIHU ChEIUHEHHS KO-
UTO BOJST IO MO-BHCOK Kpall Ha KHUIIEHE Ha pe-
¢opmara B CpaBHEHHE C YCTaHOBEHHS 3a aBTO-
MOOHIIUTE OCH3NUHHU.

ChabpKaHHETO HAa KOKC B KaTajau3aropa Ha
P5 ce mBwku B rpanuim 2,5-6%m/m. Karo npu
ChIbpXKaHUE HA KOKC 1o 3%m/m cekuus ,,Her-
pEeKbCHATa  pereHepamyss Ha  KaTaiu3aTo-

a‘“(HPK) ce cnmpa. ToBa Boau 0 HaTpymBaHe
Ha KOKC B KaTaJu3aTopa U BIOLIaBaHe Ha JOOHMBa
Ha [eJeBHs POAyKT (ctabuneH pedopmar). On-
TUMAaITHOTO ChIbPIKaHHE Ha KOKC B KaTalnu3aTopa
or P5 (dur.6) e 4,5 %m/m. ToBa mo3BOIsIBa
HemnpecTaHHa pabota Ha cekuust HPK u no6uB Ha
crabuwien pedopmar Hag 85,5 %m/m. 3a menra
HATOBAPBAHCTO Ha MHCTAJIallMATa Tp)l6Ba Ja oOT
nopsixeka Ha 100 m?/h.

a0

ChabpskaHiie Ha KOKC B KaTannsatopa ot PS5, %m/m
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®ur.6. CpabppikaHue Ha KOKC B KaTanuzaropa oT P5.

HN3Boau

1. Hampaseno e obcienBane Ha paboTrara Ha
nHctananus KP1, ot cecraBa Ha HedreHa padu-
Hepus “ JIYKOUJI Heproxum Byprac A/l “ 3a
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mepuon oT exHa roguHa (ot 2 mapt 2012r. mo 28
¢bespyapu 2013r.).

2. O0cnenBaHu ca MPOMSHATA HA MapaMeTpH-
T€ Ha CTAl[MOHAPHHUTE PEAKTOPU B XUOpUIHATA
HWHCTaJlalus. Y CTaHOBEHO €, Y€ CTOMHOCTTAa Ha
OCHOBHUTE MapaMeTpu 3aBUCH OCHOBHO OT BUJA



Ha mnpepaboTBaHaTa CypOBHHA, HATOBAPBAHETO
Ha WHCTAJIANMATA U BPEMETO HAa EKCIUTOATAIIVS
Ha KaTaJlu3aTopa.

3. YcraHOBeHa € 3aBUCUMOCT MEXKIy MpOMsi-
HaTa Ha ChCTaBa Ha MpepadOTBaHUA HEPT BHPXY
pexuMa Ha MHCcTananusara. [Ipu mo-BUCOKO Ch-
Ibp)KaHUe Ha HAQTEHW M apeHH B CypOBHMHATa
3aJ1aJICHOTO OKTAHOBO YHCJIO CE IMOCTUTa C TO-
HUCKH TEMIIEPATyPH B PEAKTOPHUS OJIOK.

4. YcTaHOBEHO €, 4ye WHCTaNalusITa UMa Havi—
no0Bp otbop Ham 85,5%m/m npu ToBap ot 100
m?>/h, MO3BOJIABALL HATPYIBAHE HA KOKC B P35 OT
4,5%m/m.

5. YcraHoBeHa e Tpsika 3aBUCHMOCT MEXKIY
o0eMHaTa CKOpPOCT Ha CypOBHHATa W JOOMBHUTE
Ha pedopmar, Bomopox, mponad u Oyran. Ilpu
MO-HUCKa 00eMHa CKOPOCT Ce HaMaulsl ToOMBa Ha
pedopmaT u BOIOPOI, HO C€ yBenn4yaBa JOOMBa
Ha TporaH u OyTaH.

6. YcraHoBeHa e, 4e OTHENSHETO Ha Quierma
3a nHCTanamus ABJ] Bogu 1o HamMalsHe Ha OT-
Oopa Ha crabuieH pedopmar .

7. YcTaHOBeHa € MpaBONPONOPIMOHAIHA 3a-
BUCHUMOCT MCXKAY MAapHUAT HATUCK Ha CTa6I/IHHI/Iﬂ
pedopmaT 1 OTOOPBT My.
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PEAJIM3ALIAA HA TPUMEPEH BJIOKOB IIU®BP
CT'EHEPATOP HA ICEBJOCHIYYAUHU YUCJIA

HOnuit bap3os

REALIZATION OF TRIPPLE BLOCK CIPHER
WITH PSEUDORANDOM NUMBER GENERATOR

Yuliy Barzov

ABSTRACT: This paper presents a block cipher with a pseudorandom number generator and a
corresponding software implementation in Java programming language. The three-dimensional block cipher,
proposed here, is similar to the one in the Advanced Encryption Standard (AES). The idea is to improve the
information security by implementing the cipher with three-dimensional arrays, as opposed to the two-
dimensional-array implementation in AES, and thus to make the ciphertext cryptanalysis as difficult as possible.

Key words: block cipher, three-dimensional, cryptography, Java, pseudorandom number generator

BnBeaenne

BnokoBute mmdpu B JOHENIHO Bpeme ca

BOXHO  CpPEICTBO 3a  o0e3neyaBaHe  Ha
curypHoctTa Ha uHpopmauusita. C HaBIM3aHETO
Ha KOMIIIOTBPHUTE M  KOMYHHUKAIlMOHHUTE

CHCTEMH B Hal-pa3iW4yHU OTpaciy, 3alluTaTa Ha
nH(pOpMaIuATa B €IeKTPOHHA (dopMma ce SBsBa
npoGyieM, 3a YHETO pellaBaHe cromarar
OonokoBute wmpu. brokoBuAT wmwHUPEP €
(GyHKIUS, KOSTO mpeoOpasyBa N-OUTOB OTKPHT
TeKCT B N-OuToB mmmdporekct [1]. PyHkimsTa
ce xapakrepusupa ¢ k-Owro wmrou K, xoiito
B3MMa CTOWHOCT OT TMOJMHOXECTBOTO A Ha
MHOYKECTBOTO Ha BCHUUKHU K-OuToBH Bektopu V.
OOHMKHOBEHO ce IpHeMa, 4e KIYbT € M30paH
MPOM3BOJHO. 32 BCEKU N-OMTOB OTKPUT TEKCT, N-
outoB mmdporekcT u ukcupan wmod K [2],
KpHIITHpaIaTa (GpyHKIUS TPEICTaBIIsABA TEPMY-
tanust (OMEKTUBHO W300pakeHue), KaTto ce
npejronara, 4e BCEKM €AWH KII0Y Olpeess
pa3nuyHa OUEeKIHsI.

OOWKHOBEHO KPUNTOYCTOHYMBOCTTA HA €IHMH
mudbsp € cBbp3aHa C HETOBOTO CBOWMCTBO Ja
reHepHpa ICeBIOCITyYaliHU ITOCIIEJOBATEIIHOCTH
OT 4YMClia B TOJSIM JJANa3oH M C TOJISIM TePHO]
Ha TIOBTOpeHHe. [eHepaTopbT Ha IICEBJO-
cnyvyaitin ymcna (I'TICY) e ycrpoiictBo wmim
NporpamMeH  alropuThM,  KOWTO  HW3BEKZAA
MOCJII0BATETTHOCTH oT CTaTUCTUYECKU
HECBBP3aHH €JHU C JIPYTM JBOWYHU YHCIIA.
Pa3paboTkaTa Ha XapAyepHO YCTPOWCTBO WU
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coryepHa mporpama, KOMTO Cbh3IaBar IOCe-
JIOBAaTeTHOCTH OT OuTtoBe 0€3 TpemKku u
Kopenanuu € ciokHa 3ajzada. OcBeH ToBa
TeHEpaTopbT He TpsOBa na ObJe OOCEKT Ha
HaOJrofeHNe WIM MaHUIYJaluusi OT CTpaHa Ha
uneotopmupanu auna [3]. KonkoTo e mo-m100sp
I'TICY, TonkoBa Mmo-yCTONYMB Ha aTaku I ObJe
KIIOUBT K.

Haii-pasnpoctpanenust anroputsm 3a ['TICH
€ JINHEWHHUAT KOHI'PYEHTEH AITOPUTHM, 3a KOUTO
YJIEHOBETE B MOPEAMIIATA CE€ OMPEAEIAT OT €IHO
ISUI0 YHCIO X CIIOpeN cielHaTa pPeKypCHBHA
Bpb3Ka:

xn+1:(axn +c)modm (1)

Ksnero uuciata m>0, a>0 u ¢>0 ca uenu
qyciia  Hapu4yaHd  CHOTBETHO  MOJYIYC,
MHOXHTET W @JIWTUBHA KOHCTaHTa. TykK
oreparnuaTa Mod BpbIila ocTaThbka OT JEIECHHETO
[4].

MUHHAMAITHOTO HM3HMCKBaHE 3a €IUH JIBOMYCH
[TICY e nmbokuHATa Ha Kioda K mpu mpous-
BOJIHO TaMmupaHe Ja Obe JOCTaTh4YHO TOjsiMa,
4e THhpPCEHE Hal 2% enementa (oOmusT Opoii Ha
BB3MOXKHHTE KIIFOUOBE) J1a ObJIe HEOCHIIECTBUMO
3a €BEHTYaJICH MTPOTUBHUK.



Ha ¢ur. 1. e mpemcraBeHa eTHOKIIOYOBA
kpurrrorpadcka cucrema ¢ n3nonspane Ha [ TICH
3a TEHEpUpaHe Ha KPUNTHPAIl U JCKPHUIITHPAIL]
KITIOY.

Kpuntupam
K04 K

A 4

OTtkput TeKCcT M

Kpuntupane Hexpuntupane

Jexpunrupain
K04 K

A 4

Iudpoteker C

@ur. 1. [Ipumepna cxema Ha 611oxoB mdbp ¢ u3nonszsane Ha [TICY.

B npakTukara Beye ChIIECTBYBAT IBYMEPHHU
6nokoBu mudpu karo AES (Advanced Encryption
Standard), KOWTO pabOTH C IByMEpHH MaTPHIIU C
¢duxcupan pazmep 4x4 (Bx. ¢ur. 2).

doo | do1 | Qo2 | o3
dio | @11 | 12 | A13
A0 | 821 | G22 | d23
dzo | d31 | @32 | A33

®@ur. 2. /[BymepHa maTpuia ¢ pazmep 4x4.

Toma mpexamnonara orpaHudeH Opoil pyHIOBE,
karo npu AES Tte ca ot 10 1o 14 B 3aBUCHMOCT
OT JbDKMHATa Ha Kimoya (Bk. Tabn. 1). 3a
pasivka OT JABYMEPHHTE, TPUMEPHUTE Iuppu
MOraT Jia paboTAT ¢ MHOTOKpPaTHO IIOBEYE
PYHIOBE KaTo IO TO3W HA4YWH C€ YyBelnJyaBa
TAXHATa KPUITOYCTONYHBOCT.

TabJ. 1 . 3aBucumMocT Mexay Oposi pyHIOBE U
I'bIDKUHATA Ha Kimtoda Ha mmdbspa AES.

" JbKrHaA Ha Kio4ya
Bpoii pynnose (6uta)
10 128
12 192
14 256
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Ilenure Ha HacTosMIaTa MyOIUKALUS Ca:
IIpencraBsHe Ha TpuMepeH OJIOKOB
mu@bp ¢ reHepaTop Ha MceBIOoCTyYaliHu
YUCIIa;

Codryepna peammzanms ¢ Java Ha
TpuMepeH OIOKOB MH(BP C TeHepaTop
Ha IICEBJOCIyYaliHN YUCIIa;

TectBane Ha pa3paboTeHaTa porpama,
AHanu3 Ha NOJTY4YEHUTE PE3YITaTH.

TpuMepeH 010K0B IHUPBP C BUCOKA
KPUNTOYCTOHYMBOCT

[pennoxenust 610k0B mUPBP (BXk. dur. 3)
€ TPUMEpPEH, KaTo WAesATa € Ype3 M3MOI3BaHe Ha
tpumepeH MacuB U I'TICH pa ce mnocturhe
BHUCOKa  KPHUNTOYCTOWYMBOCT.  AJITOPUTBMBT
MpeacTaBs OTKpUTUS TekcT M, xmoubT K H
mmdporexkcra C kaTo OJOKOBE BBHB BHJ Ha
TpUMepHH MacuBHU ¢ pa3mep 3x3x3. Beska eqna
Mmarpuia ce Hapuda omie State. Crex xaro Obae
3aJa/IeH0 CBhOOILIEHHE, TO C€ CyMHUpa C KIIIOYBT,
koiTo e reHepupad ot I'TICY, xaTto ce m3nonssa
omeparnuiaTa cyma mno moxyn 2. Ilomyuenwst
pe3yarar e muQpPOTEeKCThT, KOUTO MOXKe Ja ce
JNEKPUNTHPa KaTO Ce€ CyMHpa IO MOXIYNT 2 CBC
CHINUS KITFOY.



m"0,0 m"O,l m"O,Z k"0,0 kHO,l k"O,Z CHO,O 0"0,1 C”O,Z
m"l,O m"l,l m"l,Z k"l,O kHl,l k"l,Z CNl,O C"1,1 C"1,2
m"2,0 m"2,l m"2,2 k"Z,O k"2,1 k"2,2 CNZ,O C"2,1 C"2’2
m’go{M'o1 Mo K'o0 | k01| K02 C'o0|Co1|Clo2
! ! ! — ’ ! ’
I hnﬁolnﬁilnﬁz k10 k11| K12 — C10[C11|Cap2
M'z0|M’21|M"22 k20 k21 | K22 C'20[C'21|C22
Moo | Mo,1 | Mo2 k0,0 k0,1 kO,Z Coo | Coa | Coz2
)/
z Myg| Mg | My Kio | K11 | Koo Ci0| C11 | C12
Mo | M2y | My Koo | K1 | Ko Co0 | C21 | C22
X
OTKpUT TEKCT M Kntou K WndpoTtekct C
®ur. 3. U3rnen Ha states BB B Ha 3x3X3 MacuBH.
IIporpamua peasm3auus /x*
* args
*
[lo-momy e momecTeH copc KOOBT Ha / ] ] ]
public static wvoid
mporpaMarta, KOATO  peanm3upa  OJIOKOBHS

umdsp. [lporpamara e Hamucana Ha e3uka Java
u e mnon3Bana miatdopmara Eclipse SDK,
Bepcusa  3.6.1.  IIporpamMHUAT  aJITOPUTHM
BKIIIOYBA €JMH TPUMEPEH MAacHB, CTOMHOCTHTE
Ha KOMTO ce BBBEKAAT PHBYHO OT KOH30JIATA.
MacuBbsT M mnpencTaBisiBa OTKPUTHSL TEKCT, a
MacuBbT K — kmioua. Crien craprupaHe Ha
nporpaMaTta U BbBEKIaHETO Ha CTOWHOCTHTE Ha
eJIEMEHTUTE Ha MacuBa M, Mex 1y macuBute M u
K ce u3BbppuIBa onepauusaTa cyma mo Moayn 2
pe3ynTaTbT Cce OTnedaTBa Ha KOH30Jara.
PesynraTsT, KOWTO Cce OoTne4yarBa NpeCTaBisaBa
mmpporexcra C. I'TICU e peanusupan upes
moauukanus Ha metona random Ha kimaca math
[5]. MeroxsT random Bpblna mpu H3BUKBAHE
npoMeriBa ot tun double, dusito croitHOCT €
no-royisiMa uiau paBHa Ha 0.0 u nmo-manka ot 1.0.
Crnen Toma croitHoctta Mexay 0.0 u 1.0 ce
YMHO’KaBa 110 MPeIBapUTEITHO 33/1a€HO YHCIIO,

koeto B cirydas e 200. Tosa o3nauasa, ye I'TICY
nie renepupa uncia ot 0 1o 199 BkitounTeNHO.

import java.util.Scanner;
public class
add_two_ 3d arrays from console 4 {
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{

Auto-generated

main (String|[]

//
method stub

args)

Scanner input = new
Scanner (System. in) ;
int[][][] M = new
int[3][3]1[3];
for (int x1 = 0; x1 < 3;
x1++) {
for (int yl = 0;
vyl < 3; yl++) {
for (int
z1l = 0; z1 < 3; zl++) {
System.out.printf ("matrix[%d, $d, $d]
=", x1, yl,z1);
M[x1]([yl]l[zl] = input.nextInt();
}
}
}
int[][][] K = new
int[3][3]1([3];
for (int x2 = 0; x2 < 3;
x2++) |
for (int y2 = 0;
y2 < 3; y2++) |



for (int
z2 = 0; z2 < 3; z2++) {
K[x2][y2][z2] = (int) (Math.random
() * 200);
System.out.print (K[x2] [y2] [z2]+" ");

}

System.out.print (";

}

")

System.out.println();

}

int 1,3, z;
int [][][] C=new
int[3][3][3];

for (i=0; 1i<3; i++) {
for (3=0; 73<3; j++)
{
for (z=0;
z<3; z++) |

for (i=0; 1i<3; i++) {
for (7=0; j<3; Jj++) {
for (z=0; z<3; z++)

System.out.print (C[1i][j]1[z]+"
")
}

System.out.print ("; ");

}

System.out.println();
}
}

3akiIouyenue

B noxnana e mpexnctaBeH TpuMmepeH OJIOKOB
mm@bp ¢ TEHEpaTop Ha ICeBIOCTYYaliHU YHca,
KakTo U coTyepHaTa My peanu3anus c Java.
[lpeanoxenuar mupbp € 3aMHCICH Oa Obae
YHHUBEpCAIEH, HO MPOTPAMHUST AJITOPUTHM
MOXX€ Ja paboTH caMO C TeNd  YHcia.

HenocraTtpuure My ca, 4e MacuUBUTE My U
qucioTo, ¢ koeto padoru I'TICY ca crarnunu u
HE MOTaT J]a Ce TMPOMEHST CJIeJl CTApTUPAHETO Ha
mporpamara.

IIpenuMcTBO Ha anropuThma €, ue TOM Moxe
a TIOCTY»XH KaTro OCHOBa 3a pa3paboTka Ha

MHOKECTBO JIpyTH M0-yChBBPIICHCTBAHH
QITOPUTMH,  KaTO  HANpUMEP  AITOPHUTHM,
peanusupanr TpuMepeH OsokoB MH(PBp ¢

rereparop Ha cinydaiinu uncina (I'CY).
[Ipon3BoinuTe dncraa ca  BaXHU  3a
kpunrorpadusaTa [6]. Te ca oHe3u YuCIa, YUATO
CTOMHOCT He MOXe Ja Oblae mpeickasaHa. 3a
€JMH YOBEK € JIECHO Ja IeHepupa MpPOU3BOJIHO
YUCII0, HO TOBa € Jaied MO-TPyAHO 3a
KOMITIOTPUTE, KOWUTO Ca CB3MaJACHH Ja ObaaT
METOJMYHHU U AeTepMuUHUCTUYHM. [lopamgu Tasu
npuurHa KoMmmroTpure w3moimssar I'TICH kato

W3TOYHUK Ha ,,CAy4yallHM®  4ucia, KOUTO
OTpeNesIT CTENEeHTa Ha 3allUTEHOCT Ha
JAHHUTE.
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PEAJIM3ALINA HA TPUMEPEH BJIOKOB IIU®BP C JAVA

HOmmit bap3os

REALIZATION OF TRIPPLE BLOCK CIPHER WITH JAVA

Yuliy Barzov

ABSTRACT: This paper represents a block cipher, which is software implemented with JAVA. The block
cipher, proposed here is three-dimensional in contrast to AES. The idea is with the implementation of more
complicated cipher and processing more data to improve the security of the information and to make more
difficult as much as possible the cryptanalysis of the ciphertext.

Keywords: block cipher, three-dimensional, cryptography, Java

BnBenenne

Kpunrorpagusita B JHEMIHO BpemMe € HaB-
Ts371a HaBCSIKBJIE, OT yeO Opay3spu U mporpamMmu
3a €JEeKTPOHHA IOIIa /0 KJIETHYHU Tele(OHH,
KOJIM U JIOPH B MEAMIMHCKHTE UMILIanTH [1]. B
O0nmu3ko Obaelne e BUOUM MHOTO HOBH IIPHJIO-
’KEHUsI, I3UCKBAIM KPUIITHPaHEe Ha HH(POPMAIIHS
KaTo KOMYHHKAIIUSI MEX1y aBTOMOOUIIN U APYTH.
ToBa e cpliecTBEeHa MPOMSHA OT MHUHAJIOTO, KO-
rato kpunrorpaduara e Owia OrpaHWYeHa [0
OTIpeeNICHH MPHUIIOKEHUS KaTo MPaBUTEICTBEHN
KOMYHHMKallui W OaHKOBH cHCTeMH. B chbBpe-

MEHHaTa KpHUNTOrpadus MIMPOKO INPHIOKEHHE
HaMUPAT OTOYHUTE U OJIOKOBUTE IUDPH.

Kakro ce moapaszbupa ot mmero UM, OJIO0KO-
BUTE mH(pH onepupar ¢ 6JI0KOBe OT TaHHH [2].
TakuBa OioKOoBe Morar fa ObIaT ¢ JIBIDKHHA OT
nopsiabKa Ha 64 wnn 128 Outa, KaTo Te ce TpaH-
cthopmupar B 0JOKOBE CHC CHIIHS pa3Mep IO
JIEUCTBUETO HA CEKPETEH KJI0Y. BIOKOBUAT M-
¢bp KpunTHpa ONOK OT OTKpHUTHUS TeKcT M B
oJsiok ot mmdporeker C o ASHCTBUETO HA CEK-
peren kmou K (Bx. ¢ur. 1). ToBa ce o3HauaBa
0OMKHOBEHO KaTo:

C = EncrK(M) (1)

Kirou K

A

y

Otkpur Texct M

—P[ Kpunrupane }

A 4

HMudporekcr C

@ur. 1. [Ipumepna cxema Ha 6JI0KOB K(BP NPU KPUIITUPAHE.
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OOpaTHUAT HA KPUIITUPAHETO MPOIIEC Ce Hapuya
JIeKkpunTupane (Bx. Gur. 2) U M3M0JI3Ba ChITUSL
KpunTupanl kimo4. [IpomeckT Ha nekpunTupane
e 0b/1e O3HAYEH C:

M = DecrK(C) 2



Kimrou K

\ 4

Indporekcr C

;[ Hexpunrtupane

OTtkput TEKCT M

@ur. 2. [IpumepHa cxema Ha OI0KOB MIU(BP NPH TEKPUNITHPAHE.

Kpunroanann3pt € Hayka 3a aHaJTM3HpaHe Ha
MHQOPMALMOHHHA CUCTEMH C OTJIE/ U3y4aBaHETO
Ha CKpPHUTUTE acleKTH Ha Te3u cucremu [3].
Kpunroanann3pT ce H303Ba ¢ 1€ MpoOuB Ha
KpUNTOTpa)CKUTE CUCTEMH 32 CHTYPHOCT H
MoJy4aBaHe Ha JOCTBI 1O ChIbPKAHHETO Ha
KPUNITHPAaHH  CHOOINCHMS,  JOpPU  KOTaTo
KpUNTOTPaCKUAT ~ KII0Y €  HEU3BECTCH.
3ammraTa OT KPHUNTOrpadCKH aTaku MOXeE Ja
Ople TpEeBeHLUs Cpelly H3THYaHe  WIN
nospexkaane Ha uHpopmamumsta [4], [5].
BB3MOXXHOCTUTE 32 IPOTUBOACHCTBUS HA KPUII-
TOaHAIM3a ca TMOJ0OpsiBaHe Ha ChHIECTBYBALIH
muQpy WK pa3padoTKa Ha HOBH.

Tpumeprute 610K0BY mHUGPH BCE OIIEe HE ce
W3MON3BAaT B TpaKkTUKaTa. 3a pasiuka oT
nBymMepHUTE OiokoBHM mmdpu kKato AES
(Advanced Encryption Standard), TpumepHHUTE
Morar paboTsIT ¢ MHOrOo TMoBeue Ha Opoi
pPYH/IOBE, KOETO JONpHHACA 3a TIXHATa
KpunToycroitunBoct. Ha ¢ur. 3 e mokazaHa
Matpuria ¢ pasmep 4x4. C TakuBa MaTpHUIU
pabotu umdwspeT AES, Koero o3HauaBa ue
MaKCUMAIHUAT Opol pyHAOBe (NEpMyTaInn),
KOMTO MOTaT Ja ce€ WU3BBPUIAT C pPa3IMYHU
eneMenTn e 16!. Ha rtabmuma 1 e mokazaHa
3aBUCHUMOCTTAa MEXay Opos pyHIOBE U
I'bIDKUHATA Ha Kitoda Ha mmdbspa AES.

Qo0 | do1 | Qo2 | Qo3
Ao | d11 | Q12 | A13
A0 | d21 | G22 | A23
Q30 | d31 | 832 | A33

®@ur. 3. /[Bymepna matpuua c pazmep 4x4.

Tadauua 1 . 3aBECHEMOCT MEX Iy OpOost pyHIOBE
U IbJDKMHATA Ha Kiova Ha mudbpa AES.
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. JbmkuHa Ha Kiro4a
Bpoii pynnose (6ura)
10 128
12 192
14 256

Ilenure Ha HacTosIaTa MyONIUKaIMsA ca Ja ce
OpeACTaBsAT TpUMepeH OJIOKOB IHUPBp H
HeroBara coTyepHa peanuzamus ¢ Java.

TpuMepeH 010k0B HUPBP C BUCOKA
KPUNTOYCTOHYMBOCT

[MpennoxenusT 610k0B mWUPBP (BXK. dur. 4)
3a pasnuka ot mmdpbpa AES [6] e TpumepeH.
Unesta e upe3 usmon3BaHe Ha TPUMEPEH MacHB
BMECTO JIBYMEPEH Jia CE IIOCTUTHE II0-BHUCOKA
KPUITOYCTOMYMUBOCT. AJITOPUTHBMBT MPEACTABS
CbOOIIIEHHETO KaTo OJOKOBE BBB BHJ Ha
TpuMepeH MacuB c pasmep 3x3x3, KoeTo
O03HauaBa, 4Ye¢ MAaKCUMAaJHUAT Opod pYyHIOBE,
KOUTO MOraT Ja ce€ W3BBpINAT C pa3IndyHU
enemeHTH € 27!. EnuH TakbB MacuB ce Hapuya
state. Cnexn xaro ObJaT 3amafcHU CHOOIICHHE M
KIIOY, TE€ C€ CYMHpaT Karo ce U3I0JI3Ba
omeparusaTa cyma mo wmoxyin 2. [lomyueHust
pe3ynraTr € mu@pPOTEeKCThT, KOWTO MOXKE Jia ce
JEKPUITHPA KaTO C€ CyMupa Mo MOayl 2 ¢
KJII04a.



1516 |17 14 |17 | 17 111]0
12 13| 14 1511519 312129
10 | 11 | 12 14113 |12 4 1610
1516 | 17 1516 | 17 01010
12113 | 14 @ 10 | 11 | 20 — 6 | 6 |26
10 | 11 | 12 11|12 |12 1710
71819 3 110] 9 41210
2 S S I 716 |5 3133
1 (2|3 31219 210110
X
OTkputTekeT M Knroy K WudpoTteker C
®ur. 4. srnen va states BB By Ha 3x3X3 MacuBU.
IIporpamua peaausanus 17y}, ({14, 13, 12}, {15, 15, 19},
{14, 17, 17}}}s
To- i int i,73,z;
MaTao HI:)(J)IZT g MIOMECTEH cop(c3 KOABT Ha Iporpa int [1110] C=new
, peamusupa OmOKoBHS IHADBP. int[3][3][3];
[Iporpamata ¢ HamucaHa Ha €3HKa Java u e u3- :i,.nt X=M.length;
nomBana rmiardopmara Eclipse SDK, Bepcus for (1=0; i<X; i++) {
3.6.1. IIporpaMHHUAT aNTOPUTHM BKIIOYBA JIBA for (3=0; J<X; F++)
TPUMEpPHU MacuBa, YUUTO CTOMHOCTH ca BbBE-  {
JIeHH pb4yHO. MacuBbT M mpencrasiisiBa OTKpH- for (z=0;
THSI TEKCT, a MacuBbT K — kimoua. Cnexn crapTu- z<X; z++) |

paHe Ha IMporpamara, MeXIy TAX Ce HM3BbpIIBA
omepanusaTa cymMa 1o MOIysl 2 U pe3ylTaThT ce
oTIeyaTBa Ha KOH30JaTa. Pe3ynrarsT, KOWTO ce
oTIIeyaTBa npeacTanisiBa mudportercra C.

public class add two tripple arrays?2
{

/**
* args
*/
public static void
main (String[] args) {
// Auto-generated
method stub
int [J[11] M={{{1, 2,
3}, {4, 5, 6}, {7, 8, 9}}, {{10, 11,
12}, {12, 13, 14}, {15, 16, 17}},
{{10, 11, 12}, {12, 13, 14}, {15,
16, 17}1}s
int [J[11] K={{{3, 2,
9}y, {7, 6, 5}, {3, 10, 9}}, {{11,
12, 12}, {10, 11, 20}, {15, 16,

for (1=0; i<X;
for (7=0;
for (z=0;

i+4+) {
J<X; J++) |
z<X; z++)

System.out.print (C[i][J][z]+"
")
}

System.out.print (";

}

")

System.out.println();
}
}
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3akiouenue

Wndopmanusta, KosITO X0para OOMEHAT IO-
MEXIy CH MOXe Aa Obae ¢ orpomen obem. Ot
TOJISIMO 3HA4YCHHUE € Ola3BaHETO Ha HEeHHaTa CH-
rypHocT. ChIIECTBYBaT MHOTO W  Pa3lIUuHH
Kkpunrorpadcku mudpH, HO PEIOM C TIX ce pas-
BUBAT M METOJIUTE 3a KpunroaHanws. IloBumia-
BaHETO Ha CIIOKHOCTTa HA KPHITOTpaCKUTE
mm@pu Ipeanoara Mo-BUCOKaTa CUTYPHOCT Ha
UHPOpMaLHUITA.

IIpemnoxeHuaT TpuMepeH OJIOKOB MMHUDBP
uMa MOTEHIHaN Jia ce MPHIOXKH B MPaKTHUKaTa,
Th KAaTO KMMa BHCOKA KPUNTOYCTOHYMBOCT H
gpe3 Hero Morar Ja ce oopaboTBaT roysiM o0eM
OT JaHHHU, KOETO OW 3aTpyIHHJIO EBEHTyaleH
KPHUIITOAHAIH3.

[peanoxxeHUAT MporpaMeH aaropuTbM MOXKE
na pabotu camo ¢ menu uucia. Hemocrarpuute
My ca, 4y€ CTOMHOCTUTE Ha MacuBuTe M u K,
KakTO M TEXHUTE pa3MepH ca CTaTUYHU M HE
MOraT Ja ce MPOMEHAT CIIeJ CTapTHPaHEeTO Ha
nporpamMara.

Ilony4yeHusT pe3ynarar OT JEHCTBHETO Ha
mporpamata € mudpoTeKCT ¢ AbDKUHA 32 OuTa,
KOETO C€ IBJDKM Ha M3MOJI3BAaHUTE IPOMEHIMBU
OT Tun iNteger, KOUTO UMAT ChIATA AbJDKUHA.

Bw3MmoxkHOCTHTE 32 cOpTyepHH pa3paboTKu
Ha 0a3ara Ha TO3M AJITOPUTBM Ca MHOTO, KaTo
MO-710J1y ca U30POCHU HAKOM OT TAX:
AnropuTMu3alysg Ha TPUMEpPEH OJIOKOB
muQBp ¢ TeHepaToOp Ha MCEBIOCITYYaiHN
4HCIa,

AnropuTMu3anys Ha TPUMEpPEH OJIOKOB
mudbp ¢ rpapuueH MOTPEOUTEICKU HH-
Tepdeiic;

AnroputMuzalys Ha TPUMEpPEH OJIOKOB
mm@bp ¢ BhBEXKAAaHE Ha CHOOIICHHUATA U
KJTF0Ya Ipe3 KOH30J1aTa;

Peanuzanusi Ha TpUMEpPEH KIIOY, KOMTO
ce TIPOMEHS Ha eTamnu (pyH/I0Be);
AnropuTMu3anus Ha TPUMEPEH OJIOKOB
mudBp ¢ MPOU3BOIHO 3aJaBaHe Ha pas-
Mep Ha MaCHUBUTE.
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PERFORMANCE OF CLASSIFIER ENSEMBLES MODELS:
BAGGING, BOOSTING AND MULTIBOOST

Jasmina B. Novakovic, Alempije Veljovic, Sinisa S. Ilic, Mica B. Jovanovic

OYHKIIMOHNPAHE HA MO/JIEJIA 3A I'PYIIU OT KIIACUDUKATOPU:
BAT'MHI', BYCTHUHI' U MYJITUBYCT

Slcemuna HoBakoBuy, Anemnue Benpouy, Cunnma Moy, Muka MosanoBuy

ABSTRACT: In this paper, we suggest classifier ensembles that solve different type of classification prob-
lems. Classifier ensembles are used, instead of individual classifier, because in many fields, multiple classifier
system is more accurate and robust than an excellent single classifier. A great deal of study has gone into de-
signing multiple classifier systems that are commonly called classifier ensembles. In our research Bagging,
Boosting and MultiBoost as approaches for constructing classifier ensembles are presented, which have been
found to be accurate and computationally feasible across various data domains. For the purpose of this re-
search all classifier ensembles use the base classifier J48. Fifteen real data sets and three artificial data sets
were used for tests, taken from the UCI repository of machine learning databases. Consequences of choosing
Bagging, Boosting and MultiBoost as classifiers are monitored. The goal of this research is to present and com-
pare different algorithmic approaches for constructing and evaluating systems that learn from experience to
make the decisions and predictions and minimize the expected number or proportion of mistakes. Experimental
results demonstrate the effectiveness of using classifier ensembles in various types of classification problems.
For almost all data sets, at least one classifier ensemble algorithm gives the same or higher classification accu-
racy instead of single J48 algorithm. For these data sets, maximum improvement of the classification accuracy
was with Bagging as classifier ensemble method, compared to the others classifier ensemble methods. Time to
build the model in the case of classifier ensemble was the same or higher for almost all data sets, compare with
J48 algorithm. We can conclude that proper selection of algorithm can improve the accuracy of classification.

Keywords: Bagging, Boosting, classification accuracy, classifier ensembles, MultiBoost.

Introduction rate and computationally feasible across various
data domains.
In machine learning and pattern recognition, The main aim of this paper was to experimen-

in many fields multiple classifier system is more  tally verify the impact of classifier ensembles
accurate and robust than an excellent single clas-  Bagging, Boosting and MultiBoost on classifica-
sifier, because one single classification system  tion accuracy. We use classifier ensembles, in-
cannot always provide high classification accu-  stead of individual classifier, because in many
racy. Classifier combination is an active field of  fields, multiple classifier system is more accurate
research for the reason that a lot of theoretical  and robust than an excellent single classifier.
and practical studies present the advantages of The goal of this research is also to present and
the combination paradigm over the individual compare different algorithmic approaches for
classifier models [Breiman 1996, pp 123-140;  constructing and evaluating systems that learn
Dong et al. 2006; Freund and Schapire 1996; from experience to make the decisions and pre-
Kuncheva 2004, pp. 3-4; Rodriguez et al. 2006;  dictions and minimize the expected number or
Ting and Witten 1997; Melville and Mooney  proportion of mistakes.
2003; Webb 2000, pp. 159-39; Friedman et al. The paper is organized as follows. In the next
2000]. A great deal of study has gone into de-  section we briefly described general issues con-
signing multiple classifier systems that are com-  cerning Bagging. Section 3 gives a brief over-
monly called classifier ensembles. Three ap- view of AdaBoost and section 4 described gen-
proaches for constructing classifier ensembles  eral issues concerning MultiBoost. Section 5
are presented, which have been found to be accu-  gives brief description of data sets. Section 6 dis-
cusses the results and investigates the perfor-
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mance of the proposed technique. Finally, con-
cluding remarks are discussed in section 7.

Bagging

The Bagging predictor, firstly was introduced
in 1996 by Breiman [Breiman 1996, pp 123-
140], who shows in his work that the Bagging
predictors can push an unstable weak classifier to
a significant step towards optimality. Bagging
[Breiman 1996, pp 123-140] takes bootstrap
samples of objects and trains a classifier on each
sample. The classifier votes are combined by
majority voting. In some implementations of
Bagging, classifiers produce estimates of the
posterior probabilities for the classes. Posterior
probabilities are averaged across the classifiers
and the most probable class is assigned, called
“average” aggregation of the outputs.

Bagging with average aggregation is used in
this experiment. Each individual classifier is
trained on a bootstrap sample, which causes the
data distribution seen during training is similar to
the original distribution. Therefore, the individu-
al classifiers in a bagging ensemble have rela-
tively high classification accuracy. Only the pro-
portion of different objects in the training sam-
ples encourages diversity between these classifi-
ers. The bootstrap sampling appears to lead to
ensembles of low diversity compared to other
ensemble creating methods, even though the
classifier models used in Bagging are sensitive to
small changes in data. For that reason, Bagging
requires larger ensemble sizes to perform well.
Bagging algorithm is showed in Fig. 1.

For k=12 . K Do
Draw Ve samples randomly and with re-
placement from the X.
And form the learning set Liss .

Train classification ¢ k (L) from the learn-
ing set Ly .
Make a plurality vote for every © k of K classi-
fications on the test set.
The classification, which gets the most voting
score, is the best one.

Fig. 1. Bagging algorithm [Dong et al. 2006]

A learning set consists of data
L={y.x,n=12 ...N}L where » € Xis
the input and ¥» € Y is the response from a pre-
dictor denoted by @{X. L}, Suppose we are given
k learning sets {Lx} of N independent identical
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distribution observation from the same distribu-
tion of L. An obvious procedure to use the aver-
age to get a better estimate of the classification:

0al¥) = B, 0¥, 1) (1)

where E; denotes the expectation over L.
Generally, we only have one learning set L, so,
one resolvable way is to take bootstrap samples

L&) of V& cases, randomly, but with re-
placement from L, and form predictor set

{o(X.L )}, This procedure is called “bootstrap
aggregating” and use the acronym Bagging. In
that case, the predictor @, which gets most vot-
ing score of test set, is the best classification.

AdaBoost

Boosting is a family of methods for improv-
ing the performance of a “weak” classifier by
using it within an ensemble structure, the most
prominent member of which is AdaBoost. In
Boosting methods, a set of weights is maintained
across the objects in the data set, so that objects
that have been difficult to classify acquire more
weight, forcing subsequent classifiers to focus on
them. Mechanism of these methods consist of
repeatedly running a given weak learning algo-
rithm on various distributions over the training
data, and then combining the classifiers produced
by the weak learner into a single composite clas-
sifier.

The Boosting algorithm takes as input a train-
ing set of m examples
5=l 00 b s G 3} where x is an in-
stance drawn from some space X, and ¥i €Y s
the class label associated with x;. In this research,
is assumed that the set of possible labels Y is of
finite cardinality k. The Boosting algorithm calls
weak learning algorithm repeatedly in a series of
rounds. On round t, the booster provides weak
learning algorithm with a distribution D, over the
training set S. Weak learning algorithm computes
a classifier or hypothesis
hypothesis h.:X - Y  which should misclas-
sify a non trivial fraction of the training exam-
ples, relative to D;. The goal of weak learner is to
find a hypothesis h; that minimizes the training
error € = PTisp [he (i) # Vi1 Trgining error is
measured with respect to the distribution D, that
was provided to the weak learner. This process
continues for T rounds. At last, the booster com-
bines the weak hypotheses B . k7 into a sin-

gle final hypothesis Brin . In the Boosting algo-



rithm the manner in which D, is computed on

each round, and how hein s computed are un-
specified and these questions solve different
Boosting schemes in different ways.

AdaBoost.M1 algorithm uses the simple rule
present in Fig. 2, where the initial distribution D,
is uniform over S so Dy(i)=1/m for all i. In this
algorithm to update distribution, the weight of
example i is multiplied by some number 5. =[0.1]
if h, classifies x; correctly, and otherwise the
weight is left unchanged, and also divide by the
normalization constant Z,. Thus, “hard” exam-
ples, which tend often to be misclassified, get
higher weight, and “easy” examples that are cor-
rectly classified by many of the previous weak
hypotheses get lower weight. Accordingly, Ada-
Boost.M1 focuses the most weight on the exam-
ples that seem to be hardest for weak learning
algorithm.

Input: sequence of m examples
{Cogs 1o s o i 3} with labels
v;e¥={l ..k}

weak learning algorithm

integer T specifying number of iterations
Initialize D,(i)=1/m for all i.
Do for t=12,..T

1. Call weak learning algorithm, providing it

with the distribution D..
2. Get back hypothesis hy: X =Y

3. Calculate the error of k::

€ = Z D. (1)

ik t.':r i #j-L

1
i 2, then set

I'=t—1 and abort loop.

=F
a.set’= Ta-en.
5. Update distribution
. _ DD if ho(x;) =y
D.: D — [ t X =W
e Desa ) Z, *11 otherwise
where £+ is a normalization constant (chosen
so that De+1 will be a distribution).

Output the final hypothesis:

logl
hgin (X} = argmax e

thplxh=y

Fig. 2. AdaBoost.M1 algorithm [Freund and
Schapire 1996]

The number #: is a function of €: and the

final hypothesis Bfin is a weighted vote of the
weak hypotheses. The weight of hypothesis h; is

defined to belniZ 1/8, so that greater weight is
given to hypotheses with lower error.

The success of AdaBoost algorithm has been
explained, among others, with its diversity creat-
ing ability, which is an important property of a
classifier ensemble [Kuncheva 2004, pp. 3-4].
This algorithm creates inaccurate classifiers by
forcing them to concentrate on difficult objects
and ignore the rest of the data, which led to large
diversity that boosted the ensemble performance,
often beyond that of Bagging. This leads us to
the famous accuracy-diversity dilemma, because
it seems that classifiers cannot be both very accu-
rate and have very diverse outputs.

MultiBoost

MultiBoost is technique for combining Boost-
ing and Wagging (which is in turn a variant of
Bagging). Bagging and AdaBoost appear to op-
erate by diverse mechanisms, have different ef-
fects, and both have greatest effect obtained from
the first few committee members, which suggest
that it might be possible to obtain benefit by
combining them. Because the mechanisms are
differing, their combination may out-perform
either in isolation. AdaBoost reduces both bias
and variance and Bagging mainly reduces vari-
ance, but more effective than AdaBoost at reduc-
ing variance. It is reason why their combination
may be able to retain AdaBoost’s bias reduction
while adding Bagging’s variance reduction to
that already obtained by AdaBoost.

The resulting MultiBoost algorithm is pre-
sented in Fig. 3. This algorithm besides the bias
and variance reduction properties that may inher-
it from each of its constituent committee learning
algorithms, has the potential computational ad-
vantage over AdaBoost that the sub-committee
may be learned in parallel, although this would
require a change to the handling of early termina-
tion of learning a sub-committee. The AdaBoost
process is inherently sequential, minimizing the
potential for parallel computation, but each clas-
sifier learned with Wagging is independent of the
rest, allowing parallel computation, a property
that MultiBoost inherits at the sub-committee
level.
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Input:
S, a sequence of m labeled examples
(G ¥y ees (0 Y ) ¥ wiith labels y; € Y .
base learning algorithm BaselLearn.
integer T specifying the number of iterations.
vector of integers I; specifying the iteration at
which each subcommittee i = 1 should



terminate.
"= S with instance weights assigned to be 1.
setk = 1.
Fort=1toT{
If I, = tthen
reset S’ to random weights drawn from the
continuous Poisson distribution.
standardize S’ to sum to n.
increment k.
C, = BaseLearn(S") (Step 8).

Yx

welghtjx ;
JeS ez 4

E:_Z

™
ror on the training set]
if £ > 0.5 then
reset S’ to random weights drawn from the
continuous Poisson distribution.
standardize S’ to sum to n.
increment k.
go to Step 8.
otherwise if €: = 0 then
set B to 10™°
reset S’ to random weights drawn from the
continuous Poisson distribution.
standardize S’ to sum to n.
increment k.
otherwise,

Er
B =

1-¢;,

[the weighted er-

For each x; € S/,
divide weight(x;) by 2¢= if Ci(x) * ;
and 2(1- £:) otherwise.
if weight(x;) < 10°°, set weight(x;) to 10°®.
}

Output the final classifier:
argmax

veY

log1l
B:

x=F .

C*(X) - t:Cy

Fig. 3. MultiBoost algorithm [Webb 2000, pp.
159-39]

Description of data sets

Fifteen real data sets and three artificial data
sets were used for tests, taken from the UCI re-
pository of machine learning databases [Frank
and Asuncion 2010]. We used these data sets to
compare results of classification accuracy with
AdaBoost.M1, Boosting and MultiBoostAB. In
the following, we provide the details for the
benchmark data sets we have used from UCI re-
pository of machine learning databases.

Breast cancer (bc): The task of this data set
is to predict whether or not there is recurrence of

135

breast cancer. In this data set there is a single
instance of the class 201 (no recurrence of breast
cancer), and 85 instances of other classes (a re-
currence of breast cancer).

Credit approval (ca): This set contains data
relating to the use of credit cards. The data set
for loan contains 690 instances, 15 attributes and
two classes whose values are to approve the loan
or not approved.

Statlog german credit data (cg): This da-
taset classifies people described by a set of fea-
tures as good or bad credit risks. Dataset charac-
teristics is multivariate, feature characteristics are
categorical and integer. Number of instances is
1000, number of features is 20.

Cardiography (ct): This set of data consists
of attribute measurement of fetal heart rate and
uterine contractions attributes on ultrasound that
are classified doctors [Ayres de Campos et al.
2000]. This data set contains 2126 instances and
23 attributes.

Hepatitis (he): The main aim of this data set
is to predict whether hepatitis patients will die or
not. In this data set, there are two classes: live
(123 instances) and die (32 instances).

Liver (li): In this data set, the first five varia-
bles are all blood tests, which are thought to be
sensitive to liver disorders that might arise from
excessive alcohol consumption. Each row in this
data set constitutes the record of a single male
individual.

Lung cancer (Ic): A set of data for the cancer
of the lung contains data describing the three
kinds of pathological forms of lung cancer. There
are 32 instances and 56 attributes.

Mammographic mass (mm): The task is to
predict the severity (benign or malignant) of a
mammographic mass lesion from BI-RADS fea-
tures and the patient's age [Elter et al. 2007].

Monk problems (Monkl (ml1), Monk?2
(m2), Monk3 (m3): These problems belong to
the class of artificial (synthetic) domains, each of
the three problems using the same representation
of data for comparison of machine learning algo-
rithms. These datasets have 432 instances and 7
attributes.



Mushrooms (mu): This dataset includes de-
scriptions of hypothetical samples corresponding
to 23 species of mushroom Agaricus and Lepiota
family. Each species is identified as definitely
edible, definitely poisonous, or of unknown
composition and cooking is not recommended.
This dataset has 8124 instances and 23 attributes.

Parkinson (pa): This data set consists of a
range of biomedical voice measurements in 31
persons, 23 of them suffering from Parkinson's
disease [Little et al. 2007]. Each column in the
table is a distinctive feature of a person's voice,
and each row corresponds to one of the 195 re-
cordings of person's voice. The main goal of this
dataset is to separate healthy people from those
people who are suffering from Parkinson's.

Pima Indians diabetes (pi): In this data set
[Smith et al. 1988] the diagnostic is whether the
patient shows signs of diabetes according to
World Health Organization criteria (i.e., if the 2
hour post-load plasma glucose was at least 200
mg/dl at any survey examination or if found dur-
ing routine medical care).

Image segmentation (se): Cases were drawn
randomly from a database of the external envi-
ronment [Piater et al. 1999]. The images are
manually segmented in order to perform the clas-
sification for each pixel. Each instance of a data
set is 3x3 region. This data set has 210 data for
training and 2100 test data.

Soybean (s0): The task is to diagnose the dis-
ease in the plants of soybean. In this data set
there are 307 specimens described with 35 cate-
gorical attributes. Attribute value is measured by
observing the properties of the leaves and vari-
ous plant abnormalities. In the data set there are
19 classes of soybean diseases.

Statlog Heart (sh): The task is to predict ab-
sence or presence of heart disease. This data set
contains 13 features (which have been extracted
from a larger set of 74).

Congressional voting records (vo): This da-
ta set includes votes for each of the U.S. House
of Representatives Congressmen, on the 16 key
votes identified by the CQA, and classify as Re-
publican or Democrat. The CQA list consists of
nine different types of votes: voted for, paired
for, and announced for, voted against, paired
against, and announced against, voted present,
voted present to avoid conflict of interest, and
did not vote or otherwise make a position known.
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Experiment and results

In this section, we will investigate the impact
on classification accuracy with different classifi-
er ensembles. Consequences of choosing differ-
ent classifier ensembles are monitored. Later on,
comparisons of results of measuring the perfor-
mance of classifiers are presented.

To achieve the goal of classifier ensemble to
produce a model (based on the training data)
which predicts the target values of the test data
given only the test data features; the following
procedure is used. It consists of transform data to
the appropriate format, conduct simple scaling
on the data, and use one of the classifier ensem-
bles for classification. We set classifier ensem-
bles in following way:

AdaBoost.M1 algorithm is used, which use
the base classifier J48; the number of iterations
to be performed is set on 10; use reweighting
instead of resampling; and weight threshold for
weight pruning is set on 100.

Bagging use the base classifier J48; size of
each bag, as a percentage of the training set size
is set on 100; the out-of-bag error is not
calculated; the number of iterations to be
performed is set on 10.

MultiBoostAB use the base classifier J48;
the number of iterations to be performed is set on
10; the number of subcommittees is set on 3; use
reweighting instead of resampling; and weight
threshold for weight pruning is set on 100.

We set J48 classifier in all cases (as base
classifier in classifier esambly and also as single
classifier) in following way:
pruning is performed,
do not use binary splits on nominal attributes
when building the trees,
the confidence factor used for pruning
(smaller values incur more pruning) is set to
0.25,
the minimum number of instances per leaf is
seto 2,
the amount of data used for reduced-error
pruning is set to 3,
it is used C.4.5 pruning instead of reduced-
error pruning,
it consider the subtree raising operation
when pruning.

The classification accuracy is measured by
applying different classifier ensembles. Classifier
ensembles were used for the good performance
shown by the preliminary study, the high classi-
fication accuracy and high speed operation.



Table 1. Classification accuracy of Ada-
Boost.M1, Bagging and MultiBoostAB

Table 2. Time to built model (seconds) for Ada-
Boost.M1, Bagging and MultiBoostAB

Our implementation is as follows. The train-
ing data is separated into 10 subsets of equal size
in 10-fold cross-validation. Sequentially one fold
is considered as the validation set and the rest are
for training. The cross validation accuracy is the
average of accuracy on predicting the validation
sets. Results of classification accuracy, as a
method for measuring the performance of Ada-
Boost.M1, Bagging and MultiBoostAB for
eighteen data sets, are presented on Table 1, Ta-
ble 2, Fig. 4 and Fig. 5. Selecting appropriate
classifier ensemble for a given data set, the relia-
bility of classification for most of data sets is
increased.

m AdaBoostM1 = Bagging  MultiBoostAB

100.00

95.00

90.00

85.00

80.00

Accuracy

75.00

70.00

65.00

60.00

|

lc ma ml m2 m3 mu pa pi se so sh vo
Data set

Fig. 4. The impact of selected classifier ensem-
ble on classification accuracy

55.00

bc ca cg ct he i

Accuracy Time to build model
Data set| AdaBoost.M1| Bagging |MultiBoostAB| J.48 Data set | AdaBoost.M1| Bagging [MultiBoostAB| J.48
bc 69.58 7343 7133 75.52 bc 0.02 0.02 0.03 0.05
ca 84.20 85.36 85.94 86.09 ca 0.14 012 013 0.05
cg 69.60 74.00 73.80 70.5 cg 0.23 0.17 0.23 0.02
ct 98.78 98.87 98.64 98.82 ot 145 130 1.70 0.17
he 85.81 83.23 83.87 83.87 he 0.03 0.02 0.03 0
li 71.59 72.75 71.01 68.7 li 0.03 0.05 0.06 0.02
Ic 68.75 78.13 68.75 78.13 Ic 0.00 0.02 0.02 0
ma 7981 83.3%5 8158 8241 ma 0.08 0.09 0.14 0.02
ml 99.64 100.00 99.46 08.74 ml 0.02 0.02 0.00 0
m2 76.04 63.56 63.73 62.06 2 0.03 0.03 0.02 0.02
m3 97.65 98.92 98.38 98.92 m 0.02 0.00 0.02 0
mu 100.00 100.00 100.00 100 mu 0.05 0.19 0.03 0.03
pa 84.10 86.67 87.18 80.51 pa 0.03 0.08 0.08 0
pi 72.40 74.09 74.87 73.83 pi 0.22 0.16 0.20 0.02
se 98.48 97.40 97.97 96.93 e 136 101 131 011
S0 92.83 93.27 92.39 91.51 S0 016 013 017 0
sh 80.37 80.00 81.85 76.67 sh 0.06 005 0.06 0
o) 95.86 96.32 95.40 96.32 vo 003 0.02 0.03 0.02
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As we can see on Table 1, for 16 data sets at
least one classifier ensemble algorithm gives the
same or higher classification accuracy instead of
single J48 algorithm. Only for two data sets (bc,
ca) we get better results for J48 algorithm com-
pare with AdaBoost.M1, Bagging and Multi-
BoostAB. Experimental results demonstrate the
effectiveness of using different classifier ensem-
ble methods. In most cases, 10 of 18 cases, the
same or greatest classification accuracy were
achieved with Bagging (Fig. 4). AdaBoost.M1
achieved the same or better results for 4 data
sets, and also MultiBoostAB.

We can conclude that for these data sets,
maximum improvement of the classification ac-
curacy was with Bagging as classifier ensemble
method, compared to the others classifier ensem-
ble methods. Proper selection of algorithm can
improve the accuracy of classification.

Time to build the model in the case of classi-
fier ensemble was the same or higher for all data
sets, except one data set (bc) compare with J48
algorithm, as shown in Table 2 and Fig. 5. For
some data sets the time taken to build model with
classifier ensemble is more than 10 times larger
compare with J48. Compare the time taken to
build model with different classifier ensemble
methods, in our experiment the best results we
have with Bagging. In 11 cases, the same or low-
est time to build model was achieved with Bag-

ging.
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Time to build model (seconds)

0.20 H 1
. “ wa Ml o "
b

ca cg ct he i lc ma ml m2 m3 mu pa pi se

” M o
so sh vo

Fig. 5. The impact of selected classifier ensem-
ble on time to build model

Conclusions

This paper investigates the impact on classifi-
cation accuracy with different classifier ensem-
bles. AdaBoost.M1, Bagging and MultiBoostAB
as classifier ensembles methods have been used
on fifteen real and three artificial data sets and
these results evaluated and compared. Experi-
mental results demonstrate the effectiveness of
using classifier ensembles, in our experiment
especially Bagging as classifier ensemble meth-
od.
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